HABYAHHS

BE3 MEX

KOCTAHTIH 3a80pOXHMI
Onbra YTeBcbKa

pl0J 10T 17
 EKOJI0NIH

MPO®INIbHIAN PIBEHb
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3HAMOMCTBO 3 MiAPYUYHUKOM

IITlaHoBHI OeCATUKJACHUKU H OeCATHUKJAC-
HUIIi, IHOTO POKY BU BUBUYATHMETE TaKi TeMmu:

- BiopisnomanirTa

+ OOMiH peuoBUH i eHeprii

- CmagkosicTh i MiHIUBiCTH

« PemponayKiisa Ta po3BUTOK

VYBechr HeoOXimHUMI MaTepian Bu 3HAWAETE
B mizpyunuky. Moro mogiieHo Ha 4oTHpPU poO3-
Oinm BiAmOBiZHO OO TeM, sIKi OygeTe BHBUATH.

IIigpyyHUK mOOYI0BAHO TAKUM YMHOM, 1100
BaM OyJIOo 3py4uHO 3 HUM IIpaioBaru. Iloropraii-
Te CTOPiHKY 1 OBHAMOMTeECS 3 MOT0 CTPYKTYPOIO.

1. KoxxHuii maparpadg posTallloBaHUMN Ha
OMHOMY PO3BOPOTi. ¥YBechb MarepiajJ OIHOTO
YPOKYy — mepen oumMa. Kpim Toro, Take pos-
TallyBaHHA MOJIETIIUTD MOIIYK MOTPiOHOTO ma-
parpadga.

2. Ha mouaTky KoKHOTrO Iaparpada mepe-
JiyeHO TeMu, AKi HeoOXiHO mpurajgatu, mepIr
Hi’K BMBUYATH HOBUII MaTepiaJ.

3. ¥V mesakux maparpadax, me Iie HeoOximHo,
HaBeJleHO MPaKTUYHi poboTu,

4. 3akiHuyeThcA KOKHUIU maparpad asoma
pyOpuramu:

YMOBHI NO3HAYEHHA y MiIPYUYHUKY

0 — IlomipkyiiTe
0 — JlisHatiTecsa GiybIie
@ — IIpakTuuna pobora

- «KiouoBa imes» — 1ie rojloBHa AYyMKa,
BHUCHOBOK;

« «3anuTaHHA Ta 3aBAAHHI» — KOMIIETEHT-
HicHi 3aBHaHHA.

5. Bararo imgopmailiii HaBeIeHO Y BUTJIAIL
cxeM, TabJauIlh, igfocTpailiii. BoHu moJeriiars
CIPUUHATTA ¥ 3amamM’ATOBYBaHHS HOBOTO Ma-
Tepiaiy.

6. KosxxkHuil posmin 3akiHUyeThCA y3arajb-
HIOBAJIBHUM PO3BOPOTOM, Y AKOMY CTHCJO IIO-
IaHo iHdopmarlliro, BUKJIaJeHy B TeMi, IO BU-
BUaJIacsHd.

7. Y kiumi migpyuyHumKa Bu 3HaAngeTe:

 y3araJbHIOBAJIbHI 3aBIAHHS IJA 1HIWBI-
IyaJabHOI Ta TPyIoBoi po6oTu 3a BciMa TeMaMu
OigpyYHUKA Ta TeMU HaBYAJbHUX IIPOEKTIB;

« IPeIMEeTHUN Ta iIMeHHUN IMOKaKUYNKU, III0
TOJIETIIIATh TOIIYK HeobOximHoi iHdopmartrii.

Kpim Toro, no mizpyyHuka qogaeThbCcsa eaeK-
TPOHHUI aomaToK. ¥ HHBOMY BM 3HaWgeTe I0-
IaTKOBY iH(opwmarito 1o maparpadiB, CJIOBHUK
TepMiHiB, iH(popMaIlilo Ipo BUeHUX, TECTOBi 3a-
BIAHHS JO TeM Ta iHII ZOZAaTKOBI MaTepiaJm.

EnexTponHi MaTepianm m0 miapyYHMKA JOCTYITHI
3a QR-xomom ab0 mocHJIaHHSIM

=] #:55 [w]

[=],
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Cnodisaemocs, wo eam 6yde 3pYyuHO i Je2KO NPAU06AMU 36 HAULUM NiOPYYHUKOM.
Bascaemo ycnixie y HagyanHi!



Tema 1. BcTyn

§ 1. bionoria Ta ekonoria. Popmn XKnTTA

0 [omipkymnTe

AK My 3MOXeMO BIOPI3HUTU XUBE Bif, HEXNBOrO?

é 3raganTe

» bionorin

» Ekonoria

« fanysi Gionorii

» BnactmBocTi XnBux opraHiamis

bionoria Ak HayKa

Tepmin «b6ioJiorisi» B fioro cyyacHoMy 3Ha-
YeHHi1 3anpomoHyBaB (GPaHIY3bKUU YyueHUN
Hau Barucr Jlamapk 1802 pory. Biosoria (Bix
ITaBHBOTPEI. bios — «KUTTA», [0g0S — «yUeH-
H») — Ile HayKa IIPO JKUTTA. SIK i Oyab-axa
iHImma Hayka, Oiojoria mae 00’€KT, AKUII BOHA
BUBYAE, i METOAMW, AKUMUN BOHA KOPUCTYETBHCS
Ui fioro BuUBYeHHs. Kpim Toro, Giosjoria mae
BJACHUN MNOHATIMHUN amapaT — CYKYIHIiCTH
TepMiHIiB i IMOHATH, AKI BUKOPUCTOBYIOTH yue-
Hi-Oiosoru y cBOiti PoOOTi.

O6’exTOoM BUBUEHHA 6iosorii € Bci KuBi op-
raHi3MM Ta PiSHOMAaHITHI acmeKTH IXHBOI JKUT-
TemiganpHOcTi. JKuBUMX opramismiB Ha Hamin
IJIaHeTi, K i aceKTiB IXHbOI JKUTTENiAIBLHOCTI,
baraTo. A 11ie € BUMepJIi opramisamu, AKi TaKoK
€ ob’ekramu BuBUYeHHs Oiosiorii. Tomy cyuacHa
Oiosioria crajia COpaB)KHBOIO CHCTEMOIO HayK,
y AKill BUAiIAIOTE OaraTo raysei.

ITima HmMBKa rajsyseil 6iosorii mpucBsaUYeHA
BUBYEHHIO IIEBHUX CHUCTEMATUUYHUX I'PYH KUBUX
oprauiamiB. BoraHika BuBUYae pocJauHU, Bipyco-
Joria — Bipycu, 300J0Tisg — TBapmH, a MiKO-
goria — rpubu. Ile Beauki ramysi, AKi cBoeio
Yepromw IOAiJAThCA Ha Oinpin apidui. Tak,
OpioJioria BUBYaEe MOXM, apaXHOJOTisI — IIaBy-
KiB, €HTOMOJIOTiA — KoMaxX, MipMeKOoJIorid —
Mypax, ixTiosorigs — pwub, opHiToJOTiA — TTAa-
XiB, a MaMMOJIOTisI — cCaBILiB.
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Hesari ramysi 6ioJsorii BuBUaOThL BHYTPIIII-
Hi mpollecu B KuBUX opranismax. Ile, Hampu-
KJan, ¢isionoria pocaus i ¢gisionoria TBapuH.
Bioximiss BuBuae mepebir ximiuHmMX peawrItiit
y KuBUX opranismax. IlmTosoria mocaimkye
0co0JIMBOCTI OymOBM KJIITHH, a ricToJioria —
TKaHUH. ['eHeTHUKAa TOCJIiI)Kye CIaIKOBICTH Ta
MiHJIUBiCTH OpPraHidmiB, a eToJIOTiA BUWBYAE IIO-
BEeIiHKY TBapwuH.

IcuyrorTs rasysi 6iosiorii, 110 BMBYAIOTL CY-
KYITHOCTi JKMBUX OpraHi3MiB, iXHi 00’eqHaHHS,
K1 YTBOPIOIOTHCA B TUX UM TUX ymoBax. Ile mo-
myJAIifiHa TreHeTrKa (BUBYA€ TeHeTUYHI IIpoecu
B IOMYJIAIIAX ), OioreorieHoJoris (gocaimxye 6io-
reolleHO3U) Ta iHImi.

Ekonoria Ak HayKa

TepMmiH «eKoJIOTisA» 3alIPOIOHYBAB HiMeIlhb-
kuii yuenuin E. T'ekkenr 1866 pory. Bim mo-
XOOUTH BiJi TPEIIbKUX CJIiB eikos, II0 O3HAYae
oiM, TOMEIIKaHHsA, Miclle Iepe0yBaHHS, Ta
logos — wmayka. Tak I'eKkkenb Has3BaB HaAyKYy,
1[0 BUBYA€E OpraHizaiiio Ta (QYyHKI[IOHyBaHHS
HaJOPraHi3MOBUX CHUCTEM PiBHUX PiBHIB, BUIIB,
MOIyJIAIi, OiomeHo3iB i Giochepu.

CroouaTKy IIeif TEpMiH 3aCTOCOBYBaJIN, KOJIU
HIILI0CS PO BUBUEHHS B3a€EMO3B’sI3KiB MisK poc-
JUHHUMHY Ta TBAPDUHHUMU YIPYIOBAHHAMU, IIIO
BXOJATH 0 CKJANYy CTIiHKMX Ta OpraHi3oBaHUX
CUCTeM, AKi1 BUHUKJIU B IIPOIleci eBoJIIOIlil opra-
HiYHOTO CBiTYy B meBHOMY cepenoBuiii. CyuacHa
€KOJIOTisI BUBYAE TAKOXK B3AEMOIIO JIOAUHU Ta
Oioc(epu, cycmibHOrO BUPOOHUIITBA 3 HABKO-
JUIIMHIM cepeJoBUINEM Ta iHIIi mpobJyemu.

Kputepii Xntra

JKuse Big He:XUBOro BigpisHAETHCA He 3a OJ-
Hi€I0 AKOIOCh XapaKTEePUCTUKOIO, & 3a CYKYIIHiC-
TIO ITiJIOI HU3KU BJIACTHUBOCTEH. SIKIMO posrasana-
TH KOXKHY 3 XapaKTePUCTUK KUBOT'O OKPEMO, TO
i1 MOsKHA 3HAWTH 1 B edKNX HEXMBUX 00’ €KTax.
Tak, Kpucraam MiHepasiB y IIeBHUX yMOBax
3IaTHI POCTH I BiATBOPIOBATU CBOIO CTPYKTYPY.



Tema 1.Bcryn > 2N

OCHOBHI BNacTMBOCTI *1BOTO

BaacTusicts

XapaKkTepuCcTHKA BJIaCTHBOCTI
SKMBOTO

IleBHUM Ximiu-
HUI CKJIAI

HasaBHicTh meBHUX Ipyn PEUOBUH, K1 HA3WBAIOTH OPTaHIYHIMY PEUOBUHAMU

BararopiBue-
BicTw opranisarii

Biosnoriuni cucremu maoTh KinbKa piBHIB opranisarii, KO}KHOMY 3 SKUX IIPUTaMaHHL
IeBHi 03HAKU ¥ 0COOJIMBOCTI

Hasasuicts 06-
MiHY PEUOBUH

Veci skuBi cucteMu MOXKYTH QYHKIIIOHYBaTH JIUIIIE 32 YMOBY iCHYBaHHA OOMiHY PEUOBUH
Ta eHeprii 3 HaBKOJUIITHIM cepenoBuinieM. [IpunuHeHHA OOMiHY CIPUUYNHSAE TPUITUHEHH S
KUTTENIATBHOCTI XKUBOI CICTEMI

3maTHicTh 10 HasasnicTs 00MiHy peY0OBMH BUMArae Biff ;KMBUX CUCTEM 3AiMiICHEHHS IOCTIHOI perysaii

caMoperyJIsaIrii CBOiX BHYTPIITHiIX ITPOIECiB Ta IPOIIECiB Y B3aeMOil 3 HABKOJIUIITHIM cepemoBuieM. Bis-
CYTHiCTBH a00 MOPYIIEHHS CAMOPEryJIALil COPUUYNHAE IPUINHEHHS IPOoIeciB 00MiHy
ITogpasauBicTs ITe 3garHicTs aeKBaTHO pearyBaTu Ha 30BHimIHI a6o BHyTpimHui Buiusu. [logpasntusicTs

JKHBOI CUCTEMHU € OCHOBOIO i1 e()eKTHUBHOI caMoperyJiAllii, 60 6e3 omep:KaHHs aJeKBaTHOL
iHgopmarrii 11040 BIIUBIB OyAb-AKA PEryasailia HeMOKJIuBa

3maTHicTh 10
PO3MHOKEHHS

Hemo:KIMBIiCTh POSMHOKEHHSA CTA€ IPUUNHOIO 3aTubesIi JKUBOI cUCTeMU

3IaTHIiCTh J0
PO3BUTKY

Veci skuBi cucTeMu IPOTATOM iHAWBiyaIbHOTO iCHYBaHHSA MOCTYIIOBO BUA03MiHIOIOTHCA
(mporiec onTOorernesy). Kpim Toro, BOHM 3MiHIOIOTBCS i B IIpoIleci eBOIoIil

DopMun XKUTTS

sKuBi cucremu ny:ke pisHoMaHiTHi, 60 KUT-
TS MOKe icHyBaTu B pisHuUX (opmax. Ili hopmu
HOMIISAIOTHCA Ha JBi BeJUKL rpynu — KJIITHHHIL
% HexsaitTuuHI (Mas. 1.1).

@ MpakThyHa poboTa

Joeecmu HaaeHicmb/8idcymHicme Kpumepiie xxum-
ms 0n1A 3anponoHo8aHux o06’ekmie

1. BU3HauTe OCHOBHi BNIACTUBOCTI Pi3HMX OO'EKTIB
XKMUBOT N HEXMBOI Npupoan (Hanpuknag, CTpyMKa,
OypynbKK, BYNKaHa, PKaka, COHALWHWKa, Migbepes-

®opmu xutTA HIKa).

2. 3a pe3ynbTaTamy BOCHIAMKEHHA CKnafitb Tabnu-
Lo, B AKIN yKaXiTb, AKi 3 KPUTEPIiB XNUTTA XapaKTep-

KniTnHHI HekniTnHHI . B - S,
Hi ANA KOXKHOrO 3 06’eKTIB, Ta BKaxiTb, AKi 06'€KTM
BALUOrO AOC/IIXKEHHA € XXMBUMU N YOMY.
MpoKapioTnyHi Bipycu 3. ChopmyntonTe BUCHOBOK.
opraHiamu
- - Bipoian
EykapioTnyHi
opraHiamu
MpioHn

e?)al'IMTaHHﬂ Ta 3aBAaHHA

1. [lo xapaKTepHuX BNacTUBOCTEN >KMBOrO Ha-
NEXUTb TaKOX PICT, XXMBNEHHA, AWXaHHA, afjanTa-
uito. Cknagite AN UUX BNACTUBOCTEN Tabnuuio
3 IXHIMK XapaKTepucTukamm Ta npuknagamm npo-
ABy. 2. [leAki BUeHi He BNeBHeHi B TOMY, L0 Bipycu
MOXHa BiJHeCT! [0 KUBMX OpraHiamie. Ha uyomy

Man. 1.1. ®opmu xnTTa

KntoyoBa iges

Bionoria cknapaetbca 3 6araTbox ranysei. BoHa

BVBYAE XUBI OpraHiamu Ta ix o6’egHaHHs.

Yci XuBi opraHiamy MakwTb MEBHUN KOMMIEKC
XapaKTepPUCTUK, 32 AKUMM iX MOXKHA BigpPi3HUTN
Bi HEXUBUX.

MOXe IPyHTYBaTUCA Taka AymKka? 3. BukopucToBy-
I0un 10JATKOBI AXepena iHpopmaLii (3oKkpema, IH-
TEePHET), 3HalZiTb NPUKIAAN HAAABHOCTI B HEXUBUX
00'eKTIB OCHOBHUX BIACTUBOCTEN XKNBOTO.




Tema 1. Bctyn

§ 2. bionoriyHi cucremu. PiBHi opraHisadil XuTtta

0 [omipkynTe

OpHOKNITUHHY ameby i 6araToKNITUHHY KypKy
MW Ha3MBaEMO oOpraHismamu. A 6araToKNiTUHHY
neyiHky — Hi. Yomy?

é 3raganTe

o HeXxuBi 1 XunBi cuctemun

« [pyKknagn XnBux cucTem
pi3HOro piBHA opraHisauii

BionoriuHi cuctemn

Cucrema — 1ie IIiJie, II0 CKJaZaeThcsa 3i
B3a€MOIIOB’I3aHNX uyacTuH (esemeHTiB). BioJjo-
TiYHMMH CcHUCTEeMAMH HAa3WBAIOTh CUCTEMU, [0
CKJIay AKWX BXOAATH KUBI opramismm. Biac-
TUBOCTi CHCTEMU HE 3BOAATHCA IO CYMH BJac-
TuBOCTEeH i1 cKIagoBux. CyKyITHICTh CKJIAIOBUX,
SAKi yTBOPIOIOTH CUCTEMY, MA€ BJIACTHUBOCTi, HE
npuTaMaHHi KOmZHOMY 3 ii OKpeMUX eJeMeHTiB
(rax 3BaHuN cucreMHuii edexr). Hampukrian,
Taki KUBI cucTeMH, AK KJIITHUHU, € KUBUMH
JIUIIe AK Pe3yjJbTaT B3aeMOMii IXHiX CKJIaZOBUX
(oprames, IIUTONIJIA3MU, MeMOpaH). A KOXKHUN
i3 UX eJeMeHTiB, BUAIJIEHUN OKpPeMO, *KUBUM
OyTu He MOKe.

Oxpewmi Giosoriuui cucTeMu MOKYTh 00’ en-
HyBaTHCA, YTBOPIOIOYM CKJIAMIHIIII CcHUCTEMH.
Tax, okpeMi KJIiTHHMN, 00’ €IHABIINCH, YTBOPIO-
IOTh 0araTOKJIITMHHUII OpraHidam. A MOmysdalrii
pi3HUX BUIIB KUBUX OPTaHidMiB MOKYThH OpaTu
y4acTb B YTBOPeHHi ekocuctemu. Taki mocigos-
Hi 00’eHaHHA Aemaji CKIATHIIMNX 0ioJoriuHmX
CHUCTEM € OCHOBOIO Pi3HOpPiBHEBOI opraHizarii
JKUBUX OpPTaHi3MiB.

Bci wactunm 6iosoriuHMX cucTeM HOB’s3aHi
MiK co00I0 3HAUYHOIO KijmbKicTio 3B A3KiB. Taki
3B’SIBKU MOKYTh OyTH NPAMUMU UM OIOCEpe.-
KoBaHUMU. [IpmKgagamMu nmpaMoOro 3B’A3KY €
B3a€MOJiA BOBKiB i 3afimiB y 6ioreHo3i (BOBKU
inaTe saimiB) abo MO3KYy ¥ ceplid B opraHismi
agoanHan (MO30K IeHepye CUTHAIM, AKi 3MiHIo-
IOTh PeXUM poboru cepiisg). IIpuKIagzoM oro-
cepegKoOBAHOIO 3B’A3KY € YMOBHHUI pedJiekc,
KOJIY, OUBJIAYNCH HA JIMMOH, Yy JIIOAWHU MOKe
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BUIIIATUCA cJMHaA ab0 HaBiTh BUHUKATU KUC-
JU#A mpucMak (AKIMO BOHA paHiIle ija JUMOH
i mam’arae foro cmak). Y mboMy pasi mpsamoi
B3aeMOJil JIIOAWMHU 3 JIMMOHOM HeMae, aJje Bifg-
TMOBiHA peakIlid opraHiaMy BUHUKAE.

Ekocuctemn

Exocucrema — 1e CyYKYIIHICTBH JKHUBUX OP-
raHi3MiB, AKi MeINKalTh y IEBHOMY Cepemo-
BUIII iCHYBaHHSA 1 yTBOPIOIOTH 3 HUM E€IUHE
misze (maa. 2.1). Byabp-sika eKocucTemMa Mae aBa
TOJIOBHI KOMIIOHEHTH — OioTmuHuUii i abGioTmu-
Huli. BioTHYHNUA KOMIOHEHT €eKOCHUCTeMU — IIe
BCi 'KuMBi opraHisamm, AKi BXomaTh Mo ii ckia-
ny (TBapuHU, pocauHU, OaxTepii Toio). AbGio-
TUYHUI — Ile KOMIOHEHTH HEeXWBOI IIPUPOAU
(kamMiHHS, BOga, mOBiTpsa ToIo). BioTwuHMI
KOMIIOHEHT eKOCHCTeMHU Ha3MBAIOTh 010I€HO30M.

BioTnunnuii KOMIOHEHT €KOCHCTEeM CKJamga-
€ThCA 3 aBTOTPO(HUX Ta reTepoTpo(pHUX opra-
HidmMiB. ABTOTpOodHiI opranisamMm 3maTHi yTBO-
pOBaTH OpPraHiYHI PEUOBMHU 3 HEOPTaHIUHUX
3a HoImoMoroo abo ¢gorocuHTedy ((hpoTOaBTOTPO-
¢u), abo xemocuHnTesdy (xemoaBToTpodu). I'ere-
poTpodHi opraHizsMu OTPHUMYIOTH IIOTPiOHI iMm
OpraHiuHi peYyoBMHU 3 iHIIIWX OPraHi3MiB.

PiBHI opraHi3auii X1UTTa Ha 3emMni

XapaKTepHOIO 0COO0JUBiCTIO Bcix OioJioriu-
HUX CHCTEM € HAABHICTH y HUX KIJIBKOX PiBHIB

Man. 2.1. EKkocuctema cTtaBKa



opramisarrii. Ik Bu 3HaeTe, JKUBi Op-
raHi3Mu CKJIaJaloThCsa 3 0araTbox Op-
raHiuHMX MOJIEKYJ — OiJKiB, ByrJe-
BOJIB, *KUPiB, HYKJEIHOBUX KMCJIOT.
ITe i € mepmmMm piBHeM opraniszarii
SKUTTA — MoJeKyaaprHum. Biomoriuni
MOJIEKYJIX 00’ €IHYIOThCA y CKJIAMHIi-
IIi CTPYKTYPU — KJITUHU, AKi € Ha-
CTYITHUM piBHeM opraHizamii — K.Ji-
MUHHUM.

Kiaituam B 6GaraTOKJITHHHUX
opraHiamMax He iCHYIOTH caMi 1O
cob6i. Bouum o6’emmani B 6igbmri
CTPYKTYPU — TKAHUHU i OpraHu.
Ile mrxanuHnHO-OpzaHHULl PiBEeHB
opraHizarii. A TKaHUHHW ¥ OpraHu
00’eIHYIOThCA y CKJAAl opraHismy,
YTBODPIOIOUU OpP2AHI3MOBUll DPiBEHb
opraHizairii.

Aue i e mie He Bce! Opranismu
He KMBYTHh caMi mo cobi. ¥ me:xkax
HeBHUX TEPUTOPifi BOHU YTBOPIOIOTH
rpynu OCOOMH CBOTO BUAY — MOIIY-
JAMil, AKi € CKIaZ0BUMU YaCTUHAMMI
nonynayiiiHo-6u008020 PiBHA Oprami-
samii. ITomrynamii X okpeMux BUIIB
B3A€EMOJIIOTH 3 MOMYJIAIIAMYI iHIITNX
JKUBUX OpPTraHisdMiB, AKi KUBYTH pa-
30M i3 HUMHU. ¥ Takuil cmoci6é BoHHU
YTBOPIOIOTH €KOCUCTEMH — CKJIAJO0Bi
eKocucmemMH0Oz0 PiBHA opraxisarii.
I, mapemri, Bci eKocucTeMu HaIIol
miameTu o6 €IHYOThCA y CKJIami
Oiocepu, AKa € HAWBUINUM PiBHEM
opraxisariii JKUBUX CHUCTEM.

Cnig sayBaskuTu, IO He BCi
JKUBI cmCTeMH MalTh OIJHAKOBY
KinbKicTh piBHIB opramisamii. Tax,
ONHOKJIITHMHHI OpraHisMu He MalOTh
TKAHUHHO-OPTaHHOTO PiBHfA, a y Bi-
PyCiB BiACyTHI# Ime W KJIITUHHUNI
piBeHb.

0 Kniouosa iges

Bci »KW1Bi opraHiammn € »UBUMU CUC-
TeMamu i BXOAATb JO cKiagy OinbLu
CKNMagHmx cuctem (y Tomy ymcni no
cKknagy ekocuctem). HadaBHicTb Kinb-
KOX PiBHIB opraHi3auil € xapakTep-
HOIO PUCOI0 BCiX KMBUX CUCTEM.

Pisens
opraHisamii

Moueky-
JSAPHUY

Kaituaamin

TraHMHHO-
OpTaHHUNI

Opranismo-
BUH

ITommymaiti-
HO-BUIOBUI1

Exocucrem-
HU#

Biocheprmit

Tema 1.Bcryn > 20

PiBHi opraHisauii >knBmx cuctem

SAKi KoMIIOHEeHTH
00’emHy€e

I'pynu aTomis,
00’ e IHAHUX
Y MOJIEKYJIT

Moaexyu Ta
OopraHeJid KJIi-
THUH

Kaituan, Tka-
HUHU # OKpeMi
OpraHu JKUBUX
opraHisMmis

Cucremu op-
TraHiB }KUBUX
opraHismiB

OcobOuHM OKpe-
MUX BUIIB KU-
BUX OpTaHi3MiB

Homymamii
pisHUX BUIiB
JKUBUX Opramis-
MiB

Bci ekocucremu
nJaaHeTu 3eMJIs

IIpuxkxagn

) X@q

Boda Hyxaneinosa kucaoma

e3al‘IVlTaHHﬂ Ta 3aBAaHHA

1. U moxe ekocuctema ckKnagaTuca Tinbku 3 aBToTpodis? Bia-
noBiagb o6rpyHTyinTe. 2. Ha npuknagi ofHiei 3 ekocmctem (3a Balum
BMOOPOM) MOKaxiTb, AAKi enemMeHTV BXoAATb A0 il cknagy i siki 3B'A3KM X
06’eaHY10Tb. 3. YN MOXKe 3HMKHEHHA OAHOrO 3 efleMeHTIB eKoCcMcTeMu
6yTV MPUUMHOIO TAaKOro MOPYLUEHHA 3B'A3KIB, AKe CTaHe MPUYUHO
3arnbeni Bciei cuctemun? Bignosigb obrpyHTyTE.




Tema 1. Bctyn

§ 3. CepepoBuuye XUTTA. [TOHATTA romeocTasy

0 [NomipkynTe

fIkKuM cepepoBULEM — MpUpPOA-
HUM, WTYYHUM Y/ aHTPOMOTeH-
HO-3MiHEHVM — MOXHa BBakaTu
NMOMeLUKaHHA NIOAUHN, Y AKOMY
Hapoawunaca i »uBe CBiiCbKa
TBapuHa?

Q 3raganTe

» BHyTpiWwHe cepepoBuLle
opraHiamy

o CepepoBue iCHyBaHHsA

o OCHOBHI BMAW cepenoBuLLy
iCHyBaHHA

o OcobnmBOCTi BOQHOMO, Ha3eMHO-
ro i NOBITPAHOrO CcepefoBuLL

Lydbabe b\

AHTpPONOreHHo-3miHeHe

Man. 3.1. CepepoBuLya icHyBaHHA
3 nornAgy BNAUBY NIOAVHU Ha Npupoay
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Pi3HOMaHITTA cepefoBuLY iCHYBaHHA OpPraHi3mis

YacTuHa IPUPOAU, AKA OTOUYE KUBUU OpPTraHiaM i 3 AKOIO
BiH OesrocepeqHbO B3a€EMOMi€, HA3WBAIOTh CepPexOBHINEM iCHY-
BaHHa. JKuBi opramisMm mOCTiiHO IPHCTOCOBYIOTBCS IO HBOT'O
1 peryamioTh CBOIO JKUTTEAIANBHICTD BiIIOBITHO A0 MOTO 3MiH.

IcuyioTh pisHi cmocobu Kiaacudikarllii cepefoBuIl] icHyBaHHA.
Y momepenHix KJjacax BU BiKe i3HAJUCHA, IIO iCHYIOTHL BOJHE,
Ha3eMHe Ta MOBiTpAHe cepemoBuina icuyBanuda. OcobsuBuMu ce-
pefoBUINIaM¥ iCHYBaHHA € TPYHT Ta JKUBi opra"iamu (BcepeauHi
¥ Ha MOBEPXHIi ITMX OPraHi3MiB MOKYTh JKUTHU iHIII opraHiaMm).

Ane, BpaxoByHOUM 3HAYHUN BIJIUB JIIOAWUHU HA IIPUPOAY,
AKTyaJIbHOIO € KJjacudikamia cepeqoBuUIl] iCHyBaHHS, IKa KOH-
CTaTy€ CTYIIiHb 3MiHEHHSA CepemoBUIA JIOAUHOIO. 3TiHO 3 Iiei0
KJacudikaliew, BUIIIAOTh IIPUPOIHE, aHTPOIOTEHHO-3MiHEeHE
i mryune cepemoBumia (maj. 3.1).

IIpupogHuM Ha3WMBAIOTH CEPEeNOBUIIE, AKe He O0yJo (abo maii-
JKe He OyJIo) 3MiHeHe JIIOACHKOIO AisabHicTio. IIpukaagamu Ta-
KHX CepeqoBUINl MOKYTb OYTU eKOCUCTEeMHU 3allOBiIHUKIB, mIeuep
Ta iHOIUX MiCIlb, 1O AKUX YTPYAHEHO AOCTYII JIOJWHU.

AHTPOTIOTEHHO-3MiHEeHMM € CepeJoBUIle, Ha SdKe JIIOJUHA
IOCTaTHBO CUJILHO BILJIMBAE, i Ile € MPUUYMHOIO 3MiH y IIUX Ce-
penoBuinax. IIpukjaagoM TaKOro cepegoBUINA MoKe OyTu piu-
kKa [Hinpo, Teuid AKOl 3aperyJiboBaHa CHCTEMOIO0 BOJOCXOBHUIII,
a y BOAY IOCTiiHO HaIXOAATh Pi3HOMAHITHI 3a0pyaHEHHS aH-
TPOIIOTEHHOTO ITOXO/YKEeHHS.

IITyuHi cepemoBuilia CTBOPIOIOTHCSA JoAuHOI0. OpraHismu,
AKi "KUBYTH Y TAKUX CePeOBUINaX, BUKOPUCTAHI JIIOAWHOIO B Pis-
HOMAaHITHUX TOCIOJapChbKUX a00 HayKOBUX Iiiax. Ilo mTyuHmx
CepemoBUIIl HAJIEKATh MOKUBHI CEPEOBUINA IJI BUPOIIYBAHHA
MiKpoopraHisamiB y JabopaTopiax, cepemoBuia B 6i0TexXHOJIOTiU-
HUX peakTopaxX Ha BUPOOHUIITBI, TiIPOIOHHI KYJIbBTYypPH TOIIO.

3Ha4yeHHsA romeocTasy anAa XMBux cCMCctem

T'omeocTas — 1ie BiTHOCHA CTAJIICTh CKJIAJy Ta BJIACTHUBOCTEN
0ioJIOTIUHUX Ta eKOJOTiUuHuX cucTeM. BiH € XxapaKTepHOIO 0O3Ha-
KOI0 BCix piBHIB opramisarii *KUTTA i HeOOXiHOIO yMOBOIO IJIs
dyHKIiOHYBaHHA 6iOJOTIYHMX Ta EKOJIOTIYHMX CHCTEeM pPi3HUX
PiBHIB opranisarii. ¥ peayiabTaTi mporeciB B3aeMoii eleMeHTiB
CUCTEeMMU Ta BILIUBY Ha Hel pisHUX (paKkTOpPiB, roMeocTas IMOCTiAHO
MOPYIIIYETHCSA, ajie OAPa3y K i BigHOBIIOETHCA. 1le BigHOBIEHHA
3IifICHIOETHCA 3aBAAKU caMOperyJArii OiosoriuHux cucrem.

Ha piBHi oxpemMux KJiTua ab0 OJHOKJIITHMHHUX OPraHis-
MiB roMmeocras miATPUMYETHCA 3aBASAKU IMPUCKOPEHHIO YU YIIO-
BiJibHeHHIO OioxiMiuHMX peakIliii, 3MiHiI CcTyIeHA HPOHUKHOC-
Ti KJaiTmHHOI MeMOpaHM Ta peryJsdallii po6oTu IIeBHUX TeHiB.
B exocucremax crabinbHiCcThL HiATPUMYETHCSA 3aBAAKMN 3MiHi
KiJIBKOCTi 0COOMH y HMOMYJIAIisIX BUAIB, B3A€MO/il PisHUX BUIIB



Mix co00I0, BIIMBY OpPTaHi3MiB Ha CTaH cepeno-
Buiia (HampukJanL, (popMyBaHHS OCOOJUBUX
MiKpPOKJiMaTUUYHUX YMOB y JIiICOBOMY MacuBi)
TOIIO.

[iaTprMaHHA romeocTasy Ha npuknagi
OpraHi3amy NogNHN
IlixTpuMaHHSA TOMeEOCTa3y OpPraHidMy JIIOIM-
HUM MOJKJIHBO 3a yYMOB BimHOCHOI cTabiJbHOCTI
KiJIbKOX IIapaMeTpiB MOro BHYTPiIlIHLOTO cepe-
noBuiia. IlapamMeTpu BHYTPIIIIHBOTO CepemxoOBU-
Ima OpraHiaMy JIOOWHU, AKi € BaAXKJIUBUMU IJI
OiATPpUMaHHA TOMEOCTasy:
* KpoB aAHU# TuCK (y ZOpocsoi
aognau — 120/80 mMm pT. CT.);
+ Temmeparypa Tinza (35,5—37°C);
« pH kposi (7,3-7,45);
* KOHIIEHTpAaIlisi TOPMOHIB;
+ KOHITeHTpAallid KucHio Ta Kapoou(IV)
OKCUIY B KPOBi;
* KOHIIEHTpAIlis TJIIOKO31 B KPOBIi;
* KOHIIEHTpPAI[is coJiell MiHepaJIbHUX
PEUYOBWH y piAwHaX Opra”iamy.

Ile sabesmeuyeTbcsa OiAJBHICTIO TPHOX pe-
TYJATOPHUX CUCTEM: HEPBOBOIO, I'yMOPaJIbHOIO
Ta imyHHOIO. Hepsosa % zymopanvra cucmemu
peryJamoioTh i KOOPAMHYIOTH pPOOOTY OpramHis,
a iMyHHa 3axXWIa€ OpPraHiaM Big HOpPYIIeHb,
AKI MOMKYTH CIIPUUYMHUTH iHIII opraHismMu ado
MIKiJIMBI peYOBUHMA.

HepsoBa peryadmia 3aificHIOETbBCA 3a JOTIO-
MOTOI0 iMITyJIbCiB, IO IlepefaloThCcA IO MeMO-
paHax HePBOBUX KJITWH, TOAI AK T'yMOpaJbHa
crucTeMa peryJioe IIPoIecy B OpraHisami 3a moIro-
MOTOIO CHeI[iaJIbHUX XiMiYHUX PEeUYOBUH — TOpP-
MOHiIB. B3aeMo3B’sA30K ABOX THHIB PeryJsallii
TPOABIAETHCSA B TOMY, III0 HEPBOBA I T'yMOpAaJIb-
Ha CHUCTeMHU BIJIMBAIOTH OJHA Ha ofHy. Tak,
HepBOBa CHUCTEMa MOXKE CIPUUYUHATH 3MiHY iH-
TeHCUBHOCTI BUIiJIeHHs 0ioJOTiuHO AKTHUBHUX
peJYoBUH, a MiA TOPMOHIB MOKe 3YMOBJIIOBATHU
BUHUKHEHHS HEPBOBUX IMITYyJILCIB i peryamoBaTu
pobOTy OKpPEeMUX YaCTUH HEPBOBOI CHUCTEMM.

0 Kniouosa iges

Bci MBI opraHiamu € XXnBMmu cncteMamu i BXo-
OATb Jo cKnagy 6inbll cknagHux cuctem (y Tomy
uncai o cKnapy ekocmuctem). HasBHICTb KilbKox
PiBHIB OpraHi3auii € XapaKTepHOK PUCOID BCiX
KUBUX CUCTEM.

Tema 1.Bcryn > 2N

PizunomaniTHi (hakTOpM MOCTINiHO BIJIMBA-
IOTh HA OPraHi3M JIIOWHU i MOPYIIYIOTH HOTO
roMeocTas. 3 HE3HAYHUMHU BIJIMBAMHU OpPTaHi3M
3/JaTeH ymopaTucA NOCUTH JIETKO, a i3 CHJIBHU-
Mu — ckJaagHimie. IIpukiIamoM CHIBLHOTO BILINBY
MOsKe OyTU CTpecoBa peakIrid.

Crpec

Crpec — 11e HecmenudivHa HeHPOTyMOpaIb-
Ha BiAIIOBiAb OpPraHisaMy Ha CUJIbLHUI 30BHIITHiN
BiauB. BiH BuHMKae B pasi aii ma opranism
YMHHUKIB, AKi mopymryioTh romeocras. OcHOB-
Ha (pYHKIIig cTpecy — Iie aJamTallid OopraHiaMy
IO YMOB, ITIO 3MiHMJINCS, HOTO IIPUCTOCYBAHHS
0 KOHKPeTHOI cuTyarrii.

Y cTpecosiii cuTyarii opramism mob6ijgisye
CBOI pecypcu i moBepTae romeocras O CTaHY
piBHOBaru. AJjie Iie IpaIllioe TiJIbKM Ha Bimmoc-
HO KOPOTKHUX IIPOMiKKax dacy, ajKe pecypcu
opraHiamy, Aki Mo0inisye cTpec, He € HeCKiH-
yeHHUMHU. SIKIIIO cTpecoBa CUTYyallid CTae TPU-
BAJIOIO, TO Ile IIOUMHAa€ HeraTHUBHO BigOumBaTuCA
Ha CcTaHi opramismy.

Bnnwue Tpusanoro ctpecy
Ha Pi3Hi cucTeMn opraHismy faMHN

MoxanBi HacTigKu gil cTpecy

Cucrema
Ha cUCTEeMY
BN 3MiHa HACTPOIO, JeTIpecisa, MOPYIIIeH-
BOB . .
p HSA KOHIIEHTpAIlil, ToJI0BHUHU 0iIb
IligBUIIeHHA YaCTOTU CKOPOUEHD
Kposonocua .
cepIis Ta apTePiaJbHOTO TUCKY
3MeHIIIeHHSA 3JaTHOCTL IPOTHUCTOS-
ImyHHa . .
TN 1HQEKI1AM
Tpasua Bouai B mayHKy, HygoTa
ITopy1ieHHA PO6OTU PEIPOAYKTUB-
CrareBa py AP pempony
HUX OpTaHiB
OmnopHo- Binb y cyriobax i m’si3ax, mopyIeH-
pyxoBa HA CTPYKTYPHU KiCTKOBOI TKAHUHU

03aI'II/ITaHHFI Ta 3aBOAHHA

1. [lo AKkoro Tuny cepefoBuLy iCHYBaHHA MOXKHa Bif-
HecTu none Kykypyasu? Bignosigb obrpyHTyiTe. 2. Bu-
6epiTb GionoriyHy cmcteMy ofHOro 3 piBHIB opraHisauii
XKUBOrO i CKNagitb CNUCOK ¢daKTopiB, AKi MOXYTb MO-
pywuTn ii romeocTtas. 3. Ha nprknagi KOHKpeTHOI eKo-
CUCTEMU MOACHITb, AK BiAOYBAETbCA NIATPUMAHHA PiBHO-
Bary B Uil KOHKPEeTHIn ekocucTemi. 4. CknagiTb CNUCKu
MO3UTUBHUX | HEraTUBHMX HaCNiAKIB CTpecy B NIOAVHMN.




Tema 1. Bctyn

§ 4. Hayka Ta HayKOBMW MeTopA Ni3HaHHA

0 [omipkynTe

Y AKNX BUMafKax yyeHi MOXyTb 3aCTOCOBYBAaTW Tiflb-
K/ TEOPETMYHi MeToan AOCHiIXeHHA?

é 3raganTe

« Tanysi 6ionorii
« HaykoBi Teopii B rany3i 6ionorii Ta ekonorii
e BHecok yueHunx, AKi cTBOpunu Ui Teopii

Hayka. HaykoBi rinotesm Ta Teopii

Hayka — me cdepa OissIbHOCTI JIOAWHWU,
mpuUcBsAYeHa 3A00YTTI0O HOBOTO 3HAHHS PO Ha-
BKOJIMIITHIH ¢BiT. OCHOBOIO HAYKOBOTO IIi3HAHHS
€ mo0yZ0Ba CHUCTEMU JOCTOBipHOTO 3HAHHSA, IO
I'PYHTYETbCSA Ha (arxrax. Paxkmom € cmocre-
peskeHHs ab0 eKCIIePUMEHT, AKUIl MOosKe OyTu
BiaTBOpeHMIT Ta miAaTBepmakeHuii. Ilpore Tay-
MauYUTU OJHE M Te caMe CIIOCTePeKeHHsA PisHi
BUEHi MOKYTh HO-PiZHOMY.

Ha ocHoBi amamizy ¢axTtiB chopmoBano
rimore3am — OOI'PYHTOBAHI NPUIIYIIEHHS, SAKi
mi (GpaKTu MOACHIITL. SIKIMO HOBI (akTu He
OiATBEPAKYIOTh TillOTe3y, TO BUCYBAlOTh HOBY
rimoresy. fAKImo K rimoresa mo0Ope y3romKyeTh-
cAd 3 HaABHUMHU (paKTaMu ¥ Jae 3MOr'y POOUTH
IPOTHO3M, IO 3T0JOM HiATBEPAMKYIOTHCS, TO
BOHA CTAa€ OCHOBOIO HayKoBoi Teopii. Haykoma
Teopidg — Ile cucTeMa y3araJibHEeHUX 3HaHb, IKa
TOACHIOE HAABHI (paKTu, (POPMYJIIOE 3arayibHi
3aKOHU, AKHUM IIi (PaKTH ITiAIOPAIKOBYIOTh-
cs, 1 mae 3Mory mepembauaTu HeBimomi paHilne
apumia (maja. 4.1). Ane BUHUKHEHHS HayKOBOIL
Teopii He o3Hauae, M0 BOHA € Biumoro. Hosi
IaHi, OTpHUMaHi B MaWOyTHbOMY, MOJKYTb IIO-
TpedyBaTu ii KOpekriIrii.

EmMnipuyuHi gocnigeHHA

Huaa orpumaHHA HOBUX (axTiB Ta ¢op-
MyBaHHsA TimoTe3 i Teopii cyuacHa Oiojoris
BUKOPUCTOBYE Pi3HOMAaHITHI HayKOBi meTonu.
Ix mMoxHa posmimuTu Ha ABI Benmki rpymm —
eMIIipMYHi Ta TeopeTuuHi. ¥ pasi 3acTocyBaHHA
eMIIiPpUYHUX METOIiB IIPAIIOIOTh i3 IMPUPOIHU-
MU 00’€KTaMM, BU3HAUAIOUM IXHI BJIACTHUBOCTI.
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Jlo TakMX MeTOHIiB HaJIeXKaThb CIIOCTEPEKEeHHA
Ta eKCIIePUMEHT.

Y xomi cnocmepescenHs auIlle PEECTPYIOTH
XiT TpPUPOAHUX NPOIECiB, He BTPYyUAIOUUCH
Y HBOTO, IO € CYTTEBOIO IIePEBAroOi0 I[HOT0 Me-
TOMy. SIKIIO cIocTepesKeHHA B3AiMCHIOIOTH 3a
OoKpeMuM OiosoriuHuM 00’€KTOM, TO TaKUHA THUII
CTIIOCTEPEKEHHS HAa3WBAIOTh ONUCOBUM. SIKITIO K
MiJi Jac CIOCTepe)KeHHSA IMPAaIIoi0Th O0Ipasy
3 KiJTbKOMa 00’€eKTaMM, a MOTiM ITOPiBHIOIOTH
pe3yJabTaTH, TO TAKUU THUII CIIOCTEPEKEeHHA Ha-
3UWBAIOTh nopiéHaavHuM. IlepeBara ommcoBuX
IOCJiIKeHb IOJIATaE B TOMY, 1110 Ha 00 €KT CIIO-
CTepe)KeHb HifAK He BIJIMBAIOTL. AJie B IIbOMY
BUNAJKY Ba'KKO BUBHAYUTU POJIb PidHUX (PaK-
TOPiB y mepediry meBHUX NPUPOTHUX MPOIECiB.

OxHuM i3 BapiaHTIB cIlOCTepe:KeHHSA € MOo-
HimopuHneosi 0ocaidHceHHs, AKi 3AINCHIOIOTH
3 MeBHOIO mepioxzmunicTio. IlepioguunicThs mO-
COimyKeHb MO)Ke OyTH Pi3HOI0 i 3a/JeXKuUTh Bifn
mocTaBJieHOI MeTu. BaraTopiuHuiln MOHITOPHHT
Jlae 3MOT'Y BifICTE€)KyBaTH 3MiHM B €eKOCHCTEMaX,
BCTAaHOBJIIOBATU BIJIUB Pi3HUX (PAKTOPiB HA KUBi
OpraHi3dMm, OIIiHIOBATH AHTPOIIOTeHHUI BILJIWB.

Y xoxi excnepumenmy BinOyBaeThCSA aKTUBHE
BTPYYaHHSA Y IPUPOLHI IIPOIleCH, Il 4ac SKOTO
MITYYHO (DOPMYIOTH YMOBH, Y IKUX BiIOyBa€ThCA
excuepuMmeHT. lle mae 3MOry CTBOPUTH CHUTya-
iro, KoM MOKHA AOCIimmTy nmiro Ha Oiosoriu-
Hi mportiecu Jjuimie ogHOTO (haKTOpa, 3aJIUIITAI0UN

EnemeHTNn

NPUHLMNN TEO Plﬂ 3HaKM
3aKOHU CUMBONU

3micToBi QopmarnbHi

KaTteropii npasuna
inei Ta iH.
OyHKuUii
CuHTesyBanbHa  [loAacHioBanbHa [porHo3ysasibHa

Man. 4.1. OCHOBHi KOMMOHEHTW HayKoOBOI Teopii



igmi gaxTopu HesMiHHUMU. Hemoyrikom Taxoro
Oigxomy € Te, IO MITYYHO CTBOPEHi YMOBH €KcC-
HepPUMEeHTY MOKYTHh IO3HAUaTHCA Ha HOPMAaJb-
HOMY (yHKIiOHyBaHHI Oiosoriunmx 00’€KTiB.

B exkcriepuMeHTaJIBHOMY METO/i JOCJiIKeHb
3a3BMUAll 3aCTOCOBYIOTH KOHTPOJLb (KOHTPOJIb-
HUN mOCJif). HMoro smificHO0OTH y THUX caMuxX
yMoOBax, IO M eKCIepUMEeHT, ajie BUKJIOUAlOTh
miro (pakTopa, AKUHN DOCHiIKyIOTh. Takum uu-
HOM, IIOPiBHIOIOUM Pe3yJIbTAaTU KOHTPOJIIO I eKc-
IepuMeHTy, MOKHA BUOKPEMUTH Oit0 paxTopa,
AKUH BUBYAIOTH.

TeopeTnyHi gocnig»eHHA

¥V pasi 3acTocyBaHHA TEOPETHYHHUX METO-
IiB 3 00’€KTOM [OOCJi:KeHHsS 0e3locepeaHbo He
IpaIiolTb, a BUBUAIOTh HMoro (hidmuHi um mare-
MaTUYHI Momesi. ¥ TeopeTHUYHUX MeTOoJaX BU-
IiIAOTH MOIENTIOBAHHSA, MAaTeMATUUYHY O00pOOKY
maHux (cmamucmuyHuil METOX) TOIIO.

Mamemamuyuny 06poOKYy NaHUX 3iNCHIOIOTH
micJIs 3aKiHUEHHS CIIOCTEePeKeHHs a00 eKcIiepu-
MeHTy. BoHaA gae 3MOry Ha OCHOBi OTpMMAaHUX
IaHUX 3’sCcyBaTU 3B’ SI3KM MijK OKPeMUMMU IIapa-
MeTpaMu 0iOJIOTiUHMX CHCTEM, BUBUUTHU BILINUB
OKpeMuX (pakKTopiB Ha OiojsoriuHi cucremMu Ta
ocobamBoCTi IXHBOI B3aeMoOmii.

OcHOBOIO M00enl08aHHS € CTBOPEHHS II€B-
HOI Teopii 1momxo meBHOI OiosoriuHoOil cucTeMu,
[0 MIiCTUTh HpaBMJa, 3a AKUMU BimOyBamOTh-
cAd 3MiHM B OioJIOTiUHMX aHaJIi30BaHUX CHUCTE-
max. Ilicist cTBopeHHsA Takoi Teopii 3amaroTh
mouyaTKoBi mapamerpu (TOOTO BM3HAYAIOTH IIO-
yaTKoBUM cTaH cuctemu). Ilorim, 3azBmuain
3 BHUKOPHCTAHHAM IOTYXKHHX KOMII I0TEpPiB,
pobaATE aHaNi3 — AK OyJe 3MiHIOBATHCS CHC-
TeMa y BUIAAKY Oil mpaBuJl BUCYHYTOI Teopii.
PesyabraTu 3icTaBAAThL 3 peaJbHUMHU (pakKTa-
MU IJIs HasgBHUX OioJjioriuHUX cucreM. SIKIO
BiIXMJIeHHS BiJ IPpUPOIHUX IIPOIlECiB HEe3HAUHI,
TO B Te€OpPil0 i MoJesah BHOCATH HEBEJIUKi mpaB-
KM Ta IPOIOBXKYIOTH MOCTiI:KeHHS. K0 K
BiIXUJIEHHA € CYTTEBUMU, TO CTBOPEHY TeOPiio
BiIKMIAIOTh i IPOIOHYIOTH HOBY.

0 Kniouosa iges

Hayka — ue cdepa AianbHOCTI noguHK, npio-
puTeTOM Yy AKiN € 06'€KTMBHE, a He Cyb'eKTVBHe
CNPUIAHATTA AiNCHOCTI, a byab-aki cdopmoBaHi
Teopii 1 rinoTe3n NpMIMaloTbCA TiNbKK Nicna 6a-
raTopa3oBoOi NepeBipKu.

Tema 1.Bcryn > 2N

MogenoBaHHS INMMHMPOKO BUKOPUCTOBYIOTh
Y TUX CHUTYyAaIlifgX, KOJHU IIPOBEeJeHHA PeaJlbHOro
eKCIepuMeHTy HeMo:KJuBe. Tak, HaAIpUKJIAI,
JOCJTiIKYIOTh €BOJIIOIiTHI IIpoIiecu, 3MiHI KO-
cucTeM y ILIaHETAPHOMY MacIiTabi ToImo.

Mpobnema HeHayKOBOrO Ni3HaHHA

OCHOBOIO HAYKOBOTO IIi3HAHHA € 00’ €KTUB-
HicTsb. ToOTO Bci oTpuMmaHi maHI TPUIMAaIOTH
AK (aKTH TIIBKU IIiCJS PETEeJbHOI IIepeBipKu
i HesaJIeKHOTO IMiATBePIKeHHA. JAKINOo K miaxin
IO IIPOBENEHHSA NOCIiIKeHb CTae Cy0’ €eKTUBHUM
i oTpuMaHi faHi cIpUIIMAaIOTh OHOOIYHO 3 irHO-
pPyBaHHAM (paKTiB, AKi He TiATBEPIKYIOTh BUCY-
HYTY rimoresy, TO TaKe ITiBHAHHA € HEHAYKOBIIM.

Ha xanp, sapas y 3MI uacTo mommupooThb-
cA mceBAOHAYKOBi Teopii. IlpmuwmHOIO 1IBOTO €
1 eleMeHTapHa HEOCBiUeHiCTh, i OasKaHHS OTPU-
MaTH MaTepiajbHi BUTOAU IMJIAXOM YBeIeHHS
YaCTHUHU JIOJell B OMaHy. 3amobirtu mbomy
MO:KHa, BUKOPHCTOBYIOUM HAYKOBi MeTonu min
yac aHaJIi3y TaKMUX TEOPi# Ta TBEePI:KeHb i Po3-
BMBAIOUM BJIACHE JIOTiUuHEe MUCJIEHHS.

® MpakThyHa poboTa

3anponoHyeamu/cnpocmyeamu 2inomes3y 3a 3ada-
HUM meepoXKeHHAM

1. BnbepiTb OBa TBEpAKEHHA 3 HaBeEHUX: a) poc-
NIMHU € aBTOTPOOGHUMU oOpraHiamamu; 6) TBapuHU
Ta POC/IVHU CKJAZalTbCA 3 KIITUH; B) AeAki Myxu
CXOXi Ha 6N i A3vXKuaTb, AK 64KoNK; ) 64XKonn
BKa3yloTb 3a AOMOMOrOI TaHU iHWUM 6axonam 3i
CBOrO BYfIMIK@ HanpAMOK NONbOTy A0 Axepena iXi.
2. [InA KOXHOTO TBEPAXKEHHA CPOpMyItoTE rinoTesy,
AIKa MOro MOACHIOE.

3. 3anponoHyiiTe cnocoby NepeBipKM BaLLOT rinoTesu.
4. CoopmynioitTe BUCHOBOK, Y AKOMY BKaKiTb, LLO
cnig ypaxoByBaTu Mif Yac BUCYBaHHA rinoTtesn.

03aHMTaHHH Ta 3aBaHHd

1. CknagiTb CMMCOK MOXMBUX AOCHIAXeHb, ANA
AKNX 3aCTOCYBaHHA TEOPETUYHUX MeTomiB Oyde 6GinbLu
JOUINbHUM, HiX eMnipuyHuX. 2. Ha KOHKpeTHuX npwu-
Knagax MoOACHITb BiAMIHHOCTI MiXK HayKOBUM i HeHa-
YKOBUM Mi3HaHHAM. 3. [TOACHITb, UMM HayKoOBa rinoTesa
BiAPi3HAETbCA Bi HayKoBOI Teopii. 4. Bukopucrosyio-
UM JoHaTKOBI AXepena (3okpema, IHTepHeT), 3HangiTb
KOHKPETHI NpuKnagun, Konu BiACyTHICTb 00'€KTUBHOrO
nigxopy A0 AoCnifXKeHb cTana NPUYMHOK HeraTuBHUX
HacnigKiB anA CcycninbCcTBa.
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Tema 1. Bctyn

§ 5. MNpuHUMNU nnaHyBaHHA 6GionoriyHOro Ta eKonoriyHoro

AOCNIgKEeHHA Ta HAYKOBN MeToA Ni3HaHHA

0 [omipkymnTe

Lo € npegmeToMm, a WO — 06'EKTOM Y JOCHIAMKEHHI
«BnnvB KinbKOCTi JOOPYBA Ha PICT POCMH Lnbyni»?

Q 3raganTe

» HaykoBun metop nisHaHHA

o EkcnepumeHt

o CnocTeperkeHHs

o MoHiTopuHr

o OCHOBHI MeToAu 6ioNoriYHMX QOCHiAKEHD

[MnaHyBaHHA JocnigXeHHA

IlnanyBaHHSA — HaAWBaKJIUBIMINUI eJIEMEHT
HAYKOBUX JOCJi}KeHb, II[0 CTAHOBUTH HUBKY II0-
caimoBHUX eTariB pobotu. Ilim muanyBaHHAM PO-
3yMiIOTh BU3HAUEHHS I[ijeii, 3aBIaHb i 00’ €KTiB
IOCTi’KeHb, PO3POOKY CXEMH eKCIIePHUMEHTY,
BUOIp ONTHUMAJBLHOI CTPYKTYPU MOCHIAYy # mi-
JAHKU AJIA WOTO ITPOBEEHHA.

CTpyKTypy NIJaHYBAaHHA MOKHA IOIJIUTHU
Ha JBa eTamwu.

Ha mepmiomy erami mianyBaHHA BinOyBa-
€ThCA:

- Bubip Temu;

* BUBHAUEHHA aKTYaJIbHOCTi AOCJiIKeHb;

- (hpopMyIIOBAHHSA IIijell i 3aBgaHb JOCJIi-

KEHb;

- BuOip 06’exTa abo 00’€KTiB MOCTiI:KeHb;

- 30upadHsa ¥ KPUTUYHUIN aHaIi3 HasgBHOIL

irdopmailrii 3 mocaimsKyBaHoI mpobJieMu;

» (hpopMyTIOBaHHA I BUCYBaHHSA POOOUUX Ti-

moTre3 (TEOPeTHUHUX Momeeir).

Ha gpyromy erami mianyBaHHA BinOyBa-
€ThCcA PO3pobOKa IIporpamMu OOCHiA:KeHb. BoHa
MiCTUTB:

BU3HAUEHHSA PO3AiJiB mOCJIigHOI pobOTH;
BU3HAUEHHS MicIisg i TepMiHIB iX BHKO-
HaHHS;

CKJIATaHHA CXeMU IIPOBEIEHHS OCTIimiB
3a KOXKHUM PO3IiJIOM;

CKJaJaHHA KaJleHJapHOTo ILJIaHy pooiT
3 HiATOTOBKY Ta IIPOBEJEHHSA AOCJiIY;
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* CKJIAaJaHHsA IIJIaHY CIIOCTEPEXKEeHb 3 KOH-
KPeTHUM 3a3HauUeHHAM TePMiHiB i yacToTu
poBeZieHHsA OOJIiKiB i cmocTepeskeHb.

DopmynioBaHHA Npobnemu, MeTu
i 3aBAaHb AOCiIAXKEHHSA

Bubupatoun Temy mociimiKeHHs, CIiI Ke-
pyBaTucs TaKVMW KPUTEPiAMU, AK aKTyalb-
HicTh, HOBU3HA, NMepclueKTuBHicTh. IIpobiema,
IJIsI PO3B’A3aHHSA SAKOI 3AiHCHIOIOTH HAYKOBE
IOCTim:KeHHs, Mae OyTH YiTKO I OJHO3HAUHO
BU3HaUeHa. SIKIO BoHa He MoKe OyTu cdop-
MyJbOBaHAa, TO BOHA He MOJKe OyTu i po3B’sd-
3aHa.

YeBigoMuBIiiu Impo0OJieMy, CJIiJi BU3HAUM-
TU 3aJadi, BiAmOBimi Ha AKi YMOMKJIMBIATH ii
posB’A3anuA. BigmoBimi Ha HUX OTPUMYIOTH
3 eKCIepHMEeHTIiB, KOKeH 3 AKHUX mepeadadae
JiTKO chopMysiboBaHy MeTy. Takoio MEeTO MO-
JKyTh OyTHU TimoTesu, AKi moTpi6HO mepeBipuTH,
abo e(exTu, 1[0 MAOTh OyTU OIliHEHi.

Ilixg wac mpoBegeHHs HOCIiMKEHHS CJIiJ 00-
MEXKUTHUCS caMe TUM NUTAaHHAM, Ha AKe 0aKaHOo
oTpuMAaTHu BinmoBigb. Bo BuTpauanHa HagBHUX
pecypciB i yacy Ha po3B’A3aHHA iHITUX NUTAHD
MOJKe CTaTU IMPUYUHOIO TOTO, IO 3aBIAHHS JI0-
CHiMKeHHA He OyAyTh BUKOHAHI.

Bn3HaueHHs 06'ekTa
Ta npeameTa JOCNigXKeHHA

00’eKTOM [OOCTiI)KEeHHS € Te, HA IO CIIPs-
MOBaHa IIidHaBaJbHA MiJIbHICTH JOCJIIHUKIB.
Y OioJsioril Ta exosorii 06’eKTaMu OOCJIimsKeHb
€ OiojyoriuHi Ta exoJoriuHi cucremu. A mpen-
MeTOM JOCJiKeHHsA € IIeBHAa BJIACTUBICTH JOCJTi-
mxyBaHOro 00’ekra (Mas. 5.1). Hanmpukiaan, min
yac MOCTiM:KeHHS Mirpaliii KaskaHiB 00’e€KToM
IOCHiIPKeHHs € IPeICTaBHUKU PANY PyKokpu-
Ji, a IpeaMeTOM AOCJiIKeHHsS — OCOOJIMBOCTL
MOBEIiHKM ITMX MPeACTABHUKIB, IO IIOB’s3aHi
i3 cesoHaMU POKY.

Bubupamoun 06’€eKT mOCaigKeHb, IIO-
TpiOHO cmumpaTWcAa HaA IIOCTaBJeHi Iigi i 3a-
BIAHHS, T'OCIOJapchbKe II HAYKOBe 3HAUYEHHSI
pisHmX 00’€KTiB, IJIAaHOBAaHUX METOAUK i 310-
poBoro raysay. MabyTb, y pasi mociimskeH-
HaA (uaopu uu (payHu YKpaiHM HeILOIiJbHO



P

0O06'eKT MNpegmet

NOoCnigeHHs NoCnig»KeHHs

Man. 5.1. MNpuknagn o6'ekTiB i NpeaMeTiB AOCNIAKEHHA:
KaXkaH € 06’€eKTOM, a MOro 34aTHICTb A0 exonoKauii —
npeaMeToM AOCHILXEHHA; MaBMnM € 06'€KTOM, a iXHA MoBe-
JiHKa — npeameToM JOChigXeHHA

BUOUpATH SIK 00’€KT BUBUEHHS KPOKOAMJIA, Ka-
BOBe JepeBo abo (piHiKOBY maabmy.

BuBuenHA HAYKOBOI JIiTepaTypu € BaKJIU-
BUM eTamoM pPo0OTHU, IO Ja€ 3MOTYy YHUKHYTHU
HemmoTpibHOro nyO/ioBaHHs. BiacHe kKayyuu,
dopMyaIIOBaHHSA TeMM, IiJiell i 3aBmaHbL MOCJIi-
I)KeHHs Ta BUOip 00’eKTa I mpeaMeTa TOCIiIKeH-
HA HEMOXKJINBi 0e3 3HAHHA HaABHUX Y IIiit cdepi
HAYKOBUX IaHUX.

Heob6ximuo moOpe 3HaTu, IO caMe B IIil
rajaysi HayKu € ByKe BUBUYEHUM, a IO 3aJIu-
MIae€ThCA HEBiJOMUM, i YiTKO yABJATH, YOMY
Ile HeBUBUeHe BaXKJIMBO pocaizutu. Kpim Toro,
HiKOJIM He POOJISATHL BUCHOBKIB BUHATKOBO Ha

0 KniouoBa ines

Bynb-sike GionoriyHe gocniaxeHHsa noTpebye pe-
TeNIbHOro nnaHyBaHHA. Pe3ynbTaTy noraHo cnna-
HOBAHOIO AOCNIAXXEHHA HEMOXKIMBO MPaBUSIbHO
OUiHUTN | BUKOPMUCTATML.

Tema 1.Bcryn > 200

mizcTaBi CBOTO €KCIEPUMEHTY, HaBiTh SKIIO
Imell eKcIlepUMeHT i OyJ0 HpoBemeHO KijabKa
pasiB. [lo yBaru 3aB:kam 0epyTh iH(popMmaIiiio,
HaBeJleHY B HAYKOBUX MIyOJIiKaIigx.

@ MpaKTyHa poboTa

Cmeopumu nnaH npoeedeHHA Giosozi4Ho20/eKo-
J102i4H020 0OC/NiOMEeHHA

1. BusHaute Temy CBOro AochnigKeHHsa (BnbepiTb
OfHy 3 HaBefeHuUx abo 3anponoHynTe cBot): a) da-
rotepania — MepCcnekTUBHUA MeToA MNOJOJNaHHA
6aKTepianbHKX iHbeKLUild; 6) posib FreHETUKM Ta MO-
NEeKyNApHOI 6ionorii B AOCNIgKEHHI NOXOAPKEHHS Nto-
[VIHW; B) BMAVB JIIOAUHN Ha €KOMOTiYHi cuctemMm Ta
eBontoLito 6iocdepw; r) BNAMB omenu 6inoi Ha cTaH
LEPEBHMX HAaCagKeHb.

2. Cknagitb nNnaH CBOro AOCHiAMXeHHA.

3. ChdopmynioiTe BUCHOBOK, Yy AKOMY BKaXiTb, LIO
cnif ypaxoByBaTu Mif, Yac MiaHyBaHHA GionoriYHMX
nocnigXeHb.

@ MpakTyHa poboTa

Pospaxyeamu OCHO8Hi cmamucmu4Hi nokas-
HUKU 0Nl NOpi8HAHHA MiHAUeocmi 6iono2iyHux
06’ekmie (cepedOHe apugpmemuyHe, mediaHa,
cmaHoapmHe 8ioxuneHHs, Koepiyienmu Qiwepa
ma CmeiodeHma)

1. 3po6iTb BUMIpK ABOX XapaKTEPUCTUK Oyab-AKNX
6ionoriyHnx 06'eKTiB (Hanpuknag, [OBXUHU abo
LWUVPUHW JINCTKIB, Macu A6GNYK NEBHOIO COPTY TOLLO).
2. Po3paxyiite cepefHe apudmeTuyHe, MegiaHy
i CTaHOApPTHE BIOXWNEHHA OTPMMaHKX BUOIPOK.

3. O6umcnitb koediuieHTn Qiwepa i CTblogeHTa AnA
BCTAHOBJIEHHSA 3HAUYMMOCTI BigMIHHOCTEN MK LMK
BMbipKamum.

4. Codopmyniolite BUCHOBOK.

03aI'II/ITaHHH Ta 3aBAaHHA

1. MNoAcHiTb Ha NprKNagax, Ao AKMX HEraTUBHUX Ha-
CnigKiB MoXe Npr3BeCTy ITHOPYBaHHA aHasi3y HayKoBOI
niTepatypu 3 BiAMOBIAHOI TeMAaTVKM Nif Yac niaHyBaH-
HA pgocnigeHHA. 2. loAcHiTb, wo byae npeameTom,
a wo ob’eKTom pocnigxeHHA B poO6OTI «3anexHicTb
YPOXKaMHOCTI TOMaTIB Bif KiNbKOCTi BHECEHUX Kanin-
HUX [OOPMB». 3anpOMoHYyNTE CXeMy EKCMEePUMEHTY,
WO MOKHa BMKOHATW ANA AOCATHEHHA MeTW LbOro
JocnigxeHHA. 3. 3anpornoHyriTe TeMy HaykoBOro [o-
CNiPKeHHA, akTyasnbHy ANA BalOro periony, i CKNagitb
A0r0 OPIEHTOBHUI MNJaH.
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Tema 1. Bctyn

§ 6. AHani3 Ta NnpeacTaBNeHHA pe3ynbTaTiB HAYKOBUX AOC/IAMEHb

0 [omipkynTe

lpyni nabopaTtopHUX LypiB Y KOPM LOAHA [O-
JaBany WMaToYKM oripka. [MpoTArom Tpbox pokKiB
yci ui wypy nomepnu. Yn npaBunbHUM byae Bu-
CHOBOK, IO CMOXMBAaHHA OTipKiB CTaso MPUUYNHOIO
cmepTi umx TBapuH? MoACHITb.

Q 3raganTe

e [pyHUMNN NpPOBeAeHHA HAayKOBUX AOC/IOXKEHb
o MeToaun 6ioNoriYHNX Ta €KOMOTIYHUX AOCHiAXKEeHb

e BigMiHHOCTI Mi>XXK eMnipuyHUMN Ta TEOPETUYHUMU
DOCTiAXKEeHHAMM

[prHUMIN aHani3y HayKoBUX
pe3ynbTaTiB

Amnanis pesyabTaTiB CTAHOBUTH I'OJIOBHUM
HaYKOBUH ceHC O0yab-aKO0I pobdoru. Bin moasarae,
BJIACHE, B MOSICHEHHI TUX pe3yJIbTaTiB, AKi Oyau
orpuMaHi B xo/i poboru. HacTo niasa nosicHEeHHS
pe3yJabTaTiB aBTOP BUCYBa€ AKYCh TiIlOTE3y.

OCHOBHUMM NPUHIMIAMEN aHAJIi3y pPesysb-
TaTiB MOCHiMKEeHHS € TaKi:

— TOSACHEHHSA ITIOBUHHO OyTU OOTPYyHTOBaHNM;

— Pe3yJbTaT! eKCIIEPUMEHTAJIbHOTO TOCJi-
IoKEeHHsI HeoOXiJHO CTATHCTUYHO OOpOOJIATH;

— IIiJ yac IIpOBeJeHHs aHaJi3y HeoOXigHO
posTIIATaTH MOMKJIWBI ajlbTepHATUBHI BapiaHTHU
MOSICHEHHA OTPUMAaHUX Pe3yJIbTaTiB;

— aHaJIi3yBaTH CJiJ yci oTpuMaHi pes3yJib-
Tatu (HaBiTH Ti, AKi He 36iraroTheA 3 rimorezamMu
aBTOpa MOCJIiIKeHHs).

Ha ocHoBi amaiisy pesysbTaTiB poboTu He-
00xigHO chopMyIFOBATH BUCHOBKU, 3 SKUX 0yIe
BUOHO, Y1 OyJIO OOCATHYTO METH, IIOCTABJIEHOIL
Ha TOYaTKy poboru. fAKimo merm He OyJio n0-
CATHYTO, TO Ile TToTpedye mosicHeHHs. He Tpeba
TaKO0K BHOCUTH IO BHUCHOBKIiB 3araJbHOBiZJOMMX
Giosoriunmx icTuH abo Tux GaKTiB, AKi He OyamU
ITOBeIeHi pe3yabTaTaMU TOCJTiTKeHHS.

[NpencTaBneHHA pe3ynbTaTie
HaYKOBWX JOCNIAXKEeHb

PesysbpraTé HAyKOBOTO AOCTiAKEHHSA MaTU-
MYTh I[IHHICTh TiJIBKYW B TOMY pasi, AKIO BOHU
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OyayTh IIpeAcTaBJeHi s 0OrOBOPEHHSA HAYKO-
Bi#i cuisbHOTi. Take npeacTaBiIeHHSA MOXKe OyTH
BUKOHAHEe Y BUIJISAI YCHOTO MOBiOMJIEHHSA, IIY-
Oamikaiii y ApyKOoBaHOMY HayKOBOMY BUIAHHi
abo emeKTpoHHOI Bepcii.

YcHe moBimoMJIeHHsI 3a3BuuYail pPoOIATH
Ha ceMiHapaX, KOJIOKBiymax a0o KoH(pepeH-
miax pisumx piBHiB. [pykoBani mybGsikarii
PO3MIMIYIOTH y JKYypHaAJax BiAIIOBiTHOTO IIPO-
dinro abo B HaykoBux MoHorpagiax. Eixex-
TPOHHiI Bepcil — B eJIeKTPOHHUX KypHalax
abo Ha BigmoBigHmx caiitTax. I'omoBHa BuMoOTa
IO IIPEeICTaBJIEHHS Pe3yJbTATiB MOCIimA:KeHHA
B OyIb-sAKifi ¢opmi — uirkKicTs i jgoriumicTs
TEeKCTY.

HJia mosermieHHs PO3YMiHHA pe3yJibTaTiB
HAYKOBUX [TOCJHiI)KeHb AyKe TOOPUM € BUKO-
puctaHHA cxeMm, rpadikiB, miarpam, ¢gororpa-
dift Ta inmux HaouHMX Marepiaiis. Ile mo3Bo-
Js€ 3HAYHO JIerine COPUMAaTH apryMeHTaIllio.
Kpim Toro, itocTpaTuBHi MaTepiaau gobpe 1o-
Kas3yloTh PO3YMiHHS aBToOpaMu Oiojsoriumoro
3MicTy cBOiX mociaimskeHb. Came 3a TOIIOMOTOIO
iJfoCTPAaTUBHOTO MaTepiasy MOYKHA OApasy II0-
OauuTu SAK IIepeBaru, TakK i HeJOJiKH II€BHOI
pob6oTu.

OCHOBHI BN HayKOBUX TBOPIB

HaykoBi TBOpHM IOHiJISAIOTH HA ABI OCHOB-
Hi rpynu — peneHs3oBaHI I HepeleH30BaHi.
PenieH3oBaHMMHU € TBOPHU, AKi Imepen myOJika-
Iiel0 TepeBipAIOTH HA HOBU3HY pPe3yJbTaTiB,
00’€KTHUBHICTH IIPOBENEHOr0 MOCJiIKeHHsd, Bia-
CYTHICTh IIOMUJOK, HPaBUJBbHICTh BUKOHAHHS
aHaJIiBy OTpUMAaHUX NAaHUX, aJeKBaTHICTL BU-
cHOBKiB To10. HepereH3oBaHi TBopu B TaKkuii
cmocib He mepeBipAOTHCA.

PenienzoBanuMu € OiJBIIICTh CYyUYacHUX Ha-
yKoBUX myOJaikaiiii. TakuMu pereH3oBaHUMU
nybJiKamiagAMy € cTaTTi B HAYKOBUX JKypHAJIAX
(mau. 6.1), eTeKTpoHHI IpenpuHTH (MIomepenHi
MMOBiJOMJIEHHSA T'OJIOBHUX IT0JIOJKEHb) HAYKOBUX
craTeil, HayKoBi kKHuru (moHorpadii), mucep-
ramii, martenTu, HaykKoBi 3BiTu. Hepemeuso-
BAaHUMU TBOPAMHU € TEKCTH YCHUX AONIOBinei,
eJIeKTpPOHHI mnyOJaikamili Ha HepeleH30BaHUX
camrax.
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Man. 6.1. Mi>kHapofHi HayKoBi XypHanu

HaykomeTpuuHi 6a3m gaHux

HayxkoBe pmociimxenus Oyge MaTu I[iHHICTB
JIUIIE 3a YMOBU, AKIIO HOr0 Pe3yJIbTaTu OyIyTh
BUKOpPUCTOBYBarucsa. Halikpaium MoKasHUKOM BU-
KOPHCTaHHS pe3yJbTaTiB PoOOTH € IOro IMTOBa-
HicTe. ITim yac BUKOHAHHSA OyIb-KOrO HOCJIiIKeH-
HA 3BEPTAOTHCA JO0 POOIT yUEHOI CITiIILHOTH, SKa
mparoe y Iifi ramaysi. IlyOaikyrooum pesyasTari,
BKAa3yIOTh, Pe3yJIbTaTd SAKUX POOIT BpaxoByBaJIu
miJ yac mIaHyBaHHS CBOTO JOCJiIKeHHSA Ta aHaJIi-
3y 1ioro pesyJsbraTiB. [y 11bOro B KiHIIi OyIb-sIKOTO
HAYKOBOTO TBOPY MICTUTBLCS CIUCOK JIiTEPaTypH.

SAxIimo ynsach, poboTa Mae BayKJIWBe 3HAUEH-
Hs, TO Ha Hel MOCHWJIAIOTHCA YacTo (BOHA Mae
BUCOKUU iHIEeKc mutyBaHHA). [y Toro 1mob
3pPO3yMiTH, HACKIiJIBKK YACTO IIOCHJIAIOTHCA Ha
KOHKPEeTHY Po0O0TY, CTBOPIOIOTH CHeIliaJbHi Ha-
YKOMETPUYHI 0a3u JaHUX.

Haykomerpuuni 6a3u gjanux — 1e 6ibsriorpa-
(diuni ¥ pedepaTuBHi 6as3u gfaHUX, AKi MaOTh CIIe-
miaJgbHI IporpaMHi iHCTPYMEHTH IJid BiACTEKeH-
Hs IIMTOBAHOCTI cTaTei, 10 OyJa0 OIIyOJiKOBaHO
B HAYKOBUX BUIAHHAX. HaiiGiabIIT aBTOPUTETHU-
MH i OBHMMM Ha AAHMHA MOMEHT BBa’KaIlOTHCS
Taki 0asu gaHumx, AK Scopus Ta Web of Science.

0 KnioyoBga iges

Pe3ynbTati 6yAb-AKOro HayKoBOIO AOCHIfKEH-
HSA HeobOXigHO NpoaHanisyBaTW, Ha iIXHIN OCHOBI
cbopmyntoBaTh 06rpyHTOBAHI BUCHOBKM, odop-
MUTW X Y NeBHOMY BUINALI Ta NpeAcTaBUTAN Hay-
KOBI cninbHOTI. Taki po60TV MOXHa PO3MIiCTUTK
ANA BiNbHOrO KOPUCTYBaHHA B HAYKOMETPUYHMX
6a3ax pgaHux.

Tema 1.Bcryn > 2N

@ MpakTyHa poboTa

Bizyanisyeamu pe3ynemamu 00c/nioxeHHsA 3a 00-
nomozoro mabnuysb, diazpam, epadikie

1. 3po6iTb BUMipW MEBHOI XapaKTepUCTUKN Oyab-
AKUX 6ionoriyHmx 06'eKTiB (Hanpuknag, BOBXUHY
HaCiHNH COHALWHNKA, KiNbKiCTb 3€peH Yy KONOCKY
nweHnLi Towo) abo CKopUCTaNTecs TUMW, LLO Ha-
BE[EHO B eNeKTPOHHOMY AOAATKY.

2. Bisyanisynte ix — cknagitb Tabnuui, nobyaynte
Aiarpamu 1 rpadiku.

3. ChopmynioliTe BUCHOBOK.

@ MpakThyHa poboTa

lMpoaxanizyeamu pi3Hi eudu 6GionoziyHux/ekosno-
2iYHUX HayKoeux meopie, susHa4umMu ixHi 0co6-
slueocmi, memy ma 3ae0aHHA, HeOOJliKU ma ne-
peeazu

1. Mig6epiTb Ta NpounTaiiTe Pi3Hi BMAWN HAYKOBUX
TBOpPIB (HanpwvKknag, CTaTTA B eHUMK/onewii, B Ha-
YKOBO-MOMYNAPHOMY XYypHani, BigeopparmeHT B IH-
TepHeTi) Ha 6GionoriyHy abo eKoMoriyHy TemaTuky
(Hanpuknag, cnocobw 3anuneHHA POCSINH, CNocobu
pyXy TBapVviH, Mirpauii TBapuH TOLLO).

2. Bu3HauTe ixHi 0ocobnnBoCTi, MeTy 1 3aBAaHHA.
3. BusHauTe ixHi Hegonikm 1 nepesaru.

4. CodopmynionTe BUCHOBOK, 3a3HaumBLLW, AKe 3Ha-
YeHHA y NPaKTUYHIA AiANbHOCTI IOAVHN MA€E BMiHHA
aHanisyBaTn HayKoBi TBOPMW.

03aI'II/ITaHHﬂ Ta 3aBLAHHA

1. Yomy Te3n pgonosigeit anA HaykoBux KoHdbepeH-
Ui 3a3BMyYaii He NoTpebytoTb peLieH3yBaHHA? 2. Nopis-
HANTe nepeBary 1 Heponikv Nybnikauin y apyKoBaHMX
HayKOBUX »ypHanax i Ha CTOpPiHKax efeKTPOHHUX pe-
cypcis. 3. LLlo6 BcTaHOBUTY BNAMB JOOPKBaA Ha ypoxait-
HiCTb MOPKBW, YUYeHb 3acifB Helo ABi AiNAHKM OfHaKOBOI
nnowi. Ha mepwy AinAHKY BiH BHic 0,5 Kr fob6pwusa,
a Ha pgpyry — 1 Kr. 3 nepwoi AinAHKM BiH 3ibpas 20 Kr
MOPKBM, a 3 Apyroi — 15 Kr, i 3po6rB BUCHOBOK, WO
BMKOPWCTaHHA Lboro fobpriBa MOripluye BPOXanHICTb.
MoACHITb, YOMY Liell eKcnepumeHT 6yno CniaHoBaHO He-
NpPaBUIbHO, a BUCHOBKY, WO 6yno 3pobieHo Ha OCHOBI
LbOro AOC/IAXEHHA, HE € HAayKOBMMMU.

[E]#5[=]
Ilepesipme c60i 3HAHHA 3 MmeMU EI 'ﬁ
«Bemyn».

rnk.com.ua/103149
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Tema 2. biopi3HOMaHITTA

§ 7. bionoriyHa cncrematmka

0 [omipkymnTe

Y cBoemy pomaHi «Mob6i [ik» . Menginn Hanons-
raB, WO KUTU € pubamn. Mun 3HaeMO, LIO Lie He TaK.
A un mOXHa 3acToCyBaTV iHLWNIA BapiaHT c1McTeMa-
TUKK, Wob . Menginn BusABMBCA NpaBum? MOsCHITb.

é 3raganTe

» TBapuHM * Pin » LlapctBo

o PocnnnHmn * Bug

Po3ninn 6ionoriyHoi cucrtemaTnku

Biojoriuna cucrematuka — Ie poamija Oio-
Jorii, axuii GpopMye €OUHY CUCTEMY KHBOTO CBi-
Ty Ha OCHOBi BUAiJIeHHA OiOJIOTIYHUX TAKCOHiB
(cucTeMaTUUYHNX ONWHUIIL) i BiAmoBiZHUX HAasB,
HaJaHUX 3a MeBHUMHU OpaBuaamu (6iosoriunoi
HOMeHKJaTypu). OCHOBHI cucTeMaTwWuHi Kare-
ropii BBiB y HayKy IIBeAchbKHH yueHU Kapu
Jlinueii. Biosioriuna cucremMaTnKa MOAIISAETHCA
Ha JBa OCHOBHI po3mijim: TakcoHoMiio Ta 0io-
JIOTIiYHY HOMEHKJIaTypy.

Takconomia 3aliMaeTbCs PO3POOKOIO IIpa-
BUJI TPYIIyBaHHA KUBUX opraHismiB. Ile my:xe
CKJIamHA Ipobsema, 60 YacTo He 30BCIM 3pO3y-
MiJIO, HA OCHOBiI AKMX O3HaK CJiJ 00’eIHyBaTH
opramismm y rpynu. Tak, y TaBHUHY BCiX UepBiB
o0’emHyBaIu B OAWH TUI. AJe cydacHi mocJi-
IKeHHS ITOKa3aJsIu, I0 PisHi Irpynu 4epBiB MalOTh
pi3He TOXOMKEeHHSA i He € OJIUBbKUMU POIUYAMU.

Biosoriuna HOMEHKJaTypa po3po0sse Ipa-
BUJIa HAWMEHYBAaHHA KMBUX OPraHi3MiB, CTBO-
pIoe creriasbHI MiKHApOOHI KoAeKcu, AKi pe-
T'yJII0I0Th CIipHI NHUTAHHSA, BUPIIIye IPOOIEeMI
CUHOHIMIB (KOJIM OOWH BUJ BUIATKOBO OTPUMYE
KiJIbKa Ha3B) TOIIO.

LLUTYyYHi (popmanbHi) Ta NpnpoAHi
(binoreHeTNYHI) cUCTEMM XKNBOTO CBITY

CucreMu XUBOTO CBiTY MOKYTL OyTu pis-
"HUMU. IX mominAmTh, Ha ABI rpynm — MITyY-
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Hi (popmasbHi) Ta mpuposHi (dhimoreneTuyHi).
MIryuauvu (popmarvHumu) Ha3UBAIOTL CUC-
TeMl, B SKUX KJacudikaimia BumiB 6asyeTbcs
JINITIe Ha CTymeHi ixXHBOI momibmocTi 3a BUOpAa-
HUMU o3HarKamu. IIpm 1mmboMy He BPaxOBYETBHCA
icTopuuHa CIOpifHEHIiCTh OpraHisMiB, AKi Taka
cucremMa o0’eqHYe y BimmoBimHi TaKkcoHHU.
IIpupoguumu (QinozenemuuHumu) Ha3WBa-
IOTh CHUCTEMU, B AKUX KJacupikralis opraHiamis
OyayeThbcsl Ha CTYyHeHi iXHBOI MmomioHOCTI 3 ypa-
XyBaHHAM (DijloreHeTMuUHOI crnopigzueHocti. Tak,
MITyYHA CHCTEMAa MOKe 3apax0BYyBaTH J0 pud ycix
xpebeTHUX, AKi *KuByTh y Bomi. Tomi mo pub Oy-
IyThb BimHeceHi Bci KuTH. A IpuUpoOAHA cCHUCTeMa
BPaxXoBYE, III0 KUTU MOXOAATH Biji HA3eMHUX ITPEJ-
KiB 1 € BTODUHHOBOJHUMY TBapuHaMmu. Tomy B Ta-
Kill cucTeMi KWUTV HaJIeXKaTh O TPYHU CCABIIiB.

IcTopia po3BUTKY cuctem

Knacudikauii opraHiamis

Ilepmroro HaykoBOIO cmcTemMoo0 KJiacudika-
mii cranxa cucrema Kapima Jlimmea (1758 p.),
y AKi# pocJUHM i TBApWMHM OTPUMAJU CTATyC
mapctB (maJs. 7.1). Tperim 1apcTBOM IIpUpPO-
ou K. Jlimmer BBaskaB MiHepasbHe. Tomy mo
#oro cucTeMH MOTPANUIUA i HEXKUBI 00’ €KTH.
Aune BiXe Tomi cTajia 3po3yMijia 3HauHa BigMiH-
HicTb rpubiB, i BOHHM OyJu BUAIJIEHI B OKpeMe
mapctBo OtrTro (o Miouxraysermom (1763 p.).
ITonmpaBaa BiH 06’e¢mHAB iX pasoMm i3 ryOoKamMm
i kopamamu (mazn. 7.2). IIa momuaka Oyjia Bu-
npasJeHa B cucteMi Hoensa iKosepa me Hekkepa
(1783 p.), B akiii mapcrBo I'pubu OyJio Bumi-
JeHo okpemo (mai. 7.3). Ha xanb, Ipomo3uIrii
MirouxrayseHna it Hekkepa OyJsim HamZoBro 3a0yTi.

VYueni B XIX cT. ymepime ycBiZoMWJIN, IO
yucJaeHHI MikpockomiuHi icToTu (6akTepii, Hai-
mpocTiimi, MIiKPOCKOIiYHI BOTOPOCTi) BaKKO
BigHecTu g0 TBapuH abo pocauH. Hacaigkom
nporo Oysa0 BUHHUKHeHHsa y cuctemi Epncra
Texkkensa (1866 p.) mHoBoro mapctBa Ilporucru,
sAKe 00’emHaio BCi OMHOKJIITUHHI I KoJOHiambHI
dbopmu (main. 7.4).
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Man. 7.2. Cuctema uapcTs
XnBux opraHismis O. MioHxray3seHa

(o
o

¢

Man. 7.1. Cuctema LapcTs
XnBux opraHismis K. JliHHea

¥ mepmriit momoBuHI XX CT. BHACTIJOK PO3-
BUTKY METOJiB MiKpPOCKOIIil cTaja 3p03yMiJIOI0
pisHUIA MiK TpokapioTamMm Ta eyKapioramwu.
VY cucremi 'epbept Komnenn (1938 p.) 6yio Bu-
ninmeno votupu mapcrBa: MoHepu (a1po6’aHKH),
IIporokTucTu (HMKULI eykapiorum), TBapuuuU
i PocauHu.

Y 1959-1969 poxax aMepuKaHCbKUI I0-
caigauk Pobept YaiiTTeliKep YIOCKOHAJIUB IO
CUCTEMY, BUJIIJIUBIIN TPUOU B OKpPEMe IIapCTBO
(y cucremi I'. Komnenma ix BigHocuIM 10 mapcTBa
IIporokTuctn) (Mmaj. 7.5). Ilg cucrema OyJia Haii-
6inpin morrupenoro 10 80—90-x pokis XX croriT-
TsI, IOKM HOBi TeXHOJIOTIi B IIUTOJIOTI1 Ta MOJIEKY-
JIApHi# 6iosorii He MO3BOJIMUIN CTBOPUTHU CYUaCHY
cucTeMy KJacudikrailii :KMBUX OpraHiaMis.

MNpuHUKMnn cyyacHoi

Knacuoikauii opraHiamis

CyuacHa HayKoBa KJjacudikallisg IIOBUHHA
BimoOpasxaTy eBOJIOIifiHI 3B SA3KM MiK JKHUBU-
MM opraHiaMaM¥W Ta BKasyBaTW Ha PiBeHb iX-
HBOI cropigHenocti. Kpim Toro, BoHa Mae OyTu
3PYYHOIO [JI BUKOPHUCTAHHSA i JO3BOJIATU JIETKO
BKJIIOUATU HOBi, HEITOJaBHO BiAKPUTI BUIU.

OCHOBHOIO CHCTEeMAaTHUYHOIO KaTeropiem e
Buz. BujgoBa HasBa CKJIAZAETHCS 3 JBOX JIATHH-
CbKHuX cJIiB (OiHapHa HOMEHKJATYypa), MIepiie
3 IKUX € Ha3BOIO POAY, a APyre — BUIOBUM eIli-
TeroM. Copigueni Buau 00’e€IHYIOTHCA B OiJIbIIT
BUCOKi TaKCOHOMIiUHi KaTeropii — poxau, pogu —
B POAWHM, a Ti — B iIlle BUIIi KaTeropii.

0 Kniouosa iges

BionoriyuHa cuctemaTuka npowwna wWAAX [OB-
roro po3suTky. CyyacHa cuctemaTika CTBOPIOE
NPUPOAHY CUCTEMY OPraHi3MiB, MakCMManbHO
Bifo6parkaloum X eBOsOLi0 Ta POAVHHI 3B'A3KMN.

Tema 2. biopisHoMaHITTA 333y Il

1783 p. l
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Man. 7.3. Cuctema LapcTs
KMBUX opraHiamiB H. Hekkepa

B

g > <
<y ud

1866 p. —»’ 1959 g

1965 pp.

Man. 7.4. Cuctema uapcTs
>KMBMX OpraHiamis
E. lfekkena

Man. 7.5. Cuctema yapcts
XKMBUX OpraHismis
P. YanTtTenkepa

@ MpakTyHa poboTa

Bu3sHayeHHA cucmemamu4HO20 NOJIOXKeHHA opad-
Hi3mie ceoei micyesocmi

1. O6epiTb No 3-5 06'eKTIB POCAVH i TBAPWH BaLlOl
MiCLIeBOCTI.

2. Bu3HauTe ixHi Ha3BM 1 CUCTEMATUYHE MOJSIOXKEHHS.
Cknagitb aBi Tabnuui (ogHa — ANA POCNVH, iHWa —
ONA TBapUH), Y AKX YKaXiTb CMCTEMATUYHI KaTeropii,
0O AKMX BOHW Hanexatb.

3. ChoopmyntoinTe BUCHOBOK.

03aI‘IMTaHHFI Ta 3aBdaHHd

1. BnbepiTb gBa BUAWU XUBWUX OpraHiamiB 3 pis-
HMUX LApCTB i BU3HauTe IXHE cucTeMaTUyHe Mnono-
XeHHA. 2, fKi i3 306paxeHux y naparpadi cmctem
LapCTB XUBUX OpraHiamis (man. 7.1-7.5) € wTyyHumMu,
a AKi — npupoaHnMn? O6rpyHTYITE CBOIO TOUKY 30pY.
3. BukopucToByloun foaaTkoBi paxepena iHpopmauii
(y Tomy umcni IHTepHeT), cknagiTb CNUCOK MeTofiB
JOCNigXeHb, Ha AKMX 6a3yeTbCs cyyacHa 6ionoriuyHa
cucTemaTumka.
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Tema 2. biopi3HOMaHITTA

§ 8. CTBOpEHHA CUCTEM KUBUX OpraHiamis

0 [NomipkynTe

He Tak gaBHO cucTemMaTUKM BUPI3HANW OBi OKpe-
Mi poanHu — Jliogn i JllognHonogibHi masnu.
Ane 3apa3 ix o6’egHanu B OfHY POLVHY, Bpaxy-
BaBLUW, WO OCTaHHIN CRiNIbHWUIA NPefoK YCix
npeacTaBHUKIB POAUH XMUB 15 MAH POKiB TOMYy,
a OCTaAHHIM CMiNbHUIN NPeaoK NOAVHNY | WKMNaH-
3e — 8 MAH pokiB Tomy. Yomy?

Q 3raganTe

 bionorisa o MeTtoan mocniakeHb
o [eHeTuKa o TakcoH
o EBontouis o CumbioreHes

EBontouinHa TaKCOHOMIA Ta KNagncTmka

Ilicnia momupeHHA eBOJBOIiNTHOI Teopii
Yapiwsa [apsina Epraer 'ekkens 3anponnoHyBaB
KOHIIEII[iI0 eBoJIIoIifiHol TakcoHomii. 3rigHo
3 IIi€l0 KOHIIeIIIIi€lo, cucTeMa KJaacudikarii mo-
BUHHA OyJia BimoOpaskaTu Xif eBOJIOMil KMBUX
oprauismis. IIa Touka 30py mepeBaskae B HayIll
1 dapas. Tomy cyuacHi cucremu KJaacu@pikarii
MaloTh 000B’A3KOBO BPaxXOBYBaTU CHOPiAHEHICTH
pisHUX Tpyn opraHismis.

I CcTBOpPeHHsS cydacHUX KJaacu(pikarmin
"KUBUX OPraHisMiB yueHi yacTiiiie BUKOPUCTOBY-
OTh MPUHITUIIY KJaagucTuku. Knagucruka — 1e
migximg mo OGiosoriumoi Kiaacudikairii, sa gKoro
opraHiamMu KJIacu@iKyioTh 3TiTHO 3 1X TOPAIKOM

a fraxu 6 Mraxu

Kpokognnu

Jlenigo3aBpu

Yepenaxu

CcaBui CcaBui

Kpokogunu
Jlenigo3aBpu

Yepenaxmu

BigranysKeHHs BiJ eBoJIIOIlifiHOro mepesa. Ilpu
nboMy Mop@oJioriuHa MOAiOHICTH He BpPaxoBy-
€ThCs, 00 BOHA MOJK€ BHUHHKATH B XOi IpHU-
CTOCYBaHHSA IO CXOXKUX YMOB icHyBaHHdA. llei
migxig Mae i geaki Hemosiku. ¥V paMKax KJaguc-
TUYHOTO IIiAXOAY CKJAIHiIlle CTBOPIOBATH CHC-
TEMaTUKYy T'PYO B €BOJIIOILil, y AKX MaB MicIie
cuMmbiorenes (HampuKJaL, IIiJi Yac YTBOPEHHS
XJIOPOILIACTIB B €yKapioTiB).

CkJagHiCTh CTBOPEHHS CydacHOI KJacudika-
il MO’KHA IIPOLJIIOCTPYBATH Ha TPUKJIALI KJa-
cupikariii nraxiB i miaasyuiB (mana. 8.1), xoam
BUKOPUCTAHHA NBOX PIBHUX KOMILIEKCiB Mopdo-
JIOTIYHMX O3HAK Ta MOJIEKYJIAPHO-TEHETUYHUX [0~
CJIiIKeHb Iae TPU PisHi BapianTu KJaacu@ikarii.

MoHodineTnyuHi 1 napadineTnyHi
TaKCOHMU

CucremaTnyHi Tpynu KWUBUX OPTraHi3MiB
(TakcoHM) 3a IXHIM IIOXOMKEHHSIM HOIiIAITH
Ha MoHO(MimeTnuHi i moaidimerumuni (Bix rpeir.
mono — opwuH, poli — 6araro). Monodimeruuni
TaKCOHU 00’€IHYIOTH HAIAJAKiB OJHOTr0 IpeaKa,
a moaicdimeTnuHi — pisHUX, AOBiIBHO 0O0paHUX
HaIIaaKiB KiTbKoOX mpeakiB. Hampukiaanm, xiac
OngHOmONBHI € MOHODIIETHYHMM TaKCOHOM, a
napctBo Pociunu, ske 0yJso suminerso P. Yair-
TeiikepoM,— moJidisernuaum, 60 BOHO 00’ eIHYE
IeKinbKa HecmopigHenux rpym (0ypi BogopocTi,
YepBOHI BOJOPOCTi, 3eJieHi pocauHu TOII0). Bu-
IinaoTe Takox mapadijiermyHi TaKCcOHU, AKi
00’eIHYIOTh HAIaAKiB OZHOTO IIPegKa, OKpim

MTaxn

Kpokogunu

Yepenaxmu

Jlenigo3aBpu

CcaBui

Man. 8.1. Pi3Hi BapiaHT Knacudikauii ofHiei rpynu TBapuH: a, 6 — 3a pPi3HUMU MOPGONOTiUHMI O3HaKamu,
8 — 3a MONeKynApPHO-6IoNOriYHMMI AaHUMK
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onuiei, AK TpPaBUJIO0, HAUOIJBII NTPOCYHYTOL
rpynu. Tak, y mexxax pany Ilpumarm (maut.
8.2) ob0’emHaHHA Pa3oOM OOBrOHm’ ATiB Ta JOpi
Oyzme mpuKJgamoM I0JihiJleTUYHOTO TAKCOHY.
HomaBanHa m0 1iei rpynm JeMypiB yTBOPUTH
napadiseTuuHMi TaKCOH, a 00’€QHAHHS BCiX
iHIMUX MaBI IIbOTO PAAY B iHGpapang Masmo-
moAiOHI yTBOPUTHL MOHO(DIJIETUUHUN TAKCOH.

Y cyuacHi#i cucremaTuii moJsriimermumi
TAKCOHM BBaKAIOTHCSI HEIIPUNHATHUMHU. SIKIITO
BIIa€THCA TOBECTU, 10 I'PYIIA € MOJIi()iIeTUIHOIO,
cucTeMaTUKU il JIIKBiJOBYIOTH a00 K 3MiHIOIOTH
ii Me:ki, 1100 BUKJIIOUUTKA 3 Hel HecIopimHe-
Hi Bugu. Tak, y MuHyJOMY Oyau JiKBimoBaHi
Taki rpynu, ax BesxpeberHi # TaeMHOILIIO0-
Hi, a B OCTaHHI POKM CYTTE€BO 3MIHUJIUCA MEXKi
napctB Pociuuu, I'pubu i TBapunm.

TakcoHOMIYHa iepapxia

TakcoHoMiuHa iepapxia — Iie poaramry-
BaHHA CHUCTEeMAaTUUYHUX TIPYI 3a HOPAJKOM CY-
OigPAIHOCTI, TOOTO BKJIIOUEHHS OZHUX I'PYI IO
ckaany inmmx. ITopsaaok iepapxii s oCHOBHUX
CUCTEeMaTUYHUX KaTeropi € Takum:

Homen — Ilapcmeéo — Biddin (Tun) —
— Knac — Ilopadox (Pad) - Poduna — Pid —
— Bud

Tak, Bux JIronmHaa podyMHa BKJIIOUYAETHCI 10
ckyany pony JlioguHa pasom i3 Bumamm Jlromu-
Ha HeaHJIepTalbCbKa, JliommHa BMija ToImo. Pix
JlionuHa BXOAUTH OO CKJanmy pomuHu IomiHigm
pasom 3 pomamu Illummnanse, I'opusa it Opanry-
taH. Poguua I'oMmiHigym BXOAUTL A0 CKJIALY PALY
Ilpumaru, aAKuii € ckJaagoBoio KJjacy Ccasiii.
Kaac CcaBii BXoguTh 00 CKJIaLy THUOY XOPIOBI,
mapctBa CupaB:kHi TBapuuu, fomeny EykapioTu.

Y Tux BUNAgKaX, KOJH CUCTEeMATHKA I'PYIN
€ CKJIAJHOI0, OCHOBHUX CHCTEeMATUUYHUX KaTero-
piit Mmoske OyTH HEeIOCTATHHO. Y TAKUX BUMALKAX
BUKOPUMCTOBYIOTH TaK 3BaHI 6cma6Hi Kamezopii.

0 Knioyosa ines 0

[ONOBHMM MPUHLUUMOM, SAKOrO Ha-
MaralTbCA AOTPMMYBAaTUCA Mif yac
CTBOPEHHA Cy4YaCHOI CUCTeMATUKW, €
o6’egHaHHA BCiX HalwapkiB ogHOro
npeaka B €ANHY CUCTEMATUYHY rpymny.
Ane B pgeAKkux BMMNagkax goTpumaTu-
CA UbOro npaswuia He BHAAETbCs, 60
Le CTBOPIOE CKMagHoWi B MpakTuy-
Hi po6oOTi.

Tema 2. biopisHomaHiTTA 33 S

CyxoHoci maBnu
r 1

LUunpo- Bysbko- JliognHo-
[oBro- koHoci Hoci  nopi6Hi
Jlemypw Jlopi m'ATv MaBnv MaBnyi  MaBmu Tioan

MoHoIneTnYHMN TakcoH
MapadineTnyHmii TakcoH
MonipineTyHMin TakcoH

Man. 8.2. CTBOpeHHsA pi3HMX TaKCOHIB
y mexax pagy Mprumatn

HasBu BcTaBHUMX KaTeropiii yTBOPIOIOTHCA Bif
HA3B OCHOBHUMX KAaTeTopili 3a JOIOMOTOI0 IIpe-
¢ixcis. HafimomupenimuMy TakuMu mpedikca-
Mu € HaoO- (cynep-) Ta nid- (cyo-). MoxyTb BuU-
KOPUCTOBYBATHUCS TaKOXK npedikcu eni-, zinep-,
ingpa- ta inmi. Hanpukmaang: cy6gomen Amop-
dei, Hagpan IBoxumiui, ingpaxaac Cymuacti.

dinoreHeTnKa

diroreHerurka — Iie OHA 3 TaJIy3el cucTe-
MaTHUKU, AKa BCTAHOBJIIOE €BOJIOIINHI 3B’A3KU
Mi)K piSHMMU rpynaMu OpraHisMiB, dK cydac-
HUX, TaK i BUMEPJIUX.

Insa mocraimxeHHs (imorenesy cydacua 0io-
JIOTisI IMTUPOKO BUKOPUCTOBYE HOBITHI TEXHOJIO-
rii. Ocob6amBO e(P)eKTUBHUMH € METOAU TaJrysi
MOJIEKYJIApHOI Oiosiorii Ta TeHeTMKM I MiKpo-
CKOITIYHUX HOCTimKeHb. TaKOMK IIMIHUPOKO BUKO-
PHUCTOBYIOTh MaTeMaTU4YHe MOJEJIOBAHHA ¥ IIO-
OymoBy (iJIoTeHETUUYHUX AEPEB.

diroreHeTnuHe IEepeBo — Ile cxeMa, sSIKa Bi-
mobpaskae eBOJIIOIIHI 3B A3KM MisK TaKcoHaAMU,
I AKUX BOHO OyayeThesi. DimoreHeTnuHi gepe-
Ba MOKYTBL OyIyBaTHUCA He TiIbKHU AJIA TaKCOHIB
"KUBUX OPraHi3MiB. Ix morkHa CTBOpIOBaTU, Ha-
MIPUKJIAM., JJs IeBHUX OiomoJsiiMepiB, TaKUX AK
O0iKM ab00 HYKJIeIHOBI KHCJIOTH.

3anuTaHHA Ta 3aBOaHHA

1. Y pagi Mpumatn HaykoBa cninbHoTa BuAinae nigpag CyxoHo-
Ci, JO AIKOrO BKJOYAlOTb MpeAcTaBHUKIB iHOpapagy MasnonofibHi
1 [Nosron'aTu. IxHi eBoniouilHi 38'A3KK Noka3aHo Ha Man. 8.2. MpoaHa-
ni3yviTe ManioHOK i 3pobiTb BUCHOBOK, AKNM TakcOHOM € CyXoHOCi —
MoHOdINeTUYHNM, nonidineTmyHrm ym napadineTmyHum. BucHoBoK
06rpyHTyITE. 2. YOMY BUKOPUCTaHHA Pi3HNX HABOPIB MOPPONOTiUHMX
O3HaK OfHMUX i TMX CaMKX TFPymn OPraHi3MiB 4YacTO € MPUYMHOIO iX
pisHMx Knacudikauin (AK y BapiaHTax a i 6 Ha man. 8.1)? 3. Cknagitb
CNNCOK NepeBar i HefoNiKiB KNagnCTUYHOro Niaxopy B cMcTemaTtui.
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Tema 2. biopi3HOMaHITTA

§ 9. Bupg Ak 6a30BMIN TaKCOH Cy4YaCHOI CUCTEeMATUKK

0 [omipKynTe

Takca i for 30BHi JOCUTb CUNIBHO PI3HATBCA MK CO-
6010. YoMy BOHM € MpeAcTaBHMKAMU OJHOro Buay?

Q 3raganTe

o CnctemaTnyHa Karteropis  Pig

» biHapHa HOmeHKnaTypa » Bupg

KoHuenuii Buay

BasoBuM TakcoHOM cydJacHa cHCTeMaTUKa
BBasxae Buj. CKJIAAHICTD IOAINYy KHUBHUX iCTOT
Ha BUJAM MHOJIATAE IIe 1 y TOMY, III0 caMe BU3HAa-
YeHHSA IOHATTSA «BUI» € HOBOJIL CKJIagHuM. I 3a-
JIeXKUTHh BOHO BiJl TOro, AKa 3 KOHIENIIiNl BUAY
BUKOPUCTOBYETHCA B IIEBHOMY BUIIAIKY.

VY GinbiocTi BUIAAKIB i BUAY BUKOPUC-
TOBYIOTH TaKe BU3HAUEHHSA: BUA — Ie CYKVII-
HIiCTh IOMYJAIIA 0COOMH, MOAIOHMX MiK c000I0
3a OymoBOI0, GYHKI[IAMU, MiclleM B yrpyIIOBaH-
HAX OpraHiaMmiB, IO HACEJIAIOTH IMEeBHUM apeast
i BiJIBHO CXPeIIyIOThCSI MiK C000I0 Y HPUPOMi.

Jesaki nownp

Hassa KoHmemrii Busnauenunsa Bugy

ITe rpyma ocobuH, aKi €

iTeHTUYHUMH 0 0COOM-

HU-eTAJOHY 34 IIeBHUMU
O3HaKaMu

Tumnosaoriuma

ITe rpyma ocobuH, AKa BU-
3HAETHCA (DOPMAJIBHOIO KJa-
cudikailiero i CTaHOBUTH
TeBHUU eTam PO3BUTKY
IIeBHOI eBOJIIOIiHOT JIiHil

HowmimamicTrnuna

ITe rpyma ocobuH, 1110 374aT-
Ha cXpelryBaTHCA i JaBaTu
ILTiTHEe TOTOMCTBO

BioJsoriuna

diroreHeTuuHAa ITe maiimenmra mouodi-
JIeTUYHA I'Pyna, AKa 3a-
CcJIyTOBYy€ Ha (popMajibHE

BU3HAHHA
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Man. 9.1. MNMpuKnagn BMAIB, OCOBMHN AKMX 3HAYHO BiApPI3-
HAITbCA OfHa Bif OAHOI 3a 30BHIWHIM BUMSLOM

Man. 9.2. liHkro gsononartese (d) i WKUTeHb NiTHIN (6) —
BUAN-AOBroXKuteni, icHytoTb noHas 100 MaH pokis

eHi KoHuenuil Buay
Oco0anBocTi KOHIEmIii

Vci ocobuHY BUIY IOPiBHIOIOTHCS 3 €TAJIOHHUM 3Pa3KOM.
I1a KoHIenIiA AysKe He3pyYHa s BULIB, OCOOMHU AKUX
MOJKYTh CHUJIBHO BiIpi3HATHCSA 3a 30BHIIITHIMY O3HAKaMU,
HaAIPUKJIAJL cobaKa JoMallHii, Koui (mau. 9.1)

I1a KoHIenIiA PO3IJIAfae BUI AK YUCTO TEOPETUUHE
MOHATT, 60 JKUBi OPraHisMu B IPUPOLi IOCTIAHO 3Mi-
HIOIOTHCS. B i1 MekaxX BayKKO MOACHUTHU Ay:Ke TPUBaJe
icHyBaHHSA TiHKTO a60 IMUTHIB (Maja. 9.2)

Kowumenmis gobpe migxoauTh A1 onucy 6araToKJIITUHHIX
OpraHi3MiB 3i cTaTeBUM PO3MHOMKEHHSIM, ajie 3a3HAE TPy -
HOIIIiB ITif Yac omucy OpraHisamis, AKi He MaIOThH CTaTEBOTO
PO3MHOMKEHHS, HaIIPUKJIaL baKTepii

ITa KoHIenIIiA BUSHAUAE BUJ 32 HOTO MOHODIIeTUYHIM
moxo»KeHHAM (Bix ogHiel monysisamnii abo HaBiTh OKpemoi
ocobunu). He € Braoro 1151 BUSHAYEHHS BUIIB, AKi BU-
HUKJIH IILIIX0M CXPeIyBaHHA a00 cuMOioreHesy



KpuTtepii Bugy

Y mpupoai TpamisoTbCA BU-
IU-IBIMHUKU, SKi myKe mozmib-
Hi MiX co000I0 3a 30BHIIIHBOIO
oymoBoro. Taki Buam OyJa0 BH-
ABJIEHO cepel KoMax, pub, mrTa-
XiB, ccaBIiB, penTuiaiii, amdibii
Toifo. B YKpaiHi Buau-aBitHUKMT
BHAUIIIN y 3€JeHUX POIyX, II0-
JiBok, muinakis. Tomy, 1100 He
OOMUJUTHUCSA, OJA BU3HAUEHHA
BUAY BUKOPHUCTOBYIOTH HE AKYCh
ONHY O3HAKY, a IMiJIUH KOMILIEKC
KpuUTepiiB BUAy.

Tema 2. biopisHoMaHITTA 333y Il

@ MpakTnyHa poboTa

BueyeHHs Kpumepiie 8udy Ha npuknaodi pocauH i MeapuH, Wo Ha-
siexxame 00 OOHi€i poOUHU

1. Po3rnaHbTe KinbKa BUAIB POCAVIH i TBAPWH, WO Hanexatb A0 OAHiI€l
POAVIHY, | BU3HauUTe iXHi pUCY BigMIHHOCTI OfjHe Bif OOHOrO 3a KiflbKO-
Ma KpuTepiamu (MopdonoriyHim, reorpadiyHnm, eKoNoriYHUM TOLLO).

2. Pe3ynbtatn cnoctepexeHb odopmTe y BUMALI Tabnuui.
Mpvknagy pPoCaviH OFHI€El POANHK: ABNYHA, rPyLUa, WWMNWKHA.
Mpuknagn TBapvH OAHIEl POANHN: COPOKA, ranka, Kpyk.

3. ChopmynioliTe BUCHOBOK.

Kputepii Buagy

MopddonoriuHuia: cxoxictb 30-
BHILUHbOI i BHYTPIiLWHbOI 6y[0BU
OopraHiamiB ogHoro Buagy Ta ii
BIAMIHHICTb Y pi3HUX BUAIB

Y noduHu 6inbwul Mo30K ma
iHWi nponopyii YyacmuH ckesnema,
wumnaxse mMae 0obpe po3suHeHUl
80J10CAHUU NOKpU8

BioximiuHui: MoXxnuBicTb po3s-
pi3HATU BUAM 3a GioximiuHUMK
napameTtpamu (6ynosoto 6Ginkis
i HYKNeiHOBMX KNCIOT)

Pi3Hi 8uOu poc/uH i3 poOuHU

lacnvoHo8i cuHMe3yrome pisHi
ankanoiou

PenpoayKTnBHMI: CXOXiCTb Npo-
LleCiB XUTTERIANBHOCTI 1 MOXNU-
BiCTb CXpelLlyBaHHA

JlloOuHa He moxe cxXpewysamucsa

i3 wumnaH3e

Feorpad¢iuHmit: 30Ha NowmpeH-

HA BuAay (apean). IcHyloTb BUAK

3 po3ipBaHMMU | Oy»Ke BeNnKMMun
apeanamu MoLMpPeHHA

JlloOuHa 3acenuna 8ci KOHMUHeEH-
mu, a apean wumnaH3ze obmexe-
HUU YeHmMpaabHOK 4acmUuHO
Adgpuku

FeHeTMYHMIA: KiNbKICTb | CTPYKTY-
pa XpomMocoMm BuAy, TO6TO Moro
KapioTnn (KOXXHUIN BUA MaE YiTKO
BM3HAUeHWIn Habip XpomMocom)

Y nto0uHU 23 napu xpomocom,
ay wumnaHse ix 24

ExonoriuHuii: ymoBy icCHyBaHHA
BMAyY, Noro micue B 6ioLeHOo3i,
B3aEMOBIAHOCUHN 3 iHWVMWN BU-
Aamu

JlloouHa 3acenuna 6azamo pizHUX
6iomonie, a wumna+3e xugyms
mineku 8 mponiyHomy Jici

0 Kniouosa iges

IcHy€e KinbKa pi3HKX 6ionoriyHmx
KoHuenuin suay. Ane B 6yab-
AKIN 3 HUX OKpPeMi BUAW BU3Ha-
YaloTb 3a 4ONOMOrOK KOMMeK-
Cy KpuTepiiB, a He 3a AKOKCb
OfHIEID OKPEMOI0 O3HaKolo.

038I‘IMTaHHH Ta 3aBaHHd

1. Ha KOHKpeTHOMY npuKnagi NoscHiTb, AK 3a gornomorot 6Gioxi-
MiYHOro KpuTepito po3pi3HnTM ABa BuAau. 2. Cepel KOMapiB iCHYKTb
BUAN-ABINHNKM, [eAKi 3 AKX MOXYTb NepeHOCUTM ManAapilo, a feaki —
Hi. 3a 30BHIWHbLOW OYHOBOIO BOHM He BiAPI3HAOTLCA. 3anNPONOHYyNTe
cnoci6 (abo cnoco6u), 3a fONOMorol AKoro (abo AKMX) Ui BUAN MOXKHa
pPO3pi3HnTU.
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Tema 2. biopi3HOMaHITTA

§ 10. biopisHOMaHiTTA

0 [NomipkynTe

KopiHHi amepuKaHLi cTBOpuIn Jobpe PO3BMHEHI
umBinizauii. Ane o npuxogy €BponenuiB He Manu
Y BICbKY KIHHOTW, XO4Ya KOHi BMHUKAW 11 €BONOLio-
HyBanu B [iBHiuHIN Amepuui. Yomy?

é 3raganTe

» KuBi opraHiamu e PocnnHn
o TBapUHU o Tpubn
» bioueHo3n

PiBHi 1 TMNK 6ionoriyHoro pisHOMaHITTA

Tepmin «biopisHOMaHITTS» IOUAIM 3aCTOCO-
ByBaTu HelrogaBHo. IlouaTTa «biojsoriune pis-
HoMaHiTTA» BBiB Tomac JlaBm:koii (mas. 10.1)
1980 pokry, a ckopoueHuii BapianT — «biopis-
HOMaHiTTa» — 3ampononysas Exsapnm Oc6Gopu
Bincorn 1986 pokxy.

3apas 3acTOCOBYIOTH KijJbKa pPiBHUX Bapi-
aHTiB 3HAUYEHHs TepMiHa «OiopisHOMaHITTA».
OpuuM i3 HaAWOINBINI IOINMPEHUX € TaKuii: 0io-
pisHomMaHimmsa — Ie CYKYHHICTb T'eHiB, BUIIB
Ta eKOCUCTEM y perioHi. BusHaueHHs, IPUHHATE
Ha camiti OOH y Pio-ge-iKaneiipo (1992), roso-
pUTh, 10 OiopisHOoMaHimms — Ie MiHJIUBOCTI
cepel KMBUX OPraHi3dMiB 3 OyIb-AKKUX apeasiis,
BKJIIOUAIOYU, 30KpeMa, CYXOA0JbHi, MOPCHKi Ta
iHIIi BOAHI, Ta cepell eKOJIOTiUHNX KOMILIEKCIB,
YacTUHAMU SAKUX BOHU €, IO BKJIOUYAE MiHJIU-

A

800 —

600 —

400 —

Yncno poauH

200
100

BicTh ycepeauHi BUAIB, MiX BUAAMU Ta MiX
exocucreMaMu. BinmmosigHo, 3a piBHAMEN MOXKHA
posrasmaTu 6iosoriuHe pisHOMaHITTS Ha piBHI
nonyaAmnii, BUAY, eKOCUCTeMHU TOIIO.

PospisudoTs Tpu OCHOBHI Tumu 0iopisHo-
MaHiTTA: anbda-, Oera- Ta ramMma-pisHOMAaHIT-
Ts. Anbpa-pisHOMAHITTA OIiHIOE Pi3HOMAHITTA
BCepeanHi yrpymnoBaHHsdA, OeTa-pisHOMAHITTA —
MiK yrpymoOBaHHAMM, a TaMMa-pPisHOMAaHITTI —
Ha piBHIi JaHAIIA(THOI B0HU, AKA MIiCTUTH I[iIy
HU3KY YI'PYIOBaHb.

3HayeHHA BiOPI3HOMaHITTA y Npupoai
W XKUTTI NIOAUHN

BiopisnmomaHniTTa Bimirpae Haa3BUUYANHO
BajKJIMBY DOJIb B icHyBamuHi Giocdepu. IIpors-
TOM eBOJIIOIIi1 OiopisHOMAaHiTTA moCTiiHO 3pocTa-
J10, 110 JoOpe BUAHO Ha NPUKJIALI 30iIbIIIeHHSA
KIJIBKOCTI POAWH KWBUX OPraHidMiB i3 wacom
(man. 10.2).

ExocucreMu MOMKYTHb iCHyYBaTH TiJbKU 3a
YMOBU, IO MO iXHBOTO CKJAAY BXOAATH IPOIY-
IeHTH, KOHCYMEeHTH i peayIlieHTH, 00 opraHiuni
PEYOBUHM CJIiJ] TOCTifIHO YTBOPIOBATH i ITOCTiHHO
pyliHyBaTHu, 1100 3abe3neuynTu OOMiH PEYOBUH.
TobTo 6e3 MiHiManbLHOTO GioJIOTiYHOTO pidHOMA-
HITTS eKocucTeMa iCHyBaTW IIPOCTO HE 3MOIKe.
TeopeTnyHO MiHIMAALHOK YMOB0I0 iCHYBaHHSA
€KOCHUCTEMHU € HAABHICTh Xo4ya 6 ABOX KOMIIO-
HEHTIiB — IPOAYIIeHTa i peayIlieHTa.

Binbmuii piBeHb pisHOMaHITTS POOUTH €KO-
cucTeMu OLIBII CTIAKMMU O 30BHIIIIHIX BILJINBiB.

Maneo3olicbKa Me3o3o1cbka  KaiHo30oMcbKa
epa epa epa
-

550
Man. 10.1. T. Nlagkon (Hap. 1941 p.),
aMepuKaHCbKMin Gionor
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400 200 0
MinbnoHn pokis Tomy

Man. 10.2. 3miHa yncna poavH TBAapWUH NPOTArOM OCTaHHiX 550 MiNbNOHIB POKIB
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I'onaHTapKquHe
Man. 10.3. ®nopucTnyHi LapcTBa

Bucoxke remeTruHe pisHOMAHITTS 30i/IBIIIy€E IIAH-
cu IOMmyJaANii Ha BUIKUBAHHS B yMOBax 3MiHUI
cepemoBUINA iCHYBaHHs, 00 B TaKOMY BUIIAIKY
X0U XTOCH i3 HAIIaJKiB MOKe BUABUTUCS JOCTAT-
HBO IIPUCTOCOBAHUM 0 HOBUX YMOB iCHYBaHHA.

Benuke 3HaueHHs Mae OiopisHoMaHiTTA
i pna mogwHU. JllonwHa TaKOXK € CKJIAaJJ0BOIO
exocucteM. ToMy BUCOKUII piBeHBL GiopisHoMAa-
HITTS 30iJbINye ITaHC BUKHBAHHA €KOCHCTEM
ysaraJii i JIoAuHU 30KpemMa. Beimka KiJIbKicTb
pisHUX BUAiB TBApWH i POCIMH MOKe OyTHU IKe-
peJioM IPUPOIHUX CIIOJNYK i MaTepiaiiB, aKi Mo-
JKYTh BUKOPHCTOBYBATHUCS JIOJUHOIO.

Kpim Toro, BCOKe Pi3HOMAHITTS Hajgae JO-
IUHI mepeBaru i B il rocmogapCchbKiil AisiabHOCTI.
Tar, mepmri muBisisanii Ha nIameTi 3apoAsKyBa-
JUCA Y CXOKHX yMoBax. AJjie e€BpasiiicbKi Iu-
Bimizaifii MaJau MOMKJIMBICTE AJIs OLOMAIIHEHHS
HabaraTo 0iibInoi KiJILKOCTI BUAIB TBapUH, HikXK,
HAIIPUKJIAM, aMepuKaHcbKi. OmoMarrueHHA KO-
Hell 3pobuyio OiNbIll ePeKTUBHUM SAK CiJIbCbhbKe
rOCIIOIapCTBO, TaK i TPAHCIIOPT, IIIO CTAJIO IPU-
YMHOIO BUIIOI e(heKTUBHOCTI €eKOHOMIKHY i IITBU-
IIoro PO3BUTKY IuBimisarii B €Bpasii.

CnctematuKa i 6ioreorpadis

CucremaTurka ta Gioreorpadis € Haykamwm,
K1 CKJIamaloTh OCHOBY BUBUEHHs OiopisHoMa-
HiTTs. CHcTeMaTHKA PO3IOAijJsae OpraHisMu 3a
CHUCTEeMATUYHUMU T'PYHaMU, BPAXOBYIOUH CTY-

0 KnioyoBga iges

BiopisHOMaHiTTA € 060B'A3KOBOIO YMOBOW iCHY-
BaHHA Oyfb-AKOi ekocuctemu. Bucokuin piseHb
6iopi3HOMaHITTA pPobUTb ekocucTemu 6inbl
CTiINKUMWU. BOHO Ma€ BennyesHe 3HayeHHA ANA
PO3BUTKY Ta BUXWMBAHHA NIOACTBA.

Tema 2. biopisHoMaHITTA 333y Il

AHTapKTUYHe

Man. 10.4. 3ooreorpacdiuHi LapcTea

MiHb CIIOPiZHEHOCTi Ta eBOJIIIINHY icTOpito BuU-
niB. Bioreorpadis mocrimikye 3aKOHOMipHOCTI
reorpahiyHOro IOMIMPEHHA KUBUX OpPTraHi3MiB
Ta iIXHIX yrpymoBaHb i xapakTep payHu (CyRyII-
HOCTi BUAiB TBapuH) i (psiopu (CyKYIIHOCTI BUIiB
POCJINH) OKPEeMUX TEPUTOPii.

3aBOAKU DOCTiIKEHHSIM CHUCTEeMaTHUKH i 0io-
reorpadii OyJsio, HaIpUKJIaL, BUILIEHO (JIOpPHUC-
TUYHI IapcTBa — pabioHu 3eMJii, sgKi BigpisHs-
IOTBCA OCOOJIMBOCTAMU (DIIOPUCTUUHOTO CKJIALY
(maurt. 10.3). Ilikaso, 110 (hayHicTUUHE pallOHYBaH-
Hs, sIKe Te)X 0yJI0 BUKOHAHO, JAJIO JAeI[0 iHIIni
monis moBepxHi 3emJi Ha obaacti (mas. 10.4).

@ MNpakTuyHa poboTa

MopieHAanbHa xapakmepucmuka ¢hayHicmuyHux
yapcme

1. Po3rnAHbTe KapTy ¢dayHICTUYHOrO parioHyBaHHA
cyxopony. BusHaute TepuTopii, AKi OXOMJIIOE KOXHe
dayHicTmyHe LapcTBo.

2. BukopucToBytoun TeKCT NigpyyHrKa, BU3HayTe Xa-
paKTepHi 03HaKN KOXHOro ¢ayHiCTMYHOro LapcTBa.
CknagiTb Ta 3anoBHITb BiANOBIAHY TabnauMLto.

3. Bu3HauTte ronoBHi NpuvHUUNM ¢dayHiCTUYHOroO pa-
NOHyBaHHA. [laiTe iM KOPOTKY XapaKTepPUCTUKY.

4. CoopmynioiTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBLAHHA

1. AKMMK MoOBamy nojaHO NiANMCK Ha KapTax
(man. 10.3, 10.4)? Yomy came Ui MOBW HalyacTiwe BU-
KOPUCTOBYIOTb Y Hayui? 2. Yu 3rofHi BN 3 TBepAXeH-
HAM, WO NonynaAuis 3 BUCOKMM piBHEM BiopisHOMaHITTA
Ma€ GinblUi WaHCK Ha BUXKMBAHHA Y BUMAZKY Ail Ha Hel
HecnpuatTnmeoro daktopa? OBrpyHTYNTe CBOK TOUKY
30py. 3. 3a AKNX YMOB 3MO»Ke iCHyBaTu ekocucrema, jo
CKnagy AKol BXOAWUTb TiNbKW OAWH BUA XUBUX OpraHis-
MiB? IKUM YMHOM Y Hill MOXKHa CTBOPUTU MiHIManbHO
HeobxigHe AnAa OYHKUiIOHYyBaHHA 6iOpi3HOMaHITTA?

23



Tema 2. biopi3HOMaHITTA

§ 11. JocnigKeHHA Giopi3HOMaHITTA

0 [omipKynTe

Y akomy 3 ABOX 6ioLleHO03iB — KOpasioBoro
pudy UM BiZKPUTOro OKeaHy, pPO3TallOBaHUX
Ha OJHAKOBIN rMUOWHI,— 6Giopi3HOMaHITTA
6yne 6inbwmm i yomy?

é 3raganTe

- bionoria - MeTtoaun 6ionoril

+ EkcnepumeHT » CnocrepekeHHA

» QakTOpK CcepepoBMLLa

MeToaun BUBYEHHA GiOpi3HOMAHITTA

Meronu BuBUeHHs OiOpPi3HOMAHITTA € [JO-
cuTh yncJeHHUMU. [{o HUX HajeXXaTh iHBEHTa-
pusarid, MOHITOPWHT, OI[iHKAa BHIOBOTO Pi3HO-
MaHITTHA, OIliHKa eKOCUCTEMHOT'0 Pi3HOMAHITTA,
GioiHguKAaIis.

HysKe BayKJIMBUM € KiJTbKiCHUIT aCTIEKT OITi-
HIOBaHHA Pi3HOMAHITTA.

OrmintoBaTy 6i0pi3HOMAHITTA MOKHA AK yce-
penuHi SKOroch yrpyloBaHHs, TaK i MOpPiBHIO-
oYn MiK co0or0 pisHi yrpymosamusa. Ilim uac
OIliHIOBaHHA OiOPiBHOMAHITTA BCEpenUHI yrpy-
MOBaHHA He CJiJ IJIyTaTH HOro 3 06araTcTBOM
exocucteMu. BupoBe 6araTcTBO BU3HAUAETBHCSH
KIJIBKiCTIO BUIiB, AKI OPUCYTHI B €KOCHCTEMi.
A mix uyac ormiHoBamHA OiopisHOMAaHITTS Bpa-
XOBYETBHCA TAKOMK KiJbKicHA YacTKa KOMKHOTO
3 BumiB (mas. 11.1).

a b ¢ d e a b ¢ d e
Buou Buou
YrpynoBaHHA 1 YrpynoBaHHA 2
Man. 11.1. BupgoBe 6aratctBo yrpynoBaHb 1 i 2 ofjHaKoBe,

a 6iopi3HOMaHITTA NepLIOro yrpynoBaHHA BHULLE, HiXK ApYyro-
ro (a, b, ¢, d e — nesHi BuAN)
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I[HBeHTapu3auia i MOHITOPUHT

Byan-saka ominka O6iopisHOMaHITTA mMoYMHA-
€ThCA 3 MOTO0 IepesiKy (iHBeHTapuaailii).

InBenTapusanis — 1e BuABJIEeHHA HaAB-
HOCTi BCix KOMMOOHEHTiB O6iopisHOMaHIiTTA Ta X
dikcamia. Tak, mig vyac amaai3y TeHEeTHYHOTO
PiBHOMAHITTS BUABJIAIOTH yCi iCHyIOUi BapiaHTH
TeHiB, a miJ yac aHaJIidy BUAOBOTO Pi3HOMAHITTSA
BU3HAYAIOTh yCi BUAMW, AKi € B yrpyIOBaHHi.

IuBenTapusalia € Tiero 0CHOBOIO, 3 AKOI ITI0-
YMHAIOTBCA BCi pobOTU 3 HOCHimxeHHs 6iopis-
HOMAaHITTA. AJ)Ke Iepes TUM SK IIOPiBHIOBATH,
Tpeba 3HATH, IO IIOPiBHIOBATHU.

Yacto ais BifcaigkoByBaHHA 3MiH Oiopis-
HOMAHITTS BUKOPHUCTOBYIOTH MOHITOPUHTOBIL J0-
caimrenas. MOHITOPUMHT — Iie THUII AOCTiIKEeHb,
3a AKUX 3 IMEBHOI0 IEPiOAMUYHICTIO TPOBOSATH
PAI 3aXO0MiB, AKi M0O3BOJAIOTH BU3HAUUTU CTAH
mocaimsxyBaHoro ob’exkTa. 3axogu IIPOBOLATH
OJTHAKOBMM UHNHOM i 3 BUKOPHUCTAHHSAM OJHA-
koBux npuinaznis. Ile mae MokJuBicTH aHamizy-
BaTU AUHAMIKY 3MiH CTaHY Ta BUABJATU 3MiHU,
AK1 BimOyBaroThCsA 3 00’€KTOM CIOCTEPEKEHb.
MouiTOpuHTOBI AOCHiAKEeHHSA TO3BOJAIOTH PO-
O0uTu e@eKTHMBHI IMPOTHO3M POBBUTKY CHUTYyAIIil
B eKocmcTeMax i 3amobiraTu HeraTMBHUM TeH-
NEeHIlisIM, SKi BOAa€eThbCs BUSABUTH.

3ajIe’KHO BiJ Impu3HAUeHHS BUIIJIAIOTH 3a-
raJbpHUMN (CTaHZapTHUI), omepaTuBHUMN (Kpu-
30Buii) Ta (GoHOBUII (HAYKOBUII) MOHITODPHUHT.
®doHOBMIT MOHITOPUHT 3HiMCHIOETHCA Y IPUPOI-
HUX Ta OiocepHMX 3amOBiJHMKAX 1 Ha iHIIMX
TEPUTOPiAX, IO OXOPOHAIOTHCA. BiH € morJan-
HUM i BUCOKOTOUHUM, II[0 JA€ 3MOTY e(DeKTUBHO
IOCJTiPKyBaTH 3MiHY CTaHY €KOCHUCTEM. 3aralib-
HHUI MOHITOPUHT He TaKUH mokJanuuii. [lapame-
TPHU, 3a AKUMHU BiH 3MiHICHIOETHCS, MiAOMPAIOTH
3 TOYKU 30pYy OITHUMAJBHOCTI ¥ AOCTATHOCTI.
OnepaTuBHUIT MOHITOPUHT TPOBOIATL y 30HAX
aBapili Ta MPUPOIHUX ABUII, AKi CyTTEBO IIO-
PYIIUIN CTAaH €KOCHCTEMU.

bioiHaMKauUia Ta ekonoriyHe
NPOrHO3yBaHHA
Bioimgukania — 1me MeTon BU3HAUEHHS €KO-

JIOTIiYHOTO CTAaHy €KOCHCTEM 3a JOIOMOTOIO KU-
BUX 00’€KTiB. fIK 00’€KTH MOKYTh BUKOPHCTOBY-



Tema 2. biopisHoMaHITTA 333y Il

Man. 11.2. Bugu-iHankatopu: NUWaiHWKK (@) — 4MCTOTW MNOBITPA, JadHii (6) — UMCTOTV BOAHKX eKoCUCcTeM

BaTUCS KJITUHU, OPraHidMM, TOMYJIAIil OKPEMUX
BUAIB a00 €KOJIOTiuHi yrpymoBaHHA. 3a SOIIOMO-
roro OioiHmmkariii MosKkHa oIiHIOBATH gir0 abio-
TUYHUX, OIOTUYHUX Ta aHTPOIOIeHHUX (DAKTOPiB.

A niarHOCTUKM CTaHy €KOCHCTeM BUKO-
PHCTOBYIOTH BUAM-IHAUKATOPH, K1 MaOThL 0iJIb-
Ty YyTJIUBICTD OO Ail HECIIPUATINBOTO (haKTOPYy
cepemoBUIA i TOMY IIBUAIIE PearyoTh HA 3MiHUI
B mii mporo ¢gaxropy. Hua omimkum aii pisHmMx
(hakTOPiB BUKOPUCTOBYIOTh Pi3HiI BUAM-iHAWKA-
Topu (Mmaa. 11.2).

Cainx BigmiTuTH, 110 VHiBepcalbHUX BUIiB-
imgukarTopiB He icHye. Ile moB’A3aHO 3 TUM, IO
pisHi KWBi opraHisMu CyTTEBO Bipi3HAOTHCS
MisK cobor0 3a criiikicTio mo mii pisHux dakrTo-
piB. I aKmio, HaIpPUKJIAL, IeBHUN BUM € UyTJIU-
BUM [0 3MiHU BMiCTy CHOJYK ApCEHY Yy CBOEMY
CepemoBUIIi iCHYBaHHs, TO IIe He O3HAUAE, IO
BiH TaKoiK Oyae rapHUM iHAWUKATOPOM [IJIs BU-
ABJIEHHS 3MiHM BMicTy cmouyk ILmromMOymy.

Hnsa awmaiisy 3MiH cTaHy €KOCHCTEMHU B IIi-
JIOMY 3aCTOCOBYIOTH He OIWH BU-iHAWUKATOD,
a MiJui KOMILIeKC TaKuxX BUAiB. s TOro 1Moo
OI[iHKa cTaHy eKocucTeMu 0yJia epeKTUBHOIO, IO
KOMILJIEKCY BUIiB-iHAWUKATOPiB BKJIIOYAIOTH IIPEJ-
CTAaBHUKIiB OCHOBHUX EKOJIOTIYHUX TPYI — IIPO-
IYIIEHTiB, KOHCYMEHTIB i penytieHTiB. Ilpm mbomy
cepel, KOHCYMEHTIB BUAU-IHAMKATOPU IIigdompa-
IOTh JIJIA KOMKHOTO 3 OCHOBHUX TPO(hiUYHMX PiBHIiB.

0 KnioyoBga igen

CrnocTepexXeHHA 3a CTaHOM 6iopi3HOMaHITTA
B eKOCKCTeMi MOXe JaTu fyxe 6arato KOPUCHOI
iHpopmauii. 3 "oro fONOMOrol MoXHa BUABUTU
nosABy HOBMX Npobnem i 3po6uTV NPOrHO3 LWOAO
ManByTHIX nodi B eKocucTemi.

Exosoriuse mporHo3yBaHHA — Iie Iiepeaoda-
YeHHA MOKJIUBOI TOBEeIiHKY IPUPOIHUX CHUCTEM
Ha OoCcHOBI iH(popmMmarrii, sxa OyJjia oTpuMaHa B II0-
nepenHix gociimsxkeHHAX. OCHOBOIO €KOJIOTiUuHO-
O IIPOTHO3YBAHHSA YaCTO € CTBOPEHHS MojeJiei
€KOCHCTEM, AKi JO3BOJISIOTH OI[iHUTHU BILIUB Ha
HUX AK IIPUPOSHUX IIPOIECiB, TaK i JIFOACBKOIL
SKUTTENIANBHOCTL. [[JIA €KOJOTiYHOTO0 IIPOTHO3Y-
BaHHA CTBOPIOIOTH HMPOTHO3HI KapTw, AKi mepi-
OJIMYHO OHOBJIIOIOTH, yYpaxoBylouu 3adiKcoBaHi
B €KOCHCTeMaX 3MiHWU.

® MNpakTyHa poboTa

BueyeHHs 8u008020 CK/1a0y eKocucmem C80€i Mic-
ueeocmi. Budoea 6iopizHomaHimHicme

1. Bu3HauTe BUAM POCIVIH i TBAPUH, AKi BXOAATb A0
CKnagy OfHI€l 3 eKoCcMcTeM BaLLOi MiCLLeBOCTi.

2. 3a pe3ynbTaTamMy CNOCTEPEXEHD 3aMOBHITb Tabnu-
Lo, y AKIN YKaXiTb, AKI POC/IVIHN € NOKPUTOHACIHHU-
MW, FOJTOHACIHHVIMM Ta BULLMMW CMTIOPOBUMM, @ TaKOXK
AKi TBAPUHU € XPeBETHMU, Be3XPebEeTHMU.

3. [InA KOXHOro 3 BWAIB OUiHITb 4YacTOTy, 3 AKOW
BiH TpannA€eTbcA B eKOCUCTeMi, (BUCOKa, cepepHs,
HU3bKa), Ta BKaXiTb i1 B Tabnuui.

4. ChopmyntoiiTe BUCHOBOK.

03aI‘IMTaHHﬂ Ta 3aBAaHHA

1. AKi nepeBarn "N HepoNiKW, MOPIBHAHO 3 iHAMKa-
Li€lo 3a Jonomorow npunagis, Mae bioiHanKauia?
2. Cknagitb CNMUCOK €KOCUCTEM BalLOro perioHy, and
AKNX Oyno 6 6a)kaHO MPOBECTU EKOJSIoriYHe MPOrHO3y-
BaHHA. 3. HaBepgiTb npuknagu sugis-iHgukaTtopis. 4. Ha
npviknagi fadHii NOACHITb, AK MOXHa BMKOPUCTOBYBATA
BMAN-iHaMKaTopu. 5. Ha mantoHKy 11.1 nokasaHo Buao-
BUI CKNMag Ta YacTKy (Bif 3aranbHOro uymcna ocobuH)
KOXXHOro 3 BUAIB 1BOX YyrpynoBaHb. MoACHiTb, Yomy 6io-
PI3HOMAaHITTA yrpynoBaHHA 1 BULLE, Hi>K YrpynoBaHHA 2.
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Tema 2. biopi3HOMaHITTA

§ 12. CyyacHa cncrtema »KMBOro CBiTy

0 [omipkynTe

AK MOXHa BM3HAYWUTU Ha-
ABHICTb Pi3HMX BUAIB MIiKpO-
OpraHi3amiB y neBHOMy cepe-
JOBULLi iCHYBaHHA?

é 3raganTe

e KnitnHa « [TpokapioTtn
» Eykapiotu  Bipycn
o CnctemaTnyHi Kateropii

TpngomeHHa cncrema

»W1BOTO CBITY

Kapa Boys (1990 p.), cnupa-
I0YXMCh Ha aHAaJi3 IIOoCJiJZOBHOCTI
mykaeorunie pPHK Ta meaki immmi
MOJIEKYJIIPHI XapaKTepPUCTUKHU, 3a-
OIPOIIOHYBAaB HOBUI BapiaHT cucTe-
MATUKMN KUBUX oOpradismin. 3ring-
HO 3 HUM OpTraHidaMu HOoAigAaIuCcA
Ha BeJIMKi CHUCTeMaTWYHi rpynu —

Man. 12.1. Tpy JOMEHM XMBUX OPraHi3miB

nmomeHu. JloMeH — Ile TaKCOH HAWBUINOTO PaHTy, AKUN
BKJIIOYA€E KiJNbKa IAapCTB KWBUX OPTraHi3MiB.

Kaitunui dopmMu KUTTS mOijinmiau Ha TPU HOMEHH —
Bakrepii, Apxei Ta Eykapioru (man. 12.1). Bipycu Bumi-
JUJIN AK OKPeMUil TakcoH Vira, axuii 00’eqHye HEKJIiTHH-
Hi opmMu KUTTSA ¥ 3a paHroMm Bigmosimae momeny. Taxa
KJacu@ikailis HaWOiIbIII TOYHO BigOMBA€E CydacHi ysaBJIEH-
HA OPO BUHUKHEHHA I €BOJIIOIiI0 OCHOBHUX TIPYIl KUBUX
opraHismis.

XapaKkTepHi 0co6MMBOCTI AOMEHIB XKMBUX OpraHi3mMis

Opranismu,
Tpyna AKi BXOTATH
IO CKJIAxy IPyIH

Oco6auBOoCTi OyIOBM i JKUTTEXIAIBHOCTL

Baxkrepii Baxrepii Kaitunni opranismu. ¥V KiiTuHax HeMae saapa i MeMOpaHHUX opraHes. Bin-
PisHAIOTHCA 3HAYHOIO Pi3HOMAaHiTHiCTIO GioXiMiUyHMX MpoIleciB y KIiTuHAaX.
T'emeTuunuit maTepiaJ 3a3BuUail npeAcTaBJIeHUN BeJIUKOIO KiIbIIeBOIO MOJIe-
rymaoio [JTHK (6akTepianbHOI0 XpoMocomoio). MokyTh MaTu maasmigu. ['enn
He MiCTATH iHTPOHIB

Apxei Apxei (apxebak- = Kairunxi opramismu. CyTTeBO BigpisHAIOTHCS Bif iHIITIX JOMEHiB 3a CKJia-
Tepii) IoMm JinigiB Ta 6inKkiB. ¥V KIiTrHaX HeMae Apa i MeMOpaHHUX opramei. I'e-
HETUYHUU MaTepiaj 3a3BUUal IPeACTABIEHNI BEJIMKOIO KiJIbIIEBOIO MOJIEKY-
noio [JTHK (6akTepiambHOI0 XpoMocoMoio). MokyTh MaTu maasmigu. Yactuua
TeHiB MiCTUTH iHTPOHU

Eykapiotu = TBapunu, rpu- Kaituuni opramismu. ¥ KiIiTuHax € sapa Ta iHIIi MeMOpaHHi opraHenu
01, poCIMHU ¥ muTockeseT. ['eHeTHUHMIT MaTepiaJ MiCTUTBCS ¥ XPOMOCOMAaX i Ma€ BUTJIAL
TOIIIO aiunititanx mosexkys [JTHK. ¥V miToxoHapiax i maacTugax mpucyTHI HeBeJIUKi

mosiekysiu Kisbresoi JJHK. Teru micTaTs iHTpOHI
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Tema 2. biopisHoMaHITTA 333y Il

DiadopeTukn EkckaBatu Amopdei
I I
Eykapiotn
[aBHi 6akTepii TeppabakTepii Figpo6akrepii
Bigpinu-kaHgngatn bakTepii Apxei

LUCA (ocCTaHHi cninbHU npefok
KNITUHHWX OpraHi3miB)

Man. 12.2. HoBuin BapiaHT cucTeMmn opraHi3miB, y AKOMY eyKapioTy 06’eAHYIOTbCA 3 apxeAMM i 3'ABNAETbCA HOBA rinka (Biogi-
N-KaHAMAATY, AKi He MOXHa MOKW WO BigHECTU Hi o GakTepil, Hi Jo apxen)

MakpocnctemaTtmka i MeTareHOMHUN
aHanis

MakpocHuCcTeMaTHKOI0 Ha3UBAIOTh PO3/IiI CHUC-
TeMaTUKWN JKUBUX OPraHi3sMiB, SKUI IIpaIfioe is
CHUCTEeMATUYHUMU KaTeTopiAMMN HAWBUIINX PaH-
riB — moMeHaMu, CyOlOMeHaMu, IPyIIaMu [IapcTB,
mapctBamu Torro. OcTaHHIM YacoM y IIi#l raJrysi
0yJ10 3pobJieHO unMasio BigkpuTTiB. 1le moB’a3amo
i3 BacTocyBaHHSAM HOBITHiX MeTOIiB aHaxi3y,
y [Oeplry 4Yepry MOJAeKYJNLAPHO-2eHEMUYHUX.

3apas y:Ke BimoMa IIOCJIiJOBHICTh HYKJIEOTH-
nie [THK gia 6araThox BasKJIMBUX TeHIB COTEHbD
opraHismiB. A reHOMHU XO0Y KiJIbKOX IpeACTaBHU-
KiB OCHOBHHMX CHCTE€MATHUYHUX TI'PYN PO3IIHQGPO-
BaHi noBHicTIO. Ile mae 3mory e)eKTUBHO ITOPiB-
HIOBAaTU OPTaHI3MM MiK C000I0, BCTAHOBJIIOIOUN
ixHi poauHHI 3B’ A3KH1. 3aBAAKHN TAKUM TeXHOJIO-
rissm OyJI0 IoCcTaBJIeHO IMIUTAHHSA PO 00’ € THAHHSA
apxel Ta eyKapioTiB B OJMH AOMeH. 3apas3 BOHO
AKTHBHO OOTrOBOPIOETHCH.

0 KnioyoBga igen

YCi KNiTUHHI OpraHi3Mn y cyyacHin cucrtematuui
NnoJinAlTb Ha TPW BeNUKi rpynn — [OOMEHU:
BbakTepii, Apxei Ta EykapioTu. Bipycu 06’egHytoTb
B OKpeMmy rpyny HekniTuHHuUx ¢opm xutTa Vira,
AKa 3a PaHroM [OPIBHIOE JOMEHY.

Takosk IIMPOKE 3aCTOCYBaHHS OTPHMAB Me-
TOJ, MemazeHoMH020 aHaai3y. BiH mae amory
Buayuyatu i aHagdidyBatu [IHK OesmocepemHbo
3 BimiOparnux mpob, 6e3 BUPOIYBaHHS MiKpO-
oprauismiB. Taxkwuii merTon aHaidy momomarae
BUBYATU OPraHi3Mu, AKi HOKU IO He BIAETHCSA
BUPOIITYBATA HA MOKUBHUX cepemoBUIlax. Bu-
ABUJIOCS, IO TaKUX OpraHisMiB mabarato 0ijb-
e, HiKk mepembauasiocs panimre. Cepenm HuX
HaBiTH OyJia BUIiJieHa OKpeMa rpymna «Bigmiiis-
raggunatiB» (Candidate Phyla), AKUX TOKU IIIO
He 3MOTJIN BifHeCTH Hi Ho apxeil, Hi 70 OaKTepii.
MosxkauBo, 1110 iX mOBemeThCA BUIIIATUA B OKpe-
muii gomen (maza. 12.2).

IIa HOBa rpymna IiJIKOM CKJIaJaEThCA 3 opra-
Hi3MiB, fKi He BJAETHCA BUPOIIYBATU B KYJbTY-
pax. IToxwu 110 Bimoma TibKu OyzmoBa ixaboi [[HEK
i Te, 110, CKOpillle 3a Bce, BOHU € IIPOKapioTamu.

3anuTaHHsA Ta 3aBAaHHSA

1. Yn 3rogHi BU 3 BUKOPUCTaHHAM TEPMiHA «JOMEH»
[NA NOo3HayYeHHA HanbiNbLWOI cMcTeMaTUYHOI KaTeropii?
O6rpyHTyIiTe CBOIO TOUKY 30pY. 2. [TOCNiJOBHICTb HyKneo-
TUAIB AKMX FeHiB HavKpalle BUKOPWUCTOBYBaATWU ANA MNo-
PIBHAHHSA Pi3HKX rPyn »MBMX OpraHiamis? Bignosigb 06-
rpyHtymnte. 3. CKnagitb CNUCOK MOXAMBUX MPUYMH, AKI
3aBaXaloTb BUPOLLYBAHHIO B KY/bTYpi MiKPOOpPraHi3mis,
WO BiAKPWAX 3a JOMOMOrOK MeTareHOMHOro aHanisy.
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Tema 2. biopi3HOMaHITTA

§ 13. NpokKapioTUyHi opraHiamn

0 [omipKynTe

Apxeli BBa)KaloTb HAMOAVXKUMMU poanYaMMn
i Nnpegkamu eykapioTiB. A AKi O3HaKu Ha ue

BKa3yloTb?
é 3ragaite
o KnitnHa » KniTMHHa CcTiHKa
» Hykneoig  [1lnasmiga
o [DKryTumk

bakTepii Ta Apxei

IIpokapioTiB momisAOTH HA ABI BeIWKi Ipy-
nu — gomeHu Apxei ta Bakrepii (manx. 13.1).
Baxrepii TpamisioThea B yCiX cepemoBUIIax ic-
HYBaHHA. BOHU JKUBYTH Y BOJi, I'PYHTi, YKUBUX
opraHizmax. Apxe#l crIo4yaTKy BUSABWUJIU B 30-

HaX eKCTPeMaJbHOTO iCHYBaHHA: y OysKe ra-
pAYNX mKepenax (HAIpUKJIaL, y Teisepax) Ta
B IIysKe XOJIONHUX yMOBax, V BOAOMMAax i3 myxe
COJIOHUM, KHCJAUM a00 JIY;KHUM CepPeIOBUIIEeM.
AJle HacTyOHI OOCHiM:KEeHHS BUABUJIN 3HAUHY
KiJbKicTh apxell, AKi KUBYTh i B HOPMAaJIbHUX
yMoBax. baraTto mpejcTaBHUKIB apxeil € Mell-
KaHIAMHK TPaBHUX TPAKTiB TBapuH ((KYHHUX,
TEepPMiTiB, JIOAEe# TOIIIO).

CncrtematnKka 6akTepili Ta apxen

ITogin GaxkTepili Ha BeJauKi cHUcTeMaTHYHI
Tpynom A0ci € mpeaMeTOM HAyKOBOI AMCKYCii.
fAxiio o6’egHaHHA BUAIB 0 I'PYI paHry Bimmi-
JIy He BUKJUKAIOTH 0COOJMBUX HPOOJIEM, TO 3a-
TaJIbHOIIPUHNHATE X 00’eIHaHHS Ha PiBHI mapcTs
abo cyOmoMeHiB BimcyTHE.

Haii6inpin mommupeHuM 3 icHyHUHX Bapi-
aHTiB € HoAin O0axkTepili Ha TPU BeJHKi I'PYIIH:

XapakTepHi 03HaKy 6akTepil Ta apxemn

O3Haka Baxkrepii

KinpkicTs KiiTua

OpHOKJIiITHMHHI, KOJIOHIaNbHI Ta (iHKOIN) 6a-

Apxei

TinbKu OMHOKIITUHHIL

TaTOKJIITHHHI (MaIOTh KJIiTUHU Pi3HUX TUIIIB,

SIK HOCTOK)

BynoBa kaiTuaHOI

MeMOpaHu 3 (pocdouimigin

Kaituana crinka
Ocob6smBocTti reHomy = He micTuts ricronis

OcobauBocTi
IKTYTUKIB

MeMmO6paHa 3aBK/I1 SBOIIAPOBA, CKJIALACTHCA

CkJamaeTbecsa 3 Mypeiny Ta crenu@ivHux
0inKiB, uacTo Mae SOZATKOBI mapu

IToposxHMCTI 6iTKOBI MUIIHAPY, POCTYTh KiH-
YUKOM; O0€PTaHHS BiIOYBa€ThCA 38 PAXYHOK

MemOpaua Moxke OyTH IBOIIAPOBOIO
ab0 OTHOIITaPOBOIO, CKJIAJAETHCA 3 eTe-
PiB Iurineposiy Ta TePIeHOBUX CIIOJIYK

CxiamaeTsed i3 ICeBIOMYpeiHy Ta ciie-
mudivEnx 6iIKiB

MicTuTs ricTtoHonoAi0HI OiIKMT

CyminbHi 6i1KOBi HUTKH, POCTYTH
OCHOBOIO; 00epTaHHA BigOyBaeThCs 3a

pisHUI KOHIeHTpAaIlil IPOTOHIB IO PidHi OOKM = pPaxyHOK BUKOpucTaHHA eHeprii ATdD

MeMOpaHu

Man. 13.1. MNpeacTaBHUKN apxent (a), OQHOKMITUHHMX (6) Ta 6araToKNITMHHUX (8) GaKTepii
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maBHi OaxTepii, TeppobakTepii Ta rigpobakTepii.
IIpeacraBHUKaMu OasHix Oaxmepiii € BOIHEBi
O6axTepii (OTPUMYIOTh €Heprilo 3a PaXyHOK OKIC-
HeHHs BOJHIO) Ta TepMmoToru (0axkrepii, ki »Ku-
BYTBb y rapAumx akepenax). Ilo meppobarxmepiil
HaJIeXKaTh IianobakTepii, a 1o 2zidpobaxmepiii —
cmipoxeru, XJamMifii Ta 30yAHUKHN YyMU, XOJEPHU
i carbMOHEIhO3Y.

CucremaTuka apxeil TaKo:K € IIfe HeJocTatT-
HBO PO3P00IeHO00. AJle HAYKOBAa CILILHOTA BUIi-
JI5I€ cepell HUX JBi BeJIMKi rpynu — mpoTeoapxeil

Tema 2. biopisHomaHiTTA 33 S

Ta eyapxei. [lo rpynu npomeoapxeili HamexarTb
memrogasuo (2015 pokry) BimxpuTi JoKiapxei.
Ix BBakalOTH rpymoio, AKa € IPEeJKOBOIO A
eykapiorTis.

3HaueHHA baKTepil Ta apxen ana
NOAVHN

Ona aoguHN BeJIUKe 3HAYEHHS MalTh AK
bakTepii, Tak i apxei. Pisui npegcraBHUKY 11X
TPyI MOKYTb MaTH AJIS JIIOOUHU K IIO3UTUBHE,
TaK i HeraTuBHe 3HAUEHH.

3HaueHHA 6aKTepiln 4nA NOANHN

3HaYeHHd

BUKOPHUCTOBYIOTHCS ¥ BUPOOHUIITBI XapUOBUX
OPOAYKTiB

€ OCHOBHUM BUPOOHUKOM IIPOAYKIIil B 610T€XHOJIO-
rivEoMy BUPOOHUIITBI

€ CKJIaZI0BOIO YaCTUHOIO OaKTepiaJbHUX HOOPUB

€ MmyTyasicTUYHNMY CUMOIOHTAMY KUIIIEUHUKY
JIOIUHI

€ 30yaHuUKaMu 0araTboX 3aXBOPIOBAHD AK CAMUX
JIIOJIed, Tak i BasKJIUBUX IJIA HUX TBAPUH i POCIUH

Mok yTh TOMIKOIKYBAaTH BHACTIOK CBOET JKUTTE-
IisiabHOCTI criopyau abo MexaHisMu

Ilpuxmnanx

Kuciomosouni mpogykTu, cupu, XJ1i600ya0uHi Bupobu
TOIIO0

Baxkrepii, axi BUpOOIAIOTE JiKK (HaIpUKJIaL, iHCYJIiH)

AsordikcyBanbui 6axkTepil, AKi CyTTEBO HiABUIYIOTH

yporxaiHicTh 0araTbox POCJIMH

Kuikosa maanuka

30yIHUKY X0JIepH, YYMU, TYOepPKYyJIb03y, OaKTepiaJIbHO-
T'0 PaKy POCIUH

3asizobaxTepii, AKi MocesATHCA Y BOLOIPOBITHUX TPY-
6ax i MOKYTh ITePeITKoKaTh PYXy BOAU

3HayeHHsA apxen Ana NoanHn

3HaUEeHHA
€ yacTUHOI MiKpPOGiOTH KUIIEYUHUKY JIOAUHA

BasximBe mixepesio pepMeHTIB, AKi BUKOPUCTO-
BYIOTHCS B HAYKOBUX JOCTiI?K€HHAX 1 IPOMUCIIO-
BOCTi

3b0araueHHA Py MeTaJIiB ITi yac BUAOOYBAHHSA

BupoOHUIITBO IPOAYKTIB XapuyBaHHS 38 BUCOKUX
TeMIepaTyp

KntouoBa igen

\

lpokapioTnuHi opraHiamu npegcraBfieHi ABoMa
gomeHamu — bakTtepii Ta Apxei,— AKi CyTTEBO
pi3HATbCA MiXK coboto. O6muaBa foMeHU Bigirpa-
I0Tb [ly>Ke Ba)/IMBY poOJib Y NPUPOJHUX EKOCKC-
Temax i XUTTi OgNHN.

Ilpuxaan
MeranorenHi apxebaKTepii TOBCTOr0 KUIIIEYHUKY

OHEK-monimepasy apxebaKTepiii, AKi "KUBYTb Y rapAdnX
JPKepeJsiaX, BUKOPUCTOBYIOTH AJIs IIOJIiMepas3Hoi JIaHIIO0-
TOBOI peaxirii

ApxebGaKTepiii BUKOPUCTOBYIOTh JJIA BUAOOYTKY 30JI0TA,

Migi i KobaJbTy

depMeHTH apXeil BUKOPUCTOBYIOTH ¥ BUPOOHUIITBI MO-
JIOKA 3 HUBBKUM YMiCTOM JIAKTO3M, AKe BifOyBaeThCcA 3a

BUCOKOI TeMIiepaTypu

03anMTaHHﬂ Ta 3aBLAHHA

1. Aki ocobnusocTi 6Gionorii 6akTepin MOXyTb
BNAMBaT Ha Te, WO iX 06’'€QHaHHA Ha piBHI BigAinis
He BUKIUKAE BeNMKMX Npobrem, a Ha PiBHI 6inbwux
TaKCOHOMIYHMX Tpyn (LapcTBa, Cyb6aoOMeHN) BUKIIMKAE
nocTinHi anckycii? 2. Cknagitb CNUCOK 3axBOpPOBaHb
MOAUHY, 30yaHMKaMK AKUX € GakTepii. 3. Yn MOXHa
CTBEpOKYBaTK, WO GakTepil € 6inbll BaXNUBUMK AnA
NIOACTBA, HiXK apxei? Bignosigb obrpyHTyiTe.
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Tema 2. biopi3HOMaHITTA

§ 14. CyyacHa cnctemaTunKa eyKapioTiB

0 [omipkynTe

AKi 03HaKM BKa3yloTb Ha Te, Wo ameba € HinbLw
6113bKMM poAnYEM NIOAUHM, HiX iHOYy3opia?

é 3raganTe

o JomeH * Anpo
» Eykapiotu o MiToxoHppii
o Apxei e Mnactugn

» MoHo- Ta nonidineTnyHi opraHiamm

EBoniouinHi 3B'A3KN MiX eyKapioTamu
Ta NpoKapioTamu

EykapioTuuHi opranismMu yTBOPUJIUCA B TIPO-
meci eBoJIOIlii 3 mMpokapioTmuHuMx. Ase 1Ipo Te,
AKa caMe 3 IpPyln IPoKapioTiB Oyjaa mpemxom
eyKapioTMUYHUX OpraHisMiB, AMCKYycil TpuBaau
moBro. Ilepmri maHi mpo cropigHeHiCTH eyKapi-
oriB 3 apxeamu 3’ aBuiaucd 1ie 1984 pory. Ae
TiJIBKY IiCJIA PO3SBUTKY TEXHOJIOTiA MOJIEKYJIAP-
HO-0ioJIOTiUHUX JOCTiAKeHDb yAaJI0Cs BCTAHOBU-
T IIe OiJIbII OOI'PYHTOBAHO.

2015 poxky rpymna ming xkepiBHuUIITBOM AHBI
Coanr Busasuia y IliBHiuHomy JIbomoBuUTOMY
okeani caimm IITHK meBimomoro pawmirmie opra-
Hi8My 3 JOMeHy apxeli, AKUUi OyB Ha3BaHUN
Lokiarchaeum i BigHeceHuii 4O CaMOCTiHiHO-
ro Bigminy Jlokiapxei (Lokiarchaeota), 1110
BXOAUTHh 10 CKJany HanBigminy Acrapmapxei
(Asgardarchaea) (man. 14.1). I1a rpymna apxei
i BuaABuMIacAa HaNOJIMIKUINM POAUUEM eyKapioTiB.
Bingwsm Toro, BoHa yTBOpMIa 3 HUMU MOHOQIiIE-
TuuHy rpyny. Came TomMy 3apa3 pOSTIAAAIOTH

Man. 14.1. Acrapgapxei

30

MOJKJIMBICTh 3MiHUTU TPUAOMEHHY CUCTEMY OpP-
raHigyHOrO CBiTY Ha IBOJOMEHHY, 00, 3a mpa-
BWJIAMU CHUCTEMaTUKW, MOHOMDIJIETWYHI Tpynu
MMOBUHHI YTBOPIOBATH OJWH TAKCOH.

Mogin eykapioTiB Ha Cy6baomeHu

HoBi Texwmosorii mocaimsxennb, aKi 3’aBid-
auca B Apyrid mosoBumHI XX €T., COpUAIU
BUOiJIeHHIO HabaraTto OiJIBIIIOrO YMCJa IIapCTB
y Me:kax rpynu eykapioris. Taka cucrema Haii-
TOUHiIIe BimoOpaskae eBOJIOIiiiHI 3B ABKU MiXK
OKpeMUMHU rpynamMu eykapioriB. Ha#bimbimumii
BHECOK Yy CTBOPEHHS HOBOI cucTeMu 3pobuia
rpymna BueHuX mif KepiBHuIiirBoMm Caitau Epia.

3rigHo 3 HOBOIO cucTeMOI0, foMeH Eykapio-
TH MOAIJNIAETHCA HA TPU YaCTUHU — CyOJOMEHH,
AKi, y CBOIO Uepry, miJATbCSA Ha KiJabKa rpyn
(HagmapcTB). A BKe HAAIlapCTBa MOIIJISIOTH HA
OKpeMi IapcTBa »KUBUX opranismis. Tproma cyo-
momeHamu eykapioriB € Exckasaru, iagoperu-
Ku (6ixonTu) Ta Amopdei (man. 14.2). EkckaBa-
TV € BUHSATKOBO OAHOKJIITUHHUMY OpTaHisMaMu,
a cepen miagopeTukiB Ta amMopdeiB TPAIIAIOTHCA
SAK OSHOKJIITHHHI, TaK i 6araTokJiTuHHI dhopmu.

EkckaBaTu

ExckaBaTu € HaliIaBHIIIIOI I'PYIIOI0 eyKapio-
TiB. [lo HUX HaJe}KaTh TiJIbKU OJHOKJIITHHHI Op-
rarismMu. BoHu MOKyTh OyTU BiJIbLHOKUBYUUMU,
BECTH ITapasuUTUYHUI cIocid KuTTa abo craBaTu
cuMbioHTaMu 0AraTOKJITUHHUX OPTaHisMiB.

Ho 1miei rpynu HaleKaTh 30yIHUKU 3aXBO-
pIOBaHb, HebeadneuHux s Joguau. [le, Hanpu-
KJal, TPUXOMOHazxa (30yIHUK TPUXOMOHO3Y),
Tpunanocoma (30yIJHUK COHHOI XBOpoOm) i Jeii-
miMaHia (30yIHUK JIEHIIIMAaHio3y).

Taxoix 10 eKcKkaBaTiB HaJIeKaTh €BIVIEHU, THU-
TIOBUM IIPEJCTaBHUKOM SAKWUX € €BIJVIEHA 3eJIeHa,
i rimepmacTuriou (HanpuwKJIazm, TpUxoHIM®pa) —
ONHOKJIITUHHI OpraHisMmu 3 BeJIUKOI KiJbKicTIO
IokryTukiB. inepmacrurinu € cumOioHTaMu, AKi
JKVUBYTH Y KUINIEYHUKaAX TEePMiTiB i TapraHis.

Amopdei

Awmopdei € HabiIBIIOK 3a KiJbKicTIO BuU-
IiB rpymoro eykapioriB. o ckaany 1mboro cyo-
IOMEHY BXOINWTH KiJbKa HaAIlapCTB, HANOiJIbII
3HAUYHUMHU 3 AKX € Ame060301 Ta OMmiCTOKOHTH.



Man. 14.2. CyvacHa knacudikauis eykapioTis

Ame00307 TIpeACTaBJIEHO MEPeBasKHO OIHO-
KiiTuEHHUMU (opMamu. AJjie € cepeJ HUX i KO-
JIOHiaJIbHI opraHismMu. A cIpaB:KHI CIM30BUKU
3[aTHI YTBOPIOBATH 0araTOKJIITHMHHUN IIJIa3MO-
nini. IIpeacraBHUKamMu amMme00301B € PiBHOMAaHITHI
amMe0U Ta CIIPaB/KHI CIM30BUKU.

OnicmoxkoHmu MOXKYTh OYTH OTHOKJIiTHUH-
HUMU, KOJIOHiaJbHUMH a00 06araTOKJiTHHHUMUI
oprauisamamu. [lo 1iel rpynu HajeKaTh IapcTBa
Copas:xui rpubu Ta Cupas:xHi TBapunu. Crpas-
JKHiMu rpubaMu € IIpeicTaBHUKHN TaKUX T'PYI,
Ak Basupmiomimeru (y TOMy 4YMCi IIaTWHKOBIL
rpubu), Ackomineru (Tprodesb, TEHIIMJI TOIIO)
ta immri. ITapctBo CmpaB:kHi TBapuHU 06’€mHYyE
BCiX 0araTOKJITMHHUX TBapuH (BOHU 00’€aHaHi B
OKpeMe IiAIapcTBO), iIXHiX Oes3locepeaHix mpemn-
KiB (xoaHO(IareasarT) Ta iXHixX OJU3BKUX POAUUIB.

HiadopeTtrku

Hiadoperukn € nyxe pisHOMaHiTHOIO 3a
CKJIQZIOM TPyIoI0 eykapioriB. [lo mporo cy6mo-
MeHY HAJeXHUTb KiJbKa HaIIlapCcTB, HANOiIbLII
3HaUHUMH 3 AKuUX € Apxemaactunu ta SAR.

Apxemnactuau 00’e€qHYIOTH (POTOCUHTE3Y-
I0YNX eyKapioTiB, MJIacTUAM SKUX BUHUKJIU

B pesyabTari cumbiody 3 IriaHObOaxKTepiAMmu.
Cepen HUX € OOHOKJIITHHHI, KOJIOHianbHI i Oa-
raTokJiTHHHI opranismu. Haiibiapimn BizoMmumnu
npeacTaBHUKAMU ITiel rpynu € mapcTBo YepBoHi
BOZOPOCTi ¥ 1mapcTBo 3esieHi pocamuu. o map-
cTBa 3eJIeHI POCJWHU HAJIEKUTHh KijJbKa TPYII,
Yy TOMY YMCJIi 3eJieHi BOIOPOCTi Ta BCi CyAuHHi
HaseMHi pocJuHU (AK CHOPOBi, TaK i HaciHHi).

Haspa mammapcrsa SAR yTBOpeHa 3a mep-
MIMH JiTepaMu Has3B TPHOX IIapCTB, AKi BXO-
IATH o itoro ckiany (Stramenopiles, Alveolata,
Rhizaria). Cepen HUX € OSHOKJITUHHi, KOJIO-
HiambHi I OGaraTokJiTuHHI opramismm. Bararto
IpeICTaBHUKIB IIHOTO HaAIlapcTBa, AK i apxe-
IJIACTUIN, € (POTOCHHTE3YIOUNMH eyKapioTaMu.
Ane ixXHiI XJOpOIIJIacTH YTBOPUJIHNCS 3aBIAKU
cuMm0biody 3 iHIMMMUM eykapioramu (Jacrime 3a
BCe 3 MIpeACTaBHMKAMHN UYEePBOHUX ab0 3eJeHUX
Bomopocrteit). Haiibinpin BimoMuMmMu aBTOTPOR-
HuMu npegcrasuuxaMu SAR e 6ypi, miaTromosi
Ta 30JI0THUCTI BOJOPOCTi.

€ cepepn mpencraBamkiB SAR i rereporpodHi
rpynu. Jlo Takux Haje:kaTh hopaminidepu, pamio-
Japii, HeCcIIpaByKHi CJIM30BUKU, iHQMY30pii, cIio-
poBuku (y TOMYy YMCJHIi 30yAHUK MaJApii) TOIIO.

0 Kniouosa ifes 038I‘IMTaHHH Ta 3aBaHHd

lMpeakamn eykapioTiB € opraHismu 1. Yomy B gedAkux BMMNagkax B OfHY TaKCOHOMiUHy rpyny mo-
3 rpynu Acrapfapxei. A cami eyka- XKyTb O6'€AHYBaTV aBTOTPODHUX i reTepoTPOodHMX eyKapioTis?
pioT NofinATbCA Ha TpW BENUKI 2, O6rpyHTyInTE, YoMy BYpi BOJOPOCTI Clifl BigHOCUTU [0 Hapuap-
cybpomeHn — EkckaBatu, Amopodei ctBa SAR, a He go HaguapcTBa Apxennactugm. 3. Bukopucrosyto-
i NliabopeTnkn, a KOXHWN i3 HUX — yn [OAATKOBI AXepena, 3HadiTb 03HaKK, 3a AKUMU acrapfapxemn
Ha MeHLi cmcTeMaTU4Hi rpynu. i eykapioTiB 06’efiHyl0Tb B OfHY rpyny.
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Tema 2. biopi3HOMaHITTA

§ 15. HasemMHi pocnnHu

0 [omipKynTe

baraTokniTMHHI MOPCbKi BOAOPOCTI MOXYTb A0CA-
raTy BeJIeTEHCbKMX PO3MIpiB, XO4a BOHW N HE Ma-
I0Tb KOPEHIB. A OT HaBiTb Y HEBENIKMX Ha3eMHUX
POC/IVH KOpeHi €. Y YoMy ceKkpeT BofopocTen?

é 3raganTe

» ABTOTpPODU « Mnactngn

+ TKaHWHN « Opranu

- fliapopetnkn

3arasibHa XapaKTepurCTMKa Ha3eMHUX
POCITVHN

HazemHi pociuHM IOXOOATH BiJ 3eJeHHX
BosopocTeii. BoHu yTBOpIOIOTH rpyny EM6piodi-
TiB (Mmas. 15.1). XapaxkTepHi ocobamBOCTI ITi€l
TPpynu Taki:

+ 0araTOKJIITHHHICTD;

c aamnTalidg O JKUTTA Ha CyxonoJi (xoua
€ i BTOPpMHHOBOIHI (hopmu);

« JKUBJIEHHSI 3apoJlKa POCJIMHOI0 IIomepe-
IHBOTO IMOKOJiHHA (caMe I 0cobJMBicTh i maia
Ha3By TPYIIi);

* HaABHICTH crenu(ivyHOl CTPYKTYPHU, V AKil
YTBOPIOIOTHCA KiHOUI rameTm,— apXeroHiio;

* HaABHICTh TPOAMXiB (MOXKYTH OyTHM Bim-
CYyTHI y HeAKUX IMEeYiHOUHUKIiB).

Y xKurreBomy HUKJI eMOpioditiB € xaBi
haszu — zamemogima (Koam yTBOPIOIOTHCS Ta-
MeTH i BimOyBaeThCs cTaTeBe PO3MHOMKEHHS)
i cnopogima (Kosm yTBOPIOIOTHCA CIIOPHU i Bin-
OyBaeThCsA HeCTaTeBe PO3MHOMKEHHs). [y Toro
100 cuepmii ramerodiTa 3mificHUIN 3aILIigHEH-
Hs, MOTPiOHA HasABHiICTH piAKoi Boau, B AKiit
BOHM pyxawTbcdA. ToMy CIOPOBiI CyAmHHI poc-
JUHU 3aBXKIU POCTYTh Yy AOCTATHBO BOJIOTUX
yMmoBax. | simiie HaciHHI pOCIWMHU 3MOTJIN BU-
pimuTH M0 TpPobJeMy i BTpaTHJIN 3aJesKHICTH
BiZl pigKoi BoamM mim yac PO3MHOMKEHHS.

TonoHaciyy;j

Punioditn }

“a“\"\0¢“‘m

3eneHi BogopocrTi
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Man. 15.1. PonuHHi 3B'A3KM BcepeauHi rpynu embpioditis (3Hakom 0 Nno3HayeHo BMMepAi rpynu)



lNeyiHOYHMKN, AHTOLLIEPOTOBI Ta
CnpaB»XHi Moxu

Paminie meviHOUHMKM, aHTOIEPOTOBiI Ta
cupaB:kHi (1mcTocTe6J0Bi) MOoxXu 00’ e€THYBaJIU
B OOMH Bimmin. Aje ocTaHHi HOCHiIyKeHHSA IO-
BeJIU, ITI0 BCi I[i TPU IPYNOH CJIiJ POITIATATH STK
okpemi Bigminu. Ili rpynu BigpisHAIOTBCA Bixg
iHmux emOpiodiTiB TUM, IO B IXHBOMY JKUT-
TEBOMY IUKJI mepeBakae ramMeTodit (KUTTEBa
cTafmis, Ha AKill yTBOPHOOTHCA rameru). A cIio-
podiT (*KuTTEBa CcTamisi, HA AKili YyTBOPIOIOTHCS
CIIOpM) PO3BUHEHUI Tipiie.

A mpencTaBHUKIB Iiiel rpynu xapakTep-
HOI0O € TaKOXX BiJCYTHiCTH KOpeHiB i momiay
(y yacTMHU TpeACTAaBHUKIB) Tijla POCJIUHU Ha
OpraHu.

CyaviHHI poCcnnHu

o CyZUHHUX POCJAWH HaJEKUTh OiJabIia
yacTuHa emOpiogdiriB. XapaKTepHOI O03HAKOIO
i€l rpynu € HasIBHICTh CIIPABXKHIX TKAHWH i I10-
Oijm Tima pocawMHM Ha opraHu. Y HaAUIIEPIINX
Ha3eMHUX POCJMWH TiJO MOALIAJIOCA TiIBKU Ha
mari" i KopiHb. ¥ KUTTEBOMY IIUKJII CYTUHHUX
POCJUH IIepeBa*ka€ CIopodir.

CyauHHi POCJAWHU CTBOPUJM IIEPIIi Jricu
B icTopii mammoi miraHeru. BoHu 3amorigu ajzam-
TYBaTUCA IO YMOB JKUTTSA HA CYXOJO0JIi 3aBAAKNI
mozisy IXHBOTO Tijsia Ha opraHu (KOpiHb i ma-
ri") Ta mosBi y HUX cIelliaji3oBaHUX MeXaHiu-
HuX i npoBiguux TKanuH. Kopinb 3abesmeuun
MiHepaJibHe KUBJEHHSA POCJIMHU. Uepesd HBOTO
10 OPTaHi3MYy POCJIMHU HAAXOAATH BOAA i HEOP-
raHiuHi peYoBUHU, a HaTriH 3a6e3leunB IPOoIlecH
¢doTocuHTe3dy i muxaHHA. MexaHiuHI TKaHUHUI
ITO3BOJIMJIY POCJAMHAM IPOTUMISATH CHUJIi 36MHO-
IO TAXKIHHA 1 pocTU Bropy, a MpoOBiHI TKAHWHUI
3abe3meunyii 3B A30K MisK ixXHiMu opramamu.

Tema 2. biopisHoMaHITTA 333y Il

MikpodinbHi pocnnnHu. lNMnayHn

Jlimia nnayHiB € HalgaBHIIIOK cepen cy-
IVHHUX pocyimH. Bowa Bimoxkpemwmiacsa Bing iH-
mux rpya axx 420 MaH pokiB Tomy. 3apas mia-
VHU € HeBeJHMKOI0 I'PYyIoI0 — iX HapaxOBYIOTHb
npubausuo 1000 sugis. Cyuacui mirayau — 1ie
baraTopiuHi TpaB’AHUCTI pocauHU. AJe IIig dac
poskBiTy miel rpynu 350 MaIH pPOKiB ToMy Oy.Jiu
momupeHi ¥ gepeBHI (opMu mIayHiB, Taki AK
JemiofeHAPOH 1 curinapisa.

XapaKTepHOI0 O3HAKOIO TPYIU CTAaB OPHUTi-
HAJIBHUY MUJIAX YTBOPEHH JIUCTKIB. JImcTKy 1mia-
VHIB € Mikpo@invhumu. BoHN MicTATH ycepeauHi
JUIIe ONWH CYAUHHUMN TYYOK, TOAI AK JIMCTKU
BCiX IHINIMX CYIWHHUX POCJIVH, K1 € MaKPODiIb-
HUMH, MAlOTh HabaraTo cKJaagHimnry OynoBy. Bin-
TOBiTHO, i PO3MIip JIUCTKIB y IJIAyHIB HEBEJIUKUH,
00 JinIlle posraiy;KeHa CyJAUHHA CUCTEMAa B JIUCT-
Kax Ja€ MOKJIUBICTHL 30LIBIINTH iXHIifI po3Mip.

MakpodinbHi pocnuHu. Manopori,
XBOLi, MCUNOTKN

Maxpoginvha niHiA CIOPOBUX CYAUHHUX
pocauH € Oinbin pisHomaniTHOIO. {0 Hel BXO-
oAtk mamoporti (6inbmre 9000 BuzaiB), xBoIIi
(15 BugaiB) i nmcunotu (92 Bumm). Pos3kBiT miel
rpynu, AK i y mjaayHiB, mpumnas Ha KiHelpb Ia-
JeosorcbKoi epu — 350—250 MaH poKiB TOMY.
BinpmiicTs cygacHMX IpefcTaBHUKIB Iiel rpy-
oy — TpaB’AHUCTI pocamuu. AJe cepej IaIo-
poreit € i mepeBOBUIAHI (hopMU.

JlucTku y mamopoTeill BeJMKi I 4acTo MO-
JKYTh OYTU CHJIBHO podrany:keHumu. Ha Bigmi-
HY BiJ iHIINX POCJNH BOHU POCTYTh BEPXiBKOIO,
a He ocHOBOW. Taxkumii TUIl JTUCTKA HA3UBAIOTH
8ails. Y XBOIIiB JUCTKU PeAYKOBaHiI i MamoTh
BUTJISA JYCOUOK, SIKi po3TaIllloBaHi y By3Jax
naroHa. IlcuioTu JMCTKiB He MalOTh y3arasi.

0 KnioyoBga iges

Yci HazemHi 6araTokniTMHHI 3ene-
Hi POCANHW MaloTb CRNifibHe MOXO-
I>KeHHA Bif 3eneHnX BOJOPOCTEN.
B iXHbOMY XWUTTEBOMY LMUKNi 3a-
BXAW NpUCYTHI ABi cTagii — ra-
meTodita i cnopodita. Ane piBeHb
PO3BUTKY POCIINH Ha KOXHIN i3 L4ux
CTagin y pi3HUX cUCTeMaTUYHUX
rpyn CyTTEBO Pi3HUTbCA.

03a|‘|I/ITaHHH Ta 3aBaHHs

1. Cknagitb cnncok i3 7-10 npefcTaBHUKIB CNOPOBUX emOpio-
oiTiB, AKI POCTYyTb y Balii MiCLEBOCTI, i BKaXiTb, UM € cepen HUX
pOCNVHY, 3aHeceHi Ao YepBoHOI KHUrM YKpaiHu. 2. lig yac npwu-
CTOCYBaHHA O Ha3eMHUX YMOB iCHYBaHHA Yy 3e/leHNX POC/IVH CTa-
nn nepeBakatv Gopmy 3 NPAMOCTOAYMM CTebNOM, Xoua AfA LbOoro
iM goBenoca BuUTpayaTn Garato pecypciB Ha GpOpMyBaHHA MiLHUX
OnopHUX CTPYKTyp. Yomy im «nporpanu» dbopmu, AKi cTenunmnca
Mo MOBEPXHi FPYHTY i He MOTpebyBanu TakMX BENUKMX BUTPAT Ha
CTBOPEHHA MilHOro ctebna? 3. BuKopucToBylouM [OAATKOBI AKe-
pena iHpopMmauii, 3'AcyiiTe, AKi 0COGNMBOCTI XiMIYHOro CKnagy XBo-
WiB pobaATb iX HebGaKaHUMK MACOBULLHMMW Byp’sHaMKU NS KOpiB.
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Tema 2. biopi3HOMaHITTA

§ 16. Pi3HOMaHITHICTb HaCiHHNX POCAUNH

0 [TomipkymnTe

Hanbinbwi y cBiTi HaCiHMHW BaxaTb MoHag 15 Kr.
A HaBilWwo iM 6yTW TakKMMK BEAVKUMMK?

Q 3raganTe

« HaciHHsa o [Inig

o KBiTKa o CyuBiTTa

HaciHHi pocnuHn

Haciuni pocanH € Ha#bigbIION0 3a KidbKic-
TIO BUAIB TI'PYIIOI0 POCJUH. BOHU TOMiIAOTHCA
Ha OBl BeJWKi rpymnu — roJIOHACiHHI Ta IMMOKpPH-
ToHaciuHi. ['osmonaciuui 3’aBuauca B KiHIll ma-
JIE030MCHKOI epH, a IMMOKPUTOHACIHHI — B KiHITI
Me3030MCchKOi. 3a KibKicTio BUAiB HaciHHI poc-
JIUHY € HaWOiJbIIOI TI'PYIIOI0 cepel yciX aBTO-
TpohHUX OpraHisMis.

T'onoBHa BigMiHHiCTE HACiHHUX POCIUH
y TOMY, IO BOHU MOJKYTb PO3MHOKYBATHUCS
0e3 HasgBHOCTI pigkoi Bogu. Ile cTaso MOKJINBO
3aBASKU TOMY, IIIO cIIepMii ITif yac 3amIigHeH-
HA PyXaloThCAd He B 30BHIIMTHHROMY CEPEIOBUIIIi,
a BcepeauHi muJAKoBOI TpyOKwu. Ilicaa samirin-
HEeHHSA HaCiHHI POCJIMHU YTBOPIOIOTH HACiHUHWU,
AK1 MicTATHL 3amac MOKUBHUX PEUOBMH i 3apo-
ook (mam. 16.1).

Man. 16.1. HaciHvHa ceiilenbCcbKoi NanbMu € HanbiNbLOW
y CBiTi. BoHa BaxuTb Ginblwe 15 Kr
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[onoOHaACiHHI

Y rosoHaciHHMX HaciHMHA PO3BUBAETHCA
He3aJIe’KHO Biny Toro, OyJi0 3anmujieHHS YU Hi,
X0Ya 3a BiJICYTHOCTi 3amuJIeHHS 3apoJOK He
pos3BuBaeThCsA. TOMy YacTUHY pecypciB Ha pos-
MHOJKE€HHSA BOHUM BUTpAUaloTh 3amapMma, (op-
MyoOuUM HaciHmHH 0e3 3apoakiB. A Bigkpure
M He OysKe 3axmuIlleHe PO3TAIlyBaHHA 3aB’aA3i
30iIbIITye MOKJINBICTH 1i momKkomKkenua. Ile po-
OUTHh IX PO3MHOKEHHA He TaKUM e(PEeKTHUBHUM,
Ak y nokputoHacinaux. Cepenx rojoHACiHHUX
HeMae TpaB’SHUCTUX pociauH. Binbiia uwactu-
Ha 3 HUX € JepeBaMm abo KyIlmaMu, a AedKi
BUIM — JIlaHAMH.

o ronoHaciHHWX DPOCJWH HaJeKaTb TaKi
Tpynu, AK XBOWHi, MHKIoBi, THETOBi Ta caros-
HUKOBIi (Mas. 16.2). XBoiiHi ZepeBa CKJIagaoOTh
OCHOBHY Macy 0araThboXx JIiCiB, TAKHX AK Taira.
3a kinbpkicTio BuniB (Tpoxu 6isnbite 1000) BoHHN
CYTTEBO TIOCTYIAIOTHCA K TOKPUTOHACIHHUM,
Tak i MoxaMm Ta mamopoTaM. AJjie 3arajbHa UmM-
ceJIbHICTh 0cOOMH I1ieil rpynu (i mioia, HA AKil
BOHU POCTYTh) HAJ3BUUANHO BEJUKA.

[loKpUTOHACIHHI

IToxkpuronacianai (KBiTKOBi) € Hal6iIBIITIO0
3a KiJBbKiCTIO BUIB I'PYIIOI0 pocauH. IX moHas

Man. 16.2. MNpencTaBHUKN FONOHACIHHUX: XBOWHI (a),
riHKroBi (6), rHeToBi (8) 1 CaroBHUKOBI (2)
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250 000 BugiB. BoHu pocTyTh Ha BCiX KOHTH-
HEHTaxX 1 B yciX mpupoaHMX 30HAX. BigbmricTs
i3 HUX € HazeMHUMM POCJIWHAMU, ajle iCHYIOTh
i BTOpuHHOBOAHI (opmu. KBiTKOBI pocauHUI
€ OCHOBOIO CYYaCHOTO CiJIbCHKOT'0 T'OCIIOIapCTBa.

CyTTeBOIO TepeBarold IMOKPUTOHACIHHUX
€ moABa Yy HUX ITOABIAHOTO 3allIifHEHHA, KBiT-
Ku i mrony.

KBiTKa 3a6e3meuye GiabIi MOMKJINBOCTI s
3aITifHEHHA (HAaOPUKJIA[, IIPUBEPTAIOYN yBary
KoMax, AKi 3miliCHIOIOTH 3amujeHHdA). A ILIix
3axXMWIa€ HACIHWHUW BiJ BSO0BHIINIHIX BIJINBIiB
i MosKe 3a0esmeunTy HAbAraTo Kpaire iX IOoIIu-
penns. Cepen KBITKOBUX POCJUH € Bei Bimomi
JKUTTEBI (hopMu — nepeBa, KyIli, TpaB’THUCTI
pocauHMu, JIiaHU.

IIle omHiero mepeBaro KBITKOBUX POCJIUH
BUABWJIACA IX TiCHAa B3aEMOIiA 3 KOMaxaMWU.
YTBOpeHHA MyTyaicTUUYHUX 3B’ A3KiB, KOJIU KO-
MaxX¥ IepPeHOoCATh IMUJIOK MijK KBiTKaMu, a poc-
JUHU 3a0e3MeuyrTh iX HEKTapoM, [JO3BOJIWJIO
piBdKo migBUIMUTH e(eKTWBHICTH 3aljigHEH-
HA. TakosX BUrigHMM HaZOAHHAM BUSIBUJIOCH
yTBOpeHHA miaony. HasBHicT, yacTuH IJaony,
SAKi MOTJIM CIIOKWBATH TBAapPUHU, CTAJIO IPUYUM-
HOIO 6ifbIll e)eKTUBHOTO TOINMMPEHHA HACiHHS
i compussga OCBOEHHIO KBITKOBMMM POCIMHAMU
HOBUX MiCIb iCHYBaHHS.

Tpaguilifino KBITKOBi POCIMHU 3aJIeKHO
Big kKimpkocri ciM’amoap y Hacimmui mopmias-
JW HaA OBi Trpynu — OMTHOMOJBHI Ta IBOIOJb-
Hi (Manx. 16.3, 16.4). IlpeacraBHUKaMu 00HO-
00JIlbHUX € TaKi POCIWHU, SK IMIIEHUId, JKUTO,
KYKypyZI3a, KOHBaJii, Jijgii, YaCHUK, MAJIbMU.
J[60001bHUMU € TOPOX, COHAIIHUK, TPOAHAA,
A0NyHA, OypAK, Ay0, KJeH, JHuIia.

HocaigyKkeHHsA OCTaHHIX POKiB migTBEpaMIN
Te, III0 OSHOAOJBbHI € MOHOMIJIETUYHOIO I'PYIOI0.
A oT ABOZOJNIbHI BUSBUJINCS TPYIIOl0 mapadise-
TUYHOIO 1 MiCTHIN KiJIbKA HEeCIOpiiHeHnX TaKCco-
HiB. Tomy B cyuacHiil cucTeMaruui ix MOALIAIOTE Man. 16.4. MNpefcTaBHVKN [BOAONBHUX POCAVH

Ha KiJgbKa T'PYII.
038I‘IMTaHHﬂ Ta 3aBLAHHA

Kniouosa iges 1. CKJ.'Iap,in CMNCKM CiJ‘IbeKOF?CI‘IO}J,apCbKVIX o,qu:

4} [ONbHUX i ABOAONBHUX POCIIVH, AKI BUPOLLYIOTb Y BalUil
HaciHHi pocnuHy € BeplnHOK eBooLii Hasem- micLeBOCTi. 2. BMKopnCTOBYIOUM [OAATKOBI Axepena
HUX POCAWH. IXHA ronoBHa nepesara nonArae iHbopMmaLii, cKnagiTb CNMCOK CNocobiB 3anuieHHs, AKi
Yy He3anexHocTi npouecy 3annigHeHHA Big Ha- BMKOPUCTOBYIOTb KBiTKOBI pocnnHu. 3. Cdopmyniolite
ABHOCTI pigKkol Boan i GOpPMyBaHHSA HaCiHWH i3 Ta OOrpYHTYNTe rinoTesy, AKa MOSCHIOE, HAaBIO POC-
3aMnacom MOXKMUBHMX PEYOBUH, WO 3abesneuye JIVHW CeNleNbCbKOl ManbMy YTBOPIOWTb TaKi BenuKi
PO3BUTOK HACTYMHOTO MOKOJIiHHA. HacCiHUHW.
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Tema 2. biopi3HOMaHITTA

§ 17. pnbn Ta rpnbonofibHi opraHiamn

\

rx"

o
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[omipKynTe

[pnbn matoTb pisHe NoxomXeH-
HA, ane flyxe Cxoxy 6ynoBy
CBOro Tina — Miuenito, AKun
CKNTAafA€TbCA 3 BENUKOI Kiflb-
KOCTi TOHKUX HUTOK. Yomy?

3raganTe

 Eykapiotn « [eTepoTpodu
* Mpnbn o Miuenin

» Cnopu

Man. 17.1 Miueniii rpuba

‘“l‘ E

Man. 17.2. Cymuyacti rpubu

3aranbHa xapakTepucTtuka rpnbis
Ta rpnbonoaibHMNx opraHiamis

Sk i pocamHM, cmpaB:KHI rpubM HAyKOBa CIiJIBHOTA AOBTO
00’emHyBaJIa B offHe ItapcTBo. HOBiTHI MeToau MOCITiIKeHHSA J03BO-
JIUJIA BCTAHOBUTH, IO CXOXKICTH IIMX OPraHi3sMiB IOB’A3aHa 3 IIPU-
CTOCYBaHHAM JI0 CXOKOTO CIIOCOOY KUTTS, ajie BOHM MAalOTh pisHe
noxomieHHsa. Tomy 3apas pisHi rpymnu crpaB:KHiX rpubiB i rpubomo-
Ii0HMX OpraHisMiB 3apaxOBYIOThH [0 Pi3HUX CyOIOMEHiB eyKapioTis.

XapaKTepHUMU OCOOJMBOCTAMU BCiX rpubiB € Te, IO BOHU
OTPUMYIOTH TMOTPiOHI iM pEeYOBMHU 3 HABKOJUIIHBOTO CEPeJ-
OBUINA, IIOTJIMHAIOUM iX yCielo moBepxHel cBoro Tija. Takomy
cnoco0y KUBJIEHHS CIPUSE Te, IO iXHE Tijo Mae Gopmy Mmine-
airo (man. 17.1). Miyeniii — 1€ CTPYKTypa, KA CKJIaJaeThCsA
3 BeJIMKOI KiJIbKOCTiI TOHEHBbKMX HUTOK — 2i¢). BiH moixe OyTu
OIHi€I0 BeJETEHCHKOI 0OaraToAmepHOI0 KJIITHUHOIO abo cKJama-
THCA 3 OKPEMHUX KJIiTHH.

Ane KpiM Boau i MiHepaJbHUX PEUYOBMH ITMM OpTraHismMam
IOBOOUTHCA IIOTJIMHATH i3 30BHIITHBOT'O CepemoBHUIINA Ie I Op-
raniuHi pedyoBumHU, 60 BCi BOHU € reTeporpodamu i He 3maTHi
CaMOCTIfHO CUHTE3yBaTU OPraHiUHI PeUOBMHU 3 HEOPTAHIUHUX.

CupaB)kHs 0araToKJITHHHICTD IpUTaAMaHHA TiJIbKU HEBEJIU-
Kiif KimbKocCTi rpubiB, ajge TPAIIATLECA i rpubu 3 KIACHUYHUMU
HEBEJIUKUMHM OKPEMUMHU KJiTWHaMU (KJACUYHI OJAHOKJIITHUHHI
opraHismm), HAIPUKJIAL APiMKIKI.

CnpaBXHi rpnbu

CopaB:kHi rpubu cydacHi BUeHi BUIIJIAITL B OKpeMe Iap-
cTBO B cyOmoMeHI Amopdei. 3a KiJbKicTi0 BUAIB CIIpaBXHI rpu-
0U IMOCTYMaloThCA TIJIBKY TBAapWHAM i IepeBepIyIoTh yci iHmri
Tpynu eykKapioris.

IIIupoko BigzoMumu rpymamMu rpubiB € 0asumiajabHiI Ta cyM-
yacti rpubu. IIpeacTaBHMKaAMHU CyMUYacTHX € MNeHIiIWJ, XJib-
Hi apiskmxki, Tproodeab (Maa. 17.2). A mo 6asugiaJbHUX TI'pPU-
0iB HaJe)KaTh IMAINHKOBL rpubu (OINEeHBOK, II€UEPUIA TOIIO0)
Ta HiJaui pan 30yTHMKIB 3aXBOPIOBAaHb POCIAHH (HaOpPUKJIA,

Man. 17.3. basngianbHi rpubm
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Man. 17.4. MNam'ATHKK »KepTBam rono-
ay B lpnaHgii, Wo BMHKK AK pe3ynbTar
eniditoTii dpitoPpTopo3y

ca'KKoBi rpubu) (mas. 17.3). BigpisuaoTbesa i
rpynu rpubiB ocOOJMBOCTSAMU CBOTO CTaTEBOTO
PO3MHOMKEHHA. Y cyMuacTux rpubiB craTesi
CIIOPM YTBOPIOIOTHCA B TaK 3BaHill cyMmIi, a y
6asumialbHUX — Ha CIeliaJbHOMY YTBOpPi —
6asupmii. Taki ocobamBocTi OymOBH Hajaum UM
rpymaMm rpubiB ixHi cyuacHi Has3BH.

CrupaB:kHi rpubu BigirpaioTh BEJIHUKY POJIb
y IPUPOJZHUX eKocucreMmax. JactuHa ix € ma-
pasuTamMmu iHIIUX KUBUX OpraHiamiB (y Tomy
yueai # immwux rpubiB). Asie 3HaUHa YAaCTHUHA
HaJIeXKUTHh OO0 campoTpod)iB — opra”ismis, AKi
mepepobIA0Th MepPTBY opraHiky. Came BOHU
PYHHYIOTH pPENITKM MEPTBUX OPTraHi3sMiB [0
IPOCTUX HEOPTAaHIUHWX PEUYOBUH i MOBEPTAIOTH
xiMiuHi eTleMeHTHU [0 reoXiMiuHOrO KpPyroobiry.

JIrony MIMPOKO BUKOPUCTOBYIOTH CIPAaBKHI
rpubu B :Ky. AJsie 0cOOJMBO BeJIMKe 3HAYEH-
HSI BOHM MAaOTh OJIA 0i0TeXHOJIOTiYHMX BUPOO-
HUNTB. IIpuroryBaHHsa XJi0a, BUPOOHUIITBO
PAoY KUCJIOMOJOUYHUX MPOAYKTIB i cupiB, CTBO-
PeHHS MeBHUX COPTiB BUH — B YCiX IIUX IIpoIlle-
cax samisHi rpubu. I, 3po3ymino, BUPOOGHUIITBO
aHTubioTHKiB. 3a momomoroio rpubiB ixX BigKpu-
JU 1 3 HOIIOMOTI0OI0 IrpubiB A0oCi BUPOOJISIOTE.

HecnpaBHi rpubu

Hecnpas:xui rpubum € mnpeacTraBHUKaAMU
niagoperukiB. IIpegkaMu HecpaB:KHiX IpubiB
OyJIM BOJOPOCTi, AKi BTpATUJIN 3MaTHICTH CUHTE-

Man. 17.5. lNnoposi Tina,
O YTBOPIOIOTHCA 3 MNIA3MOAi0

0 Kniouosa igen
lpnbun Ta rpmbononibHi opraHiaMm — Le eKo-

noriyHa rpyna retepoTpopHUX OpraHiamiB, AKi
NOrNMHATb MOXKMBHI PEYOBUHW BCIEI0 MOBEPX-
Heto Tina. flo cknagy UWi€i rpynn BXOAATb Pi3Hi
OpraHiaMu 3 ycix cy64oOMeHIB eyKapioTiB.

Man. 17.6. lNceBgonna3smogin y npo-
Leci yTBOPEHHA MIOA0BUX Tin

syBatu xJyopodin. Came ToMy KJIITHMHHI CTiHKHI
MIPeJICTaBHUKIB Iliel Ipynu MiCTATH IIEJI0JI03Y.

Cepen mmx opraHismiB GaraTo mapasuTiB
AK BOAHUX, TaK i HaseMHUX opradismiB. IHrmi
BUAM € campoTpodamu (IlepeBakHO y BOJHUX
eKOCHCTEMAX).

s JgofuHM HeCIpaB:KHI rpubm — 1Ie,
B IepIIy uepry, 30uTKu i Tparexii. Emidgiroria
KapToiai, 30ygZHHUKOM sKoi Oyima ¢itodropa,
KomryBana B cepenmui XIX croiTTs 6aratbox
moMepJuxX Bim roaomy (0COOJMBO mOCTpaKgajia
Ipnaugia) (man. 17.4).

Cnun3oBunKmn

T'pubomoni6bHi opraHisMm Ha3WBAIOTHL TaK
yepe3 MOOAiOHiCTH iX cIOCOGIB PO3SMHOKEHHSA
0 cImoco0iB po3mMHOKeHHA rpubiB. CrpaB:kHI
CAW30BUKU, SK 1 rpubu, € mpeacTaBHUKAMU
amop(eiB, aje HaJeXaTh O IiHIIIOTO ITapCcTBa,
Hi’K cmpaB:KHi rpubu. IHI rpynu cam3oBUKiB
HaJeXxaTb [0 €KCKaBaTiB (HeCHpaB)XHi cJau-
30BUKHU, abo akpasii) Ta miadopetukiB (mapa-
BUTUYHI CIM30BUKHU, ab0 IMmIasmMomia)opugm).

IlpencraBHUKM pPiBHMX TPyH CJIAM30BUKIB
3IaTHI yTBOpIOBATH ILIasdMofii (riraHTchKi py-
xoMmi OararospepHi Kiaitmam) (Man. 17.5) abo
TceBIOmIasMomii (CKynueHHsS OKpeMHX KJIITHH,
AKI MOXKYTH pyxarucsa ysromskeso) (mana. 17.6).
B exkocucremax CcJIM30BUKHU BiZirpamoTh POJIb
MiKPOKOHCYMEHTiB, TOOTO JpiOHMX XUIKaKiB.

3anuUTaHHA Ta 3aBAaHHSA

1. AK MOXHa Bigpi3HWUTV NNa3MoAi Big ncesgonnas-
mogito? 2. Aki ocobnmeocTi 6ygoBu Tina rpmbis cnpusa-
I0Tb TOMY, WO M BaXKO MPUCTOCOBYBATUCA [O NOCYLU-
NMBUX YMOB iCHyBaHHA? 3. YoMy CIN30BUKIB i CNpaBXHi
rpuby He MoXHa 06’€eHYBaTV B OofHE LApCTBO?
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§ 18. TBapuHM

0 [NomipkynTe

BueHi BBaxkatoTb, WO MOpcbKa
3ipKa € 6inbw 6AU3bKUM pO-
ANYeM NIOANHK, HiXK MeTenuK.
Yomy?

Q 3raganTe

« Cnctematnka « CybpomeH
» Amopdoei « TeTepoTpodu
o EM6pioreHes

PapianbHa

HenpaBunbHa

Man. 18.1. Pi3Hi BapiaHTh
dopmu Tina TBapuH

38

CncrtematnyHe NoNoOXKeHHS TBapWH

CupaB:KHi TBapuHHM € mpeAcTaBHUKamu amopdein. Ilap-
ctBo CrpaB)KHiI TBapuHM 00’€IHye 0OaraTOKJITMHHUX TBapUH,
IXHiIX OJHOKJJITMHHMX IpPeAKiB Ta HaWOJAM:Kumx poamuis. Ba-
TaTOKJIITMHHI TBapWMHUW, AKWX 3a3BUUYail i HA3WBAIOTH ITPOCTO
TBapMHAMHU, YTBOPIOIOTH V IIHOMY IIAPCTBi OKpeMe IIiAIapCTBO.
3a KiJIbKicTIO BUAIB CIIpaB:KHi TBAapMHU € HaOiJbIIOIO I'PYIIOI0
JKUBUX OPTaHi3MiB.

3aranbHa XxapaKkTepucTmKa L[apCcTBa
CnpaB»XHi TBapuHU

AK i rpubu, TBapUHU € reTepPOTPOPHUMU OpraHismMamu. Xa-
PaKTEPHOIO PUCOI0 0AraTOKJIITMHHUX TBapWH € Te, IO HMOTPiOHI
iM peYoBWHN BOHU OTPUMYIOTH 3 iKel0, AKY IIOTIiM IlepeTpas-
JIIOIOTh.

dopma Tinma TBapuH € pisHor. HacTimie 3a Bce BOHA € 0ija-
mepaavHo, TOOTO TiJIO Mae OAHY Bichk cuMeTpii. ¥ HbOMY MOXKHA
pos3pisHMUTH IIpaBuii i JgiBuii OOKM Ta mepenHin i sammiit xKimmi
rTina. Barato TBapuH MaiOTh padiaivHy cumempil Tijga, KOJIU
yepes HHOT'O MOKHA TPOBECTH KijgbKa ocell cumMmeTpii. dPopma
Tija MosKe OyTH i HEIPaBUJILHOIO, KOJIM Yepe3 HbOI'0 He MOKHA
IPOBECTH »KOLHOI oci cumerpii (mam. 18.1).

peGponnash TS
nnacTquac_'ﬂW .
Komipuesi | Fy6ku E

BTy TUKOHOCL

Man. 18.2. lMiguapctBo baraTOKNITUHHI TBAapUHU



3HauyeHHA TBAPWUH ANSA NIOANHN

Jlsxepesio xapuyBaHHA
CinbcbKorocmogapehKi
¥ nuKi TBAapUHU

CUPOBUHU

3aBHaHHA HIKOAU MPOAYK-
TaM XapuyyBaHHs, CIIOPY-
JaM Ta MaTepianzam

Minp, manrias, Xpymiag
OOPOIIHAHUIM, TEPMiTI
TOIILO TOIII0)

PisHOMaHITHICTb TBapuUH

TBapuHU € HAWOIMBINIOI 3a YKUCEIbHICTIO
BUIIB I'PYIOI0 KUBUX opraHismis. Ila rpyma e
MOHO(DITeTUYHOIO, ajie MOPAAOK PO3XOIKEHHS
OKpeMHUX TAKCOHIB Ta iXHi poAMHHI 3B’sI3KU BCe
IIe aKTUBHO BuUBUaloThcA. He migymarae cymHiBY
MOXOMKeHHA 0araTOKJIITUHHUX TBapUH Bif KO-
MipIeBuX MKTI'YTUKOHOCIIIB, a B3BAa€MOBiJHOCUHM
pPiBHUX TI'pPyHn ycepeAuWHiI TaKCOHY IIOKa3aHO Ha
mai. 18.2.

TpuBanuii yac y4eHi mMOijaAaM TBaAapUH Ha
0e3xpebeTHUX i XxpebeTHux. [0 xpebemnux Bia-
HOCHUJIM CCaBIliB, mTaxiB, pemnTuiiit, amdibii
i pub, axi manu xpebeT. Yci inmi TBapuHU BBa-
skanuca 6ezxpebemuumu. Ta Giabin moKJIALHI
IOCJiMIKeHHsI BUABUJIMN, 10 XpeOeTHI TBapuHU
MaTh 0JM3bKUX POAUUYIB, ¥ AKUX XpedeT Bim-
CYTHIiN (JTaHIIeTHUKU, acIUumii, caJbIIX TOIIO),
TOMYy iX 00’€emHaJ M B OAHY TPYIy i BUALIWIN
B OKpeMui tum XopHosi, xoua xpebeTHi 3a-
JUIMWJINCA Yy HbOMY B paHsi miatumy. A 06es-
xpebeTHI BUABUINCA y:Ke PISHOMAaHITHOIO I'PY-
11010, OKpeMi migposaisu axoi Oyiu crmopimHemi
Mixk coboio0 MeHIe, Hixk i3 xopmoBumu. Tomy
cyJyacHa cucTeMaTHuKa He po3ridnae 6e3xpeber-
HUX AK OKPEMY CHUCTEeMaTUUHy TPYITy.

Cepen TBapuH BUIIIAIOTH KiTbKa HaNOiABII
OPUMITUBHUX TPYII, TiJIO IPeACTaBHUKIB AKUX

0 Knioyosa iges

TBapvHU — Ue Hanbinbwa 3a YUCeNbHICTIO
rpyna XuBux opraHiamis. BoHu € darotpoda-
MU, TOBTO XMBAATHCA LWAAXOM MOMIMHAHHA iXi
BCEpeAnHy opraHiamy. TBapuHu Bifirpatotb Haa-
3BUYANHO BaXJIMBY PONb Yy MPUPOAI N XUTTi
NOAVIHW.

J:xepesio IpoMuUCIOBOT

3aBaaHHSA IKOTU KYJBTYPHHM POC-
JWHAM i CBiiCBKUM TBapHHAM

30y IHUKU 3aXBOPIOBAHb POCTIUH
(momenIili, KOPOiou TOIMO) i TBAPUH
(TIocki Ta Kpyrii uepBu, KJirmri

Tema 2. biopisHomaHiTTA 33 S

- TpaHcmopTHi 3aco0u
Ta 3aC00U 3B’ABKY

OrpumanH4 mepcri, mkipu, Tkasu- | Kowni, miBuiuni oseni, sep6roau, BoIu,
HU (IITOBKOIIPSAR), BOCKY (012K 0JII)

i cupoBUHU A1 BUPOOHUIITBA Gara-
THOX BUIiB KOCMETUKU (KUTH)

cobaKu, BiC/IIOKH, royou
« JomamrHi yaro6aeHIri
Koru, cobaku

3aBHaHHA NIKOIH 3{0POB’I0 JTHOIUHU
OrpyiiHi TBApUHY, BUPOOHUKY aJIepPreHiB
(mmnoBi KJimti, cBificbKi TBApUHU TOIII0),
30yIHUKU 3aXBOPIOBaHb (TJIMCTH, BOIITL
TOII[0), IEPEHOCHUKHU 3aXBOPIOBaHb
(kuimri, Komapi TOII0), XUKi TBAPUHU

CKJIAJAEThCA 3 ABOX IMapiB KiitTwH. Bararto ix-
HiX IpeICcTaBHUKIB MalOTh pagiaabHy CUMETPii0
Tijla, X0Ua TPAILIAIOThCA ¥ IpencTaBHUKU 3 Ti-
JoM HenpaBuibHOI hopmu. Ile ryorm, miaacTuH-
yacTi, peOpomiaBu i JKaIKi.

Iami TBapmHM mpencTaBieHi opraxHismMamm
3 TpbOMAa IIapaMHu KJIITHH i, IlepeBaskHO, Oija-
TepaJbHOIO cuMeTpieio Tina. Tomy ix yacto Ha-
3UBAIOThL 0800iUHOCUMEMPULHUMU TBAPUHAMMU.
Xoua medAKi ixHiI rpynu i meMOHCTPYIOTH pai-
aJbHY cUMeTpiio (MOpPCHKi 3ipKu, MOPCHKIi Jrimii
TOII0), ajie Taka OyJoBa € HOBUM HAJOAHHSM,
i moXomsATHL BOHU Bif ABOOIYHOCMMETPUUHUX
mpeaKiB. 3ajeKHO Big TOro, IO caMe YTBOPIO-
€ThCs i uac eMOpioreHe3y Ha MicIli 6J1aCcTOIIOPY
(oTBOPY Ha IIOBEPXHi racTpyJju), iX IOTIJIAIOTH
Ha TIEPBUHHOPOTHUX (AKII[O YTBOPIOETHCA POTOBUH
OTBip) Ta BTOPHUHHOPOTUX (AKIIO YTBOPIOETHCS
aHaAJBbHUMN OTBID).

o nepsunHopomux HaJeXKaTh KPYIJIi i Kijab-
YacTi YepBU, MOJIIOCKU, UJEHMUCTOHOTi, THUXO-
XOOU, MOXYBaTKHU, IJeUuoHOori (Opaxiomomm) Ta
igmIi rpynu. IlpegcTaBHUKaAMU 6MOPUHHOPOMUX
€ XOpPIOBi, TOJIKOIIKipi, HamiBXOpmOBi Ta IIe-
TUHKOIITEeJIEHi.

03aI'II/ITaHHﬂ Ta 3aBLAHHA

1. Y AKnxX ranysax nNpOMMCNOBOCTI t0AMHA BUKO-
PUCTOBYE TBapWH, MPOAYKTH, WO BOHM BUPOONAIOTL Ta
AKi 3 HMX oTpuMmytoTb? HasepiTb npuknagu. 2. lNpota-
roM TPUBANIOro vacy pebponnasis BigHOCKMAWM JO TUMy
KNLLKOBOMOPOXKHWHHI, ane noTiMm BUAINUAN B OKpPeMUin
™MN. HaBediTb apryMeHT Ha KOPWCTb TaKoro PilleHHS.
3. Aki ocobnuMBoCTi AO3BONMAM TBapWHaM CTaTU Hali-
6inbLUOIO 3a KiNbKICTIO BUAIB rPYMo0 XMBUX OpraHi3mis?

39



Tema 2. biopi3HOMaHITTA

§ 19. AHaMHil Ta aMHIiOoTMK

0 [omipkynTe

Y ccaBUiB 3apoAoK PO3BMBAETbLCA B OpPraHi3mi
MaTepi 1 He NoTpebye Takoro 3axucTy, AK 3a-
poakmn penTunii, AKi Po3BMBaOTbCA Y Anuax. Ane
3apofKoBi 060MIOHKM B HbOFO BCe OfHO fJobpe
po3BuMHeHi. Yomy?

Q 3raganTe

o TBapuH® » BropuHHOpOTI

e OHTOreHes » Xopgaa * Xpebet

XopAaosi Ta IX pi3HOMAHITTA

XopaoBi € ofgHi€0 3 HANYCHIMIHIIIUX TPy
TBapHUH. i IpeJCTABHMKHU OIIAHYBAaJI! BCi cepe-
IOBUINA icCHyBaHHsA (BOIHe, HazeMHe, Hi3eMHe,
noBiTpsane). Ila rpyma TBapuH € MOHOQiIeTHU-
HOI0, IO OyJIO IiATBEpAKEHO 3a MJOIOMOTOIO0
MOJIEKYJIAPHO-Oiosoriunmux mociaimxkennb. Haii-
OMMKUYUMY POAMUAMU XPEOETHUX € TOJKOIIKi-
pi (MopchKi 3ipKM, MOPCBHKi i’Kaku, roJsorypii,
othiypu ToII0).

Bci mpencTaBHUKE XOPIOBUX MAIOThL II€BHI
pucu OyooBU, AKi € XapakTepHUMHU AJA Bciel
rpynu (mana. 19.1).

AHanbHuit Xoppaa 3a6posi Pot
oTBip WiNVHN
Man. 19.1. XapakTtepHi pucn 6ynosu
npeacTaBHUKIB XOPAOBUX

XapaKTepHUMHU pUCaMU XOPAOBUX, IKi IPO-
ABJSIOTHCA X0U Ha AKi¥fch 3i cTamiii oHTOreHe-
3y, €:

+ HaABHICTH XOpAU;

+ Tpybuacta HepBOBa cuCTeMa;

+ posTalyBaHHS HEPBOBOI TPyOKHM 06esIo-
cepegHBO HAJ XOPAOI0;

* BTOPUHHA IIOPOKHWHA TiJia;

+ TpaBHA cHUCTEMa 3 POTOM i aHaJbHUM
OTBOPOM;

* HaABHICTH 3A0POBUX IIiJINH;

+ CerMeHTOBaHA MYCKYJIATypa;

* HasBHICTH XBOCTa 3 M’ s3aMU.

Twun Xopposi nmoxingeTbcsa HA TPU TiATUIIN:
Xpeberui (pubu, nraxm TOINO), I'0JI0BOXOPHOBIi
(maumerauku) ta IlokpuBHuKu (acruaii, caib-
nu ToIro). Haibisbin po3BUHEHOIO I TOIIHUpe-
HOIO TPYIIOIO cepel HUX € XxpebeTHi, y AKUX Ha
MicIii XOpau PO3BUBAETHCA XpebeT, IO MOKe
CKJIaZaTHCA 3 XPAI0BOi ab0 KiCcTKOBOI TKaHU-
HU. 3ajJIe’KHO Big ocobsmBocTeli eMOpPioHAJJIBHO-
T0 PO3BUTKY XpebeTHUX MHOAiIAITh Ha T'PyIHU
aHaMHIA Ta aMHIOT.

AHaMHIT

Anamvuil — 1e XOpAo0Bi TBapuHU, y SKHUX
y mpoiieci eMOPioHAJIBPHOTO PO3BUTKY HE YTBO-
PIOIOTHCST 3aPOJKOBI 000JI0HKY (aMHiOH, XOpioH
Ta ajaHToic). [lo aHamMHill HajexaTh yci mep-
BUHHOBOJHI TPYIIW XOPJOBUX: Oe3IeJIeHUX,
pub i amdi6inn (man. 19.2).

Binsima uvactuHa aHaMHiNl mOCTifiHO KuUBe
y Bogxi. Jluimie meBHiI mpeACcTaBHUKU 3€MHOBOJ-
HUX (HATIPUKJIAL, POMyxXu) OiJbIIy YacTHUHY
JKUTTSA MIPOBOAATH HA CYyX00Ji. Ajle PO3MHOMKY-
IOTHCA BOHUM BC€ OJHO y BOJHOMY CEPEJOBUIIII.

MiHora

Man. 19.2. lMpeacTaBHMKN aHaMHIN
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Yepenaxa

Kauka

lenaga

Man. 19.3. lNpeacTtaBHUKM amHioT

SamrigHeHHA y OiJbIIOCTi aHaMHill 30BHIIII-
He. Po3BuTOK 3apoaka BigOyBaeTbca B SAHIIi,
sKe BKPHUTEe CJIM30BOI0 000JI0HKOI0. Boma Hagxo-
IUTH IO 3apojaKa uepes IIOBEPXHIO AuIA. Tomy
PO3MHOKEHHA MOKJIUBE TiJIbKU Y BOTHOMY Ce-
pemoBuUIIi.

Y neaxux IpencTaBHUKIB aHaMHINl CIIOCO-
01 PO3MHOYKEHHS OyJH CYyTTEBO BIOCKOHAJIEHI.
Tak, eBOJIOLMIMHUNA yCHiX XPAIIOBUX PO 6aratTo
B YOMY IIOB’sA3aHUU came 3 nmuM. [{a rpyma mep-
1010 cepej XpebeTHUX IepewIna A0 BHYTPIII-
HBOI'O 3amjIigHeHHs. WA, AKi BigKJIagamoTh
XpANIoBi pubM, BeJInKi, MarOTh 3HAYHUI 3alac
JKOBTKA i MOCTAaTHBHO IIiJIbHY O0OJIOHKY. ¥ dYac-
TUHU BUIIB CIIOCTEPIra€ThCa AUIEKUBOPOTIHHA,
KOJIX 3apOJOK PO3BUBAETHCS TiJIbKU 3a pPaxy-
HOK PEYOBUH SUISA, ajle caMe SAHIle MiCTUTh-
cs B opraHiami matepi. A OJs OKpeMHX BHUIIiB
(aKya-MOJIOT, eJIeKTPUUHUI cKaT) 3adikcoBaHO
CIpaB)KHE KUBOPOMiHHS, KOJHU HOTPiOHI peuo-
BUHU HAaAXOJATH IO 3apOAKa IIPSIMO 3 OpraHiamy
marepi.

AMHIOTHN

AMHIOTH — 1Ie XOpJOBi TBapUHU, y AKUX
y Ipoiieci eMOpPioHAJIBLHOTO PO3BUTKY YTBOPIO-
IOThCA 3apOAKOBI 000JOHKM (aMHiOH, XOpioH
Ta aJaHToic). AMHIiOTH € mepBUHHOHA3EeMHUMU
oprauismamu. I{a rpymna BUHUKJIA B yMOBax Cy-

0 Kniouosa iges 0
3anexHo Bifg ocobnuBocTen embpio-

HaNbHOro PO3BUTKY XOPAOBMX TBapuWH
po3ainAlTb Ha ABi Benuki rpynn —
AHamHil i AMHioTK. B amHioT y npoueci
embpioreHesy yTBOPIOIOTbCA cneliabHi
3apofKoBi 060NOHKM, AKi 3abe3neuytoTb
KUTTERIANBHICTL 3apoAKa. A B aHaMHIN
TakKnx 060/IOHOK HeMae.

IO KUTTA y BOJi, € BTOPMHHOBOAHUMHU Opra-
mismamu. Ila rpyma BKJIIOUae penTuiiii, mra-
xiB i ccaBmiB (maxa. 19.3).

Bci amHioTH MaroTh BHYTpPIIlTHE 3allIigHEH-
Hs. 3apOJIOK PO3BUBAETHCA B ANIli, YACTUHOIO
AKOTO € 3aXMCHi 3apoAaKoBi obosomku. Y uyac-
TUHU aMHioT (HampukKJan, y CCaBIiB) sAiIle
po3BUBaEThHCA B opraHisami marepi. IIpm mpomy
JKUBJIEHHS 3apoJKa BimOyBaeTbCcs 3a HOIIOMO-
T'OI0 3aPOJIKOBUX OOOJIOHOK, a IOKWBHI PEUOBU-
HY HAIXOOATH 3 OpraHisamy Mmarepi (cupaB:KHE
JKMBOHAPOAKEHHT).

Y Tux amHioT, ANIA AKUX PO3BUBAIOTHCS
Y 30BHIIITHBOMY CE€PEeIOBUIIi, 30BHIIITHI IOKPUBU
A€Nb MIUJIbHI ¥ He MPOIyCKAalTh BoAy. Bcei mo-
TpiOHI 3apOAKY PEeYOBHHU PO3MIillleHi BcepeauHi
AN, i 330BHI KpPish IMOPU HAAXOAUTH TIIBKU
KuceHb. Taxa OyzmoBa poOUTh MOKJIUBUM PO3BU-
TOK 3apOAKiB y HAa3eMHOMY CEPEeIOBUIIIi.

Po3BuTOK s€1b y 30BHIITHBOMY CEepPeIOBUIITL
MOJKe BimOyBaTucs 6e3 yuacti 6aTbKis. IIpukia-
JIOM IIOTO MOKe OyTU PO3BMHOKEHHSA MOPCHKUX
yepenax, AKi IPOCTO 3apUBAIOTh AUIA B TEILIUIA
micok Ha Oepesi. BaTbKM MOMKYTH 3axHUIIaTU
AUISA i MeBHUM YMHOM PeryJiloBaTH TeMIiepa-
TYypy IXHBOTO PO3BUTKY, PETyJIIOIOYN TOBIIUHY
mapy r'pyHTY, AKuUl ix BKpuBae. Tax pobaATH
Kpokoauau. I HapeIrTi, BOHU MOXKYTb BUCHUIKY-
BaTH SAUIA, 3irpiBaroduu ixX TeIJIoOM CBOTO TiJja.
Tarka moBeiHKa IpuUTaMaHHA IITaxaM.

3anuTaHHA Ta 3aBAaHHSA

1. Y NOAMHN HEeMA€E XBOCTa, XOUa HasABHICTb XBOCTA 3 M'A3amMu
€ XapaKTepHOW O3Hakol Tuny XopAosi. Yomy Mm Taku MOXKeMo
BM3HAUaTU NIOAUHY AK NpeAcTaBHUKa Uboro tuny? 2. TypboTa npo
HaWaAKiB NpUTaMaHHa He TiNbKM aMHioTaMm, ane N AeAKuM npeacras-
HMKaM aHaMHil. 3HalgiTb 3a JOMOMOrol0 JOAATKOBUX OXKepen Taki
npuknagn i HaeediTb iX. 3. BUKopucToByloun [OJaTKOBI AXepena
iHbopmaLii, 3HanaiTb NpeACTaBHUKIB aHaMHIN (Kpim TUX, AKI BKa3aHi
B naparpadi), AnA AKNX € BNACTUBUM BHYTPIWHE 3annigHEHHS.
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Tema 2. biopi3HOMaHITTA

§ 20. EkocnctemHe 6iopisHOMaHiTTA

PisHomaHiTTa ekocuctem

BiopisHoMaHIiTTA mpuTaMaHHe BCiM piBHAM
opramisarii sxmBoro. Kpim BmmoBoro piszaoma-

0 [NomipkynTe

Yum NpucToCcyBaHHA NIOAVHW [0 Pi3HUX YMOB
cepenoByLia BiAPI3HAETbCA Bif MPUCTOCYBaHHA

iHWWX TBapuH?

é 3raganTe

» Ekocncrema
» biopisHOMmaHITTA

HITTA, Ay’Ke BaKJIUBUM € €KOCHCTEMHe pis-

HOMaHiITTA. POopMyBaHHA IILOTO PiBHOMAHITTA
e ckaagHuM nponecoMm. Ha HbOro, Kpim KIima-
TUYHUX i reoJIoTiuHuX (PpaKTOPiB, CYTTEBO BILIU-

« biocoepa
« EBOntoLiA

DnopuctnyHi LapcTea

Bae€ icropia posButky (Guiopu # dpayunu. Hatisu-
UM PAaHTOM eKOCHCTEMHOI'0 6i0pi3HOMAHITTA €
(iopucTuuni Ta dayHicTuurHi HMapcrsa.

ITapcrBo Miciue po3ranryBaHHs XapakTepHi npegcTaBEUKH (Iopu
Tonapk- Binpma yacrunaa IliBaiunoi AMepuku, siKa po3TaiioBa- Popuuu Cocuosi, Bykosi, Bepe-
TUYHE Ha miBHiuninte Mekcuku, ITliBHiuna yactuuna Adppuku, 30Bi, Pososi, Kanycrsaui, Ocoxosi

axa npuisarae no CepenseMHOr0 MOps, OiJIbIIa YacTUHA TOIIO

€Bpagii, oKpiM niBAeHHUX peTioHiB
ITaseo- Bes tepurtopia Adpuku 3a BUHATKOM PETrioHy, IPUJIer- Popwun ITansmu, Tytosi, MoJio-
TpomiuHe Joro 1o CepenseMHOro MOPs Ta HeBEeJIUKOI o0JiacTi Ha yaiini, [laciboHOBi, BanaHoBI,

miBAHI KOHTUHEHTY, Oinbina yuactuHa Apasii, Ingocras, MupTosi, ApoigHi To1ro

niBgenb Kuraio it octpoBu Tuxoro okeany
Heorpo- Binbina uactuna IliBgernoi Amepuku i [lenTpanbHa Popuuu Bpomeutiesi, Opxinni,
niune Awmepuka Muprosi, Ilaaxsmu, JIaBposi To110
Kamncoske Kpaiiniit mipgenuuii Kpait AQpuru Pogunu I'py66ieBi, PopinyJiosi,

Bpymniesi Tomro

Ascrpauriii- AgBcrpaJtis Ta mpuieri 1o Hel 0OCTPOBU Ponuuu EBkaninToBi, Apaykapie-
CbKe Bi, IlomokapIosi To1ro
TonanTapk- IliBgenna yacruna Ilisnennoi Amepurku, Hosa 3enan- Pogunau 'amodirori, JlakTopucosi,
TUYHE Ilisi, cyDaHTAPKTUYHI OCTPOBU Misonennposi

MayHicTnyHi yapcTBa

ITapcrBo Micue po3ranryBaHHs XapakTepHi npeacTaBHUKH ayHN

Apxrores Binbimna uactuua IliBaiunoi Amepuku, Axa poaraimosBa- | Jloci, osnexi, puci, kosu, 600pu,
Ha niBHiuninte Mexcuku, ITiBaiuna uactuna Appuru, KPOTH TOIIIO
saxa npuarae no CepenseMHOI0 MOps, OiJIbIIa yacTHHA
€Bpasii, okpimM HmiBAeHHUX PerioHis

ITaneoresa 3aiimae TpomiuHi pationu Cxiguoi miBkymi: Adpuka Ha = Crpaycu, MapTUIIKY, aBianu,
nispens Big Caxapu, IliBgenna ta IliBgenmo-Cxigua CJIOHU, TOPUJIN, IIIUMIIaH3€e, OPaH-
Azis, octpoBu Mik Asiero Ta ABcTpaisieio TYyTaHU TOIIO

Heores ITlismenna ta IlearpansHa Amepuka, ocTpoBu Kapub- IrpyuKu, 6poHEeHOCIi, OIIOCYMH,
CbKOTO MODS MIUHIITAINA, HAHJY TOIIO0

Hororea Ascrparisa, Tacmanis, Hosa I'Bines, Hosa 3emanmis, Kenrypy, xoana, BombaTu, Kau-
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octpoBu Tuxoro okeany

KOI3b00M, EXUIHU, eMy, Ka3yapu,
BapaHM, PalichbKi ITaxm TOIIO



Kocmononitu

KocmomouaiTu — 11e Buau abo0 TaKCOHM, AKi
TOIIIMPEHI o TepuTopPii 3emuti, TPAIIAIOThCA HA
TepuTopii pisHUX QayHicTHuHHUX ab6o (uopuc-
TUYHUX [APCTB i B PiSHUX IPUPOIHUX 30HAX.
KocMmomnosriTamMmu cTatoTh BUAU, AKi € KUTEIIMU
OioTomiB, IO HE CUJILHO BiApPi3HAIOTHCA MijK CO-
0010 HEe3aJIe’KHO BiJ MiCIld IPOKWBAHHA.

KracuunumMyu BugaMu-KOCMOIIOJiTaMu €,
HampukJan, muTtHi. 111 pakomomiOHi MemIKaoTh
y Kajmo:kax. TepMmiH IX pPO3BUTKY Oys:Ke KOPOT-
KU, a TeMOepaTypHi yMOBUW, B SKUX MOXKYTb
icHyBaTH KaJIl0Ki, MalOTh JOCTATHHO BY3bKi paMm-
KM, ToOTO Kammoxi B Amepuni ta €Bpasii Bin-
Pi3HAIOTLCA He Oy:Ke CUIbHO. A AW IUTHIB
CTifiKi IO 30BHIITHIX BILJIMBIB i IysKe JIETK1, TOMY
BITPOM JIETKO IIEePEHOCATHCS Ha COTHI KiJloMeTpiB.

IIle omHa rapHa eKoJIOTiuHAa Himla oasa BU-
IiB-KOCMOMOJIiTiB — cuHaHTponHa. CHHAHTPOI-
Hi BUIM NPUCTOCOBYIOTHCA OO KUTTS IIOPSAM
3 JIOOUHOI0. A JTIOAMHA CTBOPIOE CXOKi yMOBU
IJA icHyBaHHSA, Mepe0yIoBYIOUU HABKOJIUIITHE
cepeoBHIle IMiJ cBOi 3BUUYHI moTpebu. Tarkumu
CUHAHTPOIITHUMU BUAAMU-KOCMOIIOJIiTAMU CTAJIH
BCi CBilicbKi TBapuwHU, OJd AKUX JIOIWHA CIEIli-
aJIbHO CTBOPIOE ITiAXOAAII YMOBU HPOKUBAHHA.
AJje 6araTo BHUIIB HOMIMPUJINCSI PasoM 3 JIO-
nuHoI0 0e3 ii srogu (Tapramu, HAIIOKK TOIIO).

EHpemikn

Enpemiknm — 1e BuUAau, AKi MaioTh Iy:Ke
oOMe:keHUU apeas (HaOpUKJIAL, MIIINHO3YO Ha
Ky6i, ¢oca ma Mamarackapi, xiBi y Hosiit 3e-
naHgii). 3asdBuvail e BUAU 3 BY3bKOIO cIierfia-
Jizariiero ¥ yHiKaJbHOIO E€KOJIOTiUHOIO HiIllero.
Haii6inpmia KiJbKicTh eHIEMiKiB 3ocepem:keHa
y BimHOCHO i3osmboBaHUX eKocucTeMax. Lle oct-
poBu (0co6JIMBO Ti, AKiI po3TallloBaHi gajaeko Bix
HaMOJIMKUOI cyIlli), o3epa, meuepu TOIIO.

Benuka kKinbkicTh emmemikiB € Ha I'aBaii-
cbKUX Ta ['anmamarocbKmx ocTpoBax. Tak, eHpe-
mikamu I'ajmamarociB € riraHTcbKa rajamarochb-

0 Kniouosa iges

Ekocnctemun nnaHetn 3emna Hag3BUYAMHO pi3-
HOMaHITHi. Ane BOHU MalTb MEBHi pUCK CXO-
XoCTi, AKi fo3BonATb iX 06'€eAHyBaTU y rpy-
nm — ¢GbnopuctuyHi Ta dayHiCTMYHI LapcTBa.
OKpemi BMAM OpraHiamiBe MoXxyTb OyTu nowu-
peHUMM B Pi3HMX eKocucTemMax (KocMomnonitu)
abo TpannAaTUCA Ha Jy»Ke obmexeHin Teputopii
(eHpemikn).

Tema 2. biopisHomaHiTTA 33 S

Ka uepemaxa, rajialrarocbKa CyXoIlyTHa iryaHa,
13 BuaiB rasamarocbKux B’IOPKiB TOIIO.

B oszepi Tanranbika HapaxoBYIOTH OJU3BKO
600 Bumis-engemikis. Ha cyxomouri, Kpim osep,
BeJINKA KiJIbKICTh €eHJIeMiKiB MOJKe yTBOPIOBATH-
cA B TipChKUX perioHax.

Oco0611BOIO TPYIIOIO EHAEMiKiB € maJsieoeHe-
miku. Ile mpeacTaBHUKM AaBHIX TaKCOHIB, AKi
B iHIMMX MicreBoCcTAX OyJaM BUTiICHEHI HOBUMU
rpynaMu opraHidmiB, 60 He BUTPUMAIU KOHKY-
peHTHOI 00pPOTHOM 3 HUMU. A B OKpPEeMHUX perTi-
OHAX HOBI KOHKYPEHTU He 3 ABUJINCS i cTapuM
rpymnam yaajgocd BUKUTH. [IpuKIagoM najseoeH-
IeMiKiB € ogHOTpOXimHi ¥ cymuacti ABcrpadii,
rarepisa, sxa sbepersaca B Hosiii Senamaii, sa-
TUMEPisdA, 110 BIiJIijla B HEBEJIUUYKHUX 0iolleHO3ax
Ingificbkoro okeany.

Enpemikis me caig mayratu 3 Bugamu-ado-
purenamu. Aoopurenu (a00 aBTOXTOHH) — Iie
OpraHiaMu, AKi BUHUKJM Ha MeBHi#l TepuTopii
i "KUBYTH Ha HiWl IPOTATOM TPUBAJOTO dYacy.
Bouu Mo:xkyTh OyTH AK eHAeMiKaMu, TaK i Koc-
momnoJitamu. TinTbKu B iHIMIMX perioHax BUAU-
KOCMOIIOJIiITH OyAyTh YK€ He aBTOXTOHAMMU.

ITpencraBauk TaprauiB Ilpycak pygpuit
(Blattella germanica) nmoxonuts 3 IliBmennHOl
Az3ii i € aBTOXTOHHUM BUIOM [IJI IIHLOTO PETioHY.
B €Bpony Bin morpanus y XVIII cromaiTTi i BiKe
3BiITM TOIMUPUBCA IO IHINMUX KOHTWHEHTaX,
craBmu BugoMm-rkocmomnoisiToMm. Ilocendmouncs
B JIIOJCHKUX OCEJAX, NMPYCAaK BUTICHSAE 3 HUX
yopHoro taprana (Blatta orientalis), uuceyb-
HICTH SKOTO 3 TOrO Yacy Pi3KO 3MeHIIuJacs.

® MpakTryHa poboTa

MopieHaneHa xapakmepucmuka ¢haopucmuvHux
obnacmeli 0aHoi micyeeocmi

1. Bnbepitb Tpu GiopuctnyHi obnacti €Bpasii (Ha-
npuknag, lpaHo-TypaHcbKy, CxigHo-Asiatcbky, Ce-
pen3eMHOMOPCBKY).

2. Cknagite NopiBHAMBbHY Tabnuulo UMX obnacten,
YKa3aBlWy Hanbinbll MOWMWPEHi rpynu pPoCivH Ta
XapaKTepHi KNiMaTUYHi YMOBMW.

3. ChopmynioiiTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHSA

1. Aki ocobnuBocTi Gionorii naulKka AO3BONWIN
nomy ctati Bugom-kocmononitom? 2. CKnagitb CnMcok
BMIiB-KOCMOMONITIB, AKi TpannAawTbCA y Bawin micuye-
BOCTi. 3. Yomy mexi GpnopuctmyHux i dpayHicTMuHux
LapcTB He cniBnagatoTb?
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Tema 2. biopi3HOMaHITTA

§ 21. 3miHn GiopisHOMaHITTA

0 [omipkymnTe

He Bci Bugn 3 Tnx, AKi NognHa 3aBo3nTb
Ha HOBIi TepPUTOPIi, NPVXNBAIOTLCA Ha HUX.
3 yum Ue Moxe ByTy MoB's3aHO?

Q 3raganTe

» biopisHOmaHITTA e Apean

o KoHKypeHLijifa » EKonoriyHa Hiwa

[HTpOAYKUIl Ta IXHI NPUUYVHN N HACTIAKW
IaTpoaykmia — Iie IfijlecnpsAMOBaHe Iepe-
CeJIeHHSA JIOAWHOI0 OJHOTO 3 BUMIB JKUBUX Op-
ra"idamiB 3a Mexki HOro apeany B HOBi yMoBH
icuyBanHsa. Buja, AKuil MOTPAIIUB B €KOCHUCTEMY
OIIAXOM IHTPOAYKILil, HA3MBaIOTh iIHTPOAYKOBA-
HUM, abo uy:kopimmmMm Bumom. Ilporiec anpai-
Tanii iHTPOAYKOBAHOTO BUAY OO0 HOBUX YMOB
icHyBaHHS Ha3MBAaIOTh aKJIiMaTH3aIli€o.
Haitiuacrinie npuunHoOoO iHTPOAYKIIiI € 1O-
Tpeba B IEBHIA IPOAYKIIii, m:KepeioM SAKOI €
skuBi opra"iamu. Ile mpoaykTm xapuyyBaHHS,
CHUPOBHHA JJIs1 BUPOOHUIITBA OLATY, OyAiBeJbHi
marepianu Tomo. HYacTo iHTPOAYKIiA IIPOBO-
IUTHCS 3 €CTeTUUHUX IOTped (HampuiJaam, IJIsd
CTBOPEHHA MNAapKiB 3 €K30TUYHUMU [JIsI IIE€BHOI
MicmeBocTi pocamHaMu). ¥ OeAKHX BHUMNAAKaX
IHTPOAYKIIiA MOKe BUPIIIyBaTU TPaHCHOPTHI
npobisiemu (KoHi, BepOJIrOaM, BicJIIOKU, COOAKM).
TaTpoayKIisas HOBUX BUIAIB JIIOAUHOIO MOJKE
MaTu PidHi Hacaigxum. ¥ AesIKuX BUMAAKaX iH-
TPOAYKOBAHI BUAM He 3IaTHI BUKUTU 0e3 min-
TPUMKH JioguHU. Tomi BOHUM 3aJIUIIAIOTHCS
B HOBOMY PETiOHi TiJIBKY y CKJIaJAi arpoleHo3iB
i camocTiliHO He IOMIMPIOIOTHCs. AJie iHKOJIN
BHUJ, SKMI HOTpPanmuB Ha HOBY TEPUTOPil0 3a
JIIOTIOMOTOIO0 JIIOAWHU, MOKe aNanTyBaTHUCHA [0
HOBUX YMOB iCHYBaHHA 1 moYaTW HTOMIUPIOBA-
THCA B €KOCHCTEMi caMocTiiiHo, 6e3 JOIIOMOTH
aoguau. [le Moyke OyTH NPUUYMHOIO BEJIUKUX
npobsieM mys MicieBoi exocuctemu. Tak, 3a-
ceJleHHA 6araThbOX OCTPOBIB KO3aMU HMPaAKTUKY-
BaJIOCsS MOPEIJIaBIIMM He MEHII Hi)X KiJgbKa
coTeHb pokiB. TakuM YMHOM BOHU PO3PaxoOBY-
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BaJI1 MaTH CAaMOBiJHOBHMU 3amac mM’sica, AKUM
MOKHa OyJI0 KOPHUCTYBaTHCSA KOMKHOTO paasy,
MPOMJINBAIOYM TOB3 TaKi ocTpoBu. Ase Ha
oCTpoBax y Ki3 He OyJ0 NPUPOTHUX BOPOTiB,
i BoHM moumHAJU 0GE€3KOHTPOJILHO PO3MHOKY-
BaTUCsA, BHUIYIOUN MiCI[eBY POCJIWHHICTH i BU-
KJINKAaoUYM eKoJoriuny karactpody. Tak, my:xe
CUJILHO IOCTpaskiaam Bix Ttakmx niti I'amama-
TOCBKi OCTPOBH.

ITpuknagamMu iHTPOAYKOBAaHWUX BUMIIB MAJIA
Vipainu € KyKypynasa, IOIIeHuIls, 0isa akaiis,
KJIEH SICeHeJUCTUH, 1y0 YepBOHUII, KaByH, TOB-
cT0J100, Oinmuit amyp, Killlka, Ko3a, IIIOBKOBUY-
HUU IITOBKOIIPSA/.

IHBa3il Ta IXHI IPUYMHK 1 HaCcNIgKN

InBasia — 1e mepecejeHHS OTHOTO 3 BU-
IiB KUBUX OPraHi3MiB 3a Me:Ki Iioro apeasy
B HOBi yMOBU iCHYBaHHS, B Pe3yJbTaTi AKOTO
BUJ 3aKPIiIJIIOETHCA Y CKJIAaAi HOBOI €eKOCHUCTEMU
1 yTBOpIOE HOBUU (BTOPMHHUI) apeas. [HBazia
MOKe BimOyBaTucs 6e3 ydacTi iroguHu abo 3mifi-
CHIOBATHUCS JIOAWHOIO HECBiZoMO i BHUIIaIKOBO.

Bun, asxomy Baajsocsa BBiHiTU IO CKJIALy HO-
BOI eKocucTeMu i chopMyBaTU HOBUI apeaJti, Ha-
3MBAIOTH iHBa3iitHUM. [HTpPOAYKOBaHI JTIOAUHOIO
BUAM TAKOX MOYKYTH YTBOPIOBATH BTOPUHHUIMI
apeas i 3akpimaoBaTHCA y CKJaJi HOBOI €KO-
cucteMu. Y TAKOMY BUIIQJKy BOHU TeK CTAIOTh
iHBagilitHUMU.

IIpuuunam imBasiit MOXKYyTL OyTH pi3HEUMMH.
IuBasii 6es yuacrTi JroguHN BigOyBaOTHC, KOJIHU
SAKUICH BUJ] IOYMHAE PO3IINPIOBATH apeaJj CBOTO
icamyBanusa. Tak Moike craTmcsa uepes3 YCIIiITHE
POBMHOKEHHS 0COOMH BMUAY BHACJIIJOK OIITH-
MaJIbHUX YMOB iCHYBaHHS i 30iJbIIIeHHS BHY-
TPIIHBOBUAOBOI KOHKYPEHIIII B MeyKaX CTaporo
apeany. TakoX TPUUYMHOIO TAKOTO IOIINPEHHSA
MOJKe CTaTU BUHUKHEHHS JOCTYIIY 10 HOBHUX Te-
puUTOpifi y pes3yabTaTi reoJIOTiYHUX TIPOILeciB.
ITe BimOymnocs, HAIpUKJIAL, mig yac (OPMyBaH-
HA nepemmuiika Mmixk IliBmiumoro i IliBmemmoIO
AMepukroro.

JlroguHa TaKOK € BayKJIUBUM UMHHUKOM JJIA
BUHUKHEHHs iHBasiii. Yacrimie 3a Bce BoHa BU-
MaJKOBO 3aBO3UTHh BUAM Y HOBi perionu. A6o 11i
BUJAU € CHHAHTPOIIHMMU i Bech 4ac »KUBYTH IIO-



pAI 3 JIOAUHOI. 3a YMOBU HMOTPAILJIAHHSA B HOBI
YMOBU BOHU TIPOCTO CYHPOBOKYIOTH JIOAWHY,
a MOTiM ITOYMHAIOTH OCBOIOBATH HOBi TepuTopii
BYKe CcaMOCTiiiHO.

Taki BumagkKoBi iHBagili mAysKe YacTo mpu-
3BOAMIM A0 Karactpodiuamx HacaigkiB. I nHe
TiIBKHM OJd MiCIIeBUX €KOCHCTeM, ajie W OJsd
camol JioauHU. XapaKTepHUMU NPUKJIAZAMU €
OOTPAILIAHHA HeIapHOTO IIOBKoIpAma B Ilis-
HiuHy AMepHUKYy, a KOJOPaACbKOI0 JKyKa i Bu-
HOrpanaHoi (iokcepu — B €BpoIry.

B Vkpainy masgxom BUIAaAKOBOI iHBasii
norpanujo Oarato BuaiB. Tax, cyTTeBOil IIKO-
Iu exocucrteMi YOopHOTO MOpPSA 3aBIAaB MOJIIOCK
pamana, akoro B kKiHIi 40-x pokiB XX croJit-
TS BUIIAAKOBO 3aBe3au 3 Jlamexoro Cxony. Binm
(GaKTUUYHO BHUIIUB BEJUKI KOJOHII IBOCTYJIKO-
BUX MOJIIOCKiB (0COGJIMBO MOCTPaKIAIN YCTPU-
i), 10 pisKo moripiuiao GiJbTpallito MOPChKOL
Bogu. Karactpodiunoro Oyaa i mosasa B HopHo-
My Mopi pebpomiaBa MmHemioncuca 1982 poxry.
ITeit Bux morpanuB y HopHe mMope 3 GaslacTHU-
MU BojgaMu KopalOJiiB Bim ysbepe:xk:xa Daopugu
i 3a KOPOTKUI TepMiH 3HUIIUB 3HAUHY YaCTUHY
300ILJIaHKTOHY, IIT0 IIigipBajo KOPMOBY 0asy Oa-
raThbOX NPOMMUCJOBUX pub i pisKo 3HM3MIO IX
YUCEJbHICTD.

Ane He Bci Taki iHBasil mMaroTh KaTacTpo-
diuamii xapaxkTep. ABcTpadiicbKuii rpubd KBi-
TOXBicTHMK Apuepa OyB BUIIAZKOBO 3aBe3eHUI
y €Bpony B mepiriii mogoBuHi XX crosiTra. Bin
IMiJIKOM HOPMAJIbHO BBIHMIIIOB 0 CKJAIy JIiCOBUX
OiomeHo3iB i momwmpuBcA TepuTopieo €Bpomu,
IOCATHYBINIM 1 YKpaiHm.

biopisHOMaHITTA AK pecypc i ocHoBa
306epeXKeHHs XNUTTA Ha 3emni

BiopisHomMaHiTTS € OZHMM i3 OCHOBHUX
pecypciB HaImoi IrameTu, IKUHA 3abesmeuye ii
icuyBaHHA. PidHOMAaAHITTA eKOoCHCTEM 3 BeJIHU-
KOIO KiJIBKiCTIO BUAIB V KOXKHIN 3 HUX POOUTH
Oiocdepy HAaIOl mJIaHeTH CTiMKOIO0 JO pisHOMA-
HiTHUX 3MiH i KartakmismiB. Came 3a paxyHOK
OiATBHOCTI KMBUX OPraHi3dMiB Ha IIJTaHeTi ic-

0 Kniouosa iges

MunBi opraHiammn MoXKyTb 3MiHIOBaTK CBiM apean,
AK 36inblwyloyn, Tak i 3meHwyioun Knoro. MMo-
TpaniAHHA HOBUX BU[IB B €KOCUCTEMU MOXe
CYTTEBO BMMBATM Ha CTaH ixHboro 6iopi3Ho-
MaHiTTA.

Tema 2. biopisHomaHiTTA 33 S

HYIOTh YMOBU, CIIPUATJIUBI IJIA KUTTA JIOAUHU.
A ot 3MeHIIIeHHA KiJbKOCTi BUIIB i pisHOMAaHIT-
TS €eKOCHUCTEM Pi3KO IIiABUIIYE PUSUK €KOJIOTiu-
HUX Kpus. Biojoriuni cucremMm 3 HeBeJIUKUM
PiBHOMAaHITTAM € ypasJMBUMHU IO HECIPUATII-
BuX (paxkTopiB i HabaraTo Jerimie PYHUHYIOTHCS
BHACJIiZOK IXHBOI mii.

Tomy omgHUM i3 HaWBaXKJIUBIIINX 3aBIaHb
JIOOUHU € 30epeKeHHd MaKCUMaJbHOTO pPis-
HOMAHITTA AK E€KOCHCTEM, TaK i BUAIB y ITUX
exocucreMax. OmHUM 3 e(EKTHUBHUX METOMiB
BiHOBJIeHHsA 0iOpiBHOMAHITTA JIIOAUHOIO € pe-
iHTPOAYKITidA.

PeinTponykuia — 1ie mepecesieHHS BUIB
Ha TepuUTOpiio, sKa paHiile Oyjga 4YacTUHOIO iX-
HBOTO apeajly, ajie IOTiM 3 AKUXOCh IPUYNH
Oysa HUMU 3ajsuirieHa. [[ysKe 4acTo IPUUMHOIO
BTPATU YaCTUHU apeajy € AiAJbHICTDH JIIOMWHMU,
i peiuTpoayKIiia — Iie rapHuii cmoci® ymopa-
TUCA 3 HEeTATUBHUMM HacCJiJKaMMU TaKol MifAJb-
HocTi. IIpukagaMu ycmilnrHoi peiHTpOAYKILiI €
mepecesieHHA BiBIeOUKiB Ha miBocTpiB Tatimup,
BiHOBJIEHHSA IOMYJAIil 3y0pa Ha miBHOUI i 3a-
xoni YkpaiHu, (popMyBaHHA NONyJaAINii KyJia-
HiB y 3amoBigHuKy Ackanis-HoBa i Ha ocTposi
Biprouwnii.

@ MpakTnyHa poboTa

BueyeHHA OUHAMIKU pOCJIUHHOCMI eKocucmem
3 8UKOPUCMAHHAM 60MAaHiYHO20 MOHIMoOpUH2y
1. BubepiTb AinAHKY MicLLeBOCTi NeBHOI eKocnctemm
nnoueto npubnnsHo 1 ra (100x100 m), 33 AKOK B
Masin MOXNBICTb CNOCTepiraTh Kinlbka pokKiB, Ta BU-
3HauTe BUAOBUN CKNAfZ POC/MHHOCTI L€l AinAHKN.
2. OuiHiTb, AIK 3MiHIOBaNacA POCANHHICTD L€l AinAH-
Kn. BuABiTb 03HaKmM 1 CTyniHb 3abpyAHeHHA (pyiHY-
BaHHA) JOCNIAKYBaHOI eKOCUCTEMN.

3. 3po6iTb MpuNyLWeEeHHA NPO MPUYMHW AVMHAMIKK
POC/IIHHOCTI AOCNIAXKYBaHOI eKkocucTeMum Ta Crnpor-
HO3yNTe NoJanblUMi PO3BUTOK L€l eKocuctemu.
4. CoopmynioinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHSA

1. HaBepiTb nNpuKnagyn 4YOTUPbOX-N'ATW iHBa3iN-
HUX BUAIB, AKI MOXHa nMobaunTi y Balliil MiCLEBOCTI.
2. AKNMK MOXYTb OYTV NMPUUYUHK TOTO, O NOTPanIAH-
HA HOBUMX BUAIB Y YopHe Mope 4acTo CTaE NPUUYUHOI0
KaTacTpodiuHux Hacnigkis? 3. Bukopuctaswm gopaTko-
Bi [Kepena, BU3HauTe NPUYMHW iHTpOAYKLUiT BKa3zaHUX
y naparpadi BugiB Ha TepuTopito YKkpaiHu.
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OcCHOBHI nonoxeHHA Temun «biopisHOMaHITTA»

KpuTepii kKnacudikauii >knBux ictot

Kpurepii IIpukaagu o3HAK IIpukgagu cucTeM OPraHiYHOTO CBiTY
Amnaromo- OpHo- abo 6araToOKJITHHHICTD, pyxJauBicTs, = Tpamguniiini cucremu: Jlinueii (1758),
mopdostoriuni TUOU POCTY I POZBUTKY Mirouxraysen (1763), Hexkep (1783),

. Texkxensb (1866), Komrenp (1938),
romoror Tumn XuBJIeHHS, MicIle B eKocucTeMi Yaitrreiikep (1965), Mapryuic (1971),
diziomoriumi «IIIkinTpHA» YOTHPHUIIAPCTBOBA KJacudi-

Iuromnoro- o ) ) kKaria 1980-1990-x pp.
NN Bynosa Ta xiMmiuHU CKJIa] KIITUHA
6ioximiuni
MouteKkyiapuo- CropizHeHicTh, BCTAHOBJIEHA IIIJISAXOM II0- CyuacHi cucremu: Enu ta is. (2012),
dimorenernuHi piBHSJIBbHOTO aHaAJi3y GiomosmimMepiB Bypki (2016), Bpays Ta im. (2018)

HeknituHHi dopmm KnTTA

Oco6auBocti Bipycu Bipoigu IIpionu
Bymosa: ITHK a6o PHE PHK -
+ HyKJeiHOBi KucIOTH
+ Oinku + - +
+ npimigHa 060JI0HKA +/- - -
Opranismu-xassai Vei kiriTuaHI opramisMu Bumii pociiuan Ccasiii, rpudu, poCaIuHNA,

6e3xpebeTHi TBapUHU

Bukiaukaui xBopobu Ckas, rpun, CHI]I, Bicma, BeperenomnoniouicTs Kypy, ckperi, xBopoba
remaTtur, eboja, Kip, kpacuy- = 0yabp0 KapToinii, kapau- —Kpeiitidensara — fdxoba,
Xa, BipyCHUI HapOTUT, AIIYP KOBICTH XpU3aHTEM Ta daranabHe poauHHE 0e3-
TOMATiB COHHA

[MpoKapioTNYHI opraHizmu

BaxkTepii Apxei
OsHaku: OsHaku:
« OIHOKJIITHHHI, KoJIOHiaJbHi a00 6araToxkaiTurHL = * OZHOKJIITHHHIL
« KaituaHa cTiEKa MicTuTh Mypein - KiitTumna crinka i3 nceBmomypeiny, S-6i1KiB ToII10
+ Membpana 3aB:K /I JBOIIIAPOBA + Memb6pama Mmoxke OyTU ABOIITapPOBOIO 460 OJHOIIAPOBOIO
- XpomocoMa He MiCTUTH TiCTOHIB « ¥V renoMi HasABHi ricroHonomioHi 6iTKM
IIpencraBHUKHU: IIpencraBHUKHA:
miamobakTepii, mporeobaKTepii, rpaMIO3UTHUBHIL eBpiapxeotu (rajoapxei, MmeTaHoapxei), KpeHAPXEOTH,
bakTepii, aKkTHHOMIiIlEeTH, PIKKeTCil, Xaamimil, HaHOapXeoTu, acrapJapxXeoTu

CIIipoxXeTHu, MJIaHKTOMIIeTH

Bukiaukani xsopoomu: -
yyMma, XoJiepa, Tud (BUCUITHUI, TIOBOPOTHUI,
yepeBHUI1), IIpaBellb, cubipKa, OpyIie1b03, Jempa,
raHTpeHa, 60TyIizM
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EyKapioTnyHi opraHiamm
ExckaBatu

OsHaku:

* OJHOKJIITMHHI

IKTYTUKIB mepeBakHo 4, 6, 8;
3pigka 1-2 mepenui

MiTOXOHAPII UacTo peayKoBaHi,
a060 3 TUCKOMOAIOHUMY KPUCTAMU
cTaTeBUil IPoIeC BiACyTHIN
retepoTpodHi (3a BUHATKOM
IeAKUX eBIJIeH)

IIpeacraBHMKM: €BTJIEHU, TPUXO-
MOHAaJM, TPUIIAHOCOMH, JAMOJIi1,
aKpasieBi CAMB0BUKU

Knacuoikauis KNiTMHHUX opraHiamis

Knacuoikauis BUWMX pocnmH

ronouacm",

na“\"\O@“T“

Mey;j '
3eneHi BogopocTi . HOUHYKY

(3Hakom ‘ no3HaueHi BumMepni rpynu)

Ilepesipme ceoi snanua 3 memu «Biopisnomanimmay.

HiadopeTuru

Oznaku:

* OSHOKJIITMHHI, KOJOHiaIbHI a60
GaraToKJIiTUHHI

IKTYTUKIB mepeBakHO 2, mepenHi
abo 6iuni

MiToxXoHAPiI 3 TpyOUacTuMu abo
IJIACTUHYACTUME KPUCTAMU
aBTOTPO(HI Ta reTepoTpodHi

IIpencraBauku: 0ypi, giaTtomoBi,
YepBOHi, 3eJIeHi BOJOPOCTi, BUII poc-
JIUHY, HeCIpaB:KHi rpubu, indysopii,
CIIOPOBUKU-AMTIKOMIIJIEKCH, PAmiosa-
pii, popaminiepu, coHLIEBUKT

Komipuesi
PKIYTUKOHOCL

(=] ar fe
rnk.com.ua/103150

Amopdei

OzHaku:

* OJHOKJIITMHHI, KOJOHiaabHI
a60 baraToKJiTUHHI

+ IXKTYTHUK IIepeBaskHo 1, 3amHil

- MiTOXOHAPiI 3 TpyOUacTuMu abo

IJIACTUHYACTUMU KPUCTAMU

rereporpodHi

IIpencraBHuKHU: TUTIOBi amebu,
CIIPaBJKHi CIM30BUKHU, CIIPABKHIL
rpubu, KOMipUacTi JKTyTUKO-
HOCIIi, 6araTOKJIiTUHHI TBAPUHUA,
y T. 4. JIOOUHA

Knacndikauin eykapiotis

pe6ponnas
I'lnac-muqa:-n’
At
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Tema 3. O6bMiH pevyoBUH
| NepeTBOpPEHHA eHepril

§ 22. OpraHiyHi Ta HeopraHi4Hi cnonykn, Heo6XigHi AnNA opraHiamis

0 [omipkynTe

Hectaua enemeHTiB B OpraHiami pocivH, AKNX
MiCTUTbCA 3a3BuYan BigHocHo 6arato (C, O, H, N),
NOraHoO MO3HAYaETbCA Ha IXHbOMY CTaHi. Yu nmo-
3HaAUMTbCA Ha IXHbOMY CTaHi HecTaua TUX enemeH-
TiB, AKX B OpPraHiami pocnnHu Habarato MeHLue,
Hanpuknag S abo K?

Q 3raganTe

e OpraHiyHi 1 HeopraHiyHi PevyoBUHN B KAITUHI
« MoHomepwu, nonimepwu, bGiononimepwn

OpraHiyHi peuyoBMHN KNITUH XXUBUX

OpraHi3mis

TosoBHUMEM KOMIOOHEHTaAMU KUBUX OpPraHis-
MiB € opraHiuHi peuoBMHH. 3 HUX OYyIYIOTHCS
BCl KJIITWHU, CTPYKTypa U CKJAJ AKUX CUJIBHO
BifpisHAIOTHCA Bim Tin He)kmBol mpupoau. Came
opradiudi peuoBMHHN 3a0€3MeUYYIOTH BUKOHAHHS
TUX cIenudiuHux GYHKIiN, 110 BUSHAUYAIOTh 3a-
TaJIbHI BJIACTUBOCTI JKMBOTO (CTAJIICTD CKJIAdy, ca-
MOBiITBOPEHHS, CIALKOBICTh, MiHJINBICTE TOII[0).

fAr BM BiKe B3HaeTe, OpPraHiuHi CHOJNIYKH
CKJIAJAIOThCS MepeBakKHO 3 OioreHHUX Ximiu-
uux ejxemenriB — C, H, O, N, aKi cTraHOBIATH
mo 98 % cyxoi macu KuBoi KiaiTuHu. Benuki
oprauiuni moaexysu (3 macoio mouan 1000 [1a),
AKi BXOJATH IO CKJALy sKUBUX OPraHidMiB, Ha-
3WBAIOTh MAKPOMOJEKYLaMu, abo Oionosimepa-
mu. BoHU cKIamaroThCcA 3 MOHOMEDIB.

OpramiuHi pe4yoBUHU, 1[0 MiCTATHCA B JKU-
BUX OpraHi3dMax, MOAiJATh HA YOTUPU OCHOB-
Hi rpynu: 6igKu, ByTJIeBOAM, Jimigu ¥ HyKJe-
iHOBI KucCJIOTH.

Binku € Giomoaimepammu, MOJIEKYJIU SKUX
CKJIaJAIOThCA 3 BEJMKOI KiJbKOCTi aMiHoOKwmc-
gor. BoHW BUKOHYIOTH HaWpidHOMaHiTHIiNII
dyukIii: katagiTuuny ((pepMeHTH), CTPYKTYP-
HY (KoJlareH, eJacTHH), 3aXUCHY (iMyHOTJI00Y-
JIIHU) TOIITO.
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ByraeBomu GepyTh ydacThb y IIporecax o00-
MiHyY peuoBUH (TJII0K03a, GPPYKTO3a) i 36epiranHi
crmagkoBoi imdopmarlrii (pubosa, me30KCHpPUO0-
3a), BUKOHYIOTb CTPYKTYPHY (IIeJ110J103a, XiTHH)
i samacaiouy (KpoxMaJjb, IJIikorex) GyHkIii. 1o
CKJIaJly MOJIEKYJ BYIJIEBOAIiB BXOIATH KiJbKa
dyurmionanpEUX Tpyn: rigpoxcuansHa (—OH)
abo xapoOouisbua (—COH). 3araabua (opmy.ia
Byraesogis — C (H,0) , me n i m € Harypaib-
HUMU YHUCJIAMH.

Jlimimgu € rpymoo pevuoBUH, SKUX 00’€THAIN
He 3a XimMiuHOI0 0y/0BOIO, a 3a (hisMUYHUMHU BJIAC-
TUBOCTAMU. BOHM BCi € HEPO3SUMHHUMU y BOIi
MACJASHUCTUMU ab0 KUPHUMH DPEYOBUHAMMU.
Hai16ispn mommpeHUMH JimigamMm € KUpwH,
oiii, ¢ochorimigu, Bocku Ta crepoigu. OcHOB-
HUMH (PYHKIIAMHA JIMigiB y JKUBUX OpraHidmMax
e cTpykrypHa (dochomimiau, ruikominigu), pe-
3epBHA 1 eHepreTuuHa (3KUPU, 0JIii), peryiaTopHa
(cTepoimHi TOPMOHMU, *KHPOPOIUMHHI BiTamiHmM),
3aXMCHA 1 TepMOperyJsaTopHa (BOCKH, KUPH).

Hyraeinori kucaoru ([[HK, PHK) e Besu-
KuMu OiomosiMmepamMu, MOHOMepaMHU SAKUX € HY-
Kaeotunu. DYHKIIA HYKJIeIHOBUX KKUCJIOT — 30e-
PeKeHHsA I BiATBOPEHHS reHeTHYHOoI iH(GopMaIlrii.

HeopraHiuHi peyoBMHU KNITWH
MVBUX OpPraHismis

DyHKIIOHYBaHHA KJIITHH JKWBUX OPTaHis3-
MiB OyJi0 6 HeMOXKJIMBUM 0Oe3 ydacTi Heopramiu-
HUX peuoBUH. BOHU € HeoOXiJHUMU KOMIIOHEH-
TaM! BCiX OopraHiB i TKaHuUH.

Hai#iBaskIMBIiIIOI0O HEOPraHiYHOI PEYOBU-
HOIO OyIb-KOI KJIITUHU € BOJa, AKa IIepeBakae
cepes iHIIMX KOMIIOHEHTIB 3a Macoio.

Oxkpemi MiKpoesieMeHTH, COJIi Ta HOHH CO-
Jel (MiHepaJIbHI PEYOBUHM) BXOAATH A0 CKJIALY
CTPYKTYPHUX €JIEMEHTIB yCiX KJITWH i TKaHWH
i OepyTh y4JacTh y Bcix OioximiuHMX Impoliecax,
sAKi BimOyBatoThcs B opraismi. Heoprauiuni cmo-
JYKY MOKYTH Iiepe0yBaTy B JKMBUX OpTraHizMax
AK y posuuHeHiil gopmi (y BUTIALL HOHIB), Tak
i B HEPO3YMHEHOMY BUTJIALII.



Heopraniuamit
KOMIIOHEHT KJIiTHHU

Boma @ SO
Ho @
?..

Kariouu Iinporeny (H")

Bikap6onaTu i ¢pocharu
Harpiro i Kaiiro

Karionu Ta aHioHM pPO3UMH-

Hux coseint (Na*, K, Cl")

Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

QyHKLUiT HeopraHiYHUX KOMMOHEHTIB Y KNITUHI
DyHKIIT B KIiTUHL

®dopMmye BHYTPIIITHBOKJIITUHHE CEPEIOBUIIIE, ITiATPUMYE (hOPMY KJIITHH i opraHia-
MiB (rigpockeseTt), 6epe yuacTs y 6ioximiunux peakiiiax (¢orTosis Bogu mim uac
dorocunTE3y, riAPOJi3), TepMoperyadiii (moToBuAiIeHH, I'yTallis), 3abe3meuye
TpaHCIIipaIlifo, 6epe y4acTh y TPAHCIOPTi PEUOBUH

3a6e31neuyoTh KUCJIOTHO-IYKHUN OaiaHe

VTBopOIOTE Oy(epHy cucTeMy TKAHWH i KpOBi, miaTpumyooun ixHit pH Ha mo-
cTifiHOMY piBHi

CTBOPIOIOTH PiSHUINIO IIOTEHI[IAIIB MiK yMIiCTOM KJIITHHY I HABKOJIUIIHIM cepe-
IOBUIIEM, 3a0e3meuyoun poboTy TPAHCIIOPTHUX O0iIKiB MeMOpaH Ta IPOBeAeHH

HEPBOBOTO iMIIYJIbCY

Micrarbeda y cKJaali OMOPHUX CTPYKTYP TBApUH (KiCTKM, MYIILIi MOJIIOCKiB) i 3a-
0e31euyoTh IXHI0O MIiITHICTD

CnabKopo3unHHi coJri
Kanbiito i @ochopy

€ ckyamoBuMu baraTh0X TOPMOHIB, (DepMeHTIB i BiTaMiHiB a60 6epyTh y4acTh y ix
akTuBallii: Maruiii (KommoHeHT xjopodiny), Iluak (kodaxkTop GaraTrox dep-
MeHTiB), @epyM (KOMIIOHEHT remMoryiobiny), Kynpym (KOMIIOHEHT remMoIiiaHiny),
Kanbiiit (KOMIIOHEHT KiCTKOBOI TKAHMHMY i BAaTHAHUX PAaKOBUH MOJIIOCKiB)

Vlonu meramiuHUX eJIeMEHTIiB

Heoprauiuni peuoBuHN IIOTPAILIAIOTL Y $KUB1
OpraHiaMu IIepeBaskKHO i3 30BHIIITHLOTO CEPEIOBU-
ma 3 ikeio (y TBapuH) ab0 y BUIJISAAI BOTHOTO
PO3UMHY uepes IIOBEPXHIO Opramiamy (y pociauH,

rpubiB i Oaxrepiii). Hecraua abo HaAJIUIIIOK
MeBHUX XIMIUHUX eJIEMEHTiB CIPUUYUHSAIOTH IIO-
PYIIIEHHSA PO3BUTKY OPTaHidMy i mpolieciB #oro
KUTTETIAIBHOCTI.

Hacnigku Hapnunwky Ta HecTaui Hitporeny, ®ocdopy, Cynbdypy i Kanito y pocnnH

Ximiuami . .. . s .
eEMERT Hacaigku HagIuImKy XiMivHOTO eJIeMeHTa Hacaigku HecTaui XiMiuHOTO ejIeMeHTa

HiTporen IuTeHCcUBHUI PicT; IUCTKY TeMHO-3€eJIeHi, Besu- CHIoBiIbHEHUH PiCT; IUCTKY YKOBTiIOTH, MaJIeHb-
KOTO PO3Mipy; HMYKHI JIMCTKU CKPYYYIOThCSH; KOro pPO3Mipy; HUIKHi JIMCTKH CKDPYYYIOTHCA
yposKai He o3piBae 1 omazarTh; yposKal 3BHUIKYETHCA

dochop JlucTku TOHKIi; IXHI BepxiBKU i Kpal «Buropsa- PicT ynoBiIbHIOETBCS; JIUCTKU CUHIOBATO-3€JIe-
IOTb» ; HUJKHI IUCTKY CKPYUYYIOThCH, 3 INIAMaMM; Hi; HA HUKHIX JUCTKAX TEMHI IJIAMU; HUMKHIL
YPOMKaMHICTh 3HUIKYETHCA JINCTKY CKPYYYIOTHCSA M OIaJaI0Th

Cyabhyp CKOpPOUyIOThCA TePMiHU PO3BUTKY POCAUHY; KiH- PO0O3BUTOK JIMCTKIB YIIOBIIBLHIOETHC; KIHUNKYT
YUKY i Kpal JUCTKiB 3He6aPBIIIOIOTHCA JUCTKIB TEMHIIOTH

Kamiit Hosgi mucTku ToHKI; BepxiBKU i Kpai JucTKiB IIBiTiHHA npuNUHAETbCA a60 YIOBiIBLHIOETHCS;

CTAIOTh OYPUMU i BiAMUPAIOTH; MisKBY3JIA CTa-
I0OTh KOPOTIINMM; HUKHI JINCTKU CKPYUYIOTH-
cd, Ha HUX YTBOPIOIOTHCA Oypi ImyiamMu

HOBI JIUCTKU Api6HIi #1 6iabIlI TeMHi; BepXiBKU
i Kpai TuCTKiB MalOTh BiATiHOK ipiKi; cTeba
CTAIOTh TOHKUMH i IAMKUMU

3anuTaHHA Ta 3aBOaHHA

0 Kniouosa iges

OCHOBHMMMW OpraHiYHMMN pPeYOBMHAMM, WO
BM3HAYalOTb BNACTUBOCTI XMBUX OPraHi3miB, €
6inkn, ByrneBoau, ninign i HyKNeiHoBi KNCNOTH.
Cepel HEOPraHiYHNX PEYOBUH HAMBAaXKJINBILLOK
€ BOAA, KA MepeBa)a€ B KJiTUHI 3a macolo.
HeobxigHMMM KOMNOHEHTaMU BCiX OpraHiB i TKa-
HUH € OKpeMmi MiKpoenemeHTu, COsli Ta MOHMU
conen (MiHepanbHi PeyoBUHM).

1. HaBepiTb npuknagn Bigomux Bam 6inkiB i mno-
ACHITb TXHI PYHKUIT. 2. Yum i yomy pi3HATbCA MiX CO-
6010 BnacTMBOCTi 1 YHKUIT pi3HMX nonimepiB rMoKo-
3 — Kpoxmanio, rikoreHy n uentonosn? 3. Y cknagi
AKX OPraHiYHMX PEYOBUH MICTATbCA aTomu HiTporeHy?
®ocdopy? Cynbdypy? Mopy? Kobanbty? 4. Yomy 3He-
BOAHEHHA € HebGe3neyHUm Ana opraHiamy?
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Tema 3. O6MIH peUOBVH | NepeTBOPeHHA eHeprii

§ 23. Motpeba NnoANHN B peYOBMHAX i XiMiYHNX enemMeHTax

0 [NomipkynTe

[o AKux Hacnigkis Mo)e Npu3BecTn XapuyBaHHA
NIOAVHY NYLe KapTonsielo (Xxo4ya i B JOCTaTHIN
KiNlbKOCTI)?

Q 3raganTe

 binkun o Xnpnu

» Byrnesogu o AMiHOKMCNOTN

 BiTamiHun * Mikpo- Ta MakpoenemeHTn

300poBe Xxap4yyBaHHA

PeuoBuHU Ta eHepriio MU OTPUMYEMO 3 iKi.
Haa Hamiol JKUTTEAIANBHOCTI HaM HeoOXimmi
O0iJIKM, BYIJIeBOAM, JIiIIigM, a TAaKoMK Bojga, He-
BeJINKiI KiJBKOCTI MiKpoesjeMeHTIB i BiTaMiHiB.

36amaHCcOBaHe XapuyyBaHHI — Iie Xap-
YyBaHHS, 34 SKOTO B OPraHi3M 3 XapuyoBUMU
IPOAYKTAMU HAAXOMATH yCi IMOKUBHI PeUYOBUHM
B KiJIbKOCTi, HEOOXiTHIN AJIA HOPMAJIbHOI JKUT-
TeMiAIBHOCTI.

XapuoBwmii pamioHn — 1e Habip TPOAYKTIB,
AKUHN JIIOAWHA CIOKUBAE IIPOTSATOM IIEBHOTO
yacy. IIpaBuabpHO migiOpaHuii XapuoBUH paIioH
€ OCHOBOIO PAI[iOHAJBHOTO XapUYyBaHHA.

XapuoBa Ta eHepreTuyHa LiHHICTb

NPOJYKTIB XapuyBaHHA

Enepreruuna uniHHicTh, abo kaJjopiiiHicTs,
OPOOYKTY XapuyBaHHs — IIe KiJbKicTh eHeprii,
AKY OJIep:Ky€e€ OpPTaHisM BiJ CIOKMBAHHS ITHOTO

Llykpu — Byrneeoaw, fKi

. OpyKT it 0BOY OpraHi3m LWBUAKO nepe-
TBOPIOE HA eHeprito
KpoxmanucTti npogyktun

MonouHi npogyktn —
MOJOKO, cMp, Norypt —
MiCTATb GiNKM 1 MiHepa-

v, Hanpuknag Kanbuin /v

M’sico, ropixu, 606u i anus —
MIiCTATb GINKN 1 Knpu

. binkosi npogyKkTtn
. MonouHi npogyKtn

. Byrnesoauncti npogykTtn

Man. 23.1. XapyoBui 6anaHc
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OPOAYKTY. 1i BUMIipIOIOTH y KilToKasnopiax a6o
B Kimomxkoyaax (1 kkax = 4,1868 x/[x).

Ezmepreruuna IiHHiCTHP J060BOro paIiiony
XapuyBaHHA MAa€ BiAIIOBiaTM eHEPreTUYHUM
BUTpaTaM opraHiamy. 3a mo0y Ha pisHi BUIU
misabHOCTI Jaiogmua BuTpadae Bigm 2000 mo
4500 kkajy. [loboBa HOpMa KaJIOPiii 3aJI€KUTH
Bim BiKy, craTi, 3pocTy # Macu, CIOCO0y KUT-
Ts, iIHTeHCUBHOCTI OOMiHY PEYOBUH, KJIiMaTy Ta
iHIIIUX YMHHUKIB.

EHepreTnyHa UiHHICTb KOMMOHEHTIB 1XKi

Kommnonent 1xi k/lx/T KKaJ/T
HKupu 38,9 9,29
Binku 17,2 4,11
Byrnesogu 17,2 4,11

XapuoBa I[iHHIiCTHh IIPOAYKTY BU3Haua-
€ThCA THUM, HACKiJIBKU mOOpe Ieil IPOAYKT
3a0es3meuye IOTpPeOM JIOAUHKA B OCHOBHUX
peuoBmHax Ta eHeprii. XapuoBa IiHHiCTH 3a-
JIeKUTH BiJ TOro, AKi KOMIIOHEHTH i B SKUX
CIIiBBiJHOIIIEHHAX MICTATHCA y CKJAAi Xapdyo-
BOTO TIPOAYKTY.

PospobiieHi opieHTOBHI HOPMHU CIOKUBAH-
HA Pi3HMX KOMIIOHEHTiB Ixki. Ko moTrpumy-
BaTHCA IUX HOPM, paIioH Oyzae 30a1aHCOBAaHUM
(masn. 23.1). OnTuMaJJbHO HOOOBUIT pallioH mo-
pocJioi JIOAWUHU Ma€ MiCTUTHU:

80-120 r 6inkis (25-35%);

+ 60—-150 r sxupis (15-20%);

450-550 r ByrueBozis (50—60 %).

/\Cknanm BYIneBOAMU, WO
MicTATbCA Y XxNibi, MakKa-
POHHUX BUpPOGax N Kap-
TOM/i, NepeTpaBoTbCA
N 3aCBOIOIOTbCS [OBLLUE,
Hi>K NpOCTi

®pyKkTn 11 oBouYi barari
Ha LyKpUW 1N KITKOBUHY,
a Kpim Toro, mMictatb 6in-

\_/KM, BiTaMiHM N MiHepanu
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bionoriyHa WiHHICTb

HpO,ElyKTiB XapyyBaHHA

Kpim sarambuOi KinbKocTi 0isnKiB, KupiB
1 ByrJIeBOZiB, BasKJIMBUM TAKOXK € 1XHi¥ CKJIaz.
Tinbku 3 I3Ke0 MU OTPUMYEMO He3aMiHHi peuoBu-
HU, AKi HeOoOXigHI /1T HOPMAJIbHOI JKUTTEXiAb-
HOCTI, aJie He CHHTEe3yIOThCsA HAIITMM OPraHiZMOM.
HesaminuumMu gia jgoguHU € BiTaMiHmM, Aedaki
aMiHOKMCJIOTH Ta HeHAacHUeHi KUPHI KUCJIOTU.

Ho He3amiHHUX aMiHOKUCJOM HAJIEXKATh
isoyednuH, JIidWH, JIEMIIMH, METiOHiH, (heHiJ-
aJlaHiH, TpeoHiH, TpunTo(aH, BaNiH (TAKOXK
rictuauH i aprimin gaa gitvein). Binkwm iki, 1o
MicTATh HeoOXimHMIT HAOIpP aMiHOKHCJIOT, Ha3u-
BaIOTh NOBHOUiHHUMU. [0 HUX HajgeXaThb Iepe-
BasKkHO TBapuHHi Oinxu. Haiibinbin Bucoky 06io-
JIOTiYHY IiHHiCTHP MalOTh OLJIKM, IIIO MiCTATHCS
B AWNAX, M sCi, MOJIOIi, pubi.

3pocraiounii OpraHidaM AUTUHU TOTPeOye
IOATKOBOI KijgbKocTi 6inKiB, aki 3abesmeuy-
I0Th picT i popmyBanHsa Tima. OcoOJIMBO Bak-
JUBUM € HaIXOIKEeHHS BCiX He3aMiHHUX aMi-
HOKMCJIOT. IXHA BifcyTHiCTH y iski mpmsBoguThH
IO 3aTPUMKHU POCTY, BHUCHAKEHHS i HePBOBUX
posJjasmis.

Biraminu moTpiOHiI opranisMy B HEBeJIHMKil
KinbKoCTi, ayse 6e3 HUX HOTO KUTTEMISAIbHICTD
HEeMOJKJIBA.

MopyLueHHA 0OMiHY
MiHepanbHUX PEYOBUH

MinepanbHi peYOBUHM TaKOXK HE CHHTE3Y-
IOThCA B OPTAaHi3Mi JIOAWHY 1 € OTHUMU 3 OCHOB-
HUX He3aMiHHUX KOMIIOHEHTIB XapuyBaHH.
Ixna mecTaua a6o HAJIUINOK BUKJUKAE IIOPY-
IIeHHA, 110 TPUSBOAATH 0 3aXBOPIOBAaHb.

I[IpuumHaM¥y TOPYIIIeHHS O0OMiHY MiHepasb-
HUX PEUOBUH MOMKYTh OyTHU:

« HejocTaTHE ab0 HagMipHe HAAXOMKEHH
MiHepaJIbHUX PEYOBUH B OPTraHisM;

- IesKi 3aXBOPIOBaHHS (TOPMOHAJIBHI, CIIaz-
KOBi TOII0);

0 Kniouosa iges

XapyoBuI paLioH XapaKTepur3yEeTbCA eHepreTmy-
HO0, XapyoBOl Ta 6i0NOriYHOW LiHHICTIO Npo-
OYKTIiB, WO CnoXuBawTb Yy iXKy. 36anaHcoBaHuiA
pauioH 3abe3neuye notpebu NOANHN B OCHOB-
HUX peyoBMHax Ta eHeprii. Hectaua abo Haa-
MipHE HAAXOOXKEHHA He3aMiHHUX KOMMOHEHTIB
i CTa€ NPUYMHOIO NOPYLIEHHSI 0OMiIHY PeYOBNH.

« HeIpaBUJIbHE BIXKWBAHHA [IEAKUX JIiKap-
CBbKUX TIperaparis.
* Oi TOKCUYHUX PEYOBUH.

MNepeTBOpPEHHA pe4yoBUH

B OpraHi3mi nognHu

SIK BU BKe 3HAETe, CIIOMKUTI 3 1Kel pedo-
BUHU 3a3HAIOTH Y HAIIIOMY OPTaHi3Mi CKJIaJHUX
XiMiUHUX TepeTBOpPeHb. Y MPOIleci TpaBJIEHHA
BUCOKOMOJIEKYJIAPHI CIIOJNIYKM iKi POSIIEIIio-
IOThCA BiATOBiZHUMU (hepMeHTaMU OO0 HUBBKO-
MOJIEKYJIAPHUX

« OiIKM POBIIEIIIOIOTHCA MPOTeas3aMu [0
aMiHOKMCJIOT;

« JKUPUW — JIila3aM® JI0 TUIIepoJy # KuUp-
HUX KUCJOT;

* BYIVIEBOAY — aMija3aMu 0 MOHOCAXapHUIiB.

IIpoaykTu TpaBiIeHH, 110 HAMIAIILIN B KPOB,
MepeHoCAThCA M0 BCiX KJIITMH Tijma. YcepenmHi
KJIiTUH BigOyBaroTbCsA OCHOBHI Oioximiumi mepe-
TBOpeHHs. CHHTE3yIOThCS BJACHI GiomMojeKysu,
AKi TOJAIOTHCS [0 CKJIAAy KJIITHH i 6epyTh yuyacThb
y 3milficHeHHi IXHiX (pyHKI[i#i. YacTuHa opraHiu-
HUX PEYOBUH POSIIEILIIOETHCS A0 OiIBIIT IPOCTUX
KOMIIOHEHTIB 3 BUIIJIEHHAM eHeprii, AsKa BHUKO-
PUCTOBYETHCA MOJIA IITPOIECIB KUTTENIATIBHOCTI.

ITo6iuni npogyxkTy 0OMiHYy PeYOBUH BUIiJIs-
I0ThCA 3 opraHismy. [asa GijbIocTi opraniuyHmx
PEUOBWH KiHIEBUMU IPOAYKTAMU PO3KJIALYy €
BYIJIEKHCJIUN ra3 i Bojga, a mjsa OiaKiB — 1me
1 aMOHIiaK, KU 3HEIIKOIMKYEThCSA IIePEeTBOPEH-
HSIM Ha CEYOBUHY.

@ MpakTuyHa poboTa

Po3paxyHoKk ocHO8HO20 06MiHy i eniacHoi 0060801
sumpamu eHepeil, CKNIa0OaHHA Xap408020 payioHy
1. Cknagitb iHAMBIAYaNnbHWUI PO3NOPAAOK AHA i BU-
3HayTe eHepreTWYHi BMUTPATU CBOrO OPraHi3my, Bu-
XOAAYM 3 BUAIB BalIOI AiANbHOCTI BNPOAOBX OHA
i IXHbOI TPMBaANOCTI.

2. Cknagitb BnacHWi fOOOBMIA paLioH XapyyBaHHs
BUXOAAYN 3 eHepreTUYHOI LiHHOCTI NPOoAYyKTiB Xap-
yyBaHHA (AMB. Tabnuuto Ha c. 237).

3. YcTaHOBITb, UM BiAMoBigaloTb HOPMiI BMICT 6ifKiB,
XKMpIB | BYrMEBOAIB Ta KanopiiHicTb Baworo fo6o-
BOTO Xap4yoBOro paLiioHy.

4. Coopmynioite BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Ha3BiTb NpoayKTy xapyyBaHHA 3 BUCOKMM yMic-
ToM: a) 6inkis; 6) xupis; B) Byrneogis. 2. O6roBopitb,
HaCKIiNbKM BUMpPaBAaHOIO € BeretapiaHcbKa gieTa. 3. Yum
€ 36anaHcoBaHUM Ball 0COBUCTUI paLioH XxapyyBaHHA?
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§ 24. MeTaboni3m

0 [omipkynTe

Yomy B pasi ropMOHasbHVX NMOpPYLUEHb JIOANHA
MOXe LWBUAKO CXYAHYTW abo pi3Ko 36inblunTy
Macy Tina?

Q 3raganTe

» [omeocTas
» HepBoBa 1 rymopanbHa perynauisa

Etann meTaboniamy Ha npuknagi TBapuH

Mera6oamizm, a00 00MiH pe4oOBUH — Iie CYy-
KYOHICTh XiMiUHMX peakIliii B oprauisami, aki
3a0e3IeuyoTh HOr0 PeUOBMHAMU Ta €Heprie€io,
HeOOXIMHMMHU IJIA KUTTENiAJIBLHOCTI.

Marepiasom ansas oOMiHHUX TpOIleciB € cy0-
cTpaTH MeTabo0JIi3My — CIOJIYKU, 10 HAIXOAATH
3 Txxero. Cepen HUX BUIIJIAIOTH OCHOBHI XapuoBi
pevoBuHu (0iIKM, ByTJIeBOAU, JIimiau) i MiHOpHI
XapyoBi PEUYOBUHU — Ti, IO HAAXOAATH Yy MaJIUX
KimbKOCTAX (BiTamMiHM, MiHepaJibHI PEUYOBWHU).

B o0OmiHI peuoBUMH BHUIIJIAIOTH ABa eTamu:

I — migroroBumii (ximiuHi mepeTBOpeHH:A
PEeYoOBUWH y TPaBHill cucremi);

II — Bsmacue merabosisam (ximiuHi mepeTBo-
PEeHHSA CIOJIYK yCepeauHi KJIiTuH).

Yeci nporecu KIiTUHHOTO MeTabO0JIiZMy MOMK-
Ha YMOBHO DO3AiJUTH Ha ABi (asu:

* KaTa0oJaisM (DUCUMIiNAIiag, eHepreTuUHIHA
00MiH) — mpoIlec PO3KJIaAy CKJIATHUX PEUYOBUH
Ha IPOCTIIli; IPU I[bOMY BUBLIBHSAETHCA €HEPTisd;

+ aHA0o0i3M (acUMIiNAIiA, MIACTUYHUNA 00-
MiH) — CHHTEe3 CKJIAJHUX CIOJIYK i3 0iibIm mpo-
CTUX; IIPU IILOMY €Hepris BUTPAYAETHCH.

Karab6omiuni Ta anabosiuHi mporecu B KJIi-
THUHI TicHO B3aemomoB’si3aHi. Enepris, 1o Bu-
BiIBHAETHCA B XOJi KarTaboJiuHMX HOpoIlecis,
BUTPAYAETHCA HA YTBOPEHHA MAaKDPOMOJEKYJ
y mporieci ana6osisamy. OCHOBHUM aKyMyJs-
TOPOM i IIEPEeHOCHUKOM eHeprii € ameHo3uH-
Tpudocharua Kucaora (ATP). V csoro uepry,
MPOAYKTHU aHab0JaidMy MOMKYTh OyTH CyOCTPaATOM
Iasa Karaboaiunmx mporeciB. Kpim Toro, ana-
OosriuHUIT CUHTE3 € mKepesoM (DepMeHTIiB IJis
BCiX eramiB oOMiHY pEUYOBUH.

PisHocupssmoBani mporiecu MeTaboJIismMy mim-
TPUMYIOTHh CTAJICTh BHYTPILIITHBOTO CepeoBUIIA
oprauismy (romeocras). Bu Bixke 3HamioMmiucs
3 UM Ha IIPUKJIAIi OpPraHisaMy JIIOAUHMU.

Perynauia metabonismy y TBapvH

Koopaunaria mporieciB merabosismy 3miii-
CHIOETHCA IIJIIXOM HEPBOBOI i TrymopaabHOI
perynaiiii. HepBoBa perynadamia 3pificHIOETLCSA
rimorajiaMmycoM i BereTaTUBHOIO HEPBOBOIO CUC-
TeMOIO (CHMIATHUYHOIO i MapacuMuaTnuHoo). I'y-
MOPAJIbHY PEeryJAIil0 3MiliCHIOIOTh eHIOKPUHHI
3aJ1034 (3aJI03M BHYTPIITHBOI cekpelrii), AKi €
BUpOOHUKaMu ropmoHiB. 'opmonu (iHcyJrin,
aJpeHaJiH, TUPOKCHUH) IIEPEHOCATHCA PiZHUMU
pizuHaMm opraHismy (KpoB, Jimda, TKaHMHHA
pizuHA) i KepyioTh AiAJbHiICTIO (GepMEeHTHUX
cucTeM y KJIITHMHAaX.

HepsoBa i1 rymopaJsibHa CHCTEMU TiCHO B3a-
€MO/ifoTh oxHa 3 omHo (Mas. 24.1). OcobauBe
3HAUEHHS B PeryJiAllil oOMiHy peuoBUH Mae Bigmi
MIPOMiKHOT0 MO3KY — rimoranamyc. ['inoramamyc
PperyJoe IiaIbHiCTh HaBaKJIMBIIIIOL 321031 BHY-
TPIITHBOI ceKkperrii — rimodisa, SKUT KOHTPOJIOE
poboTy BCixX iHINMMX 3aJ103 BHYTPIIIIHBOI ceKperrii.

Mpuknagn HepBOBOT Ta r'yMopasibHOI perynsuii 0oMiHy peyoByH

IIpoiuec Hepsosa peryaanisa

O6Mmin

gimigip | Tes TpUrIinepuAis i mocuiioe ixHid posnax. Ila-
pacumnaruuda HC cripuse BiaxkIameHHIO JKUPiB

Oomim Timoranmamyc i moBracTuii MO30K HiABUIIYIOTH

ByTJIe- YMiCT IIFOKO3U B KPOBi

BOJiB
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T'ymopanbHa peryisaiis

Cumnatuuna HepBoBa cucrema (HC) ranbmye cur- = Mob6inisariro *KUpiB MOCHIIOI0OTH COMAaTOTPOII-

HUM TOPMOH, iHCyJIiH, agpesaain. Moobintisa-
Iif0 KUPiB raJbMyIOTh TVIIOKOKOPTUKOIAM

Izcynin sHMIKYE BMiCT I'TIIOKO3H1 B KPOBI,
aJie TJIIOKAroH, aJpeHaJiH, COMaTOTPOITHUHA
TOPMOH, TJIIOKOKOPTUKOIAN, TUPOKCUH,
TPUHOATUPOHIH HiABUIIYIOTH HOTO
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IHpopmauia
Npo 308HIWHE
BeretaTtusHa . Cepedosue )
[onoBHUM 30BHiLIHE
i cepeposuLle
cucTemMa MO30K penosuLy

[inoTanamyc

lnodis
¢ IHhopmayia npo

8HYMPpIlHE cepe-
dosulye opaaHiamy

EHOOKPUHHI 3ano3um

OpraHn " TKaHUHK

Man. 24.1. Cxema HepBOBO-FymMOpasnbHOI perynauii
06MiHY PeuYoBUH B OpraHi3mi nanHU

Heaki pakTopw, WO BNAMBAKOTbL
Ha MeTaboniam y niognHu

Icaye pan daxrtopiB, 1[0 BIJIWBAIOTH HAa
MIBUAKiCTh MeTaboJismy.

CnaakoBicTh. YHACJIiIOK CHAgKOBO 3yMOB-
JeHUX YNHHUKIB MIBUAKiCTHL OOMiHHMX IPOIIECiB
y pisHUX siomeli Mo:ke BiapisHaTmca Ha 10%.

Crarypa. Yum Ginbirte i Baskye Tijlo, THM
OiJbIlle BUTPAYAETHCA €Heprii s miATpuMKN
SKUTTENisAAbHOCTI. M’sA30Biti Maci moTpiOHO 0ib-
e KaJIopiti, HidK KUPOBiMl TKaHWHI.

Cratp. ¥ uYoJiOoBiKiB 00MiH peuoBUH Bif-
OyBaeTbcA IBUAIIE, HiK y KiHoK. Ile 3ymoB-
JeHO OiJbIMMMM po3MipamMu Tijsia Ta OiJbIIOI0
M’A30BOI0 Macoio.

Cmoci6 xuTTsI. Y pasi macmBHOTO CIOCOOY
JKUTTA BigOyBaeThCcsA YIIOBIIbHEHHS IIPOIECiB
meradoJrismMy, i, HaBIaKu, Hif Yac 3HAYHOTO
(ismyHOTO HaBaHTAKEHHSA OOMiH PEUOBUH IIPHU-
cxkopoeTbeda. Crpecu, mempecii, HeZoCHUIaHHS
M ToJIOAyBaHHS TPU3BONATH A0 YIIOBiJIbHEHHS
00MiHY peuoBMH. XapuyBaHHA HEBEJIUKUMU II0-
puiamu 4-5 pasiB Ha meHb, OiIKoBa ixka mpu-
CKOPIOIOTH MeTaboJrisM.

0 Kniouosa iges

[lBa 60K MeTabonisamy — KaTaboniuHi Ta aHa-
6oniuHi Npouecn — TicCHO B3aemonoBs’A3aHi. Ko-
OopAuHaLia npoueciB meTaboniamy 34iNCHIOETb-
CA WNAXOM HEepBOBOI N rymopasnbHOi perynadii.
3a cnocobom opep)KaHHA OpraHiYHUX PEeYOBMH
XKUBI OpraHiaMu nofinATb Ha aBTOTPOdIB i reTe-
poTpodiB, a 3a cNOCO6OM OTPMMaAHHA eHeprii —
Ha ¢oToTpodiB i xemoTpodis.

OO6MiH pevyoBUH B aBTOTPOPHMX
i reTepoTPOPHMX OpraHiamis

3a cnocobom 00epicaHH OPZAHILHUX peuo-
suH (cmoayk KapOomy) »KuBi opraHismMu momi-
JAI0TH Ha aBTOTPO(diB i rereporpodis.

ABroTpodu 31aTHI cCHHTEe3yBaTU OpPraHiuHi
peuoBUHU 3 Heoprauiuaux. [[1s moO6ymoBu CBOTO
Tijla BOHM BHUKOPUCTOBYIOTH HEOpPTAaHiuHI peuo-
BUHU I'DPYHTY, Boau I moBiTpsa. Ilo aBTOTpOdQiB
HaJeXaTh POCJWHU Ta AedAKi 6akTepii.

TerepoTpodu oep:KyIOTH OPraHiyHi PeUOBU-
HU 3 i)Kero. BoHM KUBIATHCA IHIIUMU OPraHis-
MamMu abo ixHimm pemrkamu. [[o rerepoTpodiB
HaJeXaThb yci TBapuHu, rpubu, 6araTo 6axTepii,
MapasuTUYHI POCJIVHU.

IcuyroThs opramisamMum 3i 3mimIaHUM THUIIOM
JKUBJIEHHA — MiKcoTpodu.

3a Oxcepenom eHepeil INJisi TPOIECIB JKUT-
TEOiANBHOCTI KUBI OpraHisaMu IOiJIAIOTH Ha
doToTpodiB i xemoTpodis.

doToTpopu BUKOPUCTOBYIOTH €HEPriio co-
HSAYHOTO CBiTJIa JJisi CHUHTE3y OpraHiuHUX pe-
qyoBUH (hporocuHTed). [0 hpoTOoTpOdiB HamEKATD
3ejieHi pocauHU ¥ meAki GakTepii.

XeMmoTpohu A KUTTENIAIBHOCTI BUKO-
PHYCTOBYIOTH €HEPriio, sika BUBIJIBHAETHCA ¥ XOMI1
XiMiuHMX peakIriii, 1Mo BimOyBarThCA B IXHIX
opraHiamax. Ilo xemoTpodiB HaJie:KaTh TBapU-
HU, rpubu, OaKTepii.

VYci seneni pociuHu € omoasmompoga-
MU — BOHU CUHTE3YIOTh OPTaHiYHI PEeYOBUHU
3 HeOpraHiuyHmMX y mpolieci (poTocmHTE3y, BU-
KopucToByoouu eHeprio CoHid.

Yci TBapuHU U rpubu € xemozemepompoda-
MU — BOHU JKUBJATHCA TOTOBUMU OPTAaHIUHU-
MU PEYOBMHAMU i BUKOPUCTOBYIOTH AJSA CBOEI
SKUTTEIIATBHOCTI eHeprio XiMiuHMX peakxIii.

Hegenuka rpymna 6akTepiii HAJI€XKUTDH 10 Xe-
M0a6mMoOmpo@ié — BOHU CHUHTE3YyIOTh OpraHiu-
Hi CHOJYKY 3 HEOPTaHIUYHUX, BUKOPUCTOBYIOUH
eHeprilo, IO BUBLIBHAETHCA B IIPOIECi OKUC-
HEHHSA HeOPTaHIYHUX PEUOBUH (TiAporeH cyabdi-
Iy, MeTaHy, cipku, crmoinyk @epymy(Il) Toirmo).

03aI‘II/ITaHHﬂ Ta 3aBJaHHA

1. Ak noB's3aHi MiX coboto KaTabonisam i aHabo-
nism? 2, fki nepeearn 1 HefoONiKM MalTb HepBOBa
N rymopanbHa perynauii metabonisamy? 3. Ak BU BBa-
Ka€eTe, YoMy NiCnA HM3bKOKanopinHUX AieT (ronogy-
BaHHA) Maca Tina 36inbwyeTtbca We weugwe? 4. Yomy
JeAKMM opraHiamam BurigHo 6yTn MmikcoTpodamn?
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§ 25. KniTMHHNI TpaHCNOPT peyYoBUH

0 [omipkynTe

YoMy icHYe He OfMH, a KinbKa Pi3HMX Cnocobis
nepeHeceHHs PeYoBUH yepes KIITUHHY MembpaHy?

Q 3raganTe

« bygoBa KniTMHHUX MeMb6paH o EHpoOLIMTO3

o Memb6paHHi 6inku

AKTUBHUW | NACUBHNW TPAHCMOPT
peyoBUH

Kiaituaa mocTifimo poO3IeNnyioe i cuHTe3ye
6essiu ximiuHuxX pevoBuH. OAHI PeUYOBUHU IIepe-
MIiITyIOTbCS B KJITWHI MiK opraHeisamu, iHIMIi
BUBOAATHCA Kpidh MeMOpaHy Ha30BHi, TOAI AK
JedAKi IPOHUKAIOTh yCepeauHy.

Kaitunna memMOpaHa IpoOITycKae OIHI pedo-
BUHU i He mponyckae iummi. g maniBaskimBinia
BJIACTHUBiCcTh OiosioriuHoi MemMOpaHU HA3MBAETH-
ca 6ubipkoeoio nponukHicmio. BoHa mae Benu-
Ke 3HaAUeHHA MJIA caMoperyjadnil i miaTpuMyu
CTaJIOTO CKJIAAY KJITUHU.

TpaHCcOpTYBaHHA PEUOBUH KPidh KJIITHHHY
MeMOpaHy 34iMCHIOETHCA 3a JOIIOMOIOI0 Pi3HUX
mexaHismiB (mana. 25.1).

ITacuBHMIT TpaHCHOPT — Iie PYX PEYOBUH
Kpish KJIITHHHY MeMOpaHy 0e3 BuUTpaT eHeprii sa
rpafiieHTOM KOHIeHTpaIlii (Bif AiIAHKY 3 BUCOKOIO
IO TiISHKY 3 HU3BKOIO KOHIeHTpalli€mw). ITacus-
HUU TPAHCHOPT 3AiMCHIOETHCA IIJIAXOM IIPOCTOI

Qo ) 00 9
LIESE Il i
I (FI00N § NN .
] Qo

MacuBHMIA TpaHcnopT: [lpocma dugpysia: 1 — pnodysia
Kpi3b docdoninigHuin Giwap, 2 — andysia Kpisb Ginok-
KaHan; lMonezweHa dugpysis Kpi3b GiNOK-NepeHOCHNK:
3 — cumnopT, 4 — aHTMNOPT. AKTUBHUI TPaHCNOPT:
5 — Kpi3b 6inok-Hacoc i3 nigBogom eHeprii

Man. 25.1. Buan membpaHHOro TpaHcnopTy
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i mosrermenoi gudysii. ¥ Takui cmocid Kpisb KJri-
THHHY MeMOpPaHy IIePEeMIiIIIyIOTbCA MaJIi MOJIEKYJIH.

AKTHBHMIA TpaHCIIOPT — Iie IIepeHeceHH:d
pe4YoBUH Uepe3 KJIITMHHY MeMOpaHy IIPOTU I'pa-
IieHTa KOHIeHTpaIlii, 3 BUTpaTol eHeprii. Ak-
TUBHUI TPAHCIIOPT 3MiMCHIOETHCS 3a JOIIOMOTOIO
cueniajgpHENX OLIKiB-TpamcmopTepiB, IIISIXOM
€K30- ab0 eHJOIINTO3Y, a TAKOK IILJITIXOM BE3UKY-
JISTPHOTO TPAHCHOPTY. ¥ TaKHWH CIIOCiO Kpish KJIi-
THHHY MeMOpaHy IIepeMilIyIoThCsA HOHU i BeInKi
MOJIEKYJIN, IJIsI AKX MeMOpaHa € HeIIPOHUKHOIO.

Andysia (nacuBHUI TpaHCMOPT)

Hudysia — 1me pyx pevyoBUHU Bijg 30HU 3 ii
BHCOKOIO KOHIIEHTPAIIi€I0 A0 30HU 3 il HU3BKOIO
KoHIeHTpalieo. HeBenuki meopramiuui moJe-
kym (CO,, O,) i rizpodobHi pedoBHHHU JIETKO
MIPOXOAATh Kpish Jimiguwmii Gimrap KJIiTHHHOI
memOpanu. Takuii BuUJ IAaCUBHOTO TPAHCIIOPTY
Ha3UBAOTh npocmoio dugysicio.

ITacuBHMI TpaHCHOPT 3a TPALIEHTOM KOH-
meuTparii 3a yuactio mMeMOpaHHuX OiJIKiB Ha-
3UBAIOTH noJezwenorw Jugysiew. Ilomermena
nudysisg BimOyBaeThcA uepesd cHelliaJbHI KaHAa-
JIW, PO3TAIIIOBaHI BcepennHi BeIUKUX 0iIKOBUX
MoJIeKyJ. Tak TpaHCHOPTYIOTHCA HEBEJIUWKi op-
ra"iu"i moJsieKyau (TJIIOKO3a, AedAKi aMiHOKUC-
JIOTY, MOHOCaXapuau TOIIIO0).

TpaHCcOPTYBaHHA MOJIEKYJ BOAU KpPisb
MeMOpaHU 3AiMCHIOIOTH CHelliaJbHI MeMOpaHHi
O0inKM axkeanopuHu.

binkn-rtpaHcnopTtepn

(QaKTMBHUI TPaHCNOPT)

OpguuM i3 BUOIB aKTHUBHOT'O TPAHCIOPTY
PEeUYOBMH KPish KJIITHHHY MeMOpaHy € IiepeHe-
ceHHA iX OinKaMu-TpaHcmoprepamMu. TpaHcmop-
Tepu — Iie OiJKM, IO MepPeMiIyIoTh IIeBHi pe-
YOBUHU KPish KIITUHHY MeMOpaHy 3 BUTpaTaMU
ereprii. CuMIopTHI TpaHCcIOPTEPHU 3IilICHIOIOTH
CHLJILHUNM TPAHCHOPT B OAHOMY HAIPAMKY JIBOX
PEYOBMH — Iie TaK 3BAaHUHA CUMIIOPT: HAIPU-
KJIaJ, CUMIIOPT y KJITHHY TIJIIOKO3U BimbOysa-
€ThCs CIiIbHO 3 HoHammu Harpiro. AHTHUIOPTHI
TPAHCIIOPTEPU 3AiMCHIOITH 3yCTPiUYHMU TpaHCc-
IOPT ABOX PEUYOBWH, BiH Mae Ha3By aHTUIOPT.
3a IPUHITUIIOM aHTUIIOPTY IPAIlIOE HATPiA-KaJTi-
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EHepria
BUTPaYaETbCA

Na*o ONa*

Man. 25.2. Cxema poboTK HaTpill-KanieBoro Hacoca

eBUY HOHHUY Hacoc (HOHHI Hacocu — Iie TpaHC-
mopTepu HOHIB). YHINOPT 3AiTICHIOE TPAHCIIOPT
TiTbKY OOHi€el PEUOBUHU.

PoboTa HaTpiin-KanieBoro Hacoca

VY nuromiaasMi Ta MO3aKJITUHHOMY CEPEo-
BUII[I TiATPUMYETHCA II€BHE CIIiBBiTHOIIEHHS
onie Na® i K* (Bmict K* O6inpmie y xiitu-
Hi, a Na'* — mosa kJiiTunO). BukauyBanHus
oniB Na' i3 kaitTuum i nepenecennsa nonis K*
VY KJIiTUHY 3AiHCHIOETHCSI MeMOpPaHHUM OiJIKOM.
s iporo mpoiiecy BUKOPUCTOBYETHCA eHepris
ATD (man. 25.2).

3a ofiMH IUKJ pPoOOTH HACOC BUKAUYE 3 KJIi-
TuHu Tpu HoHu Na' i 3axkauye nBa tionu K*.
Tomy Ha 30BHiIIHbOMY 06OI[i MeMOpPaHU HAKOIIM-
4yeThcsA HAAJIUIIOK MO3UTUBHUX HoHIB. 1110 pis-
HUITIO IIOTEHIIiaIiB MiK 30BHIIITHBOIO 1 BHYTPIIII-
HBOIO IOBEPXHAMMU MeMOpPaHU BUKOPUCTOBYIOTH
AK OKepesio eHeprii O6araTo iHImMuX OiTKOBUX
KOMILJIEKCiB AJiAd IepeHeCeHHA Pi3HUX PEeYOBUH
Kpisp memOpamy.

EHgounTos i ek3ouunTo3s
(QaKTMBHUI TPaHCNOPT)

Ilepenecenusa BeIUKHUX MOJeKyJ (0iIKiB,
moJricaxapujiiB, HYKJIETHOBUX KICJOT) i uyac-

0 Kniouosa iges
MacuBHWIA TpaHcnopT (6e3 BUTPAT eHeprii) He-

BEJIMKMX MOJMIEKYN Kpi3b KNITUHHY MeMOpaHy
3[iNICHIOETBCA LWAAXOM MPOCTOI i MoJserweHor
andysii. AKTMBHMI TpaHCMopT (3 BUTpaTamu
eHeprii) 34iNCHIDETbCA 3a JONOMOIOI Cnevianb-
HUX GinkiB-TpaHcnopTepiB (yHiNnopTa, cMMnopTa,
aHTMNopTa), ek30- abo eHAOLUMTO30M, a TaKOX
LIAXOM BE3UKYNAPHOro TPaHCMOPTY.

EHepria BuTpavaeTbca

BaHTaXX ——

«XBOCTW»
KiHe3nH \""‘v
«Ctebno» /A

«loniBka»

MikpoTpy60ouka

Man. 25.3. Cxema po6oTu KiHe3nHy — 6inka, wWwo
«KPOKY€» y3[0BX MIKPOTPYOOUOK i NepeHoCuTb Be3n-
Ky Ta iHWIi YaCTUHKM MiX Biggdinamu KnitmHm

TUHOK ((PpparMeHTH KJITHH) uYepe3 KJIITUHHY
MeMOpaHy BifmOyBaeThCA 3 YTBOPEHHSAM Be3U-
KyJ. Besukyam — 1e MeMOpaHHi myxXupIti, axi
3IaTHI TpaHCIOpPTyBaTu pedoBuHU. MemOpan-
HUII TPAHCHOPT Y KJIITUHY HAa3WBaIOTh €HIOIM-
TO30M, a TPAHCIIOPT i3 KJIITUHU — €K30I[UTO30M.
ITormuHaHHA KJIITHHOIO TBEPAUX YACTUHOK HA-
3UBaOTh (aromuTo30M, a IOIVIMHAHHA PiAuH
i Kpamejp — MiHOIIUTO30M.

Be3nkynapHum TpaHCcnopT ycepeauiHi
KNITUHN (QKTUBHWI TPAHCMOPT)

TpaHcIOpT PeUYoOBWMH yCepemuHi KJIiTUHHT
3 OJHi€l opraHesu B iHINIY TaKOK BimOyBaeTbhcA
y Be3HKyJax. BesuKyJu BigOpPYHBKOBYIOTHCS
Big muctepH anapaty I'oJaba:Kki ¥ JOCTaBIASAIOTH
PeYOBMHU B OpPTraHeJu-MiIllleHi, 3JIMBalOUYUCh
3 ixaimMmu memOpamamu. {15 TpaHCIOPTYBAHHSA
BE3UKYJ BUKOPHUCTOBYIOTHCA MiKPOTPYOOUKMH,
10 € CKJaJOBUMM I[MTOCKeJeTa. TpaHCIIOp-
TYBaHHS Ha MMOBEPXHiI MiKpoTpybouoK B3miii-
CHIOIOTh MOTOPHI OinKu: OuHeiHu i1 KiHe3uHU
(man. 25.3). JuHeiHu mepeMillyOTh YaCTUHKU
3 nmepudepiiHUX MiIAHOK KJIITUHU O IEHTPO-
comu. Kimesunu, HaBIaxku, IepeMillyioTh dac-
TUHKY B HAOPAMKY OO KJITMHHOI mepudepii.
IIpomec ime 3 BuTparTor emeprii AT®.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy KRiTMHW BUTPayaloTb 3HAYHY YacTUHY BU-
pobneHoi eHeprii (4o 50 %) Ha TpPaHCMOPT PeYoBMH
yepes membpaHn? 2, Aki KNiTUHU XpebeTHNX aKTUBHO
BUKOPUCTOBYIOTb daroumntos? 3. AK BHYTPIiLIHbOKI-
TVHHI TPAHCMOPTHI BE3UKYNM PO3Mi3HaloTb opraHenu-
MileHi?
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§ 26. TpaHCNoOpTHa cUCTEMa POC/IVMH: CUMNACT | anonnacT

0 [omipkynTe

YoMy pocCivHK B'AHYTb, AKLIO BOHW OTPMMYIOTb
HeOoCTaTHIO KiNbKicTb BOAN?

Q 3raganTe

» bynoBsa KopeHs » KopeHeBi BONOCKKU

o KnnkyBaHHA » bypoBa KniTMHW pocnunH

Pyx peYoBMH y BMLLMX POCTVH

AK BaM BiZoOMO, POCJAMHHU IIOTJIMHAIOTH i3
HaBKOJUIITHBOTO CEPEOBUIIA BOLY W PO3UMHEHI
B Hill HeopraHiuHi (MiHepaJbHi) PEUOBUHMU.

IlornmuHaHHA BUOIMMHU POCJIMHAMU MiHepa-
JiB 3 I'PYHTY 3IiACHIOETHCS OCOOJIMBOIO 30HOIO
KOpeHA — B30HOI0 BCMOKTYBaHHSA, /e IMOKPUBHI
KJITUHA MalOTh BUPOCTU — KOPEHEBi BOJIOCKU.
Kpisp MmemMOpaHu KOpeHEeBUX BOJIOCKIiB IIPOHUKAE
BOJla i po3umHEeHi B Hi#l coJri.

Big moxkpuBHUX KJITHUH KOPEHEBUX BOJOC-
KiB BOOHUN PO3UMH Jaji IIepecyBaeThbCA IIa-
PEHXVMHOI TKAHWHOIO [0 IIEHTPY KOpPeHsd.
TyT posmiineHo ejgeMeHTH IIPOBIAHOI cHUcCTeMU
pocauH (KcuieMa ¥ paoema). Humm BogHME pos-
YUH MiHepajiB IimgHiMaeThbcsa Bropy OO crTebdja
M JUCTKiB, a CHHTE30BaHi POCJIMHOIO OpPraHiuHi
PEYOBUHU POIIMOAIIAIOTLCA MiK yciMa yacTmHAa-
MU OpraHismy.

MornnHaHHA BOAW KOPEHEBUMM
Bosiockamu. Ocmoc i Typrop

HagxomxenHna po3uMHEHUX PEUYOBUH Kpi3b
MeMOpaHU KJIITHH KOPEeHEeBUX BOJIOCKIB 3IiMCHIO-
€ThCA IMIIAXOM IUuPysii i1 aKTUBHOTO TPAHCIIOPTY.

Boga HagxomawuTh y POCIMHY B OCHOBHOMY
3aBAAKU OCMOCY.

Ocmoc — 11e Ju@ysia MOJIEKYJI POSUMHHUKA
(y BUmazaKy, IO PO3TJIANAETHCS,— BOIAM) KPishb
HAIiBIPOHUKHY MeMOpaHy i3 30HW 3 HU3BKOIO
KOHIIEHTPAIli€}0 PO3UMHEHOI PEYOBWMHU B 30HY
3 ii 6iIBIII BUCOKOIO KOHITeHTpaliero (mami. 26.1).
Benuki mMosiekysin po3UMHEHUX Y BOOi PEUOBUH
He MOYKYTb MPOHUKHYTHU KPidhb KJIITUHHY MeMO-
paHy, a MOJIEKYJU BOAW MOKYTh. BOoHU HiOuU
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Hun3bKa KoHUeH-
Tpauia peyoBnHN

Boga _ ° . i3 30BHiWHbOrO
> e :. ° { 6OKy KNTUHYK
PosuuHeHa Wt e,
y Bogi perBMHa—ﬁc"J °°
penensnnensnsele Bona nepexoaus
“3“.““.3““ § 3 obnacti HU3bKOT

KOHLeHTpauii peyo-
BUHW B 06nacTb

Bucoka / ‘e’ A

KOHL|eHTpauinA ° . L 3 BMCOKOW
PEUYOBMHM o ol ® R KOHLeHTpaUi€w
BCepeayHi ° °

KNiTUHN

Man. 26.1. Ocmoc

pO36aBIAAIOTh BUCOKOKOHIIEHTPOBAHUN PO3UUH
mo ixmwuii 6ik MeMmOpamHm.

OcMoC XapaKTepuayeTbCAd OCMOTHUYHHUM
THCKOM — THCKOM, AKHII IOTPiOHO JOKJIACTH,
00 3amo0irTu OCMOTHYHOMY HAAXOIMKEHHIO
BOAM B PO3UMH.

Y HaseMHUX POCJIUH IOTJIWHAHHS BOIU
3 I'PYHTY IILJIAXOM OCMOCY 3IiliICHIOETHCA KPi3hb
KJITUHHI MeMOpaHW KOpPEHEeBUX BOJIOCKIB Ta
iHmMuX KJIiTHH y KopeHi. OCMOTHYHUHN THUCK
y IUX KJIITWHAX i KJiTWHAaX, 0 IPOBOIAATH
BOJIY BiJl KOPEHEBOT'O BOJIOCKA 0 KCUJIEMH i JaJri
IO JMCTKiB, HabaraTto BUINWI, Hi¥X OCMOTHY-
HUN THUCK I'PYHTOBOI BOAM, YHACJiIOK BHUCOKOI
KOHIIeHTpAIlil pOo3UYMHEHUX coJiell i caxapumiiB
y KJaitTuHax. Hampukiaazn, KJIiTHHE KOpPeHeBUX
BOJIOCKIB MAalOTh BEJIUKY BAaKYOJIO 3 AYKe BU-
COKOI0 KOHIIEHTPAI[i€l0 PO3UMHEHUX PEUYOBUH,
TOMY BOJIa «IparHe» yBiATH B I[i KJIITUHU, 3SHU-
JKYIOUM IXHIO OCMOTHUYHY KOHI[EHTPAIilo.

Konu B pocamHHY KJITHHY B pe3yJbTaTi
OCMOCY HAIXOAWTHh BOJA, yCepeawWHi KJIiTHMHU
dopmyerbcss TypropuHuii tHckK. lle mampyike-
HUII CcTaH KJITUHHOI 000JOHKH, IO CTBOPIO-
€ThCA THUCKOM BHYTPIITHBOKJIITUHHOI PifWHMN.
3aBAAKU TYpropy TKAHWHU MAaOTh MIPYKHICTH,
crebJia 30epiraroTh BepTHUKAJbHE MOJOKEHHS,
BiIKPUBAIOTLCSA MPOAUXU. SHUMKEHHIM TYPIropy
CYIIPOBOMIKYIOTHCA MPOIleCH B’ IHEHHA i cTapim-
Ha KiaituH (Manx. 26.2).
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-y 1

a 6

Man. 26.2. Porilb 0OCMOTMYHOrO 11 TYPrOPHOro TUCKY
B MPYXHOCTI TKAHUH POC/INH: @ — 3POCTaHHA TYPropHOro
TUCKY CMPUYNHIOE BIAKPUTTA 3aMUKaOUMX KIITUH NPOAMXIB,
a BTpaTa Typropy — ix 3aKpuBaHHsA; 6 — Konu Boau y Basi
He 3a/NLWAETbCA, OCMOC «3MYLLYE» iT BUXOAUTU 3 KITUH Ha-
30BHi. Boga BMNapoByeTbCA, i KBiTU B'AHYTb

AnonnactTMyHUM Ta CUMMIACTUYHNNA
LUIAXW TPAHCNOPTY BOAM
N MiHepanbHUX PeyoBUH

Boma 3 posumHeHWMHN MiHEpPaAJIBHUMU pe-
YOBUHAMH, IO MOTPANUIU 3 I'PYHTY B KOPiHB,
pyXxaeThcAd MO HOro IeHTPY, a TOUHiIlle — [0
cyauH Kcujaemu. Ile mepemimnieHHs Ha3WBaIOTH
pamianpHuM (260 6ITU3PKUM) TPAHCIIOPTOM BOAU
B KopeHi. [IIBUAKiCTDL PyXy BOAM B KOPEHi OAy:Ke
HesHauHa — OJu3bKO 1 MM/TOf.

Pagianpanii (0IM3BKUIT) TPAHCIOPT BOIU
B KOpeHi 3milficHIOEThCA KiJbKOMa cmocobaMu
(mag. 26.3).

« CMMIIACTUYHMI HIJAX: PEYOBUHU TPaH-
CIIOPTYIOThCA 3 I[UTOIJAa3MM OOHiel KiaiTmHU
B IIUTOILIA3My iHIIOI Kpis3s naadmodecmu —
nuTomsazmMaTuuHi Mmictru. IluTommasma BcCix
KJIITUH, 3’€JHAaHAa IJIa3MOlecMaMM, Ha3UBAETHCS
cumnaacmom. CUMILIACT CIYTye IJIA TPAHCIIOP-
TyBaHHA MiHEPaAJbHUX i OPraHiYHWX PEYOBUH.

0 Kniouosa iges
[lornnHaHHA BUWKMU POCAMHaAMM MiHepanis

3 I'PYHTY 3AINCHIOETBCSA KPi3b MeMOpaHu KRiTWH
KOpPEHEeBUX BOJIOCKIB LAAXOM aKTUBHOrO
TpaHcnopTy. Bopa HagxoguTb 3aBAAKM OCMOCY.
PapianbHuin (6nM3bKKiA) TpaHCNOPT BOAW 1 MiHe-
paniB y KOpeHi M NNCTKax 34iNCHIOETbCA TpbOMa
LIAXaMu: Mo anonnacty (cuctemi KNiTMHHUX CTIHOK
i MDKKIITUHHMX NPOCTOPIB), CMMNACTy (LMTOMNas3Mmi
KNiTWH, 3'€QHaHMX Naa3MofecmMamm) Ta BaKyosnsx.

KopeHeBui
BOMOCOK Lnax no

./cmmrmaCTy

Wnax no —=|
anonnacty |

= : :| Enigepmic
i

R ATN

MapeHxima

. 1 " ‘
PRSI Wi - Cyavnn
ﬂﬁﬂi ™ :I Kcunemm
Man. 26.3. LLUnaxu TpaHCNOpTy BOAM B KOPEeHi

Bifl KOpeHeBUX BOJIOCKIB A0 CyAWH

« AIonIacTUYHUN NIJISAX: PEUOBUHU TPAHC-
TIOPTYIOTHCA TI0 ANONJAACMY — B3a€MO3B’ A3aHil
CHUCTEMi KJITHHHMX CTiHOK i MiKKJIITHHHUX
mpocTopiB. AmomjgacT HeoOXimgHMHE oA TpaH-
CIIOPTYBaHHS BOAMW II MiHepaJbHHUX CIIOJYK.

- Ilo Bakyoasix: BoJila TPAHCIIOPTYETHCA TIO
cucTeMi KJIITUHHUX BaKyOJIeH.

[lepemiwieHHA BOAWV B IUCTKY

Boma 3 xaiTuH mapeHXiMu KOpeHs HaIXoO-
IUTH y cyoauHUu KeuieMmu. Ilo Keunemi minepasib-
Hi peYOBUHU MOIIMPIOITHCS II0 BCili pocIuHi.
OCHOBHMMU CIIOYKMBAaYaMU IIUX PEYOBUH € Yac-
TUHU POCJIMHU, IO POCTYTh.

IToTpamnaioun mo KcuaeMi B JIUCTKHM, BOIa
1 MiHepaJbHI PEUOBUHU POS3IMOMIIAITHCA dUe-
pe3 posTaNy’KeHy MepeKy IPOBIIHUX NYyUYKiB
IO KJITUHAaX. 3aBAAKU PACHOMY PO3TAIYIKEHHIO
KCUJIEMU B JIUCTKY Maii:Ke KOKHa KJIITMHA KOH-
TaKTy€ 3 IPOBIAHOIO cUCTEMOIO. PyX peuoBHUH IO
KJiTHHAX JUCTKA 3MiHCHIOETLCS, AK 1 B KOPEeHi,
TphOMA MIJIAXaMM: IO aIOIJIACTY, CHUMILIACTY
Ta BaKyOJISX.

3anuTaHHA Ta 3aBAaHHA

1. Yum ocmoc BiApi3HAETbCA Bif 3BMYanHOI Andy-
3ii? 2. Yum pgns pocnuH HebesneyHe 3HEBOAHEHHA?
3. Ak perynioetbca poboTta npoguxis? 4. Yum Bia-
Pi3HAIOTBCA CUMNAACTUYHUNA Ta anoOMIacTUYHUI TpaH-
CMOPTHI WnAxu?
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§ 27. TpaHcnopTHa cncTtema pPoCinH:

NPOBIAHI TKAHVUHN

0 [TomipkynTe

K BM rapga€re, YoMy Bofda B pPOCAMHAX MiAHIMAETb-
CA Bif, KOPEHiB [0 NINCTKIB MPOTU CUAN TAXIHHA?

Q 3raganTe

« bygnoBa cTebna « [poBigHi nyykn

o Kcnnema » Onoema

» TpaHcnipauia

[poBiAHI TKAHNHW POCITUH

TpaHCcnOpPTYBaHHA PEUOBUH Yy BEPTUKAILHO-
MYy HAIIPAMKY V BUIIUX POCJWH 3OiMCHIOIOTH IPO-
BifiHi TKAaHWHM — KcuiieMa (JepeBuHA) i (proema
(ny6). ITo rcuimeMi IPOXOAUTL BUCXimHUI (Bin
KOPEeHs [0 TMaroHiB) pyX BOAU 3 PO3YMHEHUMU
B Hill MiHepaJlbHUMHN COJIIMMN. PeuoBUHU, IO
YTBOPIOIOTHCA B Pe3yJIbTaTi (hoToCUHTERY, IIepeMi-
MIyIOThCA MO (pytoeMi Bifm JMCTKIB mo iHIIMX uac-
THH pocanHu (cTebia, KopeHsa, KBiTku). Keumema
i1 (proeMa posTaIlloBaHi MOPsM i YTBOPIOIOTE IIPO-
BigHi myuku (mai. 27.1).

bynosa kcunemn

Kcunema ckiyajaeTbca 3 BJIacHe MPOBiTHUX
eJIeMeHTiB, a TAaKOXK KJIITUH OCHOBHOI (IIapeHXi-
Ma) Ta MexXaHiuyHOl (BOJIOKHA IePeBUHN) TKAHUH.
IlpoBimHi enemMeHTHM KcujeMu IIpeAcTaBJIeHi
Tpaxeigamu i cymumamu. ObuaBa THUOUN IIPOBin-
HUX €JIEMEHTIB € BUTATHYTUMU KJITHHaAMHU 3i
3nepeB’aHinuMu obosoukamMu. Ili kaiTuHM €

Curo-
CyanHm nopioHi
Kcunemm TPy6KM

dnoemn

Cuto-
Mepdo- noai6Ha
pauia nnacTuHkKa

Man. 27.1. Cuctema NpoBigHMX TKAaHUH BULLUX POCINH
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MEepTBUMU i He MIiCTATH IIPOTOILJIACTIB, IO 3HA-
YHO MOJIETIIIYE TPAHCIIOPT PEYOBUH.

Tpaxeinu — 1ie Oy:Ke OOBri, po3TamroBaHi
y pAn KJIiTWHU, y cTiHKax axkux € mopu. Ilepe-
CyBaHHS BOAM 3 KJITUHU B KJITHUHY 3IiHiCHIO-
€ThCA KPi3b IIi IIOpPHU.

Cymuan — 11e GiJIbII crrelriasisoBaHi mpoBigHi
eJIeMeHTH, 1110 € JOBTUMH (Bif KiJIbKOX caHTUMe-
TPiB IO KiJIBKOX METPiB) HMOPOKHUCTUMHU TPYO-
kamu. Ili TpyOKuM yTBOpPEHi OTHUM PAIOM KJIi-
TUH — YJeHUKaMu cyouru. Y Micugax 3’eTHaHHS
4JeHUKIB € nepgopayii — HACKpi3HiI oTBODU,
Kpidh AKi B3MiHCHIOETHCA TPAHCHIOPTYBAaHHA pe-
yoBuH. [lepemimnieHHsa pO3UMHIB CyAwHAMHU Bij-
OyBaeThCca HabaraTo IIBUAINE, HiXK Tpaxeimamu.

MexaHi3Mmn TpaHCNOpPTY PeyYOBUH
no Kcunemi

Kcunemoro Boga mepecyBaeThCcA A0 JIUCTKIB,
3 AKUX BUIAPOBYETHCA Kpisb mpoauxu. lleit Ha-
IPAMOK PYXY PO3UYMHIB HAa3WBAIOTh BUCXiTHUM
TOTOKOM. AJle CyAUHAMU i TpaxeilaMu PO3UMHU
MOJKYTH TPAHCIOPTYBATUCA HE TiJIBKU BEPTU-
KaJbHO, ajie i TOPU3OHTAJBLHO — 0 KUBUX
KJiTuH abo cycigHiX IpPOBiJHUX eJIeMEeHTiB.

ITigitom Bogm IO KcumieMi BigOyBaeThes 31e-
OisBITIOTO 3a PaXYHOK TPaHCImipaii — BUIapOBY-
BaHHA BOAU JUCTKAMU. Y HACTIIOK IIOTO B KPOHi
pOCJIVHYN BUHUWKAE HecTaua BOMU, i 3HEBOIHEHi
KJITMHA TPUCMOKTYIOTH BOAY 3 PO3TAIIOBAHUX
HIDKYe cyauH Kecuiaemu. 11a cucHa cuna migHimae
BOAY B cyAuHax 3i mBuakicTio Bix 1 7o 10 m/rox.
Hpyra BaskjauBa cuia, sKa 0epe ydyacThb y IigioMi
BOJIVI,— KOpPeHeBHH TUCK. [[pMunHOI0 KOPEeHEeBOTO
TUCKY € Pi3HA KOHIIEHTPAIlid PO3YMHEHUX MiHe-
paJbHUX PEUOBUH Yy Pi3HUX YaCTUHAX POCIUHU.
Takosk migitoMy BoAu B CyAUHAX CIIPUAIOTH Kalli-
JapHi edeKTH — 3UYeryIeHHA TOJAPHUX MOJIEKYJI
BOJV OJHA 3 OJHOIO Ta 3i CTIHKaM! Cy[UH.

Bynosa ¢pnoemu.
Bynosa cutonogibHnx Tpybok

OCHOBHOIO YaCTHUHOIO (DJI0OEMHU € CHUTOHOMi0-
Hi IPOBigHI eJleMeHTU — CUTOIOMIOHI KJIiTHHUI
i curononi6oHi TpyOKU (Mas. 27.2). o ii ckimamy
BXOAATHh TAKOYK KJIITMHU OCHOBHOI (ImapeHxima)
Ta MexaHiuHOl (1y6’sAHI BOJIOKHA) TKAHUH.
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CutonopnibHa

nnacTUHKa
KnitnHa-
. UNeHnK
KnitnHa-
CYNyTHUK

——TOHKUI Wwap
ynTonnasmu
(appo BigcyTHE)

CutonopibHa
nnacTmHKa

Man. 27.2. bynosa cutonopfi6Hoi Tpy6KM

CuromogioHi KiaiTunu, Ha BigMiHy Big Tpa-
xein KcujieMu, € KUBUMU. BOHU MaloOTh BUIO-
BiKeHY (DOPMY 1 MpOoHM3aHi HACKPIBHUMU OTBO-
paMu, Kpidh AKi TPAHCIOPTYIOTHCA PEUOBUHU.

CurtononioHi TpyOKHU CKJamatoThcs 3 6esJri-
i KJiTuH-uaeHuKiB. Hackpisui oTBOpm aBOX
CYCimHiX KJITMH yTBOPIOIOTH CUTOIIOLIOHI IIIac-
TUHKU, KpPi3h AKi IepeMilyloThCA PO3UUHU.
IIi xuiTuHYM KUBi, ase B HUX HeMae aAnep. [lopyu
3 KJiTHMHaAMU-YJeHUKaAMM! PO3TaIllOBaHi KJiTu-
HU-CYIIYTHUIIl, AKi MalOTh AApa i IIUTOMJIa3My
3 opraHejsamMu. KIiTMHU-CynyTHUII TigTpUMY-
IOTh OOMiH PEUOBMH y KJITMHAX-UJIEHUKaX CHU-
TOIIOAIOHUX TPYOOK.

MNepemilweHHa peyoBnH No Gproemi

Ha Bigminy Bij Kcmiemm, opraHiuHi pedo-
BUHU MOXKYTh TpaHCIOpPTyBaTucd 0o ¢oemi
# yropy, i Bums. Maitzxke 90 % ycix pedoBuH,
110 IIepeHOoCATHCA, CTAHOBUTH caxaposa. 1IIBua-
KicTb pyxy caxaposu cranoButh 20—100 cm/Tox;
3a JeHb IO CTOBOYDPY BEJMKOTO JTepeBa MOXKe
nepeMicTuTHCA KiJIbKa KijJlorpaMiB IILOTO BYT-
JeBOLY.

0 Kniouosa iges

EBontouiiHe BUMHUKHEHHA MPOBIAHMX TKaHWH
noB’'A3aHe 3 BUXOLOM POCAUH Ha cyxogin. Kcu-
nema (Tpaxeign 1 cyauHmn) 3abesnevye BUCXigHNIA
pyx BoAu 1 MiHepanbHUX peyoBuH. ligiom Bogn
no Kcunemi BifOYBa€eTbCA 3a PaxyHOK TpaHCni-
pauii, KopeHeBOro TUCKY N KaninApHux edekTis.
®rnoema 3abe3neyye nepemilleHHA PEYOBUH,
YTBOPEHMX Nif Yac GOTOCMHTE3Y, Bif NUCTKIB OO
iHLWWX YaCTUH POCJIVIHM.

EBontouia TpaHCNOPTHOT cncTemu
B POC/IVH

BuHuKHeHHA MTPOBIAHMX TKAHWH IIOB’sA3aHe
3 BUXOJIOM POCJHH Ha CYXOIiJl, KOJIN 3’ ABUJIacsA
HeOoOXiIHiCTh TOCTaBKMW PEUOBUH BijJi KOPEHiB 10
JUCTKIiB, i HaBImaKu.

Kcunema. Y mpomeci eBosmoIrii mepinum-
MU BUHUKJIHN Tpaxeimu. Ix BuABIeHO B mmep-
MIUX TPUMITUBHUX HaseMHUX pociuH. CynmHm
3’aABUJIVCA 3HAYHO IIi3HIIlEe IMJISXOM IIePeTBO-
perHsa Tpaxein. CyuyacHi cmopoBi if rosioHaciHHI
pocauHU 34e6iJbIIToro MalTh TiJIBKM TPaxeimun;
CYAUHU B HUX BificyTHi (OKpiM JeAKUX BUIIAJ-
KiB). Maii’ke B ycix IOKPUTOHACIHHUX POCJIUH
e ¥ Tpaxeinu, i cyauHU.

®daoema. CurononibHi KiIiTuHE 3a 6YI0BOIO
OiJIBIIT TPUMITHUBHI MOPIBHAHO 3 OaraTOKJIiTHUH-
HUMHU CUTOMONIOHUMY TpyOKaMu. BoHU € Xxapak-
TePHUMU [IJIA CIIOPOBUX i TOJIOHACIHHUX POCJIMH.
Y nokpuToHACiHHUX NPOBiAHI eJeMeHTH IIpen-
cTaBJeHi OiJbIT e(PeKTUBHUMU CUTOIOMIOHIMU
TPpyOKamMu.

BuHuKHEeHHA CyIUH KCUJIEMH i CHUTOHOXiO-
HUX TPYOOK ()JI0EMU B ITIOKPUTOHACIHHUX POCJINH
TOJIETIIINJIO TPAHCIIOPTYBAaHHSA BOJAU, 1110 BUSBU-
JIOCSA BaYKJIMBUM €BOJIIOI[ITHUM IPVCTOCYBAHHAM
IO JKUTTS HA CYXOJOJIi.

@ MNpakThyHa poboTa

BusHa4yeHHsA iHMeHcuHocmMi mpadcnipayii ma
8i0OHOCHOI mpaHcnipayii eazoeum memoodom

1. MOMICTiITb INCTOK NeNnaproHii 3 YepewKkom y npo-
6ipKy 3 BOAOI, Ha MOBEPXHIO AKOI TOHKMM LUapOM
HaHeceHo onito. 3BaxTe Lo NPobipKy.

2. Yepes 30 xB iwe pa3 3BaxTe NpobipKy Ta BU3Ha-
yTe KinbKiCcTb BOAMW, WO Bunapunaca. Po3paxywnte
IHTEHCMBHICTb TpaHcnipauii TNCTKOBOI NMAACTUHKM.

3. BusHauTte iHTeHCMBHICTb TpaHCNipaLii BinbHOI BOA-
HOI MoBepxHi. [InA uboro Hanunte y vawky [leTpi
BOZy, 3BaTe i, a noTim uepe3 30 xB MOBTOPITb
3Ba)KyBaHHA. Po3paxynTe BifHOCHY TpaHcnipauito.

4. CoopmyntonTe BUCHOBOK.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Wo cninbHOro mixk Tpaxeigamu i cutonogibHUMum
KniTuHamun? Y 4yomy ixHi BigMiHHOCTI? AK BM BBaXKa€Te,
UM € B HUX CMiNbHUI €BOMNOUINHUIA «nNpedok»? 2. [lo-
piBHANTE WBMAKICTb TPAHCMOPTY PeYOBMH MO droemi
Ta Kcunemi. AAK GyfoBa MPOBIAHMX eNleMeHTIB BMIMBAE
Ha Ul WBKAKICTb? 3. Y obmexye mpoBigHa cucTema
BMCOTY Ha3eMHUX POCINH?
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§ 28. TpaHcnoOpT pe4yoBUH Y TBapuH. KpOBOHOCHa cuctema

0 [TomipkynTe

Y BillUaCTVX NIOCKUX YepBiB Oyno BUABIIEHO 3a-
KOHOMIPHICTb: UMM BinbliMM € po3mip Tina, TM
6iNblINA CTYMNiHb Fany»eHHA M€ iXHI KULLEUYHVK.
3 yum ue moxe 6yt mos'A3aHO?

Q 3raganTe

o OyHKLUii KPOBOHOCHOI C1CTEMU
o Tvnu i 6yfoBa KPOBOHOCHUX CyAuH
» bygoBa cepus

TpaHCnopTHI cnctemmn TBapuH

Metaboniuni mpoiiecu, 1o IepebiramThb
Y KJIITHHAX Tijla TBapWH, BUMAaramTh 0e3mepeps-
HOTO TPUILJINBY TMOXWBHUX PEYOBUH i KUCHIO,
a TaKOK BUJAJEHHA NPOAYKTIB o0MiHy. Bcei
Opra”iaMm TUM YN iHIIUM IILJIAXOM 3IiHiCHIO-
I0OTH TIepeHeCeHHs PeYOBUH 3 OJHiel YacTUHU
Tija B iHIIY.

B ogHOKJIITHHHUX OpPraHi3MiB epeHeceHHS
pevoBUH BigOyBaeTbca muIaxoM audysii moJe-
KyJ, MEepeMillleHHAM AKHWX COPUAE PyX IIUTO-
mwirasMu. ¥ BeJIUWKHWX TBApPWH iCHYE cIleljiajbHa
cucTeMa BHYTPIIIHBOTO TPAHCIIOPTY.

Haitopocrimri i3 cyyacHuX TBapuH, y AKUX €
cmeriajbHa TPAHCIOPTHA CHUCTeMa,— Ile HeMep-
TUHU. Y HUX € OJHA CIIMHHA i ABi OiuHiI KpoBO-
HOCHi cyamHU, 3’€THAHI IOIEPEeUYHHMU CYIHHA-
Mu. Y OLIBIIHNX i CKJIAAHO OPraHi3oBaHUX TBAPUH
crucTeMa KPOBOOOIT'Yy CKJAaZaeThCs 3a3BUYaAll i3
KPOBOHOCHUX CYAWH i cepIid.

TpaHcnopT peyoBuH
Y KMLIKOBOMOPOXHUHHMX, rYOOK,
NAOCKUX i KPYrNnX YepsiB

KuimkoBomopoXHUHHI, TIy0OKM, MIJI0CKi
yepBrM HE MAaOTh KPOBOHOCHOI cHcCTeMU. ¥
KHUIITKOBOMOPOKHUHHUX 1 T'y60K TPaAHCIOPT
PEYOBUH IO BCHOMY OPraHidaMy 3AiMCHIOETHCS
maaxom aucgysii (mosainm, ry6km) abo 3a go-
IIOMOTO0 PO3TayKeHb KUIITKOBOI IIOPOKHUHUI
(menysn).

Pigmna, 1110 MUPKYyJII0€ B KaHAJIaX KUIIKOBOI
TIOPOYKHUHU KUIITKOBOIIOPOKHUHHNX ,— TiAPOIiM-
¢da — gmocraBide M0 KJIITUH IOKUBHI PEUOBUMHU
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i Bupmanae mpoayktu oominy. l'ixposimda micTuth
COJIi Ta OpraHiuHi peuoBWMHU; il CKJAaL HECTAJIWH.

Y niaocKux YepBiB TPAHCIIOPT PEUOBUH Bif-
OyBa€eThCA TAKOMK NLIAXOM au@ysii. ¥ HuUX He-
Ma€ TOPOKHWHU Tijia, i PEYOBUHU TPAHCIOP-
TYIOThCA TKAHMHHOIO PIAWHOIO MiXK KJIiTHHaAMH’
mezozepmu. [u@ysisa moaermyeTrbcsa CILIOIIe-
HOI0O0 ()OPMOIO Tijla i UMCIIEHHUMU PO3TaJIyKeH-
HAMU KUIIIEeYHUKA.

Y Kpyramx 4epBiB PEeUOBUHU IIEPEHOCATHCA
PiaAVHOI HMEePBUHHOI IOPOKHUHU TiJja.

KpoBoHOCHa cnctema

VY 6inpmiocTi TBApUH AJIS TPAHCIIOPTYBAHHS
MOKUBHUX PEUYOBUH II0 OPraHismMy TiIbKM OU-
(dysii megocraTHBO. 1le 3ymMOBIIOE BUHUKHEHHSA
KpoBoHOCHOI cucTeMu. OCHOBHUMHU KOMIIOHEH-
TaMU KPOBOHOCHOI CHCTEMU €:

* piguHa, AKa IUPKYJII0E (KPoB, reMoimda);

s CYOIWHU, SKUMU ITUPKYJIIOE pimuHa (apTe-
pii, BeHU, KamiaAapum);

* IyJbCYIOUUI OpraH, Io 3abesmeuye pyx
piguHu (cepiie, KPOBOHOCHA CYAMHA).

Temomaimpa — pigxa TKaHWHA, IO ITUPKYJIIIOE
B CyIMHAX i MUKKJIITUHHIX MOPOKHIHAX 0araTbox
Oe3xpebeTHUX TBapWH (UJIEHUCTOHOTi, MOJIIOCKI)
3 HEe3aMKHEHOIO CHCTeMOI0 KpoBoobiry. CkJiama-
€ThCSA 3 BOJIW, HEOPTAaHIUHNX i OPra’HiuHUX CIIOJYK.

KpoB — pinka cmosyyHa TKaHWHA, 110 CKJIA-
JaeTbcd 3 IIasMu i KiaiTuH (hopMeHUX eleMeH-
TiB) — JIEKOIIUTIB, EPUTPOIUTIB i TPOMOOIIUTIB.
IMupkyaioe y 3aMKHEHill cucTeMi KPOBOHOCHUX
CYIUH.

Y He3zaMKHeHill KpDOBOHOCHiW cucCTeMi KPOB
BUXOIUTH 3 KPOBOHOCHUX CYJIWH, MMOTPAIJIAE
B MOPOYKHUHY Tija ab0 mpOMiKKM MiK opra-
HaMH1 i uepesd BiAKPUTI KiHIII BEHOSHUX CYyIWH
3HOBY HAJAXOAUTH 10 KPOBOHOCHOI CHCTEMU
(4JIeHMCTOHOTi, YacTWHA MOJIIOCKiB, TOJIKOIII-
Kipi). ¥ 3aMKHeHiii KPOBOHOCHiH cucTeMi KpoB
Teue TIIbKM cyamHamMu (KijgbuacTi uepBm, Xpe-
OeTHi i meaki immmri TBapunHmM). ¥ mraxiB i ccas-
I[iB 0 OpraHiB HAAXOIWUTH TIJIBKU apTepianb-
Ha KPOB; B3aBIAKM KpalioMy 3a0e3meueHHIO
KNCHEM y TKaHWMHAX HiATPUMY€E€TbCA BUCOKUI
piBeHb OOMiHY PEUYOBUH, II[0 3YMOBJIIOE TEILIO-
KPOBHICTB.



bygoBa KpoBOHOCHOI cncTemu
y 6e3xpebeTHnX
Kinpuacri uepBu

KpoBonocua cucrema samkHeHa. OHe K0OJIO KPOBO-
00iry. PoJb cepiiss BUKOHYIOTH KiJIbIlEeBi CyquHMT

CnvHHa KpOBOHOCHa
cyfivHa

‘LT LT,

|

HecnpaBxHi  YepeBHa KpOBOHOCHa
cepusa cyouHa
YeHnCcTOHOrL

KpoBonocua cucrema HesamxueHa. Cepiie Tpyouac-
Te, po3TallloBaHe Ha CIIMHHOMY OOIIi Tia

Cepus

TP

Moarocku

KpoBonocua cucrema HesamkHeHa. Cepiie 3i 1mmry-
HOUYKOM i IiepeJicepAsAaM, po3TalioBaHe Ha CIIMHHO-
My 6ori Tisna

LnyHouok  Cepue

Mepepncepan

C Hi.":\‘I'W/J'IereHﬂ

o G

KpOBOHOCHI cyanHM
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EBontouifi KPOBOHOCHOI CUCTEMU
Yy XOpO0oBUX

Y X0OpIoBUX KPOBOHOCHA CHCTEMA 3aMKHEHA.

T'onoBHI eBoJIfOIifiHI 3MiHU B cUCTEMi KpoO-
BOOOiry moB’ssaHi 3 mepexomoMm Bifn 3s0poBo-
ro AUXaHHS OO JIereHeBOro: y 3eMHOBOIHUX
3’ABJAETHCA APYyTe KOJIO KPoBoobiry (mase, abo
JereHese) i, K HACJIiIOK, YCKJIAIHIOEThCA OyI0Ba
cepis ((popmyroThesa aBa nepencepns) (mas. 28.1).

Haji eBoaromia iime MIIAXoM 30iJbIIeHHS
BMiCTy KMCHIO B KPOBIi, II[0 HAAXOAUTH IO opra-
HiB: y IIJJa3yHiIB BUHUKA€E HEIIOBHA IIEPETOPOIKa
B IIIYHOYKY, a y IITaxiB i ccaBIiB popmyeThCa
JoTHPUKaMepHe cepiie.

bynoBa KPOBOHOCHOI cCTemMM y XOPA0BUX

TBapuan BymnoBa KpoBOHOCHOI cucTeMu

Jlannerauk = OpHe K0J10 KpoBoobGiry. Cepiia He-
Mae, 3aMiCTh HHOTO — UepPeBHA aopTa

Pubn OpnHe KoJio KpoBoobiry. Cepiie aBo-
KaMepHe (mepenceps i MIJIYHOUOK).
V¥ cepiii — BeHO3HA KPOB

Amdi6ii IBa Kojsa KpoBoobGiry. TpukamepHe
cepiie (ABa mepeacepasd i MIIYHOUOK).

KpoB y mryHOUYKy cepiisd 3mimnana

Pentnrii IBa Kojsa KpoBoobGiry. Cepiie TpuKa-
MepHE 3 HEIIOBHOIO IIEPETOPOIKOI0
B IIYHOYKY. KPOB y HLTyHOUKRY

3MilTyeThCA He TTOBHICTIO

IIraxu IBa Kosa KpoBooGiry. Cepiie YoTu-
i ccaBiri puKaMepHe. ApTepiajbHa Ta BEHO3-
Ha KPOB He 3MiITyIOThCA

Pnbun AmibiT

Pentuniv MTaxwn CcaBui

Man. 28.1. Cxemn KpoBoObiry y xpebeTHux

0 KnioyoBga iges

03aHMTaHHﬂ Ta 3aBOAHHA

KomnoHeHTam1 KpOBOHOCHOI CUCTEMU € PifMHA, AKa LIMPKYOE (KPOB,
remonimda); cyauHu (apTepii, BeHW, KaninAapw) i nynbcylounii opraH
(cepue, BUgo3mMiHeHa cynuHa). EBontouiHi 3MiHM KpoBoobiry xopao-
BMX MOB'A3aHi 3 NepexofoM Bif 396POBOro AVXaHHA 4O NIEreHEeBOrO:
3'ABNAETLCA Apyre Kono KpoBoobiry (Mane, abo nereHese) 1 ycKnag-
HI0ETbCA BynoBa cepua (bopmyioTbca ABa Nepefcepas, a NoTim i ABa
LWIYHOYKA A1A MOMINWEHHA NMOCTaYaHHA KUCHIO Y TKaHUHW).

1. Yn € eBonouiiHOO NepeBarot
3aMKHeHa cucTteMa KpoBoobiry mopis-
HAHO 3 He3aMKHeHo10? 2. AKi eBoNOLIN-
Hi nepeBary YOTMPMKaMEpPHOro cepus
NMOPiBHAHO 3 TprKamepHum? 3. Coop-
MyJIO/iITe OCHOBHI HanpAMKW eBOSIOLT
KPOBOHOCHOI CUCTEMW Yy XOPAOBUX.

0]
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§ 29. TpaHCNOPT pe4yoBUH Yy Naa3mi KpoBi

0 [omipkymnTe

Po3unHHi peyoBMHM nerko mepeHocATbCA 3a Jo-
NOMOTrOK KPOBI, PO3YMHAIOUNCH Y 1i nnasmi. A AK
TPaAHCMOPTYBaTX HEPO3UYNHHI PeYOBUHU?

é 3raganTe

o Cknapg Kposi o OyHKLUii KPOBI

« [Tna3ma Kposi

TpaHcnopTHa QyHKUiA KPOBI

KpoB TpaHcmopTye IOKWBHI PEUOBUHU —
O0inKM, "KUpU, BYIJIEBOAM, BiTaMiHI, a TaKOMK
WOoHU MiKpo- i MaxkpoeJeMeHTIiB Bim TpaBHOIL
CHCTEeMH JO BCiX KJIITHH Tija.

3 TpPaHCIOPTOM IIOB’sA3aHA EKCKPEemopHa
(QyYHKUiA KPOBI — BUAIJIEHHA 3 OpraHidamMy KiH-
IeBUX MPOAYKTIiB 0OMiHY pedoBuH (CEeYOBUHH,
CeuoBOi KHCJIOTH TOIO) ab0 HAAJUIIKOBUX pe-
yoBUH (coJeit, BOAM).

3aBOAKY TPAHCIOPTY 3AiMCHIOETHCA W Ou-
xaavHa QYHKYis Kpo6i: Bif OpraHiB AUXaHHA [0
TKaHUH Ta iHIINX OPTraHiB Tijia KPOB TPaHCIIOP-
Ty€e KHCEeHb, a Ha3aJ 3abupae BYIJIEKUCJUI Tas.

KpoB mepeHOCHUTH TaKOX TOPMOHU, 3a [I0-
IOMOTOI0 AKUX 3OIACHIOETHCA T'yMOpPaJibHA pe-
ryndamnida pobotu opraHismy. 3aBOAKU pezy.is-
MOpHIll pYHKYIT KpOBi MiNTPUMYETbCA CTATICTH
BHYTPIIITHBOTO CepefoBUINla OPTraHi3My, pery-
JIOIOTHCA BOAHUI i COJBOBUI OajilaHC TKAHWUH,
TeMIepaTypa Tijga, KOHTPOJIOITHCA OOMiHHI
nporiecu i ¢isiosoriuni QyHKIII.

TakoX KpPOB MIEePeHOCUTH iIMYHOTJIOOYJi-
HU — OLIKH-aHTUTINA IMYHHOL cucmemu.

TpancomopTHa (PYyHKIIiSA KPOBi 3MiHiCHIOEThCSA
AK IJIa3MOI0, TaK i ()OpPMEeHUMU eJieMeHTaMu
(xiiTmHAMM) KPOBi.

[Mna3ma KpoBi

IInasma KpoBi — Iie piKa yacTmHA KPOBi,
III0 MiCTUTH PO3UMHEH1 OHM, HeOPraHiuHi i op-
TaHiuHi PeYOBHHU, a TAKOMK IIPOAYKTHU KJIITHUH-
"ol mucumimnanii. ITmasma cTaHOBUTHL OJIM3BKO
55 % sarambHOro 00CAry KpoBi, TOOTO B JIIOIU-
HU e mpubausuo 2,5—3 gitpu. ¥ ii ckaazai mic-
TuThca 93 % Boam i 7 % pPO3UYMHEHUX PEUOBUH.
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Jlo opraniuyHMxX pedyoBUH IIJIa3MU KPOBi Ha-
JIeKaTh:

« 6inkm maasmu (anbpOyMiHH, TJIOOYJIiHU,
(di6bpunoren) — 7,8%;

« ruiroko3a — 0,12 %

o gimigm — 0,8-1%;

* HITPOTE@HOBMIiCHiI CIIOJIYKHU, IO eKCKpe-
TYIOThCA (CEUYOBMHA, CEYOBA KUCJIOTA TOIIO) —
0,05 %:;

- OiosoriuHO aKTUBHI peuoBUHU (hepMeHTH,
rOpMOHU, BiTamMiHmU).

Jlo HeopraHiUHMX PEUOBUH IIJIa3MU KpPOBi
HaJIEXKaTh:

- karionn (Na*, Ca?", K*, Mg?") Ta amionn
(CI, HPO?, HCO},) — 0,9%;

» ra3u (KUCeHb, BYTJIEKUCJIHUN ras).

TpaHcnopTHI 6inKy Nnasmu KPoBi

V miasmi MicTUTBCA KiJIbKA COTEHb OiIKiB,
YacTWHA 3 AKUX 3AIiMCHIOE TPAHCIIOPT PEYOBUH.
OCHOBHUMMU TPAHCIIOPTHUMH OiIKaMu KPOBi €
anvOyMin, o-2n00yainu i B-znobysinu. Bornu ne-
PEHOCATH CIIOJYKW, II[0 IOTAHO PO3UMHAIOTHCSA
YV BOMi,— KHUPHI KHCJIOTH, rigpo)obHi TOpMOHH,
JKUPOPO3UMHHI BiTaMiHM, a TaKOK MOHM Ta iHIITI
PEYOBUHU.

Baussko 55 % Big ycix 6iakiB, 1110 MiCTATH-
cA B IIJIa3Mi KPOBi JIOAWHU, CTAHOBUTH CHUPO-
BaTKOBUI annOymin. BiH € Hecmenmupiuaum
TPAHCIOPTHUM OiJIKOM i MOKe 3B’sI3yBaTHCH
i3 IMMPOKUM KOJOM PEYOBUH: MeTajaMu, HOHA-
MU, KUPHUMU KHCJIOTAMH, aMiHOKHKCJIOTaMW,
depMeHTaMU TOIIO.

Ha Bigminmy Bim anbpOyminy, meaxi TpamHc-
mopTHiI 6iTKM KPOBi € BY3bKO cHenupiuHUMU.
30KpeMa, IIepyaoILIa3MiH clelliajaisoBanuil I
nepenocy Houis Kyupymy, Tpanchepun — HoHiB

Depymy.
CnemianbHi 6iJIKM TIEpEeHOCATH CTePOigHi
abo immmi rigpodob6Hi ropMOHHM — TeCTOCTEepPOH,

KOPTHU30JI, TUPOKCUH Ta iHIImi. ICHYIOTH TaKOXK
OKpeMi IIepeHOCHUKHU AJA TigpodoOHMX BiTami-
HiB, 30kpema A i D.

Jlimigm, m10 cUHTE3YIOThCA V TKAHUHAX Op-
raHisMy, IepPeHOCAThCA IJIa3MOI0 KPOBi y CKJaIi
cIeliaJJbHUX KOMILIEKCiB 3 OiikamMm — .Jzino-
npomerinis.
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Hansaxnusiwi TpaHCNOPTHI 6ifkn Nnasmm KPoBi Binok (nporei)
®ocdoninign
Binku mxasvu PeuoBunmH, XonecrtepuH, wo \ ) 3
KPORi LI0 TPAHCHOPTYIOTHCS MOB'A3aHMI 3 XKU1p- - BinbHuit
. HUMW KMCIOTaMu A ‘& Q— /xoneCTepMH
AnpOyminn ‘{?\ o4 -;2?'
Anpbymin KupHi Kucmoru, 6imipyoin, 54} _
reM, COJIi JKOBUHUX r
KICJIOT, CTepPOILHI FOpMOHI = \ Tpurniuepuan

(THPOKCHH, KODTH30I, TecTo- ‘;@@ u&‘

CTepoH), BiTaminu, gesaki Jiku
(acmipuH, cyabhamitaminn),
tionu Ca®" i Mg?* ) o )
Man. 29.1. bynosa ninonporteiHiB. 30BHiWHA 060M0HKa

TpancTuperun Tuporcumn, NiNonpoTeiHy cKnafaeTbcsa 3 rigpodinbHux 6inkiB i docdo-
peruno (BiTamin A) ninigis, a BHYTPIWHE AAPO MICTUTb XUPW | XUPONOAi6GHi
pPeyoBVHN

o-I'nolyrinu

5 Y 2+
Ilepynonnasmin Uonu Kynpymy Cu HopmanbHa apTepis

: : e —————————
Petunoun-3B’a3y- Perunou (Bitamin A)
e S

Biramin D-38’a3y- = Kaabmudepos (Biramina D)
ounii 610K

3By>keHa apTepia (aTepocknepos)
I T B e

TupokcuH-3B’A3y- THUPOKCUH, TPUHOATUPOHIH

IOUMi TJIOOY IiH XonecTepuH

TpaHCKOPTUH KopTusos, KOPTUKOCTEPOH,

IIPOTecTepPoH
P P Man. 29.2. ATepoCcKnepoTUYHi 3MiHWN y CyAMHax

B-I'no6ymxinn
Tpanchepus Wonu ®epymy Fe?*, Fe?* 0 JlizHanTeca 6inblue

Tpanckobanamin | Iliankobanramin Yum BUWMIA yMICT MiNigiB, TUM HUX4Ya WiNbHICTb

(siramiu B,,)) ninonporteiHis. bansbko 60-70 % ycboro xonectepuHy
nnasmMm KpoBi KOHLEHTPYETbCA B JinonpoTeiHax
HM3bKOT wWinbHocTi (JIMHLL). AKkwo aHani3 Kpos.i
BMABMB nigsBuweHni ymict JIMHLL, ue o3Hauvae, wo
iCHY€e BMCOKWI PU3MK aTepoCKneposy

Tio6ynin-ss’ssy- = TecrocrepoH, ecTpamion
ounii 610K

TpaHcnopT ninigis

Kupu He pO3UMHSIOTHLCA Y BOAi I TOMY He
MOXKYTBb OyTHU IIepeHeceHi KPoB'i0 B UMCTOMY BHU-
riAni. BoHu yTBOPIOIOTH Jinonpomeinu, 6i1KoBa
yacTuHa AKuX 3a0esmneuye ImepeHeceHHsS BChOTO
KOMILTeKCcy KpoB’ro (maja. 29.1).

Aximo 6anaHc JgimigiB y KpoBi 3MiHIOETHCS,
BMHUKAIOTH ITATOJIOTiUHI IIPOIlecu, 30KpeMa aTe-
pockyepos (man. 29.2). ITpuunHaMu TaKuX II0-
PYIIEHb MOXKYTh O0yTU eHJOKPUHHI abo craKoBi
3aXBOPIOBAHHSA, XBOPOOU TTEUiHKM, HEIPABUJIbHE

0 Kniouosa ines XapuyBaHHA, TaJiHHA i HagMipHe ByKHBaHHSA

AJIKOT'0JIIO.
3aBAAKM TPAHCMOPTHIN GYHKLT KPOBI 34iCHIOIOTH-
CA TaKOX ii ANXaNbHa, EKCKPETOPHA, PerynAaTopHa
i 3axucHa ¢yHKuii. TpaHcmopTHa ¢YHKLiA KPOBI
3[iNCHIOETLCA AK NNa3Molo, TaK i GopmeHUMN ene-
MEeHTaMK KpoBi. OCHOBHMMM TPAHCMOPTHUMM 6in-
KaMK niasmmn KpoBi € anbbyMmiH, a- i B-rnobyniHn.
Jlinign nepeHocATbCA NNa3mol0 KPOBi y cknagi
KOMMJIEKCiB 3 6inkamu — ninonpoTeiHiB.

3anuTaHHA Ta 3aBOaHHA

1. Aki BaxxnumBi GyHKLUIT KPOBi NOB'A3aHi 3 il rONOBHOIO
byHKLUi€ — TpaHCNopPTyBaHHAM peyoBuH? 2. Yomy 6a-
raTo pe4yoBWH TPAHCNOPTYIOTbCA B KPOBI CrnelianbHMM
nepeHOCHMKaMK1, a He CaMOCTINHO «gobupatoTbCa» Ao
KNITMH? 3. AKMM YMHOM KPOB MIATPMMYE romeocTas?
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§ 30. TpaHcnopT rasiB y KPOBOHOCHIN cuctemi

0 [TomipkymnTe

Yomy y noguHN KPOB YEPBOHA, a y KajbMapa
6naknTHa?

Q 3raganTe

 lemorno6iH i epuTpoLUTI
 [a3006MiH y TKaHUHax

TpaHcnoprT rasis

KpoBooGir y TBapuH BUKOHYE OIHY 3 Hali-
BaKJIUBIMUX (PYHKI[N — IIepeHeceHHs KHCHIO
BiI JIeTeHiB OO TKAHUH, a BYIJIEKUCJIOTO razy —
BiJ TKaAHUH OO0 JIEreHiB.

I1i rasu MOKYTh TPAHCIIOPTYBATHUCA Y ILIa3-
Mi KpOBi AK y PO3UMHEHOMY BUTJIAML, Tak i 3a
ITOIIOMOTOIO0 CIeliaJbHUX IepeHocHuKiB. Cro-
JYKH, 100 3B’A3YIOTH i TPAHCIOPTYIOTH KUCEHD
i ByrJexkucauii ra3, Ha3WBAIOTh AUXAJIBHHMU
nmirmeHTamMu. TaKuMy IUXaJbHUMU HirMeHTaM’
€ 2emo2n00iH 1 cemoyianin. BoHu mepeOyBarmTh
y posumHeHoMy cTaHi (y remosimdi 6e3xpeder-
HUX) ab0 MiCcTATbCSA B KPOB AHUX KJIITMHAX —
epurponurax (y KpoBi xpebeTHUX).

HuxanpHi mirMeHTH € MeTaJIoIpoTeiHAMHU —
KOMILJIeKcaMu OiJKiB 3 aToMaM¥u MeTaJiuHuX
eJIeMeHTiB. ATOMHI MeTAJIIiuHUX eJIeMeHTiB Bifi-
rpaoTh KJOUYOBY POJb y IPUETHAHHI W TpaH-
CIIOPTYBaHHI KUCHIO.

Kucensr rojsoBHUM UYUMHOM 3B’SA3y€ThCA
i TpaHCHOPTYEThCA AWUXAJbHUMHU IIirMeHTaMU
(y miommum — remoryiobinom). Koumenrparitia
O, B miasmi KpoBu AysKe HesHAUHA, TOMY IO
el ras3 IOTraHO PO3UYMHAETHCA Y BOJI.

OcHOBHA YacTHWHA BYIJIEKHCJIOTO rasy, Ha-
BIIAKU, TPAHCIOPTYEThCA I1J1a3Mo0 KpoBi. Ilpu-
6ausao 90 % CO,, yTBOpeHOro B TKaHWHAX,
epeTBOPEThCA Ha Tigporenkapbomar HCOS,
AKUHA JeTKO PO3UMHSETHCSI 1 TPAHCIOPTYETHCS
y CKJIaAi maasMu KpPoBi. ¥ JereHax 3 TigporeH-
KapOoHaTy 3HOBY yTBOpIOEThCA CO,, AKMI BU-
BOIWTHCSA HA30BHI mixg uvac auxaHHA. llesdxa
KinpricTh Byriiekmeioro rasy (5 %) TpaHcmop-
TYeThCA Yy PO3UMHEHOMY cTaHi. Jluine GJIM3bKO
5 % CO, 3B’A3yeTbCA 3 TeMOrI00iHOM.
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[emorno6iH

T'emormo6in — depymoBMicHUiT 0iJ0K
KPOBOHOCHOI CHCTEeMH TBapWH, SAKUIA 000pOT-
HO 3B’s3yeThCA 3 KUCHEM i 3abesmeuye ioro
mepeHeceHHA Bil opraHiB MMXaHHS OO0 TKAaHUH.
Kpim Toro, remorsob6in Gepe yuyacTh y TpaH-
CIOPTYBaHHI BYTJIEKUCJIOTO rady y 3BOPOTHOMY

HaIPAMKY.
Y xpebeTHUX TBapuWH reMOrJI00iH MiCTUTHCA
Yy YepBOHMX KJIITMHAX KPOBI — epUTPOIIUTAaX.

Y Oinmbmrocti 0esxpebeTHMX BiH PO3UMHEHUN
y 1iasmi Kposi.

3a O0yaZoBOIO reMOrJIOOIiH € CKJIagHUM Oij-
KOM, III0 MiCTHUTEL OiJIKOBY YACTUHY — IJIO0IH —
i pepymoBmicHy uactuny — rem (mas. 30.1).

BinkoBa wacTuHAa reMOTJIOOIHY CKJIATa€Th-
CA 3 YOTHUPHOX MOJNIMENTUIHUX JIAHLIOTIB: O,
Oy B, 1 B,. KosxHMEA naHIIOr TOEAHAHUE 3 Of-
HUM T'eMOM, TOOTO 3 OJHi€I0 MOJIEKYJIOIO TIe-
MOTIJIO0iIHY 3B’A3YIOTHCA MAKCHMAaJIbHO YOTHUPU
monexkyau O,.

®opmu remornobiHy

¥V kaminapax JereHiB KUCEeHb IPUETHYETHCA
IO TeMOTJIOOiHY, YTBOPIOIOUM OKCHI'€MOIJIO0IiH.
Okcuremoro0iH HajJae apTepiaabHiil KPoBi uep-
BOHOTO 3aOapBieHHs. IloTokoM KpoBi epuTpo-
IUTH, 10 MiCTATH OKCUI'€MOIJIOOiH, JOCTaBJISA-
IOTBCS O OPTaHiB; TYT KHNCEHb BUBLIbHAETHCS
i mepexoauTh y TKaAHWHU. BigmaBiiu KuceHb,
reMorJi0o0iH 3B’sI3y€ HeEBEJUKY KiJIbKicTh BYyTI-
JEKHNCJIOTO Trasdy, IIepeHOCAYM HMOro B JIereHi.
CHonyKy BYIVIEKMCJIOIO rasy 3 I'eMOIJIOOiHOM
Ha3WBAIOTh KapOreMoryio0iHoOM; BiH Hajxae Be-
HO3HINI KPOBi TEMHOTO BiATiHKY.

KoukypyBaTy 3 KHCHEM 3a 3B 30K 3 Te-
morsobinom mozke uaguuii ras CO. Ilpu mpomy
YTBOPIOETHCA KapOokcuremoraooin. 38’ a3ox CO
3 remoryobinom y 240 pasiB minmHimwi, HixK
3 KHCHEeM, TOMY IIii Yac OTPYE€HHS YaTHUM Ta-
30M Ilepejava KHCHIO TKaHHUHAM OJOKYETHCH.

Miorno6iH

Miormo6in — depymoBMicHUM 610K, IO
3B’sI3y€ KHCEHb, AKUI HAAXOAUTH IO CEPIIeBUX
i cremeTHUX M’A3iB y XpebeTHUX TBApPUH i JIFO-
nuHu. Mioryiobid € riao0yaapHUM OiTKOM, SKUHA
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Eputpount \

A

[em

MoninentugHun
naHyor

Man. 30.1. Mogenb 6yaoBU MONEKYNU remMornobiHy noguHu

CKJIAZAETHCSA 3 OJHOTO IIOJIIIIENITU/IHOrO JIAHIIO-
ra, 1o Hece rem 3 atromom @Pepymy (mana. 30.2).

Miorsno6in 3B’s13ye i 36epirae KuceHb, CTBO-
prooun B M’sizax iioro peseps. Lleit pesepsB Bu-
TpavaeThCA Y Pas3i KMCHEBOTO roJIOAyBaHHs, Ha-
OPUKJIAL, Iig Yac iHTeHCHBHOI poboTm M’s3iB.
Miormobim Hagae M’ A30BMM BOJOKHAM UE€PBOHO-
T0 KOJIBODY.

[emouiaHiH

Temomnianin — KynpyMoBMicHUI 6iJIOK, IO
3B’d3ye i TTepeHOCUTh KUCEHb Yy MOJIIOCKIB (To-

YneHwncToHori
Man. 30.3. lNpuknagn CTPyKTypu MONEKyn remouiaHiHy

0 Kniouosa iges
[a3n MOXyTb TpaHCMOPTYBaTUCA Y MNNas3Mi KPOBi

AK Y PO3UMHEHOMY BUINAAI, TaK i 3@ JOMOMOrO
nepeHOCHUKIB. Byrnekncnuim ras TpaHCNoOpTy€ETbCA
30e6inbloro naasmMol KpoBi. TpaHCMOPT KUCHIO
3abe3nevyeTbca AMXanbHUMMW MirMEHTaMy remo-
rno6iHom abo remoLljiaHiHOM.

MoninentngHnn
naHutor
lem

Man. 30.2. Mogenb 6ynoBuU MONEKynU Miorno6iHy NoanHN

JIOBOHOTHX, UYEPEBOHOTHX) Ta UYJIEHHCTOHOTUX
(MEeY0XBOCTiB, ITaBYKOIIOMi0OHMX, PAKOIIOAI0HUX ).
ITixg uac 3B’sa3yBaHHA KUCHIO 0€3KOJILOPOBUIL T'e-
MOIliaHiH 3a0apBIIOETHCA y OJAKUTHUIL KOJIIp.

Ha sBigminy Bixg remorso6iHy, MOJIEKYJau
reMoIliaginy posumHeHi B remoJiMmdi. 3aBas-
KM IIbOMY MOHOMEPH TIeMOIIiaHiHy MOXKYThb
ob0’egHyBaTHCI B [Ay)Ke BeJIUKI KOMILJIEKCH
(maz. 30.3). I1i KoMILIeKCH [03BOJISIOTh Kpallie
neperocutu O,, 0cOOGJMBO B yMOBax 3 MajuM
YMiCTOM KHCHIO.

Montock Megathura crenulata

03aﬂl/ITaHHﬂ Ta 3aBAaHHA

1. Ak nognHa Moxke OTPYITMCA YagHMM rasom?
AKMX 3aM06iXKHMX 3axofiB Clif Y»KUTK, Wo6 UbOro He
ctanoca? Wo cnig pobutn B pasi OTPYEHHA YagHUM
rasom? 2. fKi NPUYMHN BUHUKHEHHA aHeMii (HecTaui
remorno6iny) B nioguHu? 3. Yomy M'A3mn Kanbmapis 6ini,
a M'A3M KNUTIB YepBOHi?
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§ 31. Hapxop)XeHHA rasiB A0 opraHiaMy TBapuH

0 [omipkymnTe

Lkipa y ponyx 6ifblu 3pOroBina, HixXK y »ab, a ixHi
nereHi MatoTb 6inblw cknagHy O6ynoBYy MOpPiBHSA-
HO i3 abamu. 3 yMm ue Moxe OyTn nos's3aHO?

Q 3raganTe

e [a30006MiH o [luxanbHa cucrema

OpFaHI/I ONXaHHA TBapPWUH

Hangxom:xenua rasiB go opramismy TBapuH
3abesmeuye auxajabHAa CHUCTEeMAa, (PYHKIIi€I0 STKOI
€ IIOCTAaUYaHHA 10 OpraHidaMy KMCHIO i BUBEJIEHHSA
3 HBOT'O Tas3omOiOHMX TPOAYKTIB OOMiHYy, Ha-
caMIiepe i BYTIJIEKUCJIOrO raasy.

Hudysia rasiB uepes MOBepXHIO Tijia Big0y-
BAaEThCA y OPiOHUX TBAapUH — BOAHUX (PAKOIIO-

niOoHUX, YepBiB) a00 Ha3eMHUX, AKi MeEIIKaioTh
y Bojorux ymoBax (uepBiB, am®i6iit). ¥V Ha-
3eMHUX BUJIiB MOKPUBU 3BOJIOKEHI, i3 BEJIMKOIO
KiJTBbKiCTIO 3aJ103, IMPOHU3AaHI I'yCTOI0 MeperKero
KPOBOHOCHUX KaIliJApPiB.

3a0pa — opramu AUXaHHS BOOHUX ab0 Ha-
MiBBOAHUX TBapuH (PaKOIOLiOHMX, MOJIIOCKIB,
pub, amdib6iit). ¥ OesxpebeTHUX 3a0pa € BU-
pocTamMmu IIOBEPXHi Tijla, y XpeOeTHUX PpPO3BU-
BaIOThCA 3 OTBOPiB y cTiHIi riorku. 3a0pa Ma-
IOTHh PO3TaJIy:KeHYy IMOBEPXHIO i PSACHO IPOHUBAHI
KpoBoHOCHMMU Kanimapamu. KosxkHa TBapuHa,
sAKa Mae 310pa, Mae Te abo iHIIIE IPUCTOCYBAH-
Hs, 1110 3a0e3meuye OMHBAHHS IX BOMOIO.

Tpaxel — opranu AUXaHHA IPiOHUX HaA3EM-
HUX Oe3xpebeTHUX (KOMaxX, IMaBYKOIIOOiTHMX).
Tpaxei € cucTeMoi0 AUXAJIbHUX TPYOOUOK, IIO
TPOHU3YIOTh yCe Tijo i BiAKpMBAIOTHCA HA II0-
BepxHi Tina muxanpramu. IloBiTpa BTATyETHCA

EBontouia grxanbHoi cnctemm y 6e3xpebeTHuX TBapuH

Huoxuai 6e3- | V Hmorunx 6e3xpebeTHNX (KMIIKOBOIOPOXKHUHHI, IUIOCK] Ta KpyrJi yepBu, 6iIbNIicTs Kigbdac-

xpebeTHi THUX YepPBiB) OpraHu JUXaHHA BifICyTHi, ra3000MiH 3ilicHIOEThCA JUPY3HO BCi€I0 IOBEPXHEIO
Tija

Mopchki Vuepime nuxaiabHa cucTeMa 3’ ABJISETHCA B MOPChbKUX KibUuacTUX UepBiB; Ha IXHIX mapamomiax

KinbuacTi € crelfiaisoBaHi opranu fuxaHusa — 3a0pa (emitenianbui Bupoctu 3 Kaminapamu). Ilpu mbomy

4yepBH 3HAUYHUN Ira3o00MiH Bif0yBaeTheA i uepes MOBEPXHIO Tija

Momrockn V¥ 6inbIiiocTi MOIOCKIB opranamMu quxaHHA € 3360pa. HazemHi MotocKu BTpaTuiiu 310pa i 3100yau
JIeTeHi — BUA03MiHEeHy MaHTIHY HOPOKHUHY, CTIHKY SAKOI ITPOHM3aHi KPOBOHOCHUMU CYyAUHAMU

Ynenucro- =V ujieHMCTOHOTHX Oy[0Ba OPraHiB JUXAaHHS 3aJEKUTh BiJf YMOB IPOKUBAHHS.

HOTi OpranaMu fUXaHHS PAKOIOLIOHUX € 310pa, AKi posTallloBaHi Ha Hi’KKax i1 Horoiexemnax,
le BOHU IIOCTifiHO OMHBAIOTHLCA BOIOIO.
JIuxanbHa cUCTeMa IaBYKOIIOAiOHUX IIpeacTaBieHa a0o JiereHaMu, abo TpaxesaMu, AKi BigKpu-
BAIOTHCS HA30BHI oTBOpamMu (CTUrMaMm) Ha OiYHMX YacTUHAX UJIEHUKIiB.
VY KoMmax afuxaHHA 3[iHCHIOETHCA 3a JOIIOMOTOIO Tpaxei

EBontouisa nereHb y xpebeTHux
Am}i6ii | Jlereni 3’sBasiorses B aMmdibiil AK y mepminx XpeGeTHUX, 0 BUAIILIN Ha CyXoia. Bouu dhopmy-
IOThCA Yy BUIVIAJI IaPHUX BUPOCTIiB UepeBHOI YaCcTUHY IJIOTKU. I10BiTpSA B JereHi morpaisae 3 po-
TOBOI MOPOKHUHY 38 PaXyHOK KOBTAJBHUX PYyXiB. JlereHi KpymHOKOoMipuacTi, MaroTh HEBEJIUKY
IuxXaJbHy I0BepxHI0. ToMy razoodmin e sHauHoio Mipor (60—70 % ) spificHioETHCA Uepes IIKi-
PAHI TOKPUBY, AKi TPOHMBAHI KPOBOHOCHUMY KalliigpaMu i 3a6e3medyeHi CJIN30BUMU 3a7103aMU

Pentuaii | ¥V penruiniii y 38°A3Ky 3 OCTATOUHNM BAXOAOM Ha CYXOMLI AUXAaJbHA CUCTEMAa YCKJIASHIOETLCA.
IIkipHe nuxaHHA 3HUKAaE. [{uxasbHa MOBEPXHA APIOHOKOMIpPUYACTUX JieTeHeBUX MIIlIKiB 30iIbIITy-
eTbcsa. POPMYIOTHCSA IMTOBITPOHOCHI MIIAXM: Tpaxes i Opouxu. [luxanHs 3MiHCHIOETHCA 3a PAXYHOK
CKOPOUEeHHS MiKpebepHUX M’ A3iB, IKi 3yMOBJIIOIOTH PYX I'PYAHOI KJIITUHUT
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IIraxu

3aKiHYeHHA mabauyi

V¥V nraxiB JiereHi MaiOTh YHCJEHHI IIePEeropogKy 3 Meperkelo KPOBOHOCHUX Kalijaapis. Big Tpa-

xel iime OpoHXiajabHE IepeBo, AKe 3aKkiHuyeThes Opouxiomamu. YacTruHa OPOHXIB BUXOQUTH 34
MesKi JereHiB i yTBOpioe moBiTpAHi MimKu. ITix uac mosb0Ty KPOB HACHUUYyETHCA KUCHEM i mif uac
BIUXY, i mig vac Buauxy (IOoABifiHe fTUXaHHA). ¥ CTaHI CIOKOIO IITaX AMUXAE IIJIAXOM PO3IITUPEHHS

i cruckauusa rpyaHoi KiaiTku (mas. 31.1)

Ccasui

CcaBIii MaroTh JieTeHi aJbBeoJAPHOI 0yI0BU, 3aBAAKU YoMy iXHA moBepxHA B 50—100 pasiB 6iab-

1I1a 3a moBepxHIo Tija. Tpaxes posminsaeTbesa HA OPOHXM, AKI TepeBomoAiOHO pos3ralyKeHi i 3a-
KiHUYYIOTHCSA TOHKOCTIHHIME OPOHXioJIaMu 3 I'POHAMY aJIbBEOJI, I'YCTO OOILIETEeHNX KPOBOHOCHUMU
Kamingpamu. OCHOBHUM M’A30M Y IIpolieci auxaHHA € giadpparma (mast. 31.2)

B Tpaxel IIig yac PO3IIUPEHH Tijla i BUAABJIIIO-
€ThCA IiJ Yac HOoro CTUCHEHHS.

JlereHi — opraHu MUXaHHS HAa3eMHUX TBa-
pUH (IesSKUX YepeBOHOTUX MOJIOCKiB, amdibiii,
penTuiaiii, mraxis, ccaBiiB). Epouoniifino Bu-
HUKJU AK BHUPOCTU TPABHOTO TPakKTy. dacto
MaTh KOMipKOBY OyZ0BY i MOBiTPOHOCHI IIJIsi-
xu. I'ycTo obmyeTeHi KPOBOHOCHUMM CyIUWHA-
mu. IloBiTpsa B JereHi aKTHMBHO HATHITA€THCA
poboToio M’s3iB.

Etann eBontouii 396poBoro anapary
Yy XOpAaoBux:
* 3BMEHIIIeHHA Yncja 3I0poBUX IMiaWH (Bifg

150 map 3A0poBUX MLIiINH y JAHIETHUKA 10
4—7 map 3sg0poBUX MIIIKiB y KicTKOBuUX pub);

Tpaxen
JlereHi
g . . .
3apgHi NoBiTpAHI
s MiLLKK
S

MepepgHi nosi-
TPAHI MiLLKN

Man. 31.1. nxanbHa cuctema nraxis

0 Kniouosa iges

Y [piGHMX TBapWH ra30006MiH 3QINCHIOETbCA Au-
¢dy3HO uepe3 noeepxHto Tina. CnewianizoBaHi op-
raHW JuxaHHA 6e3xpebeTHNX MatoTb eniTenianbHe
NMOXOMPKEHHS, @ OpPraHu AMXaHHA XOPAOBMX 3a Mo-
XOIXKEHHAM MOB'A3aHi 3 KuweyHnKom. EBontouin
OVXanbHOT cuctemn y xpebeTHux BigbyBanacs
LWIAXOM 36iNblUeHHA AMXanbHOI MOBEPXHi 1 yAO-
CKOHaJIeHHA CUCTEMM HarHiTaHHA MOTOKY BOAMU
(376pa) abo nosiTpa (nerei).

* 30i/IBITIEHHA IMXAJbHOI ITIOBEPXHI MIIAXOM
YTBOpPEHHSA 3s0POBUX TEJTIOCTOK;

* PO3BUTOK y KiCTKOBUX pub 3A0pPOBUX KPU-
IIIOK, SAKi HaAr"iTamoTb HOTiK BOLU.

Etanu eBontouii nereHb y xpebeTHux:

* BiTOKpeMJIeHHS IUXAJbHUX IILIAXiB Bin
KUIIIeUHUKA;

* 301TIBIIIeHHS AUXAJbHOI IIOBEPXHI MIIAX0OM
YTBOPEHHA CKJAAHOI CHCTEeMHU PO3TayKeHUX
OpoHXiB 1 KOMipUacTUX JeTeHb;

s VCKJIATHEHHS OyZOBU IMOBITPOHOCHUX
NLIAXiB;

* VIOCKOHAJIEHHSA CUCTEeMU HarHiTaHHA IO-
BiTpA.

JlereHi

AnbBeonu

Man. 31.2. lnxanbHa cuctema NoanHN

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Yomy TpaxenHa puxanbHa cMCTEMa MoOLWMpPeEHa
cepeq APIOHMX TBapWUH, TakMX SIK KOMaxu  MaByKOMo-
LiOHi, i He TPanNNAETbCA Yy BENVKMX TBaPUH? 2. Y NOBITPI
MICTUTBbCS 3HAYHO Ginblue KWCHIO, HiXX y Bogi. Yomy
6inblWicTb pMb He MOXYTb AMXaTh Ha cyxogoni? 3. Ha-
BilLLO OpraHiamam MoTpibeH KUCEHb?
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§ 32. Hapxoa»XeHHA rasiB Ta NOXXUBHNX PeYOBUH

[0 OpraHi3amMiB pocauvH i rpubis

0 [omipkynTe

CymapHa [OBXWHa KOpPeHeBUX BOJNIOCKIB OfHIi€el
poCnvHM nweHuui moxe caratn 20 Km. Hasiwo
pPOCnuHI Le noTpibHo?

Q 3raganTe

« Mpoanxu « ABTOTPOOGU, reTepoTpodu

o [lxaHHA » XemoTpodu, potoTpodu

o OoToCUHTE3 « Ocmoc, Typrop

OcobnusocTi pocnuH i rpnbis

Pocniumem # rpmbm maioTh CHinbHI pucu:
BOHU BeAyTh HEPYXOMMUH CIIOCi6 KUTTA 1 mpu-
KpimiaeHi mo cybeTpary, 3 SIKOrO I IIOTVIMHAIOTH
MOKVBHI PEYOBUHU.

Ane mi rpynu oprauisdmiB BiAgpi3HAOTHCA
OHA Bif OOHOI 3a Ny'Ke Ba'KJIMBOIO O3HAKOIO:
pociauHu € aBToTpodamu, TOni AK rpubu Ha-
JexaTth Ao rereporpodiB. OTiKe, POCAWHU IIO-
TIWHAIOTH 3 HABKOJUIIHBOTO CEPEIOBUINA Mi-
HepaJIbHi PEUOBMHU, TOMY IO OPTaHiuHi BOHU
cuHTe3yITh cami. Ha Bigminy Big pocauH, rpu-
0u MOTJIMHAIOTH i3 cepemoBUINA i MiHepasbHIi,
1 opra”iuHi cmoJiyKu.

Pocinuum # rpubu, ax i Bci sKuBi opramis-
MU, AUXaoTb. lIpy IbOMYy BOHU IIOTJIHHAIOTH
aTMoc(epHUHN KUCEeHb i BUAIIAIOTL Y HAaBKOJIMIII-
HE cepeloBUIlle ByTJIEKUCINI ras. Aje poCIMHU
3maTHI 00 (poTocuHTE3y i BogHOUYAC MOTPEOYIOTH
HAAXOIKEeHHSA AK KUCHIO (A AUXaHHA), TakK
i Byryiekmesoro rasdy (nas hOTOCHUHTE3Y).

BCMOKTYyBaHHA pocnnHaMn peyoBUH

i3 'pyHTY

S BaMm yiKe BijoMO, MiHepaJibHI peuyOoBUHU
I BoJa IOTPAILIAITHL B OPraHi3sM POCJIUH uepes
Kopiub. Boma HagxoauTs 3a JOIIOMOT'OI0 OCMOCY,
a MiHepaJIbHi PeYOBUHU IIEPEHOCATHCA IIITXOM
aKTUBHOTO TPAHCIIOPTY.

IlornuHanua BOAM ¥ MiHepaJbHUX COJIEH
3 TPYHTY BimOyBaeTbcs B 30HI BCMOKTYBaHHS
KOpeHsd, Ie Jo0pe PO3BUHEHA pPU3oJepMa 3 Kope-
HEBUMH BOJIOCKaMu. MIOHU MiHepaJbHUX coJeit
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I'PYHTOBOTO PO3UYMHY IIEPECYBAIOTHCSA 3 TEUi€lo
BOJIM IO MOBEPXHi KopeHeBUX BoJIOCKiB. Tpamc-
HOPT HOHIB KPi3h IUTOILIA3MATUYHY MeMOpaHy
BCEepeIUHY KJITHH KOPEHEBUX BOJIOCKIB BimOy-
Ba€ThCS IPOTHU I'PaJieHTa KOHIIEHTPAIIIl i eJeK-
TPUYHOTO MOTEHIlially, TOMY BHUMAarae BUTPAT
eueprii. To6TO noziuHAHHA NOHUBHUX PELOBUH
pocauHamu € npoyecom, nid wac K020 umpa-
YaeEmuvcs enepeid.

Ixepesom eHeprii, HeoOXimHOl maa ak-
TUBHOTO TIOTJINHAHHSA €JIeMEHTiB MiHepaJbHOTO
JKUBJIEHHSI, € TPOIleCU KJIITMHHOTO NUXaHH.
Y pasi moripiieHHSA POCTYy KOpPEHiB i rambmy-
BaHHA OuUXaHHa (moramoi aepariiii rpyHTiB) IIo-
TVINHAHHA NOKUBHUX PEYOBUH YIIOBIIBHIOETHC.

[a3006MiH y pOCnnH

B oprauism pocsinH rasm 3 moBiTpA moTparn-
JISIIOTHh Uepes JIUCTKHU, KopeHi it crebaa. KoxHa
KJIITMHA CaMOCTiliHO OOMiHIOETHCS 3 HABKOJIUIII-
HIM cepemoBUIIEM BYIJIEKHMCJIUM Ta3oM i Kuc-
HeM mmaxoM audysii. Kucens jerko nudyH-
Iy€e 3 IOBiTPA B HMPOMiMKKaAX MilK YaCcTUHKAMU
TPYHTY y BOAYy i TOTiM y KOpeHeBi BOJIOCKH.
YTBOpeHa B KJIiTMHaX POCJAWHU BYIJIEKUCJIOTA
INQYHAYE Y 3BOPOTHOMY HANIPAMKY i BUXOJUTH
3 KOPeHA Ha30BHI TAKOXK yepes3 KOPEeHEBi BoJoC-
Ku. ¥ JHCTKaxX rasoo0MiH 3iliCHIOETBCSA uepes
npoxuxu. ['asu AuyHIYIOTH TAaKOXK Uepes Co-
YeBUUKHU Ha KOPEHAX i cToBOypax cTapux IepeB
i yarapHuUKisB.

HaitinTencuBHimuii rasoodmin Bimbysa-
eTbca yepes npoxauxu. [Ipoguxum BegyTsh y cuc-
TeMy MiKKJITUHHUKIB, yTBOPEHUX KJIITHHAMU
rybuacroi mapeHxuMu JucTKa. Ilo MiKKIIi-
TUHHOMY HOPOCTOPY AO KJITHH IIOCTAYa€THCHA
KHCeHb IJA NUXaHHS, BYIJIEKHCJIUUA Tras IJd
(oTocmHTE3Y i BUAANAIOTHCA IPOSYKTHU OOMiHY
(max. 32.1).

T'azoo0MiH Kpishk mpomuxu 3abesmeuye OBa
OCHOBHi TIIpomecu: IUXaHHA Ta (OTOCHUHTES.
Yneun Oinmbimma uactura CO, mnisa dorocuHTE3y
i O, nna IUXaHHA HAAXOAUTh Y POCIWHY KPisb
OpoaUXU. YHOUL mpoaAmMxXu 3aKpuTi, i aaa gu-
XaHHA POCJIVHYU BUKOPUCTOBYIOTH O,, yTBOPEHU
y mporeci poTocrHTE3y 1 HAKOMWYEHUN y MiK-
KJIITUHHUKAX.



Tema 3. O6MiH peyoBUH

Haaxoa»KeHHA NOXXMBHUX pevyoBUH

[0 opraHi3my rpnbis

WKupnenus rpubis 34ifCHIOETHCS IIJISIXOM YCMOK-
TyBaHHS BOAY i PO3UMHEHUX Yy Hill OpraHiuyHuX i Heop-
TaHIiYHUX PEYOBUH yCi€i0 moBepxHer wMinesiro. Ilasa
TOTO 1100 BOJA 3 PO3UMHEHMMH B Hill IIOKUBHUMHU pe-
YOBMHAMM HAAXOAmWJA i3 cybcrpary (Hampukjaam I'PyH-
Ty) y Mimesiii, rpubu CTBOPIOIOTH Y KJITHHAX BUCO-
KU OCMOTHUYHUHA THUCK, HACTITKOM AKOTO € YTBOPEHHS
Typropy (maux. 32.2).

Takuii cmoci® KuBJIeHHA 3MYIIye Tijo rpuba
MMOBHICTIO 3aHypIOBaTucA B cybcTpar. PoaranyskeHuii
Mimesnifi momomarae rpudy OXOIMUTY MAaKCUMAaJbHY
ILJIOIY AJISI BUJIYYEHHS MOKUBHUX peuoBuH. [Ipu 1160-
My rpub He MOKe MaTH BeJIuKi posmipu, TOMy IO
HaIXOJKEeHHA IT0KUBHUX DPEUYOBUH y TJIMOWMHY Tija
BUKJINKAE TPYIHOIIII.

Ak mxepesna eneprii rpubu BUKOPHUCTOBYIOTh
CKJIanHi opraHiuHi peuoBmHu. AJle, IK BaM Bigomo,
BeJIMKi OiomosriMepu HEe MOKYTh IPOHUKATU B KJIITUHY
Kpiss ii memOpany. Tomy rpubu BugiisgioTh y HABKO-
JUITHE cepenoBuilie (epMeHTH, AKi PYHHYIOTH BUCO-
KOMOJICKYJIAPHI ITOJIiMepu A0 MOHOMEPiB, IO IIOTiM
HaAXOAATh y KJITUHY.

BigmoBigHo, rpmbu po3BUBAIOTLCSA Ha I'PYHTAaX,
Oaratmx Ha opramiumi peuoBmuum. Hacrto rpubu Bu-
KOPHUCTOBYIOTh fAK JKHBUJIbHE CEpPemaoBUINE iHII op-
ramismMm abo ixHi 3anuInmky (mapasuTwdHi ¥ mBijeBi
rpubu, roupodaru, TpyroBuKm). IHOAI rpmbm BCTy-
HaloTh Y B3AaEMOBUTIMHI XapuoBi B3a€MOBITHOCWHU
3 pocaumHamu (Maja. 32.3).

[a3006MiH y rpunbiB

A i gna iHmmrx aepoOHUX OPraHis3MiB, IS Tpu-
0iB xapaKTepHO KUCHeBe NUXaHH:A, IO 3abesmeuye
BUJIydyeHHA eHeprii 3 iski. IIlpu mpomy neaki rpudu,
HaATPUKJIAL [OPiIKAKI, MOXKYTH OOXOAUTUCA MAJIOIO
KiJIbKiCTIO KUCHIO.

T'azo00MiH BifOyBaeThLCS KPidh yCIO IIOBEPXHIO Mi-
mesito. IlepedyBatoun B I'pyHTi, Milesiit morpebye 1mo-
CTiTHOTO TMPUTOKY IOBITPA, TOMY TPUOHUIIA 3aJITa€
Heramboko, y 6—12 cm Bixg moBepxHi I'pyHTY.

0 Kniouosa iges

MorNHaHHA NOXUBHUX PEYOBUH POCANHAMM 1 rprbamm
notpebye eHeprii. POCIVHN NornvHaloTb MiHepanbHi pe-
YOBVHM 1 BoZdy KOpeHAMM. [a3006MiH BinbyBaeTbca Au-
by3HO Kpi3b Npoauxu, COYEBUYKN i KOPEHEBI BOMOCKM.
[pnbu BCMOKTYIOTb i3 cybcTpaTy rasu, Bogdy, OpraHiyHi
I HEOPraHiYHi PeYOBUHN MOBEPXHEI MiLenito.

CroBnyacTta
napeHxima

ly6uacTa
napeHxima

Mi)KKniTVlHHvu?l\

npocTip Mpoanx

Man. 32.1. Cxema razoobmiHy Kpi3b npoguxu

Man. 32.2. Bennkuin TypropHuin TUCK ycepeanHi
rpubis gae 3mory iM NpopocTaTy HaBiTb Kpi3b
achanbToBe MOKPUTTA

Man. 32.3. Mikopu3a % nMWanHUK — NpUKIagn
B3a€EMOAIT rpubiB i POCIMH 3 METOl B3aEMHOrO Mo-
NiNWeHHA XNBNEHHA

i nepetsoperHa eHeprii 3y 33y S

03aHI/ITaHHF| Ta 3aBAaHHA

1. Ak npoTArom Ao6y 3MiHIOKTbCA IHTEHCUB-
HIiCTb | XapakTep razoobmiHy y pocnun? 2. Lo
BiiOYBa€eTbCA 3 MiHepanbHUM XMBNEHHAM POC-
JIMH y BUMafKax: a) BUCKXaHHA I'PyHTY; 6) 3aton-
JIEHHA IPYHTY; B) 3acONeHOCTi rpyHTy? Bignosigb
NMOACHITb. 3. Buxogsum 3 ocobnmnBoCTEN KUBJEH-
HA rpunbiB MOACHITb, YoMy rpuby He JocCAraloTb
CKMagHoI opraHisauii, AK BULi POCIVHW N TBapu-
HW. 4. K B3aeMOLiloTb rpnb i pocsiviHa y Mikopu3si
Ta B CKNagi MUWanHuKy?
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§ 33. Tunn reTtepoTpoPHOro KUBNEHHA

0 [omipkynTe

Ynm pi3HATbCA XMBNEHHA NUCULi, JOLOBOro
yepp'AKka Ta migii?

Q 3raganTe

« TeTepoTpodu
« Mapasntn, cUMBiIOHTM, canpoTpodu

OCHOBHI cnocobu reTepoTpopHOro
XKUBNEHHA

JK Bu BiKe 3HaeTe, rerepoTpodHi OopraHis-
MU He 3JJaTHiI CMHTe3yBaTU OpTaHiuHI PeUOBUHU
3 HEOPTaHIUHUX NIJIAXOM (POTO- a00 XeMOCUHTE-
3y. Im HeoOximmi rorosi opramiumi pedoBuwHH,
BUpPOOJIEHI iHINTMMM opraHisMaMu; BOHU OTPHU-
MYIOTBH 1X 3 IXKelo.

Crocobu reTepoTPO(GHOrO KUBJICHHS IIOIi-
JAI0TH Ha KiJIbKa TUIIIB:

+ 3aJIE’KHO BiJ AiKepeja IOKUBHUX DPEUYO-
BUH — Ha 20Jl1030liHe, canpompo@He, cumobio-
mpogHe, napasumuyHne;

+ BaJIe’KHO Bi MeXaHiI3My NTOTJIMHAHHSA
ki — Ha ¢azompogre Ta ocmompogdHe.

[0N10301MHe X1BNeHHS

Tomo30iiHe SKMBJIEHHA — JKUBJIEHHS, IIO
CKJIAJAETLCA 3 eTaliB IOTJIMHAHHA 1:Ki, i1 mepe-
TPaBJIIOBAHHS, BCMOKTYBaHHS, aCUMLIAIII 1 BU-
IileHHA HellepeTpaBJIeHUX 3aJUINKiB. I'oJro30ii-
HUUW TUI KUBJEHHA XapaKTEepPHUI AJIA TBApUH.

BinbHOiCHYIOUI rOJI030MHI OpranisMu MaioTh TPaB-
HY cucteMy. TBapuH, IO KUBJIATHCSI T'OJO30M-
HUM CIIOCO00M, MOJKHA MOMLIATA HA M’ ACOITHUX,
poCIMHOIZHUX i BceigHUX.

CanpoTpodHe XKNBNEHHSA

CampoTtpodHe KUBJIEHHS — THUN KUBJIEH-
Hf, 3a SAKOTO OPTaHi3M KUBUTHCA MEPTBUMU
opraniuHuMu permntkamu. CamporpodHi opra-
HiBMU BUIINAIOTE ()epMEHTH Ha MepTBuUii abo
OpraHiuHMU MaTepiaj, IO PO3KJIALAETHCH.
IleperpaBienusa BigOyBaeTbcs II03a OpPraHis-
moM. IIponyKTu mepeTpaBiieHHA BCMOKTYIOTHCS
M acUMIiJIIOIOTHCS OpPraHi3MOM.

Io campoTrpodiB HalexKaTh 0akTepil rHUTTA,
Gararo rpubiB, HedKi UYJEHMCTOHOrI, a TAKOMK
campodiTu (mapasuTUUYHI KBiTKOBI pocCJaMHUI
i meaki Bogopocti). Ilo uacTKOBUX campoTpodin
HaJeKaThb 0araTo XM:KakiB i BceigHMX TBapwuH.
Cepen camporpodiB BUALIAOTL gerpuTodaris,
HeKpodaris, Kompogaris (mau. 33.1).

Herpurodaru — TBapuHU i O6akKTepii, AKi
JKUBJIATHCA AeTPUTOM. [[eTPUT € CYKyIHiCTIO
IpidHux (Bif KiJIBKOX MiKpoMeTpiB A0 KiJbKOX
CAaHTUMETPiB) YACTUHOK — B3aJUIIKIB POCJIUH-
HUX abo0 TBapMHHUX OpPraHiamiB abo ix Bumi-
JeHb. [leTpuT MiCTUTBCA Y IPYHTAX, CYCIEH3iAX
a0o0 JOHHUX Bimkjaamax Bomoiim. Bomui merpuro-
¢aru 6epyTh yuacTb y 0ioJIOTiUHOMY OUMIIIEHHI
BOJ (HaOpUKJIak, OBOCTYJIKOBI MOJIIOCKHU), a Ti,
0 MEMIKAITh Yy I'PYHTi,— Yy I'DYHTOYTBODPEHHI
(r'pyHTOBi O6akTepii, JOITOBUI UepB’dK).

Hexpodaru — opraniamu, 1mio KUBIATHCA
noMepJguMu TBapuHamu. Hekpodaramu € 6araro

HowoBsunin yepB'sik — peTputodar

lieHa — Hekpodar

Kyk-rHonoBuK — konpodar

Man. 33.1. Canpotpoodu
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TpunaHocoma
B KPOB'AHOMY pyChi

XonepHui BibpioH

MoButnyA

MeyviHKoBMIA CUCYH

Man. 33.2. OpraHizmu-napasuTu

KoMaxX (PKYKH-MepTBOIIM, IIKipoigu, JUUUHKN
IBOKPUJINX); AeAKi mraxu (rpudu, cunu, Mapa-
0y, KpyK ToIo) Ta ccaBii (rieau). Hexkpodaru
BifirparoTh B3HAYHY pOJIb Yy HOPUPOSHUX €KO-
cucreMax, poOJIAYM BHECOK Yy PO3KJIAL PEIITOK
MEepPTBUX TBapUH.

Kompodarnu — 1e TBapuHmM, 10 KUBIATH-
ca eKcKpeMeHTaMu. IIpencTaBHUKaAMU € KYyKU-
THOMOBUKHU, AesIKi TBOKPUJI Ta iXHI JUUMHKH,
meaki xuint ta inmi. Kompodaru mprcKopiooTh
PO3KJIa[ OPTaHiYHMX PEIITOK Ta HiABUIYIOTH
DPOJIOYiCTh I'DYHTY.

Bepyuu yuacts y wmiHepasisarmii opramiu-
HUX CHOJYK, CAIPOTPO(U € BaIKJIMBOIO JIAHKOIO
B Kpyroobiry peuoBuH i emeprii. BaraTo campoda-
TiB BigirparmTh MO3UTUBHY POJIb «CaHiTapiB Mic-
meBocTi». OgHAK JedaKi 3 HUX, HAIIPUKJIAA MyXH,
TIepeHoCATh 30YIHUKIB XBOPOO 3 €KCKPEMEHTIB
Ha XapuoBi IPOAYKTU, CHPUAIOYU IIOIIMPEHHIO
3aXBOPIOBaHb — AudeHTepii, yepeBHOTO TUDY,
reJbMiHTO3iB. XpebeTHi campodaru (30Kpema,
CBUHI), IOiatoun TPyNnu, COPUAIOTHh MUPKYJIAIIL
TPUXiHEIHO3Y, JIEIITOCIiPO3y, TOKCOIJIa3MO3y Ta
iHIMUX 3aXBOPIOBAHb.

CrmbioTpodHe XKUBNEHHA

CumobioTpodHe KMBJIEHHA — TUN KUBJIEH-
Hs, XapaKTepPHUH AJI CUMOiOTUYHNX OPraHi3MiB,

0 Knioyosa iges

3anexHo Bif AXKepena MOXMBHUX PEYOBMUH Cro-
cobu reTepoTpodHOro XKMBJIEHHS MOAINATb Ha
rosio3oiiHe, canpoTpodHe, cumbioTpodHe 1 na-
pasUTUYHe; 3aneXHo Bif MexaHi3My MOrfiMHaHHA
i — Ha ¢aroTpodpHe Ta ocmMOTpOdHe.

3a AKOTO OAUWH OPTaHi3M JKMBUTHCA Bigxomamu
iHmIoro, He 3aBJaoyW TOMYy IMKoauw. Hampu-
KJanm, HiTpudiKkyBaabHI O0axTepii, IO JKUBYTH
Ha 0000BUX pocamHAX, mocTauaroTh iM HiTpo-
reH. ¥ KUIIEYHUKY CCABI[iB JKMBYTH OaxTepii,
SAKi IOmOMAaralmTh POSIIMEIIIOBATI MOMKWBHI pe-
YOBWHM, HAIIPUKJAJ KHUIITKOBA majudka E. coli.

[Napa3nTnyHe XvBJeHHA

ITapasuTuuHe :KWUBJIEHHS — TUI KUBJEH-
HdA, 3a AKOTO OpraHisM OTpUMYE OpraHiuHi pe-
YOBUHHU BiJl opraHisMy xassiHa, 3aBIa0uu oMy
icrorHOl mKogu. Tak KUBIATHCA MesdKi HAHIIPO-
crimti (ManapifiHuil IIasdMomiii, Au3eHTepiiHA
ameba), 6akrepil (FudTepilina maJandyKa, XoJep-
HUU BiOpioH, cradisiokoKkm), BUII pocauHu (I10-
BUTHUIA €BPOIIEicbKa, BOBUOK), TBAPUHU (CHUCY-
HUY, CTBOYKKOBi uepBu, ackapugu) (man. 33.2).

Cnocobu nornMHaHHA iXKi

3a cmocoboM MHOTJIHMHAHHSA 131 rereporpo-
¢diB mominArTs Ha ¢darorpodiB Ta 0CMOTPO-
diB. ParoTpopu 3aKOBTYIOTh TBEPIi MIMaTKU
i:xi; mo Hux HajJexxaTb TBapunu. Ocmorpodu
MMOTJINHAIOTH OPTAaHiUHI PEeYOBMHU 3 PO3UYUHIB
OesmocepeqHLO uUeped KJIITHHHI CTiHKH; Iie
rpubu, rpubomonidbHi opraHisMm i GinbIIicTh
bakTepiii.

3anuTaHHA Ta 3aBAaHHSA

1. AKi TMN XUBMEHHSA | CNOCIO MOrAMHAHHA K Xa-
pPaKTEPHi ANA XVIXKNX TBapUH? ANA KOMaxOigHWX pocC-
nuH? ana rpubis? 2. AKMIA TN >KUBMEHHA MpUTaMaH-
HWUIA NOAWHI? Y BUKOPUCTOBYEMO MU CMMOGIOTpOdHE
XapuyBaHHA?

/1
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§ 34. BHYTPIiWHbOKAITUHHE TPaBNeHHA

0 [omipkynTe

BcepenuvHi KniTMH Hemae TpaBHOI cUCTEMM.
AK KNiTMHa Nepepobnsie PeYoBUHMY,
AKi BOHa mornvHyna?

Q 3raganTe

» TpaBneHHA o TpaBHi depmeHTU

o EHpouunTOo3 « Jlizocomn

Cnocobu TpaBneHHA

TpaBiaennsas — Impoliec, 3a SAKOro BimOyBa-
€ThCs TepeTpaBJIOBAHHA iKi Ta i1 3acCBOEHHSA
KJIiTUHaAM#. ¥ pPe3yabTaTi XapuoBi MPOAYKTH IIe-
PeTBOPIOIOTHCSA Ha KOMIIOHEHTH, M030aBaeHi Bu-
IoBol cuenudivHOCTI ¥ MpuUAATHI 10 3aCBOEHHHA.

IcHyroTH pisHi cmocoO0u TpaBIeHHA:

* BHYMPIWHbOKAIMUKHHKHe — TOMKUBHI pe-
YOBMHM HAIXOIATH yCEPEemIUHY KJIITHHU i po3-
MIeIII0I0ThCA (hepMeHTaMu 1i IUTOmIasMu abo
Jisocom;

s no3axaimunne (NOPOIHUHHe ¥ 308HiUL-
He) — BimOyBaeTbCA y MO3AKJIITUHHOMY CepeIoBI-
1l 3aBAAKU (pepMeHTaM, AKi1 BUAIIAIOTEH KIITUHA;

* npucminkoge —Bi0OyBAETHCSI HA CTPYKTY-
pax KJiTuHHOI MeMOpaHH.

BHYTPIWHbOKNITMHHE TPaBleHHA

BryTpimiHbOKJIiTMHHE TpaBJIeHHA — TUII
TpPaBJIEHHA, 3a SAKOTO NHOYKWBHI PEUOBUHU PO3-
MIEeTIIOIOThCA (PepMeHTaMM B KJIITHHaAX opra-
"Hismy. IIpu 11poMy KJIiTHHA aKTUBHO 3aXOILIIOE
MOKVBHI PEUOBUMHU 3 HABKOJIUIIIHLOTO CEPENo-
BUIA IIJIAXOM €HJOI[UTO3Y.

BHyTpinmHbOKIiTHHHE TPaBJIIEHHS HAaWAABHi-
IIie 3 eBOJIIOIiTHOI TouKu 30py. BoHO BiacTuse
BCiM ONHOKJITMHHUM i AeAKUM NPUMITUBHUM
0araTOKJITHHHMM opraHismam (ryoxam i mioc-
KuM uepBam). SIK JomaTKOBUII MeXaHiI3M Tpas-
JIEHHS, BOHO TPAILIAETHCA Y TOJIKOIIKipUX, ne-
AKUX KiJTbyacTUX 4YepBiB i 6araTbox MOJIIOCKIB.
Y Bummx TBapuwH i JIOAWHU BHYTPiNITHBOKJIi-
TUHHE TPABJIEHHA BUKOHYE 3aXUCHI (PYHKI[I —
MoT0 3MiHCHIOIOTH JEeUKOIUTY KPOBi 1 TKAHWHHI
mMakpodaru mig yac garomurosy (man. 34.1).
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Man. 34.1. Makpodoar 3axonoe 6akTepito

Ponb nizocom
Y BHYTPIWWHbOKNITUHHOMY TPaBieHHi

BHYTPINTHBOKJIITUHHE TpaBJIeHHA BinOyBa-
€ThCA y CHEIiaJIbHUX OpraHejgax — TPaBHUX
BaKyoJIdX, SIKi MOMKYTh iCHyBaTH IIOCTiiiHO a0o
YTBOpIOBATHCA Iif yac (haronurTody UM ITiHOIU-
To3y (Mas. 34.2). ¥V meperpaByieHHi i3Ki 6epyThb
yuacth Jiidocomu. Ili opramesm MmicTaATh TOHAZX
30 rigposiTnyHUX (PEePMEHTIB, 1110 PO3IIEIIIOI0Th
0iJIKM, HYKJIeIHOBI KMCJIO0TH, BYTJIEBOAU ¥ JIiIIigu.
Jlizocomm, 110 BiOPYHBKOBYIOTBCS Bij] amapary
Tonpmxi, MicTATH 1Ii (PepMEHTH B HEAKTHUBHOMY
crani. Taki opranesu Ha3WBAIOTh NMEPBUHHUMU
Ji3ocoMaMu.

%
®OaroyunTos [+
wdd
i
TpaBHa Bakyons =
99 MepBuHHa
f ’(‘E nisocoma
Yl
I
i
BropunHHa nizocoma y =i
'
Ek3ouunTto3
3a/INLWKOBOrO
TinbyA

Man. 34.2. Cxema BHYTPILUHbOKNITUHHOIO TPaBfieHHA
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o @ Y6iksituH

Binok, wo mae 6yTn
3pyNHOBaHMUM

binok 3 npuegHaHnm
y6iKBITVHOM

MpoTeocoma

§

-
{‘ =
L1
f ~
binok notpannsae ®OparmeHTn 6Ginka
10 MpOoTeOCOMMU (nentngnm)

Man. 34.3. Cxema poboTM MpoTeocomMm

Kosim mnepBuHHI JIizocoMu 3JIMBAIOTHCA
3 TpaBHUMU ((ParonuTO3HUMU) BaKYyOJIIMU, TiJI-
poJsiTuuHi (hepMeHTH aKTUBYIOThbCA. Taki Jiso-
COMU, IO YTBOPIOIOTHCA B PE3YJbTATI 3JUTTA
MEePBUHHUX JIi30COM 3 TPAaBHUMU BaKyOJAMU
i mMicTATh aKTUBHI (hepMeHTU, HAa3WBAIOTH BTO-
PUHHUMH JIi30COMaMU.

Ilix miero rigposiTuuHMX (EepPMEHTIB JIi30-
coM OiosoriuHi moJimMepu PO3INEIIIIOTHCA IO
MOHOMEPiB, AKi HAAXOOATh y IIUTOIIA3MY.

Ilicna meperpaBiaeHHA JridocomMa CTae 3a-
JMIIKOBUM TiJIbIleM 3 HelepeTpaBJIeHUMHU 3a-
JUIIKaMHU 1K1 i pepmMeHTaMM. SaJIUMIKOBI TiIb-
A BUJANAIOTHCA 3 KJIITUHUW MiJf Yac 3JUTTHA
TPaBHOI BaKyoJIi i3 30BHINIHLOIO MeMOpaHOIO.

Ponb npoteocom
Y BHYTPILWHbOKNITUHHOMY TPaBfIE€HHI

VY kiaiTuHax eykapioTiB, apxeil Ta HedKUX
O0akTepiit y rigposisi 6inkiB 6epyTh yuacThb Ta-
KOK IIPOTE0COMH — BeJIUKi 0iTKOBI KOMILIEKCH,
10 CKJIaJAIOTHhCSA 3 BEJUKOr0 UYHMcJIa IIPOTeas.
IIporeasu — 1e depMeHTHU, IO PYHHYIOTH OiJI-
Ku. IIporeocomMmu mepeTpaBiiOiOTh OiIKM, AKi
CTAIOTh HEHmOTPiOHMMHN KJIITHMHI Iicas BUKO-
HaHHS CBOIX (PYHKIIili, a TaKOXK MOIIKOIMKeHi
1 HempaBUJIBHO 3ropHYTI Oinkm (Mman. 34.3).
Ho Toro x, mpoTeasm BUIAJAIOTH OiJIKM BipyciB
1 HAOIUIIKOBI (hepMEHTH.

Ho 6inkiB, mo migngAramoTh PyHHYBaHHIO,
TPUKPINJIIOTHCA MOJIEKYJIU CIIeIiaJbHOTO 0iJI-

0 Kniouosa igen

BHYTPILUHbOKNITUHHNA TN TPaBNEHHA € €BOJIO-
LiNnHO HarAaBHIWUM. [OXMBHI PEYOBUHU aKTMB-
HO 3aXOMJIII0TbCA 3 HABKOMMLLIHBOIO CepeoBuLLa
LLIAXOM €HAOLMTO3Y 1 PO3LLENnIoTbCA BCepean-
Hi KNiTHW. Y nepeTpaBrieHHi i 6epyTb yyacTb
depmeHTM nisocom i npoteocomn. Moxnuee Ta-
KOX MepeTpaBfieHHA BNAaCHUX CTPYKTYP KAIiTUHK
y npouecax aytodaroumTosy i aBTORI3y.

Ka yOiKBiTMHY, AKHII PO3Ii3HAETHCA IIPOTEO-
COMOIO.

IIporeasu mporeocomM poO3PMBAIOTH IIEIITUI-
Hi 3B’SIBKM y MOJIeKyJax OinKiB (3HiliCHIOIOTH
IPOTeoJi3). ¥ pe3yabTaTi yTBOPIOIOTHCA KOPOTKI
MeNTUuANU 3aBIOBKKU (—8 aMiHOKMCJIOT.

AyTodarountos i aBToni3

depMeHTHU JIiB0COM MOXKYTh IepeTpaBJIIoBa-
TH He TiJIbKM PEeYOBUHWU, IO HAMIHINJIX 330BHI,
a W CTPYKTYpPHU KJIITHMHU, 3AiMiICHIOIOUN ayToda-
TOIIMTO3 1 aBTOJIi3.

Aytogaronuros — poasIIlelyieHHA B Ji30-
coMax BJACHUX MaTepiasiB KJIiTMHU: 3amac-
HUX PEeYOBUH, MAKPOMOJIEKY.JI abo opranei, aKi
BTPATUJN (PYHKIiOHAJIBHY aKTHUBHicTh. AyTo-
haronmuTo3 BUKOPUCTOBYETHCA KJITUHOIO IJIs
BHUINEHHSA HEeIOTPiOHUX CTPYKTYP, HAIPUKJIA
miJ yac 3aMiHM cTapuxX oprames HOBUMH, abo
IJIs IlepeTpaBJieHHsA OiJIKiB Ta iHIINX PeYoBUH,
YTBOPEHUX yCepearHiI caMol KJiTHHU.

ABTOXi3 — caMomepeTpaBIeHHA KJIITHH IIic-
Jis pyHHYBaHHA MeMOpaH JIi30COM, CIIPUUYNHEHO-
ro IIaToJIOTiYHMMY 3MiHaMu abo crapiHHaM. AB-
TOJIi3 IPU3BOAUTL A0 3arubesi Kiaituuu. IHomi
el mpoIiec He € MaTOJOTIUYHUM, a CYIIPOBOIKYE
PO3BUTOK opraxiamy abo agudepeHIliloBaHHIA
crerfiagizosanux KiaitwH. Hanpuxiazn, mig udac
IIepeTBOPeHHA IIyroJIOBKa Ha Kaly Jisocomu,
110 MiCTUJINCS B KJIITHHAX XBOCTA, IIEPETPABJIIO-
IOTh HOT0: XBiCT 3HUKA€E, a YTBOPEHI PeUOBUHU
BCMOKTYIOTBCS 1 BUKOPUCTOBYIOTHCSA iHIIUMMU
KJIiTHHaAMM TiJja.

3annTaHHA Ta 3aBaHHA

1. AK BHYTPIWHbOKAITMHHE TPaBNEHHA BUKOHYE
3axucHy ¢yHKUilo y niognHn? 2. Yum po3pisHATbCA
NepBUHHI 1 BTOPUHHI nizocomn? 3. Yomy HagnmwKoBi
bepmeHTM B KNiTWHI pyliHyloTbcA? 4. flka ponb ni3ocom
B embpioreHesi niognHn?
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§ 35. lNo3aKkniTNHHE i 30BHILUHE TPaBNeHHA

o [No3akniTMHHe TpaBneHHA
[NomipkyiTe .
ITosaksiTHHE TpPaBJIeHHA XapaKTepPU3YETHCA TUM, IO
MnaHapii YacTo nontoloTb Ha APIGHMX TpaBHiI (DEPMEHTU CEKPETYIOThCA y 30BHIIIIHE cepenoBUIlle,

paykKiB, Xo4 BOHU i He MaloTb 3y6iB,
Wo6 po3rpu3Th IXHIN XiTMHOBUN
naHuup. Ak BOHN MOXYTb OTPUMY-
BaTU NMOXKWBHI PEYOBKHM i3CepepnHu
naHuMpa CBOEI epTBu?

mepeTpaBJIeHHA I3Ki BigOyBaeThCA I03a KJIiTUHOIO, YTBOPEHi
PEUYOBWHU IIOTIM YCMOKTYIOTHCA B KJIITUHY.

TakuM UYMHOM OpraHidaMu II€PeTPaBJIOIOTH BeJIUKi
OpraHiuyHi MOJIEKYJIN, AKi He MOKYTb IIPOHUKHYTU OesIroce-
penHbO Kpi3h KJIITMHHY MeMOpany. Biosoriuni makpomo-
JeKyJIU PYHHYIOTHCA A0 HEBEJIMKUX CIOJYK, AKi i 3acBO-

é 3rapaiite I0I0ThCA ICJIi.TI/IHOIO. ' '
ITozakaiTuraHe TpaBJIeHHSA MOJKe BimOyBaTucs 30BHi
» OcmoTpodHe XMBNEHHA opraHiamy (308HiulHE TpaBJeHHs) ab0 B TPaBHUX MOPOIK-

» YKuBneHHa pocivH HUHAX Tija (nOpoMHUHHe TPaBJEHH).

Mo3akniTMHHe TpaBneHHA y 6aKTepil i apxen

MikpoopraHismMu mOTJIMHAIOTH 3Ky 1 BUAIIAIOTH IIPO-
OIYKTH OOMiHY Bci€lo IOBepxHEI0 KJiTmHH. AJe MOKHBHI
PEYOBVHU MOKYTH HAAXONUTHU B KJIITUHY TiJIBKU B PO3YU-
HEHOMY BUTJIAl, TOMY POSIIEIJIEHHA HEPO3UNHHUX CKJIA-
HUX OPTraHiYHWX CHOJYK Ha OiabIn mpocTi BigOyBaeThcs
30BHi. TpaBHi (hepMEHTU CEKPETYIOTHCA KJIITUHAMU MiKpPO-
OpraHismMiB B 30BHIiIIIHE cepemoBuIle ab0 3aKPiIlIIOIOTHCS
Ha 30BHINTHIA MeMOpaHi yMm Ha KJIITMHHINA crinmi. Takum
YUHOM, IIepeTpaBjeHHA 13Ki BimOyBaeTbCca mo3a KJIiTHUHOIO.
YTBOpeHi MOHOMEPU BCMOKTYIOThCA Yepe3 KJIITUHHY MeMO-
paHy.

Mo3aKniTMHHE TPaBNEHHA Y XXUX rpnbis

Icuye 6smsbro 200 BuzmiB xmikmx rpubiB. Bouu ytBO-
PIOIOTH 3 HUTOK MIiIleJIif0 CIIeliaJbHi JIOBUi cuCTeMu, IO
HaragyioTh pubaJbCchbKi cHAcTi 3 0e3yiuuio rauykis, KJIeHKi
Mepeski abo Kinmbig-sammopru. Ilicasa saxomnaenusa 3400mui
rijpu rpmba TPOPOCTAIOTh Uepes MOKPUBU KEePTBU 1 BUIi-
JA10Th TpaBHi (pepmenTu. Ilorim cremianabHi acuminamiimi
BeHepnHa MyXxonoBka rij)u BCMOKTYIOTH i 3aCBOIOIOTH IIEPETPABJIEHI PEUYOBUHU.

Man. 35.1. Xuxi pocnvHmn .

[Mo3akniTnHHe TPaBJIEHHA Y XXX POCTTNH

Icuye 6ausbko 630 BuaiB KoMmaxoimHux pocauH. Ile
mepeBasKHO OaraTopiuHi TpaB’sSHUCTI POCJUHU, ajie cepen
HUX TAKOK TPAIIAIOTHCA HaliBUaTapHUKM 1 HeBeJIMKIi ya-
rapHUKHU. 3a3BUuaili BOHU JKUBJIATHCA, IK 1 BCi pocauHu,
MOTJIMHAIOUM PEUOBUHU 3 I'PYHTY Ta (poTOCHHTE3y0un. AJje
faraTto 3 HUX POCTYTh Ha 0oJioTaX — Ha I'PyHTaX, yKpau
0iIHMX Ha MOKUWBHI ejeMeHTH. TOMYy BOHU BUKOPUCTOBY-
I0Th v 13Ky nApiOHMX TBapwH (IepeBaKHO KoMax) AK I0-
maTkoBe mxepeso Hitporeny, Kaiito, @ochopy Ta immux
Man. 35.2. XmKa nuumHKa Xyka-nnasyHuA eJIeMeHTiB.
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KomaxoigHi pocimHU 3aCTOCOBYIOTH PisHi
MPpUMAaHKY, TPUBAOJIIOIOTH KOoMaxX 3abapBJeH-
HAM, COJOOZKMMM BUIIJIEHHAMH a00o 3amaxoM.
BoHu J0BIATH 3400MY 3a JOMOMOTOI0 JUIKUX
BUIiJIEHb 1 JIOBUMX amapariB (BUAO3MiHHUX
JUCTKiB) — CXJIOONYBaJbHUX JHNCTKiB, JIOBUMX
riaeunkiB (Maa. 35.1). ¥V macTKy BUIAIIAIOTHCS
epmMeHTH, AKi IIEPETPABIIIOIOTH CIIifiIMaHy KepT-
BY. YTBOPEHi IPOAYKTHU TPABJIEHHA, IePEBAKHO
aMiHOKWMCJIOTH, BCMOKTYIOTHCA 1 3aCBOIOIOTHCH.

30BHiLUHE TPpaBJIEHHA Y UNEHNCTOHOIMX

Oco0muBuUl BUJM KUBJICHHA — 30BHIIIIHE
TpaBJIeHHS — XapaKTepHe AJd AedKUX ApioHmX
IpeACcTaBHUKIB TBapUH: MaBYKiB, XMMKUX JIUUN-
HOK KYKiB, 0a00ok i myx. Ili xmiKaKu croyaTky
BIIOPCKYIOTh y Tijio 3700mMui TpaBHi (epmeHTH,
AKi po3M’AKIIYIOTH TBePAi TKAHWHH, a IIOTiM
YCMOKTYIOTh YaCTKOBO IIepeTpaBJIeHY I:Ky.

0 [lisHanTeca binbLue
Y peAknx BUAIB MOPCbKMX 3ipoK dopmyeTbCA

06'eEMHMIA LWWNYHOK, 3JaTHUN BUBepPTaTUCA uYepes
poT. 3ipka o6BoOnNiKae wWNyHKOM 3406KY, AKY He
MOX€ MPOKOBTHYTU (HanpuKnag, MyLlo MOJIC-
Ka), i TaKMM YMHOM 3[iICHIOE 30BHILUHE TPaBEH-
HA. MopcbKa 3ipka Patiria miniata po3cTensae cBin
LWIYHOK MO AHY | MepeTpaBioe OpraHiyHi pevyoBrHY,
O 3HAXO[UTD.

0 Kniouosa iges

[o3akniTMHHe TpaBfieHHA BUMKOPUCTOBYETHCA
Malke BCiMa XUBUMW OpraHiamamu gnsa nepe-
TPaBNIEHHA BENVKMX OPraHiyHMX MONeKys, AKi He
MOXYTb MPOHUKHYTN 6e3nocepefHbo Kpi3b K-
TUHHY MeMbpaHy. TpaBHi GepmMeHTU ceKpeTyTbCA
Y 30BHIlLHE CepefjoBULLE; YTBOPEHI PEYOBUHNM NO-
TiM YCMOKTYIOTbCA B KAITUHY.

Hanpuknaan, xwika JIUYMHKA JKyKa-Ija-
BYHIIA, CXOIMWBIIN CBOIO KE€PTBY IIleJIeaMu,
BIOPCKY€E B Hel TpaBHY PifMHY, AKa mapajisye
3nobuy (mas. 35.2). HacTtynHa mopifis TpaBHOTO
COKY IIOYMHAE IIePETPAaBJIOBATH IIapajli3oBaHy
KEepTBY, PO3pimKkye ii, micada Yoro JUYMHKA
BCMOKTY€E 12Ky uepes IJIOTKY.

ITaByku Tax KOHCEPBYIOTH CBOIiX JKEpPTB Ha
napyTtuHi. IlifimaBiu 3go06uu, maByK BOmMBae ii
orpyToio. OTpyiiHi 3a/1031 TaBYKiB pO3TAIlIOBaHL
B xejinepax. Bouu oroueni m’sizamu, mim uac
CKOPOYEHHS SKUX OTPYTa BIIOPCKYETHCS Uepes
OTBip HA KiHI[I Ta3ypyBaTOTO YJIeHUKA XeJilep.
Ha meBesmmkmx KoMax OTpyTa MaBYKiB [ie maii-
sKe MmuTTeBo. IlifimaBinu i yOuBIIHM 3700MUY, IIa-
BYK po3puBae ii xejirepamMu i BIIOpcKye B Hel
TpaBHi cokm (Mas. 35.3). Uepes meBHUI yac ma-
BYK BUCMOKTY€E YTBOPEHUI TOXKWBHUI PO3UNH.
IIpucrocyBaHHAM IIaBYKiB JJd XapuyBaHHA
pPiakoro ixkerw € (piabTpyroumii amapaT POTOBOI
TMOPOKHUHY 1 TJIOTKHU, IOTYKHUN CMOKTAJIbLHUN
IIIJTYHOK.

BBaskaioTh, 110 IMMO3aKUIIKOBE TPaBJIEHHS
€BOJIIOI[ITHO BUPOOUJIOCS Y YJIEHUCTOHOTUX JJIs
TOTrO, IMOO IIOJOJIATH TBEPAUN XiTMHOBUI IIaH-
AP IIiJT Yac XapuyBaHHA OJHUX YJIEHUCTOHOTUX
iHmuMu. BigcyTHiCTH HMOTYMKHUX IIIeJIel 3MY-
CUJIO TIaBYKiB HepeuTH A0 PO3UMHEHHSA TKaHWH
JKepPTBU 1 XapuyBaHHA PiIKoOI0 1Kelo.

Man. 35.3. [ToyaTok npouecy 30BHILIHbOroO
TpaBNeHHA MaByKa-ocn

3anuTaHHA Ta 3aBAaHHA

1. Yomy 6akTepii BUKOPUCTOBYIOTb MO3aKNiTUHHE
TpaBneHHA? 2. Yum BiOpi3HAETbCA XKUBNEHHA XMKUX
rpubiB i xwKux pocnuH? 3. 3a AKUX NPUYUH MaBYKM
BMKOPWCTOBYIOTb 30BHIWHE TpaBneHHA? 4. Yomy yKyc
naByka Moxe OyTv He6e3neyHUm Ans N[UHK?
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§ 36. [NlopoXHUHHE Ta NPUCTIHKOBE TPaBJIEHHA

0 [omipkynTe

AKLWO TBapuUHM ByLyTb NMepeTpaBoBaTh Ky,
TiNbKW BUAINAIOUYN TPaBHI GepMeHTU B MOPOXKHM-
HY KUWLLEYHWKa, TO BUTPATW Ha iX CuHTe3 byayTb
JyXe 3HauHumK, 60 bepmMeHTM ByayTb MOCTINHO
BMBOAWTNCA 3 OpraHiamy 3 peluTkamm ixi. K TBa-
PUHAM MOXHa 3eKOHOMUTK CBOI bepMeHTH?

e 3raganTe

» TpaBHa cucrtema o TpaBHi depmeHTM
e [lacCMBHMIN Ta aKTUBHWI TPAHCMOPT PEYOBUH

yepes membpaHy

[NopOXHMHHE TpaBNeHHA

IloposkHMHHE TpaBJIeHHA — THUII ITO03aKJIi-
TUHHOTO TPaBJIEHHS, 3a IKOTO ITOKUBHI PEUYOBU-
HU POBIIEIIIOIThCA (hepMEeHTaMU B TOPOYKHU-
HaX TPaBHOTO TpPakKTy. [lopokHUHHE TpaBJIeHHS
3abesneuye TiApPoJi3 BEJUMKHX XapPUYOBUX MOJe-
KyJ [0 oJiiro- Ta MoHoMepiB. Takuii Tun Tpas-
JeHHSA XapaKTepHUU AJsa 06araTOKJITUHHUX
OpraHiamMiB — KpPyrJIumx i KijgpuacTux UepBis,
MOJIIOCKiB, UJIEHMCTOHOTUX i XOPAOBUX.

Opranu TpaBJIeHHA CKJIAJAIOThCA 3 TPABHOTO
KaHaJay i TpaBHUX 3ayio3. TpaBHUI KaHAJ yTBO-
PIOIOTH POTOBA IIOPOKHUHA, CTPABOXi, IIYHOK,
KUITeUHUK. KUITeUHUK JIOANHY TiJIUThCA Ha TOH-
Kuii i ToBeTuii. CauHHI 3ay103u, 3a7I03U IILIYHKA
U KUINeUHWKA, MiJINIYHKOBA 3aJI03a BUIIJIAIOTH

Cknagku
3 BOPCMHKaMu

ToHKa KuLKa

MikpoBOpCMHKMN

\ KpunTn

Man. 36.1. CTpyKTypa CTiIHOK TOHKOrO KWLIEYHNKa

76

TpaBHi coku. TpaBHi coku MicTATH hepmenTH (Tifg-
poJiasu), AKi 3mifICHIOIOTH TiAPOJi3 ImoJriMepiB —
0isnKiB, CKJIAIHUX BYTJIEBOJIB, sKUpPiB. IloposkHIH-
He TpaBJIEHHS 3aBepIIyEThCS YTBOPEHHAM HeBe-
JUKUX MOJIEKYJ — JAucaxXapupiiB, AUMNEINTHIIB,
JKUPHUX KUCJIOT, MOHOIJIIIIEPULIiB.

MpucTiHKOBE TpaBNeHHA

IIpucrinkoBe TpaBiIeHHA Bi0yBaeThCA Ha Be-
JUYE3HiN ITOBEPXHi TOHKOTO KUINEUHUKA, YTBO-
PeHO1 CKJIagKaMM, BOPCUMHKAMU 1 MiKPOBOPCHUH-
KaMH1 CJan30BOI 000JI0HKM. BoHO 3pificHIOETHCA
3aBAAKHU TiAPOJiTUYHUM (pepMeHTaM, AKi BOYIO-
BaHi B MeMOpaHu KJITUH KUAIITKOBOTO eIiTeIito —
eHTepouTiB. PepMeHTH-TiApoIasu 3AiNCHIOIOTH
OCTATOUYHUH TifpPOJi3 MOKUBHUX peuoBmH. Iasi
BiIOYBAETHCA BCMOKTYBaHHSA — TPAHCIOPT MOJIe-
KyJ uepe3 eHTEepOIUT y KpoB abo Jimdy.

Byp,osa BOPCNHOK TOHKOIO KULWLEYHWKa

BHyTpinrHa mOBEpXHSA TOHKOI KHUIIKH MAae
XapaKTepHUH peabed 3aBIAKN HAABHOCTI CKJIa-
IIOK, BOPCUHOK i KpunT (mas. 36.1). I1i cTpyk-
Typu 30iJBITYIOTh 3araJbHY IIOBEPXHIO TOHKOTO
Kumreunuka B 600 pasiB, 110 cupuse 3mificHeH-
HIO (DYHKIIiI TpaBJIeHHA.

Ha ckiragkax CTIiHOK TOHKOIO KUIIEUHHKA
€ BUIIMHAHHA CJIU30BOI 000JIOHKYM — BOPCHHKH.
Bucora Bopcumok cranosuth 0,5—-1,5 mm. Ha
1 mMm? camM30BOI OOOJIOHKM PO3TAIIOBAHO OJIM3b-
Ko 30—40 Takux BOPCUHOK. ¥ IIEHTPi BOPCUHKU
IPOXOAUTE JiMbpaTuuHuit xKamiaap (man. 36.2).

Kaninap

ApTepia
JlimdpatnuHa
cyaviHa

M’azoBa
niacTnHKa
CN30BOI

Mincnusosnin
wap

Man. 36.2. bygosa BOpcuHKM
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TpaBHi depMeHTH ntoanHN

q IIponykTu
Tun depmeHnTiB IIpuxaagu e cuaTe3y10ThCsS Cy6crpar -p - .
rigpoJrisy
IIporeosiTuuni pep- Ilemcun, Tpuncux IInyHOK, migMIyHKOBA Binknu AwmiHokuc-
MeHTHu (IpoTeasu) 3aJi03a JIOTH!
Awminoxituuni dep- o- i B-aminasa, Caungi 3amosu, mignuryu- — ITosicaxa- Ouiro-
MeHTHU (amMisasu) B-ramakTo3umasa KOBa 3aJ103a, CJIU30Ba punu i moHoca-
000JI0OHKA KUIIIeYHNKA XapuUgu

JlimosiTuuHi dep-
MeHTH (JIimasm)

Jlimasa mTyHKOBOTO COKY,
Jirnasa IriAIIyHKOBOI 3aJ10-
31, JIilasa KUIITKOBOTO COKY

IInyHOK, mMigNIIyHKOBA Hetitpansui | ['mimepout
3aJ103a, CJAU30Ba 000JIOHKA = JKUPU i sKupHi
KUIITEeYHUKA KHCJIOTH

Y KOKHY BOPCHHKY BXOAWUTHL 0 1—2 aprepio-
JU, SKi po3magaloTbCsa Ha Kaliagapu. 3 Kamliasd-
PiB KpOB 30Mpa€EThCA V BEHYJIY, AKA IPOXOIUThH
Y3IOBYK OCi BOPCUHKM!.

bygoBa MiKpOBOPCUMHOK TOHKOIO
KMLweYyHnKa

OcHOBHY Macy eImmiTeJialbHMX KJITHH,
AKi BKPWBAIOTH BOPCUHKY, CTAHOBJATHL €H-
TepouuTH. EHTEPOIUTH NOKPUTI MIKPOBOP-
cuHkamMu, y cepesubomy no 1700-3000 1aTyx
Ha KJituHy. Bucora KOMXHOI MiKpPOBOpPCUH-
Ku — Oamsbko 1 mxm. Ha 1 mm? emiteriio
TOHKOTO KHIIIeUHHKA PO3TAIIOBAHO OJU3BKO
50-200 MaH TaKMX MiKPOBOPCHUHOK. 3aBsd-
KM IM IIOBepPXHA IPUCTIHKOBOTO TpaBJIeHHA
i BcMOKTyBaHHA 306imbmryerbcss B 30—40 pasis.

Y wmemOpaHuM MiKPOBOPCHHOK YyOymoBaHi
(hepmeHTH, AKi 6€PYTHh YUACTH Y POIIIEIJIEHHI Ta
TPAHCIIOPTi PEUYOBUH, IO BCMOKTYIOTHCS (MaJib-
Taza, iHBepTasa, JlaKkTas3a, Tperajgasa, JY'KHa
docharaza, MOHOTIIINlepUAIinasa, IEeNTHUAA3ZU
To1rio). I1li pepMeHTH CUHTE3YIOTHCA BCEPEeIUHi
€HTEepPOIIUTIiB i BOYZOBYIOThCA B iXHIO MeMOpany
AK iHTerpasbHi 6inKH.

IIporiecu, 110 Big0yBaOThHCA Ha MiKPOBOPCHUH-
KaxX, OTpUMAaJI Ha3By NMPUCTIHKOBOro (MeMOpaH-
HOTO) TpaBieHHA. BoHu Oy BHepie omucaHi
ykpaincekum yuerum O. M. Yromesum 1958 poxry.

0 Kniouosa iges

lMOpOXHMHHE TpaBneHHA 3AINCHIETbCA depMeH-
TaMu B MOPOXHMHAX TPABHOrO KaHany. Takui Tun
TPaBNEHHA XapaKTepHWi Ana 6araToKMITUHHUX
TBapuH. MNpucTiHKoBe TpaBneHHs BifbyBa€eTbCcA Ha
MNOBEPXHi MIKPOBOPCUHOK TOHKOMO KuLLeYHMKa. KiH-
LeBi NPOAYKTU TPaBfieHHA TPaHCMOPTYIOTbCA BCe-
PEeAVHY eHTePOLNTIB, 3BifKM NEPEHOCATbCA B KPOB
(amiHokmcnoTy, Byrnesoau) abo nimdy (kupn).

BCMOKTYBaHHSA peUYOBUH Y TOHKOMY
KULIEYHUKY

KinmeBi mpoaykTu TpaBJeHHSA TPAHCIOP-
TYIOThCS BCEPEIMHY €HTEepOIlNTa, 3BiAKM mepe-
HOCATHCSI B KpPOB (aMiHOKHCJIOTH, BYTJIEBOJH)
abo gimdy (sxkupu). IlepeHecenHsa pevyoBUH Bix-
OyBaeThCA IIIJIAXOM ITACUBHOTO U aKTHBHOTO
TPAHCIIOPTY.

AGcopbIiiiss Bogu BigOyBaeThCsA IMACHUBHO 34
Jormomoroxo ocmocy. Bararo fomis (Ca?", K,
Mg?*, Zn?", Cu?') BCMOKTYIOTbCS IILJIAXOM IIPO-
croi abo moaerimenoi audysii. BcMoxTyBaHHS
mouis Na' BigOyBaeThCs IIJIAXOM aKTHBHOIO
TPAHCIIOPTY 3 BUTpPaTo eHeprii ATO.

BceMokTyBaHHA OisbIocTi OpraHiuHMX pPedo-
BUH BiJIOyBa€eThCA 3aBIAKYN aKTUBHOMY 3aKauyBaH-
HIO uepe3 MeMOpaHy eHTeponuTa (CHeliaJbHUMHI
nepeHocHUKamu 3 BukopuctanaaMm AT®) i Hacry-
HUM TAacWBHUM TPAHCIOPTYBAaHHAM y KpPOB abo
adimpy. Tax, HATIPUKIAL, 3MIHCHIOETHCA BCMOKTY-
BaHHS aMiHOKICJIOT, IVIIOKO3U # TaJIaKTO3HU.

TpancnopTyBaHHA KUPIB B3AiMCHIOETHCA
Y BUIVIAAI TUINEPOJSy U KHUPHUX Kucjaor. [uri-
IepoJl HAAXOOUTh YCEePeIUuHY eHTEePOIMTIB Ia-
CUBHO, "KMPHiI KHCJIOTH TPAHCIOPTYIOTHCA 3a
YYacTIO JKOBUHUX KUCJIOT. ¥YCepeauHi eHTepo-
IUTiB BiZOyBA€ThCSA PECHUHTE3 TPUTJIIEPUIiB.
I3 TpursinmepuniB, xojiectepoJy, ocdorimigin
i r100yIiHiB YTBOPIOIOTHCA XiJOMIKPOHU — KU~
POBi YacTHMHKM, YKJIaAeHi B JIIOIPOTEiHOBY 000-
aoHKY. IIl1AaXoM macWBHOTO TPAHCHOPTY BOHU
MOTPAILJISAIOTL y JiM(MaTUUHI CyquHMN.

3annTaHHA Ta 3aBJaHHA

1. Lo B nopanbwomy BigbyBaeTbca 3 ninigamu, AKi
Haginwnu go nimén? 2. Lo B nopanbomy BigdyBa€eTb-
CA 3 aMiHOKUCNIOTaMK, AKI Haginwnm o Kposi?
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§ 37. TpaBneHHA B TOBCTOMY KULLUEYHUKY

0 [omipkynTe

3BilKM B TOBCTOMY KULIEUHUKY JIOLUH
3'ABNAOTbCA GaKTepii?

é 3raganTe

* BiTamiHum » bpogiHHA

o TOBCTUN KMLUEYHUK o AneHaunKc

TpaBHi npouecn B TOBCTOMY
KNLLEYHNKY

Y TOBCTOMY KUIINEUHUKY 3aBePIIYIOTHCS
OpoIecu TPaBJEHHA Mil Ai€l0 MigILJIYHKOBO-
ro, KHMIIKOBOT'O COKiB, BiZOyBAeThCsS YACTKOBE
POBIIEIIEHHA XapuyoBUX BOJIOKOH (pepMeHTaMu
KHUIITKOBUX MiKpOOpTraHisdMiB. 3a03u CIM30BOL
000JIOHKM TOBCTOI KUIINKHU BULIIAIOTL HebOAraTo
TPABHOTO COKY, IKWI MiCTUTH CJIN3 i HEBEJIUKY
KiJbKicTh (pepmeHTiB. ¥ Ipollecax mepeTpas-
JeHHs I)Ki TOBCTHMH KUINIeUHUK Bimirpae He-
3HAYHY POJIb, OCKIJBKU iKa MaiiKe IIOBHICTIO
epeTpPaBIIETHCA i BCMOKTYETHCA B TOHKOMY

KUIIEYHUKY.
¥V TOBCTOMY KUITIEUHUKY BiI0yBAa€THCA BCMOK-
TYBaHHS BOJM, Y HEBEJINKUX KiJIBKOCTAX — CO-

Jell, TJIIOKO3U, BiTaMiHiB, aMiHOKMCJIIOT.

Mikpoopraniamu, AKi KMBYTh y TOBCTiit
KUIIIi, CHHTe3YIOTh (hepMeHTH, NedAKi BiTaminm
Ta (isiosOrivHO aKTMBHI PEYOBUHMU.

Ponb cuMBioTYHMX MiIKPOOPraHi3miB

3HauHa POJIb y IIpollecax TPAaBJEeHHA Ha-
JIeXKUTHh MiKpoopramismam — OaKkTepisaM, IO
JKUBYTb y TOBCTOMY KuiledHuky (majn. 37.1).
Do 90 % is HUX cTaHOBIATH OidhigobaKTepii, Ta-
KOMK TaM 3yCTpiuaroThesA JJaKToOaKTepii, cTper-
TOKOKH, KMIIIKOBA IMaJIMYKAa.

depmenTu 6axkTepili POSIIEIIIOITL BOJOK-
Ha KJITKOBMHU (11eJII0JI03Y) MO OIITOBOI KHCJIO-
TH, TJIOKO3U Ta iHMmuX nponykriB. Tomy poJb
bakTepiit 0co0JMBO BasKJIMBa B TPaBJIEHHI Tpa-
BOIMHUX TBApWH, JOBMKUHA TOBCTOTO KHUIIIEU-
HUKA B AKUX B3HAUHO OijbIla, Hi)K y XUIKUX
(mau. 37.2).

/8

Mikpooprauismu 30poAKyIOTh BYTJIEBOIU 1O
KHUCJUX MPOAYKTIB (MOJIOUHOI Ta OITOBOI KUC-
gotu). KucioTu TpuUrHiuyoTh PO3SMHOKEHHS
XBOPOOOTBOPHUX i THUJIbHUX OaKTepiii.

Ilix miero rHMIBHUX OaKTepill y TOBCTOMY
KUIIeYHUKY PYUHYIOTHCSA HEBCMOKTAHI MPOIYK-
TH TIepeTpaBJieHHs OijKa.

MikpoopraHiaMu TOBCTOTO KHUIIEYHUKA
cuHTe3yOTh BiTamin K (madroxinon), BiTami-
uu rpynu B (B, — riamin, B, — puboduasin,
B, — manrorenory kwuciory, B, — HiKOTHHOBY
Kucyory, B, — nipunoxcun, By — domieBy xuc-
JIOTY), aMiHOKMCJIOTH, OiJIKM Ta iHIIII peuoBUHU.

diziosoriuHO AaKTUBHI PEYOBUHU, AKi mpoay-
KYIOThCA KUIITKOBIMU MiKpPOOPraHi3MaMu, BILJIN-
BaIOTh HAa TOHYC KHUIITKOBOI CTiHKU, ITiJCUIIOIOTH
CEeKpellil0 TPABHOTO COKY, CIPUAIOTH ITOCUJIEHHIO
MPOIIECiB YCMOKTYBaHHA BOAM, aMiHOKUCJIOT, HO-
wiB Kaxabmito, @epymy, Bitaminy D.

KopucHi MikpoopraHnismMu IpuUrHiuyoOTh picT
i POBMHOMKEHHS MaTOTeHHUX MiKpoOiB.

HeraTtuBHa posib MiKpPOOPraHidMiB KuIed-
HUKA II0JIATAa€ B TOMY, IO BOHU YTBOPIOIOTH
€HIOTOKCUHU, CIIPUYNHAIOTH OPOMiHHA i THUJIb-
Hi mpoliecu 3 yTBOPEHHSAM OTPYHHHUX PEUOBUH
(immos, ckaros, (peHOJ) i B MEBHUX BUMATKAX
MOJKYTb CTATV IPUUYWHOIO 3aXBOPIOBAHbB.

S ] -~
bidinobakTepii

JlakTobakTepil

Man. 37.1. MonouyHokucni 6akrtepil

[lizHanTeca binbwe

Y KULWEYHWKY NIOANHN MeLKAE 613bko 500 pi3Ho-
MaHIiTHUX BMAIB MiKpOOpraHi3aMiB. 3aranibHa KinbKicTb
6aKTepiil CTaHOBUTb 6MN3bKO 50 TPUIIbNOHIB.
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CrpaBoxi .
P \:q LLinyHoK Crpasoxig — YoTuMprkamepHMii Croagox
| Pybeub — LNYHOK PaBoxXiA ——
Citka LINVHOK
KHuKKa > L Yy
CUUYT ~ S (TS
AneHaunKc
AneHanKc
“d AneHpuKc
AHyc/
AHycC
Anyc
HexyiiHi pocnuHoigHi XyiHi pochmnHoigHi XuvKakn

Man. 37.2. bygoBa TpaBHOI CUCTEMUN 3aN€XKHO Bif TUMy iXi

[lisHanTeca 6inbLue

PocnvHHa >ka nepeTpaBoETbCA 3HAUHO BaXkue, HixX
TBapvHHa. ToMy B POCAVHOIAHUX TBapWH TPaBHUN
TPAKT MOMITHO [AOBLUE, HiX Yy M'ACOIAHMX, @ TaKOX
MaE€ crneuianisoBaHi Bigginv gnAa nepeTpaBieHHA poc-
JINHHVX BONOKOH depmeHTamMun GaKTepii. Y XKyMHUX
TBAPWH NpoLiec po3KnagaHHA Hki 3a 4ONOMOoroto 6ak-
Tepil NOYMHAETbCA Lie Yy MepLin Kamepi LIyHKa
(py6ui). MoTim >ka BiAPUryeTbCA | NEepPexXoBYETbCA,
nicnA Yoro NPOXOANTb Yepes iHLWi TPU Kamepu LLTyH-
Ka i pyKe OOBIMA KULEYHMK. Y TPU3YHIB i Henap-
HOKOMMUTHUX OCHOBHA YacCTWHa MpoLecy TpPaBfieHHA
3[iMCHIOETLCA Y CIMIN KULWLL, ie TaKOX XNBYTb CUM-
6i0TNYHI GaKTepil, AKi JonomMaratoTb NepeTpPaBIoBaTH
KNITKOBUHY.

MoHATTA Npo NpobioTnkKM i NnpebioTrKn

KumikoBi mikpooprauismu HeoOXimui giasa
HOPMAaJbHOTO (PYHKITIOHYBaHHS TPaBHOI cuC-
TeMHU i TiATPUMAaHHA KUTTEBOTO TOHYCY opra-
Hi3My. 3a IEBHUX YMOB, HAIPUKJAJ 3a YMOBU
HeIIpaBUJIBLHOTO XapuyBaHHsa abo Hicjsda JOBro-
TPUBAJIOrO JIiKYBaHHS aHTHOIOTUKAMM, MiKpO-
dJopa KuIlleyHUKa IpUrHiuyerbca. Po3BuBa-
€ThbCs XBOPOOJIMBUI cTaH — Au3baxkTepios.

0 Kniouosa iges

Y TOBCTOMY KULLEYHUKY 3aBEpLUYOTbCA Mpouecu
TPaBNEHHA | BCMOKTYBaHHA peyoBMH. Benuke 3Ha-
YEHHA Ma€ AiANbHICTb MIKPOOpPraHi3miB, AKi CUH-
Te3yloTb $i3ioNoriYHO akTUBHI peyoBUHU. MpurHi-
YEeHHA MIKpPOOpPraHi3MiB KuleyHKa Npu3BOAUTb
[0 XxBOpobnMBOro ctaHy — pAmsbakrtepiosy. Big-
HOBUTU MOPYLUEHWI 6aNaHC MOXHA BXKUBAHHAM
npe6ioTnkis abo NpobioTUKiB.

BigHoBuTH mopyIienuii 6aJaHc MOKHA IBO-
Ma cmocobaMu — ByKMBAHHSAM IIpebioTukiB abdo
PO0iOTHUKIB.

IIpeGioTMKU — I1e PEUOBUHMU, [0 CIIPUAIOTH
pocTy ¥ PO3MHOKEHHIO KopucHuX 6akTtepiii. Ile
MOJKYTh OyTHM HU3BKOMOJIEKYJIAPHI BYTJeBOAU
(maxTyiosa, padginosa), po3UMHHI XapuoBi BO-
JokHa (iHyJiH, HeKTHUH, IIOJIiJeKcTpo3a), poc-
JUHHI eKCTPAKTU ¥ aHTHUOKCUAAHTH (BiTamMinu
A, B, C). PeyoBuHU-TIPeO6iOTUKY MiCTATHCA 1€~
PEeBa’KHO B MOJIOYHMX i POCIMHHUX IMPOAYKTAX
(KYKYPYABAHUX MJIACTiBIAX, Kpymax, xJibi,
nubyJi, yacHuUKy, (acoJji, ropoci, 6amanax Tta
iHmux (GpyKTax, oBoyax i Tpasax).

IIpo6GioTuku — 1e BuAM i°Ki abo JiKapchKi
npemaparu, IM0 MiCTATH JKMUBi MiKpoopraHisMu.
OcHOBHMMHU TPOOIOTMKaAMU € JaKTo- i 0idimo-
6akTepii, IKi € CKJIAZOBUMHU KUCJIOMOJOUHUX
nmpoayKTiB. Ilo OpomyKTiB-mpoOioTHUKiIB HaJe-
KaTh cCMeTaHa, Morypr, Kedip, aipaH, KyMuc,
KBallleHa KamycTa Ta iHImi. ¥ pasi TAKKOIo
I130aKTepiody BIKMBATU TiJIBKU KHCJIOMOJIOYHI
IPOAYKTH HEeAOCTATHHO, a AJIS BiTHOBJIEHHS Mi-
Kpodiopu HeoOXiZHO ByKMBATHU JIIKApCbKi IIpe-
mapaTu 3 IpPo0iOTHKAMIU.

03aI’H/ITaHHﬂ Ta 3aBAaHHA

1. Yomy nig yac OOBroTpuBanoro NpPUMOMy aHTu-
6iOTUKIB MOXYTb MoYaTMCA MiKO3u — rpubOKoBi 3a-
XBOpIOBaHHA? fIK UboMmy 3anobirtn? 2. AKi nikapcbki
npenapaTn-npobioTUKM BM MOXeTe nobauut B anTe-
kax? 3. fIki NpoAyKT! MaloTb BXOAMTW A0 [AIi€TH, WO
CNPUSAE XUTTERIANBHOCTI KNWKOBOI Mikpodropun? 4. flke
XapuyBaHHA MOXe MpPUrHidyBaTW AiANbHICTL GaKTepiln
y TOBCTOMY KULLEYHUKY?
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§ 38. OepmeHTIN. Perynauia metaboniuHnx wnaxis

0 [TomipkymnTe

JlocnTb YacTo NPUKPINIEHHA HEBENNKOI MONeKy-
nm po GepMeHTy Ha [OCTaTHbO BENUKIN BiAcTaHi
Bifj Or0 aKTMBHOMO LIEHTPY CYTTEBO 3MiHIOE OrO
AaKTUBHICTb. Ha YoMy rpyHTYeTbCA Le AsuLie?

Q 3raganTe

» Katanis » OepmeHTH

o MeTtabonism

MeTaboniyHi wnaxm

YV kiaitmHax moctiiiHo BimOyBaeThcs 0es-
Jiu OioximMiuHMX peakKIliii, 1[0 3a0e3IIeUYyIOTh
o0oMmin peuoBmH. Ili peakiii yTBOpPIOIOTH IIeBHi
IOCJiTOBHOCTI, B AKUX HPOAYKTHU OSHUX pPeak-
i cramoTh cybcTrparamMu aaA HacTrynHux. Cy-
KYIIHICTh IIOCaimoBHMX OioxiMiuHMX peakririi,
3aBIAKU SKUM BiOyBaeThCA CHUHTE3 CKJIATHUX
CIIOJIYK 3 IIPOCTIllImX a00 po3maj CIIOJNYK I0 KiH-
IeBUX MIPOAYKTiB, HA3UBAETHCA METa0OJiUHNM
miasaxom. Merabosiuni ImIIAXM BCiX pedyoBUH
noB’sA3aHi MiK c000I0, YTBOPIOIOUU €IUHY Me-
pe:xy OioximMiuHMX peakIiiii B opramismi.

QepMeHTaTUBHUI KaTani3

depMeHTATUBHUN KaTaJi3 — Iie TPUCKOPEH-
Ha GioxiMiuHMX peaxIiiii 3a ydyacTio (epMeHTiB.
Bigmosigmo, ¢gepmentn — 1e GioJsioriumi kara-
JisaTopu, IO HPHCKOPIOIOTHL XiMiuHi peakIlii B
JKUBUX OopraHismax. PearenTu B peakiiii, 1o Ka-
TaTi3yeThCcA (pepMeHTaM1, Ha3UBAIOTHCA CYOCmpa-
mamu, a OTPUMYBaHi PEYOBUHU — NPOOYKMAMU.

depmeHTH 3a3BUYail € OIJIKOBUMH MAaKpO-
MoJIeKkyJiaMu. BoHU crienmu()iuHo 3B’ 3yIOTh Cy0-
cTpaTu peakIii B 0coOMMBiN OiAAHIII — aKTHB-
HOMYy 1eHTpi (Mas. 38.1). IIpu nnbomy cybeTpaTu
Opi€HTYIOTHCA TAK, IO HA0YBAIOTh ONITUMAJIBHO-
To IOJIOMKEHHSA A mepediry peaxiii. Emepria
aKTUBaIlil, 110 HeoOXiAHa Mia mepebiry peakirii,
Opu MbOMY 3HUMKYyeThcA (Maja. 38.2).

3arajbHe PiBHAHHS peakiIrii 3a yuacTtio dep-
MEHTY Ma€ BUTJISAM:

D+C > DPC > D + 11,
me @ — depment, C — cyberpar, @C — dep-

MEHT-CYyOCTPaTHUN KOMILIEKC, II — IpoayKT peakiril

80

CybcTpar

AKTUBHUIA LEHTP

DepmeHT-cybCTPaTHUI

®epmeHT KOMMeKc

Man. 38.1. CneundiyHe 3B'A3yBaHHA CybCTpaTy 3ymOBNeHe

npocTopoBoto 6yAOBOI 11 XiMiYHOK CropigHeHICTIo
AKTUBHOIO LieHTpY depmeHTy

depMeHTU € OyKe e(peKTHBHUMH KaTai-

3aTopaMu — IMIBUAKICTH peakIiii 3a epmMmeH-
TAaTUBHOI'O KaTajisy 36impmyersbca B 10°—1012
pasis.

®depMeHTH MAaThL BUCOKY cHenu@ivuHicThb
momo cyocrpaTiB. BoHu kaTasiisyioTh IepeTBo-
peHHA TiAbKM ofHiel abo MeKiTbKOX OJU3bKUX
3a CTPYKTYyporo peuoBuH. CroenudiuyHicTh 3yMOB-
JIeHA TPOCTOPOBOIO i XiMiUHOIO CTPYKTYpOIO mi-
JSHKNA aKTUBHOIO IIEHTPY, IO 3B’fA3y€e cyOcTpar
(man. 38.1).

KodepmeHTn

Kodepmentu (koaxkTopu) — 11e HUSHKOMO-
JEeKYJSApHI HeOiJIKOBI peuoBMHU, YYaCTh SAKUX
HeoOXimHa IJyid KaTamxiTuyHoi #il hepmenTis. Ko-
(hepMeHTHU IPUETHYIOTHCA 10 AKTUBHOTO IEHTPY
(epmenTy i 6epyTh ydyacTb B YTBOpPeHHi Qep-
MeHT-CyOCcTpaTHOTO KoMILIeKkcy. Kodepmenrtamu
e Biraminu, mesaki iomm (K', Mg?' i Mn?").

EHepria akTusauii
6e3 KaTtasnizaTtopa

EHepria akTuBauii
3 KaTasizaTopom

MouaTtkoBuUi

CTaH KiHueBui cTaH

Xip peakuir

>
>

Man. 38.2. 3a ymoBU pepMeHTaTUBHOTO KaTanidy 3HUXKY-
€TbCA eHepria akTuBauii peakuil
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Perynauia metaboniyHnx wnaxis

[IIBuakicTh pisHUX MeTaOOJMIUYHMX ILIAXiB
PeryJIoeThCs, iHaKIe MeTaboJIisM y KJIITHHI Big-
OyBaBcs 0 HEy3rOJ KeHO 1 He BiAmoBigaB Ou HasAB-
HUM 1mmoTpedam oprauismy. Hafimpocrimiuii criocio
peryasiii 'pyHTYeThCS Ha MOCTYIHOCTI cyOcTpa-
Ty: 3MEHIIIeHHA KOHIIEHTPAIlii cyOcTpaTy 3HUKYE
MIBUAKICTD PEeaKIliil, a 301IbIlIeHHs KOHIIEHTPAIlil
cy0bCcTpaTy CTUMYJIIOE€ METaOOJIUHUHA ITLIAX.

Aje ocHOBHaA peryusilid 3aiHCHIOETHCS
OIJIAXOM 3MiHM KOHIEHTpamii a0 aKTUBHOCTI
¢depmenriB. KoHrerTpariia meBHOTO (PepMeHTY
B KJIITHHI PeryJoeTbCcsa Ha eTarax TPaHCKPUIIILil
i TpaHcadAlii, y nporeci dopmyBaHHA i pyHHy-
BaHHA (epMeHTHOTO 0Oisika. AKTUBHICTH (ep-
MEHTY 3MIiHIOETHCA 3a PAXYHOK XiMiuHOI Momau-
(dikarii abo asocTepuuHOI peryssirii.

Perynauisa TpaHcKpunuii pepmeHTis

Vueni @. sKaxkob i JK. Moo chopmyroBaiu Te-
opiro onepora (1961 p.), 1110 IPOIIOHYE ABa MeXaHi3MI
peryasiii mIBUAKOCTI TPAHCKPHUIIIIil y TPOKapioTiB:
indyxuiro i penpeciio. TpaHCKPUIIIIiA DPEryIOETH-
ca OJOKyBaHHAM ab0 BUBIJIbHEHHAM O0nepamo-
pa — [iNAHKY, 3 AKOI TTOUMHAETHCA TPAHCKPUII-
i cmpykmypHozo zeHa. B eykapioTiB perynditis
VCKJIAIHIOETHCS 1 3ajiydae IOAATKOBI PeryasTOpHi
IiNAHKY TeHOMY (€HXaHcepHu, caiijieHCepH), aJjib-
TEPHATUBHUN CILIAWCHMHT Ta iHIIL MeXaHisMu.

AnocTtepuyHa perynauia akTUBHOCTI

depmeHTiB
AKTUBHICTL (DepMEHTIB peryJIeThCA CIIe-
mialbHUMU pedYoBMHAMU — iHriGiTopammu

(OpUrHiYyIOTh AKTUBHICTH) i aKTUBATOPAMH.
IIi pevyoBUHU 3BOPOTHO 3B A3YIOTHCA 3 PeEryJis-
TOPHUM IIEHTPOM MOJIEKYJU (PepMeHTy, AKUN
IPOCTOPOBO BigmajleHWH BiJ aKTHUBHOTO IIEHTPY.
3B’s13yBaHHA 3MiHIOE TPETUHHY CTPYKTYPY MO-
Jeryan (GepMeHTy i, BIAIIOBigHO, CTPYKTYPY
AKTUBHOTO IIEHTPY. ¥ pe3yJabTaTi 3MiHIOETHCS
MIBUAKICTh peakIlii, mo kartaaisdyerbcsa. Taxa

0 KnioyoBga igen

XiMmiuHi peakuii B XMBUX OpraHiamax MpUCKo-
ploTbca dpepMeHTamn — Ayxe ePpeKTUBHUMMN
i BucokocneundiuHMMKM KaTanizatopammn 6inko-
BOI npupogwn. LUBnAKicTb pi3HMX MeTaboniuHux
WNAXIB PErynioeTbCsA KOHLEHTpaLielo cybcTpaty,
LWBMAKICTIO CUHTe3y abo po3nagy depmeHTiB, 3Mi-
HOI aKTMBHOCTI pepMeHTIB (anocTepryHa perynsa-
uin, ximiuHa mopwmdikauis).

peryisdilia Mae Ha3By aJIOCTEPUUYHA PeryJIAIlis
(mas. 38.3). AxTuBatopamm Ta iHribiTOpamm
MOJKYTh OyTH cyOCcTpaTH i MPOAYKTH peakxiii.
AJtocTepryHa perysdilisa Mae gysKe BasKJInBe
3HaueHHA. BoHa 3yMOBJIIOE MIBUAKY BiAIOBiIL
KJITUHM Ha YMOBH, IO 3MiHIOIOTHCSA, & TAKOXK
peryasiiizo meTabosisaMy 3a HTPUHIIUIIOM IIO3H-
TUBHOTO i HETaTUBHOTO 3BOPOTHOTO 3B’A3KY.

XimiyHa mogndikauia pepmeHTiB

Iamuit Tun perysamnii aKTUBHOCTI pepMeH-
TiB — ix ximiuHa mopudikaiisi, HanpukIam
dochopunoBanua (mpuegHaHHsa QochaTHUX
rpym) abo TUiKo3mIoBaHHA (IPUETHAHHA BYT-
JIeBOOHUX S3aJHUIIKiB). AKTHUBHiCTHL (pepMEHTiB
TAKO0K PEryJII0ETHC IMIJISIXOM 00MeyKeHOT'0 IPo-
TeoJIi3y (BUmaeHHA (pparMeHTy MojeKyJau). Ta-
KUM MIIAX0M (GepMeHTH iHaKTHUBYIOThCA abo,
HaBIIaKW, CTAIOTh aKTUBHUMU.

PerynatopHui Cy6CTpaT MpregHaHHA
LeHTP |Hr|6|Topa
3HWKEHHSA
@@ KaTaniTUYHOI
\ AKTUBHOCTI

AKTUBHWUIA LEHTP

AKTUBHMIA depmeHT HeaktuBHuin pepmeHT

PerynatopHui

e/ Cy6CTpaT MpvenHaHHA
usyp aKTI/IBaTOpa
MinBMWeEeHHA
Q) &) KaTtanituyHoi
AKTUBHOCTI

AKTI/IBHI/II/I u,eHTp
HeaktnBHnin pepmeHT  AKTUBHUI pepMeHT

Man. 38.3. [MpyHUMN anocTepuyHoOi perynauii
AKTUBHOCTI pepmeHTy

@pammwa poboTa

Bue4yeHHA akmusHocmi hepmeHmie cnuHu

1. BukoHanTte pocnig i3 B3aemofii pO3UMHIB CIVHMK
(depmeHTy aminasa) i Kpoxmasno 3a yMOBU:

a) pi3Hoi Temneparypu;

6) pi3Hoi kucnoTHocTi (pH) cepepoBuLa.

2. CdopmyntoliTe BUCHOBOK.

3annTaHHA Ta 3aBAaHHA

1. Wo € kodepmeHTOM remornobiHy? xnopodiny?
2. Aki dakTopy (30BHILHI, FEHETUYHI Ta iHLWI) MOXYTb
NopyLINTX NPaBUIIbHY Perynauilo MeTaboniyHoro wns-
xy? 3. Lo moxe cTaTncA, AKWO NOPYyLWNTLCA perynauis
NneBHOro mMeTaboniyHoro wnsxy?
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§ 39. AHaepoOHi npouecn eHepreTU4HOro ooMmMiHy

0 [TomipkynTe

[nikonis fa€ KAiTUHI Habarato MeHLe MoseKy”n
ATO, Hi, Hanpuknag, npouec okncHoro ¢oc-
dopunioBaHHA. Yomy Tofi MOro MPOJOBXKYOTb
aKTVMBHO BUKOPWCTOBYBATW »KUBi OpraHiamm?

Q 3raganTe

« Katabonism e Ponb ATO

o CybcTpatin Ta NPOAYKTU peaKuii

Kataboniam i KNiTMHHe AnXaHHA

Ax Bam y:ke Bimomo, Karabosaism (eHep-
reTUYHUil OOMiH, AUCHUMIIAIISA) — Ile IpoIiec
posmagy CKJIASHMX PEeYOBMH Ha OiJIBII IIPOCTi,
10 3a3BUYail mepedirae 3i 3BiIbHEHHAM eHeprii.

Ho mporieciB kKaTaboaisMy HAJIEKUTD KJIiTHH-
He, a00 TKAHUHHE, TMXAHHA — CYKYIHICTH pe-
aKI[ii 0ioJIOriYHOro OKMCHEHHS OpPraHiuHuX pe-
YOBUH, ¥ AKUX OPraHidMU OTPUMYIOTH €Hepriio,
HeoOXimHy mna xurrexianbHocTi. 1la eHepria
3amacaeTbecd B XiMiuHMX 3B’sA3KaxX MaKpoepriu-
HuX cunoayk (AT® ta iH.), AKi € yHiBepcaabHUM
I:xepesoM eHepril masa OioximiuHmx mporecis.

BuginamoTh 1Ba OCHOBHI THIM KJiTHHHOTO
INXaHHA: aHaepoOHe (Oe3KucHeBe) Ta aepobHe
(kucHeBe).

3a aHaepoOHOT0 JUXaHHA OKWCHEHHS Op-
TaHiYHUX PEYOBUWH 1 ofepsKaHHA eHeprii Bix-
OyBaeTbca 0e3 yuacTi KucH0. IIpu mpomy pos-
MIeIJIeHHS OPTaHiuYHUX PEeUYOBUH € HEeIOBHUM
i BuminAeTbcsa He3HaYHA KiJbKicTh eHeprii. [o
IporeciB aHaepoOHOTO MUXAaHHA HAJEMXKAaTb 2Jli-
Koai3 1 pisHi BuAM 6pOJiHHA.

3a aepoOHOro TMXaHHA OKMCHEHHSA OpraHiu-
HUX PEUOBHUH i oJlep:KaHHS eHeprii BimbyBaeThCcs
3a y4acTI0 KHCHIO. PosIenyieHHs opramiuvHMX
PEeYOBUH € IOBHUM i BigOyBa€eTbCs 3 YTBOPEH-
HAM KiHneBux npoaykris okucuennsa H,0 i CO,.
Y pesyabTaTi aepoOHOTO AUXAHHSA BUMIIAETLCSI
i samacaeTbca 6araTo eHeprii. 3aragbHa QopMy-
Ja 0i0JIOriYHOrO0 OKMCHEHHS MA€ BUIJIAL:

CeHmOs + 602 — GCO2 + 6H20 + Enepria
T'miokosa Kwucensp Byrie- Bona

KUCJIUK Tas

82

Etanu katabonizmy

I eran, migroroBumit

BigbyBaerhcsa y TpaBHoMy Kamaui. CKJaanHi opra-
HiUHi CIIOJIYKM PO3MagaloThCsa HA MPOCTi mix aieio
TpaBHUX (pepMeHTIB. Buginaersca TiibKu TemmoBa
eHeprisd.

II eram, Ge3kucHeBHii (TIiK0Ti3)

BinbyBaeTbca y iuTomIadmi KiiTuHu 6€3 yuacTi Kuc-
HI0. MoJieKyJia IJIF0K03Y POBIIEILIIOETHCA 3 YTBOPEH-
HAM 2 MOJIEKYJI IipoBUHOTPaHOI KucaoTu. EHepris
BUKOPUCTOBYETHCS IJiA cuHTE3y 2 MoJsieKya ATD.

IIT eram, kucHeBui (aepodHEe KIIITUHHE TUXAHHS)
3OifiICHIOETECA Y MITOXOHAPisAX 32 y4ACTIO KMCHIO.
Y TBOPIOOTECA KiHlleBi poayKTH okucHenHa — H,0
iCO,. Y pesysbTaTi pO3IIENICHHA 2 MOJIEKYJI I1iDOBH-
HOT'PaIHOI KUCJIOTH CUHTE3YeTheA 36 moerkys1 ATD.

Mmikoni3

Taikomis — 1me aHaepoOHMII IIPOIEC OKMC-
HeHHs TJII0KO03U, AKUHN € OgHUM 3 m:Kepea ATD
nas RiaitTuau. OKpiM bOro, y IPOIleci riIikorisy
YTBOPIOIOTHCS CIOJNYKHU, IKi BUKOPUCTOBYIOTHCSA
B HOJAJIBIIINX TPOIlecax KJITUHHOTO AUXaHHSI.

IIporec raikosisy BigOyBaeThCSa y IMUTOILIA3-
Mi KJIiTHHY i ckIagaeTbesa 3 10 mocaizoBHUX 6io-
XiMiuHMX peakIifi. ¥ pe3yabTaTi IUX peaxIrii
3 OJHiel MOJIEKYJIU TJIIOKO3U YTBOPIOIOTHCSA IBi
MOJIEKYJIU TipyBaTy (IIipOBUHOTPAIHOI KUCJIOTH).

IligroToBUmMii eTam TJIiK0Ji3y BimbyBaeThcs
3 BUTPATOIO0 eHeprii aBox moJsiekya AT®, a Ha
OCTAaHHBOMY eTalli CHHTEe3YIOThCS YOTHUPU MOJe-
Kynau AT®D. TakuMm umHOM, €eHepreTUUHUI Oa-
JIaHC TJIiKOJIi3y cTaHOBUTH ABI moseKynau ATD
Ha OOHY MOJEKyay riamokodu (maa. 39.1).

CymMmapHe pPiBHAHHSA TJIIKOJIi3Y:

C.H,,0, + 2A® + 2 — 2C,H O, + 2ATD.

T'iroxosa IlipyBar

V¥ mporeci raikoaisy cunres AT® BigOysa-
€ThCA MIJIAXOM cyocTpaTHOro hochopuiroBaHHs,
3a AKOro sanuiiok (ocharuoi kucaoru (H,PO,)
nepeHocutbcsa Ha AP GesmocepemHbBO Bim BuU-
COKOeHepreTuyHux (pocPopuabOBaHUX CIIOJYK
(y maHoMy BUIIAAKY ITPOMiKHUX IPOAYKTIB TJIi-
KoJigy). CybcTpaTHe (hochopmIroBaHHA TOPiBHS-
HO 3 oKucHUM (ochopuatoBanuam (auB. §40)
Iae HesHAUHY KidbKicTb moiexya ATO.
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Ane BesMKOIO IiepeBarol TJIiKOJi3y € Te,
110 JJiA HBOTO He TMOoTpibeH KuceHb. Came TomMy
M’A3U JIIOAWHU MOMKYTBH IIPAIlIOBATH HAaBiTH 3a
HecTaui KUCHIO IIil yac BeJUKUX (PiBSUUHUX HAa-
BaHTa)KeHb. HeoOXiHYy eHepriro BOHU OTPUMY-
IOTh 3aBIAKMU TJIIKOJi3y.

T'irikosis BUHUK ITle HA PaHHIX cTamifgX eBo-
JIIOIil i ChOTOAHI € OZHMM 3 OCHOBHUX MeTa-
0OJIiUHMX TPOIECiB y BCiX JKMBUX OPraHi3MiB.
B aepoOHUX opraHisMiB KiHIIeBi TPOAYKTU TJIi-
KOJi3y MmiidaraioTh IIOHAJBIIIUM II€PETBOPEH-
HAM y OioxXiMiuHMX IIMKJIaX, IO HaJeXKaTh OO
aepoOHOTr0 KJIITMHHOTO AUXaHHSA. B aHaepoOHUX
opramismiB mipyBar pmaji migigsrae OpogiHHIO.
A nsa nesxkux aHaepoOiB TUIIKOJII3 3aIUIITAETHCA
€IVUHUM CIIOCOOOM OJep’KaHHSA eHeprii.

bpogiHHA

Bponinaa — 1ie aHaepOoOHUII TIPOIlEC OKUC-
HEeHHs BYTJIEBOIiB, AKHU Jae 3MOry KJIiTHHaM
OTPUMYBAaTH €Hepriio y BUriaani mojaerya ATO.
Ilepirum etamom OpomiHHA € riaikoais. Ha nacrymn-
HOMY eTalli 3ajie’KHO Bij Tumy OpOmiHHS 3 MpPO-
IYKTY TUIKOJIi3Y (IipyBaTy) yTBOPIOIOTHCS CIIUPT,
MOJIOUHA 1 JIMMOHHA KHCJOTH a00 iHIIi CHOJIYKH.

BinbiricTs TumiB OPOSiHHA 3AiMCHIOIOTL Mi-
Kpoopraxismu. 3ajie;XHO BiJ TOro, SKi peuoBUHNI
YTBOPIOIOTHCS, BUALIAIOTL KiJIbKa PiSHOBUIIB
OpomiHHJ.

ITix yac mosouHOKUCA020 OPOQiHHA (HaTpU-
KJIad, Yy MOJIOUHOKHUCIUX O0aKTepiii) yTBOPIOETH-
cA MOJIOUYHA KMCJIOTA:

C,H,,0, = 2CH,~-CHOH-COOH.

Cnupmose 6poldinnsa (3OIACHIOETHCA IPiK-
IKaMU 1 JesIsKuMU OaKTepisiMi) XapaKTepusy-
€TbCS YTBOPEHHSIM MOJIEKYJI €TaHOJy i ByrJe-
KHCJIOTO Tasy:

C,H,,0, = 2C,H.OH + 2CO,.

2
0 Kniouosa iges

KnitTmHHe auxaHHA — CYKyMHIiCTb peakuiin 6iono-
rYHOr0 OKWUCHEHHA OPraHiYHMX PEYOBUH, Y AKUX
OpraHiaMu OTPMMYIOTb eHeprito, HeobxigHy ana
KUTTERIANBHOCTI. OCHOBHMMM TUMaMKU KIITUHHOTO
OVXaHHA € aHaepobHe (6e3kncHeBe) Ta aepobHe
(kncHeBe). [lo npoueciB aHaepobHOro AuXaHHA
Hanexatb 2/1ikoni3 i 6podiHHA. Tnikonis € ogHUM
3 OCHOBHUX MeTaboniyHMX NPOLeCiB B YCiX »u-
BVX OpPraHi3miB. Y pe3ynbraTi rnikonisy 3 ofHiel
MOJIEKYNIN TJTIOKO3W YTBOPIOKOTLCA ABi MONEKynu
nipysaty i ABi monekynun ATO.

Crapis
BUTPayYaHHA eHeprii
)

CH.O

6 12 6
[nioko3a

2 ATO ? 2 ALO
4 ADO # 4 ATO
+2HO

— >

2CH,0

37473
[iBi monekynu nipyBaty

Crapis
BigAayi eHeprii

Man. 39.1. Cxema rnikonisy

3a oymosoxkucn0zo0 0podiHHA (OIITOBOKUCIII
baxTepii) IPOAYKTOM € OIITOBA KHCJIOTA:

C,H,,0, + 20, - 2CH,COOH + 2CO,.

Bigomi Takoxk macasanokucae, JUMOHHOKUC-
Jle Ta iHini Buam OpPOiHHSA.

Bpozninua mocimae Ham3BuuYaliHO BaKJIUBE
Miclle cepel IPUPOTHUX IIPOIEeCiB. Y KUBil
IpupoAi came OpoAiHHA 3a0e3meuye eHeprieio Ti
opraHiammu, AKi JKUBYTh y 0€3KNCHEBUX yMOBaX.

Bporminaa BimbyBaeThcsa i B opramiami Jro-
OIVHN. 3a BEJIMKUX HABAaHTAKEHb Yy KJIITWHAX
3 IipyBaTy BHACJiJOK OPOMiHHSA YTBOPIOETHCS
MOJIOUHA KHUCJI0Ta, HAKOIMUYEHHS AKOI HIPU3BO-
IUTH 10 000 B M’sA3aX ITicjasa (PisMUHUX BIIPAB.

JltonHa BUKOPUCTOBYE OPOMiHHA I Oep-
JKaHHs 0araTboxX XapuoBUX NpoayKTiB. Hampu-
KJIaJl, OTPUMAHHA KUCJIOMOJIOUHUX IIPOAYKTiB
(cmeranu, Kedipy, cupiB, HOTypTy), KBaAIlleHUX
OBOUiB, CHJOCYBaHHS KOPMiB TOB’sI3aHO 3 [i-
AJBHICTIO MOJOUHOKUCAUX OaKTepili. CuupToBe
OpOMiHHA BUKOPUCTOBYETHhCA IJA BUIIIKAHHS
xJiba.

3anuUTaHHA Ta 3aBJaHHA

1. Ake 3HaueHHA Mae€ rNikoni3 ANA opraHiamy nio-
AvHn? 2. Yomy came rmikosli3, a He KMCHeBe [MXaHHA,
€ YHiBepcanbHMM CMOCOBOM OTPUMMAHHA eHeprii KniTu-
Hoto? 3. Po3rnAHbTE AeTanbHille BUKOPUCTAHHA noau-
HOO Pi3HUX BUAIB OPOAiIHHA.
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§ 40. AepobHe gnxaHHA

0 [omipkymnTe

Mig yac aepobHOro AuxaHHA, AK i B Mpoueci

ropiHHA, 3 OpraHiYHMX PEYOBUH YTBOPHOKTHCA
CO, i H,0. Ane XuBi KNiTUHN B LbOMY MpoLeci
e 1 3anacalTb eHeprito. AK iM Le BAaeTbcA?

Q 3raganTe

« [nikoni3 - bygoBa miToxoHApin

AepobHe guxaHHsA

fx Bu mam’ATaere, 3a 6E3KMCHEBUM €TAIIOM
KaTtaboiisMy iifie KMCHeBUII eTam, abo aepoOHe
auxaHHda. AepoOHe AUXaHHS XapaKTepHe s
OinbIiocTi opraHismiB i BimOyBaeThcss B MiTo-
xoHApiax wkjaitmau. Ilig yac mboro mpoiiecy op-
TraHiYHI PEeYOBWHU, YTBOPEHi y XOAi TJIiKOJIi3y,
oxucHooThCA KucHem 10 H 0 i CO,. 3nauna vac-
THHA eHeprii, sKa Opu IbOMY BUIIJIAETHCS, 3a-
HacaeThCA KJIiTUHAMU Y BUTISAAL MoyieKya AT®.

KnatoyoBuM eramoM aepoOHOTO AMXAHHS €
muka KpebGca, a00 IUKJI TPUKAPOOHOBMX KHC-
JOoT. 3a BCTAHOBJEHHS cxeMu IuKJIy X. Kpebc
orpumaB HobGesniBcbKy mpemio 1953 pory. Came
B PEaKI[igX IIbOT0 IUKJY YTBOPIOIOTHCA CIIO-
JYKHU, dKi € [I:KepejioM IIPOTOHIB 1 eJIeKTPOHIB
I TIpoliecy OKucHeHHsA. [lepeBaskHa KiabKicTb
moJiekysT AT® BupoObssgeThcs Ha OCTaHHIN cTa-
Il KIITUHHOTO IUXAHHSA: Yy OIPOIlecaX OKHMCHOTO
(dochopnaIrOBAaHHA B €JIEKTPOHHOTPAHCIIOPTHOMY
(muxaJapHOMY) JIAHIIO3I MiTOXOHIPI.

Linkn Tpukapb6oHOBUX KACNOT

IlipyBar, yTBOpeHU# y pes3yabTaTi IJIiKOJIi-
3y, TPAHCIOPTYETHCS 3 ITUTO30JIO0 IO MAaTPUKCY
MiToXOHApPil. ¥ MITOXOHAPiIAX 3a YMOB HOCTAT-
HBOTO HAAXOMKEHHS KMCHIO IMipyBaT OKIUCHIO-
erbedA. Ha mepmroMmy eTami BiH yTBOPIOE CIOJIYKY
aneTmwia-kKogepmenT A, ckopoueHo anetua-KoA.
ITe ocHOBHUIT cyOCcTpaT IS PEAKIIN ITUKJY TPU-
KapOOHOBUX KUCJOT. ['0/i0BHA (DYHKIIiA alleTHI-
KoA — pmocrasasaTu y nei nukia aromu Kapoouy
y CKRJaai aleTUJIbHOI I'pyIIu.

Y peakmiax muxay (maa. 40.1) Bimbysa-
€ThCs IIOCJIiIOBHE OKMCHEHHSA MPOMIMKHUX CIIO-
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JYK — OpPraHiuvHUX KHCJIOT — 3 YTBOPEHHIM
CO,. Ha kinbKOX eramax IUKJY €Hepris OKHuc-
HEHHS 3aIlacaeTbCA Y BUTJIAAL BiZHOBJIEHUX KO-
depmentis HAITH - H i ®AJTH,.

IIpomisKHI CITONYKY ITUKJIY TPUKAPOOHOBUX
KUCJIOT € IIOIlepefHMKaAMU IJid CUHTe3y Oara-
ThOX peuoBUH. TakuM YMHOM, ITUKJ TPUKapOO-
HOBUX KHCJIOT IIOB’sA3ye KaTabosiuHi Ta aHabo-
JiuHi mporecHu i € IeHTPOM MepeTuHy 0araTbox
MeTaboJIUHUX IIAXiB.

MNepeHocHuKN ligporeHy

YacTo ofHUM 3 eTalliB XiMiYHOTO IIEPEeTBO-
PEHHA OPraHiYHWX PEYOBUH yCePennHi KIITUHUI
€ BiJOKpeMJIEeHHA Binx iXHiX mMoJsieKysa aTomis I'ia-
poreny. BoHU IpUETHYIOTHCA OO CIEIiaJIbHUX
MOJIEKYyJ1 — mepeHocHUKiB Iimporeny, saki mo-
CTaBJAIOTH X y MiTOXOHAPIi. 3a3BUUail y KJiTu-
Hi € Tpu Tunu nepexHocHukis Iigporeny: HA",
HAO®* i ®AL.

HAIOI" + 2H = HAII - H + H*
HAI®* + 2H = HAII® - H + H*
DALl + 2H = @Al - H,

Po6oTa anxanbHOro naHuora

OcHoBHA KinbKicTs mosiekysn AT® yTBOpio-
€TBCA Y TIPOITEcCax OKUCHOTO (POoCchOopUIIOBAHHSA
B €JIEKTPOHHOTPAHCIIOPTHOMY (AUXAJILHOMY) JIaH-
mio3i MiToxoHApiti. [uxanapbHUHN JAHIIOT ABJAE

Mipysat

1

HAOH

AueTtun-KoA CO,

Okcanoauetat Lutpar
HAOH
9 3
Manar I3ounTpar
unTp: co,
8 4 HAZL(OH
®ymapart 2-OkcornyTapat
AIH '(A 7 5 Co,
CyKunHaT CyKuuHin-KoA HAOH
ATO ALO

Man. 40.1. Cxema peakuii

LUKNY TPMKAapOOHOBUX KUCIOT
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binkoBuI KOMMNNeKc NepeHOCHUKIB eNeKTPOHIB

ATD-cnHTasza

MixxmeM6paHHUI H'Q H @
npocTip

BHyTpiwwHA
MembpaHa

H @

ENeKTPOHHOTPAHCMOPTHUIA NaHLor

OkucHe ¢pochopunoBaHHA

Man. 40.2. Cxema [uxafibHOrO NaHLOra Ha BHYTPILHIN MeMbpaHi MiTOXOHAPIN

co0010 meKinbKa O0iMKOBUX KOMILIEKCiB, yOymo-
BAaHUX Yy BHYTPIIIHIO MeMOpaHy MiTOXOHAPIi.
Y memOpany Tako:k yoymoBana AT®-cuurasza —
KOMILIeKC, 110 cuHtesye AT.

BuBisbHeHI B IIMKJI TPUKapOOHOBUX KIC-
JIOT eJIEKTPOHU, aKIeIITOBaHI Ha KodepMeHTax
HAIOH-H i ®AIH,, HaAXOAATL A0 AUXATBHOTO
JIAHITIOTA, Jie TOCJIiJOBHO IIEPEHOCAThCA 3 KOMII-
Jekca Ha KomIuiekc (mas. 40.2). Ilig yac mepe-
HeCeHHs eJIEKTPOHIB BimOyBaeThCS IIOCTiTOBHE
OKICHEHHS ¥ BiJHOBJEHHS €JEeMeHTIiB AUXajb-
HOTroO JlaHITlora. HanmpuKiHIIl eJIeKTPOHU IIOENHY-
IOThCS 3 KMCHEM, YTBOPIOIOUM MOJEKYJIH BOIH.

IlepeHecenHsT eJIEKTPOHIB IO AUXATHLHOMY
JIAHITIOTY CYIIPOBOKYETHCA BUKAUYBAHHAM IIPO-
TOHIB i3 MaTpUKCy B MiKMeMOpPaHHUI IIPOCTip.
Tak cTBOPIOETHCSA MPOTOHHUI TPATIEHT, 3a AKO-
O KOHIIEHTPAIliA IPOTOHIB Yy MisKMeMOpPaHHOMY
mpocTopi 6inbIta, HidK y MaTpuKci. YHaCTigoK
IIbOT'0 BUHUKAE Pi3HUIA MOTEHI[iaJIiB 3 000X 00-
KiB MeMOpaHM: IO3UTUBHI 3apsAgu IIepeBaKaioTh
y MikMeMOpaHHOMY IITPOCTOPi, a HETAaTWUBHI —
y MaTpukci MiToxoHApPi#. 36iMbIIIeHHA KOHIEH-
Tpallii ITPOTOHIB y MisKMeMOpPaHHOMY IIPOCTOPi
akTuBye AT®-cunTasy. ¥ pasi JocATHEeHHS IIeB-

0 Kniouosa iges
EHepreTmuHa edpeKTVBHICTb aepOo6HOro AMXaHHSA

y 18 pasiB Bula 3a ePeKTUBHICTb FNiKONi3y: Ha
CTagii aepobHOro AnXaHHA 3 ABOX MOJSIEKYn Mipy-
BaTy yTBOploeTbCA 36 monekyn ATO. Kniouosum
eTarnoM aepo6HOro ANXaHHA € LUK TpUKapboHo-
BMX KUCNOT. MepeBaxHa KinbKictb ATO Bnpobna-
€TbCA y MNpouecax OKMCHoro dochopusnoBaHHsA
B €/IeKTPOHHOTPAHCMOPTHOMY (AUXanbHOMY) JlaH-
L03i MIiTOXOHZPIN.

HOl pisHuii morenmianis AT®-cunTasa Tpamc-
IOPTYy€E TMPOTOHU HA3aJ y MaTPUKC, IPU IIHOMY
yTBOPOEThC ATD.

Takum yuHOM, Y MiTOXOHAPiAX OKUCHEHHA
(IepeHeceHHA eJIEKTPOHIB) cupsskene 3 ¢ocdo-
punioBanHAM (AP + & = ATD), TobTO Bin-
OyBAETHCS IIPOIIEC OKMCHOTO (hochOpUIIOBAHHA.

ITosicHeHHA MexXaHi3MiB CIIOJyUYeHHSA POOOTH
IuxajabHOro JjaHiora i cuatedy AT® oOyio sa-
TIPOIIOHOBAHO aHIJIilicbKuM Oioximixkom II. Mir-
yesiom 1961 poxy.

EHepreTnyHmin 6anaHc aepobHoro
I aHaepOOHOro OKUCHEHHS FIOKO31

Eneprernunuii 6asanc okucHeHHs 1 MmoJe-
KYJIU TJIIOKO3W TAKWM:

« Ha cTafii IIiKoJisy yTBOPIOETHCA 2 MoJIe-
Kyau ATd;

« Ha cTafii aepoOHOr0 MUXaHHA YTBOPIOETH-
ca 36 momexkysm ATOD.

Or:xe, y pes3ysabTaTi HOBHOTO OKHCHEHHS
1 monexyanu raorosu xo CO, i H,O yrBoproeTs-
ca 38 mosnerkyn AT®. Ilpu mpoMy eHepreTuyHA
e(eKTUBHICTh aePOOHOr0 IUXAHHS BUSABJIAECTHCS
y 18 pasiB Buimomo 3a epeKTUBHICTh ITIiKOJi3y.

03a|‘|l/ITaHHF| Ta 3aBJaHHA

1. Yum cybcTpaTHe dochopurnioBaHHA BigpisHAETbCA
Bifi okncHoro ¢ochopunioBaHHA? AKUN i3 LMX npoue-
ciB ebpekTMBHIWNN? 2. K BUHWKIM MiToXoHApPII? Ha aki
CyyacHi opraHi3amm BoHM cxoxi? 3. Y pasi nopyleHHA
reHis, AKi KogyoTb GINKN MITOXOHAPIN, BUHMKAOTL Tak
3BaHi MiTOXOHApPIaNbHi XBOPOOU. AK BY BBaXKa€Te, AKMW-
MV CUMNTOMaMU BOHW XapakTepusyoTbca? AKi TKaHNHN
CTpaxfalTb Hacamnepen?
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§ 41. Kataboniam >XUPHUX KUCNOT, aMiHOKUCNOT

i HITPOreHOBMiCHUX OCHOB

0 [omipkynTe

AKWO pOo3rNAHYTU ABi HAaCUYEHi XXMPHI KUCNOTn
NPUON3HO OfHAKOBOI AOBXUHW, OfHa 3 AKUX MaE
napHy, a Apyra — HenapHy KinbKictb atomis C, T0
AKY 3 HUX KNITUHI nerwe nigaati B-OKUCHEHHIO?

é 3raganTe

» bygoBa XWpHUX KNCNOT, TpraLunriiuepuais,
docdoninigis

» bygosa amiHokucnot

« bygoBa Hykneotugis, nypuvHu, NipumMiguHu

I>Xepena eHepril y KNiTUHI

Peakmii mukiay TpukapOOHOBUX KUCJIOT
i oxucHe ¢dochopuaOBaHHA Y MIiTOXOHIPiAX
€ yHiBepcaJJbHUM IILJIAXOM OTPUMAaHHA eHep-
rii aya aepoOHUX opraHiaMmiB. AJie ByTJIeBOIU
(rmoKo03a) He € €IWHUM OIKepejioM IJIsd CHUH-
Te3y amnetua-KoA, axuii saqyuyeHuil O0 IUKJIY
TpuKapOoHOBUX KucjoT. I{a yHiBepcasibHa MO-
JeKyJia MOKe YTBOPIOBATHUCA TaKOMK IIiJ dac
OKVCHEHHA KWUPHUX KWUCJIOT, Ae3aMiHyBaHHSA
1 oxkucHeHHA amMiHokuciaor (maJja. 41.1). TobGTo
KJiTHMHA BUKOPUCTOBYE PisHi cybcTpaTtu — BYT-
JeBOOU, KUPU Ta OiIKM — OJd BUBIJIbHEHHS
eHeprii y mporiecax Karaboaizmy.

[3-OKMCHEHHS KUPHUX KUCJIOT

dAx mMu BiKe 3’sAcyBaji, TOJIOBHUU cyOCTpaT
OUKJIY TPUKapOOHOBUX KHCJIOT areTua-KoA

ikoreH Tpurniuepug binok
InikoreHonis JNinonis Mpoteonis
lnikonis B-Oknc-
Nipysar HeHHs
e3aMiHyBaHHA
OKNCHEHHA A Y

1 OKNCHEHHS

Auetun-KoA

Man. 41.1. Auetun-KoA — ueHTpanbHa Mosnekysna
KaTaboniamy
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MOJKe YTBOPIOBATHUCA B pPe3yJbTaTi OKMUCHEH-
HS JKUPHUX KuUCJOT. BinbHI KWUPHI KucCJIOTH
YTBOPIOIOTHCA B KJITWHI mIix vac Jzinonisy —
posmiennenHa JimigiB. Hattuacrime xiaitwHa
POBIIEIJIoE TPUANUATIiIepuan ((Kupu), AKi
BiIKJIAMAOTHCSA B Hill K pPe3epBHE [IKepeJtio
emeprii, a Taxko:X (Qocdoaimigu memOpaH, IO
OiIIATal0Th TOCTIHHOMY OHOBJIEHHIO.

BinbHi KUPHI KHCIOTH MOMKYTh OYTH 3HOBY
BUKOPUCTAHI i cuHTe3y JimigiB (amabosriuni
mporecu) a00 MOKYTh OyTH PO3IIeIlIeHi 10 ByT-
JeKkucjoro rasy i Bogu (karaboJiuHi mporiecu).

Ilepiioto cramiero KaraboJaisMy KUPHUX
KHCJIOT € (-OKMCHeHHA — cHeNu@iuHmi miaax
OKVCHEHHSA YKUPHUX KUCJIOT, III0 3aBEPIIYETHCA
yTBOpeHHAM areTui-KoA.

B-OxucHeHHA KUPHUX KHUCJIOT mepebirae
B MaTpHUKCi MiTOXOHApiil, TiIBKUM B aepoOHUX
ymoBax. Ile mukigiunamil mporec, 3a AKOTO Bix
KapOOKCUJIBHOTO KiHIA sKUPHOI KUCJIOTU HOCJIi-
IOBHO BimokpeMJoeTbca Mo 2 atromu KapOomy
y Burasani ametus-KoA:

MurpHa Kncnota
y B«
R —CH,~CH,~CH,-COOH T R _,—CH,~COOH,

YKkopoueHa
XMpHa KucnoTa

CH,-COOH + KoA
AIIeTtIJI'ROA

AKUHA Yy TOAAJBIIOMY HIPOXOAUTH IUKJI
TPUKAPOOHOBUX KHCJIOT i AMXAJbHUHN JAHIIOT.
ITukn B-OoKUCHEHHSA IOBTOPIOETHCA AOTU, TOKU
BCsA JKUPHA KHCJIOTa He Oyme mepepobOjieHa Ha
ameruia-KoA (man. 41.2).

B-OKucHEeHHA XUPHUX KUCJIOT € OJHUM
3 TOJIOBHUX JsKepeJ eHepriil ayusa cuatesy AT
i yHiBepcanbHUM OiOXiMiYHUM TpoOIleCOM, SKUN
mepebirae B ycix sKmBuX opranismax. Haiiim-
TeHCUBHiIIe J-OKMCHEHHA BinOyBaeThCA B Uep-
BOHUX CKeJIeTHUX M’ fA3aX, CepileBoMy M’ 3i,
HupkKax ¥ meuinni. IIIBuakicTs [-oKMCHEHHSA
30iJBITYETHCA B pPa3i ByTJIEBOAHOTO TOJIOAYBAH-
HA I iHTeHCcuBHOI (isuunoi podboTu. Ilpu mpomy
KOHIIEHTpAIlid JKUPHUX KUCJIOT ¥ KPOBi 30iJb-
IIyeThbCA B pe3yJbTaTi iX mMoOisisarii 3 Kupo-
BOl TKAaHUHU.
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—> Aneruia-KoA

—> Aneruna-KoA

—> Anerun-KoA
—> Aneruia-KoA

C
C
C —> Anerui-KoA
C
C
C —> Anerun-KoA

Arnerun-KoA

Man. 41.2. Lnknu B-OKNCHEHHA XUPHUX KACOT

Hle3amiHyBaHHA aMiHOKMCNOT

Sk Bam BimoMo, B KJIiTHHAX KUBUX OpPramHis-
miB npucyTHi 20 OCHOBHUX BUAiB aMiHOKUCJIOT.
J1s KOXKHOI aMiHOKMCJIOTHY icHye crenuivaui
IIIJIAX PO3IIENJIEHHA BYIJIEIEBOrO cKejeTa. AJje
B pe3yJIbTaTi KaTaboJIisMy BCiX ABANIATH OCHOB-
HUX aMiHOKWCJIOT YTBOPIOIOTHCA BCHOT'O IITiCTHb
PEUYOBUH, AKI MOMKYTb OKMCHIOBATHUCA Y ITUKJIL
Tpukapbonosux kucior xo CO, i H,O 3 yrBo-
peraam AT® (man. 40.1 Ha c. 84).

TaxkuM YMHOM, KaTaboJaidM aMiHOKUCIOT IO
KiHIIeBUX IPOAYKTiB BUBiIbHAE eHepriio. OgHaK
eHepreTuYHa POJIb AMiHOKUCJIOT, 3BUYANHO, He-
BeJIMKA, BOHA cKJjiazae juire 10—15 % morpedu
opraHiamy B eHeprii.

Kara6oaism 6inbIIocTi aMiHOKMCJIOT IIOYI-
HaeThCs 3 BifIlemJeHHA o-aMiHOrpymnu. AMiHo-
KMCJIOTa BTpavae aMiHOTPYNY B pe3yJabTaTi ABOX
TUIIIB peakKI[iii: TpaHCaMiHyBaHHA i Je3aMiHy-
BauHA. [[esamMiHyBaHHS — Ile BiJOKpeMJIEHHS
aMiHOTPYIIM BiJf aMiHOKHCJIOTH 3 YTBOPEHHAM
BiJILHOTO aMOHiaKy. ¥ BHUIIUX TBAPWUH OCHOBHUM
MJIAXOM € OKHCHE Jae3aMiHyBaHHS, 3a SKOTO,
OKpPiM aMOHiaKy, YyTBOPIOETHCA O.-KETOKMCJIOTA:

Okcnpasm L- 1a
D-amiHokucnot

B ROHQ R

CH —-NH, —C—-NH C=0+ NH,
| | |

COOH oan oanH COOH COOH

0 KniouoBa ines

OfHVIM 3 TONOBHUX AXKepen eHeprii Ana CUHTesy
ATO € 3-OKUCHEHHA KUPHMX KNCOT, WO 3aBepLUy-
€TbCA yTBOPeHHAM aueTun-KoA. Katabonizm ami-
HOKMNCJIOT 3aBePLUYETbCA YTBOPEHHAM MPOAYKTIB,
AKI MOXKYTb OKMCHIOBAaTUCA Y UMK TpUKapboHo-
BMX KMCNOT 3 yTBOPeHHAM ATO.

(0]
H
N.
NH
0 (0]
¢ N
Y
H,N"""NH, H N 0
CeuoBMHa CeyvoBa KucnoTa

Man. 41.3. HitporeHoBMicHi KiHLEeBi NpofyKTn Katabonismy

VYTBOpEHI O-KETOKUCJIOTHM OKWNCHIOKTHCA
Yy PeakIisax IMUKJIY TPUKAPOOHOBUX KUCJOT. AJje
BOHU TAaKOXK MOKYTbH IIePeTBOPIOBATUCS Ha BYT-
JeBoxu abo Jgimimm.

IITe oxmH TPOAYKT Ae3aMiHyBAHHSA — aMOHi-
aK — € TOKCHYHOIO cmoiyKoo. HaBiTh HeBeuKe
OiABUIIIEHHS MOr0 KOHIIEHTpAIlil HeraTuBHO BILIM-
Bae Ha opraHism. TomMy B TKaHMHAX Bi0yBaeTbCA
3B’A3yBaHHA aMOHiaKy 3 yTBOPEHHAM HETOKCHUU-
HUX cooaykK. OCHOBHUH MIISX 3HENIKOIKEeH-
Hs aMOHiaKy — cuHTe3 ceuoBuHu (Maua. 41.3),
AKa BUBOJUTHLCS 3 OPraHisMy i3 ceuero.

Po3wwenneHHA HITPOreHOBMICHUX OCHOB

ITypuHOBi Ta MipUMiINHOBI HYKJIEOTUIN PO3-
KJIAQOaloThCAd 3 YTBOPEHHAM Pi3HUX KiHIEBUX
TTPOAYKTiB.

IIypunosi miTporenosmicui ocHoBU (ameHiH,
ryaHiH) 30epirafoTh IMUKJIIYHY CTPYKTYPY IIypHU-
Hy. KiHIeBuM IpoayKTOM iX PO3KJIALY € ceuoBa
Kmcaora (man. 41.3).

Ha Bigminy Big nypuHiB, KijgbIleBa CTPYK-
Typa IipUMiAMHOBUX OCHOB (THUMiH, IITMTO3UH,
ypamunia) pyHHYETbCA 3 YTBOPEHHAM 3BUUANMHUX
KiHIIeBUX MTPOAYKTIB KaTabosisMy — BYTJIeKUC-
JIOTO Tra3y, BOAMW I aMOHiaKy. 3 aMOHiaKy yTBO-
poeThes cevoBmHa (Mas. 41.3).

CeuoBuHaA i ceuoBa KHCJIOTA BUBOAATHCS
3 opraHiamy i3 ceuero.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. JJo AKux npoueciB HanexuTb KNITUHHE AuXaH-
HA — KaTaboniuHmx ym aHaboniyHnx? 2. OnNuwitb, AKi
MeTabonivHi WNAXM NepeTUHaOTbCS Ha LUK TprKap-
60HOBUX KNCNOT. 3. [10 AKNX NPOLECiB HaneXnTb LKA
TPUKAPOOHOBMX KUCNOT — KaTaboniyHux um aHabo-
niyHnx? Bignosigb aprymeHtyinTe. 4. fAKi peyoBUHN €
KiHLUEeBMMMN MpoAyKTamy Kataboniamy HiTporeHoBmic-
HUX Ccnonyk?
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§ 42. biocnHTe3s 6inka.TpaHcKkpunuia i npouecuHr MPHK

0 [omipkynTe

Y reHomi ntoguHn npnénnsHo 20 000 reHis.
A B il KNiTMHaxX cuHTe3yeTbcA noHag 100 Tucay
6inkiB. AKMM YnMHOM?

é 3raganTe

« bygosa AHK i PHK
» bynoBa reHiB eykapioTiB ¢ EK30HW 1 iHTPOHU

» Hykneotnam

o MPUHLMMN KOMMIEMEHTAaPHOCTI

MOHATTA NPO NNACTUUYHWIA OOMIH
Y KNiTUHI

IInacTuunmMit OOMiH y KJIITHHI € CYKYTHICTIO
peakIiii CUHTEe3y OpPraHiuYHUX PEYOBUH 3 BUKO-
PUCTAaHHAM eHeprii.

Y pesyJsbTaTi IJIaCTUYHOrO OOMIiHY KJIiTHHMI
3a0e3IeuyoThCA OyAiBeJIbHUM MAaTepiasoM IJis
CTBOPEHHA CBOIX CTPYKTYpP i opra"HiuHumwu pe-
YOBUHAMMU [IJIsI eTalliB eHepreTuYHOTro OOMiHYy.

ITpukaagamMmu Taxkoro OiOCHMHTE3y € CHUHTE3
0inIKiB 3 aMiHOKMCJIOT, CMHTE3 BYIJIEBOAiB Y IIPO-
meci oTocHMHTE3Y, CHHTE3 KHPiB 3 TIJIillepuHy
i KUPHUX KHCJIOT.

[MOHATTA NPO MAaTPUYHUI CUHTES

CuHTe3 CKJIagHUX IOJiMEPHUX MOJIEKYJI
Ha OCHOBi resmerwuuHol iH(opwMmalii KJaiTuHHU,
sarkonoBanoi B mojekysi [THK, BigOyBaernhcs
3a TUIIOM TaK 3BAHOTO MATPHUYHOTO CHHTE3Y.
MarpruHMME HA3WBAIOTHCA IIPOIECU CUHTE3Y,
3a AKUX Ha OCHOBIi IIEPBUHHOI CTPYKTYPU OJTHOTO
biomosriMmepa (MaTpuUIli) CHHTE3YETHCA ITIEPBUHHA
CTPYKTypa iHmroro GiomoJsrimepa (Komii).

Jlo MaTpUUYHUX IIPOIECIB Yy KUBUX KJITUHAX
HaJeXxaTh pemaikania (6iocuntes JHK Ha Mma-
tpuni [JHK), rpanckpunuisa (6iocuares PHK Ha
marpuri [JJHK) i rpancasania (6iocuuTtes 6irka
3a mocJuigoBHicTio HyKJIeoTuaie PHE).

Eranun 6iocuHTe3y binka

BiocuHTes 0Oinka cKJIamaeTbCcsa 3 TaKUX
eramiB:

* TpaHCcKpuIia — cuHTe3 MojeKkyau MPHE
Ha Martpuni gpingaaxkm [[HEK;
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- mpouecuar PHK — pospiBamus i momu-
dikamia mPHEK;

* TPAHCIAIISA — CHUHTe3 0iJIKOBOI MOJIEKYJIN
Ha marpuni MPHEK.

Tpauckpuniiia i mpomecuar MPHK BigOy-
BaIOThCA B SAAPi KIITHHU, TPAHCIAIIA — y IIU-
TomsasMi Ha pubocomax. Ilicasa cuHTE3y mOJTi-
MeNTUAHUN JAHIIOT YKJIAAAETHCI B IIPOCTOPOBY
CTPYKTYPY 1 HmiggaeTbcsA Pi3HUM IIOCTTPAHCJA-
miftauM MommudikaIiam.

TpaHcKpunuin

Ha erami TpaHckpunmii BizOyBaeTbCcs CHH-
Te3 moyaexkysu MPHK 3a 3paskom omsaOrOo 3
nanmoriB mosekyau [THEK. Ilix uac cunTesdy
moaeryaun PHEK HyKJIeoTHAM NPUETHYIOTHCS
3a TPUHIUIOM KoMmIiieMeHTapHocTi. HaBmpo-
™A ajeHisioBoro HyKJeotuay B JaHmosi [THE
posmimiyerbes ypunuiaosuii nykaeorun PHE (a
He TuMiguiaoBuii, axk y cuuresi [JTHE).

TpaHCKPUIIITia 3iICHIOETHCA BEJIMKUM KOMII-
Jekcom (epMeHTiB, rojoBHUM 3 axkux € J[HK-
sanesxua PHK-mosimepasa (man. 42.1). Taxa
Ha3Ba O3HAYa€, IO BiH CTBOPIOE IIOJiMEPHUH
naumokok PHK 3a spaskom mogmexkynau [THE.

IIpomec TpaHCKpUOILl MOYMHAETHCA, KOJIU
PHEK-mosimepasa BuaBjisde Ha Jjanmosi JTHE
30HY ITpomMoTopa. Bona npukpimtoersesa go JJTHEK
y Ii¥i 30HI I OYMHAE TPOCYBaTUCA Y3MOBMK Ii
gaHIiora. Ilpu mboMy moaBifiHA CITipajb MOJIEKY-
au [ITHK poskpyuyersed, i PHK-monimepasa 3uu-
Tye indopmariito yuire 3 ogHoro Jjauitiora JJHK.
Boma posnisnae HykJeoruau Ha Jganiiosi [JTHEK
i mpmemHye BiMMOBiMHI HYKJIEOTHUAM O JIAHITIOTA
PHEK (3a mpuHIiinnomMm KominieMmenTapuocti). Hosi
HYKJEOTUAU IPUETHYIOTHCA IO «XBOCTa» JIAH-

PHK-nonimepasa

Po3kpyuyBaHHs

OHK
—

lMoyaToK CMHTE30BaHOro NaHuora

Man. 42.1. lMpouec TpaHCcKpunuil
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EK30H 1 IHTpOH EK30H 2
Ek30H 1 Ek30H 2
IHTpOH, Wwo
BMpPIi3aHO
3’eQHaHi eK30H!U b 3 naHutora
5
EK30H 1 Ek3oH 2

Man. 42.2. Cxema cnnancmHry PHK

miora PHK, m1o cunresyerbeda. inauka [[HE,
3 KO0l (pepMeHT yiKe 3umuTas iH(popMaIlliio, 3HOBY
CKPYUyeThbCA B cmipayb. IIpormec TpaHCKpummii
s3akinuyerbcda, Koau PHK-mosrimepasa mocsrae
OiIAHKY TepMiHaTOpa.

Ho3piBaHHA (npouecnHr) PHK

HospiBanusa PHK e Ba:kiuBuM eTtamom pe-
amisarmii cmagkoBoi iHdgopmMmallii B eykapioris.
Bono BimactuBe Bcim Tunmam PHK i He BimOyBa-
€ThCA TIJIBKY B OKPEMUX BUMNAJKAX.

ITix uac gospiBamus PHK BigOyBaeTbca me-
KiJIbKa IIpoIleciB, 30KpeMa:

* CIUIAMCHMHT — BUPiBaHHA iHTPOHIB i 3’ex-
HaHHA eK30HiB y cuHTe30BaHiil mosiekysi PHE
3a momomoroio majsioi axepuoi PHK (maPHK)
(mam. 42.2);

* KeImyBaHHS — JOJaBaHHA 10 MOYATKY
moaeryau PHEK mexinbkox wMommdikoBaHUX
HYKJIEOTUAIB, AKi mAomomMaramTh TPAHCIOPTY-
BaTHU il B I[UTOILIa3My;

* MoJIiafieHiJIlyBaHHA — [OJaBaHHSA IO KiH-
na moaekyau PHK amenimoBux HYKJIEOTHUIIB,
AK1 mormoMaraioTh TPAHCHOPTYBAaTHU ii B ITUTO-
ILIasmy.

0 KnioyoBa iges

KonitoBaHHA Ta peanisauis cnagkoBoi iHpopmauil
3abe3neuyloTbCA NpoLiecamy MaTPUYHOIO CHHTe-
3y. biocuHTes 6inka cknagaeTbca 3 TPaHCKPUNLT,
npouecuHry PHK i TpaHcnauii. Ha etani TpaH-
cKpunuii BigbyBaeTbcA CcUHTE3 Monekynu MPHK
3a 3pa3kom ogHoro 3 naHutoris OHK. Baxnusum
etanom npouecuHry PHK B eykapioTiB € cnnain-
CVIHI — BUpi3aHHA IHTPOHIB i 3'€JHaHHA eK30HIB
y monekyni MPHK.

OH 3'-kiHeub

5'-KiHeLb ——=

Metna 1

Metna 2

AHTUKOJOH -

Man. 42.3. lNpoctoposa cTpykTypa TPHK

AnbTepHaTUBHUN CANAVNCUHT

IIpomec mospiBaHHA mae 3MOTy KJIITHHAM
eyKapioTiB IPOBOAUTHU TaK 3BaHUIl ajJbTepHa-
THUBHUH CINIANWCHMHI, MiJ Yac SAKOro 3 OnHiel
mosiekyniu PHK mMoXyTh yTBOprOBaTHMCA pisHi
KoM6iHarrii ek3ouiB. IIpu boMy 3 OZHOTO TOYAT-
KOBOI'0O BapiaHTa yTBOPIOIOTLCS PisHi Oinku. IIpo
MacIITad IIbOro IPOIeCy CBiZUUTh TOU (PaKT, IO
B reromi Jyiroguuu Tpoxu Oijabime 20 000 rexis,
a B KJIITUHAaX HaIiuyoTh nouaz 250 Tucau OiaKiB.

TpaHckpunuia TPHK i pPHK

Tpaucooprai PHEK cunresyiorsca PHE-
moJiiMepasol0 B KJITHHHOMY #Azapi. Buximmi
TPAHCKPHUIITH IIiAJaloThcsAa OaraTocTamiiHOMY
IIPOIECUHTY, Y PpPe3yJabTaTi sAKoro (OPMYETHb-
ca tunoBa muasa TPHK mpocropoBa cTpyKTypa
(man. 42.3). Ilicna pospiBamma TPHK nepe-
HOCATHCA 3 SAApa B IIUTOILIA3MY CIIEI[iaJJbHUMU
MIEePEeHOCHUKAMU.

B eykapioriB HajiuyeTbCcA Big KiJIbKOX
COTeHb n0 HOecATKiB Tucau reHiB pPHK, aki
Iy:Ke iHTeHCUWBHO TpaHCKpuOyioTbcs. Cmouar-
Ky PHEK-mosimepasa cuuTe3ye MOBIY MOJIEKY-
ay-nonepenuauxa pubocomuoi PHK, saxka mortim
pospisaeThca ma okpemi Buagm pPHK. Micua
3ocepemxenua reHiB pPHK B axpi kaituam
pasom i3 pubocomammu, 1[0 30UPAIOTHCS, YTBO-
PIOIOTH fAnepIie.

3anuUTaHHA Ta 3aBAaHHA

1. AKi BNacTUBOCTI »KMBOro 3abe3neyyoTbca Npo-
Lecamy MaTpUYHOro crHTe3dy? 2. 3a paxyHOK AKMX Npo-
LieciB 36inbLIY€ETbCA PI3HOMAHITHICTD BiNKiB 3a HE3MIHHOT
KiIbKOCTi reHeTUYyHOro matepiany?

389



Tema 3. O6MIH peUOBVH | NepeTBOPeHHA eHeprii

§ 43. biocnHTes 6inka. TpaHcnALiA

0 [omipkymnTe

Yomy B geAKknx BMMagKax y XUBUX OPraHiamiB Bu-
HUKNM MoAMiIKOBaHI BapiaHTU reHeTUYHOro Kogy?

Q 3raganTe

« bynoBa 6inka o AMIHOKMCIIOTU GinKiB

o MenTngHun 38'A30K » bynoBa pubocom

[eHeTUYHUIN Kop,

Bynmosa wmoJerkysu 0inka BUBHAYAETHCH
nocaimoBuicTio HyKJeotuniB y [IHK. Kosxza
aMiHOKMCJIOTA KOAYETHCA 3a JTOIOMOTOI0 TPHOX
HyKJeoTuniB. Takmii TpUIIJIET HYKJIEOTUIIB,
BiAIIOBiAHUI IIeBHiN aMiHOKMCJIOTi, HA3MBAETh-
ca kogoHoMm. Cucrema 3amucy craakoBoi iHGOp-
marii B MoJIeKyJiax HYKJEIHOBUX KWCJIOT, 3a
AKOIO ITOCJiJOBHICTh HYKJIEOTHUAIB ¥ MOJIEKYJIaX
OHEK i PHK BusHauae mocJIiioBHiCTh aMiHOKUC-
JIOT y MOJIeKYJi OijfiKka, HasMBA€TLCS TIeHeTHY-
HHUM KOJIOM.

Hamnpukian, rpumiaery AYT BinmoBimzae ami-
HOKucJygora Mmeriouin (Met), Tpumiaery AVI] —
amiHokuciora igoseiinuu (Ine), a HyKJeoTuam
YAA, YAT' i YTA e crom-KomoHaMu, BOHHU CHUT-
HaJIIBYIOTh IIPO 3aKiHUEHHS CHUHTEe3Y IIOJimel-
THUJHOTO JIAHIIOTA.

T'eHeTnuHUII KON yHiBepcaJlbHUU — BiH
IpaIioe 3a OMHAKOBUMU IIPUHITUIIAMU B Opra-
HisMax pisHOro piBHA cKJaazHocTti. OgHAK Bimo-
MO KiJlbKa BUHATKIB. ¥ reHOMaxX MiTOXOHAPiH
i IpoKapioTiB BUABJIEHO aJbTePHATWBHI Bapi-
aHTU JesIKUX KOJOHIB. A HemaBHO y IeAKUX
rpyI opraHismiB OyJio BigkpuTo aBi pigkicui
aMiHOKMCJIOTU: CeJIEHOIIMCTeIH, 110 KOAYEThCA
cromn-komonom YI'A, i miposisuH, 110 KOAYETH-
ca crom-kKomounom YAT.

VYHiBepcaJbHICTh T€HETUYHOTO KOIY CBif-
YUTHL OpPO Te, M0 BiH CKJaBcA [JyXe DPaHO
B IIpoIleci eBoJIIOIil, a BiAXMJIEHHA Bix yHiBep-
CaJbHOCTI — TPO Te, IO caM KOJ 3MiHIOBaBCH.

AmiHoauun-TPHK

20 pisHWxX aMiHOKHCJOT, HEOOXiZHUX
IJis CUHTe3y 0iJKa, MiCTATbCA B IIUTOILIA3MI
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KaiTuHu. [nd ydacTi B cCMHTe31i BOHU MAaioTh
OpuemHATHUCS N0 BigmoBimuux mosekya TPHE.
ITpuennaraa KaTasi3yoTh (hepMEeHTH aMiHO-
anuia-tTPHK-cuarerasu. BoHu mnpalooTb
ny:xe crmemu@piuao — koxkHa 3 20-T;m amiHo-
anuia-TPHK-cuHTeTa3 posmiszHae TiAbKU OIHY
amiHokwucaory i Bimmosimmy it TPHK. Mouse-
kyjga TPHK, koBajleHTHO IIOB’sizaHa 3 aMiHO-
KICJIOTOI0, HasuBaeThbesa amMiHoanmuia-TPHE.

TpaHcnaudin

Tpancasanis, a6o O6iocuHTe3 Oiara,— 1€
eram, MmiJ Jyac SKOro 3a iHdopMaillieio, 1o mic-
tuthbcsa B MPHK, cunTesyeTbesa moJinenTugamii
JAHIIOT MOJIEKYJau OiJIKa.

IIpomec Tpamcaaiii BimOyBaeTbcsa B pu-
docoMax, AKi MicTATbCA B I[UTONJIA3Mi KJIi-
TuHu. CuHTe3 BigOyBaeThbCA 3TiTHO 3 reHe-
TUUYHUM KOIOM, TOOTO KOMKHOMY TPUILIETY
mykygeotuniB MPHK BigmoBimae meBHa ami-
HOKMCJIOTA.

BiocunuTes 6isiKa 3a0e3leuyeThCs eHepriero
3a paxyHOK posmierieHHa ATO®.

IIpomec Tpamcaailii cKJIagaeTbca 3 TPHOX
eramiB: imimiarii, emoHramii Ta Tepminarii.

Inimiamisg — moyaToK CHMHTE3Y ITOJIiIIenTHI-
Horo JaHIiora (man. 43.1, A). Ha nwomy erami
BimOyBaeThbCs: MPUETHAHHA MAaJOi CyOOMMHMUIT
pubocomu gmo Jaumiora MPHK posmismaBanusa
CTapT-KOJOHY, IIPUETHAHHSA BEJIUKOI CyOOAUHU-
i pubocoMu Ta TPAHCHOPT 0 PUOOCOMH IePIIoi
aMiHOKWMCJIOTH.

Crapr-KOmOHOM 3aBKAu € KomoHn AVTI.
o HBOrOo mpuennyerbca TPHK, mio mpuno-
CUTH OO prUOOCOMHU aMiHOKHUCJIOTY METiOHiH, SKa
1 OyIe IepIIo aMiHOKHCJIOTOI Mai0yTHBOTO
MOJIIIIeNITUAHOTO JIaHI[IoTa.

Moaneryna TPHE npuemnyerbcsa OO0 MoJe-
kyau MPHEK 3a momomoror cBOro Tpuiery,
AKWU HAa3WBAIOTh aHTUKOAOHOM, 32 IPUHIIUIIOM
KOMILJIEMEHTAPHOCTI.

Emonrania — HapolllyBaHHSA IIOJiNEITH]I-
Horo Jjaumiora (mana. 43.1, B). Ilicaa crapr-
KomoHa pubocoMa aHaJIidye HACTYIIHUIT KOIOH,
posmisHae ¥oro Ta MpUEAHYE OO HHOTO BiAIIo-
Bimuy moiaeryay TPHEK 3 HacrymHomo amino-
KHCJIOTOIO.



Ha man. 43.1, B HacTyoIHUM KOZOHOM
e I'VII, a HaCTynHOIO aMiHOKUCJIOTOIO, AKa
TPaHCIOPTYEeThCA 3a momomorooo TPHE,—
BaJIiH.

Mixx gBOMa aMiHOKHCJIOTAMH YTBO-
poeThbeA menTugHuii 38’ a30K. MoJekyia
TPHK npu mpomy 3BiIbHAETHCA i 3aam-
miae pubocomy.

ITicia mboro pmbocoMa mepeMiIy-
eThcAa M0 HacrtymHoro tpumiaery MPHE
posmisdHae HOro Ta IMPUEAHYE HACTYIHY
moaekyny TPHE, axka mpuHOCUTH OO pu-
6ocoMu BigHOBiZHY aMiHOKHCJIOTY. BoHa
IPUETHYETHCA 10 MOMEePEIHbOI aMiHOKMC-
JIOTH 3a JOIIOMOTOIO0 HMeIITHUAHOTO 3B’ A3KY,
i moJinmenTUIAHUYN JIAHITIOT TTOJOBXKYETHCH.

Tepminamis — 3aBepIllleHHS TpPaHC-
aamii (maxa. 43.1, B). IlouuHaeTbcs
3 po3misdHaBaHHA PHUOOCOMOIO CTOII-KO0-
Hy — YAA, YAT a6o YT'A. Cunres mo-
JiMEeNTUAHOTO JIAHITIOTA 3aBEPIIYETHCSH,
pubocoMa posmaJaeTbcsad Ha CYOOAMHMUILI,
moutekysnu TPHE ta MmPHK sBinbuAOTHCSA.

Pnbocomm

Pubocomu — memeMOpaHHi opranesu,
[0 CKJAagarThesAd 3 pubocoMHUX OiIKiB
i mosekyn pPHK. PubGocoma moske mumco-
IiroBaTHU Ha ABi OKpeMi cyOOmmMHUIIL — Be-
JUKY ¥ Maiy.

ITo cyTi, pubocoma — Iie BeJIMUYE3HUN
depMeHT, AKTUBHUI IEHTP SIKOr0 KaTaJi-
3y€ CHHTEe3 MenTUuIHuX 3B a3KiB. Taxox
Ha pubocoMax € OiIAHKU 3B’ A3yBaHHA
MPHK i tPHK, ginsaaxku 3B s3yBaHHSA
pubOCOMHUX CyOOAMHUIIL OAHA 3 OIHOIO,
IiaAHKY 3B A3yBaHHA pubocoOM 3 MeMOpa-
HaMM €HIOILJIa3MATHUYHOTO PETUKYIYMY.

Ha oxuiii moaexynai MmPHK omuouac-
HO MOKe «IpaIfoBaTu» KiJbKa puOOCOM.
Cuinbuo 3 MPHK BoHHM yTBOPIOIOTH mOJIi-
pubocomu (1mmosaicomm).

KntoyoBa iges
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Man. 43.1. Cxema TpaHcnAuii

[MpakTyHa poboTa

'

Po3e’a3yeanHs 3ada4y Ha memy «biocunmes 6inka»
1. ®parmeHT naHutora MPHK mae mocnigoBHicTb
Hykneotugis: LILILL ALLL TLIA TYA. BusHaute nocni-
OOBHICTb Hykneotugis y monekyni [JHK, aHTukopo-
Hu BignoeiaHux TPHK i nocnigoBHiCTb amiHOKMCNOT
y dparmeHTi MONeKynM CMHTe30BaHOro 6inka.

2. Y monekyni 6inka Taka NocnifoBHICTb aMiHOKKMC-
noT: Tpe-newn-tnp-nis-cep-rni. Mobyaynte AinAHKY
MPHK, Ha sKill 3aKofoBaHU Len Ginok.

\

TpaHcnAuis — npouec, nig yac AKkoro 3a iHpop-
Maui€, wWwo mictutbca B MPHK, crHTe3syeTbcA
noninenTUAHWIA NaHuor monekynu 6inka. CuHTes
BiiGyBaETbCA 3rifHO 3 reHeTUYHMM KOAOM, TO6TO
KOXXHOMY TpunneTy Hykneotugis MPHK signosigae
neBHa amiHoKmcnoTa 6inka. TpaHcnAuis BigbyBa-
€TbCA Ha pMBOCOMAxX y LUTOMIA3Mi KITUHN.

QBaI’H/ITaHHﬂ Ta 3aBAaHHA

1. BBaxkatoTb, WO reHeTUYHMI KOA eBOSIOLIOHYBaB
Bif ABONiTEepHOro (ofHa amiHOKMCNOTa BM3HAYaETbCA
[BOMa HyKneotugamu) go TpunitepHoro. Lo B cyyac-
HOMY reHeTMYHOMY Kofi CBifunTb Npo ue? 2. [ina yoro
KNiTWHa yTBOPIOE nonipnéocomm?
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§ 44. MNocTTpaHcnAUiHe fo3piBaHHA Oinkis

0 [omipkynTe

AK KNiTMHa BUXOAUTDL i3 cuTyauii, Konn 6inok
nicna CBOro CMHTe3y He 34aTeH CamoCTiHO
yTBOPIOBaTU NOTPIOHY Ans NOro ¢yHKLiOHYBaHHA
TPETUHHY CTPYKTYPY MOMeKynm?

é 3raganTe

» bygosa amiHokucnot

o Pagnkanu amiHoOKucnot

« ligpodinbHicTb, rigpodobHicTb

o TpeTuHHa i YeTBepPTMHHA CTPYKTypu 6inkis

[lo3piBaHHA binka

ITicna sakiHueHHs CHUHTe3y MO:Ke BimOyBa-
THUCS IIPOIEeC MOCTTPAHCIAIINHOTO JO3PiBaHHSA
b6inxa. IlocTTpaHCHANifiHI 3MiHEM BKJIOYAIOTDH
BUJAJEHHA (PparMeHTiB MHOJiIenTUIHOTO JaH-
miora, MpueIgHaHHA HeO0iJIKOBOI YacTHMHU, OCTAa-
TouHe (DOPMYBAHHSA HPOCTOPOBOI CTPYKTYpU
MoOJIeKyJIu. ¥ pes3yabTaTi opMmyeThbesa PyHKILiO-
HaJbHO aKTUBHUU O0iJIOK.

Qonpinr

Sanumniaoun pudocoOMy, IIOJIMeITUIHUN
JIAHI[IOT 3TrOPTAEThCA, i 0iTOK HabyBae IeBHOIL
npocTopoBoi cTpyKTypu (KoH(Mpopmarii). Ilpo-
Iec CHOHTAHHOTO 3TOPTAHHA MOJINIENTUHOTO
JIaHITIOTa Ma€ Ha3By (POJITiHT.

Kinmnesa ¢gopma 6inmxoBoi MoJiexkyJu Oara-
TO B UOMY 3yMOBJIEHA HOT0 MEPBUHHOIO CTPYK-
TYypOio, TOOTO IIOCJiOBHICTIO aMiHOKHCJIOT
y TOoJimenTHAHOMY JAaHITIOXKKY. BiactuBocTi
aMiHOKMCJIOT, TaKi AK eJeKTPUUHUUA 3apsan,
rizpodinbHicTs i rizpodobHicTb, BHU3HAUAIOTH
XapakTep iX B3aeMOMii omHa 3 OOAHOIO i KJIiTHUH-
HUM OTOUYEHHSM.

Hanpuknan, y riao0yiasgpHHUX IUTOILIA3-
MaTUYHUX OinKiB rigpodobHi amiHOKHMCJIOT-
Hi 3aJUINIKKU 3aHYPIOIOTHCA B TJIMO MOJEKYJIH,
a rigpodinbHi PO3MOAINIAIOTHCA IO IIOBEPXHI.
Takoxx (opMyBaHHSA CTPYKTypu OijiKa BU3HA-
YaeThCA YTBOPEHHAM 3B’A3KiB (rizpodobHUX,
€JIEKTPOCTATUUYHUX Ta iH.) Mi}K pagmKaIamMu
aMiHOKHCJOTHUX 3ajuilnkiB (man. 44.1). aa
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migTpuMaHHA KoH(MopMAaIii 0iTKOBUX MOJEKYJ
BeJVUe3He 3HAYEeHHA Mae€ (POpMyBaHHA KOBa-
JIEHTHUX OUCYIb(pimHux 3B A3KiB MijK aTomaMu
Cynabhypy O6iuHMX pamguKajiB IIHUCTEiHy.

¥ pesyabTari hopmMyeThed i MiATPUMYETHCA
TpeTUHHA CTPYKTypa 6isika, 0 00yMOBJIIIOE HIOTO
BJIaCTUBOCTI ¥ GyHKIiI. 30KpeMa, B MOJIeKyJaax
¢epMeHTIB (hOopMYyIOThCA AKTUBHI II€HTPHU, IIIO
BUKOHYIOTH KaTauiTuuHi GyHKIii. Ha okpemux
HOJIITIenTUaaX y CKJIaai OiJIKiB 3 YeTBePTUHHOIO
CTPYKTYpPOIO (OPMYIOTHCA IIOBEPXHi, IO KOH-
TaKTYIOTh 3aBAAKU HEKOBAJEHTHUM B3B’fA3KaM
(rizpoobHMM, HOHHUM, BOAHEBUM). Y MoOJe-
KyJax OiJIKiB KJIITHMHHUX MeMOpaH (DOPMYIOTH-
cA KaHAJIU IJIA TPAaHCMeMOPAHHOTO TPAHCIIOPTY
pEeYOBUH.

HemnpaBuabHa IPOCTOPOBa CTPYKTypa CIPU-
YMHAE YTBOPEHHA HEAKTUBHUX OiJKiB, AKi Imo-
PYIIYIOTH HOPMAaJIbHY POOOTY KJIITHMHU i HaBiTH
ycboro opra”iamy. SckpaBumMm IIpuUKJIagaMu
IIOTO € YTBOPEHHA IPiOHHUX OiJKiB, IO mpu-
3BOJATH 10 PYWHYBAHHA HEPBOBOI TKAHWHU ab0
(opmyBaHHSA aHOMAaJIBLHOTO T€MOTJIO0IHY, 10 BU-
KJIUKAIOTh CEePHOBUAHOKJIITUHHY aHEMiio.

ITopyIllieHHA TPEeTUHHOI CTPYKTypu OiJ-
Ka — denHamypauis — BigOyBaeTbcs 3a 3MiHU
BHYTPIITHBOKJIITUHHUX YMOB, 30KpeMa, y pasi
TigBUINIEHHA TeMIIepaTypu, 3MiHN KUCJIOTHOCTI.
3a He3HAUHUX ITOIIKOIKEeHb MOJKJIMBE BiIHOB-
JIeHHA CTPYKTYDU 1 GYyHKIIN — penamypauis.

ligpodobHa
I B3aemogis
H,  HC “cH,

2

| 3
g Hzc\cﬁCHj TucynbdigHnii
/ (? 3B'A30K
C—OH
BogHesi GH.
3B'A3KM

]
-0- C—CH,

CHy~ CH~CH,— CH,~NH,*

MoHHi
3B's13KM

Man. 44.1. 38'A3KK, WO CTabini3yloTb TPETUHHY CTPYKTYpPY
Monekynu 6inka
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LlanepoHn

Y doagmiury mesxkumx 6inKiB 0epyTh yd4acTb
O0inku mameponu. Bouu momomararmTh CUHTE30-
BaHUM OiJKaM 3TopTaTuCcA B MPAaBUJbHY KOH-
dopwmartiito (maa. 44.2).

IITamepoHu He TiJIbKMU 0EPYTH y4acTh y (OJI-
IiHTYy mo3piBarouymXxX JIAHIIOTIB, aje ¥ Jomoma-
raoTh TOMIKOAKeHUM OiJKaM 3HOBY HaOyTHu
npaBusbHOI KoH(popMmarii. Hanpukiazn, cuaTE3
IIallepoHiB meBHOro kKJacy (0inIKiB TemaoBoTro
IIOKY), III0 0epyTh ydacThb y cTabimiszarfii mer-
TUJiB, 3POCTAE 3a IIiABUINEHHS TeMIIEPaTypHu Ta
irmux gopmax crpecy. IIpm nmbomy BOHHM 3axu-
m1aTh OiIKM KJIITUHU Bix meHaTypairii.

MocTTpaHcnAauinHi mogudikauii

Ilicnia saBepIlleHHs TPAHCJIAIl BeJIMKa yac-
THHA OiJKiB HigmaeTbcA IMOJAJIBIINM XiMiuHMM
monupikaiam.

Bigomo 6ijbllle ABOXCOT BapiaHTiB IIOCT-
TpaHCAAMiAHNX Momu@ikamiii 6inkis. Bararto
3 HUX B3IiHCHIOIOTHLCA Ha MeMOpaHax eHJIO-
MJIa3MAaTUYHOTO PeTUKyJaymy. Binkwm mimma-
IOTHCA AalleTUJIOBAHHIO, TJiKO3UJIOBAHHIO,
dochopuaoBaHHIO Ta iHIIMM XiMiUuHUM Iepe-
TBOpPeHHAM. HampukJjaz, TIiKOo3WJIIOBaHHA €
HeoOXigHMM eTamoM OO3piBaHHsA OiJKiB miaas-
MaTuuHOol MemOpanu. [as GaraTbox O0iaKiB,
0c00JI1BO (DEPMEHTIB, BaYKJIMBUM € IPUETHAHHS
HeOiJIKOBOTO KOMIIOHEHTa (IIPOCTEeTUYHOI TI'py-
nu). OOMe:KeHUll IPOTeOoJIi3 HeoOXimgHUU mJIsa
AKTUBYBaHHA HEaKTHUBHUX OlJIKiB-TIOIepemHu-

N L™ |

2 oy
N ﬂ DA G

8 22— e

N » — 3ropHyTa

ki % Monekyna

! 6inka
5 g : 3" MPHK

Man. 44.2. MNpuHuMn poboTK LWanepoHis

0 KnioyoBa ines

Micna TpaHcnAuii BinbyBaeTbca dongiHr — 3rop-
TaHHA MONINENTMAHOrO NaHuiora y MpoCTOPOBY
CTPYKTYpY, AAKa 6arato B YoMy 3aneXuTb Big Nochi-
JOBHOCTI aMiHOKMCNOT. Y dongiHry 6epyTb yyactb
6inkn wanepoHu. MoctTpaHcnAuinHi mogudikawii
6iNKiB BKJIOYAIOTb TaKOX XiMiUHi NMepeTBOpPEeHHs.

KiB. TakumM umHOM, HAIPUKJIAL, IIPOTOPMOHU
IePeTBOPIOIThCA HA TOPMOHU. Y IeAKUX BU-
magKax Bifl MOJIMENTUAHWX JAHIIOTiB MOMKYTH
BUOAJNATHCA KiHIleBI amiHoKucioTu, abo mpu-
€IHYBATUCA CUTHAJbHI HEITUAU OJsI BUXOLY
moJsiekyam Oinka 3 xkiaiturm. Kpim Toro, miaa
dopMyBaHHS CKJIATHUX OiJMKiB HeoOXimgHE yTBO-
pPeHHs 3B’A3KiB MiK OKpeMHMM JAaHIIOTaMK
(HampuKJaL, y MOJEKYJi reMorjobiny o0’en-
HYIOThCA YOTHUPU OKPEMIi JIAHITIOTH).

CunHTe3 i fo3piBaHHA
LUTOMA3MaTUYHNX, MEMOPAHHNX
i cCekpeTopHuMX biNnKiB

BogoposunnHi 6inKM aasA BHYTPIITHIX IIO-
Tpeb IIUTOILIa3MU CUHTEe3YIOThCA Ha prudocoMax,
BiJIbHO posTarmioBaHux y murorntasmi. Taki 6ii-
KU 3TOPTAlOThCA B IPOIleci BUXoAy 3 pubocomMu
Y BOAHOMY OTOYEHHi, ()OPMYIOUU TJIOOYJIAPHY
CTPYKTYPY 3 IIOJISIPHOIO IIOBEPXHEIo i riapodoo-
HUM SIPOM yCepemuHi.

Memb6pauni 0inmkm abo cexpeTopHi OinKwH,
AK1 BUBOOATHCA 3 KJITUHU UYepe3 MeMOpaHWU,
CUHTe3yIOThCA Ha pubocoMax, OB’ A3aHUX
3 MeMOpaHaM¥ €HJIOIJIa3MaTUUYHOTO PETUKYJIY-
my. Ilicaa cuHTEe3y 0iJIKM 30BHIITHiIX MeMOpaH
yOyIOBYIOTHCA B MeMOpaHy eHAO0IIa3MaTUuIHOTO
PETUKYIYMY i JOCTABIAIOTHCA M0 amapary I'oyb-
IKi, a moTiM — 70 IIOBEepPXHi KJITHHU.

CekpeTopHi 0iIKM TAKOK TPAHCHOPTYIOTHCA
mo amapatry Ioabmski, ame He 1Mo MemOpaHax,
a 0 0 KaHajlaX eHOIJIa3MaTUYHOTO PETUKY-
gymy. IJig momanbIIoro TPAHCIOPTY BOHU IIa-
KyIOTbCcs amapaToM ['oJbI)Ki y CeKpeTopHi my-
XUPILi.

Y kaHajzax eHJO0IIasMaTUYHOTO PETUKYJIY-
My i mumcrepHax amapatry loapmxi Oinxku mgo-
3piBalOTh — MiAJIATAIOTH HOCTTPAHCJIAIINHUM
Momudikaiisam.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. Aki B3aemogpii NiATPUMYIOTb TPETUHHY Ta ueT-
BEPTUHHY CTPYKTypK 6inka? 2. MoACHITb, AK NomMuUnKa
B reHi (3amiHa OfHOro HykneoTuay Ha iHWWnI) MoxXe
npu3BecT Ao nopyuweHb obMiHy pevyoBuKH. Bukopuc-
TOBYWTE Balli 3HaHHA MPO FeHeTUYHUIN Kogh, GongiHr,
dbepmMeHTaTUBHUI KaTani3, metaboniyHi wnaxu. 3. Yum
NpOCTOpOBa CTPYKTypa UmMTONnasmMatTuyHmx Ginkis Bia-
pi3HAETbCA Bif CTPYKTYpU MeMbpaHHUX 6inkis? 4. Mo-
ACHITb 3HAaUEHHA 0OMEXEHOrO NPOTEOoNi3y B AO3PiBaHHI
6inkis.
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§ 45. DotocuHTes. CBiTNOBa ¢dasa

0 [omipkynTe

KntouoBy ¢yHKLUito B npoLeci ceitnoBoi ¢asn ¢o-
TOCMHTE3y Bifirpae monekyna xnopodiny. A Hasi-
Wo ToAi MOTPIOHI iHWI NiIrMeHTN y CKNagi aHTeH-
HOro Kommnekcy?

Q 3raganTe

« Mnactngn « Xnopodoin

» bygoBsa xnoponnactis

QoTtocnHTe3

®doTocuHTE3 — IIe IPOIEeC YTBOPEHHS KU-
BUMU OPraHi3MaMu OPTaHiYHUX PEUOBUH 3 HEOP-
raHiyHUX 3 BUKOPUCTAHHAM eHeprii cBiTja:

6CO, +6H,0+ HePMA_c g o 4 60,

IIporiec oToCcHMHTE3Y CKJIAZAETHCA 3 IBOX
OCHOBHUX (pa3 — cBiT0BOI i TemHOBOI. Ilig uac
CBiTIIOBOI (hpa3um KBAHTHU CBiTJIa BJIOBJIIOIOTHCS
xJopodisoM, eHeprisa KBAaHTIB BUKOPUCTOBYETH-
ca pasa cunresy AT® i HAII® - H,. Ilo6iunum
OPOAYKTOM € KHCEeHBb. ¥ XOIi TeMHOBOiI (ha3u
3a paxyHOK AT® ra iHmux OpoayKTiB cBiTJIO-
Bol (pasu BinOyBaeTbea (ikcania monexyn CO,
i YTBOPIOIOTHCA MOJIEKYJIU TJIIOKO3MU.

Ho ¢orocmHTE3y 3maTHI pocawHU i nesaxi

baxTepii.

Y kiaitTuHax pocauH (oTocumHTe3 BimOyBa-
€ThCA B XJIOpPOILIacTaX: cBiT/ioBa (pasa — Ha
MeMOpaHax THUIAKOIAiB, TEeMHOBA — Y CTPOMIi.

CgiTnoBa $a3a: NornnHaHHA

eHeprii CoHuA

CoHAYHA €HEepTisA YJIOBIIOETHCA (POTOCHUH-
TeTUYHUMHU MTirMeHTaMU’, cepejl] SKUX OCHOBHY
poJib Bimirpae xjopodia a. Kpim Toro, icHyOTH
xJjiopodinu b, ¢, d, f. JonmomiskHUMU mirmMeHTa-
MU € Kapomunoiou (3KOBTi, moMapaHueBi, uep-
BOHi) i @ikobininu (4epBOHI I CHHI IirMeHTH
YepBOHUX BOIOPOCTE).

®doTocuHTETUYHI TMITMEHTH 3TPYIIOBaHi Ha

MeMOpaHax TUJIAKOIMIB y KOMIIJIEKCH OBOX TH-
uiB — ¢orocucremy I (@CI)i dorocucremy I1 (®C
II). KoxxkHa (poTocucremMa CKJIATAETHCSI 3 KiJTbKOX
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COTeHb MOJIEKYJ HirMeHTiB. ¥Yci mirmeHTu (hoTo-
CUCTEeMU MOXKYTb IIOIVIMHATH KBaHTHU CBiTJIa, aje
TiTBKM OZHA MOJIEKyJIa XJopodiny (oTocucreMu
MO’Ke BUKOPMCTOBYBATHU IIOTJIMHEHY €Hepriio y ¢o-
rToximiunux peakniax. I1a monexysia Ha3UBaETHCA
peakuitHuM meHTpoM (MaJi. 45.1). Vei immri moJte-
KYJIU ITirMeHTiB YTBOPIOIOTh AaHTEHHU I KOMILIEKC:
BOHU YJIOBJIIOIOTH €HEpPrifo cBiTJya i mepenaioTh ii B
peaxIitHui IeHTP.

CeitnoBa ¢asa: ¢oTtonis Bogmn

¥ pociaun (poTOoCHMHTE3 MOUNHAETHCA 3 (DOTO-
cuctemu II. EHepria norsimHeHOro CcBiTJIA Bif aH-
TeHHUX KOMILIEKCiB mepefaeThbCcsa B peakIliiHuIHi
meHTp ®@C II i mepeBoAUTHL OMUH 3 €JEKTPOHIB
xJjopodiny a B 30ymkeHuit craH (mana. 45.2).

30yaKeHUl eJeKTPOH IepegacThcs Ha MO-
JEeKYJIy-TIEPEHOCHUK, a B MOJIeKYJi XJopodiry
3’ ABIAETHCA MTOSUTUBHO 3apsAKeHa eJeKTPOHHA
«mipKa».

Brpauenuit xjaopodijsioM eJeKTPOH 3aMiIly-
€THCA €JIEKTPOHOM, SKWUI YTBOPIOETHCA B pe-
3yJbTaTi (poTOJNIIBYy BOAM Mg miero cBiTia:

2H,0 = 4H" + O, + 4e7, ne e© — eJeKTpPOH.

Ilig uac ¢poTosidy B pesyabTaTi po3IeneH-
HS MOJIEKYJIHW BOAU YTBOPIOIOTHCHA:

* @ IEKTPOHM, IO B3aNOBHIOIOTH «IiPKUM»
y (¢orocucremi II;

- mportoHu H*;

* TOOIYHMI TPOAYKT — MOJIEKYJIAPHUN KU-
ceas O,.

Csitno Memb6paHa Trnakoigy Dotocucrema

LJonomixHi
nirMmeHTN LeHTP

PeakuinHuin

Man. 45.1. Cxema nepepadi NornvHeHoi eHeprii
B aHTEHHOMY KOMMJeKCi doTocncTemm.
EHepria nepepaetbca Big Monekynu 4o MONEKysu,
NMOKN He [OCATa€ peakuiiHOro LeHTpy
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AKkuentop AKuentop
Csitno eneKTPOoHiB CsitTno eneKTPOoHiB
_ 2e
2¢e N
2 HAZL® + 2H
JTaHutor JNaHutor
nepeHOCHUKIB nepeHOCHUKIB
€NIeKTPOHIB eeKTPOHiB HALIOH + H*
We o A
H,0 — 12 0, + 2H* \/
®otocuctema |l ®Qotonisz Boan QoTtocuctema |
Man. 45.2. Cxema po6otn dotocuctem | i Il. Y ueHTpi KoxHoi OC po3milleHnIn peakuiiHUiA LeHTp (MoneKkyna xnopodiny a)

CeiTnoBa ¢a3a: POTOCUHTETUYHWIA
NAHLIOT MepPeHECEHHS eIEKTPOHIB

EneKTpoH, BUOYINIEHUN 30yI:KeHUM XJIOPO-
dimom DC II, uepes JAHIIOT MOJEKYJI-IIEPEHOC-
HUKiB nepemaeTrsesa no @C I. Tam BiH 3amo0BHIOE
€JEeKTPOHHY «IiPKY», AKA YTBOPIOETHCSA IIiJ Uac
OOTJIMHAHHSA KBaHTa cBiTyia xJsopodimom PC I.
TyT eleKTPoOH 30yI:KyEThCA BAPYTe i 6epe yuacTb
y Bignosnenni HAJI®" no HANI® - H,. Taxwuii
PYX €eJIEKTPOHIB IIO JIAHITIOTY IIEPEeHOCHUKIB Ha-
3WBAIOTh HEIMKJIIYHUM IIOTOKOM, a00 Z-CXeMOI0.

Y MmemOpaHax THJIAKOIAiB MOMKYTh 3IiMCHIO-
BaTHCA IMKJIYHI IOTOKHU eJIeKTPOHIB. ¥ HUX
€JIEKTPOH 30YyIKYEThCSI TiJIbKU B PeaKIiiHO-
my tnentpi @C I, i He BimOyBaeThcs yTBOPEH-
Ha HAII® - H,. Ilorik cTac ODUKJIIYHUM, KOJIH
eJeKTPoHU Bix peaxiiiinoro mnentpy ®@C I mepe-
narotbea He Ha HAJIID*, a moBepramoThesa Hasa,
y JIQHITIOT IepPeHOCHUKIiB eqeKkTpoHiB Bix @C II mo
@C 1. Takuii pyx eIeKTPOHIB 3a0e3meuye TiaIbKU
AT®, ane ne HAJI® - H,.

CgiTnoBa ¢a3a: NPOTOHHWI rPadi€EHT
Ha MembpaHax TUnakoiais

ITepeneceHHsI €JEKTPOHIB CYIPOBOAKYETH-
cAd iHmmM mporecoM: mepeHocom mporoHiB H*

0 KnioyoBa ifes

QoTocMHTE3 — Le Mpouec YTBOPEHHA MBUMM
OpraHiaMamm OpraHiYHMX PeYOBUH 3 HEOPraHIYHMX
3 BUKOPUCTaHHAM eHeprii csitna. lig yac ceitnosoi
$a3n KBaHTM CBiTNa BNOBMOIOTLCA GOTOCMHTETUY-
HUMW MNirMEHTaMK, WO 3rpynoBaHi y ¢oTtocucte-
Mu | i Il Ha MembpaHax TUNAKOIAIB XNOPONIacTiB.
EHepria KBaHTIB BUKOPWUCTOBYETbCA ANIA CUHTE3Y
ATO i HALO® - H.. Mo6iuHNM NPOAYKTOM € KUCEHb.

Y BHYTPIIIHBOTHJIAKOIZHMI mpocTip. Ha mem6-
paHi TUJIAaKOI[iB BUHUKAE eJeKTPOXiMiuHUN
rpagiear. HakonwmueHi HTpoOTOHUM «IIpopHBa-
IOTBCA» 3 BHYTPINITHBOTUJIAKOIHOTO IIPOCTOPY
B ctpoMy 110 Kanasax AT®-cuuTasu; 1pu bOMY
cunresyeTbcsa AT®. Ileit mexaHisM Ha3WBAETH-
ca ¢orodochopurroBaHHA; OTO TPUHIIUT CXO-
JKHUH 3 MEXaHi3MOM OKMCHOTO (hoc(hOopUIIOBaHHA
B MiTOXOHIPiaX.

OCHOBHI IPOAYKTHU CBiTJIOBUX peakIliii ¢o-
trocuntesy — HAII® - H, i AT® — naxonu-
YyIOTHCSA B CTPOMi, TOOTO TaM, e BOHU MAalOTh
BUTpPAUATHUCA B PeaKIlisgx TeMHOBOI (asm.

@ MpakTyHa poboTa

BudineHHa i po30ineHHA cymiwi poC/IUHHUX nie-
MeHmMie Memooom nanepoeoi xpomamozpadii
1. 3po6iTb aLEeTOHOBY BUTAMXKY 3 JINCTKIB OAHi€l
3 KIMHaTHUX POCIH.

2. Po3ginitb mirmeHTM Ha ¢pakKuii 3a JONOMOroio
CMYXKM XpomaTtorpadiuyHoro abo ¢inbTpyBanbHoO-
ro nanepy, BUKOPUCTOBYIOUN AK PO3UYNHHUK CYMilll
6eH3eHy i 6eH3uHy (3:1).

3. lgeHTndikynTe posgineHi nirMeHTV 3a IXHIM Ko-
JIbOPOM Ta MiCLieM pO3TallyBaHHA Ha nanepi, BU-
CyWiTb ManepoBy CMY»KY i BKNenTe ii B 30LKT.

4. Coopmyntonte BUCHOBOK.

033I‘II/ITaHHﬂ Ta 3aBOaHHA

1. K, Ha Balwy AyMKy, eyKapioTM4yHa KNiTMHa «3[40-
6yna» xnoponnactn? 2. MNopisHANTe 6ynosy xnopodiny
Ta rema. 3. YoMy OCHOBHUIA GOTOCUHTETUYHMIA NirMEHT
POCNUH Ma€ 3eneHuin konip? 4. Aki 0cobnMBOCTi eKo-
norii YepBOHMX BOJOPOCTEN 3YMOBIIOKTb Te, WO B HUX
OCHOBHVMW MirMeHTaMn € YepBOHi $iKoGINiHN?
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§ 46. ®oTtocnHTe3. TemHoBa ¢asa

0 [omipkynTe

3 AKoi cnonykn pocnuHu 6epytb KapboH ana
CUHTe3y BYrneBOAiB?

Q 3raganTe

» MoHocaxapugm, nonicaxapugu
» Kpoxmanb, Lentonosa, rioKo3a, caxaposa

Mpouecn TeMHOBOI Ppa3nt POTOCUHTEIY

¥V mpomecax TeMHOBOI (dasu (HPOTOCHMHTEIY
YTBOPIOIOTHCS BYTJIEBOAYW — MEPBUHHI OpraHiuHi
peuvoBuHu. Came B IIili (pasi BigOyBaeThCcA BKJIIO-
uenHs atmocdepnoro CO, y ckaan 6Giocdepu.
Peaxii cunTe3y opramiuHUX pevyoBUH BimOyBa-
I0THCA 3 BUKOPHUCTAHHAM eHeprii, HaKoIudJeHol
y xomi cBiTsioBoi (hasu (mai. 46.1).

TemHOBa (haza (oTOCHMHTE3Y 3IiNICHIOETHCA
y ctpomi xjopomsiactiB. I{a ¢asa HazuBaeTbcs
TeMHOBOIO TOMY, II[0 CBiTJIO He Oepe B Hiil Oesmo-
cepenHbol yuacTi. Y poCIMH BOHA BiOYyBa€TLCSA
AK yIeHb, TaK i BHOYI.

CyKymHICTh, TOCHITOBHUX pPeaKIifi TeMHO-
BO1 (ha3u HasmBaeThesa mUKIoM Kaaspina. [{urn
Ha3BaHUI Ha YeCTh aMePUKAHCHKOTo Oioximika
Mensina KanbpBiHa, SKuii OTpUMaB 3a HOT0 Bin-
kpurtsa HobGemiBchbKy mpemiro 3 ximii 1961 p.

Caitno

H.O 0]

CsitnoBa ¢asa
ATO  HAOOH

Co, HALO* ALO+®

TemHoBa
¢daza
Byrnesogu

Man. 46.1. B3aemo3B'30K CBiTNIOBOI i TEMHOBOI
da3 dotocnHTesy
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Lnkn KanbBiHa

ITig uac Gioximiunux peaxiiii mukay Kaab-
BiHA 3a y4acTIO BYTJIEKHCJIOTO ra3y i IPOAyKTiB
ceiTaoBoi (hasu porocunTesy HAII® - H, i ATD
YTBOPIOIOTHCA MOJIEKYJIN TJIIOKO3MU.

Cunres 1 MoJerkyau TUIIOKO3U BifOyBaeThCcA
3a 6 obepris nuKIy i morpedye 6 momexyn CO,,
12 mosexkyn HAJIIDPH i 18 moneryn ATO.

IMurkn KanbBiHa cKJIagaeThcsa 3 TPHOX CTa-
Iifi: KapOOKCUIIOBaHHS, BiIHOBJIEHHS Ta pere-
Hepaiii (manx. 46.2).

Kapo6okcuroBanua. 11a cragia HaliBasKJIUBI-
II1a, OCKiJIbKM caMe Ha Hill Heoprauiunuii Kapoou
y ckaazni CO, BKIIOUAETHCA N0 CKJIaay OpraHid-
HUX pevoBUH. KJII0UY0BOIO peaKIlieio € mpue HaH-
HSI MOJIEKYJIM BYTJIEKHCJIOTO Tasy A0 5-KapOoHO-
BOI cmostyKu pu0yJ1030-1,5-6icocary. Peakiris
Karayiisyerbcsa hepMeHTOM puldyno300icocpam-
Kapboxcuaasorw (ckopoueno — RuBisCo). IIpo-
mecu KapOOKCUJIIOBAHA 3MiMCHIOIOTHCA 34 YUACTIO
AT®, orpumanoi mixg uyac cBiTsoBOI (asu ¢o-
TocunTedy. HoBa, Bike 6-KapOOHOBA CIOJIYKA,
HeCTifiKa i IIBUAKO PO3KJIANAETHCA Ha IBI MO-
neryau 3-ocdoraineposioBoi kucaoru (3-PI'K).

BignoBiaenna. 3-®I'K BigHOBIIOETHCA IO
3-docdoraineposoBoro axapgeriny (3-PT'A),
YyacTUHa MOJEKYJ SKOro e B IIUTOILIa3My Ha
cuHTe3 6-KapOOHOBOrO MOHOCaxXapuay (TJI0K03u

3i cBiTNOBMX peakLiit

(45 12 A00 + 120

Heopr

[undocdorniueponosa Kucnota (12 monekyn)

®ocdorniyeponosa Kucnota % 3i cBITNOBUX peakLin
(12 MOQEKyﬂ) % 12 HAO-H
@ = 12 HALO*
6CO, 2 «@ A
s Tpiozodocdat (12 monekyn)
g
S [mioko3a
] (1 monekyna)

Pubynosopudocdart (6 monekyn)

6AN0 +<5®\_— PubynosomoHodpocdat
(12 monekyn)

6 ATO
i3 CBITNOBUX peakLin

MepeTtBOpeHHA
KapbOHOBYMX
cnonyk

Man. 46.2. Cxema umkny KanbBiHa —
wnaxu ¢ikcauii KapboHy nig yac doTocmHTesy
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Man. 46.3. Mogenb monekynu RuBisCo

abo ppyrrosu). Tyr, kpim ATP, BUKOPUCTOBY-
eTtbca Takoxxk HAIID - H.

Perenepanis. Yacruna wmoaexyna 3-®PT'A
BUKOPHUCTOBYETBHCA [IJIsI CHUHTE3y pudyJi030-1,5-
Oicochary, AKUN BCTyNae B HOBUH ITUKJI.

®epmeHT RuBisCo

RuBisCo (man. 46.3) € ayke BayKJIHUBUM
depmeHTOM Ha 3eMJIi, OCKiJIBKM caMe BiH BKJIIO-
uae Heopraniunuii CO, 3 armochepu y Giosoriu-
HUM Kpyroobir. Iamoro moxi6buOro (hepmMeHTy He
icaye. Ileit (hepMeHT BUABJIEHUN y (POTOCUH-
Te3yIUNX KJIITHMHAX yCiX HaseMHUX i1 BOSHUX
eyKapioTuuHuX (QoroTpodiB i miamobaxTepiii,
y OinbmIIocTi mMypmypHUX i 3eJeHHUX OaKTepin
Ta y 0e3XJOPOPiIbHUX XeMOaBTOTPOPHUX OaK-
Tepili. BBarkaeThcs, IO e HAWIIOMIMPEHIiNIUi
Ha 3eMJii i mepeBakHUI y KiJdbKicHOMY Bifm-
HOIIIeHH1 0iJIOK.

Peakmnia, mo karainisyeTbcsa (epMeHTOM
RuBisCo, BinOyBaeTbCcsa AysKe MOBiJIBHO (Kijb-
ka mosekya CO, Ha CeKyHIy), TOMYy B CTpPOMIi
XJIOPOILJIACTiB Iel (PepMeHT MO:Ke CTaHOBUTHU
IO IIOJOBUHH Bchoro Oinxa. Ha piBui 1mboro
depMeHTy 3AiMCHIOETHCA PEryJIaIlis IIBUIKOCTI
nukyay Kasbsina.

0 KnioyoBga iges

Y xopi TemHOBOi da3n GOTOCUHTE3Y Yy CTPOMI
xyioponnactiB BifgbyBaeTbca dikcalis monekyn
CO, i yTBOpIOIOTBCA MOJNIEKYNIN rtoko3n. Hapani
rNloKO3a MOXe MosiMmepur3yBaTUCA B KpPOXmarb,
Lentonosy Ta iHWi opraHiyHi cnonyku. CyKynHicTb
NoC/ifOBHMX pPeaKLil TEeMHOBOI a3 Ha3Ba€ETbCA
umknom KanbgiHa. KntouoBa peakuis NnpueagHaHHA
monekynu CO, kaTanisyetbca dpepmeHTom RuBisCo.

P %o

Man. 46.4. YMicT Kpoxmasio B MPOAyKTax XapyyBaHHA

CnHTe3, 3anacaHHA | BUKOPUCTAHHA

KpoxmarJto

Tpurap6onosi pochocaxapunam (3-PI'A), 110
yTBOpuUJIKCA Ha aApyriit craxii nuxkay Kanbsina,
TPAHCHOPTYIOTHCS B IIUTOIJIA3My KJIITHHU, e
3’€IHYIOThCA OAWH 3 ONHUM i yTBOPIOIOTH IIIec-
TUKapPOOHOBUN caxapuj — TJIIOK03Yy abo PpyK-
To3y. Hamaui raroxkosa MosKe IIOJiMepus3yBaTUCA
B KPOXMAaJib, IEJIIOJIO3Y Ta iHII CHOJYKMH:

nC,H,,0,~ (CH,,0,), + nH,0.

KpoxMmanb € ocCHOBHUM 3amlacHUM IIoJicaxa-
puzoM y pocamnHax. ¥ KJIITMHAX BiH 30epiraern-
cd Yy BUTJIALL KPOXMaJbHUX 3€PeH AiaMeTpPOM
Big 1 mo 100 mrm. 3asBuuaii KpoxXMaJib KOHIEH-
TPYETHCA B JIUCTKAX y Hepios akTUBHOTO (oTo-
CUHTE3y, IICJAA YOr0 IEePETBOPIOETHCSA HA PO3-
YUHHY caxaposdy, AKa TPAHCHOPTYEThCA B iHIIIL
YaCTUHU POCJIUHU.

Kpoxmanps HakKonmuuyeThca y HaciHHI W BuU-
KOPHUCTOBYETLCA IIiJf Yac MPOpocTaHHA. Bin-
KJaJeHHA KPOXMaJl0 HAKOMUYYIOTBCSI TaKOMK
y migseMHux mnaroHax (0Oyabpbax, IuOyJIuHAX,
KOpPEeHEeBUINax), MapeHXiMi MPOBIAHMX TKaAHUH
KopeHiB i crebesr. OcobamBo GaraTuMu HA KPOX-
MaJib € OyJIb0M KapToILIi, HaciHHS 3JakKiB, 0o-
00BUX, rpeuanmx pocauH (maa. 46.4).

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. Aki npopykTn ceitnoBoi da3n ¢oTocnHTE3y BU-
KOPUCTOBYIOTbCA ANA peakuin TemHOBOT da3m (ymkny
KanbgiHa)? 2. Aki ocobnusocTi pepmeHTy RuBisCo cBia-
yaTb MpoO Te, WO Ue Ayxe AaBHin depmeHT? 3. Yomy
POCNMHM 3anacailoTb BYrNeBOAM Y BUMNALI KPOXManio,
a He caxapo3u uu uenonosun?
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§ 47. DoTocnHTE3 y NpoKapioTiB. [NnaHeTapHe 3HauyeHHA POTOCUHTE3Y

0 [TomipkynTe

Yn moxe BinbyBaTnca $oTo-
CUHTe3 6e3 BUAINEHHA KUCHIO?

Q 3raganTe

« [TpokapioTn
« ABTOTpOOMU, reTepoTpodu

Man. 47.1. LiaHo6aKTepii 34ilCHIO0Tb
KNCHeBUI GOTOCUHTES

Man. 47.2. Cipkob6akTepii 34ilCHIOITb
6e3KNCHEeBNI POTOCUHTE3

KnitTnHHa membpaHa

baktepiopogoncmH

Man. 47.3. bakTepiopogoncnH —
TpaHcMeMOpaHHWIA GiNoK, Wo 3abes-
neuye 6e3xnopodinbHU GOTOCUHTES

B apxeln popy Halobacterium
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doTocnHTEe3 Yy NpoKapioTiB

doTocuHTE3yIOUNMH € 0arato rpyn 0aKTepiii, 30Kpema Iria-
HOOakTepii. ¥ GaKTepill HemMae XJIOPOILJIACTiB, TOMY ()OTOCUHTE3
BimOyBaeThCcA B IIMTOIMJIA3Mi Ta Ha BHYTPIIIHIX CKJIAZKAX IJIas3-
MaTUYHOI MeMOpaHu — Me30Co0Max.

Ha mesocomax poaramnioBaHi ()OTOCHMHTE3YIOUi IIirMeHTH —
b6axTepioxaopodisu, AKi 3AilICHIOITH CBiT/IOBY (hady (OTOCHH-
Te3dy; TeMHOBa (pa3a BigOyBaeThbcA B IIUTOILIA3MI.

IToxgi6mo mo xJopodiny, GaKTepioxJiopo@isu IIOrIMHAIOTH
€Heprilo CBiT/Ia ¥ BUOYCKAIOTHh E€JIEKTPOHU, SAKi IIepelarThbCA II0
€JIeKTPOHHOTPAHCIIOPTHOMY JIAHITIOTY i 3a0e3meuyioTh cuaTe3 AT,
HAJII® - H. ani Binbysaersea dikcanisa CO, y KapOOHOBI CIIONYKH.

BaxrepianpHuii (porocuHTes MOKe BimOyBaTucsa SK 3 BUi-
JIEHHAM KIMCHIO, TaK i 0e3 I1oro BUIiJIeHHH.

KucneBuii (okcurenunuii) ¢gorocuHTes BingOyBaeThcA y Iia-
HOOaKTepil (cMHBO-3eJeHUX Bojgopocreir) (man. 47.1). Binm mo-
mi0HWHA 00 (POTOCHMHTE3Y BUIIUX POCJIUH:

- 3gabesmeuyeTbca xJopodisom a;

* CYIPOBOMKYETHCA BUIIJIEHHAM MOJIEKYJISPHOTO KUCHIO;

« BimOyBaeThcA 3 ()OTOJIIBOM BOAM SK MIiKepesia eJIeKTPOHiB.

BeskucHeBuii (aHOKCUTEeHHUI) (POTOCHMHTE3 BimOyBaeThbCs
B IIyPOYPHUX, AeAKUX 3eJIeHUX i resiobaxrepiii (mau. 47.2). Ile
HaMimaBHimnI, TpuMiTuUBHI opMu dorocuHTEly, AKi:

+ 3a0e31eUyIOThCA O6aKmepioxaopodinom;

- BimOyBaioThca 06e3 BUAiJIEHHA KUCHIO B HABKOJIUIITHE cepe-
JIOBUIIIE;

* AK TOHOpPa eJEeKTPOHIB BUKOPUCTOBYIOTHL HE BOAY, a iHIMIi
PeuoBMHU — TigporeH cyab®in, moserkyaapHuili I'imzporeHn, mo-
aeryaapauii Cyabdyp, TiocyabdaT, OpraHiuHi CIIOIyKH.

B ekcrpeManbHUX rajgodiibHUX apxeOaxkTepili BUABJIEHUI
TaKk 3BaHUU Oe3xJiopodinbHHii (oTocuHTe3. Posb XJs0pOdiny
B HUX BUKOHYE 0ioK 6axmepiopodoncun (man. 47.3). Ile dio-
JIETOBUU CBIiT/JIOUYTAMBUI IIirMeHT, HOLIOHHI OO0 POLOICUHY
CiTKiBKM OKa. BiH moryimHAae CBiTJIO i IIEPETBOPIOE IMOTJINHEHY
erneprito Ha AT®. BesxmopodinbHuii 6aKTepPiopOIOIICUHOBUNA
dorocuHTE3 € HANOIMBIIT TPUMITUBHUM THUIOM (hoTocuHTe3y. [1o-
pPiBHAHO 3 HUM XJIOPOMiIbHUI (POTOCUHTE3 MA€E CYTTEBO OiIBIITY
eeKTUBHICTL 3allacaHHA eHepril.

I'InaHeTapHe 3Ha4eHHA (I)OTOCVIHTe3y

Ilepuri semHui opranismu OyJu aHaepoOHMMHU reTepoTpoda-
MH — BOHHU IIOTJIMHAJU TOTOBi OpraHiuHi pevyoBMHU 3 IEPBUH-
HUX BOJOMM. 3roJoM TIOTOBOI Opradiky CTaJi0 He BHCTAYaTH,
¥ opraHisamMu mouaJii ITyKaTH iHII mkepesa pedoBuH. OmHiero
3 agamTaiiii 6yJa0 BUHUKHEHHS aBTOTPO(MHOrO TUIY JKHUBJICHH.
Ilepiri aBTOTPOGM BUKOPUCTOBYBAU 0e3KUCHE8ULL homocurHmes.
CaMOCTiiHO CHHTEe3yIUl HeOOXiJHI peuoBMHM, BOHHU II€pPecTaIn
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Man. 47.4. MNMepBrHHa NPOAYKLiA OpraHiyHOi peyoBMHM B npoLeci GOTOCHHTE3Y Ha Cyxononi

KOHKYPYBaTU 3a HUX 3 rereporpodaMu, mMOciju
HOBi €KOJIOTiUHi Himri Ta cTBOpMIN 6€3/1id HOBUX
¢opwm i Buzis.

HacrynauMm eramom OyJa mosiBa KUCHEE020
¢omocunmesy. MoiseKyIapHUN KUCEHb BUJA-
JISIBCA 3 KJIITUH K MOOIYHWHI HTPOAYKT, OCKiJb-
KU BiH OyB TOKCUUYHHUH AJA AAaBHIX aBTOTPOd-
HUX aHaepoObiB. 3rofoM KHCeHb HAKOINUYBaBCS
B aTMmoc(epi, # opraHisMm modyajgum BUPOOIATHU
crocobu 3axucTy Bim oro TokcuuHoi mii. Tax
BUHUKJIN aepobu. 3’ABUiMCA HOBI Merabosiu-
Hi IIJIAXY, 0 BUKOPUCTOBYIOTH KUCEHb IJd
e(pekTuBHOrO BUPOOJEHHA eHepril (KucHese
Jduxanns). AHaepodbu 3HUKJIE abo 30eperJmcs
Y BaXXKOAOCTYITHUX MiCI[IX.

VHacaigoK BUCOKOI KOHIIEHTpAIlil KUCHIO
B aTMocdepi chopmyBaBca 030H08uUll uap. Bin
3aXWIaB ILJIAHETY BiJi KOPCTKOTO COHAYHOTO
BUMPOMiHIOBaHHsA. OpraHisMm 3MOTJIH BUNTHU
3 BOAMW HAa CYXO[iJ, IIT0 3YMOBUJIO Pi3KUII CTPU-
00K BUIOYTBOPEHHI.

CroromHi OCHOBHMMU (DOTOCHHTE3YIOUNMU
opranismamu Ha 3eMJi € 3eJeHI pocyauHY i 1Mia-
HOOaKTepii. POTOCUHTE3 € OCHOBHUM J2KEPeioM
Oiosoriunoi eneprii (mas. 47.4). @oTocUHTE3Y-

0 Kniouosa iges

KncHeBuin poTocrHTes 3a fonomorot xnopodiny
NPUTamMaHHWIN 3eNeHUM POC/IMHAM i LiiaHobaKTe-
pisim. beskucHeBwui | 6e3x1o0podinbHUI GOTOCUH-
Te3n € HalAaBHIWIMK i NPUMITUBHUMYK dOpMaMu
boToCKHTE3Y, WO 3[INCHIOTLCA feAKUMM baKTe-
piammn 11 apxeAmn 3a AOMOMOrow 6GaKTepioxno-
podiny i 6akTepiopoaoncuHy. BUHUKHeHHA doTo-
CMHTe3y 3MiHUJIO €eBOJIIOLiI0 OpraHi3miB i cknag,
atmocoepu, nitochepu i rigpochepun 3emni.

04l aBTOTPO(PU BUKOPUCTOBYIOTH I AJIA CHUHTE-
3y OpPraHiyHMX pPeuoBUH. ['eTepoTpodu iCHYIOTH
3a paxXyHOK eHeprii, 3amaceHoi aBToTpodamu
y BUIVIAAl XiMiuHMX 3B’A3KiB, BUBiLIbHSOUMN Ii
B IIpollecax IUXaHHA i OpomiHHsd.

OyHKUiT poTOCKHTE3Y

- HakonuueHHsa opraHiumoi Oiomacu.
V mporieci (poToCUHTE3Y POCIAWMHU YTBOPIOIOTH
160—-240 mapx TomuH Giomacu Ha pik (y mepe-
PaxyHKy Ha CyXy PeYOBHUHY). 3a Yac iCHyBaHHS
JKUTTS Ha 3eMJIi opraHiuHi sajMIIKu HAKOIIN-
yyBajauca i mMoaudirkyBanuca (rymyc I'PYHTIB,
myJi, Top(d, Kam’sHe BYTiJJIsS, O0CaJoBi mopoau
MOpiB i okeaHiB).

- IlinTpumka ckaany atmocdepu. Illopiu-
HO B XO0zi (poTocmHTE3y B aTmocdepy HaIxo-
ouThb (0—120 mapn ToHH KucHio. ChboromHi BiH
cTaHoBUThH 0Jm3bK0 21 % B3a o6cAroM mOBiTpA.
doToCHHTE3 i TUXAaHHA ITIATPUMYIOTh BiTHOCHO
cranuit pisers CO, B armocdepi (0,08 %), ymicr
SKOT0 BIJIMBAE HA TEIJIOBUI PEKUM IJIaHETH.

- YTBOpeHHA 030HOBOro mapy. Ha Buco-
Ti OM3BKO 25 KM IIif miero coHsuHOI pamiarii
3 kucHio O, yrBOproerbcs 030H O,. Illap oszo-
HY 3aTpUMy€ 3HAUHY YacTUHY YJIbTpadiosero-
BOT'O BHUIOpOMiHIOBaHHA (MoB:KMHA XBuai 240—
290 M), 3ry0HOTO AJIA JKUBUX OpPraHi3MiB.

03aI‘II/ITaHHFI Ta 3aBOaHHA

1. [le XuBYTb Cy4acHi aHaepobu? Hasegite npukna-
an. 2. Wo take napHukoBuin edekT i AKMA ra3 aTmo-
coepun noro cTeopioe? 3. AK BY BBAXKAETE, AKMM LUAS-
XOM niwna 6 eBosnouia, AKOM He BUHUKAN aBTOTpodun?
4. 3pob6iTb NpunyLleHHs, AK Bigbyeanacsa 6 esontouin,
AKON He BUHUK KNCHEBUN HOTOCUHTES.
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§ 48. XemocuHTE3

0 [TomipkynTe

Bigomo, 1o npoLec XeMOCUHTE3y He 3anexuTb
Bifl COHUA i MoXe BigbyBatuca uinogoboso.
Ane B macluTabax Hallol MiaHeTUn XeMOCUHTE3
He TaK mowupeHuin, sk GoTtocnHTe3. Yomy?

Q 3raganTe

o OKVCHEHHS, BiIHOBJIEHHSA
o ATO » Kpyroobir peyoBuH

M pouec XeMOCNHTE3Y

OpuuM 3 BUIiB aBTOTPO(HOTO JKUBJIEHHS € Xe-
MOCHHTE3 — IIpOIlec, ¥ AKOMY eHepriio JIJs yTBO-
peHHs OpraHiYHMWX PEUYOBUH OPraHidM OTPUMYE
BiJ peakIlifi OKMCHEHHsS HEOPTaHiuHUX CIIOJYK.

Tagkuil TUII }KUBJIEHHS XapaKTePHUN TIIbKU
oas GakTepiit i apxeii.

XemMocuHTe3 3[iMCHIOEThCA 0e3 yuacTi cBiT-
aa. Ile BigpisHsEe XeMOCHHTE3yIOUi OpraHismMu
BiT ()OTOCMHTE3YIOUMX, OCKIJIBKM OCTAHHI BU-
KOPHCTOBYIOTh fAK [I)Kepejio eHeprii CoOHsuYHe
CBiTJIO, a He eHeprilo XiMiUYHMX peaxIliii.

Hns1 omepskaHHA eHeprii MiKkpoopraHisMu BU-
KOPHMCTOBYIOTH €HepPrilo peaKIliil OKMCHEeHH cip-
KOBOJHIO, aMoOHiaKy, Boxuio, ¢epym(Il) orkcumy
Ta iHIMNX pedyoBUH. EHepris, 10 OTPUMYETHCS
i yac OKMCHEHHs, 3amacaeTbesa y opmi ATD.

PeuoBuHaMu, 3 AKUX BigOyBaeThCA CHUHTE3
OpraHiuHmX MOJIEeKYJI, € BYIJIeKHCJIHuil ras ado
MeTaH.

IIpomec xemocuHTe3y Bigkpus 1889 poky
BUAATHUHN yKpaiHCbKUil Mikpo6iosor C. M. Bu-
HOTPAJIChKUMA.

[Pynn xeMOCHHTE3YIOUNX OPraHi3miB

3amizobakTepii. IcHYIOThH 3a paXyHOK OKHC-
Henusa Pepymy (aBoBasienTHOro Fe?" mo Tpusa-
sgentHoro Fe’'):

4Fe(OH), + O, = 4H,0 + 2Fe,0,

VYrBopenuii pepym(IIl) okcun sanizobaxTe-
pii BigkJIamaoTh y cBOili causoBitt obosoHnIti. 111
MiKpOOpraHisMu IIOIIMPeHi B IPiCHEHX 1 MOp-
CcbKHUX Bomoiimax (Mmaj. 48.1, 48.2).

CipkoobakTepii. OKHCHIOIOTH CipKOBOEHD
(rizporeH cyab(ix) KO MOJIEKYJISPHOI CipKuU:

2H,S + O, = 2H,0 + 28

Y pasi HecTaui CipKOBOJHIO OKHCHIOIOTH

cyabpyp o0 cyab(PPaTHOI KUCJIOTH:
28 + 30, + 2H,0 = 2H,SO,

CipkobakTepili MOKYThH JKUTH B OKeaHaX Ha
BeJIMYE3Hil rimbuHi, y THX MicmAx, e 3 pos-
JOMiB 3eMHOI KOpU y BOJYy BUXOIUTL CipKO-
BOJeHb. KoJiocasbHA KiJbKicThb ciprobaxTepii
icuye B HopHOMY MOpi, B AKOMY Ha IJIMOMHAX
noHan 200 M Boma HacuueHa CipKOBOTHEM.

TionoBi 0akrtepii. OKUCHIOIOTH BimHOBJIEHI
cuonyku Cynabdypy Ta aBoBajieHTHOTo Pepy-
My Oo cyabdarHOl Kuciaoru. eski mpeacras-
HUKU TiOHOBUX OaKTepili 3maTHI BUKMBATHU
1 POBMHOIKYBATHUCA 34 €KCTPEeMAaJbHIX KOHIIEH-
tpaniii kucaoru (pH = 2). BineiricTs i3 HUX €
aepobamu.

Man. 48.1. 3ani3nucTi KBapuUTN — pe3ynbTaT KUTTERIAND-
HOCTi 3anizob6akTepin
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HirpudikyBanpri 6akrepii. OKUCHIOIOTH
aMOHiaK, IIT0 YTBOPIOETHCS B IIPOIECi THUTTS
opra"iuamx peuoBuH (0iJKiB), M0 HiTPUTHOI Ta
HiTpaTHOI KUCJIOT:

2NH, + 30, = 2HNO, + 2H,0,
2HNO, + O, = 2HNO,

VYTBOpeHi KHCJIOTH B3aEMOLIIOTH 3 I'PYH-
TOBUMHU MiHepaJiaMi, YTBOPIOIOUM HITPUTU Ta
mitpatu. HitpudikyBanbHi 6arkTepil mommupeHi
B I'PYHTI Ta Bomoiimax. BaraTto 3 HuX € cumOi-
OHTaMU POCJIUH.

BogneBi 6akTepil OKUCHIOIOTH BOJEHb, AKUN
YTBOPIOETHCS IIiJT YaC aHAEPOOHOT0 PO3KJIANAHHA
opramiunmx pemtok: 2H, + O, = 2H,0. Orpuma-
HY eHepriio BUKOPUCTOBYIOTh [JIsI IIEPeTBOPEHHS
CO, ma meraH Ta iHIIi opraHiuHi cmolyKu.

3HauYeHHA XeMOCHHTe3y

OpraHiuHa NOPOAYKIIiA XEMOCHUHTE3y CcTa-
HoBuTh MeHine 1 % Bigm ¢orocuuTesy, mpoTe
BiH Mae BeJimue3He 3HAUYEHHS AJA OiosioTiyHMX
i reoximiuHuMX mporeciB Ha 3emusti. OcHOBHE 3HA-
YeHHSA XEeMOCHHTe3y II0JIdATrae B TOMY, IO BiH
3abeseuye KPyroodir HalBaKJIUBIIINX eJIeMeH-
TiB 3i BMiHHUM CTyIleHEM OKUCHeHHs: Depymy,
Cynbdypy, HiTporeny rta immux.

CyrreBe 3HaueHHA B Kpyroobiry Hirpore-
HY HaJIEXKUTb XeMOTPO(GHUM HiTpu(DiKyBaIbHUM
O0axTepism. Boum momwmpeni B mpuponi, i 3mii-
CHIOBaHi HUMU TIPOIeCH BifiOYBAaIOTHCS Y TOCUTH
BeJuKHUxX Macmirabax. IIporec mHiTpudikarii e
I)xepesioM HiTpariB i mHiTpuTriB — cnoayk Hi-
TPOTeHY, IO 3aCBOIOIOTHCS POCAMHAMHU i BKJIIO-
YaloThCA O CKJIAAy OPraHiyHMX peduoBWH. [lo
TOTO K, KUTTEIIANBHICT, HITPUDIKyBaIbHUX
OakTepiii — HaAWBaKJIUBIMINN UYUHHUK DOIIO-
YocTi I'pyHTiB. BaK/IuBy poJib y mpoliecax Imepe-
TBOPEHHSA PEYOBUH y I'DYHTAX BiirparoTh TaKOMK
BOIHEBi OakTepii.

3asisobakTepii BifirpaioTh BayKJIUBY POJIb
y Kpyroobiry rtakmx ejgeMeHTiB, Ak Pepym

0 KnioyoBga iges

XemMoCuHTe3 — BUA aBTOTPODHOrO KMBJIEHHA,
y AKOMY eHeprilo AnA yTBOPEHHA OpraHiuyHux
PEYOBMH OpraHiam OTPUMYE Bif peakuinl OKnC-
HEHHSA HeopraHiyHMxX cnonyk. [lJo XxeMOCMHTETUKIB
HanexaTtb 3anizobakTepii, cipkobakTepii, TIOHOBI,
HiTpniKyBanbHi, BogHeBi 6akTepii. XeMOCUHTE3
3abe3neuye Kpyroobir HaiBaXNMBILLNX eNeMEHTIB
3i 3MiHHUM cTyneHeM oKncHeHHA: Oepymy, Cynb-
dypy, Hitporeny Ttoulo.

Man. 48.3. CKynuyeHHA XMBUX OpraHiamis
6insA «yopHOro nanis»

i Mauran. 3aBAsgKU iXHIA KUTTETIAILHOCTI Ha
IHI BOOOWM BigKJIaZAlOThCA B3aJIidHI I Mapras-
meBi pynu.

CipkobakTepii, yTBOpIOOUM CyJIb(paTHy KHC-
JIOTY, CHPUSIOTH IIOCTYIIOBOMY PYWHYBaHHIO
i BUBITPIOBAaHHIO TipChKUX IIOPiZ, PYyHHYBaAHHIO
KaM’ AHUX i MeTaJIeBUX CIIOPY/I.

XeMOCUHTE3YIOUI OpraHidaMu BUPOOJISAIOTH
OpraHiuHi pedyoBWMHHU TaM, Oe (POTOCHHTE3 He-
moskjauBuii. I'TnOOKO Ha OHI OKeaHiB iCHYIOTH
CIIPAB)KHI «0a3M JKUTTA» HABKOJO «YOPHUX
naxiiB». «Yopui mamii» — me migBomHi rapsa-
ui mKepesia, Bojla AKWX HAaCWUUEHa CIIOJyKaMU
Cyabdypy. CipxobaxTepii BUKOPHUCTOBYIOTH IIi
CIIOJIYKHY [OJI CBOTO POCTY, & HUMHU JKUBJIATHCS
inmmmi »KwuBi oprauismu (maj. 48.3).

@ MpakTnyHa poboTa

Po3e’a3yeanHAa 3a0a4y Ha memy «®omocuHmes
i xemocunmes»

1. Po3paxyiTe, CKiNbKM KiflorpamiB rlOKO3N CUH-
TE30BaHO POCAMHaMK Nig 4Yac GOTOCUHTE3Y, AKLLO
BiJOMO, LLO B pe3ysnbTaTi LbOro npouecy BUAINNBCA
KuceHb o6’emom 22 400 5.

2. BusHaute, AKy KinbKiCTb pe4yoBMHM aMOHiaKy MOBU-
HHi OKUCHWTW HiTprdiKyBanbHi 6aKTepii ANa crHTe3y
rnoKo3u macoto 360 r, AKLWO AnA CUHTe3y 1 MOb rio-
KO3 BUKOPUCTOBYETHCA 6113bKo 12 600 KK eHeprii?

3anuTaHHA Ta 3aBOaHHA

1. Yum xeMocrHTe3 Bifpi3HAETLCA Bi GOTOCUMHTE3Y?
2. Yum xemMOCUHTe3 Bigpi3HAETbCA Bif reTepoTpodpHoro
KusneHHA? 3. HaBediTb Nprknagm BUKOPUCTaHHA NoAu-
HOlo TIOHOBMX HaKTepii i 3anizobakTepi. 4. HamantoliTe
cxemy Kpyroobiry HitporeHy B npupogi.
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§ 49. YTBOpeHHsA rnikoreHy. biocuHTes ninigis

0 [omipkynTe

[nikoreH, Kpoxmarnb i KNiTKOBUHa € nonimepamm
OfHI€l i Tiel camoi cnonykn — rnokosn. Ane ui
nosiimepu MatTb Ay»e pi3Hi BnactueocTi. Yomy?

Q 3raganTe

« Monicaxapmnawn, rnokKo3a

- bynosa kpoxmanio

» bypoBa xunpHux kmucnor

- bynoBa docdoninigis, xupis, xonecrepony

[mikoreHes

¥ pocimHax, AK BU B)Ke 3HAETe 3 MaTepiary
§ 46, ruoKo03a, III0 CMHTe30BaHa B peakIliax (do-
TOCUHTE3Y, TIOJIIMEPUBYEThCS 0 Kpoxmasrio. Came
KpOXMaJib € 3allaCHUM IIoJicaxapuaoM POCJIWH.

YV rpubiB, TBapuH i JIOAWUHU BYIJIEBOAU
TAaKOK 3alacalThCid, ajie IepeBaskHO y BUTJIS-
ni raikoreny. Ile mosricaxapup, Tek moJrimMep
raoko3u. CTPYKTYpHO TJIIKOTE€H € aHaJIoTOM
KpOXMaJiio, ajie Ma€ OiJbIuii CTymiHb posra-
ayxxeHocti (man. 49.1).

IIpo1iec GiocuHTE3y IJIiKOreHy Ha3UBAETh-
ca raikoreHe3oM. [JIiKoreHe3 CTHUMYJIOETHCA
ropmoHoM iHcysminom. Ilomimepusamia smiii-
CHIOETBLCSA KiTbKoMa )epMeHTaMHU, 1110 OYAYIOTH

Kpoxmanb

KOO

MnikoreH

S8 i

Man. 49.1. CTpyKTypa riikoreHy nopiBHAHO
3i CTPYKTYpOIO KPOXMasio
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-

[lisHalTeca 6inblue

ByrneBogau, siki Mu BXMBaEMO 3 ixeto (xNi6, dpyKTn,
cofiogoLi) y npoueci TpaBleHHA PO3LenoTbCA
0O [/II0KO3M, AKa MoTparnifae B KpoB. Lla rnwoko-
332 MOXKe BMKOPMUCTOBYBaTMCA abo AnA MOTOYHUX
eHepreTnyHux notpeb, abo Ana CTBOPEHHA 3anaciB
eHeprii. CNoYyaTKy OpraHi3aMm CUMHTE3Yy€E 3 [JII0KO3M
rNikoreH, a Mi3Hille NOYMHA€E MepeTBOPIOBATU MH0-
KO3y Ha »Xunpwu.

npami abo posrany:kKeHi JIAaHITIOXKKHU TJIiKoTre-
HY. ¥ JiHITHUX AiIAHKAX OCHOBHOTO JIAHIIIOTA
SAMUIIKYA IJIIOKO3U 3B si3aHi 1,4-raikosupgHu-
MU 3B’SI3KaMM, TOMAi AK TOUKU PO3TANYIKEHHSI
dopmyioTbess 1,6-TaikosuaHUMU 3B’ sA3KaMU
(man. 49.2).

CuHTe30BaHUI TJIKOTEeH HAKOMUUYYETH-
Ccs IepeBaKHO B KJITMHAX MHeUiHKM # M’ A3iB
(mau. 49.3). Moro zamacu € eHepreTHYHUM pe-
3epBOM OpTraHidMy, II0 IMBUIKO MOOiTisyeThCs
y pasi morpebu. 3a HecTaui B opramismi ruro-
Ko3u (uepes KijnbKa TroguH Imicad imki abo mifx
yac (pisMUHMX HaBaHTAXXeHb) IJIIKOreH MeYiH-
KU POBIIEIIIOETHCA (DEPMEHTaMM [0 TJIIOKO3U,
AKa HAIXOOUTH Y KPOB 1 BUKOPUCTOBYETHCA IJIs
XapuyyBaHHSA BCHOI'O OpraHismy. ¥ m’sdsax IIi-
KOTeH IepepolJIAeThCcA Ha TVIIOKO3Y BUHATKOBO
I JIOKAJbHOTO CIIOKWBAHHA; BiH € TOJIOBHUM
I)KepesoM eHeprii AJsA mpaloodyux M’ A3iB.

05
. -0 0
nikoreH cr ox
o (0]
Ox
1,4-rniko3vugHnn of 0 1,6-rniko3ngHumn
3B'A130K /./ 3B'A30K
CH,0H CH, . CH,OH |
OH OH OH

Man. 49.2. [nikoreH — nonimep rIOKO3N
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rnikorex

Man. 49.3. BKntoUyeHHsA rnikoreHy B KNiTMHax MeyiHky

biocnHTe3 XMPHUX KNCNoT i ninigis

JHupu B opramismi cmHTE3yOTHCA 3 BYT-
JEeBOMAiB, TOMY HAWIIBUAIINE XKHUPHI KUCJIOTH
i JKUPU CUHTE3YIOThCA MicJaA BXKUBAHHA BYIJIE-
BomHeBoi 1:ki. HaiiGinpIll aKTUBHO Iell mpoIiec
BiOyBa€eThbcA y TEUiHIII Ta KUPOBif TKAHWHI.

CuHTe3 JKUPHUX KHUCJOT i :KUPiB Ha3UBAETHCS
ainorenezom. IxHiil cuHTe3 BimGyBaeThCA y IUTO-
mirasmi KiaitTuau. CydcTpaToM IJIs CUHTE3Y € BiKe
mobpe Bimoma Bam cmosyka — aretuyi-KoA. IIpo-
Iec € MUKJIIYHUM: V KOXKHOMY ITHKJIL 10 paguKary
JKUPHOI KUCJOTHU, IO IOCTYIIOBO IOJOBKYETHCA,
IomaeThesa aBa atromu Kapb6ory. ¥V KOKHOMY ITHKJIL
BukopuctoByeTtbess HAIID - H i ATD. Kinnerum
IIPOAYKTOM CHHTE3Y € MaJbMiTHHOBA KUCJIOTA, 10
mae 16 aromiB Kapbony (man. 49.4).

Tumri sKmMpHiI KucjaoTH B opraHismi JiroguHU
CUHTE3YIOTHCA caMe 3 MaJbMiTHHOBOI KWCJIOTHU.
AJle TOOBIKEHHA JAHIIOTIB YKUPHUX KHUCJIOT 0
18, 20 i 22 aTtomis Kapbony BimOyBaeThCs BiKe
He y IIUTOILIa3Mi, a B MiTOXOHAPiAX.

[lizHanTeca binbue

CepepHbOCTaTUCTMYHA NI0AMHA MAE 3amnac »Kupy npu-
6nK13HO 13 Kr, LUbOoro morno 6 BucTaunty Ha 40 gHiB
roNnofyBaHHA B YyMOBax NOMipHOro ¢i3nyHOro HaBaH-
Ta)KeHHA. A 3arajibHi 3anacu MikoreHy B OpraHi3mi
HecrnopTcmeHa npubansHo 200-300 rpamis, Yoro
BMCTaUNTb MEHLI HiXX Ha oaHy o0y ronopyBaHHA.

0 KnioyoBa ifes

3anacu rnikoreHy i XupiB € eHepreTMYHUMN pe-
3epBaMu y TBapwH i noguHn. ObuaBsi peyoBrHM
MOXYTb CUHTE3YBaTMCA 3 [/IIOKO3M 4Yepes yTBO-
peHHsA aueTun-KoA.

0)
I

H, H, H, H, H, H, H
CC B0 00 60 el e CC ¢
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Man. 49.5. KniTVHN XMPOBOI TKaHNHW

OxHaK He BCi KMPHI KUCJIOTH MOXKYTH OyTH
HaMu CuHTe30BaHi. /g JIONMHN He3aMiHHUMU
€ OBl XKWpHI KumcjaoTu — JiHOJIEBA i o -JiHO-
JIeHOBA. IX MIKepesioM MOKe OyTH TiJbKM iKa.
Bouu micTaTsca y Beix pocamuHHX oaisgx. He-
cTaya TaKWUX KUCJOT IPU3BOAUTE A0 IMOPYIIEHHSA
00MiHYy PEUYOBUH.

CuHTe30BaHi XUPHI KHCIOTH BXOLATH OO
CKJANy iHIIUX MOJIEKYJI: }KUPiB i ocdorimigin.
Crepoinui ropmoHu (TECTOCTEPOH, €CTPOTEHM)
CUHTE3YIOThCSA 3 XOJECTEPOJIY.

JKupu, cuaresoBani B meuidili, TpaHCIOPTY-
IOThCA KPOB’I0 B CKJajni JimomporeiniB. sKupwu,
CHHTE30BaHi B KJIITHHAX KHUPOBOI TKAHWHU, 3a-
macamoTbed B Hux (Maa. 49.5).

Ha Bimminy Bij ByrsieBomiB, KUPU CTAHOB-
JISITh JOBTOTPUBAJINY €HEPreTUYHUN pe3epB Op-
ramismy. Byriaesonm K, 3amacu SSKUX OPeICTaB-
JIeHi B OpraHisMi JIOAWHU y BUTJIALL TJIIKOTEHY,
BUKOHYIOTH O1JIBIII OII€PATHUBHY (PYHKIIiIO eHep-
rOMOCTAYaHHA IIPOTATOM HETPUBAJIOr0 Yacy.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Yomy epeKkTMBHIMM 3acOOOM MPOTH 3aliBoi Baru €
Ji€Ta, B AKil 3HAYHO oOMeXeHe CNoXKUBaHHA ByAb-AKNX
Byrnesofis? 2. YoMy rnikoreH HasnBalTb «TBAPVHHUM
Kpoxmanem»? 3. Ik NoB'A3aHi WNAXM MeTaboni3my rno-
KO3U Ta Xupis? 4. MNopiBHANTE rMiKOreH i Xnpu K eHep-
reTUYHi pe3epBu TBapPWH i NognHU. 5. Yomy He MOXHa
NMOBHICTIO BMKJIOYATU 3 paLioHy Xunpu? xonectepon?
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§ 50. BupgineHHA y TBapuH

0 [omipkymnTe

Po3mip Tina 6ypoi nnaHapii He Jye Bigpi3HAETb-
cA Big po3mipy Tina rigpu. Mpu ubomy y 6ypoi
nnaHapii € cneuianiaoBaHi opraHN BUAINEHHSA,

a y rigpu ix Hemae. Yomy?

Q 3raganTe

» Ek3ouMTO3 « poTo- i meTaHedpugii

» bynoBa HuUpoK e« QinbTpauia i peabcopbuis

EKckpeuia Ta ekcKkpeTun

¥V xoxi 0OMiHY PEeYOBUH YTBOPIOIOTHCS PisHi
Bimxonu, sIKi MOBMHHI BUBOAUTHUCSA 3 OPramis-
My. SIKII0 BOHM HAKONMHUYYIOTHCA IIOHA] II€BHOI
KOHIIEHTpAaIlil, To BUHMKAE 3arpo3a IOPYIIIeHH
HOPMAaJILHOTO TIepebiry (isiosoriyHMX IpoIiecis.

Exckpenisi — 1 BUBeJeHHA 3 OPraHiaMy
KiHIIeBUX IPOAYKTIB OOMiHYy PEUOBUH.

Exckperu — Ie KiHIEBi IpOAyKTU OOMiHY
PEUYOBUWH y KMBUX OpraHiaMax, AKi Oinble He
0epyTh yYacTi y *KUTTEBUX MPOIlEcax.

OcHOBHI MPOAYKTU eKCKpenii y TBapuH:

* BYIJIEKUCJIMH ras, 110 YTBOPIOETHCA B IIPO-
meci KJIITHMHHOTO OUXaHHT;

* HiITpOTEeHBMiCHI TpOAYKTHU po3many GinKis
i HYKJIeIHOBHUX KHCJIOT — aMOHiaK, CeuYoBMHA
i ceuoBa KmCJIOTA;

* JKOBUHi IIirMeHTH, AKi yTBOPIOIOTHCA IMif
yac pyHHYBaHHS TreMa B IeYiHIIi.

BuaineHHA npopaykTiB meTabonizmy
KNITUHOO

IlepemitienHsA peUYoOBUH i3 KJITHUHU B 30-
BHIIIIHE cepemoBUINEe BigOYyBa€ThCHd IIJIAXOM
ex3onuTo3y. lleil mporec mae 3MOry KJIiTHHaAM
BUIAJATHU BiXOAM, & TAKOYK CEKPETyBaTuU Iop-
MOHU i GinKM.

Bunanenusa BigxomiB y KIiTHHI 30iCHIOIOTE
JisocomMm, SAKi PYyHHYIOTH BigmpalbOBaHi KJIi-
TUHHI KOMIIOHeHTHU. lleperpaBieHuii marepian
BUBIJIBHAETHCA y ITO3AKJITUHHE CepemgoBHUIIE.

Knaitunu, AKi cexkpeTyioTh 6iosoriuHo ak-
TUBHI pPeYoOBWMHU, (POPMYIOTH CIlelliaJbHi ce-
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KpeTopHi Be3umkyau. Taki BeSUKyJIU MiCTATH
TOPMOHU, HelipoMeziaTopu abo TpaBHi (hepmeH-
T. BoHU (popMyioThcs 3 MeMOpaH KOMILJIEKCY
Tonpmxi ¥ BUBIIBHAIOTH yMicT HA30BHI michasa
HAIXOIKEeHHA B KJITUHY CHeIiaJbHOTO CUT-
HaJIY.

Pi3HOMaHITHICTb OpraHiB BUAiINEHHA

B OZHOKJITMHHUX TBAPUH BUIIJIEHHS Bif-
OyBaeThcs 0e3mocepelHbO dUepes3 KJIITUHHY
MeMOpaHy, Y HIKUYUX Oe3xpebeTHUX — Uepes
emigepmic. ¥ TBapuH, IO CTOATHL HAa BUIIO-
My I111a0JIi eBOoJIOIil, PO3BUHYJINCA CIIeialbHi
oprauu, sSKi BUKOHYIOTh (PYHKITIiI0 eKCKpeIlrii.
Byraekwuciuii ras BUIiIAEThCA Uepes JIeTeHi,
Tpaxeli abo 3a0pa; BoJa, ceuoBMHA i coai —
yepesd mKipy (3 morom) i HupKH (i3 ceuero).
Exckperia XoBUHMX HOirMeHTiB Big0OyBaeTh-
cd uepes IEUYiHKY i BUBOAUTHCA 3 OpPTraHisMy
3 IOCJIiIOM.

OpraHuv BUAiNeHHA y TBAapUH

TBapunu Opranu BUAiIeHHSA
YepBu IIporouedpunii, meranedppumii
YnernucToHOri 3eJieHi 3a/1031, MaJIbIIiriesi

cyouHu, Tpaxel

Pubu, semuo- Hupkwu, neuinka, 3a6pa, mkipa

BOIHI
Haszemni xpe- Hupkwu, neuinka, jgerewxi,
OeTHi mIKipa

EBontouia BUAiNbHOT cuctemm
y 6e3xpebeTHux

Mlnaxom gugysii yepes KIiTUHHY MeMOpa-
HY BUJAJIAIOTh IPOAYKTH OOMiHY I'yOKM T KHUIII-
KOBONOPOKHUHHI, AKI He MalOTh CIEIiaJIbHUX
OpradiB BHUIiJIEHHS.

Ilepmi BuapinpHi opranu — mnpoToHedpu-
mii — 3’ABIAIOTBCA y IJIOCKUX uepBiB. IIpo-
ToHe(PUIil PEryaI0I0Th IIEPEBAKHO BMiCT BOIU
B opraHiami (maa. 50.1).

Binpmr mockoHaJsi opraHu BUIIJIEHHA —
meraHedpugii — 3’ABAAIOTBCA y KigbuacTux
yepBiB. Meranedppuniii — 1e Kamaa, BHyTpPiI-
Hill KiHeIb SKOro BiKPUBAETHCSI B ITOPOIKHU-
HY TiJla BOPDOHKOIO 3 BilikamMu, a iHIui KiHelb
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MpoToHedpugin MeTaHedpugin

3eneHa 3anosa ManbnirieBi cyanHmn

2 ’ BopoHka LienomivuHnin . ==,
%3 Bilkamu MIlIEYOK  ~——T 4 =
k ,. ar » 7Cyﬂmum
Bivikn N,/ ' [\+-Kananeup T
) \T CevoBuint e, ’ Al
MIXYp (e s
N ) — 3apHAa
| J KULLKa
S
ManbnlrleBe = . /KaHaneub [ =X Kancyna
Tinbue - LLymnaHcbkoro —
Kananews - boymeHa

HedpoH nepeaHupkmn

HedpoH Tyny6HOI HUpPKK

HedpoH Ta30BOI HMpPKN

Man. 50.1. EBoniouia BUAINbHOI cuctemn y TBapuH

BiIKpPUBAETHCA HA30BHI BUIIJIBHOIO ITOpo0. Py-
XaM’ BifiOK MPOAYKTU OOMiHY BUIAJSAIOTHCA 3
oprauismy.

¥ pakomomibHUX opraHaMu BUIIJIEHHA € 3e-
JIeHi 3aJ103M, PO3TAIlOBaHi 0iJid OCHOBU aHTEH.
Bonu aBIAIOTL 0000 MillleUKN 3 KAHAJIOM, AKUHA
ime mo ceuoBoro mixypa. Ceua HaKOOUUYETHCSA
B CEYOBOMY MiXypi, a8 HOTiM BUJIMBAETHCSA HA3OBHI.

Y Komax i maByKOIOZiIOHMX € MaJIbIIiri-
eBi Tpybouku. IlpogyxkTm oOMiHY HaAXOOATH
Tyau 3 reMoJiMdu i mo TpyOoUKaX BUBOAATHCH
B TpaBHU TpakT. KpiMm TOrO, ¥ KOMax € }KUpOBe
TiJIO, Ie HAaKONMMNYYIOThCA INKiAJIMBI peuyoBUHU.

Y MOJIIOCKiB IOJIOBHUMU OpraHaMU BUIiJIeH-
HA € HUPKH, CXO0Ki Ha MeraHedpumii.

EBontouia BuAainbHOT cuctemm
y XxpebeTHunX

Cucrema BUIiIJIEHHA XPeOETHUX €BOJIOIiO-
HyBajla BiJl OKpeMUX HUPKOBUX KAaHAJIBI[IB —
HepoHIB — 10 chmemiaJbHUX OpPraHiB — HHU-
POK, AKi cKJamaioTbcs 3 0araThboxX BUMIJIBHUX
KaHaJbI[IB i3 3araJibHOI0 BHUBiJHOIO IIPOTOKOIO.
Y HaseMHUX XpeOeTHUX yIOCKOHAJIIOIOTHCA CIIO-
cobu mimimisarii BTpaTm Bogu HIIAXOM ii 3BO-
poTHOI peabcopOIrii.

0 Kniouosa iges

B OOHOKNITMHHMX OpraHi3miB ekckpeuia Bigoby-
BAETbCA LWAAXOM eK3ouuTo3y. Haibinbw npocTi
opraHv BUAineHHa y 6araToKNiTMHHNUX TBAPUH —
Lue npoTtoHedbpuaii NIOCKUX YepBiB i MeTaHed-
puaii Kinbyactux 4epBiB. Cuctema BUAINEHHA
XpebeTHUX eBOJIOLiOHYBaNa Bif OKpemux Ka-
HanbuiB — HedpOHIB — A0 cneuianiaoBaHUX
OpraHiB — HUPOK.

IlepegHUpKM KPYTJIOPOTUX i Medaxux pub
cx0xKi Ha MeTaHe(dpuAii KimbyacTuxX 4UepBiB.

IlepBunHi, abo TyayOHi, HUpDKH € B 0inb-
mocti pub i 3eMHOBOAHUX. BOoHH MaiOTh MaJb-
miriese Tinble — 3’€IHAHHSA BOPOHKU HEDPUIii0
3 KJIyOouKoM Kamijnapi. Tax BCTaHOBJIIOETHCS
OesmocepenHiii 3B 30K MisK KPOBOHOCHOIO Ta
BUALJIBHOIO cHUCTeMaMu. BumilbHUI KaHaJelb
CcTae MOBIINUM, YTBOPIOE BUTHHU, IO A€ 3MOTY
BUKOHYBATH B3BOPOTHE BCMOKTYBaHHSA BOIW,
TUIIOKO3U U iHIIWX PEUYOBUH.

Bropunni, a6o Ta3oBi, HUPKHU PO3BUHEHI
B ILIa3yHiB, nTaxis i ccaBnis. OpuHuieno 6ymo-
BU HUDPKU € He()POH, AKUY IOUNHAETHCA Kalcy-
aoio lllymaauacekoro — Boymena 3 Kiy60ouKoM
KamiigapiB. ¥ CcyIuHHUX KJIyOOUKax BimbOysa-
€ThbCA @Qiabmpauis ¥ yTBOPIOETHCA IIEPBUHHA
ceua. Big HUPKOBOTO TiJIbIA BiIXOAUTL BUILIb-
HUII 3BUBHCTUH KaHaJelb. ¥ TOBIUX JiJAHKAX
HUPKOBOTO KaHAJbIA BinbyBaeThcsa peabcopo-
yisi — B3BOPOTHE BCMOKTYBAaHHA BOAU, i TOMY
BUIIIAETHCA Oy:Ke KOHI[EHTPOBaHA BTOPUHHA
ceua. Yce Ie [03BOJHUJIO TBAapPUHAM YCHiITHO
IIPUCTOCYBATHUCA O KUTTA Ha CYXOHOJIi U eKO-
HOMHO BUTpauvaTU BOJLY.

03aﬂl/ITaHHﬂ Ta 3aBOAHHA

1. Yn 3aBXAW NPOAyKTM eKCcKpeLii € HenoTpibHUMK
Biaxogamu metaboniamy? HaBepgiTb npuknagu, AK ekc-
KPeTn MOXYTb BMKOPWUCTOBYBATUCA AK XiMIYHI CMrHanm
(He TinbKW Ha piBHI KNITWH, ane 1 Ha PiBHI OKpeMux
opraHi3smis). 2. flki opraHy BMKOHYIOTb OYHKLilO eKc-
Kpeuii B ntognHm? Aki npoayKTn o6MiHy peyoBUH BOHM
BMBOAATL? 3. AK 3anobiraeTbcsa BTpaTa BOAW B Ha3eM-
HUX TBapUH? 4. Ym manbnirieBe Tinbue Bigpi3HAETbCA
Big MeTaHedpuaito?
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§ 51. Ocmoperynsuis

0 [omipkynTe

Jliogw, AKi noTpanunn y KopabenbHy aBapito,
CTpaXkpaloTb Bif Crparv, Xoya HaBKONO HKX bGara-
TO MOPCbKOI BoAaW. Yomy He MoxHa il nutn?

Q 3raganTe

» Ocmoc o OCMOTUYHUI TUCK

Ocmoperynadia Ta il MexaHiamu

BaxksmBy posib B opramismi BigirpaioTs
ioru Harpito, Xiopy, Kamaito, Maruio, Kaiib-
miro, Pepymy, KOHIEHTpAIlid SAKHX IIOBUHHA
CTPOT'O PEeryJiBaTUCSA, OCKiJIbKU IIi HOoHU Oe-
PYTh y4acTh y 6araThoX IIPOIlecax, BKIIOUAIOUN
pobory (epMmeHTiB, cuHTe3 OiJIKiB, yTBOPEHHS
TOPMOHIB, IPOHUKHICTH MeMOpaH, €JeKTPUUHY
aKTUBHICTH 1 M’s130Be CKOPOUYEHHS.

Peryinsamia BimHOCHUX KOHIIEHTPAI[INA PO3YN-
HEHUX PEYOBUWH i BOAM BCepPeAUVHI TKAHUH Tija
HAB3UBAETHCA OCMOPETYJIAIi€I0.

JKuBi opramismMmm HaceasioTh piZHOMAaHIT-
Hi cepemoBuUIIia — CYXO[iJ, MOPCBHKi Ta mpicHi
BoJoMMU. ¥ COJIOHi# Bozai (rimepToHiuHOMY Ce-
peIoBUIIli) Boja 3 KJITUH «IIparHe» BUUTH Ha-
30BHi, TOAi AK y mpicHi# Bojai (rimoToHiuHOMY
CepemoBUIli) — HABOAKMW, IIOCTIiHHO HAAXOIUTH
y riaituay (manx. 51.1). 3posymino, 110 KOHT-
POJb BHYTPIIIHBOKJITHHHUX YMOB Y Pi3HHUX
yMOBaX iCHyBaHHA ITOTpeOye PiBHMX amamTaliiii.

linepToHiuHe cepepoBulle

H,0

e

Mnasmonis — BigaineHHA npoTonnacTty Bif KNITUHHOT
CTiHKM Y TiNnepTOHiYHOMY CcepeaoBULLi

Icaye nmBa TUnmu peakIiii TBapmH Ha KOH-
IEeHTPAIi}0 OCMOTUYHO aKTUBHUX PEUYOBUH Yy 30-
BHiImHBOMY cepenoBuiti. IToilkisiocmomuyHi TBa-
pUHU He MalOTh aKTUBHOI cucTeMu crabimisarii
KOHIIEHTPAI[ii OCMOTMYHO aKTUBHUX PEUOBUH;
KOHIIEHTPAIliA coJiell y pifmHax IXHBOrO Tija €
TaKoIo K, AK 1 HazoBHi. ['omoiiocmomuuri TBA-
PUHU 3JAaTHI TiATPUMYBaTH CTAJIiCTh KOHIIEH-
TpaIii 0CMOTUUYHO aKTUBHUX PEUOBUH Y PiAUHAX
BHYTPIIITHBOTO CEPENOBUIIIA.

Cmocobu ocMOpPeryJidanii roMoioCMOTHUHIX
TBapWH, II0 PEryJIITh YMICT BOOAW B OpraHis-
Mi, pisHomaniTHi. Buginaiworts zinepocmomuuni
i 2zinoocmomuuni MexXaHI3BMU PeryJAllii.

linepocmoTryHa perynauia

MexanisamM ocMoperyJsdailii HasuUBalOTL Ti-
MEePOCMOTHYHUM, HAKIINO OCMOTUYHUN THUCK
(KoHIleHTpAI[isA coJieil) Yy pigmHaAX oOpraHismy
O0igpIINI, HiIXK Yy BSO0BHIIIHBOMY CepeIOBMIIIi.
Ho rimepocMOTHYHMX BUAIiB HajJeKaThb MEIIKaH-
i IpiCHMX BOZOMM i MOPCBHKI XpAIMIoBi pubwu.

Y 1upicHOBOIZHUX OpPraHi3dMiB KOHIIEHTpAIlid
cojieil y KJiTmHax i pigmHAaxX Tija BuIa, HiXK
Y HaBKOJIMIIIHbOMY CEPemOBUIIi, TOMY BOJa IIO-
CTifilHO HAAXOOUTL Y HUX IILJIAXOM OCMOCY Ue-
pe3 KiaitmaHI MemOpamu. Taxum opranismam
3arposkye HebOesIleKa PO3AyTHCA Biji IIPOHUKA-
fouoi Boau. TomMy HAAJIUIIOK BOAW IIOCTiHHO
BUBOAUTLCSA. ¥ IIPICHOBOAHUX OTHOKJIITUHHUX
HaJIJIUIIOK BOAUW BUBOAUTHCSI 34 HTOIIOMOTOIO
CKOPOTJIMBUX BaKyoJiell, y 0OaraTOKJiTHHHUX
TBapuH — HedgpuAiaMu abo0 HUPKaAMMU.

linoToHiuHe cepepoBuLle

H,0

[ennasmonis — noBepHeHHA MpoTonnacta KAiTuH
y MOYaTKOBUI CTaH 3 HOPMalbHUM TYpropom
y FiNOTOHIYHOMY CepefoBULLi

Man. 51.1. Mna3moni3 i gennasmonis POCANHHOI KNITUHW
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Iuma npobsiema NPiCHOBOAHWUX OpPTaHi3-
MiB — TOCTiHHUI BUTIK coJiell y TimOTOHiIUHE
HaBKoJuiiHe cepenoBuie. CosboBi pecypcu
MOTIOBHIOIOTHCSA IIJIAXOM AKTHUBHOIO TPaHCIOP-
Ty coJiell i3 30BHIIIITHBOTO CepemoBUIIa B TKAa-
HUHHY DPiAUHY i KpoB. AKTHUBHUH TPAHCIOPT
3AiMCHIOETHCA eIliTeJiaJbHIMU KJIITHHAMM, IO
MiCTATHCA B IIKipi y 3eMHOBOZHUX i 3sa06pax
y pub. ¥V pub i Gararbox BomHUX Oe3xpeber-
HUX 3A0pa € OCHOBHUM OPTaHOM OCMOPEryJsIlii,
Oinbin eeKTUBHUM, HiK HUPKH.

MopchKi XpsAloBi pubdbu (akyam, cCKaTH) TexX
MAalOTh TillepOCMOTHUYHY PeTryJAIilo. IxHii Box-
HU OaJsiamc 3a0e3meuyeThCsa 3a PaxXyHOK HAKO-
OWYeHHA B KPOBi MysKe BUCOKOI KOHIIeHTpAaIii
CEUYOBUHU.

linoocmoTnyHa perynauis

MexaHisM ocMoOperyJisilii HasuBaOTh rimo-
OCMOTHMYHHUM, TKIIIO OCMOTUYHHUHA TUCK (KOHIIEH-
Tpalia coJieil) Y piAumHAX OpraHisMy MeHIIIUH,
Hi’K y BO0BHIImIHBOMY cepemoBuili. I'imoocmo-
TUYHA PEryJAIisd XapaKTepHa IJA MOPCHKUX
KOCTHUCTUX PUO, MOPCHKUX IIJIa3yHiB, MOPChKUX
CCaBIIiB.

OCKiJIBKY B TijJli MOPCBKHUX MEIIKAHIIIB MEH-
Iie coJjieit, HidK y HaBKOJUIIHBOMY CePeOBUIII,
BOHH IIOCTiiHO BTpPayvaioTh BOAY Uepes IIOKPUBU
Tisa, 3s10pa Ta i3 ceuero. Tomy im 3arpo:Kye 3ue-
BomHeHHs. [[1a KoMmIleHcaril BTpaT BOAW BOHU
3MyIIeHi Bech yac 0araTo IUTH.

Ane KOBTaHHSA MOPCHKOI BOAU ITPU3BOIUTH
IO TIOTJIMHAHHS BEeJUKOI KinbKocTi coseir. Hap-
JINIIOK OiJbIIOCTi coJieli MOpPCBbKi puOu BUBO-
IATH HUPpKaMu a0o uyepe3 TPaBHUI KaHAJ 3 eKC-
kpemeHTamu. Cosni Harpito pubu eKCKpPeTymThb
CHeIiaJIbHUMHU KJIITMHAMHU 3A0POBOTO amapary,
a IJIa3yHU i MOPCHKiI mTaxwm — KJIITHHAMH CO-
JbOBUX 3ayiod (Maja. 51.2)

0 KnioyoBga iges

PerynAauia KoHLUeHTpauii pO3YMHEHNX PEeYOBUH
i BOAM y TKaHWHax Tina Ha3MBaETbCA OCMoOpe-
ryndauielo. MexaHiam ocmoperynauii Has3nsalTb
rinepoCMOTUYHUM, AKLWO KOHLEeHTpauia conen
Y pifnHax opraHiamy 6inbLua, HiXX Yy 30BHILULHbOMY
cepenoBuLi (MewwKaHLi NPiCHMX BOAOWM i MOPCbKi
XPALWOBI prbWK), i FINOOCMOTUYHIM, AKLLO KOHLIEH-
Tpauia conen y piguHax OpraHiamy MeHLLa, HiX
y 30BHIlWHbOMY cepefoBULLi (MOPCbKi KOCTUCTI
pubw, nnasyHu, ccasui).

Ocmoperynaudia y ccaBuis

¥ ccaBI[iB OCHOBHUM OPraHOM OCMOPEryJIAIlil
€ HUPKU. BoHM 3MaTHI BUAIIATH CUIBHO po30aBsJie-
HY Ceuy 3a HAAJIUIIKY BOAW B OpraHismi i OiibIm
KOHIIEHTPOBaHY ceuy — y pasi medimuty BOAU.

Y nmoguHU i ccaBIliB ocMoperyadiisa 3ades-
nmeuyeTbcA Ha pedeKkTopHOMY piBHi. Cmeriari-
30BaHiI perenTopu (OCMOPEIENTOPHU) IOCTiNHO
MOHITOPATHh KOHIIEHTPAIil0 OCMOTUYHO aKTUB-
HUX PEUYOBUH y CHUPOBATIL KPOBi I IepemaroThb
iagopmarito go ITHC. Timoranamyc Bumpinse
TOPMOH Ba30NPECUH, KNI CEKPETYETHCSI B KPOB
i pery.ioe BmicT Bogu B Tisi. 30Kpema, Basompe-
cuH 30iablllye peabcopOIlito BoAM B TIPOTOKAX
HUPOK, TUM CAMUM ITiIBUIITYIOUN KOHIIEHTPAILiI0
ceui i1 3MeHITyrouu ii o0CAT.

Ocmoperynsuia B yMoBax nocyxm

Opranisamu, IO MEIIKAIOTh y CePeIOBUIIIAaX
3 nme(inmuToM BOAM, MAIOTh CIEIliaJibHI IPHCTO-
cyBauud. OmHuM 3 MexXaHi3MiB ocMoOperyJsaiii
€ 30iJbIIIeHHA 3JaTHOCTI HUPOK KOHIIEHTPYBAa-
T ceuy, M0 Ja€ 3MOTy obxomurtucsa 0e3 IMUTHOL
Boau. Il;masyHu i nTaXy BUKOPUCTOBYIOTH CEUOBY
KHCJIOTY SIK KiHIIEBMH IIPOAYKT OOMiHY CIIOJNIYK
Hitporeny, y pasi BufijJieHHA AKOI BTpavyaeTh-
cA HaWMeHINa KijgbKicTh Bogu. [edaki dAmipkum
MalOTh HOCOBi 3aji031, IO EKCKPEeTYITh CiJb.

Conbosi

3251031 \;{_’_’_H
7 h
f

P

———

Man. 51.2. ConboBa 3ano3a. ¥ MOPCbKMX NTaxiB i nnasyHis,
BUMYLLEHVX YXKMBATV ANA NMUTTA CONMOHY BOAY, € 0COONMBI
COJMIbOBI 3an03K, WO BUBOAATb HAANMLLIOK COMEN 3 OpraHiamy

3annTaHHA Ta 3aBaHHA

1. Yomy opraHi3m eKcKpeTye KiHLeBi NpoayKTn ob-
MiHY PeYOBVH, a He HaKoMMuye ix y TKaHuHax? 2. Yu
MOXYTb OAHI OpraHi3Mu BUKOPMCTOBYBaT/ NOGIUHI Npo-
OYKTM MeTaboniamy iHWMX opraHiamis? Hasepitb npu-
Knagun. 3. M'aco akyn i ckaTiB He BXUBaloTb Y XKy. Yomy?
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§ 52. BupineHHAa y pocnuH

0 [omipkynTe

BuginbHi opraHu 11 cuctemmn TBapuH fobpe Bigomi.
A uun noTpi6HI BUAiINbHI opraHn pocMHam?

Q 3raganTe

Ponb TpaHchipauii B XutTi pocnmH

PocnnHHi ekckpeTu

Pocaunay He CUHTE3YIOTH OLJIOK YV HAAJUIIKY
i TOMYy BUAIJIAIOTH NyKe MaJIo HITPOTeHBMiCHUX
BiZIXO0MiB, AKi YyTBOPIOIOTHCA MiJ Yac PO3IIeIIeH-
Ha 6inkiB. Tpu KiHIeBi mpoayKTH, SKi yTBOpPIO-
IOThCA y XOAi OOMIHHMX IIPOIlECiB,— KICEHb,
BYIJIEKUCJINH r'a3 i BoJja — BUKOPHUCTOBYIOTHCS
poCIMHAMUN AK BUXiAHI PeUOBWHU IJIS iHITHX
peakIifi. €quHUNE ras3omomiOHUil MPOAYKT, IO
BUIIJIAETHCA POCIMHAMU Y BeJUKiN KiJTbKoc-
Ti,— IIe KHCeHb, II0 YTBOPIOEThCA y XOmIi (o-
TOCUHTERY.

IIpogykTamMu BUAiJIEHHA y POCIWH TAKOMXK
€ HeKTap, AyOWJbHI PEeUOBUHU, CJIU3, CMOJIH,
edipHi oxii, opraniuni KucjoTHu, BiTaMiHu, IIy-
KpHU, TOPMOHU, (pepMEeHTM Ta iHIIi PEeYOBUHU.
KinbkicTs peuoBuH, 110 BUALIAETHCSI POCINHOIO,
moke cramoButu n0 30 % Bixg Macu cmoayk,
YTBOPEHUX ITIil 4ac (pOTOCUHTE3Y.

Bararto pocamHHUX €KCKpPeTiB MamTh 0io-
JIOTiuHe 3HAUEHHS.

CosoaKuil HeKTap BasKJIUBUMA /s 3aJIyUeH-
HA KoMmax-3anujioBauiB. EQipui oJii 3ymoBJio-
IOTh 3amax, IO BifJIAKye TPaBOIJHUX TBapUH
(kMuH, KpommBa TOIO). Bick 3axuIiae moBepx-
HIO OpPTaHiB i IepemIkoaKae BUIIAPOBYBAHHIO
Bogu. CMOJIM 3aTATYIOTh MeXaHiuHi YIIKOIKeH-
HS i 3aXUIIAI0OTh POCJIMHY Bif 6aKTepiii i rpubis,
110 PYWUHYIOTH JepeBUHY (COCHA, AJMWHA Ta iH.).

Buginennsa KopeHaIMU cCIeIiaJbHUX T'PYH-
TOBUX (DepMeHTiB cupude MiHepaJsisaiili op-
ra"Hivamx 3aauikiB y rpyHTi. IIporeomitmuni
(epMeHT KOMaXOITHUX DPOCIAWH (POCHMUYKA Ta
iHmi) smifiCcHIOIOTH ITO3aKJIITHHHE TPaBJIEHHS.

Heari xKopeHesi, cTe0JOBi # JMCTOBI Bumi-
JIEHHS PEeryJii0Th B3aE€MOJII0 Pi3HUX POCJIVUH
y GiToreHos3i (HampuUKJIa[, TPUTHIUYIOTH PicT
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KOHKYPEHTIB, CIPUAIOTh MiKopu3i). OcobiuBuM
BUIIJIEHHAM € POCIUHHUI ra30moAi0HM TOPMOH
(diroropmon) erunen C,H,. Bin KoHTpoII0€ MO-
3piBaHHA MJIOAIB, PO3IYCKAaHHsS OyTOHIB, CTapiH-
HS Ta OmaJaHHS JIUCTKIiB.

BuginbHi cTpyKTYpU pocivH

Bupginenus y pocamH 3MiHACHIOETHCSA KJIITH-
HaMU JIUCTKiB 1 KOpeHiB, a TaKOK KJIiTmHaAMU
CIeIiaJIbHUX BUIIIBHUX TKAHUH (3aJI03UCTUMU
BOJIOCKaMH, MOJIOUHUMU CYAUHAMU, HEeKTapPHU-
kamu) (majt. 52.1). PeuoBunmu, 1110 BUIJIAIOTHC,
MOJKYTh HAKOIMUYYBATUCA ¥ BAKYOJIAX i KJIITUH-
HUX cTrimkax. bBarato mpomgykTiB meTaboJrizmy
POCJIUH BiIKJIANA€ETHCA y 3MEPTBIINX TKAHWHAX
(mepeBuHA), a TAaKOXK y JHCTKax abo Kopi, aki
POCIVHU TEepPiogNYHO CKUAAIOTH.

[yTauia i TpaHcnipauis

Boxa cramoButh 80-95 % wmacu pociu-
au. OCHOBHA Maca BOAUW HAAXOAUTH Y POCIUHY
3 TpyHTy. BCMOKTyMOUMCH Uepe3d KOPiHB, BOza
mepexoauTh y TKaHuWHHU cTebsa i jguctkiB. [o-
CATHYBIIN JIUCTKiB, YaCTWHA BOAY BUKOPUCTO-
BY€ETBHCA Ha picT i MmeTabosisM KJIiTHH, a OigbIia
ii vactura (o 90 %) BUAinsgeThCA y BUTIAAL
mapu (TpaHciipaiia) abo pizmum (ryrairis).

Sk BaM Bizmomo, TpaHcHipalis — Iie IIpoIiec
BUIIAPDOBYBAHHS BOAU POCJAMHAMU UYepes IIPOIH-
XU emigepmu. Yepes TpaHCIipaIliio poCJINHMN BU-
TpauarmTh BeJIUKY KiJbKicTh Bogu. Hanpukian,
3a BeTeTAaTUBHUN IIEPioJ OJHA POCIMHA KYKYPY-

—

Man. 52.1. BugineHHAa HeKkTapy
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nsu BumnapoBye 200—-250 1 Bogu, a A6ayHSA — O0
26 ToHH. Y cmexoTHi JiTHi mHi BuTpaTa BOaHU
Ha TpaHCIIipallilo IIepeBUINlye il HaAXOMKEHH,
TOMY BUHUKAE BOOHUU AediliuT, 10 MOKe IpU-
3BECTU [0 B’SHEHHS POCJIWHU.

IaTencuBHiCTh TpaHCHipaIlii PeryameThCSa Ha-
caMIepe] CTAaHOM MPOAMXiB. 3a rapHOI'O OCBiTJIEeH-
HA BigOyBaeThcA ()OTOAKTUBHE BiKPUTTA IPOIU-
xiB. Ha cBiTuIi B 3aMuKa0unx KJIITMHAX MIPOJUXiB
30isbITyeTHCA BMicT IyKpiB i fioniB Kauito, 1o
Belle A0 IiABUINEHHA OCMOTHYHOIO THCKY i Han-
XOmKeHHsa Boau. Typrop KJIiTHH 30iJbIIyeThCSd,
i IpoauXuM BiTUMHAIOTHCA TUM IIUPIIE, YUM BU-
IIUHA piBeHb OCBiTJIEHHA. SIKIO K TpaHCHipaIisa
HAJATO iHTEHCUBHA 1 IEPEBUIITYE TIOTJIMHAHHA BOAU
KOpeHeM, TYPropHUM THUCK Y 3aMUKAIOUUX KJIITH-
HaX CHAaJa€, i MPoaAuXM 3aKPUBAIOTHCH.

¥ mporeci eBouttoILil B pocauH chopMyBaIIN-
cA PisHI IPUCTOCYBAHHA 1A 3MEHIITEHHA TPAHC-
miparrii: BOCKOBUI HaJIIT Ha IIOBEPXHi JIMCTKiIB
i moniB, 3aHYpeHHA MPOAUXiB y Me30diy, omy-
IIeHiCTh, PEAYKIIiA JIMCTKOBOI TOBepxHi. 3a He-
cTadi BOAM POCJIUHU MOMKYTBH 3ropraTu abo Ha-
BiTH yTpauaTH JIUCTKU.

YWHHUKY cepeloBUIla TaKOK BILUIMBAIOTH Ha
iHTeHCUBHiCTH TpaHcuiparii. 'omoBHUM UMHHNT-
KOM, IO PeryJIloe TpaHcIripallito, € cBitmo. Ilixg
yac MaKCHUMAaJbHOI OCBITJIEHOCTi CIIOCTEpiraeTh-
cAd ¥ MaKcuMaJIbHA iHTEHCUBHICTL TpaHCIiparrii.
TpaHcmipamia Tako:K B3aJIeKUTh BiJi BOJIOTOCTi
MOBiTpA, TeMIepaTypH, BiTpy. 3HAUYHO BILIHU-
Ba€ Ha iIHTEHCHUBHICTL TpaHcIipallii minepajvHe
scusnenns pocaurn. Y pasi Hecraui Hitporeny,
dochopy 1 Kamito inTeHcmBHicTH TpaHCcmiparmii
MaKCcHUMaJIbHA, a 3a 30aJIaHCOBAHOTO MiHEPAJIbHO-
IO KUBJIEHHA TPaHCIIipallia pisKo 3MEeHIITYEThCA.

T'yramia — mporiec BuBeleHHA BOAU Y BUTJISA-
i Kpamenb piguHM HA MOBepXHi pocawHU. ['yTa-
Iia BimOyBaeThesa uepes zidamodu — clellialbHi
BOJHI IPOAMXM HA Kpadx 1 KiHUMKAaX JHNCTKiB
(man. 52.2). TgaTronu Bizkpuri mocriitno. I'yra-

0 Kniouosa iges
OCHOBHUMU €KCKpeTaMn POC/INH € KNCEHDb, BYyrne-

Kucnuin ra3 i Boga. Boga BunapoByeTbca y npo-
Lecax TpaHcnipauii Ta ryTauii. Npoagyktamu Buai-
NEHHA Y POCSIVH TaKOX € HeKTap, cmonu, edipHi
onii, uykpu, pepmeHTU Ta iHLWI peyoBUHK, 6arato
3 AKMX MaloTb 6ionoriyHe 3HauyeHHs. BugineHHs
3[INCHIOETbCA KNITMHAMW JINCTKIB, KOPEHIB, a Ta-
KOX KJTMHaMW BUAINbHUX TKaHWH. barato npo-
DYKTiB MeTaboni3my BiIKNafacTbCaA y KNiTUHAX.

Man. 52.2. lyTauin

Iid BimOyBaeThbCcA B TOMY BUIIAIKY, KOJU HAIXO-
MKEeHHSA BOAW B POCJUWHY IEPEBUIIYE TPAHCIipa-
mwiro. 'yramia xapakTepHa IJIA POCAUH TPOIiUYHMUX
JIiciB uepes BeJUKY BoJioricTh aTMocdepu. Ha Te-
puTopii YKpaiHu IPUKJIAIOM TYTYIOUUX POCINH
€ Bepba JaMKa, dKa pocTe Ha Oeperax BOJOMM.

Jlnctonap

Y pasi HacTaHHA 3UMOBOI TOCYyXHU JepeBa
B IOMipHi# 30HI CKUAAIOTh yce aucts. o KiHia
JiTa — IOYaTKY OCeHi B JIUCTKAX 3MEHIIYEThCS
iHTeHCUBHICTH OOMiHY PEYOBUH, IIOCTYIIOBO PYIi-
HYIOTBCA XJopodin i xJyopomsactu. Mix ocHo-
BOIO JIUCTKA i cTebsoM moumHae (hopMyBaTuCA
BiJOKPEMJIIOBAJILHUM IITap MEPTBUX KJITUH KOP-
Ka. ¥ magyci JucTKa B Iell yac ocTaTo4dHo (op-
My€eThCA OPYHBKA, IiCJSA YOTO JIMCTOK OIlajzaec.

3HaUeHHA JINCTOIIa[a IMOJATAE y BUAAJIEHHI
3 POCIMHU MPOAYKTIiB O0OMiHYy peuoBUH i 3MeH-
IIIeHHI BUIIapOBYBaHHSA, IO OCOOJIMBO BaKJINBO
B3UMKY, KOJHU MalKe NMPUINHAETHCA HAIXO0-
IUKeHHA BOAU 3 I'PyHTY. KpiM TOTO, 3MEHINIeHHS
IJIONTI IMAroHiB 3HUIMKYE KIJBbKiCTH CHiry, mio
3aTPUMYEThCA HAa TiJKax, 1 3MeHIITye WMOBip-
HICTH TMOJIOMKH IIaroHiB.

QBaI'II/ITaHHFI Ta 3aBAaHHA

1. [lnAa Ha3zeMHMX OpraHi3amMiB BaxknMBO 3anobiratu
BTPaTi BOAM 3 opraHiamy. OfgHak poCivHM BTpayaloTb
go 90% Boaw, WO Haginwna, yepes TpaHcnipadito.
Yomy X TpaHcnipauia He 3HMKNA B npoueci esontouil
HaseMHuUX pocnuH? 2. LLinpokonucTi gepesa BMAanATb
NpPoAyKT! 0OMiHY PEUYOBMH Pa3oM 3 JINCTAM, fiKe LWo-
PiYHO CKMAAETbCA. A AK BMAANATb MOOGIYHI NPOAYKTH
XBOVIHIi pocnnHn?
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§ 53. Ponb BugineHHA y nigTpMMaHHi romeocTasy

0 [omipkynTe

HedpoHun rpusyHiB, WO XMBYTb y NycTeni, MaloTb
Haf3BMYanMHO AOBri neTni leHne, a y IXHiX
poawnyiB, Wo XMBYTb Yy fnicax, Ui netni Habarato
KopoTuwi. Yomy?

Q 3raganTe

» [omeocTas
 [ncuminauia 6inkis, Byrnesogdis, Xupis
» bygoBa HMpPOK Ta CEUOBUAINbHUX LIAAXIB

Ponb ekckpeuii Ta ocmoperynauit
B NigTPYIMaHHI roMeocTasy

EKckperria i ocMoperyadaiia € gyxe BasKJIu-
BUMU MOPOIleCAMU KUTTEMiSIILHOCTI, BOHU IIiJ-
TPUMYIOTH CTAJiCTh BHYTPIIITHHOTO CEePeIOBUIIIA
opranismy (romeocras). IxHaA QyHKIiA moiAarae
B IATPUMII CTAJOCTi CKJaay W obcAry piaws
BHYTPIIITHBOTO CEepPeJOBUINa OPraHidaMy, HacaM-
mepejs KpoBi.

IInsxom exckKpenii BUAAJSIOTHLCA MOOIUHi
OPOAYKTH MeTaboJiisMy, 0araTto 3 SKUX € TOK-
CUYHMMHU i HETaTWBHO BILJIMBAIOTH Ha Iepedir
HOPMaJbHUX MeTa0OJiuHUX pearIrii.

IIporecu exckperii @i ocmoperyJaiii mim-
TPUMYIOTh MOHHUUN CKJIaA PiAUH Tija 3a paxy-
HOK peryadaiii xonmenrtpamii #ouiB Na', K,
Mg**, Ca*", Fe**, H', Cl", I, PO?, HCO;.

IIporiecu exckperii @i ocmoperyJaifii mim-
TPUMYIOTh IIOCTiiHY KOHIleHTpaIlito HouiB I'ix-
poreny H* (To6TO miATPMMYIOTH KUCJIOTHICTH
cepemoBUINA).

IInaxom ocmMoperyadrii KOHTPOJIIOETHCS
BMiCT BOAM B pifuHaX Tija.

TokcnyHi NnpoayKT 0OMiHY peyoBUH

Kinnesi npoaykTu oOMiHY peuoBMH He MO-
JKYThb [OaJji BUKOPUCTOBYBATHCS OPTaHizsMoM
i maoTh BuayudaTtucsa 3 Hboro. OCHOBHUMU Bin-
xXomaMu, AKi HeoOXimHo BUIANIATH 3 OpraHiamy,
€ BYIJIEKHCJUNI Ta3 i BoJa Bijl pO3IIenJeHHS
TJIIOK03H1, aMOHIiaK BiJ epepoOKHu aMiHOKUCJIIOT,
cosi. YacTuHa HUX MIPOAYKTIB € TOKCUYHOIO,
TOMY B OpraHismi ¢opmyioTbcA MeXaHiZMu,
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CIPAMOBAHI Ha IIePETBOPEHHA IUX MIKiIJIUBUX
peuoBuH ab0 Ha HEIIKigauBi, a00 MEHI IIKixg-
JUBI AJA opraHiamy.

Barato 3 mpoaykTiB meraboJidmy OiakiB
(amowniak, iHgO0J, (heHOSM, aPOMATUYHI aMiHMT) €
IysKe TOKCUUYHUMH i, 32 BUCOKMX KOHIIEHTpaIlii
COPUYMHAITh YPa’KeHHA PiBHUX BHYTPIIIHIX
opraHiB. S3HEIIKOAKEeHHA TOKCUYHUX IIPOAYKTiB
posmany OinkiB BimOyBaeThcsa B mediHIi. Amo-
HiaK TepeTBOPIOETHCA HA CEYOBUHY ab0O CEUOBY
KucJoTy; (peHoa, iHZoa i cKaToa 3 €THYIOTHCS
i3 cyab(aTHOIO I TJIIOKYPOHOBOIO KUCJIOTaMU,
YTBOPIOIOUM MEHIII TOKCUYHI cmoayku. B exc-
KpeIlil HiTPOTeHBMiCHUX PEUOBUH T'OJOBHY POJIb
BifirparoTh HUPKW, a HeBeJMKa KiJbKICTbh IUX
PevYOBUH BUBOAUTBLCS Uepes JereHi I moToBi 3a-
JIO3U IIIKipu.

OnHieo 3 HAUNTOKCUYHIIIINX PEUYOBUH € AMO-
HiaKk — TPOAYKT PYHHYBaHHA aMiHOKWCJIOT.
Bin mae mBuUAKO BUAAIATHCA 3 OpPraHisMYy.
Y mpicHOBOAHMX OpPraHi3MiB aMOHiaK PO3UMHS-
€ThCS V BEJUKIA KiJTbKOCTiI BOAM i BUAIIAETHCS
OesmocepeIHHO B HABKOJIUIITHE CEPENOBUIIE, HE
BCTUTAIOUU JOCATHYTU TOKCUYHOI KOHIIeHTpAaIrii.
VY MopchKUX i CYyXOHIIBHMX OPraHi3MiB 3amacu
BOJIM B OpraHisMi oOMe:keHi, i BOHU He MOXKYThb
MAapHOTPATHO BUTpadaTU il Ha BUBEAEHHSA aMo-
"Hiaky. Taki TBapmHM BUKOPUCTOBYIOTH iHIIII
CcTII0Cc0o0M eKCKpellil HiTPOTeHBMiCHUX HIPOAYKTIiB.
TooBHMM HITPOTE€HBMiCHUM €KCKPETOM Yy CCaB-
IIiB € CeYoBUHA, AKa YTBOPIOETHCA B IIEUiHITL
3 aMOHiaKy i daka HabaraTo MeHII TOKCHYHA,
Hi’K amMoHiak. B iHImux HaseMHuUX TBapuH (KO-
MaX, NTaxXxiB) eKCKPEeTOM € CedyoBa KUCJIOTa Ta
ii cosi. BoHu maii:ke He TOKCHUHI W MaJoOpoO3-
YMHHI, IJ9 IX eKcKpelii moTpiObHa HeBeJuKa
KiJIbKiCTh BOIU.

0 [lizHanTeca binble
JenAki MeTaboniTi, WO HAKOMUUYIOTbCS POCSIMHAMM

B KNITMHHUX BaKyonAX, BUKOHYIOTb 3aXUCHi GyHKLUI.
o6 YHUKHYTV 3HULLEHHA TPABOIZHUMW TBAPUHaMWU,
POCAVHM CUHTE3YIOTb Pi3Hi OTPYWMHI PeYOBUHMU, AKI
BVBINIbHAIOTbCA 3 BaKyoJiel Y pa3i MOLKOIMXKEHHA Kii-
TVH. Cepep HUX i BUCOKOTOKCUYHI ankanoigu, i npo-
CTO HEMPUMEMHI Ha CMaK PEYOBUHM, WO HeraTvBHO
BMNBAIOTb Ha TPaBJIEHHSA.
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Byraexkucauit ra3 TaK0OK € TOKCUYHUM IIPO-
nykTom wmeraboJsisamy. HaBiTh HesHauHe Imif-
BUINIEHHA HWOT0 KOHIIEHTpAIlili IPWU3BOAUTL M0
OiABUINEHHSA KWCJOTHOCTi, IOTipHIIeHHA caMo-
MOYYyTTsA, TOJOBHOTO 0O0JII0, 3HUI)KEHHS yBaru.
Buganenua momam 90 % ByriieKuciaoro rasy
3a0e31euyioTh JereHi. TakoK uepes JiereHi Bu-
BOAATHCA iHII JIETKI PEUOBWMHU, HAIIPUKJIA BU-
napu edipy # xJsopodopmy mim yac HapKo3y,
BUIIApU AJKOTOJI0 B pasi cm’ AHiHHA.

Pocinnuu gk KiHiesi mpoaykTu oOMiHy Bu-
OUJISAI0Th He TiJIbKM BYTJIEKHCJIUN ras i Bondy,
a i1 Kuceub. PoJib KMCHIO B OpraHidMax ABoicra.
Binpauii, aromapauit OKcureH i 030H (GPaKTUIHO
€ KJiTmHHuUMU oTpyTamu. B armocdepi umcro-
ro KUCHIO JUXAaHHA POCJUH 3HUIKYETHCA, a 3a
TpuBaJioi oro xil pocauHa ruHe. Ile moB’sa3aHO
3 IIOCUJIEHHAM BiJIbHOPAAWKAJIbHUX pPeaKIiid,
MOIIKOKeHHAM MeMOpaH YHACJTiTOK OKHCHEH-
HA IxX JimigiB i, sperrroro, 3 mopyllneHHAM 0a-
raTboX IPOIeciB OOMiHYy PEUOBUH.

MakTopu, Wo NopyLwyTb NpoLec
BUIINEHHA Y NIOAVHN

- CmagkoBi Ta BpOOKeHI 3aXBOPIOBaAHHSA
oprauiB BupminenHs. CmaakoBi gedexkTu HU-
pox (HedpomaTii) MOKYTH BUHHUKATH B PiZHUX
CTPYKTYpPax BUIIJIBbHOI CHCTEMU, HAIPUKJIALT
y KJIyOOYKOBOMY amapari, ()epMeHTHUX CHUCTe-
MaX 1 TPaHCIOPTHUX KaHajJaX HUPKOBUX Ka-
HaJBIIiB, CHOPUUYMHATHA AaHATOMiUuHI aHOMAaJIii
HUPOK i ceuoBHUAINBbHUX HLIAXiB (Maya. 53.1).

- Indekuiiini 3axBoproBanuda. Hupkosi in-
dekiii saszBumuall COPUUYNHAIOTL OaxkTepii, AKi
ypasKkaoTh HUPKOBI JIoXaHKU ab0 HUPKOBY IIa-
peaximy. TpamnaioTbca TaKoK IIapasuTapHi Ta
BipycHi 3axBopioBaHHA. [H(peKIia 3HUIKYE aK-
TUBHICTh POOOTH HUPOK.

0 KnioyoBa ines

Ekckpeuina 1 ocmoperynauisa € gyxe BaxXIMBMMU
npouecaMmn XUTTERIANbHOCTI, BOHU NigTPUMYIOTb
CTaniCTb BHYTPIWHbOrO CcepefoBuMlLa OpraHiamy
(romeocTtas). LUnaxom ekcKkpeuii BuaansawTbCA
nobiuHi NpoaykTM meTaboniamy, 6arato 3 AKMUX
€ TOKCMYHUMU; Lie MPOAYKTW MeTaboniamy 6inkis
(amoHiak), Byrnekmcnui ras, KuceHb (y POCIH).
HopmanbHi npouecn BUAINEeHHA MOXYTb OyTh Nno-
pyLUeHi BHaCNiJOK 3axBOpioBaHb HUPOK (CnafKo-
BMX Ta iHPEKLiNHYX), rOpPMOHanbHOro AncbanaHcy,
OTPYEHHA | TPaBM HUPOK.

3p00poBa HupKa

ligpoHedpos  lonikicto3 HUPKK

Man. 53.1. CnagkoBi 3aXBOPIOBaHHA HUPOK — MONIKICTO3
i rinpoHedpo3. HupkKoBa napeHxima 3amilLyeTbca
YMCNEHHUMI KiCTamy abo HMPKOBOI NIOXaHKOI0,

AKa 36iNblIYETbCA Yyepe3 noraHuii BigTik ceui

« InTokcukania. [lo ypakeHHsA HHUDPOK MO-
JKYThb IIPU3BECTU OTPYEHHA AJKOTOJIEM, BAKKU-
MU MeTaJaMU, OTPYHHUMU PEeYOBUHAMU B IOOY-
Ti Ta B IPOMUCJIOBOCTi, YKYCU OTPYHUHUX 3Milk
i KoMmax, HaIMipHI m0o3u IeAKMX JiKapChbKUX
mrperaparis.

- TpaBmu. HupkoBa HemocTaTHICTH PO3BU-
BAETHCS B pasi CUJIBHOTO TpaBMYBaHHS HUPOK.

« Topmonanpuuii mucoamanc. I[lopymennsa
peabcopObiIrii MOXKYTh OyTH 3yMOBJI€HI HEIOCTAT-
HBOIO CeKpeIlielo roOpMOHiB (aJbJAOCTEPOHY, Ba-
30mpecuHy) abo OGJIOKAZOI0 PEeIelTOPiB A0 IMX
TOPMOHIB.

@ MpakTryHa poboTa

Kpumu4Huii aHanis peknamu xap4oeux npooyk-
mie ma 6iodo6asok

1. 3HangitTe B IHTepHeTi Bigeoponuku abo TeKkcTu
peknamMmmn xapyoBux NPOAYKTiB Ta 6iogob6aBok (abo
CKOPUCTaNTeCA TUMM, WO PO3MILLEHO B €NeKTPOH-
HOMY [oZfaTKy).

2. MNpoaHanisyiiTe iX, 3BEPHITb YBary Ha KOPeKTHICTb,
HayKOBICTb Ta 06'€KTUBHICTb iHdOPMaLii, AKa B HKX
MICTUTbCA.

3. ChopmynionTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Y xopi MeTaboniamy 6inkiB yTBOPIOOTbCA Ayxe
TOKCMYHI NpoayKTn. Yn o3Hayva€ ue, WO M1 He MOBUH-
Hi BXMBaTWU GINKOBI NpoayKT B Ky? 2. Yn € KnceHb
KopuUcHUM abo HebesneyHUm Ansa opraHiamis? 3. Ak
NOpPYLLYIOTbCA MPOLeC BUAINEHHA Y pa3i BeIMKMX Oni-
KiB? 4. flKk NnopywyTbCA Npouecy BUAINeHHA nig 4ac
CMHAPOMY 3[aBNOBaHHA?
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§ 54. B3aeMo03B’A30K MeTaboNniYHuX Wnaxis

0 [omipkynTe

Y pe3ynbTati $OTOCUHTE3Y POC/MHU YTBOPIOIOTb
Byrnesogn. OTpUMaTK iHWIi OpraHiyHi peyoBUHM
3 NpoAyKTaMu XapuyBaHHA, AK TBapWHWN, BOHU
He MOXYTb. 3BiKW POCAUHWU 6epyTb ninigwn, 6in-
KN N HYKNEIHOBI KMNCNOTW ANA CBOIX KNITUH?

Q 3raganTe

o MeTtaboniam < LInkn TprkapbOHOBUX KUCNOT

» biotexHonorii

B3aemonepeTBOpPEHHA MiXK Pi3HUMM
K/lacamu OpraHiyHMX peyoBuH

OOMiH peyoBUH B OpraHismi JiroguHu BigOy-
Ba€eThCA He XaoTUuHO. BiH iHTerpoBaHuii i ToH-
KO HACTPOEHMI. YcCi mepeTBOpPeHHs OPraHigvHUX
PevYoBUH TicHO mOB’A3aHi oguH 3 oguuM. Hampu-
KJaJZ, y pasi HagMipHOTO CIOKUBAHHA KUPIiB
BOHU MOKYTb BUKOPUCTOBYBATHUCA IJsI YTBOPEH-
HA TJIIOK03U. BiKU I ByTrJIeBOAM MOMKYTH Iepe-
TBOPIOBATHUCS Ha JIIigW, a BYIJIEBOAU B MEIKUX
BUIIQIKAX MOKYTH IIEPETBOPIOBATHCA Ha OiTKU.

Kupu Byrnesoau (nonicaxapuaw)
MKnphi

Miuepon <— MoHocaxapugu
KNCNoTn Lep PYA

NH
I'IlpyBaT
4\ co,

AueTvm KoA (C)

LI,TK > co,

N

2H* 2H* 2H* 2H*

AMiHOKKCNOTH

BzaemormiepeTBOpeHHSA OKPEMUX KJIACIB peyuo-
BUH MOYKJIMBI 3aBAAKMN IUKJY TPUKAPOOHOBUX
KHCJIOT, B SKOMY CIIOJIyYalOThCSI BCi OCHOBHIi
MJIAXY PO3Maay ¥ cuHTedy peuoBuH (May. 54.1).
BzaemorepeTBOpeHHA 3iICHIOIOTHCA Yepes3 KJI0-
4yoBi MeTaboJiTH, AKi € CIiJIbHOIO JIAHKOIO Ha
nIAxax posmnany adbo cuHresdy. o Takux mera-
0ostiTiB HasexaTh IIipyBaT, anetuia-KoA, docdo-
riinepar, metraboJsitu mukJay Kpebcea.

ByrieBogu B pe3yabTaTi rimposisy posmamga-
IOThCS HAa MOHOcaxapunu (IJII0K03y), aKi 3gaTHi
IepeTBOPIOBATICA Ha TPiodu, 30KpemMa HipoBU-
HOTpaAHy KHCJOTY, II0 HAAXOAUTH 0 ITUKJIY
TpuKapOoHOBUX Kucaor. I, HaBmaxku, Tpiosum
3IaTHI YTBOPUTHU TJIIOKO3Y.

Binku B pes3ysbTarTi rigposisy yTBOPIOIOTH
pisHi aMiHOKHUCJIOTH, SKi B IIPOIECi OKMCHOTO
IesaMiHyYBaHHS JalOTh aMOHiaK i KeTOKMCJIOTH.
KeroxkuciaoTu HagXOAATh Yy IHUKJI TPUKAPOOHO-
BUX Kucjaor. HaBmakm, mipoBUHOrpagHa KHC-
JI0Ta, a TAaKOXK KETOKMCJOTHU ITUKJY TPUKapOo-
HOBUX KwHCJOT (0-KeTorJiyrapoBa, (ymMaposa,
IIIaBEJIEBOOIITOBA) TIEPETBOPIOIOTHLCSA HA aMiHO-
KHUCJIOTU, AKi OpraHi3M BUKOPUCTOBYE B IIPOIleci
biocuHTE3y OiJKiB.

Binku Benuki monekynu
¢ (xapyoBi PeUYOBUHN i KOMMOHEHTN KNIiTUH)

Monekynu, wo BigirpatoTb ponb
6yniBenbHMX Gnokis

CninbHi NpoayKTW po3nagy

MpocTi mani monekynn —
KiHLeBi NpofyKTn Kataboniamy

O,——> [uxanbHuil naHutor mitoxoHapin — H,O

N

AD'(D\_/

ATO

Man. 54.1. OcHOBHIi WNAXM B3aemonepeTBOpeHHA Ginkis, upis i Byrnesoais
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

[nioko3a

Mipysat

\
v

JlakTar

AueTtun-KoA

CyKumHat

y

OuroBa KucnoTa

EtaHon

Man. 54.2. Cxema BUPOGHMLTBA €TaHOMY KULKOBO Nanuukoto E. coli
3a paxyHOK 6/10KyBaHHA MapanesibHUX MeTaboniyHmX WAAXiB (x)

IIpoxgykTu; rigponidy sKuUpPiB — KUPHI KuUcC-
JIOTH — B pe3yJabTaTi -OKMCHEHHA Jal0Th aile-
mui-KoA. HaBnmaku, Tpiodu MOMKYTb JaTH TIJIi-
epuH, a aneTua-KoA HeoOXigHUN NI CUHTE3y
BHUCOKOMOJIEKYJISPHUX KUPHUX KHUCJIOT. ¥ pe-
3yJAbTAaTi MOKXHA 3HOBY OTPUMATH KUPHU.

MeTaboniyHa iHXXeHepis

OgHMM 3 TTEePCIEeKTUBHUX HOBUX HAIPAMKIB
y OiorexHoJiorii € MeTafoiaiuHa iH:KeHepis —
CIpsAMOBaHA 3MiHA KJITHMHHOTO MeTaboJisMy 3a
JIIOTIOMOTOI0 BBEJIeHHs, BUAAJEHHA abo mommdi-
Karmii MeTabOJiYHNX NLIAXIB 3 BUKOPUCTAHHAM
TexHosiorii pexomOimanTHux [HK. 3aBmammam
MeTabosriunol imyKeHepil € CTBOpeHHsS B OpraHis-
Mi MeTabOIUHUX MLIAXiB, AKi paHille B JaHOMY
opramismi He icHyBasim abo B3araji He icHyBaJu
B IIPUPOi.

MeTaboaiuHa iHKeHepis 3maTHa CTBOPIO-
BaTu OioJioriuHi cucreMu, IO BUPOOJATUMYTH
XiMiuHi peuoBWMHU, IKi BasKKO I JOPOTO onep-
JKYBaTH TPAAUIIMHUME cIliocobamMu XimiuHoi
igaycrpii. TakuMyu pedyoBUHAMU MOMKYTH OyTH,
HaIPUKJIAaL, KOPUCHI OiJIKM 3 BUCOKMM YMiCTOM
He3aMiHHIX aMiHOKMCJIOT, iCTiBHI BAKIIMHM, aH-

0 Kniouosa iges

B3aemonepeTBOpeHHs 6inKiB, XMpiB i ByrneBoais
B OpraHi3mMi 3A4iMCHIOITbCA Yepes3 KIYoBi MeTa-
6oniT 06MiHY peyoBUH — nipyBaT, aueTun-KoA,
docdorniuepat Ta mMeTaboniTh UUKNY TpuKap6o-
HOBUMX KUCNOT. OgHUM 3 MepcnekTUBHUX HOBUX
HanpAMKIB y 6ioTexHonorii € MeTaboniyHa iHxe-
Hepia — cnpAMOBaHa 3MiHa KNITMHHOIO MeTa-
6oni3mMy 3a gomnomorot Moaudikauii iCHyHUnX
MeTaboNiuHUX WNAXIB.

TUTiJIa, HOBi IIOJiMepu, IO He 3aCMiUyIOTH Ha-
BKOJIMIITHE CepPeOoBUIIE.

ITpuknagamu pesyabTaTiB MeTaboJiuHOI
iHKeHepil € cTBOpeHHs OaKTepPil-IPOAYIIEHTIB
eranony (Man. 54.2), posranay:KeHUX CIOUPTIB,
OYPIIITUHOBOI KHUCJIOTU, CHHTETUYHOTO KayuyKy
Ta iHIIMX OPraHiuHUX PEUYOBUH.

Cucremu MerabosiuHOl iHKeHepii TaKoXK
BUKOPUCTOBYBAJM [JA CTBOPEHHA IITaMiB
IpiskIKiB, AKi BUPOOJIAIOTL OHiOigM AJiA 3He-
OoJIfOBaHHS, i OaKTepili, ki BUPOOJSAIOTEH 0io-
POBKJIAAHI ITOJiMepH AJA XipypriuHoro IIIOBHOTO
MaTepiainy.

® MpakTuHa poboTa

Po3e’sa3yeanHa 3a0ay Ha memy «EHepzemu4Huli
o6MiH»

1. Y npoueci eHepreTMyHoro obMiHy posLienunso-
cA 12 monekyn rnoko3u. NMoBHOro posLwenneHHA
3a3Hanu 3 MONeKynu [JIoKO3M, a 3 peLlTolo Bif-
6ynunca nuwe peakuii 6e3KMCHeBOro etany o6MiHy.
CKinbky MoneKkyn NipoBnHOrpagHoi kucnotu 1a ATO
yTBOPUNIOCA?

2. Y npoueci eHepreTMyHoro obMmiHy yTBOPUIOCS
100 monekyn ATO. [oBHOro posiiensieHHA 3a3Ha-
NN 2 MOMEKYNU [oKo3M, a 3 peLuTolo Bigbynuca
nunwe peakuii 6e3kncHeBoro etany o6miHy. CKinbKu
BCbOrO MONEKYN [I0KO3U po3Lenunoca?

3annTaHHA Ta 3aBaHHA

1. K B/ BBaXKa€Te, YoMy BCi MeTaboMiuHi WNAXM
B KJiITUHI B3aemonoBs'aA3aHi? 2. fki, Ha Bawy AymKy, ne-
peBaru 1 NepcnekTBY, a MOXe, i HeJONiKU Ma€E MeTa-
6oniyHa iHXeHepis NOPIBHSAHO 3 TPAAWLIHO XiMiYHO
NpPOMNCIOBICTIO?
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Tema 3. O6MIH peUOBVH | NepeTBOPeHHA eHeprii

§ 55. O6MmiH pe4oBUH i eHeprii

0 [omipkynTe

AKAM UYMHOM OpraHi3M NtoANHN OOMIHIOETbCA
€HEepri€lo 3 HaBKOJIMLHIM cepefoBuLLem?

Q 3raganTe

o Acuminadia i gucuminagia
* 3aKOHM TepMOAUHaMIKM

€HiCTb NpoueciB 06MiHY peyoBUH

i eHepril

Y kijaiTuHaAX OZHOYACHO BiZOYBAaIOTHCA IIPO-
Imecu eHepreTUYHOro Ta IJIACTHYHOTO OOMiHYy.
Bonu nos’asani Misk co000 IIOTOKAMU PEUYOBUH
i ewmeprii (man. 55.1). T'osoBHY poJsib y mHOEX-
HaHHI aHaboJiuyHMX i KaTaboJiuHMX IIpPOIeciB
Bigirpae AT®.

ITpomecu amabosismy i Karaboaismy mepe-
OyBaroTh B OpraHiami abo B cTaHiI AmHaMiuHOIL
piBHOBaru, abo 3 mepeBasKaHHAM OJHOTO 3 HUX.
IlepeBaskamusa aHaOOJIYHMUX IIPOIIECiB HA KaTa-

0OJIiYHMMU IIPU3BOIUTH 0 3POCTAaHHA, HAKOIIU-
YeHHS Macu TKaHWH, a TepeBakaHHA KaTaboiu-
HHUX IIPOIEeCiB Bele IO YaCTKOBOTO PYHHYBaHHS
TKAHUHHUX CTPYKTYP, BUAiLIeHHA eHeprii. Cran
piBHOBaXHOTO a00 HEPiBHOBAKHOI'O CIIiBBiHO-
ImeHHsa aHabogidaMy ¥ KaTaboJisMy 3ajJeXKuTh
Big BiKy (mepeBaskaHHA aHA00Ji3MYy B JUTAYOMY
Bimi, piBHOBara y spijzomy, mepeBasKaHHSA KaTa-
00J1isMy B CTApoOCTi), CTaHY 30POB’ s, (PiBMUHOTrO
a00 TICMXO0EeMOITilTHOTO HaBaHTaKEHH.

[NepeTBOpPEHHA eHepril B XXUBIW KNITUHI

BuyTpinmai meTabosriuHi mpoliecu CYIpoBO-
IKYIOTHhCS IIEPeTBOPEHHAMU OTHUX (DOPM eHep-
rii ma immri. Tak, HanpukJazn, XxiMmiuHa eHeprisa
TJIIOKO3U ITIePETBOPIOETHCA Y XOMAi KJIITUHHOTO
OKMCHEHHS YaCTKOBO HA TEILJI0, YaCTKOBO — Ha
eHepriio makpoepriunux 3B’a3KiB AT®. 3a pa-
XYHOK rigposisy AT® moske BinOyBaTucs mepe-
HECeHHs PEeYOBUH 3 MIJIAHKMU 3 MEHIIOI KOH-
IEeHTPAIli€I0 M0 TIIAHKU 3 0iIbII00 (OCMOTHYHA
poboTa), mepeHeceHHs HOHIB y Miciie 0ijbIl Bu-
COKOTO eJIEKTPUYHOTO IOTeHIliany (eJeKTpuuHa

KaTtabonism (ancuminauis) MeTaboniam AHabonizm (acuminauin)
P . . ‘\ o .
Co, H,0 TBapUHHI N POCNHHI Po3nan opraHiyHMX peyoBuH MobypoBa 1 pict
6inKn, ninign, Byrnesoaun, ANA OTPUMaHHA eHepril opraHismy
BOAa
YTBOPIOETbCA 0 i Brloge
TPUMYEMO 3 Keto E : ;
: Hepria ATO BuKopucTto- eHepria
nig Yyac guxaHHA P o 1kop P
BYETbCA ANA BCiX nmpoue-
¢ ¢ CiB XUTTEAIANBHOCTI
YTBOpEHHA Bual 3 YTBOpPEHHA
HU3bKOMONEKYNAPHUX NAIMAETbCA a”ac.aET:_lqu; BVICOKOMONEKYIAPHUX
PEeYOBIH eHeprin eHepria (ATD) PEeYOBIH

S

Bupinaetbca B HaBKOMMLIHE
cepepoBuLle

H,0 Mpoayktn posnagy

Tennosa
eHepria
co

2

Enepria xiMiuHnX

e

CrHTe3 OpraHiYHMX PeYoBVH, BNACTUBMX
NIOANHI, 3 NOMMMHAHHAM eHeprii

3B'A3KIB

Man. 55.1. B3aemo3B'A30K npoueciB Katabosniamy i aHaboni3amMy FPYHTYETbCA Ha €QHOCTI GIOXIMIUHUX MepeTBOpPEHD,
o 3abe3neyvyloTb eHEpPrielo BCi NPOLEcH KUTTERIANbHOCTI
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poboTa), B opraHiaMi TBapmHU — CKOPOUEHHS
M’as3iB (MmexaHiuHa po6ora). Ilpu oMy BimOy-
Ba€ThCS IIEPETBOPEHHA YAaCTUHU XiMiuHOI eHep-
rii AT® Ha TemIoBy, OCMOTHUUYHY, €JIEKTPUUHY
Ta MeXaHiuHy eHepriio.

3 posBuTkoM y XIX—-XX cT. TepmMoamHaMi-
KM — HAyKH IIPO B3a€MOIIEPETBOPEHHSA TEILJIOTHU
1 eHeprii — cTaJ0 MOXKJIMBO KiJbKicHO pospa-
XOBYBaTU IIEPETBOPEHHA eHeprii B OioxiMiuHMX
peakiiax i mepembauaTu iX HAIPSIMOK.

TepmoganHamika 0OMiHy peyoBUH

3 TOYKM 30py TePMOIMHAMIKM, JKUBi opra-
HiBMU SABJSIOTH CO00I0 BiIKpHUTI HepiBHOBAKHI
CHCTEeMH, OCKLJIbKM BOHN OOMIiHIOIOTHCS 3 Ha-
BKOJIMIIIHIM CcepemoBUINlEeM AK eHeprier, Tak
i peYOBUHOIO, i IPU IILOMY IIEPETBOPIOIOTH i Te,
u immre.

IIpunusnenHas oOMiHY PeYOBUH Ta IIOTOKY
eHeprii a4 opraHisMiB o3Hauae BTPATy CTPYK-
TypHOi oprasizarii i cMepTs.

ExcrnepuMeHTaIbHUM MOLIAXOM OyJIO BCTa-
HOBJIEHO, II[O0 OO IIpoIleciB, sKi BigOyBarThCS
B 0ioJIOTiuHUMX cucTeMax, MOKHA 3aCTOCOBYBaTHU
mepmuii i Apyru# 3akoHu TepmonmHamiku. Cy-
MapHa KiJbKicTh eHeprii, AKy OTPUMYE KUBUN
opramiamM 3 iKeio0 3a IIeBHUM IIPOMIXKOK dYacy,
IOPiBHIOE KIJIBKOCTI eHeprii, IO BUIIJIAETHCS
Y BUTJIAI TeIlJIa i MiCTUTBCA B TPONYKTAX BUIi-
JIeHHS, Ta eHepreTUYHUM BUTpPaTaM Ha poboTy,
10 3AiMCHIOETHCH.

KinpkicTs TemsmoTu, BUAIJIEHOI OprauisMom,
MOJKHaA TOYHO BuUMipaTu. /s mporo oprauism
MOMIIIIaIOTh Y CIeIiaJbHy Kamepy, dKa moope
isospoBaHa Big cepemosBuia, TOOTO He Bin-
OyBaeThbcA OOMiHY eHepriero 3 HaBKOJUIIHIM
cepemosuirieM (Maja. 55.2). ExcuepuMmenTu, Bu-
KOHAHI IIMM METOAOM, OOBEJIM, HI0 KiJbKicThb
eHeprii, sKa HaAXOAUTH B OpraHiaM, JOPiBHIOE
eHeprii, 110 BUAINAETHCA IIiJ Yac HTPOBEIEHHS
KaJiopuMeTpii.

0 KnioyoBga iges

Y KniTMHax opHouyacHo BigbyBalTbCA mpouecu
€HepreTMYHOro Ta MNacTUYHOro OOMiHy. BoHu
NnoB’'si3aHi Mix o600 MOTOKaMV PEUYOBVH i eHepril.
[OfI0BHY pOsib Y MOEAHAHHI aHAabONIYHKX i KaTa-
6oniuHnx npouecis Bigirpae AT®. Xusi opraHiamu
Hanexatb O BiAKPUTUX TEPMOAMHAMIYHMX CUC-
TEM: BOHU OOMIHIOIOTbCA PEUOBMHAMM 11 eHeprielo
3 HaBKOJIMLLHIM CepefoBULLEM.

I13on4auin
Migirpita
BOAa I D
<« ] XonopgHa
BOAa
Tenno Tenno
MNogiTpsa
BMXOAUTb

<«——— [loBiTpa
HaaxoauTb

A= —

CnoXmnBaHHA KNCHIO NIOANHOK

Man. 55.2. Kamepa ansa npAMOro BUMIpIOBaHHA KiIbKOCTi
TenaoTy, BUAINEHOI opraHiaMom

[lizHanTeca binblue

TepmoanHamiKa — HayKa, WO BUBYA€E 3arasibHi 3a-
KOHV NepeTBOPEHHA Pi3HUX BUAIB eHepril B CUCTEMI.
Po3pi3HAlOTL TpU TUNK cucTem:

130/1608aHa — He OOMIHIOETbCA 3 HABKOJMMLLHIM ce-
pefoBuLLIEM aHi PeYOBMHOIO, aHi eHepri€eto.
3amkHeHa (3akpuma) — OOMIHIOETbCS 3 HAaBKOMMLL-
HiM cepefoBULLEM TiNIbKW eHepri€to.

Biokpuma — OBMIHIOETbCA 3 HABKOMULWIHIM cepe-
JOBULLEM PEYOBUHOIO i eHeprieto.

Mepwwuii 3aKoH TepmoANHaMIKM € 3aKOHOM 36e-
peXkeHHA eHeprii. BiH B13Hayag, Wo 3aranbHa eHep-
rin B i30N1bOBaHiNl cncTeMi — BeNUYMHA CTana i He
3MIHIOETbCA i3 YacoM, a NULLE NEepexofuTb 3 OfHiel
dopmu B iHLIY.

[Apyruii 3aKoOH TepMOAMHaMIKIN BY3HAYaE, WO BCi
peanbHi NpoLec CynpoBOLXKYIOTbCA PO3CitoBaHHAM
NeBHOI YaCTUHWN eHeprii B TennoTy.

@ MpakTyHa poboTa

lMopieHanvHa xapakmepucmuka 3miH y npoyeci
esoJioyii op2aHie mpaesieHHA, OUXAHHA Ma eu-
OdifleHHA AK onmumi3ayis ix 0o npoyecie mema-
6onizmy

1. Po3rnsiHbTe 306pakeHHA OpraHiB TpaBHOI, Au-
XanbHOI Ta BUAINbHOI CUCTEM Pi3HMX Fpyn TBapuH
(Hanpuknag, pub, am¢ibin, nTaxis Ta ccaBuiB). YcTa-
HOBITb 3MiHW, fIKi BigbyBanuch i3 UMMK OpraHamm
y npoueci eBosoLii.

2. ChopmynionTe BUCHOBOK.

3annTaHHA Ta 3aBaHHA

1. OnNnwiThb, AK OAHI BUAM eHeprii NepeTBOPIO0TbCA
Ha iHWi B npoueci PpoTocuHTesy. 2. AKi BUAM eHepril
BUAINATLCA Nig Yac pobotn m'sasis? 3. AKow cuctemoro
3 TOYKM 30py TEPMOAUHAMIKU, € KOCMiYHMIA Kopabenb
3 KOCMOHaBTammn?
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OcCHOBHi nonoxeHHsa Temn «OOMiH pe4yoBUH i NepPeTBOPEHHA eHeprii»

OCHOBHIi HeOpraHiYHi peYOBUHN KAITUHN

KommonenT DyHKIIT

H,0 VYTBOpeHHS BHYTPINIIHBOTO CePeOBUINA OPTaHidaMy, miATpuMKa opmu Tisa (Typrop),
yuacThb y MmetaboJuismi (porouris, rinposia), Tepmoperyaaiia (IoToBugiIeHHA, TyTallia),
TPAHCIIOPT PEUOBUH

H*, Nat, K", Cl” VTBOopeHHs MeMOpaHHOTO moTeHItiany aAaa cuaTesy AT® ta mepemaui curaaiis,
Yy TOMY YHCJIi, HEPBOBOT'O iMIIyJIbCY

HCO;, HPO?, 3abesneuenHa 0y(epHUX BJACTUBOCTEH CUCTEeMU TKAHUH

H,PO,

Ca**, POZ" 3abesnevyeHHA MiITHOCTI OMIOPHUX CTPYKTYP TBApuH (KiCTKU, MYIILIi MOJIIOCKiB)

Mg, Fe, Zn, Cu, @ VYTBOpeHHA aKTHUBHOTO I[eHTPY 'OPMOHIB, (hepMeHTiB, BiramiHiB, TpaHcnopTHUX 6iIKiB,
Mn nirmMeHTiB (poTOCHHTERY

Biononimepwu

IToximepu Monomepn 0O060B’sI3K0Bi eTeMeHTH OcHoOBHIi QyHKIIT
Binku AwmMiHOKUCTOTH C,H,O,N,S KaranitTuuna, CTpyKTypHAa, MOTOPHA,
TPAHCIIOPTHA, PEryJIsaATOPHA
ITonicaxapumu Mowuocaxapugu C,H,0 MexaniuHa, pesepBHA, PeTyJIATOPHA
Hupu Toninepun i sxupni C,H,0 PesepBHa, TepM0oizoso0Ua, PETyJIATOP-
KMCJIOTHA Ha, CTPYKTYypPHA
Hyxneinosi Hyxneorunu C,H,O,N,P Iadopmartriiina, peryiaTopHa, KaTaJui-
KUCJIOTH THYHA

Memb6paHHWI TpaHCnopT

ITacuBHUIT TPAHCIIOPT:

A. IIpocra nudysia

1 — nmudysia kpisb dochorinigamii 6imrap

2 — nudysia Kpisb 6i0K-KaHaL

B. Ilonermena nudysia Kpisb 6iJIOK-nepeHoCcHUK
3 — cummopT

4 — aHTUIIOPT

AKTUBHUII TPAHCIIOPT:

5 — Kpisb 0iI0K-Hacoc i3 migBogoM eHepril

&

TpaHcnopT peyoBUH y 6araTOKNITUHHUX OpraHi3miB

Pocauan Teapuan

Kcennema (Tpaxeinu, cyguHM) — TPaHCIOPT T'emonimda — pigmHa, 110 TPAHCIOPTYE NOKUBHI PEUOBUHU
BOIM I MiHepaJIiB BiJf KOPeHiB [0 JIUCTKiB

djyoema (cutononioHi Tpy6ru) — Tparcnopr — KpoB — pinka TkaHMHA, 110 MicTHTH naasmy (pizunHy) i ghop-
OpTraHiYHUX PEYOBUH BiJl IUCTKIB 10 KOPEeHIB | MeHi esemenmu (epUTPOIUTHU, JEHKOIIUTH, TPOMOOIIUTH)

Tunn XnBneHHa

3a mxepesnom KapGony 3a mixepesioM eHeprii 3a m:xepesiom Iigporeny
+ aBrorpodue — CO, + hoTroTpodhHe — eHepria ceitia - JiTorpocdHe — HEopTraHiUHI peUOBUHU
« rereporpocHe — opraHiuni | + xemorpodHEe — eHepriag ximiuHo- + opraHoTpodHe — oprauiuHi peuo-
PeYoBUHU r0 3B’ SIBKY BUHU
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Ilepegipme ce60i 3HaHHA 3 memu «OOMIH DewOBUH i NepemeEOpPeHHs eHepziiy.

TUnn reTepoTPoPHOro KMBNEHHSA

3a mKepesIoM MOKMBHUX PEUOBHH

(mepodaris)
camporpod)He — JKUBJIEHHS BiIMEDPJIUMU PEIITKAMU KUBUX iCTOT

B3a€MOBUTITHUM CIM0O1030M

feTepoTpodHMIN MeTaboni3m: aepobHe ANXaHHSA

Crapgia 1. Cragis 2.
Tmikomis IMuka TpuKapOOHOBUX KHCIOT
Cragin Mipysat
BUTpauaHHs eHeprii HAH
Auetun-KoA o,
cﬁHlloﬁ
nioko3a
2 ATO 2 ARo OkcanoateTar 2 Lurpar
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Tema 4. CnagKoBiCTb
| MIHIMBICTb

§ 56. lLnaxu nepepayi iHpopmauii B >KUBUX cucTemax

0 [NomipkynTe

Y TMO-TexHOnOorifiX WNPOKO BMKOPUCTOBYIOTb
reH mMepysu, KM BiANOBIJa€E 3a CUHTE3 6inka,
WO CBITUTbCA Nig BrMBOM ynbTpadioneTy. AKWo
TaKWA TeH yBeCTU [0 OpraHiaMy Ko3u Tak, o6
CUHTE30BaHWI HUM 6iNIOK NOTPansAB y MOJOKO,
TO UM MOXe JIIoAMHA, WO N'E Take MOJIOKO, OTpU-
MaTu Uel reH y CBill reHom?

é 3raganTe

» Hykneotnanm » Pennikauisa

o TpaHckpunuia e« TpaHcnAuina

LeHTpanbHa forma monekynapHoi
Gionorii

®pencic Kpix 1958 poxy sampomonyBaB
TaK 3BaHy IEHTPAJbHY AOTMY MOJIEKYJIAPHOL
Oiosorii. Ila morma cTBepAsKyBaJia, IO TOTIK
irdopmMmaliii B KMBUX OopraHisamMax BifOyBaeThCs
TinbKu B Hanpamky Big IHK mo PHE, a mo-
TiM g0 06inkiB. AJe micasd momadbIINX TOCJi-
IUKeHb MorMy OyJo BimpemaroBaHo, i B cyuac-
HOMY (DOPMYJIIOBAHHI BOHA Ma€ TaKUN BUTJIAI:

moTik iHdopmarii B KMBUX OpraHiaMax MOKe
BimOyBaTucs MiK HYKJIEIHOBUMH KMCJIOTAMU Ta
B HAIPAMKY BiJ HYKJIETHOBUX KMCJOT J0 OiJKiB,
ajie He MOJKe IIPOXOIUTH Bin OiNIKiB mo HyKJei-
HOBUX Kwucjor (mana. 56.1).

3 IHK ma IHK Ta B manpamxry [THK—
PHK—6inok imdopmalia mepemaeTbcsa B yCix
KJITMHAX JKWBUX OpraHismiB (mig uvac pemJri-
Karii, TpaHckpumiii i Tpamcaaii). Ilepemauy
indpopmanii 3 PHK ma PHK BuUKOpPHUCTOBYIOTH
nesaki Bipycu. A mepepava imgopmarii 3 PHE
Ha JIHK BuKOpHUCTOBYETHCA AeAKMMU Bipycamu
i, B IeAKWX BUIAAKAaX, V KJIITHHAX JKUBUX OP-
raHiamiB (Tak 3BaHa 3BOPOTHA TPAHCKPUIILis).

Pennikauin TpaHckpunuia TpaHcnAauia

AHK — PHK — 6inok
A
3BOpPOTHa Pennikauis
TpaHCKpunuin PHK

Man. 56.1. Cxema nepepaui iHbopMaLii B XUBMX OpraHis-
Max 3rilHO 3 LEHTPasibHOW JOrMOI MOJNEKYNsipHOI Gionoril

Mpouecn nepenavi iHpopmauii B KNiTUHI

3BigKu i Kyan

depMeHTH Ta CTPYKTYPH,

IIpouec nmepexacThesa Kouu BigdyBaeThcs 2 .

. . AKi 0epyTh yJ4acTh y mpoueci

indopmania PyT® ¥ y mpont
Pennikania | 3 JHK ITig vac mogBoenusa JJHK nepen momi- HNHEK-3ane:xua [[HK-mmosrimepasa,
OHE ma [[HE JIOM KJIiTHHU Tomoi3oMepasa, reikasa
Tpauckpumn- @ 3 IHK Ha neprromy erarmi cunTesy 6i1ka IOHEK-3ane:xxua PHK-monimepasa,
misa uwa PHK ToIoidoMepasa, reikasa
Tpaucaamnia @ 3 PHK Ha gpyromy erami cunTesy 6inka Pu6ocoma

Ha 6i0K

3BOpoOTHA 3 PHK ITig yac mepemimnienusa mobinbHUX reHe- PHEK-zane:xua [[HK-morimepasa
Tpanckpun- | uHa [[HK TUYHUX €JeMEeHTIiB Ta MijJ uac pO3MHO- (peBeprasa), Tommoizomepasa, reJi-
mis JKeHHA PeTPOBipyciB y KiriTuHi Kasa
Pemnikania 3 PHE V¥ mporieci BinTBopeHHA B KJIITHHI BCix PHEK-3zane:xua PHK-nosrimepasa,
PHEK Ha PHK PHEK-BipyciB, okpim peTpoBipyciB TOIl0iBOMepasa, rejikasa
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3BOPOTHA TPaAHCKpULiA

3 1mpollecaMu peIlnTiKamii, TpaHCKPHUIIILil
i TpaHcaAmnii Bu BiKe 3HailioMi. ¥ IIporeci 3Bo-
porHoi TpaHcKpumilii moxii BizOyBatoThCs y 3BO-
POTHOMY IIOPAAKY HOPIiBHAHO 3i 3BUYANHOIO
TPAHCKPUIIicl0. SMiMICHIOE HOTO TAaKOM KOMII-
JeKc ()epMeHTiB, TOJIOBHUM 3 SKUX € (DepMeHT
PHEK-zanexxna JHK-momimepasa (ii wacro Hasu-
BalOTh peBepTa30i0 ab0 3BOPOTHOIO TPAHCKPHUII-
Tazoio). Ileii gepmenT Oyaye nanmokoxk THE
3a 3paskoM JaHmio:kka PHEK.

ITpunIMT MOGY0BY HOBOI MOJIEKYJIN TAKOMK
0asyeTbCcsA Ha SIBUINI KOMILJIEMEHTapHOCTi, aje
BiATIOBiAHICTE Y IbOMY BUIIAAKY AEINO iHITa mOo-
PiBHSAHO 3 TPAHCKPUIIIIi€IO.

TpaHCKpUIIis 3BOPOTHA TPAHCKPHUIII[iT
IOHK PHK PHK ITHK
(8pasok) (O0ymyeThcsi) (3pasok)  (OyayeTrbes)
T 1T 1T, r
D r r IT
T A A T
A v v A

Ypununosuit myxkjaeorun no ckiaany HHE
He BXOJIWUTHb, TOMY HABIPOTH AaJeHiJIOBOrO HY-
kiaeoruny PHEK posraioByeTbcss THUMIiAMIOBUIA
HyKJeoTu s y dauioxkKy [JTHK, a HaBnpoTn ypu-
IOUJIOBOTO — aeHiJIOBUIi.

Oco0611BO UacTo Iieil Impolec BUKOPUCTOBY-
IOTh Bipycu, Yy SKUX HYKJEIHOBOIO KMCJIOTOIO
¢ PHK. Bouu mpoHUMKaiOTh y KJIITUHU KUBUX
OpraHismiB i TaM 3a ZOmMOMOroOi0 (PepMEeHTy pe-
Beprasu 3i cBoei PHK ytBopiorors [THK. A Bike
usa [JHK BOymoByeThcA B reHOM KJIITWMHU ¥ IIO-
YMHAE KOHTPOJIIOBATHU IIPOIleCHU, SKi B Hill Bif-
O0yBaioThbcA. TaKoK pA BipyciB BUKOPUCTOBYE
IJIA PO3MHOMKEHHS B KJIITHHI ABUIIE PeIlTikarii
PHEK 6es cunTesy mpomiskuoi mosexkyau [THE.

OpuHuM i3 THMX, XTO BiJKPUB SIBUIIE 3BOPOT-
HOI TpaHCKpUMIii, OyB yKpaiHCbKUI yueHUi
C. M. T'epiiieH30H.

0 Kniouosa iges

Y XMBUX CCTeMax CrnaakoBa iHpopMalis nepepa-
€TbCA nepeBaXxHO Yy Hanpamkax OHK — PHK —
6inok Ta JHK — [HK. MoxnuBa TakoXx nepegava
iHbopmauii y Hanpamax PHK — OHK i PHK — PHK.
[lns 3a6e3neyeHHs nepegadi uiei iHdopmaLii XunBi
OpraHi3amMy BUKOPUWCTOBYIOTb crieuianibHi pepmeH-
TL: noniMepasy, TONoi3omepasu, refikasu ToLo.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

DepmeHTH, Wwo 3abe3neuyoTb

nepepavy cnagkosoi iHGopmauii

DYHKI[IOHYBAaHHSI HYKJEIHOBUX KHUCJIOT
y KJiTuHax 3a0esleuye BeJUKUN KOMILJIEKC
MOJIEKYJI, OCHOBHUMU 3 AKUX € (DEPMEHTU: II0-
Jimepasm, reiikasu, Tomoizomepasu Tormo. Ilo-
adimMmepasum — 1ie (pepMeHTH, SAKi 3miHICHIOIOTH
moJiMepusallilo HUTKM HYKJIEeIHOBOI KUCJIOTHU
3 HYKJIEOTUIiB, BUKOPUCTOBYIOUMN K MAaTPUILIO
B)Ke iCHYMOUHUI JaHIIOT HYKJIETHOBOI KMCJIOTH.
3aJjierKHO Big TOro, SIKMH JAHIIOT BUKOPICTO-
BYETBCA i KA KHCJIOTA CHUHTE3YETHCHA, iCHYIOTH
Kimbka BumaiB nosimepas. Hampuwraan, ITHE-
sanesxua PHEK-mosimMepasa cuHTe3ye MOJIEKYIY
PHK na panmio:xkky IIHK (e ¢pepmenT OGepe
yyacTh y mporeci TpaHckpumniii). A JTHEK-
danesxkHa J[|HK-monmimepasa cuHTe3ye HOBI MoO-
aerkyau JTHK mig uac pemmikairii.

Tomoizomepasu — 1e dhepMeHTH, AKi 37aT-
Hi 3miHOBaTH TomoJsoriro JJHK (ii mpocTopoBy
O6ymoBy) (mas. 56.2). Ile mae samory mpuBecTHu
mingury IHK B craH, Koaum MOKJIUBA poboTa
iHmux (hepMeHTiB.

Temikasu — 1e ¢epmMeHTH, AKi Bigmosima-
IOTh 3a PO3AiJIEHHA MABOJAHI[IOTOBUX MOJIEKYJ
HYKJIETHOBUX KHMCJIOT Ha OMHOJIAHIIIOTOBi. Takmit
Ipolec € Ay’Ke BasKJUBUM, HAIPUKJIAL, Hepes
MIOYaTKOM pPeIlTiKallii abo TpaHCKPUIIILii. 3aIex-
HO BiZ TOTo, 3 SAKOI HYKJIETHOBOIO KHCJIOTOIO
mpariioe (epment, BumiaaiTs [[HK-remxikasu
i PHK-renikasu.

Man. 56.2. Mogenb moneKkynu Tonoisomepasu NOANHN

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a Akum 3pa3kom i wo cuHTedye PHK-3anexHa
OHK-nonimepasa? 2. Yn notpibHi Tonoizomepasn i re-
nikasu B 6akTepianbHin knituHi, HK Akoi mae surnag
Kinbuesoi monekynu? 3. Y AKil NOCNiZOBHOCTI NOBUHHI
npawuoBaTn nonimepasa, refikasa i Tonoisomepasa agna
3abe3nevyeHHn npouecy pennikawii?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 57. leHn 1 reHOMN

0 [omipkymnTe

KinbKicTb reHiB y reHomi nioguHu 6Ginblue,

Hi>XK Y reHOMi KMLLKOBOI Manunyky, npubnnsHo

B 5 pasis. A KinbkicTb Hykneotngis [HK y reHomi
noaviHK Ginble ax y 700 pasis. Yomy mae micue
Taka pisHuuA?

Q 3raganTe

o [eH o [eHOM o 1HK

» Hykneoig » Xpomocomu

[eH Ta oro CTpyKTypa

Kowmuauii ren e ginauakorm moaexynau [THEK.
Biu Bigmosizmae 3a yrBopeHHA ofHiel a00 KiJIBKOX
O3HAK opraHiamy. Ajse OiJbIIiCTh O3HAK YTBO-
PIOIOTHCA B Pe3yJIbTaTi B3aeMOIil KiIbKOX T'eHiB.

B AKuMX cTpyKTypax posTallioBaHi reHum?
Y mpokapioTiB BOHH 30Cepel:KeHi y BeJuKii
Kimbresiit momexysi ITHK (1me mykaeoiz abo
baxTepiambHa xXpomocoma). KpiMm Toro, BoHU €
B HeBeJUKUX KijableBux MoJjgekyiaax [THK —
maasMizax.

B eykapioTiB reEu MicTATBCA B XpOMOCOMAax
Anpa, MITOXOHApPiAX i miaacrumax. Bimmosimao
O MicIld po3TalllyBaHHSA TI'eHM eyKapioTiB mo-
OiIAI0TL Ha AOepPHi, MITOXOHApiaJbHI Ta reHu
TLJIACTHU/.

Vci reru mMalTh OOHAKOBY cxeMy OyIOBH.
Bouu craagamoTbesa 3 KigbKox gimdasHoK. I'o-
JIOBHOIO TiJIAHKOIO Oy/[b-IKOTO T'eHa € Ta, dAKa
MicTuTh iH(opmariio mpo OYZOBY MOJIEKYJIH
6inka a6o PHK (upoxaykry rena). Ile komyroua
yacTUHA TreHa. IHII miISHKM reHa — HEKOOY-
foui. BoHu He micTaATh iHMopMalii npo OymoBY

MpomoTop OnepaTtop CTpYKTYpHWIA TeH 1

CTpyKTYpHUIA TeH 2

MOJIEKYJI, CUHTe3 AKHX 3abesleuye TeH, aje
BigmoBimaioTk 3a poboTy reHa. Hekomyroummmu
IiIAHKaMU reHa € IpoMoTop i Trepminarop. IIpo-
MOTOP — Ile IiJITHKAa I'eHa, AKa MO3HAUa€e Micle,
e mounHaeThbesa cuates PHK, repminaTop — e
3akiHuyerbca cuHTe3d. Kpim Toro, mo ckJaamy
reHa BXOAATH PETyJIATOPHI AiNAHKY, AKi pery-
JIIOIOTH HOT0 POOOTY.

[eHn npokapioTis

T'enu mpokapioTiB MaiOTh BiTHOCHO IIPOCTY
CTPYKTYypy. Hacrimie 3a Bce BOHM MiCTATH iH-
(opmarriro TiIBKM IPO OJHY CTPYKTYPY — MO-
nekyay 6imka abo PHK. 'enu mpoxapioTuuuHmx
opraHismiB yacTo opraHisoBaHi B onmeponu. Ome-
POH — CTPYKTypa, AKa CKJAJAETHCI 3 KiTbKOX
CTPYKTypHUX reHiB (maja. 57.1). CTpyKrypHi
TeHU B OIIEPOHI PO3TAIIIOBaHI MOPAL i MAalOTh Ha
BCiX OJWH CIiJIBHUY IIPOMOTOP, OOWH CITiILHUN
TepMiHATOP i OAWMH CHiIBHUNA oOmepaTop, AKUH
peryJiroe ioro pobory.

IIpukamoM omepoHa MOKe OyTHU JIaKTO3HUM
OMEePOH KMITKOBOI majanuKu. BiH micTuTh rexu,
AKiI KoayoTh epMEHTH, IOTPiOHI I cuHTe3y
BYTIJIEBOLY JIAKTO3U.

[eHn eyKkapioTiB

Ha Bimminy Bijg reHiB mpokapioriB, reHu
eyKapioTHMUYHMX OpPraHisMiB He YyTBOPIOIOTH OIle-
pouiB. Ko:xXHuUiI i3 HMX Mae BJACHI IIPOMOTOP
i repmimaTop. Kpim Toro, GymoBa IuX TreHiB
OinbIn ckJamHa. ¥ ckJaanai ixubol minauxku [JTHK
€ TOCJiOBHOCTI HYKJEOTHUIIB, AKi He MiCTATH
indopwmairii, moTpPiOHOI AJA CHUHTE3Y TPOAYKTY
rera (mojexynau 6inmka abo PHK). Taki gingauxu
HasWBawTh iHTpoHamu. Ti minaukwm, aki wmic-
TATH MOTPiOHY iH(OpMAaIlilo, HA3WBAIOTH €K30-

CTpyKTYpHUIA TeH 3 TepmiHaTop

Man. 57.1. bygoBa onepoHa NpoOKapioTUYHOrO OpraHiamy

PerynatopHa
nocnifaoBHicTb 1

PerynatopHa

[MpomoTo ; .
P P NoCNifOBHICTb 2

Ek3oH 1 IHTpoH 1 EK30H 2 IHTpPOH 2 EK30H 3 = TepmiHaTop

Man. 57.2. bygoBa reHa eykapioTM4HOro opraHiamy
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HaMu. 3a3BUYall €YKaPiOTUUYHUN I'eH MiCTUTH I10
Kimbka iHTpoHiB Ta exsouiB (Maix. 57.2).
BakamBOI0 YaCTUHOIO €yKapioTMUYHUX T'eHiB
€ PeryJasATOpHi AiJIAHKH. 3 JOIOMOIOI0 ITUX Mi-
JSTHOK KJIITMHA MOXKe TPUCKOpIoBaTH abo BIO-
BLILHIOBATH CUHTE3 MMPOAYKTY T'eHa.

OcobnmBOCTi reHOMIB NPOKapIoTiB

OcHOBHA YyacTHHA IeHOMY IIPOKAapioTiB 3o0ce-
pemskeHa B OaxTepianbHiili xpomocomi. Ile Kinb-
meBa mosiekysaa [ITHK, aka sasBuuaii B OGHOMY
MicCIli IPUKPIILIIOETHCS A0 KJIITUHHOI MeMOpaHU.
Kpim miei JHK no ckaany reHomy eykapioris
BXOOATH ItasMinu. Ilimasminm € KijgbieBUMU MO-
nexkynavu I[[THK, posraiioBaHuMY B ITUTOILIA3Mi
KJIITUHU.

I'enOm mpoxapioTiB He MiCTUTH 00 MiCTHUTH
oyske Majo Hekoxyioumx minsuor [[HEK.

Ocob6nmBOCTi reHOMIB eyKapioTiB

XapaKTepHOIO PUCOI0 TeHOMIB eyKapioTiB €
Te, 110 Oinbirta yactTuHa ixHboi JJTHK mpexcras-
JIeHa HeKoAyounMu gingaakamu. CrouaTky Tary
JIHK masBasu cmiTTeBOIO, 60 AyM™MaJiu, 110 BOHA
HemmoTpiOHA. AJie MOTIM BUABUJIOCS, IO BOHA
MOJKe BimirpaBaTwm Ba’KJUBY POJIb Y PeryaAIii
pob6oTHM TEeHOMY Ta €eBOJIIIiMHUX Ipolecax.
IIpore ocTaToyHO POJIL HEKOAYIOUUX [iJITHOK
OHEK 1me me 3’sacoBaHO.

T'emomu eykapioriB momisiAaoThCA Ha OBi Be-
JINKi yacTMHU — sAlepHY i nozaanepHy. OcHOBHA
yacTUHAa TeHiB eyKapioTiB 30cepeasKkeHa B Alep-
Hifl vacTuHi remomy. AmepHa uyacTuHA mpen-
cTaBJieHa TeHaMH’, SIKi po3TallloBaHi B XpPOMO-
coMax Anpa KJITUHH.

ITozasamepHa wacTuHa reHOMY IIpeACTaBJe-
vHa [[HK mitoxonapint i maactun. la THK mae
(opMy KinbIlsd, BoHa He HOB’sg3aHa 3 OiJIKamMu
i 3a cBoerw OymOBOIO IysKe CXOyKa Ha OakTepi-
asbHy Xpomocomy. llesaki eykapiotu (Hampu-
KJan, OPisKIMKi) MOKYTH MaTH TaKOXK Y CBOIX
KJIITUHaX OJaasMigu.

0 Knioyosa iges

[eH — ye oanHnyAa cnagkoBocTi, AinaHka AHK, oo
CKnagy AKOI BXOAUTb KiNlbKa KOMMOHEHTIB (npo-
MOTOP, TEPMiHATOP, KOoAyloUi BiNAHKM TOLO). [eHn
npoKapioTiB MatTb 6inbl cknagHy 6yAoBy, Hix
reHn eykapiotis. CyKynHiCTb yCiX reHiB i Heko-
ayounx ginAaHok OHK KnitTuHu yTBOPIOE ii reHom.
3a Oy#oBOI reHOMIB MPOKapioTV Ta eyKapioTu
TaKOX PIi3HATbCA Mi>K CO6OI0.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

KpimM cTpyKTypHUX i peryiAaTopHUX TeHiB
y TeHOMaX eyKapioTWYHWX OPTraHi3MiB Tparis-
IOTBCA MOBTi MiIAHKHW ITOBTOPIOBAHUX HYKJEO-
TUIHUX IOCJIiLOBHOCTEI DisHOI AOBXKMHU. IxHI
(GYHKIIII IIIe HeJoCTaTHBO BUBUEHi. ¥ TeHOMax
eyKapioTiB TpamIAThCA TAaKOX MOOiJIbHI re-
HeTUYHi eqeMeHTH (MOOiNBHI reHm), aKi smarTHi
nepemimniatTuca BcepeauHi reaomy. 1li renu He €
CTPYKTYPHUMU a00 PeryJIATOPHUMHU, i 1X YacCTO
PO3TIAIAIOTH K BHYTPiNITHLOI€HOMHUX ITapa3UTiB.

Perynsauina akTMBHOCTI reHiB

Y renowmi moguam nouan 20 000 rexis. Aute
I SKUTTEOIAIBPHOCTI I BUKOHAHHSA CBOIX (DYHK-
Iif KOXKHil okpeMill KaiTuHi moTpidHO HabaraTo
meHmre rediB. Tomy OinpIna iX vacTuHa y KJIi-
TUHAX € «BUMKHEHOK», HEAKTUBHOIO.

Aue i Ti reHu, AKi mpamoiOTL, HE 3aBXKIU
MIPaII0Th OAHAKOBO. fIKIIIO € morpeba y BuU-
poOJIeHHi cJAMHU, TO T'eHHU, IKi BUPOOJISIOTE II0-
TpiOHiI (hepMeHTHU, IPAIIOIOTH AKTUBHO. A KOJIN
morpeba MMUHAE, IHTEHCHBHICTL IXHBOI POOOTH
cJig 3MeHIyBaTu. TakK KJIITMHU MOMKYTH €KO-
HOMUTH PECYPCH OpraHisamy.

Y kiiTuHax peryJsdllid peaJisallii reHeTud-
HOI imdopmairii moske BimOyBaTHCsA 3a JOIIOMOTOIO
KinbKox mMexaHismiB. Ilepmuii MexaHism — B3a-
€MOJisfA MPOAYKTIB PEeryjasiTOpHUX T'eHiB (3a3BuU-
yaii O0iJKiB) 3 NMEeBHUMU CTPYKTypaMu TeHiB:
0OIIepaTopoM, IIPOMOTOPOM ab0 PeryJaATOPHUMU
minaakavu. Ile gae 3Mory sMiHOBaTH IIIBUIKICTD
poboTu reHiB a60 «BMUKATH» UM « BUMHUKATH» IX.

dpyruit Mmexani3aMm — mMonudikKalisa esaKux
HyKJeoTuniB y gaHmoxkkax [THK. Akimo qo Hux
npueaHyeTbCA MeTuabHMA pagukan (CH,), To
3unTyBaHHa iHdGopmanii 3 ginaaku [[HK 3a Ta-
KUM HYKJIEOTHIOM CTA€ HEMOYKJIMBUM.

Tperiii MexaHidaM — TaKyBaHHA MEBHUX
ninauoxk JHK 3a mgomomoroio 6iJKiB TakuM
YMHOM, II00 3 HUX He MOKHA O0yJ0 3UMTATU
cragkoBy iH(opMmaliro. Kpim Toro, peryadaiisa
MOJKJIMBA II Ha OiJgbIn Mmi3HIX eramax, KOJIU
Kiaituaa 6J0oKye pooory PHK a6o 6inkis, aki
€ IpoAyKTaMu pobOoTU TeHa.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Cknagitb CNUCOK «HeAOoNiKiB» OMEPOHiB MOPIBHA-
HO 3 eyKapioTMYHMMM reHomamu. 2. binblwa yvactuHa
JOHK B reHomi eykapioTiB € HeKkoAyluUMMU AiNAHKaMU.
Ane nig yac aHanisy reHomy Ay»ke Ba)K/IMBO BU3HAuUUTU
KiNIbKiCTb FeHiB y reHoMmi. IKMM YMHOM MOXHa fi3HaTncA,
wo neBHa AainaHka OHK € reHom?
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§ 58. [eHeTuKa AK HayKa. MeToan reHeTUKN

0 [NomipkynTe

Yomy nofmHa cxoxa Ha cBoix 6aTbKiB, ane B Tou
e yac He € iXHbOI Kori€to?

é 3raganTe

 bionoriuHi Haykn » CnagKoBicTb

e MiHnuBICcTb o MyTauii

o [eHn

[eHeTMKa AK HaYyKa

I'enemuka (Bif rpem. genetic — TOXOIKEH-
HA) — HaAYKa IIPO CIAAKOBiCTh i MiHIMBICTB
sKuBUX opraniamis. Ileli Tepmin OyJio 3amporio-
HOBAHO aHIJIiNicbKUM reHetTukoM B. Berconom
1905 porky. B ocHOBy TreHeTMKH OyJiO TOKJAa-
IeHO 3aKOHOMIipHOCTI CIIaKOBOCTi, AKi BUABUB
I'. Mennenp mig yac BUBYEHHA PiBHUX COPTiB
i ri6puaiB ropoxy B 1860-x porax.

PokoM BapomkeHHA TeHETWKU BBaKa-
forb 1900 pik, xkoau X. me Ppis, K. Kopenc
i €. YepMmakx moBTOpPHO Bigkpuau 3akoH I'. Men-
[leJid, ajle PO3BUTOK I'eHETUKU mouyaBcAd Habara-
TO paHimie. Y:Ke B JaBHI yacu JIOAU IOMidau
IeBHI 3aKOHOMIPHOCTI yCIIaZKOBYBaHHSA O3HAK
i HamMaraJucsa 3acTOCOBYBATH iX NJIsl BUBEIEHHS
HOBUX copriB i mopin. Tomy mepmuii mepion

PO3BUTKY T€HEeTHMKHM 3 TaBHIX dYaciB 10 cepen-
nHu XIX crosiTTa OyB mepiogoM HaKOTWUYEHHS
irgopmarii Tpo 3aKOHOMIPHOCTiI CIamZKOBOCTI
¥ minauBocti. Jlpyruii mepiox (1865-1900) —
e ImepioJi BUHUKHEHHA TIeHEeTUKU SIK HaAYKH.
Bin posmouasca 3 Buxonmy pobotu I'. Menngens
i 3aKiHUMBCA TEPEBIAKPUTTAM HOTO 3aKOHIB.

Tperiit mepiox possurky (1900-1953) 6y.10
MIPUCBAYEHO BUBUEHHIO TeHETUYHUX ITPOIIECiB HA
KJaitTuaHOMYy piBHi. Came Tomi OyJs0 cpopMoBaHO
XPOMOCOMHY TeOPil0 CIaAKOBOCTI I BUABJIECHO
poJsib xpomocoM. A micisa 1953 poky (3 MOMEHTY
BCTAHOBJIEHHsS ocobsimBocTeii cTpykTypu [THEK)
pO3mMoYaBcsA Cy4acHUI mepioa PO3BUTKY I'eHeTH-
KW, KOJIM JOCJIiI)KeHHA MePEeBaKHO IPOBOAATH-
cAd Ha MOJIEKYJIAPHOMY PiBHIi.

3aje)XHOo Bif 00’eKTa IOCTimsKeHHS BUIi-
JISIOTh TeHeTUKY POCJWH, TBAapWH, MiKpoopra-
Hi3MiB, JIOAWHU TOIIO.

l'eHeTnka AK HayKa BUHHKJA BHACJiIOK
npakTuuHux morpeb. Ilig uac posBemenHsA mo-
MAITHIX TBApPUH i KYJBTYPHUX POCIWH 3TaBHA
BUKOPUCTOBYBaJIX ribpuamsairiro mopis abo cop-
TiB, AKi BigpisHAaMCA MiK c000I0 3a IeBHUMU
osHaxkamu. IlopiBHIOIOUM TiOpUAN 3 BUXiTHUMU
dopmamMu, JIOAW OABHO IIOMITHUJIMN IesIKi 0co0-
JIUBOCTi ycTIafKyBaHHA O3HAK. A ToeTHAHHS 6a-
raTopiyHMUX CIIOCTEePEeKeHb 1 MoTpedu ITiABUIIeH-
HS BPOMKaAWHOCTLI Ta e(PeKTHBHOCTI CiIbChKOTO

KnacuuHri metoam reHeTUYHUX JOCNIAXKEHb

CyTts MeTOmy

BuBuennsa pomoBozis oprauismis. Ile mae 3Mory mpocTeKuTy XapakTep yCIagKyBaHHS

BceranoBiieHHA yacTOTU 3yCTPiYASBHOCTI aJIefIiB y MONYIAIIAX OPraHidMiB Ta TeHETUYHOT

Hasga
Teneanoriuanit
pi3HUX CTaHIiB IEBHUX O3HAK Yy PAJi MOKOJIiHb
ITonmymamiiiao-
CTATUCTUIYHUH CTPYKTYPU MO AT

Ti6pumonoriuauit | CxpeuryBaHHA (ribpuamsaiisa) opranismis, AKi BifpisHAIOTHECA 38 TEBHUMU CTaHAMU OJf-
Hiel UM KiJTbKOX cHagKoBUX O3HaK. Haraakis, omep:KaHUX BiJ TaKOTO CXPeITyBaHHS,

HA3WBAIOTH ribpugamMu

IMurorenernunuit = BuBueHHA XpOMOCOMHOTO HaOOPY (KapioTumy) opraHismis

Bioximiunnuii

BansHOKOBUIt

BuBuenHsa ocobsmBocTel 6i0XiMiuHMX IPOIECiB B OPraHidMiB 3 piSHUMU reHOTHUIIAMU

BuBueHHS MOHOBUTOTHUX OJIMBHAT (OPraHidMiB, AKi MOXOAATH 3 OAHi€l 3UTOTH) Ta IMOPiB-

HAHHSA X 3 AUBUTOTHUMU OJIUBHATAMY (AKi YTBOPIOIOTHCSA 3 PisHUX 3uUrorT). [ocaimKyoun
Taki opraHisMu, MOKHa 3’sICyBaTHU POJIb UNHHUKIB JOBKiJIA Vv (hopMyBaHHI peHOTHITY
0COOMH: pi3HUI XapaKTep IXHBOTO BIJINBY 3yMOBJIIOE PO36isKHOCTI Y IPOABI TUX UM TUX

CTaHiB IIeBHUX O3HAK
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TOCTIIOZAPCTBA CTAJIO IIPUYUHOIO OYPXJIMBOTO PO3-
BUTKY TeHeTHKHN y XX CTOJITTI.

Ha BuBUeHHI reHeTUYHNX 3aKOHOMipHOCTEHN
I'PYHTYIOTBCS TeXHOJIOTil CTBOPEeHHS HOBUX i mO-
KpallleHHsA iCHYIOUMX HOPiJ CBilicbKUX TBapuH,
COPTiB KYJBTYPHUX POCJNH, a TaKOK MiKpO-
opraHisamiB, AKi BUKOPHCTOBYIOThCA y (hapma-
IEeBTUYHiN MPOMUCJIOBOCTI 1 MmenuiiuHi. Benuke
3HAUYEHHA Ma€ reHeTUKa JJIA MeIUIIUHYU Ta BeTe-
puHAapii, OCKIJIbKYT faraTo 3aXBOPIOBAHbD JIIOAUHU
1 TBaApWH € CIAaAKOBUMH, i AJd 1X AiaTrHOCTUKH,
JiKyBaHHA Ta IPodiaKTUKM TOTPiOHI reHeTHY-
Hi gocuim:xeHHS.

CnapKoBiCTb i MiHNUBICTb

Cnadkxogicmv — 1ie 30ATHICTH JKUBUX Oopra-
Hi3MiB ImepemaBaTy 0COOMHAM HACTYIHOTO IIOKO-
JIiHHSA 0CcO0JIMBOCTI cBoei opraHisaiiii, a TaKoOM«K
XapaKTepHi PUCH CTAaHOBJIEHHSA ITMX OCOOJIMBOC-
Tell y mpoieci po3BuTKy. IlpukjgazamMu cramko-
BOCTi € pyauii KOJIip BoJIOCCS, SKUUA TiTH OTPHU-
MYIOTH Bifi 6aThKiB, OJHAKOBA KiJBbKiCTh KPUJI
i ocobmBOCTi iIXHBOI OYMOBU B PiBHUX IMOKOJiHD
MyXHU Ipo3odiau, ogHAKOBe 3a0apBJIeHHA A0JIYK
OITHOTO COPTY.

Minausicmv — 1ie BJIACTUBICTH OpPraHiZaMy
3MiHIOBATH CBOIO OpraHisallio, a TaKoxK HaOy-
BaTH HOBUX O3HAK y IIpolleci iHAMBiAyaJIbHOTO
po3BuTKy. IIpmkiagzamMu MiHJIMBOCTI € IT0ABa
JVCTKIiB KOHIOIIMHU 3 YOTHUPMA JUCTOUKAMU,
HapO KeHHs 0101 BOpoHHU y cipux 0aTbKiB, He-
CXOMKiCcTh pigHMX OpaTiB B OGHIN pPOAMHI.

MeToanm reHeTUYHUX AOCNIAXKEeHb

T'eHeTKa BUKOPUCTOBYE BEJIUKY KiJIbBKiCTH
METOMiB JJiA NPOBEIeHHS MOCIiIKeHb, TpPaau-
OMifHUME 3 AKUX € ribpumoJioriunmii, reHea-
JOTIUHWI, NONYJANiAHO-CTATUCTUYHUN, IIU-
TOreHeTUYHU, OioxiMiuHMIA 1 OGJIM3HIOKOBUII.
IIi meTonU 3aCTOCOBYIOTHCS B)Ke 0araTto poOKiB.

B ocranHi pOoKM HaANOGIIBIN MOITUPEHUMU
cTajy BiJHOCHO HOBI MeTOIM MOJIEKYJIAPHOIL
Oiosorii: ceKBeHyBaHHs TIeHiB, moJimMepasHa
JIAHITIOTOBA peakIlisi, 3aCTOCYBAHHSA TeHEeTHY-

0 KnioyoBga igen

leHeTMKa — ue HayKa, AKa BMBYAE 3aKOHOMIpP-
HOCTi CNAgKOBOCTI 1 MiHNIMBOCTi opraHiamiB. OcHo-
BHUMWU METOAAMV TeHETUKN € TibpugonoriyHunin,
reHeanoriyHnin, LUTOreHeTUYHUI, 6GioXiMiuHuin,
GIN3HIOKOBUIA TOLLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

HUX MapKepiB. BoHu 3acHoBaHi Ha HOBITHiX
TEeXHOJIOTiAX i MO3BOJISIOTH CYTTEBO 301JIBIITUTU
e(peKTUBHICTh TeHETUUYHUX IOCIiAKeHb, aIKe
npampooTs Hanpamy 3 [IHK, B akiit 30epira-
€ThCcA CHagKoBa iH(opMaIia.

¥ pesyiabrari cekBenyBaHHa [[HK BcTamos-
JIOETHCA IIOCJTiMOBHICTh HYKJIEOTHUIIB y II€BHO-
My reHi abo y Imijomy reHomi.

ITomimepasna ganmiorora peakunia (I1JIP)
3a JOTIOMOTOI0 crienu(piyHnX (PEPMEHTIB J03BO-
Jisie 6araTopasoBO KOMiloBaTU OKpeMi (hparmen-
™au [JHK, 3HauHo 36iibHIyiounm iX KOHIIEHTpA-
I[if0 B PO3YMHI HNPOTATOM He Iy:Ke TPUBAJIOTO
vyacy. lle#i mpomec HasumBawTh aMmiidika-
miero. Y pesyabrati amimridgikamii molkHa
OTpMMATH [AOCTATHIO AJA aHaJdidy KiJbKicTb
MaTepianiB, HaBiTh AKIIO Ha TOYATKYy OyJO
3HAWJEHO JINIe OAVH HEBEJWYKUHA (hparMeHT
OHEK. IIJIP mae 3mMory TakKoX IIPOBOJUTHU Be-
JUKY KiJIbKiCTh PiBHMX MaHINyJIANiA 3 reHe-
TUYHUM MaTepiajoM (KJIOHYBaHHSA I'eHiB, CeK-
BEHYBaHHS TOIIO).

MeTon reHeTHMYHHX MapKepiB IoJiArae
B imeHTudikamnii meBHux renis, gingHoxk [[HEK,
XpoMocoM abo 0COOMH 3a JOIIOMOTOI0 IPUTAMAH-
HUX JUIle IM CHOJy4YeHb HyKJeoTumiB. MoJe-
KyaapHo-reHeTuuyHi mapkepu ([JHK-maprepu)
€ moaiMopdHUMHU (TaKUMU, IO MAIOTh KiJIbKa
BapiaHTiB) O3HaKaMu, BUABJIEHUMU METOJaMU
MOJIEKYJIAPHOI 0iojorii B HYKJI€OTHIHIN IOCJTIi-
moBHocti JTHK. BoHu BUKOPHCTOBYIOTBHCS IJIs
MOPiBHAHHA Pi3HUX rpym (copTiB, mopia, Irra-
MiB, BUAiIB, POJIB TOIIO) >KMBUX OPraHisMis.
3a I0mOMOroi0 ITLOTO METOJy MOKHa BCTAHO-
BUTHW HASIBHICTHh IIEBHUX I'eHHUX MYTAaIlliil y re-
HOMi, BUBHAUUTU Habip reHeTHYHUX MapKepis,
10 € cueru@ivHuM OJId IIeBHOTro 0i0JIOTiuHOrO
BUAy a00 HaBiTh OKPEMOro iHAMBHIA.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Yomy ORM3HIOKOBMIA METOA AAE 3MOTY BUSABUTU
ponb reHoTWny i BAAMBY cepefpoBuia y $opmyBaHHi
03HaKun? 2. Hagilio noTpibHO NPOBOAUTU CEKBEHYBaHHSA
Ta BUKOPUCTOBYBaTW reHeTU4Hi mapkepu? 3. llig vac
npoBeAeHHA MNoJfliMepasHoi NaHLUKroBoi peakuii npo-
Lec BifbyBaeTbcA y BUMNARI KiNbKOX LMKIIB. Y KOXHOMY
umKkni Ha HUTUi JHK cuHTe3yeTbea i Konif, a noTim nig
Ji€lo nigBuvLeHOT TemnepaTypy LA Konia BigoKpemsto-
€TbCA. AAKMM UYMHOM 3a [OCTaTHbO HEBENWKY KiNbKiCTb
UuMKniB (3a3Buyan ix 25-30) BoAETbCA OTPMMATU BENUKY
KinbKicTb Komi (go minbapaa pasie 6inbly, HiXK Ha Mno-
yaTKy peakuii)?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 59. [eHeTnyHa TepmiHonoria. Tunu cxpellysaHb

0 [omipkymnTe

LLlo xouyTb CKasaTu, KOMN KaXyTb, WO B MEBHOMY
BMNagKy Oyno 3pincHeHo TeTparibpmaHe cxpe-
LyBaHHA? 3 AKOI MOBMW B FeHeTUKY NoTpanvs
npedikc TeTpa-?

Q 3raganTe

o [eHeTuKa o [eH
» Anenb

» [annoigHa KniTnHa

o [lunnoigHa KNiTnHa

OCHOBHI TepMiHW | NOHATTA reHeTUKN

T'emetuka, AK i Oygb-IKa HaykKa, Ma€ CBii
NOHATIWHWI amapar i cucTeMy ITO3HAYEHbB.

IF'ew — guckperHa (QyHKIIiOHAJIbHA ONU-
HUIA CIIaAKOBOCTi, 3a JOIIOMOTOI0 SKOI Bin-
OyBaeThbcs 3aluc, 30epiraHHsa Ta mepemaua re-
HeTWYHOI iHPopMarii B pAAl MOKOJIiHb, TeBHA
minaaka moserkyau JJTHK (a6o PHK y meaxkux
BipyciB) posramioBaHa Ha IeBHiIN miasgHIi
(y meBHOMY JIOKyCi) XpoMOCOMMU eyKapioTis,
y OakxrepianbHili xpomocomi um maasmini
y mOpokapioriB abo B MoOJeKyJi HYyKJeiHOBOI
KHUCJOTHU BipyciB.

Anems — OOWH 3 MOKJIMBUX CTaHiB (Bapi-
aHTiB) reHa.

Anens TUKOTO THIYy — aJiesib, AKWHA IIOIIHN-
PeHUil y IPUPOJHUX IMOMYJAIiAX IIeBHOTO BUIY
i ByMOBJIIOE PO3BUTOK O3HAK, IO € XapaKTep-
HUMU [JIA IBOTO BUAY.

Jlokyc — Mmiclie po3ranryBaHHA aJiesIiB II€B-
HOTO reHa Ha XPOMOCOMi.

T'omosurora — pgumniaoigHa abo IIOJIILIOIfT-
Ha KJiTmHa (ocoOwHA), TOMOJIOTiUHi XPOMOCO-
MU SIKOI MaloTh OJHAKOBL ajiejli meBHOIO Tr'eHA.
Y roMo3UroTHOMY CTaHi NPOABIAIOTHCA 1 IO-
MiHAHTHi, i perecuBHi ajeJi.

I'ereposurora — aumaoigHa abo MOJIiTLIO-
inHa KJiaitTuHa (0coO0MHA), TOMOJIOTiIUHI XpoMo-
coMHu AKOI MaloTh PisHi ajesi meBHOTO reHAa.
Y rerepo3uroTHoMy CTaHi 3a yMOBU IIOBHOTO
IOMiHYBaHHS ITPOABJISAETHCA Oifd TOMiHAHTHOTO
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ajiesisi, a 3a HEIOBHOTO JOMiHYBaHHSA O3HaKa
Ma€ IPOMi’KHe BUPAKeHHA MiXK JOMiHAHTHUM
i periecuBHUM ajeIAMUA.

T'emizurora — pumniaoigna KiaitmHa (0ocobu-
Ha), AKa Mae€ JIMIle OAWH aJieJib IIeBHOTO I'eHa.
Ilei#t cran BMHWKae BHACJIIOK TOrO, IO y Je-
AKNX BHUAIB 0COOMHM oOnHiel 3i craTeil MalmTh
nBi pisHi craTeBi xpomocomu abo JuIllle OIHY
CTaTeBy XPOMOCOMY.

T'enoTun — cyKymHiCcTH ycix TeHIB KiiTu-
HU, JOKaJIidoBaHUX y Aapi (y xpomocomax) abo
Yy Pi3HUX PEIIIKYIOUUX CTPYKTypaxX IIUTOIIIa3-
Mu (mractTugax, MITOXOHIPiAX, maasMigax).
TemoTunm — 1me cmagkKoBa OCHOBa OpraHiamy,
€IMHa CHCTEMa B3aEMOIiIOUMX TeHiB, TOMY
OPOSAB KOXKHOTO TeHa 3aJIe’KUTh Bin Ioro re-
HOTHUITHOTO cepemoBUINa. ['eHOTHUI KOHTPOJIIOE
dopmyBaHHA BCiX 03HAK opraHismy, (hhopMyHUYn
oro (heHOTHUII.

PeHOTHII — CYKYOHICTHL BJIACTUBOCTEH
i o3HaK opraHiamy, IO CKJAaJHCA Ha OCHOBI
B3aeMOJii TeHOTUITy 3 yMOBaM! 30BHINTHBOTO
cepenosuiria. PeHOTUII HiIKOJIM He BimobOpaskae
TeHOTUII ITiJIKOM, a JIUIIe Ty HOro YacTUHY, dKa
peaisdyeTbcA B IIEBHUX YyMOBax OHTOTEHE3Y.
¥V mporeci po3BUTKY opraHiamy (GeHOTHUII 3Mi-
HIOEThCA. MeKi, B AKUX 3MiHIOIOTBCA (heHOTH-
IIOBi IIPOSIBY T€HOTUITY, HA3WBAIOTHCA HOPMOIO
peaxirii.

FiGpuaonoriyHnn aHani3 Ta OCHOBHi
TN CXPELLyBaHb

Tiopungosoriunuii anajxis — 11e JOCJIiAKeH-
HS XapakTepy ycIaJKyBaHHSA O3HAK 3a MJOIIO-
MOTOI0 CHCTEMHU CXpeIlyBaHb. VIOro OCHOBOIO
€ ribpuamsarisi, AKa TOJIATAE B CXPEIyBaHHI
opramismiB, 1Mo BiApisHAOTHCA MiK c000I0 3a
OHi€I0 UM KiJbKOMa CHaJKOBUMH O3HaKaMH,
HaIPUKJIA 3a 3a0apBJIeHHAM HaciHUH, (h)OPMOIO
KpWJi, ODOBXKUHOIO Hir tomro. Hamraakis, oxep-
JKaHUX BiJ TaKoOTro CXpeIyBaHHS, HAa3UBAIOTh
riopugamm.

Hna mpoBeleHHA AOCJiiB 3 TEHETUKU U ce-
JIeKITil HAYKOBIIL ¥ HAYKOBUIIL 3IiHICHIOIOTEh CXpe-
IyBaHHS OpraHiaMmiB i mociimkyioTh O0aTbKiB-
CbKi opraxisamMm Ta opraxismm mepIioro, Ipyroro
1 HaCTyIHUX TOKOJIiHb. 3aJIe;KHO BiJ KiJbKoc-



Ti TeHiB, AKi aHAJIi3yIOTh, PO3Pi3HAITL MOHO-
riopugae (oauH TeH), AUTiIOpUaAHE (IBa TEeHN)
i moxiriopumne (06araTto reHiB) cXpeIlyBaHH.

Ilig yac BUBUEeHHS yCIaAKyBaHHS, 3UeILIe-
HOTO 3i CTaTTIO, YacTO BUKOPUCTOBYIOTH 3BO-
POTHE cCXpelyBaHHSI, KOJW O3HAKa, SKa BU-
BUAETHCA, B MEPIIOMY BapiaHTi cXpelryBaHHA
€ y caMKH, a B APYyroMy — y caMIid.

[eHeTnYHa cnMmBONiKa

s samucy CHUCTEM CXpeIlyBaHHS Ta
pO3B’A3aHHS TeHeTUUYHUX 3aj/lau y T'€HEeTUIli BU-
KOPUCTOBYIOTH CIIEI[iaJibHy CHUCTEMY II03HAUEHb
i cuMBOJIiB.

SARImo rewiB KiJibKa, TO BOHU B 3aIllNCy PO3-
TAIIOBYIOTHCA B aj()aBiTHOMY HOPAAKY. Homi-
HAHTHUHA aJieJib 3aBXKAU MUINYTH IIE€pel pere-
CHBHHUM ajieJieM TOrO K T'eHa.

OCHOBHIi reHeTUYHI cMmMBON

BarbkiBchbKU# opranism P
Ti6puau mepIiroro mOKOJiHHA F,
Ti6puau npyroro moKoJIiHHS F,
Tametu G

3HaK CXpeIyBaHHs X
MareprHCHKA 0COOMHA Q
BarbkiBchKa ocobmHA )

Autesb IEBHOTO reHa — JIATUHCHKI A,B,a,b
OyKBU

AJtesi ogHOTO reHa — OLHAKOBI Aa, AA, Bb
OyKBU

HominauTHi ameni — Benuki 6yxkBu A, B, R

PernecusHi aneni — maneubKi 6ykBu @ a, b, r

Termorunosa ¢opmysaa ocoOmHMI Ab, aa,
AaBb, AArr

Bynb-akuit anenb (IOMiHAHTHUT Y1 — (Hampuk-

pelecuBHUM, AKIIO IIe He Ma€ 3Ha- aan, A—B-)

YeHHA) Y TEHOTUIIOBi# (hopMmy.ri

0 KnioyoBga iges

leHeTuKa 3acTocoBye 6arato cneundiyHmx Tepmi-
HiB Ta cneuiasbHy reHeTU4YHy cumBONIKY. OgHUM
3 OCHOBHUX METO[iB reHeTUUYHUX AOCNIIKEHb € Ti-
6PUZONOTIYHMIA, Mif Yac AKOTrO BUKOPUCTOBYIOTHCA
Pi3HOMaHITHI TMNN CXpeLlyBaHb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

AHani3sytoue cxpeLlyBaHHA

Y xoxai mocuimikeHb TeHETHMKU YaCTO MPO-
BOASTL TAaK 3BaHi aHaJisyioui cxpelryBaHHI.
Amnamisyioue cxpenryBaHHSI — ITe CXPeIyBaHHA
0COOMHM 3 HEeBiJOMUM I'€eHOTHUIIOM 3 OCOOMHOIO,
TOMO3HUIOTHOIO 34 PEIeCUBHUMU AJIeJIIMU BCiX
Iochim:KyBaHuUX TreHiB. PosrisHemo iioro Ha
KOHKpeTHOMY mpukJani (maa. 59.1).

IlypniypHi mentocTkM — AOMiHAHTHA O3HA-
Ka, AKa BU3HAYAETHCA JOMIiHAHTHUM ajiejieM
P. Bimi memocTKum — pellecuBHaA O3HaKa, AKa

BU3HAYAETHCSA PEIECUBHUM ajieseM p. K0
pociauHa, AKYy MU JOCJHiIKYEMO, Mae IypHyp-
Hi IIeJIIOCTKU, TO B Hel MoKe OyTu aBa pisHi
TeHOTUNU, AKi 3a0e3meuyioTh TaKuii (DEHOTUII:
PP i Pp. SIkmio Mu CXPecTHMO ITI0 POCIUHY
3 POCJMHOI0, sIKa Mae 0igi mearocTKu (BoHA
MOJK€e MaTHU TiJIbKU TeHOTHUIl pp), TO Pe3yJib-
TAT CXPeNnlyBaHHA Oyae sajieKaTW TiJIbKM Bifn
ii remoruny. fKmio BoHa mae remotun PP, To
BCi HAIMaAKMW BiJ cXpemnlyBaHHA MaTUMYTh Te-
HOTHUIIM Pp i mypmypHi meaiocTKu. A AKIo ii
reHotun Pp, TO TOJIOBUHA HAIAAKIiB MaTuMe
nypoypHi (remorun Pp), a mojoBmHa — 6iji
(reHOTHH pp) TETIOCTKH.

& x Ay e o) @“} x (&)

AKLLO peLecreHa AKLWO peuecsHa

reHotun BB romo3urota bb reHoTun Bb romoswurota bb

®
& o & o & o

oo & o @@ »
Bb | Bb ri6puam (F)) Bb | bb
ol | )

® B ® @l v
Bb Bb Bb bb

Yci ribpuan 3 nypnyp-
HUMKN NenoCcTKaMmn

MonosuHa ribpugis 3 nypnypHUMM
nencTkamy, a NonoBrHa — 3 6inumn

Man. 59.1. Cxema aHanisylou4oro cxpeLlyBaHHA

3anuTaHHA Ta 3aBOaHHA

1. [Ina yoro mMoXHa BMKOPMWCTOBYBATW aHasisylouye
cxpellyBaHHA? HaBegitb npuknagu. 2. Akum byae pe-
3ynbTaT aHani3ylouyoro cxpeLlyBaHHA 3 AUreTepo3nroToto
AaBb? 3. Cknapitb cxemy 6yab-Aakoro TpuribpugHoro
CXpeLUyBaHHs.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 60. 3akoHOMIpHOCTI ycnagKkyBaHHA. 3akoHu . MeHpaena

0 [omipkymnTe

Anenb, WO BM3Ha4Ya€ TeMHe 3abapBNeHHA oyeil

y NIOAVHY, OOMIHYE Haf anenem, Lo 3YyMOBIIOE
IXHII 6GNakNTHUI Konip. Y MOXKIMBE HapOLKeHHSA
61MaKNTHOOKOT ANTVHY Y TEMHOOKMX 6aTbKiB?

e [eH « [6puan3auin
o Anenb o [eHOTUN
o QOeHoTun

CTBOpEHHSA ribpuaonoriyHoro metoay

AocnigeHb

OCHOBU CyYaCHOTO I'iOpUA0JOTiYHOTO METOIY
crBopuB I'perop Mengens (man. 60.1). Bim mo-
CJIiI}KyBaB HACJHiAyBAaHHS Pi3HUX O3HAK FOPOXY.
ITpoBiBIIM MaTeMaTHUHI IMiAPaXYHKU POSIOLLITY
pisHuX BapiaHTiB O3HaAK y HaIIanakis, I'. Mengeab
3Mir' yCTAaHOBUTHY 3aKOHOMiPHOCTI yCcIaaKyBaHHA
O3HaK i cpopmy.roBaB cBoi 3akoHu. Came I'. Men-
JleJb 3aIlPONOHYBAB «3aJaTKU» O3HaAK (reHu)
MO3HAUUTH JiTepaMu JIAaTUHCHKOTO aJdasniTy.

3aKOH YMCTOTW ramMeT Ta LUMUTONOriYHa
OcHoBa 3akoHiB . MeHpens

Y cBoix pmociigax I'. Mennenb yneBHUBCH,
10 i 6aThbKiBCbKUIT, i MATEPUHCHKUHA OpraHisMu
MalOTh ABa BapiaHTu (ajgejs) CIAaZKOBOTO «3a-
maTky» (rema). I Ko:KHOMY 3i CBOIX HAIIaAKiB

Man. 60.1. lperop MeHpenb (1822-1884),
YyecbKunii CBALLEHUK, 3aXON/oBaBCcA H6OTaHIKo0
i NpoBoaAMB 6arato GioNOriYHUX JOCNigKEHD
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BOHU IlepefaloTh TiIbKU oaumH 3 Hux. lle mpa-
BUJIO OTPUMAJIO HA3BY 3aKOHY YHCTOTH TaMeT.
Kosu misuinie BuBumim OyZOBY Aapa KJi-
TUH KUBUX OPraHiaMiB, TO BUABUJIN B HUX
napHi xpomocoMu. Ili CTPYKTypu po3xoguancsa
HOOMWHIII B JOUipHiI KJIITUHU IIig yac KOMKHOTO
nominy. ToMy BOHU UyZIOBO IIiAXOAWJIN ITi POJIb
Hocida renis. I gificHo, came XpoOMOCOMHY MiCTATH
HOHEK, y akiii i posmimnieHo reHn KJiTWH.

Cxemu cxpellyBaHHA

Hocaigu 3i cxpemryBaHHA B TeHETUIll 3a-
MUCYIOTh Y BUIJISAAI CXeM CXPeIlyBaHHs, BUKO-
PUCTOBYIOUM T€HETUYHY CUMBOJIIKY. ¥ MEpPIIOMY
PAOKY 3alliCyIOTh 'eHOTHUIIOBI (hopMyiu 6aThKiB,
y IPYrOMYy — THUNOM iXHiX ramMer, y TPeTbOMY —
TeHOTHUIIU IIePIIOro MOKOJiHHA i T. A. SIKIro re-
HiB KiJIbKa, TO BOHU y 3aIIMCYy PO3TAIIIOBYIOTHCS
B anmdaBiTHOMY mopanKy. oMiHaHTHUUN ajesb
3aBXKU IUIIETHCA IIepe]] PEIeCUBHUM aJiejieM
TOTO K TeHa.

IIpuxnad
P AAbb x aaBB
Tamern
F AaBb

1
Hamanku, sSxi yTBOPIOIOTHCA B pe3yJbTaTi
CXpellyBaHHs, MOMKYTb BiIpisHATHCA MiXK co-
0010 AK 3a (DEHOTHIIOM, TAK 1 3a IeHOTHUIIOM.
Y rmakomMy BHHOAAKy KamyTh, IO BimOyJocs
po3lIeNJIeHHA O3HAKM y HAIaAKiB 3a TeHOTHU-
oM i ¢eHOTUIIOM. 3aIHCYIOTEH IIe, PO3OLIAI0UN

BB bb
X baTtbku (P)

A
@ rametun (G)

li6puan nepworo
nokosiiHHa (F))

Man. 60.2. MposAB 3akoHy OAHOTUMHOCTI Fibpugis
nif yac cxpellyBaHHA cobak



BB X bb ﬂ‘é Batbku (P)

Bb' A |

li6puan nepworo
noKoniHHA (F))

3 8 b
?
da o
BB Bb l6puan gpyroro
b d‘# nokoniHHA (F))
! ' Bb|E Wpp

Man. 60.3. MpoAB 3aKOHY pPO3LLEn/IeHHA CNaJKOBUX O3HAK
nig Yac cxpellyBaHHA POCIVH

Tpynu HAIAAKiB 3a MJOITOMOTOI0 ABOoKpanku. Ha-
IPUKJIaJ, PO3INelieHHsa 3a remorunom 1 (AA) :
2 (Aa) : 1 (aa) osuauae, 1110 BCiX HAIIAAKIB MOMK-
Ha MONiINTA Ha 4 YaCTWHU. 3 HUX OJHA YaCTHHA
Oyme matu reHotun AA, nBi — reHorun Aa i 1mre
ofiHa — TEHOTHII ad.

3aKOH OQHOTUNHOCTI ribpuAiB NepLworo
NOKOSIHHA

Hamagku mepIioro moKOJIiHHSA BiJf CXPeIy-
BaHHA CTiHKuX (Gopm, AKi BifgpisHAIOTHCA 3a
OJHi€I0 03HAKOI0, MAIOTh OJHAKOBUII I'eHOTHUII Ta
(hemoTun sa miero os3Hakow (mana. 60.2).

3aKOH po3LensieHHA CNagkoBMX O3HaK
y HalagKiB ribpnga
Ilig yac cxpemryBaHHA TiOPUAiB IIEPIIIOTO

HOKOJIIHHS MiX co00i0 cepen TiOpuAiB APyroro
TNOKOJIIHHSA y  IIeBHUX CITiBBiTHOIIIEHHAX
3’ABJATBLCA OCOOMHM 3 (PeHOTHUIIAMHU BUXITHUX
O0aTbKiBChbKMX (opM Ta TiOpuAiB IEPIIIOTo
mokoainug (maia. 60.3).

Y npomMy BUIIAAKY MU CIIOCTEPiraeMo y apy-
TOMY IIOKOJIiHHI POS3IIeNnJieHHs 3a T'eHOTUIOM

1(BB) : 2(Bb) : 1(bb),

a 3a (enorunom: 3 ((pioseroni) : 1 (6iui).

3aKOH He3aneXHoro KoOM6iHyBaHHSA
CNagKoBMX O3HaK

l'enu, aki BU3HAUYAIOTH Pi3HiI 03HAKY 11 IIepe-
O0yBalOTh y PiBHUX TPylax XPOMOCOM, CIAAKY-
IOThCS He3aJIeXKHO OAUWH BiJl OJHOr0, YHACJiZOK

0 KnioyoBa ines

lperop MeHpenb chopMynoBaB Kiflbka Bax/u-
BMUX 3aKOHIB, fIKi BCTAHOBJIIOIOTb 3aKOHOMIPHOCTI
ycnagkyBaHHA MOHOreHHMX 03HaK. Lli 3akoHu cTa-
JIN OCHOBOI KJTACMUYHOI FEHETUKN.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

?(mae8) 3 faabb)

batbkn (P)
rametn (G)
l6puan nep-
LLIOrO MOKOJIiH-
98 AB Ab aB  ab HA (F)
AB [ AABB] | AABb|| AaBB| | AaBb|
Ab ri6puam
Apyroro no-

a8 [AaBB)(AaBb) [aaBB] (aaBb] "+ (F)

o

Man. 60.4. NpoaB 3aKOHY pO3LUEensIeHHA CNaJKOBUX O3HaK
nif Yac cxpellyBaHHA FOPOXY 3 HaCiHHAM Pi3HOro Kosnbopy
i dopmn

YOro cepejn HaIlaAKiB APYyTroro MOKOJIiHHSA Y IIeB-
HUX CIIiBBiJHOIIEHHAX 3 ABIATHCA OCOOMHIU
3 HOBUMU (BiZHOCHO 0aTbKiBChKHX) KOMOiHAITi-
avu o3Hak (Man. 60.4).

Y 1poMy BUIAAKY MU CHOCTEPiraeMo y Apy-
TOMY TOKOJIiHHi POBIINeNnJieHHs 3a T€HOTHUIIOM:

1(AABB) : 4(AaBb) : 2(AABb) : 2(AaBB) :
1(aaBB) : 2(aaBb) : 1(AAbb) : 2(Aabb) : 1(aabb),

a 3a (Qeunorumom: 9 (Kcosmi znadenvki) :
3 (3esieni enadenvki) : 3 (scoemi amopukysami) :
1 (seneni 3amopwrysami).

Temorunu AABB, AaBb, AABb i AaBB Bu-
3HAYAIOTh OJHAKOBUI (PeHOTUII, TOMY IO B HUX
MIiCTUTBCA Xoua O II0 OJHOMY JIOMiHAHTHOMY
ayeyio obox rewiB. fAkuit amens Oyzxe B iHmIii
XPOMOCOMi B ITbOMY BUNIAAKY, He Ma€ 3HAUEHHS.
Tomy uwacTo Bci Ii BapiaHTM Te€HOTHUIIIB ITO3HA-
yaoTh dK A—B—. Tupe Ha Micii gpyroro ajejis
MO3HAYAE Te, IO TaM MOKe OyTu OyAb-AKUM
ajmenb (DIOMiHAHTHUM Y1 peIleCUBHUIM). ¥ TaKO-
MYy BUIIQAKY 3alUC POS3IIEIJIeHHA 38 TeHOTUIIOM
Oyme MaTH BUTJIAI:

9(A-B-) : 3(aaB-) : 3(A-bb) : 1(aabb).

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy ropox BUABMBCA BAanMM 06’'eKToM Anda fo-
cnigkeHb, AKi 3gincHioBaB . MeHgenb? 2. Ha KOHKpeT-
HOMY NPUVKadi NOACHITb, AK MPALIOE 3aKOH PO3LLenieH-
HSl CMAfKOBMX O3HAK Yy HalwapkiB riopuais. 3. Cknagitb
reHeTMYHy 3afady, AKa inocTpyBana 6 3aKOH He3anex-
HOro KOMOGiIHYBaHHA CMAafKOBUX O3HaK.
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§ 61. Bsaemopia aneniB. MHOXXNHHNIA aneni3m

0 [omipkynTte

[InAa npoBefeHHA AOCHiAXeHb rpyn KPOBi Y Ha-
ceneHHA B cuctemi rpyn Kposi ABO Buginatotb
TPW anend i YOTMpW rPynn KPOBi, a B CUCTEMI
pe3yc — fABa anenda i ABi rpynu Kposi. Yomy?

Q 3raganTe

e [eH * Anenb
o [lomiHyBaHHA e« [omo3urota
o [eTepo3nrota e« [unnoigHui opraHiam

B3aemopia aneniB ogHoro reHa

Sk Bu BiKe 3Hae€Te, NOMIHAHTHUN aJjiesb
y TeTepO3UTrOTHUX OCOOMH IIPUTHiIUye mito pe-
IIeCUBHOrO aJjejd. AJie CTyIIiHb AOMiHYBaHHS
Moske OyTu pisHuM. Po3pisHAIOTE MOBHE JOMiHY-
BaHHA, HeTIOBHE JOMiHYBaHHS i KOMOMiHyBaHHS.

MHOXUHHWUNM aneniam

SIK BU BiKe 3HAETe, B OPraHidMi AUILIOITHUX
eyKapioTiB KOKHUI I'eH, PO3TAIlIOBAaHUI B ayTO-
coMi, IpeAcTaBJIEHNI Y IBOX eK3eMILIsApax. Ta-
KOJX BaM BifJloMO, III0 MOKYTh iCHyBaTu pisHi
BapiaHTH TeHiB, AKi HA3WBAIOTHCA aJIeJIAMU.
3pos3yMisio, IO B OpraHidMi OZHOYACHO MOMKe
OyTu TiJILKU ABa PisHi anesi. Aje AKII0 MU PO3-
TJISTHEMO He OJHY OCOOMHY, a Iy IOIYJAIiio,
TO BUSABUTBLCH, IO KiJbKiCTh BapiaHTiB OJHOTO
reHa Moske 0yTu mabararto Oinbinoro. HasgsHicTb
IBOX 1 OijbIlle aJjiesliB y IOMYJIAIlil Ma€e Ha3BY
MHOKUHHOTO aJIeJIi3mMy.

Ile sBUIle BUHMKAE Yyepes Te, IO B opra-
HisMax mocTiiiHo BigOyBaroThcsa myTalrii. I my-
rTamii, AKi crajgucA Ha PisHUX IiJAHKAX TeHa,
MOJKYTbH CTBOpPIOBATHU PisHi #oro BapianTu. Mix
00010 ajiesii MOKYTh B3aEMOIIATH IIO-Pi3HOMY.
Hanpukiaan, sk y BUIIagKy I'pyd KPOBi B JIIOIH-
HU, JABA ajejii MOXKYTh OyTHM KOJOMiHAHTHUMU
MisK c00010 i JOMiHAHTHMMHM IIO BiHOIIIEHHIO

BapiaHTy B3aemogii anenis ogHOro reHa

Oco6auBocTi THIIY TOMiHYBaHHSA

IToBHe moMiHyBaHHS

VY reTepo3uUroTH NIPOABIAETHCA TIIBKY Iid JOMiHAHTHOTO aJje-
JId, ¥ 0O3HAKa BUTJIALAE TaAK, AK 1 B JOMiHAHTHOI TOMO3UTOTIA

HemnoBHe moMiHyBaHHSA

T'eTeposurora Mmae MPOMiKHUNA ITPOAB O3HAKH IMMOPiBHAHO 3 IIPO-
ABOM Iiel O3HAKM Y JOMiHAHTHOI Ta PeIeCuBHOI TOMO3UTOT

KogominyBanusa

O0uaBa BapiaHTH 03HAKU IIPOSBJISAIOTHEC OgHOUYacHO. Hampu-
KJIaJ, FeTepo3urora 3a rpyiom KpoBi AB micTurs HA MeMOpa-
HaX epUTPOIUTIB i auTuren A, i autured B ogHouacHo (ameii
A i B e xomominanTauMu). Anessb 0 1Ib0ro reta € pereCuBHUM

Cxema B3aemomii ajxeais

@ 909

AA aa
3eS1IeHUN >KOBTUN 3eN1eHni
5 + = i
9— k- ?\
AA aa Aa
YepBOHUN 6innn poXeBui
aHTUreH A aHTUreH B

e

‘

rpyna Kposi B

rpyna Kposi A

110 BiJTHOMIEHHIO 10 iHITUX aJIeJiB, i TeTepo3uUroTu, AKi MicTATH
el ajesib, MalOTh Ha MeMOpaHax abo auTured A, abo aHTUTeH
B. PigHumga Misk KOZOMiHYBaHHAM i HETIOBHUM JOMiHYBaHHAM
y TOMY, IITO IIiJf Yac KOJAOMiHyBaHHS O0UABI O3HAKU IPOABJIIA-
I0ThCS IIOBHiCTIO
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aHTureHn A i B AHTUreHN BiACYTHI

O

rpyna kposi AB rpyna kposi 0
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Man. 61.1. leHeTUYHe BU3HAYEHHS IHTEHCMBHOCTI 3abapBneHHsA WepCTi Yy Kponis

Mpwvknagn nnenotponii

Opranizm IIpuknagu niieioTpomii
Osec 3abapBJIeHHA JIYCOUKHY i TOBIKMHA OCTi HACIHMH BU3HAYAETHCA OTHUM I'€HOM
Kimka Bini kimkwu 3 roryoumMu ounMa MamTh CXUJIBHICTD [0 INIYXOTH
Jlroqmua Auens pymoro 3a6apBiaeHHS BOJIOCCS TaKOMK BU3HAUAE OLIBINT CBIiTINIT KOJIp ITKipu i POBBUTOK
JIACTOBUHHSA.

Cungpom MapdaHa BUHUKAE AK Pe3yJIbTAT IIOPYIINEeHH B I'eHi, AKUH BifmoBigae 3a cUHTE3 O~
HOTrO 3 TUIiKompoTeiniB. HacaigkoM I1{bOro 3aXBOPIOBAHHSA € PO3BUTOK JOBIUX HAJIbI[iB (apax-
HOJAKTUJIiA), HOPYIIIeHHA 30PY (HedeKT KpUIlITaInKa), BaAu Cepllsd Ta AesaKi iHIi odHaKy

IO Tperboro ajeis. AGo ajesi MOXKYTh yTBO-
pIOBaTH PAJ 3a 34ATHICTIO ZOMiHyBaTH.

Tak, rea C y KpoJIuKiB BigmmoBizae 3a inTen-
CUBHIiCTh 3a6apBieHHs 1repeTi (maa. 61.1). Ogun
3 Horo ajeiiB (ajiejib IIOBHOTO 3a0apBJIeHHS) €
ITOMiHAHTHHM AJIS BCixX iHINMMX ajesaiB i 3abeasme-
yye piBHOMipHe r'ycTe 3a0apBJjeHHSA BCHOTO Tija.
Hpyruit anens (IMIUHIIUIOBOTO 3a0apBJIEHHA) €
PelleCUBHUM [0 TIEPIIOro ajiesid i JOMiHaHTHUM
Oad iHmunx aJeniB. Bim 3abesmeuye MeHII iH-
TeHCUBHEe 3a0apBJIeHHS IIIEePCTi IO BCHOMY TiJy.

Tperiti anens (rimasalicbKoro 3abapBJIeH-
Hs1) 3a0esmeuye cBiTjie 3a0apBJeHHS BCHOTO TijIa
3 TEMHUMU IJIIMaMU Ha IeIKUX JiIAHKaX (J1amu,
Byxa Toilo). BiH € pelieCuBHUM [0 TBOX IEPIITUX
aJIesIiB i JOMiHAHTHUM JJIsd HacTymHOro. OcTanHin
ajiesb IILOr0O reHa (ajeb aabbiHi3My) BU3HaUae

0 KnioyoBa ines

Aneni ogHOro reHa MoOXKyTb B3aEMOZIATU MixX
cobot. Hacnigkom Takoi B3aemMogii € ABuLA A0-
MiHyBaHHA i KogoOMiHyBaHHA. KinbkicTb anenis
OfHOro reHa mMoxe 6yTu pi3HOl, ane B HOPMi
B OAHOMY OpraHi3ami MOXyTb OyTW NpUCYTHi He
6inblue ABOX anenis ogHoro reHa. OanH reH Moxe
BM3HauyaT GOpPMyBaHHA KiNlbKOX O3HaK (ABMLLe
nnenotponii).

BifcyTHiCTH 3a0apBieHHA WO Bciii miepcrti. Bim
€ perecuBHUM II0 BiJHOIIEHHIO MO BCiX iHITIMX.

Mnenotponia

ILxeitorpomis, abo Mmogu(pikyioua aid reHa,—
Ie 3JaTHICTHL OJHOTO I'eHa A0 BU3HAYEHHS pis-
HUX o3Hak. Ilya eykapioTiB Taka BJIaCTUBICTH
ixHiX TreHiB € HOPMOIO, 00 3aBAAKHU IMIPOIlECY
aJIbTEPHATUBHOTO CILJIACUHTY KOMKHUI 3 T'eHiB
MOJKe YTBOPIOBATU KiJibKa PiBHUX IIPOAYKTiB.
VY noguHu, HATPUKJIIAL, Y CEPEeTHBOMY 3 OJHOTO
reHa MO’Ke YTBOPIOBATHCA IIiCTh PiBHUX O0ij-
KiB. A KOKHUN 3 IuxX OiJKiB yiKe € OKpeMoio
os3Hakow. Ilpukiaanu niefiorpomii MolKHa IIO-
0aunuTH AK Y JIOOWUHU, TaK i B IHIINUX JKUBUX
opraHismis.

03aﬂl/ITaHHF| Ta 3aBJaHHA

1. Ha KOHKpeTHMX npuknagax noAcHiTb, YUM KOAO-
MiHYBaHHA BiApPi3HAETbCA Bifj HEMOBHOIO JOMiHYBaHHS.
2. Po3B'axiTb 3agavy. [OMO3MrOTHOro Kponuka 3 rima-
Nnancbkum 3abapBrieHHAM CXPeCTUIN 3 FOMO3UTOTHUM
KPOJIKOM i3 WVHLLWIOBMM 3abapBneHHAM. A ribpua
Bifl LbOro CXpeLlyBaHHA CXPeCTUIN 3 KPOJIMKOM alb-
6iHocoM. flke 3abapBneHHa OyayTb matu ribpuan Big
nepLoro i Apyroro cxpelyyBaHb? 3. BukopuctoBytoum
[OoJaTKOBI [Kepena, 3HaNAITh iwe ABa-TpY NpuKnaau
naenoTponii B Pi3HMX OpraHiamis.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 62. XpomocomMHa TeopiAa cnagKkoBocCTi. KpocnHroesep

0 [omipkymnTe

AKAM UMHOM OWTVMHA OTPMMYE O3HaKW i 6aTbKa,
i matepi?

Q 3raganTe

o« IHK « Xpomocoma = Anpo
e Mito3 « Mewos

prm/l 34erJieHHA

ITlicna Bigkpurra 3akoniB I'. Meunngend B Ha-
VIIi TOCTYIIOBO MOYaJIW HAKOUIWUyBaTUCA (PaKTU
po Te, IO B JeAKUX BUIAAKAX POIIIEIJIeHHS
O03HaK BimOyBaeTbCcs He TaK, SK Ile Iepeadavasin.
Busasunocs, 1110 reau, ki posTaloBati B OgHil
XPOMOCOMi, YCIIAAKOBYIOTECA Pa3oM (3UEIIeHO).
Taki rein HasBajau 34eIIEHMMHU reHamu. A pa-
30M ycCi reHu, AKi poaTaloBaHi B OOHiIN XpoMo-
COMi, YyTBOPIOIOTH Ipymy 34eruieHHA. KinbKicThb
TPyn 3YeNJIeHHSA B OPTaHi3MiB IIEBHOTO BULY
IOPIBHIOE KIJIBKOCTI XPOMOCOM B OJZMHAPHOMY
(ramioimHOoMy) HabOpi, AKWUI MIiCTUTBCA y CTa-
TeBUX KJaiTmHax. Hampurianm, y aposodinu ix
4, y gimgu — 19, a B aoguau — 23.

YTBOpeHHA rameT y pasi

34enieHoro ycrnagKyBaHHsA

IIpukiaagomM 3uYemJieHOTO YyCIaAKyBaHHSA
TeHiB Mo:ke OyTH yCHaIKyBaHHS IBOX O3HAK
y MyImIKu aposodisim — KoJbopy Tina i opmu
Kpua. YopHuii Koiip (a) i sauatkoBi Kpuaa (b)
BU3HAYAIOTHCS PEIeCUBHUMHU ajieIaAMU, a cipe
Tiso (A) i moBri kpuia (B) — OOMiHAaHTHUMU.
T'enu, aKi BUBHAYAIOTH IIi O3HAKM, PO3TAIIOBAaHI
mopsAn B onHil xpomocowmi. I1lo Gyae y Bumaaky,
AKIIO MU CXPECTUMO CAMKY apo3odinm, AKa €
PeIleCBHOI0 TOMO3UWTOTOI0 3a MMM O3HAKaMU
(remotun aabb), i3 camiem, y AKOrO B OOHIl
XPOMOCOMi po3TallloBaHi ABa JOMiHAHTHI aJeJi,
a B iHmi# — pgBa penecuBHi (reHorun AaBb)?

AKOm mi o3HAKM yCHamKOBYBAaJUCA Hesa-
JIEJKHO, TO Yy T€TEePO3UTOTHOI MyX1 MaJix O yTBO-
puTtucsa dotupu Tunu ramert: Ab, aB, AB i ab.
Aute 03HAKU yCHAAKOBYIOTHCA 3UYEIJIEHO, i TOMY
YTBOPIOETHCA TiJIbKU ABa Tunu ramer: AB i ab
(y camIiiB KpocuHTOBEp He BimOyBaeThcsa). Bin-
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MOBiTHO, HANIAAKMU BiJ IIHOTO CXpeIlyBaHHSA
OyayTh MaTU TiABKU OBa (DEHOTHHOU: cipe Tijo
3 IOBTMMU KPWUJIaMM ¥ YOPHE Tijo i3 3ayaTKO-
BUMU Kpumiaamu (mana. 62.1).

XpOMOCOMHa TeopiA CNagKoOBOCTI

XpoMocoMHa Teopiss crmaaKoBOCTi Oyja 3a-
IPOIOHOBAaHA MalKe Biapasy micis mepesin-
KpuUTTA 3aKoHiB I'. Mengens. Ii sampononysann
T. Bosepi Ta B. Carron (1902-1903). Ane cBiit
CyJYacHUI BUIJIAL BOHA OTPUMAJIa OeIro MisHilme
saBasaku poboram T. X. Moprana ta #oro ciis-
pobitHukiB. I[a Teopia mosBosmya 30cepeguTu
yBary BUEHHUX Ha AApi KIiTMHU AK MicIi 36epi-
raHHA cunagkoBol iH(opMmallii i Ha xpomocomax
AK Ha Hociax 1miel imdopmarrii.

OCHOBHI TOJIOMKE€HHS XPOMOCOMHOI Teopil
CIIATKOBOCTI:

+ MarepiaibHOIO OCHOBOIO CIIQZKOBOCTI €
XPOMOCOMM.

« T'enm posramoBani B XpomocomMax y Ji-
HiMHiZ mocJuimoBHOCTI.

- TI'enu, aki JoxaJrisoBaHi B OAHIN Xpomo-
COMi, YTBOPIOIOTH OAHY TPYyIy 3UYeIJIeHHA i 1e-
penarmThCA HAIlagKaM PasoM.

- KinbkicTh rpyn 3uenjieHHsA OOPiBHIOE ra-
MJIOITHOMY YHCJIY XPOMOCOM.

« TamymoimHe YKMCIO XPOMOCOM € TOCTiHHUM
I KOYKHOTO BUNY.

+ O3HaKu, SKi BUBHAUAIOTHCA 3YEIJICHUMU
reHaM#, TaKOK yCIaJKOBYIOTHCS 3YEILJIeHO.

« MixX roMoJIOTIiYHMMU XPOMOCOMAMU MO-
JKyTh BimOyBaTmcsA KPOCHHTOBEPW ¥ OOMiH mi-
JSTHKaAMHU.

+ YacTtoTra KPOCHHIOBEpPYy IIPAMO IIPOIIO-
pIifiHa BiAcTaHI Mi)K reHaMu.

bynosa xpomocom

KoxHa 3 XpoMOCOM € JOBTOI0 MOJIEKYJIOIO
IHEK, axa yTBOpPIOE CKJIaTHII KOMILIEKC i3 Oirka-
MU zicmonamu. BilbIly YacTUHY CBOTO iCHYBaH-
Hs XPOMOCOMH I1epe0yBaioTh y HEKOHIeHCOBAHO-
MYy CTaHi I MalOTh BUTJIA] TOHKUX HUTOK. JIuie
Oif yac KJIITHHHOrO IIOAiJIY BOHU KOHIEHCYIOTh-
cA ¥ YTBOPIOIOTH UiTKO OKPECJIEHI XPOMOCOMHU.

Ilix wac mominy KJiiTwHEM MalXe Bci
xXpoMocoMu MaioTh X -moaioHy hopmy (Mau. 62.2).



lomonoziyHi Xxpomocomu 3i 34ensieHUMU 2eHamu

AB . .
X\ Cipe Tino,

ab [oBri Kpuna

YopHe Tino, ab
barbk (P) 3apoaKoBi Kpwna ab
Favetn (G)
; ; AB ab
ri6puan (F) Clpe Tino, 1.1 —
[OBri Kpuna ab ab

Man. 62.1. 3uenneHe ycnafKyBaHHs reHis y apo3oodinu

Taka ¢opma 3ymMOBJIE€HA TUM, IT[0 B IIefi MOMEHT
KOJKHa 3 XPOMOCOM CKJIAZA€EThCA 3 OBOX
OOHAKOBUX HUTOK (xpomamud), aki 3’emHaHi
MiK co00I0 B OnHi#l TouUIli, IO HA3UBAETHLCS
UeHmpomepoi, a YaCTUHU XpoMaTuj Bix miel
TOUKU 0 IXHIiX KiHIIB — naeuamu.

VY GinpirocTi eyKapioTiB KOKHA 3 XPOMOCOM
Mae ImapHy il roMmoJoTiuny xpomocomy. I'omoJo-
riuui XxpoMocomMu AyOJIIOIOTH OOHA OTHY. ¥ KOXK-
HiI i3 XpoMocoM Takoi mapwm € miMAHKHU, SKi
KOIYIOTH OJHAKOBI I'eHU.

Kapiotun

CyKymHiCTh yCiX XpOMOCOM KJITHUHHW HA3W-
BaioTh KapioTumnom. [[Jisg KOKHOTO 3 BUIiB eyKa-
pioTiB BiactuBuii cBifi Kapiorun. KinbkicTsb,
PO3Mip i CTPYKTypa XpoOMOCOM IILOTO KapioTuiry
€ OmHUM i3 KpuTepiiB BUIY, AKWI [na€ 3MOTY
BHU3HAUUTH HaJEXHicTb ocobuH o Hboro. Ka-
pioTun JgIUHU MicTUTh 23 Iapu XPOMOCOM.
Opma 3 mux map — Ie crareBi xpomocomu (XX
y kisok i XY y uosoBikiB). Bei inmri xpomoco-
MU JIOAVHU HA3WBAIOTHh ayTOCOMAaMMU.

MexaHi3m KpocuHrosepy

B excmepumenTax MopraHa Ta HOTO CIIiB-
poOiTHMKIB I yac BUBUEHHS yCIaAKyBaHHS
3YEeIJIeHNX O3HaK OyJ0 BUSBJIEHO, IO cepen
riopuniB aposodis € meBHA YacTWMHA MyX 3 Ie-
pexoMOiHaIli€eo IIMX O3HAK i Mae Micie mopy-
IIeHHS 3YeIlJIeHOTro ycnaakyBaHHA. Ile OyJuio
HACJIiTKOM KPOCHHT'OBEDY.

0 Kniouosa iges
[eHn eykapioTiB poO3TalloBaHi B XPOMOCOMax —

CKNagHUX CTPYKTypax, AKi cknagatotbca 3 [HK
i 6inkis. OcobnunBOCTi Nepepayi cnagkoBoi iHop-
MaLilo AnAa UbOro BUMafKa OMMCye XPOMOCOMHa
Teopia cnagkoBocTi. OfHielo 3 ocobnnBocTel
XPOMOCOM € MOXJ/MBICTb OOMiHY AiNAHKaMK Mix
XPOMOCOMaMu — KPOCKHIoBep.

YopHe Tino,
3apoAKoBiI Kpuna

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

LleHTpomepa
KopoTke nneue

[oBre nneue

Man. 62.2. bygosa xpomocomu

Bu B:ke 3HaeTe, 1110 KpOCMHTOBEp — IIe 00-
MiH OiJTAHKAMU T'OMOJIOTiUYHUX XPOMOCOM y IIPO-
meci meiiody. Came uepe3 KPOCHHIOBEP HeMAae
abCOJIIOTHO IIOBHOTO 3YEIJIEHHS I'eHiB, 3a AKOTO
BOHU IlepemaBaiucsa 0 3aBKIU Pa30M.

ITepexpentenasa Misk XpoMaTuAaMU TOMOJIO-
TiYHUX XPOMOCOM MOJKe BifmOyBaTHCS OSHOUACHO
B KiJgbKox Toukax. KpocurHrosep, 1o BimOysa-
€ThCsA JUINIe B ONHOMY MicIli, Ha3WBalOTh IO-
OOWHOKUM, Yy JBOX TOUYKaX OJJHOYACHO — IIO-
IBililHUM, y Tpbox — motTpiitHuMm. Hacmpasgi
B JKUBUX KJITHHAX KPOCUHTOBED 3aBXKAU €
MHOKUHHUM, a BCi iHIIII BapiaHTU CTOCYIOThCA
KOHKPETHUX TeHiB, AKi JOCIiIKYIOTh y TMEeBHiN
rpyni suvemaeHHsa. 'ameru, y AKuUX BigOyBcd
KPOCHHIOBep, HAa3UBalOTh KPOCOBEPHUMM.

KapTn xpomocom
Buxongauu 3 mojsioikeHb XPOMOCOMHOI Te-

opii cmagKoBOCTI I MexXaHi3My KPOCHHTOBEPY
6yJI0 CTBOPEHO TeHeTUYHi KapTu xpomocom. I'e-
HETHYHOI0O KapPTOI XPOMOCOMM Ha3WBAIOThL 11
rpagiute 300pasKeHHs 3 IIO3HAUEHUM HA HHBOMY
posrammyBaHHAM reHiB. Ha KapTi mosHauaioThb
Has3BU TeHiB, BiacTaHi MiK remamu Ta iHOmi
MicIle poO3TallryBaHHA IeHTpoMepu. ['eHeTmuHi
KapTyu XPOMOCOM OCOOJIMBO AOKJATHO CKJIaJIeHi
IJIS XpoMocOoM Apo3odinam i KyKypynsu, sdKi €
00’eKTaMUu IreHeTUUYHUX IOCJIiAKeHb y:Ke 6araTo
pokiB. CrjazeHi BOHM TaKOMK i T XPOMOCOM
JIIOAUHY Ta 6araTboX CBiMCHhKUX TBApUH i KYJIb-
TypHUX pocyuH. [[i KapTu MaoOTh BeJUKe 3HA-
YeHHA IJIS CeJIeKIIiiiHoi poOoTm ¥ miarHocTu-
KM BaXKKWX CHAJKOBUX 3aXBOPIOBAHb JIIOJAWHMU.

3anuTaHHA Ta 3aBOaHHA

1. Yomy pposodina BusBMNacA JyxKe 3pYyUYHUM
00'eKTOM ANsi reHeTUYHUX AocnigkeHb? 2. [lesiki reHu
ropoXy MICTATbCA B OAHIN XPOMOCOMI, ane ix ycnagky-
BaHHA BigbyBaeTbcA 3rigHo i3 3akoHamu . MeHgens,
TOOTO He3anexHo. [MoACHITb, AKUM YMHOM Lie MOXXNBO.
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§ 63. leHeTUKa cTaTi

0 [omipkymnTe

OpHe 3 pocnigXeHb BUABWUIO OCOOMHN MULLIEN-
caMuiB, AKi Manu B CBOIX COMATUYHUX KNITUHAX
no ABi X-xpomocomu (Kapiotun camku). NoAcHiTb,
AK MOIMa BMHUKHYTU Taka CUTyauis.

Q 3raganTe

o Cratb o Po3MHOXeHHA

» Xpomocomu » CtaTeBi xpomocomu

Cnocobun BU3HaUYeHHsA cTaTi

¥V kwBUX opramismiB icHye KijgbKa CcIO-
co0iB BH3HAUEHHS TOr'0, SAKOI crarTi ocobuHa
posiB’eTbcs i3 suroTu. MaiitbyTHIO CTaTh MOKYTH
BUBHAUATHU B30BHIIIHI yMOBH (AKIIO JUYWHKA
yepB’AKa OoHeJil mmepeOyBae Ha AHI OKeaHy, TO
3 Hei po3BUBaEThCA CaMKa, a SKIIO Ha X000T-
Ky caMK! — TO caMIli), IJIOIAHICTh OpraHidamy
(y O6m:xin i mypax ramaoigHi ocoOOMHM — caMIii,
a OUILJIOIAHI — caMKM) UM cHelliajbHi cTaTeBi
XPOMOCOMH, AK y aAposdodin (iHimi xpomocomu
B IIbOMY BUMNAAKYy Ha3WBAIOTL ayTOCOMAMMU).

CrateBi Xxpomocomu

SKIMoO opradiaM BHM3HAUA€E CBOIO CTATh 3a
IOIIOMOT'OI0 CTaTEeBUX XPOMOCOM, TO BiH Mae
oxHy abo mBi Taki xpomocommu. SIKIIo crarte-
BUX XPOMOCOM [IIBi, TO BOHM 3a3BUYail Bigpis-
HAIOThCA 3a po3MipoMm (omHA BeJuWKa, a iHIIA
MajeHbKa). A ocobmHU pi3HOI cTaTi MamTH abo
OBl BesMWKi xpomocomm (romMoraMeTHa CTaTh),
a0o OomHY BeJIHKY W OAHY MaJjeHbKYy (rerepo-
ramMeTHa crtaTb). Ilo3HAUaOTh TaKi XpoMocoMu
JaTuHCbKUMU JiTepamu. Hampukiazn, BeIukry
XpOMOCOMY MOJKYTH II0O3HAUaTu Jiteporw X,
a mMaJyry — Jitepoio Y.

Y pisHHX OpPraHi3MiB roMoraMeTHOI MOXKe
O0yTu AK KiHoua, Tak i uoJsoBiua cratb. Ha-
OPUKJAL, Y CCABI[IB i MyX T'OMOTaMETHOIO €
sKiHoua crarh (ii mpeacTaBHUKU MAalOTh HO ABi
X-xpomocomu, remotun — XX), a rerepora-
MeTHO — dYoJioBiua (ii mpegcTaBHUKM MaioTh
onay X- i omHy Y-xpomocomu, reHOTHUII — XY).
VY 6inpmrocTi nraxis i MeTeNInKiB, HABIAKU, I'O-
MOraMeTHOI0 CTaTTi0 € doJioBiua (ii mpexacras-
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HUKU MaloTh IO JBi OJHAKOBi XpoMocoMmu, aJje
MO3HAYAIOTHCA BOHM BiKe iHINOIO JATHUHCHKOIO
Jitepolo — Z, reHoTun — ZZ), a TeTeporaMer-
HOIO — JKimoua (reHorun — ZW) (maiu. 63.1).
IcHyrOTH TaKOXK iHIII BapiaHTM BU3HAUEHHA
cTaTi 3a HOIIOMOI0OIO0 CTaTEBUX XPOMOCOM. ¥ Ie-
AKUX TBApPUH CTATeBi XpOMOCOMHU OJZHOTO THUIIY,
 oHaA CcTATh Mae€ JIUIIe OJHY CTaTeBY XPOMOCO-
My, a ifmia — aBi ogHaxkosi. Tak, cepen KJIOIiB,
ANIIPOK 1 JedKMX ITaxXiB TPaANJAITHCA BUIN
3 TeHOTUIIaMH YOJIOBiUOl Ta :KiHOUOI craTeit ZZ
i Z0 ra X0 i XX Bignosiguo (mudpa 0 y 3amucy
03HAYa€ BiJICyTHICTH APYroi mapu XpPOMOCOMM).
A xaukoa3b00 Ma€ II’ATh IIap CTATEeBUX XPO-
MocoM. ¥ #oro ramerax MicTuThcA abo0 II'ATH
X-xpomocom, abo m’aTk Y-xpomocoMm. IIi xpo-
MOCOMU YTBOPIOIOTH OAWH KOMILJIEKC 1 I yac
OOy KJIITUHU PO3XOAATHCS 3aBMKIN Pa30oM.

yCI'Ia,D,KyBaHHFI, 34yersieHe 3i CTaTTio

TI'enm, axi posramoBaHi y craTreBUX XpO-
MOCOMAaX, Ha3WBAIOTHCSA T€HAMM, 3YeIlJIEHUMU
3i crarrio. IIpukiagaMu TaKUX TeHIB € TeHHu
3abapBiieHHA oueil y X-xpomocomi aposodisu,
TeHU JajJbTOHiI3MYy ¥ remodinii B X-xpomocomi
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Man. 63.1. YTBOpeHHs rameT y TBapuH 3 Pi3HMW BapiaH-
Tamun rOMO- i reTeporameTHOI CTaTi



JIOAUHU Ta TeHW TinepTpUxo3y U iXTiosy
B Y-XpOMOCOMi JIIOIWHU.

OcobauBicTio reHis, aAki 3uemseHi 3i crar-
TIO, € Te, 1[0 BOHU MOYKYTb IlepedyBaTu y CTaHi
reMi3uroru.

T'emisurora — 1e gumiaoigHa ocobmHa, dKa
Mae JIMile OOWH aJjieib IeBHOro reHa. llei cran
BUHHNKA€E BHACJIiJOK TOro, IO OCOOMHU OnHiel
3i crareil MaloTh ABi PisHi cTaTeBi XPOMOCOMIU.
Hampurknaan, y agioguHu B X-XpPOMOCOMi TeHiB
barato, a B Y-xpoMmocoMmi maJjio. Yepes Iie Ha-
BiThb pelecuBHi ajeni remis X-xpomocomu Oy-
IyTh IPOABIATHCA ¥ (hbeHOTHTI, 60 HEMA€E NPYroi
XPOMOCOMHY 3 NOMiHAHTHUM aJiejieM.

PosrisaeMo 0co0JIMBOCTI yeIagKyBaHHS Ie-
HiB, 3UeIJIEHUX 31 CTATTIO, Ha IIPUKJIAJI ccaB-
miB. 3 reHaMu, AKi po3TaIIOBaHi B Y -XPOMOCOMi
caMmIiiB, yce mpocTto. Bonu mepegamoTbca HANPS-
MYy Bim caMIis 10 caMIls i B CAMOK ITPOABJIATUAC
He MOKYTh. BOHU 3aB:KIu 11epe0yBaioTh y CTaHi
reMisurotu, 60 B HOpPMi I XpomMocoma B Api
KJIiTMHU TiIbKM OJHA.

YcenankyBaHHA TeHiB, dKi posTarroBaHi Ha
X-xpomocoMmax, 6iybIin ckaagHe. B oprauismi ca-
MOK BOHU TOBOIATHCA AK 3BUYAWHI M'eHU ayTo-
coM (HecTaTeBUX XpoMocoMm), 60 X-xpomocom
TyT aBi. B opramismi camiiiB 1mi reHu mnposs-
Js10Th cebe y crani remisuroru. Tomy osHa-
KM, AKi BUBHAYAIOTHCS PEIECUBHUMU aJIEJIAMU
TaKWX T'eHiB, IPOABIAIOTHCA Y CAMI[iB 3aBXKIU.
A orpumyioTh BOHHU iX Bim cBOiX MaTepis.

YcnagKyBaHHA, 3anexHe Bif cTaTi

CraTb MOKe CYTTEBO BILIMBATH i Ha ycIaji-
KyBaHHS I'eHiB, sKi po3TallioBaHi B ayTocoMax.
Takuil Tun ycnmagKyBaHHA Mae Has3BY ycHanu-
KyBaHHS, 3aJjeskHe Bim crarti. MoxauBi pisHi
BapiaHTM TPOABY I[BOTO TUNY YCIAAKyBaHH.
Hanpuraanm, odHaka MOKe PO3BHUBATUCA TiIbKU
B onuiel crari. Tak, po3Mip MOJOUHUX 3aJI03
Ta JKUPHICTh MOJIOKA Yy CCABI[iB BU3HAYAIOTHCSH
ayTOCOMHMMM TeHaMu. AJjie y caMIliB MOJIOYHI

0 KnioyoBga igen

ICHYIOTb KiflbKa cneuianbHUX reHeTUYHUX MeXaHi3-
MiB, AIKi 3a6e3neuyloTb Y KMBUX OPraHi3miB BM3Ha-
YeHHA cTaTi. feHn, AKi po3TalloBaHi B CTaTEBUX
XPOMOCOMax, MaloTb AeAki 0cobnmMBoCTi ycnaaKy-
BaHHA i MOXYTb MO-Pi3HOMY MPOABAATACA B OCO-
6UH pi3HOT cTaTi. [lesKi 3 reHiB, AKi poO3TallOBaHi
He B CTaTeBMX XPOMOCOMAX, TaKOX MaloTb MeBHi
0CobMBOCTI yCMafKyBaHHA, NMOB'A3aHi 3i CTaTTiO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

3aJ103U HEe PO3BUBAIOTHCA 1 MOJIOKO He BUPOOJIS-
10Th. ToOTO reHn B reHOMi 0COOMHU €, ajie uepes
Te, 0 «CTaTh HE Ta», BOHU He IIPAIIOIOThH.

Iamuii BapiaHT MpPoABY yCIaaAKyBaHHA —
3MiHa [OOMIiHAHTHOCTI O3HaKU B3ajJie’KHO Bifn
crari. Tak, B oBelb € I'eH, SAKHU BifmoBigae
3a PO3BUTOK porarocti (HadaBHiCTBH poriB) abo
KoMoJiocTi (BimcyTHicTh poriB). ¥ camiiiB [Jo0-
MiHye aJjieJib IILOTO TeHa, AKMWU Bimmosimae 3a
poraTicTh, a y cCaMOK, HaBIIaKW, AJOMiHAHTHUM
€ ajieJib KOMOJIOCTI.

Take ABUIlle BUHUKAE 4epe3 Te, IO opra-
HiBM € CKJIaJJHOIO CHCTEeMOIO i Ha IPOSB O3HAK
BILIMBa€ 0araro pisHmxX (PaxTopiB, HaAIpPUKJIAL
pPiBeHBb TOPMOHIB Yy KpOBi. ¥ caMIliB 3HAUHO BU-
Uil piBeHb YOJOBIiUMX TOPMOHIB, II0 BIJIMBAE
HaA PO3BUTOK ILJIOTO PAAY O3HAK, y TOMY UHUCJIi
¥ Ha PO3BUTOK POTiB.

IMixaBuM mpuKJIamOM BILIMBY TOPMOHAJIBHO-
ro pPiBHA Ha PO3BUTOK O3HAKWU, YCIaAKyBaHHSA
AKOI 3aJIeKUTh Bim cTaTi, € HiBHIYHUHI OJIeHb.
Ile emwHWIT Bua, y AKOro poru MaroTh i cam-
mi, i camMmKku. Po3BUTOK pOTIiB y caMOK IIbOTO
BUJY CTaB MOOIYHUM e(EeKTOM NPUCTOCYBAHHSA
IOo :KUTTA B ymoBax IliBHOUi, AJIS 4Oro oJeHIM
IOBeJoCsA IMiABUIMTYBATH 3arajJbHUN PiBeHBL Tec-
TOCTEPOHY B opraHismi (y Bcix ccaBIliB 4osioBiui
¥ JKiHOUi cTaTeBi TOPMOHU BUPOOJAIOTH 00UIBI
cTaTi, ajle 40JIOBiUMX TOPMOHIB OijbIlle y cam-
IiB, a JKiHOUMX — y caMOK). ¥ caMIIiB piBeHb
TECTOCTEPOHY BCE ONHO 3aJIUINUBCSI 3HAUHO BU-
UM, Hi’K y caMOK, ajle Moro piBeHb y CaMOK
BUSIBUBCSA JNOCTATHIM AJIA TOTO, 11100 3yMOBUTH
PO3BUTOK POTiB.

&aHMTaHHH Ta 3aBJaHHA

1. Ha KOHKpeTHOMy MpuKnagi NOACHITb, AK Bif-
OyBa€TbCA yCnagKyBaHHA O3HaK, 3aNeXHuX Bifg cTaTi.
2, Po3g’axime 3a0ady. [eH, AKNN BU3Hayae 3abapBneHHsA
LIepCTi y KOTiB, po3TalloBaHuii y X-xpomocomi. OauH i3
oro anenis BY3Haya€ YopHe 3abapBreHHs, a iHWnn —
pyae. Y BMMNagKy, AKWO OPraHiaM € retepos3mrotolo 3a
UMM reHoM, To Noro 3abapBneHHA € YepenaxoBuUM
(4acTMHA BONMOCMHOK MA€ YopHe 3abapBrieHHs, a vac-
TUHa — pyge). AKUN Konip WepcTi MaTUMyTb HallaaKu
Bifj CXpeLlyBaHHA pydoro KoTa 1 YyepenaxoBoi Killukn?
3. AHani3 XpoMocoM Kauykoasboba Mokasas, WO Moro
6-Ta XpPOMOCOMa € FOMOJIOFOM CTaTeBOi XPOMOCOMM
niaueHTapHUX ccaBuiB (Hanpuknag, muwi). Yn MoxHa,
CNMpaynch Ha uel dakt, 3pobuT BUCHOBOK MPO CMo-
Ci6 BM3HauYeHHA CTaTi y CiNbHOro npefKka Kauykoa3boba
i Mmwi? Bignosigb obrpyHTyliTe.

133



Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 64. [eHOTUN | B3aEMOJiA reHiB

0 [NomipkynTe

Yomy ans bopmyBaHHA O3HaKK 3a3BMYall Heob-
XifjHa B3aEMOJifA KiIbKOX reHiB?

Q 3raganTe

o CnagKoBicTb o MiHnuBicTb

o Peanizauia cnagkoBoi iHdopmauil

[eHOTMN AK WinicHa cucTema

Hns Toro 1mo6 B opraHismi 3’sBuiacs IeB-
Ha O3HaKa, YacTillle 3a Bce IOBUHHO BiOyTHCS
KinbKa pisHmMX mponeciB. Hampukaan, y Myxu
Ipo3odinau (KIacuuyHOTo 00’€KTa TeHeTUYHUX J0-
CIim;KeHb) 3a0apBJIEHHS OUell 3yMOBJIeHe HasdB-
HICTIO B HUX OBOX IIiIrMEHTIiB — SACKPaBO-UYE€PBO-
HOTO ¥ KopuuHeBoro. /i BupPOOIeHHS KOMKHOTO
3 HUX Mae€ Big0yTucs Jekijbka OioxiMiuHMX pe-
akiiti. Ko:kHY 3 IIMX peakIlii KaTajidye OKpe-
MUl (PEpMeHT, AKUHA KOAYETHCA OKPEMUM I'€HOM.
I mopymienas Oyab-KOr0o 3 HUX MO3HAUAETHCS
Ha 3abapBiieHHi oueil aposodinu (manx. 64.1).

OsHaxu, AK1 BM3HAUYAIOTHLCSI OJHUM T'€HOM,
HA3WBAalOTh MOHOTEHHUMM. AJjie HaBiTb BOHU MO-
KYTh YTBOPIOBATHCS BHACJIiZOK B3aemojii. Bu
BJKe O3HAMOMWJINCS 3 ITUM SABUIIEM, KOJIV PO3TJIA-
JaJiy MOHATTS HEIIOBHOTO NOMiHYBaHHS aJIesIiB.

Bimomo Gararo Bumagkis, Koy o3Haxka abo
BJIACTUBOCTiI OpraHisMy BH3HAUYalOTLCSI IBOMA
a0o0 Oisbllle piBHMMU reHaMU, AKi B3a€MOIiIOTH
MixK coboro. AJle ciijg mam’saTaTH, 10 B3a€MOi-
IOTh He caMi renu, a MmojekyJu 0inkiB abo PHE,
YTBOpPEeHHA SKUX BOHU 3abesmeuyioTh. Ilim uac

Man. 64.1. Pi3HOMaHiTHiCTb 3abapBneHHA oyell y fpo3oodin
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B3aeMOJil HeaJleJIbHUX T'eHiB BifOyBaeThbCcs Bin-
XWJIEHHS BiJl MEHJeJiBCbKUX 3aKOHOMipHOCTel
posIIeIIeHHSa 3a (DEHOTUIIOM y Hamankis. Pos-
PiBHAIOTHL TaKi OCHOBHI TMHM B3aeMOjil T'eHiB:
KOMILJIeMeHTapHicTh, emmicTas i mosrimepis.

KomnnemeHTapHicTb

IIix uac KoMmIeMeHTapHOI B3aeMoOmii reHiB
PO3BUTOK O3HAKM BiJOyBA€THCA JIMIIIE Y BUIIAJ-
Ky, KOJU KOXKHUM i3 HeaJleJIbHUX TeHIB Mae
xoua 0 MO OMHOMY JOMiHAHTHOMY aJjenio. Ha-
NPUKJIAL, V BU3HAUEHHI (opMu IJoza y rap-
O0ysa OepyThb yuacTb ABa reim — A i B. fAxrmio
IIeBHA POCJMHA Ma€ B KOXKHOMY 3 IUX TIeHiB
xoua O OOWH AOMIHAHTHHH ajejlb, TO (opma
ii muoxmiB Oyne AUCKOIOAiIOHOIO. A YyTBOPUTHCS
Taka (popMa BHACJIIIOK B3aeMO[il JOMiHAHTHUX
ayieqiB aBoX reHiB. ToOTo muckomomiOHi maomu
MaioTh OyIAb-AKi 0coOmHM 3 TeHOTUTIOM A—B-—.

Ao oxmu i3 rewiB Oyme mpeacTaBJIeHU
PelecuBHOI0 TOMOBUTOTOIO, a iHIMUUA MaTUMe
xoua 0 OIMH JOMiHaHTHUI ajiejb (0COOMHU 3 Te-
HoTuTIaMu aaB— i A—bb), TO KOMILTeMeHTapHa
B3aeMoiA He BimOymeTbcsa i oM MaTUMYTh
cpepuuny dopmy. OcoburHa 3 oboma reHamu
y CTaHl perecHBHOI I'OMO3UIOTH MATHME BIIO-
ByKeHI maomu (mai. 64.2).

EnicTtas

Y pasi emicraTuuHoi B3aemopmii reHiB m0-
MiHaHTHUH ab0 pellecuBHUN ajiesib OJHOrO reHa

batbku (P) ‘ ‘

AAbb  ChepuuHa aaBB CéepunyHa

riépua (F,)

AaBb  [uckonogi6Ha
liépuan (F,) I ‘

A-B- A-bb i aaB- aabb
OuckonogibHa  CdepuuHa  BupoBkeHa

Man. 64.2. KomnnemeHTapHa B3aeMofifA reHis
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Kopunurese . Manese Batbku (P) LELIIN ) X ‘m
batbku (P) 3abapBrieHHA x‘ _ 3a6apBneHHs Binun TeMHO-4YepBOHMIA

wepcTi aagii 5 wepcri AAll a,aaa, AAAA,
i YepBoHUM :
) ; Manese f6pua (F) AaAa m
fi6pua (F,) j 3a6apBneHHs e
- . .
4 =0 wepcTi Aali

- e B R S
kg RN

) ; TemHO-uepBOHMN Bi ;
liepuan (F) ‘ b F ! r ; PR inun
2 || AAAA, m aaaa

1717272

MNanesi ——I- YopHi A-ii  KopwuuHesi aaii riépuan (F,) YepBoHMii

12/16 3/16 1/16 AaAa m
1717 272
Man. 64.3. EnictaTyHa B3aEmMogia reHis m AAaa

TemHyBaTo-uepBoHuin  d,d,AA,  Cgitno-uepsoHui

OPUTHIUYE IIPOAB JOMiHAHTHOTO aJjejid iHIITOTO AAAa, AaAA, Aaaa, aaAa,
resa. BigmoBigHO, pO3pi3HAIOTL JOMiHAHTHUMN

i pemecuBHuil emicras. Hampukmaazg, y cobak Man. 64.4. [onimepHa B3aemogif reHis
IOMiHAHTHMH ajenb rema A sabesmeuye Uop-

KOJILOPY HACiHWH IIIIEHUI[I B3a€MOMIiIOThH ABA MO~
JiMepHi reHU, KOYKeH 3 AKUX Mae€ II0 IBa aJeJi.
A zabapByieHHS HaCiHWUH 3yMOBJIEHE KiJIbKiCTIO
ITOMIHAHTHUX aJjielliB IIuxX reHiB. Yum Oinbire
IOMIHAHTHHUX aJIeJIiB, TUM OiJIbIlIa iIHTEeHCUBHICTE
YepPBOHOTO 3a0apBJIeHHs. ¥ PEINeCUBHUX I'OMO-
3UTOT HacimHA 0ijle, a B O0COOMH i3 T'eHOTHUIIOM
AAAA, BOHO TeMHO-uepBOHE (Mai. 64.4).

He 3a0apBJIeHHs, a PelecUBHUII — KOPUUYHEBE.
A nmomiHaHTHUII ajenb reHa I Baaraji 0JOKye
CUHTE3 BiANMOBiAHMX (pepMeHTIB i cOpuUUmMHSIE
MosBYy IajieBoro 3abapBieHHs. Tomy ocoOmHHI
3 reHoTUIIaMu A—ii OyAyTh MaTu YOPHY IIePCTh,
3 remotunamu A—I— a6o aal— — maJjeBy, a 3 re-
HOTHUIOM aaii — KopuuHeBy (Mmaj. 64.3).

MNonimepia
. . . N [NpakTyHa poboTa
¥V pasi mosimepHoi B3aeMoxii reHiB s Ipo-
sIBy O3HAKU HeoOXilHA HaABHICTH Xxo4a 6 OLHOTO Poze’a3yeaHHss munoeux 3ada4y 3 2eHemMuKu:
JOMiHAHTHOTO aJyesid B OyAb-AKOTO 3 KiTbKOX re- yCnaokyeaHHs 03HAK
HiB. Ili reHU BUKOHYIOTH OIHY DYHKIIif0O (HaIpu- 1. Y NOAVHN TeH, WO BUKNNKAE OAHY 3 GopMm craj-

KOBOI [JIYXOHIMOTW, pPeLecuBHUN CTOCOBHO reHa
HOPMaJIbHOrO Ciyxy. flke MOTOMCTBO MOXHa YeKaTu:
a) Bif Wby ABOX reTepo3nroTHYX 3a AaHNM reHOM
6aTbKiB; 6) Bif LWNOOY rMYXOHIMOI »KiHKN 3 HOPManb-
HUM YONOBiIKOM?

KJIaJ], 3a0e31eUy0Th CHUHTE3 OZHOTO IIirMeHTY),
ajie MOJKYTh PO3TAIIIOBYBATUCS B PiBHUX XPO-
MOCOMAaX. X HA3WBAIOTH MOJIMEPHHMMH TeHAMH.

IlonimepHi reHm 3as3Bmyaill BU3HAYAKOTH

KimbKicHI o3Haku (po3Mip, 3abapBJeHHSA TOIIO). 2. Y matepi | rpyna kposi, a B 6atbka — Ill. Yu
Hif0Th BOHU, JONOBHIOIOUX OLUH OZHOTO, TOMY MOXYTb AiTW yCnagKyBaTu rpyny KpoBi matepi?
1X 3a3BU4Yal MO3HAYAIOTh ONHAKOBHUMM JIiTepa-
MU JaTUHCBKOTO ajpaBiTy, HOmaroum HUMKHIN
oo . 3anuTaHHA Ta 3aBAaHHA
YMCJIOBUM iHJEKC IOJd TOro, IIo0 po3pisHATH 0
reau Mik coboro. Hampuwraanx, A A a,a, aGo 1. Y MOXyTb OpraHiamMm 3 OLHAKOBMM TFeHOTU-
AaAA,. noM Matu pisHuin deHotun? Bignosiab o6rpyHTyiiTe.
3a UM MexaHi3MoOM BifOyBaeThCA yCIAIKY- 2, Posg’axime 3a0ady. Y pocinHu reH A BU3HAYae 3a-
BaHHS KOJILOPY HACIHHA Y IIIEHUI Ta KOJLOPY 6apBrieHHs oUBITUHW. [loMiHaHTHWIA anenb A 3abe3neuye
mKipu y Jgionmau. Tak, y pasi ycmagkyBaHHS yepBoOHe 3abapBieHHs, a peLecuBHUi anenb a — bGine.
[loMiHyBaHHA € HEMOBHUM, i reTePO3UTroTV MakTb POXe-
0 Kniouosa iges Be 3abapBneHHA OUBITUHM KBIiTOK. fIKi reHoTMnn 1 de-
HoTUNK 6yayTb Matu ribpuaun Big CxpellyBaHHA ABOX
Pi3Hi reHy B reHoMi B3aEMOAiOTb MiX cobolo. reTepo3nroTHNx ocobuH? 3. Yomy nig uyac B3aemopii
MowwnpeHMn TMNamu B3aEMOAIT Pi3HUX reHiB € pi3HMX reHiB BiAOYBa€eTbCA BiAXUNEHHA Big MeHAenis-
KOMMIeMeHTapHICTb, enicTas i nonimepis. CbKMX 3aKOHOMIPHOCTeN po3LenneHHaA?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 65. MiHAMBIiCTb O3HaK

0 [omipkymnTe

Yomy npoTu BipyCy rpuny LyXe BaXKO CTBOPUTU
BaKLWHY?

Q 3raganTe

o CnagKoBicTb

e MiHnuBIcTb

e eHn

* XpOMOCOMHa Teopif CNagKoBOCTI

Pi3HOMaHITHiICTb dopm
MIiHTNBOCTI O3HaK

Bu BiKe 3HaeTe, M0 MiHJIUBiCTE — IIe
BJIACTUBICTH KWBUX OPTaHi3MiB 3MiHIOBATHCH.
IIi 3amiEm MoKyTH BimOyBaTHUCA SAK i3 caMuM
OpraHi3MOM YIIPOJZOB:K IIEBHOTO Uacy, Tak i 3i
3MiHOI0O MOKOJIIHb Y KOXKHOTO 3 BUIIB JKUBUX
opraxiamis.

¥V reHerurti BUIIJNAIOTHL OB OCHOBHI (hopmm
MiHJIUBOCTI — cHmaakKoBy (TE€HOTUIIOBY) i He-
crmagkoBy (Momudikariiiny, a6o (heHOTHUIIOBY).
3MiHU, AKI BUHUKAIOTh y BUIAJKY CIATKOBOIL
MiHJIMBOCTi, IIepefaloThCsa HAIaAKaM, a Hecla-
KOBOI — HAIIaJKaM He IIepeJaloThCH.

CrnagkoBa MiHJIMBICTH MOAIIAETHCA HA KOM-
6iHaTUBHY I MyTallifiny. 3a KOMOiHATMBHOI MiH-
JIUBOCTi He 3MiHIOEThCA cTpyKTypa JJHK. Binoy-
BA€ETHCA JIVIIIE TIEPeKOMOIHYBaHHSA aJIesiB pisHUX
reiB. 3a MyTamiiiHOI MiHJWBOCTI CTPYKTypa
IOHK moxe smintoBaTucs. Taki sMiHU He 3aB:KAU
moB’sA3aHi 31 3MiHOIO IIOCJIiTOBHOCTI HYKJIEOTHU-
IiB y Me)kax refa. 3MiHEH MOXKYTb BigOyBaTucs
AK Ha PiBHI OKpeMHX XPOMOCOM, TaK i BCHOTO
resomy B Iisiomy. Hampukiaan, aBi xpomocomu
MOKYTb 00’ e IHATHCA B OnHY. AOO 3arajbHa Kijb-
KiCTh XpPOMOCOM y T€HOMi MOJKe IIOIBOITHCH.

YacTo ZOCHiZHUKKN W MOCHiZHUI BUA1IA-
I0Th AK OKPeMUU BUJ MiHJIMBOCTI OHTOTE€HETHY-
Hy MiHJuBicTh. BoHa BimOyBaeThbcs mpoTATrOM
JKUTTSA 0COOMHM Iif KoHTpoJeM rexis. Came 1ia
MiHJIMBiCTH BiilIOBimae 3a Te, IO OJHA ¥ Ta cama
JIOAWHA Y Billi OHOTO, IIEeCTH, ABAAIATU I ciM-
JIeCATH POKiB BUTJIALA€E 30BCIM IIO-pi3HOMY.
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KombiHaTrBHa MiHNMBICTb

Komo6inaTuBHa MiHJIMBiCTH mOB’s3aHA 3 OT-
PUMaHHAM HOBUX NOEMHAHb T'€HIB y T€HOTHIII.
Bu Bike m100pe 3HaOMi 3 UM THUIIOM MiHJHBOCTI
Ha npukJani 3akoHiB I'. Mengensa i Bzaemomil
TeHiB.

B eykapioriB, fIKi PO3BMHOKYIOTBCA CTaTe-
BHUM IILJIAXOM, KOMOiHATHBHA MiHJIMBiCTHL mOCSH-
TaeThbCs B pPe3yJabTaTi TPhOX MPOIECiB:

— He3aJIeKHOTO PO3XOIKEeHHA XPOMOCOM
oig yac mMenosy;

— BUNOAJKOBOTO MOETHAHHS raMeT IIiJ dac
3aILIiTHeHHd;

— perkombiHaIii reHiB 3aBOAKM KPOCUHTO-
BEpY.

Cami renu mpu 1boMy He 3MiHIOIOTBHCS, aJie
BUHUKAIOTh HOBIi X MOEMHaHHS, 0 CIPUYUHIOE
OSABY OpraHi3MiB 3 iHmIMMH TeHOTHUIIOM i (e-
HOTHUIIOM.

Hacaigxkom Komb0iHaTmBHOI MiHJAMBOCTI
€ dABuine rereposucy. I'ereposuc (Bim rperr.
heteroisis — BUIO3MiHU, IEepPETBOPEHHA), ab0
«TibpugHa cuia», MOMKe CIIocTepiraTucs B Iep-
oMy HOKOJiHHI B pasi ri6pumamsaimii wmix
IpeIcTaBHUKAMU PisHUX BUAIB abo copris. Bu-
IiJAI0Th TPU OCHOBHI (popMU TeTepos3ucy: pe-
TPOAYKTUBHUY (MiABUIIYETHCA BPOMKANHICTSH),
coMaTUUHUN (301MBITyIOThCA JiHiIMHI posmipu
opraHiamy) i aganTuBHUN (IigBUIYETHCS CTili-
KicTh MO nOil YMHHUKIB cepemoBUIIA).

MiHNuMBICTb O3HaK GaKTepil

KombinaTuBHa MIiHJIMBICTH TPAILIAETHCI He
TiTBKU B €yKapioTiB, AKi 3MiMICHIOOTS il mix yac
CTaTeBOTO PO3MHOKEHHsS. ¥ MiKpooprauismis,
AKi PO3BMHOKYIOTHCS HECTATEBUM IILISIXOM, TEK
BUHHUKJIN CIeNliajJbHI MexXaHi3MM KoMOiHATUB-
"ol MmimamBocti. Ile Kom’toraiis, TpaHCAYKI[is
i Tpanchopmarris.

Kow’roramia — e GesmocepenHili KOHTaAKT
MiK JBOMa OaKTepiaJbHMMMU KJIITUHAMU 3a J0-
TIOMOTOIO CIIeIliaJIbHUX IIOPOKHUCTUX TPYOOUOK
(F-mineii), mig yac AKOTO TeHETUYHUHA MaTepia
3 ogHiel KIiTMHN MepeHoCUuThCs B iHINY. 3a3BU-
yail KOH IoTaIlid KOHTPOJIOEThCS TeHaMu, AKi
poaTaloBaHi B miaasmimi.



Tpanchopmania — me nepenecenua [THEK,
saKa OyJsia i307bOBaHA, 3 OAHUX OaKTepiaJ bHUX
KiaiTuH po immwmx. Hatiuacrinme Boma BimOyBa-
e€ThCA micas 3armbesi 0axTepiaJbHUX KJITHUH.
ITicia Toro sk 3aruOJi KJIITUHU PYHHYIOTHCH,
okpemi (pparmernTn ixapoi JJHK MoxyTh moriu-
Hatuca immumMu Oaxrtepismu. Ilorim OakxTepii
BOYIOBYIOTH IIi ()parMeHTH Yy CBOIO KiJIBIEBY
mostekysy JTHEK.

TpaHcaykmia — 1e IepeHeceHHA OakKTe-
piarpHUX TeHIB 3 OAHiel KJITWMHM B iHIIY 3a
momomoror OaxTepiodara. Komu Gaxrepiodaru
PO3BMHOKYIOTECA B KJIITHHI, TO B JesdKi 3 Bi-
pycHux yvactuHOK norpamase [JTHK we Bipycy,
a Oaxrepii. BipycHa uyacTuHKA MMEePEHOCUTH ITIO
IOHK B immy 6aKTepiaJbHy KJIITHHY, e BOHA
BOYIOBYETLCS B OaKTepiaJibHY XPOMOCOMY.

3a [OTOMOroi0 TaKWX WPoIleciB OaxTepii
MOJKYTh, HAIPUKJIAZL, OOMiHIOBATHCA TeHaAMU
cTifikocTi Mo aHTHOIOTHUKIB.

Minnusictb Bipycis

MiuausicTs v BipyciB Moske OyTH AK cHaj-
KOBOIO, TaK i HecmagkoBoro. HecmagkoBa MiH-
JMBICTH BipyciB BUHUWKAE, KOJU Bipyc IOKUIAE
KJITUHY, B AKifl YTBOPUBCA, 1 3aXOILJIIOE YACTHU-
HY 1i KJaiTuHHOI MeMOpaHu, YTBOPIOIOUMN CBOIO
30BHIIITHIO 000JIOHKY. PidHi minaHkum meMOpaHu
IeImro BiApisHAOTBCA MiK c0000, i ToMy pisHi
BipioHM TaKOK MalOTh He3HauHi BigminuocTi. ITi
BiZMiHHOCTI HaIIagKaM He IIepefaiThCd.

CnagkoBa MiHJIMBiCTH BipyciB, AK i iHImMUMX
opraHisamiB, Mo:ke OyTHM MyTalliiiHOIO i KOMOi-
HaTuBHOKO. MyTamiiiHa MiHIMBiCcTH y BipyciB €
HacJigKoM MyTalliii. ¥ BipyciB HeMae Takmx
pemapaliiHux cHCTeM, fAKi BUOPABJAIOTL IIO-
IIKOKEHHs CIIaJIKOBOT0 MaTepiany, AK y KJIi-
TuHax. ToMy ImaHCW HAa BUHUKHEHHA MYTaIlill
y HHUX OinbImi, HiK y KJIITUHHMX oOpraHismis.
Haii6inpmuii puUsMK BUHUKHEHHS MYyTallil
y PHK-BipyciB, 60 PHK € menm crabiibHOIO,
ik [[HK, 3 TouKu 30py 30epeskeHHsA IeHeThU-
HOI im(opmarrii.

0 Kniouosa iges

MiHAUBICTb € XapaKTEPHOK O3HAKOK BCiX MMBUX
opraHi3miB. BoHa Tpannaetbca i B eyKapioTis,
i B nNpokapioTis, i y BipyciB. MiHANBICTb MOXe
nepepaBaTtnca (cmagkosa) abo He nepepaBaTtucA
(HecnapgkoBa) Hawagkam. OKpiM TOro, NPOTArom
XKUTTA Y XKMBUX OPraHi3MiB CMOCTEPIraETbCA OH-
TOreHeTUYHa MIHIMBICTb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

BipioH

— aHTUreHn — CEermMeHTU reHis

N

A H
o
AH
o

N

Man. 65.1. PekombiHaLia y Bipycy rpuny

Kom6inaTuBHa MiHJIUBiCcTH y BipyciB BuHU-
Kae BHACJIIIOK 3apakKeHHs OfHiel KIITUHU Kilb-
KoMa pisHMMU BapiaHTamm Bipycy. ¥ mporeci
«30ipKu» BipioHiB IIi pisHOBUAM BipyCcy MOMKYTH
obomintoBatucsa gpparmenramu [JTHK i yrBoproBa-
T HOBiI KombiHarii. Ile sBuIle € gy:Ke xapak-
TepHHUM JIJd Bipycy rpumy. Moro reHoM ckua-
ITaeThbcAd 3 BOChbMU OKpeMux (pparmentie PHK.
Y pasi zapakeHHs OAHiel KJIITUHM KiJbKoMa
Bipycamu 11i (pparMeHTH IIepeMillyIOThCHA, IO
CcTae MPUUYMHOIO MOABU HOBUX BapiaHTIB Bipycy
rpuny (mana. 65.1).

@ MpakTyHa poboTa

BuseneHHA ma onuc HOpManabHUX i MymaHmMHux
¢opm Opo3odpinu

1. Po3rnaHbTe HOpManbHi dopmn gposodinu. 3sep-
HiTb yBary Ha HOpPMaJsibHi O3HaKW: Cipe Tino, YepBo-
Hi oui, cdopmoBaHi Kpuna. Bigpi3HiTb camuis Big
CaMOK.

2. Po3rnaHbTe MyTaHTHI dopmun gpo3odinu. BusHau-
Te, AKi 03HaKM B HUX € MYTaHTHVMMU.

3. Cknagitb MOpPIBHANbHY Tabnuulo HOPManbHUX
i MyTaHTHUX dopm apo3odin.

4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMYy npuknagi noAcHiTb ocobnu-
BOCTi KOMOiHAaTUBHOI MiHnMBOCTI. 2. CKnagiTb Cnmncok
daKTopiB, AKI MOXYTb BMIMBATM Ha MIHAUBICTb >KMBUX
opraHi3mis. 3. BukopucTtoByoun [OAATKOBI Axepena,
HaBediTb NMpuUKNagnM retTeposncy i 3anpornoHynTe no-
ACHEHHA MexaHi3My LbOro ABMLLa.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 66. MyTauii

0 [omipkynTe

Yomy npotu Bipycy imyHopediunTy ntoamHn (BIJ1)
AyXe BaXKKO CTBOPUTM BaKUMHY?

é 3raganTe

« MiHnumBicTb - CnagkoBa MiHNMBICTb

- IHK « O6MiH peyoBUH

MyTauii

Myramiero (Bix matuH. mutatio — 3mina)

Ha3WBAIOTh 3MiHY O3HAKWM, IO 3yMOBJIEHA 3Mi-
HOIO CIIaJJKOBUX CTPYKTYP, IIepe0yq0BOI0 TeHe-
TUYHOTO amnapary. MyTaiii 3MiHIOIOTE T'€HOTHUIL
ocobmHu. BOHM BMHUMKAIOTHL PalTOBO ¥ iHOM;L
HaJTalOTh OPraHisMy 3HAUHUX BiAMiHHOCTEH Bin
BUXimHOI hopmMm.

VYueHuM Taki 3mMiHu Oysau Bigomi gasuo. My-
TAIiAHIA MiHJAMBOCTI IPUCBATUIU CBOI POOOTHU
C. I. Kopkunaceruit i I'. e @pus. OcraHHROMY
HaJIeKUTh TepMiH «MmyTarmis». Kpim Toro Bim
chopmyIrroBaB OCHOBHI IOJIOMKEHHS Teopili my-
raiin (1901-1903):

+ Myramii BHHUKAIOTh PAITOBO AK JUCKPET-
Hi (mepepBHi) 3MiHM O3HaAK.

+ HogBi opmu € crifikumu.

- Ha Bigminy Bim HecmmagkoBoi MiHJIMBOCTI,
MyTAaI[iliHi 03HAKU He YTBOPIOIOTH HEIIePEePBHUX
pPAmiB i He 30CEPEIKYIOTHCSA HABKOJO SAKOTOCH
cepenHbporo Tuny. MyTarii € AKicHUMU 3MiHAMU
B OpraHiamax.

« Myrarnii nposaBasioTbca no-pisHomy. Boun
MOJKYTb OyTH i MIKiAJIWBUMU, i KOPUCHUMU.

+ BiporigHicTh BUABJIEHHA MyTaIliili 3aje-
JKUTh BiJ umcJa JOCTimKyBaHMX OCOOMH.

« OpHi # Ti cami myTamii MOKYTh BUHUKATHA
TIOBTOPHO.

MonekynapHa ocHOBa MyTaL,in

Monerynaa IHK, ak i Oyab-aka inma moJe-
KyJja, MOJKe 3a3HaTU NOMIKOAXKEeHb, AKi MU Ha-
3uBaeMo MyTtaniaMmu. i mMomKoIKeHHA MOXKYTh
OyTu pisHUMH. Moike OYyTU IIOIIKOI:KEHO OIUH
HyKJeoTus abo Bigpasy mapy HYKJIEOTHUIIB.
Mo:ke craTuca pospuB ogHoro 3 jaHioris JTHEK
abo HaBiTH 000X JIAHITIOTiIB OJHOYACHO TOIIIO.
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Myramifina MiHJINBiCT, BUHUKAE BHACIIIOK
3MiH CTPYKTypHu ab0 KiJIBKOCTiI UM po3TallryBaH-
Ha mosekys [THK. Bci ;xuBi opranisamu mamoThb
mexaHisamu penapamnii JJHK, axki gosBoasaooTs
JiKBigyBaTH Taki mopyiieHHsa. Ase AKIO MexXa-
Hi3MU pemapariii He BIIOPAOTHCA i3 3aBAAHHAM,
To BuHUKae 3mina JJHK, aka Oyzae nepemaBatucs
HamagkaMm. Bunnkue myTamisa. Ciaing sasHauuTu,
110 B 0araToOKJITHHHUX OpraHisMax HaIlagxKam
Oyae mepemaHO JHIIe Ti MyTallii, AKi BUHUKJIN
y cTaTeBUX KJIITHMHAaX.

Knacuoikauii myTauin

Hapasi Bigomi myramii B ycix KJjaciB TBa-
puH, pocauH i BipyciB. Icuye Oararo myrarii
i B moguan. CaMe MyTallisMu 3yMOBJIEHA Pis3HO-
MaHiTHiCTE (mosriMopdisM) JIOACHKUX IIOMYJIS-
IMifi: pisHA mirMeHTAallidg MIKip®, BOJOCCA, KOJIip
ouelt, ¢popMa HoOca, BYX, IIiJAOOPiAAs TOIIIO.

Icaye Kinmbka BapiaHTiB KJaacudikaiii my-
TaIlin:

- 3a TUIIOM NMPOABY O3HAKHM B I'eTePO3UTOTi
MyTaljii MOmiJIAITh, Ha AOMiHAHTHI (IPOABJI-
IOThCA Y T'eTepPO3UroTi) i perecuBHi (He IPOSAB-
JAKTHCA Yy TEeTEPO3UTOTI).

- 3a JoKaJgi3alicl0 B KIITHHI PO3Pi3HAIOTH
AnepHi (3MiHIOIOTHL Te€HUW, PO3TAIIOBaHI B AApi
KJITUHU) 1 MUTOIIa3MaTUYHI (3MiHIOIOTH T'eHU,
posTaiioBaHi B IIUTOMJIA3Mi KJIITUHMW, HAIpPU-
KJIaZk, Y MiTOXOHAPisAX abo ILTacTHaaX) MyTalrii.

« 3aJ€KHO BiJi MPUUYNHU BUHUKHEHHS BU-
IiIAI0Th CIOHTAHHI (IpUYMHA BUHUKHEHHA He
BCTAHOBJIEHA) Ta iHAYKOBaHi (IPUUYMHOIO BUHUK-
HEHHA € Jisg BCTAHOBJIEHOTO (hpaxkTopy — (hismu-
HOro, Ximiunoro abo OiosoriuHOro) myraiii.

« BaxksimBUM € TaKOXK Te, y AKUX came KJIi-
THUHAX BUHUKAIOThL MyTalii. IKII0 BOHW BUHU-
KalTh y COMAaTUUYHUX KJITHHAX — COMATHUYHI
MyTallii, To MOXYTh IlepeJaBaTHUCA HAaIllaJKaM
JIUIIIe 32 YMOBU BETETATUBHOTO PO3MHOKEHH.
SIKI0 X BOHM BUHMKAIOTH y TaMeTax — reHepa-
TUBHI MyTaIlii, To MOKYTb IlepegaBaTHCs HaIal-
KaM 3a 3BUYANHOTO CTATEBOTO PO3MHOYKEHH.

[eHHi, XxpOMOCOMHIi Ta reHOMHi MyTau,il

IIpoTe oxHiero 3 HAOIABII HOIINPEHUX KJIa-
cupikaliii Mmyrariii € iX po3IMO/IiJl 3a PiBHEM Op-
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Man. 66.1. MyTtareHHi pakTopKn

raizaiii cmaJKoBOro Marepiaxy, Ha AKOMY Bif-
OyBaeThbCa MyTallid. SIKIII0 MyTaIlis 3MiHIOE JIMIIIEe
OOWH IeH (3aMiHa, BTpaTa 4YM MONABAHHS IIapu
HYKJIEOTHU/IB), Ile € MPUKJIALOM T€HHOI MyTaIrii.
¥ pasi, Ko 3auinaeThCcAa KOMILIEKC I'eHiB Ha
XpoMocoMi (3amiHa, BTpara, [oJaBaHHA Y1 3MiHA
MicIld PO3MIIEeHHA MiITHKU XPOMOCOMHU), IIEe €
MIPUKJIAA0M XPOMOCOMHOI MyTaliii. A KoJu 3MiHUI
BifOyBalOThCA Ha PiBHI reHomy (3MiHa KiJabKoc-
Ti OKpeMHUX XPOMOCOM UM BCHLOTO XPOMOCOMHOTO
Habopy), Ile € TPUKJIAJOM TeHOMHOI MyTaIrii.
Jlo TeHOMHUX MYTAaIlili HaJeXXaTh MOJIIILIO-
inmia i rerepomnoinia (ameymmioimis). Ilosaimmo-
imis — 1ie 30iJbIIIeHHA KIiJIBKOCTI XPOMOCOM
MIJIAXOM OOJaBaHHS IiJIMX XPOMOCOMHUHX Ha-
O0opiB y pesyJbTaTi MOPYIIIEHHS Melio3y.
Terepomnoigias — 1e 3MiHA KiJIbKOCTiI Xpo-
MOCOM, III0 He € KPaTHOI rarjoigHoMy Habopy.
fBuine, Kogu sxa-HeOyAb i3 XPOMOCOM y T'€HO-
TUIIi Ma€e He ABi, a TPU TOMOJIOTiIYHI XpOMOCOMU,
Ha3WBaIOThCA TpUcoMiero. TpamidaeTbes i BTpara
OIHi€l 3 TOMOJIOTIYHUX XPOMOCOM — MOHOCOMIisf.

MyTareHHi ¢pakTopun

dakTopu, AKi 3maTHI iHAYKyBaTH MyTallili-
HUHA edeKT, HA3WBAIOTh MyTareHHHMH. ¥CTa-
HOBJIEHO, IO Oyab-IKi (paKTOpPU B0BHIIIIHHOTO
i BHYTPIIITHBOTO cepemoBUINa, AKi MOMKYTH IIOPY-
IIIyBaTHU TOMeoCTas, 3AaTHI COPUUYNHATH MyTaIlii.
Tpagumiitao ix moxinArTs Ha (pisuuHi (peHTTe-
HiBCBhKe Ta iHIIIi BUOPOMiHIOBaHHA, YIbTPa3BYK,

0 KnioyoBga iges

MyTauii — ue panToBi 3MiHN O3HaK, WO CNPUYMHe-
Hi NOPYLEHHAMM B CMAAKOBUX CTPYKTYpax »KMBO-
ro opraHiamy. IcHye 6arato pisHoOBMAIB MyTaLjii
(reHHWMX, XPOMOCOMHUX, FreHOMHMX ToLo). lNoABi
MyTaLin cnpuse Aia MyTareHHUX $akTopis.

TeMIepaTrypa ToIo), XiMiuHi (XiMiuHi crosyKm)
Ta Oiosoriuni (Bipycu, Tokcuum) (maa. 66.1).

3HauHy 3arposy dK MyTareHu AJA JIIOJUHU
MOJKYTh CTAHOBUTHU MIKiAaMBi 3BMUKU. I TIOTIO-
HONAJIIHHA, I aJIKOT0JIb, 1 HAPKOTUYHI peuoBU-
HU € JOCUTH CUJBHUMU MyTareHHUMHU (HaKTO-
pamu. BoHU 3yMOBJIIOIOTH ITiABUINEHHS PU3SUKY
BUHUKHEHHSA MYTAIlil y HaIIagKis.

Myrarenni (akTopu IIIMPOKO 3aCTOCOBYIOTH
V CeJIeKIIHHIA TpaKTHUII 3 METOI0 OTPUMAHHSA HO-
BUX COPTiB pocJymH i mopix TBapuH. Tak, Ha pocau-
HU Oif0Th KPUTUYHUMU TeMIIepaTypaMu, i0Hi3yIo-
YM BUIIPOMiHIOBAHHAM, XIMiUYHUMU PEeUYOBMHAMU
(HAOIJIBIIT TOMIMPEHUN AaJKaJoif] KOJXIIIWH).

® MNpakThyHa poboTa

Po3e’a3yeaHHAa munosux 3a0ay 3 2eHemMuKu: eu-
3Ha4YeHHA muny mymayii

1. Y MeguKo-reHeTMUYHy KOHCYJbTalilo 3BepHynucaA
6aTbKK N'ATUPIYHOT AiBuUMHKW. [icns gocnigeHHA
il KapioTuny 6yno BUABMEHO, WO B il COMaTUYHMX
KITUHaX MIiCTUTbCA NO 46 XPOMOCOM, ane ofHa i3
Xpomocom y 15-i napi goslla 3a 3BMYalHy, TOMY
wo Ao Hei nmpuepgHanaca xpomocoma 21-i mapw.
Akun BuAa MyTauil B Li€l AiBUNHKIN?

2. Y pe3ynbTaTi cxpeulyBaHHA caMKu Apo3odinu
3 MO3aiyHMMM OuMMa 3 BINOOKMM camuem Yy mno-
TOMCTBI Ofiep»Kanu CaMoK i3 Mo3aluHUMU 1 Ginummn
0uMMa, CaMLiB — i3 YepBOHUMMU 1 Ginumn. BrsHaute
TUM MyTaLiNnHOT MIHAMBOCTI 3a3HauyeHnx dopm Apo-
30dinu.

03a|‘|l/ITaHHFI Ta 3aBJaHHA

1. Yomy XmBi opraHiaMnm MoXyTb OyT MyTareHHu-
Mn dakTopamun? 2. MOACHITb, Y YOMY MONArae pu3snK
ANA HalaaKiB NIOANHN, AKLO BOHA BXMBAE HAaPKOTUYHI
peyoBMHU. 3. 3anponoHyiTe Ta OOFPYHTYNTE 3axoau
3aXUCTy Bif BNAMBY MyTareHHUX ¢GakTopiB.
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§ 67. MognodikauinntHa MiHNNBICTb

0 [NomipkynTe

Yn MoKe 3picT nioguHu 6yTr Ginblunm,
HiX 3 meTpu?

Q 3raganTe

« MiHnuBicTb - CnagKoBicTb

« Qopmy MiHNMBOCTI » QaKkTOpK cepepoBMLIa

MopgundikauinniHa MiHNKBICTb

HecnmaakoBy MiHIMBICTS illle Ha3WBaIOTh (he-
Homunogoiw, abo modugirkauiiinor. Mogudika-
mii — 1me (QeHOTHHOBI 3MiHM, SKi BUHUKAIOTH
Oig BIIMBOM YMOB cepemoBuiria. Moaudikarriii-
Hi 3MiHU O3HAKU He YCIIaAKOBYIOThCH, aje ii mgia-
ma3oH (HOpMa peakIlii) reHeTUYHO 3yMOBJIEHUN
i ycnagkoByeThcA. BoHU He COPUUYUHSAIOTH 3MiH
reHorumnry. Mogudikariiina MiHIMBiCTh BigmOBi-
Jla€ yMOBaM iCHYBaHHS, BOHA € IPUCTOCYBAJb-
HOIO (MaJs. 67.1).

YHacHiIoK Ifiel MiHJIMBOCTI ITig miero Ha op-
ra"idam (paKTOPiB HABKOJUIIHHOTO CEPEIOBUIIIA
3MIHIOEThCSA IHTEHCHUBHICTHL (hepPMEHTATHUBHUX
peakiiiii abo BigOyBaeThbCcA «BKJIOUEHHSA» YU
«BUKJIIOUEHHSI» IMEeBHUX T'eHiB. XapaKTepHUMU
pucamMu mMoau@ikamitHOl MiHJIMBOCTI € Taki:

+ 000pPOTHiICTh — 3MiHU 3HHKAIOTh 32 YMOBU
3HUKHEHHA cuenu(iyHnX YMOB CepeloBHUIIA, IO
CIPUYUHUJIN TOABY Moaudikarrii;

* MAaloTh I'PYHOBUU XapakxTep;

+ 3MiHH y (DEHOTUIII HE YCIAIKOBYIOTHCS;

* YCHAJKOBYETHCS HOPMAa peakIlil reHOTHUIIY;

Man. 67.1. MiHnMBICTb po3mipy M'A3IB PyKM NOANHN
B YMOBaXx pi3HMX Qi3NYHMX HaBaHTaXKeHb
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« icHye cTaTuUCTHMYHA 3aKOHOMipHiCTH Bapi-
aliiHuX PAmiB;

- Mmommikarii mudepeHIiooTs (HEeHOTHUI,
He 3MIHIOIOUU T'eHOTHILY.

ITpuknagamu MogudikaIiiiHol MiHJIMBOCTI €:

+ 3MiHA MacHW TiJla TBapuWH y pasi 3MiHU
KigbkocTi 13Ki;

- 3MiHa 3abapBjIeHHSA XyTpa y 3aMisa 3u-
MOI0;

+ 3MiHa PO3Mipy OKpPeMHUX JIMCTKIB Ha OX-
HOMY JepeBi;

+ YTBOPEHHs 3acMarw Ha IMIKipi JiroogmHu
HiJ BIJIMBOM COHSAYHUX ITPOMiHiB.

Hopma peakuil

OcHOBOIO, KA BU3HAYA€ iCHyBAaHHSA MOIU-
dikamitinoi mimamBocTi Ta ii Meki, € HopMma
peakirii. Hopma peakiii — 11e Bce pisHOMAaHITTS
eKcrpecii rexiB 3a yMOBU He3MiHHOT'O T'€HOTUILY,
3 SIKOro BUOMpAaeThCsa HaNOiAbIN BigmoBigHMi
yMOBaM CepPeIOBHUINA PiBeHb aKTUBHOCTI KOXKHO-
o 3 reHiB, 1o i Gopmye (eHoTHUIl, AKUNA HAK-
0inbITIOI0 MipOIO BiAIIOBiZae icHyOUMM yMOBaM.

Hopma peakrifii aas KOKHOI 0O3HAKU Mae
Me:xxky BuaBy (majs. 67.2). Hampukaazn, mocu-
JleHe TOAYyBaHHSA TBAPUHU 3YMOBUTDL 3POCTAHHSA
ii mMacu, IpoTe BOHAa mepedyBaTUMe y MeKax
CIIEKTPY BUABJEHHA Iliei O3HAKM AJA IIHOTO
BUIY.

Hopma peakmii Bu3HA4YaeThbCA T'€HETHUUHO.
A pisHMX 03HAK € Pi3HI Me)Ki BUABY HOpPMU
peaxirii. Hampukian, cCUJILHO BapiloBaTH MOKe
BeJIMUYNHA YO0, MPOAYKTUBHICTE 3JaKiB (Kijib-
Kicui 3miHM), ci1abko — iHTEHCUBHICTL 3abapB-

Man. 67.2. BepxHI0 i HUXKHIO MeXi 3pOCTy NoanHU
BU3HA4Ya€ HOpMma peakuii



IHTepBan BapitoBaHHA — Big 60 fo 128 mm

Po3smax = 128 - 60 = 68 (Mm)

Man. 67.3. BapiauiiHnin psag LOBXMHU NNCTKIB

JIeHHsI IIepcTi y TBapuH abo KigbKicTh 3y0iB
y aoauHu (AKicHI 3MiHM).

BigmoBimHo mo 1bOro, HOpMa peakIlii Moke
OyTu BY3bKOIO (dAKicHi sminm — 3abapBiieHHS
JISIJIEYOK Ta iMaro AeAKUX MeTeJUKiB) Ta IImu-
pokoio (KinbKicHI 3MiHM — pO3Mipu JUCTKIB
POCJIMH, PO3MipH Tijia KOMaxX 3aJie:KHO Bim xap-
yyBaHHA IXHIiX Jsajgedok). IIpore mis medAKux
KiTbKiCHUX 3MiH XapaKTepHa By3bKa HOpPMa
peakiii (;KUpHiICTH MOJIOKA), a AJA JedKUX
AKiCHUX 3MiH — ImwmpoKa (ce30HHI 3MiHHM 3a-
OapBJIeHHSA y TeCIIiB).

BapiauinHmnn pag i BapiauinHa KprBa

Bapiamiiiauii pam — 1Ie IIOCTiZOBHIiCTH
Oyab-AKUX UYHCeJ, PO3TAIlIOBAHUX 3a IIOPSI-
KOM 3pPOCTaHHS IXHiX BeJuuuH. [TpoMizKOK MixK
KpallHiMuU uWjieHaMU pPAJNY HA3WBAIOTh iHTEepBa-
JIOM BapilOBaHHA, a MOBKUHY IILOTO iHTEepBa-
Jy — PO3MaXOM.

Bapiamifinum paaoM € i paHKXUPYBaHHSA
BimoOpaskeHHA NpoABYy MoxudikamiitHol miH-
JUBOCTI — pAJ 3HAUEHb MEeBHOTO MOKA3HUKA
a00 XapaKTepUCTUKU OPraHisMy, PO3MilleHux
3a IMOPAAKOM B3POCTAHHS YU CHAJaHHA KiJb-
KicHOTO BHpaKeHHsA (IOBKUHU JIMUCTKA, 3Mi-
HU iHTeHCHBHOCTi 3a0apBJeHHs XyTpa Ta iH.)
(man. 67.3).

Bapiamniitna kpuBa € rpadiunum Bimobpa-
JKeHHAM IIPOSABY MOoAM(pIKaIiiHOI MiHJIMBOCTI.

0 Kniouosa igen

MogandikauiiHa MiHAMBICTb BMHUKAE B OpraHis-
Mi nig BNAMBOM cepefoBuLla i € cnocobom 1ioro
NPUCTOCYBaHHA [0 YMOB iCHYBaHHA. Mexi uiei
MIH/IMBOCTi 3yMOBJIEHI CMafKOBICTIO, @ KOHKpeT-
HUN NPOAB 3aNeXUTb Bi YMOB ICHYBaHHA.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN
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Man. 67.4. BapiauiiHa KpviBa [OBXWUHW JINCTKIB

Boua memoHCTpye AK amiamasoH Bapiarrili moxas-
HUKa, TaK 1 4acTOTy 3yCTPidaJIbHOCTI OKpPeMUX
BapianTiB. [lgsa moOymoBu BapiaiiiiHol KpuBoi
10 TOPMBOHTAJBHIN OCi BigKJIamaOTh 3HAUEHHS
BapiaHTiB, a II0 BePTHUKAJbHIN — dYacToTy ix
BusiBJIeHHA (Maj. 67.4).

ITicia moOymoBu KpuBOI BULHO, IO Hali-
OiJIBIII YACTO TPANJSAIOTHLCSI CepelHi BapiamTu
NPOABY IOKA3HMUKA. IIpUMUYMHOIO I[HOTO € mid
GaKTOPiB HABKOJUIITHLOTO CEepemoBHUINla Ha Op-
ra"iam. [edAki paxkTopu TpUrHiUyIOTH €KcIpe-
cifo remis, iHIII — mocuIOIOTH. MaisKe 3aBXKIU
mi axTopu, Aifoum Ha OpraHiaM, HeHTpaJaIi3y-
IOTh OJVH OJHOTO, TOOTO KpaliHi BUABU O3HAKU
MiHIMi3yIOTBCS 3a YacCTOTOI 3yCTPivaJbHOCTI.
Ile i € mpuunHOIO 6iNBIIIOI 3yCcTPivaJIbHOCTI OCO-
OuH i3 cepenHiM IIPOABOM O3HAKIU.

@ MpakThyHa poboTa

BueuyeHHs miHnueocmi pocauH. lobydoea eapia-
yitiHoz2o pa0dy Ui eapiayiliHoi Kpueoi

1. 3pob6iTb BMMIpU MEBHOI XapaKTepuUcTMKU Oynb-
AKOI POCIVHU (HanpWKIag, AOBXUHM abo LWMPUHN
NINCTKOBOI MAaCTUHKM) abo ckopucTaiTecs TUMU, WO
HaBEAEHO B €NEKTPOHHOMY [OAATKY.

2. MobyayiiTe BapiauiiHWi pag Ta BapiauiiHy KpuBy.
3. CoopmynionTe BUCHOBOK.

03al'll/ITaHHﬂ Ta 3aBAaHHA

1. HaBepitb nprknagn moaudikauiiHoi MiHAMBOCTI
Yy POCAVH i TBapUH. 2. Y AKUX BUMadKax € MOXINBUM
BUXif, BENMYMHM O3HaKWM (Hanpuknag, 3pocTy nwoau-
HW) 33 MexXi HopMK peakuii? 3. Bumipante [OBXKHY
20 nncTKiB Byab-aKoro gepesa abo KiMHATHOI POC/IMHM.
Ha ocHoOBi oTpvMaHuX JaHux nobyaynTe BapiauinHWUi

pAag i BapiauiiHy KpwuBy.
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§ 68. [NonynAuinHa reHeTnKa

0 [omipkynTe

Yn moxKe nonynAuia cknagatuca 3 ofHiel ocobu-

¢

HK1? Yomy?
3raganTe
* Bupg « [onynAuia
o [eHeTuKa » EBontouia

MNonynAuii Ta iX XapakTepUCTUKK

IMomyaanmia — 1ie CYKYHHICTH OCOOMH oOf-
HOTO BHUJAY, SAKi BiATBOPIOIOTH cebe HPOTATOM
BEeJIMKOI KiJBKOCTi MOKOJIiHB i TpumBajmumii dYac
3aliMalOTh NEeBHY TEPUTOPi0, (PyHKIioOHyHOUN
i posBuBawUHChL B OZHOMY ab0 KiJIbKOX yIpy-
NOBaHHAX JKUBUX OpraHisMmiB. Buam KuBux
OpraHisMiB CKJIaZalOThCA i3 CYKYHHOCTI CBOiX
MOITYJIAIi#. ¥ OGiAbIIOCTi BUAIB HAPAXOBYETHCS
Kimbka momyJArniii. AJje icHyOTH i Bugm, aAKi
MAaiTh TIJIbKYW OOHY ITOMYJISILifO.

Koskuilt momynsaiii B1acTuBi meBHI XapaKTe-
PUCTHKU, 3a AOIIOMOTOIO IKWX MOYKHA XapakKTe-
pusysaru ii craH. Ile m1isbHICTD, PO3IIOAIT OCO-
OMH 3a BiKOM i cTaTTO, XapaKTep PO3MiIlleHHSa
B Me)Kax NPOKUBAHHA, THUII POCTY Ta iHIIIi.

YncenbHICTb i WinbHICTb nonynAyil

YuceapHicTh MOMyJAIlil — Ie 3arajbHa
KiJIbKicTh OCOOMH Ha TEBHiN TepuTOpii, AKiI Ha-
JexaTh A0 oxuiel momysArnii. Hua momynamin
IpibHUX opraHidMiB (0COOJMBO BOIHUX) UHCEIb-
HICTH PO3PaxoOBYIOTh Ha NeBHHUU 00’em (Boxau,
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1937 1941 1945 1949 1952 Poku 1946 1950 1954

1958

I'PYHTY, OBiTpA). UncenpHiCTh MOMYAAIil 3 Ua-
coM MoO:ke 3MiHioBatmcsa (Maim. 68.1).

Axiro Mmu 6yneMo paxyBaTy He 3arajbHy Kijlb-
KicTh 0COOMH, a cepefHi0 KiJILKICTh Ha OSUHMUILIO
IJIOIII UM 06’€My, TO BU3HAUMMO HILIBHICTH ITO-
myssii. Hanmpukiasn, yrcebsHiCTb MOy IATii A1mi-
POK Ha OCTPOBi cTaHOBUTHL 256 0coOMH. A IIijib-
HicTh 1iel momysamii — 20 ocobuH HaA rexrTap.

Kpim minsHOCTI BaKJIMBOIO XapaKTepPUCTU-
KOI0 IOMmYJAIil € pPO3IOoAiJT OCOOMH y MeKax
TepuTOpil, AKY 3aiiMae IOIyJaAlisd,— Ii mpo-
CTOPOBA CTPYKTypa. ¥ IIEBHUX MIiCI[IX TEPHUTO-
pii mIpoKMBAHHA IiJIBHICTH OCOOMH MOXKe OyTHU
HabaraTo OiJIBINOIO, HiyK HaA iHIIi#l TepuTOpii.
Hampuknan, y micuax, 3pyyHUX IJad PO3MHO-
JKeHHs abo Jo0yBaHHSA IXKi.

CraTeBa 11 BikoBa CTPYKTYypv NONynALin

ChniBBigHOmEeHHA 4YoJOBiYol ¥ KiHOYOI
craTe y IONMyJAIlil Mae BayKJIMBE €KOJOTiu-
He 3HaueHHs. Bomo 06e3mocepeqHbO OB’ s3aHe
3 TIoTeHIiaj oM ii po3MHOKeHHsA. Busnauaersca
CIiBBiIHOIIIEHHA cTaTell IK BiJTHOINEHHS Kijlb-
KOCTi caMIIiB 0 KiJIbKOCTi caMOK abo KiabKocCTi
caMIIiB [0 3arajbHOI KiJIbKOCTi caMIliB i caMOK.

Hyskxe BaKJINBUM IMOKA3HUKOM JJIA IO -
mii € il BikoBa cTrpykrypa. lle cmiBBimHoOIIIEeH-
HSI YMCEJIbHOCTI 0COOMH PiBHMX BiKOBUX KJIaciB
i morosims. He 000B’A3KOBO MOMYJAIisl Mae
CKJIAZATUCS 3 0COOMH pisHoro Biky. Hampukian,
yci 0COOMHM B MOMYJIAIIAX OJHOPIYHUX POCIUH
MaloTh OJHAKOBUI BiK.

CraTeBa ¥ BiKOBa CTPYKTYpPHU IOIIYJAIMii
BimoOpaskamoTh ii 3maTHICTH MO PO3MHOKEHHI.

Yucno NUUMHOK,
WO 3uMytoTb Ha 10m?

1962 Poku

1880

1900

1920 1940 Pokn

Man. 68.1. [InHamika 4mcenbHOCTI NONYAAUIN TPbOX Pi3HUX BUAIB TBAPUH
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Hampukinanm, SKIO B MOMYyJaAIil mepeBaskaioTh
crapi ocobumHH abo OysKe MajJo CaMOK, IIIBUI-
KO UHCEeJbHICTh IONyJANil 30iJbIIyBaTHCa HeE
oyme.

MNonynAauinHa reHeTnKa

T'eHeTHUYHY CTPYKTYPY IOOYJIAIIN Ta reHe-
TUYHI IPOIecHu, AKi B MOMyJAIigIX BinOyBamOTh-
cAd, BUBUYAE MOMyJAINiilHA TeHeTuKa. llomysisa-
MmifiHa TeHeTUKAa IIOACHIOE IIPOIlecy aganTalii Ta
BUAOYTBOPEHHS Uepe3 3MiHy UacTOT ajieJiB re-
HiB AK HACJHIAKY eBOJIOIiHUX mpoileciB. BoHa
BUBYAE Te, AK 3MIiHIOIOTHCA UACTOTH AJIEJiB IIifT
Iiero pidHUX eBOJIOMiNHUX (haKTOPiB.

Ilonmynamitina reHeTruka cdopMmyBagacs
y 20-40-x poxax XX croairta. Boma crana
OCHOBOIO CYYaCHOI CUHTETUYHOI Teopii eBoJIio-
mii. Haii6inpmiuii BHECOK y i PO3BUTOK 3pPO0Ou-
au BueHi Ceroan Paiir, Pomanbn ®@imrep, ko
Xoapeiia, Cepriti YerBepukoB, 'osdpi Xapmi
(man. 68.2), Binbrenpbm BaiitaOepr (man. 68.3)
Ta iHImi.

BamauBumMu mMeromamMu, AKi COpUAIN PO3-
BUTKY IOMYJAIINHOI T€eHEeTUKU, CTAJU METOIM
6ioximii Ta Momerymapuoi 6iosmorii. ¥ 60-70-x
porkax XX CTOJITTA IMHUPOKE B3aCTOCYBAHHSIA
OTPUMAB MeTOJ OiIKoBOro elieKTpodopesy.
3a 0IIOMOT0I0 IIHOT'0 METOAY BAAJIOCS BCTAHOBU-
TH BeJUWKe pisHOMaHITTS opM OinKiB, AKiI KO-
nyBaaucsa ogHuM remom. 11i poboTu cTasiu OCHO-
BOIO HOBO1 €BOJIIOIiMiHOI Teopii HeHTpaJIbHOCTI.
Hocninsxenusa pisHomaniTTa 6inKiB (0C00IUBO
iBohepmeHTiB — pPidHUX (PopM OmHOTO (hepMeH-
Ty) IIAPOKO BUKOPHCTOBYIOTH i 3apas.

Ane 3 Kiama 1970-x pokiB y remeruili o-
OyJAIiN AJA OpOoBedeHHS NOCTiIKEeHb MoYaJin
mupoko BukopuctoByBatu JIHK-texnoorii.
I 3apas i meToau € OgHMMMU 3 HAMOIJBII IIOIY-
aapuaunx. OKpiM TOro, CTBOPEeHHS HOBUX METOJIiB
BugisienHa [JHK 3 BUKOTHUX PEIITOK ae 3MOTy
OPOBOAUTH aHAaJi3 HABITH JaBHO BUMEPJUX IIO-
oyndanin i BugiB. Tak, 3aBAAKK UM MeTOIaM
yaajgocs BCTAaHOBUTH, IIIO0 HeaHAepTaJbChbKe Ha-
ceJleHHA €BPOIIM MEHIII aKTUBHO, HisK IIpeJcTaB-

0 Kniouosa iges

byab-Aaknm BnAg XMBMX OpPraHi3amiB CKnafgaeTbcA
3 nonynAuin. KoxHa 3 nonynauin CKnagaerbca
3 NpeAcTaBHUKIB BUAY, AKI B3aEMOAiIOTb MK CO-
6010, i Ma€e NeBHY CTPYKTYpY (BiKOBY, CTaTeBy, Npo-
CTOpPOBY TOLLO).

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Man. 68.2. I. Xapgi

Man. 68.3. B. BaiiHb6epr

HUKHU Cy4YacHOI JIIOAVUHU, 0OMiHIOBAJIOCS reHaMu
3i cBoimMu cycimamm.

MNonynAauia AK ognHMLA eBontoLil

Ilomynarii € TMMX OCHOBHUMMU KOMIIOHEH-
TaMMu, 3 AKHX CKJIAJAIOTHLCSI BUIU KUBUX OpP-
raHismiB. Ycd CYKymHiCTH TeHIB ycix ocobumH
momyJaAMii ckaazgae ii remodgonn. Koau axuiich
daKkTOp BHUIIYE YACTHUHY OCOOMH ITOMYJIAIil, BiH
3MiHIOE CHiBBiIHOIIIEHHA Pi3HUX BapiaHTIB Te-
HiB y reHOMOHII momyasaIii. A samiHa remodou-
Iy 3 4acOM MOJKe TIPUBECTHU i MO eBOJIIOI[IMHUX
3min. Tomy came momyJisllii, a He OoKpeMi op-
TaHi3MHU € YUYaCHUKAMU €BOJIIOI[ITHOTO IIPOIEeCY
1 eJleMEeHTAaPHUMU OJWHUILIMU €BOJIOITiI.

MpakTyHa poboTa

BusHa4yeHHsA xapakmepy ycnaoKye8aHHA ma MiH-
Jlueocmi opzaHismie

1. MNopiBHANTE POCANHN OQHOrO BUAY, 3HaAWAITb
03HaKM nogibHocTi B iXHiN 6yaosi. MoAcHiTL npu-
YMHU NoAI6HOCTI 0COBMH OfHOrO BUAY.

2. 3HangiTb y OOCNIAXKYBaHUX POC/VH O3HaKMW Bif-
MIHHOCTI. flka BNacTUBICTb OPraHi3miB 3yMOBIIOE
BiAMIHHOCTI MiX 0CcOOGMHaMM OAHOrO I TOro Camo-
ro sugy?

3. fIki 3 BuABNEHUX BaMW BiOMIHHOCTEN MOXYTb
OyTW 3yMOBJ/IEHI CMAJKOBOW MIH/IMBICTIO, @ AKi —
HecnaaKkoBow?

4. CoopmyntonTe BUCHOBOK.

03ar||/|TaHHﬂ Ta 3aBJaHHA

1. MoAcHiTb, YoMy OKpeMa 0cobrHa He Moxe 6yTn
efleMeHTapHoo oAnHULEeo eBontoLil. 2. Yomy TexHono-
ria BiATBOPEHHA AMHO3aBpiB, WO MOKa3aHa y daHTac-
TMYHoMy inbmi «lMapk KOpcbKoro nepiogy», He MoXe
6yT peanbHO BTiNleHa B XWUTTA?
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§ 69. EnemeHTapHi npouecn esonouii. BuaoyrteBopeHHA

0 [NomipkynTe

Y moxe HOBMI BUA YTBOPUTUCA 3 OfHI€El OCO-

6UHWN?

Q 3rapante
» EBontouia o MakTopy eBontouil
« [Tonynauin » BupgoyTtBOopeHHs

®akTopwu eBontoLii

EnemenTtapui ¢akTopu eBoamomii — 1€
ABUINlA Ta IIPOIleCU, SAKiI 3MiHIOIOTH TeHO(OHI
monysamii. 3MiHM B reHOMOHAI IOMyJAIil
3 YacoM MOJKYTh HaKoOmMUyBaTucsa. ToMmy oco-
OMHN B TOMYJIAIil IOUYMHAIOTL Oemaji OijbIie
BigpisusaTuca Bix cBoix mpeakis. Tak i BigOy-

BAEThCA €BOJIIOI[id.

Ho darTopiB eBoJsOIii HasexaTh MyTaIlrii
(MyTamniiHui mpoIiec), MONYJAAIiNHI XBUJIi (XBU-
Ji KUTTA), Opeiid reHiB, isosdIriro, mirpaiiro
i mpupoguuit 106ip.

3akoH Xappai — BanHb6epra

Y Tux ymoBax, KOJIW CUTYyaIl[ifd B IOMYJIAIL]
JKUBUX OPraHiaMiB BigHOCHO cTabinbHa, pisHi
BapiaHTHU reHiB nmepedyBalOTL ¥ CTAOiIbHUX CHiB-
BigHOIeHHAX (y craHi piBHOBarm). Ileit cran
omucye 3akoH Xapai — Baiiabepra, Axkuii BcTa-
HOBJIIOE BiATIOBiAHICTH MiK YacToTaMU Pi3SHUX
aJIesIiB Ta YacTOTaMU T'e€HOTHUIIIB, AKi 3a y4JacTio
IUX aJieliB YTBOPIOIOTHCH.

YMoBU, 3a AKUX IIed 3aKOH HIPAIlloE, € Ta-
KUMH:

* CXpEeIlyBaHHSA B MOITYJIAI] € BIILHUM i BU-
TagKOBUIM;

« y HNOIyJAAIii BicyTHA Mirparis;

EBontouinHi pakTopm

dakTop Omnuc (paxkTopa

Myramii IIpupomHmMii mporec MOCTIHHUX 3MiH

(myramifiauii | cmagKoBoi iH(GopMarlii BHaACTIZOK il

mporiec) MyTareHHUX (PaKkTopiB

ITonynaniiai KonuBamHA YMCEeIbHOCTI IPUPOSHUIX

XBUJIL (XBWJII | HOMYJAIil, AKe BiZOYyBa€ThCA IOCTIHO

SKUTTSI) BHACJIOK KJIIMAaTUUYHUX, Oi0JIOTiUHTX
a060 iHmux axTopiB

Hpeiid renie | 3miHa yacTOTH ajiesIiB IeBHUX I'eHiB
yepes BUIIAAKOBI mporiecu. Hampukaaz,
BUBEPIKEHHS BYJIKaHa, IOBiHL a00 10~
TPaIIAHHS HEBEJIMKOI Py OCOOMH Ha
HOBY TepUTOpPio (e(peKT 3aCHOBHMUKA)

Izonamnia Poanginenusa momynaiii ogHOTO BULY
yepes3 BUHNKHEHHS MijK HUMU AKKXOCH
6ap’epiB (pisuuHMX 460 €KOJIOTiUYHUX)

Mirparia ITepemiiennus ocoOuH 3 ogHiel momyJis-
ii B inmry a6o Ha HOBi TepuTOpPil

ITpupoguui HudepeniriiioBane BUKUBaHHA GiJIbIII

nobip IIPUCTOCOBAHUX JI0 IEBHUX YMOB iCHY-
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BaHHA OCOOUWH y MOTYJIAIil

ITpuxknag gii

VY npenkis ToAuHY BHACTIZOK MyTaIlii ABi xpo-
MocoMu 06’ enHaNMCAa B ogHy. ToMy B JIlofuHMT

23 mapu XpoMOCOM, a y IIIUMIIaH3e, AK i y HaIloro
CIiJIbHOTO TIpenKa,— 24 mapu

ITepiognuHO BUHUKAIOTE CIIAJaX¥W PO3SMHOMKEHHS
KoMax (HanmpukJaan, capauu). [Ipu mboMmy TBapuHU
MOJKYTB IIOIIIMPIOBATHCS 3a MeXKi TepuTOopii cBOTO
3BUYANHOTO IIPOKUBAHHA

Kouu gioau moTpanuian Ha AMEePUKAHChKUHN KOH-
TUHEHT, cepeJ] HUX BUIIAJKOBO He BUABUJIOCH JIIO-
[leli 3 ajiesieM, AKUY BifmoBizae 3a hopMyBaHHSA
IITi IV rpyn kpoBi. Tomy mo HOBOI XBmi Mirparii
3 €Bponu, HacejeHHA AMepuKu MaJio TiabKu I abo
II rpynu Kposi

ITonynmamnii, sxi moTpanasaam Ha OCTPOBU, YACTO He
MOTJIM KOHTAKTYBaTH 3 IMOMYJIANIIMUA MaTePUKa

1 yTBOpIOBAJIM HOBI BuI, K B’IOpKU Ha ['ajamna-
TOCBKHUX OCTPOBaX

Puba-roska 3 HopHoro mopsa mirpysaJa B p. JHi-
mpo, a 3BiaTH o Kanany [lHinpo-orbac morpamnu-
na B p. CiBepcbkuii [foHenb

ITix yac BUKOpUCTAHHSA aHTUOIOTUKIB BUIKUBAIOTH
TinbKHU Ti 6aKTepii, AKi MaOTh 0 HUX CTiHKiCcTH
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Cnocobu BMAOYTBOPEHHSA
Cnoci6 BuIoyTBOPEHHSA IIpouecu, Aki BigdyBaroThCs

Teorpadiune (amomarpuune) = HoBi hopmMu opraHisamMiB BUHUKAIOTH AK PE3YJIbTAT PO3PUBY apeasy i IpocTopo-

BUAOyTBOpeHHA (MaJ. 69.1)

Boi iBoursarii. ¥ KoKHIN i30/1bOBaHIT TOTYAAIIIT BHACTITOK Apeli(py reHiB i mo-

60py 3MiHIOETHCA reHo(oHA. [Jani HacTae penpoAyKTUBHA 130JA1I[is, 1110 Befe
[0 YTBOPEHHA HOBUX BUAiB. [I[prunHaMu pO3pUBY apeaay MOMKYTh OYTHU IipCchbKi
TIpoIiecH, Jb0JJOBUKM, YTBOPEHHA PiUOK Ta iHIII reosioriuHi mpoIiecu

Exousoriune (cuMmmaTpudne)
BUIOYTBOpeHHA (MaJ. 69.2)

Hogi ¢hopmu 3afimaroTh pis3Hi eKoJoTiuHi HiMIi B MeKax OJHOTO apeaJry.
Izonsaria BinOyBaeThcs BHACIIIOK HEBIATIOBiAHOCTI Yacy i MicIia cXpelyBaHHsd,

TIOBEIiHKY TBApPUH, IPUCTOCYBAaHHA 10 PiBHUX cIIOCO0iB 3alIMJIEHHSA Y POCJINH,
CIIOKUMBAHHA Pi3HOI iKi TOIIO

BugoyTBopeHHS IIAXOM
CXpeIyBaHHs

BumgoyTBOopeHHA NLIAXOM
moJrimaoimii

« y momyJadAnii BiAcyTHiI myTalrii;

* IIONYJIAIis Ma€ BeJUKY UHCEJIbHICTh.

MaremaTuuHO 3aKoH Xapai — Baitubepra misa
IBOX ajieJIiB OZHOTO I'eHa OIHCYIOTH (POPMYJIOO:

p*+2pg +q* =1,

Ie p — me vacrtora (y YacTKax OIWHUIL)
[IepIIOro ajiefid I'eHa, a ¢ — dYacToTa APYro-
ro anensi. Bigmosigwo, p?ig¢? — uwacroru o0ox

TUIiB I'OMOBUTOT, 2pg — YacTOTa I'eTePO3UTOT.

3po3yMijo, 110 B peaJbHOMY IIPUPOJHOMY
CEPemoBUII NMOCATHEHHA I[UX YMOB MOBHICTIO
HeMOJKJImBe. AJie 3a YMOBU JOCTATHBO OJIU3BKOIL
curyarii (myske Majio MyTalliii, cXpellyBaHHS
MaliKe BijbHe, Mirpaiiii mai:Ke HeMae) pospa-
XYVHKU 3a I[i€io GopMyJIOI0 Mai0Th IiITKOM IIPUIi-
HATHUN pe3yJibTaT. SIKII0 K Ile CIIiBBiAHOIIEH-
HS TMOPYIIYETHCA, TO IIe € CUTHAJOM IIPO Te,
10 BimOyBaroThbCsA SKiCh €BOJIIOIiIHI IIpoliecu
i 3MiHIOETBCA TeHOMOHJ TOMYJaAIii.

HanpaBneHicTb enemeHTapHUX

npouecis eBontoLil

3 eBOJMWOIIMHUX (PAKTOPIiB TIIBKU ITPUPOJ-
HU [0o0ip € HampaBJIieHUM — BiH i€ y meB-
HOMY HampsaMi, Bigdupaioum OiJbII IIPHCTOCO-
BaHMX OCOOMH. Yci iHimi gaxTopm eBoJIOIil €
HeHaNpaBJIeHUMH. BoHU B3MiHIOIOTH YaCTOTHU

0 KnioyoBga igen
Mig pieto pakTopiB eBontoLii YacTOTU anenis reHis

y nonynAuiax 3miH0TbCA. Hacnigkom Lpboro npo-
Llecy € eBOJIOLIA XXMBUX OpraHiamiB. Peynbratom
eBonioLii € BUAOYTBOPEHHA — npouec popmy-
BaHHA HOBUX BUAIB »KMBUX OPraHiamMis.

HoBa opma yTBOPIOETHCS BHACTILOK CXPEIyBaHH ABOX BUAiB. IIpuKIagom
TaKOT0 BUAOYTBOPEHH € cauBa (ri6pug TepeHa Ta ajamdi)

Hoga ¢opMma yTBOpIOETHCA 3i cTapol nuraxom mosimaoigusairii. Ileit croci6 Bu-
OYTBOPEHHSA IOIINPEHUN Y POCIUH

o4

Man. 69.1. leorpadiuHe (anonatpuyHe) BULOYTBOPEHHSA

L~

Man. 69.2. EkonoriyHe (cumnaTpuyHe) BUAOYTBOPEHHA

pisHMX BapiaHTiB TeHiB y reHOMOHII IOMYJIs-
mii BUIIaAKOBUM YMHOM. | HampaMu ITUX 3MiH
MOXKYTh y pPisHi MomMeHTH OyTu pisHumu. AJe
HeHaIIpaBJIeHi (paKTOpM BUKOHYIOTh Iy:Ke BaiK-
JUBY poJib. BoHU 3a0e3meuyoTh TPUPOSHUN I0-
0ip MarepiamamMu IJisi PoOOTH.

Cnocobu BMaoOyTBOPEHHA

Icrye KinbKa MOMKJIMBHUX CIIOCOOIB YTBO-
peHHA HOBOTO BuAy. HallBasKJIMBIIIOH0 YMOBOIO
YTBOPEHHS BUAY € i30JIAIiA HOT0 OKpPeMUX IIO0-
nyaamii. Kiracugikailis cnocobiB BUIOyTBOPEH-
Hs moOygoBaHa caMe Ha PisHUIL y cmocobax
CTBOPEHHA i30a4mii MiK piSHUMU TOMYJIAIid-
MU BULY.

3annTaHHA Ta 3aBJaHHA

1. Aki icHytoTb dakTopy eBonouii? 2. Bukopuctosy-
10U LOAATKOBI AxKepena, nigbepitb oanH-ABa NPUKNagn
apendy reHis gna nonynauin noguHun. 3. PisHoBMaoM
AKOro BUAOYTBOPEHHA — CUMMATPUYHOrO YK anona-
TPVUYHOrO — MOXHA BBaXaTh BMAOYTBOPEHHA LUASAXOM
noninnoign3au,ii?
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§ 70. leHeTnKa noguHN

. . [eHeTuKa NOOnNHN
[NomipkynTe
T'eneruka JIOMUHN BUBUYAE SBUINA CIIATKO-
Homy TpaHcnnaHTtauis opraHis mMiXK MOHO3MrOTHU- BOCTi ¥ MiHJIMBOCTI y MONyJAAIIAX JIIOJAeH, 0co0-
MU 6NM3HIOKaMK € HabaraTto MeHLW MpPo6eMHOI, JIMBOCTI YCHAAKYBAHHS HOPMAJBHUX i IATOJIO-

o ? . . )
HIXX MIX ANSUTOTHMMNA' rivHEIX O3HAK, 3aJIe)KHICTh 3aXBOPIOBAHHSA Bif

TeHeTUYHOI CXWMJBHOCTI ¥ (haKTOpiB cepemoBu-

é 3 . ma. 3aBAaHHIM MeQUUYHOI FeHeTUKU € BUSIBJIEH-
fafaune Ha 1 mpodisakTiKa CHAZKOBUX 3aXBOPIOBAHD.
o [eHeTuMKa o [eHOM JTI0ANHN Oco0JMBO BaKJIMBOIO T'eHETUKA JIOIUHU €
« MeToam reHeTMUHNX AOCHigKeHb 3 OIVIAAY Ha Te, IO CIAJKOBICTH JIIOMUHU — Iie

BasKJIMBA CKJIamoBa ii 3mopoB’s. [[o akTopis, AKi
OCHOBHi MeTOAW FreHETUKM NIOAUHN

Meton

e o Ocob6auBoCTi MeTOTY

Teneanoriunnii I'pyHTyY€eThCA Ha IPOCTEKEHH] 6yAb-AK0I 0BHAKH B P/ IIOKOJIIHb 31 BKA3iBKOWO POIMHHUAX
3B’ A3KIiB MiK WwieHaAMMU POLOBOAY. BUKOPHCTOBYETHCA AJIA OIHKY PUSUKY YCIIaJKyBaHHA
TeHEeTUYHOTI'0 3aXBOPIOBAHHA.
Teneasoriunuii meton 0yB yBeneHuil y HayKy B Kinmi XIX ct. @. I'axbToHOM.

MosaexkynsapHO- MosneryIapHO-TeHETUUHUU METOM, JOCTiKeHb CIIaIKOBOCTI JIIOAUHU € CYKYITHICTIO PidHO-
TEeHEeTUUYHUT MaHITHMX T€XHOJIOTIH i IpaIjioe 3 MOJIEKYJIaMU HYKJEIHOBUX KUCJIOT i 6iikiB. 3asBuyaii yci
IIi TEXHOJIOTil BUKOPHCTOBYIOTEH ¥ KOMILJIEKCi.
Jlo HaKI61/IBIT TOMITMPEHNX MOJIEKYIAPHO-TEHETUUHNX TeXHOJIOTiN HaJIeKaTh:
+ cekpenyBauHda [[HK (mosifAirae y BCTaHOBJIEHHI ITOCTiJOBHOCTI HYKJIEOTUAHUX OCHOB Ha
neBHil ginaamni JTHEK);
+ moJiiMepasHa JIAHIIOTOBA PeaKIlid (BUKOPUCTOBY€E MPUHIINTI KoMiieMeHTapHocTi [JTHK
s 36ismbmenHs 11 KigbKocTi y mpo6i);
+ TeHETUYHI MapKepu (moJsArae B ineHTudikailii nepuux rexis, ginaaok [JHK, xpomocom
200 0cOOMH 3a JOIIOMOTO0 IPUTAMAHHUX JIUIIE IM CIIOJIy4YeHb HYKJIEOTUIIiB);
« JHK-mikpouin (mmosnsirae B ToMy, 1[0 Ha CHEIiaJbHIi IJIaTi pO3TAIIIOBYETHCA BeJINKA
KingbKicTh 30HIIB — HeBeaukux mosekysa IHK, 3 akumu Bzaemogitors PHEK, 1110 HasBHI
Yy DOCTiIKYBaHUX KJIiTHHAX)

Bioximiurnit BukopucToByeThCA OJIA JiarHOCTUKY 3aXBOPIOBAHDL OOMiHY PEUOBUH, IPUUNHOIO AKX
€ 3MiHa aKTUBHOCTi OKpeMux (hepMeHTiB.
3a gomomoroio 6ioxiMiuHMX MeToAiB BiZKpuTo 01113bK0 5000 MOIEeKyIAPHUX 3aXBOPIO-
BaHb, AKi € HACIIIKOM IIPOSIBY MYTAHTHUX TeHiB. ¥ pa3i BUHUKHEHHSA 3aXBOPIOBAHHSA BA-
€ThCA BU3HAUUTU ab0 caM aHOMAaJIbHUI 0iJI0K — (hepMeHT, a60 MPOMiKHI IPOAYKTH 0OMiHY

ITonynaniiuo- Ilae 3MOT'y BUBYATH MONIMPEHHS OKPEMUX T'eHIiB Y MONMYIAIifAX JoAeli. 3a3Buyaii mpo-
CTAaTUCTUUYHUL BOAATH Oe3IocepesHe BUOIPKOBe OCIIiPKeHHA YaCTUHY IOIYJIAIil a60 BUBYAIOTH apXiBU
JiKapeHb, IOJIOTOBUX OYAMHKIB, a TAKOK IPOBOAATH ONIUTYBAHHS IIJISIXOM aHKEeTyBaHHA.
Bubip crmoco0y 3aie:kuTh Big MeTu gocaimkenud. OcTaHHiil eTam JOCTiIKeHHS IOJISATAE
Y CTATUCTUYHOMY aHaJjisi. 3a JOIIOMOTO0 I[LOT0 METOY BUBHAUAIOTh TeHETUUHY CTPYKTYDPY
HOMyJIAIi# (CHiBBiAHOIIIEHHS Mi’K YaCTOTOIO TOMO- i FeTepOo3UroT)

ITuTorenernu- I pyHTY€eTHCH HA BUBUEHHI XPOMOCOM JIIOAUHE B HOPMI # 8a marosorii. Bin Bigirpae cyrre-
HUM BY POJIb ¥ BUBUEHHI Ta [iarHOCTUIIi CIaAKOBUX 3aXBOPIOBaHb. Oco6IMBO e(DEKTUBHUM IIEH
METO/JI CTaB IIicJsd PO3POOKU MeTOiB Au(ePeHI[iHHOT0 3a0apBIeHHA XPOMOCOM

MopgenioBanusa I'pyHTyeThCA Ha TOOYNOBI MaTeMaTnaHOI MOZei piBHOMAHITHUX G10JOTiYHIX IPOLECiB
i po3dpaxyHKY peakIiii 3M0/1e Jh0BaHOI CCTEeMH Ha Ail0 MeBHUX (haKTOPiB. 3a JOIIOMOTOIO
MO e/II0BaHHS BUBYAIOTH IIPOIECH B reHO(POHIaX PI3HUX MOMYJIAIIN JIOAUHN, 0COOJIUBOCTL
po6oTu (hepMeHTiB Imicas BUHUKHEHHA MyTaIliil y reHi, AKUI IX KOAY€E, TOII0
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BU3HAYAIOTH 3TOPOB’sI JIOAUHU, HAJIEKUTh TAKOK
BILIMB HAaBKOJIUIITHLOTO CEPEIOBUINA, PiBeHBb Me-
IUYHOrO OOCJIYyrOBYBaHHS I CHOCIO JKUTTA.
T'enmeturka naoauHE 00’€NHYE KilbKa Ha-
OPAMIB JOCHiIKeHb CIAIKOBOCTI JIIOAWHU.
Tak, meduyHa zeHemuka 30cepemkeHa Ha [0-
CIiMKeHHAX CIaJKOBUX 3aXBOPIOBaHBb i MOPiB-
HAHHI ycnagKyBaHHA 1 peasizaifii HopMaJIbHUX
i maToJoriuHMX O3HAK Ta 3aJIeKHOCTi 3axXBO-
pIOBaHb Bif reHeTWYHUX (PaxkTOpiB. A HA MeXKi
TeHeTUKHU JIIOAUHU, Oiosorii soguHu i aHTpO-
noJiorii chopmyBanaca anmponozeHemuka. 1leit
HaOpAM JOCJIiIKYe IpolecH, ki BimOyBaOThLCA
B CyYaCHUX Ta IIPOXOAWJIN B MaBHIX IIOIIYJIs-
miAgxX JOIUHU, 3aJydalour JaHi IMOMyJIAIliiHOol
TeHeTUKU JIOANHI, TeHeTUK MOBEeIiHKM, I[UTO-
TeHeTUKU, IMyHOTeHeTUKU, aHTPOIIOJIOTII TOIIO.

MeToau reHeTUKN NanHN

HociimkeHHA TeHeTUKY JIIOAUHY II0B’ A3aHe
3 BeJIMKUMHU TpyaHOIaMu. Ilpmumam — y He-
MOJKJIMBOCTi €KCIePUMEHTAJIbHOTO CXPEINTyBaH-
Hs, IOBLIBHIN 3MiHIi IIOKOJIiHb, MaJIill KiJIBKOCTI
HOTOMKIiB y Ko:kHi# cim’i. Kpim Toro, Ha Bin-
MiHY Bif KJaacmuHUX O0’€KTiB, II[0 BUBUYAIOTH-
cA y 3arajbHIA T'eHeTuIli, y JIOINHU CKJIaTHUNA
KapioTuil, BeJnKa KiJIbKICTh I'pyNn 34YeIlIeHHS.
IIpore, He3Ba)kaUM Ha BCi IIi TPYAHOIIi, IreHe-
TUKA JIIOAUHU YCIIiIITHO PO3BUBAETHLCS.

Y BUBUEHHi IeHETUKU JIIOAUHU BUKOPUCTO-
BYIOThCS TaKi MeToau: reHeaJIOTiuHUM, MoJie-
KYJIAPHO-TEHeTUUYHUM, OioxXiMiuHMIA, ITOIIyJIsi-
IMiAHO-CTaTUCTUUYHUM, ITUTOTCHEeTUUYHUI, METO[
MO/JIEJIIOBAHHSA TOIIO.

CknapaHHA poaoBoaiB

30upaHHs OaHUX ITOUYMHAETHCI 3 IMPOOAH-
Ixa — ocobu, POAOBia AKOI HEOOXimTHO CKJacTH.
Hum morke OyTu JroguHa — HOCIH AKOI-HeOYAb
03HaKM’, abo ocoba, AKa 3BepPHyJIacA 3a IIOPagoIo
IO JIiKapa-TeHeTUKa. 3a3BUYAl POAOBiI CKJIama-
IOTh 34 OfHielo abo KiimbKoma o3Hakamu. Meton
BKJIIOUA€E ABa eTamnu: 30ip BigomocTeil Ipo ciM’io
i reHeaJioriuHM# aHaJIi3.

0 Kniouosa iges

[eHeTMKa NoAVHN — Le AyXe BaXXNMBUM po3gin
reHeTUKW, AKNA BMBYAE CMAAKOBICTb i MIHIUBICTb
noanHW. Y Ui ranysi 3acToCcyBaHHA MEBHUX Me-
TOAIB FEeHeTMYHMX AOCHigKeHb MOTpPebye Bpaxy-
BaHHA He TiNbKW GioNoriyHux, ane 1 couianbHUX
Ta MOpasbHUX ACMeKTiB.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

1 2
I
1 2 3 4
1l
1 2 3 4 5
v
1 2 3 4 5 6

— HOCIT 03HaKu

Man. 70.1. Poposig

Ilix vyac ckJaamaHHS POJOBOAY MHOKOJIHHS
MOJKHA IIO3HAYATH PUMCLKUMU IIU(PpPaMu 3BEPXY
BHU3 (3JiBa Big pomorony). IlpeacraBHUKY OZHO-
T'0 IIOKOJIIHHSA PO3TaIIOBYIOTHCS B OJAHOMY TOPH-
30HTAJbHOMY PAAY 3a MOPAIKOM HAPOIKEHHS
(3iiBa HampaBo). ¥ MeKaX OJHOTO IMOKOJiHHSA
KOYKHUU UJIeH ITI03HAUAEThCA apadChbKUMU Iu@-
pamu. Ko:kHUiT ujeH pPOAOBOLY MOKe OyTHu IIO-
3HAUEHUN BigmoBiIHUM IHQPPOM, HAIIPUKJIAL
II-5, III-7 (man. 70.1).

@ MpakTnyHa poboTa

CknadaHHs podoeodie

1. CKnagitb cxemy pofoBogy NeBHOI poanHM (CBOET
a60 iHWOT), BUKOPUCTOBYIOUMN FEHETUYHI CUMBONMN.
2. [poaHanisyinTe pOAOBIA i BU3HauTe TUM yCNagKy-
BaHHA (QOMIHAHTHUI Y/ pPeLeCcrBHUIA, 3UenNeHnn Yn
He3uenneHnn 3i CTaTTIO TOWO) O3HaK, AKi B PO3-
rNAHYN.

3. ChopmynionTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. 3HangiTb Ta NpoaHanisynTe poAdoBia KOPOneBu
BikToOpii AK npuKknag ycnagkyBaHHA remodinii. YKaxiTb
HalafKiB Koponeswu, AKi He oTpumanu anena remodinii,
Ta MOSICHITb, YoMy Ue Bigbynocsa. 2. [leaki 3 KnacuuHmx
MeTO[IiB reHEeTVKN He BMKOPWCTOBYIOTb Y AOCHIAKEHHAX
reHeTuKn nofgnHN. AKi e meToan 1 Yomy iX He BUKO-
PVCTOBYIOTb Y LibOMY BUMaAKy?

14/



Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 71. CnapgKoBi 3aXBOpIOBaHHA Ta ix npodinakTuka

0 [omipkymnTe

Yy MOXKyTb CNagKoBi 3aXBOPIOBAHHA Ta YPOLXKEHi
BaAM MaTW OfHAKOBWI 30BHILLHIN NpoaB?

Q 3raganTe

« CnapakosicTb o MyTauii

o [eHeanorisa o [eHeTMKa nOANHN

CnagKoBi 3aXBOPIOBaHHSA | Baau NoAVNHM

Ax i B iHmuUX KUBUX OpraHi3MiB, reHETUYHI
HOPYIIEeHHs B OPTraHi3Mi JIOAWHU MOMKYTH Bin-
OyBaTucs Ha PiBHUX PIiBHAX opraHisaiii cman-
KOBOT'O MarTepiajy, II0 i cTae IPUUYUHOIO CIIaJ-
KOBUX 3aXBOPIOBaHb. BigAmoBigHO, TPAIIIAIOTHCS
TE€HOMHi, XpPOMOCOMHI ¥ TeHHi 3aXBOPIOBAHHA.

Ha Bigminy Big cmagkoBmX 3aXBOPIOBaHbD,
IPUPOJAKEHI Baay BUHUKAIOTH HEe B Pe3yJIbTaTi
nomkomxerHa [[HK. Ilpupomxeni Bagu — 11e
CTPYKTYPHI IOPYIIIeHH:, AKi BUHUKAIOTDL 0 HAa-
POKeHHA MUTUHY i MPOSABIAIOTECA Bipasy abo
yepes IEBHUI Yac IIicjad HapOIKeHHA. IX mpu-
YKMHOIO € IIOPYIIeHH IIPolecy eMOpioreHesy mifg
Yyac BHYTPIITHBOYTPOOHOTO PO3BUTKY 3apOKa.

IIprumHOIO TPUPOIKEHUX BajJ MOXKe OyTH
Iisg GiosoriuHmx, xiMmiuHMxX a60 GisuuHmMX Pax-
TopiB. Hampukiian, 3aXBOpPIOBaHHA BariTHOI
JKIHKUM Ha KPACHYXY MOJKe OyTU IPUUYUHOIO TJIy-
XOTH Yy AUTUHU, a Oisd CHOTIMHOTO TaligomMimy
cTajla IPUYMHOIO HAPOMKEeHHSA AiTell 3 HEpO3-
BUHEHUMH KiHI[iBKaMu.

[@eHOMHIi Ta XPOMOCOMHI
3aXBOPIOBAHHA NIOANHN

T'enomHiI # XpOMOCOMHI B3aXBOPHOBaHHSA
JIOOIWHN 3a3BUYaANl € Oy:Ke TARKKHUMHU U PigKo
OyBalOTh CyMiCHUMHU 3 KHUTTAM. Tak, mim dac
YTBOPEHHS TPUILIOIAHOI 3UTOTH 1i PO3BUTOK
POBIIOUMHAETHCS, aJie 3apPOJOK T'MHE Ha JOCUTH
PaHHIX cTamisgxXx PO3BUTKY. 3MiHM KiJIbKOCTi
XPOMOCOM B OKpeMUX Itapax (Tpucomii i MoHO-
comii) Texx Bimomi. Ajie B GiNBINTOCTI BUIIAAKIB
3apOAKHU 3 TAKUMU IMOPYIIEHHAMU TEK T'MHYTH.

€ Jgume Kinbka BuHATKiIB. Tak, mo Hapo-
MKeHHS TOKMBAIOTh HEMOBJISATA 3 TPUCOMiIMU
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mo 13-t (cunapom Ilaray), 18-ii (cunapom Enx-
Bappaca) i 21-i1 (cumapom llayHa) xpomocomax.
Ane mogu i3 cumppomamu Ilatay i ExBapaca
MalOTh 3HAYHiI aHOMAJIii PO3BUTKY PiBHUX CHC-
TeM OpraHi3My i KHBYTH Ay:Ke HemoBro. Jliogm
i3 curgpomom JayHa KUBYTH AOBIIIE, ajie B HUX
€ mpobaemMu 3i 3MOPOB’ M.

Yacrimnre Tpamig0ThCA MOPYIIEHHSA Y YUCIL
crareBux xpomocoMm. Ile moB’sA3aHe 3 TUM, IO
Y-xpomocoma MicTUTB AysKe MaJio TeHiB, a 3aiiBi
X-xpomMocoMU iHAKTUBYIOTHCA KJIITUHOIO, IIEepe-
TBOPIOIOUMCH Ha Tinbile Bappa. Tomy remorunu
XYY i XXX saxuxoch 0COOJIMBUX 30BHINIHiX
IpPOABIiB He MaoTh. Ajle 3a YMOBU HOHAJIBIIIO-
ro 30iJbIITeHHS KiJIBKOCTI CTaTeBUX XPOMOCOM
BUHUKAIOTH npobsemu. ClaiKoBUMU 3aXBOPIO-
BamHAMU € cuHApoM KisiiHpenbTepa (reHoTHIT
XXY) i cungpom IllepereBchkoro — TepHepa
(B reHomi € jmmie ogHa X-XpoMocCOoMa).

IIpuksagoM XPOMOCOMHOT'O 3aXBOPIOBAHHA
y JauHU € cuHapoM JleikeHa, AKUU BUHUKAE
BHACJIIOK yTpaTu (pparMeHTa XpPOMOCOMHU 5
(mMas. 71.1). Moro e HasWBAIOTh CHHAPOMOM
KOTAYOr0 KPUKY, 00 mjaau OaraTrbox ngiTeii is
UM CUHIPOMOM CXOMKHH Ha KOTAUYUN KPUK.

IIle omHUM TPUKJIAZOM XPOMOCOMHOTO 3a-
XBOPIOBaHHA € Xopea l'anTinrroma. Bona Bu-
HUKAae B pe3yabTaTi G6araTopasoBoi AyIaikarrii
onuaoro 3 KoxoHiB (CAG) rena IT-15, poararo-
BaHOIO Ha XxpomocoMi 4. ¥V 310poBUX JIoAei e
KOIOH IPHUCYTHIN yV KiJIbKOX Kommiax. AJje micisa
TOTO, AK KOIIifl KOJOHY cTaHe Oijbime 36, pos-
BUBAEThCcA xopes ['aHTiHrTOHA. 3aXBOPIOBaHHSA
posBuBaeThcA y Bimi 35—50 pokiB i crae mpu-

a 6

Man. 71.1. ['aTa napa romonoriyHnx XPomocom Yy 340p0o-
BOI (a) Ta xBOpOi Ha cvHApoMm JlexeHa (6) niognHK



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

I'IpMKnanm Fr€eHHUX 3aXBOPOBaHb NNIOANHN

3aXBOPIOBAHHA

MyxoBicmumos

BigomocTti mpo 3aXBOpIOBaHHA

BuHukae BHACIIIOK MIOIIKOAKEHHA IeHa, PO3TAIIOBAHOro Ha Xpomocomi 7. ITpusBoguTs

IO 3aTryIIleHHsA CeKPEeTiB 3aJ103 30BHIITHBOI ceKkpelrii. Bukinkae suauni mpobaemu B poboTi

TpaBHOI i AUXaIbHOI cucTeM

deninkeToHypiss = BuHMKae BHACIILOK HOIIKOAMKEHHS I'eHa, pO3TaIlloBaHOro Ha xpoMocomi 12. ITpusBoguTh
10 HEMOJKJIMBOCTI IMepepoOKy aMiHOKKCJIOTH (PeHinamaHiny. 3a BigcyTHOCTI TiKyBaHHS
IIPUBBOJUTH A0 YPa’KeHHA HEPBOBOI CUCTEMU

HanbroHizm

BuHukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 TPhOX I'€HiB, 110 BiAMOBiaOTh 38 CUHTES

0isKa OICUHY, AKUH copuiiMae BigmoBigHmii Korip. 'eH CHHBOTO OIICMHY PO3TAIIIOBAHUI
Ha XpoMOCOMi 7, a reHr 4YepBOHOTO i1 3e1eHoro — Ha X-xpomocomi. IIpusBoguTs 10 BTpaTU
MOJKJIMBOCTI CIIpUAMaTH BiAIOBIAHUN KOJIip

Temodinia

Bunukae BHaACTiIOK IOMIKOAMKEHHS OJHOTO 3 M'eHiB, 1[0 BiITTOBiTaloTh 3a IIpoIlec 3cigaH-

Ha KpoBi. I1i reru posranioBaHi Ha X-xpomocoMi. IIpu3BoAUTE 10 TOPYIIIEHHA IPOILECIB

3CiaHHA KPOBi

CepnoBunuokyi- = BuHukae B pesyabrari 3aminu nykJaeotuny A Ha T B rexi, skuii posraioBaHuii Ha XPOMO-

TUHHA aHeMisd

comi 11. Hacamigkom myTartiii € 3amina B MoJIeKyJIi B-J1aHIiora reMOrJI00iHY aMiHOKUCIOTH

ruyraminy Ha BaJiH. Taka MoJIeKyJia 3HAYHO TipIe TPAHCIOPTY€E KMCEeHb

YUHOI0 aTpodii KIITUH JeAKUX BiAAiJIiB Ta Kopu
TOJIOBHOTO MO3KY.

[eHHi 3aXBOPOBAHHA NMOANHN

3a DOmOMOrOI0 CYyYaCHUX METOHiB JOCJi-
IKeHb yike Bigkpuro 0am3pko 5000 moiaexy-
JAPHUX 3aXBOPIOBAaHb, AKi € HACIIIKOM IIPOSABY
MyTaHTHUX reHiB. [ledKi 3 TaKUX 3aXBOPIOBaHb
MOKHY IO JIKyBaTWU He BIA€ThCA, ajie AJA Je-
AKUX 3HAWJEHO MIIAXW JIIKYBaHHA.

BuaBneHHs Ta npodinaktunka
CMagKoBMX 3aXBOPIOBAHb

BusiBieHHA CHagKOBUX 3aXBOPIOBAHbL MOK-
JUBe MeKijTbKoMa crocobamu. [[J1d mboro MOMKHA
OPOBOIUTHY aHAJiI3 KapioTuiry, mIo IJ03BOJIUTH
BUSABUTHU IIOIIKOMKEHHA XpoMocoM abo 3MiHy
iXHBOI KiJmbKOCTi, a00 BUKOHATH OioxXiMiuHi aHa-
Jisu, AKiI TOKaKyTh 3MiHYy aKTUBHOCTI (hepMeH-
TiB 200 medimuT Y1 HAAJHUIIOK IIeBHUX PEYOBUH
B OpraHiami (HampukJaz, TOPMOHIB).

Mo:xHa mpoBecTH aHAaJNIidW aMHIOTUYHOI pi-
IVUHW 1 BUABUTU 3aXBOPIOBAHHS 3apogKa IIe

0 Kniouosa iges
CnaaKoBi 3aXBOPIOBAHHA JIIOAVHN AyXKe pi3HOMa-

HIiTHi. BOHU MOXYTb BMHMKaTVN Yyepe3 nopyLleHHsA
Ha pi3HMX PIiBHAX OpraHi3auii cnagkoBoro mare-
piany: reHHOMy, XPOMOCOMHOMY, reHOMHOMy. [1nA
nNpodiNnakTMKN Taknx 3aXBOPIOBaHb BUKOPUCTOBY-
I0Tb FeHETNYHE KOHCY/bTYBaHHS.

B Tini marepi. Ily:Ke BasKJIUBUM € OOCTEKEHHS
HOBOHAPOIKEeHNX. 3a JOIIOMOT'0I0 HECKJIaJHOTO
TEeCTy MOKHa PaHO BUABUTU 3aXBOPIOBAHHSA Ha
deninkeronypito. Ile mae 3mory momepemuTu
PO3BUTOK ITHOTO 3aXBOPIOBAHHSA IIIJIAXOM Iepe-
BeleHHA NUTHUHHN Ha ocobauBy gmiery. Hapnssu-
YallHO MEePCHEeKTUBHUM € TAKOK BUKODPUCTAHHS
MOJIEKYJIAPHO-TEHETUYHUX METOIiB JiarHOCTUKU
CIIAAKOBUX 3aXBOPIOBAHbB.

3apas BimoMi COTHiI 3axXBOPIOBaHBL, V AKHX
MexaHisMu 0ioxiMiyHMX TOPYIIIeHb BUBUYEHO
IOCUTH [MOKJATHO, ajie CIaJKOBiI 3aXBOPIOBAH-
Ha JIOAUHK HabaraTo IPOCTillle MHOMepPemuTH,
HiK BmjaikyBatu. Tomy anasa ix momepemKeHHS
CTBOPEHO CHCTEeMY I'eHEeTUYHOT'O KOHCYJIbTyBaH-
HA. ¥ TeHeTUUYHUX KOHCYJIbTAIliAX MOKHA IIPO-
aHaJidyBaTH POAOBOAM OaTHKIB i pospaxysaTu
PUBUK HAPOAKEHHSA NUTUHU 31 CIagKOBUM 3a-
XBOPIOBAHHSIM.

03aﬂl/ITaHHﬂ Ta 3aBOAHHA

1. Yomy 36inblueHHA KifbKOCTi X-XPOMOCOM Y fio-
JNHU € MEHLU Hebe3MneyHuM, HiXK 36iNbleHHA KilbKOCTI
6ynb-aAKoi 3 aytocom? 2. Bigomi BMNagky Hapop»KeHHs
OUTUHM NWe 3 OfHI€E CTaTeBO XpPOMocomoto. Ane
3aBXau ue xpomocomMa X. YoMy He HapomXyloTbca AiTn
3 €QMHOI0 CTaTeBolo Y-Xxpomocomoto? 3. 3anponoHymTe
N OBrpYHTYINTE rinoTe3y, fKa NOACHIOE, YOMY HapOLXY-
I0TbCA AiTN 3 Tpucomiew came no 13-, 18-m i 21-n
XPOMOCOMax, a 3 TPMCOMIE MO iHLWINX XPOMOCOMAXx
MMHYTDb ille Ha eMOPiOHaNbHIN cTadii PO3BUTKY.
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OcHoBHi nonoXxeHHA Temn «CNagKoBIiCTb i MIHNUBICTbY

LieHTpanbHa gorma monekynapHoi 6ionorii

Pennikauia TpaHckpunuin TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpPOTHa Pennikauis
TpaHCcKpunuis PHK
HykneiHoBI Kucnotu
OsHaku JHEK PHEK
ITyxop Iesokcupubosa Pubosa
Hirporenoswmichui ocaou  T'ITA T TITAY
IBomaHIIOTOBA O60B’A3K0BO (OKPiM JeAKUX BipyciB); He B ycix mosiekyaax i He 1o Bciit ixHiit
CTPYKTypa yTBOpEHAa ABOMA aHTHUIIAPAIETbHUMHA IOBYKUHIi; yTBOPEHA METJIAMYU OJHOTO
JIQHI[IOTaMHU JIaHITIOTa, 3aMKHEHOTO Ha cebe
ITpuknagu Xpomocomua [JHK, nnasmigu, THK- Iudopmaritina PHEK, TpancmopTHa

Bipycu, MOOi/IbHI reHeTUYHI eJleMeHTH PHEK, pu6ocomua PHK, PHK-Bipycu,
pubosumu, Bipoigu

DepmeHTH, Wo 3abe3neyyoTb Nepegayvy cnagkosoi iHGopmauii

HasBa IIpomec DyHKIT

OHK-zanexHi Pennikamisa Cunres qouipunoi [[HK Ha maTpuni matrepuncbkoi [JHE

OHK-noximepasu

OHK-zamnexHi Tpauckpuniisa Cunre3 PHK na matpuni JHK

PHEK-nosimepasu

Tonoizomepasnu Pennikamis, 3wmina Tomosorii JJHK 1misxom po3pisaHHsA i TOBTOPHOTO
TPAHCKPUMITiA 3IITUBAHHSA

Tenmikasu Pemrikaris, Pospinenns kommninemenTapaux jgaumnoris JJHE
TPAHCKPUMIITiA

BynoBa onepoHa NpoKapioTMYHOro opraHiamy

lNpomoTop Onepatop CTpyKTYypHUIA TeH 1 CTpYKTYpHUIA FeH 2 CTPyKTypHUI reH 3 TepmiHaTop

bynoBa reHa eyKkapioTMYHOro opraHiamy

PerynatopHa
nocnigoBHicTb 1

PerynatopHa

[MpomoTto : .
P P MoCNifOBHICTb 2

Ek30oH 1 IHTpOoH 1 EK30H 2 IHTpOH 2 EK30H 3  TepmiHaTop
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Ilepegipme c8oi sHanHs 3 memu «Cnadkogicmbv i MiHAUBICTbY.

rnk.com.ua/103152

3aKOHM CMaIkoBOCTi

3aKOH OTHOTUITHOCTI riopumiB 3aKOH PO3LIENJIEeHHS CIIaJJKOBUX 3aKOH He3aJIe;KHOTO KOMOiHyBaHHS
IIePHIOTO TMOKOJIiHHSA O3HAK y HAIIAJKiB riopuaa CIIaTKOBUX O3HAK
P ® x &
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>
Q
S~

BapiaHTn B3aemogii aneniB ogHOro reHa

IToBHE mOMiHyBaHHS HemoBHe noMiHyBaHHSI KomominyBanHsa
AA aa Aa AA aa Aa AA aa Aa
[eHeTunKa cTaTi

XKikka XX Q w 9

A "v @ KapioTun

Honosik xyd

Kapiotnn

Famem

3urota 3uroTa @
HiBuMHKa 9 Xnonumk d OcobuHM YosoBivoi cTaTi d OCoBUHN XiHOYOI CTaTi 9
(NiBHWKN) (KypKn)

HeanenbHa B3aeMogis reHis

IIpuxknaagu posuleneHs

PiznoBug CyTHicTh .
32 OJHI€I0 03HAKOIO

¥V BusHaueHHi 03HaKU OEPyTh yIaCTh
IBa TeHU

KommiemeHTapHicTh 9:6:1 9:3:4 9:7 9:3:3:1
AJtesib OIHOIO Ir'eHa IPUTHIUYE IIPOSB 12:3:1 7:6:3 13:3 (mominauTHUI emicras)

Enicras ajieJid iHIIIOro rexa 9:3:4 9:7 13:3 (peuecuBHUi emicras)

CrTymniHb IPOABY O3HAKHU 3AJI€KUTH
Ionimepisa BiJ KimbKOCTI TOMiHAHTHUX ayeseii 1:4:6:4:1
MOJIIMEPHUX TeEHiB
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Tema 5. Penpopaykuin

Ta PO3BUTOK OPraHi3miB )

§ 72. bypoBa BipyciB

0 [omipkynTe

K MOXXHa 3apa3nTnCA BipyCHOW iHbeKuien?

Q 3raganTe

e BnactmBocTi XnBux opraHiamis
» bynoBa KnituHm

Bipycn B cuctemi opraHiyHoro cBity

Bipycu € BHYTPINTHBOKJITHUHHUMY TIapasu-
TaM¥ — BOHU PO3MHOXKYIOTHCA TiJIBKU B YKUBUX
KJITUHAX, BUKOPUCTOBYIOUM iXHiNl (epmeHTAa-
TUBHUH amapar.

¥V TrakcoHoMmii KmMBOI mpuponu Bipycis
BUOIJNIAIOTH B OKPEMHUI TAaKCOH HEKJIITMHHUX
dopm xutra Vira. OcCHOBHOIO BiAMiHHiCTIO Bi-
PYCiB Big KJiTHUH € BiACcyTHicTh 0OMiHY peuo-
BUH i He3ZATHICTh MO CaAaMOCTiHOTO PO3MHO-
KeHHdA. [loza KIiTHHOIO Bipycu He BUABJIAIOTH
O03HAK JKHMBOTO i MOBOAATHCA AK arperartu 6io-
mouiekya. IlosakiaiTuaHa opma Bipycy Ha3u-
BA€ThCA BIPIiOH.

VYriMm Bipycm BHUKOPUCTOBYIOTH ILiJIKOM
yemimHaui cooci6 BigTBopenusdA. IlogioHO Mo Beix
JKUBUX OpraHidMiB, BOHU MalOTh T'eHETUUYHUH
MaTepiay, SKUU IepelaloTh CBOIM UMCJICHHUM
KomiagM. Bipycm MOMXYyTH BUAO3MiHIOBATHCH

HykneiHosa
C I
Kncnora
. . OfHONMaHL0-
binkosun - (oA 4
£ roea PHK)
Kancupg -

o

BipioH npocToro Bipycy
Bipyc mromrioHo80i mo3aiku

# eBosiorionyBatu. KpiMm TOro, BoHU aKTHBHO
BILJINBAIOTh HAa €BOJIOIiI0 'KUBUX OpPraHi3MiB.
IcuyBauHsa BipyciB OyJio BizkpuTo 1892 pory
BugaTaEuM yuenuMm . V. IBaHOBCHKMM mif uac
BUBUEHHA MO3aiyHOI XBOPOOU TIOTIOHY.

bypoBa Bipycis

Poswmipu BipyciB BapitotoTs Big 20—30 (Bipyc
HeKpo3y TioTioHy) g0 300—400 uM.

T'osloBHUMU KOMIIOHEHTAMU Bipycy € Mo-
aerkysna HykJaeinoBoi kuciotu (JHK a6o PHE)
i saxmcuHa obosioHKa — kancud (mana. 72.1).

HykneinoBa KuciaoTa Bipycy MoKe OyTu
npenacrasiaena mojekysaoio [ITHK ado PHK, aka
MO:Ke OyTU OZHOJIAHI[IOTOBOIO a00 IBOJIAHITIOTO-
BOIO, KinbIleBOI0 a0o0 JiHiliHOIO0. 3a THIIOM HY-
KJeIHOBOI KHUCJOTH Bipycu KJIacu@iKyoTh Ha
HHK-smicHi i PHEK-B™micHI. Tomy 3a KilbKicTio
BapiauTiB opramisamii remomy Bipycu mabararto
pisHomaHiTHimIi, Hi)K 6akTepii i eykapioTu.

Kamcupg ckiaazaeTbea 3 OfHAKOBUX O0iIKOBUX
YAaCTUHOK — Kancomepisg. Jleski Bipycu moBepx
KaIcuay MaioTh JiNnigHy O000JOHKY — cynep-
Kancud. BiJKu Kamcuay KOAYIOTbCA BipycHUM
TeHOMOM, a CYIIePKAaIICH]l YTBOPIOETHCA 3 MeMO-
pPaHM KJIiTMHU-XAa3sdiHa.

Pi3HOMaHiTHicTb BipyciB

Bipycu momupeni Bciogm i € HanumciieH-
HimuMu OiosoriunmMm o06’eKTaMu Ha SeMJIi.

HykneiHoBa
KucsoTa

Kancupg

(OHK)

JlinonpoTeigHa
060/10HKa

(cynepkancug)

BipioH cknagHoro Bipycy
Bipyc 2epnecy

Man. 72.1. bygosa Bipycis
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Man. 72.2. [lia Bipycy TIOTIOHOBOI MO3aikn Y TOMaTiB

Bonu ypakaroTs yci popMu KJIITUHHUX OPTraHis-
MiB, Yy TOMY YMCJi TBapuH, POCJUHU, OaKkTepii
Ta Tpudu.

Cepen BipyciB TBapuH i JIOMUHHM iCHYIOTH
30yOHUKHN Oy:Ke HeOe3lMeuHHMX XBOPOO, TaKUX,
HaOpUKJIaL, AK Bicma, moJsriomiesitT, ckas, Bi-
pycuuti renatut, rpun, CHII] Tomro. BaraTo Bi-
pyciB, [0 AKUX YyTJAHBA JIOAWHA, Ypaskae TBa-
puH, i HaBnmaku. KpiMm Toro, mesxi TBapuuu €
IepeHOCHUKaMH1 BipyciB JIIOJUHUA.

Bipycu TBapwH i JIOQUHW MOMKYTH IIOIIIN-
pIoBaTHCH:

« TBApUHAMU-TIePEHOCHUKaMU (HanpuKJa,
Bipyc ckaasy);

* IOBITPAHO-KPAIIEJILHUM IIIJIAXOM IIiJT Yyac
Kalnio abo uxauHHa (Bipyc rpumy);

« pexaJIbHO-OPAJBLHUM IIIJAXOM MHif Yac
KOHTaKTy i3 3apakeHO0 i»Keio abo Bomoio (Bi-
pycHu, I0 CIPUUYMHAIOTH KUITKOBI po3Jiaan);

* CTATEBUM IMIJIAXOM i IIiJ uac mepesuBaHHA
s3apaskenoi kpoBi (BILJI).

Bipycu pocauH 3aBIaroTh BeJINYE3HOL KO-
IU CiIbCBKOTOCIOZApPChKUM KyJbTypaM. Ha-
OPUKJIAL, BipyC TIOTIOHOBOI MO3aiKMW € mpUYuU-
HOI0 BTpPAT He TiJbKH TIOTIOHY, a M TOMATiB

0 KnioyoBga iges

Bipycn € HekniTmHHoO dopmoto XuTTa. Kom-
NOHEeHTaMW Bipycy € HykneiHoBa Kucnota (OHK
abo PHK), 6inkoBa obonoHKa (kancua) i ninigHa
060M0HKa (cynepkancua). Bipycu ypaxatoTb yci
$bOpMM KNITUHHUX OpraHi3miB, iHOAI BUKMMKaUM
Hebe3neuHi 3axBOPIOBAHHA.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

binkoBa obonoHka

loniBka HykneiHoBa
kucnota (AHK)
. I e . -
XBOCTOBMIA } BHYTpiLuHi
i CTPUXeHb
BigpOCTOK

basanbHa
naacTUHKa

®ibpunu i‘

Man. 72.3. byposa 6akTepiodara T4

(man. 72.2), mepriB i GamTaHHUX KYJBTYD,
y SKMX BiH BUKJIMKAaE€ HEKPO3 IIJIOAIB. Ypo-
JKalo0 PUCY 3aBla€ IMTKOAM BipyC KapJIMKOBOCTI
pucy. Kapronnsa Haiiuacriiie cTpakjgae Bif Bi-
pycy KapamkoBocTi Kapromiai. Bipychi s3axBo-
PIOBAHHS CIPUUYNHSAIOTL Y POCIUH HEepiBHOMipHe
3ab0apBJeHHS, TOKOBTIHHS # XJOPO3 JUCTKIB,
MMOPYIIIEHHS POCTy (KapJUKOBiCTh), 3MOPIIKY-
BaTiCTh i CKPYYYBaHHSA JHUCTKiIB, HAAMIpHY Ky-
IITHCTiCTD.

Bipycu snerxo mepemarorbes Bim oxHiei poc-
JUHU 0 iHIMOI yepe3 KOHTAKT i3 COKOM XBOPUX
pocauH (y pasi TpaBMyBaHHSA POCJUH, IIiJ Yac
miKipoBKM po3cajau, TaCUHKYBAaHHS TOIIO), Ye-
pe3 HaciHHA, a TAKOXK KOMaxaMU-TePEeHOCHU-
KaMu.

Bipycu 6akrepiit — Oaxmepiogpazu — Bu-
0ipKOBO ypasKalmTh OaKTepianbHi Kiaituuu. Tu-
moBa (paroBa YacTKa CKJIQJAETHCA 3 TOJIBKH
Ta xXBocTta (MaJj. 72.3). ¥ roxiBimi micTurhes
OHEK a6o PHK. Ha kiumi xBocTa poaTaliioBaHa
0azajibHa TJIACTUHKA, 3a JOIMOMOTOI0 SKOl1 Bi-
PyC 3aKpiILIIOETHCS Ha MOBepPXHi baxTepii. XBicT
Ma€ BUIJISA HMOPOYKHUCTOI TPYOKU, II0 SAKiil re-
HeTUYHUN MaTepiaj ImoTpamise 3 ToJOBKHU dara
B IUTOILIA3My OakTepii.

3anuTaHHA Ta 3aBOaHHA

1. HaBepiTb aprymeHTn «3a» i «npoTu» TOUKMU 30pYy
Ha Te, Wo Bipyc — ue: a) dopma XuTTA; 6) HEXMBUIA
KOMMNEKC OpraHiyHnX Monekyn. 2. Yn icHytoTb Bipycn,
KOPWVICHI AnA mognHu?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 73. XuTTepianbHicTb BipyciB

0 [omipkynTe

Ak BiAGYBaETbCA KOMilOBaHHA FE€HETUYHOro Ma-
Tepiany PHK-BmicHMX BipyciB nig yac ix po3mHo-
XKeHHA?

Q 3raganTe

o Pennikauia OHK
* 3BOPOTHA TpPaHCKpMMUiA

[Mpouecn XUTTEQIANBHOCTI
N PO3MHOEHHA BipYyCiB

Sk Bu BiKe 3HaeTe, Bipycu € BHYTPIIIHBO-
KJIITUHHUMHN IIapasmuTaM#, OCKiJIbKM BOHU He
3IaTHI PO3MHOKYBATHUCA 1032 KJIITUHOIO. Bipy-
CU BUKOPUCTOBYIOTH PECypCcU KJIITUHU-Xa3diHa
IJIS YTBOPEHHS CBOIX UMCJIEHHUX KOIill.

¥V BipyciB po3pisHAIOTH ABi KUTTEBL (hOpMU:
mo3aKJiTUHHY (BipioH), 110 He BUABJAE O3HAK
KUTTENIANBHOCTI, 1 BHYTPINIHBOKJIITUHHY,
B CTaHi AKOI BipyC aKTHUBHO PO3MHOKYETBHCS.

ITlosa opramismom-xassaiHoM BipycHi uac-
TUHKU OeAKWN Yac He BTPavamTh 3JATHOCTI
Io 3apakeHHA. Hampwukian, Bipyc moJjgiomie-
Jity s06epirae iHQeKIiiHY aKTUBHICTH IPOTS-
roM KiJTbKOX mi0, Bipyc Bicmm — geKinbKOX
MicdaIis.

Bipionu B3arasi MaroTh BUCOKY JKUTTE3IAT-
HiCTb, BOHU MOKYTh HaBiTh IePEHOCUTU BUCOKI
mosu pagiaimii Ta BucoKum# TucK. IIpore BOoHU
TUHYTH B yJbTpadiosieToBOMY OIIPOMiHEHHi, 3a
YMOB BHCOKOI TeMIlepaTypu, IMifi BIIJIMBOM e-
3iHdikyrounx peuyoBmH. AJjie Bipyc rematuty B
30epirae 3maTHICTD 4O 3apasKeHHsS HaBiTH HicJsd
KOPOTKOYAaCHOTO KUII' ATiHHA.

JKuTTeBUIl MUKA Bipycy CKJIagaeThCcA 3 UO-
TUPHOX eTaliB.

1. Ilpuxkpinaesnsa mo kiaitunu. Binxwm Bi-
PYCHOTO Kalcugy B3B’dA3yIOTbCA 3 peIlenTopa-
MU Ha IOBepPXHi KJIiTmHH-xasdina. Coermudika
3B’A3yBaHHA BHU3HAUAE KOJIO XasdAiB Bipycy. Ha-
npukraan, BIJI ypakae tinbrku T-rimborurn sro-
IWHU, OCKIiJIbKY OOUH i3 TIiKOIpoTeiHiB 060JI0H-
KU Bipycy crenu@iuso 3B’ A3yEThCA 3 PEIeIITOPOM
Ha moBepxHi T-mimpormmra (manx. 73.1). Immmi
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[eHom
KNITUHK- -
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roea [HK

MeM6paHa/ = e

KNITUHW |

Man. 73.1. MNpoHukHeHHa PHK-BmicHoro (BIN)
y T-nimbount

Bipycu, HampuKJaj Bipyc TIOTIOHOBOI MO3aiKu,
MalOTh IIUPOKUI CIEKTP XasdAiB.

2. TlponuxkHeHHda B KJiTmHy. Bipyc mepe-
HOCUTH yCepenuHy KJITHHU CBili T€eHeTUYHUN
MarepiaJ, a iHoAi ¥ BiacHi 6inKu, AKiI gomoMma-
ralTh y peaJsizarrii #oro cmagKkoBOl IIPOTPaMM.

Jna TPpOHVKHEHHA B KJIITHHU TBapWUH Bipy-
CU BUKOPHUCTOBYIOTh Pi3Hi cmocobu: meAKi BIIOp-
CKYIOTH HYKJIEIHOBY KHCJIOTY Uepes IJIa3MaThd-
HY MeMOpaHy, iHIIIi 3JUBAIOTHCA 3 KJITUHHOIO
MeMOpaHOI0, TPETi HOTPanJAlTb y KJIITUHY
MIJIAXOM €HIOIIUTO3Y.

IIpomec imdikyBanus Bipycamu TrpubiB
i pocauH BifnpisHAEThCA Bif iH(MIKyBaHHA KJIi-
TUH TBapWH, TOMY IO KJITUHU POCJUH i rpu-
0iB MaoTh MIIHY KJIITMHHY CTiHKY, i Bipycmu
MOXKYTh IIPOHUKHYTHU BCEPEIWHY TiJIbKU ITiCJId
il momKomKeHHs. BakTepil TakoMX MalOTh KJIi-
TUHHY CTiHKY; Bipycu ii yHIKOIKYIOTH abo X
BIIOPCKYIOTH CBiffi TeHOM y OGaKTepiaJbHy KJIi-
Tuny (Maa. 73.2).

3. Pemngikanis BipyciB. Big0yBaerbcsa Bce-
penuHi KJIiTUHMH, y nmuTomaasMmi abo aapi. Kii-
TUHA PEIUIiKye BipyCHUII T'€HOM i CHMHTe3ye Bi-
pycHui 6inkwu. Ilicasa mboro ycepeamui KJIiTHHUI
BiOyBaeThbCcsA 30MpPaHHA BipyCHUX YaCTUHOK.



BnopckyBaHHa OHK
y 6GaKTepiasnbHy
KNIiTUHY

Man. 73.2. IHdikyBaHHA 6akTepianbHOT
KNiTMHN 6aKTepiodparom

4. Buxin i3 kaituau. 3asBuuaii po3MHOMKeE-
Hi BipyCHI YaCTMHKY 3aJIUIITAIOTh KJIITUHY ITiCIs
ii sarmbesi. Imoai Bipycu mpocTo BiZOKpeM.JIio-
IOThCA Big KJiTumHHOI MeMOpaHH: Bipyc o63a-
BOIUTHCS CBOEIO OOOJIOHKOIO, a KJITHWHA IPOJO-
BJKY€E JKUTH i TpoayKyBatu Bipyc. Heaki Bipycu
BOYIOBYIOTh CBili TeHOM y XPOMOCOMY KJIiTH-
Hu-xasdaiHa. Ilell reHOM pemJIiKyeThCSA pPas3soM
3 TeHOMOM KJIiTWHU i He BuUABJIAE cebe, TOKU
TeBHI YMHHVUKY He CIPUUYNHATH MOr0 aKTUBAIIiIO
(HampuKJam, Bipyc repiecy).

OcobnmBocTi penpoayKuii pisHUX

rpyn Bipycis

- IHK-BmicHi Bipycm (Bipyc TIOTIOHOBOI
Mo3zaikm, repmecy). Bipycu mpuKpimaioioTbCa
IO TOBEPXHi KJITMHU, NPOHUKAIOTL ycepenu-

0 Kniouosa iges

MUTTEBMI LMKN BipyCy CKNafa€eTbCA 3 TakMX eTa-
niB: NPUKPINAEeHHA OO0 KITUHU-Xa3AiHa, NPOHUK-
HEHHA B KNiTUHY, penikauia BipyCHUX YaCTUHOK,
BUXiA 3 KNiTHW. [nAa BMpo6HUUTBA BnacHoi PHK
a6o [HK Bipycu BUKOPUCTOBYIOTb K depMeHTM
KNiTUHU-Xa3AiHa, Tak i BnacHi ¢epmeHTn — PHK-
pennikasy i 3BOPOTHY TpaHCKpuUMTasy.

3arnbenb
KNiTUHK-Xa3AiHa

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Bipyc

. P o [HK Bipycy
. /.-f'f R
Anpo
BuBinbHeHHs KNITUHW
BipyCme YacTUHOK l

Prn6ocoma
ff\,
o o B6ynoBaHa
PR A R OHK B|pycy

Man. 73.3. Penpogykuia [JHK-BmicHoro Bipycy

HY, 3BLIBHAIOTBHCA Big Kamcunmy. ¥ KJIITUHHOMY
Anpi (pepMeHTH KJIITHHU-XasdiHa PeIIiKyThb
Bipycuy IHK i rpanckpubyiors ii B MPHEK. Pu-
6ocommu KJiTHMHH-Xa3diHa TpaHcaoooTs MPHE
B Oinmkm; BipycHoro xamcunpy (maJa. 73.3). Bipyc
nnsa BupobHuiTBa BiacHol PHK i [THK Buko-
pucTOBY€E (hepMeHTU KJIITHHH-Xas3sdiHa.

- PHK-BMmicHi Bipycu (Bipyc Kopy). Pemuri-
Kallisg 3a3BuYail BigmOyBaeTbcsA B IIMTOILIA3Mi.
Hna xomitoBanHA cBoix remomiB PHEK-Bipycu
BUKODPUCTOBYIOTH BJacHuii ¢epment PHEK-
pemniikasy.

- PerpoBipycu (BIJI). Mictars omgHOMaH-
mioropy PHK i BUKOpPHCTOBYIOTH BiacHUU (ep-
MEHT — 360POMHY MPAHCKpUnmasy, 1o Iepe-
HOCUTh reHeTnUHY iHMopMmariro 3 PHK na [THK.
Orpumana [[HK moike BOymoByBaTuCA B T€HOM
KJiTUHU-Xa3daiHa a00 BUKOPUCTOBYBATUCHA IJIA
TpaHcKpuniii (man. 73.1).

03aﬂl/lTaHHH Ta 3aBaHHA

1. MosAcHiTb, AK BIJ1 npurHivye peakuito iMmyHHOI cunc-
Temn. 2. Yn MOXHa Ana NikyBaHHA BipycHOI iHdeKLUil
BMKOPUCTOBYBaTK aHTUGioTUKN? 3. AKi nigxoan MoxHa
BMKOPUCTOBYBaTK Yy Ppapmakonorii 4na po3pobKu aHTu-
BipyCHUX npenaparis?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 74. BipycHi iHpeKuii

0 [omipkynTe

YoMy aHTUOIOTUKN He € €PEKTUBHUMW MPOTH
BipyCHUX XBOPOO, 30Kpema rpuny?

Q 3raganTe

o KNiTMHHWI | rymopanbHuiA iMyHiTeT
o BakunHu

IHpeKuinHMn npouec,

BUKJTKAHWN Bipycamu

Kowxuauii Bipyc mMae meBHyY cueinu@)iuHy Bu-
O0ipkoBicTh XasdAiB, IO BU3HAUAETHCA THUIIAMU
KJITHH, AKi BiH Mo)Ke iHQirkyBaru.

¥V BipycHUX iH(QeEKIil € iHKyOaiitHEUN mepi-
Ofl, IPOTATOM SAKOr0 CHUMITOMHU 3aXBOPIOBAHHS
BimcyTHi. 3asBuuaii iHKyOamifiuuii mepion Tpu-
Ba€ BiJ meKiIbKOX OHIB OO JeKiJTbKOX THUIKHIB,
ajie B IeAKUX BipyciB MOKe TpuBaTuU MicAili abo
HaBiTh poku (BILJI).

ITicna imxky6alrifinoro mepiogy adbo ogHoUaC-
HO 3 HUM HacTae mepion nmomupeHHs iHdexii,
Oig yac AKOTo 3apaskeHuil OpraHisM € I:KepesioM
BipyCHUX YaCTHHOK.

Hani HacTae BJacHe mepiox 3aXBOPIOBAHHS.
Bipycu cipuunHsaoTh 3armbesb 3aparkeHnX KJTi-
TWH, BiJf YOTO CTpask/la€ BeCch OPraHi3M.

o [lizHanTeca binbuie

",

MNaHgemia icnaHcbkoro rpuny 1918-1919 pokis
6yna cnpuumHeHa Bipycom rpuny A. 3abpana XuTTa
50-100 mnH ocib.
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BipycHi iH(Mekmii MoKyTh OyTH TOCTPUMU
(rpum, Bicma, ckas, JuxomaHka Ko6osa) i xpo-
"Hivaumu (rematutu B i C). Inoxi Bipycu mepe-
OyBalOTh B OpraHiami B cTaHi cmokoo (Bipycu
reprmecy, OIepi3yiouoro JHIIA).

Yac Bim uacy BimOyBaioThbCs cHajJaX¥W iH-
(exmitinmx 3axBOpIOBaHb (30KpeMa BipyCHUX),
mig gac AKUX (iKCcyeThbcad HE3BUYHO BeJUKAa
KimbKicTh xBopux. SKI0 crmanax BimOyBaeThcs
B OKPEMOMY PeTioHi, I0T0 Ha3WBAIOTH eIiIeMi€lo,
AKIIIO 3aXBOPIOBAHHA IIOIMHUPIOETHCA IIO BCilt
3eMHil KyJi, To ioro Ha3WBaOTh MaHIEMi€IO0.

AHTUBIpYCHUN iIMYHITET

OprafisMu MaOTh BPOAKEHH iMyHITeT IIpO-
T BipyciB, c()OpMOBaHMI y MPOIIECi €BOJIIOIii.
B ycix Bugmis, y Tomy uwmcii apxei, Ha KJITHH-
HOMY pPiBHIi iCHYIOTH creriajbHi (h)epMEHTHi cuc-
TEMU, SAKi PYHAHYIOTh OJHO- U IBOJIAHITIOTOBi Bi-
pycui PHK.

Oxpim TOro, y xpebeTHUX ITIiCJIg KOHTAKTY
3 Bipycom opraHiam BuUpoOJise Oinok iHmepge-
POH, AKWH IPUTHIUYE YTBOPEHHS HOBUX BipyciB,
BHUIIYIOUN ypaskeHi Ta cycigui riaitmau. Ille
ONHUM BHUIOM AHTHBIPYCHOTO 3aXUCTy € CIe-
mudpivai aaTuTiga (rymMopasbHUN iMyHiTET) —
iMYHO2A00YNiHU, AKI TPUETHYIOTHCA IO Bipycy
i HeATpaJIi3yoTh HOTO.

Hao6yTuit imyHniTer popmyeThcs micas me-
peHeceHOTO 3aXBOPIOBAHHA a00 MIJISAXOM BakK-

Enigemia nuxomaHkm E6ona B 3axigHii Adpuui
2014 poky 3abpana »uTTa 6nm3bko 8 Tuc. ocib. Jle-
TaNbHICTb 3axBOpOBaHHA — Big 25 o 90 %.



[lisHanTeca 6inblue

BinkpnTtTta 1987 pOKYy aHTMBIPYCHOI cuctemMn apxen
CRISPR-Cas9 3ymoBuiO MPOPMB Y CYYacCHIN reHHin
iHXeHepii. La cnctema oyHKuUioHye Ak GakTepianb-
HUIM iMyHITET NpoTn BipyciB. byno gosepeHo, wo ii
MOHa BMKOPUCTOBYBATU AK iIHCTPYMEHT A1 TOYHOI
KopeKLii reHoMy 6e3nocepefHbO BCEPeAVHi KNiTu-
Hu. Lle BiaKprBa€ NOTEHUiHI MOXNNBOCTI NOBHOIO
NiKyBaHHA CNaJKOBMUX 3aXBOPIOBaHb JIOAVHMN.

nuuarii. Bin 3pilficHOETBCA IMYHHUMU K-
munamu: T-riMmdonuTu pos3mi3HAOTH BipycHi
¢parmenTu, a T-kijmepum pPyHHYIOTH ypaskeHi
KJIiTrHU (KJITUHHUN iMyHiTeT).

Ilepion crifikocti HabyToro imyHiTery sHa-
YHO BapiIOEThCA 3aJIeKHO BiJl BUAY BipycHOI iH-
dexrii. o geaxkux iH(eKIiil, HanpuKJIam Kopy,
BiTpPAHOI Biclu, MapoTUTy, KPacHyXU, iIMyHIiTeT
3a3Buyaii 30epiraeTbcA MPOTATOM KUTTA. Ilo-
BTOPHI 3aXBOPIOBAHHA TPAMJIAIOTHCI PiAKO.

Ane imyniTeT mo Bipycy rpuny 36epiraerbcs
OpoTATOM KijnbKOX MicsariB. IloBTopHe 3axBo-
PIOBaHHSA IOACHIOETHCA THUM, IO Bipyc Tpumy
IIBUAKO MyTye. VIoro moBepxHeBi reHM HOCTiii-
HO 3MIiHIOIOTBCA Ta 3 ABJIAIOTHCA HOBI IITaMu
Bipycy. 3 TOUKM 30py iMyHHOI cmcTeMu, TaKi
moaudiKoBaHi BapiaHTM BUTIJISALAIOTH AK abco-
JIOTHO HOBi iH(eKIii.

Heaki Bipycu (B Tomy umcai BIJI Ta Bipycu
renaTuTy) YHUKAIOTh iMyHHOI BiAmoBimi Ta Bu-
KJIUKAIOTh XPOoHiuHi xBopobu. [fo Toro :x BILJI,
MOTPAIIIAIYN B OpPTraHisM JIOAWHU, Bpa)kae
imynHi kiaituaum — T-mimdonurtu. Ile 3HUKYE
CTiKicTh iMyHiTeTy m0o OyAb-aKUX iH(EKIIii,
y Tomy umciai # go BIJI.

MNpodinakTnKa i nikyBaHHA

BIpYCHUX iHpeKUin

EdexTuBauMu merogzamu 60poTsbu 3 Bipyc-
HUMHI iHQEeKIiaMM € BaKIIMHAIIiSg i BXKUBAHHSA
OPOTUBIPYCHUX IIpeIaparis.

0 Kniouosa iges

Etann iHdeKkuiiHOro npouecy BipyCHUX iH}eK-
Lin: iHKy6aLiiHWiA nepiop, nepiofd MOLIMPEHHSA
iHdeKUii, nepion 3axBoptoBaHHA. IMyHiTeT npoTn
BipyCiB BK/OYa€E GEPMEHTHI CMCTEMU, WO PYNHY-
10Tb BipycHi PHK i HK, yTBOpeHHA cneumndiuHnx
aHTUTIN Ta iHTepdepoHy. EpeKTuBHUMU MeTogamu
60poTbOY 3 BipyCHUMM iHdEKUiAMM € BaKLMHALIA
i NpoTMBIPYCHI Npenapatu.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

IIporuBipycHi BaKIMHU BUKOPUCTOBYIOTH
3 MeTOI0 MTPO(diTaKTUKYU BipyCHUX 3aXBOPIOBAHb.
Ix yBomaTs 3mopoBuM mIomsM, I06u choOpMy-
BaTH iMyHITeT 40 MOMKJIMBOI iH(eKIii. 3araib-
HY BaKIMHAIII0 HACEJEeHHS NPOBOAATH IIIOJ0
0COOJMMBO TSKKHUX 1 CMEPTEeJbHUX BipyCHUX
iH(eKIiti, TaKUX AK Bicma, Kip, mosiomiedir.
Ho immmx BipyciB BakIMHAIil0 MOYKHa POOU-
T 3a TOTpedu, HANIPUKJIAA Iepel, Ce30HHUMU
cmajaxaMu TPuUIy abo micasa yKycy TBapuHU
3 TiJ03POI0 Ha CKas.

BcecsiTua opranisarmisg oxopoHHu 3m0pOB’dA
OHOBJIIOE BaKIIHY IPOTHU I'PUNY KOXKHIi IIiBPOKY.
ITe HeoOXimHO, OCKiIBKY IITOPOKY BipyC €BOJIIO-
I[i0OHY€, 3MiHIOIOUM CBOI aHTUTeHHi BJIACTUBOCTI.

Bucoka wminnuBicts BIJI Takox € mpuum-
HOI0O TOTO, YOMY CKJIQJTHO PO3POOUTU BaKIIMHY
IO IILOTO BipycCy.

IIporuBipycHi mpemapatué BIKUBAIOTH Mif
yac 3aXBOPIOBAaHHA. BOHUW NHepepuUBaIOTh KUT-
TEBUM IUKJ BipyCiB i NPUTHIUYIOTH 1X PO3MHO-
JKeHHA BcepeAuHi Kiaituau. Taki mpemapatu mMo-
JKYTh OJIOKyBaTH HeoOXimHi Bipycy ¢epmeHTH
(HampuKJaZ, 3BOPOTHY TPaHCKpPUITasy). dacrto
IPOTUBIPYCHI IpenapaTy € aHaJoraMu HYKJeO-
THUAiB, 1110 BOYJOBYIOTHCS B T€HOM Bipycy B XOmi
pemaikarii, ajie mpu IIbOMY HOBOCHWHTE30BaHi
JHK neakTunHi.

IIle ommu cmoci® mpodisakTUKM BipyCHUX
3aXBOPIOBAHb — 3aIN00iraHHA MOTPAIISTHHIO Bi-
pycy B oprauism. Ile MOKJIMBO, AKIIO Bimomi
HIIAXY TToIMupeHHa indeknii. Hanpukaanm, nasa
mpodiJIaKTUKY 3apasKeHHsA T'PUIIOM PEKOMEHY-
IOTh He KOHTAKTyBaTu 3 HOciAMU iH(MeKITil, yHu-
KaTu MiCIlb MAacOBOTO CKYITUYEHHS JIIOAel y me-
piogu emigemii. Iia mpo@isaKTHUKM BipyCHUX
KHUIIKOBUX iH(PEKIIifl peKOMEHIYIOTh MUTHU PYKU
Ta TPOAYKTHU XapuyBaHHA. [1da mpodimakTukm
CHIy ciixg yHUKaTH BUIAAKOBUX CTATEBUX
KOHTaKTiB, BUKOPHCTOBYBATH OJHOPa30Bi Me-
IVWYHI iHCTPYMEHTH, MPOBOAUTU KOHTPOJb J0-
HOPCBKOI KPOBi ToOIITO.

QBaHI/ITaHHFI Ta 3aBJaHHA

1. Yomy cknagHO po3pobuTu BaKUWHWM A0 BipyciB
rpuny Ta BIN1? 2. ik BN fymaeTe, 8O AKNX HAacNigKiB npu-
3BeJe MacoBa BiAMOBa Bif 0OOB'A3KOBOI BaKLUMHaLL?
3. 3anponoHyiTe 3axoan AnA NpodinakTMKM 3axBopro-
BaHHA Ha rpun. 4. 3anpornoHywTe 3axoaun Ana npodinak-
TUKKM 3axBoptoBaHHA Ha CHIJ. 5. 3anponoHynTte 3axoan
Ana nNpodinakTMKy BipyCHNX 3aXBOPIOBaHb POCIUH.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 75. Bipycu 1 eBoniouin

0 [omipkynTe

KN BHECOK B eBONIOLO NIOAUHN 3pobuB Bipyc
Bicnn?

Q 3raganTe

- PerpecuBHa eBoniouifa (gereHepaduis)
« Mna3mign
+ BHYTPIiLUHBOKIITVHHUIA eH[0CMM6i03

[inoTe3n noxodXkeHHs BipyciB

IcHye KinbKa rimores BUHUKHEHHS BipyciB
(mai. 75.1)

1. T'imore3a perpecuBHOI eBoJoIii. Bipy-
CU € HaIlaAKaMHt CTapOMaBHIiX OTHOKJIITUHHUX
opraHiamiB, OymoBa AKHUX CIPOCTHJACSA Yepes
HapasuTUYHNI crocid Kurrtda. I'imoTesa r'pyHTy-
€ThCA Ha iCHYBaHHI cKJagHuUX, Beaukux [THEK-
BipyciB, reHOMU AKWX MalOTh COTHi TeHiB (Ha-
npuKJazn, Bipyc Bicniu, maj. 75.2). Bouu morian
OyTH BHYTPIIIHBOKJITUHHUMU IIapasuTaMu i 3a-
3HATU PEeTPEeCcUBHOI (JlereHepaTUBHO1) €BOJIIOILiT.

2. Timore3a BMHMKHEHHS 3 MOKJIITHMHHHX
dopm skuTTda. Bipycu e HamagkamMu craponas-
HiX DOKJITHHHUX (POPM KUTTH, AKi IMepelInin
0 TTapasUTUYHOTO croco0y icuyBamua. [limore-
3a I'PYHTYETHCS HA BEJIMUE3HIA Pi3HOMAaHITHOCTI
TeHeTUYHOTO MaTepiaay BipyciB: y AKocCTi HY-
KJIETHOBUX KucJoT BoHU MaioTh AK [IHK, tax
i PHK, 1m0 MOXyTb OyTH OLHO- II JBOJIAHIIIO-

FinoTesa perpecmBHOi
eBonouii

o )
MapasntnyHa Kni- *
TUHA 3 yTpayeHUMU

CTPYKTypamu

T
LoKniTNHHI
CTPYKTYypH

Finotesa BUHMKHEHHA
3 AOKMITUHHMX ¢opM KUTTA

Blpyc Bipyc <f\Z\A>

Man. 75.2. Bipyc HaTypasbHOI BiCN1 Ma€ BENUKi po3mipu
i asonaHutorosy [HK

roBumMu. BBaxkaeTrncsd, 110 10 BUHUKHEHHSA IIep-
muxX KJIITUH AK HOcil cmagkoBol iHdopmarii
BUKOPUCTOBYBaJIUCA PisHi (hopMU HYKJIEITHOBUX
KHCJOT.

3. TI'imote3a «ockakeHiaumx reHiB». Bipy-
CU — BUAO03MiHEHUI T'eHEeTUYHHUH Marepiai, IIo
«BTiK» i3 KJuaiTuHu. I'imotesa r'pyHTyeThcA Ha
CXOJKOCTi BipyciB 3 MOOiIBHUMM TeHETUUYHUMU
eJeMeHTaMM — ILIa3dMiflaMu, TPAHCIIO30HAMMU,
Bipoigamu, F-daxropamm Oaxrepiii. Bipycu-
«BTiKaui» cTaJgM BiJHOCHO aBTOHOMHUHMM, ajie
EeBHY 3aJIe}KHICTh Bif KJiTuH 30epersu.

IleBHa piu, KOKHA 3 TilTOTE3 Mae apryMeHTH
«3a» 1 «miporu». HaitimoBipHimre, 110 Bipycu Bu-
HUKaJIU PiBHUMHU NIIJIAXaMU 1 Ha pPiSHUX eTarax
€BOJIIOIiI, a B IOAAJBIIIOMY €BOJIIOIiOHYBaJIN
CIIiIBHO 81 CBOIMU KJIiTMHaAMU-Xa3dAMU.

B3aemogisa Bipyc — xa3AiH

Bipycu B3aemopniioTh 3 KiiTmHaMu 3a KJia-
CHUYHOIO CXeMO0 mapasuT — Xasdaidn. Hosi im-
(dex1ii 3asBuuaii mepebiraioTh y BayKKiii ¢op-

lFinortesa
«OCKaXKeHinux reHis»

ABTOHOMHa -

/VVl

Bipyconopi6Ha OHK a6o PHK VY

dopma

by

T
S
(M,

Z
B

@

-

T

Man. 75.1. Tpwu rinotesn noxopxeHHA BipyciB
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Mi, HEPiAKO 3i cMepTeJbHUM pPe3yJIbTaTOM, ajie
B IIpoIieci eBoJITOIi1 BOHM CTalOTh OiJIBII JIETKHU-
M. 3 YacoM BHUAM-Xa3Al HaOyBalOTh iMyHiTeTy
Io Bipycy. A Bipyc 3HM)KY€E arpeCUBHICTH, TOMY
110 ITapasuTy BUTiTHO He IIIBUAKO BOMBATHU Xa-
3diHa, a TPUBAJIWHN Yac BUKOPUCTOBYBATU HOTO
AK XapuYOBUU pecypc i IPUTYJIOK.

IHoxi Bipyc mMae nBOX Xas3dAiB: B OJHOTO BUIY
BiH BUKJIMKAa€E TS)KKe 3aXBOPIOBAaHHA, a 1HIIIOMY
He 3aBJae€ IIKOIu i «30epiraerbcsa» B HbOMY. Ha-
MpUKJIal, Bipyc cKasy B Ipupomai 3b6epiraerbcs
B rpusdyHax, Bipycm eHIedaiTy mepeHOCAThCS
KJiaMu.

Yac Big uacy Bipycum 3MiHIOIOTH Xas3dAiB.
BBakaerbca, 1o HaTypaJgbHa Bicma JIIOOUHU
3’ABUJIACh Y Pes3yJbTaTi eBoJoNil Bicmu Kopis,
a eBOJIOIiA Bipycy imMyHomedinmuty aseieHUX
MaBI npusBesa A0 BuHuUKHeHHA BIJI.

Ponb BipyciB y BUHNKHeHHI AHK-reHomiB

Icuye rimoresa mpo Te, IO BipycH IIEpIIIN-
mu B eBouolii Bukopucrasu [IHK gma mepe-
HeCeHHs cIaakoBoi iHgopwmarii. Ila rimoresa
I'PYHTYETHCS Ha MIPUITYIIEHHi, 1110 CIIOYaTKYy BCi
KUBi cucremMu BuKopucroByBasu Tiibku PHE
nasa 30epeskeHHA 1 peasisalrii crmagxoBoi iH@OP-
marrii. HatigaBuimnii Bipycu Takoxxk O0yau PHEK-
BMmicuuMu. Aje srogom BoHu 3minumau PHE ma
HTHE, 106 yHUKHYTHU il 3aXWUCHUX CHUCTEM KJIi-
TUH, AKi 3HUITYyBaJIu MoJiekyJu BipycHoi PHK.
BigmoBigHo, Bipycu «pospobuiau» i hepMeHTHUII
amapar g pemrikarnii JJHEK. IToctynoBo B ycix
JKUBUX CHCTeMax 3AiticHuBcs nepexin Bix PHK-
o NHEK-rexomis.

Bipycu i ropusoHTanbHe
NnepeHeceHHA reHis

B eBouttorrii Bipycu € BasKJIUBUM «3aC000M»
TOPUB3OHTAJIHLHOTO IIEpEeHEeCEeHHS TeHiB, IO 3a-
Oeslmeuye reHeTHUUYHE Pi3HOMAHITTA OpraHisMiB.

T'opusoHTaJIbHE MEepeHeCceHHs TeHiB — IIpo-
Imec, 3a SKOro TreHeTHYHa iH@opMallia Iepe-
IaeThCcsAa He Bim 0aTbKiB M0 HAIMamKiB, a MixK

0 Kniouosa iges

Bipyc MornM BUMHUKHYTW 3 JOKAITUHHUX dopm
KUTTA, CTapodaBHIX OAHOKMITUHHUX OpraHi3MmiB,
6ynoBa AKMX CNPOCTUNACA Yyepe3 MapasvuTUUHUNA
Cnoci6 »*unTTA, abo 3 MOBINbHNX FreHETUUYHUX efe-
MEHTIB KNiTUH. B eBontouii Bipycn 3abe3neuyioTb
rOpU30OHTaNlbHe MEepPEeHEeCeHHsA TeHiB, MOXUBO,
BOHU chopmyBanu KNiTUHHe AApPO.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

HeCIIOpiJHEeHMMM opraHisamamu, AKi iHomi Ha-
JeKaTh HaBiITH A0 pPisHUX OiosOriuHMX BUIIB.

®parmentu ITHK BipyciB, axi sapaxysanau
pisHi KiaiTmHU, y mpoiieci eBoJrollii BOYZOBY-
BaJCA B T€HOMU ITMX KJIITUH, «OJOMAIITHIOBA-
JUCsS» BUIIMMHU OpraHizMaMu i mOUMHAJIU BU-
KOHYBaTH KOPUCHI (PyHKITii.

IIi sasuImKm BipyciB € CyTTEBUMU eJeMeH-
TaMU T€HOMiB Cy4acHUX OPTaHisMiB. ¥ JIIOAUHU
M ccaBIliB BOHM CKJIQZAIOThL OO IIOJIOBUHH! BCiX
mocuigosuocteit [THEK.

Busuenna (GyHKIIA mux yOymoBaHUX eJie-
MEHTIB JJO3BOJIMJIO BCTAHOBUTHU JesAKi AysKe KO-
pucHi «HaAOaHHA», OTPUMAaHI 3aBIIKH BipycaM.
BBakarTh, 110 3a AOIIOMOIOI0 T'OPH30HTAJIBHO-
TO IIepeHeceHHA TeHiB copMyBajacd cucTeMa
aJalITUBHOTO iMYHIiTETY y XpebeTHuX, BUHUKJIA
IJIaIleHTa Y CCABI[iB, y JIIOAWHW PO3BUHYJINCS
OinbIiri iHTENeKTyaJbHI 34i0HOCTI IOPiIBHAHO
3 IpuUMaTaMU.

BipycHe noxopeHHsA KNiTMHHOrO Afpa

Icrye mymka, 1o Bipycu 3irpajgm KJIOUYOBY
POJIb Ha IIOYATKOBHUX eTallax eBOJIIOIlii, Ie 10
MOy OpraHi3sMiB Ha IIPOKapioTiB i eykapioTis.
2001 poky OyJia 3ampoIIOHOBaHA rimoresa Bi-
PYCHOTO MOXOMKEeHHSI KJIITHHHOTO AApa, 3TiJHO
3 AKOI0 ANPO CYYacHUX eyKapioTiB € maBHIM Bi-
pycoM, «ociimm» y 6e3’anepHiil KiiTuHi. ¥ pam-
KaX TimmoTe3u 3aIpPOIIOHOBAHA MOJEJNb €BOJIIOILil
eyKapioTiB, y dAKiif Bipyc, CX0KUH i3 cyuyacHUM
BipycoM Bicniu, PO3BUHYBCA B KJITUHHE AIPO.
ITocTymoBo 11€#1 Bipyc cTaB OCHOBHUM CXOBHUIIEM
iH(opwmartii B KIiTHHIN, AKa 30eperya 3AaTHICTD
IO TPAHCJAINl T'eHiB i KHUTTE3XATHOCTI.

Ha xopucth rinmoresu cBiguuTh TE, IO KJIi-
TUHHEe SAPO i Bipycu MaioTh Ay:Ke CXOXKY Oymo-
BY: 00uABa ABJIAITH COOOI0 XPOMOCOMM, YVKJIa-
IeHi y O0iIKOBY Kamcyay. ¥ JedKuX IIOPiBHAHO
IIPOCTUX OpraHidaMax, TaKUX SK IIapasuTHUUHI
YepBOHiI BOJOPOCTi, AAPO MOKe ITPOHUKATHU
3 KJiiTmHEU B KJaituHy. lleil mpomec ny:xe Ha-
ragye BipycHe iH(piKyBaHHA.

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. fAlka 3 rinoTe3 noxoAeHHA BipYyCiB 3[A€TbCA
BaM Haibinbll focToBipHOW? Bignosigb aprymeHTyiTe.
2. 3anpornoHynTe aprymMeHTU «3a» YU «MPOTU» KOXKHOI
3 rinote3 noxomeHHA BipyciB. 3. Aki ocobnusocTi 6y-
JOBW KNITUHHOIO siapa pobnATb NOro CXoXMM Ha Bipyc?
4. flke 3HauYeHHA BipycCiB B eBONOLii CyyacHOI noguHu?
Hasegitb npuknagw.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 76. MpioHn 1 Bipoign

0 [omipkynTe

Yn moxyTb 6inkun BigTBOptOBaTU Cami cebe,
6e3 yyacTi HyKneiHOBMX KMUCNOT?

Q 3raganTe

» BTopuHHa 1 TpeTuHHa CTPYKTypwu 6Ginka
e o-Cnipanb i B-CTpyKTypa

[pioHn

IIpioaun — 1e indexiiiini areatu, AKi € 6i-
KaMM 3 aHOMAaJbHOI TPETHHHOI CTPYKTYPOIO.
BoHu He MicTATHL HYKJIEIHOBUX KUCJOT.

YV meBHOMYy ceHci, mpiomm momibHi mo Bi-
pyciB, ocKijbKu 3maTHi 36iJBIITyBaTH CBOIO UM-
CeJIbHICTb, TiJIbKM BUKOPUCTOBYIOUU PECYPCHU
KJiTuau. Pasom 3 TuM a4 iX PO3MHOKEHHS
He morpioui JHK a6o PHK.

IIpionni 6inKu TBapWH i JIOAWHU yTBOPIO-
I0OThCA 3 HOPMAaJbHUX KJIITMHHUX OiIKiB, AKi
BimmoBimaroTh 3a 000JOHKMN HEPBOBUX BOJIOKOH.
Taki 06iIKK MOXKYTh iCHYyBaTH y ABOX izo(hopMax.
fAx mpaBmio, mig uvac mepexonay OijKa 3 HOp-
MaJbHOTO CTaHy B IPiOHHUN Horo o-cmipaJsri
mepeTBOPOIOTHCA Ha [-cTpykTypu (Maa. 76.1).
YHacaimoK 1mboro 0iJ0oK HabyBae KaTaJaiTHUYHOI
aKTUBHOCTI ¥ KaTaji3ye mepeTBOPEeHHA Iaerasri
0ispIIol KiJBKOCTI HOBUX HOPMAJBHUX OiJIKiB

a-cnipanb

HopmanbHuin 6inok

MpioHHUN 6inok

Man. 76.1. CtpykTypHi BapiaHTK Ginka
KNITUHHUX MembpaH PrP

160

Ha npionHi. TakumM YMHOM, 3aIlyCKAETHCA JIAH-
IIOTOBA PeaKI[is i yTBOPIOEThCA 6esyiu Hempa-
BUJIBHO 3TOPHYTUX OiJKiB. ¥ KJIiTMHI Haxomu-
YYIOThCA IX BifKJIaJeHHS — aMiJioimu. YpaskeHi
amMizoizaMy TKAHWHN BTPAvYalOTh HOPMAaJIbHY
CTPYKTYPY ¥ BiIMUPAIOTh.

Y ccasBIiiB mpioHHI 3aXBOpIOBaHHS ypaska-
I0Th HEPBOBY TKAHUHY, IIepPeBaKHO TOJOBHUI
MO30K (Man. 76.2). BoHuM CcOpUYMHSIOTL He-
BUJIIKOBHiI cTamm — rybuacTi eHmedasomarii
(KopoB’Aunii CKa3 y BeJMKOI poraToi xymoowu,
CKpelii B oBellb), IO HNPU3BOAATL OO CMEpPTi.
YV nropmum Bimomi Taki mpioHHI 3aXBOpIOBAHH,
ax xBopoba Kpeiitiidgenpara — fAkoba i kypy.

3a maHMUMU CYYaACHHUX OOCTiTKeHb, OCHO-
BHUI IIJISX IOINMPEHHS NPiOHHUX 3aXBOPIO-
BaHb — 3apaskeHa i»ka. Hanpukiaz, y:KuBaHHA
M’sica KOpiB, yparKeHHX ry0dacTUM eHIiedaJri-
TOM, IPU3BOJIUTD 10 PO3BUTKY XxBopobou Kpeirir-
densvara — fAkoba B moogunu. Takox y cim’ax
3 IMeBHUMHU MyTalliasMu reia PrP maioTs micie
CIIaIKOBi IIPiOHHI 3aXBOPIOBAHHA.

IakyOanifinuii mepiox NpioHHUX XBOPOO
CTaHOBUTH BiJ MicAIld J0 KiJIBKOX HECATHUJIITH.

ITpionm He BUKJIMKAIOTL iMyHHOI BimmoBini
oprauismy. Bonm HamsBmuaiiHO CcTifiKi mo mii
XiMiyHUX i PisSMUYHNX YMHHUKIB, BUTPUMYIOTH
KUIl’ATiHHA, He PO3IIeNJIIIOThCA IIPoTeasaMu
(bepmeHTaMHI, IO PO3IIEIIIIOTL OiJIKM) i He
IepeTPaBIOIOTHCS B TPABHOMY TPAKTi.

Mo30K, ypaKeHUIn NpioHHO
XBOPO6OI0

HopmanbHun mo30okK

Man. 76.2. PyiiHyBaHHA TKaHWH roflOBHOrO MO3KYy B pasi
xBopobu Kpentudenbara—Akoba (rybuacta cTpyKTypa TKa-
HVHW, YTBOPEHHA MOPOXKHVH)



[lisHanTeca 6inblue

MpioHHa xBOopoba Kypy 6yna onmcaHa 1957 poky
cepep, abopureHiB nnemeHi ¢ope y Bucokorip’ax MMa-
nya — Hosgin IBiHei. CnoyaTKy y XBOpMX NOPYLUYETb-
CcA KoopAuHauia pyxiB, CTa€ HecTiKow xoga. [MoTim
NMOYNHAETbCA TPEMTIHHA KiHLIBOK i ronoBsu, nognHa
BTpayae Nam'aTb i po3ym. Ha octaHHix cTagiax niogu-
Ha rnepecTae pyxaTucs i BMUpaE NPUGAN3HO Yepes pik
Bil NMoyaTtKy neplmx cumntomis. Manyacu BBaxkanu
NMPVYMHOIO XBOPOOY 311 YaKnyHCTBO. Afle HacnpaBai
iHbiIKyBaHHA BibyBanocsa yepes KaHibaniam — abo-
pureHv NpakTWKyBanu puTyasibHe MOIfAHHA MO3KY
nomepnnx Poanyis. BoHn BBaxkanw, Lo, 3'1BLUN MO30K
MOKiNHOro, BOHU NprAGaloTb MOro po3ym i cuny. 3 BU-
KOPIiHEHHAM KaHibaniamy Kypy MNpakTUYHO 3HWKNa.
3a BiAKpPUTTA iHPEKLINHOro xapakTepy XBopobu Kypy
KapntoH Taingysek oTpumas HobeniBcbKy npemito
3 ¢isionorii Ta MegnunHn 1976 poky.

Bipoigun

Bipoimn — imdexiifini aremTu, 1Mo CcKJa-
IAlOThCS TiJbKM 3 KiabieBoi moserkyau PHE.
V¥ BipoimiB Hemae 6i1K0BOI oOosOoHKMU. Bipoigua
PHFK ny:xe maneHbKa — 3aBAOBYKKY JIUIIIE KiTb-
Ka COTeHb HYKJIEOTHiB; BOHA He KOoAye OiJIKiB.

ImoBipHO, KomiroBauusa Bipoiguoi PHK 3xiii-
cuoetbca PHK-monmimepasamMu KiaiTmHU-Xa3sdi-
Ha. [leaki Bipoinm pemyIikyOThCA B KIITUHHOMY
Anpi, iHmIi — y xJopoIlnacrax.

Bipoigym cupuuymHAOTL 3aXBOPIOBAHHS POC-
JWH, Taki AK KapJUKOBICTh XpHU3aHTEM, Bepe-
TeHOmoAiOHicTs Oyan0 Kapromai (maa. 76.3),
IJIAMUCTICTh aBOKAA0 TOIO. BoHM 3HAYHO BILJIU-
BaIOTh Ha CBiTOBE CiJIbChKe rOCIOJapCTBO, CIPU-
YMHAIOYN 3aXBOPIOBAHHA €EKOHOMIUHO BaKJIUBUX
KYJBTYPHUX i TEKOPAaTUBHUX POCJIUH.

3apakeHHs BipoimamMu BimOyBaeThCA IIig yac
MeXaHiUHOTr0 HOITKOAKEeHHS POCINHU. ¥ cepean-
Hi ypa’sKeHOI pPOCJWHU Bipoigu IepeMimiarTbCs
0 KJIITMHHUX KOHTAKTaX — ILJIa3MOJEeCMax.

Cooromui 1mie He 30BCiM 3po3yMminuit MoJe-
KyJAApHUN MexXaHi3M, IO IPU3BOAUTH OO 3a-
xBopooBauHA. [IpunyckawoTs, 1o Bipoigara PHE
MosKe OJIoKyBaTu abo samimaru kiaituaay PHE,
HOPYINYBaTU CILJIAWCUHT, BBAEMOIIATU 3 KJIITUH-
HUMU OiTKaMu.

0 KnioyoBa ines

MpioHn — ue iHbeKuiHi areHTW, AKi € 6inkamu
3 aHOMasbHOK TPETUHHOI CTPYKTypoto. Bipoi-
an — ue iHOEeKUiNHi areHTn, Wo CKnaganTbes
TiNbKK 3 KinbLesoi monekynu PHK.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Man. 76.3. BepeteHonogibHicTb 6ynbb kapTonni
CMPUYMHAETbCA Bipoigamum

¥ cyuacHi#l Hay1i Bipoigu BUKOPUCTOBYIOTH
AK MOJEJNbHI 00’€KTH AJA BUBUEHHS CTPYKTYPHU
i pyuxkuit PHK, a trako:x eBouiorii JJTHK i PHE
TeHOMiB.

[Noxop»keHHA BipoiaiB

IcHye rimoresa mpo Te, IO HePIIMMU MOJIE-
KyJlaM1, 3TaTHUMU OO CAMOBiITBOpeHHSA, Oyau
pisHi Bugu PHEK. BoHu BigmpamroBaiu mexa-
HiB3M CaMOKOMiIOBaHHA i peaJsizalfii cmagxoBoi
irgopmarlii, 3ymMOBUBINIU IIepexin Bia HeXKMBOI
OPUPOAU OO0 *KUBUX OpraHismis. Bigayuusam cra-
ponaBuboro PHK-cBiTy € pisHOOiuHI (QyHKILI
cyuacHux BunaiB PHK: BoHuM mepeHocATH crman-
KoBy indopmarnio (MPHK, PHK perpoBipycis),
6epyTh yuacTs y cmaaiicuury (MaPHEK) i cunTesi
oinka (rTPHEK, pPHK), maroTs KaTaxriTUUYHYy aK-
TUBHiCTH (pubo3umMm).

denomeH 30epiramusa cuagKkoBoi iH(popmalii
B moJiekyJi JIHK Bunuk misuimre. Ha Bigminy Big
PHE, IHK me 3gaTHa n0 camopelntikarilii, aje
BOHA XiMiuHO cTaOLIbHIINIA i CKJIaZAETHCA 3 TBOX
KOMILJIEeMeHTAPHUX JIAHI[IOTiB, IO [Oa€ 3MOTY
BimHOBMTH iH(popMaIlil0o B pasi MOMIKOIKEHHS
oxaoro 3 Hux. ¥ minomy HHK mosBosse Gibim
HamiiHo 30epiratm OinbIni oOcsaru imgopmairii.

Arimo ma rimoresa Bimmosimae pmificHoCTi,
Bipoify MOMKYTH OYTH «KUBUMU 3aJIUIITKAMU»
norsgituaHOro PHK-cBiTYy: BOHU peILTiKyIOThCHA,
He KOAYIOTh OiJKMU, AeAKi 3 HUX BUKOPUCTOBY-
0T [IJIs1 pemrikarmii pubosumu.

3anuTaHHA Ta 3aBOaHHA

1. Ynm cxoXi 1 uum BiOpIi3HATbCA Bipycy, NpPioHN
Ta Bipoign? 2. Yn mMo)kHa BBa)kaTu MpioHM i Bipoign
HeKNITMHHUMK dpopmamu KuTTa? 3. O6roBopiTh, y Yomy
MO>Ke MonAraT eBonioLiiHe 3HaYeHHA BipoifiB? NpPioHiB?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 77. PenpopayKuis NpoKapioTUYHUX KAITUH

0 [omipkynTe

[MpokapioT He MaloTb CTaTEBOrO PO3MHOMKEHHS,
ane y HUX iCHylOTb MeXaHi3Myn 06MiHY reHeTUYHOIo
iHbopmalieto. AKi cnocobn 06MiHY reHeTUYHoI
iHpopMalLli€to icHyloTb y npoKapioTis?

é 3raganTe

» bynoBa 6akTepianbHOI KNiTUHY
o Pennikauia OHK

biHapHWK nogin

IIpokapioTuuyHi KJIITHHU PO3MHOKYIOTHCA
HeCTAaTeBUM IIJIAXOM. PO3MHOMKEHHIO IIepenye
moaBoeHHA KinbieBoi mosexkyau [IHE, sakxa
B IIPOKapioTWUHi¥# KJiTHHI icCHye y BUTIIALL
KOMIIaKTHOI CTPYKTYPU — HYKJIEOINy, IO HpU-
KpilIeHu#l 10 Me30cOMHU (BIMHAHHSA ITUTOILIA3-
MaTUYHOI MeMOpaHu BCepeIUuHYy KJIiTUHN).

Penuikarnia kinbresoi moserynu [JTHK 6ak-
Tepiii MOUMHAETLCA 3 TOUKHM iHimiamii pemrika-
mii. Bouma BimbyBaeTbcsA OLHOYACHO B IPOTH-
JeKHUX HanpAMKax. depe3 IeBHUU Uyac IMicjasa
pemrikarii JIHK i posxom:xeHHs HOUipHiIX Xpo-
MOCOM KJIITMHA IIOYMHAE TiJIUTHUCH.

Y 6inbrmrocTi BUOAaAKiB mpoKapioTwuuHi KJIi-
TUHU JIiAATHCSA HABIJ 3 YTBOPEHHAM [IBOX OJ-
HAKOBUX 3a PO3MipoM JOUipHiIX KJITHH, TOMY
meil mpolec Ha3WBAIOTh OIHAPHUM IOTiJIOM

(man. 77.1).

«— KnitTMHHa memb6paHa

l KnitTmHHa membpaHa

BPOCTa€ MiX JBOMa

JHK

v

[OHK pennikyeTtbca

monekynamu JHK,

J x po3ainawun ix
@ @ Mogin 3aBepLueHUin

Man. 77.1. CxemaTnyHe 306pakeHHA GiHapHoro noginy
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Po3MHOXeHHs npokapioTiB BigbyBa€TbcA 3 Benu-
Ye3HOI LWBUAKICTIO. 3a CAPUATAMBUX YMOB iXHi
KNITUHW [inATbcA KOXKHi 20-30 xBUAMH. 3a Jo6Yy
B GaKTepill 3MIHIETbCA CTiINIbKU MOKOJiHb, CKiNIbKN
B NtognHM 3a 5000 pokiB. 3a HAaABHOCTI igeanbHMNX
YMOB, WO BUKIOYAOTb 3arnbenb KNiTWH, 3 OAHIEl
6aKTepil 3a 00Oy MOXYTb YTBOPUTUCA <HALLAAKU»
Macoto 4720 T (AKIWO NpUAHATK, Wwo 1 mnpa 6akTe-
pin mae macy 1 mr). HacTinbkn BMCOKi TeMnu pos-
MHOXEHHA MPOKapioTiB CNpuATb X LWBUAKOMY
MOLWMPEHHIO Ha mnaHeTi. OgHaK X PO3MHOXEHHA
obmexeHe KNiMaTUYHUMK YMOBaMU, Bi€I0 COHAYHO-
ro csitna, 60poTb60I0 MiK BUAAMU, HAKOMNYEHHAM
NpPoayKTiB 06MiHYy pPevyOoBUH.

B omguux BumiB OakTepiii GiHapHUN mOmija
BiIOyBa€eThCA IMIAXOM (QOPMYBAHHS Nepezo-
podku, 1o 3pocrae Bix mepupepii g0 meHTpa
(man. 77.2, a). B inmux BuAiB OaxkTepiit GiHap-
HUY NOoAiN BinOyBaeThbCcA HMIIAXOM YMEOPEeHHA ne-
pemsaxcKu: KJIiTHHA IMOCTYIIOBO CTOHIITYETHCA TI0-
cepenunHi, IIOKW He PO3ipBeThCA Ha IBi caMOCTifHI
KiaitTuam (Man. 77.2, 6). Inoxi mouipHi KiiTwHU
OaKTepill Iicjig MOAiy He PO3XOAATHCSI i 3aJIu-
Ial0ThCA IOB’sI3aHUMU MidK coboro. Ile cmpm-
YUHIOE YTBOPEHHA KJIITMHHUX CKYIIUeHb Pi3HOI
¢dopmu. Hanpuraan, chepruuri 6axTepii MOKYTD
yTBOpPIOBaTM mapu (OUIJIOKOKHU), JAHIIOKKN
(cTpenToxoKu) abo rpoHu (CTapiIOKOKM) KIITHH.

PisHoBuzomM OiHApHOTO TOHiNY € OpPYHbKY-
6GHHS, TKe MOXKHA PO3IVIALATH AK HEPiBHOBEIU-

YTBOpEHHA
a neperopoakn
6 YTBOpEHHA
nepeTaxKy
8 BpyHbKyBaHHA

Man. 77.2. CxemaTnyHe 300pa)keHHs cnocobis
noginy NpoKapioTUYHOI KAITUHW



Man. 77.3. Cxema yTBOpeHHs crop y 6akTepiii. Crnopa
PO3BMBAETLCA BCEpeauHi KNiTuHM GakTepii: oo 60 % Boau
nepexoauTb y 3B'A3aHWI CTaH, MPOTOMNNACT CTUCKAETbCA
i MOKPUBAETLCA Jy»Ke LiNbHO 060MOHKOI

Kuii 6imapuuii mogija. ITig uac OpyHbKYBaHHSA Ha
OJTHOMY 3 IIOJIFOCiB MaTepPUHCHKOI KJITUHU yTBO-
PIOETHCS MaJEHbKUM BUPICT, SKUM 361IbIITYETH-
cA i 3romom Bimoxpemuawerbesa (Mana. 77.2, 8).
Y pesyabTaTi OpyHbKYBAaHHSA YTBOPIOIOTHCS OB
HEepPiBHOIIHHI KJITHMHU, IO PO3Pi3HAIOTHCA 3a
dopmoI0, posMipamMm Ta IHIIUMHW O3HAKaMU.
MarepuHCchbKa KJIITHHA MIOCTYIIOBO CTapie, a mo-
yipHd KJiTWHA, HaBIaKW, aKTUBHO J00YIOBYE
KJITUHHI CTPYKTYPH 1 Kpallle IPUCTOCOBYETHCA
IO MiHJIHWBOTO CepeIoBUIIA.

YTBOpPEHHA criop

3a HeCIPUATIUBUX YMOB IaJIWYKOHOIiOHI
O0akTepii 3maTHI yTBOpIOBaTH cnopu (MaJ. 77.3).
Ha noBepxHi O0axTepiaJbHOI KJIITUHU yTBOPIO-
€ThCs IliJibHaA OaraTomrapoBa 000JIOHKa, yci
JKUTTEBI IIpollecu B KJITHHI TPUONHSIOTHCH.
CmopoyTBOpeHHA HE € PO3MHOXKEHHAM, TOMY
10 3 KOXKHOI KJITHHHU (GopMyeThCA OJHA CIIOpa
i unMca0 0COOMH HpPHU I[LOMY He 30iJIBIIYETHCS.
Y Burasazi cmopu mpoKapioTMUHa KJIITUHA BU-
TPUMYE [it0 BUCOKUX a00 HU3bKUX TEMIIepaTyp,
OTPYMHUX PEUYOBUH, 3HEBOJAHEHH:, 30epiraiouu
JKUTTE3NATHICTh IIPOTATrOM OaraThboxX POKiB. 3a
CUPUATINBUX YMOB O0OJIOHKA CIIOPU PYUHYETH-
cd, 1 mpoItecH KUTTENIAIBLHOCTI BiTHOBIIOIOTHCA.

KoH'torauia
Hna 6akTepiii XxapaKTepHUHN CTAaTEBUU IPO-
mec — KoH’oraiid. Ile mepeHeceHHA YaCTUHU

0 Kniouosa iges

MpoKapioTUYHI KNITUHN AiNATbCA HABMIN GiHAPHUM
noginom. CnopoyTBOpeHH:A i KOH'lorauisa y 6akTe-
pift He € cnocob6amm Po3MHOXKeHHA. Cnopu yTBO-
PIOIOTbCA ANA NepeHeCceHHA HeCMPUATANBUX YMOB,
a KoH'loraljia Npu3BoAUTb [0 O6MiHY FreHaMn MixK
0COBMHaMK.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

OHK
6akTepii

HoHop PeunnieHT
F* F
ol ile
&3 &=

F-pakTop *

el
el\e) \ero

KoH'torayinHmm mictok

Man. 77.4. Cxema KoH'torauii y 6akrtepiit

TeHeTUUYHOT'0 MaTepiaJy Irig uac 6e3mocepenHbo-
ro KOHTAKTy OaKTepiaJbHUX KJIITHH. ¥ IIpolle-
ci xkom’roramii mo crmemiaazbHOMY KaHAJJy, IO
YTBOPIOETHCA MisK ABOMA KJIiTMHAMU, (hpparMeHT
HOHEK 3 oxgHiel KIiTUHM nepenaeTbcAa iHIIN Kiri-
TuHi (Manx. 77.4).

Ina koH’forairii 6axTepiii HeobXigHa cielri-
aJjbHA IJIa3Mifa, AKa HasuBaeTheA F-haKkTopoMm.
Kow’roramis BimOyBaeThcAd 3a HASIBHOCTI ABOX
TuOiB KJaitwH: moHopiB (F'), mo BosomitoTh
F-dakropom, i perunienris (F-), 1o He MamTh
moro. F-akTop MicTuTh reHU CTPYKTYp, 3a
JOIIOMOTO0I0 SKUX BimOyBaeThCA MPUKPIILIEHHS
KJITHHHA-TOHOPA A0 KJIiTuHU-penuirieHTa. Ilotim
MiK KiaiTumHamMu (GOpPMYyeThCS KOH’ OraiifiHmii
MicTOK, uepe3d AKUN IepemaeThbCcA KOIIid
F-pakTopa, a Tako:k iHIII maasMigm 3 IIUTO-
mwirasmu goHopa. Ilicaa morpamnaaaa F-gaxrTopa
B PEIMOieHTHY KJIITMHKY BOHa crae F*.

Kon’roramisa He € cmocoboM CTATEBOrO PO3-
MHOKEHHSA, OCKiTbKM UMCJIO0 OaKTepiil mpu IIbo-
My He 30iabIlTyeThesA. KoH’foramiro BU3HAUYa0Th
AK CTaTeBUl WIPOIeC, II[0 IPUBOAUTH A0 TOPU-
30HTAJBbHOTO TIepPeHeCeHHs T'eHiB 1 cmpuse ooMi-
HY KOPUCHUMHU O3HaKaMu. 30KpeMa, KOH oraris
3a0esmeuyye ITBUKE IOIIUPEHHA MiK OGaKTepi-
AMU TeHiB cTifikocTi 70 aHTHOIOTHKIB y CKJami
IIasMif.

3annTaHHA Ta 3aBaHHA

1. AKi npouecn CNpUUYNHAIOTL peKkoMbiHaUilo reHe-
TMYHOro MaTepiany B npokapioTis? 2. Ynm cTtateBmin
npouec 6akTepil Bigpi3HAETbCA Bif CTAaTEBOrO PO3MHO-
eHHA eykapioTie? Yum BiH nogibHWIn fo Hboro?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 78. PenpoayKuia eyKapioTU4HUX KNiTUH

0 [omipkynTe

Yum BIAPI3HAETbCA reHeTUYHUI MaTepian eyka-
PIOTUYHMX KNITUH Bif reHeTUYHOro martepiany
npoKapioTie?

Q 3raganTe

» bygoBa KnitTmHHOro Agpa
» Xpomocomu

[eHeTUYHUI maTepian
B eyKapioTUYHUX KNITUHaX

KnitTuau eykapioriB BigpisHaOTHCA BiA
KJITUH HOpoKapioTiB O6inbHI CcKJIagHOIO OYyI0-
BOIO, HacaMmepeJ HASBHICTIO TAKMX KJIiTHH-
HUX CTPYKTYP, AK AAPO, PO3BUHEHA MeEpe’ka
BHYTPIINTHBOKJIITUHHUX MeMOpaH, MiTOXOHAPil
Ta mactuau. EykapioTuuse Aapo MiCTUTH BeJin-
KY KiJIbKiCTh T€HETUYHOTO MaTepiajuy, IIo IIpe-
CTaBJIeHUN, K IIPABUJIO, KiIbKOMa OeCATKaMU
moserya JHK. Komniekcu mux mosekyn JHE
3 0iTKaMM Ha3WMBAIOTh XPOMOCOMAaMM.

Habip xpomocom y AApi KJIiTHHM, 1110 XapaK-
TePU3YETHCSA IX YMCJIOM, Po3MipoM i ¢opmoro,
HasmBaoOTh KapiotumoMm. Kapiotunm e Bumocme-
MUpiTHOI0 XapaKTepPUCTUKOI0, TOOTO pidHi GioJo-
riuei Buau mMamTh pisHi Kapiotunu (man. 78.1).

ComaTtuyHi 1 cTaTteBi KNiITUHN

BararokaiTuHHI eykapioTuuHi opraxismm
MaloTh PisHi TUIIM KJIITHH, AKi cHeliajai3yroThb-
cA Ha BUKOHAHHI PidHMX QYHKIIiN. ¥Yci KIiTuHT
IOJiNISAIOTh, Ha COMATU4YHI Ta craTesi.

Y1) >
BRI X
o w =i, e
v# #'J'ﬂ: '%
« A7 k)
ary
JlogrHa [po3odina

Man. 78.1. Kapiotunu nig mikpockornom
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Yncno xpoMocom y npeacTaBHUKIB Pi3HNX
GionoriuHnx Buais

Bun
Mansapitiauit niasmomii
Pagionapia
IInomoBa mymika
Komap-nuckyH
Piunwnit pax
Papiuk cagoBuit
Kopon
OKyHBb 3BUUANHUN
Kaba
T'ycka
Kypka
3aennb
Homarmasa Kimka
Cobaka
Koposa
Kinp
Bicior
Cion
MMumnanze
Jlroguua
ITammopoTs
Annna
Mogapuna
Cocua
ITmernA-00HO3EPHAHKA
ITmenunsa Teepaa
ITmrenunnsa m’ axa
Kyrypynsa
Kapromnsa
Topox
Bumraa
Tpyma
Aonyus

Yucao xpomMocom
2
1600
8

6
116
54
104
28
24
80
78
48
38
78
60
64
62
56
48
46
1260
24
24
24
14
28
42
20
48
14
32
34
34
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AvnnoigHnin (2n = 46) y coMaTUYHUX KNiTUHAX
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Fannoighun (n = 23) y rametax

Man. 78.2. XpOMOCOMHMIN Habip NogMHN

CrareBuMu KJIiTHHaAMH (raMeTaMH) Ha3uBa-
IOTh KJIITUHU, cIlelliasizoBaHi Ha (PyHKIIil cTaTe-
BOT'O PO3MHOKeHHA. BOHU MiCTATEH MOJIOBUHHUH
Habip reHeTUYHOTO MaTepiaay i mig uac 3auTTs
OIHA 3 OJHOI0 YTBOPIOIOTH IePIIy KJIITUHY HOBO-
ro opraHismy.

CoMaTHYHUMM KJIITHHAMHM Has3UBaIOTh ycCi
iHII TUOIM KJIITUH, 3 AKUX OyAyeThCS TiJIO Op-
ra"ismy.

Yucyio XpoMOCOM y COMAaTUYHUX KJITUHAX
ocobuHU ab0 BUAY HA3WBAIOTh MUILJIOITHUM (I10-
nBifinuMm) 1 mosHauamTs 2n. Tak, y J0guHN
2n = 46.

VY craTeBUX KJITMHaAX YKCJIO XPOMOCOM Ha-
3WBAOTh TAIUIOLTHUM (OJWMHADHUM) i Io3Haua-
I0Th n. ¥ Jioguau n = 23 (manx. 78.2).

Henpamunn nogin eykapioTUYHMX KNITUH

IIporec momisy eyKapioTHUHUX KJIITUH 3HA-
YHO CKJAMHININN TMOPiBHAHO 3 MOAIJIOM ITPOKA-
pioTiB. EykapioTuuHi KJIiTHHN PO3SMHOMKYIOTHCA
MIJISXOM CIIeIliaJibHO BUPOOJIEHUX MexaHi3MiB
HeIPSIMOr0 MOAiJly — MiT0o3y i Meiiosy.

VYckaagHeHHS T€HEeTUYHOTO amapaTry eykKa-
pioTiB, HaABHICTb y IXHIX KJIiTMHaxX He OonHiel,
a 6ararbox mosiekys JIHK cTBopumio mpobiaemy
ix piBHOMipHOrO posmnonisy mix vyac nmoxiny. s

0 Kniouosa iges

EykapioTnuHe Aapo MiCTUTb Kinbka AeCATKIB Xpo-
MOcoM — KomnsekciB monekyn OHK 3 6inkamu.
Habip xpomocom y Aafpi Ha3MBalTb KapioTMMNomM,
i BiH € BugocneundiuHo XapakTepuctukoto. Pe-
NPoAyKLUiA eyKapioTUYHMX KNiTUH BifOyBa€TbCA
LLIIAXOM MITO3y 1 Meno3sy.

BUpilTenHsa 1iei mpobseMu B XO[i eBOJIOIii Bu-
HUK CIeIiaJbHUHA MexXaHisM IIoAiJy — MiTo3.
ITossBa cTaTeBOr0 POSMHOKEHHS CTajla IPUUU-
HOI0O BUHUKHEHHS MeW03y — OCOOJUBOTO THUIY
KJIITHHHOTO TOJiJy AJIs YTBOPEHHS CIeIliajiso-
BaHUX CTATE€BUX KJIITHH.

[lizHanTeca binbuie

Yncno xpomMocom He 3anexxuTb Big KinbkocTi JHK,
O B HUX MiCTUTbCA. ¥ 14-T XpOMOCOMax aMepuKaH-
cbkoi amdibii Amphiuma 'y 6nu3sbko 30 pasis binbLue
OHK, HixX y nioanHu. HanmeHwa xpomocoma amoibit
6inblue HaNBINbWKX XPOMOCOM JIIOLNHWN.

Po3mip reHomiB y npeCTaBHUKIB Pi3HNX TaKCOHIB
30BCIM He BifNOBIAAE HALOMy YABJIEHHIO MpPO Te,
XTO 3 HUX «BULLE», @ XTO «HWXKUYE» Ha EeBOJoLiN-
HUX cxopax. EBoniouiiHO NpuMIiTMBHI opraHiamn 3a
Bmictom [HK Ha KniTMHy Hepigko nepeBepLlyloTb
npeacTaBHUKIB €BOMIOLIMHO NPOLBITalouMX TaKCOHO-
MiYHMX FPYN: HaNpWKag, Po3mip reHoMy ABOANLLHNX
pub marixe B 35 pasiB nepeBuLLyE PO3MiIpP FreHoMy
JOAVHN.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. BukoHanTe 3aBfaHHA, KOPUCTYloUMCb Tabnuueto,
HaBefeHolo B maparpadi: a) BU3HaUTe, CKiNbKM Xpomo-
COM MICTUTbCA B rameTax i 3UroTi 3a3HayeHUX BUAIB;
6) MOPIBHANTE YNCNO XPOMOCOM Y Pi3HMUX BUAIB mMLle-
HUUi, 3pobiTb BUCHOBOK; B) MOPIBHANTE YMCIIO XPOMO-
COM B €BOJIOLiHO 6M1M3bKKX BUAIB, 3p06iTb BUCHOBOK.
2. Y npoueci eBonoUii KNITUHU «WyKann 6anaHco» MixK
KiNbKICTIO reHeTUYHOro maTepiany i YNCIIOM XPOMOCOM,
y AKMX BiH po3nogineHuit. Aki, Ha Baly AyMKy, npobne-
MU CTBOPIOE ANA KNITUHW BeNuKa KinbKicTb Xpomocom?
3aHafToO BeNMKi 3a PO3MipOM XpomMocomm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 79. XntteBuin unkn KnituH. IHTepdasa

0 [omipkynTe

Ha sakiin cTapii iHTepdasm noTpannaHHA XimiuyHOro
MyTareHy B KJTUHY MOKe CMPUUYUHUTU MOLLKO-
[PKeHHA CnagKkoBOro marepiany?

Q 3raganTe

 Pennikauia OHK
o ATO

KUTTEBUN LNKN KNITUHWX

JKuTTeBUil UK KIITMHM — Iie Iepiof il
icHyBaHHSA BiJi YTBOPEHHA NLIAXOM IOHiJIY [0
HACTYIIHOT'O IIOAily a0o mpupomHoi 3aruberi.

Y EHUTTEBOMY IMUKJII BUIIJIAIOTL OBi BEJIUKI
cranii — inTepdasa i Bmacue moxmis (maa. 79.1).

Intepdasa — mepion KUTTEBOTO ITUKJIY
Mi)X OgBOMA IIOCJIZJOBHUMM IOAijIaMM KJIiTH-
HU. ¥ Iel yac KJITMHaA PoCcTe 1 BUKOHYE CBOi
dyurmii B opramismi. OgHa 3 HaWBaKJIUBITIIUX
moxmiii imTepdasu — pemikaiisg (IIOJBOEHHS)
OHEK nepen momisom.

ITogin eyKapioTMUYHMX KJIITHH MOJKe Bif-
OyBaTucs IILJIAXOM MiTO3y abo Meiosy.

InTepdasa OHK = 2n — 4n
(6-8 roguH)
OHK = 2n
(6-12 roauH) S Pennikauin
OHK
G, Picr,
nigrotoBka
(3O @ATNREEY) G, Migrotoeka
ARK fo noginy
OHK = 4n
(3-4 roguHNn)
e
R ' Mopin
KnitnHa ‘<

B Crokoi © OHK = 4n — 2n (1 roauHa)

Man. 79.1. Cxema XWUTTEBOrO LMKy KNITUHU
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TpuBanictb KNITMHHOTO UMKNY B KAiTUH 6a3anbHo-
ro wapy enigepmicy LIKipu, YepBOHOrO KiCTKOBOro
MO3KY, KMLLUKOBOrO eniTesitlo TBAapWH, KNITUH TBIpHOI
TKaHVHW POC/INH CTaHOBUTb 8-36 rogviH. JlenkouuTn
NIOAVHY [inATbCA KOXHI 4-5 pi6. HankopoTwi Kni-
TUHHI UuKnn (6nn3bko 30 XBWIWH) BRAcTuBI embpi-
OHaJIbHUM KJiITVHaM FOJIKOWKIpUX i 3eMHOBOAHUX Ha
cTagii gpobneHHs.

MNepiogw iHTepdazm

1. Ilpecunreruunuii nepiox (G,). Kiituna
3pocTtae i BUKOHYe cBol (hyHKIII B opranismi.
30iabIIyeThCs KigbKicTh MeMOpan i oprame,
CUHTE3YIOThCS Pi3HI CIOJYyKH, 3amacaeTbCs
eHepria. KiaiTuaM mpoBOoAATH HEPBOBI iMOyJIbCcH,
CKOPOUYYIOTHCS, CEKPETYIOTh PEUOBUHU TOIIO.

2. Cunareruunuii mepiox (S). Posmoumna-
€ThCs MiArOTOBKA KJITHMHH A0 Imoxiny. Bim0y-
BAa€ThCS ONHA 3 HAWBaKJUBIINIMNX MHOAill iHTEp-
(asu — pemnrmikatnia (mogBoerusa) [[HK. Takox
MMOBOIOIOTHCA IEHTPOCOMMU.

3. Tlocrcunrernunuii nepiox (G,). Kiiru-
Ha 3aBepIye HiAToTOBKY a0 momiay. OcodamBo
iarencuBHO cuHTe3yeThecd AT®P, cTBOpiOOTHCA
HOBiI MeMOpaHH! ¥ opraHesu.

TpwuBanicTb iHTepdaszn

TpuBasicts iHTepdasu i KIiTHMHHOTO IU-
KJIy Bapiioe 3aJIe’KHO BiJi BMJOBOI HAJIEXKHOCTI,
TUNY KJIITUH 1 BiApisHAETbCA HAaBITH y PiSHUX
KJiTrHaxX omHiel i Tiel sk TkamuHU. ¥ OijbIoc-
Ti KJIiTHUH, III0 aKTUBHO iJIATHCS, TPUBAJICTH
imTepdasu craHoBUTL O0gM3bKO 10—24 roauH.
Y kiiTnHax, 110 TOBLIBHO AIIATLCA, Il mepion
MOJKe CTAHOBUTHU JeKiJbKa MicAIliB.

Maiike Bci BigmimHOCTI B uwacToTi momi-
Jy KJITHH 3yMOBJIE€HI PiSHHUIEI0 B MOBIKUHI
npecuHTeTudHOro mepioxy G,. V cepennbomy
B Oinmbmrocti KiaiTwH BiH TpumBae 3—8 ronuH,
a B KJITHH, IO IIOBiJIbHO OiIATHCA,— THMKHI
¥ HaBiTh poKU (KJIiTuHU meuinkm). Heaxi Kui-
TUHU iCHYIOTH V¥ TAaKOMY CTaHi BCce CBOE KUTTH,
He TepexoAs4yu B HacTymnHy a3y i He mpucry-
maroyu 10 noxiay. lo TakuX KJIITWH HajaeKaTb
crelliayizoBaHi KJITHHN 0araTOKJITHHHHUX Op-
raHisMiB, HaIpUKJIAJ €PUTPOIUTU, HEPBOBI Ta



M’s30Bi KiuiTuHH. KasKyTh, 110 Taki KJaiTuHU
nepexoaaTh y (asy cmokow G,.

Yac, 3a AKUN KJIITHHA IPOXOAUTH Iepiognm
S, G, i MiTO3, BiTHOCHO CTAIMi — y CCABIIiB BiH
Bapiroe Big 10 go 25 rogmu. Cam mpoiliec IOmiay
HabaraTo KOPOTIIWM, HiK eTam MiATOTOBKHU M0
HBOT'O: MiT03 cTaHOBUTH 0/n3bK0 1/10 wacTuru
KJIITUHHOTO ITUKJY.

Perynauis iHTepdasu

IcHYIOTH CKJIagHI MeXaHi3M1 KOHTPOJIIO KJIi-
TUHHOTO IUKJIy. Tpusanicts mepiomy G, sHa-
YHOIO MipOI0 BUBHAYAETHCA 30BHIITHIMU yMOBAa-
MU i curHaJIaMu Bif iHmuX KiitwH. TpuBaIicTh
nepiony G, perysareTbCa PO3MIPOM KJIiTWHH.

Y KIiTuHHOMY IMKJi iCHYIOTH TaK 3BaHi
KoHmpoavhi mourku. Ile KiouyoBi eramm, Ha
AKUX KOHTPOJIIOETHCA IIPABUJIBHICTH IIPOIIECiB,
10 BimOyBaloOTHCA, a TaKOMK 30eperKeHHs re-
HETUYHOTO Marepiaay. BakjimBa KOHTPOJBHA
TOYKa € Ha mouaTkKy (asu G,. fxmo ymosu
CIPUATIANBI Ta KJITMHA OTPUMYyE Bim cycin-
HiX KJITUH CHUTHAJMW 3POCTAaHHS ¥ IIOAiJIy, TO
BOHA IMOYMHAE IiAroToBKY mo perikarii JTHE.
VY dasi G, € KOHTPOJIbHA TOUKA, KA 3aTPUMYE
KJIITHHY y il ¢asi G,, AKIIo micaa pemrikamii
BuUsBUJIOCA moinkomkenusa JTHK.

Ilepexix Bixg omHOro mepiony KJIITHHHOTO
MUKJY [0 iHIIIOTO PeryJareTbcs (epMeHTOM
MUKJIIH3aJeKHOI NIPOTeiHKiHa300. Bamausy
poJsb y IIbOMY IpoIieci Bimirpae OiJIOK IIMKJIiH.

KouTtposbHi TouKu 3a6e3mMeuy0Th TPaBUIb-
HICTH i BHUCOKY TOUHICTH IIPOIECIiB AYILIiKAIii
i posxomxeHHA XpomocoMm. IlopyIiieHHA KOHT-
POJII0 KJIITUHHOTO IIUKJY MOXKYTbH IPU3BOLUTHU
10 POBBUTKY PaKOBUX 3aXBOPIOBAHb.

Ocob6numBiI KNITUHHI LMKNK

OnucaHi 3aKOHOMIPHOCTI KUTTEBOTO IMUKJIY
XapakTepHi s KJITHH, IO YacTO IiJAThCH.
OmHak iCHYIOTh KJIITUHU, JKUTTEBUN ITUKJ AKUX
Mae iHImi 0coGJIMBOCTI.

Hobpe Bimomo, I1I0 KJIiTWHU HEPBOBOI TKa-
HUHU, 0COOJIMBO HEHPOHU IIeHTPATHLHOI HEPBOBOIL
CUCTeMU, Hicasa eMOpioHAJIBLHOTO mIepiomy BTpa-

0 KnioyoBa iges

MuTTeBUI UMKN KNiTMHM — Ue nepiog i icHy-
BaHHA Bif YTBOPEHHA LAAXOM MOAiNY A0 HacTyn-
Horo noginy abo nNpuMpoaHoi 3armbeni. Y XutTe-
BOMY LMK BUAiNALTb ABi cTagii — iHTepdasy
i BnacHe nogin (mito3 abo merios).

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

YaloTh 3JATHICTH A0 moxiny. vKuUTTEeBUU ITUKJI
KJIITWH, II10 He IiJISThCs, BKJIIOYAE JIUIE IIePios
G, i ckmamaeTbca 3 POCTY, TPUBAJIOTO (DYHKILi-
OHYBaHH#A, CTAPiHHA W CcMepTi.

Kraituam neuinkoBol TKaHWHY (TeIaTOIIUTN)
IicJIA CBOTO YTBOPEHHSA NMIIAXOM MiTO3y TaKOMK
BCTYyNaIOTh y nepiox G, mig yac AKOTO BOHM BH-
KOHYIOTH CBOl uncjaeHHi pyHKIii. BoHI MOMXYTh
poramu nepebyBaTu Ha cranii G, He BCTynaouu
B mepiox S. OgHak y pasi moimkomxeHHs abo
BUJAJIEHHA YACTUHU IIeUiHKU BOHU IIPOJOBIKY-
IOTh HOPMAJIbHUI KJIITHUHHUHA IIUKJI — BXOOATH
y S- i G,-mepiogu, a moTim AinATHCA.

KiaitTuam meuinkm, a TaxkoX Ogedaki immri
KJIITHHU OpraHisdmMy JiogwmHu (HapUKJIam, ITig-
IIIJIYHKOBOI 3aJ103M) 3MaTHI I A0 iHIIIOTO BUIO-
3MiHEHOI'0 KUTTEBOTO ITUKJIY. BOHU IpPOXOIATH
G,- Ta S-mepiogu inTepdasu, ogHAK TOTIM He
BCTYyNaloTh aHi B mepiox G,, ami B miTo3, T0O-
TO He OinaTbeA. ¥ pesyabrari Kigbkicts [JTHE
B KJITWUHI 30iJbITyeTbCS — KJITUHA NE€PEeTBO-
proeTheda Ha nosrimnoiany. Ilominmoigai KiriTuaM
MeUYiHKN MalTh OiJbINi po3Mipu ¥ IIPaIfOIOTh
0inbiln e)eKTUBHO.

TpuBajgicTh KUTTEBOTO ITMKJIY MOXKe OyTH
pisKo cKopoueHa B eMOpioHANbHUX KaiTuH. Bi-
JIOMO, IO BEJUKi ANIEKJITHHU BiKe MiCTATH
y IIATOILIa3Mi yci KOMIIOHEHTH, HeOOXimHi s
yucyieHHUX moxiniB. Tomy micaa samiaigHeHHS
KJIITHHN IiaATbCSI HaA3BUUYAHO MIBUIKO 1 He
MaloTh y KUTTEBOMY IUKJI mepioxis G, i G,.

@ MpakTnyHa poboTa

LjumozeHemuyHa xapakmepucmuka A0pa coma-
MUuYHOI KJiMuHU y pi3Hi nepiodu KnimuHHoz20
yukny

1. Po3rnaHbTe cxemy KAITMHHOrO LMKy COMaTuy-
HOI KMiTMHW. 3BEPHITb yBary Ha 4MciO0 XPOMOCOM
Ta XpoMaTua y Agpax KATUH Ta ixHi MopdonoriyHi
0CO6NMBOCTI Yy Pi3Hi NepioAn KNITUHHOIO LKMKAY.
2. Cknagitb Tabnuuto, y AKIN yKaxiTb 03HaKW Agpa
y Pi3Hi Nepiogn KAITUHHOIO LMKIY.

3. ChopmynionTe BUCHOBOK.

3anuUTaHHA Ta 3aBJaHHA

1. HepBOBi KNiTMHW NOAUHU [INATbCA TiNbKU Ha
cTapii embpioHanbHOro po3BUTKY. YoMy nisHille BOHM
nepecrawTb AIMTUCA | nepexoaaTtb y ¢pasy cnokowo G,?
2. Y yomy MoOnAra€ Npu3HayeHHA KOHTPOJIbHMX TOYOK
KNiTUHHOTO uukny? 3. Yn moxe KniTvHa NnponTu CTagito
pennikauii JHK, ane TaKk i He nouaTtn nogin?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 80. CTpyKkTypHa opraHi3auisi XpoMaTUHY

0 [omipkynTe

YoMy WinbHICTb MaKyBaHHA Pi3HUX AiNAHOK Xpo-
MaTUHY MOxe 6yTu pi3HoI0?

Q 3raganTe

» bygosa monekynu [JHK e bBinkn
* Xpomocomu

IHTepda3Hmi XxpomaTnH

Moneryau [IHK B intepdasuHomy Anpi mig
CBITJIOBUM MiKPOCKOIIOM BUIJIAJAIOTH SAK 0€3-
CTPYKTYPHE TepelJieTiHHA HUTOK, II[0 HasWBa-
IOThb XPOMATHHOM. XPOMATHUH — Ie KOMILIEKC
OHEK i 6inkiB. Binku xpomMaTMHY BUKOHYIOTH
CTPYKTYPHY # peryaaTopHy QyHKIii. CTpyKTyp-
Hi 6iIKY TiATPUMYIOTH TPUBUMIPHY CTPYKTYDY
mogaerynu [JTHK, cTtabimisyiors il Ta 3aXUIa0Th
Bif momkomkeHb. PeryasaropHi O0iKu peryJiio-
I0Th aKTUBHICTH I'eHiB.

Hurku JHK y xpomaTwHi IeBHUM YWHOM
ymakoBaHi. Pospisusiors Oigbin miigbHi (rere-
poxXpoMaTHUH) i MeHII IIiJbHI (eyXpoMaTuH) mi-
JIAHKY XPOMAaTHHY, III0 MAIOTh Pi3HY (YHKILiO-
HaJIbHY aKTuBHicTH (Masa. 80.1).

XpomatuH

l

EyxpomatuH

l

leTepoxpomatTvH

(cnabo KoHaeHco-
BaHWUI, aKTUBHWIA)

(CMNbHO KOHAEHCco-
BaHWUI, HEAKTUBHUI)

I l

KoHcTpyKTMBHMI
(cTPpYKTYpHMIA)

®dakynbTaTMBHUI

(MiCTUTb reHn, He (He MiCTUTb reHiB)

aKTUBHI B Ui Kni-
TVHI B Lel 4ac)

Man. 80.1. EyxpomaTtuH i retepoxpomaTuiH
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0 [lizHanTeca 6inble
3a ponomoroto FISH-TexHonorii, wo gae 3mory dap-

6yBaTV KOXXHY XPOMOCOMY B OKPeMWid KoJlip, yUeHi
ni3Hanuca, wo B iHTepdasHOMy Afpi Xxpomocomu
pO3TalloBaHi He XaOTUYHO, a 3alMaloTb MeBHe Mic-
Le i MaloTb KOHKpPeTHe OToYeHHA. [TopyLeHHA Lbo-
ro MOpAAKY CNocTepiraeTbCA B pasi XPOMOCOMHMUX
naTonorin.

Hykneocomun

EneMeHTapHOIO OAWHUIIEI0 YIAKOBKU XPO-
MATHUHY € HyKJeocoma. HykjeocoMa € IMCKOIIO-
Ii0HOI0 YACTUMHKOIO, IO CKJAZAE€ThCA 3 OiJKiB
ricToHiB, HABKOJIO IKOI 00MOTaHA MBOCIIipaJbHA
AJHK (man. 80.2).

XapaKTepUCTUKN HYKSTIEOCOM

« [To criagy HYKJIEOCOMU BXOAUTH YOTUPU
mapu ricromoBux 6inxiB H2A, H2B, H3 i H4
(Bcwhoro Bicim 6inKiB).

« IliameTp HYKJIEOCOMHOTO AVCKA CTaHOBUTH
11 um, a foro ToBIMHA — 5,5 HM.

« IHK pobuts 1,67 oGepra (147 map HY-
KJIEOTHIiB) HABKOJO HYKJIEOCOMHOTO fAIpa.

- HykjeocoMu po3TaImioBaHi y3JOBMK MO-
aexkyau [IHK ma Bigcrami 10—-20 uM omHa Bix
OIHOI.

« Mingurka [IHK wmixx HykJeocomMaMmMu Ha-
suBaerbca JgiHkepHoio [IHK i cramosButs 10—
100 map HYKJEOTUmiB.

- 3 minkepuoio IHK mixx mBoma cycimaiMu
HYKJIeocoMaMu 3B’s3yeThbedA ricTom HI.

JliHkepHa
ninfaHkKa

Hykneocoma

Man. 80.2. HykneocomHe yknagaHHa [HK
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Hinsuka nmoasiuoi coipasi [[HK

Hyxkneocomumnii piBeHs
JOHK mamorana Ha 6iJIKOBi « HAMUCTUHU» —
OLIKM-TiCTOHY 3 YTBOPEHHAM HYKJIEOCOMHOI HUTKU

CosneHoimgHUii piBeHb
CKpyuyBaHHA HYKJIEO0COMHOI HUTKHU 3 YTBOPEHHIM
XPOMAaTUHOBOTO BOJIOKHA — (hibpuau

ITerenpHnii piBeHb
ITakyBaHHA XpoMaTUHOBUX (HiOPUII HETIAMU

JloMeHHUI piBeHb

YTBOpeHHS IeTeJIbHUX NJOMEHIB, AKi CBOEI0O OCHOBOIO
Kpiniarsed go 6irkoBoro marpukcy B minaakax JHE
3 BucoKuM ymictom A /T map HyKJeOoTUIiB

XpomocomMHUIT piBeHb
Ocranniii (Buiuii) piserb komnaxktusarii [JHK. Mi-
TOTUYHA XPOMOCOMA, 1[0 CKJIAZAEThCA 3 IBOX XPOMa-

Man. 80.3. CTpykTypHa opraHisauia JHK Ha pi3HMX cTagifax KNiTMHHOro UMKy (piBHI KOHAeHcauii XpomMaTuHy)

CTpYKTYpHIi 3MiHM XpOMaTUHY
B KNITUHHOMY LK

Ilepen mopmisoM KJIITMHUM XPOMaTHUH KOH-
nercyerbead — JHK ckpyuyerbcs i 3a yuacTtio
crueriaJbHUX 0iJIKiB CIIaKOBYETHCA B KOMITAKTHI
cTpyKTypu — xpomocomu. IIlinmrHa ymakoBka
IHK y xpomocomMaX IIE€PelIKOIKa€ PO3pUBaAM
muTok [ITHK y npomeci moxiny wkaituawm. Ic-
Hye IeKiIbKa PiBHIB KOHIeHcallil XpoMaTuUHY
(man. 80.3). Binku xXpoMaTwMHY MOMiISIOTHCS
Ha ocHOBHI I Kuciai. OcuOBHI GinKM mpexmcTas-
JIeHi ricToHaMu, SKi 3a0e3MeuyioTh IIPOCTOPOBE
yraanauua [JHK. Kuciai 6inku xpomaTtuny me-
PEeBa’KHO € PeryJATOPpHUMHU Oinmkamu abo dep-
MeHTaMu, II0 0epyTh ydyacTb y MeTabosismi
HYKJIETHOBUX KUCJOT.

0 Kniouosa iges

Mepepn noginom KNiTMHM XPOMaTMH YNaKoBYETbCA
B KOMMAKTHI CTPYKTypu — Xxpomocomu. LinbHa
yrnakoBKa MnepelKkoaa€ po3pueam HuUTok [HK
y npoueci noginy. EnemeHtapHo0 oguHuueto yna-
KOBKM XPOMaTUHY € HyKneocoma.

® MpakTnyHa poboTa

BueyeHHs 6y008U XpOMOCOM HA hocmiliHoMy npe-
napami 2i2aHMCcbKUX XxpoMOCoM MomunA

1. Po3rnsaHbTe 3a 36inblueHHA MiKpockona 64X no-
CTINHUI MiKpornpenapaT CAUHHWX 3an03 MOTWUAA
M 3HAWAITb HAa HUX KNITMHW, NOTIM — Aapa KNiTWH.
2. Po3rnaHbTe sppa 3a 36inblieHHA MiKpocKomna
160%. 3HaNAITb y HUX BeNeTeHCbKi XPOMOCOMM, AKi
CXOXi Ha MOCMYroBaHi MiHil 3i «3gyTTAMM» Ta MNpo-
30py Kapionnasmy.

3. 3amanionTe 3HaMgeHi XPOMOCOMMU N MigNULWITbh
IXHI YacTUHW.

4. ChopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. flke 3HauyeHHA AnNA OYHKLiIOHYBaHHA reHoMmy Mma-
I0Tb Pi3Hi piBHI yknagaHHA [OHK? 2. Y ckinbku pasis
3MEHLYITbCA NiHINHI PO3MIpU XPOMOCOM 33 MaKCu-
MasibHOI KOMMaKTu3alii XxpomaTuHy (MOPIBHAHO 3 MNO-
asinHoto cnipannio OHK)?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 81. MiToTnuHuM nogain

0 [omipkynTe

Yomy MiTO3 He NOTpibHWI GakTepiam?

Q 3raganTe

» bygoBa KnituHm o KNiTMHHUM Uunkn

o IHTepdaza e XpomaTuH

» Xpomocoma

3aranbHa cxema i bionoriyHe 3HauYeHHA
MITOTUYHOTO NoAiny

MiToTHYHUH MOTiJI — IIe cI0ocib HempsaMoro
nojisly eyKapioTMYHUX KJIITWH, 34 AKOTO Te-
HETUYHHUUN MaTepiaj piBHOMIpHO PO3IOAINAETDH-
cd MiK mouipHiMm KiaitTmHamMu. Y pesyabTaTi
MiTOTHYHOTO TOMiJIy YTBOPIOIOTHCS ABi MOuipHi
KJITUHU, SAKi € TOYHOI0O T€HEeTHUUYHOIO0 KOMi€lo
MaTepuHChbKOI KiaiTuHu (mana. 81.1).

Ot:ke, 3aBEAHHAM MITOTHUYHOI'O IOJiJIYy €
TOYHE KOIIiIOBaHHS reHeTnUHOoi indopmarrii i Bia-
TBOPEHHA YMUCJIEHHUX KOMi# (KJIOHIB) BUXimHUX
KiaiTuH. OcCHOBHUMU OioJIOTiYHMMU IIpOIlecaMu,
AKi peaJsisyroTbCcd 3a PaXYHOK MiTOTHYHOTO IIO-
iy, € picT opraHisamiB, pereHeparisg opraHis
i TKAaHWH, a TAaKOX HeCTaTeBe PO3MHOYKEHHS.

InTepdasa

2n2c

Pennikauin
AHK

2n4c

/N

Mitos
2n2c 2n2c

Man. 81.1. 3aranbHa cxema MITOTMYHOrO noginy. 2n — Au-
NnoigHe Yncno XpoMocoMm, 2¢ — Kinbkictb AHK y gunno-
inHoMmy Appi, 4c — nopBoeHa Kinbkictb JHK B Agpi nicna

pennikauir

170

[igrotoBKa KNiTMHW 4O MITO3Yy

Ha cragii S inTepdasu BimbyBaeThca pemi-
kamia [JHK. ¥V pesyabrari 3arajbHa KiJIbKicTb
TeHEeTUYHOTO MaTepiasly B KJITHHI MOABOIOETH-
ca. Komii monmexkyn IIHK, 1o yTBopmauca mifn
yac perikarii, He BiJOKPeMJIIOIOTHCA OAHA BiJ
ONHOI, a 3aJuINalThCA 3’ €THAHUMHU B TiJIdH-
i meHTpoMepwm — TaK MAaiOyTHI XpoMocoMu
HabyBatoTh X-moxi6uoi ¢gopmu. I1i xomii Hasm-
BalOTh CECTPUHCHKMMH XPOMATHIAMM, BOHU €
a0COJIIOTHO iTEHTUUYHUMMU.

Ho kiuma inrepdasu KIiTuHA Mae TOABOEHY
OHEK, 36inbIiiieHnii 06’eM IIUTOILIa3MU, 301IbITIe-
He Ymcjio MeMOpaH Ta iHIITUX OopraHes, a TaKoK
samac AT® npna 3abesmeueHHs BCiX IIpoIecis
eHeprieo.

Cragii miTo3y

MiTtoTuuHUHA IOAIJI CKJIAZAETHCA 3 JBOX CTAa-
oift — mominy KiaitTuaHOTO Axpa (MiTo3, abo Ka-
piokines) i posmominy nmuronsgasmMu (IUTOKiIHE3).

MiTos ckiaamaeTbcAd i3 YOTHMPHOX CTamiit —
npogasu, memagasu, anagasu i menopasu.

Cepentsa TpuBaJIicTh MiTO3y — 1—-2 roguuu.
HaiimBuaiie giiaTbess eMOpPioHAIBHI KJIiTHHU.
Tak, npobeHHA AUINEKJIITHHU BigOyBaeThCcA 3a
10-40 xBusmH. MiT0O3 Yy POCIMHHUX KJIITHHAX
TpuBae 2—3 TOAWHU, MIiTO3 y KJIITUHAX TBaApUH
BimOyBaeThea mBuaiie — 0au3bko 30—60 xBu-
JIVH.

MopdonoriyHa 6ygosa metadpasHoi
XpOMocomu

Sk Bam yKe BimomMoO, XpoMocoMu Ha CTa-
Iii meradaszum MaKCcUMAaJbHO HIiLJIBHO CIIaKOBaHI
(6yzoBy meTadasHOI XPOMOCOMM BU BUBUAJIU Pa-

A

MetaueH-  CybmeTaueH- AKpoLeH- Tenouen-
TpUYHa TpUYHa TPpUYHa TPpUYHa

Man. 81.2. Knacudikauis xpomocom 3a mopdonorieto



Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Cragii miTo3y

IIpogasza
Xpomocomu XpoMaTHH KOHEHCYEThCH, IIiJ] MIKPOCKOIIOM CTal0Th IOMiTHI OKpeMi XpPOMOCOMU.
FKosxHa xpomocoMa CKIaZaeThCs 3 IBOX iTEHTUUHUX CECTPUHCHKUX XPOMATHUT.
<( - } HaepHa 000JI0HKA 1 AMeplie pyHHYIOTbCA. ¥ MUTOIIa3Mi (POPMY€ETHCA BEPETEHO
momisy.
flpepHa / K Tpusasicts: 30 xB — 1,5 roguHu]
060510HKa
Meradasza
Hurku BepeTeHa moijly IPOCTATAIOTHCS MisK IOJIFOCAMU KJIITHHU. XPOMOCOMK
MINKYIOTHCA Ha €KBATOPi KIITUHYU, TPUKPIIIIOIOTHCA IIEHTPOMEPaMU 10 HUTOK
) BepeTeHa, yTBOPIOIOUN MeTadasHy IJIaCTUHKY.
Mikpotpy- TpupaiicTs: 10 1 XBuIMHA
604KNM S
Amnacgasa

CEeCTPUHCHKI XpOMaTUAU CTAIOTh OKPEMUMHU JTOUiPHIMHU XPOMOCOMAaMMU.
TpusamicTs: 2—3 XBUIUHUA

Xpomatngmn - CecTpUHCBHKI XpOMaTHIU BiJOKPEMIIOIOTHCA OHA Bii OHOI i TPOCYBAIOTHCS
Y3I0B:K HUTOK BEpeTeHa M0 IMMPOTUJIEKHUX ITOJIOCiB KiIiTnHu. Big iboro MoMeHTY

Tenodasza

Xpomocomu (0LZHOXPOMATHUIHI) 30MPAIOTHCA HA MPOTUIEIKHUX MOJI0CAX KIITUHA
M OTOUYIOTHCS ANEPHUMU 000JIOHKAMY — BUHHUKAIOTh JBA HOBUX KJIITHHHUX AIpAa.
DopMyIOTHECA ANEPIS, JeKOHIEHCYEThCA XPOMATIH, 3HUKAE BEPETEHO IOLIY.
Tpusasicts: 20—30 xBUIMH

[HouvipHi KNiTuHM

mime) (man. 81.2). BoHr KOMIAaKTHO PO3TAIIIO- @ MpakTryHa pobota

BaHl B ALIAHII eKBaTopa KJiTWHH 1 HAHOLIBI Bus4eHHA cmadili Mimo3y Ha npenapami KopiHysa

3PYUHI AJid BUBUEHHS MiJ] CBiTJIOBUM MiKPOCKO- yubynuHU
nom. Came Ha MeradasHuUX MiKpompemaparax 1. TlomicTiTb Mmikponpenapat mig Mikpockon
BH3HAYAKTh KaplOTHUII. Ta YBaXKHO PO3MNAHbTEe KNITUHWU. 3HANAITb KNITUHWK,

[lizHanTeca binbue

LleHTpOMepHi 4acTMHM XPOMOCOM npeacTaBneHi
reTepoxXpoMaTVHOBUMUN AiNAHKaMW, WO MiCTATb
6aratopasosi nostopu [HK. Kpim noegHaHHsA ce-
CTPUHCbKMX XpomaTtug, LeHTpomepa bGepe yyacTb
y dopMyBaHHi KiHeToxopa — cKnagHoro 6inkoBo-
ro KOMMJIEKCY, A0 AKOro MPUKPINIOTbCA HUTKK
BepeTeHa noginy.

0 Kniouosa iges

MiToTnuyHMIA nogin — ue cnoci6 HenpAmoro no-
Jiny eyKapioTUUYHKX KNITUH, 3a AKOro BifbyBaEeTbCA
TOYHe KOMiloBaHHA reHeTUYHOoI iHdopmalii, i re-
HETUYHUIN MaTepian PIBHOMIPHO PO3MOAINAETbCA
MK JOYIpHIMW KIiTMHaMK. 3aBAAKM MITOTUYHOMY
nopiny BiaOyBalOTbCA PICT, pereHepaLia i HecTa-
TEBE PO3MHOMXEHHS.

WO [iNATbCA, Ha PI3HUX CTafiAax MITO3y Ta iHTep-
dasHi KNiTnHN.

Mopada. LLo6 3HanTK BCi CTagii MITOTUYHOrO LMKy,
nepecyBanite npenapar.

2. 3amantonite KNiTUHM Ha Pi3HMX CTagiax MiTOTUY-
HOrO LuKIny.

3. CoopmyrntonTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

\g

¢da3

LeH
AKO

1. [nAa npuroTyBaHHA XPOMOCOMHUX Mpenapartis

NOAVHN BUKOPUCTOBYIOTb BEHO3HY KPOB. fIK BM BBa-
»KaeTe, XPOMOCOMM AKX KNITUH KPOBi BMBYAIOTbCA Nif
MIKPOCKOMOM — epuTpouuT um nenkoumntu? 2. Ynm
MOXHa MpPUroTyBaTK KapionoriyHi npenapatn 3 meTa-

HUMW NnacTuHKamu Henpodis? 3. Lo craHeTbca

B pe3ynbraTi MiTO3y, AKWO OfHAa 3 XPOMOCOM YyTpaTuTb

Tpomepy? 4. MNMomipKyiTe, K 61 NWna eBonioLis,
N He BMHMWK MITO3.




Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 82. LinTokiHes. Perynsauia i nopyweHHA npouecy mMiTto3ly

0 [omipkynTe

AKUMU MOXYTb OYTV MOPYLUEHHS MITO3Y, AKLIO
OfjHa 3 XPOMOCOM BTPaTUTb LieHTpomepy?

Q 3raganTe

» bygoBa poOCAVMHHOI KNiTUHA
e KniTmHHa cTiHKa

LinToKiHe3 y pocnnH i TBapuH

HacrynHoro cramiero mmicasa mominy sgpa €
IMTOKiHe3 — cTajia mozminy murorniaasmu. Lleit
IpoIlec 3aBEPIIYETHCA YTBOPEHHAM [IBOX OKpe-
MUX JOUipHiX KJituH (Mmajn. 82.1).

Y xigiTmHax TBapUH i POCIMH ITUTOKiHE3
BiZ0yBa€eThCA MO-pisHOMY. ¥ TBAapUHHIN KJIiTUHI
BUHUKAE MePeTsKKa IJIadMaTUuUYHOI MeMOpaHu,
10 OIlepi3ye KJIITMHY TO eKBaTopy. Y TBOPEHa
00pO3HA MOCTYIIOBO IIOTJIMOJIIOETHCSA i, BPEIITi-
PeIlT, po3aijfae IUTOIJIa3dMU AOUipHiX KJIITHH.

Y pocauH y IEeHTPi KJIiTHHU YTBOPIOETHCA
KJAIMUHHA NAAGCMUHKA, SKA PO3POCTAETHCA 3Ce-
penvHU i 3peIiToio MOBHICTIO PO3AiIAE HOUipHi
KiaitTuau. Tarkuii cmoci®é posgijieHHs IIUTOILIa3-
MU 3yMOBJIEHUIT HAABHICTIO KOPCTKOI KJIiTUHHOL
CTiHKY POCJIWH. ¥ AeAKUX MiCIIAX Mi¥K POCJIMH-
HUMU KJiTmHamMu 306epiraioThcsA I[UTOIIJIa3Ma-
TUYHI KaHaau i GopMyIOThCA NJAA3MOOECMU.

He zaBxxawm mopmin saapa cynpoBOIKYETHCA
TOIiJIOM ITUTOIJIa3MU. ¥ Pasi IOPYIIIeHHs IUTO-
KiHe3y popMyOThCA ABOANEPHi abo HaBiTH Oara-
TOANEPHI KIiTrHY (cuMILIacTn). I3 Takux KIiTuH

a 6

Man. 82.1. LnTokiHe3 y pocnuH (a) i TBapuH (6)
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[lisHalTeca 6inblue

LinTokiHe3 MoxHa 610KyBaTH LUTYYHO 3a JOMOMOTOH0
OeAKMX XiMIYHVX PeYOBVH, HaMpUKIag LuToxanasiHy.
Tak MOXKHa OTpMMYBaTU KNiTUHWU 3 4, 8 i Ginbwunm
yncnom apep.

CKJIAaIaI0ThCA, HAIPUKJIAL, Milesaiit 6ararbox
rpubiB Ta BOJIOKHA CKEJIeTHOI MYCKYJATypH.

MopyLUeHHA NpoLecy MiTo3y

SAxio HopManbHMH ITepebir MiTo3y IOPYIIy-
€ThCS, TO YTBOPIOIOTHCA KJIITUHU 3 He30aJIaHCo-
BAaHUM T€HETUYHUM MaTepiajiom.

HeposxomkeHHA CECTPUHCHKUX XPOMAaTHU/
B aHadasi IpPU3BOAUTH A0 HOABOEHHS YMUCJIA XPO-
MocoM — moJaimaoimii. Taxke MOMKJINBO, AKIIIO
3 IeBHUX IIPUYUH He (DOPMYETHCA BEPETEHO II0-
mimy abo K He PYHHYIOTBCA Koze3iHu — OiJIKH,
AKi yTPUMYIOTh CECTPHUHCHKI XPOMATHUIN PA3OM.

SIKIII0 XpOMOCOMH PO3XOAATHCA O IOJIO-
CiB KJITUHM HEPiBHOMipHO, CIIOCTepiraeTrnhcsa
aHeyIIoOiMiss — HecTaua ab0 HaABHICTH 3aliBUX
XPOMOCOM Y OOYipHIX KJIITMHAX.

YacTkoBa BTpaTa TeHETHUYHOTO MaTepiaay
B XOIi MiTO3y MOJKJIMBa BHACJiIOK (pparmenTa-
mii xpomocom. [lesaki ximiuni peuoBuHU, Bipycu,
MOHiI3yI0Ue BUIPOMIHIOBAHHS Ta iHIN YMHHUKU
COPUYMHAIOTHL PO3PUBU XPOMOCOM. XPOMOCOM-
Hi (pparmMenTu 0e3 IEHTPOMEPHUX IiJITHOK He
MOXKYTh NPUKPIDUTHUCA O BepeTeHa NOOoJiay,
He PO3MOIiIAITHCA A0 HOBUX KJIITMHHUX ANEP
i pYHHYIOTBCSA B I[UTOILIA3Mi.

[lisHanTeca 6inblue

[JleAaki nopylieHHA MITO3y BMKOPWCTOBYIOTb y Mpak-
TUYHUX LinAax. XiMiyHi peyoBMHY, WO NepeLlKkoa,a-
0Tb YTBOPEHHIO HUTOK BepeTeHa Moginy (KOnXiuuH,
KOJLeMif, TOLWO), BUKOPUCTOBYIOTb ANA OTPUMAHHA
noninnoigHMx KnitnH. lNoninnoigusauia € ogHMm
3 MeTOAiB CTBOPEHHA BMCOKOMPOAYKTUBHUX COPTIB
CiNnbCbKOrocnofapcbkux pocavH. PocnmHu 3 no-
niNAoOIAHMMK  KAITMHaMU MatoTb Ginblwi  po3mipu
i 3amacatotb Ginblue MOXMBHUX PeYoBUH. KonxiuuH
BVMKOPUWCTOBYIOTb TaKOX Yy LMTONOFIT ANA 3YMUHKK
KNiTMHHOrO MopAiny Ha ctagii metadasu, WwWob otpu-
MyBaT\ MiKpornpenapaTu KniTuH, AKi AinATbcA.



BinkpuTnii optomiTos 3aKpuUTUI NIEBPOMITO3

Man. 82.2. Tunu mito3y

¥ misomy mopyIIeHHA MiTO3y TPAMJIAIOTHCSA
piako i He mepesBuIyTs 1% , IMpoTe BOHU Uac-
TilamTh 3 BIKOM OpraHiamy, y pasi OHKOJIOTiu-
HUX 3aXBOPIOBaHb, BipycHHX iH(peKIil, micias
pPaZliocaKTUBHOTO ONMPOMiHEHHS.

Tnnu mitosy

OcuHoBHa KJacudikaria TUIIiB MiTO3Y I'DYyH-
TYE€ThCS Ha CTaHi AmepHOl 000JOHKH B IpoIieci
moainy. 3a BiZKpMTOro MiTo3y 000JIOHKA sSApa
PYHAHYETHCA, i BepeTeHO MHOIiJy YTBOPIOETHCS
B IIUTOIJIa3Mi. 3a 3aKPHUTOT0 MiTO3y DPYHHY-
BaHHA sJepHOi 000JOHKM He BimOyBaeThCsd,
a YyTBOpPEHHs BepeTeHa i MiT0O3 BigOyBarOThCS
BCepeauHi Axpa.

ITe oxma racudikaiia BpaxoBye CUMETPiI0
BepeTeHa. 3a OPTOMITO3y BEPETEHO CUMETPUUHE
IT0JI0 eKBaTopa KJIITHHU. 3a IJIEeBPOMITO3y Be-
PeTeHOo CKJIANAETHCA 3 JBOX YACTUH, AKi MOKYTH
pOS3TaNIOBYBATHUCSA Tifi KYTOM OJHA O OJHOI.

JJis TBAPpUH i BUITUX POCJUH XapaKTepHUN
Bimkputuit opromitos. EBosoniiino maBHimIum
BBasKaIOTh 3aKPUTHUI IIJI€BPOMiTO3, HAIPUKJIA,
y ApiskmxoBux rpmbiB (mas. 82.2).

PisHoBumoM MiTO3y € eHOOMITO3, 3a SIKO-
r0 XPOMOCOMH IIOABOIOIOTHCSA, ajie MO Aapa
i KJIiTuHU He BimOyBaeThcs. Y pesyJbTaTi B On-
HOMY AAPi HAKOTMMUYYIOTHCA YNCJIEHH] KOmii Xpo-
mMocoM. SIKITO IIi KoImii He PO3XOoAAThCH, a 3a-
JIUIIAIOTHCA 3YEIJIEHUMU Pa3oM, YTBOPIOIOTHCS
riraHTCBKi mogiTeHHi Xxpomocomu (Mmas. 82.3).

0 KnioyoBa iges

LinTokiHe3 — cTagia noginy uutonnasmm, Aka
3aBepllye MOAIN YTBOPEHHAM [BOX OKpemMux
JOYIPHIX KNiTWH. YCi cTagii MITOTMYHOroO MOAiny
KOHTPOJIOKTbCA | PerynioTbca cneuianbHUMm
6iNKOBMMMN KOMMeKcamu. YHacnifoK mnopyLieH-
HSl MPOLeCiB MITO3y BMHUKAE He3banaHCOBaHWUM
po3nopfin reHeTMYHoro Mmartepiany (noninnoigis,
aHeynnoigia).

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

-

Man. 82.3. lNoniTeHHi xpomocomu

Perynauia npouecy mito3y

¥V 3amycKy Imo4aTKOBUX CTaAiil MiTo3y (Ipo-
dasu ¥ meradasu) aKTUBHY ydacThb Oepe uu-
KJMiH-KiHaA3HUll Komnaekc (0iIKU IUKJIiH-KiHa3a
1 mMuKJIiHM). BOHM KOHTPOJIIOIOTH YKJIaTaHHS
i posmana BepeTeHa IOAiNy, PyHHYBaHHS i1 Bin-
HOBJICHHS sifiepHUX 000s0HOK. Kpim Toro, Bimo-
Mi iHIIL TUNIM KiHa3, AKi peryJioioTh KOHIEH-
caliro XpomMaTuHy, 30MpaHHS BepeTeHa IMOLiIy
i TpuUKpimJIeHHA OO HBOTO KiHETOXOopa, IIOHiJ
CeCTPUHCHKUX XPOMATH]I.

AxTuBania anagasu BigOyBaeTbecA I gi€io
iHITOTO OiJIKOBOTO KOMIJIEKCY — UUKJIOCOMU.
IMuxaocoma mMomudirkye mesaxi OiIKuM Tak, IO
BOHU HaJaJIi pyHHYIOThCSI. 30KpeMa, akKTUBHICTD
IUKJIOCOMHU IIPU3BOAUTEL OO0 PYHHYBAHHS K02e3i-
HYy — OinKa, AKUN YTPUMYE CECTPUHCBHKI Xpo-
matunu pasoMm. OQHiIEO 3 TOJIOBHUX «MillleHe»
IMUKJIOCOMH € ITMKJIiHU.

[lisHalTeca binblue

Ha KOHTPOMbHIN TouLi KNITMHHOTO LMKIY MiX iHTep-
ba3olo Ta MITO30M NepeBipAETbCA pe3ynbraT peni-
Kauii HK: skwo pennikauis He 3aBepLueHa abo npu-
3Bena A0 YNCAEHHUX MOMUIIOK, TO MiTO3 6NOKY€ETbCA.
LLle ogHa KOHTpOnbHa TOYKa po3ginae metadasy Ta
aHadasy: AKWO BepeTeHO nodiny Mae aedektn abo
[0 HbOrO MPUKPIMJIEeHi He BCi XPOMOCOMM, TO aHa-
¢daza 6nokyeTbcsa.

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. Aki nepeBaru i AKi HepQoONiIKM Hafja€ KiTMHaM
6aratoagepHictb? 2. HaBiwo Aesknm Komaxam no-
TPi6HI noniTeHHi xpomocomun? 3. flke eBoniouiHe Ta
NpakTUYHe 3HaYeHHA Ma€e noninnoigmnsauia? 4. 3Haoumn
XapakTep LWKignnBoi Aii MOoHi3yo4oi pagiauii Ha xpo-
MOCOMM, MOACHITb, YOMY OAMH 3 FONOBHUX CUMMNTOMIB
npomeHeBoi XBOpoby — aHemia («6inokpis'a») — Bu-
ABNAETbCA He Bifpasy, a yepes Aekinbka MicAuis nicna
OnpoMiHeHHA. AKi TKaHWHW N CUCTEMW OpPraHiB ypa-
XKaloTbCA Yepe3 NpPOMeHeBY XBOpoOy B mepuly yepry?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 83. Menos

0 [omipKkynTe

AIK MOXHa [OBeCTM, WO peKomObiHaLia reHeTny-
HOro MaTepiasny BigbyBa€eTbCA Mif Yac mepLioro
noginy mernosy, a He mig yac gpyroro?

é 3raganTe

» XpomaTtungnm » fomonoriuHi xpomocomu

o Mito3

Mewros

Meiio3 — 1e HempAMHUN HOMiJ KJIiTHHWH,
Y pes3yJabTaTi AKOr0 YTBOPIOIOTHCS UYOTHUPU Ta-
IJIOIAHI mouipHi KJIiTuHU i BimOyBaeThCca pPeKOM-
Oimaiia remeruuHoro marepiany (masa. 83.1).

IIpomec wmefiody cKJIamHIIMUN ITOPIiBHAHO
3 MmiTo3oM. BiH cKiIamaeTbed 3 ABOX IMOCIITOBHUX

2n2c¢ Intepdaza

¢ Pennikauia JHK

YN\

1n2c Meitos | 1n2c
/ \ Meiios II/ \
Tnlc Tnlc Tnlc Tnic

Man. 83.1. 3aranbHa cxema mMeno3y. 2n — AUNMOIAHE YnC-
JI0 XpOMOCOM, 1n — rannoigHe YMcIo XPOMOCOM,
2¢ — kinbkictb AHK y annnoigHomy Afpi, 4c — noABoe€Ha
Kinbkictb AHK B Aagpi nicna pennikadii, 1¢ — Kinbkictb OHK
y rannoigHomy Aapi

®asun menosy |

IIpogasza I . . o P .o .
BinbyBatoTbca nporecu, moni6Hi mpodasi MiTo3y: XpoMaTUH KOHIEHCYETbCA, AeP-
Xpomocomu Ha 000JI0HKA Ta AepIle PyHHYIOTbCA, Y IIUTOILIa3Mi (POPMY€ETHCA BePEeTEHO MOALTY.
=2 VuikaneauMu a1 npodasu I € mporecu pekoMOiHAIil reHeTUYHOTO MaTepiaty.
q l =4 BigbyBaeTbcs KoH’foTallisd TOMOJIOTIYHIX XPOMOCOM — T'OMOJIOTiUHI XpoMocoMu
o 6gilco>:ia oTapHO 30JMKYIOThCS 1 3’€AHYIOTHCS OfHA 3 OMHOIO 110 AoB:KuHi. aii BigoyBa-
€ThCA KPOCUHTOBEP — OOMIiH ALIAHKAMM Mi TOMOJIOTIUHMMM XPOMOCOMAaMK
Meradasza I
l% Y metagasi I romosoriuHi XpoMOCOMHY IITe 3aTUINAIOTHCS 3UCIIJIeHIMU OTHA 3 O~
d 'R HOIO monapHo. Taki mapu roMoJIOTiYHIX XPOMOCOM PAa30M IPUKPIMIIOIOTHCS 10
\\1% 4 HHUTOK BepeTeHa MOJilLy
Amnagasza I

Tomomoriuni xpomocomu (HE cecTpuHCHKI XpomMaTuau, AK y MiTosi!) BifoKkpeMio-
IOTHCS OJTHA BiJ OMHOI 1 pyXarThCs Y3A0BXK HUTOK BepeTeHa 10 MPOTUIEKHUX I10-
sarociB KiritTuau. KoskHa xpoMocoma, AK i paHiine, CKJIaJaeTbes 3 JBOX XPOMATHL.
Amnapasa I € e ogHiero cragiero Meitosdy, Ha AKil BifOyBaeThCA reHETUYHA PEKOM-
OiHamisa — He3aJle’KHE PO3XOAKEHHA TOMOJIOTIYHUX XPOMOCOM [0 IIPOTUJIEIKHUX
TIOJIIOCiB KJIITMHU

A K
AR 4
Tenodaza I

TS TN
4 \ 4 \
I“ 1 lt 1
\ 4 \ 4
~_ 7 N_ -

[ouipHi KNiTUHK

Xpomocomu (ABOXPOMATHUIHI) 30MPAIOTHCA HA IPOTUIEKHUX OJII0CaX KJIITUHU.
Ix umcio 3MeHIIIeHO Y 1BA Pasy, OCKiTBKY JO KOKHOTO IOJIIOCA Bimifinia Tineku
OJlHA TOMOJIOTiUHaA XpoMocoMa 3 mapu. TakuM 4YnHOM BifOyBaeThCSa PEAYyKIlisa UucC-
Jla XpPOMOCOM i YTBOPEHHS ABOX TaIlJIOIAHUX AOYipHIX KJIiTUH
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Ma3u meriosy Il

IIpograza 11
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Meradgasa I1
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Amnadasa II
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XpomaTtngn

Tenogasza II
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1 1 1 1
\ ﬁ/ =y
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1/ gl 1 A 1
\ /7 \C>=—/

Bin6yBaeTncsa
KOHJeHCAIlisT XPo-
MaTuHy. IgepHa
000JI0HKA 1 simepIie
py#HyloThCA. POp-
MY€ETHCA BEPETEHO
moaisry

XpomocomMu MIUKY-
IOTHCA Ha eKBaTOPi
KJIITUHY 1 TpuKpin-
JIIOIOTHCS IIEHTPO-
MepaMu 0 HUTOK
BepeTeHa MoIiTy

CecTpuHCBKI Xpo-
MaTHUIA BiTOKpeM-
JIIOIOTHCA OJHA Bif
onHOI i pyxaioThcda
Y3I0BIK HUTOK
BepeTeHa IIOoIiay 10
MIPOTUIEKHUX TI0-
JIFOCiB KJIITHHUT

Xpomocomu 306upa-
IOThCA Ha MPOTHU-
JIeXKHUX TOJI0Cax
KiaitTuaH. Ix yncIo
rarmJjioigHe, BOHU
ONHOXPOMATHUIHI.
JeKoHIeHCYEThCA
XpoMaTuH, Gpopmy-
IOTHCA HOBI AnepHi
000JIOHK U

ITicona mominy muTo-
ILJIa3MU BUHUKAIOTh
YOTUPU JOUipHi
ramjIoigHi KJIiTUHH.
Kosxua kiiTuna
Ma€ YHiKaJbHY
KoMOiHaIiro rese-
TUYHOTO Marepiasry

0 Knioyosa iges

Mewos BknoYae ABa MocnigoBHi noginu. Y pe-
3ynbTaTi ABOX MOAINIB YTBOPIOKWTbCA YOTUPU [O-
YipHi KNiTUHKW, AKI € rannoigHMMN N FeHeTUYHO
YHiKanbHUMN. PekombiHaLlifa reHeTUYHOro MaTepi-

any BifbyBaeTbca y npodasi 1 aHadasi menosy |
(KkpocuHrosep i He3anexHe PO3XOAXKEHHA FOMO-

NOTIYHUX XPOMOCOM).

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

0 [lisHanTeca binblue
Yncno MoxnmBmx KOMOGIHaLii XPOMOCOM y rameTax

YHaCNiAOK He3aneXXHoro PO3XOL4XEeHHA XPOMOCOM
B aHada3zi | JOpiBHIOE 2n, e N — YKCNO XPOMOCOM
rannoigHoro Habopy. Hanpwvknag, y NioguHM 4ncio
TakUX KOMOiHauin ctaHoBUTb 22 = 8 388 608.
AKWwo BpaxyBaT¥ BMNAAKOBY 3ycCTpiy ramet nij
4yac 3anMigHEeHHA, TO YNCIO MOXKIMBUX KOMOBiHaLin
B OAHi€l 6aTbKiBCbKOT Mapu CTaHOBUTb 22 X 2% =
= 70 368 744 177 664 a6o 6nusbko 7,04 x 10",
[nAa nopiBHAHHA — umMcno 3ip y Hawin lanaktuui
OLiHIOTb BennunHo nopaaky 10'-10'2

noxitiB. EBOMTIONITHO I1i TTOAiIM Meli03y BUHUKJIN
Ha OCHOBi MiTO3y, ajie 3 JeIKUMU BUAO3MiHAMMU.

Ilepimuit momin, a6o meiio3 I, HasuBaeThcA
penykuiiitanm. Came B xomi meiiosy I BimbGyma-
IOThCA HAWBAMKJIUWBIII MeloTWuHi moxmii — pe-
OIVKIIig umcja XpOMOCOM i perKoMmOiHallis re-
HeTHUYHOro Marepiany. ¥ pesyabrarti meiiody I
YTBOPIOIOTHCA OBl ramIoigHi moUipHi KJIiTuHHU,
KOJKHA 3 AKMX IN'eHETUYHO YHiKaJIbHA.

Hpyruii moxin, abo meiios II, masuBaeThcA
exBaiitanM. Moro npomnecu mo cyri anasoriuni
mporecaM 3BMYaHOTO MiTO3y. KoskHa 3 mBOX
ramjoifHUX KJITHH, IO YTBOPUJIUCA B MiTO-
3i I, minmuTbea 1me pas. ¥ pesyabTaTi cyMapHO
YTBOPIOIOTHCS YOTHPU AOUipHI KaiTmHu. BoHuU
ramioifHi ¥ HecyTh yHiKaJabHI KoMmOiHarii re-
HETWYHOrO MarTepiasy.

Da3un menosy

Ilepen meiiosom, B inTepdasi, BigdyBaeThca
pemrikamis JITHK. OT:ke, Ko’KHa XpoMocoMa Ha
IIOYaTKy MeHO03y CKJAJAEThCA 3 IBOX CECTPUH-
CBbKUX XPOMATHUA — ABOX TOUHUX KOIIiii.

Komxuanit moxin meiio3y momissgioTh Ha YO-
Tupu dasu — npogasy, memaga3y, aHapa3y
i menogasy.

Besmocepenubo 3a mepiuM mIoAiJIoM Meio3y
TPOXOAUTH Apyruit moxis. Mim mopmimamm He-
Mae BuUpakeHoi iHTepdasu i He BigbyBaeThcA
pemrikamia JTHE.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Aki nogii B xoAi Meno3y CNpUYMHIOTb 3MEH-
WEHHA YMC/la XPOMOCOM yABiYi? 2. Ak BM BBakae€Te,
Ha AKUX eTanax Meno3y MOXyTb BUHMKATVA MOMWIKU,
O NPU3BOAATb AO XPOMOCOMHMX MyTauin? 3. Y yomy
NONAra€ PisHULA Mi>K KPOCMHIOBEPOM i TpaHCIOKaLi€n?
4. Yn moxnuBi KOH'torauisi i KPOCMHroBep Mix napoto
ctateBux xpomocom X i Y? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 84. bionoriyuHe 3HauyeHHA meno3y. [opyweHHA meno3y

0 [omipkynTe

[nsa yoro noTpibHMI Meno3? Yn [oCTaTHbO
ANA penpoayKuii opraHiamiB TinbKyu miTo3y?

Q 3raganTe

» KpocnHrosep
o He3anexHe po3XopKeHHs XpOMOCOoM B aHadasi |

bionoriyHe 3HaueHHA Meno3y y TBapuH

i pOCNVH
Biosoriunoo GyHKITi€I0 Melio3y € BUPOOHHU-
IITBO TaMeT — TaIlJIOIAHUX KJITWH, cIeriasi-

30BaHUX JJIA CTATEBOr0 PO3MHOKeHHA. [licus
3aIJIiIHeHHA SAApa ramioigHux ramet (n) 3Jaum-
BalOTHCA, YTBOPHIOIUYU BUTOTY, i AUOIOITHUN
Habip xpoMocoM BimHOBIIOETHCA (1 + n = 2n).
TakuMm uYMHOM, MeI03 BiJ IIOKOJIHHSA HO IIO-
KOJIHHA TiATPUMYE CTAJNiCTh XPOMOCOMHOTO
HaboOpy BUIY IiJ Yac CTaTEBOTO PO3MHOKEHHS
(man. 84.1).

IIpomecu, mio BimOyBaroThCA B XOHi Melio-
3y, € OCHOBOIO KOMOIHATHMBHOI MiHJWBOCTi Op-
ranismiB. PeKkoM0biHAaIlisl TeHETUYHOTO MaTepiaxy
B Meliosi BimOyBaeThcsa Ha OBOX eTamax: y IPoO-

batbkun

Meno3 (nig yac
rameToreHesy)

lameTn (cnepmato3soigun
Ta ANLEKNITUHN)

3anniaHeHHA
3urota

[louipHin opraHi3m

Meros3 (nig vac
rametoreHesy)

lameTn (cnepmato3soigun
Ta ANLEKNITUHN)
Man. 84.1. MexaHi3m 36epexxeHHA AUNNoigHOro Habopy
XPOMOCOM Mifi YacC CTaTeBOr0 PO3MHOXEHHA
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dasi I (kpocuHTOBEp) Ta aHadasi I (Hezame:xkHe
POBXOMKeHHsI TroMoJoriuaux xpomocom). Tak
IOCATAETLCS MepeKoOMOiHyBaHHSA I'eHiB 0aThKIiB,
10 30iJbIITye TeHETUYHY MiHJMBICTH cepej Ha-
mIagKiB.

Pexomobinarisg reHeTMuHOro mMartepiaay Immim
yac Meio3y i CTaTeBOro PO3MHOYKEHHSA BUABU-
Jacsa BUTITHUM eBOJIIOI[IMHUM HambaHHAM. BoHa
30iIbIITye pi3HOMAaHITHiCTH opraHismMiB HabaraTo
edeKTUBHiIIe, HixK MyTamii, axi pigxo BixOy-
BalOThbCA 1 He 3aBXKAW KopucHi. K Hacaimok,
3pOCTa€ eBOJIOIIifiHA CTiliKicTh OGioJoriuHOrO
BUAY 10 3MiH cepemoBuina. IlepeBakHa O0iib-
IIiCTh CyYaCHUX OPTaHi3MiB BUKOPUCTOBYIOTH
0 IIepeBary — DPO3MHOMKYIOTHCA CTAaTEBUM
nuIAxoM (POCJIUHYU, TBAPUHU, IPrudM) abo MarTh
Y "KUTTEBOMY IIWKJI CTafii TeHeTHUYHOI PEeKOM-
Oimamii (xom’toraiia y O0axTepiii).

MNopyLlieHHA menosy

Y xomi meiio3y MOKYTh BifOyBaTucsa pisHi
TOPYIIIeHHA PO3IOALY TeHeTUYHOTO MaTepiany,
OCHOBHUM 3 SIKUX € HEPO3XOM:KEeHHSI XPOMOCOM.
ITe HempaBUABHUII POSIOAIJ XPOMOCOM IIiJl yac
aHadasu, y pesyJabTaTi AKOTO YTBOPIOIOTHCA Ta-
MeTH 3 HAIJUIIKOM a00 HecTauer XPOMOCOM
(masn. 84.2). Hepo3xom:KeHHS MOKe CTaTHuCS

>~— —— Xpomocoma

Metadasa

=

KiHeToxop

MikpoTpybouku

MNpasunbHe
PO3XOAKEHHSA

AHadasa

N HenpaBunbHe

PO3XOAKEHHS

Man. 84.2. Hepo3sxopkeHHA xpomocom B aHadasi Il



[omonoriyHi
XPOMOCOMM [ [
HepiBHun
KPOCUHroBep
Oynnikauia Deneuis

Man. 84.3. HepiBHuin KpocrHroeep

Jlowak

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Myn

Man. 84.4. CrepunbHi MixkBuaoBi ribpuan.

Jlowak — ribpua KoHA Ta ocnmui. Myn — ribpua ocna Ta kobunu

AK y IIepIIoMy, TaK i B ApPyromMy ImOmiji me-
o3y. Hepo3xomKeHHSI XPOMOCOM € HPUUYUHOIO
TaKUX XPOMOCOMHHUX 3aXBOPIOBaHbL JIIOAWUHU,
ak cuuaapoMm [layna (3aiiBa 21-ma xpomocoma),
cuagpom Tepuepa (HadBHA TiJIbKHK OJHA CTaTe-
Ba xpomocoma — X), cuuapom Kiaiindensrepa
(maaBHi Tpu craTteBi xpomocomu — XXY).
IIle omaMM MOPYIIIEeHHAM MeIO03y € HepiB-
HU KpocuHroBep y npodasi I, akuit € pesyib-
TATOM HENPABUJILHOI KOH IoTallii roMOJJOriuYHNX
XpoMocoM. ¥ pe3yJbTaTi HEePiBHOTO KPOCUHIO-
BePY BUHUKAIOTh XPOMOCOMM 3 TOABOEHOI0 abo
3 BiICyTHBOIO miAHKOI0. I'ameru, 1110 yTBOPIO-
IOThCA IIPU IILOMY, € HOCiAMU XPOMOCOMHUX MY-
Tamiin — pymiaikaiiin abo gmeseriin (masa. 84.3).
Ho 6GyiokyBaHHSA Me03y IPU3BOAATH IO-
PYUIeHHSI KOH’IOTrallii XpoMOCOM IiJ dYac Tpo-
dasu I. Yepes 1e Oe3maigamMu € 0araTo MiK-
BUAOBUX TiOpuaiB. ¥ MIXKBUIOBUX TiOpumin
TMMOETHYIOTHCS XpPOMOcOMHU OaTbKiB, AKi He Mo-
JKYTh IIOMAapHO KOHIOTyBaTH MiK co0oio 3 pis-
Hux npuumH (y Habopax OaThbKiB pisHe uwmc-
JI0O XPOMOCOM, XPOMOCOMHU PO3PiBHAMTHCA 3a
CTPYKTYPOIO, CYTTEBO Pi3HATHCA aJiesi).

0 Kniouosa iges

BionoriuHoto ¢yHKUiED Melio3y € YTBOPEHHsA
ramet. YTBOPEHHA ranfioifHUX rameT MigTpumye
CTanicTb XPOMOCOMHOTro Habopy Buay mif yac
CTAaTEBOrO0 PO3MHOXEHHA. PekombiHauia reHe-
TUYHOro Matepiany, wWo BigbyBaeTbcA B Xopdi
Meo3y, € OCHOBOI KOMOIHAaTUBHOT MiHANBOCTI
OopraHi3mis.

CTepuIbHUMU € MIiKBUIOBiI riopuam mMyJa
i gomax (man 84.4). CrepuabHicTh TiOpuaiB
3yMOBJIeHA TOPYIIIEHHAMMN MeHo3y uepe3 pisHe
YMCJ0 XPOMOCOM y KapioTumi 6aThKiB: y KOHell
64 xpomocomu, a B ociaiB — 62. Bigmosigmo,
ribpuayu MaTh HEHNApHY KiJbKiCTh XpOMOCOM —
63, 1110 He 37aTHI 40 KOoH forailii Ta mogajabIInx
IpoIleciB Menoay.

Ha xom’rorarmito xpomMocoM BILIMBalOTH Ta-
KOK BeJINKi XpoMocoMHi MyTaliii, oco6nBo iH-
Bepcil Ta TpaHCJOKAILii.

@ MpakThyHa poboTa

MopieHanbHa xapakmepucmuka Mimo3y ma me-
tio3y. CKnadaHHA annikayiliHux cxem mimo3sy
U metiosy

1. Po3rnaHbTe Ccxemu, ManioHKKM, MikpodpoTorpadii
ba3 miTo3y 1 meln03y.

3. MNocnigoBHO nopiBHANTe Nopaji, AKi BigbdyBaloTbCA
nig 4yac neBHUx ¢a3 MiTo3y n menosy. Pesynbrart
MOPIBHAHHA NpeacTaBTe y BUMALI Tabnuui.

4. ChopmynioiTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Yn moxe HopmanbHO BifbyBaTUCA Melo3 y no-
ninnoigis? 2. ki cnocobu B MoXeTe 3anpornoHyBaTy,
Wob6 nojonat MopyweHHA Meno3sy B MiXKBUAOBUX
ribpugis? 3. Ak 6u BigbyBanaca esoniouisa, AKO6U me-
NO3 i CcTaTeBe PO3MHOMEHHA He BUHWUKAW, a MITO3
3anuwmnBca 6 EAUHUM Ccnocobom MoAiny eykapiotTmu-
HUX KNITUH?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 85. Amito3. CTapiHHA i 3arnéenb KNiTnH

0 [omipkynTe

Cknagitb CNNCOK 3 5-6 NMpuKnagiB CTPYKTyp K-
BMX OPraHi3miB, AKi CMOYaTKy BMHMKAaKOTb, @ MOTIM
penyKyloTbCA B NpoLeci iXHbOro »KUTTA.

Q 3raganTe

o Mito3 - Melio3

o KniTnHHUM ynkn

MNpamuin nogin — amitos

1841 pory HimenbKuii 6iosor Pooept Pemax
ONIMCAB THUII HOAiNYy KJIiTuHHN, AKoMy 1882 pory
HiMenbKHii muToreHeTuk Banbrep PireMMiHT
naB Ha3By amitos. Ilig uac amitTosy aapo iHTep-
¢dasHoi coMaTMYHOI KJIITMHU AIJIUTHCA HABILJI
MIJIAXOM YTBODPEHHS MepeTdAKKu. ¥ mpoileci
aMiTo3y He BigOyBaeThbCs KOHJEHcAIlil Xpoma-
TUHY 1 YTBOPEHHS XPOMOCOM, He (DOPMYETHCH
BepPeTeHOo IOAiJy, XPOMOCOMU BUIIAAKOBUM YH-
HOM POSIOAIISIOTHECA MiK HOUipHiMU smpamu.

Axio e BizbyBaeThCcA MOLAIBIIIONO PO3IIO-
Iioy mUTOIJIa3MHU, KJIITHWHA CTAa€ MBOAAEPHOIO,
a micJig HaCTYIHUX aMiTosiB — OaraTosaepHOIo.
Tmoxi amiTo3 3aBepIryeThCA MOAIIOM ITUTOILIA3-
mu. [Ipu mpoMy reHeTHUYHUI MaTepiasl po3momi-

AnonTos

(;' -"'ﬂ 1
®.
MuBa KniTHa \ /1,.-" ‘?n

@

Hekpos

KnitnHa Habyxae

/:ﬂlTVIHa CTUCKAETbCA

JISIETHCS MiK HOUipHIMM KiiTuHAMU 31e0i/IbIIo-
ro HepiBHOMipHO.

o HemaBHBOrO yacy OyJia IOIIMpPEHA AYM-
Ka, II0 IOJiJ HIJIAXOM aMiTo3y IpuTaMaHHUHN
mepeBaskHO CTapilouMM, TMOIIKOIKEeHUM abo
BiMUpaOUYUM KJITHHAM OpTaHidMy, HAIIPU-
KJIaJ 3apOAKOBUM KJIITHHAM CCaBIIiB, KJIiTHHAM
nyxJyuH. IHoni amiTo3 onmcyBaBca y HOPMAJIbHO
(GyHKIiOHYIOUMX KJIITHH, HAOPUKJIAJ y BUCO-
KocIeliiaysiisoBanux 6araTosafepHUX KJITHH IIe-
yiHKKM a00 IOIIepeuHO0i MYCKYJIaTypH.

CyuyacHa nuTOJIOTiA BBa'Kae, IO TAaKOTO
TUIY IOy He icHye. EdekTn K, AKi HasexaTnb
IO aMiTo3y, € HACJIAKOM TeXHIUHUX MTOMHJIOK
il yac OPUTOTYBAHHSA IIUTOJOTIYHUX IIpernapa-
TiB afo K BJIACTVBI BMHUpAIOUUM KJIiTHHAM —
KJITUHaAM y CTaHi amomnTosy.

CrapiHHA i 3arnéenb KNiTnH

Kiaitnau QyHKIIOHYIOTH NEeBHUU Iepiof
Yacy, MTicJidg YOro BOHM CTApiloOTh i THHYTH.
3arubesb KJIITUH BimOyBaeTbcsA ABOMA CIIOCO-
0aMu — IIJIAXOM HEKPO3Y i HIJISAXOM amomITOo3y
(mas. 85.1).

Hexpo3 € BUIIaAKOBOIO 3aru0esIIi0 KJIIiTH-
HU Big katacTpodiunoi Aii MOMKOIKYBAILHOTO
ypaHUKa. OcramHiM Mo:Ke OyTU, HAIPUKJIAM,
BeJKa Oo3a pajniarii abo Ois BMUCOKOI TeMmIiie-

PyiHyBaHHA, NpoayKTn

 — -53\ po3nafly 3HULLYOTbCA
g 3 | nenkouuUTaMm
@ (3ananeHHs Hemae)
# .
£ KniTnHa nonaetbcs,
po3nogin KnituHu

CNPUYNHAE 3analleHHA

Man. 85.1. Mpouecy, wo BiabyBaloTbCA Ml Yac anonTo3y Ta HeKpo3y
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Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

MopiBHANbHA XapaKTEPUCTIKA anonTo3y Ta HEKPO3y

OsHaka AmonTos
AxrTusarmisa AKTHUBYETHCA CIIeIiaJlbHIMU CUTHAJIAMUI —
disiosoriuarMy a60 IATOJOTIYUHUMU
ITomupexnicTs ITooguHOKI KiiTuHMI

Mopdoaoria KaiTuan = SMOpITyBaHHA KIiTHHU

Anapo
(dpparmMeHTH

Kiairumaa memOpana ITinicuicTsb 36eperxena

Opranenan Mitoxonapii, EIIP, anapart I'onbmxki
imTaxkTHI
Jlisocomu IarakTHi

PyiinyBaHHSA KIiTuHN
TUYHUX TiJelnb

3amnajabHa peakIlisa BigcyTus

patypu. ¥ KJIITHHI 3MiHIOETBCA CKJAMd IIUTO-
ILJIa3MH, IIOPYIIYETHCA BUOIpKOBA MPOHUKHICTD
KJIiTHHHOI MeMOpaHM, NMPUTHIYYETHCSA poboTa
MiToxoHApiN. PepMeHTH, 3BiJIbHEHI 3 Jiidocom,
HOMIKOAKYIOTh BHYTPIITHBOKJIITUHHI CTPYKTY-
pu. Kiituna mabyxae, memOpaHa pO3pHUBAETHCS
i BMiCT KJIITMHW BUXOOWTH HA30BHi, IO HPU-
3BOJUTH [0 3allaJIeHHJd.

ArmonTos3 € 3amporpaMoBaHOI0 3aTru0esIIio
KJITUHU i 3yMOBJEHUN peajisallieio Bimmosin-
HOI reHeruyHoi mporpamu. OgHi€0 3 OCHOBHUX
(GyHKIiI amomTo3y € BHUIIeHHS AedeKTHUX
(momrkomKeHnx, iH(@iKoBaHMX) KJIiTUH. ¥ [OO-
pocioMy oOpraHiami IIporpamMoBaHa 3armbeib
HeoOXimHA s 3aMiHM cTapiloumx KJITHUH Ha
mouioni. Takosk amormTos Gepe ydacTb y HpO-
Imecax 3aMillleHHA OJHUX CTPYKTYP OpraHisamy
iHmuMu y xomi oHTOoreHesdy (Mai. 85.2).

ATIo1nTO3 3amyCcKAaeThCsd Pi3HUMU MeXaHis-
mamu. CUTHajJIaMu MOMKYTH OyTH, HAIIPUKJAI,
3MiHa KOHTAKTiB 3 iHIMUMM KJITHHaAMHU, PisKa
3MiHa OOMiHY PeYOBUH, CEePIIO3HE MOIITKOIKEH-

0 Kniouosa iges

AMiTO3 — nopfin eykKapioTUYHOI KNiTMHK 6e3
3BMYANHUX MPOLIECIB, WO KOHTPOIOKTb PiBHUI
po3nodin fouipHix xpomocom (dopmyBaHHA Be-
peTeHa, KOHAeHcalia XxpoMaTuHy). AnonTos i He-
Kpo3 — wWnAxu 3arnbeni KNiTvH, BiANOBIAHO 3a-
nporpaMoBaHoOi Ta BUMNagKOBOI.

KonpeHcaria xpomMaTuny, pos3naj anpa Ha

dparmenTaiisa 3 QOPMyBaHHAM aIIOITO-

Hexpos

AKTUBYETHCSA Ii€I0 MOMIKOKYBAb-
HOT'0 YNHHUKA

T'pyna xaitun
Habyxauua KiaiTuHu

Jlisuc aapa

IMinicuHicTs mopymieHa

Mirtoxouapii HabyxatoTb, EIIP i AT
(dparMeHTyHThCA

3 J1i30cOM BUBiIBHIOIOTHCA (DEPMEHTU

Jlisuc xiiTuHMI

3as3Buyaii €

Man. 85.2. [loBrui xBicT nyronoska nig yac metamopdosy
KOPOTLLAE 3a paxyHOK 3arvnbeni KNiTMH (anonTo3) i nepe-
TBOPIOETbCA Ha KOPOTKMIA XBiCT JOPOCNON »abu.

Hs BHYTPINIHBOKJIITUHHUX MeMOpaH, PO3PUBU
y aBoaaHiorositi [JHK. ¥V Bigmosiazps Ha cur-
HaJl aKTUBYIOTHCS CHeIliaJbHiI I'eHm — «Kije-
pPu», SKi 3amyCKalTh IporpaMy caMOJiKBima-
il KaiTuHu.

ITlig wac amonmTo3y KJIITMHHE AAPO PO3Ia-
IaeTbcA HA OKpeMi (hpparMeHTH, KJIITHHA 3MEH-
IIyeTheA B 00°eMi Ta )parMeHTYeETbCS Ha alloll-
ToTuuHi Tinbna. Hagami amomTosHi KiaiTuHUT
IMIBUIKO TEPEeTPABJIOIOTHCA CYCiqHIMHM KJriTu-
HaMu abo (haroIuTyIThCA MaKpodaramu.

3annTaHHA Ta 3aBaHHA

1. HaBegiTb aprymeHTu, YoMy amiTo3 He € perynap-
HUM crniocobom nopiny KniTvH. 2. Haeegfitb npuknagm
3anporpamMoBaHOro KAITMHHOIO arnonTo3y B »KUBWX Op-
raHiamie. 3. ¥ yomy nonara€ eBontouifiHa posib CTapiHHA
i 3armbeni KNiTMH 6araTOKNITUHHOIrO OpraHiamy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 86. KniTnHHi TexHonorii B 6ionorii Ta meanuunHi

0 [omipkynTe

YcniwHi BUNagKyn reHHoi Tepanii BigoMi Bxe
noHag 20 pokiB. Ane MacoBOK LA TEXHOJOriA
noku He ctana. Yomy?

Q 3raganTe

 [eHHa Tepania  biotexHonoril

KNiTHHI KynbTypu

HocATHeHHA MOJIEKYJIAPHOI Ta KJIITUHHOIL
6iosorii XX cTOMITTA BiAKPUJIU IIEPCHEKTH-
BU JJisI CTBOPEHHSA IIPUHIIMIIOBO HOBUX Oiome-
OIUYHUX TexHoJorifi. OgHuM 3 HAIPAMKIB, IO
CHOTOIHI OYPXJIMBO PO3BUBAIOTHCS, € KJIITHHHI
TEXHOJIOTil, AKi I'PYHTYIOTbCA Ha 3aCTOCYBaHHI
KALMUHHUX KYJLbmyp.

KaiTuaHi KyasTypH € KJIiTHHAMU TEBHOI
TKAaHWUHU, AKi OTpUMaHO BiJg MiKpoopraHis-
MiB, pocJuH ab0 TBapWH, IO BUPOIIYIOTHCA
B IIITYYHUX YMOBaX HA MOKUBHOMY CEPEIOBUIIII
(mau. 86.1). Kiaituuui KyapTypu HaOyIU MIXPO-
KOTO 3aCTOCYBaHHA B Pi3HUX rany3ax 6iosorii
i MeguUIIIHN.

[any3i BUKOPUCTAHHA KNITUHHUX KyNbTYp

- HaykoBi mocaimskenua. KiaiTuHHI Kyjab-
TYpU IIHPOKO B34CTOCOBYIOTHCA B HAYKOBHUX
TOCIIIKeHHAX SK MomelbHi 00’extu. Ha Hux

Man. 86.1. KnitnHu srpoLlytoTb 3a3Buyan
y NAacTUKoBMX $nakoHax, nnaHwertax abo i
vawkax [eTpi, y cneuianbHOMy MOXMBHOMY ce- ;J
pefoBNLLi, 3a KOHTPONbOBAaHUX TemnepaTypw,
BOJIOTOCTi Ta PiBHA BYIMEKUCIOro rasy
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3MiHEHUX KNITUH

IOCHiMKYIOTh MEeXaHi3MM KJIITMHHOTO HOmiay
i mudepeHIitoBaHHSA, B3aEMOJII0 KJITHMH i3 ce-
peroBuUIllEM, IIPOIIECH aJariTallii, crapiHHsA, 3J10-
AKicHOI TpaHcpopmarii Ta iH.

- BiorexHnooris. ¥ 6iorexHosorii KaiTuHHI
KYJbTYPY BUKOPUCTOBYIOTHCA JJIA BUPOOHUIITBA
BaKIUH i OGioyioriyHO aKTHUBHUX peuyoBuUH. Mi-
KpoOioJoriuHa IPOMMCJIOBICTEL CHLOTOIHI BUKO-
PHUCTOBYE THUCAYL IIITaAMiB MiKpPOOpPTraHi3MiB, IO
BUPOIIYIOTHCA B KYJAbTYypi. BoHU CHUHTE3yIOTH
aHTuOiOTMKY, iHTEepdhepoH, rOpMOHU, (hepMeH-
TH, BiTaMiHU, He3aMiHHI aMiHOKHUCJOTH, KOP-
moBi 0inku. Tak, rpubu i 6aKkTepil CUHTE3YIOTH
aHTubioTHKY (HeHiWIiH, CTPEeITOMilluH, epu-
TPOMIIIMH TOINO); CiHHA MaJMuYKa — (EepPMEHT
aMisiasy; KUIIIKOBa ITaJIMYKa — aMiHOKWCJIOTH;
nuBHI ApiskmKi — BiTaminu rpynu B. KyasTypnu
POCIMHHUX KJITWUH € IKepejOM TOKCUHIB, rep-
OinupmiB, peryasaTopiB pocTy, ajakasoimiB. Kui-
TUHU TBapWH 1 JIOAWHU TPOAYKYIOTH TOPMOHU
(HampuKJan, KJiTuHU rinodisza — JinmoTporrin
i comarorpomin). CTBOpeHO KYJBTYPH KJiTUH
TBapUH, AKi MPOAYKYIOTh MOHOKJIOHAJbHI aHTHU-
Tijla Ta IIMPOKO 3aCTOCOBYIOTHCA IJIA JiarHOC-
TUKU 3aXBOPIOBAHbB.

« Megununa. KyabTypu KJIiTUH BUKOPUCTO-
BYIOTBhCA Y AiarHOCTUIIL Ta JIIKYBaHHI CIIaIKOBUX
3aXBOPIOBaHb, pereHeparrii Ta saMinieHHi KJIiTuH,
TKAQHWH i OpraHiB (3aMicHa KJIITMHHA Tepamis).

3amicha KAIMUHHAG | MKAHUHHA mepanis.
CToBOYPOBi KJIITHHU JIOAZUHU BUKOPHUCTOBYIOTH

2. BBegeHHa
1. BugineHHs _ HOPMasnbHOro reHa
KNiTUH - B KJITUHY 3a fgoro-

MOTOI0 PeTpPoBIpyCy

\ PeTposipyc

3 opraHismy

JedekTHnin reH
PekombiHaHTHa

AHK sipycy PekombGiHaHTHa
\,_ PHK Bipycy

3. 3amiHa gedekTHOro

reHa Ha HOPManbHUA
\ LWIAXOM peKomOiHauil
OHK

4, [loBepHeHHA
reHeTUYHO

B OpraHism HopmanbHwuin reH

Man. 86.2. Etanu reHHoi Tepanii



Etan 1

3uroTa, WO yTBOpPEHa 3 ABOX
6aTbKIBCbKUX KNITUH

HedeKTHi
MiTOXOHAPIT

Anpo 6aTbKiBCbKOT
KNITUHN

Alapo DoHOpCbKOI

KNITUHW )}‘T
3poposi &Y
MiTOXOHAPIT

BupaneHHs i 3HULLEHHS ><

AnQpa AOHOPCHKOT KNITUHW

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Etan 2 Etan 3

BupaneHHAa agpa
3 0aTbKIBCbKOI KNiTUHU

\

MepecagxeHHA Aapa
6aTbKIBCbKOT KNITUHM
B JOHOPCbKMIN eMOpioH

Man. 86.3. Cxema cTBOpeHHs «emMbpioHa Bifl TPbOX GaTbKiB»

AK TpaHCIUIAHTAIlilHUII MaTepiays. 3oKpema,
KJITUHY KiCTKOBOTO MO3KY BUKOPUCTOBYIOTH
IJIdA TpaHCIJIaHTAIlil mig uac Tepamii JeiK03iB
i mpomeHeBoi xBopobOu. ¥ Xipyprii mas Jiry-
BaHHSA BeJUKUX OIiKiB a00 XPOHIUHUX BUPA3OK
I TPAHCILIAHTAIlil MIMPOKO BUKOPHCTOBYIOTH
emiepmic, BUPOIIEHUH 1034 OPraHi3MOM.

I'enna mepania (niky8anHna cnadkosux 3a-
x8opr8ans ). KiiTuHM BUIydaloTh 3 OpraHisamy
marmieHTa, TeHeTUYHO MOAU(IKYIOTh, a IIOTiM
BBOJAATHL Haszajg B oprauism (mana. 86.2). Ileit
MEeTOJ 0COOJIMBO KOPUCHUN y JIIKYBaHHI 3aXBO-
PIOBaHb KPOBi, OCKiJIBKYM KJIITMHU KPOBi MOYKHa
JIOCUTH JIETKO BUJIYUYWTHU i BBECTH HA3aj.

- @apmakoJoria. Kyabrypu Kiaitun i Tka-
HUH JIIOAWHU Ta TBAaPUH 3aCTOCOBYIOTH SIK TECT-
CUCTEMU [Jisi BUBUEHHSA BJIACTMBOCTEH HOBUX
(hapmakosoTiyHUX TpemapaTriB, a TaKOMX s
IIPOTHO3YBaHHA 0e3leKu ixX 3acToCcyBaHHA.

 PocamaaunTBo. Ha ocHOBI KiaiTwmHHOI
KYJBTYPU MOYKHA POSMHOYKYBATHU POCAUHU (KJIO-
HaJbHe MiKPOPO3MHOKEHHs) ab0 IPOBOAUTH IX
CeJIEKITiI0 B KYJIBTYPI.

KniTnHHa iHxXeHepia

KaitTunHa iHKeHepia — 1ie KOHCTPYIOBaHHSA
KJITHH HOBOTO THUITY HAa OCHOBi IX KyJbTHUBYBaH-
HdA, TridpuamusaIrii Ta PeKOHCTPYKILii.

0 KnioyoBga igen

KNiTVHHI KynbTypu € KNiTMHaM1 NEeBHOI TKaHVIHMW.
Ix oTpumyloTb BiA MiKpoopraHismis, pociuH abo
TBapWH, WO BMPOLLYIOTbCA B WUTYYHUX YMOBaxX Ha
NOXMBHOMY cepefoBULLi. KNiTUHHI KynbTypu Ha-
6yny LIMPOKOro 3acTOCyBaHHA B PI3HUX ranys3ax
Gionorii Ta MeguLHN.

ITig wac riopuamsamnii mTyyHo 06’€THYIOTH
pisHi KIiTWHU 3 YTBOPEHHAM TiOPUIHOTO TE€HO-
my. T'iOpuam HIMPOKO 3aCTOCOBYIOTh SK y Ha-
YKOBUX JOCHiIKeHHAX, Tak i B OioTexHOJIOrii.
3a JomoMOTo0 TiOPUAHUX KJIITUH, OTPUMAHUX
Bil KJIITWMH JIOAWHU W MUIIi, KapTyBaJu TeHU
B XpomocoMax JoauHu. [opuau MixK myXJidH-
HUMHU KJIiTHHaAMHU i JiMm@oruraMu 3gaTHI Heo0-
MeKEeHO IOBro OiMUTHCA i, mMoZiOHO M0 JimM@o-
IIUTiB, MOKYTb BUPOOJIATH aHTHUTIJIA.

KiaituaHa peKoOHCTPYKIIiaA IoB’A3aHa 3i
CTBOPEHHAM JKUTTE3NATHOI KJIITUHU 3 OKPEMUX
¢parMeHTiB pidHUX KJIITUH (Aapa, MUTOILIA3MU,
XPOMOCOM TOII0). 30KpeMa, MeTOH Mepecagku
Arep COMATUYHUX KJITUH y AUMEKJITUHU I0-
3BOJISIE€ 3POOUTU YUCJEHHI reHeTHMUHi KOITii op-
raHidaMy — KJIOHU.

ITeit xe meronq OyB BUKOPUCTAHUN A
CTBOPEHHA «eMOpioHa Big TpbOoX O6aTbKiB»
(man. 86.3). [lana TexHOJIOTiA po3pobIeHA A
JiKyBaHHA MIiTOXOHApiaJbHUX 3aXBOPIOBAHbB.
Y pesynbTaTi AUTHUHA OTPUMYE HANEPHI TeHU
Big 00ox OaThbKiB Ta miToxouapiaabHy THEK Big
TPeThol ocobmu.

Ilepiia y cBiTOBi#i mpakTuili IUTHWHA 3 Mi-
ToxoHapiansHO [IHK Tperhol aroquam Hapoau-
aacsgs B Mekcutii vy kBiTHi 2016 pory. Hpyruii
BUIIQIOK HAPOIKEHHS MUTUHU 3 TeHeTUUHUM
MaTepiajoM Bif TpboxX OaTbKiB BimOyBcsa B ciumi
2016 pory B YKpaiHi.

3annTaHHA Ta 3aBAaHHA

1. O6roBopiTb TeMy KJIOHYBaHHA 3 TOYKM 30y MOro
NOTEHUIHNX MOXNMBOCTEN i npobnem. 2. Ynm XxoTi-
nm 6 BU KnoHyBaTu ce6e? Yn xoTinu 6 BM KNOHyBaTu
cBOro cobaky (kota)?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 87. PenpoayKuis opraHiamis

0 [NomipkynTe

Cknapitb nepenik 3 5-7 BUAIB XUBUX OpraHiamis
BaLLOro PerioHy, AnsA AKUX € BNACTMBUM i HecTaTe-
Be, i CTaTeBe PO3MHOKEHHS.

é 3raganTe

e PO3MHOXeHHSA » TBapuHM

o PocninHn * Mpnbn

» CnagkoBa iHpopmaLin

PenpogaykKuis »KnBmx opraHi3mis

Penpoaykiia — 1e 3JaTHiCTh KUBUX opra-
Hi3MiB /0 CaMOBiITBOPEHHS, YTBOPEHHS HUMU
HaIlagKiB, sSKi € 3aco0oM 30epeKeHHS BUILY
i 3abesmeuyioTh 0e3mepepBHICTh IXHBOTO iCHY-
BaHHs. 3OaTHICTh M0 CAMOBiATBOPEHHA — I
OJlHA 3 KJIOUOBHUX O3HAK JKUBOTO, AKa BipisHsae
JKUBi OpraHisMmu Bil HeXMBUX CHUCTEM.

Pemponykiiia KMBUX opraHismiB BimbyBa-
eTbcA y (POpPMi PO3MHOMKEHHHA, AKe BIiNCHIO-
€ThCcsA vy pisHi cmocobu. Ciix BigsHaumTH, IO
30ATHICTL OO PEmpoAyKIlili MalmTh He TiJbKU
KJITUHHI opraHisMu, aje ¥ TaKi HEKJiTHHHi
dopMu KUTTA, AK Bipycu.

(DOpMVI PO3MHOXEHHA XKNBUX

OpraHiamis

OcHoBHUX (OPM POIMHONKEHHS KUBUX
opraHidmMiB icHye Kinbka. ¥ Iepiny uepry
po3pisHAITL cmamege (Iif vac AKOTO YTBO-
pIOIOThCA cTaTeBi KiuiTmHUM) 1 Hecmamege (min
Yyac AKOTO CTATeBi KJIITHHUW He yTBOPIOIOTHLCH)
PO3BMHOKEHHA.

Man. 87.1. HectateBe pO3MHOXeHHA
OJHOKJTITUHHUX OpraHi3mis
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Sx oxkpemy (opMy POSMHOMKEHHS MOXKYTb
posTIIAaTH Ge2emamuéHe PO3SMHOXKEHHS, BU-
OKPEeMJIIOIOUN HOT0 3 HeCcTaTeBOTro. ¥ TaKOMY
BUOAIKy HECTATeBUM BBa’KAIOTh PO3MHOMKEH-
HfA, i Yyac AKOro yTBOPIOIOThHCA cHellianiso-
BaHi CTPYKTypu (CmOpH, TeMyJu TOIIo). A Be-
reTaTMBHUM BBa’KalOTh PO3MHOKEHHHA, IIiJ Yac
SIKOTO TaKi CTPYKTYypHU He YTBOPIOIOTHCH, a JJIA
PO3MHOKEeHHSA BUKOPUCTOBYIOTHCS 3BUUAlHI CO-
MaTuyHi oprauu (y maaHapii abo rigpu — YacTu-
HU Tijla, Y MOPCHKUX 3ipOK — MIPOMEHi TOIIo).

HecTtaTeBe pO3MHOKEHHA

HecraTteBe po3MHOKEHHSA — YTBOPEHHSA HO-
BOI'O OpraHisMy 3 OofHiel abo rpynu KJIiTHUH BHU-
X1THOTO MaTEePUHCHKOTO OPraHisMy, B XOIi AKOTr0
He YTBOPIOIOTHCA CTaTeBi KJiTWHU i He BimOy-
BAa€TLCSA CTAaTeBUU mpoliec. Y IIbOMY BUIIAAKY
B PO3MHOKEHHi 0epe yuyacTh TiIbKH O4HA 0aTh-
KiBCcbKa 0CO0OMHa, IO IIepela€ CBOI0 CIIAJKOBY
irgopmariro mouipHiM opramismam (maiu. 87.1).

ITeit cmoci® pO3MHOMKEHHS IIOMINPEHUH
B yCiX rpymax >KMBUX OPTaHi3MiB i € BUXiZHUM
CcII0CcO00M PO3MHOMKEHHS AJA KJIITUHHUX GHOpM.
CyTTeBOIO TIepeBarolo HECTATEBOTO PO3MHOMKEH-
HS € Te, M0 B IIbOMY BapiaHTi IpoayKyBaTu
HOBMX HAIaJKiB MOMYTh yCi 0COOMHM, TOAI K
Y BUIIQJKy CTATEBOT'O PO3SMHOKEHHS Ha Iie 37aT-
Hi TiTBKM 0COOMHU KiHOYOI cTarTi.

CraTteBe pPO3MHOXEHHA

CrareBe PO3MHOKEHHS — TUI PO3MHOKEH-
HfA, 3a SKOT0 YTBOPIOIOTHCS CIIEeIlialidoBaHi cTa-
TeBi KJiTHHU i BimOyBaeThcsa cTaTeBuUil IIpoliec.
CraTeBe PO3MHOKEHHS CIIOCTEPIraeThCA y IIpes-
CTaBHUKIiB OiJBIIIOCTI CICTEMAaTUUHUX I'PYII POC-
JIMHHOTO i TBapmHHOTrO cBiTy (Mam. 87.2).

3a cTaTeBOTr0 PO3MHOYKEHHS YTBOPEHHS HO-
BOT'O OpradismMy sasBuuaii BigOyBaeThCs 3a ydac-
TIO IBOX 0AaThKiBCBKUX OPraHi3MiB, ajie y BUIIA-
Ky repMa@poAUTU3MY CTATEBUM IIIJIAXOM MOKE
poO3MHOMKyBaTucs W omHa ocobmua. Ilig uac
CTATeBOT0 PO3MHOKEHHS Bifl0OyBA€ThbCA 3JIUTTS
cTaTeBUX KJITMH — rameT. TakuM 4mHOM, HO-
BUHA OpraHi3M OTPUMY€ CHAJKOBY iH(pOpMAIiio
Big 0o6ox 6aThbKiB abo mmepexkoMOiHOBaHy iHGOP-
Mallilo JuIlle OJHOI'0 0aTbKiBCHKOT'O OpTraHisdMy.
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Man. 87.2. CrateBe i HecTaTeBe PO3MHOMEHHA XNaMiOMOHaAN

BionoriuHe 3HauYeHHs pi3HUX cnocobis
PO3MHOMEHHA XXNBUX OPraHi3miB

Biosoriume 3HaueHHsa pi3HuX crocobiB pos-
MHOJKEHHS JKMBUX OpPraHidMiB Mae AK CXO0MKi,
Tak i BigmimHi acmekTu. BesymoBHO, OyIb-aKe
PO3MHOKEHHSA € 3aco00M mepegadi crmagKoBOl
irgopmarnii HacTynHUM TOKOJiHHAM. BOoHO mO-
3BOJIA€ 30epiraTu reHeTUUYHy iHdopmMmaIllizo BUIY
TpuBAJUN Yac (s OessKUX BUIIB — HAaBITH
IecATKW MiabiioHiB pokiB). Kpim Toro, pos-
MHOKEHHA € 3aco00M 30iJblIeHHA KiJIbKOCTi
0COOMH BHUAY, IO Aa€ 3MOry iomy 30epiratu
cTajly 30HY iCHYBaHHSA, a 3a MOYKJIMBOCTi, pO3-
IMUpIOBATH CBill apeadJ.

Bigminui pucu pisHHX (OPM PO3SMHOMKEH-
HA TOB’sA3aHi 3 0COOIMBOCTAMU IMX IIPOIECiB.
SK1t0 craTeBe po3MHOKEHHA 3a0e3IeUye BUCO-
Kuil piBeHb MiHJIMBOCTI HaNIIagKiB (3a paxyHOK
KoMOiHaTMBHOI MiHJIMBOCTi), TO HecTaTeBe PO3-
MHOJKEHHs BUMarae HabaraTo MeHIIIHX BUTPAT
pecypciB oprauismy.

0 KnioyoBga igen

3paTHICTb A0 penpopyKuii — Le ofgHa 3 ronos-
HUX BNAaCTMBOCTEN »KMBUX OpraHiamis. Penpopyk-
LA BiAOYBAETLCA LWNAXOM PO3MHOXEHHSA Pi3HMMMN
cnocobamy — cTaTeBMM, HecTaTeBUM abo Bere-
TaTUBHUM.

YacTo mpoIiec penponyKIilii Mo)ke OYTH CIIO-
coboM pearyBaHHA OpPraHidaMy Ha 3MiHYy YMOB
cepemoBuinia. Tak, mepeBa, AKi Oyam ypaske-
Hi 3aXBOPIOBAaHHAMH’ i mepeOyBaioTb Ha MeiKi
3arubeJjii, MOYMHAIOTH iHTEHCUBHO (opMyBaTU
IJIOW, HAIPaBJSAIOUN BCi BaJUINKU PEeCcypciB Ha
poO3MHOKeHHA. A oT y cuTyarii, Kosiu opraHism
Mae 3HAYHI MTaHCU Ha BUJKUBAHHS (HAIIPUKJIAI,
B YMOBax IIOCYXHU IJIA TUX CAMUX JAepeB), BiH,
HaBMIAaKM, MOJKe TaJIbMyBaTHU PEIpPOAYKILiio (me-
peBa CKHIAlOTh KBiTKU i miaomum, Ha AKi im He
BHICTAYAE BOJIOTH).

@ MpakTnyHa poboTa

Tunu ma cnocobu po3mMHOMeHHA opa2aHi3mie

1. Po3rnAHbTe ManioHKM i3 3006pakeHHAM Pi3HUX
TUNIiB (CTaTeBe YM HecTaTeBe) Ta CMocobiB (6pyHb-
KYBaHHS, MonieMOpioHia TOLW0) PO3MHOXEHHA abo
CKOpUCTaNTeCA TUMM, WO MOAAHO B eN1eKTPOHHOMY
LoAaTKy.

2. Cknagitb NOPIBHANbHY XapaKTepUCTUKY LiX TUMIB
i cnocobiB PO3MHOXEHHA Ta NpepacTasTe ii y BU-
rnagi Tabnuui.

3. CoopmynioinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Wo Take penpogykuia? 2. fki icHytoTb dopmun
PO3MHOXeHHSA? 3. 3p06iTb NOPIBHANBHUIA aHani3 Pi3HUX
bOpM PO3MHOXKEHHA XKMBUX OPraHi3MiB.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 88. HectateBe pO3MHOKEHHSA

0 [omipkynTe

MHOXWHHMI NoAin Aa€e 3mMory oTpumyBaTh

3 OfHi€l KNiTMHKM Ginblue HalafKiB, Hi>K 3a yMOB
3BuMYariHoro 6GiHapHoro noginy. Yomy ua ¢opma
HeCTaTeBOro PO3MHOMEHHA He BUTICHWNIA 3BUYal-
HUIM NOAIN y »XMBUX OPraHismis?

é 3raganTe

o PO3MHOXeHHA o Mito3

» Cnopwu o bpyHbKN

» PereHepaluiia

Cnocobu HeCcTaTeBOro PO3MHOKEHHSA

HecraTeBe pO3MHOKEHHSI — YTBOPEHHA
HOBOT'O Opramiamy 3 opmHiei abo rpynm KJIiTHH

BUXiTHOTO MaTePUHCHKOIO OpraHidaMy, B XOmi
AKOrO He YTBOPIOIOTLCA CTATeBi KJIITHMHU 1 He
BimOyBaeThcA cTaTeBUil mpoiiec. Y IIbOMY BIU-
MagKy B PO3MHOJKEHHi Oepe yuyacTh TiJIbKU OJHA
0aThbKiBChKa 0COOMHA, IO IIepeJaE CBOIO CIIaj-
KOBY iH(popMaIriro mouipaim opraumismam. Hecra-
TeBe PO3MHOMKEHHS TPAIIAETHCA Y PISHUX TPy
JKUBUX OPraHi3MiB i mpeacTaBieHO JeKiJbKoOMAa
OCHOBHUMU THUIIAMU.

¥ pasi npocmozo nodiny KJIITUHU YTBOPIO-
IOThCS ABi mouipHi KaiTuuum, yaBiui apibHinr 3a
MaTepuHCHKY. IIpm mboMy opraHesu MaTepPUH-
CbKOI KJIITHUHM OiJIBII-MEHII PiBHOMipHO PO3IIO-
OiIAOTBCA MidK HUMMU.

Ilig yac mMHOMUHHO20 NOJiay CIOYATKY Oa-
raTopasoBO MiJUTHCA AAPO MaTEePUHCHKOI KJIi-
TUHU, 3aBAAKW YOMY BOHa cTae Oararosanep-
HOIO, a B)Ke IIOTiM JinuThca il muToILJIasMa u

Tum HecTaTeBoro

OCHOBHi TUNM HeCTaTeBOro PO3MHOXEHHA

XapaKkTepucTHKA THITY PO3MHOSKEHHS

PO3MHOKEeHHST

ITomin 3 ofHi€el KIITUHY IIISIX0OM MiTO3y YTBOPIOIOTHCS IBi
a00 KiJbKa JOYipHIiX KJIiTUH, KOJKHA 3 SKUX CTa€ HO-
BUM OpraHidaMoM. SIKIIO B pe3yabTaTi MOA1JIy YTBOPIO-
IOThCA [Bi [0UipHI 0COOMHM, TO TAKUH IOILJT € NPo-
cmum, a SKI0 KiJIbKa — TO MHOMUHHUM

BpyubKyBaHHA Ha rini mnopocioi oco6uHM yTBOPIOETHCS BUNIMHAH-
HA — OpPYyHBbKA, 3 AKOT0 IMOTiM i (hopMyeThCa HOBA
ocobuHa

®dparmenraiia Pospginenns Tijia 6araToOKJIiTUHHOTO OpraHi3sMy Ha IBi
a00 OiJIbITIe YaCTUH, KOMKHA 3 AKX YTBOPIOE HOBY 0CO-
ouny. Ik BapianT pparmeHTaIii MOXKHA PO3IJIALATHA
HEBIOPSIIKOBAHUH ITO1JT, KOJIU OPTaHi3M IiJINThCA Ha
KiJTbKa HEPIBHUX 3a PO3MipOM YaCTUH

Posmuoxenna PosmHoxeHHA BinOyBaeThCA criopaMu — cIemiari-

cropamMu 30BAaHUMU KJIITHHAMU, 110 YTBOPIOIOTHCA B MAaTEPUH-
cbKOMYy oprauismi. [leaki cmopu MamoTh IYKTYTUKY, 38
IOTIOMOTOIO IKMX BOHU 3[aTHI aKTUBHO IIepecyBaTUCh
Y BOJIOTOMY CE€PeIOBUIITL

Posmuoxenna PosmHuOKeHHA BiI0yBa€ThCA 3a JOIOMOI0IO CIelliari-

3 YTBOPEHHAM 30BaHUX 0AraTOKJIITHUHHUX CTPYKTYP, 1[0 YTBOPIOIOTh-

cIeriaylisoBaHUX = Cs B MAaTEePUHCHKOMY OpraHismi (remyJiu, ctaTobiacTu

6araToKJIiTHH- TOIII0)

HUX CTPYKTYP
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Opranizmu, AKi BUKOPUCTOBYIOTH
el TUII PO3MHOKEeHHA

OpHokJaiTuHHI opraniamu (6ak-
Tepii, amebu, indysopii). IIpo-
CTUI IOAiJ BigOyBaeThCcAa B amMeou
mpoTeda Ta iHQysopii-Tydenbru,

a MHOKUHHUHN — Yy MaJIApiliHOTO
mirasmMojisa (30yfHuKa MaJIapii)

TpamnisieTbCsi AK B OJHOKJIITHH-
HEUX (OpixKmKi), Tak i y 6araro-
KJIiTHHHUX (TiApa, KopaJyosi

nosinu) opraniamis (masi. 88.1)

Bogopocri, rpubu, tuinmaiHuKH,
MJIOCKI ¥ KismbuacTi uepBu, roJi-
KOIIKipi

Bogmopocri, crmopoBi pocanuu
(Moxu, XBOIIli, TAIOPOTi), FPUOHU

JIumaiiHuKY, TYyOKM, MOXYBaTKU



T

Man. 88.1. bpyHbKyBaHHA rigpn

YTBOPIOETHCA BiAMOBifIHA KiJBbKiCcTh AOUipHiIX
KJITHUH.

3paTHicTh 10 moxminy (@Ppazmenmauii) y me-
AKX BUAIB TBApWH ny:Ke 3HauHa. Hampukrian,
0araToIeTUHKOBUM UYepB OoJAeKaliepid Mo:Ke
posmajgaTuch Ha oKpeMi cermeHTH. KoikeH 3 HUX
Ha IepegHbOMY KiHIII HoOUYmHAE BiJHOBJIIOBATH
mepeqHil KiHelb Tija, a Ha 3aJHBOMY — XBOCTO-
BuUii. 3rooM IIi BiZHOBJIEHi MiJIAHKM BimoxpeM-
JIOIOThCA BiJl MAaTePUHCHKOTO CErMEHTa i mepe-
TBOPIOIOTLCSI HA CAMOCTiiiHi mouipHiI ocoOMHMI.

Y nedaxux ONHOKJITUHHUX TBapuUH (HaIpu-
KJIaJl, CIIOPOBUKIB) (hOPMYIOTHCA CIOPU — YTBO-
pH, OTOYEHi MIiJIbHOIO0 000/I0HKO0I0. TaKoro »x Tuiry
CIIOpU YTBOPIOIOTH i Aesaki 6akTepil (BigMiHHIiCTIO
€ Te, III0 CIIOPU 0AaKTEPili YTBOPIOIOTHLCS BCEPEarHL
KJiTuHU). BOoHM He € (hopMOI0 HECTaTeBOTO PO3-
MHOYKEHHS, OCKiJIbKY CIAYT'YIOTh JIUIIe AJIA Iepe-
JKUBaHHS HECHPUATINBUX IEPIOAiB i MOIIMpPEeHH.

KnoHyBaHHA
OpuuM 3 c1oco0iB HECTATEBOTO PO3MHOMKEHHS
€ KJOHyBaHHs. KiIOHyBaHHS — Iie OTPUMAaHH

OPUPOAHUM IILJIAXOM a00 IMITYYHO KiJbKOX T'eHe-
TUYHO iIEHTUUYHUX OCOOMH 3 OJHOT'O OpraHismy.

Hnsa mpoBemeHHA KJOHYBAaHHA y TaKUX
CKJAJHUX OPraHisMiB, SK ccaBIli, 0YJI0 CTBOPEHO
HOBY TEeXHOJIOTiI0. 3a I[i€l0 TeXHOJOTi€I0 i3 co-
MaTUYHUX KJITUH OPTaHi3My CCaBIA BUAIIAIOTH
AOPO i MOMIIAIOTE Y ITUTOIJIA3BMY ANIEKJIITUHHA,
AOPO AKOI Iepes TUM BIJIYyYalOTh a00 PYHHYIOTh.
IMuTonymasma KJIITUHY B IIbOMY BUIIQAKY CTUMY-
JI0€ TOiju, i KJIITHUHY, SKa mouajia TiJIuTHCHd,
nomimiaoTe y MaTKy camiku. Ilicaa uoro BoHa
B)K€ PO3BUBAETHLCS HOPMAJbHUM [IJIS CCaBIiB

0 KniouoBa ifes

Y BUNagKy HeCTaTeBOro PO3MHOMEHHA cTaTeBi
KNITUHN He YTBOPIOIOTbCA | CTaTeBM NMpoLuec He
BinbyBaeTbcA. Llen cnoci6 po3mHoXKeHHA moTpe-
6ye Bif OpraHi3MiB MeHLle BWTpaT, HiX CTaTeBe
PO3MHOXEHHSA, ane Ja€ CYTTEBO MeHLle pPi3HO-
MaHITTA HalwaaKiB.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

criocobom. Ilepmum ycminmrHuM KJIOHYBAHHAM
3a TaKOI0 METOAMKOIO OyJI0O KIIOHYBAHHSA OBEUKH
Homnmi 1996 poxry.

3HaAYeHHsA HeCcTaTeBOro PO3MHOXEHHA

Y meaxkux rpyI opraHisMiB HecTaTeBe PO3-
MHOJKEHHSA € €IUHUM CI0CO00M PO3MHOKEHHI.
Y BumiB, 3MaTHUX A0 PO3MHOKEHHS HECTATEBUM
IJIAXOM, MOYKYTh PO3MHOXKYBaTHCA OCOOWHU,
AKi 3a TUX UM TUX OPUYUH OMUHUJIUCA i30JIbO-
BaHUMM Bif iHmux. HecrareBe pO3SMHOMKEHHS €
OLJIBIII €eHePreTUYHO BUTIAHUM — OpraHismMam He
Tpeba BUTpavuaTH pecypcu Ha (popMyBaHHS JBOX
craTeii, 3 AKUX HAIIaAKiB 3ajuIIae JIUIIEe OJHA.

Bunu 3 KOpOTKMMU KUTTEBUMU I[UKJIAMU
3aBAAKU IIUM (hopMaM PO3ZMHOKEHHSA 3a He3Ha-
YHUHN TPOMiKOK Yacy MOKYTh 3HAYHO 30iJIbIITy-
BaTH CBOIO umceJibHicTh. Kpim Toro, 3a mecra-
TeBOro abo BereTaTMBHOTO PO3MHOYKEHHS HOBa
ocobuHa, 3a3BUYail, PO3BUBAETHCA IIBUJAIIE,
HiK 3a CTaTeBOTO.

Y pesynbTaTi HecTaTeBOrO PO3MHOMKEHHSA
IouipHi 0ocoOMHM 3a HabOpoM CIIamKoBOi iHoOp-
MaIlrii 37e6iJbIIIoro € TOYHMMU KOIiaMU O6aTh-
KiB. JlfommHa BUKOPUCTOBYE ITI0 OCOOJIMBICTH Y
POBMHOKEHHI KYJbTYPHUX POCJUH, IiATPUMY-
I0Ull 3 MNOKOJIiHHSA OO0 IIOKOJIiHHSA BJIACTHUBOCTI
MeBHUX COPTiB.

® MpaKTnyHa poboTa

Hecmameee po3MHO)KeHHA — G6GPYHbKY8AHHA
OpiXk0xie

1. Po3BepiTb y Tennin BOAI HEBENMKWI LIMATOYOK
ApikoxXiB. HaHeciTb ninetkow 1-2 Kpanni Boau
3 KNiTMHaMW [piXKAXKIB Ha NpegMeTHe ckno. Ha-
KPUNTe HaKPUBHUM CKIOM i BUAANITb HagULLKA
pignHN GiNnbTpyBanbHUM Nanepom.

2. Po3rnAaHbTe mikponpenapar 3a AOMOMOro MiKpo-
ckona. Cepeq OpiXKOPKOBUX KNITUH 3HAMZITb Ti, WO
6PYHbKYIOTbCA. BOHM MaloTb Ha OJHOMY 3 MOMOCIB
HEeBENUKNA ropbuK — BGPYHbKY, WO MICTUTb AAPO.
CxeMaTMYHO 3amastoiTe Kifibka KNiTWH, AKi 6pyHb-
KYIOTbCA | He BPYHbKYIOTbCA.

3. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBAaHHA

1. Aki nepeBarn M HepoONiKM Ma€ HecTaTeBe pPO3-
MHOXEHHA MOPIBHAHO 3i cTaTeBMM? 2. Ha KOHKpeTHO-
My MPWKNaAi NOACHITb, AK BifOYBaETbCA PO3IMHOMKEHHSA
wnaxom ¢parmeHTauii. 3. BukopurcToByloun foOaTKOBI
Oxepena, CKnagiTb CNUCOK BUAIB TBapWH, ANA AKMX 3a-
CTOCOBYBasiacA TEXHONOTIA KJIOHYBaHHSA.
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§ 89. BereTtaTBHe PO3MHO>EHHA Ta NOr0 BUKOPUCTAHHA

0 MomipkyriTe &
CneuianizoBaHi opraHn BUMKOHYIOTb CBOIO QYHKLitO
6inbl edeKTUBHO, HiK Hecnewiani3oBaHi. :
Yomy X TOAI B NpMpPOAI Tak MowvpeHe

BeretaTuBHE PO3MHOXEHHS, AKe 3MiMICHIOITb Bycamu Koperesuwamu

Hecnewiani3oBaHi opraHn? E

Q 3ragante

o PocnuHum o [prbwm
« OpraHu « Xusui Bynbbamm Binsopkamn
BeretatnBHe pO3MHOMXeEHHSA
BereraTuBHi opramm pPOCINH BUKOHYIOTH *
GyHKIII0O He JuIlle KUBJIEHHS, aje i Bere- !
TATUBHOTO PO3MHOKeHHA (Maa. 89.1). 'pubu JINCTKOBUMU XKUBLAMY Ln6ynuHamm

TaKOX aKTWBHO BUKOPUCTOBYIOTH ()pParMeHTH
cBOoro Tija (rpuOHUIN) AJA PEOPOAYKILil ITJIsI-
XOM BereTaTHWBHOI'O PO3MHOKeHHA (Maj. 89.2).

He B ycix pocamH 3gaTHiCTH OO Bere-
TATUBHOTO PO3MHOXKEHHS DO3BHUHEHA OJHAKO-
BO m00pe. Kpim Toro, HaBiTh AJIsT OLZHOTO BULY

KOpeHEBI/IMVI napoCcTkamu Crebnosrmn Ksuamm

3JaTHICTh O BEreTaTUBHOTO PO3MHOKEHHS
V PiBHEUX opragiB pociuHu Oyze BifpisHATHCA. Man. 89.1. BeretaTBHe PO3MHOMEHHA POCANH 3a JOMNOMO-
AJe meit cooci0 pempoayKIlil € mysKe HOIIUpe- rolo PisHUX BereTaTUBHUX OpraHis

|_|0LLIVIpeHi BN BEreTatTMBHOIo PO3MHOXEHHA B MPUPOAHNX YMOBaXx

Bug posmuo- Pocaunmn, aki po3MmHo-

Oco6auBocTi BUIY PO3MHOMKEHHST

JKEeHHS SKYIOTh TAKMM CIIOCO00M
Byasbamu Bynb6u yTBOPIOIOTHCS 3 MOTOBIEHUX IIiJ3eMHUX ITaroHiB i pos- Kapronuisa, roninamo6yp,
TAIIOBYIOTHCSA Ha IHIINX Hi3eMHUX ITarOHAaX — CTOJIOHAX IIAKJIaMeH
IMubynuaamMmu ITubynuHa € mi3eMHUM BKOPOYEHUM IIarOHOM 3 M’ ACUCTUMU IMubynsa, yacHUK, Jijid,
JUCTKAMM, AKi MiCTATH IMOKWUBHI PEUOBUHU. Y JeAKUX POCIUH TIOJBbIIAH

Ipi6HI MUOYJIUHY MOMKYTh YTBOPIOBATHUCA K BUI03MiHEHI OpYHbB-
KU B ITa3yXaX JIUCTKiB a60 HaBiTh y cynBiTTAX (YaCHUK)

Kopene- KopeneBuitie € migzeMHUM 6araTopivHUM IaroHOM, SKUI HAKO- ITupiit moBayuwmii, m’ara
BUIIIAMU IUYye MOKUBHI PEUOBUHY i MOKe MaTH BEJIMKi po3Mipu mepliieBa
Bycamn Byca — me mosayuuii qoBruii mariu, AKUH MOXKe BKOpPiHIOBaTHUCA CyHuiti, moJayHuIi

Ha JOCUTH 3HAUHIH BificTaHi BiJy MaTepUHCHKOI POCIUHA

BuBogkoBuMyu =~ BuBoAKOBi OpyHBKU DOPMYIOTHCA TAKUM UYMHOM, 110 BOHU 3naTHi =~ Kanamxoe, agiaHnTywM,
OpyHBbKaAMU BiTOKpPEMJIIOBATHUCSA BiJi MAaTePUHCHKOI POCIUHY i BKOPiHIOBATH- acIIeHiyM

cda. BoHu yacTo po3TaIoBaHi Ha JINCTKaX MaTePUHCHKOI POCTIUHU

ns1 3abes3IleyeHHs CBOTO po3ciloBaHHA Ha 0isibIiiry BimcTanb. Ta-

KOK BOHU MOYKYTh YTBOPIOBATHCS B ITa3yXaX JIUCTKIB Ta CyIBiTH
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|_|OLLIVIpeHi BAN BEretTatTuBHOro PO3MHOXXEHHA B YMOBAaX arpoKybTypu

Bupn po3mHo-

Oco6aMBOCTi BUTY PO3MHOKEHH ST

Bincagka 3mificHIOETBCA IIJIAXOM NPUTMHAHHA HUMKHIX ITaroHiB

Pociaunmn, aki po3MHO-
JKYIOTH TAKMM CII0CO00M

Yopua cMmopoanHa,

i 3Bacumanud ix rpyHTom. Uepes AeAKHUH yac 3acunaHa JiJIdHKa arpyc

OpraHiB POCJMH: IIaroOHiB, KOPEHiB, JIUCTKiB. @PparMeHT Berera-

Meton 3acHOBaHM Ha pereHepaIiiHuX BJIACTUBOCTSIX OKPEMUX

dDikyc, piaaka, uepBo-
Ha 1 YopHa CMOpPOUHA,

THUBHOT'O OPTaHa BiJOKPEMJIIOETHCA Bil MATEPUHCHKOI POCIUHHI arpyc
i mominfaeThcA y BOLHUI PO3UnH, e GopMye KOPEHEBY CUCTEMY.

ITicas i1 hopMyBaHHSA KUBEIlh BUCAIKYIOTh ¥ I'PYHT. 3aJI€KHO

BiJl BUKOPHCTAHOTO BETETATHBHOT'O OPraHa PO3Pi3HAIOTH JUCTKOBI,

SKeHHS
Bigcagxamu
IIaroHy BKOPiHIOETHCHA
Hupsamu
KopeHeBi i cTe010Bi KUBITI
[Ilennernam

Meron 3acHOBaHMT HA BiggijieHH] marona abo OpyHbKU Big omHiel

A6aywi, rpymri, BumHi,

pocauHu (IpHUIeny) i Horo nepecajKeHHA Ha iHITY POCauHY (mifg- CIVBU
mierry). ¥ AesSKUX BUIQAKAaX Miflena i mpuiena MOMXYTh HalexXa-

TH IO PiBHUX BUTIB

HuM. BiH gae 3Mory po3MHOKYBATHCA B YMOBaX,
KOJIM CTATeBUU cIocib PO3MHOKEHHS uepes He-
CIOPUATJINBI YMOBU cepemoBUIla € HEIOCTATHHO
edeKTUBHUM abo B3araji HemMo:KJIuBUM. Tomy
B 0araThboX POCJHWH iCHYIOTH CIellia/JibHi IIPUCTO-
CyBaHHS MeBHUX OPTraHiB AJA PO3MHOKEHHSA Be-
reTaTUBHUM IIJISIXOM.

MpucToCcyBaHHA JO BEreTaTMBHOMO
PO3MHOXEHHA B NPUPOAHNX YMOBaX

BereraTuBHe PO3MHOMKEHHS POCJUH y IPU-
POOHUX YyMOBaxX YacCTO 3IiNCHIOETHCS 3a OIIO-
MOTOIO CIleIjiaylisBoBaHUX CTPYKTYpP, AKi yTBO-
PIOIOTHCSA BETeTATUBHUMM OPraHAMM DOCJIMHU.

an/ICTOC)/BaHHFI 0O BeretatTMmBHOro
PO3MHOXEHHA B YMOBaX arpoOKyJbTypu

BereraTuBHe PO3MHOKEHHSA € TAPHUM CIIO-
coboM 3a0e3meunTu PemnponyKIliio, KOJU € IIO-
Tpeba B 30epe’KeHHi YHiKaJIbHOTO CIIOJNIYUYeHHS
remiB y remorumi ocobumHu. Tomy Ieil crmocid
PO3MHOKEHHSI POCJUH i rpubiB aKTHBHO BUKO-
PHUCTOBYIOTH B arpoKyJIbTYpi.

I'pubu BupOIIyIOTECA B arpoKyJbTypi Ha
pisHOMaHiTHMX cyOcTpaTtax. [[yia meuepulli Bu-

0 KnioyoBga igen

3a yMOBM BEreTaTMBHOIO PO3MHOMEHHSA OpraHisMm
30iMICHIOITb CAaMOBIATBOPEHHA 3a AOMOMOroK Op-
raHiB i YaCTMH TiNa, ANA AKNX PO3MHOMXEHHA He €
OCHOBHOI0 dYHKLIiE0. Ane Lie He 3aBaka€ AK MoLuu-
PEHHIO BEreTaTUBHOIO PO3MHOMEHHA B NMPUPOLI,
TaK i MOro akTMBHOMY BMKOPWCTAHHIO NIOAUHOLO.

Man. 89.2. Pusomopdn — cnoci6 BeretaTMBHOrO PO3MHO-
YKeHHs rpuba

KOPHUCTOBYIOTh KiHCBKMI T'Hill, a AJA TJIUBU —
OyAb-sIKi BiAXOaM 3 BUCOKMM BMiCTOM II€JIIOJIO-
3u (Bigxoam mepeBOIlepepOOHMX MiJIPUEMCTB Ta
cimbebKkoro rocmomapceTrBa). Ilicasa mesimderrii
cybcTpaTry #oro iHOKYJIIOIOTHL MillejieM Bimmo-
BigHOTOo rpuda, BHOCAYN (PparMeHTH Millesiio
BCepeanHy cyOcTpary.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. AKi icHyl0Tb CNOCOOU BEreTaTBHOIO PO3MHOXEH-
HA? 2. YoMy nepep BHeceHHAM Miuenito rpuba B cy6-
cTpaTt noro 6axaHo ctepunisysatn? 3. ki 0co6nMBOCTI
POCNVIH JO3BONAIOTL iM Nerwe, HiXk TBApPUHaM, 34iNCHI0-
BaTU BereTaTMBHE PO3MHOMXEHHA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 90. CraTeBe PO3MHOEHHSA i cTaTeBMN NpoLec

0 [omipkynTe

Y AKX OPraHi3miB y »UTTEBOMY LMK
HaABHUN CTaTeBU MPOLIEC, ane BiACYTHE
CTaTeBe PO3MHOMeHHA?

é 3raganTe

o PO3MHOXeHHA o CtaTb

» CrateBuii npouec o CrateBi KNiTUHM

Cratb

CraTh — 1Ie CYKYIIHICTh OBHAK, AKi 3abe3me-
YYIOTh CTAaTEBE PO3MHOKEHHSA ¥ BiAPi3HAIOTH Y0-
JIOBiumX i sKiHOUMX 0cOOMH ofgHOTO BUAY. OCcOoOMHI
PisHOI cTaTi IPOAYKYIOTh Y IIPOIlECi POBMHOMKEH-
Hs pisHi Tunu ramer, 110 3abe3neuye 30iabIIeH-
HA TeHEeTUYHOTO Pi3HOMAHITTA IXHIX HAIIAAKiB.

Mix cob6or0 0ocoOuHM Pis3HOI cTaTi pisHATHCA
3a IIEePBUHHUMHU I BTOPUHHUMU CTATEeBUMU O3HA-
kKamu. IlepBuHHI cTaTeBi 03HAKUM — Ile aHATO-
Mo-MOpPGOJIOTiUuHI 0CcO0JMBOCTI oprauismy, AKi
3a0e3meuyioTh YTBOPEHHS BiAIOBiIHUX Tramer
i samrigHeHHA. [0 IEPBUHHUX CTATEBUX O3HAK
HaJIe)KaTh CTaTeBi 3ajio3u, cTaTeBi IPOBimHi
IJIAXY, 30BHIIIHI crareBi opranu. BropunHHIi
cTaTeBi O3HAKM — Ile aHATOMO-MOPQoJoTiuHi
0CO0JIMBOCTI OpraHisMy, IO BiirpaioTh HEeBHY
PoOJb Yy mpoliecax PO3BUTKY OpPTaHisMy # pery-
aamii ¢isiosmoriunmx mporeciB, AKi B ocoOumH
pisHOi craTi BigOyBaroThCsA MHO-pisHOMY.

Y TBapuH icHye mgocuTh Oarato CIOCO0iB
BU3HAUEHHA cTaTi MaiibyTHBOI ocobmHU. BoHa
MOKe BUBHAUATHCA AK IIiJ BIJIWUBOM 30BHIIII-
HiX yMOB (HaIIpUKJIAZL, ¥ KPOKOAWUJIIB CTaTh 3a-
JEeXKUTHh BiJ TeMIlepaTypu, 3a AKOI mo3piBaiu

AUIS), TaK i TeHEeTUYHO (3 JOTIOMOTOI0 CTATEBUX
XpoMocoM abo iHITMM CITOCOOOM).

CraTteBe pO3MHOXEHHA

CraTteBe pPO3MHOKEHHSA — THUI PO3MHO-
JKeHHs, 3a SKOT0 YTBOPIOIOTHLCA CIelliajizoBa-
Hi craTeBi KiiTuHH i BigOyBaeThbCcs cTaTeBUl
nporec. CraTeBe PO3BMHOKEHHS CIOCTEPiraeThb-
cs y IPeICTaBHUKIB OiJIBIIOCTI CHCTEMAaTUUHUIX
TPYI POCAWHHOTO i TBAPMHHOIO CBiTYy. 3a yMOBH
CTaTeBOT'O PO3SMHOKEHHA YTBOPEHHA HOBOTO OpP-
ramismy sasBuuaii BijOyBaeThCs 3a YUACTIO JBOX
0aThbKiBCHbKUX OpraHisamiB (y BHOAgKy repMma-
(poauTH3MY CTATEBUM IIIJIAXOM MOXKE PO3MHO-
JKyBaTues I ogHa ocobmua). ITix uac craTeBoro
PO3BMHOKEHHSA BifIOyBaeTbCSA BJIUTTA CTATEBUX
KJITUH — TraMeT YO0JOoBiuoro i KiHodoro op-
ragiamy. Takum umHOM HOBHWH OpraHiam Hece
cIagKoOBY iH(opmaliizo 060X 6aTbKiB.

CraTeBi KJIITUHM MalOTh YABiUi MEHIITY Kiab-
KicTh xpomocom. Ile € HacaigKOM MENOTUUHOTO
Momiay, IKWI MOJKe BimOyBaTucsa sK y Ipolieci
¢dopMyBaHHS CTAaTEBUX KJITWH, TaK i 0 HHOTO.
Kpim Toro, crareBi KIiTHHN BigpisHAOTHCA Bin
COMATHUYHUX i 3a cmiBBigHOIIeHHIM 00’€MiB I1u-
TOILIa3MU U sAnpa. Y pe3yJabTaTi 3JUTTS ABOX
ramMeT KiJIBKiCTb XpPOMOCOM y KJIiTWHi, IITO0 YTBO-
puiaacsa — 3UroTi,— 30iJIbIIyeThCA y ABa pasu,
TOOTO BiTHOBJIOETHCS, IPUUOMY OJHA IOJOBUHA
BCiX XpoMocoM € 06aThbKiBCHKOIO, iHIlTa — mMare-
PUHCBHKOIO.

JKuBi opramiaMmu yTBOPIOIOTE CTATEBI KJIiTH-
HM OBOX TUIIIB: JKiHOUI — aAHNeKJiTHHHN i uo-
JoBiui — cmepmarozoigu (man. 90.1). 3rigao
3 MiXHaApPOAHOI TiCTOJOTIYHOIO HOMEHKJATY-
PoO0, TEepMiH «CIIepMAaTO30iA» CJIiJ 3aCTOCOBY-
BaTU JUIIE JIA HO3HAUEHHSA PYXJUBUX YOJIO-
Biumx ramer, a AK 3arajJbHy Ha3BY YOJIOBiUMX

Hali6inbLl nowmpeHi TMnmM cTaTeBoro PO3MHOMXeHHSA

Tun po3aMHOKEeHHST
Izoramisa

Amnizoramis

Oorawmisa
yi rameTun
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Oco06auBoOCTI OyTOBYM CTATEeBUX KJIiTHH
Yomosiui # 'KiHOUi ramMeTu 34aTHI L0 PyXy Ta MaiOTh OJHAKOBY (hOopMY i po3mip

YosoBiui # sKiHOUI TaMeTH 3maTHI 10 PYyXYy, BOHI MAlOTh CXOXKY (hopMy, ajie pisHuii pos-
Mip (skiHOUI GinbImi 3a podMipom)

YosoBiui i KiHOUi ramMmeTu MaroTh pisHy Gopmy ¥ posmip. [lo pyxy 3maTHi JuIie 40JI0Bi-
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Man. 90.1. Yonosiui 1 XiHoui cTaTeBi KAITUHU Y Pi3HNX
npeacTaBHUKIB XpebeTHMX

CTaTeBUX KJITWUH CJIiJi BUKOPUCTOBYBATU TEPMiH
«CIIEPMAaTO300H» .

Pisuurna y 6ymoBi sxkiHounx i yosioBiumx cra-
TeBUX KJITUH € OCHOBOIO JJIsI OJTHOTO 3 BapiaHTiB
KJacu@ikaiii TumiB craTeBOro po3MHOMKEHHA.

Y Bumagky ooramii ocobmHu 40I0BiU0i cTaTi
YTBOPIOIOTH BEJIUKY KiJbKicTh APiOHMX ramer,
AKi MamTh Ay:Ke OOMeKeHUU 3amac IT0KUB-
HUX PEUYOBWH, ajie 3haTHi A0 pyxy. Ocobmuu
JKiHOUO1 cTaTi yTBOPIOIOTH BiJHOCHO HEBEJIWKY
KiJIbKiCTh BeJIMKUX raMeT, AKi MaioTb 3HAUHUKI
3amac IMOKUBHUX PEYOBUH, ajie He 3JaTHI pyxa-
Tuca. Taka creliasisalis gae 3MOTy 3 OIHOTO
00Ky, 3a0e3meunTH HAIMAAKIB mOCTATHIM s
PO3BUTKY 3alacoM IIOKWBHUX PEUOBUH, a 3 iH-
moro — e()eKTUBHO 3iliICHIOBATU TOIIIYK raMeT,
cpopMOBaHUX OCOOMHOIO iHINOI crari.

MNoniembpioHis

OcobauBUM CIOCOOOM PO3MHOKEHHS opra-
Hi8MiB, AKWII BUHUK Ha OCHOBi CTaTeBOTrO CIIO-
co0y pO3MHOKEHHs:, € II0JieMOpioHisd.

ITomiemOpioniszs — 11e TIpollec PO3BUTKY Kijb-
KOX 3apOAKiB 3 OfHi€l 3aIlTifHeHol AHIeKIiTHHN.
TTosiem6pioniss mocuTh mOIIMPEHaA cepen Pi3HUX

0 Kniouosa iges

Y BNagKy CTaTeBOro pO3MHOMEHHA YTBOPIOIOTbCA
cTaTeBi KNITUHW 1N BifOYBa€EeTbCA CTaTEBUI MpoLiec.
Xoua cTaTeBUIA npouec moxe BigbysatucaA i 6e3
CTaTeBOro PO3MHOMeHHS. Llel cnocib po3mHOXKeH-
HA noTpebye Big opraHiamiB Ginblue BUTPAT, HiX
HecTaTeBe PO3MHOMEHHS, ane Aa€ CyTTeBO binbLue
Pi3HOMaHITTA HallafKiB.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

rpyn TBapuH (BifiuacTi Ta KisbuacTti uepBu, [e-
AKi wieHmcroHori, pubu i ccaBii). SIK mocTiii-
He ABUINle BOHA IIPUTAMaHHA AeAKUM KoMaxam
(mampukaazn, isgusaM) i ccaBoaM (HAIIPUKJIA,
OpoHEeHOCIIAM). ¥ JIIOAWHU Yy pasi mosrieMmOpioHii
HAPOMKYIOTHCA MOHO3UTOTHI OJiM3HATa, AKI Ma-
IOTh ifeHTMUYHUN HAOIp cmagkoBoi iH(opmailrii.

Tpanasgerscsa moaieMOpioHia @ y pocamH.
ITpu nmpomy B OmHi# HacCiHWHI PO3BUBAETHCSH
KifmbKa 3apoakiB (TioabIlaHu, Jijii, jararrs,
cyHuiti Tomio). IlomaTKoBi 3apoAKu B HaciHUHI
MOKYTh PO3BUBATHUCH HE TLJIBKM i3 3aILIigHEHOI
AUTEKJIITUHY, a I 3 iHIMMuX KJIITWH HaCiHMHMN.

CraTteBun npouec

CraTeBUil IIpoIllec He 3aBiKAU IIOB I3aHUN
3 TIPOIECOM PO3MHOKeHHdA. Tak, B iHQy3opiit
cTaTeBUU mpollec BinOyBaeThCA IILIAXOM KOH’IO-
raiii, KoJu BOHU OOMiHIOIOTHCS CHAJAKOBHM Ma-
TepiaJioM MiKpOHYKJeyciB. AJie PO3MHOMKEHHS
Ipu IIbOMY He BimOyBaeThcdA (KiJbKicTh ocobmH
3aJINIIIAETHCSI HEe3MIiHHOIO).

Haii6inpimoro mepeBaroro cTaTeBoro Ciocooy
PO3BMHOKEHHSA € CyTTEBe 30iJbIIeHHSI I'eHEeTHY-
HOTO PiBHOMAHITTA HAIIAAKiB BHACIITOK KOM-
Oimarii GaTbKiBCchbKHX remoTumniB. Ile cmpuse
BUIKMBAHHIO BUAY YV BHUIAAKY 3MiH yMOB icHY-
BaHHs, X0ua i moTpebye BUTPAT BHAUHUX PECYp-
CciB yHACJiZJOK yTBOPEHHS BOX CTaTei.

MpakTMyHa poboTa

Po3e’a3yeaHHA 3ad0a4y Ha memy «l[amemozeHes,
3Ha4vyeHHA melio3y 8 npoyeci 2amemozeHe3y, Kib-
KiCHi 3MiHU 2eHemu4HO20 Mamepiany»

1. AunnoigHa KniTmHa micTuTb 8 Xpomocom. Y npo-
Leci Meno3y MiX roMONOTiYHMIY XPOMOCOMaMM Of-
Hi€l napu BigdyBca obMmiH ainAHKamu. CKinbKu TMNiB
rameT (3a AKICTIO XPOMOCOM, WO BXOAATb A0 CKIagy
LMX KNITUH) YyTBOPUTbCA B pe3ynbraTi Menosy?

2. KinbKicTb XpOMOCOM COMATUYHOT KNITUHW 3eneHol
abwn JopiBHIOE 26. B1U3HauTe, AKUA Habip Xxpomo-
COM MaloTb CrepmaToLnTX JPYroro NopagkKy, cnep-
MaTo30iAu, a TakoXK KNiTUHWM nyronoska. Bignosigb
NOACHITb.

03aﬂl/ITaHHH Ta 3aBaHHA

1. AKi NnepeBarn Hapga€ KMBMM OpraHiamam cTaTeBe
PO3MHOXeHHA? 2. AKi HefoniKM y CTaTeBOrO0 PO3MHO-
»KEHHA MOPIBHAHO 3 HecTaTeBUM? 3. BukopunctoByoun
JOJATKOBI AXKepena, 3HanAiTb Kinbka NpuKNagis, Konu
MINOTUYHMI NOAIN He NOoB’A3aHUN 3 raMeToreHe3oM.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 91. lameToreHes

0 [omipkynTe

Yy MOXyTb rameTu maTv OfHAKOBUIN PO3Mip?
Yomy?

Q 3raganTe

+ PO3MHOX€EHHA poCiH  + PO3MHOXEHHSA FpurbiB
» CTaTeBe PO3MHOMKEHHSA

[ameToreHes y rpmnbis

IIpomec yTBOpeHHA cTaTeBUX KJITWUH Ha3M-
BalOTh TraMeTOreHe30M. l'aMeTy yTBODPIOIOTHCA
B cTaTeBUX 3aJj0o3ax abo creImiagizoBaHUX KJIi-
TUHAX.

Cepen rpubiB rameroreHes BJIACTHUBUN He
Bcim rpymam. ¥ ximpudiomikomosux Ta 00Mi-
KOmoeux, HaNpUKJIal, raMeTH YTBOPIOIOTHCA
B CIeIliaJbHUX CIOpPaHrigx abo ramMeramrigx
(ooroniax Ta amrTepupiax). I'ameru, IO yTBO-
PIOIOTBECA, MOXKYTh OyTH OZHAKOBUMU (IIpU is0-
ramii) um pisHUMEU (mpum rereporamii) 3a pos-
mipom. Cepell HUX TaKOK TOITMPEHUI BapiaHT,
KOJM OJHA 3 raMeT € BEeJUKOI0 i1 HepyXOoMOIo,
a iHIIa — MaJIeHbKOIO I PyXJUBOIO (ooramis).

Y basudiomiyemis (ixHiMu mpefcTaBHUKAMU
€ ITaTTMHKOBI rpubu) Ta ackomiyemis (10 HUX Ha-
JexkaTb Tprodei, IPisKAKI Ta MeHiuIrn) raMmeTo-
reHe3 BifCyTHill. Y pesyJbTaTi CcTaTeBOTO IpOoIle-
Cy B HUX YTBOPIOIOTHCA Metiocmopu (mai. 91.1).

basupiocnopn

FannoigHi
agpa

Man. 91.1. YTBopeHHA meliocnop y 6a3upaiomiueTis
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Meitocmopu, AKi yTBOPIOOTH IpubuU, MAIOTh
OOHAKOBUI po3Mip. ¥ OasumiomineTiB Gopmy-
IOThbCs Oasuaiocopu, sIKi poa3TallioBaHi Ha cie-
HiaJbHIiN CTPYKTYpi — 6a3udii. B ackomimeris
dopMyIOTECS aCKOCIOPU, AKi posTallloBaHi Bce-
penuHi iHIIOI CTPYKTYypM — acKa.

B o6ox Bumagkax IIpoIllec IOYMHAETHCA 3i
3JINTTA ABOX TAIJIOIIHUX ANep, AKi po3rarioBa-
Hi B KiaiTuHi rpuba (e xapakTepHa puca 000X
nmux rpymn rpubis). Ilicaa mboro BimOyBaeTbcs
MeMOTUYHUHN IOAiJI, AKWI 3aBEPINYETHCA YTBO-
PEHHAM YOTHUPHOX TaIJIOINHUX KJIITWH. ¥ 0asu-
mioMileTiB BOHM 3a3BMUAll PO3MIITYIOTHCS Ha
OGasupii i moriMm BigginsiroThbes Bim Hel Ta IIo-
MIUPIIThCA. B ackoMineTiB micaa 3aBepIieHHA
MEeNOTHYHOTO MOMiNy KOXKHa 3i CIop AiJuThCA
me pad mitoruyHo. TaKMM YMHOM B acKy pOS3-
MiITyeThCA MO BiciM cmop, AKi mOTiM BUXOJATH
3 HBOT'O i IOIIMPIOIOTHCA.

[ameToreHes y poc/iivH

YTBOpeHHA cTaTeBUX KJITUH Yy POCJUH
MOJKHA POSIJVIAHYTH Ha HNPUKJIALI KBITKOBUX
pocauH. ¥ HUX BOHO CKJIAJAETHCSA 3 JABOX e€Ta-
miB — CIOpPOTeHe3y i ramMmeToreHesy.

Cmoporene3 y KBiTKOBUX POCJIHWH BimOyBa-
eThbCA B MUJIAKAX (MiKpocnopozeHes, y pesyJsbra-

OBoreHes

CnepmatoreHes

Crapis
PO3MHOXEHHA
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Cragii rameToreHesy TBapuH

OsBorenes

B oorenHi#t TKaHUHI (opMy€eThCA BeIUKA KiTbKiCTh KJIITHH — 00r0-

Ilepexoasauu B 30HY POCTY, OOTOHII IOYMHAIOTH iIHTEHCUBHO 3061J1b-
LIIyBaTUCA B PO3Mipax Ta HAKOMUUYIOTH IIOKMBHI PEUOBUHY Y BU-
TJIAZL 3epeH YKOBTKA. BOHU IIepeTBOPIOIOTHCA HA O0IIUTU | TOPAIKY

Oornut I mopAaKy ainuTbea MeiiosoM HepiBHOMipHO. ITicas 1-ro
noxisy yrBopuThbed 1 Benuka KiIiTuaa — oonut Il nopaaky, B ARy
IIepexoJATh YCi IOXKUBHI peuoBUHMY, i 1 1pibHa KIiTUHA — IEPBUH-
He noJsipHe ab0 HAIPAMHE TiJbIle, [ie € JIUIIe AP0 i BiacyTHA muTO-

3o0Ha CnepmaTtorenes
PoamuO- | V¥V cepmaToreHHiT TKaHUHIL
JKeHHA B pesyJIbTaTi MiTO3y yTBO- Hilt (2n)
PIOIOTHCA YKUCIEeHHI KIIiTH-
HU — cmepMaTorosii (2n)
Pocty CrrepMaToOroHii Tpoxu 361J1b-
IIYIOTHCH, 1 3 KOMKHOI KJIiTH-
HU PO3BUBAETHCA CIIEPMATO-
mut [ mopanky, sgaTHUR 10
PEenYKI[IHHOTO MOTiIy
Ilospi- V¥ oporeci 1-ro moainy
BaHHA MeH03y YTBOPIOIOTHCS
Ta 2 cuepmarorutu II mopsaz-
dopmy- KY, & IOTiM y 2-My HOAiTi
BaHHSA 4 rameTy — CIIepMaTHUINA

(n). ¥Yci 4 kaiTuHM, OGHAKO-
Bi 3a po3MipoM, 03piBaIOTH
i yTBOpIOIOTH 4 cliepMaTo-
30imu

miaa3ma. Ilicasa 2-ro moxpiny meiiosy 3 oomuTa Il mopsaaKy yTBOPUTE-
csA 3HOBY 1 BeIMKa KJIiTMHA — AUIEKJIiTHHA i 1 BTOpUHHE HaTpsIMHe
TinbIle. 3 TIEPBUHHOTO HAIPAMHOTO TiJILIIA YTBOPATHCA 2 APiOHUX
BTOPUHHUX HAIPAMHUX TiJbIld. TaKUM YMHOM, HiJl YaC OBOT€HE3Y

3 KOKHOI BUXiJHOI KJIiTHHM YTBOPIOIOTECA 1 BeInKa ARIeKIiTHHA
(n) i 3 HATpAMHUX TiABIE (1), 1110 TUHYTE. [loasapHi TinbIlg cayry-
OTBH TLJILKY 1A PIBHOMiPHOT'O PO3MO/iJIy XPOMOCOM ITiJi Yac Meiio3y

Ti AKOTO YTBOPIOIOTHCA MiKPOCIIOPM) i MaTOUIL
(mezacnopozene3, y pesyJsibTaTi AKOT0 yTBOPIO-
IOThCS MakKpocmopu). ¥ IIpolieci Mikpociopore-
He3y 3 OJHiel TUILIOIAHOI KJIITUHYU YTBOPIOETHCS
yoTupu TramiaoigHi mMikpocmopu. KosxkHa 3 HuUX
IiIUTHCA MITOTUYHO ¥ YTBOPIOE MUJIKOBE 3€PHO,
AKe MicTuUTh aBa cmepmii.

Y mporeci meracmoporenesy 3 onmHiel mu-
IJIOIMHOI KJIITMHYM TaKOXK YTBOPIOETHCA UOTHPU
meracmopu. AJie TiIbKM OOHA 3 HUX YTBOPIOE
3apoaKOBUMIT MiroK. IHIi Tpu BigMupawooTs. Me-
racmopa TPUYi AiAUTHCA MITOTUYHO i YTBOPIOE
Bicim kaituH. OgHa 3 HUX cTae ANIEKJIITHHOIO,
a IBi BJIMBAIOTHCSA 1 YTBOPIOIOTH MUILJIOIAHY I€H-
TPpaJabHY KJITHUHY 3apOJKOBOTO MIiIIIKa.

fameToreHes y ccaBLiB

T'ameTorenes y TBapmH MOKHA POBIJIAHYTH
Ha IPUKJIALL cCaBIiB. ¥ CCaBIIiB CTPYKTypaMu,
B AKUX BimOyBaeThcs raMeToreHes, € ixHi cra-
TeBl 3ayi03M — CciM’SHUKU Ta AcuyHUKU. [ame-

0 Kniouosa iges

[ameTOoreHes — Le npouec yTBOPEHHA CTaTeBUX
KNiTVH. BiH BigbyBa€TbcA B CrnewianizoBaHuUX CTa-
TeBMX OpraHax abo cnewianbHUX KniTnHax. lameTn
Pi3HUX TWUMIB MOXYTb MaTW AK OQHAKOBWW, Tak
i pi3HU po3mip.

TOTeHe3 Bi0yBaeThCA MOCIIiJOBHO y TPHOX B30-
HaxX, AKi BUAIIAIOTH y 3aj03aX, i 3aKiHUyeThCA
dopmyBaumaam ramer (maJs. 91.2). Po3pisuamoTs
cuepMaToreHe3 (IIPOIleC YTBOPEHHSA YOJIOBiUMX
cTaTeBUX KJITWH) Ta OBOTreHe3 (Ipollec yTBO-
PEeHHA KiHOUMX CTATeBUX KJIITWH).

@ MpakThyHa poboTa

Bue4eHHA cmadili 2amemozeHe3y HA NocmMiliHuUx
npenapamax cim’AHUKié ma A€4YHuKie, mabnuysx,
MaloHKax

1. Po3rnAHbTe NOCTINHUI MiKponpenapaTt 3pi3y
cim'AHMKa ccaBuA. 3HalAiITb cnepmMaTo30ign Ha pis-
HUX CTafiAX PO3BUTKY B po3pi3ax CiM'AHUX KaHanb-
uiB. 3amarniorite nobayeHe Ta 3p0biTb MO3HAUYEHHA.
2. Po3rnaHbTe NOCTINHUI MiKponpenapaT 3pi3y A€Y-
HMKa ccaBuA. 3HanAiTb GoNiKynn pi3HOro cTyneHs
3pinocTi N po3rnaHbTe iX. 3amantolite nobayeHe
Ta 3p06iTb MO3HAYEHHS.

3. ChopmyntonTe BUCHOBOK.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. Aki ocobnmnBoOCTI Ma€ yTBOPEHHs Melocrnop Yy ba-
3uaiomileTiB Ta ackomiuetiB? 2. AKi BiAMIHHOCTI Bia
rameToreHesy rpubis mMae rametoreHes ccasuis? 3. Aki
nepesBary Ja€ POC/NHAM YTBOPEHHA Nuwe OfHIEl AN-
LEeKJITMHN 3 YOTUPbOX Meracrnop?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 92. CrateBi 3ano3un. lameToreHes y nioaguHu

0 [omipkynTe

Yomy pagiauiiHe BUNPOMIHEHHA Nierile yparkae
raMeTu NAVHWN, HiXK 1T COMATUYHI KNITUHW?

Q 3raganTe

o TBapuHu » CcaBui

o PO3MHOXeHHA o CTaTeBi KNiTUHNU

CraTeBi 3an1031 i cTaTeBi KNITUHN

CrareBUMH 3ajio3aMu y JIOJWHU € S€UYKa
(y 4uosoBikKiB) i Aeunuku (y KiHok). deuxa —
oBaJIbHI IIapHi cTaTeBi 3ay03M, IO MiCTATHL-
cA 11032 YEePEeBHOIO MOPOYKHUWHOIO y IMKipHOMY
mimKy (Mmorrouiii). BoHu HasexaTs OO 3aj03
3MimraHoi cekperrii: 30BHINIHA (QyHKIiA — 11e
YTBOPEHHS CIIEPMAaTO301/1iB, a BHYTPillTHA — BU-
IiseHHSA TOpMOHY TectocTtepony. Ilim uwac cra-
TEBOrO MN03PiBaHHA y CiM’AHUX KaHaJIax S€YOK
YTBOPIOIOTHCA YOJIOBiUi cTaTeBi KJITUHU —
CcIIepMaTo30ia1.

Aeunuku — 1e mapHi cTaTeBi 3aJ103W MUT-
majgernoni6buHoi ¢gopmMu. ¥ HUX YTBOPIOIOTHCHA
1 nmo3piBaloTh JKiHOUYL cTaTeBi KJIITMHU — dAi-
mexkJiTuHu. TaKoXK AEUHUKU YTBOPIOIOTH CTaTe-
Bi rOpMOHM, TaKi SK ecTPamioJ i mIporecTepoH.
Jo uepeBHOI MOPOKHWHY A€UHNKY TPUKPITIIeHL
KimbKoMa 3B’as3kaMu. Po3Mip se€UyHMKA CTAHO-
BUTHL 3 X 2 x 1 ¢M, a BaXUTh BiH OJIM3BKO 7 T.

YoJ10BiuMMHU CTATEBUMU KJIITHHAMU € CIIep-
marto3oinu. Ile pyxauBi KIiTUHU, AKi MalOTh TPU
Bigmiam — ToOJIOBRY, IIUHKY i xBicT. ¥ XBOCTi
MicTATBCA CIleliajbHi 01JIKY, AKi 3a0€3IeUy0Th
pyx cmepmarosoima. A B MIHHI 30cepemxeHi
MiTOXOHApPiI, 1110 BUPOOJIAIOTH €Hepriio, AKa BU-
KOPHUCTOBYETbCA s Pyxy. ['0JIOBKa KJIiTUHUI
MiCTHUTBh AApPO 3i CIIaZKOBMM MaTepiajoMm i cme-
miaapbHy opraHesy — akpocomy. Boma morpi0-
Ha [JId TOTO, 100 CIIepMaTo30ih Mir IomoJaTh
000JIOHKY AUNEKJITHH! IIiJ yac 3aljJigHeHHd:
depMeHTH, AKI MicTATBCA B aKPOCOMi, I1I0 000-
JIOHKY PO3YMHSIOTH.

KimounmMu crareBMMM KJIITHMHAMHU € dHIe-
riaxituau. dfinekaitTuna Habarato OijnbIia, HixK
cuepmaTos30in. BoHa MicTUTH MOKUBHI PEUOBU-
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HU, AKi 3a0e3meuyioTh IMepIri HoAiju MandyT-
HBOTO 3apojKa, i He Mae mEryruka. Cmamko-
BUII MaTepias SUIEKJITUHU MiCTHUTBCA B AIPi.
30BHi ii 0TOUyIOTH cHemiajbHi 000JOHKM, SAKi
YTBOPIOIOTHCA IIifi Yac PO3BUTKY AUIEKJIITUHU
B A€UYHUKY. BOHU NEPENIKOAKAIOTh ITPOHUKHEH-
HI0O B SUNEKJITHHY OiJBIIT HijK OJZHOTO cCIiep-
MaTo30ia Ta CIPUAITHL BKOPiHEHHIO 3apoaKa
B CJIM30BY OOOJIOHKY MAaTKH.

CnepmaTtoreHes y nognHun

CunepmartoreHe3 — Iie IIPOIIEC PO3BUTKY
crepMaTo30iniB y JgmoguHu. Bim BigOyBaeThcs
B CiM’IHMX KaHaJbLIAX YOJOBiUOi cTaTeBoi 3a-
jgo3m — cim’auuky. IIpormec cmepmaroremesy
CKJIaIHUM, BiH 3aBepIIIyETHCA B IIEPioj cTaTeBOi
3Pij0oCTi YTBOPEHHAM CIIEPMAaTO30iIiB — 3piamx
YOJIOBIiUMX CTATEeBUX KJITWH, 3JaTHUX OO 3a-
mwrigHenusa. IloBHOMY HO3piBaHHIO IIepemye Me-
HOTMUYHUNA IIOAIJI, Y pe3yJIibTaTi AKOTO0 B AApPi
CcTaTeBOl KJITUHU 3aJIMINTAETHCA IIOJOBUHA XPO-
mocoMm (23 samicTs 46).

PospisuarmTs yoTupu mepiogu criepmarore-
He3y: PO3MHOMKEHHA, picT, moapiBamHA U (op-
myBaHHA (MaJs. 91.2). ¥V mepion po3aMHOMKEeHHS
cnepMaToroHii (mepBUHHI 40JIOBiui cTaTeBi Kiri-
TUHU) KiJIbKa pasiB MiIAThCA ILJIAXOM MiTO3Y.
VY mepion pocTy yTBOPeHi KJIiTUHET 30iIbIIYIOTh-
cs B posMipax, a ixHiI dapa OPOXOAATH IIep-
my ¢asy (mpogasy mepiioro moiijly) Meirosy.
Y pesyibTaTi BOHU CTAOTh CIEPMATOIHUTAMU
IepIIoTro MOPAAKY. ¥ IMepion mo3piBaHHA TPO-
XOIATH HACTYIHI (pady Meo3y, 1 YTBOPIOIOTHCS
CIIEePMATOIUTU APYTOTO MOPAAKY (Hicjs mepIro-
ro moxiny) i cmepmaTuam (Iricjig APyroro IOmmi-
Jy). 3 OOHOTO CIEePMATOIUTY IIEPIIOro IIOPS-
KY YTBOPIOIOTHCS CIIOUATKY ABa CIIEPMAaTOIIUTHU
IPYTroro MOPAIKY, a IMOTiM YOTUPY CIIEPMAaTUIU.
IIix yac mepiomy popmMyBaHHS cepMaTUAU IIe-
PETBOPIOIOTHLCA Ha 3piji "osioBiui crareBi Kuri-
TUHU — CIIepPMaTO30iau.

OBoreHes y noanHN

OBorenes — Iie IPOIEC PO3BUTKY AUIIEKJIi-
TuH. IIpollec PO3BUTKY ANIEKJIITHH II0B’ A3aHUA
3 POCTOM i PO3BUTKOM IePBUHHUX (OJIiKYJIiB,
po3MimeHnx y KOPKOBOMY IIapi se€YHUKA.
IlepBuHHME (OIIKYya CKJIaZaeTbcA 3 He3PiJoil



AANEKJITUHN, OTOYEHOI IIIapoM eIliTesiaJbHUX
KJITHH i CIIOJYYHOI0 TKAHWHOIO.

Y nepinry (GoriryaApHY) Pasy MeHCTPyaIb-
HOT'O IIUKJY IIOYMHAETHCA PiCT OAHOr0 ab0 KiJib-
KOX HepBUHHUX (POJiKYJIiB, aje cTamil IOBHOTO
Io3piBaHHA mocArae 3a3Buuail oguH (HOJIKY.JI;
igmri sasHaoTh perpecy. IIporiec mospiBaHHA
doaikyaa 3a 28-meHHOT0 MEHCTPYaJbHOIO IIH-
KJY BKJamaeTbca B 14 guiB (3a 21-memHoro —
y 10-11 gwis).

Po3pisHAOTH TaKi mepiogu OBOTeHEe3y: PO3-
MHOKE€HHSA, POCTY, MO3PiBaHHSA i (DOPMYyBaHHS.
Y mepion po3MHOKEHHA BimOyBaeTbes 30iJb-
mIeHHA KiJBbKOCTI OOTOHIIB (IEePBMHHUX JKiHO-
YUX CTATEBUX KJITUH) MIJISXOM MITOTUYHUX
noniniB. ¥ mepiox pocTy IOAiJ OOTOHiIB mpu-
MUHAETHCA, i BOHU YTBOPIOIOTH OOIIUTHU IIEPIIIOTO
mopanky. Oomuty 3araubI0ITECA B TKAHUHU
SA€UYHNKA, BKPUBAIOTHCA 000JIOHKAMHU 1 YTBOPIO-
10Th QoJaikynu. ¥ KiHIIi mepioy pocTy B OOIIUTL
BimOyBaeThCcsAa HAKOMMUEHHSA »KOBTKa. IIpoTarom
mepioxy mospiBaHHA BimOyBaeThCcs aBa IMOLLIN
Melo3y, B pes3yJabTaTi AKMX y AApi craTeBoOi
KJITHHU 3aJUIIAE€THCA ITOJOBMHA XpoMocoMm (23
samicTe 46). Ilicaa meprroro mominy yTBOpPIO-
IOTBCA OOIUT APYTOTO MOPAAKY ¥ IepIle MOJIAP-
He TiJjblle, a micad APYroro — 3pija ARIEKJIi-
TUHA 1 Ipyre nmoadpHe Tiablie. IlonapHi Tiabia
He 0epyTh yd4acTi y Iporecax PO3SMHOMKEHHS i
py#HyloThCcA. TakuM uYmHOM, HA BigMiHy Bin
criepMaToreHesy, IIiJi yac OBOreHe3y 3 omHiel
BUXiTHOI KJIITUHU YTBOPIOETHCA JIUIIIE OJHA II0-
BHOIIiHHA 3pijia raMeTa, ajie BOHA Ma€ BeJIUKUN
po3Mip i MOCTAaTHBO MOKWBHUX PEUYOBUH MIJIs
mepIIux cTagiii eMOPiOHAIBLHOTO PO3BUTKY.

Bnnue pi3Hnx ¢pakTopis
Ha rameTtoreHes

IIpomec yTBOpeHHA TameT y JIIOAWHUW 3a-
JIeXKUTh BiJ TeHeTUUYHUX, TOPMOHAJILHUX Ta
inmux ¢axtopiB. Tum rameroreHesy y JIIOIU-
HU PeryaioeThCcsa YOTUPMAa IeHaMU, TPU 3 SKUX
(O, T, Tif) posramoBani ma X-xpomocowmi,

0 Kniouosa iges

CrateBUMIM 3an03aMu NIOQUHN € A€YKa (y YOnoBi-
KiB) i A€YHUKN (y XKiHOK). Y HMX BigbyBatloTbcsa npo-
Llecu YTBOPEHHS CTAaTEBUX KNITUH: Y f€YKax —
criepMaToreHes, a B A€YHMKax — oBoreHes. Ha ui
npoLecy MOXyTb HeraTMBHO BMMBATU Pi3Hi dak-
TOpW, TaKi AK NaniHHA, aNKOrosb, HAPKOTUYHI pe-
YOBVHW, pajiauiiHe BUNPOMIHEHHS TOLLO.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

a omuu (R%) — ma Y-xpomocomi. I'ew O Bix-
moBizae 3a oBoreHes, a T — 3a cmepmaToreHes.
T'eu Tif 6s0Kye pobory rema T, 110 Jae amory
npamiosatTu reny O. Te, AKuil 3 HMUX TreHiB
Oyae mpalloBaTH 3aJeXUThL Bim rema RY) jo-
KaJIi3oBaHOTO Ha Y-XpoMmMocoMmi. 3a HaABHOCTI
B KiaitumHi Y-xpomocomi ren R% Giokye reum
Tif. ¥V rakiii curyanii npamioe rea T i opra-
Hi8dM BupoOJisie ciepmaTosoigu. Ilicisa mouaTky
IPOAYKYBAHHA TaMeT TOHKY PEeryJjdAIiio IhOT0
mpollecy OpraHi3M 3AifiCHIOE TOPMOHAJBLHO 3a
JOIIOMOTOI0 €HJJOKPUHHOI CUCTEMU.

Ane ma rameToreHe3 MOMKYTH BIIJIMBATHU
# immi ¢daxrtopu. Brpail HeraTwuBHO Ha Il
IpoIleC BILIMBAIOTh AJIKOTOJb, HAJIHHA i BIKU-
BaHHA HAPKOTHUYHUX PEUYOBUH, a TaKOX JedKi
dakTopu cepemoBuIla (pagiaiiiine BUITPOMiHeH-
Hd, TeBHI ximiuHi peuoBuHU ToIrto). Ili daxTo-
P¥ MOXKYTBH IOPYIIIyBaTu Impoliec (pOpMyBaHHSA
CIIepMAaTOo30iiB, II0 CTae NPUUYMHOKI IX Heno-
CTaTHHOI PyXJUBOCTi ¥ Oesmaigasa. Kpim Toro,
i (PaKTopm CYTTEBO IIiABUIMYIOTh KiJbKiCcThb
MyTalliifi B CTaTeBUX KJIITHMHAX, IO TAKOX IIO-
ramo BigOMBaeThCsd Ha IXHIA KUTTE3TATHOCTI
¥ migBUINYEe PU3WK HAPOAMKEHHA JiTelt 3i cman-
KOBUMU BaJaMMU.

Heari iH(peKIifiHi 3aXBOPIOBaHHA, HAIIPU-
KJaJ TapoTuT, IOPYIIYIOTH CIepMaToreHes3
i mpusBOAATEL OO 0e3MJIiAAsS B UOJOBiKiB.

@ MpakTyHa poboTa

BiomiHHicmb cnepmamoezeHe3y ma oeozeHe3y
y JII0OUHU

1. Po3rnaHbTE CXeMy pO3BUTKY CNepmaTo3oigis i An-
LIeKNITUHW NIoAVHWN.

2. YKaxiTb npouecy, AKi BigbyBaloTbcs nig vac cnep-
MaToreHesy 11 OBOreHesy, Ta npefcraBTe iX Y BU-
rmnani Tabnui.

3. 3HanaiTb pUCK BIAMIHHOCTI MiXK LMMKW npoLecamu,
Ta MOACHITb GionoriyHe 3HaUeHHA UMX BiAMIHHOCTE.
4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. HaBepfitb cninbHi Ta BiAMIHHI pucn cnepmaTo-
reHe3sy Ta oBoreHesy. 2. ANIKOrofiam moxe 6yTu npu-
YMHO MyTaLill y 6yAb-AKMX KNiTUHaX opraHismy. Ane
MyTaLii, AKi BUHMKaIOTb y raMeTax, BBaXatTbCA OAHMU
3 Hanbinbw HebesneyHmx. Yomy? 3. Cknagitb nepenik
AiR, AKi Yy NOBCAKAEHHOMY KUTTi JOMOMOXYTb 3HW3M-
TV PU3MK MOLWIKOOXKEHHA CTaTeBMX KNIiTUH B OpPraHi3mi
NOANHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 93. EBontoLisi CTaTeBOro pO3MHOXEHHS

0 [omipkynTe

Yomy nicna BTpaTy 34aTHOCTI 4O CTAaTEBOrO PO3-
MHOMEHHSA >KMBi OpraHi3aMy 4acTo MOYMHAKTb
po3BuBaTn y cebe aHanory Lboro npotecy?

Q 3raganTe

« QopMn PO3MHOXEHHA  + TpaHcdopmallis

» TpaHcaykKuin - KoH'torauin

OO6MiH reHeTUYHOLO iHPpOpPMaLLi€Eto
[10 NOABU eyKapioTiB

CraTeBe pPO3MHOMKEHHS € XapaKTePHOIO
pucoo eykapioriB. OcHOBHA 3amada CTaTEeBOTO
POBMHOKEeHHs — 3abeslleueHHs peKoMOiHaIii
crmagKoBoi iHgopmarii. Aje MOMKJIMBICTE 00Mi-
HIOBATHCSA T'eHEeTUYHOIO iH(opMallieio BUHUKJIA
3a0BrO 10 1XHBOI IIOSBU.

o moaBM KJIITUHHUX (QOPM KUTTA TO-
PUBOHTAJBHUN IIepeHic T'eHiB CKoOpillle 3a Bce
O0yB IOMiHYIOUMM CIIOCOOOM Ilepeladi coamko-
Boi imdopmarii. I sumre micas mosaABM KJIITUH
nmepenaua indgopmarliii Big mpegkiB mo Hamian-
KiB crajsia mepeBaskatu. AJie TpoKapioTUUHIi
dopMHU KUTTA IPOTOBKYBaIM OOMIHIOBATHCS
cIagKoBoIO iHGopmaliieio Mixk cob6Goio. [Hisa
IIbOTO BOHM BHUKOPUCTOBYBaJM TaKi crocobu,
AK TPaHCAYKIIiA (3a momomoror ¢ariB), TpaHc-
dopmaria (morsmuuatoun moJserkyau JTHK i3 ce-
penoBuiia) i Ko’toraimis (oominiooumcs [JHE
yepes cleliajabHi BupocTu — miji). [jia oominy
iH(popMallieo 3a JOIOMOTOI0 KOH’[oraiii BUKO-
PHCTOBYBAJIMCA HEBEJUKI KiJIbIIEBI MOJERYJIN
OHK — naasmign.

3 m0sBOIO eyKapioTiB mporecu oOMiHY criaz-
KOBOIO iH(opMAaIliel0 He NPUIUHUJIUCH, ajie
YCKJIaIHUINCI, 00 PisKo 30imbimmiaacsa Kijb-
KicTb reHiB y renomi. I'eHm Temep posTaro-
ByBaJucsa B OEeKiJIbKOX XpoMocoMax, i HaBiTh
IPOCTE BiITBOPEHHA 'eHOMY CTaHOBUJIO CKJIAIAHY
npobaemy. Bupimmmru ii Bmajmocs MIIAXOM BU-
HUKHEHHS TaKOT0o TpoIllecy, AK MiTo3. A masa
OificuJIeHHS MOXKJIMBOCTI peKoMOiHaIlii cragko-
BOT'O0 MaTepiajay BUHUK IIpoliec Meiiody i po3Bu-
HYJIOCS CTaTeBe PO3MHOKEHHA.
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[NepeBarv i HeJoONIKN CTaTeEBOro
PO3MHOKEHHA

Yomy KUBi OpraHisaMu 3 TaKOIO HAIIOJIETJIN-
BicTIO HamararooThbCA 3[iMICHIOBATHM OOMiH reHe-
TuyHUM Marepiasom? Xoua HaBiTH Ha piBHI
OakTepiii Takuii OOMiH BuMMAarae CyTTEBUX BU-
TpaT pecypciB opramismy. A Ha piBHi 6Gararo-
KJITUHHUX OpraHisMiB, AKi 34ifICHIOIOTH CTaTeBe
PO3MHOKEHHS, CUTyallisd BUTJIALAE IIle TipIIoo.
HasasHicTh ocoOMH ABOX cTaTel o3Haudae, I0 Ha-
magKiB Oyme 3ajuIlaTH TiJAbKK OZHA 3 HUX —
sKimoua. BimmoBigmo i mamagkis Oyme BaBiui
MeHIIle, Hi’K B OpradisMiB, AKi pO3SMHOKYIOTLCSI
HecTaTeBO (HAIIPUKJAI, IIOTiJIOM).

Aue craTeBe PO3MHOKEHHSA MAa€ i mepeBaru.
I came 1i mepeBarm poOJATHL HOT0 YCHIIIHUM
Yy KOHKYPEHIIil 3 HecTaTeBUM PO3MHOMKEHHSIM.

Hesaki mepeBaru cTraTeBOro PO3MHOKEHHS:

- [lIBuaKe BUHNKHEHHA HOBUX I'€HETUUYHUX
KombOiHamin. AKmo aBi ocoOMHM MAalOTH IIO Of-
Hili KOpHUCHi#l MyTalii, To BiKe UacTHMHA IXHiX
HAIIAAKIB IIEPIIIOro IMOKOJIIHHA Oyae MaTu 00u-
IOBi mi myTarmii y cCBOEMY T€HOMi 3a PaxXyHOK
KomMOiHaTMBHOI MiHJMBOCTi. 3a HeECTaTEeBOTO
PO3MHOKEHHS NOBeIeThCsd UeKaTU, IOKU Ipyra
MyTalligd He BUHUKHE HEe3aJIE}KHO.

- IIBuaKe BUJIYUYEHHA MIKiAINBUX MyTalliii
3 momyJjasaIii. Ko ABi 0cOOMHM MAXOThL IO OJ-
Hi¥ mIKigamsifi myTarii, To BiKe YacTHMHA IXHIiX
HAIAAKiB IIePIIoro MOKOJIHHA Oyae MaTu 00u-
IOBi mi myTarmili y cBOEMY TeHOMi 3a PaxyHOK
KoMmbOiHaTuBHOI MiHamBocti. Taka ocobuHa Ma-
THUMe HU3bKIi IITaHCU HA BUKMBAaHHS, IO JT03BO-
JIUTH BUJIYYUTU MIKIIIWBI MyTarii 3 momyraiii.

- CraTeBe PO3MHOKEHHS A€ 3MOTY HiATpU-
MYBATHU JOCTATHHO BUCOKUI PiBEHBb I'eTepPO3UTOT-
HOCTi, IO CIIPUAE BUKKMBAHHIO OCOOMH B YMOBaXx
MiHJIMBOCTI HABKOJIUIITHBOTO CE€pemOBHUIIA.

EBontouis cnoco6iB BM3HAUEHHSA cTaTi

ITiciss BUHMKHEHHSA CTAaTEBOTO PO3MHOMKEHHS
B €yKapioTiB BAXKJIMBUM OyJIO INTAHHS CIOCO0iB
Bu3HAueHHs crtari (mas. 93.1). Haiimpocrimum
i, IMoOBipHO, HalimaBHIIIIM crocoboM OyJIO BHU-
3HAUEeHHs CTaTi 3aJIe}KHO BiJi YMOB PO3BUTKY
opraHismy. 3apas TaKuil CIIOCi0 BHKOPHCTOBY-
0Th, HAIIPUKJAJ, YepBOMOAiOHA TBapmHa OoHe-
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boHenia — 30BHiWHI ymoBU

Jig i xKpokommiau. ¥ OoHesil cTaTh 3aJeKUTh
Big MicIlgd PO3BUTKY OCOOMHMU, a y KPOKOIAWJIIB
Biji TeMIlepaTypu cepemoBUIIA, B AKOMY BimOy-
BAaETHCA PO3BUTOK.

Binpni ckiagEUM cTajio BU3SHAUEHHS CTATI 3a
JIOTIOMOTOIO CITeIliaJIbHUX TeHiB, AKe IOCTYIIOBO
CTaJI0O TPUYMHOIO YTBOPEHHSA CTATEBUX XPOMOCOM.
Takwuii BapiaHT BUKOPUCTOBYIOTH ccaBIli (*KiHOUI
xpomocomMu XX, a wosoBiui XY) i merenuxku (oki-
HOui xpomocomu ZW, a uososiui ZZ). Ilomanb-
II1a eBOJIIOIiA I[OTO MEXaHi3MYy cTajia MPUYNHOIO
TIOBHOI PeAyKI[il MEHIIOI 3 XPOMOCOM i ITOSABOIO
BapiaaTiB X0 i Z0 B TmMX ’Ke rpylmax TBapuH.

Bunagkuv pepykuii ctateBoro
PO3MHOEHHA

Caig BigMiTHTH, IO HEZOJIKH CTaTeBOTO
PO3MHOKEHHS BCe OJHO CTAHOBJISATH IIEBHY IIPO-
6JsieMy OJIsI »KMBUX opraHismis. I B mporieci eso-
JIOMil HeOZHOPas30BO CIIOCTepirajgacs CHUTyallid
3 PeIyKIlieio TaKOTO CIIoco0y po3MHOKeHHs. [e-
AKi BUAM TBapWH MOBHiCTIO a00 YacTKOBO Iiepe-
XOAUJIN IO mapTeHoreHesdy (maduii), y 6aratbox
POCJIMH PO3BUHYBCA amoMikcuc (HeuyuBiTep),
a baraTo mpeCcTaBHUKIB rpubiB B3araJi BTpaTuIu
3IaTHICTh 0 CTATEBOT'0 PO3MHOMKEeHHA (IIicHABI
rpubu 3 rpyn ackKomineriB Ta GasumiomineTiB).

Age morpeba B pekomOimallii reHeTHUYHOTO
MaTepiajy Bce OLHO MPUCYTHA. | UM oprauis-
MaM JOBOAUTHCA BUKOPUCTOBYBATH iHIII CIIOCO-
6u perombimanii. Tak, oguH 3 BUIiB KOJOBEP-
TOK HEePeHtINoB 0 peKoMOiHaIii 3a JOIIOMOT0I0
TOPUB3OHTAJIBHOTO IIEPEHOCY T'eHiB, a cepel TPu-

0 Kniouosa iges

CrateBe PO3MHOXKEHHA MPOWLLIO TPUBANUIA LUAAX
eBoftoLii. IcHye 6araTto BapiaHTiB LbOro PoO3MHO-
XKeHHA. BoHO mae AK Heponiku, Tak i mepesaru,
3aBAAKN YOMY JyxKe MNolMpeHe cepep XUBUX
OpraHi3mis.

bakona — nnoigHicTb

[po3odina — cneuianbHi
cTaTeBi Xpomocomu
Man. 93.1. MNpefcTaBHMKM OpraHi3miB 3 Pi3HVMU CNocobamy BU3HAYEHHA CTaTi

0iB HOIMPUBCA TaK 3BAHUI IIapaceKCyaJbHUI
IIpoTIiec.

ITlig uwac mapacexkcyaJabHOTO HpOIeCcy Bif-
OyBaeThCsA BJIUTTSA ABOX BEreTaTUBHUX KJITHH
rigpiB rpubiB 3 rammoimHuMu aapamu. Ili aAgpa
3JIUBAIOTHCS, YTBOPIOIOYMW JIUILJIOIAHE AIPO,
B SKOMY MOJKe BigOyBaTmCA MiTOTUYHUN KPO-
cuarosep. Ilorim BimOyBaeThbCcs IIpoIiec Tailjoi-
Ou3allii, KoJIu IPOTATOM KiJBKOX TOIiIIB AIpOo
BTpPa4Ya€e XPOMOCOMU, CTAlOUM B Pe3yJIbTaTi ra-
mwiIoiguuM. fK i y BUIIaAKy cTaTeBOTO MIpPOIIeCy,
Mg yac mapaceKkcyaJbHOro IIpoliecy BimOyBaeTh-
cAd peKoMOiHAIlifA reHeTHYHOro Marepialy IBOX
6aThbKiBCBKUX OPraHisMiB i yTBOPIOIOTHCS HOBI
BapiaHTH reHOMiB. AJle B IILOMY IIpolieci BiacyT-
Hi MeftorruHi moxinu. IlapacekcyarbHU IpoIiec
y rpubiB BiIKpUB aHTJIIMCHKUI Ta iTadiicbKuii
reaeTuk I'. ITouTexopso 1956 pokry.

@ [MpakTyHa poboTa

BueyeHHs 6y008u cmameesux KJ1imuH meapuH ma
3MiHuU ixHbOT 6y008uU y npoyeci esonroyii

1. Po3rnaHbTe Nig MiKpOCKOMOM MOCTilHI Mikponpe-
napaty cnepmato3oifiB Ta ANLEKNITUH. YCTaHOBITb
03HAKWN MOAIOHOCTI Ta BIAMIHHOCTI UMX KNITUH ans
Pi3HVX rpyn TBapuH.

2. 3amaniorite CNepmaTo30if Ta ANLEKNITMHY CCaBLA
Ta MO3HauTe iXHi YaCTUHW.

3. CdopmyntoiiTe BUCHOBOK.

03a|‘|l/ITaHHH Ta 3aBdaHHA

1. [leAaKi eyKapioTnyHi opraHiamMu (Hanpuknag, [pix-
i) mMatoTb nnasmign. Ane y 6inbwocTi eykapioTis ix
HeMa€. 3 UM Lie Mmoxe 6yTu nos’asaHo? 2. Aki nepeBaru
Ma€ XPOMOCOMHE BM3HAYEHHA CTaTi MOPIBHAHO 3 TUM,
WO 3anexutb Big ymoB po3BuUTKy? 3. Bukopuctosyio-
UM [OHATKOBI [Kepena, CKNagiTb CnMcok crnocobis, 3a
[OMOMOroI0 AIKMX MBI OpraHiamMu 3abe3neuyioTb pe-
KOMOiHaLilo CBOro CrnajKoBOro matepiany y BUMNagky
BifCYTHOCTi CTaTeBOr0 PO3MHOMEHHA.
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§ 94. 3annigHeHHA

0 [omipkynTe

K 30iNCHIOETbCA 3anNifHEHHA y YepBOHMX BOAO-
pocTen, raMeTn AKUX He MaloTb [XKryTUKiB?

Q 3raganTe

» CrateBuin npouec « PekombiHallis

o KombiHaTMBHa MiHAMBICTb

Dopmu 3annigHeHHSA

3amriTHeHHAM HA3WBAIOTH MPoIeC 3’e€IHAH-
Hs (31UTTs) 3piol woaoBiuoi i sKiHOUOI cTaTeBUX
KJITUH, Y pesyJIbTaTi AKOr0 YTBOPIOETHCS OHA
KiiTuHa (3uzoma), 110 € IOYATKOM HOBOT'O Opra-
mismy. IcaHye Gararo ¢opM 3arLTigHEeHHS, Ha SKi
T0ro IOMiJIAIOTE 3aJIe}KHO BiJl TOTO, IKY 3 Xapak-
TEePUCTUK MpoIiecy 0yso obpano. Tak, samrigHeH-
HA, OIATh Ha wmyuHe (3AiACHIOETbCA JIIOAMHOIO)
Ta npupodue (6e3 ydacTi JgrogquHU). A 3aJEKHO
Big Mmiciig, e BOHO BiZOyBAeTbCs, PO3PISHAIOTH
308HiWHe (TI03a opraHidaMoM) i eHympiwiHe (B op-
raHismi) 3arTiHeHHA.

HaciHnHun

KiHoua ;
LWNLWKA ﬁ /V

3uroTa @

R

3annigHeHHs

OvnnoigHa ¢asa (2n)

3annigHeHHA y BogopocTen
Ta CNOPOBUX POC/IVH

Y BomopocTeil i CIOPOBMX POCIWH 3aIlJIim-
HEeHHS BiOYBA€ThCA IIJIAXOM BJUTTS TaMeT
TiIBKY Yy BOgHOMY cepemoBuili. Tomy mja pos-
MHOKEHHSA IITMM DOCJIMHAM IOTPiOHA Kpameyb-
HO-PiJKa BOJA, HABiTh SAKIIO BOHU POCTYTH Ha
CYXOMOJIi.

Poamipu ramer, 1o 6epyTh y4yacTh y Ta-
KOMY BaIlJIiIHEeHHi, MOMXYTh OyTH fAK OJHAKO-
BUMU, TaK i pisummu. Y 6ijgbimocTi BUIAIKiB
omHa abo0 o0MABI ramMeTH € PYXJUBUMH, i IXHA
3ycTpiu BimOyBaeThbcsa 0e3 0CcOOJMBUX IIPOOJIEM.
Aste B mearux BUNAAKax (HAIPUKJIAL, Y Uep-
BOHUX BOJIOPOCTEN) MKTYTUKHU y TaMeT BimcyT-
Hi. ToMmy 1M pocamHaM HOBEJIOCS BUPOOIATHU
OiJIBbII CKJIAAHY CHCTEMY 3allJIiJHEeHHS.

3annigHeHHA Y rofIoOHACiHHMX POC/INH

3alTigHeHHA y TOJOHACIHHUX POCIHH Bifg
KpameJbHO-piAKol BoAu He 3ayie:KUTh. 1le m103BO-
JIUJIO TOJIOHACIHHUM YCITiIITHO TIOIIUPUTHUCS § CY-
XWX MiCIAX iCHYBaHHS i cTaTWM OTHUMU 3 HaM-
OiBIIT yCHiIMTHMX TPYN Ha3eMHUX OpPTraHis3Mis.

| WMLWKa

LA |
Yonosiua - | _o{.
LuMLWKa 14

lannoigHa ¢aza (n)

G D -~ 3

Munkoa 73 y W /& Hacinnuin
Tpy6Ka — " 3auarok

7

-

Man. 94.1. 3annigHeHHA Yy rofIoHaCiHHMX POCINH
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Mpuimouka _. “ Munkose
MaTOoUKM 3epHO

©\

\

Cnepmii
I'Ivaosa

AnueknitnHa

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

LeHTpanbHa
KNiTUHa

Man. 94.2. lMpouec NoABINHOIO 3annifHEeHHA Yy KBITKOBMX POCVH

VY rosioHaciHHMX chmepMmii He MaTh IKIY-
TuKiB. o KiHOYOI IMIMIITKKM BOHM IIOTPAILIAIOTH
3 MUJIKOM, AKUN mepeHocuth BiTep. Ilicas mo-
TPANJIAHHA MUK 0 IIUITKKA 3 HHOTO BUPOCTAE
MUJIKOBa TPYOKa, AKAa i TPaHCIOPTY€E 0e3I KTy TH-
KOBi cmepMil g0 Micisag posTamnryBaHHA ANITEKJIi-
TUHU. ¥ IIpoOIleci 3alyIifHEeHHA y IOJIOHACIHHUX
Oepe ydacThb Jimiiie onawH cuepmin (man. 94.1).

MopgBinHe 3annigHEeHHSA
Y KBITKOBUX POC/INH

KsBiTKOBi pociuHu, AK i rojoHacinui, € Ha-
cimmmMu pocamHamu. | miciad 3samrigHEHHA
Y HUX TaKO’K YTBOPIOIOTHCSA HaCiHMHU. AJjie TIpo-
Iec 3amlIifHeHHS KBITKOBUX € OiJIBII JOCKOHA-
auM. ¥ HUX YTBOPIOIOThCA KBITKU i Mae Miciie
HnoABillHe 3aILIiTHEeHHS.

ITouaTok mporecy y KBITKOBUX AYKe€ CXO-
KUY Ha rojoHaciHHuX. IIMI0K Tex IOBMHEH
MOTPAIIUTHU Ha iHITy pocauHy (y IepexpecHoO3a-
OTUJIBHUX BUJIB). AJie BiH IOTpamisie Ha CIelli-
aJIbHY CTPYKTYPY — HPUNMOYKY MATOUKH, i TaM
BJKe IIPOPOCTAE, YTBOPIOIOUM HUJIKOBY TPYOKY.
ITo miii TpyO1i nBa cmepwmii (AK i y rojoHaciu-
HUX) TPAHCIIOPTYIOTHCA A0 3aPOJKOBOTO MIIlTKa,
y AKOMY OIWH 3i cmepMmiiB 3JMBAE€TLCA 3 AM-
MeKJITHHOI0, yTBOplooun 3urory (mana. 94.2).

I TyT yXe moumHaAIOTHCA BiAMIHHOCTI Bif
Opollecy 3aIllifHeHHs y TroJIoOHAciHHuX. Y 3a-
miaigHeHHi Oepe ydacTh APyruii cmepwmiii. Bim
3JINBAETHCA 3 IIEHTPAJILHOIO KJIITUHOIO HACIiHHOTO
3aYaTKa, AKA YTBOPIOETHCS IILJIIXOM 3JIUTTS IBOX

0 Kniouosa iges

3annigHeHHA € MpoLecoM, pe3ynbTaToM AKOro €
YTBOPEHHA 3UrOTU BHACNIAOK 3NUTTA ABOX ramerT.
BoHo Moxe BigbyBaTuca Ak ycepeauHi opraHiamy
(BHYTpIlWIHE 3annigHeHHA), Tak i B HaBKOJIULWIHbO-
My CepeRoBULLi (30BHILLIHE 3anigHeHHs). JlloguHa
B CilbCbKOMY FOCMOAAPCTBI LMPOKO BMKOPUCTO-
BYE LUTYYHE 3arligHeHHs.

ramjaoifHux KJaiTnH. TakumM yuHOM, IicJd 3JIUT-
TS 31 cmepMieM IleHTpaJibHa KJITHHA CTae TPU-
TLJI0IAHO0. 3 Hel MOTiM PO3BUBAETHCA eHAOCHEPM.

Taka cucreMa 3aIIifHeHHA € GiJBIIT paiio-
HaJIbHOI0. BoHa mae 3MOry yTBOpPIOBATH HaCiHU-
HY U €HJOCHepM TiJIbKM IIicJad B3alljiifHEeHHS.
A or y rosoHaciHHUX eHAOCIIePM Ta HaciHmMHA
po3BUBaIOTLCA 3aBXKAU. Hesayse:xHO Bim Toro,
uyy OyJio 3allIifHEeHHS, YU Hi.

3annigHeHHA y TBapyH

Y TBapuH 3amaigHeHHs OyBa€ OBOX BUIiB:
30BHiNIHe i BHyTpimrHe (Majs. 94.2). 3oBHilTHE
3aILIiTHEHHA YacTO BUKOPUCTOBYIOTH MEIITKAHIIL
BOIOMM. A MeIIKaHI[I CYXO0/J0JIy YacTiIlle BUKO-
PHCTOBYIOTH BHYTPIIIIHE 3aILIifHeHHA. SOBHIIIIHE
3allIiTHEHHA € HaNOiJbIII TPOCTHUM BapiaHTOM
3aIlJIifHEeHHS Y TBAPUH 1 eBOJIOIIHHO 3’ ABUIOCS
TIePIIM.

IlepeBaroi 30BHIIITHBLOI'O 3AILTIiJHEHHA € Te,
10 BOHO He IOTpeOye YTBOPEHHA B OpraHismi
cIIeniaIisoBaHUX CTPYKTYP [JA BBEIEHHS CIIep-
MU B TiJIO caMKu. AJie IITaHCH HA 3yCTpiu Aiie-
KJITHHHI 31 cIepMaTo30i0M 3a TaKOro BapiaHTa
3alJIiTHeHHS € MeHIINMMU.

Bararo BogHUX MEITIKAHITIB TAKOXK BUKOPUC-
TOBYIOTH BHYTPIiIlTHE 3amIigHeHHA. | 11e He aurre
BTOPUMHHOBOAHI TBapuHU (HAIPUKJIAL, KUTH),
MPeIKY AKUX JKUJIM Ha CYXOJ0JIi M PO3MHOMKY-
BaJIUCSA 32 JOIIOMOTOI0 BHYTPIIITHHOTO 3aTLJIiJHEH-
Hsa. Hanpukiazn, mpeacTaBHUKU XPAIOBUX pub
«BUHAWNLIN» BHYTPIITHE 3aILTiTHEHHA He3aJ1ekK-
HO Bij iHIIMX T'PYI XOPAOBUX TBaPHUH.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a gonomorolo [OAATKOBUX [xKkepen 3'AcynTte, AK
BiOyBa€eTbCA 3annifHEHHA Y YepPBOHUX BOJOPOCTEN.
2. YoMy HaseMmHi TBapvHM HaJaloTb NepeBary BHYTpiLl-
HbOMY 3annigHeHH0? 3. AKUM YMHOM MOXe BifbyBaTu-
CA BHYTPILLIHE 3amnlifHEHHS 6e3 0COOMCTOro KOHTAKTY
camus i camkun? TOACHITb Ha KOHKpEeTHMX npuKnagax.
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§ 95. Ocob6nuBi popMmn pPo3MHOKEHHA

0 [omipkynTe

YoMy MOXyTb MOPYLIYBaTUCA 3aKOHMW YCMafKyBaH-
HA 03HakK, BCTaHoBMeHi . MeHgenem?

Q 3raganTe

o PO3MHOXeHHA e« HecTaTeBe PO3MHOMEHHSA
o CTateBe PO3MHOXEHHA

[NapTeHoreHes

IIapreHorenes — 1e PO3BUTOK HOBOTO Op-
raHisaMy 3 He3amJigHeHOl AUNEeKJITHHU. SIK
i y Bumagry moJriemOpioHii, 3a mapTeHOreHe3y
MOUipHi OpraHi3sMu MawTh iIeHTUYHUHA 3 MarTe-
puHchbKuUM Habip cmaaxoBoi iHdopmairii. € op-
raHisMu, B AKUX IapTEeHOTeHe3 — E€IUHUN CIIO-
ci0 po3sMHOMKEeHHA (IesdKi KoMaxy — MaJOUYHUKU
Ta mpaMokpuii). B iHmmMX BuAiB, HampUKJIAI
y SIIipOK, iCHYIOTH PO3IiJIbHOCTATEBI Ta map-
TeHOTE€HETUYHI MOMyJaAILii. ¥ KUTTEBOMY ITUKJIL
nonenunb i gadgHi 3aKOHOMIPDHO YepPIyIOTHCH
TOKOJiHHA, AKi PO3BMHOKYIOTHCA CTAaTEBUM
cmocoboMm i mapreHoreHermuHo (Maia. 95.1).
Y O6mxin 3 HesaILTimIHeHUX AE€Ib IIIJIAX0M IIapTe-
HOTeHe3y YTBOPIOIOTLCA caMIli, a i3 sammigHeHUx

BUXOILATH CAMKU.
\ AKI PO3MHOXYIOTbCA
napTeHoreHe3om
a

NG

CaMKa .
MokoniHHA CaMOK,

' CaM,@
! 3annigHeHa
camka

Cameub

Man. 95.1. MapTeHoreHes y XUTTEBOMY LKA AadHin
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ITapreHorenes 3a cBOIMHU O0COGJIMBOCTAMU
3aiimae HiOM IIPOMiKHe IIOJIOMKEHHS MiK He-
CTaTeBUM i CTaTEBUM CIIOCOOAMU PO3SMHOKEHHS.
3 ogHOTO OOKY, HOBHUII OpraHidM pPO3BUBAETHCA 3i
creliajizoBaHol craTeBol KIITMHU — ARIEKJi-
TUHU, 3 IHIIIOTO — PO3BUTKY JOUYipHBOI 0COOMHM!
He mepejaye 3aIlIiTHeHHA.

[leporenHes

Ilemorenes € ogHUM 3 BapiaHTiB IapTeHO-
TeHEeTUYHOTI'0 PO3BUTKY. ¥ BUIIAAKY IIeIOTeHEe3y
PO3BBUTOK 3apOJKa IIOUYMHAETHLCS ITle HA JUUYUH-
KOBHUX CTaAifAX PO3BUTKY 0ATHbKiBCHKUX OCOOMH.
Ilemorenes BimoMuii aaA HMapasUTUUYHUX ILJIOC-
Kux uepBiB (Majy. 95.2), #Ioro TakoK BUSIBUIU
B [IeAKUX T'JIJISCTOBYCHX PAKOIIOAiOHUX i Iijioro
pAny KoMax (IpeACTaBHUKIB JKyKiB, METEeJIUKIB,
IBOKPUJIUX TOIIO).

VY meakux BUIagKax JUUNHKU, IKi mouymHa-
JW PO3BUBATHUCA ILJIAXOM IIeOTeHe3y, IOUnHAa-
JU BimirpaBaTu poJib eHIOHApPa3uTiB i BOuUBaJIU
MaTepUHCLKY 0CO0Yy Ille 1O CBOrO BUJIYIIJIEHHS.

Anomikcnc

Anmomikcue — 1e cmoci® pPO3MHOMKEHHA
0e3 craTeBOro Ipolecy, aje 3i 36epeskeHuMU
cTaTeBUMHU opraHaMu. AMOMiKCHC MOKHaA BBa-
JKaTl BTOPUHHUM HECTATEBUM PO3MHOKEHHSIM,
00 TIpeaKoOBi hopMU OpraHisMiB amoMiKTiB pos-
MHOYKYBAJIUCA CTATEBUM IILIAXOM.

Man. 95.2. lNegoreHes y XnUTTEBOMY LMK NapasuTUYHOro
NIOCKOro yepsa
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Man. 95.3. PocnnHa HeuymBiTEP PO3MHOXYETbCA LUAAXOM
anomikcncy, Ma€ Keitu, ane ana GopmyBaHHA HacCiHWH 3a-
NUNeHHA He noTpibHe

Anomikcuc mae aBi HaAMOIJBIN MOIIMPEHi
(opmu: mapreHoreHes (AKuii OyJi0O HOKJIAIHO
OomMCcaHO BHUIINE) i amoramiioo. Amoramis — 1€
IpoIlec YTBOPEHHS 3apOJKa i3 KJIITUH CTaTeBOTO
MOKOJiHHA (Y KBITKOBUX i3 ramioifHUX KJIiTUH
3apOAKOBOTO MillIKa, y IamopoTeli — i3 KJIITHH
3apoctka). llle ogHMM BapiaHTOM amoramii € aj-
BeHTMBHA eMOpioHisa, B mpoiieci K01 3apomox
PO3BHBAETHLCS i3 COMATUUYHUX KJITHH. 3apOIOK,
AKUH YTBOPIOETLCSA B Pe3yJbTaTi aJABEeHTUBHOIL
eMOpioHii, € ZUMJIOIZHUM Ta iJeHTUYHUM 3a re-
HOTHIIOM MATEPUHCHKili ocoOmHi.

AnoMikcuc mommpeHuii cepel KBiTKOBUX
pocaue (Man. 95.3). Moro smaiimim y mpen-
CTABHUKIB OiJIBII Hi’K COPOKA POAVH KBiTKOBUX.
Inraxom amoMiKcHCy PO3ZMHOMKYIOTHCA IIUTPYCO-
Bi, IIammopori, 3J1aKuM, aCTPOBI Ta iHIIIL POCAMHU.

HeoTteHiga

Heorenis € crtoco60M POZMHOMKEHHA TeAKUX
TBapuH, 3a AKOTO BOHU MAlOTh MOYKJIUBICTH PO3-
MHOKYBaTHCs He B JOPOCJOMY CTaHi, a Ha crTa-
Oil JUuuHKK. ¥ IhOMY BHUOAIKYy B JUUYHUHKU IO
cTamgii mopocJsioi 0COOMHU PO3BUBAETHCA JIMIIIE
craTeBa cucTeMa, a BcCi iHII cucTeMu 3ajau-
mIaioThesa He3aMiHHUMU. HeoTeHis TpaliseTbesa
y IpeICcTaBHUKIB 36MHOBOAHUX, KOMaxX, PaKo-
momiOHmX, UepBis,

HeoTenisas sasBmuaii Mae NOPUCTOCYBaJbHE
3HaueHHA. YacTimie 3a Bce IIe SBHUIIE CIOCTe-

0 Kniouosa iges

OcobnuBi GoOpMM PO3MHOMEHHSA BUHMKAOTb fAK
NPUCTOCYBaHHA A0 CreundiuHmX, YacTo BaxKMX,
YMOB iCHYBaHHA. [Jo HUX HanexaTb Taki crnocobu
PO3MHOXEHHS, AK MapTeHoreHes, NeforeHes, Heo-
TeHifA, anomikcuc.

Man. 95.4. AKConotnb — NIMYMHKa ambicTomu,
3[aTHa A0 PO3MHOXEHHSA

piraeTbcsa B TUX BUIIAAKAX, KOJU JUUUHKHU i JO-
pocJIi TBapUHU JKUBYTh V Pi3HUX CepemoBUINAX.
SIKIIo B cepemoBUIIi, e KUBYTH IOPOCJL OCO-
OMHM, YMOBU CTAIOTh HEIPUNHATHUMU AJIA IPO-
"KUBaHHS, CTa€ BUTIIHUM PO3MHOMKYBATHCA Ha
cramii JUYMHKU.

KnacuuruM npukaamzoM HeOTeHil € aKco-
JIOTJIb — JHWYMHKa ambicromu (OgHOro 3 BU-
niB canmamamzap) (maa. 95.4). YV pesyabrari mo-
CHiI)KeHHsa BIajocs 3’sCcyBaTH, M0 3aTPUMKA
TIepPeTBOPEHHSA aKCOJIOTJISA Ha TOPOCTY OCOOMHY
BUKJNKAHA HECTaueld TOPMOHY I[HUTOMIOLi0HOI
3aJI0311 — THPOKCHUHY.

[pakTWyHa poboTa

QDopmu po3mMHOXKeHHA Op2dHi3mie

1. Mpurotyinte MikponpenapaT wuBineBoro rpuba
MyKopa. 3Hangitb ridbn rpmba, oro cnopaHrii Ta
cnopu. 3amantonTe Mykop, No3HauTe ridu, cnopaHrii
Ta cnopwu rpuba.

2. Po3rnsHbTe repbapii BULMUX CMOPOBMX Ta HacCiH-
HUX POCNNH. 3HaWAiTb IXHi OpraHn PO3MHOMEHHSA
(cnopaHrii Ta KBITKM). 3amantonTe cxemy NoABiliHOroO
3annigHeHHA KBITKOBMX POC/IVH i BKaXiTb eniemeHTH,
AKi MO3HAYEHO Ha MarloHKY.

3. MopiBHANTe GOPMU PO3MHOXKEHHS TPUGIB, Cro-
POBUX Ta HaCiHHWX POCAUH. Pe3ynbTaT NnpeacTaBTe
y BUrMAAI Tabnuui.

4. CoopmynionTe BUCHOBOK.

QBaI'H/ITaHHﬂ Ta 3aBOaHHA

1. YoMy PO3MHOXEHHA LWAAXOM MapTeHoreHesy
€ BUTOHVMM [NA >KMBWX OpraHiamiB? 2. Aki nepesaru
Ma€ XUTTEBMIN LUMKN Takoro Tuny, AK y gadHii, 3 uepry-
BaHHAM CTaTEBOrO i MAapTEHOreHeTUYHOro PO3MHOMEH-
HA? 3. JlloAnHy iHKONM Ha3nBaloTb NPUKNALOM HEOoTeHil.
[oBediTb UM cnpocTynTe Le TBepPOKEHHS.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 96. 3annigHeHHA y NOONHA

0 [omipkynTe

Yomy 3annigHeHHA y IOANHN MOXIuBe
He Ha BCiX CTafiAX MeHCTpyasbHOro Lukny?

Q 3raganTe

o PO3MHOXeHHA
» Ooramis

* [ameTn

e 3urota

OpobneHHs

G 08w,
4 ¢

6nactount
AnueknitnHa

Man. 96.1. lNMpouec 3annigHeHHA y NOANHN
i noyaTKoBi cTagii eMOpiOHaIbHOrO PO3BUTKY

IMnnaHToBaHUM

3annigHeHHA y noanHN

3amrigHeHHAM y JIOAUHY, IK i B IHIIINX K-
BUX OPTaHi3MiB, Ha3MBAETHCA IIPOIEC 3 €THAHHA
(3yuTTSI) 3pisTol YoJIOoBiUOl (cmepmMaTo30in) i sKiHo-
40l (ARIEeKJiTHHA) cTaTeBUX KJIITUH, V Pe3yJb-
TaTi AKOTO YTBOPIOETHCA OJHA KJiTUHA (3UTr0TAa),
10 € IIOYaTKOM HOBOI'O opraHiamy (maj. 96.1).

Jlrony € mpejcTaBHUKaAMM CCaBIiB, i ToMy
3aIUIiTHEHHA Y HUX BHYTPIIlTHE — BOHO BixOy-
BA€ThCA B OpraHiami kiHKu. ¥ samrigHeHHi Ge-
PYTh yuacTh 40JOBiua (CIpemMaTo30in) Ta :KiHoua
(aninekJgiTuHA) raMeTn. 3aIJIiTHEHHS 3a3BUYAal
BimOyBaeThCcAa B MATKOBili TPyOi. ¥ IIbOMY IIPO-
Imeci BUOIJIAIOTL KiJgbKa eTalis.

MpUUYMHM NOPYLLIEHHS NpoLeciB
3annigHEHHA Y NOANHM

ITpuymHM MOpPyIIeHHA IPOIlECiB 3aTJIiTHEeH-
HA MOXKYTh OYTH DisHOMAHITHMME. IX BUHHUK-
HeHHA MOKe OyTu IOB’sizaHe i3 mpobJyemMamMu
B OpraHisami K YOJIOBiKa, Tak i KiHKH.

IIpobnemMu B opranizmi 4JoJgoBika, AKi Mo-
JKYTh OyTY IPUYUHOIO HOPYIIIEHHA IPOIeciB 3a-
IIigHeHH:

+ eH/IOKPUHHI IIOPYIIIeHHA, AKi CTAIOTh IIPU-
YMHOI0 3arudeJii cuepMaTos30imiB ab0o IepeIrKo-
IKaI0Th 1X YTBOPEHHIO;

- indexIitini 3axBopioBaHHA (IaPOTUT, OPY-
1IeJIb03, 3aXBOPIOBAHHA, AKi IepefaroTbCcAd CTa-
TEBUM IILJIAXOM);

- YyTBOPEHHSA TYXJUH y A€uKax (AK J00po-
AKICHUX, Tak i 8/I0AKiCHUX);

* POBIIIMPEHHSA KPOBOHOCHUX CYLWH y fA€U-
Kax (Bapikoresie), yepes sike TeMIepaTypa cTa-

Etanuv 3annigHeHHA y NiognHY

Eran

ITenerpaiisa

IIpouecu, Aki BigOyBaroThCs

ITomonmauHA CIIepMAaTO30iI0M 30BHIiITHIX 000JOHOK AUIMEKJJIITUHN — OJHUCKYU0i 000-

JIOHKM Ta MIPOMEHUCTOro BiHNA. I iX mogoslaHHA BUKOPUCTOBYIOTHCA CIIeIliajabHi
depMeHTH, PO3TAIIIOBAHI Ha IIOBEPXHI Ta B akpocomi ramer. Ajie (pepMEHTIiB OLHOTO
cIIepMaTo30ia HeOCTaTHBO JJIS ITOJOJIaHHA 000710HOK. TOMY 3a1l/Ti THEHHSA MOYKJINBE
TiIBKY 32 HAABHOCTI JOCTATHBOI KiJIBKOCTi CIIepMaTo30imiB

Koprukansua peakirissi = Ilicisa mpoHNKHEHHA OLHOTO 31 CIIepMAaTO30i4iB ycepeAnHY ANIEKJIITHHY Bi0yBaeThCA
BU1JIeHHS Ha30BHi crreniudivHnx (hepMeHTiB, AKi pOOIATH HEMOKJINBUM IPDOHUKHEHHSA
B ANNEKJITUHY 1HININX CIIepMaTo3011iB

YTBOpEeHHSA 3UTOTH
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TeBUX B3aJI03 HiABUIIyeThCA moHAn 34°C, 1o
COPUYUHSE 3aru0eJb CIIepMaTO30imiB;

* BPOIKEeHiI aHOMAaJil PO3BUTKY CTaTeBUX
3aJI103;

 posJiaz CeKcyalbHUX (PYyHKIH (UacTo Ma-
IOTh TCUXOJIOTIYHI TPUYNHN);

- amnajeHHsa mpocraTu (pisHOI mpupomn);

* BILJIMB 30BHIITHiX (ismuHMX a00 XiMiuHUX
dakTOpiB, AKi MOIIKOMKYIOTH KJITHHH cCTaTe-
BUX 3aJ03 (pamiamiline oopoMiHEHHSA, TOKCUYHI
CIIOJIYKH TOII[0).

IIpo6semu B opraHiami sKiHKH, IKi MOXKYTH
0yTH TPUUYMHOIO MOPYIINEeHHSA MPOIeCiB 3arLrij-
HEHHS:

* eHIOKPUHHI MOPYIIIeHHA, AKi CTAIOTh IPU-
YUHOIO IIOPYIIIEHHA PO3BUTKY i MO3piBaHHA AM-
MeKJiThH;

* IOPYIIIeHHA MTPOXiJHOCTI MaTKOBUX TPYO
micys TpaBM, a0opTiB a60 iH(eKITInHNX 3aXBOPIO-
BaHb, IO MEPEITKO/KA€E IIPoIlecy 3allIiTHeHHS;

* BPOJI’KeHi aHoMmaJsii pO3BUTKY CTaTeBUX
3aJI03;

* TiHEKOJIOTiuHi 3aXBOPIOBAHHS;

- in(ekmnifiui 3axBopioBauHHA (OPyIEIHO3,
3aXBOPIOBaHHA, $SKi IIepefaloThbCs CTATEBUM
MIJIAXOM);

« iIMyHOJIOTiUHI TTOPYIIIEHHA.

OcobnmBocTi penpoayKuii NognHN

IcuyBaHHSA JIOAUHU, AK 1 OyAb-IKOT0 iHIIIOTO
OiosoriuyHOrO BHAY, € MOKJIMBUM TiJIbKMH Yy BHU-
nagKy, Koau Oyme BimOyBaTucs IIPOIEeC Pempo-
IVKIii (PO3MHOKEHHS) 3 IIOSABOI0 0COOMH HOBUX
HOKOJIiHb. PemrponyKIlisa y JIOAWHN € CKJIaIHIM
poIlecoM, Ha SAKHH MOJKe BILJIMBATU BeJIUKA
KimbKicTs arTopis. Ili dakTOpuM MOKYTH OyTHU
Hebionozivnumu (disuwuni arTopm, TOKCUUHI
PEUYOBUHM TOIIO), 6ios0ziuHuUMU (3aXBOPIOBAH-
HsI, TPaBMH, MOPYIIeHHA O00OMiHY peduoBuH) abo
COIliaJIbHUMM.

ComianbHa CKJIaAOBa Biirpae y pempomyk-
il JIOAMHY HaA3BUYANHO BaKJIUBY poib. Came
comiajbHi (P)aKTOPU CUJIBHO BILJIMBAIOTH Ha Pi-

0 Kniouosa iges
[na nognHu, AK NnpeacTaBHMKa CCaBLiB, € Xapak-

TEPHUM BHYTPILWHE 3annigHeHHA. Ha uen npouec
MOXYTb BMJIMBaTU Pi3Hi GakTopu, AK BHYTPILLHI,
TakK i 30BHiWHI. LWKianuBmiz BNAnB aesknx ¢akto-
piB MOXe CTaTV NPUUYNHOIO MOPYLLEHHA MpoLecy
3aniaHeHHA i 6e3nnigan.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

IIeHHA JIOAUHU 100 HAPOMKEeHHA AUTWUHU Ta
KiJbKOCTI miTe#l y poauHi. YMOBU KUTTA JIIOJ-
CBKUX DPOJUH TeX 0arato y 4omMy (POpPMYIOThCS
OiJ BILIMBOM COI[iaJbHO-eKOHOMIUHUX (PaKTO-
piB. A e BIJIMBae AK Ha IICUXOJOTIUHUI CTaH
Jofneit, Tak i Ha craH ixHbOro 3mopos’s. Hemo-
CTaTHE XapuyBaHHA, MOCTifiHA CTpecoBa CUTY-
allisg, HeBIEBHEHICTb y MaWOyTHHBOMY MOXKYThb
cTaTu MPUUYNHOIO PO3JIALIB Yy POOOTI pempomyk-
THUBHOI CcUCTeMH i BUHMKHEHHI 0e3IlIians.

Cnocobun KoHTpauenuii

Buxogaum 3 ocobsmBoCTell mpoIecy yTBO-
PeHHA raMer Ta 3allJIifHEHHS y JIOIUHU OYJIO
CTBOpPEeHO OaraTo cmoco0iB KoHTpalemiii (3a-
mobiraHHA BariTHOCTi), AKi JO3BOJAIOTH edeK-
TUBHO PEryJIIOBATU IIPOIEC PENPOAYKILiI y Jfo-
OUHUA.

MeToau KOHTpaIieniii MoKHa MOAIIUTH Ha
KiJgbKa rpym:

« IpUPOAHiI MerToawW (pisHMMU cIlocobaMu
BM3HAYAIOTH IIEPiof, IO € CHPUATIUBUM IJId
3aIlIiTHEeHH, KOJIU CJiJl YHUKATU CTATEBUX CTO-
CYHKiB);

- MexaHiuHi (6ap’epHi) MeToau (He momycKa-
IOTh KOHTAaKTy CIIePMAaTO30iIiB Ta ANIMEKJIiTHH!
IILJIIXOM CTBOPEHHS MeXaHiuHoro 6ap’epy 3a mo-
IIOMOTOIO ITpe3epBaTuBa, AiadparMu, MaTOUHOTO
KOBIAUKa TOIII0);

* TOPMOHAJbHI MeToau (LIJIAXOM IPUAOMY
TOPMOHAJbHUX I[IpelapaTiB MHepellKoIKaloTh
mpoIrecy OBYJIAIil ab0 3aKpilJIeHHIO 3aIlljiigHe-
HOI AUIEKJITUHM B MATIIi);

« XimiuHiI MeTOmU (32 MTOIIOMOTOIO CIIEIliaJIb-
HUX IpelapaTiB HepelrKoAKaloTh MIOTPAILIAHHIO
CIIEPMATO30iIiB Yy MaTKYy);

« BHYTPIMIIHBOMATKOBI 3acobu (po3miIieHi
B MATIIi 3aCO0U IILJIAXOM MeXaHiuHOI Ta XiMiuHOI
Oil mepemrkom:KaloTh 3aKPIilJIeHHI0 SUIEeKJIiTH-
HY);

« Xipypriuai meTogm (ImiAxoM Xipypriuxoi
omepairii po6JIaTh IIPoleC 3aILIiJHeHHA HeMOMK-
JIUBUM).

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. Aki dakTOopM MOXYTb nepelikoaXkaTtu 3annig-
HeHHIo y noanHn? 2. Yomy 3anfigHUTU ANLEKNITUHY
MOXe TinbKK oguH cnepmato3oig? 3. Cknagitb CNMCoOK
npodinakTMYHMX 3axofiB, AKWX CNif OOTPUMYBATUCA,
Wo6 3anobirTm nopyLeHHIo MpoueciB 3anfigHeHHsA
y NoAVHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 97. CraTb y nioaguHN

0 [omipkynTe

U mMoxnvBe BMHVKHEHHA repmadpoanTmsmy
y noanHn?

Q 3raganTe

» Cratb » CrateBi xpomocomu

» CraTeBi 3an03u » CrateBi ropMoHMU

+ MMepBYHHI Ta BTOPWHHI CTaTeBi O3HaKM

MexaHi3Mun BU3HaUeHHS CTaTi

SIK Bu BiKe 3HaeTe, y JIIOAWHU TOJIOBHY
PoOJb y BUBHAUEHHI cTaTi MalOyTHBOI 0COOMHU
Bimirparors crareBi xpomocomu. Harmra cragko-
Ba iH(popwmaIllisg 3ocepemkeHa I'OJOBHUM YMHOM
y AApi KJIITHH HAIIOro TiJia i mpeacTaBjieHa TaM
y Burjaaai 23 map xpomocoMm (KOKHa XPOMO-
coMa TIpeficTaBJieHa MBOMa EK3eMILIIpamMu) —
CIIeI[iaJIbHUX TiJIellb, OO0 CKJIAAY AKUX BXOIATH
6inku Tta I[THK. To6To BChOTO KOKHa KJIiTUHA
HAIIIOTO OpraHidmMy micTuTth 46 xpomocom. Jluie
B ramerax xpomocoM He 46, a 23. ¥ HUX KO-
Ha XpOMOCOMa IIpeJcTaBjeHa JUIIe B OJHOMY

eK3eMILIapi. 22 mapu XPOMOCOM y UYOJIOBiKiB
i kiHok ommakosi. Ili xpomocomMu Ha3MBAIOTh
ayrocomaMu. A OT XPOMOCOMU OCTAHHBLOI mapu
y UYOJIOBiIKiB i KiHOK BimpisHsioThbCca (Ile Tak
3BaHi craTteBi xpomocomu). Y KiHOK crarTesi
XPOMOCOMY IIPEJCTAaBJIEHI JABOMA BEeJIUKUMU
X-xpomMocoMaMu, a y YOJOBiKiB € ofHa BesnKa
X-xpomocoma I OofHA MaJIeHbKa Y-XpPOMOCOMA.
Manenbpka Y-XxpoMocoMa MiCTHUTH MaJjO CIIamgKO-
Bol iH(opmailrii, aje BUKOHYE OysKe BaKJIUBY
dyukIiio. CamMe ma XpoMocoMa «BMHKAa€E» IIPO-
rpaMy pPO3BUTKY U0JIOBiKiB. Bes ii HasBHOCTI
PO3BUTOK OpPTraHi3ZMy UYOJIOBiKa HEMOKJIWBUM.
OCKinbKY KiHOUYI KJIITUHYU MAalOTh Y CBOEMY
Anpi auire X-XpoMOCOMHU, TO M y raMeTax »Ki-
HOYOTO OpraHisMy OyAyTh 3HAXOAWUTHUCH JIUIIIE
craTeBi XxpoMocoMu IIbOT0 TuIy. To0TO 3a Ii€io
03HAKOI0 BCi KiHOUYI rameTu OyIyTh OJHAKOBU-
mu. Ilig yac yTBOpeHHsS K YOJOBiUMX Tramer
OHA TIOJIOBWHA 3 HUX OTPUMae X-XpPOMOCOMY,
a imma — Y-xpomocomy. To6To 3a Ii€eo o3Ha-
KOIO 40JIOBiui rameru OyAyTh OBOX THIIiB.
Crarp MaiiOyTHLOI MUTUHU BU3HAYAETHCH
B MOMEHT 3aIllIigHeHHda. JAKINo 3 AAIEeKJIiTIHOIO
3JIMBCS CIIEPMATO30ia, AKUHA Mae X-XpPOMOCOMY,

MNepBWHHI cTaTeBi O3HaKM NOAUHN

Y kiHOK

Y 4yoj0BiKiB

BrayrpimHi craTeBi opranu

« Markosgi (¢pasmroniesi) Tpy6u
- BysabBa - ITixBa

« deunukn
Marka

Cim’ aHUKU
ITepenmixypoBa 3ayio3a

+ Cim’aBUBigHI TPOTOKU

3oBHiIIHI cTaTeBi Opranu

CopowmiTtHi ry6u + Kairop

Mormronka - ITenic

HeAki BTOPUHHI CTaTeBi 03HaKN NIOANHN

Y kiHOK

Jlo6pe po3BUHEHI MOJIOUHI 321031

Menmnia KinmskicTs Bostoces Ha Tijai

BigcyrHicTs Bostoccs Ha migdopiami

TpuryTrHa hopMa BoJIOCCA HA JTOOKY

Menmnia Tangisg, KOPOTIIHUH, MIUPIIUHA Tas, IMTUPOKi
cTerua

HABKOJIO CTETOH
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/KuposBa TKaHMHA HAKOINYYETHCS F'OJIOBHUM YNHOM

Y 4yoa0BiKiB

HeposBuHeHni MoJiouHi 3ay1031

Binbia KigpKicTh BoJioccs HA TiJji: Bojoccs Ha
BepXHili ry0i, Ha migbopiami, yacTo HA TPYAAX, K-
BOTi, IepeIIiuydaxX i TOMiJIKax, TeKOJ TaKOMK Ha
PYKax, CTerHax, CiqHMUIIAX, IIeuax

BysbKi crerna

JKupoBa TKaHMHA HAKOINYYETHCA FOJIOBHUM YMHOM
HAaBKOJIO ILJIEYOBOI'0 IIOsiCa



TO HAPOAUTHCA AiBUMHKA. A SKIIO CIIEPMATO30-
imr maB Y-XpoMOCOMY, TO HAPOJUTHCA XJIOTMMYUK
(mam. 97.1).

Brim, opraniam JIIOAUHM € CKJIAJHOIO CHCTE-
MO0, i (h)opMyBaHHA NEPBUHHUX Ta BTOPUHHUX
CTaTeBUX O3HAK, a TAKOXK CTATEBOl i/JeHTUUYHOC-
Ti, BimOyBaeThcA Ha KiJIbKOX pPiBHAX. BaiKiuBy
poJib TYT Bimirpae pob6oTa rOpMOHAJBHOI cHCTe-
MU i BHUIIIa HEPBOBa NisgJIbHICTB.

lfepmadpoanTnam y niogrHm

T'epmadpoguTuamMom Ha3MBaOTHL HAABHICTD
B OAHiel ocoOuHU i "ojsioBiumx, i sKiHOUMX cTa-
TeBUX 3aJ103. ¥ OiJBIIOCTI BUIIAAKIB Take SIBU-
e € XapakTepHUM s 6e3xpebeTHUX TBAPUH,
a y XpebeTHUX TpaIISEThbCcA PiAKo (HaiuacTimie
y pub). ¥ ccasiiB repMadpoauTHI3M BUHUKAE
BHACJIIJOK IIeBHUX CIIAQAKOBUX aHOMAJIiHl ab0 mo-
PYIIIEeHHS PO3BUTKY.

Y sonmHU PO3pPi3HAOTH ABAa BUAU TepMa-
dpomuTusMy — icTHHHHNI Ta XUOHMII. 3arajJbHa
yacTora repmMadpoguTusMmy — npubausuo 1 Bu-
nagox Ha 2000 Hapom:KeHb. AJle Maiiyke BCi BOHU
HaJeXXaTh A0 XUOHOro repMad)pOAUTU3MY. ICTHH-
HUI repMad)pOIUTU3M TPATLIAETHCA AYIKE PiTKO.

¥V pasi icmuHH020 TepMaPOAUTUIMY B JIIO-
ouHU (POPMYIOThCSA i uvoJyioBiua i JKiHOuUa cra-
TeBi 3a03M, AKi 37aTHI BUPOOJIATH TaMeTH,
a B OyZOBi cTaTeBUX OpPraHiB € AK KiHOUi, Tak
i yosoBiui pmcu. Takumit BapiaHT MOKJIWBUMA,
HAIPUKJIAMI, V BUOAAKY MO3ailuaMy, KOJU OJHA
YyacTUHA KJIITUH OpraHisaMy Mae xpomocoMu XX,
a imma — XY.

¥ Bumaaky xub6Hozo repMadgpoauTU3My CTa-
TeBi 3a,1031 c(pOPMOBaHI IPABUIBHO 34 MKiHOUNM
abo yosioBiumM TuIOM. AJie cTaTeBi opraHu He-
cyThb O3HaKM 000x crareii. Ile mMo:ke OyTu Ha-
caigKoM mucOaaHCy CTaTeBUX TOPMOHIiB.

feHaep y MoanHMN

IT'engep — me cormianbHO-6ionoriuma xa-
PAaKTePUCTHKA, Uepe3 SKY BUSHAUAIOTHCH IIO-

0 Kniouosa iges

JllogHa HaneXxmutb OO OpraHi3miB i3 XPOMOCOM-
HUM TUMOM BU3HAYeHHA CTaTi, AKa BM3HaYa€TbCA
napolo CTaTeBMX XPOMOCOM. Afie caM MeXaHi3m
bopMyBaHHA CTaTi CKNagHWI i BiAbGyBa€TbCcA Ha
Kinbkox piBHAX. Tomy 6iofioriyHa cTaTh y NOAMHN
He 3aBXAM MoKe criBnagaTti 3 ii colianbHolo cTaT-
Tio. Came Tomy Aanda nioauHu i 6yno cdopmosaHo
MOHATTA reHAepy.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

)

XX XY

’rv’hrdq(

Man. 97.1. MexaHi3m BU3HauYeHHA CTaTi y NloanHN

HATTS «YOJOBiK» i «KiHKa», MCHUXOCOIliaJabHI
Ta COI[iOKYJABTYPHI POJIi 4OJ0BiKaA # KIHKU AK
ocobucTocTell, a TaKOXK IICUXOJIOT0-0iosoriu-
Hi ocobauBocCTi, Ha AKi BOJamMBae craTh. Dak-
TUYHO T'€HIEepP € COIiaJIbHUM KOHCTPYKTOPOM,
AKUN BU3HAUYAE COI[iaJIbHY CTaTh JIOJUHU.
Tepmin rexgep 3alIpoIOHYBaB aMePUKaAHChKUNA
ncuxoaHaixritTuk Po6epr Croanep y Kiumi
1960-x pokis.

Ha Bigminy Big Giosoriunoi crati, renmep €
HaboOpoM coIiaJbHUX caMoimeHTHdiKamiit, aki
MOJKYTh AK 30iratmcsa 3 OiojorivHMMUM 0COO0JIM-
BOCTSAMU JIIOAMHMU, TaK i cymepeuntn im. Ienmep-
Hi BigMiHHOCTI (hopMyIOThCA Yy IpOIieci coriari-
3aIrii — HaBYaHHS POJIi YOJOBIKiB Ta »KiHOK Bif
HAPOIKEHHA IIPOTATOM KUTTS, X0Ua HAMOIJIBIII
iHTEeHCHBHO IIeii TpoIllec BimOyBaeThbCa OO BiKy
cTaTeBOi 3pijocTi.

OBaI'H/ITaHHFI Ta 3aBOaHHA

1. Ay cTaTb OyAyTb MaTuh nioan 3 Kapiotnnamm XXX,
XYY, XXY, XXYY? 2. Axi ocobnusocTi repmadppoantusmy
pobnATb NOro He3PYUYHM ASA NOWNPEHHA cepe CCaB-
uis? 3. Yomy camOBM3HAYeHHA CTaTi y NIOAMHN MOXKe
He cniBnagath 3 ii XPOMOCOMHMM Habopom?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 98. OHTOreHe3s 6araToKNiITUHHNX OpraHiamiB

0 [omipkynTe

AKLWO nepewwKkoanT NOTPanIAHHIO HACIHUH
6yp’AHIB Ha ropoa i BUAanATK ixXHi NapocTKu,
TO BCE OJHO MPOTATNOM KiIbKOX POKIiB 6yp’AHN
Ha HboMmy OyayTb BupocTtatu. Yomy?

e 3raganTe

e Po3BuTOK
» XapaKTepHi pucu TBapuH
o XapakTepHi pucx poCivH

[Nepioan oHTOreHesy pocinH

Sk Bam Bimomo, OHTOTeHe3 — IIe iHaAuBimy-
aJbHUN PO3BUTOK OPraHidaMy BiJ MOMEHTY OTO
3apo/sKeHHA (CTaTeBUM UM HECTATEBUM CIIOCO-
6om) mo cmepri. OHTOreHe3 MOMINISIOTh HA KilIb-
Ka mepioxiB. Xoua s3arajibHa IOCJIiJOBHICTH IIO-
il B OHTOTeHe31 JKMBUX OPraHi3MiB € CX0JK0I0,
i Imepioau BiApPiBHAOTBHCA IJA PISHUX CHUCTe-
MaTUUHUX Tpyn. Tak, Ay:ke pisHOMaHiTHUMU
€ BapiaHTH OHTOTEHEe3y y BOJOPOCTeH. Y HUX
YacTO TPANJAITHCSA CKJIAMHI KUTTEBL IUKJIU.

¥V HaseMHUX POCJIMH PiBHOMAHITHICTL BapiaHTiB
OHTOTeHe3y He Taka Beamka. Haitbinbmiomo Ha-
3eMHOI0 T'PYIIOI0 POCJMH € KBITKOBI pPOCJIUHU.
VY HUX BUAINAIOTH YOTUPU OCHOBHI mepionu oH-
TOTeHe3y: JIATeHTHUM, IpereHepaTuBHUM, reHe-
paTUBHUI i MOCTTeHEePATUBHUMN.

[Nepioan oHTOreHesy TBapuUH

OuToreHes TBApUH 3a3BUYANA IOMiIAIOTH
Ha JBa TOJIOBHI mepiogm — eMOpioHaJAbHUI
i mocrembpionanbHUii. EMOpioHaNbHUI mepion
(embpioreHnes) TpuBa€ BiJg MOMEHTY 3alljliHEH-
HA [0 HAPOMKeHHsA (BUXOAY 3 SHIEeBUX 000-
n0oHOK). IlocremOpioHanpHUN mepiox TpuBae
BiT MOMEHTY HAPOJKEHHA IO CMEPTi TBaApUHU.
ITocTeMmOpioHanbHMIT PO3BUTOK TBApUH MOJKeE
OyTu npamum abo CyIpPOBOAMKYBAaTUCA HEePETBO-
PEeHHAM — Memamop@po3om.

TpurBanicTb XNTTA XXNBUX OpraHiamMiB

TpuBamicTh KUTTA KUBUX OPTraHi3MiB II0-
YMHa€ BU3HAYATUCS Bil MOMEHTY BUHUKHEHHS
3UTOTH, MOAIJAY KJIITHHU ab0o BiAgijieHHS 3apoj-
Ka BiJi MaTepMHCHLKOIO OpPraHidaMy y BUIAJKY

MNepioan oHTOreHe3y NOKPUTOHACIHHKX POCANH

Ilepion Ko nmounHaeTses

IITo BinOyBaeThCA

JlaTeHTHUIT Bix momenTy BiAmisileHHS HaciHMHU Bif Hacinuna mepeOyBae B cTaHi CIIOKOIO

MaTepUHCHLKOI 0COOMHM

IIperenepatuBauii = Bixg MOMEHTY IIpPOpPOCTaHHA 3apojaKa PicT pocimuu # HakonumueHHS HEIO IIO-

JHHUBHUX PEYOBUH

T'enepaTuBHU#I Big momeHnTy mouaTKy ¢GopMyBaHHSA reHe- TenepaTuBHi opranu (PyHKIIIOHYIOTS.
PaTUBHUX OPraHiB PocauHy KBiTHYTH i IJIOZOHOCATH

ITocTrenepaTus- Bixg momenTy sakinuenua (GyHKIioHyBaHHA | IIpollecu BigMuUpaHHS IIOUYMHAIOTH IIepe-

HUAT TeHepaTUBHUX OPraHiB [0 3arubesi POCJAMHM & BayKaTH HAJ MIPOIECAMU HOBOYTBOPEHHS

Etanu noctembpioHanbHOro PoO3BMTKY CCaBL,iB

Eran Koau mounHaeTses
IOBeninpHUYT = Big MomeHTY HapoKeHHA

3pinricThs Bix momeHTy HacTaHHA cTaTEeBOI 3pisocTi

Crapinua Binx momeHTy, KoM mIpoIiecu BiAMUpaHHA
MOYMHAIOTH IIepeBaykaTu HaJ IIPoIlecaMu
HOBOYTBOPEHHS, [0 3aTu0eJIi TBapuH
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IITo BimOyBaeThCsa
PicT i posBuTOK oprauismy

YTBopeHH: i picT HOBUX opraHiB He BigOyBa-
eTbesa. O0OMiH peuoBuH 36amaHcoBauuii. Bin6oy-
BAETHCSA PO3MHOMKEHHA TBAPUH

BigbyBatorhca 3MiHU, AKI 3HUIKYIOTH OTO
ajanTaliiii MOMKJINBOCTL



BEreTaTUBHOTO PO3MHOMKEHHA. SaKiHUeHHAM
JKHUTTS BBAsKAIOTh MOMEHT 3arubeJii ocoouHu abo
ii momiay 3 yTBOpPEeHHAM HOBUX 0ocoOuH. Makcu-
MaJIbHA TPUBAJIICTH JKUTTSA Yy TBAPUH i POCIMH
Yy PiBHUX BUJIB CYTTEBO BiAPiBHAETHCH.

MakcrmanbHa TPMBaNiCTb KUTTA LEAKNX
BMAiB TBapVH

TpusaiicTh

Hasgsa Bu
Y SKMTTS, POKH

T'pennanacrka arkyna 400
I'pennangcbKuil KUT 211
Tamanarocrka yuepenaxa 177
Jlroguna 122,5
T'pud-inguura 118
Tonmit 3emnexon 30
Ilepioguuna mukana 17
Mypaxa (KopoJjeBa) 15
ITamox 3
Myxa nposodinza 0,1 (30 gHiB)

MakcrManbHa TPMBaniCTb XUTTA AeAKNX
BMAIB POCINH

TpuBaxicTsh

Hazsa Bu
Ay SKUTTS, POKH

CocHa ocTucra 4800
CeKBOANEHAPOH 2300
Hy0 spruaiiumi 1 500
SnwuHa eBponelicbKa 400
MopxkBa 2
Kpin 1

MakcumanbHa TPUBAIICTD JKUTTS 3aJIEIKUTD
Bixm Gararrox umHHUKIB. Ile i meBHi remetuusi
mapaMeTpu, i yMOBU HABKOJUIITHBOTO CEPeIOBU-
ma (COpUATIANBL YMOBU MTONOBIKYIOTH YKUTT),
i pisHoMaHiTHI BuUmaaKoBi moxmii (BUBep:KeHHS

0 Kniouosa iges

OHTOreHes — Ue iHAMBIAyanbHUN PO3BUTOK
OpraHiamy BiI MOMEHTY IOro 3apOoAKeHHA [0
cMepTi. Xoya MOCNiAOBHICTb MOAiN B OHTOreHesi
6yAb-AKNX 6araTOKJITVHHMX OPraHi3MiB € CXOXOI0,
KOXHa 3 BENIMKUX CUCTEMATUYHIX TPy OpraHi3mis
BifPi3HAETbCA Bif iHWMX CBOIMU 0COBANBOCTAMM
OHTOreHesy.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

BYJIKaHa, MaJiHHA METEeOpUuTa TOIo). ¥ pPisHUX
CHUCTEMaTUUYHUX TPy OpraHisMmiB (arTopm, AKi
HaWCHWJIbHIIIE BIJIMBAIOTh HA TPUBAJIICTD JKUTTH,
MOJKYTh pisHUTHCA. Xoua TaKi mapaMeTpu, AK
posMmip (0inbIIi B cepelHHOMY KUBYTH [TOBIIIE)
Ta iHTeHCUWBHIiCTh 00MiHY (IIBUAKUWHA OOMiH 3a-
3BUYAN CKOPOUYE KUTTH) € aKTyaJIbHUIMU IIPaK-
TUYHO IJIA BCiX T'pPyI.

SK mpuKJax reHeTUYHOI 3yMOBJIEHOCTI TPU-
BaJIOCTi KUTTA MOKHA 3rajaTy HaseMHi poc-
JUHU, AKUX IMOALJIAIOTH HA OOJHOPiYHi, ABOPiUuHi
i Oaratopiumi. I HamexuHicTh g0 oxHiel 3 mux
rpyn € Bupocnenu(ivHOO 03HAKOIO.

PexopacmenoM 3 TpuUBAJIOCTI KUTTA cepen
XpebeTHNX BBAKAIOTh I'PEHJIAHICHKY aKyJIy, AKa
moske moskmuBaTu no 400 poxkiB. Ileit Bug mae Bci
XapaKTepHi O3HAaKU, AKi moB’s3aHi 3i 3maTHic-
TIO 0 TPUBAJIOTO XKUTTA. Ile TBApMHM BEeJTUKUX
posMipiB, iHTeHCUBHiICTh OOMiHY PEUOBUH y HUX
€ HU3BbKOIO, TEMIMN POCTY i cCTaTeBOro A03piBaH-
Hs Oy’Ke HU3BKi (cTaTeBoi 3pijocTi JoBOAUTHCA
yekatu 150 poxkis).

Maiizke 3aB¥AM y CKJIAAI CHUCTEeMATUYHUX
TPYII € BUAM-BUHATKYU, Ki 32 TPUBAJIICTIO KUT-
TSI CyTTEBO Pi3HATHCA BiJl PEINTU HMpeACTaBHUKIB
rpynu. Ile moB’sA3aH0 3 0COOJIUBOCTAMU IXHBOI
6iosorii Ta exosorii. Hampukian, roJi semJe-
KOIIM € MpeACTaBHUKAMU I'PU3YHIB i JKUBYTH 0
30 pokiB. A OiNBIIiCTE IPEACTABHUKIB IXHBOTO
pPALYy 3 aHAJOTIUHMM PO3MipOM Tija JKWBYTH He
OinbIlie HidK 3 POKH.

@ MpakTnyHa poboTa

CnocmepexeHHA ma onuc Komax Ha pi3HUx cma-
diax pozsumky

1. Po3rnAHbTe ManoHKU CTafin »KUTTEBOTO LUKIY
KOMax 3 MOBHVMM Ta HEMOBHUM MEepPeTBOPEHHAM.
YKaxKiTb Ha3BWM LUX CTagin Ta NOACHITb, AKY posb
BOHW BiflirpaloTb Y »XUTTEBOMY LMK/ KOMaxu.

2. Po3rnsHbTe Konekuii, ¢otorpadii, ManoHKM Ko-
MaxX. YCTaHOBITb TUM PO3BUTKY, AKNA NpUTaMaHHW
LUM KOMaxaMm.

3. ChopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. MOACHITb 3HAaYEHHA ANA POCANH | TBAPUH Pi3HNX
nepioAiB y iXHbOMy OHTOreHesi. 2. XWUTTeBUN LMKA i3
MeTamopd0o30M y Komax NoTpebye cyTTeBOI NepebyoBu
opraHi3my B OfIVH i3 nepiofiB XUTTA. YoMy XK Takui Tvn
XKUTTEBOTO LUKNY € AyXe nowwmpeHnm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 99. EM6pioHanbHNN po3BUTOK. pob6neHHA

0 [omipkynTe

YuM KNiTMHWM OQHOKNITMHHMX OPraHi3miB Bigpi3HA-
I0TbCA Bif KNITUH 6araTOKNITMHHUX OpraHi3mis?

Q 3raganTe

 3uroTa o EM6pioH

o OpraHenu KnitmHm

Em6pioreHes. 3uroTa i fpobneHHA

¥ cmopoBux pocauH (hopMyBaHHA OPraHizMy
MOYMHAETHCA Bifi MOMEHTY IIPOPOCTAHHS CIIOPU
0e3 YyTBOPEHHS 3apoAKa. Y HaciHHUX POCJIUH 3a-
POZIOK (DOPMYETHCA IIiJ] Yac YTBOPEHHS HACIHUHU.
ITicna mboro BiH meBHHE uac mepeOyBae y cTaHi
CIIOKOIO 0 IOYaTKy IpopoctaHHa (May. 99.1).

YV OaraToKJIiITUHHUX TBapWH PO3BUTOK 3a-
POKa MOUYMHAETHCA BijJf MOMEHTY 3allIiHEHHS.
Iliciia npoHMKHEHHA CIIepMAaTo30ia B ANIIEKJTi-
TUHY 1 3JUTTA IXHIX sep YTBOPIOETHCS OMHO-
KJITHHHUN 3apOJOK — 3UT0Ta,— AKA MOYMHAE
minutucsa. IlomanbIiri HampaMU IOy 3UTOTU
1 0COOJIMBOCTI PO3BUTKY 3apojKa 3HAUHOIO Mi-
poOI0 BMBHAYAIOTHCA OCOOJUBOCTAMMU ITHUTOILIA3-
MU SUIEKJITUHY, Y IeBHUX 30HaX AKOI HAKOIIU-
YyIOThCS BigmoBigui Komiuiexcu 0inkiB Ta PHK
(ABUINlEe 00IIJIa3MaTHUYHOI cerperarrii).

Pan mociigoBHUX MIiTOTHMYHUX TOALIIB 3U-
roTu Ha3WBAKOTHL ApodaenHaAM (Man. 99.2). ITix
yac APOOJIeHHSA TepeACUHTeTUUYHUH mepionx iH-

3apogkose cTebsio
3apoakoBa 6pyHbKa

3apoAKOBUIN KOPiHb

Cim'agons

HaciHHa wkipka

Man. 99.1. PosTtallyBaHHA 3apofKa B HaCiHMHI KBacofi
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Tephasu maiike BifCyTHill, TOMY KJIITMHU, IO
YTBOPIOIOTHCS,— 0Jacmomepy — MAaIOTh AeraJri
MEHITY KiJIbKiCTh MUTOIJIa3MU MTOPiBHAHO 3 SAU-
mexJiTuHOo. Yepes BHCOKY IIBUIAKICTH IP0O0-
JeHHs cuHTe3 OiJiKa He BimbyBaeTbecs, i Ojac-
TOMEPU BUKOPUCTOBYIOTH OiJIKM, HaKOIWYEHI
B IUTOIJIA3Mi AUINEKJIITHHH. YiKe Ha cramil
OJsracTyu 30BHI OZHAKOBi GJiacTOMEpPH MOMKYTH
MaTHu MeBHY creliajisaliiio i, 3aJexHo BiJ cBO-
TO TPOCTOPOBOTO PO3TAIllyBaHHS, BU3HAYATHU
(bopMyBaHHA TUX UM TUX 3aPOJKOBUX JIMCTKiB
(edpeKT TpPe3yMIOTUBHUX 30H).

XapakKTep Opo0JieHHS 3HAUHOIO Mipoio 3aJje-
JKUTh BiJ KiJIbKOCTi »KOBTKAa, 3allaceHoro B IU-
romyasmi ainerkJgiTuHu. KOBTKOBI rpanym
MIEPENIKOI)KAIOTh IIPOCYBAHHIO BEPETEHA IONiIY
IO TIOJIFOCIB KJIITMHM ¥ YTBOPEHHIO NEPETAKKU,
TOMY y TBapuWH 3 BEJUKOIO KiJIBKICTIO JKOBTKa
(mmasyHu, nraxu) OpoOJeHHS HenosHe: sAIpa
3 BimocoOseHMMU AIIAHKAMHK I[UTONJIA3MU 30-
cepemKyIOThcA 0iJiA OAHOrO MOoJIIoca KJITUHU,
a TPOTUJIEKHUU TOJIIOC 3aTIOBHEHUU YKOBTKOM.
AnneraiTuH, IO MAOTh HE3HAUHY KiJIbKiCTb
JKOBTKa abo He MaioTh IHoro B3araJi (ccasiii,
ILJIOCKi YepBM), MiALAI0OTHCA NOBHOMY OPOOAEHHIO.
PospisHamTs piBHOMipHE Ta HepiBHOMipHE APOO-
JeHHsdA. 3a PiBHOMIPpHO20 APOOJIeHHS OJIacToMepu
OfHAKOBi. 3a HepieHOMIpHOz0 ApOOJIeHHS OJac-
TOMEpPU BiIpidHAIOTHCA 3a (hopMOIO i podamipammu.

Oonna3smaTtnyHa cerperauis
Ta NPe3yMNATUBHI 30HU

Sk Oysmo BKasaHO BHIIE, OJHAKOBI 30BHI
OoysacToMepu y CKJani OJacTyam BiKe MaioTh
IeBHY cIIelliajrisallifo, 3ajeXHO Bil CBOro mIpo-
cTopoBOTO posTramryBauHsa. Ila cnoemianisamia
BU3HAYAETHCA Ile HA PiBHI 3urotu i, HaBITBb,
mig yac yTBOpeHHsS sainekJiTuau. OCHOBOIO
IIBOTO € Te, IO IIUTOILIa3Ma 3UTOTH B Pi3HUX
CBOiX B30oHAX MicTUTL pisHi Habopu 6GiosoriuHO
AKTUBHUX KOMIIOHEHTiB (CUTHAJIbHUX OiIKiB,
PHEK, pu6ocom To1o). @opMyBaHHA TAKUX 30H
PO3MOYMHAETHCS Ile Ha CTafil YTBOPEHHS sife-
KJIITHHN i Mae Ha3BYy OOILJIa3MaTHYHOI cerpe-
ramii. A 30HU KJiTMHU, BigMiHHi 3a HabopoMm
0ioJIOTiUYHO aKTMBHUX PEUYOBUH i KOMIIOHEHTIB,
HA3WBAIOTHhCS MPE3yMITHUBHUMH 30HAMU.
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PiBHOMipHe
CUHXPOHHeE

PiBHOMipHEe

[ToBHe
ACNHXPOHHE

Apo6neHHs

HepisHOoMipHe

HenoBHe HOunckoiganbHe

Lieno6nactyna
(naHUETHUK)

Bbnactouncra
(ccaBui)

Amdibnactyna
(amoi6ii)

Junckobnactyna
(nTaxwn)

Man. 99.2. QopmyBaHHA TUNIB 61acTyn XOPLOBMX TBAPVH

IIig wyac gpoOJieHHSI 3UIOTH M YTBOPEHHS
0JlacTOMEPiB reHeTUYHO iJeHTUYHI JOUipHi Aapa
BUSABJAIOTHCA OTOUYEHUMHU YaCTUHAMU ITUTOILIA3-
MU 3 PiBHMX IPE3yMITHUBHUX 30H. B3aemonisa
TEeHEeTUYHOTO MaTepiany dAlep 3 PeryaaTOpHU-
MU PEYOBMHAMM BiAINIOBiJHUX B30H IMTOILIa3MU
3allycKae BiAHOBimHI MexaHidMu peryJsiii ax-
TUBHOCTI AnepHuX reHiB. Ile crae mpumumMHOIO
dopMmyBaHHA creriamisaiii 30BHI iZeHTHUYHMX
OJsracToMepiB.

ToTunoTeHTHICTb 6nacTomepis

XapaKkTepHOIO puHCoOl OJacToMepiB, AKi
YTBOPIOIOTLCS B pe3yJibTaTi ApoOJeHHA, € iX
TOTUIOTEHTHicTL. ToTHMOTEeHTHiICT, — IIe 37aT-
HiCTh KJIITHMH 0araTOKJiTHMHHOTO OpraHismy mga-
BaTH IOYAaTOK HOBOMY OKPEMOMY OpraHismy.

TOTUIOTEHTHUMH YACTO € KJITHHU POCJINH.
Tomy oTpuMaTu KyJbTYPY TKAHUH POCIWHU He
Iy Ke CKJIAAHO. A OT 3 KJIITUHAMU TBAPUH CKJIAL-
Himre. BigbImicTh KJIITHMH TBAapMH HAJATO CIIEIli-
aJri3oBaHi ¥ He MOMKYTH JaTH IIOYATOK HOBOMY
opraHizmMy. AJle TOTHUIOTEHTHICTH IpUTaMaHHA
O6sacromepam 3apoaka TBapuH. OTKe, 3 Oj1acToMe-
PiB TBapuMH MOKHA yTBOPIOBATH HOBi OpraHiamu.

Came 111 BJIACTUBICTh € OCHOBOIO YTBOPEHHSA
MOHO3UTOTHUX OJM3HIOKIB. Y BHOAAKY, KOJIU
OsracToMepH IIic/IsT OAHOTO-ABOX IIOAiJIiB PO3XO0-

0 Kniouosa iges

EmM6pioHanbHUN po3BUTOK (embpioreHes) y Ha-
CiHHUX pocnuH BiabyBaeTbcA B mpoueci dopmy-
BaHHA HaCiHWHKY, a y 6araToOKNITMHHUX TBAPUH —
Bifl YTBOPEHHA 3UrOTV 4O MOMEHTY HapOIMEHHS.
Mepwwrm eTanom embpioreHe3y TBapuH € dopmy-
BaHHA 6nactynu.

IATbCA OAWH Bil OZHOTO, KOXKEH 3 HUX MOKe
YTBOPUTU OKpeMuit opranism. Taki opranis-
MU Ha3WBAIOTh MOHO3BUTOTHUMU OJM3HIOKAMU,
OCKiJIbKUM BOHU YTBOPeHi 3 ofHiei aurotu. OcHO-
BHA 0COOJIMBiCTh TaKMUX OJM3HIOKIB — reHeTHYHAa
imTeHTHYHiCTE (BOHM MAIOThL OJHAKOBI TeHOMM).

Bnactyna. Tunu 6nactyn xopaoBux

Ilepion mpobaeHHs 3aBepIIyEThCA (POopMY-
BaHHAM OJactyau. Y TUIIOBOMY BUIIaAKy OJjac-
TyJa CKJaTaeThbCcsa 3 IMIapy OJacToMepiB, AKi
OTOUYYIOTH IMiJIBHUM KiJbIIEM IIOPOKHUHY —
onacmouenv. 3ajeXHO Big Tumy apoOJeHHS
3 SUMEKJITUH XOPAOBUX TBAPUH (POPMYIOTHCS
pisui Tunu Gaacryn (man. 99.2)

MpakTyHa poboTa

BueyeHHs emanie em6piozeHe3y xopdosux meapuH
1. Po3rnsHbTe MikponpenapaTt ApobneHHA AnuA
»Kabu. 3amanionte nobayeHe. Mignuwitb Ha3Bu
KMITUH.

2. BuBuiTb Ha mikponpenapaTtax, Mynsxax, cxema-
TUYHKX MaJTIOHKaXx CTagil embpioreHesy naHLEeTHVKA.
3amantonTe nobaveHe i 3pobiTb Nignucu.

3. YKaXiTb BigMiHHOCTI ApO6SIeHHA Bif 3BUYAHOrO
noginy KniTuH, ypaxoBylouu, Lo obuasa npouecu
BifOYBalOTHCA LUIAXOM MITO3Y.

4. Chopmynioiite BUCHOBOK.

OBaHI/ITaHHﬂ Ta 3aBOaHHA

1. Yomy oonnasmatuyHa cerperauifa € Bax/MBOIO
AnAa TBapuH? 2. Yomy B nTaxiB i CCaBLUiB yTBOPEHHA
6nactynu He Moxe BigbyBaTMcA opHakoBo? 3. Yomy
y TBapWH KTMHW MEHLW CXWNbHi A0 TOTUMOTEHTHOCTI,
HiX y pocnunH? 4. [lia Akmx dakTopiB MOXe CnpuaTh
HapPOAMXEHHIO MOHO3UIOTHUX BMIM3HIOKIB?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 100. lacTpyna. 3apoaKoBi NUCTKN

0 [NomipkynTe

AKi rpyny TBapuH He YTBOPIOIOTb Mif Yac CBOro
PO3BUTKY TPETiln 3apOAKOBMIN INCTOK —
me3sopepmy?

Q 3raganTe

 [1po6neHHA » bractyna

 [acTpyna o CucTemaTnyHi rpynu TBapvH

[acTpynauis

HacrymnHa micia yTBopeHHS 0J1aCTyJIN CTamid
eMOpiOHAJIBHOTO PO3BUTKY HA3UBAETHCA TacTPY-
JISAIi€I0, a 3aPOJIOK HA I[ifl CTafili — racTpyJioro.
Tacrpyia B 6ibIIocTi 6AraTOKJIITUHHUX TBAPUH
dopmyeThea mig yac BruHaHHA (iHBariHarrii) uac-
TUHU CTiHKH 0JIACTYJIM BCepeauHy 0JacTOIleli.

Iamumu cmocob6aMu yTBOPEHHS TacTPYJIU €
immirpamnisa, emiboais Ta gemamiHaiis. Y Bu-
naakry immicpayii medAri KiaiTwHU OGIacTyam Mi-
I'PYIOTh Yy 0JIaCTOIIEJb i YTBOPIOIOTHL BHYTPIIITHIH
miap KJIiTHH. Y TBOPEHHA racTPyJaN MIJIAXOM iM-
mirparii HmOIWpPeHO cepes MPeACTAaBHUKIB Ty-
00K Ta KUIIMKOBOIIOPOXHUHHUX. TpamideTbcs
BOHA i B leIKUX NPEJICTaBHUKIB I'OJKOMIKipUX.
Bingkpus 1ei#i cmoci® ractpysadAiii Hamr 3eMJISK
I. I. Meunukos.

¥V mporieci eni6onii npiOHI KJIITUHU OJHOTO
KiHIIg 3apofKa 0oO0pPOCTAIOTh 330BHI HABKOJIO Be-
JUKUX KJITUH APYyroro KiHIA. ¥ TaKuil crocid
YTBOPIOETHCA TacTpyJia y MpPeNcTaBHUKIB puo.
Haii6inpm mokJgIagHO BOHA AOCTiAMKeHa Ha IpPHU-
KJIaAi KJIaCUYHOTO JIab0opaTOPHOT'O OpraHidaMy —
pudKu maHio-pepio.

Y mportieci denaminauyil KIITUHU iIATbCS
mapaJjejabHO IIOBEPXHi 0JIacTyJiHd, YTBOPIOIOUNU
npu nbomy aBa miapu. Illaaxom pemamizarii
YTBOPIOETHCS TacTpyJia y JIOAUHU Ta 0araTbox
iHmuUXx ccapIfiB. TakoK racTpPyaAIlisg MOXKe 3Iil-
CHIOBATHCS IIJISIXOM IIOETHAHHS KiJIbKOX i3 I[UX
c1oco0iB.

3apoJoK Ha IIif cTamili CKJIaZaeThCA 3 IBOX
mIapiB KJIITUH — 3apOAKOBMX JHMCTKIB: 30BHIIII-
HBOTO — eKmodepMu, i BHYTPiITHBOTO — eH-
modepmu. YHACJiTOK BrUHAHHS YTBOPIOETHCS
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TMOPOKHUHA — 2acmpoyenb (racTpaibHa ITOPOK-
HUHA) i OTBip, AKMM BOHA CIOJyYaeThCA 3 Ha-
BKOJIUIITHIM cepefoBuieM — Osacmonop (mep-
BUHHHUHA POT).

Baacrorens poamileHa MiK e€HTO- Ta eK-
ToLEepMOI0. ¥ Hel MPOHUKAIOTH 0JacTOMEDPH, IO
aloTh TOYATOK TPEThOMY 3apPOAKOBOMY JIHCT-
Ky — Mme300epmi.

3apoaKoBi NUCTKK | andepeHuiauis

TKaHWH. OpraHoreHes

3apoAKOBi JUCTKU OAIOTHL IOUYATOK TKaAHU-
HaM i opranmam eMOpiOHiB, IO PO3BUBAIOTHCH:

* 3 ekmodepmu HOPMYIOThCS 30BHIIITHIN erri-
TeJIil, MIKipHi 3a/103U, IIOBEPXHEBUH I1ap 3y0iB,
pOTOBUX JIYyCOK, HEPBOBA CHUCTEMA;

* HOXimHUMU eHmodepmu € emiTesiii ce-
pPenHbOI KHMIIKU, eMiTeN il AUXaJIbHOI CUCTEMU,
TpaBHi 3aJI1031;

* RIITUHU Me300epmMuU PO3BUBAIOTHCS
B M’A30BYy # CIOJy4YHY (30KpeMa, KiCTKOBY Ta
XPAIIOBY) TKAHWHU, KaHAJW OPraHiB BUIiJIeH-
Hs, KPOBOHOCHY i, YaCTKOBO, CTATeBY CHUCTEMU.

IIpomec ¢opmyBaHHA Opra”HiB 3 IEBHUX
KOMILIEKCiB KJIITHH eMOpioHa Ha3MWBAETHCA Op-
ranoreuesom (mas. 100.1).

3a OCHOBHUMU HaIpAMaMU eMOpPioHaJIbLHOTO
PO3BUTKY TBapWH, AKi PO3BUBAIOTHCA 3 TPHUIIA-
POBUX 3apOAKiB, IMOMIISAIOTH HA MBI BeJUKi rpy-
U — [OePBUHHOPOTUX i BTOPDUHHOPOTUX. ¥ nep-
suHHopomux (MOJIIOCKHM, YJIEHHUCTOHOTI TOIII0)
POTOBUIL OTBip y IPOIlECi POBBUTKY (POPMYETHCA
Ha MicIi 6sacTomopy, a y 8mopuHHopomux (ToJi-
KOINKipi, XopmoBi Tomio) — Ha iHmomy Kimiti
Tia (Ha Micii 6JacTomopy B HUX (POPMYETHCA
aHAJBLHUUA OTBip).

CToBOYpPOBI KNiTUHK

Tepmin «cToBOypoBa KJIiTMHa» YBiB y Ha-
yry Buenuir O. O. Makcumo 1908 poky. [Ho-
CHIIKYIOUM TIPOIleC KPOBOTBOPEHHSA, BiH mili-
IIIOB BHCHOBKY: Y HAIIIOMY OPraHisMi mpoTATroM
yChOT'0O KUTTS 30epiraroTbesa HeaudepeHililiona-
Hi KJiTHHU, SKi MOXKYTH II€PETBOPIOBATHCSA HAa
agim@ponuTy Ta iHIII choeliasidoBaHi KJiTHHU
CIIOJIYYHOI TKAHUHU U KPOBIi.

Ha pamnix cragisx posBUTKY eMOpioHa KJIi-
TUHU HecHelliajgisoBaHi. BoHu oTpuManu Ha3BYy



Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33y S

CToB6YpOBi KNiTHN

ROSO LV
Mezopepma EkTropepma EHpopepma
N [N
s el ‘%% A
9 J “\ \
Cepuesuni Knituun KnitnHn ; KnituHn KnitnuHn
M'Ai3 KpOBI LWKipwn HelipoHu neyviHkm anbBeon

Man. 100.1. OpraHoreHes

CTOBOYPOBHX, TOMY IO PO3TAIIIOBaHi 6iJig OCHO-
BH CTOBOypa YSABHOTO TI'eHEaJIOTiuHOTro JIepeBa
KJITUH, SKe BiHUae KOpPOHa 3 pPi3HUX cmelria-
JisoBaHmX KJiaiTuH. Ha BigMiHy Big 3BUUYaliHHX
KJiTUH, MIPU3HAUYEHUX BUKOHYBATHU YiTKO BHU-
3HaveHi (DyHKIIiI B opraHismi, cTOBOypoOBi KJri-
TUHU B TIPOIECi PO3BUTKY MAIOTh MOXKJIUBICTH
HabyBaTu cHelriaJisarii.

CTOBOYPOBi KIITHHYN PO3SMHOMKYIOTHCS IILIA-
XOM IIOAiJY, AK i Bci iHmmi kaitTuau. BigMinHiCTH
moJIATa€ B TOMY, IO BOHUW MOMKYTh [TiJIUTHCS
HeoOMeKeHO, a 3piji KIiTuHu 3a3BUYail MalOTh
o0MerxkeHy KiabKicTh HMukJaiB moxiay. Tomy ro-
BOPATH, III0 CTOBOYPOBA KJiTHMHA 37aTHA A0 Npo-
Jaigpepauii, TOOTO MO TPUBAJIOTO PO3SMHOKEHHS
W penpomyKIirili BeJMKOI KiJbKOCTI KJIIiTHUH.

CroBOypoBi KJiiTuHuM 3maTHI K0 Jugepen-
uito6aHHsA — TpoIlecy HeoOOPOTHOI cIelia-
aisamnii. Cusim, IO AAIOTHL MOIITOBX IIOYATKY
IudepeHIiloBaHHA, MOXKYTb OYyTH SK BHYTPIIII-
HiMu, Tak i 3oBHimHiMu. BHyTpinmHi curnaam
YIPaBJAATHCA 'eHaMU KJIITUHU, a 30BHIIIIHI —
XiMiYHUMU pPEUOBMHAMU, SKi BUAINAOTH iHIITI
KJIiTUHU, (isSMYHMM KOHTAKTOM i3 cycimHimMu
KJIITUHAMH, a TaKOoX MeAKHMHU MOJeEeKyJaMu

0 KniouoBa ifes

YTBOPEHHA racTpynym — BaXXIUBWIA eTan emb6-
pioreHe3y TBapuH, Mif 4ac AKoro GpopmyoTbcA
3apPOAKOBI NIUCTKU — eKTodepma (30BHiLUHIN)

i eHTOogepma (BHYTpiWwHIN). Ha HacTynHomy eTani
BinbyBaeTbcA GOpMyBaHHA TPETbOrO JINCTKA —
MesofepMu (cepefHboro). I3 LMx 3apofKoBUX
NUCTKIB GOPMYIOTbCA OpraHn i CUCTEMU OpraHiB
opraHismy.

i3 3apOAKOBUX NINCTKIB Y NIOANHMN

HaBKOJIMIITHBOTO cepenoBuIia. B ycix Bumagkax
Ii BIIUBU MAIOTh IO CYyTi «iHpopmamiiiHmii»
XapakTep, a He (QiduuHNi, XiMiuHUN UM Xa-
paxTep cepemoBHUIIA.

VY pesyJabTaTi KIITHHHOTIO HOAiay 3i cTOBOY-
POBUX KJITMH BUHUKAIOThL MaTepPUHChKA W [0-
ipHa KiaiTuHu. MaTepmHChKI BUKOPUCTOBYIOTH
IJIs caMOWUiATPMMAHHSA IIOIyJAIMii, a mouipHi
a00 IIepeTBOPIOIOTLCSA HA KaMOiaabHYy KJIITHHY,
abo OesmocepenHbo audepeHioo0TLeA. CTOB-
OypoBa KJiTmHa 30epirae BJACTUBOCTI pPaHHIX
eMOpioHaJMbHNX KJIITUH — ILIIOPUIOTEHTHICTD,
a xaMbiaJbpHA I[}0 34ATHICTH yTpadyae i YTBOPIOE
JUIle perioHaybHi CcTpyKTypu. TakumM 4YuHOM,
KaMbiasbHi KJiTUHU 3a0e3MeuyioTh BiJHOBJIEH-
HA BTPaAueHUX KJIITHMH BiAIOBIiZHUX TKaAHUH
i oprauis.

@ MpakTnyHa poboTa

BugueHHA noxiOHUXx 3apo0Kosux JUcMKie

1. Po3rnsaHbTe cxemu CTagin embpioreHesy, rictore-
He3y Ta OpraHoreHesy XOpAOBUX TBAPWH.

2. YCTaHOBITb BifgMOBIAHICTb MiX 3apOAKOBMMU JINCT-
KaMWn Ta opraHamu, siki 3 HUX GOpPMYIOTbCA.

3. Cknagitb Tabnuuto, B AKIN yKaxiTb, 3 AKMX 3a-
POLKOBMX NNCTKIB GOPMYIOTLCA BiAMOBIAHI OpraHu.
4. CoopmynioniTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. Yum racTpyna Bigpi3HaeTbca Big 6nactynn? 2. Ak
MOHa BMKOPWCTaTW BNACTUBOCTi CTOBOYPOBMX KNiTUH
y meguumHi? 3. Cknagitb nepenik CTPyKTyp, fAKi yTBO-
pIOIOTbCA 3 KOXHOrO i3 3apOAKOBMX NIMCTKIB Mif yvac
embpioreHesy noanHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 101. MNpoBi3opHi opraHu. Perynauia oHTOreHesy

0 [omipkynTe

Yomy 3apopkun amdibiinn, penTunin i ccaBUiB CXOXi
MiX COOOI Ha paHHix CTagiax embpioreHesy?

Q 3raganTe

o EM6pioHanbHUn po3BUTOK
» Po3BUTOK 3 MeTamopo3oM
o KnBoHapoa»KeHHA

[NpoBi30OpHI opraHu

IIpoBi3opHi opranu — 1ie OpraHu, AKi BU-
HUKAIOTh y 3apOAKIiB 1 JMYMHOK TBApUHHUX
opraHismiB i (QYHKI[IOHYIOTH TUMYacOBO IO 3a-
KiHueHHA BigmoBigHOTO TIepiony po3BUTKY. o
TAKUX OPraHiB HaJeXXaThb YepeBHI KiHI[IBKU
y JUYMHOK KOMax, 340pa, POTOBi MpUAATKU Ta
XBICT IIYTOJIOBKiB 36 MHOBOOHUX, 3aPOJKOBi 000-
JIOHKHM PenTumiiii, nraxis i ccaBiiB (maa. 101.1).

OcHOBHe TpPU3HAUEHHA IIPOBIBOPHUX oOpra-
HiB — 3abesleuyeHHs KUTTEIiAJIBHOCTI opra-
HidMy gm0 mepiony ¢GopMyBaHHSA OpraHiB, fKi
(GYHKIIOHYIOTH Y MOPOCJUX OCOOUH.

IIpoBisopui opramm dYacTto (GopMyIOTHCA
B OpPraHisMmis, Id AKUX € XapaKTePHUM PO3BU-
TOK 3 MeTaMopdos3oM. ¥ TaKuUX BUIAJKAX MicIle
icHyBaHHA MOPOCIUX OCOOMH i JMUMHOK YaCTO
pisHATHCA, 0 IMOTPedye Pi3HUX IPUCTOCYBAHD
IO KUTTSA y BimmoBimHomy cepemoBuli. Tak,
JIopocJti ocobuHu 6araTbox am@ibiit (HampukIam,
ponyX) KMBYTH Ha CYXOHOJi, a JUUYUHKU —
y Bomi. I TomMy opramu aAuxaHHS BOHU BUKO-

Man. 101.1. lNpoBi3opHUMIN OpraHamm MyroiaoBKa € XBiCT,
poToBi npugaTky 1 3a6pa
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PUCTOBYIOTH PisHi. ¥ IUUMHOK Iie 3s10pa, a ¥ J0-
pocJaMX OCOOMH — JiereHi. ¥ MeTeIuKiB I'yciHb
ImepecyBa€eThCs IO TBepAOMY cyberpary, a imaro
JitaroTh y moBiTpi. ToMy uepeBHI KiHI[IBKU s
TyCeHi € I[IIKOM B3PYYHUM IIPUCTOCYBAHHAM.

AMHIOTM Ta aHaAMHil

Sk Bu BiKe 3HaeTe, XpeOETHUX TBAPUH ITOMi-
JISIOTH Ha Bl BEeJIMKI rpynu — aHaMHIil Ta aMHi-
otu. I TaKui mOMiJ 3yMOBJIEHO OCOOJIUBOCTAMU
iXHBOTO PO3BUTKY. A HasBa I'pyl BUHUKJA Bil
Ha3BU OJHOTO 3 MHPOBi3opHUMX opraHiB. B am-
HioT migm uac emOpioreHesy (opMyoOThCA Tak
3BaHi 3apOAKOBI O0OJIOHKU — AMHIOH, XOPiOH
i ananmoic (man. 101.2). B anamuii 11i 06010H-
Ku BigcyTHi. [lo aHaMHi# HajmeKaTh KPyrJopoTi,
pubu Ta 3eMHOBOAHiI. AMHioTaMu € pPenTHJIii,
OTaxy 1 ccaBIli.

BuHVKHEeHHA 3apOAKOBUX 000JIOHOK B aMHi-
oT 0yJIO IIOB’S3aHO 3 IPUCTOCYBAHHAM IO JKUTTSI
Ha cyxomoii. OcHOBHOIO IXHBOIO (DYHKIIi€IO cTa-
J10 3a0e3meueHHs PO3BUTKY 3apoAKa BCepemuHi
auns (abo opraHismy MaTepi y ccaBIIiB).

Perynauia po3suTky.
Emb6pioHanbHa iHayKuiA

Perynsaiisa emOpiorenesy BUHUKAE K HaCJIi-
IOK B3a€MOJil YacTHH 3apogKa MisK coboio Ta 3
HaBKOJIMIITHIM CcepeoBUIlleM. BIJINB HABKOJIAIII-
HBOT'O CEePEeJOBUIINA Ha IPOIECH PO3BUTKY IVKe
mobpe BUAHO Ha IPUKJIaLl opMyBaHHS 3apOj-
KiB y aiIgx TBapuH. ¥ 06araThboxX BHUIB KOMAax
Ta PENTWUJIiil TeMIlepaTypa HaBKOJUIIHHBOTO Ce-

MoBTOUHUIN
Mixyp binok

AnaHToic

AMHiOTMYHa

3apopok piguHa
MNosiTpAHa Wikapanyna
Kamepa

Man. 101.2. 3apogkoBi 060M0HKM Y AL NTaxis



penoBuUIia 3yMOBJIOE IIIBUAKICTHL (DOPMYBaHHSA
HOBOTO OpraHisamMy. A B JeAKUX BUIIaJKax BOHA
MOJKe II03HavaTHCA Ha OCOOJUBOCTAX OyAOBU
oprauisamy. Hanpukaasn, y KpOKOIUJIiB TeMIepa-
Typa CepeoBUINA, B SKOMY PO3BUBAIOTHCA IXHi
ANIA, BU3HAYAE CTATh MaiiOyTHHOI OCOOMHM.

Bsaemopis wacTuH 3apogka MiK co00i0 €
NPUYMHOI TaK 3BaHOI eMOpioHAJNbHOI iHTYK-
mii. CyTh IILOTO ABUINA MOJSATAaE B TOMY, IO
y meBHUX OiJAHKAX 3apoAKa (PYHKIIIOHYIOTH TaK
3BaHi KiiTuHU-opraxizaropu. i KiiTuHu Bumi-
JAITHh IIeBHI CUTrHAJIbHI MOJIEKYJIU, AKi ¥ BU-
KJIUKaOTh Au(epeHIianio OpuiIerainx KJIITUH
y BiATIOBigHI opraHmu Ta TKAHMHU. SAKIITO Taki
KJITHHH-OpTaHi3aTOpu BUJIYyYHUTH abo IepeHe-
CTU B iHIITy YaCTUHY 3apOJKa, TO PO3BUTOK 3BU-
YaWHUX KJIiTHH I[iel 30HU 3apoJKa IIifle 30BCiM
IHIIUM IILJIAXOM.

IIpuknagom opranisarii mpoieciB po3BUTKY
B eMOPiOHIB XOPJOBUX € ITPOIeC HEeHPYJIALil —
YTBOPEHHA HEPBOBOI IJIACTUHKU i il 3aMUKaHHA
y HepBOBY TPyOKYy. BiH € ogHHM i3 KJIIOUYOBHUX
eTarriB emMOpioreHesy BCiX HpeicTaBHUKIB Iiel
rpynou. 3apojoK Ha cramil HeWpyadalii Hasu-
BalOTh HEHPyJIow. PO3BUTOK HEPBOBOI TPyOKU
y IIbOMY TIpOIleci BM3HAYAIOTH CIEIiaJbHi pe-
yoBuHU — Mopdoreuun. Came I1i peuoBUHU BU-
3HAYAIOTh, SAKUHA 3 KiHI[iB HEepBOBOI TPYOKU €
nepenHiM (3 HbOIO YTBOPIOETHCS T'OJIOBHUII MO-
30K), a AKUN — 3amHiM.

[OMeO3UnCHI reHn

Perynsarmis mpoiieciB oHTOreHe3y 3miCHIO-
€TbCS Ha PiBHI TeHOMY OpPraHi3My IIJIAXOM
aKTHUBAIlil TMX YN THUX KOMILJIeKciB rexiB. Ha-
CTYIIHOIO JIAHKOIO PeryJadIlii € opraHismoBuii
piBeHBb, Ha SKOMY BOHA 3[iMCHIOETHCA Ha PiBHI
00MiHY CUTHAJIIB MK KJIITHMHAMU ¥ TKAHNHAMUA.
CurxaabHi MOJIEKYJIU MOXKYTH OYTH TOPMOHAMH,
a MOXKYTbh PO3MiIyBaTHCA Ha ITOBePXHi KJIITUH-
HOI MeMOpaHu i iHpopMyBaTH KJIITUHU IIPO iXHE
OTOYEHHS, IO MOXKE CIPAMOBYBATU PO3BUTOK
KJIITUH y MOTPiOHOMY HAIPAMKY.

0 Kniouosa iges

Y TBapuH Ona 3abe3neyeHHA XKUTTEQIANbHOCTI
OpraHiaMy Ha paHHiX CcTagifAx PO3BUTKY MOXYTb
dopmyBaTHCA NPOBI3OPHI opraHn (nnaueHTa ccas-
LiB, XBiCT i 3A6pa MyronoBKiB ToOLO), AKi MOTIM
pepyKytoTbcA. [poLec eMbpioHaNbHOro PO3BUTKY
BifOyBa€eTbCcA B NeBHOMY MOPAAKY 1 NiAnopanKko-
BaHW MEBHVM 3aKOHaM.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

TosoBHY posib y (hopMyBaHHiI 3apomka Bimi-
rpaioTh TaK 3BaHi romMeo3ucHi reau (hox-reHun),
10 KOAYIOTh aKTHUBATOPW BiAIOBIZHMX TeHiB-
MimieHe# Imig uyac eMOpPiOHAJBHOTO PO3BUTKY.
Ile Benmka poauHA TeHIB, CHiJIBHOI PHCOIO
AKUX € HaABHIiCTL periomy 3i 180 map ocHOB
(rax 3BaHUii roMeobOOKc), IO (OPMYE CIelri-
aJIbHY aMiHOKMCJOTHY IIOCJiZOBHICTBH, sSKa Bif-
ToBiae 3a cmemnudivue 3B A3yBaHHA OiJTKOBOIL
mosekysiz 3 JTHE.

Hox-reuu 3’saBujncdA y IpenKiB 0araToOKJIi-
TUHHUX TBAPUH IIIe M0 iX PO3JiJeHHA Ha pajii-
AJIbHO-CUMETPUUYHUX Ta ABOOIUHOCUMETPUUHUX.
Bonwu BimmosimaioTs 3a (popMyBaHHS IIPOCTOPO-
BOI opieHTaIii mig yac po3BuUTKY 3apoaka (gop-
MY€ETBhCA BiCch T'OJIOBa-XBiCT), MOPALOK (QOpMy-
BaHHA OPraHiB i TKAHWH y Yaci TOIIO.

Em6pionoriyHi 3aKkoHOMipHOCTI

Em6piosoriuni mporecu BimOyBarooThcA He
XaO0THUYHO, a Y IIeBHOMY MOPAAKY. BinbIin Toro,
BOHU IiAIOPSASKOBYIOTHCA IEeBHUM 3aKOHAM, AKi
0yJI0O BiIKPUTO B XOMi MOCTiIKEeHb.

OmHuM 3 OCHOBHHX B3aKOHIB eMmOpiosiorii e
OiorenernuHuil 3akoH I'ekkeass — Mrouepa.
Ileit 3aKOH CTBEPIKYE, IO IHAWMBIMyaJIbHUN
po3BUTOK (OHTOTEHe3) OyAb-AKOr0 OpraHisaMy €
CTHCJUM TOBTOPEHHSAM iCTOPUYHOT'O PO3BUTKY
(bimorenesy) Bumy, 10 SKOTO Ilel OpraHisM Ha-
JIEKUTD.

® MpakThyHa poboTa

BueueHHA 6y0oeu AliyeknimuHu nmaxa

1. Po3rnaHbTe BMICT CMpOro KypA4yoro AmudA. 3Hau-
LiTb ANLEKNITYHY (KOBTOK). Ha noro nosepxHi 3Hawm-
AiTb 3apOJOK, AKMUN Ma€E BUNAL AMCKa.

2. Oocnigite 6inkoBy 060n0HKy (6inok). 3a gomno-
MOFOI0 Jynu 3HaiAaiTe GINKOBI KaHaTWKK (Xxanasw).
3. Po3rnaHbTe WKapanyny, cnpobyiiTe NiHLETOM Big-
TATHYTU MigWKapanynoBy 060MOHKy. bins Tynoro
KiHUA AAUA BigwykanTe MOBITPAHY Kamepy.

4. 3amanionite ANLEKNITUHY MNTaxa Ta Nignuwite ii
CKNagosi.

5. ChopmyntoinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Cknagitb CNMCOK MPOBI3OPHUX OpraHiB OAHi€l
i3 CMCTeMaTUYHMX Fpyn TBapUH 3a BlAaCHUM BUMOOPOM.
2, Yn moxyTb ByTW y nTaxis iHWi NpoBi30pHi opraHu,
KpiM 3apofKOBMX 060N0OHOK? 3. YoMy roMeO3nUCHi reHn
NPOTArOM TPMBAJIOrO Yacy MaXKe He 3MiHIoTbcA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 102. EM6pioHanbHNIN PO3BUTOK NTIIOANHN

0 [omipkynTe

Hagiwo 3apoaky noauHyM noTpibHa nyrnoBuHa?

Q 3raganTe

» EmbpioreHes » bnactyna

« [acTpyna e 3apOAKOBI INCTKN

Em6pioHanbHWIM nepiod pO3BUTKY
MOANHN

EmOpionansHuii (3apOJKOBUil) mepion Tpu-
Ba€ BiJf MOMEHTY YTBOPEHHS B3UTOTU OO HapO-
mxenHa gutuau (man. 102.1). V meir mepiof
3 oxHiel KJuiTmHU (QOPMYIOTHCA BCi TKaHWHU
1 cucTeMu OpraHiB opraHismy.

3apoaKOBUI PO3BUTOK JIIOANHU Ma€ JeKiIb-
Ka eraimiB: ApOOJIeHHsA, YTBOPEHHS 3apPOIKOBUX
JUCTKiB i 000JIOHOK, YTBOPEHHS TKaHWH (TicTo-
rernes) i opraHiB (opramorenes). Yepes doTHUpU-
I’ATh OHIB IIiCJA 3aljJifHeHHA OIHOIIaPOBUI
3apOJIOK 3 ITOPOKHUHOIO BCEPENWHI IOTpAaILIAE
Io mopoKHWHM MaTku. Ilicaa mboro BiH 3a-
HYPIOETBCA B ii CJIM30BY OOOJIOHKY I TPUKPIII-
aoetbesa a0 Hei. Ileil mpolec HA3MBAETHCA iM-
ILJIAHTAIIiCIO.

ITounHaeThca emMOpioHAJBLHUN TEPiox BHY-
TPIIIHBOYTPOOHOr0 po3BUTKY. CmouaTky opmy-
IOThCSA TPHU 3aPOAKOBi 000JIOHKY i Tpu 3apOAKOBI
JUCTKHU. 3apOJKOBi 000JOHKHN YTBOPIOIOTHCS i3
YACTUHHU KJIITUH 3apomKa. SOBHIIIHA 000JOHKA
Mae BOPCMHKU 3 Kallijasgpamu, yepes AKi 3apo-
IIOK JKUBUTHCA U nAmxae. BHyTpinrHa 000J0HKA
TOHKAa I TP030pa, BOHA YTBOPIOE MiXyp, IIOPOXK-
HUHAa AKOTO 3al0BHEHA ILIiTHOI PiAWMHOI0, IO
3aXWUINA€E 3aPOJOK BiJl MEXaHIUHUX YITKOAMKEHD.
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30BHIIIHA W cepeaHs 000JIOHKU O0EPyTh yUacTb
B YTBOPEHHI IIJIAIeHTU Pa3oM 3i cam30BOI0 000-
JIOHKOIO MAaTKMU.

Ha 10-14-11 pgeus miciasa samaigHeHHS KJIi-
TUHU 3apOJKa PO3IIEILIIOIThCSA Ha 3apOAKOBi
JIUCTKY, 3 AKUX IOTIiM YTBOPIOIOTHCA BCi OpraHu
" TKaHUHWA.

Ilmomom HasuWBaOTH OpPraHisM, MOYMHAIOYN
Bi 9-rO0 TMIKHS BHYTPiIIHBOYTPOOHOTO PO3BU-
TKY ¥ JOo MOMEHTY Hapo:KeHHA. [11ig Mae cBoe
HaBKOJUIITHE CEPEeNOBUIIE, SIKE CKJIATAEThCA i3
3apOAKOBUX OOOJIOHOK, HaABKOJIOILIIZHUX BOJ
i mymoBunu. IlymoBuHa — Iie HIHYpPOUOiOHMIA
opras, IO BigAXoAuWTh Bij miaameHTH i 3’emHy€e
IUIiT 3 MATEPUHCHKUM OPTraHi3MOM.

NpobneHHA Ta racTpynAuia y noanHn

Tun gpobseHHs, AKe BigOyBaeThCAa y JIIOAM-
HU,— TOBHE aCHMHXPOHHe. BHacifoK npobiieH-
HA 3UTOTHU JIIOAWHU YTBOPIOETBCA MODPYJIa, AKa
3a posMipamm Biamosimae suroti. IacTpynsaiis
y JIOOUHU CKJAZaeThcsa 3 ABox (as. Ilim uac
mepirol (pasum yTBOPIOETHCA ABa IMapy KJITHUH.
ITorim BimOyBaeThcsa (QOPMyBaHHSA I103a3aPOIKO-
BUX CTPYKTYpP (y Tomy umcii xopiony). Ilicaa
YOTr0 PO3MOUYMHAETHCA Apyra ¢asa, IPOTATOM
AKO0I (OPMYETHCA TPETiH map KJIITUH Y 3aPOAKY.

FnaueHTa nlogUHN

IlnamenTa JOAMHW € OpramoM, SAKUHU 3a-
Oesleuye MoCTiliHUI 3B’ A30K MisK opraHiamamu
marepi # maony (masa. 102.2). BoHa cKJagaeTnb-
¢ 3 MBOX YACTHH — MAaTePUHCHKOI i mIomo-
Boi. MarepuHchbKa uyacTuHA (DOPMYETHCS CJIU-
30BOI0 O0OJIOHKOIO MaTKu. IliomoBa uvacTuHAa

TUXKHI

Man. 102.1. EM6pioHanbHUN PO3BUTOK NIOANHMN
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MynosuHa Mnig

MnaueHTa

Man. 102.2. lNnaueHTa noAVNHN

YTBOPIOETHCA XOPiOHOM — OJHi€I0 i3 3apOAKO-
BUX 00070HOK. KpiMm 3abesmeueHHs ILIoma IIO-
JKUBHUMH PEUOBMHAMMU i BUBEIEHHS IIPOAVKTIB
00MiHYy, IIJIaIleHTa BUKOHYE IIle OAHY (PYHKIIiO.
Bona mackye miin Bif posmisHaBaHHSA iMyHHOIO
CHCTEMOIO MaTepi, IO [Jae 3MOTY YVHUKHYTH
iMmyHoJsoTiuHOTO KOHMIIKTY (60 KJIiTMHH ILJIO-
oy mictare 50 % remiB O6aTbka, Ha AKI MOKe
pearyBaTu iMyHHAa cucTeMa MaTepi).

IIix wac moJioriB micaAa BUXOAY ILJIOLY Bif-
OyBaeThbCA IIPOIEC BiATOPrHEHHS ILJIAIleHTH Bi
CTiHKM MaTKu. 3a3Buuaii Bin satimae 15—30 xBu-
auH. Ilicaa BigTOPprHEeHHA IIJIAIleHTU ITOBEPXHA
MaTKU 3a’KMBa€ IIPOTATOM KiJIBKOX THIKHIB.

KpunTnyuHi nepiogn po3BuTKYy.
TepatoreHes

Hia mKigJmuBUX pPEeYOBWH IIifi 4ac PO3BU-
TKY ILJIOJJa CTAHOBUTL OCOOJMBY HeOe3IeKy.
Ile moB’s3aH0 3 TUM, IO 3a KOPOTKUU Iepiosn
eMOpPiOHAJIBLHOTO PO3BUTKY B OpPTaHi3aMi yTBO-
PIOETHCA BeJIMKAa KiJIBKiCTh HOBUX OpPraHiB Ta
cuctem. Ilig uvac ix ¢opmMyBaHHA HABITH HAaIi-
MEHIIUH HeTaTUBHUU BIIUB MOJKE IIPU3BECTU
IO TOPYIIeHb, IO MAaTUMYTh TAMKKI HACTIIKH.
Taxki mepiogu, Kosm (pOPpMyBaHHS CUCTEM i opra-

0 Kniouosa iges

Mig vyac embpioHanbHOrO PO3BUTKY JIOAUHU
3 €EAVHOI KNITUHW GOPMYIOTLCA OPraHn i TKaHUHM
NOACbKOro opraHiamy. 3abe3neyeHHA PO3BUTKY
3apofKa OpraHi3mMm MaTtepi 3AiCHIOE 3a JOMOMO-
rot creuiasbHOro opraHy — nnaueHTn. B em6-
pioreHesi BUAINAITbL KPUTUYHI nepioan, Konm
dopmyBaHHA opraHiB Ta cuUcTeM BigbyBaeTbcsA
3 HaMBULOK LWBUAKICTIO.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Man. 102.3. Hacnigkn gii Tanigomigy

HiB ime 3 HAMOLJIBIIOI INIBUAKICTIO, HA3WBAIOTH
KPUTUIHUMM.

Ilig yac KpUTUYHUX IIEPiOAIB 3aPOJOK 1 TLIif
0co0JIMBO ypasaumBi mo mii meraTuBHUX (PaKTo-
piB. OCHOBHUX KPUTHUUYHUX IE€PiOiB Y PO3BUTKY
3aponka JgioauHu Tpu. llepmuit — mepimi Tpu
micami BaritHocti, mpyruii — 15—-20-i1 THK-
IeHb, TpeTiii — 28—-34-1 TUKIEHD.

Came ToMy 0araTto MeAWYHUX IIpemaparis
MalOTh O0OME)KeHHS IMOAO0 3aCTOCYBaHHS iX IMifm
yac BariTHOCTi. IKIITO He JOTPUMYBATHCSI TaAKUX
3acTepekeHb, TO IIe MOJYKe IIPU3BECTH A0 He-
nepenbauyBaHoro pesyabraty. Tak, y cepemuni
XX cT. 3acTocyBaHHA BariTHUMHU 0€3IIeYHOTO
IJId JOPOCJIUX CHOAIMHOIO IIpernapary TaJjigoMi-
Iy TIPUS3BEJIO N0 HAPOJAKEeHHA AiTel 3 peIyKoBa-
HuMu Kinmiskamu (mas. 102.3). Taxke saBwuire,
KOJIM y pesyJbTaTi MOpyIllleHHs eMOpioreHesy
QpopMyIOThHCA aHOMAaJIil opraHiamMy, Ha3sMBaIlOTh
TepaTOreHe30M.

Bam yixe BimoMo IIpo BIJIMB MAJiHHSA Ta
aJIKOTOJII0 Ha BCi cuUCTeMU OpraHiB IOpocCoi
JIOIUHUA. A [Jas maoza I MIKIiZJIuBI 3BUUKU
MOJKYTh IIPU3BECTH OO Ay:Ke BaKKHX HaCJin-
KiB. IIpomyKTu, AKi MicTATHBCSA B TIOTIOHOBOMY
IuMy, HeOe3lmeuHi AJA OOPOCJOro opraHismy,
a IiJ yac BariTHOCTI BOHU MOKYTH CIIPUUYMHUTU
TIOIITKO/PKEeHHA IIJIAIeHTN a00 BUKJIUKATHU TIepe-
yacHi moJioru. AJIKOroJib BILIMBA€E€ HA PO3BUTOK
HEPBOBOI cmcTeMU i MOXKe IIPU3BOAUTU OO HAa-
POIsKeHHA niTel i3 ICUXIYHUMU MOPYIIIEHHAMU.

3annTaHHA Ta 3aBaHHA

1. Ak BigbyBaeTbcA embpioreHes niognHm? 2. Hagiwo
notpibHa nnaueHTa? 3. [lia Aknx ¢akTopiB Moxe cTaTh
NPUUYMHOIO TepaToreHesy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 103. CyyacHi meToau embpionorii

. PenpogykTtuBHa mepuumHa

0 [omipkynTe

HaBilwo BYeHi CTBOPIOIOTb XMMEpPHi OpraHiamm?

Q 3raganTe

« EM6pioreHes « CToBOYpOBi KNiTUHK

« 3popoB'a » 3aXBOPIOBAHHA

Em6pioTexHonorii. CtroBOypoOBi KNiTUHN

MabyTsb, HaIMOJIOAIIINM HAIPAMKOM Cydac-
HOI MeIUIIMHI MOKHA BBAYKATH KJIITUHHI TeXHO-
Jorii, B AKUX KJIITHHU € IKepesoM HeoOXigHmx
CTPYKTYp, HaANpUKJAL NYXJIUHHUX AHTUTEHiB
mi yac BaKIWHOTepalii. AJjie BUKOPUCTOBY-
BaTU KJITUHY MOKHA HE TIIBKU AK I¥KEpPeJio
OyIb-IKUX CyOCTaHI[il, a 1 AJIA pereHepaTuBHOL
MeIUITUHU.

OcobsiuBUi iHTepec BUKJINKAIOTH TEXHO-
Jorii, 3acHOBaHi Ha CTOBOYPOBHUX KJIiTHHAaX.
3aaTHiCTh 40 HeoOMEer)KeHOro Mmomijy i mo me-
peTBOpeHHA Ha pPis3Hi Tunum KJIiTHH (TaK 3Ba-
Ha TUIIOPUIOTEHTHICTh) poOUTH IX imeasbHUM
MaTepiaJioM IJIsS TPaHCILIAHTAIliHHUX METOHIiB
Tepamii. Haiibiapll ZOCTYIHMMU BBaYKAIOTHCH
cTOBOYPOBi KJiTuHHU gopocsoro opraxismy. On-
HaK peaJIbHUU HOTeHIiaJ ix audepeHIiloBaHHSA
me cjabo BUBUEHUI.

IToTpamnaoun B opraHiam Iig yac TpaHC-
miIaHTailii, croBOypoBi KJIITMHU IIPOJOBIKYIOTH
JinmuTuca ¥ cami 3HaxXogAThH MicIle, ge IXHA 1O-
momora Hainorpibuima. Ilg sgmaTHicTh cTOBOY-
POBUX KJITHH oTpUMaJa Ha3By xoymiura. Omxe,
XOYMIiHI — IIe 3JaTHIiCTh KJITHH A0 Mirparii
B «IIOTPiOHe Miciie» — «pigHWI» oprad i TKa-
HUHY (Y CBOIO CTOBOYPOBY HiIry) abo B HiIAHKY
VIITKOIKeHHA.

Hanssuuaiino npuBabinBi 4JIsi BUKOPUCTAH-
HS B MeAUITMHI € eMOpioHaJNbHI CTOBOYPOBi KJri-
tuau (ECK) smonman: 3 HUX MOYKHA OTPUMYBATH
OyIb-AKi TUOM KJIITHH oprauismy. BaactuBocti
eMOpioHaAJIbHUX CTOBOYPOBUX KJITHH i MexaHis-
MU, AKi B HUX Oil0Th, POOJATEH IX MOmiOHUMU IO
TpaHCc(OPMOBAHUX, PAKOBUX KJIiTuH. Came ToMy
TaK BayKJIMBO ChOTOMHI BUBUATH XapPaKTEPUCTHU-
KH caMe eMOpPiOHAJbHUX KJIITHH.
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EmOpionanbpHi cTOBOYPOBiI KJIiTHMHU OTpHU-
MYIOTHh 3 BHYTPIiITHBOI KJIiTHHHOI Macu 06JacTo-
IUCTU Ha MePIINX CTalifgX PO3BUTKY eMOpioHa,
KOJIM BiH IIle He iIMIJIAHTYBaB y CTiHKY MaTKU.
Came 3 KJITMH BHYTPIIIHBOI KJIITMHHOI Macu
B MOJAJIBIIIOMY PO3BUBAETHCH I[IJINHM OpraHisM.

IIle HemaBHO KinbKicTh sinit ECK mogunm,
IOCTYOHUX AJIs BUBUEHHSA, OyJ0 HeBeJluKe. 3a-
pas ix crtajmo HabaraTo 6ijbIe, ajie TPYIHOIII
MeTOMiB JOCIIIKeHHA i BUCOKa BapTiCTh POOOTH
3 HUMH IIle 00MeXYIOTh K0J0 Jochaigaukis. He
MeHIIIi oOMe)KXeHHs Ha JOCJHiIKeHHsS B obJac-
Ti eMOpioHaJAbHUX KJITUH JIOAUHU HaKJIAZAE
eTUYHa CTOPOHA.

Hessakaroun Ha gedaTu IIpo eTUUYHICTL PO-
6otu 3 ECK moguHu, OUeBUIHO, IO NUTAHHS
MOJISATaE BiKe He B TOMY, UM BapTO IIPOBOAUTHU
mocaimsxenua B obsacti ECK mogunu, a B Tomy,
K OYyAYTh IPOBOAUTHLCS MOCTiIKEHHSA B I[ilf 00-
Jacti. 3a OCTaHHI POKM y BeJUKIiN KiJbKOCTi
KpaiH y:Ke IPUAHATO 3aKOHU, AKi JO3BOJAIOTH
IOCHiIKeHHs eMOPiOHAJIbHUX CTOBOYPOBUX KJIi-
TUH JIOIUHU.

XuMepHi opraHiamm

XumepamMu HasWBaIOTh OopraHisMu abo ixHi
YACTUHU, IO CKJIANAIOTHCA 3 T€HETUYHO PidHO-
pPiZHUX TKaHUH. YIeplie Iieil TepMiH 3aCTOCYyBaB
HiMmenbKuii 6oradik I'. Binkmep (1907 p.) maa
¢dop™m pocamH, OTPUMaHUX y pe3yJabTaTi 3po-
mieHHa maciaboHy i Tomary. Hagasmi (1909 p.)
E. Bayp, BuBuUamum mejlaproHiio psabosucry,
3’sicyBaB pupoay xummep. Po3pisHAIOTH KiTbKa
THUIIIB XMMEPHUX OpPraHisMiB:

« Mo3aiuHi (rimepxuMepu) — TreHETUYHO Pis-
Hi TKAHWHY yTBOPIOIOTH TOHKY MO3aiKy;

* CeKTOpiayibHI — pi3HOPiAHI TKAHWHU PO3-
TaIllOBaHl BEJIUKUMU IiJIAHKAMIU;

* IepUKJiHAJbHI — TKAHWHU 3 Pi3SHUMU
TeHOTHUIIAMH JIeKaTh IIapaMu OJWH HaJ OJHUM;

* MePUKJIIHAJBbHI — iXHIi TKAHWHU CKJIaAA-
IOTBhCS 13 CyMilIi ceKTopialbHUX i MepUKJIiHAID-
HUX OIJISHOK.

Xumepu y POCJIMH MOYKYTH BUHUKATHU B pe-
gyabTaTi miemaensb (Mas. 103.1) i mixg BoauBom
MyTaIliii coMaTHYHUX KJITHH, ¥ TBapUH — 3a
PaxyHOK MyTaIlili cOMAaTUYHUX KJITHH, YHACJi-



BaTtbKiBCbKi popmm

— KnitnHn pocnunnn 1

— KnitnHn pocnunmn 2

Man. 103.1. Po3TawyBaHHA KNITUH Y XMMEPHUX
POCNNHaX, AKi YTBOPIOIOTbCA Yy pe3ynbTaTi WenieHHA

IOK TOpyIlleHb eMOpioreHedy i K pesyJbTaT
excrepumMeHTiB yuyenux (man. 103.2).

KomMnoneHTN XmMep MOYKYTH BiApi3HATHCA
OOWH BiJl OMHOTO reHaMU SApPa, YUCJIOM XPOMO-
CcoOM, reHaMH ILJIACTUL a00 MiTOXOHApPiH. Xumep-
Hi Opra"isMu JOCUTH YAaCTO BUKOPHCTOBYIOTHCS
B HAYKOBUX JOCJTiIKEHHAX.

IIpusUI Ofep:KaHHSI XUMEDP 3BOAUTHCA T'0O-
JIOBHUM YMHOM JI0 BUiJIEHHSA ABOX YU OiJIBIIIOTO
ypcjga PaHHIX 3apoakiB i iX 3auTTdA. Y TOMY
BUOAIKy, KOJU B T'€HOTUIIL 3apPOOKiB, BUKOPUC-
TAHUX [OJIsI CTBOPEHHS XWMEPHU, € BiAMIHHOCTI
Y pAdL XapaKTEepUCTUK, YIAETHCA HPOCTEKUTU
IOJII0 KJIiTUH 000X BUIIB.

3a [OMOMOTOI0 XMMEPHUX MUIleii 0ysao, Ha-
NpuKJaj, BUPillleHe MUTaHHS IIPO cIioci6 Bu-
HUKHEHHS B XOJAi PO3BUTKY OaraTosgepHUX
KJITUH TOCMYroBaHUX M’ sA3iB. BuBUeHHs xXu-
MEePHUX TBAPWH AO3BOJIMJIO BUPINIATU YUMAJIO
NUTalb, i B MaiiOyTHHOMY 3aBASKU 3aCTOCYBAaH-
HIO IILOTO MeTONy B3’SABUTHCA MOKJIUBICTHL BU-
pimryBaTH CKJIAQIHI NIUTAHHA TeHETUKU U eMO-
pioJorii.

PenpoayKTnBHa megmumHa

He6iomoriuaumu Ta Giosoriuaumu paxkTopa-
MU, SKi MOMKYTh OyTH HIPUUYUHOIO IIOPYIIEHHS
PenponyKIlii y JIOAUHM, 3aliMAaEThCA PEIPOIYK-
TUBHA MeIUIIMHA.

0 KnioyoBa ines

CyyvacHi TexHosnorii, AKi CTBOPIOIOTbCA Ha OCHOBI
JocnigxeHb embpioreHesy, € fyxe MepcnekTuBs-
HMMK ONA MeguuvHu Ta Gionorii. 3 ix gonomo-
rol0 MOXHa CTBOPIOBATVM XUMEPHI OpraHi3mu, Ha
npurKnagi AKNX BOAETbCA PO3KPUBATU MeXaHi3mu
B3aemogii i gudepeHuiauii KNiTMH. TakoX BOHWU
NOKafeHi B OCHOBY penpoayKTUBHOI MeaNLNHN
i BUpIiWeEHHA npobnemun 6e3nnigaa y NOSUHA.

Xumepn

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Bnactouuncta

3

CyporaTHa camka

Man. 103.1. YTBOpeHHA XMMEPHOro OpraHismMy y XMMepHUX MuLen

PenpoaykTuBHa MegMIIMHA — Ie Taly3b
MeIUIIMHU, AKa 3aliMaeThbcsa IPOQPiIaKTHUKOIO,
IiarHOCTUKOIO Ta JIIKYBAaHHAM Oe3IIiANsa Y JIIO-
nuHu. Boma 0asyeThcsA Ha BUKOPUCTAHHI Haii-
HOBiIIMX PO3POOOK 3 €HJOKPUHOJIOTII, Xipyprii,
TeHeTUYHOI iHKeHepii Ta iHmux raayseii. 'apHo
BiATpanbOBaHUMM 1 MOMYJIAPHUMU TEXHOJIOTI-
AMU PENPOAYKTUBHOI MEIUITMHU € TEeXHOJIOTii
MITYYHOTO 3allJIiTHEHHA — eKCTpaKopIliopajbHe
Ta iHTpaKopIOpaJibHe 3allIiTHeHHS.

ExcrpakopmopajbHe 3alIiTHEHHI — IIe
mpoIlec, IiJ 4Yac SAKOTro BimOyBaeThcs 3alljim-
HEeHHA SUNEeKJITUHU 1o3a MeyXaMU opraHiamMy
JAoauHYu (TaK 3BaHe 3aIlJIifHEHHS B IpoOipiri).
Bmepiie Take samniigHeHHS OyJI0O 3aCTOCOBAHO
1978 pory y Benukiii Bpuranii. Excrpakop-
nmopajbHe 3allJIiTHeHHA MOKe 3AilicHIOBaATHUCS
Yy THUX BUMNAIKaX, KOJU UYepes3 3aXBOPIOBAHHSA
Y0JI0BiKa ab0 KiHKM HEeMOKJMBe 3aIlIiTHeHHS
OPUPOTHUM IINJIAXOM (HENPOXimHicTh MAaTKO-
BUX TPyO, IOINKOMMKEHHS CiM’AHUX IIPOTOKiB
TOIITO).

IaTpakopnopaabHe 3alIiTHEHHS — IIe IIPO-
1mec, miJg yac AKOT0 BigOyBaeTbCsA 3alljIiJHEHHS
ANNEKJiTHHN 0e3IlocepefHLO B OpraHismi Jrro-
OIUHU IJISSXOM IIITYYHOTO BBEAEHHS CIEPMU OO0
MaTKM! 3a AOIOMOTOIO CIIeI[iaJbHOTO KaTeTepa.
Voro BUKOPHUCTOBYIOTh y AeAKUX BUIIALKAX UO-
JIOBiUOTO 0e3ILIiAAsA Ta B CHUTyallil, KOJU Mae
MicIe iMmyHoJIoTiuHe Oe3ILTiaga (uepes arpecus-
HY aTaky iMyHHOIO CHCTEeMOIO KiHKU cliepMa-
TO30iIiB).

3anuUTaHHA Ta 3aBAaHHA

1. Aki 3aBfaHHA BUPIWYOTb emMbpioTexHonorii?
2, Hagiwo noTpibHO CTBOPIOBATU XMMEPHI OpraHiammu?
3. Aki npobnemy MOXYTb BUHMKATM Mif Yac NPOBELEHHSA
WITYYHOrO 3annigHeHHA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 104. NMoctem6pioHaNnbHNIN PO3BUTOK. KUTTEBI LIMKIN

0 [omipkynTe

CKNnagHWM XUTTEBUN LMK KOMax 3 MOBHUM nepe-
TBOPEHHAM MoTpebye HaABHOCTI CTagil NAaneyKky,
Ha AKIN Komaxu € 6inbw Bpasnmeumu. Aki nepe-
Barv iX CKMagHOro XWUTTEBOTO LIMKNY KOMMEHCY-
I0Tb L0 HE3PYYHICTb?

Q 3raganTe

o MNocTembpioHanbHUI PO3BUTOK IMaro

o XntteBun umkn o JInumHKa

MocTembpioHanbHWIN PO3BUTOK TBapUH

ITocTreMmOpioHaJBbHMIT PO3BUTOK — IIepiofn
OHTOTeHe3y IIicJid HapoIKeHHsS abo BUXOIY
i3 3apoaKoBUX OOOJIOHOK A0 HACTAHHA CTaTe-
Boi 3piyocti. ¥V 1eit mepiox BimOyBaioThCA picT
i pO3BUTOK OpraHiamy, nudepeHIiIOBaHHS TKa-
HUH i oprauiB. Peryndarnisa mocreMOpioHabHOTO
PO3BUTKY 3IiMCHIOETHCSA 3a MOIOMOI'0I0 TOPMO-
HiB. CyTTEBO BIJIMBATU HA PO3BUTOK MOMKYTH
YMOBM iCHYBaHHs (TeMIlepaTypa cepemoBHUIIA,
HaSBHICTHh ITOKMBHUX PEYOBHUH TOIIO).

ITocTembpioHaNmbHUI PO3BUTOK TBapuUH
MOJKe OyTH IPAMUM ab0 CyIIPOBOAKYBATHUCA IIe-
perBopeHHaM — Meramopdosom (mana. 104.1).
3a yMOBU HPSIMOr0 PO3BUTKY HOBOHAaPOIKeHi
TBapUHU MAalOTh yCi OCHOBHI pucm opramizarii
IOPOCJOi OCOOMHU I BiIpi3HAIOTHCA MEHIITIMU
posmipaMu i HegZOCTAaTHBO PO3BUHEHUMU CTaTe-

Hopocna
0Co6MHa

MeTtamopdo3
nyronioBka

\ Myronosok /
\9 Qp—

Man. 104.1. Po3BuToK amdibin 3a3suuan
BiibyBaETbCA 3 MeTamopdo3om
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BUMHU 3ajJI03aMU. ¥ IILOMY BHUIAAKY ITOCTeMOPi-
OHAJILHUM PO3BUTOK 3BOAUTHCS IO POCTY # I0-
CATHEHHS CTaTeBOi 3pijocTi.

Y BUIAaAKy PO3BUTKY 3 IEePeTBOPEHHAM
3 ANIA BUXOIUTDH JIMUUHKA, 3a3BUYAll BJIAIITO-
BaHa HabararTo IIPOCTiIlle 3a JOPOCJINII OpTaHizM.
Ae BoHa Mae cHemiaJbHI JHUYMHKOBiL opraHu,
AKi BimcyTHI B mopocjioMy cTaHi.

Y GaraTbox KoMax JUYMHKA CXO0Ka Ha J0-
pocsiy KoMaxy; 3MiHM B oOprasisariii cympoBo-
IKYIOTBCA B OCHOBHOMY IOCTYIIOBUM PO3BUTKOM
Kpuj. ¥ IIbOMY BUIIQAKYy T'OBOPSATH IIPO PO3BH-
TOK 3 HEIIOBHUM meperBopeHHAM (Maj. 104.2).

B iHmmx KomMax JWYMHKA UYepBOIIOAiOHA
i He cxosKa Ha iMaro Hi 30BHIIIIHIM BUTJISIOM,
Hi BHYyTpiIIHBOIO OYmZ0BOIO, aHi CIIOCOOOM JKIB-
nenHa. Tomy mepexin Big JMUYMHKOBOI cramil
o iMaro 3ifiCHIOETHCSA Uepes CTaIiio JAJIeUKH.
VY 11b0My BUIMIAAKY TOBOPATH PO PO3BUTOK 3 TO-
BHUM mnepeTBopeHHAM (mai. 104.3).

ARutTeBMN LNKN

JKurreBuit muKa — Ie mepiox MixK omHa-
KoBUMH (pasaMU PO3BUTKY ABOX abo0 OiabImoi
KiJIBKOCTI IIOCTiMOBHUX HMOKOJIiHL. ¥ 0araTokJi-
TUHHUX OPraHisMiB iHIUBiAyaJbHUN PO3BUTOK
3aBePIIYETHCA IIPUPOTHOIO cMepTio. be3mepeps-
HiCTh JKUTTEBOTO IIUKJY OpraHisMiB 3abesmeuy-
IOThL ramMeTH (cTaTeBi KJIiTMHM), AKi ImepegarmoThb
CIIaAKOBY iH(popMAaIlilo opraHiaMam AOYipHBOTO
TOKOJIiHHA.

TpuBasicTs JKUTTEBOTO IIUKJIY B Pi3HUX Op-
raismiB mosxe OyTu pisHoio. Hampukiaz, y 6ax-

JInunHkm

Anue

S

Man. 104.2. Po3B1UTOK KOMaxu
3 HEMOBHMM MEPETBOPEHHAM



Tepiit a00 APisKI:KiB IPOMIKOK MiK ZBOMA MOMIi-
JaMu KJITUHU JyacTo He nepeBulitye 30 XBuamH,
TOAi AK y 0araTboX BUINUX POCJUH i XpebeTHUX
TBapuH BiH TpuBae Oarato pokiB. Tak, cocHa
3BUYAHA TTOYMHAE PO3MHOKYBATUCS JUIIE HA
30-40-my, puba 6imyra — Ha 12—-18-My porax
SKUTTH.

TpuBasi KUTTEBI IMUKJIN CIOCTEPirarmTheCs
i B meakux GesxpebeTHuUX TBapuH. Hanpukian,
JUYMHKYN OOHOTO 3 BUJIB IIiBIeHHOAMEPUKAH-
CbKUX ITMKAJ PO3BUBAIOTHCS IPOTATOM 17 POKiB.

TpuBajicTh KUTTEBOTO IUKJIY 3aJ€KUTh Bif
KiJIBKOCTi MOKOJiHb, AKi IIOCJiTOBHO 3MiHIOIOTH
OIHEe OJHOTO MPOTATOM OZHOTO POKY, a0 Kiab-
KOCTi POKiB, ITPOTATOM AKUX PO3BUBAETHCA OIHE
TIOKOJIIHHA.

MpocCTi n CKNagHi XUTTEBI LIUKNK

Po3pisHaoTs OpocTi i CKJIALHI JKUTTEBI IU-
kiau. IlpocTuil SKMTTEBUN LUK — Iie ITUKJI,
y AKOMY BCi MOKOJIIHHS He BiIpi3HAIOTBHCS ONHE
Bizm omuoro. IIpocTi KUTTEBI IMUKIN XapaKTepHi
IJISI Tigpu, PiuYKOBOTO paKa, MaByKa-XpPecTOBU-
Ka, ILJIa3yHiB, mMTaxXiB, CCaBIIiB.

CrkaagaHi SKMTTEBI MUKIM CYIIPOBOAKYIOTHCA
3aKOHOMIipHUM UYEepryBaHHAM Pi3HUX MHOKOJIiHb
a00 CKJIaJHIMH IIePeTBOPEHHIMU OPraHisMy IIif
yac po3BUTKY. Tak, y meaxkux Bomopocteit (0Oy-
pUX, UEPBOHUX) YEPTYETHCS CTaTeBE IMOKOJIHHSA,
ImepeBakHo raijIoigHe, 3 HECTATEeBUM, IepPeBaik-
HO mumaoiguuM. Cepen BUIMUX POCIHUH JIUIIIE
Yy MOXOIIOAiIOHMX IIepeBaska€ CcTaTeBe IIOKOJiH-
Hs, TUMYacoM SK B iHIMUX (mmamopoTemnomibHi,
XBOIIEIOAi0Hi, mjaayHomomiOHi, roJoHacimmi,
MMOKPUTOHACiHHI) — HecTaTeBe.

Y TBapuH CKJIaIHI JKUTTEBI IUKJIU TEXK HE €
pinkicaumu. Tak, y JKUTTEBOMY IIUKJi 6araTbox
Hannpocrimux (dopamimiepu, CIOPOBUKN)
1 KMIIKOBONOPOMKHUHHUX BiZOyBaeTbCs 3aKO-
HOMipHe UepryBaHHA IIOKOJiHb, IKi PO3BMHONKY-
IOTBCS CTATEBUM i HeCTaTeBUM CIOCO0AMU.

Hanpurnan, HecTaTeBe IOKOJIHHA Meay3u
aypeaili — moainum — pPO3MHOMKYETHCS OPYHb-

0 KnioyoBa ifes

MocTteMbpioHaNbHUA PO3BUTOK KMBUX OpPraHis-
MiB MOxe 6yTn npamrM abo npoxoauTy 3 MeTa-
Mopdo30oM. BiH € CKNagoBOK XUTTEBOFO LMKy
opraHiamy. 3anexHo Bif ocobnusocTeii Oynosu
NpeacTaBHUKIB Pi3HUX MOKOMiHb MXUTTEBI LINKN

MOXYTb OYTV CKNagHUMM i NPOCTUMW.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33y S

i —
Ninumnka - e Naneuxa
A A
Anue 4 ) Imaro

Man. 104.3. PO3BUTOK KOMaxu 3 MOBHUM MePETBOPEHHAM

KyBaHHAM, yTBOPIOOYM HOBI moJimu. 3a mo0-
IOMOTOI0 TOIIEPEUYHOr0 IIOAiJIy IOJIIIN IaloTh
IIOYaTOK OCOOMHAM CTATEeBOTO MOKOJiHHA — Me-
nysam. HosoBiui # kKiHOUiI 0cOOMHU Memy3 pPo3-
MHOXKYIOTBCSA CTaTeBUM cmocoboM. I3 sammigme-
HOI ANIEKJIITUHN PO3BUBAETHCS JUUMHKA, SKa
IeAKUH Jac IjIaBa€e 3a JOIIOMOTI0I0 BiiOK, a 3T0-
JIOM OCilae Ha JHO i MepeTBOPIOETHCS Ha IIOJIIII.

B immmx TBapuH (HampukiIazm, y ILIOCKUX
YepBiB — CHUCYHIB, yV JeAKNUX YIEHUCTOHOTUX —
MOTIeJIUIlb, JadHil) y KUTTEBOMY IIUKJI Uepry-
IOTBCS IIOKOJIIHHA, IKi PO3SMHOMKYIOTBCSA CTaTe-
BUM CIIOCOOOM i MapTeHOTreHEeTUYHO.

YepryBaHHSA MOKOJiHb, AKi PO3SMHOMKYIOTH-
CcA CTaTeBUM CIIOCOOOM i MapTEeHOTEeHETUUHO, Mae
BasKJuBe 0ioJIoTiuHe 3HAUEHHS OJIA THUX OPraHis-
MiB, AKi MEIITKAlOTh Y MiHJIUBUX YMOBaX cepeno-
BUINA i He MOXKYTh IEePeKNBATHU HECIPUATINBIL
nepiogm B akTuBHOMY craHi. CraTeBe po3MHO-
JKeHHs 3a0es3reuye 0e3NepepBHICTH iCHYBaHHA
BUIY, a IIapTeHOTeHe3 Ja€ 3MOI'y MOBHOIO Mi-
POI0 BUKOPHMCTOBYBATH CIPUATJIMNBI Ilepioau ajis
IIBUAKOT'O 3POCTAaHHS YUCEJIbHOCTI BUIY.

YepryBaHHSA MMOKOJiHBb, IKi PO3SMHOMKYIOTH-
cdA pisEmMu crocobamu (CTaTeBUM i HeCTaTeBUM,
CTaTeBUM i ITapTEeHOTEeHEeTUYHO), 30iJIbIlTye MiH-
JIUBiCTh, AKA 3a0e3Ieuye 3MaTHICTb BUAY KUTHU
B PiBHMX yMOBaxX CepemoBUINA U IIBUAKO pea-
ryBaTy Ha IXHi 3MiHH.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Cknagitb nepenik 3 TPbOX-N'ATV BUAIB OpraHi3mis
BaLLOI MiCLLeBOCTI, ANA AKMX € BNACTMBUMU NPAMUN i He-
npsaMuin po3BuToK. 2. Hagiwo notpibeH metamopdos?
3. fIki nepeBarv M HefONIKN MOPIBHAHO 3 MPOCTUM
KUTTEBUM LIMKIIOM MA€ CKNagHUM umnkn?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 105. lHauBigyanbHUi1 PO3BUTOK NIOAVNHN

0 [omipkynTe

koo mMoXe ByTV MpuyMHa Toro,

O OAHaKOBI Nepioan NMoCcTeMOpPiOHaNbHOro
PO3BUTKY Y YOJIOBIKIB i XIHOK He 3aBXAu
cniBnagatoTb 3a BikoM?

é 3raganTe

« MNocTemMbpioHaNbHNIA PO3BUTOK
o OcobnmBOCTi PO3BUTKY CCaBLiB
e TpMBanicTb WUTTA Pi3HUX OpraHiamis

lHOVBIgyanbHUI PO3BUTOK NTIOANHM

IaguBigyanbHUN PO3BUTOK JIIOOUHU ITOMiJIs-
€ThCsA Ha eMOpioOHANBHUM i mocTeMOpioHaIbHII
nepiogu. EmOpionanpuuii mepion 0yJo posriis-
HYTO B IomepenHix maparpadax.

IToctemOpioHanbHUN mepiom — Ie 1Ie-
piomg KUTTA JIOAWHUW IIiCJIsd HaPOIKEHHS
(maur. 105.1). Moro Mo:kHa PO3LIINTH HA KilTbKa
eTaliB, TPUBAJIICTb AKUX BiIpisHAECTHCA Y YOJIO-
BiKiB Ta KiHOK.

Y KuTTi JOAUHU BUIIIAIOTL TaKi BiKoBi
nepiogu:

 Ilepiod Hemosramu (meprtri 10 guiB): Bix-
OyBaeThcsA IepebymoBa OpraHiamy, IO 3yMOB-
JeHa ajalTalli€elo M0 KUTTA I[103a OPraHisMoM
martepi. PyHHYIOTBCA CTPYKTYPH, OB s3aHi
3 00MiHOM peuYoOBUWH Uepes ILJIAIEHTY.

« I'pyonuii nepiod (10 guie — 1 pik) xapak-
TEePU3YEThCA HAUBUIIMME B II0OCTeMOPiOHAIbHO-
My Iepiofi TeMmaMum POCTYy ¥ PO3BUTKY BCixX
CHUCTeM OpraHiB, a TaKOX BMIiIIHEHHAM OIIOp-

AWl

Man. 105.1. MNMocTeMbpioHanbHWIN PO3BUTOK KIHOK
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HO-PYXOBOTO amnapary, (hOPpMYyBaHHAM BeJIMKOIL
KiJIbKOCTI yMOBHUX ped)IeKCiB.

« Panne dumuncmeo (1—3 pokm): crocrepi-
ralTbCs BUCOKi TEeMIIM POCTY U PO3BUTKY BCixX
CHUCTEM OpTaHiB; MOUYATOK CAMOCTiHHUX aKTUB-
HUX PYXiB; mepexiJ Ha XapuyyBaHHSA JOPOCJIOIO
i’Ker0; PO3BUTOK MOJIOUHMX 3y0iB; IIOYATOK BU-
KOPHCTAHHS MOBJIEHHS. ¥ KiHIIi mepiony Temiu
POCTY BHOBiJILHIOIOTHCA.

- ITepue dumuncmeo (4—7 poKiB): ynoBimn-
HIOIOTBCA TEMIIM POCTY; BiZ0OyBaeThCsA aKTUBHE
HaKOMWYeHHs iH@opmarii mpo HaBKOJUIITHiN
CBiT; (POpPMyIOTHCA BMiHHA Ta HaBUYKU, HEOO-
XigHI AJIS caMOCTiIHHOI KUTTERisAJIBLHOCTI; pPO3-
BUBAIOThCS IOCTiiiHi 3y0u.

« Ipyze dumuncmeo (8—12 pokris y xjgomuu-
KiB, 8—11 poKiB y AiBUaTOK): BiJTHOCHO HEBUCOKI
TEMIIN POCTY; IPOJAOBKYEThCA aKTUBHE HAKOIIN-
yeHHA iH(opmaIllii mpo HaABKOJMUIIHIA cBIiT Ta
(opMyBaHHSA BMiHb i HABUYOK, HEOOXiZHUX IJIsA
CAMOCTIiHHOI KUTTEIiAIBLHOCTI.

« ITionimrosuil nepiod (13—16 pokiB y xJorm-
miB, 12—-15 pokiB y aiBuar): moyaToK Iiepiomy
CTaTeBOTO JO3piBaHHSA; Pi3Ke 30iJbIIIeHHS TeM-
miB POCTY; CYTTE€BI ropMoHaIbHI mepedymOBU
B OpraHiaMmi; mouaTok (DYHKIIIOHYBaHHSA cTaTe-
BUX CHUCTEM.

« Onayvkuil nepiod (17-21 pik y xJoniris,
16—20 pokiB y miBuar): 3aBepIIEeHHS Iepioxy
CTaTeBOTO NO3PiBaHHS; 3MEHIIIEHHA TEMIIB PO3-
BUTKY Ta 3aKiHUEeHHS POCTY TiJja.

« 3piauil ik (mepiruii nepioxg — 22—35 po-
KiB y 4oJsioBiKiB, 21-35 pOKiB y ’KiHOK): Hali-
OiJIBbII MPOAYKTUBHUU IIEPioj KUTT; POSBUTOK
3mi0HOCTEN mocArae HAWBUIIOIO PiBHA, podoTa
BCiX cmcTeM OpraHismMy € HanOiJgbIl e(eKTUB-
HOIO.

- 3piauil gix (apyruit mepiox — 36—60 po-
KiB y 4oJi0BiKiB, 36—55 poOKiB y KiHOK): my:Ke
OPOAYKTUBHUI IIepiof; MJOCUTH BUCOKI (pismumi
MOJKJIMBOCTI MOENHYIOTHCSA 3 OaraTuM TOCBimom
i TOBBOJIAIOTH MOCATATH HAWBUIIUX PE3yJIbTATiB.
Y kiHmi mepiomy cmocTepiraeThbcsa IIOCTYIIOBE
3racaHHA (PYHKIIiHI PermpoaAyKTUBHOI CHUCTEMHU.

« IToxunuit 8ix (61-74 poKm y 4YOJIOBIiKiB,
56—74 poxu y »KiHOK): CTaH OpraHisMy CyTTEBO
3aJIeKUTh BiJ 0COOJMBOCTEH CIIOCOOY KUTTS,



dAKe JIOIUHA BeJjia B momepenHi mepiogu. Pempo-
OYKTUBHI (QYHKIII y YOJIOBIKiB IPOJOBKYIOTH
3racaTu, y *KiHOK NPUIIMHAIOTHCA B3araJi.

« Cmapeyuil 6ix (75—90 pokiB): B oprauismi
BiOyBaOTHCA CTPYKTYPHi, (MYHKI[iOHAJIBHI Ta
Oioximiumi smimm, aKi 3HauHOIO Mipoio obOme-
JKYIOTh HMOTO MOMKJIMBOCTI.

+ Toszoxncumenvemeo (6inpi Hidk 90 pokis):
B OpraHi3Mi TpWBaIOTh CTPYKTYpPHi, (QYHKILiO-
HaabHI Ta OioximiuHi 3MiHH, AKI O0OMEXKYIOTH
MOro MOXKJIUBOCTI.

OcobnmBoCTi CTaTEBOro A03PiBaHHSA
NOANHN

CrareBe mo3piBaHHA JIOOWHY € HAA3BUUANHO
Ba)KJIUBUM IIpollecoM. BiH BimOyBaeThcA y mi-
BuaT y mepiox Big 9 mo 16 pokie, a y XJOmIiB —
Bix 11 mo 18 pokiB. V¥ 1ieit mepiox BimbyBaeThCcsa
(opmyBaHHA BTOPUHHUX CTATEBUX O3HAK i PO3IIO-
YUHAEThCA (PYHKIIIOHYBAaHHA CTATEBOI CHUCTEMMU.

Ilig wac cTaTeBOoro mo3piBaHHs B opraxismi
BimOyBarOThCsA He TiJbKU (isiosoriuni 3minu.
CyTTeBO 3MiHIOETHCA IIOBEAiHKA. SHAUHOI Mi-
poIo Ha Iie BILJIMBAa€ KOJMBAHHA PiBHA I'OPMOHIB
BHACJIiIOK IIepeOymoBu Tija. AJie TaKOMK BaiyK-
JUBe 3HAUEHHA MAlOTh iHCTUHKTUBHI IporpaMu
noBeniaku. Ile, HaIpUKIa, € OHIEIO 3 TPUUNH
Tak 3BAHOT'O BaYKKOT'0 BiKy, KOJU IIPOrpPaMU II0O-
BeiHKM 0aTBhKiB 1 AiTell MOXKYTh 3MYIIIYBAaTH 1X
yacrimnie KOHQPJIIKTyBaTH.

TpuBanuii mepios cTaTeBOTO M03PiBaHHA €
BaYKJIMBUM JJIs1 JIIOAUHU iIlle 3 OfHiel mpuuYmnHU.
3a TaKkuil JOBruii mepion migaiToOK MoXKe HAOyTU
BeJIMKOI KinbKocTi 3Hanb. e moB’a3aHo 3 THM,
10 JIIOAWHA 3HAUYHY YaCTUHY MOTPiIOHMX HABU-
YOK OTPUMYE Uepe3 APYTYy CUTHAJIbHY CHUCTEMY
Bif iHIIUX IIpefCcTaBHUKIB CBOTO BUIY.

3aXBOpIOBaHHFI, Lo nepenakoTbCA
CTaTeBUM LLJTAXOM

Y mepiom crareBOoro mO3piBaHHA JIOAWHA
MOJKe PO3IIoUuMHaTH! cTaTeBi BimHocuuu. Ile npu-
POIHUI IpoIiec, ajie BiH MosKe OyTHU 0B’ I3aHUA

0 Kniouosa iges

IHOMBIAYyanbHU pPO3BUTOK MIOAVHU BKIOYAE
embpioHanbHWI Ta NOCTEMOpPiIOHANbHMI Mnepio-
awn. MoctembpioHanbHUI Mnepiof, Y CBOK Yepry,
NOAINAETbCA Ha KiNbKa NepioAiB, KOXKHOMY 3 AKNX
npuTaMaHHi XapakTepHi 0co6aMBOCTI GioNOriYHUX
npoLecis.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

3 PUBUKOM OTPUMAaHHA 3aXBOPIOBaHb, AKi mepe-
IaloThCA cTaTeBUM ILIsaxoM. OpraHism JIIOAUHU
He BUPOOJsA€e IMyHIiTETY M0 IIUX 3aXBOPIOBAHD,
TOMY HAaBiThb IIicJad OAY:KAHHA JIIOAWHA MOXKe
3HOBY Ha HUX 3axBopitu. Haiikpamum croco-
6oM OOpPOTHOM i3 MUMM 3aXBOPIOBAHHAMU € [I0-
TPUMAHHS 3aXO0AiB IMPOMiIaKTUKMU.

3axBOPIOBaHHS, 10 IIEPEeAAIOTHCA CTATEBUM
MIJIAXOM, MOYKYTh CIHPUYMHATHUCI: HAWUIIPOCTi-
mumMu (TpuxomMaHo3), OakTepiAMu (roHOpes
Ta cudimnic), Bipycammu (reHitampuHuii repiec,
CHI), mikpockomiunumum rpubamu (KaHIU-
no3). CraTeBUM NLIAXOM MOYKYTH TepenaBaTHU-
cd U mesaki mapasurapHi iH(peKIii, HampurIanm
eJUKYJIbO3.

CrapicTtb i Teopil CTapiHHA

Y nrompvHU BiTHOCHO TPUBAJIUU IIepion cra-
pinusa. AKimo OinpIIicTs ccaBIliB Iic/sg MPUIIN-
HEHHS pPOOOTH PENpPOAYKTUBHOI CUCTEMU IYKe
IIIBUAKO TUHYTH, TO Y JIIOAWHU (0COBIMBO V Ki-
HOK) IIeil mepionx € mocuTh TpuBaguM. IlomiOmi
0CO0JIMBOCTI OHTOT'eHe3y TicHO II0B’si3aHi 3i cme-
nudikoro 6iosorii groguHT, ii 3HAUHOIO COIliaJb-
HICTIO Ta BeJUKUM 3HAUYEHHAM II03aCIaJKOBOI
mepegaui ingopwmarlii, sxa HeoOXimHa HaACTYyII-
HUM TOKOJIHHSIM.

Icuye xinbka Teopill, AKi HOACHIOIOTH ABU-
mie crapimHg. MoaekynasapHui Teopil crapinHaA
po3TaALa0Th HOTr0 AK pe3yjJbTaT HaKOINUeH-
HA 3 BiKOM B Oprafismi ged@eKTHUX MOJEKYJ
0inkiB. IHiri Teopii BBasKAIOTh, IO IPUYUHOIO
CTapiHHA € 3MiHW TE€HeTWYHOTO amapary KJIi-
TuH. A Teopii ayToiHTOKCHUKAIlil IIOJICHIOIOTH
CTApiHHA AK pel3yJbTaT PYUHYBAHHSA iMYHHUX
BJIACTUBOCTEM i 60POTHOM TKAHWH B OpPraHismi.
IIle omua TeopiA posrismae mpoIlec CTapiHHSA
AK HACJIJOK BUYEPIAaHHS aJalTallilHUX MOMK-
JUBOCTEe opraHismy. 3rigHo 3 agamnramiiizo-
peryJasaTopHOIO Teopielo, cTapiHHA € 3aKOHO-
MipHUM eTamoM PO3BUTKY OpPraHidaMy, a cam
MIPOIleC CTaPiHHA PO3IOYMHAETHCA IITe Ha cTamil
3apojaKa.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy TpuBanictb nepiogy AO NMoyYaTKy PO3MHO-
XKEHHA Yy NoAnHN HabaraTo GiNbluniA, HiXK Y iHLWIKMX cCaB-
LiB 3i CXoXnMM po3mipom Tina? 2. flka TeopiA CTapiHHA
BMAAETbCA BaM Halbinbw obrpyHToBaHO? MOACHITL
CBOIO TOUKY 30pYy. 3. AKi YMHHUKN MOXYTb BMAMBATU
Ha TPUBaNiCTb MepioAiB XUTTA NOANHN?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 106. PicT i pO3BUTOK »XMBUX OpraHiamiB

0 [omipkynTe

Yu MOXKyTb KOMaxm pocTn 6e3nepepBHO N Heob-
mexeHo? Yomy?

Q 3raganTe

o BnactuBocTi XMBux opraHiamiB e« PicT

» Po3BuTOK o CrapiHHA

Pict kniTnH

Pict raiTuH KuBUX opraHismiB Moike Bin-
OyBaTucs 3 pisHOO MmIBUAKicTO. g mBUAKiCTD
3aJIeKUTDL BiJ ocobsimBocTell OyIO0BU caMol KJIi-
TUHY (KJIITUHU ITPOKAPioTiB AiMATHCA IIIBUIIIIE)
Ta YMOB 30BHIIIITHBOTO CEPEIOBUIIA.

Meski pocTy KJIITHMH TakOX MOMKYTHL OyTH
pisHuMu. Y OiabIiocTi BUNAAKIB KJIITHHK poc-
TYTh TiJIBKU 0 IEeBHOTO PO3MIipY, i el po3Mip €
HeBeJIUKUM. AJle B IeAKNX BUIIaAKaX PicT KJIiTH-
HU MOKe O0yTH IPaKTUYHO HeoOMeskeHuM. Taxuit
picT yacTo cmocTepiraerbesa y rpubiB, ki sgmaTHi
YTBOPIOBATHU TiraHTChKi OararosamepHi mirmeJii.

YV nroguHu pos3mip OidbmIocTi KJIITMH He-
BeJMMKUHA. | TiIBbKM aKCOHM HEHPOHIB MOXKYTb
JocATaTU 3HAUYHUX PO3MipiB.

Hacaigkom pocty Ta 30iJbIlIeHHA YHUCIA
KJITHUH y pe3yJbTaTi iXHBOTO IIOAiJy B Gararto-
KJIITUHHUX TBapUH € PO3POCTAHHA IXHIX TKa-
HuH. I1ig yac emOpioHAIBLHOrO PO3BUTKY TAKUM
YUHOM 3IiiCHIOETHCA (DOPMYBaHHSA HOBUX CTPYK-
Typ OpraHiamy.

Po3BuTOK KNiTUH

ITomin eykapioTmunmx KJiTua (y ToMy
YKCJIi KJIITHUH JIOAWHU) y OiJIBIIOCTI BUOAAKIB
3MiACHIOEThCA MIIAXOM MiTosy. Ilicaa mominmy
YacTKa YTBOPEHUX KJIITHUH Moike OyTH pi3HOIO.
Ha pannix cragiax emOpioreHesy JIIOZWUHU KJIi-
TUHU IIiCJIA IMOALY 3HOBY mijlATbedA. IlisHimte
HOYMHAEThCA AU epeHITialisa KIiThH i 3aTHICTD
o Tominy s0epirafors Jgwutie gedaki 3 Hux. Taki
KJITUHU, 110 30epiraoTh 3JaTHICTH OO IIOTiIY
i sanumamThcAa Heau(epeHI[IHOBaHUMU, Ha3U-
BalOTh CTOBOYPOBUMHU KJiTUHAMU.

Judepeniiamisa KIiTHH — IIe IIPOIleC yTBO-
PeHHA crelialidoBaHUX KJITUH, AKi OTPUMYIOTH
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meBHi pucu OymoBH, IO AAIOTh IM MOXKJIMUBICTH
BUKOHYBaTU NOTPiOHI PYHKIIII 3 BUCOKOIO edeK-
tuBHicTiIO (Mas. 106.1). Hocaraerbea gudepen-
miamiaga KJIITUH 3a paxyHOK peryJsilii poboTu
reHiB. I'eHOM KJITHHW B I[LJIOMY 3aJIUIIAE€THCS
HEe3MiHHUM, ajie aKTUBHO IIPAIIOE B HHOMY JIUIIIE
TIeBHUM KOMILIEKC reHiB. [ludepeniiamia KioiTnH
B OpraHiaMmi JIIOAWHU € HeoOOPOTHUM IIPOIIECOM.

O6MeXeHICTb Ta NepioanYHICTb

POCTY OpraHiamis

BesnocepenHbo Iicasa HaApOAKeHHA B 0ib-
IIoCTi 0araToOKJIITUHHUX OpraHisMiB ime mepion
pocty. Pict — 11e mporiec 30iabIeHHA PO3MipiB
i Mmacu ocoOMHM 3a PaXyHOK 30iJbIIIeHHA KiJIb-
KocTi KJiTuH abo ix po3raryBaHHs. Po3pisHs-
IOTh OOMeKeHUIl i HeoOMesKeHUil THUOU POCTY.
3a 00MesKeHOr0o THUIy PiCT OpraHiaMy MOPUIIHU-
HAETHCA HicJIA JOCATHEHHSA IIeBHOIO BiKy (6iyb-
IIicTh CcaBIIiB, KOMax, ONTaxiB). 3a HeoOMe:Ke-
HOTO THIy POCTY OCOOMHU POCTYTH YIIPOMOBIK
YCBhOTO KUTTS (MOJIOCKU, pUOU, POCIUHN).

A opraHidamMiB 3 HeOOMeKeHUM POCTOM
YaCTO CHOCTEePiraeTbcsA YNOBIJIbHEHHS TEMITiB
pocty 3 Bikom. Hampukiazn, y Maaux KPOKO-
OUJIiB Ticjida HapoIKeHHA (BUXOLy 3 SHIA)
TeMIU IXHBOT'O POCTY € BUCOKMMHU IMIPOTATOM
IBOX-TPHOX POKiB, IiCJIA YOTO TEMIT POCTY BIIO-
BiJIBHIOETHCHA, aje He 3ynuHAETbeA. [lopocsi oco-
OMHU BUPOCTAIOTH JIMIIIe HA KiJTbKa CAHTUMETPiB
3a pik. AJe uepe3 BeJUKY TPUBAJICTH KUTTHA

CroBGypoBa KniTuHa

MeraKapiBuMT Eputpountn

basodin Heitpodin Eo3mHodin Makpodar

Man. 106.1. [JudepeHuiaLia KNiTMH Nig yac yTBOPeHHsA
KMTUH KPOBI



(mo 80 pokiB i 6GiybIiie) po3mip T'PedEeHsCTOTO
KPOKOAMJIA MOKe MOCATaTH 7 MeTPiB.

IIpomecy poctTy BiacTumBa IEepPiogWMUYHICTH
(ce3oHHAa, T0OOBA TOIO) — IIEPEPUBUYACTUH PiCT.
Tak, y POCAWH MOMipHUX IIUPOT PiCT y3UMKY
NPUINHAETHCA, a4 HABECHI — TIOHOBJIIOETHCH.
Ilepiog TummMuacoBoro isioysioriuHOro CIOKOIO
B PO3BUTKY HasuWBaioTh dianaysow. [liamaysa
XapaKTepPU3yeThCSI PiBKUM 3HUMKEHHAM iHTEH-
CUBHOCTi MeTaboaisamMy KJiTmH. BoHa BiaacTuBa
KoMaxaM, 0ararboMm xpebeTHuM. ¥ IesIKKUX CCaB-
IiB ImiBHIYHUX HIINPOT Aiamaysa BimOyBaeThCs
B 3UMOBUI uac (BegMme[i, coHi, 6arbaxku) i Ha3u-
BaeThbcA zibepHauieio (cuassukoro). [liamaysa xKo-
Max MOJKe TPUBATHU BiJ NJeKiIbKOX T'OAUH 0 Je-
KiJIBKOX POKiB.

IlepiogmunicTh POCTY € XapaKTePHOO O3HA-
KOIO IPeACTaBHUKIB ujleHUCTOHOTUX. Lle moB’sa-
3aHO 3 0COOJMBOCTAMY OYJZOBU IXHBOT'O OpTraHis-
My. BiH BKpUTHUII JKOPCTKUM 30BHIIIHIM CKeJe-
TOM i TOMy He MOKe 3MiHIOBAaTH CBOI PO3MipH.
TakuM YMHOM, PiCT ITUX TBAPUH CTAE MOKJIUBUM
TiabKU y niepion auabKu (Maj. 106.2), Koau 30-
BHINITHI TOKPUBU Ile He 3aTBEPIiIN I MOMKYTh
poO3TATyBaTHUCAH.

LBnakKicTb Ta xapakTep pocTy

opraHi3mis

[IIBuKicTh POCTY KMBUX OPraHi3MiB MOXKe
O0yTu pisHOI0. BoHa BuU3HAUAETHCSI K 0COOJIMBOC-
TaAMU 0i0JIoTii KOHKPETHOro BUAY, TaK i yMoBaMu
cepemoBuiiia. Hampukiaana, IIBUAKICTE POCTY AU-
TUHYAT y CCABI[iB € CYTTEBO OLIBITIO0, HiK IIIBU-
KiCTh POCTY AUTWMHYAT y PENTIIIII TAKOTO CAaMOTO
po3mipy. A Ha HIBUAKICTH POCTY T'yCEeHi CyTTEBO
BILJIMBA€E CEpelHsA TeMIlepaTypa MOBiTps, AKa A
mepioxy pocTy Mo:Ke OyTu Pi3HOIO y PisHiI poKwU.

XapakTep pPOCTy y PiBHUX JKMBUX OpPTaHis-
MiB TaKOMK MOKe BimpisHATHCA. KIMO picT ycix
YaCcTHUH Tijla 3MiCHIOETHCSA PiIBHOMiIPHO ¥ IIPOIIO-
pitii Tiza B pesysabTaTi 3aaumiaioTbCcsa 0e3 3MiH,
TO TAKWUI TUN POCTY HA3UBAIOTH i30MeTPUYHHUM.
IzomMeTpuYHHUI TUII POCTY € XapaKTepHUM IJd
b6aratpbox pubd. AKIIo & y mpoleci pocTy pisHi
YACTUHU TiJla POCTYTh 3 Pi3HOI IMBUAKICTIO,
i, AK pes3yJabTaT, HPOIOPIIil Tija 3 wacom 3Mi-
HIOIOTBCSA, TO Ma€ Miclle AJOMETPUYHHH THUII

0 KniouoBa iges
PicT i po3BMTOK KNITUH y 6araToOKNITUHHKX Opra-

Hi3MIX peryniolTbCA reHeTuyHo. PicT camnx »u-
BMX OpraHi3amiB Moxe OyTn 6e3nepepBHUM abo
nepiognuyHMM, o6MeXXeHUM abo HeobMeXEHVM.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Man. 106.2. Pict Komaxu B nepiog JIMHbKN

pocty. Came Takuil TUI POCTYy XapaKTepHUH
nisa groanuu. Ile mobpe BUAHO, AKIIO MOPiBHSA-
TH IIPOMOPIIii Tijla HOBOHAPOAKEHOTO, TUTUHU
i mopociyoi mroaguHU. Y HOBOHAPOMIKEHUX I0-
B)KMHA TOJIOBU CTAaHOBUTH 1/4, y ceMupiuHOi
mutuau — 1/7, a y mopocioi jmroguau — 1/8
IOOBXKWHU IXHBOIO TiJja.

@ MpakTnyHa poboTa

Mepiodu4Hicme pocmy nycku pubu

1. Po3rnAHbTe 3a JOMNOMOrOK NyMnW JYCKYy TPbOX
pi3HUX BMAIB puUO, 3HANAITb KOHLUEHTPUYHI Kinbusa,
KOXHE 3 AKUX BiAMNOBIfAE OQHOMY POKY XUTTS pUoN.
Bu3sHauTe Bik pu6.

2. oACHITb, YA MOXHa 3a PIYHUMU KinbLAMU BU-
3HAUUTN YMOBW, B AKWUX XU prbu.

3. CoopmyntoinTe BUCHOBOK.

® MpaKkTnyHa poboTa

Mepiodu4yHicmb pocmy depes’aHUCMUX POCAUH
1. Po3rnsAHbTe 3pi3n cTeben pisHMX AepeB’sHUCTUX
pocnvH. 3HalfiTb AepeBUHY M PiYHi KinbuA.

2. 3BepHiTb yBary Ha po3mipu N KOJip PiYHUX Ki-
neub. YKaxiTb, YAM 3yMOBJIeHa MoABa PiYHNX Kineub
y AepeBuHi.

3. TOACHITb, YN MOKHA 3a PIYHUMU KiNbLUAMYK BCTa-
HOBUTU YMOBW, B AKUX WU POCIUHMN.

4. ChopmynioniTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBdaHHA

1. AKMMU MOXKYTb BYyTW MeXi pocTy KniTnHu? 2. Lo
Take gudepeHuialia knitnH? 3. Yomy ansa pakonopgi6-
HUX MOXJTMBUN TiNbKW nepiognyHui Tun pocty? 4. Bu-
6epiTb oAWH i3 BMAIB TBAPWH i CKNagiTb cnmMcok dak-
TOPIB, AKIi MOXYTb BMAMBATK Ha LWBUAKICTb POCTY L€l
TBapuHU. 5. YoMy po3mip ronosu nAVHNU BiGHOCHO
po3mipy ii Tina Bif HAPOAXKEHHA [0 3aBEPLUEHHA POCTY
OpraHiaMmy 3meHLWY€eTbCA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 107. Perynauia Ta npobnemn pocty i po3BuTKy

0 [omipkynTe

i6epeniHn € ropMoHamy, WO PeryntoTb PicT
pocnvH. Ane Bneplue ixX BUAINWAM 3 NapasnTny-
HUX rpu6iB. Hagiwo rpnbam Li ropMoH®?

Q 3raganTe

 PerynatopHi cuctemn
e Tinn pocty
o [ogin KniTuH

Perynauia pocty B pocnuH

A perynsiii pocTy cBOro opraHisMy poc-
JIMHU BUKOPUCTOBYIOTH (hiToropmoHu. DiTorop-
MOHHM — IIe XimiuHi peyoBHHM, II[O0 BUPOOJIS-
IOTbCA B POCJMHAX i PeryjioioTh IXHiW picT
i po3BUTOK. YTBOPIOIOTHLCS IIEPEeBaKHO B TKa-
HUHAX, II[0 aKTHUBHO POCTYTh, HA BepXiBKax
KOpeHiB i cTebeJr.

o ¢iToropmMoHiB 3a3BUYall HaJEXKATh ayK-
CuHU, ridepesinm i MUTOKiHiHU, a imoai i imri-
OiTopu pocTy, HaOpUKJIa[ aOCIIU30BY KUCJOTY.
Ha Bigminy Big TBapuHHUX T'OPMOHIB, (piTorop-
MOHU MeHIN crnenudivHi i yacto AilOTh y Til
caMifl OiJISTHIII POCIUHU, O€ YTBOPIOIOTHCSH.

diToropMoHU € OpPraHiYHMMEU PeYOBWHA-
MU 3 HEBEJUKOI MOJEKYJIAPHOI MAacoi, AKi
YTBOPIOIOTHCSA B MaJUX KiJbKOCTSAX B OJHUX
YacTUHAX 0araTOKJITHHHUX POCJAWH i OiOTH
Ha iHIIL iX YaCcTUHUW AK PEryJAaTOopu i KOoop-
INHATOPU POCTY i PO3BUTKY. DPiToropmMoHwu
3NiMICHIOIOTh 0ioXiMiuHYy peryadmiro — Hau-
BaKJUBINIY CcHCTeMYy peryJadirii oHToremesy
B OaraTokJiTuHHUX pocauH. [IopiBHAHO 3 TOp-
MOHaM# TBapuH crnenu@ivyHicTh (piTOropmMoHiB
BUpaykeHa cjablie, a Airoui KOHIleHTpaIii, K
OIpPaBUJIO, BUIIII.

Perynauia pocty y TBapuH

Hai6inpmmy poas y peryiasdilii mporeciB
pocTy y TBapWH Bifirpae eHIOKPUHHA CUCTEMA,
AKa 3OIMCHIOE IIeil IIpoIlec 3a JOIIOMOIOIO0 T'Op-
MoHiB. CyTTe€BO BIJIMBATH HA PICT TBAPUH MO-
JKYTh 1 BOBHIIIHI (paKTOpW Ta KOHKPETHiI 0Cc00-
JUBOCTI TeHOTHUIIY OKPEeMHUX OCOOMH (CIagKoBi
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3aXBOPIOBAHHS, YHIKaJbHI CIIOJYUeHHS aJiejiB
TOIIIO0).

BnnuB Ha picT opraHiamy NognHu
€HOOreHHNX i eK30reHHNxX GpaKkTopiB

Ha picT opranismy JroguHM MOKe BILIMBATHU
BesqIMKa KinmbKicTws (axTopiB. Ili darTopm momi-
JSI0Th Ha [OBi BeJUKi rpynu — eKs3oreHHi (3o-
BHIiIIHI) Ta eHgorenHi (BHyTpimiHi). [lo exsozex-
HUX (paxKmopie HaJeKUTh XapaKkTep XapyyBaHHd,
3aXBOPIOBAaHHSA, PiBeHb (Pi3MUHNX HABAHTAYKEHbD,
Oifo mKigauBux (paxTopiB (aJKOT0JIb, MATIHHA,
CIOKMBAaHHA HAPKOTUKiB) ToI10. EHOOZEHHUMU
¢axmopamu € CIaIKOBiCTh, CTaisd OHTOTEHE3Y,
iHAMBiAyaabHI 0COGJIMBOCTI OOMiHY PEeYOBUH, Pi-
BeHb T'OPMOHIB, IICUXOJOTIUHUI CTaH TOIIO.

HysKe Ba)KJIWBUM ITOBUTUBHUM YMHHUKOM,
110 BIJIMBA€E HA PiCT i PO3BUTOK JIIOAWHY, € TIpa-
BUJIbHE XapuyBaHHA, SKe 3aJ0BOJIbHIE TOTPEOU
B peuoBuHax Ta eHeprii. Ili moTpebu Bm3Haua-
IOThCA TaKUMH (PaKTOpaMu, AK Maca TiJja, BiK,
piBeHB PyX0BOi aKTUBHOCTI Jiiogquan. QOUueBUIHO,
110 KOJIU JIIOJWHA CIIOKMBa€ HaATO OaraTo Ixki,
TO Maca Ii Tiza 30iIbIIuTECA, a 38 HeJOCTATHLOI
KimbKocTi I3ki Maca 3sMeHIIUTBHCA. KO B Ixki
Oyzme 3amaJio abo 3abaraTto IMeBHUX PEUYOBUH, TO
B JIOAWHU MOMKe TMOPYIIUTHCA OOMiH pedyoBUH,
10 TIPU3BEJe JO IOTipINeHHA CTaHy 3J0pPOB’d.
o6 samobirTu IbOMY, CJil TOTPUMYBaATUCH
HOPM 30aJ1aHCOBAHOTO XapUyBaHHA Ta IIiATPU-
MyBaTU eHepreTUYHUil 0ajaHCc OpraHisMmy.

3HAUYHUNA HEeTATUBHUU BILJIWB Ha PicT i pos-
BUTOK JIOAWHU 3OiHACHIOIOTH MaJiHHA, BIKUBaH-
HfA aJKOT0JI0 Ta HADKOTUYHUX pedoBuH. Ii ne-
TaTUBHI 3BUUKY CTAIOTh IPUYNHOIO MOPYIIIEHHA
mijioro paAxy (isiosiorivyHMX IIPOIECiB i MOXKYTH
CYTTEBO YHOBiJIbHIOBATH a00 ITOPYIIYBaTU IIPO-
mecu pocCTy.

Big mepiony oHTOreHe3y JIOAWHU CYTTEBO
3aJIeKUTh iIHTEeHCUBHICTB IIporieciB pocty. Haii-
OiJMBIII iHTEHCHWBHO PIiCT JIOAWHHU BigOyBaeThCs
B IUTAYOMY I miggiTkoBomy Bimi. Hatibinbmiui
TIpUPICT y MOBYKUHY CIOCTEPIraeThbCcA B IIEPIIi
IBa pokwm KuTTA. HacTymHi mepiogm iHTeHCUB-
HOCTi pocTy — 7—8 pOKiB Ta B IIepioj cTaTeBOTO
mospiBamHsa. PicT KicTOK JIOAWHN B TOBKUHY
MPUNUHAETHCA y 22—24 DPOKHU.



MNpobnema rinoguHamii

HopmanpHUii picT i po3BUTOK OpraHisMy
JIOAVUHU MOMKJIWBUUN JIUINIE 3a JOCTATHHOI pPY-
XO0BOl aKTWBHOCTi, ITOBHOI[IHHOT'O XapYyBaHHSA
i crabinpbHOI AiAJBHOCTI 3a/i03 BHYTPiIIHBOI
cekpernii. HegocraTHa pyxoBa aKTUBHICTHE —
oIHa 3 HAUIOMIMPEHIIINX OpobjieM cydacHOC-
Ti. [lopymerHa GyHKIIiNT opraHisMy BHACJIIIOK
o0MesKeHOI PyXoBOI aKTHMBHOCTI Ha3WBAIOThL 2Zi-
nodunamieo. BoHa mpus3BOAUTH M0 HU3KU He-
TaTUBHUX HACJIIKiB, AKi BIJIMBAIOTL HE TiJIb-
KU Ha OIIOPHO-PYXOBY, ajie ¥ Ha iHIIM cucTeMu
OpraHiB JIIOAUHMA.

Hacaigkm rimogmuamii:

« gpuctpodisa (3MeHIIeHH:A, ITOCJIA0JeHHS)
CKeJIeTHUX M’ s3iB;

+ mocJiabJIeHHs CUJIU CKOPOYEHb CepIld i TO-
HYyCYy CYAWH;

* BHUKEHHS iIHTEHCUBHOCTI OOMiHy PEUOBUH
Ta eHeprii;

+ IOPYIIEeHHA KPOBOOOITY Ii aTepoCcKJIepos;

* TMOTipIIeHHA NepeTpPaBJIeHHs i 3aCBOEHHSA
Toxi;

- mocaabJeHHA iMyHiTETY;

+ eMoIliliHa HeCTiHKicTb.

MNopyweHHA npoLeciB pocTy KiTUH
B OpraHi3mi ntognHu

Haiibinemroro 3arposowo s OpraHismy
JIOAUHU € CUTyallid, KOJIU KJITUHA BTpavae
KOHTPOJIb HaJ CBOIMHK MHOAijaMM i HOUYMHAE iH-
TEHCUBHO IinuTucs. TakKi mopyIlleHHs CTalOTh
OPUYNHOI BUHUKHEHHA MYyXJUH Pi3HOI IpPUpo-
nu. Taki nyxJamHM TOmiNAOTH Ha OBI BeJaHWKi
rpynu — OoOposAKicHI I 3yoAKicHI.

Jo0posKicHI MyXJIMHU — 1€ HOBOYTBOPEHHS
B OpraHiaMi, 110 3yMOBJIeHI HEKOHTPOJILOBAHIIM
ajie OOMesKeHUM PO3MHOKEeHHAM KJIiTHUH, AKi He
MOIIUPIOIOTHCA B CycigHi TKaHwHU (He 3maTHI
o imBasii) Ta BigmaseHi opranu (He yTBOPIOIOTH
MeTacTasu).

3a CTPYKTYPOIO MOOPOAKICHI MyXJWHU CXO-
JKi HA TKAHWHU, 3 AKUX BOHU BUHHUKJIU. CTy-

0 KnioyoBga iges
Perynauito npouecis pocTy i pO3BUTKY B »KMBUX

OopraHiamax 3a3Bu4yan 3[iMCHIOTb Pi3HOMAHITHI
XimMiuHi cnonykn. Hanpuknag, ¢itoropmoHun y poc-
nnH abo ropmoHu y TBapwvH. Ha Ui npouecn cyT-
TEBO BM/IMBAIOTb Pi3HOMAHITHI dpakTopun AK cepe-
JOBWLQ, TaK i CaMOro opraHismy.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

miHb IXHBOI AudepeHITialii CyTTeBO BUIIUHA, HiXK
y KRJIITMH 3JoAKicHmx muyxjauH. [[ob6poaxricHi
NyXJUHU 3a3BUYall POCTYTH IOBiJIBHO W oOMe-
JKeHi CIIOJIYYHOTKAaHMHHOIO KallcyJoo. BoHu He
BUKJINKAIOThL OOJII0, ajie MOKYTh HOPYIIIyBaTH
poboTy opraHiB, a B AeAKWX BUIAAKaX 3IaTHI
IepeTBOPIOBATUCA HA BJIOAKICHI ITyXJIMHU.

PismomaniTHiCTE JOOPOAKICHHUX IYyXJUH €
BHCOKOIO. IX KJacu(]iKyoTh 32 THIOM TKaHUHH,
3 AKOl BOHU YTBOPUJIUCH.

3I0MKicCHI TMyXJWHM — Ile HOBOYTBOPEH-
HS B opradismi, 1o 3yMOBJIEHI HeOOMEe>KeHuM
i HEKOHTPOJBOBAHWUM PO3MHOMKEHHSAM KJIITUH,
AKi mOIMWpPIOITHCA B CycimHi TKaHWHU (3miH-
CHIOIOTH iHBasiio) Ta Bigmaseni opranu (yTBO-
pioioTh MeracTtasu). 1Iloxo 3/I0AKICHUX TYyXJIWH
YacTO BUKOPUCTOBYIOTH TEPMiH pakosa nyxiura
abo pak. Ileit Tepmin sanpomonysas I'inmmokpar,
AKWN ommcaB MYyXJWHY, M0 30BHINIHBOIO (op-
MO0 OyJjia cxoka Ha Kpaba abo paxa 3aBIAKHU
MicIIeBUM MeTacTasaM, SKi IIPOHUKAJU Y Cy-
cimHi TKaHWHU.

XapaKTepHUMU O3HAKaMU 3JIOAKICHUX ITyX-
JIUH € TaKi:

* IIBUAKUU HEKOHTPOJHOBAHUI DPiCT;

* IPOHUKHEHHA B CYCifHI TKAHUHU 3 yTBO-
peHHAM MicileBuX MeTacTasiB (iHBaaii);

* IIePeMiIlleHHA OKPEeMUX KJITUH IMyXJUHU
JdiMmGaTuyHUMU Ta KPOBOHOCHUMU CyJMHAMU
y Bimmaieni opranmu ¥ TKaHUHH (yTBOPEHHSA
MeTacTasiB);

- OTpyiHaA Oisi Ha Bech OpPraHi3M 3aBIAKU
BUPOOJIEHHIO KJIITMHAMU TyXJWHU TOKCHUHIiB;

+ (bisnyHE BUCHAKEHHHA, 3MEHIIIEHHA Macu
Tijga;

« HAABHICTh MEXAaHi3MiB «yHUKAHHA» yBaru
iMyHHOI cucTeMU OpPraHizMy;

* HAABHICTh BEJIMKOI KIJBKOCTI MyTamii
YV KJITMHAX TYXJIWHU;

« HUBBKUU piBeHb AmdepeHIriamii KJIiTuH
TyXJINHU;

« BTpaTa 3JaTHOCTi KJITHH IO aIloIITO3Y;

« iHTeHCUBHE YTBOPEHHA KPOBOHOCHUX CYy-
IVH Y TyXJIWHI.

3anuTaHHA Ta 3aBOaHHA

1. AK perynoeTbca pict pocnnH? 2. Aki dakTopu mo-
XKyTb LWKIANMBO BNAMBATW Ha PIiCT OpraHiamy noanHn?
3. Yn MoxXyTb 0cObNMBOCTI BYLOBY Ta XKUTTELIANBHOCTI
TKaHVHU BIUIVHYTW Ha PU3UK PO3BUTKY NyxnnHu? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 108. PereHepauin

0 [omipkynTe

flke 3HaueHHA AnA npoueciB pereHepauii
B JIIOAVMHW MaE€ il TpPaHCMOPTHa cuctema?

Q 3raganTe

» CamoBiATBOpPEHHA
+ TBipHi TKaHWHN®
- [ogin KNiTMH

PereHepauif y »XnBux opraHiamis

Perenepanis — 1ie 3JaTHICTH KUBUX Op-
raHisMiB BiZHOBJIIOBATH CBOI HOIIKOIKEHi abo
BTpaueHi cTpyKTypu. BoHa € ogHiewo 3 (yH-
ITaMeHTaJbHUX BJIACTUBOCTEN *KUBUX OPraHis-
MiB, X04a I IPOABJIAETHCA Y PIBHUX OPraHi3MiB
pisHOIO Miporo. SKINO OAHI OpraHi3sMm MOMKYTH
CAMOBiTHOBUTHUCSA HABITH IIiCJISg OysKe CUILHUX
MOTITKOIKeHb (Tigpu, miaamapii ToIo), To iHIImi
3maTHiI Do pereHepallii HesHayHOI0 Miporo (He-
MaTonM).

Perenepariiini BiaacTmBOCTi pisHUX Tpyn
JKUBUX OPraHisMiB pisHATBCA MiK co00I0.
Y 6inpimocTi BUIIAAKiIB IMigBUINeHHSA PiBHA Op-
ramisarii Ta ycKJagHeHHA OyJZOBU OpPTraHiadMy
HOTipIIyIOTH, HOTO 3ZATHICTL OO pereHeparii.
Tax, nnaHapia peremepye Kpailie, HijK OyTroJIo-
BOK Kabm, a IIyroJIOBOK Kabu — Kpaille, HiK
JoanHa. Ajle 11 3aKOHOMIipHICTL He € BCeOXOII-
aouoi. OcobiamBocTti OGiosorii meAKMX Tpym
CYTTEBO MOTiPINYIOTH MOKJIMBOCTI pereHeparii
opramiamiB, AKi g0 HUX HajJexaTh. Hampu-
KJIaJ, HeMaTOAuW i KOJIOBEPTKU MHPAaKTUYHO He-
CIIPOMOJKHiI IO pereHeparrii, a OiJbII CKJIATHI
3a OYZOBOI0O PAKOIOMiOHI pereHepyoTh IyKe
e(heKTuBHO.

T'apua 3maTHiCTB 10 pereHeparlii mpuTamMaH-
Ha OaraThbOM OpeJCTaBHUKAM KAJIKUX (KUII-
KOBOIIOPOKHUHHNX), IIJIOCKUX Ta KiJIbYyacTUx
YepBiB, TOJKOIIKIipUX Ta JeAKUX IiHIIUX TPYI.
Aute HaWTKpAaIoOoO MOYKHA BBasKaTU 3JaTHICTH A0
pereHeparii y ryoox. IIpeacraBHuUKU 1tiei rpy-
0¥ 3OaTHI BiIHOBUTH IiJIUHA OpPTraHiadM 3 KYIKU
OKpeMUuX KJITHH, Ha AKi #OT0o poaaijiuiu, mpo-
ITaBUBINKN KPis3h ciTUacTy TKaHUHY.
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PereHepauinHi 3gaTHOCTI NIOAMHN

Perenepariiiai Ba1acTuBOCTi opraniamy Jiro-
IVHU He € HalBUIATHIIIMMM, ajie BCe 3K TaKU
pO3BUHEHIi JocTaTHRO cuibHO. Ha piBeHBb pere-
HepalifHUX BJACTUBOCTEN BIIJIMBAE Te, IO JIIO-
IUHaA € BUCOKOPO3BUHEHUM BHUOM 3i CKJIAZHOIO
HOBeIiHKOMI. A B Ipolieci eBoJIOIiI perexepa-
MilfiHi BJIaCTUBOCTI TaKUX BUIIB 3MEHIITYBAJINCS.
ITe 6yJsio OB’sI3aHO 3 THUM, II[0 JOOpe PO3BUHE-
Ha HepBOBa CHUCTeMa 3HAYHO 3HUKYBaJia PUSUK
OTPUMAHHSA IOINKOIKEeHb, IJd JIKBigaIii axux
i Oysna morpibHa pereHeparis.

Haitikpaire y J10anHN pereHepyoTh KJIiTH-
HU emimepmicy Ta ixui moxigHi (mas. 108.1),
Taki AK BoJoccsa Ta Hirti. Hemorano perenepye
KicTKOBa TKaHWHA, IO JA€ 3MOTY YCIIiIITHO 3PO-
mryBaTu nepeaomu. Ileuinka TeK Mae 3HaTHICTD
0 pereHeparlrii i Moxe BiTHOBJIIOBATHUCS ITiCJIs
HomIKoIKeHb. HalicKkaaamile B opraHismi Jiro-
IVHU pereHepyBaTU HePBOBill TKaHWHi. Tpuna-
JUA Yac BBa'KaJid, IO HEPBOBa CHCTeMa B3a-
rajai He mMoxxke peremepysBaTtu. Ta srogoMm OyJo
BCTAHOBJIEHO, III0 HEPBOBA CHCTEMAa TaKU MOKe
YTBOPIOBATU HOBiI HeWpoHUM (X0ua TpoIlec Iei
MOBiNBHUYM i cKJIagHUII) Ta (GopmMyBaTHm HOBI
CUHOIITUYHI 3’€¢THAHHSI.

D®opmun pereHepadii

PospizadaoTs aBi ¢GopmMu pereHepariii —
BHYTPIITHBOKJIITUHHY Ta KJIITHHHY. BHyTpim-
HBOKJIITHHHA pereHepaniga BinOyBaeTbca Bce-
penvHi KJIITUH B3a PaXyHOK MOJIEKYJIAPHUX
MexaHi3MiB. PesgysnbTaToMm 1Mieil popmMu pereHepa-
il € BigHOBJEHHSA MOTPIOHMX KJIITHHI oprame
Ta MOJEKYJAPHUX CTPYKTYpP. BimHOoBIOBaTHCA

Man. 108.1. PereHepauis nowkogxeHoro enigepmicy
y noaviHun



MOJKYTBb XJIOPOILJIACTU, MiTOXOHAPii, KOMILIEKC
Tonbmki, eHgomIasMaTuuHa CciTKa, puOOCOMH,
BaKyoOJIi TOIIO.

Kaitunna perenepanisa BizOyBaeThca Ha
piBHiI opramismy 3a paxXyHOK IOAiJNly KJIiTWH,
110 Jla€ 3MOTY MOBHiCTIO a00 YacTKOBO BiJHOB-
JI0BaTU TKAHWHU ¥ opraHu. Tak, pereHeparia
cTae MOTPiOHOIO Micisg TpaBM, 3aXBOPIOBAHD,
3arubesii yacTMHU KJITUH YHACJIiJOK OTPYEH-
HS TOIO. 3ajJeKHO Bif 3amad, AKi Bupimrye
B OpraHiami JOAWHU IIPOIleC pereHeparii, pos-
pisHAOTL (isiosoriuny i pemapaTuUBHY pere-
Hepario.

DisionoriyHa pereHepauis

®diziosoriura pereHepamnis NTpu3HAUYeHA
IJIs BiZHOBJIEHHS CTPYKTYP OpPraHismy, AKi 3a-
3HAIOTh MHOMIKOJKEHBb Yy XOHi HOPMAaJbHUX (Qi-
siosoriuamx mnporeciB. Ile#l Tun pereneparii
y baraThox KMBUX Opra"ismis (y Tomy uwmc-
Ji ¥ JoguHM) BiAOYBa€ThCSA HPOTATOM YCHOTO
KuTTaA. Hanpuriaanm, 3a paxyHOK isiosoriu-
HOI pereHeparlii BigOyBaeThcs mOCTifiHa 3MiHa
eIiTesil0o KUIIKOBOTO TPaKTy Ta IIOKPUBHOTO
emriTesito; 1eil caMui MPOIeC € OCHOBOIO OHOB-
JIeHHS ePUTPOIIUTIB KPOBi, Uac iCHyBaHHA AKUX
IOCUTh OOMesKeHMil uepes3 BiACYTHiCTH sapa
B KJIITHUHi, TOIIO.

Aute iCHYIOTB CTPYKTYPU, ¥ AKUX OHOBJIEHHSA
MIJIAXOM KJIITHHHOTO TOMiJy € HEeMOMKJIUBUM.
Hanpuknaan, BysbKoOcIelliajidoBaHi KJiTuHH,
TaKi AK HelWpoHHU. ¥ IIUX BUIIAAKaX pereHepa-
mia BigOyBaeThCA IILJIAXOM MOCTYIIOBOI 3aMiHU
opraues (€ BHYTPiIIHbOKJIITHUHHOIO).

PenapaTtvBHa pereHepadis

PenmaparuBHa pereHepamisgs po3mouYmHA-
€ThCA y BUIIAAKY IIOMIKOMKEeHHA abo 3arubeJri
CTPYKTYpP OpraHiamy, AKi He € HaAcJiIKOM HOP-
MaJbHUX (piziosmoriuamx mporeciB. Taki momnrko-
IKEeHHA BUHUKAIOTH y Pe3yJJbTaTi 3aXBOPIOBAaHb
abo TpaBM. ¥ IIbOMY BHHOAAKy 3BUUaiiHa (isi-

0 KnioyoBga iges

PereHepauito noginAloTb Ha BHYTPILHbOKNITMH-
Hy (BiiOYBA€TbCA BCepeaAViHi KNiTUHW) i KNITUHHY
(BinOyBa€ETbCA Ha PiBHI OpraHiamy). 3anexHo Big
3afay, AKi BMpIWY€E B OpraHiami niognH1 npouec
pereHepalii, po3pisHatoTb disionoriyHy 11 pena-
paTuBHY pereHepaldiito.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

oJIOTiUuHa pereHepallisi CYyTTEBO IIiACUIIOETHCS
i crTae pemapaTHMBHOIO.

PenapatuBHa peremepaiiis Moike OyTH IIO-
BHOIO i HEIIOBHOIO. ¥ BUMOAJKy MOBHOI pereHepa-
il TOIIKOMKeHa TKAaHMHA IIOBHICTIO 3aMiHIOETE-
CcA HOBOIO 1 TIOIIKOMKEeHHSA 3HUKae 0e3CJigHO.
VY BuUmagKy HEIOBHOI pereHeparlii BiZHOBJIEHHSA
GYHKIIA BigOyBaeThCs 3a PAXyHOK HABKOJIMIII-
HiX TKaHWH, a caMe MicCIle IOIITKOAKeHHA 3aIl0-
BHIOETHCS CIIOJIYYHOIO TKAHWHOIO, AKa (hopmye
pyoelib.

MaTonoriyHa pereHepauis

Y meaxkux BUIIaAKax y Ipolleci perexeparrii
OymoBa Ta (PYHKIII opramismMy BiZHOBJIIOIOTHCS
3 mopymeHHaMu. Taxky pereHepaliilo HasuBa-
I0Th maTtoJoriuHor. BoHa Mo:ke BimOyBaTucs,
AKIIO YMOBH, B AKHX pereHeparis IPOXOIUTh,
He € HOopMaJbHUMU. Hampuikaanm, opraHisam He
OTPUMYE AOCTATHBO MOKUBHUX PEUOBUH, HAABHI
MIOPYIIIeHHA PiBHA I'OPMOHIB ab0 HEPBOBOI pery-
Jdarii, mpuraiveni iMmyHHi peakmii, cmocrepira-
€ThCsA TiMmOBiTaMiHO3 TOIIO.

Y BuUmagKy IaToJIOTiUHOI pereHeparil Bif-
HOBJIEHHS MoO:Ke sarpuMmyBatucs. Croctepira-
€ThCsA BUHUKHEHHS BHPa30K, HECIIPaBXKHIX Cy-
ra00iB, KOJIOIZHMX PYOIliB TOIIO.

Came HaCJIiIKOM ITaTOJIOTiUHOI pereHeparrii
€ PO3POCTAaHHSA MIiJIBHOI CHOJYYHOI KJIITHHU 3a-
MiCTh HOPMAJBLHOI INKipwm Ha Micii ramboKmx
OIiKiB.

@ MpakThyHa poboTa

Bus4yeHHsA munie pezeHepayii

1. Po3rnaHbte ¢oTorpadii Ta mMantoHKM i3 306pa-
eHHAMM MpoLeciB pereHepadii opraHiB abo op-
raHiamis.

2. BusHaute Tunu pereHepadii.

3. YKaxiTb, AK MOXHa MOACHUTW HEOA4HAKOBY 34aT-
HICTb 4O pereHepauii y pi3HUX BUAiB TBAPUH.

4. CoopmynionTe BUCHOBOK.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Ha KOHKpeTHOMy MpuKnagi NoAcHiTb, AK Biabdy-
BA€ETbCA HEMOBHa penapatmBHa pereHepadia. 2. Yomy
TaTylOBaHHA HaHeCTW BiBHOCHO Nlerko, a BMBECTW Hap-
3BUYANHO CKnagHo? 3. Y AKuxX BMMagkax pu3MK narto-
NoriyHoi pereHepauii moxe pisko 3poctn? [na nigro-
TOBKW BiAMNOBidi BMKOPUCTOBYMTE AOAATKOBI Axepena
iHbopmauir.

225



Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 109. TpaHcnnaHTayisa opraHis

0 [omipkynTe

AKi opraHu Tina NOAUHU HaWnerwe niaaarTbCca
TPaHCMIaHTauii Ta yomy?

Q 3raganTe

« 3rapante o [eHOM

e IMmyHiTeT  Perynsauin

TexHonoria TpaHcnnaHTauii Ta il

npobnemun

Tpancnaanramia — Ile IepecagkKa peIu-
mienty oprama abo TKaHMHMN, SKi Oyam B3ATi
3 oprauismy poHopa. Ilepecam:xkyBami opranu
1 TKAaHWUHW HA3WBAIOTh MPAHCNIAHMAMAMU.
TpaucniranTamnia BHUKOHYEThCA XipypriuHUMU
MeTOJaMu.

CyuacHa MemUIIMHA MOKe VCIIIIIIHO 3ii-
CHIOBATH TpPAaHCILIAHTAI[il0 0araTboX OpPraHis
i TKAaHUH JIOOWHU. Cepld, HUPKU, KiCTKOBOTO
MO3KY, JIeTeHb, IIeUiHKM!, BOJIOCCS, IITKipKU TOIIIO
(man. 109.1). ¥V Bunazary, Koy B OpraHisM JIio-
IVHU TIOMIIIIAIOTh HE JKWBI OpraHm % TKaHU-

Buawn TpaHcnnaHTauil

¢d g

Man. 109.1. OpraHu noguHy,
AKi 4acTo CTaloTb 06'€EKTOM TpaHCnMaHTauil

HU, a ixHi MexaHiuHi a00 eJleKTPOHHI aHAJIOTH,
TaKi HITYYHi aHAJIOTU HAa3UBAIOTh IMNAAHMAMU,
a caM IIpollec iMIIIaHTAIi€Io0.

OcHOBHOIO TIPO6JIEMOIO TpaHCIIJIaHTAIlil €
momoJIaHHS iMyHHOro O0ap’epy. Byab-axi uyki
opraHu ¥ TKaHMHU iMyHHAa CUCTeMa OpraHiaMy
pO3Ii3Hae i1 MoYMHAE aTaKyBaTHU, HaMaram4yuch
BHUMUTU UyKopigHi Kaituuu. Ile crae mpuuwm-
HOIO 3arubeJsii i1 BiATOPrHeHHSA TPAHCIJIAHTATIB.
Iia momepemskeHHs IIHOTO TIPOIlecy JiKapaMm
IOBOOWTHCA IPUTHIUYyBaTH B IAIlieHTa POOOTY

3ae)KHO Bifl MOXOIKEHHS TPAHCILIAHTATA BUIIIAIOTH KiJbKa BUIB TpPaHCILJIAHTAIIii.

Bupa TpaHcmIaHTaIii

Oco6auBoCTi BUAY TPaHCIIIAHTAIIL

AyTo- PertimienT € noHopom ajisa camoro cebe. Ileit MmeToxa IMIUPOKO BUKOPUCTOBYIOTEH ¥ BUTIA/-

TpaHCILIaHTAIlisA Kax mepecajku Mikipu (0co6JIMBO Y BUNIAAKY OIiKiB, KOJU IITKiPY 3 HEIOIITKOIMKEeHUX
TiJAHOK IepecamsKyI0Th Ha MOIIMTKOKeHi) Ta KiCTKOBOTO MO3KY

Izorpamnc- JoHOpOM cTae J0qMHA, TOBHICTIO iIeHTHYHA 3a TeHOMOM [0 pertinierTa. Ile moxanm-

IIaHTaIlig BO B TOMY BUIAIKY, KOJU JOHOP i peIlimieHT € MOHOBUTrOTHUMHU OJn3HIOKamMu. Taka
TPaHCILJIAHTAI[is MOYKEe 3aCTOCOBYBATUCS JJIA ITePECaKu OyAb-IKUX OPraHiB

AnnorpaHce- V¥ poui moHOpa BUCTyIIa€ JIOAWHA 3 TeHOTUIIOM, BIIMiHHMM BiJf TeHOTUIY PeIIUIlieHTa.

IJIaHTaIid ITeit BapiaHT 3BacTOCOBY€EThCA HaliuacTiie, 60 f10ro HaliIeriie peaaidyBaTu MPaKTUUHO.
st momosaHHA TPo06JIeM 3 iMyHHOIO CUCTEMOIO IiA0MPAIOTh TPAHCILJIAHTATH, HA-
0inbIII CX0Ki 3a HAOOPOM aHTHUTeHiB HA OPTaHU JOHOPA

Kcenorpasc- IloHOpOM € He JIOAWHA, a TBapUHA iHIToro BuAy. Kpim mpobiiem i3 BiATOpraeHHAM

IJIAHTAIisd TPaHCILJIAHTAaTA, I TEXHOJOTiA BUMAarae ypaxyBaHHA MOPAJbHUX Ta COIiaJIbHUX

aCIeKTiB, 00 BUKOPUCTAHHS TAKUX TPAHCILJIAHTATIB MOJKE CyIIePeYUTH MOPAJIbLHUM YU
peJiriiHuM IMepeKoOHaHHAM JOHOPA

Kiaitunana inxene- | 1la Texmosorisa mepenbauae BUIYUYEHHA MOTPIOHUX KJIITUH 3 OPraHi3My camMoOTO IallieH-
pid Ta KJIOHyBaHHA Ta i BUpOIIyBaHHSA 3 HUX IIOTPIOHMX OPraHiB Ta TKAHUH MeTOAaMU KJIITUHHOI iHxKeHepil
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iMyHHOI cmCTeMH! 3a [JOTOMOIOI0 CIeIliaJbHUX
mpemapaTiB. AJie TaKe IIPUTHiYeHHS CTAHOBUTD
CYTTEBY 3arposy Ijsa 3I0poB’s, 00 opraHism
JIOAVWHU CTa€ ypasJuBUM IJId PisHOMAaHITHUX
MaTOTeHHUX OPraHi3MiB.

MNpuHUMNK 6ioNoriYHOT eTUKK

TpaucniaaHTaIlisi TKAHUH i opraHiB poOUTH
AKTyaJbHOIO IIP00ieMy 0i0eTUKYM — MOPAJbHUX
aCIIeKTiB 3aCTOCYBaHHS X TeXHOJOrii. OcHOB-
Hi npuHIUIIN 0i0eTUKM, AKUX 0aKaHO JOTPUMY-
BaTUCA AJIA HEAOIYIEeHHS eTUYHUX ITpodjeM,
3ampoIoHyBau amMepukaucbki Bueni T. JI. Bi-
yama i k. ®@. Hingpec (1985 p.).

IIpuanUIM GioeTHUKM:

« IPUHIIUII aBTOHOMil (iHAWBiA Mae mTpaBo
POSIIOPAIMKATICSI CBOIM 3I0POB’AM);

« IPUHIAII «HEe 3allIKOAb» (BUMAarae MiHi-
MaJsisarii MmKoau 3a MEJUUYHOTO BTPYYAHHA);

- mpuHIuNO 6Jara (Jikap 30008’ a3aHUM 3il-
CHIOBATH [Iii, CTPSIMOBAHI HA MOKPAIIEHHA CTAHY
marmieHTa);

« IPUHIIUII CIIPABEIJIUBOCTI (BUMarae piB-
HOTO CTaBJEHHs [0 BCiX MallieHTiB 1 PiBHOTO
IOCTYIIy IO PECYPCiB Il MeAWUYHOI TOTIOMOTH).

BukopuctaHHa 3D-gpyky
Y BiATBOPEHHI TKaHVH Ta OpraHis

Ha mouatky 2000-x pokiB OyJio posmoua-
TO CTBOpPEeHHA TexHOoJoTil 3D-0iompUHTHHTY.
I1sa TexHOJIOTiA epenbavyae CTBOPEHHA 00’ €MHUX
MojeJsiell OpraHiB Ta TKaHUH JKUBUX OPraHisMiB
Ha KJITUHHINA OCHOBi 3 BUKOPHUCTAHHAM METO/iB
3D-npyky.

Ilepmuii Boanmii ekcnepuMeHT 3 3D-apyKkom
oyJsio ipoBegero 2006 pory, Koau IJd KiJbKOX
HalieHTiB HAAPYKYyBaJd CEYOBI Mixypu 3 KJIi-
TUH, YTBOPEHUX CTOBOYPOBUMU KJITMHAMU ca-
MuX maiieHTiB. 3apas TexHoJjoria 3D-apykry
JIOMCBKUX OPTaHiB IIPOXOAUTH CTAMil0 KJIiHiY-
HUX BUOPOOYBaHb Ta €KCIEePUMEHTAJbHUX [0-
caimxkenb. Iloku 110 BOHA He BIPOBAKeHA

0 Kniouosa iges

TpaHcnnaHTauia — ue nepecafgka peuumnieHTy
opraHa abo TKaHVHW 3 OpraHi3My JOHopa. IcHye
Kiflbka BWAIB TpaHcnnaHTauii. BaxknueBum acnek-
TOM TEeXHONOrii TpaHCMMaHTauil € MopanbHUNR,
MOB'A3aHNN 3 MOXINBUM BUHUKHEHHAM €TUYHMX
npo6nem. ToMmy BUKOPUCTaHHA L€l TEXHONOTIi no-
Tpebye OOTPUMaHHA MPUHLMMIB GiOeTUKN.

Tema 5. PenpogyKLia Ta pO3BUTOK OpraHizmis 3y 33 S

Yy IIUPOKY MEAWYHY MPAKTUKY. ¥ CIIilIHI JOCJTi-
I:keHHA 3 3D-IpyKy Ta HACTYITHOI TPaHCILJIaHTAa-
il HapyKOBAHOTO opraHa 0yJio IPOBEAEHO A
CeYoBOT'0 MixXypa, XpAIIiB HOca Ta BYyX, HIKipwu,
KicTok Tomro (maJs. 109.2).

Y wmam yac TepMiH «O0iOOPUHTHHT» BUKO-
PUCTOBYIOTH IJIA HO3HAYEHHA KiJbKOX PiBHUX
TeXHOJIOTili OioApyKy. 3aje:)KHO Big oOpanoi
TEeXHOJIOTi1 IPYK TKaHWH i opraHiB Ha OionmpuH-
Tepi MOXKe 3AilficHIOBaTHCA 3 BUKOPUCTAHHAM
(OTOUYTIIMBOTO TiPOTeJifo, CIeIiaJibHOI pimu-
HU a0o0 IIOPOIIIKOBOI'0 HalloOBHIOBaua. HasgBHicTh
KIIbKOX PiBHMX TeXHOJIOrili moB’sA3aHa 3 THUM,
III0 OPTaHi3M JIIOAWHYW MiCTUTH Pi3HI THUIM TKa-
HUH, KOKHA 3 AKUX MOTPeOy€e 0COOJIMBUX YMOB
3D-npyKy.

Ilepmiuii xomepritinuii OiompuHTEp OYJIO
crBopero 2014 poxy. Bin He mpusHaueHUi A
CTBOPEHHs OPraHiB s TpaHCILTaHTaiii. AJe
TKAHUHU ¥ OpraHu, SAKi MOXKHa BUTOTOBUTHU
3 JIOTIOMOTOI0 ITLOTO MPHUJIANy, BUKOPUCTOBY-
0Th (hapmareBTUYHI KommaHii. Bouu Bumpo6o-
BYIOTh Ha TaKMX HAAPYKOBAHMX OpPraHax CBOI
HOBi npenapatu. Ile cyTTeBO IPUCKOPIOE aHATI3
mperapaTiB Ha 0e3IeYHICTh Ta 3AEIIeBIIOE IXHE
BUPOOHUIITBO 1 BIPOBAMIKEHH.

Man. 109.2. BigHOBNEHHA XPALLIB NIOACHKOrO ByXa
€ OfIHi€I0 3 HaMbINbLL rapHO BiANPALbOBAHUX METOAUK
3D-ppyKy NOACbKMX OpraHis

QBaHI/ITaHHﬂ Ta 3aBOAHHA

1. Ha KoHKpeTHOMy npuknagi MOACHITb, YoMy nif
Yyac TpaHCnMaHTauii opraHiB HaBiTb Bif HaNGAMKUMX
poanyiB MOXNNBO BUHUKHEHHA Npob6siem 3 iXHIM npu-
XuBneHHaM. 2. Yomy Tpeba po3pobnatn 1 po3BuBa-
Tn TexHonorii 3D-gpyKy noacbkux opraHis? 3. Y AKMX
BMNaAKax paLioHanbHO BUKOPUCTOBYBATU KCEHOTPaHC-
niaHTauilo, BPaxoByun fyxe CUIbHY peakuito iMyHHOI
CUCTEMW Ha aHTUFeHW iHWWX opraHiamie? [na nigro-
TOBKM BiAMOBIAI BMKOPWCTOBYNTE AOAATKOBI AXkepena
iHbopmaLii.
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OCHOBHI NONOXeHHA TeMun «PenpoayKuUia Ta pO3BUTOK OpraHi3amiB»

Tunn HecTaTeBOro PO3SMHOEHHA

Tumn XapakTepucTugKa
Tlomin Pospminenns maTepuHChKOI KJIITUHY Ha ABi Ta Giiblile JouipHix
BpyHbkyBaHHS YTBOpeHHS HOBOTO iHAMBiAY 3 BUNIMHY (6PYHBbKM) Ha TijJi MaTepUHCHKOI 0CO-
OuHU
dparmeHraiisa Pospginenns Tina 6araToKJIITHHHOTIO Oprauismy Ha aBi a6o OijbIile yacTUH

PoamHoOsKkeHHS criopaMu YTBOpeHHS CIOP — KJITHUH Ta iXHiX rpy1 (y rpubiB), 1110 IPUCTOCOBAHI I

TMOIUPEHHSA I BiATBOPEHHS MaTePUHCHKOI 0COOMHUI

Po3MHOKeHHA 3 yTBOPEHHAM
creniajizoBaHnNX 0araToKJi-
THHHUX CTPYKTYP

YTBOpeHHs 6araTOKJITHHHUX CTPYKTYP, 110 IPUCTOCOBAHI /I IMONIUPEHH S
¥ BiATBOPEHHSA MaTepPUHCHKOI 0coOMHU (TeMyiu, craTobacta, isugii To1o)

BereraTuBHe PO3MHOKEHHS VTBOpeHHsS HOBIUX OCOOMH 3 BereTaTUBHUX OPraHiB Tija (3BUYaiiHUX MaroHis

i KopeHiB, OyJb0, UOYJINH, KOPEHEBUII], BYCiB TOIIIO )
Tunun cTateBoro PO3MHOXEHHA

Tun po3MHOKEHHST Oco6InBOCTi OyTOBU CTATeBUX KJIiTHH

Izoramis YosoBiui i1 »KiHOYI ramMeTu 34aTHI A0 PyXy Ta MaiOTh OJHAKOBY GOpMY i po3Mip

Amnizoramis YosoBiui i1 »KiHOUYi ramMeTu 34aTHI 10 PyXYy, BOHU MAIOTh CXO0KY hopMy,
aJie pisHuUit posmip (PKimHoui 6iabITi 3a po3mipom)

Ooramisa YHouoBiui # skiHOUi TaMeTn MaOTh PidHY (hopMy ¥ poamip. o pyxy sgaTHi juiire
YyoJIOBiui rameTn

BusHaueHHA crarTi
Mporamue XpomocomHe Eniramne
3aN1eXnTb Bif TUNY ANLEKTITUHN 3aneXuTb Bifj XPOMOCOMHOIO 3aNeXunTb Bifl YMOB PO3BUTKY
(konoBepTKN) Habopy ramer, WO 311BaOTHCA (6oHenis, Kpokoaws, XBOLL)

FannogunnoigHe
3anexuTb Big Toro, um byae 3annigHeHa
ANLEKNITUHA (640N, Mypaxu)

Cncrema XY
Q XX; & XY
(ccaBui)
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ToHocomHe
3aNeXnTb Bif CKnagy cTtaTeBMX XPOMO-
COM Yy rameTax reTeporameTHOI CTaTi

Cucrema X0 Cuncrema ZW
2 xx; & xo Qzw; 4 zz
(TapraHwu) (nTaxm)

AyTtocomHe
BM3HAYAETbCA KOMOIHaLli€0
anenis ayTocom (geski pocnuHm)

Cucrema Z0
Qzo0; 8 zz
(moni)



Ilepegipme c80i sHaHHA 3 memu «Penpodykuyis ma po3sumor OpezaHi3mie». (= #r i
rnk.com.ua/103153

[ameToreHes y KBiTKOBUX POC/IVH

8 :
oo oD de%ﬁ

Munak Mikpocnopu MaTtouka Meracnopu

[ameToreHes y ccaBuiB [ameTn TBapuH

Cnepmato30ip ccaBuiB

Crapis AKpocoma
PO3MHOXEHHSA
0 \ XsicT
o
= - v . S S
$ /
[oniBka
Lwnika
¢ Crapia pocty ¢
Bynosa anuekniTMHN
Crapia 0 OBonna3ma
O O [N03piBaHHsA &
[}
@ ® ® ® =
o MonapHi
9 ()) 9 o TinbLA MoBTkoBa
Cnepmatozoigu AnueknitnHa 060/10HKa
Cragia dopmyBaHHsA
flppo
Ocob6nuBi Gopmn PO3MHOMKEHHS
Tun 3BigKM 3’ ABIAETHCA HOBUM iHIUBIT
ITaprenorenes 3 HesaILIigHeHOl ANIeKIiTuHNT
ITemorenes I3 TKaHMH 3apoJKa MaTePUHCHKOI 0COOMHU
Amnoramis I3 ranmoigHMX KJIITHH cTaTeBUX OPTaHiB (aje He raMeT)
AnsenTuBHA eMOpioHia I3 comaTUYHUX KJIITHH CTaTeBUX OPTaHiB
Heorenia 3i cTaTeBUX KJIITUH MaTePUHCHKOI 0COOMHM, IO AO03PiBAIOTh HA CTALil JUUMHKYI

Etann embpioHanbHOro po3BUTKY

3urota Crapia 2-x Crapia 4-x Crapis 16'?< Crapia 32-x Bbnactyna MouaTok yTBO- lacTpyna
6nactomepis  6rnactomepis 6Gnactomepis 6nactomepis PeHHA racTpynu

HepBoBa nnactuHka
Xoppa

Ektopnepma
Me3sopepma
EHTOpEpPMa

lMopoXHUHa NepBUHHOT
Henpyna KULIKN
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Y3aranbHI0OBaJibHi 3aBAAHHA 3a TeMamMn ANA iHAUBIAYaNnbHOI N rpynoBoi po6oTn

3aBAaHHA 0o TeMn «biopi3HOMAHITTA»

3aBmaHHA JaA iHAUBiZAyaJdsHOI PoOOTH

1. Knacugikyiite i1 BuU3HaAUTe cHUCTeMaTUYHE
TOJIOYKEHHS B CHUCTEMi OpPraHigyHOTO CBITY OZHOTO
i3 3ampoOmOHOBAHMX BHUIiB: MYyXOMOP UYE€PBOHMUIM,
BeIMiaL Oypwuii, MINIEHUIlS TBEPIA.

2. CkiagiTh XapaKTepUCTUKY OJHi€el i3 3ampo-
IOHOBAHUX TI'PYH OpraHismiB: Bipycm, GakTepii,
apxei, eykapioru.

3. CkiamiTh XapaKTEepPUCTUKY 3a BUAOBUMU
KPUTEPiAMU OJHOIO i3 3aIpPOMIOHOBAHUX BUIiB:
JIOCBh, TOPOOEIh TMONIBOBUI, JUCUILA, KOJOPAACHKIAH
JKYK, Oinuii rpub, MyKop, Ay0 3BUYAKHUI, KApPTO-
IJIA, IIUIINTHA, COCHA 3BUYAlHA.

4. TloscHiTH, AK PisHi BUAM TPUPOTOKOPUC-
TYyBaHHSA MOJKYTbH BIIMHYTHU HA CTAH T'e€HETUYHO-
ro, BUJOBOTO Ta €KOCHUCTEMHOTO 0iopisHOMAaHITTA.
IIpencraBTe CBOIO BiANOBiAL y BUIJIALI TpPE3eH-
Tamii.

5. CTBOpiTh IIpes3eHTAaIlil0 HA OLHY 3 TeM, BU-
OpaBIIIU BUJ, IIOIIUPEHUH y BAIlIOMYy PETiOHi, Ta 3pO-
0iTHb MOIIOBiMh 3 BUKOPUCTAHHAM Ifi€l ImpeseHTarrii:

a) Bun-kocmomoutiT Ha TepuTopii YKpaium;

6) PemikToBuit Bux Ha Tepuropii Ykpainu.

3aBmaHHA O po6OTH B rpymax

6. CkjaagiTe MOPIBHAJBHY XapaKTEPUCTUKY
IBOX T'PYII opraHismiB Ta mpexacrasTe ii y Buraami
npeseHrarnii. I'pynu oprauismiB Ajid DOpiBHAHHA:
OMHOKJITUHHI 1 6araTOKJIiTUHHI eyKapioTu, apxei
i OaxTepii, rosoHaciHHi I MOKPUTOHACiIHHi, Iep-
BUHHOPOTi I BTOPUHHOPOTI.

7. CrBopiTh mpesenTaifito «IcTopis imBasii»,
y AKiil OmHUIIIiTH iHBa3il0 KiJIbKOX BUIIB Ha HOBY
TEPUTOPit0 (KOKHUI UJieH IPYNU ONMCY€E iHBa3iro
OKpeMoro BHUAY), Ta 3po0iTh AOIOBiAL i3 BUKO-
pucranHaM 1iei mpesenrarii. IuBasis moxxe OyTu
AK II0B’A3aHOI0 3 AiAJLHICTIO JIOAWUHM, TaK i Bim-
OyBaTucsa 0e3 aHTPOIOTEHHOI'O BILIUBY.

TeMu HaBUAJIBHUX IIPOEKTIB

1. 3ailicHeHHS OLIHKM CTAaHY MicIleBOl BOmOIi-
MHu MeTomamMu Oioimgumkarii (3a mMakpoditamu Ta
MaKpPOo3000eHTOCOM).

2. BusAB/ieHHA Ta MOHITOPUHT IOIIUPEHHA iH-
BaBiflHUX POCJINH, 0e3XxpedeTHUX TBAPUH HA TEPU-
TOpii MicIeBUX eKocucTeM.

3. BuBueHHA cTaHY iHTPOAYIEHTIB Y 3€JIeHUX
HacalKeHHAX HaceJeHOr'o IYHKTY, MikpopalioHy,
HaBYAJIBHOTO 3aKJamy.
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4. BuBUeHHSI OCHOBHHUX TI'PYII OJHOKJIITUHHUX
Ta KOJIOHIaJIbHUX BOJOPOCTEH MiCIIEBUX BOJOMM.

5. Ominka crany moBiTps maHoi MicieBocTi
MeToJZaM!U JiXeHoiHgmKaIrii.

3aBAaHHA 0O TeEMU «ObMiH peyoBUH

i NnepeTBOPEHHA eHeprii»

3aBaaHHA A iHAUBiOyaJasHOI PpoOOTH

1. JIo axuWX HACJHIAKIB AJA JIOAUHU MOKe
MPU3BECTH HecTaya B paljioHi cmoayk Pepymy?
Ax mosxkma samobirtu Takiii Hecraui? CriaazgiTs
BingmoBimHI pekomeHpaIlii Ta mpeacTaBTe ixX y BU-
TIAAl mpe3eHTAIrii.

2. CkiaazmiTh cxXeMHU eHEepreTUYHOTro OOMiHYy
OIS KJIITUH — IpeACcTaBHUKIB (hoTOaBTOTPODHUX,
XeMoaBTOTPouX i rerepoTpoHUX OpPraxHisMmis.
CkJamiTh IIepeslik PHUC CXOKOCTi IJIS BCiX TPBOX
TUIIB KJITUH i 0COOMUBUX PUC KOIKHOTO 3 ITUX
BapiaHTiB.

3. Ilicna cmoKmMBaHHA aJKOTOJBHUX HAIOIB
BMICT eTaHOJIy B KPOBi JIIONWHU CIIOUYATKy 3POCTaE,
a HOTiM ITOCTYHOBO 3HMKYEThCA. [loACHITH, AKUM
YUHOM OPTaHi3M JIIOAWHU 3HUMKYE BMICT eTaHOJIY
B KPOBi I YoMy B Pi3HUX JIIOfiel Ieii TpoIlec Bif-
O0yBaeThbCs 3 pisHOIO mBHUAKicTIO. CKIamiTh mepe-
JiK HeraTMBHUX HACIIAKIB IiABUINEHOTO BMicTy
eTaHoJy B KpoBi Joguau. CBOi BUCHOBKHU Ta IXHIO
apryMeHTAllilo IIpeICTaBTe Y BUIJIALL Ipe3eHTaIlii.

4. BubepiTh KiJbKa copTiB MiHepaJabHOI BOIU
i mpoananigyiite IxHIH ckKJazx, yKazaHuil Ha eTu-
kerxax. CopmystioiiTe it OGIPYyHTYHTE PEKOMEHIA-
mii 11040 B:KUBAHHA ITUX COPTiB BOAU AJIA JIOAEH
3 pPi3HUMU IOPYIIEHHAMU OOMiHY PEYOBUH UM 3a-
XBOPIOBAHHAMU TPaBHOI ab0 BUIIIBHOI cucTeM (3a
BammruMm BubGopowm). IlpencraBTe Bamri pesyJsbTaTu
y BUIVIAAL Ipe3eHTAaIlii.

5. CkiamiTh mpaBmja MOBEJIiHKU B yMOBaXxX
BUCOKOTip’d (32 YMOBU HU3BKOTO IIaPI[iaJbHOIO THUC-
Ky KWUCHIO) Ta IOZaiiTe iX y BUIVIAAI IIpe3eHTAIlii.

3aBHaHHA OJd Po0OTH y rpymax

6. CriyaniTh TOPIBHAJNBHY XapaKTEPUCTUKY
piBHUX TpPyn TOKCUYHUX CIOJYK (TOKCUKAHTIB
i TokcuHIB) Ta momaiiTe il y BUIJIAMI ITpeseHTaIii
(KOXKHUM yUYaCHUK TPYIN Ma€ IPe3eHTYBATH OTHY
3 IPYI CIOJYK).

7. Po3pobiTh KinbKa cTpaTeriii mpaBUJIBHOTO
XapuyBaHHS AJIA PisHUX YMOB (Pi3MUHOTO Ta eMOo-
IiTHOTO HaBaHTaYKeHHA (KOMKHUMN YYaCHUK I'DYIU
Ma€ IMPe3eHTYBAaTU OAHY 3i CTBOPEHUX CTpPATEeTii).



3aBAaHHA OO TeMK
«CnaaKoBICTb | MiHNUBICTb»

3aBaaHHA A iHAUBiAyaabHOI poOoOTH

1. OGrpyHTyiiTe TBEPAMKEHHS IIPO Te, 1[0 I'eHOo-
TUII JIOJWHY € I[1JIICHOI0 iHTETPOBAHOIO CHUCTEMOIO.
CBoi BUCHOBKU Ta IXHIO apryMeHTallif0 IPeCTaBTe
y BUIJISAAL IIpeseHTarii.

2. ¥V Tpomiunux Jsicax AQPUKHU XKUBYTH ABi
rpynu mirmeiB — ILIeMeH, MPeACTABHUKU SKUX
MalOTh HU3BKHUU 3picT. AHajlid reHOMYy IpeacTaB-
HUKIiB OJlHi€l 3 MUX IPpyn BUABUB, IO 1XHIA HU3B-
KU 3picT 3abesmeuye KOMILJIEKC T'eHiB, KOMKHUI
3 AKMX Ma€e MYTAaHTHUU BapiaHT, BigMimHUi Bin
BapiaHTa IBOTO TeHa Y JIAeH HOPMAaJIbHOTO 3poc-
Ty. AHajis reHoMy iHIIOI Irpynu mirmMeiB BUABUB,
10 Ieil KOMILIeKC TeHiB y HHUX TOYHO TaKuil, K
i y gmomeil 3 HOpMaJIBLHUM 3DOCTOM, i MyTaHTHUX
BapiaHTiB reHiB He MicTUTH. 3alpPOIOHYHTEe Ta 00-
I'PYHTYHTe rimoresy, sKa MOSCHIOE Iieil (pakT, Ta
IpeACcTaBTe CBOIO BiATIOBiIb ¥ BUTJIA] Ipe3eHTAIli].

3. CkimamiTh pomoBoau jofeit, AKi mpoisro-
CTPYIOTH OCHOBHi THUIIM yCHAAKyBaHHS O3HAK (II0-
BHEe Ta HENOBHE [IOMiHYBaHHA, KOJOMiHyBaHHA,
ayTOCOMHO-pelleCBHEe Ta ayTOCOMHO-IOMiHaHTHE,
3UeljieHe, 3UellJieHe 3i cTaTTio), Ta IpejcTaBTe ix
Y BUIJIALL CXeM.

4. BUKOpPUCTOBYIOUM KOHKPETHI NTpuKJIagu,
HOPiBHANTE MOHOTEHHEe Ta IIOJIireHHe yCHa KyBaH-
HA 03HaK y JioauHu. lIpeacraBTe cBOIO BiAIOBiabL
y BUIVIAAI Ipel3eHTAIlii.

5. BuKoOpuCTOByHOUNM KOHKPETHI HpUKJIALH,
CKJIAJiTh NOPiBHAJNBHY XapaKTEPUCTUKY PiB3HUX
cnocobiB BU3HAUEHHsS CTaTi Ta mopaiite ii y BU-
TIAAl mpeseHTAaIrii.

3aBgaHHA O Po6OTH y rpymax

6. IlpoamamisyiiTe IO3BUTHUBHI Ta HeraTUBHi
acnekTu npodisakTuku I Tepamii cragkoBUX 3a-
XBOpIOBaHb JIOAWHU, Pe3yJbTaTU MOJANTEe y BU-
TIAAl mpeseHTAaIrii.

7. CkmamiTh TmepesiK YMHHUKIB, AKi 3yMOB-
JIIOIOTH 3MiHY FeHEeTUYHOTO CKJIAAy IOMyJAIllii, Ta
HOKaKiTh 0CcOOJMBOCTI iXHBOI Aii HA KOHKPETHUX
mpuKJIafax (KOXKHUN YYaCHUK IPYHU Mae€ IIpe3eH-
TYBaATH ONUH i3 UMHHUKIB).

TeMu HaBYAJbHUX IPOEKTIB
1. TeHeTUUHUIT MOHITOPUHT Y JIOICHKUX CIILIb-
HOTax.

»>

2. CKpuHiHr-IporpaMu A8 HOBOHAPOIKEHUX.
3. T'enorepania Ta ii mepcIeKTUBH.

3aBgaHHA oo Temn «Penpopykuia
Ta PO3BUTOK OpPraHi3miB»

3aBaaHHA A iHIUBiZyaJsHOI po06OTH

1. IToscHiTh, YOMY HicJs MOIIKOIKEHb IIIKipu
Ha Hifl MOXXYTB yTBOpIOBaTHCA PyoOIi (1rpamu)? Uu
MOJKe JironuHa mo30yTucs mrpamis? CBoi BucHO-
BKH Ta IXHIO apryMeHTallilo MpeJcTaBTe ¥ BUTJIAL
mpes3eHTAIril.

2. Yu moromKyeTecss BU 3 TBePIKEHHAM, IO
MaKCUMAaJbHa TPUBAJIICTH sKUTTSA JIIOAUHU BXKe J0-
CATHYTa i MOKHA IiABUINYBATH JIUIIE CEPETHIO
TPUBAJICTD JKUTTA JIOAUHN? APryMeHTyHATe CBOIO
TOYKY 30DpY.

3. TBapuHU, AKi MaOTL BEJIUKY TPUBAJIICTH
JKUTTs, BUPOOMJIM HU3KY MeXaHisMiB, AKi mo-
mepeyKaloTh PO3BUTOK Y HUX OHKOJOTIUHMX 3a-
xBopoBaHb. CKJIAAITh TIEepesiKk TaKuX MexaHi3dMiB,
3pobiTh Ta apryMeHTyHTe IIPOTHO3 IOA0 MOXKJIM-
BOCTi IXHBOTO 3aCTOCYBaHHA y MPOo@iJaKTHUIII OH-
KOJIOTIYHMX B3aXBOpPIOBaHb JoauHU. lIpemcrasre
CBOIO BiJIIOBiZb Y BUTJIAAI ITpe3eHTAIlii.

4. TloscHiTh, AK BILIMBAa€E CIOCIO JKHTTA Ha
¢dopMyBaHHS JIOACHKOTO OPTaHi3My Ta PEIpPOIYK-
TUBHEe 370poB’d. CKIaZiTh mepedaikum QaxTopis,
AK1 MMOBUTMBHO ¥ HETAaTHMBHO BIJIMBAIOTh HA HUX.
IlpencraBTe CBOIO BiANOBiAL y BUTJIALI Tpe3eH-
Tamii.

5. CkIamiTe xapaKTepUCTUKY BipyciB, Bipoi-
IiB i mpioHiB Ta momauTe 11 y BUTJIALI IIpe3eHTAaIil.

3aBaaHHA JJg poOOTH y rpymax

6. ITpoamasisyiiTe 6iosoriuHi Ta comiaabHi ac-
MEeKTU PEeryadAIii pO3SMHOKEeHHSA JIOIUHNA Ta IOoJau-
Te CBOI0 TOUKY 30Py Ha II0 IIpo0JieMy y BUTJIAIL
mpes3eHTAIril.

7. CKJamiTh CIOMUCOK THUIIIB POCTY KUBUX OP-
raHisMiB Ta IOKaXKiTh IXHi 0COOJMBOCTI Ha KOH-
KPeTHUX NPUKJIAAaxX i 3a €IMHOI0 CXeMOI0 (KOKeH
YUYaCHUK TPYIM Ma€ IIPe3eHTyBATU OAUH i3 THUIMIB

pocrty).
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MpeaMmeTHNN NOKaXXYNK

3D-6ionpurTUHT 227

3D-apyr 227

-OoKMCHEHHS *KUPHUX KHUCIOT 86
SAR 29

X-xpomocoma 132, 202
Y-xpomocoma 132, 202

Aﬁio'mtnmﬁ KOMIIOHEHT 4
Asgcrpautificeke mapctso 40
Astoniz 73
Astorpohpu 53
AepobHe nuxanHa 84
Axnimaruzamia 42
AxTuBHUI TpaHcnopT 54
AxrusHuii nearp 80
Agnanroic 210
Aunens gukoro tuny 124
Anens 124
Annorpanciianramnia 226
AnomerpuuHnii Tum pocry 221
Ajocrepuuna peryasamnia 81
Anpbyminu 62
AsnpTepHaTUBHUM ciiaiicuHr 89
Arnbda-pisHomanirra 20
Awme6030i 29
Awminoizu 160
Awvinoanumi-TPHK 90
Awmiroz 178
Awmuion 210
Awmnuioru 39, 210
Awmoppei 28
Avmiidgikamis 123
Ampi6ii 38
Awmpibractyna 207
Amnabonism 52
Amnaepobue guxanus 82
Amnanis pesyabraTiB gocaimkenasa 12
Amnanisyioue cxpemnyBanua 125
Amnamuii 38, 210
Amnadaza 171
Aneymnoigia 172
Amnizoramia 188
Amurtennuit Komiieke 94
Antunopr 54
AmntoueporoBi 31
Amntponoreseruxka 147
AHTponOreHHO-3MiHEeHE
cepenoBuine 6
Anoramia 199
Amnomikcuc 195, 198
Amnortact 57
Arnonitroz 179
Apxkrorea 40
Apxei 24, 26
Apxemnatugu 29
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Acrapmapxei 28
Acuminamnia 52

Acku 190

Ackocriopu 190
Ayrocomu 202
Ayrorpancnianrainia 226
Ayrodaronuros 73

BaI"aTOKJIiTI/IHHi TBapuHU 36
Basugianbui rpubu 34
Basuzii 190
Basuziocopu 190
Baxkrepii 24, 26
Baxkrepioponomncur 98
Baxkrepiodpar 153
Baxrepioxmopodin 98
BeskucHeBuil (AHOKCUT€HHUH)
dorTocunTes 98
Besmnigma 201
Besxsnopodinbauit poTocurTes 98
Besmiesnensi 38
Bera-pisaomanirra 20
BinarepanpHa cumerpisa 36
Binku 48
Binapuuit mogin 162
Bioreorpagia 21
Biosoriuna eruxka 227
Biosoriuna ingukaris, aéo
Gioimpgukamia 22
Biosoriuna Homenkaarypa 14
Bionoriuna cucrema 4
Biosoriuna minHicTh IPOAYKTY
xapuyBaHHA 50
Biosoriune pisHomaniTTsa, a6o
6iopisnomanitTsa 20
Biosorisz 2
Biopisnomanirrtsa 20
BiornuyHuit KOMIoHeHT 4
Bioximiunwnit merog 146
Biomenos 4
Baacromepu 206
Buaacromucra 207
BausuokoBuit Mmeton 146
Bpoxinaa 83

Bapianil‘/’ma KpuBa 141
Bapianiiiamii pag 141

Bererarusue posamuoskenusa 182, 186
BesukyansapHuit Tpascoopt 55
Bsaemonis amenis 128

Bug 18

Bugu-aBitinuku 19

BugoyrBopenns: 145

Busnauenus crati 194
Bigginu-gaugugatu 25

Bigcagka 187

Bikosa cTpykTypa momysamnii 142

Bipion 152

Bipoigm 161

BracruBocri sxuBoro 3

Buyrpimne samrigaenasa 197, 200

BryTpimHbOKIITHHHA
pereHepania 224

BHYTPINIHbOKIITHHHE TPABICHHS 72

Bopcunku 76

Bpogsxernnii imyriter 156

Berasni kaTeropii 17

Bropunni sizocomu 73

BropunHi crareBi osHaku 188

Bropunanopori 37, 208

Byraesogu 48

Iavern 165, 182

T'amerorenes 190

Tamerodir 30

T'amma-pisHomaniTtsa 20

Tamnoiguuii Habip xpomocom 165

Tacrpynamia 208, 212

Tenikasu 119

Temiszurora 124, 133

T'emorno6in 64

Temomnimpa 60

T'emodinia 149

Temomiauia 65

Temyma 185

Ten 120,124

T'eneanoriunmii metox 146

T'eneparuBHuii mepiog 204

T'eneparuBui myTamii 138

T'enerura moguuu 146

T'enerura 122

T'eneruuna xapra xpomocomu 131

T'eneruune KOHCYJIbTYBaHHSA 149

Temerununnit kog 90

Tenn, 3uemteni 3i crarrio 132

T'enna Tepania 181

T'enni saxBoproBanHa 149

I'enni myranii 139

Temom 121

T'enomHui 3axBOoproBanHs 148

T'enomui myTanii 139

Tenorun 124, 134

Tenodonyg 143

T'eorpadiune (asomaTpuyse)
BUJOYTBOpeHHA 145

T'epmadppogutusm 203

T'ereporamerna crats 132

Tereposurora 124

T'ereposuc 136

Tereportoigiss 139



Tereporpodhu 53
Tiopug 125
Ti6pugosoriunmii anamis 125
TigaTomu 109
TigpobaxTepii 27
Tigporimpa 60
Tiakrosi 32
Tinmepocmoruuna ocmoperyaania 106
Tinoguuamisa 223
Timoocmoruyna ocmoperyJsaiisa 106
Timoresa nmoxomxeHusa Bipycis 158
Tinoreza 8
Ticrouu 130
Tipu 34
Tnikorenes 102
Tnixkoniz 82
Tnobyninu 62
T'meroBi 32
TonanrapxkTuune mapcreo 40
Tonapkruune mapcrso 40
ToniBka cnmepmarosoiga 192
TonoBoxopaoBi 38
Tonosoiine xuBiaeHHa 70
Tonmonaciuui pociuau 32
TomeosucHi reun 211
T'omeocras 6, 52
T'omoramerHa crate 132
T'omosurora 124
T'opusonTanbHe

nepeHeceHHs reHis 159
Topmonu 222
TI'pubomnoni6ui opranismu 34
Tpyauuit nepiog 218
I'pyna suenienna 130
T'ymopanbHa peryndamnia 7
T'yrania 109
feHnep 203

I[aBHi bakTepii 27
Hanbronism 149

HOBomosbui 33
HesaminyBanua amiHokucaor 87
Henarypamis 92
Herpuroparu 70

Huribpunsae cxpemniyBanusa 125
HusurorHi 6siusHioku 146
Humnioigauit Habip xpomocom 165
Hucepramia 12

Hucuminsania 52
Huckobnacryna 207
Hudepenniamnis kaitur 220
Hudepenniamnisa TkaHUH
Hudysia 54

Huxanbui mirmentu 64
Hiamaysa 221

Hiadoperuru 29
HNHK-rexHosorii 143
Hobposikicui nyxnuau 223
HosrosxkureasctBo 219
Homen 24

HowminauTai myTamnii 138
HominyBanusa 128
Hocnimxenua 10

Hpeiid reris 144
IOpobuenus 206, 212
HOpyre putuacTBO 218

EKBauiﬁHHﬁ moxin 175

Ex3sorenHi pakropu 222

Exson 120

Exsomuros 55

Exosoriune (cumMmnaTpuuse)
BULOYTBOpeHHA 145

Exousioriuse nporaosyBanusa 23

Exosoria 2

Exocucrema 4, 40

ExckaBatu 28

Exckperu 104

Exckpemia 104

Excnepument 8

ExcrpakopnopasibHe 3amrigaesasa 215

Exromepma 208

EJIeKTPOHHOTPAHCIIOPTHU I
(puxanpHUT) naHIIOr 84

Enemenrapsi (akTopu eBosionii 144

Enonramia 90

Emo6piorenes 206

Em6pionanbHa ingykmia 211

Ewm6pionansuuit nepion 204, 212, 218

Em6pionanbpHuil po3BuTok 212

Em6pionansai cToBOYpOBi
kaituau (ECK) 214

Em0pioTexnosiorii 214

Ewmb6pioditu 30

Emnipuuni gocmimkenus 8

Engemiku 41

Enporenni pakropu 222

EugomiTos 173

Engociepm 197

Enporiuros 55

Enepreruuna minHicTh IPOAYKTY
xapuyBaHHa 50

Enepreruuynuii oomin 52

Enronepma 208

Emicras 135

Eyapxei 27

Eykapiotu 24

QRI/IBGIH) 187

Husnennaa 70

JKurreBuit muka Bipycy 154
Hurresuit uka kiaituau 166
Hurresuii muka 216

3aB,uaHHa mocaimkenasa 10

3arajabHU MOHITOPUHT 22

3akoHn 'ekkenss — MroJgepa
(Gioremermunmii 3akon) 211

3aKOH He3aJIe;KHOTO KOMOiHYBaHHS
CIagKoOBUX O3HAK 127

MpeameTHNiA NoKaXunK 333 SR

3aKO0H OTHOTHUIIHOCTI ri6pugiB
IepIIoro MOKoJMiHHA 127
3aKOH POBIIENJIEHHS CIaJKOBUX
O3HAK y HAmaAKiB riopuga 127
3axon Xapai — BaiiuGepra 144
3akoH yncroTu ramer 126
3akonu I'. Meugens 126
3anuIikose Tijbe 73
Bamnigaenas 196, 200
3apoakosi uctku 208
3apoakoBi 060m0HKH 39
3apomok 206, 212
3axBOPIOBAHHS, 1[0 I€PEJAIOTHCA
crareBuM nuisixom 219
3b6amancoBaHe xapuyBaHHa 50
3BopoTHa TpaHCcKpumiia 118
3BOpOTHE cxpelyBaHHA 125
3eneni samosu 105
Burora 196, 200, 206
3nosakicHi nyxauaun 223
3oBHinTHe 3amrigaenas 197
30BHiIIIHE TPaBIeHHA 75
3pinwuii Bik 218
3pinicte 204
Buerieni reun 130
3s6pa 66

IBOI‘aMiﬂ 144,188
Isomerpuunwmit TMIO pocty 221
Isorpancmianramnia 226
ImnnasT 226

Immanramia 226

ImynHMit 6ap’ep 226
IuBasiiiauii Bug 42

IuBagia 42

IuBenrapusamis 22

IngykoBani myramii 138
Tmimiamia 90

Tukybamifiauii mepiox 156
IarepBas BapiroBanua 141
Iarepdasa 166
IaTpakopropasbHe 3amaigHenas 215
IaTponykoBanuit Buxg 42
Iarponykuia 42

Iatpon 120

Ictununit repmadponutusm 203

Kancux 152

Kancomep 152

Kancoeke mmapcrso 40

Kap6remorio6ian 64

Kap6okcuremoriso6in 64

Kapiokines 170

Kapiorunn 131, 164

Kara6omism 52, 82

Ksitrka 33

KucueBuii (OKCUreHHUIT)
dorocunTes 98

Kaagucrtuka 16

Knitunna inkenepia 181, 226
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Kaitunna perenepamis 225
Kiaitunue nuxanusa 82
Kaituaauit tpancoopr 54
Kaitunsi kynasrypu 180
KaounyBauua 184
KomominyBanua 128
Komou 90
Konayroua ginmsaka 120
Komb6inarusua minnusictes 136, 176
Kommiaementapuicts 134
Kowu’toramisa 6axkrepiii 163
Kow’roraris romosioriunmx
xpomocom 174
Kow’rorania 136, 194
Kourpamenmia 201
Koudepenmia 13
Konnenmnis sugy 19
Kompodaru 71
Koprukanbsua peaxmis 200
Kocmomonitu 41
Kodepmentu 80
Kpurepii skurtss 2
Kpurepiit Bugy 19
Kpurnusi nepiogu possutky 213
Kpos 60
Kposonocua cucrema 60
Kpocunrosep 131,174
Kpocosepna ramera 131
Kcenorpancmianramnis 226
Kcunema 58

JIaTeHTHI/Iﬁ nepiox 204
Jlereni 67

Jlucromaxg 109
JInumaka 210
Jlizocomu 72

Jlimigun 48

Jlimorenes 103
Jlimomporeinu 62
Jlokiapxei 28

Jlokyc 124

MaKpOCI/ICTeMaTI/IKa 25
MaxkpodinbHi pociuan 31
Maussmiriesi Tpy6ouxku 105
MaremarnyHa 06po6Ka gauux 9
Matouka 191

Marpuunuit cuaTes 88
Meracmopa 191

Meguuna regeruka 147
Mesogepma 208

Meitos 174,194
Mencrpyanbuuii muxka 193
Mera gocaimxenua 10
Meraboaism 52
Meraboniuna inyxenepia 113
Mera6omiunnmii maax 80
Merarenomuuit ananis 25
Meramopdos 216
Meraunedppunii 104
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Meradaza 171

Mertoy 6inxkoBoro exexkrpodopesy 143

Mertoau renetruxku 123

Mirpania 144

MikpoBopcuaku 77

Mikpocmopa 191

MikpodinbHi pocanan 31

Mikcorpodhu 53

Miunusicts 123

Miorso6in 64

Mirtos 170

Minemiit 34

Muosxunnuit anexism 128

Muoskuuaunii moxin 184

MogpesnroBanus 9, 146

Mopudikarii 140

Mopudikariiina minausicts 140

MosnexkynapHO-TeHEeTUUHI
mapxepu 123

MosuiTopunr 22

Monorenna osuaka 134

Mowuori6puase cxpemryBanua 125

Monorpagia 12

Mownosurorsi 6ausaoku 146, 207

Monocomisa 139

Mownodineruunuii Takcon 16

Mopdoreau 211

Myxkogiciumos 149

Myrarersi pakropu 139

Myraniitara minnusicte 136

Myramia 138, 144

HaﬁyTI/Iﬁ imyniter 156
Hanpasnenuii hakrop 145
Hacinuna 32, 206

Hacinni pociuan 32

Hayka 8

HayxkoBa Teopia 8

Hayxkosuii 3BiT 12

Haykosi TBopu 12
Haykomerpuuna 6a3a ganux 13
Heanenbui rean 134

Heiipyna 211

Heiipynsamia 211

Hexopayoua ginsaka 120
Hexkpos 178

Hexkpodaru 70
Henanpasieuwnii hakrop 145
Heo6mesxenuii pict 220
Heorea 40

Heorenia 199

Heotponiuue mjapcrso 40
HenoBue nqominyBanusa 128
Hemnogue apo6ienna 207
Hepsosa peryasmisa 7
Hepenensosaui TBopu 12
HepiBuuit kpocuurosep 177
Heposxomxenusa xpomocom 176
Hecnagkosa minnusicts Bipycie 137
Hecnagkosa minausicts 136

Hecnpas:kui rpudu 35

Hecrarese posmuoskenna 182, 184

Hepporu 105

HenukaiyHuit IOTiK €J1€KTPOHIB
(Z-cxema) 95

Hupxku 105

Hopwma peaxnii 140

Hororea 40

Hyxkieinosi kucioru 48

Hyxkneocoma 168

Oﬁ’eKT mocaimxenasa 10
Obmesxenuii pict 220

O6miH peuoBuH 52
OxguomonbHi 33

OxwucHe pochopunoBanusa 85
Oxkcuremoriobin 64
Ontorenes 204
OuroreHeTnuHa Minausicts 136
Oorawmia 188

Oorenes 191, 193

Ooronizt 191

Oomur 191

OnepaTuBHUM MOHITOpUHT 22
Omepon 120

Omicroxkoutu 29
OrmocepeKoBaHuii 38’ 130K 4
Opranorenes 208

OprtomiTos 173
Ocwmoperyasiis 106

Ocmoc 56

OcmoTuyHuMt TUCK 56
OcmoTpodHe KuBIeHHA 71

Haﬂeorea 40
ITameorponiune mapcrso 40
ITanmopori 31

ITapasuruyne KuBjeHHa 71
ITapacekcyanbHuii nporec 195
ITapadinernununii takcou 16
ITaprenorenes 195, 198
ITacuBHuuii rpanconopt 54
ITatenT 12

ITarosoriuna pereueparia 225
ITegoremes 198

ITenerparnia 200

IlepBuHHi gidocomu 72
ITepBuHHi cTaTeBi o3Haku 188
ITepBunrnopori 37, 208
ITepiog HemoBasaTu 218
Ilepioguunwmii pict 221
ITepite guruncTBo 218
ITeuinounuku 31

IMunax 190

ITigmiTkoBuit mepiog 218
ITinomuros 55

Ilnasma kpoBi 62

ITnasmoxii 35

IlnanyBauua gocaimxenuas 10
ITnacTuunwmii oomia 52, 88



IInaynun 31

Ilnamenra 212

ILnreBpomiTos 173

ILneiiorponia 129

IIneue xpomocomu 131

IInig 212

IToBue nominyBanusa 128

IloBHe npobnenna 207

IToxsiitne samaiguenns 33, 197

IToxin 184

TlosakmiTuHHE TPaBIeHHA T4

ITozaagepua yactuua resomy 121

IToxkpuBHUKU 38

IloxkpuToHaciHHi pociuau 32

ITonermrena qnupysia 54

Iloniri6punue cxpemnryBanua 125

IToniembpionia 189

Ilomimepasu 119

ITosrimepasHo-JIaHIIOTOBA PeaKIid
(ILJIP) 123

ITonimepia 135

IlonimepHi rean 135

IMominmoimgia 139, 172

ITonipu6ocomu (mmosricomu) 91

ITonidineruunuii rakcon 16

Ilonynsauiiina reneruka 143

IMonynamitiai xBuai 144

ITonynamifino-cTaTUCTUUHUH
meron 146

Tlonynsamia 142

Ilopo:xHMHHE TpaBieHHA 76

ITopymenus sanniguesaa 200

Ilopymenus Ko’oramii xpomocom 177

IlocrreneparuBHuMii nepion 204

ITocrembpionanbuuii nepiox 204, 218

ITocrembpionanbHMi po3BUTOK 216

Ilocrrpancasaniiiai mogudikamii 93

IToxwuamii Bik 218

IIpeGioTuxku 79

IIpereneparuBHuii nepiox 204

IIpeamer mocmimkenus 10

IIpencraBieHHA pe3yJIbTATIB
mocaimkenns 12

IIpenpuntr 12

IIpupom:xeni Bagu 148

IIpupoaHa cucrema *KUBOTO cBiTy 14

IIpuponsue sanniguenus 196

IIpupoaue cepenosuiie 6

IIpupomuuii nobip 144

IIpucriakoBe TpaBieHHA 76

IIpiorun 160

IIpoGanx 147

IIpoGiotuku 79

IIpo6aema gocaimxenaa 10

IIposiszopui opranu 210

IIpoxgykT peaxiii 80

IIpokapiotu 26

IIpomoTop 120

IIpomoprii Tina 221

IIpoctuii sxkurTeBUit uKa 217

ITporeoapxei 27
ITporeocomu 73
IIporuBipycHi Bakiuuau 157
IIporuBipycHi npenapatu 157
ITporonedpuzaii 104
ITpoasza 171

IIponecunr PHK 88
IIpsamuii 38’ A30K 4

IIpamuit posButoxk 216
ITceBmommasmonii 35
Ilcunoru 31

ITraxu 39

ITynoBuna 212

Pa/:niam,Ha cumerpia 36

Pagianpuunii (61usbKuMit) Tpancnopt 57

Panne gutuacrso 218

Peaxnitinuii neatp 94

Perenepania 224

Perynaropra ginaaxka 120

Perynaropanii neatp 81

Perynania 222

Penykuiiamii moxin 175

PeiuTpoaykiis 43

PexombGimarmia 194

Penaryparia 92

PenaparusHa perenepanisa 225

Penikamia 118

PenpoayktuBaa megunuaa 215

Penpoaykmis 182

Pentuaii 39

Penensosaui TBopu 12

PenecusHi myrarii 138

Pubu 38

PubGocomu 91

Pubynosobichocharrapbokcuiaza
(RuBisCo) 97

PiBui oprauisamii sxkurtsa 5

Pict 220

Popmosixg 147

PosButok 3 meramopdosom 210

Po03BUTOK 3 HEITOBHUM
nepeTBopeHHAM 216

PosButok 3 meperBopeHaam 216

P03BUTOK 3 TOBHUM
nepeTBopeHHAM 216

Possutox 220

PosmuokenHsa o0yapbamu 186

Po3MHOKEHHA BUBOLKOBAMY
opyHbKamMu 186

Posmuoskenna Bycamu 186

PosmHOKeHHSA KopeHeBuiamu 186

PosmuoxkeHHsA ciopamu 185

Posmuokenusa nmuoyaunuamu 186

Cal"OBHI/II{OBi 32
CanporpodHe xuByieHHa 70
CgitsioBa dasa porocuntesy 94
CekBenyBanusa JHK 123
CepepgoBuirie icuyBauas 6

MpeameTHNiA NoKaXunK 333 SR

CeprioBUAHOKJIITUHHA aHeMis 149
CectpuHChbKi xpomatugu 170
CumbioTpo(ue sxuBiesasa 71
Cumniact 57
Cummnopt 54
Cungpom Hayuna 148
Cunzgpom Exsapaca 148
Cungpom Knaiitadenbrepa 148
Cunzapowm Jlexxkena

(CHMHIPOM KOTAYOTO KpuKy) 148
Cungpowm ITaray 148
Cunapowm IlleperieBcbKOTo —

Tepuepa 148
Cucrema 4
Cucrematuka 14
Curonoxi6Hi kiaituau 59
Curononi6Hi Tpyoru 59
Ci6ecu 147
Cim’aaux 191
CraagHuii :KuTTeBUit uka 217
CauzoBuku 35
Comarnuni kiaituau 165
Comarnuni myTarii 138
CnaaxoBa MiHJauBicTb BipyciBs 137
CnaaxoBa mianusicte 136
Cnaakosi 3axBoproBauHs 148
Cmagkosicts 123
Cunepmarorenes 191, 192
Cnepmaroroniit 191
Cunepmarosoixg 191, 192, 196, 200
Cuepmaronur 191
Cuaiicuar 89
Croouranni myramii 138
Cnoporenes 190
CnoopoyrBopenuss 163
Coopodir 30
CroocrepeskeHna 8
Cupas:kHi rpudu 34
Cupas:kui moxu 31
Cupas:kHi TBapuau 36
Ccasmi 39
Crapeuwnii Bik 219
Crapinua 204
Crapictes 219
CrareBa cTpyKTypa momyJiamii 142
CrateBe po3piBanua 219
CrateBe po3sMHOKeHHA 182, 188, 194
Craresuii mporec 182, 189
CrareBi 3aso3u 192
CrareBi kaituaun 189
Crarei xpomocomu 132, 194, 202
Crarobsact 185
Crarrta 12
Cratp 188
CroB6ypoBi kaiTuau 209, 214
Crpec 7
Cy6cerpar peakiii 80
Cy6crpatu merabosismy 52
CybcrparHe docdhopuioBanisa 82
Cyaunu kcuiaemu 58
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CypunHi pocauau 31
CymuacTi rpubu 34
Cynepkancun 152

TaRCOH 16

Takconomiuna iepapxia 17
Taxkconomis 14

Tesu 13

Temodasa 171

TemuoBa (asa dhorocunTedy 96
Temm pocty 220
Teoperuuni gocaimxennsa 8
Teopis myraniit 138
Teopis crapinusa 219
Teparorenes 213
Tepminatop 120
Tepminamia 91
TeppobakTepii 27

Tinsue Bappa 148

Tinpme 73

Tonoizomepasu 119
TorunorenTHicts 207
Tpaucaykmia 137, 194
Tpauckpuniia 88, 118
Tpaucaania 90, 118
Tpaucmoipanis 58, 108
Tpaucmiaauramis 226
Tpanchopmania 137, 194
Tpaxei 66

Tpaxeizu keuaemu 58
Tpucomia 139

Typropuuii Tuck 56

VYuinopr 54
VcenagkyBaHH,
s3aje)kHe Big crati 133

®darorpodu 36
®darorpodHe KuBIeHHA T1
daromuros 55

dakT 8

daxTopu eBosrorii 144
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dayna 21

daynictuuni napcrea 40
Deninkeronypia 149
@Denorun 124
depmenTaTuBHUM Karamis 80
Depmentu 80
digiosoriuna pereneparnis 225
®dinorenerura 17
dijoreHeruune gepeso 17
ditoropmonu 222
djoema 58

djopa 21

djyopuctuuni apcrea 40
Dongiar 92

@DoHOBUI MOHiTOPUHT 22
®dopmu KUATTA 3

doroniz Bogu 94
dorocunTes 94
@orocucremu IiII 94
dororpodhu 53
DorodochopunoBanua 95
@parmenTaiis 184

XapqOBa IMiHHiCTH
OPOAYKTY XapuyBauua 50
Xapuosuii paion 50
Xsgict crtepmarosoiga 192
XBoiii 32
XBomri 31
XemocunTes 100
Xemorpopu 53
Xubunit repmadpogurusm 203
XwumepHi oprauismu (xumepu) 214
Xuopodin 94
Xopga 38
Xopposi 38
Xopes 'anriarrona 148
Xopion 210
Xoywminr 214
Xpeberri 38
Xpomaruza 131
Xpomarun 168

Xpomocoma 130
XpomocomMHa Teopisa

cuagkoBocti 130
XpomocomHi 3axBopoBaHHs 148
Xpomocomui myTanii 139

HapCTBa 40

ITeno6nacryna 207

ITenTpanbHa forma
MoOJIeKyJIApHOI 6iosorii 118

ITerrpomepa 131

Iukn KansBina 96

IMTuxn Kpebca 84

ITuKJ TpUKaPOOHOBUX KUCJIOT 84

ITuknivyaMil MOTiK eleKTpoHIB 95

ITuroreneruunuii merox 146

ITurorines 170, 172

ITurormasmaruysi myrarii 138

qaCTOTa anens 145
YepryBauus nokogains 217
YucenbHicTh monyadAmnii 142

IHaHepOHI/I 92
ITuitika ciepmarosoiga 192
IIryuna cucrema

JKuBOro cBiTy 14
HIryune sanniguenasa 196
IIryune cepenoBuiie 6

IIIenJleHHa 187

HlineHicTh momynamii 142

IOBeHiJILHI/II'/'I eran 204
IOnamnpkuit nepiog 218

ﬂuepHa yactuHa remomy 121
Anepri myramii 138

fdeura 192

Aeunux 191, 192

Sitne 39

Auneraituna 191, 192, 196, 200



IMeHHUIN NoKaXKYnK

AHBH, Cmanr 28
Apucrorens 14

BeTCOH, Binpam 122
Bosgepi, Teomop 130

Buiissepr, Bitsrensm 143, 144
BuHnorpaacekuii,

Cepriit Mukousaiiopuu 100
Biscon, Exsapxg OcGopu 20

Faﬁ,ayae}c, Kaparor 161
T'ekkens, Epuer 2, 14, 211
TI'epmrensoH,

Cepriit Muxaitiosuuy 119

H{axoﬁ, ®dpancya 81

IBaHOchcnf/’I,
Imurpo Mocunosuy 152

RaJIBBiH, Mensin 96
Komneun, T'epbepr 15
Kopenc, Kapn 122
KopskuucbKHMil,

Cepriit IBanoBuu 138
Kpebc, Xauc Agonsd 84
Kpik, ®pencic 118

JIaB,umoﬁ, Tomac 20
Jlamapk, Kau Batucr 2
Jlinueit, Kapa 14

MEH,ZLEJIL, I'perop 122,126
Mirues, Ilitep 85

Momno, #ax 81

Moprau, Tomac Xauatr 130
Mirosep, @pirr 211
Miouxraysen, Orro pon 14

Herc}cep,

Hoens Kozed ne 14

HOHTeKOpBO, I'Bimo 195
Paﬁ'r, Coroan 143

CaﬁHa, Enn 28
Carton, Boarep 130
Cromep, PoGepr 203

yaﬁ’r’reﬁxep PobGepr 15
Yromues,
Osexcanap Muxaitmosuu 77

(I)imep, Ponanpn 143
@pis, Xyro ge 122,138

Xapai, Tonppi 143, 144
Xouapeiin, Hoxon 143

qepMaR, Epix 122
YeTBEpUKOB,
Cepriit CeprifioBuu 143

JlopaTtok A0 NpaKTUYHOI po6oTi «PO3paxyHOK OCHOBHOrO 0OMiHy i BlacHoi
Ao60BOI BUTpPATW eHepril, CKNajaHHA Xap4yoBOro pauioHy» (c. 51)

KanopiHicTb feaknx NpoayKTiB Ta BMICT Y HUX OiNKiB, XMpiB i Byrnesogis

Rinpkicts y 100 r npoaykTy

Ipogykr xapuyBaHHA -
Hexupua amoBuunna = 123
He:xupna cBuruHa 121
Kyparuna 124
Camo 924
Sitnia (ogue siie 551) 86
Kopos’siue Mmos0K0 36
Kucie monoxro 62
Cup (HesKkupHUit) 88~

98

Hexupuuii itorypt 50
Cup TBEpAUi
(45 % xupy) 382
Bepikose maciio 747
CmeTraHa
(30 % wxupy) 300
COHAIITHUKOBA 0JIid 900

Hi

roriont 362
Maxapouu 358
Mansna kpymna 326
Puc 360

oia-

KiB, T

20,6
20,1
20,0
0,3
7
3,6
3,3

17
3,4
27,5
0,7
2,7
8,7

9,6
11,3
7,5

Kinskicts y 100 r mpoaykTy

WHU-  ByIie- IIpomykT XapuyBaHHA KA 6.1‘;1- mu-  BYrJe-
piB,T BOAIB, T KiB,Tr piB,T BOZIB, T
3,5 0,6 ITyxop 408 — — 99,8
6,3 0,4 Xi6 sKuTHIT 251 6,3 0,9 4,3
4,5 — Cyxapi 372 9,9 2,3 75,5
100 — Bimoxkauanna kamycra | 24 1,3 0,2 5,4
6 0,3 Kapromnsa 76 2,1 0,1 17,1
0,1 5,1 MopxkBa 42 1,1 0,2 9,7
3.3 4,2 Oripgu 15 0,9 0,1 3,4
0.1- TomaTHU Ccik 19 0,9 0,1 4,3
1’,2 4 AGpuxocu 53 0,9 — 11,1
1,7 5,2 Bananu 98 1,3 = 22,8
Tpymri 58 0,4 — 13,6
28,3 2,2 Maugapusmn 43 0,8 0,3 10,9
80 0,8 Ilepcuxu 45 0,8 0,6 11,8
CmopoauHa 57 1,4 9,4 13,9
30 3 Yeperras 60 1,1 0,4 14,6
99,8 — A6nayxa 60 0,4 = 13,3
Bonochki ropixu 652 15 64,4 15,6

0.8 | 781 Dynayx 668 12,7 60,9 18
1 75,9 Men 303 0,64 — 75,4
0,7 71,6 Ponsunku 267 2,3 0,5 66,2
1,9 77,4 IlToxomnan 542 4,5 29 63,1
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SHANOMCTBO 3 HilPYUHUIKOM .eveeeereeernnnneeeeeeeanns 3

Tema 1. Bctyn

§1.
§2.

§3.
§4.
§5.

§6.

Biosoriss Ta exosorig. ®opmMu KUTTA ...... 4
Biosnoriuni cucremu.

PiBHi opramisammii KUATTA ..ovverenirenerennnnnns 6
CepenoBuilie KUTTA.

TIOHATTA TOMEOCTABY veverreerenneeennneeeennaeenn 8
Hayka Ta HaykoBUiII MeTOH Mi3HAHHI...... 10
IIpuanunu nianyBaHHA 0i0JOTiYHOTO

Ta €KOJIOTIUYHOI'0 JOCJiI KEeHHS

Ta HAYKOBUM METOM HMiBHAHHM...cceeeeenne... 12
Amnajis Ta nmpeacraBiieHHSA
pe3yabTaTiB HAYKOBUX MOCHIIKEHb......... 14

Tema 2. biopisHOMaHITTA

§7.
§8.
§9.

§10.
§11.
§12.
§13.
§14.
§15.
§16.
§17.
§18.
§19.
§ 20.
§21.

BioloriuHa CHCTEMATHKA cevverureeeeeeenennnns 16
CTBOpPEHHS CHCTEeM KMBUX OPraHisMiB..... 18
Bupg ax 6asoBuil TaKCcoH

CYYACHOI CHUCTEMATUKM .euureennneeeanneeannneens 20
BiopiBHOMAHITTA ..vvvereeininneirennereenneiannnes 22
Hocaimxenna 6iopisHOMaHITTA............... 24
CyuacHa cuCTeMa KUBOTO CBITY ..c.ceevenn.. 26
TIpOKapiOTHUYHI OPTraHIBMM.euueeureenneannennns 28
CyuacHa cucTeMaTHKa e€yKapiorTiB........... 30
HazeMHi POCTHHM «.ovvvviinnniiiiiiiiiiiiinnae, 32
PisHomaHiTHiICTP HACIHHMX POCJIHUH ......... 34
T'pubu Ta rpubomonibui oprauismu ......... 36
12107020 2 SRRt 38
AHaMHIT Ta aMHIOTH...ccvvvviiiiiiiiininnnenn. 40
Exocucremue 6iopiBHOMAHITTA «vvvvvveennnn.. 42
SMiHU GiOPIBHOMAHITTA cevverrrrnrrennneennnnns 44

OcHoBHi mos0KeHHA TeMu «DBiopisHoMaHiTTA» ..47

Tema 3. O6MiH peyoBUH
I NepeTBOpPeHHA eHepril

§22.
§23.
§24.
§25.
§26.
§27.
§28.

§29.
§30.
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Opraniuni Ta HeoprauiuHi croayKu, Heob-
XiAHI IJIA OPTaHiBMIB «vvvvveeiiiieeeniineennnnns 48
ITorpeba JOOUHU B peyOBUHAX

i XIMIUHUX €IEMEHTAX c.evrrernernernnernnenns 50
JY 24 = ToTo R i <3 R 52
KaitTuHHENI TPAHCIOPT PEYOBUH .......c...... 54
TpaHCIIOpTHA CHUCTEMAa POCJIUH:

CUMILJIACT 1 AIIOTIIACT .eevvrernneenncenneeneenes 56
TpamcmopTHaA cucTeMa POCIUH:

IPOBIAHI THAHMHM . .evveeerernereereeeennnaeennnns 58
TpascnopT PeUYOBWH y TBApWH.

KPOBOHOCHA CHCTEMA c.vvvurernneenneenneannannns 60
TpamcIopT pPevYoBUH y IIJIa3Mi KPOBIi ....... 62
TpancmopT rasis

Y KPOBOHOCHIMl CHCTEMi...ccvvvevennerennnnnnnns 64

§31.

§32.

§33.
§34.
§35.
§36.

§37.
§38.

§39.
§40.
§41.
§42.

§43.
§44.

§45.
§46.
§47.

§48.
§49.

§50.
§51.
§52.
§53.
§54.

§55.

Hagxom:xenusa rasis

IO OPTAHIZBMY TBAPKH .eevverneeeenneeeennaeenns 66
Hagxom:kenHs rasiB Ta IMOMKUBHUX

PEUYOBUH 0 OPraHi3MiB

POCIHH 1 TPHUOIB cuvvrnerinerniinniinneenneannenns 68
Tunu reTepoTpPOGHOT0 KUBJIEHH ...v....... 70
BHYTPIITHBOKIITUHHE TPABICHHS ........... 72
ITosakgiTuHHE i 30BHIIIHE TPaBJIEHH ..... 74
TloposxHUHHE Ta TPUCTIHKOBE

TPABIIEHHST +uvveerenneeeenneseannnsassnssesnnasennns 76
TpaBiaeHHS B TOBCTOMY KHUIIIEYHUKY........ 78
depmenTtu. Perynsamisa

MEeTAOOIUHUX TIIIIAXIB ¢eeunerrrnneerenneeeannens 80
AmnaepobHui mporecu

€HEPreTUYHOI'O OOMIHY ¢evvreerinneeeennneeannens 82
AepPOOHE MUXAHHT «ovvvverneeenineeresneeeennaenns 84

Kara6osism »KUPHUX KHCJOT,
aMiHOKHMCJIOT i HiTPOreHOBMiCHUX

OCHOB tteuuueeeenneeeenneeesssesesnnseesnnssesnnasennns 86
BiocunTes 6inka.

Tpauckpuniia i npounecuar mPHK ......... 88
BiocunTes 6inka. TpaHCHAIMIA.cueeenneennnn. 90
ITocTTpancaamiine

IO3PIBAHHA OIJIKIB vevvvrrrrinneieneneeeennnennnns 92
DotocuuTes. CBiTIOBA ($A3a voevvveeerennnnn.. 94
dDorocunTes. TeMHOBA (DABA..cccuereennnnnnn. 96
dDoTocuHTE3 y MIPOKAaPiOTiB.

Ilnanerapue sHaueHHA (POTOCUHTE3Y ....... 98
XEMOCHHTEB vvveereeeennnnnsesesssasnnnnssssacans 100
YrTBOpEeHHA TIiKOTeHY.

BiocuHTE3 JiMiZiB covveerriiiiiiiinneeeenennnnns 102
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UJ1011H i EKO/I0N I

MPO®INbHIAN PIBEHb

OcobnuBOCTI NigpyyHUKa:

* KOXHMI naparpad po3TalioBaHO Ha OAHOMY PO3BOpPOTI

- Npo6NeMHIi 3aNMTaHHA — Ha MOYaTKY KOXHOro naparpada

- NoflaHHA MaTepiany HeBennKMmn 6rnokamm

* KNIOYOBA ifjeA Ta KOMMEeTeHTHICHO OPiEHTOBAHI 3aBAaHHA —
Yy KiHLi KOXXHOro naparpada

* TeMy HaBYasbHVX NPOEKTIB i 3aBAAHHA ANA IHAUBIAYaTbHOT
Ta rpynoBoi poboTy 3a MaTepianamm BCiX Tem Nporpamm

« y3arasibHeHHA B KiHLi KOXHOI TeMn

* ANIrOPUTMMN BUKOHAHHA MPaKTUYHKX Po6iT

- Tabnuui, cxemu, intoCTpauii AnAa yHaOUHEHHA MaTepiany

* NPeAMeTHUI Ta IMEHHUI NOKaXUNKN

« CyyaCHWUI An3anH

ENeKTpOHHNN iIHTEePaKTUBHUI
[,00aTOK JO3BOJIUTD:
. 3)J,iI7ICHVITVI OHﬂaVIH-TeCTyBaHHﬂ 3d KOXKHOI0 TEMOIO

BUOABHULTBO

PAHOK





