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BCTYII

Kypc «l'eHeTudHi OCHOBM CTIMKOCTI» € HEOOXIJHOIO CKJIAJ0BOIO0 YaCTUHOIO B
cuctemi 0a30BOi BHIIOI OCBITH MPHU MIATOTOBII (paxiBIB 3 HAMPSAMY MiATOTOBKU
«biomorisy.

[TutanHs, M0 TIOB’s3aHI 3 BUBYCHHSIM CTPECOBUX PEAKIINA Y POCIWH, € JTOCHUTH
BaxuBUMH. [lo-miepiie, po3BUTOK YsBIEHBb MPO BIAMOBIIHI peakilii POCIHH Ha 0
HECTPUATIUBUX YMOB CEpEJOBHINA CTAHOBUTH HAYKOBHM IHTEPEC 1 JO3BOJIAE Kpallle
3pO3yMITH 3aKOHOMIPHOCTI (DYHKITIOHYBaHHSI HE TUIBKU POCJIHH, ajie 1 BCiX JKUBHX
OpraHi3MiB, BKJIOYarouu ¥ mroauHy. Ilo-gpyre, 1s ramysp (i310J10Tii Ta T€HETUKH
POCIIMH Ma€ MPUKIAIHE 3HAYEHHS, OCKUIbKM BHSBJICHHS MEXaHi3MIB CTIHKOCTI Ta
ajanTaiii POCIMH JO HECHPUATIUBUX (PAKTOPIB HABKOJMIIHBOIO CEPEIOBUINA
BIJIKpUBAE IIUPOKI EPCTIEKTUBHU JJIsl PO3BUTKY CEJIEKIIiT Ta 010T€XHOJIOT1i.

Kypc mae MOXIHMBICTh 3aCBOITH CTYJ€HTaM KOMILJIEKC TEOPETUYHUX 3HAHb PO
MEXaHI3MH CTIMKOCTI Ta ajanTallii )KUBUX OpraHi3MiB 10 Pi3HHUX (haKTOPIiB JOBKULISA
Ha pI3HUX PIBHAX opradizauii. BoHW po3rasgaroTbes K (pakTopu aganTamiitHUX
MOYJIMBOCTEN POCIIHH, SIKI BAPOOUIIUCS B MPOLIEC] €BOIOLIITHOTO PO3BUTKY.

Merta Kypcy: O3HAMOMJICHHS CTYACHTIB 13 TEOPETUUYHUMHU 3HAHHAMHU 3
T€HETUYHOI CTIHKOCTI POCIMH JI0 pI3HUX (DAKTOpIB 30BHIMIHBOTO CEPEAOBHINA:
HEcTayl BOJAM, BUCOKMX Ta HU3bKUX TEMIIEpaTyp, HAJUIMILIKY COJIEH, Jii MaTOrEHIB;
BUBYCHHS CyYaCHHX VSBJICHb TIPO MOJEKYJSIPHO-TCHETHYHI aCHEKTH aJarTailii
POCIIMH JI0 HECTIPUATIUBUX (aKTOPIB.

3aBgaHHs Kypcy: (OpMyBaHHS Y CTYACHTIB Cy4aCHHMX YSBJIEHb IMPO CTPEC y
POCIIMHU, SK CYKYIHOCTI peakiii, II0 I1HAYKOBaHI 30BHIIIHIMU (aKTOpamu;
MOTJIMOJICHHsST 3HaHb MPO (PYHKI[IOHYBAHHS POCIMHHHUX OPTaHI3MIB K CKJIQJHUX 1
[ITICHUX CHCTEM; BHJIUICHHS B TEHETHYHIM CHCTEMI IIJIICHOTO OpraHi3My Iporpam
OHTOTCHETHYHOI Ta (PIIOreHETUYHOI aarTaIlii.

Kypc «l'eHeTnuHi OCHOBHM CTIMKOCTI» 0a3yeThCs Ha 3HAHHAX, IO OynH
OTpUMaHi B TPOICCi BUBUCHHS OCHOBHMX 3arajibHUX AMCHMILIIH. «boTanikay ( 1-i
Kypc), «bioximisy ( 2-i kypc) «Dizionoris pociun» (3-if Kypc) B MUTaHHIX OyJOBH
KJIITUH POCIMHHUX OpraHi3miB, OynoBM Ta (QyHKLII sSApa, XpoMocoM; (i310J0ro-
010XIMIYHUX OCHOB CTIMKOCTI >KMBUX OPTaHi3MiB JO Jii cTpeciB OIOTUYHOI Ta
abiotrmuHOi mpupoau. Jucrumiina «['eHernka» (3-i Kypc) chpusiia 3aCBOEHHIO B
yCMaJKyBaHHI O3HaK Ta CTajlla OCHOBOIO JUIsi BUBYCHHS I[bOTO KypCy. 3HaHHS,
OTpMMaHI TpPHU BUBYEHHI IOTO TpeaMeTa OyAyTh KOPUCHUMHU Yy TOJAJIBIIIIHI
npodeciitHiii misuIbHOCTI (axiBiiB-TeHeTUKIB. [l nucnuriiina chopmye ysBICHHS
PO ajanTallli poCIuH A0 CTPECOBUX (DAKTOPIB.

v pGBYJIBTaTi BHBYCHHS HAaBYAJIbHO1 I[I/ICI_[I/IHJ'IiHI/I CTYACHT ITIOBUHCH



3naru:
®OCHOBHI TIpynu (akTopiB, IO BUKIUKAIOTH CTPEC y POCIMHHHX
OpTraHi3MiB;
epeakilii pPOCIMH Ha JiI0 PI3HUX CTPECOpiB Ha MOJICKYJISIPHOMY,
KIIITUHHOMY, OPTaHHOMY 1 OpPraHi3MOBOMY PiBHSIX;
®PETYJIISIIIII0 CTPECOBUX PEAKIIIN y POCIHUH;
eMEXaHI3MM ajanTallii pociauH 0 (PI3MYHUX, XIMIYHMX Ta O10JIOTTUYHUX
CTpecOopiB Ha ¢b1310710r0-610XIMIYHOMY, MOP(0I0Tr0-aHATOMIYHOMY,
MOJIEKYJIIPHO-TEHETUYHOMY PI1BHSX;
©0COOJIMBOCTI OHTOT€HETUYHOI ajanTaiii KyJIbTypHHX POCIUH 10
OCHOBHUX a010TUYHUX Ta O10THYHUX (PAKTOPIB 30BHILIIHHOTO CEPEIOBUIIIA.
Bmitn:
e1JIMOOKO OCMMCIIIOBATH WUIAXM PIIMIEHHS OpoOsiieM O10J0r1i HUIIXOM
iHTerpanii ¢GyHIaMeHTAIbHUX O10JIOTTYHHUX YSBJIEHB 1 CIICIiali30BaHUX 3HAHD
B cepi mpodeciitHoi MiArOTOBKY BUKIJIa/1a4a,;
®IIPOTHO3YBAaTH INUIAXW TMIJIBUIIEHHS CTPECOCTIMKOCTI  KYJIbTYPHHX
pOCTUH;
®BH3HAYATH OCOOJIMBOCTI peajizalii aJanTUBHUX pPEakKUld KyJbTYpHHX
POCJIMH B OHTOT€HE31 Ta (PiIoreHes!.



Jleknis 1
MexaHi3MHU CTiHKOCTI POCJIMH 10 CTPEeCOBUX (PaKTOPiB

Mema. BWBYMTU 3arajbHi MEXaHI3MU CTIMKOCTI POCIMH Ha KIITHHHOMY,
OpraHi3MOBOMY, TTOMYJISIIIIHHOMY PiBHSIX

ILian Jekmii

1. ITonsTTS TIpO CTpEcC.

2. di3io0ris cTpecy.

3. MexaHi3mMu cTpecy Ha KJIITUHHOMY PiBHI.

4. MexaH13MU CTpecy ¥ ajanTallii Ha OpraHi3MOBOMY PiBHI.
5. MexaHi3mu cTpecy il ajanraiiii Ha MOMyJAIiitHOMY PiBHI.
6. OCHOBHI NUISIXU aJanTaiiid pOCIuH 0 CTPECOPIB.
7. AxmiMaris 1 akjiiMaTu3aris.

Kmouosi mepminu: cmpec, cmpecopu, exonoeiuni ¢hakmopu, aoanmayis, abOiomMuyHi,
biomuuni hakmopu, aoanmayis, aKiimMayis, akiimamusayis

3MaTHICTh 10 3aXUCTy MpU [ii HECHPUATIUMBUX a0IOTUYHUX 1 OIOTHYHUX
(dakTOpiB cepeioBHIlla — OOOB’SI3KOBA BIIACTUBICTH OYIb-AKOro oprasizmy. Lg
(GyHKLIS 3’IBUJIACh OJJHOYACHO 3 BUHUKHEHHSM NEPIINX KUBUX OPraHi3MIB 1 B XO/i
MOJAIBIIOT €BOJIIOIIT PO3BUBAJIACH 1 BJOCKOHAIOBAJIACK.

AnanTanis, ToOTO NPUCTOCYBaHHSI OpraHi3My J0 KOHKPETHHUX YMOB iICHYBaHHS,
B 1HIUBITyyMa JOCATAETHCA 3a paxyHOK (izionoriyHux MexaHi3miB ((izionoriyHa
ajanTarlisi), a B TOIMyJAIIi OpraHi3MiB (BUIYy) — 3aBISKH MEXaHI3MaM TE€HETUYHOI
MIHJIMBOCTI ¥ CIIQJKOBOCTI (T€HEeTUYHA a/IarTarlis).

Haniifinicte  opraniaMmy BHUSBISIETBCS B €(QEKTUBHOCTI MOro  3aXMCHUX
MIPUCTOCYBaHb, Y HOTO CTIMKOCTI J0 J1i HECTIPUATIUBUX YNHHUKIB TOBKULIS: BUCOKOT
Ta HHU3BKOI TEeMIepaTypW, HecTadl KUCHIO, JAe(iluTy BOAM, 3aCOJICHHA 1
3ara3oBaHOCTI  CEpPEAOBMINA,  10HI3YIOUMX  BHUIIPOMIHIOBaHb,  1H@ekuii. L
HECHPUATINBI (PAKTOPH OCTAHHIM YaCOM YacTO HA3UBAIOTh CTPECOPAMHU, & PEAKIIIIO
opraHiaMy Ha Oynab-iKl BIIXWJIEHHS BIJl HOpMH — CTpecoM. Halipi3HOMaHITHIIII
HECHPUATINBI (PaKTOPU MOXKYTh AISITH SIK TPUBAIMN 4Yac, TaK 1 MaTU MOPIBHSHO
KOPOTKOYACHUM, ajie CUJILHUN BIUIUB. Y TEPIIOMY BHUIIAJIKY, SIK MPABUIIO, O1IBIIO0
MIpOIO BUSIBJISIFOTHCS CIEIUM(DIUHI MEXaHI3MH CTIHKOCT1, Y APyromMy — HecreuugiyHi.
Buenns npo HecneuudpiyHi peakuii-BiAMNOBIAl KIITUH Ha BIUIMB PI3HOMAaHITHUX
(dakTOpiB 30BHINIHBOTO cepenoBuina Oyno pospodnene H. E. Bregencekum, /. H.
HaconoBum 1 B. SI. AnexcannpoBum. IlpoGnema HamiitHOCTI y (hi310J0Tii POCTUH Y
MOBHOMY 00Cs31 mocTaBiieHa i po3BunyTa [[. M. I'poa3uHCHKUM.



1.1 dizionoris cTpecy
Crpec — 3aranpHa HecrnienM(iuHa afanTalliiiHa peakilisi opranizMmy Ha Jit0 Oy/b-
SAKUX HECHPHUATIMBUX (akTopiB. Jns pocianH XxapakTepHi Taki Tpu ¢asu crpecy: 1)

MIEPBUHHA CTPECOBA PEAKIIis; 2) ajanTallis; 3) BHCHaAKEHHS peCypciB HAIIHHOCTI.

AN

I I
I I
I I
| | \
I I
I I
Puc. 1. «Tpuaga» Cenne

@daktopy, MO 3JaTHI BUKIMKATH CTPEC y POCIMHHUX OPraHi3MiB, MOXKHa
PO3AUIMTH Ha TPU OCHOBHI IPYIIH:

a) (13UYHI: HEOCTATHS YU HAJUIMILIKOBA BOJIOTICTh, OCBITJIEHICTh, TEMIIEPATYPA,
paloaKTUBHE BUIPOMIHIOBAHHS, MEXaHIYHI BIUIMBHM;, O) XIMIYHI: COJIi, Ta3u,
KCEHOO10THKH (TepOiluIu, IHCEKTHIIM/IN, (QYHTIIUIHA, TPOMHUCIIOBI BIIXOIH TOIIIO.);

B) OlosioriyHi (ypakeHHs 30yJHUKaMH XBOPOO, MOIIKOJKEHHS IIKIJIHUKAMH,
KOHKYpEHII 3 1HIIMMH POCIMHAMH, BIUIMB TBAPWH; LBITIHHS, JO3pPIBaHHS IUIOIB).
Hist Toro camoro (akTopy 3 TUM CaMUM PIBHEM 1HTEHCHBHOCTI MOKE BUKJIUKATU YH
HE BHUKJIHMKATH CTPEC Yy POCIMHHU 3aJE€XKHO Bif ii OMIPHOCTI. 30KpeMa, CTOCOBHO
MOCYXHU POCIUHU MOAUIAIOTHCS Ha JBI IPyMU: 1) MONKIIOTIAPUYHI, SK1 HE PETYIIOIOTh
CBIf BOAHHMI pEXHUM 1 JOMYCKalOTh BEJMKY BTpaTy BOJU (10 MOBITPSHO-CYXOIO
CTaHy), HE BTpayaloud IKHUTTE3NATHOCTI, 2) TOMOWOTIAPUYHI POCIHHH, IO
PETYIIOI0Th BOJIHUM OOMIH 1 BIIMOBIAIOTH CTPECOM Ha BOJHUMN AC(IIINT.

CTIfKICTh POCIMHU JI0 CTPECOBOTO BIUIMBY 3JICKUTH 1 BiJl ()a3u OHTOTCHE3Y.
HailiGinbm CTiiiKi T1 pOCIUHH, K1 MPEOYBAIOTh Yy CTaHI CIOKOIO (HACIHHA, IMOYJIMHU
tomro). Halbinem 4yTiauBi — pOCIMHA B MOJIOJIOMY BiIll, y TEpioj MOSIBU CXOJIiB,
TOMY III0 B YMOBax CTpPeCy Hacamrepe]l MOpYUIyIOThCS Tl JJAHKH METa00J1i3My, 1110
MOB’513aH1 3 aKTUBHUM pPocToM. [loTiM y Mipy pocTy i po3BUTKY, CTIMKICTh POCIHH
70 CTPECOBUX BIUIMBIB MOCTYNOBO 3pOCTa€ aXk 10 N03piBaHHs HaciHHs. Ilepion
dbopMyBaHHS TamMeT TaKOX € KPUTUYHHM, OCKUTBKM pOCIMHH B I dYac
BHCOKOYYTJIMBI JI0 CTpeCy 1 pearyloTh Ha [0 CTPECOPiB  3HIKCHHSIM
MPOAYKTHUBHOCTI.



1.2 MexaHi3Mu cTpecy Ha KIITHHHOMY piBHI

Jlo TepBHHHMX HECHEIM(PIYHUX TMPOIECiB, IO BiAOYBaIOTbCA y KIITHHAX
POCTIUH MPU CHIBHIN 1 IBHUIKO HAPOCTAIOUIH 1T CTpecopa, HallexaTh TaKi:

1. IlinBuiieHHST TPOHMKHOCTI MeMmOpaH, JAemnojspu3aiiss MeMOpaHHOTO
MOTEHITIATY TIa3MaJIeMHU.

2. Bxin Ca®* y murormasmy (i3 KIITHHHEX CTiHOK i BHYTPIIIHBOKITITHHHHX
KOMITapTMEHTIB: BakyoJiei, EC, MiTOXOHIpI).

3. 3cyB pH nuromniazMu B KUCIH OIK.

4. AxtuBarlisi 30MpaHHs aKTUHOBUX MIKPO(]1JIaMEHTIB 1 CITOK LIUTOCKENETY, Y
pe3yJIbTaTi 4Oro 3pOCTa€ B’ SI3KICTh 1 CBITIOPO3CIOBAHHS IIMTOILIA3MHU.

5. [Mocunenns mnormmnands O,, npuckopeHHs Burpar ATP, po3BuTOK
BUIBHOPAIUKAIBHUX PEAKIIIN.

6. 3pocTaHHsA T1APOTITUIHHUX TPOIIECIB.

7. AKTHBALIA 1 CHHTE3 CTPECOBUX OLIKIB.

8. ITocunenHs aktuBHOCTI H'- momn y nnasmaneMi (i, MOXKIINBO, B
TOHOIUIACT1), IO MEPEIIKOIKAE€ HECHPUATIMBUM 3MiHAM  10HHOTO
rOMeocCTa3sy.

9. 30inbIIeHHs cuHTE3y eTuieHy il ABK, ranmpmyBaHHs Moy 1 pocTy,
MOTJIMHAIOYO1 aKTUBHOCTI KJIITUH Ta IHIIUX (P1310J0TTYHUX 1 META0OIIUYHUX
MPOIIECIB, IO 3IHCHIOIOTHCS B 3BUYAITHUX YMOBAX.

[ManbmyBaHHS (QYHKITIOHATBHOI aKTHBHOCTI KJIITHH BiOYBa€ThCA B PE3YNbTATI
Aii  1Hr101TOPIB 1 BUTPATH €HEPreTUYHUX PECypciB Ha MOMOJIAHHS HECHPUSTINBUX
3MiH.

[TepepaxoBaHi CTpecOBI peakilii CIOCTEPIratoThCs MPH Ail OYIb-IKUX CTPECOPIB.
BoHu cnpsmoBaHi Ha 3axXUCT BHYTPIIIHBOKIITUHHHUX CTPYKTYp 1 YCYHEHHS
HECIIPUATIMBUX 3MIH Yy KiiTHHaX. OcoOiMBE 3alliKaBJICHHS BUKIMKAIOTh JIaHl PO
aKTHUBAI[II0 B KJIITMHAX B YMOBAaX CTPECYy CHUHTE3y TaK 3BaHUX CTPECOBUX OUIKIB 3
OJIHOYACHUM OCJIAOJEHHSM CHHTE3y OUIKIB, II0 YTBOPIOIOTBCS B HOPMaJIbHUX
ymoBax. Hanpuknan, y 0araTbOX pOCIHWH BHSBJIEHI OUIKM TEIJIOBOTO IIOKY.
ITokazaHo, 110 Jeski 3 UX OUIKIB MEePEeICHYIOTh Y IIUTOIIa3Mi 1 B yMOBaX CTpecy
aKTUBYIOTBhCS. Y sIpl Ta siAepili OLIKM TEIJIOBOTO IOKY YTBOPIOKOTH TpaHYIIH,
3B’SI3YIOUM MaTpHlll XpOMaTUHY, HEOOX1AH Il HOpMajbHOTro mMeTadosizMy. Ilicis
MPUNIUHEHHSI CTPECOBOTO CTaHy IIi MaTPHIl 3HOBY 3BUIBHSIOTHCS 1 MOYHHAIOTH
¢yukmionyBatd. OmuH 3 OUIKIB TEIUIOBOTO WIOKY CTalLIi3ye Iia3Malemy,
MIPOHUKHICTh AKOi JIJII  BHYTPINIHbOKIITUHHUX PEUYOBUH B YMOBAxX CTPECY 3pPOCTAE.
[Ipy HecHpUATIMBUX yMOBaxX y KIITHHAxX 3pOCTa€ BMICT BYIJIEBOAIB, MPOJIIHY, LIO
OepyTh ydacTh y 3aXHCHUX pEakKIlifx, cTaOum3yrouu mutomiasmy. [lpu BomHOMY
neInnTI 1 3aCOJICHHI B PSIJil POCJIUH (STYMIHb, IITTUHAT, OABOBHUK 1 1H.) KOHIIEHTpAITis
MpoJTiHYy B nuToruiadMi 3poctae B 100 pa3iB 1 Oiiblie. 3aBAsSKH CBOIM TiApOodUIBHUM
rpyramM, TpOJIiH MOXK€ YTBOPIOBATH arperatv, IO IOBOJSATHCS SK TiApoiuIbHI
kojoigu. He3puuaitHuii XapakTep B3a€MO/Iii arperaTiB MpoJIiHY 3 OlJIKaMH MiABUIILYE
PO3YMHHICTh OUIKIB 1 3axXWIae iX Bia AeHarypariii. HarpoMamkeHHs mMpoJiHy SK



OCMOTHYHO aKTHBHOI OPraHiYHOI PEUYOBUHH CHpPHUA€ YTPUMAHHIO BOIU B KIITHHI. Y
HEBUCOKHX J103aX ITOBTOPIOBAaHI CTPECH CIPHSIOTh 3arapTyBaHHIO  OpraHi3my,
npuyoMy B 0araThOX BHUMAJKaX IMOKa3aHO, IO 3arapTyBaHHS CTOCOBHO OJHOTO
CTpecOBOTO (hakTOpa CIpHUSE MABUIICHHIO CTIMKOCTI OpPraHi3My 1 10 JSSIKUX THIIUX
CTPECOPIB.

1.3 Mexani13mMu cTpecy ¥ ajganTaiiii Ha OpraHi3MOBOMY piBHI

Ha pi3Hux piBHSIX opraHizailii IPUCTOCYBAHHS POCIUH 10 €KCTPEMAJIbHUX YMOB
B1I0yBa€ThCs HE OJIHAKOBO. UMM BHINMI piBeHb 010JI0T1YHOI opraHizaii (KiIiThHa,
Oprasi3m, MOMyJIsiilisl), TUM OUIbIlIa KUIbKICTh MEXaHI3MIB OJJHOYACHO Oepe ydacTb B
ajanTarlii pociuH O CTPECOBUX BIUIMBIB. Ha opra"izaMoBoMy piBH1 30€piraroThbCs
BCl MEXaHI3MH ajanTalii, BJIaCTHUBl KIITHHI, ajieé HJOIIOBHIOIOTHCS HOBHMH, IIIO
B1IOMBAIOTh B3a€EMOJIII0 OpraHiB y LIl pociauHi. Hacammepen — 1ie KOHKYpEHTHI
BIIHOILICHHS M)XK OpraHamu 3a (p1310JI0T1YHO aKTUBHI PEYOBUHU 1 TPOPIdHI (PaKTOpH.
L1 BigHOWIEHHS MOOYA0BaHI Ha CUJIl aTparyBajbHO1 (MPUTATYBaJIbHOI) Ali. [ToaiOoHMit
MEXaHi3M JI03BOJISIE POCIMHAM 32 €KCTPEMATbHUX YMOBaxX c(hOpMyBaTH JIAIIE TAKH
MIHIMYM TE€HEpPaTUBHUX OpraHiB (aTparyBaJlbHUX LIEHTPIB), KUl BOHU B CTaHi
3a0€3neYnTH HEOOX1THUMH PEYOBUHAMMU JJI1 HOPMAJIBHOTO JTIO3P1BAHHS.

HaliBaxnmuBimmid 1 Ay’Ke XapaKTepHU JJIsi POCIAMH MEXaHI3M 3aXUCTy BiJ
HACHIAKIB il eKcTpeManbHuX (DaKTOpiB — TMPOIEC 3aMiHU YIIKOJDKEHUX YU
BTpAaYeHUX OpraHiB MUIIXOM pereHepaiii 1 pocTy Na3ymHuX OpyHBOK. 3a
HECIIPUSTIMBUX YMOB ICHYBaHHS B POCIMHAX PI3KO 3POCTA€ YTBOPEHHSI ETUJICHY U
ABK, sxi 3HIKYIOTH OOMIH PEYOBHH, TaIbMYIOTh POCTOBI  MPOIIECH, CHPUSIOTH
CTapiHHIO 1 OMAaJIHHIO OPTaHiB, MEPEX0y POCIMHHOTO OPTraHi3My B CTaH CIIOKOIO.
OpHouacHO B TKaHMHAX 3HMKYETHCS BMICT ayKCUHY, IMTOKIHIHY 1 ridepemniniB. Ls
CTEpEOTHUITHA PEaKIlisl TOPMOHAIBHOI CHUCTEMH Ha EKCTpeMaldbHI YMOBH [yXKe
XapakTepHa [l POCIMHHUX OPTaHI3MiB.

1.4 Mexani3mu cTpecy il axanTamii Ha monyJisiniiiHomMy piBHi

B yMoBax TpuBajoro i CHJIbBHOTO CTpecy B MEpioJ BUCHAXEHHS THUHYTH Ti
1HIUBITYYMHU, Y SIKHX TEHETUYHO HOPMa PEaKIlii Ha MEBHUN €KCTpeMaIbHU (PakTop
oOMexeHa BY3bKMMH paMkamH. L{i pocimHu yCyBarOThCsl 3 MOMYJSLii, a HAaCIHHE
MMOTOMCTBO YTBOPSITh JIMILIE TE€HETUYHO OUIbII CTIMKI pPOCAMHHU. Y pe3ynbTari
3arajJbHUM PIBEHb CTIMKOCTI B MOMYJIALIi 3pocTae. TaKuM YUHOM, Ha MOMYJISIIHHOMY
pPIBHI B CTPECOBY pEaKIil0 BKJIIOYAEThCS JOJATKOBHMA (akTop — 1001ip, 110
MPU3BOJUTH IO TMOSBU OUIbII MPUCTOCOBAHMX OPraHi3MiB y HOBUX yMOBax
(renetmyna ananramis). llepeaymMoBor0 Uit IBOTO  MEXaHI3MYy  CIYXKHUTh
BHYTPIIIHBONIONYJIALIIHA BapiabeNbHICTh PIBHS CTIMKOCTI 10 pi3HUX (aKTOpiB abo
rpynu QaxTopis.



1.5 OcHOBHI IIISXU aAanTauiid POCIHH O CTPECOPIB

Tepminosa  adanmauyin. B  ocHOBI  ii  JIeKUTh  YTBOPEHHS 1
(YHKIIOHYBaHHS IIOKOBHMX 3aXMCHHX CHCTEM; BOHA BiIOYBA€THCS MPHU IMIBHIKUX Ta
IHTEHCMBHMX 3MiHaXx yMoB icHyBaHHS. Lli cuctemu 3a0e3neuyioTh JIHILE
KOPOTKOYAaCHE  BIDKMBAaHHSA  MpH  IIKIIJIMBOMY  JAii  YMHHUKA 1 THM
CaMUM CTBOPIOIOTH YMOBHU Ui (POPMYBaHHsS OUIbII HAAIMHUX JOBTOCTPOKOBHX
MexaHi3MIB amanTariii. Jlo MIOKOBMX 3aXMCHUX CHCTEM HaJeXKaTh, HAMPUKIA],
CHCTEMa TEIUIOBOTO IHIOKY, sIKa YTBOPIOETHCSA y BIAMOBIAb HA IIBUIKE MiJABHILECHHS
TEMIIEPATYPH.

Ha Bcix eramax BIJIMBY CTpecopa BiJ3HAYaIOThCS HecmenudiuHi peakiii.
byna 3ampomnonoBaHa ajganTuBHa crpateris JIeBiTa, B OCHOBI SIKOi JI€XKaTh CIpOOH
opra”iaMy a00 YHUKHYTHM HECHPHUATIMBOIO  BIUIMUBY IJisi TOro, 100 30epertu
JUHAMIYHy piBHOBary 0e€3 Ceplo3HMX BIAXWJEHb BiJ 3BHYAHUX YMOB, abo
PUCTOCYBATHCH 10 Hboro (Puc.1.1)

CTPECOP

MpucTocyBaHHA A0
ICHyBaHHA B

YHUKHEHHA BNAUBY yMOBaXx cTpecy

YnoBi/ibHEeHHA MpuctocyBaHHA B
06MiHY pe4oBUH meTabonismi

Puc. 1.1 - Ilnsaxu aganTartii pociauH a0 ctpecopis (3a Hupkosoro, 2002)

Bigxin Big BmiMBYy Moxe OyTH 3a0e3nedeHuid, HaNpuKiIad, YTBOPEHHSIM
MOBEPXHEBOI ~ KOPEHEBOI  CHUCTEMHM TMPU  HECTadyl  KHUCHIO,  OIYIIEHICTIO
JHCTA, IXHBOIO PEAYKLIEI0, OMAJaHHAM, 3aKPUBAHHSAM NPOAWXIB ISl 3HIKCHHS
BTPAaTH BOAM MiJ Yac MOCYXH TOLIO. SIKIIO YXWJIMTUCH Bil CTpeCy HEMOKJIHMBO, TO
Oprasi3M Mje IUISXOM INPUCTOCYBaHHS A0 cTpecoBoro (akrtopa. OauH 13 HUIAXIB
NPUCTOCYBAHHS TMOJSTae B YMOBUIbHEHHI OOMIHY PEYOBHMH, OCKUIBKH MPU LOMY
YyTIAUBICTh 00’€kTa majgae. [HmmMA mmsx — 3MiHa OOMiIHY pPEYOBHH, TOOTO
BUHUKHEHHA MeTa0omyHuX 3ac0o0iB. OCTaHHI BUMAaraloTh BEJIMKHX E€HEPreTHUYHHX
BUTpaT, 00 MOB’s3aHl 3 BKIIOYCHHSIM pENapaTOpPHUX MEXaHI3MiB, CIPSIMOBAHUX Ha
3arno6iranHs ab0 BUNPABIICHHS TOLIKOIKEHHS.



Takum yuHOM, yCi amanTanii MOXKHA PO3IUIMTH Ha JBa PI3HUX THUIH: MacHBHA
ajanTaiis Ta akTuBHA. [lacuena adanmayis — «BIAXII» BIJ YIIKOJKYBaJbHOI il
cTpecopa abo criBicHyBaHHS 3 HUM. el Tun aganTaiii Mmae Belrue3He 3HAYCHHS JJIs
POCIIMH, OCKIJIbKH, Ha BIAMIHY BiJI TBAPHH, BOHHM HE 3/1aTHI BTEKTH a00 CXOBATUChH BiJl
nii mkigmuBoro dakropa. Jlo macMBHUX ajanTaiiil HajaexaTh, HAMPUKIIA, epexiy y
CTaH CIIOKOIO, 3/IaTHICTh POCJIMH 130JIIOBATH «arpecuBHI» CIONYKH, Takl sk TM y
CTapilouMX opraHax, TKaHMHAX a00 BaKyoJIIX, TOOTO CIIBICHYBAaTH 3 HUMH. AKMUBHA
aoanmayis — (HOpPMYBaHHS 3aXMCHHX MeXaHi3MiB. [Ipu 1boMy 000B’SI3KOBOIO
YMOBOIO BIKUBAHHS € IHAYKIIS CUHTE3Y (PEPMEHTIB 3 HOBHMH BIACTHBOCTSIMH UM
HOBHUX OUIKIB, 10 3a0€3MEYYyI0Th 3aXUCT KIITUHU 1 TIepedir MeTadomi3My B paHilie
HEMPUAATHUX yMoBax. KiHIIEBMM pe3ylbTaToM TakKoi ajamnTailii € po3MIHpPECHHS
€KOJIOTIYHUX MEX JKUTTS POCIUHA. POCIMHN 9acTO BUKOPUCTOBYIOTH SIK aKTHBHI, TaK
1 MacuBHI LUISAXW ajanTaiii. Y mpoleci ajamntailii poCIMHU 10 PI3HUX CTPECOPIB
MOKHa BUIUIUTH JIBA €TaIlU:

1. IIBunka mepBUHHA BIAMNOBIAbL (CTpec-peakiiisi), ska 3abe3mnedye
KOPOTKOYACHUM 3aXMCT OpraHi3My BiJl 3aru0eii 3a paxyHOK BKJIIOYCHHS
IIBUJKUX 3aXUCHUX MEXaHI3MIB 1 3a0e3leuye 4YacoBUH MPOMDKOK IS
dbopmyBaHHs OUTBIT HAMIMHKUX 1 €DEKTUBHUX 3aXUCHUX MEXaHI3MIB;

2. 3HayHO OUIBII TPUBAIMU eTam (Creliali3oBaHa ajamnTallisi), TPOTIroM
SIKOTO CHUHTE3YIOThCS HOBI €H3UMHM a00 CTPECOpHi OUIKH, IO 3a0e3MeuyoTh
MPOTIKAaHHS METa00J113My B 3MIHEHUX YMOBaX.

ko st CTPECOPHOTO YMHHUKA MIPUITHUHAETHCS, POCIIMHHUAN
Oprasizm ITOCTYTIOBO BIJTHOBJTIOETHCA. Axmo Tist cTpecopa
MEPEBUIILYE 3aXHWCHI MOXJIMBOCTI OpraHi3mMy, TO TOLIKO)KEHHS POCIHHU
MOCUJIIOETHCS 1 HACTAE CMEPTh.

1.6 Axmimarns 1 akjiiMaTu3aris

AJanTUBHUN TPOLEC 0 30BHIIIHIX YMOB Ma€ Pi3HY TPUBAJIICTh, Y PE3YJbTaTI
YOro MOHA BUJIUIUTH JIEK1JIbKa MOTO THUIIIB:

Eeonoyitina aoanmayis — TPYHTYEThCS Ha YTBOPEHHI HOBOi T'€HETUYHOI
iH(dopmarlii, sika, y CBOIO 4Yepry, BU3HA4a€ HOBI aJanTHBHI (PEHOTHIHI O3HAKH.
DopMy€ETHCS IPOTATOM 0araTh0X reHeparlii.

Axnimayis ma axniMamu3zayis — TIPOIIECH TPUCTOCYBAHHS BiOyBaIOTHCS
BIIPOJIOBXK JKUTTEBOTO IIMKIIy OpPTaHi3My 1 TpPHWBAIOTh BiJl KIUIBKOX TOAWH O
KUTBKOX MiCSIIB. TUMOBUM MPUKIIAIOM € PI3HOMAHITHI CE30HH1 3MIHH Y POCIIUH.

Mummesa adanmayis — 1 TPUCTOCYBAIbHI TPOILIECH, SIKI BIIOYBAIOTHCA B
oprasi3mi oapa3y Micis Jii MoApa3HUKa.

Komnencamopna aoanmayis — peakiiisi opraHizmy, HarpaBieHa Ha (OpMyBaHHS
3BOPOTHUX 3MIH, CIPSAMOBAHMX Ha BIJHOBJIICHHS JO KOHTPOJIBHOTO PIBHS HOrO
(YHKITIOHATBHUX CIIPOMOXKHOCTEH.

Kpim noHsTTS amanTarnis, € e NOHATTS axkaimayis, sike BijoOpakae BiJIIOBIIHI
peaxiiii, 1o JT03BOJSIOTh POCIMHAM MPUCTOCOBYBATUCH O HOBUX CTPECOBUX YMOB.



Bonu crocytoTecst 3MiH B ekcrpecii reHiB, MeTabomizmi, (i310J0TrYHUX (PYHKLIAX 1
romMeocrasi. [HmmmMu cioBamu, 1€ 3arapToByBaHHS POCIIUH.

[Ipu 3arapToByBaHHI pOCIMHU NPOXOAATh ¢azy eycrpeca, mig yac Ail
AKOI 3aKJIa/laloThCsl MexaHI3MHM ajanTaiii. [lpum 3arapTyBaHHSAX MPOSIBISETHCS
Hecnenu@diuHa CTIMKICTh, TOMY 3arapTOBYBaHHs JO OJHOTO areHra MOXKe
MIIBHUINYBAaTH CTIMKICTh 1 JO IHIIMX CTpecopiB. ['eHKenb Ha3BaB 1€ SBUIIC
CIIOJIYYEHOIO CTiMKicTI0. Hampukian, 3arapToByBaHHs 03UMOI1 MIIEHUL TPU HU3BKIN
TEeMIepaTypi BeA€ 0 3pOCTaHHA CTIMKOCTI ii 10 HecTadl KUCHIO, KU BIT4yBalOTh
POCIMHA TIpM YTBOPEHHI Ha O3UMHUX TIOCiBaX KpwxkaHoi Kipku. HwuHi
JUTsI TIO3HAYEHHS IIHOTO SIBUIIA BUKOPUCTOBYIOTh TAKOXK TEPMIH «KPOC-aIaITaIlis».

Jlesiki  aBTOpH, KpIM TOHATTS «akKJIiMallis» BHUKOPUCTOBYIOTH TOHSTTS
«akmiMaTtu3aiisy. AKIiMaTh3amiss — e TaKuid aJanTUBHUNA MPOLEC, MPU SKOMY
OpraHi3M MPUCTOCOBYETHCS /10 3MIHM AEKUIBKOX IMapaMeTpiB AOBKULIS, Y TOM 4Yac sK
aKJIiMallist — 11e MPUCTOCYBaHHs, 110 CIIOCTEPIraeThCs B 1a00OPATOPHUX YMOBAX, Ji€ BC
napamMeTpu CEpelioBUINA, 3a BHHITKOM SKOTOCh OJHOTO, MIATPUMYIOThCS Ha
HE3MIHHOMY piBHI. AJIalITUBHI peakilii WX TUIIIB B1IOYBAIOTHCS B OKPEMHX OCOOMH,
ajie BUMaraloTh BC€ X JIOCTaTHHOro 4acy. ['ojloBHa BIAMIHHICTH IMX aJIallITUBHHUX
peaxiiiil BiJl TeHeTUYHOI aJanTailii Mojsira€ B TOMY, 110 BOHU MPOTIKAIOTh BUKIIOYHO
Ha (peHOTUNOBOMY piBHI. JIJIsS MPHUCTOCYBaHHS OpraHi3My /0 3MIH CEpEOBHUIIA B
[[bOMY BHUIIQJIKy MOXE BUKOPUCTOBYBATHUCH JIMIIIE Ta 1HPOpMAIIid, sIKa BXKE MICTHIACH
y M0ro reHomi 3 MepImx JHIB KUTTS.

IIuTaHHs TA TECTH IJIs CaMOKOHTPOJII0O

1. Jlaitte Bu3HaueHHs Tepmina «ctpecy. lllo aBise coboro «rpuama Cen’ex»?

2. Ha3BiTh OCHOBHI Tpyn# (aKkTOPiB, 1110 BUKIUKAIOTH CTPEC Y POCIIHUH.

3. SIxi 0coOIMBOCTI MPOSIBIB CTPECOBUX PEaKITiid y pocanH? OxapakTepu3yinTe
MEPBUHHY 1HAYKTUBHY CTPECOBY PEAKIIIIO.

4. SIxi Bu 3HaeTe crienu@ivHi Ta HecnenudigHi CTPECOBI peakxilii y pociuH?

5. Hasenits npukianu ctpeciB 610THUHOT i a010TUYHOI MPUPOJIH.

6. Poskpuiite mOHATTS «amanTamis»y. OxapakTepusyluTe aaanTailiiiHui
MOTEHI[1aJT POCIIUH.

7. OxapakTepu3yiTe TUIH aJallTUBHOIO MPOLIECY A0 30BHILIHIX YMOB.

TecToBi 3aBIaHHSA

1. ¥V nepury ¢a3y cTpecoBoi peakxiiii mposBISIOTHCS:

a) TUTbKU CUMIITOMH YIIKO/PKCHHS,

0) 3aXMCHA peaKIlis;

B) SIK CHMIITOMH YIIKOJ>KE€HHS, TaK 1 3aXMCHA PEaKIIis;

I') IPOIIECH aIaNTallii.
2. 'eHeTM4HO JAEeTEepMIHOBAHMM TMpoliec (POPMYBaHHS 3aXUCHUX CHUCTEM, IO
3a0€3MeuyoTh  MIJBUINEHHS CTIMKOCTI Ta TPOTIKAHHS OHTOTEHE3y B
HECHPUSATIMBUX JUIsl HHOTO YMOBaX:



a) cTpec;
0) amamraris;
B) MPUCTOCYBAHHS;.
3. V Tperiit ¢dazi cTpecoBoi peakxiiii poCauH Bi10yBa€ThC:
a) OCWJICHHS T1APOJITUYHUX PEaKIIiii;
0) MOCUJICHHS TIPOIIECIB CUHTE3Y;
B) MIOCHJICHHS €HEPrOyTBOPIOBAIBHUX PEaKIIiif;
') HOpMaJti3allisi TOMe0oCTasy.
4. HaliBa)XJIMBIIIOIO0 HECHIEIU(PIYHOIO PEaKIE0 KIITHH Ha 10 CTPECOPIB €:
a) CHHTE3 0COOIMBUX O1JIKIB,;
0) 3MiHa (i310JIOTTYHUX MPOLIECIB;
B) Mop(osoriuni Mmoaudikariii;
T) ajanTailis Ha piBHI KJIITHHH.
5. Y nepry a3y cTpecoBoi peakilii IposBISIOTHCS:
a) TUIbKU CUMIITOMH YIIKO/>KECHHS,
0) 3aXUCHa peaKIlis;
B) SIK CUMIITOMH YIIKOJ/>KEHHS, TaK 1 3aXMCHA PEaKIIis;
I') IPOIIECH aIarTallii.



Jexkmiag 2
Peryasinisn cTrpecoBux peakuiii y pocjauH
Mema: BUBYNTH TEHETUYHI MEXaHI3MHU PETYIIALIl CTPECOBUX Peakiliii y poCiIuH

Ha BHYTPIITHbOKJIITUHHOMY PIBHI

Ilinan gekmii

1. Ertanm x1iTHHHOI BIAMOBII HAa BIUIUB CTPECOBOTO (aKkTopa.

2. CropuitHATTS 30BHIIIHIX cUTHATIB. OCHOBHI TUIIM MEMOPaHHHUX PELIETITOPIB.

3. BHyTpIIIHBOKIITHHHI CUCTEMH PETYJISIII.

4. T'eHeTnyHa peryJIsLis.

Knouosi mepminu: peyenyis,  mpamcoykyis, mpaHCKpunyis, Mpanciayis, MemMOpauHi
peyenmopu,

G — binku

2.1 Etanm KTITHHHOI BIAMOBIII Ha BIUIMB CTPECOBOTO (haKTOpa

[Ipu cTpecoBux BIUIMBaX MiJ 4Yac MEPEKIIOUYECHHS OOMIHY PEUYOBUH HAa HOBHIA
pexuM, pe3epBHi MO>KJIUBOCTI OpraHizmy 00’ €THYIOThCS 3aBISIKU
BHYTPIIIHHOKIITHHHUM 1 MIKKIIITHHHUM CUCTEMaM PETYIISINI.

Y BUIIUX pOCIAWH, SK 1 B Oyab-AKOMYy OaraTOKIITHHHOMY OpraHi3Mmi,
CUTHAJIA MEPEAlOThCsl HAa JBOX 1€pApXIYHUX PIBHAX: BHYTPIIIHBOKIITUHHOMY Ta
MDKKJIITHHHOMY (OpPTaHi3MOBOMY).

BHyTpilIHROKIITUHHA cucTeMa Tiepedadl iHQopmalli y pociauH 0arato B
YOMY CXOKa 3 AHAJIOTIYHOK0 CHCTEMOIO TBapuH. Ll MOAIOHICTH BUSBISETHCS 1 Y
3arajibHiil CTPYKTYpHIA oOpradizaiii, 1 B ICHyBaHHI OIOXIMIYHO OJIM3BKUX
MexaHi3MiB. Ha opraHi3MOBOMY pIBHI CHUCTEMH Mepefadyi CUTHANIB y POCIUH 1
TBApUH KapJAMHAIBHO BiJIPI3HIIOTHCA.

Ha cporoani 1ociipkeHo KiJibKa CUCTEM Tepeiadi CUTHAIY.

Cucrema  mepenadi  MOJIEKYJSIPHOIO  CUTHAlly ~ TFOpMOHalbHOI  a0o
TOPMOHOTIOIOHOT TIPUPOJIH. Cepez[ y)K€ BIIKPUTHX TI€pe/laBadiB TaKUX CUTHAIIB
MOXHa BIJOKPEMHUTH TOPMOHO3B ﬂ3yBaan1 ouiku (I'3B), sxi MoxyTh OyTH
JOKaJi30BaHI SK Ha MeMOpaHi, Tak 1 BCepeIMHI KIITHHU — Yy AIpi Ta
muToruiasMi. 3’eaHyrounch 13 ropmoHoM, ['3b aktuBytorhes. B aktuBHIN dopmi
BOHM MOXYTh BIUIMBATH Ha PI3HOMAHITHI T€HOMHI, MeMOpaHHI 1 (epMEeHTaTUBHI
edexropu abo mpsiMo, abO OMOCEPENKOBAHO, Yepe3 BTOPUHHI MECEHICKEPH.

Mopdgonociuni cmpykmypu nepedaui cuenanie. Mop@oJIOTIYHO y POCIUH €
JIOCUTh BEJIUKI MOXJIMBOCTI JUIsl Tepeladl CUTHalTy, OCKUIbKM BOHU MalOTh
MPUHAUMHI CUCTEMH, aHATOMIYHO MOEHAHI 1 MPUCTOCOBAHI 10 nepeﬂaqi CUTHAIy.

[lepenaua curHaimiB Moxe BiAOyBaTHUCH SIK qepe3 B3a€MO3B’SI3aH1 CTIHKHU
cycmmx KIITHH — aloIUlacT, TakK 1 4Yepe3 TMOB’sI3aHUI IJ1a3Mo/lecCMaMu
BHYTPILIHIN BMICT KJIITHH — CUMILIACT. 3T1HO 13 CUMIIACTUYHOIO Teopiero Apina, 1



B TIEPIIIOMY, 1 B IPyTOMY BHUITaJIKy PEUOBHMHA MOKE OyTH MEPEHECEeHA 3 OJIHIE€T TOUKH
poCIMHU B 1HIIY. MUDKKIITHHHI ~ CUTHQJIM  TOIIMPIOIOTBCS Y BUIJISAIL
MOJICKYJISIPHUX (TOPMOHAJIBHUX), CICKTPUYHUX CHUTHAIIB, y TOMY  YHCII
MOTEHIlaTy Jii, 1 3a EJIEKTPOXIMIYHUM TpaJl€HTOM pPEYOBHH — €JIEMCHTIB
MiHEPAIBHOTO KUBJICHHS, TPOAYKTIB (OTOCHHTE3y Ta OaraTboX IHIIMX.

HaiiBa)xTMBIIIOI0 YAaCTHMHOK KOMILIEKCHOI peakilii pOCIMH Ha 30BHIIIHIN
curHai € (opMyBaHHS HANPIZHOMAHITHIIIUMU CTPYKTypaMH OpraHi3My aJIeKBaTHOI
BIJIMIOBI/I, IKa Ma€ Ha3By €(EeKTOPHOI BIAMOBIII.

Egexmopu — 1ie cTpyKTypH, 1110 3a0€31e4yI0Th BiMOBIIHI peakilii opraHizmy Ha
TO/IPA3HUKH. 3 mormsiny Oloximii, — 1e MPOJLYKTH 0OMIHY PEUYOBUH (MeTa60J1i3My),
SK1 MABUIIYIOTh a00 TOHWXKYIOTh AaKTUBHICTH (EpMEHTIB. Y TEHeTHuIll — I
OpPOAYKTH MeTabodi3My, YacTO HH3BKOMOJEKYJSIpHI, SKi, 3 €IHYIOYHCHh 3
pernpecopoM, BIUIMBAIOTh Ha MOTO B3aeMO/Ii0 3 onepoHoM. DopmyBaHHS KIITHHHOT
BIJNIOBiJII HAa BIUIMB CTPECOBOro (¢akTopy mpoxoauth y 3 etanu (puc.2.l):
CIPUMHSATTS (pelerilisi) IEPBUHHOTO CUTHATY; BHYTPIITHBOKIITUHHA TIepeiaya 1[bOro
CUTHAJly 1 HOro MiACWICHHS; 3BOPOTHS peakilis KIITUHU Ha MOJIEKYJISIPHOMY,
MeTOOOITHOMY 1 (D1310JIOTTYHOMY PI1BHSIX.

Cuznan

Abiomuunui
Csimao Crpuiinammsa
Bucoxa mevnepamypa MIHCKIIMURHA
Cime N
Jacyxa ! MY mpzmubouzmumﬂf Joramsua nepedaya
Xorod ‘nepedava cusHaty sidnoside cusHaTy

V@-npomeni
Baxcwi memaiu CUSHATBNA

Biomuyni CUSHATY gionoeids

Hamozenni
Komaxu

Puc.2.1. Ilepenava curnany y pocivuH

[Ting BruiMBOM TOJpa3HUKA 3MIHIOETHCS CTPYKTypa perenTopHux mojexyi. Lli
CTPYKTYpHI 3MiHM TIEpEHarOThCS CYCIAHIM MOJEKyJaM, Yy pe3yibTaTi dYoro
BiIOYBAa€ThCS aKTUBAIlil (PEPMEHTIB 1 YTBOPIOIOTHCS PEUYOBHUHU-TIOCEPETHUKH
(BTOpMHHI MECEH)KEpH), 3a JOMOMOTOI0 SKUX CUTHAI 0araTopa3oBO MOCHIIOETHCS.
CopuiiHATTS CUTHAIY CYNPOBOKYEThCS MOr0 «IepeKa3oM» Ha O10JIOTIYHY MOBY
(MOBy 10HIB, ropMmoHiB). Jlami mnpoxoAuTh Tepeada CUTHATYy KOMIIOHEHTaMU
BHYTPIIIHBOKIITUHHUX CUTHAJBHUX IIUISAX1B, KIHIEBUMHU 13 AKUX € reHd. BHacmiiok
3MiHU KoH(pOopMaIlii 6171KiB MOKe 301IBIIMTUCH TPOHUKIIMBICTh MEMOpaHU 1 cyOCTpar
3’€HAETHCS 3 (PepMEHTOM (BIIOYIETHCS paHille HEMOXKJIMBa XiMidHA peakiis). | B
[[OMY BUIIAJKY TaKOX YTBOPIOIOTHCSI BTOPUHHI MECEHKEPH.



s po3riisy TpOLECiB perutikamii 1 TPaHCAYKIT PI3HOMAaHITHUX CHUTHAIIB
30BHIIIHBOTO CEPEAOBUIIA, HEOOXIHO 3YMHUHUTUCH HA OKPEMHUX KOMIIOHEHTaX ITUX
cucrteM (puc.2.2).

[ BiIKOBI KOMIIOHEHTH ]

B —
[ Penienropu } [ G-011KH } [ (b?g;)ﬁg;ffKH}

MCCCHXXECPHU

[ Bropunni }

[ Tonu Ca** ] [ Jlianuririnepos ]
| |
[nO031TOI-
1,4,5- HuAMO
Tpudocoar ul' M®

Puc.2.2 KoMmoHeHTH CUTHAIBHOT TPAHCTYKITii

2.2 CripuitHATTS 30BHIMIHIX cUrHaAIIB. OCHOBHI TUITH MEMOpPaHHUX PELIETITOPIB

B ocHOBi Bcix (opM BHYTPIIIHBOKIITUHHOI pEryjsilii JEXKUTh €IUHUN
MEPBUHHUN PEIeNTOPHO-KOH(POPMALIIMHUN MPUHITUIT: O1IKOBA MOJIEKYJa - PEeIenTop
«BMi3HAae» crenudiunnii s Hei (akTop 1, B3aEMOJIIOYM 3 HUM,3MIHIOE CBOIO
KoH(pirypartito.

[cHye Tpu OCHOBHI THUIM pEUENTOPiB, BOYJOBaHMX Y 30BHILIHIO KIITUHHY
MeMOpaHy:

a) peuenropu, 3B’ s13ani 3 G- OlTKaMu;
0) pellenTopy — 10HU KaJliio;
B) PEIICTITOPH, IO acOIiHOBaHi 3 (hepMEHTAMH.

Peuenropu, mo 3B’s3ani 3 G - OuUIKamMu, € MOHOMEPHHMHM IHTETPAIbHUMHU
MEeMOpaHHUMHU OlIKaMu, TOJINENTUIHUN JIAHLIOT SKUX KiJdbKa pa3iB MEpPEeTHUHAE
KIITUHHY MeMmOpany. JlinsiHka perenTopa, IO BIANOBIJAdbHA 3a B3a€EMOIIO 3
MIEPBUHHUM CHUTHAJIOM, JIOKaJli30BaHAa Ha 30BHIIIHHOMY OOIll MeMOpaHH, a JIJIsSHKa,
mo KoHtaktye 3 G - Oulkamu, Ha ii 1uToIIazMatudHomy Oori. Ili penentopu
nepealoTh CUTHAN 10 BHYTPIIIHIX MimleHe#d 3a nomomoroio kackany GPCR — G-
01510K — e(heKTOpHMIA O1IOK.



[lepBuHHMMH cUTHaJlaMu JJi1 pelentopiB, 3B’s3aHux 3 G — Ouikamu, €
PI3HOMAaHITHI MOJIEKYJIM, y TOMY YHCJII TOPMOHH, SIKI JIIOTh 3a3BUYai IMPHU JYyXKe
HU3BKHUX KOHIIEHTpAIlAX, 0113bKko 10-8 MOJIB/JT 1 HIDKYE.

PenienTopu 10HM-KaHaIU — 1€ 1HTErpaJibHI MeMOpaHHI OUJIKH, SIK1 CKJIaJIal0ThCS
13 KUIbKOX CyOOJWHUIIb, MOJIMENTHIHUN JIAHIIOT SKUX JEKiIbKa pa3iB MEPEeTHHAE
MeMOpaHy. BoHU 1i0Th 0JHOYACHO 1 SIK 10HHI KaHAJM, 1 K PEenTopH, SKi 3/1aTHI
crienu(p1yHO 3B’SA3yBaTH 3 30BHIIIHBOTO OOKY MEPBHHHI CUTHAJIA, 3MIHIOIOUH iXHIO
loHHY (KaTiOHHY a00 aHIOHHY, 3aJIeKHOBIA TUIly peLenTopa) mpoBigHiCTh. [lpu
BIJICYTHOCTI CHTHaJy KaHald 3a4MHEHO, BIH BIAKPHUBAE€TbCA MpPH 3B’S3yBaHHI 3
PELETITOPOM.

Penentopu, mo moB’s3aHi 3 (EpPMEHTOM 3a MEXaHI3MOM B3aeMoaii 3
IIATOTUTA3MATHIHUMHU MINICHSIMH TOAUIIOTECA Ha 2 TpymH. Y perentopiB 1 rpymu
(peuenTop-pepMeHT) KaTaliTUYHA JUISHKA, AKTUBOBaHA MPU i 30BHIIIHBOTO
CUTHAIly, 3HaXOJUThCS Ha MHUTOIIa3MarudyHoMmy Oomi. [lani peuentopu OepyThb
y4acTh y pPeryJisiilii BOAHO - COJIbOBOI BiIMOBII. Penienrropu 2 rpynu (peuentop-sKip)
BJIaCHOT (DepPMEHTATUBHOI AKTUBHOCTI HE MAIOTh, aJi€ Mij AI€I0 30BHIIIHHOTO CUTHAIY
Ha0yBalOTb ~ MOXJIMBICTH  3B’SI3yBaTU  IUTOIUIa3MaTU4HI  (HE  PELENTOpPHI)
MPOTEIHTIPO31HKIHA3M, SIKI Yy BUIBHOMY CTaHI HE AaKTHBHI, aje B KOMIUIEKCI 3
penenTopom aKTI/IBy}OTBCH 1 dochopuworoTs Horo. dochopuirtoBaHHS CTBOPIOE
YMOBH [UJIsi 3B’SI3YBaHHS 3 PELENTOPOM IHIIMX OUIKIB-MIIIEHEH, SKI TaKOX
(hochopumooThCS 1 TUM CaMUM MEPENAI0Th CUTHAI Jajll B CUCTEMY TPaHCIYKIIi.

2.3 BHYTpIIIHbOKITITHHHI CUCTEMU PEeryJIsIil

MeMOpanHa cuctema peryJisiilii 3M1MCHIOEThCS 3aBASKHA 3MIHaM Y MEMOpaHHOMY
TPAHCIIOPTI, 3B’A3yBaHHIO a00 3BUIBHEHHIO ()EPMEHTIB 1 PEryjasTOPHUX OUIKIB 1
IUISIXOM 3MIHM aKTUBHOCTI MEMOpaHHUX (PEpPMEHTIB.

MeMOpanu € npupoaHuM Oap’e€poM JJIsi MOCTaYaHHS YY>KOPIJHUX PEYOBUH,
BOHU MEpPUIMMHU MIAJAIOThCS [li cTpecoBUX (HaKTOpiB, TOOTO CTAaHOBIATH COOOIO
MIIIEH] MEPBUHHOIO BIUIMBY CTPECOPIB 1 MEPIIY JIHIIO 3aXUCTy BiJl HHUX. Bynyum
JUHAMIYHUMU CTPYKTypamu, MeMOpaHu 37aTHI IIBUAKO PEaryBaTH Ha BIIXHUJICHHS B
yMOBax 1CHYBaHHS, IPUYOMY 3MiHH, 1110 BUHUKAIOTh Y HUX, TATHYThH 32 COOOI0 KacKaj
MOpylIeHb B 0OOMIHI pEYOBUH YCi€i KIITHHHU.

PenenrropHo-perynsitopHa (yHKIS BU3HAYAETHCS HASBHICTIO B MeMOpaHax
XxeMo-, $OTO -, MEXaHO- ¥ IHIIUX PENEenTopiB OIIKOBOI MPUPOJIHU, SIKI CIIPUHAMAIOThH
CUTHAJIA 13 TOBKULIS 1 COPUSIIOTh BUHUKHEHHIO BIIMOBIIHUX PEaKIliii Ha 3MIHY YMOB
icHyBaHHA. 3MiHU (YHKIIIOHATHFHOT aKTUBHOCTI MEMOpaH CYIPOBOIKYIOTHCS IXHIMH
CTPYKTYpHUMHU TmepelynoBaMu, sIKIi 3HAYHOIO MIpOI0  CTOCYHOThCS — JIIIJIB,
HacaMIiepes] JKUPHUX KUCTIOT, SIK HaAOUIbII JIA0OUTbHUX KOMITOHEHTIB.

OckiIbKM JIMIIHI W O1IKOBI KOMIIOHEHTH B MeMOpaHaxX TICHO B3a€EMO3B’s3aHi,
TO 3MIHM BJIACTHMBOCTEM JIMiJAIB BIUIMBaIOTh Ha (yHKII MeMOpaHHHUX OLIKIB.
BpaxoByroun, 110, KpiM peuentopHoi (GyHKII MemMOpaHHI OIIKH BUKOHYIOTH
PEryJATOPHY POJb Yy KIITHHHOMY MeTa0oui3Mi, KoH(}ipmaliiiHi 3MiHM MeMOpaH
TATHYTh 32 COOOI0 3MiHM 1HTEHCHBHOCTI META0O0J13My KJIITHHU 1 MOPYIICHHS HOro



KOHTpOJt0. CTPYKTYpHI 3MiHU B MEMOpaHax, K1 MPOXOISITH Iij] BILTHBOM CTPECOBHUX
(haKTOpiB, CTOCYIOTBCS i 3BiIbHEHHs 3B’s3aHOro Ca’" yTBOPIOIOYOTrO MICTKH MiXK
KapOOKCWJIBHUMU TpynaMu OUIKIB 1 TMOJSAPHUMH ToJIoBKaMu  (HocdOoIIiiIiB.
[Tna3zmanema i MeMOpaHu KIITHHHUX OPraHOiAiB (MITOXOHIpiH, XioporuiacTiB, EITP)
CTIMKUX 1 HECTIMKUX POCIWH BIJPIZHAIOTHCSA 3a CTIMKICTIO 1 3JaTHICTIO 30epiraTu
CBOIO LIUTICHICTh B YyMOBax crpecy. CTIHKICTh MEMOpPAaH BU3HAYAETHCS CTAHOM IXHIX
KOMITOHEHTIB. Benuka criiikicth MeMOpaH NPUCTOCOBAaHUX POCIUH 3yMOBIICHA
aJanTUBHUMHU TiepeOyaoBaMH y CKJIaai MeMOpaH, SKi TOB’S3aHl 3 SKICHUMHU 1
KUTBKICHUMH OCOOJIMBOCTSAMHM CKJIQAY JIMiTiB. 301IBIIICHHS BMICTY a00 MiATpUMKa Ha
HOpMaJIbHOMY piBHI HeHacwueHux xupHux kuciot (OKK), Hanpuxman, y memOpaHnax
MITOXOHJIPiH, P Pi3HUX BIIMBaX (OXOJIOMKEHHI, HECTaul KUCHIO, TOCYXH, 1H(DEKIII],
111 €TaHoy) CIpUsi€ MIJIBUILIECHHIO cTiiKocTl MeMOpaH. Henacuueni XKK, mopiBHsHO
3 HACMYEHHMH, MaroTh OUIBII MYXKYy ynakoBky B Oimapi. lle 1 Hagae meMOpanam
BEJIMKOI IJIACTUYHOCTI, TEKY4OCTi, THYYKOCTI, IO 1 CTBOPIOE Kpall YMOBH JUJIS 1X
HBOTO (DYHKIIIOHYBaHHS.

2.4 T'eHeTUYHA PETYIISIIIS

CurHaz, mo cnpuiiMaeTbes KIITUHOIO, MEPENaeThes B A1p0. BUAUIAIOTE KiJIbKa
PIBHIB peryJIALii KJIITUHHOI BIANOBIAL:

1) piBeHb TPAHCKPHIIII, KOJM PETYJIIOEThCS SK BJIACHE TPAHCKPHIIIIS, TaK i
HAaCTymHUI mporeciHr (mo3piBanus) nonepeannka i-PHK, a Takox nerpanaiis
nonepeanuka i-PHK;

2) piBeHb TPAHCIIALIT, KOJIHM PETyIIsAiii MOKe IiJIaBaTHCh BIACHE CHHTE3 OljKa,
HOT0 MojaNbIIui MPOIECIHT, a00 Jerpaaallis MonepeIHuKa Yu caMoro OifiKka Micis
3aBEPILICHHS MPOIIECIHTY;

3) piBeHb 3piMMX OIKIB, KOJU PETYISAIlis MOXE pealli3oByBaTUCh Y
nporiecax ¢gochoprnoBaHHs-1ehocPopuitoBaHHs OUIKIB, a 3HAYUTh, 1 B 3MIHI 1XHIX
BJIACTUBOCTEH, y 3CyBaX KaTaJIITUYHOI AKTHUBHOCTI MiA JI€0 BTOPUHHUX
MECEHIKEPIB, MOJYJIALIT BIACTUBOCTEN OLIKIB y pe3yibTaTi B3a€EMOJ1H O1I0K-01JI0K .

Haii0inpm 4acTo TparmisieTbCsi TaKUl MeEXaHI3M PperyJiisiii TPaHCKPHUIMIi, K
cnenu@iuHa B3a€MOJis OUIKOBUX TPAHCKPUNUIMHUX (PAKTOPIB LMTOIJIA3MU 3
perynstopaumu ainsakamu JJHK.

BusiBneno 3 ocHOBHUX BapiaHTH B3a€MO/IIi (BCl MOB’si3aHI 3 MPOTEIHKIHA3HUM
dbochopuIoBaHHSAM PETYJISTOPHUX OLIKIB - TPAHCKPHUMIINHUX (DakTOpiB ab0 iXHIM
nornepeaHuKiB (puc. 2.3):

a) 0 s/pa MPOHUKAIOThH ITUTO30JIbHI MPOTETHKIHA3M, Hanmpukian, MAP-kinaza
a00 KaTamiTHYHA CYOOIMHUIIA MPOTEiHKIHA3U A, 11e BoHU (PochopuitroroTs oauH (a0
O1s1bllIe) BHYTPILIHBOSAEPHUN TPAHCKPUNIUIAHUN (hakTOp (pEryiasiTOpHUNA O110K), 10
3MiHIO€ Moro criopigHeHicTb 10 JIHK 1/ abo cryninp Horo akTMBHOCTI;

0) curHan B sAJIpo TepeacThCs HEe Ha MPOTEIHKIHA3W, a Ha (HochOopUILOBAHUM
HE0 OUIOK; 10 HBhOro BiH OYB JIATCHTHUM TpPaHCKPUIIIHHUM (akTopoMm, a B



pe3ynbTati (GochOpUITIOBaHHS CTAa€E AKTUBHUM, IMPOHHUKAE B SAPO 1 cCrenudivyHo
3B’s13yeThes 3 [JHK;

B) y OuUlkoBOMy KoMIUIeKCl (ocopuiitoeTbcss 1 B pe3ysbTaTl  I[bOTO
BIJIIICTUTIOETHCS 1HT101TOpHA ab0 sKipHA CyOOAMHUIIS; 3BUIBHEHUHN BiJl HE1 aKTUBHUI
TPaHCKPUMIIHHUYN (hakTOp MPOHUKAE 0 sApa 1 3B’ s13yeTbes 3 JTHK.

Puc. 2.3. OcHOBHI HUISIXM TepeAadl CUTHAIY 3 IIMTO30JI0 B SIAPO:
T® — tpanckpunuiitnuii ¢akrop; IIK — nmporeinkinaza; @ — 3amumok Qocdary;
I — 1uri6iTop; TK — TUpo3uHKIHA3a; CyIUIbHA JIIHIS — TPAHCIOKALlsl CUTHAJIBHOI
MOJIEKYJIU B AJIpO; IITPUXOBA — 1HII BapiaHTH Mepeaadl CUTHAIY.

VY BCiX TppOX BapiaHTax 3B’SI3yBaHHS aKTUBHOTO TPAHCKPHUIIIIHHOTO (hakTopa 3
perynstopaoto ninsHkoro JJHK BimOyBaeThcsi mBUAKO 1 3amyckae abo MiACHIIIOE
MpoIIeC TPAHCKPUIIIII paHHIX TreHiB (TeHiB, BIIMOBIIATLHUX 3a MBHUAKI (Y Mexax 15
XB.) BiANoBiAl kaiTuHU). Bunukatoui MPHK Bu3HavaroTh cuHTe3 OLTKOBHUX MPOJIYKTIB
paHHIX TEHIB, SKi CTAalOThb HOBUMHU TpaHCKpumiidHuMu Qakropamu. OcTaHHI
CTUMYJIIOIOTh T13HI TeHH, aKTUBHICTh SKUX PEaNi3ye€ThCsl MPOTATOM KUTHKOX TOAMH 1
no0u. 3MIWCHEHHSI CIIPUMHSATTS 1 mepeiadl CTPECOBOTO CUTHAY IO siipa MpU BIUTUBI
MOCYXH T0/IaHi Ha PUCYHKY 2.4.

[Mepuenums
curiana

Mrasmanemma

Mutepmeanarsl
CHTHANBHOW | VeToiuu-
lpal"cﬂ)"KUM” BOCThH

TPAHCKPHIILHH
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Aapo C:an»tmmnlru

s
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MPHK

Co%@@

Benok

Puc. 2.4. Ponp mepueniiii 1 TpaHCAYKIli CTPECOBOTO CHUTHAIY B aKTHUBAIlli
reHoMa



Peuentop, 1m0 nokani3oBaHMi Ha TUIa3MaTH4YHIA MeMOpaHi, MpuiiMae cUrHai i
nepegae  HMOro 4epe3 CHUCTEMYy IHTEpMeiaTiB — TpaHCAYKTOpa CHUTHAIY.
ITpoteinkinaszu 1 docdarazu abo cami HocHopuiOOTh TPAHCKPHUIIIIHHI (aKTOpH B
saapi, abo dochopunboBaHI HUMM O1IKH, TPOHHMKAIOYHM JI0 SApa, B3aEMOJMIIOTH 3
dakropamu TpaHckpumimii. lle mpU3BOAMTH 0 aKTUBYBaHHS CTPEC-IHIYKOBAHOTO
reHa 1, K Hacaijaok, 10 cuatesy MPHK 1 ctpecoBux O11KiB, CIIPUSIOYMX MM1ABUIIICHHIO
CTIMKOCT1 POCIIMHH.

IIuTaHHsI TA TECTH IJIS CaMOKOHTPOJII0O

1. SIxi icHYIOTH CHUCTEMH PeryJidiii y pociauH (Ha PiBHI KJIITHHHM 1 Ha PiBHI
opranizmy)? OxapakTepusyure ix.

2. OxapakTepu3yiTe BHYTPUITHBOKIITUHHI CUCTEMU TIEpeiadi CUTHAITY.

3. Ski BM 3HaeTe MOCEPENHMKU TEpeaadi CTPECOBUX CHUTHAIIB JO TeHOMa?
PiBHI cipuiHATTS Ta Iepeaavi CUTHAITY?

4. Sk BigOyBaeThcs reneTnyHa perysmis? [1lo BinOyBaeTbes Ha pi3HUX PIBHSIX
peryisuli KIITHHHOI BIAMOBIAL: PIBHI TPAaHCKPHMI, PiBHI TPaHCIALII, pIBHI
3piTuX OUTKIB?

TecToB1 3aBIaHHA

1. IIpouecu docdopuitoBanHs OUIKIB, 3BUTH KaTaJIITHYHOI aKTUBHOCTI MiJI
JI€10 BTOPUHHUX MECEH]IKEPIB BiIOYBAETHCS Ha!

a) pi1BHI TPaHCIAIIII;

0) piBHI TPAHCKPHUIIIIii;

B) piBHI1 3p1IMX O1JIKIB;

r') piBHI MIPOIIECIHTA.
2. SIxa cyOOAMHHUIIA B CHUCTEMI perenTopiB, o moB’si3aHi 3 G-Oiakamu, Mae
3B s3yBasbH1 1eHTpU 1 3 [ TD 13 ['JID?

a) Gp;

0) Ga;

B) Gy;

r) GoO.
3. Ilepenaya curHamy [0 BHYTPIIIHIX MIIIEHEH 3a JOMOMOIOI0 KacKaay
B1I0YBA€ETHCS B:

a) perenTopax, 1o acoriiioBaHi 3 GepMeHTaMU;

0) peueniTopax, 110 1MoB’s3aHi 3 G-Oinkamu;

B) pelienTopax-iOHHUX KaHajax.



Jlekuis 3.
Crpec-peakuii Ta KJITHHHI MeXaHi3MM aganTauii pocJMH 10 XPOHIYHOIO
BOJHOTIO aedimury

Merta: BUBYHTH CTPECOBI pPEakIlii POCIMH Ha HECTady BOJU Ta MEXaHI3MHU
ajanranii 70 XpOHIYHOTO BOJHOTO Ae(IIIUTY

ILinan Jekmii

1. BuzHayeHHs NOHATTS nocyxa. THUIK MOCYXHU.
2. BimuB mocyxu Ha MeTa0oJ1i3M POCITIHUH.

3. [IpucTtocyBaHHS pOCIUH A0 TOCYXH.

4. Ponb cTpecoBUX OUIKIB Mij] 4ac MOCYXH.

Knouosi mepminu: nocyxa, 6oonuti Oegiyum, xcepogimu, cminaxcepoghimu, egpemepu,
wanepouu, npomeasu, yOikeimuHu

3.1 BuzHadyeHHs MOHATTS mocyxa. Tunm nocyxu

[Tocyxa — HeCpHUATIUBE MOETHAHHSA METEOPOJIOTIYHUX YMOB, 3a SIKHX POCIWHU
BiIUyBalOTh BOAHUN AedinuT. Po3pi3HsI0TH aTMOcPepHy 1 IPYHTOBY IIOCYXY.
ATMocepHa mocyxa BHHUKAE MPU HEAOCTATHIA BOJOrOCTI MOBITpA. Moxe OyTH
BUKJIMKaHA CYXUM 1 rapsyuM BITpoM (cyxoBiem). TpuBasia atmocdepHa mocyxa
OpU3BOAUTH 70 TPYHTOBOiI mocyxH. [IpuuMHHM TPYyHTOBOI MOCYyXHM — TpHUBaIaA
BIJICYTHICTh JIONIy, BUIIAPOBYBAaHHS BOJU 3 TOBEPXHI TIPYHTYy Ta IHTEHCHUBHA
TpaHCHiparllisi, CUJIbHI BITPH MPHU 3HUKEHINA BOJIOTOCTI MOBITPS, — YCE 1€ IPU3BOIUTH
710 3HEBOJHEHHSI KOPEHEBMICHOTO LIapy IPYHTY.

€ TMOHATTA MEp3JIOTHOT TOCYXH, SKa BHHHUKAE B yMOBaX HHU3bKHUX
TeMIlepaTyp 1 HHU3BKOI BOJOTOCTI TIPYHTY 1 TOBITps. SIK BiAOMO, PI3HOMAaHITHI
TJIMHUCTI MIHEpAJIX 1 TYMYCOBI PEYOBHHU IPYHTY — KOJIOITU MOXYTh YTPHUMYBaTH
3Ha4YHY KUIbKICTh Boau. KpiM TOoro, Boja BXOJWUTH JO CKJIadAy Oaratbox CKJIQJIHUX
KOMILJIEKCIB, IO YTBOPIOIOTbCS B IpyHTI. Ll Boma Ha3MBaeThCs 3B’3aHOI0 1
HEJOCTYMHA A pocivH. J[ocTymHa BOJa IPYHTOBOTO PO3UMHY, IO MICTHTHCS B
Kanuisipax IpyHTY, a0o kamniasipHa Bojaa. KiibkicTh BOJH, SIKY I'PYHT 3/1aT€H yTpUMAaTH
BHACJIIOK KaMUISIPHUX B3a€EMOJIIM 1 OBOJIHEHHSI KOJIOITHUX YaCTUHOK, HAa3UBAETHCS
MOJIbOBOIO BOJIOTOEMHICTIO. BOHa XapakTepuszye MakCUMajibHy KUIBKICTh I'PYHTOBOI
Bosioru. Ilicns armocdepHux omajiB y IpyHTI, KpIM KanIsipHOi BoAM, OyBae O6araro
TaK 3BaHOI TpaBiTamiiiHOi Boau. BoHA TEX CIOXKUBAETHCS POCIWHAMH, A€ TOCHUTH
IIBUIKO M/l B HUKHI IPYHTOBI TOPM30HTH. [pYHTH CEPEAHBOTO MEXAHIUHOTO CKIIamy
(cymimaHux 1 CYIMIMHUCTUM) MalTh MaKCHMajbHY IOJbOBY BOJOTOEMHICTh. Y
TJIMHUCTHUX TPyHTaX OlbIle 3B’s13aHOI BOAM, a B MIIIAHUX — rpaBiTaiiiHoi. Jedimur
BOJIOTH CIIOCTEPITaeThCsl B CIEKOTHI MOJYJAEHHI FOJMHU, MPH LbOMY 301IbIIYETHCS
BCMOKTYBaJIbHA CHUJIA JIUCTS, 110 aKTUBI3Y€ HAAXOMKEHHS BOAM 3 TPYHTY 1 POSKPHUTTS
npoauxiB. Typrop mucTs, yrpadeHuid BJIeHb, BITHOBIIOETLCS BBEeUEpl 1 BHOUI. Takwmii
CTaH POCIMH HAa3WBAETHCS TUMYACOBUM 3aBIaHHSIM, a BOJIOTICTh IPYHTY, WIO
OPUBOJUTH [0 IOTO, — BOJIOTICTIO THUMYacoBOro 3aB’sianHs. Konu 3amacu



JOCTYITHOT BOJM B IPYHT1 BUYEPIaHi, pO3BUBAETLCA TITMOOKE, ab0 CTiliKe, 3aB’ iAaHHS
POCIIMH, Y IIbOMY BHUIAAKy TYpPreCUEHTHICTb TKAaHWH BpaHIl HE BIJHOBIIOETHCS.
Bonoricte 1pyHTY B IIMX YMOBaxX — II€ BOJIOTICTh cTiiikoro 3aB’simanHs (40% BiA
MIOBHOI BOJIOTOEMHOCTI1). Pi3HUIISI MIXK TIOJHOBOIO BOJIOTOEMHICTIO 1 BOJIOTICTIO
THMYacoOBOTO 3aB’sJlaHHA BiloOpa)kae 3amac JOCTYNHOI BOJAM B  IPYHTI.
BinbiricTe akTMBHO BEreTYyHOUHX POCIMH 3aB’sjga€ mpu BojgHoMy aedimut — 1.5
MIla, a rune nipu — 15 MIla. ITunok pociauH BUHOCUTH BogHUN aAedinut g0 — 100, a
Haciaas 10 —150 MITa.

PospizHsatorh 2 TUmMM  B’SHEHHA  —  TUMYacoBe 1  TpHUBAJE.
TumyacoBe B’SIHEHHsI CIIOCTEPITa€ThCs YACTIIIE i1 9ac aTMOC(EPHOI TTOCYXH, KOJIH
BJICHb TpaHCIHipalis 301IbIIYEThCS HACTUIBKM, IO BOJAQ, KA HAaIXOAHUTh 3 IPYHTY,
HE BCTHrae KOMIIEHCYBaTH ii BTpaTy. OJHaK nOpu 3MEHUIEHHI TpaHCHipailii,
HalpuKiajZ, BHOYlI BOAHMM Je(dIUUT 3HHUKAE, TYProp BIAHOBIIOETHCS 1
BI/IHOBIIIOETHCS ~ HOpMajibHA JSKUTTEAISUIBHICTh. Benmukoi mikoau TUMYacoBe
3aB’siIaHHS HE 3aBJa€, aje€ BCE K 3HIDKYE ypoxad, 00 SKHUIICh Yac MPOIUXH
Oynu 3akpuTi, a (QOTOCHMHTE3 1 PICT 3yNUHsIIUCA. TUM4YacoBe B’SHEHHSI HEPIIAKO
CIIOCTEPITa€EThCS Y I[YKpPOBOTO Oypsika, COHsIIHMKA, rapOy3a. TpuBane B’ sSHEHHs
MPOSIBIISIETHCS B TUX BUMAAKAX, KOJIHM IPYHT HE MICTUTh JOCTYITHOI JIJIsl POCIUH BOJIH.
Boauuit nedinut, sikuif BUHUK MPU I[bOMY B TKAHHMHAX POCIUHU HE BIJTHOBIIOETHCS
3a HIY, 1 JI0 paHKy KJIITHHH POCIMHU HE MOXYTh HOPMAaJIbHO BHUKOHYBAaTH CBOi
¢dbyHKIii. B mpoMy BUTIaIKy HaBITh HU3bKA TPaHCHIpaIlisl OCTYIIOBO MPU3BOIUTH J0
MaJiHHSA TYPropy y BCiX YacTHHAX POCIMHH 1 JO 3MEHIICHHS BOJHOTO IOTEHITIATY
KIITHH JIUCTA. B’se NMHUCTS MoYMHAE BIATATYBATH BOAY 3 BEPXIBKOBHX MEPHCTEM
MaroHiB 1 KOPEHiB, HAaBITh 3 KOPEHEBUX BOJIOCKIB, SKi BIAMHPAIOTH. Y PE3yNbTaTi
MOPYIIYETHCS HE TIMTBKM TOTJIMHAHHS COJIeH, aje 1 JIOBMO HE BiHOBIIOETHCS
HOpPMaJIbHE HAJXOPKCHHS BOIHW ITCIS TIOJMBY POCIHH. YTBOPEHHSI 1 3POCTAaHHS
OpraHiB NMPUIUHSAIOTHCS, 3aTPUMYETHCSI (POPMYBaHHSI HOBHX KBITOK, @ HasiBHI OyTOHH,
KBITKH 1 IUIOAY OIAJal0Th.

3.2 BrumuB nocyxu Ha MeTa0oJ113M POCIIHH

bpak Bomu B TKaHMHAX POCIIMH HACTYyTa€, KOJW BTpaTa BOJAW IMPH TpaHCITipallii
NepeBulLye i HaAXOMKeHHs. Bonuuii nedinuT Moke BUHUKHYTH B JKapKy COHSYHY
MOTOAY JO CEpPeAWHM [HS, NPH [bOMY 30UIBIIYETHCS CHCHA CHJIA JIUCTKIB, IO
aKTUBY€ HAIXOPKCHHS BOJW 3 TPYHTY. 3BHYAWHO MPU B’SHEHHI JUCTKIB BOJHUN
nedIinuT iX BIJHOBIIOETHCS Yy BEUIPHI Ta HIYHI TOAWHU (TUMYACOBE B’ STHEHHS).
['muboke  B’SHEHHS CIOCTEPITae€ThbCs MPU BIICYTHOCTI B IPYHTI JOCTYIHOT IS
pPOCIIMHU BOJIOTH. BOHO HalyacTiie mMpuBOIUTH POCIUHY J0 3aruberni. XapakTepHa
O3HaKa CTIMKOTO BOAHOTO Ne(PIIUTy — HOTO 30epeKeHHS B TKAHMHAX BPAHIIi, a TAKOX
NPUNUHEHHSI BUAUICHHS TNMAcOKW 13 3pizaHoro crebna. [lpu TpuBamomy B’sTHEHHI
3HUKYETHCS AaKTUBHICTh (DEPMEHTIB CHUHTE3Yy M aKTUBYIOTHCS T1IPOJIITHYHI MIPOIIECH,
30KpeMa  MpOTeodi3, 1Mo BeAe 10 30UIbIIEHHS BMICTY B KJIITHHAX
HU3BKOMOJIEKYJISIPHUX OUIKIB. Y pe3yabTari TiApoJizy MoicaxapuiiB y TKaHHMHaX
HAKOMHUYYIOThCS PO3UYMHHI BYIJIEBOAM, BIATIK SIKMX 3 JUCTKIB YNOBUIbHIOETHCS. [1in



BIUTMBOM TOCYXH B JIMCTKax 3HMWXKYeThCs KinbKicTh PHK BHacnmizok 3meHmienHs ii
CUHTE3y M  akTuBallii puOOHYyKJea3. Y [UTOIUIa3Mi CIHOCTEpPIra€ThCs PO3Mall
NoJIIpUOOCOMHHUX KOMILIEKCIB. 3MiHH, 110 cTocytoThes JIHK, BinOyBatoThest  nwiie
miJ] Yac TpuBajoi nmocyxu. Yepes3 3MEHIICHHS BUIbHOT BOJIM 3pOCTAa€  KOHIICHTPALIis
BaKYyOJISIPHOTO COKY. 3MIHIOETbCS 10HHUW CKJIaJl KJIITUH, TOJIETHIYIOTHCS MPOLIECH
BUXOJY 3 HUX 10HIB. Y OUIBIIOCTI BUITQJKIB CyMapHUM (DOTOCHMHTE3 MpHU HecTaul
BOJIOTM  3HIDKYETHCS, XO4Ya 1HOJI Ha TIOYATKOBUX e€Tamax 3HEBOJHEHHS
CIIOCTEPITAEThCS JIesAKe 301TbIICHHS HOTO IHTEHCHBHOCTI. 3HWIKEHHS IIBHJKOCTI
dboTtocunrTe3y MOXxe OyTu HacaiakoMm: 1) Hectaui CO, uepe3 3aKkpuBaHHS MPOIUXIB; 2)
MOPYIICHHSI CUHTE3Y XJopodiniB; 3) po3’€IHAHHS TPAHCIOPTYBAHHS EJIEKTPOHIB 1
dotodochopuntoBanHs; 4) 3MiH y (POTOXIMIYHUX PEAKIIAX 1 peakiliax BiTHOBICHHS
CO,; 5) mopyllleHHs] CTPYKTYpU  XJIOPOIUIACTIB; 6) 3aTPUMKH BITOKY aCUMUISTIB 3
JUCTKIB MPU TpUBAJIOMY  BOJHOMY nediuuti. [Ipu 3HEBOAHEHHI B POCIWH, HE
IPUCTOCOBAHUX JO IIOCYXH, 3HAYHO  MIJCHJIIOETbCA 1HTEHCUBHICTh JUXAHHS
(MOXTTMBO, 4Yepe3 BEIMKY KUIbKICTh CyOCTpaTiB JMXaHHS — I[yKpiB), a TMOTIM
MOCTYIOBO 3HMXKYETHCS. Y 3aCyXOCTIMKHUX POCIMH y LUX yMOBaX ICTOTHUX 3MIH
JIMXaHHS HE CIIOCTepIraeTbcs, ado BIJ3HAYAETHCS HEBEJIMKE MOCWICHHA. B ymoBax
BOJAHOTO JAehIUUTY MIBUAKO TaJIbMYIOThCS KIITMHHHM TOIUT 1, OCOOJHUBO,
PO3TATYBaHHS, 110 MPU3BOAUTH 10 (PopMyBaHHS APIOHUX KIITHH. YHACIIJOK I[HOTO
3aTPUMYETHCS PICT CaMOi POCIMHH, OCOOJIMBO JHMCTKIB 1 cTeben. Pict kopeHiB Ha
MOYATKy IIOCYXW HaBITh INPUCKOPIOETBCA 1  3HIMXKYETHCS JIMILE IPU TPUBAIINA
BIICYTHOCTI BOJAM B TIpyHTI. KoOpeHi pearyioTh Ha TMOCYyXy pSAIOM 3aXUCHUX
MPUCTOCYBaHb:  3KOPKOBIHHSM, CYOEpHUHI3ALIE€I0  €K30JIepMHU, MPHUCKOPEHHAM
nudepeHianli KITHH, 1[0 BUXOASATh 3 MEPUCTEMHU, TOLLO.

3.3 IlpucTocyBaHHs POCIHH JI0 MTOCYXH

VY pocivH MNOCYNUIMBUX MICIb MPOXKHUBAHHA — KCEpO(DITIB — BUPOOUIIHUCH
MPUCTOCYBAHHS, IO JO3BOJISIOTH IEPEHOCUTH MEPI0IN TTOCYXH.

Pocnunu BUKOPUCTOBYIOTH TPH OCHOBHI CIIOCOOU 3aXHCTY:

1) 3ano6iranHs 3aifBoi BTpaTH BOIM KJIITUHAMHU (YHUKHEHHSI BHCUXAHHS);
2) IepEHECCHHST BUCHXAHHSI;
3) YHUKHEHHS Tepiojly IOCYXH.

Haii0inb11 3aralbHUMH € IPUCTOCYBAHHS JIJIs1 30€pEXKEHHS BOJIU B KIIITHHAX.

['pyna kcepoditiB gy»e pizHOpiAHA. 32 3MATHICTIO IEPEHOCUTH YMOB TTOCYXH iX
po3aiIsIIOTh Ha Taki Tunu (3a I1. A. 'enkenem):

1. Cykynentu (3a H. A. MakcuMoBUM — HeCTIpaBkH1 Kcepo(iTH) — POCIUHHU, IO
3aracaroTh BOJIOTY (KakKTyCH, ajoe, MOJOJWIIO, MOJo4Yail), BOJa KOHUEHTPYETHCS B
JUCTKAX 4M cTeOJaX, MOKPUTHUX TOBCTOIO KYTHKYJIOIO Ta BOJIOCKaMU. TpaHcmipairis,
(dboTocuHTE3 1 PICT BiIOYBAETHCS MOBLILHO. BOHM MTOTaHO TIEPEHOCATH 3HEBOIHECHHSI.
KopeneBa crucrema po3pocTaeThCsl MUPOKO, alie He TIHO0KO.

2. HecykynenTHi BUAM. 3a piIBHEM TpaHCIIIpallii HOAUIAIOTHCS Ha KIJIbKa TPYI:

a) crpapxHl kcepodiTu (eBkcepodiTH — IMOJUH, BEPOHIKA, IUBUHA, BEIMEXE
BYILKO Ta 1H.). POCIMHM 3 HEBENIMKUMU JIMCTKAMH, YaCTO OMYIIEHUMH, >KaPOCTIHKI,
TpaHCHipallisi HEeBUCOKA, 37aTHI BUTPUMYBATH CHUJIbHE 3HEBOJHEHHS, Yy KIITHHAX



BUCOKMM OCMOTHYHHMM TUCK. KOpeHeBa cHcCTEMa HOyK€ pO3TAIyXKEHa, aJe
3HAXOIUTHCS HA HEBEJIMKINA TITUOUHI;

0) HamiBkcepodiTu (remikcepodiTH — IIaBIis, pi3ak, BepOIrOKa KOJIOUKa 1
1H.). MaroTh 1HTEHCHBHY TpaHCIIpaIlilo, sIKa MIATPUMYETHCSA AISIBHICTIO TIIUOOKOT
KOPEHEBOI CHUCTEMH, IO YacTo Jocsirae IpyHToBUX Boj. [loraHo mnepeHocsATh
3HEBOJIHEHHS i aTMOc(epHy mocyxy. B’s3KicTh IUTOIUIA3MU HEBENUKA.

B) crimakcepoditTh — crenoBi 37aku (koBwia ¥ iH.). IlpuctocoBaHi 10
MEPEHECEHHsI TEpPerpiBy, IIBUAKO BHUKOPHCTOBYIOTH BOJIOTY JITHIX [IOIIIB, aje
BUTPHUMYIOTD JIMIIIE KOPOTKOYACHY HECTayy BOAM B IPYHTI;

r) NOHKiIIOKcepo(diTH (CHHBO-3€JIEHI BOJOOPOCTI, JHUIIAWHUKA Ta 1H.) HeE
MOXKYTh PETYJIOBATH CBif BOJAHUN PEXUM 1 IPU 3HAYHOMY 3HEBOJIHEHHI BMAJal0Th
y CTaH CIOKOI0 (aHa0103). 31aTHI NEPEHOCUTH BUCUXaHHSI.

3. Edemepu — pocnuHu 3 KOPOTKUM BEreTalliiHUM MEPi0IoM, IO 30iraeThes 3
MepioIoM JOMIB (Coci0 YHUKHEHHS TOCYXH B 3aCYIUIMBUX MICISIX TPOKUBAHHS).

BuByaroun izionoriyHy mnpupoAy TmocyxocTiikocTi kcepoditi, H. A.
MakcuMOB MOKa3as, 110 111 POCIMHU HE € MOCYXOIOOHUMHU: TOCTATOK BOJU B IPYHTI
crpus€e iXHbOMY IHTEHCUBHOMY pocTy. CTIHKICTh 10 NOCYXHM TMOJIAra€ B iXHIN
CIPOMO’KHOCTI TEPEHOCUTH BTpaTy BoAM. PocianHHM-Me30(iTH TaKoX MOXKYTh
IPUCTOCOBYBATUCH JI0 MOCYXHU. BUBUEHHS MPUCTOCYBAaHb JINCTKIB 10 HECIPUATINBUX
yMOB BojonocTtadanHs (B.B. 3aneHcekuii, ) mokaszano, 110 aHATOMI4HA CTPYKTypa
JIMCTKIB PI3HUX SIPYCIB Ha TiM caMmiil POCIIMHI 3aJICKUTh Bl PIBHS BOJONOCTa4YaHHS,
OCBITJIEHOCTI TOIIO. YuM BHIIIE TIO CTEOy pO3TAIIOBAHI JIUCTKU, TAM APIOHIII 1XHI
KJIITUHH, OLIIbIIE TPOJMXIB Ha OJUHUIIO TIOBEPXHI, a pO3MIp iXH1{ MEHILUN, TyCTilla
Mepeka MPOBIAHUX MYyYKiB, CHIbHINIE PO3BUHYTa  MallicajHa MapeHxiMa 1 T. A.
Takoro poay 3aKOHOMIPHOCTI 3MiH JIMCTKOBOTO amapaTry OJep)Kalli Ha3By «3aKOH
3aneHcbkoro». OcKiIbKUA MOAIOHI 0COOJMBOCTI OYJIOBU BIACTUBI POy KCepogiTis,
Taka CTPYKTypa JIMCTKIB OTpUMajia Ha3By KcepoMopdHoi. OTKe, BUHUKHEHHS
KCEpPOMOP(MHOI CTPYKTYpH JUCTKIB — OJIHE 3 aHATOMIYHUX MPUCTOCYBaHb A0 HecTaul
BOAM TaK CaMoO SIK 3aHYpPEHHsI MPOJUXIB y TKaHWHU JIMCTKA, OIMYILEHICTh, TOBCTa
KYTUKYJIa, PeIYKIliS JUCTKIB TOIIIO.

bioxiMiuyHi  MexaHI3MH  3aXWMCTy  3amo0iraloTh  3HEBOJHCHHIO  KIIITHH
3a0e3MeuyloTh JIETOKCHUKAINI0 MPOAYKTIB pO3Maay, CHPUSIOTH BiTHOBJIECHHIO
MOPYIIEHUX CTPYKTYp ILMUTOIIa3MU. BHCOKY BOIOYTpUMYBaJIbHY 30aTHICTb
[IUTOIIJIa3MH B yYMOBax MOCYXH MIATPUMYE HArpoOMa/KEHHS HU3BKOMOJCKYJISIPHUX
rigpodiIbHUX OLIKIB, IO 3B’SI3YyIOTh T1IPaTHUMU OOOJIOHKAMHM 3HA4Hl KUIBKOCTI
Boju. [[poMy crpusie Takok B3aeMojisi OUIKIB 13 MPOJIIHOM, KOHIICHTpAIlisi SKOTO
3HAYHO 3pOCTAa€ B YMOBaxX BOJHOIO CTPECy, a TaKOK 30UIBIICHHS B IMTOILIAa3MI
BMICTY MoHocaxapuiB. L{ikaBt mpucrocyBaHHs, 10 3MEHIIYE BTpaTy BOAM 4Yepe3
MPOJANXH, MAIOTh CYKYJIEHTH. 3aBASKH OCOOJMUBOCTIM mpolecy porocuntesy (Cam-
MeTaboIi3M), y JCHHI TOAWHU B yMOBaX BHCOKOI TEMIEPATYpH 1 CyXOro TOBITPS
mycTeNi ixXHl mpojauxu 3akpuTi, ockiibku CO;, ¢ikcyeTbcs BHOYI. JleTOKcHKaIis
HAJJIMIIKY aMiaKy, IO YTBOPIOETbCS MPHU MPOTEONi3l, BiIOYBA€ThCA 3a Y4YaCTIO
OpraHiYHUX KHUCIIOT, KUIBKICTh SKHX 3pOCTa€ B TKAHWHAX MPHU BOAHOMY JediluTi Ta
BUCOKIN TeMmmeparypi. [Ipouiecu BiIHOBICHHS MiCis NMPUIUHEHHS Ail TOCYXU WIYTh
YCHIIIHO, SKIIO 30€peXeHl Bl YIIKOJKEHHS T€HETHYHI CUCTEMHU KIITHH. 3aXHCT



JIHK Big  nii mocyxw mojsira€ B YaCTKOBOMY BHWBEICHHI MOJIEKYJH 3 aKTUBHOTO
CTaHy  3a JIONOMOTOIO SIIEPHUX OUIKIB 1, MOXJIMBO, SIK Y BHUIAAKY TEIUIOBOTO
CTpECy, 3a y4acTIO CHeIlaIbHUuX CTpecoBuX OinkiB. Tomy 3minm kinmbkocTi JIHK
BUSBJISIIOTHCS JIUIIE NPU CUIIBHOT TPUBAJIOT OCYXH.

ITocyxa BUKJIMKae 1CTOTHI IepeOyJO0BH B TOPMOHAJBHIM CHCTEMI POCIIHH:
3MEHIITYEThCS BMICT TOPMOHIB-aKTHBATOPIB POCTY — ayKCHHY, IIUTOKIHIB T10€pEIIiHIB,
CTUMYJISITOPIB POCTY (PE€HOIBHOT IMPUPOJU 1 3POCTAE PIBEHb aOCIM30BOI KUCJIOTH 1
eTuiieHy. B yMoBax mocyx# BiJi IIBUAKOCTI 3yIUHKHU MPOIECIB POCTY YacTO 3aJICKUTh
BIDKUBaHHS pociauHd. [Ipu 1IbOMy Ha paHHIX eTamnax MOCYyXH, OYEBHUIHO, TOJIOBHY
pOJIb BIZITpae CTpiMKe 3pOCTaHHS BMICTY 1HT101TOPIB POCTY, OCKIIbKU HABITh 32 YMOB
30a71aHCOBAHOTO BOJONOCTAYaHHs KIITHH TEPMIHOBI PEaKIlii 3aKpUBaHHs MPOAUXIB Y
pPOCIIMH BIIOYBA€ThCS 3a paxyHOK npuckopeHoro 30uibiieHHs BMicTy ABK. Kpim
toro, ABK crnpuse 3anacaHHio rifpaTHoOi BOJU B KJIITHHI, OCKUIBKA aKTUBY€E CHHTE3
npodiny. ABK ranemye takoxx cunte3 PHK 1 OinkiB, a HaKOMU4YyIOYUCH B KOPEHSIX,
3aTpuMye CcHUHTE3 IUTOKIHIHY. OTxe, 30uibmieHHs BMmicTy ABK mnpu BomHOMy
Ae(pinuTl 3MEHIILYE BTPATy BOAM Yepe3 MpPOJUXHU, CIPUsE 3allaCaHHIO T1IpaTHOI BOIU
OUIKaMU 1 TEpPeBOAUTh OOMIH PEUOBHUH KIITHUH Y PEKHUM «CIOKOIO». B ymoBax
BOJHOI'O CTpPECY BiJOYBA€ETHCS 3HAYHE BUAUICHHS €TUJICHY. Y JINCTKAX MIUEHUI MPH
3MEHIIIEHH] BMICTY BOAM Ha 9% yTBOpeHHs eTuiieHy 3poctae B 30 pasiB npoTsrom 4
roJl. Y 0araTh0X POCIUH MpHU Jii MOCYXU (TMOBITPSHOI 1 IPYHTOBOI) BUSBIIEHO TaKOX
HarpoMaJpKEHHsS 1HT10ITOPIB POCTY (PEHOJIBHOI MPUPOJU (XJIOPOTE€HOBOI KHCIIOTH,
(¢bnaBoHOiIB, (eHONKapOOHOBUX KHUCJIOT). Big3HaueHi BuUIE 3MIHM BMICTY
(ITOrOpMOHIB-1HTI0ITOPIB CIIOCTEPIralOTHCS B POCIMH-ME30(ITIB MijJ Yac MOCyXu. Y
MONKUTOKCEpOPITIB, IO MNEPeXOoAATh IMPU HACTaHHI MOCYXHM B CTaH aHao103y,
MPUNUHEHHST POCTY HE TMOB’SI3aHO 3 HArpoOMaDKEHHSAM  1HTIOITOpIB POCTY.
[ToCyXOCTIMKICTh CUIBCHKOTOCIOAAPCHKUX POCIMH MIJBUILYETHCS B PE3YJIbTATI
nepeanocipHoro 3arapTyBaHHs (II. A. T'enkenb). ApanTtaiisi 10 3HEBOJHECHHS
B1IOYBA€ThCS B HACIHHI, IO TEpe] IMOCIBOM MICJsI OJHOPA30BOTO HAMOUYYBaHHS
3HOBY BHCYHIyeThCs. [Isi pocnuH, BUPOLIEHMX 3 TAaKOrO HACIHHS, XapaKTepHI
MOP(QOJIOTIUHI O3HAK KCEpOMOP(HOCTI, IO KOPETITh 3 IXHBOI OUIBIIOIO
MOCYXOCTINKICTIO.

3.4 Ponb cTpecoBuX OLTKIB Mif 4ac MOCYXHU

B ymoBax BogHOTO JMe(ilUTy aKTUBYETHCSI CHHTE3 PI3HUX CTPECOBUX OUIKIB, Y TOMY
yucii ¥ OUIKIB, SIKI yTPUMYIOTh BOAY Ta 1oHM. Hampukinaza, y KiIiTHHax MiJ yac
TIOCYXM HAKOIHYYeThCSI OCMOTHH. Moro BMicT MOke cTaHOBUTH 12% BiJ| 3araipHOro
BMicTy Oinka. BiH 7nokamizoBaHmii y BakyoJisix 1 Be3uKylax ToHoruiacta. Ilpu
3HEBOJHECHHI CHHTE3YIOThCS OUTKU-AeruapuHu poawaun LEA abo Oinku mi3HBOTO
emOpioreHe3y. Huni BuaiIeHO 5 rpyn HuX OUIKIB, KOXKHA 3 SIKUX XapaKTEepPU3YEThCS
MeBHUMHU OCOOJMBOCTSAMHM TEepBUHHOI CTpykTypu. Bci LEA-Ginku jokasizoBaHi
MEePEBAXHO B IUTOIUIA3Mi 1 MICTATh T1APO(MUIbHI aMIHOKHCIOTH, TOOTO MarTh
NIJBUILIEHY 3/1aTHICTh YTPUMYBAaTU MOJIEKYJU BoJU. barato sikux 3 HuX 30araveHi
aJaHIHOM 1 DJIIMHOM 1 Mo30aBiieHl LucTeiny 1 Tpunrodany. BoHu akTUBHO



3B’A3YI0Th 10HM, KOHIEHTpAllls SKUX JyK€ 3pOCTa€ B yMOBAaX 3HEBOJHEHHS, IO
JIO3BOJISIE 3aXUIIATH (PEPMEHTH BiJl YIIKOXKYBAJIBHOT 1T 3pOCTalOYUX KOHIEHTpAILIii
cosiei y kimitTuHax. OKpemi OUIKM 3aMiHIOIOTh MOJIEKYJIM BOJU MOOJIU3Y MEMOpaH,
TUM CaMUM 30€epirarouu iXHI0 HATUBHY CTPYKTYDY.

LEA-OGuIKM mepioi rpynu XapaKTepU3yrThCs BUCOKUM BMICTOM 3apsiKEHUX
aMIHOKHUCJIOT 1 TJIIMHY, IO J03BoJis€ iM €(GEeKTUBHO 3B’SI3yBaTH BOIY.
[TepenbavaeThes, 1m0 OUIKK 2 TPYIHU BUKOHYIOTH (DYHKIIIT IIAIEpOHIB. Y TBOPIOIOYH
KOMITJIEKCH 3 1HIIMMHU OUIKaMu, BOHU 0O0epiraroTh OCTaHHI BiJl TOIIKOIKCHb
ymoBax gerpagamii  kmituHu. Jlesxki LEA-OGinkum  OepyTh y4yacTh 'y B
3B’A3yBaHHI  10HIB, SKI KOHILIEHTPYIOTbCA B LUTOIJIA3Mi TpPU  BTpaTi
kmitTuHamMu  Boau. LEA-Oinku yeTBepToi TIpynmud MOXKYTh 3aMmilllaTd BOIY B
npuMeMOpaHHii cdepl 1 UM MIITPUMYBATH CTPYKTYpYy MEMOpaH MpH JIeriApaTarii.
Ilaneponn Ta iHriditropu mporea3. IllamepoHamu Ha3MBalOTh  OLIKH,
Kl  TOB’S3YIOTh  MOJIMNENTHAM M 4Yac 11X  3rOpTaHHA, TOOTO TIpH
dbopMyBaHHI TPETUHHOI CTPYKTYpH, 1 CKJIaJaHHI OIJIKOBOI MOJIEKYJIH 3
cyOoauHuIb, TOOTO Mpu (OpPMYBaHHI YETBEPTHUHHOI CTPYKTypu. Bzaemomiroun 3
MOJIIMENTHIaMHU, IIANepOHU 3amo0iraloTh MOMWIKAM Yy 3TOpTaHHI Ta CKJIaJaHHI 1
UM T[EPEIIKO/PKAIOTh arperamii MOMNENTUAHUX JaHIoriB. Jleski manepoHu
Ipal0Th POJb PEMOHTHUX CTaHIlINA, BUMPABIAIOTH HElpaBuUlbHE 3ropTaHHs. OpHa
3 TOJNOBHUX (YHKIIH IIanepoHiB — 3rOpTaHHA 1 PO3rOpPTaHHSA, a TaKOoX
30upaHHs 1 po30MpaHHs OUIKIB IPH X TPAHCHOPTYBAHHI Yepe3 KIITUHHI MEMOpPAHH.
[TomnenTuaHUIA JAHIIOT MOXE MPOUTH dYepe3 Mopu B MeMOpaHi JuIle B
pPO3TOpHYTOMY BUIJISAL. Jleski manepoHu B3a€MOJIIIOTH 31 3HOBY CHHTE30BaHUMU
MOJINENTUHUMH JIAHIIOTAaMU 1 MIATPUMYIOTh 1XHIO JIIHIHHY CTPYKTYypYy, TaK IO
NOJIMENTHIHI JIAHLIIOTH  MOXYTh  Bipa3y TpaHCIOPTYBATHCh Y MOTPIOHMIA
KOMIIAPTMEHT KJITUHUA. [HOI 1manepoHd 3B SA3YIOTbCS 3 aMIHOKUCIOTAMHM
MOJIMENTUIHOTO JIAHIIora 1 3MA1MCHIOTh 3ropTaHHs. [lpm aperimpararii KiIiTHH
TEHJICHITIS 0 TIOIIKO/KEHb 1 JeHaTypallli O1IKIB MOCHIIOETHCS, TOMY 3aXHUCHA POJIb
mianepoHiB B IHMX yMoBax 3pocTae. CTpecoBl YMOBH AaKTHUBYIOTh OI10CHHTE3
IIarepOHIB B KIITHHAX.

[Ipu ocMoTHYHOMY CTpeci BiIOYBa€ThCS I1HAYKINS 1HTIOITOPIB OlOCHHTE3Y

mpoTreas3, IO TMEPEnIKOMKAITh TPOTEOJITHYHOMY PO3IMICIUICHHIO OUIKIB, SIKi
npu  Jeriparaiii KIITHHH 30epiraloTh CBOIO CTPYKTYpy 1 (YHKIIIOHAJBHI
BJIACTUBOCTI.
Ilporeasm i yoOuxBiTuHM. Ilpu 3HEBOJHEHHI KJITUH, HE3BaKalOUd Ha
JiI0  3aXMCHUX  CINOJAYK 1  IIANEpOoHIB, YacTUHA  KIITUHHUX  OUIKIB
niggaeTbes AeHarypauii. JleHaTypoBaHi OiIKM MOBHMHHI OyTH Tiapoiii3oBaHi. Lo
(GYHKLII0 BHUKOHYIOTh MpoTea3u 1 YOIKBUTHHM, EKCIIPECis TEHIB SKHX TaKOX
IHAYKY€TbCA CcTpecopaMu. YOIKBUTMHHM — 1€ HU3bKoMmoJekyisipHi (8.5 k/l)
BUCOKOKOHCepBaTuBHI Oulku. [Ipuennyrounch 10 N-KiHIS JeHAaTypoBaHOro Oijka,
BOHU POOJATH OUIOK MOCTYIMHHUM JJIsi Aii mpoTea3. TakuM YHHOM 3HIHMCHIOETHCS
CEJICKTHBHA JIerpajallisi 1eHaTypOBaHUX O1JIKIB.

Jlnsg  cuHTE3y CTpPecOoBHX OUIKIB 1 YCHIIIHOTO BIJHOBJICHHA OOMiHY
MICJIS MOCYXH BAKJIMBO 30€peKEeHHSI HEMOPYUICHUM F€HEeTUYHOTO armapaTy KIITHHH.
3axXuCT HYKJIETHOBUX KHUCIOT BIJ TOCyXu 3a0e3meuyioTh InarnepoHu. Bonu B



cTaHl TpuBaiuid 4ac miarpumyBatu nuticHicts JJHK waBiTe mpu alGcomoTHOMY
3HeBogHeHHI. [lomkomkenns JIHK BigOyBaerhcss smimie mig dYac CHIIBHOT 1
TpuBajgoi mocyxw. Ha 1mpoMy eTami TOJOBHY pOJIb T'PAalOTh CHUCTEMH pemaparii
[TOIIKOKEHb.

IIuTanHs Ta TeCTH AJIsl CAMOKOHTPOJIIO

1. HageniTe kiacudikaiiifo pociauH 3a IXHBIO CTIMKICTIO JO TIOCYXH.
OxapakTepu3yiiTe NPUCTOCYBAaHHS POCIHUH PI3HUX EKOJIOTIYHUX TPyl 0
MOCYXH: SIBUIE KCEpOMOPGHOCTI y PpOCHUH; XapakTrep (i3UKO-XIMIYHUX
BJIACTUBOCTEH ITUTOILUIA3MH Y POCIIMH 3 PI3HUM PiBHEM IMOCYXOCTIHKOCTI.

2. OxapakTepu3yiTe BIUIMB ITOCYXH, 1110 BUSBIAETHCS Y POCIUH HA TKAHUHHOMY,
KJIITUHHOMY Ta MOJICKYJIIPHOMY PIBHSIX.

3. SIki € MOJIeKYISIpHO-010JIOTIUHI TAXOAW A0 BUBYEHHS CTIHKOCTI POCIWH
1010 BOJAHOTO JAehiuTy?

4. Oxapakrepuzyite MeTadoJli3M, BOJHHUA TPaHCHOPT, JAErpajaiio Ta
penaparito. biiku nepenocy nimiaiB. ['icToHu.

5. OxapakTepuzyiTe MeXaHi3MH PEryisnli Opu 3HEBOAHEHHI; MEXaHI3MH
ajanTarii poCiauH 0 BOAHOTO CTPECY.

TecToBi 3aB1aHHS
1.bpak Bo/iM B TKAaHMHAX POCIWH HACTYTIA€, KOJIH:
a) BTpaTa BOJM MPU TpaHCHipallii He EPEeBUIILYE 11 HATXOIHKCHHS,
0) HaIXOKEHHS BOAM MPU TpaHCHIpaIlii IepeBHIye ii BTpaTy;
B) BTpaTa BOJIM MIPH TPaHCIIipallii MepEeBUIILYE ii HAIXOKEHHS.
2. ITix BOIMBOM MOCYXH B JINCTKAX .
a) kuibkicTb PHK 301nb1yerses;
0) xinbkicTh JJHK 30ub11y€eTHCS;
B) kuibKicTh PHK 301nb11yeThCs;
r) kuibKicTb PHK 3HMKY€ETBCS
3. [Ipu 3HEBOgHEHHI B POCIHH, HE MPUCTOCOBAHMUX 10 MOCYXH, IHTEHCHUBHICTb
JVXaHHS 3HAYHO TiJCHUITIOETHCS, a MTOTIM IMOCTYIOBO 3HIKYETHCS:
a) Tak;
0) Hi,
4. JTo cyKyNeTHIB HaJleXaThb:
a) BepOJII0Ka KOTIOYKA,;
0) MoJIOAMIIO;
B) INBHHA,
T') aBJIis.
5. o cnpaxkHix KcepodiTiB BIAHOCATHCS:
a) MOJIUH,
0) MoJIOAUIIO;
B) JUBHHA,
T') IIaBJTis.



Jlexuis 4
ExcTpeMaJibHi TemMnepaTypu Ta CTilKicTh 10 HUX. ZKapocTilikicTh

MeTa BUBYEHHS TeMM: BUBUUTH (Pi1310J10T14HI, O10XIMIUHI, TCHETUYHI OCHOBH
CTIHKOCTI POCIUH JI0 BUCOKHX TEMITepaTyp.

ILian Jekmii

1. TToHATTS TIPO KAPOCTIUKICTB.
2. BrimuB neperpiBy Ha (i310J0T14HI MPOIIECH.
3. 'eHeTHYH1 MeXaH13MU KapOCTINKOCTI POCIIHH.

Knrouosi mepminu: eucoxi memnepamypu, HcapocmiuKicms, MmMenio6ull WoK, OLIKu
Mensio6020 WOKY

4.1 [ToHATTS &KAPOCTIUKICTH

KapocTiiikicTb — 3JaTHICTh POCIUH MEPEHOCUTH JAII0 BUCOKUX TeMIEpaTyp,
neperpiBanns. lle  reHermuHo  3ymoBiIeHa  o3Haka. Bumgu 1 copTH
CLITbCHKOTOCIIOJIAPCHKUX KYJIBTYP PO3PI3HSAIOTH 3a BUTPHUBATICTIO JO BHCOKHUX
TEMIEPaTyp .

3a KapoCTIMKICTIO BUIUISIOTH 3 TPYIU POCIHUH:

XKapocriiiki — TepMOo(DisIbHI CHHBO - 3€JIeHI BOJOPOCTI Ta OakTepii rapsauumx
MIHEpaJbHUX JDKEpes, 3JaTHICTh MEPEHOCUTH IiJIBUILIEHHS TeMmIepaTrypu o 75 —
100°C. KapocTidKicTh TepMO(DUIBHUX MIKPOOPTaHi3MiB BHU3HAYAETHCS BUCOKUM
piBHEM MeTraboumisMy, migBuiieHuM ckiaagom PHK B kmituHax, cridikicTio Oinka
IUTOIIJIA3MH J0 TEIIOBOI KOATYJISAIIIi.

XKapocrTiiiki — pOCIMHU MyCTENb Ta CYXHUX MICIb MPOXKUBaHHS (CYKYJIEHTH,
NesiKl KaKTyCH, MPEeACTaBHUKUA pOJUHU TOBCTSHKOBI), IO BUTPUMYIOTh HarpiBaHHS
COHS'YHUM mpoMiHHAM 10 S50 — 65°C. JKapocTifKiCTh CYKYJEHTIB MEpPEeBaKHO
BU3HAYAETHCS MIABUIICHUMH B SI3KICTIO IUTOIUIA3MH Ta BMICTOM 3B’S3aHOT BOJM B
KJIITUHAX, TOHM)KEHUM OOMIHOM PEYOBHH.

Hexapocriiiki — Me30(]iTHI Ta BOJAHI pociavHU. Me3odiTh BIAKPUTHUX MICIb
MEPEHOCITh KOPOTKOYAcHY Aito Temmepatyp 40 — 47°C, 3aTiHeHUX MicClb — OJU3bKO
40 — 42°C, BOomHl pPOCIWHU BHUTPUMYIOTH Temmeparypu no 38 — 42°C. 3
CITbCHKOTOCTIONAPCHKUX HANOUIBIN KAPOCTIMKI TEIIOMIO0HI POCIWHU MiBACHHUX
muUpoT (mpoco, puc, 0aBOBHUK, Ta 1HIII).

binbmiicte  Me30(0iTIB  TEPEHOCATh BUCOKY TeMIEparypy TMOBITpS Ta
VHUKA€EMeperpiBy, 3aBAsSKA IHTEHCUBHIN TpaHCHipallii, Mo 3HUXKYE TEMIIEpaTypy
JTUCTKIB. bBinbmr »xapocTiiiki Me30(iTH BiIPI3HSIIOTHCS MIJIBUINECHOI0 B’ S3KICTIO
IUTOIIJIA3MH Ta MJCUIICHUM CUHTE30M OLTKIB — (DEpPMEHTIB.

KapocTiiKicTh y OUIBIIOCTI 3aJIEKUTh B1JI TPUBAJIOCTI /i1 BUCOKUX TEMIIEPATYP
Ta iX a0COJIIOTHOTO 3HAYEHHS. BIIBIIICTh CLIBCHKOTOCHOJAPCHKUX POCIMH MOYUHAE
CTpakaaTH TpHU mifBuIleH] Temnepatypu A0 35-40 °C. Ilpu uux Ta OUIBII BUCOKUX



TeMIeparypax HOpMasibHI (Pi310J10TiYHI (YHKIIT POCIMHU MPUTHIYYIOTHCSA, a TpU
temrepatypi 6:1u3bko 50 °C Mo4YMHAETHCS 3rOPTaHHS MPOTOIUIA3MH Ta BIAMHUPAHHS
KJTIITHH.

[lepeBullieHHsI ONTUMAIBHOTO TEMIIEPATYPHOTO PiBHS MPU3BOAUTH 10 YACTKOBOI
abo rimobapHOI AeHaTypallii O1kiB. Lle BukiMKkae pyiiHyBaHHS O1IKOBO — JIIITHUX
KOMIUJIEKCIB IIa3MaJieMH Ta IHIIUX KIITUHHUX MeMOpaH, MPU3BOAUTH 10 BTpaTH
OCMOTUYHUX BJIACTUBOCTEH KIITHUHU. Y pe3yibTaTl CIOCTEPIraeThCsl Ie30pTaHi3alis
06araTpox (YHKIIH KIITUHHU, 3HMKCHHS IIBUIKOCTI Pi3HUX (Di310JIOTIYHUX MPOIIECIB.
Hanpuxmnan, npu temneparypi 20°C Bci KIITHUHH MPOXOJATH MPOIEC MITOTUYHOTO
ninerss, a mpu 38°C MiTO3 BiIMIYA€ThCA B KOXHIA CbOMIM KJIITHHI, a ITiIBUIICHHS
temriepaTypu 10 42 °C 3HIKYE KUIbKICTh KIIITHH, 0 AUTITHCS B 500 pasis .

XKapocriiikicTb B 3HA4HIM Mipl BH3HA4YaeThCcsl (Pa30l0 POCTY Ta PO3BUTKY
pocivHu. Haii0unpnly MKOQy BHCOKI TEMIIEpAaTypy 3aBJalOTh HAa PAHHIX CTaIsoX
PO3BUTKY, OCKIJIBKM MOJIOJI aKTUBHO 3POCTal0ul TKAaHWHU MEHII CTiMKI, HIXK CTapi.
CTIMKICTh IO CIEKU PI3HUX OpPraHiB POCIWHU HEOJHAKOBA: MEHII CTIMKI MiJ3eMHI
opraHu, OUTBII — MarOHU Ta OPYHBKHU.

4.2 BruuB nieperpiBy Ha (pi310JI0TTYHI MPOIECH

[1ix yac mocyxu pa3oM 31 3HEBOAHEHHSM B110yBaeThcs neperpiB pociuH. [Ipu
nii Bucokux  Temmeparyp (35°C 1 BHIIE) CIOCTEPITarOThCS 3MIHU B SI3KOCTI
IUTOIJIa3MHU: dYacTilme — 30UIbIICHHS, piJlIe 3HWKCHHS. 3pOCTaHHS B S3KOCTI
IMTOTUIa3MHU CIIOBUIbHIOE ii pyX. Bucoka TemmepaTypa 30UIbIIye KOHIIEHTpPAIlIIO
KJIITUHHOTO COKY 1 MPOHHMKHICTh KIJIITHUH JJI1 CEYOBUHU, TITIIEPUHY, CO3UHY W IHIIUX
CHoJIyK. Y pe3ylbTaTi €K300CMOCY PEUOBHH, PO3YMHEHUX y  KIITHHHOMY COIIi,
MOCTYTOBO 3HIKYETHCS OCMOTUYHUN THUCK. OJHAK MpHU TeMmIepaTrypax, BHUIIUX 3a
35° C, 3HOBY BIA3HAYAETHCS PICT OCMOTHYHOI'O TUCKY Yepe3 MOCUIIEHHS T1POJIi3y
KpOXMaJI0 1 30UIbIIEHHA BMICTY MoOHocaxapuaiB. Ilpomnec ¢otocuHTe3y OibII
YYTJIMBHUI 10 Jii BUCOKUX TeMIlepaTyp, Hix auxaHs. [Ipu BHCOKoTeMIepaTypHOMY
CTpeci 3HAYHO aKTUBYEThCA TiApodi3 nomiMepiB. Po3naa OinKiB Wae 3 yTBOPEHHSM
amiaKy, 110 Ma€ OTPYWHY JiI0 Ha KJITUHU B HECTIMKUX JO MEPETpiBYy POCIUH; Y
AKAPOCTIMKUX POCIUH CHOCTEPITAETHCS 30UIBIICHHS BMICTY OPTaHIYHUX KHUCJOT, 110
3B’SI3y10Th Ha[uMIIKOBHM amiak. Ille ogHrM cmocoOoM 3aXuCTy Bl MEPErpiBy MOXKe
CIIY)KUTH TIOCWJICHA TpaHCIHIpallis, sKa 3a6e3neqy€TLc>1 MOTY>KHOIO KOPEHEBOIO
cucteMoro. B iHmMX BUMaakax (CyKyJEHTH) *KapOCTIUKICTh BU3HAYAETHCS BUCOKOIO
B’SI3KICTIO IUTOIUIA3MHU 1 TMiABUIIICHUM BMICTOM MII[HO 3B’si3aHOT BoAM. Y
CUTbCHKOTOCTIONAPCHKIA  TPAKTUIN  JJIs  MIABUIIEHHS  >KapOCTIMKOCTI  POCIIHH
3aCTOCOBYIOTH TT03akopeHeBy 00poOKky 0,05%-BuM po3uynHOM COJIEH ITUHKY.

Bucoki TeMmmepaTypu pOCIMHHM TEPEHOCATH TipIie, HIXK HU3bKI: 3HIKCHHS
TeMIrepaTypy B3UMKY POCIMHH MEPEKUBAIOTH MPOTATOM KiJIbKOX MICSIIIB, a IEPETPIB
BUKJIMKA€E 3arubenb dYepe3 Kiabka roauH. [lpum BUCOKMX Temmeparypax 3/aTHi
BwkuBaTd HE 3pocTaroui kiiTHHM a00 TKaHWHH, 3HEBOJHEH1 KIITUHU a00 TKAaHWHU
(HaciHHS 1 TWJIOK). AKTHBHO K BEreTyrul TKaHWHU PIAKO BUXHUBAIOTH IIPU
temneparypax, Ounpiux 3a +45°C. Cyxe HAaCiHHA 1 NMUJIOK JIESIKUX BHUJIB MOXYTh



BUTpuMyBatu Temmneparypy +120 1+ 70 © C BianoBigHo. Jleski CyKyIeHTH (OIyHIIis)
BUTPUMYIOTh Temnepatypy 60 - 65 °© C Buimie Hyns. Tepmodinu — pi3Hi OakTepii,
JesiIKl CMHBO-3€JIEHI BOJIOPOCTI, IO KUBYTh Y TEPMAJIbHUX JDKEpesiax, Kparepax
BYJIKaHIB, — BATPUMYIOTh TemImiepaTypu Big +60 g0 + 90 ° C.

CTiMKICTh POCIIHMH JI0 BUCOKHX TEMIEpaTyp HA3UBAIOThH Hcapocmiikicmio, ado
mepmomonepanmuicmio.  KapocTiikicTb ~ MOXK€  3MIHIOBATUCh  IPOTATOM
OHTOT€HE3y: MOJIOJI POCIMHM MEHII CTiiKi, HIX crapi. OpraHu pociuH
PO3PI3HAIOTHCS 32 CBOEKO KAPOCTIWKICTIO: OLIBIN CTiiKI MaroHu i OpyHbKH, MEHII —
KOpEeHeBa cucTeMa. 3 TKaHMH HaWOUIbII CTIMKUI KamOiil: TeMieparypa HOro KIiTHH
Moxxe focsirati + 55 © C.

Pocaunam gacto BiguyBaroTh mennosuii wox (TLL), kit MOXe TOMKOKYBaTH
OpraHu 1 TKaHWHH, 3aTPUMYyBATH PICT 1 HABITh BUKJIMKATU 3arudensb pociauH. TIHI
3a3BUYail BUHMKA€E NPHU TPUBAJIIOMY BIUIMBI a00 Aii Ay’K€ BHCOKOI TeMIiepaTypu (Bia
+55 no + 65 ° C), a TakoX yHACHIJIOK Jii BUCOKMX TeMIEpaTyp MpH HEJOCTATHIM
IIBUJKOCTI TpaHcmipaiii. Tennosuii cmpec CTaHOBUTH MOTEHIINHHY 3arpo3y MpH
BHPOIIYBaHHI POCIMH B TEIUIMII, A€ B yYMOBaX BHCOKOi BOJIOTOCTI 1 HEPYyXOMOIO
NOBITPs NMOraHO (PYHKILIOHYE CHCTEMa IMPUPOJHOTO OXOJIOIKEHHS POCIHH IUIIXOM
TpaHcIHipari.

[IpyunHa TEMmIOBOrO IIOKY IPU BHUCOKUX TEMIEpaTrypax - BTpara BOJU
POCITMHHUMH TKaHUHAMHU.

llpu nepeepisi epasxcaromvcs Hacamnepesn OUTKM 1 MeMOpaHU: MiJABUILYETHCS
CTYIIHb HEHAaCHMYEHOCTI >KMPHHX KHCJOT, IO BXOIATh O CKJIaay MeMOpaHHHX
JIMIIB, 1 IXHS MIMHHICTB; 3HWXKYETHCS 3IaTHICTh 10 YTBOPEHHS BOJHEBUX Ta 10HHHUX
3B’SI3KIB MK MOJISIPHUMU TpynamMu 010ModimMepiB; B1IOYBAETHCS MOPYLIEHHS! CUCTEMU
cnaOKuX B3a€EMOJIM, sKI 3a0e3MedyloTh MIATPUMKY IPOCTOPOBOI CTPYKTYpH B
OUIKOBUX MOJIEKyJax 1 MEeMOpaHHMX JINigax; I1HTerpajgbHl MeMOpaHH1 OUIKU
MparHyTh IUJIKOM Tepeltu B TiApodoOHy a3y MeMmOpaHu, IO MO3HAYAETHCS Ha
mpoiiecax MEeMOPaHHOTO TPAHCIIOPTY, PELeIIii, eHePTEeTHIII.

VYHacnigok nmopymieHHs TpeTuHHOT cTpykTypu enemenTiB ETL xmoporacTis i
MITOXOHJIP1i MPUTHIYYIOTHCS TIpoliecu (POTOCUHTEZY 1 TUXAHHS.

HaiiGinpmr  uyTnuBHMii 70 BHCOKHMX TeMmIeparyp mporec (POTOCHHTE3Y:
dboTocuHTe3 1HTIOYETHCS TMPU OUIBII HU3BKUX TEMIIepaTypax, HIDK JUXaHHA.
Hucbananc Mix POTOCHHTE30M 1 TUXAHHIM 0COOJIMBO XapaktepHuit s Cz-pociuH,
Ha BIJIMIHY BiJI NMPUCTOCOBAHMX JO MOCyXW 1 BHCOKHX Temrepatyp Cs- 1 CAM-
POCJIUH.

[Ipu aii BUCOKMX Temmeparyp AIIOTh 3aXMCHI MEXaHI3MH 2 THUMIB: VHUKHYMU
nepezpigy i npucmocy8amucy 00 iCHY8AHHS 8 YMOBAX BUCOKUX MeMnepamyp.

Vuuxnenns nepecpigy HOCATA€TbCA 3a TOTIOMOTOI0 aHATOMIYHUX MPHUCTOCYBAaHb
(JucTa Mae KCEpOMOP(PHY CTPYKTYPY, OPIEHTOBAHE BEPTUKAIBHO, HMIKIPSCTE, TOKPUTE
BOJIOCKAMHU, BOCKOM, Ma€ Majl0 TMPOJMXIB, SKI YacTO 3aHypEHi, OaratomapoBHii
emiziepMic 1 TadicaJHy TNapeHxiMy), a TaKoX 3a paxyHOK iHTeHcH(ikarii
BUIIAPOBYBAHHS BOJU B XO/I1 MPOAUXOBOI TpaHCHIpaIlii.

Icnysanns 6 ymoeax eucoxkux memnepamyp JOCSTAETbCS 32 JOIOMOIOKO
61oximiuHO1 aganTarii. XKapocTiiiki pocIMHU BIAPI3ZHAIOTHCS 3HAYHUMH KIIBKOCTSIMU
MIIIHO 3B’sI3aHOI BOJM; HAABHICTIO OCMOTUYHO aKTMBHUX PEUYOBUH (MPOJIiHY, OeTaiH,



MOJTIOJIB, BYTJIEBO/IB) 1 T1APOQIIFHUX OJITOTENTH/IB; CTAOUIBHIM PIBHEM JMXaHHS,
3HEIMIKOHKEHHAM NpoayKTiB [1OJI; ctabiibHICTIO MEMOpaHHUX JIITIAIB 1 O1IKIB.

SIKIo MIKiJIMBaA Jisl BUCOKOI TEMIIEpPaTypH IEPEBUINYE 3aXUCHI MOMKIUBOCTI
Mopdo-aHATOMIYHUX 1 (PI310JIOTIUHUX MPUCTOCYBAHb, BKIFOYAETHCA TaKUK MEXaH13M
3aXHCTY: CHHTE3YIOThCs Oinku TerutoBoro moky (BTI, ski € ogHUM 3 OCHOBHHUX
CJIEMEHTIB ajanTarlii 10 TEIJIOBOTO CTPECY.

4.3 I'eHeTUYHI MEXaHI3MH KapOCTIMKOCTI POCIUH

Vnepwe BTII sussneni y Oposzoginu, Ti3HINIE ineHTHU(IKOBaHI B TBapHH
(BKJIFOYAIOUU JIIOJIUHY), MIKpoopraHi3miB 1 pociuH. Y pociud BTII Bnepmie Oynu
BusiBiieH1 B 1980p. 1, K 1 B IHITUX OpPraHi3MiB, MHOKHHHI.

BTHI npeacraBneHi osoma epynamu eucokomonexkynapuux (60-110 xJ[) 1
nHuzokomonekynsapuux (15-35 xJI) OinkiB. KokHa Tpyma OiMTBbCS Ha KUIbKa
npenacraBaukiB: bBTHI  nidpozoinsiome na 5 pooun BIANOBIAHO J0 IXHIX
MOJIEKYJIIPHUX Mac, KOPOTKa XapaKTEPUCTHKA SKUX HAaBEJICHA HUKYE.

BTHI-100: BuKOHYIOTh (DYHKIIIFO IIANEPOHIB — 31HCHIOIOTH PO3Maj] O1JIKOBUX
arperarTiB, 10 YTBOPIOIOTHCS BHACIHIJOK Ji€HATypallii OUIKIB MpU TEIJIOBIHA Mii, 1
3ano0iraloTh MOMMWJIKM B 3TOPTaHHI MOJINENTUAHOTO JaHIora npu (opMyBaHHI
TPETUHHOI CTPYKTYpH OLITKOBUX MOJIEKYJI.

BTHI-90: BusiBneni B uurto3omi, siapi i EIIP — MoxyTh (QyHKIIOHYBaTH SIK
MOJIEKYJIIpHI ~ IIAllIEpOHM, MpPOTE, Ha BIAMIHY BIJl TUIOBHUX IIANEPOHIB,
BHCOKOCIEUHU(IYHI I0A0 MEBHUX O1IKIB 1 BCTYNAIOTh 3 HUMHU B TPUBAY B3a€MOIIO.

BTHI-70: AT®-3anmexxHi MONEKYISIpHI IIANEpPOHHU; JeAKi WIEHH bOTO
CIMEHCTBA EKCIPECYIOThCS KOHCTUTYTHUBHO, IHINI 1HAYKYIOTHCS TEIUIOBUM YH
XOJIOJJOBUM IIIOKOM; BUSBISIOTHCSA B 1uTo30:1, EIIP, MiToXoHmpisx, miacTugax Ta
IHIMMX oOpraHenax; OepyTh Y4YacTh y B3TOPTaHHI 1 PO3TOPTAHHI MOJINENTHIHUX
JAHIIOTIB, 30MpaHHI Ta pPO30MpaHHI YETBEPTUHHOI CTpykTypu Oinka. Ilim dac
TEIIOBOTO IIOKY 3HAXOJATHCSA B IIOJICOMI W MITPYIOTh J0 IIMTOIIA3MH TI0s
3aKIHYEHHIO TEIJIOBOTO BIUIMBY.

BTHI-60: ™malyTh, € MOJEKYIIpHUMH IIANepOHAMH; BHSBJSIOTECA B
MITOXOHIPiaIbHOMY MAaTPHUKCI 1 CTPOMI XJIOPOIUIACTIB; HE TUIbKM 1HAYKYThCst TLL,
ajie HasiBHI B POCJIMHAX TaKOX 1 MPU HOPMAJIbHHUX TEMIIepaTypax; TOJ0BHA (PYHKIIIS
nojsirae B 30MpaHHI OUIKOBUX MOJIEKYJ, IO CKJIAJAOThes 3 cyOonuHuIb. OauH 3
BTII-60, sxuii KOAYEThCA SAEPHUM T€HOMOM, CTAHOBUTH COOOIO XJIOPOIUIACTHMIA
01710k, skl 6epe ydacThb y 30upaHHi pi0yno3o0ichochaTrkapOokcuiasm.

Huszbkomouexkyasipui BTHI 3 monekynspuumu macamu Bin 15 mo 30 x/la
BUSIBJISIIOTBCS B KIIITHMHAX POCIMH Y BEIMKUX KUIBKOCTSX; PO3MOAUISIIOTHCS 3a
PI3HUMH KOMMIApPTMEHTAMH KIITHHH; (OPMYIOTh KOMIUIEKCH 3 MOJICKYJISIPHUMHU
macamu Big 200 o 800 x/la. Xoua ixHs posib 0araTo B 4OMY 3aJIMIIAETHCSA HESICHOIO,
BBAXKAETHCS, IO BOHU POOJSATH CYTTEBUN BHECOK y TEPMOTOJEPAHTHICTH POCIHH.
Hemae BimomocTeii mpo Te, 110 BOHU MOTPIOHI Al HOPMANbHUX KIITUHHUX (YHKIIH,
to0T0 B BiacytHicTh TII. Husbkomonexkynspui BTHI He Bumaraiote ATO.
[Tokazano, mo BTII-18, 1 3 ropoxy (Pisumsativum) 3amo0irae arperariii OiIKiB IIpH



BHUCOKHUX TEMIIEpaTypax.

Hesxi BTII He MaroTh BIJHOIICHHS [0 TEIUJIOBOIO INOKY, a I1HIIIIOIOTHCS
IHIIMMU TUNAMU  CTPECOBUX BIUIMBIB (IIOCYXOI0, HU3BKMMHU TeMIIepaTypaMu,
MEXaHIYHUMH TIOIIKO/KEHHSIMH, 3acoyieHHsM) 1 o0poOkoro ABK. Kuitunu, ski
3a3HaJId BIUTMBY OJTHOT'O BUY CTpecy, HaOyBaroTh CTIMKOCTI (depe3 yrBopeHHs: BTII)
710 THIIMX YIITKO/KYBaJbHUX YUHHUKIB, TOOTO BIIOYBAETHCS KpoCc-adanmayisi.

SAxuM 4rHOM BIIOYBA€THCS 1HAYKINISI CHHTE3Y O1JIKIB TEIIJIOBOTO MIOKY?

Lllsuoxuii Haepieé KMiTHH a00 IPOPOCTKIB pociuH 0o memnepamypu + 40 ° C (Ha
8-10 ° C Bumie HOpManbHOT) mpUrHidYye cuHTe3 O1nbiocTi 611kiB 1 MPHK 1 akTuBYye
cunte3 Oxm3pko 30 - 50 BTUI (puc. 4. 1). Hosi Tpanckpuntu BT — BignosinHi
MPHK — BusBmsitoThCsi Bke dyepe3 3-S5 XB. MICIS BIUIMBY BHCOKHUX TEMIIEpaTyp
(YTBOpPEHHSI CIIOCTEpITa€TbCs TAKOXK y TPUPOJHUX YMOBAX NPU IMOCTYIIOBOMY
niaBuIeHH1 Temneparypu), a BT — yepe3 15 xB. micist nouatky TLL, ixHii cuHTE3
J0CATa€E MAKCUMYMY uepe3 2 - 4 TOANHM TEIJIOBOTO IIOKY, a OTIM calIiae.

Puc. 4. 1. Innykuis cunTe3y O11KiB TeruioBoro moky (BTLL):

TII - TennoBuil mok, T® — Tpanckpuniuiinuii ¢akrop rewis bTUI, PE —
perynstopuuii enement rediB BT, o Bkitouae ixHto ekcnpecito npu TIHI; cripani
— BTHI.

B imgykmii Bigmomimi pocima Ha TIHI 1ieHTpanmbHe MICIEe  BIABOJUTHCS
dbochopmmoBanHio/  AepochopusoBaHHIO  TpaHCKpHUMIiiiHOrO  (akTopa, wIO
copuiiMae TeMIepaTypHUW curHal 1 HaOyBa€e 30aTHOCTI 3B’sI3yBaTHCS 3
MPOMOTOPHUMH JIJITHKAMU T'€HIB O1JIKIB TETJIOBOTO IIOKY 1 aKTUBYBATH TXHIO pOOOTY



(puc. 4. 2)

Excnpecis rena BTHI-70 xoHTpomitoeThess TpaHckpuniiitHum ¢akropom HSF
(heatshockfactor), skuii B3aemMojiie 3 KOHCEPBAaTUBHOK MociigoBHICTIO HSE
(heatshockelement) mpomoTopHiii o6nacti renis bTII. HSE moxe 38 s3yBatu [JHK,
TUIbKH mepeOyBaroun y ¢opmi Tpumepa. TII morpiben s Tpumepu3alis:
yTBOpeHHs TpuMmMmepa HSE.
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Puc. 4.2. Ianyxuis excrpecii rena bTHI-70:

HSF (heatshockfactor) — Ttpanc-dakrop, ado ¢akrop TemoBoro oky; HSE
(heatshockelement) — enemMeHT TerIOBOTO IIOKY MPOMOTOPHOI o0jacti renis BT,

HSP70 - BTHI-70;
1 — xommuiekc dakropa TemioBoro moky 3 bTHI-70;

2 — 3BitbHEeHHS ¢akTtopa TeroBoro moky Big BTII-70 mpu migBuiieHHi

TEeMIIepaTypH 1 yTBOPEHHI TpUMepy (pakTopa TErIoBOro MIOKY;

3 — Tpumep (¢akTopa TEIJIOBOTO IIOKY BII3HAE €JIEMEHT TEIUIOBOTO IIOKY

npomMoTopHO# o6sacti reniB BT,

4 — omun 3 ¢akropiB TII dochopuntoerbesi NpoTETHKIHA3010, IO 1HILIIOE

excnpecito rena TIII;
5 —na MPHK cunresyerbcss BTII-70;

6 — BTII-70 3B’s3yeThcst 3 (PaKTOpOM TEMJIOBOTO IIOKY (Lle MPU3BOAUTH O

JUcolialii KOMIUIEKCY (akTopa TeIIOBOTO MIOKY 1 €JIEMEHTa TEMIOBOTO LIOKY);

7 — Tpumep ¢dakTopa TEIUIOBOTO MIOKY PO3MAAAE€THCS 10 YEPTOBOTO IMiIBUIIICHHS

TeMIEepaTypHu.

[TigBUIIIUTH KAPOCTIHKICTh (TEPMOCTIMKICTh) POCIWH MOKHA 3a JIONOMOT'OKO

V) 2+
obmpuckyBannas G, G5% po3zunHOM coneit Zn“'; 3a paxyHOK TpaHcdopmairi 3a
dbepMeHTaMU CHHTE3y OCMOTOKIB 1 (pepMeHTaM AaHTUOKCHUIAHTHOTO 3axHCTY;



3arapTyBaHHSIM HaciHHS a0o po3caau. Y Mpoleci 3arapTOBYBaHHS MiJABHUILY€ETHCS
CTIMKICTh YCIX MeMOpaHHUX 1 pO3YMHHUX KOMIOHEHTIB DPCA, MNOCUIIOEThCA
TIOTJTMHAHHS KHCHIO.

IIuTanHs Ta TeCTH AJIsl CAMOKOHTPOJIIO

1. OxapakTepu3yiiTe TemmeparypHi MeXl KUTTEAISUIBHOCTI POCIHH; BILUIUB
BHUCOKOI TeMIIepaTypH Ha KaTaJliTUYHI BIAaCTUBOCTI (PEPMEHTIB.

2. SIxi TemmepaTypHi MeEXl1 JKUTTEIISUIBHOCTI pociuH?  OxapakTepus3yBaTH
BIUIMB BUCOKOI TeMIepaTypy Ha KaTaJIiTUYHI BIACTUBOCTI (DEpPMEHTIB.

3. OxapakTepuzyiTe MeXaHI3MH MPUCTOCYBAaHHS POCIUWH 10 [ii BHUCOKHUX
temriepatyp. nsxu 3ano0iranHs rneperpiBy pocivH.

4. SIki iICHYIOTh MEXaHI3MHU XKaPOCTIUKOCTI HA (P1310710r0-010XIMIYHOMY PiBH1?

5. Hassite Oinkum temoBoro moky (BTIHI) ta oxapakrepusyiTe iXHA poib y
CTIAKOCTI POCIIMH JI0 BUCOKHX TeMIIEpaTyp.

TecToB1 3aBIaHHSI

1.51xi kniTuHK 30aTHI BrokuBaty npu +120°C?
a) CIIOpH NanopoTi,
0) KJIITHHU eIiIepMICY;
B) CyXe HACIHHS;
T') OWIOK.
2. SIKi TKaHWUHU HaWO1IBII KapOCTIHNKI?
a) BEpIBKOBAa MEPUCTEMA,;
0) xaMOiif;
B) M€30(1JI TUCTKA;
T') KOJICHXIMa.
8. IIpu meperpiBi HacaMIiepe ypakaroThCsl OLIKK 1 MeEMOpaHu:
a) Tak;
0) Hi.
3. YV pesynpTaTi TOpPYIIEHHS TPETUHHOI CTpyKTypu enemeHTiB  ETI]
XJIOPOIJIACTIB 1 MITOXOHJAPIA MPUCKOPIOIOTHCSA TporiecH (OTOCUHTE3Y 1
TTUXaHHS:
a) Tak,
0) Hi.
4. HaitOib11 9y TIMBUN JO BUCOKUX TEMITEpaTyp:
a) TpaHcIipanis;
0) nUXaHHS,
B) picCT;
r) porocunTes.



Jlekuis 5
ExcTrpeMaJibHi HU3bKI TeMIIepaTypPH Ta CTIMKICTH 10 HUX

Meta: BuBuuTH (Hi3i00T14HI, 010XIMiUHI, TEHETHYHI OCHOBH CTIMKOCTI POCIIMH
710 HU3BKUX TEMIIEPaTyp.

ILian Jekmii

1. TemnepaTypHi MeXi BHUTPUBAJIOCTI POCIWH A0 HHU3BKHX TEMIIEpaTyp.
[TOHATTS «XOIOIOCTIMKICTBY Ta «MOPO30CTIHKICTEY» POCIHH.

2. [IpuctocyBaHHS pOCIUH JI0 TIEPEHECCHHSI HU3BKUX TEMITEPaTyp.

3. Jlist HU3BKUX MO3UTHUBHUX TEMIIEPATYP 1 XOJOAOCTINKICTh POCIIHH.

4. Jlist HETaTUBHUX TEMIIEPATyp Ta MOPO3OCTIMKICTh POCIUH

Knrouosi mepminu: mopozocmitikicms, X01000CMIltiKicmb, SAPOSI POCIUHU,  3A2APMYBAHHSL
POCIUH, OLIKU XON0008020 UWOKY

5.1 TemnepaTypHi MesKi BATPHUBAJIOCTI POCJUH 10 HU3bKHUX TemnepaTtyp. [lonsarTs
«XO0JIOAOCTINKICTB» Ta «KMOPO3OCTINKICTH» POCIUH

PocauHu pi3HUX MICIp 3acelieHHsS MalTh 1 HEOJHAKOBI MeEX1 HHU3BKUX
MOIIKO/KYyBaIbHUX Temmeparyp. Tak, pociunu Kpaitnpoi IliBHOU1 0e3 ocoOnmBOi
IIKOAM B3UMKY TIEPEHOCATh 0X0JIOKeHHs 10 - 60°C. Taki 1eHTpanbHOEBPONIEHCHKI
BUJIM, SIKI IBITYTh y3UMKY (cTokpoTka (Bellis perenes) um 3ipounuxk (Stellaria media),
MOXKYTh TIEPEHOCUTH 3aMEp3aHHs, a MPH MiJBUIICHHI TeMIEpaTypy MPOIOBKYIOTh
CBOIO JKUTTEISUIBHICT. Y TOM )K€ 4ac OUIBIIICTh TEMIOMIOOHUX POCIUH MiBICHHOTO
MOXO/DKEHHSI MOraHO NEPEHOCHUTh HU3bKI MO3UTHBHI Temneparypu (Bin 10°C Ta
HUKYE.

Hanpuknazn, pocnuau kakao TMHYTh 1ipu 8°C, 0OaBOBHUK TMHE MPOTITrOM 00U
npu Temrepatypi Big 1 1o 3°C, mpopocTaHHS 3€pHIBOK 1 PICT MPOPOCTKA KyKypYA3U
TaIbMYIOThCSl Temneparypamu rpyHTy Hmwkde 10° C i 1. 1. ToMy cTiiikicTh pociivH
710 HU3bKUX TEMIIEPATyp MOAUISAIOTH Ha XOJOJOCTIMKICTh, YU CTIMKICTh TETIONIIO0HUX
POCIIMH /10 HM3bKHX TO3UTHUBHUX TEMIIEpaTyp, 1 MOPO3OCTIWKICTh, UM 3JAaTHICTH
POCJINH NIepeHOoCUTH TeMiieparypu Huxue 0°C.

Xonooocmiiikicmo (Puc.5.1). Ilpu po3MillieHHI TETUTOMOOHUX POCIHH B YMOBH
HU3bKOI TO3WTHUBHOI TEeMIEpaTypu BIJ3HAYAE€TbCA IIOCTYIIOBAa BTpaTta TYypropy
KIIITHHAMH Ha/I3€MHOI YaCTUHY (HAMPUKIIAI, TUCTKU OTipKa BTPAYarOTh TYyprop mpu
3° C Ha 3-ii neHb, pocinuHa B’sHe 1 ruHe). OTxe, IpU HU3bKUX TeMIEepaTypax MOKe
MOPYIIYBATUCS HAIXOJPKEHHS BOAW J0  TPaAHCHIpAIiiHUX OpraHiB. Y ACSKHX
CIIOCTEPITAEThCS TMOCUJIEHHS po3Maay OUIKIB 1 HarpoOMapKEeHHS B TKaHUHaX
po3unHHUX (opM a30Ty. OCHOBHOIO MPUYMHOKO MOIIKO/KYIOBAJIBHOI Jii  HU3BKOI
MO3UTUBHOI TEMIIEpaTypu Ha TEIJIONIOOHI POCIMHU € MOPYUIEHHS (PYHKI[IOHATBHOT
aKTUBHOCTI MeMOpaH. BinOyBaeTbcsi mepexifi HACHYEHHX JKUPHUX KHCIOT, IO
BXOJIITh 70 iXHBOTO CKJaAy, 3 PLAKOKPUCTAJIIYHOTO CTaHy B cTaH remo. Lle
MNPU3BOAUTDH 10 HECTIPUSATIMBHUX MOPYIIEHb B OOMIHI PEYOBHH, a MPU TpUBAIIN il



HU3BKO1 TeMIlepaTypu — 0 3aru0eni pociuHU. XOJOMOCTIHKICTh TEIIOTI00HUX
CLITBCHKOTOCTIOAAPCHKUX POCIHMH MOXKHA ITICHINTH TIEPEIIIOCIBHIM 3arapTyBaHHSIM
HaciHHA. HaciHHS Teronmro0HUX KyJIbTyp (OTipKH, TOMATH, AUHS W 1H.) TIPOTATOM
KUIBKOX 110 BUTPUMYIOTh B YMOBaX HM3bKUX MO3UTUBHUX (1-5°C) 1 OULIBII BUCOKUX
(10-20° C) TemmepaTyp, 1m0 4epryroThes (uepe3 12 ropa.). Takum ke crocoboM
MOJKHA TIOTIM 3arapTyBaTH po3canxy. XOJOJOCTIMKICTh  ITiIBUIYETHCS TAKOX TPH
3amouyBaHH1 HaciHHA y 0,25 %-BUX po3uMHAX MIKPOEJIEMEHTIB Y HITpaTy aMOHIIO
(mpotsirom 20 rof. nsisi 0aBOBHUKY).

[ CTIUKICT POCIIMH 0 HU3BKHX TEMIIEPATYP ]
1 : 1
[ X0J0N0CTIHKICTD ) | MODO3OCTINKICTh ]
6[iﬁKiCTL TEIUIOTIO0HUX pocm}b / \
Ta POCJIMH MOMIPHOI 30HH JI0 31aTHICTb POCITMH IEPEHOCUTH
HHU3bKHX MMO3UTHUBHUX TeMIIEpaTypy HIKYE °C;
TeMIepaTyp; 31aTHICTh BUKUBATH NMPH
31aTHICTh BUKMBATH B YMOBax 3aMOpO3Kax
HU3bKHX MO3MTHBHUX

K TeMIIepaTyp / \ J

Puc. 5.1 CTiiiKicTh POCJIMH 10 HU3bKHUX TeMIIEpaTyp

Mopo3zocmiiikicms. Ha 42 % teputopii 3emyi € 3BHYAHUMH MOPO3H 13
CEepelHIM pIYHUM MIHIMYMOM TeMIiepaTypu TmoBiTps Humxkde -20° C. 3Biacu
BUILJIUBAE 3HAYEHHS MOPO3OCTIHKOCTI POCIMH JUIsi  CUTBCHKOTOCIIOIAPCHKOTO
BUPOOHMIITBA LIUX PAalOHIB. Y HalIli KpaiHi BEJIMKUN BHECOK Y BUBUEHHS IPOOIEMHU
Mopo3ocTiiikocTi BHecan pobotu H. A. Makcumona, 1. 1. TymanoBa i 6ararbox
iHmMX gochigHukiB. IlIBuaKe 3HMKEHHS TEMIEpaTypd B  €KCIEPUMEHTAIBHHUX
YMOBaX CYHPOBODKYETHCS YTBOPEHHSM JIbOJY BCEPEIWHI KIITHH 1, SK MPaBHIIO,
ixuporo 3arubestto. [loctynmoBe 3HmxkenHs Ttemnepatypu (0,5-1° C/rox.), sk 1e
BiIOYBa€ThCS B TPUPOJHUX yMOBaX, TPU3BOAUTH O YTBOPEHHS JHOIy B
MDKKIITUHHUKaX. [Ipu 11bOMy KpuCTaJd JIbOAY, LIO0 YTBOPIOIOTHCS, BHUTICHSIOTH 3
MDKKJIITHHHHKIB TIOBITPA, 1 3aMep3Jia TKaHWHA BUTJIsAaE Tpo3oporo. [Ipu BinTaBanHi
MDKKJIITUHHUKH 3alI0BHIOIOTHLCSI BOJOIO, SIKA MOTIM ITOTJIMHAETHLCS KIITHHAMH, SIKIIO
BOHU HE 3arvHyJu Big MOpo3y. OCHOBHMUMH MPUYMHAMH BIIMUPAHHS KIITHH TPU
HU3BKUX HETaTUBHUX TeMIlepaTypax €: 1) iXHe 3HEBOAHEHHS 1 2) MEXaHIYHUI THUCK
JHOJIOM, IO  YIIKOJPKYE KIITHHHI CTPYKTYpU. 3HEBOJAHEHHS BUHHUKAE depes
BIITATYBAaHHS BOJW 3 KJIITHH B MDKKIITHHHUN TPOCTIp YTBOPEHUMH KPHUCTATIAMH
npoay. HaliG11b11 po3MnoBCIO/IKEH] O3HAKW YIIKOJKEHHS BlJ 3aMEp3aHHs — BTpara
KJIITUHAMHU TYpropy, 1HOUIbTpallisi MDKKIITUHHUKIB BOJOK 1 BUMHUBAaHHS 10HIB 13
kiithH. [lpy nboMy 3HAYHUX TOpYIIEHb y JimiaHik ¢da3i memOpaHn Hemae. Buxing



. . . + . o
ykpiB Ta ioHiB K' 3 KJIITHH, OYEBUAHO, OB SI3aHUN 3 YIIKOHKEHHSIM MEMOpPaHHUX
CUCTEM, 30KpeMa IXHbOT'0 aKTUBHOTO TpaHcHopTy (Ha ocHoBi ATPa3).

5.2 IIpucTocyBaHHs POCJIHH JI0 IEPEHECEHHS] HU3bKUX TEMIIEpaTyp

Mopo30cCTiliKi pOCIMHM 37aTHI 3aro0iraTi 4 3MEHIIYBAaTH JiI0 HETAaTUBHUX
TeMriepatyp. Taki pOCIMHHM MarOTh MPUCTOCYBAHHS, IO 3MEHIIYIOTH 3HEBOIHCHHS
KJIITUHHU.

1. JIns 3anmo0iraHHsi YTBOPEHHS BHYTPIITHBOKIIITHHHOTO JHOAY MPH 3aMOPO3Kax
NEePIIOYEProBe 3HAUCHHS MAa€ MOKJIMBICTh IIBUAKOTO TPAHCHOPTY BUIBHOI BOAM 3
KIITHH JI0 MICIh IO3aKJIITHHHOTO YTBOPEHHS JIbOJY, TOOTO MiATPUMKA BHCOKOI
MPOHUKHOCTI MeMOpaH 3a 1HuX YyMOB. Taka MOXIUBICTh 3a0€3MeUyeThCs
OCOOJIMBOCTSIMHU JIIIJHOTO CKJIaTy MeMOpaH CTIMKHX POCIWH. 3arajibHa peakxiis
pPOCJIMH Ha HHU3BKI TeMIeparypu — 30UIbIICHHS B CKjIaai MeMOpaH KUIbKOCTI
HEHACHMYCHUX JKUPHUX KHCIOT. lle 3yMOBIIOE 3HW)KEHHS TeMmieparypu (a3zoBoro
nepexoay JIMiAiB 3 PIAKOKPUCTATIYHOTO CTaHy B Tejib JI0 BEJIMYMHH, IO JICXKUTh
HUKYE PIBHS 3aMEP3aHHS.

2. llepeHeceHHI0O MOPO3IB CIpHUSE€ TAKOX IOCHIECHHS MPOLECIB CHHTE3Y
PEYOBHH, IO 3aXMUIAIOTh TKAaHWHU (KplompoTeKTopiB). Jlo HHMX BIAHOCATHCS
HacaMmIiepes MoJIMEpH, 3[1aTHI 3B’SA3YBAaTH 3HA4YHI KUIBKOCTI BOAM, — T1APO(]iIbHI
OIKM, MOHO - 1 oJirocaxapuau. Boma, mo 3B’A3ye€Tbcsl y  BUTISAII T1IpaTHUX
000JIOHOK LIUMHU MOJIEKYJIaMH, HE 3aMep3a€ 1 He TPAHCIOPTYETHCA, 3aJIUILIAIOYUCh Y
KIITHHI. Y Takuil CrociO KIITHHU 3aXUIIAIOTHhCS BiJl BHYTPIIIHBOKIITHHHOTO JIHOTY
1 HQIMIPHOTO 3HEBOJHEHHS. Y MOPO30CTIMKUX POCIWH MPHU il HU3BKUX TEMIEPaTyp
MOCWJIIOETHCSL  T1IPOJII3 KPOXMAII0 M Yy IUTOIUIa3Mi HAKOMUYYIOTHCS IYKPH, Y
O1IBIIIOCT1 POCIIMH 3POCTAE CHHTE3 BOJOPO3YMHHUX OUIKIB. UMM BHIIMM IXHIM BMICT,
TUM OUIbIIA IMOBIPHICTh KJIITHHHM BHXKUTH B YMOBAaX HU3BKHUX Temmeparyp. [Hmmi
TUAN ~ TOJIMEPIB-KPIOMPOTEKTOPIB  —  MOJIEKYJIM  TeMILenoiao3  (KCHUJIaHW,
apaOlHOKCHIIaHU), SIKI BUJIUIAIOTHCS B KIITUHHY CTIHKY BOHM 00ropTaroTh KpucTaiu
JBOY 1 TAIBMYIOTh IXHIM pICT. 3PEIITOI0 YTBOPIOIOTHCS JAPIOHIIIT KPUCTAIH, IO
MEHIIIE YIITKOKYIOTh KIIITHHY.

3. Y MOpPO30CTIHKUX POCIWH Yy TMEpioJl MIATOTOBKU 10 3UMHU HAKOTMUYYHOTHCS
3amacHi pe4yoBUHHU, 110 MOKYTh BUKOPUCTOBYBATHCH MOTIM MPHU MOHOBJIEHHI POCTY.
CyTTeBa TakoX IXHS CTIMKICTH O XBOpOO, HeOe3neka BUHUKHEHHS SIKHX 3pOCTa€e
P YIIKO/KEHHI TKAaHUH MOPO30M. XOJIOIOCTIHKICTh POCIUH MOYKHA ITIIBUIIUTH 32
JIOTIOMOTOI0 3arapTyBaHHS. Y HamIiil KpaiHi Teopis 3arapTyBaHHS J0 HHU3bKHUX
temriepatyp pospobniena I.I. TymanoBum. BiamoBigHo no imiei Teopii, pocauHu s
HaOyBaHHS BJIACTUBOCTI MOPO30CTINKOCTI MOBUHHI MPOWUTH TPU €Talu MiJATOTOBKH:
nepexiJ y cTaH CIOKO, IOTIM nepiny 1 Apyry (as3u 3araptyBanss. [lepexin y cran
CIIOKOIO CYIPOBOJIKYETHCSA 3CYBOM OajilaHCy (DITOTOPMOHIB YOIK 3MEHIIEHHSI BMICTY
ayKCHUHY 1 ribeperiHiB 1 301IbIIEHHS BMICTY a0CIiU30BO1 KuciIoTh. OOpoOKa poCiauH y
e mnepioj 1HTIOITOpaMH POCTY (XJOPXOMIHXJIOPUIAOM YU TPUHOIOCH30MHOIO
KHUCJIOTOIO) MiJIBUIILYE CTIMKICTh POCIMH JI0 HU3bKUX Temmepatyp. [Ipotsrom nepiuoi



¢dazu 3arapTyBaHHs (03UMi 37aKU MPOXOATH nepiry (azy Ha cBiTi npu 0,5-2 °C 3a
6-9 nHiB, nepeBHi — 3a 30 qHIB) MPU 3HWKEHUX MO3UTUBHUX TemmepaTypax (10 0°C)
3YIMUHSAETHCS PICT (SIKIIO POCIUHHM HE TMepeOyBaloTh y CTaHl CIIOKOIO), y KJIITHHAX
HAKOMUYYIOThCS CIOJIYKH, IO BUKOHYIOTh 3aXMCHY (YHKIIIO (IIyKpH, PO3YMHHI
Olnku ¥ 1H.), y MeMmOpaHax 3pOCTa€ BMICT HEHACHUYCHHX KHUPHUX KHCJIOT,
3HIDKYETBCSL ~ PIBEHb 3aMEp3aHHs IUTOIUIA3MH, B1JI3HAYAETHCS JCSKE 3MEHIICHHS
BHYTPIIIHbOKIIITUHHOI BOJH, 110 TaJIbMYy€ YTBOPEHHS BHYTPIIIHBOKIITUHHOTO JTHOY.

VY mepion mpoxompkeHHS apyroi ¢aszu 3arapTyBaHHS (ITOCTYIIOBE 3HIDKCHHS
temneparypu a0 -10, -20°C 1 wHmwxkye 31 mBuakictio 2-3°C 3a nody) y
MDKKJIITHHHHKAX YTBOPIOETHCS JIIJI 1 TOYMHAIOTH (YHKIIIOHYBAaTH MEXaHI3MH
3aXUCTY BIiA 3HEBOJHEHHS, MIATOTOBIEHI mpoTsaroM mepmoi ¢a3u. Ha
MOPO30CTIAKICTh, SIK 1 Ha XOJOJOCTIMKICTh POCIHH, MO3UTHBHUN BIUIMB MAalOTh
MIKpOEJIEMEHTH. 30KpeMa, IMHK MiJABUILYE BMICT 3B’S13aHOI BOJIMU 1 MOCHIIIOE
HarpoMaJpKeHHsST IYKpiB, a MOJIOJIEH crhpusie 30UIBIIEHHIO BMICTY 3arajibHOTO 1
O11KoBorO a30Ty. [loaiOHMIA edeKT 3a1HCHIOITh KOOAIbT, Mib, BAaHAIIH.

5.3 Jlist HU3bKUX MO3UTUBHUX TEMIIEPATYP 1 XOJIOAOCTIAKICTh POCITHH

3HIKEHI TEeMIEPATypH XapaKTepHI HE TUIbKH JJI 30H MOMIPHOTO 1 XOJIOJAHOIO
KJIIMATy: B CYOTpONiKax y «3UMOBUI» MEP10Jl BIAOYBAETHCS 3HIXKEHHS TEMITEpaTyp 1
HaBIThb BUNAJA€ IHOAI CHIT; CHUJIbHI KOJMBaHHS TEMIIEpAaTypu BIIUYBAaIOTh TIPChKI
pociunu. Ilpy 1bOMy mJis pOCAMH 3 PpI3HUX MICHb MPOKUBAHHS XapaKTEpHI
HEOJTHAKOBI MeEX1 YIIKO/KYBIBHUX HHU3BKHUX TemrepaTyp: pociuaud KpaitHboi
[1iBHOYI mepeHOCATh 0X0J0/KeHHs 10 - 60 °C, a OUIBIIICTh TEMIOMIOOHUX POCIHH
MIBICHHOTO MOXO/KEHHSI TUHYTH Mpu TemrepaTypi Bix +1 mo +10 ° C (manpuxian,
0aBoBHUK mpu TemriepaTypi npo +1 mgo +3 ° C rune npotsrom 1 mobu, pocivuHu
Kakao npu +8 © C - mpoTAroM KUTbKOX TOIMH).

Y  TemnonoOHMX POCIAMH TPU  HU3BKUX TO3UTUBHHMX TEMIIEpaTypax
BIIOYBA€ThCS 6mpama myp2opy KIITUHAMH HAJ3€MHOI YaCTHMHM 4epe3 MOPYIIECHHS
MOCTayaHHs BOJM, L0 MPHU3BOAUTH A0 3MEHUICHHS BMICTY BHYTPIIIHbOKIITUHHOI
BOJIM; NOCUTIOEMbCS po3nad 0inkie, MO MPU3BOIUTH 0 HAKOMHMYEHHS B TKAHUHAX
PO3UYMHHUX (OPM a30TY, 3MIHIOEMbCA PYHKYIOHANbHA AKMUBHICHb MeMOpaH 4epes
nepexii JiiAiB 3 PIAKOKPUCTATIIYHOTO CTaHy J0 CTaHy redio.

3MiHU cTaHy MeMOpaH MpU HU3BKIA TeMmmeparypi 3HaYHOK MIPOIO MOB’sA3aHi 3
empamoio Ca** (puc. 4. 4).

OcHOBHA MpUYMHA YIIKOKYBATBHOI i HU3bKUX MO3UTHBHUX TEMIIEpaTyp Ha
TEIJIONIIOOHI POCIMHU - MOPYLIEHHs (YHKLIOHYBAHHS KIITUHHUX MEMOpaH d4epes
IXHE «3aTBEpIiHHS», TMOB’s3aHE 3 (DA30BUMHU TEPEeXONaMH KUPHHUX KHUCIOT (Tpu
JIOCUTh HU3BbKHX TeMIeparypax JiMmigHi Oillapu TOBOAATHCS SK TBEPHAl Tija).
3aTBepaiHHS a00 «IUIABJICHHS» MEMOpPAHHMX JIIMIIIB 3aJICKUTh BiJ] BMICTY B HUX
KUPHUX KUCHOT. J{JI1 HACHYEHHX KUPHUX KUCJIOT 3 JOBIHM JIAHLIOTOM XapaKTepHi
BUIIl Temmeparypu (a3oBUX TMEpexoMdiB: HACHMYEHI OJKUPHI  KUCIOTH 3
PIAKOKPHUCTATIIYHOTO CTaHy MEpPEXOsATh MO CTaHy Telll0 paHille, HiXK HEHaCHYEHI.
Uum Ounbiiie B MeMOpaHi HACUYEHUX JKUPHUX KHUCJIOT, TUM BOHA JKOPCTKIIIA, 1 TUM



yacTilie B HI BUHUKAIOTh pyiHyBaHHS ((pa30Bi mepexoau B MeMOpaHi 1HAYKYIOThCS
HE TIIbKM 3MIHAMHU TEMIIEpaTypu: MOXKYTh OyTH BHKJIMKaHI 3pyiieHHsIMu pH 1
MeMOpaHHOI0 MOTEHIlialy, TBOBAJICHTHUMHU KaTiOHAMHU 1 TOPMOHAMH ).

Haiibinvw xonooocmiiixi spoBa MIIEHULIS, STAMiHb, OBEC.

Tennonobui pociunu TUHYTH NpU TemIepaTypi Huxde +10 ° C: kBacoss, copro,
pHUIIMHA, apaxic, puc, KaByH, IUH, Tap0y3, OTIpKH, Kabauku, Iepellb.

[lepenocsats Temneparypu +5 © C 1 HUXKYE: KapTOIUIs, TOMATH, TpeukKa, Ipoco,
KyKypy/i3a, COsl.

[ Husbka Temmeparypa ]
I 1 .
CnaOkuii BILTUB ] [ CuibHMM BILUIUB
2+ 2+ )
Brpara Ca™ memOpanamu Brpara Ca”" memOpanamu
(HMKYE BT TOPOTOBOI BEIMUMHH ) (BHILIE BiJl MOPOrOBOI BENMYUHM)
3pocTaHHs OcnabneHHs
o o 2+
. . kiiabkocTi Ca MEMOpaHHHUX
301UIbIIIEHHS MPOHMKHOCTI B [IUTOIIA3Mi CTPYKTYD
(H,O BUXOIHUTH 13 KIIITHHH) | I /
3miHa QyHKIIHA
MEMOpPaHO3B’ I3yBAJbHUX
dbepMeHTIB
[ Axtuanis H® AT®a3u ]
+ .
H™ AT®aza docdomninaza
1HT10y€eThCs CTUMYJTFOETHCS
[ K" 3HOBY BXOIHUTb Y KITITUHY ]
[TocumroeTbes
[ Bona HaaxoauTe 10 KIITUHA ] AcCrpazamis Burik 10H1B
MeMOpaHHe 30Uy €ThCA
JIIAIB
l
|

[ TTOIIKOKEHHS BiIHOBIFOIOTHCS ] [ TTOLIKODKEHHS HEOGOPOTHI ]

Puc. 5. 2. CxeMa BIUIMBY HU3BKUX TEMIIEpaTyp Ha MEMOpPAHU B 3aJI€KHOCTI Bijl CHIIU
BILUIMBY

Pisna peaxyis cmitikux i Hecmilikux pociux Ha HU3bK1 TEMIIEpaTypH MOB’ s13aHa 3
BIJIMIHHOCTSIMM Y CKJaJl JKUPHUX KHUCIIOT, IO BXOIATh JO MEMOpaHHUX
dhocdomimiais.



YV xonooocmitikux pociun BMICT HEHACHUEHUX KUPHHUX KUCIOT (JIHOJIEHOBOI 1
JHOJIEBOi) HabaraTo BHILIMNA, HDK y POCIHH, YYTJIMBUX JI0 XOJOMIYy. 3O0UIbIICHHS
KUIBKOCTI HEHACHYEHHUX JKHUPHHMX KHUCIOT Y CKJIaal MeMOpaH KaTali3yeTbCs
JecaTypa3amMi 1 MPU3BOAMTH JO 3HWKEHHS TeMmmeparypu (a30BOro mnepexomy
MeMOpaHHMX JIITIIIB.

Y uymausux 0o xonody poCivH y CKJaJl MeMOpaHHMX JIMIAIB BEITUKUN BMICT
HACUYCHUX >KUPHUX KUCIOT (MajJbMITHHOBOI, CTEAPUHOBOT). MeMOpaHu Takoro THUILY
MparHyTh JIO 3aTBEPIiHHSA BXE MPU HUBBKUX TO3UTHBHUX TeMmIiepaTypax. BoHwu
CTalOTh MEHII TEKy4YMMH, WI0 Topymye (yHKIIOHYyBaHHS OaraTbox OLUIKiB-
KaHano(opmepiB, IEPEHOCHUKIB, PEIEITOPIB, (PEPMEHTIB.

VY X011 X01070BOTO BIUTUBY CUHTE3YIOTHCSI CTPECOBi 0ijIKM X0J1010BOT0 LIOKY:
3 - romunHa rinorepmisa (+3°C) iHIyKye B TMPOPOCTKAX O3MMOI MIIEHUIl CHUHTE3
BEIIUKOTO HAOOPY CMPeco8UX HU3LKOMOLEKYAAPHUX I 2I0pOPIinbHUX OLIKIS.

5.4 Jlis HEraTUBHUX TEMIIEPATyp Ta MOPO3OCTIHKICTh POCIHH

Ha BiamiHy BiJ XOJOAOCTIMKOCTI MOpo3ocmiliKicms - 3JaTHICTh POCIUH
MEPEHOCUTH OXOJOKeHHsT Hibkue 3a 0° C 0e3 MmopyleHHS OHTOIN€HETHYHOIO
PO3BUTKY.

CTIMKICTh 10 HU3bKUX HETaTUBHUX TEMIIEPATYp € MOKA3HUKOM 3MMOCTIMKOCTI
POCIIMH — CTIMKOCTI HE TUIBKH JIO XOJOMy, a W JI0 IHIIUX HECIPHUSTIUBUX YMOB
nepe3uMiBiIl  (BUMPIBaHHS, BUMOKAHHSA, KPWXKAHOI KIPKW, BUMUpaAHHS, 3UMOBOI
MOCYXH).

MOpO30CTIHKICTh 3aJICKUTh BiJ BUIY POCIMHHU: HAWOIIBIN YyTIHBI (KapTOIUIS,
KOp)KMHA) TUHYTh Ha CaMOMY TOYaTKy I[bOTO MpOIIeCy; NedKl (Kamycrta, muOys)
BUHOCATH TIOMIpPHE MPOMEP3aHHS; POCIWHU TMOJISPHUX KpaiH, 03UMi 3JIaKU HaBITh Y
0€3CHIKHI 3UMU BUHOCITH MOpo3u a0 -15-20° C. HailiOuabm 4yTiauBl 10 MOpPO3Y
KOpIHHS, KOpEHEeBHINA, OynbOM 1 HUOYJIWHM (MOLIKOKYIOThCS IMPU TEMIIEpaTypi
Hmwxk4de -10 —15°C). HaiiGinpim cTiiiki 10 MOpo3y OpYHBKH JIEPEBHUX POCIHH , IO
3HAXOJATHCSA B CTaHI CIOKOIO (31aTHI BUTpUMYBaTH Mopo3u a0 -25 —30 °C) i xBos
SUTUH 1 COCEH.

Pi3Huus 3HaueHb Temneparypu (IMO3UTHUBHI 1 HEraTUBHI) 3allyCKAa€ MEXaHI3MU
CTIMKOCTI O TAKMX TEMIIEPATypHUX BIUIMBIB, IO SIKICHO BIJPI3HSIOTHCS.

OcHOBHI TIPUYMHM 3aruOei KITHH POCIWH NMPU HETAaTUBHUX TeMIepaTrypax
TaKi:

1) 3HEBOJIHCHHS, $KE€ BUHUKAE 4Yepe3 BIATATYBAHHS  BOAU 3 KIITHUH
KpHUCTaJaMu JIbOJTY, 110 YTBOPIOIOTHCSA B MIKKITITUHHUKAX; BUCYIITyBaJdbHA Jis JTHOY,
CXO0a 31 3HEBOIHIOBAHHSM IT1]] 4acC TOCYXH;

2) MOIIKO/DKEHHS KIITHHHUX CTPYKTYp dYepe3 MEXaHIuHe CTUCHEHHS
ap070M (TP TpUBATIN i MOPO3Yy KpPHUCTaIW JIbOJAY BHUPOCTAIOTH JI0 3HAYHUX
PO3MIpIB 1, KPIM CTUCHEHHS KJIITHH, MOXYTh MOIIKOKYBAaTH IIa3MalIeMy).

KiiTuHa ruHe mpu yTBOPEHHI JIbOAY B MpoToruiacti. Miciie yTBOPEHHS JbOAY
3aJIeKUTh BiJI MIBUJAKOCTI OXOJIOMKEHHs. [Ipy mBHIAKOMY 3HMKEHHI1 TeMIlepaTypu B
IPOTOIJIACTI yTBOPIOIOTHCSA YK€ JApIOHI KPUCTAIM JIhOAY, SKI € IEHTpaMH



KpucTamizamii 1 Hal0yau Ha3By MIKpPOHYKJIeycH. MIKpOHYKJI€yCH He 37AaTHI
3pyiHYBaTH BHYTPIIIHBOKIITHHHI CTPYKTYpPH, aj€ BEJIUKI KPUCTAIH JIbOIY
CIPOMOXHI  TMOIIKOJAWTH  KJITUHU, 1[0  YTBOPIOIOTHCS  3TOJOM  HABKOJIO
BHYTPIIIHbOKIIITUHHUX CTPYKTYp. [lOBUIbHE 3aMOpOKYBaHHS CIIPHUSI€E YTBOPEHHIO
JHOY B MDKKIIITUHHUKAX 1 CYJIMHAX.

Ha nmepmux eranmax 3amep3aHHsl BEJIMKUX IMOIIKOKEHb POCIMHHUX KIITUH HE
CIIOCTEPITAETHCA. CIOYATKYy KPUCTAIU JIbOAY (OPMYIOTBCS B MIKKIITHHHUKAX 1
CyauHaX KCWJIEMH. SIKIo X 3aMOpPO3KH TPHUBAIOTh JOBTO, TO BOJAA MEPEXOIUTH 3
[UTOIJIA3MU B amoIuIacT, KIITHHU 3HEBOJHIOIOTHCS, KPUCTAIUA JIHOIY POCTYTh, 1
MOLIKO/KYIOTH 1X.

O3HakM YIIKOMKEHHS POCIWH BiJ 3aMep3aHHSl BHPAXAIOThCS y BTpaTl HUMHU
Typropy, 1H(uIbTpanli BOAX B MDKKJIITUHHUKY, BUMHBAHHI 10HIB 1 LYKPIB 3 KIITHH
BHACIIJIOK, TOIIKO)KEHHSI MEMOpPAaHHHUX CUCTEM aKTUBHOIrO TpaHcmopty - ATda3
TOHOIUIACTa 1 IJIa3MalieMH, JeriapaTaiiii, JeHaTypaiii OuikiB, aedopmariii KIiTHH,
deoditinizaiii X, BIAMUPaHHI BEPXIBKOBOT 1 O1YHUX OPYHBOK.

dopMyBaHHS CTIMKOCTI JI0 MEPE3UMIBIIl CKIATAETHCS 3 2 €TaITiB.

[lepmnii eranm — mepexii B CTaH CIIOKOI — CBOEPIIHHWIM BIJIX1J BiJ BIUIUBY
onucyBaHoro crpec-gakropa. lLleil eranm BHU3HauaeTbCs 3MIHAaMU JOBKLLIA
CEpEIOBUILA: 3MEHILIEHHSAM JOBXKUHU IHs, 3MIHOK CHEKTPAJbHOTO CKJIaay CBITIA,
MOHWKEHHSAM TEeMIIepaTypH, 30UTbIICHHSAM Tepenaaxy TeMIeparyp y JIeHHI Ta Hi4Hi
TOAUHU. Y perentiii 3MiH OCBITJEHOCTI OCHOBHY pPOJib rpae (iToxpom, sSIKUi Oepe
y4acTb B aKTHUBAllli T'€HIB, U0 KOAYIOTh OUIKH, MOB’s3aHI 3 MEPEXOAOM A0 CTaHy
CHOKOI0. 3MEHILEHHSI JIOBKUHMU JHS CIpUSA€E OCIA0JICHHIO CHHTE3y (DITOrOPMOHIB-
CTUMYJIATOPIB 1 TOCWIECHHIO CHHTE3Y (PITOrOpMOHIB-1HTIOITOpPIB pocTty (ABK,
ETUJIEHY).

Hpyruii etan — BUHUKHEHHS (P131070TTYHUX 1 O10XIMIYHUX MPUCTOCYBaHb Y XO/I
3arapToBYBaHHS B OCIHHIM mepiofl. 3arapTOBYBaHHS, y CBOIO YEpry, MPOXOIUTh y 2
(da3u: mpu HU3BKUX NMO3UTUBHUX TEMIIEpPATypax 1 B yMOBaX HEraTUBHUX TEMIIEpaTyp.

[lepma ¢aza mnoumHaerscs mpu Temmeparypax + 5-0 © C. O3umi 31aku
npoxoaarh ii 3a 6-20 gHiB, aepeBHi — 3a 30 [HIB: MIATOTOBYI IPOIIECH
3arapToByBaHHS HE TIOBMHHI 3/1MCHIOBATHCH IIBUAKO, HEOOXIAHO TpHUBAJe,
MOCTYIIOBE OXOJIOJXKEHHS, OCKIJIbKM POCIIMHA Kpallle BCTUTa€ MPHUCTOCYBATUCH O
3MIHU TEeMIEpaTypHOTOo pexuMmy. Y 1Mk (a3l OCHOBHI mepeOyqoBU TMOB’si3aHi 3
BUJIAJICHHSM BOJIM 3 KJIITHH Y MDKKJIITUHHUKH. [{e nocaraeTbest miaTpUMKOK BUCOKOT
MIPOHUKHOCTI MEMOpaH 3a paxyHOK TpaHc(opMmaliii O1IKIB 1 0COOIMBOCTEM JiMiAHOTO
cknany (3pocranns Bwmicty I[THHXK). 3a paxynok akrtuBaiii ¢ocdominazu A
HakonuuytoThcs BUIbHI XK, siki koHKypeHTHO 010Ky10Th AT®/AJID-anTunoprep. Y
pe3ynbTari 1uporo tpancnopryBaHHs AT® 1 AJI® yepe3 BHYTPIIIHIO MeMOpaHy
MITOXOHJpPI  1HTIOY€ThCS,  MIABUILYETHCS  AKTUBHICTh  QJIbTEPHATUBHOIO
TPAaHCTIOPTYBAaHHA  €JEKTPOHIB —  MITOXOHAPIi TreHepyrTh Terio. [loTim
IHTEHCUBHICTb AUXAHHS 3HWKY€ETHCS, e Yy MOPO30CTIMKUX POCIMH MEHILOI0 MipOIo.
3arapToByBaHHS BeJl€ /10 MOSIBUM HE3BHMUAWHUX (OPM MITOXOHAPIN, aXX O YTBOPEHHS
MITOXOHJPIANbHOTO  PETHKYJAyMa, 3 SKUM T[IOB’S3YIOTb BHCOKHHA  pIBEHb
eHepreTMYHOro oOMiHy. BcTaHOBIEHO, 110 pOCIMHAM 3 TaKMM THUIIOM Oprasizarii



MITOXOHJpIN xapakTepHa edekTuBHa MeTaboiiuHa ajganTailisi, CHOpsMOBaHAa Ha
CHUHTE3 KP103aXUCHUX PEUOBHH 1 Mpoidepariiro MeMOpaHHUX CUCTEM.
Jlpyra (aza — CMHTE3 KpiOIPOTEKTOPIB Ta IHIIMX 3amacHuX peuoBuH (Puc.5.3)

[ [loHnxeHHs TeMieparypu 1

Cunre3 (Hacammepen, B emijepmici 1 KITHHAX, [0 OTOYYIOTh MIKKITITHHHI
MTOPOKHUHU )
Kp1OMPOTEKTOPIB (3amo0iratoTh ab0 pi3KO CIOBLIBHIOIOTH PICT KPUCTAIIB JIHOY)
|
| |
/ riapodinbHi 61JIKH, MOHO- 1 N [ \
oJirocaxapuiy, O1JIKH, BYTJIEBO/IM, 3aTHI

3 I[aTHi 3B A3yBATH 3HAYHY CT&61H13YB3TH IHHII. O11KH1 1..1.(J11’1'.I/IHH1
o o ' MCM6paHI/I IIpu AcCriapaTallll KJI1THUH,
KUIBKICTh BOJAHW — 3B AA3dHA BOJAa

. 1HII[1I10BaHOI HU3bKUMHU
BJKC HC 3aMCp3a€ 1 HC TeMIepaTypamMu

K TPAHCIIOPTYETHCS / k j

Pucynox 5.3 YTBOpeHHsI KpiOMPOTEKTOPIB MPHU 3HIKEHHI TEMIIEpaTypu

Jlnst 3anmoOiranHs 3aMmep3aHHsl (YHKIIOHYE CHCTeMa aHTU(PPU3IB — II0 POJb
BUKOHYIOTH P13H1 OUJIKH, BYTJIEBOJIH 1 MTIKOIPOTEIHU.

[HAyKIis CHMHTE3y HU3BKOTEMIEPATYpHUX CTPECOBHMX OLIKIB 1I€HTHYHA TaKid
XKe, M0 1 miJ J€0 MOCYXH, OCKUIBKM B KJIITHHI TaKOX BIIOYyBalOThCSI OCMOTHYHI
3MiHU. BiIMIHHICTH moNsirae jumie B 3aMiHI OUIKOBUX (AKTOPIB TPaHCKPHUIIIIi
DREB2 na DREBI. Jlo ckiiany cuHTe30BaHUX OUIKIB BXOAATH Aecarypaszu, LEA-
Oinku, Oinku-aHTHPpU3n, Oinku xojomoBoro Imoky (COR- Oinku), depmeHTH
AHTUOKCUJAHTHOTO  3aXUCTy,  pi3HI  Tigpornasu,  (epMeHTH  OlOCHHTE3Y
Kp1OMIPOTEKTOPIB.

KpiompotekTopu - momimepH, siki 3/1aTHI 3B’S13yBaTH BEJIUKY KUIbKICTh Boau. [[o
HUX MOXKHa BiJHECTH TiApoduUIbHI OlIKKM, MOHO- 1 omirocaxapumau (¢dpykro3sa,
IJII0KO3a, caxapo3a, MalbTo3a, Tperanosa, padiHosa) . Y3HMKy IyKPH CTaHOBJIATH
50-60% cyxoi Macu B nurToruiazMi i1 opranenax. Jlo momiMepiB — KpiOMPOTEKTOPIB
BITHOCATBCS 1  MOJIEKYJIM  TeMilenono3  (KCWiaHW,  apaOlHOKCHIIAHM).
Hakonuuytouuch Y KIITUHHIA CTIiHII, BOHUM OOBOJIKaIOTh KPUCTAIU JHOAY 1
raJIbMYIOTh iXHE 3pocTaHHsA. [0 KplOompOTEeKTOpiB Hajlexarb 0araroaToOMHI CIIUPTH
(rinepuH, copbiToN, MaHITON), AMIHOKHCIOTH (NIPOJiH). IX YTBOPEHHS 3HHXKYE
TOYKY 3aME€p3aHHs LIUTOIUIa3MHU.

[TinBUILIEHHIO MOPO30CTIMKOCTI crpuse oOpoOKa HACIHHS MIKPOEJIEeMEHTAMHU
[IUHKOM 1 MOJIIOIEHOM, KOpPOTKOYAacHe IONEepeAHE BUTPUMYBAaHHS POCIMH NpHU
HU3BKHX TEMIEpaTypax, nepeamnocisHa oopoodka ¢gitoropmonamu (ABK).

[Ipo Bucoky ponbs ABK B aganTariii pocivH 10 HU3BKUX TEMIEPATyp CBIIYUTH
TOM (hakT, Mo MyTaHTH apabigorncucy, HeayTiuBi 10 ABK (abi 1) abo 3 mopymenum



cuarezom ABK (aba 1), He MOXyTh NPUCTOCYBATUCH [0 3aMOPO3KIB 1 HE
3arapTOBYBalOTHCA.

AKTHUBHICTh 0araTbOX TEHIB 1 OUIKIB, SKI EKCHPECYIOThCSI NPH HU3BKIM
TemnepaTypi abo BogHOMY jaedinuTi, Moxke OyTH i1HIykoBaHa 00poOkoro ABK.
[TokazaHo, 1m0 OLIKH, SIKI 3’SIBISIIOTHCS MIPU OXOJIOJKEHHI TKAHWUH, MalOTh BUCOKHI
CTyIiHb romoJorii 3 cimerictBom OikiB RAB / LEA / DHN (responsive to ABA, late
embryo abudant and dehydrin) 1 cuHTE3yIOThCS TIpU J103piBaHHI HACIHHS, BOJHOMY
aedimuTi 1 06poodui pocann ABK. Jlani 6iku qy>ke Ti1podiibHi 1 MalOTh HE3BUYANHY
BJIACTHUBICTh: 30€piraloTh CBOIO CTPYKTYPY MPHU PI3KUX KOJUBAHHSIX TEMIIEpaTypH.
[Iponykramu reniB LEA € rimpodinbai 6iku, 37aTHI Jy’Ke MIIIHO YTPUMYBATH BOTY
— came 114 Tpyma O1IKiB 3a0e3mnedye 3aXUCT KIITHHHU MPU 3HEBOAHCHHI 1 3aMOPO3Kax,
CTaOUII3yI0YH 1HII OLIKH 1 KIIITHHHI MEMOpaHHU.

[Ipy mopiBHSHHI PI3HMX 3a CTIMKICTIO A0 il HU3BKUX TEMIIEpaTyp POCIHH
BCTAHOBJICHO, LII0 Y MOPO30CTINKUX POCIIHUH:

®IIIIBUIICHUN BMICT HEHACUYEHUX IHKUPHUX KHUCIOT Yy KIITHHHUX
MeMOpaHax — ¢a30BHiA epexij JiiIiB MEMOpaH 13 pIIKOKPUCTAIIYHOTO CTaHy
B T'eJib BiI0OYBA€THCS MPU HETATUBHUX TEMIIEpaTypax;

®IIOCWIIFOETHCS  TIPOJII3 KPOXMAIKO 1 HAKONMMYEHHA Yy LMUTOIUIa3Mi
PO3YMHHUX LYKpIB (B O3UMOI MIIEHUI (DYHKIIIO KpPIONPOTEKTOPAa BUKOHYE
caxaposa; aHTuppu3iB — padiHo3a, (pykro3uga, copOiT ad0 MaHIT, SKi
HaKOIMUYYIOThCA B KIITUHHUX CTIHKaxX POCJIHMH 1 TaKUM YMHOM 3amoOiraroTh
YTBOPEHHIO KPUCTAIIB JIbOJY);

®AKTUBYETHCS CUHTE3 KPIOMPOTEKTOPIB — T1IPOQIIbHUX OUIKIB, MOHO - 1
oJiirocaxapuiiB (Boja, IO BXOIUTH JO CKJIaAy TIAPATHUX OOOJIOHOK ITMX
PEYOBHH, HE 3aMep3a€ 1 He BUXOJIUTh 3 KIIITHH); MOJIIMEPIB-KPIOMPOTEKTOPIB -
TEMILIEIIION03, 0 BUIUISIOTHCA B KIITHHHY CTIHKY (OOBOJIIKAlOTh KPUCTAIU
JBOAY 1 TaJbMYIOTh IXHE 3pOCTaHHS).

IIuTanHs Ta TECTH IJIs CAMOKOHTPO/II0

1. Po3kpwiiTe MOHATTS XOJOAOCTIAKICTh Ta MOPO30CTIMKICTb.

2. Y 4oMy NMPUYUHU TMONIKOKYBAJIBHOI Mii HU3BKO1 MO3UTHUBHOI TEMIIEpaTypu
Ha TEIUIOI00H1 pOCIUHU?

3. Po3kpuiiTe CyTHICTb TE€HETUYHUX Ta OIOXIMIYHHUX MEXaHI3MIB peryJisiii
€HEepPreTMYHOro OOMIHY B MITOXOHJAPIIX Ta YYacThb CTPECOBUX OUIKIB Yy
MeTa0o013M1 KIIITUHH.

4. OxapakTepu3yiTe MEXaHI3MU NPUCTOCYBAHHS POCIUH [0 MAii HU3BKUX
TEMIIEpaTyp: HAKOMUYEHHS KPIOMPOTEKTOPIB, 3MIHM CKJIaay MeMOpaHHUX
JMIAIB, CUHTE3 aHTU(PU3HUX OUIKIB, CHHTE3 CTPECOBUX OUIKIB XOJIOJOBOTO
LIOKY.

5. 3anpomnoHyiiTe  MiABHMILEHHS  MOPO30CTIMKOCTI POCIIMH ~ METOJlaMHU
TPaAMIIIHOL CeNEeKINii, KIIITHHHOI CeNIEKIIii Ta TeHHOT 1HXEeHepii.



TecToB1 3aBIaHHI

1.5Ixi pedoBHHM, IO BHUKOHYIOTh 3aXHCHY XIMIUHY Jil0 Ha I[UTOILIa3MY,
3HAXOAATHCS B 3UMYIOUHMX OpraHax pOCIHUH?
a)MOHOITYKpH 1 O1IKH;
0) MiHepabH1 COJi 1 BOJA,;
B) JMiAM 1 HYKJIETHOB1 KUCJIOTH.
2. SIKi O3HAKU XapaKTEePHU3yIOTh XOJIOIOCTINKICTh?
a) 31aTHICTh MEPEHOCUTH HU3bKI TIO3UTUBHI TEMIIEPaTypH;
0) 3MaTHICTh IEPEHOCUTH HU3bK1 MIHYCOBI TEMIIEpaTypH;
B) 3JaTHICTb TIEPEHOCHUTH BECh KOMIUIKC HECHPUATIMBUX yMOB
MEePE3UMIBIII.
3.51k1 03HAKU XapaKTepU3yIOTh XOJIOJOCTINKICTH?
a) 3JaTHICTh IEPEHOCUTH HU3BKI MMO3UTUBHI TEMIIEPATYPH;
0) 31aTHICTh MEPEHOCUTH HU3bK1 MIHYCOBI TEMIIEPATyPH;
B) 3MaTHICTb TMEPEHOCUTH BECh KOMIUIEKC HECHPUATIUBUX yMOB
NEePE3UMIBIIL.
4 SIxi npuyuHU 3aru0eni TerIoIF00HUX POCIUH PU HU3BKUX MO3UTHBHHUX
TeMIeparypax?
a) MOPYILIEHHS B iXHBOMY BOJIHOMY OajlaHCI;
0) 3MEHIIIEHHS B SI3KOCTI [IUTOIIA3MU;
B) 3MiHa MPOLECIB OOMIHY PEYOBHH.
5.51k1 mpuuuHU 3arudeni pocIMH NPU HU3bKUX MIHYCOBHX TeMIepaTypax?
a) BIJI’€MHI TeMIEpaTypy BUKIMKAIOTh KOATYJISIII0 OKIB IUTOIIA3MU;
0) 3amep3arouuil KJIITUHHUN CIK PO3IIMPIOETHCS B 00°€Mi i pO3pHUBaE
CYJIMHH 1 KJIIITUHUA POCIIVH;
B) KpHUCTAJIU JIbOAY, IO YTBOPIOIOTHCA B MIKKIITHHHUKAX, BUKIUKAIOTH
MEXaHIYHE MONTKOPKEHHSI [IUTOIIIIA3MH.



Jlexuist 6
CounecTiiiKicTh pocjuH

Meta: BuBunTH (Pi3i00T14HI, 010XIMiUHI, TEHETHYHI OCHOBH CTIMKOCTI POCIIMH
710 3aCOJICHHHL.

ILian Jekmii

1. Krnacudikaris ramodiTis.

2. IlpucrocyBaHHS POCIHH JI0 YMOB 3aCOJICHHS.
3. T'eHeTHYHI MeXaHI3MHU COJIECTIMKOCTI.

Knrouosi mepminu: eanogimu, cononuaxu, enikoeanoghimu, convosa 3a103Kd, npoain

6.1 Knacudixariis razodiris

BuB4eHHST CONECTIMKOCTI POCIUH Ma€ BEJIMKE MPAKTUYHE 3HAUYEHHS, OCKUIBKU
25 % TpYHTIB IUIAHETH 3aCOJICHI, a TPETUHA IPUTAIIITHUX 3eMeJIh y CBITI yKe 3MIHEHA
B OIK 3aCOJICHHS BHACIIIJJOK [TOTaHOTO ApeHaxy. 3rigHo 3 aymkoro b. [1. Ctporonosa
(1962), 3a piBHEM 3aCOJICHHS PO3PI3HIIOTH MPAKTHYHO HE 3aCOJICHI, CI1a0K03aCOoJICHI,
CepeIHbO3aCOJICH] TPYHTH 1 COJIOHYAKH. THI 3acCONIeHHS BHU3HAYAETHCS 3a BMICTOM
aHIOHIB y IpPYHTI:  XJOpUAHE, Ccyib(daTHe, CyIb(PaTHO-XJIOPUIHE, XJIOPHUIHO-
cynbdarHe 1 kapOonHaTHe. [lepeBakarounMM KaTiOHOM y TaKHUX I'PYHTax € HaTpii, aje
TPAIUISIIOTHCA TaKOK KapOOHATHO-MArHi€BE 1 XJIOPUIHO-MAarHi€BE 3aCOJICHHS.

Pocnunu, mpucrtocoBaHi M0 iCHYBaHHS B yMOBaX HaJUIMIIKOBOTO 3aCOJICHHS
Ha3uBalOTh ramoditramu (Bim rp. «ga-los» — cimb, «phyton» — pocnuna). Bouu
BIJIPI3HSIOTHCS BiJ] TIIKO(DITIB — POCIHWH HE3aCOJEHUX BOJOWM 1 IPYHTIB — PSIOM
aHaTOMIYHUX 1 (131070T0-010XIMIYHUX ocoOaMBOCTeH. ['anodiTH 3aXMUIIArOTHCS Bi
HAJTMIIIKOBOI KOHIIEHTPAIII1 COJIel TpbOMa OCHOBHUMH crioco0amu: 1) morauHaHHIM
BEIIMKOI KITBKOCTI COJieH 1  KOHIIEHTPYBaHHSM iX Yy BaKyOJIIPHOMY COIIi, IO
NPU3BOAUTD 10 BUHUKHEHHS BHCOKOTO OCMOTHYHOIO THCKY; 2) BUBEJEHHSIM COJIEH,
[0 TOTJIMHAIOTHCA, 13 KJIITHH pPa3oM 3 BOJOKO 3a JOMOMOTOI0 CIICIliai30BaHUX
COJTLOBHX 3aJI03 1 BHIAJICHHSIM HAIJIMIIKY COJICH 3 OMaJINM JIMCTAM; 3) 0OMEKEHUM
MOTJIMHAHHAM COJIeH KIITUHAMU KOPEHIB.

VYeci ranoditu MokHa pO3IIITUTH HA TPU TPYIIH:

1.CnpaBxui ramoditu (eBrajiodiTd) — HAHUOUIBII COJIECTIMKI POCIUHHU,
HaKOMMYYIOTh Y BaKyoOJsX 3HA4YHI KOHIEHTpallii coyiei. PocTyTh Ha BoOJOTHX
3aCOJICHUX TpyHTaX. BHACHiIOK BUCOKOTO OCMOTHYHOTO THCKY B KJIITWUHAX, POCIUHH
MalOTh BEJIMKY BCMOKTYBAJIBbHY CHJY, IO JO3BOJISE TIOTJIMHATH BOAY 13 JOyXKe
3acojeHoro TpyHTy. Jlist pocnuH 1i€i Tpynmu XapakTepHa M SICHCTICTh JIMCTKIB
(TamOCYKYJIEHTHICTD), SKa 3HUKA€ MPU BUPOIIYBaHHI iX HA HE3aCOJCHUX IPYHTaxX.
TuroBi npeacTaBHUKY CripaBkHIX ranodiTiB — conepoc (Sahcornia herbacea) i ceena
(Suaeda maritima).

2. ConecekperyBayibHI Tanoditu (KpuHOTaIO()iTH), TOTIMHAIOYH COJ, HE
HAaKONMMYYIOTh 1X YyCepeauHl TKaHWUH, a BHBOJATH 13 KIITHH 3a JOMNOMOTOIO



CEeKPETOPHHUX 3aJI03, PO3TAIIOBAaHMX Ha JHUCTKAaX. BuIiIeHHS conel 3ano3amu
3MIMCHIOETBCS 32 JIONIOMOrOK0  10HHMX  HAcOCIB 1  CYHIPOBOJIKYETHCS
TPAaHCIOPTYBAHHAM BeJMKOi KUIbKOCTI Bojau. Coili OCiaroTh OUTMM HaJIbOTOM Ha
muctkax. YactuHa conedt Bupansgerbcs 3 onaiauMm JmcTaM. LI ocoGnmBocTi
xapakTepHi 11 kepMmeky (Statice gmelini), ramapukcy (Tamarix speciosa) i iH.

3.ConenenponukHi ragodgitu (riaikoragodiTh) poOCTyTh Ha MEHII 3aCOJICHHX
IpyHTax. BUCOKUI OCMOTHYHMI TUCK y iXHIX KJIITHUHAX MIATPUMYETHCS 32 PaXyHOK
MPOAYKTIB  (POTOCHHTE3y, a KIITHHA MAaJONPOHHWKHI s cojied. Twumosi
npencraBHuKH i€l rpynu — moyimH (Artemisia salina), pizui Buan xoxii (Kochia).
Pocnunu-tniko¢ité B yMOBax 3acCOJIEHHSI TaKOX BHUSBJISIOTH MEBHY 3JAaTHICTH  J0
MEPEHECEeHHs] HAaANMUIIKY coJeil. [3 ClIbChbKOrocmogapChKUX POCIUH — BIAHOCHO
COJIECTIKI SYMIHb, IYKPOBUHI OypsiK, OaBOBHUK; M sKa MIICHWIS CTIHKIMA 3a
TBEPY.

[Ipu TpuBajoMy BHpPOIIYBaHHI B yMOBax 3acOJCHHS JUIsl SYMEHIO, Ipoca,
TOMaTiB BUSIBJIGHO 3HAauYyHE MIJBUIICHHS I1XHBOI COJIECTIMKOCTI ©€3 BTpaTu
OPOAYKTUBHOCTI. Y CUIBCBKOTOCIIOAAPCHKOMY BUPOOHMIITBI OCHOBHHM METOIOM
00poThOU 13 3aCOJICHHSIM € MeJiopallisl 3aCOJCHUX IPYHTIB, CTBOPEHHS HAJIIMHOTO
JPEHAXy 1 MPOMUBAHHS IPYHTIB Ticis 300py Bpoxaro. Ha cononvakax (rpyHTH, 110
MICTATh 0arato HaTpil0) MeTiopalliio 3I1HCHIOITh 32 JOMOMOTOI0 TITNICYBaHHS, IO
IPUBOJUTH 1O BUTICHEHHS HATPIIO 3 IPYHTOBOIO IMOMIMHAJIBHOTO KOMIUIEKCY 1
3aMIIEHHS HOro KaiblleM. BHECEHHS B I'PYHT MIKPOEJIIEMEHTIB MOJIIIIYE 10HHHMA
OOMIH pOCIMH B yMOBax 3acoyieHHs. CoOJIECTIMKICTh POCIMH 30UIbLIYEThCA MICIIs
3aCTOCYBaHHS TEPENINOCIBHOTO 3arapTyBaHHs HaciHHsS. J[Ji1 HaciHHA OaBOBHUKY,
MUIIEHUI, IYKPOBOro Oypsika AocTaTHA 0OpoOKa MpoTSIroM roauHu 3 %-BUM
po3unHoM NaCl 3 nopanemuM npoMuBaHHsAM Bojomwo (1,5 rox.).

6.2 IlpuctocyBaHHS POCIVH 0 YMOB 3aCOJICHHS

OcHOBHa peakiliss OpraHi3My Ha 3aCOJICHHS — TOPYIIEHHS BOJIHOTO Ta
MIHEpaJIbHOrO OOMIHY.

Jlerkopo3yuHH1 COJII MIJBUILYIOTh OCMOTHYHHMIA THUCK TPYHTOBOTO PO3YUHY 1
CTBOPIOIOTH (P1310JI0TIYHY CYXICTh: POCIMHHU CTPAXKAAIOTh K BiJ IPYHTOBOI MOCYXH,
00 MOUIKO/KEHHSI MPU 3aCOJIEHHI CXOX1 3 TAKUMMXK MiJl 4ac MOCYXHU (30UIbLIY€EThCS
3HAYCHHS CIIBBITHOIICHHS 3B’A3aHOi 1 BUIBHOI BOJU 1 MIABUIIYETHCS OCMOTHYHHIA
noTeHIian KnTuan). [{urornazma kit BUIUX pociaud MicTUTh 100-200 Mmmons /
K" ta 1-10 moms / 1 Na ™. [Tpu 3acosneHHi BinOyBa€eThCsS MIABUIIEHHS KOHIICHTPAITI
HATPIIO Ta IHIIUX 10HIB y IUTOIUIA3Mi, MO0 MPHU3BOJAUTH 10 1HAKTUBAIlll Oaratbox
dbepMeHTIB 1 TPUTHIYCHHIO CHHTE3y OinkiB. ['0JI0BHI BiIMIHHOCTI CHMIITOMIB
3aCOJICHHSI Ta TIOCYXH TMOJSTAlOTh y TMOPYIIEHHI TMOTJIMHAHHS 1 TPAHCIOPTYBAaHHS
10H1B. J[0 TOro >k 3HM)KEHHS aKTUBHOCTI ()EPMEHTIB Ta 1HIIKUX OUIKIB IPH 3aCOJICHHI
B1IOYBa€TbCSl HE TUIBKKM BHACIHIJIOK CTOHIIYBAaHHS TIApaTHUX OOOJOHOK, SIK TPH
BOJHOMY Ae(IlUTI, aje 1 B pe3yabTaTi NpsAMoi TokcuuHoi ii. KoHleHTparis coseit
Buma 3a 5% neranpbHa IS OUTbIIOCTI pociiH. OjHAK I1CHYIOTh BHJAM, 3/1aTHI
aJanTyBaTUCh J0 ICHYBaHHS B YMOBaX TAaKOrO CHUJIBHOTO 3acojeHHs. JlaHi pociuHu



BUKOPHUCTOBYIOTh OCOOMCTI cTpaTerii A BuxuBaHHSA. PocivHuM HamararoTbes
YHUKHYTH  HarpoMajUKeHHs coyied (HaBiTh MNpU  IXHbOMY  IHTEHCHUBHOMY
HAJXO/KEHH1) a0o0, SKIIO II€ HE BJAETHCSA, MPUCTOCOBYIOTHCS JO iX BHUCOKOI
KOHIeHTpallii. OCHOBHI CIIOCOOM 3aXMCTy POCIUH HaBeAeH1 Ha puc. 6.1. Ak pocnunu
YHUKAIOTh 3acoyieHHs? OCHOBHA CTpaTeris 3HUKEHHS IMOIIKOIKYBAJIBHOTO €PEeKTy
COJIEW — 130JII0BaHHS MEpHUCTEM (OCOOJIMBO MAroHOBOI) 1 JIUCTS BiJl BIUTMBY COJICH Y
BUCOKHMX KOHIIEHTpalisiX. TpaHCopTyBaHHs COJIeH y POCIMHY LLJIKOM BU3HAYAETHCA
3IATHICTIO KJITUH KOPU KOPEHS MPOTUCTOATH 3acoiieHHI0. [lmasmanema KIIiTHH
KOPEHIB Ma€ HU3bKY MPOHHUKHICTh 1715 ioHiB C1°. Na* HaaXoauTh 10 KIITUHE KOPEHIB
MACUBHO 3a TPAJIEHTOM EJIEKTPOXIMIYHOTO moTeHIiany (Ha npotuBary ionam Cl1°).
IIpolec aKTUBHOrO BHBeIeHHs ioHiB Na * 3 KopeHs 3abe3neuyloTh MeMOpaHHi
CUCTEMH, SIKI PYHKIIOHYIOTh 3 BUTPATOIO €HEPTIi.

[ CnocoOu 3axuCTy BijJ HAIJIUIIKY COJICH ]
| |
[ YHUKHEHHS 3aCOJICHHS ] CDYHKIIiOHYBaHHﬂ npu
M1JBUIICHHUX KOHIIEHTPAIIIsIX

I coyen

[Tornuaanasa Ta

KOHIIEHTPYBaHHS 1

coJiell y BakyoJii O6MmexeHHS

IIOTJIMHAaHHS BOON

BuBenenns conen
(omaste nucTs,
COJIbOBI JIUCTKH)

Puc. 6.1. Ciocobu 3axucty poCiavH Bl HAIJTUIIKY COJIEH

TpancopTyBaHHsl cojied CyAMHAMU KCWJIEMU 1 Jlajdli B HAJA3eMHY YacTHUHY
pociuHu 0OMeXxyroTh nosicku Kacmapi. Ciij 3a3Ha4uTH, 1110 MeMOpaHU HEMPOHUKHI
IUI COJIeH JIMIIE TMPU HE3HAYHOMY 3aCOJICHHI. Y pa3i CHUJIBHOTO 3aCOJICHHS COJIi
MPOHHUKAIOTh yCEPEIWHY KIITHH 1 TIOYMHAIOTH [ISATH BXKE IHII MEXaHI3MH,
HaIlpaBJICHI HAa aKTUBHE BUBEICHHS COJICH 3 MUTOILIa3MH (Y BaKyoJb a00 KIIITHHHY
cTiHKY). IlornuHeH1 coJii BUBOASTHCA TAaKOXK 3 KIITHMH 3 BOJIOIO 3a JOMOMOTOIO
CIeliali30BaHUX COJBOBUX 3a030K. COJIbOBI 3allo3M JIUCTS 1 CTe0esl POCIUH
BUJUISIOTh HAJJIMIIOK 10HIB MpPU iXHbOMY 3POCTaHHI B BHCOKOCOJHOBOMY
cepenoBuili. 30ipHI KIITHHA 3aJ030K MPAKTHYHO HE BIAPI3HIIOTBCS  BiJ
emiicpMalIbHUX, aj¢ KIITHHHA CTIHKA B HUX 3HAYHO TMOTOBIIEHA 1 JirHiikoBaHa
(puc. 6.2). BoHu TmOB’s3aHI YHCICHHUMH IUIA3MOJECMaMU 3 OTOYYIOUMMHU 1X
KJIITUHAMH Y TOMY 4YHCii 1 3 OokanmpyaTUMM KimiTUHaMu. CeKpeTopHi, MOOIYHI 1
OokaypuaTa KJIITHHU TAaKOX IOB’S3aHI OJHA 3 OJHOK0 Yepe3 IIa3MOJECMH, a depes
T€, M0 iXHI KIITHUHHI CTIHKM MPOCAKHYTI JITHIHOM 1 CyOepHHOM, IOBHICTIO
BUKJIIOYAETHCSI  AlOIUIACTHE  TPAHCIOPTYBaHHS  pedoBUH. OmwucaHl KIITUHU
nepeOyBaroTh B CBOEPIIHINA KarcCyJsl 3 JIrHIpIKOBaHOI 1 CyOepHHI30BaHOT KIIITHHHOT



CTIHKM. 30BHI 3aJI03U TMOKPUTI MOTYXHOIO KYTHUKYJIOIO, SIKA B 30HI CEKPETOPHHUX
KJIITUH Ma€ TIOpH, Yepe3 K1 1 BiAOYBAEThCS CEKpeIist COCH.
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BoxanedaTHe KneTiM

Cobrpaniy3a Knetea

Puc. 6.2. ByjoBa coJlboBHi 3aJI03KH KEPMEKY

VY mna3mMonemi CEeKPETOPHUX KIIITUH 3aBISKHU JISUIBHOCTI HACOCIB BIIOYBAETHCS
aKTUBHE BUIUICHHS 10HIB XJIOPY, HATpilO, KaJbLIO, MarHito, cyibdary, HITpaTy;
yepe3 MopHU B KYTUKYJI BTPAvYarOThCS 1 3HAUHI KUTBKOCTI BOJIU. Y CyXy MOTroJly Boja 3
BUJIIJICHOTO PO3YMHY IIBUAKO BHUIAPOBYETHCS 1 POCIWHA TMOKPUBAETHCS HATHLOTOM
CoJIel, SIKMM TIOTIM 3yBa€ThCS BITpOM a00 3MuBaeThcs noimieM. [lornmueni comi
MOXYTh KOHIIEHTPYBATHCh 1 B BaKyoOJsX KIITHUH CHEIlaTi30BaHUX COJIHOBUX
BOJIOCKiB, Oy/10Ba SIKMX HaBeJleHa Ha puc. 6.3.
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Puc. 6.3.- BynoBa coiboBOi 3aJ103KU

ConboB1 BOJIOCKU CKJIQJIAIOTHCA 3 HIKKH 1 TOJIBKUA. Y BEpPXHIM, CEKPETOPHIM
KIITUI - TodiBLi, 95% o0csary nurorsazMu 3aiimMae IeHTpajbHa Bakyoib. Hixka
NOB’s3aHa IUIA3MOJECMaMH 3 TOJIIBKOIO Ta eMiJepMalbHUMHU KiniThHamu. Komm B



BaKyOJIIX TOJIBKM HAaKOMUYYIOTHCS COJIl, TONIBKAa OOPUBAETHCS, HA ii MICII KUIbKa
pasiB MPOTATOM POCTY JINCTA YTBOPIOETHCS HOBA.

6.3 'eHeTHYHI MEXAHI3MHU COJIECTIHKOCTI

[Ipu 3aconmeHHi (0coOJAMBO HATPIN-XJIOPUAHOMY) BiIOYBAa€ThCA 3HAUHE
HAKONMMYEHHS COJII B amoIulacTi POCIMHHUX KIITHH — 10OHHAa TMPOHUKHICTD
IIa3MaJieMu TIIBUINYEThCS. Y BIJANOBIb HAa MIABUILECHHS PIiBHA 10HIB XJIOPY 1
0COOJIMBO HATPIIO B IMTOIUIa3Mi BIJOYBA€ThCA aKTUBAIlil CHCTEM 10HHOTO
romeoctasy (puc. 6.3). OCKUTbKH COJIBOBUHN CTPEC MPHU3BOIUTH IO BOJHOTO JACPIIHTY,
HEOOX1JTHE KOPEKTYBaHHSA BOJHOTO MOTEHINANTy KJITHH, SIKE BIOYBAE€THCS IMLISXOM
JI0JIaTKOBOTO CUHTE3Y IIIII[IHOETalHy, MPOJiHy, copOITy, caxapo3u (KIIbKICTh MOXKE
nocsirati 10% Baru pociivHM).

COonNbOBMHA ILWOK
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AKTHEHOCTI TINA3MOTEM Ta
TOHOIIIACTA

313 OCTAHHA OCHMATIHHHOTD THCEY

BimHoEmerHa EMICTY BOH Bigxawuyeamma Na e Cliz
E KTIHL LHTOTIIASMIL

Puc. 6.4 BapianTu 1oCIIiJOBHOCT] peaKiliii Mpy BiJIKauyBaHHI HAJJIUILIKY COJIEH
3 LIUTOIIa3MHU KIIITUH

[Ipu 3acoyieHHI MOYMHAIOTH EKCIPECYBATUCh TEHHU, MO0 KOAYIOTH (EpMEHTH
CUHTE3y MpoJiiHy Ta Oerainy, depmentn CAM-nuisxy BYTJICIIEBOTO METa00Ji3MY,
dbepmeHTH cuHTE3y JirHiHy, a Takok LEA-Oinku, akBamopinu, pizHi ATPasu 1
pOTEasu.



IIuTanHst TA TECTH IJI51 CaMOKOHTPOJII0

1. Slx HA3WBAIOTHCS POCIWHU, WPHUCTOCOBAHI 1O ICHYBaHHSI B YMOBax
HaJJIAIITKOBOT'O 3aCOJICHHS?

2. UuM BIJIPI3HAIOTBCS OJIMH B OJHOTO €BrajioiTH, KpUHOTAIODITH Ta
rimkoranoditu?

3. Ik pocnuHM yHUKaIOTh 3acojieHHA? OCHOBHAa CTpaTeris 3HUKEHHS
TOIIKOKYIOBAJILHOTO €(heKTy COJIeH.

4. Oxapakrepusyirte OyJ1I0BY KIITHHU 3aJ03KU.

5. 1o Take coabOBHil IOK?

6. Sk BimOyBa€eThCs BIAHOBJICHHS BOJIHOTO MOTEHIIANY KIITHH IIPH COJIbOBOMY
cTpeci?

TecToB1 3aBIaHHA

1. SIx1 o3HaKM BIAPI3HAIOTH rano@iTiB BiJ ITIKOPITIB?
a) HU3bKa IHTEHCUBHICTh TPaHCHIpaLlii;
0) BHCOKa MPOAYKTUBHICTD;
B) IHTEHCUBHUM PICT.
2. SIK1 IPUYMHHU IIKIITTUBOTO BILTUBY COJIEH HA pOCIUHY?
a) MOPYLIYETHCS CTPYKTYpa KIITUHHUX OPraHOi/iB 1 HUTOIIA3MU;
0) 3MIHIOETBCS €HEPTeTHYHUI OOMIH;
B) HHU3bKMA BOJHHMI MOTEHI[laJl TPYHTOBOIO PO3YMHY YTPYIHIOE
MOCTYMHaHHS BOJU B POCIIUHY.
2. SIKi MSX¥ MOI0IaHHS HU3BKOTO BOJHOTO MOTEHIIIay IPYHTOBOTO PO3YHHY
3aCOJIEHUX MICI[b KOPEHEBUMHU CUCTEMaMU TaJlo(piTiB?
a) HArpOMaJI>)KEHHS B KJIITHHAX BEJIMKOI KUIBKOCTI COJIEH;
0) HarpoOMaJXKEHHS B KJIIITUHAX OCMOTUYHO AKTUBHUX MPOJYKTIB
dboTocuHTE3Y;
B) HEOCMOTHUYHE HAIXO0KEHHS BOJU B KIIITUHH.



Jlekuis 7
ImyHocTiliKiCTH pOC/IMH

MeTta : BUBYMTH KOHCTHUTYIIIHHI Ta 1HIYKOBaHI, T'€HETHYHI MEXaHI3MHU 3aXUCTYy
POCTIUH JI0 MAaTOTCHIB.

ILian Jekmii

1. Hecrreniudivna ta crienudigaa CTINKICTh POCIUH 10 TTATOTEHIB,

2. XapakTepucTuKa naToreHiB. BzaeMoBiqHOCHHY Xa3siiHa Ta mapasura.
3. MexaHi13Mu 3aXHUCTY POCIIMH BiJ] TATOTCHIB.

4. TTpobGnema mi3HaBaHHS 1 CTIHKICTb.

Knrouosi mepminu: namoeen, 6iompogh, Hekpompo@, GipyieHmHICMb, aA2PecUHicmb,
gimoanexcunu

7.1 Hecriermudiuna ta crierudivyaa CTIHKICTh POCIIMH JI0 TTATOTCHIB

Kpim criiikocti 10 abioTnuHuX (haKTOpiB, POCIMHAM HEOOXITHUN 3aXUCT 1 Bij
Oaratbox O10TUYHMX BIUTMBIB: OaKTepil, rpubiB, BipyciB, KOMaXx.

CriiikicTh 0 XBOpOO — II€ 3/IaTHICTh POCIWH 3amobiratu, oOMexxyBaTu abo
3aTpUMyBaTH iXHiM po3BUTOK. Ha BiAMIHY Bij] TBapuH, y POCIHUH XBOpOOa Ma€ OLIbII
JOKambHUN XapakTtep. UYUyTnuBicTh 0 3apakeHHS BU3HAYAETHCS OKPEMHUMU
KJIITHHAMU.

dopMH TIOMIKOKEHHS POCIWHU-Xa3siHa IMaTOreHaMH MOJKHA 3TPYIyBaTH B
JEKUIbKa KaTeropii:

1. ®i3uyH1l 3MiHM B TKaHMHAX Xa3siHa (HAMpUKIaJd, MOIIKOKEHHS
KYTUKYJIH).

2. ITommkomkeHHS] TOKCHHAMU TIaTOTeHa OOMIHY PEUYOBHUH POCIIHHHU.

3. 3ynuHKa POCTy MOMKOHKEHUX POCIIHH.

4. TlopyiieHHsT BOJIOMOCTAYaHHS 1 YPaKEHHS OKPEMHX OpPTraHiB POCIIHH:
KOpEHiB, cTeOen (CyTuHHE B’ THEHHS) a00 JINCTKIB.

Criiikicte Moke OyTu Hecmernudiuna (BumoBa) abo crernudiuna (copToBa).
Hecnienudiuna cTifikicth ((GITOIMYHITET) CIOPHUSIE 3aXUCTy POCIUH Bia campodiTHUX
MikpoopraHi3miB. Llei TUI CTIHKOCTI CTOCYETHCSI XBOPOO, HEIHPEKIIMHUX JIJIST I[LOTO
BUJIy POCJIMH. 3aBASIKA BUJOBINA CTIMKOCTI KOXHHM BHJ POCIUH YPaKY€ThCS JIHIIEC
Hebararpma 30yaHMKaMu. CrernudivyHa CTIWKICTh TOB’S3aHa 3 MAPa3UTHYHUMHU
MaToreHaMH, SIK1 JJOJIal0Th BUJOBY CTIHKICTh Ta YPaKyIOTh POCIHHH.

[ls  cCTiiKicTh Ay)Ke BaKIWBa I KyJIbTYPHUX POCIWH, TOMY IO CaMe
cnenu@iuHl TATOT€HUW 3YMOBIIOIOTH Ounbmie HiK 90 % BTpar Bix XBopoO
CIITBCBKOTOCIIOAPCHKUX KYJIbTYp. I[H(eKIiiiHi XBOpoOM POCIMH BUKJIMKAIOTHCS
napasuTUYHUMU Tpubamu 1  OakTepisiMH, BipycamH, POCIMHHHUMH TIPYHTOBHUMH
HeMartojgaMu  ((QITOTeNIbMIHTH), POCIMHAMHU-TIapa3uTaMu (IMOBWJIMKA, 3apa3vxa,
omena). Haitbinbini BTpaTu BpoxkaiB COPUYMHIOIOTH TPUOKOBI 3aXBOPIOBAHHSL.



7.2 XapakTepucTuKa rnatoreHis. BzaemoBiqHOCHHM Xa3siHa Ta mapa3uTa

@daxynpTaTUBHI ( HEOOOB’SI3KOBI ) Mapa3suTH — canpodiTH, SKi KUBYTh Ha
MEPTBHX 3aJIMIIKAX, ajie YpaxyloTh 1 xuBl. Lli maroreHu nerko KyJbTUBYIOTHCS Ha
MOKUBHUX CEPEJOBHINAX 1 YPaXyIOTh POCIMHH 0araThbOX BHUAIB 1 TAKCOHOMIUYHUX
rpym. Croau BitHOCUTRCS 30yAHUK cipoi THwT Botrytis cinerea.

@dakynpTaTUBHI canpodiTd BeIyTh B OCHOBHOMY Mapa3sUTUYHUI Ta pijiie
canpodITHUM CHOCIO >KUTTS Ha HEBENMKIM KIIbKOCTI BUIIB. CIOAM BITHOCHUTBHCS
Phytophtora infestans, 1o Bukiaukae ¢piTodpTopo3 KapTOILIi.

O6umiratHi (000B’A3K0B1) HE MOXKYTh ICHYBaTH 0€3 pOCIMHHU-Xa3s[iHA OJTHOTO 200
onu3pkux poxiB. Lle Bci Bipycu Ta Garato rpu0OiB-mapa3uTiB (HANPUKIAL, 30yIHUK
Oypoi ipxi mmenuri  (Puccinia graminis tritici). ¥ xoai cnojy4eHoi eBOJIOLIT 3
pPOCIIMHAMM — Xa3siHaMHM Tapa3uTH Mi€i TPynu BUPOOUIIM 3[aTHICTh MPOHUKATH B
TKaAHWHU POCIIMHU-Xa3g1Ha, MUHAIOUYH 3aXUCHI 0ap’epu.

3a XapakTepoM >KUBJEHHS LI 30yJIHUKU PO3MOJUISIOTHCS HAa HEKPOTPO(PiB Ta
010TpOdiB.

Hexpompogpu (Bci (DakynpTaTUBHI mapa3uTu Ta JAeskli (PaKyJIbTaTUBHI
canpo(iTh) cenATbcd Ha MONEPEeAHBO YOUTIH HUMU TKaHUHI. KiiTuHH pociauHM-
Xa3siiHa THUHYTh MiJ J1€I0 TOKCUHIB, IO BHJAUISE MAaTOrEH, a MOTIM BMICT KJITUH
PO3LICTUTIOETHCS  MO3AKIITUHHUMU T1APOJITUYHUMU (EpMEHTaMH, IO BUAUISIE
napasur.

biompogu (obniraTHi mapa3uTH) TMEBHUM Yac CHIBICHYIOTh 3 >KUBHUMH
KJIITUHAMHA POCIIMHU-Xa3s[iHa; TPOHUKAIOTh B TKAHWUHU POCIUH, HE BWIUISIOUH
MIKIJUIMBUX I HHOT'O TOKCHUHIB.

[TaTorenu mir0Th Ha POCIMHY-Xa3siHA 32 JOTIOMOTOO T1APOITUYHUX (DEPMEHTIB
Ta TOKCHHIB, LI0 BOHU BUAUIAIOTh. DEpMEHTH pO3UICIUIIOITh KOMIIOHEHTH
KJIITUHHUX CTIHOK 1 CEPEIWHHI TJACTUHKH, MOJErHIyI0YM TUM CaMHM BXOJKCHHS
mapasuTa B TKaHWHM POCIHMHHU-Xa3siHA Ta OJHOYAcHO 3abe3meuyroud Horo
KUBJICHHAM. TOKCHHU, IO BUIAUISIOTH HEKPOTPOPH Ta BOMBAIOTH TKAHWHU POCIHH,
Ha3UBalTh (piToTOKCMHaMU. BoHM He cnenu@ivHi, TOOTO MOXYTh IMOIIKOJKYBaTU
0araTo poCiuH.

[Tapa3uTuuHi OpraHi3aMM XapakTEepPU3YIOTbCA BIACTUBOCTSAMU MATOT€HHOCTI,
BIPYJICHTHOCTI Ta arpeCUBHOCTI.

Ilamozcennicms — 31aTHICTh BUKJIMKATH 3aXBOPIOBAHHS.

Bipynenmuicms — 371aTHICTh MATOT€HA ypakaTu abo HE ypakaTh POCIHHY (3a
MIPUHITUTIOM «TaK-H1»); BIACTHBA TIJIbKA TUM MATOTEHHUM BHJIaM, SIK1 PO3PI3HSIIOTHCS
3a 3/IaTHICTIO ypa)xxaTH Ti a0o 1HIII POCIMHHU 1 MOXYTh MaTH JeKuIbKa (Gopm, 110
napasuTylTh Ha poCIMHaX ogHoro poxay. Hampukian, Puccinia graminis mapasurye
Ha TIIIEHUIl, BIBCI, pUCI Ta 1HMIMX 3JIakaxX. BipyJIeHTHICTh MATOTEHHA 3MIHIOETHCS
TUIBKM B pe3yJibTaTi MoOAM(QIKALII TeHoMa 1 Maike He 3aleXUTh BiJ YMOB
30BHIIIHBOTO CEPEOBUIIIA.

Aepecugnicmv — CTYNiHb YpPaXXEHHS MATOT€HOM CHPUMHSTIUBUX POCIIUH;
BU3HAYAETHCS IIBUJIKICTIO POCTY Mapa3uTa, (pakTopamMu 30BHIIIHBOTO CEpEIOBHUIIIA.



BipyneHTHICTh Ta arpecuBHICTh BiOOpa)kae SIKICHY Ta KUIbKICHY XapaKTEPUCTHKY
NaTOT€HHOCTI Mapa3uTa 100 POCIUHU-Xa3sgiHa.

VY mpotieci CriJIbHOI €BOJIONII Y POCIWHU-Xa3siHA Ta 1i Mapa3uTa BUHUKAIOTh
KOMILIEMEHTapH1 (TOOTO JOMOBHIOBAIBHI OJMH OJHOTO ) MapH T'€HIB: T€H CTIUKOCTI y
POCIIMHUA Ta T€H BIPYJEHTHOCTI y mapasurta. PociuHa criiika TUIbKA 32 TEBHOTO
MO€THAHHS [IMX T'eHIB. | B pOCIMHM, 1 B TATOT€HHA MOXYTh OYTH SIK TOMIHAHTHI, TaK 1
peliecuBHi aneni. [XHs B3aeMojis 1 BU3HAuae TUN iHQEKIii, TPUUOMY CTiHKIiCTh Ta
aBIPYJICHTHICTh 3YCTPIYAIOThCS YACTIIIE, YUM BIPYJICHTHICTh Ta CIPUUHSTIUBICTD.
L{s Teopist Oyna Ha3BaHa «TeH-HA-TE€H», TOOTO TeH POCIMHU-Xa3s1Ha Ta TeH MaTOreHa.
Bona migTBepnuna imero M.I. BaBinoBa mpo coijibHY €BOJIOIII0 POCIMHU Ta ii
rapa3uTa Ha iXHIH «CIUTbHIN 0aThKIBITHHIY.

7.3 Mexani3Mu 3aXHCTy POCIIMH BiJl TATOTEHIB

CTiMKICTh POCIIMH JI0 XBOPOO IPYHTYETHhCS Ha PI3HOMAHITHHX MEXaHI3Max
3aXHUCTy. 3arajioM Il MEXaHi3MU PO3AUISIOTh Ha: 1) KOHCTUTYIIiiTHI, TOOTO HasBHI B
TKaHUHAX POCIMHU-TOCHONaps N0 1H(eKuli, Ta 2) 1HAYKOBaHI, 10 BUHUKAIOTH Y
BI/IMOBIIb HA KOHTAKT 13 Mapa3uTOM YU HOTO TMO3AKJIITUHHUMU BUJIICHHIMU.

Koncmumyyitini MexaH13MHu BKJIIOYAIOTh:

a) 0COOJMBOCTI CTPYKTYpPU TKaHHUH, 1110 3a0€3MeYyI0Th MEXaHIUHUN Oap’ep
JUISL TPOHMKHEHHS 1H(EKIIIT;

0) 37maTHICTP 10 BHUJIJICHHS PEYOBUH 3 AHTHUOIOTUYHOI AaKTHUBHICTIO
(manpuxnan, GITOHIUIIB);

B) CTBOPEHHS B TKAHWHAX HECTa4l PEUOBUH, KUTTEBO BAKIUBUX JJI POCTY
1 PO3BUTKY Napas3uTa.

IHOyKo6aHi MeXaHI3MU CTIMKOCTI BU3HAYAIOTHCS PEAKIIE€0 POCIMHU-TOCTIONAPS

Ha 1H(DEKIII0:

a)y BCIX BUIAJKaxX MIJCUIIOIOTHCS JUXaHHS W EHEepreTUYHUM OOMIH
POCTINHY;

0) HaKOMUYYIOThCA PEUOBHHHM, IO 3a0€3MEUyI0Th 3arajibHy HecnerupiuHy
CTIMKICTB (PiTOHIMIU, (PEHOIH 1 TPOAYKTH IXHHOTO OKHCIIEHHSI — XIHOHH,
TaHIHU Ta iH.);

B) CTBOPIOIOTHCS IOAATKOBI 3aXMCHI MEXaH14H1 6ap’epH;

') BUHUKAE PEaKIlis HaTIyTIUBOCTI;

1) CHHTE3YIOThCS (DITOATICKCHHU.

3aranpHa CTpaTeris 3axUCTy POCIWH TOJSATaE B TOMY, MO0 HE JOMYCTUTH
BIUTMBY TIapa3uTa Ha CBOI KJIITUHU UM JIOKATI3yBaTH 1H(MEKIIIIO0 1 MPUBECTH TATOTEH
no 3arubemni. Ilpm 1pOMYy peakilii pOCIWHHM Ha YpaKEHHS HEKpoTpodamu 1
oioTpodamu OyayTh HEOJHAKOBUMHU. 3aXHUCTOM MPOTH TOKCHHIB 1 €K30()epMEHTIB
HEKpoTpoda CIyXKUTh iX JE€3aKTUBallsl y KIITUHAX pociauHu. CTIUKICTh 0
010Tpo(iB CTBOPIOETHCS 3a JIOMIOMOTOK) MEXaHI3MIB Ii3HABaHHS IlapasuTa,
BKJIFOUEHHS peaKilii HaA4yTJIMBOCTI JIJIi YTBOPEHHS 30HU Hekpozy. lle mo30aBiise
NaTOTe€HY KUTTEBO HEOOXITHUX KOMIIOHEHTIB KUBJICHHS, 3 MOAAJIBIINM 3HUILIEHHSIM
HOTO B 111#1 30H1 32 Y4aCTIO CHHTE30BaHUX Y BIAMOBIIb HA 1H(EKI[i10 (iTOATCKCUHIB.



CTiHKICTB 10 HEKPOTPO(PiB 3a0€3MeUyI0Th TaKi MEXaHI3MHU:

1) neToKcHKallisi TOKCHHIB Iapa3uTa;

2) BTpaTa CTINKMMHU POCIMHAMU YyTJIUBOCTI JI0 CIIEIiaTi30BaHUX MATOTOKCHHIB;

3) 3B’s13yBaHHS TOKCHMHA B CIPUUHSTIMBHUX POCIIMH 3 PELIENTOPOM Y IIa3MalieMi
rocrojaps;

4)3aTprMKa CHHTE3y €K30(DepMEHTIB IMapa3uTa NUIIXOM MAacKyBaHHSA iXHIX
cyOcTparis;

5) yHmKOMKEHHS KITHHHHUX CTIHOK Tapa3uta (epMeHTaMH pPOCIIMHU-
rocrojiapsi — XiTHUHA30l0, TTIOKAHA3010 1 T 1.

Mexaniuni koMnoHEeHTH 3axucTy. Cropu naroreHa (4u caM MatoreH) Cro4yaTKy
MOBUHHI BTPUMATHUCh Ha TOBEpxHI opraHizmy. Llpomy B 06aratboX poCIHH
MEPEIIKO/KAE BICK Ha KYTHUKYJl €MiIepMalbHUX KIITUH, SKUH POOUTH MOBEPXHIO
IJIJKOI0, TIOTAHO 3MOYYBAaHOIO BOJOIO, IIO HEOOXIMHO Al MPOPOCTAHHS CIIOP.
[latorenn (rpubu, OaxTepii, BipycH) JojaloTh el  Oap’ep dYepe3 MPOJUXH,
COUYEBUYKH, TOPAHEHHS, a TpUOU - Yepe3 KYyTHUKYJy, aKTHUBHO BIUIMBAIOYM Ha HET.
[ToxpHBHI TKAHUHU CIIy’KaTh HE TIIBKA MEXaHIYHOIO NEPEIIKO/I0I0, e i TOKCUYHUM
0ap’epoM, TOMY 1110 MICTSITh PI3HOMaHITHI aHTHOI0THYHI pedoBUHU. YacTo 1HDeKIis
1HJYKY€ aKTHBHY PEaKIIIO KIITHH:

1. IInpoko po3MOBCIOKEHOIO 3aXUCHOIO PEAKIIEI0 HA 3apa)KCHHS € IOCUIICHHS
mir"igikamii KNTUHHUX CTiHOK. JIirHidikamis pi3ko yTpYAHIOE TNPOHUKHEHHS
napasuTa, TOMY IO JIMIIE JIEesIKI TpuOM 3AaTHI po3lieruioBaTu JirHiH. [lokazano
TaKO0X, 10 JIITHIH POCIMHU-TOCTIONAPS MOXKE BIIKJIQJATUCS B KIITUHHIA CTiHII Tid)
rpu0iB, 3yNUHAIOUN IXHIM PICT, IPUUOMY 1HAYKY€E TaKy JITHI(QIKALIO XITHH CTIHKH
rpu0a.

2. MexaHiuHUM Oap’epoM MK HEKPOTUYHUMU KIIITHHAMH BOTHHUILA 1H(EKIIi 1
KUBUMHU KJIITHHAMH CTa€ TepuiepMa, IO YTBOPIOEThCS MpH IboMy. llepmaepma
NEPEIIKO)Kae TMOUIMPEHHIO Tapa3uTa, YTPYIHIOE HAAXOJKEHHS PpEYOBUH 0
HEKpO3y 3 KUBHUX KIITWH, 3aXUIIA€ 370pOBI KIITUHU POCIMHU-TOCTIONApPS]  BiA
TOKCUYHUX MPOAYKTIB HEKPOTUYHHX KIIITHH.

3. Sxmo 30yAHUK YTBOPUTH Ha MOBEPXHI JUCTKA arpecopiil (OpraH-mpucocKy),
TO 0e3mocepeHhO MiJ HUM KIIITUHHA CTIHKA TOBCTIIIAE. YTBOPIOETHCS TOPOMK-
mamysia, o MiCTHTb JITHIH i KpeMmHiit. Moro cBoedacHe hopMyBaHHS HE JO3BOJISE
Mapa3uTy NPOHUKHYTHU B KIITHHY.

4. 1lle onHIEI0 MEXaHIYHOIO MEPEIIKOAO0I HA LUISXY MOIIMPEHHS Mapa3uTa B
MPOBIAHIA CHUCTEMI POCIMHU CIyXaThb TUUIM. Y CTIMKMX COpPTIB MAaTOr€EH,
MOTPAIUIAIOYM Yepe3 KOPEeHI B MPOBIHY CHUCTEMY, 3aTPUMY€EThCS BUMHUHAHHIMH B
CyJIMHAX, 1[0 CTAHOBJISITH COOOI BMICT CYCIJIHIX MAPEHXIMHUX KIITHUH, MOKPUTUN
NEeKTHHOBUM YOXJIOM. 3aTpUMaHWii TpUO  MOMIKOMKYEThCS aHTHOIOTHYHHMHU
pEYOBHUHAMH.

Dimonyuou i ¢eronru. BaxinuBy ponb y HecmemudiuHIA CTIMKOCTI POCIUH
BIJIIrparoTh aHTUO10TUYHI peuoBUHU — (piToHmau, BiakpuTi b. I1. Tokiaum y 20-x
pokax. /lo HUX HamexaThb HU3BKOMOJEKYJSPHI PEUOBMHH PI3HOMaHITHOI OyAOBU
(amidaTraHl CHOMYKH, XIHOHH, TIIKO3UAW 3 (EHOJIAMH, CIIUPTAMU 1 T.1.), 3/1aTHI
3aTpUMYBATH PO3BUTOK YU YOMBATH MIKpOOpraHizMu. Bumiisiounch npu nmopaHeHH1
(umOyi, YaCHUKY), JIETKI (DITOHIMIM 3aXUIIAIOTh POCIUHY B MaTOTEHIB yXKE€ HaJ



NoBEepxHEI0 opradiB. [Ipy yIIKOKEHHAX KIIbKICTh (DITOHIMIIB PI3KO 3pOCTAE, IO
3anobirae MOXXJIMBOMY 1H(IKYBaHHIO  IOpaHEHUX TKaHWH. Jl0 aHTHOIOTUYHUX
PEUYOBHMH POCIUH BIIHOCATH TakoX (eHonu. Ilpu  ymIKoKeHHSX, 1HOEKIISIX Y
KJIITAHAX  aKTUBYEThCA  MONI(EHOJNIOKCHAa3a, sSKa  OKHUCIIoE  (QeHolu  J0
BUCOKOTOKCHYHUX XIHOHIB. DEHOJbHI CHOJYKH 1HAKTUBYIOTh €K30(hepMEHTH
NaTOTeHIB 1 HEOOX1H1 /ISl CHHTE3Y JITHIHY.

Haouymausicms. Y BIANOBIA, HAa TPOHUKHEHHS OIOTpOHHX IMapa3uTiB y
TKaHWHU CTIHKOTO COPTY (HAIPUKIIAJ, 1pXKi B 371aKH) y MICISIX KOHTAKTy 3 TaTOT€HOM
KJIITUHY IIBHUJIKO BiAMUPatoTh. L{g peakuis pocnunu HaOyna Ha3BU HAAUYTIUBICT. Y
CHOPUMHATIANBUX COPTIB KIITUHU TKAaHUH  3QJIMINAIOTHCA JKUBUMH 1 TapasuT
MOIIMPIOEThCS TKaHUHAMHU. L[10 peakiiro MaroTh came CTiKI POCIHHH, IPUUOMY LS
CTIMKICTh TIPYHTYETbCS Ha MIJBHUILEHIM YYTIMBOCTI 10 1H(ekuii. BinmupaHHs
JCKITBKOX KIITHH MPU3BOAUTH O YTBOPEHHS HEKPO3Y, IO 3YMHUHSE MEPEeMIIIeHHs
napasuta. [1oTiM HEKpOTHYHA TKaHUHA OTOYYEeThCs Oap’epoM mnepuaepmu. OCHOBHA
GyHKIIS peakilii HaJ4yTJIMBOCTI MOJSATaE B MPUIYIICHHI CIIOPOHOIIEHHS Mapa3nuTa,
10 BiI0YBA€THCS JIUIIIE MPU HOTO KOHTAKTI 3 ’KUBUMHU KIIITUHAMH.

Dimoanexcunu. DITOANEKCUHU — 1€ HUZBKOMOJEKYJISIPHI aHTHOIOTUYHI
PEYOBHHM BUIIMX POCIHWH, 110 BUHUKAIOTH y POCIHHI Y BIJIMOBiJIb HA KOHTaKT 13
¢diTonaToreHaMu; MpY IMBUJIKOMY JOCSITHEHHI aHTUMIKPOOHHMX KOHIIEHTpAIld BOHU
MOXYTh BHUKOHYBAaTH 3aXUCHY pOJb Yy GITOIMYHITETI. Y 370pOBUX TKaHHHAX
¢itoanexkcuHu BiAcyTHI. BoHM wMaroTh  aHTHOAaKTEpiasibHY, (YHTITOKCHYHY 1
aHTUHEMAaToAHYy Ji€r0. DiToanekcHMHM — KIHUEBI NPOAYKTH 3MIHEHOTO 3apa)KEHHSIM
MeTabo113My pocivHUA. BHACIIIOK PO3MAITOCTI pOCTWH, MATOTEHIB 1 IXHIX B3a€MOIIH
BEJIMKA 1 XIMiYHa pO3MaiTiCTh (piToanekcuHiB. Y 0000BuX 1€ 130(JIaBOHOINU, Y
MacJIbOHOBHX — CECKBITEPIIEHOIHI PEUOBUMHHU, Y CKIIAJHOIBITUX — IMOJIALIETHIICHU 1
T.4. KpiMm TOro, B ogHiii pociuHl y BIANOBIAL HAa 1H(EKIIIO YTBOPIOETHCS KIJIbKA
¢itoanekcuHiB. DITOATEKCUHN CUHTE3YIOTHCS B JKMBUX KIITHHAX, IO MEXYIOTh 13
THMH, SKI THUHYTh YHACHIJIOK peakiii HaTdyTIUBOCTI. TpaHCTIOPTYIOTHCS BOHU
aroIJIacTOM.

[TokazaHo, 0 poC/IMHA CIPUIHATIMBA A0 MAaTOT€HA TOJIl, KOJIM MATOTeH He
1HAYKye CUHTE3 (ITOANCKCUHIB. SIKIIO B POCIMHH MPUAYIIUTH MOXJIUBICTH
YTBOpPIOBAaTH (PITOANIEKCHHN, TO BOHA CTAa€ CHPUUHSTIMBOIO HE TIIBKA JIO CBOTO
MaToTeHa, aje 1 0 1HIMIMX, [0 PaHille HIKOJW HE Ypa)ald IF0 POCIWHY. 3BIIACH
BUILIMBAE, 10 (PiTOANEKCUHU OEpPYTh y4acTh Y MIATPUMII 1 BUAOBOTO IMYHITETY (AJ1s
HecCIeliaTi30BaHuX IMaToOreHiB), 1 COPTOBOi CTIMKOCTI (70 crheriaai3oBaHuX
MaTOreHIB). bararo BHCOKOCTIEI[1a]TI30BaHUX NaTOTCHIB nepedoproe
¢ditoanexkcuHoBUi Oap’ep, po3kianarouu (ITOANEKCUHU 1 (YM) MPUMIMHAIOYM iXHIN
cunte3. KpiM Toro, BUSIBIEHO 3MiIHY CTIMKOCTI 1 CHOPUMHSTIMBOCTI  POCIIHH-
rocro/iapiB J0 30y IHUKIB XBOPOO i/l BIUIMBOM 30BHIIIHIX YMOB 1 PI3HUX O10THYHUX
dakTopiB (MOpa poKy, MOTOJIHI YMOBH, TOOpUBA, BIK POCIWH 1 IXHIX OPTaHiB 1 iH.).
[TokazaHo, 10 B POCIUH CIOCTEPITAETHCS CEHCHOUTI3AIis CTIMKOCTI, TOOTO TMOsBa
CTIMiKOCTI 70 1HIIOro 30yJHWMKAa  MIciA TomepeaHboi 1Hdekuii (30kpema, mnpu
BIPYCHHUX 3aXBOPIOBAHHSX) UM OCHaOJeHHS CTIMKOCTI 0 MEBHOTO MATOreHa IpH
3aXBOPIOBaHHI, BUKJIMKAHOMY 30YJHHUKOM I1HILIOTO BHUY.



7.4 TIpoGnema mi3HaBaHHS 1 CTIUKICTD

[epmnii 1 HABaXKITUBILINI €TaIl IPHU B3aEMO/IIT POCIMHU-TOCIIONAPS 1 MaToTreHa
— B3a€EMHE «ITI3HABaHHA». Y CTIMKUX POCIMH BiH MOYMHAETHCA 13 3HEPYXOMIICHHS —
iMMOO1Ti3aIlii maroreHa. 3MIHCHIOETHCS TI€ 32 YIaCTIO TJIIKOMPOTEiHIB, 0 OTPUMAIIA
Ha3BY JIEKTUHU. MoJieKya JIEKTHHY Ma€ He MEHIIE SK /Bl JUISHKH I 3B’ I3yBaHHS
BYTJICBO/IIB, 11O JIO3BOJISIE 1l CKJICIOBATH (ArrJIFOTHHYBATH) MOJICKYJH 1 HaBITh I
KJIITUHU, Ha TIOBEpPXHI SKUX € chenudiuHl s [IbOTO JIEKTUHY YIPYIyBaHHS,
HaIIPUKJIQJ €PUTPOIUTU CCaBIIB. Y KIITHHAX JICKTUHM BUKOHYIOTh PI3HOMAaHITHI
(yYHKIIT; 0JTHa 3 HUX — Y4acTh Y peaKIlisX M3HaBaHHA 1 B3aeMOJIl KIITHH. JICKTUHH
CKJICIOIOTh KJIITHHU 1 CTIIOPU Mapa3uTiB, MO30aBISI0UN 1X MOKIMBOCTI MIPOPOCTATH 1
MepPEeMINTYBaTUCh. [CTOTHO TaKOX, IO JIGKTUHU 3B’SI3yIOTh CIOPH 1 KJIITUHU THX
MaTOTEHIB, N0 SKUX pOCIMHA cTiiika. BipyleHTHI mTamu OakTepiii YHUKAIOTh
armIOTUHAIT JJEKTHHAMH POCIUHU-TOCTIONAPS 3aBISKH CIIM30BOMY YOXITY, III0 OTOUYYE
OakTepito. BuHcoka KOHILIEHTpalisd JEKTUHIB y HACIHHI, 0€3CYMHIBHO, TIOB’sI3aHa 3
(GyHKILI€ 3aXUCTy OaraToro Ha 3amacHl pEYOBUMHHM HACIHHS, a TAKOX 3apojiKa Bij
ypakeHHs. J[OCIIIKEHHsI OCTaHHIX POKIB MOKa3ajiu, 1[0 B CUCTEMax Mi3HaBaHHS MPHU
B3a€EMO/JIIi POCIMHHU-TOCTIONAPS 1 Mapa3uTa (YyHKUIOHYIOTh W 1HIN y4yacHUKH. Ha
MOBEPXHI 1MMOOLII30BAHOTO MMApa3UTa 3HAXOIATHCA PEUYOBHHHM, SIKI MI3HAIOTHCS
CUCTeMaMHU pOCIMHHU-TOCHOAapsi, — emicitepu (mpoBokaropu). Emicitepu e
BHCOKOMOJIEKYJIIPHUMH TJIIOKaHaMU CTIHOK napasuta. PocimHa po3mi3Hae iX 3a
JIOTIOMOTOI0  CBOiX MEMOpaHHUX pelenTopiB. YTBOPEHHS KOMIUIEKCY eficiTep-
perentop 1HAYKye poOOTy CHUCTEM 3aXUCTy pPOCIHHH, 30KpeMa peaxliito
HaIuyTIMBOCTI. HaBesneHi maHi 103BOJISIOTH YSABUTH COO1 MOCIIIOBHICTh BKIIOUCHHS
3aXHMCHUX MEXaHI3MiB POCIHH y BiAMoBias HA iHOekIio (JI. B. Metmuubkuii, O. JI.
OzepenbkoBCchKka, 1985):

1. [Tapa3ur BIUIMBa€ HA KIITUHU POCIUHU-TOCHOAAPS 3a JOTIOMOTOIO €JICITEPIB.

2. MemOpanHi peuenTopu poCIMHU (KOMIIOHEHTH CHUCTEMHU ITi3HaBaHHS)
B32€EMOJIIIOTH 3 €ICITEpAMU Mapa3uTa.

3. YTBOpEHHsSI KOMIUIEKCY €JIICITep - PELEeNnTop 1HAYKYE PO3BUTOK y POCIMHU
peakxiiii HaIuyTIMBOCTI — MIBUAKE BIIMUPAHHS YACTUHU KJIITHH 1 MOSBY HEKPO3Y.

4. BigmupaHHS KIITHH POCIMHHU-TOCTIOAAPS TMPHU3BOAWTH A0 TOSBU B HUX
PEryJIATOPHUX MOJIEKYJ — MOXITHUX MOJIMEPIB MAaTPUKCY KIITUHHUX CTIHOK. ¥ COi,
HaIMpUKIa], (YHKIIO 1HIYKTOpAa BHUKOHYIOTh HEBENHKI (3 12 MOIEKyJI-MOHOMEPIB)
(bparMeHTH MEKTUHOBUX MOJIMEPIB CTIHKH. Taki peryasiTOpHI MOJEKYIH

I1. AnpOepcxeiiM Ha3BaB OJIirocaxapuHaMHU.

5. OnirocaxapyuHu KJIITHH, 110 THHYTh, TUQYHIYIOTh IO CYCIHIX 3 HEKPO30M
3IOPOBUX KIIITUH 1 BUKJIMKAIOTh Y HUX CHUHTE3 (PITOAJIEKCHHIB, IO 3a0e3MeuyoTh
BUJIOBUM IMYHITET 1 COPTOBY CTIHKICTh POCIIHH.

6. HapemTi, HEKpOTHYHI NUISHKA TKAaHWUH BIJOKPEMIIIOIOTBHCS BiJl 3J0POBHX
NEePUIEPMOIO, YTBOPEHHS SKOi, MOXJIMBO, TaKOX IOB’S3aHE 3 JI€I0 CIEeUU(PIYHOro
1HYKTOpa HEB1IOMOT MOKH 1110 TPUPOIH.

Sk KJIITMHU BII3HAIOTh PO «HamMaa» NaTOreHHa, SIK B HUX (opMmyeTbes
CTiikicTh? VY mepmni 2-3 XBUJIWHU CIOCTEPITAEThCS OKHUCIIOBAJIBLHUN BHOYX-



OiABUIICHHA piBHSI akTuBHUX (opm kucHio (ADK). Peakmito yTBOpeHHs
CYNEpPKOKCUAHOTO aHioHa MOXyTh KaTamizyBatu HAJ[H-3anexxna mnepokcuiasa,
acoIliioBaHa 3 30BHIINIHBOIO MOBEPXHEIO IIa3MAaTHYHOI MEMOpaHU ab0 KJIITHHHOIO
CTIHKOIO pocnuHu-XassiHa, 1 HAJI®H-okcumaza, Takok BOyJIOBaHa B MOro
MeMOpaHy. BctanoBieHa mo3utuBHa Kopessiis M akTuHicTio HAJI®OH-okcua3u
Ta pIBHEM 10HIB KaJIbI[i10 B KJIITHHI MpHU naroreHesi. Mozaens yuacti A®K B maroren-
1HIYKOBaHUX PEAKIIISIX POCIMHU-Xa3s1Ha HaBEJIeHa Ha pUCYHKY 7.1.
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Puc. 7.1 - Mogenp yuyacti AOK B maToreH-iHIyKOBAaHUX PEAKISAX POCITUHU-
XasslHa

JlokanizoBaHuid B MJa3MaTHU4YHIM MeMOpaHi pOCIMHU-Xa3diHa pPELenTop
3B’SI3YETbCSI 3 eJiciTepoM  (ediciTepd — BHUCOKOMOJICKYJISIPHI TJIFOKaHU CTIHOK
napasuta). Lle Tsarae 3a coboro 3mMiHy kKoHpOpMaIllii acoriioBaHoro 3 perentopom G-
Ginka, skmii Bimummse Ca’’- kamax. Y pesyabTaTi  MiABHINYEThCS piBEHb
BHYTPIIIHBOKIIITHHHOTO KAJBI[IO Ta, IK HACITITOK, aKTHBYeThCs Ca’ -KalbMOTyIiH-
3ajiexxHa mpoTeinkiHaza. OcrtanHs — katamizye ¢dochopuwmoBanns HAJID H-
OKCcHfa3u, ska BigHOBIIOE O, 110 CymepOKCHI-aHIOHA, IO MiJJIsArae TUCMyTaIli 3
YTBOPEHHSIM TMEpPOKCUAY BOAHIO. llepokcua BOAHIO, 3 OJHOTO OOKY, BHUSBISETHCS
mxepenom HO', mpu B3aeMojii SIKOTO 3 JIiMiIaMH YTBOPIOIOTHCS T1APOTEPOKCHIIN -
MOMEPEAHUKN PI3HOMAHITHUX 010JIOTIYHO AaKTUBHUX OKCHUIIPOAYKTIB, Y TOMY YHCIHI
’KACMOHOBOI KHCIIOTH, 10 Oepe y4acTh B aKTHBAIlli «3aXHCHHUX TEHIBY». Y TBOPCHHS
NEPOKCUIY BOJHIO MOXHA PO3IJISAATH SIK 3aXUCHY PEaKIlil0 pOCIMHHU-Xa3siHa Ha
BIUIMB MaToreHa. 3 JApyroro OOKy, HAKONUYEHHS MEPOKCUAY 3MiHIOE OOMIH 1 B
KJIITUHAX TaToreHa. Y Hux Takox npoaykyerbes ADK, akrtuByerbcs IIOJI Ta
B110yBa€ThCs JAerpajiallisi pi3HOMaHITHUX KOMITOHEHTIB KJIITHH TKAaHUH Xa3siHa.

Kpim A®K, curHanabHy pojib BTOPMHHUX MECEH/IKEPIB BUKOHYIOTh CaTIIMIIOBA
Ta )KACMOHOBA KUCIJIOTH, €TUJIEH, TOPMOH OLJIKOBOT MPUPOIN CUCTEMIH.



[TocmimoBHICTh BKJIIOYEHHS 3aXHCHUX MEXaHI3MIB POCIWH Yy BIAMOBIAL HA
iH(pexkIio 610TpodiB:

1) mepBHMHHA peakilis POCAMHM Ha [il0 I[aTOreHa IIOJIAra€ B Pi3KOMY
aKTUBYBAaHHI1 CUTHAJILHOT CUCTEMU TOTIEPEHKCHHS;

2) mapasWT BILIMBAE HA KIITHHH POCIMHU-Xa3s1Ha 3a TOTIOMOTOIO €IiCITepiB;

3) MeMmOpaHHI peuenTopd POCIMHA (KOMIIOHEHTH CHCTEMH BITi3HABAHHS)
B3a€EMOJIIIOTH 3 €JICITOpaMu Mapa3uTa; 0 KOMIIOHEHTIB CHUCTEMHU BII3HABaHHSA
HAJICKUTh €HIOTeHHUN (hakTop, a00 (HakTOp KOMITETEHIIIT;

4) yTBOpPEHHS KOMIUICKCY EICITOP-pEelenTop iHAYKYE PO3BUTOK y POCIMHHU
peakiii HaauyTIUBOCTI, IO MPU3BOJUTH JO IIBUAKOI 3aruOesli YaCTUHHU KJIITHH Ta
YTBOPEHHS HEKpPO3y; HAIUyTIWBICTh HAa CHUTHAJIBHI PEUYOBHHU IMATOTEHA MOXKE
BHHHKHYTH TIpU KOHIeHTpaii ioro 10™ — 10" mouns/x;

5) y mporeci BiIMUpaHHS KIITHH POCIMHU-Xa3siHAa B HHX BHHHKAIOTh
PETYJISTOPHI MOJICKYJIM; TIOXIJIHI TIOJIMEpPIB MATPUKCY KIITUHHUX CHCTEM —
OJIIFTOCaXapuHu;

6) BiIl THHYyYHMX KIITHH OJIrOCaxapuHu JUPYHAYIOTH JO CYCIAHIX 3
HEKPOTHUYHOIO JUISTHKOIO 30POBUM KJIITUHAM Ta BHUKIHUKAIOTh y HUX CHHTE3
¢iTtoanekcuHiB, 3a0€3MeUyI0UN BUIOBUM IMYHITET Ta COPTOBY CTIMKICTh POCIIUH;

7) HEKpPOTHYHI  JUISHKH  TKAaHWH  BIJIOKPEMIIIOIOTHCS  BiA  3I0POBHUX
MEepPUAEPMOI0, YTBOPEHHS SIKOi, MOXJIMBO, TIIOB’f3aHE 3 JI€I0 CHEUpIYHUX
1HIYKTOpIB.

Pe3ynbTraToM HaguyTIMBOCTI MOXE OyTH TAaKOX €KCIpEecis IeHIB, M0 KOAYE
CUHTE3 HOBUX OUIKIB POCIMHOIO-Xa3iiHOM Yy BIAMNOBIAb HAa IH(EKLII MaTOT€HOM.
bisnku naTorenesy miapo3AUISIOTECA HAa KIJIbKA POAMH, SIKI BKIIIOUAIOTh, HAPUKIA, Y
pociuH Tabaky Bif 20 10 25 pizHux O11KiB. CUHTE3YIOThCS TJIFOKOHA3M, XITIHA3M, SIKI
pPYWHYIOTh KIITHHHI CTIHKM T[1aTOr€Ha, IHCIOITOpUM MpOTEiHa3, IO CTBOPIOE
MEPENIKONY JJIT OCBOEHHS O1IKIB MaTOreHOM, (PEPMEHTH CHHTE3Y JITHIHY Ta 1HIINX
KOMITOHEHTIB KJIITHHHOI CTIHKM pociauHHU. CBOEPIHICT CHHTETHYHUX PEaKIlin
BH3HAYAETHCS TUIIOM 1H(]EKIIII.

3arubenp ypakeHoi KIITHHHM 1€ JO0 TOro, SK B HIA YTBOPIOETHCS HOBE
MOKOJIIHHS TIapa3uTa, 3arooirae po3noBCIOKEHHIO HOTO 32 OPraHi3MOM. Y PasKeHHS
BUKJIMKA€ TaKl TMOPYIIECHHS B OOMIHI PEYOBHWH, SKI CHPUHUMAIOTHCS POCIUHOIO-
Xa3g4iHOM SIK CHUTHAJI JI0 €KCTPEHOTO BKIIIOUECHHS TEHETHYHOI MpOorpamu 3aruoeni
KJIITHH, TOOTO anomnTo3a, 1[0 PO3TJIsIa€ThCs K ICTOTHUHN ()aKTOp IMYHITETY.

IIuTaHHs Ta TECTH IJIs CAMOKOHTPOJIO

1. Ha3BiTh kareropii ¢opM MOMIKOKEHHS POCIMHU MMaTOT€HHUMH OpPTaHI3MaMHU.
2. YUnm Biapi3HseThea crienudiyaa Ta Hecnenedivni CTINKICTh 10 MaTOTeHIB?

3. OxapakTepu3yiTe KOHCTUTYIIITHI MEXaH13MHU 3aXUCTY POCIUH BiJ XBOPOO.

4. OxapaktepusyiTe 1HIyKOBaHI MEXaH13MH 3aXHUCTY POCIUH BiJl XBOPOO.

5. Oxapakrepusyite poib PITOHIUIIB Ta (HEHOJIB y HecnenudpiuHii CTIKOCTI
POCIIUH.



TecToBi 3aBIaHHSA

1. ki 30ynHUKHA XBOPOO POCIMH HA3UBAIOTh (haKyJIbTATUBHUMH TTapa3suTamu?
a) BeJlyTh B OCHOBHOMY Tapa3sUTUIHUMN CIIOCIO XKUTTS, pijiie canpodiTHUIA;
0) € mepeBaxxHO campodiTaMH, aje MOXYTh Bpa)KaTH >KHB1 OcJIaljieHi
POCIIVHY;
B) HE MOXYTh ICHYBaTH 0€3 pOCIUHU-TOCIIOAAPS.
2. TOKCHHH, SIK1 BUAUISIOTHCA HEKpoTpodamu 1 BOMBAIOTH TKAHWHU POCIIHHH,
HA3UBAIOThCS:
a) pITOTOKCHHAMY,
0) BIBOTOKCHHAMU;
B) NATOTOKCUHAMMU.
3. 31aTHICTh TATOTeHA BpaXKaTH UM HE BPa)kKaTh POCIMHY HA3UBAETHCS:
a) MaTOreHHICTB;
0) BIpYJICHTHICT®;
B) arpEeCUBHICTb.
4. J1o KOHCTUTYIIMHUX MEXaH13M1B 3aXUCTY POCINH HAJICKATh:
a) HarpoMaKeHHs PITOHIUIIB 1 PeHOiB, CHHTE3 (PITOATEKCHUHIB,;
0) peakiliss HaIUyTJIMBOCTI, TOCUJICHHS JTUXAHHS,
B) OCOOJIMBOCTI CTPYKTYPHU TKaHUH, SIKI CTBOPIOIOTH Oap’ep st
MIPOHUKHEHHS 1H(EKI1i, CTBOPEHHS B TKAHUHAX HECTaul pEYOBHUH, JKUTTEBO
BXJIMBUX JJIS1 TApa3HTA.
5. HuzpkoMonekyigpHi aHTUO10THYHI PEYOBUHM BUIIMX POCIIUH, SIK1
BUHMKAIOTh Y BIAMOBIb HA KOHTAKT 3 (PITOMATOreHaMH, HA3UBAIOTHCSL:
a) GITOHLIUIN;
0) giToanexkcunu;
B) eHOIH.



I'JIOCAPIN

e ADioTuuHi ¢axTopu — (dhakTopu HEKMBOI MPUPOJN) — II€ KOMILIEKC YMOB
TOBKULISA, IO Mae TpsAMUNA abo omocepeaKoBaHWW BIUIMB Ha pociamHH.. [0
a010TMYHUX HAJIEXKaTh XiMiyH1 Ta (i3uyH1 (a00 KiIiMaTU4Hi) pakTopH.

¢ ArpeCUBHICTh — CTYIIHb YPaXXCHHS MAaTOIC€HOM CHPUUHSATIMBHUX POCIIHUH;
BU3HAYAETHCS MIBUJIKICTIO POCTY Mapa3uTa, pakTopamMu 30BHIITHEOTO CEPEIOBHUIIA.

e AjanTanisi — IPUCTOCYBAaHHS OPraHi3My /0 KOHKPETHUX YMOB ICHYBaHHs, B
IHAMBIAYyMa JIOCSTA€ThCA 3a PaxyHOK (Pi310JI0OTIYHUX MeXaHi3MiB ((izionoriuHa
ajanTarlisi), a B MOMyJAIli OpraHi3MiB (BHUIYy) — 3aBISKH MEXaHI3MaM TE€HETHYHOI
MIHJIMBOCTI ¥ CIQAKOBOCTI (T€HETUYHA a/IalTaIlis ).

e AxiimManisi — BigoOpakae BIJIMOBIAHI peakilii, 10 JO03BOJSIOTH POCIUHAM
MPUCTOCOBYBAaTUCA JO HOBUX CTPECOBMX YMOB, II€ MPUCTOCYBAaHHS, IO
CIIOCTEpITaeThCs B JTAOOPATOPHUX YMOBax, Ji¢ BCl MapaMeTpu CEpeloBHINA, 3a
BUHSITKOM SIKOTOCh OJHOTO, MIATPUMYIOTHCS Ha HE3MIHHOMY PiBHI, IHIIUM YHUHOM,
3arapToOBYBaHHS POCIIUH.

e AxiiMaTM3aliss — 1€ Takuil aJanTUBHUKA NPOIEC, MPU SKOMY OpraHizm
MIPUCTOCOBYETHCS 10 3MIHM JEKUIBKOX MapaMeTpiB HABKOJIMUIIHBOIO MPHUPOAHOTO
CepeIOBHUILA.

ebioruuni pakTopu — npupoaHi pakTopm, i SIKUX 3yMOBJICHA BIUIMBOM Ha
POCIIMHU JISTTLHOCTI 1HIIMX KUBUX OPTraHi3MiB (TpuOiB, TBAPUH, 1HIIIUX POCITUH).

ebioTrpodu — (oGxmiratHi mapasuTH), sKi NEBHUNA Yac CHIBICHYIOTh 3 YKUBUMH
KIITHHAMHA POCIIMHH-Xa3s[iHa; TPOHUKAIOTh B TKAaHWHU POCIWH, HE BUIUISIOYH
IIK1JIUBUX JIJI1 HHOTO TOKCHHIB.

ebiikn Xx0/1010BOr0 MIOKY — 1€ KJIac (YHKIIOHAIBHO CXOXHUX O1JIKIB,
EKCIIPECis SKUX MOCUITIOETHCS TTPU TIOHIKEHHI TeMITEpaTypH.

ebijIKu Tem10BOro MOKY — 11¢ K1ac GyHKIIOHATHLHO CXO0KHUX OLTKIB, EKCIIpecis
SIKUX TTOCHJTFOETHCS TIPH MABUIIEHH] TeMIIEpaTypPH.

eBipyJjieHTHicTh — 3/1aTHICTH MTATOT€HA YpaKaTu ad0 HE ypakaTu POCIUHY

e(3a MPUHITUIIOM «TaK-HI»); BJIACTHWBA TUIBKM THUM MATOI€HHUM BHJAM, SKI
PO3PI3HAIOTHCS 3a 3/JATHOCTIO YpaXkaTu Ti a00 1HIIT POCIMHU 1 MOXKYTh MaTH JEKUJIbKa
dbopwm, K1 Tapa3uTyIOTh HAa POCIUHAX OJTHOTO POY.

el"anodiTu(sin rpemn. «ga-los» — ciimb, «phyton» — pocnuHa) —  POCIUHH,
MPUCTOCOBAHI JI0 ICHYBaHHS B yMOBaX HaJIMIIIKOBOTO 3aCOJICHHSI.

elnikoranodiTu — coneHenponukHi ranoditu. BUcokuii OCMOTHUHUN TUCK Y
iXHIX KJIITMHaX MOIATPUMYETHCS 3a PAXYHOK MPOJYKTIB (DOTOCHHTE3Y, a KIITHHH
MaJIOTIPOHUKHI JUIsi cosiedd. TuroBi mpeactaBHUKH 1iel rpynu — noaua (Artemisia
salina), pizni Buau koxii (Kochia).

oG — 6inkm - (Guanine nucleotide-binding proteins, Oinku, 1O 3B'S3YIOThH
TYaHUJIOBI HYKJICOTHAM) — II€ pOJIMHA OUIKIB, IO OEpyTh yd4acTh y KIITUHHOMY
CUTHAJIOBaHHI eykapioT. G-OUIKu BIIITPaloTh POJIb CBOEPIIHUX MEPEMUKAUIB: BOHU
MOXYTh TIEPEXOAWTH 3 HEAKTHBHOTO CTaHy B aKTHUBHUW 1 HaBMaKW, BiJMOBIIHO
BMHKAIOUX 200 BUMUKAIOUH MTepeady IEBHOTO CUTHATY BCEPEANHI KITITHHHU.



eEdekTopu — e cTpykTypu, 1o 3a06e3nedyroTh BIAMOBIIHI peakilii opraHizMy
Ha T0JIPa3HUKH.

eEdemepn — pociiiHM 3 KOPOTKUM BEreTaIlIMHUM MEPi0JIoM, SIKUH 301raeThes 3
nepiooM JOIIiB (COci0 YHUKHEHHS MOCYXH B 3aCYIUIMBHUX MICISIX TPOKUBAHHS).

o KapocriiikicTb — 37aTHICTb POCIMH BUTPUMYBATH 3HA4YHI M1JBUIICHHS
TEMIIEpaTypd  TOPIBHSHO 3 ONTHUMAIBHOK. 3a0e3MeuyeThCsl 3MIHOI OOMIHY
pedyoBuH, crenudikorw (i3UKO-XIMIMIYHMX BJIACTUBOCTEH OpraHiaMy, 30KpeMa,
M1JBUIICHUMH B’SI3KICTIO Ta T1APO]IIBHICTIO ITUTOIIA3MH, TOCHJICHHSAM TpaHCIiparii
TOIIO.

e3araproByBaHHsI POCJAMH — IIIJIBUIIEHHS CTIAKOCTI (MOpPO30CTIMKOCTI,
XOJIOJJOCTIMKOCTI, COJEBUTPUBAJIOCTI TOIIO) POCIUH JO HECHPHUSTIMBUX YMOB
CEpeIOBHUILA, 3yMOBJIEHE ITTMOOKMMU 3MIHAMHU B 1epediry (pi310J0T14HUX MPOLECIB Y
ixHpoMy opraHizmi. CynpoBOKYeTbCS MNepeOylIOBOIO psANy IMPOLECIB OOMIHY
PEYOBHH, BHACTINOK SIKOT 3MEHIIYETHCS BOAOYTPUMYIOYA 3IATHICTh MPOTOILIA3MH,
30UTbIIY€EThC 11 B’ SI3KICTh 1 3HUKYETHCS] IPOHUKHICTb.

eKcepoditu — pocivHMU NOCYIUTMBUX MICLb TPOKUBAHHS.

eCnpaBxkni kcepoditu (eBkcepodiTu — MONMH, BEpOHiKa, IMBUHA, BEIMEXKE
BYIIKO Ta 1H.). POCIMHM 3 HEBEIMKUMHU JIUCTKAMU, YaCTO OIMYIICHUMH, KapOCTINKI,
TpaHCHipalisi HEBUCOKA, 37aTHI BUTPUMYBATU CHUJIbHE 3HEBOAHEHHS, y KIITHHaX
BUCOKMM OCMOTHYHMI THUCK. KopeHeBa cucrema CWIBHO pO3TrajdyKeHa, aje
3HAXOIUTHCS HA HEBEJIMKINA TIINOMHI.

eMemOpanHi penenTopu — 11¢ OUIKOBI MOJIeKyJd (OUIKK) a00 TIKOMPOTEinH,
Kl MICTSTBCS Ha MOBEPXHI KIITUHA Ta CHENU(IYHO pearyloTh 3MIHOIO CBOEI
MPOCTOPOBOi KOH(Iryparii Ha MPUEAHAHHS JO HUX MOJIEKYJIH XIMIYHOI CIIOJYKH,
TOOTO HA TOPMOHAJIBHUM  CHUTHAJ, IO MPOXOJUTH JO CEpeAHU  KIITUHU
3a IOIOMOT'OI0 BTOPUHHUX TTOCEPETHUKIB 00 TpaHCMEMOpPaHHUX 10HHUX KaHAIIB.

e Mopo3ocTiiiKicTh — 30aTHICTB pOCIHH HepeHocuTH Temieparypy Hinkde 0°C.

eHexporpodu — (Bci (axkynbTaTuBHI TNapa3utd Ta Jesdkl (aKyJIbTaTUBHI
carpodiT), AKI  OCEJISIOThCA HA TMOMEPEIHbO BOUTIH HUMM TKaHWHI. KiiTuHH
pOCIMHU-Xa3siHa TUHYTh MiJ] JI€I0 TOKCHHIB, 10 BUJUISAE MATOrEH, a MOTIM BMICT
KJIITUH PO3UICTUTIOETHCS MO3aKIITHHHUMH T1APOTITHYHUMH (PEPMEHTAMH, 1110 BUILISIE
napasur.

e¢O0JjiraTHi (000B’SI3K0BI) Tapa3uTu — OPraHi3MH, IKI HE MOXYTh ICHYBaTu
0e3 pocMHU-Xa3siHa 0JTHOr0 a00 OJM3BKUX POJIIB.

ellaToreHHicTh — OpraHiamMy 3/1aTHICTh BUKJIMKATH 3aXBOPIOBAHHSI.

ellocyxa — HecTaya 4u BIJICYTHICTb OMNaJlIB IPOTATOM TPUBAJIOrO MEPIOTY YaCy
Py TABUIIEHUX TEMIEpaTypax Ta 3HIKEHIN BOJIOTOCTI MOBITPS, BHACIIIOK YOTO
3HHMKAIOTh 3aI1aCy BOJIOTH B TPYHTI.

eCTpec — peakilisi OpraHizmMy Ha OyAb-sIKi BIIXUJICHHS BiJ HOPMHU.

eCTpecopu — HeCTIPUATINBI (HAKTOPU HAKOJIMIITHHOTO CEPEIOBHIIIA.

eCrinakcepodiTu - crenoBi 37aku (kKoBuia # 1H.). IlpuctocoBani md0
MIEPEHECEHHST TIeperpiBy, IMIBUJIKO BUKOPUCTOBYIOTH BOJIOTY JITHIX JOIIIB, aje
BUTPHUMYIOTD JIMILIE KOPOTKOYACHUN Opak BOAM B IPYHTI.



eCykyJjentu (3a H. A. MakcuMOBUM — HecTipaBkH1 Kcepo(]iT) — pOCIMHY, SKI
3amacaroTh BOJIOTY (KaKTyCH, alloe, MOJIOJMJIO, MOJoYai), BoJla KOHLEHTPYETHCS B
JUCTKAX 4K cTe0saX, BKPUTUX TOBCTOIO KYTHKYJIOIO Ta BOJIOCKaMHU.

eTpancaykmis — (Bim oar. transductio — mepemimienns) —  ¢opma
TOPU30HTAILHOTO MEPEMIIIICHHS TeHIB

eTpanckpunuia — nporec cuaresy PHK 3 Bukopucrannsm J[HK B skocti
MaTpHulll, sIKi BiIOyBa€TbCs y BCIX JKUBUX KieThHax. Lle — mepeHoc reHeTnyHoi
uHdopmarii 3 JIHK na PHK.

eTpancasiuia — npoiiec cuHTE3y OUIKIB 3 aMIHOKHMCIIOT, IO KaTali3yeThCs
pubocomoro Ha matpuiii MarpuuHoi PHK (MPHK). Tpancnsiisa € oxgHiero 31 cragii
nporiecy OiocHHTE3y OLIKIB. Y CBOIO UepTy YaCTHHH MPOIECY EKCIPecii TeHIB.

eVOikBiTHUHHM  (Bim  aHrd. ubiquitous —  «mpucyTHIH =~ BCrOAW») —
BUCOKOKOHCEPBATUBHUI MallUid PETyISATOPHUNA OUIOK, SIKIM y BEJNMKIA KUIBKOCTI
MPUCYTHIN y BCIX KJIITHHaX eykapioTiB. Lleil O1nok 37aTHUN (popMyBaTh KOBAJIEHTHI
3B’SI3KM 3 I1HIIMMH OUIKaMHU, Ji€ MOJIMEPI3yeThCsl 3 YTBOPEHHSM 130MENTHIHUX
3B’SI3KIB y BUTJISA/II TPYH 3 KUIBKOX MOJIEKYJT yOIKIBTUHY.

¢ X0J1010CTIKICTh — 3/1aTHICTh TEIUIOIIOOHUX POCIIMH NEPEHOCUTH TEMIIEPATYpU
nemo Bumi 0°C.

ePakyabTaTUBHI ( He0O00B’A3KOBI ) mMapa3uTu — canpodiTH, SKi KUBYTh Ha
MEPTBUX 3aJUIIKAX, aJ€ BPAXKYIOTh 1 )KUBI.

ePakyabTaTUBHI canpodiTm  — opraHi3mMH, $KI BEAYTb B OCHOBHOMY
napasuTUYHUM Ta pijiie canpodiTHUA Croci0 )KUTTS HA HEBEJIIMKOMY YUCIT1 BUJIIB.

ediToajieKCUHU — 116 HU3bKOMOJIEKYJISIPHI aHTUOIOTMYHI PEYOBUHU BUIIUX
POCIIMH, 1II0 BUHUKAIOTh B POCIUHI Y BIJMOBIb Ha KOHTAKT 13 (DITOMATOTCHAMH; TIPH
IIBUJKOMY JIOCATHEHHI aHTUMIKPOOHMX KOHLIEHTpaliii BOHU MOKYTh BUKOHYBaTH
3aXUCHY pOJb Y (DITOIMYHITETI.

e@iToHIMAN — aHTUO10TUYHI peuoBUHH, BIAKpUTI b. I1. Tokinum y 20-X pokax.

elllaneponn — OUIKM, $IKI JONOMAaralOTb HEKOBAJIEHTHOMY 3TOPTaHHIO YU
po3ropTaHHio, a00 Po30MpaHHIO YK 300pIll 1HIIUX MAKPOMOJICKYJISIPHUX CTPYKTYD,
aJie He B3a€MOJIIIOTH 3 IUMH CTPYKTypaMH, KOJIU OCTaHHI BUKOHYIOTh CBOT HOpMaJTbH1
6iosoriuni GyHKIIT

oSIpi pocauHM — OIHOPIYHI CITLCKOTOCTIOAAPCHKI POCIHHM, IO X BUCIBAIOTH
Ha BECHI 1 OJIEPXKYIOTh YpOKail y piK MOCIBY.
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