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NPEIMET I 3ABJJAHHS ®I310JI0I'Ti POCJINH.
OCHOBHI HAIIPSIMKH CYYACHOI ®ITOPI3IOJO0I'TT

CyuacHa ¢irodiziosioris € IHTErpaTHBHOKW JAHCHMILIIHOI, SIKa BHBYA€
(GyHKIiOHAILHY AKTHMBHICTH POCAMHHMX OPraHi3MiB Ha Pi3HMX PIiBHAX IXHbOI
opraxizamii.

Dizionoein pociun — Hayka npo QyHKYIOHANIbHY AKMUBHICMb POCIUHHUX OP2AHI3MIE.

006 ’ekmom imoghizionoeii € pociuHHULL OpeaHi3M HA PI3HUX PIBHAX U020
opeanizayii. BuHaTKOBa crienidivyHICTh XIMIYHOTO CKJIaay, MOpP(OJIOriyHOi Oy/10BH
(GyHKITIH, 3aJeXHICTh MPOIIECiB OOMIHY PEYOBHH BIJ] CTaHy CTPYKTYp, JUHAMIYHICThH
OCTaHHIX — TaKl XapaKTEePHI BIACTUBOCTI 00'€KTa JIOCTIHKEHB I11€1 HAYKH.

Llpeomemom @pizionozii pociun € QYHKYii HCUBUX POCIUHHUX OP2SAHI3MIB, IXHIX
Op2aHi8, MKAHUH, KIIMUHK Ma KIIMUHHUX KOMNOHEHMIE.

Memoro — nizHaHHsa 3aKOHOMIPHOCIEU HCUMMEBUX NPOYeCi8 ma QYHKYIl pOCIUH,
PO3Kpumms ix Mexauizmis, (QOpmyeanHs YsGIeHHs NpO CMPYKMYPHO-QYHKYIOHATLHY
Op2aHi3ayito pOCIUHHUX CUCMEM pPI3HUX PIGHI8 ma 6UPOOJIeHHs WIAXI8 Kepy8aHHs
POCTUHHUM OP2AHIZMOM.

[IpoGiemu Ta 3aBnaHHs (iTodi3i0JIOTIi HACTUILKM OO’€MHI Ta CKJIaJHI, IO
BUpPILIEHHS 1X MOTpeOye 3aCTOCYBAaHHSA LIJIOTO KOMIUIEKCY TOHKHUX (PI3HMKO-XIMIYHHX
METO/I1B, PI3HOMAHITHUX €KCIIEPUMEHTAIBHUX Ta TEOPETUUHUX MiAX0A1B. Came ToMy 1151
JTUCITUTITIHA BXOUTH 0 PAHTy TOUYHUX (PyHIAMEHTATbHUX HAYK.

dizios0ria pocianH, 6€3CyMHIBHO, MOCIJA€ YiJIbHE MICIIE B CUCTEMI 010J0T1YHOTO
3HaHHA. BXoasuu 10 mukiy OOTaHIYHMX JUCIUILIIH, BOHA Ma€ TICHI B3aEMO3B'SI3KU 3
Oloximiero, 010(pi3UKOIO, IMYHOJIOTI€I0, T€HETUKOK, MAaTeMaTUYHHUM MO/ICIIOBAHHSIM;
HaWTICHIIIE TOB'13aHa 3 (1310JI0T1€10 TBAPHH.

MeTtononoris ¢i310J0Tii POCIWH 3aCHOBAaHA Ha YSIBICHHSAX MPO POCIUHHUN
OpraHi3M SIK CKJIQJHy CaMOpPETYIIOI0UY CHUCTEMY, SKa MICTUTh 1€papXil0 PI3HUX
CTPYKTYpHUX PIBHIB — B CYOKIITUHHUX J0 MUIICHOI pociauHu. Ili3HaHHs
¢1310510T1YHUX (QYHKIIIHN 31HCHIOETCS Yepe3 TOCIIKEHHS POCTUX PIBHIB OpraHizailii,
3 HACTYIHOIO IHTErpali€l0 JaHUX NpH po3ruisial (Pi310JOTIYHUX CHUCTEM 3pOCTaI0vOi
CKJIAHOCTI.

[Ilo6 mi3HATH KUTTS POCIMHM, CI1J Hacammepes MpOaHali3yBaTH BCl OKpeMi
nposiBU il KATTeHIsUIbHOCTI. Lle 3abe3mneuye awnanimuunuii memoo TOCHIJIKEHHS.
BinHOBNIEHHA KapTUHU (PYHKI[IOHYBAHHS POCIMHHOIO OPraHi3My $IK €JUHOrO LIJIOro
B1IOYBAETHCSL 3aBJSIKA 3aCTOCYBAaHHIO cunmemuunoco memody. llopsn 13 mum y
¢itodizionorii MMPOKO BUKOPUCTOBYIOTHCS TakKl METOAM: IOJIbOBI, J1abOpaToOpHI,
CIIOCTEPEKEHHST Ta MOJICTIOBaHHs, (I3MKO-XIMIYHI, MaTeMaTU4Hl, PI3HOMAaHITHI
EKCIICPUMEHTAJIbHI Ta TEOPETUYHI T IXOIH.

BrpoBamxkeHHss X METOAIB TPHU3BENO 0 BUHUKHEHHS 3d2dlbHOI (hizionoeii,
Qizionocii okpemux Kyibmyp, Hpukiaouoi ¢izionoeii. BuBueHHS (YHKIIIOHATBHUX
MIPUCTOCYBaHb B OHTO- Ta (pisioreHe3i 3yMOBHIIO TIOSIBY €80M0YIliHOT (i3i0102ii.

Ha cyuwacnomy emani moocna ckazamu, wo Gimoghizionocia eusuae
nepemeopenHs pe1osuHu, enepeaii, hopmu ma inpopmayii 8 pociu.

BaxxnuBuM acniekToM (pi310710T1i POCIIMH € TAKOXK NMPAKTHYHA CHPSIMOBAHICTD ii
JOCJT/IKEHbB, 3aBISIKH YOMY 1151 HayKa IIJIKOM OOIPYHTOBAHO BBa)KAE€THCS TEOPETHUYHOIO
OCHOBOIO _DAI[lOHAJILHOTO POCAMHHUITBA Ta CYYaCHHMX OI10TE€XHOJIOTIH. Pozgumox
Memooie 2eHHOI IHCeHepil 8IOKPUBAE HOBI MOMCIUBOCI KOHCMPYIOBAHHS POCIUH i3
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HOBUMU NPAKMUYHO BAACTUBUMU B1ACTNUBOCHIAMU.

Ha cywyacHomy erami OCHOBHOTO 3HA4Y€HHS HAOYBalOTh npobiemu po3Kpumms
Mexawnizmie camope2ynayii ma inmezpayii, AKi 3ab6e3neuyroms YiliCHICMb POCIUHHO20
Op2aHizMy, U020 CMIUKICMb 00 YMO8 HABKOIUWHBLO2O Cepedosulyd, BUCOKY KiHYe8y
npooyKmueHicms. Y TIEpIILy 4Yepry L€ MOB'SI3aHO 3 POCTOM BHUTpPAT HA BUPOOHUIITBO
OJIMHUIIl POCIMHHOI MPOAYKIi. UeproBe MOJBOEHHS BpPOKAMHOCTI B POCIUHHUIITBI
notpedye 20-30-kpaTHOTO 301IBIICHHS PECYpCHUX Ta eHepreTuyHux Butpart. [lepen
(h1310JI0TIE€I0 POCIIMH TIOCTANIa NPoOeMa CMBOPEHHS pecypco30epiearouux pPoCIUHHUX
OP2aHi3MI8, y MOMY YUCTT WISAXOM 2eHemUuyHoi mpancghopmayii pomocunmemuunoeo,
IMYHHO20 anapamie ma cucmem azomeikcayii.

[aTeHCHbIKAIlST POCTUHHUIITBA, PO3BUTOK arpapHOTO CEKTOpa YKpaiHU CTae
MPOBITHUM (PaKTOPOM HETaTHBHOTO BIUIMBY Ha Olocdepy, XIMIYHOTO Ta O10T€HHOTO,
BKJIFOYAIOYM TEHETUYHE 3a0pyIHEHHsS CepeloBHINA. TOMYy Ha OCHO8I 6UBUEHHS
Qizionoeii ma 6ioximii pociun nompioOHO 3HAUMU eKON02IYHO Oe3neuni cucmemu U
MexHOI02li; pe2yIsimopu pocmy pociuH, 000puUea ma aHmuUcmpecosi npenapamu Ho8ux
NOKOJIHb, A MAKONHC HABUUMUCS KePY8Amu eHOOSeHHUMU Pe2YNISIMOPHUMU CUCEMAMU
POCIUH, YHUKAIOYU 3ACMOCYBAHHS 308HIUHIX (€K302eHHUX) XIMIYHUX pe2yIsimOopie.

CydacHe 3pOCTaHHS BpOXKaiB CYNMPOBOKYETHCS TMOTIPIICHHSIM IXHBOI SKOCTI
(3HIKYETHCS OITKOBICTH MIIEHHUIIb, ITYKPUCTICTh KOPEHIB I[yKPOBOTO OYpPsKY, 3pOCTae
3a0pyIHEHICTh MPOAYKIIl POCIWHHUIITBA MecTUlMIaMu, repOinunamu). Tomy crio
po3pobumu Giziono2iuni 0CHO8U YNPAGIIHHA AKICIMIO 8POACAIO ULIAXOM ONMUMI3ayii ma
30ananHcosaHocmi npoyecie¢ KOPEeHeBo20 MHCUGNEeHHs ma pocmy, @omocunmesy U
HA2POMAOIICEHHSL 20CNO0APCLKO YIHHUX HNPOOYKMIB, Y MOMY HYUCAI BMOPUHHUX
Oiocunmesis.

OnHuM 13 TEPCHEKTUBHUX HAIPSMKIB 3aIUIIAETHCS npobiema Gomompoguoi
@DYHKYIT pOCTIUHHUX Op2aHI3MI8 SIK OCHOBU NEPBUHHOI mpancgopmayii conauHoi enepaii
ma 36epedicents exon02iuHoi pisHosazu 6 biocgepi. Ha BiAMIHY BiJ pOCIIHH, JTIOMHA HE
HaBUMJIach Oe3MocepeHh0 BHUKOpUCTOBYBaTH eHeprito CoHis. Bupimenns 1€l
mpoOJIeMH POCIMHHUM OPTraHi3MOM 3HAXOJUTHCS Ha PIBEHb BHUINE BIJ TEXHIYHHX
pillieHb, BIIOMUX JtOJACTBY. [Ipuramanauii pocivHi mpoiec GOTOCHUHTE3Y MPOJIOBKYE
30epiraTd TAa€EMHHUIIO TOTO, SIK Yy 3€JICHOMY JHMCTKY 3aBISKH COHSYHIN eHeprii
YTBOPIOIOTHCS TPOAYKTH >KUBJICHHS JUIsi BChOTO JKMBOTO Ha 3emil. Pozkpumms
npupoou  omocurnmesy HaOAUUMb HAC 00 PO3YMIHHA NOXOONCEHHS IHCUBO2O,
eheKmuBHo20 BUKOPUCANHS COHAYHOI eHepeil, WmMY4YHO20 CUHme3)y 8y2le8o0is, HCUpis
ma OinKi6, p0o36 A3aHHS eHepeemUYHOL KPU3U.

VYV naHuii 4Yac, KOJM TiJ BIUIMBOM aHTPONOTE€HHOIO CTpecy KaTacTpo(iuyHO
PYWHYIOTBCSI IPUPOIHI €KOCUCTEMH, €KOJIOr0-(P1310J0T1YH1 JOCIIJKEHHS, Y TOMY YHCIII
JTUKOPOCTYYHX POCIUH, HAOYBaOTh BATOMOT'O TEOPETUYHOTO 1 MPAKTUIHOTO 3HAYCHHS.

Buguenusn kopucnux 01 100UHU 81ACMUBOCHEN ) KOHKPEMHUX OUKOPOCIUX 8UI6
(6ucoka cmitikicms, KOHKYPEHMOCHPOMOICHICIb, MUNU HCUMMEBUX CIMpameziii) Moxce
8KA3AMU HA WIAXU GNPOBAONCEHHS IX 00 2eHOMUNY KYIbMYPHUX POCIUH, d MAKOANC
oonomoemu  nidiopamu  6uou Ol NPOBEOCHHS  NPUPOOOBIOHOBHUX — 3AX00i8,
Gimooexonmaminayii cepedosuwa ma exonociunoi gimoinouxayii. Jlocaiodcenus 8
OaHOMY HANPAMKY 6 NepcneKkmugi 00380J5AMb Y8eCmu HOGI 6UOU Ol 00ePHCAHHS
NPOOYKMI6 Xapuy8auHsl i sIK 0dicepela PI3HOMAHIMHOL CUPOBUHU.

['mubokux nmocmimkeHb TOTpedye npobrema ¢hizionoeii xeopoi pociuHu,
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Qizionocis epubie-namoeeHie, a mMaxKoxc npoodIemMa B3aEMOOIi MIdC POCIUHAMU
(anenonamis), it YUHHUKU U MEXAHIZMU.

Takum urHOM, Tiepen (Pi310J0TIEI0 POCIMH MMOCTAE OaraTo IMiKaBUX Ta BAXKJIMBUX
3aB/JaHb. B y3araibHeHOMY BUTIIAIL 1E:

1. BuBueHHS 3aKOHOMIPHOCTEH KHUTTEIISUIBHOCTI POCIMH (MEXaHI3MIB >KMBIICHHS,
pOCTy, PO3MHOKEHHS, BOJHOTO OOMIHY 1 T.JI.), JOCHIIKEeHHS (QYHKIIN pi3HUX YaCTUH
POCTIMHH y MPOIIECi POCTY Ta PO3BHUTKY, L0 OXOILIIO€ BUHUKHEHHS TIEBHUX (PYHKIIIH
Ta iX MEePETBOPEHHS 3 OHIET GOPMU B 1HIILY.

2. Po3pobka  TEOpeTMYHHUX  OCHOB  OTPHUMAaHHA  MaKCHUMaJbHHX  BpOXKaiB
CLIbCHKOTOCTIOAAPCHKUX KYJBTYp (YCTAHOBJIEHHSI ONTHMAJIbHUX YMOB I POCTY Ta
PO3BUTKY POCIHH 1 MOXJIMBOCTEH PpEryJIIOBaHHS IIMMH IPOIECAMH 3 METOI0
MaKCHUMAaJIbHOIO 3a0€3Me€4YeHHs NOTPeO JI0Ie XapuOBUMHU NMPOAYKTaMH, TEXHIYHOIO
CHUPOBMHOIO Ta KOpMaMH JJisi TBApUHHULITBA 3 Oa)KaHMMM XapaKTEPUCTHUKaMH Ta
SIKICTIO).

3. BuBueHHs Ta 3'icyBaHHS NMPUPOJU CTIMKOCTI POCIHH 10 a0IOTMYHUX Ta OIOTHYHUX
(pakTOpiB HABKOJIMIIHBOIO CEPENOBUINA, OCOOIMBO B 30HAX 31 CKJIAJHUMHU
€KOJIOTITYHUMU IIpodIeMamu.

4. BuBuYeHHA MeXaHI3MIB a30Tdikcallii, POTOCUHTE3Y 3 METOIO PO3POOKH YCTaTKYBAHHS
JUTSL 3A1MCHEHHS UX MPOLECIB Y IITYYHUX YMOBAX.

ICTOPISI PO3BUTKY ®I310JIOI'li POCJIMH

I. Cyvacuuit ctan Qitodizionorii € pe3yapTaToM TOBrOro IUIAXY PO3BUTKY,
MIPOMJICHOTO 111€10 HAayKoro OiabIn Hik 3a 250 pokiB 1i iCHyBaHHs. 3apojujiacsi BOHA B
XVII-XVIII ct. y noni 6oTaniku. [louaTkoM HayKOBOTO MiAX0ay 10 (i310J0Tii POCTUH
cramu mpari  fAwna-baricra Ban-I'enbmonta (1579-1644), sxuii mpoBiB  mepuiuit
KUTBbKICHUH BereTamiiHui JOCHi 13 METOK BHBYCHHS MUIAXIB JKUBJICHHS POCIIHH.
[Ti3Himme y KIaCMYHMUX Mpansx iTamiicekoro 6iomora M. Mansniri "AHaTtomis poCauH”
(1679 p.) 1 anrmiicekoro 6ortanika C. I'eitnica "Cratuka pociun" (1727 p.) nopsng 3
ONMKCOM OYJOBM POCIMHHHMX OpraHiB MOJAIOTHCS PE3YJNbTATH HU3KU (Pi310JOTTYHUX
JOCIIIIB.

Y 1772-92 pp. HA.Ilpictni, SA.Iarenxays 1 K.Cenel'e, TOMOBHIOIOYH OJUH OJHOTO,
BHUSIBUJIM KOMITOHEHTH, 33 PAaxXyHOK SKUX BiJIOYBA€THCS TMOBITPSIHE JKUBIICHHS POCIHUH.
[InsxoM TOouHOrO XiMiuHOTO aHamizy mBeinapens H.Coccrop A0BIB, 10 POCIUHHU Ha
CBITJI1 3aCBOIOIOTH Byruielb 13 CO,. Tak Oyno BinkpuTe siBuile (POTOCUHTE3Y, XOUa caM
tepMiH «potocunted» B.Ilpeddep 3anpononysas nume y 1877 p..

3namenuTum it ¢izionorii pocnun craB 1800 pik, konmu XK.Ceneb'e Buman
Tpaktar 3 (izionorii pocawH y S5-tu Tomax. lle OyB meprmmii miApyYHHK 13 ITI€l
JTUCITUIUTIHY, 7€ ToAaBaiacs CyTh MPEAMETYy, BU3HAYAINCS METOIU ¥ 3aBHaHHS JaHO1
HaykH; TyT ke JK.Cene0'e BBIB TepMiH “(1310J0Tisl pOCIHUH.

I1. Tlepmuii pocivicbkuit miapydHuk 3 (izionorii pocaun y 1887 p. nammcar
npod.. A.@aminnuy, a B 1891 p. BUHIIOB y CBIT NIAPYYHUK YKPATHCHKOTO BYEHOTO
B.Ilannanina, sikuii mepeBuaBaBcs J1€B’ATh pasiB.

VYV XIX cT. 3aBASKM 3yCHJUISIM BYEHUX PI3HUX KpaiH MOBHICTIO copMyBanucs
OCHOBHI PO3/ILJIK cydacHO1 ¢iTo]izi00Tii:

— ¢orocunre3 (K.b.bycenro, 10.Cakc, K. A.TimipsizeB, M.C.IIBer,
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JL.MapxueBcekuii, O.M.bax);

— nuxaHHs (A.C.daminuus, JI.ITactep, O.M.bax, I".beptpan);

— Boaumii pexxum (I'. Qrotpoiue, I'.[le ®pi3, F0.Cakc);

— rpynroBe sxuaenns (FO.JIi6ix, YK.B.Bycenro, M.Kuom, M.Beiiepink,
C.M.Bunorpancekuii, JI.M.IIpsHIITHIKOB);

— Tpancnopt peuoBuH (B.Ilpeddep, E.I1. Boruan);

— picr i posBurok (FO.Cakc, A.C.Daminumn, I.B.Bapaneupkuii,
A.®.baranin, M.®.JIeBakoBchkuit, I'.Kiebc);

— pyx (T.Haiit, Y. Japsin, B.I1peddep);

— noapa3auBicthb (b.Cannepcon, M.®d.JleBakoBChKHiN);

— crilikicTb pocaun (/.I.IBanoBchkuii, K.A. TiMipsi3eB).

III. Ilepma momoBuHa XX CT. XapaKTepU3YEThCS IMIBUIKUM 1 BCECTOPOHHIM
po3BUTKOM (iTodizioorii. '0JJOBHUM HANpPSIMKOM CTa€ BUBUYCHHS O10XIMil MEXaHI3MIB
nuxanua (B.I. Tlammanin, C.II. Koctuues, O. BapOypr, [H.Keinin, I'.Kpebc) i
¢dorocuntesy (P.Bunbmrerep, K.Ban-Kins, P. X1, M.Kanesin, [I. ApHoH).

[TapanensHo po3BuBaiucs HiToPepMeHTONOrIs, EKCTIEpUMEHTaIbHA MOP(OJIOTis,
€KoJIor1yHa (i310JI0T1d POCIUH. K CAaMOCTIHHI JUCUUIUIIHU BUIISIOTHCS BIPYCOJIOTIS,
MIKpO010JI0Tis1, 010X1Misl T arpOXIMisl.

Benmukum AOCATHEHHSM CTallo BITKPUTTS EHIOTEHHUX PETYJATOPIB poOCTy I
po3BUTKY pociuH — pitoropmoniB (H. Xononuuii, /1. Hemob6os, ®@. Bent, ®@. Kerup, 1.
Kypocaga, T. SI0yta). [IponoBxkyeTbest po3poOka MpoOiIeMyu MIHEPAIbHOTO KUBJICHHS
(. Ca6inin, II. Bnactok). [logaerbcst TeopeTndHe OOIPYHTYBAHHS CTIMKOCTI POCIHH
(M. Makcumos, [.Tymanos, I1. I'enkens).

VY npyriii mojmoBuHi XX CT. y (i3i0yIorii POCIMH HAMIYa€eThCs TEHACHINS 0
3IUTTA B €UHE LUIe 010XiMii M MOJIeKyJsipHOT Olosiorii, 610(i3uKu i 610J0TTYHOTO
MOJICTIOBaHHS, ITUTOJIOTIT 1 TeHeTHKH pociivH. CTae Bce OLIBII OYEBHIHHUM, IO SBUIIA
KUTTS HEMO>KJIMBO 3p0O3YMITH B paMKax OJHI€T 3 010J10T1YHUX HayK. Di310J0T1s BCTynae
B TepioJ CUHTE3y. Y 3B'S3Ky 13 IIMM 3pOCTa€ 3alllKaBJIEHHS 1O BUBYEHHS CHUCTEM
peryisauli ¥ MexaHi3MiB, 110 3a0€3Me4yloTh LIIICHICTh POCIMHHOrO opraizmy (A.
KypcanoB, M. UYaiinaxsan, M. I'ponsiHcekuii). IIpuCKOpIOIOTBCS —AOCTIIHKEHHS
MEXaHI3MIB peai3alii crnajakoBoi 1H(opmalli, poJb MeMOpaH y CHUCTEMax peryJisiii,
MeXaH13MiB i1 (ITOrOPMOHIB.

YcboMy 1bOMY cHOpHsiE€ IIBHIKHA Mporpec y po3poOli METOMIB KYJIbTYpH
OpraHiB, TKaHWH 1 KIJIITHH, $IKI MalOTh Benuke 3HadeHHs 1 ais npaktuku (K.CuTHuk,
FO.I'neba, ®.Kamninin).

3HauHI MEePCIEeKTUBU BiKpuBae s (izionorii Ta 610XiMil pOCIMH HOBA Tally3b
MIPOMHCIIOBOCTI — ©Oil0TexHOJIOTis. B IHTEHCMBHOMY CLIBCBKOMY T'OCHOJAPCTBI
3HAaXOJATh IIUPOKE 3aCTOCYBaHHS TeOpli MiHEPaIbHOIO KUBJIEHHS 1 BOJHOTO OOMIHY,
XIMIYH1 PEeTyJIATOPH POCTY POCIIUH, TepOIUIN i HyHTIIHIN.

Benukoro 3nauenHs HaOyBaroTh mnpaui b.Kemnepa ta ioro y4HiB, mpHCBSYEHI
po0JieMi €KOJIOT14HOI (Pi310JI0T1i Ta COMECTIMKOCTI POCIIHH.

KOPOTKUM ICTOPUYHUMN HAPUC PO3BUTKY ®I3I0JIOI'TT
POCJINH B YKPAIHI
OnnuM 13 3aCHOBHUKIB (i3ioJiorii pocinuH B Ykpaidi € npodecop KuiBchkoro
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yuiBepcutery I.B. Bapaneuskuii (1843-1905 pp.). Moro ocHOBHI HaykoBi mpari
NPUCBSYEHI BUBUCHHIO MPOOJIEM POCTY, BOJAHOIO PEXKUMY, aHAaTOMIi pociauH. Baromuii
BHECOK Y PO3BUTOK MPHUKJIAIHOI (iziosorii pocaun B Ykpaini BHic €.11. Boruan (1864-
1937 pp.), sxuit 3 1890 p. ovomuB kadenpy ¢izionorii pociauH Ta MiKpoOioJyorii
KuiBcbKkoro nomiTeXHigHoOro iHcTUTYTy. CTBOPUB BIOMY HIKOTY (h1310JIOT1B.

B.M. Jliooumenko (1873-1937 pp.) - oauH i3 HAWOLIbII BHUAATHUX OOTAHIKIB-
(bi310710r1B, SIKMI opraHizyBaB (piTodizionoriuni sadopatopii B Xapkosi, Kuei, Kpumy.
BuuaB ¢otocuntes, ¢otomnepiogusM, 010CHHTE3 BTOPUHHUX METaOOMITIB, aJanTarliio
Oprasi3MiB JI0 YMOB JOBKULIS, iX picT Ta po3BUTOK. CBITOBE BH3HAHHS YKpaiHCHKOI
¢izionorii  pocmuH  3m00ynmm mpami M.I. Xonomworo  (1882-1953  pp.) 3
ditoropmononorii. Bin BHiC Barommii BKiax y (i31070TiI0, aHATOMIIO, EKOJOTIIO
POCTIMH Ta IPYHTOBY MiKpOO10JIOTiIO.

VY craHOBIIeHHI JaHOi HayKu Benwka 3aciuyra Hanexuts B.1. TTamaminy (1859-
1922 pp.), axuii npairoBaB npodecopom (iziosorii Ta aHaTOMIi pocMH XapKIBCHKOTO
yHiBepcuTeTy, 0yB qupektopoM HikiTcbkoro 6otanigyHoro caay. OCHOBHI MOTO HAyKOBI
mparl NpUCBSYCHI BUBYEHHIO MPOIIECIB JUXAHHS POCJIMH Ta y4acTi B HUX (DEPMEHTIB.

CranoBnenHto ¢i310J0Tii  POCIUH B YKpaiHl CHOPUAIM TaKOXX HAYyKOBI
JOCIIJKCHHST YKpaiHChKoro BueHoro (itodizionora H.I'. amopaka (1892-1937 pp.).
[pairoroun B Kam'ssuenb-I1oinpchkoMy Jep:kaBHOMY YKPaiHCHKOMY YHIBEPCUTETI, BiH
MPOBIB OpUTIHAIBbHI JOCTI/HPKEHHS MPOJMXOBOr0 amapaTy ¥ TpaHcmipailii poCiuH,
3alpOIOHYBAB JIEKiJIbKa HOBUX MPUJIAJIIB Ta METOIB JJIs1 (P1310JIOTTYHUX JOCIIIKEHb, B
1920 p. BUIaB ABa MIAPYYHUKU 3 aHATOMII Ta MOP(OJIOrii poCivH, SIKI B3arajii Oyiau
MEePIIMMH YKPaiHCbKUMU MIIPYYHUKAMH B II1i ramysi.

Konuckoro ¢i3ionorii pocauH B YkpaiHi (pakTuyHO cTaB IHCTUTYT OOTaHIKK
(M.I'. Xononnwuii, €.I1. Boruan, B.M. Jlrooumenko). Came Ha iioro 0a31 BUpOCTaau HOBI
HAyKOBI 3aKiagu, (popmyBanuch BioMi WIKoJu (iTtodizionoriB. Y 30-Ti pokH TYT
npamtoBainu A.C. Okanenko, M.I'. MonotkoBcbkuii, B.K. 3anecekuii, ®.M. ITopoako Ta
1H.

Y 1 K pOKM PO3MOYATO JOCHIKEHHSA (Di310JI0TTYHO-010XIMIYHOI  POJIi
MIKpOJOOPUB, K1 MI3HIIIE TOCTYKWJIA TEOPETHUYHOIO OCHOBOIO JIJISi CTBOPEHHSI HOBUX
BUJIIB 700puB 13 nobaBkamu MikpoenemeHTiB (ILLA. Buaciok). ¥V 1946 pomi Oyio
cTtBopeHo I[Hctutyt diziosorii pociaud Ta arpoximii AH Ykpainu mijg KepiBHHIITBOM
O.1. lymieukina (1874-1956 pp.). Tyr mnpamorors C.I. JlebemeB (dhoTocuutes),
B.M. JIto6umenko, ®.®. Markos, J1.O. Joarymun, @.I'. Kupuuenko, B.M. Pemecno
(po3Butok pociun), B.A. IOp'e, B.I. babenko Ta iH. (BU€HHS PO OHTOTEHE3).

Bzarani gns ykpaiHchbkux (i310JI0TIB TPAJUIIMHOIO CTajda po3poOka mpoodsiem
pocty Ta po3Butky pociauH (D.JI. Kaminin, '.X. MonotkoBcbkuid, [.I1.biIOKiHB,
K.M. Cutnuk, JI.I. MycaTeHko Ta iH.).

V¥ 50-ux pokax B YkpaiHi 0yJ0 CTBOPEHO J1a00OpaTopito 3 KyJIbTYpH POCIUHHUX
tkanuH (®.J1. Kaminin, B.B. Capnaipka, B.K. SIBopcbka, B.M. Tposin). [IpoBeaeno
byHIaMEHTaIbHI  TOCHIDKEHHS  (Di310JI0TiT  OKpEeMHMX OpraHiB pOCIWH, 30KpemMa
¢i3ionorii kopens ta auctka (K.M. Curnuk, JI.I. Mycartenko, T.JI. bormanosa).

1972 poxy po3noYnHaIOTECS HAYKOB1 po3po0KH 3 TeHHOI iHxkeHepii pocnuH (K.M.
Cutnuk, 10.10. I'neba), 3aasgku 4yomy mi3HilIEe OyJl0 CTBOPEHO [HCTUTYT KIITHHHOI
6iosyorii Ta reHetnuHoi imkeHepli HAH VYkpaian. [InsxoM 3muTTss mpoTOIUIACTIB 13
HACTYITHOIO PEreHEpaIli€el0 POCIMH TyT OyJ0 OJEp’KaHO HOBI TIOpHIIHI POCIWHH,
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CTBOPEHO KIIITHHHI JIiHIi Ta POCIMHH, CTIMKI A0 TepOIlUIiB, CTPeCOBUX (DAKTOPIB.

3arajibHe BU3HAHHS Y CBITOBIM Hayll MarwoTh mpami akaaemika A.M. ['po-
IBUHCHKOTO — OCHOBOIIOJIOKHUKA cy4yacHOi anenonatii. HuM 3amouaTkoBaHO HM3KY
HOBUX HAyKOBUX HAIPSMKIB I10J0 BUKOPUCTAHHS POCIMH B €PrOHOMIYHHMX CHCTeMax
— (iToau3zaiini, MeIUIIMHI, KOCMIYHIN O1070r1i. BiH aKTHBHO JOCIIIKYBaB TEOPETUYHI
I METOJIWYHI MUTAHHS 1HTPOIYKIIII Ta aKiIiMaTh3aIli pociauH, OYB OJHHUM 13 TOJOBHUX
KOOPJAMHATOPIB PO3BUTKY (i310JI0T1i Ta 610XiMii pOCIMH B YKpaiHi.

Y 60-ux pokax po3moyaTro JOCHIIKEHHS 3 CHMOIOTHMYHOI a3oTdikcarrii
(A.B. Manopuk, HO.II. CrapuenkoB), ¢izionoriunoi critikocti pociun ([.I1. ITpo-
nenko, O.I. Komomra, I.T'. IlImateko, A.B. Kamis), opramizamii aganTUBHUX CHCTEM
(M.M. Mycienxko, B.A. Cunopos, b.0O. JleBenko).

1962 poky ctBOproeThes Biaain Oio¢izuku ta paaiodiosnorii IOP AH Vkpainu
(A.M. I'po3UHCEKHIA), /16 BUBYAIOTHCS PaAio0i0I0TiuHI peakilii pOCIMHHUX OpPraHi3MiB,
MEeXaHI3MU 3aXHCHOi Jii pasmionporekTopiB. Akaaemik J[.M. I'poa3uHChKUI yriepiie
pPO3pOOMB TEOPII0 HATIWHOCTI POCIMHHHUX CHCTEM Ha pPI3HUX PIBHAX OpraHizaiii,
MIpOaHaJi3yBaB 3arajibHi Ta crerudiyHl peakilli pociruH Ha 10HI3YI0Uy pajialliio.

3a y4dacTi0 YKpaiHCBKMX Yy4YeHUX y cepeauHi 70-X pOKIB MiJrOTOBIEHO Ta
3MIMCHEHO cepito  (ITOOIONOTTYHUX EKCIIEPUMEHTIB, MPOBEACHUX Ha MITYYHUX
CYIMyTHUKaxX 3eMJyi, KOCMIYHUX KOpaOjsiX, OpOITAIbHUX CTaHIISIX, a TaKOX IMpHU
BUKOHAHHI JESKUX MIDKHAPOJHUX KOCMIUHUX Olosioriunux mporpam (€.J1. Kopmarom Ta
1H.). Barommii BHECOK y poO3BUTOK (Di310JI0TiI BOAOPOCTEH, BHUIIMX BOJHUX POCIHH
BHecin BueHl [Hctutyty rigpo6ionorii HAH  Vkpaimm (JI.A. Cipenko 31
CHiBpOOITHUKAMMU).

Ha cyuyacHomy etami B po3po0Oui npobiem (izionorii Ta 010ximii pociauH Oepe
y4acTh noHaa 50 HayKOBO-IOCIHIIHUX 3aKiaaaiB 1 By3iB Ykpainu. Cepen HUX [HCTUTYT
¢1310J10T11 pOCTUH 1 reHeTuKH, [HcTUTYT 60TaHikK iM. M.I". XonogHoro, HanioHnanbHuit
ooraniyauii cagq HAH VYkpaiam Ta iHmi Ooraniydi cagau, [HCTHTYT TiapoOiosorii,
[ncTuTyT KiiTHHOL Oiosorii; kadeapu ¢izionorii pociauH Ta OOTaHIKK YHIBEPCHUTETIB,
CUIbCHKOTOCTIONIAPCHKUX Ta MENAaroriyHUX 1HCTUTYTIB, a TAKOXK JTA0OpaTOpii ramy3eBUx
HayKOBO-IOCTITHUX 3aKiaaiB YKpaiHchkoi Akaaemii Arpapaux Hayk.

ExcniepuMenTanbHl Ta OTJSOBI CTATTI 3 PI3HUX MpoOjeM (i310JI0Tii pOCIHH
myOJIIKYIOThCSl B TAaKMX BITUM3HSIHUX >KypHanax: "®dizionoris ¥ 0i0XiMis KyJIbTypHUX
pocnun", "Ykpaincekuil Ootaniunuii xypHan”, “JlomoBimi HAH VYkpaiau”, “BicHuk
ArpapHOi HayKu”’, @ TAKOXK y TMIEPIOTUIHNX BHIAHHSX BUIIUX HABYAJIbHUX 3aKJIAIiB.

Cepen 3apyOikHux Bujganb — xypHan AH Pocii «®uzuonorus pacteHuir»,
KypHaiau AMepHKaHCBKOI acoriarii OionoriB pociauna «Plant Physiology», «Annual
Rewiev of Plant Physiology and Plant Molecular Biology» Ta anajoriyaux acorjiaiii
€Bponu — «Planta», «Plant Physiology and Biochemistry», «Naturex» Ta imui.

PicTt i po3BUTOK poCcnuH
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BYJOBA I ®YHKIII POCJAUHHOI
KJITUHU

Tepmin “xmiTunHa” Bmepmie 3actocyBaB Pobept ['yk 1665 poky, omucyiouu OyAoBY
TKaHUH KOpU KOpPKOBOro nay0a, sIKy BIH BHUBYaB MiJ YJOCKOHAJICHUM HUM K€
MiKpockonoM. I3 gacy Biakputta kiaiTuHHOI Teopii (M.Ineinen, T.IlBann, 1839 p.)
3arajbHe BU3HAHHS OTpUMAJa YHIBEPCAIbHICTh KIITHHHOI Oy10BU BCHOTO KUBOTO.

3a cyuachumu ysaeneHHAMU, KUIMUHA — Ye OCHOBHA CMPYKMYPHO-QYHKYIO-HANTbHA
OOUHUYS BCIX JHCUBUX OP2AHIZMIB, elleMeHmapHa xuea cucmema. Jlue Bipycu MaroTh
HEKJIITUHHY OYZIOBY 1 PO3IJISIIAIOTHCS SIK TOKITITUHHI (DOPMH JKUTTH.

Pocnyuau moOyioBaHi 13 KJIITHH 1 € eBKapioTaMu. PociMHHA KIIITHHA MICTUTB: SJIPO 3
SIepUSIMHU, MITOXOHIp1i, Amapat ["'oJb/KI, eHI0TIa3MaTHYHUN PETUKYIYM, MIKpOTLIa,
prubocomu, IUTOCKENET (MIKPOTPYOOUKH Ta MIKpo(diTaMeHTH).

JUJist pOCJIMHHO1 KIITHHYU, HAa BIIMIHY BiJl TBAPUHHOT, XapaKTEepPHO: MIACTUAHA CUCTEMA,
noJiicaxapujHa KJIITUHHA CTIHKA, IIEHTpajbHA BaKyoOJs, BIIICYTHICTh LIEHTPIOJIEH MpHU
noAuml. Y dyHKIIIOHAJIRHOMY IJIaHI POCJIMHHA KJIITHMHA, HAa BIIMIHY BiJ 1HIIWUX, Ma€
3MIATHICTh 1O aBTOTPO(PHOTO crnocoOy >KuBjieHHSA ((HOTOCHMHTE3) Ta POCTY IUISIXOM
pPO3TATYBaHHS.

KiliTuHa € rereporeHHO CHUCTEMOI0. XAapaKTepHUW [Js KUBHUX CHUCTEM BHUCOKHUUI
CTYMiHb OPraHi30BaHOCTI MeTaboJI3My B dYacl Ta TMPOCTOPl 3HAYHOK MIPOIO
3000B's13aH1I1 HASIBHOCTI B MPOTOILIa3Mi TU(PEPEHIIIMOBAHKX, CIIEL1aTI30BAHUX TIISHOK.
BoHu pi3HATHCS 3a CTyNeHEM aKTUBHOCTI XIMIYHHUX CIOJIYK 1 KATATITUYHUX MEXaHI13MiB,
[0 PETYJIOI0Th iX MEepPeTBOPeHHS. Taki MIISHKA HA3WBAIOTHCS KOMNAPMMEHMAMU, a
came sBUIIE MOAIOHOTO PO3WICHYBaHHS KIITHHHOTO MPOCTOPY OTPUMAIO Ha3BY
KomMnapmmenmayii.

Y pocCiIMHHIN KJIITHHI MOHA BUAUIATH TPU BA}JIMBI KOMIAPTMEHTH: KJIITHHHY
000JI0HKY, NPOTOILIACT, BAKYOJIIO. HpOTonJIaCT CKJIQJAETHCS 13 IUTOTUIA3MH 1 spa.
Lumonnasma — HaIBpiJIKa Mpo30pa W B'A3Ka TOMOTeHHa Maca, po3TaioBaHa b
KJIIITHHHOIO OOOJIOHKOIO TIEPEBAXKHO y BUTJISII BiTHOCHO TOHKOTO MPHUCTIHHOTO Iapy.
Ile GiomoriyHMi KOJOIM, 10 TICHO B3a€EMOJIIE 3 OpraHeiiaMu, siki BiH otouye. CepenHiit
map, 10 CTaHOBUTh OCHOBHY Macy IHMTOIUIa3MH, Ha3WBaIOTh 2idlonazmor, adbo
yumo3sonem. LINT030J1b — 11€ PO3YMHHA YACTUHA [IUTOILIA3MHU, OCHOBHA i1 pEYOBHUHA.
30BHIIIHIO  TOBEPXHIO MPOTOIUIACTa  OTOYYy€E MPOTOIUIa3MaThyHa  MeMOpaHa
(nrasmanema), ska NEPEXOAUTH 3 OJHIET KIITHHU 10 1HINOT, YTBOPIOIOYH MIA3MOOCCMLUL.
3cepeuHy MPOTOIUIACT OOMEXKEHUU moHonIacmom, SKUW BIJOKPEMIIOE HOro Bij
Bakyosi. Po3pi3HSIOTH TakoX MeMOpaHW sjpa, MITOXOHIPIN, TUIACTUI Ta 1HIIUX
OpTaHOiIiB.

e IOJIOTTYHI MEMBGPAHHU

Membpanu — 8ucokoopeaHizo8amni cmpyKmypu KiimuH, wo 3a8xicou Micmsams ainiou ma
OiNKY, CKAA0 AKUX, AK [ [HUUX HASBHUX KOMNOHEHMIB, 3anexcums 610 muny u QyHKyiu
MeMopaHu.

BynoBa 6Giosioriunux memOpaHn

Ha mauwuii yac HalOIbII BU3HAHOK BBAXKACTHCSI PLAMHHO-MO3aiyHa rirore3a noOyIoBH
010JI0TIYHUX MeMOpaH. 3TiHO 3 HEK OCHOBY MEeMOpaH CTAaHOBUTH TMOJBIMHHK IIap
dbochommiaiB i3 ASSIKOI KUIBKICTIO IHIMUX JIMIAIB (TaJIaKTOMIMIIB, CTEPUHIB, JKUPHUX
KHCJIOT Ta iH.).

PicTt i po3BUTOK poCcnuH
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Henacuueni »XupHI KHCIOTH 3a0e3MeuyroTh piakuil (puxiuii) ctaH Oimapy mpu
¢di3ionorivHux Temmeparypax. Jlimiagun mMemOpaH Oe3NnepepBHO MIHSIOTBCS MICIISIMHU.
[TepemimieHHs JiITITHUX MOJIEKYJT OyBarOTh 4-X THIIIB: y M&XaxX MOHoIIapy (JlarepajibHa
nudy3is), TUIXOM TEPEMINIEHHs JIMIIHUX MOJEKYN 13 MPOTUJICKHUX MOHOIIAPIB
(“dmin-dion”), a TakoXK CErMEHTaIbHI Ta Kpyrosi. biojoriuni MmeMOpanu nmodypoBaHi i
PO3MIIIICHH] aCUMETPUYHO (P13HUM CKJIAJ JIMIAIB Y Pi3HUX IIapax Oimapy, sSIKiCHO Pi3Hi
riapodinbpHI cepeoBHUIIa 330BHI Ta BCEPEAMHI).

VY piakux mapax 3HaXOJSAThCS CIIENialli3oBaHl MPOTETHOBI KOMIUIeKcH. JlimompoTeinu
3aHypeHl B JimiaHy ¢azy W yTpuMyroThcs TiapodoOHuUMHU 3B’sa3kaMu. [impodinbHi
OUIKM yTPUMYIOTHCSI Ha TTOBEPXHAX MEMOpaH eNeKTPOCTaTUYHUMU 3B’ si3kamMu. OCHOBHY
poJib y hopMyBaHHI MEMOpaH BiAirparoTh rigpodoOHi 3B’ s3ku. Topmmaa GioMmeMOpanH —
6-10 =M. IxTerpampHi OiKOBI TOOYNMHM po3MimieHi Yy ¢ocomnmiaHux mapax
opieHTOBHO. Ll oOpieHTamiss BH3HAYA€THCS OCOOMMBOCTAMHU TiApodoOHUX Ta
riapoinpbHUX OUISHOK KOXHOTO Oinka. IleBHI NUISHKM JIMONPOTEIHIB CIOyXKaTh s
CAaMOKOMIUICKTAIlli ~ MOJIEH3UMHUX  MEMOpaHHMX KOMIUIEKCIB. DYyHKIIOHAIbHA
aKTHUBHICTh MEMOpaH 1 3MIHa MEMOpPAHHOTO TMOTEHIaTy CYIPOBOIKYIOTHCS
CIUTMBAHHSM a00 3aHYpPEHHSAM CYOOIMHUIIb, IXHIMHU JaTePATbHUMU MEPEMIIICHHSIMHU.
DyHKuii 010J10riYHUX MeMOpaH

JlabinbHa CTpyKTypa MeMOpaH J03BOJISIE BHUKOHYBAaTH IM PI3HOMaHITHI (DYHKIIII:
Oap’epHi, TPAHCHOPTHI, OCMOTHUYHI, €JIEKTPUYHI, CTPYKTYpHI, CHEpreTHUYHI,
O010CHMHTETHYH1, CEKPETOPHI, TPaBH1, pELIENITOPHO — PETYJIATOPHI Ta 1H.

1) PosmexyBanHs. [lepBuHHE mMpU3HAYEHHS KIITUHHOI MEMOpaHU — PO3MEKYBaHHS
BHYTPIIIHBOTO ¥ 30BHIIIHBOIO cepenoBuuia. Jlai HUIsXoM €BOJIIOLIT BUHUKAE BEJIHMKA
KUIBKICTh CHEI[lali30BaHUX BHYTPIIIHBOKIITUHHUX BIJACIKIB (KOMIApPTMEHTIB), K1
oOMeKeHI MEMOpaHaMH i yTPUMYIOTh y HEBEIMKUX 00’€Max HEOoOXITHI (epMEHTH Ta
MEeTa0OoJIITH.

2) TpancmoptHa. OmHOYACHO BHHHKAIOTH MEXaHI3MH TPaHCMEMOPAHHOTO IMEPEHOCY
10HIB, CcyOcCTpaTiB, MeTaOONITIB. Y >KMBHX KIITHHaX PpO3PI3HAIOTh nacusHul (3a
XIMIYHUM § EJIIEKTPUYHUM TPAJIEHTOM) 1 axmugHuul (MPOTH EJIEKTPOXIMIYHOTO
rpajiieHTa 3 BUTPATOIO €HEPTii) TpaHcHopT. [lacusnuii mpancnopm 311ACHIOETHCS:

a) uepes ochominiany a3y, Koau peuoBHHA POZUMHHA B JIIIIIAX;

0) Mo MpoMDKKaX MIX JIIiaMH, SKIIO TaKl €;

B) 13 IONOMOTOFO JIIMONPOTETHOBUX NMEPEHOCHUKIB;

T) MO Celiani30BaHuX KaHalax (HaTpi€eBl, KaJIi€Bl Ta 1H.).

Opraniubi cyOcTpatd MOXYTh TNEPEHOCUTUCS CIEHIaIbHUMU TEPEHOCHUKAMU B
cuMIIopTe (pa3oM i B Ty % CTOpPOHY) 3 ioHamu H'.

AxmueHnutl mpancnopm 301ACHIOETbCS TpaHCOPTHUMU AT®P-hazamu 3 BAKOPUCTAHHIM
eneprii AT® (nns K", Na’, Ca** anioHiB) Ta AT® 1 HAI(®)H ans H*. AxTuBHUii
TPaHCIOPT i0HIB BOJHIO OTPUMAB Ha3BY «IIPOTOHHOI noMmm» (H'-mommwn).

H'-momma ©Gepe yuacT, y perynsmii BHYTpiHBOKIITUHHOro pH, cTBOpeHHi
MeMOpaHHOTO TIOTeHIliaTy, 3amacaHHi 1 TpaHchopmarii E, y memOpanHomy ¥
JTaTbHROMY TPAHCIIOPTI PEYOBUH, IOTJMHAHHI MiHEPAJTbLHUX COJIEH KOPEHSIMH, POCTOBIM
Ta pyXOBili aKTUBHOCTI.

3) OcMmotuyna. baraTocTOpoHHS PoOjib 1 OCMOTHYHOT PoOOTH MeMOpaH. Jlesiki mpocTitii
Ta BOJIOPOCTI Yepe3 MOCTiiiHE IMaCMBHE OCMOTHYHE HAJIXOMKCHHS BOJIHU, 1100 30eperTu

PicTt i po3BUTOK poCcnuH
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CBOIO IIUTICHICTB 1 He OYTH PO3IpBaHUMH, MYCSTh MOCTIHO BUBOJUTH HAJJIUILIIOK BOAU
CKOPOTJIMBUMHU BAKYyOJISIMU.

JIns BCIX 1HIIMX POCIWH 1HTEHCHUBHUM T1APOCTaTUYHHMM (TypropHui) THCK BOAH €
BOXJIMBUM (AKTOPOM iXHHOTO ICHYBaHHS. OCMOTHYHE HAJXOJKEHHS BOAMU CTBOPIOE
Typrop, oMy MPOTHUJII€ TUCK €JACTUYHO PO3TATHYTHX KIITUHHUX CTIHOK. Pasom 1e
niaTpuMye GopMy HE3IEpeB’SHIIUX YacTHUH 1 € TIEK CUJIO0, sKa 3a0e3nedye picT
POCIMHHUX KJIITHH.

Perynroroun KOHIIEHTpAIl0 OCMOTHYHO-aKTHMBHHX PEUYOBHH, POCIMHHI KIITHHH
BCMOKTYIOTh BOJy 3 OTOYYIOYOT'O CEPEJIOBHINA, HABITH KOJA BMICT BOJU B HHOMY JTYXKE
HHU3bKH.

4) CrpykrypHa. bBinmbImicTe OpraHoimiB KIITHHH MalTh MeMOpaHHY CTPYKTYpY
(moOGymoBani 3 MeMOpaH abo ooMexeH1 HuMH). CTpyKTypHa QYyHKITIS MEMOpaH MOJIATae
TaKO)X B YIOPSJIKYBaHHI pO3MIIICHHS TMONi(EepPMEHTHUX KOMILIEKCIB, BHCOKa
€(EeKTUBHICTh SIKMX BU3HAYAETHCA 30JMKEHHSAM KaTaTITUYHMX IIEHTpiB. 1 Mojekyna
Oinka 3BUyaiiHO oToueHa 20-30 wmoinekynamu ¢GocdoimiiiB; MPU JIOKATBHOMY
3aTBEPAiHHI JIIIIIB MOXJIMBE iX BUAQJICHHS 3 JEAKOI NUISHKH, IO MPU3BOAUTH JIO
3NIUIMAHHS OUIKIB, BTpAaTH HUMHU AaKTUBHOCTI. ToMy s JisSUIBHOCTI MEeMOpaHHUX
(dbepMeHTIB BaXJIMBO, HI00 OTOUYIOUl JIMIAUW 3HAXOAWIUCA B PIAKOMY arperaTHoMy
CTaHi.

5) KoopauHaiiiina (peryiastopHa). HenpoHukHIicTh QocdominigHoro Imapy s
OUIBILIOCTI CIOJIYK CTBOPIOE YMOBH JJI1 BEKTOPHUX MpoLieCciB. BeKTopHuUIl XxapakTep mMae
TPAHCIIOPT PEUOBHH, MEepeada CUTHAIIB 13 30BHIITHBOTO CEPEAOBUIIA 0 IIUTOIIA3MH,
(hepMeHTaTUBHA JIISUIBHICTb.

3aBISKH BCIM IIMM MEXaHi3MaM 3/IIMCHIOETHCS MEMOpPAHHA KOOPAMHALIS MHOXHHHOCTI
O10XIMIYHUX PEAKIiH, 1110 TPOTIKAIOTh Y KIITHHI.

6) Akymyusiis i TpanchopMallis eHeprii. AKyMyJIsiis i TpancopMaltisi eHeprii — 1e
0JiHa 3 0co0MBHX (PYHKIIIN MeMOpaH. Y XJIOpoIiacTax 3€JIeHUX POCIWH €HEPTis CBITIa
tpanchopmyethes B eHeprito HAJI® 1 AT®, a B KiHIIEBOMY paxyHKy — B €HEpPriiO
XIMIYHUX 3B SI3KIB.

3rigHo 3 XeMiocMOTHYHOIO Teopieto [1.Mituena, nporec cuntesy AT® y MITOXOHIPISX
1 XJOpoIulacTax 3AIMCHIOETBCS Yepe3 YTBOPEHHS EJIEKTPOXIMIYHOTO MeMOpaHHOTO
norenuiany H* 3a paxysok po6otu H'-nommu.

EneKkTpoXiMiuHi MOTEHIiai B KIITHHAX CTBOPIOIOTHCA 1 32 paxyHOK iHmmx momm: Na',
K* AT®-asu, Ca** AT®-asm, amionHoi AT®-asu. OCMOTHYHMI TpAgi€HT LHX
noTeHwianis — TpancMeMOpannuii rpagient K (ApK™) i Na'(ApNa®) — ciig posrnsnaru
AK pe3epBHY (popMy eHeprii.

TakuM 4YUHOM, y JHCUBUX KAIMUHAX, KPIM CYOCMpamie OUXAHHA, eHepeis MOodice
3anacamucs y 080x opmax: Y euensoi GUCOKOEHEP2eMUYHUX XIMIYHUX CNOJYK 1 Y
8U2A01 eJIeKMPOXIMIYHO20 MEMOPAHHO20 NOMEHYIAT) .

7) PenienrropHo—peryisropHa. BakiuBa GyHKIIiSI MEMOpaH — pelenTOPHO-PETyIATOPHA.
Jlo cximamy MeMOpaH BXOSTh XeMo-, (hOTO-, MeXxaHOpeLenTopu OUTKoBOI mpupoau. L1
pelenTopyu CIPUUMAIOTh CUTHAIW, SKI HAJXOJATh 13 30BHIMIHBOTO 1 BHYTPIIIHBOTO
CepeoBHUINA, 3a0€3MeUy0YH aIaTUBHI PEaKIlli KIIITUH Ha 3MIHU YMOB 1CHYBaHHSI.

e CYBRJIITUHHI CTPYKTYPU POCJIMHHUX
KJITHUH
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IHnacTuan

Ile oOmerxeHI MOBIMHOK MeMOpaHOK KpPYIJIl YM OBaJIbHI OpraHeau, sKi MICTATh
BHYTPIIIHIO CUCTEMY MeMOpaH pI3HOI CKJIAJHOCTI. Y IJIaCTUIaX CUHTE3YIOThCA Ta
3amacaloTbCs OpraHiyHi peyoBUHU. BOHM MOXYyTb OyTH 6e36apeéHi (NIPOILIACTHIIY,
JICHKOIIIIACTH, €TIOMIACTH) a00 3abapaneni (XJIOPOIIaCTH, XPOMOILIACTH).

VY mepucreMax icHyroTh npomaactuau. Lle api6Hi (1o 1Mkm), pizHOMaHITHI 32 (HOpPMOIO,
HeAu(epeHIiioBaHl TIACTUIM, B SIKUX BHYTPIIIHS MeMOpaHa Mae JHUII Cla0Ki
iHBariHaiii. Ko B 3piux KIITHHAX 30€piracThCs I CTPYKTYpa, TO BOHA HA3HBAETHCS
nerikoraacToM. JleikommacTi HalWvdacTile TPAIUISIOTECS B KIIITHHAX MEPHCTEM KOHYyCa
HapOCTaHHS KOpEHs, KIITHHax Oynab0, KOpeHeBWIax, emijepMi JUcTKiB. HeBenuki 3a
pO3MipaMu, MICTSITh ITOOJIMHOKI THJIAKOIAM ¥ BUKOHYIOTh PI3HOMaHITHI (PyHKINI. ¥ HHUX
BIJIKJIQIAIOThCS  3allacHl TOXKMBHI PEYOBUHU: KpOXMalb (aminonnacmu), OLIOK
(npomeinonnacmu), sxupu (oreonnacmu) i T.J.

Etiomniactu hopmyroThCsi TIpH BUPOIIYBAHHI 3€J€HUX POCIUH Y TEMHOTI. 3a TaKux
YMOB y mporuiacTuaax (HopMyeTbesl MpojaMessipHe TUIO W BOHU TMEPETBOPIOIOTHCS B
eTiomiacty. ETionimacTy MoxHa po3IIIIaTh SIK TIEBHY CTaJl1l0 PO3BUTKY XJIOPOIUIACTIB.
BoHu yTBOpIOIOTBCSI B NMEPBMHHUX JHUCTKaX a00 CIM'SAONAX MapOCTKIB /10 TOTO, SK
OCTaHHI BUKIYTh 13 IPYHTY Ha CBITIO. [IpH OCBITIIEHHI BHYTPILIHSA CTPYKTypa MEMOpaH
€TIOIIACTIB  MIJAA€TbCS CKIAAHIA mepeOyJoBl U BOHM MEPETBOPIOIOTHCS B
XJIOPOILIACTH. Y NIEAKUX FOJIOHACIHHUX 1€ MEPETBOPEHHS BIIOYBAETHCS 1 Yy TEMHOTI.
@oTocuHTE3 3AIMCHIOETCA B XJopomiacTaX. BOHM TparuisltoTbCA MEPEBAKHO B
KJIITUHAX NapeHXIMH JIMCTKa ¥ BIACYTHI y mepuctemi. lle oBanbHi Tuibus 5-10 MxMm
JTOBXKHHOI0; 2-3 MKM y miameTpl. B omHii kimituHi 3BM4YaiftHO € 15-20 XjoporiacTiB i
OunbIIe (10 KUJTbKOX COTEHB). MaroTh 30BHINIHIO W BHYTPINIHIO MeMOpaHu. BHyTpinHs
MeMOpaHa oOOMEXye BHYTpPIIIHE TOMOTEHHE CepeaoBHINE (CTpOMY) 1 YTBOPIOE
VIIUTbHEH] TJIOCKI MIUPOKI 1HBATIHAIT — munakoiou cmpomu, a TaKOK HEBEJIMKI IIUIbHI
JTMCKOBHUHI YTBOPH - muiakoiou epar. JIeKiIbka TaKuxX THUJIAKOiIIB, IO JISKATh OJIUH
HaJl OHUM, (OPMYIOTH CTOIKY — epawy. Xyopormiact Moxe matu 40-60 rpaH i, sK
npaBuJio, - BiA 5 1o 20 TUnakoiaiB y rpaHi. Y rpaHax BUSIBIEHO nepdoparliii, Kpi3b 5Kl
MeMOpaHHu TpaH MOEAHYIOTHCS, a BHYTPIIIHbOTUIAKOIAHUN MPOCTIP CHOJYyYa€ThCS 3a
JOTIOMOT'O0 BY3€HBKHUX TPYOOUOK — ghpem.

TunakoigHa cucremMa — 1€ €JUHUNA KOMIAPTMEHT, BIIOKPEMJIEHUH BIJ CTPOMU
TUJIAKOIMHOI0 MEMOpPAaHHOIO CHUCTEMOI0. PO3pI3HAIOTH TpU BaXIHMBI KOMIApTMEHTH
XJIOPOTUIACTIB: @ MINCMEMOPAHHUL NPOCMID MINC 308HIUWHBLOIO [  BHYMPIUHBLOINO
MemMOpanamu; e cmpomMalbHUll, ® 6HYMPIUHbOMUIAKOIOHUI.

e 3oBHIMHI MeMOpaHa TIPOHMKHA s MeTa0omiTiB. 1[0 TPOHUKHICTH
3a0e3neuytoTh crienudiuai MeMOpaHHi OUTKH — MOPiHU, K1 GOPMYIOTh TTOPH, KPi3h SKi
BUIBHO TIPOXOJIATH PEYOBUHH 3 MOJICKYJISIpHOIO Macoro a0 10 k/la.

e CrpoManpbHUN KOMIAPTMEHT 3a0e3nedye BaKJIMBI METa0OJIYHI ITUKIU
dborocunTesy. TyT JsokamizoBaHi (EPMEHTHI CUCTEMH CHHTE3y U TepeTBOPEHHS
BYIJICBO/IB. ® A BHYTPIIIHbOTUJIAKOIAHUN — (OpMYy€e€ NPOTOHHUM TPAaIEHT y XOJi
CBITJIOBUX peakiiii QorocuHTesy. Y NHUX peakiisax OepyTh ydacTh XJjopodiiw,
KapOTUHOIIM, KOMIIOHEHTHU PEJIOKC-JIAHITIOTIB 1 3alacaHHsl €Heprii, 110 JOKaIi30BaHi B
MeMOpaHax TUJIAKOI/iB.
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XJopomnacTd MarwTh BiacHy OumokcuHTesytouy cuctemy 13 JIHK, pPHK 1 70S
pubocomamu. XmoporiactHa JIHK mnepemaerbcss mo MaTepuHCBbKINA JiiHIT (depes
nporutactuan). Kineiiepa JIHK xmoporiiacTiB Biipi3HAETHCS BiJl SAESPHOT SIK 32 HASIBHOIO
B Hiil iHpOpMaIli€ro, Tak 1 32 (PI3UKO-XIMIYHUMH BJIACTHUBOCTSIMHU. Y 3aJIEKHOCTI BIJ
BUJly POCJIMH IUIACTUIHUN TeHoM (riactoM) craHoBuTh juiie 0,001 — 0,1% reHomy
anpa. Ajle poCIMHHA KIIITMHA Ma€ 0araTo KOIMii IbOTO T€HOMY, 3aBISKH YOMY BMICT
iactuanoi JIHK carae 5-10% Big yeboro myny JIHK y kmiTuHi.

Xnoponnacm — ocHo6na KNIMUHHA op2aHend, AKa 3a6e3neyyc nepemeopeHHs: COHAUHOT
eHepeii ma cunme3sye 6 npoyeci HomompoHoco HCUBleHHs eHepeemuyHi ma
naacmuyHi pecypcu oiocgpepu. Y XJA0poIiacTax BiJOyBa€eThCs TAKOXK CUHTE3 MITMEHTIB,
XJIOPOIIACTHUX ITUTOXPOMIB, JKUPHUX KUCIOT (IMaJIbMITHHOBOI, 0JICTHOBOI, JIHOJIEBOI),
TJTaKTOJIIITITIB.

[Ipu pocTi KIITUH KUIBKICTh XJIOPOIUIACTIB  30UIBLIYETHCS IMUIAXOM  MOALTY
(YTBOPIOETBCS MEpEeMHUYKa MTONEepeK opraHoiga abo BiAOyBaeThCsl OpPyHbKYBAHHS).
XpomoriacTu. XpoMoIlacTaMi Ha3uBaroTh HE(OTOCUHTE3YI0U1 3a0apBIIeH] TUIACTU/IH,
SKI MICTATh, B OCHOBHOMY, Y€pBOHI, TNOMapaH4eBl W >KOBTI MIrMeHTH. BoHwH, sk
MPaBUJIO, PO3BUBAIOTHCS 13 XJIOPOIUIACTIB, MAlOTh MPHUOJM3HO Taki caMl poO3MipH Ta
dbopmy, pgocuth TOAIOHI W 3a CTpyKTypor. OJHaK HE MICTITh CHCTEMHU
(OTOCUHTETUYHUX MeMOpaH. 3a CBO€I0 BHYTPIIIHHOIO CTPYKTYPOIO XPOMOILIACTH
NOAUIAIOT, HA  M'ATh  TUIB:  TJIOOYJISpHUM, MeMOpaHHMM,  TpyOuyacTui,
peTukynorpyoyactuii, kpuctamiyHui. dizionoriuna QyHKIIS XpOMOIIIACTIB JETaIbHO
HE BUBUYCHA. SICKpaBe 3a0apBIICHHS, MOXJIMBO, MPUHAIKYE KOMaX JJIS 3allAJICHHS Ta
MOIIMPEHHS HACIHHS.

VY cTpomi Beix miactu MicTuThes Kibiea JJHK.

Mikporina

Kpyrni opranoinu mgiamerpom 0,2-1,5 MKM., 0OMEXEHI €IeMEHTapHOI MEMOpaHOIo,
MICTSTh TPaHyJISAPHUNA MaTpukC. JIeKoIMu MICTATh OIIKOBUN KPHUCTAIOIA. Y KIITHHAX
TPAIUISIIOTHCA Pi3HI TUIH MIKPOTLUIEIb 13 IEBHUMU KOHKPETHUMHU (DYHKITISIMHU.
[lepokcucoMu — 3HAaXOUAThCS B JIUCTKax, J€ 3B’sA3aHl 13 XJOpoIUlacTamMu U
MITOXOHIPISIMUA. MICTSITh HH3KY OKHCHIOBAIILHUX (EPMEHTIB 1 BBaXKarOThCA
KoMrapMeHnTamu it gerokcukariii H,O,. I[lepokcucomu OepyTh y4acTh B OKPEMHX
eranax (oronuxaHHsA. Y HUX B1IOYBa€ThCS OKHCHEHHS TJIKOJIEBOI KHCJIOTH, IO
HAJXOJIUTh 13 XJIOPOIUIACTIB, 10 TJILUUHY, SKUH Y MITOXOHAPISIX NEPETBOPIOETHCS B
CEepHH.

['7okccoMH — HasBHI B KIITHMHAX EHJOCIEPMY Ta CIM S0JIAX JIMIIE MiJ Yac
MPOPOCTAHHS HACIHHS, IO MICTUTH 3amacHi >kupu. Komm ciM’s1011 BUXOASTH Ha
MMOBEPXHIO TPYHTY, BUKOPUCTAHHS JKHUPIB TMPUIUHAETHCSA, TIIOKCHCOMH 3HUKAIOThH 1
3 SBJISIIOTBCS MEepoKcucoMu. Lleil mporec KOHTPOJIOETHCS 3a JOMOMOTOI0 CBITIA.
['miokcrucomu MICTATh (DepMEHTH, HEOOXIJIHI MJIsi TEePETBOPECHHS KHUPHUX KHUCIOT Yy
I[yKPU: CUCTEMHU [-OKMCHEHHS JKUPHUX KHUCJIOT 1 TJIOKCUJIATHUW IUKI. 3aBISKU M
anetmn-KoA He OKHCHIOETHCSI TOBHICTIO, @ BUKOPUCTOBYETHCS JIJISi CHHTE3Y BYTJICBO/IIB.
[Ipu poboTi (QepMEHTATHBHUX CHUCTEM IEPOKCUCOM 1 TJIOKCHCOM YTBOPIOETHCS
MEPOKCHUJI BOJIHIO, IKUW PYWHYETHCS KaTalIa3010.

Cdepocomu (omeocomu). Cdepuuni ytBopu niamerpom 0,5 MKM, $SKI CHIBHO
3aJIOMJTIOIOTH  CBITJO. MicTaTh mimiam ¥ depmeHTd minmasy Ta ecrepasy. [lpu
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NPOPOCTAaHHI HACIHHA OJIHHUX KyJIbTyp cepocoMu (YHKIIOHYIOTh Y KOMIUIEKCI 13
riiokcrucoMaMu. bepyTh yuacTh y mpoiecax TiTIOKOHEOTreHesy.

BakyoJssipHa cucrema

Bakyonst — TunoBui OpraHoii pPOCIMHHOI KIITHHH. Y MEPHUCTEeMATHYHUX KIITHHAX
BaKyoJll — IIe JpiOHI NMyXWpIl; Yy 3pUIMX € BeJMKa IIEHTpajbHa BaKyoJs, sSKa MOXE
3aitmatu 710 90 % o0cATy KIITHHH.

Baxkyomnspaa cuctema GopMyeThCS AEKUTBKOMA MIJISIXaMH:

1. V pesynbrari posmupeHHs muctepH EP. Cnogarky oxpemi ¢parmeHTH
IUIACTUHYACTOI 4M  TpyOuacToi MEMOpaHHOI CHCTEMH  PO3IyBalOThCA,
301IBIIYIOYUCH B 00CS31, 1 BIIOKPEMITIOIOThCS. Tak yTBOPIOIOTHCS IPOBAKYOIl,
SIK1 3JTUBAIOTHCS, a 1ajli (hOPMYETHCS TOHOILIACT.

2. lllnsaxom iHBariHaiid ToOHOIUIAcTa. Y IOMY BHITAJIKY BiIOYBA€THCS 3aXOIUICHHS
YaCTUHHU ITUTOTUIa3MH Pa30M 3 BHUCOKOMOJICKYJISIPHUMH PEYOBHHAMH 1 HaBITh
opranenamu.  ONUHHUBIIMCH  BCEPEAWHI  30LIBIIEHOI  BaKyoJi, BOHH
PO3IIEIUIIOIOTHCSA CUCTEMOIO T1APOIIa3.

3. lllnaxom aBtodarii. [lporec mouMHAETHCS 3 OTOYEHHS MEMOpaHOIO EHJIO-
MIa3MaTUYHOI CITKM OKpeMoi JISHKM uuToruiazMu. Jlami  BimOyBaeThes
nepeOy10Ba 30BHINIHBOI MEMOpaHU Ta (EPMEHTHUX CUCTEM. 3aBJSIKU JISITBHOCTI
riiposia3 Jaerpajaye mojJiMepHU BMICT IIUTOIUIA3MHU, 110, B CBOIO YEPTy, CIIPHUSE
HA/IXOJKECHHIO BOJIH.

Bakyoni, yTBOpeHI pI3HUMH LUISIXaMH, MOXYThb 31MuBatucs. 98 % BMiICTy BakyoJi
CTAHOBUTH 600a. BakyoJibHHI CIK Mae crneuuiuHud CKIad 1 MICTUTh OpeaHiuHi
peuosunu (IyKpH, KUCIOTH, (DEPMEHTH), CHOYKU BMOPUHHO20 NOX00xceHHs ((HeHomu,
TaHiHY, aNKaIOiNU Ta iH.) 1 minepanwvui coni (Na*, K7, Ca”", Mg*', CI', sammmkn SO,%,
POS). Konunentpariisi pozunnenux pedoBud csirae 0,4-0,6 M. Binbiiicte dhepMeHTIB
BaKyOJI1 — KUCHI Tiaposa3u. KUCIOTHICTh BaKyOJISIPHOTO COKY 37€01IBIIIOTO CTAHOBUTH
5-6,5 omuuunps pH; ame moxke mopiBHioBatu 1 (6eronist), a6o 2,0 (mumoH). [esxi
BaKyOJi MICTATh HEPO3UYMHHI CHOMYKH (KpUCTaIM, aMOp(HI BIIKIAIN, BKIIOYEHHS).
Baxyonsipauii cik 3a cBOIM CKJIaJJOM HE OJJTHAKOBHI HE JIMIIIE B PI3HUX POCIIHH, ajie ¥ y
KJIITUHAX Pi3HUX TKaHWH. OIHAK 3aBX/I1 OCHOBHUM KOMITOHEHTOM MOTO € BOJA.
PeuoBuHUM y BakyoJI1 MOTPAIUISIIOTh 3aBISKH PI3HOMAHITHUM TPAHCIIOPTHUM CHCTEMAaM:
ATD-3anexncna H -nomna (tpancnopt H', ykpiB, opraHiuHux KucioT ycepeauny, a K
— ycepeauHy W Ha30BH1), OLIK0GI nepeHoCHuKu moHoniacma (aMiHOKUCIOT Ta IHIIHUX
pEYOBHH). Y BaKyoJIIX BIJKJIQJAIOThCS 3amacHl pevyoBUMHHU (ajieipoHOBi 3epHa). TyT
4acTO TpAIUIAIOThCA MirMeHTH. biakuTtHOro, (dioneTroBoro abo TEMHO-YEPBOHOIO
KOJIbOPY POCIMHHI KJIITUHM HaOyBalOTh 3a pPaXyHOK aHMOYianig, SAKI JETKO
PO3UYMHSIOTHCS y BOA1. BOHM X BU3HA4al0Th 3a0apBieHHs 0araTboX OBOYIB, PPYKTIB Ta
KBITIB.

PicTt i po3BUTOK poCcnuH



16

MikpoTpy00uKu i MiKpopintaMmeHTH (HUTOCKeJIEeT)

Y 30BHIMIHBOMY KOPTHUKAJIBHOMY IIapi MHUTOIUIA3MH 3pLIMX KIITHH JIOKalli30BaHi
MikpoTpyOouky. IxHiil 30BHimHIA miamerp — 30 HM, a BHyTpimmHiH — 14 HM.
OpieHTOBaH1 NMapaneabHO OAMH 0 OJHOTO B3JI0BXK KIIITHHHU.

Yci MIKpOTpYOOUKH CKIIAAIOTHCA 13 TIOOYJISPHOTO KHUCJIOTO Oika myOyniny.
BBaxaroTh, 1m0 CTIHKY MIKpOTpyOOuku (opMyroTh 13 naHIlOKKIB Oinka TyOysiHy,
3TOPHYTUX cripaibHO. LluTommasmMaTiuyHi MIKpOTpyOOUKH — IWHAMIYHI CTPYKTYpPH, SIKi
JIETKO JUCOLIIOI0TH Ha CyOOAMHMUII 1 30UparoThCs 3HOBY. [l 30upaHHs MiKpOTPyOOUYOK
HeoOximHo: kucine pH, iomm marnito, ['T® 1 AT®. Jlucomiamisi NPUCKOPIOETHCA
M1JIBUIIICHOIO KOHIICHTPAIIIEIO 10HIB KAJIBI[II0 i HU3bKOIO TEMIIEPATYPOIO.

VY nuromiasMi poCIMHHUX KIITHH € TaKOX MIKPO(IIAMEHTH 3 HEM S3€BOT0 aKTHHY.
Le#t cxopoTiaMBUN OUTOK MOKE 3HAXOJUTUCA B MOHOMEpHiH (rnoOynsipHui, ['-akTuH)
gy B modiMepHiil ¢opmi monpiiiHOi cmipani (diOpwispanii, ®-aktun). CkiiagaHHs
[JIOOYJSIPHUX MOHOMEPIB y MOJBIMHY cripayib (iOPHISPHOTO aKTUHY BiJIOYBAETHCS 13
3aTpaTol0 €Heprii Ta 3 y4acTio 10HIB MarHiro. MikpodilaMeHTH MOXKYTh CTBOPIOBATH
CITKOMOJIIOHY CTPYKTYpYy ILUTOIUIa3MH, (OPMYIOYH IIIETUBO O€3MoCcepeHbo 1Tl
IJ1a3MaJIEMOIO.

B32€EMOJIIIOTh 13 MIKPOTPYOOUYKaMH 1 IUIa3MajieMoro, (pOpMYyIOTh THYUKY CTPYKTYpY
LUTOCKENETa. 3 LHUTOCKEIETOM TMOB’A3aHl 3MIHM (OPMHU KIITHHH, TEPEMILEHHS
BHYTPIIIHbOKIITHHHUX CTPYKTYp, iXHE OpIEHTYBaHHS, INEBHA JOKami3alis OpraHed,
O1IBIIOCTI MOJIEKYJ ((PEPMEHTIB) Y LHUTOILIA3MI.

KuaiTunna crinka

Knituan pocivH OTOYEH1 NIUIBHOIO TOJICaXapuIHOI0 OO0OJIOHKOIO, fKa BCEpEarHI
BUCTEJICHA nIa3mManiemoro. Y BUIMUX POCIHMH KIITHHHA CTiHKa (000JOHKA) Mae Tpu
apu: cepeMHHa TUIACTHHKA, TIEPBUHHA Ta BTOPMHHA 000J0HKU. [Ipy moaini KiIiTHHU
Ha cTanaii Terodazu mepiroio GOpMYEThCS cepeluHHA IUIacTMHKA. Bona ckpimioe
O00OJIOHKM CYCIJIHIX JOYIPHIX KJIITHH 1 CKJIQJA€ThCAd 13 KIEUKUX, ApariucTUx
MEKTHHOBUX PEUYOBHH.

OCHOBOIO CepeaUWHHOT IIAaCTUHKH € CiT4acTa CTPYKTypa, YTBOPEHA JAHITIOKKAMH
MEKTHHOBOI KHUCJIOTH (CHHTE3YETHCA 3 TOJIrajdakKTypOHOBOI KHCIIOTH), IO IIUIEHO
MEePEeIUIITAlOTECA MK CO00I0 Ta 3 MOJIEKYyJIaMU TEeMILENION03U. 3’ €HAHHS OKPEMHX
MOJIEKYJI BiIOYBA€ThCS 32 PaxXyHOK YTBOPEHHS MOABIMHMUX COJIeH Kajbllil0, MarHir0 Ta
erepudikaiii. 3a HecTaul Kajbllil0 MEKTUHOBI PEUYOBUHU OCIU3HIOIOTHCS, KIITHHU
pO3’€MHYIOThCS (Mariepallis TKaHUH).

IlepBuHHa kJjiTuHHA cTiHka. KimiTuHM, M0 AUIATHCS YU POCTYTh PO3TATYBAHHSM,
MalOTh nepsunHy KIITUHHY 000JIOHKY (MepucTeMu, Me30d1 aucTka). [Ticis 3akiHueHHs
POCTY Ha KIITHUHHY CTIHKY 3CE€pPEIWHHU BIJIKJIQJal0ThCS HOBI IIapy 1 BUHUKAE MiIlHA
6mMopuHHa 000JIOHKA.
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Jlo cxiiamy KIITUHHOT CTIHKU BXOJSTH -

1. cTpykTypHI KOMIOHEHTH (1€I0JI03a B POCIUH, XITHH y TPUOIB);

2. KOMITIOHEHTH MaTPHUKCY CTIHKH (TeMilleN0JI03a, IEKTUH, OLJIKH);

3. 1HKpPYCTYHOYl KOMIOHEHTH (JIITHIH, CYOepHH);

4. pedoBHHH, K1 BIJKIIAAIOTHCS HA MOBEPXHI CTIHKU (KYyTHH, BICK).
Lenonoza (nomimep P-J-rmroko3un), eemiyenronoza (MOJIMEPU TEKCO3 1 TEHTO3) 1
NeKmuHogi pevosunu (TMOXITHI YPOHOBUX KHCJIOT) — BYIJICBOJIHI KOMIIOHCHTH
KIITUHHUX CTIHOK. BoHU ancopOyroTh BOAy, 3B’SI3yIOTh 10HH METaJiB 1 3yMOBIIOIOTH
KaTiOHOOOMIHHY 37JaTHICTh KJIITUHHUX CTIHOK.
Kpim ByrneBoaiB, y MaTpukci HasiBHI O11ku ((hepMEHTH, JEKTUHH, €KCTEHCHH, O17IKOBI
rpanynu). Bilok TepBUHHOI CTIHKH excmeHcun — 1 TIKOMPOTEin, MOMIOHUI [0
KOJIareHy, BUKOHYE CTPYKTYpHY (yHKIII0. MicTuTh y cBoemy ckiaji 10 90% Bchoro
OKCHUIMPOJIIHY KIITHHU 1 Ma€ BaXJIMBE 3HAYCHHS NPU PO3TATYBAHHI KIITHHHOI CTIHKH.
ByrneBoaMmicTHi OUIKM Jiekmunu 3a0€3MEUyIOTh 1AeHTH(]IKAII0 Ta B3aEMOMIII0 MIXK
PI3HUMH KIITHHAMH, 3aXMINAIOTh BiA 1HGEKI, BHKOHYIOTH peLUenTOpHI (QYHKIIII.
depmeHTH 3a0€3eUyI0Th PO3TIATYBAHHS CTIHKU Ta BOYJIOBYBaHHS HOBUX KOMIIOHEHTIB.
Jlienin — moniMep 13 HEPO3TaTY)KEHUM JIAHIIOTOM 13 apOMATUYHUX CIHPTIB
(KymMapoBOIro, CMHAIOBOIO) 1 cybepuH POOJATh KIITUHHI CTIHKHM HEMPOHUKHUMH IS
BOJM (€HIOJEpMa, Mepuaepma; Ipu 37epeB’ SHIHHI Ta CKOPKOBIHHI KIITHH). [ToBepxHs
eniJIepMAIbHUX KIITUH 3axuilleHa Kymuuom 1 eockamu. lllap KyTunHy, TmpoHHU3aHUI
MOJTiCaXapuIHIMH KOMIIOHEHTaMH CTiHKH, YTBOPIOE KYTHKYITY.
Mounekynu 1eintoo3u 310paHi B MiKpo(h10puin i yTpUMYIOThCSI BOJHEBUMH 3B’ SI3KaMHU.
BoaHeBi 3B’SI3KM ICHYIOTh TaKOX MK MIKpO(}i1OpuiaamMu LET0I031U Ta FeMILETI0I03U.
Maiixke Bcl 1HINI 3B°S3KU B KJIITHHHIN CTIHII — KOBAJECHTHI: MK T'E€MILIETIOI03aMU ¢
MEKTHHOBUMH PEYOBHHAMH, MK TIEKTHHOBUMH PEYOBHHAMH W O1JIKOM EKCTEHCHHOM,
M1 JIITHIHOM 1 €KCTEHCHHOM, JIITHIHOM 1 IIEJTFOJIO30I0.
ITepBuHHa KIIITHHHA CTiHKA csrae TOoBIUHM 0,1-1 MKM Ta CKIJIaa€ThCs 13 IETIOJIO3HUX
MiKpo- 1 makpo@iopun, 3anypenux y matpukc. Koxkna mikpodidbpuna Mae 1oBxuUHY 1-5
MKM, niametp 4-10 Hm. 100 MoJeKyn HENroiI03ud YTBOPIOIOTH Mmiyeny, 20 minen —
Mmikpoghiopuny, a 250 mikpodiopui — makpogiopuny.
[lepBuHHa KIiTHHHA 00070HKA MICTUTH 710 80% BOIH.

Bocku — cknaaHi edipy BUCOKOMOJIEKYJSIPHUX CHHUPTIB 1 )KUPHUX KHUCIOT, sIKI (pOPMYIOTH JOBTUMN
JAHITIOT JIMTHUX CIOIYK

Jlirnid. 3a XIMIYHMM CKJIaJIOM II€ Ipyla CIOpPiIHEHUX BHCOKOMOJIEKYJISIPHUX IOiMepiB. ['00BHUX
OyniBenbHUIA 670K — (heHimponanoBuii 3amuiiok (Ce-Cs).

KyTuH — OCHOBHMI moniMep KYyTHKYJH, IO CKJIQJA€ThCA 3 13 CyMINI XHUPHUX T1JPOKHUCIOT,
MO€HAHUX MK cO0010 epipHUMHU 3B’SI3KaMU y TPUBUMIPHY CTpYKTYpy. KyTuH, pa3oM i3 3aHypeHUMHU
Y HbOI'O BOCKaMH, YTBOPIOE KYTUKYILY.

CybepuH — noOy10BaHUM aHAJIOTIYHO KYTHHY, aJI€ BIIPI3HAETHCS MPUPOIOI0 JKUPHUX KUCIIOT.

Bropunna kiaiTuHHa crinka. [Ipu ii ¢dopMmyBaHHI Ha MEpBUHHY OOOJIOHKY 3CEpEeIUHU
HAKJIaJJa€ThCsl 0araTo BTOPUHHUX IAPiB, BMICT LENt0i03u Aocsrae 60%, i GpiOpunu B
KOKHOMY IIIapi JIeKaTh MapajeibHO, a B CYCIAHIX — MiJ KyTOM OJWH JI0 OJHOTO, B
MaTpPUKC1 3 SBIAIOTHCS PI3HI BKIIOYEHHS — JITHIH, CyOepHH, KyTHH, Bick Tomo. [{um
JOCSITAa€ThCS  3HAYHA MIMHICT, 1 TBEPHAICTh BTOPUHHOI CTIHKM, BOHA BTpayae
€aCTHYHICTh, a KJIITHHA — 3JIaTHICTh JI0 MOJAJBIIOTO POCTY. ['OJOBHHI KOMITOHEHT
KOPCTKOI OOOJIOHKM — JITHIH, HasSBHICTh SKOTO THIIOBA JJISI BTOPUHHHUX OOOJIOHOK
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KIITUH JepeBUHU. JIITHIH CKPITUTIOE IIENIOJI03HI BOJOKHA W yTPUMYE iX y TEBHOMY
Mmicii. EneMeHTH KcuiaeMu, MeXaHIuHI KIITHHU CKJIEPEHXIMHM 3a3HAlOTh 1HTEHCUBHOI
niraidikamii. Cy0epuH y TO€IHAHHI 3 BOCKOM CIPHUYMHIOE OKOPKOBIHHS KJIITHUHHOL
CTIHKH, IO 3HWXKYE 1i MpOHHUKHICTh. KyTwH (opmye KyTHUKYISIpHUN Iap HA30BHI
000JIOHKH, 3aBISKHA YOMY BOHA CTa€ Maike HEITPOHUKHOIO.

BOHA MO>K€ 3aJI€KHO B1Jl yMOB 3MIHIOBATH CBOi PO3MIPHU: CTUCKATHUCS YU PO3TATYBATHUCS.
PostsryBanHss OyBae 3BOPOTHUM  (€1aCTUYHHUM) 1 YAaCTKOBO  HE3BOPOTHHUM
(mtacTuyHUM).

3aXMCHI PEYOBUHM (TJIIKOMPOTEIHHU, ENICUTEpPH, Kayno3zy) Ta (epMeHTH (OKCHaa3H,
riposiasu), sKi 3HEHIKO/KYIOTh UYXOPIJIHI OpraHi3aMu abo 130JI0I0Th iX. Y Hid
MICTAThCS (DEPMEHTATUBHO aKTHUBHI OUIKH, YUM 3yMOBJICHA Y4acCTh KIITUHHUX CTIHOK B

YHIKQIbHUX _ BIACTUBOCTEH  POCIMHHOIO _OPraHi3My  —  3JaTHICTL _JO__ POCTY
POCTATYBaHHAM.,

Kiitunga 0001m0HKa 0Oepe y4acTh Y. NOIVIMHAHHI, TPAaHCHOPTYBAHHI Ta BUALICHHI
PEYOBHH,

CTiHKa KOPEHEBUX BOJIOCKIB € MEpIIMM 0ap’€poM Ha LUISXY MPOHUKHEHHS PEYOBHUH 3
rpyHTy. OCHOBHI MEXaHI3MH ITACMBHOTO IIOTJIMHAHHS 10HIB — II¢ SIBHUIIE aicopOIIii,
MEHIIIOI0 Mipot0 — Audy3id Ta MacOBUHM MOTIK. 3aBASKU KaTIOHO- Ta aHIOHOOMIHHIN
BJIACTUBOCTSIM KJIITHHHHUX CTIHOK pociinHa (OpMye BIACHUHN MOTIMHAIBHUN KOMIUIEKC.
Y pezynomami xowmaxmy cyciOHiX KUimuH GUHUKAE AHONAACH — €O0UHA CUCTEMA
kiimunuux cminok. Ilo amoruracty, MuHarO4M MeMOpaHHI Oap’e€pu, MEPEeMIITyIOThCS
PEYOBHHH.

KniTuHHI CTIHKM MPOHU3aHI OpaMu, Yepe3 sIK1 TATHYThCS niaazmoodecmu. Ilnazmonecma
— LI€ KaHaj, BUCTEJICHHWH IUIa3MaJeMOI0 W 3allOBHEHUM LUTOIUIa3MOK. LleHTpansHy
YaCTHUHY IOpU 3aliMae JeCMOTpyOKa, ska CKJIAMA€ThbCsl 31 CHIPaJbHO PO3MIIICHUX
O11KoBHUX cyOoauHuULb. JlecMoTpyOKa 3’eiHyeThes 3 MeMOpaHamu EC cyCiHIX KITITHH.
CykynHicmb 00’ €OHAHUX NPOMONIACMIB POCTUHHO20 OP2AHIZMY YMBOPIOE CUMNIIACH.

e OPTAHU, TKAHUHU TA OYHKIIIOHAJIbHI
CUCTEMMU BULIUX POCJIMH
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Tino BUIIMX pPOCIWH MOOY/IOBaHE 3 ABOX YAaCTUH — MAaroHa W KOpEHs, Kl YTBOPIOIOTh
TOJIOBHY BICh POCAMHHU. JI0 CKJaay maroHa BXOJATh: CTE0JIO, JUCTKU, BEreTaTHBHI
OpYHBKH, KBITH, IUIOJIM; KOpeHeBa CHCTeMa CKJIAJa€ThCS 3 TOJIOBHOTO, OOKOBUX 1
JI0JJaTKOBUX KOPEHIB.

Cre0si0 B OCHOBHOMY BHUKOHYE OIOpHY Ta MpOBIAHY (yHKII. BoHo Mae pyxoBy
aKTUBHICTh (30Ha PO3TATYBAaHHS), YaCTO CIYKWATh MICIIEM BITKJIAIaHHS 3amMacHUX
pEUOBHH, y 0araThOX BHIIaJKaX € OPraHOM BET€TaTUBHOTO PO3MHOXKEHHS (CTOJIOHH,
BYCHKH). Y XOJi €BOJIOINIT 3 ABHJINCS YUCIEeHHI Moaudikamii ctebiaa i BUHUKIA HOBI
¢bynkuii. Hanpuxman, miazeMHi KopeHeBHIla, O0yab01, IMOYyTUHU BUKOHYIOTh (DYHKIIIT
BErE€TaTUBHOTO  PO3MHOXEHHS, 30€epiraHHs 3alacHUX PEYOBUH, TMEPEHECEHHS
HECHPUSTIMBUX CE30HHUX YMOB. COKOBHUTI (POTOCHMHTE3yIOUl CTeOJia CYKYJICHTIB
SBJISIIOTH COOOI0 TPHUCTOCYBAaHHS JO HecTaul Bojord. DyHKINIO MATPUMAHHS Tijga
BUKOHYIOTbh BYCHUKH, 3aXUCHY — KOJTIOUKH.

JIucTOK — creniani3oBaHUi Oprad MOBITPSHOTO KUBJIEHHS, SIKUM 31HCHIOE (DOTOCUHTES,
ra3ooOMiH 1 TpaHcmipamito. JIMCTKM MOXYTh BHUKOHYBaTH 3amacHy (QYHKIIIIO
(ciM’simom1), 3aXUCHY (KOJIOYKH), OTIOPH (BYCHUKH), OyTH JIOBUUM arapaTtom (KOMaxoiaH1
POCIIMHN).

Kopinb — cnenianizoBaHuii opraH IpyHTOBOTO KUBJICHHS, CIYXUTb JJIA 3aKPIIUJICHHS B
IPYHTI, BOJIOJIE PYXOBOK AKTHBHICTIO (30Ha po3TsaryBaHHsd). KopiHb Moxe MaTu
3anacHy QyHkuito (Oyab0u, MOTOBIIEHHS), TUXaIbHY (00JIOTSHI pociuHu). BukoHaHHS
HOBUX (DYHKI[I MPU3BOJUTH A0 BUHUKHEHHS KOPEHIB-TIANOPOK, XOAYJIbHUX KOPEHIB,
KOPEHIB-TIPUCOCOK (TUTIOI), MOBITPSIHUX KOPEHIB (opxizei) 1 T.A.

BereratuBHi OpyHBKM — II€ 3a4aTKH MAroHIB 1 CIYyXaTh JUIsl iXHBOTO HAPOIyBaHHS.
Po3pi3HsI0TE amikaibHi, Ma3yIiHi Ta J0AaTKOB1 (aIBEHTUBHI — BUHUKAIOTh Ha Oy Ib-sIK1i
YacTUHI 3 KUBUX KJIITHUH) OpyHbKU. BpyHbKa CKilamaeThcsi 31 cT€0JI0BOI W JMCTKOBOT
gacTuH. CTe010Ba YaCTMHA HA3UBAETHCS KOHYCOM HApOCTaHHS, KU 3yCiOlY MOKPUTHI
JYCKaMH, IO SBJISIIOTH COOO0I0 3a4aTKOBI1 JINCTKHU.

['eHepatuBHiI OpraHu 3a0e3MeUyOTh MPOIIEC CTATEBOTO PO3MHOMXEHHS 3 TOJABIITNUM
YTBOPEHHSIM HACIHHS 1 TJIOIIB.

KBiTKOBI OpyHBKHM B OUIBIIOCTI I€PEBHUX POCIWH 3aKJIAJIalOThCS B PIK, KU Mepeaye
1BITIHHIO. L1 OpyHBKH € 3auaTKamMu KBITOK.

KBiTka — 1€ BHIO3MIHEHHII HEpO3rajly)KeHUH mMariH 3 OOMEXEHHM pOCTOM,
MIPUCTOCOBAHWIA JI0 CTATEBOTO PO3MHOXEHHS 3 HACTYITHUM YTBOPCHHSM HACIHHSA |
oaiB. TUIoOBa KBITKa CKJIAIAE€ThCS 13 KBITKOHIKKH, KBITKOJIOKA, OLIBITUHU, aHAPOLIES,
rinenes. Oco0auBOCTI OyJI0OBM KBITKM 3yMOBJIEH], HACaMIepe 1, CiocoO0OM il 3anuIICHHS.
[lning — e opraH MOKPUTOHACIHHUX POCIIHH, SIKUA YTBOPIOETHCS MICHS 3arlTiTHEHHS 3
MAaTOYKH, a TaKOX 1HOJII ¥ 3 IHIIUX YaCTUH KBITKH BHACIIIOK IXHHOTO PO3POCTAHHS M
BHJIO3MIHCHHS.

Becemamueni opeanu 3abe3neuyrome picm NA2OHI8 MA IXHE PO32ANYHCEHHS, a
2EHEPaAmMuUBHI — Npoyec CMameso20 PO3MHOINCEHHSL.

Koxen 13 mepeniueHHX OpraHiB POCIMHHOTO OpraHi3My NoOyIOBaHUN 3 JEKIIbKOX
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PO3PI3HAIOTH TaKl TUIH TKaHUH:

- TBIpHA (MEPUCTEMH);

- acuMUIALIMHA (XJIOpeHXiMa, cToBOYacTa, Ty0JyaTa mapeHxima);

- 3amacHa; MOKpHBHA (emigepMa, pu3oaepMa, mepuaepma, CHI0AepMa);

- BHUIUIbHA;

- MEXaHIYHa;

- TPOBIJHA;

- aepeHxima.
VY pocnuH iCHYE IeKiIbKa €IUHUX I BCHOTO OpraHi3aMy (YHKUiOHAJbLHHUX CHUCTEM,
KOXKHA 3 SKUX CKJIAIAEThCS 3 KUIBKOX THIIB TKAaHWH 1 CHEIliali30BaHUX KmMTHH. Lle

JluxanbHa ¥ BUAUIbHA CUCTEMHU MaloTh AMQYy3HUN Xapaktep. Pocnuna nuxae Bciero
CBOEIO IMIOBEPXHEIO.

VY OuIbIIOCTI POCIAMH BIJACYTHI CcrHeliani3oBaHl opraHu 4yTTs. Hemae B pocnuH 1
HepBOBOi cucteMu. [lepenaua eneKTpUYHUX IMITYJIBCIB 3JIMCHIOETHCS IO IMPOBIIHUX
My4YKax.

¥Yci 0coOMMBOCTI POCIUHHOTO OpraHi3My IMOB’si3aHl 3 HWOTO CcnOCOOOM JHCUBIEHHA.
ABTOTpO(HMI THUN >KUBJICHHS — TOJOBHA OCOOJIMBICTH POCIMHHOTO OpraHizmy. Bin
MIATPUMYETHCS KOPEHEBUM KUBJIEHHAM. OJTHAK YaCTUHA KJIITUH 1 TKAHUH MOCTIMHO YU
TUMYACOBO JKUBJISITHCS FETEPOTPODHO.

OcHOBHI (PYHKIIi POCAMHHOTO OPraHi3My MOKHA NPEICTaBUTH Yy BUIJISIAI CXEMH
(puc.1.).

[{enTpanbHe Miclie B 0OMiHI pEYOBHMH IJIOI POCIUHU 3aiiMae mpancnopm pevosun. Llent
TPAHCHOPT 3IMCHIOETHCS NO anoracTy ((a3a KIITUHHUX CTIHOK 1 MUKKIITUHHUKH),
CUMIUIACTY (CHMHIIUTIIO MPOTOIIACTIB) 1, MOXJIHMBO, MO €HoIuacTy (6e3nepepBHi
[UCTEPHU EHAOIIa3MaTUYHO1 CITKK). OCHOBHUHM MIISX NalbHBOTO TPAHCIOPTY —
npoBiHa cuctema (kcunema U (Qrmoema). IlokuBHI pPEUOBHMHU TPU y4aCTI OUXAHHA
BUKOPUCTOBYIOTHCA [IJISi CUHTE3Y CHenu@iuHuX MeTaboMiTiB 1 CTPYKTyp KiiTuH. [Ipu
IIbOMY YaCTHHA PEYOBUH BUIUISETHCSA Y BaKyosi abo Ha30BHI. Ha ocHOBI nodiny, pocmy
U oOughepenyiayii KITUH 3AIUCHIOETHCS MOPGOTEHE3 POCIWH, a TaKOX MPOIECH
PO3MHOJICeHHs. Y 0araTboX SBHINAX CYTTEBY POJIb BIIITPAIOTh pyX06i peakilii pOCIHH.
3axucni PyHKIII POCIMHU pEaNi3ylOThCs 3a PAXyHOK CHUHTE3y 3aXUCHUX PEUYOBHH,
yacTMHA 3 SKUX BHJAUIAETbCS HA30BHI, 1 3a paxyHOK (OpMyBaHHS CIELIaJIbHUX
AHATOMIYHMX 1 MOPQOJOTIYHUX CTPYKTYp. I BCIX LMX MpoueciB HEOoOXiHA eHepris,
sKa 3’SIBISIETHCS TIPH TUXAHHI.

TakuMm uWMHOM, BHUIIA pPOCIUMHA — CKJIaJHa O10JoriyHa cucteMa, (yHKIIOHAJIbHY
aKTUBHICTH 5IKOi 3a0e3neuytoTh 10-15 opraniB, 3-4 necsTku pi3HUX CHEI1aTi30BaHUX
TKaHWH, JEKUJIbKA JECATKIB CIEiali30BaHUX TPYN KIITHUH (JJIs1 IOPIBHSHHS: TIJI0 T1IpU
YTBOPEHE JIBOMA THUIIAMHU TKaHWH 1 JIECAThMA TUIIAMH KJIITHH; YepB’sKa — JecsIThMa-
JIBAHAJIATHMA CIICI1aI30BAHUMU TKAaHUHAMH ).
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CUCTEMM PETYJIALII TA IHTETPALLL Y POCJIMH

CxmamHa Oyn0oBa pOCIMHHOTO OpPraHi3My BHMAara€ i JOCKOHAIMX CHCTEM YIPAaBIIiHHS.
LimicHICTh OyAb-SIKOTO OpraHi3My 3a0e3MeYyeThCs CUCTEMaMU PEryIIsilii, YyIpaBiIiHHS
Ta inTerparii. [1ix perynsii€eio 3BU4aifHO pO3yMIIOTh MIATPUMAHHS 3HAYCHb MapaMeETPiB
CUCTEM Y MEBHUX MeXaX. YTPaBIiHHSI — 1€ IPOIEC MEPEBOy CHCTEMHU 3 OJHOTO CTaHy
B IHIIMHA NUIIXOM Jii Ha i1 3MIHHI. Y IIMPOKOMY PO3YMiHHI TepMmiH '"peryssins"
OXOIUTIOE 1 TpOIleCH YIpaBIiHHA. B TakoMmy 3Ha4eHHI 1€l TEpPMiH YKHUBA€ThCA B
610J10T1i.

Perymsamis 3a0e3nedye comeocmas opraHizMy, TOOTO niompumky napamempis
BHYMPIUHLO20 CEPeOosUld 8 3a0aHUX MedHcax, a TaKOXK CTBOPIOE YMOBH IS HOTO
po3BUTKY (enicene3zy). Ha Bcix piBHAX opradizaiii romeocra3 3a0e3medyeThes
HETaTUBHUMH 3BOPOTHHMH 3B'SI3KAMH, €IIT€He3 — TMEPEeBAXHO MO3UTUBHUMU
3BOPOTHUMH 3B'SI3KAMH.

o cxnady cucmem pezynayii ma inmezpayii y pociuH 8x005mv. 6HYMPIUHbOKIIMUHHIE
cucmemu pe2ynsayii, MIHCKAIMUHHI cucmemu pe2yiayii ma iHmezpayis pecyisimopHux
MEXAHI3MI8 HA PIGHI YLNICHO20 OP2AHIZMY

e BHYTPIIIHBOKJIITHHHI CHCTEMH PEryJsiiii
VY xoxi eBotoLii CIOYaTKy MOBUHHI OyJIM BUHUKHYTH BHYTPINIHBOKIITHHHI CUCTEMU
perynsamii. Jlo HUX HalneXUTh peryisiis Ha piBHI (epMeHTIB (MeTadosiuHAa),
reHeTH4YHAa Ta MeMOpaHHa. YCi 11l CUCTEeMH TICHO MOB'A3aH1 MK co0o0ro0. binbiie Toro,
B OCHOBI BCIX (POPM BHYTPIIIHBOKJITUHHOI PEryjsuli JISKUTh €IWHUA TEpPBUHHUN
penenTopHo-KoHGOpMAaIlIiHUN OpUHIMO (MOJIEKYyJa MEeBHOI OyJqoBM + cneuudiuHun
(bakTop — 3MiHa KOH]Irypauii — 3MiHa QyHKIIIT).

Perynsiis akTuBHOCT1 (he€pMEHTIB
PO3pI3HAIOTH 130TEpUYHY Ta aTOCTEPUUHY PETYIISLII0 AKTUBHOCT1 ()EPMEHTIB.
[30cTepuuna peryssiis 311HCHIOETHCS Ha PiBHI KATAJITUYHUX IICHTPIB:
» (pepMeHTATHBHA aKTUBHICTh 3aJICKUTh BiJl HASBHOCMI MA KibKOCMI cyocmpamy —
3aKOH i1 Mac;
» (hepMEHTATHBHA AKTUBHICTh 3aJIC)KHUTh BiJl HAAGHOCMI mMda KiIbKOCMI CAMO20
(epmenmy, a TaKOXK (H2IOIMOPIE | akmMueamopie KaTaaTiTHIHOTO
IIEHTPY Ta NPOOYKMi8 peaxyii.
Jlesiki  GepMeHTH, KpiM KaTamTHYHUX (130CTEPUYHMUX) IIEHTPIB, MAlOTh TaKOX
ajlocTepUu4Hi — I 3B'A3yBaHHS  alocmepuyHux egexkmopie (peryiasiTopiB —
1HT101TOPIB YK aKTUBATOPiB, METAOOJIITIB, TOPMOHIB, CyOCTpaTiB).
[HTEeHCUBHICTh POOOTH (DEPMEHTIB BU3HAYAETHCS TAKOXK HASIBHICTIO Kogepmenmis (s
JBOKOMITOHEHTHUX €H3UMIB), KO-¢hakxmopie (cnienudiuHo A1F0YNX KaTIOHIB).
AKTUBHICTh THX YU 1HIIMX (DEPMEHTIB MOXxe OyTH TOB'A3aHa 3 KOHKYPEHINEK 3a
CHUJIbHI _cyOcTpatu 1 KOMEpMEHTH, 10 € OJIHUM 13 CMOCO0IB B3a€EMOJIIT Pi3HUX
MEeTa00JIIYHUX ITUKJIIB.
BaxnuBuMm crocobom perysiii  pepMEeHTaTUBHOI aKTUBHOCTI € mpaHcghopmayis
namenmuoi gpopmu pepmenmy (3umozena) 6 akmusHy gopmy. lle nocsraeTbes HUIIXOM
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PYWHYBaHHS JESKHX KOBAJCHTHHX 3B'SI3KIB 3a JOIMOMOTOK TPOTEa3, BITHOBJICHHIM
mucynbGimHuX Tpyn, ¢GochopuiatoBaHHIM MNpoTeiHKiHa3aMu 3a paxyHoK ATd abo
acoIriali€r HeaKTUBHUX CYOOIMHUIIb.

€ ¥ iHm crnocoOu 3MiHU (DepMEHTAaTUBHOI akTUBHOCTI. lle: pi3Ha komMmapTMeHTailis
(bepMeHTIB, CyOCTpaTiB, PEUYOBHH-PETYIISITOPIB, 3MiHA 3HaueHHs pH cepenoswmiia,
10HHOI'O CKJIQAy, 3MiHa IHIIKX (I3UKO-XIMIYHHX VYMOB CEPEJIOBHINA; PYHHYBAHHSI
(epMEHTIB IIpOTEA3AMHU.

['eHeTyHa cucTeMa peryJisiii

['eneTnuHa cuctemMa KepyBaHHS BHYTPIIIHBOKIITUHHUMU IpollecaMu 3a0e3MeuyeThCs
PEryJIAIi€l0  HAa PIBHI _pEIUTiKAllii, TPAHCKPWIII, TPOMECHHTY 1 TPaHCIILI.
MonekynspHi MeXaHi3MH BIUIUBY TYT Takl Xk, SIK 1 IPU PETYJAIli aKTUBHOCTI ()EPMEHTIB
(KITBKICTH Ta CIIBBIJHOIICHHS KOMIOHEHTIB, pH, ioHHWI ckian, wmomudikaris
MOJIEKYJI, IHT101TOpU TOIIO), i€ HACHYEHICTb 1 CKIAAHICTh PETYJISITOPHUX CITOK 3HAYHO
3pOCTae.

Pons reniB — 30epiranHs Ta mnepenaya iH@opmauii. [Hdopmanis 3anucyerbes i
30epiraeTbcsi B CTPYKTypi XxpomocomHoi JIHK y BUTIIS1I TPUTIIIETHOTO HYKJIEOTHUIHOTO
kony. Ilepenava iHdopmarllii 3AIHCHIOETBCS NMUISXOM: TPAHCKPHUIIIT —> TpaHCHAIl —
npouecuHry (Moaudikaiiss Ol0moyMepiB). => Y pe3ysibTaTl YTBOPIOETHCS aKTUBHUMI
OUIOK, SIKWA BUKOHYE pI3HOMAHITHI (YHKIIi: kamanimuuui (pepmenmu);, pyxoei
(ckopomausi 6inku); mpancnopmui (Hacocu, NepeHoCHUKU), peyenmopHi (xemo-, gpomo-
, MexaHopeyenmopu), peeyisimopHi (biiku axkmueamopu, iHeioimopu, penpecopu);
3aXUCHI (TeKmuHu) ma ix.

Yei mi dyHKIi OUIKIB € BaXKIMBUMH MEXaHI3MaMH KEpyBaHHS Ol0XIMIYHMMH _Ta
(b1310JIOTTYHUMH MPOIIECAMHU, SIKI BIJIOYBAIOTHCS B KJIITHHI Ta IIJIOMY OpraHi3Mi.

PeryJisinisi Ha piBHI TPAHCKPUIILII TA MICIAATPAHCKPUINILIHHOIO0 NPOLECHHTY
Jlns oTpuMaHHS B MEBHUM MOMEHT KOHKPETHOI 1H(opMalii 31 CTPYKTYp XpOMOCOM Y
KJIITHHI ICHY€ CKJIaJIHa CUCTeMa PeryJisllii, He BCl MEXaHI3MU SKOi y IaHUI 4ac BIIOMI.

Cxema opranizamii ginsaku sinepuenoi IHK, sxa koaye cunre3 18S, 5,8S i 25S

(28S) pPHK
I'en-perynsarop [{uctpoHu (CTpyKTYpHI F'eHH)
A e N
o N N
(28S)
IPOMOTOP AKIIeNTOpHA 30Ha (18,9) (5,8S) 644474448 5'
a2 ... a, |———|c —=c—= -
€K30H €K30H €K30H IHTPOH €K30H 5
PHK-mommimepasa I c—cneiicep
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I'enu, siki KOIYIOTHh OUIKH, CKJIQJAIOThCS 3 TeHa-perysiTopa (MpoMoTop + akIenTOpHA
30HA) Ta CTPYKTYPHUX T'€HIB (IIUCTPOHIB).

PHK-nonmimMepasa I, sixa 311iiCHIOE TPaHCKPUIIIIO T'€HIB, IPUETHYETHCS O MPOMOTOpA
(minsHKA 1HIIA TPAHCKPUIIIT) JUIIE MICIs TOTO, SK YC1 AUISTHKA aKIenTOPHOI 30HU
OyAyTh aKTMBOBaHI BIAMOBIAHMMH edekTopamu — (HITOropMOHAMHU, METa0OJITaMu Ta
IHITMMU pPEYOBHMHAMH. Bech Tpoliec peryiaroeThbesl NMUIIXoM BBy Ha ctaH PHK-
nosiMepasu ((pepMeHTaTHBHA PETYIIAIlis) Ta Ha TeH-PEryaaTop (edhekTopaMu), a TaKOK
HASBHICTIO 1 KUTBKICTIO BCIX IHIMTUX KOMIIOHEHTIB TPAHCKPHITITI].

CtpykTypHi reHu (IUCTPOHHU) PO3MiJeHI creiicepamu (MpokIaakaMu). B reHax, xpim
KOJYIOUUX JUISHOK (€K30HIB), MOXKYTh OyTH HEKOJyIoul IUISHKUA (IHTpoHH). Yacto
0JIOKM CTPYKTYypHUX T'eHiB y saepuesivt JJHK, crigyroun oqun 3a ogqauM, 6araTokpaTHo
MOBTOPIOIOTHCA. TaHJeMHa OpraHizallisi CTPyKTYpHUX I'€HIB Y €BKapioT XapakTepHa s
nminsHok JIHK, sixi koxyrots pPHK, TPHK 1 6i5iku-ricToHM.

B pesynbTati “nepenucyBaHHs’ (TPaHCKPHIILIT) CTPYKTYPHHUX T'€HIB CHHTE3YETHCS MPO-
MPHK. 3pim MPHK yTtBOptotothcsi B xoai mpoyecuney npo-mPHK B pesynbrari i
(dbparMeHTarii, BUAIJICHHS IUISHOK, IO BIANOBIIAIOTH CIelcepaM, a TaKOX 3aBISKH
CIUIaliCUHTY (BUpi3aHHS IHTPOHY ¥ 00'eqHaHHs 2-x yacTuH MPHK).

IaTpoHHa CTpyKTypa HE XapakTepHa Id pPHOOCOMANIbHMX TEHIB, OJHAK BOHA
MIPE/ICTABJICHA B F€HAX XJIOPOIUIACTIB, MITOXOHPIM, HUKYMX TPUOIB 1 y JEIKUX IHIIUX
€BKapioT. YCli BHUIIEONHUCAHI MpOlecH (PEPMEHTATUBHI W MalOTh CKJIAIHY CHUCTEMY
perymsuii.

Kpim Toro, icHye AekijibKa TiNOTE3 PO MeXAHIIMU ROCHIMPAHCKPURUIIHOT pe2yaayii
excnpecii zenie mPHK.

3rinHo 3 ogaHiero B suepHid JHK icHywTb immeepayitini peeyiamopui cenu 3
YUCJICHHUMH TOBTOpaMU. SIKIIO B HYKJIEOIUIa3Ml y BEJMKIA KUIBKOCTI 3'SBIISIOTHCS
MPAHCKpunmu 3 TEBHUX PETYISTOPHUX TEHIB, TO YTBOPIOIOTHCS KOMNIEMEHMApPHI
acoyiamu 3 BignoBigHUMU TTpo-MPHK. V pesynbTaTi mpuCKOPIOETHCS MPOLIECUHT TIPO-
MPHK 1 aktuBoBani Takum ynHoM MPHK mnouwnnarots (ynkiionyBaru. Ilpu mnpomy
TaKO PI13KO 3pOCTA€E MIBHUKICTD X 3UYMTYBAHHS 3 BIAMOBIIHUX CTPYKTYPHHX T'€HIB.
Edexropu (Ed, curnanm), ski mocTynaroTh A0 SApa 3 LMUTOIUIA3MHU, 1HAYKYIOTh
BUOIPKOBY €KCIPECII0 IHTErpaliiiHuX peryiasatopHux reHiB. Ed@l, nHanpukian,
(ditoropmMoH, B3aeMofiouM 31 CcBOiM perentopHuM Oinkom (Pb;), iHAykye
TPAHCKPUIILIIO TEBHOIO I1HTErPalifHOrO PEryJsITOPHOTO T€Ha 3 YHUCIEHHUMU
noBtopamu da...a. [Ipo-PHK 13 11p0ro peryiasiTopHoro reHa migga€eTbCs MPOIECUHTY M
YTBOPIOIOTHCS  PETYISITOPHI TpaHCKpUNTH. BOHW, y CBOIO 4Yepry, YTBOPIOIOTH
KoMIieMeHTapH1 acoriatu 3 mpo-MPHK;, iHayKyrouw miBuIe HOBOYTBOPEHHS U
aktusaniro 1iei MPHK;.

Ha Bimminy Big MPHK;, 3untyBanns i akruBamiss MPHK,, nanpukian, 3anexars Bin
oJIHOYacHOI HasiBHOCTI ABOX edexTopiB — Ed; 1 Ed, . Lle MoxyTh OyTH TOpMOHU Pi3HUX
kiaciB a6o meradomitu. Takum ynnom, cuaTe3 MPHK, — mpukiag reHeTHuHO1 1HIYKITiT,
SIKa 3HAXOIUTHCS 1] TOABIMHUM KOHTPOJIEM.

Tak, cuHTe3 HITpAaTpEayKTa3u B POCIMHAX MOKHA 1HAYKYBaTUCS HITpAaTOM (CyOCcTpaTHa
THIYKIIi51) 1 MIUTOKIHIHOM; JIO TOTO K KIHIIEBUH MPOAYKT BIAHOBJIEHHS HITpaTy — aMOHIM
— OJIOKY€ PO3BUTOK HITPAT-PEYyKTa3HOT aKTUBHOCTI.
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Peryasiniss Ha piBHI TpaHcasmii
MexaHi3M TpaHCIAIil HabaraTo CKJIAIHIMIUKA B1J MIPOIECIB TPAHCKpHUIILii. B Toi yac, sx
TPAHCKPUIIIIIO 3a0e3MeuyloTh JECITKU OUIKIB, TO TpPAHCIHALI0 — coTHI. Jlume B
pubocomax eBkapioT ix 70-100, mpu upomy pPHK Bimirparors posib Kapkaca s
CaMOBKJaJaHHs MUX OUIKIB. PerymsaropHi CITKM TyT HACHYeHIlli, a MEXaHI3MH —
CKJIaJiHiII. [HTeHCUBHICTH 1 CIPSMOBAHICTh TPAHCIIALIT 3a1eKaTh BIJI:
1) xorneHTpamii iHGopMamuanx PHK (MPHK), piBeHb SKHMX BH3HAYAE€THCSA iX
CHHTE30M, TPAHCIIOPTOM, 30€piraHHsIM, aKTUBAII€I0 i PO3IIaIOM;
2) HasIBHOCTI _ BCIX KOMIIOHEHTIB _amapary TpaHcisiii  — pubocom, TPHK,
aMiHOKHCIOT, AT®D, I'TD, cuHTETa3, pErYIITOPHUX OLIKIB.
3) dizuko-xiMiuHUX YMOB (pH, ioHHU, TEMIIEpaTypa T4 iH.).

MembOpaHHa perymAiis

MeMOpaHHa peryisiiis 3MNCHIOETHCS 3aBAIKA 3MiHAM YV MEMOPAHHOMY TPAHCHOPTI,
3B'SI3YBAHHI) Y¥ BUBLIbLHECHHIO (DePMEHTIB, PEryJATOPHUX OUIKIB, TOOTO HIISIXOM
3MiHU AKTUBHOCTI QYHKIIOHAJILHUX OiJIKIB.

¥Yci ¢pynknii MeMOpaH (TpaHCIOpPTHA, OCMOTHUYHA, EHEPTeTUYHA TA 1H.) OJIHOYACHO € 1
PI3HUMH _CTOPOHAMH _PETYISITOPHOTO MEXaHI3My BHYTPIIIHBOKIITUHHOTO OOMIHY
pedyoBuH. OcoOnuBe 3HAYECHHS y IIMX MEXaHI3Max Ma€e CUCTeMa MEeMOpaHHUX Xxemo-,
gomo- i mexanopeyenmopis, SKi JO3BOJIAIOTH KIITHHI 3MIHIOBAaTH BIACTUBOCTI
MeMOpaH, a 0TKe, 0OMIH PEUOBHH Yy 3aJI€KHOCTI BiJl 3MiH OTOYYIOUOTO CEPEIOBHUIIIA.

B ocnosi membpannoi pecynauii 3naxooumsbca moi cman OUHAMIYHOT HepigHosalu,
AKUH NIOMPUMYEMBCA 6 KOMCHII KIIMUHI HA NEGHOMY CHAUIOHAPDHOMY PpIGHI
3a60AKU podomi iOHHUX Hacocie, J10Kanizoeanux y memopanax. OcoOIUBY PpOJb
BiJirparoTh OPOTOHHI NOMMH, Ki (YHKIIOHYIOTh Ha 6a3i MemOpanHux H'-ATd-a3 a6o
PE/IOKCIIAHIIOTIB, CTBOPIOIOUH eleKTpoXimMiunuil moteHuian ionis H' (AuH"). 3naueHns
MembpanHoeo nomenyiany Ha mnasmainemi carae 100-200 mB, nmpuuomy BHYTpimiHs
MOBEepXHS MeMOpaHu Mae Big'emMHuil 3apsna.  Ewxepris  gaHoro moTeHmianry
BUKOPUCTOBYETHCS JJIsi TOTJIMHAHHS KIITUHOKO KaTIOHIB, aHIOHIB, IIYKpIB Ta IHIIUX
CITONYK.

[linTpuMKa Ha CTAI[lOHAPHOMY PIBHI 3HAYEHHS MEMOPAHHOTO TOTCHIATY €
HalBaXJIMBINIO CKJIAJIOBOK YacTHHOW roMeocrtady. [lpu 3HMkKEeHHI MeMOpaHHOTO
MOTEHI[laly Ha Iula3MaieMl KOro BEJIMYMHA BIAHOBIIOETHCS BHACIIJIOK BIAKPUTTS
KaJTieBUX KaHaiB i Buxony ioHiB K™ a60 akTUBalli€l0 IPOTOHHOIO HACOCY.

MeMOpanHa peryisuis Mae BHUpIIIAIbHUNA BIUIMB HAa 3MIHY KOHUEHTpalii
BHYTPIIIHbOKIITHHHOTO KaJbLi0. OCTaHHIN BXOAUTH A0 KIITHHH 32 €JIEKTPOXIMIYHUM
IPATicHTOM depe3 KalblieBi KaHANM, a BHKadyeThcss 3 ydacTio Ca’-ATd-asu abo
[IUISIXOM aHTHIIOPTY 3 10HaMH BOJHIO. KambIlii MOke aKyMyJIOBaTUCSA Y BaKyoJisiX, B
CH/IOIUIA3MATHYHOMY PETHKYJIyMi Ta 3BiIBHSTHCS 3 HHX. MOro KOHIEHTpaLis B

[IUTOTUIa3M1 MATPUMYETHCS HA JJOCUTh HU3bKOMY PiBH1 (10'7M). Hes3naune miaBueHHs

fforo xoHienTpamii (1o 10™°M) BrumBae Ha axTuBHicTH Ca’ -3aNEKHHX MPOTEIHKIHA3,
dbochopumoBanHs  OIKIB, pPyX IMTOIUIA3MHM, CTaH ITUTOCKENIETY, CEKPETOpPHY,
MITOTHYHY aKTUBHICTh Ta 1HmeE. Kanbliil peryioe BCl i IpoLEcH uepe3 3B'S30K 13
KanbMOOYIIHOM Ta THIIUMU KaJIbI1H-yTPUMYIOUUMHU O1IKAMHU.
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KpiM TOro, B pociMHHUX KJIITHHAaX, K # y TBapHH, Y pOJIi PEryJIsTOPHOI CHUCTEMHU
dyHKIiOHYE (PocdOiHO3NTONBHMIT UK, SKHiT IUIXOM 3BiIbHeHHsS Ca’’ Ta akTHBALi
B a3maniemi nporeinkinazu C gpocopuiatoe O1IKM 10HHUX KaHAIB, PETYJIIOI0YN TXHIO
poboTy.

3oBcim HemaBHO (Kaufman, 1994) BusBieHo, 1110 B MeMOpaHHIA peryismli y BULIUX
poCIMH 3HayHy poJsib BifirpaioTs I'Td-3B'a3yroui curHaabHi Oijku. Ile Tak 3BaHi
Beauki ['TdD-3B's13y1041 peryisTopHi npoteinu Ta Masi G-nipoteinu. Benuki G-npomeinu
CKIIQJaloThes 13 TphoX (o, [, y) CyOOAWHWIIL, ajie B3a€EMOMIIOTH JUIIE 3 OJXHUM
pEelenTopoM Ta OAHIEID €(PEeKTOPHOI CHUCTEMOIO. BBaxkaroTh, 110 BOHU MEpeaaroTh
CUTHAJIU BiJ CEMHCETMEHTHUX TPAHCMEMOpPAHHHUX PEIENTOPIB /10 TaKUX CIEHUpIYHUX
KJIITUHHO-€()EKTOPHUX CHCTEM, K aJeHLInMKIa3Ha. Bimomo, mo aaeHUIIMKIa3HA
CUCTEMa € YHIBEpCaJIbHUM MEXaHI3MOM Iepe/adi 30BHIIIHIX CUTHAJIIB Ta iX peajizailii
Ha MOJICKYJISIPHOMY PiBHI B €BKapioT.

Mani G-npomeinu € MOHOMEpaMH 3 MOJIeKyJIsipHOI0 Macoro Mix 20 1 30 k/la. BusiBineno
TpU migkiacu Maux G-MPOTETHIB 13 PI3HOMAHITHUMH PETYJIATOPHUMU (YHKIIIMH —
B1Jl TPAHCHOPTYBaHHS OUIKIB, BE3UKYJI JO PETYISALIi KIITUHHOTO IUKITY, POCTY KJIITHH,
ix gudepeniianii, opradizaiii MiKpopUIaMEHTHUX CTPYKTYP HUTOCKETIETY.

3a yyacTio MeMOpaH BiJOYBa€ThCS:

— KoHmaxkmua  peryidamiss  hEepMEHTATUBHOI  aKTUBHOCTI  (CTOCYEThCS
¢diKkCOBaHMX €H3MMIB Ha MeMOpaHaxX EHJOIIa3MaTUYHOTO PETUKYIyMY, Al 1 T.11.);

— Jucmanyivuna  Peryysmis  (QepMEeHTaTUBHOI  aKTUBHOCTI  (JOCTaBKa
cyOcTpaTiB, KOpepMEeHTIB, MPOAYKTIB peakxilii y Be3UKyJax, 3cyBu 10HHI, pH Ta iH.
MPOILIECH, 110 BIAOYBAIOTHCS 3 yUacTio MeMOpaH). Tak, MeMOpaHH peryJitorTh BMICT
iOHIB KaNbllil0 B Pi3HUX KOMIapTMeHTax KiaiThHM, a Ca”™ + perynsTopHuii 6inok
KaJIbMOJYJIIH 3yMOBIIIOIOTh AKTHBALIIO MPOTETHKIHA3M, KA (POCPOpPUIIOE pI3HI
O1J1KH, 3MIHIOIOYH IXHIO ()YHKI1OHATIbHY aKTUBHICTb.

MeMOpanHa perynisiis TI€HHOiI AaKTHBHOCTI Ha PIBHI peIUliKalli, TPaHCKPHUIILIi,
MIPOIIECUHTY 1 TPAHCTISAIIT 3IMCHIOETHCS:

— KOHMAKMHUM CIIOCOOOM => y pe3yJbTaTl HAsSBHOCTI (PYHKI[IOHAJIBHO-
AKTUBHOI TMOJBIMHOT siIepHOT OOOJIOHKM Ta ICHYBaHHSI 3B'SI3KIB XpPOMOCOM 13
MeMOpaHamu (IIPOCTOPOBA OpraHi3allisi XpOMOCOMHOI'O anapary B HyKJI€OIia3mi) 1
3B'13KIB puOOCOM 13 MeMOpaHamu (rpanyisipauii EP);

— JucmanyiuHumM CcHocoOoM => TpaHcmopT mnomnepeanukiB cuntesy JIHK,
PHK, ¢depmenriB, perymstopHux OUIKIB 1 T.J. 32 JOIMOMOTOIO MEMOpaH; 3MiHa
10HHUX TOTeHIaniB Ta pH y MixkmMeMOpaHHUX TIpocTopax (3pOCTaHHS 10HHOI CHIIH
1m0 0,4 monb/n, HasBHicTs Mn?* i pH 7,5 aktuByrots PHK-momimepasy II, sxa
cuntesye MPHK; a npu Hu3bKiM 10HHIN CWIl, HasSBHOCTI Mg2+ ta pH 85
aktuByeThcss PHK-monimepasa I, ska Bignosimae 3a cunre3 pPHK); (ms inimanii
TpaHCIALi COpUATIMBA HU3bKa KoHLeHTpawid ionis K i pH 7,5, a ans nogansmoro
MpoIIeCy €JIOHTAIlli MOJINeNnTUaAy B pUOOCOMAIBLHOMY KOMILUIEKCI — IIiJIBUIIICHA
xonuentpauis K i pH 8,4).
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Icaye mymxka, 110 3cyBU B I0HHOMY TOMEOCTa31 KJIITHH y BIATOBiAh HA 30BHIIIHI BIUTHBU
CIy)KaTh TEPBUHHUM BHYTPIIIHBOKIITHHHUM 1HAYKTOPOM TIPOIIECIB MITO3y Ta
nudepeHIIitHOT aKTUBHOCTI I'€HIB.
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lepapxia cuctem perynsuii y 6aratoknitTMHHUX pOCJiH
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° MiKKJIITHHHI CHCTEMH pervyJjsmii

Tpodiuna perymnaiis

Baxi1uBo CKJIaJ10BOI0 YAaCTHHOIO 3a0€3MEUeHHs LUTICHOCTI POCIMHHOTO OpraHi3my,
perynanii #oro romeoctasy € TpodiuHi B3aeMoii MK PI3HUMH YaCTMHAMU POCIWHHU.
Bzaemooia 3 0onomocoro noscueHux pevosun — HAUNPOCMIUULL 83AEMO38'30K MIdC
KAIMUHAMU, MKAHUHAMU mMa opeanamu. Sk BIIOMO, CHCTEMa >KUBJICHHS y POCIUH
JBOKOMITOHEHTHA: TOBITPSIHE >KUBJICHHS 3JIMCHIOETHCSI B OCHOBHOMY JIUCTKaMH, a
MOTJIMHAHHS BOJM 1 MIHEpAJbHUX PEYOBHH — KOPIHHSAM. POCIMHHUI KOpIHB Ta I1HIII
reTepoTpodHi OpraHu 3ajie’kaTh BiJl HAAXOKEHHS PEYOBHUH-ACUMUIATIB, KOTPI
YTBOPUJIUCS B JIUCTKAX y mpolieci PoTocuHTe3y (IyKOp, BITaMiHHM, HIKOTUH 1 T.I1.). Y
CBOIO YEPry Ha/I3€MHI YaCTHHU MalOTh MOTPeOy B MiHEpaIbHUX PEUYOBHMHAX Ta BOJI, K1
MOTJIMHAIOTHCS 3 TPYHTY KOPEHEM.

3CcyBH Yy BMICTI pI3HUX €JICMCHTIB J>KMBJICHHS BIUIMBAIOTh HAa OOMIH pPEYOBHH,
¢i3i00r1yHI Ta MOpdoreHeTuuHi mpoiecu y pociauH. OmHak mpoghiuna pecynayis
HOCUMb wieuoule KiMbKICHULL, Hidxc AKicHull, xapakmep. IIpu ronoayBaHH1 y poCiauH, K
MPaBUJIO, PO3BUTOK MPOAOBKYETHCS BIAMOBIIHO JO BHYTPIIIHIX 3aKOHOMIPHOCTEM, ajie
y HUX (OPMYIOTBCA OpPraHM MEHUIOTO PO3MIPY 1 3MEHIIYEThCS KIIBKICTh JIMCTKIB,
IJ10/11B, HAaciHHA. [Ipu 1IbOMY KiHIIEBa BEJIMUMHA HACIHHS 3aJIUINAETHCS B HOPMI.

['opMoHanbHa cucTema perysiii

DIiTOrOpMOHH — CHOJYKH, 13 JIOIIOMOI'OIO0 SIKMX 3JIIHCHIOETHCS B3a€EMOJIIST KJITHH,
TKaHWH Ta OpraHiB 1 KOTPl B HE3HAUYHMX KUILKOCTSIX HEOOXIOHI JUIL 3amycKy Ta
peryisanii ¢1310J0TMYHUX 1 MOP(HOreHETHYHUX IIPOrpaM.

['opMOHM POCIIMH — MOPIBHSIHO HU3BKOMOJICKYJISIPHI opraHiuHi pedoBunu (Mr 28-346).
BoHu yTBOpIOIOTBCS B pI3HUX TKAHMHAX Ta OpraHax 1 JIIOTb y JYyXKE€ HHU3bKHX

KOHIIEHTpAIlsAX (TIOpSAKY 1072-10"° mounb/1). Vnepie ix BusBuiau Y./ lapsin (1881) Ta
[".®irtinr (1910).

Benukuit Bkiaa y po3BUTOK TOPMOHAIIBHOTO HAMPSAMKY 100 (hi310JI0T1T POCIUH BHIC
ykpaincbkuit ¢pitodizionor M.I'.Xomoauuii. 1918 poky BiH BHUCIOBIIOE TyMKY TIPO Te,
10 BEPXIBKU KOPEHsI, CTeOJIa, MOJIO/II JIUCTKU € OpraHaMH BHYTPIIIHbOI CEKpeIlii, Kl
BUJIJISIIOTH JI0 30HU POCTY PEUOBHMHU TOPMOHAIBHOTO xapaktepy. 3rogom M.I'.Xo-
JIOJTHUN CTBOPUB (HITOTOPMOHAIBHY TEOPIIO TPOMi3MiB (Teopis XooaHoro-Benra).
JloCcmiKyr0oul MNPUYMHU  PYXIB, KOPEJSLINA, MEepPeXoqy POCIMH Bl CHOKOI [0
aKTUBHOTO POCTY BiH [JIWIIOB BUCHOBKY, II0 KaTaji3aTOpaMH Ta PEryasTOpaMu
POCTOBHX 1 MOPPOTr€eHETUYHUX MPOIIECIB BUCTYNAIOTh TOPMOHH, BITaMiHH, PepMEeHTH. Y
1939 pomi Buiinia MoHorpadis BueHOro “@ITOropMOHM”, sKa Maja HaJI3BUYaHHO
IMOOKUI BIUIMB HA MOJANBIINNA PO3BUTOK JTOCHIIKEHD 13 (ITOrOPMOHOOTIT, (h1310J10T11
pocty. Hamami ui Hanpsimku po3suBanu K.Curnuk, JI.Mycarenko, T.borganosa (1978).
Cnin 3ayBakuTH, 0 (HITOrOPMOHAIBHA CHCTEMa MEHIIN CIIeliajii3oBaHa MOPIBHSIHO 3
CHIOKPUHHOIO CHCTEMOIO0 TBapUHHUX Opra”i3MmiB. Y PpOCIHHI IS 3alyCKy YH
BUKJTIOYEHHS  OyJb-akuX  MopdoreHeTHuHux  Ta  (I3I0JNOTIYHMX  Mporpam
BUKOPUCTOBYIOTHCS Ti CaMi TOPMOHH, TUTHKH B PI3HUX CITIBBIIHOIIEHHSX.

BcranoBneHo, 1Mo y BUIIMX POCIMH MICTHTHCS KiJbKa BaXKJIMBUX KJIACIB TOPMOHIB:
ingomin—3-omnroBa kuciora (aykcun) — IOK, murokininm (L[K), ridepeninu (I'A),

PicTt i po3BUTOK poCcnuH



30

eruwien (Et1), abcuusunm (ABK). OctanHiM yacoM 10 HMX 3apaxOBYIOTh 1 OpacHMHH
(bpacuHOCTEPOIIN), KACMOHOBY KHCJIOTY, a TaKoX (eHosbH1 1HT10iTOpu pocTy (PI)
HETOPMOHAIBHOT TIPUPOIH.

YMOBHO miepii Tpu rpynu (ayKCHHH, TOepesiHd Ta IUTOKIHIHK) 1 YaCTKOBO OpacuHU
MO’KHA BBa)XKaTU PEYOBHMHAMHU CTHMYIIOIOYOI Jii, TOi SIK aOCIIM30BY KHUCIOTY, €THJIECH i
KaCMOHOBY KHCIIOTYy — 1HriOiTopamu. ['i0epeniHM Ta HHUTOKIHIHM TPAIUISIOTBCA Y
BUTJISIZII CIIOPIAHEHUX, MOAIOHO JII0YMX TPYN MOJIEKYJ, TOAI SK 1HIIN — Yy TPUPOJI
MpeJICTaBJICHI JIMIIE OJHIEI0 CIOMYKOI0. B 1iomMy, picT 1 po3BUTOK OyAb-sIKOT TKAHUHU
3YMOBJICHUH HAsBHICTIO BCIX LIMX PEYOBHH, fKI CHHTE3YIOThCS B PI3HUX YaCTHHAX
POCTIMHH.

Aykcunu (I0K)

[Tepuri 3 ¢giToropMoHiB, sIKi OyJIM JOCHIIKEHI, — 1€ ayKCHHU — PEUYOBUHU 1HIOJIBHOI
npupoau. [Ipupoauuii aykcus Oyio ineHtudikoBado B 1934 p. y madopatopii @.Kerns
AK 1HJI0JII-3-OIITOBY KHUCIIOTY 3 BEPXIBOK KOJICONTHIIEH 35akiB. Termep BimoMo Oarato
CUHTETUYHHX TPEnapariB, SKI CTUMYIIIOIOTh PICT MOAIOHO 10 1HAOIIONTOBOT KUCIOTH
(inooninniposunoecpaona, xropghenokcioymosa, 2,4-ouxnopgpenoxcioymosa Kuciomu ta
1H.). BoHM nemieBmn 1 4acTO aKTHBHILI, aJKe€ B POCIUH HeMae (PEpMEHTIB M iX
PO3IICTITICHHS.

IOK mupoko momwupeHa B pOCIMHHOMY CBITi, Y IPEICTaBHHUKIB MTPOKapioT 1 rpubiB. Y
BUIINX POCIWH ii HailbinpIIe y OpyHbKax Ta JIMCTKAX, IO PO3BUBAIOTHCA, B AKTUBHOMY
KamOii, B HAaCiHHI, 0 POPMYETHCS, Y NWIKY. B 11 poc/iMHI ayKCHHY HailOlIblIe Ha
BEPXIBLI FOJIOBHOT'O MaroHy.

CH,—COOH

N

NH
IOK

[Tonepenauku aykcuny — tpunrodad 1 tpunramid. IOK moke Takok BUBIUIBHSITHCS 31
3B's13aHOTO CTaHy (i3 TIIKO3WAIB, KOMIUICKCIB 13 OlIKaMH YM aMiHOKHCIOTaMmH). Pi3Hi
MOX1/IHI 1HJIOJTY € TIOTIEPETHUKAMH aYKCHHY, BOHU MOXYTb y POCIIHHI TIEPETBOPIOBATUCS
Ha [OK.

Tpancopt IOK mnapeHxiMHUMU Ta KaMOlaJbHUMH TKaHWHAMU 1€ TOJIAPHO 13
mBuaKicTIO 10-15 Mm/roa BiJy BEpXiBKM 10 KOpeHs. Y c1elii pyX BigOyBaeThcs
MPOBIAHUMU ITydKaMu. MexaH13M NOJIIPHOTO TPaHCHOPTY Takuil. B amikanbHUI KiHEIb
KJIITUHYM FOPMOH IIPOHMKAE MAaCUBHO pa3oM 3 ionamu H'; a B 6a3aIbHOMY KiHIIi aKTHBHO
CEKPETYEThCSl 4epe3 KIITHHHY MeMOpaHy. B IHMCTKax aykCHH TepecyBaeTbCs IO
¢bnoewmi. Lleit pyx He € MONAPHUM, BiH 30ITAETHCS 3 TPAHCHIOPTYBAHHSM BYTJIEBO/IIB.
[aribiTopu Tpancnopty — HadTuIdTaTaMIHOBA KUCIO0TA, MOPGhAKTHUH.

di3ziosioriyHa Jisl ayKCUHY. AYKCHH PI3HOMaHITHO BIUIMBA€ Ha POCIHUHY, 3aJI€KHO BiJ
eTamy OHTOT€HEe3y, BHAY pOCIMH 1, OCOONHMBO, THUNY TKAHWHH. Y BHCOKHUX
KOHLIEHTpalisix BiH TokcuyHui. ['epOiuup 2,4-J1 — CHHTETUUHMIA ayKCUH 1711 00pOTHOU
3 Oyp'ssHamu.

Haiibinpmr  BupaxkeHuid e€deKT ayKCUHY BUSBISETHCS B CTUMYISINL  POCTY
pPO3TATYBAaHHAM. AVKCHH aKTHUBYE MOJII 1 PO3TATYBAaHHSA KIITHH, HEOOXITHHUH A
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dbopMyBaHHS TPOBIIHUX MYYKIB 1 KOPEHIB, CHpuUse po3pocTaHHio ommiang. [lepiie
NpaKTUYHE 3aCTOCYBAaHHS ayKCHHY Oa3yBajocs Ha MOro 3JaTHOCTI CTHUMYJIIOBATH
YTBOPEHHS KOPIHI[IB Y KUBIIIB.

Tkanunu, OGaraTi Ha ayKCHUH, BOJIOJIIOTH aTPArylouyol BJIACTUBICTIO (TIPUTATYBAHHS
MOKUBHUX PEUOBHUH). Y 0aratbox BHIIaJIKaXx OOpoOKa TOPMOHOM 3aTPUMYE MPOIECU
CTapiHHS TKaHWH Ta OpraHiB. AYKCHMH 3YMOBIIIOE€ SIBHE aIliKaJbHE JIOMiHYBaHHs. BiH
3MaTHUN 3aTpUMaTH PO3MYCKaHHS OIYHUX OpPYHbOK Ta OMaJaHHS JUCTKIB 1 TUIOIIB.
3aCTOCOBYIOUM ayKCHWHH y BHUPOOHHMIITBI, MOXKHA PETYIIOBATH JIMCTOMAJ, OTaJaHHS
IJIOJIB, KBITOK. AYKCHHHM BIUIMBAIOTh HA B'S3KICTh MPOTOIIA3MH, TOCHIIOIOTH
MOTJIMHAHHS BOJW OararhbMa TKaHWHAMH (HAMPUKIIAJ, MApeHXIMOIO Oynp0 KapTorwii).
["'opMoOH Bifirpae ToJ0BHY POJIb y POCTOBUX PyXax — TPOI3Max 1 HACTISX.

Monekynspui mexanismu _aii. [lponukaroun po xmituH, [OK 3B's3yerbes 3i
CHEIlaIbHUMHU PELENTOpaMu, Jiloud Ha (YHKIIOHAIBHY aKTHBHICTH MeMOpaH,
nosipu6ocoM i pobOTy siepHOro anapary. Y miaasManeMi ayKCUH iHayKye poboty H'-
MOMITH, B PE3yJIbTaTl YOTO MATPUKC KIITUHHUX CTIHOK 3aKUCIIOEThCA. Lle mpu3BoauTh
JI0 TIOCUJICHHSI aKTUBHOCTI KHCJIMX TIApOia3 1 pO3M'SIKIIEHHS KIITUHHUX CTIHOK, IO €
HEOOXiIHOI0 YMOBOIO JUISl POCTY KIIITHH PO3TATYBaHHAM. MIMOBipHO, iCHYIOTb 1Ba THIIH
BIUIMBY ayKCHUHY Ha a3y po3raryBaHHs. [lepmimii, KOpOTKOYaCHUI, 3yMOBIIOETHCS
“KHCITUM POCTOM”, a TOTIM CIOCTEPITAa€ThCS JIOBFOTPUBAJIMNA BIUIMB, IOB'SI3aHUN 3
peryismiero ekcnpecii monaiimeniie 10-tu cnenudiuHuX T'eHIB, K1 BIJAMOBIIAIOTH 3a
MPOLIECH POCTY.

Maiixe BCl TKAaHMHU MOXYTh PO3IIEILIIOBATH ayKcuH 13 gonomoror [OK-okcupasu.
®epmenTt okucHioe IOK tam, e BoHa Oulblie He MOTPiOHA. Takok BenMKe 3HAUEHHS
Mae pyiHyBaHHSI TOPMOHY Ha CBITI1 ((DOTOOKUCHEHHS).

IuTOKIHIHK

PeuoBuHM, HEOOXiAHI JUIS 1HAYKIUI TOJAUTY POCIWHHUX KIITHH, OTPUMATIN Ha3BY
LIUTOKIHIHIB. BiAKPHUTTS IIUTOKIHIHIB MOB'sI3aHE 3 TOCTIPKEHHSIMH KYJIbTYPH TKaHUH. Y
50-x pokax Oys0 BUSBIIEHO, IO KJIITUHU KaJTyCy B CTEPUIIbHIN KYJIbTYPi Ha MIOKUBHOMY
CePENOBHILI Yepe3 ICBHHIl NPOMDKOK 4acy MEpecTaioTb AUIMTUCS. 3rofoM Oyuio
BHIIIEHO PEUOBMHY, fKa BHKIMKATa TOMIN KMTHH. Ii Ha3Bamm ximemunom. Jlemo
MI3HIIIE 3 HEAO3PUINX 3€PHIBOK KYKYpYA3U OyB BUIIJICHUN TPUPOAHWHN ITUTOKIHIH —
3eamun, SIKUA BBAKAIOTh HAHAKTHBHIIIIMM TIPUPOJTHUM TOPMOHOM ITi€T TPYIIH.

VY naHuii Yac LUTOKIHIHM BUSBIEHI Y MIKPOOPraHi3Max, BOAOPOCTSX, YCIX BHILIHX
pocivHax. BoHM MICTATbCA B PI3HMX TKAaHUHAX, 30KpEMa, Y KCHJIEMHOMY COLll,
BEpXIBKaxX KOPEHIB, TMPOPOCTAIOYOMY HACIHHI, MYyXJIMHAX KOPOHYATHUX TaJiB,
OynpOoukax 0o00oBux. Haitbinpie iX y mjiojax Ta HACiHHI Ha MOYATKOBHUX eTamax
(dbopMyBaHHS 1 B MEPUCTEMATHYHO aKTUBHUX NUISHKAX. [[UTOKIHIHK BXOASATH 70 CKIAIy
Bcix BuAiB TPHK, ane 11i TPHK ropmoHansHOI0 aKTHBHICTIO HE BOJIOIIOTh.

OcHOBHE MiCIIe CHHTE3Y IUTOKIHIHIB Y BETETYIOUUX POCINHAX — ANIKAIbHI Mepucmemu
KopeHig. 3 KOPEHIB IIUTOKIHIHU TPAHCIIOPTYIOTHCS 10 HAA3EMHUX OPTraHiB MO KCHUIIEMI.
Hurokiniau 1t TPHK cuHTE3y10ThCS KOKHOIO dKUBOIO KIIITUHOIO.

Yci npupoH1 HTUTOKIHIHU — NOXIOHI i30nenmeninadeHiny. BoHU CUHTE3YIOThCS IUISIXOM
KOHIeHcalii axeHosuH-5-MoHodocdary i  A-isomentenimmipodocdary. 3B's3aHi
[UTOKIHIHK Y BUTJIAAI PUOOTUIIB, pUOO3WIIB 1 TIIFOKO3WIIB € TPAHCIOPTHUMHU U
3amacHUMU (HOpMaMH.
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dizionoriyHa mig. [[UTOKiHIHKM 1HAYKYIOTh TOAUT KJIITHH, OJHAK JIUIIE 32 HASBHOCTI
aykcuHy. OOpoOka pOCIMH I[UMTOKIHIHAMH pa3oM 3  ayKCUHAMHU  3MYIIY€
nudepeHIiioBaHl KJIITHHUA 3HOBY MEPEHTH A0 MiJIeHHs. B KyapTypl KalycHOI TKAaHUHH
IIUTOKIHIHK TpU MiABUIIEHUX KoHIeHTpalisx (0,5-1,0 Mr/im) iHIyKyrOTh yTBOPEHHS
OpYHBOK Ta MaroHiB.

H CH>OH
u Sepe
NH H,C NH—H,c™ \CH3
@)
N N
K NH ‘\ ~ NH

N N

KIHETUH 3eaTUuH

Vci ghizionociuni epexmu, 3ymosneni di€ro YyumMoKiHiHi8, YMOBHO MONCHA NOOLIUMU HA
08I epynu:l) cmumynsayis noodiry Kiimun ma ix oughepenyirosanus, 2) 3ampumia
npoyecie cmapinns.

BoHu 1110T1h sk crienuiyHi CTUMYJISITOPU MITO3Y, BIIITPAOTh ICTOTHY POJIb Y IIPOLIECAX
nuepeHIiI0OBaHHS KIITHH Ta opraHoreHesy. B oCHOBI pocToBUX €(eKTiB HUTOKIHIHIB
JICKUTD MPOLIEC MPUCKOPEHOTO KIITUHHOTO MOJLTY, OB'SI3aHUH 3 TIOCHJIEHUM CHHTE30M
JIHK. BoHu 1HIYKYIOTh YTBOPEHHS OPYHBOK, 1X PO3MYCKaHHs, TPOPOCTAHHS HACIHHS.
[lin BOIMBOM ULMWTOKIHIHIB B1IOYBA€ThCSA 3arajbHa CTUMYJIALIS OOMIHY pPEYOBHUH,
Hacamniepen, cuate3y JJHK 1 61i1kiB. LIUTOKIHIHM 3aTpUMYIOTh CTapiHHA, TOMY 1110 BOHU
CHOPUSIOTH MIATPUMII MIEBHOTO PIBHS OLIKIB Ta HYKJIETHOBUX KHUCIOT, @ TAKOXK HUIIXOM
30epeKeHHS IIUTICHOCTI KIIITHHHUX MeMOpaH.

[{uTokiHIHM HEOOXITHI 11 HOPMAaJIbHOTO PO3BUTKY JIMCTKIB 1 JUIS MIATPUMaHHS iX
aTparyro4oi BIacTHMBOCTI. BoHu 3amo0iratoTe posmnanay XJjaopodily, BIUIMBAIOTH Ha
CTPYKTYpY XJIOPOILIACTIB, M1 IBULIYIOTh IHTEHCUBHICTb dboTocuHTe3y,
dboTodocdopuinroBanHs, aKTUBYIOTh prbOyno3onudocharkapbokcuasy.

Ha MonekynsipHOMY piBHI IIMTOKIHIHM B KOMIUJIEKCI 3 PETYyJISTOPHUMH OlIKaMu
nocwnioloTh akTUBHICTE PHK-moniMepasu 1 MaTpuyHy akTUBHICTb XPOMATHHY; IPHU
bOMY 30UIBIIYETHCSA KUIBKICTh MOJIPUOOCOM 1 aKTUBYETHCS CHHTE3 OllIKa, 30KpeMa,
HiTpatpenykTasu. € naui npo Aifo MUTOKiHiHIB Ha Tpancmopt K, H i Ca®".

I'iGepetinu

BiakputTst naHoi rpynu (piTOrOPMOHIB TMOB'SI3aHE 3 BUBYCHHSM XBOPOOHW PHUCY, fAKa
BUSIBJISUTACH y CHUJIBHOMY BUJOBXKEHH1 crteOrna i mmctkiB (€.KypocaBa, 1926). 3romom
Oyna BUiJEHA PEUOBMHA, KA CIPMYUHsIA BUTATYBaHHs marowis (T.d6yra, 1938). Ii
Ha3BaJIM T10EpEiHOM.

VY nanwmii yac BusiBsieHO 01u3bko 90 ribepeniHiB KUCIIOi Ta HEUTpanbHOi npupoau. s
Hux yBeneHo mmdp ['A. 3rigHo 3 uuM mmdpom rideperoBa KHCIOTa, 10 € TPETIM
BIJIKDUTHUM T10€pesiHOM, TO3HAYA€EThCH, SIK ['As.
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['i0epeninu — YKCIeHHA IpyMa CIOMYK KJIacy TETPAUKIIYHUX AUTEPHCHOIIIB, CKIaAHOT
IPYIH POCIWHHUX BTOPUHHUX METAa0O0MITIB, OJMu3bkuX A0 dimiAiB. Ile ciabki kapOoHOBI
KHCJIOTH, K1 MalOTh “T10epelaHOBUI” CKEJIeT.

["iGepeniau BusiBJICH] y Tpubax, BOJAOPOCTAX 1 BUIIUX pociax. HalOinpia iX KIJIbKICTh
MICTUTBCS B HEIO3pUIOMY HaciHHI. Pi3HI eTanmu OHTOT€HE3y POCIUH MOXYTh
XapaKTepHU3yBaTUCS HEOJIHAKOBUM BMICTOM Ta HabopoMm ridepeniHiB. CHHTE3YIOThCS
TOJIOBHUM YHMHOM Vy JIMCTKAaX, a TaKoX Yy KopeHax. CBITIO CTUMYJIO€ YTBOPEHHS
ribepeniniB. TpaHCOpPTyBaHHSI BiI0OYBA€ThCSA MACHUBHO 3 KCHUJIEMHHM Ta (DIOEMHHUM
TOKOM.

Sk 1 Bcl MOJII3ONPEHOBI CIIONYKH, TIOEpeNiHu CHHTE3VIOThCcs 3 aneTun-CoA dyepes
MEBaJIOHOBY KHWCJIOTY 1 TepaHiiArepanion. 3B'si3aHl y BUTIIAJI TNIIKO3UAIB, Ti0EpeiHu €
3aMacHOIO i TPaHCTIOPTHOIO (POPMaMHU.

dizionoriyHa misg. BrmB ribepeniHiB Ha POCIWHU HaWXapaKTEpHIIE BUSBISIETHCS Yy
BUJIOBXKECHH1 CcTe0J1a, 30KpeMa, Y CTUMYJIALII pocTy cTebsia mpu oOpoOIli KapIMKOBHUX
MYTaHTIB KyKypya3u. ['OpMOHM TIOMITHO TOCHJIIOIOTh BHTSTYBaHHS TaroHiB 1 B
HOpMalIbHUX pociuH (~ Ha 30-50%). Uepes 1ie ribepestin BBAKAIOTh 2OPMOHOM POCHILY
cmebna. Micys Oii ecibepeninie — anikanbhi ma IHMePKANAPHI Mepucmemu, 1€ TiJ
BIUIMBOM ILIOIO (DITOTOPMOHY aKTHUBYETHbCS B OCHOBHOMY DPO3TATYBaHHS, a HE MOALI
KIIITHH.

SckpaBuii IposAB Jii IUX TOPMOHIB — CIMUMYIAYISE CMPIIKYBAHHS, 4 MAKON’C YBIMIHHA 8
POCIUH 0082020 OH5 8 YMOBAX KOPOMKO20 OHS; Y POCIHH K€ KOPOTKOTO JHS Ti0epemniH
MOK€ BHUKJIMKATH MNPOTWIEKHY PEAKII0 IIOA0 UBITIHHA. ['10eperiHu CTUMYIIOIOThH
LUBITIHHSA y OaraTbOX BHUAIB pOCIHH. EK30reHHO BHECEHMU TiOepeniH 3HIMae Yy
JIBOPIYHUX POCIMH HEOOXIIHICTh Yy sipoBU3alii. Lle He CTOCyeThCS TUX ABOPIYHUKIB, SK1
(dhopMy10Th cTE€0JIO BJKE B MEPIINM PiK BereTallii.

['iOepeninn He CTUMYJIOIOTH pICT KOpPEHs, a B NIABULIEHUX KOHLEHTpALisiX
MOTIPIIYIOTh HOro craH. SIK TpaBWiIo, BOHM HE MOTPiOHI B KyJIbTypl TKaHUHHU.
OOpobiTok TibepeniHaMyd BHBOJIUTH HACIHHS W OyiIbOM NESIKUX POCIUH 30 CMAHY
cnokoro. I'ibepenioBa KUCI0Ta BUKIIUKAE napmMeHOKaphiio.

[IpunyckatoTh HasBHICTh JBOX UUISIXIB KOHTPOJIO Ti0eperniHaMu CHerupiaHux
(b1310JI0TIYHUX TPOIIECIB: TMO-TIEpIIIe, Yepe3 CUHTE3 TOPMOHY 3 HACTYITHOIO 1HIIIAIIEI0
ribepeniH3aliexKHOTO TPOLIeCy; MO-Apyre, B PE3ysbTaTi B3a€EMOIIEPETBOPEHHS BEIHKOT
KUIBKOCT1 MOAIOHMX 32 CTPYKTYPOIO, aJie PI3HUX 32 CBOEI0 aKTUBHICTIO Ti0epeniHiB. Lle
Ja€ 3MOTYy POCJIHMHI JIETKO KepyBaTH pPI3HOMaHITHUMHU TIporiecaMud MeTaboi3my,
MEepEeTBOPIOIOYN aKTUBHUM ['A B HEaKTUBHUI 1 HABIAKHU.

MounekyiipHi MexaHi3Mu Jii. BusiBinena aktuByroua nis ridepesniniB Ha cuHte3 HK 1
OinkiB. SIk ¥ 1HII (DITOTOPMOHM, Yy KIIITHHI TIOEpeNiHd Tepul 3a BCE pearyrTh 13
crielu(p1YHUM PETYIATOPHUM OUTKOM. BOHM akTHBYIOTH (DEpMEHTH, SIKI BIJTMOBIIAIOTH
3a cuHTe3 QocdomimiaiB MeMOpaH Ta YTBOpeHHs rpanyisipHoro EP 1 cekpeito
(dhepMeHTIB.

[Tomepeani naHi TakoXk CBIAYATH MPO TE, IO TiOEpeNiH 1HAYKYE PO3TATYBAHHS KIITHH
3aBASKUA MIJAKUCICHHIO KIITUHHUX CTIHOK aHAJOTIYHO JO TOTO, SK 1€ POOUTH ayKCHH.
[Tpudomy, sik BUSIBUIIOCS, UyTIWBI1 10 ['A KIIITUHH HE pearyroTh Ha ayKCHH.

AOCUN3MHHU
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Jlist Toro, mo0 BUKUTH Yy 3MIHHUX YMOBaX HAaBKOJMITHBOTO CEPEOBHINA, POCIMHA
MOBHHHA MAaTU 3JIaTHICTh y MOTPIOHMI Yyac raJpMyBaTH a00 CTUMYJIIOBATH T1 UM 1HIII
(1310JI0T14HI TpoLecH. 3raJaeMO TIEPeXiJl POCIUMHHOIO OPTaHi3My J0 JITHBOTO CIIOKOIO,
MiTOTOBKY /0 3UMM YH, HaBMakKu, J0 NpoOYy/KEHHS HaBecHI. be3 CyMHIBY, B IUX
npoliecax 3HayHy poJib BlI[lI‘paIOTB ¢diToropmonu, 30kpema, abciuzona kuciota (ABK).
Biakpurts ABK Oyno nos'sizane 3 BUBYEHHSIM JBOX SIBUII] — OMAIaHHS JIMCTKIB 1 MIOAIB
Ta CTaHy CIOKOI0 OpyHBOK. ¥ 1961 porii 13 cyxux Kopo6ouok 0aBOBHHKY, a B 1963 — 31
CTapuX JIMCTKIB Oepe3u Oyi0 BHUIAIJICHO PEUOBHUHY, SIKa rajibMyBaja pICT 1 MEePEeBOIUIA
OPYHBKH 10 CTaHy CHOKOIO. Ii Ha3Baju aGCIU30BOI0 KMCIOTOIO, a 3rOJ0M BM3HAUYMIIM
MosekyspHy 0ynoBy (Oxkyma, Kopudopt, 1963).

AoGcnm3oBa kuciora € ceckBiTeprieHoM (CisHp004) 1 Ma€ Taky CTPYKTYPY:

H,C CH, CH;

O

ABK BusgBIEHa y NanopoTeNoOAIOHUX, TOJIOHACIHHUX Ta NOKPUTOHACIHHHUX. Y
BOJIOPOCTEM Ta MOXIB 1i ()yHKIIII0 BUKOHYE JIYH)IAp0o6a KUCIOTa, a y TpuOiB Ta OakTepii
ii Hemae. ABK 0araro y crapux JucTKax, 3pUIHX mioAax, OpyHbKax Ta HaCiHHI y CTaH1
CIIOKOIO.
AOCHM3UHN CHHTE3YIOThCS IEPEBaXXHO B JUCTKax (y IUlacTuiax), y IUIoJax, L0
J03p1Bal0Th, Ta B KOPEHEBOMY YOXJIMKY. CHHTE3 B1I0OyBa€ThCs JBOMA LUISIXaMU:

1) i3 MEeBaJIOHOBOI KHCJIOTH uepe3 i3oneHTuampodocdar i repaninmipodocdar;

2) 1UISIXOM PO3Maay KapoTHHOIIB uepe3 kcanTokcuH 10 ABK.
3B's3ana dpopma ABK — 1ie ckiagnuii edip abcumzoBoi kucimoT 3 J-rimoko3or0. Pyx
ABK B pocnuHax 3AIHCHIOETBCS SIK y Oa3uIeTalibHOMY, Tak 1 B aKpOIETAJIbHOMY
HaIpsiIMKax y CKJaJil KCUJIEMHOT0 i (pJIOEMHOTO TOKY.
diziosioriyHa qis. Y Ouibmocti BunaakiB ABK eanvmye picm pocniunu. Bona Buctymnae
antaronicroM IOK, IIK 1 'A. ¥V nesxux Bumaakax BHUCTYIAE SIK aKTUBATOP (PO3BUTOK
MapTEeHOKAPIIYHUX IUIOJIB, BUIOBKEHHS TIIOKOTHIIEH, YTBOPEHHS KOPEHIB Y KUBLIB 1
T.0.).
ABK — cunbHuii ineibimop npopocmants HACIHHA Ta POCTY OPYHBOK 1 HAKOTTMYYETHCS
MIpU TIEPEX0JIl POCIUH YU OPTaHIB JI0 CMAHY (hi3i0102iUH020 CNOKOW; TIPU3BOJIUTD J10
YTBOPEHHS PO3MEXKYBAJIBHOIO 1Iapy Yy 4Yepellkax JHCTKIB Ta IUIOJOHIKKaXx,
MPUCKOPIOIOUN ONafaHHs JucTd Ta mioaiB. ABK npuckoproe cmapinns, cCopuduHIIOYHN
posnaa HK, 6inkiB, xiopodity.
BaxnuBoto ¢ynkuiero ABK € ydacte y mexawizmax cmpecy. AbGcum3oBa KHCIIOTa
IIIBUJIKO HATPOMAKYEThCSI B TKAHMHAX 3a Jii HECTIPUSATIUBUX (DAKTOPiB, OCOOIMBO Y
BUIIAJIKy HECTaul BOJM, BUKIMKAIOUX 3aKPUBAHHS MTPOJIMX1B 1 3SMEHIIICHHS TPaHCIIpalli.
ABK 6epe ywyacth y QopMyBaHHI Ta NpOsiBI peaxyii xkopens Ha epasimayito. KopiHb
pOCTE BHU3 Mij BIULIUBOM CHJIM TSDKIHHS. B MexaHi3Mi siBUIIIA T€OTPOMi3MY 3HAUHY POJIb
Bijirpae abciu3oBa  KHUCJIOTa, SKa TMPH TOPU3OHTAILHOMY POCTI  KOpEHs
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TPAHCTIOPTYETHCS B HUKHIO YACTHHY, A€ i 3aTpuMye picT. BianoBinHO BepXHs 4acTUHA
pocTe, 3yMOBIIIOIOUYM BUTHH KOPEHS BHU3.

Kpim Toro, ABK HeoOxigHa 1j1s ymeopenHs 6yn1b6, €K30T€HHE BBEJICHHS il 3yMOBIIIOE
PUCKOPEHHSI 003pigarHs MO0 IIB (BUHOTPAI, TIOJTYHHMI, TOMATH, SI0JTyKa).

Takyum ynHOM, abCIIM30Ba KMCIIOTA 3aTPUMY€E POCTOBI MPOIECH B YCiX iX mposiBax. BoHa
KOHTPOJIIOE TEpexXij JI0 CTaHy CIOKOI, CTAapiHHA JIUCTKIB, JI03piBaHHA IUIOAIB, Oepe
ydacTb y OyJIbOOYTBOpPEHHI, SIBUIAX T€OTPOMiI3MY, € TOPMOHOM CTpPECY, 1HT10ITOpOM
[IPOPOCTAaHHS HACIHHSA, OYIh0, POCTY OPYHBOK.

Mexanism aii ABK Ha MosiekynsspHOMY piBHI HeBimomMuii. BBaxkaroTh, 110 BOHa OJI0Ky€
JesAKi €Tanmu IIPOLECY TPAHCKPMIILII, TPaHCHALil, rajgbMye akThBHicTH H'-mommm,
3MIHIOE TPOHUKHICTE MeMOpaH MJig 10HIB, IO MOXE CHPUYUHHUTH PI3HI HACHIIKU.
BaxxnmmBoro pyHnkiiero ABK € aktuBaiiis ekcrpecii TeHiB, 110 KOAYIOTh 3aXHCH1 O1IKH.
VY mpaktuii ABK BUKOpPHUCTOBYIOTH Uisi OONPUCKYBAHHS IJIOJIOBUX JEPEB Y KIHIN
Bereraiii 3 METOI TMPHUCKOPEHHS JI03pIBaHHA MW CKOPOYEHHS TEPMIHIB 30MpaHHs
Bpokaro. BwmicT aOCIM30BOi KHCJIOTH, OCOOJIMBOCTI ii Jerpanaiii MOXyTh OyTH
BOKJIUBUM KPUTEPIEM Y CEJEKI[li POCIUH CTOCOBHO MOCYXOCTIHKOCTI. PO3KpUTTA
MexaH13MiB 1HTiOITOpHOI [11i ABK T1O3MTMBHO BIUIMHE Ha TONIYK €KOJOTIYHO
Oe3neyHux, He (ITOTOKCUYHUX IHTIOITOPIB, PETapJaHTIB Ta IHIIUX CHHTETHYHUX
PEryJIATOPIB POCTY Y POCIIHH.

ETnien
I'a3 erunen (eren, CH,=CH;) y Hu3bkux koHuentpamisx (0,04-1,0 Mki/a) BHUSBIsE
CHWJIbHY MOP(QOTreHHY [0 Ha pociuHu. Briepiie dizionoriunuii eexT eTuiieHy onvcan
J.Hemo60B (1901), sikuii BUSBHB, IO B €THOJbOBAHUX IPOPOCTKAX TI'a3 BUKIUKAE
"moTpiiiHy peakiito" crebna: raabMyBaHHS pOCTY, MOTOBLIEHHS 1 TOPU30HTAIbHY
opieHTaIlit0. BUKIMKaHI €TUJIEHOM 3MIHM B POCTI HE HOCATH MOCTIMHOTO XapakTepy.
SIKo eTusieH BUAAISIM 3 atMoc(hepu, TO HOpMalIbHUM picT BigHOBIIOBaBCs. [1i3Hime
BUSIBUJIOCS, 110 €THJIEH NMPUCKOPIOE no3piBaHHA mwioAiB (P.JlenHi, 1924). Onnak maiixe
BCl BBaXKaJld, 110 BIH € KOMIIOHEHTOM 3a0pyaHeHHs cepenoBuiia. I nuime 1934 poky
O.I'eitHy BOanocst BCTAHOBUTH, 1110 €TUJIEH ITPOIYKYE caMa POCIMHA.
ETunen yTBOPIOEThCS NESIKUMU OakTepisiMd, TpudbamMu W BUIMUMU POCIUHAMHU.
[IpakTuHO BCl TKAaHMHU TOKPUTOHACIHHMX 3/aTHI YTBOpIOBaTH eTwiieH. HaiOimbim
aKTUBHO II€ BiI0YBAETHCS MPHU MOPAHEHHI a00 B cTpecoBuX ymoBax. HaiiOinbIe #oro B
JUCTKAX, IO CTapil0Th, Ta B IUIOJAX, KOTPl JOCTUTAIOTh. BUIIJICHHS eTUIICHY
raJIbMY€ETHCA OPaKoM KHUCHIO 1 MOXKE PETYJIIOBATUCS CBITJIOM.
VY BUIIUX POCIMH €THJIICH CHHTE3YETHCI 3 MemIOHIHY Yepe3 S-adenHo3unmemioHin Ta
amiHoyuxionponaukapoornogy xucinotry. OCTaHHs € 1 TPaHCIOPTHOK (HOPMOIO Ta pa3oM
13 €THJICHOM, 110 J0Ope PO3YMHHUI y BOI1, MEPEMILIYETHCS 3 TPAHCHIPALIMHUM TOKOM.
Onnak BBaxarwTh, IO Micle [ii €TWICHY HaOMMKEHEe 10 TOro MicCIl, Jieé BIH
CUHTE3YEThCS, TOMY HEMa€ MoTpedu B MOro TpaHcnopTyBaHHI. KoHIleHTpallis eTuiieHy
3aJIKUTh BIJ IIBUAKOCTI CHHTE3y. B yTBOpeHHI eTusieHy Oepe ydyacTh HHU3Ka
(dbepMeHTIB, Kl aKTUBYIOThCS MPU J03PIBaHHI, B YMOBAaX CTPECY, a TAKOXK AYKCHHOM 1
BJIacHE eTuJIeHOM. ['a3 BUIbHO IU(DyHIY€e yepe3 MIKKIITUHHHUN OPOCTIp A0 OTOUYHOYOTO
CEpEIOBHUILA.
dizionoriuyHa fig. ETuiieH eanbmye MOMOBKEHHS MAPOCTKIB; Yy JTBOJOJIBHUX 3YHUHAE
picm Jaucmkig, BUKIMKAE 3aTPUMKY MITO3Yy. YCl1 SIBUINA 3HIMAIOTHCS IT1JIBHIIEHOIO
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koHneHntpaiiero CO,. OO6poOka eTUIIEHOM I[HOVKYE VMBOPEeHHS KOpeHie Ha CTeOIl;
BUKJIUKAE eninacmito (OMyCKaHHS) JHMCTKIB. Y 0araTbOX BHUJIIB HPUCKOPIOE
NPOPOCMAHHS NUIKY, HACIHHA, OYa1v0, yubyiun. Ta HaleEKTUBHINIAM MPOSBOM il
ETUJICHY € PeTYJISIis MPOIECIB 003pPIiBaAHHS NIL0OI8.

Jlo3piBaHHS IJIOJIB — JOCUTh CKJIQJHUM MPOIIEC, SIKUN CYMPOBOIKYETHCS MOCUICHHIM
IHTEHCUBHOCTI TUXaHHS, PO3MaJ0oM 0araTb0X CHOJYK, PO3M'SKIIEHHSIM TKaHUH, 3MIHOIO
ix 3abapBlieHHs, 3amaxy TOIIO. BcTaHOBIEHO, IO IJIOAM B TEPiOJ JO3piBaHHS
CHUHTE3YIOTh €TWJICH, KU 1 PEryioe Bci i mpouecu. ETuneH miiBHIye MPOHUKHICTD
KIITUHHUX MeMOpaH, 10 3a0e3nevye MOKIMBICTh KOHTAKTY ()EpPMEHTIB Ta cyOCTparTis,
MIIBUIIY€E IHTCHCUBHICTh CHHTE3Y OUIKIB, HEOOX1THUX JIJIS TIPOIIECY JT03piBaHHS.
ETtunen — nettounit piTOropMoH, TOMYy MOXKE BIUTUBATH Ha PICT CYCIAHIX POCIHH.
['opMoH eanvmye noaapruti mparncnopm aykCuHy, 1 caMe 3 UM TIOB'SI3YIOTh 3aTHICTh
HOro TOCWJIIOBATH TPOLECH CMAPIHHA, ONAOAHHA JUCMKIE ma Na00is, ycysamu
anikaibHe OOMIHYBAHHSL.

Ponw ¥ioro B onadaumui nucmkis, niodié TOSICHIOETbCS TUM, IO €TUJIEH CIPUUYUHIOE
PO3POCTaHHS KIIITUH PO3MEKYBAIBbHOI (BIOKPEMITIOBAJILHOT) 30HM B OCHOBI U€peIlKa
gy  KBITKOHDKKM. Il kimiTMHHM HaOyBarOTh 37aTHOCTI CHHTE3yBaTH Ta BUJIUIATH
dbepMeHTH, SKI PYWHYIOTh KJIITHHHI CTIHKH, — II€JoJla3y, NEeKTUHazy. DepMeHTH
aTaKyloTh KJIITHHHI CTIHKU, PYWHYIOTH iX, PyXalO4uCh MO KJIITHHAX PO3MEKYBaIbHOL
30HU. 3B'SI30K MK KJIITUHAMU MIEPEPUBAETHCS, 1O MPU3BOJIUTh HA KIHIIEBOMY €Tarli J10
OTIaJaHHs JIUCTSI.

Pi3ko 3pocTae KUIbKICTh €TWICHY NMPU CMpecax i NOUKOON#CeHHAX TKaHUH. BBaxaroTh,
0 €TWJICH MOKEe BHUKOHYBATH POJIb TPUTEpa — ITYCKOBOTO MEXaHI3MYy aJalTHBHHX
peakuiii npu nii 0araTboX cTpecoBUX (AKTOPIB, HANPUKIAL HpH AePIIUTI KHCHIO,
1H(pEKIIHHUX XBOPOOax pOCIHH TOMLIO.

€ JnaHi, 10 eTWUJIEH BiAIrpae BaXIUBY POJb Yy Odemepminayii cmami y 0B8000JIbHUX
pocnuH. Tak, y rapOy30BHUX BiH 301JIbIIIY€ KITBKICTh )KIHOUMX KBITOK. Ha oripkax Oyio
BUSIBJICHO, IO K1HOY1 OPYHBKH BUUISIOTH 3HAYHO OUIBINE €TUJICHY, HI’K YOJIOBIYI.
TakyuMm YWMHOM, €TWUJIEH TrajJbMy€ DICT, MPUCKOPIOE CTapiHHS KIITHUH, JO3pPIBaHHS 1
OMaJIaHHs _IUIOMIB, (OPMYBAaHHS PO3MEKYBAJILHOTO IIAPYy B YEpEIIKax JIMCTKIB 1
IJIOJIOHIKKAX, € TOPMOHOM CTpecy, Oepe ydacTh y JETepMiHAIll CTaTi, NPUCKOPIOE
[IPOPOCTAHHS MUJIKY T HACIHHSL.

MexaHi3M Aii eTusieHy Ha MOJEKYJISIPHOMY piBHI MajoBigomuii. OgHAK BCTaHOBJICHO,
110 BiH CTUMYJIIOE€ CUHTE3 paHille 3a3HauyeHuX (EPMEHTIB, a TAaKOXK CHEIU(PIYHO MOXKE
3B'I3yBaTUCh 3 OUIKOM-penentopoM mMeMOpan EP Tta amapaty ['onbpki, akTUBYHOUYHU
TAaKHM YMHOM YTBOPEHHS TIEBHHX (pepMeHTiB. FIMOBIpHO, 110 €THICH BIUIMBAE HA CTaH
IIUTOCKEJIETY Y KIIITHH.

OnuH 3 MOXKIIMBUX MEXaHI3MIB JIii €TUJIeHy Takuil. Perientop eTuieny — ricTuIMHKIHa3a
— CKJIQJIa€ThCsl 3 JIBOX TpaHCMEMOpaHHUX OUIKIB: CEHCOPHOTO (BJIaCHE TICTHUIMHKIHA3A)
1 perymstTopHoro. ETWIeH MO€AHYEThCS 3 PENEnTopoM, SKUM JIOKaI3y€eEThCS B
ria3MaineMi, TpU HAsSBHOCTI 10HIB Mimi. Y pasi MpHUEIHAHHS TOPMOHY BiJIOyBAETHCS
IHAKTHBAIlisS pelenTopa. 3a BIJACYTHOCTI €TWIEHY peIlenTop MposiBiste (yHKIII
riCTUJIMHKIHA3M, IKa aKTUBYE O110K, IO € TOJOBHUM Yy Tepenadi curHainy. Hactynaum
€JIEMEHTOM CUTHAJIBHOTO JIAHITIOTA € SIIEPHUI OUTOK (TpaHCKpUIIIIHHUKN (DaKTOp), AKUH
MOETHYETHCS 3 TPOMOTOPOM T'€Ha-MIIIIeH] Ta aKTUBYE MOTO EKCIPECIFO.
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Y BHUpPOOHUYMX YMOBaX BHKOPUCTOBYIOTH IpemapaTr eTedoH, SKuil mia dac oOpoOku
HUM DPOCIMH PO3KIATAEThcs 3 BHUAUICHHSAM eTwieHy. CHHTETHYHI Tpenaparu
BUKOPHUCTOBYIOTBCSI  JUII CHHXpOHI3amii UBITIHHS (HampuKIaa, aHaHaciB) Ta
PUCKOPEHHS MICIA30UpaIbHOTO T03pIBaHHS IIOIIB.

Enextpodizionoriuna perymisiis

[ToapaznmuBicTh — OAHA 3 HAWBAKIIUBIMINX BJIACTUBOCTEH )XKHUBUX CHCTEM, SIKA JIS)KUTH B
OCHOBI PI3HOMAaHITHUX PYyXIB Ta 1HIIUX MPOSBIB KUTTEAISIBLHOCTI pocauH. Ha Biqminy
BiJl TBapUHHUX OPraHi3MiB, Yy POCIHMH BIJCYTHS HEpBOBa CHCTEMa, TOMY (YHKIIiA
30y/DKeHHs TpUTaMaHHa JUIg BCiX 11 eleMeHTiB. [HTerpanpbHUM TOKa3HHUKOM
MOJIPA3JIMBOCTI Y POCHUH € 010€TeKTPUYHI MOTEHI1adu. 3a OCTaHHI POKH BCTAHOBJICHO,
[0 BCl POCIAWMHU 3a IEBHUX YMOB 31aTHI reHepyBatu mnotenmian gii (ITJ). Ak
BUSIBWIIOCS, Y KOODJAMHAILT @VHKUIOHANbHOI akmugHocmi Ta B npoyecax mopgozenesy
BKJIMBE 3HAYCHHS MAIOTh e1eKmpodiziono2iuni 63aemo0ii KI1TUH, TKAHWH, OPTaHIB.

EnexkTpoToHiuHi M0JIA Ta CTPYMHU

Otxe, enexkTpodizioioriyHa peryssuis Oepe ydacTb y KepyBaHHI MAISUIBHICTIO Ta
B32€EMOY3TO/)KCHHI (DYHKI[IOHAJIbBHUX MPOLECIB, MO BIAOYBAIOThCA B PI3HUNA 4Yac y
POCIIMHHOMY OpraHi3Mi. Sk 1e Bi10yBaeTbCs?

BcTranoBneHo, 1o BereTyro4a BEpXiBKa BUIIUX YM HUXKYUX POCIUH BIJJHOCHO OUIBII
0asaslbHOT ~ YacTMHM  3a3BMYail  3aps/pKeHa  TO3UTUBHO;  LEHTp  crebia
€JIEKTPONO3UTUBHUN II0J0 30BHIIIHBOI IOBEPXHI; BEpXIBKAa KOJICONTHJISA BIiJ'€MHA
CTOCOBHO OCHOBH; KIHYMK KOpPEHS MO3UTHUBHUU I1110/10 1HILIOI YACTMHMU KOPEHS; Ha3eMHa
YaCTUHA POCIIMHU 3BUYAWHO €JIEKTPONO3UTHUBHA BIIHOCHO KOpeHs. M1 HUMU BHUHHKAE
ctpyMm nopsaaky 0,1-0,4 MxA.

Enexmponosumusayis y pociun y 6inbuiocmi 6unaokie nog'azana 3 oianvicmio H -
NOMNU I XapakxmepHa 015 OLIAHOK 13 8UCOKOI0 MemadoiYHO aKMUBHICHIO.

Sk O0auuMo, MIX PI3HMMH YaCTHHAMHM POCIMHHOTO OpraHi3My iCHYIOTh CTalllOHapHI,
MOBUIBHO3MIHHI PI3HUII MOTEHINAIIB, a TAKOXK MOTEHLIAIX 1i. [HIIUMH cloBaMu, MiX
HUMM ICHYIOTbh €JEKTPOTOHIYHI MO Ta CTPyMH. Taki BUIU €JIEKTPUYHOI aKTUBHOCTI U
JeXaTh B OCHOBI €JIeKTpO(i310JI0TIHUHOT peryiamii. 3MIHM B 10HHHUX HOTOKAaX, IO
BUHHMKAIOTh 3a [1i PI3HOMAHITHUX (PAKTOPIB, CHPUYMHIOIOTh BUHUKHEHHS HOBHX
BEJIMYMH MEMOpAaHHMUX MOTEHULIaNiB. ICHye nymKa, 110 MijJ BIUIMBOM EJIEKTPOTOHIYHHX
NOJIIB Y KJIITHHHUX MeMOpaHax BiIOYBa€ThCsl JaTepajibHE NEPEMIIIECHHS 3apsiIKeHUX
JIMONpPOTEIHOBUX KOMILJIEKCIB, $IKI BHUKOHYIOTh pI3HOMaHiTHI ¢yHkuii. OTxe, B
pe3ynabTaTi 3MiHU MIKPOCTPYKTYpU €JEKTPUYHHMX TIOJIIB Yy TKaHMHAX MOXe OyTu
NEepepo3NoiT PyXOMHUX OUIKOBUX KOMIIOHEHTIB y MeMOpaHax, mo Oy/ie 3yMOBIIOBAaTH
HOBUH (Di310JIOTIUHUIN CTAH KIITHHHU.

Takum 9rHOM, MIX PI3HUMH YaCTHHAMHU POCIMHHOTO OpPraHi3My iCHYIOTh BITHOCHO
cTalioHapHI (MMOBUIbHO-3MIHHI) pisHuyi nomenyianie (PI1) — erexmpomoniuni nons ma
cmpymu. YCl 30BHIIIHI W BHYTPIIIHI 3MIHM MPU3BOJAATH JO 3MIHM BEJIUYUH
memopannoeo nomenyiany (MII) kmitun ado PIT Mix pi3HUMH YaCTUHAMU POCITUHHOTO
OpraHizMy. 3MiHa €JICKTPOTOHIYHUX CTPYMIB 3YMOBJIIOE B POCIUH 3MIHU YV POCTOBUX
peakiisx, MopgoreHesi, pyxax.
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IMorenmiana aii
Ha mnnasmanemi pocaMHHUX KJIITHH Yy Pe3ysbTaTl AiSIBHOCTI 10HHUX ITOMIT BUHHMKAE
MII. Bin Moxe 3MiHIOBAaTHUCS B 3aJICKHOCTI BiJl CTaHy 30BHIIIHIX Ta BHYTPIIIHIX YMOB.
VY 30ymnuBUX KIITHH MiclieBe 3HKEeHHS MII 10 KpUTUYHOTO pIBHSA CHPUYUHIOE
Janblie mBUKe Woro naainHa (¢paza aenossipu3aiiii), micias yoro MII moBepraeTbes 10
BEJIMYMHU, OJM3BKOI 10 BUXIIHOTO 3Ha4yeHHsA. Tak BuHukae mortenmian maii (I1[]), abo
chatik, IKU Ma€ 31aTHICTh MOIITUPIOBATHUCS.
OcteprayT y 30-X pokax ymepiie BUSBUB II€ SBHUIIEC B XapOBUX BOJIOPOCTEH, a Mi3HIIIIE
Horo 3adikcyBanu TakoXX Yy BEHEPHUHOI MyXOJOBKH (25 cwm/c), y mimo3u (4 cm/c). Y
6inbiocti pocaud [1/] mommproeTses 31 mBuakictio 0,08-0,5 cm/c. Bin pyxaeTrscs mo
TIa3MaieMi 1 mia3MoiecMaM NapeHXIMHUX KIITUH (I0eMU 1 IPOTOKCHIEMH MPOBITHUX
MyYKiB.
MexaHi3m craiika:
—  (aza nenoaspu3zarlii moB'si3aHa 3 BX0J0M Y KJIIITHHU 10HIB Ca®" i BuxogoM Cl;
—  penonsipuzanis nosicHioeThea BuxogoMm K3 H'- i K'- macoc BigHOBIIOE
pIBHOBAry.
TakuM YUHOM, Y pOCIUH ICHYE WBUOKULL eIeKMPUYHUL 38'530K, Xoua 00'em inghopmayii,
AKY 8IH nepeoac, He3HAYHUU.
CurnansHa poib [1J] BUSABISETHCA MpPU MPOPOCTaHHI MUJIKY, IPH PI3Kik 3MiHI YMOB
ICHyBaHHSI B 30H1 KOp€HIB, naroHiB. [Ipukiiamom mMoske OyTHM NOTpaIUISsHHS MUJIKY Ha
NPUHUMOYKY KYKYPY/I3H, B pe3yibTaTl NpoayKyeTbes I1J1, skuii HagxoauTh 10 3aB'd31 Ta
CIPUYMHIOE TaM BIJIMOBIIHI 010XIMIYHI NEPETBOPEHHA. 3MIHA XIMIYHOTO CKIIay IPYHTY
B 30HI KOPEHsI MPOAYKY€E OJAMHOKHUH IMITYJIbC, SIKHH, CATAIOYM JIMCTKA, 3MIHIOE HOTO
¢byukii. [logpasHenHs BepxiBku mnaroHa crpuuuHioe [IJ[, skuit mpuckoproe
MOTJIMHAHHS MiHepaldbHUX 10HIB. [IpununanHs Komax [0 JIMCTKA POCSHKUA BHUKJIIUKAE
[1]1, sikuii 3MIHIOE PYXOBY U CEKPETOPHY JISIIBHICTh JAHOTO OpraHa.

e IHTerpamis perviasTOpHUX MeXaHi3MiB HA PiBHI Opra”izmy

InTerpaniss — 1e mpoiec yNOpsAKYBaHHS, Y3TO/PKEHHS Ta MO€AHAHHS CTPYKTYp 1
¢byHKLIM, TOOTO cucTemMa 3B'SI3KIB A  (PYHKIIOHAIBHOTO OO'€JHAHHS OKPEMHUX
(1310JIOTIYHUX peaklid y CKIaJHy B3a€EMHOCKOOPAMHOBAHY [ISNIbHICTb POCIMHHOIO
Oprasizmy.

VYci cucteMrn MIDKKIIITUHHOI Ta BHYTPIIIHBOKIITUHHOI PETYJIALIl TICHO MOB'A3aHI MK
co6010. CTBOPIOETHCS €MHA 1€papXiyHa CUCTEMa PEryJsidilii, sKa BU3HAYAE B3a€MOJIIIO
BCiX 4acTuH pociuHu. OnHaK B3a€EMOJII YAaCTHH IIIe He 3a0e3leuye IIICHOCTI
pOCIMHHOTO oOpraHi3My. HeoOximHa e W IeHTpamizaiis YIOpaBiIiHHS B KOXHUUN
OKpeMHUH Tepioj OHTOICHE3Y.

Iumeepayis Ha pisHi opeaHizmy 30iUCHIOEMbCS Uepe3 OOMIHYIOYL YyeHmpu, NOJAPHICMb,
oCYunAYil, KAHATLHUU 368'A30K Ma pecyaamopHi KOHMYPU.

JloMiHy04i HEeHTpH
Bigomo, 1mo pocnuHa Mae YiTKO BUPAXKEHY OIMOJSIPHY CTPYKTYPY, 1 CTBOPIOIOTH ITIO
CTPYKTYpY 1 OJIIOCH — OOMIHYIOUI Yyenmpu — BEPXIBKY NaroHa il kopens. /ominyroui
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UeHmpu — ye aKmueHi MepucmemMamuyHi OUIHKU, SIKI MAOmMs SUPIULATbHUL 6NIUE HA
PO36UMOK  CYCIOHIX MKAHUH. Bonu € 3omamu mrxanuno- i oOpeanoymeopemnHs,
CEHCOPHUMU U ampazyoyumu YyeHmpamu.

Ha Bcix eTamax OHTOreHe3y JIOMIHYIOYI IIEHTPU 3IHCHIOIOTH IIEHTPali30BaHY
PEryJsIio MpoleciB pocTy, Mopdorenesy, QyHKIIIOHAIbHOI aKTUBHOCTI POCIMHHOTO
opraHizMy (auB. puc. OyHKINI JIOMIHYIOYMX IIeHTPiB). Jlis1 BEpXiBKHM MaroHa Moxke OyTu
TUMYACOBO 3aMiHEHA ayKCHMHOM, a KOpPEHs — IMUTOKIHIHOM, TOOTO (hiTOrOPMOHAMHU, SIK1
MPOYKYIOTHCS IIUMH JOMIHYIOUMMH IIEHTpaMU. SIKMM K€ YMHOM JOMIHYIOUI IEHTPH
BIUTMBAIOTH HA 1HIII YaCTHUHU IIJIOTO OPTaHi3MYy?

IHonsipuicTs

B ocHOBI BIIMBY AOMIHYIOUHX ILIEHTPIB JICKUThb MPUHIUI CTBOPEHHS Di3ion02iuHux
nonie (¢hizionocivnux epadicnmig). lleW TMpUHNMI TICHO TOB'I3aHWA 3 BIIACTHUBICTIO
MOJIIPHOCTI Y POCIIMH 1 MOJSTae, 30KpemMa, y rpajalniiHoMy 3MEHIICHHI B3JOBX OCI
POCIIMHA OCMOTHYHOI'O TUCKY, BeIMYrHU pH, KOHIIEHTpallii pi3HUX PEUOBUH, aKTUBHUX
dbepmenTiB, iHTeHCHMBHOCTI auxaHHa 1 T.4. (I'.X. MonotkoBcekuit, 1961). V euwux
POCIUH NOAAPHICMb NepuL 3a 8Ce CMBOPIOEMbCSL 2PAJIEHMAMU (DIMO2OPMOHISE.
KananbHuii 3B'30K

VY mporieci €BOIONIT Y pOCIUH MK PI3HUMHU OpraHaMy pO3BUBAIOTHCS KOMYHIKAIIl1, K1
JI03BOJISIIOTH OUIBII HJIECIIPSIMOBAHO 1 MIBUIIIE MepeAaBaTu K TpodiuHi GakTopH, TaK 1
curHai (BiAOyBaeThCs KaHaji3allisi curHaiy). Taki KOMYHIKaIii y BHIIUX POCIUH
MIPEICTABJICHI MMPOBITHUMHU CYIUHHAMH ITy9KaMH, 1O SKUX TPAHCTIOPTYIOTHCS MOKHUBHI
PEYOBHHHM i (PITOTOPMOHH, & TAKOXK NEPENAIOTHCS EIEKTPUUHI IMITYJIbCU. Tak y pocanH1
3MIMCHIOETHCSL 3B'SI30K MK JOMIHYIOUYMMH LeHTpamu. CHUCTEMa KaHAIbHO20 38'13KY
pa3oM i3 MoASApHICTIO (()i310JI0TIUHI T'paleHTH) 3a0e3leuye HPOCHOpogy OPraHi3alliio
POCJIIMHHOI'O OPraHi3My 1 3HAXOJUTELC I KOHTPOJIEM JIOMIHVIOYHX IIEHTPIB.
Ocuuasiuii

[lepenbavaeThcs, 110 ¥acoea IHTETpallis OpraHi3My 3IIHCHIOETHCS CHUCTEMOIO
B32€MOTIOB'sI3aHUX ocyunayil (Hi310JIOTTYHUX PUTMIB).

Biporiano, mo ocumisiii y TOMIHYIOUHX IIEHTpPax, 30KpeMa, KOJUBAHHS TPaHCIOPTY
(GITOrOpMOHIB, CIIyKaTh JJII 4aCOBOI CHHXpPOHi3allii (i310J0TIYHUX MPOIECIB Y IIUTIH
pocnuni. Tak, di3ionoriuni Ta MOpPGOTEHETHYHI OCHWJIAIII B amekci maroHa
MEPETBOPIOIOTECS B 3aKOHOMIPHE 4YepryBaHHS JIUCTKIB, OOKOBHX OpyHBOK 1
MDKramy33s.

MaroTh Miclie MOTOMHHI, 1000B1, CE30HHI, piUHi KOJUBAHHS (D1310J0TTUHUX MPOIIECIB.
OuyeBHIHO, IO OCHWJIALII OJHOTO PIBHS HAKJIQNAIOTHCS Ha OCHMWIALIT 3 OLIBIIOI0
aMIUTITYZ0I0 1 T.A., YTBOPIOIOYM 1€PAPXiI0 OCHWJIALIHN, SIKY MOXHA PO3TIAIATH SK
010JIOT1YHHI TOAUHHHUK.

B3aemonist Mi>k pi3HUMU CUCTEMAaMU PETYJIALI] 3A1MCHIOETHCA Yy BUTTISIAL PETYISTOPHUX
KOHTYPIB.

PerysiTOpHi KOHTYpH

Sx Bim3HAYANMOCs, BCl CHUCTEMH pEryislii (yHKIIOHYIOTh y B3aeMO3B's3Ky. s
B3a€EMO/IiSI OpPTaHi30BaHa 3a JOTMIOMOTOI0 PEryJISTOPHUX KOHTYPIB. 308HIWHIL CIIUMYT
CIIPUIMAETHCS CTIENU(DIYHUME peyenmopamu 4ymiusux KiimuH, B Pe3yibTaTi 4Oro Il
KIITUHU TEPeXoAsTh A0 30Yy/UKEHOro cTaHy. PenenTopHi KIITHHH NEPEKOIOBYIOThH
(TpaHcOpMYIOTH) 30BHIIIHIA CHTHAT y CHUTHAJ IHIIOTO POJY — TOPMOHAJIBHUN YU
enexkTpuuHuid. Lleit curnan peTpaHciatoeTbes (IEPEAAETHCS) KIIMUHAMU KAHANIE 38 SI3K) .
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Caraioun xKomnemenmuux KiimuH, 3JaTHUX pearyBaTH HAa HbOTO, CHUTHAJ 1HAYKYE iX
(yHKIIIOHATBHY aKTMBHICTh, 110 1 € BIJAMOBLAJAK OpPraHi3My Ha 30BHINIHIA CTHUMYIL.
Takum yrHOM, MOsIBa YU 3MiHA (DYHKI[IOHATILHOT aKTUBHOCTI € PEaKIIi€l0 Ha CUTHAJL.

Ha xoxxHOMy eTami CHpPUHHSATTS CUTHAJIy ¥ MEpexoAy KIITHHU IO aKTUBHOIO CTaHY
ICHYIOTb 360pOmHI 36's13KU, K1 KOPEKTYIOTH Il MPOILIECH Yy BIAMNOBIAHOCTI 0 HOPMH
peakiiii. 3BOPOTHI 3B'SI3KM ICHYIOTH 1 Ha I1HIIMX JAUISHKaX MDKKIITHHHUX CHUCTEM
peryJsiii, yTBOPIOIOYH YHUCIEHH] PETYISITOPHI KOHTYPHU.

Otxe, inmecpayia na pieHi opzanizmy i00y8acmuvca 3a60AKU 63AEMOO0II YaCMUH 34
NPUHYUNOM DPeYIAMOPHUX KOHMYPI6 ma 3a60AKU e1eMEeHmam ueHmpauizayii
ynpaeninna. lominywui yenmpu 3 O00NOMO2010 NONi6, KAHANbHUX 36'A3Ki6 ma
ocuunauin (pummiku) zabe3neuyroms YiicHICHb POCTUHHO20 OP2AHIZMY.

HoapaszauBicTh

OyHKIIOHATbHA POJIb PO3TJISHYTUX BHINE CHUCTEM DETyJsiii W iHTerpamii 3HaXOIUTh
CBOE BHUPAXEHHS B SIBUINAX MOApa3nuBocTi. Ilodpaznusicms — 1€ 3JaTHICTh >KUBHUX
OpraHi3MmiB Ta iX KJIITHH BIJMOBIJATH HA 3MIHM Y 30BHIIIHBOMY W BHYTPIIIHbOMY
CEpelOBHUIIll  aJaITUBHUMH, TOOTO MPUCTOCYBAJLHUMHU, peakiisMu. be3 i€l
BJIACTUBOCTI B OpraHi3MiB He OyJ10 O IIaHCIB HA BUYKUBAHHSI.

AmnapaT nmoapas3iauBOCTi MOOy0BaHUN Ha 0a3l BHYTPINTHBOKIITUHHOI W MIKKIIITUHHOI
cucteM B3aemonii. CrienndiuHi moapazHuKu (KOTpl HEOOXiJIHI B MPHUPOAHUX YMOBAX
ICHYBaHHs1) HA3UBAIOTh aJICKBATHUMU; HecTIeM(PiuHI — HEaJeKBATHUMH.

[Togpa3HuKKM MOXYTh MiSITA HA Pi3HI KOMIIOHEHTH KIITHUH (MEMOpaHU; MEXaHI3MU
TpaHCKpUIMIi, TpaHCsAii; Ha (epmeHTH). OIHAK OCHOBHA peakilisl KIITHHU — 1€
€JIEKTPUYHA PEaKLIisl.

VY pocnuH HeMae audepeHIiioOBaHUX OPTaHiB YYyTTs, aj€ € PEIeNTOPHI OiIKU, KIITHHU
W TKaHWHHM, SKI CHPUUMAIOTh TMoApa3HeHHSA. Po3pizHAOTh ¢GoTO-, Xemo- 1
MEXaHOPELETITOPH.

OyHKIIOHAIbHA ~ aKTHBHICTh  (hOTOpElenTOpiB  HEeoOXimHa i1 (POTOTaKCHUCIB,
dboToTpomnizmiB, POTOHACTIN 1 BU3HAYECHHS (POTONEPIOAUYHUX CUTHAIIIB.

XeMopellenilisi J03BOJIsIE POCIIMHHUM OpraHi3MaM, iX TKaHWHaM 1 KJIITHHAM pearyBaTu
Ha aTPaKTaHTH, TPodiuHi (HaKTOPHU (XEMOTAKCUCH, XEMOTPOII3MH) 1 Ha (DITOrOPMOHHU.
MexaHopelenins JeKUTh B OCHOBI TaKHUX SBHII, SK T'€OTPOII3MH, TUTMOTPOITI3MH,
ceiicMOoHacTii.

3aKoHU MOAPA3IUBOCTI

1. 3akoH cwiIM MOJpa3HEHHS.
YQum oOinvuie noopazHeHHA, mMum cuivbHiuia (00 neeHoi mexici) peaxyisa-eionoeiosv
KaimuHnu @ opzamizmy. MiHiMalbHAa CWIa TOApPa3HEHHs, HEOOXiIHA I 1HAYKITIT
peaxIii-BiANOBIIl, HA3UBAETHCA NOPo2oM 30y0dcenHs. Cuia MOPOroBOTO MOIPa3HEHHS €
Miporo 30yonueocmi. Jlis cynmepMakCUMaIbHUX BIUIMBIB MPU3BOJIUTH 10 MPUTHIYCHHS
(GyHKIIIT Ta aKTUBHOCTI 1 BPEIITI-PEIIT — 10 3aru0ei KIITHHH.

2. 3aKOH TPUBAJIOCTI TOJIPA3HECHHSI.
Yum mpuesaniuie noopazHeHHs, mum CUIbHiua (00 REGHUX Melic) PeaKyisa-8ionoeiosy
Knimunu § opzaumizmy. MiHIMaNbHUNA Yac, HEOOXIIHUWA 7 3alycKy peakilii,
Ha3UBaIOTh Yacom npeszenmayii. Ilpu pyxe TpuBaIOMy IMOJPAa3HEHHI YYTJIHUBICTh
KJIITUHU J0 MOJIpa3HUKA 3HUKYEThCSI.

3. 3aKOH KUIBKOCTI MOJPAa3HEHHS.
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Yum binvuwa eenuyuna nooOpa3HeHHA, MUM MEHWUIL Yac npe3enmauii, HeoOXiOHuil

013 IHOYKUIi nopo206020 30yoxcennsn (i nasnaku). TakuM 4uHOM, e(PEeKT IOIPA3HCHHS

R € ¢yHKITI€I0 KITBKOCTI MOPa3HEeHHS, TOOTO IOOYTKOM CyM IOJpa3HeHHs (i) Ha Horo

tpuBaiicTh (t): R=f(ixt). OqHak 1el 3aK0H IIHCHHIA JIUIIE I OUIAIIOPOTOBOT TIITHKH.
4. 3akoH rpajii€HTa MoApa3HEHHS.

Yum eunwia Kpymusna HAPOCMAHHA CUIU NOOPA3HEHHA Y uaci (moomo 2padiecnma

NOOpA3HEeHHA), mum Oinrvwa (00 NEeGHUX Mmexc) peakuia KIIMmUHU i Op2aHizmy.

[loBiTbHO 3pocTaroue TMOApPA3HEHHS BUKIMKA€ MEHIIUN ¢i3iojoriyHuii  edexT

(amamraiiisi), HK y BUIQJKy MUTTEBOTO JIOCSTHEHHSI CTUMYJIOM CBO€ET ITOBHOTH.

Takum ymHOM, peakiiisl KIITHHHM 1 IIJIOT0 OPTraHi3My Ha JII0 MOJAPa3HUKA 3aJIeKUTh BIJT

HOro cuiiy, TPUBAJIOCTI Ta TpajJieHTa HAPOCTAHHS.

QDyHKYyiOHanbHa pyXaueicms mMKAHUH — 3JIaTHICTb TKAHWH pearyBaTH Ha BIUIMB 13

MIEBHOIO IBUJIKICTIO.

llapabio3 — ue IMIyJIbCUBHE TpaayalbHe TpuBayie 30Y/KEHHS, SKE € 3arajlbHOIO

MIEPBUHHOIO PEAKII€I0 KIITUH 1 TKAHWH HA HAWpPI3HOMAHITHIIII 30BHIMIHI Jii (BILUTUBH).

llapabio3 — TumM4acoBa BTpaTa >KMBOIO TKAHWHOK 37aTHOCTI JO BIJACTHBOI IH

JUSITBHOCTI IMiJ1 BIUTMBOM HaJIMIPHUX MOJPa3HEHb.

Cxema Mikpo- i MaKpOKOHTYpPIB NpoueciB CIPUAHATTA Ta
nepepavi nogpa3HeHHA y 6araTokniTMHHMX OopraHiamis.
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OCHOBHI (pYHKLUIT BEpXiBKM NaroHa i KiHYnmka KOpeHs

Yy BULWLKUX POCIINH

ATparyouuni LeHTp J

IHOYKUiS 3aKknagaHHs Ta
[isinbHOCTI KaMoito

[HOyKUiA YyTBOPEHHSA

MPOBIAHWX My4KiB Ta POCTy
ctebna B TOBLUWHY

"anbMyBaHHs pocTy Bi4HUX

BepxiBka naroHa

6pyHbOK

KoHKypeHTHa perynsuis
CTapiHHS NncTKa

KopeHeyTBOpeHHs Ha

|— CeHcopHa 30Ha

MepuctemaTnyHa i TKAHUHO-
YTBOPIOKOYA aKTUBHICTb,
MopdporeHes

Perynauis nogoBxXeHHs
ctebna

Perynsuis Tponiamis

OpieHTauis 6i4HMX naroHis

OpieHTauis pocTy KOpeHeBMWLL,

cTebni

[HayKUis yTBOPEHHS 6OKO-

CTOINOHIB i KOPEHIB

Perynauisi nogoBXeHHs

BUX KOPEHIB

KOpEeHs

[HOyKLUis pO3BUTKY

PicT i XnBneHHsa nucTkis

cTebnoBux anekcis

IHAYKUiS yTBOPEHHS
MPOBIgHMX MYyYKiB

IHOyKLiS yTBOPEHHS
cTebnosunx GpyHLOK

anbMyBaHHS YTBOPEHHS
BiYHMX KOpEHiB

ATparytoumnin LeHTp —‘

KiH4MK KopeHs

Perynsuis nogosxeHHsa ctebna

Perynsauis nogoBXeHHs i Tponiamis
KOpeHs

MepuctemaTuyHa i TKAHUHO-

YTBOpPHOKO4a aKTUBHICTb

r CeHcopHa 30Ha
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BOJITHUU OBMIH

e SHAYEHHA BOJAM UIA POCJIMH

Booa — mebe nemoorcnuso onucamu. . . He moowcna ckazamu, wo mu €
HEOOXIOHOI0 OJISL HCUMMS, MU — CAME HCUMMSL. . ., HAUOLIbWUL cKapo y ceimi.
Anmyan oe Cenm Ex3zronepi.

Y TKaHMHAX POCJAMH BMIicT Boau craHoBUTH 70 - 95 %. BoJgoaiouu
YHIKQJIbHUMH BJIACTHBOCTSIMH, BOJa BHUKOHYE TOJIOBHY PoOJib y BCiX mpoiecax
KUTTENISIIBHOCTI.

3HaueHHS BOAM [UJIsi OpraHi3My [yKe€ BeJuKe, a i1 (QYHKIIi HaA3BUYAHHO
pizHOMaHITHI. JKUTTS BUHUKIIO Y BOJHOMY CEPEIOBHII, 1 LIe CEPEIOBHUIIE BUSBHIOCS
3aMKHEHUM y KJIITHHI. Yci BiioMi Ha 3emill (pOpMU KUTTS HE MOXYTh ICHyBaTu 0Oe3
Boau. [Ipu 3HM>KEHHI BMICTY BOJY Yy KJIIITHHAX Ta TKAHUHAX 10 KPUTUYHOTO PIBHSA >KHUB1
CTPYKTYPH NEPEXOATH JO CTaHy aHA0i03Y.

Boaa B 0ios1oriynux 00’€KTaxX BUKOHY€E TaKi Ba:xK/IMBI QyHKIiL:

1. Boagne cepenoBuiie 00’€lHy€ BC1 YaCTUHU OpPraHi3My B €auHe Iiijie (Bi
MOJIEKYJI IO OpraHiB). ¥Y TiJi poCiauH BojaHA (pa3a yTBOprOE Oe3MepepBHE CEPEIOBUIIIE,
MOYMHAIOYM BIJ] MPUKOPEHEBOI BOJIOTM 1 @)X JO IMOBEPXHI PO3MOJLIY piIWHA-Ta3 Y
JUCTKAX.

2. Boma — BaxnMBUM PO3YMHHUK 1 BaXKIHUBE CEPEIOBHINE IS O10XIMIYHHUX
peaKIrii.

3. Bona Oepe y4acTb y BHOPSIKYBaHHI CTPYKTYp KIITHH, BXOAUTHb IO CKJIaay
MOJIEKYJI O1JIKIB, BU3HAYAKOYH X KOHQOpMaIIIIO.

4. Boma — wmetalomT 1 Oe3nocepenHiii KOMIOHEHT (y4acHHUK) O10XIMIYHHMX
npoteciB (pu POTOCUHTE31 — JOHOP EIEKTPOHIB; Oepe yyacTh y Mpouecax AUXaHHS; Y
TApOII31, CUHTES1).

5. CrtpykTypoBaHa BOJla Ma€ BIJJHOCHO BHCOKY MPOTOHHY W €JEKTPOHHY
MPOBIAHICTb.

6. Boga — royioBHUI KOMIIOHEHT y TPAHCIIOPTHIM CUCTEMI BUIIIMX POCIIUH.

7. Lle — Tepmoperyorduii (hakTop.

8. JloOpwuit aMOpTH3aTOp MPU MEXAHIYHUX BILJTUBAX.

9. Bona 3ab6esrneuye npyXKHUI CTaH KJIITUH 1 TKAHWH 3aBJSKH SIBUIIAM OCMOCY M
Typropy.

Y xoai mporpecMBHOI €BOJIIOLII POCJMHHI OPraHi3Mu cTaBajM Bce Oijblie
BiTHOCHO He3aJIe;KHUMH BiJ BOIH.

e CTPYKTYPA U BJJACTHBOCTI BOJHU

Bona — emuna peuoBumHa Ha 3emii, SIKa OJHOYACHO 1 y BEJMKIA KUIBKOCTI
nepeOdyBae B TPhOX arperaTHUX CcTaHax. Y KOXXHOMY 3 HHX CTPYKTypa BOIU HE
olHakoBa. TBepauii ctaH OyBae IIOHAWMEHIE JBOX THIIIB: KPUCTANIYHUN — i,
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HEKPUCTATIYHUN — ckionoaioHuil. OCTaHHIM BUHUKAE MPU IBUAKOMY 3aMOPOXKYBaHHI,
HE TOLIKO/KY€ KUBI KIIITUHHU.

MOJIEKVYJISIPHA CTPYKTYPA I BJIACTUBOCTI

®Di3n4HI BJIACTUBOCTI

®dizionoriyHa  (QYHKIISE BOAM BH3HAYA€TbCs Hacammepea 11 (Pi3MUHUMU
BJIacTUBOCTAMU. [le HalO1IbII aHOMaIbHA PEYOBUHA, X0Ua 1 MPUNHATA 33 €TAJIOH MIpH
TYCTUHA Ta 00’€My Uil IHIIUX PIIMH. YCl PEYOBUHM 30UIBIIYIOTH OO0 €M TiJ 4Yac
HarpiBaHHs, 3MEHIIYIOYM TpPH I[bOMY CBOIO TyCTMHY. Bona K Mae MaKCHUMallbHY
ryctuny npu 4°C; npu 3amepsanHi i 06’eM pi3ko 3pocrae (Ha 11%), a ryctuna
3MEHIITYEThCS.

3aBAAKHM Takiii aHOMaNii MPU OXOJIOMKEHHI BOJOMM TyCTHHAa BOAM Ha MOBEPXHI
MBUIIYETHCS, BEPXHI IIAPU OMYCKAIOTHCS HA JHO, TOKU TEMIIEpaTypa BOAMU Ha BCiid
raubuHi He csarae Mexi rycturu (4°C). YV pasi moJaibIIioro OXOJIOMKEHHS BOJa CTa€
JIETIIOK0 1 TOMY HE OMYCKAETHCS HA JIHO, 3aXUINAI0YU TIMOWHHI 1Iapy Bl OXOJIO0KECHHS
10 G6inbm HU3EKO1 Temmeparypu. 3a 0°C BogoiiMa BKPHBAETHCS JIHOIOM.

O6’eMHI 3MIHM BOJIM TPHU 3aMEp3aHHI/BIITAIOBaHHI — HAWBAXKIUBIMIUN (HakTOp
BIUIMBY HAa MAaTEpPUHCHKI TMOPOJU B Ipolieci (GopMyBaHHS TIPYHTY. 3a TaKUX YMOB
po3BUBaeThCs TUCK A0 2400 aTm, sIKUN pyHHYE TPCHKY MOPOJTY.

V pasi THcKy B 1 aTM. TOYKH 3aMep3aHHs 1 KumiHHs fopiBuiorore 0°C i 100°C
BIJINOBIJIHO. [3 30UIBIIEHHSM THCKY TEMIlepaTypa KHUIIIHHS 3pOCTa€, a TeMmIeparypa
3aMep3aHHs IPU [IbOMY 3MEHIITY€EThCS.

Bona Mae mocuTh BHCOKY NpHMXOBaHY TeIUoTy IuiaBieHHs (= 335 mx/r). A
MPUXOBAaHA TEIIOTA MMAPOYTBOPEHHS — Yy 7 pa3iB BUIlla. BeIWynHa TEMJIOEMHOCTI BOJIU
(TOOTO KiJBKIiCTH TEIlIa, HEOOXiMHOTO IS MmiABUINEHHS TemrepaTypu Ha 1°C) B 5 - 30
pasiB Oisiblla, HIXK Y 1HITUX PEYOBUH.

Bucoka TemioeMHICTh BOAM 3aXHINA€ POCIMHY B PI3KUX TepernajiB
TeMriepaTypu. Bucoka Teriora mapoyTBopeHHs Oepe y4acTh y TepMoperysisiiii. Bucoki
TEeMIIepaTypy ITUIABJICHHS, KHUIIIHHS, BUCOKA TETUIOEMHICTH CBIIYAaTh PO HASBHICTH
3HAYHOT MDKMOJIEKYJIIPHOT B3a€EMOIIi.

JUist BoiM XapakTepHI BUCOKWN MOBEPXHEBUU HATAT 32 PAXYHOK MOTYXHUX CHII
3UeIJIEHHS (Ko2e3ii) MIXK 11 MOJIeKylaMH (BUILMKA NOBEPXHEBUM HATAT € JIMILE y PTYTI),
Ta ABUIIE adee3ii (IPUIUIAHHS), IK€ BUSBIISIETHCS MPH 1i MIIHOMI IPOTH IpaBITALlIfHUX
CHJI, HAIPUKJIAJ Y TKAHUHAX JIepPeB.

Boga mae TakoX BHCOKY TEIUIONPOBIAHICTE (TMEPEHECEHHsS €HEeprii Bija OuIbII
HarpiTHX JUISTHOK TL1a 10 MEHII HArpiTUX), 010 J1a€ il 3MOry BUIIAPOBYBATHUCS HABITh 3a
0°C. Jlo po3psay HalBaXKIUBIIIUX BJIACTUBOCTEN HAJICKUTH TAKOXK 1 BiZoMa 34aTHICTE
BOJI PO3YMHSATHU T'a3y.

3aBAsSKA yHIKaTbHUM (DI3UKO-XIMIYHMM BIIACTUBOCTSM BOJia CTajla HANHOLIBII
MPUAATHAM BHYTPIITHIM CEPETOBUINEM TSI BCIX )KUBUX OPTaHi3MiB.

MouiekyJisipHa 0y10Ba BOIHU

VY Mosiekyni BOJAM ABI Mapu €JIEeKTPOHIB € CHIIBHUMM JJIS siACp BOJHIO 1 KHUCHIO.
Bonu wMaroTh BUJIOBXKEHI OpOiITHM, ¥ OJlHA YaCTHHA MOJIEKYJM HECe YacTKOBO
MO3UTHUBHUM 3aps]l (KOJIO aTOMIB BOAHIO), & Ipyra — HETaTUBHUN (KOJIO aTOMa KUCHIO),
YTBOPIOIOYH AUIOJIb.
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Hunone — ye cykynuicmv 080X MOYKOBUX eNeKMPUUHUX 3aps0i6, 0OHAKOBUX 3d
BEUYUHOIO MA NPOMUTIEHCHUX 3a 3HAKOM.
IIpocropoBo moraekysa H,O yTBOpIO€E CTPYKTYpy T€Tpaeapa 3 4OTUpMa MOJII0CAMHU

enekTprunnx 3apsmiB (27 i 27). Koxna MOJICKyJla BOJIM, SIBISIOYUCH JTUIIONEM 13
TETpaeAPUUHUM PO3MOJIIIOM EJIEKTPOHIB HABKOJIO aTOMa KHCHIO, MOYKE B3a€MOJISTH 3
YOTUpPMA 1HIIMMHU MOJIEKYJIaMH BOJU 32 PAXyHOK €JIEKTPOCTaTUYHHX CUJ. Y pe3ynbTari
BUHUKA€ TEHTaroHaJllbHa CTPYKTypa, a Taka B3a€MOMis 3 HE3HAYHOI JIOJCIO
KOBAJICHTHOCTI Ha3UBAETHCS G60OHeGUM 36’°A3KoM. BOIHEBHII 3B’SI30K 3yMOBIIOETHCS
CJIEKTPOCTATUYHUM TSDKIHHSM, III0 BHHHMKAE€ BHACHIZOK HEPIBHOMIPHOTO PO3MOJILITY
€JICKTPOHIB MK aTOMaMH, sIKi O€pyTh Y4acTh B YTBOPEHHI KOBAaJICHTHOTO 3B SI3KY.

B3aemozisi Mik MOJEKyJaMu 32 paXyHOK €JEKTPOCTaTUYHMX CHJI 13 HE3HAYHOIO
J0JICI0 KOBAJICHTHOCTI HA3UBAETHCS B0OHEBUM 38 SI3KOM.

BoaneBi 3B’s3ku  Oe3mepepBHO BUHUKAIOTH 1 pyHHyOThes. Kpim  TorO,

B110yBa€ThCS MOCTIMHE BIAUIEIJICHHS MTPOTOHIB, TOOTO — AMCOLIAIlis BOAU HA H' i OH-
(ion BomHIO Ta TiApokcuay). IIpu 25°C KOHIEHTpAIlisi BOJHEBUX UM TiAPOKCHILHUX
ioHiB y uncTiii Boxi gopiBHIoe 1x10~" Mosb/1, 1110 BimmoBigae pH 7.

3riiHO 3 CY4aCHHMH YSIBJICHHSIMH, B OCHOBI OyZOBH BOJH JIEKUTh BIOPSAIKOBaHA
CTPYKTYpa, 110 CKJIAJa€ThCS 3 KPUCTAIIUHOI PEUIITKU Ta 3 PO3MUTOI TEIJIOBUM PYyXOM
YaCTMHU MOJIEKyJ. BropsakoBaHi AUISHKM (KJIacTepu) TMOCTIHHO BHUHHMKAIOTH 1
3HMKAIOTh (Y4ac iXHBOTO JKUTTSA 10 C), TOMY iX Ha3MBalOTh «MHIOTIMBUMHU
KJIacTepaMm». Y KOXXKHUM JaHUW MOMEHT 4acy B YTBOPEHHI «MUTOTJIMBUX KIIACTEPIB»
0epe yuyacTb 110 2/3 MoJiekys Boau. JlesKi TOCHIAHUKHN BBaXKAIOTh, IO PiJIKa BOJa Mae
OJIHOPIIHY JIbOAONOAIOHY (@XypHY) CTPYKTYpy, B IyCTOTax sKoOi mepe0yBaroTh
MOHOMEPHI MOJIEKYJIM BOJH, 1110 HE YTBOPIOIOTh BOJHEBUX 3B’ SI3KIB.

KBasikpucramiyna (Bijz JiaT. (uasi — HiOHM, HEMOBOH) CTPYKTypa BOJHU € TOJIOBHOIO
03HAKOI0, 32 KOO ii BIAPI3HAIOTH Bl IHIIUX P1IUH. [HIIMMU cl0Bamu, 1 B pIIKOMY, U y
TBEPAOMY CTaH1 MOJIEKYJIM BOAM YTBOPIOIOTh MEBHY CTPYKTYpY. JIi1 Mae rekcaroHaiabHy
KPUCTAIIYHY CTPYKTYpy. Bosa B pikoMy cTaHi Ma€e BIOPSAKOBAH1 JUISTHKY (KJIACTEPH 3
JbOJIONOMIOHOI0 CTPYKTYPOIO) 1 HEBMNOPSAKOBAHI JUISHKM 3 HE3HAYHOK KIJIbKICTIO
BOJIHEBUX 3B SA3KIB.

VYHIBepcanpHICTh BOAM SIK PO3YMHHHMKA 3YMOBJICHA TMOJSPHICTIO 11 MOJICKYT 1
3IaTHICTIO  YTBOPIOBAaTHM BOJHEBI 3B’s3ku. Kpucramu HeopraHiyHUX — cojei
PO3UMHSIOTHCS 3aBIAKU TiApartanii i0HIB 1uX cojied. JloOpe po3uMHSAIOTBCA y BOL
TaKOK OpPraHiuHl peYOBUHU 3 KAPOOKCUIBHUMHU, TIAPOKCUIILHUMHU Ta THIIMMH TPyHaMu,
3 SIKUMH BOJIa YTBOPIOE BOJIHEB1 3B’S3KU. [lonapHicmb MOAEKY 800U 3YMOBIIOE il
B1ACMUBICb POZYUHAMU PEYOBUHU KPALe, HINC THUI PIOUHU.

[{i BIacTUBOCTI BOAM 1 BU3HAYAIOTh Ty YHIKQJIbHY pOJb, Ky BOHA BIAIrpae y
010d13uyHUX Ta OIOXIMIYHUX MpoIecax, 10 CYNPOBOIXKYIOTh KUTTEAISUIBHICTh YCIX
KUBUX CUCTEM.

CTAH BO/JIMN B PO3YMHAX

Po34nHu eJeKTpoJIiTiB

Y po3uuHax, siKi MICTATb 10HU, CTPYKTYpa BOJU CYTTEBO 3MIHIOEThCA. ManeHbKi
10HM 3 BEJIMKOI TYCTHHOIO 3apsiy CHWIBHINIE MIFOTh HAa CTPYKTYPY YHCTOI BOAU
MOPIBHSIHO 3 BEJIMKMMU 10HAMH, SIK1 MalOTh MaJly TYCTUHY 3apsany. | T1 i iH1I1 pyHHYIOTh
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CTPYKTYPY BOJAM: TEPIIl MPUTATYIOTH MOJEKYIU BOIM; JAPYrl 4Yepe3 BEJHKI po3MipH
PYUHYIOTH JIbOJONOAIOHNN Kapkac. IIpu 1bOMYy 3MIHIOETBCS 1 B’A3KICTh BOJHOTO
PO3YHHY.

B enextpuunomy moji kamiona BCi OJWXKHI MOJIEKYJIHM OPIEHTOBaHI HETaTUBHUMU
MOJIIOCAaMU  BCEPEMHY, a HABKOJO aHIOHA - JOCEPEIWHU CIPSMOBaHI IO3UTHBHI
MOJIFOCH MOJIEKYJIM BOAM. Tak BUHMKaE OMVOKHS riaparaiis. Y mporeci enexkTpodopesy
el map pyxaeTbcsli pa3oM 3 10HOM SIK OJHE Ilijie. B pesynbraTi 10H-IUIMOJIBHOT
B3a€MO/IIT BiIOYBA€THCS OPIEHTAINIS TABHIX MOJICKYJI BOJM — I1€ JAJIBHS T1apaTaris.

Tiopamayis — ye opicHmysanus MoneKy1 600U 8 eleKMpPOCMAMUYHOMY KOJL IOHA.

Boay, 3B’43aHy 3 ioHaMH, HA3WBAIOTL TAKOXX ocmomuuno 36’sazanoro. Bona ¢
BaYKJIMBOIO CKJIAJJOBOK0 OCMOTHYHOT'O THCKY POCIIMHHMX KITITHH.

VYV Mipy 30UIbIIIEHHS KOHIICHTpAIli po34rHY B1IOYBA€ThCS NMEPEXIT BUI CTPYKTYPH
YUCTOI BOJHU A0 CTPYKTYPU KPUCTAJIOLLIpaTy.

Bruius rizpogo0Hux pagukajiiB Ha CTPYKTYPY BOAH

PeuoBuHu 3 BenukumH TiApohOOHUMHU paJuKaiaMd 30UTBIIYIOTh TEIIOEMHICTh
po3uuHy. lle mosicCHIO€EThCS 30UIBLICHHSIM CTYHEHS CTPYKTYPHOI OpraHi3allii BOJIM.
HaBkoj0 HenmoyiipHUX MOJIEKYJ YTBOPIOIOTHCS KPUCTANOTIpaTH 3 NEHTArOHAJIbHUMU
KoMipkamu. Taxi kpucmanu niasiamecs ve npu 0°C, a npu 5-30°C — Odamne ssuwe
NOSCHIOE 3AMEP3AHHS 3ePHA U NOWKOONCEHHS NOCIBI6 810 NOABU 1600V 8 MKAHUHAX NPU
4-5°C.

Po34ynnu OLIKIB

VY Oinkax rigpaTaiisi 3yMOBJIEHA B3a€EMOJIIEI0 MOJIEKYJ BOJU 3 2i0poghinbHumu
(loHHUMM) 1 2i0pooOHUMY (HETIOISIPHUMH) TPyHaMu Ta ii IMMOOLTI3AIEI0 B 3aKPUTHUX
MpPOCTOpax yCEepeauHl MaKpOMOJIEKyld TMpH I1X KOoH(opMmaliiHuX mnepeldy1oBax.
Haiimenin rizpaTtoBanuii OUTOK — y HOTO 130€JIEKTPUYHIN TOYI, 1€ ¥ CHOCTEPIraroTh
HaWHWKYY PO3YMHHICTH O1JIKa.

Bony, 3B’s13aHy sk 13 BHYTPIIIHIMH, TaK 1 3 pO3TAIlIOBAHUMH Ha MOBEPXHI TpyIHamH,
HA3UBAIOTh KOJI0IOHO 36 513aHOI0 BOJIOIO.

Immobinizayia — 11e MeXaHIYHE 3aXOIUICHHS BOAM B pa3l KOH(MOpMAIWHUX 3MiH
MOJIEKYJI O10MOIIMEpPIB, BHACIIAOK YOTO MOJIEKYJIM BOJU MOTPAIUISAIOTH 10 3aMKHYTOTO
IPOCTOPY.

e BOJJHUM OGEMIH POCJIUHHUX KJITHH

BMmicT BoAM B pOCIMHHUX TKaHWHAX — JIy>KE€ MIHJIMBA Ta JAMHAMIYHA BEJIMYMHA.
BoHna 3anexuTh BiJl BIKY POCIHMH, MOPH POKY, JOCTYNMHOCTI BOJIOTH, IHTEHCHUBHOCTI
TpaHCHiparlii TOIIO.

®OPMU BOJI1 B KJIITUHI

VY kniTHHAX pO3pI3HAIOTH Bl (POpMU BOIM - BiJIbHY # 3B’si3aHy. 3B’s3aHa BOJa
IMOALISIETHCA HA:

1) 3B’s13aHy OCMOTUYHO (TiApaTye pO3UYNHEH] PEUOBUHN);

2) KOJIOTAHO 3B’si3aHy (1HTEp- Ta IHTpaMIIENIIPHA BOJIA);

3) KanuIsIpHO 3B’s3aHy (B KIIITHHHUX CTIHKaX Ta Cy/JMHAX).
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[IpoHUKHICTH MIa3MajeMH KIITHH KOPEHIB JUIsl BOIU JOCUTh BUCOKA. B Monooux
Kopensx 10 3/4 Bciel BHYTPIITHLOKIITUHHOI BOJAM MICTUTBLCA Y BaKyoJisiX, 1/4 yacTuHa —
B 000JI0HKaX 1 Juiie 1/20 — y muToruia3mi.

Bona yTpuMmyeThcs B KIITHHAX 32 PaXyHOK OCMOCY ¥ HaOyXaHHs 0i0OKO.JIOLIB.
HagiTh nipu HasIBHOCT1 BOJIOTH, MEHIIIOI BiJ KPUTUYHOTO PiBHS, BEJIMKA KUIBKICTh BOJIU
3aJIMIIAETHCS Y 3B’ I3aHOMY CTaHi.

Knimununi  cminkuy MarTh BEJIUKY TITPOCKOIIYHICTH 1 YTPUMYIOTh BOJY B
OCHOBHOMY 3a paxyHOK BHCOKOi Tigpo(iIbHOCTI TEKTHUHOBHX Ta IETIOJ03HUX
KOMITOHEHTIB. BoHM MicTsITh 2 (hpakiii:

— MaJopyxomy (B MiKpOKamijsipax Ta 3B’si3aHy 3 MikpodiOpuiamu);
— 1 pyxoMy (B KpyIHOKAMUIAPHUX MIPOCTOPax).

Bwmict Boam y KINITUHHUX CTiHKaxX ctaHOBUTH 50 % Bix ix macu. Pyx Boau 30BHI
IIPOBIIHOI CUCTEMH BiJIOYBAETHCS B OCHOBHOMY IO arloIliacTy.

Y yumonnazmi BmicT Bonu csrae 95% 1 macu. 'omoBHUE BHA TiIpodUILHUX
KOJIOiIB y UTOIUIa3Mi — 1ie OUIku. B rigpodoOHUX AUISIHKaX BOJa Ma€ CTPYKTYPY,
OJIU3BKY 1O CTPYKTYpH NbOAY. B opeanoioax xniTMHU 3BUYATHO MICTHTBCS OJIM3BKO
50% Boau (TIacTUid, MITOXOHIPIi). Bakyonvruti cik iepeBaxkHO MICTUTh 98 % BoH, a
TaKOX IYKpH, COJIi, 10HW, OpraHidyHl KUCJIOTH, (PEPMEHTH, NITMEHTH, CIAU3 1 T. 1.
BakyonpHul Cik MOXHa PO3TIIAIATH SK PO3YHH, IO YTPUMYE BOJY OCMOTHYHO Yepe3
BUOIPKOBY IPOHUKHICTH TOHOILJIACTA.

OCMOTHUYHE I[TIOI'JIMHAHHA BOAU

THoenunanus 600u i3 308HIUHBLO2O cepedosua - 0008 A3K08A YMOBA ICHYBAHHS.
0)0b-51K020 JHCUB020 op2arizmy. Bona mooice naoxooumu 00 KimuH poCiuH 3a paxyHox
HAOyxXauHs 0I0KON0I0I8 (NPOPOCMAaHHA HACIHHA) ab0 3a PAXYHOK OCMOMUYHO2O
HOTIUHAHHS.

Ocmocom HaA3uBaOMb NPOXOONCEHHS POZUUHHUKA 8 PO3UUH, 8I00LIeHUL 8i0 HbO2O
HANIBNPOHUKHOIO MeMOPAHOIO (KA NPONYCKAE ULe PO3ZHUHHUK).

PosrnsineMo, Bilm 4Oro 3alIeKUTh OCMOMUYHUEI MUCK TICBHOTO PO3YMHY Ha
npukiIaal ocMomeTrpa. TOpOMHKY 3 HamiBOPOHWUKHOI TUTIBKM (TIepraMeHT, Ienodas,
KOJIOiIHA TUTIBKA) 13 TPYOKOIO HAMOBHIOIOTH PO3YMHOM caxaposu. Ilicimsa 3aHypeHHs
TOPOMHKHU B YHUCTY BOJY CIOCTEPITAETHCS MIAHIMAHHS PIBHS PIAMHU B MAHOMETPUYHIN
TpyOlll A0 TuX mip, moku rigpoctatuyHuii tuck (H) croBmumka pimunu He Oyne
JOPIBHIOBATH MOTEHIIAIbHOMY ocMoTHYHOMY THCKOBI (P): H =P.

[ToTeHiaTbHUN OCMOTUYHUN TUCK BUPAXOBYIOTH 32 (hOPMYJIOHO:

P=ixCxRxT | ne:

C — KOHIIEHTpALlisl PO3UMHY B MOJISIX;

T — abcomoTHa TeMIiepaTypa;

R —rasoBa craia;

[ — 130TOHIYHUN KOE(IIEHT (3aJICKUTh B/l €IEKTPOJITUYHOI JUCOITIALIT).

Takum YMHOM, IS PO3BENCHHUX PO3YMHIB OCMOTHUYHHMA THCK TPHU TOCTIHHIN
TEeMIIepaTypi BU3HAYAETHCS KOHIIEHTPAIUEID YACTUHOK (MOJIEKYJ, 10HIB) PO3YMHEHOI

PCYOBHUHU.
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[ToTeHmianpbHUt OCMOTHYHHM THUCK BHpakaeTbes B [lackamax 1 Tmokasye
MaKCUMaJIbHO MOXJIMBUM THUCK, SKUH Mae pPO3YMH JaHOI KOHIeHTpalii abo
MaKCHUMAaJIbHY 3/IaTHICTh PO3YMHY B MIIICUKY (KJIITHH1) IOTJIMHATH BOY.

OcMOTHYHI SIBUINA TAKOXK MOXHA PO3TJIAIATH Yyepe3 TEPMOJIUHAMIYHI 0COOIMBOCTI
CHUCTEMH 1 BEJMYMHU XIMIYHOTO TMOTEHINady peYyoBHUH. XIMIYHHUM IMOTEHINAd YHUCTOi
BOJIY Ha3MBAETLCA BOAHMM nmoTenmianom (¥, ;). Bin HalBUIMHA y XIMIYHO YUCTOI BOIH

(i=0).
POCJIMHHA KJIITUHA SIK OCMOTUYHA CUCTEMA

PociuHHa KaiTMHA OTOYEHA €JIACTHYHOIO KIITHUHHOIO CTIHKOIO, SKa MOXE
po3TaryBaTucsa. Bakyonas MICTUTh 0araro OCMOTHYHO AaKTHBHHUX PEYOBHH (IIYKDH,
OpraHiuHi KHCJOTH, cOJii). Po3risHeMo CIHpoIIeHy MOJedb POCIUHHOI KIIITHHHU.
HamiBnponnkHa MeMmOpaHa JOPIBHIOE CHCTEMi 3 TOHOIUIACTY M Imiasmaiemu. Ilpum
3aHYpEHHI KJIITHHU B YHCTy BOJY OCTaHHS 3a 3aKOHaAMU OCMOCY Oyje HaIXxOJIUTH
BCEPEIMHY KIIITHHHU.

Cuna, 3 KO0 BOJA BXOJWUTh A0 KIITHHU, HA3MBAEThCA cUCHOIO cunoio (S). BoHa
TOTOXKHA BOJAHOMY noTeHuiany kmtuau (¥, ,) .

BennunHa CMCHOI CHIIM JTOPIBHIOE PIZHHUIN MK OCMOMUYHUM MUCKOM KIITUHHOTO
coky (P) 1 mypeoprum (2iopocmamuunum) mucxkom v kinitvai (H):

S=P-H |

a00 B TEPMOIMHAMIYHUX BEJIUYUHAX :
~¥, o =-¥, +P,

TypeopHuti muck 00pigHIOE NPOMUOIl KIIMUHHOI CMIHKU, SAKA SUHUKAE Npu il
enlacmudHoMy po3msacyeaHHi. 3a TEBHUX YMOB (mocTaTHboi KiibkocTi H,O) 00’em
KJIITUHHOTO COKY 30LIBIIYETHCSA, LUTOIUIA3Ma PO3IMIMPIOETHCS, LILJIBHO MPUIIATAE 10
KJIITUHHOT CTIHKA 1 po3Tarye ii. BHacmigok 1poro oOOJOHKAa NEPEXOauTh 10
HaIPY>KEHOI'0 CTaHy, 1110 HA3UBAETHCS TYPrOPOM.

B ymoBax pi3HOro oOBOJHEHHS CITIBBIIHOILIEHHS MIX yCiMa KOMIIOHEHTaMH 11bOT'0
pPIBHSIHHS 3MiHIO€TbCA. Ko KiiTMHA TOBHICTIO HAacM4eHa BOAOK (TOBHICTIO
TyprecuentHa), To: S = 0; a P=H.

B ymoBax TpuBaioro BOAHOTO MedIiNMUTy OUIBLIICTH KIITHH TyOUTHh Typrop i
pocnuHa B’siHe. B nux ymoBax H=0;a S =P.

SBume BTpaTH TYypropy KIITHHaMH MOXHa CIOCTEpIraTH EKCIEePUMEHTAIBHO,
3aHYpIOIOYM KYCOYKM TKAaHMHU B TINEPTOHIYHUN PO3UUH. Y 1[bOMY BHUIAAKY
B1IOYBA€ThCS BIJATIK BOJAMU 13 KIITHH, IO MPU3BOAUTH O 3MEHIIEHHS 00’ eMy
MPOTOIUIACTIB 1 X BIAMIICHHS BIJ KIITUHHUX CTIHOK. BinmOyBaeThcs miia3mouris.
KiiTuHy B TakOMy CTaH1 Ha3UBAIOTh MIA3MOII308AHOIO.

B ymoBax pi3koi BTpaTu BOJM Y MOJIOAMX TKAHUHAX MOXKE BIIOYBaTHUCS CTUCKAHHS
KJIITHH 1 TKaHUH Oe3 mia3modizy. Le siBuille Ha3uBa€eThCS HUTOPIZOM.

Kpim ocMoTuuyHoro cdakropa, MNOTJIWHAHHS LUTOIIA3MOI BOJAM MOXe OyTu
IIOB’s3aHe 3 TiJipaTalicro OIKIB Ta IHITUX 010KO0JIOi/IB.

BenuunHa OCMOTHYHOIO MOTEHIIady HEOJHAKOBA Y PI3HMX BHUJIB POCIUH 1 Y
PI3HMX YacTHHAX OJHIE] i Ti€l K pOoCHHHH. [CHye BEpTUKAIBHHUI TPali€HT OCMOTHYHOT
KOHIICHTpAIlli Ta CUCHOI CHJIM BiJ] KOPEHIB J0 JUCTKIB. lle BaxmmBO N7si mepecyBaHHS

PicTt i po3BUTOK poCcnuH



49

BOAM 1 PO3UMHEHUX Y HIA pi3HUX peuoBUH. OCMOTHYHHI THCK 3YMOBIIOE TYPrOpHI
SIBUIIA, PICT, pyX POCIUH 1 T. 1. BiH 3MIHIOETBCS B Mpolieci XUTTeAISILHOCTI. [le Mae
BaKJIMBE MTPUCTOCYBAJIbHE 3HAYCHHS.

e MEXAHI3ZMHU TPAHCIIOPTY BOJHA B POCJINMHI

HazeMHi pociaunu 31aTHI CTBOpIOBaTH Oe3MepepBHUM BUCXITHUN MOTIK BoaH. BiH
MIITPUMYETHCS HU3KOK MEXaHI3MiB, IO 3a0e3MeuyroTh BOJ0OOMIH pocivH. Boanmid
00MiH Y POCJIMH CKJIAIAETHCA 3 TPHOX €TAIlIB:

1) DOTJIMHAHHS BOJIU KOPCHSIMH,;

2) nepecyBaHHs 1i 10 CyAMHAX;

3) TpaHcmipailisi (BUIapOBYBAaHHS BOJU JINCTKAMH).

KOPEHEBA CHUCTEMA K OPI'AH ITOI'JIMHAHHA BOAU

Cran BOAHU B IPYHTI

PoclvHa TOIIMHAE BOLY KOPEHEBOI CHCTEMOIO 3 IPYHTY. IpyHT — Gararodasue
TiJI0, SIK€ CKJIAJIA€ThCA 3 YOTUPHOX OCHOBHUX KOMIIOHECHTIB: TBEPIUX MiHEPAIbHHUX
PEYOBHH, TYMYCY, IPYHTOBOTO PO3YMHY 1 IPYHTOBOTO MOBITPsA. Yacmuwua rpyHmogoi
600U € HedocmynHowo Onsa pociut. Ii we nazusaromuv 36'a3amoio 600oi. ILle Ximiuno
38's13aHa  6o0a, 600a OpIOHUX KaniiApis, 36'A3aHa  culikamamu, 2HUHUCTIUMU
Minepanamu, 2ymycom (konoiou). Bony y rpyHTI yTpUMYIOTh CHJIH, K1 JIIOTh HA MEXI1
po3noauty pi3Hux ¢a3. ICHyI0Th pi3HI TEPMIHM IJIs1 TIO3HAYEHHS JOCTYITHOCTI IPYHTOBO1
Bosioru. Ilonvoea 601020€mHuicmb TI0O3HAYAE MAKCUMAJIbHY HACUYEHICTh IPYHTY, KOJHU
HUBXIJTHUA PyX BOAM TMPUIIUHSIETHCI. Boaozicme cmiiiko2o 6°’AHeHHA CIYXUTh
MOKa3HUKOM MiHIMaJbHUX PO3MIPIB TAKOTO 3amacy, Mpu sIKOMY POCIUHU 3aJTHIIAIOTHCS
31B’SUTMMHU JIO THX Tip, TIOKH JI0 IPYHTY HE HaJliii]1e BOJA.

[lin 0docmynnoro ons pociun tpyHMOB0 807102010 POIYMIETHCS Ta KUIBKICTh BOJIH,
KA HarpoOMaJKYE€ThCsl B TPYHTI BiJl PIBHSI BOJOTOCTI CTIMKOTO B’SHEHHS 10 TOJBOBOT
BOJIOTOEMHOCTI.

BynoBa xopens

Bci oco6mmBocTi Mopdosorii M aHaTOMii KOpPEHs MOB’si3aHi 3 HEOOXIHICTIO
NOMIMHATH BOAY 1 MiHEpaibHI PEYOBUHU 3 TPYHTY.

YactuHa KOpeHs, sfKa pocTe, 3a3BUYail, HE MepeBUUlye | cM B JIOBXHUHY I
cKimamaeTbes 3 mepucmemu ((1-2 MM) 13 KopeneguM YOXAUKOM Ta 30HU POZMALYBAHHSL.

OcHOBHUMH (PYHKIIISIMU KOPEHEBOTO YOXJIMKA €:

a) 3aXUCT MEPUCTEMU;

0) MoJIermeHHs TPOCYBAaHHA B IPYHTI IUIIXOM BHUJILJICHHS MOJICAXapUIHOTO CIU3Y
CEKPETYIOUMMU KIITHHAMU;

B) CIHPUUHATTA TEOTPOMIYHOTO CTUMYJY KIITHHAMH CTAaTOIUTAaMU (MICTSTh
CTaTOJIITH) 1 3a0e3MeueHHs MPaBUILHOT OPIE€HTAIllT KOPEHIB y MPOCTOPI.

Knituan MepucTteMu MOCTIMHO AUIATHCS, KOKHA KIIITHHA — 6-7 pasis, 1 3pa3y K
MOYMHAETHCS iX gudepeHmiamiga. [licns npunuHEHHS TMOAUTY KIITHHU KOPEHS
MEePEXONIsITh JI0 30HU pO3MACY8AHHA, JI€ 3aKiH4YyeThcs audepeniiaiis daoeMu i
(bopMyIOThCS €IeMEeHTH TpoToKcuiieMu. Judepenuiaiiisi TKaHUH KOPEHs 3aBepILIy€EThCS
B 30HI KOpeHesux 60710cKi6. TyT 3aKiHUYe€TbCS YTBOPEHHS TOJIOBHUX TKAHWH KOPEHS:
PHU30JEPMH, IEPBUHHOI KOPH, CHIOJICPMH 1 CUCTEMHU TKAHWH IIEHTPATLHOTO IMITIHJIPA.
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Puzooepma — onHomapoBa TKaHUHA, SIKa TIOKPUBA€E KOPiHb 330BHI. B onHUX BHIIB
POCIIMH KOKHA KJIITUHA PU3OJEPMH Ma€ MOTEHIINHY 3/1aTHICTh YTBOPIOBATH KOPEHEBI
BOJIOCKH; B IHIIUX BOHA CKJIAIA€TbCS 13 JBOX THINB KJIITHH: TPUXOOJACTIB, fKI
YTBOPIOIOTh KOPEHEB1 BOJIOCKU, 1 arpuxobmactiB. OCHOBHA (YHKIIS PU3OJAEPMH —
NOTJIMHAHHS BOJM 1 MIHEpaJbHUX PEUYOBHUH. 3 BIKOM pHU30JIepMa 3aMIHIOETHCS
exk300epmoio 1 nepudepmoiro (KOPKOBOK TKAHUHOIO). Y JCSKHMX POCIMH BOHA
30epira€eThCsi, 3MIHIOIOUU CTPYKTYpy. Y TpaB’sIHUX POCIHH KOpd KOpeHs 3BUYANHO
CKJIQIa€ThCS 3 JIEKUIBKOX IIapiB JKUBUX MApPEHXIMHUX KIITHH, PO3MIMICHUX MIXK
PHU30IEPMOIO Ta eHdodepmoro. EHonepma Mexye 13 meHTpaabHuM InHApoM. CTIHKA
il KJIITHH MICTSTH JITHIH Ta CyOepHH 1 HEMPOHUKHI uia BoAu. Yepe3 1eil map Boga
PYXa€EThCS JTUIIIE [0 CUMILIACTY.

Jlo yenmpanvbhoeo yuninOpa HAEKUTh KOMIUIEKC TKAaHWUH: nepuyuxi, ¢roema u
kcunema. KmTMHU nepuyuxny — 1€ 30BHINIHINA opHOUIapoBuil map (oOkIaaka,
o0ropTka) MLEHTPAJIbHOTO IIJIIHIpPAa 1 PO3MINIYIOTbCS MiA eHaoAepmoro. Bonu
PEryJIOI0Th TPAHCIIOPT PEUOBUMH 10 KcujeMu 1 QuoemMu. Kpim TOro, BHUKOHYIOTH
(GyHKIIIIO TBIPHOI TKAHUHHU — MPOJAYKYIOTh O14HI KOPEHi, a y JBOJOJIBbHUX — (DOPMYIOThH
KaMmOiil 1 MpOMEHEBY MapEeHXIMY.

Y 30HI KOPEHEBUX BOJOCKIB Kcujlema TPEACTaBIeHAa METAaKCHWIEMOw. Y
roJIOHaCIHHUX (QYHKIIIO TPaHCHIOPTY BHUKOHYIOTH Tpaxeimu — goBri (0,1-12 cm)
TOCTPOKOHEYHI KIITHHH, K1 3’ €JHYIOTHCSI OKaWMOBaHUMHU (0OJIIMOBAHUMH ) TIOPAMHU.

VY TOKPHUTOHACIHHHUX TIEPEeBAKAIOTh CYJIWHU — MOPOKHUCTI TPYOKH 13 KIIITHHHHUX
cTiHok (0,1-2 m). CynMHM KCHJIEMH KOHTaKTYIOTb MK COOOI0 1 3 HMapeHXIMHUMH
KIIITHHAMH Yepe3 okaiiMoBaHi mopu. Mik HUMU HeMae Tuia3mozecM. Boaa 1 po3unHeHi
PEYOBMHHM 3 TAPCHXIMHUX KIITHH AUQPYHIYIOTH 10 TOPOKHUHUA CYIWHH dYepe3
MEPBUHHY KJIITUHHY CTIHKY.

PicT i pyxoBa aKkTHMBHICTH KOpPEHs

1106 BuKOHYBaTH CBOi (PYHKIIIT, KOPIHb Ma€ 3/1aTHICTh OPIEHTYBATHUCS B MPOCTOPI 1
pearyBaTh Ha TPaJi€HTH O KUTTEBO HEOOXITHUMX (aKTOpiB, a TaKOXK CTBOPIOE
MaKCUMaJIbHY MOBEPXHIO KOHTAKTY 3 IPYHTOM.

Ilpopocmarouu, xopine opiecnmyemovcs 6 epasimayitinomy noai (Y. Hapsin, H.
Xonomguuit). Jlis #oro chnpuiiMaeTbes crarodiTamMu. JUcTampHUN KiHEIb KOpEHS,
KOTpUI poOCTe, AyXKEe YyTJIMBUN 1O MEXaHIYHOTO THCKY 1 MPOHUKAE JUIIE B IMyXKI
TUISTHKA  TpyHTy. Pi3HME BmicT Ta pizHa Jokamizamisi ABK  mpusBogsate 1o
LIJIECOPSIMOBAHUX BHUTHMHIB KOPEHsS 1 PI3HOI HIBUAKOCTI Horo pocty. PyXx KiHUMKa
KOpEHS MOJIETIIY€E KOPEHEBUI YOXJIHK. BiH Mep10AMYHO OCIU3ZHIOETHCS 1 3TYIYETHCS.

V' nocywnueuti nepiod xopinb nouuHae peazysamu Hacamnepeo Ha 2padieHm
sonococmi (FO. Cakc), a BXe OTIM — Ha TpaBiTalllifHe MoJIe.

[Ipu HecTaui BOAM pi3KO 30UIBLIYETHCS MOBEPXHS TMOTJIMHAHHS 32 PaxXyHOK
IHTEHCUBHOI'O POCTY KOPEHEBHUX BOJIOCKIB. 30HA KOPEHEBUX BOJIOCKIB MEPEMIIYETHCS B
I'PYHTI 32 AUCTAJIBHOIO 30HOIO.

IHoranHaHHA BOAM KOPeHeM Ta 1i paaiaJibHUM TPAHCIOPT

HaliiHTeHCHBHIIIIE BOJAa TMOTJIMHAETHCS B 30HAX PO3TIATYBAHHS Ta KOPEHEBHX
BoiockiB. OcHOBHa (DYyHKIIISI KOPEHEBUX BOJIOCKIB — 30UIBIIIEHHS BCUCHOI HOBerHi
Yor1upumicsauHa pociarHa KUTa Hamqye Onu3bKO 14 MIIH. KOPIHIIB (Spopepxni = 230 M)
13 14 MupA. KOpEeHEBUX BOJOCKIB (Spopepxni = 400 M) Bcucna nosepxusa xopenegoi
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cucmemu 8 0ecAmKU pasie Oiibuia 8i0 niowi HA03emMHoi yacmuHu, oe 8i00)8aemuvCsl
mpancnipayis.

['pagieHT OCMOTHYHHUX TUCKIB IPYHTOBOTO PO3UYHMHY Ta BAKYOJISIPHOTO COKY KJIITHH
KOpEHs BU3HAYA€ HAIPSIM MTOTOKY BOJM 13 IPYHTY A0 pociuHu. [Ipu nboMy Boaa 3aBKIU
HAJXOJIUTh B HAIIPSAMI OUTBI BiJI’€MHOTO BOJHOTO MOTEHIlaTy, TOOTO Bij TI€T CUCTEMHU,
ne il eHepris OuIbINa; TyAu, Ae ii eHepris meHmia. KopeHi BCMOKTYIOTh BOJY BCIEIO
MOBEPXHEI0, OJIHAK BUINE BiJI KOPEHEBUX BOJOCKIB IIBUAKICTH 1i MOTJIMHAHHS PI3KO
3MEHIIY€ETHCS B PE3YIbTaTI CKOPKOBIHHS KITITHH.

Y CMOKTYIOUHCh pH30/1epMOI0_(€MiIepMOI0), BOAA MPOXOAWTHh Yepe3 MapeHXiMHI
KJIITHHA KOPW JBOMA MNUIAXaMu (M0 CHUMILIACTY 1 IO amomiacTy) BilOBiAHO 10
3aKOHIB_0CMOCY (32 IpajJiEHTOM BOJAHOr0 MoTeHuiaxy). [Ilpu mpoMy mo KIITHHHHX
CTIHKaX TPAHCIIOPT BOJU BiIOYBAETHCS 3HAYHO IIBUIIIIC.

3roioM Ha piBHI €HJOJEPMH 4Yepe3 HASBHICTh HEMPOHUKHUX JAJISi BOAM TOSICKIB
Kacnmapi  mBuakuii  anomiacCTUYHUN ~ TPAHCIOPT  3MIHIOETHCA  TOBUIBHUM
cuMIIacTUIHUM. [{poro He BiIOyBa€ETHCS B 30HAX POCTY, J€ 1€ HE CPOPMOBaHI MOACKU
Kacnapi, 1 B giisiHKax 3akjiajgku O1YHUX KOPEHIB, 1€ €HAoJepMa nepepuBaeTbes. [ami
Ha NUISIXY J0 CYANH KCUJIEMHU Yepe3 MEePUIMKI pyX BOJM HATpaIUIsie Ha HE3HAYHUN OMip
1, ’IMOBIpHO, 3/IIMCHIOETHCS ANIOTUIACTUYHUM HIISIXOM.

Takum 4MHOM, KOpEHEBa CHUCTEMa 3/1aTHA aKTUBHO MEPEeCyBaTH BOJY B KIIITHHAX
KOpEHSI B MEBHOMY HaIpsiMi — Kpi3b KOPEHEB1 BOJIOCKH, KIITUHUA KOPOBOI MapEHXIMHU,
EHI0ICPMY, TIEPHUITUKII 10 CyIMH KCHJIIEMH OChOBOTO ITMITIHApPA KOPCHS.

KOPEHEBUI TUCK

MexaHi3MH KOPEHEBOI0 THCKY

Boma 3 T1pyHTY 10 KIITUH pPHU3OJAEPMH HAIAXOIAUTh B Pe3yJbTaTl PI3HUIN
OCMOTHUYHHUX THUCKIB MIDX KJIITUHAMU KOPEHEBUX BOJIOCKIB Ta I'PYHTOBUM PO3UYHMHOM.
Boga pyxaeTbcs DacMBHO B HAmpsIMKY OLIbIIOI KOHUEHTpAlli OCMOTUYHO AKTUBHHUX
pEYOBUH (COJIi, IYKPU TOIIO), TOOTO, B HAMPSIMKY MEHILIOTO BOJHOTO MOTeHiany. Jis
TOro, MO0 BoAa MepemilllyBajacs A0 KIITHH PU30JIEPMHU, a HE HaBIAKH, Y KIITUHAX
KOPEHEBUX BOJIOCKIB KOHIIEHTpALlsi OCMOTHUYHO aKTUBHUX pEYOBMH (a TOMY 1
OCMOTUYHUN TUCK) MOBMHHA OYTH OUIBIIOIO BiJ KOHIIEHTPALli OCMOTUYHO aKTHBHHX
PEYOBHH I'PYHTOBOTO PO3YMHY. Y MPOTHIEKHOMY BHUIIAJIKY BOJA 3 KIITUH KOpEHs OyJe
BIJITIKATH JI0 TPYHTY.

€ nexiypbKka MEXaHi3MIB MIATPUMAHHSI OCMOTHYHOTO THUCKY 1 CHUCHOI CHJIM KJIITHH
KOpEHS Ha HalleXHOMY pPiBHI. OJMH 13 HUX — II€ MISUTbHICTh 10HHUX MOMII TIa3MajieMu
KOpPEHEBUX BOJIOCKIB. BoHU mpaifioroTh 3a paxyHok eHeprii AT® 1 mepeHocaTh 10HU 3
IPYHTOBOTO PO3YMHY Kpi3h MEMOpaHy [0 HUTOIUIa3MU. TaKMM YUHOM Yy KIIITHHAX
CTBOPIOETHCS O1IbIIIa KOHLIEHTPALIIS COJIEH, HIXK Y TPYHTOBOMY PO3UHHI.

Bucokuii 0CMOTHYHMIA THUCK 1 CHCHA CUJIa KJIIITHH KOPEHS MOXE MIATPUMYBATHUCS 1
B pe3yJbTaTi HAAXOKEHHS CIOJU IIyKPIB, OPraHIYHUX KUCIIOT TOIIIO.

Jlo cyauH KcujeMu BOAa TaKOXK HAIXOJUTh 3aBIASKM OCMOTHYHMM siBUlaMm. Lle
MIATBEPIKEHO  eKCIepUMEHTanbHO. OCMOTHYHO-aKTUBHUMHU PpPEYOBUHAMHU  CYIUH
CIIy’KaTh MIHEpaJIbHI PEYOBUHMU W META0ONITH, 10 BUAULIIOTHCS aKTUBHUMU 10HHUMHU
MIOMITaMH TJIa3MajieM MapeHXIMHUX KIIITHH, K1 OTOUYIOTh CyIuHU. Lle cTBOpro€ CUCHY
CUIy Oulbllly, HIXK B OTOUYIOUUX KJIITHHAX, 1 COpHsIE TPAHCHOPTY BOJAMU O KCHIIEMH.
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KpiM Toro, y KJIITUHHUX CTIHKaX KCHUJIEMHU BIICYTHs MPOTHisL, 60 BOHU JirHi(ikoBaHi i
HE eJIaCTHYHI.

VY KOpeHI OJJHOYAaCHO MOXYTh (DYHKIIIOHYBaTH JiBa HACOCH: CYKYIHICTh 10HHHX
IOMIT IJIa3MaJieM KOPEHEBHMX BOJIOCKIB Ta CYKYIHICTh IOHHHMX IIOMII ILUIa3MajieM
MapeHXIMHHUX KIITHH KCHJIEMHU.

TakuM 4YHMHOM, Y pE3VYJbTaTl aKTHMBHOI POOOTH 10HHMX HACOCIB Y KOpEHI Ta
OCMOTHYHOIO HAJIXOJDKCHHS BOJAM JI0 CYAMH KCWIEMH B HHX YTBOPIOEThCS
riApOCTATHYHUN THCK, HAa3BaHUNA KOPEHEeBMM THCKOM. BiH 3a0e3neuye OUTHITTS
KCHJICMHOT'O PO3YMHY II0 CYAMHAX 13 KOPEHS JO0 HAA3eMHUX YacTUH. YBech Iei
MEXaHI3M Ha3MBAIOTh HUMNCHIM KiHUesum 0u2yHom. J1is WOro IisUIbHOCTI HEOOXigHA
enepris. JxepenoM eHeprii ciry>kath IPOAYKTH (POTOCHHTE3Y (BYTIIEBOAM). 32 paxXyHOK
iXHPOTO OKHCHEHHS B Tipoueci nauxaHHs yTBOproeTbcst AT®. Enepris AT
BUTPAYAETHCSI HA CTBOPEHHS MEBHOI KOHIIEHTPAIll OCMOTUYHO aKTHBHUX PEYOBUH, SKa
MOBHMHHA OYTH BHUIIOKO BiJ] KOHIICHTPAIll OCMOTHYHO aKTHBHUX PEYOBHH I'PYHTOBOIO
PO3YHHY 1 3pOCTaTH BiJI KJIITHH KOPEHEBUX BOJIOCKIB JIO CYJIMH KCHUJIEMH.

Ilnay pocaun. I'ymayia. Tlpuxnan MisUTbHOCTI HHXKHBOTO KIHIIEBOTO JBUTYHA —
a4 pociuH. Ha moyaTky BECHM MOKHA CIIOCTEpIraTH IHTEHCUBHUM TIK PIAMHH 3HHU3Y
BBEPX uepe3 MOIIKOJKEHHS CTOBOYpIB UM TUIOK. Y LEed NepioJi KOPEHEBUH THUCK B
OCHOB1 cTOBOypa Moxke csaratd 10 arMm. Ilpu BumaneHHi cToBOypa cCrHoCTepiraroTh
TpUBaJe BUIJIEHHS KCHJIEMHOTO COKy (macoku). [IpunanHaBIM Ha MEHbOK MaHOMETP,
MO>KHa BUMIPSITH KOPEHEBUHN THCK.

[HIIMM npuKIaoM poOOTH HMKHBOTO KIHIIEBOTO JIBUTYHA € TyTalis. B pe3ynbrari
HOTO MIAJBHOCTI MAacOKa HArHITA€ThCS B MArOHU 1 MPU BUCOKIM BOJIOTOCTI MOBITPS Ha
KIHIISIX JIMCTKIB BUJUISIFOTHCSI KPAIITMHU BOJIOrd. OCOOIMBO 1€ SBUILE XapaKTEPHO AJIs
TPOIIYHUX POCIIHH.

TPAHCIIIPALIS [ BEPXHIN KIHIIEBUI ABUTYH

Tpancnipayis - 11e (i310JOTTYHUN MPOIEC BUMAPOBYBAHHS BOJM POCIUHAMH.
['onoBHUHN opraH TpaHcmipaiii - JucTok. TpaHcmipanis OyBae KyTHUKYJsipHA (Kpi3b
KYTUKYJTY), TPOAUXO0Ba (Kpi3b MPOAUXH) 1 JICHTUKYIJSIPHA (KP13h COUCBUYKH).

Pocnvan MaroTh BeNMKy JIMCTKOBY NMOBEpXHIO. BoHa nonermrye nornmuHands COo,
BJIOBJIFOBAHHSI CBITJIA 1 BUIIAPOBYBaHHs. BoJ/la BUNAPOBYETHCS Yepe3 MOBEPXHIO JIMUCTKIB
1 yepe3 npoauxu. B pe3ynbTaTi BTpaTv BOAM KJIITHHAMHU B HUX 3HWKYETHCS BOIHUU
HOTEHLIa]d, TOOTO 3pocTae cucHa cuia. lle Npu3BOAWTH 0 HOCUJICHHSI NOTJIMHAHHS
KJIITUHAMHM JINCTKA BOJY 13 KCHJIEMHMX >KUJIOK 1 PYXY BOJIM IO KCHJIEMi 3 KOPEHIB JI0
JUCTKIB.

Tak ytBoproethest éepxnuiit Kinyeeuit osuzyn (BKJI). Cuna BKJ] tum Oinbima, yum
aKTHUBHIIIA TPaHCHIpaIlis 1, TAKUM YHHOM, OLTbINIA CMCHA CWJa KITHH napenximu. Lle
3abe3neuye pyx Boaw BBepx mo pociuHi. BK]l moke mpaioBaTd mpu MOBHOMY
Bunydyenni HK/I. /[na tioco pobomu euxopucmogyemscsi e memaboniuna emepeis, a
eHepeisi 306HIUHBLO2O CepPedosUad — MeMnepamypa i pyx nogimpsi.

JIMCTOK fIK Opra TpaHcmipauii

31 crtebja BOJA PYXAEThCSA JO JIMCTKA YEpe3 YEpelioK Mo JKMIKaX. Y Mipy
PO3Taly’)KeHHS JKMJIOK KUIBKICTh MPOBIJHUX €JIEMEHTIB 3MEHIIYEThCSA 1 APIOHI KUJIKU
CKJIaJIal0ThCA 3 okpemMux Tpaxein. CiTka ix ayxe rycra. ¥ C4 pociauH HasiBHa OOKJIaaKa
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nyuykiB. Tpaxeimu 3akiHUyIOTbCS MDK KIITHHAMU Me30(iry. 330BHI OJHOIIAPOBHIA
eriJIepMIC 3 KyTHUKYJIO0 (2 9acOM BOJIOCKH M JIYCOYKHM) CTBOPIOIOTH Oap’ep Ha HULIXY
nepecyBaHHs BOJM.

Midie kniimunamu napeHximu niowja 6HYmMpIilHb0I NOGEPXHI TUCKA 3A36UYAL HA
nops0oKk  Oinbwia Gi0 1020 308HIWHLOI nosepxHi. Booa 6 MmidcKkiimuHHUKax
BUNAPOBYEMBCSL 3 YCIX BIOKPUMUX OLISAHOK Me30QiT).

Tpancmiparliist CKIaIaeThCA 3 2-X MPOIIECIB:

1) pyXy BOH MO KMJIKaX JIO KJIITUHHUX CTIHOK Me30(Qiy;

2) BUMApOBYBAHHS BOJIU B MDKKJIITUHHI MPOCTOPH 3 MOAANBIIOI AU(Y3i€0 uepe3
npoouxu abo BHUMAPOBYBAHHS BOAM 13 KIITHHHHUX CTIHOK B aTMoc(epy MUIIXOM
Kymukyasapuoi TpaHcmipauii. Boga pyxaeTbcs 10 MOBEpXOHb BUIAPOBYBAHHS IIO
KIITUHHUX CTIHKaX 3 MEHIIOK MPOTUIEI0, HIK IO CHUMIUIACTY. MOJIEKYIH BOIU
3aJIUIIAI0Th POCIHHY, TEPEMINIYIOUNCh (SIK 1 BCEPEAUHI POCIMHM) Y HAMpPIMKY OUIbII
HU3bKOTO BOJHOIO MOTEHINANY (KN TUM HI)KYMNA, YUM MEHIIIA BIJHOCHA BOJIOTICTB).

Buan tpancminamii

IlIpoouxosea mpancnipayia. IIpoguxu - TOJIOBHUHN MPOBIIHUMA IUISX JJIS BOASHOT
napu, CO; 1 O,. KigbKicTh X Ta pO3MIIIEHHS Pi3HE Y PI3HUX POCIUH. Y CEPEIHbOMY
KUTBKICTh TIPoIuXiB KonmuBaeThbes Bia 50 1o 500 Ha 1 MM, Tpancniparttis uepes IpoIuxu
MIPOXOJIUTH MaiKe 3 TaKOIO MIBUKICTIO, SIK 13 MOBEPXH1 YUCTOI BOJAM (3T1IHO 3 3aKOHOM
Credana: mMBUAKICTh TpAaHCHIpALlli 3aJ€KUTh BiJ JllaMeTpa OTBOPIB).

Kymuxynapna mpancnipayia. [HTEHCUBHICTb KyTHKYJIIPHOI TpaHCHIpalli CUIBHO
BIIPI3HAETHCS y PI3HMX BUAIB: BiJ He3HauHux BTpar 10 50%. Buam xBoitHuUX 1
MarHoJli€BUX MarOTh TOBCTHH IIap KYTHUKYJIM 1 BTpayarOTh HE3HAYHY KUIBKICTH BOJU
yepe3 emiaepMmic. Y MOJOAUX JIMCTKIB 13 TOHEHBKOK KYTHKYJIOK KYTHKYJISIpHA
TpaHCHipalisi CTAaHOBUThH MOJIOBUHY BCI€i TpaHcHipamii. Y 3punx JUCTKIB - jumie 1/10
4. 3arajibHO1 TPAaHCIIpaIlii.

Jlesska 4YacTWHA BOJM BTPAYAEThCS Yepe3 OpPYHBKH 1 PENpPOAYKTHBHI OpPraHU.
[HKONMM 11 BTpaTH MOXYTh OyTH Ny)K€ 3HAYHMMH (KOIIMKW COHAIIHHKA, KOPOOOUKHU
MaKy, TUIOU Tepiro). B pesynbrari TpaHcmipalii Tamy30K y 3WMOBHI 4Yac 4YacTo
BUHUKAE BOJHUM IEDIIUT 1 POCIIMHU TUHYTh Yepe3 3HEBOTHECHHH.

Pezynayia npoouxoeoi mpancnipayii. BinkpuBaHHS TIPOJMXIB PETYIIOETHCS
JEKUTbKOMAa B3a€EMOIIIOUUMH MEXaHI3MaMU. Pyutitinoro cunoi 3mMiHU WUPUHU WITUHU €
3MIHA MYp2opy 3AMUKAILHUX KaimuH. Y Mipy TOTO, SK 3aMHUKaJIbHA KJIITUHA MPOIUXY
OCMOTHUYHO TIOTJIMHAE€ BOJy, BOHA BUTHMHAETHCS IMIBKOJOM 1 MIIJIMHA 30LIBIIYETHCA.
@dakTopH 30BHIIIHBOTO i BHYTPIIIHBOTO CEPENOBHUILA BILUIMBAIOTH Ha L€ mporec. I3
30BHIIIHIX (DAKTOpIB Ha pyX MPOAMXIB HaOUIbILIE BIUIMBAIOTH 80.102iCMb NOGIMps W
VYMOBU B00ONOCMAYAHHS, CBIMJI0 W memnepamypa; a 13 BHYTPIIIHIX - napyianvHutl muck
CO, y cucremi MIKKIITUHHUKIB, cmaH 2iopamayii pociuH, I[OHHUU Oanauc 1
Gimozopmonu, 13 SIKAX IHUTOKIHIH CHOpPUSE BIIKPUBAHHIO MPOJWXiB, a alOCIH30Ba
KHCJIOTa - 3aKpuBaHHIO. Ha cTaH mpoauxiB BIUIMBAIOTh 6iK JIUCTKIB 1 (haza PO3BUTKY
POCIIHH, a TAKOX eHO02eHHI 000081 pummu.

Jly*e CUIIbHUM BIUIMB Ha pyX MPOJUXIB MA€ CTYMiHb 3a0€3MeueHHs KIITHH BOJIOIO.
Po3pi3HAI0Th TiApOaKTUBHY ¥ TiAPOMACHBHY MPOAUXOBI peakiii. [idponacuene
3aKpu8aHHs TMPOJIUXIB MOB’S3aHE 31 CTUCKAIOUOIO JI€I0 CYCIAHIX KIITHH €miiepMicy B
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YMOBaX X MOBHOTO Typropy. ['iponacuBHe BiAKpUBaHHS BiIOYBa€ThCS MPU 3MEHIICHHI
I[OTO CTUCKYBaHHSI.

liopoakxmusne 3axkpusanHs TPOAUXIB BIAOYBAEThCSA, SK TUIBKH TpaHCIIpaIlis
NEPEBUIIUTH MOTJIMHAHHA BOAM KOPEHSMHU UM 3HWXKEHHS TYypropy B 3aMUKaJIbHUX
KJIITHHAX CATHE KPUTHYHOTO PiBHS. L5 peakiiis 3yMmoBiieHa 301IbIIICHHSIM KOHIICHTpAIIil
ABK vy tkanuHax nuctka. ABK mnpurniuye gisnericts H'-momnm Ha mnasmanemi
3aMHUKaJbHUX KIITHH, Y pe3yJbTaTi Typrop 3HMKYETHCS 1 TPOJUXH 3aKPUBAIOTHCS.

Ha BigMiHy Bif 1HIIUX KJITHH €MiAEPMICY, 3aMHUKAIOU1 KJIITHHH MICTITh XJIOPOQ1iI.
[Ipu no6pomy BomomocTayaHHI Ha CBITJII MPOAUXHU BIIKPUBAIOTHCS TUM LIUPIIE, YUM
O1sbIIa IHTEHCUBHICTD OCBITJIEHHS (Aif0unii pakTop - CUHE CBITIIO). DOTOCHHTE3 TaKOK
BIUTMBAE Ha pyX nponauxiB. [Ipy 1HTEHCMBHOMY YTBOpPEHHI1 BYIJIEBOJIB 3pPOCTa€ CHUCHA
CHJIa KJITHH 1 IPOJUXU BIAKPHUBAIOTHCS. 3BOPOTHI MEPETBOPEHHS KPOXMAIIO B IyKOP
TaKOX € CYTTEBUMH JJIsl 3MiH CUCHOI CHJIM Ta Typropy. BiakpuBaHHs mpoauxiB 3paHKy
YaCTKOBO 3yMOBJICHE CBITJIOM ((POTOAKTHUBHE BIKPUBAHHSA).

Cran npoauxis 3anexuts 1 Bi1 CO,. Skio konuentpauist CO, B nepearnpoauxoBii
nopoxHuHl HUx4a 0,03 %, Typrop 3aMHKadIbHUX KIITHH 30UIBIIYETHCS 1 MPOJIUXHU
BIIKpUBalOThCA. YacTKOBO 3 LMM IIOB’Si3aHE€ PAHKOBE BIJKPUBAaHHS NPOAMXIB
(3MeHnmyetbest KubkicTh CO; B pe3ynbrari oToCHHTE3Yy). BHOUI B MIKKITITUHHUKAX
koHueHtpaiiss CO, 301IbIIYyeThCSI BHACTIIOK JUXAHHS MIPU 3MEHIIECHH1 Y B1JCYTHOCTI
($OTOCUHTE3Y — TOMY NPOJIUXH 3aKPUBAIOTHCS.

VY cykyneHTiB 13 cnenu(piuHUM JO0OOBHM PUTMOM OOMIHY OpraHIYHHMX KHUCJIOT
MPOJANXH BIJKPUBAIOTHCS BHOYI, KOiau mapiiaibHuii THCK CO; B MDKKJIITUHHUKAX
3MEHIIY€ETHCSA B PE3yJbTaTi IHTEHCUBHOTO YTBOPEHHS MajlaTy 1 3aKpUBAIOTHCS BICHD,
KOJIM NP AeKapOOKCHIIIOBaHHI MasiaTy BUBUIbHAEThCS CO,. TakuM 4MHOM, y perysisiii
(YHKII1OHAJIBHOT aKTUBHOCTI MPOJUXIB OEpyTh y4yacTh 0e3miy (hakTopiB yepe3 mpsami 1
3BOPOTHI 3B’sI3KU. B pe3ynbpTari 0JHOYACHOI Mii 1UX 3B’S3KIB BIJ0YBAIOThCS HE3HAUHI
OCITMJIAIIIT BIAKPUTOCTI ITPOIHMXIB.

/1000Bi KOJIMBaAHHS TPAHCHIpaNil

Y nepeB, TIHEBUTPUBAIMX POCIWH, Oararbox 3jJaKkiB 1 T.J. 3 JOCKOHAJIOIO
PETYIAII€I0 MPOJUXOBOI TpaHcHiparii (roMOWOTIAPUYHI POCIMHHN) BUIIAPOBYBAHHS
BOJIM CSiTa€ MaKCUMyMY JI0 BCTaHOBJICHHSI MaKCHMAaJIbHOI JIEHHOI TemrepaTypu. Jlami
TpaHCHipallisi 3HIWKYEThCS 1 3HOBY MOKE 30LIBITYBaTHCS B TIE€pEIBEUHIpHI TOJWHHU.
Takwmii xig TpaHcmipallii CIPHYMHIOE HE3HAYHI JOOOBI 3MIHM OCMOTHYHOTO THCKY 1
BMICTY BOJIM B JIMCTKax. Y BHJIIB, 3JaTHUX MEPEHOCUTH PI3KI 3MIHM BMICTY BOJH B
KJIITUHAX TPOTArOM JA00M (T1ApojabiibHI BHUAM), CIOCTEPIraeTbcs JTOOOBHM  X1J
TpaHcHipalii 3 OJHUM MAaKCUMYMOM Yy TOJIyieHb. B 000X BUMagkax yHOUl TpaHCHIpamis
MiHIMaJIbHA.

Tpancmipartiisi 3yMOBIIO€ TIEPECYBaHHS MO POCIMHI BEIUYE3HOI KIIBKOCTI BOJH 1
Ma€ MPUCTOCYBAIIbHE 3HAYEHHS, 1110 TICHO TOB’S3aHE HE JIMIIE 3 BOJOOOMIHOM, a U 3
IHIMMMU ~ METa0OJIYHUMU  TIpoIecaMu, 30KpeMa  (OTOCHHTE30M, JAUXaHHSM,
MiHEpaJIbHUM KUBJICHHAM. TOMY B pa3i JOCTIIKEHHSI BOJHOTO PEXKUMY PI3HUX POCITUH
HaJ[3BUYallHO Ba)XJIMBE 3HAUCHHS Ma€ BHBUYCHHS TaKMX BEIMYMH TpaHCHiparli, Sk ii
IHTEHCUBHICTb, IPOYKTUBHICTH TOLIO.
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Iumencusnicms mpancnipayii — 11¢ BEIMYUHA, 10 MOKA3YeE, Ky KUIbKICTb BOAH Y
rpaMax BUIAPOBYE POCIHMHA 33 OJHY TOAMHY Ha ofuHHINO S (ymeb — 15-250 r/m® 3a
roj.; BHO4l — 1-20 /Mm% 3a roJ.).

LlIpoodykmuenicms _mpancnipayii — 11€ BEIWYWHA, 10 BU3HAYA€ KUIBKICTh IpaMiB
Cyxoi pe4uoBUHH, siKa YTBOProeThes pu BTpati 1000 r Boau (=1-8 r va 1000 r BoaM).

Tpancnipayitinuii koeiyichm — 11€ KIJIBKICTh TpaMiB BOJIH, SKa BUTPAYAEThCS HA
YTBOPEHHS 0JJHOTO rpaMa cyxoi pedoBuHu (=120-150 r Ha 1 T cyXoi peyoBUHH).

3BiZICM MOXKHA 3pOOWTH BHCHOBOK, II0 HA CHHTe3 BUTpadaeTbest Juine 0,2 %
H,0; pemita — Ha TpaHcmipauiro.

PYX BOJIM 110 CYIUHHIN CUCTEMI

Bucxionuii mix 600u 30iliCHIOEMbCS OCHOBHUM YUHOM NO Kcuiemi — PO3MOIIIbHIHN
CUCTEMI, fKa MOCTaya€ BCl TKAHWHU W OpraHud pOCIUMHU BOjAOK. Sk 3ramyBainocs,
Kcuiema (OpMY€EThCS 3 MPOoKaMOiadbHUX KIITHH KOPEHsS Ta cTedia, CloYyaTKy MICTUTh
LUTOIUIa3My, @ B 3pUJIOMY CTaHl — JIMIIE 3/1€peB’HUII KITUHHI cTiHKU. 1-10 % Bomum
BHUCXIJTHOTO TOKY WJI€ HO KIIMUHHUX CMIHKAX HCUBUX KAIMUH 1 TAKOX MIATPUMYETHCS
IpaJieHTOM BOJHOTO MOTEHIliady, CTBOPEHOro TpaHcmipailieo. OJHOYaCHO 3 PyXOM
BOJIM BBEPX B1I0YyBaeThcsa OOMIH MOJIEKyJaMU BOAM 13 yciMa KIITHHaMu cTebina. [cHye
JIEKUIbKA TEOPiH, sIKI MOSICHIOIOTh MEXaH13M BUCX1JIHOTO MTOTOKY BOJIH.

Teopis 3uensieHHsI

PyniiiiHo0 CHJIOI0 BUCXIJIHOTO TOKY BOJW B TPOBITHUX €JIEMEHTaX KCHJIEMH €
rPANIEHT BOJHOI0 NOTEHWIiaJy Yepe3 POCIAMHY BII IPYHTY 110 arMocdepu. Bin
MIITPUMYETHCS:

1) epadienmom ocmomuunoeo nomenyianiy B KIITHHAX KOPEHs (Bl IPYHTY JIO
CYIMH KCUJIEMH) Y PE3YJIbTaTl aKTUBHOTO TPAHCIIOPTY 10HIB )KUBUMHU KITITUHAMH |

2) mpancnipayicio.

[linTpuMaHHs NepHioro rpafieHTa noTpedye 3arpatu MeTaboaiyHOI eHeprii, Ha
TPAHCIIPAIiI0 BUKOPUCTOBYETLCS CHEPIisl COHSIYHOI pajliallii.

[Tepuie 3a0e3nevye MOTAMHAHHS BOJAW KOPEHEM; JIpYT€ — rOJIOBHA PYIIiiiHA cujia
BUCXIJIHOTO TOTOKY Bojau. Il cuna CTBOpIOE€ BENMKWMNA B’ €MHUN TPaji€eHT
TAPOCTATUYHOTO TUCKY B KCUJIEMI, IKUI peai3yeThCsl Yepe3 BUHUKHEHHS HATATY BOJU
B Cy/IMHAX.

3riiHoO 3 Teopiew 3uemaeHHsi (koresiiiHii Teopii, XIX ¢T.) Boga B KamiIIpHUX
TpyOKax CyIWH KCUJIEMU MiJHIMAETHCS BBEPX Y BIAMOBIAL Ha MPUCMOKTYBAIbHY IO
TpaHCHiparllii B pe3yJbTaTi Jii CHJI 34eTUICHHS (Ko2e3ii) MOJIEKYJT BOJIM OJ[HA 3 OJTHOIO Ta
Tl CWJI MpUiMTaHHs (aoeesii) CTOBMAa BOAM 10 TiApodiIbHUX CTIHOK cyauH. Lli cumm
TaKOX TMEPENIKO/PKAIOTh YTBOPEHHIO TMOPOKHUH 13 TIOBITPSIM, 3[aTHUX 3aKyMOPUTH
cynunu. [Ipu 3akynopit (em6onii) 3aBXKIU € JOCTATHS KUJIBKICTh IHTAKTHUX HUTOK BOJIU
B 1HmUX cyauHax. KpiM TOro, icCHye MeXaHi3M BIJHOBJICHHSI O€3MepepBHOCTI BOJHHUX
HUTOK. JloBeneHo, 1o omip BoAu po3puBy ctaHoBUTH 30 MIla. [lporo mocratumo, o0
3abe3neunTu miarom Boau Ha 120-130 meTpiB.

AGcCoII0THa MIBUAKICTh PYXY BOJM MO KCUJIEMI HEBEIHUKA: JUJIS JIUCTSIHUX MOPIA —
20 cm¥/rox Ha lem’; st xBOHHEX — Scm/rong Ha lom? (BUAKICTH PyXy KpOBI IO
aprepisx — 40-50 cm®/c). OnHAK TaKa MIBUAKICTH 3MEHIIYE OIIp PyXOBi BOMH.
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Boxoo0Min Mixk kcniaemoro i gpiioeMoro y pocJnH

3as0saKu 8UCXIOHOMY NOMOKY 800a i MIHEPAIbHI PeHOBUHU NOCMAYUAIOMbCS KOJNCHIU
KAIMUHI HA03eMHOI Yyacmunu pociuH. binvwa wacmuna 6oou eunapogyemscs, a MeHuia
(~ 0,2 %) suxopucmogyemuvcs HaA:

1) memaboniuni peaxyii;

2) niompumarnHs mypaopy KiimuH,

3) mpancnopm opeauiuHux pedosut no groemi.

CrpsimoBaHuit YHU3 (QJIOEMHHI MOTIK PO3YHHIB (POPMYETHCS B KIITHHAX Me30(iLITy
JUCTKIB, Ji€ 13 KJIITUHHUX CTIHOK MEepeXoAuTh y (proemHi 3akiHueHHS. Boxa 13 KIITUH
JUCTKA Ta 13 CYJIUH KCUJIEMH HAJIXOJUTH 10 (JIOEMU 32 OCMOTHYHUM TPAIEHTOM, SIKUH
BUHUKA€ B PE3yJbTaTl CKYMUEHHA B KIITHHAX (JIOEMHU IYKPIB Ta IHIIUX MPOAYKTIB
dbotocunTely. Husxigauii (uioeMHUN MOTIK MOCTadae KIITHHU KOPEHS OpraHIYHUMH
pedyoBMHAMU. 3aKiHYCHHS MyYKiB (IoeMH TYT 3HAXOIATHCA TOPSAA 3 €JIeMEHTaMH
KCUJIEMH, 1 BOJIa 3HOBY 3a OCMOTHYHUM TpaJI€HTOM HAAXOJUTh JI0 KCHJIeMH. Tak
B1/10yBa€THCsl OOMIH BOJIM B MPOBIAHIN CHUCTEMI.

3HaYeHHs BUCXIJTHOIO MOTOKY AJIsl POCJUH

1. BucxigHui MOTIK BiJi KOPEHEBOI CUCTEMH JI0 HAJA3E€MHHUX YACTHH CIIY>KHUTb
3ac000M TPaAHCHNOPTYBAaHHA 1 HAarpoOMajpKEHHS B HAJ3€MHUX OpraHax MIHEpaJTbHUX
PEYOBHH 1 XIMIYHUX CIOJIYK KOPEHSI.

2. BucxigHuil MOTIK 3aJ€XUTh B TpaHCHipallii, a TpaHCIipallis MoB’s3aHa 13
3aCBOEHHSIM JUOKCHJY BYIJICLIO, IO BHUKOPUCTOBYETbC Yy ¢otocunTesl. L[o6
orpumatu CQO,, pociMHa MYCHUTh BiAJaBaTh BOAY, a 3MeHmeHHs Btpar H,0
(3akpuBaHHs mnpoauxiB) 3MmeHlnye 1 mpuTik CO,. VY  cilbcbKOMy W JIICOBOMY
rocrojiapcTBax Jjs  OTPUMaHHS MAaKCUMaJIbHUX BpOXaiB  BaXJMBO  3HATHU
CHIBBIAHOLIEHHSI MK MPOAYKII€0 (POTOCUHTE3Y 1 BTPATaAMH BOJM y POCIHHI 3 METOIO
1X peryJroBaHHs.

3. Bucxigawmii mOTiK HEOOXITHWUW T HOPMAJLHOTO BOJOIOCTAYaHHS BCiX
KIITUH 1 miaTpuMmaHHs Typropy. IIpum Hectaul Bogu y KIIITHHAax BigOyBalOThCS
pi3HOMaHITHI MOpyIIeHHS. ToMy IJisi OTpUMaHHS BHCOKHX BPOXAaiB y MOCYIUIMBHUX
pailioHax He0OX1IHO PO3BUBATHU 3POIITYyBaJIbHE 3eMJIEPOOCTRBO.

4. Tpanchipallist € cltoco00M 3aXUCTY POCIIHMH BiJ] IEPETPIBY.

e OCOBJUBOCTI BOJHOITO OBMIHY ¥
POCJIMH PI3HUX EKOJIOT'TYHUX IT'PYII

[IpucrocyBaHHS POCIMH 10 PI3HUX YMOB BOJOIIOCTAYaHHS MO3HAYMIIOCS HA TXHIX
MOP(OIOTIYHUX, aHATOMO-(Pi310J0TIYHMX 1 O10XIMIYHUX OCOOJMBOCTSX. 3aJICKHO BiJ
€KOJIOTIYHOI Hilml, SKYy BOHHM 3aliMalOTh, CJiJ] BHAUIATH HAacamrmepe]l BOJHI POCITHHH
(rimpaTodiTH) Ta Ha3eMH.

I. Pocnunum, sK1 )KUBYTh y BOJl, PETYJIOIOTh MOCTIHHICTh CKJIaAy BHYTPIIIHBOTO
Cepe/IoBUIIla 3a JOMOMOTOI MEXaHI3MIB 3aXHUCTY BiJI HAJJIUIIKOBOTO TMOCTIHHOTO
HAJIXO/DKEHHS BOJIM, SIKY BOHU MOTJIMHAIOTH YCIEIO TOBEPXHEIO.

II. V HazeMHUX POCIHMH MEXaHI3MHU PEryJisiiii BOJHOro OallaHCy CHpsIMOBaHI Ha
3aXMCT BiJ] 3HAYHUX BTpAT BoJW. BOHM pi3HI Yy POCIHH PI3HUX EKOJOTIYHUX TPym. 3a
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3JTATHICTIO MIPUCTOCOBYBATH BOAHMI OOMIH 10 KOJMBaHb BOJOMOCTAYaHHS PO3PI3HAIOTH
JIB1 TPYIIH POCIIUH.

Pi3HOMaHITHICTH THUITIB BOJHOTO OOMIHY y POCJIHH (CXema):

Cait pociuH

1. Boani pocnuan I1. HazemHi
(rimparoditn) pPOCIMHU
1. [TepBuHHI 2. Bropunsi 3.Ilotikimo- 4.I"omotio-
(BomopocTi) (KBITKOBI): riIpUYHi ripuyHi
- rizatodiTH,
- T1IpodiTH

5. Tirpoditu 6. Mezoditu 7. Kcepoditu

3. llo#ikimorigpuyHi opraHizmMu (OakTepii, CHHBO-3€JIEHI BOJOPOCTI, 3€JeHI
BOJIOpOCTI MOpsiAKy Protococcales, rpubu, MuiailHUKY, 371aKU CYXUX CTEIIB, MHJIKOBI
3epHa Ta HACIHHS MOKPUTOHACIHHUX) MPUCTOCYBAIUCS IMEPEHOCUTH 3HAUYHY HECTady
BoAu 0Oe3 BTpAaTHU KUTTe3AATHOCTI. [IpyM 1LbOMY Yy HUX 3HUXKYETbCA IHTEHCHBHICTH
0OMiHY PEYOBHH. 3a XapaKTEPOM 3MiH YCiX MOKA3HHUKIB BOJIHOTO PEKUMY (OCMOTHYHHM
THUCK, THTEHCUBHICTh TpaHCHipallii, BMICT BOJ{) MPOTIroM H00M iX 3apaxoBYIOTh 0
2I0poabinbHUX POCIIVH.

4. 'oMoOMOT1IpUYHI POCIMHK (HAa3eMHI1 ManopoTeno/i0H1, TOJIOHACIHHI, KBITKOBI)
MarOTh TOHKI MEXaHI3MHU PETYIIAIIT MPOIUXOBOI Ta KYTUKYJISIPHOI TpaHCIIIpallli, a TAKOXK
JISTBHOCTI KOPEHEeBO1 CUCTEeMHU. B iXHIX KIITHHAX pO3BHHEHA BaKyOJIbHA CHUCTEMA, 1
BOHM HE 37aTHI JO 3BOPOTHOTO BHUCHXaHHA. [IOKa3HWKU BOJHOTO PEXKUMY
XapaKkTepU3yrTh 2iopocmabinvrutl TAML. 11 pocIMHN AUISITHCA Ha 3 €KOJIOT14HI TPYTIH.

5. Tirpoditu — TOHKONMUCTI TAMOPOTI, J€dAKl (lajJKkyd, KaJloKHULA Ta
1HIIl - POCIMHU BHUCOKOi BOJIOTM 1/a00 3aTiHEHHA. s HUX XapaKTepHO: BIAKPHUTI
MPOINXH, T1IATOIU ATl BUAAIICHHS BOJIU, TIOTAHO MIEPEHOCATh OyIb-IKY 3aCyXy.

6. Me3oditn — AUCTOBI AepeBa, JICOBI Ta JYyroBi TpaBH, OUIBIIICTH KyJIbTypHUX
POCJIMH 1 T. JI. — 3aliMalOTh MPOMIXKHE MICLE MIXK 5-010 1 7-00 IpyIaMH.

7. Kcepoditu — Mosouai, anoe, KakTyCH, OJWH, KOBUJIA Ta 1HII — MEPEBAKAIOTh Y
MICIIEBOCTSIX 13 CYXHUM JKapKUM KJIIMaTOM, T0Ope MPUCTOCOBaHI JI0 3aCyXHU.

e ODI3ZIOJIOI'TYHI OCHOBH 3POIITYBAJIBHOI'O
SEMJIEPOBCTBA

PicT i PO3BUTOK DOCIHUH V)K€ CHWIBHO 3aJIEKWTHh BiJl JOCTYIMHOCTI Boau. 1/3
MOBEpPXHI CYyIIl Ma€ HEAOCTaTHHO BOJIOTH; IMOJIOBUHA 3 HEI — BKpal IOCYILIUBA.
Hannumok Bonoru mpunanae jgutie Ha 9% cyii.

PicTt i po3BUTOK poCcnuH



58

Konu piuHi omaau nepeBUIIYIOTh pIYHE BUIIAPOBYBAHHS, TO HJIE MOBa TMPO
TYMiJHY 30HY; B MPOTHJIEKHOMY BUIIAJIKy — MPO apHAHY. 3eMJIepoOCTBO B apUIHUX
30HaX MO>KJIMBE JIUIIE MPU MITYYHOMY 3pOIIYyBaHHI.

I[TPOBJIEMA BOJIHOI'O I[E(DH_[I/ITV

Jlist BomHOTrO 0OanaHCy KOHKPETHOTO PErioHy BaXKJIMBa HE CTUIbKM a0COIOTHA
KUIBKICTh OMaJliB, CKUIBKM CIIBBIAHOILIEHHS ONaaAiB 1 BUNApPOBYBaHHS. Sk yxke
3rayBaocs, JIJIsl TPETHHH TIOBEPXHI CYIII XapaKTepHE SIBUIIC BOJAHOTO Ne(IUTy, KOJIU
BUITAPOBYBAaHHS TMEpeBaXkae Haja omajaamu (apuaHi 30HH). [Ipuyomy Oinblna yacTHHA
II€1 TUTOMII € BKpail MOCYIUIMBOIO 3 PIYHMMH OIMaJaMu MeHIne, Hixk 250 MM; Toal K
BumnapoByBaHHs carae 800 mm. HaiiGiipm paaukaibHUM 3ac000M 00pOTHOU 3 TOCYXOFO
B TaKUX CLICHKOIOCIOJAPCHKUX 30HAaX € IITy4YHE 3polleHHs. BoHo cTBOproe
ONTUMAaJIbHI YMOBHM BOJIOTOCTI B aKTMBHOMY IIapi I'PYHTY, CIpUsS€ PO3BUTKY OaraToi
Mikpoyopy Ta MiHepami3alli OpraHiyHOi pPEYOBUHM, IO 3HAYHO MIJIBUIILYE
MPOTYKTUBHICTh POCIIHH.

OcHo6010  3poutysanvHozo 3emaepodcmea € HAYKOGO  OOIPYHMOGAHUU
PAUIOHATbHUIL peXcuM ROJIUGY 3 YPAXYBAHHAM CUCHEMU MIHEPATbHO20 HCUGIEHHA
0715 8I0N0GIOHUX KYJIbMYD 6 KOHKPEemHIll [PYHM060-KaimamuyuHii 30Hi. JIoCUTh 4acTo
4yepe3 HENOMIKA B PO3paxyHKaXx HOPM IOJUBY BOJIa MPOHUKAE N0 TIMOOKHX IIapiB
IPYHTY, OaraTux COJSIMHU, PO3UYHMHSIE 1X, CIPUIMHIOIOYH ITiTHOM JI0 OPHOTO TOPU30HTY Ta
3acojieHHs. BHaci0K 1IbOT0 3HAYHI TUIONI POIOYUX 3€MENb BUBOASITHCS 3 000POTY.

HenocratHiil moauB Takoxx Mae HeOaxkaH1 HACTiAKU. PociuHM B yMOBax 3pOIIeHHS
PO3BHUBAIOTh 3HAYHY JIMCTKOBY IIOBEPXHIO, 1HTEHCHBHO TPaHCHIPYIOTh, aHATOMIYHA
CTPYKTypa iX HabyBa€ pHUC BOJIOTOJIOOHUX opraHi3miB. TpuBai nepiou Mixk OJIUBaAMU
0CO0JIMBO 3ryOHO JIIF0Th HA (P1310JI0TIYHY aKTUBHICTh POCIIUH 1 TPOTyKTUBHUM MPOIIEC.

JloBruii yac BBaXkaJid, 110 BOJIa JIOCTYITHA POCJIMHI, IMOKHU ii BMICT y IPYHTI HE
CATHYB KoedillieHTa CTIMKOro B’sHeHHA. JIo IbOro MOMEHTY BCl (Di310JI0T1UHI MPOIECH
MPOTIKAIOTh HOPMAaJbHO. 3r0JIOM BHUSBUJIOCH, IO HAaBITh HE3HAYHUM AEIIUT
MPU3BOJUTH 10 MOMITHUX 3MiH B OOMiHI PEYOBHH, a MICIs OAHOPA30BOI KOPOTKOI
MOCYXH BIH TaK 1 HE HOPMAaIi3y€ThCs.

BayTpimHiii BogHWN 0ajaHC POCHHMH 3aJeKHUTh Bl KOMIUICKCY (aKTOPiB,
OB’ SI3aHUX:

a) 13 _camMom0 POCIMHOI0 (TMOCYXOCTIHKICTh, PO3MIpH KOPEHEBOi cuctemu, (asa
PO3BUTKY);

0) 13 KIIbKICTIO POCIMH Ha JaHI1H IUIOIII],

B) 13 KJIIMaTUYHUMHU QakTopamMu (BUIIAPOBYBAHHSA, BOJIOTICTH 1 TeMIlepaTypa
MOBITPSI, TYMaH, BiTe€p, CBITIO, ONaAM 1 T. 1. );

r) 13 rpyHToBuMHU daktopamu (KinbkicTh H,O, OCMOTHYHUI THUCK TIPYHTOBOIO
PO34YHMHY, CTPYKTYpa i BOJIOTOEMHICTh TPYHTY TOIIIO).

BIIUIMB BOJHOI'O AE®ILUTY HA ®I3IOJIOI'TYHI ITPOLECHU Y
POCJINH

Hegiyum eonoeu 6 pocnumax Oi€e Ha maki npoyecu: HNONUHAHHA 800U,
MPAancnipayiro, KopeHesul MuckK, NpOpPOCMAHHA HACIHHA, ¢homocunmes, OUXAHHS,
(epmenmamusna aKmueHicmv, picm | pPO36UMOK, CHIBBIOHOWEHHS MIHEPAlbHUX
DPevosUH.
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3MmiHIOIOYM OOMIH PEYOBMH, HECTauya BOJIOTH BIUIUBAE HA NPOOYKMUBHICMb
POCJIMH, CMaK TUIO/IB, IIUIBHICTh AEPEBUHU, TOBXKHUHY M MIITHICTh BOJIOKHA 1 T.J. BmicT
BOJIOTH, HEOOX1THOT st HOPMAJILHOTO POCTY Ta PO3BUTKY POCIIHH, JIsl MPOPOCTAHHS
HACIHHS, HE OJTHAKOBH JIJIsl PI3HUX BUJIIB.

Brmnus BogHoro aedinuTy Ha MeTaOOMIuHI MPOLECH 3aleXHTh 1 BiA HOro
TPUBAJIOCTI. Y pa3i TPUBAJIOrO0 B’STHEHHS 301JIBIIYETHCS IIBUJIKICTH PO3Iaay O1IKIB,
HYKJIETHOBUX KUCHOT. [Ipu 11boMy BMICT OUIKIB y JIUCTKAX 3HUKYETHCS, a B HACIHHI —
301JIBIITYETHCS.

3a BogHOrO AeIUTY 6micm YYKpi6 CIIOYATKY 3MCHIIYETHCS HYCPE3 SHIKCHHI
IHTCHCHBHOCTI ~ (OTOCHHTE3y, IOTIM JICIIO 3pOCTa€ B  PE3yNbTaTi TriApomisy
MoJIicaxapuAiB JIUCTKIB HIDKHIX SIPYCIB 1 1ajl 3HOBY 3MEHITY€eThCs (yci hopMu).

Bonuuit nedinut 3HMKye immencuenicms omocunmeszy  ymeopenns AT®D; a
TaKOX TrajbMy€ BIATIK MPOAYKTIB (POTOCUHTE3Y 3 JIUCTKIB.

[3 HacTtaHHsSM BOJHOTO JAChINUTY 3MEHIIYETbCS OuxanbHull Koeghiyienm,
IHTEHCUBHICTb TUXAaHHA PI3KO Ma/a€, 0OCOOIUBO Y MOJIOIUX JTUCTKIB.

B ymoBax BogHOro nedinMTy BEpXHI JHUCTKU 30UIBIIYIOTH BMICT OCMOMUYHO
AKMUBHUX pevosuH, BIATATYIOTb BOJY BiJ HWXKHIX JIMCTKIB 1 JOBIIE 30€piraroTh
CUHTETUYHI MPOIECH B HOPMI.

B apuonux 3omax eascauso 3mamu xapaxmepucmuky IpYHmMi8, yci ¢hizionociuni
ocobusocmi pociun i ixHi 3MiHU 3a 800H020 Oeghiyumy, W00 NPABUILHO GUHAYUUMU
MepMIHU ma mpusaiicms NOJIUGY .

TEOPIA BOJHOI'O PEXXNMY n 3POILIYBAHHA
CUIBCBKOI'OCITOIAPCBKMX POCJINMH

[Tocyxu Ta cyxoBii 3aBJalOTh BEJIMKHX BTpPaAT CUIbCbKOMY TrocnogapctBy. CyTb
IITYYHOT'O 3POIIYBAHHS MOJISITA€ Y BCTAHOBJICHH] PAIIOHATIBLHOTO MOJMBHOTO PEXUMY 1
CUCTEMHU KUBJICHHS POCIUH Y PI3HUX IPYHTOBO-KIIMATUYHUX 30HAX.

Y UbOMYy KOHTEKCTI BaXJIMBUM € TNHUTaHHS MPO BEPXHI0 I HMKHIO Mexi
pomycTumoi BoJiorocti rpynry (BM/IBI', HM/IBI').

BM/BI' Ha3uBawTh 101608010 Bos020eMHicmio. Koau BOJIOTICTh OLIbINA, HIXK
BM, T0, He3Baxkarouu Ha ii JOCTYMHICTh, BOHAa MaJOKOpUCHa 4yepe3 Hectauy O,. [lpu
HM/IBI" pocaunu rocTpo NoTepnaroTh BiJl 3aCyXH, 110 BIII3EPKATIOETHCS HA BCIM iXHIN
KUTTEIISIIBHOCTI. BOJIOTICTh CTIMKOTO B’SHEHHS HE MOJXKE CIYKHTH J1arHOCTYIOUHUM
MOKA3HUKOM 11 BU3HAUEHHS TEPMIHIB 1 HOPM TMOJIMBY, TOMY IO 3HUNCEHHS
YpoodicauHocmi  npu  IPYHMOGIU NOCYCI  3YMOGNIOEMbCS HE 8 SAHEHHAM pPOCIUH, a
NOCMIUHUM B00OHUM Oehiyumom y IXHIX MKAHUHAX, AKUU HACMAE 3A00820 00 NOAGU
CMIUKO20 8 SIHeHHS.

Boonuii oepiyum y mxanunax pociun 3’1618€mubcs npu makiti 601020CMi IPYHMY,
KOJU 11020 6000YMPUMYBATIbHA CULA NEPEULIKOOHCAE NOBHOMY HACUYEHHIO POCTUHU.

CtyniHp JOCTYIHOCTI IPYHTOBOI BOJIM B IHTEPBAJIl BiJl OJIBOBOI BOJIOTOEMHOCTI JI0
BOJIOTOCTI CTIMKOTO B’SIHEHHS JJI POCIMH HE OJHAKOBUI. ToMy BaXJIMBO BU3HAUUTHU
TOW CTaH BOJIOTOCTI IPVHTIB, HIKYE BIJ SKOrO IOPVIIVIOTHECS HOPMAIbHI (h1310JI0TIUHI
npoiiec. Takuil CTaH BOJIOTOCTI IPYHTY HA3WBAIOTh HHKHLOK) MeEKeI0 ONTUMAJIbHOI
BoJjorocrti (HMOB).

Bemnunna HMOB 1pyHTy 3amexutsh Bif (a3 poO3BUTKY POCIUH, O0COOTUBOCTEH
IPYHTOBO-TIPOJIOTIYHUX Ta KIIMAaTUYHUX YMOB, PIBHS arpOTEXHIKH 1 3aIJIAHOBaHO1
BEJIMYMHU BPO’KAIO, Bl HASBHOCTI KPUTHYHUX TIEPIOJIB 13 TOCTPOIO HECTAYECIO BOJIU.
Tak, ny1s1 6aBOBHMKA Ha TUIOBUX CipO3eMax Il BEJIMUMHHU CTAHOBJISITH: JI0 IBITIHHS —
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75% moabOBOI BOJIOrOEMHOCTI, B mepioA uBiTiHHI — 70%, a mo3piBanHs — 60%
MOJILOBOT BOJIOTOEMHOCTI. [IpH 11bOMY 1CHYIOTH COPTOBI BIIMIHHOCTI.

Y BUpOOHMYMX YMOBAX TEPMIHU MOJUBY BU3HAYAIOTh:

32 BOJIOTICTIO IPYHTY (Ha ryimbuni 30-40 cm);

32 CTaHOM POCJIHMH — PIBHEM OBOJHEHOCTI JIUCTKIB, iX OCMOTHYHHM THCKOM, 32
BIJIKPUTICTIO MPOJUXIB, 3aTHICTIO BUAUIATH MACOKY, 32 CHUCHOIO CHJIOI JHMCTKIB. Ha
JaHUM Yac BiIOMI KPUTWYHI BEIMYMHU BCUCHOI CHJIM JIUCTKIB JJIA PI3HUX KyJbTYp Ha
pi3HuX ¢azax iX po3BUTKY. BoHuU 1ojaH1 y 10BIJHUKAX.

TepmiHn Ta HOPMH TIOJIMBY IOBHHHI OyTH HAyKOBO OOTPYHTOBAHHMMH, TOMY
pO3B'si3aHHS MpoOseMu (Di310J0TIUHOI JIIarHOCTUKU BOJIOT03a0€3MEUCHHS] POCIUH €
HA3BUYAHO aKTyaJlbHUM JUJIs 3pOIIyBaJIbHOTO 3emiiepoOcTBa. Hopmy mosmBy (M)
PO3paxoBYIOTh 32 TAKUM PIBHSHHSIM:

| M=E—-Py— AW |,

ne E — 3aranpHe BOJOBUKOPUCTaHHS; Py — KIJIBKICTh omajiB 3a Beretaiiito; AW
— BUKOPHUCTaH1 BHYTPIIIIHI 3alacyl BOJIOTH B IPYHTI 3a BEreTaIliiHUN TIEPiO/I.

Ta naiikpaii pe3ynbTaTH Ja€ BU3HAYEHHS TEPMIHIB MOJMBY 3a (Di310JIOTTYHUM
CTaHOM CaMOr0 POCIMHHOIO oOpraHiaMy. B apcenami crnoco0iB ¢i310J0T14HOTO
KOHTPOJIIO € PI3HOMaHITHI TMOKa3HUKU: BOJOMOTJMHAIbHA 3JaTHICTh JIMCTKA;
KOHIIEHTpAIlis, OCMOTHYHUN THUCK 1 CHUCHa CWUJIa KIITUHHOTO COKY; MPOHUKHICTBH 1
B'SI3KICTh ITMTOILIA3MHM; BOJIOYTPUMYBaJbHA 3JaTHICTh 1 BOAHUH Je(IIUT POCITUHHUX
TKaHWH; CTaH MPOJUXOBOr0 amapaTy; BUX1J €JIEKTPOJITIB 1 €JICKTPUUYHUN OMip TKAHUH,
BEJIMYMHA BOJIHOTO TOTEHIIAly; pOCTOBa peakiis Tomo. JlJis BHU3HAYEHHS IMX
MOKA3HUKIB pO3pOOJICHO Ta CTAHIAPTU30BAHO HU3KY BIJIMOBIIHUX METO/IIB.

B ymoBax 3poiryBaibHOr0O 3eMJIepoOCTBa IIMPOKO BUKOPUCTOBYIOTH METO]
BU3HAYCHHS BCUCHOI CHJIM JIMCTKIB, SIKa KOPETIOE€ 3 TaKUMH ITOKa3HUKAMH BOJHOTO
peXUMy, IO HE BUKJIMKAIOTHh MOPYLIEHb MeTabomi3mMy. Tak, BenTudrMHa BCUCHOI CHIIU
JUCTKIB SIPOBOI MIIEHUIl Ha (a3l KyUliHHS - Buxig y TpyOky crtanoButh 0,81...0,91
MIla, BukonomryBands — 1,0...1,1, a Hanuy 3epna — 1,11...1,21 MlI]a.

B ymoBax WITy4yHOro 3poilyBaHHS (POPMYe€TbCS BJIACHUM MIKPOKIIMAT POCIUH,
SAKUHW CTIpUs€ IXHBOMY ONTUMAJILHOMY pO3BUTKY. Llei ¢dakTop ciig BpaxoByBaTu y pasi
3aCTOCYBaHHS TIOJIMBIB HE3HAYHUMH HOPMaMH 3 BHUKOPHCTAHHIM JOIIYBAJIbHHUX
YCTaHOBOK.

Otxe, Qisiosoriuna  JiarHOCTHKA  BOJIOr03a0e3MEeYeHOCTI  POCJIMH,
BCTAHOBJICHHS PALiOHAJIBHOI0 MOJIMBHOI0 PEKMMY Ta ONTHMi3alisi MiHEpPaJIbHOI0
JKMBJICHHSI B PI3HMX IPYHTOBO-KJIIMATHYHHUX 30HAX MNOBHHHI OyTH OCHOBOIO
IITYYHOr0 3polueHHsA. BoaHuii 00MiH PpOCAMH € IHTerpajJbHUM IOKAa3HUKOM
TPAHCHOPTHOI CHCTEMH LiJIICHOr0 POCJMHHOIO OPraHi3my.

BuacHo nmpoBenenuit monuB  copusie  30UTbIIEHHIO  Bpokaro.  Po3poOka
(1310JI0TIYHUX MOKA3HUKIB, SIK1 JAIOTh 3MOTY TOYHO ¥ €KOHOMHO MOJIUBATH POCIIMHU B
YMOBAaXx MOCYIUIMBUX 30H, — 000B’I3KOBHUI €IEMEHT BUCOKOI KYJBTYpH 3pOIIYyBAIBHOTO
3emIepoOCTBa.
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Mai. 1. Cxema 0ya10BH KOpPEHS:

a — KOpEHEBHU YOXJHK;, 0 —
30Ha TONITy; B — 30Ha pPOCTY
PO3TATYBaHHSAM; T — 30HA IMOTJIMHAHHS; [T
— MEHTPATBLHUHN TUITIH/D;

1 — nepunukn; 2 — He3pim
eireMeHTd  (moemu; 3 —  ;o3piii
eneMeHTu ¢uoemu; 4 — engonepma 0e3

nosickiB Kacnapi; 5 — He3pial elneMeHTH
KCUJIeMH,; 6— pu3ojepma; /— IepBUHHA
Kopa, 8 — eHaoigepMa 3 TMOSICKAMH
Kacmapi; 9 — 3piii eneMeHTH KCHIEMH;
10 — xopeHeB1 BOJIOCKH.

[Tpoauxu y Biakputomy (3Bepxy)

I 3akpUTOMY (3HH3Y) CTaHi:

@ — NPOAHXH ABOAOJBLHOI DPOCJIHHH, 6 ~— NPOAHXH

3J1aKa.
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@DoToCHHTE3 — MPOLEeC CHHTE3Y OPraHivHUX
CIOJIYK i3 HeopraHiuHuX (BYIJIEKHCIOrO ra3y 1
BOJM) 3 BUKOPUCTAHHSIM €Hepril CBiTJIa
y4acTi0O OTOCUHTETUYHHUX MITMEHTIB (
OakTepioxyiopodity, 6akTepiopoAONCHH
BUIUICHHIM KUCHIO IK TOOIYHOTO

o
PHOTOSYTHENSIS

WATER +LIGHT = CHEMICAL ENERGY,

d/

~ 1. Chloroplasts trap light energyl’

2. Water enters leaf

Light energy

,,,,,

3. Carbon dioxide
enters leaf through
stomata

4. Sugar leaves leaf

2,6 ATP

2 NADP*
2 NADPH/H* [

Thylakoid- ¥

membran

— | Lumen
PS I Cyt bgf PS | ATP-Synthase
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POTOCHUHTES3

domocunmes — €OUHUUl npoyec HA 3emai, AKull eede 00 30iNbUUEHHS BLIbHOL
eHepeii biocghepu 3a paxyHok 308HiuHb020 Oxcepenra — Conys i 3a6e3neuye iCHY8aAHHS
SIK POCIUH, MAK 1 8CIX 2eMepompOoOdHUX OP2AHIZMIB, ) MOMY YUCL U THOOUHU.

doTocuHTe3 — 1€ mpouec TpaHchopmauii NOIJIMHYTOI OPraHi3MoM eHeprii
(E) cBiTna B ximiuny E opraniunux (i HeopraHiuHux) crojyk.

[TpoBimHy ponb y LMX MEpPEeTBOpPEeHHsX Biairpae BimHoBieHHs CO; 1m0 piBHA
BYTJICBOJIIB, MPU ILOMY MOXE BUAUIATUCA KUCeHb. ONIHAK Yy peakuisix (OTOCHHTE3Y
(¢/c) MoxyTh BiIHOBIIOBATHUCS Cylnb(haTu 4u HiTpaTH, yrBoproBatucs Hy; enepris (E)
CBITJIa MOX€ BUTpayaTUCS Ha TPAHCIOPT PEYOBUH Uepe3 MeMOpaHy 1 TakoX Ha 1HIII
nporecu. d/c Bijiirpae OCHOBHY pOJib B €HepreTuill 6iochepu.

IcTopist BUBYEHHS (POTOCUHTERY

3 JaBHIX-JaBEH JIIOJU 3 MOJMWBOM CIOCTEpITraiH, SK BEJIMKI POCIMHH MOXYTh
BUPOCTATH Ha O€3IIIIHUX CKelaX. AHriiicekuil 6otaHik 1 XiMmik C. ['eitsic y 1727 poui
BHUCJIOBUB IYMKY PO T€, II0 POCIMHH 3HAYHY YACTHUHY iK1~ OTPUMYIOTh 13 MOBITPS.
[Ipu ipoMy CBITIIO, SIKE€ BOMPAETHCS JIUCTSM, “TIOKpallye” Mo “iky’.

[Toni6H1 qymku BuciosatoBaiu 1. Hetoton 1 M. JIomoHOCOB.

[ToyaTkOM eKCHepUMEHTAIbHUX poOIT Yy Tany3i (/c MOCTYyKWIN Odocaiou
aneniticokoeo ximixa JIx. LIpicTii 3 pocaunamu nio CKIssHUM KO8nakom i3 ceiukoro. Tak
OyB Biakputuii kuceHb (1774 p.). A dyepe3 pik He3anexHo Bia Jx. IIpictimi kuceHs
BIIKpUB 1 Ha3BaB (ppaHiy3bkuii BueHudd A. JlaByasbe. [lemio mi3Hile rojuTaHIChKUN
nmikap . [Hrenxay3 BUSIBUB, IO POCIMHU BUAUISIIOTH KUCEHb JIUIIE HA CBITIL, a Y
TEMHOTI — MOTJIMHAIOTh, SIK TBAPUHU TIPU TUXaHHI.

VY 1782 p. mBennapcekuii gocmigauk JK.CeHeO’e BCTAaHOBUB, IO HA CBIML
pocaunu maxooic noenunaroms CO,. e mareepaus mBeinapcekuii BueHuii T.Coccrop,
SIKUA METOJIOM KiJbKICHOTO aHalli3y NOBIB, w0 noenunacmocs cminvku CO,, CKilbKu
suoinaemvcsi O,. Alle HapOCTaHHS CyXOI Macu POCIMHU 3HAYHO TNEPEBUIILYBAJIO
KUIbKICTh noriuHyToro CO, 1 miHepanbHux pedoBHH. T.Coccrop AiiioB BUCHOBKY, 1110
OopraHiyHa maca yTBOPIOEThCS IlI€ W 3a paxyHOK Boau. Lle minrBepauB (paHIy3bKUI
arpoximik JK.Byccenro (1840).

VY 1865 p. HiMeubkuit ¢izionor pociuH F0.Cakc mpoaeMOHCTPYBAB, 1O HA CBIM.II
Y IUCMKAX YMBOPIOEMbCL KPOXMANb | WO 6iH 3HAX00UmMbCA Y Xaoponiacmax. (A0ciij-
npoba F0.Cakca). 3rogom HiMeubkuit ¢izionor Enrensman (1881 p.) 10BiB, 110 BIacHe
XJIOPOTLIACTH BUJILISIOTH KUCEHb HA CBITJI.

Po3smipkoByroun Haj TpoliecamMH, IO BIJOYBAIOTBCA Y JKHUBIH POCIHHI,
FO.P.Maitep i I'.I'enpmrosibil chopMyIitoBail 3aKOH 30€peKEHHS W TMEePEeTBOPEHHS
eHeprii. Ha OCHOBI YHCTO TEOPETHYHHUX PO3MIPKOBYBaHb BOHH CTBEPIKYBaJH, IO
3e/eHi pOCIUHU NOSAUHAIOMb NPOMEHUCINY COHAYHY eHepeilo 1 nepemeoproroms ii y
Ximiuny. EKcieprMeHTaJIbHI TIATBEPKECHHs 11i€i Teopili Oynw OTpUMaHI BUIATHUM
¢i3ionorom pocivH K.A. TiMipsA3€eBUM, [KUH iX BHUKIAB Y CBOill JOKTOPCHKIN
nucepraiii “TIpo 3acBoenHs cBitiia pocauHamu” (1875).

Bin ecmanosus: a) wo imnmencusnicmo acuminayii CO, maxcumanrvHa npu
OCBIMIeHHI POCTUHU Yep8OHUM ceimaom (SKe HAKOIIbIIe TOTJIMHAETHCS XJIOPOdiIoM);
0) wo xnopoghin cuysxcumsv ONMUYHUM CeHCUDINIZamopom (30inbulye 4ymaugicms 00
ceimna) i bOepe Oesnocepednvbo yuacmv Yy npoyeci ¢omocunmesy. K. TiMmipsizeB
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chOpMYJIIOBaB TaKOX 1[I0 MPO KOCMIYHY POJIb POCHHUH: (omocuHmes — €OUHUL
npoyec, 3a 00NOMO2010 K020 KOCMIiuHA coHsAuHa E enosemoemuvcs u 3anuwaemscsa Ha
3emni. Y xmopormutacti npomeHucTa E coHls nepeTBoproeTbes y XiMiuHy E ByTieBoiB.
KpoxMmanb, kineiikoBMHa, KIITKOBMHA Ta IHIINI CIOJTYKHA, KOHCEPBYIOUM COHSYHY E,
CIIy’KaTh HaM 1Kero 1 1atoTh E 115 BCiX MPOIECIB XKUTTEMISILHOCTI.

Pesynbraty BUBYEHHS TIOBITPSHOTO JKMBJICHHS pociuH 3a mepiri 100 pokiB micis
nocaiaiB k. TIpicTii BupaxaroThCs 3araJIbHUM PIBHSIHHSAM (POTOCHHTE3Y:

6C02 + 6H20 + cBITJI0 (hV) —> C6H1206 + 602 .

o JIBI PA3U ®OTOCHUHTE3Y

[3 HaBeeHOTO BUINE PIBHSIHHS HE3PO3yMIJIO, SIKE MOXO/KEHHS KUcHI0 — 13 CO;
g H,O? Criouatky BBaxkaju, 1o npu ¢/c BinoyBaeThes potoposknan CO,. [lpu nupbomy
YTBOPIOETHCS (POPMATTBIET1]T TA MOHOOKCH/]T BYTJICIIIO:
CO;, + cBitmo (hv) — CO +O
MOHOOKCHII BYTJIEIIO
7 021

CO+ HO —» CHO +0O

(dhopMmanbperin

6CH20 —> C6H1206

OpHax 111 peYOBUHU TOKCUYHI1 JJI POCIIUH.

Pociiicekuit Oioximik O.M. bax 1 romnanacekuit MikpoOiosor b. Ban Hisb
NPUNYCMUIU, W0 NepeUHHA Gomoximiyna peakyis @/c nonseae y oucoyiayii éoou. 1
imest Oyna 3roJioM MiATBEpKEHA JOCiigamMu aHriaiicekoro (izionora P. Xima. ¥V 1937
poIll BiH 3’sICYBaB, IO 130JIbOBAHI XJIOPOILJIACTU Mif JI€I0 CBITIA PO3KIAJAl0Th BOAY 1
BUJIUISIIOTh KHCEHb IMPU HASIBHOCTI akKLENnTopiB € (OEeH30X1HOHA) — peakuisa Xiaa.
[Ipouec po3kiiaay BOU 311MCHIOETHCS B TP €TAIIH:

CBITIIO

4H,0 » AH+40H" (dorouis)

2 x1opodia

40H > 2 H,0+4e+0,

2 6enzoxinon + 4 H" + 4¢°  — 2 rigpoxiHoH

e) OH

[IpsimMi ekcriepuMeHTabHI MIATBEPIKEHHS Toro, o O, mpu ¢/c 3BIIBLHIOETHCS
BJIacHE 3 BOaH, Oyyiu oTpuMani B 40-X pokax OKpeMO aMEpPUKAHCHbKUMU U pajTHCHKUMHU
BUeHUMH. [lOCTYNOBO TWpHWHIIIM O PO3YMIHHS TOTO, IO 3arajbHE pIBHIHHS
(dboTOCHHTE3y OXOIUIIOE Bl TPYIU PEAKI: 00Ha nog'sizana 3 pomooucoyiayicro 600u,
suoinenuam (O, ma mMpancnopmy8aHHAM eleKmpOHI8, ye — ceimaosa ¢aza @/c; a
opyea — i3 euxopucmanusim CQO, 0ni cunmesy 2en0Ko3Uu i moodce 8i0dysamucs Oe3
ceimaa, ye — memHosa ¢haza ¢h/c.

PicTt i po3BUTOK poCcnuH



66

ExcniepuMeHTanbHUM MiATBEPIKEHHSIM pealbHOrO ICHYBaHHS LUX IBOX (a3 ¢d/c
CTaJIM JAOCHIAM 3 MUTAIOUUM CBITIOM. BoHM mokazanu, 1o MakcMMalibHa IHTEHCUBHICTh
(/c cioctepiraeTbcs He IPH O€3MEepEepBHOMY, a IIPH IMITYJILCHBHOMY OCBITJICHHI.

Jami Oyno 3’scoBaHO, IO BEIMYMHA TeMIepaTypHoro koedimieHTa Qi ams
nepinoi rpynu peakiiii ~ 1, 60 ¢oroxiMiuHa peakiiis He 3aleXuTh Big t°; a mjs
TeMHOBOI (hazu ¢/c Qo mpu Temnepatypax 15°C 1 25°C nopiBHioe 2,0-2,5, sk 1 ams
XIMIYHUX YW €H3UMaTUYHUX TIporeciB. OTke, I1HTEHCHUBHICTL (/C MMITYyEThCA
IIBUJIKICTIO HOTO XIMIYHUX (TEMHOBHUX) PEAKIIIN.

VY 50-x pokax amepukaHcbkuii ¢izionor [.I. ApHOH JTOCHIAHUM MIJISIXOM BiJKPUB
asuwge gomogpocpopunosanns, nosiB, mo HAJIOH 1 AT® — kiHIEBI NPOIYKTH
CBITJIOBO1 (ha3u /c 1, HApemITi, BCTAHOBUB, IO CBITIIOBA (ha3a MPOXOAUTH y THIIAKOigaX
XJIOPOILJIACTA, @ TEMHOBA — y HOTO CTPOMI.

TaxkuM ynHOM, BECh Opoliec (/c MOAUISIETHLCS Ha TEMHOBY Ta CBITIIOBY (as3u:

— cBiTi0oBa _¢a3a mossirae v TOTIMHAHHI _TpOMeHKcTOoi  E  mirMeHTamu
XJIOPOILJIACTIB Ta ii meperBopeHHI B xiMiuHy eHepriio AT® ta HAJIDH,
OJIHOYACHO IPOXOIUTH (HOTOJI3 BOAU 3 BUALIEHHAM O, BCe 11e BIAOYBAETHCS Y
MeMOpaHax XJIOPOIIacTiB (Y MeMOpaHax THJIAKOi/IiB).

— TemHoBa ¢a3a nondrae y dikcanii CO, Ta ii BITHOBICHHI 10 ByraeBoiB. [Ipu
1IbOMY BUTpadaeTbesi eHeprist AT®. [leli mpoiiec 3a1eKUTh BiJl TEMIIEPATypH,
HE OoTpeOye CBITIIA, IPOXOJIUTH Y CTPOMI XJIOPOIIACTIB.

o [IIMMEHTHU ITTJTTACTU

ITirMeHTH — HaWBaKIUBIIIMA KOMOOHEHT amapaty ¢/c. JlocmmKkeHHs MIrMeHTIB
MPUCKOPHWIIOCS 3aBASKA BIAKPUTTIO POCIMCBKUM (Di310J0TOM _ HPHHIMIIOBO HOBOTO
Memooy 00Cni0HCeHHsL — a0copoyitinoi xpomamozpagii. Yepe3 KOJIOHKY 13 COpOEHTOM
MPOITYCKAIOTh PO3YMH PEUOBUH. Peyogunu 3 pi3Hoio Genuuunoio adcopoyii 3 pi3HOH0
WBUOKICMIO PYXAIOMbCS NO KOJOHYL | makum YuHom poznoodinsiomscs. Tak ymepiie
OyJy pO3/IiIeH] MIMEHTH 3€JICHUX JIUCTKIB.

[TirMeHTH TUTaCTH HAJEXaTh A0 3-X KJACiB PEUOBHH: XJ1opoinie, (hikoodininis,
KapomuHoioie.

Xiopoduum

Crpykrypa i ckaan

@paniy3bki  ximiku 1. [Tensr’e 1 XK. Kapanty 1817 poxy BUAINHIN 3 JHCTKIB
3€JIEHUH MITMEHT 1 Ha3BaJIi HOTO XJ10pohinom (3e1eHuil 1UucmoK).

[Tonbebki Oioximiku M.Henubkuit 1 JI.MapxaeBcbkuit (1897 p.) BusBmiIH, 110 B
OCHO8I MOJIeKYIU Xopoghiny, K 1 TemMa (MIPOCTETUYHOT TPYNH) TeMOIJIO0IHY, J1excums
nopgipurnoge Kinvye.

Himenpkuit ximik P. Binemrerrep y 1914 poii écmanosué enemenmapHuti ckiao
xjgopobiry a — CssH7,0OsN;Mg 1 xyopodbiy 6 — CssH70OsNsMg; a HiMeubKuit
o1oximik . @dimep y 1930-40 pokax nosuicmio pozwugpysae cmpykmypry gopmyny. B
60-x pp. OyJo0 3A1HCHEHO MITYYHUI CUHTE3 XJIOPOdiTy.

Xaopopin — ckiaagHuit edip AUKAPOOHOBOI KHCJIOTH XJOPOPLIiHY
(C32H30ONsMg(COOH),), y sikoi oaHa KapOokcWibHa rpyna erepudikoBaHa
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3aaumkoM MeTuaoBoro cnupry (CH3;OH), a iHma — 3aJMIIKOM OJXHOATOMHOIO
HeHacH4YeHoro cmupTy ¢itoay (CyoHz9OH).

CrpykrypHa ¢popmyJia xjaopodiry

Yot1upu niponsHi Kiibis (I-1V) 3'eqnani mixk co0010 METHHOBUMHU MicTKaMu (oL,
B, v, 0) 1 yTBOpIOIOTh HMOPGipHUHOBE AApO. 30BHIMIHI atoMu Byrieo: 1-10. Atomu
a30Ty MIPOJBHUX KIJIEI[b YOTHPMA KOOPIMHALIIMHUMHU 3B'sI3KaMU B3a€EMO/IIIOTH 3 ATOMOM
Mg. [{ukmonentanoBe Kibie (V) MICTUTh XIMIYHO aKTUBHY KapOOHIIBHY TpyIry Oi1s
Cy 1 MeTunbOBaHy KapOOKcWibHY Tpymy Ounst Cyo. biunuii nanigor IV mipomasHOTO
KUTBIISI CKIIQAAETHCS 3 NPONIOHOBOI KUCIOMU, NOEOHAHOI CKAAOHOe@IpHUM 38'I3KOM 13
noniizonpenosum HenacuueHum cnupmom gpimonom (C,oHzgOH).

COOCH,;
MgN,OH, C,, xop ohin
COOC, H

207739

1, 3, 51 8-i1 Byrseni mpoabHUX KiJ€Ib MalOTh METUIIbHI TPYIH, 2-i1 — BIHUIbHY,
4-i1 — etunbHy. IlopdipuHoBe Kijblle — 1€ CUCTEMA 13 JIEB'ATU Map KOH IOTOBaHUX
MOJABIMHUX 1 OAMHAPHUX 3B'A3KIB, IO YEPrylOThCs, 13 18-TbMa A€IOKaNI30BaHUMU TT-
eJNIeKTpOHaMU. Xaopoghinio — cmpykmypa xnopoginy b6e3 gimorny.

Ipu 3amiwenni Mg na npomonu ymeopioromscs ¢peohimunu.

VYci dorocuHTe3yroul pocauMHM 1 LiaHOOAKTepii MICTATH XJOpodin a; BUII
POCIIMHM, 3€JIeHI BOJOPOCTI Ta €BIJIEHOBI — xJyiopo¢ia b, Oypi i a1aTOMOBI BOAOPOCTI
— xJ0pod1i ¢, 4epBOHI BOIOPOCTI — xjopodina d.

Biocunres xiopodiiiB
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COOH
COOH COOH COOH
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2 MOJIeKy I
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CH2 > > CH2 > CH2 4 MoJIeKy H
| | | .
CH-NH, CO CoO N
2H,0 \
| | | 2 H CH,NH,
COOH CHO CH,
|
Sii
JTHOKCIBasiep' sTHOBa K-Ta N H2 nopdebiirorea
TJIyTaMiHOBA K-Ta 5-AJIK
remMm
;“@
M
—» ypomnop pipuHoren —» npoTomop Gipun IX e M g-nipotoniop pipuH ——»
hy, +2H +diton

—» mportoxiopodimiy ~——» xopodiTin — > xTopodin A

[lepmmii eran OlocHHTE3y XJOPO(DUIIB y POCIAMH — YTBOPEHHS O-aMIHOJIEBY-
niHoBoi kuciaotu (AJIK) 13 Cs-a1ukapO0HOBUX KUCIIOT.

[Mukmizaris 2-x monekya AJIK npu3BoauTh 10 YTBOPEHHS MipOIBHOI CIIOTYKH —
nopdoOimiHorena. 3 4-X MIPOIBHUX KUIElb (OPMYETHCS ypornopdipuHOTEH, SKUN
nepeTBoproeThest  y  mporonopdipun  [X.  Tlomampmuii  nUisX — HEpEeTBOPEHHS
npoTonopdipuHy MoKe OyTH Pi3HHM. 3 y4acTo 3aji3a QOPMYEThCS I'eM, IKHUi BXOIUTh
70 CKJIaly IMTOXPOMIB, KaTajasu, MEepoKcHaasu, reMornodiny. Ilpu 3amyuenni Mg
YTBOPIOETHCS MTPOTOXJIOPODIII, IKUIT HA CBITII1 MEPETBOPIOETHCS B XJIopodin a. Yce 1e
B1I0YBAETHCS B XJIOPOILJIACTaX.

Di3uKo-XiMi4HI BJACTUBOCTI XJ10pO(isiB

VY TBepaomy BUIIISAL XJIOpOoUT a € aMOp(PHOIO PEUOBHUHOIO CHUHBO-YOPHOTO
konpopy. TemmepaTtypa mnaBieHHs xiopodiny a — 117-120°C. Xnopoghinu 0dobpe
DO3UUHHI 8 emunosomy eqhipi, b6en3oni, X10poghopmi, ayemoni, emui. CAUPMI; NO2AHO
— 6 nemponetinomy e@ipi i Hepo3uuHHi y 800L.

Pi3ko BUpakeH1 MaAKCUMYMU ROZTUHAHHA XA0pOoginie epeOyBalOTh Y YePBOHiii
(x1. a — 660-663 HM; x71. 6 — 642-644 HM™.) 1 B cuHiil (xi1. a — 428-430 HM.; X71. 6 —
452-455 HM. ) yacTUHAX CIEeKTpa (JaHi JUIsl pO3UYMHIB XJIOPOQIIiB y eTHIIOBOMY edipi).
Xnopoghinu cnabo noznunaromes opamdxicese U H#coeme CGIMIIO0 i 306CIiM He NOSTUHAIOMDb
3ej1eHux ma iHQpauep8oHUx NPOMeHis.

[lornuHaHHg B CHHBO-(PIOJIETOBIN YaCTHHI CIHEKTpa 3yMOBJIEHE CHCTEMOIO
KOH IOTOBAaHUX OJJMHAPHUX 1 MOABIMHUX 3B'sI3K1B MOP(PIPUHOBOTO KUIbIIS. IHTEHCUBHICTh
MOTVIMHAHHS B YEPBOHIM JIJISHIN MOB'sI3aHa 3 T1ApYBaHHAM NoABIHHOTO 3B's3ky C7-Cg y
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YeTBEPTOMY MiPOJIBLHOMY KIJIbI[l IPU MEPEX0/il BT MPOTOXIOPODiIiaYy 10 XJI0opodimiay i
HasBHICTIO Mg B mopdipuHOBOMY SIAPI.

Ha po3MilieHHss MAakCMMyMIB CHEKTpa TOTJMHAHHS BIUIMBAE MPUPOJA
PO3YMHHHMKIB 1 B3a€EMO/IISI MOJIEKYJT XJIOPOdiay 3 1HIITUMHU MIrMEHTaMHU Ta OpraHIYHUMH
PEUYOBHHAMH.

Po3uunu xnopoghinie y monsspHuX po3dMHHUKAX Maoms ACKpasy giyopecyenyiro
(rrominecyenyiro) 1 3mathi 10 gocghopecyenyii (B iHdpadepBOHIA YaCTUHI CIEKTpa).
Hartusawmii xaopodin ¢guryopeciiroe ciado.

L1 sBHIa 3a1eKaTh BiA PI3HUX NULIX1B BUKopucTadHHs eHeprii (E) elekTpoHHOTO
30Y/DKCHHSL.

SIk BioMO, HAMOIIBII CTIMKUMH € Ti CTAaHH aTOMIB, B SKHX BaJICHTHI € 3aiiMarOTh
HAWHIKY1 EHEPreTHYHI PiBHI 1 pO3MOALIEH] IO HUX 3TiIHO 3 npuHiunoMm [laym (ne > 2-
X @ 13 aHTumapajelbHUMU CIiHAMH Ha KOXHIN opOitami). Takuili cTaH MOJIEKYIH
HA3MBAaIOTh OCHOBHUM CHUHIJIETHUM (Sp) €HepreTMYHuM cTaHoM. Koiu wmosekysa
MOTJIMHAE KBAHT CBITJIA, TO 32 PAXyHOK III€i €HEprii € MepexoJuTh Ha OlIbII BUCOKI
BakaHTH1 opOitani. Komu y 30ymkeHoro € 30epirae€TbCs TOM K€ HAMpsIMOK CITiHA, TO
MOJIEKyJIa 3HAXOAUTCS B CHHIJICTHOMY 30ymkeHoMy craHi (S'), KONHM CINH &
3MIHIOETBCS, TO TaKe 30yIKeHHs HasuBaeThest TpumuieTHEM (T)).

[TornmuHaHHA MOJIEKYJIOIO XJIOPO(D1Iy KBaHTa YEPBOHOI'O CBITJA MPU3BOJIUTH IO
Mepexoqy 3 OCHOBHOTO CHHIJVIETHOTO EHEPreTUYHOro CTaHy (Sg) /0 CHHIJIETHOTO
30yKEHOTO CTaHy (S*l); MOTVIMHAHHS CUHBOTO CBiTJIa 3 Ouibiiolo E mpuzBoguTh 10
Tepexoy € Ha GibIT BHCOKY opoiTy (S ).

30y/pKeHa MoJeKysa XJI0poQiay MOBEPTAETHCS JI0 OCHOBHOIO CTaHy PI3HUMU
nuigxamMu.  I[lpu  1boMy  BUIOYBA€ThbCAd  BUIOUIEHHS  TEIJIOTH,  (IYOpECIIEHIN,
docdhopecueniisa. Hapemri, E 30ymkeHoro crany wmoke OyTH BUKOpPUCTAHA Ha
(doroximiuni peakuii. B ocranHboMy BUnNaaky ¢iyopecieHuii un gpocdopecueHuii He
CIIOCTEPITAETHCS.

Cmpykmypa monekyau xaopo@iny 6 npoyeci egontoyii 4y0080 NPUCMOCOBAHA OO
c80ix yHKyiti cencubinizamopa omoximivnux peaxyit. /lo ii cknrady exoosamv 18
0€/loKani308aHux 7m &€, wo pooums MOAEKYIY XIopo@iny necko 30)Y01U8010 npu
NO2NIUHAHHI KEAHMIE CEIMIIA.

OpnnovacHO xJI0podia 34aTHUN 0 OKHMCHO-BIIHOBHUX IMEPETBOPEHb. XJI0podis,
PO3YMHEHHN Yy TIPUIWHI, B aHAEpOOHUX YMOBax IiJi BIUIMBOM CBITJA BiJTHOBIIIOEThHCS
aCKOpOIHOBOIO KMCJIOTOIO 200 1HIIUMH JOHOPAaMU €J1eKTpOHIB. [Ticisi BUMKHEHHS CBITIa
peaxirisi BiIOyBa€ThCS y 3BOPOTHOMY HampsiMKy. DOTOBIAHOBIICHUN XJIOPOdIT y CBOIO
yepry MosKe BiJIHOBIIOBAaTH pi3Hi akuentopu enektponis (HAJI', pubodnasin, XiHOH,
Fe**, kucens). TakKUM YMHOM, MOJIEKy/Ia XI0podiny Moxke OYTH He JIHIIE TepPBUHHAM
aKIIETITOPOM €JICKTPOHA, ajie 1 Horo MepBUHHUM JOHOPOM. Buxoasuu 3 11p0ro MoXHa
3pOOWTH BHCHOBOK, IO MOJIEKYyJia XJOpOodiay 3aBOSKH CTPYKTypHUM 1 (Di3uko-
XIMIYHUM OCOOJIMBOCTSIM 37]aTHA BUKOHYBATH 3 BaXJIMBI DYHKITII:

1) ubipxoeo nocrunamu E céimna;

2) 3anacamu it y euenadi E enekmponnozo 30y0icenns;

3) pomoximiuno nepemeoprosamu E 30y0scenozo cmamy — e1eKmpoHie y

ximiuny E ghomogionoenenux i pomookucnenux cmamuis.

IIpocropoBa oprani3auisi xsiopoginy:

PicTt i po3BUTOK poCcnuH



70

Mar"ii-nmopQipmHoBe KuIblle — YTBOPIOE TiAPOQUIbHY TMIACTHHKY, SKa
PO3MIIIYEThCS HAJ MEMOpaHaMu;

GiTon 3HAXOAUTHCA IMiJI KYTOM J0 TOpPQIPUHOBOTO KIS 1 YTBOPIOE
rigpodoOHMIi MOJOC, SIKUI B3aEMOI1€ 3 MEMOPaHHUMH CTPYKTYpPaMH.

D1KOOUTIHU
Haiinommpenimn npeacTaBHUKUA (ikoOUTIHIB — DikoepuTpoOuUTiHU (TTepeBaKaroTh
y 4YepPBOHHMX BOJIOPOCTEH) 1 (h1KOI1aHOOLTIHYU (TIePEBaKAIOTh Y CHHBO3CIICHUX ).

CTpykTypa i BJacCTHBOCTI

Haneowcamv 0o orcosunux niemenmie — oininis. lle mempaniponu 3 8iokpumum
nanyrozom oes3 memany. Micmame cucmemy KOH 10208aHUX NOOGIUHUX I OOUHAPHUX
36'a3kig. IlipombHI KUIBISL 3'€IHaHI MK COOOK0 METWJICHOBUMH YU METHHOBUMU
mictkamu. | 1 IV miponu MaioTe mo ofHINA KapOOHUIBHIA Tpymi. MIcTSITh OGOKOBI
pagukanu: 4 metwnbHux (Cp 3 6 7), BiIHUIBHY (C;), eTmnbHy (Cg) 1 ABa 3aJMIIKU
nponioHoBoi kucioTu (Cy, s).

®dikoOUTIHN — 11e XpOMO(DOpPHI TpynH (IKOOLTIIPOTEiHIB (KOBAJCHTHHUM 3B'SI30K).
DiKOOUTIMPOTETHHN AUIATHCS HA 3 TPYIU:

1) dbikoeputpuHu — O1JIKK YEPBOHOTO KOJIHOPY (498-568 HM);

2) (ikormianiHM — cuHBOTOYO1 O1TKM (585-630 HM);

3) a;todikomianinu — cuHi 61KH (585-650 HM).

3acanvruii cnekmp noznunanna — 490-650 um (3eneni ma dHcoemo opaudxcesi
npomeni). Posuunni y 600i. JlokanizoBani y (hikobijlicoMax — rpaHyliax, 1o po3MimieH1
Ha 30BHIIIHIA MOBEPXHI (POTOCUHTETUYHUX JIaME.

3HaveHHH

Makcumymu noziuHanua ceimia y @IikoOiNiHIi8 3HAXOOSAMbCA MIHC 080MA
MAKCUMYMAMU NOSTUHAHHS V XA0POQDINIiG: 8 OPAHIHCEBiil, HCOBMIl | 3e1eHill YaCMUHAX
cnexkmpa. 11e OB's13aHO 3 ONTUYHMMU BIACTUBOCTSIMHU BOJIH, SIKa MEPIII 32 BCE MOTIIMHAE
JOBrOXBUJIBOBI MpoMeH1. ToMy 10 pi3HMX IIMOMH JAOXOJUTH SIKICHO pi3HE cBiTiIo. Ha
rOuHI 36 M y BOJII MOBHICTIO 3HUKAIOTh Y€PBOHI MpomeHi, 177 M — xko0BT1, 322 M —
3enieHl, Ha TMOuMHYy 500 M He NpPOHMKAIOTh HaBITh CHUHI MpoMmeHl. B pesynbrari y
BEPXHIX Iapax OKEaHIB KUBYTh NMEPEBAXHO 3€JIEHI BOJOPOCTI, TNIMOIIE — CHHBO-
3€JIeHI, a IIe IIM0IIe — YEPBOHI (SIBUIIE XPOMATUYHOT KOMIUIEMEHTApHO1 afanTarii).

VY BogopocTelt GIKOOUTIHU — ye 000amKo8i niemermu, sKi 3amicms Xa0poginy
BUKOHYIOMb QYHKYIT c8imno3oupanvrozo komniekcy. Ilpubdmuszno 90 % E cBiTina HUMHU
nepemaeTbest Ha xjopodin a. Y Bcix pociuH € ¢iToxpoM — (GIKOOUTIH, MO0 €
(dboTOpenenTopoM 1 BUKOHYE PETyIaTOPHI (PYHKITII.

COOH COOH
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Kapornnoinu

Kapomunoiou — srcupoposuunni niemenmu cosmoz0, 0paHiceso20, 4epsoHo2o
KOJIbOpY, AKL HAABHI 8 XJ0pOoniacmax ycix pociur. BoHU TakoX BXOASATH IO CKIIAIy
XPOMOIUTACTIB Y HE3EJICHUX YaCTUHAX pOCIUHU. CUHTE3YI0ThCS OaKTepisiMU i Tpubamu.
[MKI19H] 91 alUKIIIYHI 130ITPEHOIIH.

CTpykTrypa i BJIacCTUBOCTI

J1o KapOTHHOIAIB HAJNEKATh TPU TPYIH CIIOTYK:

1) opamxeBi un yepBoHi KapoTUHU (CyoHse);

2) xoBTi kcaHTOD 1M (CyoHs60,, CyoHs604);

3) KapOTHWHOTIHI KWCIOTH — NPOAYKTH OKHCJICHHS KapOTHHOIMIB, HAIPUKIIA,
kporetuH CyoH,404 Mae BKOpOUSHUH JTAHIIOT 1 1B1 KapOOKCHIIbHI TPYIIH.

Kapomunu i xcammoginu 0obpe po3uunni y xaopogopmi, 6euzoii,
cipkogyenesoodi, ayemoni. Kapomunu o0obpe po3uunni 6 eghipax i maiidce He
POZUUHAIOMBCA Y CNUPMAX, KCAHMOQDINU — HABNAKU.

Yci KapoTHHOIIM — TIOJIEHOBI cHoONyKd. KapoTWHOIAM mepmmx ABOX TpyIl
CKIIQJIAIOTBCA i3 B60CbMU 3ANUWKIE [30nper)y (JTAHIIOT KOH IOTOBAaHUX MOABIHHUX
3B's3KkiB). KapoTuHOimm MOXyTh OYyTH alUKIIYHUMHU (anipaTHuHUMH), MOHO- 1
OlnukmYHUME. [{UKIM HA KIHIIX MOJICKYJI KAPOTHHOIMIB € NOXIOHUMU IOHOHA.

AUMKITIYHUA KapoOTUHOiA —> jikomiH. LMKIiYHMI O —KapoTWH MICTUTh [3-
10HOHOBE KiJblle Ta g-ioHoHOBE Kinblie (C4=Cs). B-KapoTHH MICTUTH JBa [3-IOHOHOBHUX
kutblist (Cs=Cg). Ilpu rigpomizi B-KapoTHHY MO LEHTPAIbHOMY IMOJIBIHHOMY 3B’S3KY
YTBOPIOIOTHCSA Bl MOJIEKYJIM PETUHOITY (BiTaMiHy A).

OCHOBHI KapOTHHOIAM BHILIUX POCIWH 1 BOJAOPOCTEH — [-KapOoTHH, JIOTEiH,
B10JIAKCAHTHUH, HEOKCAHTHH, 36aKCAaHTHH.

Cunme3 kapomunoioie nouunacmocs 3 ayemun-CoA yepesz Me8anioHo8y KUciomy,
eepaunineepaninnipoocpam 0o JiKoniHa, AKUU € NONEPEOHUKOM YCIX  IHUIUX
Kkapomunoioie. Cnekmpu ROZIUHAHHA KAPOMUHOIOI8 Xapakmepuzyromscsi 080Ma
cmyeamu y ¢hionemoeiii i cunint oinsauxax 6io 400 0o 500 Hm.

Kaportunoinu, sk 1 xjaopoinuv, HEKOBAJEHTHO 3B's3aH1 3 OlLIKaMu 1 Jimigamu
MeMOpaH.

Poab kapoTuHOigiB y npouecax ¢/c

Kapotunoinu — O0OOB'SI3KOBI  KOMIIOHEHTHM IMTMEHTHHX CHCTEM YCiX
(dboTocuHTE3yIOUNX OpraHi3miB. ['0J10BHI iXHI PyHKIIT 11€:

1) y4acTh y MOTJIMHAHHI CBITJIA SIK JIOJATKOBI MIrMEHTH;

2) 3aXMCT MOJIEKYJIH XJI0pPO(DiIy Biji HE3BOPOTHOTO POTOOKMCHEHHS;

IoHoHoOBe KijIbLIIE
B-kapoTuH
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MoxrBo 6epyTh y4acTb y KHCHEBOMY OOMiHI ITpH (POTOCHHTE3I.

3HaueHHs! KapOTHHOIIIB CTa€ 3pO3yMLUTUM, KOJM MH PO3TJISIHEMO po3monin E B
CIEKTPl CYMapHO1 COHAYHOI pajiallii Ha MOBEpXHI 3eMJli, MAKCUMYM SIKOi TIPUIIaJIa€ Ha
CUHBO-TONIYyOYy 1 3eiieHy 4vacTuHH crektpa (480-530 uM). YV MoaenbHUX J0CIHijiax
MOoKa3aHa BHCOKa €(EKTUBHICTb nepeHecenns FE ceimna Big KapOTHHOIMIB 0
xjopoduniB. lto 3maTHICTE MatOTh KAPOTUHH, aJIe HE KCAHTOD1IIH.

[HimuMm  psgoM  ekcriepuMeHTiB  (OlOXIMIYHMMH Y mpoOipkax, Ha
0€3KapOTUHOIMHNX MYyTaHTaX — XJIAMiJIOMOHA/a, KYKypy/3a) MOBEICHA 3aXUCHA POlb
KapOTUHOIM1B. BOHM 3aXUIaI0Th MOJEKYIU XJI0pOP1IiB Bil pyHHYBaHHS (OKUCICHHS).

Y CBITJIOWYTAMBUX ‘“‘OYKax’ OMHOKIITHHHHX 1 Ha BEPXIBKax ITarOHIB BHIIHMX
POCIIMH KAapOTHUHOIMW, KOHTPACTYIOUM Ha CBITIO, CIPHUSIOTh GU3HAUEHHIO U020
Hanpsamky. KapoTHHOIIM 3yMOBIIOIOTH KOJIp TEIIOCTOK 1 IUIOMIB ACSKUX POCIHH (Y
OLTBIIIOCTI BUTIAIKIB TI€ 3aJICKUTH BiJ] BAKYOJbHHUX aHTOI[IaHIB).

o CBITJIOBA ®A3A OOTOCHUHTE3Y

YV ceimnosiu ¢pazi ¢p/c 8i0bysacmvbcsa noenuHanHs c8imMIa MOJEKYIAMU XIOPOGINY
a 3 yuacmio 000amrosux niemenmis i mpauncgopmayisa E ceimna y ximiuny E AT® ma
gionosneno2o HAJ[(®@)H. lle cxnaoua cucmema pomo-@izuuno-xiMivHux peaxyii, sKa
8100Y8aEMbCsL HA MEMOPAHAX XAOPONIACMIB.

Jlo cknady namen xnoponaacmie 6x00amb 5 0A2amoOKOMNOHEHMHUX OLIKOBUX
KoMnjeKcis: ceimaozoupanvuuil, ¢omocucmema I [ ¢domocucmema 11,
UUMOXpomMHuuil (o depyms yuacmo y micpayii enepeii) ma ATD-aznuit (o bOepe
yuacmo y cunme3si ATD,).

Mirparitis E 1 Tpancnopt €

JIBi ¢poTocucTeMu

Keanmoesuii euxio ¢p/c — ye xinvkicms suodinenoco O,, abo 36's3anoco CO, na 1
keanm noenunymoi E. JIoBeZeHO eKCIIepuMEHTaIbHO, 0 CyMapHuil epekT (KBaHTOBUMN
BUX1J]) BUIIUU TPU OCBITJICHHI POCIUH OJHOYACHO KOPOTKOXBUILOBUM (650 HM) 1
T0BroxBuiIL0BUM (700 HM) YEpBOHUM CBITJIIOM, HIJK MPHU JI1i KOKHOT'O YEPBOHOTO CBITIIa
okpemo. Lle sBuIle oTpuMalo Ha3By eghekmy nocunenns Emepcona.

3BiJICH BUIUIMBAE MPUITYHIEHHS, 1[0 Y XJOPOIJIacTaX B3a€MO/IIIOTh JIB1 MITMEHTHI
cucteMu. BuxopucroByroun audepeHiiiie UEeHTPU(PYTyBaHHA Yy TPaJI€HTI T'yCTHHU
caxapo3d, BJAJNOCS BUIUIUTH W BHUBYUTH OUIKOBI KoMIuiekcH (ortocuctemu [ 1
dorocucremu II (OC 11 DC II).

KoMnoHeHTH eJIEKTPOHHO-TPAHCIIOPTHOIO JaHmora xyopomacrtis (ETJI)

Kowmro- XapakTepuCcTHUKa JonaToxk
HEHTU

OCII

S binkoBuil koMIekc 3B's3yBaHHs M okucHeHHs1 H,O 1 BUieHHs
O, (S-cucrema). MictuTh Kinactep 3 4-X aToMiB Mn Ha KOKHHI
peakwiitanii nentp. [lotpebye Hassrocti Cl i Ca’*, } , .
Z [IBuakuit 1oHOP 1 MepeHOCHUK € a0 Ilggy, MICTUTH 2 MIITHO 38 A3aHL.
3B's13aH1 aTOoMu Mn.
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Iego Xnopodin aggy (aumep) — peakuiiauii uentp + antenHi | OCII
HIrMeHTH (XJI0pod 1IN ag70.683). BIJTHOBJIIOE
Ut Bssg | I'emonpoTein. PQi1
Ol ®eoditun a — nepBunHUi akuentop €y OC II. OKHCHIOE
Qa [TepBunnuii mnacroxinon ®CII, acoriioBaHuii 3 aTOMOM 3aii3a. HZQ 3
Qs Bropunnuii iracroxinon ®CII (micie 38’ s13yBanHs PQ). Bm[mejHHf
M 02 1H".
PQ\ PQH, | [Ty niacToXiHOHIB — NiMi0pO3UMHHKX HepeHocHHKiB e i H'.
Kommieke nutoxpomiB Bs-f
86 ['eMonpoTeiH — IUTOXPOM Bsg3. Ha cBiTm
Q. O, JinsHku 3B'SI3yBaHHS IUJIACTOXIHOHA B KOMILIEKCI LIUTOXPOMIB | OKMCHIOE
Be-f OCII1
FeSg 3amizocipuanmii 6inok Picke (2Fe 28 ). BIIHOBJIFOE
unt.-f [{utoxpom-f — remomnporein. OCL
I, [Tnacromianidi — BOAOPO3UYMHHUN OUIOK, MICTUTh Mib,
TIEPEHOCHUK € .
OC1
g0 [lirmenT, xyopodin azyp (OAUMEp) = peakidiHUN UEHTp +
AaHTCHHHUU KOMITOHEHT (XJI0po(]1IIN aggy eos).
A MonomepHa Gopma XJI0podiny aggs — MEPBUHHUNA aKIETITOP €
y ©C L.
Ay, Ap Banizocipuani Ginku (FeS 6inkm) — BTOpMHHI akuenTtopu ¢, | BIIHOBIIOE
MicTaTh 4Fe 1 48. Ha CBITJI
+
O} DEepelOKCHH —  BOJOPO3UYMHHMI  6imok, sikmii  wmicturs | HAAD'.
3aJTi30CcipyaHi EHTPH.
DAL ®epenokcun: HAJID-okcunopenykraza 3 PAJl, mo cayrye
(penykTas | KohepMEHTOM.
a)
HAJI®" | HikoTuHamifafeHiHAuHYKIe0TuAhOoChAT OKUCITECHUIA.

3’eqnyBanbHOM0 JTaHKOI0 MK DCI 1 OCII ciyxaTh myJ MIaCTOX1HOHIB, O1TKOBUM
IIUTOXPOMHUI KOMILIEKC 66-f 1 TUIacTOIIaHIH.
®C | BuHukna panime. Y Oaktepit ®/C 3aiiicHioeTbest 0e3 poskiany H,O 1
BuninenHs O, (poropenykiis). Jlonopamu e ciayxkath crionyku H,S, Hy, CHy.

AHTEHHI KOMILIEKCH i Mirpauisi eHeprii

3’scoBaHo, 10 Ha KoxkeH peakuiinuii nentp (PL]) mpunagae 200-400 monekyn
xjopoduty, axi noeaunarome ceimio i nepedaroms E na PL]. Monexynu xnopoghiny a, a
MaKoic X10poghiny 8, KApomuHoiou, ikooOiNiHu 6x0051Mmb 00 CKAAY C8IMI030UPAIbHUX
komnaexcie (C3K).

I3 mamen XJIOpOIUIACTIB BHUAUICHO CBITIO30MPAIbHUN O1IKOBHM KOMILIEKC 13
xynopodinamu a 1 6 (C3K a-6), TicHo moB’s3anuii 3 OCII, 1 aHTEHHI KOMILIEKCH, SIKi
6e3nocepenubo Bxoaath 10 PCI 1 OCII (bokycyrodi aHTEHHI KOMITIEKCH (POTOCUCTEM).
VY C3K a-6 nasi xsopodin a 1 xmopodia 6 (Big 120 go 240 mMosexys) Ta KapOTHHOIIH.
[TonoBuny OiNKiB THUIaKOiAiB 1 Ommu3bko 60 % 3arambHOT KITBKOCTI XJIOPO(iTIB
JIOKaJT130BaHO B TAKUX KOMIIJIEKCAX.
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Antennnii 01koBuid komruieke OCII mictuth 40 MoseKy XJT0podiTiB dgro-683 HA
omH Ilggy 1 P-kaporuH. AuTeHHHMi OinkoBuii kommuieke ®CI  ckimamaerbes 13
XPOMOTIPOTEiHIB, AKi MICTATH 110 MoseKkyn XJI0opodiiB deg-e95s Ha 0uH [l709 a TakoXK
B-xapoTuH.

XpOMOINIPOTEIHH  AHTEHHMX KOMIUIEKCIB HE  MaloTh  (POTOXIMIYHOI U
depmentatuBHO1 akTHBHOCTI. Komn © kokHa Molsiekyna XJopodiy mepeTBoproBajia
nornuHyTy Heto E cBiTina y QoroximiuHy —peakiio, TO Taka cuctema Oyna ©
HepeHTabenbHo0. TprBanicTs cunraerHoro 36ymkenns (10°-10"%c) 3nauno koporima
Bix yacy mornvHanHs | kBaHTa cBiTia (0,1 ¢)

binpmry wacTuHy wacy MoJjekyna xjopodiiry mpocToroBana O, MOTJIHHAIOYH
CBITINO. Tomy ponb aHmeHHUX KOMNIEKCI8 noiseae 8 momy, wod 36upamu u
nepeoasamu E Keanmie Ha HeGeauxy KilbKicmb MONeKYn peakyiunux yenmpis Ilggy i
11700, 511 1 30iticHIOIOMb HOMOXIMIUHI peaKyii.

[lepenaua (mirpariiss) E mo mirmMeHTax aHTEHHHMX KOMIUIEKCIB BiJIOYBa€ThbCs 3a
MPUHITUIIOM [HOVKmMuUHo20 pesonancy. KoxkHa mosekyna Xjaopodiay y CHHIJIIETHOMY
CTaHl € MOJICKYJIApHUM ocimiaTopoM. HaBkoiio 30yTKeHOI MOJEKYJId 3MiHHE
CJICKTPUYHE TOJIE, 110 Ma€ MEBHY YacTOTY KOJWBaHb, 1HAYKYE OCHWJISIIIO JIUITONS
(eNeKTpOH-SAAPO) CyCiAHBOI MoJieKyau. [Ipu 1pomMy MoJekyna-I0HOP MEPEeXOAUTh JI0
OCHOBHOTO CTaHy, a MOJIEKYJIa-aKIeTOp — A0 30yKEHOTO CTaHy 1 T.JI.

YMoBaMU AJi1 pe30HAHCHOrO MepeHocy E enekTpoHHOro 30yIKEHHS CIy»KaTb
HE3HauHl BIJCTaHI MDK MoJjekynamu (He >10 HM) 1 MepeKpHUTTs 4acTOT KOJUBaHb Y
JBOX CYCIJHIX MoJeKkya. Mirpaiis E 31iiCHIOETBCS Bii KOPOTKOXBUJILOBUX MITMEHTIB
710 OLIIBII TOBFOXBHJIBOBUX, TOOTO /IO MITMEHTIB 13 O1IbII HU3bKUM PIBHEM CHUHIJIETHOTO
30yKEHOTO CTaHy.

B antenHux komruiekcax nepeHeceHHs E Bi1OyBaeTbes 3a JIONIOMOTOIO MITMEHTIB,
10 PO3MIIIYIOThCS Y TAKOMY HOPSAKY: kapoTuH (400-550 HM) — x11. 8 (650 HM) —> XJI.
a (660-675) — Ilggo (PCII). IIBuaKicTh pe3oHaHCHOTO TIepeHocy E Bing momekymu 1o
morexymu = 107%. TIpu 1poMy e(eKTHBHICTb MepeHOCy MiK MOJEKYIaMH XI0podiny
csirae 100%, a Mi>k MOJIEKyJIaM# KapoTUHY 1 xJopodiny — e 40%.

PeaxkuiiiHi neHTpH

Binku, siki Mictars 10BroxsuiboBi ¢gopmu xmopodiais (Il;op @CI i Ilgg
®CII) y kinbkocti 1 mosexkyna Ha 200-400 moaexkya iHmmMx xJopoginiB i sKi
31aTHI 0 TEePBUHHOr0 (OTOXIMIYHOrO po3moaily 3apsiiiB, HA3UBAKTH
peakuiitnuvu nenrpamu (PII).

Domocunmemuyna O0O0uHuysi — MiHIMaJdbHE (YHKI[IOHAJIbHE YrPYIyBaHHS
TUJIAKOia, SK€ 3/1aTHE 10 (POTOCHMHTETUYHOTO PO3MOJAUTY 3apsay 1 CKIaAa€eThCs 3
MITMEHTIB aHTEHHUX KOMIUJIEKCIB Ta PEeaKLiIMHUX HEHTPIB.

llepeunnuii  posnoodin 3apsodie y Pl 6i0b6ysaemvcs midc  Mmonexyiamu
xnopoginosoi npupoou i nos'sizanuti 3 mpaHcnopmom e. 3TITHO 3 CyYaCHUMH
VSBICHHSAMH, XJOPO(DUIM PEAKIIAHUX IEHTPIB BUKOHYIOTh OCHOBHY (YHKIIIIO B
MEPETBOPEHHI EHEPrii COHSAYHUX KBAHTIB. 3aBISKH CHeNU(pIYHUM 3B ’sS3KaM Ta
oprasizailii MOJEKYJI-JOHOPIB 1 MOJIEKYJI-aKIENTOPIB XJIOPOpiIN peakiiiHuX IIEHTPIB
3/1aTHI BHUKOPUCTOBYBAaTH OJepXKaHy €HEprito 30Yy/KeHHS MJisi YTBOPEHHS IOTOKY
€JIEKTPOHIB HUISIXOM OOOPOTHUX OKHCHO-BITHOBHUX peakiiil. B pe3ynbrari uporo B
TUJIAKOIHIA MeMOpaHi GOpMY€ETHCS TPOTOHHUH 1 €IEKTPUYHUN TPAIEHTH.

PicTt i po3BUTOK poCcnuH



75

[Topsimok peakiiii y mux mporecax BU3HAYAETHCS TPUBATICTIO TOTO YW I1HIIIOTO
CTaHy MOJeKydZ. MONeKyIn 3HAaXOMIThCS B CHHIIeTHoMy 36ymkenni 107%. Bin
nepBUHHUX JOHOPIB (I1*4g0 200 I1*70) mepBuHHI akuenTopu (PP a6o A; BiAMOBIAHO)
OTPUMYIOTh €JIEKTPOHU 3a 10",

Yac 3BopoTHHX pekomOiHalii Big ®d  Ha H+6807 i Bim Ay mo IT'5, Habarato
nosmmit — ~10° ¢. Te 5 caMe CTOCYETHCS i MONANBIINX Map B3AEMOMIIOYHX MOJICKYIL
Tomy Bech X111 Pi3KO 3MIIICHHUH BIIPaBO.

Z, 11, i Qu, Ay — BTOpMHHI JOHOPH i aKienTOpH. IX BiANOBIAHO OKHMCIEHUI Ta
BIJHOBJIECHMI cTaH OUIBII CTAOLIBHUM, HIK CTaH OKHMCICHHX Ta BIJHOBJICHUX
KOMITOHEHTIB B P11,

Otxe, vy PI[ eHepeia 36yddcenozo cmany X10po@iny nepemeoprcmvcs Ha
eHep2ilo po3nooiieHux 3apsdis, mobmo nepemeoproenmuvcs y Ximiuny E.

3abiratoum Hanepepn, MOXXHa OKPECIUTU TakUi NaHLIOr NepPeTBOPEHHSA eHepril.

EHepriss CoHUSA BUKOPUCTOBYETLCS Ha 30yakeHHs1 Xrnopodinis, 30ymKeHi xnopodinm i3
peakuiHNX LEeHTPIB NepeTBOPIOKTL LIH0 EHEPrit0 Ha MOTIK eNeKTPOHIB HU3KOK NEePEHOCHMKIB
WNAXOM  30IMCHEHHST  OKMUCHO-BIOHOBHUX  peakuind, eHepria  MNOTOKYy  erneKTPOHIB
BUKOPUCTOBYETLCA Ha CTBOPEHHA PI3HULI Yy KOHUEHTpaUil Ta 3apsagi iOHiB BOOHKO NO Pi3sHi
CTOPOHU TUNakoigHOI MeMbpaHu, YTBOpeHa TakMM YMHOM eHepris enekTpoXiMiYHOro
rpagieHTy ioHIB BOogHK 4yepe3 ATdasHuM KOMMNIIEKC BUKOPUCTOBYETLCA Ha cuHTe3 AT®, a
eHepria AT® — Ha CUHTE3 OpraHivYHMX CNosykK.

Taknm 4YMHOM, Ha novaTKy LWnAsxXy My Maemo eHeprito CoHuSA, a B KiHUI — eHeprito
BYrneBoaiB, GinkiB, Xupis..

HenukiivyHe i HMK/IiYHEe TPAHCIIOPTYBAHHS €

Buxonsuu 3 ganux npo kBaHTOBUM Buxia ¢/c (mist BuaieHHs 1 monekynu O,
HEO0OX1HO 8 KBAHTIB CBITJIa) Ta 13 CKJIaAy KOMIOHEHTIB ABOX @C 1 BETUYUH iX OKUCHO-
BiTHOBHUX ToTeHmiamiB, P.Ximn, ®.bengann ta JI./[foii3eHC 3ampoIoHyBalld CXEMY
Heyukiunozo mpancnopmyeanns € (Z-cxema).

Henukmiune  TpaHcmopTyBaHHs — elekTpoHiB  oxormioe @DCII,  kommiekc
mutoxpoMiB 65 f, ®C 1. ¥V ®OCII pumep Ilggy mormuae E 1BOX KBaHTIB
KOPOTKOXBHJIBOBOTO CBITJIA 1 MEPEXOJUTH O CHUHTJIETHOTO 30y/pkeHoro crtaHy. [lami
Binmae 2e¢ ¢eodituny (dd), Big saxoro enexktponu, ryonsuun E, mepexonars mo
macToxiHoHIB DCII — Q4 1 Qp, Aayi Ha Ty TMIAOPO3UYMHHUX TIacTOX1HOHIB (PQ), siki
MEepEeHOCATh uepe3 JimiaHy ¢da3zy MemMOpaH €JIEKTPOHM 1 MPOTOHH, 3roJIoM — Ha
3ami3ocipuanuii  Outok FeSg 1 uwmroxpom f, BigHOBmtoroun Cu-BMiCHMI OLI0K
macrorianid (I1).

Bakantai miciist B [1*ggy 3aIOBHIOIOTECSA ABOMA € BijJ NMEpPEHOCHUKA € Z , SIKUU
BIJTHOBJIIOETHCA 3 y4acTio cucteMu S. OKUCHEHHUM OUTKOBUN KOMILIEKC S 3B'A3y€ BOAY 1
BIJIHOBITIOETBCS 32 PaxXyHOK € Boau. s 3MIMCHEHHS WX peakilii HeoOXiaHa
HasBHICTL Mn, CI, o

Onucanuii JIaHIIOT PeaKIfiid pi3ko croBUIbHIOETHCS, kKoiu DC | He 30ymkenHa, 60
Bech Il BimHOBIIOETHCS. [lpu 30ymkenHi Il7gy ABOMa KBaHTaMH JOBTOXBHJIBOBOTO
yepBoHoro cBiTiia (PCI) aBa € 3aXOIUTIOIThCS Aj, a MOTIM MOCTIIOBHO NEPEAAIOTHCS
nepeHocHuKaMu € A, 1 Ag  ¢epenokcuny i depenoxcun:HAJID-okcumope- aykrasi.
PemykTasa BigHOBIIOE HAJI®".
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Ha Bakantni micus B [1*;99 mepexonsts enekrponu 3 miacroumianiny (Im). Z-
CcXeMa MEPEeKOHIMBO MOsACHIOE edekT nocuieHHs EMepcona. E, sika 3BUIBHAETHCS MpU
nepenaui e 13 Ilggg Ha Il790 BuUKOpHCTOBYeTBHCS it cuHTesy ATD 3 AJID Ta
HeopraHiuHoro docdary (dhorodhochopuatoBanHs).

TakuM 4YUHOM, IPHU_ HeyukiiyHomy mpaucnopmyseanni ¢ oepe ydacth PC 1,
KOMILTEKC IMTOXpoMiB 65 f i ®C I mpu mbpomy BinHoBmoeThes HAJID® Ta
cuHTe3yeThest ATD.

Huxkniune mpancnopmyeannsn € B1JIOYBA€ThCS TIJIBKH 32 PAXYHOK KOMIIOHECHTIB
®C I i xoMIuiekcy mUTOXpOMiB 8- f. ¥V 1pomy Bumanmky 30ymkeHi mosiekymu [1%* 74
MOCITIZIOBHO BiJJIAlOTH €JIEKTPOHH Ha Aj, Ay 1 Ag, ®u, PQ, FeSg, muroxpom-f, I 1, B
kinmi, Ha I[Tygo. Llukn 3amukaethes. Ipu ipomy HAJI®™ He BiHOBMIOETHCA. 3BijbHEHA
SHEPTisl BUKOPUCTOBYETHCS TIILKHU JUId (hochoprroBaHas AJ1D.

doTtodochopuntoBaHHs

®otopochopuiroBannss — ue mnpouec yrBopeHHs ATd®, nos'szanuil 3
IHIYKOBaHMM CBiT/1I0M TpaHcnopryBanHsaMm e no ETJI xuopomiacris.

Mexanizm dotodocdopuntoBanns A D, crpsikeHui 3 MISUIbHICTIO €IEKTPOHHO-
TPAHCIIOPTHOTO JIAHITIOTA, MOSCHIOE XeMioCMOMUYHa meopis auTiicbkoro 6ioximika I1.
Miruena. CyTb ii oJiirae och y 4oMmy.

Jlanmor mepeHocHukiB e 1 H' gie TakuM 4YuMHOM, IO TpaHcMeMOpaHHE
nepeHecenHs ¢ i H' B ol Gik 4epryeThes 3 IEPEHECEHHAM y TIPOTHIIEKHMH OiK uIe
e. V pesynomami Oisnonocmi maxoi H -nomnu ma enympiwiniii noéepxui memopanu
Hazpomaoxcyemvcs naonuuwiok H' i eunuxae enekmpoximiunuii nomenyian ionie H',
AKull € popmoro 3anacanns E. 3BopoTHUMI nmacuBHUMiA Tik ioHiB H' MoxnuBumii mume
yepe3 nportonHuii kaHan CFy H'-AT®asHoro xommiekcy (abo H'-ATdazm) i
CYHPOBOJIKYETHCS YTBOPEHHSIM BUCOKOCHEpreTUUHOro pocdarHoro 3B's3ky ATD.

Jlo H'-AT®a3Horo kKoMIiekcy, kpiMm nporonHoro kanany CFg, BXOIUTh (GakTop
cupsbkeHHst CFq, sxuit Bomogie AT® cuHTeTa3HOI0 aKTUBHICTIO, TOOTO € AT®da3010.

TakuMm 4WHOM, Ha BHYTPINIHIA MOBEPXHI TUIIAKOITHOT MEMOpPAHU IiJl BILUTUBOM
ceitma 30ymkyroTbes Ilzgp 1 Ilggg. [IBa enmextponnm  Bim Ilggy 3aXOIUTIOIOTHCS
aKIENTOpaMH Ha 30BHIIMIHBOMY OOIll 1 MepemarThcss Ha OKMCHeHY dopmy PQ, mo
BUKOHY€ (QyHKIIO dYoBHHKA. 2PQ audyHIyIOTH 10 HIUTOXPOMHOTO KOMILIEKCY,
3aXOIUTIoIouK Tepes TuM i3 crpomu 2H'. Enexrponn 3 2PQH, nocTynaroTh Ha JAHIIOT:
FeSg — tutoxpom-f — Iy — I7q0, 2 i0HK H' nmoTparmisioTs 10 MOPOXKHUHU THIAKOIA.

Jpyra napa H' 3BinbHAETBCS TYT e U (OTOOKMCIEHHI BOJHU.

Y ®C I enextponn 3 Il7gp 3aXOIUTIOIOTHCS AKIENTOPOM A, MEPEAalOThCA Uepe3
depenokcun g0 HAJID', mo 3HAXOAMThCA HA 3OBHIIIHIA MOBEpXHI MeMOpaHH,
npuuomy 1 H' i3 ctpomu BukopucroByeThcs Ha BimHoBneHns HAJID'. Omorce, i3
306HIUHBLO20 CepedosUWa MULAK0i0a 3HUKAIOMb, A Y GHYMPIWHLOMY 3 A6IAIOMbCA
npomonu. Takum yuHOM YMEOPIOEMbCS eeKMPOXIMIYHUL NOMEeHYIANl 10HI8 H', axuil
BUKOPUCMOBYEMbCS NPU HEYUKTIUHOMY POmopochopuntosanHi.

[lpu mukaiyHoMy dotodochopunoBandi € Big D mnocrtynamTh Ha
LIUTOXPOMHMIT KOMILIEKC 13 BUKOPUCTAaHHAM nyna PQ, sixuii mie sk nepenocuuk H' i €.
3ro/1IoM enekTpoHu depe3 nuToxpom-f 1 Iy moBepTaroThCsi Ha OCHOBHUM €HEPTreTUUHUM
piBeHb y Il700, @ IPOTOHM HAAXOAATH A0 MOPOKHUHU THUakoina. CTBOPEHUN TaKUM
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YUHOM €JICKTPOXIMIYHHMI TOTEHIIaJ 10HIB BOJHIO B KiHIIEBOMY pe3yJbTaTi 3abe3medye
cunte3 dochartHoro 3B’s13ky ATD na CF;.

Jlokanizanis e- i H'- TpancnopTHux peakuiii

Ilepenoc enekmponie i npomownié 30IUCHIOEMbCA 8 MeMOPAHAx MuIaKoiois.
CaiTno30oupanbHi komiuiekcu 1 porocucteMu (C3K+DC) nokanizyroTbcsi B OCHOBHOMY
Ha MeMOpaHaX, sIKi IIUTbHO KOHTakTyiTh ojJHa 3 ojHoK. C3K+®C 1 ATd-azuwmii
komiieke (CF; + CFg), sk mpaBuio, 3HAXOASATHCS HA HECTHUKYIOUHMX MeMOpaHax.
Kommiekcn mutoxpomiB 65-f piBHOMIpHO po3MilieHi MiXk HUMH.

Bzaemoois  3nIACHIOETBCA 32 JIOMOMOTOI0  JIETKOPYXOMOTO  JIMO(IIBHOTO
miactoxinona PQ y mimijgHiA ¢a3i 1 3aBASKH MEpPEeMIlleHHI0 BOIOpo3yuHHOro [lI
Y3I0BK BHYTPIIIHIX MOBEPXOHb JIaMeJ Ta BOJAOPO3UMHHOTO D y370BXK IX 30BHIIIHIX

IMOBCPXOHb.

o NJIAX BYTJIEIIO (TEMHOBA ®A3A ®/C)

VY pesynbrari (OTOXIMIYHHMX peakliil y XJoporuactax yTBopwiHch ATO 1
HAJI®H. Oxgnak cami 1o co0i i MpoayKTH CBIT/I0BOI (ha3u He 31aTHi BiiHOBUTH CO); 1
, OUEBHJIHO, TEMHOBA (haza ¢/c — CKIaJHUNA TPOIEC 13 BEIUKOIO KUTHKICTIO peakiii. Y
nanuit yac Bigomi Cz-, C4- musixu dikcarii CO,, HOTOCHHTE3 32 TUIIOM CYKYJICHTIB
(CAM-metabomism) 1 doroguxanns. CAM-merabomizm  (Crassulacean  Acid
Metabolism) mie yacom Ha3MBarOTh METa0OI3MOM OPTaHIYHUX KapOOHOBHMX KHUCJIOT Y
toBctonuctux — MOKT.

Cs-nsax ¢/c (nuxn KanbBiHa)

AmMepukaHcbkoMy O10XxiMiKy KanbBiHy 1 HOro cmiBpOOITHHKAM 3a JOMOMOTOIO
mideHoro “CO, Bmamocs BUSIBHTH nepunnuii npodykm ¢/c. Hum BusBmmacs 3-
docdorminepunoBa kuciora (PI'K). 3romom HUMH K OYyJIO BUSIBICHO HEpPEUHHULL
akyenmop CQO, — pubynbo30-1,5-nudocdar 1 Bci iHm peakuii Cy-nuisixy ¢/c. Hukn
KanpBiHa cKIIamaeTbesi 3 TPHOX €TamiB: KapOOKCHIIFOBAaHHS, BIJIHOBJIICHHS Ta
pereHepaiii.

1. KapookcumoBanns (cxema: Cs + CO, = Cg = 2Cy):

1) pubynvozo-5-pocgpam 3 yuactio ATD GpochopritoeTbes i MepeTBOPIOETHCS HA

pubynvozo-1,5-ougpocgpam — pochopudyino3okinasza;

2) nornuHaetbess CO,, MO NPUETHYETHCA N0 pubdyivbo30-1,5-oudhocchamy —
pudyabo30-gudocharkapookcuiaaza. Orpumanuil MpoaykT (2-kapOokci-3-
ketoapalbiHiToi-1,5-6ichocdar) 3pa3y x po3kiIagacTbcsl HA 2 MOJEKYIU 3-
Gocghozniyepunosoi kuciomu, IpU IbOMY 3aCBOIOETHCS BOJA.

2. Bignosaenns (cxema: ®I'K = ®I'A):

3) 3-@I'K nmeperBoproetbesi Ha 1,3-ougpocgpoeniyepunosy kuciomy —
docdoraineparkinaza+ATO;

4) 1,3-0u®l'’K 3a paxynok Boanio HAJI®H, i Tpio3odocharaerinporenasu
BIJIHOBJIFOETHCA U YTBOPIOE 3-¢hocghoaniyepunosuti anvoezio;
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3. Perenepanis (cxema: 5C; = 3Cs — BuxijgHa croiayka
A
3C;+3C0O, = 3C; = 6C; N

1C;
1C;
.4 KIHIIEBUH TIPOIYKT

+ = 1Cs — ri110K03a,

Perenepaitiss IEpBHHHOTO aKIENTOpa JAHOKCHUIY BYTJICIIO i CHHTE3 KiHIIEBOTO
npoaykty ¢/c. B pe3ynbTaTi BUIICONMUCAHUX MEPETBOPEHB MpHU (ikcallli 3-X MOJEKYI
CO; 1 yTBOpeHHI 6-TM MOJEKyJa BiAHOBIEHUX ¢ochoTpio3, 5 13 HUX 1IyTh Ha
pereHepario pubyibo3o-5-gocgama, a 0OqHa — HA CUHTE3 TITIOKO3HU:

5) 3-@I'4A nix aiero depmeHty Tpiozodocdarizomepasn MepeTBOPIOETHCS Ha

Gocpoodiokciayemon;,

6) 3-DI'4 1 pocghodiokciayemon KOHISHCYIOTHCS — aJIb0J1a3a — 3 YTBOPCHHSM
@pyxmoso-1,6-ougocama,

7) Bin @pyxmoszo-1,6-ougpocchamy BimmernmoeTbes 1 docdar 1 yTBOPIOETHCS
@Ppyxmosz0-6-gpoccpam — rexco3odocdarasa;

8) TpaHckeToJIa3a KaTali3ye TEPEHECEHHS JBO-BYIJICHIEBOTO 3aJIAIIKA BiJ
keto3u (ppyxkmoszo-6-poccham) wna anpnozy (3-@I'A). B pesynbprari
YTBOPIOETHCS: epumpo30-4-ghocpam i kcunynvozo-5-¢hocpam;

9) TpaHcaapgoJiaza  croiydae  epumposo-4-gpocpam  (anmbmosza) i3
gocgodiokciayemonom, 1 yTBOPIOETLCS cedocenmynvo30-1,7-ougpocgham,

10) octanuiii mia giero ¢pocdaraszm ta Boau 1ehochOopuIoeTbCsl i YTBOPIOETHCA
cedozcenmynvo3ogocham,

11) mia giero TpaHckeTosa3d 3 HbOTO 1 3DI'A yTBOPIOIOTHCA 2 MOJEKYIU
MIEHTO3: KCUTYNb030-9-hocham Ta pubo30-d-gpocgham;

12) pubo30-5-gpocgham 3 yuactio pudo3odocdarizomepasn nepeTBOPIOETHCS Ha
pubynbo3o-s-gpocgham;

13) 2 MOJIEKYIIH KCUYIb030-D-chocchamy 3 Y4acTIo
pudyabo3odochareniMepasn NepeTBOPIOIOTHCA HA 2 MOJIEKYJU pubyib030-
S-¢hochamy. 3 KX TPHOX MOJEKYT pubynbo30-5-gpocpamy (12 1 13 peakirii)
MOYMHAETHCS HOBHH UK (pikcarii COy;

14) 13 moctoi Monekynu 3PI'A mia [i€l0 ajabAoJa3sd CUHTE3YeThCs (Tmpu
MOBTOPEHHI IMKITY) MOJIEKyNa ¢@pykmo3o-1,6-ougocghamy, 13 aK0i MOKYTh
yTBOPIOBATHUCS TIIFOK03a, caxapo3a abo KpoXMab.

Jlume 2 peakmii y (QOTOCHHTETHYHOMY LUK € crnenupiuHuMH s
(OTOCUHTE3YIOUHMX POCIHH, 1€ — Tepia 1 Apyra. TakuM 4UHOM, MEPIIUM MTPOTYKTOM
¢d/c € OI'K, a xinneBuM — PpykT030-6-pocdat. s cuaTe3y 0/1HI€T MOJEKYIIH TIIOKO3U
B nukJi Kanseina HeoOxigHo 12 HAJI®H 1 18 AT®, sxi mocravaroThest GOTOXIMIYHUMU
peaxiisiMu CBITIOBOI (pasu.

Cy—munsax ¢/c (mukn Xertya 1 Creka).
Himum  psgom  gocinikens 60-x  pp. (KapnutoB, Kopuak, Hesrooposa,
aBcTpamiiceki BueHi Xetd, Ciek) 0ymno BiakpuTo C,-IUIsX BYTJIEHO B ¢b/C.

PicTt i po3BUTOK poCcnuH



79

Jlo rpynu pocnun 13 Cy-msixom (p/c HanexaTh IyKpoBa TPOCTHHA, KYKypy/a3a,
copro, amapasT, J060ja Ta iHim. JIMCTKU HUX POCIUH MICTATh 2 THUITH XJIOPOTUIACTIB:
3BHYAlHI XJIOPOIUIACTH B KJIITHHAX Me30(DTy 1 BEJTUKI XJIOPOIIACTH, YacTo 0e3 IpaH, 13
KJIITHH OOKJIaIKU (0OTOPTKH) MPOBITHUX ITYUKIiB.

CO, depe3 MpoANXU MOTPAILISE 0 IUTOIUIA3MHU KIITUH Me30(diTy 1 BCTyNae B
peakiito 3 ghocghoenonnipyeamom (DEIl) 3a yuactio DOEIl-kapéoxcunasm,
YTBOPIOIOYH WAB1e800YMO8y KUCIomy (OKcanoayemam,).

Jlani B XJIOpOIUTaCTaxX waene800ymosa KUCIoma BITHOBIIOETHCA OO AOMVYHOL
kuciomu (manamy) 3a paxyHok HAJI®H, mo yrtBopmBcs y cBiTinoBid daszi ¢/c.
LJasnesooymosa kucioma 1pu HassHocTi NH," Moe nepeTBOproBaTucs B acnapman.

3rogoMm wmanam (abo acnapmam) TIEPEHOCUTHCS JO XJIOPOIUIACTIB KIITHH
OOKJIAJKU CYJAWHHOTO Ty4YKa, J€ BIH JCKapOOKCHIIOETbCS MAJHMK-€H3HMOM
(MajaTaerigporeHas3orw aexkapooKcuIow4ow) no nipysamy i1 CO,. Ilpu mpomy
yTBOproeTbest HAJIOH.

CO,, sxuii yTBOPUBCA MPH OKHUCHIOIOUOMY JIEeKapOOKCUIIOBaHHI1 Mmanamy (4u
acnapmamy), TPUEAHYETbCA N0 pUOYIH030-AudocdaTy 3 HACTYIHUM YTBOPECHHIM
3®PI'K — 1006TO0 B 1ux xjyoporuiactax (ikcamiss CO, 3M1HCHIOETHCS 3a THUIIOM ITHUKITY
Kanbgina, a B porieci nukiignoro gotodocdopuntoBanns (OCI) cuntesyerbes Benuka
KUTbKICTh ATO.

YTBOpeHuil nipysam TOCTyIae Hazajl 0 XJOPOIUIACTIB KIITUH Me3odiay, jae
MOY€E 3HOBY IIEPETBOPIOBATHCS B IepBUHHUN akuentop CO, — OEIL

Taka KOMIApTMEHTAIlil TMPOIECIB J103BoJisie  pociauHaM 13 C4-IUIsIXOM
3n1CHIOBaTH ()/C HaBITh NPH 3aKPUTHX MNPOAMXAX, OCKUIBKH XJIOPOIUIACTU KIITHUH
0OKJIaJIKM BUKOPUCTOBYIOTh MaJar (acmnaprar), SsKuid yTBOpUBCS paHilie, ik 1oHop CO».
C4-pocaHu MOXYTh TakoK BUKOpUCTOBYBaTH CO,, yTBOpeHHI M1 yac (OTOIUXAHHS.
3aKpUTTA OPOAMXIB V HAWCIEKOTHIINMKA Yac CKOPOYYE BTPATH BOIM 3a DPaXVHOK
TpaHcnoipauii. EQexTuBHICTE BUKOpHCTaHHs BOJU Yy C4-pOCAMH y ABA pa3y BUIIA, HIK Y
Cs-pociuH. C,4-pOCAMHM CTIHKI 10 3aCOJICHHSI, TOMY MalOTh I€PEeBaru y NOCYIIIMBUX Ta
3aCOJECHUX MICIISIX.

DOTOCHHTE3 3a TUIIOM TOBCTOJUCTHUX (CYKYJICHTIB)

Jnst cyKyJneHTIB XapakTepHuil [n000BMH LUKI Merabonizmy C, KUCIOT 3
YTBOPEHHsSIM 0ayyHO1 KucioTh BHoui. lleit tum ¢/c yacto HazuBatotb CAM-
MeTaboJIi3M.

Yuoui CO, mnocrynae no mnuctkiB, ae 3a ydacTio DEIl-kapOokcuiasu B
LIUTOIIa3Mi B3aeMOJIIE€ 3 gocoenonnipysamom (PEII), yTBOPIOOYN oKcaloayemam.
Jxepenom OEIT cnyxuth kpoxmanb. Tex came BiOyBaeThes 13 CO,, 3BUTBHEHOMY MPHU
nuxanHi. Oxcanoayemam BITHOBIMOETbCS 10 s0ayunoi xkucromu (HAAH-3anexkna
MaJIaTaeriiporeHasa), sKa HakKOIMUYIYy€eEThCS Y BaKYOJISIX.

Boens, xonmu mnpoauxu 3aKpuTi, Mmanram TPAHCIOPTYETHCS 3 BaKyosdi Jio
LUTOIUIa3MU 1 TaM JeKapOOKCUIIOEThCs (Majiuk-eH3uM) 3 yTBopeHHsM CO, Ta
nipysamy. CO, HaIXOAUTH J0 XJOPOILIACTIB, JI€ 1 3aXOIUTIOEThCA B MK KanbBiHa.

Takum uymHoM, npu CAM-merabomnizmi ¢ikcaiiss CO, 3 yTBOpPEHHSIM MajaTy
(BHOUI) Ta AeKapOOKCWIIOBaHHsS MajaTy 3 BuBUIbHEHHsM CO, 1 mipyBary (BIIE€Hb)
posnofaineni B daci. Y Cy-poCivH Il K TPOIECH PO3MOMITEHI y MpocTopi. € Takox
3HAYHI BIAMIHHOCTI B aHaToOMii (POTOCHHTETUYHUX OpraHiB, 1 YaCTKOBO y OloXimii
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na”oro mukiy. Jns CAM-pocnuH XapakTepHa OUTbII BUCOKA, HIXK Y TIOTIEPEAHIX TPYII
pociuH, e(EeKTUBHICTh BUKOPUCTAHHS BOAM, OJHAK IXHS MPOAYKTUBHICTH 3HAYHO
HIDKYA.

doTouXaHH 1 METa0O13M TIIIKOJIEBOI KUCIOTH

®oroauxanns (d/m) — 1e akTuBOBaHUWU CBiTIOM Tiporiec BuBLIbHEHHS CO; 1
noriauHaHHg O, KU BIAPIZHIAETHCA BiA IUXaHHS MITOXOHIpPiH. Y (QyHKIIOHATHHOMY
TUTaH1 IO TUXaHHA [el MpoIiec MPSMOro CTOCYHKY HE Mae.

Pudyabo3oandocharkapdookcuiaza B XJoporiactax Moxe (yHKI[IOHYBaTH 5K
OKCHUI'eHAa3a, KaTali3yI4l OKHCHIOIYE PO3IICIUICHHS pubynvo3oougocpamy Ha 3-
@I'K 1 2-¢pocghoenixonesy xucromy. Monekynu O, 1 CO, KOHKYpYIOTb Mk CO0OI0 B
KaTaTiITHIHOMY IICHTpi pulyab0o30audochaTkapooKCHIAZHOKCUTEHA3H.

®d/n 3M1ACHIOETBCST B PE3yibTaTl B3a€MOIi TPhOX OpraHeNl — XJIOPOILIACTIB,
MITOXOHJIPiH 1 MEPOKCUCOM.

Inikonam 13 XJIOpoIUIacTa HAAXOIUTH JO IMEPOKCUCOMH 1 TaM OKHUCHIOETHCS
IJIiK0JIATOKCUIA3010 J10 eniokcunamy. Tlepexknuc BOJHIO PO3KIIAJIAE€THCS KATAJIA3010.
I niokcunam aMiHY€TBHCS 1 IEPETBOPIOETHCS B 2IYUH.

Iniyun  TpaHCTIOPTYEThCS N0 MITOXOHAPIi. TyT 13 ABOX MOJIEKYN eaiyuHy
yTBOPIOEThCST cepur 1 3BUIbHAETBCA CO,. Cepun MOXe 3HOBY TMOCTyHaTH M0
IEPOKCHCOMH 1 TaM TIepe/laBaTh CBOIO aMIHOTPYIy Ha nipyeam. 13 nipyeamy BUHUKaE
anamin, a 13 cepuny — 2iopoxkcunipysam, SKui BIIHOBIIOETLCS B 21iyepam.

I niyepam 3HOBY MOXE TOTpamUTH 0  XJOPOIUIACTIB, JI€  IUIIXOM
dhochopumoBanns neperBoproetbes Ha 3-OI'K 1 BcTynae B peakinii nukiny KaibBiHa.

TakuM 4UHOM, ICHYIOTH Pi3HI HUIAXU BigHOBIEHHS CO,: Cs- 1 C4- nuisixu, CAM-
MeTabo0113M 1 GOTOTUXaHHS.

e EHJIOT'EHHI MEXAHI3MU PELYJIALIT ®/C

Perymsmis  ¢QortocuHTe3y 3AIMCHIOETRCA Ha piBHI  (pepMeHTiB, MeMmOpaH,
XJIOPOILJIACTIB, KJIITUH, TKAHUH, OPTaHiB 1 LLJIOT POCIHHH.

Perynsiiist Ha piBHI JIMCTKa

["onoBH1 GyHKLIT TUCTKA: (/C, TpaHCHIpalis i CHHTE3 OPraHIYHUX PEYOBUH.

[ToBiTpsSiHOMY J>KMBJICHHIO CIpUSAE NIACMUHKOBA (Hopma JUCMKA [ U020
eéHympiwHsa 6yooea. OCHOBHA TKaHWHA JHUCTKa (Me30(U1) CKIaaeThes 3 ryduacToi Ta
cToBmyacToi napeuximu. Came TyT 3A1HCHIOETHCS (/C 1 TOKANI3YIOThCS XJIOPOIIACTH.

XnoporutacT  OUTBIIIOCTI POCIMH 37aTHI nepemiujysamucs B KITHHI B
3aJIKHOCTI BiJ 1HTEHCHMBHOCTI cBiTia. lle BimOyBaeThCcs 3aBOSKU  ISITBHOCTI
CKOPOTIMBUX OUIKIB, TIOB'S3aHUX 3 MeMOpaHoto xjoporuiacta. [Ipu nepexomi o d/c 'y
XJIOPOILJIaCTaxX B1IOYBA€ThCS HU3KA 3MIH. YK€ MNpU XBWIMHHOMY OCBITJICHHI BOHU
3MIHIOIOTh 00'€M, CTalOTh OUIBII IJIOCKUMHU. THUIAKOIIM 1 TpaHW 3CYBalOThCA Ta
VIIUIbHIOIOThCS, 3amyckaeTrbest ETJI xyoporacTiB, NoB'si3aHuid 3 TpaHCMEMOpaHHUM
nepeHeceHHsIM MpoToHiB Ta cuHTe3oM AT®, HAJIDH 1 O..
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TpaHcnopT MPOTOHIB yCEepeAMHY THIJIAKOiAIB MPU3BOAUTH 1O MIAKUCICHHA iX
BHYTpilHbOr0 BMIicTy 70 pH 5,0 1 omHO9acHoMYy 301ab11eHHI0 pH ctpomu 110 8,0.

llosasa HA/[®H, AT®D, O,, Mg2+ i smina pH maioTh NpsMul 1 ormocepeKoBaHUN
BIUTMBHU Ha (/c peaxiii, OUTbIIicTh (epMEHTIB SKUX HE akTWBHI npu pH<7,2; abo 6e3
NEBHUX pPEYOBMH YK 10HIB. 30inbmieHHs pH npu3BOAMTH TakoX [TO 3HAYHOTO
3'szyBaHHs CO,. ®ikcauiss CO, mepir 3a BCe PETyIIOETHCS CBITIOM, SIKE aKTHBYE
depmentn uwmkiny Kanbpina. KurouoBuit ¢depment muxiny KansBina — PA®-
KapOoKcuIa3a, Kkpiv ceimna, akmugyemocs Gpykmo3o-6-gocghamom i ineibyemocs 6-
gocghoznioxonamom, ppykmo3so-1,6-ougocchamon.

[linBuienHs koHueHtpamii O, B CTpOMI MOXKE CHPUYMHUTU O 3HUIKEHHS
iHTeHcuBHOCTI (ikcalli CO, 3a paxyHOK NOCUJIEHHS (DOTOAUXAHHS.

Benukuii BIUIMB HAa KIITHHY 1 ii MeTabomismM MawoTh ATD, HA/[®H 1 acuminamu,
10 YTBOPIOIOTHCS B XJyioporutacTax. IIpu ocBitienHi criBBigHomeHHs AT®/AJID pizko
3pOoCcTa€e B XJIOPOIUIACTax, a 3rofoM 1 B IuToruia3mi. lle 3A1iCHIOEThCS CUCTEMOIO
CKJIAJIHUX TIepeHOCHUKIB. Buxin BimOyBaetbcs y Burisaai DPI'K, ®I'A, OJA; no
[UTOIJIA3MU  HAJIXOAUTh TakoxXK (Qpykrozoaudocdar. TyT BiaOyBaeTbcsi CHHTE3
caxapo3d, KpOXMaJll0 Ta IHIIMX OpraHiyHUX pedoBHH. [Ipu iHTEeHCUBHOMY (/C
KpOXMaJlb CHHTE3YEThCS i CKYMIYETHCS IMI€ M Y XJIOpOTIacTax.

[Ipy nepeBaHTaXE€HHI TKAaHWH JIMCTKA ACUMUIATaMH 1HTEHCUBHICTH (/cC
3HIDKYETHCA. A TEPENOBHEHHSA KPOXMaJlleM IUIACTH] BUKJIHMKAE 3BOPOTHI, a 3roJoM i
HE3BOPOTHI 3MIHHM B CTPOMI XJIOPOILJIACTIB.

Opnak 30aradeHHs TKaHWUH JIUCTKA I[yKpaMHu nid8Uwye QYHKYIOHATbHY
akmugeHicms TPOBLAHUX TYYKiB. TeopeTMYHO iCHye 2 cIocoOu TpaHCIIOPTYBaHHS
ACUMUJISITIB JI0 TIPOBIIHUX IMYYKIB: MO CUMIUIACTY (Yepe3 IIa3MOACCMH M IUTOIIIa3MHU
Py KIITHH) 1 MO anoryacTty (Mo KIITHHHUX CTIHKax). Y OUIBIIOCTI POCIUH IIei
TPAHCIOPT 3A1MCHIOETHCA TIO amloIUIACTy, JI€ MOXKE CKymuyBaTucs 1/5 "acTuHa IyKpiB
auctka. KimituHu QuoeMHUX 3aKiHYEHb 3/1aTHI MOCHIJICHO IOTVIMHATH aMIHOKHCIIOTH 1
IyKPHU TIPOTH TPajli€eHTa KOHIIEHTPAIIIi 32 JOIIOMOTOI0 €HEPrO3aJIeKHUX MEPEHOCHUKIB.

[lix nmiero cBiTia 3MIHM BIAOYBAalOThCA HE JIMIIE Yy KIITHHAX Me30(uny, aie ¥ y
npoauxax. Ha cBITHl mpoauxu OIbIIOCTI POCIWH IIMPOKO BIAKPHUTI, 2 B TEMHOTI —
3aKpUBAIOTHCS (BUHITOK — TOBCTSIHKOBI). Lle moB's3aH0 3 po60TO0 (hOTOCUHTETUUHOTO
anapary B 3aMHUKalbHHMX KJIiTUHaxX. IIpu OCBIT/IEHHI TyT 3amycKaeThcs MexaHizm H'-
TIOMITH, MOCUIIIOEThe nornuHanHs K' i cuHTe3 Manary, B pe3ylbTaTi HOTo 3pocTae
BHYTPIIIHbOKIITHHHUI OCMOTUYHHUM TUCK 1 IPOAUXH BIIKPUBAIOTHCS.

[[IuprHa TPOAUXOBUX WHIUIMH 30UIBIIYEThCS 1 mpu 3MeHIneHHl Bmicty CO; y
MDKKTITHHHHUKAX. [le 3yMOBIICHO AiSJIBHICTIO MEXaHI3My, KU 3a0e3nedye J0CTaTHIO
KUIbKICTB cyOcTpaty (CO,) mist teMHOBOI (hazu ¢/c.

301IbIICHHST BIAKPUTTS IPOJMXIB MPH3BOJIUTH JI0 MOCHIJICHHS TpaHCIIIpalii Ta
OLIBIII THTEHCUBHOTO HAJIXOJKEHHS BOJIM M PEUOBHH IO KCUJIEMI 3 KOPEHIB JI0 JTUCTKIB,
10 HEOOX1THO /I HOPMAJIBHOI AISUTBHOCTI KIIITHH ME30(1Ty.

Perynsiis Ha piBHI 117101 POCIUHU

[nTeHcuBHICTh mpouecy (OTOCHHTE3y 3alekKUTh HacaMmIiepel Bil YMOB
HaBKOJMIITHBLOTO CEPEJOBUINA, a TaKOX BiJ (Pi310JOTIYHOTO CTaHy POCIUHHU, €TaIy
OHTOT€HE3y, NoTped y poToacuMinsTax TOUIO. Y POCIMHHOMY OpraHi3mi ICHye cucTemMa
1HTerpanii CKIaJHuX 3B's13KiB (b/C 13 yciMa IHIIUMH QYHKIISIMUA POCIIMHHU.
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[Tporiecu oHTOreHe3y 3abe3NedyloTh MOCTIMHE ICHYBaHHS aTparyrouux 30H. B
aTparyrounx IEHTpax BIIOyBaeTbcsi ab0 HOBOYTBOPEHHS W PICT CTPYKTYyp, abo
IHTCHCHBHHI OPraHOCTIPSMOBAHHUI CHHTE3 3allacCHUX PEeuoBHH. B 000X BUMaakax cTaH
aTparyro4mux IEHTPIB BU3HAYA€ BEJIMYMHY IMOMUTY Ha MPOAYKTH (/c. | AKIIO 30BHIIIHI
YMOBM HE€ JIMITYIOTh ()/C, TO TpoBiAHA poJib Yy MOro JAeTepMiHAIlli HaJIEKHUTh
aTparyrouuM IeHTpaM.

VY BciX mMX Tporecax BaXJIMBY pOjib BIAIFPalOTh (PITOrOPMOHH, I1HTIOITOPH.
diToropMoHHu Ait0Th Ha ¢)/C AUCTAHIINHO (B Pe3yJbTaTi PETYIIOBAHHS MPOIIECIB POCTY
Ta PO3BUTKY —> €MIreHe3y) Ta mpsMo (Yepe3 3MiHU cTaHy MeMOpaH). JloBeneHa poJib
LIUTOKIHIHY B Ol0T€He31 XJIOPOIUIACTIB, CHHTE31 Xjopodiry 1 (EepMEeHTIB IUKITY
KasnbBina.

e EKOJIOTTA ®OTOCHUHTE3Y

11io exonocicro ¢h/c pozymitoms 3anexcHicms npooykmueHocmi ¢h/c 6i0 pakmopis
308HIUHBO20 cepedosuwa. Bnaue yux axmopie i aoanmayis 00 HUX pOCiuH Oyxce
cymmeei 0151 POCAUHHUYMEA.

BB pakTopiB 30BHIIIHBOTO CEPEIOBUINA

Csirtiio

Jluctkn nornuHaTh 80-85% (GOTOCHMHTETHYHO aKTUBHOI mNpoMeHuctoi E i
npu6an3Ho 55 % Bia E 3aransHoi pamiaiii. PoTocUHTETHYHO akTUBHA paxiailis (DAP)
— e cBiTio 3 poBxuHOIO XBwiai 400 -700 um. Ha ¢/c BuTpavaetncs 6mausbko 1,5-2%
MNOMIMHYTOI €HEprii.

3anesxcuicms  weuokocmi  ¢p/c  6i0 inmencueHocmi ceéimaa mae @opmy
noeapu@miunoi kpueoi. IlpsiMma 3alIleKHICTh IMIBUIKOCTI TMPOIECY Bia MNPUTOKY E
CIIOCTEPITAETHCS JIMIIE TTPU HU3bKiM IHTEHCUBHOCTI CBITJIa. Y 0ararbox CBITIOMIOOHUX
POCIIMH MaKCHMallbHa I1HTEHCHBHICTH ()/C CIOCTEPIraeTbcsi MPHU OCBITJIICHOCTI, fKa
JIOPIBHIOE TIOJIOBHUHI MOBHOI COHSIYHOI. 3a TaKUX YMOB HACTYyTMAa€ CBITJIOBE HACHUYCHHS.
Jlanbiie 30UIbIIEHHS OCBITIEHOCTI He mocwioe ¢/c. TiHbOBUTPUBAIl POCIUHU
aKTHUBHIIIE BUKOPUCTOBYIOTh HU3bK1 IHTEHCUBHOCTI CBITJa. Y HUX CBITJIOBE HACUYEHHS
¢/c mocsiraeTsest ipu 1-2 THC. JIIOKC, @ y CBITJIOMIOOHUX epeBHUX pociuH — mpu 10-40
TUC. JtoKc. Y C3-pOCiuH CBITIOBE HACHUEHHS (p/C HIKUe, HIXK Y C4-pOCIIUH.

VY AinsgHIl CBITJIOBOTO HACHUYEHHS I1HTEHCHBHICTH (P/C 3HAYHO BHUINA, HIK
IHTEHCUBHICTh JUXaHHs. Pigenv oceimnennsn, npu axomy noenunanus CO; 6 npoyeci
@/c ypienosascyemocs eudinennsaim CO, 8 npoyeci OuUxawHs, HA3UBAEMbCSA CGIMIOBUM
KOMREHCauitiHuM RYHKMOM.

KpiMm iHTeHCHBHOCTI, JJ1s1 Tiporiecy ¢/C BaXJIUBUM € 1 AKICHUU CK1a0 ceim.a.
HaiiGinpiia mBuakicts ¢/c y uepBonux npomMensx. Lle cBiTio 3aBxau HasiBHE y IpsMid
COHSIYHINM pajiarlii, a KOJM COHIIE CTOITh HU3bKO, TO TiepeBaxkae E uepBoHOTO CBITIIA —
ONTUMAaJIbHA JIJISI TIEPEXO0ay MOJIEKYNH Xyiopodiny 1o 30ymkeHoro crany. CuHe CBITIO
Mae 3HauHO Ounbie E, a iHppauepBoHE — HEAOCTATHHO.

Pocnunu, BUpOLIEH] Y 4epBOHOMY 1 CHHBOMY CBITJI, CYTTEBO BIAPIZHSIOTHCA 3a
CKJaoM TmpoaykTiB ¢/c. Ha cHHbOMY CBITJII YTBOPIOETHCS BEJIMKa KUIBKICTh
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HEBYTJICBOJIHUX CHOJYK (aMIHOKHUCIIOTH, OPTaHiuHI KUCJIOTH Toio). OMHAK MBUAKICTh
(/c crIIbHO 3pOCTae MpHU JI0AaBaHHI HEBEJIMKOI KIJIBKOCTI CHHBOT'O CBITJIa 10 YEPBOHOTO.

BwMicT 1uokcuay ByrJiento

CO; € ochogHum cybcmpamom @/c, 1020 6émicm U3HA4a€e IHMEHCUBHICb
npoyecy. Kouuentpamiss CO, B atmochepi = 0,03%. Ilpum i KoHUEHTparii
IHTEHCUBHICTh /¢ cTaHoBUTH e 50% MakCUManbHOI, sIKa JIOCSTAEThCS TPH
3poctanHi CO, B noBitpi A0 0,3%.

OueBHIHO, €BOMIOMINHO Tporec (/c popmyBaBcs mpu OUTBIIINA KOHIIEHTpAI]
CO,. lle mae MOXIUBICTD JJIs MIATOAOBYBaHHS C3-pOCIUH Y 3aKPUTHUX MPUMIIIEHHSX 3
METOI0 OTPUMAaHHA OUTbIIOTO Bpokaro. Y C4-pOCHMH Take MiArOJAOBYBaHHS HE A€
edeKTy, TOMY 110 Y HUX ICHy€ 0cOOIMBHI MexaHi3M KoHIeHTpyBaHHS COs.

CO, npoHUKae 10 JUCTKIB 4Yepe3 Mpoauxu. | xoua moma mpoanxiB CTAaHOBUTH
mumie 1-2% Bin mmomi JMcTiB, MBUAKICTE nepemimenas CO, Benuka, OCKUIBKHA BOHA
MIPOTIOPIIiiiHA JOBKHUHI KOJIa OTBOPIB.

Temneparypa

llepeunni pomogpizuuni npoyecu ¢/c (noerunanusa u miepayia E) ne 3anexcams
gi0  memnepamypu. Jyxce uymaugi 0o t npoyecu  GOMOCUHMEMUUHO2O0
gocghopuniosanns. /s hepmenmamushux peaxyiii 8ioHosenHs gyeneyio Q1o = 2-3.

3aranpHa 3aleXHICTH (/C BiJ t BiAOOpakaeTbCsi OHOBEPIIMHHOI KpUBOK. Lls
KpYBa Ma€ TPU KapJAUHAJIbHI TEMIEPATypHI TOUKU: MIHIMAJIbHY, IPH AKIH MOYMHAETHCS
¢/c, onTUMaNbHY 1 MAKCUMAJIbHY.

Hwxus TemneparypHa mexxka ¢/c y pOCIMH MiBHIYHUX LIMPOT 3HAXOJUTHCA B
intepani -15 — -1°C, a y Tpomiuanx — +4 — +8'C. Y poCiIMH HMOMIpHOrO MHOSICY B
intepBami 20 — 25C [OCATaeThCS MAKCHMAlIbHA IHTGHCHBHICTH (/C, a majblie
3pocTaHHs t° IPU3BOIUTH 10 TajbMyBaHHS mporecy (ocobmmBo micas 40°C). Jleski
POCIIMHM ITyCTeNb 31aTHI 3aiiicHioBaTH (/¢ mpu 58°C.

TemnepaTypHi MeXI MOXHa PO3CYHYTHM [MONEPEIHIM 3arapTyBaHHSIM 1
aJanTaiiero pociauH 10 TpaaieHTa Temrepatyp. HaigyrauBimmmu mo gii t° € peakiril
KapOOKCHUITIOBAHHS, YTBOPEHHS CaXxapo3u 1 KPOXMaJIO Ta TPAHCIIOPTYBaHHS caxaposH i3
JIUCTKIB.

Boanuii pe:xxum

Booa 6e3nocepeonvo bepe yuacmo y ¢b/c six cyocmpam OKUCHEHHS U 0dicepeno
Kuchioo. BenuunHa OBOJAHEHOCTI JIMCTKIB BHU3HAYA€ CTYIIHb BIAKPUTTS NPOJUXIB 1
HagxokeHHsT CO,. I1pu moBHOMY HacCHMYE€HH1 BOJOKO 1 B 3aCYIUIMBUIN TIEPI01 MIPOJIUXH
3aKpUBalOThCs. TpuBana 3acyxa MpurHidye Bci mpouecu (/c. MakcumanbHuil ¢/c
CIIOCTEPIraeThCs 3a HEBEIIMKOTO BOAHOTO Aedinuty (5-20%).

MinepajibHe »KMBJICHHS

Jnst HopManbHOT poOOTH (POTOCMHTETHUYHOTO arapaTy pOCiMHA MOBUHHA OyTH
3a0e3nedyeHa BCIM KOMIUIEKCOM Makpo- 1 MikpoesnemeHTiB. lloBiTpsiHa ¥ KopeHeBa
CHUCTEMH >KUBJICHHS TICHO B3a€MOIIOB's13aH1. MinepanvHi enemenmu 8x005mv 00 CKIAOY
anapamy omocunmesy, YuM i BUSHAYAEMbCSL IXH5L POJIb.

Mg BxomuTh A0 ckiany xjopodiny, Oepe ydacTb y IsTIBHOCTI (hepMEHTIB
cuntesy AT®, HAJI®, kapOOKCUITIOBaHHS,

Fe neobOximuuii 1yist 610CUHTE3Y XJIOPO(DLITIB, IUTOXPOMIB, (DEpEIOKCUHY;

Mn i Cl HeoOxiaHi 17151 POTOOKUCHEHHSI BOIH;
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CU BXOIUTH JI0 CKJIay TUIACTOIlIaHIHY;

Hectaua N BrummBae Ha (OpMyBaHHS MITMEHTHUX CHUCTEM, aKTHUBHICTH PJID-
KapOOKCHIIa3u Ta IHIIUX (DEPMEHTIB;

HEJIOCTaTHS KUIbKICTh P mopylye cBITIOBI W 0COOJMBO TEMHOBI peakiii ¢/c 1
TyXe MPUTHIYYE POCTOBI TPOIIECH;

3MeHIeHHa BMicTy K mpu3BoauTh 10 MOpyIIEHHS BCiX mpolieciB ¢/c, podoTu
IIPOJAMXOBOTO arapary, BOJHOTO PEKUMY.

Kucenn

[Tporec ¢/c 3BUUAIHO 31ACHIOETHCS B aepOOHUX YMOBaxX Mmpu KoHIeHTpalii O, B
atmocepi 21%. 3BuyaitHHil BMICT KUCHIO MIEPEBUIIYE ONTUMAIBHY 175 ()/C BEIUUUHY.
Bucoki konmentpamii O, (23-30%) 3HmkyroTh (/c 1 aKTHBI3yIOTH (POTOIUXAHHS,
3MEHIyIoud akTuBHICTh PJId-kapOokcunasu. BiacyTtHicte KkuCHIO 1711 /c
HECIPUSATIUBA.

J{o0oBi i ce30HHI puT™Mu ¢/C

Iumencusnicmo @/c 3pocmae i3 cx000M COHYs [ cA2A€ HAUOINbUUX GEIUYUH
onuzeko 9-12 200. Y MOXMypl HECHIEKOTHI JHI TaKOK BOHA 3aJIMIIAETHhCA 1 gaii. B
KapKy MOroay, KOJW TEMIIepaTypa JMCTKIB 3pOCTa€, a OBOJHEHICTb 3MEHIIYETHCS,
iHTeHCUBHICTh (/c cnagae. Hepinko o 16-17 rox.  cmocTtepiraetbcs HOBTOPHE
MOCWJICHHSI po1ecy. [HTEHCUBHICTD ()/C 3HMKYETBCS TICHSA 22 TOJ. 13 3aX0JI0M COHIISL.

Ce30nHi 3MIHU 3anedcamsb 810 KIIMAMUYHOL 30HU pocmy pocauH. Y TyCTeNsIX yci
KOJIMBaHHSI BU3HAYAIOTHCA OCOOJMBOCTSMHU OHTOTreHe3y. B edemMepiB mMakcuMmalbHa
aKTHUBHICTH (b/C crmocTepiraerbcsi B KiHII O€pe3Hs, Ha MOYaTKy KBITHS 1 CHIBHAJAE 3
MOYATKOM IUIOAOHOIICHHS. Y POCIHH, SIK1 3aBEPIIYIOTh BET€Tallil0 Ha MOYaTKy JiTa, B
el TepioJ] CIOCTEpIraeTbcsi MakCUMaldbHUM ¢/c. Y THX, SKI JOBrO BEreTYIOTh,
CE30HHMU MaKCUMyM TNIpHUMaJa€ Tepel IOYaTKOM TMOCyXH. B apKTHUHHUX pOCIHH
IHTEHCUBHICTh ()/C MEHIAa Ha TOYaTKy 1 B KIHII BereTaiii, KOJM YacTilIalTh
3aMOPO3KH.

[IpoayKTUBHICTb POCIUH
HaiiBumi Bpoxai MOXyTbh OyTH 3a0e3MedeHl CTBOPEHHSIM TaKMX ONTUMAaTbHUX

YMOB:
1. 301IBIIIEHHSM JUCTKOBOT MOBEPXH1 y MOCIBAX;

2. TMPOJIOBXKEHHAM 4Yacy akKTUBHOI poboTu ¢/c amapaTy NOpoTAroM a00M 1
BereTaiiHoro mepiogy (MIATPUMKAa arpoTEXHIKOK Ta  MiHEpaJTbHUMU
n00OpUBaMH);

3. BUCOKOIO  TPOAYKTHUBHICTIO  (POTOCHHTE3y, MAaKCUMAJIbHUMHU  JOOOBHUMH
IIPUPOCTAMU CYXO1 PEUOBUHH;

4. MakCHMaJIbHUM MPUTOKOM MPOAYKTIB (b/C 10 rONOIAPCHKO BAXKIMBUX OPTaHIB.
JInst oTpuMaHHSA BHCOKHMX BpOKaiB HEOOXIJHA CEJEeKIIMHO-TeHeTUYHa po0oTa,

CIpsiMOBaHa Ha 30UIbIIEHHS IHTEHCUBHOCTI (¢)/C, MBHUJKOCTI BIATOKY aCHUMUIATIB, Ha
3pOCTaHHS YHCTOI MPOTYKTUBHOCTI (p/C.
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e KOCMIYHA POJIb POCJIMH

doTtocuHTe3 — €IMHUN Tpolec Ha 3emill, KWW BiOYBAa€ThCS B TPAHIIO3HUX
Macmitabax 1 nmoB's3aHuit 3 nmepeTBopeHHs M E consiunoro citia B E XiMiuHUX 3B'SI3KIB.
s xocmiuna E, HarpomamkeHa 3elI€HUMH pPOCIUHAMH, CTaHOBUTH OCHOBY MJIs
KUTTENSUIBHOCTI BCIX 1HIIMX TeTepOTPOPHUX OpraHizMmiB Ha 3emMii Bia OakTepiil 10
JIOJTUHHU.

Buoinsioms 5 acnexmis kocmiunoi ma nianemapuoi ponai pociun.

1. HarpomazkeHHs1 OPraHiyHoOl Macu

VY mnpoueci ¢/c HazemHi pociuHM yTBOPIOIOTH 100-170 Mupna. T, a POCIUHH
okeaHiB — 60-70 Mipa. T #iomacu B pik (y epepaxyHKy Ha CyXy PEUOBUHY). 3arajibHa
Maca pociuH Ha 3emuti gopiBaioe 2 400 mupa. T (Ha 90% — 1e memrono3a). 3aranpHa
Maca TBapWH 1 MIKpOOpraHi3miB — 23 MIpA. T, MO CTAaHOBUTH TpubOInM3HO 1% Bif
POCIMHHO1 O10MacH.

3a yac ICHyBaHHS Ha 3eMJll OpraHiuHl 3aJMIIKA >KMUBOTO CKYMUyBaJIHCS W
MoaudikyBanvcs. Ha cymii BoHU NpeACTaBieHl y guensidi niocmuaxu, 2ymycy i mopy,
13 SIKUX 3a IEBHUX YMOB y TOBIIII JiTochepu hopMyBaocs 8y2iisi.

B okeaHax opraHiyHi pEMTKA BXOAWIW A0 CKIAny ocaodosux nopio. llpu
OIyCKaHHI /10 TIIMOMHHUX I1apiB JITOCHEPH 3 IIUX 3IUILKIB YTBOPUIIUCS 2a3 I Hagma.

Maca opraniyHO1 peUOBHHU MIJICTUIIKU, TOPPY ¥ TyMycCy omiHoeThes B 190, 220,
2 500 mapa. T BignoBigHOo, HadgTH i razy — 10 000-12 000 mupa. T, a ocagoBUX MOPiA
— 20 000 000 map. T.

OcoOMuMBO 1HTEHCHMBHE HArpoOMaJDKEHHS MEPTBUX OpraHIYHUX 3aJIMIIKIB
Bi10yBaiocs 300 MJTH. pOKIB TOMY B IAJIEO30MCHKY €py.

2. 3a0e3neyenHs cragoro smicty CO; B armocgepi

YTBOpeHHs MOPiJA Y BEIMYE3HUX MaclTadax BUBOJAMUIIO 3HaYHY KUIbKICTh CO; 13
Kpyroo0iry Byriemnto. B armocdepi craBano Bce MeHme CO; 1 Tenep MOro KuUIbKICTh
ctanoButh juiie 0,03% (711 mupa. T). Y kaliHO30MCBKIM e€pl BMICT IUOKCUY BYTJICIIIO
B atMocdepi cTab1I1i3yBaBCs M CIOCTEPIraiucs JIUIE CE30HH1 HOTO KOJIMBaHHS.

L]iti cmabinizayii cnpusie 36anancosane 38'13yeanns (¢/c) i susinonennus CO,, wo
giobysacmoca 6 2novanvhux macwmaoax. opiune HagxomkenHs CO, go armocdepu
3YMOBJICHO: JUXaHHSAM pociuH — 10; nuxaHHsAM 1 OpOJIHHSM MIKPOOpPraHi3miB — 25;
JTUXaHHSAM TBapuH 1 mrojed — 1,6; BUPOOHHUOIO MISUTBHICTIO — 5; IeOXIMIYHUMH
nporiecamu — 0,1 mapa. T. (pazoM mpudaU3HO 41,7 MIPAL. T).

[ToTyxHUM pe3epBOM AHOKCcHAY Byrieio € CBITOBHI OKeaH, y BOJax SsIKOTO
3HaxouThes B 60 paziB Ounbire CO,, Hixk B aTMOcdepi.

Takum ynHOM, POTOCHHTE3, a TAKOK JAUXAaHHS OpPraHi3MIB 1 KapOOHATHA CUCTEMA
OK€aHy NIATPUMYIOTh BIAHOCHO cTanuii piBeHb CO, y NOBITPI.

B octanni poku cniocrepiraerbes 301unbiieHHs BMicTy CO, B atmocdepi Ha 0,23%
IIOP1YHO.

3. IlapuukoBuii epeKT

Byrnekucnuii ra3 1 Boja NOrIMHAIOTH 1H(QpayepBOHE BUIIPOMIHIOBAHHS COHIA 1,
TaKUM YWHOM, 30€piraloTh 3HaYHY KUIBKICTh Teria Ha 3emMii (mapHUKoBUil edekT). Ak
3raJlyBajiocsl BHIIE, *KHUB1 opraHizMu noctadatotb 85% CO,, KUl MIOPIYHO HATXOIUTh
110 aTMochepH.
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Tenpaentis mo 3poctanHs Bmicty CO, MOXe COPHUUYMHUTH 3POCTAHHS CEPEIHBOI
TeMmrepaTypu Ha MOBEpXH1 3emui, 1m0 WMOBIpHO OyJe HEraTMBHO BIUIMBATH Ha
TOBKULIA. OOHAK YIIKOM MONCIUBO, WO Ye npuzsede 00 NOCUleHH: /¢, aKuil 1iKeioye
Haonuwok CQO,. Takum YyuHOM, pOCIUHU HIBENIOIOMb HEOAMCAHI HACTIOKU NAPHUKOBO20
eghexmy.

4. HarpomajkeHHsI KUCHIO B aTMocdepi

CnoyaTKy KuceHb OyB HasiBHUN B aTMoc(epl y Mi3epHUX KUIBKOCTSIX, TENep BiH
ctaHoBUTH 21%. [losea u nakonuyenns O, y nogimpi nos'sizamni 3 OisILHICMIO 3€1eHUX
pocaun. llopiuHo BoHM mocTayaroTh 10 armochepu 70-120 mapn. T O,. Lleit kuceHs
HEOOX1THUH T IUXaHHS BCIX )KUBHUX OPTaHi3MiB.

5. O30H0BHMII eKpaH

Baoicnueuii pesynomam udineHHs pociuHamu KUCHIO — YMBOPEHHS 030H08020
eKpana y 8epxHix wapax ammocgepu Ha gucomi 25 km.

O30H (O3) yTBOpIOETHCS B pe3ynbTaTi doToaucoriamnii Moiekyiu O, mij i€
COHsIYHOI pamiarii. O30H 3aTpuMye OUTbITY YaCTUHY yibTpadiosieToBuX nmpomeHiB (240-
290 uMm), siK1 3ryOHO BILTMBAIOThH Ha BCE JKUBE.

PyiinyBaHHS 030HOBOTO €KpaHy — cepiio3Ha mpobiiemMa 0XopoHu 0iochepu.

Kytukyna
Enigepmic

ManicanHa
napeHxima

CyauHHO-BONIOKHUCTHIA NyHOK

Mpoaux

My6uacta P
napeHxima L o

B Xnoponnactu Diham—

Baxkyons

s RN

s ey

ﬂﬂpo l— '--.':.--_-::.‘ Rorer
: paHa
Knitunna /”
obonoHka Tunakoin Groikata

BHyTpiwHa 30BHiWHA
membpaHa membpaHa
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Puc. 2. Buaume cBiTiI0 y cKIafl pagiaiiiHOro BUIPOMIHIOBAaHHS

Hornouzese

i

Xaopoduuut b f-Kapotin Dot Knopodiin a

7 \
7z \ R
\ |
| i | }
400 500 GQO 700

Jlnmsta BojHbL, M

CreKkTpy NOTIMHAHHSA MIrMEHTIB MJIaCTHUI.

CtpykrypHa ¢popmyna xaopodity a.

X1 a: R=—CH;
Xa1. b : R=—CHO
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Puc. 5. EJIeKTPOHHO-TPAHCIIOPTHUH JIAHIIOT XJIOPOILJIACTIB

KnitnHa mesodiny KC KniTuHa obknagku
co, NADPH
NADP* NADPH
N
COOH COOH
CHZ CHZ

ﬁHZ > €O, ——»

3-0rK
c\:o P =0 (\ZHOH
COOH COOH COOH TH3

®docdoeHon Okcanoavetar Manat Cco
-nipysat C UJnﬂX

COOH

AMP+PP. ATP+P

Mipysat
v

Liykop,

Puc. 6. C;-muisax ¢orocunresy
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0. HAA®H+H"  H,c-0{®)
N 2
(l:OOH 2ATO Cl:"'o HAL® é=0
H-C-OH 2afge H-C-OH l
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=2 1 +
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H-C~OH L-04D) H-C~OH
2 OTK A®TK oA
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H,C-OH
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H,0 C=0 c=0 HoC-0{®)
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H-C-OH H-C~OH HO-C—H
— 1
CO2  Hyt-0{D) HC-0{®) H-C~OH
PyB® Kcu-5-0 H-C~OH
| HoC-0{®)
\ HZ(':-OH N
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Puc. 7. BinHoBawBaJbHUI NMeHTO30¢ochaTHUIl LUK BYIJICHI0 B NIpoueci
dporocunresy (muka KaabBina)
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MeTa00J1i3M OpPraHiyHMX KUCJIOT IO TUILY TOBCTAHKOBUX

[Ipoauxu BIAKPUTI

Hiuy
} BaKyons
Okcanoanerart
Kpoxmalb { KniTUHa
CO,
xnoponnacT

[Ipoauxu 3aKkpuTi

I
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~-—

xrioponnact
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KaJ'IbBIHa

COOH
CH,OH
okcuaasa
rnikoneeBoi (
KNCNOTU it
rniokcunat
CHO
amMiHOTpaHcC-
depasa
rniyuH

b
Nl
CO2
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ANXAHHA POCJIIMH

YTBOopeHi B pe3ynpTaTi (OTOCHMHTE3Y IIyKpH Ta IHIN OpraHiyHi CIOIYyKH
BUKOPUCTOBYIOTHCA KIITHHAMH POCIMHHOTO OpraHi3My SK TIOKHBHI PEYOBHHHU.
HaiiBa)nuBimmMM €TaroM XHUBJICHHS OpPTaHIYHUMH PEUOBHHAMH Ha KIIITUHHOMY piBHI
BHCTYIIA€E MPOIIEC AUXaHHS.

KiaiTunHe AuXaHHAA — 1€ OKHMCHIOIOYMHA (3 y4YacTIO KHCHIO) PO3MIaJ OpraHiyHHUX
MO)KMBHUX  PEYOBHH, [0 CYIPOBOUKYETHCA YTBOPEHHAM  XIMIYHO aKTHUBHHX
MeTa00ITIB 1 3BIJIBHEHHSIM €HEpPrii, K1 BUKOPHUCTOBYIOTHCS KIIITHHOKO JUISI IPOILIECIB
YKUTTEAISIIILHOCTI.

3arajbHi IOJI0KCHHS Ta PIBHSAHHS JUXaHHS

VY npupoji iICHYIOTh JIBa OCHOBHI MPOIECH, Y XO/1 IKUX €HEPrisi COHSIYHOrO CBITIIA, IO
OyJia aKkyMyJIbOBaHa POCJIMHOIO B OpPraHIYHINA pEUOBUHI, 3BUIBHSAETHCS, 1€ — JUXAHHS Ta
OpOJIIHHS.

Juxanns — 1e aepoOHUN OKMUCHIOBAJILHUI pPO3MaJl OpPraHIYHUX CIOJIYK Ha MpPOCTI,
HEOpPraHIyHi, 110 CYNPOBOKYETHCS BUIIJICHHSAM €HEPT1i.

bpooinnss — anaepoOHUN mponec pos3naay OpraHiyHMX pPEYOBUMH HA MPOCTIIII
(oprasiuHi), 10 TAKOX CYNPOBOKYETHCS BUIIJICHHSAM €HEPTIi.

VY pasi AuXaHHS aKIENTOPOM EJIEKTPOHIB B OKMCHO-BIJIHOBHUX PEAKIISIX € KUCEHb, TOI1
SIK 11T 9ac OpOJIIHHS — OpPTaHIYHI CITOTYKH.

HaykoBi ocHoBu mpo ponb O, B auxanHi Oynu 3akiaaeHi npaismu A.JlaByasbe,
S.Inrenxay3sa, [.bopoxaina, O.baxa, K.Earnepa. ¥ npyriii nonoBuni 19 cT. cniabHUMU
3YCHJUISIMU BYCHHUX 3alPOMOHOBAHO 3arajibHE PIBHSHHS 1IbOTO MPOIIECY:

C6H1206 + 602 = 6C02 + 6H20 + E (2875 KI[)K/MOJIL).

Opnouacno O.M.bax HarosonryBaB Ha TOMY, 1110 010JIOTIYHE OKHUCHEHHS TOB'S3aHE 3
BIJIHIMaHHSM BiJl CyOCTpaTy €JIEKTPOHIB Y MPOTOHIB.
s rimore3a O.M.baxa nagam Oyna po3BuHeHa B.l. [lamnagiHuMm y CTpYHKY TeOpito
xiMi3My auxaHHs. [TojgoxxeHHs Horo Teopii npo aHaepoOHY i aepoOHy ¢da3u AuXxaHHS Ta
PO POJIb BOAM Y IIUX TMPOIECax MOBHICTIO MiATBEPAMINCA.
OCHOBHI 0JIOXEHHS TeOopli 010J0T1YHOTr0 OKMCHEHHs (Teopii baxa-Ilamnaaina):

e 000B’SI3KOBHM YYaCHUKOM JUXAaHHS € BOJIA;

® BOJIa pa3oM i3 cyOCTpaTOM OKMCHEHHS! BUKOHYE (DYHKIIIIO JIOHOpPA BOJHIO;

® y MpoIeci AuXaHHA OepyTh ydyacTh crenudiuHi aKTUBATOPU BOJHIO, SIKI
BUJTy4alOTh BOJIEHb 13 CyOCTpary;

® [iepill €Tanu JUXaHHS € aHaepoOHMMHM 1 HE BHMAaraloTb HasBHOCTI
MOJICKYJIIPHOTO KHCHIO;

® MOJICKYJISIPHUIM KUCEHb HEOOXITHUN Ha 3aBEPIIATLHOMY €Talll JUXAHHS JJIs
perexHepaiiii akIenTopiB BOJIHIO 3 YTBOPEHHSM BOJIH.

ExcniepuMeHTanbHI JaHi PO yuacms 600U B OKMCHEHHI CyOCTpaty AuXaHHs ¥l poas O,
SK KIHIIEBOTO akIenropa BOoAHIO Oyiau oTpumani y 50-X pp. MUHYJIOTO CTOJITTA 1
BUCBITJIEH] B npausx b. Bapranersna it A. KypcaHnosa.
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3aBasku gociimxeHHsM Koctudesa, HeiOepra crano o4eBHIHO, MO OUXAHHSA MA 6CI
8UOU OPOOIHHA NO8'sI3ani Midc coO0I0 uepe3 NIPOBUHOSPAOH) KUCIOMY [ WO ICHYE
2eHeMUYHULL 38'A30K MIdHC OUXAHHAM MA OPOOIHHAM.
JluxaHHd € OJHHMM 13 TIPOSIBIB OOMIHY PEYOBHH MDK OpPraHi3MOM 1 HaBKOJIHUIIHIM
CEpEIOBUIIEM, Y PE3yJIbTaTi 4Oro BiIOYBA€ThCS TeHEpYBaHHS eHeprii y BUrsal ATO,
BiHOBMOBaIbHUX ekBiBajeHTiB (HA/[-H,, HAJI®-H;) Tta dopmyBaHHS NpOMIKHHX
POJYKTIB JISl PI3HOMAHITHUX O10CMHTETUYHUX PEAKIIM POCIUHHOIO OPTaHI3MY.
[Ipomec nuxaHHS CKIAAAETHCS 3 TPHOX CTAIIB:

» TIIKOMi3y,

» LUKy TpukapOboHoBux kuciot (uukin Kpebea),

» IUXaJILHOTO JIAHIIIOTA.
Ha mepmux naBox eramax (TJIKOJI3, UK TPUKAPOOHOBUX KHCIIOT) BiI0OyBAETHCS
BimHoBNeHHs kodepmentiB  (HAJ[‘H,, HAI®-H,), saxi Ha TtperbomMy eTami
OKHCHIOIOTHCS KUCHEM IOBITPS B JUXAJILHOMY JIAHITF031 MITOXOH/IPIM.
Bracnijiok nuxaHHs B OpraHi3Mi BUHUKA€E B3a€MO3B’SI30K MK PO3KJIAJOM 1 CHHTE30M
OCHOBHHMX XIMIYHUX CIOJIYK, $IKi OepyTh ydacTb Yy nmpolrecax oOMiHy. Takox
B1IOYBA€ThCS Ta3000MIH 13 HABKOJIMIIHIM CEpPEJOBUIIEM: KHUCEHb MOTJIHWHAETHCSA, a
BUJILISIETHCS BYTJICKUCIIHM Ta3.

e OCHOBHI HVIAXW OKUCHEHHA JUXAJIBHUX
CYBCTPATIB

OxucHenHs cyoOcTtpariB (S) y Xoai JOuxaHHS 311HCHIO€TbCs (pepmentamu ().
depmeHTH, K 0l0KaTaai3aTopu, MalOTh JIEKUIbKa OCOOJMBOCTEN: BUCOKY aKTHUBHICTH,
crienudiuHicTh Ta JIaOUIbHICTh. [li BIIAaCTMBOCTI 3a0e3Me4yrOTh MOKIIMBICTH TOHKOI1
peryisuli o0OMiHy pe4OBUH Ha piBHI ()EPMEHTIB.
IcHye 4 criocoOu OKMCHEHHS:

1. Bignimanus e (Fe* — Fe*);

2. BigHIMaHHS BOJHIO ( TIAPOXIHOH —> XIHOH + 2 € + 2H" );

3. nmpueananusa O, ( 2H,+0, — 2H,0);

4. yTBOpPEHHS NMPOMIXKHOI TIAPAaTOBAHOI CHOJYKH 3 MOJAJBIIMM BiJHIMAaHHAM
JIBOX €JIEKTPOHIB 1 IPOTOHIB:

CH3-COH+H,0 — CH3-CH(OH), — (-2¢7, -2H") CH;COOH

OkcuaopenyKTa3u

OCKiZIbKM OKHCHEHHsi ojHiei pedoBuHm — JI (moHopa € um H') nos'azame 3
BIJIHOBJICHHSIM 1HILOI CIOJIyKH — A (iX akienTtopa), To (pepMeHTH, K1 KaTali3yloTh I
peaxiiii, Ha3uBalOTh OKMCHO-BiIITHOBHMMH (pepMeHTaAMHU, a00 OKCHIOPEAYKTA3aMH.
VYci BOHM Halexath 10 Mepuoro kiacy GepMeHTIB 1 MOAUISI0ThCA Ha 17 MmiJIKiIaciB:

L0200
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IcaHye nmeximpka Tpym  OKCHIOPEAyKTa3: aHaepoOHI JETiAporeHasw, aepoOHi
JETiIpOoreHas3m, OKCHUAa3u Ta OKCUTCHA3H.

AHaepoOHi AeriaporeHasm — nepearTh €ICKTPOHN PI3HUM MPOMIKHHUM aKIIEITOpaM,
ane He O,. lle IBOKOMIOHEHTHI (hepMeHTH, KohepMeHTOM sKux Moxe Oyru HAJT
(ankozonv-,  nakmam-,  manamoeziopozcenasu) —ab6o  HAIAD (izoyumpam-,
amorkozogpocpamoeziopozenazu). Tlpu oxkucHenHi cyocrpary HAJT (HAJI®Y)
nepeTBoproeThes y BigHoBIeHY dhopmy HAJIH (HAJI®PH), a apyruit npoToH cyocTparty
aucolioe y cepeaosumie. OKuUcieHl W BiHOBIEHI (GopmMu KodepMeHTIB aHAepOOHUX
JET1IpPOreHa3 MOXYTh B3aEMOINEPETBOPIOBATHUCS:

HAJ;H + HAJT," < HAJI," + HAJT,H.

AHaepoOHi JIeTiIporeHasn nepenaroTh BOjeHb, T00TO € i H', pi3HUM HIpOMikKHHUM
NepEHOCHUKAM 1 aepOOHUM JIET1AporeHas3am.

AepoOHi JaerigporeHasm — TPaHCIOPTYBAHHSAIOTH € JO PI3HUX aKIENTOPIB, B TOMY
gucm ¥ 1o O,. e Takox aBokOMIOHEHTHI depMeHTH — duaBonpoTeinu. Kpim Oinka,
70 IXHBOTO CKJaJy BXOJUTh MIIHO 3B's3aHa MPOCTETHUYHA Tpyna — MOXIJHE
puboduasiny (BiTamin B,).

Po3pi3ustore nBa kodepMeHTH wi€i rpynu: (daaBiHMOHOHYkaeotusn (PMH), abo
XKOBTUM juxanbHuil (epmeHT BapOypra, 1 dunaBiHageHiHauaykieotusn (DPAJ)
(cykyunamoeeciopocenasza). AKTUBHOIO TPYIIOIO ITUX (DEPMEHTIB € 130aJNTOKCA3HH.
AKIENnTopy €JIeKTPOHIB IJIs1 aepOOHUX JIETIAPOreHas — 1€ XIHOHU, TUTOXpoMH, O».

Oxcuaasm — 37aTHI IepeaaBaTy € Juine KUucHo. [Ipu 11boMy yTBOPIOETHCS:

600a — Ha O epeHOCUThCA 4 € (yumoxpomoxcuoasa, nonigeHoiokcudasa);

nepoxkcuo 600Hio — Ha O, IepeHOCUThes 2 € (prasonpomeinosi okcudasu);
cynepoxcuonuii anion xkuctio (07) — Ha O, mepeHocuthes 1 € (kcammunoxcuoasa).

H,0; 1 O™ — TOKCHYHI 1 B KJIITUHAX IIBUJIKO TPAHC(HOPMYIOTHCS Ha BOJY il KUCEHb.

Cepen okcuaas BaXJIUBY pOJib BIAITPalOTh 3a1130BMICHI (DEPMEHTH i TIEPEHOCHUKH, SIKi
HaJIe)KaTh J10 UUMOXPOMHOI cucmemu. J[o Hel BXOmsITh HUTOXpOMH (B, C;, C) 1
IIUTOXpOMOKCHAa3a (IUT. atas). Yca cucrteMa mepenae e Big (IaBONpPOTEiHIB Ha

MOJIEKYJTy KHCHIO. B naHItory quxaHHs HalpsiM Tepeiadl € BU3HAYAEThCS BEIMUUHOIO
OKHCHO-BIJJHOBHOT'O MOTEHLIATY LIMTOXPOMIB:

IUT. B — IHUT.C; — IHUT.C — OUT. ata; = O,.

VYci KOMINOHEHTH IUTOXPOMHOI CHUCTEMH MICTATH 3a1i30M0p(ipUHOBY MPOCTETHUHY
rpyny. Iuri6itopamu uumroxpomokcugazu € CO, miaHig, asua. Y POCIMHHUX
MITOXOHJIPISIX ICHY€ OKCH/Ia3a, IKa HE MPUTHIYY€EThCS [IMMHU PEYOBUHAMU 1 HA3UBAETHCS
AIbMEPHAMUBHOIO OKCUOA3010.

PocauHHI TKAHUHU MICTITHh TAKOXK HEMITOXOHAPIAJIbLHI OKCH/IA3H.
— noaigenonokcudasza (IEPEHOC €ICKTPOHIB 1 MPOTOHIB BiJl (PEHOJIIB HA KUCEHB);
— ackopbamokcuoaza (OKUCHIOE aCKOPOIHOBY KHCJIOTY JO JEripoacKkopOiHOBOI
KHUCIIOTH);

— Tpyna nepoxcuoas (BUKOPUCTOBYIOTh SIK OKMCHIOBAY MEPOKCHUJ] BOIHIO:
AH;+H,0, — A+2H,0; MoxyTh (YHKIIOHYBaTH $IK  OKCHJa3u, ab0 aHaepoOHI
JIET1IPOTEeHA3N);

— KaTanasza (po3Kiaia€ mEPOKCHUI 3 YTBOPEHHSIM MOJICKYJIIPHOTO KUCHIO:
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2H202 —> 2H20 + 02 T)

OxcureHnasm — akTUBYIOTh KHCEHb, Y PE3yJIbTaTi YOO BiH CIOTYYaeThCA 3
OpraHiYHUMHU PEUYOBHUHAMH:

— OuokcueeHazu TIPUENHYIOTH IBa aTOMH KUCHIO;

— 2I0pokcunasu TPHETHYIOTh OJUH aTOM KHCHIO (MOHOOKCU2EHA3MU).

JloHopoMm € mysi okcureHas ciuyryiote HAJI(®)H, ®AJH, Tta iH. cnomyku. Lli
dbepMeHTH OEpyTh yYacTh VY TIAPOKCHIIIOBAaHHI 0araThbOX €HJOTCHHHX CIIOITYK
(amMiHOKHCTIOT, (PEHOMIB, CTEPUHIB), @ TAKOXK Y JIETOKCUKALli 4y>KOPIAHUX TOKCUYHHUX
PEUOBUH.
["ppoxcunasu 3M1HCHIOIOTh PEakiio TAPOKCUITIOBAHHS 32 CXEMOIO:
AH+02+I[H2—)AOH+I[+HZO.
JlnokcureHa3u NpUeIHYIOTh 1Ba aTOMU KUCHIO B HaPI3HOMAHITHIIII TPYTIN:
HAH + O, -»> HO-A-OH
HO-A-OH + O, - HOO-A-OOH
A+ 0O, +]IH, > HO-A-OH + ]| TaiH.

I'mikomni3

I'1ikoJ1i3 — nporec aHaepoOHOro po3Iaay TIOKO3H, 10 NPOXOJANUTSE 13 BUBUILHEHHAM E,
KIHIIEBUM NPOAYKTOM sikoro € miposuHorpaana kuciaora (I1BK). I'mikoni3 — 3araabHui
CIUIBHUM eTan aepoOHOI0 TUXaHHS 1 BCIX BUJIIB OPOIHHS.

LUTO30J11 TJIKOJITUYHI (PEPMEHTH OpraHizoBaHI B MYJbTUEH3UMHI KOMIUIEKCH Ha
aKTUBHUX (DlIaMEHTaX IIUTOCKEIETY, 1110 3a0e3euye BEKTOPHICTh MPOILIECY.
Anrmiicekuii 610xiMik A.l'apaen 1 pociiicbkuil ¢izionor JI.IBaHOB yCTaHOBWIIH, IO
IIF0KO3a MiAa€ThCs aHaepoOHOMY po3many huine micis dhochopumtoBanus. [ToBHICTIO
BECh IPOIIEC TIIIKOII3Y po3mudpyBanu Himelbki 01oximiku [.EMOaen 1 O.Meeprod Ta
pansHchkuit Oioximik S. IlapHac.

Eranu raikoui3zy (0ioximist mpouecy)

JlanITIor peakiiiii TJIiKoJi3y MOKHA PO3MOAUIUTH HAa TPH €TaIlH.

1. HigroroBunii eranm — ¢dochopuiiroBaHHS T'eKCO3M Ta ii PO3MICTVICHHS Ha JBI
dochotpiosu. [wkoza (mipano3Ha dopma momnekynu) (ochopuntoerscss ATD 3
YYacTIO FeKCOKIHA3U, TIEPETBOPIOIOYUCH Y 20K030-6-hoccham, KU 130MEPUBYETHCS
rioko3odocdartizomepasorw y ¢pykmoszo-6-ghocpam. lleh nepexin HEOOXITHUN IS
YTBOpPEHHS OuIbII 1a0inbHOI QypaHO3HOI (POpMH MOJEKYIH TeKCo3u. Ppykmo30-6-
gocgham dochopumoerbes 3a yuyactio ATD dochoppykrokinazorw. B pesynbrari
YTBOPIOETHCS (hpykmo30-1,6-oughoccham.

®pykmo3zo-1,6-ougpocpam — nabinbHa QopMa 13 CHUMETPUYHO PO3MIMICHUMHU
dbochaTHuMU Tpymamu, 10 HECYTh BII'€MHUN 3aps]l 1 BIAIITOBXYIOTHCS OIUH BIJ
OJIHOTO E€JIEKTPOCTAaTHYHO. Taka CTPyKTypa JIErKO PO3IICIUTIOETHCS AJbA0J1a3010.
Takum uMHOM, CYTh MIATOTOBYOTO €TaIly MOJSATa€ B aKTHBAIl CTaOlIbHOI TIIOKO3H 32
paxyHOK MojBIHHOTO (hochoprimroBaHHA 1 mepexony y pypanosny ¢hopmy 3 MOIaTbIITIM
posmanoM Ha 3-hocoeniyepunosuii anvoezio (3DPI'A) 1 ¢pocgoodiokciayemon (DPIA),
SIK1 JIETKO TIEPETBOPIOIOTHCS OJIUH B 0JIHOTO (Tpio3odocdaTizomepasa).
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2. Hepuie cybcrpatHe docdopuntoBanss, ske nounHaeTbes 3 3DI'A 1 3aBepiiyeThes
YTBOpPEHHAM 3-pocoeniyepunosoi kucromu (3PIK).

®epmenT aeriaporenasza docdoriinepunoBoro aawaeriny (HAJ[-3anexnuit SH-
dbepmenTt) yrBoproe 3 3DI'A dhepMeHT-cyOCcTpaTHUN KOMITJIEKC, B IKOMY BiTOYBA€ThCS
OKMCHEHHs cybcTparty Ta mepenaua ¢ i HW ma HAJI". V xoxi okucHenns ®IA vy
dbepMeHT-CyOCTpaTHOMY KOMIUIEKCI BHUHHUKAE MEPKANTaHHUNA BUCOKOCHEPTETUYHUIN
3B’S130K (3B’S130K 13 BUCOKOIO BUTHHOIO €HEPTIEO T1IPOITI3Y).

dochoponi3 1poro 3B'13Ky 3BUIbHIE SH-pepMeHT, a 10 3aUIIKy KapOOKCUIBHOT TPYyNH
cyOcTpaTy mpuenHyeThcsl Heopra"iuamii pocdar (36epiraroun E okucaenns 3OI'A). B
pe3yabTati yrBoproeThes 1,3-0udl’K.

Bucokoeneprernuna ¢ocdarna Tpyma 3 gomoMoroio  (ocdoraineparkinazu
nepenaetbesa Ha AJID 1 yrBoproroTbest AT® 1 3OI'K.

TakuMm 9rHOM, Ha JPYroMy €Tarli TIiKOMi3y Ha KOKHY OKHCHEHY TPi03y CHHTE3YIOThCS
1 monekyna AT® i 1 monexyna BimnoBiaeHoro HAJIH.

3. Hpyre cyb6crtpatHe docdopumoBanHsa, npu  skomy 3@PIK 3a  paxyHOK
BHYTPIIIHEOMOJIEKYJIAPHOI0 OKHCHEHHS Biae dhocdat 3 yrBopeHHsIM AT®.

3@I'K 3a ponomororo (ocdoraineparmyrasu nepetBoproetbes B 2PDI'K. Jlanbie
eHOoJIa3a KaTaii3ye BIILIEIUIEHHS MosieKyiu Boau Bi 2PI'K, mo cynpoBomKyeTbes
nepeposnoaiiioMm E B Monekyini. B pe3ynbTaTi IbOro yTBOPIOETHCS ocghoeronnipyeam
— CIIOJIyKa, sIKa MICTUTh BUCOKOeHepreTuyHuil docdatnuit 3B'si30k. Lleit docdar 3
yudacTio mipyBaTkiHa3u niepenaetbest Ha A1, a enonnipysam nepexoauTsh 10 OUTBIIT
cTabuIbHOI popmu — nipysam.

EnepreTuuHnii BUXiJ IJIIKOJII3Y

Ha 2 1 3-my eramax ytBoproerbcs 4 mon. AT® 1 2 mon. HAJIH, na nepuiomy etami
Butpadaerbes 2 Mon. AT®. Oxkucnenns 1 mon. HAJIH = cuntedy 3-x mon. ATO.
Takum yuHOM, y HPOLECI TIIIKOJI3Y YTBOPIOETHCS 8 Mostekys AT®D.

Binbna enepris rigponizy 1 monekynu AT® =41, 87 k/x/mons (10 xkkai), a 8§ Mosekyn
AT® narots 335 xJ>x/mMonb (80 kka).

3BOPOTHICTH IJIIKOJIi3y BH3HAYAETHCSA 3BOPOTHICTIO Mii OunbIIOCTI hepmeHTiB. OgHak
peakuii QocopuiaroBaHHS TIOKO3M W (PYKTO3M, a TaKOX peakiiss YTBOPEHHS
MIPOBUHOTPAJAHOI KHUCIOTH, $IKI 3A1MCHIOIOTHCS 3a JIONOMOIrO KiHa3, BUMAararoTh
3aTpaTd €Heprii MakpoepriuHux 3B’s3KiB. Ha muxX MIIsSHKAaX 3BOPOTHHM MPOLIEC MOXKE
B110YBaTHCS 3aBISKH BUKOPUCTAHHS OOX1THUX IIJISAXiB.

DyHKUII IT1IKOII3y B KIITHHI:
— 3JIHCHIOE 3B'SI30K MK cyOcTpartamu nuxaHHs il koM Kpebca;
— mnocravyae Ha noTpedu kinituHn AT® 1 HAJIH (B ymoBax aHOKCii — OCHOBHE

mxepeno ATD);
— TPOJYKYE IHTepMeaiaTH, HEOOX1IH1 111 CHHTETUYHHUX MPOIIECIB Y KIITHHI,
— y xuopomnactax — gae AT®; wmerabomizye KpoxMmalb y TPIO3H, SKi

CKCIIOPTYIOTBHCA 10 IIUTO30JIKO.
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Hukn Kpebca

BpaxoByroun pesynbpratu cBoix mnonepeaHukiB (T.TynOepra, A.Cent-Ipepani) Ta
BJIACH1 JIOCHTIJKEHHs, aHrmiicekuii Oloximik [.A.Kpebc 3amnpomoHyBaB cxemy
OKUCHEHHS Ou- i mpuxapoonosux kuciom 1o CO, uepe3 "yuxn numonHoi kuciomu” 3a
pPaxyHOK BigHIMaHHS BOoAHIO. Takum unHOM y 1937 p. Ha TBapuHHUX 00'ekTax OYB
Binkputuil nukn Kpedca, a B 1939 p. anrmidicekum nociuigaukoMm A.YiGHenom Oyra
JI0BEJIeHA MOr0 HAsBHICTH y POCIIHH.

Y mukai Kpe0Gca npu HasgBHOCTI KHMCHIO MIPYBaT MOBHICTIO OKHCHIOEThCS 10 CO; i

1) BesnocepeaHb0 B IMKII OKHUCHIOETHCS HE caM IipyBar, a HOro MoOXigHe —
anetmin-KoA. Tomy nepiinii eramn — 11e YTBOPEHHS aKTUBHOTO alleTUIY B X011 OKUCHOTO
nekapOokcuiatoBanHs. Lleil mpoiiec 311HCHIOEThCS 3 YYacTIO MipPyBaTAeriIporeHa3Horo
MYJbTH(EPMEHTHOTO KOMILUIEKCY (BXOAiATh 3 d¢epMeHTH 1 5 KOo(epMEeHTIB:
Tiaminnipogocdar, ninoesa kucnota, koensumu A, ®AJ] i HAJ['). V xoni ckiaagHux
MEPETBOPEHb Yepe3 MPOMDKHI CHOJNyKH 3 Kodepmentamu 13 [IBK yTBOPIOIOTHCS
ayemun-KoA (1110 MICTUTh BUCOKOEHEPTeTUYHUH Tioe(ipHuUii 3B'130K), CO, i HA/[H.

2) Hukn Kpedbca mnounHaeThes i3 B3aemomil ayemun-KoA 3 eHONBbHOIO (HOPMOIO
waeneso-oymosoi  kuciomu  (okcaroayemamy), AKi TpuU  Ail  UATPATCHHTA3H
MEPETBOPIOIOTHCS B Jumonny kuciomy. llpu 1mpomy Butpaudaetbesi E TioedipHoro
3B'S3KY.

3) HacrymHuii eTam HUKIY MICTHTh IBI peakilii i KaTami3yeTbcs (GepMEHTOM
aKOHITATIiAPAaTAa3010:

— mepmwa — B pe3yJbTari Jeriaparauii JIuMoHHOI Kuciomu  (yumpamy)

YTBOPIOETHCS YUC-AKOHIMO8Q,

— JIpyra — akoHimam TipaTy€eThCs 1 CHHTE3Y€EThCA I30IUMOHHA KUCTIOMA.

4) Iorumonna xucioma min giero HAJ[-3amexHoi i3omuTpaTtaeriaporeHasm
OKHCHIOETBCSI B HECTIHKY  CIONYKY —  WaeneBo0ypumuHo8y  KUCIOmy
(okcanocykyunam), sika JEKapOOKCHIIIOETHCS 3 YTBOPEHHSIM  Q-Kemoziymapogoi
KUciomu.

5) a-kemoenymapam MiAIA€THCS PEaKilii OKMCHIOBAIBHOIO J€KapOOKCHIIOBAHHS
—  O-KeTOrJIyTapar-AeriiporeHa3sHui MyJbTH(EepMEHTHUII KOMILUIEKC — Yy
pesyabTari 4doro Bumiasierbess CO,, yrBoproerbess HAJH i cykyunin-KoA —
BHCOKOCHEPTeTUIHHUH Tioedip.

5 3a yuactio cykummia-KoA-cumrerasm i3 cykyuniny-Kod, AQ® i HyPO,
YTBOPIOEThCS Oypuimunosa kucioma, AT® (cyocTpaTHe hochopuiitoBaHHs ), pereHepye
MoJiekyna KoA.

6) Pypwmunosa xkucioma (cykyunam) OKUCHIOEThCSA 10 pymaposoi — DA]Jl-
3aJIe)KHA CyKIMHAT/IETiiporeHasa.

7) @ymaposa kucroma npu qaii  dymaparrigparasu, upueanyoun H,0,
MIEPETBOPIOETHCS B S0IVYHY (MaAam,).

8) Abnyuna xucnoma 3 nponomororo HAJI-3anexHOT MaJiaTaerigporeHasu
OKUCHIOETBCSI B AB1€800UMO8y, SIKa CaMOYMHHO TEPEXOAUTh B CHOJBHY (opMy,
pearyrouu 3 4eproBOi0 MOJIEKYIIO0 ayemu-KoA, 1 UK TIOBTOPIOETHCS.

[ukn KpeOGca mpakTHYHO HE3BOPOTHHH, OCKUIBKH B HROMY € JIBI CHJIBHO €K3epTOHIYH1
peakiii — mnMTpaT-CMHTeTa3Ha [2-Ta peakiis] 1 cykumHUT-KoA-cuHTeTasHa [5-Ta
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peaxuisi]. [Iporsrom ogHOr0 000POTY LMKIY MPU OKUCHEHHI MIPYBAaTy BUILISETHCS 3
moaekyiu CO, [1, 4, 5 peaxkuii], BigOyBaeTbcsi 3anydenns 3-x mosekyn H,O [2, 5', 7
peaxiiii] i BumaaeHHs 5-Tu map atoMmiB BoAHio [1, 4, 5, 6, 8 peakiii].

3HayYeHHS TA eHEPreTHYHNH BUXIi/l

uxn Kpebca Bigirpae ayke BaXJIWUBY pOJib B OOMiHI pEUOBUH POCIMHHOTO OPTaHi3My.
Bin ciayxuTh KiHIIEBUM €TarioM OKUCHEHHS HE JIMIIE BYIJICBOAIB, ajie W OLIKIB, )KUPIB
Ta 1HIIUX CHOJYK. Y XOMA1 peakiiiii UKy 3BUIbHAETHCS OCHOBHA KUIBKICTh €HEprii, sSKa
MICTUTBCSL B CyOcCTpari, 1 OuTblIa ii YacTUHA YTUIIZYETHCS Y BHCOKOCHEPTETHUHUX
dochaTHux 3B’ sA3KaX.

VY X0/l OKHCHEHHS MipyBaTy MaioTh MicIlle 5 JeriapyBaHb, MPU LIbOMY yTBOPIOIOTHCA
3HAJIH [1, 5, 8 peakmii], HAJI®H [4 peakmis] 1 DAIH, [6 peakmis] (1PAH, =
2AT®), + 1 mon. AT® npu cyberparHomy dochoprmosansi (5 peakrtis) — Beporo 15
mosiekyn AT®, a nisa 2-x mosiekyin [IBK = 30 monexyin ATO.

OTxe, IPU OKMCHEHHI TJIIOKO3M B MpPOIIECl MTUXaHHS 3a (PYHKIIOHYBaHHS TJKOJIZY M
nukiny Kpebca yrBoproetbes 38 monekyn AT®, mo gopieaioe 1591 kJx/monb (380
KKaJ/MoJb). [{e cranoBUTh 55% yci€i eHeprii ritoKo3H.

3nauenHs uukiny Kpebca num He BUUepnyeTbes. barato npoMibKHUX NPOAYKTIB LUKITY
BUKOPUCTOBYETHCS JUIsl CHUHTE3Y PIZBHOMAHITHUX CIHOJYK (aMIHOKHUCIOT, MUPIB,
BYTIJIEBO/IIB, MTOJ1130IPEHIB 1 T. 1I.)

Luxn Kpebca 3avimac yewmpanvne micye 6 memabonizmi Kuimuuu. Yepez Hbo2o
BCMAHOBIIOEMbCSL 38'A30K MIHC OOMIHOM MPbOX HAUBANCIUBIUUX 2PYN CHOTYK — OLIKIS,
JHCUPIB i 8y2nesois.

['mokcumaTHUM UK

['mokcunaTHUM MUK MOYKHA pO3TIsaaTy K Moaudikamiro nukay Kpedca. dyHKIrioHye
B MPOPOCTAIOYOMY HACIHHI OJIIMHUX KYyJbTyp 1 B THX OO0'€KTax, Ji¢ 3amacHl >KUPHU
MIEPETBOPIOIOTHCA B IIYKPH (TJIFOKOHEOTEHER).

Cxema nukiy:

[HIOK+ CHHTE3  JTUMOHHA I[C-aKOHI- 130ITMMOH-  i3ouHMTpaTIia3a
— —> —> >
alIeTI/I.T[-KOA +H,0 Kucjora -H,0 TOBa KucioTra +H,0 Ha KUCJIOTa
OypHITHHO-
Ba KHUCJIOTA
[JIIOKCHUJIOBA MaJIaTCUHTETa3a 10IVUHa OKHCIIEHHS
y OV : » 1IIOK
KHCJII0Ta + anerna-KoA + H,O  KHCJIOTa HAII" - HAJIH

nepua BUKOPUCTOBYETbCA [UIsl CHUHTE3Y OYpIITMHOBOHOI KHCIOTH. bypuituHoBa
KHCJIOTa BUXOJIUTH 3 TIIOKcHcoM, mepeTBoproeThesi Ha II[OK 1 OGepe ywactp y
TJIFOKOHEOTeHe31 (3BOPOTHIM TIIKOJ13) Ta IHIIKUX 010XIMIYHMX nporecax. L{uki MicTuTs,
K MIHIMYM, 6 peakIlii.
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['miokcumaTHUN LMK [03BOJIIE YTHIII3YyBaTW 3amacHl KUpPU, MPH PO3Maial SKHX
YTBOPIOETHCSI BEJIMKA KIIbKICTh MoJiekyn areTuia-KoA. KpiM 1poro, Ha KoxHi 2
MoJIeKyiH aneTmi-KoA B TIOKCHIATHOMY MK BiTHOBIIOEThes 1 Mosexkyna HAJIH.

[TeaTo3zodocdaThuii nuisx okucHeHHs riroko3u (ITDII)

Y pocIMHHHMX ~KIITHHaX ICHye€ IIe€ OJWH CIOoCi0 MeTaboji3My TeKCo3 —
nenTo3odocharauit nmurax (I1PII), abo anmoToMiuyHEe OKUCHEHHH.

npoxosaTh cuHTeTnyHi npouecu. [Tpu [IOII ATD He yTBOpIOETHCS.

Eranu IHOII
1. OKHUCHEHHS TJIIOKO3M — KAaTAM3VETHCI JIETIPOreHa3HOIAEKAPOOKCHIIOIOYOI0
CHUCTEMOIO, SIKa CKJIAAEThCA 3 TPhOX (DEPMEHTIB:

nerinpysanus [-6-® TIII0K030-60-(ocdaTaerigporeHasa JIAKTOH
[1] » 6-QOCPOrIIOKOHOBOI —»
o 1 atomy C HAJI®" > HAJIOH .
TITFOKOHOJIAaKTOHA32
[2] > 6-hocdormokoHoBa k-Ta —»
+H,0 (rimpomniz)
3] TJIFOKOHATETIAPOTeHa3a (AeKapOOKCHUITIOYa) - I[-pI/I6YJIBO30-

5-bocar

HAI®" - HAADH, +Mn**, - CO,, nerinpyBaHHs i 1eKapOOKCUIIOBAHHS

Takum 9rHOM, NP OKUCHEHH1 KOYKHOT'O aToMa BYTJICIIO (ACTiApYBaHHS) YTBOPIOETHCS
nsa HAJI®H.

II. PekomOGiHallisg caxapiB Ui pereHepailii BUXiiHOro cyocTpary.
3 pubynvo3o-5-gpocpamy Mia Ai€0 enmiMepasud YTBOPIOEThCS KCUTYIb030-D-ghocham, a
M1 €10 i30Mepa3u — pubo30-S-gpocgam.
PexomOiHalis ykpiB 3 y4acTI0O TPAHCKETOJIA3M i TPaHCAJIbA0Ja3H IPU3BOAUTH /10
nosiBu  3-@I'A i cedoeenmynvoso-1-pocchamy, TOTIM epumposzo-4-gpochamy i
@ppyxmosz0-6-gpocamy.
Hapemri YTBOPIOIOTHCS @ppyxmoszo-6-gpocpamu, AK1 130MEpU3YIOTHCS
(rekco3odocdarizomepasa) y arnoko30-6-gocgam.
BkiHIi 3 miectd MOJEKyN TIOK030-6-hocdary pererepye m’siTh MOJEKYN TIIFOKO30-6-
docdary. Cymapue piBassaHs [IOII Mae Takuii BUTTIS;

61 mrok0306® +12 HAJI® +7H,0— 5T mok0306D+6CO,+12HA JIOH+12H +H;PO,

Eneprernunnii Buxia II®II i iioro 3HayeHHst

[Ipy anoToMiuHOMY OKHCHEHHI I0K030-6-® yTtBOproeTthcss HAADH, sxuii
OKUCHIOETbCsI moBuibHIIE, HiX HAJIH. 3a3Buyail atomMu BOAHIO TEpealOThCs 3
HAJI®H na HAJT', a aumie noTiM — 10 €IeKTPOHHO-TPAHCIIOPTHOT'O JIAHIIOTA.
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Eneprernunuii Buxig MO = 12HAJIOH = 12-3 AT® = 36 AT®. OnHak rosioBHe
3HauyeHHs [IDII] He B eHePreTUYHOMY, a B IJAACTUYHOMY 00MiHi. TyT MOXHA BUAUIUTH
JIEKUIBKA aCHEKTIB:

1) II®DUI ciny)uTh TOJOBHUM HEMITOXOHJpiaabHUM joKeperaoM HAJIDH, skuii
BUKOPUCTOBYETHCS TIEPEBAKHO B CHHTETUYHUX peEAKIiAX (CHHTE3 KUPIB,
130MpeHOI 1B, BiAHOBICHHS SH-cronyk).

2) V xomi II® nuxiny CHUHTE3YIOTbCA IEHTO3HM, $KI BXOJSATh JO CKJIAIy
nykneotunis, AT®, xodepmentis HAJ", ®AJl, kopepmenty A Ta iH.
CTIOJYK.

3) TIDII € mxepenom BYriaeBOIIB 13 PI3HOIO KUIBKICTIO BYTJICIIEBUX aTOMIB — BiJl
Cs 1o C;, 5Kl € monepeAHMKAMH apOMaTUYHUX aMiHOKUCIOT, BITaMiHIB,
TyOUITLHUX, POCTOBHX Ta 1H. PEYOBHUH.

4) Komnonentu [I®II Gepyts yuacts y TemHOBii ¢ikcamii CO,. IIOII e,
MOCYT1, 3BOPOTHUM IMKJI0M KanbBiHa.

5) V xnopomnacrax [I®II y remuori nocrauae HAJI®H, a takox 3®PI'K i, T.4.,
ATO, niATpUMYIOUH iX KUTBKICTh HA TIEBHOMY PiBHI.

Oxucuendsa rmoko3n 1o [IDII iime 12-ma  peakmissMH, a JUXOTOMIYHUMI
(rmikomituunnil) nuwsix yepe3 [IBK oxomumroe Oinbmie 30 peaxiiid. Yci i MUKy i
[UISIXU MK COOOIO0 TOB'sI3aHI.

['mroko3a
['mrokoHOBa K-Ta Ta ['mikoni3
1H. P OAY KTH I'mrok030-6-docdar »  (aAUXOTOMIYHHUI
TP IMOT'O OKHCIJICHHS IUISTX)
\b
<
A 4
[Tentozodocharumii
HUIST X
(amoTOMIUHMIA)
A A
6CO,+6H,O0+~P |« Hukn Kpebea

Mai. 1. B3aeM03B'130K pi3HUX HIISAX1B TUCUMIISIIT TITIOKO3U

[IpsiMe OKMCHEHHS LYKPIB
VY Oaktepiit, rpubiB, TBapuH 1 BOJOPOCTEH BHSBICHO ILISAX MPSIMOTO OKUCHEHHS
III0KO03U 0e3 pochopuiiroBaHHS .
OKHUCHEHHsI TJIIOKO3M JI0 TJIOKOHOBOI KHWJIOTH 3J1HCHIOEThCS crnenudigynoro DAJ-
3aJIeKHOI0 OKCHa3010. [okoHOBa KuciioTa uyepe3 (ochopunroBaHHs 1 HHU3KY
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MIEPETBOPEHD PO3MATAETHCS HA TPi03H, K1 MOXKYTh MOCTYIATH A0 THIIMX ITUKIIB (TIKJIT
Kpeb6ca, TIDIII).

B3aeMO03B's130K pi3HUX NUISXIB TUCUMUIALIT TIIIOKO3H

bioximiuH1 mepeTBOpeHHS TpU JuxaHHI — Tiikoi3, 1ukia KpeGca, TIDII, npsme
OKHCHEHHsSI IIYKpIB — CHCTeMa B3a€MOIOB'si3aHuX TporeciB. Ha wamonky 1.
Mpe/ICTaBICHA CXeMa IIUX B3a€MO3B'A3KIB.

VY xmituni raikoni3 1 IO npoctopoBo He po3’e€qHaHi, MalOTh CHiIBHI cyocTpaT. B
HopMi yactka [IDII y 3aranbHOMy 0OMiHI AuXaHHS CTaHOBUTH mpuban3Ho 10-40 % 1
3aJeKUTh BiJl TUITY TKaHUHHU 1 11 CTaHy.

B anaepoOHMX yMOBax TIIIKOII3 TOMIHYE, a B XJIOPOIUIACTaX aKTUBHICTH allOTOMIYHOTO
IUISIXY OKHCHEHHS Bua. AKTUBHICTH [IDII 36imbmryeTbess i mMpu HECTIPUSTIUBUX
yMoBax. Y muTOoIUIa3Mmi Benuka yacTuHa mpoaykTiB IIDII mertabomizyeTrbes uepes
TJIIKOJII3.

e JINXAJBHUN EJEKTPOHHO-TPAHCIIOPTHUM
JAHIUOT (IEJ)

Hukn KpeOca, rmokcunatauid 1 [IPII-xu QyHKIIOHYIOTH JIMIIE B YMOBaX JOCTAaTHHOT
KUIBKOCT1 KUCHIO. B Toit ke wac O, Ge3mocepeiHbO HE Oepe ydacTi B peakiisiX IUX
nukiiB. Kucenb HEOOXITHUW I KIHIEBOTO €Taly JIMXaHHS, [IOB'I3aHOTO 3
OKHMCHEHHsAM BinHOBIeHUX Kodepmentie HAJIH 1 ®AJH, y auxainbHOMY
enexkTponHomy sanio3i (JIEJI) mitoxouapiii. 3 nepenecenusam e no JEJI copspkenwuit 1
cunre3 ATO.

EnexTpoHHO-TpaHCIIOPTHUH JaHIor MiToXOoHIpiK (EJIM)

b. Yanc ma in.., (CLLIA), 50-mi pp.

JEJI noxamizoBaHuMii Ha BHYTpIHIA MemOpaHi MITOXOHApi. CoyXuTb s
nepeaBaHHsl € BiJ BIJHOBJICHUX CYOCTpaTiB Ha KHUCEHb, IO CYMNPOBOIKYETHCS
TpaHcMeMOpaHHUM nepeHeceHHsM ioHiB H'. Takum umnom, EJIM (sak i TUIakoifiB)
BUKOHYE (DYHKIIIFO OKUCHO-BITHOBHOI IOMIIH.

KomnonenTn EJIM MokHa pO3KIIACTHA B TAKOMY MOPSJIKY:

N
cyKiu AT 1\20,+2H
HAT
v
;2 —> uur |, —> mar ; — > OuT . —> IUT a.a3
HAJIH — ©OMH H,0

[Tapa e Bim HAJIH abo cykmuHaTy TepemaeTbcsl MO EJIEKTPOHHO-TPAHCIIOPTHOMY
JIAHITI031 10 KUCHIO, SIKUM, BIIHOBIIOIOYNCH, YTBOPIOE BOITY.

3rigHo 3 cydacHuMU JaHuMmu, EJIM ckiagaetrbesi 3 4OTHUPHOX MYJIbTHEH3MMHHX
KOMILJIEKCIB 1 IBOX HEBEJIMKHUX 32 MOJEKYJSIPHOIO MAacOK KOMIIOHEHTIB — YOIXIHOHY 1
LIUTOXPOMY C.
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Kommieke 1 3niiicHioe TpancnopTyBanHsaBaHHs € Big HAJIH no y6ixinony Q. o
CKJIaly KOMIUIeKCY BXxoauTh ¢uaBiHoBa (DPMH-3anexxna) HAJIH: yO6ixiHOH-
OKCUJIOpeNyKTa3a, skKa MICTUTh 3 3ami3ocipuani meHTpu (FeSy 1.3). YV wmryunii
dhocdomimiaHiit MeMOpaHi KOMIUIEKC (PYHKITIOHYE SIK MPOTOHHA TTOMIIA.

Kommiekce Il kaTtamizye OKMCHEHHS CyKIIMHATy yOixiHOHOM. L{ro ¢yHKIit0 3aiiicHIOE
¢dnasinoBa (DAJI[-3amexHa) CYKIIMHAT: YOIXiHOH-OKCHJIOPEAYKTa3a, 0 CKJIaAy SIKOT
TaKOX BXOJSTH TpH 3aii3zocipuani nentpu (FeSg.3)

Komnieke III mepeHOCUTH € Bif BITHOBJICHOTO YOIXIHOHY 10 ITMTOXPOMY C, TOOTO
(GYHKITIOHYE K YOIXIHOJ: IIMTOXPOM C-OKCHJIOPEAYKTa3a. Y CBOEMY CKJIaJl BiH MICTUTh
IIUTOXPOMH 8556 [ 8560, IIATOXPOM C; 1 3aumizocipuanuii Oijok Picke. Y mpuCyTHOCTI
y6ixinony kommexkc 111 3xilicHIOe aKTHBHE TpaHCMeMOpaHHe TepeHeceHHs H'.

VY TepminanbHOMY KoMILIekci IV e TpaHCHOpPTYIOThCS BiJl LIUTOXPOMY C JIO KHUCHIO,
TOOTO 1€ KOMILJIEKC € ILUTOXPOM C: KHCEHb-OKCHJIOPEIYKTa3010 (IIUTOXPOM-OKCH-
na3o010). Jlo Woro ckiagy BXOIATh YOTUPHU PEIOKCKOMIIOHEHTH: IIUTOXPOMU aj, az 1 JBa
atomMu Miai — Cua 1 Cug. Iutoxpom az 1 Cug 3/1aTHI A0 B3a€EMOJIII 3 KHUCHEM, Ha SKUU

nepenarotbes € 3 nuroxpomy a-Cup. TpaHcmopT e uepe3 4eTBepTUH KOMILIEKC
CHPSKEHUI 3 aKTUBHUM TPAHCIIOPTYBaHHABAaHHAM ioHiB H'. MyHKIisS LUTOXpOMY az-
Cug npurHiuyetbes miaHiaom, azuaom 1 CO.

Hoseneno, mo kommekcu |, Il 1 IV neperunatore memOpany. Ha BHyTpimHii
noBepxHi MeMOpanu 3 Marpukcy 2 € i 2H" i3 HAJIH nocrynarots Ha ®MH koMILIekcy
I. Enextponu nepenatotbest Ha FeS-mieHTpH, 3BiATH — Ha YOIXIHOH, SIKMWA MpUAMaE 1
2H", yrBoproroun cemuxinonu (2 QH) i mudpynmye no xommmekcy III.  Tyr Ha
CEMHUXIHOHM IOCTYIA€ I1I€ Mapa €~ BiJ LUT 6560, L0 POOUTH MOXIJIMBE MPUETHAHHS 11I€
2H" i3 maTpukcy, i yreoproerbest 2QH,. IoBHiCTIO BinHOBJIEHHH yOixiHOH (YOiXiHOIN)
Bi/1a€e 2 € LIUTOXPOMY 6556 1 111 2 € — FeSg-1uT. ¢1. Y pesynbTaTi 4H' 3BiNbHAIOTECS B
MIDKMEeMOpaHHUN TPOCTIP MITOXOHAPII.

OxucHEH1 MOJIeKyJId YOIXIHOHY 3HOBY U YHAYIOTH 10 KoMmriekcy I 1 roToBi mpuitmaTu
Big Hporo (um Bix xomm. II) € i H'. TakuM 4MHOM, LIUTOXPOMU 6 CITy’XKaTh JOHOPAMH
BOX € JUIsl IepeHeceHHs [BoxX noaatkoBux H' uepes ninigHy hazy MeMOpaH.

Boopo3unHHU LUT. C HA 30BHILIHIN MOBEpXHI MeMOpaHu, oTpuMaBiiu 2 €~ Biag FeSg-
IIUT C1, epenae ix Ha muT. a-Cu, TepMiHaIbHOrO KoMmIuiekey (komruieke V). Lur a;z -
Cug, 3B’SI3y104Hd KUCEHb, MEPEHOCUTh HAa HHOTO 11 2 €, B pe3yJbTaTi YOro 3 y4acTio
nBox H' i3 MaTpHUKCy yTBOPIOETLCS BOJIA.

Takum yuHOM, 13 MATPUKCY MITOXOHJAPINA MPHU TPAHCIIOPTYBAHHIBAHHI KOXHOT Mapu €~
Bin HAJIH mo 1\2 O, B tprox mginsukax ETJI depe3 meMOpaHy mepeHOCATHCS
moHaiimennie 6H" 10 MixkMeMOpaHHOTO IIPOCTOPY.

[lepenaua 2 €~ Big CyKUMHATy Ha YOiIXiHOH y Komiuiekci |l He cympoBomkyeThcs
TpaHCMEMOpPAHHUM MEPEHOCOM MPOTOHIB.

BiAMIHHICTIO POCIMHHMX MITOXOHJAPIA BiJ TBapUHHUX € 3AaTHICTh OKHUCHIOBAaTH
ex3oreaauii HAJIH. Boum wictare cnemianbhi ¢aaBinoBi HAJIH-nperigporenasw,
JIOKaJTI30BaHl Ha 30BHINIHIX YacTHHAX 000X MeMOpad. J[pyra BiIMIHHICTb TOJIATAE Y
TOMYy, WO Ha BHYTpPIIIHIA MeMmOpaHi, KpiM OCHOBHOTO (ITMTOXPOMHOIO) IIIISXY
MIEPEHECEHHS EJICKTPOHIB, € aJTbTEPHATUBHUMN, CTIMKUN 110 Mii 1iaHiTy.
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OxkucHioBajIbHE (PoCHOpPUITIOBAHHS

Ilepenecenns e~ Bim HAJIH no momekynsapHoro kucHio depe3 ETJI mitoxonapiii
CYIpoBOUKYyeThcsl BTpaToro BuibHOI E. Ilpum mpomy ytBOproetscsi AT®. Ile Oymo
BCTaHOBJIeHO 3aBfsiku mparsM B. Enremsrapma, B. bemimepa (CPCP), I'. Kampkapa
(CIIA). IIpomec dochopmmoBanas AJI® 3 yrBopenHsim AT®D, copsokeHmid 3
[IEPEHOCOM e mno FETJI MIiTOXOHApPi, OTpWMaB Ha3BY OKHCHIOBAJbLHOIO
dochopuiaroBanns.

ExcmiepumentansHo  goBeaeHo, mo nepemada e Bix HAJIH Ha  kucens
CYNpPOBOJKYETBCA YTBOPEHHSM Xoda O Tpbox MoJiekyl AT®, T10o0TO KOediIieHT
dbochopumoBanns P/O=3. Take x 3HaueHHs KoeDiieHTY HOocPOpUIIFOBAaHHS BUILIIMBAE
3 BEJIMYMH TIepenaiB BUIbHOT E MK pi3HMMU IpyIliaMu IEPEHOCHUKIB.
[I{omo MexaH13My OKHUCHOTO (PochopHIIFOBaHHS ICHYE TPU TEOPIi:
— XiMiuHa (4epe3 iHTepMeaiaTopu O1IKOBOI MPUPOAH, IO MOXKYTh YTBOPIOBATH
KOMITJIEKCH 3 BUCOKOCHEPTETUIHIUMHU 3B'sI3KaMH );
— MeXaHo-xiMiuHa (KoH(opMmaliiiHa) — UUIIXOM KOH(OpMaliitHOI 3MiHU
aKTMHOMIO3UHOBOTO KOMIOHEHTa ((epMeHT 3amacae E 1 ckopoudyeTbes, naii
B1JI0YBA€ETHCS pO3CiIa0iIeHHs, pU AKoMy BULIsAeThCA E Ha cunTe3 ATO)

CKOpOYEHHS 0.

OKHMCHCHHA

S /—> cunte3 ATO®
po3cnabieHHs 0.

— XeMmiocMOTHYHa Teopis aHmi. Oioximika 1. Mituena (1961) — kopuctyeTbes
HaWOUTBIIOI0 MOMYJISIPHICTIO.

XeMIiOCMOTHYHA Teopist

[ToTik €™ yepe3 cucTeMy MOJIEKYJI-TIEPEHOCHUKIB CYITPOBOIKYETHCS TPAHCIIOPTYBAHHIM
ionie H" wepes BHyTpimHi MemOpaHu MiTOXOHpiH. Y pesynbTaTi Ha MeMOpaHi
CTBOPIOETHCA €IeKTPOXiMiuHMi noTeHmian ionis H', saxmil micTuts ocmomuunuil
(ximMiuyHUM) 1 enexmpuunuil TpaaieHTH (MeMOpaHHHMI NOTeHIian). Erekmpoximiunuil
mpancmembpannuii nomenyian ionie H' i BUCTymae Ooicepenom enepeii Ona cunmesy
AT® 3a paxyHOK 3BOPOTHOIO TpPaHCIOpPTYyBaHHs ioHiB H' yepe3 mpoToHHMi kaHan
mem6pannoi H'-ATdasu.

Teopis MiTuena BUXOIUTH 13 TOTO, IO NMEPEHOCHUKH IMEPEIIHYPOBYIOTH MeMOpaHy,
Yepryrounuch TaKUM YHHOM, IO B OJHOMY HampsIMKY MOJIMBMI mepeHoc e i H', a y

3BOPOTHOMY — Imine e. Y pesyinbrati ionu H' ckymuyroThes Ha ogHoMy Oomi
BHYTpIIIHK0I MeMOpaHu. CTBOpEHUU TaKMM YMHOM 3arac E BUKOPHUCTOBYETHCS IS
cuntesy AT® sk pe3ynapTaT po3psiAKM MEeMOpaHW TP 3BOPOTHOMY (32 TPai€HTOM
KOHIICHTpAIlli) TpaHCHOPTYBaHHI NPOTOHIB uepe3 ATdazy, ska mpairoe B JTaHOMY
Bunaaky sik AT®-cuHTerasa.

Cnpsiocenns ougysii npomonis i3 cunmesom ATD 30ilicHioEMbCA 34 O0NOMO20I0
ATDaszno20 komniekcy, AKut Ha3uBacmvcs pakmopom cnpaxcennsn Fi.
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Fi- Bomopo3umHHUN O170K, SIKMWA CKJIAAETHCA 3 JICB’SITH CYOONWHWIIH T'SITU THIIIB.
binok F; € AT®-a3010 1 oB's13aHUi 3 MEMOPaHOIO Yepe3 1HIIHNN O1IKOBUM KoMILIeKC Fy,
KU TiepemHypoBye MeMOpany. Fo He Mae KaTamiTHUHOI aKTUBHOCTI 1 CIY)KUTh
KaHaJIOM JUIsl TpaHCTIOpTyBaHHs ioHiB H' uepes memOpany 10 Fi.

3a ocTaHHI PpPOKM XEMIOCMOTHYHA Trinore3a MiTyenna oTpuMmana LHUIMA psij
EKCIIEPUMEHTATBHUX MiATBEPKCHb.

PisHOMaHiTHicThL mL1sIXiB nepenecennsi ¢ i H

3aBepmianbHAN eTan 0aratboX MPOIECIB OKUCHEHHsS TOJSArae B INEPEHECEHHI € Ha
KHCEHb. BiH KaTami3yeThCsl TepMiHAIBHUMU oOKcuaazamu. OKCHIa3HI CUCTEMHU TaKOTo
poJy JIOKaJi30BaHi B MiTOXOHApisiX, B EP, mmazmanemi, utormiasmi.

['onoBHa penokc-cucTeMa KIITHHU — JUXadbHUM JAHIIOT BHYTPIMIHBOT MeMOpaHH
MiToOXOoHapiii. Ii TEPMIHAJIbHI OKCHJIa3u — IHMTOXPOMOKCHAAa3a i ajlbTepHATHBHA
OKCH/Ia3a.

Y murommazMi (QyHKIIOHYIOTH 3 pefaokc-cucteMu. OpHA 3 HUX OKHCHIOE/BITHOBIIIOE
HAJI(®)H, rnyration, ackopOiHOBY KHCJIOTy => TepMiHaJIbHa OKCHJa3a —>
ackopOarTokcuaasa; npyra okucHioe HAJIH, nonideHonu B XiHOHM = TepMiHAIbHUN
dhepMeHT — noJtipeHoI0KCHIA3A.

VY uuromnazMi HasBHI TakoXX (pI1aBONPOTEIHOBI OKCHIA3W, KOTPl OKHCHIOIOTH Pi3HI
cyOcTparu.

V¥V memOpanax EP nokanizoBaHO ABa peAOKC-JIaHLIOTH. B 01HOMY 3 HUX MpU OKUCHEHHI1
HA/JIH 3 y4actio ¢uiaBONmpoTeiHiB 1 HHUTOXPOMY Bs BIJIOYBA€ThCS OKCUI'€HA3HA
peaxilisi, MoB'sA3aHa 3 T1APOKCUIIOBAHHSAM, 110 MTPU3BOAUTH 10 YTBOPEHHS HEHACHYCHUX
3B’SI3KIB Y KMPHHUX KUCTOT. Y apyromy cyocrpatom Buctynae HAJIDH, a 3aBepirye
naHior muroxpom P-450, skuif, BUKOPUCTOBYIOUM KHCEHb, TIIPOKCHIIIOE 0Oarato
PI3HUX CITOTYK.

Kinnesi okcumasu MaroTh pi3HI XapaKTEPUCTUKU 1 MO-PI3HOMY pearyroTh Ha 3MiHY YMOB
y KJIITHHI.

CyOcTpatu guxaHHs 1 JUXaJbHUN KOSDIIIEHT

SIk TOJIOBHMIA cyOCTpaT AWXaHHs POCIUHU BUKOPHUCTOBYIOTH BYIJIEBOJM 1 HACAMIIEpE —
BUIbHI yKpu. Konu iX HeMae B JOCTAaTHIN KiJIBKOCTI, CyOCTpaTOM OKUCHEHHSI MOXYTb
OyTH pe3epBHI MOJIMEPHI PEYOBUHHU.

OYHKIII0 3allaCHUX BYIJIEBOJIB BUKOHYIOTh KpPOXMallb (KapTOIUIS, 3JIaKH), IHYJIIH
(>KOp>KWHH, TomiHAMOyp), Temilentoo3u. J{esaki poCIuHA OKHCHIOIOTh OararoaToMHi
CIUPTH: COpOIT (rpyIia), MAHHIT (3apa3uxa, MacIuHU, SICEH); OPTaHIvHI K-TH.

Pe3epBHI KMpU BHUKOPUCTOBYIOTHCS Ha JMXaHHS MPOPOCTKIB, SKI PO3BUBAIOTHCS 3
HaciHHs, Oarate Ha XUpH. BUKOpUCTAHHS KUPIB MOYMHAETHCS 3 X PO3MICTIIICHHS
JTMAa3010 HA TIIEPHH 1 KUPHI KUCTOTH (cghepocomu). [lani riaineprH mepeTBOPIOETHCS
Ha OT'A. )KupHi KUCIOTH OKHMCHIOIOTHCSI 32 MEXaHI3MOM [3-OKHCHEHHsI, B pPe3yJbTaTi
SIKOT'O TOCIIIIOBHO BIAIICTUTIOIOTHCS IBOBYTJICIEB] 3k y hopmi aretuin-KoA. Tlei
npoiiec  BiIOyBaeTbcsi B eniokcucomax. [ami  aunetun-KoA  3amyyaeTbcs 110
IJIIOKCUJIATHOTO LMKITY, KIHIIEBUI MPOIYKT SIKOTO — CYKIIMHAT — MOKHUAA€ TIIOKCUCOMY
iy mimoxouopii 6epe ydyactb y mukim Kpebca. Tyr cuHTe3yeTbcs Maniar, KM y
yumo3oi epeTBOProeThes B okcanoanerat 1 gam y OEIT (bochoenonmipysar).

OFEII — Buxiguuii MaTepiani Jjisi CAHTE3Y TITI0KO3H, GPYKTO3H.
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[Ipomec yTBOpEHHsSI TJIIOKO3M 3 HEBYIJICBOJAHUX TMOMEPEIHUKIB  HA3UBAETHCS
IJIIOKOHEOTeHe30M. Y IbOMYy IIpOIeCl B3aEMOMAIIOTh CPEPOCOMH, TIIIOKCHCOMHU,
MITOXOH/IPIi, INIACTUIN 1 PEPMEHTHI CUCTEMH ITUTO30JIA.
Pe3epBHi O1IKM BUKOPUCTOBYIOTBCS JJIs AUXAHHS MICSA T1IPOI3Y 0 aMIHOKHCIIOT 1
MOJANbIIOl  OKHCHIOBANIbHOT jerpagamii g0 anetuin-KoA, abo KeTOKHUCIOT, SKi
3aXOIUTIOIOTHCS 3roJIoM Y ki Kpebca.
[Ipu okMCHEHHI BCIX CyOCTpaTIB BUILISETHCS CHEPTIS:

— TpH Tiapodi3i 6iononimMepiB Bugisgerbes 1 % E mykpis;

— taikoniz gae 20 % E mykpis;

— 1uka Kpeoea ta ETJI — 80 % E mykpis;

— npu 1boMy B AT® 3anacaetscs nute 10 55% E 1ykpis.
BinHouieHHs KilbkocTi MoJsiel BupiieHoro npu jguxadHHi CO, 0 KIAbKOCTI MoJel
norauHyToro O, Ha3uBaETHCA AUXAAbHUM KoedinienTom (JIK = CO,/O,).
KinbkicTh KHCHIO, HEOOXIHOTO Jii OKHCHEHHS CyOCTpaTry B TMpOIEC TUXaHHS
3HAXOAUTHCS B OOCPHEHIN 3aJIEKHOCTI BiJl HOTO BMICTY B MOJIEKYJI CyOCTpary: 4uM
MeHIa KUIbKiCTh O, B MOJEKynl cyOCTpary, THUM OUIbIlle HOro BUTPAYa€ThCS Ha
okucHeHHs. [ rekco3 JAK =1; amst sKupHUX KUCIOT — < 1; JUIsl OpraHigyHUX KUCIOT — >
1 (~ 3-4).
Benmuuuna JIK Bu3HawaeThecs Ak KUIbKiCTIO O, 10 MICTUTBCS B CyOcCTpaTi, Tak 1
MOCTa4aHHSIM KMCHEM POCIMHHUX TKaHUH.
3a nectaui O, mocwmoethes Opominaa 1 JIK 3pocrae. B mimomy Bemuumua JIK
B1JI0OpaXkae OCOOJMBOCTI TMpOIleCYy IUXaHHS JaHOi TKAaHWHU, OPraHy 3a TEeBHUX
30BHIIIIHIX YMOB.

e PET'YJIAILUMA ITPOLECIB JIUXAHHSA

EH0reHH1 MEeXaHi13MU PEryJisiilii IUXaHHS Y POCIUH

Perynsiist mporeciB TuxaHHs 31HCHIOETHCS HA PI3HUX PiBHSX.

Ile cyOcTpaTHHii KOHTPOJIb JUXAHHA (JOCTYMHICTh, KITBKICTh 1 CKJIAJ JUXAIBHHUX
cyOcTpariB); peryJsilisi aKTUBHOCTI (pepMeHTIB (OKCHUIOPEAYKTa3); B3a€EMO3B’ 30K
Pi3HUX JIAHOK AuXaHHs (quxanbHuX IUKIB 1 ETJI miToXOoHIpid, okcUIOpemayKTas
MITOXOHJpPIM, IUTOIJIA3MH ¥ 1HIIMX OPraHoifiB); 3MiHAa (i3MKO-XiMIYHMX YMOB Yy
KJIITUHI, 1is1 TOPMOHIB, TeHOMHUIH KOHTPOJIb 1 T.1.

E¢exr Ilacrepa
Pieenp O, B TKaHWHAX BIUIMBA€ HA IHTEHCHUBHICTb JHUXAaHHS 1 HAa BEJIUYUHY BUTPATH
IUXAIBHUX CyOCTpaTiB HA CHHTETUYHI MPOLECH.
lanbMyBaHHS PO3KJIATY LYKPIB 1 OUThIN eheKTUBHE X BHUKOPUCTAHHS MPU HASBHOCTI
KHCHIO Ha3uBaloTh edekrom [lactepa.
MexaHi3M 1IbOTO SIBUIIA TaKHil:
— BeJHKa KUIbKICTh O, —> MOCHJIECHHS AUXaHHSA —> 3011bIIeHHS KIIbKOoCcTI AT
— 3MEHILEHHS aKTUBHOCTI GocPOoPpyKTOKIHA3HM 1 CHOBIIILHEHHS TIIIKOJII3Y;
—  HagMIoK AT® — MOCUIIEHHS pECUHTE3Y TJIIOKO3HU;
— 30uIbIIeHHs KUTbKOCTI Oy — aktuBauisa uukiay Kpebdca, [IOUI — yrBOpeHHs
IPOMIKHUX MPOIYKTIB, HEOOXITHUX JJIl CUHTE3Y.
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Y mpucytaocti O, Bci 1ukin (i CHHTETHYHI) aKTUBHO MPAIIOIOTh. A 301TBIIICHHS
kutbKoCcTI AT® y pe3ynbTaTi [uxaHHs 111e OUIbIIe CIIPUsE CUHTE3Y.

JAnxaJdbHUA KOHTPOJIb

VY pOCIMHHOMY Oprasi3Mi ICHy€ MEXaHI3M JAMXaJbHOTO KOHTPOJIIO (aKIEeNTOPHUI
MeXaHI3M JuXaHHsd). JIMXaJbHUM KOHTPOJIEM HA3HMBAIOTh 3aJIC)KHICTh IIBUIKOCTI
CIIO’KMBAaHHS KHUCHIO MITOXOHIPISIMU BT KOHIIEHTpali AJID.

3aJIeKHICTh IHTEHCHMBHOCTI auxaiabHoro mnpoiecy (I/]) Bijx BIZHOIIECHHS JiI0YMX Mac

AT®-cucrteMn MOKHA 3aIIMCATH TAK:
[AT®] ,
Il ~ ———=== , npuuomy, KoHueHTpauis AP € oOMeKyBaJIbHUM (PAKTOPOM.
[472]P]
[Ipu 3pocTtanHi QyHKIIOHATBHOI aKTUBHOCTI KITHH AT® ButTpauyaerbcs, a AD
301IBIIYETHCS, a 1€, Y CBOIO Yepry, MPU3BOJAUTH JO 3POCTAaHHS IIBHJKOCTI JUXaHHS,

MEPEHECEHHs € 1 30UIbIIEHHS IHTEHCUBHOCTI OKUCHOTO (hOCHOPUITIOBAHHS.

Peryasinis riikoJtizy

[HTEHCUBHICTD IITIKOJII3y KOHTPOJIIOETHCS HA JACKIJIBKOX JIJISTHKAX.

3axoIyieHHs] TJIOKO3M B MPOIEC PErylIOeTbCcsl HAa PiBHI (DEPMEHTY IEeKCOKIiHA3HM 3a
TUIIOM 3BOPOTHOTO 3B'S3KY: HAQMJIMIIOK TPOAYKTY peakiii (riIroko30-6-docdaty)
AJUTOCTEPUYHO MPUTHIYYE AISITBHICTD (DEPMEHTY.

Jlpyra  niisHKa ~ peryndiii  IMBWAKOCTI  TJIKOJI3y  3HAXOAMThCS Ha  PIiBHI
pochoppykrokinazu. PepMEHT ATOCTEPUYHO 1HTIOYETHCS BUCOKOIO KOHIIEHTPALIEO
AT®, a TakoX UTPATOM 1 aKTUBY€EThCA HeopraHiyHUM (ocdarom, AP ta PppykTo30-
1,6-mudocharom.

ATOD Ta anetni-KoA 3MEHIIYIOTh aKTUBHICTh nipyBaTKiHa3H Ta
nipyBaTAeriiporeHasHoro KOMIUIEKCY; OCTaHHIA MPUTHIYYEThCS M€ ¥ HAIJIUIIKOM
HAJIH.

Peryasinisa uukiay Kpeoca (IITK)

Buxopucrannst KiIiTHHHOTO aneTuin-KoA 3alexuTh BiJi EeHEPreTUYHOTO CTaHy KIIITHHHU.
[Ipu He3HauHiit eHepreTwuHit motpedi muka Kpebca rambmyerbest i anetun-KoA
OlbIlle BUKOPUCTOBYETHCS Ha cUHTETWYHI mpouecu. OcobnusicTio perymsmii L[TK e
3aJIeKHICTh BCIX YOTUPHOX Jeriaporenas pix chissignomenns [HAJIH]/ [HAJ].
AKTHBHICTh HUTPATCUHTA3M TAIbMYEThHCSI BUCOKOIO KOHIIeHTpallieo ATD i utparom.
IBouuTpar-agerinporena3sa inridyerbcst HAJIH 1 akTUBYETBCS TUTPATOM.
O.-KeTorJIyTapaTaeriiporeHasa npurHiayeTbCs MPOAYKTOM peakilii — CyKIuH1I-KoA 1
akTuByeThea aneHinatamu (ALD, ATO, AMD).

OKHCHEHHSI CYKIIMHATy CYKIMHATAEriIPOreHa3or TalbMYEThCS OKCAJI0aleTaToM 1
npuckoproetscsi ATD, AJID i BigHoBacHuM yoixinonoMm (QH,). Manaraeriaporenasa
1HT10Y€THCS OKCaI0aIeTaToM, i, MokiauBo, ATO.

Perymorouy posib MOKe BifirpaBatu ajibTEPHATUBHHUI IIISX TPAHCIOPTYBAaHHS € B
MITOXOHAPISX.

Peryasinis II®PII i riiokcHIaTHOr0 HMKIY

IIDII oxucHeHHs perymoeTbes Konuiero HAJID, ockinbku mictuts asi HAJ[D-
3aJIeKHI JerigporeHasu (Tioko30-6-docdar- ta 6-pocdormokoHaT-AeriAporeHas ).
Bin perymioerbcs TakoX pIBHEM CHHTETUYHUX TMPOILECIB Yy KIITHHI, fKI
BUKOpUCTOBYI0Th HAJIOH.
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Hecraua neopraniunoro gocdary npurniuye riikoii3 Ta aktuBye [1OII.
6-pocdormokoHoBa KuCIOTa, €pUTpo30-4-hocdar 1HrIOYIOTH TJIKOJI3 1 CHPHUSIOTH
[1OII.

AKTHUBHICTh TJIOKCWJIATHOTO IUKIY 3HWKYETHCS TIPH 3pPOCTAaHHI KOHIICHTpAIii
okcajoarnerary 1 hocoeHommipyBary.

EKOJI0T14H1 Ta OHTOT€HETUYH1 aCTIEKTH JTUXAHHS

BnuiiuB pakTopiB 30BHIIIHLOT0 cepeoBUIIA

Konnentpartis kucHio. [Iporec quxanHs MOB'sS3aHUM 13 CMOKUBaHHIM KUCHIO. OmMHAK
3HIDKEHHS TapLiaibHOTO THCKY KHUCHIO 3 21% no 9% mnpakTuuHO HE BIUIMBAE HA
IHTEHCUBHICTh nuxaHHs. [Ipu 5% BMICTI KUCHIO HOTO TIOTJIMHAHHS Yy MOJIOJAUX POCIUH
JIEII0 3HIKYEThCS, a BUAUIeHHS] CO, 3MIHIOETHCS MaJIO.

OdyeBuHO, y Tpolieci €BOJIONIT JUXallbHI CHCTEMH pOCIUH (GOpMyBalucsi B
HU3BKOKHCHEBUX YMOBAaX, MPO IO CBITYUTH BUCOKA CIIOPITHEHICTh ITUTOXPOMOKCH/1a3U
10 kucHi0. Kpim Toro, 11e ga€ MOXJIMBICTh POCTUHAM BOJIOITH IMIUPOKOIO aJalTaIlier0
70 HU3bKUX KOHIeHTpamii O, (eremeHT HanmiiHOCcTi). Taka OCOOJMBICTH POCIUH €
BAOXIIMBOIO, 0O Ta30BMM CKJIaJl BCEpPeAWMHl TKAaHWH CHJIBHO BIJIPI3HSAETHCS BIJ
atmocdepHoro. Bmict O, B mapeHxiMi MPoTIroM 00U Moke koiauBatucs Bia 7 g0 17%.
[Ipn nmonwmxenHi koHueHtpauii O, n0 1-2% guxanbHUid KOEQILIEHT PI3KO 3pOCTaE 1
JTUXAaHHS MEePEXOIUTh B aHAEPOOHUIT mpo1iec OpOaiHHS.

Hagnmumok O, BUHUKae jHile JIOKAJIbHO. BiH MOB'SI3aHMIl 3 MOCWJICHHSM Yy KJIITHHI
BUIBHOPAQIMKAIbHUX PpEAKI[ii, 0 MOXE BHKJIMKATU CYTTEBI MOPYIIEHHS OOMIHY

PEYOBUH.
Huoxcun Byriento. Ilinsumenns konnenTpamnii CO,, sk KIHIEBOTO NPOAYKTY TUXaHHS,
COPUYMHIOE  3HIKEHHS  IHTEHCHBHOCTI  mpouecy.  ['anmbMyroTbes — peakuii

JIeKapOOKCUITIOBAHHS W aKTUBHICTh CYyKIIMHATAETiiporeHasu, 3meHmyetbest JIK. [lpu
IIbOMY CIIOCTEPITa€ThCs 3aKUCICHHS TKAaHUH — aIlU03, 10 MPU3BOJUTH JI0 IIKIIJTUBUX
HachiakiB. 30uibmieHHs KoHimeHtpaiii CO,; BUKIMKAE 3aKpUBAaHHA IPOJIUXIB,
raJIbMyBaHHS IIPOPOCTAHHS HACIHHS.

Temneparypa. Jluxanus, sik pepMEHTaTUBHUIN TpOIIEC, 3aJICKUTh Bl TeMiepaTypu. B
inrepBani temnepatyp Bix 0°C 1o 20°C Qq muxanust ~ 2-3. IIpn BHIIMX TeMIepaTypax
Q1o moHmkyeTrhcss. OmHA 3 TMPUYMH — 3HWKEHHS po3dumHHOCTI O, B piauHax MpHU
3pOCTaHH1 TEMIEpaTypHu.

JluxaHHs y 3UMYIOYMX POCIIHH CTIOCTEPITa€ThCs NPH YK€ HU3BKUX Temreparypax (-
20°C + -25°C). TemmepaTypHHii ONTHMYM TS BUIB [OMIPHHX IIHPOT 3HAXOIUTHCS Y
mexax 35-40°C. Makcumanbhi Temmeparypu (45 + 55°C) BH3HAYAIOTBCS 3IATHICTIO
O1IKIB 10 AeHaTypalii. BaxiuBa 1 TpuBallicTh TEMIIEPATYPHOTO CTPECY.

Bojauuii pexuM. 3MiHa OBOJHEHOCTI TKAHWH POCIWH BIIJ3EPKATIOETHCS B JAMHAMILI
iHTeHCHBHOCTI AuxaHHs. [I[BuaKa THMUYacoBa BTpaTa BOJM IMOCHIIIOE JUXAHHS — PEaKIIis
Ha mopasHeHHs. TpuBanuii BOAHUHN Ae(IilIUT BUKJIMKAE TIOCTYIIOBE 3HIKCHHS TUXaHHS,
MPUIOMY II€ BiJIOYBA€THCSI MOBUIBHIIIE, HIXK TaIHHSI IHTEHCUBHOCTI (DOTOCUHTE3Y.
Juxannas noBiTpsiHO-cyxoro HaciHHag (10-11% H,0O) myxe nesnaune. IIpu 3poctanHi
BOJIOTOCTI HaciHHS 10 15% nuxanus 3poctae y 4-5 pasiB, a pU AaJIbIIOMY 3pOCTaHHI
oBoJHEHOCTI A0 35% auxanus 36011b1IyeTbes B 1000 pa3is 1 Oinblie.
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Pi3ke 3pocTanHs AMXaHHS TpU HAOpAKaHHI HACIHHSA CYNPOBOJKYETHCS BUALUICHHSIM
TeIlIa, 1[0 MOKE MPU3BECTH JI0 NeperpiBy (C’camo3ropaHHs’) Mpu 30epiraHHi.

3MiHa I1HTEHCHUBHOCTI JUXaHHS TMpH BTpPaTl BOAM 3aJIGKUTh TaKOX BIJ BIKYy Ta
(h1310J10T1YHOTO CTaHY POCITHHHU.

MinepasibHi _pe4oBUHHM. Po3umH cosieil 3BHYAHO TIOCWIIIOE JUXaHHS KOPEHIB
IPOPOCTKIB — €(eKT “CoNbOBOro NUXaHHS . BBakaeTbcs, 110 i COJNEH HAa JUXAHHS
no6iyHa. Jleski karioHu MeTajiB (MarHii, Kajii) IiJBUINYIOTh aKTHBHICTh OKHCHHX
depmenTiB, a X HecTada 3MeHInye AuxaHHSA. KaTioHM BaXKKUX MeTalliB MPUTHIYYIOThH
JTUXaHHS.

Ceitno. /[lito cBiTia Ha AMXaHHS 3€JIEHUX OPraHiB POCIMH BUBYEHO HEIOCTATHBO.
Ocsimnernicmo, npu AKil iHMEHCUBHICMb homocunmesy = IHMEHCUBHOCMI OUXAHHA,
HA3UBaoMs KOMNHEHCAUIHHUM nyHKmom. JluXaHHd HE TPUNHUHSIETbCS Ha CBITII, B
HOpMI HOr0 IHTEHCHBHICTh 1 PO3MaJ OPraHIYHUX PEUYOBMH MOBHHHI OyTH 3HAYHO
MEHIIIUMH, HXK IHTEHCUBHICTh (POTOCHHTE3Y.

JluxanHs (MOTJIMHAHHA KHUCHIO 1 BUJUICHHS BYTJIEKUCIOTO Trazy) HE3eJCHUX TKaHWUH
AKTUBI3YETHCS CBITJIOM KOPOTKOXBHJIBOBOI YaCTHHH CIEKTPY — yibTpadiosnerom (380
HM), CUHIMU # 3eneHuMU ipoMensimu (400-500 um)

[lomkomkeHHs. MexaHiyHl  BIUIMBH ~ BUKIWKAIOTh  KOPOTKOYACHE  IMMOCUJICHHS
MOTJIMHAHHA KUCHIO. [Ipy 1IbOMY HaTHCKaHHS 1 3TUHAHHS BIUIMBAIOTH CJ1a00, a 3pi3aHHs
M mopi3u — JyKe CWIbHO. B ocTaHHbOMY BHUNAAKy pi3HI cyOCTpaTH 3'€IHYIOTBHCS 3
OKCHJa3aMH, & TAKOX aKTUBI3yIOThCS MPOLIECH BiJHOBIICHHS.

3MiHA IHTEHCUBHOCTI AMXAHHS B OHTOTeHe3i

Moozl opranu i TKAHUHU POCIIHH, SIKI 3HAXOASATHCSA B CTaHI aKTUBHOT'O POCTY, MAIOTh
HaBUIY 1HTEHCUBHICTh JuXaHHs. [lokM MOJIOAMI JUCTOK poCTe W PO3BUBAETHCH,
IHTEHCUBHICTh JMXaHHS 3pocTae. [IoTIM OuXaHHS 3HMXKYETHCA O PIBHS IOJOBHHH
MaKCUMAaJIBHOTO 1 JIUIIIE Tepe]l TOKOBTIHHSIM CIOCTEPITaEThCsl KOPOTKOYACHUH M1AHOM.
L{BiTIHHS ¥ TIJIOJIOHOIICHHS CYIPOBOJKYETHCS MTOCUIICHHSIM JIMXaHHS KBITIB Ta IUIOIB.
Ilepen mOBHMM J03pIBaHHSAM COKOBHTHX IIIOAIB CIOCTEPITA€EThCA THUMYACOBE
MOCWICHHS JIUXaHHS — KIIMaKTepUYHHM MmiaioM auxaHHdg. [lepen nmuMm y TKaHWHAX
3pocTa€ YTBOpPEHHs eTujieHy. KiliMakTepuyHuUM SBUIIAM 3aro0iraroTh, 30epiraroyu
IJIO/IA Y XOJIOAHUX MpUMIIeHHsX, HacuueHux CO, 1 a30ToM.
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Knimunne ouxanns - ue cykynsicts Gioximiumux peakuiit, y xozi sxux sibysaerses
OKHCHEHHs BYIIIEBOIB, JIMIAIB | AMIHOKHCIOT A0 BYIJIEKHCIIONO rasy i BOAu.
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MIHEPAJIBHE KUBJIEHHA POCJ/IMH

JlxepenoM HEoOX1THOTO HA0OpPy OpPraHIYHMX CIIOJIYK JJISI POCIMH CIIYXKaTh IMEPBUHHI
npoayktu ¢otocuntesy. Bouu yrBoprototees 3 CO, ta H,O y mporueci moBITpsSHOTO
KHMBJICHHS pociiiH. B ocHOBI iXHBOT XimiuHOi cTpykTypu nexarb C, O, 1 Hy YV
pe3yabTari 00MiHYy PEYOBHH MEPBUHHI MPOAYKTH (POTOCHHTE3Y IEpPETBOPIOIOTHCS Ha
aMIHOKHUCJIOTH, OUIKH, JIIIIHA, MaKpOEPTIUHI CIOJYKU, HYKJIETHOBI KUCJIOTH, OpraHIyHI
PEYOBUHHM BTOPUHHOTO TMOXO/KEHHsA. [l iX yTBOpEHHS HEOOXiJIHa CYKYMHICTh
HemetaniB 1 metaniB (N, P, S, K, Ca, Mg, Fe, Cu Tta iamri), TO0TO OUTBIIICTD €IEMEHTIB
tabmuii MennaeneeBa. PocniuHuM  OTpUMYIOTH Il €IEMEHTH 13 TIpyHTY. Tomy
IHTEHCUBHICTbh POCTY POCJIMH, 30KpeMa BPOXKaHICTh CLIbCHKOTOCTIOAAPCHKUX KYJIBTYD,
3aJIeKUTh, TOJJIOBHUM YMHOM, BiJl yMOB IPYHTOBOTO >KUBJICHHS.

Och 4OMy Takoro BEJTMKOTO 3HAYEHHS HAJAI0Th 3aX0JaM LI0J0 301IbIIEHHS POII0YOCTI
I'PYHTIB, IOTPUMAaHHS PEKUMY BHECEHHs 1I0OpUB, BUKOHAHHS BCiX BUMOT arpOTEXHIKU
TOIIIO.

BigoMo 31aBHa, 10 ypOKalHICTH 3aJ€KUTh BiJl POAIOYOCT] IPYHTIB. 3HAYHO Mi3HIIIE
OyJI0 BCTAHOBJICHO, 1110 POAIOYICTh IPYHTY 3HAYHOIO MIpOIO BU3HAUYAETHCS HASIBHICTIO B
HbOMY cojedl. OnmHuM 13 TepHIMX Take NPUMIYLIEHHS BHUCIOBUB 3BUYANHUN
¢bpanny3skuii pemicauk b. Tlamicei 8 XVI cromitri. | nume B cepenuni XIX cTomiTTs
HiMenbKui XiMiK 1 ¢izionor FO. JIi6ix copmMyiiroBaB OCHOBHI MOJIOKEHHS Cy4acHOI
arpoximii.

e PO3BUTOK BYEHHSA PO KOPEHEBE
KUBJIEHHSA POCJIMH

YsBieHHS Opo IPYHTOBE >KUBJIEHHS POCIUH MOYAJIM CKIATATUCS Y 3B'SI3KY 3 PO3BUTKOM
pocauaHunTBa. Bxke B VI-V THCAYOMITTI O HOBOI €pU BHUPOIIYBAJIWUCS MIIEHUILI,
SYUMIiHb, )KMTO, KYKYPY/3a, JIbOH, KOHOII1, 0araTo ropoJHIX KYJbTYp 1 MJIOAOBI Jiepena,
a 30J1a, MVYJI 1 THI BUKOPUCTOBYBAJIUCS SIK 3aCO0M, 1110 MABUIIYIOTH POAIOYICTH IPYHTY.
[lepmmii (Hi310JI0TTYHUI EKCIIEPUMEHT 13 METOI0 BHMBYEHHS KUBJIEHHS POCIUH OYB
MpOBEeJIeHU rosutaHachbkuM HatypaiictoM . b. Ban [enbMonTOM 1629 poky. Bin
MOCAIMB Y TJIMHSIHY TMOCYJHHY, 10 MicTuiaa 91 Kr cyxoro rpyHTy, BepOOBY Taly3Ky
Macoro 2,25 KT 1 peryJsipHO MOJUBaB IPYHT JIOIIOBOIO BOAO0. Uepes 5 pokiB pociuHa 1
IPYHT OyJNu 3BaXkeH1 okpeMo. BusiBumocs, 1o BepOa Baxkuia 77 Kr (mpupict Ouist 75 Kr),
a Maca CyXoro I'pyHTy 3MEHIIMJIacsi ycboro Ha 56,6 rp. Takum 4mHOM, Maca pOCIUHU
30uTkIMIacs B 33 pasu, HE BpPaxOBYIOUM HIOPIYHO omnaiux JucTKiB. Ban ['enbmoHT
3p0OOWB BHWICHOBOK, III0 BCS POCJIMHHA Maca OyJia CTBOpPEHA 3a PaxyHOK BOJH, IO
BHOcwiIacd npu nonuBi. Llei gociin mocinyKMB OCHOBOIO ISl «800HOI meopiiy
YKUBJICHHS POCJIMH, SIKO1 JOCUTh JIOBTO JOTPUMYBAIKCS B OOTaHIIII.

3nayno panime Apwucrortens (384—322 p. 70 H.e.) BHUCIIOBUB MPHUIYIICHHS, IO
POCJIMHU TMOTJMHAIOTh 1KY 3 IPYHTY Yy BUIJISI1 CKIAQTHUX pedoBUH. Lle ysBiaeHHs
Hanpukidi XVII — mnowarky XIX cr. Oyn0o po3BUHYTE HIMEIBKMM arpoOHOMOM
A. TeepoM, 110 PO3POOUB «2YMYCHY Mmeopiro» >KUBJEHHS pociivH. J[aBHO Bxke OyIio
BIIOMO, II0 YMM TEMHIIIMI IPYHT, TUM BIH pOAIOYIMIMNA. TeMHHUH KOJIp IPYHTY
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3aJIeKUTh BiJl BMICTY B HOMY PI3HUX OpPraHIUYHUX 3aJIMIIKIB, a00 TyMycCy (II€pPETHOI0).
BiAnoBiiHO A0 T'YMYCHOT T€OPii POCIUHU KUBIAATHCS BOJAOKO 1 TYMYCOM.

OpHak MOCTYNOBO HarpoMaJKyBaJlMCs JaHl TPO POJb MIHEPAIbHUX EJIEMEHTIB Yy
XKUBJIEHH1 pociuH. OAUH 3 OCHOBOIOJOXKHUKIB BiTUU3HSAHOT arpoHomii A. T. boioToB
HaMITHB OCHOBHI IIPUHIIAIIA MIHEPAJIBLHOIO XKUBJICHHA pociauH. Y 1770 p. Buitnuia iioro
kHUTa «/Ipo 0obpuso 3emenvy — mepia pociicbka MoHorpadis 3 arpoximii. bonoros
PO3pOOHB MPUIHOMHU BHECEHHS JIOOPUB J0 IPYHTY 1 MEPEIIUUB JICKIJIbKa JICCATKIB BUIIB
100pUB, MPUAATHUX JIJIS 3aCTOCYBAHHS B CUTBCHBKOMY TOCTIOIAPCTRI.

HIsetinapcokuit HaTypamict H.T. Cocciop cuctemaTn3yBaB BiJIoMi Ha TOM Yac J1aHi Mpo
’KUBJICHHS POCIUH 1 BCTAaHOBUB, LIO0 IPYHT MOCTAya€ pPOCIMHAM a30T 1 MiHEpaibHi
enemeHTd. [lpm BupolryBaHHI POCIWH 3 HACIiHHSA TUIBKM Ha AUCTHJIBOBAHIN BOI
IPUPICT 30JIM HE CrocTepiraBcs. Y CBOiN mparl «Ximiuni docnioxcenns pocauny (1804)
BiH 3BE€PHYB yBary Ha Te, 10 Pi3HI COJIi MOTJIMHAIOTHCA KOPEHSIMH 3 BOJHOTO PO3UYHHY 3
HCOMHAKOBOIO  ImBHAKICTIO. @paniy3pkuii  arpoximik  JK.B. bByccenro  (1837)
€KCIIEpUMEHTAJILHO JIOBIB, III0 POCIMHUA MOKHA BUPOIIYBATH 1 HA YUCTOMY IICKY, SIKIIO
BHOCHTH B HbOT'O MiHEpabH1 COJi (3011y 1 CETITPY).

Himenpkuit ximik FO.JIi6iX — oaMH 13 3aCHOBHHKIB arpoximii, 3arepeuyrodu T'YMYCHY
teopito, 1840 poky omyOmiKyBaB KHUTY «Ximis 6 000amky 00 3emaepobcmea i
@izionoziiy, 1e OOTPYHTYBAB M€0Pit0 MIHEPATbHO20 HCUBIEHHA POCAUH. 3TIHO 3 1€
TEOPIEI0 OCHOBOIO POJIIOYOCTI € MiHEpajabHl PEUOBHHU IPYHTY. BUeHHM BBakaB, IO
neperdiii notpiOHuid nume s yrBopeHHs CO,, KOTpUHl NPUCKOPIOE BUBITPIOBAHHS
MaTE€pPUHCHKOI TIPCHKOI MOPOJAM 1 30UIbIIy€E KYJIbTYpHUHM IIap IpyHTY. BiH mepumm
3alpONOHYBAB BHOCHTH K JIOOpHMBA YHUCTI MiHEpaibHl pe4yoBUHU. IIpaBuiibHO
OLIIHIOIOYM 3HAYEHHS MIHEpPAJbHUX €JIEMEHTIB y JKUBJICHHI pociivH, FO.J[161X y To# ke
yac BBaXaB, 110 POCIMHM TMOMJIMHAIOTH a30T 3 MOBITPSA y BUINIAAI amiaky. Jluiie
ni3Hime, y 1856 p., mia thckom HecnpocTtoBHUX (akTiB FO.JI16ix 3MymieHuit OyB
BU3HATH, IO JKEPEIOM a30Ty JJII MIHEPaJbHOTO >KUBJICHHS POCIUH MOXYTh OyTH
HiTpaTu. HeBipHuM y Teopii BYEHOro OyJI0 TaKOXK 3alepedeHHs POl OpraHiuHUX
PEUYOBHH TIPYHTY MJIsi PO3BUTKY pOCIMHHU. Sk Temep BiOMO, TymMyC HEOOXITHUN HE
CTUTBKU ISl PO3BUTKY Camoi pOCIMHH, CKIJTBKH JJIsi MIKpO(IIopH IPyHTY, IO BiAIrpae
3HAYHY POJIb Y KUBJICHHI POCITHUH.

1O JIi61x copmyitoBaB «3aKoH MIHIMYMY», BUIIOBIIHO JIO SKOTO BHECEHHS OYIb-IKO1
KUIBKOCT1 _MIiHEpaJbHUX PEYOBUH HE JaCTh NPHUPOCTY BpOXKAr0, JIOKM He Oyne
JIKBLIOBAaHA HECTAYA PEYOBUH, 10 MICTATHCI B MIHIMAJIBHIN KIJILKOCTI, & TAKOXK «3AKOH
nogepHenHs, 0 BKa3y€e Ha HEOOXIAHICTh MOBEPHEHHSI 10 IPYHTY MOKMBHUX PEUYOBUH,
MOTJIMHEHUX POCJIMHAMH. BiH CTBep/KyBaB, IO HEIOTPUMAHHS MPUHITUIY MOBHOTO
MMOBEPHEHHS IOBUHHO MPU3BECTH O BUCHAXXEHHS IPYHTY 1 3HIDKCHHS HOTO POIIOYOCTI.
VY uutomy 11l TOJIOKEHHS BipHI, ajie Aeski mociigoBHuku FO.JliGixa BHUBEIM 3 HUX
«3aKOH cnaodarvoi poowuocmi ipynmis». IIpakTuka cydacHoro 3emiiepoOCTBa J10Besa
MOBHY HECIPOMOXKHICTh I[LOTO TCEBI03aKOHY. BpOKaiHICTh ClIBCHKOTOCTIONAPCHKUX
KyJIbTYp TpH TPaBUIBHIA arpOTEXHINl 1 BHECEHHI MIHEpaTbHUX JOOPUB MOCTIHHO
3pocCTae.

OcTaTo4HO CIpocTyBalu «2ymycHy meopito» nociiau 1. Kuoma i FO. Cakca (1859).
Bonu miaTBepamim, 1m0 MUTKOM MOMJIMBO BHPOCTUTH HOPMaJbHY POCIMHY Ha BOJI JI0
IIOBHOTO JIO3pIBaHHSA Ipu 1i 3a0e3ledeHHl JMIIEe ciMoMa eJIEeMEHTaMH: a30TOM,
docdopom, cipkoro, KadieMm, KajbllieM, MarHieM 1 3amizoMm. Ll gochinu yTtBepaunu
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TEOP1I0 MIHEPAIBHOTO KUBJICHHS 1 CTBOPUIIM OCHOBY JJIsl BUKOPUCTAHHSA 8e2emayiiihoco
Memooy, y TOMY YUCJI1 BOJHUX 1 MIaHux KyabTyp. [lokuBHUN po3dunH, po3poOieHuit
Knormowm, 3acTocoByeTbes 1oTenep.

K.b. BycceHro, BUKOPHUCTOBYIOUM METOJ| BEreTalllMHUX MOCYAMH 1 TOYHI KIJIBKICHI
BUMIpH, JIOBIB, 1110 BUIII POCIMHH, SIK MPABUIO, HE MOXYTh 3B'A3yBaTH aTMOC(hEpHUI
a3oT. lliero 37aTHICTIO BOJIOAIIOTH O00OBI pOCIMHHM. TakuM 4YMHOM, OYJI0 BHEpIIe
BCTAHOBJICHO, 10 ©OO00OB1 pPOCIAWHHU, Ha BIAMIHY BiJ OUIBIIOCTI IHIIHUX, CIPHAIOTH
HarpoMaJpKEHHIO a30Ty B TIpyHTI. Himernpkuii OoTaHik 1 MikpoOiosor [. ['embpirens
1880 poky moBiB, mo 0000Bi pOCIMHM 3AINCHIOIOTH a30Tdikcaiito B CUMOi031 3
OynbOoukoBuMu OaktepisiMu. Cami Oaktepii B OynbpOoukax 000oBUX ymepiie Oyiu
BUsIBJICHI pocifickkum 6oTanikom M. C. Boporiaum 1866 poky.

Baromi nocnmimkeHHs O10JIOTIYHUX TPOILECIB, MO0 BiAOYBAIOTHCS B TPYHTI, MPOBIB
C.1. Bunorpajacpkui, 110 MO MPaBy BBAKAETHCS 3aCHOBHUKOM IPYHTOBOT MIKpOO10JIOT1].
B nmanwmit yac Biomo, 110 y TPYHTI KMBYTh HaWpi3HOMAHITHIII MIKpOOPTaHi3MH, SKI
MIePETBOPIOIOTH a30TOBMICHI CIIOJIYKH:

1) amonighixamopu, MO PO3KIAAAIOTh OPTaHiYHI a30TUCTI CHONYKH (O1IKH,
HYKJICTHOBI KUCIIOTH, CEUOBUHY ¥ 1H.) 3 BUALIICHHAM aMiaKy;

2) aszomehikcamopu — MIKpOOPTaHi3MHu, 110 3B'SI3YI0Th MOJICKY/ISIPHUHN a30T;

3) wimpugixamopu, MO, BUKOPUCTOBYIOUM KHCEHb, OKHCHIOIOTH aMiak [0
HITpATIB;

4) Odenimpughixamopu, MO TEPETBOPIOIOTH HITPATH B MOJICKYJISApHHIA a30T. [lpu
Hecrtadi O, meHiTpU(]IKaTOpH BUKOPHCTOBYIOTh KHCEHb HITPATiB 1 THM CaMHUM
301THIOIOTH IPYHT, IOBEPTAIOYH a30T /10 aTMOCHEPH.

Kpim GakTtepiil, AisIbHICTh SIKMX TOB'A3aHa 3 TpaHc(opMalliero pi3HUX HOpM a3oTy, y
IPYHTI € OaKTepii, KOTP1 PO3KIAAAIOTh LEI0I03Y, MEPEPOOISIOTH PI3HI CIIOIYKHU CIPKH 1
dbochopy, cumikatHi OakTepii, 10 OepyTh y4acTh y BUBIJIBHEHHI KaJlil0 13 CHJIIKATIB
IpyHTIB, Ta 1H. Jleski MIKpOOpraHi3MH T[OCTAa4arOTh POCJIHHH BiTaMiHaMH,
aMIHOKUCIIOTaMH, TOMY POJb MIKpOOPTaHi3MiB IPYHTIB 3HA4yHO OlJIbIla 1 CKIIQJHIIIA,
HIXK TIPOCTO Y4acTh B 0OMiHI MiHEPAJIIbHUX PEUOBHH.

Pociiiceki Bueni II. A. KocruueB i B. B. J/lokyyaeB po3poOuiii OCHOBH HAyKOBOTO
rpyHTto3HaBcTBa. Panmsucwpkuii arpoximik K. K. Teapoiiit oOrpyHTyBaB BYEHHS IIPO
[PYHMOBUL NO2IUHAIbHUL _KOMRIIekc. PedoBuHU, y TOMYy 4YHCII W MIHEpasbHI,
YTPUMYIOThCSI B TPYHTI PI3HUMH CHOCOOAMHU: MEXAaHIYHUM TNUIAXOM, (DI3UYHUMU
B32€EMOJIISIMHM, XIMIYHMM 1 OlosioriyHuM 3B'si3yBaHHsIM. OcoOnuBe 3HaueHHs ['enpoiiny
HajaBaB (I13MKO-XIMIUHIM, a00 0OOMIHHIM, afncopOIii, MO 3A1HCHIOETHCSI HEOPTaHIYHUMU
(LI€ONTHUMU) 1 OpraHIYHUMU (T'YMYCHUMH) KOMIIOHEHTaMHU I'PYHTY. BiH BCTaHOBUB, 110
B OOMIHHIN afcopOIlli BETUKY pOJib BIIITPAIOTh KUCII TPYHHU SIK OpPraHiyHoOi, TakK 1
HEOpPraHiyHOi (CHUJIIKATHI TpYyNH) YacTUHU IPYHTY. B OCHOBHOMY TIpYyHTH MarOTh
BJIACTUBOCTI KaTIOHOOOMIHHHMKIB, X04Ya B HUX € ¥ aHIOH3B S3YyI0Yl TPYIIU.

VYei mi AoCHiKeHHST TPU3BEIN 10 YITKOTO PO3YyMIHHS TOTO, IO POIIOYICTH TPYHTIB
MoB's3aHa K 31 CHEMUGIYHUMU OCOOJMBOCTAMH MAaTEPUHCHKOI TIPCHKOI TMOPOIU
(MiHEpaJIbHUI CKJIaa 1 CTPYKTYpPHHM CTaH IPYHTY), TaK 1 3 MiSUTBHICTIO TPYHTOBUX
MIKPOOPTaHi3MiB, 10 MIHEPATI3yIOTh OpTraHiuH1 3aJIUIITKH.
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o POJIb EJIEMEHTIB MIHEPAJIBHOT'O
AKUBJIEHHSA

Y pocraunax euseneno oOauzvko 68 Xximiunux enemenmis, npuyomy 47 i3 HUX HASAGHI
nocmitino. Bidomo, wo AKICHHM CKIaJ €JIEeMEHTIB JKUBUX OPraHi3MiB y MIIOMY
aHAJIOTIYHUIN TAaKOMY 3K CKJIAJIOBI 36MHOI KOpU. Bumicm ix y pocauni 3anexcums 8i0 ii
8UOY, IPYHMOBUX MA KIIMAMUYHUX YMO8.

Hatibinbwe 6cvoco 6 pocruni opranorennnx ejaemenrtiB (C, H, O, N). Byereuv y
cepedHvomy cmanosumsb 45 % cyxoi macu mxanun, kucenb — 42 %, 6odenv — 6,5 % i
asom — 1,5 %, a eci pazom — 95 %.

5 %, 1m0 3anMmIMITNCs, TPUNAATh Ha 30abHi pewosunu: P, S, K, Ca, Mg, Fe, Al, Si,
Na ta iH. [lpu cnanoanHi poCIUHHUX PEULMOK OpP2aHO2eHU BUOLIAIOMbCA Y 6UAA0I
2a30N00IOHUX CNOJIYK, A MIHEPAIbHI PedOBUHU 3ATULUAIOMbCAL Y 8UTIA0L 30IU.

KinbKicTh 30/ B POCIMHI 3aJIeKUTh B ii 37aTHOCTI KOHIIEHTPYBATH MiHEpajbH1
€JIEMEHTH, IXHHOTO BMICTY B IPYHTI, BosiorozabesnedeHocti 1 T.a1. OcobnauBo 6arato
30JIbHUX €JIEMEHTIB Y aKTUBHO (DYHKITIOHYIOUHX KUBUX TKAHUHAX.

VY pi3HUX pociMHAX 1 PI3HUX oOpraHax OAHIET M Ti€l X POCIUHU BMICT 30JBHUX
eneMeHTIB pi3Huid. Tak, y nuctkax Mictutbest 10-15% 305, B KOpl AepeBHUX MOPia —
npu6smM3HO 7%, y nepeBuHi — 6iu3bko 1%, y crebnax TpaB’sHUCTHX pociuH — 4-5%, y
HaciaHi — 3%.

SxicHMIA CKJaJ 307U 3aJIeKUTh BlJ XapakKTepy IMpoOILEciB OOMIHY pPEUYOBUH, SKI
MPOTIKAIOTh y TKaHWHax Ta opraHax. Hampukman, y Hacinai Oumbiie K, P, Mg, sxi
HEOOX1H1 JIJIi HOPMAJIBHOTO PO3BUTKY 3apojiKa; B 3amacarouux opranax — K, skuii
aKTHUBY€E CHHTE3 Kpoxmaltio; y ctebnax — Ca i Si; B iuctkax — P, Mg, K (B monoaux), Ca
(y crapux). Ilpu mpomy Ti €lIeMEHTH, IO MEPEBAXAIOTh y IPYHTI, HAKOMHUUYIOTHCS
outbmie. OkpeMi BHAM 3/aTHI aKyMyJIOBaTH TMeBHI enemMeHTH. Hampukian, mMopchki
BOJIOPOCTI HArpPOMAKYIOTh OpoM 1 HOA; Aesiki 37aku (KyKypy/a3a Ta 1HII) — 30J0TO 1
T.J. Y B3aJIeXKHOCTI BiJf BMICTy MIHEpAJbHUX €JIIEMEHTIB B OpraHi3Mi pO3pI3HSIOTh
maxpoenemenmu (C, O, H, N, P, S, K, Ca, Mg, Na, Cl, Si, Al), mikpoeremenmu (Fe,
Zn, Mo, Mn, Cu, B, Co, Ta inmii) Ta ynbrpaMmikpoeneMeHTH ((i310JI0T14HA POJIb SIKUX
npaKTHqu HE BHUBYECHA). Hepmi cranoBiaTh 10 - 107 % Bix cupoi Macu pociuHu; APyTi
—10°-10° %; tperi — 10°- 10" %,

be3s wmakpoenemMeHTIB 1 MIKpOEIEMEHTIB HOpMajbHa  KUTTEAISUIBHICTE POCIHH
MOpyIIyeThes. B TO# ke yac Taki MakpoeJIeMEHTH, K HaTpii, KpeMHIN, aTloMiHIH He
BIJIIFParOTh CYTTEBOI POJIl B POCIIUHI.

MakpoejieMeHTH

Jlani enemenmu BUKOHYIOMb 6 OP2AHIZMI 081 OCHOBHI (DYHKYII — CMPYKMYPHY U
pezynamopuy. llepuy necymn, 20106HUM uunom, opeanoeenni enemenmu (C, O, H, N),a
maxooic P i S, axi bepymov yuacms 6 YmEOPeHHI HYKAeIHOBUX KUCIOm, OLIKi8, 1inidie a
maxkooic HwuUx crkiaoosux yacmuu kuimuuu, ma Ca, Mg, ski éxodamb 00 cknady
KIIMUHHOL CMIHKU, MeMOPaH, XJ10pONIACmise.

Hlpyay ¢ynkyio 30iticnioroms o0Hosanenmui kamionu i anionu (H', K*, CI', Na¥), axi
BNIUBAIOMb HA GENUYUHY MEMOPAHHO20 NOMEHYIany ma pa3om 3 [OHAMU Ca™'i Mg2+
bepymo yuacms y pe2ynayii Qizuxo-ximiunoco cmawy xo10ioie yumonaazmu. Ilpu yvomy
KOJCHUI MAKPOENeMeHN BUKOHYE GLACMUBLE MINbKU UOMY OOHOMY cneyu@iuni yHKyii.
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A30m_3acBoroeTbes pociuHol y Burisal a”ioHiB (NO;, NOj), kariona (NHj) 1

opraHiyHux crnojiyk. [lepeoliHuTu 3Ha4eHHs a30Ty B >KUTTI POCIMHU HEMOXJIMBO. 3a
Horo Hecrtadi y TPyHTI MOPYUIYIOTbCS BCl HaWBaxJIMBimIl (YHKINI, PICT 1 PO3BUTOK
pocnuH. lle BakIMBHI OpPraHOTEHHUW €JIEMEHT, IO € CKIIAJOBOI YaCTHUHOIO OLJIKIB,
HYKJIETHOBUX KHCIIOT, aMIHOKHCIIOT, XJ0po(diny (6€3 IKOro HeMOXKIHUBHM (OTOCHHTES),
TOPMOHIB, 0araTbOX BiTaMiHIB, aJIKAJIOIIB, TITIOKO3HU/IIB.

OpnovyacHO — 1e ayxe AeQiuUTHUN erneMeHT. BiH He BHBOIUTHCS 3 OpraHizMy, a
BUKOPHCTOBYEThCSI 0araTOKpaTHO (PEYTHII3YEThCs) — TOOTO MpU CTapiHHI JIUCTKIB
3BUIBHSAETHCS y MPOIEC] PO3Maay MUTOIUIA3MATHYHUX OLIKIB Ta 1HIIMX a30TOBMICHUX
CIIOJIYK 1 BIATIKAE B MOJIOJI YaCTUHU POCIMHU. 30BHI II€ BHUSBISIETBCS Yy 3MiHI
3a0apBJIEHHS CTapilOYMX JUCTKIB — BiJ] 3€JI€HOTO JI0 KOBTOTO, MOYMHAIOYU 3 BEPXHBOI,
O11b111 cTapoi iX yactunu. [1o1i0HI sIBUIIIA CITOCTEPITalOThCS 1 3a HECTaul a30Ty B IPYHTI.
Jluctkm HaOyBalOTh JKOBTOI'O BIATIHKY 13 4YepBOHYBAaTUMH >KWikamMu. KpiMm Toro,
3aTPUMYETHCS PICT POCIHH, 3HAYHO 3MEHIIYIOTHCSI PO3MIPH JIUCTKIB 1 IUIOIB.

@Dochop — 3aCBOIOETHCS  POCIAMHAMH, TOJOBHHUM YHMHOM, Yy (opMi aHIOHA
optodochoproi kucmoru (POY ), a Takoxk y Burmsani dochoprux edipiB IyKpiB i
cnupTiB. PocnuHu, KOpeH1 SIKMX BHUAULAIOTH CIa0KlI KUCIOTH, MOXYTh 3aCBOIOBATH
dbochop 13 PochopuTHOI MyKH Ta IHIIMX BaXXKOPO3UMHHUX (OCHOPHUX CIOIYK —
Caz(POy),, AIPO4, FePOy. Jlo Takux pociauH HaleKaTh JFOIUH, 000U, TpeyKa.
[lozutuBHuit BIUB (QocdopHOro mo0pUBa Kpalle BUSBISIETbCS TPU HASBHOCTI
noctatHboi KimbKocTi N 1 K. ®ocdop, sk 1 N, BOJOIII0OYM BHUCOKOI PYXJIUBICTIO,
0araTokpaTHO PEYTHIIIZYETHCS B POCIUHI. BXoasum 10 ckiagy HYKJIETHOBHX KHCIOT 1
JMMOiAiB, BIH BUKOHYE CTPYKTypHY G¢yHKIit0. KpiM Toro, BiH € HEOOXITHUM
komrioHeHTOM HykJeonpoteinis (DAJl, HAJ), wmakpoepriuaux crnoiayk (ATD),
dbochopHux edipiB Tpio3, MEHTO3, Tekco3. 3aBAsku IboMy ¢ochop Oepe aKTHUBHY
y4acThb Y CUHTE31 i IepETBOPEHH] OPraHIYHUX PEUYOBUH, 30KpEMa, BYTJIEBO/IIB.

3a Hecrtaul Gocdopy NOPYUIYIOTECS MPOIEcH POTOCUHTE3Y Ta JUXAHHS, MOCUIIOETHCS
po3Majl CKJIQJHUX OPTraHIYHUX CHOJYK. 30BHI I1I€ BUSIBISETHCS 3MIHOK 3€JI€HOTO
3a0apBJICHHS JIMCTKIB Ha ToJiyOyBaTO- 1 (h10JIETOBO-3€JICHE 3 HACTYIHHUM 3aCHUXaHHSIM.
JIMCTKM KOBTIIOTh, YOPHIIOTH MO KpasXx 1 onaaarTs. OAHOYACHO 3aTPUMYIOTHCS POCTOBI
MpolleCH HAA3E€MHOI Ta MIJ3€MHOI 4YacTWMHM opraHizmy. IleperBopenHsi ¢ocdopy B
POCIIMHI aKTUBHO BiIOYyBA€ThCS MiJ Yac pOCTYy OpraHiB Ta 30UIBIICHHS KUBOT
[UTOTUIa3MHU, OCOOJMBO TMpPHU MPOPOCTAHHI HACIHHSA Ta MWOro JOCTUTaHHI, Koiu P
3amacaeTbCcsl 'y BUTISAAL (GITUHY — KajbIlid-Mar"ieBoi coii 1Ho3uTrekcapochopHoi
KHCJIOTH — C5H5(0H2P03)5.

Cipka 3acBOIOETBCS y BUTIIAI cynb(daT-10HIB 13 coneit Na,SO,, K,SO,4, CaSO4, MgSOy,
Fex(SO,4)s, a TakoXk 13 IEAKUX OPraHIYHHMX CHOJYK (CIpKOBMICHI aMiHOKHCIOTH). Mae
BHUCOKY PYXJIMBICTb, 10OPE PEyTHIII3y€ETHCS.

Cipka BxomuTh A0 ckiaay (epmentiB, ae 3B’s3ye kodepmentu (HAZ, DPA) 1
npocTeTuyHl rpynu (Hanmpukian Fe) 13 OuUIkoBOI yacTUHOW. 3HAYHA YacTHHA CIPKU
POCIIMH BXOJUThH JIO CKJIAJy CIPKOBMICHUX aMiHOKHUCIIOT y ¢opmi cyabdrigpunbaux (R-
SH) rpyn, siki 0epyTh y4yacTh y (OpMyBaHHI TPETHHHOI ¥ YETBEPTUHHOI CTPYKTYpHU
O1JIKiB, TIEPETBOPIOIOYHCH y CybdiaHi rpynu (aucynbdinai moctu: R-S-S-R, R;-S-S-
R,). CynbdriapuiibHy Tpymy Mae HHUCTEIH, AUCYIb(PIAHY — IMCTUH Ta TIIOTATIOH —
CWJIHHUH BITHOBHUK, 110 BIIITPa€ BAXKIIUBY POJIb B OKUCHO-BITHOBHUX MPOIIECAX.
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I'pynma SH — cknagoBa yacTuHa KOEH3UMY A, SIKUH € MOYATKOBOIO JIAHKOIO O10CHHTE3Y
KUPHUX KUCIIOT, JIUMOHHOKHKCTOTO (1ukiy Kpebca) 1 rimokcunatHoro nukiiB. Cipka B
T POCTIUH BXOJUTH JI0 CKJIaAy TPYNYHUX Ta YACHUKOBHX OJIIHM (XPECTOIBITI, JIUTIIHI).
Ili omii BIAISAKYIOTH OaraTbOX JMCTKOIPHU3YYHMX KOMax 1, TaKUM YHHOM, BIIITParOTh
3aXUCHY POJIb.

3a HemocTadl CIpKM BHUHHUKAE XJOPO3 — CHOYATKY MKOBTIIOTh KWUJIKUA JIUCTKIB, 3r0JIOM
TUTACTUHKY BKPUBAIOTHCA YEPBOHYBATUMH IUIIMAMH, 1 TUCTKU BIAMUPAIOTh.

Kaniii — 3acBOI0€THCS POCIMHAMHU 3 PO3YMHHUX COJIEH — XJIOPUIIB, CyIb(haTiB, HITPATIB.
Bin Takox Jlerko peyTHII3yeThCS, BIATIKAIOYM A0 MOJIOAMX OpraHiB 1 TKaHWH. Y
pocnIMHaX Kalid 3HaXOAWTHCSA, TOJIOBHUM YHMHOM, Yy BUIBbHIM, 10HHIA (opmi. Jlume
HE3HayHa YaCTHHA HOT0 HEMIIHO 3B’ A3YETHCS 3 OLIKaMH LUTOIIA3MH.

Kaniit miaBuimye rigparariito KOJoigiB HUTOIIA3MH, ii BOAOYTPUMYBAIIbHY 3AAaTHICTD 1
MPOHUKHICTh. TUM caMHM BiH CTBOPIOE YMOBH I aKTUBHOTO CHHTE3Y OUTKIB Ta 1HIIUX
opraHiyHuX crnojiyk. KpiM Toro, kaiiit aktuBye 0;113bko 60 (hepMeHTIB, Y TOMY YHCII1 i
CUHTETa3y kpoxmaito Ta (ocdokinazy, yuuM BiuBae Ha Metabonizm AT®. Pazom 13
TUM KaJiil peryiroe BIIKPUBAHHS TPOJUXIB, aKTHUBYE PyX ACUMUIATIB IO POCIHUHI.
OueBnpHo, 6e3 K HEMOXIHBI Takl >KHUTTEBO BaXJIWBI MPOIECH, SK (POTOCHHTE3,
JIUXaHHS, YTBOPEHHS CKJIQJHMX TOJIMEpIB (BYIJIEBOJIB), TPAHCIOPT OPTaHIYHUX
PEUOBUH.

3a Hectaui K picT Moioux pociuH NMPUITUHAETHCS, JIUCTKU KOBTIIOTh, TIOTIM OYpIIOTh,
3aCHXal0Th 13 KpaiB a00 3aKpyUyIOThCS i 3MOPILYIOTHCS.

Kanvyin — nornuHaethest y GopMi KaTioHa 3 MOro po3uMHHUX coJieil. Pociyuau, KopeHi
SKUX BUJUIAIOTH CIa0KI KUCIOTH, MOXYTh 3aCBOIOBATH KaJIbIliil 3 TAKMX MIHEPAJIB, SIK
Kpeija 1 BalHsK.

Kanpuiii ManopyxJiMuBHil 1 HE pPEyTHII3YEThCS B POCIMHAX, & CKyNUyeTbcsa y (opmi
MaJIOPO3YMHHUX coJiel (TiNC, OKcalaT Kajiblil0) y CTapux JIMCTKax. BiH 3MiHIOE
KHCJIOTHICTh TPYHTOBOTO PO3YMHY 1 TUM CaMHUM BIUIMBA€ Ha HAJXO/KEHHS /0 KOPEHIB
iHmmx enemeHTiB. Ca 6epe yyacTh y HMIATPUMAaHHI CTPYKTYpHU MEMOpPaH 1 XpOMOCOM Ta
BXOJUTh J0 CKJaAy KIITHHHUX CTIHOK Yy BHIJIS/I TEKTaTy Kajbllifo. BiH BIMBae Ha
KJIITUHHHAM MeTadoJIi3M, aKTUBI3YIOUHU JesiKi bepmenTn JTUXAHHS
(cykmuHaTAeriiporeHasy), GoTocuHTe3y, a Takox docdarasu (« -aminazy Ta iumi). Ha
BIIMIHY BIJl KaJito, KaibIlii 30UIbIIy€E B’SI3KICTh MHMTOIUIA3MU 1 3MEHIIYeE i
OBOJIHEHICTb, MPUTHIUYIOYU TUM CaMUM KJIITUHHUM METa00IIi3M.

3a Ha/UIMILIKY B POCIMHAX OPraHIYHUX Ta MIHEpPAJbHUX KHCIOT KaJbLii YTBOPIOE 3
HUMH HEPO3YMHHI COJIl, SIKI BUBOJATHCS MpH JucTomanai. Tak HEHTpami3yeTbcs iXHs
IIKJIMBA Jisi Ha pociauHU. KaTioHM KasbIlil0 MOCIa0I00Th HEraTUBHUM BIUIMB
HAJMIPHOI KIJIbKOCTI IHIIMX KaTIOHIB HAa POCIIMHY, 1110 OCOOJIMBO MOMITHO Ha 3aCOJIEHUX
IPYHTax.

Hectaua Ca 0co0nMBO CHIIBHO BIUIMBA€E Ha KOPEHI — BOHU HE POCTYTh y JOBXKHHY, a
JIUIIIE TTOTOBIIYIOTHCS W OCIIM3HIOIOTHCS, & 3r0JIOM BiIMUPAIOTh BEPXIBKU CTEOEI 1 PICT
MPUTTUHSAETHCS.

Macniit — NOTIMHAETHCS 3 MarHIEBUX COJIEH IPYHTY, a TAKOX 13 IOJIOMITOBOTO BaITHSKY.
Bin BusiBIIsSI€ JOCTATHIO PYXJIUBICTh Y POCIHHI 1 TOMY JIETKO PEYTHUITI3Y€EThHCA.

VY TkaHMHaX MarHii 3HaXOUTHCA B 10HHIHM Ta 3B’si3aHii ¢popmi. BiH BXOAUTH 10 CKIIaTy
xJIOpodiTy ¥ MeKTaTiB MarHito, M0 MICTATHCS B KIITUHHUX CTiHKaxX. MarHiil 3B’s13ye
BEIIMKY Ta Mally CyOOAMHUII PUOOCOMHU 1 TUM CaMUM MIATPUMYE ii (YyHKIIOHATBHY
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aKkTUBHICTh. B 10HHIH (opmi BiH akTuBYye docdokinazu ta ¢pepmentu nukiny Kanbpina.
3a HecTadl MarHit0 B POCIHHI MOPYIIYETHCS CUHTE3 OUIKIB, XJI0podily 1 BYrJIeBO/IIB,
3HUKYETHCS IHTEHCUBHICTH TJIIKOJII3Y.

30BHIIIHBOIO O3HAKOIO HECTaul MATHIIO € XJIOPO3 MOJIOJIUX JIUCTKIB. 3€JeHl JIUCTKHU 110
Kpasgx 1 MK >KWIKaMu 3a(apOoBYIOTECS B JKOBTHM, YEPBOHHMM 4M (h10JETOBUN KOJIP
(mapmypoBonofiOHu xJ10po3). CroyaTKy 1€ SIBUIIE CIOCTEPIraeThCs Ha JIUCTKAX
HWKHIX SPYCIB, a ITOTIM — 1 Ha BEPXHIX.

Xnop 3aBxIU HasIBHUM y TKaHWHAX. AJie BIH HE € TUM €JIEeMEHTOM, 0€3 SKOTO POCIHHU
He OyayTh PO3BHBATHUCS YW BUHUKATHMYTh 3HAYHI MOPYIICHHS. XJIOp MOTPIOHHUA THUM
BHJIaM, SIK1 €BOJIIOIIMHO MPUCTOCYBAIUCS 10 XJIOPUIHOTO 3aCOJICHHS (IIyKpOBUI OYpSIK,
muHAT, rpedka) Ta ranoditam. loau ClI° 6epyTh y4acTh y (HOTOOKHCICHH] BOJIH.
Kpemninn _HEoOXimHMWIA pOCIMHAM POAWH 3JaKOBUX, OCOKOBHX, XBOIIOBUX IS
1HKpycCTallli CTIHOK KJIITUH MOKPUBHUX TKAHWH, a TAKOX J[1aTOMOBUM BOJOPOCTSIM JIJIsI
YTBOPEHHsI TaHIlepa (30BHIIIHLOTO CKelleTa). bararo KpeMHil0 y cTapiid JAepeBHHI.
Benukoro @¢i3ionoriyHoro 3HayeHHS HE Mae€, pojib y OIOXIMIYHMX IIpoliecax He
BCTAHOBJICHA.

Hampii. He3Baxaioun Ha Te, 1m0 Na BXOJUTH IO CKJIaay 30JM POCIHUH Yy 3HAYHUX
KUTBKOCTSX, a TaKoX, IO HMOro XiMI4HI BJIACTMBOCTI AyKe€ MOMIOHI J0 XIMIYHHX
BiactuBocTed K, Bigirpae BiH 3Ha4HO MeHITy (i310JI0T14HY poiib. ICHye nymka, mo Na
HEOOX1AHUH, TOJOBHUM YHHOM, JJI MIATPUMAHHS OCMOTHYHOTO IMOTCHINANy KIITHH
POCTIHH, III0 POCTYTh HA 3aCOJICHUX IPYHTaX.

Omoice, KONCHUL MAKPOeNeMeHm BUKOHYE 8 OP2AHI3MI POCIUHU CheyuqhiuHi (yHKyii.
Tomy HI 0OUH i3 HUX HEMOIHCAUBO 3aAMiHUmMU THWUM. TOOMO 0151 HOPpMATLHO2O0 poCcmy i
PO3BUMKY OpP2AHIZMY BUMAAEMbCS NOBHUUL HAOIP HEoOXIOHUX MaKpoenemMeHmis.
CniggioHOUleHHsl IXHb020 6MICHY BU3HAYAEMbCA BUOOM POCIUH, (Pazoi0 po36UMKY,
YMOBAMU BUPOULYBAHHS T M.O.

T'onoeni enemenmu owcuenenus — N, P i K — maioms nomimuuu 6naue Ha 306HIWHIU
8U2TIA0, MeMNU POCMY | PO3GUMKY POCIUH, MOOMO BUKOHYIOMb (POPMOYMEOPIOEATbHY
poav. Ilpu naonuwxy N nocunioemvcs ymeopeHHs i npupicm 6e2emamuHux Op2aHis,
ane 3ampumyemvcs YGIMIiHHs, a MAKoHC 003PIBAHHS NA0OI8 MA HACIHHAL.

Kaniti, sx i N, nocunwoe eecemamusnuu picm, a ¢ocgop, Ha8naxu, npuckopioe
PO3BUMOK POCIUH, YBIMIHHA, NIOOOHOCIHHA. Y 36°A3Ky 3 yum nompeba 8 OaHux
eleMenmax y npoyeci pocmy i po36UmKYy poCiuH 3miHioemvca. Ha pawnnix emanax
OHMO2eHe3y OJisl IHMEHCUBHO20 (HOPMYBAHHS ACUMINIOIOYUX OP2AHIE8 POCIUHI HEeOOXIOHO
oinowe N i K, a 00 nouamky 3akiaoxu penpo0yKmueHux opeauie — oinbuie P, ockinvku
nepeo Y8IMIiHHAM NOCUNIOEMbCS eHeP2eMUYHULL OOMIH.

Taxum uunom, i3 donomozoro N, K i P mooicna abo npuckoprosamu mepminu YeiminHs i
NJI0OOHOCIHHA, ab0 8i00anamu ix i aKkmueizyeamu YMmeOopeHHsl 8e2emamusHoi macu (v
nocieax KOpMOBUX mpas, HA OKYIbMYPEeHUx J1y2ax, nacoguwjax). 3MiHwOuU
cniggionowents N i K 6 ipynmi, ModcHa pe2ynosamu YmeopeHHs HCIHOYUX 1 YON08IUUX
KGIMOK Y 00HO- Ma 08000MHUX POCIUH.

MikpoesemeHTH
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ani enemenmu 6x00amv 00 ckiady KOQaxkmopie i npocmemuyHux pyn pepmenmie ma
KOHMPONIOIOMb  MAaKi  HCUMMEBO 8ANCIUBL  Npoyecu, 5K Gomocunmes, OUXAHHS,
nepemeopeHHsi pevosuH, picm I PO3GUMOK POCIAUH, BUKOHVIOUU MUM  CAMUM
Mmemaoboniuny @yukyiro. Kpim moeo, 6 ioHHOMY CMaHi MIKpoeiemeHmu aKmusizyomas
PpoOOmy pi3HUX (hepMeHMHUX cucmem KImuH i UKOHYIOMb PezyiasimopHy (yHkyito. B
MOl dice Yac KoAHceH MIKpoeleMeHm 8i0PI3HAEMbCSA NeBHOI0 Cneyuikoro Oii.

Janizo — noTpiOHE POCIMHI B OUIBIIUX KIIBKOCTSAX, HDK 1HIII MIKPOEJIEMEHTH, TOMY
HOT0 1HKOJIU 3aPaxOBYIOTh O MaKPOEJIEMEHTIB.

Jlxxepenom 3amiza JUIsi pOCIIMH € Horo po3duHHI coiii. OfHAK y JTy>KHOMY CEpeIOBHUIII
BOHU BUNAJAIOTh B OCaJ 1 CTAIOTh HEIOCTYITHUMH 1)1 pociauH. ['emiHoBa (opma 3aimiza
BXOJIUTh JI0 CKJIaJy LHUTOXPOMIB, KaTana3, MEPOKCHUIa3W; HETEMIHOBA — JI0 CKJIAay
dbepenokcuny, HiTpaTpeaykrasu, 0inka-FeS, To6To Tux crmonyk, 63 sIKHX HEMOXITUBUH
dboToCUHTE3, NUXaHHS, BIIHOBJIECHHA HITpaTiB. OYEBUAHO, Yy 3B’SI3KYy 3 BHCOKOIO
noTpedoro 3aiiza 1 MOro OCOOJMBUM 3HAYEHHSIM JUIsl POCIMH BOHO 3aracaeTbesl y
TKaHUHAaX y BUTJISL1 (pepUTuny.

[Ipu HecTaui 3amiza y pOCIMH PO3BUBAETHCS XJIOPO3 MOJIOAMX JIUCTKIB, OCKUIBKU
O0locuntre3 xyopodiny BiOyBaeTbCcs 3  Y4acTIO  3ai30BMICHOTO  (hepMEHTY
[IUTOXPOMOKCHIA3H.

L{unk 3aCBOIOETHCSI POCIIMHAMU TUIBKW B PYXJIUBIN, PO3YMHHIN (OpMI — B OCHOBHOMY
e cyibdar IMUHKY, KUIBKICTh SKOTO 3pOCTa€ MPH HU3BKUX 3HAueHHAX pH rpyHTY 1
cnagae npu AedinuTi Bosioru. ToMy Ha KUCIUX JEPHOBO-TII30JUCTUX, CIPUX JIICOBUX 1
Topd’SHUX TPYHTAaX POCIMHU HE BIIUYBaIOTh HECTayl LIMHKY. AJie¢ B MOCYIUIMBI POKH
JOCTYIHICTh WOTO JJIi POCIWH 3MEHINYEThCSA. [[MHK 3aCBOIOETHCS 1 JHCTKAMU TIPU
no3akopeneBomy mipkuBieHHi (0,03 — 0,05 % po3unn ZnSO,).

di3io0JioTiYHA POJIb LIMHKY pi3HOMaHITHA. BiH BxoauTh A0 ckiamy Ouibln sik 30-Tu
dbepmenTiB, aeriaporeHaz @I'A, IIOK, docdara3, xapbokcuias, a TaKoOX
KapOoaHriipazu — (hepMeHTy, 110 3/11ICHIOE 3BOPOTHE PO3IICTUICHHS BYTUIbHOT KHCIIOTH
Ha BOJY ¥ OKCHJ BYTJEII0, SKUM MOTPIOHWM aiis TeMHOBOi (a3u (POTOCHUHTE3Y.
[{uakoBMICHI (DepMEHTH aKTHBYIOThH BiJIHOBHI MPOIIECH 1 THM CAMUM CTBOPIOIOTH YMOBHU
JUIsl THTEHCUBHOTO OIOCHMHTE3y OUIKIB 1 HYKJIETHOBHUX KHUCJIOT. TOMYy pOCIMHH,
00poOJIeH1 po3YMHAMU COJIEH ITMHKY, OUTBIII CTIHMKI 10 TOCYXHU, BUCOKUX TEMIIEpaTyp Ta
THIITMX HECTIPUSATINBUX (PaKTOPIB.

BaxxnuBoto (izionoriyHoro GyHKIIEI IUHKY € HOT0 Y4acTh y CHHTE31 TOPMOHY POCTY —
aykcuny. ToMy He BUTIQKOBO BiH HArPOMAKYETHCS B MOJIOAMX TKAHWHAX Ta 3apOJKY.
[Ipu HEcTadi MUHKY MPHUTHIYYETHCS TPOIEC POCTY, V IUIOJOBUX JEPEB YKOPOUYETHCS
MDKBy3JI}I (bOpMYIOThCS PO3ETKH JIMCTKIB 1 JIpIOHOIIIIAAS; a B OBOYCBUX KYJIBTYP
3’SBJISIETBCSI XJIOPO3 Ta TUISIMUCTICTD JIUCTKIB.

Monioden 3acBoro€Thcsi B (POpMi aHIOHY 13 JIETKO PYXJIMBUX COJieH — MOJiOAaTiB
HaTpit0o Ta amoHito. OCTaHHIA MOXKE€ BUKOPUCTOBYBATHCS 1 IJs TO3aKOPEHEBOTO
mimxuBiaeHHs  (0,06-0,1 %-it  po3umH). [ pociawiH KUCIMX TPYHTIB MOJIOJEH
HepocTynHui. Taki rpyHTH TpeOa BaiHYBAaTH.

VY TkanmHax MoOmiOJeH 3B’S3YEThCA 3 OPraHIYHUMH PEUYOBUHAMH. BiH BXOIUTH 110
CKJIaJly HITpaTpeayKTas3H, sika BIAHOBIIIOE HITPaTHY GopMy a30Ty B amoHiitHy. OcTaHHS
0e3MmocepeIHbO BUTPAYAETHCSI HA CHHTE3 aMiHOKUCTOT. Kpim Toro, MomibieH mpurHivye
aKTUBHICTh KuCHO1 ¢ocdaTtazu, 1o Tiapodizye (GocPopHi CHOTYKH, 1 TUM CaMHM
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MiBUILYE BMICT Y POCIHHI HYKJIETHOBHX KHUCIOT 1 opraniunux Qocdariz (ATO,
dhochopuux edipiB 1ykpiB TO110). Momi6aeH He0OX1AHUH 1JIs1 OLIKOBOTO CUHTE3Y.
[ToTpeOy B Mo BijuyBaroTh HE JIUIIIE BUILl POCIMHHM, aje ¥ Maii opranizMu. Oco0anBo
BUIBHOXKUBYYI ¥ CUMOIOTHYHI MIKPOOPraHi3MHU-a30T(iKCaTOPH, Y AKUX BIH BXOAUTH JI0
CKJIay (PEpMEHTHOrO KOMIUIEKCY, IO 3I1MCHIOE BIJIHOBJIECHHS MOJEKYJSIPHOTO a30Ty
atMocdepu B aMiax.

Hecraua Mo B pociuHi mopyIrye po3BUTOK JIMCTKOBOTO anapary. [Ipu nboMy yepemiku
W JIMCTKU MOJIOBXKYIOThCS 1 3BYXKYIOTBCS, BTPAYAIOTh Typrop, B }IHyTB MOYMHAIOYH 3
KpaiB. Y OKpeMHX BUIB Ha MOBEPXHI JUCTKIB, MK JKUJIKaMH, 3’ ABIS-IOTbCS KOBTO-
3emneHi 1 0J1110-0paHXeBi IUISIMHU.

Mapzaneub  3aCBOIOETbCS  POCIMHAMH 3 WOr0 PpO3YMHHHUX cojiell y ¢opmi
JIBOBAJICHTHOTO OKHCY. Y BHUIIAJKY MiABUIICHOTO BMICTY KaJbIli0 B IPYHTI, @ TAaKOX 3a
TPHUBAJIOT CyXOi Ta CIEKOTHOT MOTOAM AOCTYIMHICTh HOTO AJI pOCIUH 3HIKYEThCs. [Ipu
no3akopeHeBomy mimkubieHH1 (0,06-0,1 %-it pozunn KMnQO,) Mapranens 3aCBOIOETHCS
JUCTKAMH.

VY TkaHMHAaX MapraHellb 3HAXOJUTHCA Y BUTJIAJI 10HIB PI3HOTO CTYNEHS OKHMCHEHOCTI
(M n?*, Mn3+, Mn‘“). IXHe CriBBiTHOIICHHS 3aJI€XKHO B XapaKTepy OKHUCHO-BITHOBHUX
MPOIIECIB Yy KIIITHHI 3MIHIOETHCS. Mn TO3UTHUBHO BIUIMBAE Ha O10CHHTE3 XJIOpOodiiy,
cTabini3ye WOro 3B’SI30K 13 OUIKaAMHU 1 TUM CaMUM MIJABHUIINY€E CTIAKICTh 10 PYHHYBaHHS
3a HecnpuATIMBUX yMOB. KpiM Toro, mapraneup 0epe yyacTb y (pOTOOKHCIEHHI BOAU
npu (GOTOCHHTE31 Ta y BIAHOBHMX peakuisx wnukiay KanbBiHa. BiH akTuBye
nexkapookcunasu nukiny KpeOca 1 BinHOBIeHHs HiTpatiB. llpu Hammumky B pociauHi
Maprasellb CTa€ aHTaroHICTOM 3aJli3a 1 BOYJOBY€EThCS 3aMICTh HbOTO Yy (DYHKIIOHATIbHI1
rpynu 3aii3oBMICHHX (epMeHTIB. O3HaKuM MapraHiieBOi HecTauyl Majlo THIIOBI, BOHU
BUPAXAIOThCSl PI3HUMHU BUAAMH XJIOPO3iB. Y IUJIOJOBUX, KPIM XJIOPO3iB, BIAMHUPAIOTH 1
3aCHXal0Th BEPXIBKHU T'JIOK.

Mids _TIOTTIMHAETHCA POCIMHOIO Y BHIJISAI KAaTIOHIB 13 11 PO3YMHHUX COJIEH, SIKI
YTBOPIOIOTHCS HEOpraHiuHUMH  (Cynb(aTH, XJOpUIW, HITpATU) 1 OpPraHIYHUMU
KucioTaMu. BoHa J1eTKO 3aCBOIOETHCS 1 TIPU OOMPUCKYBAHHI JTUCTKIB PO3YMHAMU ITHX
coieit (0,02-0,05 %-ii pozura CuSQOy).

Minp BXOOUTH 10 CKJIanay (peHoJIOKCHAa3W, acKOpOIHATOKCHIA3H, 1, SK BBaXKalOTh,
IIUTOXPOMOKCHA31, a TaKoX Iuiacrorianiny (nepeHocHuk € B ETJI dotocunresy).
Takum uynHOM, BOHa Oepe ydacTb B OKHMCHO-BIJHOBHHX Iporiecax Mnpu (HOTOCUHTE31 Ta
nuxanHi. Kpim Toro, Mizib ctabini3ye 38’530k XJ0podiay 3 OUTKaMH XJIOPOIUIACTIB 1 UM
Momepekae Moro po3mnaj 3a HECIPUATIMBUX YMOB (3acyxa, 3HWKEHHSI TEMIIEpaTypH 1
T.0.).

Hecraua miai oco0auBO BIQUYyTHA JJIS POCIHWH, SIKI POCTYTh Ha BUCYIIEHUX TOP( STHUX
rpyHTax. Foro XapakTepHo 0COOGIMBICTIO y 37IaKiB € panToBe MOOLTIHHS i 3aCHXaHHS
KIHYMKIB JUCTKIB (,,01a 4yyma”) Ta HEHANOBHEHICTh Kojoca (mycTtokojoccs). B
OBOUEBHMX Ta IUIOJOBUX KYJbTYp MIJHE TOJIOAYBAaHHS BHUKIHUKAE 3aKpydyBaHHSI,
aepopMarliiio i 3MEHILIEHHSI PO3MIpiB JIUCTKIB, a TAKOK MOCTYNOBY 3MiHYy 3a0apBJICHHS
B1JI TEMHOTO JI0 CBITJIO-3€JIEHOTO (IIPU IIHOMY JKWJIKH HE 3MIHIOIOTH CBOTO KOJHOPY). Y
JIEpEeB JUCTKU CTAlOTh XJIOPOTUYHHMH, BEPXIBKOBI OpYHBKH BIIMHPAIOTh, a Ha KOpi
MaroHiB 3 ABJISIOTHCSA MyXHpI. Taki MaroHW 3roJjOM 3aCUXaloTh. KO 10 TPYHTY
BHOCSTH COJII MiJIi, TO XBOPI1 JIepeBa HOPMAIBHO BiJIPOCTAIOTh.
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bop nornunaetbes 3 1pyHTY y ¢opmi aHioHiB Oopuoi kucimotu (H3BOj), Oypu
(Na,B;O;x10H,0) 1 Oopary wmarniro (MgB,O,x3H,0). [lns mo3akopeHeBOro
mipKUBIIEHHS. BUKOPUCTOBYIOTH 0, 03-0,05 %-i1 po3unH O0pHOT KUCIOTH.

bop, Ha BiAMIHY Bij 1HIIKUX €JIEMEHTIB, HE BXOAUTH /10 CKIaAy (PEepMEHTIB 1 HE BIUIUBAE
Ha X akTUBHICTh. BBaxkaroTh, MmO B OCHOBI (izionoriyHoi aii B jexuth 37aTHICTDH
YTBOPIOBATH 3 I1HIIMMHM OPTraHIYHUMH CHOJYKaMH KJIITUHHU (BYIJIEBOJIU, OpTaHiyHi
KHUCIIOTH, KOCH3UMH, (DEHONM 1 T.[.) KOMIUIEKCH, IO MAlOTh MiJABHILIEHY pPEaKI[IHHY
3naTHicTh. UM 1 BHU3HAYaeThCsd TO3UTHBHMIA BIJIMB OOpy Ha OOMIH OLIKIB,
HYKJIETHOBUX KHUCIJIOT, BYIJIEBOJIB 1 aykcuHy. Kpim Toro, ykpu B komIuiekci 3 B nerme
HEPEXOoATh uepe3 MeMOpaHHI O0ap’epu, IO CYTTEBO IMPUCKOPIOE iX pyX MO CYyAMHHIN
cuctemi. OnHovacHo B mifBHILye BOIOYTPUMYBAJIbHY 3JaTHICTh KOJIOIAIB LUTOILIA3MHU
1, TAKMM YMHOM, 3YMOBIJIIOE CTIHKICTh POCIHH JI0 MIOCYXHU.

Konmu 6opy 3amano, To B mepily uyepry MOTEpHAlOTh MEPUCTEMATU4HI TKAHWHU 1
PENPOAYKTUBHI OpraHu. Y 3B’S3Ky 3 IUM IIPH OOpHOMY AChIIMTI 3HIKYETHCS KUIBKICTh
KBITIB 1 3aB’s13€#l, CIIOCTEPIra€ThCsl HENOCTATHIA PO3BUTOK 1 HOTO Pi3HI MOPYIICHHS Y
monaiB, HaciHHs. [ IllxonsHuk Ta M.Bnaciok (1974-1976 pp.) NOSCHIOOTH Ii€
(opMyBaHHSIM HEMOBHOLIHHOIO MWJIKY, B PE3yJbTaTl YOTO MOPYUIYIOTHCS MPOIECH
3aIUTITHEHHS U YTBOPEHHS 3aB’si3€i. Y KOPEHEIUIOI0BUX KYJIbTYp OOpHA HEJOCTATHICTh
BUKJIMKA€E MOOYPIHHS 1 CyXy THUJIb CEPLIEBUHU KOPEHEIUIO/IB, a Y CTOJIOBOIO OypsiKa —
YOPHY TUJISIMUCTICTb.

Bin Hectraui Oopy HailOuTblIe MNOTEPHAKOTh JBOAOJBHI pociauHu. llpu nbOMY
MeTabo0113M BYIJIEBOIB Y HUX 3CYBA€ThCS B HANPSAMKY YTBOPEHHS ()EHOJBHUX CHOJIYK,
30KpemMa, 1HTIOITOPIB pPOCTY, SIKI MPUTHIUYIOTH CUHTE3 OlJIKa, MOAUT KIITHH 1 PICT
OpraHis.

Kobanem pocnuHa TOTIMHAE 3 WOrO PO3YMHHUX COJIEH, a TakoX 13 MIPUTHUX
HEJIOMANIKIB  (BIAXOAM METATypridHOT MPOMHUCIOBOCTI, SIKI BHOCATBCS 10 TPYHTY).
JoOpuit epext mae BHECEHHS KOOanbTy 10 BalHOBAaHUX JCPHOBO-III30JUCTUX 1
TOp(d’SIHUX IPYHTIB.

VY pociuHi K0OanbT BXOJIUTH 10 CKJIAy OpPraHIYHUX CIOJYK, HAIPUKIad, BiITaMiHy By,
a TakoXX MICTUThCS B 10HHIN (opmi. Y 3B’s3aHiil (opMi BiH MO3UTHUBHO BIUIMBAE Ha
CUHTE3 XJOpO(UTy i MILHICTh HIrMEHT-OUTKOBOIO KOMIUIEKCY, a B 10HHIM — aKTUBI3Y€
poOoTy OaraThboX (EpMEHTIB 1 THM CaMUM HPHUCKOPIOE PICT 1 PO3BUTOK POCIIHH,
MIJBUILYE B HUX BMICT CyXOi PEYOBHHH.

Bucoky mnorpeOy B KoOanbTi MaioTh O00OBI POCIMHM, fKI KUBYTh Yy CHUMO1031 3
azoTdikcyrounmu OaktepisiMmu. Co TOJABIMHO BIUIMBAa€E HaA MPOIEC CHUMOIOTUYHOL
aszotdikcaii. 3 ogHoro 00Ky, BIH y ckiaji BiTaminy B, Oepe y4acth B yTBOpEHHI
POKEBOTO MITMEHTY — JIETOrjo0iHy, HEOOXITHOTO JUIsl 3B’SI3yBaHHS BIJIBHOTO KHCHIO
npu azotdikcariii, a 3 JPYroro — aKTUBYe (HEPMEHTH, SIKI BITHOBIIOIOTh MOJICKYJIIPHUN
a30T 1o amiaky. Tomy 3a Hectraui Co (0coOJMBO, KOJMU y TPYHTI BIACYTHI JOCTYIHI
dbopmu a3oTy) y 0000BUX POCIHH MPUIHHSETHCS PICT 1 HAarpoMajpKeHHs Oiomacu. Y
OLTBIIOCTI X 1HIUX pocivH motpeda B Co B Jekisibka pasiB MeHIIa, HIX moTpeda B
IHIIUX MIKpOEJIEMEHTax, 1, 3a3BHYail, SKUXOCh O3HaK Hectaui Co y HHX He
CIIOCTEPITAETHCS.

Y yinomy npaxmuuno ui 0Oun ¢hizionociunuti npoyec 8 Op2aHizMi POCIUH He MOdiCe
giobysamucs 6e3 yuacmi mux yu iHwux mikpoenemenmis. Hecmaua ix y tpynmi, y 600i,
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I, omoice, y JCUBUX OP2AHIZMAX 3YMOBIIOE MAK 36AHI XBOPOOU HEOOCMAMHOCMI, SKi
CYNPOBOONCYIOMBCS NOPYULEHHAMU HCUMMEBUX (DYHKYIU, PIZHUMU NOMEOPHOCMAMU MA
AHOMANIAMU PO3BUMKY, A OEKOAU CHPUYUHIOIOMb | 8BIOMUPAHHS POCTUH.

o 3HAYEHHSI KOPEHEBOI CHUCTEMHU B
MIHEPAJIBHOMY KHUBJIEHHI

Ioraunanus PE€I0BHUH KOPCHEM

IMoriiMHAHHA Pe4YOBHH i3 IPYHTY — O/IHA 3 IOJIOBHUX (PYHKUiH KopeHs. Sk BigoMmo,
KOPiHb, CHJIBHO PO3Taly)KyIOUHCh, PO3BHUBAE MPOCTOPOBY CITKYy, fKa MAa€ BEIHUKY
MOBEPXHIO. AJie 1oro CymMapHa IUIONIA 1€ HE A€ MOBHOIO YSABICHHS PO NMO2AUHATbHY
30amuicmp. [i NOKA3HUKOM CIYXKUTh iHTEHCHMBHICTh BOUPAHHS DPEUYOBMH OKPEMUMH
30HaMH KOPEHEBOI CUCTEMH.

Haiibinbworo noznunanbHoo 30amHicmio 607100i€ 30HA KOPEHeBUX B60J10CKig. 3HAUHA
YacTHHA 3aXOIJICHUX HEIO 10HIB MEPEeNA€ThC O CyIMH KCHIIEMHU 1 TIOCTYIA€E JI0 1HIIUX
opraHiB. AHaJoriyHo (PYHKIIIOHY€ 1 30HA PO3TaIy>KCHHs, Ta PEUYOBUH BOUpae BOHA
3HAYHO MEHIIe. 30HU K TOJUTY Ta PO3TATYBaHHS MOTJIMHAIOTH HEBEIUKY KUIBKICTh
MIHEpaJIbHUX CIOJYK, 110 HE BUXOJATH 32 MEXI1 IIUX 30H 1 BAKOPUCTOBYIOTHCS JJIS iXHIX
noTpeo.

[lornuHanpHa 34aTHICTh CTPUKHEBUX KOPEHIB (Y ABOJOJIBHUX) Ta JOJATKOBUX KOPEHIB
By3Jla KYIIIHHS (y 3JIaKiB) CYTTEBO BHIIA, HDK BIANOBIAHO Yy OOKOBHUX KOPEHIB Ta B
MEPBUHHUX KOPIHUIB. TOMYy Ba)KJIMBO 3HATHU XapakTep PO3MILIEHHS B IPYHTI KOPEHEBUX
CHUCTEM Ta MICIE3HAXO/PKEHHSI 30H HaWOUIbIl akTUBHOTO BOWpaHHs. lle mo3Bosie
palioHaJIbHO BHKOPHUCTOBYBATH J100pHBa Ta €(EKTHUBHO MNPOBOAUTH MIIKUBJICHHS 1
IIOJIUB POCJIVH.

[lornmuHanpHa 37aTHICTH KOPEHIB 3aJICKHUTh K Bl CTYNEHS iX PO3BUTKY, TaK 1 BiJl
dbopMH_€JIEMEHTIB JKUBJICHHS, SKI MOXYTh OYTH y BUIJISl MIHEpPAJIbHUX COJICH YU
OpraHiyHUX CroyiyK. MiHepaibHi COJl IPYHTY € a00 10HaMH, 110 BXOIATh JO CKIIaTy
IPYHTOBOTO PO3YMHY UM BOMPHOTO KOMILJIEKCY, 400 BaXKKOPO3UYMHHUMU MiHEpaIaMH.
Ha#iGinpn 1oCTYyNHI POCAWHI 10HU. |HTEHCHBHICTH TOTJIMHAHHS iX 3aJIKUTH BIJ
akTyaapHol KuciaoTHocTl (pH) r1pyHTOBOrOo po3umHy, #Horo OydepHOi €MHOCTI,
KOHIIEHTpAIli 10HIB Ta iX 3PIBHOBAXEHOCTI (CTYMiHb 30aJIaHCOBAHOCTI P13HOBAJICHTHUX
10HIB).

AxmyanvHa Kuciomuicmos IpyHmy 6NJIUBAE HA POZUUHHICMb COJlel | Ha iX 00CMYNHICHb
0151 pocauny. Y BUNAAKY 3MiHM pH rpyHTOBOro po3uuMHy B CHJIBHO-KUCIY YU CHJIBHO-
JY’)KHY CTOPOHY 3JaTHICTh POCJIHMH 3aCBOIOBATH TEBHI E€JIEMEHTH PI3KO 3HHIKYETHCS.
Tak, mnpu 3pocTaHHI Jy)XHOI peakilii TIPYHTOBOTO PO3YMHY JIETKOAOCTYIMHUMN
onunoBaneHtHu#t ioH H,PO, mepexoautsh y MEHIIT JOCTYITHI BO- 1 TpUBAJICHTHI (popmu.
B Toit ke yac y KHCIOMY CEpelOBHIIl CHJIHBHO 3pOCTa€ PO3YMHHICTH COJEH 3aii3a, B
pE3yNbTaTi YOr0 BOHU CTAIOTh TOKCUYHUMU JIJISI POCIIHH.

Bio akmyanvroi kucnomnocmi ipyHmoeo2o po3uuHy 3anrexncums i 30amHicmob KIIMUHHUX
CMIHOK KOPEHeBUX B0J0CKI8 adcopoysamu yu decopoyeamu neeHi ionu. Y 3B’SI3Ky 3 UM
JUTSL KOSKHOTO BUJLy POCTIMH BJIACTUBUI MEBHMM J1ana3oH pH, mpu sskomy BOHM Kpallie 3a
BCE€ MOTJIMHAIOTH eJIeMeHTU. Hanmpukiaz, JIoNnuH, ®UTO Ta SYMiHb Kpalle poCTyTh MPHU
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pH 4,0-7,0; oBec, xaptomis — 4,0-8,0; ropox 1 mmenuns — 5,0-8,0; Oypsk i groriepHa —
npu pH 6,0-8,0.

Pazom 3 TuM pocaunu cami akmuseno enauearome Ha pH tpynmoeo2o po3uuny, OCKIIbKA
BUJIUISIOTh PEYOBUHHU KUCIIOI Ta JIY>)KHOI MPUPOJHU, MOTJIMHAIOTH aHIOHM 1 KaTiOHH, a
TaKkoXX BHUOIPKOBO 3axOIUIIOIOTh iX 13 THUX YW IHIIMX cojied. SKiio mnepeBaxkHo
BOMpAETbCSl KaTIOH, TO COJII MIJKUCIIOITh IPYHT. Y TakuX BUINAJKAX BOHHU
HA3UBAIOTbCA  @hizionociuno-kucaumu consmu. [lpu mnepeBakaroyoMmy MOTJIMHAHHI
aHIOHIB COJI MiJTYXHIOIOTh I'PYHT 1 HA3UBAIOTHCA BIIMOBIAHO (Di3i010214HO-TYHCHUMU.
e € ghizionociuno-netimpanvui COI.

BubipkoBe moriMHaHHS 10HIB 13 COJIEH BH3HAYAE€THCA BHUOBOIO MOTPEOOIO POCIUH Y
HuxX. Hanpukiaz, nmeHuns 13 XJIOpUay Kajlilo MOTJIMHA€E 3 OJHAKOBOIO aKTHBHICTIO 1
KaTiOH 1 aHIOH; a KapTOIUIs — MepeBakHo KaTioH. Tomy pH rpyHTy npu BHECEHHI M€l
COJII Tl 37IaKW HE 3MIHIOETHCS, a MMiJI KapTOIUTI0 — 3HMXKYETHCS. TakKuM YHHOM, TPHU
BHECEHHI JI0 TPYHTY Ti€l UM 1HIIOI ol oro pH 3MiHIOETHCS, 110 CYTTEBO BILUIMBAE Ha
JOCTYITHICTD JIJIsl POCJIMHY 1HIIIUX COJICH.

Oonax tpyHm 30amHuuti npomudiamu pizKitl 3miHi 3uauyenv pH, mobmo 6o100ie negroio
oygepuicmio. 1le 3yMOBIIOETbCA HASBHICTIO B HBOMY OJHOYACHO KHCIHX 1 JYKHUX
conert (manpukinan, KH,PO, 1 K,;HPO,), KUCIOTHI 3alMIIKK SKUX JHCOLIIOITH abo
aCoIlIOI0Th 1 TUM CaMHUM MEPElIKO/KaloTh 3cyBy pH y Tol um iHmmiA Oik. 3aBIsKu
Oy(depHOCTI TPYHTOBOTO PO3UMHY 3CyBH Horo pH, 110 BHHHKaIOTH y pPe3yJbTari
BUJILJIEHb MIKPOOPTaHi3MIB, KOPEHIB, Ta BHECEHHS JOOPHUB, 3BUYAIHO, BUPIBHIOIOTHCS.
Opnak OydepHa €MHICTh IPYHTY HE O€3MEKHA, 1 SIKIIO B HHOIO BHOCHUTBCS 3a0aratro
(1310JI0TIYHO KUCIUX YM JY’KHUX COJel, To oro pH HakiHenp 3MILNy€ThCS] HACTUIbKH,
110 6arato eJIeMEHTIB )KUBJICHHSI CTal0Th HEJOCTYITHUMU.

Haoxoo0orcenns ionie y kopins 3anexcums makoxc 6i0 ix konyenmpayii. Ilpu nomipHii
KOHIIEHTpaIlli cojiel 10HM MOTJMHAITHCS BUOIpKOBO. Konu K KOHIIEHTpaIlisl CHJIBHO
3poCTa€, 10HM TMOYMHAIOTH OE3KOHTPOJIBHO TOCTYINATH JO0 KOPEHIB y HEOOMEKeHiN
KUIBKOCT1, HE BCTUTAIOTh 3B’S3yBAaTHCS Y TKAaHWHAX 1 BUSBJISIOTH TOKCUYHY IO Ha
kiaituad. KpiM Toro, BHCOKa KOHIIGHTpAllisli PEYOBUH y IPYHTOBOMY pPO3YHHI MOXKE
CIPUYUHUTUA 3BOPOTHUN BIATIK BOJW 13 KIITHH KOPEHEBHX BOJIOCKIB JIO IPYHTY, IO
CYHPOBOJKYETHCS B’ THEHHSIM 1 BIIMUPAaHHAM pociauHu. 1{e HeoOX11HO 3aBXK I MaTH Ha
yBa3i MpU BHECEHHI1 MiHEPAIIBHUX PEUOBUH JI0 IPYHTY.

MeTa0o0J1iuHa poJib KOpeHst

Kopiunb HEMOXIMBO pO3IIIANAaTH TUIBKK K 3’€HYBaJIbHY JIAHKY MDK TIPYHTOBUM
CEpeIOBUIIEM Ta HAJ36MHOI0 YAaCTHHOIO. baraTo Crosyk, siki MOCTyHaroTh 13 TPYHTY,
AKTUBHO 3aJy4alOThCAd 10 HAWUPI3HOMAHITHINIMX PEYOBUH 1 JIMINE TMICIS IHOTO
TPAHCIIOPTYIOTHCA JO0 HA3eMHHUX OpTaHiB, Je¢ OepyTh ydacThb y PI3HUX IMporecax
KUTTETISIIBHOCTI. ToMy 8uUOinsoms we 00Hy hiziono2iuHo 8axiciugy yHKYio KopeHs —
MemaoboniuHy.

CydacHi ysBJIEHHS MPO MeTaOONIuHY AiSUIBHICTH KOpeHs copmyBanucs B 20 — 70-x
pokax Ha ocHOBI nochimxeHb J[.A.CaGinina 1 A.JI.LKypcanoBa. 3riHo 3 UMMM
YSBJICHHSMH, 10HHU, MTOTJIMHYTI KOPEHEM, aKTUBHO HUM TEPETBOPIOIOTHCS B PEYOBHUHU
OCHOBHOI'O Ta BTOPUHHOT'O OOMIHY 1 € HEOOXIAHUMH JUIsI HOPMAJIBHOI KUTTEAISIIILHOCTI

POCIHHH.
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30kpema, 3pasy K Micias HAAXOMKEHHs 10 KOpeHs 10H1B a30Ty y Burisiai NO; 50-70% 3

HHX 3aJly9aeThcsl 0 CHHTE3y aMiHOKHCIOT Ta aminiB. ®ocop (y dopmi PO.Y) yxe B
MepIr CeKyHIU BHUABISAEThCS B ckiami AT®, a uepe3 5-10 xB. — y pochoprux edipax
Tpio3 1 rekco3. Jlesika yaCTHMHA TMEPETBOPEHUX PEUOBUH 3aIHUINAETHCS, SK BIIOMO, Y
KopeHi 1 Oepe ydacTh y NWXaHHI, CHHTE31 OUIKIB 1 PI3HMX CHeNU(pIYHUX PEUYOBUH
BTOPUHHOTO OOMIHY (JKaIoiau, PiTOrOPMOHH, Kay4IyK 1 T.1T.).

[{ixaBi mocmiau, MO BU3HAYAIOTH PO KOPEHS B CHHTE31 aJIKAIOiNiB, OyJd MPOBEIACH]
HayKOBIAMH Y 40-X pokax MUHYJIOTO CTOMITTA. [licist mpuienieHHs maroHiB NacibOHY
Ha KOPEHEBY CHUCTEMY TIOTIOHY, SIKMM YTBOPIOE€ HIKOTHH, II€H ayKajoiJ BUSBWIA Y
JUCTKAX mpuieny (nacipboHy). Koyiu  TIOTIOH NMPUIIEIUTIOBAIN HA KOPEHEBY CUCTEMY
0elaJloHu, TO B JIMCTKAX MPUIIEHH 3'SBUBCS HE HIKOTHH, a aTPOIIiH.

Kopeni sasnaromvca micyem cumnme3y maxkux POCIUHHUX 2OPMOHIB, 5K YUMOKIHIH,
abcyuzosa Kucioma, 06e3 AKUX He MONXCYMb POCMU [ PO3BUSAMUCS HAO3EMHI YACMUHU
pocaun. Tak, pocnuHu 0e3 KOpEHIB HE PO3BUBAIOTHCS HABITH HA TTOBHOMY MOKUBHOMY
cepenoBuil. lle cBiqUUTH TPO Te, MO KOPEHI 3a0e3MeuyroTh HAJ3EMHI YacTUHU
POCJIMHU TJIACTUYHUMHM, O10JIOTIYHO AKTMBHUMM Ta IHIIUMH YKUTTEBO BAXKIMBUMHU
peYoBHHAMH. XIMIYHAN CKJIaJa iX, SIK BHUSBHIOCH, BU3HAYAETHCS HE TUTHKH BHIOBUMH,
aje ¥ COPTOBHMMM OCOOJMBOCTAMH pociiiH. OCh YoMy KOpEHEBa CHUCTEMa MIIUIeHH
BIUTMBA€E HAa XIMIYHUHM CKJIAJl JIUCTKIB Ta IUIOAIB MPUIIENH, HA AKTUBHICTb 1i ()EPMEHTIB,
CTIHAKICTb JI0 HU3BKUX TEMIIEPATYP, XBOPOO TOIIIO.

VY cBOIO Yepry KOpeHi 3 HaJ36MHOI YaCTUHH OTPUMYIOTh Pi3HI CHOJIYKH, IEpUI 32 BCE
ACHMIUJIITH 1 TOPMOHH. X KiNbKiCHUI Ta SKICHUH CKJIa]] TAKOXK cnenudiaHui.

o A3OTHE KUBJIEHHA

HaaxomxxeHHs1 a30Ty B POCJIUHM 1 I0T0 ePeTBOPEHHS
Monexynapuuii a3ot (N,) cknmagae 6muzpko 80% armocdeproro mositpsa. OpHak y
TaKOMY BUIJISIII BiH HEIOCTYNHHWM JIi BUIIMX POCIMH. BOHM MOXYTh 3aCBOIOBaTH
Jauile MOro OKMCIH, abo amiak, KX Ayxe Maio B arMmochepi. ToMy OCHOBHUM
JDKEPESIOM a30Ty JUIsl POCIUH CIy»KaTh HOro MiHepajbHI CHOJYKH 3 IpyHTY. PociauHu
MaroTh 34aTHICTh A0 aBTOTPO(HOIO 3aCBOEHHSI HE JIMIIE BYTJIEIIO0, ajle i a30Ty.

ABTOTpPO(HA acUMUJIALIA a30Ty

A3OT 3HaXOAMUTHCS B IPYHTI Y BUIJIAI PI3HUX CHOJYK. 3HaUHA iX YaCTUHA BXOJUTH 10
ckiany 2ymycy (NPOAYKT HEMOBHOIO PO3KIAMy OpraHiYHUX 3aJUIIKIB), SKUU
3aCBOIOETHCS POCIMHOLO JIMIIE MiCIs MiHEpai3allii IPYHTOBOIO MIKPO(]IIOpOO Ha OUTbII
JOCTYTIHI CHOJIYKH, TEpIl 3a BCEe — Ha amiak. Y ra3onoAiOHIN dopMi aMmiak JIETKo
3aCBOIOETHCS POCIMHAMHU, alie B TAKOMY BUIJISAJI HOT0 y IPYHTI Majio. 3BUYAHO aMiak
PO3UYMHSIETHCS B IPYHTOBIHM BO/II 1, BCTYINAIOUM Y B3aEMOJIIIO 3 PI3HUMH KUCJIOTaMH, J1a€
amoniiini coni ab0 OKUCHIOETHCS OAKTEPIAMU-HITPU(IKATOPAMHU 1 NEPETBOPIOETHCS B
azomucmy 1 a30mMHy KUC10mu, ikl yTBOPIOIOTH 13 KaTIOHAMU Himpumu ¥ Himpamu.
AMOHIIfHI COJIl Ta HITPATU — BOJAOPO3YHHHI 1 € TOJIOBHOIO (DOPMOIO TPYHTOBOTO a30TYy,
JOCTYIHOTO POCITHHAM.

Pocannu 11 cBOTO PO3BUTKY MOTPEOYIOTh 3HAYHOI KIJILKOCTI a30Ty.
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AMmoniiinuil azom 1oCcTynae /10 KOPEHiB POCJIAMHHU Y BIIHOBIIEHIH dhopMi 1 TOMY 3pa3y X
Oepe ydacTb B YTBOPEHH1 @MIiHOKUCIOM T DIiNKiE.

Y Himpamax azom 3naxooumuvcs 8 okucHeHoMy cmani. Tomy, nepus Hidc 3any4umucs
00 0OMIHY peu0BUH, 8iH NOBUHEH 8IOHOBUMUCA 00 AMIAKY.

[lepeTBOopeHHsT HITpaTiB y amiak y KIITHHaX KOPEHS HA3MBAETbCS iX XiMIYHUM
sionosnennam. lle BinOyBaeTbCs B pe3yibTaTi JBOX IOCHIIJIOBHUX peakIliid, IIo
B1IOYBAIOTLCA 3 YUYaCTIO Himpam- 1 Himpumpedykmas, Kl MICTSATh MOJIIOJIEH 1 3aJ1i30.
Criouatky HITpaTH BIJHOBIIOIOTHCS HITPATPEAYKTa30l0 B HITPUTH, SKI 3TOJOM
BiJTHOBJIIOIOTHCSI HITPUTPEIYKTA3010 0 aMiaky:

NO; + HAJI(®)H, 2, NO;+ HAJ|(®) "+ H,0;

NO; + 6e + 6H" — NH;+ H,0 + OH".

Heo0xigHO10 YMOBOIO MPOTIKAHHS JaHWUX Peakilii € HasBHICTh BIJIHOBHHKa (J0HOpa
enektponiB) 1 euneprii. [xepenom € cmyxute HAJIH, a ewneprii — AT®, ski
YTBOPIOIOTBCS B MPOLECI TUXaHHSA KOpeHA. [ aKTUBHOIO BIJHOBJICHHSI HITpaTIiB y
KOPEH1 3aBK]IM TOBUHEH OYTH pe3epB BYIJIEBOIB, III0 BUKOPUCTOBYETHCS SIK CyOCTpaT
TUXaHHA W JOKEpeNo KETOKUCIOT, 3JAaTHUX 3B’A3yBaTh amiak. Y MPOTHICKHOMY
BUITAJIKy aMIaK CKYIUYEThCS 1 TaJIbMY€ PEAKIII0 BIAHOBICHHS HITPATIB.

3a BIICYTHOCTI X04a O OJHIET 3 IIUX YMOB a00 MPH HAJIXOJKEHHI 10 KOPEHIB BEJIUKO1
KUIBKOCTI1 HITPATiB, BOHH TYT HE METa0O0J13YIOThCS, a MAHIMAIOTHCS 3 TPAHCHIpAIITHIM
MOTOKOM MO cTe0J1ax JI0 JIMCTKIB 1 TaM BITHOBIIOIOTHCS A0 amiaky 3 yuactio HAJI®OH, 1
AT, gx1 yTBOPIOIOTECS B pe3yibTaTi ¢hoTocuHTe3y. TOMy IaHMi MPoleC HA3UBAETHCS
DOMOXIMIUHUM BIOHOBNEHHAM HIMPAMIS.

Amiak, KU CUHTE3YEThCS B PE3yibTaTl BIAHOBIECHHSA HITPATIB, WIAXOM NPAMO20
aminysanns_npueonyemocsi 00 nepsunuux xemoxucaom (IIBK, IIIOK, a-KI'K) i dae
8i0N0BIOHI nepeuHHI aminokucaomu (aJiaHiH, acrapariHoBy Ta TJIFOTAMIHOBY KUCJIOTH).
[{i peakilii BIIHOBHOTO aMiHYBaHHSI KaTalli3yIOThCS CHEHU(PIYHUMU Oe2iopoceHa3amu
(ayanin-, acnapTar-, TIIyTaMaTAeriIporeHasn) 1 mpoTikarTh 3 yuacTio HAJ[(D)Ho.
llepsunni aminokuciomu 6 pesyiomami nepebdy0o8u ix 6y2n1e800He8UX CKellemis
nepemeopromscsi Ha ITHWE AMIHOKUCAOmMU 1 Pa3oM 13 HUMH BUKOPHCTOBYIOTHCS Y
CUHTE31 nepeunHo2o Oiaka. Bech 1ei npouec siBisie co00r0 aHaboI1YHY TUIKY a30THOTO
OOMiHY. BIIBIIICTP aMIHOKMCIOT BUKOPUCTOBYETHCS [JISi CHHTE3y HEOOXITHUX IS
KJIITUHU O1JIKIB, a BJK€ HEMOTPIOH1 MOJINENTUAN PO3NaAal0ThCa A0 aMiHOKUCIOT. BoHn
MOXYTbh MTOBTOPHO BUKOPHUCTOBYBATHUCS HA CUHTE3 OUIKIB UM OpaTh ydyacTb y peaKIisx
nepeamMiHyBaHHA, & MOXKYTh JI€3aMIHYBATHUCS 3 YTBOPEHHSM KETOKHUCIOT 1 amiaky. Llei
MIPOIIEC SBJISIE COO0I0 KaTa0oJIIuHY T'JIKY @30THOTO OOMIHY Y POCIIHHI.

Amiak, SKU HaTIAIIOB 10 POCIUHUA YM YTBOPUBCS MPHU O10XIMIYHUX MEPETBOPECHHSIX —
TOKCUYHMNA ISl OpraHi3My. AJie BIH HE BUBOJUTHCS y 30BHIIIHE CEPENOBHUIIE, SIK Y
TBAPUH, A 368 A3VEMbCA ACNAPARIHOBOI0 YU 2IIOMAMIHOB0I0 KUCIOMAMU 3 YMBOPEHHAM
8i0N0BIOHUX amidie — acnapaziny i entomaminy. Jlanuii mpoiec BiOyBa€ThCS 3 YIACTIO
cuMmemas 1 BUMarae eHeprii.

AMimu SBISIIOTH COOOIO0 CBOEPITHE JEMO a30Ty, Jie AePIUTHUN JIsl POCTUHU aMiak
PE3EPBYETHCS 1 3HEUIKOJKYEThCS. AMIHOSPYNU NEPBUHHUX AMIHOKUCIOM I iX amioig 3a
oonomoecolo  aminompancgepas 38 A3VIOMbCA 3 pISHUMU  Kemokuciomamu. Y
pe3yivmami Yymeopromscsi 6MOPUHHI aminokucaomu. OepMEeHTaTUBHE MEPEHECEHHS
aMIHOTDPYO 3 aMIHOKHMCJIOT 1 aM1/IIB Ha KETOKUCIOTH 0€3 IIPOMI)KHOI'O YTBOPEHHSI aMIaKy
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OTpUMaB Ha3By nepeaMiHyBaHHf. B peakuisx mnepeaMiHyBaHHS 3B SI3YIOThCSA
aHa0oJliYHa Ta KaTa0oJiYHa T'JIKM a30THOTO0 OOMIHY, TOYaTKOBOIO 1 KIHIIEBOIO JIAHKOIO
SAKOTO € amiax.

Kpim aBTOoTpodhHOi acumisaiii N, iCHye rerepoTrpodHa, KOjiu JesSKI BHUIUA POCIHH
MPUCTOCYBAJIHCS 3a0BOJIBHITH CBOI IOTPEOU B a30T1 IMIJITXOM 3aCBOEHHS a30TOBMICHUX
CIIOJIYK 1HIMUX opraHi3aMiB. lle — pociuHHM-mapa3uTH, HaIiBIApa3UTH, canpodiTu
(TOTTIMHAIOTH THUIOY1 OpPraHiyH1 3aJIMIIKH ), KOMaXOiaH1 POCIUHH.

[—b Binkn }

©
AMiHOKMCNOTH A@iHOchnom
f .
©
NH > NH
3 E 3
(]
f g
©
AcnapariH écnapariH

Byrnesoau HNO

quﬂmpﬂﬂmaﬂﬁHMMXp@KBHHYPMMHm

dikcaliss MOJEKYJSIPHOTO a30Ty

MonexynapHuti azom modicymo 36 °13y6amu minvku Oesaxi bakmepii. Bonu eionoeénonomo
tloco 6 OOCmMynHy Ol I[HWUX OpeaHizmie amiauyvy ¢opmy. Tomy ix Hasusarome
azomepikcamopamu. Po3piznsaiome 8inbHONCUBYUI MA CUMOIOMUYHI A30M@DIKCYBANbHI
baxmepii.

Binvnootcugyui azomepikcamopu 3acensroTb BOJIOWMHU Ta IPYHTH 1 CTAHOBJIATH BEIIUKY
rpyIy MiKpOOpraHi3MiB pi3Hux BuaiB. [JJo Hux Hanexarb Oaktepii poaiB Clostridium i
Azotobacter, dhotocunTe3yr04i OakTepii Ta MiKOOAKTEpii, AKTHHOMIIIETH, CHHbO-3eJICH1
BOJIOPOCTI (200 1iaHO0aKTepii) Ta AUIMAWNHUKH.

V¢l BOHM 3a MEBHUX EKOJOTIYHUX YMOB 30aradyloThb IPYHT 3B’SI3aHMMH (opmMamu
a30Ty. Tak, OCHOBHUM MOCTa4aJIbHUKOM HOTO Ha PUCOBHUX MOJAX 1 y Bojgax CBITOBOTrO
OK€aHy € CHHbO-3eJIeHI BoJopocTi. llepBuHHUN TIpyHT 30aradyeTbCs a30TOM Yy
pe3ynbTaTi AiSIBHOCTI JinmaiHukiB. Ha mim3onuctux 1 Topd’SHUX TPYHTaX TOJOBHUM
AQ30TOHAKOMMUYYBaYeM  CIY>KaThb  MIKOOAKkTepii, OCKUIbKM  [ISUIBHICTH  IHIIHUX
a30T(IKCATOPIB TYT MPUTHIYYETHCSI BUCOKOIO KUCIOTHICTIO.

MexaHi3M 010J0T14HOI (iKcallli MOKU 10 MOBHICTIO HE PO3KpUTHi. BcTaHoBIEHO, 1110
el TpoIec 31ACHIOETHCS 3a JIOMOMOTOI0 HITPOreHa3u — ocoOJMBOrO (HEPMEHTHOTO
KOMILJIEKCY, SKHUH MICTUTh 1Bl OinkoBl (pakimii. OgHa 3 HUX CKJIaJa€Tbes 3
azodepeoKCUHy, 1[0 MICTHUTh HereminHe 3amizo (4FeS), napyra - 13
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MoIi6AeHO(epeIOKCUHY, 0 SIKOi, KpIM HEreMIHHOTO 3ali3a y BUIIIAIl kiactepiB FeS,
BXOJIATh JIBa aToMU Mo.

Jl>xepernoM HEOOXIMHOTO MJi JAHOTO MPOIECY BIJTHOBHHKA MOJIEKYJISIPHOTO a30Ty
CIIY)KUTh BIIHOBJICHUH (epenokcuH (rmocrayae €), a jkepenoM eHeprii — AT, ska
YTBOPIOEThCSL TpH  OpomiHHI (B aHaep06HHx a30T(1)1KcaT0plB) abo guxaHHi (B
aepoOHUX). AKTUBATOPOM JIAHOI peaKuu € ionn Mg“".

VY 3aranbHHUX pHcax MPOIEC 3B’S3YBaHHS MOJICKYJSIPHOTO a30Ty BiIOYBAa€ThCS Tak.
CnoanKy asotbepez[omHH 3 y4gacTio AT®D 1 eJleKTpOHIB 3MIHIOE KOH(birypauifo 1
BIJTHOBJIIOETHCA, @ TMOTIM TMepeAae eJIeKTPOHU Ha M0J116J:[eHquepez[0Kan KU yKe
0e3I0ocCepe/IHbO B3aEMOJIIE 3 MOJIEKYJSIPHUM a30TOM 1 BIJHOBIIOE HOTO 0 aMiaky.
IIpooyxmusHicme 38 ’A3y6aHHS MONEKYIAPHO20 asomy BIIbHONCUBYUUMU
azomeixcamopamu Cmano8ums 0eKiibKa 0eCsmKi6 Kilo2pamie a30my Ha eKmap.

A3omepikcamopu-cumbiomuku SBIAIOTH COOOK YHCJICHHY Tpyny TaK 3BaHHUX
Oynb0oukoBUX Oaktepii (pia Rhisobium), mo po3BuBatoThCS Ha KOpEHsSX 0000BHX, a
TakoX 0aratbOX JEpEeBHUX Ta KyIMOBUX (YarapHUKoBux) mopin. Jlo rpymu
CUMOIOTUYHHUX a30T(IKCATOPIB TAKOXK HaJEKaTh JCSIKI aKTMHOMIIIETH 1 I11aHOOaKTepIi.
Y BUIBHOMY CTaHi BOHU HE (IKCYIOTh a30T; L0 BJIACTUBICTh OTPUMYIOTH, JIHIIE
BCTYINUBIIN Y CUMO103 13 BUIIUMH pociinHaMu. B nanuii yac Bimomo 01u3bko 190 Buais
JIEpEeB Ta KYIIB PI3HUX POJMH, 13 SKUMH 3a3HAau€HI MIKPOOPTaHi3MU BCTYMHalOTh Yy
CUMOIOTHYHI BIAHOCMHU. BOHM NPOHMKAIOTH [0 KJIITUH KOPEHS Yepe3 KOpPEHEBI
BOJIOCKH 32 JIOTIOMOT'OI0 OCOOJIMBOTO CIIM3UCTOTO TSKY, SKUH MOJIETIIY€E TPOCYBAHHS J10
IMOMINX [Iap1B TKAHHH.
OueBuaHO, 111 OakTepli BUAUISIIOTH SIKICh PEUOBMHU THUITY TOPMOHIB, SIKI CTUMYJIOIOTh
MOJUT KJITUH KOPEHsS W YTBOPEHHS MOTOBUIEHB (OysIbOOYOK). Y KIITHHAX OylIb00YOK
OakTepii 3MIHIOIOTBCS  (Pi310J0TIYHO U MOPQOJIOTIYHO, OTPUMYIOTH JIOAATKOBY
MeMOpaHny 1 NEePETBOPIOIOTECS B TaK 3BaH1 6aI<Tep01zu/1
1967 poky BeprepceH i3 1omoMororo i3otomy a3ory "N BCTaHOBHB, 1o azoTrdikcarrito
3MICHIOIOTH BJIACHE KIIITHHH 0aKTEepOiniB. BaMBY posb y mporieci 3B’ 13yBaHHS a30Ty
BIJIIrparOTh KJIITUHA KOPEHEBUX BOJOCKIB. BOHM MICTSTh POYKEBUIA MITMEHT JIETOIJIO01H,
AKUH, MOAIOHO N0 TeMorjoOiHy, 3B’s3y€ KHCEHb 1 MOCTa4a€e HUM OakTepoifu, IO
3aIATaloTh y TIMOUHI OYIh00UOK.
Mexani3m 0610JI0T14HOI  (IKcallli MOJIEKYJISIPHOTO a30Ty OaKTepisIMU-CUMOIOTUKAMU
MIPUHITUTIOBO HE BIAPI3HAETHCS BIJ MEXaHI3MYy 3B’S3yBaHHS a30Ty BUIBHOXHWBYYHUMU
azotdikcaropamu. Lleit nmporec 3M1MCHIOETCS aHATOTTYHUM (DEPMEHTHUM KOMILIEKCOM
1 BUMarae 3aTpaTH BEJIMKOI KIJTbKOCTI €HEePrii.
Bynp00ukoBi OakTepii MalTh 0araro pac, KOKHa 3 SKHUX XHUBE€ Ha KOPEHAX TUIbKU
OJIHOTO YU JIEKUIbKOX BUAIB POCIHH. Bio xapakmepy pacu 3anexcums npoo0yKmMueHicmy
asomaixcayii. Haiibinbws axmusHuMU a30moHaKonuyyeayamu € cUMOIOHmMU JT0YyepHU
(oaromov npubnuzno 500-600 ke 36 s3anoeo azomy na 1 2a 3a pik), konrowunu (300
ke/ea), ntonuny (160 ke/ea). Menw egpexmushi cumbionmu 2opoxy, keacoii, 606ie (50-
60 xe/ea). Bynvboukogi baxmepii OepesHux nopio 36 azyroms oausvko 100 ke azomy Ha
1 2a 3a pix. Y 1iJI0MYy NPOAYKTUBHICTh a30Tdikcarlii Oyip004YKOBUX OakTepiil HabaraTo
BUIIA, HK Y BUTBHOXHMBYUYHX a30TdikcartopiB. Lle moscHIOOTh THM, 110 B pe3yibTaTi
cuM0i03y 3 BHUIIMMHU pOCIMHAMHU Oyib00uKoBI OakTepii Kpamle 3a0e3nedyroThCs
cyOcTpaTaMu AWXaHHS Ta IHITUMU HEOOX1THUMHU METa0O0IITAMH.
[IponykTuBHICTH a30T¢IKcalli 3aJeXUTh BIJ XapaKTepy B3a€EMOBIJIHOCUH MIX
napTHEpaMH MO CUMO103y Ta BiJ aKTUBHOCTI mTamy. EdekTuBHI mTamMu Ha TEpIIAX
CTaaisIX NPOHUKHEHHS W YTBOPEHHS OyJIBOOYOK BHSBIISIIOTH IIOAO BHINOI POCITHHH
SABHUN mMapa3uTu3M. BOHM BHKOPHUCTOBYIOTH ii MeTabomiTH, HE (IKCYHouHd a3zoT. Y
PicTt i po3BUTOK poCcnuH




128

POCTUH 3 SBISIOTHCA O3HAKH MPUTHIYEHHS JKUTTEAISUIBHOCTI. OJIHAK 13 PO3POCTAHHSIM
Oynb004OK 1 popMyBaHHSIM OaKTEpOiNiB BHHUKAE Ta 30LIBLIYETHCS a30T¢IKCyBaIbHA
3MATHICTh OakTepiil 1 B3a€EMOBITHOCHHU TapTHEPIB HAOyBalOTh B3a€EMOBUTIIHOTO
xapaktepy. Jlo MOMEHTY IBITIHHS OJIHOJITHIX OO0OOBHX IIOCTayaHHS OyJIbOOYOK
MOKMBHUMHU PEYOBHMHAMH 3HIKYETHCS, OAKTEpOinu Ta KIITUHU OyIbOOUYOK Ji3YIOTh 1
(ikcariist aTMOC(hEpPHOTO a30Ty MPUITHHAETHCS.

Bynb6oq1<1/1 6araTop1qHHx TpaB Q)chyme a30T HPOTATOM JEKUTBKOX POKIiB, ajie /10
KIHI[A KOXKHOTO Mepiofly Bereralii 4acTWHa iXHIX KJITHH 13 OakTepoilamu Aerpasye,
TOMY 1HTEHCUBHICTh a30T(]iKcallii TaKOXK 3HUKY€ETHCS.

[Tpu iH(dikyBaHHI pociauH HEe(HEKTUBHUM IITAMOM Yy OYyJIb00YKaX YTBOPIOETHCS TYXKE
Majo JIerorjiio0iHy 1 MPOAYKTUBHICTH a30T(diKcaiii MpPakTUYHO JOpIBHIOE Hy’0. B
TaKUX BUMAJKaX OakTepii JIUIIe MPUTHIYYIOTh PICT 1 PO3BUTOK BHUIIOI POCIUHHU. Tomy B
CLIbCHKOTOCTIOAAPCHKIM MPAKTHIl HACiHHS OOOOBHX KyJIbTYp CIHELIadbHO 1H(IKYIOTH
OakTepiaJIbHUM MpernapaTtoM HITPAriHOM, SKHH MICTUTh BHUCOKOC(HEKTHUBHHU IIITaM
Oyb00UYKOBHX OAKTEPIid.

bionoriuna dikcarlisi MOJEKYISIPHOTO a30Ty BIAIrpa€ B JKUTTI €KOCUCTEMHU BUKIIFOUHO
BKIIUBY POIIb. Benuke 3HaueHHs a30T(1)iKcaT0piB Y HpPHPOTHHX OiloreoreHo3ax, 1e
PI3HOMAaHITHI BTPaTH a30Ty (BUMHBAHHS COJICH, ACHITPU(IKALLiA 1 T.1.) OMOBHIOKOTHCS
TOJIOBHMM YHHOM 32 PAaXyHOK iXHBOI TISUTBHOCTI 1 JIMIIE YacTKOBO — Yy pe3yJbTarTi
PO3KJIaly TBAPUHHUX 1 POCTUHHUX PEIITKIB.

B arpo0iolieHo3ax yTpaTu a30Ty e OuIbllll, OCKUIBKM TYT 3Ha4Ha WOro YacTHUHA
3a0upaeThcsi pa3oM 13 BpokaeM. Hampuxman, nmpu Bposkai kaprorum 250-300 m/ra i3
I'PYHTY BHHOCHTBCS MpuoOm3HO 200 Kr a3oTy. ToMy 0000BI € BaXKJIMBOIO CKJIAJOBOIO
YaCTUHOIO Oynb-sK01 ciBOo3MiHM. OJIHaK 3HAYHY YacCTUHY BTpAT a30Ty JIOBOIUTHCS
MOMOBHIOBATH IIJIIXOM BHECEHHSI OpTraHIuHUX 1 MiHEPAIbHUX T00PUB.

. JTOBPUBA

Di3i0,10TIYHI OCHOBM 3aCTOCYBAHHA 100pUB

VY npuponnux OiorneHo3ax yBiOpaHI 3 IPYHTY CIOJYKH YacTKOBO TOBEPTAIOTHCS 3
OMAJIMMU JIUCTKAMH, TIJIKAMH, XBO€IO. [Ipu 30Upanti 8poxcaro CilbCbKo2oCnooapcbKux
POCIUH  NO2NUHEHI pevyoeUHU 3 IpYHmy euoansiiomscs. Benuuuna eunecenms
MIHEPAIbHUX eNeMeHMI8 3ANeHCUmsb 8i0 UV POCIUHU T 810 8POAHCAUHOCI, A 8 OOHIET |
miei’ e Kyromypu — wje U 6i0 2pyHmMogo-kuimMamuynux ymos. OBOYEBI KyIbTYpH,
KapToIUIs, OaratopiyHi TpaBM BUKOPUCTOBYIOTH OUIBIIE €JIEMEHTIB KUBJICHHS, HIX
3epHOBi. Hampukiian, BHHECEHHS KaJbIiF0 HA OAHY TOHHY MPOAYKIli CTAaHOBHTH B
3epHOBHX 10 KT, KapTOIUTi, KOPMOBOTO 1 I[yKpoBoro Oypsika — 30-40, a y kamyctu — 60
KT.

Mna  3anobieanHs  BUCHAJICEHHA  IPYHMY U OO0EPHCAHHA — BUCOKUX — BPOICAI8
CLIbCLKO20CNOOAPCHKUX KYIbMYP HE0OXIOHe 8HeCeHHs 000puUs.

Cucmema 000pue — 11 IporpaMa 3acTOCYBAaHHS JIOOPUB y CIBO3MIiHI 3 ypaxyBaHHSIM
POCIIMH-TIONEPEIHUKIB,  POJIIOYOCTI  IPYHTY, KIIMAaTUYHUX _YMOB, O10JOTIYHHX
OCOOJIHMBOCTEH POCIMH 1 COPTIB, CKIaAy 1 BiIacTUBOCTed a00puB. Cucrema mo0puB
CTBOPIOETHCS 3 ypaxyBaHHSIM KPyroo0iry pedoBuH 1 iXHbOTO OajaHCy B 3eMJIepOOCTBI.
bananc moXMBHHUX PEYOBUH BPAXOBYE IXHE HAAXO/KCHHS JO IPYHTY (B TOMY YHCII 1
n00puB), CyMapHy BUTpaTy Ha (hOpMyBaHHS BPOKaiB 1 HEMPOAYKTUBHI BTPATH 3 IPYHTY.
HeoOxigna ymoBa (yHKIIIOHYBaHHS CHUCTEMHU JOOpPUB — 3aroO0iraHHs 3a0pyaHEHHS
HABKOJIUIITHLOTO CEPEIOBUIIA BHECEHUMH B TPYHT XIMIYHUMH CITOJTYKaMH.
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BusnaunuTty MiHepanbHUI CKJIaJ IPYHTY 1 pOCIMHU AONIOMAararoTh XiMidHi Metoau. Bonu
JAl0Th 3arajbHe YSBJICHHS IPO KUIBKICTh MiHEpPaJbHHUX CIIOJYK, IO € B IPYHTI 1
MOTJIMHAIOTHCST POCIMHAMU. JIOCTYIHICTh JUISl POCIMH HEOOXITHUX €JIEMEHTIB Ta I1HIII
3aBJIaHHS BHPINIYIOThCS EKCIIEPUMEHTAIBHO 13 3aCTOCYBaHHSIM BETETAIIMHOTO i
TIOJTLOBOTO METO/IIB.

B ymoBax BereTamiifiHOrO METONY POCIMHH BHPOINYIOTh Ha BOJHUX PO3YMHAX
JTOCIIDKYBAaHUX MiHEpaIbHUX cojiel (BOJHI KyJbTypu) ab0 coJli BHOCATH Y IIICOK
(mimaHi KyapTypu) ab0 B TPYHTH PI3HOTO CKIany (IPYHTOBI KyJIbTYpH). YMOBHU
OCBITJIEHOCTI, TeMIEpaTypy MOBITPs 1 TEMIEPATypy B 30HI KOPEHIB, BOJIOTICTh Ta 1HIII
napaMeTpu peryjioloTh y 3aJaHOMy AaBTOMAaTUYHOMY pexumi. Jlns BUBUYEHHS
MEXaHI3MIB TOTJIMHAHHSA, TEPETBOPEHHA 1 TPAHCIOPTY B POCIMHI MiHEPATBbHUX
€JIEMEHTIB B YMOBaX BEreTaliiHOTO JOCTiAYy MIMPOKO 3aCTOCOBYIOTH Pa/ii0aKTHUBHI
isorom docdopy (*°P), xamito (P*Rb)* cipku (*S), *CO,, Baxkwuit asor (*°N) ta im.
OckuIbKY BereTaliitHi JOCTiAu MPOBOASITh B YMOBAX HEBEIMKOTO 00CATY PO3YMHY a0o
cyoctpaty (10 10 Kr) 3 00MEXKEHOI0 KUTBKICTIO POCIHH, IXHI pe3yiabTaTH NEPEBIPSIIOTH Y
NOJBOBUX yMOBax (IOJILOBHW METOJ), MICIs YOrO BOHU MOXYTh OYTH OCHOBOKO
pPEKOMEH1allli AJ11 BUKOPUCTAHHSA B MIPAKTHUI[l CUICHKOIO FOCIIOIapCTBA.

OnHOYaCHO YJOCKOHAJIOOTHCA METOJIM JHMCTKOBOI JIarHOCTHKU MOTpPeO pPOCIMH B
€JIEMEHTaX HBJICHHS 3a €KCIpec-aHali3aMH KIITHHHOTO COKY JHMCTKIB 1 METOJaMHu
XIMIYHOTO aHaJli3y €JIEMEHTIB Yy IPYHTaX.

Knacudikauis noopus

JloOpuBa TOAUISIIOT HAa MiHepPaJbHi U OpraHiuHi; mpomucnoeei (a30THI, KaliiiHi,
dhocdopHni, mikpoaoOpuBa) i micuesi (THii, Topd, 3071a); IPOCTI (MICTITH OAUH E€JIEMEHT
JKUBJICHHS - a30THI, KaJliiiHi, OOpHi, MOJIOIE€HOB1, MapraHIeBl) 1 KOMIUIEKCHI (MICTSATh
nBa abo Oimblle IMOXHUBHUX eneMeHTIB). Cepell KOMIUICKCHMX JIOOPUB BUALISIOTH
ckJanHi 1 koMOiHoBaHi. CkraodHi 10OpUBa B CKJIAJlI OJHIET XIMIYHOI CIOJIYKH MICTSITh
7Ba a00 TpHW TOXKMBHI €JIEMEHTH, Hampukiaa kamitHa cemitpa — KNOjs, amodoc —
NH;H,PO, Ta i1. OnHa rpanyna kombiHosanux A1OOPUB MICTUTH JiBa a00 TPU OCHOBHI
CJIEMEHTH J>KMBJICHHS Yy BUIJISAAl PI3HUX XIMIYHUX CHONYK (Hampuikiaa, HiTpodoc,
HiTpoamodocka Ta iH.).

A30THI 100puBa. €AMHUM MPUPOJHUM JKEPEIOM HAarpoMaJKEHHS 3amaciB a3oTy B
I'PYHTI € Horo ¢ikcanis 3 atMochepu MiKpoopranismaMu. A30T, BUHECEHUH 13 BPOKAEM,
YaCTKOBO TOBEPTAETHCS MO0 IPYHTY 3 THOEM. Besnke 3HAUeHHS Ma€ 3aCTOCYBAaHHS
a30THUX J100pUB, IO JAIOTh HAMOUTBII TPUPOCTH BPOKALO.

A30THI 100pUBa MOAUIAIOTECSA HA YOTUPH TPYNH:

Himpamni 0obpusa (cenimpu) MIicTSTh a30T y HiTpaTHiH ¢popmi — NaNQOjz, Ca(NO3),.
di310710T19HO JTyKHI 10OprBa, €(DEKTUBHI HAa KUCIIUX TPYHTaX.

Amonitini ¥ amiauni 0obpusa — cynabdar amonito (NHy),SOy, piakuit 0e3BoHMI aMiak
(mictuth 82,2% a3oty), amiauHa Boja (BoaHui 25%-Buit po3unn amiaky — NH,OH).
EdexTuBHI Ha HEUTpPANTBHUX 1 CIA0OY)KHUX TPYyHTaX depe3 (Pi3i0J0TiyHy KUCIOTHICTb.
Ha xucaux rpyHTax olHOYacHO MOTPiOHE BalTHYBaHHS.

Amonitino-wimpamue 0o6puso. OCHOBHE a30THE NOOpuUBO — amiauna cemitpa NH4;NO;
— wmictuth 34 % a3oTy, 10OpuBO (Hi310JIOTTUHO KHCIIE, aje MIJKUCIIOE IPYHT cliaduie,

! Py®6ifin BUKOPUCTOBYIOTE SIK €1EMEHT i3 6NIM3bKUMM 4O Kanilo BNACTUBOCTAMM.
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HiX (NH,),SO,. Ha kucnux rpyHTax mepeBaru mae BanHsHa amiadna cemitpa (NH4NO;
+ CﬁCOg)

Cevosuna (xapbamio) CO(NH,), — wmictute 6mm3bko 46 % a30Ty, AEIIO MiUTy)KHIOE
IPYHT MPU MICIIEBOMY BHECEHHI.

JI1s1 3HMOKEHHSI BTpAT a30Ty CEUOBMHM M aMiauyHMX JOOPHUB J0 HUX JOJAOTh 1HT101TOpH
HITpUdIKaIii.

®ochopui godpuBa. 3a BereTamiiHUNA MEpPiOJ POCIUHU TOTJIMHAIOTH 13 IPYHTY B
cepenaboMy 60 kr P,Os 3 1 ra. Benuka iloro yactuHa 10 I'PYHTY HE MOBEPTAETHCS.
3amacu JocTymHOTO JUisi pociuH  (Gocdopy BiTHOBIIOIOTHCS BHECEHHSIM JOOpUB.
[Totpeba y pochopHmx 100prBax 3pocTae npu 100poMy 3a0e3MeUeHH] POCIUH a30TOM.
Docghopni 00bpusa nodinaoms Ha Mpu 2pynu 8 3aJ1eHCHOCMI 8i0 POZYUHHOCII Y BOOL.

. Bonopo3unnni — mpoctuii cymepdochar Ca(H,PO,), 1 moxsiiinuit
cyniepdpocdar Ca(H,PO4),xH,0 3 HeBeNMMKOIO KUTBKICTIO BITbHOI (hOCHOPHOT KUCITOTH.
®dochop cynepdocdariB cinabo pyxJUBUH Yy TIPYHTI 1 KOHIICHTPYETHCS B MIiCIIi
BHeceHHs. Tomy Oaxkane Ouibin mOOKe BHeceHHs go0puBa. Edexkt mobpusa
BUSIBJISIETHCS] IPOTATOM 2—3 POKIB.

. HobpuBa, dhochop AKux HEpO3UMHHUM Yy BOJI1, ajie POZUMHHUN y CIaAOKUX
KHCJIOTaX, — MperuniTaT, ToMacuuiak ta iH. @ochop 3HAXOAUTHCS B HUX y JOCTYHHIN
IUTSL POCIIMHH (POpMI.

. JloOpuBa, HEPO3UUHHI y BOJI1 1 TIOTAHO PO3YMHHI B CIAOKUX KHUCJIOTax, —
(dhochoputHe O0pPOIIHO, KICTSIHE OOPOITHO.

Kauniiini no6puBa. PocauHy morauHarOTh Kajaito OUIbINE, HDK 1HII 30JIbHI €JIEMEHTH.
[Toxa3HukoM piBHS 3a0€3MEYEHOCTI IPYHTY KaJll€EM CIIY>KUTh BMICT Y HbOMY OOMIHHOTO
KaJIo.

OcHoBHUM KalliiiHUM 10OprBOM € xsopuctuit kadiil (KC1). Bin 3acTocoByeThCst Ha BCiX
IpyHTax 1 mijg yci KyiabTypu. bararo kamito B raoi. Cynbdar kamiio (K,SO4) ocobimBo
BOKIMBUNA [UJIT  KYJBTYp, YYTIUMBUX 10 XJOpy (KapTomis, JbOH, ITUTPYCOBI).
Kamimarnesis K,;SO4xMgSO4x6H,0 — 3acTocoByeThcsl Ha OIAHUX Kaji€eM 1 MarHieMm
MIIIAaHUX Ta CYMIIIAHUX IPyHTAaX.

Kamiitni noOpuBa — (i310J0TIYHO KHUCIHI, aj€ KHUCJIOTHICTh X BHUSBISIETHCS MPHU
TPUBAJIOMY 3aCTOCYBaHHI 0€3 BalTHYBaHHS; HA YOPHO3EMax 1 Cipo3eMax BILTUB KaJIIMHUX
no6puB Ha pH rpyHTY He cniocTepiraerbes. KamiitHi 7oOprBa 1ar0Th 3HAYH1 301IBIIICHHS
BpPOXKAIO TIPH JIOCTaTHROMY MOCTa4aHH1 pociuH a3oToM 1 (ochopom. Kamiii, Tak camo
K 1 ¢ocdop, cmabo Mirpye B OpHOMY IIapi IPpyHTY, TOMY HOro BapTO BHOCHUTH Ha
rIIMOWHY, 10 BIJMOBIAA€ PO3TANTYBaHHIO KOPEHEBOT CUCTEMH.

Jlo ckaaanux go6puB Hanexuth amoboc — NH;H,PO, 3 Heenmmkoro no00aBKorO
(NH4),HPO,. TloBiibHO nifOuMM CKJIAAHHM JOOPHUBOM € MarHiki-amoHin-docdar -
MgNH4PO4XH20.

J1o kOMOiHOBAHMX 100PHUB HAJICKATh:

Hitpodocu 1 HiTpodockun — moxaBiiHI 1 moTpiiHI moOpuBa. A3ot, docdop 1 Kamii
3HaXOAAThCS B HUX Y po3urHHUX croiykax (NH4NOs, NH,Cl, KNO3, KC1). a dochop -
y BUTIISLIL qukanbiiidocdarty 1 pochary amoHiro.

Hitpoamodocu i HiTpoamMopocku — MICTITh OUTbIIE MIHEpPATbHUX PEYOBHH, HIK
HiTpodocH, 1 yci KOMIOHEHTH (a30T, docdop, Kamiil) 3HAXOAATHCS B JIETKOPOIUMHHIN

bopmi.
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Opraniuni 1o0puBa — rHii, Topd, NTAMIMHUN TOCHIA, 3€J€HI JoOpUBa — KOPHCHI
P CMUILHOMY BHECEHHI 3 MIHEpAJIbHUMU JI0OpUBaMHM SIK BaXJIMBI JOJIATKOBI JpKepesia
OCHOBHUX MIiHEpaJbHUX EJEMEHTIB, OpPraHiYHWX PEYOBUH, a TaKOX TOKPAIIyIOTh
CTPYKTYpY I'PYHTY 1 HOro 610JI0T1YHY €(PEKTUBHICTD.

MikponoopuBa. Hectaua okpeMuX MIKpOCIEMEHTIB MOXE IMOCIY)KUTH OJHUM i3
JIMITYIOUMX  (akTopiB 30UIBIICHHS BPOXKAiB  ClICHKOTOCIOJAPCHKUX  KYJIBTYD,
HE3BaKAIOYM HA 3aCTOCYBaHHSA a30THUX, (pochopHUX 1 KamiHUX n00puB. 3a3BUUaii

POCIIMHU BiTYYBAaIOTh HECTady y Mifl Ha TOp(oBHINAX, y MOJIOACHI — Ha KUCIUX
IpyHTax (IEpHOBO-MIA30JIMCTUX 1 CIpUX JIICOBUX), y Oopi Ta MomiOaeHi — Ha

YepBOHO3EMAaX, Yy MapraHiii, 3a1i3l Ta HIUHKY — Ha KapOOHATHHUX 1 CyMIIIaHUX TPYHTAaX.
ToMy BHeceHHsI MIKpOJOOpHB 3abe3reuye 3HaUHEe MiABUIICHHS €()EeKTUBHOCTI J0OpUB,
[0 MICTATh OCHOBHI €JIEMEHTH XUBJEHHS pociuH. [ miei Metn 37e01IbImoro
3aCTOCOBYIOTh KOMIUIEKCHI JOOpWBa, IO MICTATh JBa, TPpU 1 OILIbIIE OCHOBHUX
€JIEMEHTIB KUBJICHHS 1 MIKPOEJIIEMEHTH. 3aCTOCYBAaHHS MIKPOJOOPUB BAKIUBE TaKOXK
JUIA  Kpalloro BHUKOPUCTaHHS pPOCIMHAMM OCHOBHHUX TIIOKMBHMX pe4yOBHH. Tak,
Mapraseilb crpuse OUIbIIINA PyxJauBOCTI (pocopy B TIpyHTI, a KOOAIBT TMIJICUIIOE
HAJXO/KEHHS 10 POCIMH a30Ty. [liBUILEHHS PIBHS a30THOTO >KUBJICHHS 30UIbLIYE
HAJXO/DKeHHST He TuUlbku ¢docdopy, Kajailo 1 MarHioo, aie ¥ Mmiai, 3amisza, IUHKY,
Maprailio.

bakrepiaabni no0puBa. baktepianbHi no0puBa — 1€ Tpemapatd OakTepiid, sKi
30UTBIIYIOTh KUIBKICTh JOCTYIHHUX JJII POCIMH MIHEpAJTbHUX €JIEMEHTIB IpyHTy. L1
no0puBa MOKJIMKAHI MIATpUMATH O10JOTIYHY AKTUBHICTH IPYHTIB. [l miei metn

BUKOPHUCTOBYIOTH :
1. IIpenapatu GakTepiil, IO PO3KIAAAIOTH OPraHiuHi croiyku (ochopy B IpyHTI, —
Gocgobaxmepun.

2. Ilpenapar a3zorobaktepa — azomoeen, abo azomobaxmepuH, MO 30arayye IPyHT

BUIBHUMH a30T(QiKcaTopamu.

3. Ilpemapar uimpacin, MO MICTUTh OyJTHO0UYKOBI OakTepii, AKi CIPUSIOTH YTBOPEHHIO
Oy 1b0040K Ha KOpPEeHSIX 0000BUX, MIACHIIOIOTH (DIKCAIII0 HEOPTaHIYHOTO a30TYy.

4. TlpemapaTu CuIKaTHUX OakTepiii, MO 3yMOBIIOIOTH PYWHYBaHHS IPYHTOBUX
KaJIIMHUX CUJTIKATIB 1 MOKPAITYIOTh KajliiiHe dKUBJIECHHS POCIIUH.

PicTt i po3BUTOK poCcnuH
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Mari. 1. 30Hu KopeHd i HOT0 NepBUHHA Oy/A0Ba:
a — 3araJibHuil BUTIIAN, O — MO3JOBXKHIN po3pi3; B — TMOMEPEYHHUIN PO3pi3 y 30HI
KOpPEHEBUX BOJIOCKIB: | — 30Ha pocTy 3 KopeHeBUM uoxyiikoMm; Il — 30Ha

po3TATyBaHHS 1 nouatky nudepenmiamii kimitun; [II — BcucHa 30Ha; IV — nposinHa
30Ha; 1 — BojOCKOHOCHUH mmIap (emibiaemMa, pu3oaepma); 2 — KOPEHEB1 BOJIOCKHU; 3 —
KcuiieMa; 4 — Kopa KOpeHsl; 5 — UEHTpaJIbHUM HUIIHAP; 6 — MOYaTOK pOCTy O14HOTO
KOpeHs; 7 — nepuuuki; 8 — dioema; 9 — cepueBrHa

Kanouin
S
Marin
B, e
Man. 2. Bmiue pH Ha
33,,;130 ] AOCTYNHICTh  MiHepPaJbHUX
o ha;ﬂ,em‘, €JICMEHTIB JIJIsl POCJIUH
D AR O ] M [MIupuna TOPH30HTATBHUX
s+ bop —od CMYT TIOKa3y€ pO3UMHHICTH
Miagb i uMHK CIIOJyKH, IO TMOB’SI3aHO 3 i1
. ™ Monibpen JOCTYMHICTIO JUIsl  POCIIMHU
N R T Ipy TIOTJIMHAHHI B 1OHHIN
40 45 50 55 60 65 7,0 7,5 80 85 9,0 95100  dopmi.
KucnotHictb rpyHTy (pH)
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Man. 3. XBopoOu roJiogyBanHsi Oypsikis.

l'ononyBanHa a3oTHe, ab0 xyopo3 (1), mposiBASETHCA B MOXKOBTIHHI JIMCTKIB. BoHu
CTarOTh OJITHO-3€JICHUMH, XJIOPOTHYHUMHU, IIBUIKO BiAMHUPAIOTh.

I'onomyBanus docdopre, adbo OypyBaTicTh JUCTKIB (2). JIMCTkM Tpu IIbOMY CTarOTh
TEMHO-3€JICHUMHU 3 METAJIeBUM OJHMCKOM, a Ha CTapIiux 3"SBISIIOThCS Oypi IUISAMH,
YTBOPIOIOUM TaK 3BaHUM HEKPO3 MINOKUIIKOBUX TKAHUH.

["ononyBanns kaniiine (3) IposBISETHCS MPU BHECEHH] B TPYHT HEJJOCTATHBOI KIIBKOCTI
KaJIIMHUX T0OpUB. XapaKTePHOIO 03HAKOI XBOPOOU € BIIMUPAHHS TKAHWH JIUCTKIB, 11O
KpasiXx BOHHM CTalOTh XBWISICTUMH, TOHKUMH 1 HUDKHMMH. Uepe3 neskuil 4yac Ha HUX
3"ABISIOTHCSA CyX1 TEMHO-OYp1 IUISIMH, SIK1, 37IMBalOYHNCh, YTBOPIOIOTH Oypy Kailmy.
Hecraua marsito (4). Hecraua mapranirio (5). Hecraua 3amiza (6).

Pict i po3BuUTOK pocnuH
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Man. 4. Byab0ouku 3 a3oTdikcyrounmMmn

0aKTepiAMM HA KOPEHAX POCJIMHHA
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Man. 5. Cxema BUHMKHEeHHS iHpeKIiHHNX HUTOK.

VY npsMoMy KOPEHEBOMY BOJIOCKY BHUIHO JBI IH(EKIIHI HUTKHU, Y BUKPUBICHOMY —

OJIHA TATy3HUCTa

PO3IBUTOK POCNUH

PicT
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JTAJBHIA TPAHCIIOPT PEYOBUH Y POCJIMH

JaJIbHili TPaHCIOPT — I MEepeMillleHHsS PEYOBUH MK OpraHaMu y IUTiH
POCIIHHI.
biankHill_TpaHCHOpT — IIe TEpeMilleHHS 10HIB, METAa0ONITIB 1 BOIU MIXK

KJIITUHAMH ¥ TKAaHWHAMU (Ha BIIMIHY BiJ MEMOPAHHOTO TPAHCIIOPTY B KOXKHIN KIIITHHI).

TpancnopTyBaHHSI PEUOBUH Y POCIHHI MOXKE 3/IMCHIOBATUCA MO OYIb-SIKUX
TKaHWHAX 1 [0 CHEIllali30BaHuX MyYKax.

Pyx BO/IY 3 pO3YMHEHUMHU PEUOBUHAMH MOXKE BIIOYBATHUCH:

a) O MPOBIIHKUX MyYKaX;

0) 1Mo KJIITHHHUX CTiHKaX (arorwiacry);

B) 110 ITMTOIIa3MI KJIITHH 13 TJIa3MoJiecMaMu (CUMILIACTY);

r) MmoxJuBo, 1o EINP 3 yuacTio mnasmonaecm.

PyX po34YMHEHNX PEYOBHH 3 YVUACTIO IIPOBIIHUX IIYUYKIB 3M1HCHIOECTHCS:

a) Mo KcuiaeMi (BUCX1IHUHN TOTIK);

0) mo ¢daoemi (HU3XIAHUN MOTIK BiJ JHUCTKIB O 30H CIOXKHBaHHS, 1 PI3HOI
CIPSIMOBAHOCTI MPY MOO1TI3a11i 3alIaCHUX PEYOBHH).

Y 0araTOKIITHHHHX BOJOPOCTEH METAa0ONITH pPyXalOThCAd MO CHMIUIACTY
(BUHATOK — JamiHapis, KOTpa Ma€ CHUTOBUAHI TpyOouku). CummiacTuuHe i
anorIaCTUYHE MIPOBEICHHS BOJIM BJIACTUBE 1 MOXaM. Y BCIX BUIIMX Ha3€MHUX POCIHH €
MPOBIAHI MYYKH, SIKI CKJIAJAIOThCS 3 TPaxeil 1 CyJuH KCHJIEMH;, CUTOBHIHHX TPYOOK 1
KJIITUH-CYIYTHUKIB (DJIOEMU Ta 1HIIMX CIEI1ali30BaHUX KIIITHH.

[IpoBiaH1 My4KH 3'€AHYIOTH YC1 TKAHUHU POCIIHH, 3a0€3MEeUyI0Yd MepEeMIIECHHS
PEYOBHH Ha BIJICTaHI BIJ JIECATKIB CAaHTUMETPIB JO JAECIATKIB METpiB (y JACPEBHUX).
TpancnopTyBaHHsl MO KIITUHHHUX CTIHKAaX 1 IIUTOIUIA3M1 3A1MCHIOETbCS Ha HEBEIHUKI
BIJICTaHI, 110 BUMIPIOIOTHCSI MUTIMETPAMU, HANIPUKJIIAJ, palajJbHUNA TPAHCIIOPT Y KOPEH1
4K cTeOJI1, pyX peYOBUH Yy Me30(] 11 JIUCTKIB.

e KCWJIEMHHUUN TPAHCIOPT

bynoBa kcwiemMm 1 4YacTKOBO MEXaHI3MH KCHJIEMHOTO TPaHCIOPTYBaHHS
posrisganucs y pozain “BogooOMiH y pociun”.

Cri1ax KCMJIEMHOT'0 COKY

KcunemHuuii Cik — 11e BOJHUN PO3YUH HEOPraHiYHUX peuyoBUH. OHAK y macolll 13
KCWJIEMH TE€HbKa MOXHA BHUSBUTH PI3HI A30TUCTI CHOJYKU (aMIHOKUCIOTH, aMii,
alKajoiid Ta 1H.), OpPraHiuHl KHUCJIOTH, JI€AKl LYyKpH, OararoaToMHi CIUPTH,
(bITOropMOHH.

OpraHiuHi KOMIOHEHTH KCHUJIEMHOTO COKY 3MIHIOIOTHCSI B 3aJICKHOCTI B BUIY
POCIIMH 1 Bl MPUPOAH 10HIB IPYHTOBOTO po3unHy. KCriieMHHI CIK 3a CKIaAOM Pi3KO
BiZpi3HsAETHCS Bij BakyouspHoro. Moro pH = 5.9.

MEXAHI3MU KCUJIEMHOI'O TPAHCIIOPTY

3aBaHTAaKYBAaHHS KCHJIEMHM HalllHTEHCUBHIIIE BiIOYBAE€THLCS B 30HI KOPEHEBHUX
BoJIOCKiB. TyT mpalfoe JiekigbKa HAacocCiB, Ha JIISJIBHICTh SKHX BUTPAYAETHCS
MeTraboJiiyHa eHeprisd. ['oJoBHUI HAacoC — y Mia3ManeMi KIITUH PU30JePMHU 1 KOPOBOI
napenximMu. Bin 3ymoBnenunit po6ororo H'-momm, siki € H'-AT®azamu i, MOxKIHBO,

PicTt i po3BUTOK poCcnuH
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MIPOTOHHO-TPAHC-TIOPTHUMH ~ PEIOKC-TIaHIIoraMu. Yepe3 KIIITUHA E€HAOJIEPMU 3
nosickamu Kacmapi Boja 1 MiHEpalibHI COJII PYXarOThCS JIMIIE MO CUMIUIACTY. Y IHHX
MICIISIX KaTIOHU M aHIOHH 13 KJIITUHHUX CTIHOK HAAXOIATH JI0 IIUTOILIA3MU.

VYV napeHXIMHHUX KIITUHAX TYYKIB (nepexionux Kiimuxax) MOXKE ISITH 1HIIA
nomra, KoTpa nepekadyye MiHepajibHl PEUOBHMHU Yepe3 MOPHU TPaxeil A0 iX MOPOKHUH.
VY cynuHax 30UIbIIYETHCSI OCMOTHYHMIM MOTEHINian 1 BCMcHa cuiia. Boaa 3a 3akoHamu
OCMOCY TOCTYIA€E A0 TPaxeil Ta CyJIuH, /e BIAMOBIHO 3pOCTA€ TAPOCTATUYHUHN THUCK 1
3MIIACHIOETHCS TI0Jjaua KCHUJIEMHOTO COKY JO0 HA3eMHUX 4YaCTHH POCIHH (HUKHIM
KIHIIEBH JIBUTYH — HKJI). Yci ui npotiecu Bi10yBarOThHCS 3 BUTPATOIO ereprii AT®. Ta
JacTHMHA BHUCXIIHOTO TOKY BOJH, SIKa 3YMOBJIEHA TPAHCHIpAIli€lo (BEpXHIW KiHIICBUI
meuryd — BKJI), 3ailicHIOETbCS TAacWUBHO 3a  (i3MKO-XIMIYHMMH 3aKOHAMH 1 HE
OB’ s13aHA 3 BUTPATOI0 META00IIYHOI EHEePrii.

TakuM YUHOM, BHUCXITHUN TIK KCHJIEMHOTO COKY BiAOYyBaeThCS 3a PaxyHOK
nistibHOCTI BK] (eneprist Conus), HK] (enepris AT®), a TakoX KanijasipHUX SBHUIILI.
Boga 1 po3unHeHi B HI pPEYOBHMHU PyXalOThCS MO CYAMHAX KCUJIEMHU 3 BEJIMKOIO
mBUAKICTIO = 1-20 m/roz.

Po3BaHTa:KyBaHHSI KCHJIEMH

BwMmicT opraniuHux Ta HEOPraHIYHUX PEUOBUH Y KCUJIEMI 3aJIEKUTH BiJl BULY
POCIIMHU T4 YMOB MIHEPAIBHOTO KUBJICHHS.

VY Mipy nepeMilneHHs Mo KCHIeMi CKJaJ BUCX1THOTO MOTOKY 3MIHIOEThCS SKICHO
il KinbKicHO. Y poCIMH KyKypyA3u i KBacoji BMicT Na™ Bi KopeHEeBHX BOIOCKIB 10
IIMIAKA KOPEeHs MOKe 3HM3UTUCh Y 2-10 pasiB. loHM HaTpi0 Ta Kalilo BUXOASATH 13
KCUJIEMHOTO COKY 1 B cTe0JIax.

VY mpopocTKiB KabaukiB y KCHJIIEMHOMY COILll 3 YEPEIIKIB JUCTKIB KOHLEHTpALis
10HIB Kaiito, Kaublito, Qocdopy, HITpaTy BHIIA, HIK y COLl 3 OCHOBU cTeOna.
Haiibispiia KiNBKICTH 10HIB TOTJIMHAETHCS KIITHHAMUA JHCTKIB. [Ipo 1me MoxkHa
CTBEPJIXKYBATH, 3BAKAIOYM Ha CKJIaJ T'YTaIlHOT PIAMHH, KA BUAUIETHCS 13 KCUIEMHUX
3aKIHYEHb Yepe3 I1JaTo/IH.

Po3BaHTa)kyBaHHS KCHJIEMH, TOOTO HAJIXOJDKEHHS BOJM Ta 10HIB 13 CYJIMH,
3YMOBJIEHE T1/[POCTATUYHUM TUCKOM Yy CYAMHAX, CUJIaMHU TPAHCHIpaIlli Ta aTparyr4or
JI€10 OTOYYIOYMX KIITHH. BOHO TakoX 3aeKUTh BiJl BUOIPKOBOT MPOHUKHOCTI MeMOpaH
Ta MOTped KITUH y TUX YW IHIIUX eJeMeHTax >kuBjieHHsS. KcuimemHuii cik uepes
KJIIITUHHI CTIHKH 1 IJIa3MajeMy, A¢ Mpaltoe H*-nomma, MOoTparvisge A0 MUToIIazMu. s
pOCTY JHMCTKIB HEOOXIJIHI  PI3HI HEOPraHiuHl PEYOBHMHH. TOMY MOJOJl JUCTKU €
MOTY)KHAMH aKIENTOPHUMH 30HAMHU JUIsl KCHJIEMHOTO COKY. binblia yacTWHa BOIU
BHUITAPOBYETHCS. [IpM MHOMYy MOXKIWBE TMEPEHACHYCHHS XJIOPCHXIMH COJISIMU. Y
KJIITUHAX ICHY€ IIOHAaMEeHIIIe 3 crmocoOu JTIKBIAAIli HaIJTUIIKY 10HIB:

—  YTBOPEHHS BaXXKOPO3YMHHUX cojied (y KIITUHHUX CTIHKaXx,
BaKyOJISIX);

—  BIATIK coeit uepes paoemy;

—  BHUIUIEHHS COJIEH COJILOBHMH 3aJI03aMH 1 BOJIOCKAMH.

Pezynauyia kcunemHoco mMpaucnopmy 30IUCHIOEMbCA  ULISIXOM — 6HIUBY HA
dyuxyionyeanna H -nomn ma iHwux iOHHUX HACOCIE, WO NOE'A3AHO 3 eHep2emuKoIo
OuxanHs i 3a0e3neyeHHIM KOpeHe8oi cucmemu AcCUMLIAmAamMu ma KucHem. Inuwiuil
NOMYIHCHUL pe2yNamop KCULEMHO20 MPAHCNOPMY — MPAHCRIpAYis, IHMEeHCUBHICMb SKOI
3anexcums i0 cmauy npoouUxo8020 anapamy, Wo pe2yiroemovcs POCIUHOI0, Ma YMO8
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BHYMPIUHBLO2O | 308HIUHLO2O CePedosUUa, HA SKI 30e0iN1bUl020 POCIUHA BNIUHYMU He
Mooice.

e @®JIOEMHHUMN TPAHCHOOPT

CTPYKTYPA ®JIOEMU

AcUMUIATH 13 JHCTKIB HAamXomaTh 10 ¢uoeMH, sKa CKIAJAaeTbes 31
CHeIIa/li30BaHUX KIITUH. TpaHCIOpTHY (QYHKIIIO 3TIHCHIOIOTH CUMOBUOHI KAIMUHU
(HMKY1 1 TOJIOHACIHHI POCIMHU) Ta cumouoHi mpyoku (MOKpUTOHACIHHI). [lapenximmui
KAimuHy Ty4Ka € 3armacalounMu abo MPOMYCKHUMH, a KIIMUHU-CYNYMHUKU BUKOHYIOTh
EHepreTUUHy (PyHKIIIO.

CuroBuani ejsemenTH. KiiTHHM CHUTOBUIHUX TPYOOK MICTATh HEBEIUKY
KUIBKICTh OPTaHOi/IB, TOHOIUJIACT 3pPYHMHOBAaHHM, y 3pUIMX KJIITUH SJIpPO BIJICYTHE.
[Toriepeuni CTIHKM-TUTACTUHKM MaroTh mepdoparlii, BHUCTEJICHI IUIa3MaJIeMOl0 M
3aIOBHEH] MOJIicaxapuaoM Kajao30t0 Ta pidbpuinamu aktuHonoAioHoro d-6ika. Tpyoku
YUCJICHHUMH T1JIa3MOJIECMaMH TOB'sI3aH1 3 KIIITUHAMU-CYITyTHUKaMHU.

KiaiTUHM-CyMyTHMKM — HEBENWKI, BUTATHYTI B3JIOBXK CHUTOBUIHOI TPYOKH,
MapeHXIMHI KIITUHU 3 BEJIMKUMHU S/IpaMH, BEIUKOK KUIBKICTIO OpraHes, OcoOJUBO
MiToXOHApiH. KiTHHHI CTIHKK MpOHU3aH] Tady3UCTHMH IJIa3MoiecMaMu, sikux y 3-10
pasiB OuIblle, HIK y cycigHix KmTUH (20-30 twc.). Y uinbpHIA nuroriazmi 0e3mid
1HBariHaIii, BUCTCIICHUX IJIa3MaJIEMOIO.

Opramnizanisi npoBiIHOI cUCTeMH B JMCTKOBII miactunmi. [TpoBigHa cucrtema
CTaHOBHUTH 25 % BCHOTO 00'€My JIMCTKA. 3aragbHa JOBKHHA IPOBIAHHX My4KiB B 1 cM”
kKoJuBaeTbess B Mexax 20-100 cMm. 3 nux 95 % npunadae ma wacmky ampazyroqux
MOHKUX NYUKIB.

Benuxki npogioni nyuku cknadaromscs 3i kcunemu i 00ope po3suneroi groemu. ¥
CYKynHocmi 6oHuU ¢hopmyioms dcunxy. HahapiOHIIIT mydkd MICTATH 1-2 TpaxeasbHi
eJIeMEeHTH, | CUTOBUAHY TPYOKY 13 CYMPOBOKYIOUYOIO KIITHHOIO. 3aKiHYEHHS (IoeMH
MOXK€ MaTd JIMIIEe TapeHXIMHI KITHHUA. TakuM YHHOM, TIEPBHHHE HAIXOHKCHHS
ACUMIJISITIB BIIOYBAETHCS uUepe3 MApPeHXIMHI KITHUHH (IoeMHUX 3akiH4deHb. Y Cy4-
pPOCJIMH TMPOBIJIHI €JIEMEHTH OTOYEHI WIIJIBHUM IapoM OOKIaJAKU, KIITUHHU SIKOI
BIJINOBIJIAIOTh €HAOAEPMI OCbOBHUX OpraHiB. TpaHCOOPT aCUMUIATIB Y JIMCTKY CTPOTO
OPICHTOBAHUM: 13 KOKHOI MIKPO30HH (AeK1IbKa KIITUH Me3odury, pamiyc 70-130 MkMm)
10 HAaHOJIMKIOTO MAJIOTO MyYKa.

Cxaan ¢uoemHoro coxky. ®noemMHHil CiK — L€ BOJHUM PO3YMH OPraHiYHHUX
pedoBuH. OCHOBHA TpaHCIOPTHA (opMa IYKpiB — caxaposa. 1i BMicT y droemHOMY
COKOBI1 Moe csirati 1 Momw/1 (85% Bix cyxoi macu), mo B 10-30 pa3iB Ouiblie, HIXK Y
kiiTuHax me30¢iny. [lpu 11boMy akTUBHICTH 1HBEPTa3u y (PIOEMHOMY €KCYyHaTi AyxKe
HU3bKA.

MoxyTh TpaHCTIOpTyBaTUCS ¥ 1HII omiromykpu (padinosa, cTaxiosa), CIIUPTH
(cop6iT). BMmicT azotuctux pedoBuH (OLTKIB, aMIHOKUACIIOT Tolo) He nepesuiye 0,5 %.
HasBni ¢ditoropmonu, opradiuai KuciaoTu, BiTaminu. Heopraniuui com cTaHOBIATH 1-
3%. Bucokuit Bmict K (50-200 wmmonb/m). Bin HeoOXigmuii a1i mpolecis
3aBaHTAXKYBaHHS Ta po3BaHTaxyBaHHsA (imoemu. pH ~ 8,0-8,5. AT® wmicTuthcs B
KoHIeHTpartii 0,5 MMOJIBb/JT 1 HAAXOAUTh, OUEBUHO, 13 CYIMPOBOKYIOUUX KITITHH.
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MEXAHI3MHU ®JIOEMHOI'O TPAHCITOPTYBAHHSA

Pyx acuMminsTIB MO CUTOBHUIHUX TpyOKax BiOyBaeTbcs 31 MBHUAKICTIO 50-
100 cm/rom 1 CKIAmaeThCsd 3 TPHOX B3AEMOIOB'S3aHUX MPOIECIB: 3aBaHTAKyBaHHS
(dhoeMu, TpaHCTIOPTYBaHHS aCUMUIATIB 1 pO3BaHTaKyBaHHS (DIIOEMHU.

3aBaHTaxxyBaHHS (QJI0eMHHUX 3aKiHYCHb

OcoOMMBOCTI TpAHCHOPTY aCUMUIATIB Bl Me3ohuty 110 ¢GJjIoeMu BUBYEHI
HegocTaTHbO. OUYeBUAHO, Y PI3HUX BHUIIB POCIWH BIH BIIOYBA€THCS MO-pI3HOMY. Y
BUIBHOMY MPOCTOPi KIITUHHUX CTIHOK MOXE€ 3HaXOguTHCh Onu3bko 20 % IykpiB
aucTka. Skmo B cTiHKax oOkimanku € mosicku Kacmapi, To ykKpu B LHMX IUISTHKAx
MOBUHHI MPOXOAUTH dYepe3 cumiuiact. LlpoMmy copusiioTh 1 0OaraToyucieHHI
NIA3MO0eCMU.

Po3Butok cucremu "1abipunmis" y CTIHKaX KIITHH, IPOMDKHUX MK Me30(hiIoM
1 CUTOBUAHUMH TpyOKamu (6000BI1), CTIpUsie TPAHCTIOPTY Yepe3 MeMOpaHy 1 armoriacT.

VY neskux pociuH (Hamp., yKPOBUM OYpsIK) HEMA€E CTPYKTYPHUX MPHUCTOCYBaHb
JUTSI TIOJIETIIEHHS pyXy acuMUIATIB. O4eBUIHO, B JAaHOMY BUIIJIKy PO3BHHEHA CHCTEMA
MeMOpaHHUX nepeHOCHUKIE.

VY xmituHax Me30(ily OCMOTHYHMM THUCK 3HAYHO HWXKYHUH, HIX Y TOHKHX
MPOBIAHUX NUIAXax. Y Mipy NepecyBaHHS BiJ TOHKMX MPOBIIHUX MYYKIB JI0 CEPEIHBOT
KWIKHK 1 JaJii BMICT I[yKpiB y My4Kax 3pOCTa€, ajge He TaK Pi3Ko, SK MPU MEepexoil Bif
Me30(ily 10 TOHKHX pPO3TalyKeHb. TakuM YWHOM, 3aBaHTaKyBaHHS acCHUMUISTaAMU
MIPOBIAHOI CUCTEMU B1AOYBA€TbCA MPOTH IPaJl€eHTAa KOHIIEHTPALi 1 CYyNPOBOIKYETHCS
3arparoro eHeprii. AT® mnocrayaroTh KIITUHU-CYIYTHHKH, B SIKUX JyXE€ BHCOKA
IHTEHCUBHICTh JIMXaHHS.

3aBaHTaXEeHHS (DJIOEMU MOB'sI3aHE 3 AISTIbHICTIO 10HHUX TTOMIL.

V niasManeMi KITUH-CYIYTHHKIB (QyHKIioHye H'-nomma, cipsiMoBaHa Ha30BHA.
3akucieHHs anomnacra cupuse Biaadi ionis K i caxaposu KIiTMHAMH XJIOpPEHXIMHU.
OpnouacHo BuHMKae TpamieHT pH Ha mmazmanemi KMTHH (JIOEMHHX 3aKiHUEHb, IO
NPU3BOJNTH 10 HAJXOKEHHs [0 LUMX KIITHH caxapo3u B cummopre 3 ionamu H' (H'-
YYKOp-KOMPAHCHOPMHULL  Mexanism). Y ~ JaHOMYy BUIAAKYy TpaHCMEMOpaHHE
nepeHecenHs H' 3/1ilicHIOETbCS 3a KOHIIEHTPALIHUM TPaJi€HTOM, a CaXapo3| — HPOTH.

Becs mporiec 3abesrneuyeTbes Oinkamu-Hociamu B TIa3MaieMi, CIIOPiTHEHHS
SAKUX JI0 I[yKpPiB 3pOCTAE TIPH iX MPOTOHYBAHHI.

Tonn H', mio Hafifinwym 10 KIiTHH, 3HOBY BUAaNA0Thcs H -nmommnoro, po6oTa saxoi
MO€AHAHA 3 MOorTMHAHHIM ioHiB K. Caxapo3a Ta 10HU K" 1Mo YuclIeHHHX TUIa3MoaecMax
MEPEHOCATHCS /10 TOPOXKHUH CUTOBUIHUX TpyOok. IlomiOHum yumHOM 13 Me3zodury
MOCTYMAOTh AMIHOKUCIOTA Ta iHIIN MetabomTh. OTXKe, Yy CUTOBUAHMX TpyOKax
CKYITIyIOThCs caxapo3a Ta K 3a paxyHOK IOCTiHOro BUKadyBaHHs MPOTOHIB.

3pocTaHHs KOHIIGHTpAIlii OCMOTHYHO-aKTHMBHUX PEYOBHH Y CYAMHAX CIIPUSE
HAJIXO/DKEHHIO CIOJIM BOJU 3 OTOYYIOYMX TKAHWH 1 KCUIEMH.

@droeMHUN €KCylaT MICTHTh PI3HOMAHITHI 10HU. [3 KCHJIEMHOTO COKY [0
¢bnoemnoro nerko nupkymoth K, Na, Mg, P, N. Mikpoenementu Fe, Mn, Zn, Mo
3JIaTHI pyXaTUcs Mo (GJIoeMi 10 MOJIOIUX JINCTKIB BiJl 3pLITUX.

Jlo cutoBMaHMX TPyOOK 10HM TOTPAIUISIOTH SIK 13 KIITHH Me30(iry, Tak 1 He
BUXOJISIYM 32 MEXKI1 KHIIKU 4epe3 nepexioni kuimunu 3 "madipuHTOM", ¥ CTIHKAX SIKUX €
YUCJICHHI BUPOCTHU MHUTOIIA3MH. JIaGipuHTH (BUPOCTHU NMUTOIIA3MU) B IXHIX CTIHKaxX
MOXKYTb OYTH JIOKaJII30BaH1 JUIIIE 3 TOTO OOKY, KM MPUJISITAE 10 CYJUHU KCUJIEMH YU
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cuTOBUAHOI TpyOkm dmoemu; abo Ha 000X OOKax, KOJM TMepexigHa KITHHA
3HAXOJIUTHCS B KWJIl MIX JIBOMa TUIIAMU TPAHCIOPTHUX cucTeM. [loniOHuii oOMiH
MOXKe 3JIIMCHIOBATUCSA W y cTeOi, e MPpOBiAHI Mydku 30uxkeHi. [lepeximHi KIITHHU
TaKOX TOJICTIIYIOTh TPAHCIIOPT 10HIB 13 CYJIMH JO CUMILIACTY KCHJIEMHOT apeHXIMH.

TpancnopTyBaHsi pe4OBHH N0 CUTOBUJIHMUX TPYOKax

PyX acMMUIATIB MO CHUCTEMI CHUTOBUIHUX E€JIEMEHTIB — OCOOJMBHUN BHUIAJIOK
CUMILJIACTUYHOIO _TPaHCHOPTYBaHHA. MexaHi3M 1[bOro TMpolecy J0 KIHIA He
3’sicoBaHM. ICHY€E MeKiTbKa TOSICHEHb.

[lepmra rimore3a — nomix nio muckom (EMionx, 1926). Mix
(bOTOCHUHTE3yIOUMMH KJIITHHAMU JIUCTKA, 1€ B CHUMIUIACTI CKYMYY€ThCS caxaposa, 1
TKaHWHAMH, $IKI BUKOPHCTOBYIOTh ACHUMUIATH (HAlpHUKJIad, KOPEHs) CTBOPIOETHCS
OCMOTHYHUU Tpaji€HT. Y CHUTOBHJIHUX TpyOKax BIH MEPETBOPIOETHCS y TPATIE€HT
T1IPOCTaTUYHOTO TUCKY. B pe3ynbraTi y ¢iioeMi BUHUKA€E MOTIK PIAMHM i THCKOM BiJ
JUCTKIB 10 KopeHiB. Ilnasmanema CHUTOBUAHMX TPYOOK HpPU LBOMY € Ba)KIMBOIO
YMOBOIO MIATPUMaHHS NOTOKY I11J{ THCKOM.

Hpyra rinote3a. PymniiiHOIO cuiior0 mepemMilieHHs (BIoeMHOT piTUHU 3 OJHI€l
CUTOBMIHOT TPYOKH JI0 iHIIOT uepe3 mopu Moke OyTH TpaHcrnopTyBaHHs ioniB K* B xoni
e1eKmpoocmMomuyno020 TIPoLecy. 3rigHo 3 wLiero rinote3oro, K* akTMBHO BXOIMTH 0
CUTOBHUJHOI TPyOKH BHILE NepPOpOBaHOI MIACTUHKU 1 BUXOIUTh Yy aloIUIacT BXKE B
HACTYITHOMY WIEHUKY HI)XK4e eppOopoBaHOl INIAaCTUHKU. TOMYy Ha MIACTUHKAX BUHUKAE
B1JI’€EMHUN EJIEKTPUYHUUN TPAJIEHT, AKUU CIpUSE TPAHCHOPTYBAaHHIO Kpi3b HUX 10HIB
KaJIl0 Ta BOJII.

Tperst rinore3a. Takox mnependadaerbesd, mo GiOpwiIKM akTuHOononaioHoro @-
OlIKYy B MOpax CHUTOBUAHMX IJACTHHOK Yy B3a€MOJIi 3 MIO3MHOM MOXYTb BHUSBISITH
KOHTPAKTUJIbHI (CKOPOTJIMBI) BIIACTUBOCTI, 1110 CIIPUSIE PYXOB1 PIAMHU O (ioemi.

MOo>kJIMBO, CIIBIPALIOIOTH Pi3HI MEXaHI3MH.

Po3BaHTaxkyBanus ¢uioeMu

s posBaHTakyBaHHS  ()JIOeMH  CYTTEBE 3HAYEHHS Ma€  MiJBUIIECHUN
TAPOCTATUYHUA THUCK Y CHUTOBWIHHMX TpyOkax. KpiM TOoro, opraHu, siKi 1HTEHCHBHO
pPOCTYTh, Ta 3amacaroyi OpraHy BOJIOJIIOTh 3HAYHOK aTparyroyor0 CHJIOK, TOOTO
3JIaTHICTIO MOTJIMHATH ACUMUISTH 13 (hJIOEMH.

Y nnasmaseMi KIiTHH aklenTopHoi 30K (yHKiionye H'-nmommna. BoHa, 3 oqHOro
OOKY, 3aKHCITIOE aroIuIacT i 3MyIIlye TpaHCIOPTHI cuctemu Bimasatu K i caxaposy 1o
(a3y KIITHHHMX CTIHOK; a 3 iHIIOTO — CTBOPIOE YMOBH /IS HAAXOMKeHHs Iykpis 1 K
70 CHMILJIACTY aKIENTOPHUX TKaHWH. Caxapo3a MOTJIMHAETHCS 3 YYacTI0 MEMOpaHHUX
NIEPEHOCHHKIB y CUMIIOPTE 3 MPOTOHaMH, a ioHM K' — 3a eleKTpuyHUM rpajicHToM. Y
MOJIOJUX KIIITUHAX OPTaHiuHI PEUOBMHU BUKOPUCTOBYIOTHCS Y IpoLiecax MEeTadoi3My,
30KpeMa, BUTPAYalOThCS Ha TUXaHHA. Y KIITHHAX 3alacalourx OpraHiB caxaposa 4acTo
CKYIUY€ThCA Y BaKyoJIsiX (IlyKpOBHil OypsiK).

Peryasiuisa (pJ10eMHOr0 TPAHCIIOPTYBAHHA

drioeMHUN TPAHCTIOPT CKJIAMAETHCS 3 HU3KU (DYHKIIIOHATILHUX CHCTEM 31 CBOIMU
MexaHi3Mamu peryisiii. Ha piBHI Me30biay JucTka (IOHOP) PEeryIisilis 3M1MCHIOETHCS
IUISIXOM 3MIHM IHTEHCHBHOCTI (POTOCHMHTE3Y B XJIOpOIUIaCTaX, HAIXOHKCHHS
Tpio3odocdaTiB 10 NUTOIMJIA3MU Ta BUKOPUCTAHHS 1X JJII CHHTE3y CaxXxapo3u.
@DOTOCHHTE3 TAKOXK CIYXHUTh JKepesnoM eHeprii (ATdD) st akTHBHOTO TEPEHECEHHSI
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aCUMUIATIB yepe3 MeMOpaHH.

[Ipu 3aBaHTa)kyBaHHI (hJIOEMHHUX 3aKiHYEHb PETYISAIIS 3IIMCHIOETHCS Ha PIBHI
H'-nommnu, ska akTuByeTbcs (DiTOrOpMOHaMH, Tepil 3a Bce aykcuHoM. ABK 6iokye
H'/K" 06MiH, 0c06IMBO IpH cTpecax (HecTaya BOJH).

[HTEHCHBHICTh PO3BaHTAXKYBaHHS (hJI0EMH 3aJICKHUTh BiJl IIBUAKOCTI CIIOKUBAHHS
acuMminaTiB. Cuila aTparyroyoi il akHENTOPHUX OpraHiB MIATPUMYE TO30BXKHIM
OCMOTHYHHUU TPAJIEHT, a, OTXKE, TPATIEHT TiIAPOCTATUYHOTO THCKY — OCHOBHHUH PYIIIiid
dbaoemMHOr0 TpaHCIOpTy. ATparyioda CWia, y CBOK 4Yepry, BH3HAYAETHCS
IHTEHCHBHICTIO POCTY 30HM aKLENTopa it akTuBHicTI0 H'-momm.

I Te i iHIIIe KOHTPOIOETHCS (PITOTOPMOHAMH.

Perynsiist ¢pioeMHOTO TPaHCTIOPTY MOXE 31HCHIOBATUCH HA PiBHI MEMOpaHHUX
NEPEHOCHUKIB caxapo3u. [Ipu 3pocTaHHI KOHIIEHTpAIii aCHUMIJIATIB Y CHUTOBHIHUX
TpyOKax BiOYBA€THCS 3pOCTaHHS TYPTOPHOTO TUCKY, IO IPU3BOAUTH JO MPUTHCKAHHS
IIa3MalieMH y KIITHHAX (PII0eMHHX 3aKiHY€HB JI0 KJIITHHHUX CTIHOK 1 B pe3yJIbTaTl — J0
nedopmailii CTpyKTypH MEpEeHOCHUKA.

doeMHUN TPAHCIIOPT 3anedcums BiJl JOCTaTHBOI KIIBKOCTI Kajifo, a TaKOX BiJl
t°, saxa BIMBac Ha (EpPMEHTHI cucTeMU. BiH aKTUBYeTbCS NPH IPOXOKEHHI II0
MPOBIAHOMY MYYKY eleKmpuino2o imnyascy (moTeHmiany nii). [ns eHepreTMuHOro
3a0e3nedeHHs] (PYHKI[IOHAIBHOI AKTUBHOCTI TPAHCMEMOpPAHHUX TOMIT HEOOX1THUMN
KUCEHb.

Tabmums
[MopiBHsUIbHU cKIa (IOEMHOIO Ta KCUJIEMHOTO COKY B OJTHOPIYHOTO JIFOITHHY

PevoBunHM (y MMOJIB/IT) Kcunema dnoema
Caxapo3sa --- 450-470
AMIHOKHCIIOTH 0,7-2,6 13-15
Kaiii 2,4-4,6 39,0-46,0
Harpiit 2,2-2,6 44572
Kanpii 0,4-1,8 0,5-1,6
MarHii 0,3-1,1 3,5-5,8
Hitparu Cruigu 0,003
pH 5,9 8,0
"y mr/n

Tepnenn — ByrJIeBoHI, 110 MaroTh 3araibHy Gopmyny (CsHg)n, a iXHI MOXiAHI, IO MICTATh
KHCEHb, HA3UBAIOTh TEpIieHOiaMH. TeprieHu i TepIeHOINN HajekaTh 10 PI3HUX KJIAciB MPUPOJHHUX
CIIOJIYK, aJie, He3BaXKalouu Ha 1€, B OCHOBI CTPYKTYPH BCIX IIUX CHOJIYK JIeXHTh 130mpeH: CsHs.

VY 3ajexHOCTI B YHCia 130IPEHOBUX JaHOK yC1 TEPHEHH 1 TEPIEeHOIAM KJIAcU(IKYIOTh Ha
HACTYIIHI TPYIIN:

1) CsHg — namniBTepnenu;

2) C1oH16 — MoOHOTEpHEHH, 110 CKIIaJA0Th JIeTKoneTyuyre (hpakiii egipHUX OJIiif;

3) CisHyq — ceckBiTeprieHn, M0 CKJIAIal0Th BAXKKOIETKI (4acTO HE TEPETAaHSIOTHCS 3 BOJSHOIO
naporo) ¢pakiii epipHUX OTii;

4). CooHsy — mutepnienu, 1mo BXOIATh 0 CKIaay PsIIy CMOJT,

5) C3oH4g — TpuTEpIIEHH, 110 € arfliKOHAMU CAMOHIHIB;

6) CsoHesa — TETpaTEpIICHH, 1110 YTBOPIOIOTH P13HI MITMEHTH, Y TOMY YHCII KAPOTHHOIIH;

7) CsHg)n—moniteprienn. Jlo HUX BiTHOCATBCS KaydyK i ryTamnepya.
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3aranbHa

dopmyna Miaknacu TepneHoiais MowwupeHrHs y npupoai

lemiTepnenu Edipni onii

Momnorepnenu (6iizonpenn) Edipni omnii. Ipunoimu.

Edipni ounii, cecksi-

CeckBiTeprneHu (TpHi3onpeHH) <
TEPHEHOB1 JIAKTOHH.

Cmoum. banb3amu.

Jurepnenu (TerpaizonpeHu) AnEsnonm

Odiobnann, npoayky-
0ThCS TpUOaMHu

Cecreprepneny (1eHTai3onpeHH)

Tpurepnenn (rekcaizonpesu) Canoninn. Crepoinu.

Kaporunoinm.

Terparepnenyu (OKTai30npeHH) Kcantodinu

IMonitepnenn (nmoainpeHon) Kayuyxk. 'yranepua.
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TETEPOTPO®HUM CIIOCIB )KUBJEHHSI
Y POCJIMH

ABTOTpOodM 371aTHI  CAMOCTIMHO CHHTE3YBAaTH OPraHiyHi pPEYOBUHH 3
HEOpraHiuHUX. BOHM MNOAUIAIOTECS HA ¢pomocunmesyroui opraHizmMu (OUIBIIICTH
pPOCIHH 1 fesiki OakTepii) Ta xemocunme3yroui (6axTepii).

Lereporpodu — TBapuHu, rpubH, OUTBIIICTH OakTepid 1 YacTUHA POCIHH —
KUBJISATHCS TOTOBUMH OPTaHIYHUMU PEYOBHUHAMM.

Cepen pocnun € (akynbTaTUBHI W o6usiratHi rereporpodu — canpoditu
(cammpotpodu), mapa3uTH, KOMaXOiAHi POCJINHU.

KpiMm TOro, y XUTTI POCIMH € MOMEHTH, KOJIM >KUBJICHHS BiJIOYBa€ThCs 3a
pPaxyHOK 3allaCHUX OpPTraHiYHUX PEYOBUH, TOOTO TeTepoTpOdHO — MPOPOCTAHHS HACIHHS,
(dbopMyBaHHS OpraHiB BEreTaTUBHOIO PO3MHOXKEHHS, PO3BUTOK KBITOK, OpYHBOK Yy
KBITKOBHMX POCJIMH 1 T.J. baraTo opraHiB pociiMH reTepoTpoQHI1 MOBHICTIO YU YACTKOBO
(xopeHi, KBITH, OpYHBbKH, IUIOAH, HACIHHS) 1, HAPEWIT], BCl TKAHUHU W OpPraHd pOCIIHH
reTepoTpO(HO KUBJISITHCS BHOUI.

TakuM yuHOM, cemepompo@Hull cnocio HCUBNEHHI MKAHUH MAK CaAMO 36UYHULL
onsi pocauH, Ak 1 gomocunmes.  OIHAK JOCHIDKEHUM 1€ CIOCIO >KUBJICHHS
HEJOCTATHLO. VOrO BHBUEHHS JAacTh MOMNJIMBICTH 3PO3YMITH MEXaHi3MH JKHBIICHHS
KJIITUH, TKAHUH Ta OPTaHiB y LI pOCIIHHI.

PociauHn MOXKyTh 3aCBOIOBATH SIK HU3bKOMOJIEKYJISIPHI OpraHiyH1 pe4YOBHUHU, TaK 1
BHCOKOMOJIEKYJISIpHI. B OoCTaHHBOMY BHMaJKy TOBOPSTH NPO TPAaBJIEHHSl — npoyec
(pepmMeHmamueHo20 po3uenieHHs: MaKpoOMOJIeKyl OP2AHIYHUX DeYO8UH HA NPOOYKMU
be3 610060i cneyugiunocmi, AKi NPUOAMHI 0151 BCMOKMYBAHHSL.

Po3pi3HsI0Th 3 TN TPaBIICHHS:

— BHYTPINIHBOKJIITUHHE (HAWIaBHIIIE, ¥ POCIUH BIIOYBAETHCS B LUTOILIA3MI,

BaKyOJIsIX, IJIaCTUAAX, chepocoMax);

— MemOpanHe (y pOCIHMH HE AOCIIIKEHO);

— MO03aKJIITUHHE (KOJH TiAPOTITHYHI (DEePMEHTU BUIUISIOTHCS HA30BHI; e THUIIT

TpaBJICHHS XapaKTePHUM Il KOMaXOiIHUX POCIUH, €HAOCIIEPMY 3€pHIBOK 3J1aKiB

TOIIIO).

] CAIIPO®PITU (CAITIPOTPODH)

CamnpoditaMyu € rpudu, 1 Xouya BOHMU HajeXaThb A0 OKPEMOIO LAPCTBA, iXHS
¢i3iooris 61u3bKa 10 (Pi310J10T1T POCTUH.

Y nnasmanemi rpu6is ¢yHkiionye H'-omna i B oTouyrode cepenoBHILe rpud
BUJILJISIE PI3HOTO POy KHCHI TifpoJia3u (MO3aKIITHHHE KHUCJEe TpaBlieHHs). MexaHizm
YCMOKTYBaHHSI TakO TOB’si3aHMii 3 po6otoro H'-mommu. Ilykpu i amiHOKHCIOTH
HAJXOJATh 70 IUTOIJIA3MU B cUMIOpTe 3 ioHamu H' 3 10momororo minonporeiHoBHX
nepeHocHuKIB. JlkepenoM eHeprii ciyxuTh pi3HuUIS pH 1 enexTpuynuit MemOpaHHUN
MOTEHIAT.

Cepen  pociavH _canpodiTHUR  cnoci®  KUBJICHHS JIOCUTh 3BUYHHUMA IS
BOJIOPOCTEH: 30Kpema, i 0iamomosux BOAOPOCTEH, SKI JKUBYTh Ha BEIUKHUX
rIMOWHAX, /€ HEJOCTaTHbO CBITJIA; ISl XJIOPOKOKOBUX, e82lleHosux (TPU BEIUKIM
KUIBKOCT1 OPTaHIYHUX PEUOBUH y BOJIOMMAX).
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3a nanumu B.}HO.Cemenenka, 30amuicms 00 pocmy Ha OpeaHiyHOMY cepedosuyi
6 mempssi yu Ha ceimai npu siocymuocmi CO, xapaxmepna 015 Oinbuiocmi 6u0ig
CUHbO3CNIeHUX,  3€/IeHUX, JICO6MO3eNeHUX ma iHWUX 2pyn 6odopocmeil. IxHi
NPEICTaBHUKU B MEBHUX YMOBax NEPEXOAiTh 3 (POTOTPO(GHOro crocoly >KUBJICHHS Ha
ACUMUTSIII0 PI3HUX OpraHiYHUX CHOJYK 1 3A1MCHIOITh rerepoTpodHuil  abo
¢dboTorerepoTpoHUil cociO KUBJICHHS, YACTO CYMIIIAIOYH iX.

Cripn 3a3Ha4YUTH, 110 TIepexisl 10 (OTOreTepoTpoPHOro Y reTepoTpohHOTO TUITY
KUBJICHHSI CYIPOBOIKYETHCS 1HAYKIIEID TOMATKOBUX (PEPMEHTHUX CHUCTEM. Y TaKUX
OpraHi3MiB Ma€ MicCIlle MpsIME BHUKOPUCTAHHS OpPTaHIYHUX JHKEpesl BYTJCII0 Ta a30Ty.
Inacmuunicmv cnocobi8 JHCUBNEHHSA HUNCUUX POCIUH O00380IUAA IM MAMU UWUPOKI
apeanu ma 3QUHAMU PIZHOMAHIMHI  eKono2iuHi Hiwi. JOCTHIDKEHHS IKWUBIICHHS
BOJIOPOCTEH JO3BOJIMIIO BUPOIYBAaTH 0araThbOX 3 HUX Yy PI3HUX BOJIONMAax Ta BBOJIUTH
110 IPOMUCIIOBOI KYJIBTYPH.

Cepell NOKPUTOHACIHHWX TakWil croci0 KMBJICHHS Tpamisgerbest pinko. Lle
3BUYANHO 0€3XJI0pOo(UIbHI POCIHHHU, SIKI BUKOPUCTOBYIOTh THUIOU1 3QJIMIIKH POCIHH 1
TBapuH. Hanpuknan, pi3ui Buau MmipMekonii, 30kpema, Gidiophytum formicarum —
HaIlllBYarapHuK, cTe0J10 SIKOr0 YTBOPIOE BEJIUKY OYIb0Y 3 UMCICHHUMHU XOJaMH, B SIKUX
MOCEJISIIOTECA  Mypamikd. Ll pociiviHa BUKOPUCTOBYE [IJISi SKUBIICHHS TPOJIYKTH
KUTTENSUIBHOCTI Ta 3allac MypAIIIoK.

Ho canpoditiB Hanexkatb emigiTé — pOCIMHU, IO OCENSIIOTHCS Ha JIepeBax,
yarapHukax. BoHu mnpucrocoBaHi s A0OyBaHHA NOXXHBHUX PEYOBHMH 1 BOAM 3
HABKOJIMIIIHBOTO  cepeloBUIna. YacTo BHUKOPUCTOBYIOTH OpTaHiYHI PEUYOBHUHU
MePErHUBAIOYUX 3JIMIIKIB TBAPUH 1 POCIIUH.

Jeski 0e3xynopodinbHl BHAM i1 3a0€3ME€UeHHs ce0e OpraHiyHO ikKero
BUKOPUCTOBYIOTh CUMO103 13 TpudamMu — 11e¢ MiKOTPO(Hi pOCIUHMU.

Oco0OnuBo 0Oarato Takux BHUJIIB cepell poAuHU opxiaHux. Ha panHix eramax
PO3BUTKY BCl1 OpXiJHI BCTyNarTh y CUMO0103 13 TpubaMu, OCKIJIbKHA Y iXHhOMY HAaCiHHI
3amacy TOXXMBHUX PEYOBHH IS PO3BUTKY 3apojka HemoctaTHho. [idu rpubdiB
3a0€3MeuyloTh 3apOJIOK OpPraHIYHUMHU pPEYOBHHAMHM W MIHEpaTbHUMU COJISIMUA 3
MEpPEerHo0. Y JOpOCIuX OpXiaed 3 MIKOTpOHUM THUIIOM >KUBIEHHS Tipu rpudiB
MIPOHUKAIOTH N0 TepudepuyHoi 30HU KopeHiB. OaHak (yHricTaTU4YHA Misl TKAHWUH Ta
JISUTBHICTD KIIITHH “(harouTiB” 00MEXYIOTh IXHE TTOIAJIBIIE TIEPECYBaHHS.

Jo canpoditiB HamexuTh 1 mix samaHuk (Monotropa). OxHak 1 TyT HasBHUUR
cuM0103 13 Tpubamu y ¢opmi Mikopu3d. PociuHa MIBUIIIE BUCTYNAE Mapa3uTOM,
neperpasiooun ripu rpuda, a canpoditom € cam rpud. Y OUIBIIOCTI K€ BHUIIAJIKIB
pOCJIMHA BUKOPUCTOBYE MIKOPHU3Y JJis 30UIbIICHHS MOTJIMHAHHSA BOJAU ¥ MiIHEPAJIbHUX
COJIEH.

e [JIAPA3UTHU

MoskHa BBaXKaTH, IO HA MPUKIAMI MMl STIMHHUKA Ta OpXifeil OyJ0 pO3TISHYTO
Mapa3uTUYHUHN CIOCIO KUBIICHHS BUNUX pociauH. [Ipu mpoMy MikOpu3HUM rpubd TaKoXK
BHCTYIIA€ SK IMapa3uT, BUCMOKTYIOUH 4Yepe3 BUPOCTHU-TAYCTOPii MOKHBHI PEUOBHHHU.
MexaHi3M Takoro sIBUIIA TaKOX MOOYI0BaHHUM Ha OCHOBI H'-nommmu.

Buiii pocJHMHH-IAPAa3sUTH — II€, SK IMPaBWJIO, BUCOKOCHEINATI30BaHI BUIN 3
PEAYKOBAHMMHM a00 ITOBHICTIO BTPAY€HMMM B XOJII €BOJIIONII JIMCTKAMM, @ 4YacTo 1
KopeHsMU. Jlesiki 3 HUX MOBHICTIO BTPATUIIN XJIOPOQII.
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Hanpuximan, BoBuok (3apasuxa, Orobanche), wo naniuye 6auzvxo 200 6uois i
napasumye Ha KOpeHAX 0a2amvox KYJIbMYPHUX pOCAUH, 30KpeMa, Ha PpOCIMHAX
COHSIIITHMKA, TIOTIOHY, IMOMIJIOPIB, KamycTH, KapTorii Ta iH. Ile 6aratopiuHi KOpeHeBl
napa3uTH, HACIHHS SKUX JOCUTH JpIOHE, JETKO MPOHUKAE J0 IPYHTY 1 MPOPOCTAE JIUIIIE
IPU HASIBHOCT1 BUAIEHb POCIMHU-TOCTIONAPSI.

3 HaciHHS BOBYKA YTBOPIOETHCA TOHKHUM MPOPOCTOK, SKUM MpH 3arjivOieHH] B
IPYHT 3/11MCHIOE TBUHTOIOAI0HI pyXu. TOpPKarOYMCh KOPEHS POCIMHHU, KOPIHEIhb BOBUKA
MIEPETBOPIOETHCS HA TAyCTOPIlO, KA BUILISE TIAPOJIA3U, IO POIYMHSIOTH KIITHHHI
CTIHKHM, 1 TaKUM UYMHOM MPOHUKAE BCEPEIUHY XX JO JepeBUHH. Uepe3 neskuii vac
KOpiHb BOBYKA Jla€ OpYHBKY, 3 SIKOI BrOpPY PO3BUBAETHCS TOBCTE M SICUCTE CTEOJO 3
npiOHMME  JHEcTOukKamu  0e3  xjopodimy. [lapasut 3pocTaeThcsi 3  KOpeHEM-
rOlyBaJIbHUKOM HACTUIBKH, MO0 BaXXKO 3HAUTH MEXY MK HUMHU. Y TEpioJ POCTy
BOBYOK TOTJIMHAE BEJIUKY KIJIbKICTh OPTaHIYHUX, MiHEPATbHUX PEYOBHH, a TAKOX BOIY
pPOCIMHU-TOCTIONaps. Y POCIUH TOMATIB, YPaKEHUX BOBYKOM, BMICT OLIKOBOTO a30Ty
3MEHIIIYEThCS B 3 pasu, a yKpiB — y 16 pasis.

Ille onnH npuKIax KOPEHEBOTo napasuta — NeTpis xpect (Lathraea squamaria),
AKULl napasumye Ha Kopewsx Oepes ma Kyuyie. VIoro KOpeHeBHINE Haragye Xpect i
MPUKPITUTIOETBCA 10 KOPEHS POCIMHU-TOCIOAAps NpPHUCOCKaMHU. Y  KBITHI-TpPaBHI
KBITKOHOCHI MaroHu mapasuTa 3 po>KeBUMH JYCOUKAMU 3aMICTh JIUCTA 3’ ABJISIOTHCS Ha
MOBEpXHi IPyHTY. [licis nmepexpecHoro 3anujieHHs] Ta TUIOJOHOIICHHS Ha3eMHI MaroHu
B1IMUPAIOTh.

YV moutuni (Cuscuta) HuTKOBHIHI cTeOlia 3 pPEIYKOBAaHHUMH JIMCTKAMU-
JycoukaMH OOBHMBAIOTHCS HABKOJO CTEOEN POCIUH-TOCTIONApiB 1 MPUCMOKTYIOTHCS
raycropisiMu (BUIO3MIHEHI Y MPUCOCKHU JOJATKOBI KOPEH1). 3 NUCKOBUAHUX raycTOpii
rpyna KIiTHH IIEHTPAIbHOI YAaCTHHH TNPOHHKAE JO KOPOBOi MapeHXIMH POCIHUHU-
rocrojapsi 1 ciarae NEHTPAJIBbHOIO UWIIHAPA, 3BIIKM OTPUMYE BCl HEOOX1AHI pEYOBUHHU.
3ae0ae 6enuxoi wWKOOU CilbCbKO2OCNOOAPCHLKUM KYIbMYPAM, OCOONUBO KOHIOUWIUHI,
JIbOHY .

[1i3HO HaBeCHI 3 HACIHHSA MOBUTHUIIl BUPOCTAE TOHKA KOBTA HUTKA, KA 31HCHIOE
pPOCTOBI KpPYroBI pyXu 1 3HaxXOAUTh POCIHMHY-TOCHONApPS 3aBISKH  SBHIIAM
xemotpomnizmy. [liciss MOTHKY A0 SIKOICh POCIMHHU MAapOCTOK OOBUBAE ii, a B MICISIX
JOTUKY 3 POCIMHOI0 YTBOPIOIOTHCA PO3MIIIEHI psaMu OOpPONABKU, MPHUCOCKH SIKUX
BpOCTalOTh y cTe0s10 kepTBU. [[OBUTHIIT HE Mae KOPEHEBOI CHCTEMH, ii 3aMIHIOIOTH
MPUCOCKM — BUJO3MIHEHI aJBEHTHBHI KOpEHI, Kpi3b AKI BOHA 1 OJEpPXKYye HEOOXIIHI
OpraHiyHi pe4yoBUMHHU. Yepe3 MEBHMIM Yac MOBUTHUI BTpayae 3B'I30K 3 IPYHTOM 1
(YHKIIOHYE TUIBKM 32 paxyHOK pOCIMHHM-rocnojaps. BoHa 3acMmiuye HacClHHAM IPYHT,
MOCIBHUM Matepia 1 € 371ICHUM KapaHTUHHUM Oyp’STHOM.

[Tapazutnyna pociuHa — paduiesist ocusumsbcsa cokamu Kopenie mponiuHux aiaH,
710 SIKMX BOHA MPOHUKAE TAKOX 3a JOIMOMOI0I0 TayCTOpii Ta TiAPOJITUYHUX (PEPMEHTIB.
Yce xutrta padiiesis IpPOBOAWUTH i 3eMjCto, 1 Jumie il KBITH 3 SBISIOTBCS Ha
ITOBEPXHI.

Mo nanienapaszumie nanedxcums wupoxo nowupena 8 Yrpaini omena (Viskum L.).
Ile mepeBa)kHO BIYHO3€JEHI POCIMHM 31 3HAUHUMHU TalyXeHHSIMH cTeOsa. 3amicTb
KOpPEHIB y HHUX (OPMYIOThCS TPUCOCKH, B SKUX PO3BUBAIOTHCS CYJIWHHU, IO
MPUETHYIOTBCST IO MPOBIAHOI CHCTEMH POCIMHHU-TOCTIOAApsA. SIKIIO B MOMIpPHINA 30H1
BHUJIM OMEJIM HE3HAYHO YIIKOKYIOTh CBOiX Xa3fiB, TO B TPOMIKaX BOHU HACTIIBKH
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IHTEHCUBHO BUKOPHCTOBYIOTh 1X COKH, 1110 CaMa POCIMHA THHE.

o YKUBJEHHS KOMAXOIAHUX POCJIMH

Bigomo Ouisiie 400 BUAIB MOKPUTOHACIHHMX KOMAXOITHUX POCIWH. BIIbIIICTh
13 HUX KMBE Ha O1IHUX a30TOM OOJOTUCTUX IPYHTAX.

JloBujibHI _MexaHi3Mu. JIMCTKM KOMaxoOilHUX PpOCIUH TpaHchopMOBaH1 Y
CrieliayibH1 JIOBWJIBHI TIpUCTpoi (macTku). [Ipy macuBHOMY THITY JIOBII 300MY MOXKE
IPWIMIATH A0 JUCTKIB (6i0Jic, pocosmeT) a0 MOTPAIUISITH 10 CHEHIAIbHUX MacTOK Y
BUTJISIZII TJCYUKIB, TPYOOUOK, «KBITIB» SICKPaBHUX KOJIbOPIB 13 COJIOJKHM apOMaTOM
(cappanenisi, rexiamgopa, 1apJiHrTOHis).

J171s1 aKTUBHOT'O 3aXOIUICHHSI KOMaX BUKOPUCTOBYETHCS MPUKJICIOBAHHS 37100141 3
OJTHOYACHUM OKYTYBAaHHSM BOJIOCKAMH UM JIACTKOM (KUPSHKA, POCAHKA); 3aXOIUJICHHS
3a TUIIOM KamkaHa (aJibAPOBaH/Aa, BEeHEPHMHA MYXOJIOBKA); ¢pEeKT YTATYBaHHS 3a
JOTIOMOT OO JIOBIJIBHUX ITYXHPI[iB (IIyXHPYATKA).

JInst BCIX TUIIB XapakTepHO BUAUICHHS apoMarty. LIIBHIIKI pyxu 3[1HCHIOIOTHCA,
AK TPaBWIO, 3aBASKA 3MIHAM Typropy KIITHH 1 3allyCKalOThCA 3 JIONOMOTOIO
MOTEHIIATIB A1l y BIJMOBIIb HA OIPA3HEHHS YyTJIMBHUX BOJIOCKIB. UyTIMBICTh BOJIOCKIB
HACTIJTbKM BHMCOKa, IO BOHU BIJ4yBalOTh Macy Bosiocunu jroguHu (0,00082 r).
XapakTepHo, 110 Ha HEICTIBHI peUOBUHHU (MIIIUHKH) BOJIOCKH Mailke HE pearyroTh.

Tpasaenns. CriiiMadi KOMaxyu NEPETPABIIIOIOTLCS CEKPETAMHU YHCICHHUX 3aJI103.
Jlesiki KOMaxXoiJiHI POCIIMHU MApai3yloTh 370014 ankanoioamu. JIMIKUN ciu3 MICTUTH
0arato KuciIux nonicaxapudieé (Ha OCHOBI KCHJIO3U, MAHHO3U, TAJIAKTO3M) 1 OpeaHiyHUX
Kuciom, a TaKoX 2iopo/ia3u, siKi aKTUBHI B KUCJIIOMY CEpEIOBHIIT.

BuninienHs OJHHMX 3all03 CTUMYJIIOE CEKPETOPHY JISUIbHICTh 1HINUX, SKI
BUJIUISIIOTh KUCIOTH (MypamuHy, OeH30lHy), depMeHTH (mporteasu, Qocdarasu,
ecTepaszu, puOOHYyKJIea3u, Jinazu). MypalimHa KUCJIOTa HE JIUIIE aKTUBYE (pepMeHTH
posmany OIKIB, a i 3HUIIYE THUJIICHI MIKpPOOPraHi3MHU, sIKi HEraTUBHO BIUIMBAIOThH Ha
camy pOCJIHUHY.

CekpeTopH1 KJIITMHM KOMaxoOiJTHUX POCIMH MarwTh J0o0pe po3BuHytuid EP 1
anapat [ombki, SIKI MPOIYKYIOTh BEIUKY KUIBKICT cekpeTy. Cekpeuis HOCUTh
aKTUBHUM XapakTep 1 3aJICKUTh B1JI TUXaHHS.

YcMOKTYBaHHSI MPOAYKTIB pO3Maay 3IIMCHIOEThCS THMH 3K 3ajlo3aMHu. BoHH
3’€JIHaH1 3 MPOBITHOI CUCTEMOIO POCIUHU. BBeCh Tpoiiec BiI0YyBAETHCS yKe HMIBUIKO
— 3a JIIYeH1 XBUJIMHHU.

Ilpoyec mpaénenns y KomaxoiOwux pociur 30ilCHIOEMbCA NPUHYUNOBO MAK
camo, K i 8 wayHKy meapun (CEKpemiss KUCI0T, KUCI T1poJia3u), 1 B JaHUW Yac I1e He
BUKJIMKA€ CyMHIBY.

3aKkHUCIICHHS CepeloBUINA Y IIIYHKY TBapWH 3I1MCHIOETHCS B PeE3ysbTaTi
¢ynkuionysanns H'-mommu y miasManemi KIITHH CIM3UCTOI TKaHMHM LITyHKAa. 3a
ionamu H 10 MOPOXKHUHU BUXOsATh aHloHU Cl . Xi1op He € HeoOX1THUM ISl POCIIHH, 1
TOMY Y HHUX BHUXOJSTh aHIOHM OpPraHIYHUX KUCIOT (MypalluHOi Ta iH.) BiactuBocti
KHCJIOI POCIMHHOI TpoTea3sd NoMAI0OHI [0 BJIACTUBOCTEH TNENCUHY, HANPUKIA/I,
MaKCUMYM aKTUBHOCTI CIIOCTEPITa€ThCs IpH 3HaUeHHs X pH=1-2.

HaiinommpeHinmmm BHIOM KOMaXOIIHUX Y IMOMIPHIii 30Hi € pocsinka (Drosera).
Ile neBenmuka OosoTsiHA pociuHKa, 10-15 cM BHCOTOIO, 3 KPYTJIMMHU YH TIOJIOBTACTUMU
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aucTkamu. JIucTky BKpUTi OaraTbMa 4epBOHYBATUMHU BOJIOCKAaMHU, IO JOBIII 1O Kpasix i
BUJUISIOTh KPAIJIMHU JIUMKOI MPO30pOoi piIMHHU, siKa BHOMUCKYye Ha coHll. KpammuHu
MICTSTh PEYOBUHH, SIKI MAIOTh MapaIiTUYHy 110, HAIIPUKJIAJ, KOHIiH. PinnHa BKpuBae
KOMaxy, B HIA MICTATbCA TIApoJia3d Ta  KUCIOTH, KOTpl 3a0e3MeuyroTh
30BHINTHBOKJIITUHHE TMEpeTpaBieHHs. JINCTKU POCSIHKH MAarOTh XJIOPOQ1T 1 3M1HCHIOIOTh
¢dotocunrte3. OnHak 6€3 TBAPUHHOI 1K1 BOHA POCTE YK€ MOBUIBHO.

3HaueHHs1 _KomaxoigHocTi. KoMaxoinHi pocivHH pPOCTYyTh Ha OIHUX Ha
MiHEpaJIbHI €JIEMEHTH IPYHTax. ¥ HUX cia0ka KOpeHeBa CHCTEMa 1 HeMae MIKOpU3H. 3
Tija XepTBHU 11 pocauHu oTpumyioTh N, P, K, S Ta iH1I11 enemMenTH, a TakoX OopraHivsi
pEYOBMHU. 3BUYAMHO TOTOBAa OpraHiyHa PEUYOBHMHA JJISI HUX € Hacamrepen JHKepeioMm
MOTIOBHEHHS a30Ty. 3aBASKU BJIACTUBOMY IM THUITy XUBJICHHS, KOMaXOilHI POCIMHU
3aliMaloTh MEBHY €KOJIOT1UHY Himry. J{eski 3 HuX 31aTHI A0 IBITIHHS Ta PO3MHOXKEHHS
JIMIIIE TTCIISI OTPUMAaHHS TBAPUHHOT K.

e T'ETEPOTPO®HUN CHOCIb AKUBJEHHA 3A
PAXYHOK BJIACHUX OPI'TAHIYHUX PEYOBHUH

3aragoM 3€lieHI POCIMHU aBTOTPO(HI. AJie OpraHiyHl pEYOBUHH, SKI
YTBOPIOIOThCA B XoA1 (porocunTesy 13 CO, ta H,O y nucTkax, 3ronoM HaaAXoAsTh A0
BCIX 1HIIMX YaCTHH, SIKI KUBJSATHCS 32 PAXyHOK LIUX TOTOBHX BYTJIEBOJHHUX CIIONYK,
TOOTO reTepoTpodHO. VY THUX BHIAJKaX, KOJIU POCIMHHUN OPraHi3M BHUKOPHUCTOBYE
3amacy OpPraHiYHUX PEYOBHH a0 O10MONIMEPH LMTOIIA3MH, LI PEYOBUHU MOBUHHI
OyTH mornepeaHbo TiAPOII30BaHi 1, TAKUM YHMHOM, IEPETBOPEH] Y TpaHCIOPTAOEIbHY Ta
JIETKO 3acBoroBaHy ¢opMy. Llel mpoliec NpUHLIKIIOBO HE BIAPI3HAETHCS B TPABJICHHS y
KOMaXOiJHUX POCIIHH.

TunoBi pe3epBHI PEUOBUHU Y BUIJISAAl BYIJIEBOJMIB, OUIKIB 1 HUPIB POCIWHU
HaifyacTimie BiJIKJIaaaroTh ab0 B eHjxocrepMi, ab0 B CIM’SI0JAX 3apojiKa HaCIHUHU. Y
3nmakiB y nepudepiiiHiii 30H1 eHaocnepMy (GOpMyIOThCsS aledpoHOBI 3epHa, Oarari Ha
3amacHi Outku. Kpoxmasib HarpoMamkyeTbcsi B €HIOCIEPMI Ta CIM’SJIOJSX HACIHHS 3
HU3BKUM BMICTOM >KHUPIB, a MU — y chepocomax.

Tomy B mpolieci NpOpOCTaHHS B HACIHHI ICHYIOTh JIBl aKTUBHI 30HU: MOOLIi3ayii
pe3zepsHux peuosur (SHIOCTIEPM, TIEPUCIIEPM YU CIM sI10J11) 1 pocmy (3apOA0K).

IIpouecu TpaBJieHHs B eHaOCHIEepMI
[Ipomiecu TpaBieHHS B €HAOCHEPMI BiJOYBAlOThCS B OCHOBHOMY IILISIXOM
TAPONITHYHOTO PO3Maay 3allaCHUX PEUOBHH:

nporeasun

6iNKu —  aMiHOKMUCIOTH ,
) 6ori
nonicaxapmamn “PRerARE_ - vkpy |
. . inasu . .
ninign " sUpHi KMCNOTH + raiuepon.

PosrisaemMo, 110 BiIOYBA€ThCS MPU IPOPOCTAaHHI 3epHA. Y 3epHIBKaxX I
MOOUTI3aIlli Ta BCMOKTYBAaHHS PE3EPBHUX OPTaHIYHUX PEYOBUH CIYXKUTh BUIAO3MiHEHA
cim’sons — wumox. Voro ¢yHkuis amanoriusa QyHKIii UUTyHKa. B emiTemianbHuX
KIiTHHAaX muTKa (yHKIionye H'-momma i mmTOK BHiNsge B endocnepm OpraHiuHi
KHUCJIOTH (JIMMOHHY, IIABJIEBOOLTOBY TOWIO). B pe3ynbTaTi 3aKuciIeHHs HalmiBMEPTBUX
KIIITUH eHoocnepmy (siApa Ta 1HILI OPraHOilyd 3pyHMHOBAH1) y HUX aKTUBI3YIOTHCS KUCI1
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riipojia3y, B MEPILY Yepry — o-aMijia3u, 1 KPOXMalb PO3KIAJAETHCS IO MajbTO3U Ta
roko3u. KpiM Toro, emiTemiaiabHl KIITUHM IIMTKA TaKOX BUAUISIOTH B €HIIOCIIEPM
KHCIII TiApoiia3u: o- 1 [-aminasu, IeJUTiofasy, mpoTeasu, TiokaHasw, (docdarasy,
PHK-a3y Tomro.

Ha 3 — 4-ty no0Oy mpopocTaHHS A0 TPaBHOI MISUTBHOCTI IIUTKA 3aydaeThCs
€IVMHUN KUBUM ap KIITUH — nepudepiiHuil azetiponosuti wiap. BiH TakoX BHIUIIE
OpraHiuHi KMCJIOTH Ta TiApoiTU4YHI ¢hepMeHTH. Taka CIiJibHA AISJIBHICTh MPU3BOAUTH
JI0 TIOBHOT'O PO3YMHEHHS 3allaCHUX PEYOBUH €HAOCIIEPMY.

Humok € i ecucnum opeanom. Yepe3 HBOTO 3HINCHIOETHCA TIEPEHECEHHS
TIPOJII30BAaHUX PE3EPBHUX PEUYOBHMH 3 CEHAOCIEPMY JI0 MPOBITHUX TYUKiB, SKI
TPAHCTIOPTYIOTH 111 CIIOJYKH J0 3apojKa. TpaHCHIOPTyBaHHS OPTraHIYHUX PEUYOBUH Yepe3
miasManeMy KIiTHH IIUTKA 3iCHIOEThCS 3aBAsku pobori H'-momm i B cummopte 3
ionamu H”.

Veecv yeil npoyec nepebysac nio copmonanvHum koumpoiem. CekpeTopHa
JUSITBHICTh IIMTKA aKTUBI3YETHCA LIMTOKIHIHOM 1 ayKCHHOM, a aJeHpOHOBOro Imiapy —
rioepeiHOM, SIKUM HaJXOIUTh 13 IIIUTKA i 3apojIKa.

[lomiOHi mpoliecu BiOYBAIOThCS 1 TMPU OPOPOCTAaHHI JIBOJIOIBHUX, XOY B
OCTAaHHHOMY BUWNAJKY BIJIOYBA€ThCS BHYTPIMIHBOKIITHHHE, a HE MO3aKJIITHHHE

TpaBJICHHA.

Mo0inizanisi 3ape3epBOBaHOrO 0iJika B IPOPOCTAOYOMY HACIHHI

Ce30HHA MEPIOAMYHICTh PO3BUTKY POCIMH OXOIUTIOE MEPIOJU CIOKO, TMepe
SKAMH aCHMUISITH 3 JIMCTKIB BIAKJIAAalOThcs Ha MaiOytHe. Ili 3amacum HeoOXiaHI
POCIIMHI JIJIsl TOYATKy POCTY B HACTYNHUM BereTaliiuuii nepioa. Pesepsuumu popmamu
MOKUBHUX PEUOBHH € OLIKU, noaicaxapuou, mpueniyepuou (BITHOCHO OCMOTHUYHO
HEaKTHBHI (hOpMHU).

3anacHi OUIKM JIOKQJIi30BaHI B aJeHpOHOBUX 3€pHax 1 OUIKOBUX Tijax Ta
IPEACTABNICH] _2n00yninamy (OCHOBHA (opMa JABONOJNBbHUX) 1 anvoyminamvu. B
3aJIEKHOCTI BIJ 3IaTHOCTI JO €KCTPAKUIi PI3HUMH PO3YMHHUKAMHU PO3PI3HIIOTH TaKOXK
npoaaminu 1 entomeninu. boo6oBi pocnuaM MicTiaTh y HaciaHi 20-30 %, omiiiai — 17-
42 %, 3naku — 7-14 % Oinka Ha cyXy Macy.

AJleilipoHOBI 3epHAa — pe3epBYIOUl OpPraHoiau KIITUH po3Mmipom 0,1-25 Mkwm.
Otoueni oguHapHot0 MemOpanoto. Mictate 70-80 % Oinka Ha cyxy macy. Jlo IXHbOTO
CKJIJly BXOJSTh TaKOX ByrieBoau, pochominiaun, ¢pitun, PHK, comi masneBoi kucioru.
TpamnaroTbcss CKIaAHI Ta MPOCTI anedpoHoBi 3epHa. CKaaoui XxapaxmepHi O
080001bHUX 1 MaIOTh BKJIIOYEHHS 2-X THMIB — TJ00OiMHI ¥ KPHUCTAJOiMHI, OTOYEHI
amopHUM mapoMm. V 3rakie aneiponosi 3epua npocmi. 3HAXOAATHCS B AJIECHPOHOBOMY
mapi. B anelipoHOBHX 3epHax MICTATbCA AESAK1 KUCHI T1IpOJIa3H.

BinkoBi Tina 3HaxXOmATHCA B KPOXMAJMCTOMY eHjocmepmi 3inakiB. Lle
reTepOreHHl CUCTEMHU, SIKI MICTATh PI3HI TPYNHU PE3EpPBHUX OUIKIB, KPOXMaJlb, JIMIIHU 1
CATalOTh PO3MIPIB B JEKUIbKA MKM.

Po3nan OUTKIB MOYMHAETHCS 3pa3y K Micis HaOyXaHHS 1 3/IIHCHIOETHCS KUTbKOMA
rpyrnamu nporeas. Po3pi3HAIOTh TpU CTajli MPOTEOIi3y:

1 cramiss — obmedcenuli npomeoniz OCHOBHOI MacH 3ape3epBOBAHMX OLJKIB, Y
MIEPIILY YEPTY — I3 20JI06HUX OP2aHi8 3apoodKa. 30UIBIIYETHCS PYXIUBICTh 1 PO3YMHHICTH
OIKiB. Y pe3yabTaTi IXHBOTO TIAPOTI3Y HAAXOASTh aMIHOKHUCIOTH, HEOOXIJHI IS
CUHTE3Y HOBUX (DEPMEHTHHX CHCTEM.
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2 crania — TpuBae 5-10 guiB. BinOyBaeTbcs MIBUIKHMIA po3nad ycix 3anacHux
OinKi6 1O aMIHOKHMCIIOT, SIKi TPAHCHIOPTYIOTHCS 10 3apojKa I WOTO TeTepoTpOPHOro
KUBJICHHSL.

3 cranis — nosnicmio decpadyromo pe3epeti ma hepmeHmamusti OLIKU.

s ABOJONBHUX XapaKTEPHO BHYTPINIHBOKIITUHHE IEPETPaBICHHS OUIKIB.
IxHiif posnajn BinOyBaeThCA B pe3epBYIOUMX KIITHHAX yXke Ha 3 — 5-if JeHb 3 MoYaTKy
HaOyxaHHs. Pi3ko 3pocTae akTUBHICTh KUCIUX Ti/ipona3 — pocdaras, mporeas. Y nepiry
Yepry 3HHUKAIOTh OUIKM aMOp(QHOrOo MaTPHKCY, MOTIM KpPHUCTAlOigu 1, HAPEIITi,
rnoboign. Mexanizm miaTpumaHHs kucioro pH HeBimomwuii. [lomaTkoBa KiTBKICTh
TiApoia3 CUHTE3YEThCS B EHAOINIA3MATHYHOMY PETUKYIyMi, SIKAA TPWIATAE 10
ANEUPOHOBUX 3€PEH. Y MIPY TiAPOIi3y aJIEMPOHOBI 3epHA IEPETBOPIOIOTHCS HA BAKYOJTi.

VY 3epHiBKax BLIOYBAE€TLCA SIK BHYTPIIIHLOKIITHHHE (QJIEHPOHOBUHN IIap), TaK 1
MO3aKJIITHHHE (€HI0CTIEPM) MePETPABICHHS. SIK TiapoIIi3, Tak 1 TPaHCIIOPT aMiHOKHUCIIOT
3 €HJIOCTIEpMY 4Yepe3 MIUTOK J0 MPOBIMHUX CYIWH 3MiHCHIOEThCS mpu pH=4-6. Takum
YUHOM, IiJIKUCJICHHS €HJIOCTIEPMY — BaXJIMBUH €Tal MPOPOCTAHHS 3€PHIBOK.

Mo0Oinizanisi pe3epBHUX BYIJIEBO/IB

ByriieBoau — BakiiiBa Ipylia 3allacCHUX MOKMBHHUX PEUOBHMH HaciHHA. Jleske
HAClHHS MICTUTh BEITUKY KUIBKICTh Caxapo3u, MaibTo3W, ¢GpykTo3u 1 T.a4. OmHak
OCHOBHHI pe3epBHUI BYTJIEBOI — KPOXMAJTb.

3naku MicTaTh 50-75 % kpoxmaiio cyxoi Macu 3epHa, 606081 — 50-60%

Kpoxmane sioknadaemvca y naacmudax npu o0o3pieanHi uacinusa. Komum
KpOXMaJIbHI 3€pHA BHPOCTAIOTh 1O MEBHUX PO3MIPIB, JIAMENIIPHA CTPYKTypa IUIACTU[
pyiiHyeThcs. Po3Mipu KpoXMaJbHUX 3€PEH Y PI3HUX POCIHH 3MIHIOIOTHCS Bia 15 1o 50
MKM.

IIpu npopocmanni MBUIKO 3HUKAIOTH BUIBHI IYKPU, & KPOXMAIlbHI T'DaHYIH
pO3MafaloThca. IXHA MoBepxHsA cTae mepiasoo. Lle airoTh Qocdopunasu. 3romom
3aIyCKA€ThCS TMOTYXHUM MeEXaHi3M Trigpona3: o- 1 [-aMiiga3u, O-TJIIOKO3M/a3a,
JIEKCTPUHA3A.

JIns HaciHHS [BOJOJIBHMX XapaKTepHE BHYTPIIIHbOKIITHHHE PO3IICTUICHHS
KpOXMaJIl0, SIKE TTOYMHAETHCSA B MEPIIl TOJUHU HaOyXaHHsS B OCbOBHUX OpraHax. BmicT
KPOXMAJIIO B CIM’SIAOJISIX 3MEHINY€EThCS JUIIe 3 4 — 5-T0 JTHS MPOPOCTAHHSI.

VY 3epHiBKaX MNPOXOIUTH MO3AKIITUHHUHN TIAPOII3 KPOXMAIIO, IKUW MOYUHAETHCA
BiJl IIMTKAa 1 TOIIMPIOETHCA N0 JUCTAILHOI YacTHMHU eHJocrepMy. BBech mporec
nounHaeTbest Bxke uepe3 20 romun. Illutox 3abesmeuye 17% Bciei amina3Hoi
aKTUBHOCTI. BuijeHHs amisia3 KIIITUHAMH aJI€MpOHOBOTO IIapy BiAOYBa€ThCA JIMIIIEC HA
3 — 4-y no0y.

3acBO€HHS KUPIB

[Tpubnau3ao 75% BUIIB KBITKOBHX POCIHMH BIIKJIAAAIOTh XKUPH sSK pe3epB. Lle
HEUTpaJIbHI Ta TOJISIPHI JIMIAH, sIKI 3HAXOMAThCS y cghepocomax (0,5 mrm). Tyt xe
BUsIBJICHI Kucai Jina3u. ['omoBHI (yHKIIT chepocom — 3amacaHHs 1 TEpeTpaBiICHHS
KUPIB.

VY 35akiB 1e¥ nporec BiIOYyBAaE€ThCS 3pazy K MICAs HAOyXaHHS, ajieé MAaKCUMYM
HOro akTUBHOCTI MpUnaaae Ha 3-i IeHb.

VY HaciHHI OJIWHMUX KYJbTYP pO3MaJ PE3EPBHUX KUPIB MOYMHAETHCS HA 2—3-10
no0y. BBeck mnporec mnpoxoauth y 3 eranu. Ha mepmomy — Jima3a poskiagae
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TPUTTILEPUIN Ha TIIUEpUH 1 KHUpHI KuciaoTtd. Ha Apyromy erami XUpHI KHUCIOTH
PO3IICTUTIOITECA 10 aneTwi-CoA, SKUil Ha TPeThOMY €Talli MOXe MEePETBOPIOBATHUCS
Ha 1HII1 CIOJYKU 200 OKUCITIOBATHUCS JaJIbLIE.

KirogoBa posib y niepeTpaBiieHH] )KUPIB HAICKUTh J1ina3i, y>ke HasBHIN y KIITHHI
(cuHTE3y€eThCS PO 3amac), a00 HOBOYTBOPEHIM.

[Ipu mpopocTaHH1 HACiHHA ICHYE TICHUM KOHTaKT c(PepocoM i3 IiiOKCUCOMaMHU,
Je BiIOYyBa€TbCsl poO3Maj MOHOTJIIIEPUIIB (Iy)KHa Jiima3a) 1 [-OKUCICHHS KUPHHUX
KUCTOT. TaMm ke MpOTIKalTh Peakilii TIOKCHIATHOTO IIUKITY.

['minepuH ke BITHOBIIOETBCA A0  (ocdomiokcialleToHy 1 MOXe
BUKOPHCTOBYBATHCS JIJIsl CHHTE3Y I[YKPiB IIUISIXOM TITFOKOHEOTCHE3Y.
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BIOT'EHE3 KUITUHHHUX CTPYKTYP I
OHTOTEHE3 POCJUHHOI KJITUHHU

“Te, wo Hazusaromvb CMpYKMyporo, € NOGLIbHUM NPOYECOM 8ETUKOI MPUBALOCTI,

me, wjo HA3UBAIOMb PYHKYIEIO, € WBUOKUM NPOYECOM HE3HAYHOI mpusarocmi’”
JI. bepranandi
Bona 1 moxuBHI peyoBHUHHM, IO MOCTYMAalOTh J0 KIITHH 3 IMPOBIJHUX MYYKIB,
BUKOPUCTOBYIOTBCS JIJIsl CHHTE3Y PI3HOMAaHITHHX PEUYOBHH, 13 SIKUX CKJIAHAIOThCA caMi
KIITUHU. Y IIUX MpoIecax TOJOBHY POJb BIAITParOTh HYKJIETHOBI KUCIOTH M OLIKH.
binku € 0CHOBOIO BCI€T JKUTTEMISUIBHOCTI KIITHHH, B TOMY YHUCII i O10Te€HE3y KIITUHHUAX

CTPYKTYP.

e CAMO3bMPAHHA TA BIOI'EHE3

Camo30upaHHs KJIITUHHUX CTPYKTYP

[lepmwmii ertan Ha nUIAXYy (OpMyBaHHS BHYTPINIHbOKIITUHHUX CTPYKTYp — L€
MPOIIECH TPAHCKPUIIIIIT Ta TPAHCIIALII].

HactynHi etanu — 30upaHHS HAJAMOJEKYJISIPHUX KOMIUIEKCIB Ta  ix
TPAHCHIOPTYBAHHS JI0 MIEBHUX JIIJITHOK KJIITUHU.

Yci eranu mepeTBOpeHHS OUIKOBOI MOJICKYJIM, IMMOYMHAKOYHM BiJ CHHTE3Y ii
pUOOHYKJICTHOBOI MaTpHIIl 4Yepe3 YTBOPEHHS IEPBUHHOI, BTOPUHHOI, TPETHHHOI Ta
YETBEPTHUHHOI CTPYKTYp, 1 O BXOKCHHS pPa30M 3 IHIIMMH CIOJyKaMH 0 CKJIaay
MEBHUX KOMITOHEHTIB KJIITHHW, HOB’s3aHi 3 Tporecamu camo3bupanus. Came 11
MPOLIECH JIeXKaTh B OCHOBI (JOPMYBaHHA Ta O10reHe3y KIIITUHHHHUX CTPYKTYP.

Camo3zdbupanns — ye npoyec CNOHMAaHHOI azpe2ayii 0OHOPIOHUX YU PI3HOPIOHUX
MOJNeKyn,  AKUU  Npu3eooums 00  IXHbO2O  GNOPAOKY8AHHA — MA  POCMY
0a2amoKOMNOHEHMHUX KOMNJIEKCIB.

Camo30upaHHsi MOKHA PO3TISAATH SK MPOIEC Kpucmanizayii, sIKIO arperaiis
MOJIEKYJI HE CYMPOBOKYETHCS YTBOPEHHSIM KOBaJICHTHUX 3B s13K1B. KoM K BUHUKAIOTh
KOBQJICHTHI 3B’5I3KH, TO TAKU MPOIIEC HA3UBAIOTH HOJIIMEPUZAUIEID.

MexaHi3Mu caM030UpaHHs 3aCHOBAaHI Ha CJIA0OKMX B3a€EMOJISAX. Y TMEpIIy Yepry
OpIEHTYIOYHUH BIUTUB HAa MOJICKYJIA BUSIBIISIOTH JIaJIEKO 1104l €JIeKTPOCTaTUYHI cuiv (Ha
Bizctadi 0,7 HM). 3roJJoM B3a€EMHE MPUTATAHHS MOJIEKYJ JIOMOBHIOETHCS BOJHEBUMU
3B’sI3KaMHM 1, HapelTi, Ha BiacTaHi 0,1 HM MOYMHAIOTH BUSBJISITUCS BaH-JEp-BaalibCOBI
CWJIM (SIKI BUHMKAIOTh MK HEUTpaJbHUMHU aTOMaMH 1 MOJIEKYJIaMH B PE3YyJIbTATI 1XHBOI
nossipu3aiiii) Ta riipodoOH1 B3a€MOBITHOCHHH.

BubipkoBicTh MeXaHi3My caMO30UpaHHs 3a0€3Mey€eThCs ICHYBaHHSIM Y MOJICKYJT
OilomoimMepiB JUISTHOK Mi3HaBaHHS, KOMIJIEMEHTAPHUX JI0 MEBHUX JIOKYCIB MOJIEKYJI-
napTHepiB. Komnaemenmapnumu nazuearoms cmepuyHi CMPYKMYpPU, WO MOA*CYMb
6X00UMU 8 KOHMAKM [3 OEKLIbKOMA amoMamu 4u 2pynamu amomis i sKi 30amui 00
NONAPHUX HeKoB8aleHMHUX 63aemooiu. 1lum 3abe3neuyeTbcsi BUCOKA CIIOPITHEHICTH 1
cnenuivuHICTh YTBOPEHHS Takoro poay KomiuiekciB. (Camo30upaHHS MOJIEKYI
BIIOYBA€EThCS 13 3HIDKCHHSM BIUTBHOT €HEprii 1 TOMYy € JOBUIBHMM (CIIOHTAHHUM)
mpoiecoM. A y 3B’SI3Ky 3 y4YacTIO JIMIIE CIa0KUX CHJI — I1€ TaKOXK 1 3BOPOTHUI TIPOIIEC.
Xapaktep caM030uMpaHHS BHU3HAYAETHCS OCOOJMBOCTSIMH _TIEPBUHHOI CTPYKTYPHU
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nomiMepy. OpgHak y 0araThbOx BHITaJKaxX BiAOYyBaeThCA MOJATKOBA KOPEKIIS MPOIECY
arperaiiii. PerynstopoM MOXyTh CIOyryBaTH (I3MKO-XIMIYHI YMOBH CEpPEIOBHIIIA,
MOJICKYJIH-PETYIATOPH Ta 1HII (haKTOPH.

BaxnuBuii eJeMEHT Mi3HABaHHS — MiAJIAIITOBYBAHHSI CTPYKTYpPU OJIHOTO 3
MOJIMEPIB 70 MICIl 3B’SI3yBaHHS 1HIIOTO, IO CTBOPIOE OUIBII TOYHY CTEPUUHY
BIIMOBIAHICTD B3aeMoirounx auisHokK (PHK-monmimepaza—mnpomorop).

Camo30upanHs B OIOJOTIYHUX CHCTEMax BHSBISETbCA B  OllIapoBOMY
po3MimieHH1 ¢ochomimigiB y MeMOpaHax, y KOMIDIEMEHTAPHIN MOCIiJOBHOCTI a30THUX
OCHOB Y HYKJIETHOBUX KHCJIOTaX, y B3aeMoJIii pepMeHTy Ta cyOcTpaTy, OljaKa-perenTo-
pa Ta edekTopa, y 30upaHHI 0araTOKOMIOHEHTHUX (PEpPMEHTATHBHUX KOMILICKCIB
tomro. Hanpukian, pudynso3oaudocharkapbokcuiiaza B XJI0poruiacTax 30UpaeTbes 3 8
BeNMKUX (KaTamiThyHl QyHKIT) Ta 8§ Maaux (peryasaTopHi pyHKIIIi) CyOOMHUIIb.

MynbTUEH3UMHI KOMIUIEKCM MOHTYIOTBCS B MEMOpaHax 1 Ha eJIeMEHTax
[UTOCKENETy NUIIX0oM camo30upanns. [lependadaerbes, M0 10 CKIIAy KUBOI KIITHUHU
BXOJISITh KOMIUIEMEHTApHO 3B’si3aHi OJIoku ¢epMeHTIB Ta 1HIUX OiomosimMepis. Lli
0JIOKH, y CBOIO 4Yepry, KOMIUIEMEHTapHO O0’€JHaHI OJIUH 3 OJHUM 1, TAKUM UYHUHOM,
CTBOPIOIOTh €JMHY B3a€MOIIOB’S3aHy CHUCTeMY. Arperaiis MOJIEKYJd Yy BOJHOMY
CEpEOBUILl LMUTOIUIA3MUA CIPUYUHIOE YTBOPEHHS PIAMHHOKPHUCTAIIYHOTO CTaHy
PEYOBHH Y TaKiil CHCTEMI.

PiiMHHOKpUCTANIYHUNA CTaH MOKHA PO3IJISIAATH SIK YETBEPTUM CTaH PEUOBHHU.
Pinki kpuctanu Ounplie CTPYKTYpOBaHI, HIXK PIAMHM, 1 MEHILE, HIK 11 ) PEYOBUHHU y
TBepJoMy cTaHl. OpraHiyHi PEYOBUHU YTBOPIOIOTH Yy BOJI PIAMHHOKPHUCTAIIYHI
CTpyKTypu. BaxnuBa o0COOJMBICTh PIAKUX KPUCTATIB — iXHS CTPYKTypHa
BHOpHIIKOBaHICTL 1 OJIHOYaCHO MOJIEKYJISIpHA PYXJIMBICTb. Taki piaki KpUCTaIA
“pearyroTh” Ha pI3HOMAaHITHI BIUTMBYU 30BHIIIHHOTO CEpEIOBUIIA (CBITIIO, TEMIIEPATYpa,
THUCK, T0JI€), TOOTO MAOTh BIIACTUBOCTI, XapaKTEPHI JIJIs )KUBUX KIIITHH.

Camo30upanns meMOpaH. binku i mimiau, ski BXOIATh JO CKJIay MeMOpaH,
3matHi 10 camo3bupanus. ['1apodoOHi MemMOpaHH1 OUIKK acOIIOIOTHCS OJIUH 3 OTHHUM.
CrpyktypHi OUIKM MeMOpaH BH3HAYalOTh OPIEHTAIII0 1HIIMX MeMOpaHHMX OLIKIB.
Jlinigm MemMOpaH CHUHTE3YIOThCS B PI3HUX YAaCTUHAX KIITUHU Ta, SIK 1 TJIKOJIMIAA Ta
TJIIKOMPOTEIHU, JOCTABISIIOTHCA Y BE3HMKYJIax 0 MICLS 30MpaHHsS 1 TaKOX aCOIIOIOThH
MIXK c0o0010 Ta 3 r1iapo(HOOHUMHU YaCTHHAMM O1JIKIB.

[Ipomiec 30upanHs BiAOyBa€ThbCs B JIEKIJIbKA €TaliB Yy BIAMOBIIHOCTI 3
MPUHLMUIIOM B3a€EMHOTO “Mi3HABaHHS~ CKJIQJOBUX YaCTHH 1 JIMIA-TINIIHUX, O1I0K-
OUIKOBUX, JIMIA-OIIKOBUX B3aemMoiid. MinHICT MeMOpaHaM HaAaroTh TiAPodOoOH1
3B’s13ku. Kpim Toro, y ¢opmyBanHI miazmaneMu OepyTh y4dacThb TOTOBI MeMOpaHHI
0J10k1 Be3uKys ['onb/ki, 10 BOYAOBYIOTHCS B HEi y MPOIECI CEKpelli KOMIIOHEHTIB
KIITUHHOI CTIHKU. SIKicHUE ckiiag MeMOpaH, a ToMy 1 (PyHKIIOHAJIbHI OCOOJIMBOCTI
BU3HAYAIOTHCA I1HTETPAIbHUMHU OITKOBUMH TJ0OyIaMH, TEPBUHHA CTPYKTypa SIKUX
3aK0/I0BaHA B T€HOMI1 KJIITHHHU.

Camo30upannss moJgicom. 30upaHHs CyOOaUHUIL PHOOCOM MPOXOIUTH
noetantHo. CrodaTky B pe3yJbTaTi TPAHCKPHMINT Ta TPAHCISIT CHHTE3YIOThCS
pubocomansHi PHK Ta Oinku, mi3Hilme HOUISXOM OPOLECUHTY (OPMYIOThCS 3piil
Oiomomimepu pudbocom. [ami 3 yuactio ctpykryp 28S 1 18S pPHK mnocnigoBHO
BOYZIOBYIOTbCSI OUIKHM, crnerudiunl Jyisi KOXHOI cyOoauHuIll. Mana cyO0oauHUIs

PicTt i po3BUTOK poCcnuH



153

pubocomu B3aemonie 3 iHiniaropHoro TPHK mpu nassrocti I'T®, AT® 1 6inkoBux
daxTopiB iHimiamii. Beck neit komrekc 3B’ sa3yetbess 3 MPHK. J{ns miboro HeoOxiaH1
ionr Mg”*. Ocrannporo 10 MPHK mpuieaHyeThes BeiKa CyGOMHHHLS PHOOCOMIL

Ananoriyuno 1o MPHK npuennyrorscs iHm puOOCOMH 1 BUHHUKAIOTH
nopudocoMHi komruiekcu. e ogun Tum nomipudocoM — rpanyispauii EP 1 30BHIITHS
MeMOpaHa siipa.

Camo30upannsi MikpoTpy0o4ok i MikpodinamentiB. MikporpyOouku
JOKTYTHUKIB, KOPTUKAJIBHOTO IIapy IUTOIIa3MHU 1 MITOTHYHOTO amapaTy moOy0oBaHi 3a
€IVMHUM IIAHOM 13 TIIOOYJspHOTO Olnmka my6Oyainy. Jng 360upanus MIKpOTpyOOUOK
HeoOximHo: kucne pH, nasBuicte Mg, TyOyminy, AT®, ['TD, GinkiB-perymsTopis.
Iporec uyrmuBmii g0 ioHiB Ca™: ix Hammmmok (0, 02 MMONB/T i BHIE ) CIIpHse
pO30UpaHHIO MIKPOTPYOOUOK.

30upaHHsa mMpoxoauTh y ABa eranu. CrouaTky 30MpaeThcs 3aTpaBKa (SIpo), a
MOTIM MIKpPOTpYyOOUKa pOCTe LUISIXOM 30HMpaHHA CyOOIMHHMIb. ICHye KpuUTHYHA
BEIIMYMHA KOHIICHTpaIlli MOHOMEPIB TyOyIliHY, MEPEeBUIICHHS K01 1HAYKY€E 30MpaHHS
MIKPOTPYOOUOK.

MikpoTpyOOuKM — MHONSAPU30BaHi CTPYKTYpU. IX 30MpaHHs IiHILIIOETHCS B
LEHTpax-opraHizaropax MikpoTpyoo4dok. Takumu LeHTpamu € cKymueHHs MeMOpaH EP
Ha TOJII0cCaxX BEpeTeHa Ta KIHETOXOopu XpoMocoM. Komu oauMH KiHElb MIKpOTpYyOOUuKH
JIOKATI30BaHUN y WEHTpPi-OpraHizatopi, TO MPHUPICT ii 3AIMCHIOETHCS HA BIUIBHOMY
(IucTanbHOMY) KIHIIL.

Mikpodinamentu. B 1muTomniasmi poCIMHHUX KIITHH BUSBJICHUN HEM’sI3€BUMN
akTUH. 30upaHHs TJIOOYJISIpHUX MOHOMEpIB ['-akTMHY B MOJBIMHY cHipajib
di6prmsproro ®-akTuHy BinbyBaeThCs 3 BUTpaToio exeprii AT® npu HassHocTi Mg
Q10pUIIsipHUN aKTHH YTBOPIOE MYyYKHM MIKPO(UIAMEHTIB, SIKi O€pyTh ydacTb Yy pyXax
uuroruiazMu. Kpim Toro, akTuH Moxe opMyBaTu TOHKI (1OpHIIM, 31aTHI 3aMHKATHUCH,
CTBOPIOIOYM CITKONOIOHY CTPYKTYpPY LIMTOIJIA3MU. 3AMKHYTI CTPYKTYpPU 3YMOBJIIOIOTh

MICIICBE 3BOPOTHE Jicesamy6anHs IUTOIUIa3MM 1 MiCIieBe 301IbIICHHS KOHIIGHTpAIlii
2+
Ca“".

biorenes opranoiniB

biorene3 xjaopomiaactiB. B OHTOreHe3l pOCIMHHOI KIITHHH XJIOPOILIACTH
bopMyIOThCsl 3 TUIACTUJT 13 €1a00 PO3BUHEHOI0 CHCTEMOIO BHYTPINIHIX MeMOpaH —
nponiacmud, siKi 3HaXOAATHCA B MEPUCTEMATHUYHUX KIITHHAX. PO3BUTOK XJloporiacTta
13 MPOIJIACTUIM CYHPOBOJIKYETHCS NUQPEPEHIIIOBAHHSIM MEMOpPAaHHOI  CHUCTEMU
(YyTBOpeHHsSIM Jlamend 1 TpaH) dYepe3 HHU3KY BHAO3MIH TMactugud. OgHOYACHO
3MIACHIOETBCS CHHTE3 1 BiOYBaeThCsA MPOCTOPOBA  OpraHizailis  MITMEHTIB,
cBiTino30upanbuux komiuiekciB (C3K), oOinkiB @Cl1 1 ®C2 Ta iH. KOMIIOHEHTIB.
[TepeOymnoBa MeMOpaHHOT CUCTEMH XJIOPOIUIACTIB Ta IHIUX IIACTH CYIPOBOIKYETHCS
MOCTIHHUM OHOBJICHHSIM CTPYKTYpH MeMOpaH, pyHHYBaHHAM JINiAIB 1 OUIKIB Ta
3aJIy4eHHSM 10 MEMOpaH HOBUX CKJIaJIOBUX YaCTHH.

biorenes xjopomniactiB Bii0yBaeTbes auiie Ha cBiTii. Lle uiTko mpocTexyerbes
MIpU TIEPETBOPEHHI emionaacmis, cOPMOBAHUX Y TEMHOTI, y XJjioporutacti. Ha cBiTii
MPOTOXJIOPO(DITIT E€TIOMIACTIB AyXKe IIBUAKO TEPETBOPIOEThCA B  XJopodin a.
OpnnouacHo BinoyBaeThesi cuaTe3 MPHK, pPHK, cTpykTypHEX O17KIB Ta 1HIIMX CIIOIYK.
[ToTiM 61M3bKO IBOX TOJIMH TPUBAE (Pa3a MOBUTILHOTO 3POCTAaHHS KIJTBKOCTI XJIOPO]1TIB,
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HIiCHs AKOI 1X CHHTE3 3HAYHO MPHUCKOPIOEThCA. J[0 1bOro uvacy jamesnspHa CTPyKTypa
XJioporuiacta Bxe copMmoBaHa, aje rpaH e Hemae. OpraHizaropaMu TpaH € O1JIKOBi
KOMILJIEKCH (DOTOCUCTEM.

KinpKicTh XJIOPOIUIACTIB y MPOIECI POCTY KIITHHU 30UTBIIYETHCS IIIIXOM
NOAUTY MporiacTul abo caMux XJoporuiacTiB y ¢dasi po3BuTky. [Ipu moaim namenspHa
CUCTEMa IMEPECIKAEThCS MEPEMHUUKOI0 IMOMEpeK opraHoiga. Jlekonu crocTepiraerbes
OpyHBbKYBaHHS XJjioporuiacTiB. [loain xiopormiacTiB BigOyBaeThess KoxkHi 6-20 roa. Bin
PETYIIOETHCS YEPBOHUM CBITIOM (660 HM), 3yMUHSAETHCS JOBTOXBUIHOBUM UEPBOHUM
cBiTiioM (730 HM), a TaKOK HU3BKOIO TEMITEPATyPOIO.

biorene3  mitroxonapiii. Biacha reHetmuHa cuctemMa 1 3JaTHICTD
MmitoxoHapianpHOoi JIHK mo permmikamii 103BOJSIOTH MITOXOHAPISIM PO3MHOKYBATHCS
camocTiiiHO. ToMy B KIIITHHI MITOXOHJpii YTBOPIOIOTHCS 3 MOIMEPEIHIX MITOXOHIPIH 1,
MOXJIUBO, 13 TMPOMITOXOHApIA. Y MEpUCTEeMaTUYHHUX KIITHHAX TPaIUISIOThCS
MITOXOH/IpIi, pO3JaUJIeHI mepeTskkor. [lpu mepexomi MEpUCTEMAaTHYHOI KJIITHHU J10
pPOCTY PpO3TATYBAaHHSIM KUIbKICTh MITOXOHJAPIA y KIITHHI 3pocTtae B 3-8 pasiB 1
3MIHIOETBCS iXHS CTPYKTYpa.

Pict MemOpaH MITOXOH/ApIA TpH (PYHKIIOHATHLHOMY HaBaHTaXXEHHI a00 MICIs
iXHPOTO TOAUTY BIIOYBaeThcs NUIAXOM na00ynoBu. Ilpomec Oiorenesy memOpaH
MITOXOH/IPiii BUBYEHUI HEAOCTATHBO.

binpmricte OUIKIB, SKI BXOIATH 10 CKJIQay MITOXOHJPIM, CHHTE3YETHCS B
uuroruiasMi. Jlume 5-15% OUIKiB — IPOIYKTH TPAHCIALIL MITOXOHJIPIadbHUX MOIICOM,
Opu4oMy [i OUIKM BHKJIIOYHO BXOASATh JO CKJIaAy BHYTpPIIIHbOI MeMOpaHu
MITOXOHJpi.  BinKM  MITOXOHAPIAIBHOTO  MOXOKEHHS €  TiapodoOHUMHU
MOJINenTuaaMu 1 iX camMo30upaHHs 3 ydacTio (PocdomimigiB CIyXUTh 0a3z0l0 s
(opMyBaHHS BHYTPIIIHBOI MEMOpPAHH.

[liBnepiof >KUTTS MITOXOHJIPIN 3aJI€KUTh BlJ CKOOPAMHOBAHOI ISIIBHOCTI Spa,
[IUTOTUIa3MH, CAMUX MITOXOHJPIH 1 CTAHOBUTH Y Pi3HUX 00’ €KTiB 5-10 MHIB; IpU IIBOMY
30BHIIIHS MeMOpaHa OHOBIIFOETHCS 3HAYHO MIBU/IIIE BiJ] BHYTPIIIHBOI.

biorene3 memopan. MemMOpanu KIITHHH TOCTIMHO OHOBIIOIOTHCS. [ €HeTHUHUI
3B’SI30K MEMOPAHHUX KOMIIOHEHTIB KJIITHHH BUSIBJISIE IPOBIAHY pOJib TpanyssipHoro EP
y Oilorenesi kimituHHUX MeMmOpaH. EP — ronoBhe miclie cuHTE3y MEMOpaHHHUX OUIKIB 1
mimiaie - kmtuHE. B mMemOpanax EP  nmokamizoBaHi  KIHIIEBI €TamM  CHUHTE3Y
TIIIEepOoimiaiB, MeMOpaHHUX ¢ocdomimiaiB (B AKUX 3aJeKUTh 30MpaHHS MeMOpaH
MITOXOHJPIN 1 XJIOPOIJIACTIB), OIOCHMHTE3 CTEPOJIiB, CUHTE3 YCIX HACUYEHUX >KUPHUX
KHCIIOT 1 CHCTEMHU TEPETBOPEHHS HACHYEHUX >KUPHUX KUCIOT y HeHacuueHi. Tyr
CUHTE3YIOTbCSI XapakTepHl [JIs POCIMHHMX MEMOpaH TOJIIEHOBI KUPHI KHCIIOTH
(J1iHOJIEBa, JIIHOJIEHOBA, apaxiJJOHOBA).

[ToxizHuMK MeMOpaH peTUKylIyMa € MeMOpaHu BaKyoJei, MIKpOTUIelb,
chepocoM, MOKJIMBO, 30BHIIIHI MeMOpaHW IJIacTUA 1 MITOXOHApiH. Pertukymym
0e3mocepeIHbO MOB’S3aHUN 3 AepHOI0 000s0HKOI0. Yepe3 memOpanHy cuctemy Al
BiH Oepe yyacTh y CUHTE31 IIa3MalleMHu.

[lepexin mMeMOpaH oaHa B OJHY OTpUMaB Ha3By ‘“‘nepemirxauns” (“TIOTOKY’)
MeMOpaH. Y HmaHMii 4ac Tporec TMepeTiKaHHS MeMOpaH pO3IIIAIAEThCS SK CKIIaI0Ba
JacTHHA OLIBII IITUPOKOTO MOHSATTS — KOHIICHITi eHIOMeMOPAaHHOI CHCTEMU.

Po3rnsHyTi BuIe OaratocTyneHeBl NpolecH OloreHe3y KIITUHHUX CTPYKTYp
MO>KHA MPEJICTABUTH CXEMATUYHO TaK:
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JHK—PHK—0inkn—caM030MpaHHsi HaAMOJICKYJISIPHUX (YHKHIOHATBbHO AKTHMBHHX
0/10KIB—()YHKIIOHATbHA AKTUBHICTH MeTa00IIYHHUX HUKJIIB, KIITHHHUX OPraHOiAiB.

e ®A31 OHTOI'EHE3Y POCJIMHHOI KJIITUHU

VY nporieci XKUTTEAISUIBHOCTI KIITUHU KOHKPETHUN CKJIaJ T€HIB, SIKI MiISTaroTh
eKcIpecti, MOCTYNMOBO 1 3aKOHOMIPHO 3MIHIOETHCA, Y 3B’SI3KY 3 UMM KIIITUHA IPOXOAUTH
JIeKUIbKa €TaIliB CBOT0 PO3BUTKY.

Kummeeuit yuxkn knimunu, aoo ii onmozene3, — ye nepioo iCHY8aHHs KIiMUHU
8I0 MOMEHMY YMBOPEHHS 8 pe3yibmami NoOLTY MaAMEePUHCbKOIL KIITMUHU 00 il 61ACHO20
nooiny abo cmepmi. OHTOTEHE3 POCIMHHOI KIITHHU CKJIAIA€ThCS 3 HU3KH MOCITIIOBHUX
€TamiB; IOy, POCTy, nudepeHitiaiii, 3plIoCTi, CTApIHHS i CMEPTI.

[Toain KIiTUH

MiTo3. Mimo3 — ye makuil cnoci6 OileHHs KIIMUHU, NPU AKOMY YUCTIO XPOMOCOM
NO0BOIOEMBCS, MOM)Y KOJICHA OOYIPHA KIIMUHA OMPUMYE NOOGIUHUL IXHIll HAOIp,
MOMONCHULL XPOMOCOMHOMY HAOOPY MAMEPUHCHKOT KITMUHU.

[lepmioro dazoro mMiTo3y € npoghasa — daza peopranizaiii kKiitTuau. [Ipu npbomy
B1IOYBalOThCSI Takli 3MIHU: — OPraHOid MEPEMINIYIOThCS Ha mepudepito; — sAIpo
30UTBIIY€ETHCS; — XPOMATUH (POPMYETHCS Y XPOMOCOMH 3 KIHETOXOPOM; — siiepue
JMCOIIIIOE; — PO3MATAETHCA siAepHa 000J0HKA; — (POPMYIOTHCSI CTPYKTYpH BepeTeHa (0e3
LEHTpIO0JIEH, a 3 TONOMOIoK CKymueHb MeMOpan EP Ha momtocax kimituHu). Bepereno
noOyJ0BaHE 3 MDKIIOJIOCHUX 1 XPOMOCOMHHUX MIKpOTpyOOYOK. 3 MIKpOTpyOOUKamMu
(MT) acouiifoBani OuIKu-perynaropu cuatesy MT 1 kanbMoAysiH, o O0epe y4acTb y
ixHpoMy po30OupanHi. KiHEeTOXopu XpoMOCOM MOKH IO HE 3B’S3aHI 3 €JIEMEHTaMu
BEpETEHA.

Y__npomemagpazi (MeTakiHe3) TMOYMHAETHCS pPyx xpomocoMm. KineToxopu
30UTBIIYIOTBCS B po3Mipax, Big HUX ¢GopmyroTbes xpomocomHi MT. Xpomocomu
MEePEMINTYIOTHCS CITIOYATKY JI0 TIOJIFOCIB, a TOTIM JI0 CepeANHHN BepeTeHa. Y mpolieci mux
PYXIB Y XpPOMOCOMI PO3KPYUYYIOTHCS JBlI CECTPUHCHKI XpOMATHAM, 3 €HAHI JIUIIE B
kiHeToxopi. [loCTIMHO pyXarO4uCh XPOMOCOMH 30MPAIOTHCS B3JOBXK IOMEPEUHHUKA
BEpeTeHa U YTBOPIOIOTH MeTadasHy MIacTHHKY (memagaza). llpm 1poMy BOHU
311MCHIOIOTH HEBEIUKI MEPEMIIIEHHS KOJMBAJILHOIO XapaKTepy B30BXK BEpeTEHA.

[lepexin KITUHU OO0 aHagazu CYIPOBOKYETHCS TOMAUIOM KIHETOXOpa,
(GI3UYHUM  BIAOKPEMJIEHHAM JBOX CECTPUHCBKMX XpOMaTHA 1 TEPEMIIICHHIM
PO3AUIEHUX XPOMOCOM JI0 MOJIOCIB KIHETOXOpOM yrepen. BindyBaerbes nepepo3noii
MT: KIIBbKICTb iX OIS MOJIOCIB 3MEHILYETHCS 1 301IBIIYEThCS B IUISAHLI ekBatopa. TyT
K€ TOYMHAE YTBOPIOBATHUCS 30HAa CKYMYEHHS BE3WKYJN — TMOYaTOK (opmMyBaHHS
PO3N00IIbHOT NIACMUHKU.

[lepemimieHHsT XpPOMOCOM TOSICHIOIOTH SIK  y4acTi0 (I3MYHUX CHJI, TaK 1
TISUTBHICTIO O10XIMIYHUX MEXaHI3MiB: TMOCHIJIOBHUM BIIIICTUICHHSAM CyOoauHUIL MT
BepeTeHa OUIKOBOIO CHCTEMOIO, PO3MIIIEHOI Ha KiHETOXOpi, Ta B3aeMmojicro MT i1
MIKpO(D1IaMEHTIB aKTHUHY.

[Ticast po3X0KEHHSI XpOMOCOM MOYMHAETHCS menogaza — ocTaHHs (aza MITO3Yy.
binsg nomtociB MT BepeTeHa Ne31HTETPYIOTh, YTBOPIOIOTHCS SIAECPLS, Apa, 3aKIHUYETHCS
(dhopMyBaHHS PO3MOIIILHOI IUIACTUHKUA — ¢hpaemoniacma. 1le BiIOyBa€eThCs HUISIXOM
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HarpoMaJDKEHHsI B30BXK ekBaropa myxupiiB Al' ta memOpan EP. Ilyxupui mictars
NEKTUHOBI PEYOBUHU. 3JIMBAIOYMCh, BE3UKYJIHM YTBOPIOIOTH JIBI MeMOpaHu —
Iia3MajieMu JOYIpHIX KIITHH, PO3MEXKOBaH1 HaIIBPIAKUM IIApOM, IO CKJIAJAETHCS 3
NEKTUHOBUX PEUOBHUH.

Bin nentpy no nmepudepii ¢pparmMorniact pocte 3a paxyHOK MPUEIHAHHS HOBUX
MyXHUPIIIB, aje [MUTOIIa3MU JOYIPHIX KIITHH MPOJOBXKYIOTh KOHTAKTYBAaTU MK COOOIO
yepes naazmooecmu. BoHn GopMyroThCs B TUX AUISTHKAX KIITHHHOI TJTACTUHKH, B SIKHX
JokanizoBaHi HUTKU BepereHa 3 MT 1 enementamu EP. 3 Goky muTomiasMm A0YipHIX
KIITUH TOYMHAETbCS (POPMYBAaHHA TEPBUHHUX KIITHHHUX CTIHOK, a (parMoruiacT
MIEPETBOPIOETHC B cepedunHy naacmuuky. MIikpodiOpuim IemoIo3u TEePBUHHUX
KIITUHHUX CTIHOK MAalOTh IMYyXKy TEKCTYypy, aje€ OCHOBHHM HampsMOK Opi€HTaIii —
NEPICHIUKYIAPHUN TIOB3JOBXKHIA OCl KITHHH. BMICT 1LEmoa03u CHo4YaTKy He
nepesuinye 2-3%.

["eminentono3u, NEeKTUHOB1 PEYOBUHHU 1 TIIKOMPOTETH €KCTEHCUH J0CTaBIISIOTHCS
70 KIITUHHOI CTIHKH, sika ¢GopMyeThcsi, y Besdukyiax [ompmxi. CuHTE30BaHMI Ha
rpanyisippoMmy EP  momninentusi €KCTEHCHH TJIKOMI3yeThbcs B AukTHocomax Al
KoMnonenTn (epMEeHTHOro KOMIUIEKCY II€JII0JI030-CUHTETa3u JIOKali30BaHl Ha
30BHIIIHIM TOBEpXHI MmiazmManiemMu. DepMeHTH, HEOOXiMHI JJisd 30UpaHHs MOJIMEpIB
CTIHKM Ta iXHBOI MoaudiKallii TaKoX, OYEBHUIHO, JOCTABJISAIOTHCA JI0 CTIHKU
Besukynmamu EP uu AL VID- 1 ['JId-roroko3a it CHHTE3Y  IETIOJIO3H
TPAHCIOPTYIOTHCA 3 PO3YMHHOI (Da3u KIITHHM 4Yepe3 IutazMaiemy. HoBi Monekynu
LEJTI0JI03U BOYTIOBYIOTHCA B KIIITUHHY CTIHKY 3CEPE/IUHU.

Mitoruunuii nmkia. Ilepiogq nMTOIIIa3MaTUYHOIO POCTY M MIATOTOBKH 10
noainy (immepghaza) Ta mnpouec AUICHHA (Mimo3) 1 CTaHOBISATb MIMOMUYHUL UUKT
kiimunyu. B 3anexHOCTI Bl 0cOOJMBOCTEN O10XIMIYHHMX MPOLIECIB PO3PIZHAIOTH 4
Mep10u MITOTUYHOTO LUKITY:

— npecuHTeTHYHUN miepion — G; (aHrn. gap-iHTepBai) - HAWYYTIUBIIIHK 0
(aKkTOpiB 30BHIIIHBOTO CEPEIOBHUINA; B 1€l MEPiOJ] TOTYIOTHCS BC1 YMOBH JIJISi CHHTE3Y
JTHK;

— cunrernynui nepion — S (cunre3 JJHK Ta ricronis);

— OOCTCUHTETHYHUHK (mpemitotnunuii) — G, (mpomomxkyerbes cunTe3 PHK,
3arajJbHUX OUIKIB KJIITHHU, P13KO 3pOCTA€ CUHTE3 TYOYJIIHY);

— BiacHe MiTo3 — M (cunTesytotbest Outku Ta PHK fo kinmg metadasn).

VY pociauH mnepiogu MITOTMYHOTO IIMKIY KOHTPOJIIOIOTHCS TopMoHamu. JIns
HOpMajabHOTO TIpoxomkeHHs Gp; 1 G, mepiomiB HeoOximHui aykcwH. LluTOKIHIH
HEOOX1THUHN, OUEBUJTHO, JIJISI TIEPEXOAY KIITUHU JI0 MOALTY.

VY KIITHH, IO AUTSATHCS, BIIOYBAETHCS TAKOXK CTAHOBJIEHHSI CTPYKTYp OPraHOiIiB.
Kiitunu, siKi BUHIUIM 332 MEXKI MEPUCTEMAaTHYHOI 30HM, MEPECTaloTh AUUTHCS (Y HHUX
3aKPUBAETHCA TEHETUYHA MporpamMa MOAUTY) 1 NepexoAsTh [0 HACTYIMHOTO eTaiy
OHTOT'€HE3Y — POCTY IUIIXOM PO3TITYBaHHS.

Po3TsiryBaHHs KJIITUH

30UTbLIEHHST PO3MIPY KIIITHH, IO JUISATHCS, BIAOYBAEThCS 33 PAXyHOK CHUHTE3Y
HOBHUX CTPYKTYp LHUTOIJIa3MU M HAIXO/PKEHHS 3HAYHOI KUIBKOCTI CHOJYK a30Ty Ta
IHIIMX MOXXKUBHUX pedyoBHH. [licisg 3aBepiiieHHs MOAUTY POCIMHHI KIITUHHU MEPEX0iTh
70 OLIbII MIBUJIKOTO POCTY — PO3MALYBAHHAM, SKUN XapaKTEPHUM JIMIIE JJIS POCIUH.
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Bin choyxuTh BaXIMBAM 1 OCHOBHHUM CHOCOOOM 3OIIBINICHHS TUIONI JMCTKOBOT
MOBEPXHI, JIOBXMHU cTeOja Ta KOpeHeBOi cuctemMu. [Ipum pocTi po3TIryBaHHSM
30UTBIIIEHHST 00’ €MY KIIITHHH JOCATAETHCS 32 PaxyHOK yTBOPCHHS BEJIMKO] ueHTpaanm
Bakyosi. OJHOYACHO 13 POCTOM BaKyoJl KIITHHHI CTIHKH TIOM SKIIYIOTbCS W
PO3TATYIOTHCSI.

[epexin MEPHCTEMATHIHUX KJIITUH J0 PO3TATYBaHHS BUBYCHUI HEIOCTATHBO.

Cam mpouec nepexony CTIMKuH 10 mii HECTIPUATIHBAX dakropiB (iHr16iTOPIB
6IOCI/IHT€3y OUIKIB 1 HYKJICIHOBUX KHCIIOT, PEHTTE€HIBCHKUX TMpoMeHiB). Kiituau
BaKyOIli3ylOTbCs, MEepeOyIOBYEThCS OUTOKCHHTE3yBajlbHA CHUCTEMA, 3poCTae KUTBKICTD
TrPpaHyIAPHIX meMOpan EP, PHK, iHTeHCH(]IKYy€ThCS CHUHTE3 MPOCTUX 1 CKIAJHUX
BYTJICBO/IIB, TICKTUHOBUX PEYOBHH. MeEXaHI3MHU MEpPeXoay KIITHH 10 PO3TATYBAHHS
MajioBiIoMi. BBaxkaroTh, III0 BeJHWKE 3HAYEHHS MOXE€ MaTH 3MiHa BMICTY 1
CHiBBiAHOMIEHHS (PITOTOPMOHIB (ayKCHHIB, ITMTOKIHIHIB) Ta iX pementopiB. st pocty
pPO3TATYBaHHSM 000B’SI3KOBA HASIBHICTh AyKCUHY.

[lepioa pocTy KIITHH PO3TATYBAaHHSAM BUBUCHUHN JOCTaTHHO n00pe. Y 1ieH mepion
MIATPUMYETHCA poOoTa yx)e chopMoBaHOTO MexaH13My pocTy. [1i BIUIMBOM ayKCHUHY Y
BUIIIMX POCIWH 30UIBIIYETHCA IUIACTUYHICTh KIITUHHOI CTIHKH, 1i 3JaTHICTH [0
BUTATYBaHHA. MexaHi3M Jii ayKCUHy Takuil. DEepMEHT 1HIYKYy€ aKTUBHUU TPAHCIOPT
H" i3 nuTonnasMu 10 KIITUHHOI CTiHKW. 3HMXeHHS Benumdueu pH y ¢dasi kiiTuHHOT
CTIHKH CIIpHUSI€ PO3PUBY KHUCIOTOJIA0LTLHUX 3B’ SI3KIB, aKTUBYE KHCII1 T1/IpOJia3y Ta 1HIII
cpepMeHTH 110 MOJ:[HcleyIOTB KOMITOHEHTH KIIITHHHOI CTIHKH. PO3T51FYBaHHIO CTIHKH
CIpHsi€ 1 3pOCTAIOUHIA BHyTlelHI:OKJIlTI/IHHI/II/I TYpPrOPHUN THUCK, SIKAWA MiITPUMYETHCS
HAJXO/KEHHSM BOJIU 10 BaKyoOJli, III0 POCTE.

Jlis ayKCHHY Ha pIiCT PO3TATYBaHHSIM CyNpOBOKYyeThesl cuHTe3oM PHK, OinkiB,
(epMEeHTIB 1 CEeKpeli€l0 MojicaxapuiB Ta OLIKiB, HEOOXIAHUX JJIi BCHOIO MPOLECY.
PicT kmiTHHHOI CTIHKHM 3a0e3IeuyeThCs aKTUBHOWO misutbHICTIO AI'. Ha 30BHIMIHIM
MOBEPXHI IUIA3MAJIEMH AKTUBYIOTbCSI (PEPMEHTHI CHCTEMU YTBOPEHHS HOBHUX
KOMITOHEHTIB CTIHKH, 30UIBIIYETHCSI CUHTE3 1111051031, J10 11T ayKCUHY HANdy TIIMBIIITNT
enifiepMic MaroHiB. PicT BHYTpINIHIX MAPEHXIMHUX TKAHWH CUJIbHIIIE AKTHBYETHCS
30UTBIIEHHSIM KUCIOTHOCTI 32 paxyHOK CO; IlocuneHHs pocTy mijl BIUTUBOM HU3BKUX
3HaueHb pH (y Mexax 3-5) Ha3uBaeTbcs egexkmom kucrnozo pocmy. BiH i€ nwiie
mpoTSIroM 1-3-X TOJUH 1 HE MATPUMYETHCSI CHHTE30M O1JIKIB.

Y KiHII pOCTy PO3TATYBAHHSIM 30UTBINYEThCS JIrHI(IKALS KIITUHHUX CTIHOK,
HAKOMUYYIOThCSA 1HTIOITOpU (PEHOJBHOI MPUPOAUM W aOCIM30Ba KHUCJIOTA, 3POCTAE
aKTUBHICTh nepokcuaasu u okcunasu IOK, 3MeHITyeThCsl BMICT ayKCUHIB, (POPMYy€ETHCS
BTOPHHHA KJIITMHHA CTiHKAa. Bce 11e mpu3BOAUTH 110 rajibMyBaHHA M 3yNMHHKH
MO/IOBKEHHS KJIITUH. HpommM yciel dazu PO3TATyBaHHS oOcAar KmTHHH 3pocTae B 20-
50 1 naBith y 100 pa31B Takum 4YMHOM, PICT PO3TATYBAHHSM CKIIAJAEThCS 3 TAKUX
€TaliB: po3pusy 38 s3KI6 MINC KOMNOHEHMAMU KIIMUHHOI CMIHKU [ 30i1bulenHs il
NAACMUYHOCMI;  HAOXOO0JNCEHH 800U 00 B6aKYOJI, KA pocme [ MucHe HA CMIHKU,
BUKTIUKAIOYU PO3MALYBAHHSA Ui 30IIbUIEHHS 00 €EMY KAIMUHU, 3aKPINIeHHs 3011bUleH020
00°eMy WIAXOM 3ANYYEHHSI HOBUX KOMNOHEHMI8 00 CMPYKMYpPU OHOBNIEeHOI KAiMUHHOL
CIMIHKU.

Ha Bcix eramax pocTy KJIITHH PpO3TATYBAaHHAM BiOYBAa€TbC CaMO30MpaHHs
pI3HUX CTPYKTYp (NpU opraHizalii i 3amycKy MeéHeTHYHOIrO arapary ~po3TATYyBaHHS ,
MeXaHi3My [ii ayKCHHY; ()EPMEHTHHUX CHCTEM CHHTE3y LEII0JI03HM, TeMIENI0NI03H,
O1IKIB (€KCTEHCHH ), 301IbIIICHHS IJIa3MaJIeMu).

JudepeHniialis KJIiTUH
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Judepenuianiss KIITHH — ye nosasa AKICHUX BIOMIHHOCMEU MIJNC _HUMU,
nog’sa3anux i3 _ixuborw _cneyianizayiero. Cneyianizayiss KIITHH 3a0€3M€Uy€ThCS
O10XIMIYHUMHU 1 CTPYKTYPHUMHU OCOOJIMBOCTSIMHU, SIKI JIO3BOJISIIOTH KJIITUHI BUKOHYBATH
neBHi (i1310J10T1YH1 9M 1HII QYHKIT, HEOOX1AH1 ISl )KUTTEAISIIBHOCTI POCIMHH.

Jesaxi xkmTuHU TU(epeHIionTbes Ty)Ke paHo, BXKE B amiKaJbHIA MepucTeMi,
HaIpUKIJIAQA, KIITHHU emifepmicy. BiaplIicTh 1HIMMX KIITHH MEPUCTEM 30BHI Majio
BIIPI3HSIOTBCA OJHA BIJ oAHOI. AJie iXHS MaWOyTHS cremiamiszaiis 4acTo
JIETePMIHY€EThCS YK€ B 30H1 OUTY (TIPO IO CB1IYATh JIaH1 IMyHOXIMIYHOTO aHAJi3Yy).

B ocnosi saxicnux eiOMiHHOCmeU MidC ~KIIMUHAMU  Jlexcamb  npoyecu
oughepenyirorouoi axmuenocmi 2cenig. KoxkHa BereratMBHa KIITHHA POCIUHHOTO
OpraHi3My y CBOEMY T'€HOMI MICTHTh MOBHY 1H(pOpPMAIUIO MPO PO3BUTOK IJIOTO
OpraHi3mMy 1 B TMEBHHUX yMOBaxXx MoOxe c(hopMmyBaTu Iy pPOCIHHY (BJIaCTUBICTDH
mominomenmuocmi). Ta, mepeOyBaroud y CKIaJi OpraHi3My, I KIITHHA Oyne
peanizoByBaTH JIMIIIE YACTUHY CBO€1 reHeTu4yHoi iHpopMmaiii. CurHanamu (eexropamu)
JUIsL  eKchpecii TOi 4YM 1HIIOT TEHETUYHOI MpOrpaMu CyXaTh TIE€BHI BH3HAYCHI
MO€THAHHS (PITOTOPMOHIB, META0OMITIB 1 (P13UKO-XIMIYHHUX (DAKTOPIB.

[3 3akiHyeHHSIM Tpoliecy AUQEPEHIIOBAHHS KIITMHA BCTYMAa€ B €Tall CBOET
3pUIOCTI 1 MOYMHAE BUKOHYBATH T1 QYHKIII, K1 3aKJIaJIeH] B i opranizariii.

CrapiHHs 1 CMEPTh KIIITHHU

Cmapinna  ma  GIOMUpAHHA  —  3A6EpWIANbHI  emanu  OHMO2EHe3)
oughepenyitioganux, spinux kiimux. Halikpaie 11 sBHUIIa BHUBYEHI HA CTapIIOUUX
JUCTKAX.

Jnst cTapirouux KIITHH XapaKTepHO TNOCIA0JeHHS CHHTETUYHHUX IMPOIIECIB 1
MOCWICHHS TIApOoMTHYHUX. 3HIKyeThbcsi BMicT PHK, OinkiB, 3pocTtae akTHBHICTH
riiponas, NEpPOKCHAA3, 30LIbLIYETHCA OKUCHEHHS JINigiB MeMOpaH, 3HWXKYEThCA
HaIIBIPOHUKHICTH MEMOpaH, YTBOPIOIOThCA aBTO(AridyHi Bakyolsll, pPYWHYIOTbCS
xJyiopodin 1 xyoporacti, aucouiroote EP 1 Al', po3nagaroTecs MITOXOHJApII, spa.
CrapiHHA cTae HE3BOPOTHUM 13 MOMEHTY pPYyHHYBaHHS TOHOIUIACTY 1 BHXOAY WOrO
BMICTY JIO LIUTOIIa3MHU.

JU1s IOSICHEHHS MEXAHI3MY CTApIHHA ICHYIOTE 2 TPYIHU TIOTES.

1. Ilepma rpymna rinore3 MoB’sI3ye nepexia KIITHUH 10 CTapiHHS 1 BIAMUPAHHS 13
HarpoMajpKEHHSIM TIOMIKO/DKEHb y TEHEeTUYHOMY amapari, y MeMmMOpaHax Ta IHIIUX
CTPYKTypaXx, 13 301JIbIIIEHHSIM KOHIICHTPAIlll TOKCHYHUX PEYOBUH Y KIIITHHI.

2. IlpuxunbHUKA IPYTroi TPYMH TIMOTE3 AOTPUMYIOTHCS JYMKH MPO 1CHYBAHHS 1
3allyCK F'€HETUYHOI MpPOrpaMH CTapiHHS K OCTaHHBOTO €Taly OHTOTIE€HE3Y POCIMHHOL
KIJIITUHH.

Opna 1 1pyra TinoTe3u MaloTh JOCUTh MEPEKOHIINBI OOTPYHTYBaHHS.

[IpyunHy cTapiHHA KIITUHU MOXHa Kpaule 3p0o3yMiTH, BUXOAsUM 3 (izionorii
[UI0O1 POCIUHM. 3MEHIICHHS HAJIXO/KCHHS 10 KIITHHH JeSKUX (ITOrOPMOHIB
(ayKCHHIB, IUTOKIHIHIB, T10EPETHIB) 1 MOKUBHUX PEYOBHUH PI3KO MPUCKOPIOE MPOLIECH
crapigds. Lli ropmonu akTuBytoTh cuHTe3 OuUIKiB, PHK, BigHOBIIOIOTH CTPYKTYpHU
XJIOPOILJIACTIB, ~OMOJIOKYI0Th” KmiTuHU. Hasnaku, etunen i1 ABK npuckoproroTh
MPOLIECH CTAPIHHS.

OnHa 3 O3HAaK CTapiHHS KIITHHH — 3CyB BenuunHH pH y kuciy cropony. Lle
HEraTUBHO BIAOOpaXKaeTbcsl Ha (PI3UKO-XIMIYHOMY CTaHl OUIKIB 1 aKTHBYE KHUCIHI
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rizponasu. AyKCHH, aKkTHByloud poGory H'-mommm, 3axuiae LMTOIIA3My Bif
3aKHUCJICHHS, @ OPraHoinyd — BiJl Aerpaaiiii.

[Tocna6bnennss H'-mommu, BTpata MeMOpaHAMH BJIACTHBOCTI HAIiBIPOHUKHOCTI
CIIPUYMHIOE JTKBIAAIil0 MEeMOpaHHOrO TOTEHIIAly Ta HE3JaTHICTh IOIVIMHATH U
yTPUMYBATU PEYOBHHHU. 3 I[LOTO MOMEHTY KJIITUHA MEepecTae OyTH KUBOIO 1 JII3YE.
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PICT I PO3BUTOK POCJIMH

“Hauicmomuiwia o3Haxka pociuHu noiseae 8 momy, wjo 60HA pocme: HA ye 8KA3ye cama ii Hasea “'.
Timipsizes K.

OnTorenes (icToTa+moxoaxKeHHs1) — 1HAUBIAYaIbHUNA PO3BUTOK OPTaHi3My BiJ 3UTOTH
(a0 BereTaTUBHOTO 3a4aTKa) 0 MPUPOTHOI CMEPTI.

Y Xoai OHTOTEHE3y pealli3yeThcs CIaaKkoBa 1HQopMalls opraHizmMy (I€HOTHN) Yy
KOHKPETHHUX YMOBaxX OTOYYIOYOTO CEpEelOBHINA, B pPE3yNbTaTi 4oro (opmyerbes
(beHoTHN — CYKyMmHICTh YCIX 03HAK 1 BIACTUBOCTEH 1HAUBIIYaJIbHOT'O OPTaHI3MY.
P03BHTOK — 1I¢ SKICHI 3MIHU B CTPYKTYpi 1 (DYHKIIIOHAJIbHIM aKTUBHOCTI POCIHH Ta iX
YacCTUH Yy IPOLIECI OHTOTEHE3Y.

[TosiBa sIKICHUX BIIMIHHOCTEH MK KJIITHHAMM, TKAHWHAMH ¥ OpraHaMH oTpUMaJia Ha3By
audepenuiroBanns. Ilporec nudepeHiitoBaHHS 1€ TPaKTYIOTh SK CIHeEIiaji3alliio
KJIITUH, MPUCTOCYBAHHS KJITHH 1 TKAHUH Yy XOJ1 OHTOr€HE3Yy JO BUKOHAHHS TEBHUX
(GyHKITIH.

[ToHATTS “pO3BUTOK” OXOIUTIOE TAKOXK 1 BIKOBI 3MIHHU.

PicT — HE3BOpOTHE 301JIBILIEHHS PO3MIPIB 1 MacH KJIITUH, OPraHy Yd BChOTO OPTaHi3MYy,
110 MOB’SI3aHO 3 HOBOYTBOPEHHSIM €JIEMEHTIB iX CTpyKTyp. [loHATTa “picT” BimoOpaxae
KUIBKICHI 3M1HHU, SIKI CYIIPOBO/IKYIOTh PO3BUTOK OPraHi3My UM MOro YaCTHH.
[TiamopsaKoBaHICTh TaHUX MOHATH BITOOPAKEHO Yy CXEMI:

OHnTorexes
(PO3BUTOK POCIIHH)

l

JudepenuiroBanHs Pict BikoB1 3MiHN

® ETanu oHTOreHe3y BUIIMX POCJIUH

PO3BUTOK BHUIMX POCIUH MNOJAUIAIOTh HAa YOTUPU eTanu: 1) emOpioHanbHM; 2)
IOBEHUIbHUM; 3) pEenpOyKTUBHUIA; 4) CTApICTh.

EMOpioHaibHUM eTan

EMOpioHanbHui eTan OHTOreHe3y HACIHHEBUX POCIIHMH OXOIUIIOE PO3BUTOK 3apOiKa BiJ
3UTOTH JI0 3p17101 HACIHUHH.

3urora yTBOpIOETHCA B pe3yJIbTaTI 3JIUTTA CIIEPMIIO MHJIKOBOI TPYOKH (40J1. raMeTodit)
13 SHUEKIITUHOI 3apOJKOBOr0 Milka (KiH. rameTodiT). Y 3apoIKOBOMY MIILIKY
B1I0yBa€ThCsl MOJIBIMiHE 3aIlIiTHCHHs, Brepine Biakpute W onmcaHe C. Hapammuum.
3apoaKoBUl MINIOK 3HAXOJWTHCS B HYIETYCi, OTOYEHOMY iHTerymMeHToMm. Hytemyc
BUKOPHUCTOBYETbCS JJISl KUBJCHHS 3apojKa, piALIe A MEpPEeTBOPEHHS B 3alacHy
TKAaHUHY — nepucnepm. [HTETyMEHTH BHKOHYIOTh 3aXHUCHY (YHKIIO 1 3T0J0M
NEPETBOPIOIOTHCS B TOKPUBH HACIHUHMU.

3apoaKy MPOXOAATh JEKUTbKA MOCHITOBHUX (ha3 po3BUTKY. J1ist OLIBIIOCTI JBOAOTBLHUX

1€ MPOoeMOPio, I100yJasipHA, CePIIeBU/IHA, TOPNEI0BU/IHA (TOPIE/O) i 103piBaHHS.
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diiuekjgiTHHA B 3apOJKOBOMY MIIIKY BXK€ TOJSpPHA: SAPO 3MIMIEHE JO XaJa3HOTO
MOJTFOCA, & B MIKPOMIUISPHIN MTOJOBUHI PO3MIIlIEHA BEJIUKA BAKyOJIs.

[Ticns 3amigHeHHs 3UroTta 30epirae MosSpU3alliio SHICKIITUHM 1 Aeskuil yac (Big 2-4
roja. 1o 1-3 ni0) 3HaxXoAUTHCA B JIATEHTHOMY cTaHi. B 1ei yac 3pocrae cunte3 PHK,
30UTbIIYEThCST 00’€M 3WUTOTH, TIOYMHAE JUIMTUCA TPUIUIOIAHE SIPO, YTBOPIOIOYU
eHJIocepM, 13 Hylenyca 1 mianeHT HaaxoaaTh IOK 1 nuTokiHiHM, K1 HEOOX1aH1 IS
PO3BUTKY €HJIOCTIEPMY .

[Ipu mnepmomy mOAUTI 3WUIOTH, IO BIAOYBAETHCS MEPHEHAMKYISIPHO OO OCi i
noJisIpu3allli, AOYipHs KIITHHA, TOBEPHEHA 0 MIKPOIJie, 3HAYHO KPYIHIMA 1 Hpu
MIOJIAJIBIIIOMY TIOJIIJII YTBOPIOE OMHOPSAHY HHUTKY KIITHH — cycnenszop (niosicox). Bin
BUKOHYE€ Taki (QyHKIIIi:

— TI0JIOBXKYIOYHCH, BIZICYBa€ 3apOJIOK BIIIMO TKAHWH CHIOCTIEPMY;

— TIOTJIMHAE PEYOBUHU 3 HyIIETyca Ta IHTETYMEHTA 1 Tepeaac ix 3apoIKOBi;

— CHHTE3Yy€E (PITOrOPMOHH.

YacTtuHa KIIITHH CYyCIIEH30pa, 10 MEXKYE 13 3aPOJIKOM, Y JESKUX BHUJIB M13HIIIE BXOIUTh
JI0 CKJIaJly amiKaJbHOI MEPUCTEMHU Ta KOPEHEBOTO YOXJIMKA 3apOJKOBOTO KOpPiHI. J[B1
CUHEPTiJId, SKI TMPWIATAIOTh [0 SULEKIITHHH, BUKOHYIOTH (YHKIIIO TaycTopii,
MOTJIMHAIOUM PEYOBUHM 13 Hylelyca. AHaNOrIYHY (YHKIIO TaycTopii 31HCHIOIOTh
AHTUTIONHU, SIK1 3HAXOJIATHCS MOPS] 3 EHIAOCTIEPMOM.

Jlpyra KJIiTHUHA JBOKJIITHHHOTO 3apOJiKa, sSKa MOBEpPHEHA JI0 XaJla3HOTO MOJItoca, ABIY1
JUTUTHCS BIIO3JIOBXK OC1 MOJIApU3allli, YTBOPIOIOYU K8adpanm. 3rofoM Yy OUIBIIOCTI
JBOJOJIBHUX KOKHA 3 KIITHH JUTATHCS BIIONEPEK, y PE3yIbTaTi YOTO YTBOPIOETHCS
oxmanm. Yotupu nucranpHl (nepudepudHi) KIITUHM OKTaHTa Janl chOpMYIOTh
CIM’SI710J11 1 areKc MaroHa, a YOTUPU MPOKCUMAJIbHI — FIIOKOTWIb Ta 0a3ajJbHy YaCTUHY
KOpeHsl. 3apoJioK, SKWU CKJIQIa€ThCsl 3 OJHIEI, JIBOX, YOTUPHOX 1 BOCBMHU KIIITHH,
HA3WUBAIOTh POEMOPIo.

Y wmipy po3BUTKY 3apojika 3poctae konreHTparis IOK Tta muTokiHiHIB. OcTaHHS
KJIITUHA CYCIIEH30pa, SIKa MEXY€E 3 OKTAHTOM, CTa€ 2in0oghi3010 — IHIIAIBHOIO KIITHHOIO
KOPEHEBOTO MO0JII0ca 1 MOP(HOJIOTIYHO BUIISETHCS.

VYeci 8 kiIiTUH PoeMOpio AUTATHCS MEPUKIMHATILHO (TTapaieabHO 10 TOBEPXHI OKTAHTA).
s da3za po3BUTKY HA3WBAETHCS LJIOOYJIASPHOIO. 30BHINIHI KITHHU (HOPMYIOTH Jaii
npomooepmy, a BHYTPIIIIHI JaI0Th MOYATOK MEPBUHHINA KOPI 1 IEHTPAIBHOMY LUJIHIPY.
Ha miii a3t oco0narBo HEOOXiAHMI LMTOKIHIH. BIH HagXoauTh 3 €HIOCHEPMY, SIKUN
BiJIirpa€ roJIOBHY POJIb Y PO3BUTKY 3apOKa.

Hactynna ¢aza — cepueBmanHa. Y Mop(doioriyHO BEpXHIM YacTHHI TOOYJISIPHOTO
3apoJKa CIOCTEPIraeTbcsl 1HTEHCMBHMI OllaTepalibHUl MOAUT KIITHH, B pe3yJbTaTl
YOT0 3aKJIaJal0ThCS MPUMOP/IIi IBOX CUMETPUYHO PO3MIIIEHUX CiM’siosier. Ha minsiHin
MDK HUMU (MaiOyTHIN amekc raroHa) Mol KJIITHH, HABMNAKU, PI3KO CIOBUIBHIOETHCS.
B neit nepiof A HOpMaIbHOTO PO3BUTKY He0OXiaHe HaaxokeHHd IOK, nutokininy i
aJZIcHIHY.

[IpuBeprae yBary diTKa XpOHOJOTIYHA TMOCTIOBHICTh audepeHmiamii 3apojka Ha
OKpeMmi crerianizoBani AUISHKU. [le BimOyBaeThCs 3aBIASKH HASBHOCTI KOPEISAIIHHUX
3B’SI3KIB MK KJIITHHAMHM PI13HUX JUJISTHOK. Y CKJIATHEHHS [IUX B3a€EMOBIIHOCHH BKa3ye Ha
CTaHOBJICHHSI BJIIACHOT TOPMOHAJIBHOT CUCTEMU MalOYTHBOTO OpraHi3my.
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TopnenoBuana ¢dasza (Topmezo) pPO3BHUTKY 3apojKa IMOB’S3aHA 3 IMOJIJIOM KJIITHH
MEePEBAXKHO BIOMEPEK IMOB3OBXKHBOI OCI Ta 3 OLIbII IHTCHCUBHUM POCTOM KJITHH Y
3a4aTKax CiM’ S0JIEH 1 B 30HI MIOKOTWIO. YITKO BUAUIAIOTHECS 32 BHIOBKEHOIO 10 OC1
(dhopMoOIO KIIITUHH TTpoKaMOiro B TinmokoTuii. opMyeThes mpomepucteMa KopeHs. Kpim
IOK Tta nurokiniHy, HeoOX1HUM T10epeniH (15 pOCTY TIMOKOTHIIS).

VYV heskux JBOAOJIBHUX CIM’SIION1 M TIMOKOTWIb Yy TPOLECI POCTY 3TUHAIOTHCS U
CKJIQIAOThCs BABOE. MiXK CIM SJIONISIMU 3aKJIaJIa€ThCS aleKC IMaroHa, BiIOyBaeTbCA
po3man cycneHsopa. Skio cim’sgoni BUKOHYIOT q)yHKuHo 3amacaHHs PEYOBHH, TO
BOHHU 3aIOBHIOIOTh Mai’ke BECh 00’€M J03piBalOYOro HACIHHS 1 B HUX Ha OCTaHHIX
eTanax popMyBaHHS 3apOJKa BiIKJIATAIOTHCS OLTKH, KPOXMAaJTb, KUPH.

HanxomkeHHsT TO)KMBHUX PEYOBUH JI0 HACIHHEBHX 3a4aTKiB, a TIOTIM JI0 JTO3PIBAIOYHX
HACIHHS 1 TUTOAIB BU3HAYAETHCS TUM, IO Il AUISHKA CTAIOTh JOMIHYIOUMMH LEHTPAMHU:
B iXHIX TKaHMHAaX CHHTE3YEThCS BEJIHMKA KITbKICTh (DITOTOPMOHIB, y PE3yJbTaTi 4OTro
3pocTae iX aTparyroda Jis.

Ha ocrannpomy eTami [g03piBaHHsl HAaciHHS BTpadae€ 3HAYHY KUIBKICTH BOJIU U Y
OUIBIIOCTI BHJIIB CEPEIHBbOI CMYTH MEPEXOIUTh 10 CcTaHy crokoro. llelt mepexin
OB’ SI3aHUM 13 3MEHIIICHHSIM Y TKaHMHAX BUIBHUX ayKCHUHIB, ITATOKIHIHIB, T1OEPEIIiHIB Ta
30uTbIIeHHsIM BMicTy ABK.

FOBeH11bHUE eTan

Etan MOn0IOCTI y HACIHHEBUX POCIWH IMOYMHAETHCS 3 MNPOPOCTAHHA HACIHHA abo
OpraHiB BEreTaTUBHOTO PO3MHOXKEHHS 1 XapaKTEPU3YETHCS IIBHIKUM HATPOMaKEHHSIM
BEre€TaTUBHOI MaCH.

Pocnunu B 1€l nepiof He 34aTHI 10 CTATEBOTO PO3MHOKEHHS.

[Iporiec mpopocTaHHs HaciHHSA JAUIMThCA Ha ((a3u  HAOYXaHHsI _(HAOpsSKaHHS),
HAKIUJIbYYBaHHA (HAaKJIbOBYBAHHS), reTepOTPOGHOro pocTy MpopOCTKa Ta MNEPEeXoy
10 AaBTOTPO(HOr0 ciocoOy >KHUBJICHHS.

HaOyxannsi. IlorimHaHHS HaciHHSAM  BOAM  CIYXUTh IYCKOBUM  (PaKTOpoM
npopocTaHHs. BoHO BiOyBaeThcs B pe3yibTaTi 30UTbIIEHHS MPOHUKHOCTI HACIHHEBUX
MTOKPUBIB JIJIs1 BOJM 132 paXyHOK Tiaparaliii 010moJiiMepiB y KIIiTHHAX. BHACTIAOK 1IbOTO
PO3BUBAETHCS OHKOTHYHMIA THUCK (THCK HaOyXaHHsS) 1 HACIiHHEBI TOKPUBU
po3puBaroThcs. HaOpsikaHHS NPakTUYHO HE 3aJ€KUTh BIJl TeMoeparypu, BMICTY Oo,
OCBITJICHHS.

HakinbuyyBaHHSl TOYMHAETHCS, KOJHM BOJIOTICTh HACiHHA csrae Benuunau 40-65%.
BoHo Bim0yBaeThCsl MIISTXOM POCTY PO3TATYBAHHSAM CaMOTO 3apOJIKOBOTO KOpeHs abo
TINOKOTWIIA, B PE3yJibTaTl YOro KIHYMK KOPEHS BUIUTOBXYEThCSA 13 HaciHMHU. [lpum
IIbOMY Y 3JIaKiB BIH IIPOPUBAE KOPEHEBY MIXBY — Kosieopusy. 1loni KIITUH 3BUYANHO
HacTae mi3Hime. PicT po3TsaryBaHHAM MOXJIMBHUI y pe3ynbTaTi 3MeHIIeHHs ABK mpu
HaOpsikaHHi. Buxin kopeHs 3abe3nedye 3akpirieHHsT TPOPOCTAI0Y0i HACIHUHU B TPYHTI
Ta TOKpallye MOTJIMHAHHS BOJIH.

I'etepoTpodumnii pict. Ycmig 3a kopeHeM MOYMHAETHCS picT nmaroHa. [Ipopocratoun y
TEMHOTI, 1 KOPiHb, 1 Iar'iH OPIEHTYIOTHCSA TEPIIT 32 BCE 3a TPaBiTAI[iIiHUM BEKTOpOM. PicT
OChOBHMX YaCTHH 3apoJika W MPOPOCTKA MATpUMYEThCs (itoropmoHamu. [Ipuuomy, y
3nakiB [OK 1 HLMTOKIHIHM HaAXOAATh CIIOYATKy 10 3apoAka 3 enaocrnepmy, ['A
3BUILHIOIOTHCSL 31 3B’SI3aHOTO CTaHy B 3apoOJIKOBIA OCl, a dYepe3 JACKUIbKa TOJUH
IHAYKY€TbCSI CUHTE3 Ti0epeNiHiB y MMTKY. EmiTemanbHl KIITUHU HIUTKA MOYMHAIOTH
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NEepeTPaBIIOBATH 3alacHl PeYOBUHH B eHpocnepMi. CTBOPIOIOTHCS YMOBH ISl KUCIIOTO
TpPaBJICHHS 1 JUIsi BCMOKTYBaHHSI TOXXMBHUX PEYOBHUH EIMITENEM (CHUMIIOPT MYKPIB 1
aMiHOKHCIIOT 3 ioHamMu H' dyepes mmasmanemy). KiiTuHM emiTenito BpOCTalOTh B
€HJ0CIIEPM 1 3[IIACHIOIOTh TeTEPOTPO(PHE KUBIICHHS 3apOIKa, III0 PO3BUBAETHCS.
Pict 3apoJKOBOro KOpIHISL CYNPOBOKYETHCS IMOSBOIO Y HBOTO 30H MOJLIY,
po3TAryBaHHs ¥ nudepenianii kiituH. Kopiab caM moYnHAE CUHTE3YBAaTH IUTOKIHIHU
1 'A, sxi cnpsiMOBYIOThCSL 10 maroHa. [larin mogoBXKyeTbcs 3aBISKH PO3TATYBAHHIO
einoxomuisi (ABOAOIBHI) a00 mezokomuns (3naku). ['IITOKOTHIIG CHIIBHO 3THHAETHCS, i
YTBOPIOETHCS TAUOK, IO MOJIETIIYE HOTO pyX y IPYHTI. Y OpYHBII JBOJOJBHHUX Ta Ha
BEPXIBIIi xKo.1eonmuisi (6e30apBHMIA MIXBOBHUI JUCTOK) 371aKiB cuHTE3yeThes IOK.
Konu eTtnonpoBaHMi mMariH csAra€ TMOBEPXHI 3eMJi, BHHUKAIOTh CBITJIOPOCTOBA Ta
dboToMOphoTreHeTHYHA PEaKIii: PICT TIMOKOTHIIA YA ME30KOTHIISI PI3KO TaJbMy€EThCS,
MOCUITIOETRCS PICT enikomuisa (TIEpIe CIPaBKHE MIKBY3JIS) 1 IUCTKIB. BMmicT eTuneny y
30HI rayka 3HUXKYETHCS, 1 TAYOK BUNPAMIISiEThCA. PociuHa 3eneHie W nepexoauTh 10
¢oToTpodHOrO TUILY KUBJICHHS.
VY pesynbpTaTi NPOAOBKEHHS POCTY TOJIOBHOTO, OOKOBMX Ta JOJATKOBUX KOPEHIB 1
(¢hopMyBaHHS MMAaroHiB Ta MOTOBIIEHHS CTe0JIa POCIUHA 10 KIHIA IOBEHUIHLHOTO MEPioy
HarpoMaJi)Kye 3HayHy BEre€TaTHUBHY Macy.
TpuBanicTh FOBEHUILHOTO MEPIOY Y PI3HUX POCIHUH HEOJAHAKOBA: B1Jl JEKIJIBKOX THKHIB
(oTHOPIYHI TpaBM) 10 AECATKIB POKIB (Y I€PEBHHUX).
[IpopocTku 3a OaraTbMa napameTpaMmu He MOAI0HI 10 JOPOCIUX POCIHUH:

® € BIAMIHHOCTI y (pOopM1 JTUCTKIB (OTipKH, OABOBHHUK) ;

e y BHYTpILIHIA Oy10BI (TanopoTi) ;

® y xapakrtepi pocTy (ILITIOI).

e MEHIII [TOTYKHA BEpXIBKOBa MEpUCTEMA.
Etan MoOnomocTi XapakTepu3yeThCs MOBHOKO BIJACYTHICTIO LBITIHHA. TyT sICKpaBO
MIPOCTEKYETHCS ABUIE KOoMnemeHnyii (TOOTO TOTOBHICTh CEU((IYHO pearyBaTu Ha TON
Y IHIIWKA 1HAYKOBaHWH BIUIMB). Y JAHOMY BHUIIAJKY IOBEHUIbHA POCIMHA HE BOJIOIIE
KOMIETEHII€I0 10 (DaKTOPiB, SKI BUKIMKAIOTH 3aKJaJaHHsS OpraHiB CTATeBOTO YU
BETe€TaTUBHOIO pO3MHOXEHHs. Lle mMoxke OyTH MOB’s3aHO 3 BIACYTHICTIO B OpraHax-
MIIIIEHSAX, HA SK1 JIIOTh TOPMOHH, OUIKIB-pELENTOpPiB, MO0 OepyTh y4acTh B 1HAYKIIIT
Ie€HEPaTUBHOTO PO3MHOKEHHS.
OpHaxk BiJICYTHICTb LBITIHHS - I HE TTOKA3HHUK FOBEHIJILHOCTI, OCKUIBKU 0arato pocinH
y 3puUIOMYy CTaHl JIOBFO HE UBITYTh. JIJ FOBEHUIBHOTO POCTY XapakTepHa OuIbIa
3JIaTHICThH JI0 KOPEHEYTBOPEHHSI, 1110 BUKOPUCTOBYETHCS Y CaIIBHUIITBI.
HOBeH1pHUH CTaH MIATPUMYETHCS CEIM(BIYHUM CITIBBITHOIIEHHSIM TOpMOHIB. [lepexin
B1Jl IOBEHUIBHOTO THUITy POCTY 0 3pLIOro HalKpaile MOMITHHM y JE€peBHUX Mopia. Y
OyKka, HaNpUKIAJ, MOXJIMBE CIIBICHYBaHHS yCiX (a3 pO3BUTKY BiJi IOBEHIJIBLHOCTI /10
3pLUIOCTI.

ETan crapocTi i BiAMUpaHHSI

ETan crapocti Ta BiaMupaHHs (CEHITBHUN €Tal) OXOILUTIOE TIEPioJT BiJl MTOBHOI 3YITUHKHU
IJIOJIOHOCIHHS 10 TPUPOIHOI cMmepTi opranizmy. lle mepiox mnporpecyrouoro
OCITabIeHHS. JKUTTEMISIBHOCTI. MOro TpHBANCTH IEBHOIO MipOI0 BH3HAYAETHCS
3arajJbHOI0 TPUBAIICTIO KUTTA POCAuH. BoHa € pi3HOIO y POCIWH pI3HUX BHUIIB Ta
€KOJIOTIYHUX TPYIL:
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Tak, epeMepu KUBYTH 2-4 THKHI;
OJIHOPIYHI Ta JABOPIYHI pOoCIuHM — 1-2 poKH;
nesiki 6araropiuti TpaBu — 10-30 pokis;
BUHOTpaj, Tay-carus — 100 pokis;

e JepeBa (JuIa, siuHa, 1y0, cexBos) — OinbIne 1000 pokis.
Ile cBiAUMTH MPO T€HETUYHY JICTEPMIHOBAHICTh YaCy KUTTS KOXKHOTO BUy. CTapinus i
CMEpTh — 3aBepIiaibHI a3y OHTOTeHE3y Oyb-sSKOI POCIMHH, ajieé TePMiH “‘cTapiHHS”
MO>KHA 3aCTOCYBATU U 70O OKPEMHUX OpPraHiB POCIHUH.
JIJ1st poCIIMH XapakTepHi Pi3HI TUIW CTapiHHS:

® OJHOPIYHI POCIIMHU BIIMHUPAIOTH MOBHICTIO;

e y 0araTopiyHUX TpaB IOPOKY MOBHICTIO BIIMUPA€E HA3eMHA YaCTHUHA;

e y 0aratboX POCIIMH Y MPOIEC] POCTY CTAPIOTh 1 BIAMUPAIOTh HUXKHI JTUCTKH;

® y JIMCTONAJHUX JIEPEB BOCEHU OJTHOYACHO CTApiIOTh 1 OMAIal0Th YC1 JUCTKHU.
[lepen omamaHHsAM JHCTKa YW TJI0Jja B OCHOBI YEpEIIKa Y TUIOJOHIKKU YTBOPIOETHCS
PO3NOAUIBHUNA IIAp 13 UIUIbHUX, MOMNEPEYHO OPIEHTOBAHUX KIITHUH. Y HHUX YaCTKOBO
PO3UYMHSIOTHCS KIITHHHI CTIHKM Ta CEpEIUHHI IUIACTHHKU. Bech mpolec 1HIyKyeThCsS
€TUJICHOM, SIKMi CUHTE3YEThCS CTapIrOYMMH JucTKaMu. CTapiHHS 130JIbOBAHUX JIUCTKIB
MOKHA 3aTPUMATH [UTOKIHIHOM; Yy JIEIKUX POCIUH — ayKCHMHOM 1 ribepemninoM. ABK Ta
€THJIEH IPUCKOPIOIOTh IPOLIECH CTAPIHHS.

['imoTeTHyH1 MEXAaHI3MHU CTAPIHHSI

1) I'imote3a HiMmenpkoro (izionora pociaud I'. Mouiiia rpyHTYeThCS Ha TOMY, IO Y
MOHOKapHIYHUX POCIMH — OJHO-, ABOPIYHUX 1 JIEIKUX OararopiuyHuX TpaB (arasa,
0amMOyK, SIKl LIBITYTb OJMH pa3), CTAPIHHA CIOCTEPIra€ThCs 3pa3zy MICHs UBITIHHA ¢
N03piBaHHS TUIOAIB. CmapinHA 3YMOBMIOEMbCS  BIOMOKOM  OLILULOCIE  NONCUBHUX
PeUoB8UH 00 penpoOYKMUBHUX OP2aHis, AKI pO36UBAIOMbCA, | BIOMUPAHHI HACMAE Yepe3
BUCHACEHHS gecemamuHux yacmun pocaun. 1s Touka 30py MIATBEPIKYETHCSA THM, L0
3pi3aHHS KBITIB 3aTPUMY€E CTAPIHHS.

[Ipotu 11i€i TINOTE3W CBIAYUTH TOM (haKT, 110 3pi3aHHS YOJIOBIUMX KBITIB Y JBOJIOMHUX
POCIIMH TAaKOX 3aTPUMY€E CTapiHHS, XOU BIITOKY MOKMUBHUX peuyoBUH HeMae. Kpim Toro,
y JESKUX POCIIUH CTApiHHS 1HAYKYEThCA MEBHUM (oTornepionoM. MoXKINBO, CTapiHHS
BUHMKAE MIPU NIEBHOMY CITIBBIHOILIEHHI (D)ITOTOPMOHIB, SIKE€ HACTAE MiJ 1€F0 30BHIIIHIX
1/4M BHYTpILIHIX (PAaKTOPIB.

2) Ha nymky B. Kazapsna (1959), conoeny ponv y npoyecax cmapinns idiepae
@DYHKYIOHAbHA KOPENAYis MIdC KOPeHAMU U JUCMKAMU: NPUYUHON CMAPIHHA MOXMCe
oymu giocmasanus po3sumky Kopenegoi cucmemu. 11ig yac GopmyBaHHS MIOMAIB PICT
KOPEHIB MPUTHIYYETHCS 4Yepe3 MPUIMHEHHS HAIXOJKCHHS aCUMUIATIB. 3MEHIICHHS
AKTUBHOCTI KOPEHIB CHPUYMHIOE TOPYIICHHS MIHEPaTbHOTO 3>KUBJICHHS, BOIHOTO
pexumy, GOTOCUHTESY 1 T.1., 110 3HUKYE 3aTalIbHY JKUTTEIISIIbHICTh POCIIVH.
[IpurHideHHss poCTy KOpEHIB, YUM OU BOHO HE 3YMOBJIIOBANIOCH, TPU3BOTUTH 10
3MEHIIICHHS HAJXO/DKCHHS (Di310JIOTIYHO AaKTUBHHMX PEYOBHH 1, B TEPIIy 4Yepry,
IMUTOKIHIHIB JI0 HAJI3€MHHX OpraHiB Ta 3HIWKEHHA NpoidepaTUBHOI aKTUBHOCTI
amiKaJIbHUX MEPUCTEM IIaroHa, IO CTa€ TPUYMHOIO CTapiHHS IJIOTO OpraHi3My.
(Mponidepartist — po3poCcTaHHS TKAHUHM OPraHi3My TUTLKH LLISXOM HOBOYTBOPEHHS i PO3MHOMKEHHS

KITITHH. )
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3) Teopis M. Kpenxe npo yuxiiune cmapints ma omon00xcenns pociur. KoxeHn

opraHi3M crapie i Bigmupae. [lix crapinasm Kpenke pozymie TpuBavii mporiec, sKuii
MOYMHAETHCA 13 3aIUTIIHCHHS SUIEKIITUHM. [lepexia opraHizaMy Bijg eMOpiOHAIBLHOTO
eTamy /0 MOJIOJIOTO, MOTIM JI0 JOPOCJIOro — yce 1€ MOCTYIMOBI MPOLIeCH, OB’ A3aH1 31
crapigasaM. [lpouiec crapinHs HUKIiYHUN. BiH TOB’s3aHUNA 3 OMOJIOJKEHHAM — II€
HOBOYTBOPEHHSI ¥ PO3BUTOK MOJIOJIUX OpraHiB, y pe3yJbTaTi 4Oro KOXHA YacTHHA
POCIIMHU XapaKTEPU3y€EThCS BIACHUM Ta 3aralibHUM BIKOM.
CrapinHs Mae Benuke OloJioriyHe 3HaueHHsA. BOHO BHCTymae OJHHMM 13 CIOCOOIB
ajanTanii pocIuHHU 10 HECTIPUSATIMBHX yMOB 30BHIIIHBOTO cepenoBumia. Kpim Toro,
CTapiHHS CHpus€ OUTBII MIBUAKIA €BOJIOLII, OCKUIBKH MPHUCKOPIOE 3MIHY IOKOJiHb,
TOOTO “000POTHICTH” TEHETUYHOTO MaTepiaiy.

o Jludepenuiauis i picT pocjJauH
Pocnaunu, Ha BiAMiHY BiJl TBApWH, IPOTATOM YChOTO KHUTTS POCTYTh, YTBOPIOIOYM HOBI
TKaHUHU 1 OPTaHH, K1 3aKJIaIal0ThCsl B EMOPIOHATIBHUX 30HAaX, — MEpPUCTEMAX.
IcHyBaHHS MepUCTEM TIATPUMYETHCS [HIYIATLHUMU KIIMuHamu (iHiyiansamu), siKi 3/1aTHI
710 TOJIITy HEOOMEXKEHO JTOBIUU 4ac. AmiKanvHi mepucmemu 3HAXOIATHCS Ha KIHIISX
MaroHiB 1 KopeHsi. Jlamepanvui mepucmemu — y300BXK TaroHa U kopensa. Jlo Hux
HaJjeXaTh MEPBUHHI JIaTepajdbHI MEPUCTEMHU — NMPOKamoOiti 1 nepuyuki Ta BTOPUHHI —
kamoiti 1 ¢henocen. B OCHOBI MOJIOAMX MIKBY3JIb 1 JIMCTKIB (PYHKIIOHYIOTh
iHmepKanapHi (6cmasmi) mepucmemu.
[licns 3aknamaHHs TKAHWH 1 OpraHiB y MEpUCTEMax iX pICT BIAOYBAE€ThCS 3aBISKU
MOJIUTY 1 TIOJANIBIIIOMY PO3TATYBaHHIO KIITHH. Dopma i po3mip opraHiB Ta pOCiIUH Y
[JIOMY BU3HAYAIOTHCS KUIBKICTIO W JIOKadi3alli€l0 KIITUH, W0 JUISAThCS |
PO3TATYIOThCS, @ TaKOK 1HTEHCHUBHICTIO Ta Opl€HTAIll€l0 iX moAury. B mpoueci pocty
POCJIMHHI KJIITHHU, SIKI OTOYEHI KJIITUHHUMHU CTIHKaMH 1 3B’si3aH1 IJIa3MOJIeCMaMU, HE
MEePEMILIYIOTHCS OJIMH BIIHOCHO OJHOTO (Ha BIAMIHY BiJ TBAPUHHHX).
Takum uYnHOM, MoOp¢OreHe3 pOCIMHHOTO OpPraHi3My CKJIAJA€ThCS 3 HHU3KU
MEPETBOPEHD, IO BiAOYBAIOTHCS HA PI3HUX PiBHAX opraHizaiii. Crou BXOASTh MPOLECH
3aKJIaJJaHHs, POCTY 1 PO3BUTKY KIITUH (yumocenes), TKaHUH (2icmoceHe3) 1 OpraHiB
(opeanocenes), sKi TEHETHMYHO 3amporpaMoBaHi W CKOOPAWHOBaHI MK COOORO.
ATmikanbHI MEPUCTEMHM BHCTYINAIOTh MPU IOMY K TBIPHI TKaHWHA 1 TOJOBHI
KOOPJIMHYIOY1 TIEHTPH.

Mopdorenes nmarona

I'onoBHI yacTMHHM maroHa — crTe0JI0, JIMCTKW, KBITKH — 3aKJIaJaloThCd B amiKaJbHIN
MEpHUCTEeM] TIaroHa, SKa € MOXITHOI eMOpPIOHAIIBHOI TKAaHWHHM JTUCTAJbLHOTO KIHIIA
3apoKa.

Anekc naroHa. Amnekc (KOHyC HapOCTaHHsS) BET€TYIOUOTO IMaroHa KBITKOBOI POCIWHU
CKIIQZIAEThCS 3 MEPUCTEMATUYHUX KIITHH, Kl 32 PO3MIPOM, YACTOTOI ¥ HAMPSIMKOM
NOJIITY, 32 OCOOTUBOCTAMH METa00J13My MOXXYTh OYTH PO3MOAUICHI Ha JEKUJIbKa 30H:
MYHIKY [ KOpPHYC, SAKUU CKIAOAEMbCA 3 YEHMPAlbHOL, nepughepitinoi i cmpudichesol
mepucmemu.

Tynixa (abo MaHTIsA) — 1€ OJMH, JABa YW OUIbIIIE MIAPiB KIITHH, sIKI TOKPUBAIOTH alleKC
30BHI. KIIITHHM TYHIKM JIISTBCA NEPEBAXHO AHTUKIMHAIBHO (TUIOMIMHA MOALTY
NEepHEeHANKYJIIpHAa TMOBEpPXHI amnekca). [3 30BHIIIHBOrO IIapy TYHIKH YTBOPIOETHCS

PicTt i po3BUTOK poCcnuH



166

emigepMic. Yci 1HII KIITHHY, IO JIeXKaTh MiJ] TYHIKOIO, BXOJSATh O CKJIaay Kopnycy, y
SKOMY BUAUISIOTH 30HU YeHmpaibHOi, nepughepilinoi 1 cmpudicHesoi MEpUCTEMHU.
I[I/ICTaJIBHa rpyna KJIITUH TYHIKH 1 yenmpaibHa 30Ha KOPIYCY BUKOHYIOTH (PYHKIIIIO
iHiianel. KimiTuHu mUxX iITHOK BiAHOCHO KPYIHI 1 TIISATHCS PIIKO.

llepugpepuuna 3oma (1HIMIAIBHE KUIBIE) CKIANAETHCS 3 JAPIOHUX MEPUCTEMATUYHUX
KJIITHH, sIKI IHTEHCUBHO JIUIATHCA. KiiTHHM 111€i 30HH (HOPMYIOTh OpUMODP/IIi (3a4aTKH)
OOKOBHX OpraHiB IaroHa: JIMCTKIB 1 OpYHBOK.

Knituau ycix 30H amekca MaroTh KpPYMHHI spa, TYCTy IUTOIUIa3My 1 HE MICTATh
BakyoJeit. Jlumme cmpusicnesa 30Ha CKIAAAE€THCS 3 BaKyOII30BaHUX KJIITUH 13 BITHOCHO
Hu3bkuM BMicToM PHK. Knitunu mi€i 30HM DUTATHCS aHTUKIMHAIBHO 1 TAFOTh MOYaTOK
MOB3JIOBXKHIM psiiaM KJIITHH MEPBUHHOI KOpH U ceplieBUHU cTeOna. Mexi MiX 30HaMu
JOCUTh YMOBHI.

Konyc HapocTanHs maroHa, BOJIOJIIOYM BHCOKOIO 3[aTHICTIO 1O CaMOpPO3BHUTKY,
noTpeOye HaIXOKEHHSI TTOKMBHUX PEUYOBHH 1 ()ITOTOPMOHIB.

PicT i po3BUTOK JIMCTKA

JIuctok y mpouieci popMyBaHHS POXOAUTH 4 (ha3u:

1) yrBOpeHHs mpumopAito; 2) (hopMmyBaHHS OCI JHMCTKa (4Yepemika) ; 3) 3akiagaHHs
IJJACTUHKMA JINCTKAa 3a paxyHOK OOKOBOi MepucteMu; 4) picT IUIACTUHKHU
PO3TATYBAHHSIM.

KosxeH nucTKOBUM NpUMOpPAiIN YTBOPIOETHCS y BUIJISAI ropOuka B mnepudepuyHii
MEpPHUCTEM] areKca IMaroHa 3aBlISKU JIOKAIbHOMY MEPUKIMHAILHOMY MOAUTY KIITHH
(TutonMHa MOy TMapajeibHa MOBEpXHI anekca). Y 0aratbox BUIIB MEPUKIUHATBHUN
MOJAUT Yy 30HI 3aKJaJaHHs MpPUMOP/ia BiAOyBaeTbcs 1 B TyHiul. [Ipumopmniii OiuHOI
(ma3ymHoi) OpyHBKHM 3’SIBISETHCA JEIIO IMI3HIMIE. 3roJoM y HbOMY (OpMyeThCs
anikaJlbHa MEpUCTEMA, TOMOJIOTIYHA AMEKCY TOJIOBHOTO MaroHa.

llepioo uacy midc 3aK1A0AHHAM 080X  JUCMKOBUX  3AYAMKI6  HA3UBAECMbCS
naacmoxponom. TpHUBaNICTh HOTO 3aJIEKUTh BiJ BUAY Ta YMOB 1 KOJUBA€ETHCA BiJ
JIEKUIbKOX TOJIMH N0 JeKUIbKoX [10. IIpuMopii JHUCTKIB yTBOPIOIOTHCS Ha arekcl y
CTPOro 3aJlaHii MOCTIJOBHOCTI, BU3HAYAKOYHN POIMIWEHHS TUCMKIE HA 3PIIOM)Y NA2OHI,
abo ginomaxcuc. Y poCIMH MOUMPEHUN cripaibHuil ¢inorakcuc. Kyt Mk cyciaHiMu
IPUMOPAIIMH Ma€ 3HaueHHs npubamsHo 137,5°. Tlpu Takomy KyTi B imeanbHOMY
BHUIMAAKY Hl OJMH JIICTOK HE 3aTIHIOE 1HIIHX.

3rigHo 3 “reopieto BimmToBxyBaHHs (0. Hloyre, 1913), xonmu neTepMiHy€eThCsS LIEHTP
JUCTKOBOTO MPUMOP/isi, B HHOMY MPOAYKYIOTHCS 1HT101TOPH YTBOPEHHS HOBUX IIEHTPIB
Ha HEBEJIMKIA BiACTaH1 BiJl HbOTO. BiAMOBIIHO HOBUI IPUMOP/IN PO3BUBAETHCS 330BHI
1HT101ITOPHUX TOJIB CYCi/iB.

3auaTkd JMCTKIB BIUIMBAIOTh HA TKaHWHH, 0 JIGKaTh HIDKYE, 1HIYKYIOUH
audepeHIialiio NpoBiIHUX My4KiB. Ll Al 3yMoBiIeHa HaAXOMKEHHSIM ayKCUHY, SKUI
CHUHTE3Y€ETHCS B IPUMOP/IISX.

BepxiBKOBI ~ KJIITMHM KOHyca JIMCTKOBOTO TMPUMOpPAIS 1HTEHCUBHO  JUISTHCH,
MEePEeTBOPIOIOYM TOpOUK y TasblenoaiOHuii BucTyn (noBxkuHow 1 mMm). Ileit Buctyn
CKJIQIA€THCSI B OCHOBHOMY 13 KJIITUH MalOyTHBOI CEpeHBOI KHUIIKH Ta YepPeIIKa JUCTKA.
Ha xpasix 30HHM cepenHbOi KWIKK MOYMHAE (DYHKIIIOHYBATH MapeinanbHa (KpaioBa)
MepHucTeMa, sKa Ja€ TOYaTOK JMCTKOBIM TulacTUHI. OJHOYACHO MPHUIUHAETHCS
BEPXIBKOBHI PICT JIUCTKA.
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[HimianbHI KIITHHU MapriHalIbHOI MEPHUCTEMHU 1 KIITHHU CaMOi MEPHCTEMHU IUISThCA,
TOJIOBHUM YWHOM, AHTUKIWMHAIBHO, IO CHpUsi€ 30UIBIICHHIO IUIOLII JIMCTKOBOT
mactuHkU. [loBepxHeB1 iHIIIadbHI MapriHajdbHI KJIITHHU YTBOPIOIOTH €IiJepMic, a
cyOMapriHaibH1 — BHYTPIIIHI TKAHUHU JTUCTKA.

[Ticng 8-9 nukiiB MOAUTY KJIITUHM MapriHAIBHOI MEPHUCTEMU IMEPeXOoMsiTh 0
po3TaryBaHHs. EmigepMmainbHiI KIITHHU 3aKIHUYYIOTh TOJUT MEPIIMMH, ajie HaIoBIIE
POCTYTh pO3TATyBaHHAM. KiiTHHM Ty04yaToi MapeHXIMH 3aKIHUYYIOTh IO 1 PICT
paHie Bia iHIUX KMTHH. [loain 1 po3TaryBanHs nanicagHol (CTOBIYACTOT) MapeHXIMH
Ta PO3TATYBAHHS €IMiIEPMICY MPU3BOAUTH 10 TOTO, IO KIITUHHA Ty04aToi MapeHXiMu
PO3CYBAIOTHCSI, YTBOPIOIOYH BEJIMKI MUKKITITHHHUKA. [lo11i Ta picT majgicagHuX KIITHH
3YOUHSETHCS TPOXHU IIBUJIIC, HIX 3aKIHUYETHCS PO3TATYBaHHS emigepmicy. Tomy i
najicagHl KIITUHU JEU0 BiIPUBAIOTHCA OJHA BiJl OJIHOI, YTBOPIOIOYM HEBEIHUKI
MDKKJIITHHHHUKH.

[Ipu pocti nHMcTKa OJHONOJBHUX 30HA IMOJAUIY Ha amekcl JUCTKOBOro TopOuKa
MOIIUPIOETHCST IO OOKax M OXOIUIIOE yBech 00BiJ cTebia. CeprnoBUIHUN (3JIaKH) YU
KUIbLIEBUH (OCOKOBI) MEPUCTEMAaTUUYHUI BaJIMK J]a€ MOYATOK JIMCTKOBI, 1110 POCTE BBEPX.
Jlo ¢opmyBaHHS BaiMka TOpOMK pOCTE BEpXIBKOIO, AK Yy JABOJOJIbHUX. JlMcTKOBa
MJIACTUHKA TOJIOBKYETHCS IUIIXOM 1IHTEPKAISAPHOTO POCTY, SIKUWA TPUBAIIIIUNA B OCHOBI
TJIACTUHKHU.

Ha picT nuCTKIB BIUIMBAIOTH SIKICTh Ta IHTEHCUBHICTH CBiTJIa. CHHBO-(10JIETOBE CBITIIO
raJIbMy€ PiCT MIXKBY3JIS 1 CIIPUSIE POCTY JIMCTKIB. IHTEHCUBHE OCBITIIEHHS MTO3UTHUBHO 1€
Ha PICT NaJiCcaJHOT NapEHXIMHU.

['opMoHanbHa perymsiiss pocTy JIHMCTKa BUBUEHA HENOCTaTHbO. Ha mi3HIX eramax
HEOOX1JIH1 P13HI KUIBKOCTI ayKCHHY, HUTOKIHIHY, r10epeniny. PicT TUCTKIB 0OMexeHU .

PicT i po3BuTOK CcTEO12

CtpmxHeBa MepucTeMa amekcy 1 mpokamOiii (OopMyIOTh OCHOBHI TKaHMHU CTeOa.
VYTBOpeHHsT MPOKaMOil0 1HAYKYETbCS TNPUMOPAISIMU  JIUCTKIB, $AKI POCTYTh 1
pO3BUBaAIOTHCA. Buxoasunm 3 MepUCTEMAaTWYHOI 30HM, KIITHUHH [OYHHAIOTH
pPO3TATyBaTHUCS, IO CIPUYMHIOE IIBHJKE MOJOBXEHHSA MaroHa. 30Ha pPO3TIATyBaHHS
csrae ACKUIBKOX CAaHTUMETPIB.

Pict po3TsAryBaHHSIM aKTUBYETHCA TOEPETTHOM 1 AyKCUHOM.

Crebn0 y JBOJOJBHUX TIOTOBIIYETHCS 3a PAaxyHOK [ISIIBHOCTI KaMOito, SKUH
aktuByeThbcsa IOK 3 BepXiBKM MaroHa i Tako 3aBJIIKM KOPKOBOMY KaMO1t0 — (pesioreny,
AKUW YTBOPIOETHCS 3 PI3HUX 30BHIIIHIX 1IApiB cTeOIA.

Pict 60x0oBUX OpYHBOK KOHTPOIIOETHCS BEPXIBKOBOIO OPYHBKOIO MaroHa Ta JIMCTKaMH,
B Ma3yxax SIKUX 3HAXOJATHCSI OOKOBI OPYHBKHU.

Mopdorenes kopeHs

VY BUIIMX POCIWH amiKaJibHa MEpHCTEMa KOPEHs Ma€ MOPIiBHIHO MpocTy OyaoBy. lle
30Ha JOBXHUHOIO 1-2 MM. B Hiil He yTBOpPIOIOTbCSI OOKOBI OpraHu, Ik y BEpXiBKOBIH
Mepuctemi naroHa. KopeneBa mepuctema (opmMye TKAaHMHU KOpPEHS 1 KOPEHEBOTO
YOXJIUKA.

Kpim kiiTuH, sSiKi IHTEHCUBHO AUISITHCS, B MEPUCTEMI KOPEHsS 3HAXOJIUTHCA Tpyrma
KIITHH, JUIs SIKUX XapakTepHW HU3bkUi piBeHb cuHTedy JIHK 1 myxe moBinpHUI
moia. BoHM 3HaX0oAsSThCS MK KOPEHEBHM YOXJUKOM 1 aKTHBHOK MEPHUCTEMATHUIHOIO
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30HOW0. Ll rpyma KIiTHH Ha3MBAae€ThCA “LIEHTPOM CHOKOK”. BBaxkaroTh, 10 6iH €
NpOMepuUCmemoro, sIKa BiOHOBNIOE HUCIEHHICMb CHeyiani3o8anux IHIYIAIbHUX KIIMUuH
npu ix nPUPOOHOMY 3HOULYBAHHI YU NOWKOOJCeHH. Y TIbOMY 3Ha4YeHH1 (DYHKIIT KJIITUH
“IIEHTPY CIIOKOI0” MO/A10HI /10 aHAJOTTYHOI LIEHTPaIbHOI 30HM areKca naroHa.

Onna rpyma iHIIAIBHUX KIITAH JUCTATBHOTO KIHISM amekca IPOAYyKY€e KIITHHU
pU30JIEPMH 1 KOPEHEBOI0 YOXJMuKa. /[pyra iHiiiagb MOB’si3aHa 3 YTBOPEHHSAM KIITHH
NEepBUHHOI KOpHU. TpeTs BIANOBIZAE 3a MIATPUMKY MEPUCTEMATHYHOI HisUIBHOCTI
KIIITUH, 0 OU(EpeHIioTh y KIITUHU Ta TKAaHWHM MPOBIIHOTO Mydka. B KopeHi
MOKHA TIOOAYUTH YTBOPSHHS PSJIIB CTICIIaTi30BaHUX KIITHH BiJ] KJIITHH-1HIIIAJICH.
TakuM 4YMHOM, 6 anIKATLHUX  Mepucmemax NpoO0GIHCYEMbCA — MKAHUHO- |
Op2aHoymeopoya OiIbHICMb, KA NOYANACs we npu GopmyeaHti 3apooKa.

KopenstuBHuii pict

PocToBi Kopesinii — 11¢ 3aJIeKHICTh POCTY 1 PO3BUTKY OJTHUX OPraHiB a00 YacTUH BT
THIIHX.

Hadinpoctimmii Tun Kopensiii moB’si3aHuil 3 orcueneHHam. I'ereporpodHi yacTUHU
(kKOpiHB) 3a/eXkaTh Yy CBOEMY PO3BUTKY BiJ MaroHa. Y CBOIO YEpry pO3BUTOK IaroHa
3aJeXUTh BiJ KopeHs. [1oB’s13aH1 3 KUBJICHHIM KOPEJALIi CIOCTEPIraloThCs y BUNAAKY
MPUTHIYCHHS] BET€TaTUBHOTO POCTY MPH IUIOJOHOIICHHI, IO MOSICHIOETHCS BiITOKOM
MO’)KMBHUX PEYOBHUH Y HACIHHA 1 IIO/IH.

Ta y Oararbox BUIAJKax TOJOBHY POJIb BIJITPAIOTh HE CTUIBKK TPO(]idHI, CKUIBKU
2OPMOHANbHI 83A€MOOII M)XK YaCTUHAMU pOCIHHHU. [TpuKiIaa ropMOHaNbHOI peryisiii —
amikajJbHe [OMiHyBaHHA. lle KOpensTMBHE NPUTHIYEHHS BEPXIBKOK NIaroHa 4H
KOPEHS PO3BUTKY OOKOBUX OPYHBOK YU KOPEHIB.

AmnikanbHa OpyHbKAa [aroHa 3BUYAMHO POCTE 3HAYHO EHEpriifHime, HiX OOKOBI
OpyHBKH, IO JIeXkKaTh HIDKUE. XO0u 3/1aBajiocsi O, 10 OOKOBI OpYHBKH 3HAXOISATHCA Y
KpaloMy TMOJOKEHHI IIOJ0 OPraHIYHOTO JKUBJCHHS. AIIKaJdbHE JOMiIHYBaHHS
3HIDKYETBCSL B MIPY CTapiHHS 1 MOXKE MOBHICTIO 3HHMKHYTH, 30KpeMa, KOJHU ariKajibHa
MEpHUCTEMA YTBOPIOE KBITKY.

3’acoBano, mo IOK, HaHeceHa Ha JeKamiTOBaHy BEpPXIBKY, 3aTPUMY€ YTBOPECHHS
MPOBIAHUX €JIEMEHTIB, 10 3’€IHYIOTh OOKOBI OpPYHBKH 3 IIEHTPAJIBHOIO IMPOBITHOIO
cuctemoro. JlexamiTarlis e nporec CTUMYJTIOE.

Takox MOKa3aHO, II0 HAHECEHHsS KIHETMHY Ha OpyHBbKY B CTaHI CIIOKOIO IHILIIOE
MOYATKOBI eTamnu ii po3BUTKY. [Ipy 1IbOMY MOAANBIINA PO3BUTOK OpPYHBKHA MOXKIMBUN
MpY NOCTIMHOMY MOCTa4yaHHI ii KIHETUHOM Ta JAESKHI 4ac — ayKCHHOM.

Ponb aykcuHy B amikanbHI OpyHBIl HOJSATA€E B CTBOPEHHI MOTY>KHOI'O aTparyrydoro
LIEHTPY, B pe3yJbTaTl YOro HE JHUIIE TMOXWBHI PEYOBHMHU, ajieé M LUTOKIHIH,
CUHTE30BaHMI y KOPEHSX, HAIXOIUTh MIEPEBAXKHO JI0 amikaibHOiI OpyHbKH. [Ipu BTpati
amikajgbHOI OpYHBKM LUTOKIHIH HAaIXOOUTh A0 OOKOBUX OpPYHBOK 1 MOCHJIIOE B HHUX
KJIITUHHANA TToAUT. JIMCTKOBI 3a4aTKu B Tpoiieci popMyBaHHS MOYUHAIOTH CUHTE3yBaTH
ayKCUH, HEOOX1HUI JIJIsl TOIABIIIOTO CTA0UTLHOTO PO3BUTKY OOKOBHX IMAroHIB.
BepxiBkoBa OpyHbKa BIUIMBAE TAKOXK Ha PICT KIITUH y 30HAX PO3TATYBAHHS MMaroHa u
KOpeHs, 1HAyKye (opMyBaHHS MPOBIAHMX TMydkiB. OpieHTaIlis JTUCTKIB, OOKOBHX
MaroHiB 1 KOPEHIB TAKOX 3aJIEKUTh B (PYHKI1OHATBHOI aKTUBHOCTI BEpXiBKHU. YcCi Il
e(eKTH BEpXIBKA MOXKHA BIATBOPUTH OOPOOKOIO PI3HUX YACTUH POCIUHU AyKCHHOM.
Takum ynaOM, IOK — rojloBHMI TOPMOH BEPXIBKHM ITArOHA — JOMIHYIOYOTO IICHTDY.
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Konu noMinyrourMu HEHTpaMu CTalOTh 1HII YACTHHU POCIWHU, TO ¥ BOHU BIUIMBAIOThH
Ha OTOYYIO4l TKaHWHU. Hanpukiazn, HaciHHS, 110 PO3BUBAETHCS, AKTUBYE PICT 3aB 531 Ta
YTBOPEHHS IOy 3aBJISIKU BUJIJICHHIO ayKCHUHY.

KiHuMK KOpeHs — Ii¢ TaKoX JOMIHYIOUMM IEHTp 13 aTparyloyuMd Ta CEHCOPHUMU
BJIACTUBOCTSMU. BiH € aKTHBHOIO MEPUCTEMATUYHOIO TKAHMHOYTBOPIOBAJILHOIO 30HOIO.
[TogoBkeHHSI KIIITUH Yy 30HI PO3TATYBaHHS, 3aKJIaJKa MPOBIIHUX IYyYKIB, YTBOPEHHS
OOKOBHUX KOPEHIB KOHTPOJIIOIOTHCS KIHYMKOM KOpeHs. biibine Toro, BiJ JisSJIBHOCTI
KIHUMKa KOPEHsS 3aleXarb I1HAYKIS PpO3BUTKY CTEOJOBHX ameKkciB, pIicT i
(GyHKIIIOHATbHA aKTUBHICTB JIMCTKIB TOMIO.

Jlesiki 3 1mMX SIBUII, IO TepeOyBaloTh MiJ KOHTPOJEM KIHYMKAa KOPEHs, MOXHa
BIJITBOPUTH 32 JIOMOMOT0I0 00pOOKH HUTOKIHIHOM. [[UTOKIHIH KOHTPOJIIOE YTBOPEHHS
OPUMOPIIB JIUCTKIB, iX picT 1 Tpodiky, pazoMm 3 IOK HeoOXimHuMil 11t popmMyBaHHS
MPOBITHUX MYYKiB. Y KOPEHEBOMY YOXJIMKY yTBOproeThes ABK, 110 Takox BruiMBae Ha
PICT 1 PO3BUTOK PI3HUX YACTHUH POCIIHH.

[opMoHanbHa B3aeMoiis jgomiHyrounx I1eHTpiB maroHa (IOK) 1 kopens
(HMTOKIHIHM) CITY’KUTh, OYCBHUIHO, BXKIIMBUM CHJOTCHHIUM MEXaHI3MOM PETYJISIii
poctoM 1 MopdoreHe3oMm y numd pociauHi. J[0 HbOTO TOJAETHCA B3AEMOJIS
JOMIHYIOUMX IIEHTPIB 13 JHUCTKaMu, fKi BUpoOOJsit0TH Tridepesdinun T1a ABK.
Bunuknennsa zpadienmie Kinbkocmi i R€6HO20 CRIGBIOHOWEHHA (HIMOZOPMOHIE
pazom i3 noaeow0 4u 3HUKHEHHAM KOMHEMEHMHOCMI pIi3HUX MKAHUH 00
KOHKpEemHux (himo2opmoHnié € 0CHOB80I 071 NPOCMOpPOBoi opzauizauii pocmy i
Moppozenesy.

PocToBi Kopesnlii MUPOKO BHKOPUCTOBYIOTHCA B MPAKTHUI POCIWHHULITBA IS
OTPUMAaHHS BEJIMKOI KIJIBKOCTI TOCHOJApPChbKO KOPHCHOI MPOAYKIii: MacCMHKYBaHHS;
MIKIPYBaHHS; BEPXIBKYBaHHS.

[lep10AMYHICTD POCTY

[Tponecam pocTy BiacTHMBa NEPIOJUYHICTh. Y POCIUH HAUMOMIMPEHII [TUPKAIHI PUTMHU
3 epioAOM OJM3bKO J0OM — MITOTHYHA aKTUBHICTh Mepuctem (~20 roj.), MBUAKICTb
pocty (~24 ron.), putMu (HOTOCUHTE3Y 1 JUXaHHS, TPAHCIIOPTY PEUOBUH, BIJIKPUBAHHS
KBITIB 1 T. A. Ili puTMu TicHO mMOB’si3aHi 3 JOOOBMMM KOJIMBAaHHSMH OCBITJICHHS,
TeMIlepaTypyd Ta 1HIIMMHU (akTopaMu cepenoBuila. Aje MpU LBOMY BXKE€ ICHYIOUa
MEepIOIUYHICT (P1310J0TTYHUX MPOLECIB ACSIKUNA Yac 30epiraeThCsl y POCIHH 1 TP 3MiHI
YMOB CEPEIOBHUIIA, TOMY Il PUTMHU HAa3UBAIOTHCS eHOO2eHHUMU. 3aBASIKA IUM PUTMaM
’KUB1 OpPTaHi3Mu 0Ope MPUCTOCOBAHI 10 TUX YMOB, B SIKMX >KUBYTh, 1 MaJIO 3aJIeKaTh
B1JI BUTIQJIKOBUX MOTOHUX (PIIYKTyaIliu.

Kpim 1060801, icHY€ 111e ce30HHA MEePIOIUYHICTh (HAMPUKIIAJ, PIYHI KUIbLA Y IEPEBHUX
POCJIHH).

JIJist poCTy pOCIIMH Ha BCIX €Tamax OHTOTeHEe3Yy XapaKTepHHM mepioj chokor. IcHye
CIIOKIM Ha emani emOpioHANbHO20 PO3BUTKY POCIUH (CMOKIM 3UTOTH W HACIHHS) Ta
CHOKIll Na2oHi6, O 3HAXOISITHCS HA PI3HUX (pa3ax BEreTaTUBHOTO PO3BUTKY.
PO3pi3HSIOTE eumMywienuil cnokii, TPUYUHOKO SIKOTO € (aKTOpU 30BHIINTHBOTO
CepelIoBUIIaA, Ta (hi3io102iunHuil CROKII, TI1]1 IKUM PO3YMIETHCSl 3aTPUMKaA MPOPOCTaHHS
yepe3 0COOJMBOCTI 3apojiKa YU OTOYYHOUHUX MOro TKaHWH (0cOoOJMBUHN (Hi31070TIUYHUN
CTaH 3apojika, Horo MopdoJsioriuda HeJOPO3BUHEHICTH ).
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Cman cnokoio pecymoemscs oanancom gimocopmonie — IOK, yumoxininamu,
eibepeninamu, APK. Y neskux BUIAJKax MPUTHIYEHHS POCTY 3apOJKIB IOB’A3aHO 13
HagontuMaibHuM BMicToM ABK Ta IOK; a Buxij i3 cTaHy CIOKOI — 13 3HM)KCHHSM
KOHIICHTpAIlil ITUX TOPMOHIB 3 OJHOYACHUM 3OUIBIICHHSAM aKTHUBHOCTI T10EpENiHIB 1
[IUTOKIHIHIB.
Crnokiii OpyHBOK Ta MaroH1iB O1JIbIIIE, HIJK CTIIOKIA HACIHHS, BU3HAYAETHCS KIIIMATUIHUMU
ymoBamMu. BiH € mpucTOCyBaHHSIM Jisi MEPEHECEHHS HECHPUSTIMBUX KIIMATUYHUX
yMOB. Y JE€peBHUX POCIHH Ha 3UMY alleKCH MMaroHa MepecTaroTh aKTUBHO POCTH i
MOKPHUBAIOTHCS OPYHHKOBUMH JyCKaMHU. Y TaKOMy CTaHI CIIOKOIO POCIWHU 3HAYHO
MOPO30CTIMKIII, HI) Y CTaHl aKTUBHOTO pocTy. IS 1i€i % MeTH CiIykaTh HUOYTUHH,
Oynb0u, kopeHneBuia. L{i opraHu MOXyTh aAaNTyBaTUCS TaKOXK J0 MEPErpiBy il MOCyXH.
Bech nepiof ciokoro OpyHbKH MOKHA PO3MOAUIUTH Ha TpH (as3u:

® JITHIHN CHIOKiH (TIEpEaCTIOKIN) ;

e TIMOOKHI 3UMOBHH CITOKIN;

® 1epioJi MOCTCIOKOIO.
YV binbwocmi  eudie  cepeomvoi  cmyeu  cmaH — CHOKOIO  KOHMPOIIOEMbCS
¢omonepioouunoro Oisnbhicmio. JIOBrMi J€Hb TNPUCKOPIOE BEreTATHBHUN pICT, a
KOPOTKUN — MPU3BOAUTH JI0 3YIIUHKH POCTY 1 (popmMyBaHHA CIuisiunx OpyHboK. OHAK HE
BCl POCIMHU pearylThb Ha 3MIHY TPHUBAJOCTI AHS, & BHUXIJ 13 CTaHy CIOKOIO
KOHTPOJIIOEThCST HE Jinie UM (akrtopom. [[ns GaraThoX poCiIMH BHXIJ OpYHBOK 13
CIIOKOI0 MOXJIMBHUH JIUIIE TICIS TPUBAJIOrO BIUIMBY HU3BKHUX Temiiepatyp abo B
pe3yNbTaTi KOPOTKOI Jii BUCOKHUX TeMIiepaTyp (Temnosi Bauau, +30-40°C).
[lopiBHIOIOUM CHOKIA OpYHBOK Ta HACIHHSA, BUSBIIEMO MOAIOHICTh, OCOOJIMBO MpHU
PO3TIISiAl TOPMOHAIBHOTO KOHTPOJITIO CITIOKOEM.
Cnokiii pi3HUX OpraHiB MEPEPUBAETHCA 3a JIOMOMOIOK OJHUX 1 THUX K€ TOPMOHIB
(ribepeninu, LIMUTOKIHIHY, eTHIIeH). [Tpu nepexoi 10 cTaHy CIIOKOO pIBEHb €HAOT€HHUX
ribepeniHiB Ta UMTOKIHIHIB 3HXKYEThCS. PE4OBHHO0, 110 1HAYKYE criokii, € ABK.
Opnnak MexaHi3M Jiii pITOrOPMOHIB y SIBUIIIAX CIIOKOIO JI0 KiHIISI HE BUBYCHUI.

e Perenepaiis v pocJuH

Pecenepayiss — ye 6iOHo61eHHA Op2aHI3MOM NOWKOONCEHOI YU 6MPAYEHOI YACMUHU
mina. 3MaTHICTH 10 pereHepallii JOCUTh MOUIUPEHA Y POCIMHHOMY CBIT1 BiJl HIDKYUX J10
BHUINIMX TaKCOHIB. Y pa3l JOCATHEHHS OpraHi3MOM TIEBHHX PO3MIpPIB pICT HE
MPUNUHAETHCA. 3aMICTh BTPAYCHHUX KIIITHH 1 TKAHUH B Pe3YJIbTaTi, HAPUKIIAJI, CTAPIHHS
YY MOPAHEHHS MOCTIHO CTUMYIIOETHCS MOALT 1 JU(epeHLIFOBaHH HOBUX KJIITHH, 1110
BIIHOBJTIO€ YIIIKO)KEH1 YaCTUHHU.

Perenepanisi — ue npouec BiTHOBJICHHS OPraHi3MOM BTpPa4eHHX a00 YHIKOAKEHUX
KJIITHH, TKAHHMH | OPraHiB, a TAKOK HLIiCHOr0 OpraHizmy 3 Moro 4acTHH.
Hanpuxknan, 13 uepenika JucTKa TpaJeCKaHIlli MOYKHAa BUPOCTUTH BCIO pociuHy. Jlyxe
BEJIMKA PI3HOMAaHITHICTH (hopM pereHepaiii. e 3ymoBiaeno takumu npuunHamu. [lo-
nepliie, peresepanis — OJMH 13 TOJIOBHUX HeCNEeUU(PIYHUX CHOCOOIB 3aXUCTY POCIIHH,
10 BEAYTh MPUKPITJICHUI CMOCIO KUTTS, BiJ yCSIKOTO pOAy MOMIKOkeHb. [lo-apyre,
O6aratro Qopm pereHepailii yCHIIIHO BUKOPUCTOBYIOTHCS POCIMHAMH $K CIIOCIO
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BEreTATUBHOTO PO3MHOXKEHHS. 3JaTHICTh POCIUH O pereHeparlii JeKUTb B OCHOBI
TEXHOJIOT1i MIKPOKJIOHAJILHOTO PO3MHOKEHHS POCIIHH.
VY pa3i mopaHeHHs POCIWHU PEreHeparliss BIIOYBA€ThCS 3a PaXyHOK MEPHCTEM, a 3a
iXHBOI BIZICYTHOCTI KJIITUHH CHEIiai30BaHUX TKAHUH Y 30H1 MEXaHIYHOTO YIITKOKEHHS
neaudepeHIIioThes 1 Ha0yBarOTh 3aTHOCTI A0 noauty. [lpumisrarodi 10 paHu KIITHHU
PO3MOYMHAIOTE O EPUKINHAIBHO, BIIOKPEMITIOIOYH HOBI KIIITHHH B HAIPSIMKY 10
panu. IloTiM Ha TOBEpXHI MOpaHEHHS (POPMYETBCS (hesioceH, KU YTBOPIOE 3aXHCHY
TKaHUHY — nepuoepmy. PaHn 3aKUBISIIOTHCS TaKOXK KATYCHOIO TKAaHUHOIO.

‘ Kanyc — ye xnimunu napeuximu, wo 3a3Haroms HeBNOPSAOKOBAHO20 NOOLTY.

[HayKiist TicTOreHe3y, OpraHoreHe’y, a IIOTIM 1 COMAaTHYHOTO eMOpioreHesy
BU3HAYAETHCS  CIIBBIJHOIIEHHAM  (ITOTOPMOHIB, 1, MOXIHUBO, CHelNU(PpIIHUMU
B3a€EMOIISIMH MIK KJIIITHHAMU.

Ko muUTicHUA opraHi3M po3'€HAaTH 3a HOro 3pOCTarouor0 JIe3IHTErpalli€ro, a came:
pocivHa — ii yacTUHA — OpraH — TKaHWHA — KJIITWHA, TO BIJAMOBIJHO 3pOCTa€
pereHepailiina akTUBHICTb, TOOTO 3[aTHICTh BIJIHOBUTH IIJI€é — TOTUIOTEHTHICTh
POCIMHHOT KJIITUHH.

Hampuxkan, mporec pereHepalili mpoToruiacTa po3NOYMHAETLCS BXKE Yepe3 KUTbKa roJIuH
micist MOro BUAUICHHA BIJIHOBJICHHAM KJIITUHHOI OOOJIOHKH. Y pa3l CTBOPEHHS
BIMOBIAHMX YMOB JIETKO OJep:KaTh IN VItro kamxycu 0OaraThbOX CICIiali30BaHUX
nudepeHIiioBaHUX KIIITUH — arekciB cTe0sia, raMeTodiTy CIOpOBUX 1 TOJIOHACIHHHUX,
JIMCTKA, 3aB'A31, €HI0CnepMy, MIIIKY. [IpoTe JOCUTh BaXKKO OJiepKaTu KaTyCHY TKaHUHY 3
SIMIIEKJIITHHHN Ta 3apOJIKOBOTO MIITIKA.

TkaHUHY 1 OpraHu MOXKYTh PEreHEPYBATH TAKOXK IUISIXOM JeTU(pEepEHITIIOBaHHS KIIITHH 0€3
yTBOpPEHHSI Kalycy. B yIIkompkeHoMy cTeOsi MpoBiJHA TKAaHMHA PETEHEPYEThCS 3
MapeHXIMHUX KIITHH 1HAYKIIEIO BIAMOBITHUX TeHETUYHUX MPOrpaMm, MPUYOMY 1HIYKTOPOM
JUIT YTBOPEHHSI KCWJIEMH € TIOJSpHE TPAHCIIOPTYBAaHHS AayKCHHIB, a i1 (OpPMyBaHHS
(noemu — HasBHICTH [OK, IMTOKIHIHIB Ta caxapo3Hu.

Jisanvuicme anikanibHux i 1amepaibHux mepucmem — OOUH I3 ULIAXIE BIOHOBIEHHS
8MPAYEHUX YACMUH Y DOCTUH.

OpraHoreHe3 MOXXJIMBUH TaKOX 13 3apOJKIB, 110 NEpeOyBaIOTh B CTaHI CIOKOIO, KOJIU
3HUKa€e JOMIHYyto4Ya (DYHKI[S amikajibHOiI OpyHbKHU. [laroHn yTBOpIOIOTBCS 3 aJIBEHTHMBHHUX
3apOJIKIB 32 PAXyHOK JIATEHTHUX MeEpUCTeM. JKUuBIIl OUIBIIOCTI POCIMH  3]aTHI
BKOPIHIOBATHCS, TIPUUOMY JIOJIATKOBI KOPIHIIl YTBOPIOIOTHCS 3 KJIITHH TaKUX TKaHWH, SIK
KaMOiii, (hesroreH, MepUIIuKII, CEPLICBUHHI IPOMEHI.

3MaTHICTh COMATUYHUX KIITHH POCIHH JI0 pPEreHepartii IUIoro OpraHi3My — OCHOBA
BUKOPUCTAHHA KYJbTYPH 130JIbOBAaHUX KJIITHH B MPUKJIQAHUX acniekTax. Hanpuknan, ais
oJiep>KaHHS BEJIMKHMX MOIYJISIIN POCIIMH 3 OJIHIE€T TeHETUYHOT JIiHIT TaruIoifiB, BUIICHHS
KJIOHIB KJIITUH 31 3MIHEHHUM METa0O0JIi3MOM, CTIHKICTIO IO HECIIPUSITIUBUX YMOB, XBOPOO,
IIK1THUKIB, @ TAKOX JIJIS1 MIKPOKJIOHAJIBHOTO PO3MHOXKEHHS.

CnocoOu pereHepariii y pociuH

Ha nanwuii yac He iCHye 3araJibHONPUNHATOT Kiacudikaiii popM pereHepanii y pociauH
Ta TEPMIHOJIOT1].

Posrnsaemo knacudikarito, BUXOII9d 3 MeXaHi3MiB pereHepartii.
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|. ®i3iosnoriuna pereHepanuisi — BiIHOBJICHHS YaCTUH IPHU 1X MPUPOJIHOMY 3HOIITYBAHHI
(Y pociiMH — BIJIHOBJIEHHS YaCTUH KOPEHEBOI'0 YOXJIMKA, €JIEMEHTIB KCHIIEMU, KOpH; Y
TBapHWH — BIJTHOBJICHHS CMITENII0, CJIU3UCTOL TOIIO).
II. TpaBmaTu4Ha (penapaTUBHA) pereHepanis:

1. pecenepauin, 3ymoenena oeoughepenuiro6aHHAM KAimuH:.
a) 3KMBAHHS paH — TKaHWUHU paHu JeAUEepeHIlIoTh, iX KIITUHU TOYHWHAIOThH
NEPUKIMHAIBHO JUIMTHUCS, YTBOPIOIOUU (DEJIOTeH, SIKUM MEepeTBOPIOETHCS B KOPKOBUM
map. Jlekonu paHa 3apocTae KaixycoMm;
0) opraHoreHe3, TOB’s3aHUMl 3 VTBOPEHHSAM Kajlyca — KIITUHA paHH,
neaudepeHIIIIOBABIINCH, IEPEXOATh 0 HEOPTaHI30BAHOTO TOILTY, YTBOPIOIOYH KaTyC
(myxK1 mapeHxiMHI KIITHHH). 32 IEBHUX YMOB OKpeMi KIITHHH MOXYTh JAaTH MOYATOK
aJIBEHTUBHUM (HE 3 eMOPIOHAIBHUX KJIITHH) OpraHaMm: KOPEHIo, MaroHy,
B) COMATHYHHUA eMOpioreHe3 — Ha IMOBEPXHI IOIIKOKCHHS YTBOPIOETHCS Kamyc. I3
OKpEMHUX KIITHH Kajyca (hOpMYIOThCS COMATHYHI 3apOJIKH (eMOpioinm), Kl 3a TIEBHUX
YMOB PO3BUBAIOTHCS B NI opraHi3m (13 emijiepMaabHUX KIITHH JIMCTKIB O€roHii Ha
JUISTHIT TIEpepi3aHuX KUJIOK YTBOPIOIOTHCSI HOBI POCIUHHM);
') BIIHOBJICHHSI YaCTUHU 0€3 YTBOPEHHs Kajlyca — (popMyBaHHSI aJJBEHTUBHHX IaroHiB
13 OKpeMUX eniiepMaIbHUX KIITHH Ha JACSAKIN BiJICTaH1 BIJl IMTOIIKOKEHHS, BITHOBICHHS
(baoemMu 4u KCHJIEMU 00X1THUM HUISIXOM.
2. Pezenepauia na pieni mepucmem:
a) BIIHOBJICHHS aliKaJbHUX MEPUCTEM — MPU TOB3J0BXKHHOMY PO3CIKAHHI KOHYyCa
HapOCTaHHS 13 KOXKHOI MOJIOBUHKM MOXXYTh PET€HEpPYBATH OKpEM1 aleKcH, K 1 Mpu
HE3HAYHOMY BUJIAJICHHI JIUCTAJIBHOTO KiHIA (HEe Oulbine 80 MKM). Y MOJIOAUX JIUCTKIB
MaropoTl BIIOYBAETHCS BITHOBJICHHS 3p13aHOI MEPUCTEMATUYHOI BEPX1BKU;
0) opraHoreHe3 13 TOMNEpPEIHIX 3a4aTKiB — BIJPOCTaHHS OOKOBUX TMAroHiB IpHU
BUJIAJIEHH] alllKaJbHOI OPYHBKH; BIIPOCTaHHS OOKOBMX KOPEHIB NPH MOLIKOKECHHI
JTUCTAJIbHOI YaCTUHHU KOPEHEBOT CUCTEMH — JIIKBIIYETHCS TajIbMIBHA JIisl IMTOKIHIHY;
B) OpPraHoreHe3 i3 HOBOYTBOPEHMX aJIBEHTHMBHMX 3a4aTKiB. CTeOJIOBI KUBII POCIWHU
YTBOPIOIOTH KOpEHI 3aBASKM aKTHBAIlli TMEPUKIMHAIBLHOTO TONUTYy B KaMOli 4u
nepuiukii. [Haykiis noauty mos’s3aHa 3 aiero [OK, saxa, pyxarounch 0azurneranbHO,
HarpoMaKy€eTbCsl B HYDKHIM YaCTHHI )KUBIIS.
TakuMm 4MHOM, pociuHU MOIHCYMb BIOHOBNIOBAMU K HA3EMHY, MAK | NIO3eMHY 4acmuHtl,
BUKOPUCTNOBYIOUU DI3HI MeXaHi3Mu pecenepayii uu ixui KomOIHayii HABIMb NpU NOGHIl
8Mpami YaCmuH.
Po3risiHyTI  pi3HOMaHITHI THUIIM pereHepanii 3a0e3nedyioTb POCIUMHHOMY OpraHi3MOBI
BUCOKHUH CTYIIHb HAIMHOCTI y pa3i 3MIHH YMOB BUPOIILYBaHHSI.
SIBumie pereHepalii CTaHOBUTh $K TEOPETUYHMUW, TaK 1 MPaKTUYHUA 1HTEepec. Y
TEOPETUYHOMY AaCIEKTI pereHeparisi, TOOTO MOBTOPHUI PO3BUTOK TKAaHUH, OpPraHiB abo
[[IJIOTO OpraHi3My, € 4YyJOBOK MOJEIUTIO JUIsi BUBUEHHS  MEXaHI3MIB TICTOTEHE3y 1
MopdoreHesy. B mpakTiaHOMY I1aHI pi3HOMAHITHI MPUMOMH, 3aCHOBAHI HA TPUHITATIAX
pereHepariii, MMPOKO BUKOPUCTOBYIOTh Y POCIHMHHUIITBI, 30KpeMa B MPOIIECT POSMHOKEHHS
IUIOJIOBUX Ta IHIIMX KYJIBTYP YKOPIHEHHSIM JKHUBIIIB, 1 OCOOJMBO — Y pa3l KJIOHAJILHOTO
MIKPOPO3MHOXKEHHS (PO3MHOKEHHS TEHETHUYHO 1JIGHTUYHUX POCIHMH Y KYJbTYpl KIITHH 1
TkaHuH). [1ig yac MIKpOPO3MHOKEHHSI 3HAYHO CKOPOYYIOTHCS TUIOII JJISi BUPOIITYBaHHS
pOCIMH, a KyJbTypa TKAaHWH TIITPUMYEThCS BOPOJIOBXK BChOTO poOKy. KiioHambHe
MIKPOPO3MHOKEHHSI TIPUCKOPIOE CENEKIIHHUIA TPOIEC, A€ 3MOTY O3J0POBJISTH I[iHHI
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COpPTH, 3BUIBHSIIOUM iX BiJ MAaTOT€HHUX MIKPOOPTaHi3MiB 1 BIPYCIB, CTBOPIOBATH KPiOOAHKH
KYJbTYP 3 LIHHUMHU T€HETUYHUMH BIIACTHBOCTSIMHU.

e MexaHizMu Mmophoresesy

3’scyBaHHS MIPUHIIMITIB, 110 JIEKATh B OCHOB1 YTBOPEHHS crienn(iuHoi (OpMHU KOKHOTO
OpraHiaMy, — HaWBakdya 1 HEJOCTaTHhO JOCIHIKeHa mpoOmema Oiojorii. s ii
BUPIIICHHA HEOOX1THO 3PO3YMITH, IKUM YHHOM KJIITHHM 1 TKAHUHH BIUIMBAIOTH OJIHI Ha
OJIHUX Y TIPOIIECi OHTOTCHE3Y.

VY pociamHHOMY oOpraHi3mi IOCTIHHO B3a€EMOMIIOTH MDK COOOI0 MIKKIITHHHI Ta
BHYTPIITHBOKIITUHHI MEXaHI13MU PEryJIsIii.

g mporieciB _eMOpioreHe3y Ta pereHepailii Iyke BaKIMBa MOCTII0BHA iHIyKuUis

MEeBHUX I€eHETUYHUX NMPOrpam i mopghoghizionoziuna opienmauia ¢ npocmopi. 3ammyck
TF€HETUYHHUX NpOrpaM 3IIMCHIOETHCS CIEUU(PIYHUMHU XIMIYHUMU 1 (PI3UKO-XIMIYHUMU
bakTopamu, a opieHmayis 6 NPOCMOPi CMBOPIOEMbC NOJIAPUIAYIEIO, 8 OCHOBI SIKOIL
nedscamov memobpanti npoyecy. KITHHA NOCTITHO OTPUMYIOTh CUTHAJIM 13 30BHIIIHBOTO
1 BHYTPIIIHBOTO CEPEOBUI (TECTYIOTb CBO€ pO3TAallyBaHHA W OTOYEHHS). Y
BIJIMOBITHOCTI 3 LHUM KOPEKTYEThbCS iX (YHKIIOHAIbHA AKTHBHICTh, 3YUTYBAHHS
TreHeTHUYHOI 1HQopMalii i BeKTopHu moJsipu3aiii. Take KOpeKTyBaHHA OTPUMAO Ha3BY
“edekTy OTOUEHHA, 00 “e(heKTy po3TauryBaHHs .

3aIyCK reHETUYHUX MIporpam

Cepen pocliMH € TIpeKpacHi O00’€KTH [JI1 BHUBYCHHS TCHETUYHUX AacCIEKTiB
(hOpMOYTBOPEHHS, 30KpeMa, MOpPChKa OJHOKIITHHHA BOJOPOCTh aleTadymsapis
(mopsanok cudoHosi). Ii KIITHHN CKIagaOThCS 3 PU30iAHOT OCHOBH 3 SAPOM, cTebIa Ta
CIIOPOYTBOPIOBAILHOI IIanku. J{ocmiau Ha 11l BOJOPOCTI MOKa3alid, 0 Y KIITHHHOMY
ANIpl YTBOPIOIOTHCS crHenu@iuHl I KOXKHOTO BHUAY JIOBTOKHUBYYl MOPGOTEHETUYHI
iHpopmaniiini PHK, ski Hanxonats 1o credenbls 1 “KepyroTh” MOP(HOTreHe30M IMIAINKU
yepe3 cuHTe3 cnenudiyaux OuikiB. Takum 4uHOM, cTedenblie 1 OCHOBAa OKPEMO OJIUH
B1Jl OIHOTO MOXYTh BU3HAaYaTH (GOpMY IIAMNKH, IO € BUAOBOIO O3HAKOIO.

VY 6araTh0X pOCIMH MEXaHI3MU BHYTPIIIHbOKIITHHHOI T€HHOI PEeryJisiii aHaioriyxi. B
3QJIEKHOCT] BiJI TOro, fIKa CYKYIHICTh (TIO€HAHHA) TE€HIB y JlaHIi KIITHHI aKTHBHA
(excripecye), Bi1OYBa€eThCS PO3BUTOK (AMQEpeHIialis) i€l KIITUHUA B TOMY YU 1HILIOMY
HampsiMKy. Bing Hanpsmky audepeHimiamii KITHHH Hajxaiml Oynae 3ajiekaTtd BHI il
(yHKIIOHATBHOT aKTUBHOCTI. TakMM YHHOM, KOMOIHAIlsl aKTUBHHX T'€HIB BU3HAYA€
HampsIMOK  TUQEPEHINIOBaHHS 1 0COOJMBOCTI (DYHKIIIOHYBaHHS KOXKHOI OKpeMoi
KIIITHHHU.

OpHak 3amycK 4d BUKJTIOYCHHS (BIAKPUBAHHS YW 3aKpUBAHHS) TEHETUYHUX MPOTPaM y
KOXHIW KIIITHHI OpPTaHi3My 3aJeXHUTh 1 BiJl HAIXOHKCHHS CUTHAIIB 3 1HIIUX KIITHH,
TKaHWH Ta OPraHiB, a TaKOX BiJ] YMOB HAaBKOJMIIHBOTO CEpenoBUIlA. MexaHi3Mu
peanizalii ux MpoIeciB CKIaAH1 1 pPI3HOMAHITHI.
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[Ipu BuBYeHHI (Pi31070r0-010XIMIYHUX OCHOB MOPQOreHe3y Yy BHUIIUX POCIHH
BUKOPHCTOBYIOTh METOJ KYJbTYPH TKAHUH. J[aHWII METON 03BOJISIE BUBYUTH IO
TpohIYHUX 1 TOPMOHAILHUX (haKTOpIB Ha mpoliecu MopdoreHesy. Lle € MOXIMBUM Y
pe3ynbTaTi TOTHMOTEHTHOCTI POCTUHHMUX KITITHH.

Posrnsaemo nito QiToropMoHiB Ha mpoliecH AudepeHiiamii kKaigyca 13 CepleBUHU
cTebma TIOTIOHY, SIKUI POCTE Ha MIOBHOMY MOKMBHOMY CEPEIOBHIII 3 T0OaBKaMHU Pi3HUX
koHueHTpatiit [OK Tta xinetuny (tabmuus 12.1).

Tabnuys 12.1

IOK Kinetun | Bapiantu | Pesynbrar:
0,5-2 0 (1) y MapeHXIMHUX KJIITHH BUKJIMKAE JHIIEC PICT
PO3TATYBaHHSAM

0,5-2,0 | 0,02-1 | (2) IHIYKy€E TOJAUT KIITUH 1 YTBOPIOE TYXKY
- KaJIyCHY TKaHUHY
E 2,0 0,02 (3) 3 KaJIyCHOI TKaHWHU IHIYKYETBCS YTBOPEHHS
A KOpPEHIB
'E 2,0 0,5-1 4) KOPEHEYTBOPEHHS NPUTHITYETHCS, 3are
§ 3aKJIaIAI0ThCS 1 POCTYTh CTE0JI0B1 OPYHBKH
= 2,0 5,0 (5) picT Kalyca 1 TIpolleCM HOBOYTBOPEHHS
=l IpUTHiYeHi
g |0 0,02-1 | (6) BUIIMOTO BILTUBY HEMAE.

JlocmipkeHHsT MoKa3ajiu, M0 MepeBakKaHHA ayKCuHy (3) HeoOXilHe i 3alycKy
T€HETUYHOI MpOrpaMu KOPEHEYTBOPEHHS, a BHUCOKHM BMICT UWUTOKIHIHY (4) mpu
HasBHOCTI [OK 1HOyKye aKTUBHICTh TE€HIB, 110 BIANOBIAAIOTH 3a MPOTrpamy
MaroHOYTBOpPEHHs. [HIIe crienudiyHe noeaHaHHs (ITOrOPMOHIB, TPOPIUHUX (PaKTOPiB
Ta (I3UKO-XIMIYHMX YMOB IHAYKYIOTh 1HIII T€HETH4YH1 nporpamu. lle BinOyBaeThCs
JUIIE TOA1, KOJIM KIIITUHA KOMIETEHTHI (Y4yTJIMBI) 10 Jii CUTHAMIB (€(peKTOPiB).

[HayKIis mosspu3aliii y pociuH

BaxnnBoto yMOBOIWO (hOPMOYTBOPEHHSI B MPOIIECI PO3BUTKY OPTaHi3My € MOJISIpU3AIlis
010JIOTIYHUX CTPYKTYD.

1lio nonapusauiero posymiroms cneyughiuny opienmayiro npoyecié i Cmpykmyp y
npoCcmopi, wo npu3so0Ums 00 NoA8U MOphoghizionociuHux epadicHmis.

[Tpu upomMy (i3ioa0r0-610XiMIYHI Ta aHATOMO-MOP(OJIOTTYHI BIAMIHHOCTI 3MIHIOIOTHCS
y MEBHOMY HalpsMi, BHACIIJOK YOr0 MPOTHUJICKHI YaCTUHHU POCIMHHOTO OpraHizMy
BIIPI3HSIOThCA. [loJIsIpHICTh BU3HAYa€ PO3MIIIEHHS OCEH, Kl 3yMOBIIIOIOTH (PopMy
KJIITUH, OPraHiB 1 HIJIOro opraHizmy. B pe3ynbrari yoro gopmyerbes XapakrepHa s
pOoCIMH OinoJIsipHa CTPYKTYpa (YTBOPIOETHCS T'OJIOBHA BiCh: MAriH-KOPIHb).

Honapuicme — ye  izionociuna  HEPIBHOYIHHICMb  NPOMUNEINHCHUX  NOJIOCI8
(6ep3ieKa/ocHo6a) neeHoi KIimuHu, opeana abo Yinoi pociuHu.

VY ¢izionorivHOMY TUTaH1 TOJISIPHICTH BHUSIBIISIETHCS, 30KpEMa, y Mpollecax pereHeparii.
Tak, y cTe0J0BUX Ta KOPEHEBUX >KMBIIIB, HE3AJICKHO BiJ X PO3MIIICHHS B MPOCTODI,
MarOHU PO3BUBAIOTHCSA 3 MOP(QOJIOTIUHO amiKaJbHOTO, @ KOpeHl — 3 06a3aIbHOTO KIHIIIB.
Ile mnosicHioeTscst TuM, mo [OK, mnepemimyrounch NOJSPHO, CKYMUYEThCS B
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MOP(}OIOTiYHO HIXKHBOMY KIHIIl JKUBLS, 1HAYKYIOUM 3alyCK TE€HETHYHO! MpOrpaMu
KOPEHEYTBOPEHHSI.

BriacTuBICTh MOJSPHOCTI MalOTh 1 OKpPeMi KIITUHU. B 1307b0BaHUX KIITUH 367l
HuTyactoi Bogopocti Cladophora puszoinmu yTBOprOIOTHCS 3 MOP(OJIOTIYHO HIKHBOTO
KIHIIS KJIITHHHU, @ TaJIOM — 13 BEPXHBOTO.

YacTto 1HOyKTOpaMM TOdsApH3alii  O10JOTIYHUX OO0 €KTIB € pi3HI  (akTopH
HaBKOJIMIITHROTO cepeoBuIna. Hampukian, y crop XBOIIIB Ta MamopoTei MOJISPHICTH
BUHHUKA€E JIMIIE B YMOBaX OJHOCTOPOHHBOTO OCBITJIeHHA. [Ipu moaimi 3 ocBiTIEHOT
CTOPOHHU (POPMYETHCS 3aPOCTOK, a 13 3aTIHEHOT — PU30I/I.

Mexanizm mnosasipuzanii JeTagbHO BUBYEHHH Yy SHLIEKIITHHH Oypoi MOpPCBHKOI
Bojopocti Fukus. Jlo 3ammigHeHHs sHneKmTHHA QyKycy He Mae OOOJIOHKH, a SIpo
3HAaXOJUTHCS B LeHTpi. [1icis 3armifHeHHs KIIITHHA OIyCKAETHCS Ha JTHO, TOKPUBAETHCS
000J10HKOIO 1 Ha 1i HIKHIM TOBEpXHI MOYMHAE (HOPMYBATUCA PHU3OIMHUN BUCTYIL.
[lepmmii moin BiOyBaeThCs MEPICHIUKYIISIPHO 10 YTBOPEHOI oci. BepxHs kiiTuHa nae
MOYaTOK OUIBIIINA YaCTHHI TAJIOMY, HUKHS — HEBEJIMKIN 4acTUHI Tajomy 1 pu3oiny. B
TEMHOTI PHU30iId POCTYTh Yy PI3HUX HANpsIMKaX, a MPU OCBITJIEHHI — 13 3aTIHEHOi
ctopoHu. /Jliss cimaOKoOro €JIEeKTPUYHOTO TIOJII TAKOXK BUKIUKAE TOJSPU3AIIIIO
SUICKTITHH, TMPUYOMY BUCTYN pu30ila 3’SIBISEThCS 3 OOKy aHoja. JlokampHa mdist
ayKCHHY 4Yd OHOCTOPOHHIH BXix Ca®’ iHIyKyIOT YTBOpEHHs pu30ixy Ha Micmi
noapasHeHHsA. I[i  30BHINIHI BIUIMBM  3YMOBJIIOIOTh BHHHKHEHHS JIOKQJbHUX
€JIEKTPUYHUX TOKIB, TOOTO — MOISPU3ALIIO.

Kanpuii 1HAYKye CEKpETOPHY aKTHBHICTh SIMIEKIITAUHU 1 JIOKAJIbHE BUIUICHHS
MOJTicaxapuaiB KIITUHHOI CTIHKH, 11O CIIPHSE TIOSBI PU30IAHOTO BUCTYITY. HaBiTh y spi
YTBOPIOIOTHCS MaJbILIENO/110HI BUPOCTHU OOOJIOHKH B CTOPOHY MailOyTHBOTO pU30iJa, i B
ITiH K€ TUISHIN [UTOIIa3MHA KOHIICHTPYIOTHCS MITOXOHIPii ¥ puOOCOMH.

AyxkcuH — ... ( ).

IIpr mii eJeKTpPUYHOro TMods Ha SHWIEKIITHHY B 11 IIa3maneMi BIIOYBa€ThCS
eNeKTpOo(OpPETUUHE TEePEMIIICHHS JIMOMPOTEIHOBUX KOMIIOHEHTIB 13 IMO3UTHBHUM YU
HeraTUBHUM 3apsaaoMm. [li  kommonenTn (10HHI KaHalu, Hacocu, (HEPMEHTH)
3aKPITUTIOIOTHCS HA MOJI0CAX KIITHH 13 JOMIOMOTOI0 MIKpO(IIaMeHTIB 1 MIKpOTPYOOUIOK
IIUTOCKETIETY, 1[0 HE3BOPOTHO (hIKCY€ BUHUKAIOUY MEPBUHHY MOJSAPU3AIII0 1 BUSHAYAE
TOJIOBHY BICh T1J1a POCJIMHH.

[Ipu mopanbpIiOMy MOALI SULIEKTITUHUA (TUIONIMHA TOAUTY TEPHEeHIUKYJIsSIpHA OcCl
noJisipy3aliii) SApa J0YipHIX KIITUH MOTPAIUIAIOTH Y 30BCIM Pi3H1 YMOBH, SIKI BAHUKIIU B
MOJISIPU30BaHIN  IUTOIUIAa3Mi. Y pe3yibTaTi B slpax 3alMyCKaeThCAd HEIJICHTUYHA
reHeTHUYHA 1HpOpMaIllis 1, TAKUM YHMHOM, BIIOYBAE€ThCS AU(EpEHITiallis KIITHH.

OTe TOJIAPHICTh POCIMH BU3HAYAETHCS MOJSIPHICTIO 3aILIiIHCHOI SHIEKIITHHH, 3 SKOi
PO3BUBAETHCS HOBHM oprani3Mm. Ilig yac KIITUHHOTO TOATY JOYIpHI KJIITUHH
CIOpHUiiMalOTh TOJISIPHICTh MaTepuHchkoi. Lle sBume 1 3abe3neuye crnenudpiuHy
OpIEHTAIlII0 TPOLECIB 1 CTPYKTYp Y TMPOCTOpi, IO 3YMOBIIOIOTH CHEIUDIUHY
nudepeHIialiio KIITUH, SKa 3peali30BYETbCS B YTBOPEHHI MOJIAPHOTO 3apojka. Y
3apOJAKY BHIIMUX POCIHH (POPMYIOTHCSA ABa 3apOJIKOBI OpPraHd — MAariH 13 3apOAKOBOIO
OpyHBKOIO Ta KOpiHb. [IpoBigHA QYHKIIIS Y CTBOPEHHI MPOLIECIB MOJISIPHOCTI HAJIEKUTD
¢ditoropmoHam.
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Hanpsmox nonapusayii kiimun nocmitino 3MIHIOEMbCS 8 npoyeci embpiocenesy, npu
VMBOPEHHI NpumMopoiie 6 anexci, y npoyeci 3aKiaoku MKAHUH JTUCMKA, 3a4amKie
KOpEHIB Yy NepuyuKii mowo.

[Ipu npoMy KOXHa MOJSPU30BAHA MEPUCTEMATHYHA KIIITHUHA MOKE JIUIUTUCA HA Bl
HepiBHI (Qughepenyivinutl o) ado Ha JB1 piBHI (8i0meoprosaibHuli OAUT) JOUYIpHI
KIITAHUA. Y JIpyroMy BHIIQJIKy TKaHMHA POCTE 3a PAaXyHOK 30UIbIIEHHS KUIBKOCTI
OJTHOPIJTHUX KJIITHH.

Ha dbopmyBanHs (i31070T14YHOT MOJASPHOCT] KIITHH BIIMBAIOTh: MOJIAPHI MOTOKHU 10HIB
KaJbIil0, TPaai€eHT Ol0CNEeKTPUYHUX TMOTEHIaNiB, Oa3uMeTadbHUI MOTIK ayKCHUHY,
0co0MMBOCTI (PYHKITIOHYBaHHS HHUTOCKeNeTy. [lepBuHHY iH(pOpMAIO MOA0 BEKTOpa
noJisipu3anii GOpMyIOTh 10HH Kaibllito. [HIyKIIis MOpdoreHesy 3aueXuTh Bl BETUYHMHU
ioHHmX rpaienTiB Ca®*, sIKi CTBOPIOIOTH eIEKTPHUHY BiCh MONAPHOCTI Ta BILUTHBAIOTH Ha
pPO3MOINT Yy TKaHMHAX (DITOTOPMOHIB. Y pe3ynbTaTi IbOTO B KIITHHI (OPMYIOTHCS
rpagieHTH Ca-3B’s3yrounx Ta Ca-3ajie)KHMX OUIKIB, SKI 3 Y4YacTIO BIJMOBIIHHUX
€JIEMEHTIB IUTOCKEJIETa 3aBEPIIYIOTh CTPYKTYPHY MOJISIPU3AIIIO KITITHHH.

[Monsipu3aiiis KIITUH Y 0araTOKJIITUHHOMY OPraHi3Mi 3YMOBJIIOETHCS PI3HOMAHITHUMU
YUHHUKAMH: (DI3UKO-XIMIYHUMU TpajiieHTaMu (OCMOTHYHHUM TUCK, pH, KOHIEHTpailis
kucHio, CO;), TOPMOHAIBLHUMHU, EJICKTPUYHUMH 1 TPODIYHUMHU TPaJI€EHTAMHU,
KOHTaKTaMH 13 CYCIJIHIMHA KJIITUHAMH (KOHTaKTHA TMOJISIpU3AIlisl), MEXaHIYHUM THUCKOM 1
HatsroM. OcoOjuBe 3HAYCHHsS ISl IIUTIICHOCTI POCIAMHU MArOTh Ti TPAJIEHTH, SKi
CTBOPIOIOTHCS TOMIHYIOUMMH IIEHTPAMH TIaroHa Ta KOPEHsI — iX BEpXiBKaMH.
KonuBanpHuii xapakTtep IMX TpaJi€HTIB — Ba)XXJIMBa yMOBa 4YacOBOi IUIICHOCTI
POCIIMHHOT'O OpraHi3My.

EdexT po3ranryBaHHs

Ha BUHUKHEHHS MOJSPHOCTI 3HAYHO BIUIMBAE B3a€EMOIIA KIITHUH Ta iX PO3MIIIEHHS.
Bunuknenns _nonspnocmi  nid  6nIuBOM  NEGHOI  2pYNU  OMOYVIOUUX  KAIMUH
ioenmuixyroms K egekm noas, egexm MiCUe3Hax00HCeHH YU DPO3MAUYBAHHSL.
KiniTuHHE OTOYEHHsT MOXK€ BIUIMBATH Ha (OPMYBAaHHS TMOJSPHOCTI  3aBIASKH
HEPIBHOMIPHOMY XIMIYHOMY, MEXaHIYHOMY 200 €JIEKTPUYHOMY BIUIUBY.

Hanpukinaz, ki1iTHHA MEPUCTEMH TOJISIPHA BXKE 3aBASKA CBOEMY MICLEPO3TAIIyBaHHIO.
Koxkna wimiTuHa MepucTeMu Mae BepX 1 HuU3. SKmio Hagami ii Mo BigOyBaeThCs
NEPHEHANKYJISIPHO O OCl MOJSIPHOCTI, TO JOYIpHI KJIITUHU OyAyTh PI3HI 32 CBOIMHU
(1310JIOTIYHUMH Ta CTPYKTYPHUMHU OCOOJTUBOCTSIMU, 32 (PAKTOpaMH CIIaIKOBOCTI, IO € B
LUTOIUIa3MI1, 32 HasBHICTIO (D)ITOTOPMOHIB, SKI PETYJIIOIOTh aKTHUBHICTh T€HOMY TOLIO. |
[ HEe3BaXaloyM Ha Te, MO BIJOYBCS OJHAKOBHM PpO3MOALT TEHOMY SJIEPHOTO
cnaakoBoro matrepiany (JJHK) mix nodipHiMu KiIiTHHAMHU.

TakuMm yMHOM, HAa KOKHY KJIITUHY OaraTOKJIITUHHOTO OpraHi3My BIUIMBAaIOTh (Di3UYHI,
XiMI4yH1, (1310JI0TIYHI TPAJIEHTH Ta CYCIIHI KIITHHU. B pe3ynbrari y KIITHHAX
peani3yloTbCs BiacHe Ti MOTEHIIi (MOXJIMBOCTI), SIKI BIAMNOBIIAIOTH OTOYYIOUUM
ymoBaM. LIs Teopist oTpumaina Ha3By “e(peKTy po3TalmiyBaHHA 4d “‘edeKTy moss’ .

Jx. bonnep (1965) nns mosiCHEHHS MeXaHI3MIB KepyBaHHsS AUQEPEHINAIE0 B
0araTOKJIITUHHOMY OpPTaHi3Mi 3alpOIOHYBaB MPUHLMI MOP(POTEHETUIHUX TecTiB. JIjis
TOro, MO0 aJeKBaTHO BIAMOBICTM Ha 3MIHY yYMOB 1 CHUTHQJIM, $KI HaAXOIATH 13
OTOUYIOUOT'O CEpeIoBHINA (BIACTUBICTh MOJPA3IMBOCTI), KOXKHA KIITHHA IOCTIMHO
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TECTY€ CBO€ MICIIE3HAXOKEHHA. Pe3ynbTaToM TecTyBaHHA OyJe 3almyCK THUX UM 1HIIUX
TeHeTUYHUX mporpam. Tak, eBHa MEpUCTEeMaTUYHA KIIITHHA JIIJTUTHCS BIIOTIEPEK HA JIBi
nouipHi. KokHa 3 HUX “BM3Hauyae” 4M € BOHA BEPXIBKOBOIO. [ amikajabHOI KIITHHU
pe3ynbTaToM OyJe MPOJOBXKEHHS IMOALTYy, a apyra, cyOarmikajabHa, TECTYE BEIHYUHY
rpynu otouyrodnx ii kimituH. Komm rpyna He3HadHa, 3allyCKaeThCs IMiAmporpama
oy, sika (QYHKIIOHYE 0 JIOCATHEHHsSI BU3HAYEHOI MPOTPaMoI0 KUJIBKOCTI KIIITHH Ha
WA JUISHII arekca.

[Tpu yTBOpeHHI HEOOX1THOT KITBKOCTI KIITHH KOXKHA 3 HUX TECTY€E CBOE PO3TaIlyBaHHS
BIIHOCHO TIOBEPXHI KIITHHHOI momyJsiii. Komm aHami3 mokasye, mo SKiCh KIITHHU
3HAaXOJAThCA Ha TOBEPXHI TPYI, 3alyCKaeThCsS Mporpama ix audepeHIiloBaHHS B
KIIITUHY emiiepMicy. [HII KIITHHHU, 0 3HAXOASITHCS HE Ha MOBEPXHI, MPOBOJATH TECT
Ha PO3TalllyBaHHs BCEPEIMHI TPYIN; B pe3yIbTaTi YOT0 B PO3MIMICHHUX y caMiil TIIMOMHI
KIITUH 1HIYKY€TbCA TiAmporpama Au(EpeHLiOBaHHS B MapeHXIMHI KJIITHHU
CEepIEBUHHU, Y PO3MIIIEHUX IO CYCIICTBY — B KIITHHH KCWIEMH, a Yy THX, SKI
3HAXOASATHCS HE TaK INIMOOKO, — MIAIporpamMa yTBOpeHHs (hIoeMH.

Kimituau, sxi 3aliMarOTh MPOMIXKHE TOJIOKEHHS, CTalOTh KaMOlaJIbHUMU 1 JUIATBCS 3a
3aMKHEHUM LUKJIOM, (POPMYIOUH €JIEMEHTH KCHIIEMH 1 (prioemu.

JlaHa rinoTre3a oTpuMalia eKCIIepUMEHTAIbHI M1ITBEPKEHHSI.

e Bmaus hakTopiB 30BHIIIHLOI0 CepeIOBHUIIA

HA PIiCT POCJUH

Ha picm pocnun ennusaroms piznomanimui ¢hpaxmopu 306HiuHb020 cepedosuuja. 1le
(b13uuHi (HaKTOpU: CBITIIO, TEMIIEpATypa, CUila TSOKIHHS, Fa30BUM CKJIaJl, MArHITHE IOJeE,
BOJIOTICTh, IIOKMBHI PEYOBHUHU, MEXaHIUHI BILJIUBH.

Kpim Toro, mepeOyBarouu y CKJaal POCIMHHUX YIPYIMOBaHb, POCIMHA 3a3HAE BILIMBY
NPOAYKTIB KUTTEMISUIBHOCTI 1HIIMX POCAWH (ajenomarisi), a TakoX (i3i0JOTIYHO
AKTUBHUX PEYOBHH MIKPOOPTaHi3MiB (aHTHO10THKIB, POCTOBUX PEUOBHH).

Csitn0. Pict pociua Moxke BiIOyBaTUCA K HA CBITJI, TaK 1 B TEMHOTI. 3€JIeHI OpraHu
BUIIMX POCIMH Y TEMHOTI HaOyBarOTh NEAKUX MOP(OJOTIYHUX OCOOJIUBOCTEH, SIKI
BIIPI3HSIOTh iX BiJ POCIMH, IO BUPOCIM Ha CBITII. Taki pOCAMHM HA3UBAIOTHCS
€THOJILOBAHUMHU. Y JBOJOJBHUX Y TEMHOTI CHJIBHO BHJIOBXKYIOTHCS MIKBY3Js, a
JUCTKOBl TUIACTUHKH HEJIOPO3BUHEHI, Y TMPOPOCTKIB KYKYPYI3H BUTATYHOTHCS
ME30KOTUJIl. B €THONIbOBaHMX POCIUH, SIK MPAaBUIIO, HEAOPO3BUHYTI MEXaHIUHI TKAHUHU
Ta npoauxu. Taki pocauHu 06e3xJI0pO(IbHI 1 MatOTh OJ11/10-KOBTE 3a0apBIICHHS Yepe3
HasIBHICTh KAPOTUHOIIIB.

Asuwe emionayii He nos’szame 3 GI0CYMHICMIO XA0PO@iny uu HeOOCMAMHICIIO
JHCUBTICHHS. emIioNIAYIs HAA8HA Y bazambox epudis, y NPopoCMKié XGOUHUX, AKI 30AMHI
3€JleHImu 1 6 MmeMHOMI.

Jlns mikBimamii eTioydiii JocTaTHhO HeTpuBaoro (5-10 XB.) MIOAECHHOTO OCBITJIICHHS,
0 HE BIUIMBAaE Ha yTBOpeHHs xiopodiny. lleit mporec (3amoOiraHHS €TIONAIIT)
perymoeTbcs (piToxpoMoM (peakilis Ha YEpBOHE — JaJbHE YEPBOHE CBITJIO) YU
cucteMoro (hiToxpom-GIaBompoTeiH (peakiliss Ha JadbHE YEPBOHE — CHHE CBITJO).
HalicunpHimmit MopdoreHeTHUHMI ePeKT BUABIISIE CHHbO-(D10JIETOBA YaCTUHA CIIEKTPY.
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ETionsiis — BakJIMBa IpHUCTOCYBaIbHA PEAKINiSl MPOPOCTKIB POCIUH, SKi 3HAXOISITHCS B
IDYHTI: 32 PaXYHOK IIBWJIKOTO BUTSTYBAHHS ME30KOTHUIIIO, TIHOKOTHIIIO UM €HIKOTUIIO
Harii_3a KOPOTKHUWA 4Yac BHHOCHUTHCS Ha TIOBEPXHIO, A0 cBitha. [Ipu ocBiTIeHH]
€TI0JIbOBAHUX MPOPOCTKIB TaJbMyBaHHS POCTY PO3TATYBAaHHSIM HACTa€ yepe3 JCKUIbKa
XBUWJIMH, 1HII €(deKTH CBITIa (pO3ropTaHHsS MEPIIOro JIMCTKA, 3aKJIaJlaHHs HACTYIMHUX
JIUCTKIB, PICT BOJIOCKIB) BIIOYBAIOTHCS JIUIIIE Yepe3 ACKIIbKA TOJIUH.

Temmnepartypa. Pict pociuH 3anexuts 1 BiJl Temneparypu. B mexax 0-35°C BmuiuB t Ha
picT BiiOyBaeThes 3riHO 3 npaBuioM Baut-I'odda.

JUis TEeIoMI0OHUX POCIMH Min TOUYKH POCTy 3HaxoaaThes Buie 10° C, a onTuManbHi —
B Mexax 30-40°C, nist xomonocTiikux — y mexax Big 0 go 5°C ta 25-30°C BianoBigHO.
MaxkcuMaibHi TemrnepaTypu AJig pocTy OUIBIIOCTI POCIUH 3HAXOIATHCS B iHTEpBai 35-
45°C. OnruManbHOIO HA3WBAIOTH TEMIeEpaTypy, NpHU SKid picT BigOyBaeThCs
HaWmBHALIE. AJle BUCOKA MIBUIKICTh POCTY HE 3aBXKIU COPUATIMBA JJIs pociuH. [lpu
“BUroHII” cTe0JI0 YacTo ciiabKe, IMCTKU TOHKI. B 1ot Taki poCIMHYU BUJISATAIOTh.

I'azoBmii ckiag. J[ns pocTty pociuH HEOOXIAHMM KUCEHb. AJie KOPOTKOTpUBAJE
3HWKEHHS Oro BMICTY CHJIBHO HE BIUIMBA€ Ha picT. Takox Mpu TpUBAJIOMY 3HM)KEHHI
BMICTY KHCHIO B 30HI KOPEHIB IpPH 3aTOIUICHHI PICT MPOJOBKYETHCA, Xoua 1
CHOBUIBbHIOEThCA. [Ipy 1IbOMY 3amyCKaloThCsl aJanTUBHI MEXaHI3MHU, K1 JO3BOJISIOTH
BUKOPUCTOBYBATH KUCEHb HITPATIB, MOBITPSHOCHUX TKaHUH 1 T.JI.

Hagymmok CO, y noBiTp1 IPU3BOANUTE A0 301IbIIEHHS PO3TATyBaHHS KIITHHHHUX CTIHOK
1 10 TAMYACOBOI'O OCHJIEHHS POCTY TKaHUH (edekT “kucinoro pocty”). Bumms CO, Ha
PICT I'PYHTYETBCS HA WOTO 3aTHOCTI 3HMKYBATH pH KIITUHHUX CTIHOK 1, TAKMM YHHOM,
1HAYKyBaTH picT KIiTUH. Edext CO, He 3aexuTh Bl HaIBHOCTI KUCHIO. OJTHOYACHO 13
3aTIHEHHSM 3J1aKiB BiH 3yMOBJIIO€ HaJMIpHE iX BUTATYBAaHHS B 3aryllI€HHUX MOCIBaX, 110
€ MPUYUHOIO BUJISITAHHS POCIIUH.

Boaumii pexum. Ilpoiiec pocTy pOCIUH pPO3TATYBAHHSM 3IIMCHIOETHCS IUISIXOM
BaKyOJIi3aIlii KJIITHH MPU JOCTATHHOMY HAJXO/HKEHH1 JO0 HUX BOJU. ToMy HecTaua BOJIU
cnoBUIBHIOE picT. KopeHi 3maTHi pocTH JHIIE B JOCHTH BOJIOTOMY IPYHTI, Maibke
HAaCHYEHOMY BOJISTHOIO TTAPOI0, 3 OCMOTHYHUM THCKOM He Outbie 1-1, 5 MITa.

HazemH1 9acTHU POCIWH 3aBXKIU 3HAXOJATHCS B OUTBII CYyXOMY IMOBITP1 3 BOJIOTICTIO
50-70%. Bin yTpaty BoJiM BOHU 3aXMINEHI KyTUKYJISPHO-EMiAepMaTIbHUM I1apoM. Tomy
B Me30(UIl JIMCTKIB MPY>KHICTh BOASHOI Mapu 3BHMYaiiHO He OyBae HUXKYOIO, HIK 98%
BIIHOCHO1 BosiorocTti. Ilpu TpuBamiii HecTadl BOAM B TKaHUHAX (pa3a BUTATYBaHHS
3aBEepIIYETHCS MIBUIIIE, IO CIPUYMHIOE BKOPOUYEHHs cTeONa Ta KOPEHs, 3MEHIICHHS
JUCTKIB, iX APIOHOKIITUHHICTH 1 T.J.

Bbpak Bonu B niepion cTe0IyBaHHS 371aKiB 3aBJIa€ 3HAYHUX YTpaT BPOXKarlo.

MinepajibHe :KuBJIeHHs. BHCOKHMII BMICT €JIIEMEHTIB MIHEPAJIbHOTO IKUBJICHHS,
ocobmmBo N, cripusTiuBui 17151 pocTy. BiH NPU3BOIUTE 10 PO3POCTAHHS BETEeTAaTUBHUX
OpraHiB 1 HEOOXIIHUN JJIsi HAPOILyBaHHS 3€JIEHOT Macu KOPMOBHUX pociuH. OgHak
BHUCOKHI MiHEpanbHUI (HOH 3aTpuMye mporiecu audepeHItaii, 3akiagaHHs KBITOK, 110
3MEHIITy€ BpO>Kail MJI0/IB Ta 3€pHA. B TiIpomoHHii KyabTypi Kpaluid ypoxai TUIo/iB Ta
OBOYIB OTPUMYIOTh IIPH NMEPIOAUYHOMY T'OJIOAYBAaHHI POCIHH, OCOOJIMBO a30TOM.
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e BUKOpPHCTAHHA CHMHTeTHYHHX PErvJISATOPIB POCTY
B POCJMHHHUITBI

CHHTETHYHI PEryJsITOPH POCTY JUTsl IPAKTUYHUX I[UJIEH MOYaal BUKOPUCTOBYBaTH 3 40-
X POKIB MHUHYIOTO CTONITTA. Ponb ix 3pocrae, 0coOMMBO B OBOYIBHHUIITBI 1 TpU
BUPOIIyBaHHI MieHuIl. /{atoTh 3Ha4HUI eKOHOMIYHUN e(eKT.

OnHuM 13 pe3epBiB MIJABHUINCHHS BPOXKAMHOCTI Ta TMOJIMIICHHS SKOCTI IPOMYKINi
POCIMHHMLTBA € BHUKOPUCTAHHSA PETYJIATOPIB POCTY POCIMH — MPUPOAHUX abo
CUHTETUYHHUX CIIONYK, SIKI B MaJIWX KOHLEHTpALIAX 3/aTHI MPU3BOAUTU 10 3HAYHUX
3MIH Y POCTI Ta pO3BUTKY pociauH. OCTaHHIM YacoM BOHM BCE OUIbIIE CTalOTh
HEBI1J' €MHUMHU eJIEeMEHTaMH1 THTCHCUBHHX TEXHOJIOT1H BHUPOILYBaHHS
CLIbCHKOTOCTIOAAPCHKUX KYIBTYP.

Ex3orenne BHeceHHsI (piTOTOPMOHIB HEOOX1/IHE TOJI1, KOJIH 1X HE BUCcTauyae. HaifuacTime
L[€ TpaIIA€TbCsl B OCOOJIMBI, KPUTUYHI MOMEHTH OHTOT€HEe3y (HampHuKiad, B MPOLEC]
MIPOPOCTAHHS HACIHHSA, LBITIHHS, IUIOJOHOIIEHHS), 400 AKIIO MOPYLIYEThCS IUTICHICTh
POCIMHHOTO OpTaHi3My (HAIMpHUKIad, Y pa3l pO3MHOKEHHS POCIWH KUBLSAMHU, KyJIbTypa
TKaHWH). [HKOJIM BUHUKAIOTh HECHPUSITIMBI YMOBU BHUPOIINYBaHHS POCIUH (AeilUT
BOJIOTH, TEBHUX €JIEMEHTIB MIHEPAJIbHOIO JKUBJICHHS), IO TaJbMYyIOTh CHHTE3
€H/IOT€HHUX TOPMOHIB, TOJ1 TaKOX HEOOXI1HE X €K30r€HHE BHECEHHS.

Knimunu, mkanunu ma opeanu nouHHi OYMU CAPUUHAMIUBUMU OO0 EK302eHHUX
Gimocopmonis, mobmo KoMnemenmHuMuU.

KomrieTeHiiiro 3yMOBIIOIOTh HAsABHICTH CIeUU(PIYHUX O1IKIB-pELENTOPIB 1 3arajbHUN
CTaH BHYTPIIHBOKIITUHHUX mpolneciB. KiituHa moxe Oytu Ha onHik (a3l pocty
KOMIIETEHTHA JI0 [Ili JaHOrO (hITOTOPMOHY, a HA 1HILIA — HE KOMIIETEHTHA.
@izionoriyHa i BCiX (ITOTOPMOHIB 3aJI€KUTh BIJ iXHbOI KOHIEHTpAIil Ta
B3a€MOBIIHOIIICHHS. [i1BUIIIeHa KOHIIEHTpallisl, SIK MPABWJIO, BUKJIUKAE HE CTUMYJISIIIIO,
a ralbMyBaHHS METa00J113My 1 3arM0€IIb OpraHi3My.

EnporenHi (iToropMOHM JIOKaII30BaHl y MEBHUX KOMIAPTMEHTAX KIITUHU, TOMY
€K30r€HHE BHECEHHS HE MOJKE MOBHICTIO 3AMIHUTH iX, OCKIJIBKH y pa3l BHECEHHS 30BHI
po3moi (ITOrOPMOHIB Oy/Ie THIITNM.

Peryasitopy aykCHHOBOTO THITY

Jlesiki CHHTETUYHI CIIOJIYKH BIUTUBAIOTh Ha pociuHM Tak, sik IOK. Onnak BoHU J1I0TH y
MEHIIUX KOHILIeHTpauiax 1 aig ix tpuBamma. e — IMK (iHpominmMacnsiHa kucnora),
2,4-11 (2,4-nuxnopdeHokcuornroa kuciora), 1-HOK (1-HadTraonroBa kuciora).

JlaH1 peryasaTopy pocTy 3aCTOCOBYIOTHCS JIJIS:

1. cmumynauii ekopineHHs Hcueyie, 6IOHO6/ICHHA KOPEHeB8oi cucmemu

[IMK (~15 mr/a, 10-20 roa.), IHOK];

2. OMPUMAHHA napmeHoKapniynux (6e3HaciHnesux) niodie, uacmo 3 NiOBUULEHUM
6MICHIOM YYKPIG

[TomMaTH, OTipKH, 0COOJIMBO B TETLTUIISX |;

3. 3MeHuwienna onadanua naoeodie (sI0MyHi, TPyIIl, BHECEHHS AyKCUHIB BHUKJIHMKA€E
JI0JTaTKOBE HAJXOJDKCHHS TOXWUBHUX PEYOBHH JIO IUIOJIB, a TaKOX 3amo0irae
YTBOPEHHIO BIJOKPEMITFOBATILHOTO IIAPY Y IUIOOHDKKAX),

[1-HOK, 2,4-]1 crioBiIbHIOIOTH T03piBaHHS, 1110 MMOKpPAIIy€e 30epiranHs|;

PicTt i po3BUTOK poCcnuH
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4. npopioscyeannsn Keimie ma 3ae’sa3eil y ni0008uUx

[1-HOK (15-50 mr/i) — 0OIPUCKYIOTh KPOHH JIEPEB MPH IBITIHHI];

5. 3HUMWenHa 0yp’anie (y BUCOKUX KOHIIeHTpamisx 2,4-J1 Mo)ke 3aCTOCOBYBATHUCS SK
repOiluI CeJICKTUBHOT [1ii)

[2,4-]1 — 0,6-1,5 Kr/ra — 3HHMIYIOTh MIUPOKOJIMCTIHI Oyp’sIHH Y TIOCiBax 3J1aKiB].

IuTokiHiHM. 32 TOMOMOTrO0 IUTOKIHIHIB MOKJIMBO:

pezyntoeamu picm i opzaHozeHe3 B KyIbTypi 130JIbOBAHUX KIIITHH Ta OPTaHIB;
3HIMamu anikaibHe 0OMIHY8AHHA, YAM BUKIUKAETHCS PICT OIYHUX MaroHiB,;
3ampumyeamu npoyecu Cmapintsi;

niosuugyeamu cmiKicmo pociun 00 HeCRPUAMIUBUX YMOE O0BKIILIA.

l'idepeninmn. J[ns mpakTUYHUX IIUIEH BHUKOPUCTOBYIOTH IIpemapaTé Ti0epeniHOBOi
KUCJIOTH, OTPMMaHi 3a JIOTIOMOIOI0 KyJbTypu rpuba Fuzarium. BuKOpHCTOBYHOTHCS
TUISE:

1. niosuwenna eupoonuymea 6e3HACIHHEBUX COPMIE BUHOZPAOY

[0OpoOKa TibepeniHOM I[IHHUX KINI-MIIIHUX COPTIB BUHOTpaay cCIpusie (popMyBaHHIO
BEJIMKHX IIUIbHUX FPOH 13 MACUBHUMHU SITOJIAMH |;

2. sugedennsn 3i cmany cnokoro (0yJb0O KapTOIUT, HACIHHS)

[0OpoOKka 310paHuX OyahO KapTOIUIl PO3YMHOM TiOepemiHOBOi KUCIOTH (1-2 mr/m) 1
T10C€YOBUHOIO (20 MI/1) cpuse iX MBUAKOMY MPOPOCTAHHIO|;

3. cmumynayii ymeopeHHs conooy

[ribepeniny 3a0e3MeuyloTh CHUHXPOHHE MPOPOCTaHHS HACIHHSA SYMEHIO, aKTHUBYIOTh
am1Ja34, 00 MOKpallye SKICTh COJIOAY AJI1 MUBOBAPIHHA].

4. nioguuiennsa eposcaro 3eneHoi macu (3a PaxyHOK TOCHIIEHOTO POCTY cTeOsa
POCIIHH).

ETnJieH 1 fioro moxigHi: erpe, Tiaper.

BukopucToBYIOTh [IJ1s1 TPUCKOPEHHS 03pIBaHHS 3€JIEHUX TUIOIB Mepe MPOaaKeM, TS
CTUMYJIAIIT OJTHOYACHOTO JTO3PiBaHHS TUIOAIB, JJIA MPOPIKYBAaHHS KBITIB Ta 3aB’s3€il,
JUTS 30UIBIIEHHS KUTBKOCTI KIHOYHMX KBITOK.

AOcum3zoBa kKucjaora. JlocuTh mnepcneKTUBHUM € 3actocyBaHHia ABK 3 metoro
3MEHIIICHHS IHTEHCUBHOCTI TPaHCIIpaIlii Ta MiBUIIEHHS CTIHKOCTI POCIUH J0 MOCYXH.

CunTernyHi Ta iHmi peryasitopm pocry. B IHctutyTi OloopraniyHoi Ximii Ta
Hadroximii HAH VYkpainu cTBOpEHO KOMIUIEKC PEryJsiTOpiB POCTY POCIUH HAa OCHOBI
N-oxucnenux nipuanHoBux cnouyk (C. I1. [Tonomapenko, 1999), a came:

* i6iH — €(DEKTUBHUN CTUMYJIATOP POCTY OBOYEBUX KYJIBTYD;

* nomeumin — CTUMYJIATOP POCTY 1 pO3BUTKY KapToruti. [ligBuinye CTIHKICTb 10
BIpYCHUX XBOPOO, MOJIMIIIYE SKICTh OyIh0;

» emicmum C, €KCTPAKT POCTOBUX pedoBUH Yy 60 %-My eTUI0BOMY CHHPTI,
010CTUMYJISITOP POCTY 1 PO3BUTKY 3€pHOBHUX Ta 1HIIUX KYJIBTYP;

* 3eacmumyniH — TIABUILYE BPOXKAWHICTb, CTIHKICTh POCIHMH KYKYpYyI3H A0
3aXBOPIOBaHb Ta HECIIPUATIUBUX YMOB;

* mpumaH-1 — 1151 i IBULIIEHHS POTYKTUBHOCTI 36pHOBUX KYJIbTYD;

* azpocmumynin — ISl MABUIICHHS €HEPTii MPOPOCTaHHS Ta CX0KOCTI HACIHHSI.
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181

IepOinuau. ITix uuM TepMiHOM 00'€THY€THCS BEIMKA Ipylia CHHTETUYHUX PEYOBHH, SIK1
3/1aTHI HE TUIbKM 3aTPUMYBATH PICT, & i CIPUYMHIOIOTH 3aru0eb pOCIuH. Y 3B'S3KY 3
TUM, 110 OyJia BUSIBJICHA BUCOKA YYTJIMBICTh JO HUX JBOJIOJIBHUX POCIWH MOPIBHSHO 3
OJTHOJIOTBHUMH, 1X TTOYaJIM BUKOPHUCTOBYBATH JJIsI O0POTHOM 13 Oyp'stHAMH.

Tak, BuOipkoBa i Oyna BusBIeHa y 2,4-muxiaop(eHIIONTOBOI KHCIIOTH, SKa HE
MOIIKOJIXKY€E 3JIaKOB1 POCIIMHHU, ajie 3HUIIYE JIBOJOJIbHI Oyp'sHu. [losicHIOEThCA 1€ THM,
0 BOHA JIETKO TPOHMUKAE B aliKaJlbHy MEPUCTEMY JIBOJOJBHUX pOCIUH (e 1
CIOPUYUHIOE IXHE PYHHYBaHHA) 1 JOCHUTHh MOBUIBHO — B IHTEPKASIPHY MEPHUCTEMY
onHONONbHUX. CeNeKTUBHICTh TepOiluaiB (HANpUKIaA, CHMasHuH, TPHUHOJ0EH301HA
KHCIIOTA) TPYHTYEThCA Ha IXHIA crneuu@iyHOCTI Yy MOTJMHAHHI, TPaHCIOPTYBaHHI,
po3IIeTUIeHH] Ta (Pi310IOTIUHIN mii repOIumiB.

3a ocTaHHI pOKM 3HAYHO 3MIHWJIMCA BUMOTH JI0 3ac001B 3axucTy pociuH. [lepenycim e
Mae OyTH IHTErpOBaHUM 3aXHUCT CUIbCHKOTOCHOJAPCHKUX KYJNbTYp, IOBHICTIO
Oe3rneyHuil i HAaBKOJUIITHBOTO cepenoBuia. Hoi repOinmau (catic, AialieH cymep,
Jyall Ta IHIII), Kl IIUPOKO 3aCTOCOBYIOThCS B YKpaiHi, JONOMaraloTh 30epertu
MOTEHITian Bpokaro. Hampukiaz, caTic — 11e KOMOIHOBaHUM MPOAYKT, SIKUM MICTUTH 6
% Tpuazyndypony ta 12 % dayoporiaokoeHeTriry 1 peKOMeHJ0BaHUH 1711 00pOTHOU
3 Oyp'ssHaMHU 3€pHOBUX KyJbTYp (MIICHUIIS, TUYMiIHB). BiH 3HHIIyEe OJTHOPIUHI ABOJIOJIbHI
Oyp'siHU (TMAMAapEHUK YINKWMA, pelbKa JAUKa, TIPUUILIS MOJIbOBA, OCOT POKEBUH, TamabaH
MOJILOBUM, J10OO0Ja Oina, He3abyJka MOJIbOBA, TaJiHCOTa JPIOHOKBITKOBA, YHUCTEIb
OJIHOPIYHUN, MaK JUKUN Ta 1HIII), B TOMY 4uciai criki g0 2,4 JI. OO6uasa nirodui
KOMITIOHEHTH MAalOTh PI13HI MeXaHi3MH [li. B Toil yac sik (iryopormokopeH eTu Ji€e K
KOHTAKTHUM TepOilua 31 3HAYHO BUPAXKEHUM CIAJI0 BaJIbHUM e(peKToM, TpuazyipypoH
raJlbMy€ piCT TKaHUHM (IHTIOITOp CHUHTE3y aMiHOKHCIOT, HacaMIlepes] BalllHy Ta
130JICUIINHY).

Perapanantu. Jlo mi€i Tpynu BXOASTh CHUHTETHYHI PEUOBUHHU, SKI TajJbMYyIOTh
BUJIOBXKEHHS cTeOsa. Xo4ya CTPYKTypa iX He Ma€ HIYOTO CHUIBHOTO 3 (hITOrOpMOHAMH,
MpOTe€ BOHM 3JaTHI 3MIHIOBAaTH (HITOTOPMOHAJILHUN CTATyC POCIMH 1 THUM CaMUM
BIUTMBATH Ha XiJ (i310J0TIYHUX mporeciB. Perapgantu — 1e pevyoOBHHH, SKI
3YMOBJIIOIOTh BKOPOYEHHSI MIKBY3Jb Yepe3 TaIbMyBaHHSI POCTY TMAroHiB, CTIHKICTh /10
nosisirannd, aesiki (CCC, ¢ocpon I, AMO-1618) 3arpumMytoTs cuHTe3 TiOepemiHiB, B
PE3yNbTaTl YOr0 3MEHILYETHCS JOBKHUHA MTAaroHiB.

Xnopxoninxnopuo (XXX), aap Ta iH. BUKOpUCTOBYIOThCS 171 3aM100IraHHs MOJISTaHHS
37IaKiB, JUIsl CTPUMYBaHHS BUTATYBAaHHSI PO3CaJH OBOYIB, a TAKOX I KOMIAKTHOTO
(hopMyBaHHS KYILiB, KDOHU JIEPEB, 3HUKEHHS OMAJaHHS IO/IB.

Cnextp nii mopghaxkmunie (payopeH-9-kapOOHOBa KHUCIOTA) HAA3BUYANHO HIUPOKUM.
Bonu 3aTpuMyloTh MPOPOCTaHHS HACIHHS, MOCTIA0JIOIOTH amiKajlbHE JOMIHYBaHHS Yy
MAroOHIB 1 TOCUJTIOIOTH HOTO Y KOPEHS, @ TAKOXK CIPUSIOTHh KAITYCOYTBOPEHHIO TOIIIO.
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IIpopocTtanHs HaciHMHU (A) i pO3BUTOK MAPOCTKA
oxHoxoJbHuX (B) Ta nBomoaBHMX (B) pocaun

KBagpaHTt
o \ OKTaHT

CimMm'aponsi

CycneHsop ~— rlla

NMPOEMBEPIO

¢ MpokamBii

rnoBYNaPHA « CEPLUEBUOHA  TOPNEOO
DA3A DA3A

—~

OcHoBHi (¢a3u pO3BUTKY 3apOAKA.

ETioniboBaHi nmig3eMHI NPOPOCTKHU i 3MiHM IXHBOI GOPMHU, IHAYKOBAHI
CBITJIOM NpH Nepexoi 10 HA3eMHOI0 CIOCO0Y KUTTSH:

a — 371aKku; O — ABOAOJIbHI 3 TIOT€ILHUM MTPOPOCTAHHSIM; B - JIBOJIOJIBHI 3
ernireaJbHUM MPOPOCTAHHAM: 1 — KOJICONTUIIb, 2 — ME30KOTHJIb, 3 — MEPBUHHUMN
CKJIQJICHUH JINCTOK, 3’ — MepIuil CipaB>KHIM JIUCTOK, 4 — €MIKOTHIIb, 5 — TIIOKOTHIIb
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[TpokamGiit

AmikallbHa MeprcTEMa

3pini enemeHTH QrroemMu

Hespini enemenTn

Hespini enemenTu
P doemu

KCHJICMH

3pini eneMeHTH
KCHJICMHU

Kamo6ii

InTepkanspHa Mmepuctema

Cxema po3noaisty Mmepucrem y credJri

[HiLianbHI KNITUHKW TYHIKN NpOMepUcTEMU

[HiLianbHI KNITUHW KOPMyCYy NpoOMepuUcTeMU

TyHika

MepudepnyHa mepuctema

CtepxHeBa mepuctema

Cxema 0y10BHM KOHYCY HAPOCTAHHS cTeda.
CrpiikaMu BKa3aHl HAMPSIMKHU MOALTY KIITHH.
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MapriHanbHa mepucTen

ApakcianbHa (BepxH

b npotoaepn

. Lo ApakcianbHum mesod
MaprlHaana IHILIanb

Cy6mapriHanbHi iHiuiani Cepe.D.VIHHVIVI_Meaocb

. AbBakcianbHuin mesoq
CyAvHHUI Ny4OK

AbakcianbHa (HWXH
npoToaepn

IHouaTkoBi ¢a3u po3BUTKY JiHCcTKA (A) i monepeyHni 3pi3 JIUCTKOBOT0
npumopais (b):
1 - 3akytagka MpUMOP/Iis; 2 - MATBIETIOIOHII TPUMOPIii; 3 - MPUMOPIii 3
MapTriHAJIEHOI0 MEPUCTEMOIO.

PR i \/
# ~

Cxema OyaoBu anekcy nanopori (3a C.W. Wardlaw, 1949).

BBaxaerbcs, mo anikanpHy KiIiTHHY (A.K.) 1 JuctkoBi npumopmii (I1;-Ils) , ski
(bOpMYyIOThCS, OTOYYIOTh 30HU BUAUICHOIO HUMU 1HT101TOpa noainy KimTuH. [1g-I1ig
— TpUMOpAli, SKI He BUAUIAIOTH uUHTIOITOpa. Tinmbku B 30H1I [ (iHIUIAIBHIN)
KOHIICHTpAIlis 1Hr101Topa MiHIMaJIbHA, 110 JJOTIOMAarae 3akjiaii HOBOTO IPUMOPIisl.
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Perenepanisi mano4ku y
pi3Hux BuaiB Acetabularia

_d

IOK

Kinetun 0

0,02

0,5-1,0 5,0

Konuenrpartisi, mr/n

Cuinbaa pis IOK (2 mr/a) i kiHeTnHy Ha picT i npouecu AudepeHuilOBaHHS

CPUECBUHHU cred1a THOTIOHY.

Moaeanb
audepeHilOBaAHHS
KJIITHH.

3 OHOPITHUX
MEPUCTEMATUIHUX
KIIITUH MOXYTb
YTBOPIOBATHUCS
PI3HOMaHITHI
KJIITHHU TTOCTIHHUX
TKaHUH (3J11Ba Ha
MpaBo): MajicajHi,
3aMHUKarol,
MapeHx1MHI,
“3ipuacti”’, CyJIMHH 1
CUTOBU[IHI TPYOKH,
CKJIEpEHXIMHI
BOJIOKHA

PicT

PO3IBUTOK POCHNUH
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Mu po3risiHynu BCi €Taly OHTOTEHE3y BHILIUX POCIHH, 32 BUHSATKOM €TaIly 3pijoCTi
Ta pO3MHOXKEHHS. [IpOTAromM IOBEHUIBHOTO MEpioAy MOJOAI POCIUHH POCTYTH 1
PO3BUBAIOTHCSA, CTBOPIOIOYM TMOTY>KHY BEreTaTUBHY Macy 1 3amac TMOXXHUBHUX
pedoBuH. Lle nae iM MOXKIIMBICTh Y NIEBHMI BIAMOBIIHUM MOMEHT 4acy copmyBaTu
OpraHu PO3MHOXEHHSI, SIK1 JKUBJIATHCS T€TEPOTPOHO.

Po3MHoOxkeHHSI pociiMH — 1e (i3iosIoriuHuii mpouec BiATBOPeHHs c00i MOaIOHUX
Oprasi3smiB, sikuii 3a0e3nedye Oe3nmepepBHICTh iCHYBaHHSA BHAY Ta PO3CeICHHA
HOr0 NMpeACTABHUKIB Yy HABKOJIUIIHBOMY IPOCTOPI.

CnocoOu po3MHOXKEHHS Y POCIIUH

Y pocIvH BUAUISIOTH JIBA CHOCOOW PO3MHOKCHHS: CTATEBMM, HpU AKOMY HOGUIL
OP2aHI3M PO3BUBGAECMBCA 6 pe3ybmami 3Aumms 060X cmamesux (2anioioHux)
Kaimun — 2amem; Ta 0€3CTATEBUNl, K0uU HO6€ NOKOJIHHA YMEOPIOEMbCA i3
cCOMamu4Hux (6ecemamugHux) KiimuH.

Po3pi3HAOTE 081 hopmu cmamegozo po3muoxcenns: 1) pu K HOBHI OpraHi3M BUHUKAE
13 3aIUTITHEHOT SUIEKIIITUHH (3UTOTH); abo — 2) 13 He3aIIiIHeHOI SIUIEKIIITUHA B
pe3ynbTaTi MapTeHOTEHE3Y.

Po3MHOMXKEHHSI NIISXOM PO3BUTKY 3aIUIIHEHOI SHUIEKIITUHUA XapaKTepHE IS BCIX
BUIMX Ta HIDKYUX POCIWH. BaxiIMBuUM TMOMEpenHiM €eTarmoM IbOro CHOCOo0y
PO3MHOXKEHHS € Melio3 — CKIAOHULU NOOLI 0pa, wo 3abe3neyye 3MeHUeHHs KLIbKOCHI
Xpomocom y0giyi. Y BULIUX POCIUH BiH BiIOYBa€ThCA B CTATEBUX OpraHax (KBITax) 1
3aKIHYY€TbCS YTBOPEHHSIM MIKPO- Ta Meracmnop. 3 HUX (POPMYIOTbCSI YOJIOBIYMH Ta
KIHOYUHN eamemoghimu, SIK1 1at0Th MOYATOK YOJIOBIYMM Ta KIHOUUM eamemam. Bunu,
y SKHX ICHYIOTb OKPEMO 4YOJOBi4l Ta JKIHOYl OCOOWHH, Ha3UBaIOThH
po3zoinbHocmamesumu. Cepell KBITKOBUX POCJIMH € OJIHOJJOMHI Ta JIBOJIOMHI BUau. B
0OHOOOMHUX YOJIOBIYl Ta >KIHOY1 KBITH YTBOPIOIOTHCS HA OJHINA 1 Tii K€ POCIHHI,
TOMl K Y 08000MHUX OIHI POCIMHH HECYTh JIUIIE YOJIOBIYi, a 1HIII — JIUIIE >KIHOYI
KBITKH.

bezcmamese po3MHOXKEHHS BinOyBaeThCs O€3 yTBOPEHHS TaMeT, Y HbOMY Oepe
ydacTh Juiie oauH opraHisMm. [Ipum Oe3cTtaTeBoMy pO3MHOXKEHHI HOBUHM OpraHizm
PO3BHUBAETHCS 31 CIIOP, IO YTBOPIOIOTHCS Ha criopodiTi, abo 13 creriaai3oBaHuX 4Yu
HECIICIIaTi30BaHUX YacTHMH Tijda pociuH. JlaHuM cmocoOoM  BIATBOPIOETHCS
IIGHTUYHE TOTOMCTBO, €JIWMHUM JDKEPEJIOM TE€HETHMYHOI MIHJIUBOCTI CIIYXKaTh
BUIAJIKOBI MyTalli. BoHO BilacTMBE CHOPOBUMM pPOCIMHAM, SIKI MEPEBAXKHO MAalOTh
OUIBII-MEHII YITKO BHUPAKEHE YEpPryBaHHS JBOX IOKOJNIHb — O€3CTaTeBOro
JTUILTOTAHOTO (cnopodhim) i CTaTeBOro rarioinHoro (eamemodghim).

Takum 4YHHOM, € 060 opmu Hecmamesozo posmHodicenns:. 1) CcHOPOYTBOPEHHS
(cmoporenes) Ta 2) BereraTuBHE PO3MHOKCHHSI.

Cnopozenes — ye npoyec ymeopenus cnop. CIOpOTeHe3, 10 MPOXOJUTh IUITXOM
MOJIITy KIITHH B OpraHax HECTAaTEeBOTO PO3MHOXKEHHS — CHOPAH2iAX, XapaKTepHHM
JUIS HIDKYMX POCIMH. B OJHOKIITHHHUX 3€JICHUX BOAOPOCTEH OKpeMl KIITHHU
MOXXYTh TIEPETBOPIOBATHCS HA CIOpaHTrii. Y BHUIMUX POCIUH PO3PI3HSIIOTH
Mikpocnopoeere3 (yTBOPEHHSI MIKPOCIIOP) 1 Me2acnopozere3 (YTBOPEHHSI METaciop),
K1 BiAOYBaIOThCS y Pe3yJbTaTl ABOX MOCTIIOBHUX MOAUIIB MEHO3y y CIIOPAHTIsIX.
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CriopaHriii MOXONOJIOHMX MpEACTaBICHUN KOpoOOUKow croporoHis. CropaHrii
MarnopoTenoAiOHNX 1 HACIHHUX POCIIMH PO3BUBAIOTHCS HA CIOPOJMCTKAX a00 B iXHIX
nasyxax. BUIbIIICTh BUIUX POCIMH YTBOPIOIOTH MIKpPO- 1 MEracmopasrii, B SIKHX
PO3BUBAIOTHCS BIJIMOBIIHO MIKpO- Ta Meracmopu. MeracnopaHnrii y HaClHHHX
POCIIMH 3BUYATHO HA3UBAIOTh HYYeycoM, MIKPOCIIOPAHTIN — eHi300M NUSKA.
Bezemamuene pozmnooicenusn — ye maka ¢opma Hecmamesoco pO3IMHONCEHHs,, Npu
AKIU 3 YACMUHU MAMEPUHCLKO20 OP2AHiZMY VMBOPIOIOMbCA I0eHMUYHI UOMY 3a
CBOIMU CNAOKOBUMU O3HAKAMU HOGI 0ocoOunu. [HIIMMU CcIOBamH, 1€ BIATBOPECHHS
IIJIOTO OPTaHI3My 3 HOTO BEreTaTUBHUX YaCTHH.

Ha nymky B.Cxpumumacbkoro (1970-90), eBosorisi cnoco0iB PO3MHOXKCHHS Y
pocivH BimOyBamacs Tak. I3 dhopm, siki pO3MHOKYBIHACS MPOCTUM TOIUIOM KJIITHH,
BUHUKIIM CIIOPOYTBOPIOBaJbHI, a Mi3HINIE — 3JaTHI IO CTaTeBOrO PO3MHOKCHHS
OpraHi3MHU.

Y pe3ynprati 00’€aHAHHSA O€3CTaTeBOTO M CTATEBOrO CIIOCOOIB PO3MHOXKCHHS
3’SBWJINCh BHJIM 3 YEpPryBaHHSM IIOKOJIIHb. 3TOJOM OJIHE 3 TIOKOJIHb CTajo
JOMIHYIOUHM (y HHPKYMX POCIIUH 1€ MEPEeBAKHO raMeToPiT, y BULTUX — CIIOPODIT).

B anaTomMo-MopdosI0oriuHOMY BiJIHOIIEHH] MPOIIECH PO3MHOKEHHS y OUIBIIIOCTI TPYII
POCJIMH BUBYEHI JOCUThH JIETAIBHO, TOJ1 5K (hi310J0T1YHA HOTO OCHOBA HEIOCTATHHO
3’sicoBana. llepexia KBITKOBUX POCIHMH BiJ] BEr€TaTUBHOTO PO3BUTKY 1 POCTY 0
reHepaTUBHOTO — CKIIAHUM Oararoda3Huil mporec.

CrarTeBe PO3ZMHOXKEHHA KBITKOBUX POCJIHH

3B'SI30K KUTTEBUX LUKIIIB POCIHH 13 OPOLIECAMU L[BITIHHS
TpuBamicTh XKUTTS PI3HUX POCIUH HeoAHAaKOBa. OJHI POCIMHU KUBYTh KOPOTKUN
nepioJ: KuIbKa TUXHIB, MicsuiB, pik. I[lopsa 13 uuM icHye 6arato TpaB'sHUCTHUX Ta
JIEPEB'STHUCTUX POCIUH 13 TPUBAJIUM TNEpPIiOJAOM KHUTTA (IO KiJIbKa COTEHb, a
MaMOHTOBE JI€pEBO — HaBITh KUIbKa THCSY POKiB). OJHAK, HE3BAXKAIOUM HA TaKy
PI3HMIIIO Yy TPUBAJIOCTI JKUTTS, y HUX € 3arajbHa BJIACTUBICThH, IMOB'A3aHA 3
0COOJIMBOCTSIMM  IXHBOTO pO3BUTKY. lle QopmyBaHHS crmo4yaTky BereTaTMBHHUX
OpraHiB — JIMCTKIB, cTe0eJ, KOPEHIB, a MOTIM — OPTaHiB IUJIOJOHOIICHHS. Y PI3HUX
POCIIMH PICT OXOIUTIOE PI3HUN MEPioj, TaK caMO SIK 1 OpraHM TUIOJOHOIIEHHS Y HUX
YTBOPIOIOTHCA TO-pi3HOMY. TakoX MOMJIHMBICTH O MOBTOPHOTO IIBITIHHS BJIACTHUBA
HE BCIM BHJAM pOCIWH. Y 3B'A3Ky 3 LMUM IX HOJUISIOTh HA JMOHOKApniuHi Ta
noaikapniuHi.

Ilepwiy 2pyny cmanoename pociunu, AKi RPOMAZOM HCUNIMA, HE3ATNEHCHO 6i0
11020 mpueanocmi, 3ayeimaroms auwie 0OUH paz i 6iopazy nicisa UGIMIHHA ma
nnooonoutenna cunyms. Ll Tpyma pociMH nyke pi3HOMaHITHA W OXOIUTIOE SIK
OJIHOPI1YHI, TaK 1 Oaratopiyi Buau. Croiu HalexaTh:

eghemepu (miepiosl iXHBOTO POCTY ¥ PO3BUTKY TPUBAE KUIbKa TH)KHIB) — BECHSHA
KpyTKa, KOCTSHElb 30HTUYHUHI, epo(isia BECHsIHA;

00HOpiuHI pocaunyu (TMPOTSITOM OJHOTO BETETAIIHOTO TMEpioAy BOHHU YTBOPIOIOTH
BEreTaTHUBHI Ta PENPOAYKTUBHI OPTaHu, 3a0€3MeUyI0Th IJI0IOHOIIEHHS i 103p1BaHHs
HACIHHS) — KapTOIUIsL, OTIPKH, JIbOH, SIp1 371aKHu, 3¢pHOO000BI;

06opiuni pocaunu (iIXHIA KATTEBUM IUKJI OXOIUTIOE JIBA BETETAIlidHI TEpioan) —
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uOyIIsl, YaCHUK, OypsK, MOPKBa, celiepa, KalycTa Ta 1HII;

bacamopiuni pocaunu (XapakTepU3YIOThCI TPUBAIUM IMEPI0JIOM pPocTy — Bia 8 10 50
POKiB, 3aIBITalOTh HAa TIEBHOMY pOIll XWUTTS, a TOTIM THHYTh) — JE€sAKl araBH,
0amMOyKH, TajabMHu, PepysIu TOIIIO.

Apyey _ecpyny cmanoenames pociunu, AKi HPOMAOM  HCUMMA  UGIMYMIb
0azamopa3zoeo, iHKOIU MONCYMb 3ay8imamu npomscom 00HO20 POKY 08a-mpu pasu,
AKWO ix croulysamu, aK ye earacmueo 07 oeaxux mpas. CIoiu HalleXkaThb POCIUHH,
SK1 3alBITalOTh Ha 1-i1 pik XUTTS (TUMO]IiBKa, JIOIEpHA, JMCOXBICT); Ha 2-i
(OaraTopiunuii ronuH); Ha 3-W (ArigHUKW), Ha 8-12-K pik Mmichs MICTUICHHS,
HANPUKIIAJ, Tpymia, sOayHs, aifBa; HapewTi, Ha 25-30-i pik *KuTT (KIeH, aumna, 1y0
TOIIIO).

[110710B1 pOCIMHY MIOIOHOCATH 3aJIeKHO BiA miamen. Ha kapiukoBux mifmenax yci
COpPTH 3alBITAIOTh 1 AAIOTh IUIOAMW paHime. ['pymn Ta a0ayH1I UBITYTh Mi3HILIE, HIXK
KICTOYKOBI Mopoau. [pyra rpyna pociuH XapakTepU3YEThCs TUM, 110 BEreTaTUBHUM
PICT Y HUX TIOHOBJIIOETHCS IIOPOKY.

Cnin 3amam'staTd, 10 3rajlaHi TPYNU POCIMH HE OXOIUTIOIOTh BCIET  Ti€d
PI3HOMAHITHOCTI IIOJIO POCTY 1 PO3BUTKY, SIKa BIACTHUBA POCIUHHOMY CBITY.

Tak, y cinbcbkoeocnooapcvkomy GUPOOHUYMBI UWUPOKO KOPUCMYIOMbCS NOOLIOM
POCIUH 3a MUNOM PO3BUMK) HA API, WO 0aromb 8poXcall Npu 8eCHAHIU Ciedl, 03UMI,
AKI 8UCIBAIOMb 8OCEHU, MA 080PYYKU, 30AMHI NIOOOHOCUMU SK NPU OCIHHIU, MAakK i
npu 8eCHAHIU Ci60I.

VY pOCAMHHUUTBI NPUIUHATO BUAUIATA (reHOJIOTIYHI a3m, B sKI (POPMYIOTHCS NEBHI
MOPQOJIOTIUHI CTPYKTYpH. Tak, y XJIOHUX 3JaKiB pPO3PI3HAIOTh MOS8y CX00i8,
KVWIHHSA, 8UXI0 Yy mpYOKY, KOJNOCIHHA, YBIMIHHA ma Ga3u po36UMK) 3epHIGKU —
MOJIOUHA, 80CKOB8A, NOGHA CIMURTIICIb.

B oaHOpiYHKMX ABOAOJIBHHMX POCIUH BUAUISIOTH, SIK MPABUIO, CXOOU, NOSA8Y Nepuioi
napu 1UcmouKie, 2anydicents cmebaa (cmeOnysanHs), nosaey cyygims, 6ymouizayiro,
UBIMIHHS, YMBOPEHHS NA00I8 I HACIHHA, (a3u ix pizHoi cmuaiocmi.

B onHTOreHe3i MOHOKapHIYHUX POCIHUH BUIUISIOTH TEPIONN 6e2emamusHo2o Ta
2eHepamusro2o (PENpPOIyKTUBHOTO) PO3BHUTKY, SIKUH OXOTUTIOE (DOPMYBaHHS CYIIBITb,
KBITOK, HACIHHS, TIJIOIB Ta (Da3u iIXHBOTO JO3pIBaHHS.

[Ipu mocsirHeHH1 3p1JIOrO BIKY BEreTaTUBHI OPYHBKH MEPETBOPIOIOTHCS Y (IIOpasbHI.
Y HUX 3aKIaNalThCs 3adaTKu (MPUMOPIIi) OpraHiB KBITKH, 3IACHIOETHCS 1X
dbopMyBaHHS Ta PICT, a BCJIJ 3a 3alWICHHSAM Ta 3allUlJIHCHHSM YTBOPIOKOTHCS
HAaclHHA Ta 11oau. [ToyaTkoM HUX NEpEeTBOPEHb € iHimiamia UBITIHHS.

[H1mamsa uBITIHHEA

[Himiarmis UBITIHHS CKIAAA€THCA 3 ABOX (pa3: 1HAYKIIT Ta eBOKaIlii.

Inaykuisa. s daza BigOyBaeTbes mij J1€I0 €KOJOTIYHUX (DAKTOPIB: TEMIEpaTypH
(spoBm3arlisi) Ta uepryBaHHdS JHS 1 HOYl (QoromepionusMm); ad0 EHIOTCHHHX
daktopiB, 3ymoBineHux BikoM pociuH (T.Jl. JImceHko — BYEHHS TPO CTaAIHHHIMA
PO3BUTOK POCIIHH).

Aposusauia — npouyec, w0 npomikac 6 03UMuUx Qopm 0OHOPIYHUX | OBOPIYHUX
POCAUH ni0 0i€l0 HU3LKUX NOZUMUGHUX MeMnepamyp neeHoi mpueaiocmi i AKui
CHPUSE RPUCKOPEHOMY PO3GUMKY UUX POCIUH.

Pocnunu, siki moTpeOyroTh SSpoBU3allli, HA3UBAIOTh O3UMUMU, & Ti, SIKI PO3BUBAIOTHCS
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0e3 Hel, — apumu.
O3zumi Buau Oe3 spoBU3aIlll HE 3alBITAIOTH (AKiCHA peaxyis); Yy ACSKUX TP i
HU3BKUX TEMIIEpaTyp JIMIIE BKOPOUYETHCS 4Yac IMEPEXOJy N0 IBITIHHS (KilbKiCHA
peakyis). Y POCIMH 13 KUIBKICHOI PEAKIE€ sSpOBU3AIlS MOXE BiIOyBaTHUCS B
HaKUJIbYCHOMY HaciHHI. POCIMHU 3 SKICHOIO peakIili€l0 MOBHUHHI CATHYTH IEBHUX
po3MipiB (IIEBHOTO €Tamy PO3BUTKY) J0 i MOYATKY.
SpoBuzaitis  3BUYANHO OPOJOBKYeTbes 1-3  micsii. HailegexkTuBHimmmu €
Temmepatypu Big 0 0 +7° C; s ermomo6uux pocans — +10-12°C.
Jlist nestkux BUIIB (BKUTO, KAITyCTa) MEPIOUYHE TIEpepUBAHHSI HU3BKOTEMIIEPATYPHOL
nii 3HIKyeE a00 1 HiBemtoe (ycyBae) edeKT spoBU3aIlii.
HeoOximHa yMoBa sipoBm3amii — HAsABHICTb KJIITHMH, IO JUISTHCS. JlaHWil mporec
IPOTIKAE B 3apOJIKy a00 B amiKaJIbHUX MEpUCTeMax cTebJia i MOJOIMX JIUCTKIB.
SlpoBHM3aliiiHl 3MIHHM IEPEIAIOTLCA JHUIIE NUIIXOM MOAUTY KiaiThH. Dizionoro-
010X1MIYHA CYTh SPOBU3AIIIT 10 KIHI[S HE BUBYCHA.
[Ticnst stpoBM3aIlii ajsi OUIBIIOCTI POCIMH HEOOXiAHI MOBrojieHH1 ¢oTornepioau. B
IHIIUX POCIHH SPOBU3allis MocHadoe noTpedy y dboTonepioanuHii mii. Js neskux
pOCIIUH Oe3lepepBHE OCBITIICHHS CIIPUSE MEPEXO0/I0BI POCIUH B1J] O3UMOI MMOBEIHKH
JI0 THUIIOBO SIPOBOI.
dDomonepioousm — peaxuyia pociuH Ha 00006ull pumm o0ceimjieHHA (Ha neeHe
CNiBGIOHOUWIEHHA MPUBATIOCMI OHA MaA HOUI), AKA NPOAGIAEMbCA 8 3MIHI NPOUECIE
pocmy ma po3eumky. OOun 3 0CHOBHUX NPOABI6 Yici peakyii — homonepioouuna
IHOYKYiA (a00 2anbMy6aAHHA) UBIMIHHAL
doTomnepioM3M BUBUYATN aMePUKAHCHKI (i3ionoru pociauH Y.['apuep ta I'.Annapa y
1920-1925 pp. B 3anexxHOCTI Bix peakxiiii pocaIuH Ha TPUBATICTh JHS, IO TPUCKOPIOE
3allBITAaHHS, BOHU NOJAUISIOTHCS HA:

— gnosroaeHHi (JIJIP — pocinuHu AOBroro JHS - 3J1aKU, XPECTOLBITI, KPiIl;

HOIIMPEH]I B OCHOBHOMY B IMTOMIPHHUX Ta MPHUIIOISIPHUX IIIAPOTAX);

— kopotkoaenHi (K/IP — puc, cos, KoHOIUIS; CyOTpPOITIKK);

— noBrokopotkoaeHH1 (JAKJIP) i

— kopotkonaoBrojaexHi (KJI/IP) — norpedyroTh uepryBanss pisHUX (pOTONEPIOIIB;

— uewrtpanbHi (HJP — rpeuka, ropox Ta iH.).
[lomin pocnviH Ha JAaHI TPynud HE TOB’SI3aHUM 3 KOHKPETHOK ONTHUMAIHHOIO
JOBKUHOIO JIHS, a JIWIIE JA€ YSIBJICHHS IPO T€, YU MPHUCKOPIOETHCS IBITIHHS TPH
30UTBITIIEHH] 200 3MEHINICHH] TPUBAJIOCTI OCBITICHHS B KO)KHOMY (hOTOTEPiO/Ii.
€ pociMHM 3 AKICHUMU W KilbKiCHUMU TUNAMU (OTOMEPIOAUYHUX PEAKIIii.
[HTEHCUBHICTh OCBITJIEHHS, TeMIlepaTypa Ta I1HIII (aKTOpPU MOXKYTh 3MIHIOBATU
xapakTep GoTonepiouYHUX MPOSIBIB POCIIHH.
Hns KJP 13 SKICHOIO peakIiel0 OCHOBHUM (AKTOpPOM CIYKUTh TPUBAIICTb
TEeMHOBOTO mepioay. Moro nepepuBaHus (xod Ha | XB.) IEPELIKOIKAE HEPEXOY [0
1BITIHHA. [lepepuBaHHS CBITIOBOrO NEPiOly TEMHOTOIO HE BIUIMBAE HAa TEPMIHU
uBitiHAA. [J/IP He moTpeOyroTh mepiogy TEMHOTH 1 3aI[BITAIOTh MPU OE3MEPEPBHOMY
ocBiTiienHi. [lani dakTopu (Temmeparypa i Gporonepion) MOXKYTh MISITH MOCITiOBHO,
K, HAMPUKJIAJl, B O3UMUX 3JIaKiB.
doronepiouyHa [l COPUAMAETHCS TOJOBHMM YMHOM JHCTKAMH, a HE amneKcaMu
naroHiB. MakcumanbHy 4yTJIMBICTH 10 (OTOMEPIOAY MAIOTh JIMCTKH, K1 TUIBKH IO
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3aBEPIIMIN PICT. 3MIMCHIOETHCS 11€ TOJOBHHM YHMHOM 3aBISKH _(ITOXPOMY.
BBaxkatoTh, 1m0 HOro TEMHOBE TIEPETBOPEHHS MOXKE CIYXUTH CHOCOOOM
BUMIPIOBAHHS 4Yacy 3a TUIIOM MICKOBOTO roAvHHMKA. Cranzax 4YepBOHOTO CBITJIA
BCTAHOBIIIOE (ha3y EHJOTEHHOT'O PUTMY.

HeoOxigHicTh BEIMKOT MOBEPXHI JIMUCTKIB 1 JOCTaTHHOI 1HTEHCHBHOCTI CBITJIA MJISI
nepexoay A0 HBITIHHA y 0aratboX POCIUH MOSCHIOETHCS MOTPEOOI0 MEPUCTEM, IO
poctyTh, B acuMuiarax. Y HJIP iHimiamis uBITIHHS 3a0e3Me4y€eThbCsl BIKOBUMU
3MiHaMu. TyT cipanboBy€e €HAOTCHHA PETYIIALIS.

TemnepatypHa i1 ¢oTomnepioanyHa peryysiis CIyXaTh MPUCTOCYBAHHSIM POCIHH 0
YMOB ICHYBaHHsI, TOMY 110 BOHH 3YMOBIIIOIOThH CIIPUSTIIMBI TEPMiHU AJis IBITIHHS. B
X011 (OTONEepiOANYHOT IHAYKIIIT B IUCTKAX YTBOPIOETHCA CTUMYJISATOP LBITIHHS, IKUHA
TPAHCIIOPTYETHCSI [0 BETETATHBHUX OPYHBOK IIaroHiB, NI¢ 3alycKae Apyry ¢dazy
1HIII1aI]iT — €BOKAIIiO.

EBokaltisi (3 1aT. BUKJIMKAHHS) € 3aBEpIIaIbHOI0 (Pa30io mepexo1y J0 IBITIHHA, i
gyac sKOi B ameKkci BiOyBarOThCS IPOIECH, HEOOXITHI IS 3aKjaJaHHS KBITKOBUX
3a4aTKiB.

[Tpu HagxomKkeHH1 (IOpaIbHOTO CTUMYIY B alliKalbHUX MEpHUCTeMaX Bi0OYyBa€ThCS
HU3Ka 3MIH: MOCIIJI0BHO 3POCTa€ BMICT PO3UYMHHHUX IIYKPIB 1 aKTUBHICTh 1HBEpPTa3H,
30UTBIIYEThCS KUIBKICTh MITOXOHPIM Ta 1HTEHCUBHICTb JMXaHHS; aKTUBIZYETHCA
MITO3, CHHXPOHI3YEThCS MO, MocuioeThesi cuaTe3 PHK 1 O11KiB, 3MIHIOETBCS 1X
AKICHUM CKJIaJ.

na cnpuunamms cmumyny Y8imiHHa anekc nacoHa NosuHeHn Oymu KOMRemeHmHuUM
00 ybo2o. Y OUIBIIOCTI AEPEBHUX TOPiJ HA €Talll MOJOJOCTI IOBEHUIbHI amiKalbHI
MEpPUCTEMHU HE 3/1aTHI BIANOBICTU Ha (JIOpalIbHUNA CTUMYJ, HaNpUKIad, MpU
HIETJICHHI 1X Ha TJIOJIOHOCHI JIepeBa, OCKUIBKM BOHU HE BOJIOJIIOTH BiJMOBIIHOIO
KOMIETEeHI€0. Komnemenyis 00 @aopanrbHo2o cmumyny modice Oymu nog'szama 3
NOsBOI0 peyenmopis y KIimuHax 8i0n0GiOHUX 30H ANeKcd. ﬁmoeipno, ye peyenmopu
0o e2ibepeniny (8 cybanikanvuili mepucmemi) ma 00 2iNOMEMUYHO20 AHME3UH) 8
iHwit 30Hi mepucmem. 1likaBo, MO y TPaB'SHUCTUX POCIUH YCI alleKCH MaroHiB: 1
MOJIOZI, 1 CTapi 3/1aTHI cOpuiMaTH (IopanbHUN CTHUMYJ, KOJW BiH HAAXOIUTH 13
muctkiB. KomneTeniiss 10 ¢aopaibHOro CTUMYJy B aneKcl maroHa jeTepMiHOBaHa
MEBHUMH T'€HAMU.

To4YHO BHM3HAQYUTH ITOYATOK €BOKAIIli HEJIErKO, OCKIJBKHM 3MIHM B KIIITHHaAX arekca
MaroHiB MOXYTb CIOCTEpIraTUcs IIe A0 MOYaTKy Jii IHIYKTUBHHX (HakTopiB abo
OJTHOYACHO 3 IMMOYATKOM iX BIUTMBY. Y BHITaJIKy (DOTOTIEPIOUIHOTO BIUTMBY HA JTUCTKU
JIOCUTh IIBUAKA pEeaKilis amikajibHOI MEpPUCTEMH MOXe OyTH 3yMOBJCHA
€JIEKTPUYHUMH CUTHAJIAMM 32 PaXyHOK 3MIHU €JIEKTPOTOHIYHOI PI3HMII MMOTEHII1AJIIB
MDK JIICTKOM Ta arekcoM abo uepe3 BUHUKHEHHS MOTeHIadiB aii. Taka miBuika
CJICKTpUYHA CHUTHaTI3allisl MO)Ke 3a0e3leuuTH TIJArOTOBKY amekca crebia s
COPUUHATTS (IOPATBLHOTO CTUMYIY XIMIYHOI MPUPOJU, SKUH TIEPEHOCUTHCS 3
JINCTKIB JIO aIIEKCIB 3HAYHO MOBUIBLHIIIIE.

Cman, npu saxomy nepexio anikanibHoi mepucmemu 00 YMBOPEHHs KIMKU Cmae
He360pOMHUM, HA3UBAIOMb (OpaibHol0 Oemepminauiclo. B 1ieil yac B amekci
BIIOYBAIOTHCS 1HTEHCUBHI MOJEKYIISIPHI, TICTOJOTIYHI 1 MOpPQOreHeTHYH1 3MiHH.
BoHu pu3BOISTE 710 TOTO, IO B KOHYC1 HAPOCTAHHS 3aKJIAaI0ThCS i POPMYIOTHCS B
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CTPOr0 BH3HAYEHOMY MOPSAKY BCl CKJIAJOBlI KBITKHM, BIAOYBA€TbCSI MIKPO- Ta
MaKpOCIOPOIreHe3 1, BKIHII, (OPMYIOTHCS YOJIOBIYMH Ta KIHOYHN raMeTOdITH.

VYce 1ne A0BOAWTH, IO CYMb €60Kauii nonacac 6 NnepexkntouYeHHi 2eHemuyHoi
npozpamu 3 po3eUMKy 6e2emamueHux OPYHbOK HA 3AKAA0AHHA U (HOPMYBAHHA
Keimis.

Ipupoaa ¢JiopajJbHOIr0 CTUMYJAY

1903 poxy Himenbkuii 6otanik ['.Kiebc BHCYHYB TeOpito, 3TiHO 3 SKOIO CTaTEBE
PO3MHOXEHHSI BCIX TPYI POCIUH 3anexcums 6i0 yMo8 dicusieHus (30Kpema, Bif
CHIBBITHOIIEHHSI BYIJIEBOMIB 1 a3oTHUX cnoiyk — C/N). 3miHa 1UX yMOB Yy
HECTIPUATIMBY JJISI BETETAaTUBHOTO POCTY CTOPOHY 3yMOBIIIOE TEPEXil POCIHH 0
CTaTeBOr0 PO3MHOKEHHs. [IeBHOIO MipoIo 11€ TaK.

Opnak BUBYEHHs (OTOINEPIOAU3MY, POJi (PITOXpoMy, (PITOrOPMOHIB y MpoIecax
pPOCTy ¥ PO3BUTKY IMIATBEPAMIIM, IO PETYJIALIS 1HIIIALIT HBITIHHS — CKJIaJIHE SBUIIIC.
byno BcranomieHo, mo (oromnepioguyHa i CIPUAMAETHCA JIMCTKAMH, a TOTIM
baopanbHUNl CTUMYJ MNepelaeThcs A0 amnekcy mnaroHa. Ll daktu mgo3Bonuiu
M. Yaiinaxsay (1937) cdhopmymnioBaTH 2opmoHaIbHy Meopitlo PO3BUTKY POCIUH.
3riJIHO 3 II€I0 TEOPIEI0 MPHU CIPHUATIMBOMY (POTOIEPIONl B JIMCTKAX YTBOPIOETHCA
TOPMOH IBITIHHA — (JIOPITEH.

1958 poky YaiinaxsH BUCYHYB TINOTE3Y PO OIKOMNOHEHMHY NPUpooy ¢hropiceny,
3TIJHO 3 KO0 TOPMOH LBITIHHA CKJIAQJA€ThCA 13 ridepesiHiB 1 aHTe3uHiB. [Ipu
bOMY Ti10€peNliHM 3yMOBIIOIOTH TOSIBY 1 PICT KBITKOBUX CTeO€N, a aHTE3UHHU
IHAYKYIOTh 3aKJIaJIaHHS KBITIB.

BignoBimno nmo 1miei rinoresu JIJIP wmictath B OCHOBHOMY aHTte3uHu. [lpu
cnpusitiuBoMmy ¢doromnepioni B yuctkax JIJI[P cuHTE3yeThbcsi 3HayHAa KUIBKICTh
ribepeniniB. HagBHicTh 000X KOMIOHEHTIB (IOpireHy — ridepeniny W aHTe3UHYy —
1HayKye 1BITIHHSA Y pociauH. KJ[P, mo MawoTh nocTaTHhO riOepesiiHiB, CHHTE3YIOTh
aHTE3MH JIUIIIE B YMOBaX KOPOTKOJIEHHOTO ¢oTornepiony i 3amBitaots. Y H/IP BMmict
ribepeniHiB 1 aHTE3UHIB 30TIBIITYETHCA 3 BIKOM JI0 SIKOICh KPUTUYHOI BEJIMYWHU, SKA
HeoOX1Ha I 1HiIami IBITIHHS.

Jlana rinote3a nepeadadae ydactb il 1HIIMX (PITOTOPMOHIB y PETYJIAII] 3aKIaaHHs
Ta ()OpMyBaHHSI KBITIB 1 JOCUTh NIEPEKOHJIMBO MOSICHIOE MEXAHI3M MEPEXOAY POCIHH
JI0 TeHepaTUBHOTO cTaHy. O HaK MPUPOJIa AHTE3UHY 3aJTUIIAETHCS HEBIJOMOIO.
K.bepuwe, XK.Kine, P.Cakc (1985) BucyHynu CBOW 2inomesy iHOyKyii Ui esoxayii
yeiminnsa. Ha iX JIyMKy, €BOKallld KOHTPOJIFOETHCS HE OJHHUM CHEIllaJbHUM
MOpP(}OTEHOM, a CKJIAJHOI CUCTEMOIO 3 JEKITbKOX (PaKTOPiB, KOXKEH 3 AKUX 3aIyCcKae
CBIM JIaHIIOT €BOKAIIMHUX TpolieciB. B3aeMojis 1UX TPoIECiB 1 MPU3BOAUTH 0
3aKJiaJaHHsI KBITIB.

daxkTopu, 110 OepyTh yUaCTh y PETyJIsLii €BOKallli, yTBOPIOIOTHCSA B PI3HUX YaCTHUHAX
POCIMHHOTO OpraHi3My (B amekcax, OpyHbKax, cTe0Ji 1 HaBiTh y KOPEHi), IPUIOMY
BOHHU HE 000B’S3KOBO 1ICHTUYHI Y BCiX BUAIB. [Ipu HecnpusTinBoMy ¢oTorepioni B
JIMCTKAX POCITUH 3’ SIBIISIOTHCS 1HT101TOPH IIBITIHHS.

JlerepmiHaliis crati
Ilix gerepmiHali€l0 (BU3HAYEHHSIM) CTATIi Y POCJHH PO3yMilOTH (POPMYBAHHSA
KJIITHH, OpraHiB a00 O0OCOOMH TNEBHOI CTATIi B 3aJI€KHOCTI BiJl TeHETHYHHX
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(¢akTopiB, JOKAJI30BAHUX Yy XPOMOCOMAX (ceHemuyHe susHayeHHs cmami), i Bil
YMOB BHYTPIlIHLOT0 TAa 30BHIIIHLOT0 cepenoBuma (henomuniune euznauerns
cmami).

KBiTH, fIK OpraH CTaTe€BOrO pPO3MHOXXEHHS, MOXYThb OyTH dsocmamegumu YU
po3zoinbHocmamesumu. Boun GopMyIOThCs Ha OJHUX 1 TUX K€ (00HOOOMHI — OTIPOK,
KyKypya3a, ay0, JiluHa, Oepe3a) 4u Ha Pi3HHX (08000Mmui) pocinHaxX. J{BOAOMHHUX
pociauH Mano (KOHOIUT, XMiJb, TOMOJSA, BepOa, 00Jimuxa, IMIOBKOBHILI, OCHUKA). Y
JIeSIKUX IBOJJOMHUX BUJIB y KJIITHHAX BUSABJIEHI cTateBl XpoMocomu Tuiy XX un XY
(mesiki MoXH, eojies, Aperoma).

OpHak reHm, Mo ACTEPMIHYIOTh CTaTh, JIOKATI3YIOTHCS 1 B ayTocoMmax. OcoOIMBO 11e
CTOCYETBCSI POCIHH, Y SKUX CIICIIaIi30BaHUX CTaTEBUX XpOMOCOM Hemae. ['eHwm, siki
BU3HAYAIOTh CTaTh, BIAITPalOTh BAXJIMBY POJb, JO3BOJSIOUM KIITHHAM MO-PI3HOMY
pearyBaTu Ha 0 (paKTOpiB BHYTPIIIHBOTO 1 30BHIIHBOTO cepenoBuia. Ha BigMiHy
BIJl TBapHH, Ipolec (OopMyBaHHS CTaTi B XOJl OHTOI'€HE3Y POCIUH MOXKE CHUIBHO
3MIHIOBATHCS B 3aJICKHOCTI BiJI YMOB @K JI0 IEPETBOPEHHS OJIHI€T CTATI B IHIITY.
BusiBjieHHs cTaTl y POCIIMH 3aJIEKUTH BiJl TAKUX (DAKTOPIB 30BHIITHBEOTO CEPE/IOBHUIIA,
K TPUBAJICTh JIHSA, IHTEHCUBHICTH 1 CHEKTpaJbHUN CKJIAJ CBITJIa, TeMIEparypa,
CKJIaJl OTOYYIOUOTr0 MOBITPS, MIHEPAJIbHE KUBJICHHS.

Tak, nmoOpe azomue oicugnenns TPU3BOAUTH JO OUIBII BHPAXKEHOI KIHOYOT
CeKcyamizamii JBOJOMHHUX POCIMH, a Kaliti CIPUSE PO3BUTKY UOJIOBIYMX
exk3eMIULsIpiB. Bucoka 6onocicms T1pyHTYy 1 atmocdepu copusie audepeHuianii
KIHOYMX KBITIB 1 (JOPMYBAHHIO >KIHOYMX POCIHMH Yy ABOAOMHHX BHIIB. [ia emuneny
Ta MOHOOKCHIY BYIVICII0O TPHU3BOJUTH JO 3HAYHOTO 30UIBIIEHHS KUIBKOCTI
MaTOYKOBUX KBITIB. HU3bKI memnepamypu cripusitoTh MOSIBI ’KIHOYO1 CTaTl, BUCOKI —
BUKIIMKAIOTh MMPOTUJIC)KHUAN e(eKT.

3HAYHOIO MIPOI0 BIUIMBAIOTh HA CEKCyali3allll0 POCIHH €8Im0l yMOBH, IO
YaCTKOBO TMOB’si3aHO 3 sBuUllamMu (ortomnepiogusmy. Y KJIIP kopoTtkuii aeHp abo
3MEHIIICHHS] IHTEHCUBHOCTI CBITJIa BUKJIMKAE MIBUIKAN PENPOIYKTUBHUM PO3BUTOK 1
3HAuHIIIE BUSBIEHHS XKiHOYOI cTaTi. Hampukian, Kykypyna3a B TEIUIUII B OCIHHBO-
3UMOBHI TIEpiOJ] Ja€ CTOBIJACOTKOBHIM PO3BUTOK JKIHOYHMX CYIBITH Ha MICIII
yoJioBiUMX BoyioTed. Ha nudepeHmiaimiro crati Mae BIUIUB 1 CHEKMpAibHULL CKIAO
ceimna. KOpPOTKOXBMIIbOBE CBITJIO TMOCHJIIOE BHUSIBJICHHS JKIHOYMX O3HAaK, a
JIOBIOXBHJILOBE - TAJILMYE L€ MTPOLIEC.

Perynsuist cTaTi y pi3HOCTaTEBUX POCIIMH KOHTPOJIIOETHCS (HITOXPOMHOIO CUCTEMOIO 1
MOB’sI3aHa 3 KUIBKICTIO Ta AaKTUBHICTIO pimozopmonis. JlOCHIIKEHHSI BIUTUBY
(GITOrOPMOHIB 1 pETapJaHTIB Ha CEeKCyali3alllo JaloTh MOXIJIMBICT 3pOOUTH
BUCHOBOK IO POJb TiOEpeniHiB SK TOPMOHIB, IO MOCHJIIOIOTh MACKYJIiHi3alilo
(4ooBIUy CeKCyalli3allito) 1 Ipo poJb [MUTOKIHIHIB, @ TAKOXX aYKCHUHY 1 €THUJIEHY SK
(bITOrOpMOHIB, 1110 TOCWIIOIOTH (peMiHi3alio poCciIvH.

Y 3B’A3Ky 3 BHUBYEHHSM pOJi (PITOTOPMOHIB ISl BHSBICHHS CTaTli HEOOXITHO
HAroJIOCUTH Ha 3HAaY€HHI B I[bOMY MPOIECI OPraHiB, 10 iX CHHTE3YIOTh. J[oBeneHo,
II0 KOPEHl BIUIMBAaIOTh Ha CEKCyali3allll0 POCIMH SIK OpraHH, $IKI CHHTE3YIOTb
IUTOKIHIHM, a JIMCTKU — SK OpraHd, sIKl CHUHTE3yloTh ridepeninu. Temep crae
3pO3yMIJIO, YOMY BHUAAJEHHS KOPEHIB y OJHO- Ta JBOJAOMHHUX POCIHH CIIPHSE
MOCUJICHHIO YOJIOBIYOI CeKcyali3allil; a TaKok — YOMY YOJIOBIY1 €K3eMIUISIPU TOIOI
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OpyU MOPIYHOMY MiApi3aHHI KPOH (3MEHUIEHHS MacH JIUCTS) NEPETBOPIOIOTHCS B
JiepeBa 3 JKIHOUOI0 ceKcyamizamieio (1 yTBOPIOIOTh BEIUKY KiIBKICTh TOMOJHWHOIO

nyxy).

MexaHi3M aii ¢ITOrOPMOHIB Ha CEKCyali3allilo MOB’sS3aHUN 13 3MIHAaMH aKTHBHOCTI
TEHHOTO amapaTy, Mpo IO CBIIYaTh JOCTIAW IIOAO BHUBYECHHS BIUIMBY 1HT101TOpIB
CHUHTE3Yy HYKJICTHOBUX KHCJIOT 1 O1JIKIB Ha BUSIBJICHHS CTaTl y POCIIHH.

TakuM YMHOM, BHU3HAUEHHSI CTaTl Y MOKPUTOHACIHHUX POCIMH — 1€ MOsBa CTaHy
TOTOBHOCTI A0 (OpMyBaHHsS OpraHiB KBITKH, a TO i OCOOMH POCIMH TMEBHOI CTaTi.
Ileit npouec  pecynoemuvca 2eHeMUYHONW, 20PMOHAIBHOIO CUCHEMAMU ma
ymMoeamu 008Kinis.

Po3BUTOK KBITKU

[lepexin Biji BEreTaTUBHOT'O CTaHy /10 TEHEPATUBHOTO CYMPOBOIXKYETHCS YTBOPEHHSIM
KBITKU. K@éimKka — 6KOpOYeHUIl HePOo32anyHceHUll NAZIH 3 00MeXHCeHUM POCHOM,
JAUCMKU AKO20 memamophizoeani y 36'a3Ky 3i cmameeum pPO3MHONCEHHAM, AKe
npu3600ums 00 ymMeopPeHHA HACIHHAL.

KBiTka — cxiajHa cucreMa Oprasib, 110 3a0e3ledye HAaCIHHEBE PO3MHOKEHHS HOKPUTOHACIHHUX
(KBITKOBUX) POCIWH. Y JBOCTATEBIM KBITII OPOXONATh MIKpO- I Me2acnopocenes, MIKpo- i
Me2azamemozenes, 3anuieHHA, 3aNniiOHeHHs, PO36UMOK 3apOO0Ka, YMEOPEHHS NN00a 3 HACIHHAM.
Bona € BkopoueHHM, BU103MIHEHUM 1 OOMEKEHUM Y POCTi IIArOHOM, 1110 HECE OLBITUHY, THYMHKH U
MaToukH. [1osBa KBITKM B MPOIIECi €BOJIONIT — apoMopdo3, Kl 3a0e3MeUUB ITUPOKE PO3CEICHHS
NOKPUTOHACIHHUX Ha 3eMJIi.

KBiTKOIO 3aKkiHUyeTbCsl TOJIOBHE abo OiuHi crebma. besmmcra yactuHa cTtebia mifg KBITKOIO
HA3UBAETbCS  KGIMKOHINCKOIO. Y CHUASYUX KBITOK KBITKOHIKKa BKOpodyeHa abo BiACYTHS.
KBiTKOHI)KKa MEpeXOAUTh Y BKOPOUEHY BICh KBITKH, 1i CT€0JIOBY YaCTUHY — Kgimkoaodce. Dopma
KBITKOJIOKAa MOK€ OyTH pi3HOIO, HAa HbOMY PO3TalIOBaHi yCl 1HII YaCTHMHU KBITKH: YAULOAUCMKU,
10 YTBOPIOIOTh YauleuKy, nearocmKu, siki QOPMYIOThb 8iIHOUOK, MUYUHKU 1 MATNOYKA.

Oysimuna CKJIaNa€eThCs 3 Yalleukd 1 BiHouka. OuBiTHHA OyBae MOJBIHHOIO (’KOBTEI[b, IIMIIIINHA)
abo npocToro (KkponuBa, KoHOII). KBITKM 6€3 OLIBITMHM HAa3UBAIOTHCS FOJIMMHU (0COKa, BEpOa).

VY 3eneHux uawonucmkax, Kl MICTATh XJ0podis, BiaOyBaeTbcs (GoTocUHTE3. Y NESKUX POCIUH
(TroNbllIaHa, aHEMOHM) BOHHU CTAlOTh MEIIOCTKONOMIOHMMH 1 BHUKOHYIOTH (YHKIII METIOCTOK;
MOXYTb CIIY>)KUTH JJISl 3aXMCTy JO3PIBAlOUYMX IUIOAIB, JUIS iX MOIIUpPEHHS. [leniocmku BUKOHYIOTh
GyHKIIT MpUBaOIIOBaHHS 3alIMIIIOBAYIB 1 CIIPUSHHS 3alujIeHHI0. [10X0KEeHHs NeTI0CTOK IBOSIKE: B

Tuuunku — opras KBITKH, B SIKOMY YTBOPIOIOTHCSI MHJIKOBI 3epHa. CyKYIHICTh THYMHOK Y KBITKH
HA3UBAIOTh aHOpoyeem. € TOMOIIOTOM MIKpOCHOpo@ina TOIOHACIHHUX pPOCIWH. THYnMHKA
CKJIAJIA€TbCA 3 MUYUHKOBOI HUMKU Ta NUIAKA, KOTPUA Mae€ JB1 TOJOBUHKH, IO 3'€IHYIOTHCS
B's3abIleM. Y KOXHIM TIOJIOBUHIN THWJSKA € MO JBa MIJIKOBUX THi3Aa (MMJIKOBUX MIIIKA) —
MIKpocnopaneii, 1€ YTBOPIOETbCS 3HAa4YHA KUIBKICTH MIKpPOCHOp, 13 SKUX (POPMYeEThCS MHIIOK
(nunkosi 3epna). Posmipun mtunkoBux 3eped — 10-200 mxm. IluiakoBi 3epHa BKpUTI JBOMA
00OJIOHKaMH: 30BHIIIHBOIO (eK3UHOI0) Ta BHYTPIMIHBOIW (iHmuHow). Ex3una MilHa Ta, 3aBISKH
HAsBHOCT1 y Hifl CHOPOMNOJEHIHY, XapaKTePU3Ye€TbCS BHUCOKOI CTIMKICTIO: HE PO3YMHSETHCA Y
KHCJIOTaX 1 Jiyrax, BuTpumye temieparypy a0 300° C, 36epiraeTbcs MillbiOHH POKIB Y F€O0JIOTTYHHUX

HEBEJIMKI TOHKOCTIHHI JUISHKH, IO Jal0Th 3MOTY 3MiHIOBaTH 00'eéM MHJIKOBOTO 3€pHa 1 uepe3 sKi
MiJl Yac TPOPOCTAHHsS BUXOAWTH IMUJIKOBAa TPyOKa. PO3pI3HSIOTH MHJIKOBI 3€pHA 3 KIEHKOK 1
HEKJIEUKOIO MTOBEPXHEI0. [HMuHa CKIIAAae€ThCs TOJIOBHUM YMHOM 13 IEKTHHY i 1iemiono3u. [Tunkose
36pHO MICTUTh HU3KY PE3€PBHHX PEUOBHH, BITaMiHU, aKTUBATOPH Ta I1HTIOITOPH poCTy. 3piinid
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NWIOK MicTUTh npubim3Ho 10-15 % Boau.

Mamouka po3TamoBaHa BCEpPEeIUHI KBITKM. BoHa yTBOPIOEThCS 3 OJHOTO ab0 KiTBKOX
naodoaucmxie (Mmeracopodini). CyKyImHICTh TUIOOMCTKIB HA3UBAIOTh 2iHeyecm. KoxkHa 103pina
MaTOYKa CKJIAJA€TbCS 3 HIDKHBOI PO3LIMPEHOT YaCTUHU — 3a8's3i, CEepeqHbOI IMIIHIPUYHOI —
cmoenyuka 1 BEPXHBOI, TPOXH PO3MHPEHOI — nputiMoyku. SIKIO 3aB'a3b TPHUKPIILTIOETHCS 0
KBITKOJIOJKA TIJIbKH CBOE€IO OCHOBOIO, a BCS 1HINA YAacTHHA ii BUIbHA, TO i1 Ha3WBaIOTh BEPXHBOIO
(kaproruist, momiopu). SIKIo 3aB'sI3b 3aHYpEeHA y KBITKOJOXKE, 3 SKUM BOHA 3POCTAETHCS, TO TaKy
3aB's13b HA3UBAIOTh HUKHBLOIO (OTIPOK, TapOy3).

VY 3a6'a3i MaTOUYKM 3HAXOAUTHCS MMOPOKHUHA — 2Hi300. PO3PI3HAIOTH OJHO- 1 OaraTorHi3my 3aB'ss3i.
baratornizga — yTBOPIOETBHCS B pe3yJIbTaTi 3pOCTaHHS KITBKOX IUIOAOJMUCTKIB. KigbKiCTh THI3M
BIJIMOBiIa€ KUIBKOCTI 3pOCITUX IUIOJOJUCTKIB. ¥ KOXXHOMY THIi3/1 Ha CTIHKax 3aB's31 GOPMYIOThCS
Hacinnesi 3auamku. Ix Moxe OyTH Bifl OJHOrO (CIMBa, BHIIHSA) 0 KilbKOX THCAY (MAK, OpXiaHi).
[Ipr aHatoMiuHOMY MOCTI/KCHHI HACIHHEGO020 3ayamKa PO3PI3HAIOTH TaKi CKJIAJOBI YaCTHHU:
HACIHHEBA HIJICKA, HYYeNyC, NOKPUU (iHmecymeHmu), nuiKoexio (Mikponine), 3apooKouli MilloK.
nanopotreid. Y TOJOHACIHHUX HACiHHI 3a4aTKU MICTAThCS HAa IUIOAOJMCTKAX BIAKPUTO, Y
NOKPUTOHACIHHUX — YCepeArHi 3aB's13i. MaTrouka BHHHKIIA B MPOILEC] €BOJIIOLIT POCIHH SK OpTaH, y
SAKOMY BiI0YyBa€ThCs 3aILTiTHEHHS 1 IKUH Y IIIIoMy Oepe ydacTh y (hopMyBaHHI MIJIOY.

KBiTKH OYyBaroTh 0JIHO- i BOCTaTeBi. OOHOCMamesi KBITKA HECYTh a00 TUTBKHU TUIOJOJHCTKH, a00
TIIbKA TUYUHKHU, SK, HANpUKIad, y ayba, thca, tomoii. Y ogocmamesux (repMappOAUTHUX)
YOJIOBIYI 1 )KIHOY1 CTAaTEBI OPraHW PO3BUBAIOTHCS B OJHIN KBITII (TPOJIiCKH, TOPOX). BiamosigHo €
00HO- Ta 08000MHI pocaunu. B 0THOTOMHUX POCIMH YOJIOBIYI ¥ jKiHOY1 KBITKH POCTYTh OKPEMO Ha
ONHINA pociuHi (1y0, mimmHa, OyK). Y ABOJOMHHMX — YOJIOBiYi 1 KIHOYI KBITKH 3HAXOMISTHCS Ha
PI3HUX POCIIMHAX, TOOTO KO’KHAa KOHKPETHA POCIMHA € a00 KiHOYO0I0, a00 YOJIOBIYO0 (THC, TOIOJIS,
TOCTPOJIUCT, O0TINUXa).

Sk OGauumo, mpolec YTBOPEeHHSl KBITKM CckjiagHuM 1 OaratoctyneHeBuil. Bin
MOYMHAETHCS 3 1HAYKIIT — mepiioi ¢a3u iHimiauii nBiTiHHA. [lepexiy n0 IBITIHHA
CIPUYMHSAETHCS TPUBAIICTIO AHS a00 (OTOMEepioloM Ta XOJOJAOM (SPOBHU3AIIIS).
Jlume B nmesiKMX BUIIB 3a BIACYTHOCTI 1HAYKTUBHHUX YMOB YTBOPEHHS KBITOK HE
CIIOCTEPITAETHCS 30BCIM (TMIOBHUI KOHTPOJb IBITIHHS 30BHIIIHIM CEpelOBUIIEM). Y
O0aratb0X BHIB I1HAYKTHBHI YMOBH MPHUCKOPIOIOTH 1€l mporec (KUTbKICHUN
KOHTPOJIb) 200 30BCIM HE JIIIOTh (ABTOHOMHE YTBOPEHHS KBITOK).

[Ticns 3akiHueHHs mnepmioi (a3u iHIMMamii UBITIHHS HAcTae Jpyra, 3aBepliajibHa
(eBoKartlis), nio yac Axoi & anexci 8i00Y8arOMbCs NPoYecu, SKi 3yMOBII0IMb NOB)Y
3a4amKosux eiemenmis kgimku. SIKIMoO cupuiHATTS doTornepioay (1HAYKIIS) MOXKHA
Ha3BaTH JMCTKOBOK (a30r0 iHimiamii IBITIHHA, TO eBoOKaiigs — Iie ¢asa, sKa
pealti3yeThCs B anekci credna. B xo00i egokayii nio 6naueom (huopaibHo2o Cmumyny 8
KOHYCI HApOCMAaHHA Ccmebaa [HOYKYEMbCSA eKCNpecisi 2eHis, wWo 8i0nogioarms 3d
Mopgho2enemuury npocpamy KeimkoymeopeHnts. 30UIbIIYEThCS KITBKICTh KIITUHHUX
MIO1TIB, 3MIHIOETHCS (hOopMa areKca.

CroyaTky B KOHYCl HapOCTaHHS 3MEHILIYEThCS BMICT TICTOHIB KIITHHHHUX SZEP,
noTiM 3poctae BmicT PHK Tta OinkiB, 3MmiHIO€ThCS CcKJan azotuctux ocHoB PHK.
Bigpasy x 3a uumMm pizko 30uibinyeThesi cunte3 JHK Ta wacrora wmiTo3iB.
di310J10T14HO 1 MOP(OJIOTIYHO BUAUISIOTHCS TPYIU 1HIIATBHUX KIITHH, OCOOJUBOCTI
MOJIUTY SIKMX BHU3HAYAIOTh HACTYIHHH eTarm MOp(GOTreHe3y KOXKHOI YaCTMHHU KBITKH.
[lepmmMu 3akIafgatOTbCA YauioaUCmKY, 3’ SIBIASIOTHCS PUMOPIIL nenrocmKie, TOTIM
MOCIIIOBHO 3aKJIAAAI0THCS MUYUHKU 1 HI0OOAUCTNOYUKU.

[Tpumopnii IJIOAOJMCTOYKIB MOCTYNOBO HaOyBalTh MiAKOBOMOAIOHOT (opmu,

Pict i po3BuTOoK pocnuH



197

MOJIOBXKYIOTHCS 1 3pOCTAIOTHCA KpasMu. TakKuM YWHOM YTBOPIOEThCS mamouka. Ha
BHYTPIIIHIM CTOPOHI KOXHOTO IIJIOJIOIMCTOYKA 3aKJIATAEThCS MPUMOPIIN cim sa0py-
Hoku. CiMm sIOpyHbKAa PO3POCTAETHCS, (POPMYIOUU CKJIQJ0BI YAaCTUHHU HACIHHO20
3auamka, 3 SIKOTO MICIsl 3aIUTIIHEHHS PO3BUBA€TbCS HaciHMHA. HaciHHMiI 3auaTok
3aKJIAJA€THCS Ha TUJIAIEHTI 1 3/1e0LTBIIOr0 Ma€e KyJsICTOBUIOBXKEHY dhopmy. B meHTpi
dbopmyeTbCsl  Hyyenyc, 1O |y OUIBIIOCTI POCAWH O00pPOCTaE  MOKPUBAMH
(inmeeymenmamu, OJHUM YU JBOMA), SIKI HAa BEPXIBI[l HE 3POCTAIOTHCS OJUH 3 OJTHUM,
3aJIMIIAIOYN OTBIp — Mikponine. YacTuHAa HACIHHOTO 3adaTkKa, BiJ SIKOT BIIXOJHTH
HacCiHHa HIKKa, HA3MBA€ThCA Xxanazoro. HaciHHa HiXKa 3'€enHye CcHOpMOBaHHIA
3a4aTOK 13 TJIALEHTOIO 1 MICTUTh CYJAUHHHM MTy4YOK.

Hyuenyc Bukonye ¢vukmii  wmeracmopanris. OmHa 3 HOro KIIITHH — CTae
apxecnopianibHolo, BOHA IUINTHCA PEAYKIIMHUM IIIIXOM (MeiH03) 3 YTBOPEHHSIM
YOTHPHOX TAIUIOIAHUX Makpocmop. Tpu 3 HUX PYHHYIOTBCS, a OAHA JA€ TMOYATOK
3apoAKOBOMY MIlIKY (xcinouuini 2amemoghim). BHaAcHIIOK TPhOX HACTYIHUX
MOCJIIIOBHUX MITO31B 13 HET y 3apOAKOBOMY MIIIKY 3’ SIBJISIOTHCS 8 TaruioifHuX saep,
MPUYOMY MICJISI IEPIIOTO MOy JIBA JOUIPHI Spa CIPSIMOBYIOTHCS 10 IPOTUIICKHUX
MOJIIOCIB MOJISIPU30BAHOTO TaMeTo(diTa 1 TaM JISATHCA 1€ JBa pa3u. Tpu siapa KoJo
KOYKHOT'O TIOJTFOCA BIJIOKPEMITIOIOTHCS B KINITHHU. OHA 3 KIITHH OUIS MIKPOIIIE CTa€e
AUYEKTIMUHOIO (HCIHOUOI 2amemoro), a IB1 THII — cuHepeioamu. [HII Tpu sapa Ha
MPOTUIICKHOMY TIONIOCI  YTBOPIOIOTH  KIimuHu-anmunoou. Pemra 1Boe  sep
MITPYIOTh JI0 LIEHTPY, 3JIUBAIOTHCS, IEPETBOPIOIOYUCH HA 8MOpUHHE OUNTIOIOHE A0PO
YeHMpPAanbHOi KAIMuHU, 1O Ja€ TMOYaTOK eHoocnepmy. SIMIEKITITHHA 1 KIHOYMM
ramMeTo(iT y TAKOMY BUTJISIl TOTOBI JI0 3aILJI1{HEHHS.

["on0oBHA pOJb CHHEPTiJ MOJSATae B MPUBAOJICHHI MUIJIKOBOI TPYOKH JO 3apOJKOBOIO
MIIIKA [UIIXOM BHJIUJIEHHS XEMOTPONHUX PEYOBMH 1 B NPOBEICHHI CIEPMIIB Y
TIPOCTIip MiK SHIEKTITHHOIO Ta IIEHTPAILHOI0 KIITHHOI. MIMOBipHO, 0 cHHEprian
BUKOHYIOTh (PYHKIIIi raycTOpii, MOTJIMHAIOYM TOKHWBHI PEYOBUHU 13 COMATUYHUX
KIITHH JUIS TTOTPe0 SUICKIITUHA Ta 3apOJIKOBOTO Millka. Poib aHTHIION mojisrae B
3a0€e3MeUeHHI 3aPOIKOBOT0 MIIIKa MMOKUBHUMH PEYOBHUHAMMU.

Tuuunkosa HumMKa yTBOPIOETHCS 32 PAXyHOK amiKaJbHOTO, a MOTIM IHTEPKAJISIPHOTO
MOATY 1 POCTY KIIITHH IIpUMOpAis. B nucranbHiil yacTHHI 1HIMIANBHI KJIITHHA AAl0Th
MOYaTOK TKAaHUHAM NULAKA.

Y nuaaky KJIITUHU CIOPOTEHHOI TKAaHWHH MOCTIAOBHO JUISATHCS NUIIXOM Meio3y. B
pe3ysbTaTi 3 MaTepUHCHKOI KIITHHU YTBOPIOKWOThCA 4 eannoiouni mikpocnopu. Y
Ipolieci YTBOPEHHSI MIKPOCHOP CHOPOTE€HHI MATEPUHCHKI KIITUHU TYOJIATHh OLIbIIY
yactuHy 1urorasMatuaaux PHK 1 GinkiB. I3 kokHOT Takoi mikpocnopu GopMyeThes
nunkoge 3epno (4oJioBiumii _ramerodirt). Ilpm 1poMy BOHA 30UIBIIYETHCS B
po3Mipax, BKpPHUBAETHCS TMOABIMHOI OOOJOHKOIO. SApo MIKpOCHOPH JIIUTHCS
MITOTHYHO W aCHMETPUYHO, B PE3yJIbTaTi YOr0 BCEPEIWHI MIJIKOBOTO 3epHa 3
gecemamusHuM SIPOM 3 SBISIETHCS. MaJICHbKAa TEHEpaTMBHA KIITHHA 31 CBOIM
2eHepamusHum SiApoM. ['eHepaTMBHA KIITHHA JIUINThCA M YTBOPIOE JIBA CIIEPMIii
(donoBidi rameTu). Y 0aratbox BUAIB II€ BiOYBa€TbCS YK€ B IMHJIKOBIM TpyoOIIi.
BereratnBHa KJiTHHA 3a0€3Me4Yy€ JKUTTEMISIBHICTh TMHJIKOBOTO 3€pHA Ta PICT
UJIKOBOT TPYOKH.

TakuMm 49uHOM, y TPOIEC] PO3BUTKY MUIKOBOTO 3€pHA ILIIXOM MEHO3y, a MOTIM
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MITO3y, 3 HBOTO YTBOPIOETHCS IyK€ DPEIyKOBaHHUMN uyosrogiuui eamemogim. Bin
CKJIAJIAa€ThCSl 3 0OHiei (MMOKPUTOHACIHHI) a00 Kinbkox (TOJIOHACIHHI) 8ecemamuéHux
KAIMUH Ta 0OHIEI MANeHbKOI 2eHepamueHoi KIimuHU 3i COIM 2eHepamueHUM 0POM,
sKa 37e01IBIIOr0 MOIISEThCS HA IBA cnepmii (4onosiui eamemu), MO OEpyTh y4acThb
Y 3anjliOHeHHI.

[leHTpanbHUI MOMEHT PENpPOIYKTUBHOIO PO3BUTKY MIKPOCIOP — IHAYKIIS MEHO03Y.
S0 mwisiku 3pi3aTy 10 MOYATKy UM 1] Yac MITO3Y MHJIKOBUX 3epeH (yKe Micis
MeHo3y) 1 KyJIbTHUBYBaTH B MPOCTOMY MIiHEpaJbHOMY CEpEIOBHIII, TO OibIla
YaCTHHA MIKPOCTIOP CTa€ HEXKUTTE3ATHOIO, a B 1HIIOI YACTUHU 3aMiCTh HOPMaJIbHOTO
raMeTOTreHe3y MOYNHAETHCS KIITHHHUHN MOIUT 3 YTBOPEHHIM TalljIOiTHUX MPOPOCTKIB
(muikoBuX emOpioifiB). Lle BUKOPHUCTOBYETHCS B KYJBTYpi MIKPOCIIOP ISt
OTPUMAaHHS TaIIOiTHUX POCIIHH.

BaxxnuBy (i310510r14Hy (YHKIIIO B pEeAyKUIHHOMY AUIEHHI NMPU MIKPOCIOPOTreHe3l
MOPYIICHHS! MIKPOCTIOPOTE€HE3Y Ta YTBOPEHHS a0OPTUBHOTO MUJIKY.

VY mnporeci mera- 1 MiKpocmoporeHe3dy B KJIITHHHUX CTIHKax Ha paHHIX (dazax
PO3BUTKY BiJIKJIagaeThcsi Kajo3a (B-1,3-rmrokan), sika 3abe3nedye THUMYACOBY
130JISI11110 KJIITHH, 1110 TMEePEeXOo/iaTh HAa T'€HEPaTUBHUM NUIIX PO3BUTKY. [ €HepaThBHa
KJIITHUHA TWJIKOBOTO 3€pHA Mpu (POPMYBaHHI TaKOXk Ha JIEAKUN Yac MOKPUBAETHCS
KJIITHHHOIO OOOJIOHKOIO 3 Kajlo3H, IO HEOOXIJTHO JJIg 1i 130JIAIi]l BIJ ITUTOILIA3MU
BereTatuBHO1 KIITUHU. [1OTIM Kano3a 3HHMKAe 1 TEHEpaTUBHA KIIITHHA 3aJIUIIAETHCS
OTOYEHOIO0 OOOJIOHKOIO 3 IE0JI03M W MEKTUHY. TakuM 4MHOM, mumuacosa i3onayis
KIITMUH — 8AACIUBA YMOBA Ol Nepexo0y 00 2eHepamusHoi hazu po3eUmkKy .

OTxe, eBOKallid OXOIUIIOE MPOLECH Ha MOJEKYJISIPHOMY 1 BHYTPIIIHBOKIITUHHOMY
PIBHSIX, 3aBEPILCHHS SIKUX CTBOPIOE YMOBH /71 PiiopajibHOro MOp(oreHesy.
TpuBanicTe nepioay IBITIHHSI OKPEMOI KBITKH KOJUBA€EThCs Bin 2-3 roaun (Hibiscus)
1o 80 nHiB (TpomiuHa opximes Odontoglossum). TpuBamicTh IBITIHHS 3aJCKUTh Bl
KUIBKOCT1 YTBOPEHOTO KBITKOIO MUJIKY, KIIBKOCTI KBITOK Ta 4acy IBITIHHS Mepioi i
OCTaHHBOT KBITKH. Y pociuH 3 ojaHiero kBiTkoro (Moneses uniflora) uum y kBitax 3
OJIHIEI0 TUYMHKOIO (OpXijei) TpUBAIICTh IBITIHHS TOCUTh 3HA4YHA, OCKUIBKH TaKy
MOOJIMHOKY KBITKY 3HAaWTH KOMaxaM-3alujitoBadaMm JOCUTh Bakko. HaBmaku, konu
KBITOK Oarato a00 KOJM BOHU TMPOAYKYIOTh 0arato MWIKY, iXHE IIBITIHHA
KopoTkodacHe. Ilepion MBITIHHS 3aleXHTh 1 BIJ 3amWiICHHSA. SKIIO 3alMICHHS
MPOXOJUTh paHillle, paHilie KBITH W omagaroTh. [lepioguyHICTh 3aKpUBaHHS 1
BIJIKpUBAaHHS KBITOK BU3HAYAETHCS JIIE€I0 TEIJIa M CBITJIa HA POCIIUHY.

3ammieHds Ta 3aru1iJHEHHSA

3amuTiTHeHHS - ONHH i3 BXIMBUX IIPOIECIB CTATEBOrO PO3MHOKEHHS. Moro MoxHa
NOJIJIMTH Ha JIeKuIbKa da3: 3anuieHus, npopoCmanHs nuiKy, picm nuikogoi mpyoxu
8 MKAHUHAX MAMOYKU | 6]1ACHE 3an1iOHeHH s, MOOMO YMBOPEHHS 3U20mU.
AHATOMIYHO III TPOIECH JOCIIHPKEHO y 0araThoX MOKpUTOHACIHHUX. Di3i0J0ro-
010X1MIYH1 aCTIEKTH 3aIUTITHCHHSI B TAHUM Yac 1HTEHCUBHO BUBYAIOTHCSI.

[Ticnst Toro, SIK y MWJIKOBUX MIIIKax C(HOPMYIOTHCS MHUIKOBI 3€pHA, CTIHKM THUIISKIB
M1JCUXa0Th, PO3TPICKYIOTHCS, 110 3YMOBIIIOE€ BUBUIbHEHHS MUIKY. Jlamai HeoOXimHo,
100 MHJIOK 32 JOTIOMOTOI0 KOMaX, BITPY UM BOJM MOTPANTUB HA MPUHMOYKY MAaTOUKH.

Hepenecenuﬂ RUIKOBUX 3€PECH HA npuﬁmowcy MAMOUKU HA3UBAIOMb 3ANUJICHHAM.
Pict i po3BuTOoK pocnuH
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Po3pi3usoTh camozanunents, KOIM MWIOK TMOTpamvise Ha MPUAMOYKY Ti€l camoi
KBITKH, W nepexpecHe 3anujieHHs, TIPU SIKOMY THJIOK 13 KBITOK OJIHIEI POCIHHHU
NOTpaIlIsie Ha TPUMUMOYKH KBITOK 1HINOI. CriociO 3anuiieHHs 3al1eKUTh BiJl OyJ0BU U
(b1310J10T1YHUX OCOOJUBOCTEH KBITKU, 30BHIIITHIX YMOB JOBKULIS TOIIIO.

llicna 3anunenns 6i006y8aemuvcss HAOYXAHHA | NPOPOCMAHHA NUIKOBUX 3E€PEH, U0
CYNPOBOONCYEMBCA OEKIIbKA PA308UM KOHMPOAeM cymichHocmi. 30BHIIIHIN 1Iap
00O0JIOHKH MUJIKOBOTO 3€pHA (ex3uHa) Ma€ y CBOEMY CKJIaJil PEYOBHHH TEPIIEHOIAHOL
OPUPOIIM, SKI 3YMOBIIOIOTH 11 3aXMCHI BJIACTUBOCTI MIOAO HECHPHUSITIMBUX YMOB
TOBKULIS. B 11 MOpoKHMHAX TaKoXK JIOKaTi30BaHI OLTKH, M0 KOHTPOJIIOIOTH
(YHKI[IOHYBaHHSI CHCTEMH CYMICHOCTI MWJIKY 1 NPUAMOYKH, B TOMY YHCII
BHYTPIIIHBOBHJIOBY Ta MIDKBHUJOBY HECYMICHICTb. BHyTpilHA yacTHHA OOOJOHKH
(inmuna), KpiM TETIONO3M 1 MEKTUHOBUX PEYOBHH, MICTUTH O1JIKH, 5IKi 3a0€3MeyI0Th
B3a€EMHE pO3IMI3HABAHHS MUJIKY 1 NPUAMOYKA MATOYKH, Ta TIAPONITHYHI (pepMEeHTH
(xucny ¢ocdarazy, nporeasy, PHK-a3y Tomio). BoHn KOHIEHTpYIOThCS OIS TOp
IPOPOCTaHHS M aKTUBYIOTHCS MpPH KOHTAKTI MOPH 3 TKaHWHaMU mNpuiiMouku. Ilpu
NOTPAIUIIHHI Ha NPUMMOYKY MATOYKM MHWJIOK IIOYMHAE HaOpsKaTH. 3rofoM
YTBOPIOETHCS MUJIKOBA TPyOKa, CTIHKH SIKOT CKJIaJal0ThCsl 3 IHTUHU. BoHa mpoxoanuTh
yepe3 MOpHU B €K3MHI. Y TBOPEHHS MUJIKOBOI TPYOKH CTUMYJIIOETHCSI PEUOBUHAMM, SIKI
BUJUISIFOTHCSL IPUHAMOYKOIO y BIJIOBIAb HAa CHOPIAHEHUN MWIOK, 110 MOTPANKB Ha
Hel.

Mexanism posniznasanns 10 KIHUS HE 3’ ICOBAHUN, IPOTE BIJOMO, IO MPU KOHTAKTI
[JIKOMNPOTEIHIB €K3MHH 3 HECYMICHOI MPUAMOYKOI 3pa3zy K MOYUHAETHCA
YTBOPEHHS KaJlo3H, SKa 130J1I0€ MUIKOBE 3epHO. 