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KBanrtoBblii Mopdorenes

A.C. XonMaHCKu#
(ITonyaena 9 nexadpst 2010; onyonukoBana 15 saBaps 2011)

0O030p MOCBSAIICH 000CHOBAHHIO POJIM XMPATbHOH JAUXOTOMUYHOCTH B BOJIIOIUN MHpa
IO CTpesie BpEMEHH OT MPOCTOro K caokHOMY. [IpencTaBineHsl akcHoMaTHKa U TpaBuIia
MPUMEHEHUS]  YHMBEPCAIBHOTO  MaTeMaTH4YeCKOro  s3blKa,  ITO3BOJIAIOIIETO
€IMHO00PAa3HO OMHCHIBATH 3aKOHOMEPHOCTH U3MEHEHUS UCKPETHBIX (POPM MATEPHH H
KBAaHTOBBIX COCTOSIHMH OHOCHCTEM Ha BCEX YPOBHSAX WX OpraHM3aldd  OT
CyOd3JIEeMEHTApHOTO O CONHMAaIbHO-IyXOBHOTO. [IpoBelieH aHanmM3 XHUpaIbHBIX
AHATOMUYECKUX M (YHKIMOHAIBHBIX DJIEMEHTOB (DM3HOJIOTHH YEIOBEKa, 00pa3yroInx
KBaHTOBBIC KOTEPEHTHBIC aHCAMOJIM, YyBCTBUTEIbHBIE K BHEIIHUM (U3NYCCKHM
(dakTopaM XUPATbHOCTH, KaK DIIEKTPOMATHUTHOH, TaK W HEHTPUHHOM MPUPOJIBL.
[Ipoananu3upoBaHa pojb KBAHTOBBIX CBOWCTB BOJBI B OMODHEPIETHKE M TpoIeccax
CaMOOpraHHM3aluu KOTEPEHTHBIX aHcamOiell. PyKOBOJICTBYSICh JIOTHKOW ~aHTPOITHOT'O
MIPUHIINIIA, BEKTOP SBOJIIOLIMH OTOXAESCTBUIIM C TPAJMEHTOM XHPAJIbHOCTH U CBSI3AJIH C
HUM CTENEHb XUPAIbHOW YHCTOTHI MO3ra, ¢ KOTOPOH COOTHECTH (YHKIHOHATBHYIO
acHMMETpHs MO3ra ¥ PGEKTUBHOCTH IBPUCTUYECKOTO MBIIIICHUSI.

BBEJIEHHUE

BexTop 3BoJonMK peanu3yercs Kak 3aKOHOMEPHBIH IMPOLEcC M3MEHEHHUs (OpMBI,

COJIep’)KaHHsA M TOBEACHUS OMOJIOrMYecKod cucTteMbl (OMOCHCTEMBI) IOJ JIEHCTBUEM
MeHSIUXCS  (U3NYeCKuX (aKkTopoB paziauuHoil mnpuponsl. [loHsTHE OHOCHCTEMBI
OTHOCHUTCSI K OTJEJIbHBIM XUBBIM OpraHu3MaM U Ko Bced Ouocdepe. AHTPONHBIA MPUHIUI
(AIl) cBUIETENBCTBYET, YTO MPOrpaMMa HM3MEHEHUsl I'eMoreoQpU3uKU UMEET CBOEH LENbI0
3apoKJeHUe JKM3HM Ha 3emie U (OPMHUPOBAHUE JIBYAOJIBHOTO MoO3ra 4YelOBEeKa C
MOCJIEAYIOIUM  pPa3BUTHEM €ro XUpaJbHON JUXOTOMHUHU BIUIOTH JIO KOOIIEPUPOBAHUS
MBICIIUTEIbHBIX CHOCOOHOCTEH OTHENbHBIX JIOEH B E€IUHYI0 MEHTAIbHYI0 CHCTEMY
(mMeTamo3r).
[Tockomeky nr000€ geiicTBHE KBaHTOBaHO [l], a BcsAkas cucTeMa — JHUCKPETHA, TO U
SBOJIIOLMS, B MPHUHLMIE, SBISETCS CKauKoOOpa3HbIM WM KBAaHTOBBIM IPOLIECCOM.
3aKOHOMEPHOCTh 3BOJIONMH (HOMoceHe3 [2]) ecTb CIeACTBHME TOJYMHEHHS BHYTPU- H
MEXCUCTEMHBIX CBA3€M  yHUBEpPCAJIbHbIM  (Qu3nueckuM 3akoHaM. COOTBETCTBEHHO,
(du3uveckass MpUpoja BHEMIHUX (PAKTOPOB OYAET OMPENesThCA MPUPOJONM TEX CBS3EH,
KOTOpbIe HanboJiee YyBCTBUTEIbHbBI K U3MEHEHHUIO BHELITHUX YCIOBHI.

KBanroBbiii Mopdorenes, kak u mnapagurma All [3] onupaercs Ha JOCTOBEpHbIE
JAaHHbIE ATOMHO-MOJIEKYISIpHON (pusuku. CTaHaapTHasE TEOPHS dJIEMEHTAPHBIX YaCTULl B CUITY
CBOCH axupadbHOCTH U aOcypaHocTh [4] B TpHUHIUIE HE TOIUTCA I PEIICHHS
¢dbyHIaMeHTalbHBIX MpoOsieM HoOMoreHesza. llosToMy wu3ydeHue MexaHW3Ma ydyacTusi B
MopdoreHese (aKkTOpoOB BHEUIHEH cCpeabl 0 CHUX IOp OCTAaeTCs Ha 3Tale HaKOIUICHUS
JIOCTOBEPHBIX SMIIMPUYECKUX MJAHHBIX W HE HMEeT aJIeKBaTHOW TEOpeTU4EeCKOW Oa3bl.
[TonsiTHO, YTO MOapa3aeneHue GakTopoB MOphoreHe3a Ha BHyTPEHHHUE U BHEIIHUE YCIOBHO B
CHJIy MHOTOYPOBHEBOW «OTKPBITOCTH» pEalbHON OHOCHUCTEMBI U OTCYTCTBUS TOHUMAaHUS
¢buznueckoil mpuponbl crabvix e3aumodelicmsuti B Ouocucremax [4, 5]. Pemenue storo
BOIIPOCa BO3MOYKHO IPHU aJIeKBaTHOM (opMaiu3allMi CUHEPru3Ma BHYTPEHHUX U BHEHIHUX
(aKkTOPOB SBOJIIOIMM C MOMOUIBI0 YHHUBEPCAIbHBIX (PU3NYECKUX MOHATHH, MO3BOJISIOMIMX
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€IMHOOOpa3HO BBIPAXKATh MEXAHU3MbI JEHCTBUS (PAKTOPOB Ha BCEX YPOBHSAX OpraHU3alUU
ouocucTem.

YHUBEpCanbHbBIN S3bIK, TIO3BOJISIONIMN aJ€KBAaTHO OINMUCATh KBAHTOBBIM MopdoreHes
MMOCTPOMIIN C TIOMOIIBIO CIEAYIOMKX (QyHIaMEHTaIbHBIX onpeaeneHui [1]:

- aKCHOMBI OyX ecmb CYWHOCMb MAMepulL;
- IoHATHS dHepeoghopma (DD);
- JIOTUKU 0CHO8H020 npunyuna oeticmausi (OI1]]).

CoryiacoBaHHOCTh aKCMOMATHUKH U JIOTMKHU JIAHHOTO fI3bIKa C 3aKOHAMU JIMAJIEKTUKU
(enuHcTBa M OOPHOBI MPOTHUBOIOJIOKHOCTEH, IMOJ00US) €CTh TapaHTHsl €ro BHYTpEHHEH
HEIPOTUBOPEUUBOCTU. AKCHOMa IO3BOJISIET AKCTPANOJMPOBATh CEMAHTHKY s3bIKa Ha
IYXOBHYIO c(epy, NpUMEHssS 3aKOH M0J00Us B BUIE JyXOBHO-(U3MUECKOTO H30MOppU3Ma
[6]. [laHHOE€ O0OCTOSITENILCTBO JAE€T BO3MOXKHOCTH IPEICTaBUTH Ipolecc (OPMUPOBAHUS
MeTaMo3ra Kak JyXOBHbII 3Tan Mop¢oreHesa.

L=0,P=p L=1LP=p

V -BUXPb V/g-BUXPb

(m/e) -mapa Y- mapa m/g-mapa
P=0, L=2] P=2p,L=0,2l P=0,L=0

Puc 1. Cxems1 6a30Bbix O@. M3nauansHbie BUXpH dhupa (Iyxa): g- Bpamaromuiics, L — MoMeHnT
UMIYJbCA; V- CAMOJBIDKYIIHICS, P — MIyIbe; v/g- BUHTOBOH (TIpaBblii U JIEBBIH) U UX CTAOWIIbHBIC
nmapsl: m/e-mokosIascs (3apsi, Macca MoKos ); Y- IBMKYINascs (3KBUBajJCHTHas Macca (hOTOHA); m/g-

MOKOAIIAsACS («CKpBITast MATEPUSI»).

SA3pIk  KBaHTOBOTO MOp(OTEeHEe3a HMEET CBOK «a30yKy» H «rpaMmatuky» [l1].
«3HaKamMu a30yKu» SBIISIOTCS:
- HaOop 6azoBbIx DD (Puc 1);
- CaMOCOTJIaCOBAHHbIE YHMCIIEHHbIE 3HAYE€HUS MUPOBBIX KOHCTAHT (1mocTossHHas [lnanka — h =
6,67 10 JIx ¢, uncno ABoraapo — N = 6,02 10% 1/moib, ckopocTh cBeTa — C = 10® M/C).
«['paMmMaTukay si3pIKa BKIIIOYAET:
- mpaBuiia couetanus 6a3oBbix P B Oosiee cinoxuble DD ¢ cobmoaennem Ol u cOopku u3
9tuX O® KBaHTOB MOJEH PA3IMYHON MPUPOJBI, & TAKXKE TUCKPETHBIX JJIEMEHTOB CTPYKTYpP
4acTHI U si7ep — 000s104ueK U opouTanei;
- IPUHLIUIIBI ONIPEAETICHHOCTH, BbIpaXKalolire KBaHT JCHCTBUS Yepe3 MPOU3BEICHHUE TpeX nap
B3aMMOCBSI3aHHBIX (PM3MUYECKUX BEIUYUH (0003HAUEHUS MOSICHIIOTCS Ha PUCYHKE): SHEPIrUu U
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Bpemenu ee aeiictus (E t), ummynbca u mara nepememienus — A = 2ar (P A), MmomeHTa
uMITysbca u obopora Ha yrou 2n (L 2m);

- (opmanu3M (PpaKTaIbHO-PE30OHAHCHBIX M303HEPIeTUYECKUX O0OpaTUMBIX TpaHchopMaruit
win guykryauuii 9O sdupa:

hCr, < k(hCkr,) (1)

B (1) BuXpb ¢ XapakTepHbIM paJinycoM NOTOKOB 3¢upa B ero atmocdepe r, npeodbpasyercs B
k Buxpeii ¢ paauycom kr, (packpyrka) u oOpaTtHo (KoHIeHcauus). Buxpu, o06pa3ys crnupaib,
MOTYT IMOPOXAATh CHJIOBYIO TPYOKY COJEHOMJAIBHOTO IMOJS WM 3aMbIKaThcsi B Top. U3
TakUX TPYOOK U TOpPOB (POPMHUPYIOTCS CHIIOBBIE JIMHUHU 3JEKTpOMarHUTHOro (OM) moss.
OtpbiB n « k 3BEHbEB OT CHUpaIM MOXKHO NPEACTaBUTh KaK HM3JIydeHHE KBaHTa 3¢upa,
MEPEHOCALIEr0 UMIYIbC U MOMEHT uMIynbca. Kuneruka ¢uiykryanuii 6a30Beix 9@ MOXKeET
ObITh OrpaHUYEHa KOHCTAHTOM CKOPOCTHU CN' a jeiicTBue KBaHTOB a¢upa DM-nipupoabt
koHcTaHToM C.

bazoBpie D@ MO3BOJSAIOT CMOJECIUPOBATh H3HAYalIbHY0 (OpMYy MaTepHH,
3aMOJHAIONIYI0 MTPOCTPAHCTBO AKBHUBAJIEHTHOM MACCOM WM MOTEHUMAIBHOW 3Heprueil. B
3aBUCHUMOCTU OT OpHeHTauuu BekTopoB P u L D@ wmoryr ObiThb mnpaBeiMH (BEKTOpa
napajulesibHbl) U JIEBBIMU (BEKTOpa aHTUINAPAJUIEIbHBI). XHUPaIbHOCTh KOMOWHHUPOBAHHBIX
OO onpenenser XupalbHOCTh KBAaHTOB (PU3MYECKUX IOJIEH, 3JIEMEHTApHbIX YacTHI] U sJEp,
BHYTPEHHSSI CTPYKTYpa KOTOPbIX aBToMaTuyecku ynosinersopsier OILI.
C nomompio (1) mMoxHO (opManu3oBaTh CTalMOHApHBbIE QUIyKTyauuu P penuKTOBOro
s¢upa, KOTOpbIE TMPOSIBISIOTCS MHUKPOBOJHOBBIM HM3JIy4€HHEM KOCMHYECKOIO rasa,
Haxojserocss npu temmneparype 2,71K. Ora BenuunHa He cilyyallHO paBHa OCHOBAHHIO
HaTypaiapHOTO Jorapupma — e [7].

Temneparypa MEX3BE3IHOM Cpenbl SBISAETCA COBOKYIMHOM MEpOW KOJIMYECTBa
newkeHust ~N D@, 3aHUMAIOIINX OMPEIEICHHBIM 00beM TpocTpaHCTBa. [I[pUMEHUTENBHO K
penukroBoMy (otony mapamerp T Oyzaer paBHo3HaueH ero ummyibcy (E = PC ~ kT) wim
KMHETUYECKOM 3Hepruu, Kotopas Oyzaer paBHa cymmapHoi E,-sHeprun nopsaka N 9O OM-
MPUPO/IbI, KOHAECHCUPYIOIIMX Ha MOJIEKYJIEe Mex3Be3[Horo raza mno (1). DHepretuueckuit
cnektp pesukToBeiX D@ npu T ~ 0 orBewaeT dpopmyne boze pacnpeneneHus:

n = 1/[exp(E/kT)-1].
[IpeoGpa3oBaB 3TO BeIpaXKEHUE K TOKIECTBEHHOMY BUJTY:

exp(E\/kT) =1+ 1/n

U yUTSL:
e =lim(1+1/n)"= 2,71, upu n—> oo,

U1 n nopsiaka N MoJiyduM COOTHOUIEHHUE:
PC=NE, ~ kT. (2)

JImHY BOJIHBI PETMKTOBOTO (DOTOHA MOKHO OLICHUTH 10 hopmysne Buna:
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A =DbT~1,1mMm, 3)

rae b — mocrosaHas Bwuna, paBHas 2,9 10° M K, a T = 2,7K. JIBmxenue ¢otoHa
obOecnieunBaeTcst UMITYJIbCOM (P), KOTOpOMY COOTBETCTBYET CaMOIBHKYIIUIICS BUXPh dPHpa C
XapaKTePHBIM paguycoM 1, = A/2n = 0,175 MM u uMITyJIbcOM

P=hA=h,. (4)

Pamuyc penuktoBbix D@, KOHICHCUPYIOUIUX B CTPYKTYpPY (OTOHA M 0OpazyrOIINX
«xopony I'amoBay [7], paBer Nr,~ 10* M, To ecTh 0IHOTO MOpsiKa ¢ paxnycoM ['alaKTHKH.
OTtmeTuM, 4TO MO TakoW ke cxeme mnpoucxomuT k-xonpencamus D@ (k < N) B xuUBBIX
cUCTeMax B Ipolecce HX camoopranuzauuu. I[lpm sTtom kBaHT OM-3HEpruM MOXKET
MHULMUPOBATh KAKOW-HUOYAb (U3MKO-XMMHUYECKUH akKT (Ipolecc KaHaJIM3UPOBaHUS
SHEpPruM) WIM U3IYYUThCS CUCTEMOW BO BHEIIHIOIO cpeny. B mocienHeM ciiydae SHTpOIUS
cUcTeMbl NOHU3UTCS Ha Bennuuny q/T, rae q = PC — KBaHT TeII0BOW SHEPTUU CUCTEMBI [4].

QuyKTyallud peIMKTOBOro 3(dupa yHUBEpPCAJbHBI U IOBCEMECTHBI, 00 3TOM
CBUJICTEILCTBYET JIOPMOOBCKHMII COBUT B DHEPrHU DJEKTPOHA aToMa BOJOpoaa. MOXKHO
MPEANoNOKUTb, YTO  PUTM  JaHHBIX  QUIYKTyauMid  MHUIUUPYET  KOHJIEHCAIUIO
COOTBCTCTBYIOIIHUX 9@, HAIpuMeEp, B OAHOPOJHBIX CUCTEMAaX HEPBHBIX KIICTOK, BXOIAAIIHUX B
nercmerikepsl (mydok [mca, putmoBomuTenu mosra). B oOmem ciydae macmtaboM u
YPOBHEM CTPYKTYPHOW OJIHOPOJHOCTH OHOCHUCTEMBI 3aJaeTci paguyc U THUHI cialObIxX
B3aUMOJICHCTBUH, (OPMHUPYIOIINX KOIMEPEHTHYIO KBAaHTOBYIO CHUCTEMY, B KOTOpOil paboTaer
cxema (1).

[IputspkeHre Wi OTTAJKMUBaHUE MEX]Yy YacTHIAMH, MUMEIOUIUMH 3aps] U MOMEHT
UMITyJIbCa, B MPHUHIUIE, MOXXHO OOBACHUTbH, IKCTPANOJIUPYS KHUHEMATUKy U JTUHAMHUKY
ra3oBbIX WJIU KUAKOCTHBIX BUXpell Ha Buxpeno1o0Hbie DD 3¢dupa U cojieHOUIaNbHbIE OIS,
MMEIOIME UCTOYHUKU U CTOKU. OTMETUM, U4TO aHAIOrM4YHO DM-cuiaMm JIeHCTBYIOT siJiepHbIE
CWJIbI, 32 HMX OTBETCTBEHHBI NMOTOKU XHUpalbHbIX O 3dupa, reHepupyeMble HYKIOHAMH.
B3aumopnelictBusi naHHbIX O@ MpeACTaBISIOT KAaK «IIEPEHOCHUMOE TJIFOOHAMH I[BETOBOE
B3aUMO/JICHCTBUE MEXAY COCTABIISIFOIIMMHU 3JIEMEHTAMH HYKJIOHOB (KBapkaMu)» [8]. I'rooHbI
3/1eCh COOTBETCTBYIOT D® Mouisl sIAEPHBIX CUJI, LIBETHOCTh — XUPAIBHOCTH MOTOKOB DD, a
KBapKH — 000JI0YKaM 1 OpOUTANIAM HYKJIOHOB [1].

A3pik D@ MO3BOJIMII PACCUNUTATh MOJEIN CTPYKTYp ISTH DJIEMEHTAPHBIX YacTHUIl
(HEUTpOH, TPOTOH, AJIEKTPOH, HEUTPUHO, (POTOH) W WX BO3OYKIACHHBIX COCTOSHUH [9],
KOTOpBIE TI0 HEAOPA3YMEHHUIO 10 CUX mop [4] OTHOCIAT K HECTAOWJIBHBIM 3JIEMEHTAPHBIM
yactuliam. Paccunrtanu takxke CTpyKTypshl Jierkux saep u Connua [7]. Bece nepeunciieHHbie
CTPYKTYpBI, B NMPHUHIMIE, U30MOPPHBI CTpyKType npoToHa (Puc 2) m paznuuarorcs yucioMm
opOuTasiell U HapaBJIEHUEM CIMHA 3JIEMEHTOB, ONPEENSIIOIIUM CIUH WM XUpalbHOCTh. K
IpUMEpPYy, CyMMa CIIMHOB COOTBETCTBYIOIIMX 3JEMEHTOB JaeT IOJIOKUTEIbHOE 3HAYEHHE
CIIMHA Y MPOTOHA U OTPULIATEILHOE Y AIEKTPOHA U HEUTPOHA.
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HY TP CHEAA
e
OPOITTAlIb

CIUTOBAI JIITHILA
E-mmomng

KBaHT DOM-momnga

Puc 2. Cxema CTpyKTyphI MPOTOHA U aKTa MOTJIONIEHHUS MPOTOHOM ITpaBoro kBanta IM-noms (OM-
O®). CrutonIHble IMHUU OTHOCSTCS K 3aMKHYTBIM IOTOKaM g-BUXpeit (MarHuTHOe none — H);
MIYHKTUPHBIC - V-BUXpH (dIekTpuaeckoe mmose — E). Kpant DM-mons Mmoaenupyet mpruHITHIT
CBA3BIBAHUSA V- U Z-BUXPEil B CIIOKHBIX DD.

Snpa HYKIOHONMOAOOHBI M COOMPAIOTCA W3 MHOTOCIOMHBIX KOHLEHTPUYECKUX
obosiouek u opobutaneil. ['mbpuausupoBanHoil reomerpueid OM-mosst sapa ONpenestoTCs
KOH(QUTrypalluM aTOMHBIX JJIEKTPOHHBIX opoOurtaneil. Takum o00pa3oM, KBaHTOBaHUE
BHYTPEHHEIl CTPYKTYpbl sA€p MPEALIECTBYET 3aKOHOMEPHOCTSIM HW3MEHEHUsS (U3HUKO-
XUMHUYECKUX CBOMCTB 3JIEMEHTOB B Tabiuie MenaeneeBa. @opMupoBaHne M M3MEHEHUE
FEOMETPUH  MOJIEKYJISIPHBIX JIEKTPOHHBIX OpOWTajeil Takke TMOJUMHAETCS 3aKOHaM
KBaHTOBOM MexaHukH. [loaTomy mnoBeneHne OMOCHCTEM KBaHTYeTCSl Kak Ha YpOBHE
MeTaboaM3Ma, TaK U Ha MEHTaJIbHO-COLIMAIbHOM YPOBHE.

1. ACUMMETPUSA MOPDOOI'EHE3A

B cuity BHEIIHUX 1O OTHOIICHHUIO K MUPY NMPUYXH TPaBbie MPOU3BOAHBIE 0a30BBIX DD
oKazayiach 0oJjiee YCTOWYMBBL, YTO M OOECHEYWIO TOMHHHUPOBAHHE WX AKTHBHOCTH TpPHU
(OpMUPOBAHUM PEIUKTOBOTO COCTOSHHS 3(Hpa HAa HAYaIBHOM JTare CaMOOpraHU3aIUd
Bcenennoii [1, 9]. 310, oueBUAHO, U 0OYCIOBUIIO aHU30TPONUIO (OHOBOM JUHAMUKH 3uUpa,
KOTOopas B JajibHEHIIEM CTajla HUIrpaTh poJib YHUBEPCAIBHOIO (axkmopa XupaibHOCmu
npocmpancmea (OXII), OTBETCTBEHHOTO 3a caMOOpraHu3aiuio BceneHHoW u3 yacTull, a He
13 aHTU4acTull (GapuoHHAsE aCUMMETPUS).
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Ponp @OXII coxpanunacb u 1mnocie (OpMHpPOBAaHUS BEHIECTBEHHOIO KOCTSKa
Bcenennoii, rpaBuTaniuoHHble W OM-MoisS  KOTOPOTO  COOTBETCTBYIOIIMM  0Opa3om
neOpMUPOBAIM METPUKY PENUKTOBOrO 3upa. MoxHo mosarats, yto OXII, Bimss Ha
ciiabble B3aMMOJICHCTBUSL B OMOCUCTEMAaX, OINPENIeNsieT HallpaBJIeHUE UX Pa3BUTHUS IO CTpEJie
BpPEMEHH, TO €CThb OT MPOCTOr0 K CIIOXKHOMY. AJEKBATHBIM IapaMeTpPOM CJIOXKHOCTU
opranuzanuu ouocuctemsl Oyner creneHb ee yyBcTBUTENbHOCTH K DXII. CooTBETCTBEHHO,
SBOJIIOIIMIO IO CTpeNe BPEMEHU OyJeT XapaKTepu30BaThb YPOBEHb XHWPAJIbHON YHCTOTHI
CaMoro CJIO0KHOTO BEIIECTBEHHOT0 00pa3oBanus BeeneHHoM — IBY10JIbHOTO MO3ra YeJIOBEeKa.

XupanpHas YHCTOTAa MO3ra, ompeznensas Mepy ero uyBcrBuTenbHoctH K DXII,
MpOSIBJIAETCS, IpPEXIe Bcero, kak (yHKIMOHaNbHas acummerpus mosra (OPAM). ®AM
coueraer B cede muddepeHuanuo 1 CUHepru3M (yHKIIMH MPaBOW M JIEBOM JOJIM MO3Ta U
JEKUT B OCHOBE MEXaHHW3Ma OBPUCTHUYECKOIO MBINUICHUS. YClIOKHEHHe Mopdo-
¢uznonornueckux nposineHnit @AM B mporecce SBOMIOLNUM PAaBHO3HAYHO DPA3BUTHIO
YMCTBEHHBIX CIIOCOOHOCTEH uejoBeKa BIUIOTh J0 (OPMUPOBAHUS MeEXaHU3Ma UX
KOOIIEPUPOBAHUS B €MHYI0 HHTCIIEKTYaIbHYIO CUCTEMY (METaMOo3r).

OYHKIMOHUPOBAHUE U €IMHOCBSA3HOCTh BCEX YpOBHEH OuocucreM 00€creyrBaroT
OM-B3auMOJEMCTBUSL B IIMPOKOM Juana3zoHe HHepruil. Ero peamusyror ¢otonsl (OT
ynbTpaduoneroBoro no KBY-nmamazona), ¢oHOHBI, MarHosHsl, a Takke OM-D® u DO
HeUTpuHHOM mnpupoasl (X-OD) [5, 8]. DyHKUMOHANIbHBIE B3aUMOJECUCTBHS 3JIEMEHTOB
OMOCUCTEMBI, 1I€JIEBbIE€ U HEPABHOBECHBIE 110 CBOEU CYTH, OCYIIECTBIISIOTCS 32 CUET (PU3UKO-
XMMHMUYECKUX MEXAaHM3MOB KaHainu3oBaHus TeruioBoil »sHeprun (kT) korepeHTHbBIMU
aHcaMOJIsIMU OJHOPOJIHBIX AJIEMEHTOB. MeXaHN3Mbl KaHAJIU30BaHUS 3aBUCST OT CTPYKTYPBI U
JUHAMHYECKUX XapaKTEPUCTUK 3JIEMEHTOB M CIUIOIIHBIX CPEJl OpraHu3Ma. XupajbHble Cpebl
1 MeTabOJUTHI COOOIa0T KMHETUKE Mpollecca KaHaM30BaHUs 4yBCTBUTEIbHOCTh K DXII.
[Io cyru, xupanbHbli (PAKTOp KHHETHKM HEPAaBHOBECHBIX IIPOLIECCOB B KOTE€PEHTHBIX
MoJIcUCTeMax CyMMHUpPYET B ce0e aCUMMETPUIO AMHAMHUYHBIX U 3JIEKTPOXUMHUYECKUX CBOWCTB
MeTab0JIUTOB, TKAHEBBIX CTPYKTYpP, OPraHOB U )KUJKUX cpejl OMOCUCTEMBI.

Bona kak marpuiia v akTUBHBIM MeTabOJIUT UrpaeT KIOYEBYIO POJIb B MEXaHH3Max
camoopranuzanuu OuocucteM [10]. DTo cBs3aHO, TpEXIe BCEro, C €€ aHOMAJIbHBIMHU
(bM3UYECKMMH CBOMCTBAMHU, MMEIONIUMHU KBaHTOBYIO mpupoxay [11]. B macrosmieit pabore,
UCIOJIb3YSl SI3bIK M TOHSTHUS KBAaHTOBOTO Mop(doreHesa, MpoaHAIU3UPOBAIM BO3MOXKHbBIE
MEXaHHU3MBbI pealin3ally €ro XUpaJlbHON JOMUHAHTHI B (PU3MOJIOIMH YEJIOBEKA.

2. TPAHUIBI BUODHEPTETUKHN

Metabonu3M, poCcT U pa3BUTHE OpPraHHU3Ma YeJIOBEKa peain3yeTcs, Ipexae BCero, 3a
cueT JeWcTBHs KBaHTOB OM-3Hepruu mnpu mnocpenHudectse OM-D®@, reHepHpyeMbIX
B3aMMO/ICHCTBYIOIIMMU U TIOJIBKHBIMU YacTULIaMU. PealibHble 3apsKeHHbIE YaCTHUIIbI (MOHBI,
MOH-PAJMKAJIbI, TIOJSPHBIE MOJIEKYJbI) MMOMHUMO 3apsja WM IUINOJILHOIO MOMEHTa HMMEIOT
MOMEHT HMITyJIbca (CIMHOBBIM WM OpOUTAIbHBIN). BpOyHOBCKME TpaHCISILIMOHHBIE,
KoJiebaTenbHO-BpalllaTeabHble U KOH(OUPMAIMOHHbIE XAaOTUYECKUE JIBMKEHUS YacTULl WIH
¢bparMeHTOB OHMOMOJIEKYJl MPENIOoJIaraloT HaJIMYHe CTAallMOHApPHOTO OOMEHa KBaHTaMH
teroBoi 3Heprun (T-GoToHbI), OOJBIIMAHOBCKOE PACTIPEIEICHHE KOTOPHIX IO YacTOTaM
OTBEYAET SHEPTETUYECKOMY CIEKTPY BCEX ABUKEHHIM.

CranuoHapHass IUIOTHOCTh U dHeprus T-(GoTOHOB B cpele  XaOTHUYECKU
pacnpeleNieHHbIX YacTUL[ OJHOPOJHOM CHUCTEMBbl OTBEYAeT 3HAYEHUIO €€ JIOKAJIbHOU
temrieparypsl. JnuHy BosHbl T-hoTOHA MOKHO OLEHUTH 1O 3akoHy Buna (2):

A =Db/T =94 MM, ar, = 1,5 MKM
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npu T = 310K (cpemmsst temmeparypa  opranusma — 36,6°C). Ilapamerpsr D@,
obecneunBaronieil aBuxeHue T-porona, ¢ yuerom (1), mo3BossitoT paccMmarpuBarh DD B
KauyecTBE JBUKUTENIEH MeTaOOJUTOB B HEPBHBIX BOJIOKHAX M JKHJAKHX Cpelax, BKIIIOYas
KPOBEHOCHBIE KallWJUISPbI U MOPHI KJIETOYHBIX MEMOpPaH.

Nmnynec u MomeHT umnynbca T-goroHoB M DO® c yd4eTroM BO3MOXKHOCTH HX
TpaHcpopmanuu o cxeme (1) m MexaHuW3Ma KaHaJIM30BaHUS 00eCIeYMBaAIOT pabOTy BceX
JUHAMHYECKUX IOJICUCTEM OpraHu3Ma (TyMOpalbHOM, HEpPBHOM, MblleqHOMN). [lepBuuHbIM
(U3UKO-XMMHYECKUM aKTOM SIBJISIETCSI MEPEHOC MIEKTPOHA WJIM MPOTOHA. DHEPreTUdecKuil
CHEeKTp (POTOHOB KakK 3K30-, TaK M DHJOTEHHBIX OIpPENEseTCs] BHUAAMU JBWKEHUH U
XapaKTepHbIMU METPUYECKUMHU IapaMeTpaMu KOTEPEHTHBIX 3JIEKTPOHHBIX aHcaMOJIeH.
CHjiomHOCTh KUIKOM Cpeabl KPOBEHOCHOM W HEpPBHOW CHCTEM U Hajluyue B HeH
AJIEKTPOJIUTOB TO3BOJIAIOT CYUTATh UX OJHOCBSI3HBIMHM IEKTPO(PU3MUECKUMU CHUCTEMaMH C
METPUUYECKUMHU XapaKTePUCTUKaMU OT J0JIeil MUKpOHA JI0 METpa.

Huxuss rpanuna crnekrpa T-(GOTOHOB OTBEYaeT 3HEPTUM KPYTHIIBHBIX KoJeOaHui
OT/JICTILHOM MOJIEKYJIBI KaK IIEJIOTO B IOJIe OKpyxkatomien cpensl [12]. Hampumep, ans Boabl
HABTIOMAIICh Kosebanns B o6macti 15-85 cm ' m 200-600 cv ' [12], a sHEprus Bo3GyxACHNs
€€ KIIaCTepHBIX CTPYKTyp coctaBisier ~10 Jlx/mMons. Bepxusisi rpanuna sk3oreHHoro T-
(OoTOHAa COOTBETCTBYET TEIUIOBOM HHEPrUM WM DSHEPrUM aKTUBALMM TPAHCIALUOHHOU
MTOJIBMYKHOCTH CBOOOJHOM MOJIeKYybl Boabl ~2,5 kJlx/monb [10]. DToit sHeprum BIOJIHE
JOCTATOYHO 151 00ecreueHus CTallMOHApHON OMOPHEPT€TUKH 3JJ0POBOTO OpraHU3Ma.

MoKHO Takke Iojararb, 4TO NMPU KaHAJIM30BaHUM TEIUIOBOM 3HEPrUU B MPOIECCE
CaMOOPraHU3allUM KOTePEHTHBIX aHcamOiiell MOryT HMIATH NOOOYHbIE (U3UKO-XUMUYECKUE
aKThl, MPUBOJAIINE K BO30YXKIECHHUIO JJIEKTPOHHBIX COCTOSHUNA MeTabOJIUTOB, C
MOCJIEAYIONUM HW3IIydeHreM (oToHOB Buaumoro u Y®d-amanazona. [Ipumepamm Takmux
MIPOIIECCOB CIY)KUT TPHOO- U XEMITFOMUHECIICHIINA (CBETJISIUKH), a TAK)KE MUTOTEHETHYECKOE
nuznyyenue ['ypBuya [13]. B ocHOBe 3TuX IMpolECCOB JIeKaT peakluu peKOMOMHALMU HOH-
paaukanoB. VX HCTOUHMKOM MOXET ObITh MOHU3HUPYIOLIEE U3IYYEHHE PATUOAKTUBHBIX K30-
U SHJOTEHHBIX 3JIEMEHTOB, a TaK)K€ BO3JCHCTBHE Ha JKUBbIE TKaHU pasApaxurencii —
HAapKOTHUYECKUX CPEICTB, MEXAHMYECKUX U DJIEKTPUYECKUX HMIIYJIbCOB, pe3Koro
oxnaxaeHus. Kak mnpaBuiio, Takue peakUMM WHULIUUPYIOT MOSBICHUE TE€X WU HHBIX
IIaTOJIOT UK.

JlnamazoH >HEPTrUW PHIOTEHHBIX (POTOHOB, BO3JEHCTBHE KOTOPHIX HA OPraHW3M HE
MPHUBOAMT K MATOJOTMUYECKUM PEAKIIHSIM, HECKOJBKO IIUpPE AMAra3oHa SHEPTHH K30TEHHBIX
T-(hoTOHOB, MOCKOJIBKY BKJIFOUAET B c€0s1 (POTOHBI BO30YKIAIOIINE 3PUTEIBHYIO CHCTEMY (10
350 um, ~400 x/[>x/Mou1b), a Takke UHGPa3BYK U paaAuoBOIHbI (110 ~1 M umu ~0,1 JIx/Momb).

OCHOBHBIM HCTOYHUKOM 3K30T€HHbIX T-(OTOHOB SBIISETCS XMMHUECKas peaxius
(epMEHTAaTUBHOTO OKHCIIEHUS TJIFOKO3bI, TEIUIOBOM 3((eKT KOTOPOil akKyMyJIupyeTcs: 3aTeM
Ha JEKTPOHHOU cucteMe Mosiekyasl AT® B Buzae cBsizanHbix T-potoHOB [10]. Mexanu3mbl
BBICBOOOXK/IEHUSI M JEHCTBUS CBSI3aHHBIX (OTOHOB B METa0OJM3ME JO0 CHX IOp He
ycraHoBiieHbl [14]. OueBUIHO, 4YTO H3JIydaTeNbHBIH W OE3U3ITydaTeIbHbIH MEXaHHU3MBI
nepeHoca OM-3HepruM B 3HAYUTENIBHON CTENEHHU ONPENENSIIOTCS  CTepeoXuMHuei
METabO0JIUTOB U MOJIEKYISPHO-KIETOYHBIX CTPYKTYp, a TaKKe IMHAMUKOW BOJOPOJHBIX
CBs3€M B CIUIOWIHBIX cpenax. [Ipy 3ToM MeXaHHM3Mbl MUTPALUM 3HEPTUU 3aBUCST, MPEKIE
BCEro, OT CTENEHU KOTEPEHTHOCTH aHcaMOyied WJIM OT MHTEHCHUBHOCTU KOPPEISIIMOHHBIX
B3aMMOJICHCTBUI B HUX Ha ypoBHEe DD [14].
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3. XUPAJIBHASA 'NCTOJIOI'UA

B ocHoBe cTpykTypHOM u (YHKIIMOHAJIBHON aCHUMMETPUM OHOCHCTEM JICKHUT
XUPAJIBHOCTh CIIMPAJIBbHOTO JIBHJKEHMsS 4YacTULl M KBaHTOB »Heprun.  Kpome ToTO,
OMOMEXaHMKYy Ha MakKpo- M MHUKPOYPOBHE JHMMUTHUPYET PEOJIOTHSI XKUAKUX WJIA HHBIX
OJIHOPOJHBIX, CIUIOIIHBIX CpeJl OpraHu3Ma, KOTOpbIE H3-3a 0053aTeIbHOTO MPUCYTCTBUSA B
HUX ONTUYECKN aKTUBHBIX BEIIECTB WJIM MOJIEKYJISPHO KIETOYHBIX CTPYKTYpP MOYKHO CUMTATh
XUpaIbHBIMU cpelaMy. TUIMMYHBIMU NPEICTABUTENSIMU ONITUYECKU aKTUBHBIX META0OJIUTOB U
CTpyKTYyp OynyT Oeilku u caxapa B KpOBH, THAIypOHOBass W MOJIOYHas KHCIIOTa B
CTEKJIOBUJIHOM Te€J€ TIja3a M CHHOBHM, B COCIMHUTEIBHBIX M MBIIICYHBIX TKaHX;
KOJIJIar€HOBBIE BOJIOKHA B JIEPME KOXKM U B KOCTHBIX TKaHAX. PacCMOTpUM M3BECTHBIE TaHHbBIE
II0 ACUMMETPUYHBIM MOJIEKYJISIPHO-KJIIETOYHBIM CTPYKTYypaM, WIPAOIIUM BAXKHYIO pOJIb B
OMOPHEPreTUKE U CEHCOPUKE OpraHu3Ma.

[Ipumepom neHCTBUS XUpPaANBHOTO (AaKTOpa Ha MOJEKYISIPHOM YPOBHE MOXKET
CILY’)KUTb MeXaHU3M (epMEeHTAaTUBHOrO cuHTe3a AT® B MaTpukce MUTOXOHAPUU. AKTUBALUS
¢depmenta ATD-cuHTa3bl JOCTUTAETCS 3a CYET SHEPTUU TPOTOHHOTO I'PaJieHTa Ha MeMOpaHe
[15]. TloTok MPOTOHOB MHULMUPYET BpalieHue oaHoro Oioka ¢pepmenta (Fo), oTHOCUTENBHO
npyroro (F;) u mpu a3ToM ocymecTBisieTcs: npucoeanHenue Kk aaeHosunaudocdary (ALD)

docdara.

Puc 3. Ctpykrypa AT®-cunTassl. [IpoTonHsrit kaHan Fy u Bpararomiasics 9acTb MOKa3aHbl CHHUM,
KoMmmoHeHT F — kpacHbIM, MeMOpaHa — cepbiM [15].

Mexanu3M TOBOPOTa W B3aWMOCBSA3b MEXAY 3HAKOM TpPAaJHEHTa IPOTOHOB U
HarpaBJieHueM BpareHus 0noka pepmenta AT®-cuHTa3bl 10 KOHIIA HE M3y4eHbl. MOKHO
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MPEIOJI0XKHUTh, YTO TPOTOHHBIA TOK TONsipu3yeT B Onoke Fo o-crimpamm OenkoB, OHH
CMEIIAIOTCS BJOJb €ro OCH M TP 3TOM CIUPATHHOCTH OEJNKOB BBIHYKIAeT OJIOK
[IOBOpPAYMBAThCS, KaK B UEPBAYHOU Nepeaye.

XHPaIBbHOCTh  CCHCOPHO-MH(POPMAITMOHHON  cepsl opraHu3Ma MOXKET OBITh
00yCIIOBJICHA CIUPAILHON CTPYKTYpOol MUEIHHOBBIX obosiouek HepBoB [IHC. Jlo cux mop
OTKpPBIT BOIIPOC O 3HAKE 3TUX CHOUPAJCH W €ro BIMSHUM HAa MEXaHM3M pacHpOCTpaHEHUs
noteHnuana nerctBus. B pabore [16] mpeamonoxuiv, YTO COHUpaIbHBIE HACEYKH B
MHUEIMHOBOM 00oiouke HepBa (Puc 4) ydacTBYlOT B CaabTaTOPHOM MEXaHU3ME
IIPOBOJMMOCTH HEPBHOTO BO30YXKICHUS.

Onekrpodu3rKa MEXaHW3Ma YUYacTHsl HAacedeK B peTpaHcisaimu DM-curHaina 1o
CErMEHTaM HepBa POJACTBEHHA J3JIEKTPO(PU3UKE MOTOBBIX KAaHAJIOB, KOTOpbIE COOOILAIOT
MIOBEPXHOCTU KOXHU CBOMCTBO aHTEHHBI, CIIOCOOHOW PE30HAHCHO MOIJIOIIaTh W H3IIy4aTh
¢dotonbl KBU-nuanazona [17]. CiupaibHbIe HACEYKH B MUSITHHOBBIX 000JI09KaX H30MOP(HBI
MOTOBBIM KaHajlaM M HaIlOJIHEHbl CJIA0bIM 3JIEKTPOJIUTOM, IO3TOMY OHH, AaHAJOTUYHO
CIUpAJISAM MOTOBBIX KaHaoB (Puc 5), MOryT B3aMO€iICTBOBATh C BUXPEBBIMU HK30I€HHBIMU
OM-nosiiMU, T€HEpUPYEMbIMH MEMOpAaHHBIMM M  IUTOIUIa3MaTHYECKMMH TOKaMH B
nepexBatax PauBbe [16]. Pe3oHaHCHBIC YaCTOTHI HACEUEK, OYCBUIHO, OYIYT ONMPEACTIATHCS X
METPUUYECKUMHU U AUIIEKTPUUECKUMU XapaKTepPUCTUKAMHU.

=

M, T
—

Puc 4. YpTpacTpykTypa MUSTHHOBOM MEMOpaHbI HEPBa C HACCUKOM (a, b) U cxeMa Haceuku B
MUEIIMHOBOH 000j10uKe akcoHa (c¢) [16].

Ycranosneno [18], uto y 6onbmmHCTBa TroAeH 10 ~90% crnupasield MOTOBBIX KaHAJIOB
aBistoTcst npaBbiMu (Puc 5). JlanHas acummeTpuss MOKET ObITh CIIEICTBUEM XUPAJIBHOCTH
Cpelbl BIUJEPMBI, COJEp)Kalleil ONTHYECKH AaKTHUBHBIE BEIIECTBA U CTPYKTYpbl, U
YyBCTBUTEIBHOU MO3TOMY K XODII. JlomuHupoBaHNEe TpaBBIX crnupajieii B MOPQOIOTHI
MOTOBBIX KAHAJOB CIY)XUT KOCBEHHBIM IIOATBEPXKJCHHUEM TUIIOTE3bl O BaKHOCTU
COrJIaCOBAHMS 3HAKa CHOUPAJM MHUEIMHOBOM OO0OJIOYKM HepBa C  HaIlpaBJICHUEM
pacnpocTpaHeHuss TnoTeHuuana jeiictBus. K npumepy, d3IeKTpUuUecKHe UMITYJIbCHI,
OTBeUarolue O0JEBBIM pa3PaKEHUSM, MOTYT JABUTAThCS 10 HEPBHOMY OKOHYAHHIO C IIPaBOM
3aKpYTKOM MUENIMHA OJiaroaps HMITYJIbCY JIeBOCUpalbHbIX DM-Buxpeii [16]. Kpome Toro,
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WHBEPCHBIC 3HAKH CIIHPAIGHOCTH MHEIMHOBBIX  O0OJIOYEK  YEperHO-MO3TOBBIX H
aCCOIIMATUBHBIX HEPBOB, JIOKAJM30BAHHBIX B IPABOM W JIEBOM IOJIYIIAPUAX, MOTYT
obecnieunBaTh quddepeHnranuo ux GyHKIui B pamkax @AM wu, mpexie Bcero, Ha ypoBHE
NCUXO(QHU3UOJIOTHA. PareMu3anus WiIn MaToJIOTHYECKas MHBEPCHUS 3HAKOB CHUPATBHOCTU Y
CUTHAJIBHBIX ¥ aCCOIMATUBHBIX CBS3€H BHYTPU M MEX]Ty IOIYIIAPUSIMHU MOYKET TPOSIBUTHCS B
TaKkuX JUCHYHKIUSAX ICHXO(PHU3UOJIOTHHA U MOTOPHKH, KaK JIEBOPYKOCTh U TOMOCEKCYaJIU3M.

e

-

Stratum _
Corneum (~— Epidermis

Epidermis. : sk
up to 3005‘;_ ; =% £=3
-l . ——0=0025 Sfm

Sweat Duct

Dermis 0=02 S/m
up 1o 1 mm

Puc 5. Tpexmepnast MuKkpodoTorpadus U cXxeMaTHIECKOE U300paXKEHHE CITUPAIH IIOTOBOIO
kanana [17].

[TaToslornyeckue MHBEPCUU XUPAIBHOCTU MHEIMHOBBIX OO0OJIOUEK YEpENHbIX HEPBOB
MOTYT 3aKJIaJbIBaThCsl Ha 3Tale 3a4aTHsl WU SMOpUOTeHe3a I0J BIUSHUEM BHYTPEHHUX U
BHEMIHUX (hakTopoB. K MEpBBIM OTHOCSTCS: XMMHUYECKHE BEIIECTBA (aJIKOTOJIb, HAPKOTHKH,
JIEKapCTBa) U CTPECCOBBIE cOCTOsIHWA. K BHEmHMM (hakTopam cieayeT OTHECTH, MPEKIe
BCET0, M3MEHEHHSI TE€OKOCMHUUYECKHX YCIOBHM, Bimsmomue Ha 3Hak XOII u OuosnepreTuky
opranusma [19].

4. KBAHTOBAS PEOJIOT'UsL

Bona cocraBisieT 0CHOBY KpOBM, LUTOIJIA3Mbl U MEXKKJIETOYHON KHUJKOCTH, JTUKBOpA
U CHUHOBUU. BO BceX 3TUX XKUAKOCTAX B TOW WJIM HMHOM KOHLEHTPALMU MPUCYTCTBYIOT
HEOpraHMYeCKUe BellecTBa, O€NKH, caxapa KJIETOYHble O00pa30BaHMsA, HMEIOIINE
COOTBETCTBYIOIIME TuApaTHble 000y0uku. KpoBb sBisIeTCS €IMHCTBEHHOW IMOJBMKHON
TKaHbIO, KOTOpasi TEYET TOJIbKO IO cocyaaM. Ee cieayer paccmaTpuBaTh Kak reT€pOreHHYIO
MHOTOKOMITOHEHTHYIO CHUCTEMY KOPIYCKYJSIPHOH TIPUPOJBI, COAEpKallyl0 (OpMEHHBIC
AIIEMEHTHI (3PUTPOLUTHI, JEHKOLMTHI, TPOMOOLUTHI), KOTOPbIE HAXOJAATCS BO B3BELIEHHOM
COCTOSSHUM B KOJUJIOWJHOM PacTBOPE 3JEKTPOJIMTOB, O€lKoB U JunuaoB. KpoBoTok
MIPEJICTaBIsIET COO0M MPOXO0KJIEHUE KOHLUEHTPUPOBAHHON CYCHEH3UHU 3JIACTUUYECKUX JTMCKOB
yepe3 TpPYOKHM MUKPOCOCYJOB, TUAMETP MPOCBETa KOTOPHIX B UX KAMWUISIPHON 4acTH B psie
ClIydaeB HaMHOI'O MEHbILIE TUaMeTpa 3TUX JUCKOB. B 3THX yCcIOBUSAX HA MAaKpOYpOBHE MOTYT
MPOSIBJIATHCS KBAHTOBBIE CBOMCTBA MOJIEKYII BOJIbI U BELIECTB KPOBU, IO3TOMY KalUJUIIPHYIO
F€MOJIMHAMUKY YCIIOBHO HAa30BEM KBAHTOBOM PEOJIOTHEH.
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B nmpunnumne, kBaHTOBast peOJIOTHs JISKUT B OCHOBE BCEW OMOPHEPTETHUKU OpraHU3Ma.
B mnactosimieit paboTe paccMOTpUM XHpPAJTbHBIE MEXMOJICKYISPHBIC B3aMMOJICHCTBUS Ha
[pUMEpEe peakiUy AacCOLUMUPOBAaHUS CaxapoB M NpOaHAIM3UPYEM pOJIb BpallaTeabHON
MTOJIBMYKHOCTH MOJIEKYJT BOJIbI B KBAHTOBOM PEOJIOTHH.

Ha Puc 6 moka3aHbl 3aBHCHMOCTH YACIBHOTO yriia BpamieHuss O- mexcrpaHa u
CKHMIIAAapa oT Temieparypbl u aaTel [19]. Camkenne U pacTBOpa JekcTpaHa IpH KapKOM
noroge B wurose aBrycre B IlogMockoBbe 0OYCIIOBIEHO C pacHajoM MOJIEKYISIPHBIX
KOMILJIEKCOB, UMEIOIIUX 00Jiee BHICOKOE 3HAUEHHUE YAEIBbHOTO BpALIEHHS, [0 CPABHEHHIO C
oymromepamu Aekctpana [10]. DHeprust akTuBaMu peakiuu oOpa30BaHUS KOMILJIEKCOB ISt
pasnmuuHbIX caxapoB MeHsercsa B npenenax 0,1 — 0,6 x[x/Moib 1 U3MEHEHHE TeMIIepaTyphl
Ha 10°C yxe maet ouryrumsiii a¢gdekr [10].

0
o 2 ) %
20-22°C 28-29°C  32°C 25° 20-22°C
(O PGSl & S~ AT
39,70 F A 4 /::> ” 413,40
' / +—+
7R ¥
Y
1 \\
<<j\
39.60 5 {13.30
39,50 1 L/ 18 19 , 20 21 23 ,//3: o 1
ampenp  Mam HIOJTE 2 aBryct ceHTAOpPE 2010

Puc 6. 3aBucumMocTh yria BpamieHus (0) ONTHYECKH aKTUBHOTO pacTBoOpa JaekcTpaHa (kroBera 200 Mm)
— 1) u ckunnaapa (xkroBera 100 MM) — 2) OT 1aThl ¥ TeMIIEpaTyphl BHEIIHEN cpensl [19].

Mouiekynbl ckunyaapa He o0pa3yroT KOMIUIEKCOB, TIO3TOMY €ro yroJj BpallleHHUs He
pearupyeT Ha Iepemajasl TemrepaTypbl. He3HauuTenbHble CHHXPOHHBIE HM3MEHEHHS
BennunHbl Y pacTBopa JekcTpaHa W CKUMHIapa, Hampumep, 21 wrons u 9 aBrycra Moryr
OBbITh 00YCJIOBJIEHBI U3MEHEHUEM MArHUTHOM O0OCTaHOBKH Ha 3emile BCJIEICTBUE MOBBILICHUS
akTuBHOCTH COJIHLIa — B 3TH JHM CYILIECTBEHHO Bo3pacTaja CyMMapHasl IUIONIa/lb COTHEYHBIX
IITEH U BO3pacTaja MHTEHCUBHOCTh PaJHOU3IIydyeHus: Ha AjauHe BoiaHbl 10,7 cM (10 JaHHBIM
N3MHUPAH).

DKCTpanojupysi JaHHblE II0 3aBUCHUMOCTHM ONTHYECKOW aKTHUBHOCTH pacTBOpa
JEKCTpaHa OT TEMIIepaTyphl U 3JEKTPOMArHUTHBIX BO3MYILEHUN Ha POJICTBEHHBIE XHpaIbHbIE
Cpelbl OpraHu3Ma MOXKHO I0JlaraTh, YTO MEKMOJIEKYJIIPHbIE B3aUMOJEUCTBUS XUPATBHBIX
MeTabOJIUTOB B XKUAKHX CpeaX BHOCAT CBOM BKJIAJl B YyBCTBUTEIbHOCTh opranu3ma Kk XPI1.

AHOMaJIbHbIE CBOWCTBA BOJIbI, BO MHOTOM OIIPEIENSIOMNEe OHOPU3UKY KUIAKUX
CUCTEM OpraHu3Ma, CBA3aHbl C KBaHTOBBIMU 3(deKkTamu BOJAOPOJHON CBS3U, KaKk B 00bemMe
BOJIbI, TAK W B THJAPATHBIX 000JIOYKAaX META0OJMTOB W Ha CTEHKax CcocylnoB. B cmy
CTPYKTYPUPOBAHHUSI BOJIbI BOJIOPOJAHBIMU CBSA3SIMU BpalllaTeIbHO-OPUEHTALIMOHHBIE IBUKEHUS
MOJIEKYJI BOJIbl, UTPAOLIME BAXKHYIO POJIb B IPOLECCAX CAaMOOPraHU3allui, UMEIOT XapakTep
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nubpanuii  (KpYyTHJIBHBIX — KOJIeOAHWH) W CyIMIECTBEHHO 3aBHCAT OT  JIOKaJbHBIX
AJIEKTPOMArHUTHeIX moJied. IlocmegHue MOryT urparb pojib BO3MYILIEHUH, CHUMAIOIIMX
CUMMETpUIHBIE 3alpeThl Ha BO30YxAeHue nuopauuii T-poToHamu.

B oOuiem ciydae BEpOSTHOCTh BO30OYXKIEHMSI BpPAIaTE€IbHOTO COCTOSHUS MOJIEKYJIbI
BOJbl OIpEAENSeTCs] HMHTEHCHBHOCTBIO B3aMMOJCHCTBUS €€ JUIOJBHOIO MOMEHTa ¢
COOTBETCTBYIOIIUM T-(OTOHOM, a JHEPrus W MOMEHT HUMITyJbCa MPONOPLUUOHAIBHBI €€
MoMeHTy uHepuuu. CBOM BKJaJ B MpaBujia OTOOpa MEPEXOJOB U B BEJIWYMHY MOMEHTA
UMITyJIbCA BHOCUT CyMMAapHbBI CIMH MPOTOHOB MOJIEKYJIbI, KOTOPBIM MOET ObITh paBeH 0
(mapa-uzomep) u 1 (opro-uzomep). Y cBoOOJAHON MOJIEKYITY BOJIbI MOMEHT MHEPLUU UMEET
Tpu 3Hadenus (Puc 7), nBa u3 xotopbix (J;, J3) CHIIBHO BO3pacTalOT NpH 3aKpPEIICHUH
MOJIEKYJIbl Ha KaKOH-JIM0O0 3apsyK€HHOU MOBEPXHOCTH WM MoJiekyie [20].

PaBHOBecHOE opTo/mapa OTHOIIEHHE i1 CBOOOJHBIX MOJIEKYJ BOJIbI, HAIPUMEpP B
BO3/1yX€, IIPM KOMHATHOM TEMIIepaType COTJIACHO KBAaHTOBOM craTucTuke pasHO 3:1. HacTh
napansomepoB H>O HaxoauTcs Ha OCHOBHOM YPOBHE U HE BpallaeTcs, B TO BpeMs Kak
OCHOBHOM BpalllaTeJIbHbI YPOBEHb OPTOM30MEPOB CMelleH Ha 23,8 cM-1 OT HyleBOro
ypoBHa (kT~ 0,28 x/Ix/mons, T ~34 K), mosromy cBOOOJHBIE OPTOM30MEPHI BPAIAIOTCS
BCEr/1a, [T0Ka 3acelIeH 3TOT U BbllIe jexamye ypoBHU [21]. [lockonapky opTo/mapa KOHBepCcus
B OTACNBHOM MOJIEKYJIE CTPOro 3ampelnieHa B JUIOJIBHOM MPHUOIMIKEHUHU, TIEPEXOIbI
MEXJy HUMU B KOHJIEHCUPOBAHHOH cpejie U B pacTBOpax MOT'YT MHUIIMHUPOBATH JOKAJbHBIE
AJIEKTPOMArHUTHbIE TOJS U CIHUH-CIMHOBOE B3aMMOJIEHCTBUE SJEp, BO3HMKAIOIIME IIpU
CTOJIKHOBEHHH MOJIEKYJI BOJIbI APYT C IPYTOM WJIM B KOHTAKT€ C lIapaMarHUTHBIMH LIEHTpaMu
JpYrux MoJiekyil. B mpoliecce CTOJIKHOBEHUS IBYX MOJIEKYJ BOJbI UMITYJIbC T-pOoTOHA OIHOMN
MOJIEKYJIbI IPEe0OpazyroTcsi B MOMEHT HMMIyJbca Apyroid. OTMETUM, YTO B OpPTO-U30MEpe
jerye Bcero OyayT BO30YyXJaTbCs BpalllaTelbHOE COCTOSIHME, OTBEYAIOIlee MUHUMAIbHOMY
3HAYEHHUI0 MOMEHTa UHepuuu (J;), MpH 3TOM BpallleHHIO BOKPYT ocu X, B IPUHIUIIE, MOXKET
criocoOCTBOBaTh BpaIlaTeIbHbIII MOMEHT SIJICPHBIX CIIMHOB MPOTOHOB (Puc 7).

mapa _opTo

Puc 7. Cxempl BpallieHH MOJIEKYJIBI BOABI M OPUEHTAIMI CIMHOB MTPOTOHOB: a — BPALEHUS MOJIEKYJIBI
OTHOCUTENBHO 1eHTpa TsokecTu (C), oTBeyarome TpeM 3HadeHnsIM MoMeHToB uuepuuu (J; = 1,02 10~
ke M 1, =1,92 107 kr Mm% J3 =2,94 10 kr M° [20]); b — BApHAHTHI OPHEHTALIHH IEPHBIX
CIIMHOB IIPOTOHOB B Mapa- U OPTO-U30Mepe MOJIEKYIbI BOJIBI.

B cwiry otcyrcTBHs BpamieHusi mapa-u3omMep ¢ OOJbIIeH BEPOATHOCTHIO OyAeT
00pa30BbIBaTh BOJOPOHbIE CBSI3U. KuHEeTHKa pa3pbiBa BOJOPOIHON CBSA3H, OUEBUIHO, OyIeT
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3aBUCETh OT PHEPrUM BpPAILLATEIBbHOTO BO30YXKIACHUS MOJIEKYJbl, KOTOpas B CBOIO O4Yepeb
[POIMOPLIMOHAIIbHA €6 MOMEHTY HHepuuu. Eciu mpeamnosiokuTh, YTO YacTOThl BpallleHUs
MOJIEKYJBl JUId BceX Tpex J pasnuuaorcs HE 3HAUMTENbHO, TO BpeMs IKU3HU
CPEIHECTATUCTUYECKOM BOJIOPOJAHON CBSI3U OyJIET UMETh TPU 3HAUEHUS, OTHOCSILIHUECS MEXIY
co00# Kak 9KCIOHEHTHI OT J;, Ja, J3. Jlyig 3naduenwuit J na Puc 7, 3T OTHOIIEHUS MOTyYarOTCS
1:6,5:18. TeopeTnueckue ONeHKH BPEMEHHU KU3HU BOJOPOJHOM CBS3HM JAIOT BEJIMYMHBI 25,
125 u 500 ¢c [22]. OrHomieHUs MeXAYy HUMH Kau€CTBEHHO COIJIACYIOTCS C HAallUMU
OILICHKaMH.

CenexTuBHOE BpallaTeIbHOE BO30YXK/IEHUE MOJIEKYINI BOJbI, IPUBOJAIICE K Pa3pbIBYy
BOJIOPOJIHBIX CBsI3€il M MOCHEAyIoUlell ee OpUeHTAalMd B KYJIOHOBCKOM II0JIE€ KaHaa
aKBallOpHWHA, JIGKUT B OCHOBE MeXaHHW3Ma pPabOThl BOAHBIX KaHajioB MmemOpan (Puc 8).
MOoXHO HpEennoJIoKUTh, YTO B 3JIEKTPOMAarHUTHOM IIOJI€ BHYTPH Oe€lKa IOCTYIaTelIbHOE
JBUKEHHE MOJIEKYJIbl BOJIbI COIPOBOKIACTCS €€ BpAIICHHEM I10 IPUHLHUITY «IpOIesiepa
(BpawarenbHas 1ud@y3us). s BbIsIBICHUS CEIEKTUBHOCTH pabOThl KaHaAJa M0 OTHOLIECHHUIO
K opTo/mapa u30oMepaM HEOOXOIUMO OMPEISIUTh €r0 BEIWYMHY BHYTpU KieTku. Pabora
JAHHOTO KaHajla 3a CYEeT OCMOTHMYECKHX CHJI PEryJupyeTcsi TOPMOHOM Ba3ONPECCHHOM,
KOTOPBIM COAEPKUTCS B KPOBU U MOJIEPKUBAET TOHYC KPOBEHOCHBIX COCY/IOB.

'. Extracellular |

Size reslnctuon \\‘ ":. ""_ .
- +”‘\ - Electrostatic
, |
m (A *\ repulsion
\Ft‘.ﬂﬁ /
s ~%
+4'
Water dipole —ﬂ—/E)’ y,
recrientation A N
Pl oo
T E:x Ny
-~

/ In‘lmmﬂula.r

Puc 8. Cxema paboThl BOJHOIO KaHajda MeMOpaHbl, 00pa30BaHHOIO OCJIKOM aKBaropuHOM. B 1ieHTpe
KaHaJla BHYTPHUMOJICKYJISIPHOE KYJIOHOBCKOE TI0JIE MEHSIET 3HAK, YTO BBIHYKIACT JUIIOIH BOIbI
nepeBopaduBaThcs [27].
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O¢ddexTsl KBAHTOBOW PpEOJIOTUM MO3BOJISIIOT OOBSCHUTH BBICOKYKD CKOPOCTH
MIPOXOKICHUS 3PUTPOLIUTOB [0 KPOBEHOCHBIM KalUJUISIpaM, pa3Mepbl KOTOPbIX, KaK MPaBUJIO,
MEHbLIE CAMUX 3PUTPOLUTOB. YCTAaHOBJIEHO, YTO OHU IPH 3TOM CHIBHO J€(hOpPMHUPYIOTCH,
cOpacpiBast U3 ceOs 710 MOJIOBUHBI HAXO/ISIIEHCs B HUX BOJIbI [10 aKBAIIOPUHOBBIM KaHAJIaM.

Cunraerca [23], uro neopMHUPYEMOCTb SPUTPOLIUTOB SIBJISETCA PELIAIOIINM
(akTOpOM B YMEHBIIEHUU JUHAMUYECKOHN BA3KOCTU KpOBH. [IpSAMBIMM MHUKPOCKOIMYECKUMHU
HaOJIIOICHUSIMU ¢ KHHOpErucTpaiueil os110 nokazano (Puc 9), 4ro ¢ yBenuueHuem JaBiaeHUS
pacTeT CKOpOCTb KpOBOTOKAa IO CTEKISHHOMY KalWUISIPy M NP 3TOM BOJM3U CTEHKHU
HaOmrogaeTcst TeM OoJbInas AeopMaIus SpUTPOIIMTOB, YEM BBIIIE CKOPOCTh KpoBOTOKA. [1pn
OTCYTCTBUM JIBUYKEHUSI SPUTPOLUTHI y CTEHKHM HUMEIOT KpYriyio GopMy, a MpH CKOpocTH 6
MM/C OHHM TNPUHUMAIOT BBITAHYTYIO (GOpMy B BHJE BepeTeHa. BOKOBblE MOBEPXHOCTH
SPUTPOLIMTA B KAMUJUISIPE pacrojaraioTcs KacaTelIbHO K CJIOSM Pa3HbIX CKOPOCTEH, TO €CTh
BJI0JIb ocu cocyaa. Ilpu sToM nocturaercss mMakcuMaiabHas 3¢Q(EeKTUBHOCTb AUPPY3HOTO
oOMeHa razaMu 1 MeTabOoJIUTaAMU MEXAY KPOBbIO U MEKKJIETOUYHOM KUAKOCTHIO.

(@) (b)

Puc 9. MexaHu3M npoxoKIeHHUs SPUTPOLIUTA TUAMETPOM ~7 MKM Uepe3 Kalujusap auaMeTpom ~4
MKM [23].

Ot AaHHBIC  JOIIOJIHAIOT HCCIICAOBAHUA 3aBUCHUMOCTU BA3SKOCTH KpOBHU OT

KOHIICHTPAIIUHA SPUTPOIIMTOB B COMOCTABJICHUH WX C 3aBUCHMOCTBIO OTHOIICHHUSI OpPTO/mapa
M30MEpOB BOJIbI OT Temmepatypsl (Puc 10).
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Puc 10. 3aBUCHMOCTB MPOHUIIAEMOCTH (TEKYYECTH ) SPUTPOILIUTOB OT TEMIIEpaTyphl (KBaJgpaTHbIC
TOYKH) U KOHTYP PE3OHAHCHOM JTMHUY IIepexoia mapa-u3oMepa Bozbl ¢ sueprueii 215 cm ' (T = 309K)
— cuHss TuHuA [21].

B pabote [21] ycTaHOBWIM TOYHOE COBMAJCHHE 3HAYEHUs TEIUIOBOW YHEPTUHU, MPHU
KOTOpOil HaOMIOJaeTcss  CKAYOK «TEKY4YecTH» JSPUTPOLMTOB C  DHEpruel  KBaHTa
BpallaTeIbHOTO Iepexojia B Mapauzomepe BOJbl. Vcxons M3 3TOro, MpeanosioXuiv, 4To
BA3KOCTh KPOBU HpH Temmeparype 36,6°C pe3ko majaer u3-3a JIaBUHOOOPA3HOTO IMepexo/a
[1apan30MepOB BOJbI, BBIXOALIEH U3 IPUTPOLINTA, B OpTOM30Mephl. [10CKOIbKY npH JaHHOU
Temiieparype 3(PQPEeKTUBHO 3acensioTCs BpallaTeIbHbIE COCTOSIHUS OpTOM30MEpa, TO
BO3pacTaeT BEPOSITHOCTh pa3pbiBa BOJOPOJIHBIX CBSI3€H, YTO B WUTOr€ W MPHUBOJIUT K
CHIDKEHMIO IMHAMUYECKOM BSI3KOCTH KPOBHU.

Takum  oOpa3oMm, MpoLEcC CHMXKEHUS BSA3KOCTH KPOBM B KamWuLsIpax
MHOTO(}AKTOPHBIN — B HEM COYETAIOTCS:

- 0e30appepHasl 3aBUCUMOCTb BSA3KOCTHU BOJIbI OT TEMIIEPAaTyphl B KPUTUYECKUX TOYKaX, K
KOTOPBIM OTHOCHTCS | Temiieparypa 36,6°C [10];

- pe3Koe YCWJIEHHE B3auMOJICHCTBUI MOJIEKYJ BOJBI B YCIOBHUAX KamWuispa ¢ GOPMEHHBIMU
AlIeMEHTaMu, OeIKaMu KpoBH [21] ¥ co CTEeHKaMM Kalmuuisipa;

- o0oraieHre BOJIbl OPTO-U30MEpPaMU U TOMOT€HHU3AIINSI KIaCTEPHO-KOMKOBOM (pa3el [24].

B pesynbrare nedictBus 3TUX (PAaKTOPOB BO3pacTaeT BpallaTelbHO-NOCTYMAaTeIbHas
MOABMKHOCTH MOJIEKYJI BOJIBI, UTO oOJierdaer Aud@y3uio ra3oB 1 METa0OIUTOB Yepe3 NOphl U
CTEHKH KaIlUJUIIPOB.

6. XUPAJIbBHO-KOTI'EPEHTHBIE AHCAMBJIN

OAHOPOJHOCTh CIUIOIIHBIX Cpel U MEXaHU3Mbl IMPOCTPAHCTBEHHO-BPEMEHHOMN
KOPpPESIUU HUX D3JIEMEHTOB, MpPEBPALaeT HMX B KOIEPEHTHbIE aHcaMOlIM,  WIrparollue
KIIIOYEBYIO POJIb B IIPOLECCaX aJalTallMd M DBOJIOLUM OPraHM3Ma IO CTPEJIC BPEMEHH.
MaxkcuManbHyl0 YyBCTBUTEIBHOCTh K BHEIIHUM (u3nyeckuM ¢akropaMm, BkiIodas XDII,
OyAyT UMETh JKUJIKOCTHBIE CUCTEMbI (KPOBb, JIUKBOP, CHHOBHUS, TJIa3HAs KUAKOCTH). MOXHO
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noJyiaraTb y4acTHe BOJbl B MeXaHu3MaX 4yBCTBUTENbHOCTH K X®PII u Apyrux CIUIOMIHBIX
TkaHed. K mpumepy, B cocTaB TMOAKOXXKHOW KieT4aTKu coaepkut 70% B TOW WM WHOU
CTENEHU CBS3aHHOW BOJIbI, TapeHXuMa opraHoB 10 90% u koctHas Tkadb 10 10%. Koneuno,
y 9TUX TKaHeW OyayT CBOM 3HEpPreTHYecKue AUana3oHbl yyBcTBUTENbHOCTH K XDII. OOmue
(U3UKO-XMMUYECKUE NPUHLUIBI ACUCTBUS M TUIBl KOTEPEHTHBIX OMOCHUCTEM OpraHusma
nanel B [5, 10, 16, 19]. X MOXHO yTOYHUTb, UCHIOJIB3Ys JAHHBIC M0 XUPAIBHOU THUCTOJIOTUN
Y KBAaHTOBOM PEOJIOTMU TKAHEH.

B Guocucremax ncrouHukoM T-poToHOB 1 OM-DD sABISAIOTCA YCKOPEHHBIE JBUKEHUS
JJIEKTpOHA W JPYruX 3apsykeHHbIX dYacTull. COOTBETCTBEHHO, JAEWCTBHUIO KBAHTOB OM-
SHEPrUM MOJIBEPKEH TOJIBKO XUMUYECKHI YPOBEHb CTPYKTYPHOU OpraHu3anuu aHcamomnei. B
pamKax axupalbHOH DOM-3HEpreTHKU OCYIIECTBIIAIOTCS Tpoduyeckas U penpoayKTUBHAs
dbyHKIMKM TFO00W KWUBOW TBapW, BKIIOYAs YEJIOBEKA. XHUPAITbHOCTh ODM-3HEPTeTHKH,
cBa3aHHag ¢ DPAM, y Hepa3yMHBIX TBAaped MOXKET BO3HHMKHYTh JIMIIb B IaTOJOIMYECKOMN
¢dbopMe Kak cielCTBHUE M3BpallleHHUs MeTabosu3Ma IoJ JeHCTBHEM aHOMAaJbHOTO BHELIHEIro
¢dakrtopa [5].

Pa3ymMHOCTb ke uenoBeka, HalpOTUB, SIBJISIETCS 3aKOHOMEPHBIM CII€CTBUEM Pa3BUTHUS
YyBCTBUTEIBLHOCTH €ro MeTtabonm3Ma K JeicTBuio yHuBepcanpbHoro X®PII B mporecce
sBosmonMi. Ha paHHMX »3Tamax SBOJIONUH [OJI HENPEPBIBHBIM JIEHCTBHUEM COJHEUYHBIX
HEUTpUHHBIX X-D® Ha TeHeaJoru4eckoM JpeBe XU3HU 00pa3zoBaiach XUpajbHasi BETBb,
IUIOJIOM KOTOpo B mTore siBuwiica homo sapiens. Ero crnocoOHOCTb MBICIUTH, TO €CTh
CO3UJAaTh HOBBI CMBICI, HAXOJIUTCS B MPSIMOW 3aBUCHMOCTH OT CTENEHU XUPAIbHOCTH €ro
Mo3ra (PAM) u >3pPpeKTUBHOCTH MOANUTKHU OpraHu3Ma XupaiabHoil sHeprueit X-O® 3a cuer
NEUCTBUS XUPaIbHO-KOT€PEHTHBIX aHcamOied. HTEHCUBHOCTh MX pabOThl OINpPENestOTCs
IUIOTHOCTBIO MOTOKa X-D® B mpuszeMHoM 3¢upe [27] U ypOBHEM YMCTBEHHO-AYXOBHOI'O
pa3BuTus yenoBeka [25]. O6a 3Tu akTopa 3aBUCAT OT TEOKOCMUYECKUX YCIOBUH [26].

Helitpuno (aHTUHEHTpUHO) sBISETCS NPOAYKTOM HEPAaBHOBECHOW JIMHAMUKHU
HYKJIOHHBIX WJIM CYObSIIEPHBIX AJIEMEHTOB U 00pa3zyercs B KOCMOCE, a TaKXKe B pe3yJbTaTe
peakumii Oera-pacmajga paaMOAKTHBHBIX siIep WM CBOOOJHOTO HeWTpoHa [25].
CranuoHapHbI MOTOK COJIHEYHOI'O HEUTPUHO MOAYJIHMPYETCS BO3AECHCTBUEM Ha SHEPreTUKY
ComHIla MarHUTHOTO 1OJIs TaHeT u FOnurepa rimaBHBIM o6paszoMm [9]. ConHedHOe HEUTPUHO
HECTa0MJIPHO W PACCEMBACTCA B MEXKIUIAHETHOM MarHUTHOM mojie Ha N KBaHTOB X-O@
M30MOP(MHBIX HEUTPUHO, UMM M HACHIIIACTCS METpUKa mpuzemMHoro »dupa [25, 27]. B
3I0pOBOM OPraHM3ME CTallMOHAPHBIX 3K30T€HHBIX HCTOYHUKOB X-O@ ObITh HE MOXET,
[JIaBHBIM 00pa3oM HU3-3a JIECTPYKTUBHOIO JEHCTBUS HAa TKAaHM COMYTCTBYIOIIMX HEUTPHUHO
IIPOJIyKTOB OeTa-pacnaja.

VYuuteiBas saepHblil reHesuc HeitpuHo u X-O@, mpeamonoxunu [5], 4to uX
MOTJIOLIEHUEe-KOHIeHCalllsi B OHMOCHCTEME BO3MOXKHBI B KOPPEIMPOBAHHBIX aHCAMOJIAX
CIHMHOB sIep WJIM MX MarHUTHBIX MOMEHTOB. OpHeHTalusi OTIENbHbBIX SJEPHBIX CIUHOB B
aHcamOmnsix OyAeT 3aBUCETb OT CBEPXTOHKHMX CIHH-CIMHOBBIX M CHHUH-OPOUTAJIBHBIX
B3aUMO/JICHCTBUI Sep U 3JIEKTPOHOB, a CTENEHb CIMHOBOW KOI'€pEHTHOCTH BCEro aHcamoOs
OyZeT MOAyIupOBaTbCsl MArHUTHBIMHM IOJIAIMH KaK BHYTPEHHMMHM, TaK W BHEIIHUMHU.
OpueHranus opOUTAIIbBHOTO MOMEHTA JIEKTPOHA OIpPENEsIeTCsl TeOMETPUEH MOJIEKYISIPHBIX
opOuTased UM OpHUEHTAaUUel  MOJEKyJdbl, UYTO MOXET OOYCIOBUTH 3aBHUCHUMOCTh
YyBCTBUTEILHOCTH aHcaMOug siiepHbIX cnuHOB K X®II oT creneHu ynopsao4eHHOCTH
aTOMOB U MOJIeKyJ. BKkiiaag BO BpallaTeabHYIO SHEPTUI0 MOJIEKYNBI BOJBI SIAEPHOTO CIMHA
coctaBut 0,1 — 1 Jlx/mounp [12], a sHeprus ero HyTalMM U MPELECCUM, OYEBUIHO, OyIeT
MEHbLIE €lle Ha OAMH-ABA MOopsaka. MOXHO MpeanoyoXKUTh, YTO 4Yepe3 BIMSIHHE Ha
napaMeTpel 3TUX JBWKEHUH couHa MpoToHa KBaHThI X-O@® Oynyr cnocoOCTBOBATh
CaMOOPraHU3allui KOT€pEHTHBIX aHCaMOJIeH.
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VYuuTtbIBas NpUCYTCTBHE BOJIbI BO BCEX TKAHSIX OpraHusMa, B3aumojieictBus X-OO c
MIPOTOHAMH MOXHO B35Th 33 OCHOBY M€XaHH3Ma UyBCTBUTEIBHOCTH KOT€PEHTHBIX aHcaMOuiei
K XOII. /lononHUTENbHBIM OPUEHTUPYIOIUM (PAKTOPOM MOKHO CUHUTATh KYJIOHOBCKHE OIS
MOJIOKUTEIIBHO HWJIM OTPULIATEIBHO 3apsHKEHHBIX PETYISPHBIX ILEHTPOB Ha OEIKOBBIX
MOJIEKYJaX, IOJINCAXapuaax WIM Ha IMOBEPXHOCTAX KJIETOK M KallWUIIpOB, a TaKXkKe B
CTPYKTypax COEIMHUTEIbHON M KOCTHOW TKaHU [26]. B ymopsnodeHHbIX Takum o0pazom
TUAPaTHBIX 000JI0UKaX WM Lieroykax o cxeme (1) Oyzaer uaru KoHaeHcaus KBaHToB X-O00
C mepemadyeld MX Ha XHUpaibHbIE LIEHTPbl TUApATAIlMM, YTO PABHOCHJIBHO WX aKTUBALUU.
OTMmeTHM, 4YTO NpPOLECC KOHACHCAUW HEUTPUHHON SHEPruu B SKUIKOCTHBIX CHCTEMax
opranu3Mma OyJeT UJITH IJIaBHbIM 00pa3oM B COCTOSIHUM CHA, KOTJa CHUXKAETCs TeMIepaTypa
opranusma Ha rpaxayc [16, 25].

Bo3moxHble MexaHU3MbI BKIIIOUeHUs1 KBaHTOB OM-0@® u X-O@ B MeTa0013M MO3ra
10 TYMOPAaJbHBIM KaHaiaMm (KpOBb, TJIa3HAs KUIKOCTB), 00CyxaeH B [16, 27]. K HuM M0OxHO
N00aBUTh CYIIECTBEHHYIO pOJIb aKBallOPHMHOBBIX KaHanoB (Puc 8) B perynsuuu BOIAHOTO
GamaHca Mo3ra, aKTHBHOCTH HeWpormuii m BHekneroudoro K' xmmpenca [28]. JlanHble
KaHajbl, MO-BUJIUMOMY, JIUMUTUPYIOT KHHETUKY OOpa3oBaHHs JIMKBOpa M METab0JIu3M
TPEThEro IKeJyJouKa. YUuThIBas BpallaTelbHbll Xapaktep auddy3un Boabl dYepes
aKBaIIOPUHOBBIE KaHAJIbl, OHM MOTYT UIPaTh POJb XUPAIbHBIX (UIBTPOB, KOHTPOJIUPYIOLIUX
aCUMMETpHI0 OMO3HEPreTUKH JIMKBOpa U Ipolecca OOMOTKM aKCOHOB MMEITMHOBOMN
000JI0YKOI.

BereratuBnas HepBHas cuctema (BHC) BHocuT cBOM BKIag B Ipolecc
aKUENTUPOBAaHUS U NEepeadyn B MO3T XUpalibHbIX KBaHTOB OM-® u X-0® [19]. Ouu moryt
KOHJICHCUPOBAThCSl B IpOILIECCE HOYHOI'O CHA, HalpuMep, B IMOJKOXHOM KiIeTyaTKe Ha
HEpBHBIX OKOHYAHHAX M B KaNWUIAPHBIX aHacTomo3ax. llocne mpoOyxnaeHus B mpoiiecce
(bu3nyecKux yInpaXHEHUHM JaHHbIE KBAHThI, OYEBUIHO, acUMMeTpuyHO akTtuBupyror BHC,
YTO B COBOKYIHOCTU C aCUMMETpHUell pedeBoi (PyHKIMHU COCTaBiIseT OCHOBY pecypca ®AM,
KOTOpbI mposiBisiercss npu Oere Ha Mecte [16, 19]. Konpencar mpaBpix X-O@® MOXeT
HAKaIlJIMBAaThCS B HEPBHBIX OKOHYAHUSX MOJKOKHOM KJIETYATKH, COEAMHUTEIbHBIX TKaHEH U
MBIl BO CHE WIM B COCTOSIHUM JUINTEIbHOM HENOIBUKHOCTH T€Ja, BCIEACTBHE YEro
BO3HUKAET pe(IeKTOPHOE KeJlaHWEe MOTSIHYThCS, MPU ATOM AepopMmaius TKaHEHl MOpoxKIaaeT
s depeHTHbIE UMITYIIbCHI, KOTOPBIE 3aJIEHCTBYIOT B MO3TY LEHTPHI YIOBOJbCTBUS.

XupajbHble METa00JIMThI, OYEBHUJIHO, HE TOJBKO YYacTBYIOT B (OPMHUPOBAHHUU
MUEIMHOBBIX 000JI0YEK AaKCOHOB C OINPEENIEHHbIM 3HAaKOM CIHMpalHd, HO U B aKTUBALIUU
NICUXUYECKUX U  KOTHUTUBHBIX (QyHKUMH Mo3ra. Hampumep, mnpu  HEKOTOPBIX
rcuxocomMaTHueckux 3aboneBaHusx (mu3zodpenus, 6ose3np Anbureiimepa u Ilapkuncona),
HaOIOJAIOTCS 3HAUMTEIbHBIE WU3MEHEHUS YPOBHS HEKOTOPbIX D-aMMHOKHCIOT B IjIa3Me
KpOBH, c€poM M O€JOM BEIIECTBE T'0JIOBHOTO MO3ra, CIMHHOMO3roBo#l xwuakoctu [29]. C
3TUMHM JaHHBIMU MOXHO CpaBHUTh 3(ddext neilctBus xupanbHbIx JjekapcTs [30].
O6napyxeno [19], urto 3Hak pecypca PAM MOXKET WHBEPTUPOBATh, €CIM B TEUCHHUE
MPENUIECTBYIOEro JHS M Ha HOYb IPUHUMAETCS JIEKapCTBO, MMEIOIee, Halpumep,
BBIpQXKEHHOE JICUCTBHME Ha JpIxaTenbHyl ¢GyHknuio. Kpome Toro, pecypc PAM vy
MPaBOPYKUX MYKUUH U KEHIIUH UMEET MPOTUBOIOJIOKHbBIE 3HAKH.

3AKVIIOYEHUE

Hacrosimuit 0630p nokaszan, 4ro B (U3UOJOTHMU YeloBEeKa Ha YpOBHE (DYHKIMM U
MOP(OJIOTHH CYIIECTBEHHYIO POJIb UTPAIOT ONTUYECKH aKTUBHBIC META0OHUTHl U XUPAIbHBIC
Cp€anbl, O6J'IaI[aIOHII/Ie KOOIICpaTUBHBIMU CBOMCTBAMH | YYBCTBUTCJIbHOCTBIO K BHCIIHUM
¢u3udeckuM ¢akrtopam. YCTaHOBIIEHO, YTO JUISi OOBSICHEHUS MEXaHW3MOB BIIUSIHHS JK30- U
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SH/IOTCHHBIX XUPAJIbHBIX (PAKTOPOB Ha MeTaboNIM3M M TCUXO(U3UOJIOTHIO YeJloOBeKa
HEOOXOJIMMO TMPUBJIEKATh KBAHTOBO-MEXAHMYECKWE U KBAHTOBO-XMMHMUYECKHE CBOMCTBA
OTJIEIbHBIX MOJIEKYJ U KOT€peHTHbIX ancaMmOuei. [IpemnoxenHbiil B paboTe MaTeMaTHYECKUI
A3bIK KBAHTOBOT'O MOP(OreHe3a, B NPHHLUIE, MOKa3al CBOKO paboToCrocoOHOCTh. MOXKHO
HAJEAThCS, YTO JAHHBIN SI3bIK M BBICKA3aHHBIEC TMIOTE3bl O MEXAHU3ME BIMSHUSA XUPAIBHOTO
(dakTopa Ha MOP(OreHe3 M [yXOBHYIO 3BOJIOLMIO 4YEJIOBEKa, IOJIYy4aT B JaJIbHEHIIEM
IKCIIEPUMEHTAIBHOE MTOATBEPKICHHUE U NTOCITYXKAaT BO 01aro pasBUTHsI HAYKU O YEJIOBEKE.
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