3.3. KJIETOYHAS PEHEILAA

3.3.1. KIETOYHAAA TOPMOHAJIbHAA PENENNHA

TopMotibl, HelfpoMegMaTOPhl U APYTHe arOHUCTH C1oco61ibl GBICTPO U
06paTHMO aKTHBUPOBATb TaKHe MPOIECChl, KAK COKPATHMOCTh, CEKPEIHA,
anepreTuyeckuil o6Meir, u3MeHenns: MeMOpPaHIIOro NoTeHnKa a U T. A. Ha
6a3e (apMaKOJOTHYECKUX JAHIIbIX ellie B 1a4aJie NPOILIOro BeKa yCTaHOB-
JIEHO, 4YTO MIIOTHe TOPMOHB! B3aUMOJeHCTBYIOT C Olipe/leielIbIMH PEelenTo-
paMy Ha Hapyxuoil cTopone kJjeTounoit MemOpanbl. Ofllaxko ganbHeit-
WA X0 KJIETOYHBIX TIPOLECCOB NIPU pelleniiuy Gbi1 HenonsTen. Kpynneit-
mee OTKPbITHE B 3Toif o6nacTd 6puto chemano J. Y. CaseprennoM
(E. W. Sutherland), xoTopbiit o61apysu, 4To IPU CTUMYJISLUH TJIHKOTe-
0JI#3a TJI0OKarOHOM BHYTDH KJIETOK TieueHHd 06pasyeTcsi TepMOCTaGHJIbIIOE
coeqMiletile, CTIOCOOHOE aKTHBHPOBATD SHepreTyeckuii o6Men kiretku. [losxe
3TO coeAMHeHHue ObLI0 MaeHTHuUIMpoBano kak NAM®. BnociescTBun
6bLy1a BHIABHHYTa FHHOTE3A, COTJACHO KOTOPON TOPMOHB! OCYIIECTBJISIOT
PEryJISIMIO BHYTPUKJIETOYHBIX IIPOLIECCOB NIyTeM aKTHBallMM CHHTE3a Tak
Ha3biBaeMbIX BTOPHYHbIX MeCCeH/XKEPOB, MU IocpeAnkoB. IlepBbiM H3
OIIMCAHHBIX BTOPUYHBIX MOCPeAHHKOB 6611 HAM®, nosxe 6y o6Hapy-
xenpt (M@ u unosuton- 1,4,5-rpudocgar.

IIpuHIMNIMaTbHO HHOM MEXAHU3M, C TIOMOILIBIO KOTOPOTO MOXET Nepeja-
BaTbCA U YCUJIUBATHCS CUTHAJ OT aTOHUCTOB, 3aKJIIOYAETCs B PENENTOpO3a-
BHUCHMOI{ aKTHBAIIMH UOHHBIX KAHAJIOB IIa3MaTHYECKOH MeMOPaHbl KJIETKHU.
Takoro poaa perynsius 6bia onKMcana TOJbKO AJA 3JeKTPOBO30Y AUMBIX
kJeTok (HeitpoH, MBIlLIeYHas KJIeTKa), HO OKa3aoCh, YTO OHAa HMEeeT YHHBEp-
canbHblit XxapakTep. Eme oqun cnioco6 nepegaun FTOpMOHAIBHOTO CHrHaJIa
3aKJIIOYAETCS B TOM, YTO PELENTOPbI HEKOTOPbIX arOHUCTOB ABJAAIOTCA dep-
MeHTaMu. 1Ipu 5TOM UX perySTOpHbI IEHTp — Y4aCTOK CBA3BIBAHHA aro-
HHCTa — HAXOJMUTCSI C HApY>KHON CTOPOHDI KJIETKH, a KaTAIUTHYECKHi 11eHTp
o6pallleH B CTOPOHY 1HTOIIa3Mbl. Ilo TakoMy MexaHH3My NeHCTBYIOT MHO-
THe (HaKTOPBI POCTa, PELENTOPbl KOTOPHIX ABJISIIOTCS IIPOTEUHKHHA3aMH, H
npeJcepAHbI HATPHilypeJUYEeCKHH NeNITUX, PelenTop KOTOpOro — ryaHu-
Jarukaasa. CyllecTBYIOT U Ipyrue yTH epeaauu curiana. Tak, pewento-
Dbl CTEPOMIDBIX TOPMOHOB U TUPOKCHHA HepeHOCSsIT TOPMOH B KJIETO4HOe
SIAPO.

OcTaHOBUMCS Ha OCHOBHBIX THUMAaX FOPMOMNAJIbIIOH KOMMYHHKAIUH H
KJIETOMHbIX PeLeNTOPOB.

Tumns! ropMoHaTbHON KOMMYHHKAIIMU KJIETOK:

— 3HJOKPHHHAsI, KOrJa rOpMOHbE Pa3HOCATCS 110 BCEMY OPTaHHU3MY;

— MapaKpHHHAas1, KOTAa TOPMOIIbl IEPEHOCSITCSA Ha paccTostHue lie 6oJee
1 MM;

— CHIaNTHYecKas, Korja TOPMOHBI IIepelloCATCS Ha PacCTOsIHHe He
6ojiee 5 HM.

B HacTosliee BpeMsT B KJleTKaX pas/iMyaloT TP OCHOBHBIX THUIA MeM-
6pAalHbIX PEIENTOPOB;
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— penenTopst (pakTOPOB POCTA;

— penenTopsl conpskeins ¢ G-GeakaMu;

— kanasoo6pasyioume penentopbt (AXP u ap.). -

[Ipeacrasielibie THIIB PELENITOPOB PA3JIMYAIOTCSA IO OCHOBHBIM KJIac-
CaM: alleTHJIXOJIMHOBBIN, KATeX0JIaMUHOBbIH, ormarkbii, GABA-peuerrtop, rm-
[IUHOBbIH, [IyTaMaTHBIN, CEDOTOHNHOBbIH.

KieTounbie MemMOpaHb! coaepxar cnenuduiyeckue G6eJKU-pelenToPsl,
KOTOpBIE TIPH AKTUBAI[HH BBIIOJHAIOT PAR QYHKIIMIA;

— y3HaBalHe JIATAH/A;

— HHMIHANUS TIEPBOI CTAZIUU KJIETOYHOTO OTBETA;

— OTKpbIBaliie HOHHOTO KaHaJIa;

— NPOAYNMPOBAHHE BTOPUYHOrO MecceHKepa (HAM®), KOTODBIl Ha-
pany ¢ dbepmeHTOM (IIPOTEUHKKHHA30i) PEryIUpYeT HOHHBIN TPAHCIIOPT U
KJIETOYHBIH METab0N3M,

CrnenngpuyHOCTb penentopa o6ecneinBaeTcs ClIeAYIOMHMH CBOHCTBA-
MU

— HACBHIEHHE MOJIEKYJIBE PelleNTopa NPH (GU3UOTOrHIeCKUX KOHIIENT-
palUAX JUranja;

— JOKaMU3aLMsl PENENTOpPa TOIbKO B KJIE€TKaX, I'/ie IPOSBJISIETCS ero
6HOJIOTNYECKOE J1eiiCTBHE;

— CeJIEKTHBHOCTD penentopa (Jdraily cnenuduyen K OnpeneseHiioMy
Y4aCTKy MOJIEKY/IbI DEHENTOPA).

IIponecc peuenuuy ropMOHOB pa3eJIsaIoT Ha YeTbipe CTaAUH.

1. Inddysus ropMoHa K pelientopy.

2. Csa3biBaHUeE FOPMONIA H pelienTopa:

L+R=LR,

rae L — nurang; R — peuenrtop; LR — xommiekc. Koncranra cBsizbiBa-
HUs1 MOXeT 6biTh nopsaaka K = 108 — 101! momp~1,

3. Jlatepanbhas audpy3us peuentopa B MeMGpaHe CKBO3b GEJKOBbIE
KJacTepbl ¥ GochOUIHAHDIE AOMenH (TeOpHs HePKOMAIHIA).

4. Hanuyne BHyTpUKJIETOUIIBIX TOCPeAtHKkoB (HAM® u uonn Ca).
Taxk, nporiecc B3aMOAEHCTBHS PELIETITOPa H TOPMOHa, KaK IPaBUJIO, OTHACHI-
BAIOT C TIOMOLIBIO TEOPUM «3aHSITOCTH» M TUIIOTE3bI «ILIABAIONIETO LIEHTpas.
CorylacHO TEOpHH «3aHATOCTHY peaKuus B3aUMOefiCTBHsA TOpPMOHA M pe-
LENTOPA ONMCHIBAETCA C IIOMOLIbIO YPaBHEHUA

L+R=LR - Q,
rie Q — Guosornueckuii apdext. KoHncranra casassipanus
K=[R][L]/IRL]n Q/Q,,=[RL]/R,,

rae R, — ofmas KOHUeNTpalHs PenentTopa B MeM6paHe KJIETKH.
PaccMoTpuM 0cO6eHHOCTH rOpMOIIAIbHON PETryJIAIHY 11a IpHMepe Clie-
nupuueckux U HecrnenuUUECKUX MeXKJIETOUIIbIX B3aHMOJeHCTBUIl B
niepBHOIt cucTeMe (aKCoTHaMblible B3aUMOeicTBYA U cHnancht). Qo
U3 TJaBHBIX (YHKIUH NIBAaHHOBCKOH KJIETKH SBJISETCA PEryJAnMs KOH-
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nenrpaiuu Mexkaeroutoro K* npu PB akcona, xoropas moguduimpyer ie
TOJIBKO BO36YIMMOCTb COCEJHUX HENPOHOB, HO U NIPOLECCH! AbIXaHus, TJIU-
kou3, cutites JJHK 1 6GesIkoB B riaJbHBIX KJIeTkaX. sMeHenns: ypoBusa
MexkaeTounoro K* u rmyramata crumyymmpyior Bxon Ca* B LK uepes
Ca-kanan u NMDA-raytamatustii penentop, yro crumymupyer LIK k
9K30LUTO3y AlETHIXOJHHA, CBA3bIBAlINE €70 C TMKOTUHOBBIM alleTU/IXOJIHU-
1oBbiM peuerrropom 11K, akruBaumio ageHnaaTiukiIasst, pocgosmnas, npo-
Tea3 K THIIEPNOJIAPU3aIHIo miaasMarnyeckoit MeMOpalinl ITK. Takum o6pa-
30M, nipu PB akcona niasmaruueckas Mem6pana LK crayana nenonspuay-
ercs, a 3aTeM Hacrynaer ¢asa GbICTPO# IHIEPNOIAPU3AIIMY.

B nocsieatee BpeMs 0coOblil HHTEPEC TIPEACTABJISIET BONIPOC O (hYIKIH-
oHaJIbHOI PO cekperuu onpedeeHnbix Bemects n3 LK npu PB. U3se-
CTHO, YTO IIPH HAKOIIJIEHHH MEXKJIETOUIIOTO KaJHs U3 TJIHAJIbHBIX KJIETOK
BBIXOJHUT raMMa-aMHHOMACJISIHAsA KUCJIOTa, a yBeJTHdeltie MeKKJIeTOYHOMH
KOHIIEHTPAIMH [JyTaMaTa BBI3BIBAET 1€ TOJIBKO IHIIEPIOJIAPU3AIMIO TIJIa3-
Marmndeckoit mem6paust I1IK, Ho u axk3omuTo3 AX. CienoBaTeIbHO, CJIOXKUB-
IIHECS TIPEJICTABJIEHHS O IleCientipUIecKOM XapaKkTepe Nepefady CUrnana
MeX[y TielipOHOM M IJIHAJbHOM KJIETKOM, a TAaKXKe reHepaIu30BaHHOM BJIMS-
HUM FJIUA HA HEPBHYIO KJIETKY TIPETEPNEBAIOT CYIleCTBeHHbIe H3MEHEelns.
OnuuM U3 MEXaHU3MOB Mepeadd CUTHaJa OT HefipoHa K TJIUU ABJIAIOTCA
nepepacnpezenenye 1 8xon Ca?* B LK B oTBeT 11a HakomIeHHe MEXKKJIE-
toutioro K*, rimyramara u AX. Tak, 610kupoBaHue 31eKTpUUeCKOif AKTUBHO-
CTH HeiipoHa npu AeiicTBun TTX NPUBOAUT K CHHXEHHIO KOHIEHTPAIIMH
MeXxKJIeTouHoro K*, HHruGupoBaHHIO BXOAa UM PETYJSIPIBIX KOJIeOaHuii
ypoBHs BHyTpHKJIeTounoro Ca* coceqnux actpouuros. Ilocienuee Moxer
OBLITH TaK)KE CBA3AIO C OTCYTCTBUEM U3MEHEHHUI CONEPIKAIINA MEXKKIIETOY-
HOTO riayTaMata. JleficTBUTENBIO, IPH SKCTPAKJIETOYHOM efiCTBUH ITyTa-
MaTa Ha ACTPOLKTH 06GHAPYKEIIB! 1€ TOJILKO YBEJIUYeIne BXO/A, HO U PyIi-
KIMOHAJIBIIO 3aBUCHMbIE KOJIEOAIHs BIyTPUKJIETOMHOIM KoHenTpauun Ca?*.
B uccie10BaHUAX HA HEPBHBIX BOJIOKHAX TOKA3aH0, YTO AeiiCTBHE CTELH-
¢udeckoro 6710KaTOpa rJIyTaMaTHOrO PENENTOPa CIUMAET OGPAaTUMYIO TH-
nepnoyspusanuio IIK; npu gelictBun Ha HepBlioe BOJIOKIIO TY6OKypapHiia
o6HapyxeHa Jenoasgpusauus MeM6paunt LIIK, a coBmecTioe felicTBue 6J10-
Karopa ¥ Ty6okypapuHa HUBeJUpyeT fanubii adpdekTt. VI3BecTHO, YTO BHI-
xox AX u3 11K u cBaspiBanne ero ¢ AXP, 1okaan3oBaliibiM Ha IIJ1a3MaTH-
ueckoit MeMGpane LIIK, akTUBHDYIOT BHYTPHKJIETOUHYIO aJETIWIATIIMKIA3Y
U B KOHEYIIOM CYeTe IPUBOAAT K IHNePNO/APU3alluy N1a3MaTHYeckoil MeM-
6pannt HIK. Y nakonen, o6Hapy>keHO HaM4YKe CBA3H Mexay dochopuin-
poBanueM u unucaoM AXP: ¢opckosui u ipyrue areHThl, OBBHIIAIONIHE
ypOBeHb BHYTpHKJIeTOUHOro 1AM, yBenuuuBanyn komndectBo AXP ¢pub-
Po6JIaCTOB MBIIIIH.

Bo36yxneHne akCcoHa NPUBOAUT K POCTY yucaa AXP niBannoBckoi
KJIETKH U 3aBHCHUT OT YaCTOThl PUTMUYECKOTO BO36GY KAEHUS, YPOBHSI MEX-
kyeToyHoi xounenrpanuu K*, Ca* u anerunxosnuna. IIpn PB cimkaerca
aKTHBIIOCTb AllETHJIXOJHHICTEPA3bl aKCOHA, YTO CIIOCOGCTBYET O/IEPIKA-
HHIO BBICOKO#H konueHTpanuu Mexkaerounoro AX. O6uapyxeto, 4To yse-
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JuyeHde MexKJIeTouHol kounenTparun AX aktuBupyet $hochono3uTHa-
cneruduunyio gocdomunasy C MueIUIIOBOro HepBHOTO BoJiokHa. Ilpes-
noJaraercs, 4To npu PB akcona fenosspusanusa K* u aksommuros AX
akTtuBupyior BxoJ Ca?* no Ca-kananaM, uTo Bbi3biBaeT (pocOpUIUPOBa-
nue AXP IIIK nocpeacrsom crumysanun OU-DJIC.

Cunanc. HepBiible UMIyJIbChI IOJDKIIBE IIEPEJABaThCS OT OAHOM KJIETKH
K apyroii. B MecTe 3T0it mepeayn 11aX0[ATCS CIeUUabHble KOHTAKTHbIe
06JIaCTH — CHIIATICBI. AKCOH MOXKeT GbITh CBs3all € COMOIi BTOPO# KJIETKH
Yepe3 aKCOCOMATHYEeCKUIi CHIIATIC; UMEIOTCS TAKXKE aKCOAEHAPHUTHBIE H aKCo-
akcoHajbHble cunanchl. [lepegaya cUrHama OT KJIETKH K KJETKE MOXET
OCYLIECTBIATHCS JHGO My TeM nipsAMoro npoxoxaenus I1/1 (anexTpuyeckuit
CHHAIC), U60 C IOMOIIBIO CTIENHUATbHBIX MOJIEKYJT — HEAPOMEAHATOPOB
(xuMuueckuit cunianc). B ¢BSA3U ¢ MHTEpecOM K KJIETOYHOMN PEENIIHH Mbi
6oJiee nOAPOGHO pacCMOTPUM XUMHueckui cunarnc (puc. 3.38).
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Puc. 3.38. CxeMa mepciadn TPaHCMHTTEPa B CHHAaNTHYECKOH 1leJH H H3MeHeHHs
MCMGPaHHOTO INOTEHUMANa Ha NPCCHHANTHYCCKOW M MNOCTCHHAnTHYeckoH MeMOpaxe:
a — HWepBHBIH HMIYJIBC [IOCTHraeT npecuHantuieckoit MeM6panbl; 6 — Houbl Ca BXoAAT
H BBI3BIBAIOT CAHAHHE BE3HKYJ M BHIXOA HeHPOTPAHCMHTTEPA B CHHANTHYECKYIO MEJb;

6 — aKTHBAIMA KaHAa/lO0B, BXOJ WOHOB WAaTPHA H BOCCTAHOBJICHHC BE3HKYJ

XUMHYeCKU# CHHATIC COCTOUT 3 HEPBHOTO OKOHYAIIMs Ha IPECHHAITH-
YeCKOW CTOPOHE U CenUATH3HPOBAHHOM 06/1aCTH Ha TIOBEPXHOCTHU KJIETKH,
npuHuMaionieit curian. [Ipe- ¥ nocrcuHanTH4eckHe MeMOpaHbl HaXOASITCA
Ha paccrosnuy 20 — 40 uM apyr or Apyra. CHilantudeckas Liejb 3anoJ-
HeHa OJIMrocaxXapuacoaepianieif coeIUHUTEIbHOM TKaHbI0 — Ga3aIbHON MeM-
6paHoii, KoTOpas mpeJCTaBJIsAeT Co60i CTPYKTYPY, O6BEAUHSIONLYIO OTAe/Ib-
ubte knetku. Korga I1]] mocTuraer HepBHOrO OKOHYaHHS, Ol BbI3biBaeT
JEeNONSPU3ALHIO IPECHHATITHYECKOIH MEMODaHbl ¥ BHICBOGOXK/AeHHE MeIHa-
topa. [locneminit auppyuaupyer yepes cHHANTHIECKYIO ILENb K IOCTCH-
HANTHYeckoii MeM6palie, YTO Be/IET K H3MEHEIHHIO ee HOHHOH TIPOIMITAeMOCTH
4, CJIeIOBaTebHO, MEMOPAIHOTO NIOTEHIMANa. 3TO B CBOIO O4€epe/ib IPUBO-

119



1t K renepanun [1/1. IlepeuncanM ocHOBHbIE TIPOLECCHI, HPOUCXOAAILNE
pu (gymcum}mponamm CHHaIICa:

1) cunres MequaTopa (HampUMep, alleTHIXOMHHA),

2) 3arpyaka MequaTOpa B Be3WKYJy; B TOM CJy4ae, KOrJa mepBas
BTOpas CTAJMH NPOTEKAIOT B NlepeKapHOHe, TPOUCXOUT aKCOMIa3MaTHye-
CKHH TPAlICTIOPT BE3UKYJIbI K HIEDBHOMY OKOHYAHHIO;

3) ciusMe BE3UKYJT C IPECHHANITUYECKOI MeMOpaHoil TIpH JeNoApH3a-
IIMH ¥ BbICBOGOXKAeHHe MeauaTopa (ak301UT03);

4) muddysus MeanaTopa k OCTCUHANTTHYECKOH MeMOpatie;

5) y3HaBaliMe MEIMATOPa ¥ CBSA3bIBAHHE €T0 CO crienu(pUyecKuM penen-
TOPOM, HAIPHMED ¢ MeMOPAIHBIM GeJIKOM IOCTCHHATITHYECKOH MeMOpaHbl,
CONMpOoBOXKAaonleecs AeficTBHeM MeMaTopa 11a MOIIIbIA KaHaa uad ¢ep-
MEHT NIOCTCHHANTHYECKOH MeMOpaHBbl;

6) UHaKTHBalMsA MEAHATOPA, KOTOPasl IPUBOAMT K OrPaHHUYEHHIO [ITH-
TEJIBIIOCTH NIPECHHANTUYECKOTO CUTiiaia. Takast HHAKTHBAIMS IPOUCXOIUT
JI60 ryTeM (HpepMEHTATUBHOIM Jlerpalaliiy MEAHATOPA, JIUGO TIYTEM ero 06-
PATHOrO TIOTJIOIIEHHUS TPECHIIANTHYeCcKOi MeMOpatoi.

[luK1 3aBeplIaeTca ¥ BO3BpAILAETCS KO BTOPO# cTaguu (MM K NepBoi,
eCJm)KJIeTKa TIOTJIOIIAET POAYKT Jerpajallid HHAKTUBUPOBAITHOTO Me/IHa-
TOpA).

3.3.2. KJETOYHAA <®OTOPENENINUA

3.3.2.1. 3penne

3puTeabHbli MpOIECcC BKIIOYAeT MIOrO CTaJuii: 31leprusi CBETa yJIaB-
JIMBaeTCS, TpeBpaNIaeTcs B HePBHbLA MMITYJIbC, IEPEAETCA U HIITErPHPYET-
cs1. Tosibko mepBBbie CTa MK MOXKHO ONUCATh KaK MCKJIIOYUTENBHO MOJIEKY-
JISipHble TIPOLECCH], 110 OHH He MPEJCTABJAIOT cO00# 3peHUs B CMBIC/IE
BOCIIPHUSITHS M300pakeHHii.

Iepeas cmadus (noznouienue ceema). CBETOBBIE CUTTIAJIBI BOCIIPHIH-
MAIOTCS CIIEIHANBIILIME KJIETOYHbIME CTPYKTypamu (oTopenenTopaMu) U
3areM nepenaiorca B [IHC. ddoTtopenenTopaMu 3pUTeIbHbIX CUTHAJIOB SB-
JSIOTCA CeNUATH3UPOBalHbie KJIETKU (MaJIOYKH U KOJOOUYKH) CEeTYATKH
rJla3a, pacmoJioxKeHHOH Ha Xiie raasHoro a6Joka. A. XexTt mokasas, 4To
OJHH (HPOTOH MOXKeT 3alyCTUTh HEPBHBII UMNyJbC, a I. Banrpg — uro mis
IMKJIMYIIOTO Tiponecca (oTopeneniuu Heo6xoauM BuTamuii A (pozoncut).
Pognoncun cocrouT u3 6esika ONCHHA M CBSI3AIIIOrO ¢ UM XpoModopa,
ABJIAIONIETOCS A/IbAeruaHoMi popMoil BuTaMuna A (pETHHAJD); COOTHONIE-
IIMe 3THX COCTaBHBIX YacTei B MosiekyJie poponcutia 1 : 1. Y namouxu, u
KOJIGOYKH, HECMOTPSA 11a PasHblie CIeKTPhI TIOTJIONMEHKS, COAEPIKAT B POROII-
cHIle OUH H TOT JKe peTHHaNb. ['1aBHas cTagus GoTopelenuy COCTOUT B
HCTIOIb30BaHUH 3HEPTHM TIOTJIOILEHIIOTO CBETA JIJIS N30MEPU3al{K PETHHA-
as: 11-yuc-peTianb nepexoquT B mpaHc-peTHiialb, YTO IPUBOJIUT K JeCTa-
6UIM3aNMH KOMILJIEKCA M €T0 IMAPOJU3Y AO peTUiadsa M oncuna. Takum
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06pa3oM, NOr7IoleHHe CBETa BbI3bIBAaeT KOI(pOpMAIMOHHbIE M3MEHEHHsI Ge/IKa
[IOCpe/JICTBOM H30MEPH3alluH peTHHaJIs. Perenepaliusi HAaTHBHOTO POJOIICH-
na (uukn Basbza) ocyuiecTsseTcs: 3a cueT (hepMeHTaTHBHOTO BOCCTAlOB-
JIEITHs PETHIIAJISA IO PETHIIOA C €T0 NoceAyolleil U3oMepU3aleil, OKHCIIe-
nueM a0 11-yuc-petunansa u pexombunanuei 10 pogoncuna (npouece uaer
B TEMIIOTE).

Bmopas cmadus. (mpancoyxyus). PaccMoTpuM ofivn U3 AByX ¢oTope-
LENTOPOB NO3BOHOUIBIX — MaJIoUuKH. KOoJGOUKH, OTBETCTBEHIIBIE 32 IIBETO-
BOe€ 3pelHe, Hcc1eoBalibl MeHbile, Ilamouky BbIHOMIAIOT PyHKUHUIO pac-
MO31aBaHyus KOITPACTOB SIPKOCTH M YYacTBYIOT B 3peHMH TJIaBIbIM o6pa-
30M nipH caa6oM ocBemtenuu. [nas yemoBeka comepxut okouo 120 - 10° na-
Jovex 4 6,5 - 108 xon6ouek. TlasouKa COCTOMT U3 Hapy>KHOrO ¥ BHYTpeH-
1iero cerMeHToB. Bo BllyTpeliieM cerMenTe pacHo/J10Xelibl MUTOXOIIDHH,
KOTOpble 06eCHeYHBAIOT METAG0IHYECKYIO aKTHBHOCTD KJIETKH, U KJIeT0Y-
1oe sapo. HapyxHblii cerMelT COAEPXXHT CTONKY GUCIIoiHbIX MeM6pall
(1000 — 2000 cronok Ha nano4Ky), Ha3blBAeMbIX IUCKAMH, B KOTOpbIe
BCTPOENbI MOJIEKYJIbI pOAOIICHIIA, Pojonicul — rIMKONPOTEHI1, cojlepxKa-
1w 14 KOBaNeNTIO CBSI3aHHBIX OCTaTKOB MOHOCAXapH/OB, 1IEPacTBOPHM B
BOJIE U TIpH AefCTBUM MATKHX JETEPreHTOB MOXKET GbITh OT/Ie/IEH OT CBOe-
ro TUnopUIbIIOTO OKpYyKeHus B MeMGpane. PooncHH npescraBiseT co-
60i1 HNTErpaIblIbIii GeOK, KOTOPDIi BCJen 3a HoraouedueM GoToHa cBeTa
MeHsAeT MeMOpaHHbIH HOTeHIMA KJIeTKH. [HnepHosipH3alus MeMOpaHbl Ha-
JIOUKH HPH MOTJIOL(EHHH CBETA HA3bIBAETCA PELIEHTOPIBIM HOTEIIHAIOM.
W3Menenns MeMOpaHHOro HoTellHa a o6ycIoBJIeHbI HIIaKTUBALMEN OKOIO
1 000 narpueBbix KaHanoB, OTMeTHM, YTO THIEPHONSIPH3AIMSI KJIETKH 11a-
6J11012€TCs1 TOABKO Y HO3BOHOYHBIX, ¥ 6eCHO3BONOYIILIX, 11aTIPOTHB, HPOMC-
XOMHUT fenoaspu3anus MeMOpansl KaeTku. [Ipeanonaraior, 4To poAoICHII
peryHpyeT NPOHUIIaeMOCTb I[ATPUEBBIX KallaJIoB I1a3MaTHyeckoi MemOpa-
HbI KJIETOK IAJIOUEK C IOMOMIbIO MECCEH/IKEPOB, Takux, Kak Ca* u nff'M®.
Ycranosneno, yro Ca-AT®-asa sABAAETCA KOMNOIEHTOM MeMOpalilbix
auckoB. Kak npexnionaraercs B oquoit u3 Mogeseli Xarunica, najaomui
CBET MOXKET OTKPbiBaTh ¥ Ca-Kalanbl, XOTA y4acTHe B JalIIOM Ipoliecce
POIOHCHHA NPaKTHYECKN He HCCJIeI0BaHO.

Ocnuosiyio poJb (B kauecTBe Meccenaxepa) urpaetr uIM @, koTopbiii
NOAAEP>KUBAET 11aTpUeBble KaHaJIbl MeMGPaH NaJIoyeK B OTKPHITOM COCTOS-
11d. [leficTBUTEIbHO, B CBA3H C STUM CTAlIOBATCS MOISTILIMH (haKThl HAJH-
YHSI B KJIETKE CBETO3aBUCHMOI (ochoauacTepasbl, pacitenaiomei nIMO®.
Cornacio runotese Crpaeiiepa, 3ToT pepMeHT aKTUBHpYyeTca 6eJIKOM, 11a-
3BAHIBIM TPAHCAYIMHIOM. MIMeHII0 KOMILIEKC TPaHCAYIMH — TyaHO3HHTPH-
¢docat akTuBHpyeT dochonuscrepasy.

Tpemvsa cmadus (unmezpuposanue nepenvix umnyivcoe). Ha nammoit
CTaIHH{ PeleNTOPHbIA MOTENHA JO/KEH NPEBPATHTbCS B 1IEPBUbIA HM-
myJbc. 3puTebliasd cHCTeMa Ipe/cTaBseT coboli vepapxuio craguil o6pa-
6GOTKH, 11a KOTOPBIX CBETOBOI CTHMYJI ONOJIHsIETCA BCe GOIbIIHM KOJIHYE-
crBoM unopmanuu. Peakuus poTopenenTopoB NpsAMo MPONOPLMOlIaabHa
KOJIMYECTBY Magaiouiero ceera (110 B ranrJIHOHAPHBIX KJIETKAX CEeTYaTKH
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KOIITPOJHMPYETCA 1€ MIITEHCHBHOCTD, a CBETOBOM KONTPACT) U 06ycIoBeNa
JBYMs 0COGEIIIOCTSIMH CETYaTKH:

1) ceruaTka MMeeT TPEXCHOUIYIO CTPYKTYPY H COCTOHT M3 PELENnTOop-
IBIX, GUIIOJSPHBIX U FalTJIHOIIAPHBIX KJAETOK, MEXAY KOTOPHIMH PacIosio-
Xelbl KAETKH APYrHX THHOB (aMakpHIIOBbiE H TOPH3OIITA/ILHbIE);

2) o1la 061a1a€T BHICOKOI CTENENIbIO KOIIBEPrellliMH: MIOr OUHCIEIIbIE
CBETOBBIE CHIIIAJbI, MPOXO/IS Yepe3 B POMEXYTOUIILIE CTaTHH, CJIMBAIOT-
€S B O/ITI0H raurJHOIIapIIoi KJIETKe; KOTAa Ka/as FaurJHOHAPIIAs KJIETKa
TOJIyYaeT CHrIIaJ, TO 3allyCcKaeTcs Apyras rpymnia pelentopos (penentus-
110€ 110JIe), COCTOAIAst M3 LENTPa, OCBElLleHHe KOTOPOro Bo36y KaeT raHr-
JIMOHAPHYIO KJIETKY, H KOIEIITPHYECKOTO KOJIbIIa K/JIETOK, HITHGHPYIOUHX
3To Bo3GyxKenue.

3.3.2.2. dorocunresa

Dotopenenuusa cBeTa — OCIOBIAsA peakuus npouecca porocuiresa. B
XJIOPOILIACTaX BBICUIHX pacTelldii HMeloTcs ABe oTocucTeMbl — ghomo-
cucmenma 1 (OC1) u gpomocucmema 2 (DC2), pasnUYAIONIHECS IO COCTA-
By 6enkoB W murMmentoB. Cseroco6upalomas anrterna PC1 nmorsnomaer
cBeT ¢ aaunoii Boaust 700 — 730 M, a OC2 — 680 — 700 M. Unaynu-
POBAIHOE CBETOM OKUCJEIIHe PEaKI[HOIMbIX LENTpoB AByX (poTocucTeM
CONPOBOXJAETCA UX 06eCLBEYHBAHHEM, KOTOPOE XapaKTEPU3yeTCsi H3Metle-
HHAMH CNIEKTpOB norjouenusi. /IBe oTocucTeMsl CBA3allbl NOCPEJCTBOM
LelH 5JIEKTPOHHBIX nepenocyukos (puc. 3.39).

OC2 aBasgercs UCTOUIIMKOM 3JexTpoHOB Jass DC1. Unayuupyemoe
CBETOM pasfiefiellde 3apsfoB B (OTOpeaKLHOHIILIX HEITPax o6ecneyuBaeT
TIepeLIoC 3MEKTPOIIa OT BoAbl, pasiaaraeMoil B MC2, k KOlIeUIIoMy aKIENTOpY
anextpona — MoJexyye HA/LD". llenb 371eKTPOHIOro TPACIOPTa, COeaH-
nstionas e (GOTOCHCTEMBI, B Ka4eCTBE NIEPEIIOCYHKOB 3JIEKTPOHA BK/II0YA-
€T B ce6s1 MOJIEKY/IBI ILIACTOXHUHOIIA, OT/AENbHBIH 3/I€KTPOII-TPAIICIOPTHbIH
6enxoBbiii KoMiuieKe (Tak 1a3biBaeMbli b/ f-koMmexc) U BogopacTBOpH-
Mbiii 6enok mractomuanun (Pc).

B ®C2 ot BO36yKAeHIoro HeuTpa P:;so 3JIEKTPOII HEPEIIOCUTCS Cla-

Yaja Ha nepBudnbi akuentop deoderun (Phe), a 3ateM Ha Moseky.y
IacToxunona Q,, Npoylio CBA3aHHYIo € oM1IHMM U3 6eaxoB DC2:

Y(PggoPhe)Q,Qp — Y(PggoPhe )Q; Qp — Y(PigoPhe)Q, Qy,.

3aTeM 3JEeKTPOH NEPENOCHTCA Ha BTOPYIO MoJieKyay naacToxunoia Q. a
P¢go TOTyHa€eT 3JEKTPOIl OT IEPBHYIIOTO Joliopa Y:

Y(PggoPhe)Q; Qp, — Y(PggoPhe)QpQ,.

Monekysa nIacCTOXUMHONA, XMMHYECKast (popMy.ia KOTOPOIt U ee pacro-
noxense B BJIM nokasanbi na puc. 3.40, ciocoGna npHIATh ABa 3JEKTPO-
11a. ITocae gByxpatiioro cpaGatoiBallus peakuuonioro neirrpa ©C2 moe-
KyJia TLIacTOXHIHOIIa Qy, IIOJYUHT ABa 3JIEKTpolia:

2..
Qp +2e- - Q%"
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H+

HAQ®*—= HAND-H
Y]

Bucnotinas
JVMHAHASR
mcM6Gpana

2H* + 1,20,

®orocucrema 2 ————7Pp b /f-koMmIcKC ——oPp DoTOCHCTEMA 1

Puc. 3.39. PacnonoxcHne 3aeKTPOH-TPANCTIOPTHBIX KoMiickcos (DC1, DC2
u b/f-koMmickca) w MX B3auMoOAeiicTBMC B TaakoHAHOit McM6pane. B coctan ®OC1
pxofaT: Pc — njactonnaunu, P, — sHcpreTiyeckas JOBYNIKA ¥ PEAKIMOHHbBIA IICHTD,
TePBUYHBIH AKUCNTOP 3JCKTPOHA — Mosckyaa xjopobnana (A)), BTOpHYHbIC aKIlCn-
TOpbl — MoJicky.1a ¢uanoxuuona (A ) u Tpu nepcHocunka Gekopo#i npupoan (deppe-
AOKCHH), Y KOTOPbIX B AKTHBHOM IICHTPE HAXOASTCA ATOMbI XKCJe€3a U cepbl. B cocran
®C2 pxoaat: BoTopeakiHoHHbIH 1IeHTp Py, neppuyHbil akientop — eoderun (Phe),
BTOPHYHBIE AKIICNTOPH — MOJCKYJIbl TaacToxuuona (Q. v Q,) u Boaopacuienasonmit
KOMILIEKC. B nepenoce a/ekTpoHa OT aKIenTopos oCf x HbAﬂCD’ y4acTByIOT pacTBoO-
pennbiii B crpome 6cnok deppeaokend (Fd) u cBasanHmiil ¢ MeMGpaHoii crienuaabHbiit
3/IeKTPOH-TPAHCTIOPTHBIIH KoMiLIcke deppeaokcun- HAL® *-peaykraza (FNR), dynxim-
OHHMPYIOHIMC Ha BHemHcl cTopoHe TJakonauoli mem6panbl. Ilpn BocctanoBicHuM oa-
Hoit Moaexkyabit HAA®D* no HAI®-H Ha Hee nepcHocATcsa ABa 3JCKTPOHA M OANH HOH

BOAOPOAA, KOTOPbIH 3aXBaTbIBACTCA M3 CTPOMBI

OTpuLaTebIIo 3apsDKell-

11ast MoJieKyla (2~ o6Ja- /},<>: I
AaeT BHICOKHM CPOJCTBOM K : [ —
1poToliaM, KOTopbe olla 3a- W\ N Mﬂ
XBaTbIBa€T H3 CTPOMAJIbIIO-

a

ro npocrpancrsa. Ilocae
IIPOTOHMPOBAlIUA  BOCCTa-

HOBJICHIIOTO IIJIACTOXHIIOHA I r ' ?
Qp (Qp +2H" - QpHy) § {

o6pa3yercsi 3JAeKTPHYECKH

HelirpaiabHas dopMa 3TOM ? { ;3' J )
MOJIEKYJIbl, KOTOPas 11a3bIBa- s? % g
eTcst maacroxuitosioM. Ilnac- ® OMMO ¢ i. ﬂ ﬁ
TOXHUIION BBINOJIISAET POJb 6 \

TIOABHXKIIOTO NEPEIOCIHKA Puc. 3.40. OxucanTcabHO-BOCCTAHOBUTCIbHBIC
ABYX 3JIEKTDPOIIOB M JBYX  npcppaiichus naactoxunona (@) w upeanonarac-
nporonos: noxunys OC2, Masi CXCMa Ccro Pacrlo/IoXCHHA B MemGpare (6)
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Mostexyna QH, MOXKET Jierko nepeMeInarhcs BHYTPH THIAKOM/IIOH MeMOpa-
HBI, o6ecnieunBas cBsizb @ C2 ¢ APYrHMH 3JIEKTPOII-TPAIICIIOPTIIBIMH KOMII-
JgexcamMu. OKUCAUTENbHBIH peakiyolbiid nentp OC2 obnagaeT HCKAIOYH-
TeJIbIIO BBICOKHM CPOJCTBOM K 3JIEKTPOILY, T. €. SIBJIAETCS OUEHb CHIbHbBIM
okucauteneM. Bnarogaps atomy B ®PC2 HpOMCXOAUT passoXellne
BO/JIbI — XHUMMYECKH yCTOHYUBOro coefvHenus. Bxoasmuit B cocraB OC2
BO/JIOPACIIETLISIOUIMH KOMILIEKC COJEPKHT B CBOEM aKTHBHOM HelTpe IpyI-

Iy MOIIOB Mapralna, KoTopble CIY>KaT JOIIOpaMH 3JIEKTPOHOB LIS ngo'

OrtnaBas 371€eKTPOHLI OKUC/IEHIIOMY PEaKIHOHHOMY LIEITPY P€80’ HOHBI Map-
raHIlla CTAHOBSTCS «I1aKOMHUTE/ISIMUS MIOJIOKHUTEIbIbIX 3apsAA0B, llenocpe/-
CTBEHIIO YYaCTBYIONIMX B peaKklMH OKHCJIeHHsI BoJbl. B peayabrare nocie-
JOBATEJbHOTO YETbIPEXKPATHOrO cpabaThiBallus PEAKIHOHHOTO LENTpa B
Mn-cozxepxameM axtusioM nentrpe BPK nakanauBaloTcst yeTslpe CHJb-
HbIX OKMC/IHTEIbHBIX SKBUBaJeHTa (MM YeThipe «AbIpKH» ) B (hopMe OKHC-
JIEIHbIX HOHOB Mapratia, KoTopble, B3aHMO/IEHCTBY#A C ABYMSI MOJIEKYJIaMH
BOJIbl, KaTaJIM3UPYIOT PEAKIHMIO ee pa3JIodKeHHsI:

2Mn?* +2H,0-2Mn?* +4H* +0,.

Taxkum o6pa3oM, B pe3yJbTaTe NOCHEA0BATENbHON MepeayH 3JEKTPO-
1o ot BPK k Pgso IIPOMCXOJUT CHHXPOIIHOE Pa3JIoXKEeHHe cpa3y ABYX
MOJIEKY T BO[{bl, COIIPOBOXKAAIOLIleeCs BbIAEIeHHEM OO MOJIEKYJIb KHCJI0+
POAa Y YeThIpex NPOTOHOB, KOTOpble AuGPYHIAUPYIOT BO BHYyTPUTHIAKOUL-
HOE TIPOCTPAHCTBO XJOPONLIACTOB.

O6pasosasuascs npu ¢pyHkuuoHuposanuy OC2 MoJieKy1a MIaCTOXH-
nona QH, muddynaupyer BuyTpH JMIHAHOrO 6UCIOA TUIAKOUAIION MEM6-
paubl k b /f-xoMmiekcy. IIpu CTOAKHOBEHHE ¢ KOMILJIEKCOM 0l1a CBSI3bIBa-
€TCsI C 11MM, a 3aTeM NepeflaeT eMy ABa ajiekrpola. [Ipu sToM aas1 kaxk ol
MOJIEKYJIBI TJIACTOXUHOJIA, OKMCIIEMOIl KOMILIEKCOM, BIIYTPb THJIAKOM/[A BhI-
JeJsioTca ABa npoTolia. B cBoIo ovyepenb KOMIUIEKC CAYXMT JOIOPOM
SJIEKTPOIIA [l HIACTOLHAHNHA — CPaBHUTEIbHO HEGOJIBIIOro BOAOPACTBO-
pHMoro 6ejika, y KOTOPOTro B COCTaB aKTHBIIOrO IIEHTPAa BXOAMT HOH MeH

peaKLiusi BOCCTaHOBJIEHHUS H OKHCJIEHHSI JIACTOLHaHHHA COIIPOBOXKIAETCA
H3MelleHHeM BaJENTHOCTH Hola Meau). [11acTonHaHMH BBINOJHSET POJb
cBsi3yilollero 3senia Mexay b/ f-komnnekcom u @C1. Monekyaa niaacro-
LHaHHHa GBICTPO NepeMeIaeTcs BHYTPH THJIaKOKAa, obecrednBast Ieperoc
3JIEKTPOIIA OTTE/ f-komnexca k P@C1. OT BOCCTaHOBJEHHOTO IIaCTONMA-
HHI11a 3JIEKTPOH NOCTYNaeT HenocpeICTBENIIO K OKHCIUTENbIbIM LIEHTpaM
OC1. TakuM o6pasoM, B pe3yabTaTe coBMecTiioro aefictBust @ C1 u OC2
JiBa 3JIEKTPOIia OT MOJIEKYJIbI BO/bI, pa3ssaraeMoii B @C2, yepes nenb seK-
TPOHIIOTO TpaliCIopTa NepenocaTcs iia Monexkyay HAJLD?, o6ecnieynsas
o6pasoBaliMe cubHOro Boccranosurens HATD-H.

3ayeM XJI0pOIJIacTaM HyKHbI JBe (poTocHcTeMbI? VI3BecTIo, YTO ¢hoTo-
CHHTe3HpyIoume GakTepuH, KOTopble HCIOJIb3YIOT B KAUeCTBE J01I0Pa 3JIeK-
TpoHa JJIs1 BOCCTAHOBJIEHHSI OKHC/IEHIIBIX PEaKIHOHNbIX IEHTPOB pa3/uy-
Ible OprallMyecKMe M Heopraludeckue coeguitenus (mamnpumep, H,S),
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ycrneuo (pyHKIHOHUPYIOT ¢ ogHOH ¢poTocHcTeMol. [lesio B TOM, 4TO 3llep-
TMH OJHOTO KBaHTa BHAMMOTO CBeTa HEJOCTaTovIo s 3¢ (eKTHBIOro
TPOXOKAEHNUS 3JIEKTPOHOM BCETO ITYTH 1O LENH MOJIEKYJI-IePEHOCYUKOB OT
Boabi K HAID.

ITpu6misutensiio 3 MApA JeT Ha3ak Ha 3eM/Ie TOSIBUIMCDH LiHao6aKTe-
PHMH, KOTOpBIE MPHOGPENTH CIIOCO6IIOCTb UCTIOAb30BaTh BOAY B KauecTBe
HCTOYIINKA 3JEKTPOIIOB /151 BOCCTAlIOBJIENHA YTIEKUCAOThI. B HacTosiee
BpeMs cudTaercs, 4yTo P C1 BeeT cBoe HPOHCXOXKAEIHE OT 3eJelIbx Gak-
tepuit, a ®C2 — ot nypnypiix. ITocie Toro kak B xoze spoaonuy OC2
«BrIIoYHaack» B enuityio I1DT BMecte ¢ @ C1, cTao BO3MOXHBIM IIPEO/IO-
JIETb ZIOBOJIBHO GOJIBIIYIO PasHUIy OKMCAHTEILHO-BOCCTAHOBHTEAbHBIX 110-
TeHIHAJIOB Nap KHcaopoa—Boga H HAJJD* — HAJJO-H.

ITepewnoc anexTponos Ho 11T, kak npaBuJIo, CONPOBOKAAETCA CITHKeE-
HHEM SHEPIHU. ITOT NPOLECC MOXKIO YHOAOOUTb CaMOTIPOU3BOJIbHOMY JBH-
JEITHIO Tesla O HAKJIOHHOM NJIOCKOCTH. Y MEHbIIIEHHE YPOBIIA 31IEPTHH 3JIEK-
TPOHA B X0/ie ero ABuKeltus Baoub LIDT ne o3Hayaer, YTO NEPEHOC 3/IEKT-
polia sIBJISeTcs HepreTHYecku 6eciroe3HbIM npoleccoM. B nopMaibiibix
yca0BUsSIX QYHKIMOHHPOBAHUS XJIOPOILJIACTOB OGJIbIIAS YAaCTh SHEPTHH, BbI-
AeJstiolelicst B X0/l 3JIEKTPOHHOTO TPAHCIIOPTa, He MpoHaKaeT 6ecriosieso,
a HCHOJIb3yeTcs A pabOTHI CHENHAIBHOTO SHEProoOpasyIoUIero KOMILIEK-
ca KJIeTKH, 11a3biBaeMoro AT -cunTeTa3oii. 3TOT KOMHIIEKC KaTau3UPyeT
3HEpreTHYeCKH HeBbIroAbIil mponecc o6pasopannsa ATO us AAD u neop-
ranuyeckoro ¢ocgara, B CBA3H C YEM IPUHATO TOBOPHUTD, YTO IHEProJ0-
HOPIIbIE TIPOLIECCHI 3JIEKTPOHIIOTO TPAIICIIOPTa CONPSDKEIIbI C 3HEProaKien-
TOPHBIMH TIpoueccamy cuuTe3a ATO.

Baxyio pob B o6ecrieyeliy 3HEPreTHYECKOTO CONPSKEHUsS B MeM6-
pallax THJIAKOHIOB, KaK M BO BCEX OCTaJIbHBIX 311eproo6pasylonux opra-
1ejax (MHTOXOHApHH, XpoMaToopbl M T. .), HrpaloT NPOLECCH TPo-
TouHoro TpaHcmopra. Cunres AT TecHo CB#A3aH C IEPEHOCOM uYepe3
AT®D-cunTeTasy Tpex NpOTOHOB H3 THJIAKOHOB B CTPOMY. JTOT NpOLECC
CTAHOBHUTCS BO3MOXXHBIM IOTOMY, YTO U3-32 aCHMMETPHYIIOrO PacloaokKe-
HHS IEPEHOCYHKOB B MeMOpane dyukinonupoBanue [[9T xnoponaactos
TIPHBO/MT K HAKOMJIEHUIO N3GbITOYHOTO KOJMMYECTBA IPOTOHOB BIYTPH TH-
JIAKOH/ZIA: HOIIbI BOJOPO/iA HOTJIOMIAIOTCS CHAPY KM Ha CTAHUSIX BOCCTAHOB-
aexusa HAJID u o6pasoBaHusa NMAaCTOXHHOJA ¥ BBI/IEAAIOTCA BIHYTPH TH-
JIAKOM/IOB HA CTAJMAX PA3/I0KEHHsI BOJbI H OKHCJIEHHs NIJ1acTOXHHOa (CM.
puc. 3.39). Ocsemensre XJI0pONAaCTOB IPHBOIHT K YBETHYEHHIO KOHLIEHT-
palMH{ IPOTOHOB BHyTpH THAakouaos B 100 — 1 000 pas.

WTaK, Mbl pacCMOTpEJIH LIEMb COGBITHIL, B X0/[le KOTOPbIX SHEPTHA CBETa
3anacaercs B (popMe 31IEPrUH BbICOKOIHEPTETHYHBIX XHMHYECKHX coeHie-
Huit — AT® u HAZI®. ItH npoayKThl cBeToBOi cTafuu ¢GHOTOCHHTE3A
HCHOJIb3YIOTCS] B TEMHOBBIX CTAIUAX /151 06pa30BaHUsA OPraHHYECKHUX CO-
eIMHEHUH U3 YTIEKHCIOTo rasa u BoApl. OcHOBIIBIE 3Tanbl nipeo6pa3oBa-
HHSI FHEPTHHU BKJIIOYAIOT CJIeyIOLIHe NPOLeCcCh:

1) norJiolenye SHepruy CBETa IIMIMEHTaMH CBeTocoGHpaloleii anTex-
1Bl

125



2) neproc sieprut Bo30yKAeHus K (HOTOpEaKHOIHOMY LEelTPY;

3) okucaenue GoTOPEAKIHMOIIIOTO EHTPa H CTaGHIH3aNHA pa3fieell-
1IbIX 3aPA/IOB;

4) mepeloc 3JeKTPolla o LENH 3JIEKTPOIIIoro TpalicopTa, o6pa3osa-
nue HAJ1®D-H;

5) TpancMeMGpatIIbii IIepesoC IPOTOHOB;

6) cunrres ATO.

3.4. KIETOYHASA NIOABUXKHOCTD

Cpenu MexalnoXBMUYeCKUX IIpeobpa3oBareieil 311epriH, pacIpocTpaell-
IIBIX B KJIETKE, HCKJIOUUTENBHYIO POJIb MIPAIOT KJeTOUHbIE 6EJIKH, KOTODbIe
ABHXKYTCS BJIOJIb HOJMHMEPHBIX 1IMTel, HCHO/Ib3YS B KayeCcTBe HCTOYIIHKA
sHepruy MoJyexyanl AT®D. K takuM cucTeMaM oTHOCATCA 6EIKH aKTOMHO-
3UIIOBOrO KOMILTEKCa, BXOJSIIETO B COCTAB COKPATUTEIbHOIO allfiapara MBI,
JIBH>K€HHE KJIETOYHbIX BBIPOCTOB, MHKPOBODCHIIOK (JKT'YTHKOB H peCHH-
YeK) ONpeeNsAeTCs B3auMOEHCTBHEM IPYToil napbl 6eIKOB — JHHETHIIA H
TyGyauna. Kunesur u apyrue poactBernsle eMy GeJKH paboTaloT B KJIeTKe
KaK NepeHoCYUKH opraHe/na (MHTOXOHAPHH U JTH30COM) H CPaBIIUTEIBHO
Kpymibix yactul. Cpeay 6osbiioro Yuc/aa MOTOPHBIX 6€JIKOB MHO3HII CKe-
JIETHbIX MBILIL H KHHE3HH U3 KJETOK MO3ra sIBJISIOTCA 11aubosee uayyen-
HbIMH MOJIEKY/ISIPHBIMH MOTODaMH.

3.4.1. MBIIIEYHOE COKPAHIEHHUE
3.4.1.1. Moaeap cKoAp3sHX HUTeH

W3BecTio, YTO CKeJeTHbIE MBIIIIbI COCTOSAT H3 MHOTOSepIIbIX KJIETOK,
CBsI3aHNbIX BO36y/MMOIi N1a3MaTHyeckoii MeMGpaloii, o KoTopoii npoxo-
JMT 1IepBHbII HMITyJIbC. Mbllieynble KJIETKH COCTOAT H3 MHOXKECTBA COKpa-
THTEJIbHBIX BOJIOKOH — MHO(PHUOPHILI, pACHOMOMXEIHbIX APAJIJIEIbHO IPYT
apyry. CTpyKTypHO-(QyHKIHOHANBIBIMY eIUHHIAMH MHOGHGPHILI SBIIAIOT-
€1 CAPKOMEpBI, KOTOPbIE PACI0/IaraloTCsl BIOJb MbILIEYHbIX BOJOKOH Yepes
Kax/ble 2,3 MUKpoHa. Ha 3/1eKTpo1iio-MHKPOCKOIMYECKHX CITHMKaX IIpo-
JOJBHOTO cpe3a MbILIEYHON TKAHH BUIHO, YTO CAPKOMEpP COCTOHUT H3 Napast-
JIeJIbHBIX PAKOB TOJACTBIX U TOHKHUX ItuTeil. Mix B3auMiloe pacrosoxenye
CXeMaTHYeCKH MOKa3aHo Ia puc. 3.41.

BepTnkasibuble TeMIIble IMHUH Z COOTBETCTBYIOT CIIELHAIBHBIM CTPYK-
TYPHBIM GeJIkaM, pasfe/IaionM MUOUOPHILIBI 1Ha CapKoMepbl. Mex Iy HUMU
BH/IHbI FTOPH301ITAJIbIIbIE ITHTH COKpaTUTeNbHOrO annapata. Ot Z-1MHuii oT-
XO/IAT TOIIKHE 1IMTH, KOTOPBIM 1ia CHUMKaX COOTBETCTBYIOT CBETJIbIE T10JI0-
¢t H. B uenrtpasnblioit 4yactH capkoMepa pacriosioXellbl TOJICTbIe HUTH, KOTO-
PBIM COOTBETCTBYIOT TEMIIBIE TTONIOCHI. B cepejuile KaXk 1o noJockl A BHJ
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