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Ak npaytoBaTyl 3 Nigpy4yHNKom?

KUTTA! Akumun npekpacHMMKW N AWBHMMK € KWOro npoasu! AK ANBOBUXKHO
NMOEAHYIOTbCSA Yy BiocMCcTeMax NepPepPBHICTb | HEMEePEPBHICTb, CTAbINbHICTb | 3MiIHHICTb,
OOMiIHaHTHe 1 pelecrBHe, YONOBiYe Ta XiHouye, MO3UTUBHE N HeraTueHe. Bce ue
NOPOAXKYE 30aTHICTb O CAMOOPraHi3auii 1 pyxy Bnepeg.

MigpPYyYHNK MICTUTb TEOPETUYHUIA 11 MPAKTUYHWIA MaTepian, Wob 3aLikaBuTuy Bac,
MOTMBYBATK, BKa3aT Ha HEOOXiJHICTb Mi3HaHHA GEHOMEHY XUTTA, NOro Hai3aranb-
HilLMX 3aKOHOMIpHOCTeW PYHKLIOHYBaHHA Ta 30epeXeHHsA B CyYacHMX YMOBAX eKo-
NOTIYHOT KpU3 K.

Y ubomy NigPYYHMKY, AK iy MonepeaHix, 3MiCT FPYHTYETbCA Ha 3acafax NPOAYKTMB-
HOro BMBYEHHsA Gionorii i3 3acTocyBaHHAM KOMNETEHTHICTHOro nigxody. MNigpyyYHuK
Ma€ Ha MeTi He NuLLIe HaJaTh TeOPeTUYHI 3HaHHA. BiH Jonomorke Bam y NPOAYKTUBHI
1 TBOPUIN AianbHOCTI Ta OPMYBaHHI CTaBIeHHs O HAaBKOMMULIHbOTO CBITY.

Matepian nigpyyHuka nogineHo Ha Temu 1 okpemi naparpadu. OCHOBHUMMU
yacTMHamu naparpadis NigpyyYHUKa € Taki pyopurKu.

BcTtynHa yactuHa micTutbh enirpa¢ fo naparpada, pybpuku «OcHoeHe
noHamms i kmo4yosi mepmiHu», «[lpuzadatime!», «3Haliommecsa!»,
«Y ceimi yikaeozo», «HosuHu Hayku», «[lomipkyiime!», a Takox inocTpa-
TVBHI 3aBAaHHA, BBigHI BNpaBu, KNacnyHi ekcnepumeHTr gnsa ¢opmyBaHHA MoTMBALT
0O HaByaHHA. Kpim Toro, nogaHo 3aBAaHHA, KONbOPOBI intocTpauii, BiZOMOCTI npo
XUBY Nprpoay, KPOCBOPAMK.
«3MICT» micTnTb MaTepian anA 3acBO€HHA N GOpMyBaHHA 3HaHb, YMiHb,
HaBMYOK, cNocobiB AiANbHOCTI Ta NepeKkoHaHb. Benukumu nitepammn crHbo-
ro konbopy sugineHo OCHOBHI MOHATTA, wo opraHi3oByl0Tb HalBaXnu-
BiLlYy iHbOpMaLlito, a ManMu CUHIMU NiTepamn — KII4oBi TepMiHM, WO y3arasbHIOTb
MeBHY YacTUHY iHpopmauii. OCHOBHI MOHATTA 1 KIOUYOBI TePMiHM € 060B'A3KOBUMMU
OnA 3anam’ATOBYBaHHA Ha BiAMiHY Bif, NOHATb, NoJaHUX KypcusoM. MaTepian «3mi-
CTy» MNOJINEeHNN Ha YaCTUHW, O AKX NOOAETbCA 3aMUTaHHA, @ B KiHUi — y3arasbHio-
BaJIbHU BNCHOBOK.
@ «MANBHICTb» micTnTb MaTepian ans ¢opmyBaHHA CNocobiB NPOaYyKTUBHOT
AiANbHOCTI, PO3BUTKY TBOPYOT aKTUBHOCTI 1 fOCAIAHNLbKUX YMiHb, 3QiNCHEH-
HA MiXKNpeaMeTHUX 3B'A3KIiB Towo. e matepian cayryBaTvime 3MiLHEHHIO,
NornmMbseHHIo, PO3LMPEHHIO 3HaHb LUIAXOM CaMOCTIMHOrO BMKOHAHHA 3aBfaHb Ta
CTBOPEHHA BNAaCHMX OCBITHIX NPOAYKTIB, AKUMU €: NPOEKMU, MATIOHKU, PUCYHKU, 8U-
CHOBKU, 00C/1i0XeHHsA, 3006yma iHhopmayis, npeseHmayis, 851acHi pekomeHOayii Towwo.
Y Ui YacTuHI HaBOJATLCA TEMM NPOEKTIB, TBOPUI 3aBAaHHA, MiXKNpeaMeTHi 3aBLaHHA
«bionoria + ...» Towo. Ana dopmyBaHHA NPAKTUYHUX N AOCAIAHNLBKUX YMiHb NOJAHO
NPaKTUYHI po60TY, AOCNIAHNLBKI 3aBAaHHSA | TabopaToPHI AOCNiAKEHHA.
a «CTABJIEHHA» micTuTb 3aBpaHHA Ona GpopmyBaHHA CBiTOrNAgy, nepeko-
¢ j HaHb, EMOLNHO-OLHHNX HOPM LLOAO NPUPOAW, XKUTTA, HayKW, CYCninbCTBa
- Ta BIaCHOro 340pOB'A.
«PE3YJIbTAT» MicTUTb 3aBAaHHA 1 3anNuUTaHHA A1 3aKpinjeHHA, KOHTPOIo
N KOpeKLuii 3HaHb Ta CaMOOLiHIOBaHHA HaBYanbHOI AiAnbHOCTI. BoHM noga-
0TbCA 3 MOCTYNOBUM YCKMAaAHEHHAM Ta i3 3a3Ha4YEeHHAM PiBHA IXHbOI CKNag-
HOCTI 11 OLiHKM B 6anax.

Ak NnpautoBaTtL 3 NigpyYHNKOM?

-y

Uupo 3u4umo 8am ycnixie y Ha84aHHI U 30ilicHeHHI 81ACHUX
iHmenekmyaneHux 8iokpummis! 3
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BCTY

XXl cmonimms — cmonimms 6ionoei.
13 pe3onoyii KOHECKO

§ 1. MixaucuymnniHapHi 3B'a3Ku 6ionorii Ta ekonorii

OCHOBHi NOHATTA 11 KNo4oBi TepmiHu: BIOJIOTIA. EKOJIOTIA.
MpurapanTe! Lo Take 6ionoris i ekonoria?

MomipkynTe!

Mpobnema - uUe cKnagHe 3aBAaHHsA, WO noTpebye
PO3B’A3yBaHHA, ane MOro cnocobu i MOXXNUBWIA pe3ynbTaT HeBifo-

Mi. Po3B’A3yBaHHA HAayKOBUX Npo6sieM NMPUBOAUTb [0 HAyKOBMX ,t% -
BiAKPUTTIB. AKi K Npobnemu NOANHY MOXKYTb OYTU pPO3B'A3aHi 3a

JIOMOMOTrot0 6i0NOriYHNX 3HAHb? 1

3MICT

Yomy XXI cTonitTa € cronitTam 6ionorii?
[BaguATb neplue CTONITTA — Le CTONITTA 6ioNorii, Wo NpUALWNo Ha 3MiHy CTO-
nittio $ismkn. BIOJIOTIA cTana He nuwe GyHAAMEHTANIBHOW HAYKOK NPO XUumms 8
yCix lio2o NposBaAx, a N YaCTUHOIO NI0ACLKOI KyNbTypU N AyXOBHOCTI CyCninbCTBa, WO
CYTTEBO BMMBAE Ha BCi ranysi gianbHocTi ntoguHn. CyyacHa 6ionoria — ue cuctema
Hayk npo xunTTa, npo BIOCUCTEMW. bionoriyHi BigKPUTTA reHeTUYHOro Koay, Mexa-
Hi3MiB WITYYHOrO CUHTE3Y, peKkombiHaLil N MepeHeceHHs reHis, 6iocuHTe3y 6inkis,
CTOBOYPOBUX KNITUH 34aTHI 3MIHUTU MEOUYUHY, CiflbCbKe 20cn00apcmeo, Npomuc-
n08icme Ui 0XOpoHy npupoodu Ta 3abe3neunTn po3B’A3yBaHHA rnobanbHUX Npobnem
noacTea.

OCHOBHUMM HanpAMamm Cy4acHUX 6ioNOrivYHUX JOCNIAXKEHD €:

1)  BMBYEHHA MexaHi3MiB perynauii npoueciB Ha BCix piBHAX OpraHisauii »K1Boro 3
METOI0 Mi3HAHHA 3aKOHOMIPHOCTEN XUTTA;
BVMBYEHHA 3aKOHIB iCHYBaHHA Ta PO3BUTKY
6iochepn 3 METOID BCTAHOBJIEHHS FapMo-
HINHMX BIOQHOCMH MiX ApMpodolo Ta Cy-
CNiNbCTBOM;

JoCnigKeHHs 6ioforiyHMX npouecis 3 me-
TOK KOHCTPYIOBAHHA Ha X OCHOBi HOBUX
BiONOriYHUX N TEXHIYHUX CUCTEM;
BUBUEHHA BIINBY YMOB KOCMOCY Ha opra- | - Aemozpaciuni (Hanpuknap, smi-
Hi3M AnA 3'ACyBaHHA MexaHi3miB aganTauii Ha KinbKoCTi HacenieHHA 3emni)
XKMBUX ICTOT A0 ANl KOCMIYHUX YNHHUKIB; 4. CoyianeHi (npobnemn 0XOpoHN
[OCNIOXeHHs 6ionoriyHux npouecis i 3[10POB'A, OCBITN)

06’eKTiB 3 MeTOl0 BUKOPWCTaHHA 3HaHb | 5. EKOHOMIYHI (eHepreTuyHi, cupo-
ana  6ioTexHonoriyHoro BUPOOHMUTBA BWHHI, NPOAOBONbYI)

OcHOBHi Mo6anbHi npo6nemn
noacTBa

1. Fleononimuyni (npobnemm BiNHW i
MUPY, TEPOPU3MY)

2. EkonoeiyHi (3meHLweHHA 6iopi3Ho-
MaHiTTA TOWoO0)
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NiKiB, XapyoBUX MpPOAYKTIB, CUMPOBUHMW, BUKOPWUCTAHHA COHAYHOI eHeprii,
[06YyBaHHA €KOJIONYHO YMCTOrO MasinBa, eNeKTPOeHepril, OXOPOHM MPUPOAMN,
BM3HAYEHHA MOX/IMBOCTEN BMKOPUCTAHHA XapyoBMUX MPOAYKTIB 3 F€HETUYHO
MoandiKOBaHUX OPraHi3miB;

6) [OCNigXKeHHA MexaHi3MiB iANbHOCTI MO3KY 3 METOIO Mi3HaHHA 3aKOHOMIpHOCTEN
perynauii npoueciB MUCIEHHA, NaM’ATi, eMOLin TOLWO;

7) BUBYEHHSI MeXaHi3MiB CMalKOBOCTi /i MIHAIMBOCTI 3 METO PO3POOGSIEHHA MEeTo-
OiB paHHbOrO AiarHOCTyBaHHA Ta BUMIKOBYBaHHA CMafKoBUX XBOPOO NoguHU,
NiKyBaHHA HOBUX iHEKLiNHNX XBOPOO, AOCNiAXKEHHA 3aXBOPIOBAaHb POC/INH Ta
MexaHi3miB diToimyHiTeTy;

8) BMBYEHHA MONEKYNAPHUX i KNITUHHUX peakuili opraHiamiB Ha rnobasnbHi KaTa-
CTPOdIiUHI 3MiHW KNiMaTy Ha nnaHeTi;

9) BMWBYEHHA 3aKOHOMIPHOCTEN CTAPiIHHA XKMBUX iCTOT A1A NOJOBXEHHA TPUBANOCTI
XKUTTSA | pO3B'A3yBaHHA NPO6eM JOBrONITTA NOAMNHMN.

OTmxe, XXI cTonitTTA € cTONITTAM GiONOrii, TOMY O OCHOBHI rnobanbHi
npo6siemn MoXyTb 6yTu po3B’A3aHi 3a 4ONOMOrol 6i0IOFiYHUX 3HAHb.

Alk noB’A3aHi MiXk coboto Gionoria Ta ekonoria?

EKONOTIA (Big rpeu. olkoc — fim, J1020C — HayKa) — Ue Hayka npo 83A€MO38’A3KU
XKUBO2O MiX c06010 ma 3 HABKOIUWHIM cepedosulyem. EKkonoria BMHUKNA K CyTO 6io-
noriyHa Hayka, afie B Hall Yac BOHa NepeTBOpMIaca Ha HayKy npo ¢yHaameHTasnbHi
BnactmBocTi EKOCMCTEM Ta ix KomnoHeHTiB. OfHMM 3 NepLumx, XTO NoYaB po3rnaga-
TV €KONOrilo He AK BYy3bKy 6ioforiuHy HayKoBY AUCLMMNIIHY, @ AK MKAUCLMNTIHAPHY
HayKy, 6yB BUAATHUIN amepUKaHCbKUI 300510T 11 ekonor F00xuH 00ym (1913-2002).
Y HaykoBin npaui «OcHoBuY ekonorii» (1953) yueHnin 3anponoHyBaB HOBY CTPYKTYPHY
OpraHisauito eKonorii, LeHTpasnbHe MmicLe B AKil BigBegeHO ekocnctemam. HoBa KOH-
uenuia Ogyma ctana cnpaBXHbOI PEBOSIOLIEI0 B €KOOTi.

CyyacHa eKonoria € MiXANCLMNAIHAPHOK CaMOCTINHOIO HayKOolo, MOB’A3aHOI0 3
6araTbMa iHWKMK HayKamu i nepefycim 3 6ionorieto. EkonoriuHi 3HaHHA HeobXigHi Ana
nocnigpkeHb 3 6omaxiku, 30010¢ii, ¢izionozii, Mopghonoeii, cucmemamuku, 6iozeoepa-
¢hil, esonroyitiHoT bionoeii, 2eHeMuUKuU, 6iomexHo102il, OCKiINbKKN 6ionoriyHi cuctemn — Le
BifKPWTI CUCTEMN, LLIO B3AaEMO3B'A3aHi i3 HABKOINLLHIM CepefoBMLLEM TPUELNHUM MO-
TOKOM PeyYoBUH, eHeprii Ta iHbpopmaLii. Mpu Lbomy ekonoria € 6ionoriyHo HayKot
yepes Te, WO AOCNIAKYE BioNOriuHi cucTemMu Ta iXHi BNaCTUBOCTI.

Ha cyyacHomy eTani po3BuTKY CycninbcTBa 6ionoriyHi 1 eKonoriyHi AoCnigKeHHsA
006’€eHYE CMifbHa 1 HAA3BMYANHO aKTyaslbHA MeTa: HaZlaTu 3arajibHy KapTUHY GyHK-
LiOHYyBaHHA NPMPOAN Ta BU3HAUYNUTK Micle i poNib NIOAVHU B MPUPOAHUX NpoLuecax.
Came icHyBaHHA XMBOI MPUPOAN Ha HaLLiN NAaHeTi Ta NPOLBITAHHA NOACHKOrO Cy-
CNiNbCTBa 3anexaTtb Bifi TOro, HaCKiNbKN WBWAKO OyAyTb PO3KPUTI 3aKOHOMIPHOCTI
iCHYBaHHA ekocucTeMm i biochepwn 3aranom.

§ 1. MixxgucumnniHapHi 38'A3Ku Gionorii Ta ekonoril

OTXe, XapaKTep MiXXAnCLUMMNAiHApPHMX 3B'A3KIB Gionorii 1 ekonorii
Ha Cy4yacHOMy eTani pO3BUTKY CYCMiNbCTBa BM3HAYaETbCA HEOOXIQHICTIO
po3B'A3yBaHHA rnobanbHUX Npobnem NoacTBa.

flke 3HaYeHHA 6ionoriuyHMX 3HaHb gnA naNHN?

bionoriyHe ni3HaHHA € OpraHi3OBaHOW AiANbHICTIO BiAMNOBIAHO [O MeTW I 3a-
BaHb, pe3ynbTaTOM AKOI € HOBI 3HaHHA NPO KBy npupody. [Ina HakonnyeHHA Ta
06p06KU 3HaHb Bionoria BUKOPUCTOBYE TaKi MOHATTSA, AK Haykosul ¢hakm, zinomesa, 5
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meopif, 3akoH. CKNnagHiCTb NPOABIB »KUTTA 3YMOBIIOE BUKOPUCTaHHA HaMpi3HOMa-

HIiTHIWKWX MeTogdiB Gionorii, ¢isnku, ximii, reorpadii, MmatemaTkn. Cepes OCHOBHUX

MEeTOAiB BUOKPEMIIOIOTb NOPIBHATIbHO-0NUCO8UU, eKcnepuMeHmMasnbHUl, MOHIMOPUHe,

MOOeI8aHHA Ta CMamucmuyHud.

JleoHappo pa BiHui WwWopo focnigxeHb npupoan paaus: «Busyaroyu pyxu 8oou,

He 3a6y0b 3 KOXHO20 3HAUOeH020 (hakmy 3pobumu 8UCHOBOK 0/iA NPAKMUKU, Wob

meoA HAyKa He 3a7uuaaca HenompibHoto». HuHI 3 ycix NpupoaHMUMX HayK came

6ionoriyHi AOCNigKEHHA MaloTb BefMYe3He NpakTWYHe 1 HayKoBe 3HAUYeHHA B

XUTTI nognvHKM A cycninbctBa. Hacamnepep 6ionoriu-

Hi AOCNigXeHHA BaXNWBi ANA Takux ranysen BianbHOCTI

NIOAVHN, AK:

1) cinecbke i nicoge 2ocnodapcmeo (BUPOLLYBaHHSA KyJlb-
TYPHUX i AUKOPOCINX NICOBUX POCSINH, PO3BefEHHA
JOMalLHIX TBAapWH, 6OopoTbba 3i wWKiAHUKaMK Ta
XBOPOOaMM POCNNH i TBAPWH);

2) npomucsogicme (BUPOOHMLITBO XapuOBUX MPOAYKTIB,
NOXUBHUX PEYOBUH Yy Xap4osili npoMucsi080Ccmi; Yy
J1e2kiti NpoMuCc1080CMi — OTPUMAHHA CUPOBUHWN ANA
HaTypanbHUX TKaHWH 3 NIbOHY, 6AaBOBHWKY, OAAry 3i
WKipW; aHTUBIOTKKIB, BiTaMiHiB, depMeHTIB y Mikpo-
6iono02iyHili npomucnosocmi);

3) meduyuHa (npodinakTrKa Ta NikyBaHHA HeiHbeKLUin- In. 1. MoHa Jli3a
HUX Ta iHOEKUiiHMX 3aXBOpOBaHb, 36epexeHHs Ta (NeoHappo Aa Binui,
3MiLHEHHA 340POB'A NIOANHY, 3pOCTaHHA TpuBanocti  1503) - 0AWH i3 HaitBupaT-
KUTTA): HilLWX TBOPIB MMUCTeLTBa

4)  oxopoHa npupodu (anA pauioHaNbHOro BUKOPUCTAH-
Hs i 30epeXXeHHsA NPUPOLHMX PecypciB, po3B'A3yBaH-
HA eKOJIOTIYHMX NPOo6GNeM NoACTBA);

5) cenekyia (pnA CTBOPEHHA 1 NOAINWEHHA AKOCTI cop-
TiB pOC/AUH, NOpig TBapUH N LWITaMiB MiKPOOpPraHis-
MiB, LLIO X BUKOPUCTOBYE Nt0ANHA ANA PO3B'A3yBaHHA
couianbHUX Npobnem);

6) cnopm (pnA nisHaHHA QI3UYHUX MOXKNMBOCTEN Op-
raHiamy noAuHM Ta opraHisauii wnaxis n cnocobis
IXHbOrO PO3BUTKY);

7) mucmeuymeo (ONA CTBOPEHHA eCTeTUYHUX OO'EKTIB,
cuTyauin abo Ain, AKUMU MOXKHa NOJINUTUCH 3 IHWN-
MU JIIOAbMU 1 BUKOPUCTATU ANA PO3BUTKY 0COOUCTO-
cTi) (in. 1);

-
) 8) mexHika U mexHoso2ii (BNA BUBYEHHA MOXNMBOCTEN |5 2. HaciHuHa 3aHOHii,
g BUKOPUCTAHHA XWBOrO Mif YaC CTBOPEHHA MaLUuH, Lo cnyrysasna 3pa3kom
NPUCTPOIB, MpWNagiB UM BUPOOGHUUMX MPOLECIB Yy  nif Yac CTBOPEHHA anapa-
neBHii ranysi BUpo6HuLUTEa) (i71. 2) TOWWO. TiB TUNY «/iTatoue Kprno»
Omxe, XXI cToniTTa € CTONITTAM GiOJOFiT We 1 Tomy,
O HeMa€ TaKol ranysi NPakTUYHOI AiANbHOCTI NIOAUHN,
ONA AKOI 6ioN0oriuHi JoCNiAKeHHS He Manun 6 XKOOQHOro 3HauyeHHA.
6
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AIANbHICTb

3aBAaHHA Ha 3aCcTOCyBaHHA 3HaHb. Kpio6ionoria

[locArHeHHs cyyacHoi 6ionorii Cnpusanmy BUHUKHEHHIO HOBUX HANpPsAMIB, pO34inis
" ancumnnid. 3ictaBTe 6ionorivHi BigKpUTTA 3 po3ainamu 6ionorii Ta oTprmaliTe Ha3By
TEXHOJOTIi 30epeXKeHHA OPraHi3miB Y CTaHi FMMOOKOIo 3aMOPOXKEHHSA Ta MOXJITMBOCTI
TIXHbOTO OXKMBJEHHA.

1 BigKpuTTA reHeTUYHOro KoAy, MexaHi3miB CMHTe3Y reHis A PapioGionoris

2 BigkputTa npocTopoBoi cTpyKTypu AHK I, KnitnHHa iHxeHepis

3 CTBOpPEHHA MepLunX ribpuaHUX KNiTUH I, BiokibepHeTuka

4 BigkpuTTA NpMHLMNIB OpraHisawii X1BMx opraHiamis K, leHHa itxxeHepis

5 BigkputTa NnprHUMNiB opraHisauii 6inkoBux Monekyn K, UntoreHeTuka

6 [locnigeHHA 3aKoOHOMIpHOCTel ynpaBniHHA B 6iocuctemax H lNpoTteomika

7 BigKpuTTA poni XPOMOCOM Y CMaAKOBOCTI O bioHika

8 [locnigxeHHA BMNIVBY NOHI3yl0UOro BUNPOMiHIOBAaHHSA Ha uBe |P MonekynspHa 6ionoris

Bionoria + Ekonorisa. EKkonorisauia Hayk

Y I0pxmHa Ogyma € uikaBe GopMynioBaHHA WOAO NpeameTa
eKosorii Ta ii 38'A3KiB 3 bionorieto: «<EKos102is — ye 6io02ia Ha8Ko-
JIUWHBLO20 cepedosuwa». CNMpaunNCb Ha BRAaCHUIA [OCBIA, oui-
HiTb Le BM3HauYeHHA Ta HaBefiTb NPUKIaan, Wo NigTBepAXKyTb
YmM CNPOCTOBYIOTb BMUCHiB HayKoBLA. LLlo Take ekonorizauia Hayk?

a CTABJIEHHA
* ] —————————

«2 Bionoria + ApxitekTypa

3icTaBTe Ha3BYM 3aNPONOHOBaHUX 00'EKTIB i ABMLL POCITMHHO-
ro CBiTy 3 BM3HAUYeHHAMMU, O MOACHIOIOTb IXHE 3aCTOCYBaHHA B
6iOHiUi, Ta OTpMMaNTe Npi3BULLE BUAATHOrO apXiTeKTOpa, AKWI
YyacTo 3BepTaBCA A0 ifen XnBoro. KynbmiHaLi€o TBOPYOCTi MUT-
uA ctas Xpam CeAtoi PoanHun y bapcenoHi.

1 Kpunatka |A Crebno nweHuUui Sk Moaenb ANiA KOHCTPYIOBAHHA BUCOTHUX CMOPYA

2 ConomwuHa |I Tnig KneHa sk Mmofenb Ans BUBYEHHA 0b6epTanbHOI NiAMOMHOI cuim Kpuna
3 Xunkn I YTBOpEeHHA napanefnbHUX XBUNACTUX CKNAJOK Y/ BUTUHIB

4 TodpysaHHA [I 3miuHeHHA BUPO6iB ab0 KOHCTPYKLiN eneMeHTaMu 3 MiLHILIOro maTtepiany
5 ApmyBaHHA |Y CyAMHHO-BONOKHUCTI NYYKMN AK ONOPHA KOHCTPYKLIA NNCTKIB

BrcnoBiTb CBOI CymXeHHA MPO 3HAayYeHHA OGioNOriYHMX 3HaHb B apPXITEKTYpi,
30KpeMma 1 Ana po3BUTKY JIOACTBA 3arajaoMm.

PE3YJIbTAT

§ 1. MixxgucumnniHapHi 38'A3Ku Gionorii Ta ekonoril

3aBfaHHA ANA CAMOKOHTPOJIO
1. LLlo B1BUaEe 6ionorisa? 2. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHsA 6iONOriYHMX 3HaHb.
1-6 |3.lloBrBuae ekonoria? 4. Yomy ekonorisa € 6ionoriyHoto Haykoto? 5. LLlo Take 6iono-
riyHe nisHaHHA? 6. Ha3BiTb OCHOBHI rany3i 3acTocyBaHHA 6i0NOMYHNX JOCTILKEHD.
7. Yomy XXI cToniTTa € cToniTTAM Gionorii? 8. Ak nos’A3aHi Mix coboto bionoria Ta
ekonoria? 9. ke 3HaueHHs 6ioNOriYHNX 3HAHb ANA NOANHN?

10 -12 | 10. OuiHiTb BaXnu1BicTb 6i0NIOriUHUX 3HaHb ANA PO3BUTKY JIOACTBA.
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Biokpumi cucmemu - cucmemu, Wo NoCMItiHO 06MiHIIOMbCA iHopMayieto,
peyoBUHOI0 Ui 8ilIbHOK eHep2i€lo i3 308HIWHIM cepedosuUieM.
J1. poH bepmanaapi

§ 2. PiBHi opraHi3auii 6iocucrem Ta iXHin B3a€EMO3B'A30K

OcHOBHi NOHATTA N Knio4oBi TepmiHn: BIOCUCTEMU. PiBHi opraHisauii
6iocncrem.

MpurapanTe! Lo Take 6iocuctemn?

3Hanomrecsa!

KapnJliooeie poH Bepmananghi (1901-1972) -
aBCTPINCbKNIA BioNor, 3aCHOBHMK Yy3arajibHeHOi cucTem-
HOI KoHUenuii, Wo oTprMmana Has3By «3aranbHa TeopiA
cnctem». OCHOBHaA igeA 3anpOnNOHOBaHOI TEOPIl: 3aKOHM,
L0 KepyTb CMCTEMaMN, — EAUHI ANA Pi3HUX cncTtem. Ta-
KMMW 3aKOHOMIPHOCTAMM € NPUHLUMMY 3BOPOTHOTO 3B'A3-
Ky, EAHOCTI, iepapxii, eMepaXeHTHOCTI (panToBOi NoABM),
3aKOH MiHIMYMY Ta iHLLi.

3MICT

AKnMu € ocHOBHI Giocucremn?

CyyacHe po3yMiHHA OpraHi3auii X1TTA FPYHTYETbCA Ha CUCTEMHOMY MiAXOAi, 3ria-
HO 3 AIKMM XMBa Npupofa icHye y popmi biocuctem. byab-aika i3 KUBMX NPUPOLHMX
CUCTEM € UYiNICHOIO CYKynHICMIO 830EMONOB’A3AHUX KOMNOHEHMI8, W0 BUKOHYIOMb
ocobnusi ¢yHKyil i 3a6e3nedyrome ixHio €OHicme. Yci 6iocmctemn € nepepBHUMU 1A
BiAOKPEMNEHNMN OfHa Bif OAHOI, MaloTb MEBHI PO3MIpW N CTPYKTYpY, TPUBaNiCTb
icCHyBaHH#A 11 cneyndiyHi o3HaknM. OCHOBHMMM TUNaMM BIOCUCTEM € KNTITUHA, OpraHi3m,
nonynAuif, BUA, ekocrctema Ta biochepa.

KnitnHa - 6ion02iyHa cucmema 3 HaliMeHWUMU po3mipamu U Halinpocmiworwo
cmpykmypor. OCHOBHUMU KOMMOHEHTaMu KNiTUHW € MOBEPXHEBUI anapart, LnTo-
nnasmMa i Aapo (Hykneoig), Wo nobyaoBaHi i3 MoneKyn XiMiUHMX PeYOBMH Ta TXHIiX
KoMMieKciB. KniTMHNW € OCHOBHUMW eflemeHTamu OyaoBU 1 XUTTELIANBHOCTI BCiX
OpraHi3miB HaLLOI NaaHeTn.

OpraHi3m - 6io/102iuHa cucmema, Aka Noby008aHda i3 KIiMuH i 3a80AKU cucmemam
pe2ynayii ma npucmocysasabHUM MexaHi3Mam Moxe 8i0HOCHO camocmiliHo icHysamu
8 nesHomy cepedosuwyi. OpraHiamu NoAiINALTb Ha OAHOKNITUHHI, KONIOHianbHi 1 bara-
TOKNiTUHHI. Came Ui GiocncTemMn € HalMpPi3HOMAHITHIWMMN GOpPMaMK »KMBOT NPUPOAN.

Monynayia — 6ion102iyHa cucmema i3 8iIbHOCXPeWy8aHux Mix cobol opeaHismie
00HO20 8UQY, AKi npoxusarome mpuganuli 4ac Ha nesHili mepumopii i 8i0HOCHO i30-
J1608aHiI 8i0 iHWUX MAKux camux zpyn. KomnoHeHTamy NONynALii € opraHiamu, a cami
nonynAuii € CTPYKTYPHOIO oAnHULEo BUAIB. Ha piBHI nonynALin noynHaoTbCa eBo-
NoUiMHI npouecn, ToMy NonynAuil € eneMeHTapHUMN OGUHULAMYK eBONIOLl.

Bup - 6ionoziyHa cucmema i3 CcykynHocmi nonynayit, AKumM enacmusi:
a) mopdgogpizionozivHa nodibHicms,; 6) 8islbHe BHYMPpIWHLOBUOOBE CXPEUYBAHHS;
8) ymgopeHHs nj1ioH020 NOMOMCMB8a, 2) Hecxpewy8aHicme 3 iHWUMU 8U0amu; 0) Cnisb-
Ha mepumopis iCHy8aHHA — apeasi; e) NpuCMoCo8aHicMb 00 YMOB8 iCHy8AHHSA 8 MeXax
apeany; €) cnineHe noxo0dxeHHA. Bup € ocHoBHo GopMoto opraHisauii XutTa.
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Exocuctema - cykynHicme pi3Hux 8udig ma cepedos8uwyd iXHbO20 iCHYB8AHHA,
wo noe’sa3aHi obMiHOM peqyosuH, eHepeil ma iHpopmayii. ¥ mexax 6iocncrtem Lboro
paHry BUOKpeMIoTb 6ioTnuHUN (bioueHo3) Ta abioTuuHWi (6i0TOM) KOMMOHEHTH,
WO MoB'A3aHi MiX cobol Kpyroobirom pevyoBuH. EKocnctemun icHyTb yHacnigok
po3noginy GyHKLi MiX MpoayLeHTamy, KOHCYMEHTamu 1 peyLeHTamMu.

Biocdepa - b6iocucmema Halisuuj020 NOpAOGKY, Ck1Aad, cmMpykmypa i enacmuso-
Cmi AKOI 8U3HAYAOMbCA hYHKUIOHYBAHHAM XUBUX Op2dHi3mig. Lle egnHa rmobanbHa
ekocucteMa 3emii. XKMBUW | HEXUBWI KOMMOHEHTU Biocdepyr NoB's3aHi MiX co60to
KpYroo6irom peyoBuH y BUTALI 6ioreoxiMiuHUX LUKNIB.

Omxe, BIOJIOIYHI CUCTEMMU (Big rpeu. 6io — »KUTTA, cucmema — CKNafeHa
i3 YaCTWH) — Le CYKYMHiCTb B3aEMOMOB'A3aHMX KOMMOHEHTIB, BiANbHICTb
AKNX BM3HAYaloTb IXHIO EQHICTb Ta iCHYBaHHA B NPOCTOPI 1 Yaci.

Y yomy nNpoABNAETbCA B3aEMO3B'A30K PiBHiB opraHisauii 6iocucrem?

Kputepiem gnA BMOKpemneHHA piB-
HiB opraHi3sauii 6iocuctem € CTyniHb
CKNafiHOCTi cmpykmypu (Bif nat. struc-  gloCOEPHUN
tura - OypoBa), TOO6TO po3MAWYBAHHA
830EMONO0B’A3AHUX KOMNOHeHMis8. [Ina xa-
PaKTEPUCTMKN PIiBHIB OpraHisauii Xutra
3aCTOCOBYIOTb Le W TakUM KpuTepin, AK
npouyec (Big nat. processus — nepemilleH-
HA, PYX), WO O3Haya€ MeBHi 3aKOHOMIpHI
byHKUiOHanbHi 3MiHK 11 ABULWWA. Buokpem-
NoBaTM piBeHb oOpraHisauii gouinbHO B
TOMY BMMaAKy, AKLLO Ha HbOMY BUHUWKAIOTb
HOBi (eMepm’KeHTHI) BNACTMBOCTI, WO iX
HEeMa€E B CUCTEM HMXKYOrO PiBHA.

YABNEHHA NPO CTPYKTYPHi PiBHI op-
raHizayii cknanoca B 20-x pokax XX cT.
(1. doH bepTtanaHoi, I. Y. bpayH), a B ce-
penuHi 40-x pokis XX cT. cpopmyBanacsa
Teopia piBHiB opraHi3zauii (P. Jxepapa,
A. EMepCOH) AK KOHKpeTHe BUpaKeHHA
yNopAAKOBaHOCTI »KMBOTO.

fIK BU BXe 3HaETe, PO3pPi3HAITb MO-
nekynapHuUl, KAImuHHUU, Op2aHiamosud,
nonynayitiHo-eudosud, ekocucmemHuul
(6ioeceoyeHomuyHul) Ta 6iocgpepHuli piBHi
opraHisauii 6iocuctem (in. 3). 3a HeobXia-
HOCTI, WO BM3HAYaETbCA OCOBNNBOCTAMMU
[oCnigKyBaHOro o6’'ekTa, MOXKHa BMOKPEMIOBATU JOAATKOBI PiBHi: MKaHUHHUU, pi-
8eHb Op2dHis, piBeHb cucmem opeaHis, bioyeHomuyHud.

MoneKynapHuii piseHb xummsa NoB'A3aHN 3 opraHizadieto cneyndiyHmx ana
YKUBMX OPraHi3MiB OpraHiuYHUX CMOJYK, IXHbOI B3AaEMOZAIEI Mi>K COO0I0 i 3 HeopraHiu-
HYMK peyoBrHamu. Mpw LboMy BiabyBaloTbCA XiMiuHI peakuii 1 ¢i3nyHi npouecy ne-
PETBOPEHHSA eHeprii, peuoBrH Ta iHpopmauii. Ha monekynsapHomy piBHi opraHisauii
nepebyBaloTb HEKNITUHHI GopMU XNTTA (BipycK, NpioHw, Bipoign). 9

In. 3. OcHOBHiI piBHI opraHi3auii 6iocuctem

§ 2. PiBHi opraHi3auii 6iocctem Ta ixHiil B3aEMO3B'A30K
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KnimuHHuli pieeHb xxummsa npeacTaBneHUN BinbHOXUBYYMMU OAHOKNITUHHUMY
opraHiamamu 1 KnitMHamy 6araToKniTUHHUX OpraHi3miB. KOMNOHeHTaMu CTPYKTYpu
KNITUH € PEeYOBUHMU Ta TXHI KOMMeKcu. Ha KniTMHHOMY piBHI BigbyBalTbCca npouecu
noginy 1 nepepaui inbopmadii, aHaboniamy i1 Katabonismy.

OpezaHizmoeuli pieeHb Xumms BU3HAYAETbCA KNITUHAMU B OAHOKMITUHHUX i
KOJIOHiaNIbHMX OpraHi3MiB, TKaHWHAMK, OpraHamu 1 CUCTEMaMK OpraHiB — y Oara-
TOKNITUHHUX OpraHi3miB. EnemeHTapHOO oAguHMLED PIBHA € OKPeMi KNiTUHHI opra-
Hi3MW 3 NEBHMMUN OCOGNMBOCTAMU OYAOBU, XUTTERIANBHOCTI (KUBNEHHSA, [UXaHHA,
BUiINEHHA, PO3MHOXEHHA TOLLO) Ta NOBeiHKN.

MonynayiiiHo-eudoeuli pigeHb UTTA NpeACcTaBNeHUA NONYNALIAMU 1 BUAAMM,
WO € HajopraHiamoBMMK 6GionoriyHummu cuctemamu. CTPYKTYPHUMU KOMMOHEHTa-
MU € rpynu cropigHeHnx ocobmH, 06'efHaHNX NeBHUM reHodoHAOM i cneyundivHol
B3AaEMOJI€E0 3 HAaBKONWLWHIM cepefoBuulemM. Ha ubomy piBHi dopmytoTbcsa MiKpo-
eBOJIIOLIMHI Npouecn afjanTtauioreHesy, perynauii YncenbHOCTI monynAuin, BUAO-
YTBOPEHHA TOLWO.

ExocucmemHuii (6iozeoyeHomuy4Hull) pieeHb Xumms NpeacTaBneHNNn pisHO-
MAHITHICTIO MPUPOAHUX i WUTYYHUX eKocucTemM. KOMNOHEHTaMn € XMBi YrpynoBaHHA
(6ioueHoO3K) 1 yMOBU cepefoBHLLa iCHYBaHHA. Ha LibOMy piBHIi 34iliICHIOOTbCA B3aEMO-
Aisi opraHi3amiB pi3HVX NONynAUiA MiX cOB0I0, @ TAKOX BMINB EKOMOMYHUX YNHHUKIB,
LL|O BM3HAYaloTb iX YNCENbHICTb, BUAOBUI CKNAA i MPOAYKTUBHICTb.

biocghepHuli pieeHb )ummsa o6’eHye yci ekocnctemn 3emni. Ha ubomy piBHi
BifOyBatoTbcA GioreHHa Mirpadis XmnBoi peyoBUHU, 6iONOTiYHUI KPYroobir peyoBuH
Ta NepeTBOPEHHSA eHepril.

OcHOBOI B3a€EMO3B'A3KY BCiX PIBHIB opraHi3auii 6iocnctem € nNoTtoku peyvo-
BVIH, eHeprii Ta iHpopmaLlii 1 NPUHUUN CTPYKTYPHOI iepapxii cucTem, 3rifHo 3 AKUM
6ynb-AKa 6iocMcTemMa € KOMMOHEHTOM 6ioCMCTEMW BULLOTO paHry, i, B CBOK 4Yepry,
CKNafa€eTbCA 3 NiANOPALKOBaHMX i1 6IOCUCTEM HVXKUYOTO PaHTY.

OTxe, piBHI opraHisauii 6iocucrem — Le NeBHUI TUN B3aeMogii

CTPYKTYPHUX i GYHKLIOHANbHUX CKNALHUKIB GiONIOFiYHUX CUCTEM.
BIANbHICTb

x//‘ CamocTinHa po6oTa 3 intocTpauismu. Xapaktepuctika 6iocucrem

Po3ni3HaliTe Ha MantoHKax 6iocucTeMu pi3HUX piBHIB opraHisadii. Ha3giTb ix Kom-
MOHEHTN Ta HaBefiTb MPUKNaAN NPOLLECIB, XapaKTEPHUX ANA 306pakeHnx biocuctem.
3anoBHiTb y poboyomy 3ownTi Tabnuuto «XapakTepuctuka OCHOBHUX TUNIiB Biocuc-
Tem» i chopmynioiiTe BUCHOBOK NPO NOAiOHICTb Ta BiAMIHHOCTI pi3HKX BiocncTem.

HasBa 6iocncremn CTPYKTYPHi CKnagHUKN DyHKLioHanbHi npouecn

BCTYN
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bionoria + EKonorisa. Xapakrepucruka piBHA opraHisauii 6iocucrem

Pu6a-knoyn (Amphiprion ocellaris) pocutb 4acTo BCTynae
Yy B3aEMOBWriAHI B3aEMOBIAHOCMHU 3 AKMUHiaMU (Hanpuknag,
Heteractis magnifica). Wynanbua unx TBapyH MicTATb HebGe3neuHi
XKarnki KNiTMHKY i 3axywaioTb prb Ta IXHI0 iKpY Bif XmKaKiB. Y cBOIO
yepry, pMOU-KIOYHM OUYMLLAIOTb aKTWHIIO Bif CMITTA i BigraHaTb
Bifl Hel X1KaKiB, Hanpuknag Kpabis i pub-meTenukis, AKi He NPOTK
nonacyeaTtu LynanbuAmMn LMxX icTOT. Ha3BiTb i oxapakTepusyinTte
piBeHb opraHisauii L1Mx B3aEMOBIJHOCUH.

CTABJIEHHA

ﬂﬁ Bionoria + biopisHomaHiTTA. Onnc okpemnx 6iocucrem

3-nomix npeacTaBHUKIB Knacy CcaBui 34aTHICTb NpoayKyBaTh
OTPYMHWIA CeKpeT MaloTb AMLeKNaHi CCaBUi Ta OKpeMi npeacTas-
HMKW KOMaxoigHUX. | nniie oanH BigoMui BUA € cepeq npumarTiB.
Lle manuii moacmuii nopi (Nycticebus pygmaeus), nowmpeHuii y
nicax B'etHamy, Jlaocy n Kambopgxi. Ha BHyTpiluHbOMY 60U NiKTbO-
BOro cyrnioba B L€l TBAPUHU € 3251031, CEKPETU AKUX, 3MiLLYIOUNCD
i3 CNMHOI0, NEePEeTBOPIOITLCA Ha CUSIbHY OTPYTY. ONnLWiTh Len op-
raHiam sk 6iocucremy.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo Take Giocnctemn? 2. Ha3BiTb 0CHOBHI T1nK Giocuctem. 3. HaBegiTb npuknaaun 6io-
1-6 |cucTem pisHUX piBHiB. 4. LLlo Take piBHi opraHisadii 6iocnctem? 5. Ha3BiTb OCHOBHI piBHi
opraHisauii 6iocrctem. 6. Ha3BiTb KpuTepii, 3a AKMMY XapaKkTepur3yioTb 6iocuctemu.
7. kUMM € ocHOBHI biocucTemn? 8. B UoMy BUABNSETHCA B3AEMO3B'A30K PiBHIB Opra-
Hi3auii 6iocuctem? 9. Yum 6iocncTemm pisHATLCA MiXK cO6010?

10-12{10.Y yomy nonsaratoTb NOAIOGHICTb Ta BiAMIHHOCTI pi3HKX GiocncTem?

HatinomaemHiwe Ha 3emi, NOKU w0 yHiKaaeHe y Bcecsimi
ma Hatigaxuye 0719 po3yMiHHSA. .., — ue KUTTA.
3 0osioHuka bionoaii

§ 3. BnactuBocTi XXnBOro

OcHOBHi NOHATTA 1 Knio4oBi TepmiHn: KUTTA. Camoperynsauia. Camo-
OHOBJieHHA. CaMOBiATBOPEHHA.
Mpwuragaiite! Lo Take 6iocuctemmn?

X Momipkyiite!

; «[lanopome, wo pocme 8 nici, — xuea cucmema? besne-
peyHo. A MOpo3AHi 8i3epyHKU Ha wubyi? MesHo, su 3002adaemecs,
WO Hi, X04d 308Hi 80HU 6y8aoMb CX0Xi HA IUCMKU hanopomi. Aka
X 8IOMIiHHICMb MiX nepwum i Opyaum? AKWo Ha 3amep3ny WuUbKy
8naode COHAYHUU NPOMiHb, MO KpUXAaHA hanopomes po3maHe, a
CNPasxHsA came 3a80AKU COHAYHOMY c8imy pocmume U po3susd-
mumembcs, 60 No2/IUHAE (1020 eHepzitox». ki 0cobnmnBoCTi biocuc-
TeM BiPi3HAIOTD iX Bi Gi3MUHMX Um XiMiIYHKX cucTem?
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3MICT

Y yomy cyTb BU3HauanbHUX 03HaK 6iocucrem?

OpraHi3auisa 6iocrcTeM NoB'A3aHa 3 BHYTPILWHbOIO BMOPAAKOBAHICTIO CTPYKTY-
pwv 1 NpoueciB, ANA NiATPUMaHHA AKOI YCi XNBi CMCTEMU MOXKYTb BUBINbHATK, Nepe-
TBOPIOBATU 1 BUKOPUCTOBYBATM €Heprilo 330BHi. Kpim Toro, nBe 3gaTHe He nuwe
nigTprMyBaTu, a 1 36inbluyBaTU CBOT eHepreTUYHi 3anacu. fK BiA3HayaB BigoMuUN
6ioximik B. O. EHrenbrapar (1894-1984), came «y 30amHocmi xuso2o0 cmeoprosamu
NopA0OK i3 XaoMU4YyHO20 MeNJI08020 PyXy MOJIEKYs nosfede Halzaubwd, KOpiHHA
8iIOMIHHICM®b XUB020 8i0 HeXus020». [poABaMM Li€l Hal3aranbHiWOT BNAaCTMBOCTI
XKMBOTO € BCi iHWI 03HaKM 6iocncTem, Wo BigPi3HAITL 1X Bif Gi3UHUX UM XiMiYHNX
cncTem.

Yci biocuctemn € BigKpuTUMM, TOMY WO NOCTIIHO OOMiHIOOTLCA i3 cepenoBu-
L|eM peyoBMHaMW, eHepri€to Ta iHGopMaLi€lo, a B 3aKPUTUX HEXMBUX CUCTEM TaKOro
06MiHY He BifbyBaeTbcA. Tak, POCIMHHNIA OpraHi3aM OTPUMYE i3 cepefoBMLLa CBITNO-
BY, 3BYKOBY, XiMiuHy iHpOpPMaLLito, MOXKUBHI PEUOBMHI, COHAYHY eHeprilo, a BiAJa€ B
cepefoBMuLLe KINCeHb, BOAY, TEMNO.

Bynb-skiln 6iocuctemi BnacTvBi MexaHiamu camoperynsauii, wo 3abesneuye ixHio
BMOPAAKOBAHICTb 1 CTiKiCcTb Y vYaci. Camopezynayis 6iocuctem BUABNAETbCA Y 34aT-
HOCTi MiATPMMYBaTW AMHAMiYHY CTaniCTb CBOro BHYTPIWHbOro CTaHy (romeoctas).
MexaHi3my camoperynsuii fy»e pisHOMaHITHi y 6iocncTtemax, BOHM 3abe3neuyioTb
bYHKLUil0 KepyBaHHA BiAMoBiAHO [O YMOB [OBKIi/IA i BUABMAAIOTLCA HA BCiX PIBHAX
opraHisauii XuTTa. Hanpuknag, KOHUeHTpaLiA peyvyoBUH Yy KNITMHAX PerynoeTbea
HaABHICTIO Ta 3MIHHO aKTUBHICTIO GepPMEHTIB, Y OpraHi3amiB fOCNiAXKeHO rymoparnb-
Hi, HepBOBI Ta iIMyHHI MeXxaHi3Mu perynauii, Ha piBHI NoNynALiT ONMCaHO MexaHi3mu
perynauii uncenbHoCTi Ta iH. Yum cKnagHiloio € CTpykTypa biocmctemn, TM pisHO-
MaHITHiWMMK 6yLyTb MeXaHi3Mu perynauii i Tum CTilKiwoto BoHa 6yze Ao BNAUBY Ha-
BKOJINLIHBbOrO CepefoBuLLa.

LLle ogHieo BaxknBO 0COONMBICTIO BioCUCTEM € 3AaTHICTb
[0 caMoBiATBOpeHHA cobi nofibHux. Lia BnacTtueicTb € dyHaa-
MEHTaSIbHO0, OCKINIbKIM 3abe3neuye HaCTYMHICTb XUTTS Ha 3emii.
«Omne vivum ex vivo» («Bce »unse Bif] »KMBOro»), AK 3a3HauuB Lie
B XVII cT. iTanilicbkun nikap i Hatypanict ®paHyecko Pegi (1626-
1697). Came BiH BnepLue B icTopii 6Gionorii 3gicHB eKcnepumeH-
T, WO CMPOCTOBYIOTb YABMEHHA NMPO CaMO3apPOMKEHHA XUTTA
(BBaKanoch, WO puby MO BUHUKATY 3 Myfy, YePBM — 3 FPYHTY,  In. 6. ®paHuecko
MyXuM — 3 M'Aica i T. iH.). Pepi

Ha monekynsapHoMmy piBHi CaMOBIATBOPEHHA BiAOYBAaEeTbCA HA OCHOBI MaTPUYHO-
ro cuHtesy [IHK, PHK 11 6inkiB, KniTuHM BigTBOPIOIOTL COBI NOAIOHMX WNAXoM noginy,
OpraHi3amMy PO3MHOXYIOTbCA HECTAaTEBUM UM CTAaTEBUM CNIOCOOOM, BiZTBOPEHHSA Momny-
nAUin 3abe3neyvyeTbcA PO3MHOXKEHHAM OPraHi3miB Ta iIXHbOIO 3AaTHICTIO O po3ce-
NEeHHsA.

Yci 6iocmcTemn 3gaTHi 36epiraT CBOE iCHYBaHHS B MeXXax MEBHOro KiHLEBOro
nepiogy 3aBAsaKky npoLecam CaMoOHOBJIEHHS, WO CNPAMOBAaHI Ha yTBOPEHHA HOBUX
UM BiQHOBJIEHHA MOLWKOAXKEHUX CKNAAHUKIB (KOMMOHeHTIB). Tak, nowkoaxxeHa JAHK
MOKe OyTun BifHOB/IEHA Yepe3 MexaHi3mMy penapadii, HOBi MITOXOHAPIT Y NnacTngn

BCTYN
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YTBOPIOIOTLCA LUIAXOM MOAINY, BiAHOBIEHHSA KIITMH UM OpraHiB 3abe3neuye pereHe-
paLisi, OHOBMIEHHA OPraHi3MiB 3[iNCHIOETbCA 3a JOMOMOrO CTOBOYPOBUX KIiTUH, a
CaMOOHOBJIEHHA eKOCUCTEM — Y pe3ynbTaTi CyKUecii.

OTxe, GionoriuHi cuctemu — Le BigKpUTi BMIOPAAKOBaHI cuctemu,
3[aTHi 4O camoperynALii, CamOBiATBOPEHHA Ta CAMOOHOBJIEHHA
BHAC/IAOK MOCTINHOrO MOTOKY PeYOBUH, eHeprii Ta iHpopmaLlii.

AKNMY € oNNcoBi CTPYKTYPHO-PYHKLiOHaNbHi 03HaKM XKNBOro?

KutTa - ue ocobnuea dopma icHyBaHHA mMaTepii, WO BiAPI3HAETLCA Bifj HEXNBOI
npupoan ocobNMBOCTAMN CTPYKTYPY Ta NpoueciB. Y 6ionorii icHyoTb pi3Hi popmyrio-
BaHH#, B AKUX XUTTS BU3HAYAETbCA CyOCcTpaTOM (CybCcTpaTHUMIA niaxia) abo posrnaga-
€TbCA K CYKYMHICTb cneymndivuHux npouecis (GyHKLioOHanbHUN nigxia).

Mpobnema ni3HaHHSA CyTi XUTTA € HAMrONOBHILIOW NPO6eMoto He nuLe Gionorii.
HaykoBLUi HaBOAATb Pi3Hi TNYMaUYeHHA NOHATTA KUTTA» 1 BUOKPEMIIIOIOTb Pi3Hi 0CO-
611BOCTi GEHOMEHY XUTTA.

4 «Kumms - ye cnoci6 icHy8aHHsA 6inIKOBUX Misi, CYymme8UM MOMEHMOM AKO20 e\
nocmitiHuli 06MiH pe4o8UH 3 HABKO/TUWHbLOI npupodoto» (V. EHeenbc).

«Kuei mina, aki icHyltome Ha 3emni, AnAOMb cob0t0 8IOKpUMI, camopezynio-
8asIbHi Ma camosiomeopiosdsibHi cucmemu, wo nobydosaHi 3 bionosnimepis —
6inkie i HykneiHosux kuciom» (M. B. BonbkeHwmeUH).

«Kumms - ye 2106asbHa n1aHemMapHa camosnopsao0Ko8aHAd, eHepeemuyHo ma
iHpopmayiliHo 8iokpuma cucmema, wjo A8/18€ cobot0 8esluke posmaimms opm
€0UHOT'y hi3uKko-ximiuHOMY 8iOHOWeHHI Xusoi pedosuHu» (B. I. BepHadcekud).

«Kumma € gpopmoto icHy8aHHA GiononimepHUx min (cucmem), 30amHux 00
camopeniikayii 8 ymosax nocmiliHo2o 06MiHy peuo8uUHamu U eHepeieto 3 Ha8KoJIU-
wHim cepedosuwem» (B. I. lonb0aHcbkul).

«Kummsa — ye akmusHa enacmusicme xugoi mamepil, wjo 8iobysaemoca i3
sumpamamu eHepeii Ha NidMpUMaHHaA U 8i0omeopeHHA cneyuiyHoi cmpykmypu»
\(5. M. MeoHikos). )

[ Oisuka. Kumms € Asuwem, Ake saacmuse 8ioKpumum cucmemam, Wo 39am- )
Hi CAMOYUHHO 3HUXY8amu 8/10CHY 8HYMPIWHIO HEBNOPAOKOBAHICMb 3a pAXyHOK
peyosuH abo 8islbHOT eHepeii, OMpUMAHUX 3 008KisNA | 32000M 8udineHoi'y 8u2iadi
NpodyKkmig XummeoifaibHocmi i mensomus».

Ximia. «Kumms — ye He snacmusicme Akoi-Hebydb MoseKysiu, a paowe pe3ysib-
mam 83aemMo0ii Mix MosieKyiamu».

KibepHeTuKa. «Kugi cucmemu — ye cucmemu, Kpi3b AKi npoxodsme be3nepeps-
Hi hOoMOoKU pe4yos8UH, eHepeil, iHpopmauii i Aki 30amHi cnputimamu, 36epizamu U
nepepobsiamu iHgopmayito.

®inocoodia. «Kummsa - ocobnusa, cknadHa ¢opma pyxy mamepii, Halisax-
JIUBILIUMU 03HAKAMU AKOI € NOOpA3/lugicme, picm, pO3MHOXeHHS, 8 OCHO8I AKUX
\J1€XaMb NPOYECU CAMOOHOB/IEHHS PEYOBUH. Y,

§ 3. BnacTMBOCTI KMUBOrO

Monpwu yci HamaraHHA HayKOBLiB OAHO3HAYHOIO BU3HAaUYEHHA MOHATTA WKUTTA» 1
[oci He icHye. »KuBMM opraHiamam nputamaHHa Hr3Ka O3HakK, AKNX HeMae y binbLuo-
CTi HeXuMBUX cucTem. MpoTe cepesl HUX HEMAE XOAHOT, AKa byna 6 npMTamaHHa nuwwe
XKMBOMY. EANHUI CNOCI6 ONUCATY XUTTA — Lie NepeniunTy BU3HavanbHi 03Haku (atpu-
6y Tr) Ta ONUCOBI CTPYKTYPHO-OYHKLiOHaNbHI O3HAKWM »KMBOTO. 13
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Cxema 1. O3HAKU XKUBOI'O

YNOPAAKOBAHICTb AK HAM3ATAJIbHILWWA ATPUBYT XUTTA
0

OYHAAMEHTAJIbHI BJIACTUBOCTI XKUTTA
Camoperynauia. CamosigTBopeHHA. CaMOOHOBNEHHA
0
CTpYKTYypHO-pyHKLiOHanbHa opraHisalis XuTTa
CTpyKTypHa opraHisauis QdyHKUioHanbHa opraHisauia
1. €OHicmb ximiyHO20 CKNAdy OcHogHi enacmugocmi xumms. O6MiH
(nomibHicTb GioenemeHTiB Ta At peyoBuH. AganTmBHicTb. PicT. Po3BUTOK.
6iomonekyn) Morik CnagkoBicTb. MiHnuBicTb. lomeocTas. No-
2. KnimuHHa 6ydoea peyoBuH, | apa3nuBsicTb
3. PieHesicmb opaaHizayii eHepriiTa | [lpoyecu xumms: pyX, XVUBNEHHsA, OU-
(MoneKkynu — KRiTUHN — iHbopmaLjii | XxaHHs, TPaHCNOPTYBaHHSA PEYOBVH, BU-
opraHiamu — nonynauii — BUan — AiNeHHA, PO3MHOXeHHSA, PICT, perynauia
ekocuctemu — biochepa) npotecis

Omxe, KUTTA - Le NpuHUMN iCHYBaHHA GiOMOMiYHMX CUCTEM,
AKI BIOPI3HATbCA Bifj HEXNBOrO CKNAAHICTIO Ta BUCOKOIO CTPYKTYPHOLO
n GYHKLiOHaNbHOI BMNOPAAKOBAHICTIO, WO MiATPUMYETbCA 3aBAAKM
3[0aTHOCTI MOrNNHATK, NePEeTBOPIOBATY Ta NepenaBaTl EHEPrito 330BHi.

BIANbHICTb
3 CamocTiHa po6oTa 3 Tabnuueto

Bn3HauTe npoABm XKWTTA, WO iX BUBYAKOTb 38 JOMOMOrOI0 BKa3aHUX HayK. 3anoBs-
HiTb Y po60oYoMy 30LKTi TabnuLo Ta 3p0obiTb BUCHOBOK MPO 3HAUYEHHS iIHTEFPOBAHOIO
nigxoay ANA Ni3HAHHA CYTi XKUTTA.

Hayka MposaBn xnTTA

XimiA

Disnka
leorpadia
KibepHeTnka
Couionoris
MaTtemaTunka
bionoria + MiHepanoria

MNiBaeHHa yacTHa PymyHii cTana Bigoma CBOIMU «KUBUMUY
KameHAMM, Lo BMilOTb POCTU, ANXATU | HABITb PO3MHOXKYBaTUCA.
MicueBe HaceneHHAa Ha3mBae€ ix TpoBaHTamu. Lli KameHi maTb
06TiuHy dopMy, Ha 3pi3i MOXHa po3rneaiTy BiKOBI KinbLA, 30ce-
peneHi HaBKOMO HEBENNKOIO TBEpPAOro Agpa. KameHi 3gatHi we
N 1O PO3MHOXEHHSA, WO Haragye OpyHbKyBaHHA. YoMy X Ui «He-
OpraHiuHi GopmMU XUTTA Ha OCHOBI KPEMHIlO», AK iX HAa3UBAOTb
JeAKi HAyKOBL|i, He HaneXaTb 4O X1BOI Npupoan?

CTABJIEHHA

bionoria + Mucreyrso

Xoszedina Bonn (Hap. 1947) — cyyacHa GpuTaHCbKa Xy[OX-
HuuA B cTuni denTesi. [i KapTuHM nonynapHi B ycbomy cBiTi. XKo-
3ediHa NepeKkoHaHa, WO XyAOXKHWK, AKNIA NepebyBae B OTOUEHHI
npeKkpacHoi NPUPOAM, € CBOEPIAHMM KaHanoM Ana nepegadi
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eHeprii Big Matepi-3emni ycim nogam. MucTeutBo i NOro ecTeTUUHi MOXIMBOCTI o-
nomararoTb 3pO3yMiTV MPUHAAHICTb Ta BPa3NMBICTb HaBKONMULLHLOrO CBIiTYy. Lo Take
ecTteTuKka? Y yomy nonAara€ eCteTMYHa LiHHICTb X1BOI Npupoaun?

PE3VJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Ha3BiTb dyHAameHTanbHi BRAacTMBOCTI XMBoro. 2. Yomy biocrctemn HasmBaoTb
Bigkputumn? 3. LLlo Take camoperynsAuif, CaMOBIATBOPEHHA Ta CaMOOHOBJIEHHA?
4. HaBefiTb 2-3 NpuKnagn BU3HaYeHb MOHATTA WKUTTA». 5. Ha3BiTb 03HaKM CTPYyK-
TYPHOI OpraHisauii X1TTA. 6. Ha3BiTb BNAaCTUBOCTI Ta OCHOBHI NPOLeC XUTTA.
7.Y YoMy CyTb BU3HauasbHMX O3HaK XKUTTA? 8. AKMMU € ONNCOBI CTPYKTYPHO-DYHK-
7 -9 |uioHanbHi 03HaKM XnBOro? 9. Y yomy nonAra€e CKNagHiCTb BU3HAYEHHA TakOro ABU-
wa, ak KUTTA?
10 - 12| 10. Yomy ni3HaHHA CyTi XXMTTA € NPOGIEMOIO HayKU 3arasom, a He nuwe bionorii?

XXI cmonimma — 0oba nepemsopeHHA Homo
technocraticus Ha Homo ecologicus.
3 niopyyHuka «OCHOBU eKO102i4HUX 3HAHbY

§ 4. Crpareria ctanoro po3BuTKy NpMpoAU i cycninbcTBa
OCHOBHi NMOHATTA N KnO4YoBi TepmiHn: HaBkonuuwHe cepepoBule. CTA-

JNINA PO3BUTOK MPUPOAM | CYCMINbCTBA.
MpuraganTte! Lo Take npupopaa?

X Momipkyiite!

Y 1973 p. leHepanbHolo Acambneero OOH 6yno 3a-
CHOBaHO BcecBiTHI AeHb OXOPOHM AOBKINIA, AKMI Big3HayalTb
5 yepsHs. LLopoKy uboro AHA BifbyBaloTbCA 3aX0aM, MPUCBAYEHI
nesHil Temi. Temy 2018 p. cbopmynboBaHo Tak: «bili 3abpyOHeHHo
naacmukom!». flka »k meTa BcecBiTHbOro AHA OXOPOHM [OBKINNA?

3MICT

flKolo € cTPYKTypa HaBKONULIHbOro cepepoBuLa?

HaBkonuwHe cepegoBulye, abo AOBKINNA, — Ye 4acmuHa npupoou, uwo omo-
yye JII0OUHY, NiIOMpPUMYE i iCHy8aHHSA, CMBOPIOE yMo8U 0715 Oisg/IbHOCMI U CycninbHUX
8iOHOCUH, 6e3nocepedHb0 8nusde HA i Xumms i 300pos's. ToHATTA «npupoaa» i
«HaBKOJIMILHE cepefjoBuLLe» Jyxe NofibHi, ane neple € 3Ha4yHo WKpLwKM. HaBko-
NMWHIM cepefoBMLLEM HAa3MBaKOTb TY YaCTVHY NPUPOAK, 3 AKOIO NIoAUHA B3aEMOJIE
Yy CBOEMY XUTTi 1 BUPOOHUUIN AisnbHOCTI. HABKONMLIHE cepefoBuLLEe CKITAJAETbCA 3
[BOX B33aEMO3aNIEXHNX YaCTUH: NPUPOAHOI i WTYYHOI. [IPUPOAHMM KOMMOHEHTOM €
nnaHeTa 3emns 3 ii pisHOMaHITHUMK 060/I0HKaMK — aTMochepoto, rigpochepoto, niTo-
cdepoto Ta biochepoto. CycninbHy YaCTUHY CepefOBULLA KUTTA NIOAMHU CTAHOBNATb
CYCNiNbCTBO | CyCNiNbHi BIGHOCKHM, WO YTBOPIOKOTb WTYYHUN KOMAOHEHT JOBKINA.

HaykoBLi BMOKpeMolTb ABa OCHOBHI acneKkTW y BMBYEHHI BIiAHOCKMH NIOANHN
3 HaBKONWLWHIM cepepoBuem. MNo-nepuue, AOCNIAXKYIOTb BCIO CYKYMHICTb BMNBIB,
O YNHATb Ha NIAMHY cepefoBuLLe i pi3HIi YNHHKKK JoBKinnA. [lo-gpyre, BUBYalOTb
aganTauii nioguHY i NIOACbKUX CMiAIbHOT 40 HABKONMLWHBOIO CepefoBuLLa.

CborofHi BCi Npo6iemMy HaBKOMMULWHBbOIO CEPeAOBHLLA € MPEAMETOM HOBOI HayKK
nig Ha3Bol eHealipoHMeHmMoJ1o2iA (Bif aHrn. environment — HaBKOMULLHE Cepefo- 15

§ 4. CTparterisi CTanoro po3BUTKY NPUPOAN i CyCninbCcTBa
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BuLLe, OOBKINNA). LiAa HayKa Ma€e BMpaKeHWUI NPUKNagHUIN (NpakTUYHWIA) XapakTep, a
TpaauuinHa ekonoris € il TeopeTUYHO 0CHOBO. MeTogoNoriYyHMMM 3acagamm eHBal-
POHMEHTONOTIT CNYryioTb HAYKOBA TeopiA NPUPOJOKOPUCTYBAHHA, BYEHHA NPO OXOPO-
HY MPUPOAMU Ta CyyacHa KoHUenList 30aiaHCOBaHOro PO3BUTKY NMPUPOAM 11 CyCinbCTBa.

OTXe, HAaBKOMMLUHE CepefoBlLLe € YaCTUHO NPUPOAKN
i Ma€ NPUPOAHNN Ta LITYYHUA KOMMNOHEHTN.

Y yomy cyTb cTpaTerii cTaioro po3BUTKY Npupoau i cycninbcrBa?
CTAJINIA PO3BUTOK MPUPOAU N CYCNIIbCTBA (aHan. Sustainable deve-

lopment) — po3sumok cycninbcmaed, 3a K020 eKOHOMIYHe 3pOCMAHHSA, MamepidsibHe

8UPOBHUYMBO | CNOXUBAHHA 8i06YBAIOMbLCA 8 MeXax, WO IX 8USHAYAE 30aMHiCMb eKo-
cucmem 00 camogiOHo8/1eHHA. TepMiH «cTanuii (36anaHCoBaHWIA) PO3BUTOK» 3'SIBUBCA

y 1980 p. y foKyMmeHTi «BcecBiTHA cTpaTeria oxopoHu npupoamn» (BCOI), nigrotos-

neHomy Mi>KHapOAHUM COIO30M OXOPOHU MPUPOAM i NpupogHuX pecypcis (MCOM).

LA cTtpateria mictuna npuvHUMnoBo HoBe nonoxeHHa: 3BEPEXKEHHA MPUPOLOU

HEPO3PVBHO MOB’A3AHE 3 MUTAHHAMW PO3BUTKY CYCMINIbCTBA.

ABTOpPOM iHHOBALIMHOI EKOHOMIYHOT
Teopil CTanoro po3BUTKY, BUCBITNEHOI B MO-
Horpadii «Mo3a 3pocTaHHAM: EKOHOMIUHa
TeopiA CTasoro pPo3BUTKY», € MPOBIgHWN
JOCNIAHVK €KOHOMIYHMX acnekTiB 3abpya-
HeHHA poBKinnA lrepman Jelini. Teopis cTa-
JIOrO PO3BUTKY € albTEPHATUBOIO KOHLenuil
EKCTEHCVMBHOIO €KOHOMIYHOIO 3POCTaHHS, In. 4. ToneanHa koHuenuin
Lo irHOPYE eKONOriyHi Hebe3neku. CTanoro possnTky

Cranuii po3BUTOK — Lie [OBOJIi CKNlafjHa KOHCTPYKLiA, Aka nonarae B 36anaHco-
BaHOMY PO3BUTKY TPbOX KOMMOHEHTIB: EKOHOMIYHOrO, COLlia/IbHOro Ta EKOMIONYHOro
(in. 4). He moXXHa roBopuTU MPO CTalU PO3BUTOK, PO3rnAgalyuun nuvwe oguH i3
KOMMOHeHTiB. Ha in. 4 306paxeHo Tpu Kona: couiym (CycninbCTBO), €KOHOMIKa,
foBkinna (npupopaa). [linAHKa nepeTrHy Kin i € 30HOI CTanoro PO3BUTKY.

KoHUuenuia ctanoro po3BuTKY 'PYHTYETbCA Ha TakMX M'ATU NpUHLMNAX.

1. JliogcTBO MOXe HafaTy PO3BUTKY CYCMiNbCTBa CTAsloro Xapaktepy, o6 BiH
BiAMOBiZaB NoTpebam Nofe Cy4acHOro M MaibyTHIX MOKOiHb.

2. O6meXxeHHs, WO iCHYI0Tb Y rany3i ekcrayaTauii NpUpoaHNX pecypcis, NOB'A3aHi
i3 CyyaCHMM piBHeM PO3BUTKY TeXHIKM i couianbHOI opraHi3auii, a Takox i3
30aTHicTIo 6iochepu 4O CaMOBIAHOBIEHHS.

3. HeobxigHO  3a40BOMBHUTN  eNneMeH-
TapHi NoTpebu BCix Nogen i Hagatn im
MOXNMBICTb peani3yBaTy CBOI Hagil Ha
6narononyyHe XnTTA.

4. HeobxigHo, o6 BMKOPMWCTaHHA
NpUPOAHNX  pecypciB  Bignosigano
€KOJIOMNYHMM  MOX/IMBOCTAM  MJIaHeTH,
30KpemMa BUPOOHULTBO eHepril.

5. Temnn pocCTy KiNbKOCTi HaceneHHsA
MaloTb BignoBigaTv BMPOOHMYOMY TMO-
TeHuiany 6iochepu, AKUIA y CyyacHUX  In, 5. Cumsonm NPiopUTETHUX HanNpPAMIB

16 YMOBaX LUBUAKO 3MiHIOETbCA. «3€/1eHOI» eKOHOMIKMN B YKpaiHi
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B OCHOBI CTIIKOro po3BUTKY NeXXUTb Nepexig A0 «3e/1eHO» eKOHOMIKN. «3eneHa»
eKOHOMIKa — e eKOHOMIKA, AKa payioHabHO BUKOPUCMOBYE NPpUPOOHI pecypcu, 36epieae
ekocucmemu i biopi3HoMaHimmsa ma 3abe3neuye npu YboMy 3pOCMAHHA PigHI8 00x00i8 i
3auHamocmi. Lle «<Hn3bKkokapboHOBa» EKOHOMiKa, EKOHOMIKA 3 MiHIMalIbHUM BUKOPUC-
TaHHAM BYINIEBOAHEBUX PECYPCiB, EKOHOMIKA 3 HM3bKOK eHEeProeMHICTI0. B ymoBax
pecypCHOI Ta eHepreTUYHOI 3aN1eXXHOCTI YKpaiHM came MNOCTYNnoBa 3aMiHa KKOPUYHEBOI»
iHAYCTpianbHOI eKOHOMIKW Ha HOBY «3eJIeHy» YMOXMBIIOE 3a06e3neyeHHs HalioHab-
HOT 6e3neKn fepkaBy B HANONMXKYi fecaTnpiuus. MNepenbayeHo ynpoBagKeHHA TaKknxX
iHCTPYMEHTIB «3€eneHoi» eKOHOMIKW, AK «3efieHi» TeXHOJOril, «3eNeHnli» TPaHCNopT,
«3eneHe» 6yAiBHULTBO, «3efeHi» 3aKyniBni, «3efieHa» eHepreTuka Ta iH. (is. 5).

OT1xe, AK cdopmynboBaHo Yy 3BiTi Komicii OOH,
«30anaHcoBaHW PO3BUTOK MPUPOAMK N CYCRiNbCTBa — Lie PO3BUTOK,
O 33aJ0BOJIbHAE NOTPEOU HUHILLIHIX MOKOJiHb i HE 3arpPOXKy€e MOXKNUBOCTI
HaCTYMHMX MOKONiHb peani3oByBaTN CBOI NOTPe6U».

Y yomy nonsrae Heo6XigHICTb OHOBNEHOI CCTEeMI LiiHHOCTe WoZAo npupoan?

OCHOBHOIO MPUYMHOK €KONOTIYHOI KPU3N y BIAHOCUHAX NMIOAVHN N NPUPOAKN €
He 30iNblIeHHA HaceneHHs, He PO3BUTOK MPOMMCIIOBOCTI, HE HaLli eKOHOMIYHi abo
nonitnyni cuctemn, a CUCTEMA LIIHHOCTEW, wo BU3HaualoTb CTaBAEHHA NIOAVNHN
00 TOro, WO il 0OTOYYE, A0 NPUPOAM. A TaKMMM LiHHOCTAMM € eKOHOMIYHA, NI3HABA/TbHA,
ecmemuyHd, emuyYyHd Ta iH.

BuBUYEHHAM LiHHOCTEN NPUPOAN 1 OLiHIOBAaHHA JTIOAUHOIO 3HAYEHHA NPMPOAN, WO
MOTUBYE ii NOBeiHKY, 3aiMaETbCA eKoNorivYHa eTuKa. Le 8ueHHa npo npuHyunu G npo-
671eMU MOPAbHUX 83dEMOBIOHOCUH JTIOOUHU 3 NpUPOOOIO i Cycninbcmeom. 3aCHOBHMKa-
MU L€l cncTeMun NOrNAAIB, AKY LLe Ha3MBaloTb €TUKOI 3eMili, € aMepPUKaHCbKUI eKonor
O. Jleononwo (1887-1948) i HimeLbKU Nikap, MicioHep, My3uKaHT, naypeat Hobenis-
cbKoi npemii mupy A. Lsetiyep (1875-1965). Ha BigmiHy Bif 6i0eTuKu, WO AOCHigXKYE
MOpasbHe CTaBfIeHHA NOANHN [0 XUTTA, EKONOrivyHa eTKa BUBYAE MOPanbHi CTOCYH-
K1 NIOQUHN 1 MPUPOAM B3arasi — »KMBOI N HeXnBoi. OCHOBOIO CyYaCHOI eKONOriYHOI
€TUKM € B3aEMOJOMOBHIOBAJIbHI 1 PiBHO3HAYHi CBITOrNAAHI KOHLEeNUil — 6GioLeHTpun3m
" exkoueHTpusm. Cy6'ekTammn B LUX KOHLEMUiAX € OpraHiamu, BUAW XUBUX iCTOT Ta
ekocuctemu. O. Jleononbf BUOKPEMMB TaKi MPUHLMNN €KONOTivyHOI eTuku: 1) NpuH-
uun 36epexeHHA NPUPOAK; 2) NPUHLUMN 30epexeHHs 6iopi3HOMAHITTA; 3) NpuHLMN
yinicHocTi npupoaw; 4) NPUHLMN NoBarv 4o NPUPOAK; 5) NpUHLMN BiANOBIAaNbHOCTI.

OCHOBHMMM 3aBAAHHAMM CyYaCHOI €KONOTiYHOT ETUKM €: NepebyaoBa MopanbHOT
CBiJOMOCTi NOAMHM, BUXOBaHHA NoOOBI 1 cniBuyTTA fO Npupoaun, GopMyBaHHA Bif-
noBifanbHOCTI NOANHN 3a CTaH Npupoau, opmyBaHHA PiIBHONPABHOIO CMiBiCHYBaH-
HA NIOQUHW 1 NPUPOAMN.

OTxe, Nnprupody BPATYBATW 3MO»Ke TifIbKM CTBOPEHHA HOBOI LIiHHICHOI
CMCTeMM, 3aCHOBAHOI Ha BMCOKOMY OL|iHIOBaHHI BHYTPILLUHIX i 30BHILUHIX LjiH-

HOCTeN MPUPOAN, BUKOPUCTAHHS SIKUX HE CMPUUYUHUTD 3arnbeni nprupoan.

AIANbHICTb

CamocTiiiHa po6oTa 3 intocTpadieto «Llini cranoro po3BuTky»

§ 4. CTparterisi CTanoro po3BUTKY NPUPOAM i CycninbCTBa

15 BepecHA 2017 p. ypag YKkpaiHu onpuntogHns HauioHanbHy gonosiab «Lini cTa-
noro po3BUTKY: YKpaiHa». Y gonosigi npeactaBneHo 17 rnobanbHuX uinen ctanoro
PO3BUTKY 3 ypaxyBaHHAM crieundiky HalioHanbHOro po3BUTKY KpaiHu. Po3noginite
Lini 3a TPobOMa KOMMOHEHTamMM CTasloro PO3BUTKY. 17
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HepiBHOCTi  (cTarioro posauTy  CMOXMBaHHSA BOAOIO Ha 3emni ‘1°°$“r_l“:ﬁ“““ prt

bionoria + AHrnincbka mosa. UNEP

MepeknafiTb TEKCT i NIAroTynTe NOACHEHHA NPO MiXXHapoAHY nporpamy «tOHEN».

«The United Nations Environment Program (UNEP) is an agency that coordinates
environmental projects, assists developing countries in implementing environmentally
sound policies and practices. The UNEP activities cover a wide range of issues related
to the atmosphere, marine and terrestrial ecosystems, environmental projects
management and the development of a green economy. The agency played a
significant role in the development of international environmental conventions, the
promotion of environmental science and information. UNEP is an example of how
ecology can be implemented in conjunction with policy. The agency is working on the
development and implementation of environmental policy with national governments,
regional environmental organizations. UNEP is actively involved in the financing and
implementation of environmental projects».

CTABJIEHHA
bionoris + EKoHomika. EKOHOMiUHi LliHHOCTI npupoaun

MpoaHanisynTe BUCAIB iHAIaHLUIB | HAyKOBe NOBIJOMIIEHHA.
= T[liBHiYHOaMepuKaHCbKi iHAIaHUi Ka3anu: «Kosu 6yde 3pybaHe oCmaHHE Oepeso,
6y0e ompyeHa ocCMaHHA pidka i 6yde 3/108/1eHa 0CMAHHA puba, dyxe No2aHo, AKWO
Jiuwe mooi 1l0OUHA 3pO3yMi€, WO BOHA He MOXe icmu 2powi».
= HoBuHu ekornorii: «<Haykosyi U ekoHOMicmu Hewjo- =
0dsHO CNislbHUMU 3ycUsIAMU 0OCTiOuIU 5 ekocucmenm,
3MiHeHUX JII0OUHO0 3 KoMepyiliHoto memoto. JocioHu-
KU 3pobusiu 0usHUl BUCHOBOK: 3a yM0O8U 36epexeHHsA
ekocucmem y 8UXiOHOMY He3MiHeHOMY CMaHi ix eKOHo-
Mi4Ha yiHHicme 6yna 6 Ha 14 — 75 % 6inbwoto, aHix nic-
J18 GHMPONO2eHHO20 NepemaopPeHHS.

Coopmyniolite BUCHOBOK MPO HEOOXiAHICTb 3MiHU

R X . MKoseodiHa Bonn. 3emnsa moix
€KOHOMIYHMX LIiIHHOCTeN NANHN Woao npupoaun. B npenkis. (Mouatok 1990-x pp.)

YOMY CyTb eKonorisaLii eKOHOMiKun?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJI0
1. Wo Take HaBKonuwHe cepepoBuLe? 2. Ha3BiTb OCHOBHI KOMMOHEHTU JOBKINNA.
3. lLlo Take cTanui po3BMTOK NPUPOAK 1 CycninbcTBa? 4. Ha3BiTb NpuHUMAN CTa-
NOro po3BUTKY Npupoaun 1 cycninbcTsa. 5. Lo Take wiHHOCTI npupoan? 6. Ha3BsiTb
OCHOBHI LliIHHOCTI TIOANHY WOAO0 NPMpoan.
7.flKO10 € CTPYKTypa HaBKONMLIHbOTO cepepoBuLla? 8. B yomy nonsarae cyTb cTpaTte-
7 -9 |rii cTanoro po3BMTKY Npupoaun i cycninbctea? 9. Yomy HeobXifHO OHOBUTY CUCTe-
My LiiHHOCTel WohJo Nnpupoan?
10 - 12 | 10. AKnmu € rnobanbHi Lini cTanoro po3BUTKY Npupoan i cycninbcrTea?
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Mpupoda! BoHa 8iuHO cmeopioe HO8i 06pasu: me, Wo €, —
mozo He 6ys10; me, Wo 6ys10, — 8Xe binbuie He NOBMOPUMbCA. ..
. B. feme

§ 5. biopisHomaHiTTA. Biocucremaruka

OCHOBHi NOHATTA 1 Kno4voBi TepmiHn: BIOPI3HOMAHITTA. BIOCACTEMA-
TUKA. DinoreHeTnyHa cuctematuka. Knacudikauis.

MpurapanTe! Lo Take 6iopi3HOMaHITTA N cucTemaTrKa?

- Momipkyiite!

MixxHapooHuli 0eHb 6ios02iyHO20 pi3HOMaHimmsa
(aHrn. International Day for Biological Diversity, IDB) — mixHapog-
HUI OeHb, AKUI oronocuna leHepanbHa Acamb6nea OOH ana 3a-
NyyeHHA yBarn o npobnem 6iopi3HOMaHITTA, WO € OCHOBHOW
YMOBOI icHyBaHHA Giocdepu. Lleit feHb Becb CBIT Bif3Hauae
22 TpaBHs, NounHatoun 3 2000 p. A wo Take 6iopisHOMaHITTA?

3MICT

AKi YIHHUKM BNANBaloTb Ha popMyBaHHA Ta PO3BUTOK 6iopi3HO-
MaHITTA Hawoi 3emni?

BIOPI3BHOMAHITTA - ye miHaugicme xugoi npupodu 8cepeduHi 8udis, Mix suoamu
ma mix ekocucmemamu. bionoriuyHe po3maiTTsa, WO BifoOpaxKae KinbKicTb, Pi3HOMaHIT-
HIiCTb i MIHAMBICTb »KNBOI NPUPOAN, ICHYE CKPIi3b — AK Yy BOAi, TaK i Ha cyxoponi. BoHo
CKNapaeTbea 3 ycix Gopm XKMTTA Ta opraHi3miB: Big NpioHis, Bipoigis i Bipycis, 6akTepil
Ta apxen aXk JO BULMX POC/IVH, CMPaBXHIX TBapUH 1 ntoauHu. Bci Tunu GiopisHoma-
HITTA — 2eHeMu4He, sudoase I ekocucmemHe — Nos'A3aHi MiX cobot0. Tak, reHeTUYHe
pi3HOMaHITTA 3abe3neyvye BULOBE, Pi3HOMAHITHICTb eKOCUCTEM CTBOPIOE YMOBY AJ1A BU-
LOYTBOPEHHSA. AKi X YUNHHUKW BNINBalOTb Ha BiopisHOMaHITTA?

MpuumrHoto eBontoLii 6iOPiI3HOMaHITTA € MPOTUPIYYA MiXK YMOBaM/ CepefoBuLLa,
Lo MOCTIMHO 3MIHIOIOTbLCA, | CNAAKOBICTIO XMBOI Npupoan. Tomy Ha bopmyBaHHA Gio-
Pi3HOMaHITTA BNMBalOTb 308HiWHI (HaNPYKNag, reonorivxi, KnimatuyHi) Ta BHympiw-
Hi (HanpuKnag, pekoM6iHaLlifA reHis, FOPM30OHTaNbHE NepeHeceHHs reHiB) YAHHUKN.

B eBontouii xmnBoro Ha 3emni nocTinHo 36inbwyBanoca 6iopisHOMaHITTA 6io-
CMCTEM Pi3HMX PiBHIB opraHi3adii nig gi€o esomoyiliHux YUHHUKIB. Lie pywitiHi YuH-
HUKU egostoyil (NpupogHnin 4o6ip) Ta esleMeHmapHi YUHHUKU egosloyil (nonynauinHi
XBUNI, i30MAUiA, fpend reHis).

BbaraTo HayKOBLiB CTBEPAXYIOTb, O €BOJIOLiA 6iOPi3HOMaHITTA TiCHO NoB’A3aHa
3 eBOJIIOLIEID eKoCUCTeM, Yepes Te OKpPiM BiGOMMX eBOMIOLINHNX YNHHMKIB Ha €BO-
nouito 6iopPi3HOMaHITTA CYTTEBO BMUBAOTb eKOsI02i4Hi (abiomuyHi, 6iomuyHi Ta
aHmMponiyHi) YUHHUKU.

§ 5. biopi3HoMaHiTTA. CuCTemMaThKa
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Ocob6nvBMM € BNANB aHTPOMIYHOIO YMHHMKA. 3rigHo 3 gonosiga BcecBiTHbOro
doHpy pukoi npupogu (aHurn. World Wildlife Fund, WWF) 3 BnnuBom [HisnbHOCTI
NOAVIHM NOB'A3aHe CKOPOYeHHs Biopi3HOMaHITTs 3emni Ha 28 %.

OTxe, eBontoLis 6iopPi3HOMaHITTA € iICTOPUYHMM MPOLECOM,
Wo BinbyBa€eTbCA Mif Ai€l0 PiI3HUX YMHHMKIB.

Aki ocHOBHI MeTOoAM, HAaNPAMM Ta pPo3A4inu cyyacHoi 6iocucremaTnkn?

BIOCUCTEMATUKA (Big rpey. cucmemamikoc — ynopagKoBaHWUN) — HAYKA, Wo
onucye, Hasueae U Knacugikye icHytodi ma sumepsi opeaHiamu. OCHOBHe 3aBfaHHA
L€l HayKn — CTBOPEHHA CUCTEMM OPraHiYHOro CBITY ANA OpieHTaUil y BenuyesHin
pi3HOMaHITHOCTI  opraHi3miB. HalnowwvpeHiwym MeTogoMm 6GiocucTemaTuku €
nopigHANbHO-MOpo1o2idHUU. 13 apceHany CyyacHUX MeTofiB BMOKPEMUMO Xemo-
cucmemamuky (BMBYEHHA CKnagy PeYOBUH N 0cobnmMBOCTe OO6MIHY PEYOBWUH),
Kapiocucmemamuky (BOCNiOXEHHA XPOMOCOMHOI0 Habopy pi3HUX BUAIB), 2eHOCUCMe-
mMamuky (BuBYeHHA HyKkneotuaHoro cknagy AHK i PHKy pisHux opraHiamis). OctaHHIM
YacoM Habyna 3Ha4YHOro MOLWMNPEHHA MOJIEKY/IApHA cucmemMamuka, nobyfoBaHa Ha
aHanisi reHeTnyHoro matepiany. OCHOBHMMMK HanpAMaMu CyYacHOI CUCTEMATUKN €
unopoBunn (beHetrka), eBonouiiHui (pinictuka) Ta ¢inoreHeTUUHUI (KNagncTmka).
(DeHemuy4Ha cucmemMamuka rPyHTYETbCA Ha 3arabHiil NOAIGHOCTI opraHi3MiB i MoXke
He BigobpaxaTn ¢inoreHeTnYHi 3B'A3KW. PopoBigHe pAepeBo y
LbOMY BMNafKy Ha3MBA€ETbCA AeHAporpamoto. EgosoyitiHa cuc-
MmeMamuka rpyHTYETbCA Ha 3HAHHAX €BOMIOUIMHMX BiIHOCKH MiX
cropifgHeHMMY rpynamu i nofibHocTi 6araTbox 03HaK OpraHi3mis.

QinoreHeTnyHa cucTemaTika - HaAnpam biocucmema-
MUKU, WO BU3HAYAE eBOJMOYiliIHI 83dEMUHU ceped pi3HUX 8UOI8
Ha 3emni, AK Cy4acHUx, mak i eumepsux. |HwWa Ha3Ba LbOro Ha-
npamy — KnagucTuka (Big rpeu. k1aooc — Tinka) yepes Te, WO
opraHiammn KnacudikyloTb y MOpAAKY iXHbOro Bifrany»KeHHs
Bifl eBONOUIHOrO [epeBa, He3Bakawunm Ha MopdonoriyHy
nopibHicTb. 3aCHOBHUKOM Ta aBTOPOM Kia-

In. 6. Binni XeHHir

AVNCTVKN € HiIMeUbKNn eHToMonor B. XeHHie2 TNaHueTHUK
(1913-1976) (in. 6). Y cyvacHin biocucre- -
o MaTuui  ¢inoreHeTMKa CNyrye OCHOBHUM C\
e nigxogom Ao bioknacudikauii, i BCi cyvac-  Xpeber MiHora
z Hi CMCTEeMM NEBHOIO MipPOI MiICTATb iHPOp- ﬁ\
% Mauio, OTpMMaHy 3a [OMOMOrOl0 LbOro Pyxnusictb TyHeub
% nigxogy. Pe3synbtratom  KnagncTtmyHoro wenenm pgpey
o) aHanisy noxofeHHA TaKCOHa € fiarpamu, —D— Canamarapa
B o iX Ha3nBalTb Knadozpamamu (isn. 7). Hg:g’ﬂ;‘;;‘;‘ﬂﬁ';‘;
s BignoBigHO po 3aBAaHb, WO CTO- ‘
E) ATb nepea cuUcTemMaTukolo, y i cknapi AMHiOLV';u”; Hepenaxa
BMOKPEMJIIOTb PO34iNIN — TaKCOHOMIlO Ta
HOMeHKnaTypy. TakcoHomisa 8ug4YaEe NPUH- Bonoccs
yunu, memoou U npasusna Knadcugikauir. Neonapa
[HWKrMK cnoBamu, Ue Teopis Knacudikauii. In. 7. Knagorpama oKpeMiX TakcoHis
fonosHa MmeTa 6ionoriuHOI TakCOHOMIi — XOPAOBYX 3 BUAINEHIMM
CTBOPEHHA NPUPOAHOI CUCTEMU OpraHIy- XapaKTepHUMY BU3HaYalbHUMU
20 HOro CBIiTY Ta 3'ACyBaHHs dinoreHeTUYHOT 03Hakamu (anomopdisamm)
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cnopigHeHocTi. bionoziyHa HOMeHKIamypa 8ugyae cucmemy HAYyKOBUX HA38 MaA
npasus HaluMeHY8AaHHSA 2pyn XUsUX Op2aHi3amMis, 06’'€OHAHUX 3a Ne8HUMU CNOPiIOHEHUMU
38’A3kamu. nA 3BefeHHA LMX NpaBu iCHYIOTb cneuianbHi HOMEHKNaTypHI Kogekcu
(Hanpuknag, «<MixxHapoHWI KogeKc 60TaHiYHOT HOMeHKNaTypuy, «<MiXKHapOaHWIA KO-
[leKC 300/10TiYHOT HOMEHKNATYpu»).

OTXe, cyyacHa cncteMaTmka OMNuUCyeE 1N YNopA4KOBYE
iCHytoui 11 BMMepni BUAW, KNacndikye Ta BM3HAYAE eBOJIIOLiNHI 3B'A3KM
ONA CTBOPEHHA CUCTEMU OPraHiYyHOro CBITY.

Aki npuHUMNN HayKoBOi Knacudikauii opraHiamiB?

Knacudikauis (Big nar. classis - po3pag, facio - pobutn) — ue po30in cucmemamu-
KU, 8 AKOMY XUBi OpedHi3MU po3n00ifiaomb 3a Ne8HOK CUCMeMOI0 iEpAapXiyHO OpeaHi3o-
8aHUX Kamezopili-makcoHie. KnacndikyBaTu opraHiam neBHOro Buay — Lie BU3HaunTu
CTyniHb NOro nofibHocTi 1 BigMIHHOCTI Bif iHWWX OpraHi3MiB Ta BKasaTu micue B
CUCTeMi OpraHiyHoro cBiTy. JInwe 3acTocyBaHHA Pi3HUX METOLIB CUCTEMATUKK, M-
60K aHani3 o3Hak 6ynoBu, GpyHKLUilN, NoBeAiH-
KN Ta peTenbHe OOCNigKeHHA ¢inoreHeTnyHuX

TaKCOHOMIUYHE NOJNIOXKEHHA

. . BN TBapWH
3B'A3KIB [alOTb 3MOry BigHECTU BUL [O MEBHOMO Ay p
LapcTea, TMRY, Knacy Towo. KoxHil rpyni npu- | HOMEH Eykapiotw
TaMaHHi 3a3BMYal BU3HauvanbHi BiAMiHHOCTI, wo |HapctBo | CnpaexHi TBapuHu
BacTUBI Nuwe iii. Ix Ha3uBatoTb giarHocTUYHUMK | Tun Xopposi
03Hakamu. Tak, BOnocsAHW NOKpuB, Aiadparma € | Knac CcaBui
AiarHOCTUYHNMU O3HAKaMW CCaBUiB, @ HAABHICTb | pgp Mconoai6Hi
MNOAIB, KBITiB i NOABIAHOrO 3aNNiAHEHHA ~ 03Ha- [ poy Mcosi
KaMu KBITKOBUX. .

. L - Pip MNec
Po3nopfin opraHi3amiB Ha rpynu 34iACHIOETbCA — -
. Bupg Mec cBincbkMM
33 AOMOMOrOI0 CUCTEMATUYHMX KaTeropin, Aku-

MU € OOMEH, yapcmeo, mun, Kidc, psao, poouHa,

.S - . TaKCOHOMiYHe NOJNIOXKEeHHSA
pio i 8ud. [lomeHn NOERHYIOTb AEKiNbKa LapCTB,

) y . BUAy pocyinH
apcTBa — MOEAHYIOTb TUNW i T. 4. Y cuctematuLi .

H FVJ ARy A . ,,,U' [omeH Eykapiotun

ue NPUHLMN Ha3nBaloTb NPpUHYUNOM iepapxii. Y 3 - ©
. o .o . o« T HI NHN

cucTemaTuLi POCiUH 1 6akTepin 3amicTb TRy i Uapcreo Eneni pocn E
PAAY BUKOPWCTOBYIOTb Biadin i mopsAaokK. 3a He- | BiAAIN CrpenToditn g
06XigHOCTI MOXYTb 6yTN BUKOPUCTaHI NpomixHi | Knac KsiTKoBI 5
e . . . . S
KaTeropii 3 npedikcamv Had- un niod-, Wo fopa- |Mopagok Po3ouiTi )
. =
I0TbCA 10 OCHOBHWX (Hampuknag, MiauapcTeo, |Poauua Po30Bi £
: I
HaguapcTBO, MiATMN, HAATUN). Pin A6nyHs 5
OCHOBHOI0O i HAMEHLLIOK OAMHMLEI0 KNacu- o
. ; Bug A6NyHA foMalLHA z
oikauii € Bug. Hassa Bugy 3rigHo 3 npuHyunom 3
. . . (o)
6iHapHOi HOMeHKIamypu CKNafa€eTbCA 3 [IBOX C/iB: MepLUe CJIOBO BKa3y€e Ha poJoOBY B
HaNeXHicTb, a Apyre — Ha BupoBy. Hanpuknaa: nec cgiticekul (Canis familiaris) abo g

A6nyHa pomawHa (Malus domestica). Ina nopo3yMiHHA MiX HayKOBLAIMM Pi3HUX Kpa-
H Wwopo Ha3e opraHismis B XVII CT. noyanu 3acTocoByBaTW MiXXHapPOAHY GionoriyHy
HOMEHKNaTypy Ha OCHOBI NaTUHCbKOT MOBU.

OT>Ke, OCHOBHMMUW MPUHLMMAMN HAYKOBOI CUCTEMATUKM € MPUHLANK
iepapxiyHocTi Ta BiHAPHOI HOMEHKATYPW.

21
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,@ LIANBHICTb
M JlabopaTopHa po6oTa 1

Bu3sHauyeHHA TaKCOHOMiIYHOTO NONOXKEHHA BUAY B CMCTEMi OpraHi4uHOro cBiTy
MerTa: po3BMBaTK YMiHHA 3aCTOCOBYBATW 3HaHHA NPO KpUTepii BUAY Ha NpaKTuLi
Ta GopMyBaTV NPaKTUYHI YMIHHA XapaKTepun3lyBaTu BUAN.
O6napgHaHHA: intocTpauii (repbapii, HaTypanbHi 06'€KTN TOLLO) BOX BUAiIB OQHO-
ro pogy.

Xig po6oTu

1. YKaxiTb yKpaiHCbKi 1 NaTUHCbKI Ha3BM BUAIB, 0OpPaHMX [ XapaKTEPUCTUKN.

2. 3a JOMOMOrol OCHOBHMX TaKCOHOMIYHMX KaTeropi BM3HauTe micue BUAIB Y
CUCTeMi OpraHiyHoro cBiTy.

3. Has3BiTb 0O3HaKU poJ0oBOI HANEXHOCTI, AKi CBifYaTb NPO HANTICHILWI POANHHI 3B'A3-
K1, Wo BigobpaxatoTb NogibHICTb Ta CMifbHICTb MOXOAXKEHHA. flka NpPUYMHA No-
JibHoCTi BMAiB?

4. YKaxiTb 03HaKM BUOOBOI HAIEXHOCTI. AKa NpuynHa BigMiHHOCTEe BUAIB?

Migcymok po6oTn.

PopguHa: lomiHign
Pig: WnmnaHse
LLinmnaH3e 3BUYaiHUN

bionoria + EBonouin

16 LLinmnaH3se Kapnunko-
Bun (6oHo60)

Pig: liogn

JlioanHa posymHa

Pip: Fopunn

18 3axigHa ropuna

lpoaHanisynte Knagorpamy romiHig, Yy
AKiIN BigoOpa)keHO eBONIOUINHI 3B'A3KM MK 18
iCHYlUMM HUHI BMAaMu (UMdpu BKasyloTb
Ha Yac PO3XOAXKEHHA rPYn y MiNbMOHaX POKiB
TOMy) Ta 3a il LONOMOrO BU3HaUTE TaKCOHO-

MiyHe nonoxkeHHa suay JIloouHa po3ymHa. A CxigHa ropuna
rPin: OpaHryTaHmn
3 KanimaHTiNncbKnin opaHryTaH
CTABNEHHA - CymaTpaHCbKUI opaHryTaH
Bionorisa + Typusm. biopisHomaHiTTA i Typnsm
i i i i i 22 MAY 2017
Tema M'|>K+!aponHo‘ro aHA 6|onorv|quro pi3HOMaHITTA Y A ATIONAL DAY
2017 p.: «biopisHOMaHITTA Ta cTanuii Typusm». Temy obpa- FOR BIOLOGICAL DIVERSITY

HO Yy 3B'A3Ky i3 NporofoLlueHHAM leHepanbHo Acambnecto

E OOH 2017 poky MixXHapoAHUM POKOM CTanoro Typusmy.
; Yomy nigTpumKa 6iopisHOMaHITTA € 060B'A3KOBOIO YMOBO ‘ o' ® (
% B OpraHi3auii TypucTnuHoi fianbHOCTi? Ake 3HayeHHA bio- oty and P, sl
z CUCTeMATUKN Yy BUBYEHHI GiopisHOMaHITTA?
[a
2 PE3YJIbTAT
©
E) 3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo Take 6iopisHOMaHiTTA? 2. Ha3BiTb BuAK 6iopisHomaHiTTA. 3. LLlo Take cnctema-
1-6 |T1uka? 4.Ha3Bitb cyuyacHi metoan cuctematuku. 5. LLlo Take knacudikauin? 6. Hassitb
OCHOBHI CUCTEeMATUYHI KaTeropii.
7. AKi YUHHMKKX BNIMBalOTb Ha GOPMYBaHHA Ta PO3BUTOK GiOPiI3HOMaHITTA Hawol
7-9 |3emni? 8. Ha3BiTb OCHOBHi MeTOAW, HaNPAMK Ta PO3ZiNN Cy4YacHOI CMCTEeMATUKMN.
9. fIKi NpMHUMNY HayKoBOI Knacudikauii opraHiamis?
2 10-12 | 10. flke 3HAYEHHA CMCTEMATUKU AJIA Cy4yacHUX 6ioNoriyHmX JOCNigKEeHb?
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Buodu susHa4yaromscs He 8iOMiHHOCMAMU, d 8i0OKpeMIeHicmio.
E. Matp

§6. CyuacHi KpuTepii Bugy

OCHOBHI NOHATTA N KNtouosi TepmiHu: Kputepii sugy. BIOJIOMNYHUA BUA.
MNonynsauisa. NigBug.

MpurapanTe! AKi € piBHi opraHizauii *knsoi npupogun?

X Momipkyiite!

3 KOAUCb YMCNEHHOro pAgy
XOOOTHMX HUWHI 3anMWKNOCA BCbOro [ABa
poan — agpukaHcbkul Ta iHOiUCoKUl
c/oHU. AdprKaHCbKi cnoHn 06’eaHyI0Tb
nBa Buan - c1oH casaHHul (Loxodonta
africana) Ta cnoH sicosuli (Loxodonta
cyclotis). IHAINCbKI (a3ifcbKi) cNoHn y cy- CnoH caBaHHUI CnoH iHAicbKuin
yacHin dayHi npepcTaBneHi nuwe ogHUM
Buaom — Elephas maximus, Ha3Ba AKOro yKpaiHCbKOK MOBOI 36iraeTbca 3 Ha3BO
popy. Yomy ue pisHi Bugn?

3MICT

Akumn € KpuTepii Bugy?

KpuTepii Bugy (8ig rpeu. kpumepioH — 3acib gna cygkeHb) — 03HAKU NodibHocmi
MiX 0COBUHAaMu 00HO020 8UQY, A MAKOX O3HAKU, 3a 0ONOMO200 AKUX OOUH 8UO 8i0pi3-
HAMb 8i0 iHWO020. BUAOBY CaMOCTINHICTb NMEBHOI rPynu 0COOUH YCTaHOBIOKTL 3a
TaKMMKU KpuUTepiamu, AK MopgooziyHul, kapiomunidyHud, gizionoeiyHul, penpodyk-
mugHud, 6ioximidHul, 2eoepacpiyHul, ekonozidHud.

Mopdgonoziynuli kpumepiti nepepbavae Bu-
JiNeHHA Ta ONMC 30BHILLHIX 03HaK y 0COOMH OAHO-
ro suay. Tak, 3a po3mipamu, 3abapsrieHHAM Mip’s
MOXHa pPO3PI3HUTN 3eIeHOro M YOPHOro AATNIB
(in. 8). Uen KpuTepit € HaM3PyYHILIMM i TOMY LINPO-
KO 3aCTOCOBYETbCA B crcTemMaTuui. [poTe B npupogi
TPanaAwTbCA BUANY, WO TX HEMOXKIINBO PO3PI3HATU
3a 30BHILWHIMN 03HaKamu. Lle BUAN-ABINHMKN — MOp-
donoriyHo cxoxi Mixx coboto, ane Bigpi3HATbCA
3a iHWKMKM O3HaKamu. Tak, 3a Ha3BOK NAYIOK HYOp-
HUU BUABNEHO ABa BUAU-ABIVHMKK, B AKMX 38 Ta
42 XpOMOCOMMU.

KapiomuniyHuli (2zeHemu4Huli) Kpumepiti NOB'A3aHUI 3 BUBYEHHAM KiNlbKOCTI
XPOMOCOM Yy KapioTumi Ta ocobnmBocTei ixHboi 6ygosu. Came Li 0C06MMBOCTI BU3Ha-
UalTb 2eHeMUYHy 8i0OKpeMsIeHiCMb AK FONOBHY O3HaKy BMAY. Lle NOACHI0ETbCA TUM,
Lo 0cobNMBOCTI Ta KiNlbKiCTb XpOMOCOM BMNAMBalOTb Ha Nepebir menosy i 3abesneuy-
I0Tb BIAHOCHY reHeTUYHY i3onAuito BUAiB y npupodi. Y TUX BUnagKax, Koiv mMixkBmgose
CXpeLlyBaHHA BCe X Taku BiibyBaeTbCA, ribpuaHi ocobnHn abo € ctepunbHumMu, abo
i3 MeHLWOo KUTTE3RATHICTIO. Lle oanH i3 HalHaginHiWnX KpUTepiis, NpoTe N BiH He
€ abconoTHMM. TaK, ycCi WicTb BUAIB-ABINHNKIB MansApinHOro KoMapa MakwTb 2n = 2,
46 XPOMOCOM € He NlLe B KapioTUni NIOAMHNY, a Ny NIONKHY. 23

In. 8. YopHun (1) i 3eneHnn (2)
4ATnm
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MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




QizionoziyHuli Kpumepili nonsrae B NOAIGHOCTI MPOLECIB KUTTERIANBHOCTI
0CobuH ofiHOrO BUAY.

PenpodykmueHuii Kpumepili NOB'A3aHNA i3 HEMOX/UBICTIO CXpeLlyBaHHSA
0COOVH Pi3HMX BUAIB Yepe3 MOPPONOriuHi, eToNorivHi, KapioTUNiYHi Ta iHWI BigMiH-
HOCTI. Ane 1 uen KpuTepin «CnpaLboByeE» HE 3aBXKAW: BCTAHOBIEHO YMMASO Pi3HUX
BUAIB, AKI MOXYTb CXpeLLyBaTUCA B TPUPOAi 11 gaBatu naigHi ribpuan. Npuknagamm €
MiXKBUZOBI ribprAN 3aiua-pycaka i 3anua-6inaka, ogHo- 1 Asorop6oro Bep6ntogis,
TepeHy 1 anwnyiTa iH.

bioximiyHuli Kpumepiti [NA BU3HaYeHHA BULOBOI HaNeXHOCTi nepeabayae aHa-
ni3 ocobnmBocTel 6ynoBU i CKNnagy MakpoMoneKkyn Ta nepebiry neBHUx 6ioXiMiuHmx
peakuin. Tak, 0cO6UHM OQHOTO BUAY MatoTb CrinbHy cTpyKTypy AHK, cuHTe3ytoThb no-
LiOHI 6inkn. Ane 11 6ioxiMiuHMI KpUTEpIl € BigHOCHMM. Hanpuknag, 4ns ocobuH sugy
XapaKTepHuii 6inkoBui nonimopdiam abo B 0COOMH Pi3HNX BUAIB € OQHAKOBI reHN.

leozpacpiyHuli KpuTepin NOB'A3aHNI 3 TUM, O KOXeH BWJ 3aliMa€ MeBHYy Te-
puTopito abo akBaTopito (apean). Ane y BenvMyesHol KinbKoCTi BUAIB apeanu abo
36iratoTbcs, abo nepekpuBaTbcs. KpiM TOro, iCHYIOTb BMAU, WO HE MaloTb YiTKMX
MEX MOLINPEHHS, @ TAKOX 8UOU-KOCMONOJIimu (pAcKa, KiMHAaTHa Myxa, Py4aun Taprax),
LLIO MeLLKaloTb Ha BEMYE3HUX NPOCTOpax cyxonosy abo OkeaHy.

EkonoziyHuii Kputepin nepepbayae NprCTOCOBAHICTb A0 MEBHUX YMOB iCHY-
BaHHA. [1nA KOXHOro BMAY XapaKTepHi NeBHi yMOBY cepefoBULLA ICHYBaHHA, WO iX
Ha3MBaloTb eK0J102i4YHO Hiwero. TaK, »OBTelb IAKMI poCTe Ha 3aniaBHUX NyKax, a
OBTeLb NoB3yuyunii — no 6eperax pivok. OfHak icHylOTb BUAMK, AKI HE MalOTb CyBOPOT
€KOJIOTiYHOT NPUYPOYEHOCTI.

Kputepii Bugy nos'a3aHi mixx coboto i BU3HaualoTb AKiCHY 0cobnmBicTb Buay. Ane
YO[IEH 3 HMX He € abCcoNTHMM. JTnLle B CyKyMnHOCTiI onrcaHi KpuTtepii gatoTb 3Mory 3 1o-
CTaTHbOI HaAiNHICTIO BCTAHOBUTW NPUHANEXHICTb OpraHiamy Ao TOro Yu iHWOoro Buay.

OTXe, BUAW i HaNeXHICTb 0COGMHM [0 NEBHOrO BMAY BM3HAYaOTb
3a CYKYMHICTIO O3HaK-KpUTepIiB, AKIi B3aEMHO OOMOBHIOKTb OAUH OAHOrO.

Yomy B HayLli HEMa€ EANHOIO Ppo3yMiHHA BUAY?

YHiBepCanbHOro BM3HAYEHHA BUY HEMAE, ane Yy CTaHOBJIEHHI LibOro MNOHATTA Bi-
Airpanu ceoto ponb pi3Hi KoHUenuil. HangasHiwWwoto i HalinowrpeHilwoto € Mmopgosio-
2i4Ha KoHyenyid, 3rigHO 3 AKOK BUAOM € CYKYMHICTb OCOOUH, AIKi BiApi3HAIOTbCA Bif
iHWKMX NeBHUMM 30BHIWHIMN O3HaKaMn. KoHuenuia He cTana 3araJibHOMNPUNHATO
yepes Te, WO Y NPUPOLI OCOOMHM OAHOrO BUAY MOXYTb BifApPi3HATUCS Y BUMNaAKax
cTaTeBOro Aumopdiamy (Hanpuknag, camui N cCaMKy iHLINCbKOro CNOHa UM XYKiB-
oJieHiB), noniMopdiamy — HAABHOCTI B MeXax NonynALil 4eKiNbKOX rpyn 0CO6UH, Wo
BifPi3HATbCA 30BHILWHIMM 0COBMBOCTAMY (HaNpUKNag, YepBOHa 11 YopHa popmu
COHeuKa IBOKPankoBoOro) ToLlo.

B ocHOBI 6ios102i4HOI KOHYenyii 8Oy NeXWUTb MOHATTA PenpPoAyKTUBHOI i3onALii i,
BiAMOBIAHO, BiACYTHICTb ribprAiB 3@ YMOB NPOXKMBaHHSA HA OAHI TepuTopii 6IN3bKIX
BUAiIB. Afe BOHa TaKOXX € HEJOCKOHANO, NPO WO CBifyaTb YNCIEHHI NPUKNaaw ri-
6puvan3sauii BUAIB y NPUPOAI Ta HAABHICTb FOPUAHNX 30H Mi>K 6/IM3bKMYK BUAAMM.
HanyxunBaHiwwmm y 6ionorii € BuU3HaueHHa Buay, cbopmMynboBaHe came 3 No3uin 6io-
noriunoi KoHuenuii suay. BIONIOTTYHUIA BUJ, (naT. species) — cykynHicmb 0CO6UH y
cknaoi nonynayid, wo xapakmepusylomsca cnadkosow nNodibHICMI0 03HAK, 8i/lbHO
cxpewytomscs i 0arome njooYe NOMOMCMB0, NPUCMOCOB8AHI 00 NEBHUX YMO8 Xum-
24 mas i 3aiimarome y npupodi negHy mepumopito — apearn.

Tema 1. BIOPI3HOMAHITTA
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3riaHoO 3 noslimuniyHOK KOHUenUyieo BUA MOXe OXOMJoBATU Pi3Hi 3a crnocobom
XUTTA | 6ynosu popmm (nigsugm, rpynu nonynauin). MpenctaBHUKY LUKX FPyn Yac Bif
yacy MOXyTb CXpeLlyBaTUCA i JaBaTy NiigHe NoToMcTBO. Afle B 0COOMH oiHOrO BUAY
€ CNiNbHWI reHOGOHA, | BOHW 3aXULLEHi Bii NPOHUKHEHHA reHiB iHLWVX BUAIB NEBHUMU
6ap’epamu izonsuil. Buan, ski He po3aineHi Ha nigBMAW, Ha3MBaATLCA MOHOMUNIY-
HUMU. HalyacTile TakumMmn BUgAaMn € eHOeMiku (Hanpuknag, canamaHapa niasmmucTa)
un penikmu (Hanpuknag, ratepis). Bugu, Wwo cknagaTbca 3 A4BOX i Oinblue NigBuais,
Ha3nBaTbCA nosimuniyHumu. Tak, BUE Oypwuii Begmigb mae 8 nigBugis, a nucmuya
3BMYaNHa — ax 17.

3aBAAKN BUKOPUCTAHHIO MOMEKYNAPHO-BI0NONYHNX | FeHeTUYHMX METOAIB Ao-
CNifKeHb Yy cucTemMaTuli CTaB MOXVBUM OYpXSIMBUN PO3BUTOK ¢hinoceHemuyHor
KoHUenuii sudy, AKa Bigobpakae eBONOLiHI 3B'A3KM MiXK OpraHiamamu i He akLeHTYye
yBary Ha penpoayKTUBHiN izonauii. Hanbinblworo 3HaueHHsA HabyBalTb KNagnCTUYHI
MeToAV 1 NobyfoBa Kaforpam, y AKUX Afia OLiHIOBaHHS eBONIOLIHMX BiIIHOCKH BU-
KOPWCTOBYIOTbCA NMLIE YHiKaNbHi ANA NeBHOI0 TaKCOHa O3HaKMU.

OTe, pi3Hi nornagu n KoHuenuii Ha NOHATTA BUAY MOB’'A3aHi
3i CKNIAQHICTIO y3arajibHeHHA BParkalouoro BUAOBOrO Pi3HOMAHITTA
Ta Pi3HOMAHITHICTIO CMNOCO6iIB IXHbOrO BUHUKHEHHSA.
AKi ocHOBHI CTPYKTYpHi oguHuLi Bugy?

Y npupogi Buan i3onboBaHi 0auH Big ogHoro. MpoTe 0cobuHK 1 OAHOrO BUAY
BCepeanHi apeany nowmnpeHi HepiBHOMIpPHO. B noro mexax micusa, cnpuaTnmei ana
IXHbOrO iCHYBaHHA, YepryTbCa 3 AiNAHKaMW, HENPUAATHUMU ANA IXHbOro »KUTTA.
Yepes Te BcepeauvHi apeany BuA pO3MafaeTbCs HA APIOHIiWi nonynAuinHi rpynu
ocobuH. Monynauia - ye cykynHicms ocobuH 00H020 8UDY, AKi ynpo0oosx 6a2ambox
NOKOJIiHb iCHYIOMb Yy MexXax nesHoi mepumopii 8udy, 8islbHO cxpeuwlyromscA i 8iOHOCHO
i30/16080aHiI 8i0 iHWUX nonyAYiU 8udy.

BuiLioto CTPyKTYpHO OfMHULEI0 B MeXax BMAY B POCIMH M TBAPWH € NigBuaw,
AKI MOXYTb BIAPI3HATUCA OAMH Bif OAHOrO Pi3HUMW O3HAKaMMK: 30BHILIHIM BUMNA-
oM, 0cobnvBoOCTAMU OyOBY, NOBEAiHKOW, disionoriuHummn GyHKLiamy TOLIJ,O (in. 9).
MiaBua - 2eoepagiyHo abo ekoso2i4Ho 8ido-
KpemsieHa 4acmuHa eudy, 0coObUHU AKOI nid
0i€to YUHHUKIB cepedosuwa Habyu cmitikux
ocobsiugocmell, Wo 8iOpi3HAOM®b iX 8i0 iHWUX

OTmxe, nonynauii n nigeuan € opmamm icHyBaHHA bionoriyHoro suay,
o 3abe3neyvyioTb MOro NMPUCTOCOBaHICTb JO KOHKPETHUX YMOB
iCHYBaHHA B MeXax TepuTopii apeany.

>
niogudie. HasBHicTb NiABUAIB XapakTepHa g
TiNbKN ONA NONITUMIYHUX BUAIB, AKi MalTb =
BeINKi apeann 3 PisHOMaHITHAMU YMOBaMW. “E’
Y cknagi nigBuAiB BMOKPEMOIOTbL reorpa- In. 9. MigBnAM BUAY NAvcka Gina 2
&biuni pacu (y TBapuH) Ta eKOTUNU (y POCINH). (Motacilla alba) g
2
>
|9
)
wn

RIANbHICTb

HaBuyanbHuii npoeKkT

CKnaflaHHA XapaKTepucTUKN BUAY 3a BUAOBUMU KpUTepiamun
AdpUKaHCbKMI Ta iHAINCbKMIA (@3iACbKMIA) COHM Pi3HATbCA HACTIbKKM, WO iX
BIAHOCATb A0 Pi3HUX BUAIB. 3aCTOCYMTe 3HaHHA NPO KpuTepii B1AY Ta AOBERiTb, WO 25
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Le pi3Hi BUgKW. BrkopucraiiTe 3anponoHoBaHy Tabnuuo Ta NigroTynte ans 3axucrty
HaBYaNbHMWI NPOEKT, B AKOMY HaBefiTb XapaKTepucTMKy obpaHoro Bmay.
Ta6bnuuya. XAPAKTEPUCTUKA BUAIB 3A BUAOBUMU KPUTEPIAMUA

Kputepiin Bupy CNoH caBaHHUIA CnoH iHgincbKknmn

1. MopdonoriyHumi

2. KapiotuniyHun

3. DizionoriyHun

4. bioximiyHun

5.TeorpadiuHun

6. EkonoriuHum

3aBAaHHA Ha 3aCTOCyBaHHA 3HaHb

Mopcbkuint apakoH py6iHoBui (Phyllo-
pteryx dewysea) - BWUA MOPCbKMX iCTOT
ACKPaBO-YePBOHOIO KONbOPY 3 POXEBMMU Bep-
TUKANbHMM WITPUXaMU, AKI XKUBYTb Y MOPCbKIii
BOAi Ha rnMunbuHi 45-50 m. MpoaHanisynte onuc
Ta cnpobyiTe CamOCTIMHO BW3HAYMTK MicLe
LbOro BnAay B CUCTEMi OPraHiyHOro CBiTy.

«li opeaHiamu xapakmepusylomecs nNepesaxHO noJi2eHOMHUMU KAimuHamu,
cchopmosaHuUM S0pomM ma HaseHicmio MeMbpaHHUx opaaHes. OOHUMU 3 HAU20108Hi-
WuUx 03HAK € 2emepompogHicme | 30amHicme akmusHo pyxamucs. MopghosnoziuHi
ocobausocmi: HAABHICMb HA nesHili cmadii xumms xopou, Hepsosoi mpybku ma
346posux WinuH. NMapHi nnasyi yux MopcoeKUx icmom He Maromes mM'azucmux sonamed
6ina ocHosu. Pi3Hi sudu Mewkawme ceped MOPCbKUX mpas i mpumaromecs y 800i
sepmukanbHo. Camui yux meapuH Npukpinaflome iKpuHku 0o xgocma. Llje oOHi€ro
03HAKOI0 € 3pocsi wenenu i ManeHobKkul mpy6KkonodibHUG pomy.

CTABJIEHHA
bionorisa + Cinbcbke rocnogapcTso

Y mexax Buay Kykypyosa KynemypHa (Zea mays) B cuc-
TemaTuui PO3pi3HAIOTb AeB'ATb NiABUAIB KYKYPYA3W, cepeq
AKNX BUOKPEMUMO KpeMeHWCTY (Z. mays indurata), 3ybono-
Li6HY (Z. mays indentata), kpoxmanucty (Z. mays amylacea)
Ta UyKpoBy (Z. mays saccharata). 3a AKMMK 03HaKamu po3-
pi3HATb Ui NigBnan Kykypyasmn? BrusHaute TakCOHOMIUHe
NOJSIOKEHHA KyKYpYy/a3u B CUCTEMi OPraHiyHoOro CBiTy Ta oLi-
HiTb NPaKTUYHE 1 HAYKOBE 3HAYEHHA LbOro BUAY.

PE3YJIbTAT

Tema 1. BIOPI3HOMAHITTA

3aBfaHHA ANA CAMOKOHTPOJIO
1. Wo Take kpwuTepii BUAy? 2. Ha3giTb ocHOBHI KpuTepii Buay 3. Lo Take Gionoriu-
Hu1 Bua? 4. Haesepitb npuknagm suais. 5. Lo Take nonynauia? 6. Lo Take nigsna?
7. Aknmn € kpuTepii Bnay? 8. YoMy B HayLi Hema€e €4MHOro po3ymiHHA suay? 9. Ha-
3BiTb OCHOBHi CTPYKTYPHI OANHWLI BUAY.

10. Ha KoHKpeTHOMY MpuKnagi cknafiTb XapakTepuctuky BUay 3a BUAOBUMU Kpu-
Tepiamun.

10-12
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Icmomu Ha mexxi Ximil ma xummea.
O. M. lLLIkpob

§7. HekniTnHHi popmm xutTa. Bipycn

OCHOBHIi MOHATTA 1 KNto4oBi TepmiHu: HekniTuHHi popmu untTa. Bipoign.
MpioHn. BIPYCI.
MpurapaniTte! Lo Take MonekynApHWIA piBeHb opraHisauii »Xutta?

'\ Momipkyiite!

Ha 3emni € Taki Makpomonekynm n cucteMu Monekys, Lo
nepebyBaloTb Ha MeXi Mi>K HEXUBOIO 11 XKMBOIK MPUpPoLoto. BoHu,
AK i BCi iHWI Tina HEXMBOI NPUPOAKY, yTBOPEHI 3 aTOMIB 1 NPOCTUX
Monekyn. A AKi )X 03HaKM NOEAHYIOTH iX i3 XKMBO Npuponot?

= IR S 2 1.‘
FS o, N LN
T

3MICT SN o e

Alki ocobnuBocTi opraHisauii Ta PyHKUiOHYBaHHA HEKNiTUHHMNX
dbopm xutTa?

HeknituHHi dopmm KuUTTA - ye ABMOHOMHI CMPYKMypu HA MOJIeKyaAPHOMY
pisHi opeanizayil xumms, 00 AKuUX 8iOHOCAMb 8ipoidu, npioHU ma eipycu. CRinbHUMM
03HaKamu Lnx GOpM XKUTTA €: @) CyOMiIKPOCKONiYHi po3mipu; 6) BiACYTHICTb KNiTUHHOT
6yn0BY; B) BHYTPILUIHbOKAITUHHWIA MApa3nTU3M; B) 34aTHICTb 36epirati CBOT 03HaKM Ta
3MiHIOBATMCA Nig YNAMBOM YMOB; ) 34aTHICTb ;O CAMOBIATBOPEHHA.

Bipoigu — HeknimuHHi popmu xumms y 8uzs1a0i 0OHO/IAHY020801 Kilbyeno0ibHoI
PHK, wio He koOye 6inkis. Bipoign 6yno Bigkputo B 1971 p. aMeprKaHCbKM Gionorom
T.O. iHepom. Lli cybmikpocKoniuHi YaCTUHKM 3aXMCHOI 6inkoBOT 000NOHKMN He MatoTb,
ixHA PHK mictutb 250-375 HykneoTtuais i mae macy Big 86 — 130 k[la. Bipoigu notpa-
NAATb Y KNITUHW OpraHi3aMy xasfiHa nig yac Nnoro BereTaTMBHOrO PO3MHOMEHHH, 3a
Z[ONOMOroto KoMax abo MexaHiuYHUM LAAXOM Y pa3i NoWKoAXeHHA. Bipoian MoxyTb
3aBJaBaTy 3HAYHUX 30UTKIB POCIMHHULITBY, OCKINbKN CIPUYUHAIOTL BipPOigHi 3axBo-
prOBaHHA POC/IVH (8epemeHonodibHicmeb 6y166 KApMoNJi, KAPUKOBICMb XpU3aHMem,
KaoaH2-kaddH2 KOKOCOBUX NAJIbM, X80p06a X08Mmux nJism pucy Ta iH.).

MpioHn — HekAiMUHHI popmu Xumms4,
wo € 6inKosUMU YacmuHkamu 6e3 HykJei-
Hosoi Kucsiomu. [pioHn cknagatoTbca i3
ocobnuBoro 6inka, AKUIA icHye y BurnAagi
nBox ¢GopM: HOpManbHUIA 6INOK Macoto
6n13bKo 25 400 a. 0. M. Ta aHOMalbHUMN, WO
BifPI3HAETbCA BTOPUHHOK CTPYKTYPOIO
i 30aTHUI MepeTBOPOBAaTU HOPMAJbHUN
6inok Ha cobi nogibHun (in. 10). Ocobnu-
BOCTAMW MPIOHIB € BiACYTHICTb BlaCHOro
reHoMy, BMCOKa CTilKiCTb 0 TeMnepaTtypu, ynsTpadionety, pagiauii. MpioHn He po3-
Mi3HaTbCA IMYHHOIO CUCTEMOIO SIK YYXKOPigHi 6iNKKu 1 He NPOBOKYIOTb iIMYHHOT Bif-
nosigi. Binkpre npioHn B 1982 p. amepukaHcbkuin 6ioximik C. Mpy3siHep. Ha cborofHi
NPIoHW 3Hal4eHO B KNiTUHaAxX 6aKTepil, ApiXAXiB 1 ccaBuiB. OnucaHo noHag 10 He-
6e3neyHnx NPioHHNX XBOPOO TBAPWH I NIOAVHY (Kopos’adull ckas, ckpelini oseysp, 2y6-
yacma eHyeganonamis Komsayux, pamasieHe cimeliHe 6€3COHHS, X8opoba Kypy Ta iH.).

BIPYCW (nat. virus — oTpyTa) — Ue HeKJIMUHHI hopMuU Xumms, AKi € 8HyMpiuHbO-
KnimuHHUMU abcontomHumu napazumamu (in. 11). Hapasi 6nmsbko 5 000 BMAiB Bipycis 27

1

In. 10. ®opma npioHiB: 1 — HopmanbHa pop-
Ma 6ifka; 2 — aHoMasbHa ¢opma 6Ginka

§ 7. HeknitnHHi dopmu xutTa. Bipycn
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ineHTndikoBaHo, Tofdi AK BYeHi BBaXkalTb, 1 2 B
WO iCHYE MOHag MiNbMOH BWAIB BipYyCiB.
BinkpwuTo Bipycu B 1892 p. pocincbkum 60-
TaHikom [1. IBaHOBCbKUM (1864-1920). Po3-
Mipu GinbLoCTi BipyciB — y Mexax Big 20 fo

300 HM, XO4a € cepef HUX 1 CNPaBXHi BeneT- In. 11. BipycHi yactuHkm: 1 - repnecy;
Hi cepep HeKNITUHHMX popM KuTTA. Lle mera- 2 - rpuny; 3 - TIOTIOHOBOI MO3aiKK;
7 MimiBipycy 3 po3mipamm 6113bKo 600 HM. 4 - Gakrepiogar

Bipycu matoTb kancud 3 6INnKOBUX YaCTUHOK — Kancomepis i HYKNeiHOBY KMCIO-
Ty — cepyesuHy. CTPYKTypy, WO MICTUTb HYKNEIHOBY KWCNOTY i Kancug, Ha3uBaloTb
Hykneokancudom. lNoBHicTio cpopmoBaHa iHPeKLiiHa BipyCHa YacTMHKa Ha3MBa€ETbCA
8ipioHOM. YHiKanbHa BNacTMBICTb BiPYCiB — PI3HOMAHITHICTb opraHisauii reHeTUYHOro
MaTepiany. BipycHa HykneiHoBa KuciioTa Moxe OyTu npepctaBneHa ofHo- abo
asonaHutorosumu monekynamm OHK (OHK-BmicHi Bipycn) um PHK (PHK-BmicHi Bipycw).
[ns BipyciB xapakTepHa cneuudiyHicTb, WO NONAraE B MOXJIIMBOCTI B3aEMOZIi BipyciB
nuLWwe 3 NeBHUMY peLienTopamu KINITMHHUX MeM6paH.

Bipycu € BHYTPIlUHbOKNITMHHUMYM Napa3nTaMy apxeil, 6akTepii 1 eykapioTis i no3a
KNITMHaMKN »KOAHUX O3HaK »KUTTA He BUABNAIOTb. [11A CBOro BiATBOPEHHA Bipycu BU-
KOPUCTOBYIOTb PeCypCU KIITUHM-Xa3ATHa, UMM CMPUUYUHAIOTD BiPYCHI 3aXBOPIOBaHHA.
OCHOBHMMU CUCTEMATUUYHMMN OQNHMLAMY ONA BipYCiB € NOPAAOK, POANHA, pif Ta BUA,.
KaTeropii LapcTBa Ta BigAinis, 6iHapHa HOMeHKNaTypa AnA BipyCiB He 3aCTOCOBYIOTbCA.

OTXKe, HEKNITUHHI GOpPMU KUTTA € CKNAZOBOI YacTUHo Biocdepn,
OCKiNlbK/ NobyfoBaHi 3 opraHiYHNX PeYoBUH, MalOTb BIOTUYHI
B3aEMOBIAHOCUHN, TM MPUTaMaHHI CMNAfAKOBICTb, MiHAUBICTb,
BOHW 3[aTHi O CaMOBIATBOPEHHA Ta iH.

flke noxomKeHHA BipyciB?

Wnaxn 7 mexaHismu esoniouii BipyciB
e He [OCTaTHbO BMBYEHO. ICHye pekinbKa
rinotes nOXOOXKeHHA BipyciB: 2inome3a
pezpecusHoi  egosoyii  (BipycM  BUHUKAN
LWAAXOM CMPOLWEHHA KNITUH NapasuTUUYHUX
6aKTepilt), einomesa napanesnbHoOi esosto-
yii (Bipycr BUHUKNN He3anexHo Bif KNiTWH,
BMKOPUCTOBYIOUM IXHI MOXNUBOCTI), 2ino-
me3a «CKaxeHux 2eHie» (Bipycn — e «36irni»
YaCTUHWU FeHOMY KNiTMH-Xa3siB).

Hanbinbwi 3miHM y nornagax LWOAO MOXOMXKEHHA BipYCiB CTanmcsA BHACNIAOK
BIAKPUTTA BeNleTEeHCbKMX BiPYCiB, AK-TO MIMiBipyCcH, MamaBipycu, MeraBipycu Ta iH.
(in. 12). MeraBipyc UinincbKnmn mae HanobinbLnin 3-nomix Bipycis JHK-reHom, aknin Hani-
uye 1 259 197 nap HykneotTuais i MicTuTb iHpopmadito npo 1120 GinkKis, WO CymipHO 3
6araTbma napasuTUYHUMYK BakTepisMu. Y BeleTEHCbKIX BipyCiB BUSABNEHO reHu BinKiB,
LLLO TX paHille HiKOM He BUABNANM B >KOAHOTO 3 BipyciB. Ane 11 e Lie He BCe: y MamaBi-
pyciB BABMEHO cynepnapasutn — Bipodarn-cynyTHUKN. | 30BCiM HELLIOAABHO, Y KBIiTHI
2017 p., B »KypHani Science 6yno onybnikoBaHO MOBiAOMMIEHHA MPO HOBUI BeneTeH-
CbKWI BipYC, WO Ha3BaHWI «knocHomBipyc» (Klosneuvirus, KNV) Ha yecTb HeBennuKoro
MmicTeuka KnoctepHonbypr B ABCTpIi. Bipyc MicTiTb Malixke NoBHMIA Habip i3 19 pepmen-
28 TiB-CMHTeTa3 AnsA BéyaosyBaHHA 20 TUNiB aMiHOKUCNOT y npoLeci 6iocnHTesy binkis.

In. 12. OpHi 3 HalbinbLWKX Bipycis:
1 - meraBipyc; 2 — mimiBipyc

Tema 1. BIOPI3HOMAHITTA
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DinoreHeTUYHI AOCNIAXKEHHA NPOTEOMIB (YCi€l CyKynHOCTi 6iNKiB) HOBOBIAKPUTUX
BeNeTeHCbKMX BipyCiB MOXYTb CBIAYNTM HA KOPUCTb FiNoTe3n perpecrMBHOI eBoNoLl,
3rifHO 3 AKOI0 BIpYCW BMHUKINW Bif KNITUHHUX iCTOT LWWAAXOM CMPOLWEHHA | €, TaKUM
UMHOM, HalJaBHIWUMYM iCTOTaMK Ha 3emMii. AGO, MOXJIMBO, BeJIeTEHCbKI BipyCU nilwin
Big MeHwWwmnx [IHK-BipyciB LWNAXOM NOCTYNOBOro HaKOMUYeHHA JOAATKOBUX reHiB.

MNopiBHAHHA reHOMIB BeneTeHCbKMX BipyCiB 3 aHanoramu B gomeHax baktepin,
Apxeis Ta EykapioTiB cBig4aTb Ha KOPUCTb rinoTe3un Npo Te, WO BipyCu — Lie X1Bi icTo-
T, AKi MOXYTb CTAHOBUTW OKPEMUN [JOMEH OPraHiYHOro cBiTy. IX NpoTeoMu CXoxi Ha
TaKi cami y 6araTbox 6aKkTepiil, ogHaK y BipyciB HasaBHi 6inkKu, Lo iX HEMAE y KNITUHHUX
OpraHi3miB, a Lie CBi4UMTb NPO 0COBNUBICTb IXHBbOT eBONIOLiI.

OTKe, Ha CyyacHOMy eTari PO3BUTKY HayKWU He iCHye €AUHOro nornagy
LWOAO BMHUKHEHHA BipyCiB. HaTOMICTb MowmMpeHi nornaau, Wwo pisHi Bipycu
BUHUKANN He3a/IeXXHO Ha Pi3HMX eTanax PO3BUTKY XUTTA Ha 3emili.

Ak Bipycn B3aemogitoTb 3 KnitTnHammn?

Bipycy He MOXXyTb CAMOCTIIHO NOLINPIOBATUCL Yy NPMPOLi, 1 JoNOMaraloTb iM Y Libo-
My Hacamnepes »UBi OpraHiamu: komaxu (Hanpuknag, nonenuui nepeHocATb 61M3bKo
160 pi3HUX apbOBIpYCiB), K1iWi, IPyHMO8i HeMamoou, poc/IUHU-napasumu (Hanpuknag,
NMOBUTULS NePeHOCUTb 6n1M3bKo 50 BipycCiB pocnuH), 100uHa (pna Bipycis rpumny).

LLnaxu NpoHVKHEHHs BipyCiB O OpraHi3my xa3siHa 6yBatoTb pisHuMu. Lle: 1) no-
8impAHO-KpanauHHUU wiax (Bipycy rpuny, BiTPAHOI Bicnu, Kopy); 2) 3 ixero ma 8000t
(Bipyc ALYypy 3 MONIOKOM ypaxkeHoi KopoBwu, renatut A); 3) kpize nokpusu mina (Bipy-
CU repnecy, ckasy, naninomm); 4) nio yac nepesausaHHa Kposi ma xipypeidHux onepayit
(Bipyc renatuty B); 5) cmamesum wnsaxom (Bipyc repnecy, CHIfly); 6) 3a yuacmi nepe-
HOCHUKi8 (KniwwiB — Bipyc TaroBoro eHuedanity, Komapis — Bipyc MMXomaHKK 3ika);
7) 3 nusiKom pocauH (Bipycn Mo3aikm KapTonni).

3anexHo Bifl BMacTMBOCTeN BipyCy i KNiTUHM-Xa3AiHa, @ TaKOX YMOB cepefoBU-
LWa po3pi3HAITb Taki OCHOBHI TUNW B3aeMoSii BipyCiB i3 KNiTUHOO: @) NnpodyKmusHa
iHbekyia — PO3MHOXEHHSA BipyCy NPU3BOAUTb [O PYNHYBAHHA i 3arnbeni KniTuHu;
6) abopmusHa iHbekuis — B3aEMOLiA, 3a AKOT KNITMHM 3aNULWLATbCA XUBMMU, a OO-
3pini BipioHN He YTBOPIOIOTHLCA; B) 8ipO2eHia — FTeHOM BipyCy NOEAHYETbCA 3 FreHeTNY-
HVM anapaTom KAITUHW i Nif Yac Noginy KNiTUHM MOXe TPpUBanuin Yac nepegaBaTunca
[OUIpHIM KNiTUHaM; Yyepes AeAKMI Yac 3a NeBHUX YMOB NOYNHAE PO3MHOXKYBATUCA i
CNPUYUHAE 3arnbenb KNiTMHN.

OTXXe, B3aEMOgIT BipyCiB i3 KNiTMHaM1 MatoTb
Pi3HOMaHITHMI Ta CKNAaAHUIN XapaKTtep.
OIANbHICTb
3aBgaHHA Ha NOPiBHAHHA

3a 0OMNoMoroto Tabnuui NOpPiBHANTE HEKNITUHHI GOPMU XKUTTA. YKaXiTb CNiNbHi 1
BiAMiHHI O3HaKw.
Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA HEKJTITUHHUX ®OPM XUTTA
O3Haka Bipoigu MpioHn Bipycn
BigkputTa
Po3mipu
XimiuHu cknag
OcobnumBocTi
XBopobu 29

§ 7. HeknitnHHi dopmu xutTa. Bipycn
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bionoria + MeguuuHa. BipycHi 3axBoploBaHHA

Marixe 95 % BigomMux iHOEKLINHNX 3aXBOPIOBAaHb CIPUUNHSA-
toTb abo Bipycu, abo b6akTepii. bakTepianbHi xBopoby cyyacHa me-
OVLMHa NiKy€e epeKTUBHO 3a fONMOMOIOI0 BENMKOT KiTbKOCTI Pi3HNX
aHTMOIOTMKIB, @ OCb 3 BiPYCHMMMW MOKM L0 CMPABUTUCA HE MOXKe.
HwuHi onncaHo noHag 500 BipyciB, Lo cnprunHATL iHbeKLiHI 3a-
XBOPIOBaHHSA NIIOAVHY | TBAPVIH, Cepea AKMX HallHe6e3neyHiluMmm €
2eMopaciyHa nuxomarka E6ona, zemopacziyHa nuxomarka Map6ype,
CHIZ, 6nu3bkocxioHul pecnipamopHuli cuHOpom (MERS), eaxkuli
2ocmpuli pecnipamopHuti cuHOpom (SARS) Ta iH. Yum Bipycu Bigpi3HAOTbCA Bif Hak-
Tepin? Ha Bawy AyMKyY, YOMY CyYacHi MeMLMHI BaXKKO NepemMorTu BipycHi iHdeKLii?
CTABJIEHHA

bionoria + biopisHomaHiTTA. Bipycu Bipycis

Bipyc E6ona

Y 2008 p. BcepeanHi MiMiBipycCiB, WO NapasnTyoTb Y KAiTUHaX
akaHmamebu sceidHoi (Acanthamoeba polyphaga), 6yno BigkpuTo
napasmuTu BipyciB, o ix Ha3Banu Bipodaramu. BnacHmit reHom Bi-
podariB € ANBOBMXHMM: BiH MICTUTb FeHU, 3ano3nyeHi y MimiBi-
pycis, apxeli, 6akTepiodaris i BipyciB eykapioTiB. A UM MOXHa ix
BYKOpUCTaTV AnsA 60poTbbu 3 BipycHUMU iHbeKuiamn? O6rpyH-
TYWTe CBOI CyKEeHHA. Bipodaru Bcepe-

- AVHI MIMIBIPYCIB

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJII0
1. Wo Take HekNiTUHHI popmu XunTTA? 2. Ha3BiTb HeKNITUHHI popmu xuTTA. 3. Lo
1-6 |Take Bipycn? 4. HaBepiTb npuknaau Bipycis. 5. Ha3BiTb rinotesn noxop»keHHs BipyciB.
6. Ha3BiTb OCHOBHI TUNW B3aeMogii BipycCiB i3 KNiTuHamu.
7. Aki ocobnmBocTi opraHizauii Ta GyHKLiIOHYBaHHA HEKNITUHHUX popM XnTTA? 8. AKe
noxogXeHHsA Bipycis? 9. K Bipycn B3aEMOAitOTb 3 KNiTUHaMK?

10-12{10. LLlo € cninbHOro 1 BiAMIHHOIO MiXK Bipycamu, npioHamu 1 Bipoigamm?

Bipycu — makut camuti KomnoHeHm 008Kis/iA, AK 800d YU NOBIMPA.

OcHosu cucmemHof 6ionoaii

§ 8. Ponb BipyciB y npupogi il XX1TTi nlognHN
OCHOBHi NOHATTA 1 KNIO4Y0Bi TepmiHun: BIPYCU.

BionoriuHnm metog 60poTb6M 3i WIKigHMKaMK.
Mpurapanre! Lo Take Bipycn?

loniBka
(kancnpg)

X HoBuHM Haykn

Tema 1. BIOPI3HOMAHITTA

Bipycn € HaiumcneHHiwow ¥ Halpi3HOMa-  crepxetb
HiTHiWO dopMoto XUTTA Ha nnaHeTi 3emna. Tak, y 1 mn Ckopotnusnit
oKeaHiuHOi BoAM nuiwe BipyciB-6akTepiodarie MicTUTb- :m’;cma
ca 6nm3bko 5-107. Bipycu peryntoloTb KinbKicTb Mikpo- /
OpraHi3miB i BMVBalOTb TakMM YMHOM Ha GOTOCHHTES3,
Kpyroobir peuoBuH, npoLecn MiHepanisadii y 6iocdpepi Ta
iH. AK PO3MHOXYIOTbCA | AKa ponb BipyciB y Gionoriyurin

30 eBonoLii?

HuTka

nnacTnuHKa
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3MICT

AKi 0co6nMBOCTI XKNTTEBOTO LMKAY BipycCiB?

Y KWUTTEBOMY UUKNI BipyciB uepry-
I0TbCA ABi $pa3n — No3akNiTMHHA (BipioH) i
BHYTPIWHbOKNITUHHA (in. 13). ®a3a Bi-
pioHa XapaKTepusyeTbCA BiACYTHICTIO
6yOb-AKUX MNPOABIB XWTTA, @ YNPOLOBXK
BHYTPILHbOKNITUHHOI $a3n XUTTEBOTO
UMKY BUABNAKTbLCA BAaCcTUBOCTI Bipy-
CiB, WO 3aKoO[OBaHi B TXHbOMY reHOMi,
n BinbyBaeTbcA TXHE BiATBOpPeHHA. He-
3aN1IeKHO Bi TWMYy reHeTUYHOro Mmare-
piany Bipycu MmatoTb nogibHi 3aranbHi
CTafii XUTTEBOIO LNKITY.

Adcopbuyis gipycie — Lie NPUKPINNeH- |5, 13, Kuttesuit unkn daris: 1 — agcopbuis
HA BIpPIOHIB 0O MOBEPXHEBOro amnaparty 6akTepiodara; 2 — BnopckyBaHHA JHK y
KNiTUHK-Xa3siHa. Mix 6inkamu BipyciB i KniTuHy; 3 — cunTes BipycHnx AHK i Ginkis;
peLenTopami KNiTMHN BUHNKAKTb efek- 4~ 30MPaHHA BIPYCHIX YacTUHOK; 5 — BUXiA
TpOCTaTUYUHi B3aemogii, 1o 3abe3neuyioTb 13 KIITNHY
TMMYacoBe HeCTiNKe NPUESHAHHA BipPiOHiIB.

lMpoHUKHeHHA 8 KAIMUHY B Pi3HWX BipyCiB 3[iNCHIOETLCA PISHUMUK LUNAXaMK:
a) eHOooumnTo3y (Biponekcmucy) 3 YTBOPEHHAM BHYTPIWHbOKNITUHHUX BaKyonewn;
6) 3NMTTAM NnasmMaTMYHOT MemOpaHM 3 0060IOHKOIO BipyCy; B) LWAAXOM BMOPCKYBAHHSA
(Hanpuknag, y 6akTepiodaris) ToLO.

«Po30sA2aHHA» 8ipycie y KNiTNHi 3ab6e3neyye 3BifIbHEHHA HYKNEIHOBOI KMCNOTK
BipYCY BiZ 3aX1CHOI 6iNKOoBOT 0600HKM A5t HACTYMHOT peanisauii BipyCHOro reHomy.
Y dari ui€i cTagii Hemag, ockinbKm 6inlkoBa 000I0HKa 3aNMLWAETLCA Ha NOBEPXHIi 6ak-
TepianbHOT KNITUHN.

BiomeopeHHA KOMNOHeHMI8 8ipycHUX YacMUHOK 3abe3neuyioTb TPY NpoLecy:
TpaHCKpUNUia, TpaHcnAuia 1 pennikauia. TpdHckpunyis nonArae B nepenncysaH-
Hi iHbopmauii 3 BipycHux OHK un PHK Ta ytBOopeHHi iPHK, wo Binbysaetbca B Agpi
(Hykneoigi). TpaHcnAyieo Ha3MBaEeTbCA NpoLec nepesefeHHa iHpopmauii iPHK y no-
CNifoBHICTb aMiHOKMCNIOT MoneKyn 6inkiB. BigbyBaeTbca TpaHcnALia Ha pubocomax
3a gonomoroto TPHK 11 depmeHTiB. Pennikayia — CUHTe3 MoneKyn HyKneiHoBOT KUCNoTK,
O KaTani3yeTbCA NnepeBa)kHO KNITUHHUMY depmeHTamn. TakKMM YMHOM, BiTBOPEHHSA
BipyciB BijOyBa€TbCA BifOKPEMSIEHO, HEOLHOUYACHO i B Pi3HMX YaCTUHaX KNiTUHW. Takui
Cnocib po3MHOXeHHs BipyCiB Ha3MBAKTb PO3'€AHAHUM (N3 IOHKTUBHUM).

36upaHHs sipioHie BifOyBaEeTbCA ycepeviHi KNiTUH abo WnAxXoM BibpyHbKOBY-
BaHHA B 30BHIlIHE cepefoBuLlle. Buxio sipycie i3 KniTH MOXe CynpoBOAXKYyBaTUCA
36epexXeHHAM XUTTERIANBHOCTI KNiTHK abo il pyHyBaHHAM i 3arnbennio.

§ 8. Ponb BipyciB y npupogi i1 Ana nioguHn

OTXe, HaM3aranbHIWNUMN OCOBNNBOCTAMY KUTTEBOTO LNKY BipyciB
€ HafABHICTb ABOX $a3, BUKOPUCTAHHA PecypCiB KMiTUHNU
Ta PO3'€AHAHUN CNOCIO PO3MHOXKEHHA.

flka ponb BipyciB B eBonioLii opraHismis?
Bce »KuBe Ha 3emni HaCMYeHO Pi3HUMYM Bipycamy, WO CBiAYMTb NPO iXHi HeobXia-
HiCTb y MBIl Npupogdi Ta Baxnuei GyHKLUiT y 6iocdepi. Bipycn BigirpatoTb Knoyosy 31
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6ionoriuHy ponb Ha BCiX piBHAX oOpraHizauii
KNUTTA. BOHM BU3HaualoTb €BONIOLIIO OpraHiamis
3aBAsKM CBOIM NAaTOreHHOCTI, 34aTHOCTI 4O aHTa-
FOHICTUYHKX | CUMBIOTMUYHNX BIAHOCUH Ta yyacTi
B rOPU30HTa/IbHOMY MepeHeCeHHI reHiB.
lMamozeHHi 8ipycu € pywitiHoto CusI0K e8oJIto-
uitimyHHoI cucmemu. KoXKeH X1BWiA opraHism, Big
KULWKOBOI NannyKky, Xaopenu, ApixKaXis 4o cu- In. 14. XKosTaHuuA Gypska (1)
HbOTO KWTa UM CEKBOI, MoXe iHdiKyBaTMCA Npu- i Mo3aika TomaTis (2)
HalMHi OAHMM, a 3a3BUYail KinbKoma Bipycamu.
BipycHUMIK 3axBOpOBaHHAMY POCIINH € XX08MAHUYA, MO3di4YHi X8opobu, cmpokamo-
JiucCmicme, 20muka Ta iH. (in1. 14). Y niognHu Bipycy CNpUYNHAIOTL 2enamum B, npocmud
2epnec, naninomy, HamypasnsHy gicny (OHK-BMmicHi BipycHi iHbeKuiT), 2pun, 2enamum A,
eHyeganim, Kip, ceuHky, noniomienim, ckas, CHI/J (PHK-BmicHi BipycHi iHpeKuii) Ta iH.
HannowwpeHiwvmu BipyCHMMM 3aXBOPIOBaHHAMM TBAPUH € AWYP, YyMKA COOAK, YyM-
Ka Kypeu Ta iH.

BipycHa iHdeKLUia € NOTYy>XHOI C10I0, KOTpa GOPMYE MEXaAHI3MU 3aXUCTY Xa3AiB.
Hanpuknap, mopudikauii noBepxHi KAiTMH 3 MeTOl 3amnobiraHHA NPOHWKHEHHIO
6akTepiodara, cuctema CRISPR 6GakTtepili Ta apxeil, ryMopanbHWUiA W KIITUHHWIA
iMyHITET nogMHU Towo. Y npoueci esontouil Bipycn BMpobONAOTb CBOI Cnocobm
3axMCTy Bif iMyHHOI cucTemun. Hanpuknag, BOHM 3paTHi 6GnokyBaTn poboTy
NK-kinepis, inTepdepoHy, T-nimdouuTis.

3aBAAKM NAaTOrEeHHOCTI Bipycu pe2ysioiome YucesbHiCMb C80iX xa3ais (Hanpuknag,
[HK-Bipycr MOpCbKMX BOAONM perynioTb KinbKicTb 6akTepill) i BNAMBaOTb Ha
npouec ¢otocnHTesy B CBITOBOMY OKeaHi, Kpyroobir Kap6oHry i HaBiTb Ha noropgy. Tak,
6ioreHHi cynbdypOBMICHI ra3u BUBINbHAIOTLCA Yepes Te, WO Bipycy BOVBalOTb NEBHI
BUAM BogopocTeli. MNoTim B atmocdepi BHACTiILOK OKUCHEHHS YyTBOPIOKTbCS KUCIOTHI
KpanvHKK, WO CyryTb Agpamu KoHAeHcauil gna xmap.

3a gonomoroto BipyciB BifbyBa€TbCA 20pU3OHMAsIbHE NepeHEeCeHHs 2eHi8, TOOTO
nepepaya reHeTMYHoi iHGopMmaLii MiX ocobuHamun pisHux Bugis. Oparmentn OHK
BipyciB 6araTbma BrgaMun OpraHi3mMiB 4acTo «NPUPYYAOTbCA» 1 MOYNHAOTb BUKOHY-
BaTU KOPUCHi GyHKLUIT. Lie ABNLLIe HaCTINbKM NOLMPEHO, WO HaYKOBLLi 3anponoHyBanm
cneuianbHUM TEPMIH — «MONEKyNnApHe ofoMallHeHHA». Tak, eHOo2eHHI pemposipy-

E Cu, WO X NI0ANHA yCnagKyBana MibMOHN POKiB TOMY, 3A4aTHi BNAMBATU Ha reHu, AKi
E BignosigaTb 3a OyHKUiOHyBaHHA nnaueHTw. Lli Bipycn BigirpaloTb BaxnuBy posb
g B eMmbpioreHesi, fonomaratoum 60poTnca 3 iHOeKUinHUMKN Bipycamu, y CTBOPEHHI
= HEMPOHHMX MepPeX rofIOBHOrO MO3KY JIIOANHN TOLO.
o) Y npoueci eBonouii cdbopmMyBanmca He nnLE aHTaroHICTUYHI, a n cumbiomuy-
) Hi 8i0HOCUHU 8ipycig 3 iHWUMKN opraHiamamu. Tak, MyTyani3am Bipycy 1 rpuba pae
‘o 3MOry npocy BUTPMMYBATU BUCOKiI TemnepaTypu. Bipyc BMTKOro 3akpyuyBaHHA
E} TIOTIOHY 36inblWy€e NAOAOBMTICTb W TPUBaNiCTb MKUTTA KOMax-6inoKpunok y

12 Ta 6 pasiB BiANOBIAHO, AKLLO BOHM XNBAATbCA HAa 3apa)KeHMX BipyCOM pOCInHax

TIOTIOHY.

OTXe, BipyCU € NOTYKHMM €BOMIOUIMHUM YMHHUKOM,
i KOXXHa dopma XUTTA Ha 3emni 3a3HaBasna i 3a3Ha€ BMIMBY BipyciB
Yy MUHYJIOMY 1 TenepilHbOMY 4aci.
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AK Bipycn BUKOPUCTOBYIOTbCA Y GionoriuHnx metogax 6o0poTb6ou 3i
wKiganuenumm sBugammn?

Bionoriuni meTogm 60poTbby — Ye BUKOPUCMAHHSA 8ipycie, opaaHiamie abo npo-
OyKkmie ixHbOI XummeoisnbHOCMi 0718 3anobizaHHA abo 3MeHWeHHA WKoou, wo if 3aeda-
tome wikioHUKku. MeToto 6ionoriuHnx metogis 60poTbOV € He MOBHE BUHULLEHHSA BUAY,
a YTPUMaHHA MOro KinbKOCTi Ha ONTUManbHOMY piBHi. Bneple 6ionoriyHnin meTton
60poTbOM 3 BMKOPWCTaHHAM BipyCiB 3acTocyBanu ana 6opoTbbu 3 Kponukamu B
AgcTtpanii. MonynsAuio Uuux TBAapWH 3apasunu Bipycom mikcomaTtosy. XBopoba WBUaKo
nowvpunach i npussena fo 3arubeni 99,8 % Kponig, WO Ha NEBHUA TEPMIH 3HM3UO
IXHIO YMCcenbHiCTb. Y Kponukis, AKi Buxunu, chopmy-
BaBCA iMYHITET NpoTU MiKcomaTosy. [ins 60poTbbu 3
UMMM TBapUHaMM AeLlo Mi3Hille noyany 3acToCoBYy-
BaTW BipyC remopariyHOi IMXOMaHKM KPOniB.

HanuacTiwe BuKkopuctoByloTb Bipycu ans 60-
poTbbn 3 KOMaxamu-WwKigHuKamu. Hanpuknag,
npeacTaBHUKN BGaKynoBipyCiB MOXYTb CMPUUYUHATY
noniefposu i rpaHynbo3un y TakMx KOMax, AK Henap-
HWI Ta KiflbYacTUiA LLOBKOMPAAN, aMepUKaHCbKNiA 6i-
JINIA MEeTeNK, COCHOBA COBKA, NUbLMKW Ta iH. (if1. 15).
Tak, B KaHagi, B npoBiHUii OHTapio, Ana 60poTbbu 3
ANVHOBUM NMUbLLMKOM BMKOPUCTaNN BipyCHUI npe-
napat noniefpo3sy. Xsopoba pi3ko 3HM3MNA Ymcesb-
HiCTb WKiAHWKa, | Oyno 306epexxeHo BeNUKi NoLwi nicis.

3 meTolo 36iNblIeHHs MaTOreHHOCTi BipyciB Y
IXHI reHeTUYHWI MaTepian BOYAOBYIOTb UY>KOPiaHi
reHn. Hanpuknag, y reHom BipycCiB nomilwann reH

e ) In. 15. Kinbyactnin woskonpAg;
OTPYTU CKOPMIOHIB, FEHN FOPMOHIB, O NOPYyLYIOTb 1 - ryceHuus; 2 - fopocna

HOpMarn bHUN PO3BUTOK KOMax. KOMaxa

OTXXe, BUKOPUCTaHHA BipyciB ansi 60poTbbu 3i WKigHMKamn
€ NepcnekTMBHUM HaNpPAMOM Yy 3aCTOCYBaHHi 6ionoriyHnx MeTopAiB.

RIANBbHICTb

x/,‘ CamocrTiliHa po6oTa 3 Tabnuueto

Bipycu i 6akTepii — HaMeHLWi 06'€KTN XMBOT NPUPOAN. 3aNOBHITb Tabnuuto i BU-
3HauTe BiAMIHHOCTI MiX Bipycamu 1 6aKTepiamu.
Ta6nuya. MOPIBHAJIbHA XAPAKTEPUCTUKA BIPYCIB A BAKTEPIV

O3Haku Bipycn bakrepii

Po3mipn

§ 8. Ponb BipyciB y npupogi 1 4nA NiognuHN

[eHeTUYHUIN anapaT

OcobnuocTi 6ynosu

Oco6nNBOCTI XUTTERIANBHOCTI

OcobnmBocTi noBediHKM

Po3MHOXeHHs
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bionoria + leomeTpis. IkocaegpunuHa popma

3a $opMolo BipOHIB PO3pPi3HSAIOTb CHEPUYUHI, MANNYKOMOAIOHI,
HUTKOMOAIGHI Ta iHWi Bipycw. Y 6aratbox BUAiB BipyciB (aaeHOBIpy-
cu, Bipycu noniomienity, repnecy, nanifiomm) BipioHn MaloTb npa-
BUNbHUI BaraTorpaHHMin Kancug y BUrnagi ikocaegpa, sBcepefyiHi
AKOro MICTUTbCA HYK/EIHOBa Kuc/oTa.
ikocaegpuryHa dopma € «BUTiHO» NPUPOAHO CTPYKTYpOto?

CTABJIEHHA

Lo Take ikocaegp? Yomy

Bionoria + biocdepa. Ponb BipyciB y npupogi

MpoaHanisyinTe 3micT Tabnuui 1 OLiHITL HEraTUBHE 1 NO3UTUBHE 3HAYeHHA Bipy-
ciB icHyBaHHA 11 po3BUTKY biochepun 3emni.

Ponb BipyciB y npupogi

Ponb BipyciB y »KUTTi ntoguHn

Pezcynauis yucesibHocmi op2aHiamis i eniug
Ha 6iocgpepy (Hanpuknap, [AHK-Bipycu
BOAOWM perynioTb KinbKicTb 6akTte-
piin i BNNMBaloTb Ha GOTOCUHTE3 OKeaHy,
Kpyroobir Kap6oHy i HaBiTb Ha norogy)

Y meoduyuHi sk 306yOHUKN BipYCHMX XBOPOO, AnsA
po3ni3HaBaHHA 6akTepio3iB 3a fJonomorok bak-
Tepiodaris

EgonrouyitiHUl YUHHUK 3MiHU 2eHemu4Hol
iHpopmayii opearizmis

Y cinbcbkomy i nicosomy 20cnodapcmei Ak y4acHU-
K1 6ionoriyHoro metogy 60poTbby i3 WKigHUKaMu

PywitiHuti YUHHUK esoJ1toyii iMyHHOT
cucmemu U 3aXUCHUX peakyili op2aHiamis

Y 2eHemuuHiU iHXeHepil B AKOCTI BEKTOpPiB ANnA
nepeHeceHHs reHis

Y4yacHuku cumbiomuyHux i dHmMazoHic-
MUYHUX 8iOHOCUH 3 iHLUMMW OpraHi3aMamu

Y meouyuHi pnA posmni3HaBaHHA Ta JiKyBaHHS
6GaKTepianbHUX 3aXBOPKOBaHb 3a [OMOMOrO
6akTepiodaris

PE3VJIbTAT
3aBAaHHA ANA CAMOKOHTPOJIIO
1. Lo Take XUTTEBMIA UMKN BipycCiB? 2. Ha3BiTb OCHOBHI CTaAii >XMTTEBOrO LNKIY Bi-
pycis. 3. HaBeaiTb Nnpuknagn BipyCHWX 3aXBOPIOBaHb POCINH, TBAPUH N NIOAUHN.
1-6 |4. fki BnacTMBOCTI BipyCiB BU3HaualoTb iXHi0 posb B eBonioLii? 5. LLlo Take 6ionoriu-
HWiA MeTod 60pOTbOM 3i WKigHMKaMU? 6. HaBeAiTb NpUKNaan BUKOPUCTaHHA BipyCiB
ons 6ionoriyHoi 60poTbOM 3i WKIAHUKAMU.
o« 7_9 7. Aki ocobnusoCTi XUTTEBOrO LMKNY Bipycie? 8. Aka posb BipyciB y eBonioLii opraHis-
'E MiB? 9. AKi Bipycn BUKOPUCTOBYIOTb Y GionoriuHomy meTofi 60poTbbU 3i WKigHNKaMmn?
g 10-12/10. OuiHiTb ponb Bipycis B eBontoLii 6iochepwm.
g
a Hatisaxnusiwut ma npodykmugHul cyyacHuti Hanpsam 6ionoeii — ye 3HaHHsA npo my
o yacmuHy npupoou, 00 AKOI Hasexxams HauopibHiWi NpedCMasHUKU Xugo2o.
a M. beepink
© ° . ° oo
E, §9. I'Ipoxaplomql-u opraHiamMmun: apxei
OCHOBHI NOHATTA I Ko4oBi Tepminn: APXEI. Apxei-ekctpemodinu.
MpuraganTte! X0 Taki npokapioTn?
X 3HanomTecs!
Kapn Boy3 (1928-2012) — amepuKaHCbKuii 6ionor, no-
AinunBe BCi opraHiamu Ha gomeHn bakTtepii, Apxei Ta Eykapiotu. [lo
34 NOro focnig»keHb X1By NpUpoay NoginAanm Ha ABa HagLapcTBa —
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MpokapioTn Ta Eykapiotn. QinoreHeTnyHe aepeBo XnTTa, 30yaosaHe Boysom, noka-
3Y€ 3HaYHY Pi3HOMAHITHICTb CBITY MIKPOOpPraHi3miB.

3MICT

A Aki ocobnuBocTi opraHisauii BigpisHAIOTb apxeli Big 6akTepiil Ta
eyKapioTiB?
APXEI (Archaea) - npokapiomuyHi 0OHOKNIMUHHI
MiKpOOp2aHi3mu 3 6ioximiyHUMU 0cob61UBOCMAMU, UJO
gidpizHAomMs ix 8i0 6akmepili ma eykapiomis. Lle Hali-
JaBHiLWi opraHiamu, Npegkun AKMX 3’ ABUANCA Ha 3eMni
6nm3bko 3,8 mnpg pokis Tomy. Po3mipu apxen - Big
0,4 po 15 MKM y giameTpi. HanmeHwnmn cepep apxeis
€ HaHoapxei (0,4 MKM), AKi NapasnTyoTb y KAiTUHaX

iHWWX apxen (in. 16).

Ap>'<e| 6y_1.1|/| BI,EI,.KpVITI y 1977 p. K. Boy3o.M, AKNN (Nanoarchaeum equitans) i
pa3om i3 cBoim acnipaHTom 1. Dokcom nopiBHIOBaB 6inbla KNITMHa-Xa3iH apxei
NocNiAoBHOCTI HyKneoTnais y reHax 165-pPHK pisHNX  jryikokyc (Ignicoccus hopitalis)
opraHiamis. OgHOro pasy BOHW BUABWIW MiKpPOOP-
raHiamu, B AKMX HykneoTuaHi nocnigosHocti pPHK BigpisHanuca Big pPHK 6aktepii i
eykapioTiB. Lle ctano ogHi€lo i3 HanBaXKNMBILLIMX HaYKOBUX MNOAIN XX cT. HoBa rpyna oT-
pumana Ha3sy APXEI (sig rpeu. apxeoc — flyxe AaBHil) i HOBUI TaKCOHOMIUHUIN PaHT —
nomeH. Lle BigkpuTTA cTano ocHOBO AnA cTBopeHH:A K. Boy3om cnctemu TpbOX AOMEHIB
(1985), wo 6yna nepLuo MoneKkynapHo-GINoreHeTUYHOK CUCTEMOLD KUBOT MPUPOAMN.
Y Hii BUOKpemnioTb AoMeHn Apxei, bakTepii Ta EykapioTu. BigkputTio apxen cnpuas
BAanuii Bnbip ob’'ekTiB Ansa monekynapHo-dinoreHeTMuHUX gocnigkeHb. feHn pPHK e
[ly>e KOHCePBaTMBHOI YaCTVHOK FreHOMY, BOHW He 3MiHIOBanM CBO OyHKLi0 NoHaj
3 MApfa POKiB i HasiBHI B yCiX KNITMHHUX iCTOT. Bce ue 3po6uno ix uygoBum MapKkepom
binoreHeTNYHKIX NOAIN.

Apxei MaloTb CBOIO He3anexHy eBOJIOLiMHY iCTOPIlO | XapakTepu3yloTbcsa 6araTb-
Ma PiAKiCHUMM BNacTUBOCTAMM, WO BiAPi3HAITH iX Bif 6akTepiin Ta eykapioTis. AKi X
Le ocobnmsocTi?

1. [leHom apxeiB npepcTaBneHun geonaHuorosoto AHK y Hykneoigi Ta Kinbuesnmm
nnasmigamu. Mictutb 6inKu-ricTOHW, YHiKanbHi iIHTPOHM, WO Bigpi3HAIOTLCA Bif
eykapioTnuHux. lenn TPHK Ta pPHK apxeiB pi3HATbCA Mix coboto cneundiyHnm
CKNafoMm 11 NOCAiAOBHICTIO HYKNeoTuaiB.

2. KnimuHHa 060/10HKG apxel He MICTUTb MypeiHy, B 6araTbox BUAiB YTBOpPeHa
nosepxHeBMMMK Ginkamu (Tak 3BaHUN S-wap) Ta nceBgomypeiHom. O60noHKa
3[ilicHI0E ebeKTUBHUN 3aXUCT, i TOMY, MOXIIMBO, apxei HIKONM He YTBOPITb
Cnop AnA iCHyBaHHA 3a HECMPUATINBMX YMOB, AK Lie € Y 6aKTepili.

3. KnimuHHi MeMbpaHu pi3HATbCA CTPYKTYPOIO i XiMiUHMM CKMagoM, WO Br3Hava-
I0Tb TXHIO BiNbLUY CTIMKICTb 32 eKCTPEeManbHVX YMOB iCHyBaHHSA. Y apxeiB meMmbpa-
HU OHOLLAPOBI, yTBOPEHi 3 0CO6NMBUX piTaHONMNILEepUAiB, a He docdoninigis,
AK B IHWKWX KNITUHHUX OpPraHi3miB.

4. Pyxu 3abe3neuyloTbCA OXeymuKkamu, BIOMIHHUMW Bif [KryTuKiB GaKTepiii:
POCTYTb LWAAXOM MPUELHAHHA Cyb6oaMHUUL 6inka d¢nareniHy Bifg OCHOBM,
Ixepenom eHeprii and ixHboro pyxy € ATO Towio.

5. Po3MHOXxeHHA HecTaTeBe (BiHAPHUI NOAIN, MHOXUHHUIA nofin, ¢parmeHTalis 1
6pYHbKyBaHHA). 35
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6. KuesieHHA xeMOaBTOTPOdHE N XxemoreTepoTpodPHe 3 BUKOPUCTAHHAM Halpis-
HOMaHITHIWNX AXXepen eHeprii: CBiTNa, OpraHiYHMX CNoNyK, aMOHiaKy, MOHIB
MeTaniB, BOAHIO Ta iH. ApxeAM MpuTaMaHHi yHiKanbHi MeTaboniuHi npouecu:
6aKTepiopoaoNCUHOBUN GOTOCUHTES | MeTareHes.

OTXe, apxei € CaMOCTIMHUM JOMEHOM WUBOI MPUPOAN i Bigpi3HAOTbCA Bif
6GaKTepil N eyKapioTiB HU3KOK O3HAK Ha MOJIEKYNSPHOMY PiBHI opraHisauii.

Aki oco6nuBi npouecn metabonismy xapakTepHi AnAa apxen?

Ha nouaTkoBMx eTanax po3BUTKY XUTTA apxel Oynu JoMiHyouMMn GopMamMm XKNUT-
TA i BigirpaBanu Begyyy posnb y 6ionoriyHin mirpauii enemeHTis. Y Ti yacn ocobnmse
3HayeHHA Manu Npouecy OTPUMaHHA eHepril 3a YMOB BUCOKOrO BMICTY MOJIEKYnAp-
HOro BOAHIO 11 BiICYTHOCTI KMCHIO Ta OpraHiuyHux pevoBuH. Lli npouecn 36epernucs B
apxen Ao TenepiwHbOro yacy.

MetareHes - npouyec ompumMaHHsA eHepeaii'y 6e3KUCHeB8UX YMOBAX 3 YMBOPEHHAM
memaHy. Cepef, MeTaHOreHHUX apxel € aBTOoTpodHI BUAW, AKi 3aaTHi fo dikcauii Byr-
NeKNCNOoro rasy, i retepoTpodHi BUAK, AKI NPOAYKYIOTb MeTaH 3aBAAKM 34aTHOCTI A0
MeTaHOBOro 6pogiHHA. ABTOTPOPHMM apxeAM-MeTaHOreHaM ASiA XUTTA JOCTaTHbO
BOJHIO, BYI/IEKMCIIOrO rasy v BoAu. YHiKanbHa B XXMBOMY CBITi peakLia CMHTe3y meTa-
HY CNYTye 08 HUX AXKepenoM eHepril ANA CMHTe3y BAlaCHUX OPraHiyHnX CNonykK:

CO,+4H,—>CH,+2H O+ E

Lli icToTn moXyTb BMKKMBaTK HaBiTb B ymoBax Mapcy uu BeHepu. bansbko 1,5 %
Kap6oHy, o 6epe yyactb y 6iochepHoMy Kpyroobiry, MpoxXoauTb Yepes CTagito me-
TaHy 3a yyacTi METAaHOTeHHUX apXell. YTBOPEHHs MeTaHy BilOYBaEeTbCA Ha AHI MOpIB
" npicHMX Bogonm, y 6onotax, FpyHTax TYHAPW 1 PUCOBKX NoniB. MeTaHOreHmn € BHY-
TPILWHBOKAITUHHUMWU CUMOIOHTaMM OeAKMX TBAPMHOMOAIGHUX OpraHi3mis, BXOAATb
[0 CKNagy KULWKOBOI MiKkpodnopu, TEpMITIB, >KYNHWUX TBaPUH, MPUMATIB 1 NIOAVHMN.

BakTepiopopgoncnHoBuil GOTOCUHTES BIJKPUTUIA Y CoNnentobHUX apXxeli-rano-
oinis, AKi matoTb dioneToBUI CBITNOUYTNMBUIA NirmeHT — HGakTepiopogoncuH. fano-
binu icHyOTb 3aBAAKM BUKOPUCTAHHIO OPraHiYHMX CMOMYK, BOHW MOXYTb POCTM 33
HaABHOCTI KMUCHIO 1 6€3 Hboro. 3a BifCYTHOCTiI KUCHIO 1 HafABHOCTI ACKPaBOro CBiTna
B HUX YTBOPIOKOTbLCA NypnypoBi GpoTomeMOpaHm, WO MIiCTATb NirMeHT, NodibHUN JO
NOACbKOro poAoncmHy. 3a yyacTi LibOro nNirMeHTy eHepria CBiTna NepeTBOPIOETHCA B
eHeprito AT, wo gonomarae im nepexnT Nepiogn HecTadi KUcHIo. fanodinbHi apxei
€ OCHOBOI eKOCUCTEM 3 eKCTPeManbHUMK ymoBamMu XUTTA. Tak, y Bogax MepTteoro
MOpS B CKNlafli 6akTepianbHUX MaTiB BUABNEHO 20 BUAIB CONeNntobHUX apxei. Tam iXHA
KiNbKiCTb JOCATra€ feCATKIB MiIbMOHIB KNITUH Ha 1 M.

OTXe, apxei y Hall Yyac nocigaioTb y 6iochepi cBOEpigHe Micue, 3aiNCHIO0-
4y MeTaboniyHi NpoLecn B yMoBax, HeAOCTYMHUX As iHWNX OpraHi3MiB.

He nowmpeHi apxei?

Apxei nowrpeHi NOBCIOAHO — Bif rigpoTepmanbHUX AXKepen, KpaTepiB BySKaHiB,
1 gHa lMiBHiYHOro J1IbOJOBUTOrO OKeaHy A0 TPaBHOI CUCTEMW NOAVMHN 1 TepMmiTiB. Ha
CbOrofHi onucaHo Bxe rnoHag 50 BuAiB apxeis, adanToBaHWX 40 HANPI3HOMAHITHILWNX
YMOB. 3a OLiHKaMu BUeHUX, apxei y cyyacHin 6iocdepi ctaHoBnATb 61m3bKo 20 % Bif
i 3aranbHoi 6iomacwu (is1. 17).

Binomo, wo cepep apxeli € BenviKa KinbKicTb BUAiB-eKcTpemodinis, AKi X1BYTb
3a fy»Ke BMCOKNX TemnepaTyp, YacTo Buuie Big 100 °C, AK Ti, KOTPUX 3HANLWIAN B rense-
36 pax i YopHUX Kypusax (Tak 3BaHi apxei-tepmodinm). [HWMX BUABNEHO B Hafi3BNYAHO

Tema 1. BIOPI3HOMAHITTA
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conoHomy (apxei-ranodinu), kncnomy (apxei-aympodinu) abo ny>kHomy (apxei-anka-
noodinun) cepenosuli. Tak, apxena nipono6yc (Pyrolobus fumarii) xvee 6ins nigBogHUX
rigpoTepmanbHUX gxkepen, Temnepatypa Boam Akux +106 °Ci pH 5,5. Buxkntu 3a Takux
YMOB BOHU MOXYTb 3aBAsIK/ OCOONMMBOCTAM KNITUHHUX MeMbpaH Ta BENWKIl KiNbKo-
CTi HYKNEOTUAHMX Nap ryaHiH — UUTO3MH, CNOJTyYeHUX TPbOMa BOAHEBUMU 3B'A3KaMU.
Lle ogHa apxess MemaHonipyc (Methanopyrus kandleri) icHye 3a Temnepatypu +122 °C.
Apxea mepmokokyc (Thermococcus gammatolerans) BuTpMy€e BNAMB pagiadii, o
nepesuLLyE neTanbHy o3y ana niognHn B 3 000 pasis.

Cepep apxeln € 1 sudu-me3oqinu, AKi XNBYTb 3a 3BNYANHMX YMOB BOLHOIO YK
rpyHTOBOro cepepoBuila. barato apxeis € cumbiompogHumMu sudamu pisHNX opra-
Hi3miB. Tak, MyTyaniCTUUYHi MeTaHOreHHi apxei 6epyTb yuyacCTb Y pO3LenneHHi Lento-
1031 B KMLWEYHUKY TepMITiB Ta XKyMNHMUX TBapuH. OnncaHo BMAM apxen-KomeHcanis,
AKI XNBYTb Ha LWKipi, y TPABHIN CCTEMI TIIOQUHMN.
1138 Ry 2 3

In. 17. NpepxcTaBHKKM apxeit: 1 — NipokoKyc (Pyrococcus furiosus) — € axepenom GepmeHTiB
y bioTexHornorii; 2 — meTaHOGpeBibakTep (Methanobrevibacter smithii) 3 KNWLEUYHVKY NOOVHY;
3 - deponnasma (Ferroplasma acidophilum), aka npoxmBae 3a pH 0;

4 — TEPMOKOKYC, AKa BUTPUMYE BENUKi 03U pagiauii

OTXKe, apxei NoWnpeHi CKpi3b i 3aiMatoTb €KOJOTiYHI HiLi,
WO € BaXKKOAOCTYMHMMW ANA iHWNX OpraHi3MmiB.

IAIbHICTb
AANBHICTD OsHaka OcobnmsocTi
3 CamocrTiiiHa po6oTa 3 Tabnuuelo MosepxHeswit anapar

Ha3Bitb ocobnuBocTi 6yfoBu 1 XWTTe- | Llutonnasma
LiANbHOCTI apxell Ta 3amoBHITb y pobouyomy |Hykneoig
3ownTi Tabnuu «OcobnmMBOCTI opraHizauii | XusneHHs
Ta QyHKLiOHyBaHHA apxel». Lo € npuunHolo | InxaHHaA

0cobnmBoCTel opraHizauii apxei? Pyx
Po3mHOxeHHA
Bionorisa + Ximisn. MeTaHoBe 6poaiHHA CnopoyTBopeHHs

MeTaH (CH,) - ue ra3 6e3 Konbopy I 3ana-
XY, Ma/IOPO34YMHHWI Y BOZ|, ane fobpe po3unH-
HWI B OPraHivYHMX pO34YNMHHUKAX; Make BABIYi
nerwui 3a nogitpa (in. 18). Y npupogi metaH
YTBOPIOETbCA BHACNIAOK THUTTA POCAUHHUX
pelwToK 6e3 ocTyny NoBiTPA, po3Knagy Kam's-
HOro BYrinnA nig 3emnelo. 3BiACM NOXoAWUTb
noro Ha3sa 60MOTHUN, a0 PYJHUKOBWUIA, ras.
MeTaH € OCcHOBOW 6iorasy, Lo MOro oTpUmy- In. 18. KynectepxHesa (1),
I0Tb 3aBAAKN MeTaHOBOMY 6pogiHHio. LLlo Take MmacwTabHa (2) moaenb monekyniu
6ioras i MeTaHOBe 6POAIHHA? MeTaHy 37
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CTABJIEHHA

bionoria + Miponorisa. Knacudikauia apxen

Y pomeHi Apxei BrokpemnioTb yxe 13 Tunis, cepef
AKMX Hanbinbw gocnigkeHnmn € KpeHapxeoTu Ta EBpiap-
xeoTn. ¥ 2015 p. BugineHo tun Jlokiapxeotn (3a imeHem
CKaHAvHaBcbkoro 6ora Jloki) 3 npeacTtaBHUKamMK, Wo ix
BBaXaloTb nepexigHuMy GopmMamy MiX NpokapioTamu i
eykapiotamu. Y 2016 p. 6yB onucaHum e oguH Tun apxem —
TopapxeoTu Ha uecTb 6ora Topa. |, HapewrTi, y 2017 p. onu-
caHo Tunu lfenmpanbapxeotn n OpiHapxeoTn (Ha YecTb 6oris fenmpans n OpgiHa). Lo
e 3a CKaHAMHaBCbKi 6orn? Aki 0cobnnBOCTI BUPI3HAIOTb rpynu apxen Mixk coboto 1
CNyryoTb 03HaKaMu Ans Knacudikauii apxen? Aka posb apxein y 6iocdepi?

PE3YJIbTAT

3aBfaHHA 4N CAMOKOHTPOJIIO
1. XTo Taki apxei? 2. Hasegfitb npuknagn apxen. 3. Lo Take meTtareHes? 4. Lo Take
1-6 |6akTepiopopgoncnHoBuin oTtocrHTes? 5. XTo Taki apxei-ekctpemodinu? 6. Hasegitb
npuknagn cumbiosy cepep apxei.
7. Alki ocobnmBOCTI Bigpi3HAIOTL apxeit Big 6akTepiit Ta eykapioTis? 8. Aki ocobnmsi
npouecu metaboniamy xapakTepHi Ana apxein? 9. [le nowmpeHi apxei?

10— 12| 10. OuiHiTb 3HaueHHsA apxel AnA icHyBaHHA 6iocdepn.

3emng - nnaHema 6akmepiti.
Kpetizc BeHmep

§ 10. MpokapioTn4Hi opraHiamu: 6aKrepii

OCHOBHi NOHATTA N KMoYoBi Tepminn: BAKTEPII. lopunsoHTanbHe nepe-
HeCEeHHSA reHis.

MpurapanTte! X10 Taki npokapioTn?

& HoBuHM Haykn

Y 3pa3kax BOAM i I'PYHTY, B3ATUX Ha TepUTOPIi 3aBO-
[y 3 nepepobKM NNacTUKOBKX MAALIOK, Oyno 3HangeHo 6ak-
Tepii HeBiloMoro paHiwe Buay ideoHena (Ideonella sakaiensis).
Lli 6akTepii 4nAa cBOro »KUBNEHHA BMKOPUCTOBYIOTb MNIACTUK,
po3Knafawuy noro Ha 6e3neyHi AnAa NPMpPoAMY KOMMOHEHTU.
HaykoBui nigpaxyBanu, Wwo 6akTepii 3gaTHi po3KnacTi NacTUKOBMIA NaKeT i3 Halmno-
LUMPEHILIOro NNacTUKy nonieTuneHTepedTanaty BCboro 3a 6 TUXKHIB. Taky BNacTuBICTb
6aKTepii pOo3BMHYNN YNPOLOBX OCTAHHbOIO JeCATUNITTA — Le IXHA BiANOBiAb Ha Benu-
Ky KibKiCcTb XKi HOBOro Tvny. K 3a3HayatoTb Mikpobionoru, bakTepii MaloTb Bpakatouy
30aTHICTb alanTyBaTUCA O HABKOJIMLWHbLOIO CepefoBULLa.

Tema 1. BIOPI3HOMAHITTA

3MICT

Yum 6aKTepii Bigpi3HaOTbCA Big apxei?
BAKTEPII (Bacteria) - npokapiomuyHi 0dHOKAIMUHHI MikpoopaaHizmu. Y npoue-
38 ci eBonoLii 6aKTepil aganTyBanncb A0 XUTTA Y I'PYHTI, BOAi, NOBITPI, Ha NOBEPXHi I
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BCepeVHi KMBMX opraHiamiB. OCHOBHVMMMW 1 =rpamHeraTuBHa | flinoroni- 2 ™ FPaMNO3UTUBHA

rpynamu 6akTepiit € cipoxeti, npotoGak- L LI L L LSS e

Tepii, akTMHOGaKTepii, Mikonnasmu Ta iH. W MeMGPaH'a %

BakTepii € HaYMCAEHHIWMMM 1 HaliNoLWW- Mlenmugorrikan

PeHilnMy opraHismMamm Hawoi nnaHeTn. Y [ ”‘:,;033336";31,‘;“' Y

HUX NpocTa 6yaoBa KNiTUHK, BUCOKI TeMNU

PO3MHOXeHHS, BeNuKa pPi3HOMAHITHICTb In. 19. Cxema GynoBw KniTMHHOT

TMNIB 1 CNocobiB »KNBJIEHHA, BUCOKA MiH- 060110HKN rpamHeraTuBHmX (1)

NUBICTb 3aBAAKM MOOINIbBHUM FreHeTUYHUM Ta rpamMnosuTUBHYX (2) GakTepilt

enemMeHTaM Ta ropM30HTaNIbHOMY NepPeHEeCeHHIO reHiB, HaABHICTb MeXaHi3MiB 3aXUCTy

Bil BipyciB, BOHM MaloTb 3[aTHiCTb BnagaTy B aHabio3 1 yTBOptoBaTW criopu AnA

BUTPUMYBAHHA HECMPUATANBUX YMOB. Ha cyyacHomy eTani BifbyBaeTbCA NepeBakHO

6ioximiuHa eBontoLifA, 3aBAAKM YOMY BOHM MOXKYTb OMaHOBYBaTW HOBI €KOJSOTiyHi

HiWi, BUpOo6sitoun HOBI GepPMEHTUN ANA 3aCBOEHHA HOBUX MOXNBHUX PEUOBMH.

Y cyuacHin cuctemi opraHiuyHoro CBiTy Wi opraHiamm o06’egHaHo B loMeH bakTepii.

AKi X Hal3aranbHilWi 0cobnMBOCTI 6Y[OBY Ta XKUTTERIANBHOCTI GaKTepil Bifpi3HAIOTL

ix Big apxen?

1. KnimuHHa 060/10HKa 6aKTepianbHUX KIITUH MICTUTb NENTUAOMAIKAH (MypeiH), Wwo
YTBOPIOE MKOPCTKY PELLITKY ANA 3aXUCTY 1 onopu, 6epe akTVBHY yyacTb B OOMiHi
PEYOBVH, POCTi, PO3MHOXEHHI. 3a 0COGNMMBOCTAMM OYOOBU KNITUHHOI CTIHKA
6aKTepii NoAINATb Ha rpaMHeraTUBHI Ta rPamMno3nTUBHI (is1. 19).

2.  OCHOBOI KJIMUHHUX MemMbpaH 6aKTepiin € aBa wapwu docdoninigis i pisHoma-
HiTHI 3a QyHKUiAMK GinkoBi Monekynu. [lyxke BaxnuBumn ana G6akTepiin € Taki
byHKUiT mMembpaH, AK TPaHCNOPTYBaHHA PEYOBWUH, NEPETBOPEHHA eHeprii,
CMHTE3 PeyvyoBUH, WO BifOYBaOTbCA 3@ YYacTi BHYTPIWHbOKAITUHHUX BMUHaHb
(boTOomMeMOpaH, me3ocom).

3. [na 6GakTepi xapakTepHa HaA3BMYaMHA PiI3HOMAHITHICTb TWUMIB XKUBJ/IEHHS:
¢omoasmompogHuli (uiaHobakTepil), xemoasmompogHuli (3ani3obakTepil,
cipkobakTepii), pomozemepompogpHuli (MypnypHi 6akTepii), xemozemepompodp-
Hul (canpoTpodHi 6akTepii).

4. [eHu 6aKTepianbHOI KNITUHU CKNagaloTbCA i3 6e3nepepBHOI KoAyBasbHOI
NOCNifOBHOCTI HyKneoTuaiB. [oginy Ha iIHTPOHU 1 eK30HM HeMa€E. XapaKTepHOIO
0O3HaKolo 6aKTepill € HaABHICTb y KNiTUHI, NOPAL 3 HYKNIEOIAOM, HEBENUKMX
ABTOHOMHMUX Nnasmig.

5. YHiKanbHUMM gna 6aKTepin npouecaMmm XUTTELIANbHOCTI € 6inbLWicTb TMNIB 6po-
LiHHA, dikcauia a3oTy, bakTepioxnopodinbHM 6e3KUCHeBUIA GOTOCUHTES Ta iH.

6. Y 6aratbox 6aKTepill BifbyBa€eTbCA yTBOPEHHA CNOp AN iCHYBAHHA 3a HECMPUAT-
NIMBUX YMOB, AeAKi 34aTHi 80 iHUMCTYBaHHA ANA 3aXUCTY A NOLUMPEHHA.

OTxe, 6aKTepii MaloTb HU3KY BiAMIHHOCTEN OYOOBM N XUTTERIANBHOCTI,
O CTasio OCHOBOK A/1A IXHbOro BMoKpemneHHA B gomeH BAKTEPII.

§ 10. MpokapioTnyHi opraHiamu: 6akTepil

AKi cnoco6u po3mHOXKeHHA Ta 06MiHY cnagKkoBoto iHpopmauielo y 6akTepin?
HanuacTiwe y 6akTepili cnocTepiraeTbca WBUAKWIA 6iHapHUl nodin, Wo 3a cnpu-

ATNVBUX YMOB BifOyBaeTbcA B Mexax Big 15 go 30 xB. PisHoBmpom GiHapHoro noginy

€ 6pyHbKy8aHHA. Ha ogHOMY 3 NOJOCiB MaTEPUHCBKOT KIITUHN YTBOPIOETLCA OPYHbKa,

AKa 36inbLIYETbCA, @ NOTIM BiJOKPEMITIOETLCA. Y AeAKNX BaKTepili BUABNEHO MHOXUH-

Huti nodin. Viomy nepeaytoTb pennikauis JHK i 36inbleHHs KAiTuHW, B AKiN gani sigoy-

BAETHCS KiflbKa NOC/iOBHMX GiHAPHUX NOAINIB 3 yTBOPEHHSIM 6araTboX APiOHUX KITITUH. 39
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CTaTeBOro po3MHOXEHHA Y 6aKTepill HEMAE, OCKINbKN He YTBOPIOIOTLCA raMeTu.
Ane HaNronoBHilla MofiA CTAaTeBOro BiATBOPEHHA, a came OOMiIH reHeTUYHUM
maTepianom, y Hux €. CyTTeBY ponb Yy LbOMy npoueci Bifirpa€ ropusoHTasbHe
nepeHeceHHsA reHiB Mi>k opraHiamamm pisHuX BUis.

fopu3soHTanbHe MNepeHeCceHHA TFeHiB -
npouyec, ni0 4ac AKo20 Op2aHi3M nepeodde 2eHe-
muyHUlt mamepiasn iHWOMY Op2aHi3my, AKUU He €
tiozo Hawjaokom. Cepep, apxeli Ta 6akTepilt ropu-
30HTaNlbHe NepeHeCceHHsA reHiB € JOCUTb 3BMYal-
HUM HaBiTb MiX BigganeHUMu Buaamun. 3aBaAKN
LbOMy ABWLLY B AOAAEPHUX OpraHi3miB 3abe3ne-
UylTbCA KOMOGIHaATVMBHa MIHAMBICTb i 34aTHICTb
NPUCTOCOBYBATUCA [O YMOB [OBKINNA. ICHYOTb
TpW 3aranbHi MexaHi3My ropmsoHTanbHoro ne- M- 20. MexaHismn ropusoHTanbHoro
peHeceHHs reHiB: TpaHchOpMaLia, TpaHCAyKuUia — MEPEHECEHHA reris: 1 — Tparcdopma-
. , . . . uis, 2 — TpaHcayKuis; 3 — KoH'lorauis
1 KoH'torauis (in. 20). TpaHcgpopmauis (Bin nar.
transformatio - NnepeTBOPEHHS) — nepedayd 2eHeMuU4YH020 Mamepiasy Mix KIimuHamu
3a yyacmi i3onvosaHoi [JHK. Mpu TpaHcdopmauii He noTpibeH 6Ge3snocepepgHii
KOHTaKT MiX KNiTMHOI-AOHOPOM i KniTUHOM-peumnieHToM. TpaHcdykyia (Big nat.
transductio — nepemilleHHsA) — nepedaya 2eHemMuy4yHO20 Mamepiasy 8i0 OOHi€i K-
MUuHU [HwWil 3a donomozolo 8ipycia. fBuLle TPaHCAYKLIT BifKpUTe ameprKaHCbKUMU
BueHummn [. Jlegepbeprom i H. LUuHpgepom we y 1952 p. Kowu’ioeayia (Big nart.
conjugatio — NOEAHaHHA) — nepedaya eeHeMU4YHO20 Mamepiasy 8i0 KnimuHu-0oHopa
y KiaimuHi-peyunieHmosi npu 6e3nocepedHbOMy KOHMaxkmi knimuH. HeobxigHoto
YMOBOI KOH'torauii € HasaBHICTb y KNITUHI Nnasmigun.

OTXe, pO3MHOXEHHA apxen Ta bakTepil BigbyBaETbCA HeCTaTeBO,
a BU3HavasbHUM MpoLLecoM KOMOIHATMBHOIT MiHAMBOCTI
€ TOPV30OHTaJIbHE NepeHeCceHHs reHiB.

Ak 6akTepii B3aemogiloTb Mi>K co6010 Ta 3 iHWIMMW opraHiamamu?

Yacto 6GakTepii «cniBnpauoTb», GopmMmyoun 6ionniBKM Ta 3MiHIOUA LWBUA-
KiCTb pOCTY 3aBAAKN «BifuyTTIO KBOPYMY». Lli B3aEMUHN MOXKYTb By TW iCTOTHUMI A
3pOCTaHHA BCi€l rpynu opraHi3miB. bionniBku (6iodinbmn) - cnineHul ciuzosuli
wap i3 3aHypeHUMU 8 Hb020 KOJIOHiAMU 6akmepil. bionniBky 3axumiarTb iX Bif
HeCcrnpuATIMBAX YMOB CepefoBMLLA, a TakoX 3abe3neuyioTb yMOBWU AnA OOMiHY
MK OKpeMUMW  KNITUHaAMU  MOXMBHUMK  pevyoBuHamu, [HK, depmeHTamuy,
NPOAyKTaMu XUTTERIANbHOCTI Towo. bionniBku yTBOpPIOIOTH ChiNbHe CTabinbHe
cepefoBuLLe iCHYBaHHA GaKTepiil, 3aBAAKN YOMY OCTaHHI MOXYTb BUXKUBATU B yXKe
BaXKUX i ManonpuaaTHMUX ANA iHWKX opraHiamiB ymoBax. [lepebyBatoun B yrpyno-
BaHHAX, GakTepii cninkyromeca i kKoopOuHylome c8010 nosediHKy 3a80AKU ceKpeuyil
MOJIeKyIApHUX cuzHanie. Lle sBMwe Ha3MBAETbCA «BiguyTTAM KBOpymy». [loro
BrepLue crnocTepiranu y 6iontomiHeuceHTHOT 6akTepii (Vibrio fischeri), o xunse sk cu-
MOIOHT y CBiTNIOBUX OpraHax-poTodopax 0f4HOro 3 BUAIB raBaliCbKMX KanbMapiB.

B3aemo3B'A3KM Mixk 6aKTepisiMu 11 iHWMMY OpraHi3MamMmm MOXKyTb 6y T CMGioTNY-
HUMW Ta aHTUGIOTUYHKMK. [pUrafaemo, Lo HaNNOLWMNPEHILLMMUN BUAAMU CUMOIO3Y €
Mymyainism, KOMeHcaniam, napasumusm. Nprknagamym MyTyaniCTU4HMX B3aEMOBIA-
HOCWH y GaKTepill €: a) BIAHOCMHUN MiX BOAHEBVMM aHAEPOOHUMU GAKTEPIAMY, AKi
40 CMOXKMBAOTb OPraHiyHi KUCNOTU i BUAINAIOTb H, Ta MeTaHOreHHUMK apxeamu, AKi

Tema 1. BIOPI3HOMAHITTA
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noro crnoxuBatoTb; 6) cniBicHyBaHHA GynbboukoBMX GakTepiin i KopeHiB 6060BUX
pocnvH (6akTepiopu3sa); B) cniBiCHyBaHHA 3 OpraHi3aMoOM JNIOAVHW MOMOYHOKUCINX
6akTepii. MprMKNagoM KoOMeHcaniamy MoxyTb OyTu BiZHOCMHW opraHi3amy noAnHU
3 6idigobaKkTepiamMy 1 KULWKOBOW Nanuykot. Mprknagom napasntusamMy € criBicHy-
BaHHA XBOPOOOTBOPHMUX GaKTEPil (UyMHa Mannyuka, XoNepHUn BiOPiOH, 3010TUCTUN
CTadinokok, TybepKybo3Ha Nasnyka) 3 OpraHiaMoOM JIIOANHMN YL TBAPVIH.

AHMU6I03 — Lie B3aEMOBIJHOCUHN, 3@ AKMX CNOCTEPIra€TbCA NPUrHIYEHHA PO3BUT-
Ky abo MoBHe BiMMpPaHHA OfHWX BUAIB Nif Ai€l0 NPOAYyKTiB 06MiHY, WO iX YTBOPIE
iHWWi BMA. HanyacTiwe ui npoAyKTy HasmBatoTb aHTUbioTMKamu. Tak, Jlyi MNMacTep we
B 1877 p. onncaB KOHKypeHLito 6aKTepiln rpyHTY i 6akTepini-36yaHKKIB cnbipcbKoi
BUpa3Kn. € cepen GakTepil i cnpaBXHi xvKaku. [Jo HUX HanexaTb 64enoBi6PioHN,
TepaTobaKkTepu, ANKTIObaKTEePU Ta iH.

OTXe, B3aEMOBIOHOCUHN Mi>K 6aKTepiAMM Ta opraHiamamm
B Pi3HMX YrpyNoBaHHAX € CKNAAHUMW, AUHAMIYHUMMK N TaKUMU,
Lo 3anexatb Bif 3MiH yMOB cepefoBuLa.
BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui Ha KOHKPETHUX NMpurKiagax (ranokBagpaTym i KALWKOBa
nanunuka) nopisHanTe apxein Ta baktepii. CbopmyntoiiTe BUCHOBOK NPO NPUYMUHM MO-
LiGHOCTI Ta BigMiHHOCTE.

O3Haka Apxei bakTepii
KinbKicTb BUAiB
KnitmHHa o6onoHKa
KniTnHHI membpaHu
KnBneHHn
OcobnnBoCTi reHomy
YTBOpEeHHA crnop i

Bionoria + MatemaTnka. Po3MmHOXeHHA GaKTepiin

Po3rnaHbTe cuTyauilo, KON OfHa MPOKapioTMYHA KiiTMHa nepebyBa€e B onTu-
ManbHUX yMOBax 11 6e3 nepeLkop po3mMHOXY€eTbCA. CKiNbKU KNiTUH Byae B MOAenbHil
nonynaAuii uepes 10 NOKOMiHb, AKLWO MNOAIN KNITUH BiAOYBaETbCA WOKOXHi 20 xB? 3a-
MOBHITb TabnuLto i nobyayiTe rpadik pocTy nonynsuyii (Ha ropu3oHTanbHi Bici — yac,
Ha BepTUKasbHIi — KiNbKIiCTb KNiTWH). 3anuiTb MaTeMaTUYHWIA BMPA3, Wo Bigobpa-
Xa€ 3aKOHOMIpPHICTb POCTY nonynAuii.

Yac, xB 0 20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 200
KinbkicTb 6aKTepiii

Q CTABJIEHHSA
- —
Aﬁ bionoria + MeguuuHa. MpoekTt «Mikpo6iom niognHN»

3aBaAKkM npoeKkTy «Mikpobiom nlognHU» CKna-
[IeHO CMUCOK KOPUCHUX OaKTepill, WO iCHyloTb B
opraHi3mi NognHN. 3 UbOro CNUCKy BUOKpeMumo bidi-
nobakrepil (Bifidobacterium longum) Ta naktobakTepil
(Lactobacillus Johnsonii). fika KopucTb UMX GakTepin
[NA OpraHiamy nioguHm?

§ 10. MNpokapioTnuHi opraHiamu: 6akTepil

4
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PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. XT0 Taki apxei? 2. HaBenitb npuknagn apxen. 3. Ha3BiTb cnocobu PO3MHOXEHHSA
1-6 |npokapioTis. 4. LLlo Take ropr3oHTasibHe nepeHeceHHs reHis? 5. Lo Take Gionniskn?
6. HaBegiTb npuknagn cimbio3y Ta aHTNGiI03y Mixk 6aKTepiAMM i1 IHLLIMMMN OpraHizMamm.
7. Alki ocobnmBoOCTI Bigpi3HAOTb apxel Bif 6akTepilt Ta eykapioTie? 8. Ha3BiTb crno-
7 -9 | cobu po3MHOXeHHs Ta 0OMiHY cnagkoBoto iHpopmaLieto y 6akTepii. 9. Ak bakTepil
B3AEMOZI0Tb MiXX COOOI0 Ta 3 iHLIMMM OpraHiamamin?

10— 12/ 10. OUiHiTb NO3WTVBHE 1 HEraTUBHE 3HAYeHHA GaKTepi AnsA OopraHiamy NOANHN.

Mosiea eykapiomie € Opy20to 3a 3HAYeHHAM
(nicns 3apo0xeHHs camozo Xummes) nodieto 6ionoziuHoI esotoyii.
B. MapmiH, M. Paccen

§ 11. Eykapiotu

OcHOBHi NOHATTA 11 KnoyoBi TepmiHn: EYKAPIOTU. Cuctema eykapiotuny-
HMX OpraHismis.

MpurapanTte! X10 Taki eykapiotn?

X HoBuHM HayKn

HelwonaBHo Ha rmunbuHi 611M3bKo 3 KM Hernoganik
Bifl rifpoTepmanbHoro Kypua «3amok J1oki» BigKpuUTo HOBUIA
TUMN apxei, Ha3BaHMX Ha YeCTb CKaHJMHaBCbKoOro 6ora bew-
KeTy i obmaHy. Y reHomi Lokiarchaeum € nogi6Hi fo eyka-
PIOTUYHUX FeHuU, WO KoAyoTb 6inku, BignoBiganbHi 3a 3MiHy
bopMU KNiTVHKY, BE3UKYNAPHE TPAHCMOPTYBaHHS, AisANbHICTb
LUMTOCKeseTa Towo. TakMM YMHOM, JIOKiapXeoTn BUABWUIMCA HaWObiNbL BiporigHMmMun
KaHAngataMu Ha porsib NpefKis eyKapioTUYHMX OpraHismis.

3MICT

Aki o3HaKu eyKapioTiB Bigpi3HAIOTH iX Big apxeii Ta 6aKTepiin?

E EYKAPIOTWU (Big rpeu. ey — nobpe, kapioH — AApo) — 0oMeH 0OHOKIMUHHUX, KOJ10-
E HianbHUX | 6a2aMOKIIMUHHUX Op2dHi3Mi8, U0 XapaKkmepu3yromecsa HAABHICMIO A0pa
% ma membpaHHux opzares. Lle HaMpi3HOMaHITHiWa rpyna opraHiamis, Aka JOMIHY€E B
= 6iNbLIOCTI CyYaCHMX EKOCKCTEM, 3a BUHATKOM aHaepOOHMX 30H. 3arasibHMM O3HaKa-
5 MM eyKapioTiB €:
B «  HaseHicmo A0pd I NOCKOHANMIWOI cucteMu perynsuii reHomy. Lintonnasma i3 npo-
o Llecamn akTUBHOTrO MeTaboni3My BifOKpeMunach Bif AiNAHKM 36epexeHHa 1 ne-
E’ penucyBaHHA cnagkoBoi iHbopmaLii. 3aBAAKM LibOMy Pi3KO 3pocna afanTuBHICTb
eyKapioTiB O 3MiHHWNX YMOB cepefioBuLLa 6€3 BHECEHHA CNafKOBMX 3MiH Y FeHOM;
«  HAABHICMb XpOMOCOM, WO CKNafaTbcA 3 NiHinHoi Makpomonekynu JHK Ta 6in-
KiB-TiCTOHIB. 3 NOABOIO XPOMOCOM Y eyKapioTiB NOB'A3aHe BUHUKHEHHA CTaTeBO-
ro PO3MHOMEHHS 3 NOr0 MOXKMBOCTAMU KOMOIHALIMHOT MiHNMBOCTI;
«  Mo3aiyHUl npuHyun opezaxizayii binkosux 2eHis. BnacHe kopyBanbHa 4acTVHa
TaKMX FeHiB npeacTaBfieHa MOCNIAOBHICTIO OKPeMUX «3MICTOBHUX» OINAHOK —
42 €K30HiB, po3AineHnx «6e33mMiCTOBHUMMY» iIHTPOHAMU;

paBo Anst 6e3onnaTHOrO po3milleHHs NiapyYHuKa B Mepexi IHTepHeT mae
iHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua




« 0sowaposicme KAiMUHHUX MeMbpaH. Y Membpa-
Hax Po3pi3HATb GininiaHUM wap i3 poconinigis
i pi3Hi 3a po3TawyBaHHAM 1 GyHKLiAMM GinKy;

*  HAABHICMb OpeaHes i3 B/7dCHUM 2eHeMUYHUM
anapamom — MITOXOHAPIN Ta naacTua, Wwo MaklTb
€HAOCUMOBIOTNYHE MOXOIKEHHA | MOXKYTb Pi3HUTU-
cA bygoBoto;

«  CKIIAaOHA CMpyKmypa 0x2ymukis, y AKNX BUOKPEM-
NIOI0Tb akCoHeMy (fBi LeHTpanbHi MiKpOTpy6oUKn
i ieB’ATb Nap NoB'A3aHNX MIKPOTPYOOUOK «9+2»), a
TaKoX MmembpaHy (in. 21).

+  HaAgHicmb eHOOUUMO3y — TPAHCMOPTYBAHHA PEUYOBUH Y KNITUHY 3 YTBOPEHHAM
MeMOpaHHMX MiXypLiB — Be3uKyn. XapakTepHUN [na KNiTWH, nosbasneHux
KNITUHHOT 0O60NOHKN;

«  CKNaoHiwi peakyii ma npouyecu Xummeoifa/ibHOCMi, AK-TO NPOLECUHT, KPOCUHIO-
Bep, MiTO3 1 Melo3 Ta iH.

OTXXe, 0O eyKapioTiB BigHOCATb OpraHi3mMn 3i CKNagHiLow
OopraHi3aui€lo KNiTUH i NpoueciB »KUTTEQIANBHOCTI.

AKi ocHOBHI eTanu Nnoxoa»KeHHA eyKapioTis?

Eykapiotn BuHmknu 1,5 — 2,0 mnpg pokiB TOMy i MalTb MOHOdINeTNYHe Noxo-
IPKEHHA Bif AKOICb rpynu opraHi3miB. Ha nouatky 2012 p. C. Yxao i3 cnisaBTopamu
NoBiZOMUAM MPO BIAKPUTTA MOXNMBOrO 3arajbHOro npefka eykapiotis. Hum Bu-
ABMBCA MOPCbKUA OAHOKNITUHHUN [KryTMKOoHOCeub kKonopukTioH (Collodictyon
triciliatum) (in. 22). OnHaK Ue BifKPUTTA He Ja€ BiANOBIAi LWOAO BUTOKIB MOXOAXKEHHSA
nomeHy EykapioTn.

MopiBHAHHA 6ygosn [HK i opraHi3auii reHomy cBifunTb Npo Te, WO eyKapi-
OTW 3HauyHO ONWXKYi [0 apxei, aHiK Ao GakTepin. Lle migTBepaKyloTb TaKi 03HaKWM,
AK HaABHICTb GINKiB-TiCTOHIB Y reHOMI, NepepBHa opraHisalia CTPYKTYPHUX TeHiB,
CBITNOYYTNMBUN 6INOK POAONCUH Ta iH. Ane y CTPYKTYPi eyKapioTUYHOT KNITUHN € 1
03HaKM H6akTepianbHUX opraHi3mis. e kinbuesa AHK, pubocomn 70S, nepeBaxkaHHA
docdoninigis y membpaHax ToLo.

CyHTEeTMYHa Teopis NOXOMKEeHHA eyKapioTiB cdopmyBanacs Ha MoyaTtky
XXI CT. Ha OCHOBI CMHTE3y aBMo2eHeMUYHOI 2inoMe3u NOXOLXKEeHH:A Afpa Ta GinbLwocTi
OOHOMEeMOpPaHHUX KIITUHHUX OpraHes, a TaKoX eHOocuMbiomuyHoi 2inome3u
NOXOAMXEHHA MITOXOHAPIN Ta nnacTud. AKi X OCHOBHI eTann BUHVKHEHHA eyKapioTiB
3rigHo i3 Ui€to Teopietn?

1. YTBOpEeHHA B NPOKapiOTUYHOI KNITUHW BHYTPIWHIX BNMHaHb KNiTUHHOT MeM6-
paHu, Wo npmusenn Ao ytBopeHHA Agpa, EMNC, komnnekcy lonbaxi, TpaBHUX
BaKyonew, Ni30CoM.

2. 3aBpAsAKM ropusoHTanbHOMY NepeHEeCeHH!o reHiB Yy NMPUMITUBHUX eyKapioTis ¢op-
MYIOTbCA MIKPOTPYOOUKYM Ta BUHUKAIOTb LIUTOCKENET, IXKIY TUKM, BEPETEHO NOAiNY.

3. LUnaxom eHZOCMMOIO3y eyKapioTUYHOI KRiTMHW 3 aepobHUMM bGaKTepismu
bopMyOTbCA MITOXOHAPIT 3 AUCKONOAIOHUMY KpUCTaMM.

4. TlonBa eyKapioTiB, y AKX GOPMYIOTbCA MITOXOHAPIT 3 TPyOUYaCTMK KpMcTamum Ta
MITOXOHAPIT 3 NAACTUHYACTUMUN KPUCTaAMU.

5. Cvm6io3 reTepoTpodHOI eyKapioTUUHOT KNiTWHM i3 LiaHOGaKTepiElo Ta YyTBOPEH-
Hs eyKapioTiB 3 ABOMEMOpPAHHMY MAacTUAAMU, SiKi OTPMMAsV Ha3BY NePBUHHO-
CMMOIOTUYHMX. Big LMX opraHi3aMiB NOXoAsTb 3eMeHi POC/MHMN.

In. 21. MonepeyHnin po3pi3
eyKapioTUYHUX BKryTUKIB

§ 11. EykapioTtn
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6. [mBepreHUia retepoTPOdHUX KNITUH 3a TUNaMK KMBJIEHHA 3yMOBWUSIa MOABY
eykapioTiB 3 ocMoTpodHUM (rpubu) Ta eykapioTis 3 daroTpodpHM (TBapUHM)
KNBNEHHAM.

OTXe, NosABa eyKapioTiB BifoOpaka€e 3aranbHy NPOrpecrBHy
CNPAMOBAHICTb 6ioNOriYHOT eBoNOLii, WO BTIMIOETLCA Y 30iNbLIEHHI
6iopi3HOMAHITTA Ta MiABULLEHHI CTINKOCTI GiocmcTem.

Yomy cyuyacHa cucTeMa eyKapioTUYHNX OpraHi3miB € ¢pinoreHeTN4HO0?

CucTteMa eyKapioTUUHUX OpraHi3miB — iepapxiyHa
8N0OPAO0KOBAHA CYKYNHICMb 2pyn, WO NOEOHYE eyKapio-
MUYHI op2aHi3mMmu Ha OCHOBI KoMnsekcy kpumepiig. Bu3Ha-
YaNbHUMWN KPUTEPIAMK CYyYaCHOI CUCTEMW eYKapioTiB €
moneKynapHo-ginozenemuyHuli (NofibHicTb Nocnigos-
HOCTel HYKNeoTudiB y reHax, Wo ix obpaHo fK MapKepu
dinoreHe3sy) Ta OHOBNEHWI Yumosto2iyHuli (HanbinbLw iH-

$OPMaTMBHMMU BBaXKAKOTbCA KiNbKICTb Ta PO3TallyBaHHS In. 22. KonopfikTioH i3
IXKryTUKiB, popma MITOXOHApPIaNbHUX KPUCT, CTPYKTYpa 3aXOMIEHOI0 KONOHIEID
LMTOCKeNeTa, BUAM XJIOPOMJIacTiB 3a 0COBNNBOCTAMY BU- 3€NeHnx BopopocTen

HUKHEHHs). Haibinblunin BHECOK Y CTBOPEHHA Cy4acHOl CMCTEMM eyKapioTiB 3pobuna
rpyna HaykosuiB nig kepisHuuteom C. Eana (inn. 23). 3a cyyacHMMU yABNEHHAMU, B Me-
Xax gomeHy Eykapiotu Bnokpemniototb rpynu Ekckasatu, diadopeTnkn Ta Amopadei.

Exckasamu (Bif rpeL. ekc — 30BHILLHIl, Kaga — 60pP0O3Ha) — epyna HatidasHiwux U
HalnpumimugHiwux eykapiomuyHux 0OHOKIIMUHHUX op2aHi3mig. HansaranbHiwmmm
0O3HaKkamu €: poToBa 60po3Ha, Yepes AKY NOINHAETLCA 1XKa; KiNbKICTb AXKIyTUKIB, AK
npaenno, 6inblW HiXK ABa; MITOXOHAPIT cNpoLeHi abo 3 ANCKONOAIOHMN KpucTamu.
Ho rpynu EKkckaBaTy HanexaTb BilbHOXMBYUYi (€BrNeHM), NapasuTnyHi (nenwmanii,
TPUNaHOCOMM) Ta MyTyaniCTUYHi (TpuxoHiMmbu) dopmu.

Aiaghopemuku (Big rpeu. diagpopemukoc — pi3HOMAHITHI) — 0OHOK/IIMUHHI, KoJ10-
HianbHi ma 6a2amokIiMUHHI 0p2aHi3Mu, 8 AKUX YNpo008X XUMMEBO20 YUKIY € K-
MuHU 3 08oma Oxeymukamu. Hamsigomiwi npeactaBHUKKU rpynu: PocnnHu, 3eneHi
BopopocTi, MMaykoditosi BogopocTi, YepBoHi BogopocTi, bypi BogopocTi, DopamiHi-
depn, Papionapii, CnoposurKu.
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44 In. 23. CyyacHa cuctema eykapioTis (3a C. Ednom, 2012)
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Amopdei (Bin rpeu. amopgeoc — 6e3popMHi) — 0OHOKIIMUHHI, KOJIOHianbHi ma
6a2amokIimuHHi 0p2aHi3mMu, 8 AKUX ynpoOO08X XUMMmEBO20 YUKy € ameboioHi Knimu-
HU ab0o KnimuHU 3 00HUM 0x2ymukom. [lo rpynu Hanexxatb TBapuHu, Mprbu, yepenalu-
KoBi amebu.

3anponoHoBaHa cUcTeMa e He 3aBeplLUeHa, ane B Hill BigobpaxeHa cnopigHe-
HICTb OCHOBHMX rpyn eyKapioTiB, WO AoBeAeHa [OCIAXEHHAMN IXHIX FeHOMIB i Kni-

TUHHOI 6yfoBMU.

OTXe, CyyacHa cncTeMa eyKapioTMUYHUX OpraHi3mMiB €
MONEKYNAPHO-PINOreHeTUYHOI0, WO KNacndikye opraHiamm 3a €QHICTIO
MOXOZMEHHSA, a He 3a TUMOM MBJIEHHA ab0 piBHIB opraHisauil.

DIANbHICTb
CamocrTiliHa po6oTa 3 Tabnuuelo OsHaka _|lpokapioTn| Eykapiotu
3a gonomoroto Tabnuui nopisHaiTe npo- | OpraHizmu
KapioTiB 3 eykapioTamu. 3po6iTb BUCHOBOK | leHeTnuHUi
NpPOo NPWUYUHWN NOAIGHOCTI 1 BigMiIHHOCTE. matepian
CamocrTiliHa po6oTa 3 intocTpatii€io Opranenu
Po3nisHanTe Ta 3icTaBTe Ha3BU CTPYK- |Lutockener
Typ eyKapIOTVIl-IHOI‘ KJ'IITVIHVIm3 iXHiMP no- e ros
3HauyeHHAMM Ha incTpauii. [MpaBunbHa
. R CrpykTypa
BiANOBIAHICTb AacTb Ha3By MeTofy BK3Ha- LKFyTUKIE
YeHHA NOCNiAOBHOCTEN HYKIEOTUIB Y reHOo- .
. . . Mopin KNiTMH
Mi opraHi3miB, Lo ii po3pobuB ABOKPATHUI
naypeaTt Hob6eniscbkoi npemii ®. CeHrep 10 1112 1

(1918-2013).

CTpyKTypn  eyKapioTU4HOI  KAiTUHW:
A - mitoxoHgpii; B1 — Mixypeub-Be3uKkyna;
B> - rmagka EMNGC; E1 - agpo; E; — wopcTka
ENG; K - pubocoma; H, — komnnekc lonbaxi;
H, - Bakyons; H, - rianonnasma; C - sagepue;
Y - KniTHHa MeMb6paHa; A — nisocoma.

CTABJIEHHA

q .

«3 Bionoris + leomeTpis. 3akoH KBagpaTa-Ky6a

O6’eM i NOBEPXHA eyKapiOTUUHUX KNITWUH Y JECATKU N COTHI
pa3iB NepeBuLLyOTb 06'eMN 1A MOLLY KNITUH NpoKapioTiB. A 6inb-
WniA 06'eM eyKapioTUUYHMX KNiTWH, 3TiJHO i3 3aKOHaMM reomeTpi,
BMMara€ 3HauyHoro 36inblUeHHA NOBEPXHi IXHIX MeMOpaH. Y yomy
CYTb 3aKOHy KBapgpaTa-Ky0a, Wwo OyB ynepie chopMynboBaHUi
I. Tanineem we 1638 p.? 3acTocyinTe 3HAHHA 3aKOHY i MOACHITb,
YoMy eyKapioTUYHI KNiITUHM MatloTb f,O6pe PO3BMHYTI MeMOpPaHHi

CTPYKTYpW.

§ 11. Eykapiotn
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PE3YJIbTAT

3aBaHHA A4NA CAMOKOHTPOJII0
1. XT0 TakKi eykapiotn? 2. Ha3BiTb Hal3aranbHili 03Haky eykapioTis. 3. Ha3BiTb ri-
1-6 |noTtesu, WO MOACHIOTb MOXOAXKEHHA eyKapioTis. 4. Bif Koro noxopAtb eykapiotn?
5. Lo Take cnctema eykapioTie? 6. Ha3BiTb OCHOBHI rpyniu eyKapioTiB.
7. ki 03HaKM eyKapioTMYHMX OpraHi3MiB BiAPI3HAOTb iX Bif apxeil Ta 6akTepii?
7 -9 | 8.fKi OCHOBHiI eTany NOXOAXeHHA eyKapioTie? 9. YoMy cyyacHa cuctema eykapioTuy-
HUX OpraHi3mMiB € ¢pinoreHeTUYHOW?

10 -12|10. AKnMK € CyyacHi NOrNAAN Ha CUCTEMY eyKapiOTUYHMX OpraHi3miB?

Ipubu — ye «npogpecisx», Aky 6azamopazoeo U He3anexxHo 00UH
8i0 00H020 06UPAIU NPedCMABHUKU Pi3HUX 2i/T0K 0epedad XUmms.
3 nidpyyHuka «3azaneHa mikonozis»

§12. Tpubn

OCHOBHi MOHATTA W Knw4oBi TepmiHu: FTPUBU. OcmoretepotpodHe
XKUBNEHHA.

MpurapanTte! X1o0 Taki retepotpodun?

X Momipkyiite!

Mepen Bamu yypepHaubkuii rpnb 2ioHeaym llexka
(Hydnellum peckii), abo «<kpoBOTOUMBMIA 3y, O TPANNAETb-
€Ay XBOWHYX Nicax €ponu 1 MisHiuHOi AMepuku. Moro Tino
BUAINAE PifVHY YEPBOHOIO KONbOPy ANA NpuBabnioBaHHA
KOMax, fIKUX OpraHiamMm BMKOPUCTOBYE Afs XUBMEHHA. Yomy
ue rpub, a He pocsivHa Yy TBapuHa?

3MICT

Aki ocobnuBocTi opraHisauii Ta pyHKLioHYBaHHA rpn6iB?

TepMmiH «rpnbu» (Tak camo siK i «pOCINHM» ab0 «TBAPVHMU») OMUCYE NEBHUI CNOCIO
XKUTTA 1 3yMOBJIEHI HM 0COBNNBOCTI OYA0BM 1 XKUTTERIANBHOCTI (is1. 24).

lpnbu € eykapiomuyHUMU Op2aHi3Mamu, KNiITUHN AKX MaloTb TaKi 0cob6NMBOCTI:
1) CTPYKTYPHMUM KOMMNOHEHTOM KapKaca KNiTMHHUX 0O0NOHOK € Nonicaxapug 2/110KaH,
a norepeyHi MiCTKU Mi>K NOro MoneKynamMmm yTBOPIO€E XimuH (MepeBaXkHO y CNPaBXKHiX
rpunbiB) abo yesno103a (NepeBa)kHO y HeCNpPaBXKHix rpubiB); 2) opraHenamu pyxy rpu-
6iB MOXYTb 6y TV OxeymuKu (CNpaB»KHi rpnbu) abo ncesdonodii (cnvn3oBukn); 3) KNiTn-
HW 6araTbox rpubiB MiCTATb HEBesTUKI 8aKYOJTi, IKi € BMICTULLEM 3aMaCHUX NMOMXUBHMX
PEYOBUH i WKIgNMBUX NPOAYKTIB MeTaboniamy; 4) y rpmbis po3BUHYTI cekpemopHi
MixXypyi (8e3uKysu), o BiANOBIAAOTb 3a TPAHCNOPTYBAHHA Ta BUAINEHHA 3a MeXi Liu-
TOMMa3MM Pi3HUX CMONYK; 5) 3amacatoTb rpnubu 21ikozeH (CNpasXHi rprbu) abo miko-
JNIamiHapuH (Hecnpae»XHi rpyubu), KiHLeBMM NPOYKTOM 0O6MiHY GifKiB € ce4o8UHa.

Yci rpnbu, He3anexHo Bif NoxoAXKeHHA, 06'eqHye ocMoeemepompogHuli cnocib
XKUBJIeHHA, TOBTO »KMUBNEHHA OPraHiYHUMW PeYOBUHAMMU, WO MOFIMHATLCA BCi€
NoBEepPXHEeI rPUBHMLI pa3oM 3 HEOOXIAHUMU MiHepanbHUMK CrionyKamu. Yci ginax-
K1 Miuenito BilokpeMneHi Bi cepefoBuLia nuile KNiTMHHOK OOOMNOHKOK 3 XiTUMHY
46 abo uento103u i NIa3MaTUYHO MeMOPaHOI0, BIAMEPNUX KNITUH, AK Y KOPi KOPEHIB

Tema 1. BIOPI3HOMAHITTA
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In. 24. He3uuHri Buan rpmbis: 1 — Gyniro rHunbHMi; 2 — repauin rpebiHyacTuii; 3 — KnaBapis
6nipo-6ypa; 4 — peLiToYHNK YEPBOHNWIA; 5 — eHTOMOoNa 6naknTHa; 6 — raHogepmMa 6arcKyYa

POC/VH, HeMAE. Y cybCTpaTi opraHiuHi peyoBMHW MICTATLCA JOCUTb YacTo Y BUMMALI
CKMaHUX CMONYK, TOMY rprubu CEKPETYIOTb Ha30BHI pepMeHTU-rigposnasu, Aki postie-
NI0I0Tb Lii PEeYOBUHM Ta 34iINCHIOITb 30BHILLHE TPaBEHHS.

MNpn ocmoreTepoTpodHOMY }KUBAEHHI HAAXOOXKEHHA MOXUBHUX PEYOBUH [0
KNITUHW 3aneXuTb Bif nnoui il nosepxHi. Tomy B xogi eBontouii y rpubis 36inbwmnnaca
nnowa Tina. Mprubu «nparHynm» i 36inbWKTK, He 3MiHIOYN NPY LbOMYy 06’eMy CBOro
Tina. BeretatmeHe Tino nepeBakHOI GiNbLIOCTI rPMbIB ABNAE po3rany»KeHy cucremy
HUTOK (ridiB), AKa Ha3MBaeTbCA epubHuyero (Miueniem). Midwn rpubis gyxe weuoko U
HeobmexeHo pocmyms. OKpemMui rpub Moxe 3a 24 rof yTBOPUTU FPUOHULIKO [OBXKU-
Hot 1 KM. Taknii WBMAKNIA PICT KOMMNEHCYE 8i0CYMHiCMb AKMUBHO20 hepeMiujeHHsA
Ha piBHI opraHi3amiB. 3a TakKoi CTPYKTYpW rprbu noyanu po3mMHoOXysamuce U po3ce-
JIAMUCb 3a y4acmi pi3HOMAHimHux cnop. MKUBAAYNCH YCIEID CBOEIO MOBEPXHELD, Nepe-
BaXKHa GinbwicTb rpnbiB PO3BMBAETLCA BCEPEAUHI FPYHTY, BiAMepioi opraHiku abo
XMBOro opraHiamy. Ockinbku Tino rpnbis nepebyBae B Cy6CTpaTi, CTOPOHOCHI OpraHu
YyTBOPIOTbCA Haf CybCTPATOM i LJOCUTb YaCTO 3 YTBOPEHHAM NIIOAOBUX Tifl.

OTxe, y wupokomy posymiHHi TPUBW (Fungi sensu lato) -
6e3xn10podinbHi eyKapioTUUHI reTepoTpodHi opraHiamu, AKi MaloTb
3a3BMYan rpmbHMLI0, 34aTHI O OCMOreTepoTPOPHOrO XKMUBNEHHS,
HeoOMeXXeHOro pocTy Ta PO3MHOXEHHA 3a JONOMOro Crop.

Yum 3ymoBneHi pi3SHOMaHITHICTb | noWwMpeHHA rpn6is?

Mpnbun — ue opHa i3 HalWAaBHIWMWX, HANGINbWKX Ta HaMPI3HOMAHITHIWMX FPyn
eyKapioTMUYHMX opraHi3miB. HajaBHili naneoHToNorivHi 3Haxigku rpmbis BUABNEHO
y BYNKaHiYHMX nopofax Bikom 2,4 mnpg pokis. Binkputta 6yno 3giiicHeHo nig yac
6ypiHHA 900-MeTpoBOI TOBLi AaBHix 6a3anbTiB Ha Teputopii MAP. 13 yacom rpnbu
CTanu HeBif'€MHVM CKNagHUKOM YCiX BOOHUX i Ha3eMHUX ekocucTem. pubu Tpanna-
I0TbCA Ha BCiX KOHTUHEHTax 3eMHOI KyNi 1 HaBiTb B AHTapKTuAi.

BinblwicTb rpnbiB XMBYTb y FPYHTOBOMY Ta Ha3eMHOMY CepefoBULLaX, Napasu-
TYIOTb Y XMBUX OpraHiamax. MowvpeHi rpubu 1 y HangasBHiWoOMy BOQHOMY cepefio-
BULLAX XUTTS. BoOHi 2pubu (ncatupena, canponerHisa, ¢pianouedana) posknagawTb
OpraHiyHi peLwTKK, Napa3mnTyTb Ha POCIVHAX | TBAPUHAX, BCTYMAKOTb Y CUMOIOTUYHI
BIAHOCVHM 3 iHWMM opraHizmamum (is. 25).
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lpnbu 3 pyxe 6azamum apceHasom mpasHux gep-
MeHmig MOXyTb pynHyBaTu Oyab-aKi MaTepianu, Wo mic-
TATb OpPraHiuHi peyoBUHU, 0COONMBO B YMOBAX Tensa i
Bonorn. MeTtaneBi BENETHI TEXHIKW, BUTOHUYEHI MEXaHi3Mu
3 NnacTuky, oTomnniBKa, izonsuis kabenis, peakTrBHe na-
NINBO, WTYYHi TKaHUHU, Gapbu, ONTUYHE CKNIO NPUNagiB —
Ui peanbHi BTINEHHA iHTENeKTy NANHUN BUABNAIOTbCA
6e3cunMn nepeg MewkKaHusMU rpubHoro LapcTea. 3a
CNocoboM XMBJIEHHS TPKbK NoAiNsaTb Ha canpoTpodh-
Hi, MapasnTUYHi, MyTyanictTuuHi Ta xuxi. CanpompodHi
2pubu € HaBaXXNUBILLMMW peayLEeHTaMU OpraHivyHol
peyoBMHY Ta I'PYHTOYTBOPIOBaYaMm Ha nnaHeTi. lMapasumuyHi epubu B3aemofiloTb
Malixke 3 ycima eykapioTamu; 30Kpema, ¢itonatoreHHi rpubu napasuTyloTb Ha
POCNMHaX, 300MaTOreHHi — Ha TBapMHaX, BKJIIOYHO 3 JIIOAMHOW, a MiKOodinbHi — Ha
iHWKX BUgax rpnbis. MymyanicmuyHi 2pubu yTBOPIOIOTL B3aEMOBUTIHI CTOCYHKN 3
iHLWIVMY OpraHi3aMamMm: MiKOpr30yTBOPIOBAYI — 3 KOPIHHAM CYAUHHUX POCSIVH, ambpo-
3i€Bi rpnbu — 3 MypaluKamu i TepmiTamu. [CHYOTb Xuxi 2pubu, siKi NOBNATb HEMATOLA,
cnniTaloum XUTpoMyapi NAcTKK, 3 AKUX Ti He B 3M0O3i BUbpaTtuca (Hanpuknag, apTpo-
60Tpic, 300naryc).

IHWO 0CO6MMBICTIO, WO 3abe3mneuye NOLWMNPEHHA Ta PiI3HOMaHITHICTb rpurbiB, €
pi3HOMaHimHicme cnocobig po3MHOXeHHA M 3MiHW reHeTUYHOro Matepiany. Hawmno-
WUPEHIWNM CNoco60M PO3MHOXKEHHAM rpUbIB € pO3MHOXeHHS cnopamu. Ix nogina-
I0Tb Ha CMOPU HECTAaTEBOIO PO3MHOXKEHHSA 11 CNOPU CTaTEBOTO PO3MHOMKEHHSA, ab0, AK
X Ha31BaloTb Y MiKONOFiT, — MITOTUYHUMUW 1 MENOTUYHUMIK cnopamu. Mimocnopu - ue
cnopu, Wo YTBOPKITLCA B pe3ynbTaTi BifocobeHHA dparmMeHTiB, reHeTUYHO ileH-
TUYHUX 3 BereTaTVBHUM TinoMm. IxHi agpa YTBOPIOIOTbCA B XOA4i MITOTUYHOIO NOAINY
3BMYANHUX Afep. 3a cnocobom yTBOPEHHSA TX YMOBHO MOAINATb Ha CMOpPaHriocno-
pv Ta KOHigii, @ 3a PyXAMBICTIO — Ha PYXJINBi 300CNOPU Ta HEPYXJIMBI aniaHOCMNOPX.
Meiiocnopu - ue criopw, WO YTBOPKIOTLCA B pe3ysbTaTi BilocOONeHHs GparmMmeHTiB
Tina, yTBOPeHUx yHachifok reHeTUUYHOI pekombiHalii. ixHi agpa yTBopooTbea B xopi
MeNOTMYHOIO NOAINY 3UrOTHUX AAEP | He € iIAeHTUYHUMK 3i 3BUYANHMK AgpamMn. 3a
CnocoboM YTBOPEHHA BUOKPEMJIIOIOTb TPU TUMK MENOCMNOop: 3UroCropu, aCKocnopu
Ta 6asupgiocnopu. Cnopu rpubiB maloTb Masi pPo3mipy i 3a3BMYall PO3HOCATHCA
BITPOM, B OKpemMux BUAIB BOHM MOXKYTb MOLUIMPIOBATUCA BOAOI abo TBapuHamW.
Cnop yTBOPIETLCA BeNMye3sHa KinbKicTb (Hanpuknag, nevepuus 3a 2 fobu yTBopioe
2 MAppA cnop, Tino TpyToBrKa — 10 Mapa cnop wopivyHo). Cnopu MOXKyTb YyTBOPIOBa-
TUCb Y CNOPaHriaX (eHAOreHHi cnopu) Ta BiOKPEMIoUYNCh Bif cneuianizoBaHnx
ripis (ek3oreHHi cnopn).

BecemamusHe po3mMHoXeHHs rpunbiB 3[iNCHIOETbCA YacTMHAMK Milenito, OpyHb-
KYBaHHAM.

CraTeBe PO3MHOXEHHA — Jy)Ke CKNagHe N Ma€ TeHAEHUil0 [0 3HUKHEHHA.
OCHOBOI0 CcmMamesoz2o pO3MHOXeHHs TPUOIB € TPY TUMU FeHETUYHOT peKoMOiHauii:
1) npecekcyanbHWin nNpouec — Le obMiH nnasmigamu 6e3 reHeTUYHOT Moaudikauil
B3aEMOJi0UMX OCOBMH (Hanpuknag, y CNM30BKKiB); 2) MapaceKkcyanbHMin npouec — Le
06MiH agpamu 63 IXHbOro 3NUTTA I MEMOTUYHOIO NOAINY (Hanpuknag, y acnepriny
un neHiymniymy); 3) ctaTeBuMin NpoLec 3 yTBOPEHHAM CTIKOro AUMNAOIAHOro Aapa Ta
noginom wnaxom menosy (y 6inblocti rpnois).

In. 25. Mcatmpena BogaHa —
BOJHUI WAMMHKOBUI rpr6

Tema 1. BIOPI3HOMAHITTA
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OTXKe, BU3HaYa/IbHUMW OCOBAMBOCTAMM A1l MOLWNPEHHS N Pi3HOMaHITHOCTI
rprbiB € Pi3HOMAHITHICTb IXHIX CMNOCO6IB XUBAEHHA Ta PO3MHOMKEHHS.

BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuuelo

YKaxiTb 3HaUeHHs BKa3aHuMx 0cobnvBocTel 6yqosu rpnbis ans 3abesneyeHHs ix-
HbOTO MOLUMPEHHS 1 Pi3HOMaHITTA. 3aNOBHITb y pobouomy 30w unTi Tabnuuto Ta chop-
My/ONTE BUCHOBOK.

O3Haka 3HauyeHHA

BeretatusHe Tifo — rpubHULA

HaABHiCTb KNITMHHOT 060/TOHKN

Po3BUHYTE BE3MKYAPHE TPAHCMOPTYBAHHSA
OcmoreTepoTpoPHe XKUBNEHHA

HeobmexeHuni WBMaKni pict

Po3mHOXeHHA cnopamu
Bionoria + ACTpoHOMiAA. AHTapPKTUYHI rpn6m

[lBa BUAM aHTapKTUYHMX rpubiB i3 popy Xpiomi-
uec (Cryomyces antarcticus i Cryomyces minteri) Ha
Mi>KHapOAHI KOCMIYHIN CTaHUiT BUXUAN B KNiMaTny-
HUX YMOBaX, 61M3bKMX Ao MapciaHcbkux. Lli rpubn
6yno 3ibpaHo B fonuHi Mak-Mepgo, Lo BBaXKa€eTbCA
HannocywnmeiwmMM paoHoMm AHTapKkTuan. pubn
nepebysanu B ymoBax Mapca npotarom 18 micauis.
Y pesynbtaTti 60 % KNITUH 3aNULWINCA HeYLIKOAXe-
Humun, a HK - HopmanbHO GyHKLiOHYOUO0. A AKMMUN € YMOBU KUTTA Ha Mapci? fAki
0Cob6nMBOCTI rprbiB 3a6e3neuytoTb IXHE BUKMBAHHSA B eKCTPeMasibHMX yMoBax?

g CTABJIEHHA
» I
ﬁj Bionoria + Ekonoria. (pu6u-pepyueHTn

CanpoTpodHi rpmbu 1 6akTepii pasom yTBOpIO-
l0Tb rpyny pedyyeHmis, 6e3 AKNX Kpyroobir peyo-
BWH Yy biocdepi Hemoxnusuin. OCo6MBO BaXXNUBMMMA
€ Ti rpmbun, AKi cekpeTyloTb depMeHT Lentonasy, Wwo
PO3Lenoe Lentoniosy KNiTMHHUX 060I0HOK POCTIMH.
XTO Taki rpmbu-peayueHTn? OUiHITb TXHE 3HaUeHHA
[N icHyBaHHA 6iocdepu.

o PE3YJIbTAT

L
=

§12.Tpnbu

OujiHKa 3aBfaHHA ANA CAMOKOHTPOJIIO

1. XT0 Taki rpnbun? 2. Ha3eiTb 0cOGNNBOCTI KNiTUH rpunbiB. 3. HaBediTb npuknagn
1-6 |rpubis. 4. Ha3BiTb cepefoBuLLa icHyBaHHA rprbiB. 5. Ha3BiTb 0CHOBHI rpynu rpubis
3a CNOCO6OM XMBMEHHA. 6. Ha3BiTb OCHOBHI CNOCO6U PO3MHOXEHHA rPUGIB.

7. fIKi ocobnusocTi opraHisauii rpu6is? 8. ki 0co6anBOCTI PyHKLIOHYBaHHA rpu-
6iB? 9. Yum 3yMOBNEHI Pi3HOMAHITHICTb | NOWWpPEHHA rpubis?

10-12 | 10. flke 3HaueHHA rpunbiB-peayLEeHTIB AN iCHyBaHHsA 6iochepn?
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[pubu — ye opaaHiamu, Wo ix sus4arome mikosoau.
4. Xoykceopm
§ 13. PisHOMaHIiTHicTb rpn6is

OCHOBHi MOHATTA 1 KNOYOBi TepmiHn: HecnpagxHi rpubu. CnnsoBuku.
CnpaBHi rpu6wu.
Mpwuragaiite!  XTo Taki rpn6mu?

X Momipkyiite!

Y yomy nonsrae NofibHiCTb MiX OTPYNHMM YepPBOHUM MyXoMopom (1), 3e-
NEHOI0 MITICHABOIO Ha XNibi (2), nekapcbKnMn apixkakamu (3) i TPyTOBUKOM CMpaB -
HiM Ha pgepesi (4)?

. e

L 3mICT

AKi opraHiamu HanexaTtb go rpnéonogi6HMX?

Ha 3emni icHye noHag 1 500 000 BugiB rpu6is, npote nuwe 5 % 3 HUX onuca-
HO BYeHUMMU. LLlopOKy BigKpuBaloTb COTHI HOBUX BUAIB. K MOKa3anu MoneKkynapHo-
dinoreHeTnuHi gocnigkeHHa nouatky XX| cT., pi3Hi rpynu rpubiB maloTb pisHe
NOXOAPKEHHA, N CUCTeMaTU3yBaTU IXHE PI3HOMAHITTA CKnagHo. B HaykoBmx Konax
NPOMOHYIOTb Pi3Hi Nigxoan Ao knacudikauii opraHiamis i€l rpynu. Y TpaguuinHomy,
abo wupokomy, po3ymiHHi (Fungi sensu lato) rpyna F'PVIBU noegHye cnpaskHi rpnbwm,
HecnpaBXXHi rpnbu i CNM30BUKKU. [JOCUTb YacTO HECNPABXKHi FPUOW 11 CTN30BUKM PO3-
rNAfaTb AK rpnbonofibHi opraHiamu.

HecnpagxHi rpubu — ye epyna 2pubis, y
AKUX KNIMUHHA 060JI0HKA 3 Yeslo/103u; 3ana-
caome MIKOIAMIHapuH, ox2ymukosi cmaoil
Marome 00UH abo 08a OK2yMuUuKU, MimoxXoHOpil
3 mpybyacmumu Kpucmamu. 3a HOBITHbOIO
CUCTEMOIO, HeCnpaBXHi rpubun yTBOPIOIOTH
KifibKa rpyn y cknagi rpynu XpomanbBeons-
™. [MpeacTaBHMKAaMM HECNpaBXHiX rpubis
€ nabipuHTynu, canponernis, oitopTopa, In. 26. HecnpaBHi rpnbu-napasuntu:
nnasmonapa, ridoxutpiym Ta iH. Halisigomi- 1 - gitodropa y kapTonni;

. . . 2 - canponerHia Ha pubi

Wi 3 HUX — ¢iTodpTOpa Ta canponerHisa (is1. 26).
®imogpmopa (Phytophthora infestans) cnpyuYnHA€E cepino3He 3aXBOPIOBAHHA KapTomni,
Biflome 5K diTodpTOpPO3. [PUO TaKOXK MOXKe iHPiKYBaTV NOMigopw i AesKi iHWi BUAW nac-
nboHoBux. MitopTopos Oys ronoBHUM BMHYBaTLEeM Bennkoro ronogy B Ipnangii (1845)
i kapTonnaHoro ronogy B LUotnaHgii (1846). CanponezHia napasumapHa (Saprolegnia
parasitica) CnpuYmHAE iHpeKLiiHe 3aXBOPIOBAHHA akBapiyMHX pub abo iXHbOT ikpu.

CnusoBuKN — 2pynd 2pubis, y AKUX CNOPOHOCHI CMPYKMypu Hazadyroms nao0osi
mina epubis, pazompoHul cnocib xusneHHsA, pyxugicme Ha 8ezemamugHit cmadii
pO38UMKY, 8IOCymHicmMb KNimMuHHOI 060/10HKU. Pi3Hi rpynu ciM3oBUKIB Hanexartb o
50 rpyn Ame6030i, Pizapii Ta EkckaBaTn. BeretatusHe Tino cnv3oBurkiB mae Burnag 6a-

Tema 1. BIOPI3HOMAHITTA
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ratoAgepHol PyxaMBOI LUTOMIasMaTUuYHoOI
Macu - naasmooisa po3mMipamn Bif Kinbkox
MifliMeTpiB JO [EeKiNbKOX [ecATKIB CaHTu-
MeTpiB (/1. 27). Mnasmogii MicTATb NirmeHTH,
L0 HaJaloTb M Pi3HOMaHITHOro 3abapBieH-
HA. [>Kepenom XUBNeHHs € bakTepil, Knitn-
HW rpn6iB Ta OAHOKNITUHHI TBAPMHOMOAIOHI.
B npupopai cnn3oBMKK - Le aKTMBHI 6ak-
Tepiodaru, AKi BigirpaloTb 3HauHy ponb y perynsauii 6aktepianbHoi dnopu rpyHTis,
€ 30ygHMKaMy 3axBOPIOBaHb KYJbTYPHUX POCAWH (Hanpuknag, naasmodiogopa €
30y HVMKOM Kinu KanycTu, CNoH2ochopa — napLui KapTonai).

OT1xe, rpybonofibHNMN opraHiaMamm € NpescTaBHUKM
HecrnpaBXHix rpubiB i clM30BMKiIB.

In. 27. Cnn3oBuKK: 1 — CTEMOHITIC;
2 - nikorana fepesHa

AKi 0co6NMBOCTI Ta Pi3HOMAHITHICTb CNpPaBXHiX rpun6iB?

CnpaB:xHi rpubu - ye epyna 2pubis, 6inbwicme 3 AKUX ymBOPIoe miyenit, KnimuH-
Ha 060/10HKA MicCmums XimuH, 3anNAcarmMe 2/1iKo2eH, Marme 00UH 3dOHIU OX2ymuk
abo empamunu 020 i MiMOXOHOPII 3 naacmMuHYacmumu Kpucmamu. Y CrpaBXKHix
rpubiB BOreHOMHI KNiTUHW, B AKUX NpPeAcTaBieHo g0epHuUl Ta MimoxoHOpidabHUl
2eHOMU, a PO3MipU CaMOro reHOMY 3HaYHO MeHLUi, HiX y TBapuH. OKpim Toro, cnag-
KOBICTb rpnbiB 4OCUTb YaCTO NOB’A3aHa i 3 N1a3MigaMy MiITOXOHAPIN UM LUTOMNA3MuU.
Apep y rpnbHuui 6araTo, Wo 3abe3neuye 3axmCT Bif MyTaLii Ta 3HaYHe MOCUNEHHSA
aKTMBHOCTI OKpeMuX reHiB. [1o ckagly KNiTMHHMX 060JIOHOK 6aratbox rpnbiB BXoaATb
MenaHiHu, AKi 3axuwaioTb Bi GepMeHTaTUBHOIO po3LennieHHs, ynbTpadionetoBoro
BUMPOMIiHIOBaHHA Ta BUCKXaHHA. IndepeHUiioBaHi TKaHVWHW Ta BereTaTuBHI OpraHu
B TiNi rpn6iB YiTKO He BUPaXKeHO.

CnpaBxHi rpubn po3rnafalTb AK CaMoCTiHy rpyny Fungi (Big. nat. fungus —
rpub), Aka B cyyacHin cuctemi opraHiuHoro cgity (C. Egn i3 cnisaBTopamu, 2012)
HanexuTb Ao rpynu OnicTokoHTW. [1o cnpaBXHix rpubiB y Uil cuctemi BigHOCATb Bi-
cim Bipginis, cepep AkMx Xumpuodiomikomu (CUHXUTPiYM — 36yJHMK paKy KapToni),
3ueomikomu (Mykop — 6ina LUBifb, pr30nyc — YOpHa UBIiNb), Ackomikomu (Bpixaxi,
acneprin, neHiyuniym, Tprodeni, 3MopLiKkn) Ta basudiomikomu (Myxomopu, nevepudi,
6OPOBVIKY, TPYTOBUKM, AOLWOBMKIM). [ns KnacudikaLlii rpnbiB BUKOPUCTOBYIOTb TaKi
OCHOBHI KaTeropii, AK LapCcTBO, BiAAin, Knac, nopAanaokK, poavHa, pia ta Bua.

3a 6ynoBOI0 CNpaBXHi FPUOY NOAINAITL Ha HUXYi (3 HECENTOBAHOW rPUOHMLEID)
i suwi (3 rpnbHMLED, MOAINEHO Ha CenTu), a 3a PO3MipamMn — HA MAKpPO- Ta MiKpo-
miyemu. OCHOBHVMY €KOOTYHUMU TPyMamMy, WO MaloTb Afs JII0AVHM Hanbinblue
3HAUYEHHs, € WAanuHKosi epubu, epubu-napasumu, ysinesi epubu, opixoxesi 2pubu.
NixeHizoBaHi rpnbu (abo NuWanHUKK) B CyyacHin cucTemi rpubiB He yTBOPHOTb
OKpemoi cucTeMaTUYHOT rpynu, a po3rnafalTbca AK BUAN rprbis, B3aEMOMOB'A3aHMX
3 Pi3HMMIN BUOaMM BOAOPOCTEN Ta LiaHobaKTepil.

LLanuHKoBI rpnbwu — ye 2pubu, 03HAKaMU AKUX € HAABHICMb NJ1000BUX MIJT 3 HiX-
KO ma wankoto, canpompo@dHuli ma mymyanicmu4Hul cnocobu xuesieHHs U 30am-
Hicme ymeoprogamu mikopu3sy. 3a ocobnmBocTAMMN GyfoBM NMOBEPXHI, AKI NOB'A3aHi
i3 CMOPOHOCHUM LIAPOM HA HVIXKHIM YaCTUHI LWIAMNKW, WANVHKOBI rpubn noginaoTb
Ha: mpy6yacmi epubu (6innin rpn6, MmacnoK, NinbepesHuNK) Ta naacmuHyacmi epubu
(CUPOTKKK, TNCMYUKK, PUXKUKK). 32 BUKOPUCTAHHAM B Xy rpubuy nofinaiwoTtb Ha: 6e3-
YMO8HO icmisHi (6innin, NiLOCMYHNKN, MAaCIOKN), YMOBHO IcmigHi (CUPOIKKK), ompyUHi
(6niga noraHka, YepPBOHUIN MYXOMOP, HECMPABXKHI OMEHbKN).

§ 13. Pi3HOMaHiTHiCTb rpnbiB
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Fpubu-napasutn - ye 2pyna 2pubis, AKi XUBAAMbCA 3a pAXyHOK NOXUBHUX pe-
YOBUH XUBUX OpedHi3mMis, Marme pi3HOMAHIMHI cnocobu 3apaxeHHA ma ymeo-
prorome gesiudesHy Kinbkicme cnop. pnbamu-napasutamm € TPYTOBUKM, CaXKKOBI,
ipacTi, piXKoBi, 6GOPOLIHUCTOPOCAHI FPUdU.

LiBineBi rpubwm — ye 2pyna 2pubis, 3aeanbHUMU 03HAKAMU AKUX € yMBOPEHHA Ha-
nbomy Ha cybcmpamax, canpompo@Huli cnocib xueeHHA ma 8udiseHHA 3aXUCHUX
pedyosuUH-aHMubiomukig. [1o HUX BIGHOCATb HUXYi OAHOKNITUHHI (Hanpuknag, Mykop)
i BULLi GaraTOKNITUHHI (HanpwKnag, neHiyus, acnepein) rpubu. Lisinesi rpmbn nowm-
peHi Mo BCiil 3eMHii Kyni. Ix NpupogHUM MicLieiCHYBaHHAM € BEPXHI LWapw FPYHTY.

OpixkpxKeBi rpubu — ye 00HOKAIMUHHI 2pubu, 03HAKAMU AKUX € 30amHicmb 00
aHaepobHo20 OUXAHHA, bPYHbKYBAHHSA, canpompogHull U napazumuyHul cnocobu
XuesneHHA. TpedcTaBHUKAMWN TPYMNW € NeKAapcbki W 8UHHI OpixOxi, kaHanga 6inAsa
(36yaHUK MONOYHML), THEBMOLMCTUC (30YAHNK MHEBMOHIT) Ta iH.

OTXKe, CNpaBXHi rprbun € HaMPiI3HOMaHITHILLIO rPynoto rpubiB, WO Mae
CNifbHi 3 TBAPMHaMW O3HAKW i MOCTYMNAETbCA IM NiMLLe 3a KiIbKICTIO BUAIB.

Yomy nuimainHuKM € cum6ioTMUHMMI acoulialliAMn opraHismis?

JinwanHukn (nixeHisoBaHi rpubu) - ye acouiauii cnpasxHix epubis (Miko-
6ioHmMu) ma ¢pomocuHmesy4ux opeaHiamie (pomobioHmu). JlixeHizoBaHi rpnbu €
npepcTaBHMKamuy Bigainy ACKOMIKOTH, i IXHA YacTKa cepep, CripaBXXHiX rpubis ctaHo-
BUTb 61113bKo 20 %. TpMBanuin Yac BBaXKanu, WO fiXxeHi30BaHi rpubu y BinbHOMY CTa-
Hi 6e3 BogopocCTel icHyBaTW He MOXYTb. Afle MONEKYNAPHO-TEHETUYHI JOCIAKEHHA
LOBeny, Lo OfVH i TOM camuin BUA rpmba Moxe XUTK 1 PO3MHOXKYBATUCA | K canpo-
Tpoo, i AK CMGIOHT B acouiauii 3 GOTOCMHTE3YUNM OPraHi3MOM.

DoTobioHTaMM NULIANHUKIB € NPeACTaBHUKUN 3efleHNX BofopocTen (mpebykcis,
Kknadogopa, mpeHmenosnid) Ta LiaHobakTepin (Hocmok, aHabeHa). OKpim Toro, Bce-
peaviHi Tina 6araTboX NUILAMHWKIB MOXYTb XUTU I HEDOTOCMHTE3YIOUi OpraHi3mMu
(6akTepil, ApixaKi).

JInwaliHKkn MatTb CBOEPiAHY PpopMy BereTaTMBHOrO Tina (cnaHi, abo Tanomy)
y BUTNAAI KIpOUKU (HaKWMHI NUWANHWKK 2padhic, 1eKaHopa), NMMCTKONOAIOHOT nnac-
TUHKW (MUCTYBaTI NNWANHUKN CMIHHA 30/T0MAHKA, hapmenid) abo Kywmuka (Kywmcri
NVLWANHWKIK S2e/1b, 60po0ady).

Po3MHOXeHHSA y NMWanHUKiB 34e6inbloro BereTaTnBHE 3a JOMNOMOIo 0cobnu-
BVX YTBOPIB, AKMMM € BUPOCTM Ha Tini abo BcepefunHi Hboro. LLle oaHielo ocobnumsicTio
NNWANHUKIB € YTBOPEHHA 0COOMMBUX NMLWANHNKOBMX PEUYOBUH, L0 3axXuLLaloThb Bif
noifaHHA Ta MiIKPOOpPraHi3miB, HaflaloTb 3abapBNEHHA Ta KOHTPOJIOTb CBITIOBUNA
BM/INB, PErYNIOI0Tb B3aEMOBIAHOCKHM 3 POC/IIHAMK TOLLO.

OTXe, nixeHizoBaHi rpnéu; - Le cMMbioTMUYHe 06’eaHaHHA (acouiauin)
CripaBXHix rpnbis 3 ogHMM abo Aekinbkoma BuUAamMM
boTOCKHTE3YIOUMX OpraHi3MiB.

Tema 1. BIOPI3HOMAHITTA

| @ BIANbHICTb
rnd

Po3B’A3yBaHHA BnpaB

Po3nisHaBaHHA Pi3HMX NpeACcTaBHUKIB rpn6iB i ckagaHHA cxem Knacudikauii
BnpaBa 1. Po3rnaHbTe nnofosi Tina neyepuyi 08ocnopogoi (Agaricus bisporus).
3HanAiTh i NO3HauTe Ha ManloHKY B poboyoMy 30wWmTi: 1 — WanuHKa; 2 — HiXKKa; 3 — ripu
52 Miuenito; 4 — NOKpXBano; 5 — nnacTMHYacTMIA CNOPOYTBOPIOBaNbHUI Wap (rimeHodop).
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AKi 03HaKKM CBigYaTb NPO HaNEXHICTb neyepuui
[10 CMIPaBXHix rpnbis?
BnpaBa 2. Ha3BiTb OCHOBHi cucTtemaTuu-
Hi KaTeropii, WO BM3HayalTb MicLue neyepuyi
080CNOPOBOI'Yy CUCTEMI OPraHiuHOro CBITY.
Bnpaga 3. 3ictaBTe 3anponoHoBaHi Ha into-

CTpaLisx rpubu 3 iXHiMM Ha3BaMM Ta BKaXiTb BifAin, 1O AKOro BOHW HanexaTb: d — CUH-
xumpiym; 6 — Mmykop, abo 6ina ygine; 8 — doUWj08UK icmigHUU; 2 — 3MOPWOK icmigHUU.

oLl A

Bionorisa + Ictopis. Ponb rpn6is y icTopii

Pix<ku nypnypoei (Claviceps purpurea) — ue Bug
diTonatoreHHnx rpubiB, AKWIA 3irpaB pPoKoBYy PONb
y TpariyHO BiJOMOMY «MOJIIOBaHHI Ha CaneMCbKunx
Bigbom». Llen BmA rpubiB Hanexutb JO CymyacTmx
rpu6is (AckomikoTa) i mapasuTye 34e6inblioro Ha
XuTi. OTPYyEHHA 3epHa BifOyBa€TbCA uyepes HaKo-
NMUYeHHa Hebe3NeyHoro askanoify eproTOKCUHY.
B yomy cyTb TaKkol iCTOPUYHOI Nofdil, AK «MNONOBAHHA
Ha canemMcbKux BiibmM»? fK BiiOyBa€TbCA 3aparkeHHA
XKUTa NypnypoBUMU pixkkaMmin?

CTABJIEHHA
a ﬂj bionoris + Ekonorisa. B3aemoBigHocuHU rpu6iB i pocnuH

_ i I
3an cypy. In. 1876 p.

Hanbinbwmm opraHiamom Ha 3eMsli € ONeHbOK TEMHUIA
(Armillaria ostoyae), aknin pocTte B NiCOBOMY 3anoBigHUKY
Manyp amepukaHcbKoro wraty OperoH. Moro BeretatnsHe
Tino 3anmae nig 3emneto nnouyy 8,4 Km? i carae macu y 600 T.
Bik ui€l icTOTK CTaHOBUTb BXe NoHag 2 TucAdi pokis. [o-
CNif»KeHHA HayKoBLiB AOBOAATD, WO Lei rpnb cTaHOBUTb
Jy»e cepno3Hy 3arpo3y anA nicie. NoAcHiTb, Yomy.

PE3YJIbTAT

3aBAaHHA [4/11 CAMOKOHTPOJIO
1. XTO TaKi HecnpaBXHi rpn6u? 2. Ha3BiTb 03HaKM C/IM30BUKIB. 3. XTO TaKi CNpaBXHi
1-6 |rpubun? 4. Ha3iTb OCHOBHiI €KONOTiUHi rpynu cnpaBXHix rpu6iB. 5. XTo Taki nixeHi-
30BaHi rpnbun? 6. HaBeitb npuknaau nixeHizoBaHux rpunois.
7. AIKi opraHiaMmn HanexaTb Jo rpubonofibHux? 8. Aki ocobnmBocTi 1 pisHOMa-
7 -9 |HITHICTb cnpaBXHix rpm6is? 9. Yomy nulanHMKM € cMMBIOTMYHMMM acouialiamm
opraHismis?
10. OUiHiTb 3HaYeHHs rpubiB ANA TaknX ranysei AianbHOCTI IOAVHY, AK iCTopiA Ta
MeaunumHa.

10-12
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§ 13. Pi3HOMaHiTHiCTb rpnbiB
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CropiHKa inocTpauin

ExkonoriuHi rpynu rpu6is

In. 28. pubun-napasnTn poc-
nvH: 1 — ipxa nweHnuj;
2 — TPYTOBUK CiPYaHO-OB-
TUIN; 3 — caxKa KYKypyAasw;
4 — piXKKM XK1Ta; 5 — Nnapwa
A6nyHi; 6 — diToPTOPO3 Kap-
TOoMnni; 7 — 6GOPOLIHMCTa poca
TpoAHLA; 8 — NnofoBsa
FHWAb TPyLUi

In. 29. Uginesi rpnbu:

1- neHiymn (Ma€e KMTUYKOBI ridn — KoHigieHoCLi
3i cnopamum); 2 — acneprin (Ha BepxiBKOBUX Fidax
AKOro GOpPMyIOTbCA MOTOBLLEHHS 3 BUPOCTaMu,
LU0 3arasiomM Harafly€ «KoLuiaTy ronoBy»)

In. 30. IcTiBHi WanMHKOBI rpnbu:
1 - 6inuii rpn6;

2 - nigbepesHuK; 3 — MaCoKu;
4 — NiJOCUYHUK;

5 — nMncnuKK; 6 — ONeHbKN NiTHI

In. 31. WanvHKoBi rpmbw, Lo iX BUPOLLYOTH In. 32. Xwxi rpubu: 1 — Kopanuenc Ha
y KynbTypi: 1 — neyepuui (WamniHbNOHN); Mypaci; 2 — XU HEMATOROIgHUN
= 2 — ruBa; 3 - rpub wWiitake rpn6 apTpoboTpurc
=
T
< In. 33. OTpyiiHi WanuHKoBi
g rpuéu: 1 — MyxoMop yepBo-
2] HUIA; 2 — ONEHbKN HecrnpaBX-
[a . .
o Hi; 3 - 6niga noraHka (abo
L MyXOMOP 3€eneHUi)
©
g
'_
In. 34. NixeHi3oBaHi rpubu: 1 — 30/10TAHKA CTiHHa (KCAHTOPIA HACTiHHA); 2 — KNafoHiA ofneHAYa
(«oneHaunn Mox», abo Arenb); 3 - ycHeA («bopopaTnii Mox»); 4 — LeTpapis icnaHacbKa
54 («icnaHACbKMI MOX»); 5 — eBepHiA cnMBoBa («ay6oBuiA Mox»); 6 — rpadic NMcbMoBUiA
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OO0Hi pociuHu ntob1aMe CoHUe, iHWI — MiHb, ase X00HAa He 16uMms meMpAsu.
M. lhaskos

§ 14. PocnuHun. Bogopocri
OcCHOBHi NOHATTA 1 KNto4oBi TepmiHn: POCJIMHA. BOOOPOCTI.
MpurapanTte! X1o Taki eykapiotn?

MomipkynTe!

MixHapogHuin geHb pocnuH (Fasci-

nation of Plants Day) Bin6yBaeTbca nip erigoto €s- MixxHapogHui
poneiicbKoi opranisaLii Gionorii pocnuH (EPSO) AeHw pocnuH

i Big3HavaeTbcA y 39 KpaiHax CBiTy, 29 3 AKNX —

KpaiHu €Bponu, a iHwi — lMiBgeHHoi Ta MiBHIYHOT

Amepuku, Asii, ABctpanii Ta Abpuku. MoHag 450 ycTaHOB 6epyTb y4acTb Yy 3axofax 3
METOI0 MOLNPEHHA B CYCMiNbCTBI HAYKOBUX 3HAaHb NPO POCAMHU. A AKi eyKapioTUyHi
opraHi3mu Ha3uBatTb Y CyyacHin 6ionorii pocnnHammn?

A

“@w

3MICT

Aki 0co6nnBOCTI poCNVH Bigpi3HAOTD iX Bif iHWMX poToaBTOTPOPiB?

Y cyuvacHin ¢inoreHeTUYHIN CUCTEMi eyKapioTUUYHUX OpraHiamis Jo rpynu
POCJINHN B wwnpokoMy po3yMmiHHi Lboro noHATTA (Plantae sensu lato, abo
Apxennacmuodu) BigHocAaTb maykogimoei eodopocmi, YepeoHi eodopocmi Ta
3eneni pocnunu (Plantae sensu stricto, abo pocnuHu y By3bkoMy po3ymiHHi). [lo
3enenux pocnuH (Viridiplantae) HanexaTb Xnopogimu i3 3eneHnMM BOAOPOCTAMU
Ta Cmpenmodhimu, 1o AKUX HanexaTb XapoBi BOAOPOCTi Ta BULLi pocnnHu. Came
Ui rpynn MatoTb CRifIbHICTb MOXOAMKEHHA, WO [OBeAeHO LWWIAXOM CeKBeHYyBaHHA
OHK Ta o3Hakamu KniTMHHOI 6ypnoBu. AKi » Han3aranbHiwi o3Haky 36ipHOT rpynu
POCJINHI?

PocnuHum — ue eykapioTuuHi GOTOCMHTE3YIOUI OAHOKNITUHHI, KOMOHiaNbHi Ta 6ara-
TOKMITUHHI OpraHi3mMu, B AKAX KNITUHW TPUTEHOMHI — 3 AAePHUM, MITOXOHAPianbHUM
Ta XNOPOMIacTHUM reHomamu. PocnmHm
XapaKkTepu3yloTbCA 3HAYHOK 3MIHHICTIO  MEPBUHHUN Mnayko¢iToBi BoAOPOCTI

PO3MipiB reHoMmy, KinbkocTi i Mopdonorii  EHAOCMMBIO3
XPOMOCOM. KiJ‘II?KiCTb xpomocqm 3MiHI0- S— E
€TbCA B MeXax Bif 4 o 1000 v Ginblue, ane  eykapiotnunui xassin 8
6inblWicTb BUAIB MiCTUTb B AApI Big 12 go gt
60 XPOMOCOM. ’2
KMBNeHHA pocnuH asmompodHe. E
BoHM BMKOPUCTOBYIOTb eHeprilo cBiTha YepBoHi §
AN CMHTe3Y OPraHiuHMX PEUOBIH i3 Heop- gl ;lr‘
raHiyHux. xxkepenom Kap6oHy npu Lbomy ianoGakTepi o
€ BYIMEKNCINI Tas, a fpKepenom eneKkTpo- ©
HiB 1 ligporeHy — Boga. BOH?(;T)T)ec:: \
Xnoponnactn pocanH MaloTb MpPoKa-
pioTMYHE MOXOMXKEHHA, TOMY B Cy4acHin
CcMCTeMi opraHi3miB X BIAHOCATb 4O rpynu In. 35. Cxema nepBMHHOTO eHAOCUMOGIO3Y
ApxennacTuau, Wo B nepeknagi 3 rpeLbKoi (3ymoBMB nossy rﬂayKOd)iTOBI/IX,vLIepBOHVIX
O3Haya€e «Boslojapi APEeBHIX naacTug». Ta 3eNeHIx BoROpocTeit) 55
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Lli opraHenu BUHNKNAY 3aBAAKM NEPBUHHOMY eH10CMM6io3y LiiaHoOaKTepili 3 eyKapio-
TUYHUMM KRiTUHaMK (i1, 35). TlepBUHHNIA CMMBiO3 — Lie NOFIMHAHHA eyKapioTUYHOI
KNITUHOIO WsAXOM GaroumnTosy BilbHOXMBYUYMX LiiaHOGaKTepill, siKi Nicns roprusox-
TaJIbHOTO MepeHeCeHHA reHiB Bif CMMOIOHTa B AAPO KNITUHMU-Xa3AiHa eBOMIOLiOHY-
Banu y ABOMeMb6paHHi nepBuHHI nnactuaun. Taki XNoponnactT Kpim pociuH € Lwe B
YepPBOHUX 1 rNayKkopiTOBMX BOAOPOCTEN.

Xnoponnactu pocinuH MIicTATb 3eneHi GOTOCUHTE3yloUi NiIrMeHTU Xxs10poginu
a, b i d: xnopoginu a (rnaykoditoBi BogopocTi), xsiopoghinu a i b (3eneHi pocnunum),
xnopogpinu a i d (yepBoHi BogopocTi). OKpim xnopodinis y uepBOHUX BOJOPOCTEN €
yepBoHi ¢ikobINiHK, a y rnaykodiToBUX — CUHi ¢ikobiniHu. CymicHa HianbHICTb LMX
nirMeHTiB 30iNblIye CNEeKTP MOrMUHAHHA N ebeKTMBHICTb OTPMMaHHA eHeprii ana
bOoTOCMHTE3Y B Pi3HUX YMOBaX.

Otxe, POCJIMHW — ogHOKNITWMHHI, KONMOHiaNbHi Ta 6aratokniTUHHI
eyKapioTUYHi opraHiamu, Hal3aranbHilWMM 0CO6IMBOCTAMM
AKUX € POTOABTOTPODHE KMBMEHHA, HAABHICTb NEPBUHHIX

nnacTug i xnopodoinis a, b i d.

Aki ocobnuBocTi BogopocTein?

BOOOPOCTI (Algae) — pi3HOpiOHa 2pyna ciaHegux ¢pomocuHmesy4yux opa-
Hi3Mi8, fKi XUBYMb NepesakHoO y 800i YU NPUCMOCY8AIUCL 00 XUMMsA HA CyX00OJli.
Tino BO#OPOCTEN MA€E Ha3BY «C/IdHb», XMBJIEHHA (OTOABTOTPODHE, XJIOPONIacTu
Ha3nBalTb XpPOMamo@opamu; BOHV MOXYTb MaTu Pi3Hi GOpMy Ta MOXOAMXEHHH,
3aMacHMMU peyoBUHaMK € 3[Aebinbloro BYrneBOAU (Kpoxmanb, namMiHapuH,
BOJIIOTUH, NENKO3UH) 1 XKK1pu (onii), WO HaKoNMUyTbCA 1 BigKnagaloTbca y BUrALI
BK/IOYEHDb Y UMUTOMMa3Mi abo nnactugax.

Pi3Hi rpynu BogopocTen BUHUKAN B Pi3HWIA Yac Bifi pi3HMX NpeakoBux Gopm
(nonidineTnuHe NnoxofeHHs) Ta PO3BMBANNCA OKPEMO, ane B pe3ynbTaTi eBontouii
Habynu 6arato nofibHux puc. Cepen BOJoOPOCTeN € rpynu, WO HanexaTb 4O pocC-
nuH (rnaykodiToBi, YepBOHI, 3eN1eHi, XapoBi BOQOPOCTI) 1 pa3oM 3 Ha3eMHMMM POC-
NIMHaMK CTaHOBNATb OKpeMy FifKy dinoreHeTUYHOro epeBa eyKapioTiB nif Ha3Bol
Apxennacmudu. Taki rpynu BogopocCTel, siK iaTOMOBI, 6ypi, 30110TUCTI, )KOBTO-3e1eHi,
AiHO}ITOBI HaneaTb [0 IHLWOI FinKK eBoNtoLiTl eyKapioTis (XpomanbBeonsaTn) i MatoTb
dinoreHeTnyHy cnopigHeHicTb 3 iHdy3opiamu, dopamiHidepamu, pagionapiamm Ta
criopoBuKamu. A Taka rpyna, Ak eBrfieHoBi BOJOPOCTi Hanexntb fo rpynu EKkckasa-
TU 1 CNOPiJHEHa i3 AXKryTUKOHOCUAMY (TpMnaHocomu, nenmaHii). Mu posrnaHemo
nrie BOAOPOCTI, AKI HanexaTtb A0 POC/INH.

MmaykoditoBi BopopocTi (Big rpeu. enay-
KOC — CUHbO-3eNeHni, himoc — POCnnHa) — OfHO-
KNITUHHI POCAINHHI OpraHi3mu, AKi XUBYTb nuiue y
npicHoBoAHWX BogoriMax i 6onoTtax. Lli HanpasHi-
Wi doTocMHTe3ytouUi eyKapioTV MalTb YHiKanbHi
O3HaKW: ABOMeMOpaHHi xnoponnactu (uiaHenn) i3
LWapoM MypeiHy MiX MembpaHamK, HaABHICTb XJO-
poodiny a Ta ¢pikobiniHiB, WO 3yMOBIOTb ACKPaBe
CUHbO-3eNeHe 3abapBrieHHA, 3AaTHICTb fo dikca-
Uil a30Ty ToWwo. HayKoBLi BBaXaloTb, WO B MeXax
rpynu Apxennactuam rnaykodit BUOKpPeMUINCh y In. 36. MaykooditoBa
56 CaMOCTIHY rpyny Lie A0 PO3XOAXKEHHA 3eIeHNX BOAOPOCTb LiaHo¢popa

Tema 1. BIOPI3HOMAHITTA
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yepBOHUX BogopocTel. [peacTaBHUKaMK rnayko-
diToBMx BogopocTel € yiaHogopa (in. 36), enayko-
yucmuc Ta iH.

YepBOHi BOAOPOCTi — Lie OOHOKIITUHHI, KO-
NoHianbHi  abo 6araTokNiTUHHI, 37e6inbloro
MOPCbKi, opraHiamu. XapakTepHe 3abapBrieHHs
YepBOHUX BOAOPOCTEN BU3HAYAETLCA Nepenycim
HasABHICTIO OCOONMBUX MNIrMeEHTIB — @ikobiniHis.
3aBAAKM UMM CnoflykaM BOJOPOCTi MOXYTb BJIOB-
noBaTu cnabke CBITNO HaBiTb Ha rMKbUHax 200 — In. 37. YepsoHa BOAOpOCTb
250 m. Y mMaTpukci KNiTMHHOT OBONOHKMK HaABHiI dinodopa pebpucra
arapu. 3anacatoTb 4YepBOHiI BofopocTi ocobnu-

By PEUYOBUHY — 6arpAHKOBUII KPOXMarb, WO BiA- b '?
KNagaeTbcAa B ymtonnasmi. LlikaBo, Wo »KofHi IXHi s g, 4
KNITUHK, B T. Y. N CTaTeBi, HE MalOTb OXIYTUKIB. N

Hamigomiwmmm 4YepBOHMMU BOAOPOCTAMU €
nopdipa, kopaniHa, ginogopa (in. 37).

3eneHi BOAOPOCTi — POC/INHHI OpraHi3mu i3
3e/IeHUM KONMbOPOM CJaHi, WO BU3HAYaETbCA Me-
peBaXalummm 3efeHUMU nNirMeHTamu. KnitTnHu
6inbwocTi BUAIB BKPUTO KAITUHHOW 060MIOHKO
3 yennosn, y xnoponnactax oAuvH abo Kinbka
nipeHoigis, xpomatodopw, Ha BiAMiHY Bif xJiopo-
nnactis  iHWWX BojopocTeli  3abe3neuyoTb
He nuwe GOTOCKHTES, a 1 € MicueM BigKnajgaHHA
Kpoxmant. 3eneHi BOAOPOCTI MOWMPEHi B
NpiCHNUX Ta CONIOHMX BOAOMMAX, MoOpAX Ta
OKeaHax, HaseMHux ekocucteMax. [o 3eneHumx
BOJOPOCTEN HanexaTb TaKi poAu, AK Xxsamioo-
MOHAOd, B0J1bBOKC, XJI0pesia, YA0MPUKC, Y/bed,
ayemabynsapisa, cnipoeipa (in. 38).

ety

In. 38. 3eneHa BogopoCTb
cniporipa

XapoBi BopgopocTi - LUe 06araTOKMiTUHHI
opraHiamu, AKi MOEQHYIOTb O3HaKU BOAOPOCTEN In. 39. CraTesi opraHu
i BULMX POCAMH. 330BHi Li BOJOPOCTI CXOXi Ha XapoBol BOAOPOCTI

xBoui. O3HaKammn XxapoBUX BOJOPOCTEN € 0COONU-

BUIA BEPXIBKOBUI PIiCT, HAABHICTb BY3MiB i PiI3HUX KNITWMH Yy By3nax, 6araTokniTuH-
Hi opraHu AnA CTaTeBOro M BereTaTMBHOIO PO3MHOXeHHA. HaliBMWoro po3suTky
[ocCAraTb CTaTeBi OpraHn — aHTepuaii 1 apxeroHii (is1. 39). BoHW 6araToKniTUHHI, y
6inbLWOCTi BMAiIB pO3BMBaOTLCA HAa OAHIN POCNVHI. [INs BEreTaTuBHOro PO3MHOEH-
HA Ha pr30igax yTBOPOTbCA OyNbOOYKM, a Ha By3/1axX TaJloMy — 3ipyacTi CKYMUYeHHs
KNiTMH. [lo XxapoBnX BOAOPOCTEN HanexaTb NpeAcTaBHMKM TakKnX podis, AK xapd,
Himena, moninena.

OT>xe, BOAOPOCTi — Le nonidineTnyHa pisHopigHa
rpyna opraHi3miB, AKi HanexxaTb OO BigAaneHuX rinokK
dinoreHeTMYHOro fepeBa eyKapioTiB.
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BIANBbHICTb

O
x/‘ CamocTiiHa po6oTa 3 fliarpamoto O_ OO

DinoreHeTYHi fepeBa MOXyTb OyTV NpepacTase-
Hi y BUrNAZI Knagorpam, Wo BigobpaxakoTb NOCNigoB-
HiCTb eBOJIOUIMHMX MOAIN Ta ¢inoreHeTUYHi 3B'A3KU
MiXK rpynamm opraHi3mis. PoO3micTiTb Ludppm BKazaHMX
rpyn y Kpy»eukax Ta oTpumanTe KnaguctuyHy giarpamy Pocnun: 1 — Apxennactuau;
2 - naykoditoBi BogopocTi; 3 — YepBoHi BogopocTi; 4 — 3eneHi pocnunHu; 5 - Xnopodi-
T (3eneHi BogopocrTi); 6 — CTpenTtoditn; 7 — Xaposi BogopocTi; 8 — HazeMHi pocnmHm.

Bionoria + Ximia. Cuniuin i pocnnHn

Ons 6inblIOCTi CyyacHUX arpoHOMIB,
CafiBHVKIB, KBITHMKapiB CNOBOCMONYYEHHA
«Cnniyin i pocnuHMy» € He3BMYHMM. YacTiwe
3 XKUTTERIANDBHICTIO POCANH acoLiloTbCA
TaKi enemeHTn, AK HitporeH, ®ocdop, Ka-
Nnin Ta iH. OQHAK OCTaHHIM Yacom Gionoru
BUABNAIOTb NiABULLEHY 3aLlikaBNeHiCTb A0
LbOro enemeHTa. AKe > 3HaueHHA mae Cini-
Ui ana pocnuH? CnpoObyiiTe NOACHUTX [0-
Cnign 3 Tpenenom LWOAO KUTTERIANbHOCTI
neslaproHii 30HasnbHOI.

CTABJIEHHA

bionoria + ®isuka. 3a6apBneHHs BogopocTeil

3icTaBTe enlemMeHTV GyOBU XJTOPOMIACTIB 3 iXHIMM MNO3HAYEHHAMU Ha intocTpauii
1 OTpUManTe Ha3By YePBOHUX GOTOCKMHTE3YIOUMNX MIFMEHTIB UEePBOHMX BOAOPOCTEN:

® - 30BHiLWHA MeMbpaHa; | - Mixkmem6-
pPaHHWI NpoCcTip; K- BHYTPIWHA MembpaHa;
O - cTtpoma; E; — Tunakoig; P, - membpaHu
Tunakoigis; W, - rpann; T - namena; P, —
3epHa Kpoxmanto; U, — pubocomu; H - xno-
ponnactHa AHK; U, — kpannuHwu onii.

E flke 3HauyeHHA [NA BOLOPOCTEN MaE€
E pi3He 3abapBrieHHA IXHbOT CNaHi?
% 1/ 2|3 | 4|5 /6|7 8|9 101112
I
™
[a
% PE3VJIbTAT
©
2 3aBAaHHA ANA CAaMOKOHTPOJII0
= K . K N .
1. XT0 Taki pocanHn? 2. Ha3BiTb OCHOBHI rpynu pocanH. 3. XTo Taki BOROPOCTI?
1-6 4. Ha3BiTb rpynu BogopocTei, WO HanexaTb A0 POCiAuH. 5. HaBefitTb npuknaam
rnaykoditoBux i YepBoHMX BoAopocCTen. 6. HaBeaiTb Nprknaan 3eneHnXx i XapoBurx
BOJOPOCTEN.
7_9 7. AKi 0cobnuBOCTi POCNVH BiApPi3HAIOTb iX Bif iHWKX doToaBTOTpOdiB? 8. Ha3BgiTb
ocobnusocTi BogopocTeit. 9. AKi BO4OpOCTi HanexaTb Ao rpynu Pocanum?
10-12 | 10. flke 3HaYEHHSA ANA POCINH MA€E HAsABHICTb Pi3HUX GOTOCUHTE3YIOUMX NirMeHTiB?
58
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| cmebnuHKka mpasu 2i0Ha 8esUK020 c8imy, 8 AKOMY 80HA pocme.
PabiHOpaHam Tazop
§ 15. Buwii pocnmum

OCHOBHi NOHATTA 1 Kno4voBi Tepminu: BULLI POCJIMHU. Moxonogi6Hi.
CyauHHiI cnopoBi pocanHu. HaciHHEBI pocnnHn.
MpurapanTte! X1o Taki 3eneHi pocnmHn?

X Momipkyiite!

’ MocnpoHia okeaHiuHa (Posidonia oceanica) — Hanbinb-
La poc/IvHa y CBITi, AKa pocTe KoMoHiAMM Ha AHi CepeasemHo-
ro mopsa Henoganik Big baneapcbKknx ocTpoBiB. Pa3om 3 iHWMMNK
MOPCbKMMW TpaBaMu MOCIJOHIA YTBOPIOE NiABOAHI YK Ha rn-
6uHi Big 1 go 50 M. locnig»eHHA OAHIET 3 KOMOHIN BUABUNN pe-
KOpAW POCNMHHOIO CBITY: AOBXWMHa cArae 8 K, a Bik — Big 12 000 go 200 000 pokiB.
LlikaBo, Lie BOQOPICTb Y/ Ha3eMHa POC/IMHA, IKa MOBEPHYNaca [0 XUTTA Y BOAi?

3MICT

AKi oco6nMBOCTi BUPI3HAIOTb BULLi pocnHN?

BULLI POCJIHU, abo Em6pioditu (Embryophyta), abo HasemHi pocsiuHu, - rpyna
3e/IeHNX POC/INH, MPUCTOCOBAHKMX A0 XKUTTA Ha CYX0A0Mi. 3a Cy4aCHUMMN YABNEHHAMMU,
[10 BULLUX POC/INH HanexaTb MoxonogibHi Ta CyanHHi poCinHK, NpeacTaBneHi rpy-
namu CyanHHi cnoposi Ta HaciHHeBi. EM6piodiT noxoaaTb Big npicHOBOAHMX 3ene-
HUX BOLOPOCTEN, @ iXHIMW HaNGVIXKUMMUN CYYaCHMMM POAMYaMU € XapOBi BOJOPOCTI.
Yepes Te y BULLMX POCIINH € O3HAKM, WO BKa3yOTb Ha CMOPIAHEHICTb i3 BOJOPOCTAMMU.
IXHi KNiTYHHI 060NOHKM NOGYAOBaHI 3 MONIEKYN LIENIoN031, WO YTBOPIKTb KapKac,
3aHYPEeHUN Yy MaTPUKC i3 remMiLientonosn n nekTuHiB. KNiTmHHi 060N10HKY, fIK NpaBuno,
NpPo30pi ANA COHAYHOrO CBITNA, AyXe CTiNKi 40 XIMIYHUX 1 MeXaHiYHUX BMAUBIB, NPO-
HUKHI ANs BOAMW 1 PO3YMHEHNX PEUYOBUH. Y 3eIeHUX POCSIVH BOMeMOpPaHHi nnactuam
3 xnopodinamu a i b, yTBoploeTbca nonicaxapui Kpoxmarsb, Wo BiAKNafaeTbcAa Npo
3anac y BUrAAi 3epeH y CTpoMi nnacTug Towwo.

[poTe yMOBW XWUTTA Ha CyLLi Ay»Ke BIAMIHHI Bif, YMOB XWUTTA Y BOAI: BOHW MiHAN-
BiLlWi Ta pi3HOMaHITHIWI. Lle cTano NpuynHO0 BeNMKUX 3MiH Y OpraHi3auii Ha3eMHUX
POCNMH: @) HaABHICTb TKaHWH; 6) NoABa BereTaTUBHUX OPraHiB — KOPEHA Ta NaroHa,
WO 3[INCHIOTb YCi NpPOLEecn XUTTEQIANbHOCTI; ‘
B) YCKNTafJHEHHA LUUKNY BiATBOPEeHHA. Ha BigMiHY
BiJ CBOIX rannoigHuUX NpeaKis BULLi POCTNHY Xa-
paKkTepu3yETbCA YepryBaHHAM B OHTOreHe3i BOX
NOKONiHb — HecTaTeBoro (rameTtodit) i ctateBoro -
(cnopodit). NameTodiTHE NOKONIHHA NPOAYKYE
rannoigHi ctatesi KNiTUHU — rameTn. lameTn 3nu-
BAlOTbCs B 3UrOTY, 3 AKOI GOPMYy€ETbCS BaraToKJIi-
TUHHWIA 3apPOAOK (eMOpPIOH), a 3rogom i cropodir.
HecTaTeBe NOKOMIHHA LWAAXOM Mel03y YTBOPIOE
cnopwu, 3 AKNX PO3BUBAETLCA rameTodiT (is1. 40).

3urota

3apopok

§ 15. Buiwwi pocnvtm

In. 40. Llnkn BigTBOPEHHA BULLMX
pocnvH

OTxe, BULLI POCJIMHU (Em6pioditn) — Le 6araTokniTMHHI poCivHY,
B AKUX HasABHI TKaHMHW, OpraHun Ta BigOyBaeTbcA LMKN
BiATBOPEHHA 3 YepryBaHHAM MOKOMiHb. 59
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Aki oco6nuBocTi Ta pisHOMaHITHiCTL Moxonogi6Hux?
Moxonopgi6Hi - Ue HeBUCOKi TpaB'AHUCTI \
POCANHU, AKi € HAaNGINbL NPUMITUBHUMK 3 BU-
WX pOCauH. Mpo ue cBigunTb IXHA NOAIGHICTD i3
BOAOPOCTAMMU, AK-TO: BIACYTHICTb KCcunnemu i dpno-
emu, HasiBHICTb pU30iAiB, cnaHeBa OyaoBa Tina.
BogHouac moxonofibHi € BUWMMWU POCSIMHAMMU,
AKI MaloTb O3HaKW NPUCTOCYBaHHA A0 XUTTA Ha
cyxogoni. Y HUx 3'ABUANCb NOKPWBHI 1 OCHOBHI
TKaHVHKW, NpocTi 3a 6ygoBoto cTebno i NUCTKK.
Ona moxonofibHMx xapaKTepHe uepryBaHHsA
NOKONiHb, ane Ha BiAMIHY BiJ iHWNX BULWMX CMO-
POBUX POCAWH Yy iXHbOMY LMKNi BigTBOpeHHs M- 41.TIpeAcTasHmky MOXO”QNGH”X:
2amemodhim nepesaxae Hao cnopogimom. - anTouepoc rmaaKka;

o 2 - MapwaHuia MiHNMBa;

MoxonogibHi BKMuYalTb Tpu rpynu: AH- 3 _ 303yNVH bOH 3BNYAIHI;
Toueposi, [leviHouHuMKkn i CnpaBXHi MOXW. 4 — charHym BUNHYTUIA
TunoBmm NpeacTaBHNKOM AHTOLIEPOBUX € AHMO-
yepoc enaokud. Lia pocnnHa UikaBa TUM, WO i1 claHb Ma€ CN3UCTi MOPOXKHUHW, B SIKMX
nocenaATbCA LiaHobakTepii 3 pogy HocTok.

Hanbinbw Bignomumun npepctaBHMKaMu [MeUiHOYHUWKIB € Mapwaxyia MiHauga
(NevyiHOYHUK 3BUYAHNIA), AKA TPANIAETLCA TaMm, e HiKonu He ByBae cyxo: no 6epe-
rax piuok, y 6onotnctux micusx, Ha BOrkunx ckensx, 3pybax ctapux Konopassis, CTiHax
CiNnbCbKMX XaT TOLLO.

HarliBigomiwmmn npefctaBHMKaMm CNpPaBXKHIX MOXiB € 303yJIUH JIbOH i c¢hazHosi
(mopgp’aHi) moxu (in. 41). DocnigeHHAM MOXOMOAiIOHNX 3aIMAETbCA OKPEMUIA PO3Ain
60TaHikn — 6pionozis.

O1xe, Moxonopgi6Hi — BuMLi cnopoBi 6e3cyanHHI POCiNHN,
B AKX Y KUTTEBOMY LUKNi NepeBaXka€ rameTodirt.

AKi 0co6nNBOCTi Ta Pi3HOMaHITHICTb CNOPOBUX Ta HACiIHHEBUX POCNH?

Onsa CyanHHmnx pocnuH (Tracheophyta), po sknx Hanexatb CyauHHI cnoposi Ta
HaciHHEeBI, xapakTepHa TeHAeHL i [0 nepeBary i BABOCKOHaNeHHa cnopodita npu oa-
HouyacHoOMy cnpotueHHi rameTodita. Y Li€i rpynu Bxe 3'ABNAIOTHCA npom,qm TKaHVHWY,
AKi BUKOHYIOTb ABi Baxnuei GyHKLUii. Mo-nepuie, B
BOHV YTBOPIOIOTb TPAHCMOPTHY CUCTEMY, L0
3[IMICHIOE NepeMillleHHA MOXMBHUX PEYOBUH i
BOAM No BCboOMy Tiny. o-apyre, TiNO pPoCaANHU
OTPMMYE BHYTPILLHIO OMOpY.

CyaunHHi cnopoBi pocnuHu (Pteridophy-
ta) — suwi pocauHU, AKi PO3MHOXYIOMbCA MA po3-
cenoomeca 3a 0onomozoto cnop. Cnopu y Umx
POCANH — 0COBNMBI OKPYrAi KNITUHW, AKi Cny-
ryloTb AN HECTATEBOrO PO3MHOXEHHA Ta PO3-
ceneHHA. BoHn maloTb O0BGONOHKM AnA 3axucTy
Bifi HECMPUATANBUX YMOB, XJI0pPONIacTu, AAPO,

Tema 1. BIOPI3HOMAHITTA

. In. 42. NpefcTaBHUKN CYAUHHNX
He3HayaHUM 3anacC NOXUBHUX PEYOBUH. Cno- CMopOoBYX POCSINH: 1 — nnayH

POBi POCAMHM MOWMPEHi HAa BOMOMMX AinsiHKax  6ynasonoaibHuit; 2 — XBoLy nicosuit;
60 cyxofony. Y noBiTpsiHOMY cepefoBuuli, fKke € 3 - WMTHUK YonoBiuMiA
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OOCUTb CyXMM i CNPUAE BMMApPOBYBaHHIO BOAM, CTaTEBUI NPoLEeC 3HAaYHO YCKNagHIo-
€TbcA. Yepes Te y Takux pocnnH GOPMYIOTbCA CTilKi MPOTU BUCMXaHHA cnopu. BoHun
PO3CiloTbCA, NOTPANNATb Y CMPUATAMBI YMOBM, | 3 HUX BUPOCTAE MOKOSIHHA, WO
YTBOPIOE rameTu. | came Ha LibOMy eTani BOAa € BUPILLAAbHUM YAHHUKOM iCHYBaHHSA,
OCKiNbKM 3abe3neuye 3ycTpiy YONOBIUMX rameT i3 XiHouumu. I3 rameT nicna 3annig-
HeHHA YTBOPIOETHCA 3UroTa, 3 AKOI GOPMY€eTbCA 6araTOKNITUHHMIA 3aPOAOK, a 3rofoM
i cnopodit. 3a cyyacHUMM yABNEHHAMYU, A0 CYAMHHUX CMOPOBUX POCINH HanexaTb
MnayHu, Xeowi, Manopomi (in. 42).

HacinHeBi (Spermatophyta) — epyna suwjux cyOUHHUX POC/IUH, AKi pO3MHOXYOMb-
€A Ma po3no8coOXyombcA 3a 00NOMO20I0 HACIHHA. [J0 HaCiIHHEBUX POCSIVIH HaneXaTb
CazoeHuku, XeoliHi, lHKk208i, THemoesi Ta Keimkoai (i/1. 43). O3HaKaMu BOOCKOHANeH-
HA HaCIHHEBWX POCNIVH €: 1) PO3MHOXeHHA HACIHHAM, O MiCTUTb 3apOA0K ManbyTHbOI
POCNNHK, 3anac MOXMBHMX PEYOBMH i HACIHHEBY LLKIPKY, LLO 3axMLaE 3apofokK Bif
HeCnpuATANBOrO BMMBY CEPefOBULLa; 2) NOABA NUJKY U 3anusieHHs, Wo 3abe3neuye
nepeHeceHHA NUIKOBUX 3epeH i3 cnepmiaMn 4O HAaCiHHEBMX 3a4aTKiB 3 ANLEKNITUHA-
MU; 3) HafABHICTb HAaCiHHEBOTO 3ayaTka, Wo 3abe3neyye 3annigHeHHA Ta PO3BUTOK 3a-
pofiKa 3a paxyHOK NMOXUBHUX PeYyoBUH foOpe PO3BNHEHOrO HECTAaTEBOrO NMOKOMIHHSA;
4) 3annioHeHHA He3asnexHe 8i0 800U, BHYMPIWHE (cnepmii NPOHMKaTb A0 HACIHHEBOTO
3auaTKa 3 ANLEKNITMHO Yepes3 NUIIKOBY TPYOKY, a He Yepe3 BogHe cepegosule). Lli
O3HaKM Janu 3Mory HaCiHHEBMM POCIMHAM MPUCTOCYBATUCA A0 HAa3EMHUX YMOB XUTTA
i JOCATTN BULLOTO PiBHA PO3BUTKY MOPIBHAHO 3i CMOPOBMMM POCIMHAMMU.

7

In. 43. MNpepcTaBHUKN HACIHHEBMX POC/INH: 1 — CaroBHMK MOHMKalo4mMiA; 2 — COCHA 3BUYalHa;
3 - riHkro gBononarteBe; 4 — BeNbBiYis ANBHA; 5 — MarHonia BENMKOKBITKOBA

OTXXe, CyQVIHHI POCAMHN NOAINAKTb Ha ABi rpynn —
CYAVHHI COpPOBi N HaCiHHEBI.

AIANbHICTb

CamocrTiiiHa po6oTa

Po3nisHaBaHHA Pi3HMX NpeACTaBHUKIB POC/INH i CKNagaHHA cxeM Knacudikauii
BnpaBa 1. Po3rnaHbTe 3anponoHOBaHi BUAW POCavH. 3icTaBTe intocTpadii 3 Big-
NOBiIAHUMYM Ha3BaMM BUAIB. YKaXiTb O3HaKW, 32 AKMMYM BU pO3Mi3HaBann 3anponoHo-
BaHi BUAW POC/IVH.
Buau BMWMX pocnnH: 1 — KanuHa 3BMyYaiiHa; 2 — nnayH-6apaHeLb; 3 — cocHa cubip-
CbKa; 4 — XBOLL, MOJSIbOBUIA; 5 — 303YNINH NTbOH BOSIOCKOHOCHWI; 6 — OPAIAK 3BUYaNHUIA.

§ 15. Buiwwi pocnvtm

61
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BnpaBa 2. 3a gonomorot Tabnuui Bu3HauTe iXHIO HaneXHiCcTb Ao OAHIET 3 rpyn
BULLIMX POC/INH.
Ta6nuya. QEAKI O3HAK OCHOBHUX TPYN BULWUX POCJIUH

Mopd¢onoriuHi 03HaKu OpPOCNoi 0CO6GNHN fpyna |MpepcTaBHUKMN
Crebno Hepo3ranyeHe, NUCTKN Api6Hi, 3eneHi, KopeHis Hemag, | CnpaBHi
pu30idu Ha cTebni, apxeroHii Ta aHTepUAIT Ha BepXiBKax POCIUH | MOXH
Crebno OuxomomiyHO po32asnyxeHe, NUCTKN APiOHi, 3 ofHiEl0
YKUITKOIO, KOpeHi 000amko8i, CTOPOHOCHI Konocku (cmpobinu)
Crebno uneHwucTe, 3 By3/laMu, MiCTUTb KpeMHe3eM, JINCTKK pe-
AYKOBaHi, KOpeHi Jo[aTKOBI Bifi KOpeHeBuLa, CTPOo6inn
Crebno nigsemHe (KopeHeBulle) 3 AOAATKOBUMY KOPEHSMMU,
nucTKonogibHi naroHwu (Baii), cnopaHrii'y copycax
C1e6510 NPAMOCTOAYE, € TOHKA KOpPa, AePEBUHA, KaMbiil, TNCTKK
y BUINALI XBOI, KOPEHi 20/108Hi 11 6j4Hi, HACIHHA B LNLIKaX
Crebna TpaB'sHUCTI abo [AepeB’sHUCTI, NIUCTKM npocTi abo
CKMafHi, KopeHi ronoBHi, 6iuHi 1 JOAATKOBI, KBiTKa, HaciHHSA, | KBiTKOBI
nnogmn

bionoria + focnigeHHAa. Knacndikauia pocnuH

MnayHn

XBouyi

ManopoTi

XBOVIHI

BusHauTe TakcoHOMiUHe nonoxeHHs BuAay MocudoHisa okeaHiyHa y cuctemi poc-
NIVH i 3aN0BHITb cxeMy Knacuodikauii. [loBefiTb BaKNUBICTb CUCTEMATUKN POCVH ANA
CyYacCHUX GioNoriyHNX JOCNigXKeHb.

JAomeH LlapcTBo Bigain Knac PopuHa Pig Bug

CTABJIEHHA

bionoria + AHrnilicbka moBa

«Alternative energy can be found in plants. Indeed it sounds
like science fiction, but Dutch scientists have found a way
to harvest electricity from plants. When the plants perform
photosynthesis, they convert solar energy into chemical energy
(carbohydrates) that they use to grow. However, they don't use
it all themselves. Some of this energy is released through the
roots to feed micro-organisms that in turn provide minerals to

= the plants. Butit’s not a perfectly closed system, so some energy escapes, and this is what
':T_; scientists have been able to harvest».
% MepeknagiTb TEKCT 1 OLiHITb 3HAYEHHA AOCNIAXKEHDb 3 OTPUMAHHA eNeKTPUYHOIO
~ CTPYMy 32 JOMOMOTO0 POC/IVH.
&
% PE3YJIbTAT
©
E, 3aBAaHHA 4N CAMOKOHTPOJIIO
1. XT0 TaKi BMLWi pocnnHu? 2. Ha3giTb OCHOBHI rpynu BULLUX POCANH 3. XTO TaKi MOXO-
1-6 |nopmi6Hi? 4. Ha3BiTb feKinbKa NpefCcTaBHUKIB MOXOMNOAibHMX. 5. XTO TaKi CyAUHHI poc-
nHW? 6. Ha3BiTb rpynu CyanHHMUX POCIINH
7. fIKi 0co6nMBOCTI BUPI3HAIOTb BULi pocinHK? 8. Ha3BiTb 0cobnMBOCTI Ta pisHOMa-
7 -9 | HiTHicTb MoxonogibHux. 9. AKi 0co6ANBOCTI Ta PI3HOMAHITHICTb CNOPOBUX Ta HACiH-
HEBUX POCNNH?
6 10-12{10. OuiHiTb HayKOBi AOCAIAXKEHHA POCIVIH Y rany3i anbTepHaTUBHUX AXXepen eHepril.
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TeapuHu — npodykm icmopu4YHoi Nocs1i008HOCMI 3MiH,
wo bynu Halikpaujumu y cgiti uac.
P. [loKiH3
§ 16. CnpaBXHi TBapyHM
OcHOBHi NOHATTA 1 KntovoBi TepmiHn: CMTIPABXXHI TBAPUHWU. TBapuHo-
nopAi6Hi opraHismm.
MpurapanTte! X1o Taki eykapiotn?

MomipkynTe!

OOHOKNITUHHUI amebOoigHWI OpraHiam Xpus-
ame6a npomeHucma (Chrysamoeba radians) Ma€ pKryTuk
N YyTBOPIOE MCEBAOHIKKY, 3aTHa A0 daroumTosy I rete-
POTPOGHOrO XUBNEHHS, ane i He BiAHOCATb [0 CMPABXHIX
TBapuH. Yomy?

3MICT

flke micLe TBapuH y cncTemi eyKapioTMYHMX opraHismis?

Hanbinblw iHpopmaTVBHUMM ANA HAyKOBLB LOAO BU3HAYEHHA MiCLIA CMIPaBXHiX
TBAPUH Yy CUCTEMI eyKapioTiB BUABUINCA He reTepoTpodHe KUBMEHHA i HAABHICTb
rAiKoKanikcy, a Taki LUTONOriYHI KpuTepil, AK KiNbKiCTb 1 pO3TallyBaHHA OXIYTUKIB,
dbopma MiTOXOHApIanbHUX KPUCT. Y CyyacHin cuctemi opraHiuHoro cgity (C. Egn i3
cniBaBTopamu, 2012) gna cnpaBXHiX TBapWH BM3HauWnAu Micue B rpyni 3aAHbo-
OXryTmkoBi (OnicTokoHTa). Lia Ha3Ba no3Hauyae 3a0HE po3mawysaHHsa 0X2ymukd B
PYXOMIli KNiTWHI (AK Yy CNepMaTo300HiB 6inblUOCTi TBapuWH), ToAi AK iHWI eyKkapioTu
30e6inblIoro MaloTb NepefHii AXKryTuK.

MitoxoHapii eykapioTiB HanexxaTb 4O HalbINbLI KOHCEPBATUBHYX OpraHes, 0cob-
NNBOCTI AKUX He 3MIHIOITbCA B XO4i afanTUBHOI eBosioLi, Tomy 6ynoBa MITOXOHAPIN
BKa3y€ Ha MOXOAXKEHHA MEeBHOI eyKapioTUYHOI =
rpynu HagiHile, HiXX aHaTOMiuHi um disiono-
riYHi O3HaKW. Y CipaB»KHiX TBAPWUH MimOXOHOpIi
Marome NJIGCMUHYACMIi KpUCMu, WO € BaXKIINBOIO
BiAMIHHICTIO Bifj iHWINX rpyn, Y AKUX MITOXOHAPIT
MOXYTb MaTV AUCKONOZiIOHI UM Tpy6UacTi KpUCTK

(in. 44).

Xnoponnacmis y 8Cix cnpasxHix meapuH He-
Mag, ane B OKPeMUX BMAIB NOWNPEHNIN CMbio3 In. 44. MitoxoHApIi TBapuH
3 BOAOPOCTAMU I UiaHOGaKTepisMK, 3aBASKU i3 NIACTUHYACTUMY KPMCTaMK

YoMy Lii iCTOTV MOXKYTb MOBHICTIO BIAMOBUTUCH Bifj reTepoTPOdPHOro KuerneHHs. Tak,
y 2i0pu 3e/1eHOT B eHTOfepMi KMBYTb 3efieHi BOJOPOCTi x/10pesia 38udatiHa, KOH8O-
J1IoMa *1BUTbCA, BUKOPUCTOBYIOUM 3efleHY BOAOPOCTb NJIAMUMOHAC, y KIITUHaX
eni3ii GyHKLIOHYIOTb XJIOPOMIacTy Bif OBTO-3e/1€HOI BOJOPOCTi sowepii. Ane y
nepeBaXkHOI GiNbLWIOCTI CNPaBXHIX TBAPVH >KMBJIEHHA XemoreTepoTpodHe, HasB-
He aKTMBHe nepeMilleHHA Yy npocTopi (@60 ynpoaoBx *unTTa, abo Ha neBHi cTagii
oHTOreHesy). OKpim TOro, AN1A CAPaBXHIX TBAPUH XapakTepHi o6MexXeHUn picT, no-
4pa3nuBicTb y Gopmi pednekcis, BiACYTHICTb KNITUHHOT 0BONOHKNM, 3anacaHHsA rmi-
KOreHy, HaABHICTb 3apPOAKOBUX NINCTKIB, CTagin 6nacTynu i racTpynu B 3apoaKkoBoMy
PO3BUTKY. 63

§ 16. CnpaBHi TBAPUHU

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




YciBupmn tBapuH 06’egHaHo y rpyny CIMPABXK-
HI TBAPUHMU (Tono3oi). Y mexax Lboro LapcTtsa
HalnyacTiwe BroKpemnowTb Tpu nigrpynu: Oi-
nactepii, KomipueBi gryTrkosi (XoaHodnarens-
Tn) Ta baratokniTnHHI TBapuHM (MeTa3zoi).

BBaxkaeTbcA, WO npefkaMu CNpaBXHix TBa-
pViH 6ynun ofHOAAEPHI aMeby 3 TOHKMMUN HEPO3-
rany>xeHumu ncespoHixkamm (dinonogiamm). Ha
CbOrofHi BiAKPUTO 1 ONNCAHO ABa CyYacHi Buaun,
AKi faloTb HayKkoBLAM iHGopMaLito Npo Npupo- In. 45. Minictepia (Ministeria
ay OAHOKﬂiTI/IHHVIX npenKiB TBAapWUH. quaCme vibrans) — npeacTaBHUK q)inac'repiﬁ
npencTaBHUKIB Li€l rpynn o6’efHyoTb y nig-
uapctBo dinactepii, a KOHKPETHUMUN NpeACTaBHUKAMWN € MiHiCmepia Ta kancacnopa
(in1. 45). BaraTOKNITUHHI TBAPUHW NOXOAATb Bifl KONOHIaNbHUX OXXITYTUKOBUX, a iX Hai-
6nvKUi Bigomi pogunui — KoMipueBi JXKryTUKOHOCL. Y feAKnx 6araToKNiTMHHMX TBa-
PVIH, HanpuKnag y rybok, [o CborofHi 36epernnca KNiTMHU-Xo0aHoUUTU. Brgo3miHeHi
KOMipLeBi KNITUHM € HaBiTb Y TiNi NIOANHN — BOJTOCKOBI KNITUHM CIIyXOBOTO (KOPTi€EBO-
ro) opraHa.

OTtxe, CMPABXHI TBAPUHW - KNiTUHHI eyKapioTU4Hi opraHiamu,
CrOpPIAHEHICTb AKUX AOBOAATb TaKi HaM3aranbHili O3HaKN, AK HaABHICTb Y
KNITUH OQHOrO 3aAHbOrO AXryTUKa, MITOXOHAPIN 3 MNAACTUHYACTUMMU
KprcTaMu, BifCYTHICTb BAaCHUX XJIOpOMaacTiB N G¢oToCUHTE3Y.

Aki oco6nnBoCTi TBAPpMHONOAIGHNX OpraHiamiB?

Taki icToTn, AK eBrneHa 3eneHa, popamiHidepw, pagionapii, iHPy3opii, cnoposu-
K1, ameba-npoTen, yepenaluKoBi amebu, nenwmaHii, namonii, TpunaHocomu Ta iHLwi,
AKMX paHille Ha3MBann «HaWMpPOCTIWMWY», CbOrOAHI BUBEAEHO 3i CKNagy LapcTBa
CnpaBXHi TBapuHMU (is1. 46). 3a NoAiGHICTb 4O TBAPUH iX LWEe Ha3UBaKTb «TBAPUHOMO-
LiOHVYMYK opraHi3amamu», ane y GpinoreHeTUUHNX CMCTeMax BOHW HanexaTtb 40 Pi3HUX
rpyn i MatoTb Pi3HE NOXOLMEHHA.
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In. 46. Pi3HOMaHITHICTb OAHOKNITVHHKX TBaPUHOMNOAIGHKX: 1 — ameba npoTeit;
2 - iHdy3opia TydenbKa; 3 — eBrneHa 3eneHa; 4 — iHdysopia Tpybay; 5 — dopamiHidepa;
64 6 — TpunaHocoma; 7 — ameba auseHTepiiiHa; 8 — apuena; 9 — pagionspis
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AKi >K 03HAKM BiAPi3HAIOTb TBAPUHOMOAIOHNX
OpraHi3miB Bif cnpaBXHix TBapuH? PosrnaHemo
X Ha NpUKIagi HaMBIfOMILLMX OpraHi3miB — ame-
6V npoTen, eBrfeHn 3efeHoi Ta iHPy3opii Ty-
benbkn.

3rifHO 3 MONIeKYNAPHO-TeHeTUYHUMU [O-
CNiIKeHHAMN ame6ba 3e8u4aliHa HaneXxuTb A0
HaguapcTBa AMe6030i, WO Ma€ CnifibHi KOpEeHi
3 OnicTtokoHTamu. Lle rona ogHosgepHa ameba.
B Hei € nanbuenoaibHi ncesgonogaii ana nepe-
MilleHHss 1 daroretepoTpPoPHOro >KMBJIEHHA.
[xryTukis B3arani Hemae, MiTOXoHApii MaoTb [n. 47. MiToxoHAapiT 3
Tpy6uacTi posranyeHi Kpuctu (in. 47). TPyGuaCcTUMK KpUCTami

Y eeaseHu 3e/1eHOI € xNOpoNnacTu 3 TPbO-
Ma MembpaHamu, WO BMHUKNN 3aBOSKN BTOPUH-
HOMY CMMOGiIO3y reTepoTPOGHUX eyKapioTiB i3
3enieHMMK BogopocTaAMn. OKpiM TOro, eBrieHun
MatoTb OfiHe AAPO i ABa AXIYTUKN (OANH AOBIUN
Ta OAUH KOPOTKMIA), MITOXOHAPIT i3 AnCKonogi6-
HUMM KpUCTaMu, MIKCOTPOTPOPHE MKUBNEHHS,
3anacalTb OGAM3bKUIA A0 KPOXMmasnio nosicaxa-
pua napamin (in. 48). Ui Ta peski iHWi ocobnu-
BOCTi BKa3syloTb Ha CMOPiAHEHICTb eBrneHnm 3
HalfaBHIWMMM eyKapioTaMu, AKUX BiHOCATb A0
rpynu EkckaBaTu.

Knitnin  ingy3sopii  mygenvku  BKpu- In. 48. MiTOXOHAPIT 3 AMCKO-

Ti aNbBeONAPHOI MeNikyno, WO YTBOPEHa MORIGHUMN KpUCTamMm
MAasMaTUYHOK MeMOPaHOo Ta CMIOWEHMMM

MeMOpaHHMMU UKCTepHamy — anbBeoniaMun. MiToxoHApii MaloTb Tpy6uacTi KpUcTu.
CyKynHIiCTb nenikynu n ektonaasMum 3 ycima ii CTpyKTypamu YTBOPKE KopTeKc. Kni-
TVHA BKPUTa YNCIEHHVMY BiliKaMu. YHiIKanbHO BNacTMBICTIO iHDY30pill € HaABHICTb
OBOX YHKLIOHANbHO Pi3HMX reHOMIB, WO MICTATbCA B MasoMy (reHepaTMBHOMY) i
BeNIMKoMy (BeretatusHoMy) aapax. OKpim Toro, KniTuHW iHPy3opii matoTb cnelianizo-
BaHi CTPYKTYpW (KNITUHHWIA POT, KNITUHHY FNOTKY, NOPOLUNLII0, TPUXOLNCTK), ABi CKO-
pOTNMBI BaKyoni, 34aTHi 4O KOH'lorauii Towo. Y cyyacHin cuctemi opraHiyHoro cBiTy
iHby30pii HanexxaTb O MONOZOT 1 NepCNeKTUBHOI rpynu — XpomanbBeonATu.

OTxe, TBapyHONOAiIOHI opraHismu -
36ipHa rpyna HecnopigHeEHNX OQHOKITUHHMX OpraHi3mis,
06’'egHaHnX Taknmy MopdodisionoriyHMMmM 03Hakamu,
AK BiACYTHICTb KNITUHHOT CTIHKN, reTepoTPOdPHE >KMBJIEHHA Ta aKTUBHUN
amebOoigHNIA, BXKIYTUKOBUIA abo BINKOBUIA pyX.

§ 16. CnpaBHi TBAPUHU

AIANbHICTb

CamocTiliHa po6oTa 3 Tabnuueto

3anoBHiTb TabnuLio Ta 3p06iTb BUCHOBOK MPO MOXOMXEHHS 3eJIEHUX POC/VH,

CMPaBXHix rpunbiB i CNpaBXHiX TBAPVH.
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Ta6nuuysa. MOPIBHANIbHA XAPAKTEPUCTUKA POC/IVIH, TPUBIB I TBAPUH

O3Haku 3eneHi pocnnHu | CnpaBXHi rpn6m | CnpaBXHi TBAPUHN
Kpuctn mitoxoHapin
Bupwn xnoponnacTis i nirmeHTr
IKryTukm (KinbKicTb i po3TaLuy-
BaHHA)
Tino
Twun XunBneHHA
OcHOBHI rpynu

bionoria + Mi¢ponoris. Ame6a npoTeli - TBApUHONOAiIGHMIT OpraHism

Ameb6a npoten (Amoeba proteus) 6yna BigkpuTa i
onuncaHa HimeubKM eHToMosorom P. ¢oH PoseHropom
y 1757 poui nicna Toro AK MOro CNyXHUUA nponuna
BOAY Ha MiKpocKon. Bigkputy icToTy BYeHW” Ha3BaB
«MiHIMBMM NpoTeeM». Ha3Ba «ameba» B nepeknagi 3
rpeLbKol O3Haya€e «MiHAMBA», a «MPOTe» — Ha YecTb
JaBHboOrpeLbKoro 6ora lMNpotes, Wo mir nepeTBOpIOBa-
TWUCA B Pi3HUX TBAPWH i HaBiTb Yy pi3Hi NpegmeTn. Po3-
ni3HaiiTe Ta Ha3BiTb efieMeHTV 6yfOBU ameby npoTes.
BusHauTte TakCOHOMIYHE NONOXeEHHA B1AY Ta AOBefiTb, WO Lji iCTOTY € CAMOCTIMHUMMU
TBapMHOMNOAiOHMMM OpraHiaMamu, a He CNpaBXKHIMY TBapUHaMMU.

CTABJIEHHA

bionoria + TexHika. EneKTpoHHUI MiKpocKon

EpHcm As2ycm Pycka (1906-1988) — BMHaxigHUK
eNeKTPOHHOro MiKpockona, naypeat Hobeniscbkol
npemii y ranysi ¢isukm (1986 p.). MpoToTnn nepuo-
ro eneKTPOHHOro MIKPOCKOMa, WO CKiagaBCcAa 3 ABOX
MOCNiJOBHO PO3TAalIOBAHWX MarHiTHUX NiH3, OyB
npeAcTaBneHnin Haykosuem 9 6epesHa 1931 p. Akui
NPUHLMN Ail eneKTpoHHOro Mikpockona? OuiHiTb 3Ha-
YeHHSA efleKTPOHHOro MiKpoCKona AnA cyyacHux 6iono-
riYHUX JOCNiIAKEeHb TBAPWH.

In. 49. Tpom6 3 HUTOK

= biIGPYHY Nif eneKTPOHHUM
% MiKpPOCKOMom
< PE3VJIbTAT
s —_—
o
I
2 3aBAaHHA ANA CAMOKOHTPOJIIO
o 1. XT0 TaKi cnpasHi TBapmHM? 2. Ha3BiTb OCHOBHI Fpynn CNpaBHix TBapuvH. 3. lo
'f 1-6 |AKOro HagLApPCTBa HanexaTb CNPaBXXHi TBapuHW? 4. XTO TaKi TBAPUHOMOLiIOHI opra-
2 Hi3MKn? 5. HaBeAiTb Npriknaan TBapuUHOMOAIGHUX OpraHi3miB.
i) 7. flke micLe TBapUH Yy CUCTEMi eyKapioTMUHMX opraHiamiB? 8. ki ocobnueocTi TBa-
7-9 | puHonogibHux opraHiamis? 9. Yomy ameba npotei, iHdy3opia Tydenbka He Hane-
»KaTb 4O CNPABXHiX TBAPUH?
10-12 10. Lo cninbHOro # BiAMIHHOIO MiX CrpaBXHIMY TBapUHaMK, CpaBXHIMKU rprnba-
MU 1 3eN1eHMK PoCaIMHammn?
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TeapuHu — YyacmuHa npUupPoOHO20 3aKOHY, i BOHU MAOMb €801 NpaAsd.
K. X. Pycco

§ 17. baraToKniTUHHIi TBApUHN

OCHOBHi NOHATTA 1 KNo4oBi TepmiHn: BATATOKJTITUHHI TBAPUHW. MepBuiH-

Hi 6araTtoKniTHHI. CnpaBXHi 6araToKmniTUHHI.
MpuraganTte! XT10 Taki TBapnHU?

MomipkynTe!

lippa 3eneHa (Hydra viridissima) (1), nnockui
yepB'ak KoHBontoTa (Convoluta roskoffensis) (2), montock
enisia 3eneHoByxa (Elysia chlorotica) (3) matoTb 3eneHe 3a-
GapBrieHHs i 30aTHI B0 GOTOCUHTE3Y, ane iX BiAHOCATb 4O
6araToKNiTMHHUX TBapuH. Yomy?

3MICT

BaraTokniTMHHI TBapVHM € HANGINbLLOIO 1 HAMCKNag-
HILLIOI TPYMOI0 XMBUX OpraHi3mMiB. 3a 0COGNNBOCTAMU
opraHisauii po3pi3HATb nep8uHHi 6aeamokIiMmuHHI Ta
CNpasxHi 6a2amokaimuHHi.

[lo nepeuHHUX 6a2amoKAiMUHHUX HanexaTb TBa-
PVIHHI iCTOTU, B AKMX HEMAE CUMETPIl, TKAHWH Ta OpraHiBs.
CnpaexHi 6azamoknimuHHi XapakTepusyTbCA HasAB-
HICTIO CMMeTPIl, MOABOIO CMPaBXHiX TKAHWUH, OPraHiB i
CUCTEM OpraHiB. Y cnpaBHix 6araTokniTMHHUX TBapuH
3'ABNATbCA TPaBHa, HEPBOBA, CTaTeBa CUCTEMMU, Opra-
HW YyTTA. BiNbLWIiCTb iCTOT Wi€l rpynu BXKe Ma€ BUAINbHY
CMCTEMY, @ BULLi TBAPUHU — LWEe N KPOBOHOCHY Ta Au-
XanbHy cucTemu. Y npoueci embpioreHesy B CripaB»Hix
6araToKNiTMHHNX YTBOPIOIOTLCA 3aPOAKOBI JUCTKY, 3
AKUX PO3BMUBAIOTbCA TKAHMHW Ta OpraHy AOPOC/IMX TBa-
puH. Cepepf CnpaBXHiX 6araTOKMITUHHUX HaNHUXYUN
piBeHb MocifaloTb pebponnaBy Ta KHigapii, a HalBu-
WNiA — XOPAOBI TBAPUHY 3 TaKUMW rpynamu, sk puowu,
amibii, nnasyHu, nTaxm, ccasui.

Omxe, BATATOKNIITUHHI TBAPUHMU -

Le opraHiamu, B AKUX Tino nobynosaHe 3
BEJINKOI KiNIbKOCTi KNIiTWH, WO cneuiani3yoTbca
Ha 34iNCHeHHI NeBHUX GYHKLUIN
i pi3HATbCA 6yHOBOIO.

AKi 0co6NMBOCTI Ta pi3HOMaHITHICTb NePBNUHHNX
6araToKNiTUHHNX?

MnactuHuacTi (Placozoa) - nepBuUHHI 6GaraTokni-
TUHHI TBAapPWHW, TiNO AKNX CKNAJAETbCA 3 5 TUMIB KNITWH:
eniTenianbHUX 3 QKryTMKamMu, BONIOKHUCTUX, ameboif-

Aki ocobnuBocTi 6araToKNiTUHHUX TBAPUH?

BaraTtokniTuHHi TBapnHN
(Metazoa)

MepBUHHI
6araToKAITUHHI

Twun MnacTuHyacTi
Tuin Ty6Kn

CnpaBXHi
6araToKNiTUHHI

Poszpin PagianbHi
Tun Pebponnasu
Tun XKanki, abo KHigapii
Po3gin binatepanbHi
[pyna MNepBuHHOPOTI
Tun Mnocki yepsn
Tun Montocku
Tun KinbyacTi uepsu
Tun Kpyrni yepsn
Tun YneHncToHori
[pyna BropnHHOpoOTI
Tun lonkowwkipi
Tun Xopposi

~

In. 50. Tpuxonnakc — Hannpwu-
MiTVBHiLWa 6araTokNiTMHHa

TBapyHa

§ 17. baraToKniTUHHI TBapuHK
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HUX 3 NCeBOOMNOAIAMM, 3a/I03UCTUX | CNU30BUX. Y NNACTUHYACTMX HEMAE 3apOAKOBUX
NINCTKIB i opraHy He GopMyIOTbCA. Y HUX HEMAE NepefHbOI UM 3aHbOI, BEPXHbOI U
HVXHbOT YacTuH Tina. TunosBum npeactaBHUKOM TFPymnu € KPUXiTHa MOPCbKa icToTa
Tpuxonsakc adzepeHc (inn. 50). XKUBUTbCS TPUXOMMIAKC MiKpoopraHiamamu, AKX 30B-
HiLWHbO NepeTpPaBIIoE 1 NMOMNIMHAE 3aBAAKM MIHOLMTO3Y UM dparoumTye 3a ONOMOro
nceBAONOAIN, a PyXaETbCA 3a AONMOMOrOI0 AXKIYTUKIB, WO BKPMBAOTb TiNo.

lNy6kn (Porifera, Spongia) — nepBMHHI 6araTOKNITUHHI aCUMETPUYHI TBAPUHMY,
Han3araabHiWMMM O3HAKaMM AKKMX € HAABHICTb NOP Y CTiHKax Tina Ta ABOLAPOBICTb
Tina. [lo Tmny HanexnTtb 6513bko 5 000 BUAiB NpicHO- ETY Y
BOAHMX | MOPCbKMX ry6OK. Y Tifli, WO Haragye MilloK um 74\
Kenux, 3H1U3y € OCHOBa ANA NPUKPiNAeHHA Jo cybcTpaTy,
a 3Bepxy — BYCTA, WO Befe A0 KNLKOBOI MOPOXHUHN. Y
Tini rybok po3pisHatoTb Big 10 o 20 Tunis KnituH. Le
MOKPUBHI MiHAKOLNTN, KOMipLEBi XOaHOLWTW, TPaBHi
ameb6ouunTK, pe3epBHi apxeounTu Ta iH. Hansigomiwmnmm
npeacTaBHMKamu € 600g2a cmaskoad (in. 51), kowuk Be- In. 51. bopsra craBkoBa
Hepu ma kenux HenmyHa. (Spongilla lacustris)

Otxe, MepBuHHI 6aratokniTuHHI (Prometazoa) - rpyna NnpuMiTUBHUX
aCMMETPUYHUX 6araTOKNITUHHUX TBAPUH, Y AKX XKUTTEBI QYHKLT
BVIKOHYIOTb AndepeHLinoBaHi KNiTUHW Pi3HUX TUMIB, AKi NOAi6HI

[0 KNITUH OAHOKNITUHHUX TBApPUHOMNOZIGHMX OpraHi3mis.

AKnMU € cyyacHi nornAgM Ha cMcTemy CripaBXKHix 6araToKniTUHHNX?

CnpaBxHi 6aratokniTuHHi TBapuHmu (Eumetazoa) - epyna npumimusHux cu-
MempuyHUX 6a2aMOKIIMUHHUX MBAPUH, y AKUX XUMMEBI (hyHKUIi BUKOHYIOMb pi3-
HIi opeaHu U cucmemu Op2aHie, a 8 XUMMEBOMY UUKJI HAABHI 3apo0Ko8i Jucmku. 3a
CUMETPIEI0 YCi cnpaBXHi 6araToKNITUHHI NOAINAITL Ha ABa po3ainu — PagianbHi Ta
binatepanbHi, WO € BifobparkeHHAM KapAWHanbHUX eBOIOLIIHNX NepPeTBOPEHb Op-
raHisauii Tina TBapuH.

PapianbHi (Radiata), abo [iBowapoBi, — ye 2pyna cnpasxHix 6azamokaimuHHuUx
MeapuH, 03HAKAMU AKUX € padiasbHa (npomeHesa) cumempis ma 08a 3apooKo8i 1ucm-
Ku. Y Mexax po3giny BUOKPeMIoTb ABa Tunu — Pebponnasm Ta MKanki. Lle xvxakuy,
yepes IXHE TiNO MOXHa NPOBECTU ABi 1 Gifblue NAOWNH CUMETPII, Y HUX 3'SBNAETbCA
Andy3Ha HepBOBa CUCTEMA, Y TiNi — KMLIKOBA MOPOXHWHA, @ MiXK €KTO- 1 eHTOepMOio
HafABHa Me3ornesn, fyxe fJobpe po3BMHYTa pereHepallis.

Pebponnasu (Ctenophora, Big rpeu. ktenos — rpe-
6iHb, phoros — Ti, O HECYTb) — Ye 2pyna cnpasxHix mea-
PUH, XapakKmepHOIO O3HAKOK AKUX € HAABHICMb HA Misi
sucmynie 3 gitikamu. HuHi Binomo 65113bko 200 BUAiB, AKi
XMBYTb y MopAx. Ha moBepxHi Tina pebponnasis € Bicim
BaNMKiB (pebep), Ha AKUX MICTATbCA rpebHeBi NNacTuH-
KW, yTBOpeHi Binkamu. Mig yac pyxy nnacTMHKM po3-
KNagalTb CBITNO Ha CNEKTP, TOMY BMHUKAE in03id, Wo
no Tiny pebponnasis NpobiraloTb BECENIKOBI NepenBm.
BinbwicTb UMX TBapMH Ma€ ABa LWynanbld, BKPUTI KNENKUMU KNiTUHaMK AnA Noio-
68 BaHHA. [TpeacTaBHUKAMU TPYNN € 8eHEPUH NOAC, MHemioncuc (in. 52).

Tema 1. BIOPI3HOMAHITTA

In. 52. Pebponnas MHeMmi-
oncuc (Mnemiopsis leidyi)
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Xanki (8ig nat. Cnidaria - Ti, Wo »anAtb) — ye epy-
na cnpasXHix MeapuH, XapaKkmepHUMU O3HAKAMU AKUX
€ Xanki knimuHU ma 08i xummesi ¢popmu — noninu U
medysu. [lo Tuny Kanki HanexuTb noHag 9 000 BuAis
BOAHUX TBapuWH, 06’egHaHuX y ABi rpynu — Kopanosi
noninu (GKMuHil, Kopasn-mo3KO8UK, 4epe8oHul Kopasn)
Ta Mepgy3030igHi (2iopa 38u4atiHa, medy3a-xpecmosuk,
eyxama Meaysg, Mmedy3a-KopeHepom, {VlOpbe(a oca) In. 53. Miapa 38nuaiiHa
(in. 53). OcTaHHi MoNeKynApHO-reHeTUYHI AOCHiAKEHHA (Hydra vulgaris)
noenu, wo Kopanosi noninu € HanbGinbLw NPUMITUBHO
Ta cninbHO NpeaKkoBo GOPMOLO ANA BCiX iHWMX NPeACcTaBHUKIB TUMY.

BinatepanbHi (Bilateria), abo Tpuwaposi, — ye 2pyna cnpasxHix 6azamoki-
MUHHUX MBApUH, HAU3d2anbHiWUMU O3HAKAMU fAKUX € binamepaneHa (0806i4yHa)
cumempis ma mpu 3apooKogi ucmku. XapakTtepHa o3Haka Oy4oBM TBApWUH LbOro
po3giny — ABo6iYHa CMMeTPIs, WO NOAINAE TiNo Ha ABi YacTMHM (NpaBy 1 NiBy, nepen-
HIO 1 3afiHI0, CMIUHHY 11 YepeBHY). B embpioreHesi TBapyviH € BXke TPU 3apOAKOBI NNCT-
KW — EKTO-, EHTO- 1 Me30[epMma, 3 AKUX GOPMYIOTbCA TKaHWHM 1 opraHu. JocnigKeHHA
foBenu, wo rpyna binatepanbHi € MoHodiNeTNYHOW, TOOTO ABOGIYHOCUMETPUYHI
TBapVHW Manun CrifbHOro npefka. 3roaom MiciA CBOEI NOABM BOHW PO3AINUANCA Ha
ABi rinkn — MepBUHHOPOTI 1 BTopnHHOPOTi. OCHOBHA BIAMIHHICTb MiX HAMU — Y CMO-
cobi GopMyBaHHA pOTOBOro OTBOPY. I3 TUX TWMIB, WO X BMBYAIOTb Y LWKONI, O Nep-
BMHHOPOTUX Hanexatb lMnocki yepeu, Moniocku, Kineuacmi yepeu (ix noegHanu y
€BONIOLiNHY rpyny Ha OCHOBI TaKMX CMifb-

HUX O3HaK, AK cnipanbHe ApobneHHA Ta ﬁ Lo
HABHICTb NINYUHKKN Tpoxodopu) Ta Kpyani -
yepeu 1 YneHucmoHoezi (yTBOpPIOIOTH
APYry eBOMOUINHY JiHIl0, ANA AKUX CMifb-
HUMM O3HaKaMW € KYTUKyJa Ta JIMHAHHA).
PaHiwe nnocki uepBn BBaxanuca npeg-
Kamu Kpyrnmx 4yepBiB, a KinbyacTi — npea-
KaMu uneHmcToHormnx. Ocobnuee micue B
cucTeMi TBapwH nocigae rpyna BropuH- [ MepsuHHopori | [ Broputropori
HOPOTI, y AKUX B embpioreHesi Ha Mmicui
NepBMHHOrO poOTa PO3BMBAETbLCA aHYC,

Montockun

KinBYacTi yuepsu ?
A

Tonkowkipi

Mnocki yepBu
Kpyrni uepsu

7 oTBi
a poToBui OTBip GOpPMYETbCA Ha NPO-
TnexHomy 6oui 3apoaka. o uiei rpynu In. 54. CnipolweHa cuctema
HanexaTtb los1KowKipi Ta Xopooasi (in. 54). 6inatepanbHuX

OTXe, TaKCOHOMIYHa peBONIOLiA, CNPUYNHEHA
MONEKYNAPHO-reHETUYHUMYM [OCNIAKEHHAMN, NprBesa A0 3MiH
i y cuctematumui 6araToKNiTUHHUX TBAPWH.

§ 17. baraToKniTUHHI TBapuHK

AIANbHICTb

CamocrTiliHa po6oTa

Po3nisHaBaHHA pi3HUX NpeACTaBHUKIB TBapWH i cKnagaHHA cxem Knacndikauii

BnpaBa 1. Po3rnAHbTe 3anponoHOBaHi BMAW TBapuvH. 3icTaBTe intocTpauii 3

BiAMOBIAHMMN Ha3BaMy BWAIB. YKaXiTb O3HaKW, 3a AKMMKA BU PO3Mi3HaNM
3anponoHOBaHi BUAN TBAPUH. 69
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Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

70

Buaun cnpaBXHix 6araTokniTMHHMX GinaTepanbHUX TBapuH: 1 — naaHapis Mo-
NOYHO-6iNa; 2 — paBAuK BUHOrpagHUi; 3 — MeanyHa N'ABKa; 4 — ackapuaa NofCcbKa;
5 — XpyL, TPaBHEBU; 6 — NAHUETHNK EBPOMENCbKIIA.

Bnpaga 2. 3a gonomoroto Tabnuui BU3HaUTe HaNEXHICTb 306paXKeHNX TBapUH A0
OfHI€T i3 cncTeMaTUYHNX rpyn.

Ta6nuua. AEAKI O3HAKU OCHOBHUX FPYM CMPABXHIX TBAPUH

q Mpeacras-
XapakTtepHi 03HaKun lpyna puﬂxu
CnnouleHe Tino, NnepeaHin Ta cepefHin Bigainu TpaBHoi cuctemu, Mnocki
opraHu BuineHHsa — npotoHedpugii yepsu
lono.a, Tyny6, Hora, MaHTif, Yepenalika, opraHu BUAiINeHHA — HUpKK | Montockn
CermeHTauis Tina, BTOPMHHA NOPOXKHWHA TiNa, OpraHn BUZINEHHA — Kinbuacri
MeTaHedpugii yepBu
Tino BKpuTe KyTVKY/OI0, NePBMHHA MOPOXKHIWHa Tifla, opraHu BugineH- | Kpyrni
HA — WKiPHi 321031 yepsu
XiTMHOBMI eK30CKeneT, 3MillaHa NOPOXHMHA Tina, opraHn AnxaHHA — |YneHuncro-
356pa, NiereHeBi MiWKY, Tpaxel Hori
3A6pOoBI WinvHM B rNOTLi, HepBOBa TPYOKa, XOpAa, TiNo BKpuTe Wkipoto, XopaoB.i

Bionoria + Midonoria. ligpa 3BnyaiiHa - cnpaBXHA TBapuHa

JlepHelicbka 2idpa — midonoriyHa icToTa 3 Tinom 3mii i 9 ronoBamm fpakoHa, no-
poprkeHa TiboHOM | EXnAHO. 3HNLLEHHS AeB'ATUTONOBOI MOTBOPY — OAWH 3 MOABUTiB
lepakna. NpepcraBHuKiB poay lapa Ha3Bany iMeHeMm L€l iCTOTK 3a BUCOKY 34aTHICTb
[0 pereHepalii. BU3HauTe TakCOHOMIYHe nonoxxeHHsa suay Fidpa 3euyaiiHa (Hydra
vulgaris) i pOBeRiTb NOro HaNeXHiCTb AO CMIPaBXHiX TBAPUH.

Aomen | LlapcTtBo Tun Knac Pap PoguHa Pip Bupg
CTABJIEHHA
~ —_—

bionorisa + ETonorisa. MoBegiHka TBapyiH

lMoeediHka - Le NpUCTOCYBasbHi Aii, CNIPAMOBaHi Ha BCTAHOBNEHHS
UTTEBO HEOOXiAHMX 3B'A3KIB OpraHiamiB i3 cepefoBuLLeM. Y TBapuH
noBefiHKa € GifbLU Pi3HOMaHITHO 1 CKNAZHILWO, HiXK Y POCANH i Fpu-
6iB. HaBepiTb Nnpuknagn etonoriyHmx ocobnmeocTtel TBapuH. OUiHITb
BaX/IMBICTb 3HaHb 0COBNMBOCTEN NOBEAIHKM TBAPUH ANA CUCTEMATUKN.

PE3YJIbTAT

3aBAaHHA ANl CAMOKOHTPOJIO
1. XT0 Taki 6araTokniTMHHI TBapuHU? 2. Ha3BiTb OCHOBHI Fpynu LUxX TBApWH. 3. XT0
1-6 |TaKi NnepBUHHI 6araToKNiTUHHI? 4. Ha3BiTb ABa TUNW NEPBMHHMX GAraTOKNITUHHMX.
5. XT0 Taki cnpaB»KHi 6araToKNiTMHHI? 6. Ha3BiTb OCHOBHI TUNW LIUX TBAPUH.
7. ki ocobnmBoCTi 6araToKNITMHHMX TBAPUH? 8. fIKi 0CO6NMBOCTI Ta Pi3HOMAHITHICTb
7-9 |nepBrHHMX 6araTOKNITUHHUX? 9. AKMMU € CyyacHi MOrNAAN Ha CUCTEMY CMIPaBXKHIX
6araToKniTUHHMX?

10-12 | 10. MopiBHANTe NEPBUHHMX Ta CNPABXHIX 6araToKNITMHHUX TBAPUH.
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Tema 2. OBMIH PEYOBUH I
NMEPETBOPEHHSA EHEPTII

O3HaKu Xue020 € uLe NPoABAMU 20J108HOI 871aCMUBOCMI XUB0i Mamepii —
30amHocmi 8UBinIbHAMU, nepemaopo8amu (i BUKOPUCMOBYB8AMU eHepzito 3308Hi.
H. Ipin, Y. Cmaym, [j. Telinop

§ 18. O6MiH peuyoBUH i NepeTBOpPEHHSA eHeprii —
ocHoBa PYHKLiOHYBaHHA 6iocucrem
OcHOBHi NOHATTA 11 KNntovosi Tepminn: O6MIH PEHOBUH I MEPETBOPEHHA

EHEPTII. Acuminauia. Ancuminayia.
Mpurapanite! Lo Take 6ionoriuHa cuctema?

; Momipkyiite!

Cucmema - ue MHOXUHA iepapxiy-
HO Op2aHi308aHUX 83AEMOOIOYUX esleMeHMmi8.
CrcteMn MOXyTb OyTWM 3akpumumu (y HUX
MOXUBWI NvLe OOMiH eHepriew) 1 8ioKpu-
mumu (HafiBHUI OOMIH PEYOBUH I eHeprii),
NPOCTUMM 1N CKNAAHUMU, HEXUBUMU 1 XKUBU-
Mun. 3a popmamm pyxy maTtepii po3pi3HAIOTb
bi3nyHi, ximiuHi, 6ionoriuHi, colianbHi cuctemn. B YoMy > rofoBHa BigMIHHICTb MiXK
HEXWNBOIO (CHIXKMHKA) 11 XnBoto (pagionapia Acanthometra tetracopa) cnctemammn?

3MICT

Yomy o6MiH peyoBUH Ta eHeprii € OCHOBOI (YHKLiOHYBaHHA
6ionoriuHnx cucrem?

bionoriyHi cuctemu € BIigKPUTUMY CUCTEMaMMU, AKI MOXYTb iCHYBaTV nLLE 3a YMOBU
NOCTINHOTO 308HilHL020 0OMIHY PEYOBMHAMU, EHEPTIEI0 Ta iIHPOPMaLLi€l0 3 HABKONMLL-
Him cepegoBullem. OKpiM TOro, BCepeAUHi XMBUX CUCTEM TaKoX BiJOYBa€ETbCA iHTEH-
CUBHUI BHYMpIWHIt 06MiH pe4yoBUH, eHeprii Ta iHpopMaLii MiXX OKpeMUMN YacTUHAMI
6iocuctemu (opraHenamm KniTviH, opraHaMu opraHiamy, opraHiamamuy B éKocMcTeMi).

OBMIH PEYOBWH | MEPETBOPEHHA EHEPTII - cykynHicme npouyecis, wo 3a-
6e3neyyoms Ha0X00XeHHs pedosuH U eHepeil i3 cepedosuwd, IXHE nepemBopeHHs y
bionoziyHux cucmemax ma sudasieHHs npooykmis xummeoianbHocmi U eHepaii' y ce-
pedosuuje. OGMiH peuoBVH i NEPETBOPEHHS eHEpPrii XapaKTepHi AN BCix 6iocuctem
i BinbyBalTbCA Ha YCix piBHAX iXHbOI opraHisauii. Tak, Ha MONeKynAPHOMY PiBHi B
OOMiHi peuyoBUH 6epyTb yyacTb GioenemeHTr, GioHeOpraHiuHi Ta 6ioopraHiyHi pe-
YOBWHM, Yy KNiTUHax 0OMiH PEYOBMH Ta eHepril 34iNCHIDETbCA 3a yyacTi GepMeHTiB,

§ 18. O6MiH PEYOBMH i NEePEeTBOPEHHA eHepril — 0CHOBa GYHKLiOHYBaHHSA GiocncTem
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B OpraHi3mi BiibyBatoTbCA NpoLec B3aEMONEPETBOPEHHA PEYOBUH. Y eKocucTemax
i 6iocdepi 0OMiIH peuyoBUH 1 eHeprii Ha3KBalTb GiONOTIYHUM KPYroobirom, TOMy L0
MNOro 34iNCHIOI0Tb XMNBi OpraHi3amn — NPOAYLEHTU, KOHCYMEHTUN 1 pefyLueHTn B Xap-
YOBMX NaHUOrax.

Y 3arasibHOMy MOTOL|i PeYOBVH, eHeprii Ta iHopMaLlii, Lo NPoHK3ye Ta 00'€qHye
yci 6ionoriyHi cmctemu, MoXKHa BUOKPEMUTM TPpW eTanu: 1) HaAXOKEHHA PEYOBMH Ta
eHepriiy 6iocrctemu; 2) BHYTPILLIHBOCUCTEMHI NePeTBOPEHHSA PEYOBUH Ta eHepril; 3) BU-
JarieHHsA peyoBUH Ta eHepril i3 6iocucTemun. Hanpurknag, y KniTMHax poC/iiH COHAIUHE
CBITNIO NOTpannAe Ha xnopodin, NepeTBOPIOETLCA B eHeprito XiMiuHUX 3B'A3KiB ATO i
TMIIOKO3MU, @ KACEHD, L0 YTBOPIOETLCA AK KiHLEBUIN NPOAYKT, BURINAETLCA B aTMOChepy.

OO6MiH pevyoBVH BifOYBAETLCA i B HEXUBIN NpUpoOdi, OAHAK Lel NpoLuec 3Hau-
HO Bifpi3HAETbCA Bif 0OMiHY B XMBUX cuctemax. LA BigMmiHHICTb 3ymoBneHa Ha-
camnepes Tum, wo OBMIH PEYOBWH Y BIOCUCTEMAX 3ABE3MNEYYE MOCTINHE
CAMOOHOBJIEHHSA, CAMOPETYJIALIHO | CAMOBIATBOPEHHA TA 3[INCHIOETHCA
3ABAAKU 3NATOAMEHIA OIT YNCEHHUX CTPYKTYP.Y pe3ynbraTi 06MiHY peyoBUH
eHepris B 6iocncTeMax MOXe HaKomuMuyBaTUCsA, 30epiratmca  BMKOPUCTOBYBATUCA
N5 NpoueciB XUTTERiANbHOCTI. OKpiM TOro, 03Hakamu 6ioforiYHOro o6MiHy pevo-
BVH 1 NepeTBOPEHHA eHeprii € noeTanHicTb nepebiry, 6iokaTaniTMUHKIA XapakTep i
perynboBaHiCTb NPoLeCiB BHYTPILHbOCUCTEMHOIO NepeTBOPEHHS.

OTxe, GyHKLiOHYBaHHA 6iONOriYHNX CUCTEM MOXIIVBE NuLLE
3a YMOBW HaAXOLXeHHs, NepeTBOPEHHA 11 BUAANIEHHS MeBHUX PeYOBUH,
eHeprii Ta iHbopmauii.

Y yomy nonArae €AHICTb NpoLueciB acuminauii i gucuminawii?

OO6MiH peyoBUH 11 MepPeTBOPEHHS eHepril B OpraHi3aMi CKnaga€eTbca 3 ¢isiono2iyHux
(>KMBNEHHs, TPaBNEeHHS, AMXaHHA, TPAHCMOPTYBaHHA PEYOBMH, BCMOKTYBaHHS, BULi-
neHHs), izuyHux (gnoysis, 0CMOC, PO3UNHEHHS) 1 XiMiYHUX (OKUCHEHHS, BIIHOBNEHHS,
rigponis, 6pogiHHA) npouecis. Lilo CyKynHicTb nepeTBOpeHb pPo3riafaloTb K €4HICTb
[ABOX MPOTUNEXKHMX | B3AEMOMOB'A3aHMX NPOLECiB — acuminAauii i gucnminadii (in. 55).

Acuminsauia (Big nat. assimilatio — ynoibHeHHs, 3aCBOEHHS1), abo aHabonizm, —
4YaCMUuHa 3a2a/lbHO20 0OMIHY pedosUH U eHepeii, Wo NosA2ae 8 NO2IUHAHHI, Hazpo-
MaoxeHHi ma nepemeopeHHi pe4o8uH, W0 HAOX00AMb 8 Op2dHi3M. 3aBAAKM LM
€HeproBuUTPaTHNM NpoLecam opraHiamM 3aCBOIOE MOXMBHI PEYOBMHM, YTBOPIOE Blac-
Hi peyoBMHU, OYAYE 3 HUX CBOT CTPYKTYpWU, 3abe3neuye picT i PO3BUTOK, OHOBJIEHHA
CKNafHWKIB Ta HAaKOMMYEHHA 3anaciB A BUKOPUCTaHHA iX AK AXepena eHepril.

Oucuminauia (sig nat. dissimilatio — MornuHaHHA eHeprii
HecxoXun), abo karabonism, - ye uya- YVvVvYy
CMUHA 3a2a71bHO20 O6MIHY, ni0 4ac AKo2o
8idbysaombca po3wjensieHHsA, pyUHy8aHHA
CKIGOHUX Op2aHiYHUX cnosyk (6inkie, Xu-
pis, 8y2negodis, Hyk/eiHOBUX Kucj0m) 8  PosujenneHi

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

O6MiH peuoBuUH CuHTesoBaHi

opzawizmi Ha npocmiwi. Hainpoctiwumn ~ PEBM Taenepri peaopuny
KiHLEeBUMM NpodyKTamu ANCUMINALIl BCiX

OpraHi3miB € BOAa, BYreKUCWI ra3 i amo-

HiaK. Y npoueci AncuminAuii BUBINbHAETbCA yvyvy

eHeprisa, sika NepeTBOPIOETHCA B iHWI dop- BuBinbHeHHA eHeprii

MV Ta aKyMy/I0€eTbCA B Monekynax ATO.

72 In. 55. Cxema 06MiHy peyoBUH Ta eHeprii
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Mpouecn acuminAuii He 3aBXAn NepebyBatloTb y pPiBHOBA3i 3 NpoLecammn Aucu-
minayii. Ha npouecy acuminAauii 1 gucuminayii BNavMBaoTb Taki YAHHUKM, AK YMOBU
cepefoBULLa, BiK, CTaTb, CMOCIO XUTTA, BUA AiSNbHOCTI, Gpi3ionoriyHnii cTaH Towwo.

OTXe, acMMinALiA N ANCMMINALIA € B3AEMHO MPOTUNEXHUMM

i HEPO3PUBHO MOB'A3aHNMU MOTOKaMK PEYOBUH Ta eHepril.

CWHTE3 PEYOBWH MNOTPEBYE EHEPTII, LLIO BUBIIbHAETHCA
ng YAC PO3LLEMJIEHHA PEYOBUH.

flke 3HaYeHHA pe4vOoBUH, eHeprii Ta iHpopmauii gna 6iocucrem?

PeuoBuHa - ye CyKynHicme amomis, amoMHUX YHaCMUHOK YU MOJieKyJ1, Ujo hepeby-
8410Mb y NeBHOMY dz2pe2amHoMy cmdaHi. XiMiuHi pe4oBMHM, WO CKNAAATbCA 3 aTOMIB
OQHOro BMAY, € NPOCTMMU (MeTanu i HemeTanu), 3 aTOMIB Pi3HUX BUAIB — CKNAgHUMU.
CknagHi XiMiuHi pe4YoBUHMN MOAINAITLCA Ha Op2aHiyHi (Hanpuknag, mani Monekynu,
MaKpOMONEKY W) i HeopaaHi4Hi (OKCMAM, OCHOBU, KNCNIOTA 1 coni). KoxkHa peyoBMHa
Ma€ CBOI crieyundiyHi BNacTMBOCTI, TOOTO 03HaKM, 3a AKUMU MOXKHA BifpPisHUTY i Big
iHWKUX peyoBnH. O3HaKK, 32 AKUMM Pi3Hi PeYyoBUHUN MOAIOHI MiX coboto abo Bigpis-
HATbCA OAHA Bif OAHOI, HAa3MBalTbCA 8/1ACMUBOCMAMU pe4osuH. Po3pisHATb ¢i-
3WYHI 1 XiMiYHi BNaCTMBOCTi PeYOBWH, O BM3HAvaloTb XiMiuHi 11 Gi3nyHi npouecu, Aki
BifOyBatoTbCA B biocncTemax. PeyoBrHM HagxofATb fo GiocucTem i 6epyTb yyacTb y
NNacTUYHUX N eHEePreTUYHNX NepeTBOpPeHHAX. MNnacTnyHa ¢yHKUiA peyoBUH nondrae
B YTBOPEHHI B/TaCHMX PEYOBWH, TKaHWH, OPraHiB »XMBOro. EHepreTnyHi nepetBopeHHA
peyoBUH NOB'A3aHi 3 yTBOPEHHAM ab0 PyIHYBaHHAM iXHiX XiMiYHVMX 3B'A3KIB.

EHepria (Big rpeu. eHepeoc — RiANbHWUN) — ye 3aeasabHA KinekicHa mipa pyxy i
83aemo0ii 8cix 8udig Mamepii. EHeprisi He BUHMKAE Hi 3 UOTO i HiKyAW He 3HMKAE, BOHa
MOXe TiNIbK/M NnepexoanTu 3 OAHOrO CTaHy B iHIWMWIA (3aKOH 36epexeHHA eHepril).
BHacnigok icHyBaHHA 3aKOHY 36epe)keHHA eHeprii NOHATTA «eHepria» 06'eHYE BCi
Asuwa npupoan. MOHATTA eHeprii nos'A3aHe 3i 3paTHicTio ¢iznmyHoro Tina abo
cucTemMy BUKOHyBaTu poboTy. Mpn ubomy Tino abo cucteMa 4acTKOBO BTpayae
eHeprito, BUTpavalun il Ha 3MiHM B HaBKONULWHIX Tinax. bionoriyHi cnctemn 3gatHi
oTpumyBaTu ceimaosy (eHepria CoHuAa) abo XximiyHy (eHepris pPeYOBUH) eHep-
rito 330BHi, MepeTBOpPIOBaTU ii B Pi3Hi BUAM (MeXaHiuHy eHeprilo pyxy, enekTpuyHy
eHeprilo 30yfKeHHs, TEMNSIOBY eHeprilo AnA TepMoperynauii Towo).

Inpopmauin (Big nat. informatio — NOACHEHHS, NOBIAOMIIEHHSA) — e CYKYNHiCMb
gidomocmeli (0aHux), [SKi cnpulimaiome i3 HABKOUWHbLO20 cepedosuwd (8xiOHa
iHpopmayis), sudarome y HaBKOJUWHE cepedosuuje (8uxioHa iHgpopmayis) abo 36e-
piearoms e8cepeduHi negHoi cucmemu. na GioNoriyHNX CUCTEM BUOKPEMITIOIOTb TaKi
BUAK iHbopMaLii, AK 308HiWHA 1 BHympiwHsA, Gi3nyHa (CBITNOBA, 3BYKOBa, MeXaHiu-
Ha, rpaBiTaLiliHa, TensoBa)  xiMiuHa (HOXOBa, CMAaKOBA). Tak, 30BHiLIHA iHOopMaUis
Npo HaBKONWLWHE cepefoBulle CNPUAMAETbCA GOTO-, XeMo-, TEPMO-, MexaHope-
LenTOPHMMMK MOJIeKYNlaMU UM KNiTUHaMK, BHYTPILWHA reHeTMYHa iHpopmaLia 3anu-
caHa Ha [HK. 3aBgAKu 30BHILWHIN iHPpopMaLii 34iINCHIOETECA NOAPA3NUBICTb KMBOTO,
a reHetTnyHa iHdopmauia 3abe3neyye iHAMBIAYaNbHNI PO3BUTOK Ta 3B'A30K NOKOJIiHb
y yaci.

§ 18. O6MiH PEYOBMH i NEePEeTBOPEHHA eHepril — 0CHOBa GYHKLiOHYBaHHSA GiocncTem

OTXe, TPUEQVHMNIA MOTIK PEYOBUHW, eHeprii Ta iHpopmaLii
BVIKOHYE NMPOBIAHY iHTErpaTMBHY pPOnb ANA camoopraHisauil

Ta uinicHocTi 6ionoriyHnx cnuctem.
73
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BIANBbHICTb

x,/‘ CamocrTiiiHa po6oTa 3 Tabnuueio

3a gonomoroto Tabnuui B poboyomy 30-
WKNTi MOpPIBHANTE eTany OOMiHY PEYOBUH Ta
nepeTBOPEHHA eHeprii y 3anponoOHOBaHMX
oprati3smis. ChopmynioliTe BUCHOBOK NpPo €4-
HiCTb i B3aEMO3aneXHiCTb TPbOX eTaniB 06-
MiHy peuyoBUH, eHeprii Ta iHdopmauii. LWo €
CNiNbHOrO  BiAMIHHOIO B 0OMiHi peUOBUH Ta eHeprii X opraHiamis?

Ta6nuuya. OCHOBHI ETAMU OBMIHY PEYOBUH | NEPETBOPEHHA EHEPTII
O3Haka Kanuna FTopo6eub xaTHil
1. Hapxop»keHHA peyoByrH Ta eHeprii 4o opraHismy
2. BHYTpPILWHbOKAITUHHI NepeTBOPeHHA
3. BuganeHHa peyoBuH Ta eHeprii 3 opraHismy
Bionoria + KibepHeTuka. «4opHa ckpuHbKa» i1 noTik iHpopmaLii y 6iocucremax

«HopHa CKpUHbKA» — Lie TePMiH, L0 BUKOPUCTOBYIOTb
y KibepHeTuUi AnA No3HauyeHHA CUCTEM, MPO MPUHLMMNN
BHYTPILWHbBOI Ail AKMX HIYOro He BiAOMO, KpiM TOro, Lo
neBHOMY BXifHOMY iHGOPMATUBHOMY CUrHany Bifnosi-
[Ja€ NeBHUN BUXIOHUIN curHan. YopHa CKpUMHbKa € Bax-
NNBVM €/IeMEHTOM Y AOCifKEHHAX MOTOKY iHpopmauii
yepes cknagHi cnctemn. [loBefiTb MOXNBICTb 3acTOCY-
BaHHA MeTofy «YOPHOI CKPUHBbKWY» ANA BUBYEHHA 0OMi-
Hy iHbopMaLii 6iocmcTem. B yomy Heflonik Lboro metoay
npu focnig»KeHHAX 6iocnctem?

CTABJIEHHA

Bionoria + NMcuxonoria. O6MiH pe4yoBUH 11 penpoAyKTNBHa NOBefiHKa

PenpoaykTtvBHa noBepiHka nioguvHu GOpMYyeTbCA Mif BMAMBOM MOMITUYHKX,
€KOHOMIYHNX, ETHOKYNIbTYPHUX, ETUMHUX YAHHUKIB | BUABMAETLCA AK peakuia noaein
Ha 30BHILLHI 11 BHYTPILWHI CTUMYNN 4O NPOAOBXKEHHA poAy i NnaHyBaHHA ManbyTHbOI
poAnHW. A UM Ma€ penpoayKTUBHa NoBefiHKa 3BOPOTHUI BNANB?

HasegiTb NnprKnaau, Wo AOBOAATb B3aEMOBMINBM PENPOAYKTUBHOI NOBEAIHKN Ta
06MiHY PeUYOBVH 1 NepeTBOPEHHSA eHeprii B opraHiami noguHu.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 06MiH peYoBYH i NepeTBOPEHHA eHeprii? 2. Ha3BiTb OCHOBHI eTanu 3a-
ranbHoOro o6miHy peyoBuH Ta eHeprii. 3. LLlo Take acuminauia? 4. Lo Take gucumins-
uia? 5. Lo Take noTik peyoBuH, eHeprii Ta iHpopmaLii? 6. AKi rpynu pevosuH, BuAK
eHeprii Ta iHpopmaLii MatoTb micLie B 6iocnctemax?

7. Yomy 06MiH peyoBIMH Ta eHeprii € OCHOBOW QYHKLiOHyBaHHA 6i0NOriyHMX Cu-
7-9 |cTtem? 8. Y YoMy MonAra€e €QHiCTb nNpoueciB acuminAuii n gucuminadii? 9. ke 3Ha-
YeHHA PeyoBUH, eHeprii Ta iHpopmauii fna 6iocncrem?

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

10-12 [10. Wo € cninbHoro 11 BiAMIHHOIO B 06MiHi PEYOBVH Ta eHeprii Pi3HKX opraHiamis?

74
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Cunu yomupu, Wo NOEOHAIUCS,
Teopame xumms, cmgopusu i caim.
O. Wunnep

§ 19. bioenemeHTn. bioHeopraHi4Hi peyoBNHU:
ornag 6ygosun i 6ionoriyHa ponb

OcHOBHi NOHATTA N KniouvoBi TepmiHn: BIOEJIEMEHTU. BIOHEOPIAHIYHI
PEYOBUHN.

MpuraganTte! Lo Take ximiuHi enemeHT?

MomipkynTe!

Y cKknagi *XMBOFro € mMake BCi XiMiuHi enemeHTu lepio-
auyHoi cuctemn [l. |. MeHpeneeBa, ane OCHOBHI O3HaKWU KBOro
BM3HAYalOTbCA BMACTUBOCTAMM 1 yHKUiAMKM nuwe npubnusHo
30 6ioenemeHTiB. K B flyMaETe, Yomy?

3MICT

flka ponb GioenemeHTiB B O6MiHi peyoBMH Ta nNepeTBOPEHHi
eHeprii?

BIOFEHHI EJIEMEHTW (6ioenemeHTIN) — ye XiMiyHi ennemeHmu, wo 8xo0gms 00
CKk/1ady Xueoi Mmamepil, 8uAsAlOMb nesHi 8aacmugocmi ma gidiepalome 8axusy
posib y npoyecax xummeoianeHocmi. Habinblwumnin BMIiCT y XKMBIili Npupoai npunagae
Ha enemeHTu-opraHoreHum (figporeH, OkcureH, Kap6oH, HiTporeH), Wwo € Tunosmumu
HemeTanamu. bionoriyHe 3HaUeHHA OpraHoOreHiB 3yMoBieHe TaKUMW BNaCTUBOCTAMMU:
1) aTOMV OpraHoOreHiB JIErKO CMOJYyYaTbCs MiXK COO010, yTBOPIOOUM MiYyHI Ko8asneHm-
Hi 38'A3Ku, Wo 3abe3neuye cTinKicTb 6iomonekyn; 2) lNgporeH Ta OKCUreH MOXYTb
YyTBOPIOBaTW C/1a6Ki 800He8i 38’A3KU, AKi 3yMOBJIIOIOTb MOXJIIMBICTb 3MiHW CTPYKTYpHU
6iomonekyn; 3) MatoTb Mani po3mMipu, Many BiJHOCHY aTOMHY Macy i € nerkumu ene-
MeHTaMWU, WO BaXKNM1BO ASIA yTBOPEHHA GioMonekys.

MakpoenemeHTtamm € meTanu - Kanin, Kanbuin, Hatpin, Marninn, Oepym i He-
meTanu — Qocoop, Xnop, Cynbodyp. ATOMHA Maca Lmx efleMeHTiB Jewo 6inbLua, ane
IXHi 30BHIWHIN eNeKTPOHHMUI Wwap Mae abo notpebye AnA 3aNOBHEHHA HEBeNKY
KinbKicTb enekTpoHiB. OCHOBHUMU BNACTMBOCTAMU MaKpoesieMeHTIB €: 1) BMCOKa
34aTHICTb YTBOpPIOBATU OHU Ta yyacTb B YTBOPEHHI UOHHUX 38'A3Ki8; 2) BinbLicTb €
CUNbHUMW 8iOHOBHUKAMU ab0 OKUCHUKAMu, TOMy B CKnagi 6iocnctem JOCUTb YacTo
6epyTb yuyacTb y perynauii XUTTeBNX GyHKLii.

Mikpoenemenmamu € LInHk, Wop, Kynpym, MaxraH, Moni6aeH, KobanbT Ta iHwi,
O PO3TaLLOBYOTbCA B HVXKHI YacTWHI Tabnuui, y nepeBaxHil 6inbluocTi € meTana-
MU 3 BiIHOCHOIO aTOMHOI Macoto, binbwoto 3a 50. MikpoeneMeHT! akTMBYOTb abo
NPUrHivyoTb GepMeHTN Ta BXOAATb [0 CKNagHuX GepmeHTiB, TOMY iX Ha3MBaloTb «Kd-
manizamopamu kamasnizamopie». [1o MikpoeneMeHTiB HanexaTb i Taki BaXKnu1Bi Ana
Xunsoro HemeTtanu Ak Onyop, Cuniuin, CeneH Ta iH.

bioenemeHTn B GiocMcTeMax BMKOHYIOTb CBOI OYHKLii y cknagi 6iomonekyn y
bopMi HEPO3UMHHKX CMONYK Ta NOHIB. 3a GYHKLiAMKU 1 GionoriYyHUMKN BNacTUBOCTA-
MK GioenemeHTU KnacuoikyloTb Ha CTPYKTYPHI Ta MeTaboniuHi (perynatopHi, 6ioka-
TaniTM4YHi Ta KPOBOTBOPHI). CMpyKmypHi 6ioenemeHmu 6epyTb yyacTb B YTBOPEHHI
CMOJYK i BUKOHYIOTb POfib ByfiBenbHOro MaTepiany Ans KniTWH, TKAHWH 1 OpraHiB.

§ 19. XimiuHi enemeHTN. BioHeopraHiuHi peyoBUHK: ornsAg 6y[osw i 6ionoriyHa posb
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Tak, KapboH, OkcureH, HitporeH, lgporeH yTBOpIooTb opraHiuHi pevoBurHu, KanbLii
n ®ochop - KicTKK, YyepenaLuky MotocKiB, CuniLin — ONOPHI CTPYKTYpU 4iaTOMOBUX
BOAOPOCTEN, XBOLWiB, pagionapin. biokamanimuyHi enemeHmu 3abe3neuyloTb BU-
coKy bionoriuHy akTuBHICTb depmeHTiB i BiTamiHiB. Hanpuknag, KobanbT € B cknagi
LiaHko6anamiHy, Kynpym yTBopto€ Lutoxpomun. PeeynamopHi enemeHmu B cknagi
FOPMOHIB 3AIMICHIOTb eHOOKPUHHY perynauilo (Mof € CTPYKTYPHUM KOMMOHEHTOM
TUPOKCUHY, LIMHK — iHCYniHY), TPaHCMOPTYIOTb PEeUYOBUHU KPi3b MeMbpaHU (HaTpili-Ka-
NIEBUI HAaCOC), CTBOPIOIOTH Pi3HNLIIO NOTEHLiafiB Mo Pi3Hi 60K MeMOpPaAH A5 CUHTE3y
ATO (oHm TigporeHy) Ta iH. KposomeopHi 6ioenemenmu (Oepym, Kynpym) 6epyTb
yyacTb y npoLecax remornoesy.

OTxe, bioenemMeHTV BMKOHYIOTb Yy BiocncTeMax CTPYKTYpPHY,
6iokaTaniTUYHy, perynaTopHy Ta KPOBOTBOPHY (YHKLi.

Alki npocTi HeopraHiuHi peyoBMHN GepyTb yyacTb B O6MiHi pe4yoBUH i
nepeTBOpPEHHI eHeprii?

BIOHEOPTAHIYHI PEMOBUHW - ye npocmi (i cknaoHi Heop2aHiyHi peyosuHuU, Wo
€ 0608’A3K0BUMU KOMNOHEHMAamu 6ydb-aKoi biocucmemu, i Hecmaya AKUx y Xugomy
npu38o00uMe 00 NopyweHHA 6iono2idHuUX yHKYiU.

3 Hememaie Halbinblle 3HAYeHHA B GiocncTeMax MalTb KNCeHb Ta a3oT. Oc-
HOBHOI OCOONMBICTIO, O 3yMOBJTIOE GioNOriYHE 3HAUEHHA HEMETaJiB, € Te, L0 BOHU
MatoTb 3aTHICTb NPUELHYBATU €NIEKTPOHU Ta € OKUCHUKAMU B OKUCHO-BIAHOBHUX pe-
aKuiax. AICKpaBMM MPUKNIALOM TaKMX PEYOBVH € KUCEHDb AK aKLENTOp efIeKTPOHIB Y
peakuisx KNCHEBOrO po3LensieHHA 6iomonekyn. BaXnnBum ansa XUTTERIANBHOCTI €
@30T He3BaXaloun Ha NOro XiMiyHy iHepTHICTb. Y GiocucTemn Len ra3 HagxoauTb
3aBAAKM a30TodIKCYIOUiN AianbHOCTI OyNbO0UYKOBYMX BaKTepii, LiaHobaKTepii.

Y MNepiogununin cnctemi [. . MeHgeneeBa 85 enemeHTiB € Memanamu. [ecaTb 3
Hux (Hatpin, Kanin, MarHin, Kanbuii, Manran, ®epym, Kobanbt, Kynpym, LinHk, Mo-
nibaeH) BigirpaloTb BaXNMBY POJib Y XUTTERIANBHOCTI OpraHi3amMiB i OTpYManu Ha3By
«MeTanu XuUTTs», abo 6iomeTanu. MeTanu mMatoTb 3AaTHICTb BigAaBaTh €eKTPOHN i
O6yTWN CuNbHUMU 8iIOHOBHUKAMU B OKMCHO-BIHOBHMX peakKuisax. Lli peyoBnHM nerko
YTBOPIOKOTb CTilKi NOHWU, Lo 6epyTb y4acTb Y TPAHCMOPTYBaHHI peuoBuH (HaTpil, Ka-
nin), B3aemonepeTBopeHHi dopm eHeprii (Kanbuil y M'A30BOMY CKOpOUeHHi). BoHM
BXOAATb 10 CKnagy ropmoHiB (LlnHK, KobanbT), pepMeHTiB 1 gruxanbHMX Ta GOTOCUH-
Te3syloumx nirmeHTiB (Depym, Kynpym). Baxkki meTann YMHATb TOKCMYHY fit0 Ha opra-
Hi3mm (Kagmin, MepKypilt).

OT>Ke, NPOCTi PeYOBUHM B CKNaAi XNBOTFO 3[iNCHIOITb OKWCHO-BiAHOBHY,
CTPYKTYPHY, PErYAATOPHY, eHepreTuyHy OyHKLUiT.

flke GionoriuHe 3HaYeHHA CKNagHNX GiOHeOpPraHiYHNX peyoBNH?

Cepep CKNagHNX PeYOBUH BUOKPEMIIIOTb OKCUAM, KNCIOTW, OCHOBM, CONI.

Okcudamu € cknagHi 6iHapHi cnonykmn enemeHTiB 3 OKcureHom. KucsiomHi okcu-
ou (CO,, SO,, SO;, N,Os, P,0s) nepeBaxHO fobpe pPo3UNHAIOTLCA Y BOAI I yTBOPIO-
10Tb MiHepanbHi Kucnotu. Kap6oH(lV) okemp CO, € perynaTopomM AUXaHHSA, a YagHUN
raz CO — TOKCMUHO pevoBUHOW. OCHOBHI OKCUOU (32 BUHATKOM OKCUZIB NYXHUX i
LeAKnx nyxHo3zemenbHuX meTanis, Takux Ak K,O, Na,O, MgO) nepeBakHO Hepo3-
UMHHI y BOAI 1 3[aTHI pearyBaTn 3 KUCOTaMU 3 YTBOPEHHAM BaXXNMBUX ONA KU-
BOro conen Ta ocHoB. Cepen ampomepHuUx okcudie Hanbinble 3HayeHHA mae H,0.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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Y KUBUX CMCTEMAX BaXKNMBY POSb BUKOHYE rigporeH nepokcmg H,O,, AKUIN € CUnbHUM
OKVCHUKOM i TOMy Hebe3neuHum ans KnitvH. Ponb HiTporeH (Il) okcrpay sk curHanbHoT
MOJIeKYNN B XXMBUX opraHiamax 6yna Bigkputa y 1980-x pokax.

Kucnomamu Hasugalomecs cnosiyku, wo micmame y mosnekynax amomu liopo-
2eHy ma KucsiomHi 3aauwku. OCHOBHOW OiONIOriYHOK BNACTUBICTIO KUCIOT € iXHA
3AaTHICTb JO Aucouiauii M BU3HAaYeHHA KWCNOTHOCTI PiAWH BHYTPIWHBbOrO cepefo-
BuLa. Kncnotm yTBopiooTb Baxnumei ana »usoro aHioHn NO;, CI°, SO7, CO? (6epyTb
yyacTb y perynauii npouecis) Ta kaTioHn H', Big koHUeHTpauii akux 3anexutb pH
piavH n cekpeTiB. CunbHi Kuc1omu akTuBYOTb TpaBHi pepmeHTn (HCI), 3paTHi pos-
UMHATM MiHepasnbHi CNONYKK, WO HaAXOAATb Ana 06miHy peyosuH (H,SO,), 6yayoTb
BaXnuBi 6iomonekynu (3anuwkn HsPO,y cknagi ATO, Hykneotugis, ¢docdoninigis
Towo). Y c/1abkux Kucsiom nuile HeBenmKka YacTHa MONEKYN ANCOLIIOE NMOBHICTIO Ha
MNOHW, ane 1 BOHW aKTUBHO 3anyyvatotbca ana perynauii pH kposi (H,CO; 1 kapboHaT-
Ha bydepHa cuctema), ona yTBOPEHHA opraHiuyHux cnonyk (H,S ans 6aktepianbHoro
doToCnHTE3Y) TOLLO.

OcHoeamu HaA3ugarwmMes CNOJyKU, 00 CKIAdy AKUX 8Xx00Amb amom mMemasny i
2idpokcuneHi 2pynu. OCHOBM MaloTb 3AaTHICTb 38'A3yBaTyW oHK H' Ta 6epyTb yuacTb
B YTBOPEHHi 6ydepHMx cuctem. BinbwicTb OCHOB y BOAi HEPO3UMHHI, TOMY KMBI
OpraHi3mm yTBOPIOOTb iX AK KiHLEBi MPOAYKTN OKMCHO-BIAHOBHMX peaKUi. PO3UnHHI
OCHOBM 6epyTb yuacTb: 1) B yTBOpeHHi conen (NaOH, KOH); 2) y peakuiax HenTpani-
3auii (Ba(OH), — pna HeTpanisauyii HCl 11 3MeHwWweHHsA kncnotHocTi, Al(OH); — ansa Heil-
Tpani3auii ankanoigis poCNNHHOI iXKi Yy TBapuH); 3) B FPYHTOYTBOPEHHI 1 CTBOPEHHI
YMOB iCHYBaHHA AnA rpyHToBuUx MewkaHuis (Ca(OH),) Towo.

MinepanoeHi coni - ye npodykmu nosHoz2o abo Yacmko8020 3amillleHHA amomis
liopozeHy 8 kucnomax Ha amomu Memarnig. Po3unHHI coni nig yac amcouiauii pos-
KnafjawTbCA Ha KAMIOHU Memasie Ta aHiOHU KUCOMHUX 3a/IUWKI8, 3aBAAKN YOMY
BiOYBalOTbCA HAaAXOMXKEHHA i3 cepefoBuLLa iCHyBaHHA Ao bGiocnctem GaraTbox Mo-
XMBHUX eNIeMeHTiB, OKNCHO-BIJHOBHI peakKLil, peakLii 06MiHy 3 0CHOBaMM, KUCIOTaMU,
iHWYMK consimun. Hepo34uHHI coni 6arato opraHiamiB BUKOPUCTOBYIOTb A nobypdo-
BV 3aXMCHMX Ta ONOPHUX YyTBOPEHb (Hanpuknag, KanbLin kapboHar, Kanbuin pocdar
YTBOPIOIOTb YepenallKu, CKeNleTu Kopanis, 3you xpebeTtHux). Kucai coni, siki yTBOpto-
I0TbCA y peaKLiax MixK nyramu i Kucnotamm, 6epyTb yyacTtb y GopmyBaHHi 6ydepHumx
CUCTEM. I3 pO3YUHHUX CONnen AnA opraHiamiB Hanbinblie 3HaAYEHHA MaloTb COJi, WO
iX yTBOpKIOTL KaTioHu Hatpito, Kanito, Kanbuito, MarHito, ®epymy Ta 3anuwku
XNOPUAHOI, CynbdaTHOI, HiTpaTHOI KMCNOT. Lli noHM 3abe3neuytoTb TPaHCMOPTYBaHHSA
pevoBVH Kpisb MeMbpaHu KNiTUH, perynayilo poboTu cepua, NnpoBeAeHHA 30y KeH-
HS, aKTUBaLilo pepMeHTiB ToLO.

OTXe, cknagHi HeopraHiyHi peyoBUHM 6epyTb yYacCTb Y HaMBaKNUBILLMX
npouecax GYHKLiOHYBaHHA YCiX 6i0NOriYHMX cUcTem.

§ 19. XimiuHi enemeHTN. BioHeopraHiuHi peyoBUHK: ornsAg 6y[osw i 6ionoriyHa posb

BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuuelo «<3HaueHHA 6ioenemeHTIB»

Mepepn Bamu XimiuHi cumBonn 16 HeobxigHUX AnA xuTTsa 6ioenemeHTis: Na, Ca,
K, Mq, Fe, P, S, Cl,H, O, C, N, |, F, Cu, Co. Po3tawyiTe ix y BignosigHoMy paaky Tabnuui
«bionoriuHe 3HaueHHA enemMeHTIB OpraHiamy NANHUY» HAaBNPOTU GYHKLN, WO BOHM
BUIKOHYIOTb. 77
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Cumson 3HavyeHHA

Y cknagi monekyn yCix opraHiYyHux pe4yoBuH

Y cknagi Bogu i 6iomonekyn, yyacTb y peakuifiX OKMCHEHHSA

Y cknagi Boau i OpraHiYHUX pevyoBUH, y4acTb Y peakLuifax BifHOBIEHHA

Y cknagi 6inkiB, HyKneiHoBKx K1cnot, ATO, bepMeHTiB, BiTaMiHiB
TpaHcnopTyBaHHA PEYOBUH 3 KNITUHW, perynauia putMy cepLesoi AiANbHOCTI
Y cknagi KicTok, perynauia putmy cepus, 3cifjaHHaA KpoBi
TpaHcNopTyBaHHA PEYOBUH Y KNITUHY, 3AiNCHEHHA NOAPA3ANBOCTI
KoMnoHeHT xnopoodiny, akTuBYe fiANbHICTb depmeHTiB KaTabonismy
KomnoHeHT remorno6biny, miornobiHy, bepmeHTiB-LUTOXPOMiB

BxoauTtb fo cknapy KicTok, 6inkiB, HyKneiHoBrx Kncnot, ATO Towo
BxoauTtb O cCKnapy LWIYHKOBOIO COKY

BxoauTtb fo cknapy cynbGypoBMiCHUX aMiHOKMCIIOT, BiTamiHy B, (Tiaminy)
BxonuTb fjo cKnagy emani 3y6is

BxoauTtb O cknapy TMPOKCUHY, TPUAOATUPOHIHY

KoMnoHeHT remouiaHiHy MOnocKiB, depMeHTiB AUXaHHA

Y cknagi BitamiHy Biy, AKWI perysoe KPOBOTBOPEHHA

bionoria + Ximia. OpraHism nioguHu n metanu

EkcnepumeHTanbHO [OBEAEHO, WO B OPraHismi NoanHM Ha MeTanu npunajac
6n13bKo 3 % (y noanHu macot 70 Kr ue ctaHoBUTb 2,1 Kr): Kanbuin (1700 r), Kanii
(250 1), Hatpin (70 1), MarHin (42 r), ®epym (5 ), UnHk (3 ). 3icTaBTe Ha3BaHi biomeTa-
NN 3 IXHIM 6iONOriYHM 3HAYEHHAM Ta OTPUMaNTe Ha3BY XiMIYHOTO e/leMeHTa, 3 AKOro
3aBAAKM Moro 6ionorivnin cymicHocTi ana xipyprii BMpobnsaTb 3acobu ana 3lWmrBaH-
HA TKAHWH, HEPBIiB, BUTOTOBNIEHHA NPOTe3iB TOLWO. AKi BNaCTMBOCTI LIbOro efnieMeHTa
BW3HAYaoOTb OO0 BUKOPUCTAHHA B MeAULMHI?

1 Kanbuin | A; Y BUrnagi katioHiB 3a6e3neyye TpaHCNOPTYBAHHA PEUOBUH i3 KIITUHN
2 Kanin | A, KoMNoHeHT remorno6iHy i miornob6iHy
3 Hatpin |J1 KomnoHeHT iHcyniHy, PHK-nonimepasun, AHK-nonimepasn
H Y Burnagi noHis niaTpumye romeocTtas piguH, TPAaHCNOPTYBaHHA PEYOBUH Y
KNiTUHW
5 ®epym | T, Y cknagi KicTok, 3y6iB, perynioe 3cifaHHsA KpoBi 1 poboTy cepusa
6 LuHk T, HeobxigHuin ona eHepreTMky BaXKNNBMX NPOLLECiB, NPOTUCTPECOBUIN eIeMEHT

g CTABJIEHHS
»
ﬂj bionoria + Ximis. 3HaueHHsA 6ioHeorpaHiuHOI Ximii

4 MarHin

bioHeopezaHiyHa ximia BuHMKNA y 60-x pokax XX CT. i CKNnafga€eTbCa 3 KinbKox Tic-
HO MOEAHAHMX Mi>K COO0I0 PO3fiNiB, AKI BMBYAIOTb BUJINIEHHA 3 OPraHi3miB, CUHTE3,
6y[oBY Ta BNACTMBOCTI, @ TAKOX METOAW AOCNIAKEHHA BioHEOpraHiuYHUX cnonyK. HUHi
LA HayKa nepexnBac nepiof CBOro CTPiMKoro po3sBuTky. OUiHiTb il 3HaYeHHA AnAa me-
OVILMHK, arpoHOoMii, 6ioTexHonorii Ta ekonorii.

PE3VJIbTAT

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take 6ioenemeHTn? 2. Ha3BiTb OCHOBHI rpynu 6ioenemenTis. 3. Lo Take 6io-
HeopraHiuHi peyoBnHn? 4. HasBiTb yHKUii NnpocTux 6ioHeopraHiYHMX CNOnyK.
5. HaBepiTb Nnprvknagn HanBaxxnmBILLMX ANA XNBOFO CKNAagHNX HEOPraHiYHMX Crno-
nyK. 5. Ha3BiTb GpyHKLiT cKNagHnx 6ioHeopraHiuHNX peyoBUH.
7. flka posib XiMiYHUX eneMeHTiB B 0OMiHi pe4oBVH i NnepeTBOpPeHHi eHeprii? 8. Aki
7-9 |npocTi HeopraHiyHi peyoBnHM GepyTb yyacTb B OOMiHi PeUOBUH i NEPETBOPEHHI
eHeprii? 9. fike 6ionoriyHe 3HaYEHHA CKNagHVX 6ioHeOPraHiYHNX PeYOBUH?
10. OuiHiTb 3HaUeHHs BioHeopraHivyHOT XiMiT Ana MeguUMHK, arpoHOMIi, GioTexHo-
norii Ta ekonorii.
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3HayeHHs bioximii nonszae 8 momy, ujo 80Ha 0ae hyHOoameHmasnbHe
PpO3yMiHHA MO020, AK hyHKUIOHYytoMb 6iono2idHi cucmemu.
H. Ipin, Y. Cmaym, []. Tetinop. bionozis
§ 20. bioopraHiuHi peuoBuHW. binkn, HykneiHoOBI KUcnoTN:
ornag 6ygosun i 6ionoriuHoi posni
OCHOBHi MOHATTA 1 Kno4voBi TepmiHn: BIOOPrAHIYHI PEYOBUHWN.
BIIKWU. HYKNEIHOBI KUC/TOTM.

MpuraganTe! Lo Take peyoBuHU?

MomipkynTe!

BIOOPTAHIYHI PEHOBUHU
Mani monekynu Makpomonekynmn
MoHomepwm 6iononi- | biononimepu:
MepiB: MOHOCaxapu- |nonicaxapuau,

OpeaHiyHi pe4osuHU — pe4yosu-
HU, WO Marme Ko8asleHMHO 38’A3aHi J1aH-
yroxku 3 KapboHy. CborofiHi Bigomo noHag
20 MiNbMOHIB OpPraHiuYHMX PeyYoBUH, cepen . . U
AKNX € NOVIDOHI 1 WTYYHI U,iKaBO a ym An, aMIHOKNCNOTH, 6IJ1KVI, HYKNnelHOBI
. p p. A y o ! . Hykneotuawn. Buuli KNCNoTu.
6ioopraHiyHi peyoBUHY BiAPI3HAOTHCA Bif KMPHI KNCNOTY NinigHi KomAneKkcy
iHWWMX OpraHivyHnx?

3MICT

AKi oco6nuBocTi Ta ponb 6iomonekyn B 06MiHi peuoBUH i1 eHeprii?

BIOOPTAHIYHI PEHOBUHW - peyosuHu, wo 8x00ams 00 ck1ady Xusoi npupoou
ma 6epyme y4acmes y nepemaeopeHHAX peqyosuH, eHepeil ma iHgopmadyii. Lii opraHiu-
Hi PeUYOBUHU KMBOTFO MaTb MeBHi 0COBANBOCTI, LLO TICHO NOB'A3aHi i3 IXHIMU PYHK-
uiamn. biomonekynu maloTb BUCOKY eHep2OEMHICMb 3aBAAKN YNCNEHHUM 3B'A3KaMm,
30amHicmb 00 OKUCHeHHA 3 BUAINEHHAM BeIMKOI KiNbKoCTi eHeprii, 30amHicms 0o
2ioponimu4Ho20 po3k1ady 3a yyacTi BOAW, 3aNeXKHy Bifi YMOB 3MiHHY AKMUBHICMb 3
BM3HaYaNIbHUM BMINBOM GEPMEHTIB Ta iH. [N GioMonekyn xapakTepHi N ck/i1aoHi
83ademonepemeopeHHA. Hanpuknag, 3 ByrneBofiB YTBOPIOWOTbCA 1 BiAKNagawTbCA
Xnpu, 3 6inkiB MOXXyTb GOpPMYBaTMCA BYITIEBOAU 1 XKNPWU, 3 XKNpPiB — Byrnesoam. B3a-
€MO3B'A30K MiXK 06MiHOM GinKiB, >KMpPiB i BYrNeBOAiB BUHUKAE Ha OCHOBI CMiNbHOCTI
NMPOMIXHWX MPOAYKTIB Ta YHiBepcanbHOi eHepreTnyHoi poni ATO. ina 6iomonekyn
XapaKTepPHOI € 83deMO0is 3 6ioHeopeaHiYHUMU pedosuHamu. Tak, y aBToTpodis bio-
Monekynu yteopiototbca 3 CO, i H,O, po3knag 6ioMmonekyn y peakuifix OKMCHEHHSA
BifOyBaeTbCA 3 yTBOpeHHAM CO,, H,0 Ta amoHiaKy.

OcHoBHUMU YHKUiAMY GiOOpPraHiYHUX PeYOBMH B OOMiHi peuyoBUH €: 1) cmpyk-
mypHa - y4yacTb Yy peaKkuiaX CUHTe3y 3 YTBOPEHHAM Pi3HUX HOBUX MOJNEKYS;
2) eHepeemuYyHa — y4yacTb y peaKuifx po3knagy Ta 3abe3neuyeHHi eHepreTMyHux
notpeb xnBoro (rKo3sa, ¢ppykTosa, ATD); 3) peeynamopHa — yyacTb y perynauii
6ioxiMiuHUX npoueciB Ta yHKUiN (bepMeHTH, BiTamMiHW, rOpMOHK); 4) pe3epeHa —
XiMiYHa iHEepPTHICTb Ta HEPO3UMHHICTb Y BOAI 3yMOBIOKTb BilKNnafaHHA NeBHUX bio-
MOJieKys npo 3anac (Kpoxmarsb, MiKOreH, Xupw, onii); 5) 3axucHa — 6iomonekynu
3HELKOAXKYIOTb BHYTPILLHI 1 30BHILUHI WKiANNBI pe4YOBMHY, 3aXMLLatoTb Bif ynbTpadio-
NeToBOro BUMPOMIHIOBaHHSA, XBOPOOOTBOPHUX BipyciB, 6akTepil (nizoymm); 6) ingpop-
mayiliHa - y4acTb y npoLecax CnpuiiMaHHsaA, 306epexxeHHs 1 peanisauii iHdopmauii
(peuenTtopHi 6inku, PHK, OHK).

§ 20. bioopraHiuHi peyoBuUHW. BinKkw, HyKNeTHOBI KncnoTu: ornag 6ynosu i GionoriyHoi poni
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OTXKe, Han3aranbHiWVMN GYHKUISMU 6I0OPraHiuHNX PEUYOBUH € CTPYKTYPHA,
eHepreTnYHa, PerynaTtopHa, 3axncHa, pe3epBHa Ta iHbopMaLiiiHa.

flka 6ygoBa Ta 6ionoriuHa ponb 6inkiB B 06MiHi peuoBUH?

BUTKU - ye sucokomonekynapHi 6iononimepHi op2aHiyHi cnosyku, MOHoMepamu
AKUX € amiHokuciomu. binkn € 6iononimepamu 3 20 pi3HMX MOHOMEPIB — MPUPOAHUX
OCHOBHUX (NpomeiHo2eHHUX) aMiHOKUC/1IOM, CNONyYeHNX y MaKpPOMONEKY N B Cre-
uMiuHIN KiNbKOCTI, CKnagi 1 NocnigoBHOCTI 3a OMNOMOrol henmuoHux 38’s3Kie.
MopsaaoK po3TallyBaHHS aMiHOKUCIIOT y MoJeKysax OifikiB BU3HAUYA€ETbCA NOC/iAOBHI-
CTIO HYKJIeoTUAIB B reHax. binku noginsAoTb 3a XiMiuHMM CKNagoM Ha Npocmi Ta CKaao-
Hi. MpocTi 6inKkn (kepaTuH, KonareH) NobynoBaHi nLle 3 aMiHOKUCIOTHUX 3aULLKIB,
a cknapHi (MyuuH, remorno6iH) MicTATb e 1 HeBiNKOBI KOMNOHEHTW (aTOMK MeTanis,
MOneKynu ninigis, BYrneBOAiB, HYKMeEIHO-
BMX KNCNOT TOLWO). BokpemniooTb YoTnpu
piBHi CTPYKTypwu 6inkiB: nepeuHHy, emo-
PUHHY, mMpemuHHY i YemeepmuHHY.

Binbwictb 6inkiB HabyBae npaBub-
HOI CTPYKTypu Jfuwe B MeBHUX YMO-
Bax cepefoBulia. 3i 3MIHOK UUX YMOB
6inoOK 3MiHIOE CBOI CTPYKTYpy, abo pe-

HaTypye. [lenamypayia — npouec nopy- In. 56. CTpyKTypHa opraHisaduis 6inkis:
WeHHA NpupoOHOi cmpykmypu 6inkie i3 1 - nepBUHHa CTPYKTYpa (naHuor);
30epexeHHAM  nepsuHHoi.  YMHHMKamy, 2 - BTOPUHHA CTPYKTYpa (cnipanb);

3 - TpeTuHHa CTpyKTypa (rnobyna);

WO CMpPUYUHAIOTL  3MiHY KOHdopmauii
4 — yeTBepPTMHHA CTPYKTYypa (MynbTMMmep)

6inkiB, €: HarpiBaHHA, BUMPOMiHIOBAHHSA,
CUNbHI KNCNOTW, CWNIbHI OCHOBW, KOHLUEHTPOBaHi COMi, Ba)Ki MeTanu, OpraHiyvHi
PO3UMHHUKM Tolo. 3a YMOBU 36epekeHHA MepBUHHOI CTPYKTYpW BifbyBaeTbcA
peHamypayisa - 8i0HO8/1eHHA 8mpayeHol NpupodHoOi cmpykmypu 6inkig. Takum
YMHOM, 0COONMBOCTI Giflka BM3HAYATbCA MOrO MEPBUHHOK CTPYKTYporw. A ocb
npouec pynHyBaHHA NMepPBUHHOI CTPYKTypu GinKiB 3aBXan € Heob6opoTHUM. Lle Bxe
decmpykKuyis.

bionoriyHa ponb 6iNKiB BUABMAETbCA Ha KOXHOMY 3 eTaniB mMeTabonismy.
HapxopxeHHA peuyoBWH, eHeprii Ta iHbopmauii y 6iocnctemm 3abesneuyeTbcaA
6inKamu, WO 3AIMCHIOTD MPAHCNOPMHY, PYyX08Y, 3aXUCHY, NOXUEHY OYHKLII.
AHaboniuHi 1 kKaTaboniuHi NepeTBOPEHHA BCEpeAnHi biocmcTemM peanisyoTbcs 3aB-
OAKN n/IacmuvHil, eHepeemuyHil, Kamanimu4Hil, pe3epeHili, pe2ynamopHil
byHKUiAM 6inkKiB. Y BUAaneHHi i 3HeWKogXeHHi NpolyKTiB 06MiHy 6epyTb yyacTb
3axucHi 6inku.

OTXe, 06MiH 6inKiB Nocifae LeHTpanbHe Micue
y BCbOMY Pi3HOMaHiTTi 0OMiHHMX nNpoLeciB 6iocncrtem.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

flka 6ionoriuHa ponb HYK/NeIHOBUX KUCNOT y meTabonismi?
HYKJEIHOBI KUCNTOTWU - cknadHi sucokomonekynsapHi 6iononimepu, nobydosani
3 Hyksieomuoig. Y BCiX »XMBUX OpraHi3Max HyK/IeiHOBI KNCNOTW BUKOHYIOTb posib 36e-
pexeHHs, nepepauvi 1 peanisauii cnagkosoi iHdopmauii. Bnepue ix BuABneHo B Aapi
KNIiTUHK, 3BiAKM 1 NOXOAUTb Ha3Ba LUMX cnonyk (Big nat. nucleos — apgpo). Lle iHpop-
MaLinHi «monekynu xutTa»: HK 36epirae reHeTnuHy iHbopmadito, a pi3Hi Tunu PHK
30 cnpuATb i peanisauii. HykneiHoBUM Kncnotam, AK i 6inkam, nputamaHHa nepBrHHa
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CTPYKTypa — MeBHa MOC/IAOBHICTb po3Ta-
LYyBaHHA HYKEOTUNIB, @ TaKOX CKafHiLli
BTOPWHHA | TPETUMHHA CTPYKTYpW, fKi dop-
MYIOTbCA 33 AOMOMOrO BOAHEBUX 3B'A3-
KiB, eneKkTpocTaTUyHmX, rigpodobHmx Ta
iHWKX B3aEmopgin.

HykneiHOBi KWCNOTU — OCHOBHI «fi-
noBi 0cobu» cMHTe3y GINKOBUX MOMEKYI.
Bce, wWo HeoOXiAHO KNITUHI AnA XUTTA,
3anporpamMoBaHO B AiNAHKAX MOneKyn
IHK - reHax. 3akofoBaHa B HUX iHdopMa-
uia peanisyetbca monekynamu PHK: iPHK
nepenucye iHhopmaLilo 3 reHa N nepeHo-
cuTb il Ha pubocomm, B yTBOPEHHI AKMX Oe-
pyTb yuyacTb pPHK. Ha monekyni iPHK, Ak Ha
MaTPULi, CUHTE3Y€ETbCA MOJIeKya MeBHOro

Lnto3snn i - WUTO3WH
oVig Hirpore- i WH g
i "HOBMICHi 3
e ocHoBY 0L,
lyaHiH g lyaiH g

Agﬁ‘. Mapn A LS
AEHIH & OCHOB AeHIH &
53 o3

Ypaunn g Trvi - @

o MeHT030- ’ ﬁ
Hitpore- PochatHa Hirpore-

HOBMICHi cnipanb HOBMICHi

OCHOBMU OCHOBM
Pn6ony- [le3oken-
KneiHoBa  pubOHYyKneiHoBa

KNUcnota

Kncnota

In. 57. OcobnmeocTi 6ynoBU i CTPYKTYpY
PHK i OHK

6inKa, a OKpeMmi aMiHOKMNCIOTY AJIA NOro CMHTE3Y NOCTavyalnTbCcA TPaHCMopTHOW PHK

(TPHK) (in1. 57, ma6n. 1).

Ta6nuua 1. MOPIBHAJIbHA XAPAKTEPUCTUKA AHK TA PHK

O3Haku AHK

PHK

[e3okcnpuboHykneoTnan: adeHinosi, | PuboHykneotngun: adeHinosi, ypuouso-

Hykneotugis | Byrnesop — desokcupubosa
OpTodocdaTtHa KncnoTa

MoHomepu . . L . . L .
mumiounosi, 2yaHinosi, yumuousiosi | 8i, 2yaHinosi, yumuousnosi
HiTporeHoBMiCHi OCHOBM: HiTporeHoBMiCHi OCHOBM:

Cknag aoeHiH, 2yaHiH, mumiH, Yumo3uH. aoeHiH, 2yaHiH, ypayus, yumo3suH.

Byrnesog - pu6o3a.
OpTodocdaTtHa KncnoTa

Crpyktypa |[loagitHa cnipanb OpuHapHWI NaHutor
BnacTtmBocTi |3paTHicTb O pennikauii h penapauii | HespaTHi go pennikauii n peHaTypauii
OyHuii Cnagkosa IHdopmauiiiHa (iPHK), TpaHcnopTHa

(TPHK), ctpykTypHa (pPHK)

OTXe, HYKNeIHOBI KNCIOTU pa3oMm 3 Bifikamu 36epiratoTb 11 peanisytoTb
reHeTnyHy iHbopMmaldito, WO € OCHOBOI OOMiIHY PeyoBUH
i NnepeTBOpPeHHsA eHepril B biocnctemax.

AIANbHICTb

3aBAaHHA Ha 3aCTOCYyBaHHA

3HaHb « OYHKLii 6inkiB»

3icTaBTe Ha3BaHi GpyHKLii 3 TUMK Ginka-
MU, Wo iX peanisyoTb. 3anoBHITb TabnuL
BigMoBigen Ta OTpuMManTe Has3By LUiNoro
Knacy 6inkiB, Wwo 3ab6e3neuyoTb YMOBY AJiA
3CifjaHHA O6inkiB, BMTPUBANICTb KIiTMH B
yMOBax BWCOKOI Temnepatypu. [losegiTb
B3aEMO3aieXHiCTb Oy[oBYW, BNacTUBOCTEN
i PyHKLiN unx Binkis.
1 2 1 3/4 |5 |6 |78

DyHKLUinA 6Ginkis Mpuknaau 6inkis

A lNencuH, TpUNCcuH,
MasbTasa

1 MnactnyHa

2 KatanitnuHa | E PoponcuH, noaoncuH
3 PerynAatopHa | U KaseiH monoka

H AKTUH, Mio3uH, Tyby-
4 PeuenTopHa S FTYOY

NiH

5 3axucHa O binKkn KNenkoBNHU
6 PesepsHa M IHcyninH, Ba3onpecuH
7 Pyxosa P ®i6puH, aHTUTINA

LU KonareH, KepaTtuH,
8 MNoxunBHa P

oceiH
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§ 20. bioopraHiuHi peyoBuUHW. BinKkw, HyKNeTHOBI KncnoTu: ornag 6ynosu i GionoriyHoi poni
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bionoria + AHrninicbka mosa. Hykneotugm i xxutra

Mepeknagitb TeKCT i MOACHITb 3HAYeHHA
HYKNEeOTWAIB ANA XKUTTA. NH,

«Nucleotides are organic molecules that
serve as the monomer units for forming the
nucleic acid polymers deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA), both of which
are essential biomolecules in all life-forms on
Earth. Nucleotides are the building blocks of
nucleic acids; they are composed of three subunit
molecules: a nitrogenous base, a five-carbon
sugar (ribose or deoxyribose), and at least one
phosphate group. Nucleotides also play a central role in life-form metabolism at the
fundamental, cellular level. They carry packets of chemical energy - in the form of the
nucleoside triphosphates ATP, GTP, CTP and UTP - throughout the cell to the many
cellular functions that demand energy, which include synthesizing amino acids, proteins
and cellmembranes and parts; moving the cell and moving cell parts, both internally and
intercellularly; dividing the cell, etc. In addition, nucleotides participate in cell signaling
(cGMP and cAMP), and are incorporated into important cofactors of enzymatic reactions
(e.g. coenzyme A, FAD, NAD, NADP)».

CTABJIEHHA

HobeniBcbKy npemito B ranysi ximii 'y
2017 p. oTpumanu HaykosLi XK. Jiob6ole,
M. ®paHK i P. XeHaepCoH, AKNX BiA3HAUYEHO
3a «pO38UMOK Kpioes1ekKmpOoHHOI MiKpOCKO-
nii, AKa cnpowye ma noainwye 8U3Ha4YeHHs
cmpykmypu 6iomonekyn». Kpioenektpo-
HHa MiKpocKonia Ja€ 3MOry 3aMopo3unTu
6iomoneKkynu nig yac pyxy Ta BisyanisyBa-
TV Npouecu, Wo € BUpiWanbHUMK gna po-
3yMiHHA Ximii KunTTA. LLlo Take KpioenekTpoHHa MiKpockonia? fike 3HaYeHHA MoXe
MaTu Liell MeTod [OCNifKeHb AN PO3B'A3yBaHHA Npobrem 36epexeHHA 310p0oB’'s
noanHn?

XK. dwbowe  W.®paHk  P. XeHgepcoH

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wo Take 6iomonekynu? 2. Ha3gitb rpynu Ta ¢pyHKLUil 6iomonekyn. 3. Lo Take 6in-
Kun? 4. HasgiTb OyHKLUIT 6inkiB y 6iocuctemax. 5. Lo take AHK? 6. LLlo Take PHK?
7. Alki ocobnuBocTi Ta ponb 6iomonekyn B 06MiHi peuoBUH 11 eHeprii? 8. fika 6ynoBa
7-9 |T1a 6ionoriyHa ponb 6inkie B 06MiHi peyoBuH? 9. fika H6ionoriyHa posib HyKNeiHOBMX
KUCNoT y meTaboniami?

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

10-12 |10. Big yoro 3anexaTb BNacTUBOCTi 1 GYHKLi GifKiB i HyKNeIHOBUX KNCNOT?

82
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Po3smipu, popma U 6ionoziuHi hyHKyii Makpomonekyn
U KnimuH 3anexame 8i0 cmpykmypHUX KOMNOHeHMi8.
Anvbepm JleHiHOxep

§ 21. ByrneBopw, ninign: ornap 6yaoswu i 6ionoriyHoi poni
OCHOBHI NOHATTA 1 KNO4YOBi TepmiHuv: BYTJIEBOAW. NIIMIAN.
MpuraganTe! Lo Take opraHiyHi peyoBUHU?

BctynHa BnpaBa

Mepen Bamu CTPYKTYpHi Gopmynu xupy, pubo3u, anaHiHy n ageHinoBoro
HyKneoTugy. flka i3 yux dopmyn inocTpye ByrneBogu i xkmpu? MNMoscHiTb cBin BUOIp.

CH,-0-CO-R )
2-0-C0- NH, N
O -
| CH —é—COOH ' Z \_ 2
CH.-0-CO-R 3 [ HO —P—0 N N
I H cl) Y
CH,-0-CO-R" oH OH
3MICT
flke 3HaUeHHA BYrneBogiB Ans 06MiHY peyoBUH i NepeTBOPEHHA
eHeprii?
BYITIEBOAW (yykpu) — opaaHiyHi cnonyku, 0o HaAnowmpeniwi syrnesoam
cknady aKkux 6xo0ame KapboH, lopozen ma Okcu- opraHizmis
2eH. IxHa 3aranbHa popmyna — C,(Hz,0),, 3BigKkM 1 || MoHocaxapuay:

BUXiAHa Ha3Ba BYrneBoAis (Byrneub i Boga). CTpyKk- | A. MeHTo3u: pu6osa, de3okcu-
Typa BYrneBofiiB He 3akofoBaHa 6e3nocepefHbo |pubosa
reHeTUYHO, a YTBOPIOETbCA BHACNAOK cepii pep- | b. lekcosu: 2roko3a, ppykmosa
MEHTaTVBHIX peakLiii ¢$poTocnHTesy 3 Husbko- | |l Aucaxapupn: caxaposa,
MOSNEKYIAIPHNX CMoyK abo [ioKoHeoreHesy i3 | /19Kmo3a, manemosa
MiPOBMHOTPaAHOT KNCIOTH, AIKa € MPOMiXHOK crio- | I Flonicaxapuau: kpoxmane,
NyKoto METa60ﬂi3M¥ KiTUH. ::Z": Z:Za’ XImUH, 2niKozeH,

Byrnesoau 3a XiMiYHMM CKJTalOM MOXYTb OyTr
NPoCTVMM | CKnagHuMu. llpocmi 8y2iieso00u YTBOPEHI BignoBiaHO f0 3aranbHoT Gpop-
mynu C,(H,0),. Ck1adHi 8y2neso0u yTBOPIOIOTLCA BHACILOK B3aEMOAIT MOSIEKY N MPo-
CTVX BYrNEBOAIB MiX cO0010.

Byrnesoau 3paTHi o 6€3KMCHEBOrO 1 KNCHEBOTO PO3LLENEHHS, LLO 3YMOBJIOE
iX NpoBifHY eHepeemu4Hy yHKYil0 B MeTaboniami xnBoro (rnwkosa, ¢ppykrosa).
MoHap 2/3 eHepreTMuHUX NOTpe6 opraHisMy 3abesneuyeTbcs 3aBAAKU BUKOPUCTaH-
Hi0 ByrneBofi. CMpyKmypHy yHKYil0 BUKOHYIOTb
HepPO3UMHHI I CTilKi ByrneBoau KNiTMHHNX 060NOHOK
rpubis (ximuH), pocnuH (yemtonosa), baktepin (my-
peiH), NPoCTi BYrneBOAn CNyryTb «OyniBenbHUMU
6nokaMu» AnA YyTBOPEHHA HyKneoTuais (pubo3a i
e30Kkcpubo3a), oniro- um nonicaxapugis (rokosa,
ranakTtosa). PesepeHa ¢pyHKYisa ByrneBoiB nonarac s
3anacaHHi KpOXMasio B 3eNeHNX POCSIVH 1 BOJOPOC-
Te. OCHOBHOI GOPMOIO 3amacaHHA [OKO3M B KJli- FAI84
TUHaxX TBAPWUH, GinbwocTi rpnbis, 6aratbox GakTepin In. 58. Cxema monekynu
Ta apxeW € 2/1iko2eH, Lo Ma€E KOMMaKTHY po3rafyeHy rnikoreHy 83

§ 21. Byrnesoaw, ninign: ornag 6ynosw i 6ionoriyHoi poni
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Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

CTPYKTYpPY (1. 58). 3B'A3yBaHHA 1 BUAANEHHA 3 OpraHi3my noguHn pagioHyKnigis 3a

yyacTi NeKTUHIB iNOCTPYE 3axucHy pyHKYito ByrneBopis.

OT1xe, ByrneBoan B 06MiHi peyoBUH crnewianiaytoTbCa Ha BUKOHaHHI
€HepreTNYHOI, CTPYKTYPHOI, pe3ePBHOI Ta 3aXMCHOT QYHKLIN.

Aki oco6bnueocTi 6yaoBm 11 ponb ninigis y metabonismi?

JUNIAU (Big rpeu. sinoc — Xup) - ye pizHoMa- O OH
HIMHI 3a XiMiYHUM CK/1a0oM 6ioop2aHiYHi CNOTYKU XU- had
8020, CNiNIbHOK O3HAKOIK AKUX € IXHA HENOJIAPHICMb, CIH2
yepes WO 80OHU PO3YUHAIOMbLCA /UWE 8 HENOIAPHUX C'HZ
pO34uHHUKAx. Monekynu ninigis MoOXXyTb MICTUTK |
3a/UWKN CANPTIB, XUPHUX KUCNOT, CynbdaTHOI Kuc- C|H2
notu, Byrnesogis, 6inkis Ta iH. BnactneocTi 6aratbox CIHz
ninigiB 3HaYHOI MiPOI0 BU3HAYAKTHCSA HACMUYEHUMU CHs»
(He matoTb NOABIMHNX 3B’A3KIB) XUPHUMIK KUCOTaMM Cle
(in. 59). BinbwicTb ninigis (Bocku, Xnpu) xapakrepu- |
3yl0TbCA HEPO3UYMHHICTIO Y Bogdi (rigpodobHicTio) Ta C|H2
PO3UMHHICTIO B HEMOJIAPHUX PO3UMHHIMKAX: ecTepax, (|3H2
aueToHi, xnopodopmi, 6eH3eHi Ta iH. Taki BnacTUBOCTI CH,
3yMOBJIEHI BIACYTHICTIO NOAAPHUX FPyn Y IXHIX mone- CIHZ
Kynax. IHwi rpynu ninigis (bocdoninigwm, rnikoninigun) |
BUABNAOTb NOABiNHI amdidinbHi BnacTmBocTi, TOMy C|Hz
WO MicTATb NonsApHi (rinpodinbHi ronoskn optodpoc- C|H3
baTHOI KMCIOTY UM CNNPTY) | HENONAPHI (NAaHLIXOK CH,
XMpHOI Knucnotn) rpynu (in. 60). CIHZ

3a CTPYKTYpHUMM 0cobnMBOCTAMM NiNian Knacndi- C|H3

KYIOTb Ha NPOCTi  cknagHi. MpocTi ninigmn € noxinHnmn
KUPHUX KNCNOT i cnupTiB. HamBigomilli 3 HUX — BOCKM
(64ONMHWI BiCK, CMiepMaLeT, TAHONMIH, CybepuH, Ky-
TVH) N XNpK (POCNMHHI — COHALHWKOBA, TPOAHAOBA
onii, Macno Kakao; TBAPUHHI — KUTOBWUIN XWUP, CBUHA-
ymin xup, prb’'aunin xmp). OCHOBHUMN yHKUIAMK BO-
CKiB € 3aXUCHQ, a X1piB — eHepzeMUYHa, pe3epeHa,
8od0oymeopioeasnbHa. bionoriyHe 3HaueHHA NPOCTUX
ninigiB 3ymoBNieHe TUM, WO Cepeq HUX € TaKi HeoOXiaHi
ONA XNUTTA PEYOBMHU, AK HEHACUYEHI XKUPHI KUCIOTH,
YKUPOPO3UMHHI BiTamiHK, pocdoninian, cteprHm.
CknapgHi ninigy okpim ninigHoI YacTUHW MiCTATb
M iHWIi peyoBMHK. Y NiNONPOTEIHIB TaKNMU CNONyKamu
€ 6inkn, y docdoninigis - 3anuwok optodochaTHOI

In. 59. ManbmiTnHOBa
kncnora (C,H,,COOH) -
HacrMyeHa XXMpHa KNcnoTa
OpTtodocdaTHa rpyna

(rippodinbHa roniska)

IEGTIN O
XKUPHUX KUCNOT
(rinpodo6Hi «xBOCTU»)

In. 60. bynoBa monekynu
docdoninigy

KNCNoTwW, y rnikoninigis — sByrnesogu. Lli cnonykn BUKOHYOTb 34e6inbloro cmpyk-
mypHy ¢pyHKyiro. [1o ninigis BigHOCATb 11 XnponogibHi cnonyku (ninoigm), Wwo € ixHimm
nonepeHnkamu abo noxigHMMK. BinbLWicTb i3 HUX 34iNCHIOITL B OpraHiami peaynsa-
mopHy ¢yHkyito. NpukKnagom nofdibHNX PevyoBUH € CTEPOIAN (XONeCTEPUH, XKOBYHI
KNCOTW, CTaTeBi FOPMOHM Ta TOPMOHM HaJHMUPKOBKX 3a5103 — KOpTUKOCTepoian). lo
XKUPOMNOZIOHMX CMONYK HaneXaTb XUPOPO3UMHHI BiTamiHu A, D, Ei K.

OTxe, ninign B 6iocuctemax 34iNCHIOIOTb EHEPreTUUHY, CTPYKTYPHY,

84 3aXVCHY, PErynsiTopHy, BOLOYTBOPIOBAJIbHY, Pe3epPBHY GYHKLT.
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Y yomy cyTb iepapxii MoneKynsapHoro piBHA opraHisauii »kutra?

lepapxia monekynsapHoro piBHA opra- ] KnituHa \
Hi3aUii »XNUTTA — NopA0oK nionopaoKko8aHocmi T
npocmux XiMiYHUX CMPYKMypHUX esleMeHmie ’ Opranenu ‘
U monekyn cknaoHiwum. CTaroum YacTUHO 1 -
CKNaAHILWOro uinoro, NpocTi CTPYKTypu BTpa- Ha;(w:gs:g;f;p:l CK)OM'::;EKCM
YyaloTb CBOI iHAMBIAYaNnbHICTb, NpoTe HOBe aKTMz_MiOWHO'BMpM KOMHH'eKC)
Line HabyBa€ HOBVX BNaCTUBOCTENA. 1

[na monekynApHoOro piBHA opraHisauil Benwuki 6iomonekynu
XWUTTA XapakTepHa neBHa iepapxia 6iomone- (6inkn, HyKneHOBI K1CnoTY,

nonicaxapugu, ninign)

Kyn, WO BXoAATb A0 noro cknagy (s 61). Yci
6ioopraHiyHi peyoBUHN MOXOAATb Bif nyn.(e Mani Glomonekynn
NPOCTUX HU3bKOMOJIeKYAPHUX NonepeoHUKis, (aMiHOKMCNIOTI, MOHOCAXapuaM,
WO HagxoaaTb Yy OGiocuctemn i3 HaBKOMMLI- HYKNEOTUAM, KUPHI KNCNOTI))
Hboro cepegoBua: CO,, H,O, N,. Y xnsomy,
B3aEMOfiOUM MK CO6O0I0, BOHU YTBOPIOKOTb ’ MpomixHi cnostykn (pn603a, aueTar) ‘
NpoMiXHi cnosyku (Hanpuknag, auetaTtu, KeTo-
KWUCNOTN), AKi N YTBOPIOKOTb MPOCTi OpraHiyHi
peuoBunHu, abo mani biomonekynu. Lle nepepy-
ciM 4OTMPW Knacu Monekyn — KupHi kucnotn, N 61. Cxema iepapxii MonekynsapHoro
MOHOCaxapuamn, aMmiHOKUCIOTU Ta HYKNeoTUaMN. PiBHA OpraHisauii xuTTa

Ix HasmBawTb 6ydisesbHUMU 6/10KAMU, OCKINIbKN 3 HIX YTBOPIOKTLCA MOMEKYN Ha-
CTyMNHOro iepapxiuHoro nigpisHA. Po3mipu, dopma i ximiuHi BnacTmBocTi 6iomonekyn
[alTb M 3MOTY He TinbKy cyryBaTy 6yaiBesibHYMM 61OKamMy NPU CTBOPEHHI cKnag-
HOI CTPYKTYpU KNiTWH, a 11 6paTtu yyacTb y 6e3nepepBHUX NpoLecax nepeTBOPEHHs
peuoBrHY i eHeprii. MpocTi 6iomMmoneKynn cCnonyyYaTbCsA MixX COO0K Pi3HOMaHITHU-
MW KOBaneHTHVMY 3B’'A3Kamu, yTBOPIOYUM Makpomonekynu (6inku, nonicaxapugm i
HYKNETHOBI KMCNIOTK) Ta MOMIEKYNAPHI KomnneKkcu (ninign).

Benuki Monekynm MoxyTb CNofyyaTMcA Mix co60t0 3a JONOMOTOK HEKOBaNeHT-
HUX B3aEMOSiN y HAOMoseKynapHi Komniekcu, abo monekynapHi aHcamo6ni. Lie pubo-
comn (Komnnekcu pPHK i 6inkiB), xpomatuH (AHK 11 6inku), bepmeHTHI Komnnekcu
(6inkoBa ¥ Heb6inkoBa YacTUHW cKnagHux ¢epmeHTiB) Ta iH. HagmonekynAapHi
KOMMeKcn 06'eaHYI0TbCA B KNITUHHI CTPYKTYpPU: MeEMOpaHu, ARPO, MiTOXOHAPIi TOLWO.
A BXe Lji CTPYKTYPHi KOMMOHEHTU BU3HauatoTb Gopmy, po3mipu 1 GYHKLIT KNITUH.

HusbkomonekynapHi nonepeaHnKm
CO,, H,0, N,

OTxe, oA MONEKYNAPHOro pPiBHA OpraHisauii XUTTA XxapakTepHa NeBHa
CTPYKTYpPHa i€papxia: XiMiYHi eneMeHTn — NPOCTi Ta CKAagHi HeoOpraHiyHi
CMONYKM — MPOMIXKHI CMONyKn — mani 6iomonekynu —

BeNMKi 6ioMoneKkynm — HagMoNeKyNAPHiI KOMMNEKCH — OpraHenn — KniTuHa.

§ 21. Byrnesoaw, ninign: ornag 6ynosw i 6ionoriyHoi poni

DIANbHICTb
O3HakKa ByrneBopu | Nlinign

XimiuHnm cknapg
3a ponomoroto Tabnuui NopiBHANTE BYrNe- | BnacTusocTi
BOAW W ninign. 3po6iTb BUCHOBOK MPO €Hep- | CuHTes
reTMyHe 1 NIacTUYHe 3HauYeHHA BYrNEeBOAIB 1 | Posnag
ninigis y metabonismi. OcHoBHI rpynu
OyHKuii 85

3aBAaHHA Ha NOPIBHAHHA
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bionoria + Ekonoria. AganTauii kcepodinis

Kcepogpinu — HazeMHi TBapuHWU, WO NPUCTOCYBaNnNCA A0
XUTTA B 0€3BOAHMX MicLeBOCTAX (MycTenax, HaniBnycTensx,
cyxux ctenax). [MprKnagom Takux TBapuH € O4HOrop6bui Bep-
65104, TYLWKAHUYMKYM, aMePUKaHCbKN KEHTYPOBUWIA MaLOK Ta
iH. OfHi 3 HMX 3a40BOJNIBHAKTLCA NMLLE 3anacamu BOAM, WO
MICTUTBCA B TXi, iHLWI YCMiLWHO BUKOPUCTOBYIOTb METaboMiuHy
Bofy. AKMiA MeTaboniuHMin NpoLec 3abesneyye yTBOPEeHHA BOAU 3 >K|/|p|B7 Y yomy no-
nAraloTb Nepesarn Xnpis AK gxkepena Bogu nepeq syrnesogamm?

CTABJIEHHA
Bionorisa + XyaoKHe MmncreyTBo

AkBapenb - ¢apbu, WO CKNajalTbCa 3 PO3TEPTOro
nirMeHTy, 3MilLaHOro 3 PO3YMHOM POCANHHOIO (BULLHA, Ye-
peLLHA) NPO30pPOro BOAOPO3UYNHHOIO Kiiet. 3aBAAKN LibOMy
Knet akBapesib MOXKHa PO3YMHATM Y BOfi AN1A HAHECEHHA TOH-
KMX MPO30pKX WapiB, WO MiLHO npuaunatoTb o nanepy. Lia
Knernka cymiw ByrneBogiB y 6ionorii Ha3nBaeTbcA «kameib» (rymi). Ake 3HaUeHHsA Liboro
CeKpeTy ANA POC/IMHHMX OPraHi3miB, AKi Noro BuainAoTb? AKi ByrneBoau € B cKnagi Ka-
Megen? CTBOPITb akBapeibHUN ManOHOK NIOAY BULLHI.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wo Take Byrnesoau? 2. Ha3gitb GpyHKLii Byrnesopis B 06MiHi peuyoBuH. 3. LLlo Take
1-6 |ninign? 4. Ha3Bitb ocHOBHI rpynu ninigiB. 5. LLlo Take iepapxia monekynAapHOro pisHA
opraHisauii XutTta? 6. HasBiTb CKNagHMKM MOJIEKYSIAPHOrO PiBHA OpraHisauii XuTTs.
7. flke 3HaUYeHHsA BYrNEeBOAIB A4 0OMiHY PeUOBUH 11 NepeTBOPEeHHA eHeprii? 8. Aki
7-9 |ocobnuBocTi 6ynoBu i ponb ninigiB y metaboniami? 9.Y uomy cyTb iepapxii moneky-
NIAPHOTO PiBHA OpraHisayii Xutra?
10. Ha KOHKpeTHOMY MprKNagi NOACHITb, AK BAACTMBOCTI »KNPIB i Byrnesofis 3ane-
»KaTb Bif CTPYKTYPHUX CKNAJHUKIB.

10-12

€OHiCMb hyHKUIOHYBAHHA XUBO2O — 8 0OMIHI pe4o8UH,
Wo 8 3a2as1bHOMy NOOIGHUU y 8CiX K/TIMUHAX.
AHOpe JTbgo8

§ 22. CTpyKTypm KNniTUH, AKi 3a6e3neuyloTb npouecn o6miHy
PevYOBUH Ta eHeprii

OCHOBHi NOHATTA 1 KMo4yoBi TepMmiHn: METABOJ1I3M. Mem6paHHe TpaHc-

nopTtyBaHHA. bioTrpaHcdopmaluis.

MpuraganTte! Lo Take KniTnHa?

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

MomipkynTe!

Tenamoyumu (Big rpew. eenap — neviHka, yumoc — KnituHa) — KNiTUHU ne-
UiHKW, AKi CEKPETYIOTb XOBUY | 6epyTb aKTUBHY y4acTb B OOMiHi peuoBMH OpraHiamy i
3HELKOMPKEHHI TOKCVHIB. Y renaTtouuTiB € CBOI CNOCcoby MembpaHHOro TPaHCMOPTY-
BaHH#A, IHTEHCUBHUIA MeTabosi3M, BOHU MiCTATb GEPMEHTH, AKUX HEMAE B YCiX IHWNX

86 KNiTHaX opraHiamy. fIK y umx KnitTuHax BigbyBaeTbcA 0OMiH peyoBVH Ta eHeprii?
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3MICT

Ak BigOyBa€eTbCcA TPAHCMOPTYBaHHA PEYOBUH KpPi3b MnasmaTUuHy
Mem6paHy?

O6MiH pevyoBUH, eHeprii Ta iHbopMaLii Ha piBHI KNiTUH BiAGYBa€ETbCA BHACNIAOK:
1) HagXOLXEHHA PEYOBUH N eHeprii y KNiTUHy; 2) metaboniamy; 3) BuaneHHs i3
KNiTUH. AKi CTPYKTYpur KNiTUH 3abe3neuyioTb Ui npouecn?

Mem6paHHe TpaHcnopTyBaHHA (nat. transporto — nepemiwyto) 3abesneuye
nepeHeceHHA Pi3HOMaHITHMX pPevyoBUH, eHeprii Ta iHPopmauil Kpi3b KNITUHHI
membpaHu. Mani Monekynu Ta NOHU Mpo-
XOAATb KPi3b MeMOpaHu LWAAXOM MacuB-
HOro abo aKTUBHOrO TPAHCMOPTYBaHHSA, a

TpaHcnopTyBaHHA peyoBUH
Kpisb Mem6paHu

L MacusHe AKTUBHE
nepeHeceHHA MaKpOMONEKYN 3[INCHIOETbCA | rpaHcnOpTyBaHHA| TPaHCMOPTYBaHHA
3aBAAKN €HA0- 11 eK30LKTO3Y. MpocTa gudysia | Kpisb membpaHy

OYHKUIT TUX YK iHWKX KIITUH 060B'A3- Noneriena (MoHHI HacocK)

KOBO MO3HAvaloTbCA Ha BYAOBI TXHIX KNITUH- andysi y MEM6pf':IHHi|Z
HUX MeMbpaH. Tak, renaTounT Ha OfHOMY ynakosul: €HAOLINTO3
Ocmoc (dbarounTos i niHoym-

3i CBOIX NMOJIOCIB MaloTb MiKPOBOPCUHKM ab0
BHYTPILIHbOKNITUHHI BUN'AYyBaHHA MeMO6-
paH ana 36inblweHHA NOBEPXHi 1 BCMOKTYBaHHA LUNAXOM Ougy3ii pevoByH i3 KPOBi.
Po3unHHi y BoAi cnonyKy TpaHCNOPTYOTHCA B KNITUHU LLIAXOM 0CMOCY, a rigpodoOHi
HernonApHi PeyoBUHU — LINAXOM noJsieawieHoi Ougbysii 3a yuyacTi Ginkis-nepeHoc-
HUKiB. MembpaHa renaToumnTiB Ma€e BUCOKY GEPMEHTHY aKTUBHICTb ANiIA aKTUBHOIO
TPaHCMOPTYBaHHA NOHIB N MOJIEKYN AK ycepeanHy KNiTUHW, TaK i 3 KNiTUHW. AKTUBHe
TPaHCMOPTYBaHHA PEUYOBUH KPi3b MeMOpaHy 34iCHIOETbCA NPOTY FPafdieHTa iX KOH-
LeHTpauii i3 3aTpaTtoto eHeprii ATO Ta 3a yyacTi cneyianbHUX MeMOPAHHKX GINKiB, sKi
Ha3nBaTbCA UOHHUMU Hacocamu. Hanpuknag, Hampili-kaniegul Hacoc 3abe3nevye
nepemilleHHs HN3bKOMONEKYNIAPHUX CNOJYK (aMiHOKUCIIOT, FTI0KO31) Kpi3b Membpa-
HY 3@ paxyHOK pi3HOI KOHUeHTpauii noHiB Na* i K" BcepeAnHi KNiTMHW i 330BHi. 3a
yuacTi ATO BigbyBaloTbcA eHAOLMTO3 Ta ek3ounTo3. MNpn eHdoyumosi nnasmatnyHa
MembpaHa yTBOPIOE BUPOCTY, AKi NOTIM NepeTBOPIIOTLCA Ha BHYTPILHbOKMITUHHI
NyXvpui, Wo MICTATb 3aXONAeHn KNiITUHOIO MaTepian. PO3pi3HAIOTb ABa BUAW €HAO-
uutosy: garountos i niHouutos. LLnaxom eHgoumTO3y BiAOYBAETHCA BCMOKTYBaHHA
NiNONPOTEIHOBMX YaCTUHOK i3 KPOBI NiCNA NPUNOMY XUPHOT iXKi, a WIAXOM eK3oyu-
mo3y — BUBINIbHEHHA B KPOB XUPOBUX KParuH, »KOBYi. Y 3[iNCHEHHI TpaHCNOPTY-
BaHHS PEYOBUH BeJIMKE 3HAUEHHA MalOTb MiXKKNITUHHI KOHTaKTU. Tak, 6ins »oBUHUX
KaHanbUiB, y AKi CEKPeTYeETbCA XOBY, MeMOpPaHU renaToumTiB 3B'A3aHi LWiNbHUMM
KOHTaKTaMu 11 fecMocomamu ansa 3anobiraHHs auoysii. [na nepepaui cUrHanbHUX
MOMEKY YN MOXKUBHUX PEYOBMH MiX renaToLmnTaMy iCHYIOTb LWINIMHHI KOHTaKTU.

TO3) Ta eK30UM1TO3

OTxe, BMOPAAKOBAHICTb N perynAuilo NOTOKY pevyoBUH, eHeprii Ta
iHbopmauii y KniThHy i 3 KNiTMHW 3a6e3neuye membpaHHe TPAHCMOPTYBaHHA.

AKi cTPYKTYpM KNniTUHM 3a6e3neuyloTb Npouecn metabonismy?

METABOJII3M (Big rpey. memabosne - nepeTBOPEHHA, 3MiHa) — CYKynHicmeo
XiMiYHUX npouyecis, wjo 3abe3ne4yroms NepemeopeHHs pevyo8uH, eHepeii ma iHgpopmayir
8 knimuHi. Lli 3miHn cnpamoBaHi Ha BMOPALKOBAHICTb knituHum, ToMy B MeTaboniuHmx
npouecax 6epyTb yyacTb YCi CTPyKTypu KnituHu. OcobnusocTi O6yfoBWU KRITUH,
KiNIbKICTb M Pi3HOMAHITHICTb X CTPYKTYp 3ane)kaTb Bif iHTEHCMBHOCTI npouecis ii 87

§ 22. CTpyKTypu KNiTUH, AKi 3a6e3neyyroTb npoLec o6MiHy peyoBUH Ta eHeprii
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‘

5 = MembpaHHi
BUMN'AYyBaHHA
KnitrHHa membpaHa .
p Jlizocoma
1 MNepokcncoma
ecMocoma
LWinHHWIA KOHTaKT
LWinbHWI KOHTaKT Bakyons
Anepue
KoBUHMIN KaHaneub
XpomaTuH

Komnnekc lonbaxi
Muposi kpannuhHn

LLlopcTka eHpo-

MitoxoHapia nnasmaTuyHa citka

[magka eHgonnas-

3epHa rnikoreHy MaTuyHa CiTka

In. 62. bygosa renatoyuTta

MeTaboniamy Ta GyHKLi B opraHiami. Jna Toro wob nepekoHaTnCh y LibOMy, PO3ris-
HemMo 0co6nMBOCTI Byf0BY renaTounTis (if. 62).

Y LeHTpanbHii YacTuHi renaTounTa po3MilleHe s0po 3 ogHUM abo ABOMa Adep-
yamu. Appa MoxyTb OyTu annnoigHummM (2n), TeTpannoigHuMu (4n) 1 HaBiTb OKTa-
nnoigHuMn (8n), Wwo 3anexuTb Bif QyHKUiOHaNbHOro cTtaHy opraHiamy. KinbkicTb
TaKux Agep i3 BIKOM NOCTYNoBO 36iNbLlIyeTbCA.

OcHoBHoO OYHKLI€IO renatoumTa € ymaopeHHsA U ceKkpeyis Xo84i Y XOBUHi Ka-
HanbLi. Yepes Te B KniTMHax fobpe po3BUHYTI cekpemopHi mixypuyi. Llntonnasma
renaTounTiB PACHIE MIMOXOHOPIAMU, KiNbKiCTb AKMX B OAHIV KNITUHI MOXe focsaratu
2000. Lli s BoMmemOpaHHi opraHen OKUCHIOTb OpraHiuHi PeUOBUHU 1 CUHTE3YIOTb Y
BeNKin KinbkocTi ATO.

BaknvBy ponb BigirpatoTb renatounTn B cUHmMesi 6inkis, syz2nesodis i ninidis. Te-
NaToUWTN CMHTE3YIOTb anbOyMiHW, Ginbluy YacTUHy rnobyniHiB i 6ifkiB, Wo 6epyTb
yuacTb Y 3CifaHHi KpoBi. binku B renatoyutax cMHTe3yTbcA B wopcmkil EINC, Hag-
XOAATb 10 Komnaekcy [onbdxi, HabyBaloTb GpyHKLIOHANbHUX 0COBNMBOCTEN, YNaKo-
BYIOTbCA B MiXypLi 1 BUAINAIOTLCA 32 JONOMOroO eK30LuuMTo3y B KpoB. MeTaboniam
BYrneBofiB 1 ninigis nos'asaHun 3 enadkoto EMNC, aka po3ciaHa B uutonnasmi y su-
rnagi UMcTepH, Tpy6ouokK i mixypuis. fenatountu nig gieto iHcyniHy nepeTBoplooThb
HaAULLOK FNIOKO3U Ha FNiKOreH, AKNM BifKNafa€TbCA y BUTNALI 3epeH Y uMTonnasmi.
3a HecCTaui rMIOKO3N 3epHa 2/1iko2eHy PO3LLEenoTbCA A0 MIOKO3M. Y renatoumTtax
TaKOX BiOYBAETbCA HAKOMMYEHHSA NiNiAiB y BUTNALI XKUPOBUX KPANJIuH.

OTXe, KiNIbKiCTb, HAABHICTb Ta y4YaCTb CTPYKTYP KIiTUHM

B TUX YM iHLIMX NpoLecax BU3HAYAETbCA came 0CObNMBOCTAMM
meTaboniamy Ta GyHKUIAMM KNiTWH.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

Ak Big6GyBa€eTbCA 3HELUKOAKEHHA Ta BUAi/IEHHA PEUOBUH i3 KNiTUH?
Y KRiTUHY pa3om 3 HeOOXigHMMM ANA i1 KUTTA PeuyoBMHAMY MOXKYTb NOTPana-
T 330BHi YyXXOpPifHi a60 yTBOPIOBATUCA BCepefnHi TOKCUYHI peYoBMHU (aMOHiaK,
rigporeH nepokcua, iHgon, ckaton). BoHn 3a3HaoTb nepeTBOpeHb i BUAANATHCA.
bioTpaHchopmauia (Big rpeu. bios — xutTs, nat. transformatio — nepeTBOpPeHHA) —
88 6ioximiyHi npoyecu, 8 X00i AKUX pe4yo8UHU 3a3HAMb 3MiH ni0 Oi€to pi3HUX hepMeH-
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mig knimuH. Y xopi nepuwoi ¢asu 6ioTpaHchopmalii Monekyna WKigNMBOi peyoBUHN
36aravyetbcs NOAAPHUMU GYHKUIOHANBHUMU Tpynamu, Wwo pobuTsb 1i peakuiHo-
30aTHOIO | pO3uMHHOW0 y Bogi. Y apyrin ¢asi BigbyBaloTbCss CUHTETUYHI npouecu
NOEAHAHHA 3 EHAOTeHHMMN MOJieKylaMu (HanprKnag, 3 rioKypOHOBO KMCIOTOH,
cynbdatamu, rMiLMHOM), y pe3ynbTaTi YOro yTBOPIOKTbLCA MOMSAPHI CNONYKK, AKi 1
BMBOAATbCA 3 KNITUH.

3HEeLWKOMKEHHA TOKCMYHMX CMONYK Y KNiTMHax 3abe3neuyeTbca dpepmeHTamm
oKcupgopeayKTasamu, rigponasamu, nepokcriasamm Ta BigbyBaeTbca B LUTOMNIa3Mi,
EMC, mikpoTinbuax, MiToxoHApiAx, nisocomax. Tak, 3a fonomoroto pepmeHTis EMC Big-
6yBaeTbCA AeTOKCKKaLliA ankorosto, NepoKc1aasa MikpoTineLb po3Lenoe rigporeH
NepoKCcnA Ha BOAY M KNCeHb. Y renaToumTax OTPYMHUIN aMOHiaK 3HELLKOAXKYETbCA B
npoLeci NnepeTBOPEHHA Ha CEYOBUHY.

OCHOBHUMU Mpouecamn KAIiTMHHOIO BUAINEHHA €: a) PO3YMHEHHA MNPOAYKTIB
O0OMiHY peyoBMH 11 BUAANEHHs iX 3 KNITWH 3a yyacTi Bakyosien, 3an1WLKOBYX Tineub;
6) i3onoBaHHA NPOAYKTIB OOMiHY Y BUNALT KNITUHHUX BKITIOYEHb.

OTXe, y KniTMHax BigbyBatoTbcA npouecK, Mif Yac AKUX 3HELLKOOXKYHTbCH,
NepeTBOPIOTLCA 1 BUGANAOTLCA HAa30BHI LWKIAIMBI PEYOBUHN
Ta MiATPUMYETbCA KMITUHHUI roMeocTas.
OIANbHICTb
CamocrTiliHa po6oTa 3 incTpauieio

Po3rnaHbTe intocTpadito KNiTMHW NoguHn i3
Nno3HaYeHMK CTpyKTypamu: 1 — KNiTUHHa Mem6-
paHa; 2 - NiHOLMTO3HMI Mixypeub; 3 — KNITUHHWIA
LeHTp; 4 — rianonnasma; 5 — 3epHucta EMNC; 6 - He-
3epHucta ENC; 7 — agepHi nopu; 8 — cekKpeTopHi
Mixypui; 9 — komnnekc lfonbgxi; 10 — miToxoHApPIA;
11 -appo; 12 — agepue; 13 - nisocomu; 14 — dparo-
LMTO3HI Mixypui.

Bu3HauTe posib MO3HaUYeHUX CTPYKTYP Yy 06Mi-
Hi PeUYOBUH Ta MepeTBOPEHHI eHepril, 3aMOBHITb
y pobouomy 30wwuTi Tabnmuio. 3pobiTb BUCHOBOK
Npo B3aEMO3B'A30K Mix 6yJOBOI KNiTUHM Ta Npo-
uecamu it meTabonismy.

HasBa cTpykTypmn Ponb B 06MiHi peuoBuH, eHeprii Ta iHpopmaLii

Bionoria + Ximia. MoHu it meTa6onism KniTuH

IcHyBaHHA IOHIB yneplue TeOpeTUYHO ne-

penbauns Mankn Qapagen 6nusbko 1830 p., 9 / ?
\ ) +>

§ 22. CTpyKTypu KNiTUH, AKi 3a6e3neyyroTb npoLec o6MiHy peyoBUH Ta eHeprii

ONUCYIOUYM MOBERIHKY YaCTUHOK MOMeKyn, LWo
36umpatoTbca 6ina Katofdy Ta aHofy. OfHaK MeXa-  HeiirpanbHi e o
Hi3M OHi3aLii He po3yminu go 1884 p., ax NoKM “ac:SHK” o (
CBaHTe AppeHiyc He onucas NOro y CBOIN JOK- 2
TOPCbKiN aucepTauii. Lo Take noHn? fAka ponb =

MNOHIB y MeMOpaHHOMY TPaHCMOPTYBaHHI? HeratvieHuit ioH
89
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CTABJIEHHA

bionoria + MeguuuHa. PereHepauia neviHkun

Y neyiHuUi MuLIen BUABNEHO CneulianbHi KNiTUHY, AKI Bigno-
BifaloTb 3a il BigHOBNeHHA. [lo ymx nip 3anMwanocsa HeBigoMnm,
YHacnigokK yoro BiabyBaeTbcA pereHepadis Lboro opraHa. Hosi S 5% *

& 48 -
&R

KNITUHW Ha3Banu 2i6pudHUMU 2enamoyumamu. BusaBneHi Kni-
TUHW [OMOMOXYTb HAayKOBLAM po3pobutn 6e3neyHi cnocobu ”
NiKyBaHHA XBOPO6 neuviHKW. 3acToCyinTe CBOI 3HaHHA Npo 6y-
[OBY renatounTiB 1 NOACHITb, AK BifOyBaeTbCA BifHOBNEHHA NEYIHKN Ha KNITUHHOMY
piBHi. Y YoMy HeOOXiAHICTb 3HELIKOAXKEHHA TOKCUUYHUX CNOJTYK B OpraHi3mi niognuHu?

I

0

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO
1. Wo Take membpaHHe TpaHCNopTyBaHHA? 2. Ha3BiTb OCHOBHI BUAM TpaHCMNOpPTY-
BaHHA. 3. Lo Take meTaboniam? 4. HaBefiTb Npuknagn CTpykTyp KniTvHM, wo 6e-
pyTb yyacTb y npouecax metabonismy. 5. LLlo Take 6ioTpaHcpopmauia? 6. HaBegitb
npuKNagn WKIiaJIMBAX ANA KIITUH CNONYK.
7. Ak BinOYyBa€TbCA TPAHCMOPTYBAHHA PEYOBMH Kpi3b MiasmMaTvyHy membOpaHy?
7 -9 |8.4ki cTpyKTYypu KNiTUHM 3a6e3neuyioTb Npouecy meTaboniamy? 9. Ak BinbyBaeTbCA
3aXUCT KNITUH Bif He6e3neYHnx peyoBuH?

10-12 | 10. JoBefiTb B3aEMO3B'A30K Mix Oy0BOI0 KNiTMHU Ta Npouecamu ii meTaboniamy.

Xoua eHepeis icHye y 6azambox hopmax, 0714 Xusux icmom
cmatome y npu2odi uwe 08i 3 HUX — caims108a U XiMiYHa eHepais.
H. IpiH, Y. Cmaym, /. Teinop
§ 23. Oco6nmnBoCTi 06MiHY pe4oBUH B aBTOTPOPHUX
opraHismiB
OCHOBHi NOHATTA 11 Knto4voBi TepmiHn: ABTOTPOOHE KUBJIEHHA.
MpurapanTte! Lo Take 06MiH peyoBUH 11 eHeprii?

3Hanomreca!

Pin MenaproHia (Big rpeu. nesiapaoc — neneka) Mae
BENIMKY KiNbKiCTb BMAIB 1 COPTIB i3 Uy4OBMMU Pi3HOOAPBHUMY
CYUBITTAMU — BGiNVMK, YepPBOHUMY, POXKeBUMY, GiONETOBUMMY,
[ABOLBITHUMW KBiTKamu, 3 Bi3epyHKaMu Ha nentocTkax. 3a rap-
HOro gornsagy Ui HeBnb6arnvBi POCIMHM LBITYTb A0 Ni3HbOT OCe-
Hi. AKi >X eKONOriYHi yMOBM € ONTUMANbHUMW ANA nesap2oHii
30HanbHOI cadosoi (Pelargonium zonale hortorum)?

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

3MICT

AKi 0c06NNBOCTI XKNBNEHHA 3e/IeHNX POCINH?
ABTOTPO®HE »KUBJIEHHA (Big rpeu. aymoc — cam i mpogpoc — ika) — ue Hao-
XOOXeHHS 8 Op2dHi3M Heop2aHiYHUX peyoB8UH, HeObXiOHUX 0J19 CUHMe3y 8/1aCHUX Op-
2AHIYHUX CNOJIYK. 3aNeXHO BiA OXepen eHepril, WO BUKOPUCTOBYETLCA MPU LibOMY,
90 po3pi3HATb poToaBTOTPOPHE XKMBNEHHA (BNacTvBe LiaHOOaKTepiaM i 3eneHum
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poC/MHaM, Y KIITUHAX AKMX € 3eneHi NirMeHTy, Wo BOMPATb 30BHILLIHIO CBITNOBY
eHeprilo) (i1. 63) Ta xemoaBTOTPOdHe XKUBNEHHA (y AeAKux rpyn 6akTepin, fAKi
BMIKOPWCTOBYIOTb BHYTPILLHIO XiMiYHY €Heprilo HEOpraHiYHUX CNONyK).

AKNMK K € 0COBNMUBOCTI OOMiHY PEYOBMH N eHeprii y 3e/IeHUX POCIVH siK
HalifOCKOHaniwoi rpynu aBToTpodis?

Mo-neplie, y 3efeHUX POCIVNH HAOXOOXEeHHS
Heop2aHiyHUX peqyosuH 3abe3neuvyroms pezynbo8aHi COZ
npouecu nogimpsAHO20 | MiHepasbHO20 MUBJIEHHA.
[MosimpsAHe xueneHHA — Ue npouec NOrfNHaHHA Ta
3aCBOEHHA 3 NOBITPA BYrNEKNCIOro rasy, AKNN € BU-
XigHUM npogyKTom Ansa GoTocmHTe3y. HagxoaKeHHsA
CO, BinbyBa€eTbCA Kpi3b NPOANXM INCTKA, TOMY Came %
Len BereTaTMBHWUA OpraH € OpPraHom MOBITPAHOrO [ NioK03a
XKuBneHHA. MiHepanvHe XueneHHA - Ue npouec

MOFMMHAHHA Ta 3aCBOEHHA 3 IPYHTY BOAM Ta XiMiYHMX In. 63. Cxema
eneMeHTiB, HeOBXiAHIX ANA KUTTEAIANbHOCT. Opra-  POTOABTOTPOGHOTO XMBNEHHA
B POC/IVH

HOM MiHEPANIbHOIO XMBJIEHHA B POC/INH € KOPIiHb.

Mo-gpyre, 3BMYaiHUM ABULLEM ANA 3€NEHUX POC/IVH € MOERHAHHA aBTOTPOGHOrO
YKUBNEHHA 3 reTepoTPOPHUM N BUKOPUCMAHHA 20MOBUX OP2AHiYHUX pe4O8UH i3 30B-
HilWHbOrO cepefoBuLLa abo i3 pe3epsiB y KNiTMHAX. B ycix pocnuH € nepioa, Konu
OpraHi3am BMKOPUCTOBYE ANA »KUTTA paHille CMHTe30BaHi Ta BiAKNageHi Npo 3anac
OpraHiyHi pe4yoBUHU. Y TEMHOBUIA NEPIOS KMBIEHHA POC/INH TaKOX € reTepoTpodh-
HUM. 3a 0COGNMBOCTAMU MUBJMIEHHA cepef POCINH BUOKPEMIIIOIOTb Taki rpynu:
POCNUHU-canpogimu (SAVHHVK 3BUYANHUIA, THi3AiBKA 3BUYaAHA), pOC/IUHU-HANI8-
napasumu (omena-6ina, A3BiHeLb, NepecTpiy, oyaHKa), pocIUHU-napasumu (BoB-
YOK, NeTpiB XPecT, NOBUTULA), POCIUHU-XUMAKU (BEHEpMHA MYXOJNOBKa, POCUYKa
KPYTNIONNCTA, XXUPAHKA, NyXMPHUK, HEMEHTEeC).

MNo-TpeTe, 3eneHi pocnnHM i3 cepepoBuLLa ompumyoms eHepeito CoHuA. YTBO-
PEHHA NI0KO3M 3aneXnTb nepedycim Bif AKOCTI N KiNIbKOCTI CBIT/IOBOI eHepril, Wwo
MOMNIMHAETLCA XNOPOdINOM i KapoTMHOIgaMM NUCTKIB. Hanbinblue 3HaueHHA anA
POCNVH MatoTb CUHI, GioNeToBI 1 YepPBOHI NPOMEHI BUAMMOTO criekTpa. Ha noyaTkoBux
CTagiax BereTauii AnAa pocTy N PO3BUTKY POCANH BaXKNUBUMWU € CUMHI NPOMEHI, a B
fopocnomy Bili 6inbL HEOOXIAHUMN CTalOTb YEPBOHI MPOMEHI.

OTXe, 0COONMBOCTAMM XKUBJEHHSA 3€NIEHNX POC/IVH € NMOBITPAHE
N MiHepasnbHe »KMBJIEHHSA, BUKOPUCTAaHHA FOTOBMX OPraHiYHUX pevyoBUH
i CBITNOBOI eHepril.

AlKi oco6nuBOCTi BHYTPIWHbOKAITUHHOrO MeTaboniamy aBTOTpOdHUX
opraHismis?

BusHauansHumu npoyecamu asmompogHoz20 Memaboniamy € aHaboniyHi peakyil.
Lle pi3Hi Buan ¢oTocmHTe3y apxen, GpoTobakTepill Ta eyKapioTUUHMX POCIINH 1 XeMo-
CUHTE3 3aNi30-, CipKo- Ta HiTpUdiKytounx 6akTepin. Y geaknx conentobHux (ranodinb-
HUX) apXxel cnocTepiraeTbca 6e3xopoghinbHuli pomocuHmes, WO 3[iNCHIOETbCS 3a
yuacTi 6akTepiopogoncuHy. NMpUHUMMNOBOIO BIAMIHHICTIO MiX KUCHe8UM ¢pomocuHme-
30M 3e/1eHNX POCJIVH 11 LiiaHOOaKTepill Ta 6akmepianeHUM (homoCcuUHmMe30Mm 3e1eHNX
i IypnypHKX CipKOGAKTEPIN € Te, L0 OCTaHHIN BifOyBaeTbCA 3a yyacTi 6akTepioxsiopo-
¢inis y aHaepobHUX yMOBaXx, KUCEHb He BUAINAETbCA, fxepeniom lgporeHy € cipkoBo-
neHb. KncHeBnin poTocrHTe3 BifbyBa€ETbCA 3 BUAINEHHAM KUCHIO 3a yyacTi xnopodinis 91
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N KapOTWUHOIAIB y 3eNeHnX POCAUH Ta xnopodinis i ¢ikobiniHiB — y LiaHOGaKTepil.
Dxepenom ligporeHy Ta MONEKYNIAPHOTO KUCHIO ANA Lboro GOTOCKMHTE3Y Cyrye BOAa.

Llle ogHielo ocobnuBicTio aBTOTPOOIB € iXHA 34aTHICTb NEePeTBOPIOBaTY MPOAYK-
M GOTOCKHTE3Y Ha aMiHOKMCIIOTH, XUPHI KNCIIOTW, HYKNeoTMaAN, 3 AKUX Aani yTBO-
proloTbCA CKnagHi 6iomonekynu. Taknin aBTOTpodHMIA aHaboni3M, WO NOoB'A3aHNIA 3
$OTO- 1 XeMOCUHTE30M, HAa3UBAETbCA NEPBUHHUM CUHME3O0M Op2dHiYHUX peyOBUH.
| oCb TYT BUABNAETHCA LLie OfHa 0COBMMBICTb, NOB'A3aHa 3 BUKOPUCTAHHAM MiHepasb-
Horo HiTporeHy y BUrIAAI amOHiaKy 1 HIiTpaTiB, a TOYHile IXHIX NOHIB (NHz, NO3).
3eneHi poc/IHM MOXYTb 3aBAAKM LibOMY CUHTE3YBaTU YCi HeoOXiAHI IM amiHOKMCNOTHY
B NpoLiecax aMiHyBaHHA 1 nepeamMiHyBaHHA.

BiocnHTes 6inka B aBTOTpOdIiB BiAOYBAETHCA Tak CaMO, AK i y TBapyH: Ha puboco-
Max 3a yyacTi iPHK 1 TPHK. OnHak y pocnuH icHye dooamkosuli wiiax cuHme3sy 6inka
3a donomoezoto hepmeHmis-mpaHcnenmudas (TpaHcnenTuaasu). BiH nonsarae B Tomy,
wo depmeHTM NepeHoCATb NENTUANW Bif OAHIEl 6inkoBOI Monekynu Ao iHwoi. MNpu
LbOMy BifbyBa€eTbCcA peKoMOiHaLiA AiNAHOK Pi3HMX GiNKOBUX MONEKyn i3 3aflaHo
aMiHOKMCJIOTHOIO NOC/IfOBHICTIO. B pe3ynbTaTi HOBI 6iNKkK yTBOPIOIOTHCA 6€3 BENUKIMX
BUTPAT eHeprii Ta pe4yoBUH.

[ns Kataboniamy aBTOTPOdiB TaKOXK XapaKTEPHi 0COBAMBOCTI, MOB'A3aHi 3 XeMo-
n doToCcuHTe30M. ABTOTPODHI OpraHiamMn B peakuisx KaTabonismy po3LiennionTb
CUHTE30BaHi HUMW X OpraHiuHi pevyoBUHW (HalyacTiwe KO3y abo Kpoxmaib).
Okpim TOro, AT cuMHTE3yeTbCA He nvle B Mpoueci AWXaHHA MiCNA OKUCHEHHA
rnKo3u, a  nig yac citTnosoi da3u GoTocmHTe3y 3aBaAKN poTodocdhopuntoBaHHIO.

OT1xe, MeTaboiam aBTOTPODHMX OpraHiaMiB Mae 0cobIMBOCTI,
O BM3HAYAOTbCA IXHbOI 34ATHICTIO A0 NEPBUHHOIO CMHTE3Y
OpraHiYHUX CAOMYK 3 HEOPraHiYHNX PeYOBUH.

Aki ocobnuBocTi BUAiNneHHA pevyoBMH y aBTOTpodiB?

Exkckpeunin — cykynHicme npoyecis, cnpaAMo8aHUX HA 8UBEOEHHA HEBUKOPUCMAHUX
npodykmig 0b6MiHy pe4osuH U eHepeii, a MAKoX YyXopiOHUX i wWkKidnueux 071 Kaimu-
Hu cnosyk. OcobnmBoCTAMY eKCKpeLil y aBToTpodiB € Te, Lo BOHW — NepPBUHHI Npo-
OYLEHTU i cuHme3yoms 8 HeobXiOHilU KinbKocmi yci nompibHi op2aHiyHi peyosuHu.
Hanpuknap, y pocivH CUHTE3YETbCA NULe CTiNbKU GinKiB, CKifbku HeObXigHO Ha
JaHWI yac. BoHM HiKonn He yTBOPIOKOTL OifIKiB Y HAZULWKY | TOMY BUAINAITb OyXe
MaJlo HITPOreHOBMICHUX BiIXOAiIB — MPOAYKTIB po3LyenneHHs 6inkiB. OKpiMm Toro, KiH-
yesi npodykmu obmiHy pe4osuH y aBToTpodHMX opraHiamis (O,, CO,, Boga) ciiyeyrome
8UXIOHUMU cnoslyKamu 0514 iHwux peakyil. Hanpuknag, y pocnuH CO, BUKOPUCTOBY-
€TbCA B TeMHOBI da3i GpoTocuHTE3Y, a Bofa — B CBiTNOBIN. CneyianizosaHux opedHis
eKckpeuyil y asmompodpie Hemae, ogHaKk NPoAyKTV BULINEHHA B HUX MO)KyTb Hakonu-
4yBaTMCA Ta BUAANATUCA B CepefoBULLEe 3 TKAHUHAMK
opraHamu, Wo BigMumpatoTb. TaK, y 3efIeHMX POCIVH Bif-
XOAn MeTaboniamy BiiKnagaloTbCa Y BigMepAnX TKaHu-
Hax, Y INCTKaxX Yum Kopi, WO nepiognyHo BUAANAITbCA.
BugineHHs Boan y Burnagi napuv BigbyBa€eTbca nig vac
TpaHcnipauil yepes Npoamxm, COYEeBUYKKN, BUOANEHHA
HagVIWKy Boam (ryTauia — Big nat. gutta — kpanna) —
yepes BoOAAHI npoamxu (rigatogn) Towo. Bopga
BMMApPOBYETbCA Yepe3 YCi YaCTUHW POCINHWN Ta Han-

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

; ; » ; In. 64. lyTauia Ha nucTKax
9 iHTEHCUBHILLEe Lie 3AiMCHI0ITb NNCTKN (if1. 64). NPUBOPOTHS BANCKYYOro
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CBoEpPiAHM cNOCO6OM BUAINEHHSA € BHYTPILHbOKNITUHHE BUINEHH: Ta i3onsauis
nepeBefieHNX y BaXKKOPO3urHHY GOpMy MPOAYKTiB 06MiHY. Hanpuknag, opraHiuHi
KNCOTY, WO MOXYTb CMPUYNHUTU WKOAY KNiTUHI, 3B'A3yI0TbCA 3 KaTiOHamM i BifKkna-
[aloTbCA y BUTNAQT KpUCTanis y yutonnasmi (Hanpuknag, BKOUEHHA 3 KanbLill oKca-
naTy B LWaBJO).

OTXe, BUAINEHHA PeYOBUH Y NPOLECi KUTTEAIANbHOCTI € BaXKNBUM
KOMMOHEHTOM 0OMiHY PEeYOBMH i rOMeoCTa3y POC/IHHOIO OpraHismy.

OBMIH PEYHOBUH Y ABTOTPO®HUX OPTAHI3MIB - ue obmiH,

O XapaKTepPU3YETbCA HAAXOOKEHHAM HEOPraHiYHUX PeYOBVH, AKi €
oxepenom Kap6oHy, FigporeHy i HiTporeHy, nepeBaXkaHHAM Yy KNiTUHaXx
aHaboniyHmx peakuill, NePBMHHNM CUHTE30M BNIACHUX OPFraHiYHMX CMONyK
i BUKOPUCTaHHAM KiHLEBUX NpOoAyKTiB 06MiHY AnA peaKuil.

DIANbHICTb O3zHaka I'IQOKa- EyKa-
—_— pioty | piotn

CamocrTiiiHa po6oTa 3 Tabnuueto Tun poTocuHTesy

3a ponomoroto Tabnumui B pob6oyomy 30-  |OpraHismu-¢pototpodu
WwnTi nopisHaTe npouecn doTocmHTesy B |Oxepeno lNgporeHy
npokapioTiB Ta eykapioTiB. Cdopmynionte |Axepeno Kapbory
BMCHOBOK MPO NOAIOGHICTb 11 BiaMiHHOCTI ¢po-  |Ixepeno eHepril
TOCKHTE3Y B Pi3HMX GOTOABTOTPOGHUX opra- |PoTonirmeHTn
Hi3MiB. BuxigHi npoayktm
KiHueBi npogyKtun

Bionoria + PocnnHHuyTBO. LLITyyHe OCBiTNEHHA POCAVH

[lnAa BUPOLLYBaHHA POCAIVIH MiA WTYYHUM 100106 Aktusricts
OCBITNEHHAM 34e6iNbLOoro BUKOPUCTOBYIOTb i — g,ﬁ::,ii,:ﬂ:fw"y
eNeKTPUYHI Axepena CBiTna, AKMMU MOXKYTb — Qotomopdoreres
6yTV NaMnn Po3KaproBaHHA, JIIOMIHECLLEHT-

Hi, ra3opo3pAaHiI, iIHAYKUiNHI namnn. HuHI B 40
npodecinHoMy POCIMHHULUTBI 38ebinbloro 201
3aCTOCOBYIOTb QITONIOMIHECLLEHTHI 1 CBiTNO-
nioaHi namnu. MpoaHanisynTte rpadik i noAc-
HiTb, AKMM Ma€ By TV CNeKTp KONbopiB y lamn

ANA BUPOLLYBaHHA POCIVH 3a YMOB LUTYUYHO- Brinue RoBXMHY xBUNI CBITNA
[0 OCBITNIEHHS Ha PO3BUTOK POC/UH

CTABJIEHHA

;,j Bionoria + Ekonoris. lymyc

801

601

0]
400 445 500 600 660 700
[loBXu1Ha xBUAi CBiTNa, HM

»

Y XUBNEHHI POCNVH BeNMKe 3HaYeHHA MaloTb rymy-
CHi OpraHiyHi pe4yoBuMHN FPYHTIB. Y 3emnepo6CTBi 3 AaB-
Hix-[aBeH BiOMO: UMM binblue rymycy B FPYHTi, TUM BiH
poatouilmnii. Tomy He BUNaAKOBO CTBOPEHE 3 JOMOMOrol0
[OWOBUX KanihOpHINCbKMX YepB’sKiB opraHiuHe obpu-
BO «biorymyc» HUHI WINPOKO 3aCTOCOBYETHCA Y BUPOLLY-
BaHHI pocnnH. LLlo Take rymyc? fike ekonoriyHe 3HaYeHHsA
ryMycCy FPYHTIB ANA XKUTTEQIANBHOCTI POCANH?

§ 23. Oco6nmBOCTi 06MiHY peUYOBIMH B aBTOTPOGHUX OpPraHi3miB
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PE3YJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJIO
1. XT0 Taki aBToTpodun? 2. Ha3siTb OCHOBHI rpynun aBTOTPOdHMX opraHismis. 3. LLlo
Take aHabonism 11 kataboniam? 4. Ha3BiTb BU3HauanbHy ocobnmsicTb meTaboniamy
aBTOTPO®IB. 5. HaBeAiTb NpuKnaan peyoBUH, WO BUAANAIOTLCA 3 KNiTWH aBTOTPOG-
HUX OpraHi3miB. 6. ki 0CO6NNBOCTI 06MiHY PEUOBUMH Y aBTOTPODHUX OpraHi3mis?
7. AIki 0COBNNBOCTI XKMBNEHHSA 3eNIEHNX POCIINH AK aBTOTPOPHUX opraHi3mis? 8. fAki
7-9 |ocobnuBocTi MeTaboniamy aBTOoTpodHUX opraHiamis? 9. ki ocobnBOCTI BULINEH-
HA PeYyoBUH y aBTOTpodiB?
10-12 | 10. NopiBHANTe Npouecy GOTOCMHTE3Y B NMPOKAPIOTIB Ta eyKapioTiB.

[emepompogamu Ha3uear M 0p2aHi3mu, ki BUKOPUCMOBYIOMb
0/14 XUBJIEHHA CK/IAOHI Op2aHiyHi cnosyKu.
H. IpiH, Y. Cmaym, /. Teiinop
§ 24. Oco6nmnBoCTi 06MiHY peuOBUH Yy reTepoTpoPHMX
opraHismiB
OcHOBHi NOHATTA 11 Knto4uoBi TepmiHn: TETEPOTPO®HE YKUBJIEHHA.
MpurapanTte! Lo Take aBTOTPOPHE KUBNEHHA?

BctynHa BnpaBa

MopiniTb HaBeAeHi opraHiaMun Ha AiBi rPY- [ Agrotpodm
nw i 3aN0BHITb TabnnuKy: 1 - 6innii rpub; 2 — KNeH | rereporpodn
roCTPONUCTUIA; 3 — MOMIOYHOKKCAI 6aKTepil; 4 — yno-
TPUKC; 5 — OynbbOUYKOBI 6aKTepil; 6 — TPYTOBUKY; 7 — aypenis; 8 — MarHonis; 9 — HaBiKy-
na; 10 - namiHapis. LLlo 6yno kputepiem gns po3noginy opraHiamis Ha rpynu?

3MICT

Yomy po3pi3HAITD Pi3Hi TUNW 1 BUAV reTepoTpodHOro KNBEHHA?

FTETEPOTPO®HE MXUBJIEHHA (Big rpeu. 2emepoc — pi3Huin i mpogoc - ixa) —
ye npoyec Ha0X00XXeHHs 8 OpedHi3M 20MOBUX OP2AHIYHUX pe4OBUH, WO C/Ty2ylomb OXe-
pesiom Kapb6oHy. 3anexHo Bif Lxepen eHeprii po3pi3HATb ¢poToretreporpodHe
KUBNEHHA (NypnypHi HecipyaHi 6akTepii, reniobakTepii matoTb bakTepioxnopodiny,
LLIO BMKOPUCTOBYIOTb 308HIWHIO CBIM/I08Y eHepeilo) Ta XemoreTepoTpodHe KNBNeH-
HA (apxel, 6inblWicTb 6akTepiil, TBAPUHY, TPUOK, WO BUKOPUCTOBYIOTb 8HYMPIWHIO
XiMiYHY eHepeito opeaHidHUX cnosyk). Y XMBill NpUpPoAi BUOKPEMIIOIOTb e OAUH TUN
KUBNEHHA — MiKcoTpodHMI. MiKcTOTpOodHEe XKUBAEHHSA (Bif rpew. MiKco — 3MiluaHuin
i ’Ka) — ye npoyec HaOX00XeHHsA 8 OP2aHi3mM 3a 0OHUX YMO8 cepedos8uULd HeOP2aHiYHUX
pevosuH 0718 homoasmompogHO20 XUBJIeHHS, d 3d IHWUX YMO8 — 20MOB8UX OP2aHiYHUX
pevyoB8UH 0718 XeM0o2emepompo@dHO20 XUBJIeHHA. IHIIMMIN CNoBaMy, Lie 3MillaHe »K1B-
JIeHHA, WO CrnoCTepiraeTbCA B KOMaxoIAHUX POCIVH, POCNH-NApa3nTiB, eBrieHn 3e-
NEHOT, AiaTOMOBUX BOQOPOCTEN, MEBHMX Fpyn 6aKTepil.

Hai6inbLu nowmpeHmuy € opraHiamm 3 xeMoreTepoTPOGHUM TUMOM XKUBJIEHHA — Xe-
MoretepoTpodu. Came BOHV EMOHCTPYIOTb Pi3HOMAHIMHICMb 8Udi8 2emepompogHO20
XKUBJIEHHA. 3@ [PKEPENOM roTOBMUX OPraHiYHUX PEeUOBUH iX KNacnikyloTb Ha XUXKAKi6
(XvKi TBAPUHW, XUXKi TPUOU, XVIXKi POCIIHM OTPUMYIOTb TOTOBI OpraHiuHi pe4yoBUHY 3 Tina

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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In. 65. TBapUHU 3 Pi3HMMK BUAAMU XEMOTETEPOTPODHOIO KIMBIIEHHA:
1 - Turp (xmxak); 2 — naHb (dpitodar); 3 — XKyk-rHonoBuK (canpodar); 4 — 6rnoxa (ekTonapasur);
5 — ry6aH-uncTuibHUK (cmbioTpod)

CBOEI XepTBM), himoghazie (poCnHOILHI TBAPUHN BUKOPUCTOBYIOTb OpraHiuHi peyoBu-
HW 3eneHoi Macu), canpogazie (>Kyk-rHOMOBIK, PiUKOBI paKu, rieHun, rpudun Cnoxrea-
l0Tb OpraHiYHi peYoBUNHM BiAMEPNX OpPraHi3miB), napasumie (YepBu-refibMiHTY, 6110XK,
BOLLI KMBAATHCA NOXKNBHUMM PEYOBMHAMY XKMBUX OPraHi3MiB, UMM 3aBAal0Thb 1M LKOAM)
Ta cumbiompodpie (akTvHii, rybaHN-YNCTUNBHNKIY, MIKOPU3HI TPYOU XXNBAATLCA NMOXMB-
HUMM PEYOBMHAMU XNBMX OPraHi3miB, He 3aBaloum im wkogw) (in1. 65).

Cnocobu 3006yBaHHA i B reTepoTpodHUX OpraHi3MiB € fiy»Ke pi3HOMaHITHUMM,
ane LWNAX 3aCBOEHHA MOXMBHUX PEYOBUH Y HINbLUOCTI 3 HUX NOAIOHMI | CKNagaeTbCA
3 TaKMX eTaniB: NOMIMHAHHA XKi — NnepeTpaBioBaHHA CKNaAHUX MOKMUBHUX PEYOBUH —
BCMOKTYBaHHA Manux 6iomonekyn — metaboniam — BUgineHHs.

OTXXe, TUAN N BUAW reTepoTPOdHOrO XUBJIEHHA PO3PI3HSAIOTbL 3a OXKepe-
JIOM eHeprii Ta gXxepenamm OTPUMaHHA FOTOBUX OPraHiYHMX PeYvYoBUH.

Aki oco6nuBocTi meTa6oniamy rereporpodis?

BusHavanbHUMKM 1 nepeBa)kalouvMMu npouecammn meTaboniamy retepoTpodis

€ KamaboniyHi peakuyii po3wensieHHA CKAAOHUX OpedHiYHUX peqyo8uH. 3aBhAKWU M

BiOYBalOTbCA BUBINbHEHHA XiMIUHOT eHeprii, nepeTBOpeHHA i B eHeprilo ATO i

BUMKOPWCTaHHA ONA XUTTEQIANBHOCTI Ta peakuint aHaboniamy. Kataboniam 6inbLuocTi

retepoTpodiB MOXKHa NOAINWTY Ha TP eTanu.

o [lidcomoeyutlieman — Le cneundiyHnn ona retepoTpodiB eTan nepeTpasoBaH-
HA 1 posLensieHHA Giononimepis 4O Manux Mosekyn: 6inku — O aMiHOKMCNOT,
XNPKW — [0 XUPHUX KUCNOT i raiLepony, nonicaxapnam — 4o MoHocaxapugis. Lien
eTan BifOyBa€eTbCA Y TPaBHIll CUCTEMI, @ TAKOXK BHYTPILUIHbOKIITUHHO B i30COMaXx.
Y umx npouecax He BUAINAETbCA JOCTaTHbOI KiNbKOCTi eHeprii Ana cuHTesy ATO,
BCSA BOHA BTPAYAETbCA B TeMoBii popmi.

o bBe3skucHesuli (aHaepobHuli) eman — pPo3LLENIEHHA MOHOMEPIB A0 e MEHLIMX
MOJieKyn, nepeBaxHO aueTun-KoA; Ha LiboMy eTani B peakLiaX CMHTe3Y€ETbCA He-
3HayHa KinbkicTb ATO. 3a HeNOBHOrO po3LLensieHHA T MOJIb MKO3U BUBINTbHAETb-
cA 200 k< eHeprii. OgHMM i3 OCHOBHUX LUNAXIB 2-r0 eTany aepobHOro ANXaHHSA €
rnikonis.

»  KucHeesuli (aepob6Huli) eman Bknoyae Lukn Kpebca Ta okucHoBanbHe ¢ocoo-
pUOBaHHSA, WO BiOyBalOTbCA B MITOXOHAPIAX. Ha LbOMy eTani opraHiuHi peyo-
BVHW OKUCHIOIOTbCA A0 BYrNEKUCIOro ra3y, a BCi BigLenaeHi Big HUX eNeKTPOoHN
Ta MNPOTOHM NMEPEHOCATbCA Ha KNCEHb, BHACNIJOK YOro yTBOPKETLCA Bofa. Ha
LibOMYy eTani CUHTe3yeTbCA Hanbinblua KinbKicte ATO. Tak, 3 T Mosb rNOKO3K BU-
BinbHAEeTbCA 2600 KX eHepril.

BuBinbHeHa eHepria 1 Mani monekynu 6epyTb yyacTb B aHaboniuHUX npouecax

YTBOPEHHA BJIACHWUX OPraHiYHMX PeyoBUMH. Taky CYKYMHICTb nepeTBOpeHb Ha3uBa-

I0Tb BMOPUHHUM CUHME30M Op2dHiYHUX peqyoB8UH. Llel cnHTe3 34iiCHI0ETbCA 3aBAA-
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KN  BHYTPILWHbOKIITUHHIA eHeprii OKNCHEHHA PeYOBMH, a He 30BHILHIA CBITNOBIN
eHeprii, Ak y aBToTpOdiB. LLle opHielo ocobnueicTio aHaboniamy retepoTpodis € no-
mpeba 8 He3aMiHHUX AMIHOKUC/IOMAX N XUPHUX KUC/IOMAX, WO He CUHTe3YloTbCA B
TXHiX opraHiamax i MalTb HagxoAuTu 3 ket. Ha BiamiHy Big aBTOTpOO®IB, 30aTHMX
3acBotoBaTu HitporeH miHepanbHMX CMONYK, reTepoTpodHi opraHiamm noTpebytoTb
HitporeH B opraHiuHiin ¢opmi (amiHokncnotu, 6inku).

OTXXe, MeTaboni3M reTepoTpopHMX OpraHiamiB Mae ocobanBOCTI,
O BM3HAYalTbCA BUKOPUCTAHHAM FOTOBMX OPraHiYHUX pevyoBUH
Ta IXHbOI 3[aTHICTIO 4O BTOPUHHOIO CUHTE3Y OPraHiYHMX PEYOBUH.
Ak Bin6yBa€eTbCA eKcKpelif y rerepoTpopHNX opraHismis?
Y 3B'A3KY 3 pi3HOMaHITTAM BUJIB XXMBMIEHHA 1 NepeBaXkaHHAM KaTaboniuHux peak-
Uil po3LuensieHHA B opraHiami retepotpodis yTBOPIOTLCA 11 8UOAIAIOMbCA OyXKe pi3Hi
pedosuHU. TaKMMK ConyKaMmn MOXYTb ByTu: 1) KiHLEBI MPOAYKTN OKUCHEHHA (BYrne-
KWUCNUI ras, BoAa); 2) HagNULLOK BOAW 1 conelt; 3) OTPYMHI CMONYKK, WO Haginwnm o
opraHi3my 3 Xeto abo yTBOpUIMCA Nig Yyac peakuin (Hanpuknag, TOKCUHW); 4) KiHLEeBI
npoayKT 0bMiHy 6inkiB (amoHiak, ceyoBu-

Ha); 5) uyyopigHi peyoBUHU (Hanpuknag, BuainbHi

oTpyTOXiMiKaTL, pagioHyKnian). (npongﬁi"”‘g‘ig
BupineHHAa 3 opraHisamy moxe 3pinc-

HloBaTUCh Wwnaxom audysii (y rpmbis, TBa- Mnocki .

pVHONOZIGHMX opraHi3miB, 6akTepin) abo  “epsu
3a yyacTi crneuianbHUX BUAINbHUX OPraHiB

(npomoHeppudii, memaregpudii, 3eneHi Tg)"/'g?qbKHV: ;

3a5103u, 8UdinbHi mpybouku, HUpKuU) (in. 66). (meTanedpuaii)f
CBO€EpPigHMM Crnocobom BUAINEHHA €

BiIKNAajaHHA NepeBefeHUX y BAXKOPO3-  KinbyacTi

UnHHY GOPMy NPOAYKTIB O6MiHY B KniTuHax _cPo” ;
Tina (Hanpuknag, y KiTMHAX >XMPOBOroO ‘:
Tina Komax).

OnAa retepoTpodiB BaKNMBUM BULOM
0OMiHY pPeyoBUH € OO6MiH 6inKiB. ¥ HboMy
KiHYesuMu NnpodyKmamu € HimpozeHo8mic- i
Hi CNOJIyKU — aMOHiaK, CeYOBMHa, CeYyoBa .faf“fo‘q'GH'
KUCNOTa, WO WBUAKO BUAANAKTLCA 3 opra- |
Hi3my. locnTb YacTo y 3B'A3Ky 3 noTpebamu
€KOHOMIT BOAW NEerkopo3yYMHHI aMOHiaK i
CEYOBMHA 3aMiHIOIOTbCA Ha Ba)KKOPO3UMH-
Hi PEYOBUHU, AKUMU € TyaHiH (Hanprknag, Manbniriesi
y maBykiB) abo ceuoBa Kucsiota (Hanpu- TPy6OuKM
Knag, y Komax, nnasyHis, NTaxis).

3eneHi 3ano3u

=t

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTxe, 3aBepLianbHMi eTan obMiHy
PEeYOBUH 11 eHeprii y retepoTpodis
TaKoX MA€ CBOi 0COBMBOCTI, AKUMU €
HAABHICTb HITPOreHOBMICHUX
KiHLEeBMX NPOAyKTIB i crnevuiani3oBa-

HUX opraHlB BI/I[J,IHEHHFI. In. 66. OpraHI/I Bl/lp,iﬂeHHﬂ I'Ipe,D.CTaBHVIKiB
96 pi3HMX rpyn TBapwiH

CcaBui

&
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OBMIH PEHOBUH Y FTETEPOTPO®HUX OPTAHI3MIB - ue o6MmiH,
O XapaKTepu3yETbCA HAAXOAKEHHAM rOTOBUX OPraHiYHMX PEeYOBUH,
AKi € pKepenom BiNbHOI xiMiuHOT eHeprii, Kap6oHy, ligporeHy i HitporeHy,
nepeBaXXaHHAM Y KNiTMHaX KaTaboniuHMX peakuiin po3LenneHHs Lumux
PEYOBVH, BTOPMHHUM CUHTE30M BNACHUX OPraHiuyHMX ClonyK
i BUAANEHHAM i3 KNiTUH KiHLEBUX NPOAYyKTiB 0OMiHY, 30KpeMa aMOHiaky.

RIANbHICTb
3 3aBjaHHA Ha NOPIBHAHHA

3a gonomoroto Tabnuui B po6oyomy 30WunTi NOPiBHANTE aBTOTPOdHUIA Ta reTe-
pOTPOdHUI TN 0OMiHY PEeUYOBUMH 1 NepeTBOpeHHsA eHeprii. CbopmynioiiTe BUCHO-
BOK MPO NoAibHICTb Ta BiAMIHHOCTI.

O6MiH pe4oBUH O6MiH pe4oBUH
O3Haka y aBTOTPOGHUX y retrepoTpodHuUx
opraHismis opraHismis

OcobnMBOCTi HAAXOOPKEHHA PEYOBUH 11 eHepril
OcobnuBocTi MeTaboniamy

OcobnmBOCTi BULINEHHS

lpynu opraHi3mis i3 TUNOM 06MiHY
Bionoria +TBapnHn. Oco6nnBOCTi 0O6MiHY pe4OBMH y NTaxiB

Struthio camelus - Taka naTMHCbKa Ha3Ba LIbOro mraxa, B
AKi cnoBo camelus o3Havae «Bepbniogy». | Le He AUBHO, agKe
Npo NoAibHicTb adprKaHCbKKX CTpayciB 3 Bepbnogamm roso-
pATb ONyKNi oui, BenukKi Bii Ta po3mipu Tina. Lle Hanbinblummi
i3 cyyacHuMx nTaxis. Woro 3picT carae 270 cm, a maca — 175 Kr.
Mano XTo 3Hag€, Wo CTpaycC — EAMHUIA CYYaCHUI NTax, Yy AKOro €
cevoBui Mixyp. ki 0co6nmMBoCTi 0OMiHY PeUyoBUH 11 NepeTBo-
PEeHHA eHeprii y opraHiamis uboro sugy?

CTABJIEHHA
bionoris + Ximia. MonouHoKkucne 6pogiHHA

§
KBalueHi 0BOYi OTPUMYIOTb 3aBAAKM MOMOYHOKMCIIOMY GPOfiHHIO, 3a AKOro YTBO-
PIOETHCA MOJIOYHA KUCIOTa, WO € KOHCEPBAHTOM OBOYeBOI NpoaykKLii. KoHcepBoBaHy
npopaykuito Tpeba 36epiraty 6e3 JOCTYNY KWCHIO, iHAaKLLE Ha PO3CONi PO3BMBATUMETHCA
rpubok oigiym (Oidium lactis), AKniA NPU3BOAUTL [0 3MEHLLIEHHS KiNlbKOCTi PeUOBUHY-KOH-
CepBaHTY i PO3BUTKY NPOLIECiB rTHATTA. A LLO Take OPOAIHHA AK NpoLec Kataboniamy?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. X10 Taki retreporpodu? 2. Ha3giTb 0CHOBHI rpynu retepotpodis. 3. Ha3giTb eTanu
KaTabosniamy rerepoTpodpHMX opraHismis. 4. Ha3BiTb BM3HauanbHy 0CO6NIMBICTb MeTa-
6oni3my retepotpoodis. 5. HaBeiTb NprKnagm peyoByH, WO BUAANAITHCA B reTepod-
HYX OpraHi3miB. 6. ki 0CO6IMBOCTIi OOMiIHY PEUYOBUH Y reTepoTPOdHIKIX OpraHi3mis?
7. YoMy po3pi3HATb Pi3Hi TUNK 11 BUAK reTepoTpodHOro xusneHHA? 8. Aki 0cob-
7-9 |nuBocTi MmeTaboniamy retepotpodis? 9. fk BigbyBa€eTbCA eKCKpeLis B reTepoTpod-
HUWX OpraHiamis?

10. Ha KOHKpeTHOMY NpuKnafi opraHiamiB oxapakTepusyinte 06MiH peUYoBUH Y re-
TepoTpodis. 97

§ 24. Oco6nMBOCTi O6MiHY PEUYOBMH Y reTepOTPOdHYKX OpraHi3mis
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Icmopis 6ioximii — ye 3Ha4HOK Mipoto icmopis 00CioKeHb thepmeHmie.
A. JleHiHOxep

§ 25. Ponb pepmeHTiB y 3a6e3neyeHHi meTabonismy KnitnHm
Ta LiNiCHOro opraHiamy
OcCHOBHi NOHATTA 1 Knto4oBi TepmiHn: ®EPMEHTHN.

MpurapanTte! Lo Take 6ioNoOriYHO aKTUBHI PEUYOBMHM?

3Hanomrecsa!

OpgHoro pa3y AnekcaHop ®neminz (1881-1955) Bu-
NMajIkoBO UXHYB Yy Yallky [eTpi, B AKill nepebyBanu 6akTepii, i
yepes fekKifibka AHIB BUABKMB, WO B TUX MiCLAX, KYAM NoTpa-
NUAN KpanianuHy cinHu, 6akTtepii 6yno 3HuweHo. B pesynbtari
OyB BiAKPUTUI 3aXUCHUI GepPMEHT Ni30UMM, WO € Halnowm-
peHIWnM NPUPOSHUM aHTUGIOTMKOM. MNepLly cTaTTio Npo ue
BiKpuTTA 6yno onybnikosaHo B 1922 p.

3MICT

Aki oco6nuBocTi pepmMeHTIB 3yMOBNIOIOTDb iIXHE 3HAUYEHHA?
®EPMEHTW (Big nat. fermentum - 3a-
KBacKa), abo eH3mmm, — sucoKocheyuidHi
6inkosi monekynu, abo PHK-monekynu, aki €
bionoeiyHUMU  Kamanizamopamu npouecis
06MiHy pe4yosuH i nepemeopeHHA eHepeii y
KnimuHax ma opzaHiami. TepMiH «bpepmMeHT»
3anponoHyBas e B XVII cT. HigepnaHACbKNi
xiMmiK i ¢pisionor fl. BaH [lenbMoHT (1580-1644).
Hayka npo ¢epmeHTr BuOKpemunaca B
OKpemy rany3sb 6ioxiMiuHOT HayKn — hepmeH-
mosiozilo (eH3umosozilo), Wo iHTEHCUBHO
PO3BMBAETHCS B TICHOMY 3B'sI3KY 3 XiMi€to, di-
3ionorielo, TOKCUKONOriel, Mikpobionorieto,
reHeTnKo, papmMakosorieio Ta iH.
3aranbHUMMN 0COBNMBOCTAMM YCix GepMeHTIB €:

«  HAABHICMb aKMueHuUx (kamanimu4yHux) yeHmpia (in. 67) — BiNAHOK, AO AKKX
NPUERHYOTLCA Monekynu cybctparty. Li ginaHkn y npoctnx dpepmeHTax yTBO-
PIOIOTb aMiIHOKMUCIIOTH, @ Y CKNagHUX — He6iNKoBI YacTUHU-KodpaKkTopH (BiTamiHu,
noxu Kynpymy, ®epymy, MarHito);

+  HAABHICMb pe2ynamopHuUx yeHmpie (in. 67), 0O AKMNX MOXKYTb NPUEAHYBATNCA
pi3Hi MOneKynun N CNpUUYNHATY 36iNbLIeHHs ab0 3MEHLLIEeHHS KaTaniTUYHOT aKTUB-
HOCTi. Yepes Ui UeHTpY Ha aKTUBHICTb GEePMEHTIB BMIMBalOTb TaKi PerynsTopHi
YNHHUKW, AK MPOAYKTN peakLil, FOpMOHM, HenpomefiaTopu Ta iH. PerynatopHi
UYMHHVKY, WO NiABULLYIOTb aKTUBHICTb GepMEHTIB, Ha31BaTb akmusamopamu
(MOHW KNCNOT, >KOBYHI KUCNIOTU ANA Ninas), a Ti, WO 3MeHLWYIOTb, — iH2i6imopamu
(Hanpuknag, KaTioHW BaXKNX MeTaniB);

«  CcneyugiyHicmes, WO BM3HAYAETbCA 30€6iNblIOro KOMMAEMEHTAPHO BigNoBigHi-
CTIO MiX AinAHKo GepMeHTy 1 MOneKysoto cybcTpaTy;

In. 67. KatanitnuHi (1) Ta perynatopHi (2)
LeHTpu GepmeHTy

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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«  3anexHicms akmusHocmi Big neBHUX YMOB (pH, TemnepaTtypu, TUCKY, KOHLeHTpa-
uii cybctpaTy Ta depmeHTiB);

«  HesuMpamsicme — NPUCKOPIOKOTb peakLii, ane cami Npy LboOMy He BUTPaYaloTbCA
Ta iH.

OTxe, 3aaTHICTb GepMeHTIB BMMBATU Ha LWBUAKICTb GioXiMiUHMX
peakLin € BMpiWanbHOI YMOBOIO AJiA NpoLueciB 06MiHYy peyoBUH
i NepeTBOPEHHA eHepril y KNiTMHaX Ta opraHiamax.

Ak knacnoikyroTb pepmeHTn?

Y cyuvacHi eH3umornorii Bigomo noHag 3000 dpepmeHTiB; X KnacndikyoTb 3a
Pi3HMMN KpUTEPIAMN.

3a micuem yTBOpeHHA GepMeHTU NOAINATb Ha eHfo- 1 ek3odepmeHTu. lNepe-
BakKHa 6iNbLWiCTb GepMeHTIB fitoTb BCEpeAVHi KNiTuH abo opraHiamy, e BOHW yTBOpU-
nuca, TobTo € eHooghepmenmamu. 3azsuyain GepmeHT
iMEeHYI0Tb 3a TUNOM peaKLil, AKY BiH KaTani3ye, goaatoun
cydikc -asa po Ha3Bu cybcTpaTy (Hanpuknag, nakrasa
— depmeHT, wo bepe yyacTb y NepeTBOPEHHI NaKkTo3u).
MapasntnyHi 6akTepii Ta rpnbr-napasnT BUKOPUCTO-
BYIOTb eK30¢hepMeHmu AK YNHHUKH, L0 NOCNabnioTb
OpraHiam xa3sfiiHa, PyVHYKTb MOro 3axMCHi cucTemu,
PO3LLensITb MaKpOMOJeKynu. TpaBHi depMeHTU Xu- In. 68. JnunHKa xyKa-nna-
XWX TBAPVH (NaByKW, 3Mii, TMUNHKMN >KyKiB-MNaByHLiB) BYHLS, AKMI1 Ma€ 30BHilLHE
CEKPETYITbCA A/1A 30BHILHbOrO TPaBMIEHHSA, 3aXUCTY TpaBMEeHHs
Bif XuxKakiB (is1. 68).

Knacndikauia ¢pepmeHTiB 3a XiMiUHMM CKNafloM BKITIOYa€ NPOCTi Ta cKnagHi dpep-
MeHTW. Mpocmi ¢pepmenmu (OLHOKOMMOHEHTHI) MICTATb nuwe GiNKOBY YacTUHY.
Binbwictb GepmeHTIB L€l rpynn MOXyTb KpucTanidyBatuca. Mpuknagamm npoctmx
bepmeHTiB € prboHYKneasa, rigponasu, ypeasa Ta iH. CK1a0Hi pepmeHmu (ABOKOM-
MOHEHTHI) cknapatoTbcA 3 6inkosoro (anodepmeHTy) 1 HebinkoBoro (KodakTtopa)
KOMMOHeHTiB. BinkoBWi i KOMMOHEHT BU3HAvaE cneyugiyHicme pepmeHmis, cUHTe3y-
€TbCA, AAIK NPABUIIO, OPraHi3MOM Ta € YyTAMBMM A0 3MiHN TemnepaTypu. Hebinkosui
KOMIMOHEHT 8U3HAYAE AKMUBHICMb CKNagHUX GepMeHTIB i, AK NpaBuio, HaAXoaUTb B
opraHiam y Burnagi nonepenHukia abo B rotoBoMy BUsAi Ta 36epirae cTabinbHicTb
33 HECMPUATAUBKX YMOB. KopaKTopu MOXyTb OYyTU AIK HEOPraHIiYHUMW MOJEKyamu
(Hanpwknaa, MoHM MeTaniB), Tak i opraHiuHMUMK (Hanpuknaa, ¢nasiH). Mpuknagamm
cKknagHux GpepMeHTIB € okcupopeaykTasu (Hampuknag, KaTanasa), nirasu (Hanpwu-
knag, AHK-nonimepasa, TPHK-cuHTeTasn), nia3u 1a iH.

IcHye knacudikauia ¢epmeHTIB i 32 TUNOM peakLild, 3rigHO 3 AKOI iX NOAINATb
Ha 6 KnaciB: okcudopedykmasu, mpaHcepepasu, 2i0ponasu, niasu, i3omMepasu Ta aizasu.

OT1xe, dbepmeHTN KNacudikyoTb 3a MicLleM YTBOPEHHS,
XiMIYHUM CKNAAOM i TUNOM KaTaliTUUYHUX peaKLin.

§ 25. Ponb depmeHTiB ¥ 3abe3neyeHHi meTaboniaMy KNiTMHW Ta LiICHOrO opraHiamy

flka 6ionoriuHa ponb pepmeHTIB?

3a 6ionoriyHMmM 3HaYeHHAM depMeHTU MOAINATb Ha MeTaboniyHi, TpaBHi
3aXUCHiI.

MetaboniuHi pepmeHTN — 2pyna epmeHmis, wjo kamanisyrome aHaboniyHi G
kamaboniyHi peakyil' y knimuHax. BoHn MoXyTb MicTuTUCA B rianonnasmi (bepmeHTn
6poaiHHs), B aapi (PHK-nonimepasa, HK-nonimepasa), B MiToxoHApiax (nerigpore- 99

S

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




Ha3W N LUTOXPOMU AMXaNbHOMO NaHLora), Ha pubocomax (cnHTeTasu 6inkis), y xno-
ponnactax (pubynosobidocdaTtkapbokcmnasa, abo PybicKo, — depmeHT dikcauii CO,)
Ta iH. Y KniTuHax meTaboniuHi nepeTBOpeHHA CybCTPaTiB 3AiNCHIOITLCA MOCNIZOBHO
JekinbkomMa pepmeHTamu. KoxkHUM 3 unx pepMeHTIB KaTasilye NeBHY AiNAHKY 3arab-
Horo meTaboniyHoro wnaxy. CykynHicTb depMeHTIB, AKi KaTani3yloTb NepeTBOPeHHA
cybcTpaTy uepes NaHUr NOCNifOBHMX peakKLill, Ha3UBAETbCA MYyNbTUGEPMEHTHUM
KOMMAEKCOM (MynbTUPepMeHTHO cucTemoto). MeTaboniuHi pepmeHTH 6epyTb
yuyacTb y npoLecax ANXaHHA, POCTY, NOAPA3NBOCTI, CKOPOUYEHHA M'A3iB TOLLO.
TpaBHi pepmeHTn - 2pyna gepmeHmis, wo posuje-
NJII0€ CKNIAOHi 0OpeaHiyHi cnosyKu ma ix Komnsekcu 00 npo-
cmiwux. Ui epmeHTN B XMBIi Npupoai cnoctepiratotbcs
B J1i30COMax TBapMHOMOAIOHMX OpPraHiamiB, CEKPETOPHMX
Mixypuax rpubiB, TpaBHUX CeKpeTax KOMaxOigHWUX pocC-
NVH, TPaBHi cuctemi TBapuH (in. 69). TpaBHI pepmeHTU
HanexaTb OO rpynu rigponas, Wo KaTani3yloTb peakuii
rinponisy. Tak, y TpaBHOMY TpaKTi XpebGeTHUX TBapuvH i
NIOOAUHU HaABHI npoTea3n (KaTanisyloTb po3LensieH-
HA 6inkiB), ninasu (pepmeHTU po3LlensieHHa ninigis), '” 69. HeneHtec - Komaxo-
aminasu (GepMeHTN po3LLenneHHA BYrneBopiB), Hykneasy  'AHd POCIIHA 3 TpasHMA
(po3wennioloTb HYKNEIHOBI KNCOTW 0 HYKNeoTnAiB). bepmenTamy y Feunkax
Cepen epMeHTIB € 1 TaKi, WO 3axMLLIalOTb Bil TOKCMUYHUX PeYOBUH (Hanpuknag,
aHTUOKCUIAHTHI depmMeHTV MepoKcMAaasa, KaTtanasa i cynepokcupamcmyTasa), Bif
BTPAT KPOBi (Hanpuknaa, bepmeHT 3cifaHHA KPoBi — TPOMOIiH, ¢ibpurH). OCHOBHUM
3aXUCHUM PpepMeHTOM 6araTbox OpraHi3miB € Nli3oUMM, WO MICTUTbCA B NeKouu-
Tax, A€EYHOMY BinKy, LWKipi, CNM30BMX 0O0NOHKAX i pifnHax opraHiamy (CAIMHK, CRi3HOT
piouHw). JlizourmM po3LWEnsIE PEYOBUHMU, WO € OCHOBOI KIITUHHOI 060NTOHKN GaK-
Tepil i 3axumLLae cM30Bi OOONIOHKN OKa, MOPOXKHMHM POTa, KULLEYHUKY Bif iHbEKLin.

OT1Xe, ponb depmeHTIB NonArae B 3abesneyeHHi MeTaboniamy KniTuH,
nepeTpaB/toBaHHI CKNAAHUX PEYOBMH OO MPOCTIMX i 3a6e3neyeHHi
3aXMCTY Bif, HECMPUATANBUX YNHHUKIB.

DIANbHICTb
MNMowykoBe 3aBAaHHA «XapaKTepucTuka okpemmnx ¢pepmeHTiB»

3anoBHiTb Tabnuul MpPo oKpeMi BigKpUTTA Yy depmeHTonOrii Ta nigrotylite
nosifoMneHHA Npo GbepmMeHT, Ha3BY AKOro B/ OTPMMAETE MiC/1A BCTAHOBMIEHHA Bifmno-
BiAHOCTI Mi>K MPIi3BULLEM HAYKOBLA i BIAKPUTTAM.
HaykoBeub BigkpurtTa
E [loBiB, WO eKCTPaKT KNIiTUH APIXKIXKIB 3MiNCHIOE cnMpTOBe 6po-
LiHHSA Tak Camo, AK | He3PYNHOBAHI APPKAXKOBI KNITUHN
2 E.broxHep I  3paTHicTb depmeHTIB [0 KpUcTanisauii
H; CneundivHicTb pepmeHTiB BU3HAYAETbCA TOUHOIO BifNOBIAHICTIO
MK bopmamy pepmeHTy i1 cybcTpaTy
4 A.[.PoseHdenbn |H, [oBepeHHs 6inkoBoi npupoamn GepmMeHTiB
5 [.Bb. CamHep P 3anponoHoBaHWUI TEpMiH «pePMEHT»
bionoria + MepguuunHa. OTpyTa 3Mmii

1 A.BaH [enbMoOHT

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

3 ILE. Qiwep

OTpyTa ragloku 3BM4anHol, Ha AKY B YKpaiHi MOXHa HaTpanuTu B NiCOBIl, nico-
100 CTernoBiin 30Hax Ta B KapnaTax, Ma€ nepeBaxHO remopariyHnin snans. Yum 6amnxkue
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MicLe YKycy [0 rofioBu, TUM BiH HebGe3neuHiwmnin. HaBecHi
OTpyTa rafioky € BiNbL TOKCUYHOLO, HiX BITKY. CUMATOMM
OTPYEHHA: B'ANICTb, rONIOBHUIA 6inb, Hy[OTa, iHKONM G1to-
BOTa, MPULWBUALWEHUN NYNbC, MAaMOPOUNMBICTb. 3aCTOCYI-
Te 3HaHHA NPO PpepMEHTU N MOACHITb MeXaHi3M BMUBY
OTPYTV ragiokn 3BMYANHOI Ha XXMBi OpraHismu.

CTABJIEHHA

bionoris + XapuoBa npomucnoBicTb

CnuyxHuii depmeHT (XiMO3MH) — TpaguuinHUA npo-
OYKT OnA 3BYpPAXKEHHA MOJIOKA, WO WNPOKO BUKOPUCTOBY-
€TbCA B CMPOBapiHHi. B ITanii okpim cnuy>kHOro ximosnHy
LUIMPOKO 3aCTOCOBYIOTH iHLLI depMeHTH, Lo X BUPOoONATb
MUTFAANVKN TeNnAT i ArHAT. Lle Hapgae cneyundiyHoro nikaHT-
HOrO CMaKy iTaniicbKum cupam. flke 3HaueHHa uux oep-
MEHTIB Y MpoLiecax BapiHHA C1pPiB 3 MONOKa?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO
1. Wo Take pepmeHTn? 2. HaBepnitb npuknagn ¢pepmenTis. 3. Lo Take npocTi i
1-6 |cknagHi dbepmeHT? 4. AK KnacnoikyloTb pepmeHTH 3a 6ioNOriYHUM 3HaUYEeHHAM?
5. Wo Take meTtaboniuHi pepmeHT? 6. Lo Take TpaBHi bepmeHTU?
7. Aki ocobnuBocTi pepMeHTIB 3yMOBIIOIOTH IXHE 3HaUeHHA? 8. AK pepMeHTH Knacu-
obikytoTb? 9. flka 6ionoriuHa ponb pepmeHTis?
10. flKe 3HaYEHHA MaloTb 3HaHHA MPO GEPMEHTU B XapYOoBiili NPOMUCIOBOCTI i1 Me-
ANUWHI?

10-12

«BimamiHu, dopoauti mogapuwly npedsooumestio, 3a0apma Hikomy He 0arombCs».
I. Inegh, € Mempos. [JeaHadysme cmineuie

§ 26. BitamiHn, ix ponb B 06MiHi pe4OBVH Ta eHeprii

OCHOBHi NOHATTA 11 KNtouoBi TepmiHu: BITAMIHI. Bogopo3uuHHi BiTami-
HU. YKnpopo3umnHHi BiTamiHw.

MpurapanTte! Lo Take 6ionoriyHoO akTUBHI PeYoBUHWN?

- HoBuHM Haykn

BcecBiTHA oOpraHisauis OXOopoHW 380poOB'A
(BOO3) Bupiwmna gocnignutn cTaH cnpasB LWOAO BUKO-
puCTaHHA BiTaMiHHMX NpenaparTiB y CBiTi. Pe3ynbrat go-
cnigxeHb 6yB Takmm: CBiXi oBouYi Ta GpyKTM HabaraTto
KOPMCHiLWi, aHiXK BiTamiHHI npenapaTu. Lo Kpauwe: dbpyk-
TW YK Nirynku ackopbiHosoi kucnotn? Yomy?

§ 26. BiTamiHu, ix ponb B 06MiHi peYoBUH 11 eHeprii

3MICT

Aki 0co6nMBoCTi BiTamMiHiB BU3HA4alOTb IXHE 3HAUEHHA?
BITAMIHU ( Big nat. vitae — »XUTTa Ta amin — amiH) — 6io/102i4YHO AKMUBHI pe4yo8UHU
pi3HOI XiMi4HOI npupoOuU, HeobXiOHI 8 HeseUKUX KislbKocmsAx 018 HOPMAJlbHO20 OOMiHY 101
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peyoBUH i XUmMMEDIiAIbHOCMI XUBUX Op2dHi3Mie. BiTaMiHN He BUKOHYIOTb B OpraHi3mi
aHi eHepreTMYHOI, aHi CTPYKTYPHOI QYHKLIT, ane € HeObXigHMMM AN 0OMiIHY peuoBUH
i nepeTBOpeHHA eHeprii (in1. 70).

IcHyBaHHA | 3HaUeHHA BiTaMiHIB ANA XUTTA HaNPUKIHLi MAHYNOro CTONITTA BCTa-
HoBuB M. I. JlyHiH (1881). Mi3Hiwe nonbcbknin ximik K. QyHk (1912) Ha3BaB peyOoBUHY,
O BUAINMAN 3 BUCIBOK, «BiTaMiHOM», OCKIifIbKM Ti MOneKyna mictuna amiHorpyny. Lia
Ha3Ba 36epexxeHa [0 LbOro Yacy, xoua HiTporeH € He B ycix BiTamiHax. Y 1913 p. ame-
puKaHcbKMin Gioximik E. B. Makkoaiym 3anpornoHyBaB Ha3uBaTy BiTaMiHK fliTepamm
NaTUHCbKOT abeTkn. HigepnaHacbkuin nikap K. EdkmMaH 0oBiB, WO 3aXBOPOBaHHA be-
pi-6epi cNpnUYnHAE HeCTaya BaXKNMBKX AJ1A OpraHiamy peyoBuH. H1Hi Bigomo 6nn3b-
Ko 50 BiTaMiHiB, WO iX BMBYA€E HayKa eimamiHosozisA.

3a BACTUBOCTAMU BiTaMiHW MOAINATbL

Ha 8000- Ta XUPOPO3YUHHI. PO3YMHHICTb 4
BM/IBAE Ha BCMOKTYBAHHSA, TPAHCMOPTY- iw =7
BaHH#A, 306epiraHHs Ta eKCKpeLilo BiTaMiHiB. @ *
Tak, rigpodinbHi BiTaMiHX MICTATbCA Y CO- ;’ @ @_\ (=

KOBUTUX CKNAgHMKax i, a rinpo¢pobHi — B % @

Kupax i oniAx. BOAOPO3UMHHI  BiTamiHu @ e 6D 3

BCMOKTYIOTbCA  6e3nocepefHbO B KPOB, @

XKNPOPO3UNHHI  MOTPANAATb  CroYaTKy @ ﬂ

B niMdy, a NOTIM Yy KPOB i MepeHoCATbCA GG@ Q

TPaHCNOPTHUMK Ginkamu. Y KniTMHax BO- " )

JOPO3YMHHI BiTaMiHM BiNlbHO LMPKYNIOTb “ j @

y UMTOMNasMmi, B TON Yac AK XNPOPO3UNHHI > g

[EenoHyloTbCA Y BUrNAZI BKoYeHb. Hese-

NNKNA HAANNLWIOK BOJOPO3UYNHHUX BITaMiHIB In. 70. BiTamiHV1 B XapuoBMX NPOAYKTax

MO>e Nerko BUBOAMTMCb Yepes OpraHu BUAi- NIOAVHN

neHHA. Yepes Te WO »KMPOPO3UMHHI BiTaMiHN

HaKOMMUYTbCA B Tifli, iX BXXMBAIOTb Y BiHOCHO BEJIMKMX KifIbKOCTSIX Yac Bif yacy, wob

3a[J0BOMNbHUTY NOTPeOM OpraHi3my, a 0Cb BOAOPO3UMHHI MaloTb HAAXOLUTUN PErynspHO.
ABTOTPOOHI MIKPOOPraHi3My 1 3efieHi POCAUHM CUHTE3YloTb BiTaMiHUM CaMo-

CTiliHO. He Bci BiTaMiHM € 060B'A3KOBMMY ANA Pi3HUX BUAIB TBapWH. Tak, BiTamiH C €

HeobOXiAHVM ANA NANHW, MIOAMHOMNOAIGHNX MaBM | MOPCbKUX CBMHOK, a ANA KPONUKIB,

LypiB, MULLEN BiH He € BiTaMiHOM, OCKiJIbK/ CUHTE3Y€ETbCA B OpraHi3mi. letepotpod-

Hi OpraHi3Mn BMKOPUCTOBYIOTb CUHTE30BaHi BiTaMiHM B CKnagi ki abo BCTynawTb B

MyTYaniCTUYHi BiAHOCMHW 3 OpraHiamamu, 3gaTHUMK iX yTBOptoBaTu. | nuwe peaki

BiTaMiHV MOXYTb CMHTE3YBaTUCA B KNiTMHax retepoTpodis. Tak, y KNiTMHax poCTKOBOro

Wwapy LWKipn NOANHN CUHTE3YETbCA BiTaMiH D, y KNiTMHaX neyviHkn yTBOPIOOTLCA

BiTamiHW B, 11 B3, ane B HegocTaTHIM KinbKoCTi. YCi iHWIi BiTamMiHM B opraHi3mi nioanHun

He CMHTe3ylTbCA B3arasi, TOMy MalTb OOOB'A3KOBO HAaAXOAUTU B CKMafdi XapyoBuX

npoayKTiB.

?’

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXe, BiTaMiHN NOTPiOHI OpraHi3mMy B HEBENVIKIW KiNIbKOCTI,
BOHW € BOAO- i KUPOPO3UYNHHUMMU; IXHE 3HAYEHHA BU3HAYAETbCA Y4acTio
B KUTTEBO Ba)KNUBMX NpoLiecax 06MiHy peyoBUH.

Aki 0oco6nunBoCTi 11 3HaUYeHHA BOAOPO3UYNHHMX BiTamMiHiB?
Bopopo3suunHHi BiTamiHm € rigpodinbHUMKN Cnonykamu, WO HEPO3UUHHI B XU-
102 pax i opraHiyHMx po3vmHHMKax. Ui BiTamiHu MicTtATb HiTporeH, He HakonuuyloTbCA
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B KNiTMHaxX i BUABNAIOTb CBOWO Jit0 B CKNafi GepMeHTiB; MOXYTb CNPUUMNHATY Tino-
BiTamiHO3W. [Jo rpynn BOJOPO3UYMHHMX BiTaMiHiB Hanexatb BiTamiHu B, (TiamiH), B,
(pnbodnagiH), B; (HikoTMHOBa KKcnoTa), Bs (naHToTeHOBA KucnoTa), Bs (MipnaokcnH),
B, (ponieBa Kucnota), B, (uiaHokobanamiH), H (6iotnH), C (ackopbiHOBa K1CNOTa).

Bimawmin B, (miamiH, aHmuHespumHutli) — KpUCTaniuyHa Cnonyka, [obpe po3umH-
Ha y BOAIi, CTilKa NPOTW CBiTNa, KACHIO, HarpiBaHHA y KUcnomy cepefosuLi. TiamiH
B cKnafi ¢pepmeHTiB aKTVBHO BMAMBAE Ha OOMiH PEYOBUH, a TaKOXK Ha HepPBOBY
perynauito. Hectaua Luboro BiTamiHy Npu3BoAnTb [0 3aXBOPOBaHHA 6epi-6epi.

Bimawmin B, (pubognagin, eimamiH pocmy) WWMPOKO PO3MOBCIOAXKEHNUIA Y POCNH-
HOMY CBITi, CMHTe3y€eTbCA MiKpoopraHiamamu. € nonepefHMKoM $GnaBiHOBUX CKNaj-
HUX depMeHTiB, Wo 6epyTb yyacTb y peryntoBaHHi OKWCHO-BIJHOBHUX MPOLIECIB.
Y Takuii cnoci6 pubodnasiH Bifirpae BaxnvMBy ponb y BYrneBOAHOMY, 6inkoBomy
" X1pPOoBOMY OOMIHi.

BimawmiH By, (yiaHokobanamiH, atHmuaHemiyHul) TKAHUHAMU TBapVIH He YTBOPIO-
€TbcA. Moro cuHTes y npupogai 3AiNcHI0ETbCA TiNbKKM MikpoopraHismamu. Motpe6u
NMOAUHM 1 TBapWH Y HbOMY 3abe3neuyloTbca MiKpodnopow KuleyHuKy. LliaHoko-
6anamiH BXoAUTb 4O CKNagy GpepMeHTIB CUHTE3Yy HYKNEIHOBUX KUC/OT, € YAHHVKOM
poCTy W CTUMYNATOPOM remornoesy, BMAMBAaE Ha QyHKUIl MeyiHKu 1 HepBOBOI
CUCTEMU, aKTVBYE OOMIH BYrIeBOAIB i NinigiB.

Bimawmin C (ackopbiHosa Kucsioma, aHmuckopbymHuli) — 6e3KonipHa Kpuctaniy-
Hi PeYOBUHA, MAE KNCANIN CMaK, PO3UYMHAETLCA Yy BOAI i PYNHYETbCA 3a TPMUBANoro
KUM'ATIHHA. MiCTUTbCA B 3HAYHUX KiNbKOCTAX Yy MNAOAAX WUMNLUMHW, KanycTi, IMMOHaX,
anenbcuHax, XpiHi, Arogax, xBoi Ta iH. BiakpnTtTa BiTamiHy C nos’A3aHe i3 3axBopto-
BaHHAM MiJ Ha3BOW «YUH2a», abo «ckopbyT». BitamiH C € aHTMOKCUAAHTOM, PErynoe
BCi BUAM 0OMiHY peuyoBUH, 3CilaHHA KPOBI, pereHepaLito TKaHUH, CUHTE3 KonareHy,
NigBYLLY€E NPOHUKHICTb KaninApis, CTiNKicTb Jo iHbeKUin.

OT¢e, BOOOPO3UYMHHI BiTaMiH/ CUHTE3YIOTbCA NepeBaKHO POC/IMHAMM
N MikpoopraHiamamu. Lli BiTamiHM BNAMBalOTb Ha NpPoLeCc KPOBOTBOPEHHA
B OpraHi3mi, y cknagi ¢epmeHTiB peryniotoTb 0OMiH peyoBUH,
NiABMLLYIOTb CTINKICTb A0 iHPeKUin Ta iH.

flke 3HaYeHHA XKNPOPO3UNHHUX BiTaMiHiB AnA opraHismy nioguHn?

KnpoposunHHi BiTamiHM HEpPO3UMHHI Yy BOfI, ane PoO3UMHAITLCA B OpraHiu-
HMX PO3UYMHHMKAX, TEPMOCTINKI 1 HeuyTnuBi A0 3MiH pH cepefoBuLa; MOXYTb Ha-
KOMMuyBaTUCA B OPraHi3sMi ”n CNpUYMHATK rinepsiTamiHo3n. [0 XUPOPO3UNMHHUX
BiTaMiHiB HanexaTtb BiTamiHn A (petuHon), D (kanbumdeponn), E (Tokodeponn),
K (pinoxiHoHn).

Bimamin A (pemuHon, aHmukcepopmanemiyHul) CUHTE3YETbCA TiNbKU Y
TBAapPUHHUX TKaHWHax. PocnmHm nosbaBneHi Uboro BiTaMiHy, ofHak 6arato 3 HUX
MICTATb KapPOTUH, O € NONepefHNKOM peTuHoNy. BiTamiH A — aHTMOKCMAAHT, perynioe
npouecu 3poroBiHHA, 6epe yyacTb y CMHTE3i POAOMNCUHY, HEOOXIAHWUI ANA NIZTPUMKN
iMyHITETY 1 NPOTUNYXJIMHHOIO 3aXMCTY OpraHiamy. Hectaua BiTamiHy A B opraHi3mi
NIOAVHN CNPUYMHAE 3aXBOPIOBAHHSA, BifoMe AK KypAYa ciinoma.

Bimawmin D (kanbyugeposn, ahmupaximrull) MiCTUTbCS MEPEBAXKHO B OpraHi3Max
TBAPWH 1 NIOAMHU. Y POCIVH 11 TpubiB € IXHI nonepeaHnKN — ctepuHu. BitamiH D un-
HUTb rOpMoHOMNOAiGHY Aito, 6epe yuacTb y meTabonizmi Kanbuito Ta Qocoopy. Y pasi
HecTaui BiTamiHy D y nioguHun po3BurBatoTbca paxim, octeomanauia n geaki popmu
0CTEeonoposy. 103

§ 26. BiTamiHu, ix ponb B 06MiHi peYoBUH 11 eHeprii
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BimamiH E (mokogheposn, aHmucmepuibHUl) MiCTUTbCA B POCIIMHHUX ONiAX N Yn-
HUTb aHTUOKCMAAHTHWUI BNAMB. BigCyTHICTb LMX BiTaMiHIB y TXi HeraTMBHO MO3Ha-
YaAETbCA Ha 3[aTHOCTI OpraHiamy A0 PO3MHOXeHHA. Yepes Te BiTamiH E Ha3mBaloTb
TaKOX BiTaMiHOM PO3MHOXeHHsA. ABiTamiHO3 E nopyluye o6MiH peuoBuH.

Bimamin K (¢pinoxiHoH, aHmuzemopaziyHull) Ha3nBalOTb BiTaMiHOM Koarynauii,
OCKIiNIbKM MifBULLYE 3CifaHHA KPOBi. Kpim TOro, BiH NPUCKOPIOE 3aroloBaHHA paH i pe-
reHepawilo TKaHUH nicna onikis. Y nogein aBitamiHo3 K TpannaeTbca gyxe pigko, noro
CMHTE3YI0Tb OpraHi3mMm KMLWKOBOI Mikpodnopu.

OTXe, >KNPOPO3UMHHI BiTaMiHU BM3HA4YaloTb 34aTHICTb OpraHiamy
L0 PO3MHOMEHHSA, 3ab6e3neuytoTb 3CilaHHA KPOBIi, perynooTb 06MiH coner,
BMIMBaKOTb Ha QYHKLiO 30py Ta iH.

| @ RIANbHICTD
4

CamocTiHa po6oTa 3 Tabnuueto

PisHOMaHiTHiCTb Ta 3HaYeHHA BiTaMiHiB ANA opraHismy nlOANHNY
Ha 2012 p. 13 peyoBurH B HayLi BU3HaHO BiTamMiHamu. 3aMoOBHiTb Y poboyomy 30-
wnTi Tabnuuto Ta 3pobiTb y3aranbHEHHA LWOAO POi BiTaMiHiB y MeTaboni3mi KNiTUH Ta
06MiHi pe4yoBMH OpraHi3My NIOAUHN.
Ta6nuua. KOPOTKI BIAOMOCTI MPO OCHOBHI BITAMIHU

BOAOPO341HHI BITAMIHU XKWPOPO34YUHHI BITAMIHA
HasBa QyHKUiT HasBa QyHKLT
B, (tiamin) D (kanbundeponn)
B, (pnbodnasiH) E (Tokodeponn)
B: (HiKOTMHOBA KncnoTa) K (pinoxiHoHw)
Bs (maHTOTEHOBa KMCNOTA) A (petnHon)

Bs (nipnpokcuH)

By (B., donieBa Kucnora)
B.2 (uiaHKOGanamiH)

H (6iotuH)

C (ackop6iHoBa Kucnota)
bionoria + Jlitepatypa. Bitamin A

«Cmapuli makox nue W00HA NO KyxJIl0 Xupy 3 aKysIa4oi
neyiHku, <...> wWo 0obpe donomazas npomu 3acmyou mazpuny
U 6y8 kopucHuli 0515 oyeli» (E. lemiHrseir. Ctapuii i mope). Op-
HUM i3 KOPUCHNX KOMMOHEHTIB MeyiHKM € BiTaMiH A, o 6yB
BigKpuTMIA We B 1913 p. OnNuwiTb, AK BiOyBa€TbCA 3aCBOEHHA
BiTamMiHy A B opraHi3mi nognHu. Yn KOpMCHO Ana opraHisamy
CMNOXMBATWN Y BENUKIN KiNnbKOCTI BiTamiH A?

g CTABJIEHHS
- N —
ﬂj bionoria + MeguuuHa. Kanbundeponu Ta ix 3HaueHHA

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OcTaHHIM Yyacom OoTpuUMaHoO 6araTo gaHuXx, AKi cBigYaTb
npo Te, Wo ¢yHKUisA BiTaMiHy D He 0OMeEXyeTbCs perynto-
BaHHAM ob6MiHy Kanbuito i ®ocdopy. [loBeneHo oro edek-
TUBHICTb y NpodinakTuLi NyxXIMHHUX 3aXBOPOBaHb MOJIOYHOI
3an03u, NPOCTaTh, TOBCTOrO KULIEYHMKY, a TaKOXK OXUPIHHA,

104 XBOPOO6 cepua 1 genpecii. Jocnign 3 HematogaMu nokasanu,
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Lo KanbLuundepos B3aEMOJIE 3 «reHaMU AOBroNITTA» i 3aXMLLAE KNITUHN Bifi PO3BUTKY
nopyLeHb y AiANbHOCTI BiNKiB Ta X HENPaBUAbHOTO 3CifaHHA. A AK i le CHTe3yeTbCA
BiTamiH D B opraHi3mi niognHn?

PE3YJIbTAT

3aBAaHHA A4/11 CAMOKOHTPOJIO
1. lWo Take BiTamiHn? 2. Ha3BiTb gekinbka ocobnmpocTen BiTamiHib. 3. LLlo Take Bo-
1-6 | popo3umHHI BiTamiHn? 4. HaBeaiTb NpyKnaam BOGOPO3UYMHHIX BiTamiHiB. 5. LLlo Take
YKNPOPO3UNHHI BiTaMiHM? 6. Ha3BiTb XXMPOPO3UMHHI BiTaMiHW.
7. AKi 0cO6nMMBOCTI BiTaMiHiB BM3HauatoTb iXHE 3HaUeHHs? 8. ki 0cobNMBOCTI 11 3Ha-
YeHHA BOAOPO3UNHHMX BiTaMiHiB? 9. ke 3HaYEHHA XKNPOPO3UMHHNX BiTaMiHiB?

7-9

10-12 | 10. JoBegiTb yyacTb BiTaMiHiB B OOMiHi peUOBUH OpraHiamy NOANHM.

BineHa eHepeis — ye ma eHepeaisa peakuiti, Lo Moxe 6ymu nepemegopeHa 8 pobomy.
3 niopyyHuka Gioximil

§ 27. EHepreTnyHe 3a6e3neuyeHHs npoueciB metabonismy

OCHOBHi NOHATTA i1 Kntouosi Tepminn: OBMIH EHEPTII. AT®. KNITUHHE
OUXAHHA.

Mpurapanirte! Lo Take meTaboniam?

AsToTpOdM §

4 Momipkyiite!

[na opraHiamiB Hawoi nnaHeTn
OCHOBHUM [»KepesioM eHepril € COHAYHe
CBiTNO. He3HauHo Mipolo B npolecax me-
TaboniaMy MOXKe BMKOPWCTOBYBATMCA Ten-
NI0Ta BY/IKAHIYHOTO NMOXOMXKEHHSA, eHepria 3
HaZp 3eMHoi Kopu Ta iH. EHepria noTpi6Ha
OpraHiamam Ana CMHTEe3y BJIAaCHUX OpraHiy-
HUX PEYOBUH 3 HeOopraHiyHmx (aBTOTpPOGN)
abo 3 roToBMX OpraHiyHUX (reTepoTpodu).
A wo BifbyBa€eTbCA 3 eHeprieto nicna ii Hap-
XOAXKeHHA B KNITUHY?

3MICT

flka ponb ATO® y 3a6e3neueHHi npoueciB metabonismy?

OBMIH EHEPTII - ye CYKynHicme npouyecis, ujo 3abe3ne4yyome HaA0X00XeHHS, ne-
pemeopeHHA ma suddsieHHA eHepeil y 6iocucmemax. K 3a3HauyaloTb HAYKOBLi, «xoud
eHepeif icHye y 6azamvox opmax, 0718 aHaboni3my Xusux icmom npudamHUMU €
Jluwe 08i i3 HUX — c8imsi08a U XimiyHa eHepeig». OCHOBHUM XKepPenoMm CBIiTNIOBOI eHep-
rii € CoHue, a XiMiYHOT — XiMiYuHi 3B'A3KN rOTOBMX OPraHiuYHMX PEeYOBUH.

EHepreTnyHi nepeTBOpEHHA CBITNIOBOI Y/ XiMIYHOT eHeprii y KNiTUHax Bigpi3HA-
I0TbCA Bifl eHepreTUYHUX NpoLeciB HEXUBOT NPUPOAN TUM, LLO: @) OCHOBOIO € OKUC-
HO-BiAHOBHI peakLii, Wwo BigbyBatoTbCA 3a yyacTi depmeHTiB; 6) MalTb NOCTYNOBUN
(noetanHW) xapaKTep; B) 3QiMCHIOTbCA 3a y4acTi BUCOKOCMeLiani3oBaHMX CTPYK-
Typ — poTOMeMOpaH, Me30COM, MITOXOHAPI Ta XJIOPONACTiB; I) ANA aKyMySiOBaHHS,
36epeXKeHHS 11 BHYTPILIHbOrO NepeHeceHHs eHeprii cnyrye ATO. 105
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ApeHo3suHTpudochatHa Kucnorta NH,

(AT®) - opeaHiyHa cnosyka, Wo Haaexums Tpu bocdatHi 3annwKn A”e",\t }\
00 8isIbHUX HYK/leomuodis i € yHigepcanbHUM o o O nc/ T| \1"

T T I
L. . . O=P~O=P~+0O—P——0— — ~CH
XIMIYHUM aKyMmy/s1smopom eHepeil'y KInimuHi. 5 5 f CH. o N C\N/

MNpuragaemo, wo monekyna ATO € Hykne-
OTUAOM, AKUA CKNAafjaeTbCA i3 afdeHiHy, g i
H i _ MakpoepriuHi
pmn603V| i Tpl.:OX 3aﬂlfILIJKIB 0PTO¢OC¢3T 3‘;,“;;” Pu6osa
Hoi kucnotu (in. 71). Mig yac BigwenneHHA OH OH

docdaTHoOi rpynu Big ATO BMBINbHAETbCA
6nn3bko 42 K[ eHeprii Ta yTBOPIOETbCA
AJO (ageHosmHaudocdaTHa Kucnota). Konm x Big monekynu ATO BiglennioTbca
nBa docdat-rioHu, To yTBOploeTbca AMOD (ageHo3nHMoHObOChaTHa KMcoTa) i 3Binb-
HAETbCA 6nn3bKko 84 kX eHeprii. Mpouecn poswenneHHs i1 yTBopeHHA ATO BinbyBa-
I0TbCA MOCTIMHO BiANOBIAHO [0 CXeMMU:

~ 42 kx ~ 42 kX
AMO *—5 AO *—5 ATO

In. 71. Cxema 6ynosu monekynu ATO

EHepria makpoepriuHux 38'A3kiB ATO BUBINbHAETLCA B peaKUiax rigponisy i Bu-
KOPUCTOBYETbCA ANA BUKOHaHHA 6yab-AKoi pob6oTu KniTnHu. CnHtes ATO BinbyBaeTh-
cA 3aBAAKM peakuiam bochopunoBaHHA, WO MOXKYTb 3AiIMCHIOBAaTUCA B LUTOMIA3Mi
(cybcTpaTHe dochopurnioBaHHsA), B MITOXOHAPIAX (OKUCHIOBaNbHe dochopunoBaHHs)
abo B xnoponnactax (bpotodpocdopunioBaHHs).

OTxe, ocHoBHa QyHKLiA ATO — Le eHepreTUyHa, OCKINbKM CnonyKa
6epe yyacTb B eHepreTM4HoOMy OOMiHi, 3anacalun B CBOIX
MaKpOepriYHMX 3B’A3Kax 3HAYHY KiNbKiCTb eHepril.

AKi € cnoco6u oTpMaHHA eHeprii KNUBMMIN opraHismamm?

Y XMBIM Npupodi po3pPi3HATb TP OCHOBHI CNOCOOWU OTPUMaHHSA eHeprii. MNep-
LUK i3 HAX BNACTUBMIA aBTOTPOGHMM OpraHiamam, Apyrui — retepoTpopHNM, a TpeTil
BNACTVBUIA aBTO- 1 reTepoTpodam:

KNITUHHE AWXAHHA AEPOBHE IUXAHHS
MiTtoxoHapis

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

=
[nioko3a =
(CeHr20¢) /HA-”-H(H") £
l /\ —2e- g
=S 1. Unkn 2e- H™ %2
l nikonis l i | m¢
(aHaepob6He frxaHHA) / Kpebea H+ FI_" )
Auetun-KoA . | o ®
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3 Ill. OkucHio- ”H z
o|Z 2 Nipysar Bangue 1/20,+2H+2e = J =
I neKkapboKcy- = x
gé (GH.05) ﬂIOEaHHﬂ {Aﬂ(l)_‘} g
w
g3 LOn ]
o He
o
A [==r] [ | \
1CO, | IH,01l O, | lll. OkncHioBanbHe ’
— S dochopuntoBaHHA |
i ,.
A 3aranbHuUn BUXig, : :
38 monekyn ATO
106 In. 72. Cxema npoueciB KNiITUHHOIO AMXaHHA
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1. Y asmompogHux opaaHiamie 30BHilLHA eHepria MOrfnnMHAETbCA Xnopodisiom
(6akTepioxniopodinom) 1 NepeTBOPOETLCA B XiMiuHy eHeprito ATO. [lani 3 Byrnekuc-
noro rasy i BoAu B TeMHOBIN Ga3i CMHTe3YeTbCA MoKo3a. AK BU BXe 3HAETe, B MBIl
npupogi uen cnoci6 Bnactmemii GoToaBTOTPOdaM, Y AKNX CMOCTEPIraETbCA KUCHEBUN
doTocmHTe3 (LiaHObaKTepii, POC/IMHK) 1 6aKTepianbHMIN GOTOCMHTES, L0 Ha BiAMIHY Bif
KncHeBOro $GoTocnHTe3y BifbyBa€eTbCA B aHaepOOHUX yMOBax 6e3 BULINEHHA KUCHIO
(nypnypHi 11 3eneHi cipkobakTepii). Mopag 3 $OTOCUHTE30M 3B'A3yBaHHA BYTNEKNCIOro
rasy B NPMpPOAi 3AINCHIOETLCA B MPOLIECi XeMOCUHTE3Y 3 BUKOPUCTaHHAM XiMiYHOI eHep-
ril OKNWCHEHHA HeopraHiYHMX CNONyK (CipKo, 3ani3o- Ta HiTpudikytoui bakTepil).

2. Y zemepompogHux opaaHiamie ximiuHa eHepria NOXMBHUX PEYOBUH Mnepe-
TBOPIETHLCA B NpoLecax KNiITUHHOTO AUXaHHA B €Heprilo MakpoepriyHux 3B'A3KiB
ATO (in. 72). Lli eHepreTuyHi NnepeTBOPEHHA BifOYBaOTLCA B MITOXOHAPIAX AK NpoLie-
cn rnikonisy, 6pofiHHA, Cy6CTPaTHOrO Ta OKMCHIOBaNbHOro ¢ochopurnioBaHHs.

3. ¥ aesmompodgHux ii ezemepompogHuUX op2aHi3amié BHYTPILIHbOKNITUHHI
nepetBopeHHs eHeprii ATO B pi3Hi popmu eHeprii (eNeKTpuUHy, CBITIIOBY, TEMOBY,
MeXaHiuHy) CNpUATb BUKOHAHHIO KNITUHOI MPOLECIB XKUTTERIANBHOCTI. YacTmHa
L€l eHeprii BTpayaeTbCA y BUrnAgi Tennotu.

OT1Xe, 3a cNocobom OTpUMaHHA eHeprii X1Bi opraHiamMy NoAINALTb
Ha aBTOTpPO®iB i retepoTpodib.

flka ponb npoueciB guxaHHA B 3ab6e3neyeHHi opraHiamis eHeprieio?
KNITUHHE AUXAHHA - ye cykynHicme npouecig 6i0102i4H020 OKUCHEHHA No-
JKUBHUX peyoB8UH 3 8UBINIbHEHHAM XiMi4HOT eHepeil, wjo akymymoemeoca 8 ATQ. MNpouecn
LOVXaHHA B KNiTWHaX OpraHi3miB pi3HMX LLAPCTB »KMBOT Npupoaun noaibHi 3a 6aratbma
03Hakamu. O3HakaMu NofibHOCTI € yTBOPEHHSA TaKMX YHiBEpCanbHUX PEYOBUH, K Mi-
poBUHOrpagHa Kucnota n ATO, BUKOPUCTAHHA KUCHIO AK aKLenTopa eneKkTPOoHiB 1
FipporeHy, po3wwenneHHA Ao KiHuesnx npogykTis H,O i CO,, BUKOPMCTaHHA NoJiGHUX
bepmeHTiB  TOWO. BUOKpemnolTb [Ba OCHOBHI TUMW KNITUHHOTO [MXaHHA:
aHaepoOHU Ta aepobHUN. KNiTUHHE AMXaHHA € YaCTMHOK eHepreTUYHKX NepeTBo-
peHb, 3aBAAKM AKUM NOETANHO BUBINIbHAETbCA €Hepria BNaCHNUX OPraHiuYHNUX PEeYOBUH.
Ta6nuus 2. ETANU EHEPFETUYHOIO OBMIHY

HasBa etany XapakTepucrtnka

I. NigroToBumin
(y TpaBHUMX Bakyonsax,
ni3ocomax um TpaBHOMY KaHari;
BUBINbHAETbCA BCbOTO
0,2 - 0,8 % eHeprii)

MNig pieto TpaBHMX GEPMEHTIB CKNaAHi OpraHiuHi cnonyku
pOo3LWenniTbca A0 CNOJYK, WO iX MOXe 3acBoloBaTh Op-
raHiam. EHepreTnyHuii epeKT Lboro etany HesHauHui, i BCA
eHepria PO3CileTbCA Y BUTAAAI TENNOTU

MpocTi opraHiuHi cnonykn po3wennioTbca 6e3  yua-
CTi KWUCHIO: PO3LLENIEHHA TOKO3M — FAIKOMI3, XUPHUX
KNCNOT — Ninoni3, aMiHOKNCNOT — npoTeonis. EHepretuy-
HU edekT rnikonisy — 200 kOx (116 kX — Ha Tennoty,
84 k[ — Ha ATD):

CeH1,06 + 2A0 + 2H;PO, — 2 CGGH,405 + 2H,0 + 2ATO

I1l. KncHeBnii (aepo6Huii) AepobHe nepeTBOPeHHA BYINEBOAIB  MPOAOBXKYETbCA
3aBAAKM PO3LLUEMIEHHIO MiPOBMHOIPaAHOI KNCNOTU A0
BOAW i Byrnekmcnoro rasy. EHepretnuHuini edpekt: 2600 KIx
(1088 k[ — Ha TennoTy, 1512 Kk — Ha ATD):

Il. Be3KncHeBumn
(aHaepo6HuMin)
(y rianonna3smi KnituH;
BUBINIbHAETbCA NMLIE
5 - 7 % eHeprii)

§ 27. EHepreTuyHe 3abe3neyeHHs npoLecis metaboniamy

(y MaTpuKci 1 Ha Kpuctax
MITOXOHAPIN 3@ YYacTi KUCHIO;
BUBINIbHAETbCA OCHOBHA

KinbkicTb eneprii (noHap 90 %) | 2C,H,0, + 60, + 36H;PO, + 36A0 — 6CO, + 42H,0 + 36ATO
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CyMapHUM eHepreTMYHUM pe3ybTaToM po3LienseHHA 1 MoNb MKo3n
€ 2800 kI eHepril
(200 kA + 2600 k[>x), 3 AKoi B 38 Monekynax AT® akymyntoeTbca 55 %
(42 kO X 38 = 1596 k), a 45 % (1204 k[1K) — pO3CiloETLCA Y BUMNARI TENNOTN.
PiBHAHHA NOBHOIO pO3LUensIeHHs roKO3N:

CeH1206 + 60, + 38AD + 38H;P0O, — 6CO; + 44H,0 + 38ATO

OTXe, KNITMHHE AUXaHHA € CYKYMHICTIO NpoLiecis,
nig Yyac AKUX PO3LLENIOTbCA NOXKMBHI PEYOBUHU, BUBINbHAETLCA
XiMiYHa eHepria Ta aKyMy/OETbCA B MaKpoeprivyHmx 3B'A3kax ATO.

OIANbHICTb
CamocTillHa po6oTa 3 intocTpaui€ln. OcobnmBocTi 06MmiHy eHeprii
doToTpodis

Po3rnaHbTe cxemy GoTOCUHTE3Y Ta faliTe BU3SHAUYEHHA OCHOBHUX CKNajoBUX NPO-

ueci. Y pobouomy 30lmTi 3anoBHiTb Tabnuuio i copmynionTe BUCHOBOK NPO OCO-
6n1BoOCTi 06MiHY eHeprii $OTOaBTOTPOPHNX OpraHi3mis.

Ta6nuua. ®A3U 1 MPOLIECU O
®OTOCUHTE3Y oo T2
HasBa BusHaueHHsA
|. CiTnoBa dasa
* ®oTonis Boau ooToni3
BoAU

* BigHoBneHHs HAQ®

* DoTodochopunoBaHHA
CsitnoBa dasa 4/ Temuosa daza

Il. TemHOBa ¢a3a B rpaHax ) | S x(Tpoxi

y / xnoponnacry

* Llnkn KanbBiHa i Mioko3a
>

bionorisa + [JlomalwwHi TBapuHu. Oco6nmBocTi 06MiHy eHeprii rerepoTpodis

3onomucmutii pempisep (fondew pempisep) — nopoga
MnciB, AKa CbOrOfHi CTana yHiBepcanbHoto. Moniyencbki coba-
KW 1 pATYBaNbHUKN, MUCAUBLI 1 NiKapi, HAHbKW i KOMNaHbo-
HW — OCb JaNeKo He MNOBHUI Nepenik TOro, Ha Wo 34aTHi Wi ncu.
CnyxHAHWIA, PO3YMHUI, 3 NPUPOAHMY 3ai6HOCTAMM [0 pobo-
T, Lo6poayWHNN | BneBHeHMN cobaka. He 6araTo icHye iHWux nopig, npeacTaBHUKA
AKNX BUABMAIOTb TaKy camy AOOPO3MUnmBY, M'AKY i I06MAYY HATYpPY, AK 30/10TUCTUI
peTpiBep. AK BigbyBa€eTbCsA eHepreTMyHe 3abe3neyeHHss METabONIUHMX NPOLECIB Y re-
TepoTPOodHUX OpraHiamis?

CTABJIEHHA

bionoria + ®isuka. JllomiHecueHLis >KNBOro

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

«To 61akumHuli npomiHe cangpipa, mo onasnosuli NpomiHe mo-
nasa, mo obudsa Ko/bopu 3Miwlysanuceb i 3acninioeanu po3kKil-
HUM cA(80M, WO 0MOYy8asao 8HOYi MOJIIOCKA, i 8iH 30a8a8CA OOHUM
i3 Haliyydosiwux meopiHb npupodu». Tak GpaHLy3bKUA HaTypanict
K. b. BepaHi onucye 6iontoMiHecUeHLil0 OfHOro 3 rNMOOKOBOAHMX
KanbMapiB. Ak BifOyBalOTbCA eHepreTUYHi NepeTBOPEHHs Mif yac 6io-
nmomiHecLeHuii? loBeaiTb HEOOXiAHICTb B3AEMO3B'I3KY EHEPreTUYHUX 1 MIACTUYHUX
108 NMepeTBOPEHb B KAiTUHAX.
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PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 06miH eHeprii? 2. LLlo Take AT®? 3. XT0 Taki aBTOTpOodn? 4. XTO TaKi rete-
potpodu? 5. LLlo Take KniTMHHe AnxaHHA? 6. Ha3BiTb eTanu eHepreTMYHOro o6MiHy.
7.flka ponb AT® y 3ab6e3neyeHHi npolecis meTaboniamy? 8. ki € cnocobu oTprMaH-
7 -9 | HA eHeprii »XuBuMmn opraHiamamun? 9. flka ponb Npouecis AnxaHHA B 3ab6e3neyeHHi
OpraHi3miB eHeprieto?

10. Aki ocobnmMBOCTi 06MiHY eHeprii y KNniTMHax aBTOTPOGHUX Ta reTepoTpodHMX
opraHismis?

10-12

bioeHepzemuka i Memaboniam KnimuH — «<OCHOBHA cmMpasa» OUHAMIYHOT GioXiMil.
A. JleHiHOxep
§ 28. O6MiH pe4OBUH B OpraHi3mi NIOANHN
OCHOBHIi MOHATTA 11 KNO4YOBi TepMiHM: O6MmiH 6inkiB. O6miH ninigis. O6miH
BYrneBoAiB.
Mpurapanite! Lo Take 06MiH peuoBUH?

BctynHa BnpaBa

Po3rnaHbTe cxemy «ETanv 06MiHy peyoBUMH i nepeTBOpPeHHA eHeprii» Ta BU-
3HauTe 3HaYeHHA OOMiHY PEUYOBWH I eHeprii Asi OpraHi3my.

I. Hapgxop»KeHHA pe4oBUH Il. MepeTBOpeHHA I1l. BupaneHHsA peyo-
Ta eHeprii Pe4YOBUH Ta eHeprii BUH Ta eHeprii
MuneneHHA. TpaBneHHA. AHa,?TlsM BupineHHs.
[nxaHHA. TennoyTBOpPEHHA KataGonizm Tennosignava

3MICT

AKi cuctemm opraHiB 3a6e3neuyloTb 06MiH peuoBUH B OpraHismi
nognHn?

CucteMHWIA piBeHb OpraHisaLii yTBOpeHui opraHamuy, NOEAHAHMMMN B CUCTEMU BU-
KOHaHHAM CninbHOT GyHKLUiT. B opraHiami NognHN BUOKPEMIIOIOTb TPaBHY, AMXabHY,
KPOBOHOCHY, BUAINbHY, ONOPHO-PYXOBY, HEPBOBY, EHAOKPUHHY, MOKPUBHY, CEHCOPHi
Ta iHWi cctemm. B 06MmiHI peyoBwH, eHeprii Ta iHbopmaLii 6epyTb npamy a6o onoce-
pefKoBaHy yyacTb YCi CCTEMU OPraHiB, ane HaMBaX/MBILLa POJib HANEXNTb CMCTEMAM,
O 3AINCHIOTb HaAXOAXKEHHSA, NOMMHAHHA, TPAHCMOPTYBAaHHA Ta BUAANEHHA peyo-
BVIH 11 eHeprii (in. 73).

TpasHa cucmema 3abe3neuye di3nyHe N xiMiuHe po3LenneHHA CKNagHuUX op-
raHiYHMX PEYOBMH Ha MPOCTi 3 NOAANbLINM TXHIM BCMOKTYBaHHAM Y KPOB Ta niMmby
1 BUJaneHHA HenepeTpaBneHnx pewTok. Lia ¢disionoriyHa cuctema € HackpisHotw i
CKNTAJa€eTbCA 3 TPABHOTO KaHasny 1 TpaBHUX 3ano03. JuxanbHa cucmema 31iiCHIOE
HaAXOLKEeHHS KNCHIO 10 KJTiTVH, Fa3000MiH Ta BUAANEHHSA 3 KIITVH BYTNIEKUCIOTO rasy
AK KiHLEBOro NpoayKTy OKMCHEHHA OpraHiuHMX PeUYoBUH. 3aBAAKN [MXAHHIO BUBIMb-
HAETbCA XiMiYHa eHepria NOKMBHNX peyoBuH. KpoBOHOCHA cucmema TPaHCNOPTYE
Mo 3aMKHEeHIN cuCcTeMi CyANH Bif, TPABHOI CUCTEMU N NereHb A0 KNITUH NPOCTi NOXMB-
Hi peUYOBMHU Ta KMNCEHb, a Bifl KNITUH 1O OpraHiB BUAINEHHA — NPOAYKTN meTaboniamy.
TpaHcnopTyBaHHA PeYOBMH KPOBOHOCHOK CUCTEMOLO BiOYBaETbCA 3a yUacTi KPOBI,

§ 28. O6MiH peYOBUMH B OpraHi3mi NogMHN
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WO CKNAJaEeTbCa 3 nnasMu Ta popmeHux
enemeHTiB. CeyosudinbHa cucmema € cy-
KYMHICTIO OpraHiB, WO 34iACHIOTb YTBO-
PEHHA Ta BUAANEHHA Ceui, B AKIN MiCTATbCA
CeYyoBMHaA, HAANMLLOK COJien N BOAU, CeYO-
Ba KWCNOTA, XOBYHI nirmeHTn Towo. LUKi-
pa B 0OMiHi peuyoBUH peanisye BUAINbHY 1
TepmoperynatopHy ¢yHkuii. MoTosi 3ano- Henepetpagneni Kinuesi npogyktn
31 BMAANATb HAQUWLOK BOAW N conen, a petii e 06miHy peuoBuH

Yepes ycCio MOBEPXHIO WKipK BIAOYBAETLCA |, 73, O6MiH pedoBuH it eHeprii y NIOANHN
TennoBigaava B 30BHILUHE cepefoBULLE.

OTxe, disionoriyHi cuctemm opraHiB opraHiamy nognHu 3abesneuytotb
30BHILLHIN (3arafibHMIN) 06MiIH PEUYOBUH 1 NEPETBOPEHHA eHeprii y 3B'A3KY
3 HaBKOJIULIHIM cepefoBuLLEM.

AKi ocobnuBocTi 06MiHy 6inkiB, ninigie Ta Byrnesopis B opraHiami nioguHn?

AunHamivHa 6ioximia — po3pin Gioximii, Wo BMBYAE OOMIH PeUYOBMH B OpraHi3mi
Bij MOMEHTY HaAXO[XEHHA NMOXMBHMX PEYOBUH JO YTBOPEHHA KiHLIEBUX NPOAYKTIB
06MiHY, MexaHi3MUN HelTpanizauii TOKCMYHMX NPOAYKTIB, BUBEAEHHA iX 3 OpraHi3my i
perynioBaHHA WBMAKOCTI BiANOBIAHNX MEePeTBOPEHbD.

[ns o6miHy 6inkiB B opraHi3ami JIOAVHN XapaKTepHi NeBHi 0COGNMBOCTI: ymao-
pEeHHA Ce4Y0BUHU AK KiHUe8020 npodyKmy obMiHy, 8i0CymHicms npoyecie 0enoHy8aHHsA
6is1kig, 0OHOHANpAMIIeHe nepemaeopeHHs bisikie Ha Xupu U 8y2/1e800u, HeobxiOHicMb 0715
6i51K08020 CUHME3Y HE3AMIHHUX | 3aMiHHUX AMIHOKUC10m, CUHMe3 cneyugiyHux 6inkie Ta
iH. OcobnuBocTi MeTaboniamy 6inkiB NoB’'A3aHi Nepeaycim 3 iX N1IACMUYHOI PyHKYiED
B opraHiami. Ix yuacTb y 3a6e3neyeHHi eHepreTUUHIX BUTPAT OpPraHi3amMy NOPIBHAHHO 3
ninigamm n ByrneBofamm € Habarato MeHLwot. BoHa He nepesuLye 15 % i cknagaeTb-
CA 3 eHeprii, Wo BUAINAETbCS Nif Yac po3LensieHHA 3HoweHuX 6inkiB. Po3wensieHHs
6is1Kig y TpaBHi crcTeMmi BigOYBa€EeTbCA Yy LWYHKY 1 TOHKOMY KULLIEYHUKY 3a yyacTi dep-
MeHTIiB-NpoTeas A0 aMiHOKUCNOT. Lli NpoCTi opraHivyHi monekynu HagxodaTb Yy KPOB i
TPAHCNOPTYIOTbCA A0 KNITUH, Ae 34iINCHIOETbCA 8HYMPIWHbOKIIMUHHE NepemeopeHHs
amiHokucsiom. Y KniTvHax 3 amiHOKMCNIOT Ha prbocomax BifbyBaeTbca biocuHmes 6is-
Kig, BNaCTUBUX NviLLe AAHOMY BUAY OpraHiamis. Perynauis obmiHy 6inkis BigbyBaeTbca
3a yyacTi rinotanamyca Ta FOpMOHIB TUPOKCUHY, MTIOKOKOPTUKOIAIB i COMAaTOTPOMiHY.

Ona o6miHy ninigiB xapakTepHi: ymeopeHHA 8eauKol Kinbkocmi eHepeii nio yac
OKUCHEeHH#, HaA8HICMb npoyecie 0enoHYB8AHHA, MOX/UBICMb YMBOpeHHsA 3 binkie ma
nepemeopeHHsA Ha 8y2/1e800U, HeObXiOHICMb 018 CUHME3Y 8/1IACHUX XUPi He3aMiHHUX
ma 3amiHHUX XUpHUX Kucsiom Ta iH. Lli ocobnmBocTi NoB’A3aHi 3 TUM, LLO XUPW BUKO-
HYIOTb eHepeemuyHy i n1acmuyHy yHKUiI. 1K fKepeno eHeprii >Xnpw y npoLeci okuc-
HEeHHA BUAINATb yABivi Ginblue eHeprii, HiX ByrneBoau 1 6inku. Po3wensieHHsA Xupig
BifOyBa€ETbCA NepeBaXXHO B TOHKOMY KULIEUHWKY Mif i€t TpaBHUX GepMeHTiB-ninas.
Heo6xigHo0 yMOBOIO pO3LUensieHHs XNPIB € X NoPiOHEHHs 3 YTBOPEHHAM eMybCil,
YOMY CMPUAITb XXOBYHI KACIOTU. Y TaKOMY BUTAALI KUPY MOXKYTb pPO3LLernitoBaT1CA
L0 XUPHUX KACOT 11 rRiLepony Ta 6e3nocepefHbO BCMOKTYBATUCA CTIHKAMU KUMLLOK.
[na BigKnagaHHA Npo 3amac XUpW HagXodATb A0 KNITMH MiAWKIPHOI KNITKOBUHY,
canbHuKa, 6ypoi XKMpoBoi TKaHWHW. LieHTp perynauii o6miHy *KMpiB po3MillyeTbCsa B
rinotanamyci, AKUN BNIMBAE Ha NePETBOPEHHA XMUPiB yepes rinodis, ctatesi, WKTO-
110 nofdibHy i NigLWwnyHKOBY 3ano3u.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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[na o6miHy ByrneBofiB xapaKkTepHi sieeke U WeUOKe OKUCHEeHHSA 3 yMBOpeHHAM
3HAYHOI KilbKOCMi eHepeii, 30amHicmb nocmadyamu eHepeito 8 KUCHe8UX i 6e3KUCHe8UX
yMO08ax, Has8HiCMb Npouyecie 0eNOHy8AHHA 8 NeYiHYi ma mM’a3ax, MoXxJsusicmes ymeo-
peHHs 3 binkie U xupis Ta iH. OcO6NMBOCTi NepeTBOPEHb BYINIEBOAIB B OpraHi3mi fto-
[OVIHV MOB'A3aHi Nepefycim 3 IX OCHOBHOW eHepeemuyHo yHKYie. Po3lenneHHA
BYrn1eBOfiB BiJOYBAETbCA B POTOBIl MOPOXHVHI, TOHKOMY 1 TOBCTOMY KULLIEYHMKAX.
Y TpaBHin cucTemi pia depmeHTiB-aminas noavHNU N MiKpoopraHiamiB mikpodso-
pv CnpuAe YyTBOPEHHI0O MOHOCaxapugis. Lii mani monekynmn BCMOKTYIOTbCA CTiIHKaMu
KMLWEYHNKY B KPOB i HAaAXOAATb A0 MeYiHKW, Ae yTBOPIOTbCA rNI0Ko3a N rMikoreH.
YacTHa rnioKo3n NepeTBOPIOETbCA Ha XUPWU 1 OKUCHIOETbCA B TKaHUHaXx. AKLWo B
opraHi3mi cnocTepiraeTbCA HecTaya BYrNeBOfiB, TO BOHM CUHTE3YIOTbCA 3 OINKiB i
Xunpis. LleHTpom perynsauii ByrneBogHoOro o6miHy € rinotanamyc npoMi>kHOro Mo3Ky.
IHCYniH — €EANHNI TOPMOH, AKNIA 3HUXKYE KOHLIEHTPaLilo FMI0KO3N B KPOBIi; FOPMOHM
rNIOKaroH Ta agpeHarniH NiABuLWYOTb PiBeHb MI0KO3M B KPOBI.

OT1xe, 0cO6nMBOCTI MeTaboniamy B opraHiami J0gUHN
noB’A3aHi 3 GYHKLIAMN NOXMBHNX PEYOBMH Yy 3arafibHOMY
OOMiHi PEYOBUH i MepPeTBOPEHHI eHeprii.

flke 3HaYeHHA BCMOKTYBaHHSA NOXXVNBHUX PEeYOBUH?

BcMOKTYBaHHSA NOXMBHUX PEUOBUH — dkKmugHUl ¢hizionoziuHuli npoyec mpaH-
CNOPMYBAHHA NOXUBHUX PEeYOBUH Kpi3b C/1U308y OOO/IOHKY MpAgHO20 mMpakmy 8
piduHU 8HympiwHL020 cepedosuwid. Llei npouec BigdyBaeTbCA MiCaA OCTaTOYHOIO
nepeTpaBfieHHA CKNAAHUX MOXUBHUX PeYoBUH A0 NPoCTnX. OCHOBHOIO AiNAHKO
TpaBHOI cMcTemu, e BifOyBaeTbCA BCMOKTYBaHHA Mo-
XUBHUX PEYOBUH, € MOHKA KUWKa. Libomy cnpusaiotb
il CTPYKTYpHi 0COO6NMBOCTI 11 BenmMKa nnoLya 3aranbHoi
NoBepPxHi, Wo CTaHOBUTb 6513bko 200 M2 OCHOBHOO
CTPYKTYPHO-OYHKLIOHaNIbHOKO OAVHULEID BCMOKTY-
BaHHA MOXXMBHUX PEYOBUH € BOPCUHKA (i/1. 74).

Po3pi3HATb nacusHe 8CMOKMYBAHHA, WO 34iNC-
HIOETbCA 3aBAAKU audysii, nonerwenin gudysii i oc-
MOCY, Ta dKmMuBHe 8CMOKMYBAHHA 3a Y4YacTi NOHHUX
HacociB Ta eHpounTo3y. beanocepenHbo y KpoB yepes
EHTEPOLMTA LWAAXOM aKTMBHOIO TPAHCMOPTYBAaHHA
abo yepes NPOMIXKM MK HAMU WwnaxoM gudysii ne-
pexoAAaTb PO34YMHHI Y BOAI MMOKO3a, aMiHOKNCIOTH,
HYKeOTUAN Ta HXKYi XKUPHi KncnoTu. MNpoayKTn pos-
WenneHHA ninigis HaaxoaATb y Kpos abo 3a3HalTb
pecrHTe3y 3 YTBOPeHHAM XupiB n docdoninigis, wo
BifOyBa€eTbCA B eniTeniafibHUX KIiTMHAaX BOPCUHOK
(eHTepoumTax). MoTim xmpu 1 bocdoninign noegHy-
l0TbCA 3 6iNKamMu 1 YyTBOPIOKTb YaCTUHKM (XiNOMiKpo-
HK), AKi WAAXOM MiHOUUTO3Y HaaxoaaTtb Yy nimody, a
3rofjoM NOTPaNATb 'y KPOB.

Benuka ponb y npouecax BCMOKTYBaHHA Hane-

§ 28. O6MiH peYOBUMH B OpraHi3mi NogMHN

In. 74. BopcuHKa TOHKOI KnL-
Ku: 1 — eHTEpOUMTHY; 2 — MIKPO-
BOPCUHKY; 3 — apTepiona;
KNTb IHTEHCNBHOCTI KPOBOTOKY. AKLLIO A0 MPUNMAHHA 4 _ kaninapu; 5 - nimdaTnuHa

i Kpi3b CNM30BY 060MOHKY TOHKOT KULLKW MPOXOANTD CYAVHa; 6 — HepBOBI

6n13bko 200 Mn/xB KPOBI, TO MNif YaC BCMOKTYBaHHA BIAPOCTKM; 7 — rnagKi M'A3m 111
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KPOBOTIK 3pocTa€ o 500 — 600 mn/xB. [Magki M'A3un B CTiHLi TOHKOT KMLWKKN 3abe3ne-
UylTb PUTMIYHI CKOPOUYEHHS BOPCMHOK, L0 MOCUITIOE BifITIK i3 KDOBOHOCHMX i Nnimda-
TUYHKX KaninAapis.

OTXe, BCMOKTYBaHHsA 3abe3nevye HagXo4>KEHHA MOMXUBHUX PEYOBUH
y pigviHM BHYTPIWHbOrO cepefoBuULla i fani 4O KNITUH.

BIANBbHICTb

x//‘ NpakTuuHa po6ora 1

CknapgaHHA cxem o6MiHy ByrneBogiB, ninigis
Ta 6inkiB B opraHiami nioguHn
MeTa: po3BuBaTV YMiHHA 3aCTOCOBYBATU 3HAHHSA A/1A NOACHEHHA NpoLeciB Brac-
HOro opraHiamy; popmyBaTV NepPEKOHAHHSA NPO EAHICTb Ta B3aEMO3aNIEXXHICTb MpoLie-
CiB 06MiHY peyoBUH.

Xig po6oTtn

1. Po3rnAHbTe 3aranbHy cxeMy 0O6MiHY MOXKUBHMX PEYOBWH B OPraHi3mi NioguHu.

Ha3BiTb Tpy eTanun o6MiHy peyoBUH.
2. 3aponoMoro cxemu Ta 3anpOnOHOBaHMX 3anuUTaHb CKNagiTb OKpemi cxemu o6-
MiHy ByrneBogis, ninigis Ta 6inkis B opraHiami noagnHM.

3anuTtaHHA A4NA KOHKpeTusauii 3micTy cxemu

AKi NOXKMBHI PeYoBMHIK € Yy cKnagi ixi?
2. Aki TpaBHi depMeHTV po3LiennionTb

CKNagHi NOXNBHI PeYOBUHM iXKi?

—_

Cxema. OBMIH PEHOBUH
B OPTAHI3MI JIIOANHN

3. Y akoMmy BMrnagi BCMOKTYIOTbCA MO- B, [t
. YOBVIHA 1XI T HIN cuctemi
XVBHi peyoBuHN? peuos 8 Tpas ic cre
:_ 4. Aki BUAM TpaHCMopTyBaHHA 3abe3neuy- BCMOKTYBaHHA B
E I0Tb HAAXOMPKEHHA PEUYOBWH Y KNITUHN? KMLLEYHUKY
T 5. fAki npouecnm o06MiHY 3abe3neuyioTb K508 ﬁ'limd)a
= nepeTBOPEeHHA MOXNBHIX PEYOBUH? Knitunn « Tn«aﬁmuha pinMHa
T 6. AKi KiHLeBi NPOAYKTN 06MiHY BuAans- = -
i U . poARy y BUA AHABONI3M _, KiHueBi npoaykTn
o) 0TbCA 3 KNITUH Y KPOB? 06MiHy
g2 7. Y Aakomy BuUrnAfi TPaHCMOPTYOTbCA i
[ . . . i
o KiHLeBi NnpoayKTy 06MiHy? T Kpos. Jlima.
= . KaHMHHa pignHa
= 8. ki opraHu 6epyTb yyacTb y BUZaneH- 1
< Hi NpoayKTiB 06MiHYy? KATAEONI3M OCHOBHI LWNAXYM
o) Nigcymok po6oTu. Y YoMy nonsratotb EURANCHILIA
% €0HICTb Ta B3aEMO3aNeXHiCTb npouecis
T 06MiHY peyoBVH B OpraHi3mi noguHmn?
=
S CTABJIEHHA
o Bionoria + ®inocodia. OaMHNYHe 1 3arasibHe
s
2 Maca rosoBHOro Mo3Ky y NoAVHN CTaHOBUTb 613bKo 2 %

Macu Tina. MpoTe noTpebu B peyoBUHax Ta eHeprii Haa3BMYANHO
Benuki. Tak, noTpebu B KUCHI Y AOPOCOi NIIOAMHU B yMOBax Cro-
KO0 CTaHOBMATb 29 — 25 % Bif 3arafibHUX NOTPe6, a B AiTen Ao
4 pokiB — 1o 50 %. fIki 0co6nMBOCTi MeTab0i3My rOSIOBHOIO MO3-
Ky B ntoanHn? flka posib FONOBHOMO MO3KY B 3arajibHOMy OOMiHi
peyvoBMH OpraHi3my nognHn?

12
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PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. AKi cuctemm opraHiB 6epyTb yyacTb y 06MiHi peuoBUH y nognHn? 2. flke 3Ha-
YyeHHa disionoriyHnx cncTem opraHis y 3abesneyeHHi o6miHy peyoBuH? 3. Ha3BiTb
1-6 |ocobnunsocTi 06MiHy 6inkis. 4. Ha3BiTb 0c06MMBOCTi 0OMIHY XXMPIB Ta BYrneBoOAiB.
5. lLlo Take BCMOKTYBaHHS NOXVBHUX PeyoBrH? 6. Y1 3anexutb metaboniam KnituH
Bifj BCMOKTYBaHHA?

7. AIki cnctemn opraHiB 3abe3neuvyioTb 0OMiH PeUOBMH B opraHi3mi nogunHn? 8. Aki
7-9 |ocobnuBocTi 06MiHy 6inkis, ninigis i Byrnesodis B opraHiami niogunn? 9. fke 3Ha-
YeHHA BCMOKTYBaHHA NOKUBHUX PEYOBUH?

10 - 12 | 10. Yum 3ymoBneHi 0co6/IMBOCTi 06MiHY PEUOBUH i NepeTBOPEHHA eHepril y nioanHn?

Ompyma - ximiuHuli KoMnoHeHM cepedo8ULA NPOXUBAHHS,
W0 Haoxo0UMe 8 KislbKocmi, AKa He 8i0N08IOAE 8/1CMUBOCMAM OpP2aHi3My.
I. CaHoubkul
§ 29. MNMopyweHHA 06MmiHy GioenemeHTIB i 6ioHeopraHiuHNX
pe4yoBMH, NOB’A3aHI 3 IX HecTauel abo HagnnLWKoMm
OCHOBHi NOHATTA 1 KNIOUYOBI TepMiHM: bioenemenTosum. NMuTHa Boga.

Mpwuragarite! Lo Take 6ioenemeHTW, GioHeopraHiuHi peyoBKHKM, GioopraHiyHi
peyoBuHN?

MomipkyiTe!

B ogHomy 3 HamBigomiwmx pomaHiB A. ioma «Ipad
MoHTe-KpicTo» aBTOp BKNnafja€ y ByCTa FOJSIOBHOrO repos TaKi
cnos.a: «[fepw 3a 8ce 8CMAHOBUMO, W0 OMpPym camux no cobi He
iCHy€e: MedUUYUHA Kopucmyemscsa HAUCUMbHIWUMU OmMpymamu,
azne, AKWO YMIiZIo 3aCmocosyg8amu, 80HU Nepemeoporomscs Ha
pAamieHi niku. [lpome nam'amadme: y maneHoKil 003i — ye niku, y
senukiti 003i — ompyma». Yomy nopyuiyoTbca npouecy o6MiHy
PEYOBUH i NepeTBOPEHHA eHeprii?

3MICT

AKi xBOpo6M NOB’A3aHi 3 NOPYLWEHHAM BMiCTY XiMiYHUX eneMeH-
TiB B OpraHismi niognun?

bioenemeHTn HagxopATb y GiocncTemu 3 NOBITPA, BOAW, 'PYHTY, @ 10 XKMBUX Opra-
Hi3MiB e 11 3 ieto. Hectaua abo HagMLWOK NeBHUX eNleMeHTIB y biocrcTemax Moxe
nopywntn GyHKUiOHYBaHHA, TOMy B npoueci eBonoUii BUHUKAN Pi3Hi MexaHi3mu
perynauii Ana NigTPMMaHHA NOCTINHOIO N ONTUMaNbHOro eflieMeHTHOro cknagy. Ane
yepes neBHi NpUUNHN (3abpyAHEHHA HaBKOMMLIHbLOIO CEpefoBMLLa, HeCTaua efne-
MEHTIB, «LBiTiHHA» 1 OTPYEHHA BOAM, iIHOEKLINHI Ta iHBa3iliHI xBOpobYK) cTane cnis-
BiJHOLWIEHHs GioenemeHTIB y 6iocMcTemMax 3MIHIOETbCA, WO CAPUYUHAE XBOPObY i3
3arasibHO Ha3Bo 6jioesleMeHMo3u (6inblU BXXUBAHILLIOK € Ha3Ba MiKkpoesieMeHmo3u).

BioenemeHTO3M (MiKpoenemeHTO31) — mumyacose abo mpusdsie NOPyWeHHA
bioesieMeHMHO20 CK/1ady Op2dHi3My, Wo npuzHidye npoyecu xummeoisabHocmi. Lli no-
PYLUEHHA BMHMKAIOTb BHACNIAOK HAaAMLWKY, HeCTaui un ancbanaHcy 6ioenemeHTiB y
XKVMBOMY OpraHi3mi i1 TpannsaTbCA B yCiX OpraHi3miB, ane Halbinbly BUBYEHUMY € Gio- 113

§ 29. MopyLeHHA 06MiHy 6ioenemeHTiB | 6ioHeopraHiuHKX PeYOBUH, MOB'A3aHI 3 iX HecTauyeto abo HaAIMLLKOM
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eNemMeHTO3U NoanHN. Y cyyacHii MeguUmHi CTPIMKO pO3BUBAETLCA GioenemeHmHa
MeOuyuHa, Wo BMBYAE CKlall, BMICT, 3B'A3KM i B3aemopilo 6ioenemeHTiB B opraHiami
NIOANHU B HOPMI 1 3@ NATOJNIOTIYHMX CTaHiB. 3rifHO 3 HAMMOLUMPEHILIO Cy4YacCHOI
KnacudikaLi€ro po3pi3HATb NPUPOAHI eHAOreHHI, MPUPOAHI €K30reHHi, TEXHOTEHHi
Ta ATPOTreHHi 6ioenemeHTo3MU.

MpupopaHi eHporeHHi 6ioenemeHTO31 MOXYTb OyTU BPOAXKEHUMU (HAaNpUKnag,
3ani3o- UM UuHKoAediUNTHI cTaHn AUTMHK dopMmytoTbca yepe3 HecTauy Depymy 1
LinHky B opraHi3mi matepi) 1 cnagkosumu (xgopoba BinecoHa — KoHosanosea 3 nopy-
LweHHAM 06MiHy Kynpymy).

MpupopaHi eksoreHHi 6ioenemeHTO3nN, ab60 eHOemiyHi xeopobu, NoB’'A3aHi
3 HeCTayelo UM HaaMWKOM NeBHUX 6ioeneMeHTiB B Till Uu iHWIM reorpadiyHin micue-
BOCTi (Hanpvknag, eHdemiyHuli 306, ¢h1100po3, cesieHo3, MOi60eHO3).

Cepen TexHOreHHux 6ioenemMeHTO3iB, NOB'A3aHNX 3 BUPOOHNYOW HiANbHICTIO
NMOAVIHM, PO3PIi3HATb NPOdeCiiHi, CyCiAcbKi Ta TpaHCTpecrBHI XBopobu. [podeciliHi
X80pOb6U BUHUKAIOTb Yy NofAeN, AKi NpaLooTb Ha WKIAANBUX BUPOOHMLTBAX (Hanpu-
Knag, aHTPaKo3 Yy LIAxTapiB, CMMIKO3 Yy POBITHUKIB LIeMeHTHMX 3aBofiB). Y ntogen,
AKi NPOXKMBalOTb Henofanik Bif BUPOOHULTBA, MOXYTb BUHUKHYTU CYCiOCbKi X80pO-
6u (xeopoba Minamamy, xBopoba iTait-ital1). B ocTaHHi poku npuBepTaloThb yBary
mpaHcepecusHi xgopobu. LM TepMiHOM MO3HayvaloTb 6ioeIeMeHTO3M, L0 BUHNKAIOTb
Ha 3HauYHil BifCTaHi Big BUPOOHULTBa B pe3ynbTaTi aTMOCchepHOro Yn BOJHOTO nepe-
HeceHHA 3abpyAHVIKIB, AKNMU € CMONYKM BaXXKNX MeTaniB, PagioHyKNian, Yy>KopiaHi
pPEeYOBMHU-KCEHOBIOTNKN TOLLO. 3@ MipPOI0 TOKCMUYHOCTI €NeMeHTN MOXHa PO3MicTu-
TW B TaKiln nocnigosHocTi: Hg, Pb, Zn, Cd, Ni, Cu Ta
iH. MpuKnNagammn TpaHCrpecuBHMX XBOPOO MOXYTb
6yTV MepKypianiam (3a HaANVLLKY CNONYK PTyTi),
caTypHi3m (3a Hagnuwky crnonyk [niombymy),
cnpepos (3a HapgmwKy cnonyk ®epymy) Ta iH.

ATporeHHi 6ioenemMeHTO3M NOB'A3aHi 3 iHTEH-
CMBHVM ab0 TPUBANUM JiiKyBaHHSM Pi3HUX XBO-
po6 npenapatamu, WO MICTATb MiKpOenemeHTu
(Hanpuknag, apaipo3s) (in. 75).

MpodinakTuky 6ioenemeHTo3iB NpoBoAATb B In. 75. SliopuHa, 8 AKOT PO3BUHYE-
pi3Hi cnocobu, cepen AKUX: BXXUBAHHA XapuyoBUX  cq apripo3 yHacnifok TpuBanoro
NPOAYKTIB, WO MICTATb TOW UM iHWWIA 6i0ENEMEHT  BxMBaHHA Npenapatis ApreHTymy
(Hanpuknag, NOAOBaHY CiNb, CENAHCbKNUA CUP, WO
6aratuin Ha KanbLiin, poa3vHKM BUHOrpaay, Wo mMictaTb 6arato Kanito), BMKopucTaH-
HA cnevianbHMX 3acobiB 0COOUCTOT ririeHn (Hanpuknag, GnyopoBMicHi 3y6Hi nacTn),
pauioHanbHe 36anaHCcoOBaHe XapuyBaHHA 3 BUKOPUCTAaHHAM POCIIMHHUX MPOAYKTIB,
BXKMBaHHA 6i0NTOriYHO aKTUBHUX O6ABOK [10 TXKi, KOMMJIEKCHMX Npernaparis TOLLO.

OTXe, HAZNULWIOK, HecTaya abo gucbanaHc 6ioenemMeHTiB MOXYTb CTaTu
MPUYNHOIO0 3aXBOPIOBAHb, WO Ha3MBaTb bioenemeHTo3amun
(MikpoenemeHTO3amn).

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

Aki xBOpOOM NIOANHN NOB’A3aHI 3 HeCTaYel YN HAZNLLKOM HeopraHiy-
HUX cnonyk?
Ha BigmiHy Bif opraHiyHMX PeyoBWH, WO B NEPeBaXHii GiNbLIOCTI yTBOPIOIOTLCA
B KNiTUHaX, HeEOPraHiYyHi HAAXOAATb 4O OpPraHi3MiB i3 HABKOMNLLHbOIO cepefoBuLLa.
14 OueBMAHO, WO Yy LbOMY BMMafKy Ma€ OyTn 6anaHc MixK KinbKicTio peYoBUH, WO Haj-

paBo Anst 6e3onnaTHOrO po3milleHHs NiapyYHuKa B Mepexi IHTepHeT mae
iHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua




XO[ATb i Wo BuAanaTbca. MNopylweHHA Uboro 6anaHcy
MOXYTb MPU3BOAMNTI A0 3aXBOPIOBaHb.

Xeopobu, noe’a3aHi 3 HAOUWKOM 6GiOHEOp2aHiYHUX
pe4yosuH. Yepe3 nopylleHHA OOMiHY PeUYOBUH MOXYTb
BiOYBaTVCA NOPYLIEHHS XUBJIEHHSA TKAHVIH, WO CNPUYK-
HAE Ba)KKi 3aXBOPIOBAHHA — 0CMeoxoHOpo3 Ta nodazpy,
3a SIKMX CMOTBOPIOIOTbCA CYrOOU KiHLiBOK, BTPAaYa€TbCS
rHyuKicTb XpebTa, po3BMBalOTbCA Hamagn 600 B HUP-
Kax (in. 76). Y HUpKax, >kKOBYUHOMY Mixypi 1 ceHOBOMY Mi-
Xypi uepes BigKnagaHHA coner opraHiyHMX (cevoBoi Ta WasneBoi) abo HeopraHiyHKX
(kapboHaTHOi um opTodocdaTHOI) KMUCNOT PO3BUBAETLCA IKOBYOKAM'AHA abo
ceyokam'aHa xeopo6a. HaanviuoK HIiTpaTiB y OpraHiami NiogMHN NepeTBOPIETLCA
Ha HITPUTK, AKi B3aEMOZIOTb 3 reMorno6iHOM KpOBi, yTBOPIOOUN MeTreMornobiH, o
He MOXe TPaHCNOPTYBaTW KNCEeHb. B opraHiami nopywyeTbca TKaHUHHE OMXaHHA 1
PO3BMBAETLCA XBOPOHA MemeaemMoz2106iHeMis.

XB8opobu, nog’a3aHi 3 Hecmader HeopedHidHUX peqyosuH. NPUKNagomM 3axBoplo-
BaHb, NoB’A3aHux 3 gediuntom Kanbuito, € ocmeonopos, Wo Npu3BOAUTbL A0 Nia-
BULLEHHA KPUXKOCTI KIiCTOK i BUCOKOrO pU3MKy X nepenomis. LIMHK € Baxnnsum
UMHHUKOM 51 340POBOro GpyHKLIOHYBaHHA YOMOBIUMX PENPOAYKTUBHMX OpPraHiB.
Llelh enemeHT Lie Ha3MBalOTb «4YONOBIUMM MeTanom». KputnuHumin gediuymt LnHky
MOXe CTaTu MPUYNHO 006pOAKICHOI 2inepnnasii npocmamu (ageHoMK NpocTaTn).
Hectaua ®epymy B opraHiami Moxe CNpUYMHUTK 3ani3odediyumHy aHemilo, 11,0
BUABMIAETLCA 3HMKEHHAM PiBHA epUTPOLMTIB i remornobiHy B KpoBi. 3a AaHumu
BOO3, pediunt Gepymy BUABNEHO B KOXHOIO N'ATOrO XMTena 3emi.

In. 76. Moparpa

OTXe, AK HAQNMLWOK, TaK i HeCTaya HeoOpraHiYHMX PeYoBUH OQHAKOBO
WKIAAMBI ANA OpraHiamy NoguHN.

flke 3HaYeHHA AKOCTI NUTHOI BOAM ANA 36epe)keHHsA 340POB’'A NoANHN?

MutHa BoAa — ye 8004d, WO NpuU3HAYeHa 0719 U00eHH020 HeobMexeHo20 U be3-
neyHo20 8XUBAHHA JIOOUHOK. Cepefi OCHOBHUX MOKA3HWUKIB AKOCTI MUTHOI BOAWU
BMOKpPEMIIOTh: (isuyHi (cMak, 3abapBneHHs, 3anax, KanamyTHICTb), XiMiyHi (Mmi-
Hepanisauif, TBepaictb, pH), 6ionoziuHi (HasBHiCTb GakTepiin, BipycCiB i Napa3uTiB).
MnTaHHA AKICHOT NTUTHOT BOAM B YKpPaiHi HaNneXnTb O HANrOCTPILIMX COoLianbHUX NPO-
6nem. 3aHe0aHUI TEXHIYHWIA CTaH BOJOIOHIB, 3aCTapifli TeXHONOTiT BOAOOUYNLLEHHS,
3a06pyAHEHICTb KPWHWLb HiTpaTamu, BiCYTHICTb CUCTEMWU BOLHOIO MOHITOPUHIY,
CTiYHi BOAN, HepauioHanbHe BOAOBUKOPUCTAHHA — Lie JafleKo He MOBHUN nepenik
NPUYNH TaKoi cuTyauii.

HeBignoBigHiCTb BOAM CaHiTapHUM BUMOTram MO>Ke CTaT! NPUYKHOI0 GaKTepianb-
Hux (yepeBHU TN, fM3eHTepin, xonepa), BipycHMX (rematut A, noniomieni), iHBa-
3iMHUX (amebHa An3eHTepin), relbMiHTO3iB (ackapuaos, N1aM6Mio3), a TaKoXK XBOPOO,
noB’A3aHNX 3 XiMiYHUM 3abpyfHeHHAM Boau (MeTremornobiHemis, dnoopo3sn). Y da-
XOBOMY KOJi BBaXa€TbCA, WO NiABULLEeHa TBePAiCTb MUTHOI BOAM € OHIEI0 i3 MPUYNH
PO3BUTKY ceYoKaM'AHOI xBopobu. NigBuLLEeHN BMICT XNI0pULiB y BOAI MOXe CNpuaTn
pO3BUTKY XBOPOO cucTeMn KpPoBOOOGiry, HOBOYTBOPEHb CEYOCTaTeBMX OpPraHiB,
xnopugis i cynbdaTiB — BUHUKHEHHA HOBOYTBOPEHb CTPABOXOA4y, WyHKY. Hagnu-
wok Pepymy nopyLlye npouec KpoBOTBOPeEHHSA. [Tpouec xnopyBaHHA, WO 1 JOCi €
OCHOBHUM METOOM OUULLEHHA MUTHOI BOAW, Bede A0 MOABU XJIOPOOPraHiuHMX
TOKCUYHMX CMIONYK, WO MAlOTb MyTareHHUN 1 KaHLEePOreHHUN edeKT. 115
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Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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OTXe, AKicHa NUTHa Boga Mae OyTu yncTolo 3a GionoriyHumuy,
dI3NYHIMY 1 XIMIYHMMW MOKa3HUKaMU.

RIANBbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto. OKpemi GioenemeHTO3M NIOZUHN

3acTocyiTe 3HaHHA | BU3HauTe MPUYMHUN BKa3aHWX NOPYLLEHb. 3aN0BHITb y po6o-
Yyomy 30LWKnTi Tabnumuto Ta OBIPYHTYIATE 3B'A30K MiX KiNbKiCTIO efleMeHTIB U/ PeYOBUH,
Lo HAAXOAATb B OpPraHiam, Ta NopyLeHHAMN MeTabonismy.

MopyweHHA Tpyna xBopo6 MpuunHa
EHpemiuHnin 306
®noopo3
XBopob6a MiHamaTty
Apripo3s
OcTeoxoHapo3
Moparpa
Ceyokam'aHa xBopoba
OcTeonopos
3anizopediunTHa aHemis

Bionoria + Ictopia. MagiHua Pumy 11 caTypHism

YnpopnoBx 6aratbox CTONiTb iICTOPVKY BUBYAKOTb NPUYK-

HU 3aHenagy PumcbKoi imnepii. 3po3ymino, Wwo He Ma€e npocToi 3’5"
1 OOQHO3HAYHOI BiANOBIAi Ha Te, WO TPanNuIocA 3 MOrYyTHbOK ’ P
B MUHYNIOMY umBinisaui€to. OfgHakK € rinotesn, WO OTPYEHHA 207
cnonykamu MnomM6ymy Bifirpano faneko He OCTaHHIO POJib Y -20 .
3aHenagi Pumy. Lo Take caTypHi3m? AK BigbyBanocb oTpyeH- 1.8 2
HA cnonykamm Mnombymy B cTapofaBHix pyMisaH?

CTABJIEHHA

> A = . . .
o j Bionorisa + Ekonoria. Akictb Bogu

XapaKTepHMU O3HaKaMu HU3bKOI AKOCTi BOAM € 3anax
XJIOpY, »KOBTYBaTUI KONip, «MeTaneBuin» NpucMak, yTBOpeH-
HA MNIBOK Ha MOBEpPXHi, 3MiHa KOJIbOpYy OBOYIB i PPYKTiB Nif
yac BigBaploBaHHA. AKMMU € CNOCOON OUULLEHHS BOAW B O-
MaLHix ymoBax? OUiHiTb Ba)KNMBICTb AKOCTI MUTHOI BOAU Ta
paLioHanbHOro XxapuyBaHHA 1A 36epeXxeHHA 310POoB'A.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 6ioenemeHTo31? 2. HaBeAiTb Npriknaau xBopo6, NoB'a3aHNX 3 HaAKLL-
KoM abo HecTauvelo 6ioenemeHrTis. 3. LLlo Take 6ioHeopraHiuHi pevyoBnHN? 4. HaBe-

1-6 OiTb NpuKnagyM nopyleHb o6miHy 6ioHeopraHiuHuMx peyoBuH. 5. Lo Take nuTHa
BoJa? 6. Ha3BiTb OCHOBHi MOKA3HWKM AKICHOI MUTHOI BOAWN.
7. Aki xBOpobM NOB'A3aHi 3 NOPYLUEHHAM BMICTY XiMiYHUX €NIeMeHTIB B OpraHi3mi
7.9 moguHu? 8. Aki xBopobu NoanHY NoB’'A3aHi 3 HecTayelo abo HaAIMLLKOM Heopra-

HiYHMX cnonyk? 9. ike 3HaUeHHA AKOCTI MUTHOI BOAW ANA NiATPUMaHHA 340pOB'A
noanHn?

10-12 | 10.MOACHITb PONb OKPEMUX XiMIYHUX €/IEMEHTIB, PEYOBMH B MeTaboni3mi.

paBo Anst 6e3onnaTHOrO po3milleHHs NiapyYHuKa B Mepexi IHTepHeT mae
iHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



Hexal Hawa ixxa 6yde nikamu, a Hawi MiKu — HAWOIO iXelo.
linnokpam

§ 30. PauwioHanbHe Xxap4yyBaHHA — OCHOBa HOPMaJZibHOro
06MiHy pe4yOoBUH

OcHOBHi MOHATTA N Kniou4oBi TepmiHu: PALIIOHAJIbHE XAPYYBAHHA.
EHepreTuyHum 6anaHc nlognHU.

MpuraganTte! Lo Take KnBNeHHA?

3Hanomrecsa!

OfOuH i3 3aCHOBHUKIB TiriEHM XxapuyBaHHA, BigoMUN
apabcbkmin nikap AsiyeHHa (Aby Ani XycelH |6H A60annax I6H
CiHa) (6n. 980-1037) nepwwnin po3pobuB NpaBua paLlioHaNbHOrO
XapuyBaHHA. Moro pekomeHpgalii OAO Pi3HOMaHITHOCTI ixi Ta
NOMIPHOT KiNbKOCTI i CMOXMBaHHA Baxnmei n Tenep. Hasegditb
npuKnagn pekomeHaaL i paLioHanbHOro XxapyyBaHHs.

3MICT

Yomy pauioHanbHe xapuyBaHHA € OCHOBOIO HOpMaJibHOro o6mi-

HY pe4YOBUH?

PALIIOHAJIbHE XAPYYBAHHA (Big rpeu. payio - po3ym) — ue xap4y8aHHs,
30 AK020 00 OP2aHi3My 3 Xap4yosUMU NPOOYKMAMU HAOX00AMb YCi NOXUBHI peyo8UHU,
g8imamiHu ma miHepasbHi coni 8 Kinbkocmsax, HeobXxiOHUX 0719 HOPMAJlbHOI Xumme-
dianeHocmi. TakMM YMHOM, pauioHanbHe XapuyyBaHHA — Lie PO3yMHe, po3paxoBaHe
3abe3neyeHHsa NoANHN iXKeto.

HaykoBLUi BUOKpeMnIoloTb AeKiNbKa HanBa)KNMBIWMX NPUHUMMIB paLlioHanbHO-
ro xapuyBaHHA: 1) MOXUBHICTb Ta KaNOPINHICTb Xi MaloTb BiANOBIigaTU eHepreTny-
HUM BUTpATaM OpraHismy; 2) ana 3abesneyeHHa NaacTUYHUX BUTPAT JOTPUMYBATUCH
6inKoBOro onTMyMmy, Wo ctaHoBUTb 100 — 110 r 6inka Ha Aoby, a nig Yac GisnyHoi
pob6oTtn - go 130 - 140 r; 3) MakcMMarnbHa Pi3HOMaHITHICTb Ki ANA MONOBHEHHA
KiIbKOCTi peUOBUH, WO 3[iNCHIOTb PerynsTopHy OyHKLio; 4) 4OTPUMAHHA iHANBI-
[yaNibHOTrO PeXMMY XapuyBaHHA, WO BU3HAYAETbCA MACOI0, BIKOM Ta pPiBHEM pyxo-
BOI aKTMBHOCTI KOXHOI N0ANHN. PekomeHpauil Wwoho pauioHanbHOro xapyyBaHHA
IPYHTYIOTbCA Ha BMMOrax LWOAO Xap4oBOro a
pauioHy ” CKnagy XapuyoBMX MPOAYKTIB,
peXnMy 1 YMOB XapuyBaHHA.

Ha oCHOBI LX NPUHLKNIB 1 BUMOT MOX-
Ha cbopMmyntoBaTh Taki OCHOBHI pekomeHpa-
LT WoJo pauioHanbHOro XxapyyBaHHA.

* 3abe3neuyeHHs pisHOMaHimHocmi U 36a-
JIGHCOBAHOCMi  Xap4Y0BOro pawioHy
(Habip npodykmis, HeobXiOHUX JHOOUHI
Ha nesHul nepiod), B AKOMY CMiBBigHO-
LWeHHA 6inKiBs, »KUPiB Ta BYrneBopAiB 3rifg-
HO i3 CyYaCHUMW BUMOramy CTaHOBUTb
1,0:2,3:5,8. HeoaMiHHO BX1BaTX OBO- BUTKU : KNP : BYTJIEBOAM =
4yi Ta GPYKTW, WO MICTATb 8iMamiHu, =1,0:2,3:5,8

§ 30. PauioHanbHe XapuyBaHHA — OCHOBA HOPMaJIbHOTO O6MiIHY PEYOBIH
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nekmuHosi pe4osuHuU (3abe3neuyloTb 3B'A3YBaHHA Ta BUAANIEHHA 3 OpraHiamy
TOKCWHIB, CMONYK BaXXKWX MeTaniB, pPafioHyKnifis), knimkosuHy (3abesneuye
MOTOPHY Ta CEKPeTOpPHY OYHKLIi KALWOK, € AKepenom peyoBuH AN MiKpoopra-
Hi3MiB KMLIEYHWKY, AKi CUHTE3YI0Tb BiTaMiHu By, By, By, K).

e JloTpuMaHHA CyMiCHOCMI NPOAYKTIB i BXWBaHHA 3MilLAHOT TXi, AKa 3aCBOKETHCA
Kpatye.

e [loTpuMaHHA pexumy Xapyy8aHHA i NPUAMaHHA iXi B OAHI 1 Ti cami roguHu, woo
3a6e3neunTi HOpMasnbHY CeKpeLilo TPaBHMX COKIiB. XapyyBaTuca Kpalle 4 pasu
Ha [leHb, iHTepBan MK CMOXMBAHHAM iXi He Ma€ nepesuLlyBaTh 6 roa. Mepwwnin
CHilaHOK — 25 % po6oBoro pauioHy, 06ig — 35 %, niasevipok — 20 % i Beuepsa —
20 %. HeobxigHo icTv nepuwi cTpaBu, WO 30ymKylOTb anetut, MNigBULLYIOTb
ceKpeLito 3an03 i € BaXKNMBMM AXXepesioM BiTaMiHiB, MiKpoeneMeHTiB.

*  BaxknuBMMN ymMo8aMU XAp4y8AHHA € TapHUI HACTPIN Nig 4Yac NPUAMaHHA TXKi,
noginbHe N fobpe ii NepeXxoByBaHHA, PO3yMHa KyfliHapHa o6pobka xapyoBux
NPOAYKTIB, KaTeropmyHa BiAMOBA BifJ TIOTIOHOKYPIHHA 1 BXMBaHHA ankoronbHNX
HanoiB.

OTXe, pauioHanbHe XxapuyyBaHHA CNPUAE 36epeKeHHI0 340POoB's,
OMiPHOCTI WKIANMBAM YNHHNKaM CepefoBULLA, BUCOKIM npaue3faTHOCTI
Ta aKTUBHOMY AOBFOMITTIO.

ik BU3HauYa€eTbCA eHepreTU4HU 6anaHc opraHismy noguHN?

OCHOBHMM KpUTEpIiEM paLioHanbHOro XapyyBaHHA € AOTPUMAHHA eHepreTny-
Horo 6anaHcy opraHi3my, T06TO KinbKicme eHepeil, Wjo HA0X00UMb 8 Op2aHi3M, Mae
0opigH0OBAMU KislbKOCMI eHepail, Lo 8UMpPa4aembcs 8 npoyeci XummeoisaieHocmi.

EHepreTuuHuii 6anaHc noauHN — ye cnis8ioHOWEHHSA MiX KislbKicmio eHepeil, Wo
HAoOxo0ume 8 0p2aHi3m, i Kinekicmio eHepeil, Wo 8udingemosca HUM. AKLO Lieln 6anaHc
OyZne MOo3UTVMBHUM, Maca Tina 306inblyBaTUMETbCS,
AKLWO HeraTMBHUM — 3MeEHLIYBaTMMETbCA. Xapuy-
BaHHA JIIOAUHU Oyfe pauioHasbHUM 3a YMOBU Bpa-
XOBYBaHHA BCiX €HepreTMYHUX BUTPAT JIOAUHM 3a
NeBHU MPOMIXKOK Yacy. Yepes Te BUHUKAE Heobxia-
HICTb BM3HAUYeHHA eHepreTUYHOI LiHHOCTI XapyoBKX
NPOAYKTIB i BUMIPIOBAaHHA eHepreTUYHmx BUTpaT
OpraHi3my 3a pi3HUX HaBaHTaXeHb.

Xapyosa UiHHICMb (noXugHicMb) TXi XapakTte-
PU3YETLCA XIMIYHMM CKNagoM MNpPoOAyKTy 3 ypaxy-
BaHHAM IOr0O CMOXWBAHHA B 3arajbHOMPUIHATIN
KiNbKOCTi. YCi peyoBMHMN, WO BXOAATb OO CKNagy
XapyoBMX NPOAYKTIB Ta iXi, NOAINAITb Ha 2 rpy-
nu: NOXuUBHI (BiNKK, Xupw, ByrneBoamn) 1 AoJaTko-
Bi (BiTamMiHM, opraHiyHi KMcnoTtu, MiHepanbHi coni,
XapuoBi fo6aBku). EHepeemuy4Ha yiHHicMb (kano-
piliHicmb) XapaKTepusye Ty YacCTKy eHepril, Wo Bu-
BiIbHAETbCA 3 MOXKMBHUX PEYOBUH XKi B npoueci
OKMCHEHHA | BUKOPUCTOBYETbCA AnA 3abe3neuveH-
HA disionoriuHnx GyHKUiN opraHismy. B pesynbtati |5, 77. NMpama (1) it Henpsama (2)
OKWCHeHHA 1 I Xupy opraHiam otpumye 39,2 KIx KanopumeTpis

1

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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(9 kkan); 1 r 6inka — 17,6 kI (4 kkan), 1 r Byrnesopgis — 17,6 kK[ (4 kkan). EHepreTny-
Ha LiHHICTb NPOAYKTY BUMIPIOETbCA B KinoKanopisx (Kkan) abo Kinogxxoynax (KOx) y
po3paxyHKy Ha 100 r npogyKTy.

EHepreTnuHi BMTpaTM OpraHiamy BUMIPIOIOTb ABOMA OCHOBHUMK MeTOOAMU:
NPsIMOI0 i HEMPAMOI KanopumeTpieto (in. 77). Mpama kanopumempia — metop 6e3-
nocepegHbOro BUMIPIOBaHHA KilbKOCTi TeNAOTKU, BUAINEHOI OPraHi3aMom 3a NeBHUN
yac. [1na uboro BUKOPUCTOBYIOTb KalIOPUMETPU — repMeTUYHI Kamepin 3 NoABINHUMMN
CTiHKaMu, Mi>K AKUMU LMPKYItoe Bofa. Henpama kanopumempis — MeTo[] BU3HaueH-
HA KiNbKOCTi BUAINEHOro TeNNOTY 3a KiNbKICTIO CMOKNUTOrO KNCHIO Ta BUAINEHOTO BYr-
NeKncnoro rasy.

OTXe, BU3HaYeHHs1 MeTabosliuHNX NoTpeb 1 opraHisauis paLioHanbHOro
XapyyBaHHA BifbyBalOTbCA Ha OCHOBI eHepreTnyHOro GanaHcy.

AKi HacnigKM HecTaui UM HagNMIWIKY NOXWMBHUX PEYOBUH B OpraHismi
nognHn?

HedocmammHe 8xusaHHA 6inkie Npu3BOAUTL [O MOPYLEHHA Mpaue3faTHoOCTI,
NPUrHIYEHHA 3aXUCHUX CUNT OpPraHi3My, NiABULLEHOT CNPUNHATANBOCTI J0 iHbEeKUin i
B KpalHix BUNagKax — 8o oucmpodii i «ronofHnx HabpaKkiB». 3a HAOMIPHO20 8XXUBAH-
HA 6i/IKie MOCUNIOTLCA NPOLLECH THUTTA B TOBCTIM KMULWIL, WO CNPUYNHAE PO3naan
TpaBneHHA. Kpim TOro, HaanMLWoK GinKiB cnprAae po3BUTKY nodazpu B 0Ci6, AKi MatoTb
CXMIIbHICTb [0 LibOro 3aXBOPIOBAHHSA.

3a He0ocMamHb020 8XXUBAHHA 8Y2/1€800i8 FNI0KO3a MOXe YTBOPIOBATUCA i3 KO-
reny. MepLuoio 03HAKOI0 MOHMMKEHHA BMICTY LlyKpPY B KPOBI € CUJIbHE BiguyTTA rofioay
i 3HVKeHHA $i3MYHOI 1 PO3yMOBOI NpaLe3aTHOCTI. AKLO BMICT LyKpPY B KPOBi 3HU-
XKYETbCA HACTINbKM, WO NepecTaE 3afJ0BOIbHATY NOTPebr B HbOMY FOIOBHOTO MO3KY,
TO HacTynae BTpaTa CBIAOMOCTI 1 cyfomu (2inoenikemiyHuUl wok). 3a HA0AUWKO8020
8XXKUBAHHA 8y2/1e600i8 BOHUN MepPeTBOPIOIOTLCA Ha XMPW | B TaKOMy BUrNAAi Bigkna-
JalTbCA NPo 3anac. HagmipHe BXMBaHHA BYIIEBOAIB MOXe NPU3BeCTU [0 Po3nafis
TPaBNeHHA Yepes MOCUIEHHA NPoLeciB 6POfiHHA B TOBCTOMY KULIEYHUKY, a 3a TpW-
BasIOro CMOXKMBAHHA BEIMKOT KiIbKOCTi — A0 Uykposo2o diabemy.

3i 3HUXEHHAM BXUBAHHA XUpPi6 3MEHLIYETbCA HaAXOAXKEHHA XMPOPO3UYNHHUX
BiTaMiHiB, O MOXe CNPUUYUHUTI 2in08IMAMIHO3U 3a XNPOPO3UNHHMMU BiTaMiHaMM
A, D, E i K. Uumun nopylueHHAMM € KypaYva cninoTa, paxiT, 6e3nnigHicTb, nopyleHHs
3cCijJaHHA KPOBi TOLWO. KpiM TOro, MOXe CnocTepiratuca HecTava He3aMiHHUX KUPHUX
KUNCJIOT, L0 3yMOBJTIOE MOABY LUKIPHNX 3aXBOPIOBaHb, MOPYLUeHb 0OMiHY pe4yoBMH, NO-
LUKOAXKEHHA MITOXOHAPIN Ta iH. 32 HAAMIPHOIO BXMBAHHA HACUYEHUX XUPHUX KNCSIOT
MO>Ke MiABULLYBaTUCA BMICT XONecTepoy, Wo NPU3BOANTb A0 YTBOPEHHA XOBYHUX
KaMeHiB, aTepocKneposy. 3 nid8UWEeHHAM y pauioHi micmy xupie 36inblyeTbca Bif-
KrafaHHA XMpy B OpraHismi.

OTXKe, AK HecTaya, Tak i HaaAANWOK NOXUBHUX PEYOBUH
npu3BOAATb A0 MOpYLeHb OOMiHY PeUYOBUH i PO3BUTKY 3aXBOPHOBaHb,
TOMy XapuyBaHHA Ma€ OyT! NOBHOLHHMM i JOCTaTHIM.

§ 30. PauioHanbHe XapuyBaHHA — OCHOBA HOPMaJIbHOTO O6MiIHY PEYOBIH

RIANIbHICTb
3 [ocnigHuubka po6oTta
Mpugb6anTe B MarasuHi xapuoBuii NPOAYKT 3 MapKyBaHHAM i AOCNiAiTb NOro

XapyoBi AKOCTi 3a LJOMOMOrO0 ETUKETKN. 3aMOBHITb Tabnuuto.
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Ta6nuua. XAPAKTEPUCTUKA XAPYOBOTIO MPOAYKTY
O3Haka XapakTepucrtuka

Ha3Ba xapuyoBoro npogyKry
lpyna npofyKTiB (3a NOXOAKEHHAM)
Cknag: a) NoXuUBHI peyoBUHY; 6) AOJATKOBI
pPEeUYoBUHY; B) XapuoBi 4OOABKN
OyHKLii Xap4YoBOro NPOAYyKTY
XapuoBa UiHHICTb (MOXMBHICTb)
EHepreTuyHa UiHHICTb (KanopinHicTb)
KpaiHa-BMpOOHMK

bionorisa + Hayka. Meta6onom niognHu

Bce nonynapHiwumn cTaloTb Yy Hayui gocni-
IKEHHA MeTabonomy NofMHU, TOOTO BCIi€l CyKynHO-
CTi BILHOCHO HeBEeNMKMX MOMeKys-MeTaboniTis, LWo
byHKLiOHYOTb Y KniTHax opraHismy. Y 2004 p. B Ka-
Hafi CcTapTyBaB MiXHapoAHUIN npoekT «MeTabonom
noguHny» (Human Metabolome Project). Ha cborogHi
HayKoBLi BXe oxapaKkTepu3ysanu 2500 meTabonitis,
1200 nikapcbKkmx npenapatis i 3500 XxapyoBMX KOMMOHEHTIB, WO iX 3HalAeHOo B opra-
Hi3Mi IIOAVHN. AKe 3HaYeHHA LMX 4OCAiAKeHb ANA 340POB'A NoAMHN?

CTABJIEHHA

bionoria + [lietonoris. liecra DASH

AHrnincbka abpesiatypa DASH (po3wmndposy-
etbca aKk Dietary Approaches to Stop Hypertension)
O3Haya€ «XapyoBi Nigxogn onA NPoOTUAIl rinepTeHsii».
[loBefeHo, WO UA BereTapiaHcbKa fi€Ta epeKTUBHO
3HMXKYE Macy, PiBeHb XONeCTepuHY, a TaKOX 3MeH-
LIYE PU3MK OEKINbKOX TUMNIB paKy, cepueBO-CyaNHHUX
3aXBOPIOBaHb, IHCYNbTy, CepueBOi HefoCTaTHOCTI,
iwemiyHoi XxBopobu cepus, yTBOPEHHA HUPKOBMUX Ka-
MeHiB, piabeTy. 3acTocyiiTe 3HaHHA peKomeHgauil
010 paLiioHanbHOro XapuyBaHHA Ta OLiHITb NepeBa-
I 1 HeJONiKN BereTapiaHCbKOI ieTn.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take pauioHanbHe xapyyBaHHA? 2. Ha3BiTb OCHOBHI NPMHLMNM palioHanbHO-
ro xapuyBaHHs. 3. LLlo Take eHepreTnyHmin 6anaHc niogmHu? 4. Ha3giTb OCHOBHI Me-
1-6 |TOAM BUMipIOBaHHA eHepreTUUYHNX BUTPAT NtoanHW. 5. HaBeditb npnknagn xsopoob,
NPUYMHOIO AKUX € HAAULWIOK MOXMBHUX PEYOBKH. 6. HaBediTb Npriknagm xsopoo,
NPUYNHOIO AKKX € HECTAYa MOXKUBHUX PEYOBUH.
7. Yomy pauioHanbHe xapuyyBaHHs € OCHOBOI HOPMaJSIbHOro OOMiHY PeyoBUH?
7-9 | 8.k BU3HAUYa€ETbCA eHepreTUUHMI 6anaHc opraHiamy noanHn? 9. AKi Hacnigku He-
CTaui UM HaANIMLLIKY NOXKMBHNX PEYOBUH B OPraHi3mi nlognHn?
10. OUiHiTb 3HaYeHHA paLliOHaIbHOIO XapyyBaHH:A K OCHOBY HOPMasibHOTO 0OMiHY
PEYOBUH.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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Yyxa yyxuHa He noxariie.
1. Muprut

§ 31. HeratnBHMI BNANB Ha OOMiH Pe4YOBUH YYKOPigHNX
CMONYK Ta iX 3HELWKOAKEHHA B OPraHi3mi nioguHv

OCHOBHi NMOHATTA 1 Knto4oBi TepmiHn: KceHobGioTukn. lNMcnxoaKTmBHI
peuoBuHU. bioTpaHcpopmauis.
Mpwuragarite! Lo Take 0O6MiH peyoBUH?

‘\ 3HaliomTeca!

MabyTb, BCi B1 uynu TepMiH «OpraHiyHi
npoaykTu». BiH acouileTbcsa 3 uMmoch besneu-
HUM Ta eKoNoriyHMM. MNprHaNMHI, 6e3neyHilwmm
Ta €KOMOTIYHIWMM, HIXK Te, O MU LWOAHA BXMBAE-
MO B Xy. | Lie fificHO TaK, a>ke opaaHi4Hi npoodyK-
mu (6ionpogyKTn, organic food aHrniicbKotw) — ye
npodykmu, 8uU20mMo8JIeHHA AKUX nepedbadyae
MiHiMa/lbHe B8UKOPUCMAHHA hecmuyuois, CUH-
memuy4HuXx mMiHepaneHuUx 006pus, pe2ysamopis pocmy, Wmy4yHUX Xap4osux 006asoKk.
Lle npogykTn 6e3 KCeHObIOTUKIB (Bif FpeL,. KCeHOC — Uy»KWnii, 6ioC — XNUTTA).

3MICT

Y yomy nonsArae HeraTBHUI BMJINB KCEHOGIOTMKIB Ha opraHiam
nognuHn?

KpiM MOXUBHMX PEYOBMH B OPraHiaMm JNIOAMHU 3 XapyoBMMMK MNPOAYKTaMU,
NoBITPAM, NMUTHOI BOAOK abo Kpi3b LUKiIPY MOXYTb MOTPANUTK A YyXOPifgHi XiMiuHi
PEYOBVHMY, WO iX HAa3MBaloTb KCeHObioTKamu. Lli peyoBMHU He BUKOPUCTOBYIOTbCS B
OpraHi3mi Hi AK NAaCTUYHWUIA, Hi AK eHepreTUUYHNiA MaTepian. [lo KceHobioTUKiB Hane-
aTb 0IOKCUHU, JTIKU, HAPKOMUYHI pe4o8UHU, hecmuyuou, MiHepasabHi 006pusa, MuliHi
3acobu, padioHykniou, cuhHmemuyHi 6apsHuUKU Ta iHWi. HanHe6e3neuHiwymy y Uin
rpyni € AIOKCUHKW, NeCTULMAN, CMIONYKN BaXXKNX MeTaniB, HiTpaTu.

JiokcuHu - rpyna xnopoBMiCHMX BYrNEBOAHIB i3 MOTY>KHOI TOKCUYHOI fii€l0 Ha
opraHism. HanHeb6e3neyHilWmmmn gxxepenamm JioKCMHIB € NigNPUEMCTBA 3 XJIOPOBMIC-
HUMW TEXHOJNIOTIYHUMK Mpouecamn (XiMiyHi, Lentono3HO-NanepoBi, MeTanyprirHi),
CMITTECNantoBanbHi 3aBoAy Ta 3Banuua xiMiyHUX Biaxopis. CnantoBaHHA Oyab-AKMX
XJIOPOBAHUX BYINEBOAHIB (rymMu, MOPOSIOHY, NiHONEYMy, NONieTUeHyY, NNacTuKy) cy-
NMPOBOAXKYETbCA BUKMAOM LMX CNONyK B atMocdepy. [iokcnHM Jo6pe po3umHAITLCA
B KMpax i TOMy B OpraHi3am HaXoAATb rOJIOBHM YMHOM i3 M'ACOM, pr6OIO Ta MOTOKOM.

Mecmuyudu - ximikaTu, L0 BUKOPUCTOBYIOTbCA ANA 60pOTbOM 3i WKIgHUKaMK Ta
ANA 3aXUCTy pocnivH. OcobnmMBoO Hebe3NeYHNMN € XIIOPOOPraHiuHi necTuungn (rek-
caxyiopaH, nonixnoponiHeH), pochopoopraHiuHi iHcekTUUMAN (grxnodoc, Kapbo-
doc, xnopodoc), pTyTbopraHiuHi peuoBrHY (rpaHo3aH). Yci 63 BUHATKY nectuungn
3a peTeNibHOro BMBYEHHA BUABNANM ab0 MyTareHHy, abo iHLY HEeraT1BHY Lilo Ha X1BY
npupogdy i nioguHy. bnnsbko 90 % ycix dyHriuungis, 60 % repbiungis i 30 % iHceKTULN-
[iB € KAaHLePOreHHMM CNoNyKaMu.

Y 3B'A3KY 3 aHTPOMNOreHHVM BMIMBOM 3HAaUYHO 3picC piBeHb 3a6pyAHEHHA [OBKINNA
cnonykamu saxkkux memanie (Cu, Ni, Cd, Zn, Pb, Hg). Brucoka noteHuinHa Hebe3ne- 121
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Ka 3abpyfHEeHHA HMMM 3HAYHOK MipOI NOB'A3aHa 3 iX 3AaTHICTIO [0 HAKOMUYEHHS.
CnonyKku BaxKKUX MeTaniB BUABNAIOTb TOKCUYHY Aito Ha 6inKu, nopyLyoym LM Big-
noBigHi GyHKLUiT opraHismy.

OcobnmBoi yBaru y 38’a3Ky 3 HaAIMLLKOBMM BMICTOM Y XKMBill peyoBUHi noTpeby-
I0Tb Himpamu. Lle TepMiuHO HecTilKi, LO6pe PO3UMHHI Y BOAI CMONYKK, AKI MOXYTb
HaKoMM4yyBaTUCb B KOPeHennoAax i nnogax pocavH. Cami HiTpatn He € OTPYNHUMU,
ane B OpraHiami NIOANHN BOHN NEePEeTBOPIOIOTbCA Ha HITPUTK, AKI B3aEMOSIOTb 3 re-
MOr1I06iHOM KpOBi. B opraHiami nopyLyeTbcsa TKaHWMHHE AUXaHHA, BHAaCMiAOK YOro
PO3BUBAETHCA XBOPOOa MeTreMornobiHemis. Kpim Toro, fia HiTpUTiB € Hebe3neyHot
[ANA OpraHiaMy yepes yTBOPEHHA KaHLePOreHiB — HITPO30aMiHiB.

OTXe, KCeHOBIOTUKI — YYXXOPIOHi pedoBUHU, W0 HE CUHMe3YIoMbCA 8 OP2aHi3Mi
JII0OUHU, ase nompaniAayu 8cepeduHy abo Ha NOKPUBU Mifid, MOXymb CNpUYUHAMU
anepeziyHi peakyil, Mymayii, xeopobu, nocnabnoeamu imyHimem, nopywysamu o6MiH
pevyosuH mouwjo.

AKuin HeraTUBHUIA BNJINB NCUXOAKTUBHUX CMONYK Ha 06MiH peuoBUH B Op-
raHismi nioguHn?

McnxoaKTUBHI PeYOBUMHM — peyOBUHU, W0 CNPUYUHAIOMb 38UKAHHA MAd 34/1eX-
HicmMb 3a yMO8 cuCmeMamuyHO20 iX 8XKUBAHHS, BHAC/IIOOK Y020 3MIHIOEMbCA NOBEOIHKA
J100UHU. [10 L€l rpyny peyoBMH HanexaTb allkorosb, HIKOTUHOBMICHI, onioian, KoKa-
TH, CHOTBOpPHI, 6apbiTypaTy Ta iH.

Bci ncnxoakTyBHI pevoBrHY BMANBAKOTb HA POOOTY rONIOBHOIO MO3KY NIOAVHN:
NPUCKOPIOIOTL Nepefavy CEHCOPHUX CUTHANIB ab0o NepeLIKOAKaloTb HEPBOBUM LieH-
TpaM BUKOHYBaTu CBOI QyHKLii. B ocHOBI edeKTiB, 3yMOBNeHMX [i€l0 MCUXOTPOMHUX
pPeyoBMH, — iX BMAMB Ha HenpomediaTopu (pevyoBMHMU, WO NepefatoTb CUrHanNu Big
O[HOTO HeMpOHa A0 iHWOoro). HannownpeHiwnMy peyoBnHamMn L€l Tpynu € eTaHon,
HiIKOTUHOBMICHI (is1. 78) 1 HAPKOTUYHI PEYOBUHN.

EtaHon (eTnnoBui cnupT) y KNiTMHaX NOCTINHO
YTBOPIOETLCA Ha eTarnax o6MiHy ByrneBogis. Y HOpMi
Y KPOBi IIOAWHU 3aBXAN MiCTUTbCA 651M3bko 0,001-
0,015 r/n cnnpty. HeBenuka KinbKicTb eTaHONY He €
Hebe3MeyHo0, OCKINIbKM WBUAKO 3HELLKOOKYETbCSA
dbepmeHTamMy neviHkn. Bnnve ankorosno Ha npoue-
cn 0OMiHY B OpraHi3mi, Ha CTPYKTypYy KNiTUH CKna-
JA€eTbCA 3 Aii ABOX PeYOBUH — €TUIOBOro CNUPTY Ta
noxigHoro aueTtanbferigy, WO CNPUYUHAE Pi3HO- [n. 78. TIOTIOH CMpaBXHin
MaHiTHi pO3flagn BHYTPIWHBOKAITMHHOrO o6MiHy.  (Nicotiana tabacum) - pocnuka
HalBaxknMBIlWMMN 3 HUX € YLWIKOAXEHHA MeMb6paH, PoAvHY MacnboHOBi
NOpYyLUEHHA OKMCHO-BIAHOBHMX pPeaKUill, Hectaya MOXXMBHUX PEYOBUH, 3HUXEHHA
LIBMAKOCTI CMHTE3Y 6inKiB, 3MiHU B 0OMiHI HellpomepiaTopiB, MOPYLLEHHA MexaHi3MiB
perynauii dyHKUi opraHiamy. 36inblueHHA KiNbKOCTi eTaHoNy B OpraHi3amMi Np1M3BOAnUTb
J10 BUHUKHEHHA MeTaboniuHOT 3aneXKHOCTI Bifj HbOro.

Y TIOTIOHOBOMY AMMI LWIKIANMBKX cnionyk 6arato (YagHuii ras, 6eHsnipeH, dop-
Manbherig, aueTanbaerig, 6eH3eH Tollo), ane HalHebe3neyHilM € HIKOTUH. Lle
ankanoif, Wo B opraHismi BUABAAE HEPOTOKCMUHY OTPYIHY aitlo. MaeTbcsa npo ek-
30reHHUN HIKOTUH. Y camOMy OpraHi3mi MiCTUTbCA BAaCHWUI NPUPOAHNIA €HAOTreHHUIA
HIKOTWH, WO CUHTE3YETbCA KNITUHAMK MEYiHKM B HEBEJMKMX KibKOCTAX i BXOAUTb AO

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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cknapy 6aratbox dbepmeHTiB, Wo 6epyTb yyacTb B 0OMiHI peyoBuH. Ha BigMiHy Big
TIOTIOHOBOTO HiKOTVHY Lisi PeUOBMHA HeoTpyiiHa. LLlo X BifgOyBa€eTbCA, AKLO HIKOTUH
noTpanAEe B OpraHiam nig yac TIOTIOHOKYPiHHA? OpraHi3m NognMHY nepecTae BUPoo6-
AT CBi HIKOTWH i CTAE 3aNeXXHUM BiJ TIOTIOHOBOTO.

HapkomuyHi pe4o8UHU — 4yXOpiOHi W000 0OMIHY pedo8UH CNOJYKU, WO Cnpu-
YUHAOMb 3a/1eXXHICMb YHACTIOOK 3aMiujeHHA OOHIEI 3 pe4o8UH NpUPOOHO20 Memabo-
ni3my. AK 3acBiguUMNN [OCNIAXKEHHA, TONOBHUI MO30K CaM BUPOOAAE peyoBMHU, AKI
UMHATDb Ail0 Ha NeBHi HEPBOBI LLIEHTPU MO3KY, L0 BUKVKAE Y IIOANHM NOYYTTA 3a40-
BOJIEHHA. YCi noBefiHKOBI akTW, AKi MaloTb 6ionoriyHy Ta couianbHy 3yMOBREHICTb,
CYNpPOBOLXKYIOTbCA NO3UTUBHUMU eMoLisMmu. OpraHiam Hibn cam cebe CTUMYNIOE Ha
npasunbHy nosefdiHKy. Qi3ioNnoriyHUN MexaHi3m nonArae B TOMy, WO Mif yac 3ago-
BOMeHHA noTpeb NiaBuLWYyeTbCA CMHTE3 eHAop®iHiB (eHKedaniHiB), WO BMKNMKaOTb
No3nTUBHI emouil. MNpu BXXMBaHHI HAPKOTUKIB GOPMYETLCA 3aNEXHICTb, | HAPKOTUYHI
pPEUYOBUHM CNPUIAMAIOTLCA OpPraHi3aMom AK eHaopdiHM 1 eHkedaniHu.

OTKe, NCUXOAKTVBHI PpeYOBUHMN MalOTb BUPAXKEHUI HEVMPOTOKCUUYHNN i
MCUXOPYMHIBHUIN epeKT, NogiObHICTb 4O BHYTPILWHIX YNHHUKIB OOMiHY peyo-
BVH i, 3aMiHAOUM iX Y Mpouecax XUTTEQIANbHOCTI, CMPUUYNHAIOTb 3aNeXKHICTb.

AK Bif6yBa€eTbCA 3HELKOAKEHHA TOKCUYHUX CMOMNYK B OpraHi3mi niognHn?

bioTpaHchopmalia — 3HeWKOOKeHHS MOKCUYHUX pedOB8UH WJ/ISXOM nepemeo-
peHHA iX y MoseKynapHy ¢opmy i3 3miHeHUMU 6iono2iyHUMU 81acmusocmamMu i suse-
0eHHs 3 op2aHi3my. barato WKIigAVBUX PeYOBVH, MOTPANMBLLL B OPraHi3m JOAMHMY,
3a3HaloTb 3HELKOAKEHHA | BUAINAIOTbCA Y BUrNAQi meTaboniTis. B opraHiami Takox
3HELWKOMXKYITbCA KiHLEBi NPOAYKTU MeTabosi3my, WO MatTb NOTEHUINHO TOKCUYHI
BJIaCTUBOCTI ()KOBYHi MiIrMEeHTWN, aMOHiaK), MPOAYKTU FHUTTA GiNKiB y TOBCTIM KMLIL
(beHonu, iHgonu, ckatonu).

B opraHi3mi niognHN 3HEWKOAXKeHHA Hebe3neyHux CnonyK 3AiNCHIOE nedviHka
3a yyacTi crneuianbHUX GepMeHTIB i MeMbpaHHUX PeLenTopiB, AKi PerynionTb IXHIO
aKTUBHICTb. 3HELWKOAKEHI CMONYKM BUAANAIOTHCA 3 OpraHi3My i3 ceveto abo XKoButo.
bioTpaHchopmauia kceHobioTUKIB BiOYyBaeTbCA y ABI da3u:

1-wa ¢asza: moougpikayis — ue OKMCHO-BIAHOBHI Ta riApoONiTUYHI peakuii, Wo
KaTanisyloTbca dpepmeHTamm EMNC (untoxpom P450, enokcugrigponasa). Monekyna
KceHobioTuKa 36arauyeTbca GpyHKUioHanbHMMKM rpynamm (-OH, -COOH, -SH, -NH,),
WO pobUTH il PO3UMHHOI Y BOA.

2-ra pasza: KoH'l02ayia — peakuii cMHTe3y 3a yyacTti depmeHTiB-TpaHchepas. [lo
NMPOMIXHUX MPOAYKTIB MeTaboniaMy NPUERHYIOTLCA eHAOTeHHI Monekynu (rnokKy-
pPOHOBA KMC/OTa, CyNbpaTHA KUCIOTa, FyTaMiH), Y pe3ynbTaTi Yoro yTBOPKTbCA
NONAPHI CMONYKM ANA BUAANEHHA 3 OpraHiamy.

YnpopoBx 6aratbox POKiB MepeTBOPEeHHs KCEHOBIOTUKIB B opraHiami po3srns-
JAETbCA TiNbKN AK NO3UTMBHE ABULLE, CMPAMOBaHE Ha 3MEHLIEHHA TOKCUYHOCTI, a
BMNaAKM 36iNblUEHHA TOKCUYHOCTI BBaXanuca BUHATKOM. OfjHaK i3 yuacom 6yno BcTa-
HOBJIEHO, WO NiABULLEHHA TOKCUYHOCTI € WWBMUALIE MPaBUIIOM, aHiXK BUHATKOM. Yepes
Te TepMiH 6iompaHcgopmayis € TOUHILLM, HiXK O0emoKcUKauis.

§ 31. HeratusHwWiA BNAMB Ha OOMiH PEUOBUH UY>KOPIAHMX CMOJYK Ta TX 3HELUKOAXKEHHA B OpraHi3mi noamHun

OTXe, XMBMM OpraHiamam BfIaCTUBI MeXaHi3M/ 3HELIKOAMKEHHA
Ta BUOANEHHS TOKCUUYHUX PEYOBMH, O MaloTb EK30reHHe abo

€HJOreHHe MOXOAMKEeHHS. m
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BIANBbHICTb

x/‘ CamocrTiiiHa po6oTa 3 Tabnuueio

3anoBHiTb y poboyomy 30WwunTi TabnuLo Ta 3pobiTb BUCHOBOK MPO yYacTb CUCTEM
OpraHiB y 3aX1CTi OpraHiamy NoAMHN Biff KCEHOBIOTUKIB.

Cucrema OpraHun 3Ha4yeHHA
TpaBHa
[OuxanbHa
CeyvoBupginbHa
LWkipa
IMyHHa

bionoria + MeguuunHa. Bitamin PP

HikomuHosa kucnoma (HiauuH, BiTamiH Bs, BiTamiH PP, aHTMnenarpiyHun BiTa-
MiH) — BOAOPO3UYMHHWI BiTaMiH, AKMIA MA€ HaCTiINTbKM KOPUCHI BNAaCTUBOCTI, Lo odilin-
Ha MeJMLMHa NPUPIBHIOE NOro A0 NiKiB. ilke 3HaYeHHA BiTamiHy PP B 0OMiHi peuyoBUH?
Ha3BiTb Xap4oBi NPOAYKTY, LLO MICTATb BiTaMiH PP.

CTABJIEHHA

bionoria + flieTonoria. KutHiin xni6

Xni6 y xapyoBOoMy pauioHi NOAUHY NOCIAAE 0Cco6-
nuBe micue. [lieTonorn pagaTb AOPOCAiN NOAWHI ynpo-
JOBX AHA 3igatTm 6nmsbko 150-200 r XKUTHbOFO 1
150 - 200 r nweHn4YHoro xniba. BusHaute nepesaru i
HefoNiKN BXNBaHHA XNTHbOTO X/i6a. OLiHITb 3HAaYeHHA
MUTHBLOTO XJ1iba Y 3HeLKOAMKEHH| TOKCUUYHNX PEYOBVH.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo Take KceHOGioTUKIM? 2. HaBeAiTb NpUKnagn HanWKigaMBiWmMx KCeHOBIOTHKIB.
3. o Take ncnxoaKTuBHI peyoBuHK? 4. HaBegiTb NpuKnagn NCMXo0akTUBHUX peyo-
BUH. 5. LLlo Take 6ioTpaHchopmauia? 6. Ha3giTb ABi 0CHOBHI ¢pa3n bioTpaHcpopma-
Lii KCeHOGIOTVKIB B OpraHi3mi noanHM.

Tema 2. OBMIH PEYOBWH | MEPETBOPEHHA EHEPTII

7. Y YoMy nonAra€ HeraTMBHWIA BMIMB KCEHOGIOTMKIB Ha OpraHiam nguHnu?
7-9 |8.Y yomy nonArae HeraTMBHWIN BMIVB Ha OOMiH PEUOBVH NCUXOAKTUBHUX PEYOBUH?
9. AIK BifOYBaETbCA 3HELLKOAMEHHA KCEHOBITVKIB B OpraHi3mi NioanHn?

10. O6rpyHTYINTE 3HAYEHHA Pi3HMX (i3i0NOFIYHUX CUCTEM OpraHi3My NoAVHA AnA
3aXUCTY Bifj KCEHOBIOTUKIB.

10-12
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lpowi — miOb, 0052 — ye mJiiH, a 300p0o8’s — cnpaesxHili ckapb.
HapooHa mydpicme
§ 32. HenporymopanbHa perynsuisa npoueciB metabonismy
B OpraHismi niognHm
OCHOBHi MOHATTA 1 KNIOYOBi TepmiHu: Perynsauia o6miHy pe4yoBuH Ta
eHeprii.
MpurapainiTte! Lo Take 06MiH peUOBUH i NEPEeTBOPEHHA eHeprii?

MomipkynTe!

XTO Mo-cnpaBXHbOMY LMPUI 3 HaMWK, Bigda-
HUI HaMm i MoOWTb Hac, XTO NMPUHOCUTb PAZICTb i Aapye
TensnoTy, PATYE Bif CaMOTHOCTI i 3aniKOByE AyLIeBHi
paHn? Hy, 3BMYaNHO X, Hali TBAPWUHW, Hali BAAYHI
" BipHi Apysi, y AKMX BCiM Ham BapTo 6arato uoro
nosuntuca. Ocb nuwe pfekinbka HaykoBuX OaKTiB
NpPOo NO3UTUBHWI BMIMB AOMALLHIX TBAPWH Ha NIOAUHY:
3HUXKYIOTb BIPOriAHICTb NPOABIB aneprii, NiABMLLYIOTb
CaMOOL}iHKY, 3MiLJHIOTb iIMYHITET, N036aBNATb Bifl HEraTMBHUX eMoLii Towo. A we
AKI YWHHVKN BNJIMBAOTb Ha OpraHiam noguHu Ta ii 0OMiH peyoBrH?

3MICT

AKi YAHHMKM BNAMBAIOTb Ha Npouecn metabonismy B opraHismi
nognHn?

YnHHMKM perynauii meTaboniamy BU3HauyalTb
iHTEHCMBHICTb NpoLeciB HAAXOAKEHHSA, NepeTBOPEHHSA
7 BUAANeHHA PeYOBIH Ta eHeprii. Ix noainaoTb Ha cTa-
TWUYHI N AVHAMiYHIi, 30BHILLHI 1 BHYTPILLHI.

YnHHUKK perynsauii metabonismy, wo He nigaa-

I0TbCA KOpeKLii 3 60Ky NoAnHY, Ha3MBalOTbCA CTaTUu-
Humwn. Lle cnadkogicms, cmame, mun cmamypu mina,  TPRP T F—
8iK, Hep8o8i I eHOOKPUHHI 8nauBU pe2yssmOpPHUX Cu- PaLioH 1 PEXIM XapuyBaHHs,
cmem. TaK, 3 BIKOM iHTEHCUBHICTb OOMIHY 3HVWXKYETLCA | vaca Tina, eMowiiHi CTaH,
Ha 7 - 10 % KOKHi fecATb pOKiB, focAratoYn B CTapocCTi COH, di3NUHa aKTUBHICTb,
CBOro MiHiMyMmy, a NPOCTYAa 4n TPaBMW aKTUBI3YylOTb XPOHiYHi XBOpO6U
06MiHHi npouecn. O6MiH peyoBUH y YONOBIKIB Y cepefi-
HboMy Ha 10 — 20 % BULWNN, HIXK Y XKIHOK, OCKINbKM Y HUX BiACOTKOBA YacTKa M'A3iB €
6inbLIoKo BiZHOCHO Macy Tina. Bucokni piseHb 06MiHy peyoBUMH y UTAYOMY Billi No-
ACHIOETbCA BUCOKOIO aKTUBHICTIO MPOLECiB, MOCMNEHUM POCTOM TKaHWH. Y noxuaomy
BiLli nopAg i3 3HVXKEHHAM BMICTY BOAW, KiIbKOCTI 1 aKTUBHOCTI KNITUH 3HUXKYETbCA 1
M’'A30Ba aKTUBHICTb.

B iHWy rpyny 06’eaHy0Tb YAHHVIKM, BB AKUX JTIOAMHA MOXE 3MiHIOBATH. IX Ha-
3Ba/In AVHaMIYHUMM. Lle payioH i pexxum xap4yy8aHHAa, Maca mina, ncuxoemouyitiHuu
CMQH, COH, Pi3UYHA AKMuUBHICMb, XpOHiYHi X80pobU. BaxXnvBum € BNVB Ha 0OMIH pe-
YOBWH 3arasibHOI KifIbKOCTi 1 cknagy iki. Pa3om i3 reHeTMYHUMUN YNHHUKaMK Ta CNOCOo-
6OM XKNTTA Came ’Ka BU3HAYa€E CTaH 340POB'A KOXKHOI KOHKPETHOT ntoanHu. Hepgapma
iCHYIOTb NprKasku «Mu € Te, Wwo mu iMo», «CBOIO XBOPOOY LyKall Ha AHi CBOEI Tapin-

YNHHUKU PErYRALIi
METABONI3MY
CTaTU4Hi YMHHNKKN
CnagkoBicTb, CTaTb, TMN
CTaTypWu Tina, BiK, BNANBK
perynaTopHuX cucTem

§ 32. HenporymopanbHa perynsuia npouecis metaboniaMmy B opraHismi nogrHu
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K. MpriiMaHHA X NiaBULLYE IHTEHCUBHICTb OOMIHY PeUYOBWUH, LLO TPUBAE NPOTArOM
5 - 6 rog. Takuii BNAMB Ki Ha piBeHb OOMiIHY peuyoBMH Ta eHepril Ha3MBaETbCA
MOACHIOIOTb BMJIMBOM Ha KNITUHW NPOAYKTIB pOo3nagy ! MPOMIXKHOro 06MiHy, akTMBI-
3aLi€l0 NepuUCTanbTUKN KULIEYHWKY | TOCUNIEHHAM PO60TU TPaBHMX 3ano3.

Ha meTtaboniam BnivBaloTb 30BHIiLUHI /I BHYTPilWHI YMHHUKW. Tak, TpuBanui
BMJIVIB Ha OPraHi3m fAVHN HU3bKOT TeMNnepaTypu NiaBurLLyE O6MiH PEYOBUH (3i 3HU-
KeHHAM TemnepaTtypu nosiTpA Ha 10 °C piBeHb 06MiHY MiABULYETLCA Ha 2,5 %). [o-
60Bi Ta CE30HHI 3MiHV B NPMPOAI BU3Ha4aloTb CNafikoBY PUTMIUHICTb NpoLeciB 06MiHy
peyoByH. Tak, NiaBULLEHHA iIHTEHCMBHOCTIi 0OMiHY PeUYOBMH CMOCTEepPiraeTbCA HaBEeCH
Ta pPaHHIM JTITOM, @ 3HMKEHHA — Mi3HbOT OCeHi 11 y3uMmKy. g yac BignoumHKy o6MmiH pe-
YOBWH 3HMXKYETbCA Ha 13 % (3a paxyHOK po3cniabneHHA ckeneTHMx m'asis). Ha piBeHb
06MiHY BNAIMBAOTb 1 TaKi BHYTPILIHI YAHHUKM, AK FTOPMOHI Ta y4acTb eHepreTuyHmX
cucTem y 3abesneueHHi KNiTnH eHeprieto. Lle docdatHa cuctema ATO (3abesneuen-
HA eHepri€lo Ha Yac, MeHwWwwni 3a 30 ¢), rikonisHa (aHaepo6bHa) (Bia 30 ¢ o 3 xB) Ta
aepobHa (Ha vac, 6inbwuii 3a 3 XB) CUCTEMWA.

OTXe, Ha MeTaboniam BMAMBaOTb CTaTUYHI 1 ANHAMIYHI,
30BHILUHI Ta BHYTPIWHI YNHHWKW; IXHA B3aEMOAIA BM3HAYaE
0CO6NBOCTI OOMiIHY PEUOBUH Y KOXHOT JIIOAUHM.

Ak perynioeTbca meta6oniam B opraHismi nioguHun?

Perynsauis o6miHy pe4yoBUH Ta eHepril — CyKynHicme pigHe8o Op2dHi308aHUX
6ioximiuHux U ¢hizionoziuHUX npoyecis, ujo 30iliCHIOMb NPUCMOCYB8AHHA 06MIHY peyo-
8UH U eHepeail 00 nompeb opzaHizmy. Ha MonekynsapHoOMy piBHi opraHi3auii opraHis-
My NOAVHN BifOyBaETbCA 2eHeMUYHA pe2ynAyis, WO BU3HAYAE CUHTE3 pepMEHTIB.
Perynsuia Ha piBHi reHis Befe [0 36iNblIeHHA Y/ 3MEHLUEHHA KOHLUEHTpaLii T!x um
iHWKX pepMEHTIB LWIAXOM BMAUBY Ha aKTUBHICTb GEPMEHTHUX FreHiB perynatopHmx
6inkiB-iHQYKTOPIB UM penpecopis. Lei Tvn perynauii o6MiHy peyoBUH BUPI3HAETb-
CA BUCOKOW creyundivHicTio, ane cam npouec BifOyBa€TbCcA MOBINbHO (3a3BMYal
roguHamu).

KnimuHHa peaynayia rpyHTyeTbca Ha 0COGMMBOCTAX B3aemofil depmeHTy i
cybcTpaty. 3a HasABHOCTI CybCTpaTy KNiTMHa CUHTe3ye pepMeHT, 3a BiACYTHOCTI —
NPUNUHsE cnHTe3. OKPiM TOro, aKTUBHICTb GEPMEHTIB y KNITUHAaX 3aNeXNTb Bif YMOB,
B AKX Ai€ depMmeHT, a came Big pH cepenoBuLLa, TeMMepaTypu, KOHLEHTpaLUil Ak dep-
MEHTY, TaK i cy6cTpaTy. Hanprknag, HakonUUeHHA KMCIUX NPOAYKTIB peakuii Moxe
CNOBINBHUTY WBUAKICTb BioKaTaNiTMYHOT peakLil.

TymopaneHa peaynayia obMiHy peyoBUH Ha PiBHI opraHi3My nonsrae B Aii rop-
MOHIB Ha aKTUBHiCTb depMeHTy abo Ha HiAanbHICTb TKaHWH Ta opraHis. Hanpuknag,
TUPEOTPONHWIA FOPMOH rinodiza BAAMBAE Ha LWUTOMOAIGHY 3a103y, AKa MOXe cekpe-
TyBaTy Ginblue Ym MeHLLEe TUPOKCUMHY, O Befe [0 NPUCKOPEHHA Y/ CMOBiNIbHEHHA 06-
MiHy peuyoBUH. lymopanbHa perynsis o6MiHy pe4oBMH Ma€ NOBINbHY perynoBanbHy
Zito, i Il NpoABM nignopAagKoBaHi HEPBOBIN cucTemi. PerynioBanbHa AiAa rOPMOHIB €
pi3HOGiIUHOI | MOXe ByTV peanizoBaHa Yepes akTMBaLi N NPUTrHIYeHHA GpepMeHTIB,
6iocrHTe3y 6inkKiB, 3MiHy NPOHUKHOCTI KNITUHHUX MemMOpaH ToLlo. fopmMoHM b6epyTb
BaX/IMBY y4yacTb K Y mepMiHosil pe2ynauil, Tak i y mpusanit peaynauii (apanTauii)
0OMiHY PeuYoBUMH JO YMOB CEpPefoBULLA, KifIbKOCTI Ta AKOCTI BXMBaHOI i, peryns-
LiT HAAXOLKEHHA | 3aCBOEHHA KiNbKOCTI PiAUHN Ta eNeKTPOsiTiB B opraHi3mi. licna

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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peanisauii cBOiX QYHKUil BifbyBaeTbCcA pyNHYyBaHHA rOPMOHIB. HeBenmka yactuHa
3a/IMLWKIB FOPMOHaNbHUX MPOAYKTIB MOXe 3HOBY pPeCUHTE3YBaTUCh Y TOPMOHM, ane
6inbLua iX YacTMHa NigAAETbCA HE3BOPOTHOMY KaTabonismy. BuganeHHs ropMoHis Ta
TXHiX MeTaboNiTiB 3L4iINCHIOETLCA NEPEBAXHO i3 CeUelo 1 XKOBUH0.

Hansuwum pisHem perynsauii o6MiHy peyoBMH B OpraHi3mi NI0auHN € Hepeoea
peaynayia. KoHTponb 3a 06MiHOM PEUYOBUH 11 MePETBOPEHHAM eHeprii HaneXnTb 4O
iHTEerpaTUBHMX NPOLIECIB, WO PErynoloTbCA rinoTanamycom. Kpim LeHTpis ronogy, cu-
TOCTi 11 cnparu, LeHTPIB, Lo peryntoioTb 06MiH 6inkis, Byrnesogis, ninifis, BOAHO-Co-
NboBUIA 0BMIH, Y rinoTanamyci po3mileHuii i LeHTp Tepmoperynauii. BoHn noeaHaHi

B OAVH iHTErpaTMBHUI LEHTP, AKNUI pery-
noe yci Ui npouecn. HanyacTiwe Hepso-
Ba CUCTeMa CBOI PErynatopHy OyHkLio
30iNCHIOE 4Yepe3 eHOOKPUHHY CUCTemy.
flckpaBUM NpUKNagoM LbOro 3B'A3KY €
BM/IMB eMoLill Ha 06MiH peuyoBUH. HepBo-
Ba perynsuis obMiHy peyoBuH nepebyBae
TAKOX Mif KOHTPOJIEM KOPU BEINKOIO MO3-
Ky, TOMY JIl0fiHa MOXe CBIAOMO 1 LBUAKO
BMAMBATU Ha NPOLEeC XapuyBaHHA N YNH-
HUKW, Bify AKUX 3aNeXUTb OOMIH PEeYOBUH.
Taka perynioBanbHa AiAa KOpW rONOBHOMO
MO3KY Ha3UBAETbCA KOPMUKAJIbHOK pezy-
nAuiero.

HepBoBa perynsuia obmiHy peyoBuUH
30iNCHIOETbCA TpbOMa wnaxamu: 1) Bugi-
NEeHHAM HeWnpomepfiaTopiB — 6ionoriyHo
aKTUBHUWX PEYOBUHMU, 33 JOMOMOIOK0 AKUX
nepepalTbca iMNYNbCY 3 HEMPOHIB Yepes
cuHancu (Hanpuknaga, CepoTOHiH, ajpe-
HaniH, rictamiH, aueTunxoniH); 2) 3MiHot
KOHLIeHTpaLil MOHIB, WO aKTVBYOTb abo
CNOBINbHIOKTDL Aito depmeHTiB; 3) 3a gono-
MOTOI0 BMIMBIB Ha €HAOKPUHHI 3an03u (Ha-
npuknag, ais rinotanamaca yepes rinodis
Ha eHOQOKPWHHI 3ano3u) (is1. 79).

Matka
(oKcuTOLIH)
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MonouHi 3ano

Hupkn
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Kictkn

(ropmoH
pocty)

In. 79. Tinotanamo-rinogisapHa
cictema perynauir
YMoeHi no3Ha4ku 20pmoHis 2inogiza:
AKTI — aapeHOKOPTUKOTPOMHMI FOPMOH
TTT — TMPEOTPONHUN rOPMOH
AAl - aHTUAIYPEeTUYHNIA TOPMOH

JII - nioTeiHi3ylounii ropmMoH

OCT - donikoCTUMyNIOIUYNA FOPMOH

OTxe, perynauisa oOMiHy peyoBMH B OpraHi3mi NOANHN 34INCHIOETLCA Ha
Pi3HMX PiBHAX MOro opraHisadi.

RIANBbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

Perynsuisa o6MiHy pe4oBUVH B opraHismi nloguHMn

§ 32. HenporymopanbHa perynsuia npouecis metaboniaMmy B opraHismi nogrHu

OpraHi3m niogvHM Ma€ Taki PiBHi opraHisauii, AK MONEKyNAPHUN, KNITUHHUNA,
piBeHb OpraHiB, CMCTEMHUI, opraHiamoBuii. HaBegitb npuknagn ¢isnuHmx, XimivHmX
un ¢isionoriyHyx npouecis 0OMiHy peuyoBUH, WO BiAOYBalOTbCA Ha KOXHOMY i3 LiMX
piBHIB OpraHi3aLii opraHiamy noanHW. 3anoBHiTb y poboyomy 30wWuTi Tabnuuw Ta
chopmynioliTe BUCHOBOK.
127

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




PiBeHb opraHisauii Mpuknaau npoueciB 06MiHy pe4oBUH

MonekynapHuin

KniTuHHn"

PiBeHb opraHis

CuctemHun

OpraHizmoBun

bionorisa + ®isuka. 3akoH NnoBepXxHi Tina

Makc Py6Hep (1854-1932) — Himeubkun oisionor,
chopmynioBaB 3aKOH NMOBEPXHI Tina, AKMIA Bifjobpaxae 3a-
NEXHiCTb MiX IHTEHCMBHICTIO OOMiHY PEYOBUH Ta NJIOLLElD
Tina. B ocHOBI LbOro 3aKoHy NeXxuTb cyTo QiznyHe ABULLe
BUJANEHHA BHYTPILLIHbOT TENIOBOT eHeprii 6yb-AKOro Tina
yepes 1Oro NOBEpPXHI0. B oMy CyTHICTb 3aKOHY MOBEpPXHi
Tina? Aki ¢i3nyHi 1 ximiuHi Nnpouecn 3abesneuyioTb perynsa-
Liito 06MiHY peyoBUH B OpraHi3mi nognHn?

CTABJIEHHA

bionorisa + Cnopt. O6MiH pe4oBUH i 6ir

AK nokas3anu [AoCNigXeHHs, iHTeHCUB-
HicTb OOMiHY peUYOBUH Yy CNPUHTEPIB Y
3abirax Ha 100 m cTtaHOBUTb 22 KBT, a B ma-
padoHuiB (Ha 42 km 195 m) - 1,6 KBT, wo
Maike B 13 pasiB meHuwe (in. 80). BusHaute
1 MOACHITb: 1) AKMI YAHHUK BMIMBAE Ha 06-
MiH PEYOBUH Yy LbOMY MpPUKNagi; 2) Yomy
UMM JOBLUOIO € JMCTaHUifA 6iry, TUM HUKYMIM
€ piBeHb MeTaboniamy B 6iryHa; 3) yomy Tino
CnpuHTepa MycKynucte, a MapadoHua -
HaBnakn. OUiHiTb 3HAYeHHA 3HaHb MpPo pe-

. . . N In. 80. MapadoHcbkuin 6iryH
rynauito npouecis metaboniamy B opraHi3smi i cnpuHTep

NIOANHW Y CNOPTI.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. o Take YMHHWKM 06MiHY peuoBuH? 2. Ha3BiTb Fpynu YMHHWKIB, WO BMVBAOTL
Ha 06MiH peuyoByH. 3. HaBefiTb NpUKNagn 30BHIWHIX 1 BHYTPILIHIX YNHHIWKIB OOMI-
1-6 |Hy peuoBuH. 4. lLlo Take perynsuis 06miHy peuoBuH? 5. Ha3BiTb OCHOBHI TMMK pery-
nAuii o6miHy peyoBUH Ta eHeprii. 6. HaBefiTb NprKnaan HepBOBOT 1 FymopanbHoT
perynauii 0bMiHy peyoBUH.

7. AAKi YNHHUKM BNSIMBaIOTb HAa OOMIH PEUYOBVH 1 MEPETBOPEHHA eHeprii B OpraHismi
7-9 |nognHn? 8. Ik perynoeTbca 06MiH peyoBMH B opraHismi nioanHn? 9. Ak Binbysa-
€TbCA HEPBOBa 1 ryMoparnbHa perynaAuis o6miHy peyoBuH?

10. Aki $i3nyHi, ximiuHi Ta disionoriyHi npoLecn cTaHOBAATL OCHOBY 0O6MiHY peyo-

10-12 PR
BVH, eHeprii Ta iHpopmaLii?
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Tema 3. C[TAQKOBICTb | MIHJIUBICTb

Ycnaokosytomeca He cami 03HAKU, a cnaokosi YUHHUKU,
W0 8U3HAYAOMb PO3BUMOK YUX O3HAK.
. MeHOens

§ 33. OCHOBHI NOHATTA reHEeTUKN

OCHOBHi NOHATTA 1 KntovoBi TepmiHn: TEHETUKA.
MpuraganTte! Lo Take reHeTnka?

X HoBuHM Haykn

AHani3z ¢parmenTie AHK paBHix Kiwok, uuni 3a-
JINWKN 3HAaXOQUNM B ErMNETCbKMX Nipamigax, NigTBepAus,
Lo CyYacHi nopoan AOMaLLHIX KilLOK MOXOAATb Bif OQHOIo
3 ninBuAaiB Kiwku oukoi (Felis silvestris), a came Big AuUKoi ni-
BillcbKOT Kiwkn (Felis silvestris lybica), apean akoi oxonntoe
niBHiYHYy AbpurKy 11 niBgeHHO-3axigHy A3ito. OfoMaLlHeHHA
noyanocs we B HeoniTi. Y Taknin cnoci6 naseozeHemuka
Jonomarae 3p0o3yMiT eBOJIIOLi0 OpraHiyHoro cBity. A Ake
3HAUEHHA iHLWMX PO3AiNiB Cy4yacHOI reHeTUKN?

3MICT

Aki ocHOBHI po3ainu cyyacHoi reHeTUKN?
FEHETUKA (Big rpeu. geneticos — MOXOOXeHHA) — HAyka
npo 3aKOHOMipHOCMI cNA0KOBOCMIi ma MiH/IUBOCMI Op2aHi3mis.
[laTolo HapopXeHHA reHeTnKy BBaXkaeTbcA 1900 p., konu 6yno
nepeBiakputo 3akoHu . MeHgens, cdopmynboBaHi HUM LWwe y
1865 p. TepMiH «reHeTVKa» 3aNpPONOHYBaB OAWH i3 il 3aCHOBHMU-
KiB aHrnincoKkuin 6ionor Bineam bemcoH (1861-1926) y 1906 p.
Benwnke 3HaueHHA gnA CinbCbKOro rocnogapcTea, MeguunHuy,
BeTepuHapii, CNopTy, KpUMiHanicTmky, dapmaueBTUKN MaloTb
TaKi BXe Bi4OMi BaM po3Ainu, AK cenekuinHa, meanyHa, pagia-
UinHa, nonynauinHa, MonekynapHa reHeTnka. OKpiM Ha3BaHWX PO3iNiB BUHMKAN 1
[PO3BUBAOTLCA eniceHeMuKd, eKo2eHemuKa, papmako2eHemuKd, NCUX02eHemuKda Ta iH.
EnizeHemuka pocnifye 3MiHN akTUBHOCTI reHiB, 3a AKUX cTpyktypa OHK 3anu-
LIAETbCA HEe3MiHHO0. HanKpalloto iNCcTpaLi€o 3HaUeHHA LUbOro po3ainy reHeTukmn
€ pOsib enireHeTUYHNX MeXaHi3MiB y npouecax iHAMBIAYanbHOro PO3BUTKY, KOU 3
KNiTUH 6n1acTynu 3 OgHaKOBVIM reHOTUMOM BMHMKAIOTb Pi3Hi cneuiani3oBaHi KNiTUHMN.
LLle ogHMM NpuKNagom, WO NoKasye 3HaYeHHA enireHeTuKN, € JOCNIAXKeHHSA, Wo [0~
BOAATb 3a/1€XHICTb 30POB’A NIOANHN Bifi TVX YMOB, 3a AIKMX Bif0yBanocs Noro paHHE
bopmyBaHHA.

§ 33. OCHOBHIi MOHATTA reHEeTUKN
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CyyacHa navHa XuBe Yy cCepefoBULLi, WO LWBUAKO 3MIHIOETbCA. Y HbOMY
BWHWKAE 6Garato HOBUX A71A reHOTUNIiB NoAen UMHHUMKIB. Peakuii reHoTuniB Ha
3MiHU YMOB cepefioBMLLA iCHYBaHHA JOCNiQXKYe ekoeeHemuka. OkpemuMm ii po3gi-
JIOM € (hapmakKo2eHemMuKa, 1110 BUBYAE 3HAUEHHSA CMALKOBOCTI Y GOpMyBaHHi iHauW-
BiflyaNibHUX peakLin opraHiamy Ha flikapCbKi npenapaTty, Wo MOXYTb NPOABAATACA Y
BUMAAI NiABULLEHOT YyTNNBOCTI, TONEPAHTHOCTI WOA0 BMIMBY a0 HE3BMYHOI, YacOM
napafokcanbHOI Bignosigi.

IMcuxozeHemuka, abo reHeTVKa noBefiHKKU (aHrn. behavioural genetics), BuBUae
poNb reHeTUYHUX YMHHKWKIB Y BM3HauYeHHi ocobnvBocTeli nosediHkK. HUHI Bxe €
3aranbHOBIOMUM BaKTOM, L0 30BHILLIHICTb, PUCK XapaKTepy Ta 0cobnnBoCTi nose-
LiHKW nioguHm 6arato B YOMY BU3HauyalTbCA CMafKOBUMMU YMHHMKaMK. OfHaK HOBI
HayKOBi JOCNiXeHHsA 3acBiguytoTb, WO Pofb reHiB y ¢dopMyBaHHi NoBefiHKN opra-
Hi3MIB € LWe 6inbl 3HAUYLLO, HiXX NMPUNHATO BBaXKaTW. Tak, BUEHi BUABMIN [OKA3M
iCHYBaHHA reHiB, WO BM3HAYalOTb COPOM'A3NNBICTb, CXMIIbHICTb A0 WACTA, 34aTHICTb
nepeHoCUTU CTPeC, TATY A0 NOJOPOXKeN UK JTiHOLLIB TOLO.

3 pocnigeHb CNafKoOBMX OCHOB rpyn KPOBi TBAPUH i MIOANHN, YYTIINBOCTI Pi3HUX
BU[iB OPraHi3aMiB Ta OKpeMunx 0COOMH A0 Aii TOKCMHIB i CNIPUNHATANBOCTI A0 iHpeK-
i po3noyana CBill pO3BUTOK iMyHOo2eHemukKa. HuHi ii BOCATHEHHA 3aCTOCOBYIOTb Y
TpaHcnnaHTosoril, 6ioTexHonorii, cenekuii Ta iH.

OTXe, [OCATHEHHA CYy4YaCHOI FeHETUKM € OCHOBOI 6araTbox AOCIKEeHb
N DOCArHEHb Yy TakUX rany3ax QianbHOCTI NOAMHN, AK MeQuLmHa,
eKosoris, Ncuxosioris, 6ioTeXHONOriA, NPOMUCIOBICTb TOLLO.

Yomy reHeTnKa € HayKolo?
[eHeTVKa € BaXIMBOIO HAaYKOIO Cy4YaCHOCTI, OCKifb-
KU1 Ma€ npeameT Ta 06'eKTI AOCTiAKEHD, BNacHi MeTo- | OCHOBHI MOHATTA reHeTMKM
OV, NOHATTA 1 CUMBOJM, TEOPETUYHY OCHOBY Yy BUrNALI | 1
3aKOHIB 11 TeOpili Ta NpaKTUYHe 3HauveHHsA. [lpegmetom |2
reHeTVKN € dyHAaaMeHTasbHi BNaCTUBOCTI XMBOro — |3
CNagKoBiCTb | MIHAMBICTb. :' Den
6
7

.CnagkoBicTb
. MinnuBicTb
.TeH

CnapakoBicTb — 33ammuicmb xueux opeawismie | > |EHOTMN
nepedasamu c80i 03Haku U ocobusocmi iHOugidyase- ) (DeHngn ,

. . JoMiHaHTHWI anenb
HO20 p0o38UMKY HAWaokam. Po3pi3HATb ABa BUAU 8. PeLleCBHiA anenb
CNafKoBOCTI: AflepHY 1 uuTonnasmartuuHy. Matepianb- | g romosnrora
HUMW HOCIAMW CNaAKOBOCTI € XPOMOCOMU, 10 CKNAAY |10, feteposurota
aknx exoautb [OHK. MNepepauy cnapgkoBoi iHbopmauii
HaCTYMHOMY MOKOJIiHHIO 3AINCHIOI0Tb CTaTeBi KNITUHM 3a CTaTEBOrO0 PO3MHOMKEHHA i
COMATUYHI KNITUHW Y BUNAAKy HecTaTeBoro BiATBOpeHHA. [pn uboMy nepeaaroTbea
He O3HaKWM 1 BNacTMBOCTi MabyTHbOro opraHiamMy, a CnafkoBi 3afaTKu, WO iX Ha3u-
BalOTb reHaMu.

TeH — 0inAHKa MoseKyu HyK1eiHo8OI Kucsiomu, wo Kooye iHhopmauito npo 6inok
abo PHK ma su3Ha4ae o3Haku op2aHiamig. KO>XHUIM reH po3TalloBaHWi y NeBHil Xpo-
MOCOMi, fie 3aliMa€ BM3HaYeHe micle — NoKycC. KoxHa comaTnyHa KniTMHa MiCTUTb au-
NAOIAHUIA Habip roMOJIOTiIYHMX XPOMOCOM, L0 MaloTb y CBOIX OKycCax pi3Hi dopmu
OfHOTrO reHa. Aseni - CmaHu 2eHd, Wo 8U3HAYAIOMb NPOABU O3HAKU U po3mawosd-
Hi 8 00HAKOBUX OiZIAHKAX 20MOJI02i4HUX XpOMOCOM. Anesii OgHOro reHa BM3HaYaloTb
pi3Hi NPOsIBU O3HAKMU (HanpuKnag, XOoBTe 1 3eneHe 3abapBneHHA ropoxy). OgHa 3

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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rOMOJIOTIYHNX XPOMOCOM Hece anesb Bi MaTePMHCbKOro opraHiamy, a gpyra — Bif
6aTbKiBCbKOro. AnefibHi reHn MoXyTb OyT domMiHGHMHUMU (NO3HAYalTb BEJINKU-
MU fliTepamn NaTUHCbKOI abeTku: A, B, C, ...) i peyecusHumu (No3HavaloTb ManvMmm
niTepamMu naTMHCbKoI abeTku: a, b, ¢, ...). B 060X rOMONOriYHNX XPOMOCOMAX MOXKYTb
nepebyBaTy 0fHaKOBi abo pi3Hi anenbHi reHn. lomo3u2oma - ye du- abo nosinsoio-
Ha KimuHa (0cObUHa), 20MOJ102iUHi XPOMOCOMU AKOI HeCyms 0OHAKO8I asnesli negHo20
2eHa. Tomo3nroTHa ocobrHa B NOTOMCTBI He AAa€ PO3LLENSIeHHA, YTBOPIOE OOUH COPT
rameT; no3Havatotb AA abo aa. lemepo3uzoma - ye ou- abo noninaciOHA KAiMuHa
(ocobuHa), 20Mos102i4Hi XPOMOCOMU AKOI HECYymMb pi3Hi aneni negaHozo 2eHa. [eTepo3un-
roTHa ocobuHa B MOTOMCTBI Ja€ po3LUenyieHHs, yTBOPIOE Pi3Hi COPTM rameT; No3Ha-
yatoTb Aa.

AnenbHi reHM B TFOMO3MIOTHOMY abo reTepo3UroTHOMY CTaHi YTBOPIOOTb
reHoTun. feHomun - cykynHicme ycix 2eHie opzaHiamy, wjo odepxaHi 8i0 bamokis.
Lle cnagkoBa nporpama opraHi3my, Aika € LiNiCHOIO 1 B3aEMOAII0YOI0 CUCTEMOIO re-
HiB. [eHOTUN y B3aEMOgIi i3 cepefoBMLLEM BM3HAUYAE heHOMUN — CYKYNHICMb 03HAK
i enacmusocmeti opaaHiamy, sKi € pe3yabmamom 83deMOOii 2eHOmuny 3 ymosamu
308HiWHLO20 cepedosuwya. DeHOTUN 0COOMHN 06'€QHYE He nuLLe 30BHIiWHI MOpdOo-
NOTiYHI 03HaKW, a  BiOXiMiUHI, LMTONOriYHI, aHaTOMIUHI Ta iHWI O3HAKM, WO 3aBASKN
MIHAMBOCTI MOXYTb MaTV HalPi3HOMaHITHILWi NPOABMW.

MiHnumBicTb — 30amHicmeb Xxusux opea-
Hi3mig Habysamu HOBUX O3HAK i IXHiX cma-
Hig y npoueci iHOU8iOyanbHO20 PO3BUMKY.
3abe3neyye MPUCTOCOBaHICTb OpraHi3mis
0O YMOB cepefoBulla (HecrnagkoBa MiH-
NMBICTb) Ta NOABY O3HaK, 3aBAAKM YoMy
YTBOPIOIOTbCA HOBi BuAuW i BigbyBa€eTbcsA
iCTOPUYHMIA PO3BUTOK XMBOrO (CnagkoBa
MiHAMBICTb). O3HAKa - ye ocobsusicme
Op2dHi3My, WO iCHye y c8oix npossax. Ha-
npvknag, 3abapsrieHHA HACiHUH ropoxy
MOCIBHOrO € O3HAKOI0, a »KOBTUI I 3ene- In. 81. PisHOMaHITHICTb deHiB
HUI KOMIP HaCiHWH — Le MPOABK O3HaKU 32 03HaKOI0 3a6apBneHHA
3abapBneHHA. KoxkHa 03HaKa BM3HAYaETb- B KILLKIA fAomallibol
CA CKNagHMMK npolecaMn Ha MONEKynApHOMY PiBHI opraHisauii 3a yuyacTi 6inkis,
3aKOAOBaHMX MNEBHMM TFEHOM 4M reHamu. [nA no3HayeHHA MpoABiB 03HaK
B. MoraHceH we B 1909 p. BBiB NOHATTA ¢peH. DeH — OKpeMMil BapiaHT NeBHOT 03HaKK,
LL|O BM3HAYaETbCA reHOTUNOM 1 YyMOBaMu cepepoBuLa (is. 87).

OTXe, reHeTVKa BMBYAE ABI NPOTUNEXHI 1 HEPO3PMBHO MOEAHAHI
B/IACTUBOCTI, XapaKTepHi 415 BCbOroO »MBOTO.

§ 33. OCHOBHIi MOHATTA reHEeTUKN

BIAJIbHICTb

CamocrTiiiHa po6oTa i3 cumBonamm

Bu3HauTe OCHOBHiI CUMBONM reHeTUKM i 3anuwWiTb y poboui 3owunTn. MoACHITL
CUMBOU, WO IX BUKOPWCTAHO Ha intocTpaLii cxeMy MOHOTiGPUAHOrO CXpeLLlyBaHHS.
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... — 6aTbKIBCbKi 0COOMHU

... — CXpeLLyBaHHA 0COOMH

... — YOJI0BiUi 0CO6UHM abO rameTn
... — XiHOY4i 0cObMHN abo rameTn
... — Hawapaku, abo ripugn

... —rametu

... — CTaTeBi XpomMocomu

... — BOMIHAHTHi NPOABUN O3HaKN
... — peuecmnBHi NPOABK O3HAKN
... — TOMO3UrOTM AOMiHAHTHI

... — FOMO3MIOTN peLecnBHi

... — TeTepo3nroTu

F, - reHepauis

F, - reHepauis

bionoria + AHrniNncbKa MmoBa

MepeknafiTb TeKCT i NigroTynTe noBigomMneHHA npo Binbrenbma MoraHceHa.

«Wilhelm Ludvig Johannsen (1857-1927) - Danish botanist and
geneticist whose experiments in plant heredity offered strong support
to the mutation theory. Johannsen studied in Copenhagen, Germany,
and Finland and was a professor first at the Institute of Agriculture
in Denmark and then at the University of Copenhagen. After working
initially in plant physiology, he devoted himself entirely to experimental
research in heredity, becoming a leading authority in that subject. He
found in studies with princess beans that in the succession of individuals arising from a
single seed there existed what he termed a “pure line” About 1905 he demonstrated that
he could produce large or small plants from beans of corresponding size. He concluded
that although the plants differed in external characteristics, or in their “phenotype,” they
nevertheless carried identical hereditary units or, in other words, preserved a common
“genotype”; his terms phenotype and genotype are now a part of the language of genetics».

CTABJIEHHA

bionoria + Jlitepatypa

MNepepn Bamn YoTMpwm intCcTpauii. 3HaNZiTb MiXX HUMMK 3B'A30K, BU3HAuTe TeMy Ta
niaroTynTe TBip-MiHiaTIOPy B TaKOMY »KaHpi Cy4acHOI fliTepaTypu, AK ONOBifaHHA.

PE3YJIbTAT

Tema 3. CMAAKOBICTb | MIHJTUBICTb

3aBAaHHA ANA CAMOKOHTPOJIIO
1. llo BMBYa€E reHeTuka? 2. Ha3BiTb OCHOBHI pO3Ainu cyyacHoi reHeTuku. 3. Ha3BiTb
1-6 |ranysi gianbHOCTI NOAVHKW, ANA AKX FEHETMKA Ma€E Hanbinbwe 3HayeHHs. 4. o
Take crnagkoBicTb? 5. LLlo Take miHAmBicTb? 6. LLlo Take reH i pen?
7. AIKi OCHOBHI PO3Ainu cyyacHoi reHeTuKkn? 8. flke 3HaUYEeHHA reHeTNKN B NPaKTny-
Hi AianbHOCTI NognHK? 9. YoMy reHeTunKa € HayKot?

132 10-12 | 10. Yomy cnapKoBiCTb 1 MiHNUBICTb € GyHAAMEHTaNIbHUMM BNAaCTUBOCTAMMU »KNBOFO?
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JocmosipHicme U kopucHicme 6y0b-K020 ekchepumeHmy
8U3Ha4aromMeca npudamsicmio obpaHo20 mamepiany.
I Me+oeno

§ 34. 3akoHomipHocTi cnagkoBocrTi. | Ta Il 3akoHn MeHpens

OCHOBHi NOHATTA N KNO4YOBi TepmiHn: FN6pugonoriunmin merog. 3AKOH
OAHOMAHITHOCTI ribPUAIB NEPLWIOIO NMNOKOJIIHHA. 3AKOH PO3LLEIN-
JIEHHA.

MpurapanTe! Lo Take cxpelyyBaHHA?

X Momipkyiite!

Fopox nociBHUM (Pisum sativum) — ogHopiYHa TpaB's-
HUCTa pocivHa poauHU Bo6oBi, WO yacTo cnyrye o6’ekTom
HayKoBMX gocnifxeHb. [OpOxX MNOCIBHUI CTaB HaAaBHILLMM MO-
JeNbHUM OPraHi3MOM y reHeTuli, NOro BUKOPUCTOBYIOTb B €KO-
Norii AnA BUBYEHHA MOXIMBOCTEN POC/VH LWOAO MOLWYKY BOAU,
3[4aTHOCTi BUKOPMCTOBYBATM 3BYKU AJ1A POCTY B HaNpsAMKY BOAW,
Yy KOCMiUHin 6ionorii ansa gocnigXeHHA pocTy B yMOBax HeBaro-
MOCTI Ta iH. fIKi 0COBNMBOCTi rOPOXy NMOCIBHOrO AK MOAE/IbHOTO
opraHismy?

3MICT

3aBpaku yomy I. MeHpenb pocar ycnixiB y gocnigKeHHi ycnagky-
BaHHSA O3HaK?

CBoi focnigeHHa 3 ribpuansauii pocnuH lpezop Mozann Mendens (1822-1884)
po3nouas e B 1856 p. OCHOBHI X 3aKOHOMIPHOCTI CcNagKoBOCTI Byno chopmynbo-
BaHO HUM B 1865 p. i ony6nikoBaHo B npaui «[locnign Hag poCiIMHHMM Fibpraamms.

OcHoBot ans GopMyoBaHHA 3aKOHIB CMAAKOBOCTI CTanu baratopiuHi gocnign 3
CXpeLlyBaHHA 20poxXy NocieHO20 (Pisum sativum), AKNiA BUSIBUBCA ifeanbHUM 06'€KTOM
pocnipeHb. MNopiBHAHO 3 iHWMMK BUAAM/ ropox Ma€ H13Ky nepesar: 1) pi3HOMaHiTTA
COPTIB, WO Pi3HATbCA KOHTPACTHMMM (aNIbTEPHATUBHIMMM) MPOABAMM O3HaK (Hanpuknag,
)KOBTe 11 3e/1eHe 3ab6apByieHHA HaCiHWUH); 2) HECKNAaAHe BUPOLLYBaHHS; 3) camo3anuieH-
HA Ta NepexpecHe 3anuneHHs, WO 3yMOB/IOTb MOXKIIMBICTb LUTYYHOIO CXPeLLYBaHHS;
4) uiTKe ycnaKyBaHHaA o3HakK. [. MeHaenb AnA AocnigKeHb BUAINVB Y FOPOXY NOCIBHOrO
cepef Pi3HOMAHITTA MOro O3HaK 1 iXHiX NPOABIB NuLWe CiM ronoBHMX: 1 — NOBEPXHIO
HaCiHHA; 2 — 3a6apBneHHA HaciHHA; 3 — 3abapBreHHA KBITOK; 4 — po3TallyBaHHA KBITOK
Ha naroHi; 5 — JOBXKHY cTebna; 6 — dopmy
606iB; 7 — 3ab6apBneHHA 606iB (1. 82). . (%

Lpyroto  ocobnuBicTio  gocnigeHb @ Qo &i
I. MeHgena 6yno Te, wo BiH 0b6upas gns
JocnifiB opraHiamu, AKi Hanexanu go Yu-
cmux i, T06T0 opzaHi3mu, 8 AKUX y pAOi
NOKONiHb He cnocmepieasoce po3ujensieH-
HA 03HAK Ni0 4ac camo3anusieHHs. IHww-
MU CNOBaMU, B POC/INH, AKI BUpPOCTanu 3
MOBTOrO HacCiHHA, JO3piBanu NuWe >KOBTi
HACiHWHW, @ B POC/INH i3 3efIeHNX HaCiHWH —
nnwe 3eneHi.

§ 34. 3akoHomipHocTi cnagkoBocTi. | Ta |l 3akoHn MeHpensa

In. 82. O3HaKM ropoxy nociBHOro,
wo ix 6yno sugineHo I MeHgenem ans
[OCNiAKeHb CnagKoBOCTI 133
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B toHocTi I. MeHgensa py»xe uikaBuna ¢is3nka, BiH BYBYaB MaTeMaTuKy 1 0CO6NIMBO
TaKi Ii po3ainu, AK Teopia MMOBIPHOCTEN 1N CTaTUCTKKa. Bce Le gano 3mory HayKoBLeBi
NpaBUIbHO OPraHi3yBaTX HayKOBe AOCHiAKEHHSA, 060B'A3KOBUMU YMOBAMU AKOTO €:
1) cKkpynynbo3He MnaHyBaHHA YCix AOCHiAIB; 2) CyBOpe AOTPUMAaHHA BCiX METOAUK;
3) TouHa peecTpauia ekcnepumeHTiB i piKCyBaHHA OTPMMaHUX pe3ynbTaTiB; 4) oTpu-
MaHHSA AOCTAaTHbOT ANA CTAaTUCTUYHOT 0OPOOKY KiNbKOCTi AaHUX.

Yci 1i yMOBM CTanu OCHOBO FiGPUOONOFIYHOro METOAY AOCHIAXKEHHA CnafKo-
BOCTI, WO Moro 3anoyatkyBas came . MeHgenb. Fli6puponoriudnii metop — ye cxpe-
WyB8aHHA 6ameKiecbKUX 0COBUH i 8UBYEHHA HAUWAOKiB-2i6pudig 3 Memoto 8U3HAYEHHSA
ocobsiugocmell ycnadky8aHHA Mux Yu iHWUX 03HaK U eracmugocmed.

OTXXe, acneKkTn opraHisauii eKCnepumeHTiB,
3anoyaTkoBaHi I. MeHgenem, € HeO6XigHUMU YMOBaMM
npoBefeHHs 6yab-AKOro HayKOBOIO AOCiAKEHHS.

Ak BigOyBaeTbCcA ycnapKyBaHHA O3HaK Mif Yac MOHOriGpnaHoro cxpelyy-
BaHHA 0COOUNH?

Cgoi gocnipgxeHHA . MeHaenb po3noyaB 3 MOHOTIGPUAHOro cxpeLlyBaHHS, 3a
AKOro 6ambKi8CbKi 0COOUHU pi3HAMbCA NPosA8amMu 00Hiel 03Haku (in. 83). Ans pocninis
6yno B3ATO POCAUHW YNCTUX NiHIl i3 )KOBTMM 1 3efeHNUM 3a6apBNeHHAM HacCiHHA. Y
nepLIoOMy NOKOMiHHI HalaAKiB YCi rOPOLWNHY 3aBXKAM Oynu nuLe »OBTOro KONbopy.
Asuwe nepesaxaHHs 8 2ibpudis nepuio2o NOKOJTIHHA NPOABI8 03HAKU 00HO20 3 bamebkie
MeHpenb Ha3BaB AOMiHYBaHHAM O3HaK (Bif nat. dominancio — naHyBaHHsA), NPoAB
03HaKMU B ribpuiB nepLuIoro nokoniHHA — 0OMIiHGHMHUM, a TOW, WO He NPOSBUBCA, —
peyecusHum (Bif nar. recessus — Bigctyn). OfHOMaHITHICTb NnepLoro ribpugHoro no-
KOMiHHA Ta BUABMIEHHA B ribpuiis nuwe JOMiHAHTHOrO NPOSABY O3HAKMU B Cy4YacHil
reHeTuLi Ha3uBaETbCA nepwumM 3akoHom MeHoess, abo SAKOHOM OJHOMAHITHO-
CTITIBPUAIB NEPLIOIO NOKOJIIHHA:

Mig yac MoHOriIGPMAHOro cxpeLlyBaHHA 6aTbKIBCbKUX OCOOVH,
WO Pi3HATbCA NPOABAaMW OAHIEl O3HAKKU, B MOTOMCTBI CMOCTepiralTbCA
e OOMIHaHTHI NPOABWU O3HaKW, N YCi Hawaakn 6yayTb OAHOMAHITHUMY
AK 3@ FreHOTUMOM, TaK i 3@ GeHOTUMOM.

Mpu cxpellyBaHHi reTepo3nroTHUX ribpuais Nepworo NOKoMiHHA MiXk co6010 B
LPYroMy NMOKOJiHHI 3'ABAAOTLCA OCOOMHM SIK 3 JOMIHAHTHMMMU, TaK i 3 peLecBHUMNA
CTaHaMW O03HaK, TO6TO BUHUKAE po3ujensieHHs B NEBHUX BifHOLWEHHAX. Po3wenneHHsA
O3HaK — Asulye nosasu 060X nposAsie 03HAKU y 2ibpudie Opy2020 nokoniHHA (F,), ompu-
MaHuUx 8i0 cxpewy8aHHsa 2emepo3u20mHuUX
ocobuH. Tak, y gocnigax Mengens i3 8023

Tema 3. CMAAKOBICTb | MIHJTUBICTb

XOBTUX HaCiHUH TrOpPOXy, OTPUMaHUX Y P Q@A) x3@

OPYroMy MOKOAiHHI, 6yno 6022 »oBTuX i Q
2001 3eneHux. Y3aranbHowoum GakTUUHUN Fi rameru | A
mMaTepian, MeHgenb [iNWOB BUCHOBKY, L0 9 % 6‘ N @

y OpYyromy nokoniHHi 75 % ocobuH matoTb 3
AOMIHAHTHUI NPOAB O3Hakw, a 25 % - pe- . 4 @ 5 1 . a
LecnBHMI (po3wenneHHa 3 : 1). Lia 3akoHo-
MipHICTb OTprMana Ha3By Opy2020 3AKOHY
MeHoens, abo 3AKOHY PO3LLEINJIEHHA.

@ ®-

In. 83. Cxema moHoribpraHoro
CXpeLlyBaHHA
134
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Mig yac MOHOriIGPMAHOro CxpeLlyBaHHA ABOX ribpuais neplioro
MOKOJTiHHA, AKi € reTepo3nurotTaMmu, B MOTOMCTBI CMOCTepirarnTbCcA
po3uenneHHsa 3a ¢peHoTunom 3 : 1 i 3a reHotunom 1:2 : 1.

OT>Ke, OCHOBHUMY 3aKOHOMIPHOCTAMM, LLIO MOACHIOTb yCNafKyBaHHA
NPOABIB O3HAKW, € NepWU Ta gpyruin 3akoHn MeHgens.

AKnMIN € oCHOBHI B3aemopii anesibHNX reHiB?

OCHOBHUMW BUAaMM B3aEMOZIT anenbHNX reHiB € NOBHe AOMiHYBaHHA, HEMOBHe
[OMiHYBaHHA, KOAOMIHYBaHHA Ta MHOXWUHHUI anenism.

lMoexe domiHyeaHHA — Ue ¢hopMa 83aEMOOIi aslesibHUX 2eHi8, 3a AKOI 'y 2emepo-
3U20MHO020 Op2aHi3Mmy OoMiHGHMHUU asnenb (A) nosHicmo npuzHidye 0ito peyecusHo20
(a). Y pe3ynbTtaTi TaKOro BMMBY B reTepo3MroT CNOCTEPIraeTbCA AOMIHAHTHUIA NPOAB
o3Hakwu. [prknagom uiei opmm B3aEMOAIi € ycnaaKyBaHHA KONbOPy NOAIB Y TOMaTa,
LOBXVHM cTebna B ropoxy Ta iH.

HenoeHe 0oMiHy8aHHA - ye popma 83a€- 1 “ . 3 “
MOOii anenbHUX 2eHis, 3a AKOI y 2emepo3uzom-  p . 4 P &
Hozo opzaHizmy (Aa) domiHaHmHul anens (A) ! :
He NnoBHICMIO NpueHidye peyecusHull asnenv
(a), eHAcniooK 4020 NPOABAEMbLCA NPOMIX-
HUU ¢MAaH 03HAKu. 3a NOBHOrO JOMiHYBaHHA
poO3LIensieHHss 3a FeHOTUNoMm i ¢eHoTMnom
36iraeTbca 1 ctaHoBUTL 1: 2 : 1. MNpuknagamu
03HaK, AKi YCNajKoBYIOTbCA 3a HEMNOBHUM A0~ In. 84. Mpuknaaw nosHoro (1) i
MiHyBaHHAM, €: pOpMa BONOCCA NIOANHN (Ky- HeMoBHOrO (2) AOMiHYBaHHA
uepnABe, XBUAACTE N NpsAMe), 3abapBrieHHA Nip’a Kypel (YopHe, 303ynAcTe i bine),
3abapBreHHA KBITiB HIUHOI KpacyHi (YepBOHe, poxkeBe 11 6ine) Ta iH. (is1. 84).

MHoXXuHHUU anenism - ye A8ulje, 3a AKO20 03HAKA 8 NONYNAYIT 8U3HAYAEMbCA
He 08oma, a Oekinbkoma anesnamu. MHOXUHHI aneni BUHMKaOTb BHACNifoK MyTaLii
O[HOrO reHa B pPi3HMX 0COOMH. TakK, y NIOAMHM TPW anenbHi reHn (ix no3HavawTb
i% 1%, IB) B pi3HUX NOEQHAHHAX BM3HaualoTb 4 rpynu KpoB.i 3a cuctemoto ABO. Ce-
pii MHOXWHHMX anefel BM3HayalTb TakoX 3abapBlieHHsA XyTpa B NUCULb, KOMip
WwepcTi riManancbkoro Kponuka. Y myxu gpo3sodinu Bigoma cepisa anenis 3a reHom
3abapBneHHs ouel, Wo CKNafgaeTbes 3 12 Bapialil: UepBOHa, KOPaoBa, BULLIHEBA,
abpukocoBa, 6ina Ta iH.).

KodomiHyeaHHA - Le B3aEMOfiA anenbHUX reHiB, 3a AKOT Yy dbeHoTMNI opraHiamy
NPosBNATLCA 06MABA aneni reHa. 3a TMNMOM KOAOMiIHYBaHHSA B JIIOAUHW YCMALKOBY-
€TbCA YeTBepTa rpyna Kposi (reHotun 1A18).

OTXe, Mi>XK anefnbHYMK reHaMm 3a yyacTi iXHiX GyHKLiOHaNbHUX
NPOAYKTiB MNOCTINHO BiadyBaloTbCA Pi3HOro poay B3aeMOofil.

§ 34. 3akoHomipHocTi cnagkoBocTi. | Ta |l 3akoHn MeHpensa

AIANbHICTb

MpakTnuHa po6ota 2 (A)

Po3B’si3yBaHHA TUNOBUX reHeTUYHUX 3agay4. MoHori6puaHe cxpelyyBaHHSA
Mera: 3akpinuTy 3HaHHA | Ta Il 3akoHiB MeHgena; dopmyBaTh YMiHHA PO3B'A3Y-
BaTWU BMpaBU 3 reHeTUKM Ha MOHOTIOpuaHe cxpeLlyBaHHA 3 MOBHUM JOMiHYBaHHAM,

HEMOBHUM ﬂOMiHYBaHHﬂM Ta ABULWEM MHOXXWNHHOIO aneni3my. 135
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3pa3oK po3B’si3yBaHHA BMpaBy 3 reHeTUKN
Bnpaea. Y momamis yepgoHe 3a6apenieHHA niodie 0oMiHye Hao xosmum. [omo-
3U20MHA YePBOHONJTIOHA POC/IUHA CXpelyeMbCA 3 Xo08monJlioHoo. AKuli Konip niodie
Mamumyme Hawaoku?

Hano: Po3e’a3aHHA
A - yepBOHiI nNnoan Lle MoHOribpuaHe cxpeLlyBaHHS 3 MOBHVM AOMiHYBAHHAM:
a — XKOBTi nnoan P AA X aa
G
F,-? F, Aa-100%
(4epBOHOMNIAHICTD)

Bidnoegidb: BCi HalafKy 6yayTb YePBOHOMAIAHMM 32 GEHOTUMOM I TeTEPO3UTo-

Tamu 3a reHOTUMNOM.
3apaui 3 reHeTUKN ANA CamMOCTiliHOT po6oTu

Bnpaea 1. Y pasi cxpewysaHHa yucmoi fiHii Muwel 3 KOpu4yHe8on wepcmio 3 Yucmoro
niHi€0 Muwed i3 Cipoto wepcmio ompumyoms Hawaokie 3 KOpuYyHesor wepcmio. Bio cxpe-
wysaHHa F; ompumytome KopuyHesux i cipux muwet y cniggioHoweHHi 3 : 1. [ToAcHIms pe-
3yZlbmamu cxpeuwjy8aHs.

Bnpaea 2. HaasHicme niemeHmy y 80/10¢ci 1l00UHU OOMiHy€e HaO anbbiHismom. Yonosik
i OpyxuHa — 2emepo3u2omHi 3a nizameHmMayi€o 800ccA. Yu Moxnuge HapoOXeHHs 8 HUX Ou-
MUHU 3 anbbiHi3mMom?

Bnpaea 3. Y 1100UHU 8MiHHA 807100iMu NepesakHo NPAsoto PyKor — OOMIHAHMHA 03-
Haka, nieoto — peyecusHa. Yonosik-npaswa, mamu k020 6ysa niswero, 00pyXUBCA 3 XiH-
Kow-npasuweto, 6amoKo AKoI nigwad. Aka UmMosipHicme HAPOOXKeHHA OUMUHU-/Ti8WI?

Bnpaea 4. [lpu cxpewy8aHHi 4OpHO20 nigHA 3 6inol0 KypKow 8¢i Kypyama 6ysnu
cmpokamumu. B Opy2oMy nOoKosiHHi ompumaHo: 24 cmpokamux, 12 4opHux i 10 6inux.
Akum 6y0e nomomcmeo 8i0 CXpewy8aHHA: a) cMpoKamux Kypel 3 YOPHUMU NiBHAMU;
6) cmpokamozo nigHs 3 6isoto KypKoto?

Bnpaea 5. YepgoHoksimkosy ¢opmMy HiUHOT KpacyHi cxpecmunu 3 6i10Kk8imKogoio.
Akum 6yoe nomomcmaeo 8i0 cxpewy8aHHsA 2ibpudie nepuio20 NOKOMIHHA 3 6iNoK8IMKo8oH
DPOCJ/IUHOIO y pa3i HENOBHO20 OOMIHYBAHHA?

Bnpaea 6. Y 6ameka 3a cucmemoto ABO | epyna kpoei, y mamepi — lll epyna. Aki epynu
Kposi MoXymb 6ymu y ixHix dimel, AKWO Mamu 2emepo3u2omHd 3d Yi€to 03HAKO0?

| CTABREHHA
» [N
aﬁ bionoria + Hayka. Heuyiisitep, napteHoreHes i1 3akoHn MeHngens

Y ¢Bilt yac npodecop 6oTaHikM 3 MioHxeHa K. Hereni nopagus . MeHgento no-
BTOPUTM JOCNIAN Ha iHWKX BMAaX. MeHaenb waHo6n1Bo norogneca 3 uum. Ane y go-
cnigax Ha HeuymBiTpi, a 3rogom i Ha 6xxonax . MeHzenb He OTPMMaB NiATBEPAMKEHHSA
BiAKPUTUX HUM 3aKOHIB. [MOACHITb, YoMy X BCe Taku 3akoHU MeHpena € pyHaameH-
TasbHMMM 3aKOHOMIPHOCTAMM CNagKOBOCTI?

PE3YJIbTAT

Tema 3. CMAAKOBICTb | MIHJTUBICTb

3aBAaHHA ANA CAMOKOHTPOJIO
1. Lo Take ribpugonoriuHmin metoa? 2. Ha3eiTb nepesary ropoxy NOCIBHOro fK
1-6 |o6’ekTa reHeTUUHUX gocnigxeHb. 3. CbopmyntonTe nepwwnii 3akoH MeHpensa. 4. Y
YoMy CyTb ApYyroro 3akoHy MeHaena? 5. Ha3siTb OCHOBHI B3aemofii anefbHUX reHis.
7. 3aBaaku yomy . MeHpenb gocar ycnixis y AOCNIAXKeHHI ycnagKyBaHHA O3HaK?
7-9 |8. 1k BinbyBaeTbcA ycnaikyBaHHA O3HaK Mpu MOHOTOPMAHOMY CXpellyBaHHi 0Co-
61H? 9. AKNMK € OCHOBHI B3aEMOJiT aNleNibHUX reHiB?

136 10-12 | 10. OuiHiTb ponb 3aKoHiB MeHAena Ana po3BUTKY KAaCUYHOT reHETUKN.
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Cnaokosi 3a0amku nid 4ac ymeopeHHs 2ibpudis
He 3miytomebcs U 36epizatomecsl 8 He3MiHHOMY 8U2/1510i.
I Me+oeno

§ 35. 3aKOHOMIpPHOCTI CNAaAKOBOCTi. 3aKOH YNCTOTU ramer.
11l 3akoH MeHpens

OcHOBHi NOHATTA N KntovoBi Tepminn: 3AKOH YACTOTU TAMET. 3AKOH
HE3AJIEXKHOIO YCNMAAKYBAHHA O3HAK.

Mpwuraparite! Lo Take guribpugHe cxpelyyBaHHA?

BcrynHa BnpaBa

MepeknagitTb 3 aHMMINCbKOI MOBW, 3iCTaBTE NMOHATTA FrEHETUKMN 3 BU3HAYEH-
HSIMM Ta OTPUMaNTE Ha3BY MiCTa, B AKOMY Ha nocagi abata ABryCTMHCbKOro MOHacTu-
pA npautosas [. MeHgensb.

1 Genotype |B A system of interacting genes in an organism

O The phenomenon, in which one of the allelic genes completely
suppresses activity of the other one

3 Splitting N Different development of one feature in posterity of an organism

4 Dominance |R The whole complex of signs and properties of the organism

2 Phenotype

3MICT

Y yomy nonAra€ sHa4eHHA 3aKOHY YNCTOTN rameT?

MNMonaBa cepep HalafKiB ocO6UH 3 peuLecMBHMM MPOABOM O3HaK fana 3Mory
MeHpento AiNTM BUCHOBKY, WO «CNafKoOBi 3adaTKM» MOXYTb MPUrHivYyBaTUCb, ane
He 3HUKaTU. OCKiNbKM Nepefaya CTaHiB 03HaK 3[iMCHIETbCA Yepes rameTu, To 6yno
cdopmynboBaHo 2inome3y yucmomu zamem. lMi3Hile UA rinotesa oTpumana LUTono-
riYHe NMOACHEHHSA i B CyyacHii reHeTULi GOPMYIETLCA AK 3aKOH YNCTOTU FramerT, Lo
Ma€ Hal3arabHiWwuni xapakTep, TO6TO BUKOHYETbCA 3a 6araTbOX yMOB.

3AKOH YNCTOTU FTAMET: nig 4yac yTBOpeHHs
CTaTeBUX KIITUH Yy KOXKHY rameTy NoTpansfe aue OAanH anesb
3 KOXKHOI Napwv anesbHUX reHis.

Ak y»e 3a3Hayanocsd, B JIOKyCcax romo-

NIOTIYHNX XPOMOCOM MICTATBCA aneni reHa. 1 2

AKLWO Le reTepo3nroTHa 0CobUHa, To B Of-

Ve
Hi i3 TOMONOTIYHMX XPOMOCOM MiCTUTbCA @ @
OOMIHAHTHUI anenb, B APYFi — peuecus-

§ 35. 3aKOHOMIPHOCTI CNagKoBOCTi. 3aKOH yncToTh ramer. lll 3akoH MeHaensa

HUIN. Y pa3i YyTBOPEHHA CTaTeBMX KNiTUH /N /N /N /N
BiJOYBaETbCA MeNo3, i B KOXHYy 3 ramet @@ @Q
noTpannse rannoigHMin Habip XPOMOCOM.

[ameTn HecyTb nule OfHY XPOMOCOMY 3 In. 85. Cxemu meiio3y B Hopmi (1)
KO>KHOT Mapu roMONIOTiYHUX XPOMOCOM, i i nopyweHHsA Mmenosy (2)

BiANOBIQHO NMLIE OANH FeH 3 KOXKHOI napu

anesibHUX reHiB, TOGTO ramMeTn € YNCTUMM. | e nicna 3annigHeHHA — 3AUTTA OBOX
ramMeT, KO>KHa 3 KX Ma€ aNefibHNiA reH, BigbyBaeTbCA YTBOPEHHSA 31MTOTH, 3 AKOT pO3-
BMBAETbCA OpraHiaMm. OCHOBHOK YMOBOI BUKOHAHHA 3aKOHY YMCTOTU rameT € HOp-

ManbHUIM Xi Meno3y. Y BunaaKy Hepo3xXoA>KeHHA XPOMOCOM B OfJHY raMeTy MOXYTb
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notpanuT obraBi roMonoriyHi xpoMmocomu 3 napu. lNpu LboMy cTaTeBa KNiTHa byae
HeCTV Napy anenbHUX reHiB, WO po3TalloBaHi B Ui napi xpomocom (is. 85).

OTKe, 3riiHO i3 3aKOHOM UYMCTOTW FaMeT PO3LUEMNIEHHs
MOTOMCTBA Nif Yac cxpeLlyBaHHA reTepo3UroTHUX OCOOUH
MOACHKETbCA TUM, WO rAMeTn € reHeTUYHO «YNCTUMINY»,
TOOTO HecyTb TifIbK/ OAWUH FeH 3 assiefibHOT Napul.

Ak Bin6yBa€eTbcA ycnapKyBaHHA ABOX 1 6inblue o3HaK?

BuByuatoumn poswensieHHs npu guribpugHomMy cxpelyyBaHHi, MeHzenb 3BepHyB
yBary Ha Taky 06CTaBUMHY. Y pasi cxpeLlyBaHHA POC/IMH 3 )KOBTUM IMafeHbKNM i 3e-
NEHUM 3MOPLLKYBAaTUM HaCiHHAM y APYroMy MOKOAiHHI 3'ABAANMNCA HOBI KOMOIHaUiT
O3HaK: »KOBTE 3MOpLUKYyBaTe i 3efieHe rfMafeHbKe, AKMX He O6yno y BuXigHUX Gopm.
I3 uboro cnoctepexeHHA MeHaenb 3pobrB BUCHOBOK, L0 PO3LLENIEHHA 33 KOXKHOI0
03HaKol1o BiabyBa€eTbCA He3anexHo Bif Apyroi o3Haku. LLlob noacHUTYM Wi pesynbTaTty,
I MeHAenb NpPOCTeXMB yCnagKyBaHHA Pi3HMX CTaHIB KOXHOI 03Hakn okpemo. Cnis-
BiJHOLIEHHA HacCiHHA Pi3HOro KOoNbopy FiGPUAIB APYroro NOKOMiHHA 6yNno Takum:
12 YaCTWH HaCiHHA Mano OBTUIN KONip, a 4 — 3eNIeHnIA, TOOTO po3LenieHHs 3a 03Ha-
KO KONbOpY, fK i B pa3i MOHOri6prAHOro cxpellyBaHHsA, ctaHoBuo 3 : 1. MNogibHe
criocTepiranu i B pasi po3LensieHHaA 3a 03HaKOK CTPYKTYPY NOBEPXHi HaCiHHA: 12 va-
CTWUH HACiHHA Mano rnafieHbKy MOBEPXHI0, a 4 — 3MOpLIKyBaTy. TOGTO po3LenieHHs 3a
O3HAKO CTPYKTYPU MOBEPXHIi HACiHHA TaKoX cTaHOBUNO 3 : 1.

3AKOH HE3AJIEXXHOIO YCMNMAAKYBAHHA O3HAK: koxHa napa o3Hak
YCNafKOBYETbCA He3aneHo Bif iHWNX O3HaK.

LintoreHetnyHi ocHoswu Il 3akoHy MeH- . AABB aabb
aensa MOXHa pPO3rAHYTU 3@ [AOMNOMOMoK  — (™ o
pewitkn lMeHHeTa. baTbkiBCcbKi dopmu (P) AB y
3 YNCTUX NiHIN MaloTb O3HaKW: »KOBTI Ma- . lametn
AeHbKi (AABB) i 3eneHi smopLukyBsati (aabb). ——— AaBb
N Y KBiTKax LWAAXOM MeN03y yTBOPKOOTbCA / \
'Q rameTu (AB) Ta (ab) 3 rannoigHMm Habopom (r,?";eT_VL
e xpomocom. llig vac 3annigHeHHA rameTtun ' ; AB Ab aB ab
E YTBOPIOWOTb AUMnoiaHi 3urotn (AaBb), 3 AABB | AABb | AaBB | AaBb
. . AB
= AKX PO3BMBaIOTbCA ribpuaHi pocnuHn (F;) vV VvV
E 3 XOBTUMU 1 rmageHbKMMn ropownHamu. AABb | AAbb | AaBb | Aabb
= Mig yac CXpewyBaHHA YK CamMo3anusieH- Ab (- O (-
e HA ribpugn (F;) BXe yTBOPKOBATMMYTb MO Fa
= . AaBB | AaBb | aaBB aaBb
< yotupu Tunu ramet (G) — AB, Ab, aB i ab. 8 0 0
v Tomy cepep ribpugiB Apyroro NMokosiHHsA v v
A (F,) moxxnuBmmM € 16 KOMGiHaL il rameT, Wwo AaBb | Aabb | aaBb | aabb
s . L b
R YTBOPIOOTb GpEHOTUNOBI Knacu y cnissif- @ O 0 °

HoweHHI 9 : 3 : 3 : 1. TpeTin 3akoH MeHpe-
NA CNpaBeAaVBUN NINLLE AN1A O3HAK, Y AKUX In. 86. QuribpriaHe cxpeLlyBaHHA roOpoxy
reHu, Wo iX KOAylTb, MICTATbCA B Pi3HUX NocCiBHOTO
Xpomocomax (is1. 86).
[na 3anuncy cxpellyBaHb BUKOPUCTOBYIOTb CrieLiasibHi peLuiTky, Wo iX 3anpomno-
HyBaB aHMMiNCcbKMi reHeTnk P. MNMeHHeT (1875-1967). MprHUMN nobynoBu peLliTku
138 MeHHeTa NonArae B TOMy, O 3BEPXY MO rOPU3OHTasi 3aNMCy0Tb rameTn 6aTbKiBCbKOT
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0CobMHY, 3NiBa NO BepTMKani — rameT! MaTePUHCbKOT 0COOMHY, B MiCLiAX NEPETUHY —
MMOBIpPHI reHOTUNX NOTOMCTBaA.

OTXe, 3a AUribpnaHOro Ym NoAiribpuAHOro cxpeLyBaHHsA
Pi3HOMaHITHICTb HallAAKIiB JOCArA€TbCA 3aBAAKN BUNALKOBOMY
N He3aneXXHOMY PO3XOAKEHHIO FOMOMOriYHNX XPOMOCOM.

Aki ocHOBHI NonoeHHA Teopii ycnagKkyBaHHA Menpgena?
3akoHoMmipHocTi MeHgena 6yno cpopmynboBaHo uwe B 1865 p., TO6TO Konu

e He 6ynun Bigomi O6yaoBa reHa W MONEKyNAPHI MeXaHi3My ycnagKyBaHHA O3HakK.

Ane He3BaXKaluy Ha Le, 3dKOH 0OHOMAHIMHocmi 2i6pudie nepwo20 NOKOiHHA,

30KOH po3ujensieHHsA, 3aKOH He3aJ1eXH020 yCcNAOKY8aHHA 03HAK Ta 3aKOH YUCMo-

mu 2amem cTanu OCHOBOW GOPMAbHOT FreHETUKM i € 6Aa3MCOM CyYacHOT KNacU4YHol
reHeTnKu.
OCHOBHMMU MONOXEHHAMM Teopil ycnagkyBaHHA MeHpena € Taki.

1. KoXKHa 03Haka faHOro opraHiamy KOHTPOJMIOETbCA NMapol CMagKOBUX 3afaTKiB
(anenbHux reHis). [1Ba aneni ogHoOro reHa, HafABHi B OAHI€El 0COOMHY, HE MOXYTb
31MBaTUCh MiXK o600 UM MoaudikyBaT ofHe ofHOro. Yepes Te 3anumiuarTbea,
AK BUCNIOBMOBaBCA MeHzenb, «He3abpygHeHUMM.

2. AKWwo opraHiam MicTUTb ABa Pi3Hi afneni 3a NeBHOI 03HAKO, TO OAUH i3 HUX MOXe
MPUrHivyBaTX NPOAB iHLWOrO (NPUHYUN OOMIHYB8AHHS).

3. Tlig yac meno3y cnagkoBi 3aaTKM PO3[iNAOTbCA, | KOKHA rameTa OTPUMYE Mo
OQHOMY 3a4aTKy 3 KOXKHOI Mapu (npuHyun poswjensieHHs). AKLWO cTaTeBe PO3-
MHO>EHHSA 1 3anNigHeHHsA He BifOyBalTbCsA (AK Yy BUMAAKY 3 HEUYBITPOM, AKOMY
BNaCTMBUI NapTeHOreHes), 3aKOHOMIPHOCTI He CNPaBAXKYOTbCA.

4. [pu yTBOPEHHI YOMOBIUMX 1N KIHOUYMX FAMeT Y KOXKHY 3 HUX MOKe noTpanutiu
6yab-AKNI anenbHWI reH 3 ogHiel napu (NpUHYuUN He3aneXHoz20 ycnaoKye8aHHs
O3HaAK).

5. KoHuI opraHi3m ycnagKoBy€e NoO OAHOMY afieflbHOMY FeHy 3a KOXXHOK O3HaKOo
Bifl KOXXHOTO 3 6aTbKiB (NpUHYUN Yucmomu aamem).

OTxe, 3aKoHOMipHOCTI MeHaena ctanu NigrpyHTAM ANA PO3BUTKY
KMAaCUYHOI reHeTMKN, @ Ha CyYacHOMY eTani AaloTb 3MOry 3pO3yMiTu
HabaraTo cknagHiwi mogeni ycnagkyBaHHA O3HakK,

O B »KMBIM NpUpodi € nepeBakalnunmMu.

BIAJIbHICTb

MpakTnyHa po6oTa 2 (b)

Po3B’A3yBaHHA TUNOBUX reHETUYHUX 3agau. [luribpugHe cxpellyBaHHA

Merta: 3akpinut 3HaHHA lll 3akoHy MeHgens; popmyBaT yMiHHA PO3B’A3yBaTH
BMPABU 3 FEHETVKN Ha AUTiOpUAHe CXpeLlyBaHHs.

BnpaBu 3 reHeTUKMN ANA CaMOCTINHOro po3B’A3yBaHHA

BnpaBa 1. Y fl0gMHN FeH KapoOKOCTi JOMIHYE Hag reHoM 6/akMTHOOKOCTI, a
BMiHHA BOMOAITN NPaBOI0 PYKOIO — Hag NMiBoOpyKicTio. Lli napu reHis po3milleHi B pi3-
HUX XpomMocoMax. Aknumu 6yayTb ATy, AKWo: 1) MaTn reTepo3nroTHa 3a oboma o3Ha-
Kamu, a 6aTbKo — 6IAKMTHOOKMIA NiBWa; 2) MaTU GNakMTHOOKA 1 reTepo3nroTHa 3a
npaBopYyKicTio, a 6aTbKO — NiBLUA 1 reTePO3UTrOTHUI 33 KOJIbOPOM ouen?

§ 35. 3aKOHOMIPHOCTI CNagKoBOCTi. 3aKOH yncToTh ramer. lll 3akoH MeHaensa
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BnpaBa 2. HopmanbHi Kpuna  4epBOHi oui y gpo-
300inn — JOMiHaHTHI NPOABU 03HAK, BIACYTHICTb Kpu
i 6inoOKiCTb — peuecuBHi. [MreTepo3nroTHy camky
CXPeCTWN 3 FOMO3MTOTHIM 6e3KpUIM YePBOHOOKNM
camuem. Y nepliomy nokosiHHi gictanu 320 ocobuH.
CKiNbKN 3 HUX TEOPeTUYHO Moxe 6yTun: 1) 6inookmx
CaMOK 3 HOpManbHUMU Kpuslamu; 2) 4epBOHOOKMX OCO-
6UH 3 HOpManbHUMK Kpunammu?

BnpaBa 3. Y cyHuLUb NIoAN MOXYTb OyTu YepBo-
HuMK (A), 6innmun (a) abo poxkeBmmu (Aa), a YalLeyka — %
HopMmanbHoto (B), nuctkonogi6Hoto (b) i npomixHo -
(Bb). Cxpectmnu mi>k Cob0to POCIVHK 3 POXKEBUMM MNO-

Jamu 1 NPOMI>KHOI0 Yalleykolo. lka YacTMHa NOTOMCTBa MaTume: 1) UepBOHI Noau i
HOPMaJibHY YalleuKy; 2) poxeBi MIoAW N NPOMIXKHY Yalleuky?

BnpaBa 4. CamKka wumnaH3e mae | rpyny KpoBi 3a cuctemoto ABO Ta HOpmanbHy
nirmeHTauito, ay camua IV rpyna KpoBi 1 anb6iHi3m. flka BiporigHicTb HapOoAXKeHHA
Hawagkis: 1) 3 Il rpynoto KpoBi i1 anbbiHi3MOM (CamKa reTepo3nroTHa 3a 03HAKOHo Mir-
MeHTauii); 2) 3 Il rpynoto KpoBi  HOpMasbHO MNirMeHTaLi€lo (CamKa roMO3MroTHa 3a
O3HAKOI0 MirmeHTauii)?

CTABJIEHHA

bionoria + JlatnHa. JlaTuHcbKa MoBa i cy4acHicTb

NatnHnua — abeTka NaTMHCbKOI MOBMU, WO ICTOPUYHO € Bif-
rany>keHHAM eTpycbkoi abeTku, fKa, B CBOK 4epry, nocrana 3
rpeubkoi. BAHMKHEHHA NnaTuHCbKoi abeTkn fatytotb VIl cT. fo H. e.
JliTepamu naTrHMLi B reHeTHUi NO3HavaloTb 6aTbKiBCbKi 0COOMHM,
LOYipHi 0COOMHNK, rameTu, MPOABYM O3HaK Ta iH. 3anuwite nitepu
CyYacHOT NaTUHCbKOI abeTKK, BKaxKiTb iXHIO Ha3BYy Ta po3koayiTe
Bigomui Brpa3s CeHeku, AKUN y nepeknagi 3 natnHu 3ByunTb Ak «Docendo discimus»
(HaBuatoun, mn cami Bunmocs). OLiHiTb 3HaYeHHA NaTUHCbKOT MOBM Yy Cy4aCHOMY Cy-
CninbcTBi 3aranom i B 6ionorii 3okpema.

4 (15| 3 |5 14| 4 |15 4 |9 (19| 3 |9 [13]21]19

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. o Take 3aKOH 4nCTOTU rameT? 2. Ha3BiTb OCHOBHY YMOBY flii 3aKOHY YMCTOTU ra-
merT. 3. LLlo Take 3aKOH He3aneXHOoro ycnagkyBaHHA o03Hak? 4. Ik po3TalloBYyOTbCA
1-6 |anenbHireHn y BUNagKy He3anexxHoro ycrnagkyBaHHA o3Hak? 5. Y akomy poui 6yno
cdopmynboBaHo 3akoHU MeHgens? 6. Ha3BiTb YOTUPY 3aKOHOMIPHOCTI, L0 € OCHO-
BOIO KNIACUYHOI FeHeTUKMN.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

7.Y YoMy nonAra€e 3HauyeHHsA 3aKOHy uncToTU ramet? 8. Ak BifbyBaeTbCA ycnaj-
7-9 |KyBaHHA ABOX I 6inblue 03HaK? 9. fKi OCHOBHI MONOXEHHA Teopil ycnagKyBaHHA
Menpena?

10. AKUM € MONeKynApPHO-6IONOriYHi N LMTONOriYHI OCHOBM 3aKOHOMIpHOCTEN

10-12 .
CnafKoBOCTI?
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AHaniz — Memo0 00C/1i0XKeHHS, WO NoA2dE 8 NPAKMUYHOMY
abo meopemuyHOMY po34sieHy8aHHI Yisl020 HA CK/1a008i YacmuHuU.
EHyuknonedia cyyacHoi YkpaiHu

§ 36. Fi6puaonoriyHMil aHani3: OCHOBHI TUNU CXpellyBaHb

OCHOBHi NOHATTA N Knwo4vosi Tepminm: TBPULOJIOTIYHUA AHANIS.
CXPELLYBAHHA. AHanisyloue cxpeLjyBaHHA.
Mpuragarite! Lo Take ribpugonoriyHnin meton?

X Momipkyiite!

Oner PoManyyk

AHani3 — BMBYEHHs 00'eKTa JOCNIAKEHHA AK CYKYMHO-
CTi eNeMeHTIB, WO YTBOPIOIOTb CUCTEMY. Y HAYKOBUX AOCHIAMKEH-
HsIX BiH Nepeabavae ouUiHIOBaHHA NoBefiHKM 06'eKTa AK cUCTEMY
3 yCciMa YMHHUKaMK, WO BMJIMBAIOTb Ha MOro QyHKLiOHYBaHHSA.
Llen meTon WMPOKO 3aCTOCOBYETbCA B €KOHOMiILi, MCUXONOTii,
MefuLumMHi, 6ioximil, MaTemaTuLi TOWO i HaBiTb y XypHanicTuui.
Lo > Take ribpuaonoriyHnin aHanis? Y XYPHANICTULLI

3MICT

AKi npuHUMNN N 3HaYyeHHA ribpugonoriyHoro aHanisy?
FBPUOONOTNIYHUIA AHANI3 - ye O0CTiOXeHHA Xapakmepy ycnadKy8aHHs
03HAK 3a 00NOMO20I0 CUCMeMU CXpewys8aHs. Ana 3aiCHEHHA LbOro aHanisy oTpumy-
l0Tb riOpPMAN | BUBYAIOTb pe3ynbTaTi yCnagKyBaHHA iXHiX 03HaK Y pAaAi MOKoniHb. Mpw
LbOMYy MOTPiI6GHO BpaxoByBaTW B3aEMOii reHiB Mi>k C06010, BMNIMB YMOB CepefjoBuLLa,
BHYTPILUHI MexaHi3Mn MiHNMBOCTI Towo. [6PUAOCNOriYHMI aHani3 pPa3oMm i3 Monieky-
NAPHO-TEHETUYHMM Ta XPOMOCOMHUM € OCHOBHUMMW BUAMV FEHETUYHOIO aHani3y.
OCHOBHI MPUHLWNM NPOBEeAEHHA TiOPMAONOriYHOro aHanisy cpopmynioBas Lie
I. MeHpensb. Lle: 1) pobip matepiany gna oTpumaHHa ribpugis (oTprmaHHA 0COOMH 3
UYNCTUX NiHIN, BUAINEHHA O3HAKW UM eKiNIbKOX O3HAK ANA [OCNIAXKEHHS; 2) OTPMMAHHA
ribpuais (4iTke 4OTPMMaHHA YMOB Ta NpaBWA CXpeLLyBaHHA); 3) iIHAMBIAYyanbHUI aHa-
ni3 ribprais (3 060B'A3KOBUM diKCyBaHHAM pe3ynbTaTiB AnAa IXHbOI aHaniTMYHOT 06-
po6Kn); 4) BUKOPUCTaHHA MaTeMaTUYHOI CTaTUCTUKK, CKNaflaHHA CXeM CXpPeLLyBaHHS.
KnacmuHa cxema ribprponoriyHoro aHanisy BKJOYaE Taki eTanu, AK BUAINEHHA
rOMO3UroTHUX 6aTbKiBCbKUX GOPM, OTPMMaHHA Bif iXHbOro CxpellyBaHHA ribpunis Ta
cXpelyyBaHHA LMX ribprAais nepLuoro NOKoiHHA Mixk CO6010 ANA OTPUMaHHA ribpuais
LPYroro nokoniHHs.
r6prgonoriuHni aHanis gae 3mory Bu-
3HAUMTK: ) XapaKTep yCnagKyBaHHA 03HAKN
(BUABUTY TN B3aEMOMIi FeHiB i BCTAHOBUTU P
KiNbKiCTb reHiB, WwWo 6epyTb yyacTb y npo-
ABi 03HaKw) (in1. 87); 6) po3TallyBaHHA reHiB,  F,
O JOCNIAXKYTbCA (Y FOMOMIOTIYHNX YN He-
FOMOJIOTIYHMX, Y CTaTeBUX YM ayTOCOMaX);
B) rpynu 34enneHHs 1 inbopmauito gna no-  Fa
6YA0BY FreHEeTUYHMX KapT XPOMOCOM Ta iH.
F6puaonoriyHmini aHani3 WUPOKO 3a-
CTOCOBYETbCA He fule B reHeTuui, a n'y
cenekuii y noefHaHHi 3 meTogamu ribpu-

§ 36. l6pugonoriyHmiA aHani: OCHOBHI TMMK CXpeLlyBaHb

In. 87. OCHOBHI eTanu ribpUKONOriYHoOro
aHanisy ycnafKyBaHHs 03HaKu
3abapBneHHa Nnodis y CyHuLb 141
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An3auii Ta OUiHIOBAHHA MAIQHMKIB 3a HalaAKamu, B reHEeTUYHIN iHXeHepil — ana oT-
PVYIMaHHA OpPraHi3miB i3 3agaHNUMM BNAaCTUBOCTAMN, Y cMcTemaTuli — AnA BUABSIEHHA
dinoreHeTNYHOI CNOPIAHEHOCTI Pi3HUX BUAIB OpraHi3mMiB TOLLO.

OTe, CYTHICTb Fi6prAoNOoriYHOro aHanisy Nosifira€ B CXpeLlyBaHHi
OCOOWH 3 HaCTYMHMM aHani3oM pe3ynbraTis.

AKi TMNN cxpellyBaHb 3aCTOCOBYIOTb ANA riGpugonoriyHoro aHanisy?

CXPELLYBAHHA (y reHeTuui) — npupooHe yu wmy4He NOEOHAHHSA 2eHemu4YyHo20
mamepiany cnadkoso pi3HUX KAIMUH YU Op2aHi3mie 3 pi3HuMu eeHomunamu. Hawag-
KiB, WO BMHUKIN Bif CXpeLlyBaHHA ABOX 6ATbKiBCbKMX OCOOUH (MO3HAYalTb TATUH-
CbKolo nliTepoto P, Big nat. parents — 6aTbKun), Ha3MBalOTb AOYipHIMK 0COBGMHaMuK, abo
riopuaamuy (No3HayvalTb NAaTUHCbKO JiTepoto F, Big nart. filia - autuHa). Y cxemax
CXpeLlyBaHHA HA MepLIOMy MiCLi 3anmncyoTb 0COOMHY XKiHOYOI CTaTi, MO3HaYaTb 1i
3Hakom @ (a3epkano BeHepw), yonosiuy ctaTb nosHauaotb & (WWT i cnnc Mapca).
CxpellyBaHHA Mi>XK HIMY NO3HauyatoTb 3HAKOM MHOXKeHHA ( X ).

CxpellyyBaHHA € 060B'A3KOBMM efleMeHTOM YCix BUAIB ribpraonoriyHoro aHanisy
OpraHi3miB i3 cTaTeBUM PO3MHOXEHHAM ab0 cTaTeBUMM NnpoLecami. Y po3ginbHocTa-
TeBUX OPraHi3aMiB CXpeLlyBaHHA 3AINCHIOETbCA 3@ y4acTi crnewianizoBaHNX CTaTeBUX
KNITWH — rameT Ta 3 yTBOPEHHAM 3MroTu. Y NpoKapioTiB 1 OQHOKNITUHHUX eyKapioTiB
(Hanpuknag, iHdy3o0pii) cxpelyyBaHHA 30iIMCHIOETbCA 3aBAAKN KOH'toraLii, TpaHcayK-
Lii 1 TpaHcdopmaLlii, 3a AKMX BiAOYBaOTbCA 3MiHM CMALKOBOro MaTepiany.

Po3pi3HAOTb MOHO-, K- 1 NONIriGPUAHI, NPOCTi 1 CKNagHi, 3BOPOTHI 1 peLnnpokK-
Hi, CNOpPigHEHi N HeCcnopigHeHi cxpeLlyBaHHA Ta iH.

Ta6nuusa 4. XAPAKTEPUCTUKA OKPEMUX BUAIB CXPELLYBAHHSA

A. 3anexHo Bip KinbKoCTi nap nposABiB 03HaK, 3a AKMMU Pi3HATbCA 6aTbKiBCbKi popmun

CxpeLlyBaHHsA 6aTbKiBCbKMX 0COOVH, AKi Pi3HATLCA 3a OAHIE0 Napoio

MoHoribpugHe .
anbTepHaTVBHYUX NPOABIB 03HaK

CxpeLlyBaHHs 6aTbKiBCbKMX OCOBVH, AKi Pi3HATHCA 3a BOMa Napamu

AuribpuaHe .
anbTepPHATVBHYX NPOABIB 03HAK

CxpeluyBaHHA 6aTbKiBCbKMX OCOOUH, AKi Pi3HATLCA 3a TPbOMa i

Moniri6pugHe . .
6inblue Napamm anbTepHaTMBHUX NPOABIB 03HaK

b. 3anexHo Big ocobnuBocTei

3BOpoOTHe CxpeluyBaHHA F; 3 ofHi€l0 3 6aTbKiBCbKMX HOpM

CucTema ABOX CXpellyBaHb (MPAMOro i 3BOPOTHOTO), B OLHOMY 3 AKX
PeunnpokHe OpraHi3amMu 3 03HaKamy, L0 BUBYAOTbCA, BUKOPUCTOBYIOTb IK MaTe-
PVHCbKI, B iHWOMY — fAK 6aTbKiBCbKi: 1) @ AA X & aa; 2) Q aax & AA

3aBAsAKM cxpeLlyBaHHAM OTPUMYIOTb MOTOMCTBO Bifj 6aTbKiB ANA BU3HAYeHHA 3a-
KOHOMIpHOCTEW ycnagKyBaHHA O3HaK, PO3TallyBaHHA reHiB, WO KOHTPOMIOTb Li 03-
HaKu, B3aEMOSiT reHiB, poni HaBKOMULIHBbOIO cepefoBuLLa y GOpMyBaHHi O3HaK TOLLO.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTXe, cxpellyBaHHA € 0O0OB'A3KOBMM efleMeHTOM ribpuAaonoriyHoro
aHanisy, Wo €, B CBOK Yepry, OCHOBHNM METOAOM FreHeTUKM.

[inA yoro B reHeTuL i 3aCTOCOBYIOTb 3BOPOTHI cXpellyBaHHA?

3sopomHe cxpeujyeaHHsA, abo 6ekkpoc (Bif aHrn. backcrossing, Big back — 3HoBy
i cross — cxpellyBaTm) — cxpewysaHHa 2ibpuda nepuwo20 NOKOTIHHA 3 OOHIE 3 6ameb-
KigcbKux popm. Y reHeTuLi BUKOPUCTOBYETbCA AN BU3HAUYEHHA reHOTUNY 0COOMHN

(aHanisyloue cxpellyBaHHA), y cenekuii € OCHOBOI MeTody 3BOPOTHUX CXpeLlyBaHb
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ONA NifcUNeHHs B ribpuais NpoaBy O4HOro 3 6aTbKiB, NOLONAHHA CTEPUNbHOCTI Bif-
faneHux ribpuais, 3akpinneHHA reTepo3ncy B HACTYMHMX NOKOJHHAX TOLLO.

AHanisyloue cxpellyBaHHA — e cxpely8aHHs 2ibpudd 3 He8idOMUM 2eHOMUNOM
(abo AA, abo Aa) 3 peyecusHo0 20M0O3U20MOI0, 2eHOMuUN AKOT 3aex0u (aa). Y cxemax
cxXpelyyBaHHA 0COOVH i3 AOMIHAHTHO 03HaKo Yy GeHOTWNI 1 HEBIAOMYM FreHOTUMOM
3anuncytoTb y BUMIALI Tak 3BaHOTO heHOoMuNo8020 paoukasna A-. Take NO3HauYeHHA 03-
Hayvag, WO OpraHi3m TOYHO MAE OAVH anenb, WO BU3HAYA€E AOMIHAHTHUI CTaH O3HaKW,
a Apyruii anenb € HeBIAOMUM. Y pasi cxpellyBaHHA Takoi 0COOUHMU i3 peLecMBHO
rOMO3M1roTOK MOX/MBI ABa BapiaHTU.

|-t 8apiaHm. AKLWO Npu cxpelLyBaHHi 0COOMHM 3 JOMIHaHTHOO 03HaKolo (A) 3 pe-
LLleCMBHOIK rOMO3MIOTHOMO (aa) 0COBMHOI0 YCe NOTOMCTBO BUABUTLCA OAHOMAHITHUM,
3HauUTb, aHani30BaHa 0COOUHA 3 JOMIHAHTHOI 03HaKOK roMo3uroTHa (AA).

II-G 8apiaHm. AKLWO Npu cxpeLlyBaHHi 0COOUHM 3 LJOMIHAHTHO 03HaKoto (A) 3 pe-
LeCMBHOIO FOMO3UTroTol0 (aa) OTpMMaHe NOTOMCTBO Aa€ po3wenneHHa 1: 1, To gocni-
IXKyBaHa 0cobvHa 3 4OMIHAHTHO O3HAKO reTepo3unroTHa (Aa) (is. 88).

Q. .

FIKLI.I,O FEHOTI/II'I peuecrnBHa AKLWO peuecnBHa
romo3unrota aa reHotun Aa romo3unroTa aa

"®
clhdb: clh 4K
ri6puan (Fr) @ g;g @ Q ﬂ

Aa Aa Aa aa
Yci ribpyan 3 nypnypoBumm MonosurHa ribpuAais 3 NyprnyposumMm
nentocTkamu nentocTKamu, a MoNoBMHA — 3 6inuMn

In. 82. Cxema aHani3yo4oro cxpellyBaHHA

OTXxe, aHani3yue cxpeLlyBaHHA YMOXJ/MBIIIOE BM3HAYEHHA reHOTUny
riopuais, TMMiB rameT Ta iX CNiBBiAHOLIEHHS.

AIANbHICTb

CamocTiiiHa po6oTa 3 Tabnuueto

MpoaHanisyinTe 3aKOHOMIPHOCTi MOHOTIOPMAHOrO CXpeLlyBaHHA i 3aNoBHITb Tab-
NNLIO KiNbKiCHOT XapaKTepucTUKMN An-, Tpu- i NONIiriopUaHMX CXpeLlyBaHb.
Ta6nuua. KJIbKICHI 3SAKOHOMIPHOCTI 3A PI3BHUX TUNIB CXPELLYYBAHHA

§ 36. l6praoNOriyHNiA aHani3: OCHOBHI TUNY CXPELLYBaHb

MapameTp MowHori6pugHe | Auri6pugHe Tpuri6puaHe| Moniri6pnaxe
Yncno tunis ramer, yteopeHux F; 2
Ymcno kombiHauin ramet y F, 4
Po3wenneHHs 3a peHoTunomy F, (3:1)
Po3wenneHHsA 3a reHoTunomy F, (1:2:1)
Yncno deHoTMNOBYMX Knacis 2
KinbKicTb reHOTUNOBKX Knacis 3
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CamocTiiiHa po60Ta 4. Po3B’A3yBaHHA TUMNOBUX BMpaB 3 reHeTUKN

BnpaBa 1*. flki TN rameT yTBOPIOKTb OPraHiaMyM 3 TakKUMU FEeHOTUMAMU:
a) AABBCC; 6) AABBCc; B) AaBbCC; r) AaBbCc?

BnpaBa 2*. Y ropoxy »OBTuUI KoJnip HaciHHA (A) JOMiHY€E HaZ 3eneHuMm, rnagka
dopma HaciHHA (B) — Hag 3mopuikyBaToto, 6i6 npoctoi dopmu (C) — Hap 6060Mm i3 ne-
peTsxkamu. CxpelyeHo pociuHy AaBbcc i3 pocnuHoto aabbCc. BusHaute po3uien-
NEHHA B HACTYMHOMY MOKOJiHHI 3a eHOoTUMOM.

Bnpasa 3*. Kapookunin, TeMHOBONOCUIA, pe3yC-MO3UTUBHUI YONOBIK OQPY>KYETbCA
3 6JTaKUTHOOKOI0, CBIT/IOBOIOCOI0 pe3yC-HEraTUBHOIO »KiHKOI0. BU3HauTe MMOBIPHICTb
HapOAKeHHA GJTAKUTHOOKOT CBITSIOBONIOCOT ANTVHM, SIKLLO 6ATbKO reTepo3nroTHUI 3a
LOMIHAHTHUMM NPOABaMM O3HaK.

Bionorisa + [lomaluHi TBapuHN. MOpPCbKi CBUHKMN

Y XMBUI KYTOUOK AiTW MPUHECTUN [BOX YOPHUX
MOPCbKUX CBUHOK (Cavia porcellus), BBaxkatoum ix um-
ctonopogHumu. [MpoTe B HaCTYNMHOMY NMOKONiHHI cepef
X NOTOMCTBa 3'ABUINCH GiNi CBUHKN. YCTAHOBITb reHo-
TUNW UMX CBMHOK, AKLLO BiJOMO, WO YOpHe 3abapBeH-
HA JoMiHye Hapg 6inum. OuiHiTb NpaKTUYHe 3HayeHHA
reHeTUYHNX 3HaHb MPO BUAW CXpellyBaHb Yy cenekuil
JOMaLLHIX TBapPUH.

CTABJIEHHA

j bionoria + YkpaiHcbKa nitepartypa. MeTog nocepefgHuKa

«MiqypiH Haxunueca Ha0 Mos000l0 POCUHOI, 3d-
mucaeHul i cymHUl, Have Jlikap Hao xeopoto OUMUHOIO.

- Hi! o nepcuka Ham, eudHo, we Oaneko. Cawo,
3anuwu: OuKul Mu20dsib 3 KylbmypHUM NEPCUKOM He
cxpewyemoca. .. lowykaemo o6xioHuUx wasxie» (O. Jo-
BXeHKo. MiuypiH). | HaykoBeLb 3HalLIOB Len LWsx.
Tak 3'ABMBCA B ceneKuil pOCANH MEeTOf CXifyacTtoro
cxpelyyBaHHA, abo MeTol mocepefHUKa, Wo Noro 3a-
CTOCOBYIOTb A/1f MOAONIAHHA HEeCXpeLLyBaHOCTI BUAiB. Y YOMY MonAra€e cyTb meToay
nocepepfHvKka? BUcnoBitb cyaeHHsA Npo 3HaueHHA 6ioNoriYHNX 3HaHb 415 NUCbMeH-
HVKIB, MOETIB UM NiTepaTypHUX KPUTKKIB.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take ribpugonoriyHmin aHanis? 2. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHA
ribpugonoriyHoro aHanisy. 3. LLlo Take cxpellyBaHHsA B reHeTuui? 4. Ha3BiTb OCHOB-
Hi TMNK cxpelyyBaHb. 5. LLlo Take 3BOpOTHI cxpelyyBaHHA? 6. LLlo Take aHanisytoue
cxpelyyBaHHA?
7. AKi npuHUMNKY 11 3HaYeHHA ribpugonoriyHoro aHanisy? 8. ki TMNK cxpelyyBaHb
7-9 |3acTocoByloTb s ribpugonoriyHoro aHanisy? 9. [1ns 4oro B reHeTuLi 3aCTOCOBY-
10Tb 3BOPOTHI CXpeLlyBaHHA?
10. Ha KOHKpeTHOMY NpuKnafi NpoAeMOHCTPYTe NPaKTUYHe 3HaUYeHHA 3HaHb NPo
TUMW CXPeLLyBaHb.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

10-12
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IHOusidyansHicmes (8i0 nam. individuum — HenodineHe, HenosmopHe) —
Heno8mMopHa csoepioHicMb by0b-AK020 A8UULA, OKpeMOT icmomu, /1I00UHU.
3 eHyuknoneoir

§ 37. CyuyacHi MOneKynspHO-reHeTU4YHi MeToAuN AOCNiAXKEHDb
CNapKoOBOCTI NIOAVHN

OCHOBHi NOHATTA 1 KntouoBi TepmiHn: MOJIEKYJIAPHA TEHETUKA. Mone-
KyNAPHO-TeHeTNYHI meToau.
MpuraganTte! Lo Take cNagKoBiCTb i MiHNUBICTH?

X Momipkyiite!
EnemeHTOM cyuyacHoro AusanHy »kutna po- it §
CWTb YacTo CTaloTb reHonopTpeTtn (306paxeHHA OHK)

ey E
MeLIKaHLiB, 3a ONOMOrO AKUX NiAKPECNoTb 0Co6- - :
nmBocTi ctunio opopmneHHa. LLlo € ocHoBolO HenoB-
TOPHOCTI TaKMX NOPTPETIB i YHOMY BOHU iHAUBIAYaNbHiI? —

3MICT

LLlo € npegmeToM AoChigXKeHb MONIEKYNAPHOI reHeTUKN?
MOJNEKYJIAPHA TEHETUKA - uye po30in 2eHemuku
U moneKynapHOI 6ionoeii, Wo eusyde MONEKyIApHi OCHO8U
cnaokosocmi U MiH/IUBOCMI XUBUX OpeaHi3mie i gipycie. Ak ca-
MOCTINHUI HanpPAM MONEKYNAPHa reHeTnKa BUOKpemunacb
B 40-x pp. XX CT. y 3B'A3KY i3 ynpoBagKeHHAM Yy 6ionorito
HOBUX METOAIB, WO Aanv 3MOry rubLue i TouHiwe gocnign-
T 6ypoBy 1 GYHKLIT reHeTMYHOro anapara BipyciB i KNiTWH.
HanronoBHIiWNMN [OCATHEHHAMMN MOJEKYNAPHOI reHeTUKN
€ 3'ACYBaHHA XiMIYHOT NPUPOAM reHa, WTYYHNIA CUHTES reHa,
3'ACYBaHHA MexXaHi3MmiB pensikayii, mpaHckpunyii, 360pomHor
mpaHckpunuii, mpaHcaayii, penapayii, perynauii ekcnpecii ta
6iocrHTe3y 6inKiB. OCHOBOIO Lji€l HaYKM € KOHLenLia 2eHemuYyHo20 Kooy, AKNIA NePBUH-
HO 3YMOBJIIOE TaKi O3HaKM »KMBOI MaTepii, AK CNagKOBICTb i MiHANBICTb. 3@ AONOMOTOI0
MeTO[iB MONIEKYNAPHOI FeHEeTUKM NOrNn6IeHO PO3yMiHHA MyTaLiiHOro npoLiecy, 3'Aco-
BaHO MexaHi3Mun KpocuHzosepy. MoneKynapHa reHeTuka ctana nigrpyHTam, Ha KoMy
chopmyBanacb MmonekynapHa bionoria, cnpuana po3BUTKy Gioximii, 6iodizuku, uutono-
rii, Mikpobionorii, Bipyconorii, 6ionorii po3BuTKy, BigKpuia HOBI NigXoan f0 PO3yMiHHSA
eBontouil XUTTA Ha 3emni. [loCcArHEHHA MONEKYNAPHOI FreHETUKN YyXe peani3yloTbCa B
cenekuii, bioTexHonorii, MeanUMHi, CnopTi, KpUMiHanicTuui, aHTpononorii (is1. 89).

MonekynapHa
Gionoris

In. 89. Mpeamet gocni-
OXeHb MoneKynApHoI
reHreTuKm

OTxKe, MOneKynapHa reHeTKa BMBYAE CTPYKTYpWU, Wo 36epiratoTb 1
bopmytoTb reHeTrYHy iHbopMaLito, Ta iX GyHKLiOHaNbHI BNAaCTUBOCTI.

AlkKi oco6nuBocTi opraHisauii MoneKynspHoO-reHeTUYHUX [AOoChifXKeHb
CNagKoBOCTiI?

MoneKkynapHo-reHeTU4Hi MeToau — ye Memoou 0OCIOXKeHHA cmpyKkmypu U MiH-
JlUBOCMIi 2eHEMUYHO20 anapamy, 3 AKUM Noe’sa3aHi npoyecu 36epexerHHs U peanizauil
cnaokoeoi iHghopmayii. 3a ix LOMNOMOrO HAYKOBL MOXYTb BM3HauyaTW MogiOHicTb Ta
BiAMIHHOCTi FEeHOMIB Pi3HNX OPraHi3miB, BUABNATY YWKOAXeEHHA cTPYKTypun JHK, BCTa-
HOB/IOBATW HYKNEOTUAHI MOCAIAOBHOCTI FEeHIB y HOPMI 1y pa3i 3aXBOpPoBaHb TOLLO. 145
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Ona npoBegeHHA MONEKYNAPHO-TEHETUYHUX AOCAIAXEeHb BMKOPUCTOBYIOTb He
Bcto AHK, a nuwwe HeBenuki pparmeHTy, WO € Pi3HUMU B Pi3HMX 0COOMH. Tak, CTyniHb
nopibHocCTi reHoMiB pi3HMX Ntogen ctaHoBUTb 99,9 %. | nuwe 0,1 % nocnigoBHOCTEN
OHK matoTb MiHAUMBICTb, WO i1 Ha3MBalTb CTPYKTYpHUM nonimopdizmom [OHK. Ha
nouatky 80-x pokiB y monekynax JHK nioguHn 6yno BUABNEHO OiNAHKY, YHiKaNbHi
3a CBOEI0 OYi0BOIO B KOXHOT NtoauHu. Lli ginAHKW Ha3mBaloTb 8apiabesbHUMU MAaH-
demHumu noemopamu (BTI). Macwwtabu wi€i BapiaTMBHOCTI TaKi, WO MiX NoC/ifoBHO-
ctamu JHK gBox niopen (AKLWO BOHU HE MOHO3UTFOTHI 6NIM3HATA) iCHYIOTb MiNbAOHNK
BiAMiIHHOCTEN, 11O JOCKTb YaCTO Yy OPraHi3miB GeHOTUMOBO He BUPAXKEHO.

[ns BUABNEHHA HEOOXiAHMX pparMeHTiB 3aCTOCOBYIOTb MeTog ribprgmsauii AHK
3 BUKopuctaHHam [JHK-3oHgiB. BupizaHHa BignosigHux ¢parmeHTis JHK 3giicHio0TH
3a ,OMNOMOro 0CobNMBUX GePMEHTIB-«HOXULb» — pecmpukmas. Pi3Hi pecTpukTasu
po3ni3HaloTb TiNbKM BiANOBIAHI MOCNIAOBHOCTI HykneoTugis i po3spisatotb OHK y
BM3HAYEHMX MicLAX.

HacTynHum eTanom MONeKynApHO-FeHeTUYHOrO aHanisy € Ofep)KaHHA Konin 3
pocnipxkyBaHux ¢parmenTis JHK. OTpuMaHHA JOCTaTHBLOI KinbKocTi dparmenTis AHK
BigOyBaeTbcA wWnaxom amnnigikayii JHK 3a ponomoroto noniMepasHoi NlaHLroBoi
peakuii. KonitoloTb BroKpemneHi ¢parmeHtn [HK 3a
fornomoroto cnedianbHux ¢epmMeHTiB — nonimepas.
KoniosaHi ¢pparmeHtn [IHK 3a gonomoroto enekTpo-
dopesy Ha reni po3ginawTb Ha dpakuil. Mig gieto enek-
TpuyHoro nona ¢parmeHTn HK pyxatoTbca B reni 3i
WBWAKICTIO, WO 3aNeXuTb Bif TX JAOBXWHW: YNM BOHU
KOPOTLWIi, TUM WBMAKICTb Ginbwa. Y pe3ynbraTi Lboro In. 90. feHeTUYHMN
odparmenTy [IHK yepes meAKWIn Yac 3aiMaloTb NeBHe  aHanisatop (cekseHatop) i3
MicLie Ha reni y BUrIAZi OKPeMMX CMYOK, L0 la€ 3Mory ~ KOMM'IOTEPHMM i1 Mporpamo-
OLiHUTN HenoBTOPHICTb cTpYKTypu AHK (in. 90). BUM 3a6e3neueHHAM

OTKe, 0CO6NMBOCTAMY OpraHi3aLii MONEKYNSPHO-TEHETUYHMX METOAIB AOCi-
IPKeHb € BMKOpUCTaHHA ¢parmeHTiB [IHK, depmeHTiB-pecTpuKTas i cnewjianb-
HUX METOZIB ANA OTPUMAHHA, PO3MHOKEHHA N BUBYEHHA AinAHoK OHK.

flke 3HaYeHHA HaANMOLWVPEHINX MONEKYNAPHO-TEHETUYHNX MeToAiB?

[o HamBa)KNUBIWNX MeTOAIB MONEKYNAPHOI FreHeTUKW, WO NiexaTb B OCHOBI
reHomHux TexHonorin i [OHK-giarHocTukn, HanexaTb: CeKBEHyBaHHA TeHiB,
nosimepasHa NaHLroBa peaklis, 3acToCcyBaHHA reHeTUYHUX MapKepiB Ta iH.

CekeeHy8aHHA 2eHie (Bif nat. sequentum - Nocnigos-
HiCTb) — MemoOu 8CMAHOB/IEHHA NOC/II008HOCMI HYKJ/1e0-
muodie y monekynax JHK (in. 91). BuHaligeHO 6pUTaHCbKUM
yueHnm Opegepikom CeHrepom y 1977 p. Benuka wBmaKicTb
CeKBeHYBaHH#, L0 CTafna f4OCTYMHO Ha noyaTky XXI cT. 3aB-
OAKN HOBMM TEXHOJONiAM, CrpuAia BCTAHOB/IEHHIO MOBHOT
NOCNiAOBHOCTI reHOMy ntoaunHN. CeKBeHyBaHHA 34iINCHIOTb
3a ONOMOTO0 aBTOMaTUYHUX CEKBEHATOPIB, B AKMX 3aCTOCO-
BYlOTbCA dyopecLieHTHO-MiueHi npanmepu. [1na KOXHOro 3
YOTUPbOX HYKNeOTUiB 6epyTb YOTUPHU Pi3HI pnyopecLeHTHI

Tema 3. CMAAKOBICTb | MIHJTUBICTb

PHPPPPIPPOOPODPPOOOO--0O-D

L1

—
T

MIiTKW, KOTPi BUNPOMIHIOIOTb CBIT/IO B Pi3HUX CMEKTPaibHMX ¢c

pianasoHax. CkaHyBaHHA ref nicnAa enektpodopesy na- In. 91. CeKBeHyBaHHsA

3epHUM NpoMeHeM, Lo 30yaKye dnyopecueHLito, fa€ 3mory  dparmenta IHK pizHumuy
146 BM3HAUYUTM Pi3Hi HYKNeoTUAM N NPOYNTaTV NOC/iAOBHICTb. MeToAaMn
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MonimepasHa naHyrozoea peakyis ([JIP) - mMemoo 36inbuweHHA Kinbkocmi
¢pazmermie [JHK y 6ionoziuHomy mamepiani. MeTop WMPOKO BUKOPWCTOBYIOTb Y
GionoriuHin i MeguYHINn NpakTULi ANA KNOHYBaHHA reHiB, AOCHIAXEHHA MmyTauin,
BUiNEHHA HOBMX leHiB, CTBOPEHHA FeHeTUYHO MoAndiKoBaHUX OpraHiamie, Aia-
FHOCTUKM 3aXBOPIOBaHb, ifeHTUdiKauii Manux KinbkocTen JHK, BCTaHOBNEHHA 6aTb-
KiBCTBa ToWO. BuHaxigHUK meToay — amepurKaHcbkmin 6ioximik K. Mannic Tak nucas
npo Hboro: «[loyuHato4u 3 eouHoi monekynu [JHK, Hocia eeHemuuHoi iHhopmauii, [1/1P
moxe Haoamu 100 minbapdie nodibHUX MOJIeKy1 3a KiflbKa 200UH. Peakyiro dyxe se2ko
nposecmu, 80Ha 8UMA2ae OOHi€i mecmogoi mpy6Ku, He3HA4YHOI KilbKocmi peazeHmis
ma 0xepesia menjomu.

lTeHemu4Hi mapkepu — cneyugiyHi HykeomuoHi nocslidoeHocmi 3 8idomoro nep-
BUHHOIO CMPYKMYPOI0, AKi 0aome 3mo2y ideHmucikysamu aHanizo8aHy HyK/eiHosy Kuc-
siomy. MonekynsipHO-reHeTUYHUMIY MapKepamy MOXyTb 6yTu 6inkn Ta ginaHku OHK
y BUMNALi reHiB abo KOPOTKUX MOCHifAOBHOCTEN HyKneoTudiB. Ha cborogHi reHeTUuHi
MapKepu BKe 3aCTOCOBYIOTbCA B TaKUX rany3ax AiANbHOCTI NIOANHN, AK KPUMiHaNicTu-
Ka, bioTexHonoris, cenekuis, aHTPOMOJIOrifA, reHeTUYHa iHXKeHepia, MeanunHa, CnopT Ta
iH. Tak, y reHeanorii 4nA BCTaHOBMIEHHA CMOPIAHEHOCTI NO YONOBIYil NiHIT aHani3yoTb
Y-xpomocomu 3a gonomoroto STR-TecTiB. [InA LbOro BUKOPUCTOBYIOTbCA CneliasbHi
JHK-mapkepwu, HyKneotTuaHa NocnifoBHICTb y AKUX NOBTOPIOETLCA 6e3niu pasiB — «Ko-
pOTKi TaHAEMHI noBTOPW» (@HMN. Short Tandem Repeats, STR). Ockinbkn Y-xpomocoma ne-
penaEeTbcA TiNbKK Bif 6aTbKa, TO YMC/I0 NMOBTOPIB Y MapKepax CUHa byfe Takum camum,
Wo 1 y noro 6atbKa. Y cinbcbkoMy rocnogapctsi STP-aHani3 cnyrye ana pochnifxeHb
BapiabenbHOCTI reHoMy Ta nosimMmopdi3mMy, Lo BMIMBAE HA NMPOAYKTUBHICTb COPTIB, Y
MeAVLMHI iCHYI0Tb MapKepy CNafKoBUX i OHKONMOTYHMX 3aXBOPIOBaHb, y CMOPTi — AnA
BM3HAaYeHHA CXWbHOCTI CMOPTCMEHIB [0 3aHATb NEBHUM BMAOM CNOPTY. Y KpuMiHanic-
TUL LUIMPOKO 3aCTOCOBYETHCA METO[ «TEHETUYHUX BiAOUTKIB NanbLiB».

OTXXe, CEKBEHYBaHHA reHiB, NoniMmepasHa NlaHLUroBa peakuis,
3aCTOCYBAHHA FreHETMYHMX MApPKepiB AOMOMaraloTb BUBYATX NpoLecu
XKUTTEQIANBHOCTI HA MONEKYNAPHOMY PiBHI OpraHisaii »KuTTA
N 3aCTOCOBYBATU Ui 3HAaHHA B Pi3HMX rany3fax AianbHOCTI NIOANHN.

RIANbHICTb

CamocrTiliHa po60Ta Ha 3icTaBneHHA

3icTaBTe 3anMpoOMOHOBAHI TEPMIHW i3 BU3HAUYEHHAMWU. 3aMoOBHITb Tabnuu-
Ky BignoBigen Ta oTpumanTe Ha3By Hayku, wo BmBYae [AHK opgHoro opraHismy.

§ 37. CyyacHi MoneKynapHO-reHeTUYHi MeTOAN AOCNiAXKeHb CNagKOBOCTI IIOANHMN

MoACHITb NepcneKTUBU LbOro po3ainy mo- 11 2131a56 |78
NeKynsaApHOI reHeTUKN B NPaKTUYHIN fianb-

HOCTI NtOaNHN.

1 Penapauin A BurikopucTaHHsA cnafikoBoi iHpopMaLlii reHis gna cuHTesy 6inkis i PHK
2 Pennikauia I' Mpouec BUNpaBneHHA KNITUHOI NowkoaeHb il [IHK

3 TpaHckpunuia | E lMpouec camonoaBO€eHHA monekynn JHK

4 TpaHcnAauia I CykynHicTb BCi€i cnagkoBoi reHeTUYHOI iHpopMaLii opraHiamy

5 KpocuHrosep |K lMpouec yTBopeHHA AoaaTKoBKX Konin dpparmeHTa AHK

6 leHom H Mpouec nepenuncysaHHA iHpopmauii 3 HK Ha iPHK

7 Amnnidikauia | M O6MiH ginAHKaMN Mi>K FOMOOTIYHMI XPOMOCOMaMM

8 Ekcnpecia O CuHTe3 6inkiB Ha maTpuui iPHK, wo BiabyBaeTbca Ha pnbocomax 147
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bionorisa + Meguuynna. Metop CeHrepa

@pedepik CeHnzep (1918-2013) — 6putaHCbKUI Gioximik, ABiui
naypeat HobeniBcbKkoi npemii 3 ximii (8 1958 p. «3a BCTaHOBNEHHSA
CTPYKTYPp 6inKiB, 0cO6MBO iHCYNiHY» i 1980 p. — «3a BHECOK W00
BM3HAUYEeHHA MOCNIJOBHOCTI OCHOB Yy HYKNEIHOBMX KMCIOTax»).
Y 1977 p. 3anponoHyBaB MeTOf PO3KOAYyBaHHA NePBUHHOI CTPYK-
Typu AHK, 3acHOBaHWi1 Ha pepMeHTaTVBHOMY CHHTE3i KoMMJie-
MeHTapHoi nocnigosHocTi JHK Ha ogHoHuTKoBin [OHK. Ha3Bitb
Len MeToA Ta NOACHITb MOro 3HaYeHHA AN1A MegULNHN.

CTABJIEHHA

bionoria + Kpuminanictuka. FeHeTnuyHi Mapkepu

MeTon «reHeTMUYHUX BIgOUTKIB nanbLiB», abo iHeepnpuHmuHe (Big aHrn.
fingerprinting — 3HATTA BIAOWTKIB NanbLiB) — MeTOJ PO3pi3HEHHA iHAMBIAYYMIB 3a fO-
NMOMOTO BMKOPUCTaHHA 3pa3kiB ixHix [HK. Mepwwuin BapiaHT meToay 6yB po3pobne-
Hun A. xxedpdpecom y Jlectepcbkomy yHiBepcuteTi B 1985 p. «30110TUM CTaHZAPTOM»
Ha CbOrofHi BBaXKA€TbCA AOCNIAKEHHA iIHAMBIAYaNbHOCTI IIOAMHN 33 OMOMOTrOK0 No-
NiMOPPHUX reHETUYHMX MapKepiB. OLiHITb MOX/IMBOCTi 3aCTOCYBaHHA METOZY «reHe-
TUYHKX BiOUTKIB NanbLiB» B KpMMiHanicTuui.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. o Take monekynapHa reHeTnka? 2. Ha3siTb OCHOBHI ranysi 3acTocyBaHHA [O-
CArHeHb MOJIeKyNAPHOI reHeTuku. 3. LLlo Take mMoneKynapHoO-reHeTUYHi metoan?
4. Ha3BiTb CyyacHi MONeKyNnApPHO-TeHeTUYHI MeToAn AOCNIAKEeHHA CnafgKoBOCTI.
5. lLlo Take cekBeHyBaHHA? 6. LLlo Take reHeTMYHI mapkepu?

7. o € npegmeToMm focnifgKeHb MOSIeKyAPHOT reHeTnKK? 8. AKi ocobnmnsocTi Mo-
7 -9 | nekynApHO-reHeTUYHNX AOCAIAXKeHb CNafKoBOCTI? 9. ke 3HaYeHHA HaNNoLMpPeHi-
LINX MOJIEKYNIAPHO-TEHETUYHUX MeTOfiB?

10-12 | 10.M0oACHITb 3aCTOCYBaHHA reHeTUYHUX MapPKepiB.

Kpawe sug4umu 3atige, aHix Hi4020 He sus4UMU.
CeHeka Cmapwuti

§ 38. OpraHisaulifa cnagKoBoro marepiany eykapioTuyHoi
KNiTVHN Ta NOro peanisauia

OCHOBHi NOHATTA N KnovoBi TepmiHn: TEHOM. EKCIPECIA FEHIB.
MpurapanTte! Lo Take eykapioTnyHa KniTuHa?

Tema 3. CMAAKOBICTb | MIHJTUBICTb

& Momipkyiite!

HaliGinblunii reHoM BUSABNIEHO B POCANHU
BOPOHAYE OKO AMOHCbKe (Paris japonica). BiH micTntb
149 mnppg nap Hykneotugis. [1o UbOro BigKPUTTA Haul-
6iNbLIVIM FeHOMOM BBa)KaBCsl FT€HOM [BOAMLLHOT pubun
npotonTepyca (Protopterus aethiopicus) - 130 mnpg nap
HyKneoTngis. [eHOM NOANHW CKNAAAETLCA 3 3,2 MIpA Nap HykneoTugis. Yomy X Togi
148 B JIOAVHY OpraHi3auia 6yfoBu, XUTTELIANbHOCTI 1 NOBEAiHKM € CKNafgHilow0?
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3MICT

Aki oco6nmBocTi opraHisauii cnagkoBoro matepiany eykapioTuu-
HUX KNIiTUH?

FrEHOM — CYKYnHicme cnadkosoi FEHOM eyKapioTU4HUX KRiTUH
iHpopmauii' y KnimuHax opeaHiamy negHo2o DOyHKLiOHaNbHMI HedyHKuio-
8udy.[eHOM NO€ELHYE OCHOBHI KOMMOHEHTHN, EOMHDHEHN; HanpEan
AKUMN € reHUn Ta HedyHKLIioHanbHi nocni- CTpyKTypHa yacTWHa | KOMMOHEHT

. . . 1. CTPyKTYpHIi reHn 3 MNceBpnoreHn,
nosHocTi [JHK. HalixapakTepHiwi ocobnu- ) . .

. . - iHTPOHaMW N eK30HaMu TaHAEeMHi
BOCTi opraHisalii cnapkoBoro Mmatepiany |5 ponuum rewis (knactepm)| nostopu,
€YyKapIOTIB TakKl. PerynaTopHa yacTuHa reHeTUYHi
« HaABHiCTb B eyKapioTUUHMX KAiTUHaX . MOGinbHi ene-

. L 1. PerynAatopHi renun .

TakUX BUAIB reHoMy, sik AdepHud, mi- |, PerynsTopHi enemeHTy MeHTY, creii-

moxoHOpianvHull i naacmudHud. Xa- cepuTa it

paKTepHO 0COBNUBICTIO AAEPHOro reHoMy € 38'A30k JJHK 3 6inkamu-2icmoHamu
1 yTBOPEHHA Ae30KCUPUOOHYKIEONPOTEIHOBUX KOMMIEKCIB — XPOMOCOM.

«  Po3mip reHOMy eyKapiOTUUYHMUX KNiTUH Ma€ TeHAeHUilo [O 36inblueHHA B Mipy
YCKNagHEeHHA opraHismis. Tak, reHOM KMLWKOBOI MafNYKN Hanidye 4,6 MAH, FEHOM
apo3oodinu — 130 MAH, a reHOM NAMHY — 3,2 MAPA Nap HYKNeoTuAiB.

«  OCHOBHUMW KOMMOHEHTaMWN eyKapioTUYHNX FrEHOMIB € (hyHKYIOHAIbHI NOC/1i008-
Hocmi Hykneomuodig JJHK.

« Y cknagi ¢oyHKLiOHanbHOI 1 HedyHKLIOHaNbHOT YaCTUH FEHOMY eyKapioTUYHKX
KNITUH € YHiKanbHi NOCNIfOBHOCTI (NpeAcTaBneHi B reHOMi OfHI€ KOMi€w) 1
NMOBTOpPIOBAHI MOCNIAOBHOCTI (NMpeAcTaBfeHi feKinbkoma abo 6araTbmMa KomnisiMu).

«  [InAa CTPYKTYPHOI YaCTUHM reHOMY eyKapioTiB XapaKTepHUIN MO3aidHult npuHyuUn
6y0osu. CTPYyKTYpHi reH! MatoTb AiNAHKK, WO KOAYITb CnagKkoBy iHpopmaLliio, —
@K3O0HW, i JiNAHKMY, WO i He KogYTb, — iIHTPOHM.

«  YreHomi eyKapioTiB BifOyBalOTbCA YCKNAAHEHHSA 1 ypi3HOMAHIMHeHHA OifAHOK pe-
2YZIAMOPHOT YacmuHU (HanpuviKnag, eHxaHcepu i caiiieHcepwy, LWo NocunTb abo
nocnabniooTb TpaHcKpunuito). Knouosy ponb B eBontoLii eyKapioTiB Bifirpae He
MosiBa HOBMX KOAYBaNbHUX MOCiAOBHOCTEN, a HOBi KOMOiHaLii cTapux i nosBa
HOBMX PerynaTtopHux JinaHok. Mpu ubomy y GopmyBaHHi HOBMX PErynaTopHmX
NoCNiZOBHOCTEW 3HAYHY POJIb BifirpatoTb MOGINbHI FeHETUYHI eneMeHTu.

«  binbwy yacTHY eyKapioTUYHOro reHoMy CTaHOBUTb HAOIUWKO8A (HedyHKLio-
HanbHa) JHK, wo He micTuTb iHbopmaLii npo cMHTe3 GyHKLiOHANbHUX NPOAYKTIB.
Tak, y KMLWKOBOI Nanuukm yactka Takoi [JHK ctaHoButb 15 — 20 %, y gpo3odinu -
90 - 95 %, a B ntoanHN — axk 95 — 98 %.

Cneiicep EnxaHcep Onepatop Ek3oH IHTpOH Ek30H IHTpoH Ek30H TepmiHatop

JHK

§ 38. OpraHi3auia cnagkoBoro matepiany eyKkapioTUUYHOI KNiTUHW Ta NOro peanisauisa

TpaHckpunuia
npo-iPHK
\/

BI/IpiSaHHﬂJHTpOHiB

| | | | 3pina iPHK

In. 92. OcobnumBocTi opraHisauii reHoTuny

eyKapioTUYHOT KNiTUHK 149

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




« B eykapioTMyHOMy reHOMi CNoCTepiraeTbca 36ibWeHHsA po3mipis cnelicepis — fji-
naHok OHK, wo BigoKpemnioTb reHn OguH Big ogHOro. Y npokapioTis crencep
CKNajaeTbCA 3 AeKiNIbKOX Map HyKNeoTuAiB, a B eyKapioTiB Ui AiINAHKM 3HAaUHO
Ginbwi (in. 92).

. TeHoM nepeBaXHOT GiNbLIOCTI eyKapioTiB 3aBAAKM CTAaTEBOMY PO3MHOMXEHHIO
OTpMMYE€ ABa Habopw anenbHUX reHis Bif ABOX 6aTbKIB pPi3HOI CTaTi.

OTXe, reHOM eyKapioTiB BiApi3HAETbCSA 0COBNMBOCTAMU OpraHi3auii
dYHKUiOHanbHOI N HedyHKLiOHaNbHOI YacTuH, cepep AKNX BUOKPEMUMO
36inbLUeHHA PO3MipiB, HaABHICTb MO3aiYHOI CTPYKTYpPWY, HaANMLLKOBICTb

Ta YCKMAQHEHHA PerynaTtopHuX NOCNifOBHOCTEN.

AKi oco6nmuBocTi peanisauii cnagKoBoro marepiany eykapioTmuHoi KnituHm?

EKCIPECIA FEHIB - npouyecu sukopucmaHHa cnadkosoi iHgpopmauii 2eHie 0ns
cuHmesy yHkyioHanbHuUx npodykmis — monekyn PHK i 6inkig. KO KiHLeBUM NpoayK-
TOM eKCnpecii reHiB € 6iNIOK, TO NpoLec eKkcrnpecii Ha3uBaeTbcA 6iocuHmesom 6inkie,
areH - 6inkosuM. IHbopMmaUin 3 Taknx reHiB nepenucyeTbesa Ha iPHK, wo nepeHocntb
il Bo pnbocom — opraHen cuHTe3sy 6inkis. Akwo Ha reHax [HK BigbyBaeTbca cuHTE3
TpaHcnopTHUX PHK, To ue reHn TPHK; sikwo cnHTes prnbocomanbHux PHK, To Le reHn
pPHK. biocnHTe3 PHK Ha3nBaeTbcA mpaHckpunyi€ro. Takum YNHOM, 3aBAAKUN eKcnpe-
cii reHiB y KnituHax 3'agnstotbca 6inku, iPHK, TPHK i pPHK.

EKCIMPECIA FTEHIB B eykapioTU4HUX KNiTUHaX

PHK-rexnn binkoBi reHun

TpaHckpunuia biocuHTe3 6Ginkis

OcHOBHiI cTagii OCHOBHi eTanu
1. IHiuiauina 1. TpaHcKpunuisa 3 yTBopeHHAM npo-iPHK
2. EnoHrauis 2. MNpouecuHr i3 cnnancnHrom Ta ekcnopt iPHK
3. TepmiHauin 3. TpaHcnauia
Pesynbtat: ytBOpeHHa TPHK i pPHK | 4. MicnaTpaHcnauinina moandikadisa

Pe3ynbTat: yTBOpEHHs 6iNkKiB

Ocob6nuBocTi: 1) BifoKpeMneHicTb TpaHCKpUnUii n 6iocuHTe3y 6inkKiB; 2) HasBHICTb NpoLe-
CUHTY i3 CNnancmMHrom; 3) akTMBHa 1 CKNagHa perynauia akTUBHOCTI reHiB

AKi )X 0cOBNMBOCTI eKcnpecii reHiB B eyKapioTUUYHKX KNiTUHax?

1. Ha BigmiHy Big npokapioTis eykapioTnyHa iPHK cnHTe3yeTbca y KNiTMHHOMY AAPI
(TpaHckpunuia iPHK), 3Bigkn TpaHcnopTyeTbca Ao uyutonnasmu (ekcnopt iPHK)
INs cMHTe3y 6inkiB. TakUM YHOM, mpaHckpunyisa U 6iocuHmes3 6isikie € okpeMumu,
8iddineHUMU y npocmopi U yaci, emanamu ekcnpecii 2eHis.

2. IHwWa BiAMiIHHICTb NonArae B Mo3aiuHin OyAoBi reHiB, WO MalTb iIHTPOHU Ta eK-
30HM. CnoyvaTKy iHpopmaLisa 3 GINKOBUX reHiB NePENMCYETbCA Ha NonepeaHnKa
iPHK (npo-iPHK), a noTim HeiHpOpMaTMBHI iHTPOHHI BiNAHKW BUpi3aloTbca (cnnai-
CUHI) N NEPBUHHUI TPAHCKPUNT NepeTBOPIOETbCA Ha 3piny iPHK (npouecuHr).
Tomy npouyecuHe eykapiomuyHoi iPHK € Hegid'eMHO0 yacmuHo MpaHckpunuii.

3. [na eykapioTiB xapakTepHa audepeHLianbHa eKcrnpecia reHiB y pisHUX Knitu-
Hax opraHi3aMmy, Tomy 6araTOKNiTUHHI OpraHiamMy MalTb Pi3HOMaHITHI AndepeH-
LiNnoBaHi KNiTMHK. Xo4a B YCiX KNiTMHaX MiCTATbCA OAHAKOBI reHU, IXHA eKcnpecin
BigOyBa€eTbCA HeoAHaKOBO. Perynauis KNiTMHHOT audepeHuiauii 3niNcHI0ETbCA 3a
pJoromorot creundiuHnx GinkKiB — TPAHCKPUNUIMHMX YMHHKKIB. Ha peanisauito
cnagkoBoi iHbGopmaLii BNIMBatOTb AK BHYTPILWHI (ropMOHU, BINKOBI TpaHCKpun-

150 LifHI YMHHUKK, BINKK-iHOYKTOPW, BiNKN XpOMaTrHY, ManeHbki aaepHi PHK), Tak
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i 30BHiWHI (TemnepaTypa, BUNPOMIiHIOBAHHA, aHTUOIOTNKU, TOKCUHN). TaknM uu-
HOM, eKcnpecisa eykapiomu4yHuX 2eHi8 aKmugHO pe2y/TIEMbCA | € OCHOBOIO pocmy,
po3sumky U ougpepeHuiayii knimuH ma ixHeoi adanmayii 0o yMo8 HaBKOUWHbO-
20 cepedosuwa (in. 93).

In. 93. OcHOBHi eTanu ekcnpecii 6iNKoBUX reHiB: 1 — TPaHCKPUNLifA; 2 — NPOLeCUHr
i3 cnnancuHrom; 3 — ekcnopt iPHK; 4 — TpaHcnauia; 5 — nocTTpaHcnauinHa mogudikalis

OTxe, eKcnpecia reHiB € peasnisali€lo cnagkoBoi iHpopMauii KniTuH
3 yTBopeHHaM PHK i 6inkiB, fika B eyKapioTMYHUX KNiTUHax BigOyBaeTbcA
3 NEBHUMN OCOBNNBOCTAMMN.

BIANbHICTb
3 CamocTiiiHa po6oTa 3 Tabnuueto

3a fonomoroto Tabnuui Br3HauTe 0COBAMBOCTI OpraHi3alii cnagKkoBoro maTtepia-
Ny eyKapioTUYHMX KNiTWH. 3anoBHiTb y po6oyomy 30wWKnTi TabnamLio Ta 3pobiTb 3aranb-
HWIA BUCHOBOK MPO BiAMIHHOCTi reHOMY eyKapioTiB Bif reHOMy apxell Ta 6akTepil.
Ta6nuuya. XAPAKTEPUCTUKA TEHOMY EYKAPIOTUYHUX KNITUH

O3Haka XapakTepucrtuka

Buan reHomy

Po3mipn reHomy

Ocob6nnBOCTI AAEPHOrO reHoMy

KomnoHeHTn reHomy

Cknap GpyHKLiOHaNbHOro KOMMOHeHTa

CKknag HedyHKLiOHaNbHOro KOMMOHEHTa

OcobnuBocTi 6yA0BU CTPYKTYPHOT YaCcTUHN

OcobnmnBOCTI PErynaTOPHOT YaCTVHU

Bionoria + AHTpononoriAa. 0co6nMBOCTi reHOMY NIOANHN

B ypHani Nature MiXHapOAQHUI HayKOBWUA KOH-
copuiym ony6nikyBaB pe3ynbTaTy AOCHIAKEHHA TeHo-
My LWMMMaH3e — TBapuHW, AKa Hanbinbl cxoxa 3 Homo
sapiens. llumnaH3e cTaB yeTBEpPTMM CCaBLIEM, FEHOM AKO-
ro MOBHICTIO po3wWndpPyBanu BYEHi NicIA reHOMIB MULL,
Lypa Ta ntoaunHu. Aki 0cob6MBOCTI reHOMY JIIAUHN NOpPIB-
HAHO 3 FeHOMOM LUMMMNaH3e?
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CTABJIEHHA

bionoria + EnekTponika. biounnn

Biouun (aHrn. biochip) — maTpuuAa 3 HaHeCeHMUN MoneKyna-
MM 6inKiB a60 HYKIETHOBUX KUCIOT /1A OAHOYACHOTO BUKOHAHHSA
BENMKOI KinbKocTi aHanisis. OCHOBHa yacTka Cy4yacHux 6iouu-
nis npunaga€e Ha OHK-unnun. JHK-6iournamn Ha3nBaloTb TaKoX
TexHonorii ana ineHTndikauii monekyn AHK Ta aHanisy ekcnpe-
cii renis. JHK-6iounnun cTBOPEHO aHANOrYHO 3 eNIeKTPOHHUMMU
MiKpocxeMammn-4mnamm, TO6TO B HMX pi3HE MOXOAXKEHHA 11 NOAi6-
Hi dyHKUiT. ke Nnpu3HaveHHA umnis? Akni mexaHiam gii JHK-unnis? OuiHiTe MoXnn-
BOCTi 3aCTOCYBaHHA 6iouMNiB B NPaKTUYHIN JiANbHOCTI NIOAMHN.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. o Take reHom? 2. Ha3BiTb KOMNOHEHTN reHOMY eyKapioTUYHMX KNiTUH. 3. HaBe-
OiTb MPUKNaan ocobnrBoCTen reHoMy eyKapioTuuHux KnituH. 4. Lo Take ekcnpe-
cia? 5. o € dpyHKUioHanbHMMKN NpoayKTaMun ekcnpecii reHiB? 6. Ha3BiTb OCHOBHI
eTanu eKcnpecii 6iNKoBMX reHis.

7. flki ocob6nmBOCTi opraHisauii cnagKoBoro matepiany eykapioTMuHux KnituH? 8. Aki
7-9 |ocobnuBocTi peanisaduii cnagkoBoro matepiany eykapioTuyHoi KnitnHm? 9. Yum ekc-
npecia PHK-reHiB Bigpi3HAETbCA Big ekcripecii 6inkoBux reHis?

10-12 | 10.Y yomy nonAratoTb BiMiHHOCTi reHOMY eyKapioTiB Bifj reHOMy apxeii Ta 6akTepiii?

[eHemuka ssadxae, a enizeHemuKd — ys1auwmosye.
1. Medasap

§ 39. leHwn. Perynauia akTMBHOCTI reHiB

OCHOBHi NOHATTA 1 KNo4oBi TepMiHn: FEH. CTtpykTypHi reHn. PerynatopHi
reum. PEFYN1AUIA AKTUBHOCTI FEHIB. EnireHeTtuka.

MpuraganTte! Lo Take reHn?

HoBunHm HayKn

lpyna HaykoBUiB AoOBena, WO BOCbMWHO-
rM Ta iHWIi rOSI0OBOHOr MOJMIIOCKM 34aTHI peparysatu
BnacHy iPHK ana perynsuii cuHtesy 6inkiB, He 3mi-
HIOUM CaMKX FeHiB. Y Takuin crnocib BigbyBatoTbcA
WwBMAKa Mogudikauisa 6inkis i 3miHa IXHiX GyHKUIN, Wo
3abe3neuye NNacTUYHICTb MOBeAiHKU. A WO TaKe reHu
i AK peryneTbca iXHA aKTUBHICTb?

Tema 3. CMAAKOBICTb | MIHJTUBICTb

3MICT

Al opraHisoBaHa fifANbHICTb reHiB?

FEH (Big rpeu. genos — pig, NOXomXeHHs) — ye OinaHka [HK, wo micmume
iHpopmayito npo nepguHHY cmpykmypy monekynu 6inka abo PHK. 3a3Hauumo, o €
rpyna HeKfiTUHHUX GOPM XUTTA, B AKNX reHeTuYHa iHpopmaLia 3anncaHa Ha PHK.

152 Lie PHK-BmicHi Bipycu 1 Bipoigu.
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KoXeH reH micTuTb KofyBasibHYy MOCAifOBHICTb, Aie 3anucaHa iHbopMmauia npo
NPOAYKT, Ta MEeBHUN Habip PerynsaTopHMX efIeMeHTIB, WO KOHTPOJIOKTb MOro Ai-
ANbHICTb. PerynATopHi MocnigoBHOCTI MOXyTb nepebyBatn AK y 6e3nocepepnHii
6/113bKOCTIi Bifi KOAYBaJIbHOI MOC/iIAOBHOCTI HYKNeoTUAiB (HanprKiag, npoMomopu —
OiNAHKK, 3 AKX NOYMHAETLCA TPAHCKPUNLiA), TaK i Ha BigcTaHi (Hanpuknag, eHxaHce-
pu — DiNAHKK, WO MNOCUIOIOTb TPAaHCKPUNLItO).

HakonunuyeHi 3HaHHA MPO reHW 3yMOBJIIOIOTb iCHYBaHHA [EKIiNbKOX BapiaHTIB
Knacudikauii. 3a po3TallyBaHHAM Y KNiTWHaX BUOKPEMITIOTb A0epHi 2eHU 1 yumo-
ni1a3mMamuyHi 2eHU (pPO3TalloOBaHi B MITOXOHAPIAX | XnoponnacTrax).

3a ¢yHKUiOHanbHMM 3HAYEHHAM FreHU NOAINAITb Ha CTPYKTYPHI 1 perynaTopHi.
CTpYKTYpHi reHn KopywoTb 6inok abo PHK, a perynaTopHi BU3HauyalTb NOYaToK,
WBMAKICTb N nocnigoBHicTb npoueciB cnHTe3y PHK Ha maTpuui AHK. Po3mipu pery-
NATOPHUX reHiB, AK NPaBuIo, He3HaYHi — KiflbKa AeCATKIB Nap HYKNeoTUiB, CTPYKTYp-
HUX — COTHI N TUCAYI HYKNEeOoTUAIB.

3a ¢yHKUiOHaNbHUM MNPOAYKTOM €KCMpecii BUOKPEMIOTb 6inkoBi reHu i
PHK-reHw. binkoei 2eHu micTATb iHPOpPMaLlito NPO NepBUHHY CTPYKTYpY binka, ans
6ioCcrHTe3y Ha OCHOBI UMX reHiB yTBOpiooTbcs iPHK(abo matpuuHi MPHK). PHK-2eHu
KOAYIOTb BeNMKY KinbKicTb pi3HMX BugiB PHK, Aki He niggaloTbca TpaHcnAauii.
Lle TpaHcnopTHi PHK (TPHK), pu6ocomHi PHK (pPHK), maneHbki agepHi PHK (MaPHK),
Mikpo-PHK (MKPHK).

3a aKTMBHICTIO PO3Pi3HAIOTb KOHCTUTYTUBHI 1 HEKOHCTUTYTMBHI reHn. KoHcmu-
mymueHi 2eHuU — ye 2eHU, WO € NOCMIUHO AKMUBHUMU, Yepe3 me wo 6inKku, AKi HUMU
KoOdyromebcs, HeobXiOHi 0719 nocmilHOI KnimuHHOI disneHocmi. Ui reHn 3abe3neuvyioTb
cuHTe3 6inkis, depmeHTIB i He NoTpebyloTb cnevianbHOI perynauii. Y 6araTokniTuH-
HUVX eyKapioTiB TX LWe Ha3MBalTb «reHaMn JOMaLlHbOro rocnogapcTea». Hekoncmu-
mymueHi 2eHU — ye 2eHU, AKi CMarme akKmMusHUMU Jiuwe mooi, Kosu 6inoK, AKUl B0OHU
KoOdytoms, nompibHuUl knimuHi. BOHV perynioTbcs KniTMHOW abo opraHiamom i 3a
yuacTi KofloBaHUX 6inkiB 3abe3neuyoTb andepeHuialilo KNituH. Lli reHn y KnitTnHax
eyKapioTiB Ha3MBalOTb KreHamu PO3KOLLi».

OT1Xe, reHn — Ue He Tinbku ginaHkn OHK, wo mictate neBHy iHpopmaLito,
a N cucTeMa efleMeHTIB, WO 3abe3neuye ekcnpecito uiei iHdopmaLii.

flke 3HauUeHHA Ma€ perynAauUia aKTUBHOCTI FreHiB ANA KNiTuH?

PErynaula AKTUBHOCTI FEHIB - ye cknadHa cykynHicme MonekynapHUX me-
XAHI3Mi8, 3a80AKU AKUM KJIIMUHU MOXymb 36inswysamu abo 3MeHWwy8amu KisbKicme
hyHKYiOHaNbHUX NPOOYKMi8 ekcnpecil neeHUX 2eHig y 8i0N08i0b HA 3MiHy 308HIWHIX
ymoas. XnTta 6yab-AKOi KNiTUHW BU3HAYAETbCA CYKYMHICTIO i1 reHiB. 3aBAAKN reHam
3[INCHIOETbCA ByAb-AKMI NPOAB Ta OYAb-AKi 3MIHWN XNUTTERIANBHOCTI Ha BNAVBU YNH-
HUKiB cepepoBuLLa. KNiTMHa XMBe B 3MiHHUX YMOBax cepefioByLLa i Ma€ pearyBaTtu Ha
Ui BNAMBKM 3MiHamMuK CBOIX BioximiuHKx npouecis. Came perynauis akTUBHOCTI FeHiB i
3abe3neuye Lo MiHAMBICTb KNITUH 63 3MiH reHOTMNY. A Lie, B CBOIO Yepry, 3yMOBJIIOE
FHYYKiCTb BAACTUBOCTEN KUBUX CUCTEM | MOX/IMBICTb MPUCTOCYBaHHA A0 3MiHW YMOB
cepepoBuLLa. ICHYE HaBITb HayKa NPO TaKi MexaHi3Mu — enireHeTurKa.

EnireHeTtuka — Hayka, wo 8us4Yae 3MiHU eKcnpecii 2eHis, 3yMO8/1eHi MexaHi3mamu,
He nog’A3aHuMu 3i 3MmiHamu nocsidosHocmi Hykneomudie [JHK. Taki 3MiH1 MOXyYTb 3a-
NAWATCA BUAVNMUMW BMPOJAOBXK AEKiIbKOX KNITUHHUX NMOKOMiIHb ab0 HaBITb KiNlbKOX
NOKOJiHb XXMBMX OPraHiamiB. AKWO reHeTMKa BMBYAE Npouecu, Wo BeayTb 4O 3MiH

§ 39. TeHw. Perynauia akTMBHOCTI reHiB
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y reHax OpraHi3miB, TO enireHeTMKa JOCNIOKYE 3MiHW aKTMBHOCTI TeHiB, 3a AKUX
cTpykTypa [OHK 3annwaetbca He3miHHOW. EnireHeTKa BMBYa€e npouecy, Wo akTu-
BYIOTb a0 NPUrHIYYOTb aKTUBHICTb FeHiB y BiANOBiAb Ha NpUAMaHHA Xi, GisnuHe
HaBaHTaXeHH#A, CTpec ToLo.

> OMNEPOH <

Perynatop MNMpomotop Onepatop CUPASUSARL I TepmiHarop
AHK [ | ; | u

+ * * *TpaHCKpI/InLliﬂ
1 | [ [ JiPKH
* * * TpaHcnAauia
IHaykTOp
—~, (edekTop) S
+ W
HeakTuBHui AKTUBHUN Binok Z Binok Y
penpecop penpecop

In. 94. Cxema perynAauii akTUBHOCTI reHiB 3rifHO 3 KOHLIemnLi€lo onepoHa

Bneple mexaHi3aMy 3MiHW aKTMBHOCTI reHiB MOACHUAM GpaHUy3bKi HayKoBLi
®. ako6 i . MoHo y 1961 p. BoHM 3anponoHyBanu KOHLENLilo onepoHa, 3rigHo
3 AKOIO Ha aKTMBHICTb CTPYKTYPHMUX FeHiB Y MPOKapioTUUYHMNX KNiTUHaX BMNMBAE pe-
rYnATOPHWIA reH, WO BiAMNoBigae 3a CUHTE3 perynatopHux 6inkis (in. 94). Ui 6inku
610KyI0Tb TPAHCKPUMLio, ane 3 NoABO B KIIiTWMHI NeBHOro cybcTpaty (Hanpuknag,
MOMOYHOIO LyKpPY — NTaKTO31) BOHW IHAKTUBYIOTbCA, LLO YMOXKIMNBIIOE TPAHCKPUNLito
1 yTBOpEHHA dyHKLioHanbHoOro npoayKty. Lum npogykTom € bepmeHTy, Wwo posuien-
NIOI0Tb NIAKTO3Y 1 CNPUAIOTD il 3aCBOEHHIO.

Hankpalwum nprknagom enireHeTUYHUX 3MiH ANnA eyKapioTUUYHUX KIiTUH € Npo-
uec ougpepenyiayii knimux. OpHa 3annigHeHa ANUEKNITMHA — 3UroTa JinuTbcA 1
AndepeHLiloeTbCA B Pi3Hi BUAW KNITWH, AKI HAfABHI B XX1BOMY opraHi3mi. Lle 3gincHio-
E€TbCA WNAXOM aKTMBALil OOHMX FeHiB Ta MPUTHIYEeHHA iHLWKX, a rinoTe3a, Wo NOACHIOE
i 3MiHW, Ha3Ba€ETbCA 2inome3oio dughepeHyianbHOi akmueHocmi 2eHie.

OTXe, 3aBAAKM perynsuii akTMBHOCTI reHiB BigbyBatoTbCA BignoBigHa
NPUCTOCOBAHICTb KITUH Ta OQHOKANITUHHMUX OPraHi3aMiB A0 3MiHHMX
YMOB cepepfoBulLa Ta gudepeHuiauia KNiTUH Nig Yyac po3BUTKY
6araToKNITUHHUX OpPraHi3MiB.

AK perynioeTbca akTUBHICTb FeHiB B @yKapioTNYHIN KNiTUHI?

KnitnHn 6yab-AKoro eykapioTMYHOro opraHiamy MicTATb OJHaKOBY reHEeTUYHY iH-
dopmaLito, ane nig yac iXHLOro PO3BUTKY BOHA peanizyeTbca BnbipkoBo. OfgHoYacHo
yCi reHu, Wo € B reHOMI KJiTUH, HIKONU He «MpautoloTb», TO6TO akTUBHUMM YCi reHn
BOJHOYAC HiKOMIM He ByBatoTb. fKi )k MexaHi3Mu 3abe3neuyoTb perynaLito akTBHOCTI
reHiB B eyKapioTUUYHUX KNITUHax?

Perynauia akTMBHOCTI reHiB 3rigHO 3 KOHLeNLi€lo onepoHa XxapakTepHa nuLie gna
reHiB, po3TaloBaHNX Y MITOXOHAPIAX 1 nnactugax. Cuctema perynauii AgepHuX re-
HiB € HabaraTto CKnafHilWo 1 pPi3HOMaHITHiWOW. HasBHICTb Agpa N HYKNeoCOMHOI
opraHisauil XpoOMaTUHY CYTTEBO PO3LINPAE MOXKIINBOCTI perynauii. Y eykapioTmuHmnx
KNiTUHAaX eKCnpecia reHiB peryntioeTbCA Ha KOKHOMY 3 eTaniB — Ha PiBHI TPaHCKpUI-
uii, npouecunry PHK, ekcnopty PHK, TpaHcnauii 1 nocTTpaHcnauiiHoi mogudikauii
154 6inkiB. HanbinbLw yHiBepcanbHYMY enireHeTUYHMMIM MeXaHi3MaMu perynauii € Taki.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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Pezynsayis 3a yuacmi manux PHK. PHK-iHmepgepeHuyis — mexaHi3am perynauii, Lo
30iNCHIOETbCA 3a gornomorot Manux (20 — 25 HykneoTtugis) monekyn PHK. OcHoBHM-
MU Monekynamu € maneHbKi agepHi PHK (maPHK) Ta mikpoPHK (MkPHK), aki Bxe nicna
TPaHCKPUNLUiT MOXYTb BCTYNaTN Y B3aEMOJIIO i3 KOMMNIEMEHTaPHUMM NOCNIA0OBHOCTA-
M iPHK Ta 3miHIOBaTV IXHIO aKTUBHICTb.

Pe2ynayia waaxom mMemusnio8aHHA. Lle Hanbinbw [OCNiIgXKEHNI MeXaHi3m pe-
rynauii, NoB'A3aHWi i3 NPUEAHAHHAM METUIbHOI rpynu (CH3) [0 UUTO3MHY B CKNagi
Hykneotugis [JHK, wo 3a3smyan NnpurHivye akTMBHICTb FeHiB Ha PiBHI TPaHCKpUNLil.

Pezaynayia Ha pieHi xpomamuHy. Lle Haln6inbL yHiBepcanbHUin cnocib perynauii
3a OMOMOrOI0 3MiHW CTaHy XPOMaTUHY BMAPOAOBX XUTTA KNiTUHU. [JleKoHaeHcoBa-
HUI eyXpPOMaTVH CTBOPIOE MOXNMBOCTI Af1sl 3UMTYBaHHsA iHGOpPMaLil 3 reHiB, a L inb-
HEeHUWI KOHOEHCOBaHWUI reTepoXpoMaTUH — BNOKYE.

OTXe, ONA eyKapioTUYHMX KNITUH XapaKTepHi CKNagHi N pi3HOMaHITHI
MOJIEKYNAPHI eniereHeTUYHi MexaHi3mMu, Wo 3MiHIOITb aKTUBHICTb reHiB
i He 3auinatoTb NepBUHHOI CTPYKTypu OHK.

ARIANbHICTb

3aBfaHHA Ha pOpMyBaHHS NOLYKOBUX YMiHb

3icTaBTe npi3BuLLa BYeHNX Y ranysi 6ionorii i3 MogenbHMK opraHiamamm, AKKX
BOHW BMKOPWCTOBYBaNy, Ta OTpMMalTe Ha3By rpynu 6inkis, HeobxigHWX AnNA yTBO-
peHHA XpomaTuHy. [laiiTe KOPOTKY XapaKTepuCTUKY Ui rpyni 6inkis. Ak BigbdyBaeTbcA
perynauia akTMBHOCTI reHiB 3a iXHbOI yyacTi?

1 b. Mak-KniHtok I Kykypyasa

2 [. MeHpenb N Auetabynapis

3 T.X. MopraH I Topox nociBHUi

4 [.bigniE. Tentym |H lMec cBincbKmm

5 A. OnemiHr O lMeHiynn no3HaueHun .

6 .. MMaBnos C [po3ododina HopHoUuepeBa 1 2 | 3|4 |5 |6 |7
7 C.bpeHep T Hempocnopa rycrta

Bionorisa + PawioHanbHe xapuyBaHHA. DonieBa Kncnora

HuHi HayKoBUAM yXe BifOMO, O KOMMOHEHTW XapyoBUX MPOAYKTIB UMHATb
BMIMB Ha enireHeTUYHi npouecn. Mamke BCi XiHKM 3HalOTb, WO Mig Yac BariTHOCTI
ZyXe BaX/IMBO BXWUBATU AOCTATHIO KinbKicTb ponieBoi kucnotu. EnireHetuka gono-
Marae 3po3yMmiTi BaXKNMBiCTb LIbOro BiTaMiHy B pauioHi. CnpaBa B Tomy, wo doniesa
KucnoTa BrnivMBaEe Ha metunioBaHHA OHK. Lo Take ¢onieBa Kucnota i fka ii ponb y
MeTuoBaHHI [HK?

g CTABJEHHA
» I
«2 bionoris + MeguuuHa. NMepcoHipikoBaHa meguuMHa.

§ 39. TeHw. Perynauia akTMBHOCTI reHiB

Ha cborofHi fOMiHaHTHMM (NepeBarkatounm) y giarHoc-
TMUi 11 NiKyBaHHi Gyab-AKMX 3aXBOPIOBaHb € Miaxia, Akvit (@) ** * **
I'PYHTYETbCA Ha TOMY, LLLO MiCNA BCTAHOBJIEHHA JjiarHO3y BCi
noAanblui 3ycnnna nikapa CrnpsAMOBAHO Ha NiKYBaHHA XBO- & —>*
pobu 6e3 ypaxyBaHHA iHAMBIAYanbHUX 0cobnMBOCTeN Na- Q =—> . =
uieHTa. Ane ManbyTHE 3a NepPCOHiPiKOBAHOK MeAULNHOL.
Lo Take nepcoHidpikoBaHa meauumnHa? OUiHiITb 3HAYEHHS & -
enireHeTUKIN Yy PO3BUTKY NepCcoHidikoBaHOT MeanLMHM. 155
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PE3YJIbTAT

3aBaHHA ANA CAMOKOHTPOJIO
1. Wo Take reHn? 2. lLlo Take perynAaTopHi n cTpyKkTypHi reHn? 3. LLlo Take perynauia
aKkTMBHOCTI reHiB? 4. LLlo Take enireHeTnka? 5. Ha3BiTb OCHOBHMIA cnoci6 perynauii
AKTUBHOCTI TeHiB y NPOKapioTUUYHMX KNiTWHax. 6. Ha3BiTb Halbinbw yHiBepcanbHi
MeXaHi3Mu perynauii akTMBHOCTI reHiB B €yKapioTUYHIN KIITUHI.
7. flki opraHizoBaHa fiAnbHICTb reHiB? 8. ke 3HaueHHA Ma€ perynauia akTMBHOCTI
reHiB ana KNitnH? 9. K perynioeTbCcA akTUBHICTb reHiB B €yKapioTUYHIN KNITUHI?
10. O6r'pyHTYTe 3HAUEHHA eNireHeTVKI LA PO3BUTKY MeLNHM Ta NpodinakTuku
3aXBOPIOBaHb.

10-12

Kapiomun - ye Kinekicme i guesif0 xpomocom
8 A0pi eykapiomuy4HOi KNimuHu.
Bikinedis

§ 40. KapioTtun miognHu. XpomoCOMHUI aHani3

OcCHOBHi NOHATTA 1 Knto4oBi Tepminn: KAPIOTUMN JIKAUHU. Xpomocomu.
XpomatuH. XPOMOCOMHUI AHANI3.
MpuraganTte! Lo Take KapioTun i xpomocomn?

3Hanomreca!

Axo Xin Tio (1919-2001) — aMepuKaHCbKNIA FeHETUK,
AKNI yriepLue po3ni3HaB HOPMasbHY KilbKiCTb XPOMOCOM Y KNiTh-
Hax ntoguHu. s nogis Binbynaca 22 rpygHa 1955 p. B lHcTuTyTi re-
HeTuKn JlyHAcbKoro yHiBepcuTeTy B LUBeLil, Kyan HaykoBeLb OyB
3anpoLeHnn gna gocnigxeHb. [lo Uiei gaTy BBaxanocs, Wo B Kii-
THax Homo sapiens, AK i B LULMMMaH3e Ta ropunu, € 48 XxpoOMOCOM.

3MICT

Aki ocobnuBocTi KapioTuny noguHM?

KapioTun nognHn xapakTepusyeTbCa 3a TUMM CaMUMK NMPaBUIaMu, WO 1 Kapio-
TUMW eyKapioTMYHMX opraHi3miB. Lle cneyugivHicme, cmabinbHicme, napHicme, iHOU-
8idyanbHicme Ta HacmynHicme. [na LOCNIOXeHHS 0COBMNBOCTEN KapioTuny nogunHu
i XpomMocomuM po3TalloBYOTb Y BUrNALi igiorpamu (Big rpew. idioc — CBOEPiIgHUN, 2pa-
Ma — Hanuc). CknagaHHa igiorpamu, AK i cam TepMiH, 3aMPOMNOHOBAHO YKPaiHCbKNM
untonorom C. I. HaBawmrHum.

Y 1960 p. 6yno po3pobneHo nepuy [leHBepCbKy MixHapoaHy Knacudikalito xpo-
MOCOM NoAnHN. Y ocHOBY i1 B6yno noknageHo ocobnnBoCTi po3mMipiB XpoMoCcomu Ta
po3TalyBaHHA LeHTpomepu. B igiorpami XxpomMocomn po3TaLlOBYOTbCA MOMAPHO Y
nopAaKy 3MeHLUEeHHA PO3MipiB (KpiM CTaTeBMX XPOMOCOM). 3 LIiEI0 METOIO BUMIPIOIOTb
JOBXWHN XPOMOCOM y MiKpomeTpax. [JoBXMHa XPOMOCOM KONIMBAETbCA Bif 2,3 A0
11,0 MKM. Bu3HauatoTb TakoX CNiBBiHOLWEHHSA fOBXWUHM KOPOTKOrO nieya Ao AOBXU-
HU BCi€l xpomocomu. 3a popmoto, po3mMipamul, NepeTaKaMm BCi XPOMOCOMM IO MHM
noAinATb Ha 7 rpyn; iX MO3HayaloTb TATUHCbKUMU fliTepamu (in1. 95)

Y HopMi KapioTun NOAMHW CKNnajaeTbca i3 46 XpOMOCOM, 3 HUX 44 ayToCcoMu
(22 napw), Wwo matoTb oiHaKoBY OY10BY B YONOBIYOMY I KiIHOYOMY OpraHi3max, Ta OgHa
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napa crateBux xpomocom (XY -y yonosiki i XX — y iHOK). XpomocomHa dopmyna
XiHouoro Kapiotuny — 44A+XX, yonosiuoro - 44+XY. Taknin KapioTun 3annWaEeTbCA
HE3MiHHMM YNPOJOBX YCbOro »KMTTA. Bigomo, Wwo noasiHa fo3a reHHNX NPOoAYKTiB
X-XpOMOCOMM € CMepTeNbHOI ANA OpraHiamy. Yepes Te B XKiHOUMX KNITUHAX BUHUK
cnevianbHUIN MexXaHi3Mm, Wo 3abe3neyye NocTiiHe NepebyBaHHA OOHIET X-XpOMOCoMY
B iHAKTVIBOBAHOMY CTaHi y BUrnAAi Tinbus bappa (abo ctateBoro X-xpomaTtuHy). BoHa
iHAaKTVBYETbCA Le B paHHbOMY eMbpioreHesi 4O PO3BUTKY CTaTeBMX 3a03.

EAY AR Y ALY eg gg | 0% 88 8 ag 8y 2
N SRR AR
I S I L |
(qg Ez;()? 6216 52? : @\y %189 8;5’ 82? 52% i ﬂﬂ\x

In. 95. Igiorpama nognHK: 1 — yonogiva cTaTh; 2 — XiHova CcTaTb

Omxe, KAPIOTUIN NIOOUHN - ue KinbKicHa 1 AKicHa
BMaocneundiyHa CyKynHicTb 0COONMBOCTEN XPOMOCOMHOrO Habopy
COMATUYHUX KNITUH NIOANHN.

Ak opraHizoBaHi xpoMmocomu B KapioTuni nioguHn?

Xpomocomu (Bif rpeu. xpomamoc — 3abapBneHunin, coma — TinbLe) — cmpykmypu
KimuH eykapiomis, wo 3abe3neqytoms 36epexeHHs, po3nodin ma nepedady cnaoko-
goi'iHghopmauii. i maTepianbHi Hocii ana nepepavi indopmaLii HACTYNHOMY NOKOJiH-
HIO KNiTUH GOPMYIOTbCA i3 XpOMaTUHY nepes NoAinom KnitnH. XpomaTtuH (Big rped.
Xpoma - 3abapBneHHn) — komnnaexc JHK 3 6inkamu, wo gpopmye xpomocomu. OCHOBHa
yacTKa B cKnagi xpomaTuHy npunagae Ha OHK i agepHi 6inku-rictoHu, wo yTBopio-
I0Tb [€30KCMPUOOHYKNEONPOTEIHOBI KoMMneKkcn. HykneonpoTeiHOBMI KOMMEKC 3
opHieo monekynot [JHK i € xpomocomoto. Hanpuknag, y KnituHax noguHn € 46 xpo-
MOCOM, i BignogigHo, 46 monekyn [AHK. Po3pi3HaioTb ABa QyHKLiOHaNbHI CTaHU Xpo-
MaTVHY: eyXPOMATLH Ta reTepoxpomaTiH. LinbHo ynakoBaHuiA, abo KOHAEHCOBaHMUN,
XPOMaTNH Ha3nBalTb eemepoxpomamuHom. [JHK retepoxpomaTtvHy HefoCTyMmHa
AN TPAHCKPUNUIT, | TAKUI CTaH XapaKTePHUIA ANns 6araTboX HEKOAYBaNIbHUX JiNAHOK
abo reHiB, ekcnpecia AKUX He NOTPibHa B KOHKPETHOMY TWNi KNIiTUH. AKLWO Xpoma-
TUH YNakoBaHWI HeLifibHO, NOro Ha3UBalTb AEKOHAEHCOBAHUM XPOMATUHOM, abo
eyxpoMamuHom. Y LibOMy CTaHi BiH OinbLl JOCTYMHWIA ANA Pi3HOMaHITHUX GepMeHTiB
i 3a3BMYaN € TPAHCKPUNLINHO aKTUBHUM.

OCHOBHUMW PIBHAMMK OpraHisauii XpomaTuHy B AAPI KNITUH € HyK1eo0COMHUU,
HyKneomMepHuUU, XxpoMomepHUl, XxpomamuoHul Ta xpomocomHud. Lo 6aratopisHeBy
CTPYKTypOBaHicTb 3abe3neuyioTb Npouecu cnipanisaii Ta KoHaeHcadlii. IxHi Moxnu-
BOCTi BpakatoTb. TaK, y NIOANHN JOBXMHa po3KpyueHoi JHK HallMeHwwoi xpomocomm
CTaHOBUTb 65113bKO 14 000 MKM, a Ti [OBXMHA NIiCNA YIWiNbHEHHSA NLIe 2 MKM.

XpOMOCOMHUIN piBEHb OpraHi3aLii XpoOMaTUHy BMHUKAE Ge3nocepenHbo nepes
noginom KnitnH. QopmMyloTbcA OAHOXPOMATUAHI XPOMOCOMM, WO MicnA pennikauii 157
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OHK ctatoTb gBoxpomaTtugHumun. Nepen noginom y Knitm-
Hax NIOAVHN MICTUTbCA 46 [BOXPOMATUAHUX XPOMOCOM.
Xpomamuou (1) noepHyloTbCA B AiNAHUI  NepBUHHOI
nepeTaXKu, ie po3TalloBaHa yeHmpomepd (2) — HeBenmka
AiNAHKA, WO MNOAINAE XPOMOCOMY Ha [ABi YacTUHWU,
yTBOpIOKOYY NPU LboMy 0o8ze hiiede (4) i Kopomke niede
(3) 3 Tenomepamu (5) (in. 96).

OTxKe, Nig Yac NoAiny XpomMaTuH KOHAEHCOBaHUN Y
XPOMOCOMMU, WO iX YiTKO MOXHa pPO3rnegiTy HaBiTb
nig CBiTIOBMM MIKPOCKOMNOM, TOdi AK Yy nepiof, ® [0
iHTep®asn XxpoMaTH PO3C/IabNeHU i
pO3[iNAETbCA Ha ey- Ta reTepoOXpPOMaTHH.

In. 96. Cxema 6ynoBu
MITOTUYHOI XPOMOCOMU
flke 3HaUYEHHA XPOMOCOMHOrO aHanisy?

XPOMOCOMHUIA AHAJI3 - ye doci-
OXeHHA U aHaniz mopgonoeil, Kinekocmi U
CMpYKmMypu oKpemux xpomocom abo kapio-
muny 6 uinomy. JOCRigXeHHA XpOMOCOM - <
€ OCHOBOW YumozeHemMu4yHO20 Memooy 6 Eg 7 8 BAR9 0 BR11 8812
NOCNIIKeHHA CrnagKoBOCTI. Y NoAgnHN Hai- I EE II II II ll
3pyYHiWIMM 06'eKTOM Af1A aHani3y € KynbTu- Dele
BOBaHi B cneLjiasibHOMy po3uuHi nimbountn ii13 ii14 éé 15 §§16 “17 “18
nepudepintHoi KPoBi (Memod Kynemypu Ki- o
muH). Tl Yac BUrOTOBNEHHA MiKponpe- 8819 BB20 FE21 FF22 Ix gy
napaTtiB XpoOMOCOM [0 KynbTypu KiTUH
JOJaloTb ankanoig KONXiuuH, Wo 3ynuHAE
nomin KNiTMHW Ha ctagii metadasun. MoTim PIOAVHY KNaCKuHe (3 cKamu) | crieKT-
KNiTMHN 06pPO6AAITL FIMOTOHIYHMM PO3- pasnbHe (B KOMbOpI) KapioTUNYBaHHS 3
unHom KCl, AKnii BiJOKPEMIIOE XPOMOCO-  BuaBeHIMIN XPOMOCOMHIMIA MyTaL{isiMIA
MU OfHY Bif, OAHOI, MicnA yoro ix ¢ikcyloTb 3a 1, 3 i 9-Tol0 MapaMm XPOMOCOM
i dapbytoTb. 3aBAAKN TaKill 06pOOLi KOXKHa
XPOMOCOMa CTa€ BUAMMOIO Y CBITIOBOMY MiKPOCKOMi. XpOMOCOMU Ha Uil cTagil ckna-
[alTbcA 3 ABOX XPOMATUA i MatoTb X-nogioHy dopmy. KoxxHa xpomocoma npu 3acTo-
CyBaHHi Memoody K/1acu4Ho20 KapiomunysaHHA No CBOIN [OBXMHI andepeHLitloeTbcA
Ha TeMHi Ta CBiTNi cMyru — Aucku. MNocnifoBHICTb po3TallyBaHHA LUX AUCKIB, IX dopma
€ cneyndiyHNMN Onst KOXHOI Xpomocomu. CrielianicT 3a JONOMOro Komn'toTepHoTl
nporpamu 36Mpae xpomocomu, 3adikcoBaHi Ha 3HIMKY, MOMAPHO I MOPIBHIOE, UK
BCi CMYXKM Ha Micui, un Hemae 3amBux abo BigcyTHiX AinAaHok (in. 97). Memood
CneKmpasabHO20 Kapiomunys8aHHs [A€ 3MOry MapKyBaTW KOXHY i3 XpPOMOCOM i
BOAHOYAC JoCniAXKyBaTh yBecb Kapiotun. OcTaHHIM YacoM y XpOMOCOMHOMY aHasi-
3i AN1A BUABNIEHHA XPOMOCOMHMX MyTaLili BUKOPUCTOBYOTb Memoo ¢hiyopecyeHmHoi
2ibpudusayii, AKNN nonsarae y papbyBaHHi XpoMocom dnyopecLleHTHUMYN BapBHMKa-
MM, WO 3B'A3YI0TbCA 3i cneyndiuHUMN JinAHKaMm XpOMOCOM.

3a [JOMOMOrold XPOMOCOMHOMO aHanily B MeAWYHIN reHeTuui [OCNiOKYITb
KapioTvn noavHY B HOPMI 1 y pasi natonorii, y dinoreHeTuui BUBYaOTb [eAKi
3aKOHOMIPHOCTI MyTaUiiHOrO Ta eBOJIOLUINHOro npouecis. BumiptoBaHHA JOBXWHN
Te/lomep Ha KiHLUeBUX [iNIAHKaX XPOMOCOMU AA€ 3MOry crelianictam-repoHTosioram
OUIHUTW WBKAKICTb MNpouecy CTapiHHA OpraHiamy IOAVHN, OCKINIbKU Tenomepu

In. 97. XpomocoMHUin aHani3s Kapiotuny
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3MEHLUYIOTbCA 3 KOXHUM MOAINOM KNiTUH. Y CyAoBill MeauLMHIi XPOMOCOMHUI aHari3
3aCTOCOBYIOTb A/1A BM3HAYEeHHA CTaTeBOl HAIeXXHOCTi KPOBi.

OTXe, BUABNEHHA MOPYLUEHb Yy CTPYKTYPi KapioTnny 3acHOBaHe
Ha BMBYEHHI XPOMOCOM NIIOAMHWN B HOPMi 1 y pa3i naTonoril.

AIAJIbHICTb
CamocrTiliHa po6oTa 3 intocTpati€to. OpraHisaLis xpomaTuHy

3icTaBTe piBHI opraHi3alii XpoMaTuHY i3 MO3HaYeHHAMM Ha intocTpaLii Ta 3ano.-
HiTb Yy pobouyomy 30ownTi Tabnuuto. NMoACHITb, AKUM UMHOM CTBOPIOETHLCA AYyKE BUCO-
KW piBEeHb YLWiNbHEHHA XPOMOCOM, Wo gocarae 7 000 — 10000 pasis..

Taﬁl'lllll.l.il.XAPAK'l.'.EPI/ICTVIKA PIBHIB 2nm 11 nm 30nm 300 nm 700 nm 1400 nm
OPrAHI3ALII XPOMATUHY 14> > > > <> <>
o PiBe.Hb .. | Mo3Ha- .ﬂpouecu‘ﬁ
praHisauii YeHHS piBeHb yLwinb-
XpomaTtuHy HEHHA

Bionorisa + AHTponoreHes 23 4

lnmnaHse KapnukoBuii, abo 6oHo6o (Pan paniscus), -
BUA NIIOAUHOMNOZIOHMX MaBn 3 poAnHW romiHigis. MneyTb 60-
HO60 B TponiyHuX nicax LleHTpanbHOT AQPUKN Ha HeBenuKin
TepuTopii MiX piukamu KoHro i Jlyanaba. YncenbHicTb cTaHo-
BUTb nuwe 6nmn3bko 10 TCAY 0cobuH. BoHOBO CTaB WMPOKO
BigoMuM Hayui B 1960-x pokax i NOKM 3anuLaETbCA ManoBu-
BUYEHMM BMAOM. [loBeiTb 3a JOMOMOrol0 LUTOreHEeTUYHOrO MeToay, WO WUMNaH3e
Kapaukosul € HANGAMXKYMM [0 JTIAVHN PO3YMHOI 3 HVHI iCHYIOUMX BUAIB TBAPVH.

CTABJIEHHA
a ﬂj Bionoria + MeguuynHa. XpomocomMmHMI1 nacnopt

XpoMOCOMHUI1  aHanisa € ocHoBow cTaH- [|8 5 & o o I
AapTHOTO  KapioTMMyBaHHs, WO MPOMOHYeTbCA || ! 3 %‘g g s § g s g‘ il
MeAVNUYHUMK nabopaTopiaMy 1 LieHTpaMu Ans oui- e re 3 .

) S JRCE k= DI 5 5t 5. 0@

HIOBAHHA PenpoayKTUBHOIO 340POB’'A MOAPYXKHIX

nap. Taki LMTOreHeTUYHI AOCTIMKEHHA OTpUMANM =
Ha3BYy «XPOMOCOMHOrO macnopta». flka iHpopmauia =
BifloO6parkeHa B XPOMOCOMHOMY MacnopTi? BUCIOBITb CBOI CyAMXeHHA LWOo0 3HAaYEHHS
XPOMOCOMHOFO aHasi3y ana npodinakTMKy cnagkoBux XBopoo NoguHN.

PE3YJIbTAT

§ 40. KapioTtun noguHn. XpoOMOCOMHWI aHani3

3aBAaHHA ANA CAaMOKOHTPOJIIO

1. Lo Take KapioTun nognHn? 2. Kol € XpPOMOCOMHa bopmyna KapioTumny KiHKu
1-6 |nyonogika? 3. LLlo Take xpomocomun? 4. LLlo Take xpomaTtuH? 5. LLlo Take xpomocom-
HWUI aHani3? 6. Ha3BiTb ranysi 3actocyBaHHA XPOMOCOMHOIO aHanisy.

7. ki ocobnusocTi KapioTuny nognHN? 8. ik opraHizoBaHi XxpoMocomMu B KapioTuni

7-9 .
nognHn? 9. ke 3Ha4Ye€HHA XPOMOCOMHOrO aHanisy?
10-12 10. flke 3HaYEHHA XPOMOCOMHOIO aHanisy AnAa nNpodinakTMKM cnagkoBnx XBopob
noanHn? 159
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[eHom 110OUHU 3HaMeHye coboto Ha0baHHsA tACcMad.
13 3azanvHoi 0eknapayii npo 2eHom s1OUHU | Npasa 1OUHU

§ 41. TeHOM nOANHN
OCHOBHi NOHATTA 11 KNto4oBi TepmiHv: TEHOM JIOAUHW. leHomika.

MpuraganTte! Lo Take reHom?

MomipkynTe!

MixHapofHWii [OKYMeHT «3arafibHa fgeKna- /A
I

pauia npo reHomM NANHM i NpaBa NANHU» OOHOrO-
NOCHO NpuiHATO leHepanbHol KoHdepeHuieio KOHECKO
Ha i 29-n cecii 11 nuctonaga 1997 p. Y BCTYNHIi YacTuHI
AOKYMEHTa 3a3HauyaEeTbcsA: «...Haykosi 0ocnioxeHHA w000
2eHOMY JIOUHU | NPAKMUYHe 3dCMOCy8aHHsA IXHIX pe3yb-
mamie giokpugsarome 6e3mMexHi nepcnekmugu 0/14 NoslinWeHHA 300p08’s OKpemMux
nto0ell i 8cb020 110OCMEA. .. ». LLlo Take reHOM NOANHY | AKe 3HAaYEHHA MatoTb NOro Ao-
cnipKeHHs?

3MICT

AKi Han3aranbHiwWi 0co6NMMBOCTI reHOMY NOZNHN?

FEHOM JIIOAUHW — cykynHicmeb ycix 2eHig i MixzaeHHUX npomixkie monexkyn JHK
JII0OUHU, Wo MicmAamecsa 8 A0pi U MimoxoHOpiax KAimuHu. TeHOM NIOAVHN Ma€ 3HauHy
NofibHICTb [0 IHWKX eyKapioTUUYHNX FreHOMIB,

a came: Mo3aiyHUl npuHYyun 6y0o8u Kodysasib-
HOI YyacmuHu, HaABHICMb YHKYiOHAIbHUX ma
HeyHKYioHanbHUXx nocnidosHocmel [JHK, Hao- EE S S EEEE S8 mm EE
JIUWKOBICMb HepYHKYIOHA/IbHUX NOC/1i008HO-

cmet [JHK Ta iH. Y TOM e yac reHoM NognHn 1 2 3 4 5 6 7 8 9
Ma€ HU3Ky ocobnusocTen (is. 98). B EE G == == EE mm
[eHOM nOAMHW YTBOPEHUN AQEPHOK Ta EE EE EE EE EE E EE
MiToxoHgpianbHoto [HK. MitoxoHapianbHWi 0 11 12 13 14 15 16 17 18
reHoMm npeFCTaBHEHMﬁ KiNbLIEBOIO MOTIEKY/IO EE _____ . SR Eﬁafwgg ______
OHK po3mipom 6513bko 16 500 nap Hykreo- J
TMAIB, AKa MicTUTb 37 reHis. BinbwicTb i3 HUX 920 2 2 T 5%
BiNOBIJaOTb 33 KNCHEBWUW eTan KAiTMHHOro In. 98. [eHOM MIOAMHY B HOPMi
AVXaHHA.

floepHWiA reHoM NIAMHY CKNaJa€eTbCA 3 22 nap ayToCoOM i ABOX CTaTeBMX XPO-
MocoM (X Ta Y). 3anexHo Bifg po3mipiB Ta Mopdonorii XpoOMoCcoMM NOAUHN Nofi-
neHo Ha 7 rpyn (A, B, C, D, E, F, G). Hanbinbwwoto 3a po3mipamu € xpomocoma 1, o
Hanexutb fo rpynu A (pisHonneuosi xpomocomm). i monekyna JIHK mae manxe
248 MJIH Map OCHOB, L0 CTAHOBUTb 65M3bKO 8 % Bcboro Matepiany [AHK nogcbkoi
KNiTUHW. Ha cborofHi BBaxaeTbca, Wo B 1-1 Xxpomocomi Mictutbea 3 511 renis. Han-
MEHLUOK € XpoMocoma 21, Npo WO CBiAYNTb KiNbKiCTb HyKneoTudis B il CKnagi —
47 mnH nap, abo 1,5 %. Xpomocoma 21 Hanexutb go rpynu G (LeHTpomepu po3TaLlo-
BaHi Ha KiHLAX XpomocoMm), i y Hil € Big 300 go 400 reHis.

3aranbHi po3mipu agepHux monekyn AHK niognHmn ctaHoBnRATL 6nn3bKo 3,2 Mnpg
nap HykneoTuzis. Y reHoMmi NIIOAUHN KinbKiCcTb BINKOBUX reHiB fJOpPiBHIOE 21 TUC. 11 re-
160 HiB PHK - 4 Tc. 3aranbHa JOBXMHa KOAYBanbHUX JiNAHOK reHiB AOPiBHIOE 34 MAIH Nap
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HyKneoTugis i ctaHoBUTb 1,2 % reHomy. KinbKicTb Mosropu
reHiB NoAVHM He € Hanbinbwot (Hanpuknag, y
MULLi XxaTHbOT 22 000, y HemaToau (Caenorhabditis
elegans) — 20 000), ane B NOAWHU € aslbmepHa-
musHuu C‘nflfJL"l.CUHe, Lo AAE€ 3MOTY KNiTMHam OTpu- Mirerona X
MyBaTV Pi3Hi 6inkn 3 0gHOrO reHa. OHK \  EksoHu
XapaKTepHO 0COBNMBICTIO FreHOMY JIOANHY IHTPOHMN
€ HM3bKWUI BiAHOCHWI BMICT eKk30HiB (1,5 %) 1 in- In. 99. BigHoCHMit BMicT
TPOHIB (6113bko 34 %) (in1. 99). Ans NOpPiBHAHHA B MOCHIAOBHOCTEI Pi3HIX TUMIB
reHomi Hematogu (Caenorhabditis elegans) 27 % y reHOMi MI0AMHM
npunagae Ha ek30Hu i 26 % - Ha iHTpoHu. Cepep
MOBTOPIB BMCOKMM BMIiCTOM XapaKTEPU3YKTbCA FeHeTUYHi MOObifbHI enemeHTU
(hanpuknag, OHK-TpaHCnoO30HK), WO MOXYTb MepemiwyBatuca B reHomi. OKpim
TOro, 6nn3bko 1 % reHomy NoAMHM 3aliMatoTb BOYAOBaHi reHn peTpoBipyciB (poanHa
PHK-BmicHux BipyciB).

OTXe, HaM3aranbHilLMMN OCOOBNMBOCTAMMN FeHOMY NIOANHN €
A0EpHUA Ta MITOXOHAPIaNbHUIA KOMMOHEHTM, 0CO6/IMBa XPOMOCOMHA
OpraHisauif, He3HayHa KinbkicTb GYHKLiOHaNbHMX reHiB i BMCOKa
HaOIMLWKOBICTb HEeYHKLIOHANbHNX MNOCNiLOBHOCTEN.

AKNMN € OCHOBHI HanNpAMK focNifKeHb reHoOMY NANHN?

leHomiKa — Hayka, Wo sus4Yae 3aKOHOMiIpHOCMI opeaHizayii ma yHKYioHy8aHHA
2eHomy. B cyyacHiin reHoMiLi BUOKPEMAIOITb HU3KY HanpAaMmiB, cepef AKMX npiopu-
TETHUMU € CTPYKTYPHUI, YHKLiOHaNbHWIA, NOPIBHANBHUIA, 6ioiHGOpMaTUBHIIA.

MNpepmeToM cmpyKmypHoOi 2eHOMIKU € CeKBEHYBaHHA F€HOMIB i CTBOPEHHA iX
KapT. Ans uboro y 1990 p. 6yB po3noyaTtuii MiXXHapOAHUA NPOEKT «[eHOM NIOANHNY.
Y 2003 p. NpoeKT B OCHOBHOMY 3aBepLUMBCA. [0SIOBHOI METO MPOeKTy Oyfo Br3Ha-
YeHHA TOYHOI MOCNIAOBHOCTI HyKneoTuais y monekynax [OHK KoxHoi xpomocomu.
Kpim Toro, noTpibHO 6yno ofgep aTvi FeHETUYHI KapTu XPOMOCOM 3 iHpopMmalLlieo npo
HasABHICTb Ta PO3TallyBaHHA reHiB, @ TAKOX MPO Te, IK FeHN BM3HaYaloTb Ti ab0 iHLWi
O3HaKM opraHiamy. Afke 6arato 03Hak 3afexaTb Bif AeKiIbKOX FeHiB, 4acTo po3Ta-
LIOBAHMNX Y Pi3HNX XPOMOCOMaX.

QDyHKYioHANbHa 2eHOMiKa [OCNifXye 0COONMBOCTI eKcrnpecii Ta B3aeMof|i reHis
y HOpMi Ta B pa3i natonorin. Baxxnusum ii HanpAMoOM € BMBYEHHA 6ionoriyHmx GyHK-
Ui NpoAyKTiB akTUBHOCTI reHiB — PHK Ta 6inkis. MounHatoum 3 2003 p. noHag 400 yue-
HuX i3 Benukoi bputanii, CLUA, Icnarii, Cunranypy, AnoHii npavoBann Hag NpoeKToM
«EHUmKnonegia enemeHTis JHK» (Encode), 1o maB Ha MeTi BCTAHOBUTU MPU3HaYeHHA
YCiXx HedYHKLiOHaNbHUX YaCTUH reHOMY. Y pamKax LbOro AOCNigKeHHA BUABUIIOCSH,
O MOro «3alBi» YaCTUHW PErynioloTb akTUBHICTb IHLWMX reHiB. KpiMm TOro, HayKoBLii
BMOKPEMUIN KNac reHiB-«nepemmnkadis» — ainaHok [HK, wo BMunKaTb abo BUMMKa-
I0Tb Y KNITUHaxX NeBHi reHn.

MopiBHAHHA CTPYKTYpW Ta GYHKLiOHYBaHHA FeHOMY JIIOAWHM 3 reHOMamu pis-
HUX OCOOMH i BUAIB € NpeMeTOM NOpi8HANbHOI 2eHOMIKU. [laHi i3 ceKBeHyBaHHA
YMOXIMBIIOIOTb BUABMIEHHA iHAUBIAYaNnbHUX 0COONMBOCTEN reHOMIB. BcTaHOBMEHO,
Wwo 6yab-AKi ABi NOAVHM MatoTb iAEeHTUYHI NOCNIJOBHOCTI HyKNeoTuaiB i nofdibHi Ha
99,5 %. | nuwe 0,5 % 3ymoBnIOIOTb iIHAUBIAYaNbHI BIAMIHHOCTI — KONip OYel, PicT, 0co-
61MBOCTi TeMNepameHTy, CXUIbHICTb A0 3aXBOPOBaHb Ta iH. HasBHiCTb ofHaKoBMX 161
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LiNAHOK y reHoMax pi3HMX BUAIB A€ 3MOry BCTaHOBUTU (inloreHeTUYHI 3B'A3KN MiX
HUMW UM NPOrHO3yBaTW GYHKLIT reHiB. Tak, HayKOBLi BUABWAN NOZIOHICTb perynatop-
HUX efleMeHTiB NoAMHN 1 pubn dyry, ane reHoM prbu Mae HabaraTto MeHLY KifbKicTb
HedyHKUioHanbHOT [JHK, 110 3HaUHO MOMEerLye NOLWYK 1 BUBYEHHS LIX PEFYNATOPHMX
efleMeHTiB.

bioiHhopmamueHuti HanpAM JOCNIAXKeHb FeHOMY CNPAMOBAHNIA Ha OfepPXKaHHA
BMICOKOAKICHUX HYKI€OTUAHUX MOCNiJOBHOCTEN FEHOMIB i3 pparMeHTiB, OTPUMaHMX
3a JONOMOrot TpaguuinHnx metofdis cekBeHyBaHHA [JHK. OcHoBy Lboro Hanpamy
CTaHOBNATb KOMM'lOTEPHI MeTOAM aHanizy nocnigosHoctern AHK, PHK Ta 6inkis.

OT>Ke, OCHOBHMMUW HanpAMaMu JOCIgKEHb FEHOMY NIOAUHUN €
CTPYKTYPHU, GYHKLiOHaNbHWI, NOPIBHANBbHUI Ta 6ioiHGOPMaTUBHNIA.

flke 3HaYeHHA AOCAiAXKEHb reHOMY NIANHN?

3HaHHA reHoMy NIIOAMHY BIAKPMIOTb HOBI WAAXW ANA AiarHOCTYBaHHA Ta NiKyBaH-
HA CnafikoBux xBopob y meduyuHi. Ha cborofHi BXe onvcaHo reHu, BignoBiganbHi
3a TaKi 3aXBOpIoBaHHsA, AK xBopoba Anburerimepa, MyKoBicLmnzos, wmnsodpeHia. Han-
Jiesilunmm cnocob6om nikyBaHHaA 6yna 6 3amiHa flepeKTHOro reHa Ha HopManbHUI i3 3a-
CTOCYBaHHAM meTofiB reHoTepanii. LLle ogHMM BaXKNnMBMM pe3ynbTaToM AOCiAXKeHb
reHoMy JIOAVHN € BUABNEHHA TeHiB, WO BU3HAYaloTb CXWIIbHICTb JO asnkoronismy,
HapKoMaHii abo iHwWux HabyTmx xBopob. Lle gacTb 3mory 3ailicHIOBaTU paHHIo Aia-
FHOCTUKY 11 NpodinakTnKy XBopoo.

Bigomum dakToMm € Te, WO NiKM MOXYTb 3yMOBJIIOBATW Pi3HY peaKUilo B Pi3HUX
mogen. PapmaLeBTUYHI KOMNaHIT BXXe MnaHylTb BUKOPUCTOBYBATU JOCIOKEHHA re-
HOMY AJ11 PO3BUTKY NepCcoHihikosaHoi MeOUYUHU I papmakozeHemMUKU.

AHani3z nopi6HocTi B nocnigoBHocTax OHK pi3HMX opraHi3amiB BiKpPWUBA€E HOBI
MOXNMBOCTI ANA GinoreHeTMYHUX OOCNIOKEeHb Y cucmemamuyi n eeosoyitiHit
6ionoait.

BuBUYeHHA pi3HOMaHITTA NIOACBKOrO reHOMy B pi3HMX BUAIB poay JloanHa, pis-
HUX eTHiYHMX rpyn BuAay JllogmMHa po3ymHa AacTb 3MOry OTpUMaTu HOBI AaHi Woao
3aKOHOMipHOCTEl iICTOPUYHOIO PO3BUTKY B aHmMponosoeii. BapiabenbHicTb reHomy
NMOAVIHM CnpuAna nosABi HOBOro HanpAMy reHOMIKW — emHO02eHOMIKU, fika CBOIMMU
LOCNIIKEHHAMUN CNPUAE PO3BUTKY eTHorpadii, ictopii, apxeonorii, niHreicTuku. LWe
OfHMM LiKaBMM HaNpsAMOM reHOMIKUN € Nnasie02eHOMIKa, 10 3aiMaETbCA BUBYEHHAM
paBHix IHK, oTpumaHumx i3 BUKOMHUX pewwTok. Tak, gocnigxeHHa [HK 3 KicTok He-
aHAepTanbuUiB BUABWUAW, HaNpPUKNag, He3[4aTHICTb iXHiIX OpraHiamiB nepeTpasfioBaT
NaKTo3y.

OTXe, [OCNiAXKEHHA reHOMY NIOAVHU BifKPUBAE 6e3MEXKHI NepcneKkTBn
AnA 6aratbox ranysen AianbHOCTI JIOAWHK, ane Npv LbOMY BOHW HE MAlTb
CTaTN OCHOBOI ANA NPUHUMKEHHA NIOACLKOI FNiAHOCTI N HEXTYBAHHA
npaBamu nOANHN abo oKpeMux rpyn Nopen.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OIANbHICTb
M CamocrTiiiHa po6oTa 3 Tabnuueio

3a ponomoroto Tabnumui Br3HauTe 0CcOBAMBOCTI reHOMY NIOAMHU. 3amnOBHITb Y
po6oyomy 3owunTi Tabnuuto Ta chopmyntonTe BUCHOBOK NPO NPUUYUHU BiMIHHOCTEN
reHoMy NIoAVHMN.
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Ta6bnuya. OCOBJIMBOCTI FTEHOMY NIOAVNHU
O3HakKa Oco6nuBocTi

PosrtawysaHHa IHK

OpraHisauia xpomocom

KinbKicTb Nnap ocHoB

KinbkicTb reHis

CniBBigHOLWEHHA €K30HIB Ta IHTPOHIB

O3HaKu NoAi6HOCTI 40 FeHOMIB iHLLUX eyKapioTiB

bionoria + Hayka. FeHom niognHn

MpoekT «feHom nogMHW» BAPTICTIO B 3 MNpA AoNapis
6yB 3anyueHnin B 1990 p. MiHictepcTBom eHepreTukn CLLIA
" IHcTUTYyTOM OXOpoHM 3a0poB’a. Okpim CLUA go mixHa-
POAHOro KOHCOpLiyMy BBINWAM reHeTnkn Kutato, ®paHuii,
HimeuunHn, AnoHii n Benukoi bputaHii. Yomy gna peanisa-
Uil npoeKTy 6yno NoEAHaHO 3ycnnnsa 6araTbox HayKoBLiB?
Yomy Ha embnemi npoeKkTy «[eHOM NIILMHW» HAa3BaHO TaKi
Hayku, AK Gionoria, ximia, ¢isnka, eTrKa, iHpopmaTrKa Ta
iHXeHepia?

Q CTABJIEHHA
-~y —
aﬁ Bionoria+ BigkputTa. [lo60Bi puTMM i1 eKcnpecis reHis

Naypeatamn Hob6eniBcbkoi npemii B
ranysi ¢isionorii i meguunHm 2017 p. cTa-
NV TPOE aMepPUKaHCbKMX yueHunx — [1. Xonn,
M. Po36alu ta M. Hr. JocnigHUKK BUABUAU
reHu, Wo KOHTponioTb A060BI Gioputmm

X
i NOACHMNM MopAenb X perynauii, Wo rpyH- .
TYETbCA Ha MPUHLMMI 3BOPOTHOrO 3B'A3KY Dxedodpi Marikn Marnkn
MiX GifkaMun 11 IHTEHCUBHICTIO eKcnpecii Xonn Pos6alw AHr

reHiB: HakoMnMuYeHHn 6inKa ranbmye iXHiln cMHTe3 i HaBnaku. Ha npuknagi uboro Bia-
KPUTTA OLiHITb HAyKOBE 3HaUeHHA [OCNIAXKEHb FeHOMY JTAVHN.

PE3YJIbTAT

3aBAaHHA A4NIA CAMOKOHTPOJIO
1. Wo Take reHom nioguHn? 2. HaBepiTe Npriknagn ocobanBocTeli reHomy JIoAVHM.
3. o Take reHomika? 4. filka ronoBHa mMeTa NpoekTy «[eHoM noauHu»? 5. Haseditb
npuKnagy NpakTMYHOro 3aCTOCYBaHHA Pe3ynbTaTiB AOCIXEHHA reHOMY NIOANHN.
6. Ha3BiTb ranysi 3actocyBaHHsA 3HaHb NPO FreHOM NIOANHU.
7. AKi Hal3aranbHilWi 0co6MBOCTI reHOMY NtoAWHN? 8. AKMMUN € OCHOBHI HanpsaMn
7-9 |pocnigxeHb reHoMy noanHW? 9. flke HayKoBe 1 MPaKTUYHEe 3HaYeHHA AOCTiAXKeHb
reHomy JiloanHn?
10. YoMy Ha embnemi npoeKkTy «[eHOM NIOAUHMY» Ha3BaHO TaKi HayKu, AK 6ionoris,
ximisi, pi3vKa, eTuka, iHpopmaTrKa Ta iHKeHepia?

§ 41. [eHoM NOANHN

10-12
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Cepe0 ycix xugux opeaHiamie 1100uHa — Haubinbw yikaguli ceHemu4yHUlU 06’ekm.
3 nidpyyHuKa 2eHemuKu

§ 42. TeHeTuKa NOANHN

OCHOBHi MOHATTA N KnwuoBi TepmiHn: TEHETUKA JIIOOUHW. JlioguHa
po3yMHa.

MpuraganTte! Lo Take reHeTnKa?

MomipkynTe!

CepepHA TpUBaNiCTb aKTMBHOFO MWUTTA
noanHU 6e3nepepBHO 3pocTae. Hanpuknag, B 6a-
raTboXx KpaiHax €sponu cepefHa TPUBANiCTb KUTTA
CTaHOBUTb 76 POKIiB ANA YONOBIKIB i 81 piK — Ana xi-
HOK. Lle Ha 30 pokiB Ginblue, HiX cTONITTA TOMY. AKLLO
HWHILWHA TEHAEHLiA 36epexeTbCs, NOMOBUHA AiTel,
HapopgxeHux nicna 2000 p., JoXKKBe [0 CTa, @ OKpeMmi
i 1 0O CTa N'ATAECATM POKIB. A AKY pOsb Y Uil TeHAEH-
Lii Bigirpa€ reHeTNKa NOANHN AK HayKa?

3MICT

flke 3HaYEHHA Ma€ reHeTVKa NIOANHN AK HayKa?

FEHETUKA JIIOAUHW - 6ionoziyHa Hayka, wo 00cioxye ocobnusocmi cnadko-
8ocmi U MiHAUBoCcmi s1t0OUHU. YCi OCHOBHI 3arasibHi 3aKOHOMIPHOCTI CMagKOBOCTI, WO
X yCTaHOBNEHO AN1A TBAPWH i POCNUH, cnpaBeanusi i ana nognHn. OgHak y JliognHun
PO3yMHOI € couianbHi " GionoriyHi 0cobAMBOCTI, WO 3YMOBUAN BUOKPEMJIEHHSA
reHeTUKM NTIOANHN AK CAMOCTIMHOT HaYKN.

Baromuii BHECOK y pO3BUTOK FEHETVKW fIogMHN 3pobuB
aHrmicbkun 6ionor @. fanemon (in. 100). AHanisyloun cnagko-
BiCTb pAfy cimei, yyeHWIn AIMOB BWCHOBKY, O OCOGAMBOCTI
NIOANHWN 3yMOBJIEHI He NulLe yMOBaMM CepefloBMLLa, a 1 CnajKo-
BicTio. CyyacHUI eTan PO3BUTKY aHTPOMOreHeTUKN XapakTepu-
3y€TbCA CTPIMKMM 3POCTaHHAM 0OCAry 3HaHb NPO MONEKYNAPHY
6y[oBY reHeTMYHOro MaTepiany Ta MexaHi3mu myTareHesy. CBig-
YeHHAM TaKMx ycnixiB € peanisauia Mi>kHapogHoi nporpamu «le-
HOM TIOANHIA. o In. 100. ®. Fanb-

leHeTVKa NOANHN MA€ Pi3Hi HANPAMY, LLO PO3BUHYNINCA B Ca- | (1822-1911)
MOCTIlHI ranysi. MeduyHa 2eHemuka BUBYaE CnagKoBi xBopobu,
po3pobnae meToamn AiarHOCTUKK, NiKyBaHHA 1 npodinakTuku. LJumozeHemuka Bu-
BUYAE XPOMOCOMU JIIOAUHM, IX CTPYKTYPHO-YHKLiOHaNbHY OpraHi3aLito, KapTyBaHHS,
pO3pobnAe MeToAN XPOMOCOMHOIO aHanisy. [lonynayiliHa 2eHemuka [OCHiaXye reHe-
TUYHY CTPYKTYPY MOACBKNX MONYNALiNA, 4aCTOTy 3yCTpivanbHOCTI anenis | reHoTunis,
OLHIOE FeHeTUYHi HacnigKu 3abpyaHeHHs AOBKiNAA. bioxiMmiyHa 2eHemuka BVBYAE
WAXU peanisauii reHeTUYHOI iHGopMaLii Bif reHa Jo 03HaKku. Po3pobka cuctemu
3axucTy reHoboHAy nofen BiA MOHI3yUYoi pagiauii — ofiHe 3 OCHOBHMX 3aBfaHb
padiayitiHoi e2eHemuku. IMyHO/02[YHA 2eHeMUKA BWBYAE TeHETUYHY 3YMOBJIEHICTb
iMYHONTOTiIYHNX O3HaK OpraHi3My, iMyHHUX peakuin. QPapmakonozidyHa eeHemuka
LOCNIKYE reHeTUYHY 3yMOBJIEHICTb peaKLii OKpeMux Ntofel Ha nikapcbki 3acobu Ta
164 Jil0 OCTaHHiX Ha CnagKoBWUI anapar.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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MigrpyHTAM ANAa BUBYEHHA 3aKOHOMIPHOCTEN CNagKyBaHHA B NIOAVHN CTano fo-
CNiIXKeHHA CrMaIkoBMX XBOPOO, AKMX HUHI onucaHo BXxe 6nmn3bko 9 000 (oHKosoriu-
HUX, CEPLEBO-CYANHHNX, NMCUXIYHMX TOLLO).

OTXe, reHeTrKa NoAUHN € OCHOBOO Gionoril nanHY;
BOHA [OCNIAXKY€E MOAIOHICTL N BiAMIHHOCTI MiX Nogbmu
Ha Pi3HUX PIBHAX OpraHisauyil XuTTA.

AKi oco6nmnBocCTi NOANHN AK 06’ €KTa reHeTUYHMX JoChigKeHb?

JliopuHa po3ymHa - 6iocoyianeHuli 8U0, HA ICMOPUYHE CMAHOB/IEHHA AKO20
8NJIUHYU 6ios02i4Hi U coyianbHi YUHHUKU dHmMponozeHe3y. JoCnifXeHHs NIOAUHN AK
reHeTUYHOro ob’ekTa NoB’'A3aHe 3 MeBHMMM TPYAHOLLAMY, ane Ma€E I CBOT NepeBaru.

1. Hemoxxnueicme ekcnepumeHManbHUX CXpewyeaHs y WTy4YHMX ymoBax. He
MOXHa BiibmpaTh 6aTbKiB i3 NOTPIOGHVMM FreHOTUMaMM Ta Oflep>KyBaTH 11 aHani3yBaTu
IXHIX HawaAaKiB. Y pasi reHeTMYHOro aHanisy CTOCOBHO NIOANHUN 3HMKAE MOXKUBICTb
3aCTOCYBaHHA OCHOBWU ribpugonorivHoro metofy.

2. Mi3Ha cmameea 3pinicme i 0082a mpueanicmo 2eHepayiii — pnsA 3MiHVM OJHO-
ro NOKOMNiHHA B NOANHN NOTPi6HO 20 — 30 POKiB, WO YTPYAHIOE aHani3 ycnaaKyBaHHA.

3. Hegenuka KinoKicme Hauwjaokis, y To 4Yac K NpoOBefeHHA CTaTUCTUYHOro
aHanisy posiiensieHHs 03HaK NOTpebye AOCTaTHbO BENMKOT KiNlbKOCTI HallaaKis Bif
ofHi€el napm 6aTbkiB. [InA po3B'A3yBaHHA Li€i npobnemun BefyTb NOLWYK 6aratogiTHMX
poanH abo 1o61patoTb NOTPIOHY KiNbKiCTb HEBENIMKUX CiMEN, Y AKX CNOCTEPIraeTbCA
0O3HaKa, WO LikaBUTb 4OCHiAHMKA.

4. BiocymHicme yucmux AiHili i HEMOXNVBICTb IXHbOFO OTPMMAHHSA € LLie OfHI€EL
06'EKTUBHOIO MPUYMHOLD, AIKA YTPYLAHIOE aHaNi3 yCnaKyBaHHA O3HaK.

5. Benuka KinbKicme xpomocom (2pyn 34ensieHHA). XpOMOCOMHWMIA Habip nogu-
HW CKNafaeTbcA 3 23 nap XpOMOCOM i, BiNoBigHO, 23 rpyn 3uenneHHA. Bennka Kinb-
KiCTb XpOMOCOM YTPYAHIOE IXHE reHeTUUHE 1 LMTONOoriYHe KapTyBaHHA, 0Co6NMBO 3a
[OMOMOrOI0 METOAIB KNAaCMUYHOT reHeTUKMN.

6. Hemoxnuegicme cmeopeHHA cMAHOAPMHUX YMOB iCHY8aHHA ANA Pi3HUX
rpyn iHAuBIAYyMiB 3HaUHO YTPYAHIOE BUBYEHHA YCrafKyBaHHA 6araTbox O3HaK Jto-
OrHW. HaBKoNMLWHE cepefoBuLLEe YNHUTL BeIMYe3HUN BNMB Ha GOPMYBaHHA HU3KM
03HaK, OfIHaK Lieil BMNNB He MOXKe 3MiHI0BATNCA 3a OaKaHHAM JoCnigHMKa.

He3Bakaloun Ha BKa3aHi npobnemu, NOANHA AK FreHeTUYHNI 06'EKT MA€E TaKoX
pPAL BaXNMBUX MepeBar: iCHYE BENMKNM MacMB JAaHMX LWOAO aHaToMii, ¢isionorii Ta
GioXimii NIOAVHY; iICHYE MOXNMBICTb CMiNIKYBaHHA 3 06'€KTOM AOCNIAPKEHHS, L0 Mosier-
LWye OTPMMaHHA iHpopMmaLii Mpo Noro poamnyiB i Aonomarae focnigXKyBaTi O3HaKM,
noB'A3aHi 3 BIAYYTTAMU, eMOoLiAMY, IHTENIeKTOM; NPAaKTUYHO MOBHICTIO BCTAHOBJIEHO
reHOM NIIOAVHN.

OTXXe, reHeTMYHi JOCIgXEeHHA NIOAMHN NOB’A3aHI 3 HU3KOI TPYQHOLWIB
 nepesar, 3yMoBneHux ii 6iocouianbHOW NpUpogoto.

§ 42. l[eHeTVKa NOANHN

AKMN € 3B’A3KN Ta OCHOBHI MeTOAM AOCAiAXKeHb Yy reHeTuLi nioguHn?
leHeTUKa NMOAMHM TICHO CRiBMPALIOE 3 iHWUMK GionoriyHUMK (eBontoLiiHa 6io-
noris, aHTponosnorisa, repoHTonoris, 6ioximia, uutonoria, monekynapHa 6ionoris)
Heb6ionoriuHmmm (pisuka, ximina, reorpadisa, matemaTnka) Haykamu. Pe3ynbtatv gocni-
O>KeHb reHeTUKN NI0ANHM 3aCTOCOBYIOTbCA Y MeAULMHI, eKONOrii, MCMXonorii, CnopTi,
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K/ NTIOQUHN CTUMYIOIOTb PO3BUTOK CyYaCHUX HanpAMIB 3arajibHOT reHeTUKM, MofeKy-
nApHoi 6ionorii, 6ioTexHonorii Ta iH.

MeToau, Wo X BUKOPWCTOBYIOTb Yy FreHeTuLi NI0AUHW, MPUHLMNOBO He BiApi3HA-
I0TbCS Bifl 3araibHOMPUIHATUX ON1A iHWKWX 00'€KTIB — Lie reHeanoriyHuin, 61nN3HI0KO-
BUIA, UUTOTEHETUYHIWIA, MONYASALINHO-CTAaTUCTUYHUIA, GiOXIMIYHUI, fepMaTOrTipiuHUN,
MOJIEKYNAPHO-TEHETUYHI, OHTOTEHETUYHMIA Ta 6araTo iHWNX.

leHeanoziyHuii MemooO nonArae y Bu-

BUYEHHI NOACbKUX poaoBogis. Lle aae 3mory DTO DTO
BM3HAYNTN Ta NPOCTEXKUTUN XapaKTep ycnag- (5 i i |j |J_‘| |J_'|
KyBaHHA O3HaK y pAfi NoKoniHb (inn. 107).

bnusHiokoeuli Memod nonArac y BU-

BUYEHHI MOHO3UTOTHUX BAU3HAT (OpraHi3mis,

AKi NOXOAATb 3 OQHIET 3UrOTN) Ta MOPIBHAHHI In. 101. Pogosig cim™, B AKin
X 3 AU3NrOTHUMY Bnr3HATamMK. [ocnigxyto- TPanAAETbCA anbbiHi3m
UK TaKi OpraHiamMy, MoXHa 3'ACyBaTu BMAMB

UMHHUWKIB [OBKINIA Ha NPOABUN FreHOTUMY.

LumozeHemuyHuli Memo0 3aCHOBaHUI Ha MIKPOCKOMIYHOMY BYBYEHHI XpOMO-
com. MeToa gae 3mMory BMBYaTK CTaHAAPTHUM KapioTun NIOAVHN, @ TaKOX BUABAATY
CnaaKoBi XBOPOOU, CMPUUYNHEHI TEHOMHUMU | XPOMOCOMHUMU My TaLisiMU.

bioximiyHuli Memod [ONMOMara€ BW3HAYUTU MEBHI PEeYoBMHU (NepeBakHO
bepmeHTN) 3 MeTolo [iarHOCTYBaHHA CNaAKoBMX XBopob. locnigKeHHA € ayxKe Tpy-
LOMICTKMMM, NOTPebytoTh cnelianbHOro obnagHaHHA, TOMy X He BMKOPUCTOBYIOTb
ANA MacoBUX NONYAALINHUX JOCTIAXKEHD.

MonynayiiiHo-cmamucmuy4Huli Memod [a€ 3MOry aHanisyBaTu MOWUPEHH:A
CnagKkoBKX XBOPOO NOAUHN Ta MPOrHO3yBaTK iX YacCTOTY B HACTYMHMX MOKOJIHHAX,
OUiHIOBaTM HaCNigKM cropigHeHuX wnobiB, BM3HAYATX BIUIMB YMHHUWKIB HA MiHAU-
BiCTb JIIOOVHMN.

OTxe, cepep yCiX »KMBUX OpPraHi3miB NognHa — HaWLiKaBiwmnm
i HAaCKNaZHIWWIA reHeTUYHUIA 06'EKT, TOMY ANA JOCNiAXEeHHA
BMKOPUCTOBYIOTb Pi3Hi MeToAu N MOXIMBOCTI iHLWMX HayK.

DIANIbHICTb

CamocrTiiiHa po60Ta Ha 3icTaBneHHA

3icTaBTe METOAM FeHeTUKN NIOANHA i3 TXHIM BU3HAYEHHAM Ta OTPUMaNTe TepMiH,
AKMM MO3HaYaloTb BYEHHA NPO CNAOKose 300p0o8’a IIOUHU ma wiiAxu (io2o nosinuweH-
HA. TligroTyinTe NOBIAOMNEHHA NPO Lie BUEHHSA, WO CTasio OAHUM i3 pO3iNiB reHeTuKN

Tema 3. CMAAKOBICTb | MIHJTUBICTb

NOANHN.
1 leHeanoriyHun A BriBUeHHsA NpoABYy 03HaKM B NpoLeci iHAMBIAYanbHOro po3BUTKY
2 bnusHokoBUM B [ocnigykeHHA poni cnagkoBOCTI Ta cepefoBuLLa B NPOABI O3HaKN
3 UutoreHetuunnin | T [na gocnigeHHA KapioTuny NlogmMHm
4 [lonynAuinHumn E BuBYeHHA reHeTMYHOI CTPYKTYpU BUAOBMX Fpyn
5 BioximiyHUn € BuBYeHHA popoBOAIB NOANHN
6 [epmatornidiuHuii |1 TPyHTYETbCA Ha BUBYEHHI penibedy WKipU Ha NanbLiB, AONOHAX
7 MonekynapHo- -
FeHeTUIH K YmoxnuBnioloTb BUBYUEHHA OpraHi3auii reHeTMYHOro anapary
166 8 OHToreHetuyHuin |H 3acHoBaHi Ha BMBYEHHI MeTabonizmy
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bionoria + flaktunockonis. lepmarornidika

€rmneTcbka CMHb — 34aBHa BigoMa crHA dapba ans
XMBonucy, ABNAE coboto nogpibHeHe migHe ckno. na
il NpUroTyBaHHA CNNaBRATb MiCOK i3 Kpenaot, cofot
n kynpym(ll) okcngom. HewoaaBHi focCnigKeHHA BUABU-
1Y, WO ACKPaBO-CYHI MOPOLLOK Ma€ e OfHY BNacTu-
BiCTb, IKa pOOUTDL 1OT0 ileanbHUM AN 3HATTA BiOWTKIB
nanbuis. Lo Take gepmatornipiuHuin metoan? Y siKux ra-
Ny3AX MeTOf, 3aCTOCOBYETbCA HanwmpLue?

CTABJIEHHA

ﬂj Bionoria + leorpadis. Mpoekr «leHorpadia»

3 2005 p. peanisyeTbca MixHapofHWI NpoekT «leHorpadia», Wo 3anmaeTbcA
pocnigkeHHAM miToxoHapianbHoi (MTOHK) Ta Y-xpoMocom HaceneHHA Ha TepuTopil
3emMni 3 MeTOW CKNagaHHA AeTaslbHOro reHeTMYHOro aTtnacy Hapopdis CBiTY Ta BU-
BUYEHHS JaBHiX Mirpauin niogen. Lo Take reHoreorpadis Ta Ake NpakTUYHe 3HaYEHHS
npoekty «feHorpadis»? BUCNOBITb CyAXeHHs LWOA0 HEOOXiAHOCTI 3B'A3KIB reHEeTUKM
NIIOOVHM 3 iHWNMW HayKaMu.

A TN

»

@

‘

PE3YJIbTAT

3aBAaHHA A4NA CAMOKOHTPOJIO
1. Wo Take reHetmKa noanHn? 2. Lo Take eBreHika? 3. Yomy ntoanHa € 6iocouianb-
HUM Braom? 4. HagegiTb Npuknagm ocobamBoCcTen NOANHY SIK FTeHETUYHOTO 06'€eK-
Ta. 5. 3 AKMMM HayKaMun HaMTiCHiWe «cniBnpawutoe» reHeTuka niognHn? 6. Hassitb
OCHOBHi METOAWN FEHETUKWN NIOLVHMN.
7. flke 3HaUEHHA Ma€E reHeTnKa NIAMHN AK HayKa? 8. Ha3BiTb 0cO6MBOCTI NIOAMHM
7-9 |aK 06’ekTa reHeTUYHUX AochigXeHb. 9. AKMMKM € 3B’A3KN Ta OCHOBHI MeToau JOCi-
IXKeHb y reHeTuui noanHn?
10. Yomy JltognHa po3ymHa € 0COBANBUM 1 LiiKaBUM 06'€EKTOM reHeTUYHUX JoChi-
I>KeHb?

§ 42. [eHeTUKa NOAUHN

10-12
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HedocmamHbo 3HaHHA, He0bXiOHe MAKOX IXHE 3aCMOCYBAHHS.
V. B.leme

§ 43. YcnapKyBaHHA O3HaK Yy NIOAVHN

OCHOBHiI NOHATTA 1 KntouoBi Tepminm: YCMALKYBAHHA O3HAK.
MpurapganTte! Lo Take cnagkoBicTb?

X Momipkyiite!

Y Hapogi AMOYKM Ha LWOKax Ha3UBalTb «MITKOI
LWacTa» i «nouinyHKOM aHrenar. 3a3Bmyan AMOYKM 3'ABNA-
I0TbCA Ha 000X L|oKax, ane B AeAKNX BUMNadKax 3anaguHKa
BVHVKAE TiNbKN 3 ofHOro 60ky. BoHn mMoxyTb OyTn pi3HOI
dbopmm, po3mipy i rmmbmuHn. BueHi cTBepaXyloTb, WO Ue
reHeTUYHa 0CoGNUBICTb, AK i Konip ouel un dopma pora.
A AK yCnagKoBYOTbCA AMKY Ha LWivyKax?

3MICT

Yum po3pi3HAITbCA MOHOreHHe W MojireHHe ycnapgKyBaHHA
O3HaK nioguHn?

YCNAOKYBAHHA O3HAK - ye nepedaua 2eHemuy4Hoi iHhopmauyii Ha pieHi Kri-
MUH YU YinicHo2o op2aHiamy 8id 6amekig 0imam abo 8io npeokis Haujaokam. Bci o3Ha-
K1 OpraHi3amy noguHu NposaBnaTbCA Nif gielo ogHoro abo 6aratbox reHis, Tomy 3a
LM KpUTEPIEM PO3Pi3HAIOTb MOHO- i MOMliIreHHe ycnaaKyBaHHA.

MoHoreHHe ycnagKyBaHHA — ye YCcnaoKy8aH-
HA 03HAK, WO KOHMPOJOMbCA aneamu 00HO20
2eHd. Tak ycnagKoBYIOTbCA AKICHI O3HAKU, WO YiTKO
BUABNAOTLCA Y GEHOTUMI 1 MaloTb KOHTPACTHI (anb-
TEePHaTMBHI) NPoABK, WO iX Nerko BigpisHUTK. Ha-
NpVKNag, y NOAMHY MOHOrEeHHO YCnagKoBYOTbCA
AMKM Ha wWiykax abo Amka Ha nigbopinai. PeHoTu-
NOBWI NPOAB L€l 03HAKN BM3HAYAETbCA JOMIHAHT-
HWUM reHOM, a MiHNMBICTb AMOK Ha LWiYKax 3aneXnTb
Big ocobnmBocTel 6ygoBM BUMYHOTO M'si3a 1 M'A3a
CMixy, Wo 6epyTb yyacTb y GOpPMyBaHHiI MOCMILLIKN
moaunHu. To6To NPoAB AKICHMX 03HAK 3aNeXnTb, AK
npaBwio, Bif OAHOrO UMHHWKA, TOMY MOHOreHHe
ycnagKyBaHHA Ha3UBaloTb e MOHO(AKMOPHUM. 3a
MOHOFEHHOrO YCnagKyBaHHA MaloTb MiCLle B3aEMO-

In. 102. MprKnagn MOHOreHHOro

Tema 3. CMAAKOBICTb | MIHJTUBICTb

AiT anenbHUX reHis. (popma Bonoccs) i nonireHHOro
Ane vacrTiwe 3a Bce OyBa€, WO Bigpasy Kinbka (3abapBneHHs LWKipn)
reHiB BignoBiAaloTb 3a NPOAB TiEl UM iHLWOT O3HAKMW. ycnakyBaHHA B JIIOAUHN

MonireHHe ycnapgKyBaHHA - YyCNAdoKy8aHHA O03-

HAK, NpOA8 AKUX BUSHAYAEMbCA 83AEMOOIEIO Ki/TbKOX 60 6a2ambox HeasleslbHUX 2eHis
(in. 102). HaykoBo foBefAeHo, Wo AnsA NIOANHN CTYMiHb MPOABY TaKMX O3HaK, AK KOJip
LWKipW, BOSIOCCA, OYEeil, CTYMiHb PO3YMOBOIO PO3BUTKY, PICT, 3aNeXNTb Bif, AifANbHO-
CTi Bigpa3y 6aratbox reHiB 1 6araTbox YMHHUKIB HABKOJIMLLIHbOIO cepefoBuLla. Tak,

y NIOAUHW PICT BU3HaYaloTb 5 Nap NoniMmepHMX HeanenbHUX reHis. Ha picT pisHoHa-
168
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NpAMSIeHO BMIMBaOTb Qi3MUHa aKTUBHICTb, CKNag i, WKigAnBi 3BUYKN TOLLO. BOHMK
MO>KYTb 3MiLllyBaTV CTYNiHb NPOABY POCTY B NO3UTUBHWIA, a0 HeraTMBHUA 6iK, TOMY
nosnireHHe ycnagkyBaHHA Ha3MBaloTb We nosichakmopHum. lNonireHHo ycnafKoBy-
I0TbCA KiJIbKICHI 03HAKU, WO, AK NPAaBWIO, € MIHANBILIMMW 33 AKICHI. [InA HMX Hemae
UiTKO po3mexoBaHux GEeHOTUMNOBMX KNacis, i Nif Yac aHanily TakMx O3HaK cnocTepi-
raloTbCcA NOCTYMNOBi MaNoMNOMITHI nepexoan Mix ocodnHamu.

OTXe, ycnagKyBaHHA O3HaK Y NIOAUHW 34iMCHIOETbCA 3@ Y4YacTi
OOMIHAHTHUX I peLeCcrBHUX, anenbHUX Ta HeanenbHUX reHis,
po3TaloBaHMX Y XpoMocoMax Aapa abo MITOXOHAPIAX LUTonnasmu.

AKNMY € OCHOBHI TUNN ycNagKyBaHHA O3HaK y nioaviHN?

3a XapaKTepoM MpoABY KiNbKiCHMX Ta AKICHMX O3HAaK BUOKPEMIIOIOTb JOMIHAHT-
He Ta peuecrBHe yCnagKyBaHHA. 3a AOMIHAHTHOrO ycnagKyBaHHA CNOCTEPIiraeTb-
CA NPUrHIYeHHA OQHOrO anend iHWWUM, BHACifOK YOro JOMIHAHTHUIM CTaH O3HaKu
NPOABAAETbCA B KOKHOMY MOKOJiHHI. YCNagKyBaHHA, 3@ AKOrO OAMH i3 anefibHuUX
reHiB MOBHICTIO MPUrHiUyE NPOAB iHWOro y GpeHoTMMNi HallaaKiB, Ha3UBAETbLCA NOB-
HUM OOMiHYB8AHHAM (Hanpviknag, TeMHe BOJIOCCA B JIOAUHN). AKLIO X JOMIHAHTHI
aneni nuie YacTKOBO MepeBaXKkaloTb Haf pPeLecUBHMMMK, HaCNifKOM 4YOro € nossa
NMPOMIXHOro MPOABY O3HAKW, TO CMOCTepiraeTbcsi HenoeHe 0OMiHYy8aHHA (Hanpw-
Knag, ycnagkyBaHHA ¢bopmMu BONOCCA B NIOAMHU: KyyepsaBe — JOMIHAHTHUIN NPOAB,
npamMe — peuecuMBHUA, XBUNACTE — MPOMIKHUN). € We KOOOMiHY8AHHA, 3a AKOro
crocTepiraeTbcsa BUAB 060X aneniB reHa 3a OfHOYACHOT HAABHOCTI iX Yy reTepo3unroT.
Hanpwuknag, yetsepTta rpyna kposi (1*®) 3a cuctemoto ABO € pe3ynbraTom B3aemogii
[BOX JOMiHaHTHUX anenis I* i [5 3a peuecuBHOro ycnagkyBaHHSl CTaH O3HAKU
nepefaeTbCca CNagkoBo, ajfie MPUrHIYYETbCA | HE NMPOABNAETLCA Y reTepPO3nUroTHUX
HallagkiB(Hanprknag, ceiTne Bonoccs, 6naknTHi oui).

[eHu, WO BM3HaAYalTb KiNbKICHI N AKICHI O3HaKM NIOOWMHM, PO3TallOBaHi B XPo-
MOCOMax; X NOAINAKTbL Ha ayTOCOMU Ta CTaTeBi XPOMOCOMU (FOHOCOMM). 3anexHOo
Bif LbOro KpuTepilo po3pi3HATb ayTOCOMHE 11 3uensieHe 3i CTaTTio yCcnagKyBaHHA.
YcnafKyBaHHA 03HaK, AKe 3[iNCHIOETLCA 3@ YYacTi reHiB XpOMOCOM, WO € NOAiGHUMM
Y YONIOBIUMX N KIHOYMX OPraHi3MiB, Ha3MBAETbCA @y TOCOMHUM. TakKUM YMHOM yCnag-
KOBYETbCA B NOAUHN KoNip oyel abo pe3syc-dbakTop. YcnagKyBaHHA O3HaK, WO 3[ic-
HIOETbCA 3a YYacTi reHiB CTaTeBUX XPOMOCOM, Ha3UBAETbCA 3UEMIEHUM 3i CTaTTIo.
OckinbKku ctateBUMKN € X- Ta Y-XpOMOCOMU, BUOKpPeMOTb X- Ta Y-34enneHi tunu
ycnagKyBaHHs.

MNMoenHaHHA BUAIB yCNafgKyBaHHA 3a XapakTepoM MpPOABY O3HakK i po3TallyBaH-
HAM TreHiB y XpOMOCOMaX, Ja€ 3MOTY BUOKPEMUTN TUMNW yCNaaKyBaHHA. [na noguHu
XapaKTepHi yCi OCHOBHi TWMNU YyCNagKyBaHHA O3HaK — ayTOCOMHO-OOMIHAaHTHUN,
AYyTOCOMHO-peLeCBHNN, 34enieHN 3i CTaTTio AOMIHAaHTHUI, 3YenyieHnn 3i CcTaTTio
peuecnBHURA. Y NiApyYHMKAX 3 FTeHETUKM NIIOAUHN 60 MeMYHOT 6ionorii BUOKpemIio-
I0Tb LWe ronaHapuyHni (Y-3uenneHunin) Ta MiTOXOHApPiaNbHUI TUNW YCNaaKyBaHHSA, ane
MW 03HANOMKMMOCSA NNLLIE 3 OCHOBHUMMW.

§ 43. YcnapKyBaHHA O3HaK y NoAnHN

OTXe, OCHOBHUMW TUNaMu ycnagKyBaHHA
03HaK Y JIIOAUHN € ayTOCOMHO-LOMIHAaHTHUN, @y TOCOMHO-PELIeCMBHUN,
34enneHnn 3i CTaTTio JOMIHAHTHUM, 3YEenSIEHUN 3i

CTaTTIO peLeCUBHUN.
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fIK BUSHAUNTN TN ycnagKyBaHHA O3HaKV/ B
nognHn?
YHiBepCanbHUM MeTOAOM, AKUN YMOXANBIOE

B

BM3HAUYEHHA TUMY YCMaAKyBaHHA O3HaK, € MeTof ‘ é)

CKMaflaHHA Ta aHanisy poaoBogiB. e D en i A
[ins popoBogy, B AKOMY CMOCTEPIraETbcs aymo-

COMHO-0OMiHAHMHe YCNajKyBaHHA O3HaKM, Xapak- | 6&6*&&6

TEPHUMU € HAsIBHICTb HOCIIB JOMIHAHTHOrO MpPOABY T23 456789

03HaKV B KOXKHOMY MOKONIHHI Ta OAHAKOBA YaCTOTa | 103, AyTOCOMHO-BOMIHAHTHMIA

MPOABY O3HAKM cepep YONOBIKIB i XIHOK, WO BKa- TVN yCnaAKyBaHHs

3y€ Ha pO3TallyBaHHA reHa B ayTocomi (isn. 103). 3a

ayTOCOMHO-AOMIHAaHTHUM TUMNOM YCMa[KOBYIOTbCA

3e/1eHi Oui, KOPOTKO30pIiCTb, AOBTI Bil, HAABHICTb pe- | >
1

3yc-¢paKTopa. (B

3 4

Y popoBoAax 3 daymoCOMHO-peyecusHuUM | |£| |£|
yCrnafKyBaHHAM XapaKTepPHVMU € HaABHICTb MOKO- ! 2 3403
NiHb, Y AKMUX peLecBHUIN MPOAB He CNoCTepiraeTb- "
€A, a TaKOX O[JHAKOBA YacTOTa NPOABY O3HAKU cepef 1.2 3 475
YONOBIKIB 1 XIHOK (is1. 104). 32 ayTOCOMHO-PELIECHB- |5 104, AyTOCOMHO-peLeCHBHN
HUM TUMOM MepepanTbcA 6NakUTHI o4, Hopmanb- TN yCrnafKyBaHHA
HUIM 3ip, KOPOTKI Bii, BiACYTHICTb pe3yc-dakTopa,
anb6iHi3Mm.

X-3uenneHe OomiHAHMHe ycnafKyBaHHA Xa-
pPaKTepU3Yy€ETbCA Pi3HOIO YacTOTOK MPOABY O3HAKM
cepep YOnOoBIKiB i XXiHOK (cepef *KiHOK BOHa Tpannsa-
€TbCA YacTiwe) i TMM, WO O3HaKy 6aTbKa ycrnajko-
BYIOTb BCi JOHbKM i HIKOAN — CUHW. 32 TaKUM TUMOM
nepepalTbCcA TeMHa eManb 3y6iB, paxiT, He uyTnu-
BiCTb fo BiTaminy D (in. 105).

3a X-3yensieHo20 peyecusHO20 yCrnaAKyBaHHA
NPOoAB 03HaKM TPANAATUMETbCA MaliXKe BUKIIIOYHO Y
YOJIOBIKIB, O3HaKa HIKONW He NepefaBaTUMeETbCA Bif,
6aTbKa [O CMHa, a TiNbKM [0 OHYKa Yepes JOHbKY.
Take ycnafgkyBaHHA xapaKTepHe ANA OaNbTOHI3MY,
remodinii (inn. 106). Il

In. 105. X-3uenneHun JOMiHaHT-
HWUIA TN yCNaaKyBaHHA

OTXe, oNA BM3HAUYeHHA TuUMy

yCnagKyBaHHA O3HaKM HamyacTille i

3aCTOCOBYIOTb METO[ CKNafaHHA
N aHanisy pogoBofiB.

In. 106. X-3uenneHunn peyecns-
HWUIA TMN YCNafKyBaHHA

Tema 3. CMAAKOBICTb | MIHJTUBICTb

RIANBHICTb

x//‘ CamocrTiiHa po6oTa 3 Tabnuueto

3a gonomoroio Tabnuui NOpiBHANTE MOHOFeHHe Ta MoJlireHHe ycnafgKyBaHHA
03HaK Yy NIogMHU. 3pob6iTb BMCHOBOK NPO MOAIOHICTb Ta BiAMIHHOCTI UMX BUAIB
ycrnafKyBaHHA O3HaK.
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Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA MOHO-
W NONIFEHHOIO YCNAAKYBAHHA

MoHoreHHe MonireHHe
ycnagKyBaHHA | ycnafKyBaHHA

O3HaKa NOPiBHAHHA

YuacTb reHis

Buawn o3HaK 3a GEeHOTMNOBMM NPOSIBOM

OcobnmBocTi GeHOTUNOBKX NPOSBIB

Ha3Ba 3a xapaKkTepoMm BNAMBY YNHHWKIB CepefoBMLLa
Bn3HauanbHi BUAW B3aeEMopii reHis

bionorisa + leHeanoria

CknapaHHA cxeMu pofoBoAy
3aBgaHHA 1. [1na cKnagaHHA PoLOBOAIB KOPUCTYIOTbCA CTAaHAAPTHUMM MO3Ha-
UeHHAMU. Br3HauTe CyTHICTb OCHOBHUX YMOBHMX MO3HAYeHb 415 po6oTu 3i cxemamu

ponoBofiB. D O DTO . ‘/D/O

3aBgaHHA 2. O3HaNoMTeCh i3 NpaBuIamMK, WO AOMOMOXKYTb CKNacTU CXemy po-
nosogy: 1) ocoba, pofioBif AKOT CKNaga€TbCA, HA3MBAETbCA NPOBGAHAOM; ii Ha cxemi
Mo3HavalTb CTPINKOI0; 2) 0Ci6 )KiHOUOT CTaTi NO3HAYaATb KPY»KEUKOM, 0Cib YoNOoBiIYOi —
KBaflpaTMKOM; CMBOJIM OCOOMH i3 NMPOABOM JOCifXKYBaHOT O3HAKN — 3aTOHOBYIOTb;
3) KOXHOMY MOKOMIHHIO BUAINAIOTb OKPeMUI PAROK, Ha AKOMY 3/iBa HanpaBo B pAaj
PO3MILLYIOTb YNEeHIB POAUHUN B MOPALKY HAapOOXKEHHS; 4) CMBONM OCib, siKi nepeby-
BatoTb Yy Wtobi, 3'€AHYI0Tb NiHi€l0; 5) NOCNiAOBHI NOKOMIHHA NO3HaYaloTb PUMCbKUMU
undpamu, HalaaKiB OAHOrO MNOKOMIHHA — apabCbKNMN.

3aBpaHHA 3. CTBOPIiTb CXemMy POAOBOAY 3@ YMOBOI 3afaui. «[IpobaHO — 0i84YUHKA,
AKA MAe CUMNAMUYHI AMKU HA Wokax. bpam i cecmpa it — amok He matome. Mamu digyuH-
KU MAKoX MAae AMKU Ha WOKAx, a 6ameKo — Hi. Y mamepi 0isuuHku 08a 6pamu, 0OUH i3
HUX — 3 AMKamu, opyauli — Hi. babycsa npobaHOa 3a MamMepuUHCbKOIO JIiHIEID — 3 AMKAMU,
a 0id — Hi. ki 2eHOMuUNU ycix YneHie cim?». Bu3HauTe xapakTep ycnagkyBaHHs O3HaKU.

CTABJIEHHA
Bionoria + MepguunHa. Pesyc-¢pakTop

Cnctema «Pe3yc» 6yna Bigkputa y 1940 p. K. JlTaHawTenHepom
i O. BiHepom 3a gonomoroto KpoBi Makakun-pesyc. BaritTHum xiH-
KaMm i3 pe3yc-HeraTuBHO KPOB'lo (32 YMOBMU, AKLLO IXHill YONOBIK
€ pe3yc-no3nTNBHUM) PeKOMEeHAO0BaHO MpPOBeAeHHA npodinak-
TUKU aHTUpe3yc D-imyHornobyniHom y TepMmiHi 28 — 30 TUXHIB
BariTHOCTI. A AK yCnagKoBY€eTbCA pe3yc-dbakTop?

» I

PE3VJIbTAT

3aBAaHHA A4/ CAMOKOHTPOJIO

1. LLlo Take MOHO- 1 NonireHHe ycnagkyBaHHA? 2. HaBeAiTb NprKnagm MOHOreHHMX
1 NONIreHHNX 03HaK y NOANHN. 3. Ha3BiTb OCHOBHI TUMKW yCNaAKyBaHHA O3HaK Y Nto-
AVHW. 4. HaBefiTb NpuKnagn o3Hak, Wo ycnagKkoByloTbCA 3a umumm Tunamu. 5. Lo
TaKe ayTOCOMHe ycrnafKyBaHHA? 6. LLlo Take 3uenieHe 3i cTaTTIO ycnagKyBaHHA?

7. YvMm pi3HATbCA MOHOTEHHE 11 NonireHHe ycnaAKyBaHHA O3HaK NioauHn? 8. Akumu
7 -9 | € OCHOBHI TMMKX yCNaAKyBaHHA O3HaK y NioanHn? 9. AK BU3HauMUTV! TMN yCnagKyBaH-
HA O3HaKW Y NIOANHN?

10. Ha KOHKpeTHOMY NprKNagi AOBEeAiTb 3HaYEHHA 3HaHb NPO TUMNKU ycnaaKyBaHHA
O3HaK Yy JIIOANHMN. 7m

§ 43. YcnapKyBaHHA O3HaK y NoAnHN

10-12
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3yensieHi 2eHU, W0 JTOKA/TI308AHI 8 OOHIU XPpOMOCOMI,
yCcnaoKkosylomsCA pasom i He 8UABAIOMb HE3A/IEXXKHO20 PO3NO0OIsY.
3akoH MopzaHa

§ 44. 3uenneHe ycnapKyBaHHsA. [lo3axpomocomHa
CMapKoBiCTb Y NIOANHN

OcHOBHi NMOHATTA N Kmo4voBi TepmiHu: 3YEIMJIEHE YCNAJKYBAHHA
O3HAK. 3uenneHe 3i cTraTTioO ycnagKyBaHHA o3HaK. LiutonnasmartunuHe
ycnaaKyBaHHA O3HaK.

MpurapanTe! Lo Take ycnagKyBaHHA O3HaK?

MomipkynTe!

T. X. MopraH cxpeulyBaB fpo3ooin i cnocTe-
piraB 3a ycnagkyBaHHAM BeNMKOI KiNIbKOCTi iXHiX 03-
Hak. AHani3 pe3ynbTaTiB JONOMIT AiNTU BUCHOBKY, LLO
[efAKi 03HaKM nepepalTbCA Halwagkam pasom. Yepes
Te MopraH npunycTue, WO reHun, AKi BM3HA4alTb Ui
«MOEAHaHI» 03HaKW, He PO3KMAaHO MO BCiM KNIiTWHI, a
3ibpaHO B 0cobnMBUX OCTpiBUAX. Yepes Te BUXOAUNO,
L0 BCi CMaKoBi 03HaKM Apo30o¢in noginAwTbCca Ha Yo-
TUpwn rpynu. MoACHITb, Yomy.

3MICT

CKinbKM rpyn 34enieHHA € B MioguHn?

3YEMJIEHE YCNAQKYBAHHSA — cnadkysaHHA 2eHis, o micmamesca 8 00Hil xpo-
Mocomi. A came ABULLE PO3TaLLyBaHHA reHiB B OfHIN XPOMOCOMI Ha3Banu 34ernyieHHAM
reHiB. YCi reHn OfHi€l XxpOMOCOMY NepefatTbCA CNafKoBO Pa3oM 1 YTBOPIOIOTb OAHY
rpyny 34enneHHA. OCKiNnbKN B FOMOMIOTYHMX XPOMOCOMaX PO3TaLlOBYOTbCA OfHAKO-
Bi reHu, rpyny 34ensieHHA YTBOPIOKTb [Bi FOMONOriYHi XpomocoMu. Tomy KinbKicTb
rpyn 34ensieHHs BiANOBIJA€E KiNbKOCTi Map roMosIOriYHNX XPOMOCOM, abo KinbKOCTi
XPOMOCOM FannoigHoro Habopy. Taknm YMHOM, y JIIOAUHU HaniuyoTb 23 rpynu 34e-
NAeHHA Yy NpeACcTaBHUKIB XKiHOYOT CTaTi i 24 rpynu 3uenyieHHA y npeAcTaBHUKIB YON0o-
Bivoi cTaTi (22 ayTocomu Ta ABi ctateBi xpomocomu X nY) (in. 107).

Y nogviHM aHani3 rpyn 34enieHHA KNacuYyHUMM MeTogaMm HEMOXINBUIN BHACTTI-
JOK BiJCYTHOCTI MOX/IMBOCTEN eKCnepuMeHTanbHNX CXpeLlyBaHb. [1nA KapTyBaHHA
XPOMOCOM JIOAMHM HanyacTille 3aCTOCOBYBanv MeTO[ aHanily pofAoBOAIB i meTof
ribpmamnsaii coMmaTyHMX KNiTUH (NepeBa)kHO 3 KNiTMHamy muwi). Ha CbOI'O,ElHI Bifo-
Mi yCi 24 rpynu 34ennieHHA. Y NogNHU 34enneHo 2
ycnafKoBytoTbcA pe3syc-dbakTop Il oBanbHa ¢opma
epuTpoumTiB (1-wa Xxpomocoma), rpynn Kposi 3a
cuctemoto ABO 1 cuHapom fedeKTy Hirtis i KoniH-
HOI Yawweuku (19-Ta xpomocoma).

HalinoBHiwe nobygoBaHO KapTy X-Xxpomo-
comu, y sKkin 6nm3bko 1400 reHiB; 3 HUX 6Ginok-
KogyBanbHux — 841. Hamsigomilwmmn o3Hakamu,
3@ AKUX FeHW po3TalloBaHi B rpyni 34ensieHHa 3

Tema 3. CMAAKOBICTb | MIHJTUBICTb

o : In. 107. CraTeBi xpomocomm
X-XpOMOCOMOI, € reModinia i AaNbTOHI3M. X i Y nioguHm
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lpyna 3uenneHHA Y-XpOMOCOMMU € HabaraTo MeHLUO 3a 06CAroM i Mae 61M3bKo
90 reHiB, 6inok-kKofgyBanbHUMK 3 AKKX € 23. Hansigomilummm reHamu Y-xpomocomu
€ reHV HagMipHOro OBOJIOCIHHA BYLWHUX PaKOBUH (rinepTprxo3), POroBuMx IyCOK Ha
LWKipi (ixTio3), a HaMBaxxnuBiWKUM — reH SRY (Big aHrn. sex determining region Y — ginan-
Ka Y-XpoMOCOMM, L0 BM3HAYaAE CTaTb), WO € K/OUYOBMM FrEHOM PO3BUTKY OpraHiamy
3a YOsoBiYMM TUMNOM. HeBenunkuii o6car Y-xpomMocomMu i MoCcTynoBa BTpaTa Helo reHiB
CMOHYKanun OKpemMumx yUeHUx 3asBUTH, Wo B MalibyTHbOMY BOHa B3arasi 3HuKHe. Of-
HaK MOJIeKYNAPHO-TeHeTUYHI [OCNIAXKEHHA MOKa3anu, Wo NpoLec «3HOWEHHA» YOso-
BiUOT XPOMOCOMM 3YMUHMBCA, | BOHA 3aNNWAETLCA CTabifIbHOK YNPOLOBX OCTaHHIX
25 MIH pokiB. Lisi cTabinbHICTb MOXOAWTD i3 XKUTTEBO BaXKNMBOTO ocepefKa Y-Xpoco-
MOMMU i3 12 reHiB, AKi He MatloTb HIYOro CMifIbHOrO 3 BU3HAYEHHAM CTaTi Y/ PO3BUTKOM
yonogiyoi cTaTeBoi cucTeMn. BoHU «BiNOBIgaoTby 3a Taki GYHKLUIT, AK CMHTe3 BiNKiB i
perynauia TPaHCKPUNUIT iHWNX reHis.

HaaBHICTb y NoAnHN ABMLLA 3YenieHHA O3HaK Hafja€ HaA3BMYANHO BaX/UBY iH-
dopmauito Ana BUSBNEHHA Ta AiarHOCTUKM CNAKOBUX 3aXBOPIOBaHb. 3 BMCOKOIO Bi-
porigHicTio MOXHa nepenbaynTyi reHOTUNK Ta GEHOTUMMU CUHIB | JOYOK NOJPYMKA,
AKWoOo 6aTbKo, MaTV abo 060E MatloTb O3HAKM, LLO YCMALKOBYIOTbCA 34ErseHO.

OTXXe, y MOQMHY PO3pPi3HAIOTb 23 rpyny 34ensieHHA (KiHoya cTaTb)
abo 24 rpynu 34enneHHA (Yonogiya CTaTb).

Aki oco6nuBoCTi 3UenneHoro 3i cTaTTio ycnagKyBaHHA O3HaK Y NoagViHA?

YcnagKyBaHHs, 34ensieHe i3 cTaTTio — ye yCcndoKy8aHHSA 03HAK, 2eHU SKUX pO3-
mawoeaHi 8 cmamesux XpoMocomMax. Y NOAUHN BUOKPEMIOITb TPU FPynun reHis
CTaTeBMX XPOMOCOM, fAKi YCNafKOBYIOTbCA MO-Pi3HOMY: reHW pO3TalloBaHi TifbKY
B X-XPOMOCOMi, reH/ pO3TaLlloBaHi TiNIbKM B Y-XPOMOCOMI, i reH1, HasiBHi B 060X CTaTe-
BVIX XPOMOCOMax. YcnafiKyBaHHA 03HaK, 3UeneHuXx 3i CTaTTio, Ma€ CBOI MeBHi 0cobnu-
BOCTI, AKi BiAPi3HAIOTb NOro Bif iHWMX TUMIB YCNagKyBaHHA:
¢ O3HaKW, reHn AKNX NOKasni3oBaHi B X-XpOMOCOMI, yCNagKOBYIOTbCA YOIOBiKaMu

1 XKiHKamu;

+  AKWO peuecMBHUN anenbHWU FeH 34enneHuit 3 X-XxpoOMOCOMOIO, TO B »KiHOYOI

CTaTi BiH NPOABNAAETLCA NNLLE B FOMO3UTOTHOMY CTaHi, @ B YONOBIYOI — 3aBXKAMK;

+  O3HaKW, 34ensieHi 3 Y-XpOMOCOMOI0, YCNaAKOBYIOTbCA NulIe npeacTaBHUKamn

YONOBIYOI CTaTi.

OpHi€elo i3 HaMBIQOMIWMX O3HaK, WO YCMagKOBYETbCA 34ensieHO 3i CTaTTio,
€ 0aJIbMOHI3M — He3[aTHICTb PO3PI3HATY YePBOHWI i 3eNeHNI KONbopu. BUHUKaE
BHACNiAoK aedekTy B reHax X-XpoMOCOMY, WO BM3HAYAOTh PO3BUTOK KONOOUOK CiT-
KIBKW, YYTAINBUX A0 LMX KONbOPIB. IHWWI NpUKNag peuecuBHMX, 3UensieHunX 3i CTaTTio
O3HaK, — eeMoghinis, Lo NPOABNAETHCA B MOPYLUEHHI 3CilaHHA KPOBI.

Po3rnAaHemo gnAa npuknagy ycnagkyBaHHA OanbTOHi3My. BctaHoBNeHo, wo uen
NpoAB O3HaKM BM3HAYa€ peLecnBHU anesb, IOKanizoBaHU y X-XxpoMocomi. AKLLO
UosOBIK 3 JaNbTOHI3MOM (XY) OAPYXKYETbCA 3 FOMO3UIOTHOIO >KiIHKO 3 HOPMaJIbHUM
KonipHuM 3opom (XPXP), To BiporigHicTb NOABM AanbTOHI3MY cepefi HallafKiB [opiB-
HIo€ Hynto. Bci Hawagky 3a ¢eHOTMNOM MaTMMYTb HOPManbHUIA KORipHWIA 3ip, ane B
reHoTWMi JOYOK O6yfe HafABHUI peLecMBHUIA anesb.

§ 44. 3uenneHe ycnaakyBaHHs. [103axpOMOCOMHa CMAAKOBICTb Y NIOAUHN

OTXe, ycnagKyBaHHs, 3UernsieHe 3i CTaTTio, MAa€ 0COONMNBOCTI,

IO BU3HaYaloTbCA PO3TallyBaHHAM reHiB Yy CTaTeBUX XPOMOCOMaXx.
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Yum BU3HaAYaETbCA LUTOMNa3MaTUYHe ycnagKyBaHHSA nioguHn?

MosaxpomocomHa (UmTonsasmaTuvHa) CNAgKoBIiCTb — Cnocib 36epexeHHs U
nepedadyi eeHemu4HOI iHhopMauii 3a 00NOMO20K0 op2aHen Yumonsasmu, 30dmHuUx 00
camogiomeopeHHs. Y KNiTUHax JIIOAUHN € OpraHenu, Wwo MicTaTb BnacHy JHK i BnacHi
reHu. Lle mitoxoHApii, Wwo mMictATb iHPpopmaLito Npo pepMeHTUN I peryntolTb KNiTUH-
HUn MmeTaboniam. Ha BigmiHy Bi ctanoi kinbkocTi AHK y cknafii xpomocom KinbKicTb
OHK miToxoHAPin MOXe 3MiHIOBAaTUCA 3 BIKOM 3aneXHO Bif YMOB cepefloBMLLa, aKTUB-
HOCTI TolLLO.

OcKinbKM MIiTOXOHAPIT MiCcTATbCA B UUTO-
nnasmi KniTMH, TO, OYEBUAHO, YCMNagKyBaH-
HA IXHIX TreHiB MaTuMe AKiCb 0COGMMBOCTI.
OcobnmnBOCTI UbOro YycnafgKyBaHHA 3yMOBJEHi
nepegycim TUM, WO raMmeTn Pi3HUX cTaTen MaloTb
Pi3HY KinbKiCTb MmiTOxoHApiN. HanvacTiwe An- .
LeKiTMHa MICTUTb TUCAYI MITOXOHAPIN, a cnep- 'I‘

MaTo300H — oauHuui. OKpiM TOro, MITOXOHApIA sl il Lo ,i‘
YOJMIOBIYOI rameTn B3arani He MOTPanNnAE B AN- LU O U (8 U L
UeKNITUHY Nig Yac 3annigHeHHaA. Y pesynbrati 8 1. 108. MaTepuHcbkuin xapaktep
3UroTi NepeBa)xalTb MITOXOHAPIT ANLeKNiTUHY, — WATON/IasMaTniHoOro ycrnafkyBaHHA
UnTonnasmatnyHa CnagkoBiCTb Ma€e MaTepuH- B NIORNMHN

CbKWUI XapaKTep — YCNafKOBYTbCA i BUABNATb cebe nuLie reHu, Wo MiCTATbCA B
yuTonnasmi AnuekniTnHu (in. 108). [litTam nepepatoTbCa BUKIOYHO MITOXOHAPIT MaTe-
pi, Y pe3ynbraTti HOro YosiOBiKM Ta XKiHKM MOXYTb MaTy BiANOBIAHY O3HaKYy, ase TiNbKn
KIHKM nepepfatoTb il CBOIM AiTAM.

Ockinbky miToxoHapianbHa OHK HanexuTb Tinbku ogHOMY 3 6aTbKiB, TO pekom-
6iHaUiiHMX 3MiH, BnacTuBKx ansa saepHoi OHK y meino3si, HeMag, oTKe, HeMa€ 1 KOM-
6iHaUiHOT MiHNMBOCTI. HykneoTuaHa NocnifoBHICTb 3a3HA€E 3MiH Bifi MOKOMIHHA [0
MOKOJiHHS TiNIbKY 33 paxyHOK MyTaLili, o BifOYBaloTbCA B AeCATOK pa3iB iHTEHCUBHI-
we, HiXx y agepHin OHK. HanpukiHyi XX CT. BUHUK HOBUI pO34in MeAULNUHN — MiTOXOH-
ApianbHa naTtonorisa. KnacuuyHnmuy nposaBaMm MiTOXOHApiaibHUX XBOPO6 BBaXKatoTbcA
Mionartii Ta eHuedpanonarii.

OcTaHHiIM Yacom MiToxoHgpianbHy [IHK BUKOpMCTOBYIOTb B MONYAALiINHNX [OCAI-
IPKEHHAX, BUPILIEHHI NUTaHHA NownpeHHA Homo sapiens Ha NnaHeTi Ta NOXOAXKEHHA
NOACbKNX Pac, MOXOAMXEHHSA | FeHETUYHOT CTPYKTYPU OKPEMMX €THOCIB i nonynAuin.
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OTxe, untonnasmatnyHe (nNosaagepHe, NO3axXpPoMoCoMHe)
ycnagKyBaHHA — Le ycrnagkyBaHHA reHis, WO BU3HAYaAETbCA IXHIM
po3TallyBaHHAM Yy LIMTOMIa3MaTUUYHUX CTPYKTypax.

AIANbHICTb

M CamocriiiHa po6oTa

Po3B'A3yBaHHA TUNOBUX BNpaB 3 reHeTUKW. YcNaAgKyBaHHS, 3uenseHe 3i cTaTTio
BnpaBa 1. [JlanbTOHI3M — peLecrBHU NPOAB O3HAKU, FeH AKOI PO3TalloBaHUN
B X-XpOMOCOMi. KX fiTe MOXHa OuiKyBaTu Bif WO6Y: a) YONOBIK 3 HOPMaNbHUM
KONipHVIM 30POM, XiHKa 3 FTeHOM [aNIbTOHi3MY B FeHOTUNI; 6) YONOBIK 3 AANIBTOHI3MOM,
XKiHKa 3 HOpPManbHNM KONIbOPOBKM 30POM; B) YONOBIK 3 Ja/IbTOHI3MOM, KiHKa 3 reHOM
JanbTOHI3MY B reHOTunI.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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BnpaBa 2. Y0o10BiK 3 4a/IbTOHI3MOM OfPYXKYETb-

CA 3 XKiHKOI 3 HOPManbHUM KOJTipHUM 30pOM, 6aTb- Eﬂ Dﬂ

KO AKOT OyB 3 fanbToHiI3MOM. AKnM Byfe 3ip y TXHix HU g'

niten? Xhy XHXH

Bionoria + CnaagKoBi 3axBoptoBaHHA M\
3n0poBa 3a deHOTUMNOM XKiHKa, y MaTepi AKoi OyB

[anbToHi3M, a B 6aTbka — remodinis, ogpyxeHa 3 vo- )ﬁY )f] )q(Y )ﬂ(é(

NTOBIKOM, iK1 Ma€ 06maBa 3aXBOPIOBAHHS. Bu3HauTe Hﬁ .ﬂ Eﬁ Eﬂ

VIMOBIPHICTb HAPOMXKEHHA B Ui CIMT AiTen, AKi Ta-  yiy  yuyn XHY XHXh'

KO MaTMMyTb 06uaBi Ui xBopobwu (is1. 109). Akuni Tun

yCnafKyBaHHA LMX 3aXBOPOBaHb? In. 109. Cxema ycnanKysarHA

remodinii B cimi, ge 6aTbKo
3 remo@ini€to, a maTn 3 HOp-

CTABJNEHHA binieo, P

» N — ManbHUM 3CiJaHHAM KPOBI

«ﬁ Bionoris + Ictopia. YcnagkyBaHHA remodinii

MNprKnagom reHeanoriyHoOro AepeBa, y AKOMY NPOCTEXYETbCA 3UenieHe 3i cTaT-
TIO YCragKyBaHHA remodinii, € pofoBig aHMNiNCbKoi KoponeBu BikTopil, y reHoTuni
AKoi OyB reH LbOro 3axBOploBaHHA. Yepes Hallaakis Koponesu BikTopii remodinisa
nepepanacb y KOponiBCbKi POANHM He Tinbku Bennkoi bpuTanii, a i1 Icnawii Ta Pocil.
Lo Take remodinia? 3a JONOMOrol Cxemu BM3HauTe TN ycnagKyBaHHA remodinii i
MOACHITb, YoMy remModinito Ha3nBaloTb «LLAPCbKO XBOPOOOIO».

BikTopis,
Koponea Benukoi bputanii
Anica, repuornHa Epsapga VI, Beatpuca, npuHueca
lecceHcbKa i PeliHCbKa Koposnb Benukoi bputaHii BeniKoT BpwTanii
Jleononbp, ¢
repuor Onb6aHi
o Jlopa leononba
Opippix MayHT6atTeH
Il

|
Anica, V V
rpaduHa
ATNOHCbKa Onekcaxapa | Mukona ll, IpeHa, npuHueca Anbdotc Xl [BikTopis €BreHist

OegopisHa | IMnepatop Pocii  lecceH-flapmiwTagTcbka I'erE Koponb Icnaiil bateHbep3sbka

o bbbbm moudmbddlm

Onekcin Banbaemap AnbdoHco,
Mwukonaitosuy npuHL AcTypilicbknit
MO3HAYEHHA:
O D XiHKa 6e3 remodinii, XiHKa, B reHoTu!ni ‘. XiHKa 3 remodinieto O D NpeaKM cyyacHoi bpnTaH-
yonosik 6e3 remodini AKOI € reH remodinii YonoBiK 3 remodiniel CbKOI KOPOMIBCbKOI CiM'T
—

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 34yenneHe ycnagkysaHHA? 2. HaBediTb NpuKnagn o3Hak, Wo yCcnagKoBy-
I0TbCA 34yenneHo B noanHu. 3. Lo Take 3uenneHe 3i cTaTTIO ycnaaKyBaHHA O3HaK?
1-6 |4. HasepiTb Npuknagn o3Hak, WO yCnagKoBYOTbCA 3UEMNIEHO 3i CTATTIO B JIIOAUHN.
5. Lo Take ymTOonnasmaTuyHe ycnagkyBaHHA? 6. HaBediTb npuknagm yutonnasma-
TUYHOrO YCNafKyBaHHA O3HaK.

7. CKinbKu rpyn 34enneHHs B nioguHn? 8. ki ocobnmBocTi 3uenneHoro 3i cTaTTio
7-9 |ycnagkyBaHHA O3HaK y fognHn? 9. Yum BM3HAYa€ETbCA LMTOMNA3MaTUYHe ycnag-
KyBaHHA?

10. Ha KOHKpeTHOMY NpuKnagi 4OBefiTb BaX/MBICTb BUBYEHHA 34ENIeHOoro ycnag-
KyBaHHA O3HaK. 175

§ 44. 3uenneHe ycnagKyBaHHsA. [103axpOMOCOMHa CMagKoBiCTb y NOANHN
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Kumms miHnuee, Haye Mmope...
Jlone Oe Beza

§ 45. 3aKOHOMIPHOCTI MiHAVBOCTI NIOANHN

OCHOBHi MOHATTA N KnwvoBi TepmiHn: MIHJIUBICTb. MoaudikauinHa
miHnuBicTb. MyTauinHa miHnuBicTb. Kom6iHauiniHa MiHAMBICTDb.

MpurapanTte! Lo Take miHNMBicTb? LLlo Take HecnagkoBa I cNagkoBa popmu
MiHTNBOCTI?

Bawa gymka

OpHosnueBi ONU3HATA € TeHEeTUYHO
OfHOPIAHNMY, Y HUX NoAibHa I KUTTEBA Nporpama.
HaBiTb sAKwo fitm 6ynu po3nyuyeHi Bigpasy nicna
HapOLXeHHSA, 3rofoM BUABNAETbCA, WO B HUX Of-
HaKOBi CMaKu 1 3aXOMJIeHHs,, BOHU NPUO/IM3HO B
TOMYy CaMOMy BiLli OPY>KYIOTbCA, Y HUX HapoaXKy-
I0TbCA AiTW OAHIEI cTaTi (HanpuKnag, CUHW), | BOHW
[aloTb M 6/M3bKi 3@ 3ByYaHHAM iMeHa. A AK MiX
HUMW BUHNKAIOTb BigMIHHOCTI?

3MICT

Aki MonekynApHi mexaHismu MiHANBOCTI?

MIHJIUBICTb - 30amHicmb opeaHizmige Habysamu HOBUX O3HAK, WO CNPUYUHSA-
oMb 8iOMIHHOCMI MiX 0CObUHAMU 8 Mexax 8udy. Po3pi3HATb ABi OCHOBHI dopmMu
MIHAMBOCTI — CMaAKoBY 1 HecrnagkoBsy. [puynMHamn CnagKoBOi MIHANBOCTI € 3MiHN
CTPYKTYpM abo fifnbHOCTI FeHETUYHOTO anaparty, a NPUYMHaMM HeCnagKoBoil — BNIVB
YMOB CepefloBuLLa.

Ta6nuusa 5. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM MIHJINBOCTI

O3Haka HecnapgkoBa CnapgkoBa
BUHUKHEHHA 3MiHN peHoTUny los’A3aHa 3i 3MiHO reHoTUNY

TumyacoBicTb, MacoBicTb, cnpAmo- | CTanicTb, iIHANBIAYaNbHICTb, HECMPAMO-
BaHICTb, BU3HAUYEHICTb, KMPUCTO- | BaHiCTb, HEBU3HAUYEHICTb, BiACYTHICTb
CYBasbHICTb» «MNPUCTOCYBaSIbHOCTI»

3aranbHi Bna-
CTUBOCTI

BnnvBe YnHHMKIB cepefoBuLLa 1 BHY-
MpnunHn 3MiHM yMOB cepefoBuLLa TPILWHI NPUPOAHI MexaHi3mu (Menos,
3aniAHeHHA)

Mpouecn, Wwo € | 3MiHK eKcnpecii reHiB, gudepeH- | 3MiHU reHeTUYHOro anapaTy WAAXOM

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OCHOBOIO LianbHa aKTUBHICTb reHis MyTauin, pekombiHauin AHK

3HauyeHHAa gna | ApanTauia go ymMoB cepefoBula, |HenTpanbHe, WKianvMee, NPUTrHiYeHHA

0CO6VH NiABULLLEHHA XXUTTE3AATHOCTI KUTTERIANBHOCTI

Bugn MopaudikauitHa, OHTOreHeTMYHa Komb6iHauinHa, myTauiiHa

3aKkoHoMip- . 3aKOH romMonoriyHMX pALiB cnagkoBol
. CTaTUCTUYHI . .

HOCTI MiHANBOCTI

MonekynapH1umm mexaHismammn HecrnagKkoBOol MiHNMBOCTI € 3MiHWN eKCMpPecii reHis.
BinbyBaeTbcA Le 3aBAAKM NpoLiecam perynauii akTUBHOCTI reHiB Ha piBHI TpaHCKpU-
uii, npouecuHry, TpaHcnauii i nicnaTpaHcnauinHoT mogudikauii 6inkis.

OCHOBHUMM MexaHi3MaMK1 CMafKOBOI MIHMBOCTI € MyTauil Ta peKkoMOiHaLil.

176 MyTauii MoXyTb BifbyBaTUCA B CTaTEBUX N COMATUYHUX KNITUHAX, Ha PiBHi reHis,
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XPOMOCOM, KiflbKOCTi XPOMOCOM. YNPOJOBK MKUTTA MOXKYTb NPOABAATUCA MyTaLil co-
MaTUYHNX KNITWUH, @ reHepaTUBHI MyTauil — Yy HalaaKiB.

Ponb ¢opm MiHAMBOCTI Ans opraHiamiB € pi3HOM. I3 CNagKoBOK MiHAMBICTIO
nos’sA3aHa NosABa HOBMX O3HAaK YNPOMAOBX XUTTA, a Hecnagkosa — 3abe3neuye iHAN-
BiAyanbHUN PO3BUTOK i MPUCTOCYBaHHA OPraHi3amiB O YMOB CepefoBuLLa, LWO 3Mi-
HioloTbCA. HoBi HabyTi 03HaKM € iHOAI WKIAAMBYMMY, L0 NPU3BOAATL JO 3aXBOPIOBaHb
(Hanpuknag, OHKONOTiYHUX).

OTXe, MiHNMBICTb MOB'A3aHa 3i 3MiHamMy reHoTUny N deHoTMNy
Ha MOJIEKYNAPHOMY PiBHi, TOMY BUOKPEMJIIOIOTb CraKoBYy
 HecnapkoBy ii dopmu.

Aki 3akoHOMipHOCTI Mogu¢ikaLinHOT MiIHNMBOCTI NlOANHN?
Moaudikauirina miHnuBicTb — ye popma Hecnadkosoi MiHIUBOCMI, WO NOB’s-

3aHa 3i 3MiHamMu heHomuny 8HAcCiOOK 8naUBy yMO8 icHy8aHHA. MoandikauinHi 3mi-

HW O3HaK He YCNafKoBYTbCA, ane iXx HopMa peakuii, TO6To fiiana3oH MiHANBOCTI, €

CNagKoBOW i BU3HAYaETbCA reHoTUnom. MopgudikauiiHa MiHAUBICTb, AK NpaBuKo,

Ma€ AOLiINbHUI XapaKTep, BiAMOBiJAaE yMOBaM iCHyBaHHA i € MPUCTOCYBaNbHOIO.

BuHMKHeHHA mopmdikalin nos’A3aHe 3 TWM, WO YMOBU CepefoBULLa BMAMBAKOTb

Ha ¢pepMeHTaTVBHI peakLii, 1o BigbyBalOTbCA y OpraHi3mi i NeBHMM YMHOM 3MiHt0-

IoTb iX Xif. AK npuknag npuctocyBasbHUX MoAaudikauil Po3rfNaHEMO MexaHi3m

YTBOPEHHS MirMeHTY MeJlaHiHy. 3a 1oro BUPOOIeHHs BiANOBIAaTb YOTUPU FeHH, Lo

pO3TalloBaHi B Pi3HMX XpoMocomax. Mig gieto ynbTpadioneToBoro BUNPOMiHIOBaHHSA

3 KNITUH WKipy (KepaTUHOLUUTIB) BUBINIbHIOTLCA B MIXKKITUHHWUA NPOCTip 0cO6uBI

MikpoPHK. Lle 3ymoBio€e akTrBaLito Ta nocuneHnin 6iocrHTe3 pepMeHTY TUPO3MHa3M,

Lo KaTani3ye OKUCHEHHA aMiHOKMCNOTY TUPO3MHY I MOAAsblUe yTBOPEHHA MeNaHiHy.
Mpun gocnigXeHHi moandikaLlin BUABNAIOTLCA 3aKOHOMIPHOCTI, WO MaloTb CTaTu-

CTUYHWI XapaKTep.

«  Pi3Hi 03HaKu marome pi3HUl po3max Hopmu peakyil. Hopma peakyii — mexi mo-
oucpikayitiHoi MiHIUBOCMI 03HAKU, WO 8U3HAYAOMbCA 2eHOMUNoM. Mexi Hopmun
peakuil 3yMOB/IeHi reHOTUNOM, afie NPOAB O3HaKM B MeXax HOPMU peakuil 3mi-
HIOETbCA Nif Ai€I0 YMOB CepefoBuLLa.

«  byOb-AKa 03HAKa MoXe 3MiHI08AMUCH JIULIE 8 NeBHUX MeXax. [eHN BU3HaYaloTb He
roTOBi NPOABU O3HaK, @ HOPMY peakLil O3HaKu.

«  binbwicmeo opeaniamie marome eapiaHmu, 671U3bKi 00 cepedHb020 3Ha4YeHHS. Lie
MOAICHIOETLCA TVM, LLO NMOEAHAHHSA NULIE CNPUATANBUX a00 HECMIPUATINBMX YMOB
TPanaAeTbCA PiaKo.

«  Ha po3max modugikayitiHoi miHnusocmi 8niusarme 308HIWHI Ma 8HYMPpIWHi
ymosu. YM OfHOPIOHIWMMMN € 30BHILIHI YMOBU PO3BUTKY AaHWX OCOBWH, TM
MEHLLOI MipOto NPOABAAETLCA MoandiKaLifiHa MIHMBICTb.

§ 45. 3aKOHOMIPHOCTI MiHAIMBOCTI NOAVHM

OTKe, 3aKOHOMIPHOCTI MOANPIKALINHOT MIHIIMBOCTI € CTAaTUCTUYHUMU,
TOMY WO NPOABNAIOTLCA NPU AOCiIAXKEHHI 6araTbox BapiaHT
TiEl YN iHWOT O3HaKMW.

flke 3HaUeHHA CNAaAKOBOI MiHNMBOCTI ANA NIOZANHN?
Kom6iHauiiina miHnuBicTb — ye popma cnaokosoi MiHAUBOCMI, AKA BUHUKAE
3080AKU nepepo3nodisly eeHeMuUYHO20 Mamepidany 8 HAauwjaokie. 3a KOM6iHaUiHOT

MIHAIMBOCTI yCNaAKOBYIOTbCA HOBi NOEAHAHHA TeHiB, a CaMi FeHW He 3MIHITbCA. 177
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MpUUYMHO BUMHUKHEHHSA NPOABIB KOMOiIHALUiNHOT MiHAMBOCTI € romosioriyHa Ta
HeromonoriyHa pekom6iHayii JHK. [xepenamu KombiHaUilAHOI MiHNMBOCTI €:
1) KpOCMHroBep; 2) He3anexHe PO3XOMXKEHHA FOMOJIOTIYHMX XPOMOCOM MpU Me-
1n03i; 3) BUNagKoBe 31UTTA rameT nifg yac 3anfigHeHHA. 3aBAAaKM He3ane)KHoMy Ta
OAHOYACHOMY 3[AINCHEHHIO LMX MPOLECiB BMHUKAE BeNMKa Pi3HOMAHITHICTb reHo-
Tunis. fomonoziyHa pekombinayia - ue npoyec 0OMiHy HyK1e0mMuOHUMU NOC/i-
008HOCMAMU MiX 20MOM02IYHUMU XpoMocomamu abo narHyrzamu JHK. Lein tun
peKombiHaUil BUKOPUCTOBYETbCA KAITMHAMU st BUMpPaBAeHHA nowkogxeHb OHK,
YTBOPEHHA HOBMX KOMOiHaLil FeHiB nig yac Menosy, nepeHeceHHs MoOBiNbHYX reHe-
TUYHNX €NIEMEHTIB, TOPMN3OHTASIbHOTO NEePEeHeCeHHA FeHiB Mi>K Pi3HMMW KNiITUHaMW.
HezomonoziuHa pekombiHayisa — ye npoyec 06MiHy HyK1€OMUOHUMU NOCNi008HO-
CMAMU MiX He20MOJ102iYHUMU XpoMocoMamu abo naHytoeamu [JHK. Mpuknagom Takoi
pekombiHaUil € BUNagKkoBe BOYLOBYBaHHA BipyCHUX ab0 6akTepianbHUX GparMeHTiB
OHK'y OHK kniTuH nioguHn.

MyTauifina miHnuBicTb — ye popma cnao-
KOBOI MiH/IUBOCMI, WO NOB’A3aHa 3i 3MiHAMU
2eHomuny 8Hacaiook mymayit. Llio miHnunBicTb
3yMOBIOOTb 3MiHW FeHOTUMY OCOOMH Ha PiBHi
reHiB, XPOMOCOM i KilbKOCTi XpOMOCOM. BuHm-
KaloTb MyTauiliHi 3MiHW Nig Qi€ BHYTPILWHIX Ta
30BHILLIHIX YNHHMKIB. MyTaUinHi 3MiHW reHoTUNY
3YMOBJIIOIOTb MOABY O3HaK, WO MOXyTb MaTu
pi3He 3HauyeHHA. binbwicTe MyTauin, wo npo-
ABNATLCA B OPraHiaMiB, MalTb WKIGINBUN Xa-
paKTep, OCKINbKM 3HWXKYIOTb MPUCTOCOBAHICTb In. 110. letepoxpomis (pizHe
[10 YMOB CepefoBuwya (Hanpuknag, remodinis). — 320apBneHHa Oue) AK HeiTpanbHa
Cepep npoABiB MyTaLiiHOT MiHIMBOCTI € N HeR- MyTauia
TpasibHi NPOABM O3HaK, WO He BMNAMBAKTb Ha MPUCTOCOBAHICTb, afie 32 NeBHUX 3MiH
cepefoBMLLa iCHYBaHHA MOXYTb BUABUTUCA KOPUCHUMU (HanpuKiag, reTepoxpomis
ouen y nogunHn) (in. 110). MyTauiiHi 3MiHM MOXYTb MaTU 1 afanTUBHE 3HAYEHHS,
3abe3neuyloun NPUCTOCYBaHHA A0 YMOB cepefoBuiya. Came MyTalismMy 3yMOBIIeHUIA
nonimop®iam NOACbKNX NONYNAUiA: pPi3Hi NirMeHTaLlia Wkipy, Konip oven, popma
HOCa, BYX TOLLO.

OTXe, cnagkoBa MiHNMBICTb 3abe3neyye reHeTUYHy Pi3HOMaHITHICTb
OCOBUH i € A>Kepenom nosABU HOBUX O3HAK.

RIANBHICTb

x//‘ Jla6opaTopHa po6oTa 2

BuBueHHsA 3aKkOHOMipHOCTell mMmoaudikauiHnoi MiHANBOCTI

Merta: popmyBaTy fOCNiAHNLBKI YMIHHA BM3HauyaTh 3aKOHOMiIpHOCTI moaudika-
uinHoi MmiHnnBocTi, 6yayBaTu BapialiiHUN pag, BapialiiHy KpuBY, BU3HayaTu cepeg-
HE 3HAYEHHA O3HaKMN.

O6napgHaHHA | MaTepianu: poCTOMip UM FOTOBI AaHi AnA aHani3y.

Xig po6oTu

1. Buburpaemo o3HaKy AnAa AOCAIAKEHHA | BUSHAYAEMO CYKYMHICTb CMOCTepeXeHb

KiNbKiCHOT 03HaKK, TO6TO BUGIpKY.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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2. Bwu3Hayaemo fiana3oH MiHINBOCTI O3HAKW,
To6TO HOpMY peakLuii. Bu3sHauaemo xapak-
Tep ycnafgKyBaHHA O3HaKu (KinbKicHa abo
AKiCHa, MOHOTreHHe abo noJsireHHe ycnag-
KyBaHH#).
3. O6UYMCNIDEMO YacTOTy 3yCTpiyaNibHOCTI Ba-
piaHT 03HaKW. Pe3ynbraT 3anncyemo B Ta-
6nuuto | CKlafaemMo BapiauiiiHui pag. T e
Bapiauiiinuin pap gna aHanisy pocty

Okpemi BapiaHTh, v |145-149|150-154/155-159|160-164(165-170|171-174(175-179/180-184

Kinbkictb
crnocTepexeHb, p
4. bypyemo BapiauliliHy KpuBy.
5. Bun3Havyaemo cepefHE 3HaYeHHA 03HaKW. [InAa xapakTepucTuKM MiHANBOCTI O3Ha-
K1 06uncniotoTh if cepeiHe 3HaueHHsA (M) 3a popmynoto:
M=% (v-p)/n,
e M — cepefiHE 3HaUeHHA 03HaKW; v — BapiaHTa 03HaKW; p — YacToTa 3ycTpivanb-
HOCTi BapiaHTW; N — 3aranbHa KinbKiCTb BapiaHT.
6. [igcymok po6oTu.

bionoria + Kaska

Y ka3ui IBaHa Jlunu «bnusHaTax € Taki pagku: «Jimu-6ausHama niopocmanu. lNep-
wuli 3masneydky bys 6anaky4um, gecesium, 00NUMIUBUM, Li020 3d8XX0U MOXHaA byso 6a-
yumu cepe0 sio0ed, 60 8iH He 106U camomHocmi. [lpyeuli 6y8 Mo8Ya3HUM, CNOKIUHUM,
3amucneHum. Jliobus yinumu OHAMU cudimu Ha bepesi MopsA, Musysamuca 0asiekumu
20pamu, Kynamu noeasnisAo y HebecHili 6;1akumi». 3aCTOCyTe CBOI 3HAHHA Ta MOACHITb,
Npo AKMX ONU3HAT NAETbCA — MOHO3UTOTHUX UM AU3UTOTHUX. fAKi MONeKynApHi mexa-
Hi3MW BigMiHHOCTEN MiX LiUMn 6n3HATaMn?

g CTABNEHHSA
» T
a»’j Bionoria + Hayka. BnnsHiokoBuii meTop,

bnv3HioKoBUI MeToA AA€ 3MOry Aa€ 3MOry BCTaHOBUTM
BMJIMB reHOTMNY Ta YMOB cepefoBuLLa Ha popMyBaHHA NeBHOT
O3HaKW. ¥ 6NU3HIOKOBUX JOCIILXKEHHAX BUKOPUCTOBYOTLCA AK
MOHO3UFOTHI, TaK i AW3UTOTHI 6AM3HATA. YUM BOHW Pi3HATLCA
MiXK c06010? OUiHITb 3HAUEHHSI HAYKOBUX JOCNIgXeHb O/IN3HAT
ANnA po3yMiHHA NPUPOAN MIHANBOCTI B NIOANHN?

PE3VJIbTAT

§ 45. 3aKOHOMIPHOCTI MiHAIMBOCTI NOAVHM

3aBAaHHA ANA CAMOKOHTPOIO
1. o Take miHnmBicTb? 2. AKi € dopmun miHnmeocTi? 3. LLlo Take HecnagKoBa MiH-
nuBicTb? 4. HaBepitb npuknagm moandikauiiHoi MiHAMBOCTI B NtoguHu. 5. LLlo Take
cnaakoBa MiHNMBICTb? 6. HaBeliTh NpuKnaan KoM6iHaLiiHOT Ta MyTaUiliHOT MiHNW-
BOCTIi B JIIOAUHMU.
7. Ha3BiTb MonekynapHi MexaHiamu MiHnuBocTi. 8. AKi 3akoHoMipHOCTI Moandika-
LiHOT MiHNMBOCTI NntoauHN? 9. AKe 3HaYe€HHA CNaAKOBOI MiHNVMBOCTI ANA NoANHWU?

10-12 | 10. OUiHiTb 3HaUYeHHA 6/IM3HIOKOBOIO METOAY ANA BUBYEHHSA MiHIMBOCTI NIOAUHN. 179
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byOb-sKa 3mMiHa npoknaoae Wnsax iHWUM 3MiHAM.
H. Makiasenni

§ 46. MyrTauii Ta ixHi BnacTMBOCTi
OCHOBHI NOHATTA 1 KntovoBi Tepminm: MYTALLII. MyTarenes.

MpurapanTe! Lo Take myTauii?

3Hamomrecs!

ly2ao 0e Qpiz (1848-1935) — Higep-
NaHACbKMI 60TaHiK, reHeTuK. MepeBigkpws i nig-
TBepauBy 1900 p. ogHouvacHo 3 K. KoppeHcom Ta
E. Yepmakom 3akoHu . MeHngens. Beis y Hayky
MOHATTA MPO MyTauil Ta po3pobuB MyTaLiiHy
Teopito. MogenbHUM opraHiamom Ansa noro go-
CnifkeHb CTana pocivMHa eHoTepa Jlamapka
(Oenothera lamarckiana).

3MICT

Ak KnacneikyroTb myTauii?

MYTALLIT (Big naT. mutation — 3miHa) — cmiliKi 3MiHU 2eHemMuYHO20 anapamy,
Wo BUHUKAMb panmoego i npu3eodame 00 3MiH mux abo iHWUX cNAOKOBUX O3HAK U
¢yHKyit opearizmy. MyTauii MoxkHa kKnacruikyBaTy 3a xapakTepom NposBY, 3a MicLieM
BMHWKHEHHS, 3a XapakTepoMm 3MiH CNajKoBOro anaparTy, 3a NOXOA>KEHHAM TOLLO.

3a xapakTepom nNpoABy MyTalil NOAINATb HAa AOMIHAHTHI 1 peuecuBHi. binb-
WiCTb 3 HUX € PeLeCcUBHUMY 1 He MPOABAAIOTLCA B reTepo3nrot. JomiHaHmHi my-
mayii — ue myTauii, WO NPOABNAIOTbLCA Y TOMO- i FeTepo3MroTHOro opraHiamy Ta
3'ABNATLCA BXe B NepLIOMY NOKOMiHHI. Hanpuknag, nonigaktunia, abo 6aratona-
NiCTb, € MyTaUi€l0, WO YCNaAKOBYETbCA 3@ ayTOCOMHO-AOMIHAaHTHMUM Tunom. Peye-
CueHi mymayii - ue myTaLii, WO He NPOABNAITLCA Y FeTepo3uUroT i 3'ABNAITbCA
TiIbKN B APYroMy i HaCTYMHUX NOKOMIHHAX. Tak, y NOANHN peLecuBHU XapakTep
Ma€ Taka MyTaLif, AK anbbiHi3m.

3a BNAMBOM Ha XUTTERIANBHICTb PO3PI3HAIOTL NleTanbHi, Cyb6neTanbHi Ta HeNT-
panbHi. JlemaneHi Mymauii cnpyunHATb 3arnbenb opraHiaMis LWe A0 MOMEHTY Ha-
popakeHHA abo [0 HaCTaHHA 3[aTHOCTI 0 PO3MHOXEHHA. Y NI0ANHY [0 TaKUX MyTaLlil
HanexuTb remodinia. MyTauii, AKi 3HUXKYIOTb XUTTE3[ATHICTb OCOBMH i YacTKOBO abo
MOBHICTIO 3yNUHAIOTb PO3BUTOK, Ha3MBaKTbCA CybsremanbHUMU. AKLLO K MyTaLii 3a
3BMYHMX YMOB He BM/IMBAOTb Ha XKMUTTE3[ATHICTb OPraHi3mis, TO iX Ha3MBaloTb Helim-
panbHUMU.

3a MmicueM BUHMKHEHHA MyTauii KnacudikyloTb Ha COMATUYHI Ta reHepaTUBHI.
ComamuyHi Mymayii BUHWKaOTb B COMATUYHWUX AWMAOIAHUX KMITUHAX, 4acTo He
nepepaloTbCA CNagkoBO 1 0OMeXeHi TiElo 0cobMHO, B AIKOT BUHUKNN. Hanpuknag,
y NIOAUHN COMATUYHUMYK MYTaLUisM/ € CNAIKOBA reTepoXpomis oyeln abo MyxnmHHe
nepepoaKeHHA KNiTnH. MyTauii, o BUHMKAX B ramMeTax UM KNiTMHAaX, 3 AKX BOHU
YTBOPIOIOTbCA, | NepefalnTbCA HalagKaM Yy BUMNAAKY IXHbOI yyacTi B 3anniAHEHHI, Ha-
31BalOTb 2eHEPAMUBHUMU Mymauyiamu.

3a xapaKkTepom 3MiH CnaikoBOro anaparty MyTauii 6yBaloTb reHHUMU, XPOMO-
COMHUMM Ta reHOMHUMMW. TeHHi MyTauii — CTINKi 3MiHW OKpPeMUX reHiB, CMPUYNHEHI
180 NOpyLIeHHAM MOCAIAOBHOCTI HYKNEeOTUAIB Yy MONeKynax HYKIeIHOBUX KUCOT.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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Ui myTauii BMHMKaOTb BHACNifOK BMMaAiHHA MEBHUX HYKNEOTUAIB, NOABU 3aMBUX,
3MiHV NOPALKY IX po3TawlyBaHHA. [eHHUMW My TaLiAMU B TIIOANHW € NONIAAKTUNIA, alnb-
6iHi3M. XpOMOCOMHI MyTaUil — Le MyTauii, Lo BMHMKaTb Y pe3ynbTati nepebynosu
XPOMOCOM. BOHM MOXKYTb BUHUKATK AK B MeXaX OAHI€l XpOMOCOMMU, TaK i MiX romo-
JIOTIYHMMU N HEFTOMOJIOTIYHMM XPOMOCOMamu. MprKIagoM XpOMOCOMHMX MyTaLin
€ CMHAPOM «KOTAYOro KpuKy» (46,5-), roctpun neinkos (46,21-). leHomHi myma-
yii — ye Mymauii, wo nos’a3axi 3i 3miHoto Kinekocmi Habopie xpomocom. OCHOBHMUMM
BMAAMMN FEHOMHUX MyTaLili €: 36inblueHHA KiNbKOCTi XPOMOCOMHMX Habopis (no-
1inn10i0iA), 3MeHLWEeHHA KiNbKOCTi XPOMOCOMHMX HabopiB, 3MiHa YMCia XPOMOCOM
oKpemMux nap (aHeynnoidia). Mpuknagamy reHOMHUX MyTauin € cmHapom [layHa
(47, 21+) B NIoANHMN.

OTX¢e, NPUYMHOK MYTaLiMHOT MiIHNWMBOCTI € MyTaLil,
Wo KnacnoikyoTb 3a Pi3HUMU KpUTEPIAMMU.

Yomy BUHUKaIOTb MyTauii?

[xepenom myTauin € nepebyaoBu HykneoTuaHux nocnigosHocten OHK, wo
BMHMKaloTb Y pe3ynbraTi: 1) moandikauin monekynu OHK nig yac pexkombiHauii;
2) nomunoK nig Yac pennikauii n penapadii; 3) iHTerpauii Yy>kopigHoi (Hanprknag,
BipycHoi) OHK; 4) wkignueoi fii peyoBuH-meTabonitis (Hanpuknag, soau, H,0,);
5) nepemileHHA reHeTUYHUX MOGINbHUX enemMeHTiB; 6) MopyLIeHb LiniCHOCTI XpoMo-
COM Ta iX KiflbKOCTi.

MNowkopxeHHa AHK, wo € npuyunHoO MyTauil, BUHMKAKOTb BHACAifOK BNAUBY
30BHILWHIX Ta BHYTPILWHIX YAHHUKIB, AKI HAa3MBalOTb MyTareHaMu, a npouec yTBOpeH-
HA MyTaLi — myTareHe30M. MyTareHHi YUAHHWKK 3a AXXepesioM BrIMBY NOAINATb Ha
eK302eHHi (Hanpuknag, pagialis, eK30TOKCMHM OpraHi3miB) Ta eHOO2eHHi (Hanpu-
Knag, noMuiKu pennikauii, penapauii, pekombiHauii), a 3a NpMpoaoto BNAMBY — Ha
¢hizuyHi (ramma-npomeHi, ynbTpadionetose BUNPOMiIHIOBaHHA, TeMnepaTypa), Ximiy-
Hi (NnecTumam, aHTMOIOTMKIM, CNONYKWN BaXXKNX MeTaniB) Ta BiosoziyHi (Bipycu rpuny,
yncta HK, aHTUreHn mikpoopraHismis, «cTpubdatroyi reHn» Ta iH.).

MyTareHes — npouyec 8UHUKHEHHA Mymayil ni0 0i€lo 308HIWHIX i 8HYyMPIWHiX
YUHHUKIB. 30aTHICTb MYTyBaTK MpuTamaHHa BCiM dopmaM XUTTA Ha 3emni, BOHa €
OCHOBO MiHNMBOCTI. MyTareHes, wWo Bif6YBaEeTbCA Mif Ai€0 NPUPOAHUX YMHHUKIB
(npupogHuUn pagiauinHnin GoH, eKCcTpemanbHi BUCOKI UM HU3bKi TemnepaTypu), — e
npupooHuli (chnoHMaHHuli) MymazeHes, a cami MyTalLii, IO BUHVKalOTb, Ha3MBaloOTb
CMOHTAHHMUMN. AKLWO MyTaLil CIPUYMHEHO Ji€l0 WTYYHUX MyTareHis, TO NAeTbCA Npo
wmyyHul (iH0ykoeaHuli) Mymazexes. Hanpuknaga, pagioakTyBHI BUKUAW 1 Bigxo-
[V, BUNPOMIHIOBaHHS FrafiKeTiB, AiOKCMHY, NeCTULUMAM, LUTYYHO CUHTE30BaHi aHTMGio-
TUKW TOWO. |HOYKOBaHWIA MyTareHes y CyyaCcHUX NonynAauiax noguHn BigbyBaeTbcA
iHTEHCKBHO.

MoABa MyTauin y KNiTUHAX IOAUHN € HOPMaNbHUM NPUPOAHMM ABULLEM i3 NpK-
POAHOK YacCTOTO, AKa OLUiHI0ETbCA B 10%—10° B ofHin KNiTUHI 3a foby. MNepeBaxHa
YyacTKa LMX MOLWKOAXeHb BUAANAETbCA CUCTEMaMK penapauii, i TiNbKM HeBenuka
KiNbKiCTb 3aNnMIa€eTbCA Y BUrNAAI MyTaLild, WO MOXYTb OYTU WKIAAMBUMU, HENTPasb-
HUMW 1 iHOAI aAanTUBHUMMU.

§ 46. MyTauii Ta ixHi BNacTMBOCTI

OT1xe, MyTaLii BUHUKaOTb BHAacNigok nepebynosu
HYKNeoTuaHux nocnigosHocten AHK nig gi€lo BHYTPILWHixX
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AKNMIN € OCHOBHI 6ionoriyHi aHTUMyTaLinHi MexaHizmn?

MyTareHn B CyyaCHUX YMOBax CymnpOBOAXYIOTb NIOANHY BCIOAN: HAKOMUYYIOTb-
cA 'y GpyKTax i oBOYax, yTBOPIOKTLCA Nif YaC NPUroTyBaHHA i, BXOAATb 4O cKnagy
KOCMETMYHYX Ta NikapCbKumx 3acobis, npenapatis nobyToBoi XiMii, HaABHI Y BUXJIOMHKX
rasax aBTomoOifiiB i NPOMUCIOBUX BUKMAAX. JTIOAM KOHTAKTYIOTb 3 HUMM Mg Yac pobo-
T 332 KOMN't0TEPOM ab0 TenepoHHOI PO3MOBH. 36iNbLLUEHHA YaCTOTV NOSIBU LKIASIVIBUX
MyTaLi y NOAMHN NOB'A3aHO i3 30iNblIEHHAM KOHUeEHTpaUil y AOBKiNNi MyTareHis,
POCTOM KiNlbKOCTi HaceneHHA Ta NocnabneHHAM iMyHHOT CTINKOCTI NIOAUHN.

OnAa 3axucTy Big WKiANMBUX MyTareHHUX BMIMBIB YCi MBI OpraHiamu MaioTb
6ionoriyHi aHTUMyTaUiHI MexaHi3mu. Y NoauHN BOHW peanisoBytoTbcaA 34e6inbworo
Ha MOJEeKYNIAPHOMY, KNITMHHOMY Ta OPraHi3MOBOMY PiBHAX.

Ha monekynapHomy pisHi BinbyBaeTbca penapauis [JHK — cykynHicTb npoLecis, 3a
[OMOMOTrOI0 AKMX KNITMHA 3HaXo4UTb 1 BUNPaBAAE NowkKogKeHHA. OCHOBHMMY BUAA-
MM penapadii € BUpi3anbHa Ta pekombiHaliHa. LLle ogHUM BaxKnuBMM MoOneKynsp-
HUM MEeXaHi3MOM € 8UPOOXeHiCmb 2eHemu4YH020 KoOy. OfHY aMiHOKMCIIOTY MOXYTb
KopAyBaTu AeKiNbKa Pi3HUX TPUMNETIB, 3aBAAKM YOMY BMMafKOBa 3MiHa OJHOro Tpu-
NAeTy He 3aBXAMN CYNPOBOLXKYETHCA 3MIHOW CTPYKTYpU Binka. Ha piBHi reHiB icHyl0Tb
CBOT MeXaHi3Mu, IK-TO N0BMOPIOBAHICMb 6a2aMbOoX 2eHie y reHOMi, Hag8HicMb iHMpo-
Hig, WO € NacTKamm AnAa myTaLin Ta iH.

Ha knimuHHOMY pigHi 3ax1CT Bifj MyTareHiB 3abe3neuye anonmos. Lle 3anporpa-
MOBaHa 3arnbesnb CoOMaTUYHUX KNiTWH, L0 CNOCTePIraeTbCA B pasi 3aKiHYeHHA TepMiHy
KUTTA KNITUHW, @ TaKOX y pasi pi3HMX 3aXBOPIOBaHb. AMOMNTO3 He JOMNyCKaE MYTaHTHi
KNITUHW [0 NoAiny n 36epexeHHsA MyTauil B opraHiami. Y KniTuHax opraHiamy icHye
SOS-cucmema, wo ii Bigkpue y 1975 p. M. PagmaH. Lla cnctema BMUKAETbCA, AKLLO
nowkogxeHb OHK cTae 3abarato i BUHMKAE 3arpo3a XUTTO KNiTuHKU. SOS-cuctema
aKTUBYE rpynu reHis, WO 3yMOBJIIOIOTb 3aXMCHY BiAMoBiAb Ha nowkomkeHHa [JHK.

Ha pigHi opzaHi3my aHTUMyTaUiHUN 3axXUCT 3[IACHIOE IMYyHHAd cucmemd, fKa
pO3ni3HaE KNiTUHY 3 MyTaLifsMU 11 3a yyacTi cneynpiyHmX PeyoByH i KNiTWH 1X iMMO6i-
Ni3ye Ta po3LenIoe. 3HELWKOAKEHHA XiMIYHUX MyTareHis B OpraHiamMi IOAUHN MOXe
BinbyBaTnCA 3aBAAKM Npouecam bioTpaHcdopmalii. HaakTuBHiLe Taki npouecu Bia-
6yBaloTbCA B NeYiHLi 3a yyacTi cnelianbHUX peLenTopis i depmeHTiB.

OTxe, 6ionoriyHi aHTUMyTaLiNHI MeXaHi3M1 peani3oByOTbCA
Ha MOJIEKYNAPHOMY, KNITUHHOMY Ta OPraHi3aMOBOMY PiBHAX.

RIANBHICTb

M CamocriiiHa po6oTa

Po3B’A3yBaHHA BNpaB Ha MyTaLii

Bnpaea 1. BusHaute, AKi 3 HaBefeHUX 3MiH € B NtoanHU MyTaudiamu (A), a aki —
moandikauiamnu (b): a) paxit; 6) 3acmara Ha COHUi; B) anbbiHi3M; I) NiABULEHHSA KiNlb-
KOCTi epUTPOLMTIB Y KPOBI NIIOANHN Y BUCOKOTiPHUX yMOBaXx; 4) remodinis; e) deHin-
KeToHypisA.

Bnpaea 2. B opHin i3 nonynAuin TBapuH KifbKiCTb XPOMOCOMHUX MyTaLiln CTa-
HOBUTb 65M3bko 7 Ha 1 000 HoBOHapomXeHux. O6UMCNiTE YaCTOTy BUMHMKHEHHA
XPOMOCOMHUX MyTaUill y AaHi nonynauii. (YactoTy myTauiin MoxHa obumcnmnti 3a
dopmynoto: P, = M / 2N, ge P,, — yactoTa noABM MyTaLi; M — KinbKicTb BUABNEHMNX
MyTaHTHUX PpeHoTuniB; N — 3arafibHa KifbKiCTb 06CTEXEHMX OpraHi3miB.
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Bnpaea 3. Y pe3synbtati MyTauii Ha ginaHui reHa — ITL TI'T LALL AUT AIT LAA -
BigOynocsa 3amileHHA B TPeTbOMY TPUMAETI: 3aMiCTb afieHiHy BUABNEHO LUUTO3VH. 3a-
NULWLITb aMiIHOKUCNIOTHWIA CKNag NoslinenTuay Ao MmyTauii i nicna Hei.

Bnpaea 4*. flka 3miHa KogyBanbHoro naHutora AHK — AT TTA UTL AU ATT -
6inbLIOI0 MipOI BNIMHE Ha NMEPBUHHY CTPYKTYpy Ginka: BUnagiHHA OgHOro nep-
LWIOro HyKneoTuay 3 Apyroro TpunieTty abo BUMNagiHHA YyCbOro Apyroro Tpunaety?
3anuwiTb BigNOBIAHI AiNAHKM BINKOBUX MOMEKYN Y HOPMI Ta NicnsA MyTauilHUX 3MiH
Yy FeHi.

Bionorisa + Hayka. TayTomepis HiTpaTHUX OCHOB

Onvea bpoeapeyb (Hap. 1986) - cTapwa HayKoBa
CniBpobIiTHNLUA IHCTUTYTY MonekynapHoi 6ionorii i reHe-
Tmkun HAH YKkpaiHu B KueBi, AKa 3axuctuna JOKTOPCbKY
aunceptauito  «MiKpOCTPYKTYPHI MeXaHi3MW BUHWUKHEH-
HA CMOHTaHHMX TOYKOBMX MyTaLin» N Ha noyatky 2016 p.
CcTana HaNnMONOAWNM AOKTOPOM Hayk YKpaiHu. 3rigHo 3 ii
DOCNIAKEHHAMN, OQHUM i3 AxKepen MyTalinHWX 3MiH € «<My-
TareHHa Taytomepwusauia HiTpaTHUX OCHOB». LlikaBo, a uun
3MOXeTe BU po3ibpatnca B CyTi Uiel HayKOBOI ceHTeHLii?
LLlo Take TayTOMepia?

g CTABJIEHHS

2 Bionorisa + 3popoB’a. TIOTIOHOKYPiHHA AK MyTareHHUIN YNHHNK

Cepen 3BMYOK BMOKPEMIOOTb Han-

Ka,qmm HikoTuH
WKIgNMBIWI: Ue HapKOMaHifA, ankorosnism, K"'C“OT"'
Cmonm OLITOBa:

TOKCMKOMaHIA 1 TIOTIOHOKYpPiHHA. LUKig- MHUNbHa ™ Amoniak
NUBI  3BUYKM MepeLIKogKaloTb  NOANHI reKcamm 7* Fapmoni
PO3BMBATUCA AK PO3YMOBO, TaK i Gi3nNyYHO, BYTaH K H°prap”"°”'”
MOXYTb CNPUYMHATK MyTauii. OBrpyHTYyIA-

Te CyPKEHHS LWOAO WKIANMBIX 3BUYOK (Ha- A”em“
. oro

NPUKNaz, TIOTIOHOKYPIHHA) AK MyTareHHMX / Aporote
UNHHUKIB. Manip Lla,:J,HVWl

MeTaH

MI/ILIJ K
ben3nipex (Dap6a
MonoHiii MeTaHon

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. Lo Take myTauii? 2. HaBegiTb npuknaan myTauin y niogunu. 3. LLlo Take myTare-
He3? 4. Ha3BiTb OCHOBHI Axepena myTauin. 5. Ha3BiTb OCHOBHI aHTUMYyTaUilHi Me-

§ 46. MyTauii Ta ixHi BNacTMBOCTI

1-6 . . L L .
XaHi3mu B nioagnHW. 6. HaBeAiTb NpUKNaan aHTUMYyTaLiiHUX MexXaHi3MiB Ha Pi3HKX
piBHAX OpraHi3auyii opraHiamy nognHM.

7.9 7. Ak knacndikytoTb MyTauii? 8. Yomy BUHMKalOTb MyTauii? 9. AKMMN € OCHOBHI 6io-

NOTiYHI QHTUMYTaUiNHI MexaHi3mun?

10-12 | 10. O6rpyHTYy¥Te CyAKEHHA LWOAO WKIATNBUX 3BUYOK AK MyTareHHUX YNHHUKIB.
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Hemae Hivo2o 6innb cmasno2o, Hix 3MiHU.
Kapn bepHi

§ 47. 3axucT reHoMy NIOANHN Bif WKiAAINBUX MyTareHHNX
BNANBIB
OcHOBHi NOHATTA 1 KNto4oBi TepmiHn: MYTATEHU. AHTumyTtareHn.

MpurapanTe! Lo Take myTauii?

3Hanomrecsa!

Cepeiti Muxatinosuy lepweH3oH (1906-1998) -
BMAATHUN YKPATHCBbKUI YYEHUI y rany3i MonekynapHoi 6io-
norii Ta reHeTuku, akagemik AH YPCP, ognH i3 3aCcHOBHUKIB
[HCTUTYTY MonekynspHoi 6ionorii i reHeTnkn HAH YkpaiHu,
aBTOp rinoTe3mn myTareHHoI aii eksoreHHoi [IHK AK noTyxHoro
YMHHUKA BMIVBY Ha MiHAUBICTb Ta afanTaLilo XNBMUX CUCTEM.

3MICT

Aki mexaHi3Mu WKignMBOro BNANBY MyTauin?

MYTATEHW - ye YUHHUKU, AKi MOXXymb cnpuduHAmu mymayii. ns Toro wo6 YnH-
HUK 6yB MyTareHOM, BiH Ma€ NErko NMPOHMKATW B KAiTWHK, 36epirati iXHE XNTTA Ta
BMANBATW Ha F€HN 1 XPOMOCOMM. 32 MPUPOLOI0 LX BIJINBIB MyTareHu noginatoTb Ha
bi3nyHi, XimiuHi 7 6ionorivHi.

Cepep $pisnuHMx myTareHiB Habinblue 3HaYUEHHA Ma€ MOHi3yloue BUNPOMIHIO-
BaHHA (peHTreHiBcbKe, ynbTpadionetoBe, raMma-npomeHi). [poHrKaoumn B KNiTUHNK,
NPOMeHi PYNHYIOTb BOAHEBI 3B'A3KU MiX HYKneoTuaamu, BUOMBAKOTb eNeKTPOHM i3
30BHILUHBbOT 060NIOHKM aTOMIB @60 MOMeKyn, yHaclifjok Yoro BMHMKaTb BUCOKO-
aKTVBHI 8iNbHi padukanu. Lle aToMy 4 MOJSIEKYNIN 3 HeCnapeHnM efieKTPOHOM Ha
opb6iTansax, WO MaloTb BUCOKY XiMiUHY aKTUBHICTb, 3yMOBJIEHY HasABHICTIO BiflbHUX Ba-
neHTHoCTel. BoHW nopywytoTb cTpyKTypy 6inkis, y monekynax AHK BMHUKatoTb po3-
puBK, 3'ABNAIOTLCA XPOMOCOMHI 11 reHHi myTauii. lo GisnuHnX MmyTareHiB Hanexartb
TaKOX homoHu cgimsa, nidguujeHa abo 3HUXeHa memMnepamypa Towo.

XimiuHi myTareHm Oyno BigKpWTO Mi3Hiwe 3a ¢i3nyHi. 3HaUHUI BHECOK Y
TXHE BMBYEHHA 3pobuna yKpaiHCbKa LIKOMa FeHeTWKK, OYOJIoBaHA aKafeMiKoM
C. M. TepweH3oHOM. H1Hi Bigomo 6arato ximiuHux myTareHiB. Le eiopozeH nepokcud,
HimpamHa kucioma, popmasnsoezio, xnopogopm, inpum. OAHUM i3 HaVMaCOBILLNX
MyTareHiB € 6eH3nipeH, WO YTBOPIOETbCA Mif, YaC 3ropAHHA GEH3MHY Yu FOPiHHA
HIKOTUHY. HaBiTb MiHiIManbHi 0O3M L€l PEYOBUHN YNHATb KaHLEPOreHHUN Ta My-
TareHHUN BNAMB. o XiMiYHUX MyTareHiB HanexaTb TaKOX necmuyuou, 0eakKi nikap-
cbKi npenapamu (aHTUGIOTUKM 3 NPOTUMNYXJUHHO Ai€l0, XiHiH, aHAPOreHN), 8AXKI
Memarnu (Kagmiii, pTyTb, CBUHeLb), AefKi xapyosi dobasku. MyTareHHWA BNAUB YL-
HUTb 1 BiJOMUI ankanoifg KoJXiYyuH, Wo PyMHYE BepeTeHO noginy Ta Nnpvu3BOA4UTb
[0 MOABOEHHSA UKC/Ia XPOMOCOMHUX HAabopiB y KNiTWHI. [lo He6e3neyHUx XimiuHumx
MyTareHiB BigHeceHo azbecm Ta 0iOKCUHU, AKi yTBOPIOIOTbCA BHACTIAOK TepMiyHOl
nepepobKn opraHiuHOT CMPOBMHM ab0 XNOpYyBaHHA Mif i€l BUCOKUX TEMMEpaTyp.
MexaHi3M WKigNNBMX BNIVBIB aHANOTiYHWI ONPOMIHEHHIO, ane fAia € 6inbw cneun-
¢diyHol0 1 TpUBaniwWoOLO.
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[o 6GionoriuHMx MyTareHiB HanexaTb Bipycu (Hanpuknag, Kipy, KpacHyxu,
rpuny), TOKCUHW TrenbMiHTiB, rpubiB-napasnTis, UBINeBUX rpubiB (Hanpuknag,
adnaToKCMHM acnepriniB) OTPYMHUX POCAVH N TBApUH. Y KIITMHAX, YpPa)KeHUX
Bipycamm, MyTaLil cnocTepiratloTb 3Ha4YHO YacTille, HiX y 340poBuxX. Bipycn BHocATb
BNACHY reHeTnYHy iHGopmaLilo B reHOM KJiTVHW, 3MiHIOIUN CTPYKTYpPY FeHiB.

OTXe, MyTareHamMu € 30BHilLHi a0 BHYTPILHi, Gpi3nyHi, XiMiuHi 1 GionoriyHi
UMHHUKN, WO CAPUYNHAIOTb 3MiHU B CTPYKTYPi FeHiB i XpOMOCOM.

Aknmn € 3axoam WOAO0 3aXUCTY FeHOMY JIIOAVNHN Bif WKigNANBUX MyTareH-
HUX BAAINBIB?

Y Hal Yac BMOKPEeMoTb AeKiNlbKa OCHOBHUX MiAXOAiB ANnA opraHilauii coyiane-
HO20 3axucmy reHOMy NIIOAVHN Bif WKIANMMBMX MyTareHHUX BMMBIB: 1) CTBOPEHHA
6e3BiAXOAHNX TEXHOSONiN, 3aMKHYTUX LUKMiB BUPOOHULTBA Yy MPOMUCIOBOCTI;
2) nepexia Big XiMiuHUX 3ac06iB 6OPOTLOV B CiNbCbKOMY rOCNOAapPCTBi 0 HewKianm-
BMX 6ionoriyHmx; 3) CTBOPEHHA CTIMKMX COPTIB POCIIMH, WO He NOTPebyTb XiMiYHMX
3acobiB 3axucTy; 4) TecTyBaHHA Ha MyTareHHicTb dapmaueBTUYHUX Mpenapartis,
necTuUmAiB; 5) BUNyYeHHA abo HelTpanisalia MyTareHHUX YAHHWKIB Y HAaBKONMLWHbO-
My cepefoBuLLi Ta iH.

Hainbinbw peanbHum 3acobom ana iHoueidyansHozo 3axucmy NHK nognHu Big
HE3BOPOTHUX 3MiH € BUKOPUCTAHHA aHTUMYyTareHiB AnA 3HWXKEeHHA TeMniB MyTaLii-
HOro npouecy. AHTUMYTareHun — pe4o8UHU, WO 3HUXYIOMb Yyacmomy mymaduid. BoHn
HelTpani3yloTb MyTareH o Moro peakuii 3 monekynot [JHK abo 3HimMaloTb MOLWKO-
oxeHHA OHK, wo 3ymoBneHi mytareHom. AHTUMYTareHHy Aito MaloTb BiTaMiHW, Kapo-
TUHW, TYTaMiH, CEPOTOHIH, @ TaKoX AeAKi Gi3nUHi YUNHHUKK (geHHe cBiTno). Bigomo
noHag 500 cnonyk, AnA AKX AOBEAEHO 3AaTHICTb [0 3aXUCTy FeHOMY Bif Aii MyTare-
HiB. Tak, npunom KapoTuHy, BitamiHy C i BiTaMiHy E 3MeHLUIy€e CMOHTaHHe MOLIKOAXKEeH-
HAa [OHK y nimboumnTax KpoBi. AHTMOKCMAAHTH, WO MICTATbLCA B 3eIeHOMY Yali, 3HauHO
3MEHLUYI0Tb  4acToTy XPOMOCOMHMX MyTaui. [na 3anobiraHHA wkignusomy
MyTareHHOMy BMMBY 3a [OMOMOFOK aHTMMyTareHis nofMHI MNOTPIGHO BXMBaTK
Ginblue HaTypanbHUX CBIXKUX NPOAYKTIB, 0COOGNMBO KanycTu 11 3eNeHi, Kpyn, xniba 3
BUCiBKaMW. Y iXHbOMY CKnagi € BiTaMiHV N KNITKOBUHA. BXMBaHHA KNITKOBUHU Npu-
CKOPIOE Npouec NPOXOOXKEeHHA Ki CTPaBOXOAOM i, AK
HacnifoK, 06MeXye PYMHIBHY Ao Ha KNLWEYHWK AeAKNX
WKiQJIMBMX PEYOBUH, O MICTATLCA B IXKi.

Benvke 3HaueHHA AnA 3anobiraHHs LWKIgAMBUM
MyTareHHUM BMAMBaAM Ma€E CMAH IMyHHOI cucmemu
noanHn. Tomy He cnif BiAKNagatn y «QOBrUN ALWMK»
NiKyBaHHA XPOHIYHUX XBOPOO, Lie NoCnabnioe iMmyHiTeT
" NOCUNIOE WKIAANBUIA MyTareHHun snnue. lopocnum
noaaM cnif nepioguyHoO BUMKOPUCTOBYBATU TpaB'AHi
360py AnA oumweHHA NeuviHkW, B AKiN BigbysatoTbcA
OCHOBHI npouecn 6ioTpaHcpopmauii WKiAIMBMX pe-
yoBMH. OCOBNMBO KOPWCHI renatonpoTeKTOpHi Bna-
CTMBOCTI MawTb po3moponwa nasmucma (Silybum
marianum), nackageub 3o70mucmul  (Bupleurum
aureum) (in. 111). He cnig BxmBatn 6€3 KOHCynbTaLil
3 Nikapem HeBifoMi NikapcbKi npenapatu, ocobnueo  In. 111. Postoponuwa i nacka-
aHTUOIOTVKYM, @ AKLWIO BXXEe MPOXOAUTE aHTUOIOTUYHMN Bellb — NiKapCbKi POCINHY 185
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KypC nikyBaHHA, TO 060B'A3KOBO NOTPIGHO
BXXMBATW MpenapaTi 3 KOPUCHUMMK BaKTe-

Ta6nuua WKignMBUX XapuoBmnx

[o6aBok

piAMY, WO 3abe3neuyloTb NeBHNA 3aXNCT | fyye
. . . . . | E123,E510,E513, E527
Big myTareHiB. LUKionnBuin BNAUB myTare- | pe6esneyuni
HiB MOXYTb NigcunoBatTy peaki peyvyoBu- E102, E110, E120, E124, E127,
HU, WO Ha3nBaloTb KOMymazeHamu. BoHn E129, E155, E180, E201, E220,
cami no cobi He 34aTHi O MyTareHHol aii, HeBesneuti E222, E223, E224, E228, E233,
He MatoTb BNaCHOI MyTareHHOI akTUBHOCTI. E242, E400, E401, E402, E403,
Tak, KOMyTareHamu BBaaloTbCsi KOEiH, E404, £405, E501, E502, E503,
TOKCVHW FefibMiHTIB, fesKi papMaKkonoriyHi E620, E636, E637
npenaparu. E131,E142,E153, E210, E212,
[Xepenom WKIANMBUX MyTareHHux | RaHuepo- | E213,E214,E215,E218, E219,
. . . . TeHHi E230, E240, E249, E280, E281,
BMNIMBIB € N AeAKi xap4yoei 0o6aeku. Tak,
i E282, E283, E310, E954
npu  KOHCEpBYBaHHiI  BMKOPWUCTOBYIOTb :
HaTpii rnytamar (E621). He6esneunum | LUIYHKOBI | E338,E339,E340, E341, E343,
NPV HarpiBaHHi TakoX MoXe ByTU HaTPiIll | oo oPO E450, E461, £462, E463, E465,
P P . Y P BaHHA E466
HiTpuT (E 250), WO MIiCTUTLCA Y BapeHux
KoBbacax. Hatpin HiTpuT — gyxe wkignu- | LLkipHi3a E151,E160, E231, £232, E239,
’ P P Ay ) A P E331, E312, E320, E907, E951,
Ba peyoBMHa, 0COGNMBO 3a HarpiBaHHA. |XBOPIOBAaHHA | .
03ay 2 I 3gaTHa youTu nioguny. | us npo-
g‘ Y A y AvRY. TUA NP P E154, E626, E627, E628, E629,
nema € aKTyanvaow, 3 ornAgy Ha 3BUYKY 03nagu E630, 631, E632 E633, E634,
6araTbox niofeil BapUT! COCUCKN Ta CMa- | KUWEUHNKY | .
XWUTK nikapcbKy Kosbacy. Lkignusmm cTa-
. PebKy Lo y A . Tnck E154, E250, E252
He HaBiTb 3BMYAMHUI LYyKOp, AKLO NOro .
TepMiuHO 06po6UTM: 3a iloro Tpueanoro | 1eOesmeuHi |,
. NAa giren
HarpiBaHHs yTBOPKETLCA Hebe3neyHa ana adiils
3/10pOB'A OpraHiuHa crosnyka rigpokcume- 26 E103, E105,E111, F121, F123,
. y i |E125,E126,E130,E152, E211,
Tundypdypon. AHanisyoum CyyacHUin cTax abopoHeH £955
y chepi BUKOPUCTAHHSA XapuyoBUX J00OABOK,
MOXHa AiNTV BUCHOBKY, WO UINKOBUTO |[igo3pini ;2‘:’ EE? E141, E171, E173,

ybe3neuntun cebe Bif LWKIANMBOro BNAMBY
Hebe3neyHnx NPOAYKTIB HeMoXnunBo. Ane
HaM LinKoM nif cuny 3MeHLWUTH PU3MKHK, NOB'A3aHI i3 BXXMBaHHAM LWKiannBmx goba-
BOK. [1nA LbOro BapTo 3anam'ATaTi Taki NpaBuia: a) He MOXKHa KynyBaTu NPOAyKTH
KyCTapHOro BUpPOOHMLTBA; 6) Kynyoun NPoAyKTU, BapTO YHUKATU TaKmMX, WO MiCTATb
ACKPaBi CUHTETUYHI GAPBHUKM, HE BXMBATM CONOAOLLIB, COKIB Ta ra3oBaHOi Boau i3
CMHTETUYHUMU GapBHUKAMU; B) HE BapTO 3/10BXKMUBATU NPOAYKTaMMU, O MiCTATb KOH-
CepBaHTU; I) CNifl YHUKATUN BXKMBAHHA MPOAYKTIB, WO MiCTATb 3aMiHHUKWN LyKpY, Ha-
npuknag acnaptam (E 951), HaTpin yunknamart (E 952), caxapuH (E 954). 3a3Buyan ui
L06aBKM MiCTATbCA Y AELIeBUX CONOAKNX HAMOAX Ta B XKYBaJIbHUX T'YMKax.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTXe, WKIgNNBUN MyTareHHU BMJIMB Ha FeHOM
NIOAVHN MOCKIOETLCA Y 3B'A3KY i3 CyYyacHUM CcTaHOM Giocdepn.
OCHOBHVM 3aBAAHHAM € NMOMNepPeaXeHHs NoJanbluoro
3abpynHeHHA 6iocdepn MyTareHamm i MowyK cnocobis
3axucty OHK nogmHm Big ypaxatouoi ail myTareHis.
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BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

3anoBHiTb Y po6oyoMy 30LWNTI TabANLIO 1 CHOPMYNIOINTE OCHOBHI 3aX0Au WOAO
3aXUCTY JIIOAUHN Bif WKIANMBUX MyTareHHUX BM/IUBIB,

lpyna MpeactaBHnKn | OCHOBHI 3axoAuW WOAO 3aXUCTY Bif MyTareHis
Qi3nyHi MyTareHn
XimiuHi MyTareHu
bionoriuni myTareHn

bionorisa + Ximia. «<beHzon»

beH3eH (beH30n) — Neplmnin NpeacTas- ‘r@& ., S5 .
HUK TFOMOJOFIYHOro pAdYy apOMaTUYHUX [3.. &"J j "-%y'
BYINE€BOAHIB, MonekynApHa popmyna CeHs.  Mnactmaca  Kayuyk  Jliku  PosumHHmkm

I3 cepeguHm XX cTopivyya NpakTMYHO BeCb \\ f/
NPOMUCNIOBUA 06CAr 6GeH3eHy BUpobONA-

. L . B \c//’
I0Tb cnocobom perigporeHizadii HadpTOBOI mz & ,2 jﬁ.
CUPOBUHW. beH3eH mMae LiHHI BNacTMBOCTI HTEH
AK PO3YMHHMK, ajle yepe3 WNOoro BUCOKY
TOKCUYHICTb | KaHLEPOreHHICTb Take BUKOPUCTAHHA HUHI Ay»e obMexeHo. AKuin me-
XaHi3M LWKIANMBOrO MyTareHHOro BNMBY 6eH3eHy Ha OpraHi3mM nognHn?

g CTABJIEHHSA
N -

;\2 bionoria + Oitorepanisa. AganToreHHi BNacTUBOCTI NliKapCbKNX POCNNH

BonokHa BbapBHUKN

AfanToreHu — Le rpyna npenaparis, WO
NiATPUMYIOTb POOOTY IMYHHOI crcTemMu Jito-
OVHWN Ha JOCTaTHbOMY PiBHI 1 MigBULLYIOTb
MOro CTiINKiCTb NPOTU WKIANNBUX Gi3UYHUX,
XimMiuHKX Ta 6ionoriyHnx myTareHis. i npu-
pOoAHi 3acoby CTUMYNIOIOTb 3aXWCHI CUIK
OpraHiamy nognHU, NPUCTOCOBYIOTb MOrO
[0 3MiH noroawn, KonnBaHb aTMochepHoro
TUCKY, NiABULLYIOTb CTIKICTb A0 CTPeCiB, Gi3nYHy 1 po3ymoBYy NnpauesfaTHicTb. Agan-
TOreHHi BNaCTUBOCTI MatoTb TaKi pOCANHM, AK iMOUP, acTparan, poaiona poxesa, 061i-
nunxa, IMMOHHUK, exiHaLen. CTBOpiTb OykneT, nocTep abo npe3eHTaLito afanToreHHnx
POCANH i OLiHITb IXHE 3HAaYEHHA WOAO0 3aXUCTY Bif MyTareHis.

PE3YJIbTAT

3aBAaHHA A4N1A CAMOKOHTPOJIO
1. Wo Take myTareHn? 2. Ha3BiTb OCHOBHI rpynu myTareHis. 3. HaBeaiTb npuknagn
1-6 |MyTareHis 3 KoxHoi rpynu. 4. LLlo Take aHTMmyTareHn? 5. HaBegiTb Npuknagn aHTu-
mMyTareHiB. 6. LLlo Take komyTareHn?
7. fIKi MexaHi3mu WKignnMseoro BnanBy MyTauin? 8. AKMMY € couianbHi 3axoun 3axu-
7-9 |CTy reHoMy IOAMHMN Bifj WKIANNBMX MyTareHHUX BNAnBiB? 9. AKMMM € iHAMBIAYaNbHI
3aX0fu 3aXMCTy Bifi MyTareHis?
10. Ha3BiTb Ta OGI'PYHTYTe OCHOBHI 3aXOAM LWOAO 3aXUCTY NIOAUHY Bif WKIiAANBUX
MyTareHHuX BranBiB.

§ 47. 3aX1CT reHOMY NIOAVHU Bif WKIANNBMX MyTareHHUX BMvBIB

10-12
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XKumu — o3Hauae peazysamu, a He 6ymu Xxepmaoro.
. Ipace

§ 48. eHETUYHUIN MOHITOPVIHT Y NMIOACbKNX CNiIbHOTaX

OCHOBHIi NOHATTA 1 KnouoBi Tepminn: FTEHETUYHUIA MOHITOPUHT. lexe-
TUYHUI CKPUHIHT. MoneKynapHo-reHeTN4YHa AiarHOCTUKa.

Mpurapanrte! Aki € meToam GionoriyHMx gocnigkeHb?

MomipkynTe!

CnoBO «MOHITOPUHI» 3amno3MyeHe 3 aHr-
nincbKoi MoBu. Moro 3HaueHHs - ue BigcnigkoBy-
BaHHA, MOCTiIIHE cCnocTepexeHHA. TepMiH O3Hauae
CUCTEeMX YN MEeTOAM OpraHisauii oCnigKeHb 3 me-
TOI BU3HAYEHHA [WHAMIKW B Pi3HWX rany3ax gi-
ANbHOCTI NMOANHN. TaK, € eKONOriYHNA MOHITOPWHT,
$iHAHCOBUIA  MOHITOPUWHE,  OCBITHIN  MOHITOPUHT.
A WO TaKe reHeTUYHNIN MOHITOPUHT?

3MICT

flka meTa 1 HanpPAMN reHETUYHOrO MOHITOPUHry?

FEHETUYHWIA MOHITOPUHT - ye cucmemamuyHe cnocmepexeHHA 3a CMAaHOM
2eHooHOY nonynauil, ujo 0ae 3moey oyiHloeamu HassHUl MymauitiHuli npoyec ma
npozHo3ysamu (io2o 3miHuU. Lle Bup cnoctepexeHHa nepenbayvae 36mpaHHA, 06po6-
Ky, aHani3, 36epexeHHs iHbopMmaLii Npo BUHUKHEHHA 3aXBOPIOBaHb, 3YMOBJIEHUX MY-
TareHHUM BMIMBOM CcepefoBuLLa.

OCHOBHOI METOK TeHEeTMYHOr0 MOHITOPUHIY € KOHTPOJb Ta nonepeneHH:A
CNafKoBMX WKigNMBMx nopyweHb. OKpiM TOro, 3a JONMOMOIo MOHITOPUHTY MOXHa:
a) BM3HauaTU CNPAMOBAHICTb CMAAKOBOI MiHANBOCTI B MONYNALIAX NOANHU;

6) BM3HAYaTV YACTOTY AEeAKUX MyTaLili Ta iIHTEHCUBHICTb MyTaUiiHOTO npouecy;
B) MPOBOAMUTU «iHBEHTapU3aLilo» Ta CTBOPIOBATU PEECTP CMalKOBMX 3aXBOPIOBaHb

NOAVHNY;

r) MNPOrHo3yBaTW KibKiCTb Ntofeln 3i CNafKoBMMM 3aXBOPIOBAHHAMUY;
4) OUiHIOBaTW WKigNUBWIA BNAMB MyTareHHMUX YWHHUKIB cepefoBuLLa.

[eHeTUYHMIT MOHITOPUHT 3AINCHIOITL Y TakUX Hanpamax, AK geHomunidyHul
MOHIMopuHz (CNOCTEpPeXKeHHA 3a YacCTOTOK [OMIHaHTHUX MyTauil), 6ioximiyHul
MOHImopuHz (BUABNEHHA GIOXIMIUHMX NOPYLUEHb), YumozeHemuy4HUlU MOHIMOpPUH?
(cnocTepeXxeHHA BUBYEHHA 4acTOTU XPOMOCOMHUX Ta FrEHOMHUX MyTaui), MosieKy-
JIAPHO-2eHEMUYHUU MOHIMopuHe (PO3pobnAlTb 3 METOK BUABJIEHHA reHETUYHUX NO-
pYyLUEHb), MOHIMOPUHe apxieHUX 0OKyMeHmie (ONA BU3HAYEHHA TemniB MyTaLuiiHOro
npouecy 3a 3MiHaM1 4YacToT NeTaNbHUX MyTaLii).

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTKe, reHeTUYHWI MOHITOPUHE € CYKYMHICTIO 3aXOAiB AnA
BiACNiAKOBYBaHHA MOABM 1 MOLWMPEHHA CNAaAKOBUX 3aXBOPIOBAHb.

[AnAa yoro 34ifiCHIOI0Tb CKPUHIHT y MeauLuHI?
CKpWHIHT (Big aHrN. screening — NPOCiOBaHHA, COPTYBaHHA) — CcTpaTeria B opraHi-
3aLii OXOPOHM 3[0POB'A, CNPAMOBaHa Ha BUABNEHHA 3aXBOPIOBaHb Y NIOANHN B NPO-
Leci MacoBOro o6CcTexxeHHs HaceneHHaA. Y MefuLUMHi 3aCTOCOBYIOTb MACOBUU CKPUHIH2
188 BCbOTO HaceneHHsa, npeHamanbHul CKpUHiH2 HOBOHAPOOXeHUX, KapdionoziyHul, ypo-
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J102i4HU, 2iHEeKO/02iYHUU CKpUHiH2 Towo (in. 112).
CKpUVHiHr-NporpamMmn fakwTb 3MOTry BUABUTU 3aXBO- /
ptoBaHHA abo cnagKoBy MATONOrit0 A0 1T KNiHiYHOro
MPOosBY i, 3aCTOCOBYOUM NPOPiNaKTUUHE NiKyBaHHS,
3a6e3neunTyi 30OPOB'A NOAVHM B CyCninbcTai. CKpu-
HIHFOBI JOCNIgXEHHA He BCTaHOBJIOKOTb AiarHosw,
Le pobnATb nikapi. BoHn nuwe BUABAAIOTb NtoAen 3
BMCOKOI IMOBIPHICTIO XBOpOOU. Pe3ynbTaTnt CKpu- e
HIHFrOBMX OOCTEXEeHb BMKOPWCTOBYIOTb TaKOX ANA ~ 4 1
BMBYEHHA MOLWMPEHOCTI 3aXBOPIOBAHHA, YNHHMKIB
PU3MKY Ta IXHbOrO 3HaYEHHSA B PO3BUTKY XBOPOOMU.

OCHOBHMMW  yMOBaMu MNPOBEAEHHA  CKpu-
HiHr-Nnporpam € MigroToBNeHWn MNepcoHasn, CTaH-
JapTHa 1 HeCKNagHa MeToAMKa BUABJIEHHA O3HaKM
Ta OLiHIOBaHHA OTPUMaHMUX pe3ynbTaTiB.

3HaueHHA CKPWHIHTY 0CO6NMBO BaXnvBe nifg
yac gmcnaHcepwusadii HaceneHHa. B npakTtuui oxo-
pOHV 3[00pPOB'A BXe CTanu 3BUYANHUMU MACOBI
npodinakTMyHi MeauuHi ornagu, ¢noporpadia
n mamorpadia. CKpUHIHM-NporpamMmm MnoYmMHalTb
3aCTOCOBYBaTV B Kappgionorii (anA BUABNEHHA ile-
MiYHOI XBOpPOOU cepuAa Ta apTepianbHOI rinepTeH-
3ii), OHKONOTIT (ANA BUABNEHHA NYXJIMHHUX XBOPO6), In. 113. CkpuHiHrose obcTe-
dapmakonorii (AN BMABNEHHA BMNAMBIB TUx um  KEHHAY CydacHUX NEpecyBHix
iHWKMX NpenapartiB) 1 MeguyHin reHeTuui (in. 113). unbposnx $poopomobinax

FeHeTMYHMIT CKPUHIHT — e Memoo paHHb020 BUABNIEHHA 2eHeMUYHUX NOPYWEHb.
HarBaromiwwmx pe3synbTatie 6yno JOCArHYTO Mif YaC BUABJIEHHA CMAaKOBUX AedeKTiB
00OMiHY peyoBUH (PeHinKeToHypil, ranakTo3eMmii ToL0) y HOBOHAPOAXKEHNX. [eHeTUYHNIA
CKPUHIHT HOBOHAPOMXEHUX 3 METO BUABJIEHHA MepeniyeHnX CrnafkoBUX 3axBO-
ptoBaHb, 6€3 CYMHIBY, € OOHVM i3 CEPNO3HUX JOCATHEHb MeANYHOI reHEeTUKN. BiH fae
3MOry [OCArTU MPaKTUYHO MOBHOrO BWMpPaBNeHHA GeHoTMNy, a OTXe, NiKyBaHHA
LOCWTb BENMKOT KiNbKOCTI OCi6, AKi B iHLWOMY BUNafKy CTanu 6 ntofbMu 3 iHBanigHicTHo.
CKpUWHIHT HOBOHAPOMXEHMX Ha (eHINKeTOHypilo B 6araTboxX KpaiHax 34ifCHIETbCS
BXXE BMPOJOBX KiNbKOX AeCATUNITh, MiATBEPAXKYHOUMN CBOK BUCOKY eDEKTUBHICTD.

In. 112. CKpUHiHI HOBOHapopKe-

HUX — BaXKNMBa npoueaypa, Aka

Jornomarae 36epertu 340poB's i
KUTTA OUTUHN

OTXe, CKPUHIHT y MeAULMHI — Lie cucTemMa NepBUHHOTO OO6CTEXEHHA rpyn
KNiHIYHO 6€3CMMNTOMHUX OCi6 3 METOI0 BUSABMIEHHS BMMAAKIB 3aXBOPIOBAHHS.

Y yomy nepeBara MeTOAiB MONEKYNAPHO-TeHETUYHOI fliarHOCTUKIN?

MonekynspHo-reHeTu4Ha AiarHocTuka — epyna memodis docnioxeHHa [JHK
3 Memolro 8UABJIEHHA 2eHeMUYHUX nopyweHs y iI cmpykmypi. Ona uux pocnigxeHb
BukopuctoBytoTb [HK, AKy BMAINAKTb i3 BEHO3HOI KPOBi, CINHU, HaBKONOMAiIAHOT
piavHY, 3i CNM30BOT 060NOHKM poTa ToWo. [lOCUTb YACTO BMCTAYAE HABITb KPAMIUHKM
KpOBi, 3CKpibKa 3 eniTeniio WoKu abo ofgHiel BONOCAHOT LNOYINHMN.

OCHOBHUMU MeTOAaMV MOJIEKYNAPHO-TEHETUYHOT [iarHOCTUKN € YumozeHe-
Mu4HUli Memoo (BUBYEHHA XPOMOCOMHUX MOPYLLEHb 33 AOMOMOTO MiKpOMaTPULb,
HaHeceHux Ha [OHK-uinun), Mmemod nonimepasHux naHyr2oeux peakyiii (BUsSBNEH-
HA BipyciB, iHbeKL i 32 fonomMoroto 6aratokpaTHOro Ay6soBaHHA 06paHOi AiNAHKM
[HK), memoo ¢pepmenmHuoi 2i6pudusayii (BukopunctTaHHsa reHeTndHmx OHK-mapke- 189

§ 48. [eHETUYHUNI MOHITOPWHT Y NIIOACBKUX CMiNIbHOTax
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piB 414 BUABJIEHHA NOPYLIEHNX reHiB), MiKpo4inyeaHHA (MeTof NOPIiBHAHHA BUAine-

Hux ginaHok OHK i3 reHeTMYHMKN Mapkepamn Ha OHK-uinax).
MonekynapHo-reHeTM4Ha AiarHOCTMKA Ha CbOrOfHI akTMBHO 3aCTOCOBYETbCA B

MeZVYHIl reHeTuLi, a TaKOX Yy papmaKkoreHeTuLi, CMOPTUBHI MeuLMHI, MiKpobiono-

rii, 6ioTexHonorii, BeTepuHapii, CinbCbKOMy rocnofapcTsi:

a) ANA BUABMEHHA iHPeKUiNHUX 3aXxBoploBaHb NtoauHM (BipycHi renatutn, CHIL, en-
uedanit, iHpeKuil, Wo nepefaloTbCA CTaTEBMM LWIAXOM) Ha paHHii cTagii 6e3 Ha-
ABHMX 30BHILUHIX MPOABIB, WO X HEMOKNMBO BU3HAUYUTU 3BMYANHUMN MeTOdaMu;

6) AnA focnigXkeHHA anepriyHnx peakuin ToanHy;
B) [AnA AiarHOCTUKM cnajkosux xBopob (cuHapomu dayHa, EaBapgca, MNatay);
r) OnA BM3HAYeHHA iHAMBIQYyanbHUX FeHeTUYHUX ocobnmBocTel N ePpeKTUBHOro

nepCcoHanNbHOro NiKyBaHHS;

[) [OnA OUiHIOBaHHA CNOPTUBHUX NEPCNEKTUB Y AiTewn;

€) [NA BYBYEHHS reHeTUYHOro Pi3HOMAHITTA HalOoro reHoGoHAY, Y AKOMY MOXYTb
OyTV 1 KOpWCHI MyTauii. Tak, BYEHi BigKPWIN HaBiTb reH HECMPUNHATIMBOCTI [0
BINl-iHdekuil. 3a npoBegeHMN BOCiAXKEHHAMU, 2% HaceneHHs YKpaiHu 3aBOsKN
HAABHOCTI B HUX ABOX KOMi LibOrO MyTaHTHOTO reHa He 3axsopitoTb Ha CHIJ;

€) ANA MOHITOPUHTY iHQEKLiNHNX 3aXBOPIOBaHb y AOMALLHIX TBaPVH Ta KOHTPOJIO
AKOCTI 1 6e3neKn reHeTUYHO MOoANdIKOBaAHMX NPOAYKTIB

OTXe, MeTOAM MONEKYNAPHO-TEHETUYHOI AiarHOCTMKX MaloTb nepesaru
B [AHK-giarHocTunui NopiBHAHO i3 iHWKMN MeTogamn MegUYHOT
reHeTUKN B TOMY, WO AaloTb 3MOry BUABUTU Ta JOCAIAUTA came

NepLIONPUYNHY 3aXBOPIOBAHHA HA MOJIEKYNIAPHOMY PiBHI.

BIANbHICTb
M bionorin + Jlitepatypa. Knacudikauis 3axsoptoBaHb

«fAKocb 00 Yexosa npuliwisia 02pAaoHd, 300p08d, 2apHO 00S2HeHA 0amMa i MsIOCHO No-
cKapxunacs:

— HyoHo xumu, AHmoHe lagnosudy! Bce make cipe: noou, Heb6o, Mope i Hagime Kai-
mu meHi 30aromecA cipumu. | Hemae 6axane. .. [lywa e Hyow3i. HanesHe akacs xgopoba.

- Lle x8opoba! - enesHeHo ckazas AHMoH [lasnosuy. — Lle xgopoba yoasaHHs. Jla-
muHoro ... pritvorialis».

3icTaBTe Ha3BaHi MeTOAN MeANYHOrO AiarHOCTYBaHHA 3 OpraHamu, WO AOCAiAXY-
I0TbCA Ta OTPUMaTE TATUHCbKE CJIOBO, AKUM NMO3HavaloTb XBOPOoOy. AK KnacudikyioTb

Tema 3. CMAAKOBICTb | MIHJTUBICTb

xBopobun?
1 Cniporpadis b meTop 06CTEXEHHA WAYHKY
2 Oniooporpadis 0 MeTopA AiarHOCTyBaHHA OPraHiB rpyaHOT NOPOXHUHMK
3 Kapgiorpadia m MeTo[ BMMipoBaHHA 06'eMy nereHb
4 TacTpockonis r MeToj BMBYEHHA Po6OTW cepusa
5 Peorpadis S MeTofA AiarHOCTYBaHHA rOIOBHOIO MO3KY
6 EHuedanorpadia |u mertopn AiarHOCTYBaHHA KPOBOTOKY
MpoekT

CKpUHiHr-nporpamu 4nsa HOBOHaAPOAXKeHMX
CKPUHIHT Y MeAuuUuHi — Lile NPOoBeAeHHA HU3KKU 6e3neyvyHux
i MpocTnx JocnigXeHb BENUKOI FPynM HaceneHHs, Wo AalTb
3MOTy BUABUTW TPYNU PU3NKY LWOAO PO3BUTKY Oyab-AKOro 3a-
190 XBOPIOBaHHSA. CKPUHIHT HOBOHAPOMXKEHMX — Lie 0OCTEXEHHA BCiX
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HaPOOKEHMX AiTel ANnA BUABMEHHSA MEBHUX BaXKKMX CNafKOBMX 3aXBOPOBaHb. Y CBITi
CKPUHIHrOBe AOCNigKeHHs oXOmIoe 6/13bKo 40 cnafKoBMX XBOPOO. [Nns yoro i sk
3[iMCHIOITb CKPUHIHM-MPOrpaMy HOBOHAPOOKEHUX?

Q CTABJIEHHA
» I
;\ﬁ Bionoria + MeguuunHa. Ty6epKynbo3s B YKpaiHi

B YkpaiHi B 2012 p. 3aBAAKM ycnilwHin poboTi nporpamu
«3ynmHumo TybepKynbo3 B YKpaiHi» Bneplue novanu 3acto-
COBYBATUCA iIHHOBALiMHI MONEKYNAPHO-TeHEeTUYHI MeToau Ii-
arHOCTVKM Ty6epKynbo3y. 3aCTOCYyBaHHA TakMX MeTofiB Aa€
3MOrYy BXe B [eHb 3[4au4i aHani3iB noCTaBuTU NIOANHI JiarHo3
i CBOEYACHO pPO3MNoYaTH KypC NiKyBaHHA. A AK 32 JONOMOrot0
pocnigkeHb HK BuaBnsioTb Ty6epKynbo3? OuiHiTb nepeBary MONeKynApHO-reHe-
TUYHUX MeTOZiB nepep TybepKyniHOBOK NPo60oLo, B OCHOBI AKOI — TeCT MaHTy.

PE3VJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJI0
1. lLlo Take reHeTUYHNN MOHITOPUHT? 2. Ha3BiTb OCHOBHI HANPAMN reHETUYHOIO MO-
HiTOpUHry. 3. LLlo Take CKpWHiHI? 4. Aka MeTa reHeTUYHOro CKpuHiHry? 5. LLlo Take

1-6 . .
MONEKYNAPHO-TeHeTNYHa AiarHocTrka? 6. Ha3BiTb meToan MoneKynapHo-reHeTny-
HOT fliarHOCTUKIN?

7.9 7. flka MmeTa N HaNPAMU reHeTUYHOrO MOHITOPKHTY? 8. 1A YOro 34iNCHIOTb CKPUHIHT

y MeanumHi? 9. Y yomy nepeBara MeTOAiB MOIEKYNAPHO-TEHETUYHOI JiarHOCTUKIN?
10-12 | 10. 4nA Yoro i AK 34iNCHIOITb CKPUHIHI-MPOrpamm HOBOHapPOAXeHUX?

JlioduHa - ye biocoyianeHa icmoma, meopeysb Kysibmypu ma ii meopiHHA.
NN

§ 49. Oco6nmnBoCTi reHopOHAY NIOACLKUX CMiNIbHOT

OCHOBHi NOHATTA i KNouoBi Tepminm: NONYNALIT IIOAUHWN. FeHeTnuHa
XapaKtepucTuka nonynsuiin. FfeHodoHa nonynayin nloguHu.
MpurapanTe! Lo Take nonynayii?

MomipkyiTe!

HauioHanbHa 6ibnioTeka YKpaiHW imeHi
B. |. BepHafcbkoro — Hambinblia 3a obcarom doHay
Ta nowjelo npuMmilieHb 6ibnioteka Ykpainu. Ti 6i6ni-
oTeuHnin GOHA AK FONOBHOIO HayKoBO-iHOOpMaLin-
HOro LEHTpa [ep»KaBW CTaHOBUTb 6/M3bKo 15 MIH
OAVHMLb 36epiraHHA. A WO Take reHopoHA NI0ACbKMX
nonynauin?

§ 49. OcobnmBOCTi reHoGOoHAY NMOACHKUX CMiNIbHOT

3MICT

LLlo BupisHAe nonynauii niognHn?

TepmiH «nonynauia» B 6ionorii NPUBHeCeHO i3 NIOACbKMX CNiNbHOT. BiH noxoautb
Bil NaTMHCbKOro cnosa populus, wo 1oro B [lJaBHboMy PuMmi BXrBanu CTOCOBHO Cy-
CMiNbCTBa B 3HAYEHHI «<HAapOA», «rpyna nofemn». 191
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nonynaula JIDAUHU (noacbke yrpyrnoBaHHaA) — ye 8i0HOCHO cmabinbHa U 8io-
HOCHO i30/71b08aHa 2pyna ocobuH sudy JTloOuUHA po3yMHd, AKi MewKaromse Ha cninbHid
mepumopii, 8ineHo 8cmynaiome y w6 U marome cnineHUl 2eHooHO. OCHOBHOIO
YMOBOIO iCHYBaHHA JIIOACBKMX MONYNALIN € BiNbHUI W06, y TOM YaC AK 'Y TBAPWH — Lie
BiflbHe cxpellyBaHHA (NaHMIKCiA). 3a3BUYal NPUKIALOM NIOACBKUAX MOMNynAuin €
HaceNleHHA MicTa, cena Yn NeBHOI MiCLLEeBOCTI. 3a KpUTEPIEM YNCENbHOCTI PO3pPi3HA-
I0Tb 8eJ1UKi nonynAayii (NtoAcbKi pacwn) Ta mani nonynayii (pemn, ionatun). Jemu - mani
nonynAuii umcenbHicTio 1500 — 4 000 ocib, a izonamu — no 1 500 oci6. Y Takux nonyns-
LiAX MOXNMBUI Nepexif peLecnBHUX reHiB y roMO3UroTHUIA CTaH, Wo 36inbLye yac-
TOTY CMafKOBUX 3aXBOPOBaHb. [30nALiHI 6ap’epu, WO nepewwKkoaXatoTb WAOHUM
BiJHOCVHaM 11 YTBOPEHHIO CiM'l, MatoTb couianbHUin XapakTep, TOMy Y GopmyBaHHi
nonynAuin noaNHN OCHOBHY POJb BiAirpalTb He TepUTOpIanbHi, @ POAMHHI 3B’A3KMN.

JliogrHa Ak 6ionoriyHnii BUA yTBOPIOE TaKi cami nonynAuii, AK 1 iHLWi BUAKW OpraHis-
MiB. OCHOBHMMM XapaKTepucTrkamu nonynauin € mopdoddisionoriyHa, ekonoriyHa 1a
reHetnyHa. MopdodisionoriuHa xapakTepucTrka nepegbavae onmc ocobnmBocTen
30BHIlIHBbOT O6yfOBM Ta KUTTEBUX OYHKLUIA OpraHiamiB nonynAuii, ekonoriyHa -
CTOCYETbCA BNACTMBOCTEN MoONynAuin, wo ¢GopMyloTbCA Y B3aEMOBIAHOCMHAX 3
yMOBaMU cepefoBuLia (YNCeNbHICTb, MPUPOAHUI MPUPICT, WiNbHICTb, CTPYKTYpa
Towo). leHeTUYHa xapaKkTepucTrka nonynsauin — ye susHayeHHA ocobausocmel il
2eHemMUuUYHoIi cmpykmypu, mobmo AKiCHO20 CKAady 2eHis, yacmomu dsesnie ma yacmo-
mu 2eHomunig. BNBYUEHHAM reHeTUYHOT CTPYKTYpX NONynAuin Ta TUX NPOoLecis, Lo
BifOyBalOTbCA B HUX, 3aIMAaEeTbCA reHeTUKa nonynAalin. 1na qocnigKeHHA NoacbKmnx
nonynAuin 3acTOCOBYIOTbCA TaKi cami nigxoguM N MeToawn, Wo W AnA NpUPOJHUX
nonynAuin. Ane npy UbOMY BPaxoBYHOTb 0COBNMBOCTI NOAUHN AK GiocouianbHOro
BUAY, WO NOPOLXYOTb coyianbHi 8idmiHHOCcmi NoACbKMX nonynAuin. BoHn BU3Ha-
YalTbCA NpaLeto, CyCnifibHNUM CMOCOOOM XUNTTA, YTEHOPO3[iIbHOK MOBO, abCTpaK-
THUM MUCJTIEHHAM, HafABHICTIO APYrol CUrHanbHOI cnctemun Towo. NonynAauinHi apeann
NIOACbKMX CiNbHOT MOB'A3aHI i3 couianbHUM cepefoBULLEM iICHYBAHHA, CBOEPIAHN-
MW € 0COGNMBOCTI NMOBeAiHKM (TiINbKM NoAMHa BifUyBaE COPOM, CTBOPIOE KyNbTypy,
nam’aTa€ MUHyne, BMI€E CMIATACA N NakaTtuh, 3HAE MPO CBOK CMeEPTHiCTb). CKNnagHi-
WNMK € CUCTEMM KOMYHIKaLii Ta BHYTPilUHbOMONYAALUiNHI 3B'A3KN MiXK 0cobrHamu,
Y NIOACbKMX NONYNALIAX € reHW, BifCYTHI Y TBapuH (HanpuKnag, <reHn iHTenekTy») Ta
6arato iHworo. Lli Ta iHWi 03HaK1 NpPAMO Un onocepeKoBaHO BMJIMBAOTb HA reHeTnY-
HY CTPYKTYpPY 1 npouecy B nonynaLiax.

OTxe, monynAauii NIOAMHN BUPI3HAIOTLCA COLiaNibHUMK 0COBNNBOCTAMY,
L0 MO3HAYalTbCA Ha iXHiIn MopdodizionoriuHin,
€KOJIOTIYHI Ta reHeTUYHIN XapaKTepucTuKax.

Aki ocobnuBocTi reHopoHAY NOACLKNX NnonynAyin?

0nAa xapaKTepucTUKM reHeTUYHOI CTPYKTypu nonynAauin we y 1928 p. 6ys
BBeAEHUI TePMiH «reHOPOH[», L0 NOro 3anpornoHyBaB BifOMUI Y CBill Yac reHe-
TnKk O. C. CepebpoBcbkuin (1892-1948). leHodoHA — cykynHicmeb ycix anernis, 2eHig i
2eHomunis 00Hiel nonynayii opeaxiamig. Cepep reHiB nonynauii € opHakosi anA
yCiX OCOBUH, a € 1 BiAMiHHI, TOMY BUOKPEMJIIOIOTb TaKi BNAcTUBOCTI reHohoHLY, fK
2eHemuy4Ha 0OHOPIOHICMb Ta 2eHeMUYHA pi3HopiOHicmb. OKpim Toro, ana reHoboHay
nonynAuin xapakTepHi 1 Taki BNacTUBOCTI, AK LiNiCHICTb, BIAKPUTICTb, AUHAMIYHICTb.

CknagHuii 11 pi3HOMaHITHUIA reHoPOoH 3 HGaraTbmMa BapiaHTaMM OKPEMUX TeHIB
192 CNpUAE KpalLlin NpUCToCOBaHOCTI NONYAALiA O HAaBKOJIMLWHLOIO cepefosuuia. Ha
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HUHILWHbOMY eTani PO3BUTKY BUAY A/ reHOPOHZY NIOACbKUX NONyNALil XapakTep-

HUMW € TaKi 0CO6NMBOCTI.

e 3pocmae zeHemuy4Ha pizHOpiOHicMb 2eHomunie npu 36epekeHHi 3azanbHoi
CYKynHocmi 2eHie. [eHeTUYyHa reTeporeHHiCTb (pPi3HOPIAHICTE) nonynAuin
3MIHIOETbCA BHaCNifoOK MyTauin i pekombiHauin [OHK, wo pocutb uvacTo
NPUBOAUTb OO FEHETUYHOro nosiimopdiamy. Jlioan pi3HATbCA MiX coboto 3a
aHTUreHamm rpyn Kposi ABO, pesyc-cuctemu, cuctem addi, Jbtoic, Kenn, 3a
BapiaHTamu remornobiHy, depmeHTiB TOLLO.

e Cnocmepizaemebcs 3anexHicmb 2eHOGOHOY Cy4acHOi /1l0OUHU 8i0 2eHOOHOY
iTnpedkie. [eHeTNYHa pi3HOPIOHICTb Aa€ 3MOry NonynALii BAKOPUCTOBYBaTK AnA
NPUCTOCYBaHHA HEe NINLLE 3MiH, O BUHNKAIOTb, @ 1 Ti, WO BUHUKAN fy»Ke AaBHO
M icHylTb Yy npuxoBaHoMy BUrnAgi. 3i 36iNblIeHHAM YacTOTK 3yCTPiYasbHOCTI
peuecMBHUX anenis, WO BiANOBIfAlOTb 3a MyTauii, BOHU MOXYTb NepenTtn y
rOMO3WFOTHUIA CTaH i NpoABUTUCL y deHoTuni. PeuecusHi myTauii € pesepgom
cnaokosoi miHausocmi nonynsayid.

o 3pocmae 2zeHemuyHe 0O6MSAKeHHA (2eHeMUYHUUI AHMAX), TOOTO HAABHICTb
cepef peuecMBHUX MyTauil y reHOGOHAI WKIAAMBUX CNAgKOBUX 3MiH. YUeHi
BBa’KaloTb, O 3POCTAHHA YMCaa TakMxX MyTauin Nig gi€io MyTareHis cepefoBuLLa
HeraTVBHO MO3HAYAETbCA HA PO3BUTKY NIOACTBA.

OTKe, OCHOBHUMU OCOGMNBOCTAMU JIIOACBKUX MOMYNALUIA € 3pOCTaHHA
reHeTUYHOI Pi3HOPIAHOCTI BHACNIAOK HAaKOMUYEHHA B pe3epBi CnagKoBol
MiHANBOCTI WKIANNBUX peLecnBHUX MyTaLil.

Aki 6ionoriyHi YNHHMKM BNMBalOTb Ha popmyBaHHA reHodoOHAY Nonyrnsi-
yin nioguHn?
leHopoHn nonynAuin  GOpPMYyeTbCA  YNPOAOBX BuXigHi reHoTnm i peHoTnm

eBonouii. Yepes Te UMHHMKaMK, WO BMAMBAKOTb Ha ® © o o
reHoboHA nonynAuii Ta 3MIiHIOTb TXHIO TFeHeTuy-
Hy CTPYKTYpy, €: 1) npupopgHin fo6ip; 2) myTtauinHui

npouec; 3) nonynAuiiHi xsuni; 4) ppeind rexis; 5) i3o-
nAuin, Wo obMeXye BinbHe cxpeLlyBaHHA (NaHMIKCilo);

6) mirpauii.

PywinHow cuno ¢$popMyBaHHA reHodoHay mno- » «
nynAuin nofgen € npupodHuii 006ip — npouyec, 8Hac- YMHHVKN,
JI0OOK AK020 8UXUBAIOMb | JUWAMb NOMOMCMEO @ q”*y°ch"b°p°'
nepesaxxHo 0CO6UHU 3 KOPUCHUMU 8 OaHUX YMOBAX cnao- uncenbHicTb

nonynauli

Ko8UMU 3MiHAMU. Vloro TUCK y NIOACBKMUX MONynsaUisax
nocnabwae, WO 3YMOBJIEHO 3POCTAaHHAM 3HAYeHHA  [ligcyMKOBWI reHOTUN i peHoTUN
couianbHUX YMHHKKIB. OgHaK 3a NpUPOAHMM fobopom

3anuwmnaca yHKLis cTabinisauii reHopoHais i nia- In. 114. [ipend renis
TPYMKM CMAaJKOBOrO Pi3HOMaHITTA nonynAuin. YCi iHWi YAHHUKN € enemMeHTapHUMU.
BoHu B3aemonoBs’szaHi Mix coboto i nepebyBatoTb Mif KOHTPOSIEM NPUPOAHOrO A0-
60py. MymayiiiHuli npoyec € NepBUHHNM [>KePenom HOBUX O3HAK, a Cami MyTaLlii —
efleMeHTapHUM eBOMILUIMHUM MaTepianom. Y AaHnin yac MyTauilHUM npouec y Nio-
OVHW BigOyBa€eTbCA Ha TNi NiABULLEHOT KOHLEeHTpaUil MyTareHiB. MonynayiiiHi xeu-
J1i — NepiognyYHI KONMBaHHA YMCENbHOCTI NonynAwii. 3aBAAKN NONYAALIAHUM XBUNAM
MO>e LWBMAKO 30iblyBAaTUCS YacTOTa 3yCTPiYaNbHOCTI OAHMX aneniB, TOAi AK iHLWi
B3arasi MoXyTb OyTu BTpauveHi. [Jpelih 2eHie (reHeTVKO-aBTOMATWUHI npouecu) — 193
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sunadkosa U HecnpaMo8aHa 3MiHA yacmom 3ycmpidyaneHocmi anenig y nonynauii
(in. 114). HanuiTkiwe Le ABMLIe BUABNAETbCA B HEUNCNIeHMX nonynauiax. Hacnigkamu
Lpendy reHiB € NOWMPEHHA MYTaHTHVX PELLECUBHUX aneniB Hanepekip NpUpoaHOMy
Jo6opy. I3onayia — 8UHUKHeHHs 6Y0b-IKUX NepewKoo, W0 NOPYWyrme 8illbHe cxpe-
wysaHHs U 06MiH cnadkoeoto iHhopmauieto. OCHOBHUMU dopMamMu i3onALii € reo-
rpadiuHa Ta ekonoriyHa. I13onauia Ak eBOMOUINHWI YNHHWK 3aKPinoe i Nigcuioe
YTBOPEHi B MONyNALiAX reHOTUMHI BigMiHHOCTI. Miepayiamu Ha3nBaloTb hepemiujeH-
HA ocobuH abo ixHix 2amem 3 0OHiei nonynayii 8 iHwy. BHacnigok mirpauii Binbysa-
€TbCA MOTIK reHiB, WO 3MIHIOE FeHeTUYHUIN cKknag nonynauin. Mirpauinni npouecn B
MOACBKMX NONYNALIAX 32 OCTaHHI Yacy 36inbwmnmcs.

OT1xe, reHopOHA nonynAuii, WO € eneMeHTapHO eBOJIOLINHO OfVHU-
ueto, GopMyeTbCA Ta 3MIHIOETLCA Nif Ai€0 €BONMOLINHUX YNHHUKIB.

RIANBHICTb

x//‘ CamocrTiiiHa po6oTa 3 Tabnuueio

3a gonomoroto Tabnuui NnopiBHANTe No-
nynauii nioguHn n TBapuH. Lo € cninbHoro
1 BiAMIHHOIO MiX HMMK? 3pP06iTb BUCHOBOK
NpPo NPUUYNHU NOAIGHOCTI 1 BigMiIHHOCTEA.

O3Hakm Monynayia nioanHn | MonynAuia TBapuH
AKi 38’A3KM MaloTb BU3HAYalbHe 3HaUYEeHHA?
LLlo € 0CHOBHOIO YMOBOIO iCHYBaHHA?
AKi 0cO6NMBOCTI € NepeBakatounmmn?
AKi YMHHMKN MaloTb BUpPILLIANbHE 3HAYeHHA Y
dopmyBaHHi?
AKMMUN € 0cO6NMBOCTI reHoboHaY?

bionoria + CrapogaBHs icTopis. IHGpegHi wnobm

Y cTtapopaBHi Yacu B 6araTbox LlapCbKUX AMHACTIAX yKna-
Januca TinbKu cimeHi abo, AK roBopATb y reHeTuyi, iHOpeHi
LWnto6u. 3 NOKONIHHA B MOKONIHHA B CyAUHax 6araTbox ermnet-
CbKMX ¢dapaoHiB, NpaBUTENiB FPEKO-MaKeLOHCbKOI AMHACTIl,
BOXAiB iHKIB TeKna TiNbKM «6nakuTHa» KpoB. Ha anb, Ak
BUABWIOCb, BOHa He rapaHTyBana HapPOOXKEHHA MYyApuX,
CUJIBHUX JYXOM i TiNOM Hawagkis. Tak, y TyTaHxamoHa 6yno
KiflbKa FreHeTUYHUX BiAXUJIeHb, BKIIOUYAOUM XBOPOOY KiCTOK i
KNULOHOTICTb. [MOACHITb, YOMY B TaKMX CiM'AX 3'ABNANNCA AiTU
3 NCUXiYHUMU Ta Gi3NYHUMN BajaMu.

CTABJIEHHA

Tema 3. CMAAKOBICTb | MIHJTUBICTb

bionorisa + Couionorisa. CowianbHe 340poB'sl yKpaiHLiB

«3a ouyiHkow €sponelicbko20 pezioHanbHo20 6ropo Bce-
cgimHboi OpeaHizayii oxopoHu 30opos’s (BOO3), cy4acHul
CMaH 300po8’sa yKpaiHCbKoI HaYii Xxapakmepu3syemsca HU3bKUM
pisHeM mpugasocmi Xumms, eKpal 8UCOKUMU NOKA3HUKAaMUu
3ax80pr0BAHOCMI MA CMepMHOCMI, 8BIOCYMHICMIO MOX/IUBOCMI
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ompumysamu 2poMadaHamu YKpaiHu HanexHy meduyHy donomozy» (MypHan YKPAI-
HA. 300OPOB’Al HALIIT. 2018. N2 2 (49) c. 73). O6rpyHTYITE CYAKEHHSA O[O OCHOBHMX
CoUiaNnbHNX YNHHIIKIB, WO MalOTb BM/IMB Ha 340POB's YKPAiHLiB Ta reHOPOHS yKpaiH-
CbKOT HaUil.

PE3YJIbTAT

3aBAaHHA AN CAMOKOHTPOJIO
1. Wo Take nonynauia nogen? 2. LLlo Take reHeTnYHa xapaKTepucTmka nonynauii?
3. Wo Take reHodoHA nonynauin? 4. Ha3eiTb OCHOBHI BNacTMBOCTi reHobOHAY.
5. Ha3BiTb pywinHnii ynHHUK dopMyBaHHA nonynAuii. 6. Ha3BiTb enemeHTapHi
YMHHUKN GOPMYyBaHHA NMONyNALiN.
7. Wo Bigpi3Hse nonynauii nioguHu? 8. ki 0co6nmBoCTi reHoPpoHAY NIOACHKIMX Mo-
7-9 | nynauin? 9. Aki 6ionoriyHi YNHHKKM BNAUBaloTb Ha GOPMyBaHHA reHOPoHAY nony-
nauin nioguHn?
10-12 | 10. Wo cninbHOro 1 BiAMiHHOro Mi>k NonynAUiAMN AOANHN 1 TBaPUH?

3akoH — kKamezopis, ujo 8i006paxae HeobxioHe,
icmomHe, cmilike, noemoptosaHe, 3azasibHe. ..
QinocopcoKkuli C108HUK
§ 50. 3akOHOMipHOCTI po3noginy anenis y nonynauii

OCHOBHI NOHATTA 1 KNovoBi Tepminn: TEHETUKA NMONYNIALINA. 3akoH re-
HeTUYHOI piBHOBarn. 3aKOH romMmosiIoriYHNX pAAiIB cNagKoBOi MiHNNBOCTI.

MpurapanTe! Lo Take nonynayii?

3Hanomrecsa!

JlyioxiJlyka Kasanni-Cepopya (Hap. 1922) — iTaniicbkum
reHeTuK, OfAMH i3 HaMBIAOMILLINX Y CBIiTi CyYaCHOI MONyNALINHOI re-
HeTWKW. Y3aranbHUBLUW Pi3HY F€HETUYHY, apXeONOriuHy N NiHrBi-
CTUYHY iHGOpPMaLilo, CTBOPUB TEOPIit0 MOXOLXKEHHS Pac 1 HapOAiB.
Pe3ynbTati oro npadui 3i6paHo B KHMXKax «lcTopia 1 reorpadia
reHiB NiognHW» Ta «[eHn, Hapoam n MoBu». A Ana AKUX iwe ranysen
MatoTb 3HaYEHHA AOCAIAXEHHA reHeTUKK NonynaLin?

3MICT

flke 3HaYeHHA Ma€ reHeTUKa nonynAyin?

FEHETUKA NONYNAUIN - Hayka, wo sus4de 2eHemuyHy cmpykmypy npupoOHUX
nonynayit, a makox 2eHeMu4Hi npoyecu, Wo 8 HUX 8i06y8aOMbCA. 3aCHOBHMKaMM
Hayku € P. Qiwep, k. XongenH, C. Pant, C. C. YetBepukos, C. M. TeplieH30H Ta iH.
OcHOBHOIO MeTOI AOCAIAXKeHb NONYAALINHOI FeHETUKM € Mi3HAaHHA 3aKOHIB, L0 NOAC-
HIOIOTb 3aNeXHOCTi MiX reHoTMNamMm Ta GeHoTMNamm 0COObMH Ha NonNynALiHO-BUAO-
BOMY PiBHi nonynawin.

leHeTVKa nonynAui Ma€e 3HaYeHHA ANA PO3BUTKY e80s1t0yiliHOI meopii. Tak, 3aB-
OAKK 1T JOCATHEHHAM BCTaHOBJIEHO, WO e/leMeHTapHO OAMHULE eBoNLii € no-
nynAuia, a He oKpema 0CcobMHa, Lo NPUPOAHI NONYNALil HAaCMYeHi Pi3HOMaHITHUMK
peuecMBHMMYK MyTaLifiMK, AKi € «pe3epBOM CNafgKoBOT MIHANBOCTI» Ta iH. (i1. 115).

§ 50. 3akoHOMipHOCTI po3noginy anenis y nonynawii
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15 000 4500

I Homo sapiens 1500
Hemo neanderthalensis.
Homo erectus

In. 115. NowwpeHHs JioanHu po3ymHoi 3 AGpurKM No cBiTy
(lunAxmn mirpauii  KinbKicTb poKiB TOMy)

MeTtoan pocnigKeHHA reHeTUYHOro Cknagy nonynAuinl BUKOPUCTOBYIOTbCA B
aHmponooezii ANA BUBYEHHA iICTOPUYHOIO MOXOAXKEHHA Ta CTAHOBMEHHA JIIOAUHMN
PO3yMHOI.

[eHeTnKa nonynauii Bifirpae BaxnnBy poJsib B emoJio2ii [NA [OCifXKeHb NoBefiH-
K1 opraHi3miB. PiBeHb reHeTMYHOro noniMopdiamy BBaXKaeTbCA B MONYNALiHIN reHe-
TULi BaXNMBMM NOKa3HMKOM, Bij AKOTO 3anexaTb eBONoLUiHa NIAaCcTUYHICTb BMAY Ta
NOro NpPUCTOCOBaHICTb A0 3MiH cepefoBuLa. fAK 3'ACyBanoca, HU3bKWUIA reHeTUYHUI
nonimop®iam NnpuTaMaHHUI BUAAM, Yy AKUX HEUMCIIEHHI, afle BeNUKi 1 3axuLieHi Ha-
WaAKKM, a BUCOKUN — BUAAM, Y AKUX HaLLAAKW YNCTEHHI, APiOHI 1 He3axuLyeHi. Takuni
pe3ynbTaT 3MyLUY€E NMO-HOBOMY OLiHUTY €BOMIOLIHY POJSib TYPOOTU NPO NOTOMCTBO.

3HaHHA 3aKOHOMIPHOCTEN NONYAALINHOT FeHeTUKN AAa0Tb KoY A8 PO3YMiHHA
eBoNoLii CNOPIAHEHNX FPYN Y cucmemamuyi, NONEriuyTb NOLWYKN BUXIAHOTO Cnaj-
KOBOro MaTepiany B cesiekyil Ta BUBUEHHA CMALKOBKX 3aXBOPIOBaHb NOAVHN Yy Meou-
YUHI TOoLLO.

OTXe, [OCNiAKEHHA FeHETUKM NONYNALIA € akTyanbHUMK 1 3aTpebyBaHi y
6araTbox ranysax AiAnbHOCTI NOANHN.

Y yomy cyTb 3aKOHY reHeTU4HOI piBHOBaru?

MaTemaTnyHy 3anexHiCcTb MiX YacToTamu ane-
niB i reHOTVNIB B ifeanbHi NonynALii BCTaHOBUAN
opHoyacHo y 1908 p. i He3anexHo oAVH Bif OAHOro
BUAATHUN aHTNINCbKNIA MaTemaTuk k. Xapgi (1877-
1947) i HimeubKunin Nikap B. BaiiH6epr (1862-1937)

Tema 3. CMAAKOBICTb | MIHJTUBICTb

(in. 116). Lia 3aKoHOMIipHICTb BijoMa AK 3aKOH Xap- S
Oi — BaliHb6epra (3akoH reHeTu4Hol piBHOBaru), In. 116. Ix. Xapgi (1igopyu)
AKNIA € OCHOBHUM 3aKOHOM FeHETVKU NonynsALii. i B. BaitHbepr

YacTtotm anenein i reHoTuNiB y nonynAyii 3aAnwaTuMyTbCA CTaIMy 3 NOKOJTiHHA
B MOKOJiHHA 32 HAABHOCTI NeBHNX YMOB.

PiBHAHHS Xappgi - BaiH6epra:
p(A)+qg(@)=1

1% (ANA BU3HAYEHHA reHeTUYHOI CTPYKTYPY NOMYNALNA 3@ YacTOTOlo anenen);
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p? (AA) +2pq (Aa) + g° (aa) = 1
(ANA BU3HaYeHHA reHeTUYHOI CTPYKTYPY NONy ALl 38 4aCTOTO reHOTUMIB).

Y nonynAauinHin reHeTuui 4acToTy AOMiIHAHTHOrO A 3
anena A no3HavalTb Yepes p, 4YaCTOTY peLecMBHOro (p) ()
anens a - 4epes g. 3a yMoBWU, WO A i a — eanHi anenireHa, \/\/
p+g=1(abo 100%). Dopmyna

(p+q)?*=p*+2pg+qg°>=1(abo 100 %)
€ anrebpaiyHym BUpa3om 3akoHy Xapai — BaliH6epra
ONA ABOX anenis, Ae p — yactoTa AOMiHAaHTHOrO anena A;
g — 4acToTa peLecuBHOro anens a; p> — yactota AOMi- (;) (23) (*(’7?)
HaHTHUX romo3unroT AA; 2pg — YacToTa reTepo3mroT Aa;
g* — YacToTa peLecrBHNX rOMO3UroT aa (in. 117).

MonynsAuis, B AKil 30epira€TbCA reHeTMYHa PiBHOBA-
ra, Ha3nBaeTbCA ideasbHOI0 Nonynayieo. YmoBamu ic-
HYBaHHA ifeanbHNX NONyNALUin €: 1) BeNMKa YMCenbHiCTb
nonynAwii; 2) BinbHe BUNagKoBe CXpellyBaHHA B nonynAuii (naHmikcia); 3) BiaCyTHICTb
MyTauiii; 4) BicyTHiCTb fOOOpPY 3a MeBHO 03HAKOM; 5) BiACYTHICTb FEHHOTO NOTOKY,
TOOTO MirpaLi reHis i3 cycigHix nonynauin. AKwWo nopywyeTbca xoya 6 ogHa yMoBa,
TO reHeTUYHa CTPYKTypa NonynAauii 3MiHIOETbCA.

Y npupogi ifeanbHi nonynauii He TPaNnATLCA, ICHYIOTb peasibHi nonynayii, B
AKNX YNCESIbHICTb OCOOMH He ByBa€ HECKIHUEHHO BEJINKOIO, BiflbHE CXPeLLlyBaHHSA He-
abconioTHe, BifbyBaloTbCA MyTaUilHUI Npouec, NpupoaHui fobip, mirpadii. Ane ye
He 3MeHLy€e LiHHOCTI 3aKoHy Xapai — BanHbepra. BiH BU3HaYa€ yMOBMW reHETUYHOT
piBHOBaru nonynAuii Ta yMoBWU, WO Tl NOPYLUYIOTb.

A AA Aa
(p) ©) (rq)

In. 117. Cxema oTpuMaHHA
anrebpaiuHoro Bupasy 3a-
KoHy Xappi — BanHbepra

OTXe, 3aKOH Xapgi — BanHbepra fae 3amory BU3HAUMUTU FeHETUYHY
CTPYKTYpY nonynAuii Ta TeHAeHUiT 3MiHM reHoTUNIB 0CObMH y monynAauiax
nig A€o ymMoB cepedoBuLLa.

flke 3HaYeHHA 3aKOHY rOMOJIOTiYHUX pPAAIB CNAfKOBOI MiHNNBOCTI?
MopiBHIOLYM 03HAKM Pi3HUX COPTIB KYNbTYPHUX POCIMNH i BAIN3bKNUX A0 HUX JK-
knx suais, M. |. Basunos (1887-1943) BuaBmMB 6araTo CnifibHUX CNagkoBux 3miH. Lle
gonomorno oMy chopmynioBati y 1920 p. 3aKOH rOMOJNOTIYHNX PAAIB CNagKoBOT
MiHAMBOCTI.
FeHeTNYHO 6NM3bKi BMAN Ta poAn XapaKTepusyloTbcA nogi6HuMmn pagammn
CMagKoBOI MiHAMBOCTI 3 TAaKOIO NPaBUWIbHICTIO, L0 BUBYUBLUM pAA dopm
y MeXKaX OAHOro BUAY Y1 poay, MoXKHa nepef6aumnTu HasBHiCTb popm
i3 nogi6HNMMN NoeEAHAHHAMM O3HaK Y MeXKax 6nusbKux BugiB um pogis.

M. I. BaB1MnoB 3a3HauaB, WO FOMOJIOTiYHI pAAMN YacTO BUXOAATb 3@ MeXi pofiB i
HaBiTb poanH. KopoTkonanicTb BigMiuyeHO y NpefcTaBHMKIB 6araTbox pAfiB cCcaBLiB:
y BENMKOT poraToi Xyaobu, oselb, cobak, noguHu. AnbbiHi3M NoLWMpPeHUin y BCix Niof-
CbKMX pacax i CrnocTepiraeTbca B yCix Knacis XxpebeTHNX TBapuH.

OCHOBOI FOMOJIOTIYHUX PAAIB € NOAIOHICTE GEHOTUMIB, WO BUHUKAE K pe3ynbTaT
B3aEMOJIi O HAKOBVX FEHIB Y reHOTMMaxX OCOOUH Pi3HMX NonynAuii. TeopeTUyHo oc-
HOBOIO rOMOJIOFiT PAAIB CNAAKOBOT MIHANBOCTI Y 6/IM3bKUX TAKCOHOMIYHVUX TPYM € YsAB-
NEHHSA NMPO EQHICTb iX MOXOMPKEHHS LUIAXOM AMBEPreHLii Nig Ai€o nprpoaHoro gobopy.

MuTaHHA nikyBaHHA i NpodinakTMKn cnagkoBmx XBopob He MOXHa po3B'A3aTu
6e3 NOCNiQKEHHA Ha TBapuHaXx i3 CnagKoBMMK aHOManisMu, AKi NogibHi o Tux, Wwo 197
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crocTepiraloTbCca y nognHK. barato naTonoriyHMX CTaHiB, WO TX BUABIEHO Yy TBAPVH,
MOXYTb OYyTU MOZenAMM CMafKoBUX XBOPOO6 NoauHU. Tak, y cobak cnocTepiraeTb-
ca remooinis, Aka 3uenneHa i3 cTatTio. [1nA BYBYEHHA M'A30BOI AnCTpodii cnyryoTb
MULLI, BeNMKa poraTta xyfoba, KoHi, eninencii — kponi, nautoku, muwi. Cnagkosa rny-
XOTa iCHY€E y rBiIHEMCbKMX CBMHOK, MULLER i cobak. Bagn 6ynoBu obnuuua nioguHu,
rOMOJIOTiUHI «3asuili ry6i» Ta «BOBYI Malli», CNOCTEPIralTbCA B NNLUbOBOMY Biggini
yepena muweri, cobak, cBuHen. CnagKoBMMM XBOPOHaMUN OOMiHY, TaKUMU AK OXKNPiH-
HA | LYKpOBWI iiabeT, XBOPIilOTb MULLI.

OTXe, 3riiHO i3 3aKOHOM rOMOJIOTIYHUX PALIB, BUBUMBLUN pAL GOpM
Yy MeXax OAHOro BMAY Y1 Poay, MOXHa nepenbaynTn HaABHICTb Gopm
i3 No#i6bHMMM 03HaKaMy B MeXKax GN3bKKX BUAIB UM POAIB.

DIANbHICTb
x//‘ CamocTilniHa po60Ta Ha 3acTocyBaHHA 3aKoHY Xapai - BanH6epra

Po3s’axiTb BNpaBu Ta 3aNpONOHYyNTE NOACHEHHA LWOAO MNPAKTUYHOIO 3HaYEeHHA
3aKOHY reHeTUYHOI piBHOBAru.
BnpaBa 1. [lpoaHanisynte etanu

po3B’A3yBaHHA 3anpOMNOHOBaHOI 3afjayi Ta q2=20!w

cbopmynioiTe 4O KOXKHOFO 3 HUX BignoBia- 1

Hi i, q= */W =,/0,00005 = 0,0071
«B Eeponi Ha 20 mucay HacesieHHA npu- p=1-0,0071=0,9924

nadae 1 n1toduHa 3 anvbiHismom. CKinbku 8io-
comkig toodeli € 2emepo3u20MHUMU HOCIAMU
peuecusHozo aness anbbiHizmy?»

BnpaBa 2. [Jo ckinady nonynayii ntodeli 8xod0ame 9 % zomo3uzom AA, 49 % eomo3u-
eom aa i 42 % zemepo3uzom Aa. BusHayme yacmomy anenie A i a 8 nonynayii.

BnpaBa 3*. Y nonynayii nucuye Ha nesHilti mepumopii suasneHo 9 991 pyoux oco-
6uH i 9 nucuyb-anvbiHocie. AnbbOiHI3M KOOyeEMbCA peyecusHUM asnesem, a pyoe 3a6aps-
JIeHHA — 00OMIHAHMHUM. BusHayme 2eHemuy4Hy cmpykmypy uyiei nonynayii nucuyp.

2pg= 2 x0,0071x0,9924 =0,014=1,4 %

bionoria + Ximia

3akoH romornoriyHux pagis M. |. Basunosa
nopisHwTe i3 [lepiognyHum  3akoHOM
. I. Menpgeneesa. Lo, Ha Bawy AyMKYy, moxe
6yTV NigcTaBolo ANA NOPIBHAHHA LUX 3aKOHIB?
BucnoBiTb CBOI CyAXeHHA WOAO0 MPaKTUYHOro
3HaYeHHs 3aKOHiB BaBunosa i MeHaeneeBa.

g CTABJNEHHA
» IS
ﬂg Bionoris + Anre6pa. biHom HbloToHa

Tema 3. CMAAKOBICTb | MIHJTUBICTb

HaBepeHi ¢opmyna 11 BM3HAYEHHS € OK-

. . . 2 — 2
pemym BuMNagkom 6iHoma HbloToHa. Hasgithb i (a+b)*=a’+2ab+b*

. 6pai L. Keadopam cymu 0sox 8upasie 0opieHioe
NOACHITb L anrebpaiyHy 3aKOHOMIPHICTb, WO K8aDPaMy NEPIO20 GUPA3Y AAIC
3HaNlNa CBOE 3aCTOCYBaHHA B reHeTuui nony- Nnod8oeHUl D06YMOK UUX 8UPA3iE NTIOC
nAyin. OUiHITb MOXNNBOCTI BUKOPUCTaHHA anre- Keadpam Opyz020 6upasy

6paiuyHKX 3HaHb B Gionorii.

198
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PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo B1BYa€e reHeTnka nonynAuin? 2. Ha3BiTb OCHOBHI ranysi 3actTocyBaHHA nony-
1-6 | nAauinHoi reHeTnkun. 3. XT0 i B AKOMY poLii cpopMyntoBaB 3aKOH reHeTUYHOT piBHOBa-
rn? 4. Ak GopMynIoETbCA 3aKOH FreHEeTUYHOT PiBHOBaru B nonynayiax?
7. flke 3HaUeHHA Ma€ reHeTnKa nonynAuin? 8. B yomy CyTb 3aKOHY reHeTU4YHOI piB-
HoBarun? 9. lke 3Ha4YeHHA 3aKOHY rOMOJOTiYHUX PAAIB CNafKOBOI MiHANBOCTI?
10. flke NpaKkTUYHE 3HAYEHHA MaloTb 3HAaHHA 3aKOHOMIPHOCTEl PO3MNoAiny anenis
y nonynauiax?

10-12

BmineHHa 8 Xumms Hayko8oi icmuHuU npo 3aKOHU cnadkosocmi
donomoxe no3basumu 1100cmaeo 8i0 bazameox ckopbom i 2ops.
I.11. lMasnos
§ 51. CyvyacHi 3aBgaHHA MeAN4YHOI FeHEeTUKN

OCHOBHi NOHATTA 1 KmoyvoBi Tepminn: MEAUWYHA FTEHETUKA. Mepguko-
reHeTNYHe KOHCYNbTyBaHHA. [eHoTepanis.

MpuraganTte! Lo Take reHeTnKa?

HoBuHun Haykun

Y 2013 p. €EBponelicbka KOMiCiA 3aTBepamnIa Mox-

NUBICTb 3aCTOCYBaHHA NPOAYKTY reHHoT Tepanii Glybera pns ‘ R Glyber=
BUNIKOBYBAHHA Bif pigKicHOT cnagkoBoi XBopobw, Lo cnpu- m —
UVMHAE CMepTeNbHO HebesneuHwi naHkpeaTtut. Glybera 3a —

[IOMOMOTOI0 BipyCy AOCTaBAAE B KIITMHW MOTPIOHUN reH, i
BXe uepes AeKifbKa TVXKHIB KNITUHU MNOYMHATh HOPManbHO GpyHKLioHyBaTu. Lle 6yB
nepLlnin reHoTepaneBTUYHNI NPOAYKT, CXBaNeHN y 3aXiAHOMY CBITi.

3MICT

AKi cyyacHi 3aBgaHHA MeANYHOI reHeTUKN?

MELOUYHA TEHETUKA - ye po30in 2eHemuku /I100UHU, WO 8UBYAE POJsib CNAD-
KOBUX YUHHUKI8 ¥ pO38UMKY 30X80p08AHb. bypXnnBuim po3BUTOK MONEKYNAPHOI re-
HeTuKK, Gionorii KNiTMHW, MoNeKynApHOI 6ionorii PO3WMPUB MOXINBOCTI MeANYHOI
reHeTUKM LWOJO0 PO3YMiHHA GiOXiMiYHUX Ta MONEKYSPHO-TEHETUYHMX MPOLIECIB — OC-
HOBW CMagKoBMX 3axBoptoBaHb. CyyacHi MegUKO-reHETUYHI [OCTiIXeHHA 0cOb6NMBO
iHTEHCMBHO 3[iNCHIOIOTbCA Ha MOMIEKYIAPHOMY, KNITUHHOMY, OpraHi3aMoBOMY, nony-
NAUINHO-BUAOBOMY PiBHAX 3@ fLOMOMOrO0 TaKMX METORAIB, AK IUTOreHEeTUYHNI, METOA
riopuamnsauii JHK, meton nonimepasHmMx naHLOroBUX peakLiil, MoaentoBaHHA Ta iH.

OCHOBHUMW Cy4YaCHUMM 3aBAAHHAMYW MeAUYHOT FeHeTUKN €:

+  BUABNEHHA Ta OMNWC CMafKOBMX 3aXBOPIOBaAHb, KiNbKiCTb AKMX 36inblyeTbca. Ha
CbOrofHi BXe onncaHo 2 200 ayToCOMHO-AOMIHaHTHUX, 1 420 ayTOCOMHO-peLie-
CMBHUX, 286 34eneHnx 3i CTaTTio reHHMX Ta 6111n3bko 800 XPOMOCOMHUX 3aXBO-
ploBaHb;

+  BM3HAYeHHA PONi reHOTUMNY N YMHHUKIB CepefoBuLLA B PO3BUTKY NOJIi2EHHUX
(MynemugakmopianbHux) 3ax80pr8aHb, AKMMM € illeMiuHa XBopoba cepus, Ly-
KpoBuiA fiabeT, Bpa3koBa XBOpOOa, rinepTeHsis Towo; 199
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Tema 3. CMAAKOBICTb | MIHJTUBICTb

200

+  po3wundpyBaHHA NPUPOAY BENVKOI KifIbKOCTI CMaIKOBUX 3aXBOPIOBaHb 0O6MiHY
peuyoBVH i po3pobneHHA ePeKTUBHMX MeTOAIB MPOdINaKTUKM 1 NiKyBaHHA
(HanpuriKnag, HenepeHOCUMICTb NTaKTO3U, GeHINKETOHYpIA);

+  Ni3HaHHA CKNagHOI NPUPOAU CXWUIbHOCTI [0 OHKOJMOTYHUX 3aXBOPIOBaHb Ta
MexaHi3miB ii peanisauii;

+  PpO3pO6SIEHHs AOCNIHMLbKUX NPOrpam i METOAVK ANiA PO3LUMPEHHS MOXIIMBO-
CTel MeodUKo-2eHemu4H020 KOHCY/1bmYBAaHHS;

« npodinaktuka Ta BUNIKOBYBAaHHA CMafKOBKX XBOPOO 3a AOMOMOrOK HOBITHIX
TEXHOJIOTI 3MiHW TeHiB Ta MeTOliB 2eHomepanit.
Benuky ponomory y BupilleHHi npobnem menunuHoi

reHeTMKN HapatoTb nabopaTopHi TBapuHW. Tak, cTBOpe-

HO TUCAYI PI3HUX NiHIN HOKAYTHUX MULLEN, KifbKa COTEHb

3 AKUX CNYryTb MOAENbHMMMK O6'€KTaMu NS BUMBYEHHA

XBOPO6 NofuHU. «<HoKayTHa MuLa» — Le MyTaHTHi MuLui,

B AKMX BUMKHEHO MeBHi reHu. [HakTuBytoun cneundiyHmi

reH y muwi xamHeoi (Mus musculus) Ta gocnigytoum 3mi-

HW 1T deHoTMNY, AOCNIAHUKN MOXYTb 3PO6UTU BUCHOBKM

wogno oyHKUil faHoro reHa. Micna po3wwndpyBaHHA reHoMy

wnopkosoi xabu (Xenopus tropicalis) BueHi BUABMAN 61113b-

Ko 80 % reHiB, NofibHMX JO TUX, LLO BigNOBIZAOTb Y NOAN-

HW 332 BUHWKHEHHSA CNagKoBUX 3axBoptoBaHb (is1. 118).
CyyacHa MeAMyHa reHeTMKa iHTEHCMBHO pPO3LINPAE

CBOI AOCNIAXKEHHA B Pi3HUX HanpAMax: BUBYEHHA reHoMy In. 118. Mua xaTHs

NIOANHWN, MITOXOHAPiaflbHa reHeTUKa, iMyHoreHeTunKa, reHe- i WnopkoBa *aba

TUKa PO3BUTKY, KNiHIYHA reHeTMKa Ta iH. TponiuHa

OTXe, NpegMeToM MeAnYHOI reHETUKN € CMafKOBiI
reHHi 1 XPOMOCOMHi XBOpoOu, Bagn pPO3BUTKY Ta XBOpobU
3i CMaJKoOBO CXWUbHICTIO B NMIOAVHMN.

Al opraHi3oBYy€TbCA MeANKO-TeHETUYHE KOHCYNbTYBaHHA?

Mepguko-reHeTUYHE KOHCYILTYBaHHA — Ye npoyec, nos'a3aHuli 3 8upiwieHHAM
npo6siem, Wo npu3go0ame 00 NoAsuU abo pu3uKy NOABU CNAOKOBUX 3dX80PIOBAHb Y PO-
OuHi. Lle cBo€epigHa mednyHa gonomora i Hanbinbw posnosBciogxeHa popma npodi-
NaKTUKM CMAafKOBUX XBOPOO.

Mepanko-reHeTYHe KOHCYNbTyBaHHA AA€ 3MOTY
nikapsAM He TiNbKK fiarHOCTyBaT! XBOPOOY, a 1 Ha-
JaBaTu MaLieHTaM KOHKPeTHi pekomeHAaauii wopao
nikyBaHHA. 3rigHO 3 OTPUMaHMMW pe3yfnbTaTaMu
nikapi-reHeTUKM MOXKYTb HanpaBAATU NaUi€HTIB JO
cneuianictis By3bkoro npodinto, nosigomnatTn im
Npo iCHyBaHHA cneuianbHUX JOCNIAHULBKNX NPO-
rpam (in. 119).

OCHOBHMMW  3aBAAHHAMU  MeOUKO-TeHeTnu- In. 119. KoHcynbrauisa
HOrO KOHCYNbTYBaHHA €: 1) BCTAHOBNEHHSA fiarHo3y NiKapKu1-reHeTVKa MOSOAIN
CMafKOBOTO 3aXBOPIOBaHHSA; 2) BU3HAUEHHA TUMY MOAPYHIN napl

ycnagKyBaHHA 3aXBOPIOBaHHA; 3) PO3paxyHOK CTYMNeHA pu3KKy NOBTOPEHHA 3aXBO-
PIOBaHHA; FTEHETUYHUI PU3KK, WO He nepeBuLLYE 5 %, PO3LIHIOETLCA AK HU3bKWIA, [0
20 % - AK nigBuLeHnn i noHag 20 % — AK BUCOKUI; 4) NMOACHEHHA 3MIiCTY MPOrHo3y;
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5) cnocTepexeHHA | BUABNEHHA rpynu NigBULLEHOro puU3nKy cepen poaudis; 6) no-
LWMPEHHA MeAMKO-TEeHETUYHUX 3HAHb cepef HaceneHHs.

Mepuko-reHeTNYHa KOHCYNbTaLif CKNAJAETbCA 3 YOTMPbOX eTaniB: 0id2Ho3, npo-
2HO3, BUCHOBOK, nopada. Mpwu LboMy HeOOXifHVM € BiaBepTe i LO6PO3MUNMBE CRINKY-
BaHHA NiKapA-reHeTrKa 3 POANHOI XBOPOro.

OTXKe, opraHi3auifa MeguKo-reHeTUYHOro KOHCY/IbTyBaHHA
nos’'A3aHe 3 iHGOPMYBaHHAM NIOAVHW NPO PU3UK PO3BUTKY
CMagKoBOro 3aXBOPIOBAHHA, Nepefayi MOro Halwagkam, a Takox
Npo AiarHOCTUYHI Ta TepaneBTUYHI Ail.

AKnMU € ycnixv Ta nepcneKkTBY reHoTepanii?

FeHoTepanisa — ye s1iky8aHHA 3aX80PIOBAHb WIIAXOM 3aMiHU 0eheKmHUX 2eHig Hop-
manbHUmMu. OCHOBOIO reHoTepanii € CYKYMHICTb MeTOAIB NiKyBaHHA CNagKOBUX, OH-
KONOTIYHNX, AeAKMX BipyCHUX 3aXBOPIOBAHb LUMIAXOM BHECEHHSA 3MiH Yy FeHeTUYHUI
anapar KNiTUH NaLi€eHTIB 3 METOI CMPAMOBAHOT 3MiHW reHHUX aedeKTiB abo HafaHHA
KNiTMHaM HOBUMX QYHKL M.

MNepwwnm ycnixom reHoTepanii CTaB BUNagoK BUMIKOBYBAaHHA AUTUHN Bif TAXKKOTO
imyHopediuuTy 3a depmeHTOM apeHo3UHAe3amiHa3mn. 14 BepecHa 1990 p. giBunHLi
6yno nepecagKeHo BfacHi fNimpountn i3 nonepegHbO 3MiHEHVM FEHOMOM. 3rofiloM
6ynu 3gilicHeHo yeprosi TpaHcdys3ii reHeTNYHO 3MiHeHMX T-niMboLMTIB i 3aranbHUM
pe3ynbTaToM NliKyBaHHA CTano 3HayHe NOoAiMNwWeHHA CTaHy NaLieHTKN Ta il HOpMasb-
HWUI CNOCi6 XNTTA.

Y reHoTepanii BMOKPEMNIOIOTb Taki BUAW, AK: a) COMaTUYHa reHoTepania —
BBeJeHHA reHiB y cOMaTWyUHi KNiTUHW NauieHTa; 6) no3aopraHiamoBa reHoTepanis —
BBeEHHA reHiB y Ky/IbTMBOBaHi KNITUHM | NnepecajKka Lnx KNiTUH nauieHTam. 3anexHo
Bif cnocoby BBeaeHHA HK y reHoM navjieHTa reHoTepanisa Moxe BigbyBaTncA B KyJib-
Typi KNiTVH (ex vivo) abo 6e3nocepefHbo B OpraHismi (in vivo).

CraHpapTHa cxemMa 3acTOCyBaHHA reHoTepanii CKNajaeTbCa 3 AeKiNbKoX nocsi-
[OBHUMX eTaniB: 1) CTBOPEHHA reHeTUUYHOI KOHCTPYKLUIT; 2) BMbGip BeKTopa Afs LOoCTaB-
K1 B KNITUHU-MileHi (HanyacTiwe Le ageHoBipycu, 6akTepiodarn); 3) nepeHeceHHn
BEKTOpa 1 reHeTUYHOT KOHCTPYKLIi y KNiTMHK (3a JOMOMOro HaHO4YacTMHOK abo
ninocom); 4) ouiHBaHHA edeKTUBHOCTI MepeHeCceHHs B YMOBaX KNITUHHUX KYNbTyp;
5) ouiHtoBaHHA edeKTNBHOCTI Ha TabopPaTOPHUX TBapUHaX; 6) KNiHiIYHI BUNPOOYBaHHA
Ha NoAVHI.

HuHi y cBiTi B>XXe 6n113bKo 400 NpoeKTiB MPOXOAATL KNiHIYHI BUNPOoOYBaHHSA, cepen
AKUX NPOEKTN NiKyBaHHA MyKoBicLMA03Y, reModinii, imyHoaediunTis, cepnonogi6Ho-
KNiTUHHOI aHeMil Towo. OgHUM i3 OCHOBHUX IHCTPYMEHTIB ANA CyYaCHMX reHoTepa-
NMeBTUYHKX NMPOEKTIB € GioTexHonoria peparyBaHHsa [HK CRISPR/Cas9. Lis cuctema
pefaryBaHHA reHOMY BUKOPWCTOBYETbCA O4J1A BHECEHHA 3MiH Y reHeTUYHWIA anapar,
BUJANeHHA Y/ pefaryBaHHA MyTaHTHUX reHiB. TexHonoria CRISPR-Cas9 BukopucTo-
Bye pepmeHT-«HOXMUi» Cas9, wo 3a gonomorot PHK-riga po3nisHae Ta po3pisae
OHK y notpi6bHomy micui. 3a fonomorot Liel cuctemn po3pobnanTbcs TeXHONOril
ansa supaneHHs BUT 3 kniTvH XnBoro opraHiamy, nikyBaHHA xBopobu MapKiHCOHa,
amaBpo3y Jlebepa, Nyxn1H MO3KY, paKy KpoBi Ta iH.

§ 51. CyyacHi 3aBfjaHHA MeNYHOI FeHeTUKM

OTXXe, reHoTepania CTa€ OAHUM i3 HaBaXKNUBILWNX IHCTPYMEHTIB
meanumHn XXI ctonitra.
201
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BIANBbHICTb

x,/‘ CamocriiiHa po6oTa

Po3B’AA3yBaHHA BNpaB 3 MeAN4YHOI FeHEeTUKN

BnpaBa 1. Ha cxemi 306pakeHo poaoBig cim'i 3 03-
HaKOK CMBOro Macma BonioccA. BusHaute Tun ycnagky-
BaHHA Lli€i 03HaKM i reHoTunn oci6: - 1,11-2,3i4; 111 -2,
3Talv-1,2.

BnpaBa 2. OgHa 3 ¢opm wm3sodpeHii ycnagkosy-
€TbCA AK peLiecMBHa O3HaKa. Bu3Haute MMOBIPHICTb Ha-
POAXKEHHA AUTUHM i3 WwWn3odpeHieto Bif 6aTbKiB, AKi He e
MaoTb LibOro 3aXBOPOBAHHA, AKLLO BifoMo, wo 6abyca 3
60Ky 6aTbKa i Aiig 3 60Ky MaTepi Manu Lie 3aXBOPOBAHHA.

BnpaBa 3. Y noanHu reH, Wo CNpuYrHAE ogHy 3 $opm CnagKoBoi FyXOHIMOTH,
peLecmMBHUIN BIZHOCHO [0 reHa HOPManbHOro ciyxy. Bif wnoby rnyxoHimMoi XiHKK 3
YONOBIKOM, Y AKOTO HOPMAasbHUIN CNyX, HAPOAUBCA FMYXOHIMUN XNONYMK. BusHaute
reHOTMMY BCiX YNEHIB CiM'"i.

MpoekKT «lfeHoTepania Ta Il nepcnekTUBU»

Po3rnaHbTe intocTpauito, nepeknagite TEKCT i 3anNpoMnoHynTe MOro MOACHEHHS.
Bukopucrtaiite moxnuBocTi IHTepHeTy (Hanpuknag, http://www.livemd.ru/tags/
genoterapija) Ta NigroTynte NpoeKT Npo NepcneKkTnBM reHoTepanii.

copies SIDON. . Ex Vivo Gene Therapy

Ex vivo gene therapy is performed with the
( . target cells genetic alterations of patient's target cells
geneinserted  (2) removed from happening outside of the body in a culture.

Target cells from the patient are infected with
a recombinant virus containing the desired
therapeutic gene. These modified cells are then
reintroduced into the patient's body,
where they produce the needed proteins
that correspond to the inserted gene.

@ into viral DNA patient
@ cells grown
in culture
cultured cells are;feh\ ( %

with genetically-altered virus
)
)
Inside the body, the

patient's sample

4
target cells are celgs)are
now genetically reintro-
altered with duced

therapeutic gene

CTABJIEHHA

bionoria + MeguuynHa.

Bugwm Tepanii

Tema 3. CMAAKOBICTb | MIHJTUBICTb

Tepania — ue Komnaekc 3axofdis, cnps-
MOBaHUX Ha YCYHEHHA AKOro-Hebyab
3aXBOPIOBaHHA, MONErWeHHA NOro CUMNTO-
MiB ab0 BiAHOBNEHHSA MNicNA TPaBMU.

1 2 (3|4 5|6 |7
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genetically altered
cells produce the
desired proteins
encoded by the
therapeutic DNA

Anitepania

A; MegunuHi n'aBkn

lpynoTtepania

A JlikapcbKi pocnnHmn

ApomoTepania

I XonopHi  rapauvi
KaMeHi

QitoTtepanin

H 3anaxu neTknx
pPeyYoBUH

ApTt-Tepania

C lMpopayktn
O64XKiNbHMLUTBA

CroyH-Tepanin

L MucTteurtso i
TBOPYICTb

MNenotepania

A JikyBanbHi rpasi
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3icTaBTe BUAM Tepanii 3 BifNOBIAHMMN YNHHMKAMW NTIKYBaHHA Ta OTpUManTe Tep-
MiH, AKNM NO3HayYaloTb Y MeAnLMHI NpoLuec 0340POBEHHA, BIAHOBNEHHSA 340POB'A.
OuiHiTb eTNYHI 1 colianbHi NpobnemMun CyyacHOI reHoTepanil.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. lo Take megnyHa reHetmka? 2. Lo € npegmeTom focnigxeHb MeAMUHOI reHe-
Tmkun? 3. LLlo Take MefiKO-reHeTMYHe KOHCYNbTyBaHHA? 4. Ha3BiTb OCHOBHI eTanu

1-6 K .
MeNKO-TeHeTUYHOro KOHCYNbTyBaHHA. 5. LLlo Take reHoTepania? 6. Hasegitb npu-
KNnagm ycnilHUX reHoTepaneBTUYHNX TEXHONOTIN.

7.9 7. fIki cyyacHi 3aBgaHHA MeAnYHOT reHeTnKKn? 8. Ik OpraHi3oBy€ETbCA MeANKO-reHe-

TUYHE KOHCYNbTYBaHHA? 9. AKMMM € YCNiXn Ta NepcnekTUBM reHoTepanii?
10-12 | 10. OuiHiTb NnepcneKkTMBM Ta Npobnemn cyyacHoi reHoTepanii.

OcmaxHi docAzHeHHs 2eHeMUKU 0armo Hoge po3yMiHHs X80poo,
W0 NOYUHArMbCA 8i0 MOIeKys1U, AKAa KOOYE O3HAKU.
T.I. byxiescbka

§ 52. XBopo6m cnafKoBOro NOXo4»KeHHSA
OCHOBHi MOHATTA 1 Knw4voBi TepmiHn: CIMAJKOBI 3AXBOPHOBAHHA.

XBopo6u i3 cnagKoBolo CXUNbHICTIO. BpogrkeHi Bagu.
MpurapanTe! Lo BMBYaE megnyHa reHeTHKa?

MomipkynTe!

CnapkoBi XBopob6W BifoMmi 3gaBHa. Tak, apax-
HOZAKTWAIA («naByui Manbli») 300pa)keHa Ha KapTUHI
C. botTivenni «[opTpeT oHaKa», axoHAponnasia («kap-
JIMKOBICTb») — Ha KapTuHi [l. Benackeca «[JoH CebacTbs-
HO aenb Moppa». AKi )X 0COBANBOCTI Ta MPUYMHUN LKX
3aXBOPIOBaHb i YOMY BOHU BUHUKAIOTb 3HOBY 1 3HOBY?

3MICT

Aki xBopo6Y BMBYA€E cyyacHa MeAuYHa reHeTuKa?

CyyacHa MefiyHa reHeTrKa BMBYAE POJib CMAJKOBOCTI B PO3BUTKY NaTONMOTiYHUX
CTaHiB ab0 3aXBOPIOBaHb. 3aNeXHO Bifl BHECKY CMAAKOBOCTI I UNHHUKIB CEpeloBULLA
yci XxBopobu nofinAoTb Ha: 1) cnadkosi (B3HavasnbHa poJib CMagKoBOCTI); 2) X8opo-
6u i3 cnadkoeoro cxusnbHicmio (PO3BMTOK 3aXBOPIOBAHHA 3yMOBJIEHUI B3aEMOIEI0
reHoTuny " cepenoBuLla); 3) 8pooXxeHi adu MOOUHU (XBOPOOU, CMPUUYNHEHT BHY-
TPIWHIMWN Y/ 30BHILLHIMN YAHHUKaMK CepefoBULLA, L0 BUHNKAIOTb O HAPOOXKEHHSA).
3a3HauMMmo, WO MeXKa MiX LMK rpynamm € fiy>e yMOBHOI0. [TpakT1UYHO BCi XBOpo6M
NIOAVHN MaloTb FeHeTUYHY CKIafoBYy i MeBHOK MipOI 3aneaTb Bif 30BHILIHbOrO
cepepoBuLla. [locnTb YacTO O3HaKM 3aXBOPIOBAHb € KiHLEBMMYM BapiaHTaMu NpoABiB
Yy HOPMi peakuii HopManbHUX O3HaK.

CMAOKOBI 3AXBOPKOBAHHA - cnadkosi po3nadu opzaHiamy, nog’szaHi 3 no-
DYWEHHAM 2eHemu4YHo20 anapamy (2eHis, UinicHoCmi XpoOMOCOM YU KilbKOCmi xpo-
mocom). CyTo CNafiKoBUMU XBOPOHaMU € 3aXBOPIOBAHHA, MPUUYMHAMMN AKKX € 3MiHU
CragKoBOro anapary — reHHi, XpOMOCOMHI Ta FeHOMHI MyTauii. BignosigHo fo uboro
BCi CMafKOBi 3aXBOPIOBaHHS NIOANHN MOXHa 06'eiHaTN y [ABi FPYNu: 2eHHI Ta XpOMO- 203

§ 52. XBOpO6Y CMafKoOBOro MOXOMKEHHS
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COMHI. 3a NoKani3aui€lo reHiB, AKi CNPUYNHAIOTb PO3BUTOK CNALKOBUX 3aXBOPIOBaHb,
X NOAINATb Ha A0epHi Ta MiMOXOHOpIabHi. 3a y4acTio FeHiB Yy PO3BUTKY CMafKo-
BVX 3aXBOPIOBaHb Cepef, HUX BUOKPEMIIIOITb MOHO2eHHi Ta NoJlizeHHi XBOPOOWU.
MoHoreHHi 3ymMoBJIeHi flieo OfHOrO reHa, Wo 3a3HaB MyTaLlii, a nonireHHi (Mynbtudak-
TOpiasnbHi) — BU3HAYalOTbCA [i€I0 MHOXUHHIWX FeHiB Y KOMMeKCi i3 6aratbma YMHHK-
Kamu cepefioBuLa.

XBopo6u i3 cnapgKoBO0 CXWIbHICTIO — Ue 3aX80PIOBAHHSA, 0J19 PO3BUMKY AKUX
HeobxiOHa 83aeMO0is 8HyMPiWHiX cNAOKOBUX MaA 308HIWHIX HECNPUAMIUBUX 8NIUBI8
cepedosuwa. 0o ui€i rpynn xBopob Hanexatb OiNblWiCTb 3aXBOPIOBaHb JOAMHM,
cepen AKMX nofarpa, LUYKpoBui fiabeT, rinepTeHsiA, BMpa3KkoBa XBOPOOa,
6poHxianbHa acTma, Wir3odppeHis, eninencia Ta iH. CnagKoBa CXUIbHICTb O XBOPOOU
TaKOX MOXe MaTu MOHOreHHY abo nosnireHHy npupoay.

BpopyxeHi Bagu po3BUTKY — cmiliki cmpykmypHi yu Memo6osidHi 3MiHU opaaHis,
iX yacmuH y4u 0inAHOK Minad, Wo 8uxo0aMb 3a Mexi HopMasabHUX eadpiayili 6yoosu ma
nopywytoms ix oyHKYii. MpUnMHU PO3BUTKY Baf Pi3HOMAHITHI — K 30BHILUHI, TaK i BHY-
TPiLWHI. HUmMn Moy Tb 6y TV MyTaLlil, Bik 6aTbKiB, eHLOKPWHHI XBOPO6U, NOPYLUEHHA Me-
Taboni3my, a TakoX eK30reHHi YHHUKN HaBKOMMLIHbOTO CePefloBULLa, L0 NMOPYLUYIOTb
eMOpioHANbHUN PO3BUTOK (OKPEeMi KK, ankorosb, BipycK). 3afexHo Bifl NPUYUH YCi
BPOAPKEHI Baau PO3BUTKY MOAINAIOTL Ha CMAZKOBI, EK30reHHI Ta MynbTUdpaKTOpiabHi.
Hanbinbw Baxkkmumun € Bagu po3sutky LIHC, cepus, TpaBHOI cnctemu, HIPOK, a Halno-
LWUMPEHIIMUN — PO3LLEMNNIEHHSA BEPXHbOT ryou Ta MiiHEOIHHSA, BUBUX CTErHa, KINLLIOHO-
rictb Towo. CnagkoBumy Bagamu Metaboniamy € xBopobu, NOB'A3aHi 3 NOPYLUEHHAM
06MiHy amiHOKMCNOT (beHinkeToHypiA), ByrneBoais (ranaktosemis), ninigis (xsopoba
Tea — Cakca), HeopraHiuyHKX NOHIB (MyKoBicLMA03). [prKNagomM ypoaeHunx Hecnagko-
BUX Baj € TaNnigoMiaHWUIA, CUPINITUYHWIA, anKOroNIbHWUI | AeAKi iHLWi CMHaPOMN.

OTXe, cyyacHa MeAnyHa reHeTKa BUBYAE XBOPOONUBI CTaHM abo
3aXBOPIOBAHHSA, AKi HalyacTile MoAiNAlTb Ha CragkoBi XBOpoobuy,
XBOPO6M i3 CMagKOBOK CXWJIbHICTIO Ta BPOAXKEHi Bagu.

AKi ocHOBHI rpynu Ta 0co6nMBOCTi CNafKOBUX 3aXBOpPlOBaHb?

Cepep 3aranbHOI 3aXBOPIOBAHOCTI HaceNneHHA cnagkoBa CTaHoOBUTbL 15 — 25 %.
Ha cborogHi Binomo 6n13bko 3 500 cnagKoBUX 3aXBOPIOBaHb i iX KiNbKiCTb 3pOCTaE.
CnagKoBi XBOpOOM MNOAINATb HA FEHHI Ta XPOMOCOMHi.

leHHi x8opobu — cnadkosi xeopobu, CNpUYUHEHI 2eHHUMU
mymauiamu. Lli xBopobu nepepatTbCA Bif MOKOMIHHA [0
NMOKONiHHA 6e3 3MiH i MOXyTb 6yTW AOMIHaHTHUMK ayTo-
COMHUMW  (nonigakTunisa), pPeuecuBHMMM  AYTOCOMHUMU
(anbbiHi3Mm), peLecnBHMMM 34enneHNMIU 3 X-XPOMOCOMOIO (re-
Modinis, 4aNbTOHI3M), 3UenieHUMM 3 Y-XpOMOCOMOlo (ixTio3).
MnenoTponHol Ai€l0 OAHOro reHa MOSICHIOETbCA XBOpPoba
MapdaHa. HannowmpeHiwoto cnajgkoBow MaTomori€lo, LWo
BM3HAYAETbCA reHamu, € Kopomko3opicme (mionis). Hay-
KOBL|i BCTAHOBWN, WO CNajgKkoBa KOPOTKO30PIiCTb HasABHa Y
30 % npepncTaBHUKIB €BPONEOiAHOI pacu i Bpaxae fo 80 %
ypoaxeHuis Asii (is1.720).

XpomocomHi xeopobu - Lie cnagkoBi xBopobu, cnpunym- 7. 120. OCHOBHOI
HeHi XPOMOCOMHVMM Ta reHOMHUMU MyTaLigMu. CninbHUM npuuMHOIo Mionii
ONs1 BCIX XPOMOCOMHUX XBOPOO € MHOXWHHI YpaXKeHHs 1 € BUOBXKEeHa dpopma
204 CTifiKa CYKYMHICTb CMMTOMIB, WO HA3VBAETLCA CUHAPOMOM. OUHOrO AbMYyKa

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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XpomocoMHi mMyTaLii 34e6inblWoro CNPUYMHAITL TAXKKI aHOManii, HeCYMiCHi 3 »KUT-
TaMm (Hanpuknag, dinagenbdiicbka XpOMOCOMa, CUHLPOM «KOTAYOr0 KpUKy» (46,5-)),
TOMYy B3arasi He ycnagkoByloTbcA. [Tprknagamy reHOMHUX MyTaLin € cuHapom [layHa
(47, 214), cuHgpom Matay (47,13+), cuHapom Epsappca (47,18+), cuHppom TepHepa
(45,X0), cuHgpom KnanHdenbrepa (KnacnuHuin kapiotun 47, XXY) Ta iH. Hannowwupe-
HiLLOK XPOMOCOMHOI XBOPOOOIO € CUHOpOoM JJayHa, WO BU3HAYAETLCA MOABOIO Tpe-
TbOI 3aBOI Xpomocomm 3a 21 napoto (Tprucomia 21). YactoTa 3axBopioBaHHA cepef
HOBOHapogaXeHux ctaHoBUTb 1 : 700. CniBBiAHOLWEHHA XBOPUX XJIONYUKIB i fiBYAaTOK
nopiBHIo€ 1: 1. YacToTa 3axBOpOBaHHA fiTen i3 cuHgpomom [layHa 3anexunTb Bif, Biky
Matepi. lNicna 35 pokiB CyTTEBO 3pOCTa€ YacTOTa HAPOAXKEHHA fiTen i3 CUHOPOMOM
[ayHa, a y Biui 45 poKiB BOHa CTaHOBUTb Bxe 1:12.

OT>Ke, OCHOBHMMU Fpynamy CNagKoBUX 3aXBOPIOBAHb € FE€HHi Ta XPOMO-
COMHi XBOpO6YW, NPUUNHAMU AKUX € F€HHi, XPOMOCOMHIi Ta reHOMHI MyTauil.

AKumu € 3axoam NpodiNnakTUKM cnagKoBuX XBopo6 niognHmn?

MpodinakTnuka cnafKoBUX NaTonorii Moxe OyTV MepBMHHOI, BTOPUHHOK Ta
TPETUHHOIO.

lepsuHHaA npoginakmuka nependavac nonepeskeHHsa 3a4atTs XBOPOI ANTUHM,
AKke 3abe3neyuyloTb MaHYBaHHAM HAPOMXKEHHA AiTel Ta MOJIMNWEHHAM >KUTTEBOFO
cepefoBULLA NIOAMHIN.

MnaHyBaHHA HapOLXeHHsA AiTel 3AiNCHIOTb 3a TaKMUMK NPUHLMNaMK: 0OpaHHA
ONTMMAJSIbHOIO PENPOAYKTUBHOIO BiKY, AKMI ANA XKiHOK CTaHOBUTb 21 — 35 pOKiB; Haa-
TO paHHi abo Ni3Hi BariTHOCTI 36iNbLUIYIOTb PU3UK HAPOLKEHHA AUTUHM i3 BPOLKEHOHO
naTonori€lo; BiAMOBa Bif AITOHAPOAXKEHHA Y BMMaAKax BUCOKOro pU3NKYy CnagKoBoOi
yn BpodKeHOT NaTosorii; BigMOBa Bif AiTopofiHHA B 6/1M3bKOCNOPiIAHEHMX LWItoOaXx.

BmopuHHy npoginakmuky 3L4iNCHIOITb WAAXOM MPUMUHEHHA BariTHOCTI B pasi
BICOKOI BIpOriAHOCTi 3aXBOPIOBaHHA Niogdy. loro MoxHa npoBoauTy TiNbKK Y Bigno-
BifjHi TEpMiHM Ta 3a 3rof00 XiHKW. 3BMYANHO, NPUNUHEHHA BariTHOCTI — He HaKpalle
pilleHHs, ane nuwe BOHO MOXJIMBE 3a BiflbLLIOCTi TAXKUX FreHeTUUYHUX AedeKTiB.

TpemuHHa npoghinakmuka NonsAra€e B KOPeKLii BUSBY aHOMaslbHUX FeHiB, 0co6/u-
BO YCMillHa B pa3i XBOpob 3i CNafiKoBO CXWbHICTIO. 3a Ti JOMNOMOrol MOXHa [0-
CArHYTM MNOBHOI HOpMani3aLii abo 3HVMXeHHA CTyneHA BMABY NaTONONYHOro npouecy.
3piNCHI0ITD TPETUHHY NPOodINaKTUKY AK A0 HAPOAXKEHHA (Hanpuknag, pesyc-Hecy-
MiCHICTb, FraflakTo3eMist), Tak i Nicna HapoaKeHHs (GeHiNKeToHypiIdA, rinoTnpeos).

OcHoBoO cyyvacHoi npodinakTMKM CNagkoBOi NaTonorii € TeopeTWyHi 3aca-
OV TeHeTUKN NI0AMHN Ta MeauLMHNY, AKI JaloTb 3MOry YCBigoMuT: 1) MOneKynapHy
npupoay CnagkoBMX 3aXBOPIOBaHb M MeXaHi3aMu iX PO3BUTKY; 2) 3aKOHOMIPHOCTI
36epexeHHA MyTaUill y ciMm'ax Ta nonynAuiax; 3) MexaHi3M1 BUHWKHEHHA MyTaLii y
3apPOAKOBUX i COMATUYHUX KNITMHAX.

OTXe, A5 3anobiraHHA CNagKoBMM 3aXBOPIOBAHHAM iCHYIOTb
3axoAn MePBUHHOI, BTOPUHHOT N TPETUHHOT NPOQiNnakTUKN.

§ 52. XBOpO6Y CMafKoOBOro MOXOMKEHHS

RIAJIbHICTb
CamocrTiliHa po6oTa
Po3B’A3yBaHHA BNpaB Ha CafKoBi 3aXBOpPIOBaHHA
BnpaBa 1. [lo Aakoro tnny myTauinn (A — reHHi, b — XxpomMocomHi, B - reHomHi)
HanexaTb Taki xBopobu: 1) cuHgpom [layHa; 2) cuHgpom lMatay; 3) KOPOTKO30piCTb;
4) anb6iHi3Mm; 5) CMHAPOM «KOTAYOTO KPUKY»; 6) cuHapom EaBapaca; 7) «dinagenbdin-
CbKa» XpOMOCOMa; 8) MyKOBICLIAO3. 205
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BnpaBa 2. Y nogvHn fanbToHi3mM (MOPYLUEHHA KOMiPHOro 30py) KOAYETbCA pe-
LleCMBHMM reHOM, JTOKasi3oBaHNM y X-XPOMOCOMi. YONOBIK 3 HOPManbHUM KOMiPHUM
30POM OJPYKMBCA 3 reTePO3UTOTHOIO 3a LIiEID 03HAKOIO XKIHKOI0. AKa MMOBIPHICTb Ha-
POAXKEHHA B LN ciM'i giTen 3 fanbTOHI3MOM?

BnpaBa 3*. Y nognHu remodinis — peuecusHa, 3uensieHa 3 X-XxpoMOCOMOI0 03-
Haka. Anb6iHi3M (BiCYTHICTb MirmMeHTaUil) 3yMOBMIEHMI ayTOCOMHUM pPeLecrBHUM
reHoMm. B ogHin poAwuHi, Ae 4YOnoBiK Ta KiHKa HOPMaJibHO MirMeHTOBaHi Ta MaloTb
HOpPMarbHe 3CifaHHA KPOBi, HAPOAUBCA CMH 3 060Ma aHOManiAMU. YKaxXiTb reHOTVMK
6aTbKiB. KO MOXe By T NMMOBIPHICTb NPOABY 060X aHOManil y Apyroro cmHa? koo
Mo>e 6yTW IMOBIPHICTb HAPOAXKEHHA HACTYMHOrO pasy AiBYNHKY 3 HOPMaJIbHOIO Mir-
MeHTaLi€lo Ta HOPManbHUM 3CifaHHAM KPOBi?

Bionoria + MeguunHa. KputuuHi nepiogn po3suTtKy niogeii

Mig yac BariTHOCTI B NOAVHN BMOKPEMIOIOTb NEBHI ne-
pioan, konu $opmMyBaHHA OpraHiB i cuctem nnogy Bigbysa-
€TbCA HaMbINbL iHTEHCKBHO, i BIH 0cobnnBo YyTnMBMI Ao i
30BHILLIHIX YNHHUKIB, TaKMX AK XiMiuHi (HanpuKknag, Tanigomig,
ankoronb, HiKOTUH), GionoriuHi (Hanpuknag, Bipyc Kipy um
KpacHyxu), disnuHi (Hanprknag, pagiauin). Nepiogn embpiore-
He3y, 4N1A AKNX XapaKTepHa NigBuLLEeHa Yy TIMBICTb 4O BMUBY NOLKOAXKYBaNIbHNX YNH-
HVKIB, Ha3MBalOTb KPUTUYHMMKY NepiogaMmun. Konm cnocTepiraloTbCa KPUTUYHI nepiogn
embpioreHesy B nognHU? O6rpyHTYNTE CyIXKeHHS LWOAO BMNBY WKIANBMX YNHHUKIB
Ha GOopMyBaHHA CNAJKOBMX Baf PO3BUTKY.

CTABJIEHHA

bionoria + CycninbcrBo. [litn CoHusA

Jitok i3 CMHAPOMOM ,ElayHa 4aCTO Ha3MBakTb MDKHAPOOHWM OEHb JIOAVHU

«gitomu CoHus». Y 2006 p. 6yno BrM3HauyeHo Bce- 3 CUHOPOMOM ZIAYHA
CBITHIN AeHb fogen i3 cuHgpomom [layHa, wo :"ZA.EM:A::O:':;D"“‘.""t"-
BigmivaloTb 21 6epesHa. B uell geHb MPUIAHATO metes D 0’9 o
ofArat 6arato KOJIbOPOBUX LUKAPMETOK, KpaBa- [y |

nornsAaamm iHwmx &

TOK, I'IOB'F|3yBaTVI KOﬂbOpOBi XYCTUHW Ta wani anAa Lie 1ie OAVH NPOSIB TONEPaHTHOCTI,

SKMiA gyxe Heo6XiaHWI HawoMy cycninbcTey!

TOro, wob BiAguyTH, Wo Take 6yTW iHWKMK. Ha pa-
HUA MOMEHT € BeflvKa npobriema B CyCMiNbCTBi, AKE He 3aBXAWU roToBe CNpUiMaTK
«iHWnx». Yomy paiten i3 cuHgpomom [layHa HasmBaoTb «AiTbmu COHLA» | YAM BOHMN
BifPi3HAOTbCA Bif iHWNX AiTen?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Ha3BiTb OCHOBHI rpynu xBopoo6, WWo iX BMBYAE MeMyHa reHeTuka. 2. Lo Take
cnaakosi xBopobu? 3. Ha3giTb ABi rpynu cnagkoBux 3axBopioBaHb. 4. HaBepitb
nprKnag cnagkoBrX 3aXBOPtoBaHb. 5. fIKi MyTaLil € TPMUMHOI CMAafKOBUX XBOPO6?
6. Lo Take KpUTUYHI Nepiogn 3apoAKOBOro po3BUTKY?
7. Aki xBOpPOOM BMBYA€E CyyacHa MeAmMYHa reHeTuka? 8. Ha3BiTb OCHOBHI rpynu Ta
7-9 |0cobnmBOCTi CNafKoBMX 3axBoploBaHb. 9. AKMMK € 3axogn npodinaktukm i gia-
FHOCTUKM CMAKOBUX XBOPOO NogMHN?
10. O6rpyHTYNTE CYAMKEHHA LWOAO BIUIMBY LIKIANMBMX YMHHUKIB Ha GOpPMyBaHHA
CrnajKoBUX Bag PO3BUTKY.

10-12
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Tema 4. PENPOAYKLIA
TA PO3BUTOK

HeckiHueHicmb CKiHUeHO020, 6e3cMepms CMepmHO20.
OcHogu cucmemHoi bionoeail
H. I. OkonimeHko, []. M. [pod3uHcbkuli

§ 53. PenpopykKuina AK mexaHi3m 3a6e3neueHHA
6e3nepepBHOCTI iCHYBaHHA BUAIB

OCHOBHi NOHATTA 1 KNo4oBi TepmiHn: PO3MHOXKEHHA (PEMPOAYKLLIA).
HecrateBe po3mHoO»KeHHA. CTaTeBe pO3MHOKEHHH.

MpuraganTte! Lo Take pO3MHOXeHHA?

MomipkynTe!

Po3srnAaHbTe intocTpadii Ta 3anponoHynTe NOACHEHHS.

2 3 4 A (AR @) 5 -
YA @//\"}(@ m‘

3MICT

flk 3a6e3neuyeTbca 6e3nepepBHicTb iCHyBaHHA BUAIB y yaci?
PO3MHOEHHA, a6o PEMPOAYKLIA (Big nar. re- - npedikc, WwWo o3Havae 3B0-
poTHY abo NMOBTOPHY Aito, i produco — cTBOPIOID), — 8idmeopeHHA cobi NodibHUX, Wo €
0CHoBoI be3nepepsHoCcMi icHy8aHHA 8udy. 3AaTHICTb PO3MHOXKYBATUCh NMPUTaMaHHa
BCIM XMBMM OpraHiamam, i peanisyeTbca LA YHiBepcasbHa BNAaCTUBICTb XUBOMO Ha
KOXHOMY 3 PiBHiB opraHi3auii.
Ha monekynapHomy piBHi cnagkoBa iHpopMaLlifa BiATBOPIOETLCA 3aBAAKN NpoLiecy
penpogykuii AHK, wo Ha3nBaeTbcAa pennikai€io. 3 ogHiei monekynu HK yTBopiooTb-
cA 4Bi pouipHi. BinbyBaeTbca npouec camonoaoeHHa [AHK nepep noginom KnituH.
Ha kniTMHHOMY piBHi BifbyBa€eTbCcA penpoayKLia KNiTUH LWWAAXOM MiTO3Y 1 Meno3y
3 YTBOPEHHAM HecTaTeBUX AUNNoigHnx abo
CTaTeBUX ranioigHUX AOYiIPHIX KNiTUH, AKi
6epyTb yyacTb y penpopyKLii opraHismis.
Ha opraHismoBomy piBHi penpogykLuito
XMBUX iCTOT 3abe3neuyioTb [Bi OCHOBHiI
bOpMM PO3MHOXKEHHA — HecTaTeBe N CTa-
TeBe. [nA 3[INCHEHHA PO3MHOMEHHA Yy
6araTokNiTMHHMX OpPraHi3miB iCHyTb pe-

§ 53. PenpogyKuia Ak MexaHi3m 3abe3neyeHHA 6e3nepepBHOCTI iCHYBaHHA BUAIB

] > In. 121. CuHiia kuT (1) i puba-micaub (2) -
NPOAYKTUBHI CMCTEMIW OPraHIB. TBAPUMHM 3 PI3HUMU CTPATErISAAMN PO3MHOXKEHHS
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Ha nonynauinHo-B1ngoBOMY piBHi BiATBOpPEHHA BMAIB NOB’A3aHe 3i cTpaTeriamm
po3mHoxeHHsA. Lli ABi ronoBHi cTpaTerii Bigomi Ak K-cTpaterisa (BigTBOpeHHA He3Hau-
HOT KiNbKOCTi HawapkiB) i R-cTpateria (penpoaykuia BeNMKOI KinbKOCTi HalafKiB).
K-cTpaterom y TBapnHHOMY CBITi €, Hanpuknag, cuit kum (Balaenoptera musculus) -
Halbinblwa TBapMHa Ha 3eMii, CaMKU AKX HAapPOMKYIOTb OfHE MansA B [Ba POKM
BNpofAoBx 40 —-45 pokiB XUTTA. «<HansmpaatHilwmm R-cTpaTterom» TBapmHHOrO CBITY €
puba-micaye (Mola mola) — Hainbinblia 3a Macoto Bifoma KicTKoBa purba i Hannnogoui-
wa puba y cBiTi (ofHa camKka moxe Bigknagat o 300 MH iKpUHOK) (. 121).

OTXXe, penpoayKLUif € HEOAMIHHOK YMOBOI
icHyBaHHA 6i0NOriYHUX CUCTEM Y Yaci.

Aki oco6nnBocTi HectateBoi GOPMU PO3MHOMKEHHA?

HecTtaTteBe po3mMHOXKeHHs — ye 8i0maopeHHA cobi no0ibHUX 3a y4acmi Hecmame-
sux KnimuH. NepeBaroto TaKoro PO3MHOXEHHSA Y TBAPUH € Te, o BOHO BiOyBaeTbCA
6e3 3aTpaT eHeprii Ha MOLWYKN MapTHepa NPOTUIIEXHOT cTaTi. BogHouac HecTaTeBe
PO3MHOMEHHSA Ma€ N CYTTEBMI HeoNiK — NOoZibHICTb Hawaakis. fAKLWo cepefoBuLle
iCHYBaHHSA OpraHi3amiB 3 HECTaTEBMM PO3MHOMXEHHAM 3MiHUTLCA, TO NOAIOHMM opra-
Hi3MaM OfiHOrO BMAY 3 OAHAKOBVMY MPUCTOCYBAHHAMMU 3arpoKye 3arnbenb. Yepes e
HecTaTeBa GpOpPMa PO3IMHOXKEHHS XapaKTepHa AJ1A HUXKUMX OPraHi3MiB i BifOyBa€eTbCA
TOAi, KON B HAaBKOJINMLIHbOMY CEPEeLOBULLI € CNPUATINBI YMOBU.

OCHOBHUMY CNOCObaMV HECTAaTEBOIO PO3MHOMEHHSA € MOAIN HaBMis, CNOPOYTBO-
peHHs, pparmeHTaLia Ta OpyHbKyBaHHA.

MModin Hagnin — cnoci6 PO3MHOXXEHHA B OQHOKNITUHHUX, 3@ AKOrO 3 OAHI€l MaTe-
PUHCBbKOI KNITUHW YyTBOPIOKTLCA ABi JOYipHI, NPUYOMY yABiui APiOHiLLi, KOXKHa 3 AKMX
[la€ HOBMI CaMOCTIHWIA opraHi3m (Hanpuknag, y 6akTepiin, apxein, ameb, iHdy3opil).

MHoXUHHUU No0in (WU3020HIA) — CNOCIO PO3MHOXEHHA OAHOKMITUHHUX, 3a
AKOro 3 OfiHi€i MaTepPUHCbKOI KNiTUHM YTBOPIOETLCA HGarato AovipHix. Takuii cnocio
HeCTaTeBOro PO3MHOEHHA CMOCTEPIraETbCA Y CMOPOBUKIB, NPeACTaBHUKOM AKNX €
nnasmogin ManapinHUM.

BbpyHbKy8aHHA — CMOCIO PO3MHOXEHHS, 3a AKOro Ha KNiTWHI (Hanpuknag, y
OpiKOXIB) abo Tini (Hanpuknag, y rybok, rigp, KopanoBux noninis) ¢opmyeTbcA
6pyHbKa-KiTMHA UM 6pYyHbKa-6araTOKAITUHHWIA YTBIp, WO 3rOAOM BiJOKPEMITIOETbCA
ab0 3aNMLIAETLCA Ha BCE XKUTTA.

CnopoymeopeHHs — CNocib PO3MHOXEHHS, WO 3AiCHIOETLCA 3@ yUYacTi Cnop, LWo
bopmytoTbca BcepeHi OAHOKNITUHHMX OpraHi3miB (Hanpuknag, xnopenu, xnamigo-
MOHaAu) abo B crewianizoBaHUX opraHax 6araToKNITUHHUX OpraHi3MiB (Hanpuknag, y
BMLLMX CMOPOBUX POCSNH)

OpazmeHmayia — cnocié PO3MHOXEHHS, 3@ AKOrO Tiflo 6araToKNITMHHOI TBapUHU
LinTbCA NonepeyHrM NOAINOM Ha 6araTo YaCTVH, KOXKHa 3 AKUX POCTe 1 yTBOPIOE HO-
BUIA OpraHiam. Y Takuin cnocié MoXyTb PO3MHOXYBATUCA HUTYACTI 3eNeHi BOQOPOCTI,
6araToLeTNHKOBI YepBY, MOPCbKI 3ipKu.

BecemamuesHe po3MHOXeHHS — CMOCiO PO3MHOXEHHS, WO 30iNCHIOETbCS Oara-
TOKNITUHHUMM YacCTMHaMK, AKi BiQOKPEMIIOITbCA Bi MaTepPUHCbKOro OpraHiamy.
Moro ocHoBy cTaHOBUTb ABMLWE pereHepauii. Lia popma po3MHOXeHHs HanbinbLu
XapakTepHa Ansa KBITKOBUX POCINH.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OTXe, HecTaTeBe PO3MHOMXEHHA OOMEXY€E PiI3HOMAHITHICTb 03HAK Y HOBUX
0CO6VH, ane MoXe 3a KOPOTKMI CMPUATIUBUN Nepiof 3abe3neunTi LWBUKe
208 YTBOPEHHA BENMKOI KiNbKOCTI HalafKiB 3 NOAiOHMMN 03HaKamu.
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flke 3HaUEHHSA CTaTEBOro PO3MHOXEHHSA B Npupogi?

CrateBe PO3MHOMEHHs — 8i0MBopeHHA cobi NnodibHuUx 3a ydyacmi cmamesux
knimuH. Ui KniTMHW MicTATb rannoigHUin Habip XPOMOCOM, OCKiflbKM Yy CTaTeBOMY
PO3MHOXeHHI 6epyTb yuyacTb [ABi 6aTbKiBCbKi 0COOUHU. OOOB'A3KOBOK YMOBOW
CTaTeBOro PO3MHOMEHHA € 3yCTPiy ramerT i IXHE 3nUTTA — 3anfigHeHHsA, Wo Cynpo-
BOMPKYETbCA YTBOPEHHAM MOBHOIO 1 HEOOXiAHOTO ANA PO3BMTKY HOBOFO OpraHiamy
AMnnoigHoro Habopy xpomocom. flameTu, Wo X YyTBOPIOE YONIOBiYa 0COOUHA, Ha3nBa-
I0TbCA CMePMaTO300HaMM (CnepMiaMM), a XKIHOYI rameTn — ANLEKTITUHAMMN.

OCHOBHUMW crocobamm CTaTeBOrO PO3MHOMKEHHA € NoNiembpioHis, NnapTeHore-
He3, po3AiNbHOCTATEBICTb Ta repmMadpPoOaNTUIM.

MoniembpioHisa — NnpoLec po3BUTKY KiNIbKOX 3apOKiB 3 OfHI€l 3annigHeHoT AnLe-
KniTuHW. MNMoniembpioHia goCUTb MOLWMpeHa cepel Pi3HMX rpyn TBAPUH (BilluacTmx
i KinbyacTux yepBiB, iHOAI UNEHUCTOHOrMX, pKb, NTaxiB, ccaBUiB). K cTane ABuLe
noniemopioHia npuTaMaHHa [AesKUM KOoMaxaM (Hanpuknag, i3gusam) i ccaBusiM
(Hanpuknag, 6poHeHocusaM). [MoniemOpioHIA TPanAsAETbCA TaKoX y pociuH. MNpu
LUbOMY B OfHI/ HaCiHVMHI PO3BUBAETLCA KiNbKa 3apofKiB (TonbnaHw, ninisa, natarra,
CyHWUi Towo). [logaTKoBi 3apOAKM B HACiHWHI MOXYTb PO3BMBATUCA HE TiNbKK i3
3annigHeHoT ANLEKNITUHN, a 1 3 iHWKWX KNITUH HAaCiHWHK 6e3 3anfigHeHHs.

MapmeHozeHe3 — cNocCi6 PO3MHOMXEHHS, 3@ AKOrO PO3BUTOK HOBOFO OpraHi3my
30iNCHIOETbCA i3 HEe3anNigHEHOI ANLEKNITUHIW. 3a NapTeHoreHesy AOYipHI opraHiamum
MaloTb iAEHTUYHUI 3 MAaTEPUHCBKMM Habip cnagkoBoi iHpopmaLil i po3BMBaOTbCA
y BUAIB, OCOOUHN AKMX PIAKO 3yCTpivalTbcsa MiXK coboto. MNputamaHHmii 6aratbom
pocnrHam (KBiTKOBUM) i 6e3XpebeTHMM TBaprHaMm (nonenuusam, nanaovyHnKam, Koso-
BEPTKaM, esiKM BraM LBIPKYHIB, METENMKIB Ta OC), a TaKOX AesKNM XpebeTHUM
(pnbam, amodibism, swipkam). MapTeHoreHes moxe 6yTW rannoigHUM (Hanpuknag, y
MEeLOHOCHOT 64K0NKn) 1 AUNNOIAHUM (Hanpuknag, y nonenuub), pakybmamusHum
(Heobos’szkoguMm) (Mypaxu) Ta obnizamHum (0608’A3k08uM) (KaBKa3bKa CKeJibHa
Awipka). MapTeHoreHes LWNPOKO PO3MOBCIOAXKEHUN TaKOXK Yy POC/INH, HabyBawum
pi3Hux opm. Hanpurknag, napteHokapnisa y 6aHaHiB abo LUTPYCOBUX.

Yonogiui 11 KiHOUi rameT MOXyTb YTBOPIOBATUCA B OOQHOMY OpraHiami abo B
OpraHi3miB pi3HOi CTaTi, TOMy 3a UMM KpUTEPIEM BUOKPEMSIIOIOTb TaKi cnocobu
PO3MHOXEHHS, AK PO31iNbHOCTATEBICTb 11 repMadpPOaNTU3M.

Po30inbHocmamesgicme — CNoci6 CTaTeBOro PO3MHOMEHHS, 3a AKOro CepMaTo30-
OHV YTBOPIOKTHCA B YONIOBIYOMY OpraHi3mi, ANLEKNITUHM — B XXiHOUOMY (Hanprknag,
Y UNeHUCTOHOrnX, XpebeTHrx). MowrpeHe Le ABKLLe i cepel KBITKOBUX POCIVH, Y
AKUX PO3PI3HAIOTb OOHO- Ta ABOAOMHI POCNHMN.

lepmaghpodumusm — crnocib cTaTeBOro PO3MHOMEHHS, 3a AKOrO Y0JI0BiYi Ta XKiHO-
yi rameTn PO3BMBaOTLCA B OQHOMY OpraHi3mi (Hanpuknag, naocKi Ta ManoLeTMHKOBI
yepswu, N'ABKM). Takni CNOCi6 3MeHLLYe 3aTpaT eHepril Ha NOLWYK NapTHepPa, NiABULLYE
MMOBIPHICTb 3aNMWNTL HAWAAKIB Y OpraHiamis, WO BedyTb NPUKPINIeHnn, napasu-
TUYHWIA, MANOPYXTMBIUIA, TMUOOKOBOAHMI CNOCi6 XnTTA. Y repMmadpoaunTisB icHyt0Tb Me-
XaHi3mu, sKi 3arnobiratloTb camo3ansigHeHH. Y TBApUH Lie HeofHOYacHe J03piBaHHA
YOJIOBIUMX i XKIHOUMX rameT, NeBHi 0CO6NMBOCTI BYAOBU CTAaTEBOI CUCTEMU. Y POCIIUH —
ofHOCTaTeBi KBIiTKM (y 080- Ta 00HOOOMHUX POC/IUH), PO3TalLyBaHHA TUUMHOK | MaTOUOK
Ha Pi3HMX PIBHAX 32 JONOMOTIO0 CTOBMUUKIB Pi3HOI JOBXWHM (2emepocmunis), HeOfHO-
YyacHe [03piBaHHA TUUYMHOK i MAaTOUOK B OfHIl KBITUi (Ouxoeamis) Ta iH.

§ 53. PenpogyKuia Ak MexaHi3m 3abe3neyeHHA 6e3nepepBHOCTI iCHYBaHHA BUAIB

OTxe, cTaTeBe PO3MHOXEHHS MA€ nepeBaryl Haj, HeCTaTeBMM, OCKiNIbKM HOBI
0CO6OVHYM YCMaAKOBYIOTb O3HaKM 000X 6aTbKIBCbKMX OCOOMH i TOMY MaloTb
MOX/MBICTb Kpalle MPUCTOCOBYBATUCA [0 HAaBKONIMLIHLOIO CepefoBULa. 209

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




BIANBbHICTb

x/‘ CamocrTiiiHa po6oTa 3 Tabnuueio

MopiBHANTE 03HAKU HECTAaTEBOrO 1 CTaTEBOIO PO3MHOXEHHA Ta chopmyntonTe
BVICHOBOK MNPO iXHI0 posib y 3abe3neyeHHi 6e3nepepBHOCTI iCHyBaHHA BUAIB.
Ta6nuua. MTOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM PO3MHOXEHHA
OPrAHI3MIB
O3Haka HectateBe po3MHOXeHHA | CTaTeBe pO3MHOMEHHA
Mogin KniTUH
YyacTb KNiTuUH
Habip xpomocom y KniTrHax
[>xepeno MiHNMBOCTI
YyacTb 6aTbKiBCbKUX OCOBUH
|0eHTNYHICTb HaWaaKiB
OCHOBHIi CNOCO6OY PO3MHOXKEHHSA
bionoriyHe 3Ha4yeHHA

bionoria + biopisHomaHiTTA. PenpogykKuis cnopoBux pocnviH

MpurapaiTe UMKN BiATBOPEHHA NanopoTel Ta Has-
BiTb MOrO CTagii. ke 3HaYeHHA Ma€ HaABHICTb Y IXHbOMY
LMK MOKONiHb, WO PO3MHOXYIOTbCA HecTaTeBO (cro-
poodita) Ta ctateBo (rametodita)? OuiHiTb nepesaru
HecTaTeBOI Ta CTaTeBOI penpoaykKuii y npupogi. Yomy
6araTo BUAIB POCIUH NOEAHYIOTb y CBOEMY LKA Bif-
TBOPEHHA HecTaTeBe 11 CTaTeBe PO3MHOMEHHA?

CTABJIEHHA

Bionoria + Mucreyrso. Xyz0)KHA penpoayKuis

MopiBHANTe penpopyKuii kKapTuH «CoHAWHUKM» Knopga MoHe, BaH lora i Mapii
MpriiMayeHKo i3 NPUPOLHUM COHAXOM — pe3yrbTaTom bionoriyHoi penpoaykuii. Lo
€ CNiNbHOrO 1 BiAMIHHOTO MiX XYOXXHbOIO 11 6ionoriyHoto penpoayKuieo?

PE3VJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJIO
1. Wo Take penpopaykuia? 2. Ha AKnx piBHAX BiAbyBaEeTbCA penpoayKLia 6ionoriy-
Hux Bugis? 3. Lo Take HecTaTeBe PO3MHOXeHHS? 4. Ha3BiTb OCHOBHI dopmu He-
CTaTeBOro po3MHoOXeHHsA. 5. Lo Take cTateBe po3mMHOXeHHA? 6. Ha3BiTb OCHOBHI
$OpMU CTaTeBOro PO3IMHOMXKEHHS.
7. Ak 3abe3neuyeTbca 6e3nepepBHICTb icCHyBaHHA BUAiB y yaci? 8. Aki ocobnuso-
7-9 |cTi HecTaTeBOi GOpPMU PO3MHOXKEHHA? 9. AKe 3HaUEHHSA CTaTeBOro PO3MHOXEHHS
B NPUpPOAI?
10-12 | 10. [MopiBHANTE HecTaTeBe Ta CTaTeBE PO3MHOMEHHS.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

210
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lMpupoda He nuwe OUBOBUXHIWIA, AHIX MU 1 yA8/19€EMO, —
80HA OUBOBUXHIWIA, AHIX MU MOXeMO cobi yasumul.
[x. XonodeliH

§ 54. Oco6nMBOCTI pereHepauii opraHismy nOANHN

OcHOBHi NOHATTA 1 Knio4yoBi TepmiHn: PETEHEPALIA. DisionoriuHa pere-
Hepauif. PenapaTtuBHa pereHepadis.
MpurapanTe! Lo Take pereHepauia?

X Momipkyiite!

l'y6KM 3a CBOEIO 3AaTHICTIO 10 pereHepalii
nepeBepLlyoTb YCi BigoMi 6araToKNITUHHI TBapuH-
Hi opraHi3amu. lpoBefeHi gocnigM nokasanu, Wwo
HaBiTb NPOTEPTi KPi3b CUTO OKPeMmi KNiTUHM ry6oK
3[aTHi y BOAi 36MpaTnca B CKynyeHHA 1 yTBOpIOBaTH
NMOBHOLiHHI 0COBVHW. flka BNaCTUBICTb KMBOTO € OC-
HOBOIO i€l 3aaTHOCTI?

3MICT

AKi mexaHi3Mu pereHepauii?

PEFEHEPALLIA (Big nart. regeneration — BiHOBNEHHA) — ye hpoyecu 8iOHOBIEHHA
Op2aHI3MOM ympayeHux abo NOWKOOXeHUX YacmuH, d MAakox 8i0meopeHHs YinicHo-
20 Op2daHi3My 3 negHoI lio2o YacmuHu. TepMiH «pereHepauif» 3anponoHysaBy 1712 p.
bpaHuy3bkuin yueHuin P. Peomiop (1683-1757), siknia BMBYaB pereHepadito KiHLiBOK
piuKOBOro paka.

PereHepalia € 3aranbHo6ionoriyHMM ABKLLEM | BifOYBaETbCA Ha YCiX PiBHAX Op-
raHisauii »KMBmx iCTOT B yCix opraHiamiB. Ha monekynapHomy pieHi BinbyBaioTbcA
BiZIHOBNIEHHA MONEKY, CUHTE3 PEryNATOPHUX BiNKiB (HanpuKnag, KeNoHiB, WO ranb-
MYIOTb MiTO3), JiANbHICTb reHiB pereHepadii Towo (Hanpuknag, y BiAHOBMEHHI XBO-
CTa y AWipKK 3agiAHO 326 reHiB). Ha knimuHHOMYy pieHi 3ficHIOETbCA pereHepalis
BHYTPILUHbOKNITUHHOI Ta KNITUHHOI dopmu. Ina 8HympiwHboKknimuHHoI pezeHepayil
XapaKTepPHUM € BifHOBNEHHS YaCTWH KNITUHK, opraHen abo iXHiX KOMNOHEHTIB, 36iNb-
LWEHHS KiNnbKOCTI KNiTUH abo X po3mipiB. KnimuHHa pezeHepayid, TO6To BiqHOBNEHHS
BTPauyeHnx abo MOLIKOAMKEHUX KNITUH, 3AINCHIOETbCA 3aBAAKM MITO3Y i amiTo3y. Npu
LbOMY HaMuacTille 3aMiHIOITbCA KNITUHM Tina (HanprKnag, 3a y4acTi NPOMIKHUX KJli-
TUH Y TYOOK 1 KALWKOBOMOPOXHUHHWX), KNITVHW MOWKOLXEHOT TKaHUHW Ui opraHa
(HanpwrKnag, 3a y4acTi CTOBOYPOBUX KNITUH) @60 CTUMYNIOETLCA MOAIN KNITUH, WO 36e-
pernuca (Hanpuknag, 3a yyacTi YNHHUKIB pOCTy).

Ha mkaHuHHOMY pigHi pereHepalis BNacTnBa TKaHUHaM YCiX TUMIB, ane HalBULLa
3[aTHICTb ;O CAMOOHOBJIEHHA NPUTaMaHHa Yy POC/IVIH TBIPHMUM TKaHMHaM, y TBapyH —
eniTenianbHUM i CnoflyYHKM. Y BUNAAKY NOBHOI pezeHepayii BifOyBa€eTbCA BiAHOBNEH-
HA TKaHWHW, NOAIGHOT O BTpayeHol (HanpuKnag, pereHepauia cnvM3oBoi 060N0HKM
KULLEYHUKY), @ Y BUNAAKY HeNno8Hol pezeHepayii — Ha MicLi MOLKOAXEeHOI TKaHUHU
YTBOPIOETHLCA iHIWA (HanpuKnag, y pa3i NowKoaXeHHsA enigepmicy Wwkipn GopmyeTbca
CNONTYYHOTKaHWHHWIA pybeLb).

Ha pieHi opzanie 3paTHicTb [0 pereHepauii He 3HMKNA, a Habyna dopmu
(BHYTPILWHBOKNITUHHOT ab0 KNiTMHHOI), WO BiANOBIZa€ iXHi cneuianizauii. OTxe, BCi
TKaHVHW 1 OpraHy MatloTb 30aTHICTb [0 pereHepalii, pisHuMuy € nuiwe i popmu.

§ 54. OcobnmBOCTi pereHepaLlii opraHiamy nogMHN
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Ha opeaHizmoeomy pieHi pereHepauif, Hanpuknag, € OCHOBOI iXHbOro HecCTa-
TEBOIO PO3MHOXEHHsA. TaK, y 6eroHin 3 MMCTKOBOro XmeLA GOpPMyeTbCA LiniCHAN
OopraHism.

OTXe, 3aaTHICTb JO pereHepalii € dyHAaMeHTaNbHOK BACTUBICTIO YCiX
opraHi3miB i BiOyBa€eTbCA Ha BCiX PiBHAX iXHbOI OpraHisaLii Ta BCix eTanax
IXHbOrO PO3BUTKY — Bif 3apOAKIB A0 HANCTapilWMX NPefACcTaBHMKIB NonynALil.

AKi BuAN Ta 3HaYeHHA pereHepadii?

OcHOBHUMY BrIaMu pereHepallii € ¢pisionoriyHa Ta penapaTrBHa.

QisionoriuHa pereHepauia — ye npoyec 8i0HO8/IeHHA YHKUIOHYIOYUX CMPYK-
myp opzaHiamy (opzaHes, KNimuH, MKAaHUH, op2aHig). BoHa € npoaBom Takoi GpyHAa-
MeHTanbHOI BACcTUBOCTI XUBOFO, AK CaMOOHOBJMIEHHA. 3aBAAKW Ui pereHepauii
3abe3neuyloTbCA CTanicTb CKMagy BHYTPIWHbOrO cepefoBulLa Ta HOPManbHa XWT-
TenianbHicTb. MNpuknagamu ¢isionoriyHoT pereHepadii € BiZHOBNEHHA eniTenito cnu-
30BKMX 0OONOHOK, POriBKM OKa, KNITUH KPOBIi, HEMPOHIB, KICTKOBOrO MO3KY, NeYiHKu1
Towo. Y 6aratbox TKaHWHaXx iCHYIOTb cnelianbHi Kam6ianbHi K1imuHu, WO NOCTINHO
NMOMOBHIOTb HEOOXiAHWI CKNaf KNiTMH. Hanpuknag, HepBoBa TKaHWHa MICTUTb Hell-
pobnacTtu, KicTKoBa — 0CTeo61acTu, XPALWOBa — XOHAPO6NACTH, KiICTKOBUN MO30OK —
CTOBOYpPOBI KNiTUHW. Y M'A30BMX TKaHWHaX HeLOAaBHO BiAKPUTO KNiTUHU-CaTeniTu,
WO MOXYTb 3aHyplOBaTMUCA BCepeauHy M'A30BMX BOJIOKOH i MepeTBOPIOBATUCA Ha
anpa abo capkonnasmy. IHTEHCUBHICTb BIAHOBMIEHHS B [iNsHKAX, WO MiCTATb KaM-
GianbHi KNITUHK, € Ay>Ke BeNVKOo. TaK, LMAIHAPVUYHNIA eniTeNil TOHKOro KULLEYHUKY
BiJHOBJIIOETbCA Uepe3 KOXHi 2-3 f1o6U, KNiTVHW POFiBKU OKa pereHepyTbcs uyepes
KOXHUX 7-10 gi6, eputpoumnTn — 100-120 gi6.

PenapatuBHa pereHepauis — npoyec 8i0HO8/IEHHA NOWKOOXeHUX CmpyKkmyp
op2aHiamy (opzaHes, KIiMUH, MKAHUH, opeaHis). Lien Bup pereHepadii po3ropTaeTbca
Ha nigrpyHTi ¢isionoriuHoi, TO6TO Ha OCHOBI TMX CaMMX MeXaHi3MiB, i Bif3Ha4aeTbCA
nuwe 6inbLo IHTEHCUBHICTIO NpoABiB. Yepes Te penapaTrBHY pereHepadiio pos-
rNAQATb AK HOPMasnbHY peaKkLilo OpraHiaMy Ha YIWKOAMKEHHS, L0 XapaKTepn3yeTbCa
Pi3KMM nocuneHHam ¢isionoriyHmx mexaHiamis BigTBOpeHHA crneundiyHnx CTPYKTYp
(in. 122).

Tema 4. PENMPOAYKLIA TA PO3BUTOK

CroB6ypoBi
KNiTUHW

3ary6nena b s RO G MosBa KicTok
KiHLliBKa JART R R VB TRl Ta TKAHWH

In. 122. MexaHi3m penapaTBHOI pereHepauii BTpaYeHoi KiHLiBKA Y IMYNHKN
212 ambictommn — akconoTna
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Y GionoriyHoMmy acnekTi pereHepauia € NPUCTOCyBalbHUM fpouecom, chop-
MOBaHVM Yy XOAi eBonoLil, AKNA NPUTAaMaHHNI YCbOMY »KMBOMY i CMPAMOBaHWI Ha
BIHOBJIEHHS CTPYKTYPW Ta GYHKUii TKAHWHW. 3HAYUeHHA pereHepadii NonsArae B mMa-
TepianbHOMY 3d6e3nedyeHHi 20Meocmasy Ha Pi3HUX PIBHAX CTPYKTYPHOI opraHisatii.
PereHepauin 3ab6e3neuye 8i0HOB/IeHHA BTPAUYEHMX abo YLIKOMKEHUX CMpPyKmMyp op-
raHiamy a6o uinoro opranismy. Kpim Toro, 3aBasaku pereHepauii opraHiam BifJHOBMOE
BTPAYeHi y Npoueci XXUTTEQIANbHOCTI KNITUHW A TKaHWHW (Hanpuknag, OHOBNEHHSA
KNITUH KPOBI, WKipK, eniTenito TpaBHOro KaHasny). Y BOROPOCTEN 1 3eN1eHNX POCINH
pereHepaLia € 0CHOB0I 8e2eMaMUBHO20 PO3MHOXEHHHA.

OTXe, pereHepauia — npouec BiAHOBEHHA
GYHKLIOHYIOUMX 1 NOLIKOAMXKEHUX CTPYKTYP,
a TaKOX 3[iNCHEHHA PO3MHOXYBaNbHOT GYHKLT.

AKi YNHHMKM BNAMBaOTb Ha NpoLlecy pereHepaLii B opraHismi nioguHmn?
BuBueHHA npouecis pereHepadii gano 3mMory BCTaHOBUTK, WO pereHepadia no-

nibHa fo embpioreHesy. TinbKku B pasi embpioreHe3y opraHu yTBOPIOTbLCA Breplue,

a B pasi pereHepalii - sapyre. CnagkoBa OCHOBa LMX npoueciB ogHakoBa. [ig vac

pereHepadii fitoTb Ti caMi MexaHi3Mu, BHacNioK AKUX BifOyBaeTbCA aKTMBaLiA TUX

reHis, Wo 6ynu akTUBHI B eMbpioHanbHoMy nepiopfi. PereHepalito BapTo po3rnaga-

TV AK MOBTOPHUN PO3BUTOK, Y AKOMY FOMIOBHY POJb BifirpalTb HEMpPOrymopanbHa

perynauia, iMyHONOTiYHI YNHHUKKN 1 GYHKLIOHaNbHE HAaBaHTAXKEHHSA, WO CTUMYIIOE

BiAHOBIOBANIbHUI NMpoLec.

Mpouec pereHepadii y NI0ANHW 3aNeXKNTb Bif LiN0Ol HA3KN eHOOTreHHUX | eK30reH-
HVX YNHHUKIB, AKNMWN BM3HAYAIOTbCA IHTEHCUBHICTb PO3BUTKY i KiHLEBUI pe3ynbTaT
npouecy. Hain6inbl BaroMmMn YMHHMKaMK, WO BMIMBAOTb Ha NpoLec pereHepadii,
€ TaKi.

1. Bik.Y nignitTkoBomy 11 loHaLlbKOMY BiLli NpoLecy pereHepallii BigbyBatoTbcaA iHTeH-
CUBHiLLe i 6iNbll 4OCKOHANO, HiXK Y NiTHIX ab0 Niofe cTapeyoro BiKy.

2. XapuyBaHHsA 1 06MiH. BUCHaxeHHA, HepoigaHHA, rino- abo aBiTamiHO31 (0cobnu-
BO fediyunT BiTamiHiB C i D) icTOTHO 3aTpUMYIOTb 1 YNOBINbHIOKTb pereHepauiliHi
npouecu.

3. TopmoHanbHUM ¢oH. MopyleHHs GyHKLIOHYBaHHA 3a5103 BHYTPILLHBbOT ceKpeLii
(0cobnMBO HagHUPHWUKIB, rinodisa, CTaTeBUX 3a5103) 3MEHLUYE LWBUAKICTb NpoLe-
CiB pereHepaduiii.

4. CTaH KpOBOTBOPEHHS 11 KpoB0OObiry. HasiBHiCTb aHEMIT € JOBEAEHOIO Y NpaKTULi
03HaKOI0 3HWKEHHA pereHepauiiHOl 34aTHOCTI OpraHismy.

5. CraH ueHTpanbHoi HepBOBOI cucTeMU. [OCTPi abO XPOHIUHI CTpecK NocnaboTb
npouecu pereHepadii.

MoXnnBoCTi 3aCTOCyBaHHA pereHepawii 4na nikyBaHHA NIOANHN BYBYaE pezeHe-
pamueHa meduyuHd. Hanbinblu BaroMmmx pe3synbTaTiB JOCATHYTO B CTOMATONOTIl, Ni-
KYBaHHA OBGNNCIHHA, OYHUX, HEPBOBUX, CEPLIEBO-CYANHHMX XBOPOO.

§ 54. OcobnmBOCTi pereHepaLlii opraHiamy nogMHN

OTXe, BUBYEHHA Npobniem pereHepauii BifKprBaE nepcnekTnan
Ni3HaHHA 3aKOHOMIPHOCTEN, YMOB, MeXaHi3MiB NMpoLeciB BigHOBJIEHHSA
i po3pobneHHA MeTOAIB BMNBY Ha HUX.
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[IANbHICTb

x,/‘ CamocrTiiiHa po6oTa 3 Tabnuueto

MopiBHAlTe BUAKM pereHepadii i cbopmyniolite BUCHOBOK MNPO 3arasibHi I BigMiHHi

0cobnmBoCTi.
Ta6nuua. MOPIBHANIbHA XAPAKTEPUCTUKA BUAIB PEFTEHEPALLIT
OsHaka OisionoriuyHa pereHepalis PenapatuBHa pereHepaLia

BusHaueHHA
3HayeHHnA
IHTEHCMBHICTb
Mpuknagn

bionoria + MeguuunHa. PereHepauia KicTKOBOT TKAHUHM

MNMowkKopXeHa KiCTKOBa TKaHWHA MOXe 3a3HaTW HU3KWU CTagin penapaTuBHOIO
npouecy 1 BiAHOBUTK CBOI aHaTOMiuHy opMy, CTPYKTYpy i dyHKUiOHanbHy npwu-
JaTHicTb. Y npoueci BigHOBIEHHA KiCTKOBOI TKaHWHW Bif0yBalTbCA CKNagHi 3MiHK,
WO 3ane)kaTb Bil KPOBOMOCTAYaHHA KiCTKM, BiKY NIIOQUHK, 3arafnbHOro CTaHy opra-
Hi3My. Ha3BiTb OCHOBHI CTafii i NOACHITb, AK BifOYBAETbCA 3POLLEHHSA KiCTOK MicnA
nepesnomy.

CTABJIEHHA

bionorisa + Midponorisa. Oco6nuBocTi pereHepaLii y nioguHun

flBule pereHepadii Bigome noasm 3 rMMOOKOT JaBHUHM i
BigobpaxxeHo B 6araTbox mMidpax abo Kaskax. HaTsak Ha BigHOB-
NEHHSA OpraHy €, Hanpuknag, y rpeybkomy Midi npo Mpometes.
Konwu BiH 6yB NpuKyTWIn A0 CKeni 3a BUKPaZEeHHA BOTHIO, LO-
JEeHHO open BMigaB NeyviHKy, i LoA4eHHO BOHa BiAHOB/OBanacs.
MigTBEepAKeHHAM TOMY € ” oguH i3 noasuris lepakna — noe-
OVIHOK 3 NIepHENCbKOIO Tiapoto. A siKUMK € 0COGNMBOCTI pere-
HepaLii B OpraHi3mi JIl0OAMHW 3rigHO i3 CyYaCHUMUN HAyKOBUMU
JocniaKeHHAMN?

PE3YJIbTAT

Tema 4. PENMPOAYKLIA TA PO3BUTOK

3aBfjaHHA ANA CAMOKOHTPOJIO
1. Lo Take pereHepauia? 2. Ha3BiTb gBi popmun pereHepadii 3. Lo Take ¢isiono-
1-6 |riyHa pereHepauin? 4. HaBegitb npuknagn disionoriyHoi pereHepadii. 5. Lo Take
penapaTuBHa pereHepaduia? 6. HaBegiTb npruknagn penapatrMBHOI pereHepadii.
7. Alki mexaHi3amu pereHepauii? 8. AKi BUAK Ta 3HaueHHA pereHepauii? 9. AKi YNHHK-
K1 pereHepaduii BninBaloTb Ha NpoLecK B OpraHiami niognHm?
10-12 | 10. Ha KOHKpeTHOMY NPUKAaAi MOACHITb 3HaYEHHA pereHepadil.

7-9
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KoxHa ntoduHa - ye icmopis, wo 8iopizHAEMbCA 8i0 6yO0b-aKOT iHWOI.
A. Kapperno

§ 55. TpaHcnnaHTaLiA TKAHVIH Ta OPraHiB Yy NIOANHN

OcCHOBHi NOHATTA 1 Kno4voBi TepmiHn: TPAHCIJIAHTALIA. TpaHcnnaHTo-
noris.

MpuraganTte! Lo Take TKaHMHK 1 opraHn? LLlo Take TpaHcnnaHTauia?

3Hanomrecsa!

HaykoBy TpaHCnaHTONOri0 3ano4yaTkyBaB MeToj
CYOVIHHUX WBIB, AKUIA po3pobuB y 1902 p. dpaHULy3bKuii
xipypr Anekcic Kappenos (1873-1944). Llen metogn yMOXnu-
BVIB TPaHCMaHTaLil0 OpraHiB i3 36epexXeHHsIM KpOBOOOiry.
HaykoBellb cTaB 3aCHOBHMKOM eKCMeprIMeHTaNbHOI TpaH-
CniaHTauii XXUTTEBO BaXK/IMBMX OpraHiB N oTpumas Hobe-
niBcbKy npemito 3 disionorii i meguumHm (1912). A wo Take
TpaHcnnaHTayia?

3MICT

AKi pocArHeHHA cyvyacHoi TpaHCNNaHTONOTIi?

TPAHCIJTAHTALIA (Big naT. transplantatio — nepecap»XyBaHH=A) — ye 3amiuyeHHs
NOWKOOXEHUX YU 8i0CYMHiX MKAHUH abo opzdHi8 8/1ACHUMU MKAHUHAMU abo
mKaHuHamu U op2aHamu, uwo ix 83amo 8i0 iHwWo20 opeaHizmy. MNepecagky opraHis
i TKAHWH Ha3MBalOTb TPaHCMNAHTALIE, @ HaYKY, WO 3aMa€ETbCA BMBYEHHAM LbOro
npouecy, — TpaHcnnaHTonoriet. JinAaHka opraHa, Wo nepecagXxyloTb, Ha3MBa€ETbCA
TpaHcnnaHTatom. OpraHism, Bil AKOro ogepXyoTb MmaTepian AnA TpaHCcnnaHTauii, Ha-
31IBa€ETbCA JOHOPOM; OPraHi3M, AKOMY NnepecagKyoTb TPAaHCNIAHTAT, — PeLUMiEHTOM
(in. 123).

Mepuwy y cBiTi TpaHcAnaHTaUilo HAPKKX Bif MOMepPsol NIOANHN 3[4INCHUB YKpaiH-
cbkuia nikap 0. H0. BopoHuii (1895-1961). Binbynacs ua nogia 3 KBiTHA 1933 p.

Mepecapka opraHiB i TKAHWUH MOXe BifbYBaTUCA B MeXax TOro Camoro opraHiamy
(aemompaHcnnaHmayis), Mix opraHiamamm ogHoro Buay (asrompaHcnaaHmaduis) abo
Mi>K opraHiamamu pisHUX BUAIB (KceHompaHcnaaHmayis).

Y KNiHiIYHIA NpakTULi HabiNbLIOro NoWNpPeHHA g
Habyna nepecafka TKaHVH i YaCTUH OpraHiB, Hanpu- GD
Knag m'A3iB, CYXOXKMNOK, LWKipW, KiCTKOBOI, XpALLO-

BOI i XKMPOBOT TKAHVH, CYAUH, HEPBOBUX CTOBOYPIB,

KiCTKOBOrO MO3KyY, neuiHku, cepus. OcobnmBum Bu- B
[OM TpaHcnnaHTauil € nepenmBaHHA KPOBI, 3a AKOro
BPAXOBYIOTbCA rpyna KPoBi i pesyc-dakTtop foHOpa
i peyunieHTa. B odpTanbMonorii LIMPOKO BUKOPUCTO-
BYIOTb nepecajKy poriBkM OKa 3a MeTogoM, pO3po-
6neHnm akagemikom B. . OinatoBum (1875-1956).
3 uncna opraHiB, WO X TPAHCMNAHTYIOTb, Hanyac-
Tile 3pilicHOlOTL NepecafKy HUpku. O6HagiinuBi
pe3ynbTaT OTPMMAHO B pa3i TpaHCcnnaHTauii Wwkipwu,
€HOOKPVHHNX 3aN03, 30KpemMa AEYHUKIB, AEYOK, In. 123. OpraHu noanHN —
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OTXKe, ycnixu cyyacHoi Xipyprii faloTb 3MOry 3[4iCHUTA TEXHIYHO
nepecagky HanBaXKIMBILINX ONA XUTTEQIANbHOCTI TKAHVH Ta OPraHis.

flke ronoBHe 3aBAaHHA Cy4YacHOI TpaHcNaHTonorii ?

TpaHcnnaHTonoria — po3gin MeauLMHK, WO BUBYAE NepecagKy TKaHVH, OpraHis
a00 X WTYYHMX 3aMiHHUKIB. LLlopiuHO B CBITi 3aificHI0ETHCA 6nM3bKko 100 THC. Nepeca-
[OK OpraHiB (HUPOK, cepua, NeviHKK, NigLWwnyHKOBOI 3a103K, NIereHb).

BBefieHHs B opraHiam uyopigHux 6inkiB, He BNACTMBUX AaHili OCOOUHI, BUKNN-
Ka€ IMyHHi peakLii, cnpAMOBaHi Ha 3HULLEHHA YyXopigHoOro 6Ginka i 36epexeHHnA
cTanocTi BnacHoro 6inkoBoro cknagy. BigToprHeHHA TpaHcnnaHTaTta BigbyBaeTbcA
yepes aHTUreHHy BiAMIHHICTb NOro Bi aHTUreHiB peuunieHTa. Peakuia BigTOprHeHHA
TPaHCMNIaHTaTa 3yMOB/IeHa aHTUTINaMK. Y LibOMy NOMIAra€ TPaHCAaHTaLiNnHWI iMYyHi-
TeT — HafiNHWI 3aXUCT OpraHi3my Bif, Yy>KopifHuX 6inkiB. byab-AKuI opraHiam npar-
He 0 36epeXkeHHsA iIMyHONOriYHOro romeocTasy, To6To CTaoCTi aHTUIEHHOTO CKnagy
TKaHVH. Yepe3 me no0os1aHHA iMyHOI02i4H020 6Ap'epa HeCymicHOCMi MKAHUH — Hal-
CK/Ia0HiWa npobaema mpaHcniaHmosoaii.

MpoTe iHOAI OpraHi3am MoXKe CPUNMATI YYXKi aHTUIeHU AK
CBOT BRacHi 1 He BUPOGNATU NPOTM HMUX aHTUTIN. Take ABMLLE
Ha3BaHe iMyHOJI02iYHOO mosiepadHmMHicmio, TO6TO TonepaHT-
HICTIO OQHOrO OpraHi3amMy OO aHTWreHiB iHWOoro. fBuwe imy-
HOJNOriYHOI ToNepaHTHOCTI 6yno Bigkpute B 1953 p. yecbkum
embpionorom M. lawekom i aHrnicbkum 300norom . Mepa-
Bapom (in. 124). NpoBefeHi HAMN eKCnepyuMeHTX MoKasanu:
AKLO Ha eMOpPiOHaNbHOMY eTani PO3BUTKY BBECTU B OPraHi3m
yy>KopifHi 6inKkn (@HTUreHn), To Hagani BXxe JOPOC/i TBapUHU
cnpuMaTUMyTb ix AIK CBOI BnacHi. OpraHism 6yae go Hux Tone- 1. 124.Tl. Mepasap
paHTHUM. JocnigxeHHAa M. laweka i . MegaBapa nigreepannm (1915-1987)
rinote3y O. bepHeTa (1949) Npo Te, WO CTBOPEHHSA iIMYHONOTYHOro roMeocTasy Bif-
6yBa€TbCA B paHHii nepio po3BUTKY OpraHiamy, Konv 3aknafaerbca i GopmyeTbesa
nimdoigHa TKaHWHa.

[na nogonaHHA TKAHMHHOT HECYMICHOCTI Nif Yac TpaHCMIaHTaLil BUKOPUCTOBY-
10Tb pi3Hi MeTogu. [lo cneumndiuHX MeToAiB HanexaTb: a) obip AJoHOpa i peLunieHTa
3a TKAHVMHHOI CYMIiCHicTIo; 6) ranbMyBaHHA TpaHCMaHTaLiMHOro iMyHiTeTy (Hanpu-
Knag, 3aCTOCyBaHHA LMKIOCMOPUHY UM iHWIUX NpenapaTiB Ana npodinakTnkmy peakuii
BiATOprHeHHs); B) GOpMyBaHHA TONEPaHTHOCTI B peunnieHTa 4O aHTUreHiB JOHOopa.
HecneuundiuHi meToan RiloTb Ha iIMyHHY CMCTEMY BCbOTO OpraHiamy. BoHu ranbmytotb
He TiNbKW TpaHCNNaHTauinHUn, a i iHGeKLUinHWA iMyHiTeT. Liboro gocsaratTb pi3Ho-
MAHITHMMM 3aC06amMU: ranbMyBaHHAM aKTUBHOCTI iMyHHOI CMCTEMMU, ONMPOMIHEHHSIM,
BBEAEHHAM creLianbHOI CMPOBATKN, FOPMOHIB Ta iH. [poTe HanBaXkNnuMBiLle 3aBAaHHA
CyyYyacHOI iMyHoOJOrii — He MPOCTO 3aranbMyBaTW iIMyHiTeT, a 3arajbMyBaTu came
TpaHCNNaHTauinH1i iMyHiTeT, 30epirwm dyHKL i 3axXncTy opraHiamy Bif iHbeKuin.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OTXe, roNoBHMUM 3aBaHHAM TPAHCMMIAHTONOrIT € MOAONAHHA
6ap'epa GionoriyHoi HeCyMicHOCTI.

AKi ocHOBHI HaNpPAMM PO3BUTKY Cy4YacHOI TPaHCMIaHTONOTi?
B ocTaHHi gecATuniTTA PO3BMBaOTLCA TPU OCHOBHI HaNpPAMK TPaHCNAHTONOTII:
1) OTPMMaHHA WTYYHNX OPraHiB; 2) BUPOLLYBaHHA OPraHiB l TKAHUH METOAOM K/TOHY-
216 BaHHA; 3) BUKOPUCTaHHA TPaHCMNAHTATIB Bif TBapuH (is1. 125).
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HoBum y TpaHcnnaHTONOrIi € po3gin, NOB'A3aHNI 3i CTBOPEHHAM i 3aCTOCYBaHHAM
WTYYHMX OPraHiB AnA TMMUYacoBOi abo MOCTINHOT 3aMiHM TOFO UM IHLWOrO OpraHa Jo-
OnHK (imnnaHTagia). Tak, Hanpuknag, iMNaaHTOBaHNM OPraHOM MOXYTb CJyryBaTu
LUTYYHi KnanaHu cepus, Lo HAMIW 3aMiHAITb YparkeHi. 3aCTOCOBYIOTb TPaHCNIaHTaL o
npoTesiB CYAUH, KpULWTanrKa oKa, 3pobneHNX i3 CUHTETUYHUX MaTepianis. € mogeni
MiHIaTIOpHUX MEMOPAHHVX OKCMIeHaTOPIB, NiereHb, NiALWYHKOBOT 3a103u, NeYiHKK,
HUPOK, cepuA. lNNepcneKTUBHUM € OTPUMaHHA OpraHiB 3a gornomoroto 3D-npuHTepis.

MaHKpeaTnyHi
ocTpiBLi

KnitnHn
MO3KY

YepBoHi
KPOB'AHiI
Tinbua

TkaHVHK
oKa

In. 125. TkaHUHW 11 OpraHy CBUHI, WO X BUKOPWCTOBYIOTb A1A TpaHCMaHTauil

BupowysaHHa oKkpemux KAimuH, MKAHUH i Op2dHi8 No3d Op2aHi3MOM HA Xu-
8UJIbHUX CcepedosUWAX | 3a NeBHUX yMO8 HA3UBAEMbCA eKCnaHTaui€el. Lleli metop
BMKOPUCTOBYIOTb Y HAayKOBUX AOCNIIXKEHHAX ANA 3'ACyBaHHA 6araTbOx MuTaHb Teo-
peTuYHOI i NpakTnYHoi 6ionorii Ta MeauUUHN. KNiTUHHI KynbTypu BUKOPUCTOBYIOTb
LNA OTPUMAHHA AiNAHOK WKipK, Aeaknx GepmeHTis, aHTWTiN. OCTaHHIM YacoM BenvKe
NPaKkTUYHEe 3HAYEeHHA Ma€E MeToA KYNbTUBYBAHHA KNITUH KiCTKOBOro mo3sky. Kynbtu-
BYBaTV/ B MEBHUX YMOBaX MOXHA TaKOX Ljifli i3011bOBaHi opraHu, y3aTi Bif )XnBoro abo
3armbnoro opraHismy. lna uboro BUKOPUCTOBYIOTb CreLiafibHi Kamepu, B AKUX CTBO-
ploOTb BiAMOBIAHI yMOBU. Yepes cyarHM opraHa NponycKkaTb KPOB abo crewianbHi
PO34MHN, HACUYEHI KNCHEM, ANA NIATPUMAHHA NOro XUTTeRianbHOCTI. Jocnian 3 Bia-
HOBMIEHHA QYHKLIN TakMX i30/IbOBaHNX OPraHiB, AK cepue i FONOBHNUA MO30K, Manu
BefIMYe3He 3Ha4YeHHA ANA PO3BUTKY peaHiMaTosoril.

Lyxe nofioHMMN [0 NIOACBKMX € OpraHu CBUWHI, KO3u, npumatiB. Ha cborog-
Hi 4OCNIOHMKM BXe YCNiWHO BMAANAITb €HOOreHHi peTpoBipyCcn 3 reHoMy CBUHI,
BMKOPUWCTOBYOUMN TexHiKy peparyBaHHa reHiB CRISPR-Cas9, i BupoLyoTb CBMHEN,
no36asneHux Bipycis. Lle, y cBoto uepry, ycyBae ofHy 3 Hanbinblumx nepewkon Ana
TpaHCNIaHTawil opraHiB Big CBUHEN A0 NIOANHN.

OTKe, NnepcneKkTMBY TPAHCMIAHTOMOrII MOB'A3YIOTb i3 BUPOLLYBaHHAM

OpraHiB M TKaHWH, OTPUMAHHAM LUTYYHUX OPraHiB i BAKOPUCTaHHAM

OpraHiB i TKaHWH Bif, OpPraHi3miB iHWNX BUAIB.

§ 55. TpaHcnnaHTauiA TKaHWH Ta OPraHiB y JIIOANHN

DIAJIbHICTb
Po3B’A3yBaHHA KpocBopAaa

CyyacHUI CTPIMKWIA PO3BUTOK Gionorii cnpusas NoABi NPUHLUNOBO HOBUX METO-

[iB pereHepauii 1 TpaHcNNaHTaLil, WO € OOHIE 3 NPUYNH PO3BUTKY HayKn Npo Mo-
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panbHICTb NOBEAIHKN NOAUHN Y 6ioNoriYHO-MeLNYHIl 6 8

ranysi 1 B cdepi oxopoHu 3g0poB'a. Po3B’s3aBwn Kpo- PR ]

CBOpP/, BY OTPUMAETE Yy BUAINEHNX KNITUHKaX Ha3By L€l [ { "

Hayku. [igrotyiTte Npo Hel KOPOTKe MOBIAOMIIEHHA.

1. Bug Tolypocladium inflatum, 3 NpopyKTiB XWUTTER-
ANBHOCTI AKOro obyBalTb MPUPOAHNIA LUKIIOCMO-
PVIH — Le NnapasnTuyHum...

2. binbmo - e NOMYTHIHHA...

OpraHi3m, Bif AKOro oTpMMyIOTb OpraHn Ym TKaHMHMN.

HaykoBelb, AKMI 3ano4aTKyBaB Yy TPaHCMIaHTOMO-

rii MeToZ CYANHHMX LUBIB.

PeyoBurHY, WO CNPUUYMHAIOTL BIATOPrHEHHA.

YKpaiHCbKMI Nikap, AKWUI 34iNCHMB NeplLuy y CBiTi TpaHCMAAHTaL 0 HUPKU.

OpraH, Wo Noro HaryacTille TPAHCMIAHTYIOTb Y CyYacHin MPaKTUYHIA MeaULUHI.

HaykoBeLb, OANH i3 aBTOPIB BiAKPUTTA iMyHONOTiYHOT TONEPaHTHOCTI.

Blonorm + Jlitepatypa. MepcnekTuBmM TpaHCNAAHTONOTIT
DaHTacTMKa — »aHp XyAOXHbOI NiTepaTypu, B AKOMY

3a [JOMOMOrol0 AOAAaBaHHA BUrafaHUX, YABHUX eJIeMeHTIB

CTBOPIETLCA CBIT, BIAMIHHUI Bi CbOrOAeHHOro, peanbHo-

ro. Temy TpaHcnnaHTauii opraHiB po3rnaganu y cBoix ¢an-

TacTnyHux TBopax O. benses («fonoea npodecopa doyensa»,

«JllopnHa-amoibiax»), M. bynrakos («Cobaue cepue»), M. Pe-

Hap («[lokTop JlepH»), K. TpyHepT («fonosa mictepa Creiina»).

LLlo » Takoro HEMOXIMBOTO € B CyYacCHil TPAHCMIAHTONOTIi?

OuiHiTb HaNGVXYi NepPCNEKTUBY LibOro Po3Ainy HayKu.

CTABJIEHHA

w

>

10 N O ;

Bionoria + KiHo. Yomy A. LLiBapueHerrep 3aBiB MiHi-CBMHOK?

Kinbka pokiB Tomy Haszap akTopy ApHonbgy LUBapueHerrepy
3aMiHUAN OAMH i3 KnanaHiB cepuA. TpaHCOMaHTauilo 34iNCHUAN
YCiWHO, i Wo LikaBo, AOHOPOM AN1A akTopa CTana CBUHA. T we B
3apOAKOBOMY CTaHi Oyno BBeAEHO reHW NoAWHNY, WO AOMOMOrn
YHUKHYTW Npobnem BigToprHeHHA. 3 Toro yacy LBapueHerrep Bu-
KNIOYMB 3 paLlioHy CBUHUMHY i NOro oMalluHiMKM ynobneHuaMy ctanu
MiHi-cBUHKK. ChopmynioliTe BNacCHi CYyAKeHHA LWOoAO eKcnnaHTauil
TKaHWH 1 OpraHiB..

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wlo Take TpaHcnnaHTauia? 2. ki € Buan TpaHcnnaHTauii? 3. Ik Ha3nBa€eTbCA HayKa
npo TpaHcnnaHTaui? 4. Ha3BiTb OCHOBHY Npo6nemy CyyacHOi TPaHCMIaHTONOTi.
5. Lo Take ekcnnaHTauia? 6. HaBegiTb NpuKnagn opraHiB i TKAHWH, WO iX TPaHC-
NAaHTYIOTb Y NIOANHN HaMyacTiLwe.

7. AKNMUN € [OCATHEHHA CyYacHOI TPaHCNaHToNOrII? 8. AKMM € rofioBHe 3aBAaHHA
7-9 |cyyacHoi TpaHcnnaHTonorii? 9. Ha3BiTb OCHOBHI HanpAMM PO3BUTKY HayKu npo
TpaHcnnaHTauito.

10-12 | 10. OUiHiTb NepCneKTUBMN TPAHCMIAHTONOTII.
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KnimuHu He suHukatoms de novo, a ymeopioromsca
wi1IXoM penpoOoyKUyil nonepeoHix KimuH.
K. CeeHcoH
§ 56. PenpopykKuia KniTuH

OCHOBHi MOHATTA N Kntoyvosi Tepminn: PEMPOAYKLUIA KNITUH. MITO3.
AmiTos.

MpurapanTe! Lo Take penpopykKuia?

MomipkynTe!

OpraHi3m nognHY, 3a OLiHKaMM1 HayKOBLiB, CKNa-
Jaetbea 3i 100 000 (10™) mnpg KNiTuH. | BinbwicTb i3 wi€i
KiNIbKOCTi KNITWH Tina 3amiHI0I0TbCA HOBUMY KOXHi 7-10 po-
KiB. [poLec OHOBNEHHA KNiTVH BiAOYBaEeTbCA NO-Pi3HOMY B
Pi3HMX YacTMHaX Tina, ane NOBHe OMOJSIOAMXKEHHA «3 Hir Ao
ronosu» TprBae 6nm3bko 10 pokis. 3aBAAKM YoMy BinbyBa-
€TbCA KOMOJIOLKEHHA» OpraHiamy noanuHN?

3MICT

flke 3HaueHHA penpoayKuii KNiTMH?

TepMiH «penpopyKLuis» € 3aranbHOBIONOriYHNM MOHATTAM, WO XapakTepusye Bif-
TBOPEHHSA Ha pi3HuMX piBHAX. Tak, penpoaykuia AHK BigbyBaeTbca Ha MoneKynapHoOMy
piBHi, penpoaykLuia BipyciB — Ha CYyOKNITUHHOMY, penpoayKUia KNiTUH — Ha KNITUHHO-
My, penpoayKLia opraHiamiB — Ha OpraHi3MmoBOMy.

PEMPOAYKUIA KNITUH - 8iomeopeHHA HOBUX K/TIMUH WJ/IAXOM Noodiny 8UXiOHOI
K1imuHu. BigTBOpeHHA KNITUH — Lie He NPOCTO BMHUMKHEHHA ABOX KITUH 3 OAHIEI, a
YTBOPEHHSA ABOX KNiTWH, AKi MiCTATb OfHAaKOBY CrafKoBy iHpopMmaLlito, Ta Le N nogioHy
no iHbopmauii 6aTbKiBCbKOI BUXiAHOT KNiTUHK (in1. 126). 3a 3gaTHiCTIO Ao penpoaykuii
KNITVHW TBapMHHOIO OPraHi3aMy noginATb Ha YOTUPKW KaTeropii: 1) sucokocneuyiani-
3080HI KZTIMUHU, WO He AinATbCA (HeMPOHW, KNITUHW CKeNeTHUX M'A3iB, Kapaiomiouu-
TW); 2) NOHOB/TI08AHI KNIMUHU (HanpuKiag, eHTepoUnTN — KNiTUHK eniTenito CIn3oBoil
0060JIOHKI KMLLIEYHMKY, WO »KMBYTb 5— 10 AHIB i OHOBMIOIOTLCA 3@ JOMNOMOrol0 Kambi-
anbHUX KNiTWH); 3) cmosbyposi knimuHu (36epiratoTb 34aTHICTb JO NOAiNy NPOTAroM
BCbOTO XUTTA OPraHiaMy i 3aMiHIOTb KNITUHWY, AKI TMHYTb); 4) KNiTUHK, AKi 3a3BMYaNn
He PO3MHOXYIOTbCA, aNne 3a MeBHUX YMOB MOXYTb fefAndepeHLiloBaTnca i BCTynatn'y
MiTO3 (Hanpuknag, renaTouuTy, AKi HabyBatloTb 34aTHOCTI 10 NOAiNY 3a penapaTUBHOI
pereHepauii).

3 penpofayKLi€to KNiTUH NoB'A3aHi picT opraHi3mis, disionoriyHa 1 penapatms-
Ha pereHepadin, HecTaTeBe PO3MHOXEHHA. 3aBAAKUN KNITUHHOMY nofiny 3abe3neuy-
€TbCA 6e3nepepBHICTb iCHYBaHHA HACTYMHUX MOKOMiIHb KNITWH i LiNiCHUX OpraHi3mis,
OCKiNbKM iHAMBIgYyanbHe XUTTA GiNblWOCTi KNiITUH 06MeXeHe NOPIBHAHO KOPOTKUM
TepmiHOM. Penpogykuia KniTnH y 6araTokniTMHHMX OpPraHi3miB pi3ko 36inblye ix
afanTMBHI MOXMBOCTI 1 CTBOPIOE HEOOXiAHI NepeymMoOBY ANA iHAMBIAYaNbHOIO Ta
icTopnYHOro po3BuTKYy. OCHOBHMM TUNaMu PeNPOAYKLii KNiTUH € MiMmO3 Ta amimos.

§ 56. Penpogykuia KniTuH

OTxXe, penpoayKuia KniTnH 3abe3neuye 6e3nepepBHiCTb iCHYBaHHA
HaCTYMHUX NOKOJiHb KAITUH i LiNX opraHi3mis.
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Yum miTo3 BigpisHAETbCA Big amiTo3y?

Penpopgykuia kKniTmH B opraHiami nwognHn
MOXe BifbyBaTncA WNAXOM MiTO3y (HempaAmui
nopgin) i amitosy (NpAmMun nogin).

MITO3 (Big rpeu. mitos — Humka) — ye nodin
eyKapiomuyHuUx KaimuH, 8HAc1i00K AKO20 ymeo-
ptroromsca 2 00YipHI KAIMUHU 3 MAKumM camum
Habopom XpomMocoMm, Wo U y MamepuHCbKol Kili-
muHu. MiTo3 y KNiTUHHOMY LMKNi BifOyBaeTbcA
nicna iHTepdasm, nig yac AKOI KNiTMHA pocTe,
CMHTE3Y€e OpraHiyHi CnonyKu, NogBOE CnajKo-
By iHdOpMaLjito, 3anacae eHeprilo Ta roTyeTbcA
[0 MiTo3y. MiTo3 yMOBHO noginaATb Ha 4 dasu:
npodasy, metadasy, aHada3y i Tenodasy (in. 126).

Mpodasa - dasa KoHAeHcauii Xpomocom.
OcHoBHUMYM NpoLuecamy Npodasu €: 1) KoHAeHcaUis (YLWiNbHEHHS) ABOXPOMATULHMX
XPOMOCOM; 2) PO3XOLXKEHHA LeHTpionen Ao Noniocis; 3) 3HUKHEHHA Agepus; 4) pos-
nag agepHoi 060/10HKK; 5) GopMyBaHHA BepeTeHa noginy.

Metadasa - pasa po3rallyBaHHA XPOMOCOM Ha ekBaTopi KniTnHu. CnocTepira-
€TbCA NPUKPINIEHHA KOPOTKMX HATOK BEpeTeHa Nnoginy fo LeHTpoMmep i po3TallyBaH-
HA IBOXPOMATUAHUX XPOMOCOM Ha eKBaTopi KNiTUHW B O4MH pAf.

AHadasza - paza po3xopKeHHA xpoMmocom. B aHadasi BigbyBatoTbca ckopoueHHsA
HUTOK BepeTeHa Nofiny Ta Po3XoAeHHA OAHOXPOMATUAHUX XPOMOCOM [0 MOJIOCIB.

Tenodasa - dpaza gekoHAeHcauii xpomocom. Lle csoro pogy «npodasza HaBnakmy,
B fAKil BigbyBaTbCA: 1) AeKoHAeHcalis OLHOXPOMATUAHMX XPOMOCOM; 2) po3Tally-
BaHHA LeHTpionen 6ins agpa; 3) bopmMyBaHHs sfepeLb; 4) yTBOPEHHS A4epHOI 060-
JIOHKW; 5) pyHYBaHHA BepeTeHa noginy.

£
El:[

m
@
wv I
=
&

IHTepda3a

In. 126. KniTHHWI ynkn

Mpodaza MeTadasza AHadasa Tenodasa

PyiHyBaHHA aaepHOT MertadasHa
) acTUHKa

@ -000JI0HKMN

Xpomocomu, AKi cKknagarTbea 3 . r
ABOX XpoMatng BepeteHo noginy [ouipHi xpomocomn AAEPHOT 0BOIOHKN

In. 127. ®a3un mito3y: 1 - npodasa; 2 - metadasa; 3 — aHadasa; 4 — Tenodasa

BionoriuHa ponb MiTO3y nonarae B TOYHOMY BiATBOPEHHI KNiTUH, 3a6e3neyeHHi
PiBHOMIPHOrO PO3Mogisly XPOMOCOM MAaTEePUHCbKOI KNITUHW MiX ABOMa JOYipHiMK
KNiTUHaMU i NigTPUMaHHI CTanocTi KapioTuny. MiTo3 € 0CHOBOIO POCTY, pereHepadii i
HeCcTaTeBOro PO3MHOMEHHSA OpraHi3mis.

AmiTo3 — ye npamul nodin KIimuH, wWo 8iobysaemocs wsaxom nodiny Aopa, 6e3
pennikayii JHK U koHOeHcayii xpomocom ma 6e3 ymeopeHHA sepemeHa nodiny. BiH
BNACTMBUI BUCOKOCMELiaNi30BaHMM KNiTUHaM (HEMPOHaM, XOHAPOLMTaM, NefKouun-
Tam KpOBi, KNiITMHaM eHJOTeNil0 KPOBOHOCHWUX CYAMH), KNITUHAM MYX1H, CTapilounm
KniTMHam abo KniTmHam, npupeyeHnM Ha 3arnbenb (Hanpuknag, KniTMHam 3apofKo-
B/X OOONOHOK CCaBLiB). AMITO3 MOXe CynpOBOAXKYBaTUCb NOAINOM KNiTUHM 3 yTBO-

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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PEeHHSAM OBOX KMIiTUH 3 NpubIM3HO OAHAKOBOK CMagKoBoOW iHPopMaUi€l, a Moxe
obMmexXyBaTuCb noginom agpa 6e3 noginy LMTonnasmu, Wo NpUBOANUTb JO YTBOPEHHSA
[BO- Ta GaraToagepHUX KNiTKH (in. 128). AMITO3 NOPIBHAHO 3 MITO30M TpaMnIAETLCA
pigwe i Bigirpae gpyropAagHy ponb y KNiTUHHOMY MOAiNI OpraHi3MiB, OCKINIbKM KNITUHW
nicna amitosy 36epiratoTb GyHKLUiOHaNbHY akTUBHICTb, MOAINATUACA YXKe He MOXYTb.
bionoriuHa posib amiTo3y — Le WBMAKe NONOBHEHHA KNITUHHUX NONYAALUIN y npoueci
penapaTnBHOI pereHepadii.

OTXXe, MiTO3 € OCHOBHUM CMOCOOOM PenpoayKLii eyKapioTUUHNX
KNIiTWH Tifna, Wo BU3HaYa€e picT, ¢pisionoriuHy pereHepawiio Ta HecTaTteBe
PO3MHOXKEHHA eyKapioTiB; aMiTo3 — TpannAeTbcA pigwe 1 3abesneyye
penapaTuBHy pereHepadito.

AKi YMHHUKN BNAMBaIOTb Ha MiTO3?

Ha miTo3 BNAMBaoTb 30BHILIHI 1 BHYTPILLHI, BHYTPILUHbOKNITUHHI 1 NO3aKAITUHHI
UNHHUKK. [TyCKOBMM YMHHWKOM AAA MITOTUYHOMO MOAINY KNITUH € CMNiBBiAHOLWEHHA
06’emiB Agpa i yuTonnasmu. Benuky ponb Bigirpae Takox cnHtes OHK i MidKKNITUHHI
B3aEMOSl.

[lo BaXXNMBUX 308HIiWHIX YUHHUKI8 perynauii miTosy BigHOCATb JO6OBI puTMU.
Tak, y TBapuvH, AKAM MPUTAMaHHUIA HIYHWIA CNOCIO XUTTA, MAaKCUMYM MiTO3Yy Npu-
Nnafa€ Ha feHb, a Y AeHHNX TBAPWH 1 NIOAUHM — Ha Hi4. [aMMa-npomeHi BnanBatoTb
Ha MIiTO3, CNPUUYUHAYN B KIITUHaX MWOOKI nopyleHHA. MiToTUYHI Xxpomocomu
3MiHIOTE GOPMY, PO3PUBAIOTLCA, OKPEMI AiNAHKA XPOMOCOM MOXKYTb 3HMUKATU.
PeHTreHiBCbKi NpomeHi Npu3BOAATb OO TMMYAcCOBOro MPUMWHEHHA MIiTO3y, ane
AKWO KNITUHW He 3aruHynn Bifi ONPOMIHEHHA, TO MITOTUYHMWI NOAIN MOCTYNOBO
BiAHOBNIOETbCA. MiTO3 ranbmMy€eTbCA BUCOKOK TemnepaTypoio, BUCOKMMM JO3amu
MOHi3ytouoi pagiauii, Ai€lo POCIMHHMX OTPYT (Hanpuknag, ankanoig KOnXiuuH, wo
BUAiNeHn 3 6ynb6ounOYNNH Ni3HbOLBITY OCIHHbOTO, Ma€ 3aTHICTb MPUTHiYyBaTU
YTBOPEHHA MITOTUYHOIO BEPETEHaA).

BHympiwHiMu YuHHUKAMU perynauii MiTo3y € BMAMBU CUCTEMU HENPOrymoparb-
HOI perynsuii, 3yMOBJeHi [li€l0 FOPMOHIB HaJHMPKOBUX 3as103, rinodisa, Wntonogio-
HOI i cTaTeBUX 3an03. Tak, A4nsA aKTUBALIT KNITMHHOTO UMKy NOTPIGHUI NpOorecTepoH,
IO € YNHHUKOM POCTY. MiTO3 X)OPCTKO perynioeTbCa AK CaMoto KNiTUHO (Hanprknag,
3MIHO CUHTE3Y LMKIIHIB 1 LMKNiH-3aneXXHUX depmeHTiB), TaK i il oToueHHAM (Hanpu-

. . . . . . I
Knapg, BiICYTHICTIO KOHTaKTIB 3 NofibHMMK KNiTuHaMy abo BNIMBOM ropMoHiB). Lle =
OAHUM YMHHUKOM perynauii € NoCnigoBHICTb 34iNCHEHHA CTagin MiTo3y. Kpim Toro, 2
BCTAHOBJIEHO, WO NiCNA NEBHOI KiNbKOCTi NOAINIB BMUKAETbCA reHeTUYHA Nporpama, El
LL|O He JOMYCKAE PO3MHOXEHHA HALWAAKIB L€l KNITUHN. 2
o
. . S a
OTXe, Ha NOYaTOK, Nepebir i 3aBepLIEHHs MiTO3Yy BMIMBalOTb Pi3Hi o
. . . . [a W
30BHIlWHI Ta BHYTPILWHI YAHHUKN. S
un
[Y7,)
DIAJIbHICTb
3 CamocTiiiHa po6oTa 3 Tabnuueto
Po3srnanbTe cxemy amiTto3y. [lopiBHANTe Len nofin COMaTUYHUX KAITUH i3 MiTO-
30M. 3aMoBHITb Y pob6ouomy 3owunTi Tabnuuto «MopiBHANbHA XapaKTepucTuka mMitosy
1 amiTo3y» Ta copMynioiTe BUCHOBOK MPO iXHIO MOAIOHICTb 1 BigMIHHOCTI.
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In. 128. Cxema amiTO3y 3 YTBOPEHHAM ABOX KNITUH (A)
i nBoAgepHoi KnitTnHu (B)

O3HakKa MiTto3

Amito3

1. AnAa AKnX KNiTUH BRacTBmin?

2.Mopin agpa

3. Cnipani3auia 1 KoHAeHcauia XpoMoCoM

4. YTBOpPEHHA BepeTeHa noginy

5. KniTvHW, yTBOPEHi 3 MaTePUHCbKOT

6. OYHKUiOHYBaHHA KNIiTUH

7.bionoriyHa ponb

Po3B’A3yBaHHA BnpaB. MiTo3

BnpaBa 1. O6uncniTb, CKiNbKM KNITUH YTBOPUTHLCA BHACNILOK
8 nocnigoBHMX MITO3iB 4 COMAaTUYHUX KNITUH B OpraHi3mi nioguHun.
CKinbKy XxpoMocom Oyfie B KOXHIll 3 HUX, AKLO B MAaTEPUHCbKUX
KNiTUHaX iX MicTUTbCA No 23 napu?

BnpaBa 2. B agpi comaTtuyHoOl KNiTMHK Ha cTagil npodasn mi-
TO3y MicTuTbCAa 13,68 - 107° mr OHK. flka kinbkictb JHK 6yae B sigpi
COMATUYHOT KNITUHM OApPas3y NicNA 3aBepLUeHHA MIiTO3y?

CTABJIEHHA

Bionoria + Hayka. Perynauia KniTmHHoro unkny

Jl.TaptBenn, P.TaHT i . Hepc oTpumanu . E
Hob6eniscbKy npemito B ranysi isionorii i 4
meauumHn 2001 p. 3a BIAKPUTTA KIOYO- b
BUX PErynAaTopiB KAITUHHOIO LuKy. BoHun
BiAHAVLWAW KOYOBI MONEKYIN — LNKNIHN i
LMKNiH-3anexHi GepMeHTH, WO perynioTb
KNITUHHWIA UKD B eyKapioTiB. OuiHiTb 3Ha-
YeHHA HayKoBOro BiAKpuTTA perynatop- /1 fapteenn P. Tant
HUX MOSIEKYN KNITUHHOIO LUUKAY ANA NPaKTUYHOI AiANbHOCTI NognHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. Wo Take penpopykKuia KniTMH? 2. Ha3BiTb OCHOBHI TUMW PenpoayKuil KNiTuH.
1-6 |3. o Take miTo3? 4. lLlo Take amiTo3? 5. HaBefiTb NpuKNaan 30BHILLHIX YAHHUKIB
perynauii mito3sy. 6. Ha3BiTb NpuKnagn BHYTPILLHIX YAHHWUKIB perynauii MiTo3y.

9. AIKi YNHHVKKM BNJINBAOTb HA MiTO3?

7. flke 3HaueHHA penpopyKuii KNiTMH? 8. Ynm MiTO3 BiApI3HAETbCA BiA amiTo3y?

10-12

umKny?

10. Ake NnpakTnyHe 3Ha4YeHHA Mae€ Biﬂ,KpVITTﬂ pPerynatopHuUx monekyn KNITUHHOIO
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3miHa 6ymma... ye nepexio KinbKicHO20 8 AKiCHe i Hagnaku.
I.B. ®. [ezenb

§ 57. PicT i po3BUTOK KNiTUH Ta YNHHMKMW, L0 Ha HbOTO
BNJINBaIOTb

OCHOBHi NOHATTA 1 KnouoBi TepmiHu: LUUTOTEHE3. Pict knituH. AVUOE-
PEHUIALIA KNITUH. JeTepmiHauifa KniTUH.

MpuraganTte! Lo Take KniTMHa?

MomipkynTe!

3aKoH B3aEMHOro nepexopy KinbKiCHUX 3MiH B
AKiCHI — Ue 3araibHN 3aKOH PO3BUTKY: KiTbKiCHI 3MiHU nocmy-
nogo Hakonuuylomecs U CNPUYUHAIOMb 3MiHYy AKOCmMi 06’ekma
abo Asuwd, wo 30ilcHIEMbCA cMpubkonodibHo. byab-sKui
npeameT abo ABULLE MA€E NeBHY AKICTb, WO BiAPI3HAE 110ro Big
iHWNX NpeaMeTIiB Ta ABULL, | NEBHY KiNbKiCTb, WO XapaKTepun3ye
noro wopgo po3smipis, o6'emy, macu Towo. Y cnpaBesnnBui
Lie 3aKOH ANA XUTTA KNITUH?

3MICT

Aki Big6yBaloTbcA picT i pO3BUTOK KNITUH?

| eo—

§ 57. PicT i pO3BUTOK KNiTWH Ta YNHHMKM, O HA HbOTO BNNBAKOTb

LIUTOTEHE3 - ye picm (i po38umok KnimuH, Wo cynpo8o0XyombcCs 83dEMON08 A-
3dHUMU KiZTbKICHUMU U AKICHUMU nepemeopeHHAMU. T1icna CBOro yTBOPEHHA KAITUHN
MOUYNHAIOTb «KifIbKICHO» POCTUN 1 «AKICHO» PO3BMBaTUCA. MPUKIAAOM LUTOreHeTUY-
HUX NepeTBOPEHb € YTBOPEHHA KNIiTMH KPOBI, CMepmMaToreHes, oBoreHes ToLo.

PicT KniTuiH - ye cykynHicme KinoKicHUX ’
3MiH, W0 3ymMmosoome 36ib6WeEHHA PO3Mi- ©_,._,©_,@_,G_,, J"e
pig, macu ma o6’emy knimuH. PicT KniTuH L]
BM3HAYAETbCA MepeBakaHHAM aHaboniu- l ;__,l
HMX NPOLLeCiB CUHTE3Y Haj KaTaboniuyHMM U\ 'I_K Ju s i [ 1\
npouecamu po3nagy pevyoBuH. YCi KNiTUHM ﬁ — — 7 1:* S ‘
3/aTHi 0 POCTY, ane B KOXHOI 3 HUX BiH Bif- H 1,—4 7| L) ‘ { 1 [
O6yBaTUMETbCS 3 MEBHUMY OCODINBOCTAMMU, =
LL|O 3aneKaTb Bifi 30BHILUHIX Ta BHYTPILLIHIX In. 129. PicT i PO3BMTOK EPUTPOLUTA
UMHHKKIB. Ha picT KNiTMH BNANBalOTb TeM- (620pi) | POCAMHHOT KNITMHY (8HU3Y)
nepaTypa, HaaBHICTb MOXNBHUX PEYOBUH 1
BOAM, BiACYTHICTb WKiANNBMX YNHHUKIB, GyHKUIi, pH cepepoBmiya Towwo. I3 BHYTpiLW-
HiX YMHHUWKIB BMOKPEMUMO reHeTUYHy iHbopMaLlito Ta HaABHICTb YMHHUKIB POCTY.
YuHHUKU pocmy — NpUPOAHI 6inKy, Wo 3B'A3yI0TbCA i3 peLenTopamm Ha NOBEepPXHi Kii-
TVH | CTUMYIIOOTb Npouecy pocTy. Kpim TOro, YAHHUKN POCTY BaXKNMBI ANA perynto-
BaHHA Pi3HOMaHITHOCTI KNITMHHNX NpOLecCiB.

Po3BUTOK KNIiTUH — ye CyKynHicmo AKICHUX 3MiH, ujo 8e0yms 00 noA8U 8iOMiHHO-
cmeli NOPiIBHAHO 3 honepedHiMu cmaodiamu. Y pe3ynbTaTi PO3BUTKY BUHWKAE HOBUN
CTaH KJTUHK, WO BM3HAYAETbCA 3MiHamMU 1i XiMiuyHOro cknagy, 6ynoBu N XUTTeRi-
ANbHOCTI. i 3MiHK MaloTb HE3BOPOTHUI, HaMPAMIEHN Ta 3aKOHOMIPHUI XapakTep.
Mig yac po3BUTKY BifOYBaOTLCA 3MiHW B LUTOMMA3Mi KNITUH YHaCNiAoK 1i B3aEMogii 3
AAPOM.
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Mpouecam pocTy " PO3BUTKY MpUTamMaHHI NEBHI OOMEXEHHSR, WO CTPUMYIOTb
36inblueHHA PO3MipiB 1 3MiHY dopmU B NeBHUX Mexax (i1. 129). 3i 36inblueHHAM ni-
HiIIHMX PO3MipiB BABIYI MOLWA NOBEPXHi KNITUHN 30iNblIyeTbCA B 4 pa3n, a 06'em —
y 8 pasiB. Lle mae BaxnvBe 3HaueHHA OnA 0OMiHY peyoBUH, eHeprii Ta iHbopmauil
i3 30BHILIHIM AnA KNiTMHW cepepoBuLLeM. Po3mipu KniTUH obmeXxytoTbca nepenycim
edekTuBHicTio gndysii, Wo 3abe3neyye TPAHCMOPTYBAHHA BaXX/IMBUX NOHIB, enemeH-
TiB | MONIeKyn y unTonnasmi i Kpisb KNiITUHHY MeMbpaHy.

3HaHHA UUTOreHe3y KOXKHOT KNITUHW i TOFO, AK reHN KOHTPOIOKTb IXHi HOpMarnb-
HUI PO3BUTOK, JOMOMOXYTb HAaYKOBLAM PO3KPUTU MEXaHI3MWN BMHUKHEHHA 3aXBO-
ptoBaHb i BNAMBATN Ha CAMOOHOBEHHA KNITUH.

OTXKe, uuToreHes KNiTMH € HEPO3PUBHOK B3AEMOMOB’'A3aHOK EAHICTIO
NpoLueciB IXHbOro POCTY N PO3BUTKY.

AKi KniTMHM € BUXigHMMN B Npouecax unroandepeHuiauii?

OundepeHuiayia (Big nat. differentia — BigMiHHICTb) KNITUH — Lle YTBOPEHHA pi3-
HUX KNiTWH i3 MOYAaTKOBO OAHOPIAHUX, WO 3abe3neuye Taky BaXK/IMBY AJiA OpraHi3miB
pi3HOMaHITHICTb (i1. 130). [eHeTUYHNI MaTepian KNiTUH NPU LbOMY 3aNMLLIAETbCA He-
3MiHHUM. ludepeHuiauia KNiTMH CTBOPIOE Pi3HOMaHITHICTb dopmu, GyHKLiN 1 nose-
AiHKM, He MOPYLLYYN NPU LibOMY EAHOCTI OpraHi3amMiB. A BIiAMIHHOCTI MiX KRiTUHamMWu,
AKi MaloTb OIHAKOBMIA Habip reHiB, B3HavYaEe ougpepeHyianbHa akmueHicmeo 2eHis.
Y npoueci andepeHuiaLii BMUKAOTbCA reHK, Nig Ji€ AKUX KNiTUHA NepeTBOPOETHCA
Ha NeBHUIN OAWH TUM, | NPUrHIYYIOTbCA 3a yYacTi cnelianbHuX GiNKiB reHu, Aki mornu 6
cnpAMyBaTy ii No iHWoMmy wnaxy agndepeHuiadii.

OudepeHuiauia KNiTUH B opraHiami ntognHn
" XxpebeTHUX TBapVH BifOyBaeTbCcA B embpiore-
He3i 3aBAAKM 3apoOKo8UM CMOBOYPOBUM Kili-
MUHAM i NPOJOBXKYETbCA Yy NocTembpioreHesi
3aBOAKM CMOBOYPOBUM KJIiMUHAM 00pOC/I020
op2aHizmy. X MOHa BUABAATA MPaKTUUYHO B
KOXHI TKaHMHi JOPOCSIOro OpraHiamy, B AKOMY
BOHM 6epyTb yuyacTb B pereHepauii, 3aro€HHi
paH. MNoka3aHo, WO KinbKicTb CTOBOYPOBMX Ki-
TWH B OpraHi3mi 3pocTa€ npun ¢isnyHMX HaBaHTa-
MEHHAX, Y CTPEeCOBUX CUTYaLiAX i 3MEHLIYETbCA
3 BiKOM.

CToBOYpPOBI KNiTVHM 3a CBOIMU MOXMBOC-
TAMU (NOTEHUi€) MoAiINATb Ha Taki OCHOBHI

KnitHa cnonyuHoi

ApeHouunt

) ) ] Nenkount
KaTeropii:1) momunomeHmHi KAimuHuU — KniTu- P
o ™
HU, AKI MOXYTb AndepeHLitoBaTrCA B Oyab-AKUN O 2
TUM KNITUH OPraHi3mMy i 3 AKX MOKe YTBOPUTINCA Eputpouut HeiipoH

uinuin opraHiam (Hanpuknag, 3urota, 6nacto-
Mepu); 2) nropunomeHmHi KaimuHu — Knitu-
HW, AKi TaKOX MOXYTb JaTU NMOYATOK KOXHOMY
TUNY KNiTWH, ane HOBUIM OpraHi3M 3 HUX YyTBOPUTUCA BXe He Moxe (Hanpuknag,
Me3eHXiMHI KNiTUHK, AKI JaloTb NOYaTOK KNiTMHaM KPOBIi, XPALWOBOI, KiCTKOBOI Ta
rnagkoi M'A30BOT TKaHWH); 3) YHINomeHmMHi KaAimuHu — KNiTUHK, AKI MOXYTb nepe-
TBOPIOBATUCA NULLIE HA KNITUHM OAHOro TUNy (Hanpuknag, KNiTMHW eniTenito WKipwy,
CNepMaToroHiiB).

Tema 4. PENMPOAYKLIA TA PO3BUTOK

In. 130. Cxema audepeHuiadii KniTnH
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Omxe, QAUOEPEHUIALIA KNITUH, abo untoandepeHuiauia, -
npouec BUHUKHEHHA CTPYKTYPHUX i GYHKLiOHaNbHUX BiAMIHHOCTEN MiX
KNiTMHaMK1, B pe3ynbTaTi Yoro Li KNiTMHW CTaloTb crneuianizoBaHuMn ana

Pi3HNX MPOLIECIB XUTTERISNbHOCTI 6araToKNITUHHMX OpraHi3miB.

AKi YAHHMKIN BU3HaYalOTb PO3BUTOK KNITUH?

HeTtepmiHauia kniTuH (Big nat. determinatio — BU3HaueHHA) — CyKynHicme npo-
uecis, AKi cnpaMo8yomb po38UMOK KaimuH. Lle npouec BU3HauYeHHA WAAXY PO3BUTKY
KNITUHW Ta BUHUKHEHHA AKICHOT CBOEPIAHOCTI KNITMH. EANHOI Teopii MexaHi3my ge-
TepMmiHaLii y Hayui NoKu Lo Hemae. HayKoBUi BBaxaloTb, WO AeTepMiHaLis BigbdyBsa-
€TbCA BHACIAOK Ail HU3KN YNHHUKIB, OCHOBHUMM 3 AKUX € TaKi.

1. [JugepeHyianeHa akmugHicme 2eHig. QudepeHuialisa kniTuH BinbyBaeTbca 6e3
3MiH reHoTMMny, TO6TO BCi KNiTMHU MalOTb NEBHUN Habip reHiB, BNacTUBWIA opra-
Hi3My, ane eKcnpecia Uux reHiB peryntoeTbCA TakuM YNHOM, WO Pi3HI KNITUHN
CUHTE3YIOTb Pi3Hi GiNKM i cTalTb cneuianizoBaHyMy KniTMHamMu. OCHOBHUMMU
MeXaHi3mMmamu, Lo 3yMOB/IOOTb BUBIPKOBY AifNbHICTb TEHIB, €: @) rEHETUYHI Me-
XaHi3mn perynauii (Ha piBHi TpaHcKkpunuii, npouecunry PHK, TpaHcnauii i nic-
nATpaHcnAuinHoi moaudikauii 6inkis); 6) enireHeTUYHi mexaHi3mu perynauii
(PHK-iHTepbepeHLia, meTinoBaHHA, perynayia Ha piBHi XpomMaTuHY).

2. YumonnazmamuyHul po3nodin (cerperayis), B pe3ynbTaTi Yoro AKiCHO BifMiHHi
OINAHKM UMTONNA3MM 3UrOTU NOTPANIATb B Pi3Hi JOYIpHI KNiTMHW. UnTtonnasma
BM/IMBAE NEBHUM YMHOM Ha aKTMBaLito abo rasibMyBaHHSA reHiB, L0 NPUBOAUTL 4O
CUHTEe3y neBHUX monekyn PHK, a Tum camum i cuHTe3y 6inkKis, JaHOro TUMNY KAITUH.

3. Em6pioHanbHa iHOyKYis — B3aEMOBMINBM MOPYY PO3MILLEHMX KNITUH.

4. IHmezpayia knimuH — ye CykynHicme npouecis, wo 3abesneyyromse icCHy8aHHs Kii-
MuH y cmanux abo mumM4acosux KaimuHHUX KOMNJIeKcax 0/18 BUKOHAHHSA NEBHUX
yHKyiU. Y TakKUX KOMMeKcax nepLioyeproBy posb BifirpaloTb MiKKMITUHHI KOH-
TaKTW. 3aBOAKK iHTerpauii NpoABNATbLCA BNAaCTMBOCTI 6i0ONOFiYHMX CUCTEM, WO €
epekToM B3aemogii KniTuH. Lli HOBiI BNacTMBOCTI, AKMX HEMAE B OKPEMUX KNITUH
i AKi BUHMKAOTb B KNITUHHMX KOMMIeKcax, Ha3mBaTbCA emMepoxeHmMHUMU (Big
nat. emergo — BUHMKalo).

OT>e, OCHOBHMMUW YMHHMKaMW AeTepMiHaLuil pO3BUTKY KNITUH € HU3Ka
BHYTPILLHIX i 30BHIWHIX ANA KAITUHW 6ionoriyHmx, XiMiyHnx Ta GisnyHmx
BMAMBIB Ha ii cmagkoBy iHpopmaLito.

AIANbHICTb

CamocrTiiiHa po6oTa 3 intocTpadi€to
MNMepen Bamu intocTpauia npouecy andepeHuiauii eputpouuTia (eputponoesy).
3acTocyinTe CBOI 3HaHHA Ta iINCTPaLilo A4NA BUKOHAaHHA TECTOBOrO 3aBAaHHA. 3a yMo-
B/ NPaBWSIbHMX BiANOBIAEN OTPMMAETe MpPi3BULLE HAYKOBLA, AKMI BiAKPMB epuUTpoO-
unTn. Ha3eiTb 0COOGNMBOCTI PO3BUTKY epUTPOLMTIB, BifOOPakeHNX Ha intocTpauii.

§ 57. PicT i pO3BUTOK KNiTWH Ta YNHHMKM, O HA HbOTO BNNBAKOTb

|. CroB6yposi II. Hanis- Ill. YTBOpeHHA cnewianizoBaHnX KNiTUH
KNITUHN CTOBOYpPOBI

@P2a®0e

PaHHi Mi3Hi
femoynto-  MPOEPUTPO- opyrno-  epurpo- Hopmo6nacTu PeTu- EFI).IVI:ITI'FI)/IO-

6nactu 6nactu e GrEGT Kynountn 25
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TecT-KOHCTpYlOBaHHA «PO3BUTOK epuUTpOLNTIBY
1. [e yTBOPIOIOTLCA €PUTPOLIUTI B OPraHi3mi LOPOCNol niognHn?
K y nevinui J1y yepBOHOMY KiCTKOBOMY MO3KY
My Hunpkax Hy cenesinui
2. YKaxiTb BUXiOHI KNiTUHKY, 3 AKUX NOYNHAETbCA epUTPOroes.
[ yHinoTeHTHi cToBOYpoBi  E nntoprnoTeHTHI remayutobnactm

€ npoepuTtpobnactu K petukynoyntu
3. CkinbKkun TprBa€ npouec andepeHduialii eputpouuTia y Hopmi?
A 100 - 120 gHiB b 50 - 60 gHiB
B3 -5 pHiB I ynpopoB» ogHoOro gHA
4. AKi KNiTMHU € 6e3nocepeHiMM NonepegHNKamMm epUTPOLUTIB?
B remouunTtobnactu I eputpobnactu
I HopmobnacTu E peTukynountu
5. [le yTBOPKETLCA FOPMOH €PUTPOMOETHH, L0 PErystoe eputponoes?
Ky HagHnpKoBI 3an03i J1y neviHui
My Tumyci H y Hnpkax
6. Aki BiTamiHN HeOOXiAHI ANA POCTY 1 PO3BUTKY €PUTPOLINTIB?
A TiamiH 11 ackopbiHoBa KncnoTa b peTnHon i HiKOTMHOBA KMCNOTa
B eprokanbumdeponm I uiaHkobanamiH i ponieBa KmcnoTa
7. {ki 6ioenemeHTN HeobXiaHI ANnA epuTponoesy?
Y ®epym i Kobanbt ® Hatpin i Kanbuin
X Xpowm i Hikenb L} AntomiHin i MarHin
8. fka dyHKUiA BU3Havae ocobnmBocTi 6yfoBU epuUTpoLnTIB?
K nunxanbHa J1 3axncHa
M 3cigaHHA KpoBi H noxunsHa

CTABJIEHHA
bionorisa + Hayka. lHaykoBaHi cToBOYpOBi KNiTUHM

Naypeatamn Hobeniscbkoi npemii 2012 p. 3 disionorii i meanuunHm ctanu 6pu-
TaHCbKMI 6ionor [l. TepoH Ta ANOHCbKUIM HayKoBeLb C. AMaHakKa «3a poboTu B ranysi
6ionorii po3BUTKY i OTPVIMaHHSA iHAYKOBaHUX CTOB-
6YpOBUX KNiTUHY. IXHI eKCNepUMEHTU JOBOAATD, WO
KOXKHa KNiTWHa Ma€ 3JaTHICTb nepenporpamysaTtu
cebe, Wo6 3HOBY CTaTK OHOIO | NEPETBOPUTUCA Ha
Oyab-sIKy KNiTMHY AOPOCIOro opraHisamy. B yomy
CYTb IXHiX eKCNepuUMEHTIB i AKe 3HaYeHHA Liboro Bif- 5
KpUTTA ANa MeauuuHm? [. lfepgoH C. AimaHaka

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. lLlo Take umToreHes? 2. ki npouecu € noro ocHoBoto? 3. LLlo Take audepeHuiadis
1-6 | knitnH? 4. Ha3BiTb OCHOBHI KaTeropii ctoBOyposux KnitnH? 5. Lo Take getepmiHa-
List KNiTUH? 6. Ha3BiTb OCHOBHI YMHHMKY, WO BM3HaYaloTb AndepeHuialito KniTuH.
7. ki BigbyBaloTbCA PicT i PO3BMTOK KNITUH? 8. AKi KNITUHW € BUXiZHMMU B NpoLiecax
umToambepeHuiaLii? 9. Ki YAHHMKM BU3HAYalOTb PO3BUTOK KNITUH?
10. Ha KOHKpeTHOMY npuKnaji oxapakTepusyiite npoLec yTBOPEHHSA, PocTy i Au-
depeHuiaLii KniTuH.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

10-12
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Je noyamok mozo KiHys, AKUM 3a8epuiyemosbCa NOYAMOK?
Kosema lMpymkos

§ 58. CrapiHHA Ta CMepTb KNITUH

OcHOBHi MOHATTA W Knwu4oBi TepmiHu: CTAPIHHA K/ITUH. CMEPTb
KNITUH. AnonTto3. Hekpos.

MpuraganTte! Lo Take KNITUHHUIA L1KN?

MomipkynTe!

Y cBiTNi CcyyacHuMX rinoTe3 CTapiHHA op-
raHiamiB, AKUX HanivyoTb noHag 200, HayKoBLUi
BMOKPEMIIIOITb HamnyacTile 9 KlYOBMX O3HakK:
2eHOMHY HecmabineHicms, MmesloMepHi CKOpoyYeH-
HA, MimoxoHOpianbHy OucgyHKUilo, enizeHemuyHi
3MiHU, Bmpamy 6inkosozo zomeocmasy, Hecmauy U
nopyweHHsA HaOX0O0XeHHA NOXUBHUX PEYOBUH — Hy-
mpieHmis, BUCHAXXeHHA CMo8bypo8uX KJiIMUH, 3MiHU
MIXXKIIMUHHOI KOMYHiKayil ma KnimuHHe cmapiHHsA.
A WO Take CTapiHHA KNITUH (aHMNiINCbKOK MOBO —
cellular senescence)?

3MICT

AKi 03HaKM cTapiHHA KNiTUH?

Ynepue KniTMHHe cTapiHHA onucas B 1965 p. J1. lendnik (Hap. 1928). byno BcTa-
HOBJEHO, WO HOPManbHi KNITUHM BTPayatoTb 34aTHICTb A0 penpoayKLii nicna nesHoi
KinbKocTi noainie. Moganbli AOCNIAXKEHHA Y LbOMY HanpaAMi BUABUAN, WO B NpoLe-
Ci CTapiHHA KNITUH 3MIHIOETbCA He NLe IXHA 34aTHICTb 4O nojiny, a  CTPyKTypa Ta
bYHKUIOHYBaHHA yCix i cknagHuWKiB.

MoBepxHeBuin anapart. Y KNiTUHHIA MeMOpaHi CNOCTEPIralTbCs YIWiNIbHEHHS i
MOTOBLYEHHA, 3MEHLUEHHA IHTEHCMBHOCTI TPAHCNOPTYBaHHA PEUYOBUH, KiNbKOCTI MiX-
KNITUHHMX KOHTAKTIB

LunTtonnasma. 3MiHIOETbCA WiNbHICTb riamonaa3mu, Wo No3HaYaeTbCA Ha iHTeH-
CUBHOCTI GiOXiMiYHUX peaKuill n 6iodiznuHnx npoueciB. OfHi€0 3i CTanMx 03HaK
CTapiHHA KNiTMH € MopdonoriuHi n dyHKLUiOHanbHi 3MiHK MiToXxoHApIN. Konwn cTapi-
loya KNiTUHa BMABNAE 3HaYHe ywKomKeHHA cBoel [1HK, BoHa npogykye curHanu, wo
CNOHYKaloTb MITOXOHAPIT 4O YTBOPEHHA BilbHUX PajuKanis, AKi «3MyLLYIOTb» KNITUHY
rMHYyT1 abo NpunHUTK Npouec noginy. e opHieto 3 BikoBMX 3MiH KNITUHN € 36inb-
LUEHHA KiNbKOCTi 1i30COM, 1X pyMHYBaHHA 1 BUBiINbHEHHA GEepPMEHTIB, WO CNPUUYNHAE
MOLLKOAXKEHHA opraHen i MemMbpaHu. O3HaKamMu KNITMHHOIO CTapiHHA € I HAKOMUYEH-
HA B 3a/UMLIKOBUX TiNbLAX NirMeHTy cTapiHHA (ninodycumHy), 3miHa Bignosiai Ha aito
YMHHUKIB POCTY.

FeHeTYHMI anaparT. 3 BiKOM KNiTUH 3MIHIOETbCA CTPYKTypa XPOMATHHY, 3MEH-
LIYETbCA TPAHCKPUNLiNHA aKTUBHICTb eyXpoMaTUHY Ta WBUAKICTb pennikauil [HK,
BTpayae edpeKTMBHICTb cncTema penapauii JHK. [oTy>XHMMM akTMBaToOpaMu CTapiHHA
€ ABOHUTKOBI po3pusy [HK, wo BUHUKaOTb BHAaCNIAOK Aii NOHi3ytouoi pagiauii (anb-
¢da-, 6eTa-, ramma- 1 peHTreH-NPOMEHi).

Y KniT1Hax 3 BIKOM NPOABAAIOTbLCA HE iMLIe NPoLecy CTapiHHA, a 1 PO3BMBalOTbCA
npouecy aHTUCTapiHHA. Ix nepebir 3a6e3neuyioTb NPUPOAHI FeHOTUNHI (Hanpuknag, 227
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cnctemm penapadii IHK, cuctema aHTMOKCMAAHTIB, CMCTEMA MiIKPOCOMaIbHOIO OKUC-
HEHHSA UY>KOPiHVX PeUYOoBMH) Ta PeHOTUMNHI (HanpuKnag, NigBULEHHS iIHTEHCUBHOCTI
rnikonisy, noasa 6aratoAanepHOCTI 1 noninnoigii y KnitnHax, 36inbleHHA 06'emy Mmi-
TOXOHAPIN 3a YMOB 3HWKEHHSA IXHbOIO UNCIa, rinepTpodia anapaty fonbgxi) mexa-
Hi3mu.

Taknm YMHOM, HaBIiTb Lel Janeko He MOBHUIN Nepenik BikOBMX 3MiH YKa3yeE Ha Te,
L0 CTAPiHHA KNITWH € Ay>e CKNagHMM MPoLecoM, Lo OXOMJIIOE YCi Tl cknagosi. MNonpwu
6araTopiuHi 'PYHTOBHI AOCHIgXEHHSA Lie He 3'ACOBAHO NPUYMNHY CTapiHHA. ICHYE pag
rinotes KNiTMHHOIO CTapPiHHA, Cepea AKNX: MOJIeKY/IApHO-2eHemUYHi 2inome3u (BiKOBI
3MiHW € CMagKoBO 3anporpamMoBaHUMK), MeoMepHa 2inome3a (CKOPOYEHHA Teno-
Mep MicNA KOXKHOro NoABOEHHA XPOMOCOM i BTpaTa 34aTHOCTI A0 MOAiNy), 2inomesa
8i/IbHUX padukasis (MPUYMHO KNITUHHOTO CTApPiHHA € WKiANMBI BNANBK BiNlbHUX pa-
LVIKaniB), 2inome3a 8UCHaAxeHHA cmosbyposux KnimuH (ynoBiNbHIOWOTL CBill MOAIN i He
TaK YacTo NepeTBOPIITLCA Ha COMATUYHI KNITUHW), 2inome3a nopyweHHs 6ifko8o20
20Meocmasy (HaKOMMUYEHHSA MOLIKOAXKEHVX 1 3MiHEHMX BINKiB) Ta iH.

Otxe, CTAPIHHA KJIITUH - ue npMpogHMiA 3aKOHOMIPHUIA i HE3BOPOTHUIN
npouec BiKOBMX 3MiH Oyf0oBU i GYHKLIA KNITUH, WO CNPUYMHAE 3HUKEHHSA
IXHIX afanTUBHUX MOXJTMBOCTEN.

Yomy KniTUHU rMHYTb?

CMepTb KNITUH MOXe HacTaBaTu AK Y HOPMiI, TaK i B pasi natonorii. [MHyTb KNiTUHK
B eMbpioHanbHOMy po3BUTKY (Mig Yac GopMyBaHHA TKaHUH i OpraHiB) i1y Jopociomy
OpraHi3mi BHaCniloK CTapiHHA, B pasi BTpaTy GYHKLIN i Nig gi€to WKigANBUX YNHHUKIB.
Po3pi3HAOTb ABa BUAW 3arnbeni KNiTvH: anonTos i Hekpo3 (i.131).

AnonTos — 2eHeMUYHO 3dNpo2pamMosaHd 3dzubesib KaAimuHu, 8 AKil NpoegioHy
pOJib BUKOHYIOMb 8HYMPIWHbLOKAIMUHHI MexaHi3mu. Lei Bug 3arnbeni KnituH €
eHepreTUYHO 3aneXXHUM 1 perynboBaHUM npouecom. Y pasi anonTosy AP0 M LUTo-
nnasma JinATbCA Ha KiflbKa YacTuH, He BifOyBaeTbCA PyNHYBaHHA KNITUHHOT Memb-
paHu, BMICT KNITMH He MOTparnia€ B MNO3akNiTUHHe
cepepnoBulLe N He CNpUUNHAE 3ananeHHA. Ocobnuee
3HauYeHHA anonTo3 Ma€E B eMOpPiOHaNIbHOMY PO3BUTKY,
Konun BigOyBa€eTbCA 3MiHa eMOpiOHaNIbHMX 3ayaTKiB.
Y 3pinomy opraHi3mi anonto3 3abe3neuye KNiTUHHUN
romeocTas — BifJHOCHY CTaniCTb CKagy TKaHWH i opra-
HiB, @ B pa3i CTapiHHA YM NATONOrIil Perytoe KinbKicTb
KNiTUH B OpraHax BiAnoBiAHO [0 3HWXeHHA ¢YHKUio-
HaNbHUX MOXNMBOCTEN OpraHiamy. ANonTo3 TaKoX Bi-
Oirpae BaXxnmBy ponb B pasi 3apaxeHHA iHpeKUiHMMn
areHTamu, 30Kpema BipyCHUMU, Y NiKBigauii NyXJANHHNX
KNiTUH.

Hekpos - ye 3aeubesno knimuH y pesysismami He380-
POMHO020 NOWKOOXeHHA Nio i€l WKIOIUBUX YUHHUKIB.
[lo HuX HanexaTb neperpiBaHHA, NEePeOXONOfXEeHHS,
HecTaya KUCHI0, MOPYLIEHHA KPOBOMOCTaYaHHsA, fia oT-
pyT, XiMiYHUX NpenapaTiB, MexaHiuHi Tpasmu. Llen npo-
LieC reHeTUYHO He 3anpPorpamoBaHUI, € MACUBHUM i He

Tema 4. PENMPOAYKLIA TA PO3BUTOK

In. 131. 3arubenb KNiTUH:
notpebye 3aTpat eHeprii. Y pa3i HEKpoO3y BifbyBalTbCA 1 — anonTos; 2 — HeKpPo3
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XaoTUYHe PYNHYBaHHA KNITUHHUX MeMOpaH 1 opraHes, BMBIiNIbHEHHA GepMeHTIB i
po3lensieHHA BMICTy. HeKpo3 KNiTUH CynpoOBOAXKYETbCA 3anafeHHAM, WO Crpuymn-
HeHe npopyKTamu po3nagy KNiTvH. Peakuis 3ananeHHs — ue ocHOBHa ¢isiofnoriyHa
BiAMiHHICTb HEKPO3Y Bif anonTosy.

OT1Xe, 3arnbenb KNiTMH Moxe OyTn NPUPOAHMM abo MATONOFiYHUM
npoLecom, Lo BifbyBaeTbCA Nif Oi€lo reHiB abo WKignMBmux
YMHHUKIB cepefoBuLLa.

AKi npyuYvHM | HacNigKN NopyLIeHb KAITUHHOrO LUKiy?

KniTHHMIA umkn - Ue nepiof iCHYBaHHA KNiTW-
HW Big ofHOro noAiny po iHworo (is1. 132). Perynayis
KNITUHHOTO LMKNY 34iNCHIOETbCA TOPMOHAMU, YMH-
HUKaMK POCTY, BiNIKaMU-LMKNIHaAMW i LMKiH-3a5ex-
HUMN depmeHTamu, 6e3 AKUX HEMOXKNUBUI Nepexif
o noginy.

Hacniokamu nopyweHHA KNITUHHOTO LUKy €
BTpaTa 34aTHOCTi MEBHUX KNITUH 10 MNOAINY, CTapiHHA
KNiTUH, 3arnbenb KNiTUH, BUHUKHEHHA NYXUH.

lMpuduHamu nopyweHs KNITUHHOTO LUKNY MO-
XyTb OYyTU HecTauya MOXWBHUX PEYOBUH, 3MiHU
BMIMBIB YMHHUMKIB pPOCTYy, nowkoagxeHHAa [HK, no-
pyleHHA noaBoeHHA monekyn [1HK i po3xoaxeHHA

In. 132. Etanu # ¢dasm
KIITVHHOTO LMKAy:

XpoMaTung, BipyCHi reHu, 30BHILLHI WKigANBI BNAUBY M — mito3; | — iHTepdasn
Toulo. (G - npecnHTeTMYHA dasa;
OCHOBHMMU eTanamu KNITUHHOTO LMKIY € iHTep- S - cnHTeTMUHa da3a;
¢daza 1a mito3. OgHaK He BCi KNITUHM NPOXOAATb L G, - noctcrHTeTUYHa dasa;
eTanu. Tak, HecTauya NOXXMBHUX PEYOBUH abO YNHHW- Go - ¢asa cnokor)

KiB pOCTY 3MyLUY€e KNiTUHY nepexoauTtn y dasy cno-
KOlo (GO-¢a3a), YyNpoJoBX AKOI NoAiny He BifOyBaeTbcA.

MNpuknagom nopyweHHA perynAuii KNiTMHHOIO LMKy € HEeKOHTPONbOBaHWM
noAin KNiTMH N BUHUKHEHHA NyXAUH. Y HOPMI KNiTKHa, B AKOI nowkogxkeHa JHK, He
BCTynae B S-dasy. Y pasi myTaLin abo enireHeTUYHMX 3MiH reHiB, Lo BiAMOBIAalOTH 3a
noAin KNiTUH i WinicHicCTb reHomy (MPOTOOHKOreHW, aHTUOHKOIEHW, FeHU-MyTaTopH),
AHOPMasbHI KNITMHNM MNOYMHAKOTb WBUAKO PO3MHOXYBATUCh. AK HacNigoK po3BuMBa-
I0TbCA HOBOYTBOPEHHA. OQHMM i3 MexaHi3MiB 3axXnCTy Bif HUX € anonTo3. BogHouvac €
reHu (QHTMOHKOreHN), WO NPUTHiIYYOTb YTBOPEHHA PAKOBUX MYXJIH.

OT>Ke, NOPYLIEHHSA KNITUHHOIO LMKy 3YMOBJIOIOTb FEHETUYHY
HecTabiNbHICTb Ta NopylweHHA andepeHuialii KNiTuH.

RIANbHICTb

§ 58. CrapiHHA Ta CMepTb KNIiTUH

CamocrTiliHa po6oTa 3 incTpauieio

lepoHTONOriA — HayKa, WO BMBYA€E NpoLec CTapiHHA opraHismy noanHu. B cyvac-
Hill repOHTONOTIT WBNAKO PO3BMBAETLCA HOBUIM HaNpPAM JOCNig»KeHb, MOB'A3aHUN 3
ONUCOM enireHeTUYHUX MeXaHi3MiB BiKOBUX 3MiH. Po3rnaHbTe cxemy, AKa intocTpye
enireHeTMYHi YNHHVKMK, WO BNAMBAKOTb Ha MPOLeC CTapiHHA NIIOAUHK, NepeKknagitb
1 Ha3BiTb ix. CbopmynioliTe BNacHi CyXeHHA Npo BMINB CMOCOOY XUTTA Ha npouec

CTaPiHHA NIOANHN.
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Bionorisa + lepoHTONOriA. AjanTauiliHo-perynATopHa rinoresa crapiHHA

OpHoYacHO 3 pyrHYBaHHAM i Aerpafali€to, XxapakTepHUMM
ANnA npouecy CTapiHHA, B XO4i eBONOLiI BUHUKNM 1 npouecy,
CNPAMOBaHi Ha BWXKMBAHHA 1 MiABULLEHHA CTiMKOCTI biosno-
riyHux cuctem. Lle mexaHiamun aHTUCTapiHHA. Bnepwe Ha HMx
3BEPHYB yBary BUAATHWI YKpPaiHCbKMI yyeHni B. B. ®ponb-
Kic (1924-1999). Y uomy cyTb aganTtaLiliHO-perynaTopHOI ri-
notesu ctapiHHA QponbkKica?

CTABJIEHHA
bionoria + NleHeanorisA. YcnagKyBaHHA 03HaK Y NIOANHN

CUHZaKTWUNIA Y IOAVHN € Bafiolo PO3BUTKY
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3aBfaHHA ANA CAMOKOHTPOJI0
1. Wo Take cTapiHHA KNiTUH? 2. HaBepiTb NprKnagn o3Hak CTapiHHA KNiTuH. 3. Lo
1-6 |Take anonTto3? 4. lLlo Take Hekpo3? 5. HaBeaiTb NpUKNaAn YNHHYKIB, WO NOpyLUy-
10Tb KJTITUHHWUIA UK. 6. Ha3BiTb OCHOBHI HaCNiAKN NOPYLUEHHA KNITUHHOTO LiNKY.
7. fIki 03HaKM CTapiHHA KNiTUH? 8. YoMy KNITUHW rnHyTb? 9. AKi NPUYMHM | HacnigKn
NopyLeHb KAITMHHOTO LnKny?

10-12 | 10. O6rpyHTYINTE CYLKEHHA NPO BMIMB CNOCOOY KUTTA Ha CTapPiHHA NIOLUHN.

7-9
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Pak — He 8UPOK, a 0id2HO3 3aX80OPHOBAHS.
Bucnig medukis

§ 59. OHKONOriYHi 3aXBOPIOBAHHA Ta OHKOTr€HHi YNHHUNKM

OcCHOBHi NOHATTA 11 Knto4oBi TepmiHn: OHKOJIOTYHI 3AXBOPKHOBAHHA.
OHKOreHHi YMHHUKMU. NMpodinakTnKa OHKONOriYHNX 3aXBOPIOBaHb.

MpuraganTte! Lo Take 3axBoptoBaHHA?

HoBuvHn Haykn

Y XMBIN Nprupodi € TBAPUHK, AKI Ma>ke He
XBOPIilOTb Ha pak. [JnAa npuknagy JOCUTb YacToO Ha3u-
BalOTb C/IOHIB. YOMY X CZIOHM He BPa3finBi 4O OHKOJO-
riYHMX 3axBOpIoBaHb? B iXHbOMY reHOMi HaABHi reHu,
O BMABNAKTb YLWKOAMXEHHA | BMUKAIOTb MeXaHi3Mun
anonTo3sy. Y NoAWHW LUen reH HaABHUN B €ANHOMY
eK3emnnApi, B TOM Yac AK y c/IoHiB ix € 20 konin. Wo
Take OHKOMOTiIYHi 3aXBOPIOBAHHA Ta AIka POJb reHiB y
X BUHUKHEHHI?

3MICT

flka ponb reHiB y BUHUKHEHHi OHKONIOTIYHVIX 3aXBOPIOBaHb?

OHKOJI0T'I4YHI 3AXBOPIOBAHHA (Big rpew. 0HKOC — NyXAuUHa i 1020C — HayKa) —
ye cnaokosi nopyweHHs, Wo 3yMo8JsieHi N0ABOI0 8 OP2aHi3Mi 3MiHEHUX (MpaHcgopmo-
8aHUX) COMamuyHux KaimuH. Lli xBopobu cynpoBOAXKYIOTbCA YTBOPEHHAM MyXJINH
nobposikicHoro (ageHoma, naninoma, ninoma) abo 3noAKicHoro (pak, capkoma, age-
HoKapuuHoMma, nimpoma) xapaktepy. OHKO3axBOPIOBaHHA — Lie Apyra 3 OCHOBHUX
NPUYNH CMEPTHOCTI Y CBITi Nicna cepueBo-CyANHHUX. HannowmnpeHiwmnmm oHKono-
FMYHUMUN 3aXBOPIOBAHHAMU € PaK JieeeHb, MOJIOYHUX 3as103, hepedMixyposoi 3a103u,
moecmoi KUWKU, WKipu, 1etiKo3.

TpaHchopmoBaHi KNITUHY XapaKTepusyloTbCA HU3KOK OCOONMBOCTEN: Hepery-
NbOBaHWI GE3MEXHUI PiCT, HEKOHTPOIbOBaHWIA MOAIN, NOPYLWeHHA andepeHLiaLii,
3[aTHICTb Ao iHGINbTpaUil (BpoCcTaHHA B HABKOAWLLHI TKAHWHK) Ta 3HWLEHHA CYCigHIX
HOPMaNbHUX KNITUH, MOXAMBICTb MirpyBaTh NO OpraHiamy i yTBoploBaTh memacma-
3U — BTOPWUHHI KOMOHIT B OpraHax i TKaHuHax. B opraHiami TBapuH 1 NognHN Tpax-
chopmauii 3a3HatoTb HaMBINbLIOK MiPOtO KNITUHM eniTeniafibHUX TKaHWH.

MepeTBOpPEHHA HOPMaNbHUX KNITUH Ha TPaHCGOPMOBaHi BU3HaYalTbCA 3MiHAMU
2eHis, BifNOBiganbHUX 3a perynayioo KNiTMHHOro uukny, andepeHuiadii Ta 3anporpa-
MOBaHOI 3arnbeni KnituH. Kpim myTtauin y TpaHchopMoBaHNX KNiTUHaX BifbyBatoTbCA
M 3MiHW eKcnpecii AeAKuX reHis. leHn, NpuYeTHi 10 PO3BUTKY OHKO3axBOpPIOBaHb, 3a-
3BUYal NOJINATb Ha TPY FPYNKY — NPOTOOHKOTEHM, aHTUOHKOT€HM Ta FeHN-MyTaTopMU.

MpomooHKozeHU — reHn, HopManbHa QYHKLIA AKUX NONArae B CTUMynALii nogi-
Ny KNITUHW Ta NpUrHiyeHHi anonTo3y. [lo uiei rpynu BiAHOCATb TaKOX reHu, Lo CTU-
MYJIOI0Tb MPOPOCTaHHA CyAVH B OpraH abo TKaHuHy. MyTaLii Uux reHis cTumyniooTb
PO3BMTOK HOBOYTBOPEHD, i MPY LIbOMY BOHM NePeTBOPIOIOTbLCA Ha OHKO2eHU. AHmu-
OHKO2eHU, ab0 2eHU-cynpecopu nyxJvH, — FeHY, HopMasibHa GYHKLiA AKX NONArae B
3aTPMMaHHI NpoLeciB NOAINY KNITUH Ta akTMBaLii anonTosy. [1nAa po3BUTKY HOBOYTBO-
peHHA B GinblwocTi BUNagKiB noTpibHa iHakTMBaLiA ob6ox anenis reHis. lfeHu-myma-

§ 59. OHKONOriYHi 3aXBOPIOBAHHA Ta OHKOTEHHI YNHHUKM
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mopu — reHu, HopMasnbHa OYHKLiA AKUX NonArae B NiATPUMaHHI LiniCHOCTI reHomy.
IxHs iHaKTMBaUiA YyHacnigok MyTauiil € NpUUYMHOLO 36iNblUeHHA YacTOTK MyTaLi Oyab-
AKNX FeHIB, Y T. 4. MPOTOOHKOreHIB i FeHiB-Cynpecopis.

OTXXe, BAHUKHEHHA Ta PO3BUTOK OHKOMOFiYHNX
3aXBOPIOBaHb MOB'A3aHi 3 AiANbHICTIO MPOTOOHKOrEHIB,
OHKOreHiB, aHTMIOHKOreHIB i reHiB-myTaTOpIB.

AKi YNHHUKN CNPUYNHAIOTb OHKOJIOTiYHi 3aXBOPIOBaHHA?

OHKOreHHi YMHHMKM — (e YUHHUKU, WO MOXymb CNpUYUHAMU abo npuckopio-
8amu po38UMOK HOBOYMBOPEHHA. BOHN MOXyTb NpM3BECTM A0 HE3BOPOTHOI il abo
NOLUKOZMXEHHA B TUX YaCTUHaX rEHETUYHOrO anapary, Wo 34iNCHI0Tb KOHTPOMb Haj
COMATUUYHUMM KNITUHAMW.

MpuynHamy 3MiH reHis i PO3BUTKY HOBOYTBOPEHb MOXYTb OYyT/ 30BHILUHI Ta BHY-
TPILHI, NPUPOAHI N aHTPOMOreHHi, HeopraHiyHi N opraHivyHi YIHHKUKKN. Bansbko 80 %
yCiX BUNaJKiB OHKO3aXxBOPIOBaHb BMHUKAOTb Nif Ji€0 30BHILIHIX XiMIYHMX, Gi3NUYHNX
1 6ionoriyHNX KOMMNOHEHTIB cepefoBMLLa i MalOTb BUMAAKOBUIA (CMOpagnyHINI) Xa-
pakTep (Hanpuknag, TpaBmaTu3aLisa WKipW N CNM30BMX 060NOHOK). [1o BHYTPILLIHIX
YNHHUKIB, WO CNPUAIOTb PO3BUTKY OHKOJIOTIYHMX 3aXBOPKOBaHb, HaneaTb reHeTuny-
Ha CXWITbHICTb, MyTauii, NOPYLIEHHA IMYHHOT CUCTEMU Ta JiANbHOCTI eHAOKPUHHMX 3a-
1103 TOLWO, WO € NPUUMHOI 6113bKo 20 % OHKOXBOPOO.

3a npiopuTeTHicTIO HeOE3MeKn Ha NepLoMy MicLii Ha3VBaloTb XiMiYHi OHKO2eHHi
YUHHUKU (6eH3nipeH, HITPO30CMOJYKN, BaXKKi MeTann — Hikeslb, XpOM, MULL'AK, Kaj-
Mi, 6epunii, kKob6anbT, CBUHeLb, AiokcnHwy). Li XimiuHi cnonyky noTpannsoTb fo op-
raHiamy NIOAMHY Pi3HUMM LWAAXaMU: Yepe3 NOoBITPA (Hanpuknag, Npu BAMXaHHI nuay
i3 a36ecTy abo TIOTIOHOBOTO AMMY), TPABHUI KaHan (HanpuKnag, HiITPO30CNonyKu, Lo
YTBOPIOKOTbCA Mifl YaC CMaKeHHA M'ACA, BXXMBaHHA a/lkorosio), Kpisb WKipy (Hanpu-
Knag, NpoAyKTW ropiHHA nanvea).

QDi3u4HUM OHKO2eHHUM YUHHUKOM € IOHi3yloue BUMPOMiHIOBaHHA. 3acTocy-
BaHHA PEHTreHiBCbKOro BUMPOMIHIOBAaHHA B MeAUUMHI 30iNblLnNo 3arpo3sy pusnky
nig yac o6CTeXXeHHA Ta NiKyBaHHA, TOMY iCHYIOTb CyBOPI NMOKa3aHHA A0 NPOBefeHHA
peHTreHorpadii. YnotpadionetoBe onpomiHeHHA B HAAMIPHUX [03aX CNPUAE PO3BUT-
Ky paKy WKipu i MenaHomu (0co6n1BoO y BiNoLWwKiprx i pyLoBONOCUX NOAEN).

[lo 6iono2iyHUX OHKO2@HHUX YUHHUKi8 HaneaTb
Bipycu, 6akTepii (Hanpuknag, renikobaktep ninopi), poc-
NIMHHI ankanoigu, MiKOTOKCUHW (Hanpuknag, abnaTokcu-
HW UBiNeBUx rpmbis), NapasuTMyHi TBapuHu. Bipycu, wo
CNPUYMHAIOTD HOBOYTBOPEHHSA, Ha3MBaloTb OHKOBIipyca-
Mu. [lo i€l rpynn Hanexatb peTpoBipycu Nenkomm fo-
AVIHW, afeHOoBipycn capKoMW, MamnoBaBipycu Maninom,
repnecsipycu paky WNNKKM MaTKK Ta iH. OHKOreHHi Bipycu
TpaHCchOPMyIOTb 3aparkeHy KNiTUHY 3a paxyHOK OHKore-
HiB, HaABHMX Y reHoMi Bipycy. [lo ocHOBHUX iHbeKLUiN, Wwo
iHILilOIOTb OHKOJONiYHI 3aXBOPIOBAHHA, HaneaTtb Bipycu
naninomu noguHu, renatuty B i C. Ui Bipycn HavacTiwe
BiAMOBIAaNbHi 3a pakK WMWK MaTKY, WAYHKA Ta NeYviHKu
(in. 133). MprumMHamMM OHKONOFiYHUX 3aXBOPIOBaHb MO-

Tema 4. PENMPOAYKLIA TA PO3BUTOK

In. 133. Maninoma i
XyTb OyTU 1 renbMiHTW. Y pasi wuctocomatosy (npuiu- Bipyc naninomu
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HOI0 € KPOB'IHIi CCYHMN) B CEYOBOMY MiXypi 1 MPAMIM KULWLi HepiaKo YTBOPIOIOTbCA
naninomu i KapumMHoMu, oniCTopxo3y (NpryMHa — KOTAYUN CUCYH) — YacTO PO3BUBa-
€TbCA paK NeYviHKN.

OTXe, BUHUKHEHHA TPAHCHOPMOBAHOI KNITUHM i HAaABHICTb YMOB
ANA 1l PO3MHOMXEHHA B OpraHi3mi BM3HaYaloTbCA Li€0 30BHILLHIX
i BHYTPILUIHIX OHKOFEeHHUX YMHHUKIB

Aki 3axoam npodinakTUKM OHKONOriYHNX 3aXBOPIOBaHb?

MpodinakTuka OHKO3axBOPOBaHb — Ye KOMNJIeKC 3ax00i8, CNpAMOBAHUX HA NO-
nepeoxeHHA 3aX80pto8AHb MA YCYHEHHA YUHHUKI8 pu3uKy. OCHOBHUM YMHHWKOM, LLO
3YMOBJIIOE PO3BUTOK OHKOJIOTYHUX 3aXBOPIOBAHb, € CTapiHHA. 3 BIKOM 36ibLUy€ETbCA
MNMOBIPHICTb BUHMKHEHHA OHKOKIITWH | mocnabneHHa GyHKLUiT iMyHHOT cucTemu. binb-
LWiCTb OHKO3aXBOPOBaHb PO3BMBalOTLCA B OCiO CTaplumMx 3a 55 pokKiB, TOMy Ans Wi€l Bi-
KOBOI KaTeropii 0co6n1Bo BaXkn1MBO 3BepTaTy YBary Ha NoABy HE3BUYHUX CUMMTOMIB
i perynapHo obcTexyBaTuca.

3HayHy ponb y PO3BUTKY OHKOMNOriYHOro 3aXBOPIOBAHHA Bifirpae cnagKkoBicTb:
3a HaABHOCTI OHKOMOriyHoi natonorii y 6aTbKiB, O6paTiB Ta cectep pPU3MK BUHUK-
HEeHHA Takoro Camoro 3axBOplOBaHHA MiaBuwyeTbca y 1,5 — 2 pasun. Y po3Butky
OHKOJIOMYHOI MaToNOrii Ma€ 3HaYeHHA pauioH XapyyBaHHA, WO MICTUTb BeNKy
KiNbKiCTb TBAPUHHMX XUPiB, CONi, BYrNeBOAiB, KOHCEPBAHTIB abo XimiuHMX 6apB-
HUKIB, BXXVBaHHA KOMYEHOI, KOHCEPBOBAHOI, CMaKeHOT iXKi. Kopekuia ctunto Xutra
Ta 3MEHLWEeHHA BM/INBY YMHHUKIB PU3NKY 3HMXKYIOTb IMOBIPHICTb 3aXBOPITM Ha pak
nNpun6an3Ho Ha 40 %.

Y 6araTbox BMMNafiKax pak MOXHa nonepeanTy npodinaktmuHumu 3axogamu. MNo-
pagu pyxe npocTi. MoTpibHO BIAMOBUTUCA Bifi KypPiHHA, BXMBaHHA alKOro/IbHUX Ha-
noiB, perynapHo 3anmatnca ¢i3nyHo KynbTypoto i NigTpUMyBaT HOpManbHy mMacy
Tina. Takox NoTpibHO NPaBUIbHO XapuyBaTUCA, BXXUBATU OBOYi, PPYKTH, KNITKOBUHY,
OOMEXNTN BXMBaHHA KOHCEPBIiB, KOMUEeHUX CTpaBs, KoBbac, cocncok. Kpatle 3'ictu
LUIMATOYOK BigBapHOro m'aca. CMaXkntu CTpaBu He peKOMeHAY€ETbCA, OCKINbKY Nifg Yac
CMakeHHA BUAINATbCA KaHLeporeHu; Kpalle Baputi abo Tyl KyBaTW. 34iicHIONTe
npodinaktuky iHPeKUiNnHNX XBOPOO, 3axuLlaliTe WKipy Big ynbTpadionetoBoro Bu-
NPOMIiHIOBaHHA i NpoxogbTe NpodinakTUyHi ornaaun. AKLWLO AOTPUMYBATUCA LUX NPO-
CTUX nopaj 3i 3JOPOBOro Cnocoby >KMTTA, TO MOXHA BifUYTHO CKOPOTUTU PU3UK
3axBopiTn.

OTKe, HaM3arasbHIWMMK 3axodamun NPOodiNakTUKM OHKO3aXBOPHOBAHb €:
1) opraHi3auia NpaBUIbHOrO XxapuyBaHHA; 2) BigMOBa Bif WKIAANBUX
3BMYOK; 3) MO3UTUBHI eMoLil; 4) aKTUBHUIN CMOCIO XUTTS;

5) npodinakTnuHi ornagw.

RIANbHICTb

§ 59. OHKONOriYHi 3aXBOPIOBAHHA Ta OHKOTEHHI YNHHUKM

CamocTiiiHa po60Ta Ha fOBeAeHHA

MixknapoOHuli Knacugikamop xeopo6 € 3arabHOMPUIHATOW KracudikaLi€o

OnA KoAyBaHHA MeAMYHMX 3aXBOpoBaHb. Knacndikatop cknagaetbca 3 21 po3sginy,

KOXeEH 3 AKNX MIiCTUTb NiAPO3Ainy 3 Kofdamn XBopooO i CTaHiB. 3icTaBTe Ha3BM 3amnporno-

HOBaHVX 3aXBOPIOBaHb i3 po3AinaMmu MixkHapogHoro Knacudikatopa xBopob. 3a ymo-

B/ NpaBUbHUX BigMNOBiAen oTpuMaceTe iM'a nikapA, AKMIA ynepLue Ha3BaB 3/10AKICHY
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NyXANHY KapLuuMHOMOIO (Bif rpew. KapyuHoc — Kpab). [loBeAiTb 3B'A30K HOBOYTBOPEHb
3 iHWVMK 3aXBOPIOBAHHAMY JIIOAUHN.

1 HoBoyTBOpEeHHsA A TlacTpuT, naHkpeaTut

2 [lapa3nTapHi 3aXBOPIOBAHHA ' MenaHoma, nenkos

3 XBOpo6Y KpOBI | EHTepo6io3, onicTopxo3

4 XBOpO6U EHAOKPUHHOT CMCTEMM K Kartapakrta, rnaykoma

5 XBOpo6U HEPBOBOI CUCTEMU O MeHiHriT, eHuedanit

6 XBOpOOU OKa M, AHemis, meTremornobiHemis

7 XBOpO6Y OpraHiB fuxaHHA N, LlykpoBsui giaber, rineptupeos
8 XBOpO6U OpraHiB TpaBieHHsA P ®apuHriT, nHeBMOHiA

9 XBOpob6WU WKipn T Bituniro, pepmatntun

bionoria + NMcuxonoris. Cnoco6u 60poTb6M 3 HEraTUBHUMN €MOLiAMM

JTlognHa, AKka XnBe 3 NO3UTUBHUMYK eMOLIAMY 1 JyMKaMK, He CX1SibHa O 3aXBO-
ptoBaHb. [lyxe BaxnuBy ponb y npodinakTuli NyxavH BigirpaloTb came ONTUMI3M 1
YMIHHA CNPaBAATUCA 3i CBOIM HEraTUBHMMIK eMOLiAIMM B Pi3HOMAHITHUX CTPECOBUX
cuTyauinax. A AKMMM € OCHOBHI cnocobu 60poTbOy 3 HeraTMBHMMM emouiamn? Bucno-
BiTb CYAPKEHHSA LWOA0 PONi NO3UTUBHMX eMoLil y MpodinakTyLi OHKONOMiYHMX 3aXBO-
proBaHb.

CTABJIEHHA

Bionoria + CycninbcTBo. BcecBiTHill AeHb 60pOTLOM NPOTUN paKy

Llen geHbBig3HavaoTb WoOpiyHO 4 ntoToro. Me-

ToloNpoOBeAeHHA3axodiBy e geHbenigBULLEeHHA 4 aromozo -
06i3HAHOCTI LWOAO OHKOJMOFIYHNX 3aXBOPIOBAHb. Bcecoimuiii dens
Biaomo, Lo BUHUKHEHHIO Maiixe 50% LiMX 3axXBo- bopomsbu npomu
ptoBaHb MOXHa byno 6 3anobirTv 3a ONOMOro paxy

HOPM 340pPOBOI NOBeAIHKU. AKUMK € Ui HOpMK
noseaiHkM? OUiHITb BaXKNMBICTb NPOdinakTnUKm
OHKOJIOTIYHWNX 3aXBOPOBaHb.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. o Take OHKONOriYHi 3aXBOPOBaHHA? 2. HaBediTb NprKnaan OHKO3axXBOPIOBaHb.
3. lLlo Take OHKOreHHi YAHHMKN? 4. Ha3BiTb OCHOBHI rPynu OHKOreHHNX YNHHUKIB.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

1-6 . . . -
5. Wo Take npodinaktuka oHKo3axBoptoBaHb? 6. Ha3BiTb Hal3aranbHili 3axonu
nNpodinakTNKM OHKO3aXBOPIOBaHb.

7.9 7. Aki reHn 6epyTb yuyacTb y pO3BUTKY OHKO3axBOPIOBaHb? 8. AKi UMHHUKM cnpuyn-

HAIOTb OHKO3axBOpIoBaHHA? 9. fAKi 3axoAn NPOPINaKTUK/ OHKO3aXBOPIOBaHb?
10-12 | 10. OUiHiTb BaXNMBICTb NPOINAKTUKN OHKOMOTiYHNX 3aXBOPOBAHb.
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Melio3 — ye «<3aMeHWeHHs», 6e3 K020 HeMOXX/1Uge «36i/TbLUeHHS».
OOuH i3 6iono2iyHUX Napadokcis

§ 60. Meno3. 0co6nnBOCTi rameToreHesy B IIOANHMN.
CraTeBi KNiTUHN

OCHOBHI NOHATTA N Kno4oBi TepmiHn: MENO3. TAMETOIEHE3. CTATEBI
KJNITUHA.
MpurapanTe! Lo Take cTaTeBe PO3MHOMKEHHA?

X Momipkyiite!

OfHMM i3 3arafibHUX 3aKOHIB PO3BUTKY € 3aKOH €HO-
cTi Ta 6GOPOTLOV NPOTUNEKHOCTEI: KOXHUU npedmem, Asuuje,
npouyec € cynepeyqsiugor €OHicmi0 npomusexHocmet, ujo 83aEmMo-
NpOHUKamMe, nepexodams 00HA 8 O0HY, nepebysarome y cmai
€0Hocmi G 6opomsbu. Yn cnpaBeanvBU 3aKOH ANA Meno3y Ta ra-
meToreHesy?

3MICT

flke 3HaYeHHA Meno3y B 36inNblueHHi 6iopi3HOMaHITTA opraHismiB?
MEMO3 (Big rpeu. meliosis — 3MeH-

LEeHHA) — ye nodin eykapiomuy4HUX KJTimuH,

8HACIOOK AKO20 YMBOPIoMbCA OOYipHI Ki-

MUHU 3 y08idi MeHwWumM HabopoM XPOMOCOM.

3HayeHHA Melno3y NOMAraE y NigTPMUMLI CTa-

6iNbHOCTi XPOMOCOMHIX HabopIB, Lo 3a6e3-
reuye cnadkogicms, Ta B CTBOPEHHI HOBMX
crnofyyeHb GATbKIBCbKMX 1 MAaTepPUHCbKIMX
reHis, Wo cnpuae miHaugocmi. Menos mae

HU3KY 0COONIMBOCTEN, WO Bifpi3HAIOTb NOro

Bif iHLUMX CNOCOGIB Modiny KNiTUH, a came:

«  BiOOyBa€TbCcA y 2 MOCNifOBHI eTanu —
Menos | Ta melio3 I, KOXXHUI 3 AKX cKnagaeTbca 3 4 das: npodasm, metadasu,
aHadasm i Tenodasn (in. 134);

+  Ha neplwomMmy eTani Merno3y po3noginATbCA FOMOJOriYHI XPOMOCOMM 3 YTBOPEH-
HAM rannoigHoro Habopy XpPoOMOCOM, TOMY Lieid Nogin Ha3nBalTb peayKUinHUM
(Mel103 1); 3MeHLLEHHA KiNbKOCTi XpOMOCOM yABiui 3abe3neuye MOXNNBICTb NOE-
HaHHA KNiTUH | BIBHOBNEHHA HOPMaNbHOMO ANMNOIAHOIO KapioTuny;

«  CTaH cnagkoBoil iHbopMaUil Nicis Neploro Noginy BXxe BUAO3MIHEHNI 3aBAAKN
pexkom6iHayii JHK, wo 3abe3neuye nepepo3nofin reHeTUYHoi iHdopmadii Ta
BVHVKHEHHS HOBMX KOMOiHaUil reHis; pekombiHauia JHK mix romonoriuHumm
XPOMOCOMaMM € OHUM i3 BM3HaYalbHUX NPOLECiB 36iNblLEHHs CMagKoBOI pi3-
HOMAHITHOCTI O3HaK;

¢ Ha apyromy etani po3xofAaTbCA XPOMaTUAN FOMOSIOTiYHUX XPOMOCOM, TOMY MOAIN
Ha3MBA€ETbCA eKBaLiiHUM (menos3 II);

+  3aranbHMM pe3ynbTaTOM MeNo3y € YTBOPEHHA KNiTUH 3 rannoigHmm Habopom
XPOMOCOM i pi3HMMK KOMBIHaUiAMYK FeHiB; came Ui KNiTMHK 6epyTb yyacTb Yy 3a-
NNigHEHHI 1 CTaTeBOMY PO3MHOMEHHI, AKOMY XMBa NpMpoJa 3aBAAYY€E CBOIM pi3-
HOMaHITTAM. 235

1

In. 134. Cxema menosy:
meno3s | (1) i menos Il (2)

§ 60. Mel103. OcobnmBoCTi rameToreHesy B nioanHW. CTaTesi KNITUHN

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




OT)Xe, MeNo3 € K/IYOBMM MEXaHi3MOM CMafKoBOI MiHIMBOCTI,
WO NpUTaMaHHUN YCiM OpraHiamam, KUM BlacTuBe
CTaTeBe PO3MHOMEHHSA.

Aki oco6nuBocTi rameToreHesy B noAgnNHN?

FTAMETOTIEHE3 - npoyec ymeopeHHs (i 003pi8aHHa cmamegux K1imuH. PO3BUTOK
rameT y NIIOAMHM BifOyBa€eTbCA B AEYHUKAX i CiM'SHMKAX S€YOK. Mpouecn yTBOPEHHs
YONOBIYNX I XKIHOUMX FAaMeT € MOCNIAOBHUMM 11 BifOyBaloTbCA yNPOoLoBX cmadili pos-
MHOXeHHsA, pocmy, 003pi8aHHA i hopMyB8aHHA 3 NEBHUMU OCOGNMBOCTAMU.

Ta6nuua 8. MOPIBHAJIbHA XAPAKTEPUCTUKA PO3BUTKY
YONOBIYUX | XKIHOYUX TAMET

Crapin CnepmartoreHes OBoreHes
B emb6pioreHesi 3 yTBOpeHHAM

Po3MHOXeHHA B emb6pioreHesi 3 yTBOpeHHAM OBOrOHiiB
crnepmMaToroHiis
Y ctateBo3pinomy Bili 3 yTBO- . . .
) B embpioreHesi 3 yTBOpeHHAM OBOLUTIB
Pocty peHHAM cnepmMaToumTis |-ro

NOPAAKY I-ro nopagky

MNMounHaeTbCcs B embpioreHesi 1 Npogos-
KYETbCA 3 HACTAHHAM CTaTeBOI 3PiNOCTI.
Mei103 HepiBHOMIHMI 3 YTBOPEHHAM OBO-
uuTa ll-ro nopAaKy Ta HeNoNAPHUX Tinewb

Y ctateBO3pinomy Bili 3 yTBO-
[o3piBaHHA peHHAM crnepMaTtug. Menos
piBHOMIpHUN

Y cTaTeBO3pinomy Biui 3 yTBO-

OopmyBaHHA .
peHHAM CNepmaTo300HiB

Hemae

Y piBuatok o 7 micsAuA embpioreHe3y yTBOPIOETLCA 6NM3bKO 7 MiNlbOHIB OBOrO-
HiiB, ane gani 6inbLWicTb i3 HXX 3a3HAE anonTo3y; y HOBOHAPOMXKEHOT [iBUNHKN 3anu-
WwaeTbcA 6nu3bko 400 000 oouuTiB I-ro nopaaKy. [ani BOHM BCTynaTb B Npodasy
Meno3y, i NoAin 3ynuHaeTbeA. ig yac ctateBOro 4o3piBaHHA NEPBUHHI OBOLIUTY NPO-
JOBXYIOTb MENOTUYHUI NOZiN, CTaloTb BTOPMHHUMM OBOLMTaMUM i NOYMHAIOTb BUBISb-
HIOBATMCA OAUH 3a OJHUM, Y Npoueci oBynAuii. OgHaK 3aBepLlUieHHA Meno3y B NIOANHN
BifOyBa€eTbCA BXe nicna 3annigHeHHsA. MNepexig oBouWTIB y CTadilo fJo3piBaHHA Npo-
[OBXY€ETbCA YNPOAOBK YCbOro penpoayKTMBHOrO Nepiody i 3a3BmMyain 3aKiHUyeTbCA
Ha 45 — 50-my poui Xu1TTA.

Y yonosivyoMy opraHi3mi, Ha BigMiHY Bifj XiHOYOrO, yTBOPEHHA raMeT MOYNHAETb-
CA NicNA HaCTaHHA CTaTeBOI 3PINOCTi N NPOAOBXYETbCA A0 CTAPOCTI.

OTKe, oBOreHe3 BiApPI3HAETbCA Bif cnepmMaToreHesy 3aBepLlleHHAM cTagii
PO3MHOEHHA Lle B eMbpioreHesi Ta BigCyTHiCTIO cTagii dopmMyBaHHA.

Yomy yonosgiui Ta }KiHoui rameTun pi3sHATbCA MiXK co6010?

CTATEBI KNNITUHW (rameTwm) — ye K1imuHU 3 2ans10iOHUM HG6OPOM XPOMOCOM, AKI
8UKOHYIOMb pYHKYito nepedadi cnadkosoi iHhopmauii 8i0 ocobuH 6amekiscbko2o no-
KOMIHHA HAWAoKam nio 4ac cmamesozo PO3MHOXEHHS.

Yonogiui rameT! HasvBaloTbCA criepmaTo3ooHamum. Lle 3ae6inbworo pyxnmsi
KNITUHK, AKiI BUKOHYIOTb TaKi GyHKLUIT: 1) nepefaloTb NOMOBUHY CNagkoBoi iHpopma-
uii Big 6aTbKiBCbKOro opraHisamy; 2) 3abe3neuyioTb aKTMBALil MPOLUeCiB ANUeKni-
TUHUW NicnAa il 3annigHeHHsA; 3) BHOCATb B AWLEKIITUHY LEeHTpioni Ana opraHisauii i
noginie. MyHKLiT cNepmMaTO300HIB 3yMOBJIOIOTb iXHi BUAOBXeHY dopMy, ApiOHI po3-
Mipy 1 cneyundiyHy 6yaoy. Po3mipy 4ONOBIUMX rameT y NIOAUHN KONMBAOTbCA B Me-
*ax 50-70 MKM. HopmanbHi cnepMaTo300HM MaloTb FOMIOBKY, MPOMIXHY YaCTUHY
XBiCT (in1. 135). [o108Ka MiCTUTb AAPO 3 ranioigHNUM Habopom xpomocom (22A+X abo

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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22A+Y), TOHEHbKMI Wap LUTOMMIA3MU i akpoCo-
My 3 depmMeHTaMmn Ana posiiensieHHA 060N10HOK
oBouuTa. Y wulyi MicTATbCA OB LeHTpioni, oaHa
2 3 AKNX PO3POCTAETLCA N YTBOPIOE OCbOBY HUTKY.
IHWa LeHTpioNna 3aNnWaeTbCcA Nig A4POM i pa3om
i3 HAM MOKe MPOHUKHYTU B ANLEKNITUHY. [Ipo-
MIXHA 4aCmMuHA MiCTUTb MITOXOHAPII y BUrnAagi
cnipanbHoi HUTKK, AT Ta rnikoreH AnAa pyxis
KNiTUHWU. Xgicm mae anapat 3 20 MiKkpoTpy6oUOK,
AKi 3a6e3neyyoTb NepemilleHHs KNiTWH 3i WwBng-

3 KicTio 67113bKO 50 MKM/C.

AnuekniTMHM — XiHoui cTateBi KNiTUHW. Lle
30e6inblioro HepyxnuBi KNiTWHK, WO MalTb Ky-
In. 135. Cxema 6ynoeu nacty dopmy AnA Kpaworo nepemiwieHHsa da-
CNepmaTosooHa: nonieBumun Tpybammn fo matku. Ana AnueknitMH
1 - ronoska; 2 - npomixHa BNacTMBi Taki GyHKLIii: 1) nepefaBaHHA cnagko-

YaCTWHa; 3 — XBOCTOBA YaCTUHa; o my . Hi: PeA ,q
4 - akpocoma; 5 — AAPO; BOI iHbopMaUii Bii MaTepMHCbKOro OpraHismy;
6 — LeHTpioNi KNITUHHOTO UeHTPY;  2) ynopAAKyBaHHA Npouecis 3annigHeHHs; 3) Ha-
7 - WNINKa; 8 — MITOXOHAPIA KOMUYEHHS 3amaciB MOXMBHUX PEYOBUH Afis

cnipanenopibHa; 9 — MiKpoTpy60oUKH . .
PO3BUTKY 3Mrotu. Yepes Te ANLEKNITUHN MaloTb

3HayHO Ginbli Po3MipK, HiX CNEepPMATO300HM.
Tak, giameTp ANUEKNITUHU NIOANHN CTaHOBUTb
130 - 200 MKM. Y ntoAviHX B 3anfigHeHHi 6epe
yyactb oBouuT Il nopagaky (in. 136). 330BHi oBo-
UWT BKPUTWUIA PONIKYIAPHOK 06O0OHKO, LWO
YyTBOpPEHa Le KNiTMHaMu AeuHnKa. QonikynapHi
KNiTVHM YTBOPIOIOTb BOPCUHKM, WO GOPMYIOTb
npomeHucmuul 8iHeub Ta OJIUCKYYY OOOJIOHKY.
3aranom 060M0HKY BUKOHYIOTb 3aXUCHY, MOXKB-
Hy Ta 6ap’epHy ¢yHKuii. Mig Heto po3TawwoBaHa
naasmMamu4Ha Membpaqd, a fani KOPTUKanbHUA | 136, Cxema 6ypoBu osouuTa Il Mo-

wap i3 rpaHyn. Liutonnasma ANLEKNITUHN Ha3u- PAOKY B MOAVHU: 1 — AAPO;
BA€ETbCA 080N/IA3MOIO | MICTUTb BENMKY KiNbKiCTb 2 - ENG; 3 - oBonnasma; 4 — MiTo-
)KOBTKOBMX BKJIlOUEeHb, 6araTo MITOXOHAPIN, XOHAPIA; 5 — Komnnekc fonbaxi;

6 — >KOBTKOBI BKJIIOUEHHSA; 7 — KOp-
TUKanbHi rpaHynu; 8 — nnasmatyHa
MembpaHa; 9 — 6McKkyya 060N0oHKa;

10 - ponikynapHa 060M0HKa

pubocom, po3suHyTi ENC i komnnekc fonbaxi.
A0po nexunTb B AiNAHLI, BiNbHIN Big uMTOnnasmm,
i Ma€ rannoigHUn Habip xpomocom (22A+X).

OT1xe, ocobnmBocTi 6ynoBu, XiMiYHOro CKnagy Ta mpoLecis
XUTTERIANBHOCTI raMeT BM3HAYaKTbCA IXHIMU QYHKLisMU.
DIANbHICTb

JlabopaTopHa po6oTa 3

§ 60. Mel103. OcobnmBoCTi rameToreHesy B nioanHW. CTaTesi KNITUHN

BuBueHHs 6ya0BM cTaTeBUX KNITUH NIOANHA
MeTa: o3HaOMWUTUCb 3 OCOOAMBOCTAMU OYyAOBU CTaTEBMX KAITUH JIOAUHU;
3aKpinuTV 3HaHHA NPo OyAOBY rameT NOAVHMN Y B3aEMO3B'A3KY 3 IXHIMU GyHKLiAMY;
3aKpinuUTX HaBUUKM POBOTU 3 MIKPOCKOMOM. 237
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O6napgHaHHA: MIKPOCKOMY, MiKponpenapaTtu, efekx-
TPOHHO-MiKpocKoniuHi doTorpadii ANLEKNiTMH i cnepma-
TO300HIB, ANAAKTUYHI KapTKK 3i cxeMamuy Oyj0BY ramer.

Xip po6otn
1. Po3rnAHbTe OoBOUWT NOAUHW Mif MIKPOCKOMOM, Ha
inlocTpauiax nigpyyHrKa i 3anponoHoBaHii Mikpodo-

Torpadii. 3amantoiiTe B pobounii 30T Ta NigNUWITh

enemeHTn GyAoBM, WO BY iX pO3Mi3Hanu.

2. Po3rnAHbTe CNepmMaTto300HU MOAVMHN Mif MiKPOCKO-
noMm, Ha incTpaLiax NigpyyYyHMKa, Ha 3anponoHoBa-

Hin mikpodoTorpadii. 3amantolite B poboumnin 3oWnT

Ta NiANVWITL enemeHT Byf0BM, AKi BU pO3ni3Hanu.
3. [llopiBHANTe rameTu NOANHN i 3aMOBHITb TabNNL0.

MopiBHANbHA XapaKTepuUCcTNKa ANLEKITUH | CNepMaTO300HIB

O3Haku AnuekniTuHn CnepmaTo300HM
Habip xpomocom

Ocob6nuBocTi 6ynosu

[e yTBOptOIOTHCA?
Po3mipn

®opma

MoXnBHi pe4yoBMHN

3paTHiCTb 8O pyxy
OyHKuii

4. Chopmynionte BUCHOBOK
Po3B’A3yBaHHA BnpaB. Meiio3

Y agpi NnepBUHHOI CTaTeBOI KMITUHM MOPCbKOrO XKaka
mictutbesa 3,6 - 107° mr JHK. Aka maca JHK mictutumeTbea
B KJiTUHaxX: a) Ha cTagii npodasu I; 6) Ha cTagii npodasu Ii;
B) B AAPI ANLeKNiTMHY nicna meno3y II; r) B Agpi cnepmaro-
300Ha nicna menosy 1?7

CTABJIEHHA

bionorisa + JlatnHa. Ab ovo

Ab ovo - y pocniBHoMy nepeknagi «3 anuar. CTinkmuin ppaseonoriuHun 380por,
AKNIN 03HAYAE «i3 CAaMOro NoyaTtKy». 3aCToCynTe 3HaHHA NPo Oy[OBY N YTBOPEHHA ra-
MeT y NIOANHM Ta AOBEAITb CNpaBefINBiICTb NaTUHCbKOro BMpasy Ab ovo.

PE3YJIbTAT

Tema 4. PENMPOAYKLIA TA PO3BUTOK

3aBAaHHA ANA CAMOKOHTPOJIO
1. o Take mewno3? 2. Ha3giTb ABa eTanu menosy. 3. Lo Take ramertoreHes?
1-6 |4.Has3BiTb cTapii rametoreHesy. 5. LLlo Take rameTn? 6. Ha3giTb ocobnusocTi 6ygosu
ANLEKNITAH Ta CNepPMaTO300HIB NIIOANHW.

7. flke 3HaUeHHsA Meln03y B 36inblueHHi 6iopisHOMaHITTA opraHi3mis? 8. Aki ocobnu-
7 -9 | BOCTi rameToreHesy B ftoanHu? 9. YoMy 4onoBiui Ta KiHOUi ramMeTn pPisHATbCA MiX
coboto?

238 10-12 | 10. [MopiBHANTe CTAaTEBI KNITUHW TIOANHN.
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JJueo 3apo0xeHHa HO8020 XUMMS NOYUHAEMbCA i3 3aNJ1IOHEHHS.
Jlumsya eHyukoneois

§ 61. CyTb Ta 6GionoriuHe 3HaYeHHA 3anigHEHHSA
OcHOBHi NOHATTA 1 KNnto4oBi TepmiHn: SAMJIIAHEHHA. 3urora.

MpuraganTte! Lo Take 3annigHeHHA?

3Hanomrecsa!

«[lepw aHix 6yde yonosik, Mae bymu xsonyuk. [lepw Hix
XJ10N4UK — 6y1a OUMUHA, a neped Hero — 3apodok. Bapmo 3anuma-
mu G 0ani, a wo x 6yso neped 3apookom? lepwi HUMKU npupoou
matixxe 3a8X0U Npuxo8aHi, HiIbU 8 HiYHIl mempAgi, U Yepe3 c80t
MOHKICMb MAk camo He NiOKOPAOMbCA 20CMpomi po3ymy, AK i 20-
cmpomi oka». TUM He MeHLU, ONMpPalyYnCb Ha pe3ynbTaTh CBOIX
JocnigKeHb, BUAATHUI Nikap i npupogo3HaBeLlb Binbam lapsen
(1578-1657) cdopmynioBaB cBin Bigomuin npuHuun Omne vivum
ex ovo («Bce xuBe 3 anusa»).

3MICT

B yomy cyTb Ta 6ionoriuHe 3HaYeHHA 3annigHeHHA?

SATUNIAHEHHA - npouyec 3aummasa yono-
giyoi 2amemu 3 AUUEKTIMUHOIK 3 YMBOPEeHHAM
0uns1I0i0HOI 3u2omu, AKad 0d€ NOYAMOK HOBOMY
op2aHi3my. B OCHOBI 3annigHeHHA, 3n1UTTA Agep
>KIHOUOI 1 YOJIOBIYOT CTAaTEBUX KNITUH, LLO AOBIB
we B 1875 p. Himeubkuin 30onor Ockap lepTsir
(1849-1922) Ha OCHOBI focCNifgXeHb 3anigHeH-
HA B MOPCbKOrO PKaka.

3annigHeHHsA XapaKTepu3yeTbCcA 3HAYHOI
Pi3HOMaHITHICTIO pi3HOBMAIB. TaK, y CNpaBXHix
TBAapWH PO3pPIi3HAIOTb 308HIWHE N 8HYMPIWHE,
y 3eneHuX PoC/INH — 00UHApHe Ta nodsiliHe. 3a
yUacTIo YONOBIUMX FaMeT y 3anliHeHHi po3pis- - 137. 3anniaHenuit osoumT nioan-
HAIOTb MOHO- | nosticnepMmito. TameTnt MoxyTb piz-  HY: 1~ MONOUMTM; 2 = NPOMEHICTII

L BiHeuUb; 3 — AAPO CNepmMaToO300Ha;
HUTUCA OYAOBOIO, WO 3YMOBJIOE Pi3Hi crnocobu 4 — BRucKy4a 30HA; 5 — ARPO
CTaTeBOr0 PO3MHOMKEHHH: i302amis (rameTu 060ox oBoUMTa
OpraHi3miB OAHaKOBi 3a PO3Mipamu N PyxnuBi),
aHi302amis (rameTn HeOHAKOBI 3a PO3Mipamu 1 PyXnuBi), 0o2amis (ANLEKNITUHa Be-
NMKa HEPYXJIMBA, YONoBiva — ApibHa 11 pyxnusa) (in. 137).

Mig yac 3annigHeHHA BigOyBa€eTbCA 3NUTTA ANLEKNITUHN 1 CMepMaTO300Ha i no-
€QHaHHA NULLe ABOX Afep 3 rannoigHMMM Habopamu XpOMOCOM. Y pe3ynbTaTti BUHU-
Ka€e 3urota — 3anjioHeHa AlyeknimuHa 3 0un0i0HUM HA6OpOM XPOMOCOM | HOBUMU
KombiHayiamu 2eHis. TepMmiH BBiB HiMeLbkuin 60TaHik E. CTpacbyprep (1844-1912).

3annigHeHHA € JOCWTb CKNAAHOK CYKYMHICTIO pi3HMX npouecis, y Akux bepe
yyacTb 6araTo pi3HMX PeUOBWH, HaNPWKNaj CTaTeBi FOPMOHM (aHAPOreHM I ecTpore-
HW) Ta 2dMOHU (aHAPOraMOHW 1 FiHOraMoHM). flaMOHU — Lie PeYOBUHM, WO BUAINAIOTb-
CA rameTamu i BNAIMBaIOTb Ha 3arJliAHEHHS.

§ 61. CyTb Ta 6ionoriyHe 3HaueHHA 3annigHeHHA
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BionoriuHe 3HaueHHA 3annigHeHHA nonsarae B Tomy, wo: 1) BinbyBaeTbCca BiA-
HOBJ/IEHHA XPOMOCOMHOIO Habopy, NprMTamaHHOro AaHomy Buay; 2) 3abe3neuyeTb-
cA 6e3nepepBHICTb Mi>K MOKOMIHHAMYK OpraHi3mis; 3) croctepiraeTbca 36iNblIeHHs
CNagKoBOro Pi3HOMAHITTA, OCKINIbKM HalaAKM MOEAHYIOTb Yy COOi O3HaKM sIK MaTe-
PVIHCBKOTO, TaK i 6aTbKiBCbKOro opraHiamis; 4) 3aBAAKM BUOIPKOBOCTI 3anigHeHHSA
KOMOIHALiMHI MiHNMBOCTI 3a6e3nevYyeTbCA iCHYBaHHS BUAY B Yaci.

OTXxe, 3annifHEHHA — Le CKMagHWU Npouec, CYyTHICTb AKOro MOJNIAra€e B
3MINTTI TAMeT 3 YTBOPEHHAM 3MroTi, a BioNOriYHMM 3HAYEHHAM
€ 3a6e3MneYeHHs Pi3HOMaHITHOCTi 0COOVH.

Ak BigGyBa€eTbCA 3anNigHEHHA B NIOANHN?

Y KOXHOro BWAY OpraHi3mMiB € MeBHi 0COG/MBOCTI 3amifHEHHSA, ane OCHOB-
Hi cTapii nNopaibHi. Y npoueci 3annigHeHHA PO3pi3HAOTL 3 eTanu: JUCTaHTHY B3a-
EMOJil0 Ta aKTuBaLifA CMepmaTO300HIB, KOHTaKTHY B3aEMOil0 N aKTuBi3aLlito
ANLEKNITUHW Ta NPOHMKHEHHA CNepMaToO300Ha B ANLUEKAITUHY 3 HAaCTyNHUM 31u1T-
TAM Agep. 3anfigHeHHA B NIOAWHN BHYTPILWHE, 34iNCHIOETHCA WAAXOM MOHOCHEepPMIl
Y BEPXHili YaCTUHI MaTKOBUX TPYO KiHKM nicna oBynsALii — BMXoy OBOLMTA 3 AEYHMKA
(in. 138).

| etran. JucmanmHa e3aemodia ma akmueayid cnepmMamo300Hie NounNHa-
I0TbCA i3 BHYTPILIHbOro OCiMEHiHHSA, WO 3abe3neuye NoTpansHHA YONOBiUMX rameT
y XiHouwnii opraHiam. CnepmMaTo300HU HabyBaloOTb 34aTHOCTI JO 3aM/liAHEHHA nulle
nicnA Toro, Ak NpoBeayTb 6IM3bKO 7 rof y CTaTeBUX WAAXaX XiHKW. IXHA akT1BaLjis
30iICHIOETbCA CeKpeTamMu 3a5103 MaTKM Ta aHAPOramMoHamu, WO yTBOPHOTbCA ba-
raTbMa YOJIOBiYMMU rameTamMu. Y CMepmaTo300HIB nepebynoBY€ETbCA MiKOKaniKc,
NOCUIOETLCA PYXJINBICTb, 3MIHIOETbCA MPOHUKHICTb ANA NOHIB TOWO. 34aTHICTb A0
3annigHeHHA Yonogiyi rameTu 36epiratoTb ynpoaosx 36 — 88 rog.

Il etan. KoHmakmHa e3aemooia U
akmueizayis aliyeknimuHu € ctagieto ne- 'L‘
pexofy iHOUMX rameT Bif CTaHy CMNOKO 3nuTTA Anpa 3”f°Ta\ G G G
[0 aKTVBHOIO PO3BUTKY. 3a.|"|mnHeHHﬂ Blp,"-. ’;2:;;’;::;‘1;‘; ]@—’@ @ @9
OyBa€TbCA NuLLEe 3a NEBHOI KOHLEeHTpaLji A
YyonoBiuMx ramert. Lle NoAcCHIETbLCS Heob- @

XiQHICTIO HAasIBHOCTiI NEBHOI KinbKoCTi pep- /
MeHTy (rianypoHigasu), wWwo po3Lensioe \ ~ /
donikynapHy o6onoHky oouynTa. lametn -~
3yCTPivaloTbCA y MAaTKOBUX TPyOax Bxe 3a T
KinbKa roguH nicnAa crateBoro akry. Jlnwe 3al'lnlw</e’HHﬂ
OfVH 3 651M3bKO 450 MJIH CNEePMaTO300HIB

MOXe 3annigHUTN oBouuT. [MPOHUKHEHHA

Tema 4. PENMPOAYKLIA TA PO3BUTOK

. ) Osynauin
CrnepmaTto300Ha B KIHOYY rameTy Kpi3b 11
06010HKMN Biﬂ,6yBa€TbCﬂ TakKnUM YmHom. [Mic- In. 138. MocnigoBHicTb Npouecis
NnA peuenTopHOI B3aemMofil 3 yutonaasmm 3annigHeHHA y MoAUHN

oBouuTa B Micui Aii depmeHTIB akpocomu

YTBOPIOETLCA CNPUNMaNbHNUA ropOrK (aKpocomarnbHa peakLis), AKUA 3axOMnJItoeE ro-

NOBKY 1 LWNINKY i BTATYE iX BCEpeAMHY Pa3OM i3 LLIeHTPionAmMM Ta CnipasbHOK MiTOXOH-

Apieto. TMicns NPOHWKHEHHS BTOPUHHWI OBOUUT 3MiHIOE OOMiH pPeuYOBMH, BTpayvae

donikynapHy 060MOHKY, 1 3 KOPTUKANbHUX FPpaHysl GOpPMy€e OOOSNOHKY 3arligHEeHHs
240 (kopTMKanbHa peakuis).
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Ill etan. 37umms 2annoidHux sdep 060x KAiMUH (CHKapioramisa) CynpoBOAXKY-
€TbCSA BiJHOBMIEHHAM AUNIOIAHOro Habopy xpomocom. Ha Uil cTagii BigbyBaeTbcs re-
HeTUYHe Bn3HauyeHHA cTaTi. CTaTeBi KNITUHM XKiHKU MatoTb 22A+X, a raMmeT YOJoBiKiB
MicTATb 22A+X abo 22A+Y (oe A - HecTaTeBi Xxpomocomu; X, Y — CcTaTeBi XpOMOCOMN).
AKLWo Nig yac 3annigHeHHA [0 ANLEKNITUHY 3 22A+X XpOMOCOMaMuy NOTPanJIfe crnep-
MaTO300H 3 22A+X XpoOMOCOMamMM, TO YTBOPIKETbCA 3apOAOK XKiHOUOI CTaTi, @ AKLO 3
22A+Y xpomocomamm — 3apOfOoK YONOBIYOI cTaTi. AKTMBALiA 3UroTn Ao NOAiNy pos-
NMOYMHAETbCA BXE 4Yepes KinbkKa roguH nicna 3annigHeHHA. BOHO npopoBKyeTbcA
BMPOAOBX KibKOX Ai6 32 paxyHOK HaKOMUUYEHWX NOXMBHUX PEYOBUH LIUTOMMIA3MU.

OTXXe, OCHOBHMMM CTadiAMn 3amnfigHEHHA € aKTMBaLif CMepPMaTO300HiIB,
aKTMBaLiA ANLEKNITUH Ta IXHE 3NUTTA 1 3AUTTA ranioigHUX agep.

AKi NpUYVHM NOpYyLIEeHHA NpoueciB 3an/liAHeHHA B NIOANHN?

Y 3annigHeHHi 6epyTb yyacTb rameTy, Lo YTBOPIOOTLCA CTaTeBMMU 3ano3amu. [lo
3HWKEHHA QYHKLiM CTaTEBMX 32103 Y YOJIOBIKA M >KiIHK/ MOXYTb MPU3BOAUTU LWKIONNBI
3BUYKW, onepaLwii 1 TpaBMK, ONPOMIHEHHS, XiMioTepanis, 3anaseHHA ceyoCcTaTeBol CUC-
TeMU, Pi3HOMaHITHi BipyCr Ta 3aXBOPIOBaHHS, L0 NepefatoTbCA CTaTeBMM LUAAXOM (xna-
MiZio3, roHopes, cudinic, TpPxomoHias), nopyLleHHA GYHKUiN eHAOKPUHHOT CUCTEMMN.

CTaH 300pOB’A XKIHOYOro OpraHiamy — Lie OCHOBHUI YAHHUK YCMILIHOMO 3anigHeH-
HA. [prYMHaMM NOPYLLUEHHA HOPMASIbHOMO CTaHY XiHKM MOXYTb Oy TW: HeperynapHun
MEHCTPYanbHUN LMKA i BIACYTHICTb OBYNALil, rOPMOHaNbHi NOPYLIEHHA, HOBOYTBO-
peHHs, ocobucTa ririeHa Towo. Ha 3annigHeHHA YMHWUTDL BIAMB 11 BiK XiHKWU. HalKpa-
WM Nnepiog AnA 3a4aTTa ANTUHN — Ue 22 — 30 pokis. KiHouYa penpoayKTUBHa cnctema
Npautoe MeHLL akTUBHO NicnA 35 POKIB, 3HWKYETbCA AKICTb reHEeTMYHOro Matepiany
ANLEKNITUH, 3pOCTaE KiNbKiCTb NopyLeHb GYHKL i XKiHOUMX cTaTeBMX opraHis. MNpu-
YMHOIO MOpPYLUEeHb NPOLeCiB 3annigHEHHA MOXe BYT HENPOXiAHICTb MaTKOBUX TPYO,
L0 BMHMKAE Yepes 3anasibHi 3aXBOPIOBaHHSA Ta YTBOPEHHSA cnaok. MegunuHuii abopT
pi3KO NiABULLYE PU3NK BUHUKHEHHSA 3amnanibHOro npouecy B Tpybax. BuckobnoBaHHA
NOPOXKHWHW MaTKW Nif Yac BUAANEHHA 3anfigHeHol ANLEKNITUHN HEMUHYYe TPaBMy€E
i MicLA 3'egHaHHA 3 Helo MaTKOBUX TPY6.

FameTn NoAVHM MaloTb 0OMeXKeHY TPUBASICTb XKUTTA i L MeHLU TPUBanuUii TEPMiH
30aTHOCTI [0 3annigHeHHsA. Tak, y NoAMHM OBOLUT 36epirae CNpoMOXKHiCTb o 3annif-
HeHHA nrwe BNpodosK 24 rog. CnepmaTo300HM YONOBIKa B CTaTEBUX LUAAXAX KiHKN
3annigHoBanbHy 30aTHICTb MOXKYTb BTpayvaty Bxe yepes 48 rof. Takum YnHoOM, 34aT-
HICTb rameT A0 3anigHEeHHA 3aneXuTb Bif YMOB CepefoBULLAa BHYTPILLHIX XiHOYMNX
OpraHis.

CTpax BiANOBIZaNbHOCTI 3a ANTUHY, XBUIOBAHHA Yepe3 HeBMEeBHEHICTb B yCnil-
HOMY BMHOLUYBaHHI NIOAY TaKOX MOXKYTb NepeLlKoa»KaTu 3anigHeHH!o.

OTXe, NnpuyMHamMu NopyLleHb NpoLeciB 3anaigHEHHA B JIIOANHU MOXYTb
6yt di3ioNnoriuHi 1 NCMXONOriYHI YNHHUKN.

§ 61. CyTb Ta 6ionoriyHe 3HaueHHA 3annigHeHHA

BIAJIbHICTb

CamocTiiiHa po60Ta Ha 3icTaBneHHA. 3anigHeHHA B IIOAVIHN

3icTaBTe 3anponoHoBaHi 6ionorivHi TepmiHM Ta OTpUManTe y Tabnuui Bignosigen
HayKOBY Ha3BY NpoueciB 3arniigHeHHA. AKe NOXOAXKeHHA Lboro noHATTA? BusHaute

3a JOMOMOroI0 LUX TepMiHiB 0COBANBOCTI NpoLiecy 3anifHeHHA B IOANHN.
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1 Osynauia A KiHoui cTaTeBi rOpMOHMK

2 3uroTta E 3annigHeHa anueknitMHa

3 CuHkapioramia 3 Yonosiui cTaTteBi ropMoHMK

4 TianypoHipasa l; YTBip cnepmMaTo300HiB 3 pepmeHTamun

5 Eakynauia I, CrateBuin opraH AnA po3BUTKY 3apofKa

6 [amoHun N Cim'aBunopcKyBaHHA

7 Akpocoma J1 PeyoBnHM rameT AnA BNAUBY Ha 3annigHEHHA

8 AHpporeHu P 3nutTa rannoigHux agep 4onoBivoi i XiHo4oi ramet
9 EctporeHn T OepmeHT akpocomu Afia po3LiensieHHs 06010HOK ANLA
10 KpocuHrosep ® Buxig ANUEeKNiTUHY 3 AEYHNKA

11 MaTka L, O6MiH ginAHKaMM MiXX FOMOSIOFiIYHMMI XPOMOCOMaMM
12 KosTe TiNno A YTBIp, WO BUHNKAE B AEYHNWKY Micaa oBynALil

bionoria + XapuoBa npomucnosictb. [1BoO 11 cTaH penpoayKTUBHOI cucTeMU

CopTiB NMBa HanivylTb HaBiTb HE JECATKW, a COTHI
Tncsay. Cepepn obuBaTenis nobyTye AymMKa Mpo Kopuc-
HICTb LbOro CNMPTHOro Hamow. be3ymoBHO, y nuBi €
KOPWCHI BiTaMiHW, MiKpOenemMeHTW, OpraHivyHi KucnoTtu.
BogHouac BOHO MiCTUTb TaKOX €TaHO/, CMONYKN BaXKNX
MeTanis (Hanpuknag, Kagmito), pOCAIMHHI aHanoru xiHo-
YUX CTaTEBUX TOPMOHIB. KNI BMIVB MatloTb HaBeAeHi WKiANMBI pevyoBMHM Ha 3annig-
HEHHA N CTaH penpoayKTUBHOI CUCTEMU NIOANHN?

§ CTABJIEHHA
-~ —
ﬂg bionoria + Ximisa. 3annigHeHHA Ta 6GioenemeHTN

[pPOHVMKHEHHA  cnepmaTo300Ha B
OBOUUT 3MiHIOE B HbOMY OOMiH PEUYOBMH:
NiABUILYETbCA  MPOHUKHICTb  KNITUHHOI
MeMOpaHy, MOCUIOETbCA  MOMIMHAHHSA
D®ocdopy i Kanito, Buginaetbca Kanbuin,
36inbluyeTbcA 0OMiH BYrneBOAIB, aKTuBY-
€TbCA CMHTe3 6inkKa. Y nepLui XxBUnuHu nicna
KOHTaKTY 3i CNepmMaTO300HOM ANLEKNITUHA BUKMAAE Ha30BHI LIMHK, AKMI go 3annia-
HeHHA IHTEHCMBHO HakonuyyBsasa. HaykoBui Ha3Banu Le ABKLLEe «LMHKOBOIO ICKPOIO».
OuiHiTb 6ionoriyHe 3HaYeHHA Ha3BaHMX OioeNeMeHTIB ANA ANLEKNITUHN Ta PO3BUTKY
3UroTu.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. o Take 3annigHeHHA? 3. LLlo Take 3urota? 4. Ha3BiTb Tpu OCHOBHI cTagii 3annia-
1-6 |HeHHA B NloanHN. 5. HaBediTb NprKAaan 30BHIWHIX YNHHUKIB, WO NOPYLIYIOTb 3a-
nnigHeHHA. 6. AKi BHYTPILIHI YAHHUKN NOPYLIEeHb NpoLeciB 3anigHeHHs.
7.Y yomy cyTb Ta 6ionoriuHe 3HaueHHA 3annigHeHHA? 8. AK BinbyBaeTbCA 3annigHeH-
HA B N0AMHN? 9. Ha3BiTb NPUYMHM NOPYLIEHHA NPOLECiB 3anifAHEHHA B IOANHN?
10. OBrpyHTYINTE CYLAKEHHA NPO HEOOXiAHICTb BifNOBIAANbHOMO CTaBNEHHA A0 Na-
HYBaHHA Cim'i.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

10-12
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JloduHa po3ymHa — ye biocoyianeHuti 8uO0.
3 niopyyHuka

§ 62. OcobnusocTi penpoayKuii NIOANHN Y 3B’A3KY
3ii 6iocolianbHOIO CYTHICTIO

OCHOBHi NOHATTA 1 Kno4voBi TepmiHu: PEMPOAYKUIA JIIOAUHWU. Penpo-
AYKTUBHEe 340poB’A. PenpoayKTnBHa meguumHa.

MpuraganTte! Lo Take po3mMHOXeHHA? XTo Takmih Homo sapiens?

3Hanomrecsa!

AlLekniTMHY Nig mikpockonom nepwum nobauvis Kapa
bep (1792-1876). CranocA ue B ganekomy 1827 p. 3a HayKoBi 3a-
cnyrn 6yB HaropoZXeHU 30/10TOK MefaIo, Ha AKil BUKapOy-
BaHO NatuMHCbKUIM Bucnis: Orsus ab ovo hominem homini ostendit
(«MoyvaBww 3 ANLA, BiH NOKa3aB OANHI NIOANHY»).

3MICT

Y yomy 6GiocouianbHa CyTHiCTb penpoayKuii nioguHn?

BionoriyuHUMKU ocobnMBOCTAMM penpoayKuii NIoJUHN €
po3dinbHOCTaTeBICTb 3 BUCOKMM CTyNMeHem CTaTeBOro Au-
Mop®izmy (in. 139). Kpim pi3HULIi Yy penpoayKTUBHIN cuctemi
Ta MNEePBUHHMX CTaTEBUX O3HAKaxX € BIAMIHHOCTI 1 Yy BTOPWH-
HUX CTaTeBUX O3HaKax i NoBeAiHLi. Y NogCbKoMy CyCninbCTBi
NOLWMPEHMMU € cOUianbHi NOrNAaM Npo reHJepHy PiBHICTb
YOJIoBiYOI 1 XiHouoi cTaTtell. feHdep (aHrn. gender — cTaTb,
Bil naT. genus — pif) — couianbHo-6ionoriyHa xapakTepucTu-
Ka, yepe3 AKY BU3HAYalOTbCA MOHATTA «YOMOBIK» i WKiHKa»,
ncmxocouianbHa, COLiOKYNbTYpPHa POJib YOJOBIKa i KIHKN AK
ocobucTocTell, Ha BiAMiHY Bif CTaTi, WO No3Haya€e GionoriuHi
BiAMIHHOCTI.

Mpouec pO3MHOXEHHA B NIOANHM MOB'A3aHMI 3 BHYTPILL-
HiM 3annigHeHHaM (3auatTam). Lle 6ionoriyHmMin mexaHism
3/IUTTA CNEePMaTO300Ha 3 OBOLUTOM, AKMM PO3MOUNHAETLCA
PO3BUTOK HOBOFO OpraHi3my B Tifli maTepi. binbw HixXX y 98 %
BMNaAKIB Mif Yyac 3a4aTtTa BiAOYBa€TbCA 3amifHEHHA TiNbKK

e . TUBHa CMCTeMa
OAHI€ET ANLIEKNITUHN, LLIO 3yMOBJIIOE PO3BUTOK OAHOIO nnoAa. Y iHK (1) 71 YONOBi-
1,5 % BMNagKiB po3BMBaOTLCA ABIVHI (6n1M13HATA). MpPr6AN3HO Ka (2)

B ogHOMy 3 7 500 BUNagaKiB BariTHOCTi PO3BUBAIOTLCA TPIMHI.

3paTHicTb Ao penpoayKuii MaloTb Tinbku GionoriyHo 3pini iHamBIgW. Y nognHn
CTaTeBe [O3piBaHHA BigOyBaeTbcA Big 9 Ao 16 pokis y gisuaT Ta Big 11 go 18 po-
KiB — y xnonuis. 3gaTHICTb O penpofyKuii 36epiraetbca y )iHok o 40 — 45 pokis, y
YOJOBIKiB — 1O NITHLOrO BiKY, HaBiTb YNPOAOBX YCbOro XUTTA. Y I0HaLbKOMy BiLli 3a-
BepLyeTbcA nybepTaTHU nepiod, TO6TO nepiof cTaTeBOro fo3piBaHHA. Lle o3Havae
34aTHICTb MOIOAVIX JIOAEN [0 3a4aTTA AUTMHM 6e3 WKoAM ANiA CBOTO 30POB's, a Ans
OiBUNHM LWe 1 3[aTHICTb BUHOCUTM | HApOAMTK 30poBY AnTuHy. CtateBa 3pinicTb —
OfiHa 3 HaMBaXXNMBILWMX 3acag noapyxxA. [lpoTe cTaTeBa 3piNicTb — LWe He NOKa3HUK
couianbHOI FOTOBHOCTI A0 Wio6y.

In. 139. Penpogayk-
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3apodoK NAUHM PO3BMBAETLCA B MaTLi XiHKM Mig Yac BariTHOCTI BMPOJOBXK
265-270 pHis. Monorn B NOAUHN 33 HOPMAJbHKX YMOB BifOyBalTbCA HaNpPUKiHLi
40-ro TUXKHA BariTHOCTI (CTPOKOBI, abo cBO€vacHi, monoru). TpuBaTb NOAOTM y nep-
wopoginei 6nm3bko 18- 20, y TKX, WO NOBTOPHO HAapoaXytoTb, — 1214 ropg. Lle 6io-
noriyHi oco6nmBocTi. ColianbHNUM acneKTOM HanpPUKNag € Te, WO »KiHKaM Y Cy4yacHOMY
CyCninbCTBi HAJAETbCA AEeKPeTHa BigNycTKa. B YKpaiHi Taka BignycTka 3 30-ro TUXKHA
BariTHOCTi TepMiHOM Ha 126 AHiB i BUNNIATOO MaTepianbHOI AONOMOrM MO BariTHOCTI
1 nosioram.

Omxe, PENMPOAYKLIA NIOAWUHW - 6GionoriyHa 34aTHICTb NOAVHK
BiATBOPIOBATU COOi MOAiOHMX, WO BifOYBa€ETbCA i3 BU3HAYAIbHUM
BM/IMBOM COLialNbHUX YMOB.

AKNMUN € YMHHUKIN PUSUKY ANA PenpoAYKTUBHOIO 340poB’A?

PenpopykTuBHe 3[40poB’A — ye CMAH NOBHO20 (hi3UYHO20, NCUXiYHO20 U CO-
yianeHozo 611a20n0y4Y4s, a He NPoCcMo 8i0CYMHICMb 3aX80PIOBAHb, WO CMOCYIOMbCA
penpodykmusHoi cucmemu, ii pyHKyil i npoyecis. Lle noHATTA GaratonnaHoBe 1 3a-
CTOCOBYETbCA He nuLie y GionoriyHoMmy, a 1 colianbHOMy acnekTax. Tak, po3pi3HAITb
penpoayKTMBHE 300POB'A NiANITKIB, XKiHOK, YONOBIKIB, MOMIOAI, HaLil Ta iH.

PenpopykTrBHe 300poB’sA, AK i 310POB’'A B LiNIOMY, BU3HAYAETbCA Pi3HUMM YNHHU-
Kamu. [o-nepLue, BOHO 3aNeXnTb Bi CNagKoBOCTI. baTbkn nepeganu Ham CBOI O3Ha-
K/ 1 BNaCTUBOCTI, 30KpeMa 1 Ti, Lo BM3HAYalTb PenpoayKTBHe 3g0poB’s. Mo-gpyre,
pPenpoayKTMBHE 300POB's 3aNEXUTb Bifj CMOCOBY XNUTTA, KOPUCHUX | WKIZANBUX 3BU-
yok. [lo nopylueHHA PenpoayKTVBHOIO 340POB'S MOXYTb Mpu3BecTu 6e3BignoBi-
JanbHe CTaB/ieHHA Ao cebe, BiACYTHICTb aHani3y HacnigKiB CBOIX Aili, HEMpPaBUIbHE
iHbopMyBaHHA NpPo cnocobu n metoan NpodinakTUKM HebakaHoi BariTHOCTI, NPO
3anobiraHHA iHeKyiam, wo nepedarmscs cmamesum WIAXoM. 3a BUAOM 30yAHVIKIB
3axXBOPIOBaHHA, WO nepefatoTbca ctateBum wnaxom (3MCL), noginAaTbca Ha: Bipy-
cHi (CHIJ, reHiTanbHUI repnec, renatnt B), 6akTepianbHi (cudinic, roHopesa, xnami-
[i03), NPOTO30WHI (TpUXOMOHia3, NsM6nio3), rpMOKoBI (KaHAWMAO3M), NapasuTapHi
(kopocTa, No6KoBUI NeAnKyNnbo3). 1o YNHHUKIB PU3KKY ANA PenpoayKTUBHOMO 340-
|POB’A HaneXaTb: a) HeCNPUATANBUIA ANs 3L0POB’s CNOCI6 XUTTA (CTpec, rinognHamis,
HepauioHanbHe XapuyyBaHHA); 6) LWKIANVBI 3BUYKW; B) HECNPUATIMBI €KOJOriuHi
UMHHVKN cepefoBuLLa (3abpynHEeHICTb JOBKINNA, BMCOKMI piBeHb pagiauii Towo);
r) HEraTUBHI YMHHUKK COLiaNbHOro cepeaoBuLla (HU3bKNIA pPiBEHb XKUTTA, 6e3pobiT-
TA TOLWO); A) CNAAKOBI MNOPYLIEHHA; €) HeAOCTYMHICTb MeAUYHUX NOCAYr i NOCAyr 3
KOHCYJbTYBaHHA.

MnaHyBaHHA Ta peTenbHa NiAroToBka ManbyTHiX 6aTbKiB 4O BariTHOCTI, 340POBUIA
Cnoci6 Xn1TTA, BiAMOBA Bif WKiAINBMX 3BUYOK CMPUAIOTL HOPMaNbHOMY nepebiry Ba-
FITHOCTi Ta MONOriB, HAPOAXKEHHIO 340POBUX iTEN.

OTxe, TypbOTa NPO CBOE 3[40POB'A, Y T. Y. | peNpoayKTNBHE, MaloTb CTaTu
HOPMOIO 1 KyNbTYpPOI MOBEAIHKM KOXKHOI NI0AVHM Ta CYCMibCcTBa B Linomy.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

AKi cyyacHi MOXXKNMBOCTi Ta NePCNeKTUBY PpenpoayKTUBHOI MeanLHn?
PenpopaykTuBHa MeguLiHa — ye 2dy3b MeOUYUHU, AKA 3aliMaemobCcA 8i0HO8/1eH-
HAM penpodyKmusHo20 300p08’A ma supilueHHAM npobsiemM HapooxeHHA dimel i nna-
HYBAHHA CiMT. Y penpopyKTUBHIA MefULMHI BUKOPUCTOBYIOTbCA 3HAHHA FeHeTUKMU,
riHekonorii, Kpiobionorii, uuTonorii, MonekynapHoi 6ionorii.
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OCHOBHOI0 METOAUKOIO PenpoayKTUBHOI MeANLMHN € eKCTpaKoprnopasnbHe 3a-
nnigHeHHs (EK3, «wTyyHe 3annigHeHHA», «3annigHeHHs B npobipui»). Lle meToguka,
3rigHO 3 AKOI ANLEKNITMHY »KIHKIM 3an1igHIOTbCA N03a il opraHi3aMmom i uepes Kinbka
[i6 BBOAATbCA B MOPOXHMHY MaTKM 3 METOK PO3BUTKY BariTHOCTI. EKcTpakopnopanb-
He 3annifHeHHs BnepLle B icTopil NtoacTBa Oyno npoBeaeHo B 1978 p. 3aCHOBHMKOM
€KCTpaKopropanbHOro 3amnigHeHHsl BBaXaeTbcA P. EABapAc, AKUIN 6yB Haropogxe-
HuiA y 2010 p. HobeniscbKoto npemieto 3 disionorii i meguumHm (in. 140).

-

OTpuMaHHA
ANLEKNITUH -

MepeHeceHHA embpioHa Ha
cTapii 2-4-8 6nactomepis
y MaTKy

JloHopcbKa
cnepma

3annigHeHHs
«B NPOGipLi»

Crapis 2-4-8 6nactomepis
(apobneHHs)

N

Cragia !
3UTTA ramet

(3annigHeHHsA)

In. 140. Cxema WTYYHOro 3annigHeHHA

PenpofykTvBHa MeAuUMHA iHTEHCUMBHO pPO3BMBAETbCA. Po3pobneHo HOBIT-
Hi METOAVIKYM, CMPAMOBaHI Ha peani3alilo penpoayKTMBHOI GYHKLIT nap, siKi He Mo-
XKYTb 3a4aTul AUTUHY NPUPOAHMM LAAXOM: a) iH'€EKLiA CnepMaTo300Ha B LMTOMIa3My
ANUEKNITUHY; 6) MeToAMKa [OHOPCTBa AWUEKMITUHU; B) CypOraTHe MATepUHCTBO;
r) MeTofVKa 3aMOpPOXKyBaHHA eMOpPIOHIB; ) 6aHK AOHOPCHKOT CepmMu; e) MeToAMKa
CTUMYNbOBaHMX UMKNIB Ta iH. Ha noyaTky 2017 p. penpoayKTonorn KniHikm «Hagia»
BUCTYNWUAN i3 3aABOI0 NPO HAaPOAXKEHHA B YKpaiHi nepLoi y CBiTi ANTMHK nicnAa 3a-
CTOCYBaHHA METOAUKMN NPOHYKNeapHOro nepeHeceHHa («QUTUHN Bif TPbOX 6aTbKiB»).
CyTb meTOAY MonAra€ B TOMy, WO NaLi€HTLi BBOAATb JOHOPCbKY ANLIEKITUHY, 3 AKOT
BMAaNeHO BfacHe AAPO Ta BBeAEHI rannoifHi agpa YonoBika N »KiHKK, AKi CTaHYTb
reHeTUYHVMK 6aTbKamu AnTUHW. B pesynbTaTi Liel maHinynayii 6yno otprmaHo «pe-
KOHCTPYMOBaHy» ANLEKNITVHY, WO Mana reHeTuyHui Habip sgepHoi OHK Big matepi
i 6aTbKa i uMTonnasmaTuyHoi [JHK Big foHOpa, TOGTO AUTMHA MA€E «TPbOX HATbKiB».

3a3HauMMo, WO AOCATHEHHA YKPaAiHCbKUX CnewianicTiB y ranysi penpoayKTUBHOI
MeAVUMHN He MOCTYnalTbCA AOCATHEHHAM B iHWMWX KpaiHaX. I[HCTUTYT penpoayk-
TUBHOI MeanunHM B KMEBI — Lie BXXe MiP)KHapOAHUIN MeQMNYHWIA LEHTP 3 NiKYyBaHHA AK
XiHouyoro, Tak i yosioBiyoro 6e3nnigas. LleHTp mae BnacHi BigaineHHa embpionorii,
PEeNPOAYKTONOril, BNACHWI KpiobaHK.

OT>Ke, MOX/IMBOCTI CyYaCHOI penpoAyKTUBHOI MeEANLNHW € AyXe ONTUMi-
CTUYHMMM — 3aBAAKN ePeKTUBHMM MEeTOAMKaM NiKapi 34aTHi JONMOMOrTy
cim'AM peanisyBaTi Mpilo NPO MaTepMHCTBO, BUiKOBYBaTK 6e3nnigas
i 3arafiom CnpuATA MOMIMNLIEHHIO PENPOAYKTUBHOIO 340POB'A Haui.

§ 62. OcobnmBOCTi penpoayKLii NIoAnHK Yy 3B'A3KY 3 ii 6iocoLianbHO CyTHICTIO

245

MpaBo anst 6e3onnaTHOro po3milleHHs NiapyYHKUKa B Mepexi IHTepHeT mae
MinicTepcTBO OCBiTH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.




Tema 4. PENMPOAYKLIA TA PO3BUTOK

246

[IANbHICTb

x,/‘ CamocrTiiiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui BM3HauTe GionoriyHe i colianbHe y HaBefeHMX NpoABax
PO3MHOXeHHs ntogrHu. ChopmyntonTe BUCHOBOK NPo HiocoLianbHy CyTHICTb penpo-
JyKUiT NIoJnHN.

MposaB bionoriuHe CouianbHe
CraTteBe PO3MHOMXEHHA
Cratb
CrateBa noBefiHKa
3annigHeHHA
BaritHicTb
[Monorn

bionoria + Kynbrypa

Yomy B Hapogi KaxyTb: «Jleneka MpUHIC AUTUHY»?
Mo-nepuue, AK NepeniTHi NTaxu, 6ini neneku BigniTaloTb Ha
niBAeHb BOCEHW i MOBepPTaloTbCA B EBPONY Yepes AeB'ATb
MicAuiB. Mo-gpyre, NiTHA HiY Ha 21 YepBHA — Le Oyno A3MY-
HULbKe CBATO W00y 1 HapOAPKYBaHOCTI, 3 AKMM MOB'A-
3yBany 3a4yaTTa AiTel, a IXHE HapomXeHHA Bigbysanoca oy Y-
NpPUGAN3HO B TOW Yac, KoM Nenekn npuaitany 3 Bupito. : -

Arne OCHOBHOIO MPUYKHOIO MOABU LIbOTO BUPA3Y € BCe-TaKy Te, WO 6aTbKam HeNpoCcTo
BiANOBIAATN Ha HE3PYYHi 3anNMTaHHA Manux AiTen Ha TeMy 3a4aTTA. 3acToCcynTe CBOI
3HaHHA penpoayKLuii NoANHY | CTBOPITb TBIP-NOACHEHHA «3BigKu 6epyTbca OiTn?».

CTABJIEHHA
bionorisa + OxopoHa 3g0poB’s

BcecBiTHA opraHisauia oxopoHu 3popos’a (BOO3)
OnNpUIAHUAA CYMHY CTaTUCTUKY: 39 % XiHOK i 20 % yono-
BiKiB € 6e3nnigHUMK. HalvacTiwe npuunHamu 6e3nnigaa
€ 3anasnbHi 3aXBOPIOBaHHA CTaTEBOI CUCTEMU, MOPYLUEHHA
pPo60TK iIMYHHOT Ta EHLOKPUHHOI CCTEM OpraHi3my, Kce-
HOGiOTUKN. Ane HanbinbWw nowrpeHow Cy6'eKTUBHOD
npuyrHol 6e3nnigaa i nopyleHb PO3BUTKY € WKignuei 3Bnukn. OBrpyHTYlTEe Cy-
IPKEHHSA NPOo BMNIMB CMOCOBY XUTTA Ha penpoAyKTUBHE 340POB'A.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. o Take penpopykuia noguHn? 2. Haeegitb npuknagn 6ionoriyHmnx ocobnu-
BOCTEN penpopykuii noagnHu. 3. HaBefiTb Npuknagmn couianbHyX 0CO6nMBoOCTeNn
penpoaykuii nognHu. 4. Lo Take penpogykTrBHe 3g0poB’a nognHn? 5. LWo Take
penpoayKTnBHa MeauLumnHa? 6. Y YoMy CyTb eKCTPakopnopaabHOro 3anaigHeHHA?
7.Y yomy biocouianbHa CyTHICTb penpoayKLii noanHN? 8. AKUMU € YNHHUKN PU3N-
7-9 | Ky AnA penpoayKkTUBHOro 340poB'Aa? 9. AKi cyyacHi MOXIMBOCTI Ta NepcnekTnsmn
penpoayKTUBHOI MeANLINHI?
10. O6rpyHTYyiTE CYyI>KEHHS MPO BMIMB CMOCOOY XWUTTA HAa PEenpOAyKTUBHE 3[0-
POB'A NOANHN.

10-12
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KoodHa yacmuHa matibymHb020 n100a He iCHYE 8 AUUI AKmMyasibHo,
a’se 8Ci HacMuUHU ICHYtoMb Yy HbOMY NOMEHYia/1bHO.
B. [apeeli

§ 63. Em6pioreHes niognHm

OCHOBHi NOHATTA 11 Kno4oBi TepmiHn: EMBPIOTEHE3 JIIOAUHW. Em6pio-
HanbHa iHAYKLUiA. 3apoAKoBi 0600HKM.
Mpurapanite! Lo Take oHTOreHes?

< Momipkyiite!

«3annioHeHa AlueknimuHa — ye He NPoCMo KAiMUHHa
Maca 6e3 ocobusux 8/1ACHUX Xapakmepucmuk. BoHa Ha yiti cma-
0il 8iOpi3HAEMbCA 8i0 NyN’AHKA K8IMKU YU 3apo0Ka meapuH. BoHa
nosHicmio U abcomomHo € XUTTAM nwodcekoi icmomu, i 8oHa
Mae me came Xumms, ujo U HOBOHAPOOXeHUl MaJltoK, OUMUHQ,
nionimok abo 3pina o0UHA», — TaK NUCaB aMePUKaHCbKNIA flikap
E. XaHT. A AKol0 € Bala AyMKa LLOAO NpaBa 3apofka Ha »KuTTa?
3apoAoK — Lie BXe HOBUI i HEMOBTOPHMUI OPraHi3M Yn nuile YacTrHa OpraHiamy ma-
Tepi, WO NOBHICTIO 3aNeXNTb Bif Hel?

3MICT

Aki nepiogn em6pioreHesy nioagnHnN?

EMBPIOTEHE3 JIDAWHW - po3sumok opaaHiamy n00uHuU 8id 3uzomu 00 Hapoo-
XeHHA. BiH TprBae 40 TMXHIB, i 3@ Len Yac 3 OQHIEl KNITMHN BUPOCTAE OPraHi3m, AKNN
CKNTafa€eTbCA 3 MinbApAiB cnewianizoBaHuX KNiTUH. EMBpioreHes nognHu nig yac Ba-
riTHOCTI nopinAlTb Ha TpW Nepioawn: nepepsapofkosuii (1 TMXKAEHD), 3aPOAKOBUI
(nepwi 2 — 8 TMXKHI) i NAigHUN (9 — 40 TUXKHI).

MepepsapogkoBuii nepiof — ye nepiod 8io 3uzomu 00 opMyB8aHHSA iIMNIAHMO-
8aH020 3apooka. Micna 3annigHeHHA 3UroTa akTUBHO AINUTHLCA WAAXOM MiTO3Y | nepe-
MiLLYETbCA MO MaTKOBI TPYbi o MaTKn. Yepes Tpu o6U GOPMY€ETbCA CKYNMUEHHs i3
12 - 16 KNiTUH, AIKe Ha3NBAETbCA Mopy/a (Big naT. morula — Arigka woskoswuui). MNoginu
KNiTVH NPOAOBXYITbCA | Yepes 5-6 Aib nicna 3annigHeHHA BUHUKAE cTagia (6n11M3bko
100 KniTWH), BCepeanHi SKoi € NOPOXKHMHA. Tenep Ue oAHoLapoBa 6araToKniTMHHA
CTapia-6nacTyna, Aka y NoavHN Ma€ Ha3By 61acmouyucma (in. 141).

[pobneHHs

I 3uroTa Agpo
ANLEKNITUHN

Appo
cnepmaTo300Ha

\ 3anfligHeHHs

§ 63. EMGpioreHes nognHu

‘) Cnepma-
TO300HU
3piniai

‘, donikyn BropuHHuin

Tino oouur

Bnactouucra

IMnnaHTOBaHa
6nacrtoyuncra

In. 141. Cxema noyaTKOBMX CTafit eMbpioreHesy nANHA 27
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Yca cykynHicme mimomuyHuUx noodinie 3u2omu, W0 3asepuyomsca YmeopeHHAM
61acmoyucmu, Ha3vBaloTb Opo6sieHHAM. Ha 7-i1 feHb nicns 3annigHeHHs 6iacTto-
LMCTa 3aHYPIOETLCA B C/IM30BY 0O0SIOHKY MaTKW 1 MPUKPINIIOETbCA A0 Hel (iMnnaHTa-
LjiA) 3a JOMOMOTOI0 BUPOCTiB-BOPCUHOK. [TOUMHAETHCA PO3BUTOK 3apofKa.

3apoakoBuin nepiog — ye nepiod opmy8aHHa 3apooKd, Wo Mpusde 8i0 Mo-
MeHmy iMnaaHmayii 00 ymeopeHHa naody. MNoTpanuswy B MaTKy, 3apOfoK NOYMHAE
WBMAKO pO3BUBaTUCA. B npoueci eacmpynayii BuHMKaloTb TpU 3apOAKOBi MCTKN
(ekTogepMa, Me3ofepMa i eHTofepma) N YyTBOPIOTbCA 3apOAKOBI 060N0OHKN. Jani
PO3NOUYNHAETLCA 2iCMO- Ta Op2dHO2eHe3 — YTBOPEHHA TKaHWH Ta OpraHiB. Y Hbomy
BMOKPEMIIIOTb (ha3u HelipynAayii (yTBOPeHHA 0CbOBOIo KOMMJIeKCY OpraHiB: HepBOBa
Tpy6Ka, TpaBHa TPybKa, xopha) Ta popMy8aHHA iHWUX opeaHis. Ha 16 — 18- feHb y
3apofiKa, AKMI He BinbLlIKii 32 PUCOBE 3ePHO, BXKE € CepLie, 3a4aTKu BYX, OUE, PYK, Hir,
rONOBHOro MO3Ky. HanpukiHUi 3apofKoBOro nepiody 3apofoK yxe Ma€ yCi opraHu,
npuTamaHHi fOPOCAI NIOAWHI; MOro Ha3MBaTb NJI00OM.

MnigHunit nepiop — ye nepiod pozsumky naooa, Wo Mpusde 3 NOYAMKY MPemsbo-
20 MicAya 00 HapoOXeHHsA. PO3BMBAETLCA NAif Yy NJ10008OMY MiXypi, WO PO3MILLEHWNI
BCEPeAVHi MaTKM 1 YTBOPEHUIN TKaHMHaMK OpraHiaMy maTtepi 1 3apofiKoBUMU 060-
noHKamu. Ha 9-my TvxHi nnig gocarae gos»xkuHm 3,0 — 3,5 cm i macn 4 1. 13 12-ro tmx-
HA BiIOYBAETbCA CKOCTEHIHHA CKenleTa, NoYrHaTb GyHKLiOHYBaT M'A3K, 3 18-20-ro
TUXKHA NI MOYMHAE PyXaTUCA, 3 28-TO TUXKHA BiH 3AaTHWIA pearyBaTu Ha 3ByKu. Ha
9-my micAui BariTHOCTI Maca nnogy pgocarae 3,2 — 3,8 Kr, a AoBXnHa — 50 — 54 cm. Ta-
KM YMHOM, y NAifHOMY nepioai BibyBaloTbcA npoLecy mopghozeHesy opraHis (ygo-
CKOHaneHHA Gopmu, NPUAHATTA HOBOIO BUMNAZY 3aBAAKU NpoLecam eMbpioHanbHOT
iHOYKUiT, anonTo3y, poCTy TOLWO).

OT)Ke, OCHOBHUMW eTanamu eMOpioHasIbHOro PO3BUTKY JIIOAUHM €
nepen3apofKoBUi, 3apOoAKOBUIA Ta MNAIAHUN Nepiogwn.

Ak BigOyBa€eTbCA B3aEMOAIA YaCTUH 3apoAKa, AKNI PO3BUBAETbCA?

CnpAMoBaHiCTb eMOPiOHaNIbHOro PO3BUTKY Ta MOABY Pi3HUX KNITUH i3 OAHOPIAHMX
BUXiAHNX BU3HaAYaloTb Pi3Hi YMHHMKKU. Lle yntonnasmaTnMyHmnin po3nogin XOBTKOBUX
BKJIOYEHb, HaAcnabke ynbTpadioneToBe BUMPOMIHIOBaHHA, MiXKKNITUHHA KOMYHiKaLif,
Mirpauii KNniTH, @ TaKoXX B3aEMOJiA YaCTWH 3apOofKa.

Em6pioHanbHa iHAYKLia — A8uwe 83aeMO0ii MiX YacmuHamu 3apooKd, 3aeos-
KU YOMY OOHQ i3 HUX BU3HAYAE HANPAM pO38UMKY CyCiOHbOI. EMOpioHanbHa iHayKLis
Crnpusi€ 36iNblUEHHI0 Pi3HOMAHITHOCTI KNITWH i 30iNCHIOETbCA 3a Ge3nocepeaHbo-
ro KOHTaKTY KJIiTUH MK c060t0. [JOCNigKeHHs B3aEMOAI MiX KNiTMHaMK nig 4ac
embpioreHe3y 3amnouyaTkoBaHi HiMmeubKuM 3005i0roMm B. Py (1850-1924). Baromuii
BHECOK Y PO3BUTOK YABEHb NPO Le ABuule 3pobunu [. lepgoH, Y. Yainng, X. Tuge-
MaH Ta iH. 3a BigKpuTTA opraHisylounx epekTiB y eMOpioHanbHOMY PO3BUTKY HiMeLlb-
Kunin embpionor I Wineman (1869-1941) otpumas HobeniBcbKy npemito 3 disionorii
i meguuunHm (1935). Ni3Hiwe 6yno BCTaHOBNEHO, WO Li B3aEMOBMANBY 3[iNCHIOOTb-
€A 3a yyvacTi crneuianbHUX 6iNKOBUX pevyoBUH-iHAYKTOPIB. EkcnepumeHTanbHO 6yno
LOoBefieHo, Wo BinKn-iHAYKTOpK € BXKe Y He3arnnigHeHoMy AL, ane nepebyBatoTb Yy
HeaKTMBHOMY CTaHi yepe3 HaABHICTb iHribiTopis. Mig yac embpioreHe3y 3MiHIOETb-
CA NOHHWI CKNag LMTOMa3mMmM N NO3akniTMHHOIO cepefoBuLLa, WO NPUBOANTL A0
BUXOAY iHri6iTOPIB i3 KNiITMHW | pO36NOKYBaHHA IHOYKTOPIB. AK HAaCNifOK iHAYKTOPU
BXOAATb B AAPO 1 aKTUBYOTb BiAMOBIAHI reHu, WwWo cnpuse gudepeHuiadii KNiTuH,
248 ricto- n opraHoreHesy.
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OTXXe, B3aEMOAiA YAaCTUH 3apPOMKa, WO PO3BMBAETLCH,
3abe3neyvye CNpAMOBaHICTb PO3BUTKY.

flke 3HaYeHHA 3apoAKOBMX 060/IOHOK B eMOpioreHesi niognHn?

3apoakoBi 060/10HKM (M03a3apOAKOBI OpraHu, NPOBI3OPHI OpraHn) — Mumya-
cosi op2aHu, wjo ix ymeoproe 3apo0okK nio Yac embpiozeHe3y i Aki 3ab6e3nedyyoms (1020
picm i po3gumok. [Jo no3a3apofKOBMX OPraHiB SIOAMHN HanexaTb XOPiOH, aMHIOH,
niaueHTa, anaHToiC, XXOBTKOBUI MILLOK, MYMKOBWIA KaHATUK Ta iH. (in1. 142).

Y nioguHY x08mkosuli MiuwloK 6epe aKTUBHY YUacCTb Y XXMUBMEHHI 1 ANXaHHI eM6-
pioHa, ane ¢yHKLiOHYEe HEQOBro — A0 8-rO TUXKHA, @ NMOTIM 3a3Ha€E 3BOPOTHOrO PO3-
BUTKY. AMHiOH GOpMy€e aMHIOTMUYHY OOONOHKY, L0 BUPOBNAE aMHIOTMYHY PigMHY, AKa
CTBOPIOE HeobXilHe AnA pPo3BUTKY 3apofKa BoaHe cepepoBuuie. OKpiM TOro, amHi-
OH 3abe3neuye Nig NOXUBHMMUN PEYOBUHAMMU, BUKOHYE 3aXUCHY GYHKLiO, amopTu-
3yI0UN MOXNMBI CTPYCY Ta yaapu, nonepenxa€e NnoTpaniaHHA 4O NAogy LWKIiAANBUX
areHTiB. A/IAHMOIC € OPraHOM XVBJIEHHA, Fa3000MiHYy Ta eKcKpeLii Ha nepLnx eTa-
nax po3BUTKY 3apoAKa, i Ha 2-My MmicAli embpioreHe3y anaHToic peayKyeTbcA. Xopi-
OH, abo BopcMHKOBa 000JSIOHKa, MPOHUKAE B CU30BY
060MOHKY MaTKM i pa3oM 3 Hel YTBOPIOE MnaLeHTy.
Mnayenma (Big nat. placenta — KOPXUK) € 0CO6GMBUM
opraHom, fIKWI 3abe3neyye Mfif NOXWBHUMUK pPeyo-
BMHaMM i KMCHEM, BOUPAE KiHLEBI NpoayKT 0OMiHY,
CEeKpEeTYE roOpMOHM, i clyrye bap’epomM Ana WKigINBMX
peuoBrH. OfHielo 3 HalBakNUBIWNX GYHKLiA LbOro
6ap’epa € 3abe3neyeHHnA iMyHonoriyHoro 3axucty. Oa-
HaK Kpi3b MiaueHTapHUn 6ap’ep Nerko npoHMKawTb
aNIKOrosib, HAPKOTMYHI PEYOBMHM, HIKOTUH i 6araTto ni-
KiB. DopMyBaHHA MaLeHTN 3aKiHUYETbCA HaMpPUKiHUi
3-ro MicALA BariTHOCTI. In. 134. Po3TawyBaHHA nnoga

Jlo BaXIMBUX NO3a3apOAKOBUX OPraHiB MIOgUHM BMaTHi MNEPEA HAPOAKEHHAM:
HaNeXXTb TAKOX NnynKosull KAHAMUK, AKUI 3abes- 1~ WA308a 06onoHKa maTky;

6pi 2 — cnin3oBa 060JI0HKa
nedye emMOPiOH NOXMBHNMMU PEYOBUHAMU Ta KUCHEM, . 3 avion: 4 — i

nepeLlKoAXa€e NMPOHUKHEHHIO LWKIANVBAX PEYOBUH 3 5 — aMHiOTUYHa pianHa;
nnaueHTn Jo eMOpioHa, BUKOHYOUM B TaKWiA CNoCi6 3a- 6 - NYNKOBMI KaHaTUK;
XUCHY GyHKLUitO0. 7 - nnaueHTa

OTxe, B eMOpioHaNbHOMY PO3BUTKY JIIOAUHN BaXKNnBY POnb
BiflirpaloTb TUMYACOBi MPOBI3OPHI OpraHu, AKi yTBOPIOIOTbCA
" GYHKUIOHYIOTb y 3apofKa i AKMX HEMaE B JOPOC/IOMY CTaHi.

RIANbHICTb

JlabopaTopHa po6oTa 4

§ 63. EMGpioreHes nognHu

BuBueHHs eTaniB emb6pioreHesy
MeTa: 3akpinuTu 3HaHHA nNpPo nepioan
Ta OCHOBHI npouecn embpioreHesy nOAUHK;
po3ni3HaBaT Ha iNCTPaLiaX OCHOBHI cTagil
embpioreHesy, 3apofKOBi INCTKMN Ta 3apPOJKOBI
060/10HKIM Nnody.
O6napgHaHHA: inoCcTpauii, Tabnuui.
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Xig po6otn

1. Po3rnaHbTe intocTpauii cTagin nepeasapopKoBO-
ro nepiogy po3BuUTKy ccaBUiB. Bukopucrante 3a-
NPOMOHOBaHI TEPMiHM M YTBOPITb 3 HUX pAd, O
BiloOpa’ka€e NpaBusbHY NOCAIAOBHICTb CTafill 0po6-
JleHHsA: 6;1acmoyucmad, 3u2oma, Mopyd, cmadis 080X
61acmomepis, cmaodia 8ocemu 6racmomepis, cmadis
yomupsox 6racmomepis.

2. Po3rnaHbTe intocTpallii cTagin 3apofgKoBoro nepiogy
PO3BUTKY NaHUeETHMKa. 3amantonTe i NignuwiTe Taki
enemeHT ByfoBU, AK: ekmodepma, eHmooepmd, me-
300epma, Hepgosa mpybka, xopdd, mpasHa mpy6ka.

3. Po3rnaHbTe cTagilo nnigHoro nepiogy noOAUHM
Ha 4-5-my micAui BariTHOCTi. 3icTaBTe NO3HaueHi
YacTUHY GyLOBM 3 Ha3BaMu: NJi0, XOPiOH, AMHIOH,
XK0BMKOBUU MIWOK, Nynkosull KAHAMUK, niayeHmd,
aMHIOMUYHA piouHa.

4. 3anoBHiTb Tabnuuio: «XapakTepucTuka nepiofis
embpioreHesy NOANHNY.

5. MNigcymok poboTu.

HasBa nepiogy TpuBanictb OcCHOBHI npouecu
1. Meped3zapodkosuli
2. 3apookoeuti
3. MnioHui

CTABJIEHHA
bionorisa + Mucreurso. MnayeHTa nognHM

OpHMM i3 HamBigoOMIWMX MantoHKiB JleoHapgo ga BiHui
(1452-1519) € 300pakeHHsA NOACLKOro Noaa. 3aBAsKA il
po6oTi JleoHapAo BBaXaEeTbCA NEPLLOIO NOAMHOIO B icTOPIT,
AKa NPaBUIbHO NOKa3asa po3TallyBaHHA naody MOANHA B
MaTLi, MONIOXKEHHA rONOBU, PYK, HIir, NyNOBMHN, CYANH. €au-
He, B YOMy MUTeLb MNPUNYCTUBCA MOMUIIKY, Lie 306paxeH-
HA nnaueHTU. Ha MantoHKy 3apofKa NoguH1 BiH 306pasuB
naaueHTy... KOpoBW. flke 3HaUeHHA NnaueHTn AnA ccasuis?
Yum nnayeHTa NIOANHW BIJPI3HAETLCA Bif NAaUEHTW iHWKNX
nnaueHTapHMX ccaBLiB?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wo Take embpioreHes? 2. Ha3giTb nepiogn embpioreHesy noautu. 3. Lo Take
1-6 |embpioHanbHa iHAyKLiA? 4. ke 3HaYeHHA embpioHanbHoI iHAYKUii? 5. LLlo Take 3a-
poakoBi 06010HKM? 6. Ha3BiTb 3apoaKOBi 0OONIOHKN NIIOANHMN.
7. ki nepiogn embpioreHesy nioanHn? 8. Ik BifOYBaEeTbCA B3aEMOAIA YaCTVH 3a-
7-9 |pofKa, WwWo po3BMBaETbcA? 9. flke 3HaUEHHA 3apOAKOBYX 060NOHOK B embpioreHesi
noanHn?
10 - 12 | 10. OxapaKTepusyiite nepiogn emopioreHesy foaNHN.
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Xowa cgim 3a2anom pyxaemscs 8nepeo, Mosi00b Wopasy po3noYUHAE 8Ce CNOYAMKY.
1. B. feme

§ 64. NMocTtembGpioHaNnbHUI PO3BUTOK NIIOAVHV

OcHOBHi NOHATTA 1 KntovoBi TepmiHn: MOCTEMBPIOTEHE3. CrapiHHa nio-
AVIHW.

MpuraganTte! Lo Take oHTOreHes?

MomipkynTe!

LLlo cninbHOro  BigMiHHOIrO MiX
nocTeMOpPioreHe30M NIOAMHU | METENNKIB?

3MICT

Alki GionoriuHi 1 couianbHi ocob6nuBocTi nocremb6pioreHesy
nognuHn?

NMOCTEMBPIOINEHE3 JIOAUHWU - ue pos-
8UMOK 8i0 HAPOOXEeHHA 00 cMepmi OpeaHi3my,
AKul 8HaAcniook biocoyianbHoi Npupodu OOUHU
Mae ocobausocmi. OfHi€0 3 OCHOBHUX MOAiN no-
cTembpioreHesy € cTaTeBe J03PiBaHH#A, 33 HaCcTaH-
HAM AKOI Y HbOMY BMOKPEMJIIOITb TPU nepiogu:

nepeapenpoayKTUBHUI, PENPOAYKTUBHUI Ta MNic-
NAPENpPOAYKTUBHMIA 1. MNepeppenpoayKTMBHUI Nepiof
2. PenpopyKTusHui nepiof

3. MNicnapenpoayKTnBHUIA Nepiog,

OHTOrEHE3
Em6pioreHes

1. Nepen3aponkoBuii nepiogn
2. 3apopKoBuii nepiog
3. MnigHnin nepiog

MoctembpioreHes

lMepedpenpodykmueHuli nepiod — ye nepiod
Xumms op2aHiamy 8i0 HapOOXeHHA 00 HacMad-
HA cmamesoi 3pinocmi. MopiBHAHO 3 TBapUHamm
CTaTeBe [03piBaHHA NoAUHN BifOyBa€eTbCA LOBOJI Mi3HO, | cam Nepiof BigpisHAETbCSA
BIZHOCHO GiNbLUIOI TPUBANICTIO, OCKiNIbKM OKpiM ¢i3ionoriuHoro i ¢pisuyHoro po3BuT-
Ky BigbyBalOTbCA MCUXIYHWUA PO3BUTOK N popmyBaHHA BHI, mucneHHs, posymosoi
JiANbHOCTI Ta iH. JlloguHa po3ymHa — Le B4 3 HAMMOBINbHILWO 3MiHOK MNOKONiHb.

PenpodykmueHuli nepiod - ye nepiod cmamesoi 3pifiocmi op2aHiamy, Wo xapak-
mepusyemobca 30amHicmio J1l00UHU 00 PO3MHOXeHHA. Y KIHOK Liell nepiof TprBae Bif
9-16 pokis go 45-50 pokis, y yonosikis Big 11-18 pokis. XKiHounn opraHi3m nic-
NA HaCTaHHA CTaTeBOIl 3PiNOCTi 34aTHNIA 3aBariTHITM KOXHOMO MicALA, Y TOM Yac AK
y 6inblIOCTi TBApUH LA 3AaTHICTb 3'ABNAETLCA Y MEBHUIN NEPiOf PO3MHOXEHHA. Ane
GiNbLUICTb XXIHOK He MOXKe HapoAUTK BiNnblu HiXX 6—11 AiTel 3a BCe XUTTS, OCKINbKN
OpraHi3m 3HOLWYETbCA Bi NOMOriB. | LA NoTeHUiHa NNiAHICTb He peani3oBY€ETbCA B
Cy4aCHOMYy CycCninbCTBi. BaXkn1BOI yMOBOI CTaTEBOI 3PiNOCTi € BU3SHAUYEHHA KOXKHOIO
NIOAVHOI CBOEI cTaTeBOl couianisauii. LLlo6 cTaty gopocno nognuHow, HeobxigHo
Kpim disionoriyHoi 3pinocTti cdopmyBaTh couianbHi yctaHoBKM. OKpiM TOro, Ha pe-
npoayKuito NIoANHM BNANBAIOTD | couianbHi Hopmu. Tak, 3rigHO i3 3aKOHOM MOoANM
nogam B YKpaiHi MOXHa ogpy»KyBaTuca 3 18 pokis.

MicnapenpodykmueHuti nepiod - ye nepiod, Wo XapakmepusyemosCsa 8mpamoro
Op2aHi3amy 30amHocmi 00 pO3MHOXeHHA. B opraHi3ami NogvHN 3MeHLYITbCA BMICT
BOAMW, IHTEHCMBHICTb 0OMiHY pPeYOBUWH, NOCNA6NIOITLCA XKUTTEBI GYHKLIi, 3MeHLy-
I0TbCA Maca Tina Ta roro po3mipu. Ha Lbomy eTani BifOyBaeTbcA CTapiHHA OpraHis-
My. CepefiHA daKTUUHa TPUBaNiCTb XUTTA NIOLEN Y PO3BUHYTUX KpaiHax CTaHOBUTb

§ 64. MocTembpioHanbHWI PO3BUTOK NIIOANHMN
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74 poKu, a B KpaiHax, WO pO3BMBalTbCA, — 56 pokiB. B YKpaiHi cepefiHa TpuBanictb
MKUTTA YONOBIKIB CTAHOBUTb 66,4 POKY, *KIHOK — 76,3 poKy. Y ANOHIT XXiHKN JOXKMBalOTb
[0 86,8 poky, a yonosiku y LLiBenuapii 4o 81,3 poKy — Lie HanKpaLyi NOKa3HUKK Yy CBITi.
BepxHbolo BUAOBO MeXxet Ana NiognHn BBaXkatoTb 115 - 125 pokis.

OTxe, ana noauHU AK 6iocouianbHOro BUAY XapaKTepHi
ni3HA cTaTeBa 3piNicTb, HGinblwa TPUBaNiCTb Nepea3apoaKoBOro
nepiofy, HM3bKa MOTEHLUiNHA N peanbHa MAiAHICTb, HANNOBINbHILLA
3MiHa NOKOJiHb, MOABa MepexigHOoro nepiogy MiX rnepiogamm
CTaTeBOl 3PiNOCTi Ta NiTHLOrO BiKY.

AKi YNHHMKM | AK BNNNBalOTb Ha PicT i po3BUTOK Yy noctembpioreHesi
nognHn?

PicT i pO3BUTOK NIOAWNHN € CYKYNHICMIO KiNIbKICHUX MA AKICHUX 3MiH Op2aHiamy,
wo 3abesnedyroms il xummeodianbHicme ma aoanmayito 0o ymos cepedosuwd. Ll
npouecn CTaHOBAATb LifliCHYy AMHaMiuHy 36anaHCcOBaHy €[HICTb, KA 3LiMICHIOETbCA
npu B3aemopii eH0o2eHHUX (FeHOTUM, TOPMOHW, MIXKKNITUHHI B3a€EMOil, CUrHaNbHi
peyoBMHY, MyTaLii) 1 ek302eHHUX (HAaBKOMMILHE CepeaoBULLE: MOXMBHI 1 OAATKOBI
peuoBUHY, eHepris, iHpopmaLia, 6i0TMUHI 1 aBiOTUYHI B3aEMOBIAHOCKHM, WKiANUBI
3BMYKM, XBOPOOOTBOPHI BMIMBU) YMHHKKIB. BYOKpeMniolTb HM3KY 3aKOHOMipHO-
CTel, WO XapaKTepu3yioTb BMIMBU YNHHUKIB Ha PICT 1 PO3BUTOK JTIOANHMN.

HenepepeHicmeo. PicT i po3BUTOK KNiTUH, OpraHiB, CMCTeM OpraHiB, opraHiamy
MOXYTb OYyTN OOMEXEeHUMW N HeEOOMEXEHUMU, MPOrPECUBHIIMU I PerpecuBHIMM,
WBUAKMMM A NOBINbHUMMW 3aNeXHO Bif Aii YNHHKKIB, ane y Oyab-AKOMYy BUMNAAKY Ui
npouecu BinbysatoTbca MOCTIMHO i HEMEPEPBHO.

TemepoxpoHHicmMb (<pi3HOUYACOBICTb») MOMArA€ B TOMY, WO Pi3Hi CTPYKTypu dop-
MYIOTbCA B MEBHUI YaC XKUTTA OPraHiamy B TOMY MOPAAKY, WO NOro BU3HAYa€ reHOTuUnM.
Tak, MOJIOUHi 3y6ur GOpMyIOTbCA paHille 3a NMOCTiNHI, CNoYaTKy 3'ABNAIOTbCA 3aPOLKO-
Bi INCTKW, a BXXe MNOTIM TKaHWNHW.

HepieHomipHicmb NpoABNAETLCA Pi3HUMU TeMNaMMU POCTY 1 JO3PiBaHHA opra-
HiB ab0 CcMCTEM YNPOAOBXK OHTOreHe3y. Tak, OKPeMi YaCTUHN HEPBOBOI CUCTEMY PO3-
BMBAOTbCA | GOPMYIOTbCA Pi3HUMM TeMnamu i B pi3Hi CTpoku. BeretatnBHa HepBOBa
cncTemMa € JOCUTb 3Pifol BXKe MPU HapPOOXKEHHI, @ COMaTMyHa — AO3piBaE Mi3Hiwe.
BypxnuBui picT Tina B OBXMHY Ha NepLLIOMY POL|i XKUTTA NOB'A3aHUI 3i 36inblueHHAM
Macw Tifna, a yNnoBiNbHEHHA POCTY B HACTYMHi POKM 3yMOBJIEHE aKTUBHUMU NpoLeca-
MU andepeHUiauii KNiTUH, TKaHUH, OpraHis.

Haditinicmb. OpraHiam NogvHM Big Npupoan HagineHnn mexaHiamamm Hagmip-
HOCTi, NnacTUYHOCTI, AybnoBaHHA OyHKLUiN. Tak, AnA reHeTMYHOro Kogy BriacTvBa
BUPOLXKEHICTb, Y pasi BTpaTu 30pY BifOYyBAETbCA KOMMEHCaLif WOoA0 OTPUMAHHSA iH-
dbopmaLii yuepes JOTUK.

TemepoceHcumueHicme («pPi3HOUYTNUBICTb») Mepefbayae pisHy CNPUNHATIW-
BiCTb KNiTVH, OPraHiB Y/ CMCTEM OPraHiB WOAO TUX UM iHWKMX BMINBIB CepefoBULLa
Ha NeBHOMY eTani pO3BUTKY. Tak, MigNiTKN y CBOEMY BiLli Ay»e YyTnuBi 4O BNAIUBIB Ce-
pefoBuLLa Yepes ropMOHANbHUI «WITYPM», @ KOUTUYHUMU Nepiogamu Ansa po3BUTKY
3apoAkKa € iMnnaHTauia i nnaueHTadin.

IHOugidyanbHicme xapakTepusye ocobNMBOCTI POCTY I PO3BUTKY KOMHOIO KOH-
KPEeTHOro opraHiamy, L0 BU3HAYalOTbCA B3aEMOAIEI0 reHOTUMNY 1 YMOB CepefoBuLLa.
HaBiTb MOHO3UrOTHI 6/1M3HATa 3 O4HAKOBUM F€HOTUMOM BifiPi3HATUMYTbCA TMK abo
252 iHLWMW NPOABaMM O3HaK.
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OTKe, yClo Pi3HOMAHITHICTb YMHHUKIB, WO CMPaBAAOTb NO3UTUBHUI
abo HeraTVBHUN BNMB Ha OpraHi3m, NOAINAITb HAa eHOOreHHiI
Ta €K30reHHi, @ OCHOBHUMM 3aKOHOMIPHOCTAMM TXHbOrO BMJINBY
€ HeMNepepBHICTb, FEeTEPOXPOHHICTb, HEPIBHOMIPHICTb, HaZINHICTb,
reTepOCeHCUTUBHICTb, IHAUBIAYaNbHICTb.

AKi npyuuviHM cTapiHHA NAHN?

CrapiHHA NWAUHU — npoyec 3aKo-
HOMIpPHO20 BUHUKHEHHA 8iKO8UX 3MiH, AKi
nocmynoso npu3eo0ims 00 CKOPOYEHHHA
npucmMocy8aabHUX MOXaugocmel op2aHiamy
(in. 143). O3HaKM CTapiHHA NPOABNAIOTHCA
Ha BCiX PiBHAX OpraHisauii >KnBoro opraHis-
My. TaK, y KNiTUHaX 3HUXKYETbCA aKTMBHICTb
bepmeHTiB, NOPYLIYETHCA CAMOBIAHOBIIEHHA
6inKiB, HyKNeIHOBMX KMC/IOT TOLLO.

Hayka, Lo BMBYa€E 3aKOHOMIPHOCTI CTa-
PiHHA, Ha3MBaA€ETbCA repoHTONoriel (Big In. 143. CTapiHHA NlognHMN
rpey. 2epoOHMOC — CTapuii, J1020C — HaykKa).

CyuacHy repoHTonorito 3acHyBaB |. |. MeuHVMKOB, a MoOZanbliOro PO3BUTKY LA
Hayka Habyna B npausax O. O. boromonbus, O. B. HaropHoro, I. . LUmanburayseHa,
O6pi pi Npes.

HuHi icHye noHag 300 rinoTes WwoAo NPUYMH CTapiHHA, cepef AKNX HanuiKasi-
WNMK €: «eHepreTnyHa» rinotesa M. PybHepa (KOXHWUI BUA Ma€ CBill eHepreTuny-
HUI GOHA, WO BUTPAYAETHCA MPOTArOM XUTTSA); «<FeHETUYHI» rinoTe3n (MexaHiamm
CTapiHHA NOB’'A3aHi 3i 3MiHOIO CTaHY reHeTUYHOro anapaTty KNiTWHK); rinoTesa ca-
MOOTPY€EHHA |. |. MeyHnKoBa (3 BiKOM B OpraHiami HarpomagXylTbCA MPOAYK-
TN a30TUCTOrO OOMiHY, THUTTA, WO CAPUYUHAE IHTOKCUKALLiI0); «CMONYYHOTKAHMHHAY
rinotesa O. O. boromonbuAa («1OgMHA Ma€ BiK CBOEI CMONYYHOT TKAHUHWY»); HEWN-
poreHHa Teopia I. . MNaBnoBa (cTapiHHA BM3HAYa€ETbLCA CTAaHOM HEPBOBOI CUCTe-
Mu); «6inkoBa» rinote3a O. B. HaropHoro (cTapiHHA - Le pe3ynbTaT 3racaluoro
CaMOOHOBJIEHHA 6iNKiB); rimoTe3a MiTOTMUYHOro «nimiTy» J1. Xenndnika (ana kKnitvH
OpraHi3aMiB BNacTUBUN OOMEXEHN MITOTUUYHWIA NOTeHUian); «rinoTanamMiyHa» rino-
Te3a B. M. [linbmaHa (3 BikOM 3MIHIOETbCA aKTUBHICTb rinoTanamyca, AKUN € BULLUM
LeHTpOM perynauii BeretaTuBHUX OYHKLiN); aganTaliiHO-perynaTopHa rinotesa
B. B. ®ponbkica (BinbyBaeTbca mobinizauia aganTMBHUX MeXaHi3MiB, Hanpuknag
nocuneHHA rmikonisy, rineptpodisa i noninnoigia KNiTWH Ta iH.), Teopia HaKoNMYeH-
HA myTauin M. MepnaBapa (3 Bikom yacToTa MyTauiii, WO 3aN1WAETLCA B reHOOOHAI,
36iNblIYETHCA), TENOMEpPHA rinoTe3a (y 6araTbox KNiTUHaX NOAUHM BTpaTa 34aTHO-
CTi 4O NoAiny nos'A3aHa i3 BTPaTolo TeJIOMep Ha KiHLAX XPOMOCOM).

§ 64. MocTemMbpioHaNbHWI PO3BUTOK NIOLMHM

OTXe, CTapiHHA — Lle HeMUHY4YMI NpoLlec, ane algnHa CNpPoMOKHa
YNOBINbHUTN NPUPOAHI di3ionoriyHi npouecn ctapiHHA. JnA Lboro
NoTpibHO perynapHO 3aiMaTUCA CNOPTOM, paLioHaNbHO XapuyBaTuUcA,
YHUKaTWN CTPECOBUX CUTYaUil, BIMOBUTUCA Bif WKIQINBUX
3BMYOK i YepryBaTu akTUBHY AiANIbHICTb 3 BiAMNOUYMHKOM.
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Tema 4. PENMPOAYKLIA TA PO3BUTOK
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[IANbHICTb

M 3aBAaHHA Ha 3aCTOCYBaHHA 3HaHb

BikoBi nepiogu — ue nepiogu XXUTTA NIOANHMY, O Pi3HATLCA 0COONMBOCTAMU POCTY
N po3BUTKY. Ha3BiTb MeXi BikOBUX NepiofiB NOAUHN Ta HaBeAiTb NPUKNaan BiKOBUX
ocobnuBocTen.

Mepion TpuBanictb BikoBi 0c061MBOCTi pOCTY i1 PO3BUTKY
HoBoHapopxeHicTb
lpyaHUM Bik
OnTnHCTBO
MigniTkoBun nepiog,
lOHaubKkMI nepion
3pinui BiK
Moxnnuin Bik
Crapeuun Bik

Bionoria + AHTpononoria. AKcenepadisi OHTOreHesy

MpunckopeHHA TemnisB iHAMBIAYaNbHOrO POCTY Ta PO3-
BUTKY AiTen i NigniTkis NopiBHAHO 3 nonepeAHiMy MOKo-
NiIHHAMY B MeXax NeBHOrO iCTOPUYHOIO YacCy Ha3MBAETbCA
akcenepalieto. Lle ogHa 3 ocobnunBocTen nocteMbpioreHe-
3y noagnHu. lNouikaBTeca i Ha3BiTb OCHOBHI rinoTesu, LWo
NOACHIOITb akcenepadwito.

CTABJIEHHA

B aHrniicbkoro nucbmeHHmKa JaHiena Jedo (1660-1731),
aBTopa pomaHy «He3BuuaiHi npurogn Pob6iH3oHa Kpy3o»,
AKNIA 3 TPUMXM [ONI NPOXKUB 28 POKiB Ha 6e3110AHOMY OCTPO-
Bi, € TaKi pagKu: «...Haue kpedumop i 6oOpXKHUK, A nodisue cmo-
DIiHKY Hasnin i Hanucas nigopyy «No2aHo», a Npasopy4 «0obpe,
i ocb Wo 8 MeHe suliwiio...». LIikaBo, a 1o X 3anucaB Po6iH30H
Kpy3o Ha unx ctopiHkax? [oginitb i B apKyLw HaBnin, ane nigo-
pyY HanuwiTb «<HeraTMBHI YNHHWKMY, a NpaBopyy — «[1o3nTne-
Hi YWHHMKWY. Ha3BiTb NO TpW HaMBaXKNMBILLi, Ha Bally AYMKY,
MO3NTWBHI Ta HEraTUBHI YMHHMKK 1 OLiHITb IXHi1 BNAUB Ha
noctembpioreHes fOANHN.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take noctembpioreHes nioanHn? 2. Ha3giTb nepioan noctembpioreHesy nto-
anHn. 3. Wo Take picT i po3BuTOK nognHn? 4. Ha3BiTb OCHOBHI 3aKOHOMIPHOCTI
pocTy i po3BuTKY noguHu. 5. LLlo Take cTapiHHA nognHn? 6. HaBeditb npuknagm
rinoTes, WO NOACHIOKTb CTaPiHHA.

7. Aki 6ionoriuni 1 colianbHi ocobnmBocTi nocTembpioreHesy nognHU? 8. AKi i AK
7 -9 | YAHHVKW BNANBAOTb Ha PICT 1 PO3BUTOK B mocTeMbpioreHesi niognHn? 9. Haseitb
NPUYUHN CTaPiHHA NIOAUHN.

10-12 | 10. OUiHiTb BNANB NO3UTUBHUX | HEFAaTUBHUX YNHHUKIB Ha PICT i PO3BUTOK NOAUHN.
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3micT

AK npauoBaT 3 NigpyYHNKOM? 3
Bctyn

§ 1. MixancumnniHapHi 38'a3Ku 6ionorii Ta ekonorii 4
§ 2. PiBHi opraHisauii 6iocuctem Ta iXHill B3aEMO3B'A30K 8
§ 3. BnactmBocTi XnBoro 11
§ 4. CrpaTeria cTanoro po3BuUTKY NPUPOAN 1 CycninbCTBa 15
Tema 1. biopisHOMaHiTTA

§ 5. biopisHomMaHITTA. Biocuctemartumka 19
§ 6. CyuacHi Kputepii Bugy 23
§ 7. HeknitnHHi dopmun xutTa. Bipycu 27
§ 8. Ponb BipyciB y npupogi h »K1TTi N0gNHN 30
§9. [lpokapioTuyHi opraHiamu: apxei 34
§ 10. MpoKapioTnyHi opraHiamu: 6akTepii 38
§ 11. EykapioTn 42
§ 12. Tpnbu 46
§ 13. Pi3HOMaHIiTHiCTb rpunbis 50
§ 14. PocnnHwn. BogopocTi 55
§ 15. Buwwi pocnmHm 59
§ 16. CnpaBXHi TBapUHN 63
§ 17. baraTokniTMHHI TBAPUHNK 67
Tema 2. O6MmiH pe4oBUH i nepeTBOpeHHA eHeprii

§ 18. O6MiH peyoBUH i NepeTBOPEHHA eHeprii — 0cHoBa QyHKLiOHYBaHHA BioCUCTEM ........... 71

§ 19. bioenemeHTn. BioHeopraHiuHi peyoBuHK: ornag 6ynosu i 6ionoriyHa ponb
§ 20. BioopraHiuHi peyoBuHW. Binkn, HyKNeiHOBI KNCNoTK: ornag 6ynosu

1 6ionoriyHoi poni 79
§ 21. Byrnesoau, ninigu: ornag 6ynosu i 6ionoriuHoi poni 83
§ 22. CTpyKTypw KNiTWH, AKi 3ab6e3neuyioTb NpoLec 06MiHYy PEUOBMH Ta EHEPT T ..cecuceeennne 86
§ 23. Oco6nmBoCTi 06MiHY peUYOBUH B aBTOTPODHMX OPraHi3mis 920
§ 24. Oco6nMBOCTi OOMiHY PEUYOBVH Y reTepOTPOGHIX OpraHi3mis 94
§ 25. Ponb pepmeHTiB y 3a6e3neyeHHi meTaboniaMy KNiTVHU Ta LiNniCHOrO OPraHi3my............ 98
§ 26. BitamiHu, ix ponb B 06MiHi peyoBUH Ta eHeprii. 101
§ 27. EHepreTuyHe 3abe3neyeHHA npoLeciB meTaboniamy 105
§ 28. O6MiH peYOBMH B OpPraHi3mi NoJNHN 109
§ 29. MopylueHHA o6miHy 6ioenemeHTiB i 6ioeHepreTUUYHNX PeYoBNH, NOB'A3aHi

3 X HecTauyel abo HagNLLKOM 113
§ 30. PauioHanbHe xapuyBaHHA — OCHOBA HOPMaNIbHOTO OOMIHY PEUOBUH ....cceuveevmeeeerereseresnenes 117
§ 31. HeraTtusHwuin BNAVB Ha OOMiH PEYOBMH UYYKOPIAHUX COYK Ta iX 3HEeLKOAXEHHSA

B OpraHi3mi nognHn 121
§ 32. HenporymopanbHa perynsuia npouecis MeTaboniamy B opraHiami MOAUHN.................. 125
Tema 3. CnagKoBicTb i MiHAMBICTD
§ 33. OCHOBHi NOHATTA reHETUNKN 129
§ 34. 3akoHomipHocTi cnagkoBocrTi. | Ta Il 3akoHn MeHgens 133
§ 35. 3aKOHOMIPHOCTI CNagKOBOCTI. 3aKOH YMCTOTU ramerT. Il 3aKoH MeHAENA ...cvvevveeereeene. 137
§ 36. [6pMAONOriYHNIA aHani3: OCHOBHI TUMK CXpeLlyBaHb 141
§ 37. CyyacHi MoneKynApHO-reHeTUYHi MeToAn AOoCNiAXKeHb CNAagKOBOCTI OAUHM .............. 145
§ 38. OpraHisauia cnagkoBoro maTtepiany eykapioTUYHOI KNiTUHM Ta MOro peanisauif ........ 148
§ 39. TeHwn. Perynauia akTMBHOCTI reHiB 152
§ 40. Kapiotn noguHu. XpoMOCOMHMI aHani3 156
§ 41. TeHOM noANHN 160
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§ 42. leHeTnKa NOLNHN 164

§ 43. YcnaakyBaHHA O3HaK Yy IIOAMNHN 168
§ 44. 3yenneHe ycnapaKyBaHHA. [103aXpOMOCOMHA CNAAKOBICTb Y JIOANHN ....uceecemeceeencrenscnnens 172
§ 45. 3aKOHOMIPHOCTiI MiHNMBOCTI NIOANHMN 176
§ 46. MyTauii Ta ixHi BNacTMBOCTI 180
§ 47. 3axuct reHoOMy NOAVHN Bif WKIANNBUX MyTareHHUX BNVBIB 184
§ 48. [eHeTUYHUIN MOHITOPVHT Y IIOACbKMX CRiIbHOTaXx 188
§ 49. Ocob6numBocTi reHoGOHAY NIOLACLKNX CMiIbHOT 191
§ 50. 3akoHOMipHOCTI po3noginy anenisy nonynauii 195
§ 51. CyuvacHi 3aBgaHHA MeNYHOT reHeTUKN 199
§ 52. XBOpOOM CNafKOBOTO NMOXOAMEHHS 203

Tema 4. PenpopaykKLuis Ta po3BUTOK

§ 53. PenpopykKuis AK MexaHi3M 3a6e3neyeHHA 6e3nepepBHOCTI iCHYBAHHA BULIB.....c.cc..... 207
§ 54. OcobnmBOCTI pereHepaLii opraHiamy noAnHN 211
§ 55. TpaHcnnaHTauis TKaHUH Ta OpPraHiB y NoaNHN 215
§ 56. PenpopykKuisa KniTuH 219
§ 57. PicT i po3BUTOK KNITUH Ta YAHHWKMU, O HA HbOTO BNINBAOTb 223
§ 58. CrapiHHA Ta cMepTb KNITUH 227
§ 59. OHKOnoriyHi 3aXBOPIOBAHHA Ta OHKOT€HHI YNHHUKN 231
§ 60. Mel103. OcobnmBOCTi rameToreHesy B nognHNU. CTaTeBi KNITUHN 235
§ 61. CyTb Ta 6ionoriyHe 3HaYeHHA 3anNiAHEHHA 239
§ 62. OcobnmBOCTI penpoAyKLii NOAVHN Y 3B'A3KY 3 T 6i0COLiaNbHOK CYTHICTHO.cvvuvrvverranes 243
§ 63. EmbpioreHes nioguHn 247
§ 64. MNocTembpioHanbHUN PO3BUTOK NOAUHN 251
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