JIum@a kak ocHOBa BeIKUBAHUA B IlepexoHbIN
Ilepuon.

3npaBus, yBaxaemble Uutatenu! B 3Toil cratbe s craBiio mepes coOoil 1enb
pazobparbces - uto ke Takoe JIMM®DA Bo Bcex M3BECTHBIX MHE aCNEKTax YITOMHUHAHUS
ATOTO CJIOBA B NEPBOMCTOYHMKAX 1o HoBbIM 3HaHusM, a uMeHHO B Tpynax H.B.
JleBamoBa, A.M. XateiboBa, ®@.JI. llIkpyaHeBa, a Takxke psje APYrUX HCTOYHUKOB.
[Touemy Temoit BbiOpana mmenHo iumda? [loromy 4uTO, KaKk 4YacTh CHUCTEMBI TOJ
Ha3BaHHEM «YeIoBEK» OHAa WIpacT BaXKHEWIIYIO pOJb, HE MPOCTO B MOBCEIHEBHOM
KU3HH, HO M B BOIIPOCE CyIecTBOBaHMs YenoBeka, 0OCOOEHHO B HEMPOCTOE BpeMs
[lepexonnoro Ilepnoma. Xo4y HallOMHHUTB, YTO HAIIMCAHHBIE B CTAaThE BBIBOJBI — JTO

MO JIMYHaA HHTCPIIPCTAINA YKA3aHHBIX HCTOYHUKOB. I/ITaK, HayHEM!

A HayaTh nmpeaiiararo ¢ Kparkoro 0630pa COBPCMCHHOI'O OpPTOAOKCAJIILHOI'O
IIOHMMAaHHs TOI'O, YTO KC TaKOC J'IHM(I)a H IIOCPCACTBOM YCI'O OHA BBIIIOJIHACT CBOH

GyHKIUH.

UAPEYTHEYIOUERA MuMPa  ope! «/lumepa (om nam. lympha — uucmas e6oda, enaca) —

KOMNOHEHM  GHYMPEHHEeU  Cpedbl  OpeaHu3Ma  4enogexd,
PA3HOBUOHOCMb  COCOUHUMENbHOU  MKAHU, NPEOCMABISIOWAS]
coboil  npospaunyio  ocuokocms.  DPyuxyus aumper  —
8038pawyerue 6erKos, 600vl, Coell, MOKCUHO8 U MemAaboIUmos

e WS uz mraneii 6 Kpoeb. B opeanusme uenosexa cooepycumcs 1—
332‘,‘.’23‘"' HOCHBIN  TKAHEBas

[ numoga
KAMANAPKANUITAD  NPA 9 nyimpa iumcbel. JTumamuueckas  cucmema ywacmeyem 8

CO30aHUU UMMYHUmMemMA, 8 3aujume om 001e3HemMBOPHbIX MUKPOOOS U 8UPYCOB".

! https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0 — aumda.



https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%82%D0%BA%D0%B0%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BA%D1%81%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%B1%D0%BE%D0%BB%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A2%D0%BA%D0%B0%D0%BD%D1%8C_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D0%B2%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%9B%D1%8E%D0%B4%D0%B8
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BC%D1%83%D0%BD%D0%B8%D1%82%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0

&) podmikroskopom.ru

JIuMdonuT 101 MEKPOCKOIIOM.

Ilo @yHxkyuonanvuviM npusHakam paziuyaom mpu muna aumgpoyumos: B-

knemku, T-knemxu, NK-xnemku.

. B-xnemxu pacnosuarom yysHcepooHvle CMpYKmypbl (anmueenwt),
sblpabamuleas npu >mom chneyupuueckue anmumena (beiKogvle MOaEK)Ibl,

HanpaeienHvle NPOMuUE KOHKPEMHbIX UyHCEPOOHbIX CIPYKMYP).

. T-kunnepwvr evinonnsiom @yHKYUIO pe2ynayuu ummyHumema. T-

Xennepvl CMUMYIUPYIOm 8blpabomky anmumen, a T-cynpeccopbl mopmosam eé.

. NK-rumpoyumol ocywecmensiom KOHmMponb HAO KA4eCmeoM  KIemoK
opeanusma. Ilpu smom NK-mum@oyumvl cnocoduvl paspyuiams Kiemxu,
KOmopvle no C80UM CBOUCMBAM OMJIUYAIOMC OM  HOPMANbHBIX KIEMOK,

Hanpumep, paKkoevle KlenkKu.

Cooeporcanue T-rumgpoyumos 6 «kposu cocmasisiem 65—80 % om obwezo
Koauyecmea aumpoyumos, B-numgpoyumos — 8—20 %, NK-rumpoyumos — 5—

20 %x2.

2 https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B —
ammooumnTsl.



https://ru.wikipedia.org/wiki/B-%D0%BB%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B3%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D1%82%D0%B5%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%82%D0%BE%D0%BA%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%A2-%D0%BB%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A2-%D1%85%D0%B5%D0%BB%D0%BF%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A2-%D1%85%D0%B5%D0%BB%D0%BF%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%A2-%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%95%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D0%BB%D0%BB%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B

He Oyny yrinyOmnsThcs B onrcanue JuMQbl, OHa JOCTATOYHO TOAPOOHO OINMCaHa B
MHOTOYHUCIJICHHBIX UCTOYHUKAX, XOUYETCS CHAENATh AKLIEHT HAa TOM, HACKOJBKO CIIOKHO
OHa ycTpoeHa (moJi MUKpOCKonoM). Kakux TOJNBKO CHCTEM HET - U Peryiupyloume, u
pacrno3Hawole, W JUKBUAUPYIOIIKUE €CTh. [IpaBaa, HACKOJBKO MHE H3BECTHO, HE
JIeJaeTcs aKIEHTa Ha TO, 4TO BceM yrpasisieT Mo3sr. Knetku «camm» omnpenensroT
KaKu€ B OpraHu3M TNONaJd aHTUTEHbI, T/I€ HaWTH JIUMEGOIUTHI, KOTOPHIE MOXKHO
aKTUBHPOBATH  OMPENCNEHHBIM  CHOCOOOM, dYTOOBI TE€ CTald MPOIYIIUPOBATH
HEOOXOMMbIEC aHTHUTENA, IPYTrue KICTKU (pa3zyMeeTcs, CaMH) ONPEAEISIIOT CTPATErHI0
pEryJsiiui MMMYHUTETA, TO €CTh KOTJIA U Ha KaKO€ BpEMs CIIENyeT CTUMYJIUPOBATH
BBIPA0OTKY aHTHUTEN, a KOrja CJleAyeT 3aTOPMO3UTh ATy BhIpaboTKy. W Tak nmanee. C
Moeill Touku 3penust uMeHHO CymrHocTh (Mo3r o A.M. XaTsi00BY) ornpesenser, Kak u
MOCPEJICTBOM YEro OOpOThCS C KaXIOW KOHKPETHOM yrposoil. HemHOro mosicHio — B
KOHKPETHOM TOYKE OpraHu3Ma KIJETKa YIaBIUBaeT coAep:kaHue aHTtureHa. llo
aHaJorMh C TmpoueccoM, omnucaHHeiM Hukonaem BuktopoBnuem JleBamoBbiM
OTHOCUTEIBHO paOOThI 3pEHMS, JIOTUYHO MPEANOIO0KUT, YTO J1ajie€ MPOTEKAET MPOLECC
M3MEHEHHUS] HOHHOTO Oayianca (Kak W B JIt000# JIpyroil penentopHoi kietke). MoHHbIH
KOJl H3MEHSIET KapTUHY JepopMalud MHKPOIPOCTPAHCTBA, YTO MPUBOAUT K
n3MeHeHussM Mo3sra (To ecth CyIIHOCTA caMOM KJIETKH-PELENnTopa). ITO U3MECHEHHUE
HecET MHPOPMAIMIO K aHATUTHYECKUM CTpykTypaMm CyIIHOCTH, 4YTO, B KOHEYHOM
cuéTe, MPUBOJUT K TEHEPAIMHU YIPABIAIONIMX MArHUTHBIX MUMITYJIBCOB (CEpHUs BOJIH)
COOTBETCTBYIOIIIMM HCIOJHUTENSIM (OpraHaM MW KJIEeTKam), 4TO M O0ecleyuBaeT

CUCTCMHOCTb HMMYHHOI'O OTBCTA.

Teneps gaBaiiTe MOpa3MbICIUM O MpeAHa3HadYeHUH JuMdsbl. JInmda ocyiecTBiser
BO3BpaT B KPOBb OEJIKOB, BOJIbI, cojeil. OTTOIKHEMCS OT TOTO, YTO B OpraHU3MeE BCe
MPOLIECCHI YIPaBIIIeMbl (KpOME MAaTOJIOTMUYECKUX, HO U OHU IIPOTEKAIOT MO COBEPILIEHHO
ONpeenEHHbIM alrOpuTMaM, pa3HULA TOJBKO B TOM, YTO OHM HPOTEKAIOT 3a
npejenaMyu YCTaHOBIEHHOW 1y opraHu3ma (M CyIIHOCTH) HOPMBI, YTO TMPUBOIUT K
BBINIAJCHUIO KOHKPETHBIX CTPYKTYp M3 OOIIEl CUCTEMBI CO BCEMHU BBITEKAIOIIUMU
NOCNEACTBUSIMH), TOT/Ia MOYEMY K€ BOJa, COJMM M OENIKM CHayaja JOCTaBIISIIOTCS B

KOHKPETHYIO 30HY MCKKICTOYHOTO IPOCTPAHCTBA OpraHu3iMa, a IIOTOM YHOCATCA



auMdoii B coBepiieHHO apyrue mecra? CieayeT BCHOMHUTD, YTO MUTAHUE KIETOK — 3TO
OYEHb TOHKMH M OTNaxXeHHbIA mponecc®. Kakmoil KIETKe «IION0XKEH» COBEPIIEHHO
OnpeAeNEHHBIA PALlMOH U YETKO IO PACIMUCaHUIO (B MEKKIETOUHOM MPOCTPAHCTBE HET
Ky4, B KOTOpPbI€ KPOBOTOK «CBAJIMBAET» MUTATEIbHBIE BEIIECTBA, & TOTOM OJIMKaWIIne
KJIETKH OepyT TO, YTO MOHPABUTCH, a OCTaTKU yHocsTcs nuMmgoii). Kpome Toro, Bce
BEILECTBA, KOTOPBIE JOCTABIIIOTCS B KOHKPETHYIO 30HY MEXKJIETOUYHOTO ITPOCTPAHCTBA,
UMEIOT COOTBETCTBYIOLIUE «aJAPECHBIE OMPKM», COTJIACHO KOTOPBIX U MPOU3BOIUTCS
nocraBka. [1oaToOMy HyXHO MOHMMaTh, YTO JHMQa HE BO3BPALIAET B KPOBb BEILECTBA,
KOTOpPBIE NMPEIHA3HAYEHBI JUIsl TUTAaHUs KJIETOK. Bo3Bpamiaercs Wb TO, YTO KJIETKaM

OoJbIIIE HE HYXHO, HO MOXXCT OBITH UCITOJIB30BAHO OpraHu3MOM B I[EU'IBHCﬁH.ICM.

Bropas rpynma BemiecTB, 4TO YHOCUTCS JUM(GONH — 3TO TOKCHUHBI M IIJIAKH.
MexaHu3M HX BBIBOJA TAKXKE OINMCAH JOCTATOYHO IOAPoOHO®. Xouy 3a0CTpUTH
BHHUMaHue Yurtarenss Ha TOM, YTO BCE MPOLECCHl B OPraHU3ME — 3TO NEPEMEIICHHE
SHEPIUil OMpeACAEHHOTO JHMana3oHa YacTOT W COOTBETCTBYIOIIMX WM OKTaB (M
oOMeHHBbIE TIporecChl (UBUYECKH TUIOTHBIX
KJIETOK U BCEX OOJBIIMX MO MacIITady CUCTEM
OpraHm3Ma — He HMCKIoueHue). To, 4To MbI C
BamMu MoxeM mnoniynatb M paccMOTPETh B
MUKPOCKONI — 3TO CHEKTP TIPaBUTALUOHHBIX
yacToT (1mo TepmuHoiorun A.M. Xatsi0oBa). A
9TO BCEro JIMIIb  BEpXylIKa aiicOepra.

MOJ'ICKYJ'IBI, aTOMbl MW HOHBI — OJTO JIHIIb

«YTIaKOBKa», KOTOpas HaM  HeoO0XoJIuma,
HOTOMY YTO «8 YUCMOM UOe INEeKMPUUECKULl NOMEHYUATl OP2AHUZMY HE HYHCEeH - IMO
50, NOYMOMY nomenyuan 0oaxceH 6vims ‘“‘ynaxosan” 6 nekuil koumelinep»®. Kpome
TOr0, HAUIMYKUE TPABUTAIMOHHBIX YaCTOT B PELIETKaX aTOMOB IMO3BOJISIET MPOU3BOIUTH
0OMEHHBIE TIPOIIECCH HA YPOBHE TPABUTAIIMOHHBIX OKTaB, YTO SIBIAECTCS 005S3aTEeIIbHOMN

Y4acTbO0 FApMOHUM dHEprui Yemoseka.

3 (HHCTPYKIUSA no BAHHOMY pneny», aBrop A.M. Xatsi60B.
4 «JleTOKCHKAIMS OPraHU3Ma, MU KAK COXPAHUTH 310p0OBbe U NpouTh JKu3Hb», asTop B.A. MepexkaHos.
> «1-09. MucynuH, caxapuslii quader u nporpammel CeerJl», cOopHuk «3Hanus ot Na_varnay.



Tenepp xouy oOpatuts Bame
BHMMAaHUE Ha PE3yJIbTaThl UCCIEAOBAHUN
BnamucnaBa JKypasnéBa: «llo moemy

JAUYHOMY MHEHUIO, G6O3HUKWEMY 6 xo0e

MO€ECO MCCJZ€00861HZ/I}Z, npednwzaeaio, umo

BO3MOIHCHOCNb 3PEHUA Hpomo-qeﬂoeeka

0CyUWecmsnsnacs nymem npAMO20

60JIHO6020 CKAHUpoeaHu: Mo3zeom

Yenoseka oxkpyacaroueni 0eicmeumensHocmu®

», a takxe: «/lo zaxeama Muozapoa
oOmennvie npoueccet ¢ mene Yenoseeka OvIIU CO6EPUIEHHO UHBIMU U HeE
01710 HEOOXO0UMOCU 6 CMOJIb PA36EMEIEHHOU HEPEHOU cucmeme, NOmomy Ymo om
Mo3zea wino nanpsamylo 601HO80€ cKaHupogawue U pacnpedeneHue NOmoKos 6
coomeemcmeuu ¢ wysxcoamu Yenoeexa. Bce komnonenmol Hepenoti cucmemuvl Yenosexa,
ObLIU  CO30aHbl UHMEPBEHMAMU HA OCHOBE BMEHEHUS MAK HA3bI6AEMbIX «OP2aHO8
yyecmey, 01a Haubosee ObICMPOU U cKopeuuleli aoanmayuu 6 HOBbIX YCIOBUSX
okpyarcaroweli cpedvl’». He xody, 4To0bl y Bac cloxuaock npeBpaTHoOe BIIEYATIICHUE,
YTO €CJIU ITPOU3BOJUTCS OITMCAHHOE BBIIIE HEMOCPEICTBEHHOE BOJHOBOE CKAHUPOBAHUE
Mo3rom, TO HaJOOHOCTh B HEPBHOM CHUCTEME KaK TaKOBOW OTCYTCTBYET IMOJHOCTBIO.
Benp 6bumn y [Iporo-UenoBeka u rnasa v ymu, U Jpyrue oprassl yyBcTB. Pa3zHuna, ¢
MOEW TOYKH 3PEHMS, B TOM, YTO OKTaBbl Mo3ra nu HEpBHOM cHCTEMBI B 1IeaoM y [Iporo-
YenoBeka ObUIM 3HAYUTENBHO BBIIIE, YEM Yy COBPEMEHHOI0, IMO3TOMY /AHANA30H
BOCHPUATUS MHPOpMalMK ObLI Kyaa mupe. [1moc BO3MOXKHOCTh MPSMOTO BOJIHOBOTO
CKaHMPOBAHHUA, TO3BOJSIONIAS TMOJy4aTh JOMOJHUTENBHYI0 HHPOPMAIMI K TOM,
KOTOpasi «IIOCTaBJIAETCS» OpraHaMM 4YyBCTB, a TAKXKE€ IPOU3BOAUTL CO3HATEIIbHBIC

KOPPEKIIMH MIPOLIECCOB B OPTaHU3ME U BHE €rO.

O0pb!l (MUBUIM3ALUSA-UHTEPBEHT) 3HAYUTENbHO MOHU3WIN OKTaBy Mosra IIpoTo-

YenoBeka B paMKax BOIUIOIICHUSA ABYX CBOMX TI'JIaBHBIX nporpaMMS. DTO HE MOTJIO HE

¢ «Komiuieke «CaerJl»: BoccTaHOBIIeHHE 3peHusn», asTop B.B. XKypasnés.
7 «Komiutexe «CaerJD» npu Jieuenun 3a60/ieBaHuii HEPBHOIi cucremsl, asTop B.B. XKypasnés.
8 «OcHoBb1 @opMupoBanus YenoseuecTBay, yactu 1-4.



OTpasnuTbCd Ha AUAIIA30HC CIICKTpa OKTaB, KOTOPBIC HMMCIOT COBPCMCHHBIC JIIOAU

(CymHOoCTh + (pr3udecKk MIOTHOE TENO0), a TAK)KE Ha UX YCTPOMCTRE.

Tenepp 3amagumcs Bompocom: «Kak cHMkeHue okTaB Mosra cBA3aHO CO BCEM
BbIIe HamucaHHbIM»? CHmwkeHne okTaB Mosra (CyniHOCTH) TMOBIEKJIO 3a COOO0M
CHIDKCHHE OKTaB U BCEX OCTAIbHBIX CHUCTEM, YTO, pa3yMeEeTcs,, IOBIMUIO Ha
3(p(eKTUBHOCTh (YHKIIMOHUPOBAHUS CHCTEM OpPraHOB, B TOM uucie aum@sl. Ecnu
[TpoTo-Yenosek, nMesi BbICOKKE OKTaBbl CyITHOCTH, MOT TOJTy4YaTh HH(OPMALIUIO Ky/a
OONBILIEr0 JAMana3oHa M BECTU HEMOCPEICTBEHHOE BOJHOBOE CKAaHMPOBAaHUE U
pacrnpezieieHue TOTOKOB MaTeprH, TO JJOTUYHO MPEANONOKUTh, YTO QYHKIIUU JTUMQPBI —
BBIBOJI TOKCHMHOB, IUIAKOB M MPOYHUX aHTUT€HOB MOCPEICTBOM aHTUTEN (Ha (PU3HUYECKU
IUIOTHOM YPOBHE), a TakXe€ MarHUTHBIX HUMITYJbCOB (HAa HEMHEPLHMOHHOM YpPOBHE),
KOPPEKTUPYIOIIUX MPU HEOOXOJUMOCTH COCTOSIHHE BBICOKOOKTABHOM COCTaBJISIOLIEH
TOKCHMHA (Tak Ha3bIBaEMbIH «map» B Tpyaax A.M. Xarei6oBa®) Taxxe Bemach Ha Gosee
BBICOKOM YPOBHE M TIpU HEOOXOAMMOCTH (B OKCTPEHHBIX CIydasix) — HPSIMbIM

Bo3zercTBeM Moa3ra.

O Hannuuu uinu oTcyTcTBUU DI UMMYHHBIX KJIETOK (JUM(POLMTOB) MOKHO JIUIIb
MPEANOJIaraTb, MOCKOJIBKY IPU COCTOSHUM AaKTUBHOCTH 4YeTBEpTOoro komona JIHK
6one3nu IIpoTo-YenoBeky ObUIM HE CTpAIIHBI, MOCKOIBKY KOJIMYECTBO OJIOKOB BBOJA-
BbIBOJIa MH(OPMALIUK B MOJIEKYJIaX MO3BOJISIO OCYIIECTBISATh MOJHOIIEHHBIN KOHTPOJIb

N COITPOBOKACHUC KJIICTKH 1 HE JOITYCKATb e€ MaTOoJIOTUUYCCKUX COCTOSHUM.

[TocnenoBarenbHOE MpPeoOpa3oBaHUE HECYIIUX OKTaB B JUM(E IMO3BOJSET MPH
CTAaOMJIIBHOM COCTOSTHUM pemieTku [logacucTteMbl M paBHOMEPHBIM MOCTYIUICHUEM
uHpopmarmu ot CUCTEMBI MOJIy4YaTh 3aJaHHBINA T'€HOTHUII C YCIOBUSIMU MPOrpaMMHON
myTtanun. [Ipu coBpeMeHHOM (TIOHM>KEHHOM) ypoBHE OKTaB Mo3sra YemoBeka mpocto
HEeoOXo/aMMa CUCTeMa, KOTOopas KOMIIEHCHpyeT HecoBepiueHcTBo anmapara JIHK, a
Takke OepeT Ha ceOst Harpy3Ky BBIBEICHHS OTXOJIOB IMPU MATOJOTHUECKUX COCTOSHUSIX

KJIETKH. 11 — BOT pe3ysbrar.

% «Boga», aBTop A.M. XaTbI00B.



masdaTmieceit  cooyn

CxeMaTnyeckoe M300paKEHHE WMMYHOJIOTHYECKH
AKTUBHOTO JUM(PATHIECKOTO y37a. T-TuMQOIUTHI

pacIioJoKeHbl B MapakOpTUKAIbHOU o0iacTtu, B-



TUMQPOIUTET — B KOMIAKTHBIX  «My(pTax»
HEOOMbIUX  JUM(OIUTOB, B  TEPMHUHAIBHBIX
IIEHTpax, TUM(OUTHBIX dhoumkynax,
KOPKOBOMO3TOBBIX COCIMHCHHMSIX W  MO3TOBBIX

HIHypax.

OOpaTuTe BHUMaHUE HAa PUCYHOK JUM(pPaTHUECKOro y3Jja. JT0, IO CYyTU CBOEH,
O0OOYHBIE SBJICHUSI HECOBEPILICHCTBA KU3HECOMPOBOXKICHUS U TPeoOpa30BaHus IJIOTU
o Mosr D0poB. [IoHM3UB MEPHOCTH BOILIOIIAEMBIX 3axBadeHHbIX CyIIHOCTEH, U HE
MMesl BO3MOKHOCTH HCITOJIb30BaTh BCE COBEPUIEHCTBO MOJENbHOU KOHCTpyKunu JIHK
[Iporo-Yenoseka, DOpbI'° BBENMM CHCTEMBI, KOTOpBIE JyOJIHMPOBAIM  CTABILNME
HEJOCTYIHBIMH B pe3ysbTare Ipeodpa3oBaHuii BO3MOKHOCTH cucteM [Iporo-Uenoseka.
[Ipy 3TOM HYXHO MOHUMATh, YTO caM JTUM(DATHUYECKHUN y3ed Kak (PU3NYECKU IUIOTHAs
KOHCTPYKIMSI — 3TO OCaJ0K BBICOKOOKTABHOW YAaCTH OMNHMCAHHON IyOiupyromien
CUCTEMBI, BBINOJHSIOMNWNA CBOIO 4acTb pabOThl MO BBIABIECHUIO (Kak CBOEOOpa3HBIN
JATYUK) U JUKBUJALUUMU OCAJOYHON ((PU3MYECKU IUIOTHOM) YacTH MaTEepUU SHEPTU
anTureHa. llo mpenHa3HaueHUIO HAXOJAMIMXCA B JUM(ATUYECKOM Y3J€ HMMMYHHBIX
KJIETOK MOKHO CKa3aTbh, YTO D0paM ObUIO HEOOXOAMMO CO3[aTh CIEAYIOIIHE CHCTEMbI
HAa HWHEPLUUMOHHOM M HEMHEPLHMOHHOM YpPOBHSX — pAclO3HaBaHUs aHTUTeHa (ero
3JIEKTPUYECKOTO M TPaBUTAIIMOHHOTO MOTEHIMANa) ¢ MOCNIenyolleld TpaHchopManueit
(cormacHo komaHAbl Mo3ra) ¥ OPOAYLMPOBAHUEM AHTUTEN KIIETKOW-gaTuukom (B-
TuM@OIUTEI), CcHUCTeMy  akKTuBanuu T-kuiiepoB, B-nmumdonnTor, moromuToB, NK-
KJIETOK MOCPEACTBOM T-XEJNNepoB, a TAKKEe CUCTEMY WHTHOMPOBAHMS aKTHBALUU T-
xennepoB U T-kwwiepos. Ilo cyTw 3TO 03HadaeT (POPMUPOBAHHE WHEPIMOHHOTO U
HEUHEPLIMOHHOTO IPOCTPAHCTB 00paboTKH aHTUTECHA, GyHKIIMOHATBHO
COOTBETCTBYIOIIIMX YKa3aHHBIM KJIETOYHBIM CTpYyKTypaM. IIpu atom Mo3sr maé€r cepuro
UMITYJICOB, OIPEAEIISAS COCTOSSHNE HEMHEPLIMOHHOM MaccChl, HanpuMmep, T-xenrmepa, nox
pellieHne KOHKpPETHOW 3aJayd, NPU 3TOM MPOUCXOAST H3MEHEHHUs Ha (U3NYECKU
wiotHoM (®II) ypoBHe KIETKM U OHA, Y€ HAcCTpoeHHas Mo3rom Ha peanu3aruio

KOHKPETHOTO JEWCTBUSI HAYMHAET €ro BbINONHEHHE. [lo aHamormm JOEeUCTBYHOT U

1% «OcHoBbI ®opmupoBanust YeaoseuecTsay, yactu 1-4.


https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%82%D0%BE%D0%BA%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%A2-%D0%BB%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/B-%D0%BB%D0%B8%D0%BC%D1%84%D0%BE%D1%86%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D1%86%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%95%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D0%BB%D0%BB%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%95%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D0%BB%D0%BB%D0%B5%D1%80%D1%8B

OCTaJbHBIE CTPYKTYpHI, KOTOpble Mbl Ha DIl ypoBHE BUAMM, KaK UMMYHHBIE KIIETKU
pa3nnuHbIX TUIIOB. Hy M cHCTEMy HENOCPEACTBEHHOIO YHUUYTOXXKCHUS AHTUICHA,
onMcaHHyr Hwke. JKenaromue JAE€TaNbHO W3YyYWTh B3aUMHOE  PAaCIOJIOKEHUE
OMHCAaHHBIX CHUCTEM M apXUTEKTYpy JIUM(ATHYECKOro Yy3jia MOTYyT, K MpHUMEpY,

TIOCMOTPETB 3/1€Ch L,

[lonyunBmiasicas HHM3KOOKTaBHAas CHUCTEMa OKa3alach HE TOJIBKO PEIIEHUEM
po0IeMbl TOKCHHOB M aHTHTECHOB, HO M OY€Hb YJAOOHBIM HMHCTPYMEHTOM KOHTPOJIS.
JlocTaTroyHO JaTh KOMaHIy, Hapylaolylo (QYHKIIMOHHMpPOBAHUE JTUM(ATUYECKON
CUCTEMBI, KaK y UelloBeKa HAUMHAET «3aCOPATHCS» OPTaHU3M, UYTO MPUBOJUT (COTIIACHO
MeXaHu3Ma, onucaHHoro A.M. Xatei60BbIM!?) K moOTepe CBA3M KJIETOK ¢ Mosrom. A

9TO, B KOHCYHOM C“IéTG, IIPpUBOAUT K CMCPTH.

Takke ynomsiHy Npo JIEUCTBUE SA0B, KOTOPBIE INMPUMEHsUIMCh U NpoTuB H.B.
Jlesamosa®®, kora B HETO CTPENSIIN «UTOJNKaMK». Belb 10 CyTH cBOEH - 4TO Takoe su?
C Moell TOYKHM 3pEHHMs, 3TO MOJIEKYJbl, KOTOpPBIE IPH CIUSHUU C KJIETOYHBIMHU
CTPYKTYypaMu BHOCST JHCTapMOHHUIO B COCTOSIHME€ OJHEpPruil (MHEPLHUOHHBIX U
HEMHEPLMOHHBIX ) KJIIETKH, YTO MIPUBOJIUT K MOTepe €€ cBA3U ¢ MO3roM U mocieayronei
rudenu (c oOpazoBaHHEM CYyOCTAHIIMM, U3BECTHOM Kak rHOM). Pasymeercs, moruOmias
KJIETKa JIOJDKHA OBITh BBIBEJCHA M3 OpraHuM3Ma, HO BECh BOIIPOC B CKOPOCTHU
pacilernyieHus U BbIBOJA MOrMOMIMX KIJIETOK. MOJEKyJbl THOSI TaK K€ OMacHbl Jis
3I0POBBIX KIIETOK, KaK M I€PBOHAYAJIbHBIE MOJIEKYJIBI s10B. Ecnm 3m0poBas KieTka
HaXOJIUTCA «B COCEACTBE» C THOEM JOCTAaTOYHO MNPOJOJDKUTENBHOE BpEMs, TO
IPOUCXOAST  TpoLecCchl  MOP(OJIOrHYeCKOT0  HM3MEHEHHsS KIETKH  (BCIEACTBUE
INPUCOEIUHEHUA K €€ CTPYKTYPHBIM 3JIEMEHTAM MOJIEKYJ OTHONIEH KIETKH) U YXKE OHa
MPOXOJUT Yepe3 MpOoIEecChl paspyuieHus cBia3n ¢ Mosrom. Ilpu HemoctaToyHOU
CKOpPOCTH BBIBOJIa THOSI MPOUCXOJUT HAKOMMUTENbHBIA 3((eKT, Mmpu KOTOpOM BCE

Oonblee M OOJIbLIIEE YUCIIO KJIETOK MOTMOaeT M co3AaéT BCE OONBIIYI0 HArpy3Ky Ha

11

https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0%D1%82%D0%B8%D1%87%D0%
B5%D1%81%D0%BA%D0%B8%D0%B9 %D1%83%D0%B7%D0%B5%D0%BB — mumparnyecknii y3e,
Mmarepuan Buknnenun.

12 (Pak kak (popMa CymecTBOBAHMS KJIETKH», aBTop A.M. Xarbi60B.

18 «3epkano moeii gymm», Tom 2, agrop H.B. JleBauios.



https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%B7%D0%B5%D0%BB
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D1%84%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%B7%D0%B5%D0%BB

MMMYHHYIO CUCTEMY M CUCTEMBI BBIBOJA BBICOKO- M HU3KONOTEHIMAJIBHBIX OTXOOB.
JIrobonbiTHa cucrema BbiBoAa THOA. Kak Bbl 3HaeTe, B OpraHu3Me BCE MPOIECCHI
yIpaBisieMbl, THOM TakXe€ BBIBOJUTCA «OPraHU30BaHHBIM cTpoem». Ha Qusnuecku
IUIOTHOM YpPOBHE IPOSBICHUEM OPraHHU3alUU JTOr0 IIPOLECCa CIIyKAaT BELICCTBA —
MHTEPJIEUKUHBI — CBOETO POJA CUTHAJIBHBIC MAsKHU JUIl KOHTEHHEPOB ¢ TOKCMHamu. Ha
HEMHEPLMOHHOM YPOBHE § Hpearosiarald Haauuyue chopMmupoBaHHOro Mo3srom
COOTBETCTBYIOIETO KaHaja BBIBOJAA IO aHAIOTMU C ONMCAHHBIM 371ech* mpomeccom
JNOCTABKA IUTAaHUSA K KJIETKaM C TOW JIMIIb Pa3sHULEH, YTO «IPOAYKT» BBIBOAA —
TokcuHbl. Hukomait BukropoBuu peman npobieMy sI0B HENOCPEACTBEHHBIM
BOJIHOBBIM CKaHMPOBAHMEM W IPSMBIM BO3JAEHCTBHEM Mo3ra paclieruisyl UX, a TaKKe
oOpa3oBaBiIMiics THOW (TOJjaral0, 4aCTUYHO BBIBOJSI €r0 4Yepe3 TPakKThl BBIBOJA

TOKCHHOB).

JlaBaiiTe BHUMAaTeNbHEE MPUCMOTPUMCS K TIPOLieccaM, IPOUCXOIAIIUM B JTUMpE U
npuBoAsmuM K JuMmdomam (paky aumdpsl) ¢ no3unui HoBbix 3Hanuii. B xone
UMMYHHOTO OTBeTa (KaK s y)K€ ONMHUCHIBAI BhIMIC) MO3r pearupyeT Ha MPUCYTCTBUE
MOTEHIMAJIOB, HAPYIIAOIINX TAPMOHUIO YJIOKEHHUS YHEPTUil OpraHru3Ma, 4To MPUBOJIUT
K TCHEpallud CEPHUH YIMPABIAIONIMX MArHUTHBIX HWMITYJIbCOB. [IposiBIeHHE STOTO
mpoliecca BUJAHO HAa YMO3PUTEIBHOM YPOBHE, HaOII0JaeMOM COBPEMEHHOU MEIUIIMHOM,
KaK CIOCOOHOCTh (aromuToB (JICHKOIUTOB, JHUMQOIIMTOB, MOHOIMTOB, TKAHEBBIX
Makpo(haros, a TaKXkKe CHCIUATBHBIX KJIETOK B IeueHu, moukax, [{HC u np.) BEIIBIATE U

YHHUYTOKATb aHTHUI'CHBI, a TAKKC CITOCOOHOCTH aHTHUTEII K HGﬁTpElJ'IHI%ElHHH TOKCHHOB.

Ha ypoBHe CymHOCTH y BBICOKOOKTABHOW YaCTH aHTUreHa (pOpMUpPYETCs 30HA C
COOTBETCTBYIOIIEH CTPYKTypou (B T0 Bpems Ha ¢usndecku miotHoM (PII) ypoBHe
AUMQPOLUT MOIXOAUT K aHTUTE€HY M MOTJIOUIAET €ro), MO3BOJISAIONIas HEUTpan30BaTh
arpecCMBHYIO0 (B OTHOILIEHUHM TAPMOHUU SHEPIrUil OpraHrM3Ma) HEMHEPLMOHHYIO YacTh
aHTUreHa. B 3T0 ke BpemMs MNPOHUCXOAMUT pa3pylLICHHE TIPaBUTALMOHHOW OCHOBBI
aHTUT€HA, YTO B MUKPOCKOII BUJIHO, KaK MPOLECC paculeruieHus anTureHa. KacatenbHo

HCfITpﬂJ'IHZ%&LIHPI TOKCHMHOB AaHTHUTCJIaMHU — MOJICKYJIa aHTHUTCJIA4, HMCI KOHKPCTHYIO

14 «Ipixanne Kak MHAMKATOP NpeodpaszoBanus Mo3ra u nporpamMmmel «CeerJI», aBrop B.A. MepexaHos.



cTpykTypy (Ha OIl U HEMHEPIUMOHHOM YpPOBHSAX) U BEIUYMHBI MOTEHIMATIOB Ha
COOTBETCTBYIOIIMX YPOBHSIX CBSI3bIBA€TCA C TOKCHMHOM, BBI3bIBas MepepacnpeiesieHue
SHEPIrui Ha pelIE€TKax TOKCHHA U NEPEBOAS €ro HEMHEPLMOHHYIO U I'PABUTALIMOHHYIO
YacTH B HEAarpecCUBHOE COCTOSIHHME C MOCIEAYIOIIUM BBIBOJOM 00pa30BaBLIETOCS
KoHTeiHepa. Jlumdouutr ke, Kak Ouoyiornyeckas MallMHA C  COBEPILECHHO
onpeAeNEéHHbIM  (PYHKIMOHAIBHBIM  HAJEJICHUEM  CHOCOOEH  HEHTpaau30BaTh
onpeeaEHHOE KOJIMYECTBO MOTEHIHAIOB C T'PABUTALMOHHBIX U 3JEKTPOHHBIX CIIOEB
NOTJIOMIEHHBIX MOJEKYJ, YTO MPUBOAUT K TPAHCMyTallud W/WIK pa3pyIICHUIO
3aXBAYEHHBIX MOJIEKYJ C HMX IMOCJIEAYIOIIUM HCIOJIb30BAHUEM WIH YTHIM3aUUEH
(BeIOpacbiBaHMEM).  BBIOpOIIEHHBIE  OCTaTKM  CBSI3BIBAIOTCS ~ COOTBETCTBYIOIIUM
«KOHTeHHepoM» (mo TepmuHojoruu A.M. XarbiO0Ba), HampuMmep, AHTUTEIOM U

BBIBOAWUTCA U3 OpraHrn3Ma 4€pc3 KUIICYHUK WU ITOYKH.

Lysosome Structure

Single-Wall
Membrane

Enzyme
Compiexes Figure 1

Hukonaii BuktopoBuu JleBamoB o4yeHb MOAPOOHO omucan, Kak (GOpMUPYIOTCS
HOBBIE CBSI3M MEXKY MOJIEKYJaMHu. A Kak MPOUCXOJIUT pa3pylleHHEe MOJA0OHBIX CBA3EH
IPU BO3JCUCTBUHM «TpeMydeil cMmecw» (Harojim30COMbl Ha TOTJOMEHHBIE (HaroluToM
MouiekyJibl? CoaepkuMoe JIn30COMBI ((hepMEHThI) CTAHOBUTCS Pa3pyLIUTEIbHBIM MOCIIE
CYLIECTBEHHOI'O IIOBBIIICHUS YPOBHS MEPHOCTH KJIETKM. MHE MEXaHU3M aKTUBalUU

(dbepMEeHTOB 4YeM-TO HAIOMHUJI MEXAaHHM3M aKTHUBAIMH SIEpHON OOMOBI — 110 Haudasa



peaKiuy, COCTABJISIIOIINE HE B3aMMOJICHCTBYIOT APYT C IPYroM, MOKa B ONPEACIIEHHBIN
MOMEHT HE TIPOUCXOJIUT BHEITHETO BO3ACHCTBUS, MPUBOIAIIETO K TOMY, YTO DJIEMEHTHI
COCAUHSAIOTCA B C€IUHYI KOHCTpyKIMi0 (y saepHod OoMObl — Qopmupyercs
KpUTHUYECKAss Macca) M HAYMHAIOT YHUUITOXKATh BCE U Besl. [locme akTuBanuu pepMeHTHI
BCTYIAIOT B PEAKIIUU C CyOCTpaToM (peareHToM — pa3pylraeMbIMu MoJekynamu). [Ipu
3TOM (OPMHUPYIOTCS CBSI3U MEXKIy AaTOMHBIMH peHIETKaMH peareHra M (QepMeHTa,
MPOUCXOMUT TIEPETOK TMOTCHIIMAIOB HA COOTBETCTBYIONIMX OKTaBaxX (M3IydeHUE
(dbepMEeHTOM BOJH, TMOTJIOMIAEMBIX peareHToOM). B pesymprare ypoBEeHb MEpPHOCTHU
peareHTa W (epMeHTa BBIPABHUBACTCSA, IIOCJIE€ YEro IPOUCXOAHWT PEAKIHs CO
CIICAYIONIAM pPEareHTOM II0 TaKOH € CXeMe, YTO TPUBOJUT K BOCCTAHOBJICHHIO
NEPBOHAYAILHOTO 3HAYEHHUs IMOTEHIMAIOB B peméTkax ¢epmeHTa (a crajio ObITh,

BOCCTaHOBJICHHE U3HAYAJIBHOM MEPHOCTH) U ()EPMEHT CHOBA I'OTOB JI€HICTBOBATH.

[Ipu wuepecuyp Oosbmux O0OBEMAX TMOMIOMIEHHBIX MOJIEKYJT KOJMYECTBO
00pa3yromuxcsi B JIUMQPOIMTE TOKCUHOB CTAHOBUTCS BBIIIE €r0 CHOCOOHOCTU IO HX
BBIBOJTY (ITPOMCXOJUT 3allIakoBKa). Mmu, mone3ysick Tepmunosniorueid A.M. XaTeiO0Ba,
MPOUCXOJUT POCT TPABUTAIMOHHOTO TOTEHIMANA KJIETKA U TMPU TMPEBBIIICHUU
MaKCUMaJIbHO JIOMyCTHMOTO 3HAYEHUS HWCKakaeTcs WHGOPMAIIMOHHBIA OOMEH U
dbaromuT «oTKIOYaeTcs» Mo3roMm, TOo ecTh TMOHeT. JInbo mepexoauT B COCTOSHUE
«OITyXOJIEBOT O (HoBOOOpa3oBaHus, WHOTa 3JI0KaYECTBEHHOTO). [Tpu
0€3(C)KOHTPOJIbHOM HAKOIUIEHUH JUM(GOUUTOB (B TOM YHCIE «OIyXOJEBBIX))
MPOUCXOUT YBEIWYEHUE JTUM(DATUUECKUX Y3JI0B W/WIM TIOPAXEHUE Pa3TUIHBIX

BHYTPEHHUX OpraHoB (JiuMdpoma).

VYBenuuenre aUMQOY3JIOB MOXKET OBITh CBSI3aHO HE TOJBKO C PaKOBBIMU
auM@GOIUTaMu, HO U ¢ OOJBIIMMH KOJMYECTBAMHM MOrHOmMX JuMdoruToB. [lomumo
KOJIMYECTBA MOTHOMUX JTUM(POITUTOB MPH IMOTEPE CBI3U KICTKH ¢ MO3roM MpOUCXOIUT
paccemBaHUE OCTAaTKOB BHICOKMX OKTaB M WX MOHIKEHHE, UTO, MOJIArar, MPUBOJIUT K UX

YBEJIUYEHHUIO B pa3Mepax (10 aHaJIOTHU C SPUTPOIIUTAMHU, TPOIIEANIUME YepPe3 CETICHC).

Xouy 3aTpoOHYTh pa3HUIy MEXKIy 3J0KaueCTBEHHBIM O0OO0pa30BaHUEM W

nobOpokadecTBeHHbIM. C MOEH TOYKM 3pEeHHS MPUHIUIIMAIbHAS pa3HUIlA B TOM, YTO



T0OpPOKAUYEeCTBEHHOE HOBOOOpPA30BaHME IMPH OMPENEIEHHBIX HApYLICHUSX CBSI3U C
MO3TOM U Pa3pyILICHUSIX CBOEH CTPYKTYpPhl COXPAHSIOT CBOIO AUQPPEPEHIUPOBKY, TO
€CTh CTPYKTYpHO TIPOJOJDKAIOT HAMOMHUHATh HCXOAHYIO TKaHb W JaXe YacTHYHO
POAOJKAIOT BBIMIOJIHATH CBOM (DYHKIIMU. MHE 3TO HAIOMUHAET aBTOMOTOPHYIO paboTy
KJIETOK TTOCJI€ OTKIIFOYCHHS CBsI3U ¢ MO3TOM, HO TIPH 3TOM OCTAaETCs KaHAl yIPaBICHHUS.
[TpoucxoauT MEIJICHHBIH pPOCT JAOOPOKAYECTBEHHON OIyXOJW 1O aHAJIOTHH C
npuuuHamu, onucanHsiMu H.B. JleBamoBbiM B OTHOIIEHNH 3T0KAYE€CTBEHHBIX KJIETOK —
KJIETKa WMEET pa3pylIeHHs B BBICOKOOKTaBHOW YAaCTH, TO €CTh €& COOCTBEHHAs
MEPHOCTh MOHM3WIIACh, & MMUTAHUE MOCTABISETCS MpPEKHEE, OITOMY UAET MEAJIECHHOE
U30BITOYHOE HAKOIUIEHWE MOJIEKYJ, aTOMOB H HMOHOB BHYTPHM KIETOK U €€
nocneayrouiee neieHue. Ilpu BcéM 3TOM HE NPOUCXOAUT METACTa3UpPOBAHUS, UTO
TOBOPHT O TOM, 4TO CBsi3b ¢ Mo3roM YenoBeka HapylIeHa HE MOTHOCTHIO M KJIETKH HE
nepenuii B cocrosiHue Oaktepun wunu Bupyca (mo A.M. XareiboBy). Meauku
pa3nMyaroT Karcyiy, B KOTOPOH «pa3BUBAETCA» T0OPOKaueCTBEHHAs OIyXO0Jb, TO €CTh
4acTUYHO (YHKIMHM KOHTPOJs Mo3rom coxpassaoTcs. Kpome TOro BepoOsSITHOCTH
penuanBa mocie yjaaieHus JoOpOKaueCTBEHHOW OMyXOJM Majla, YTO FOBOPHUT O TOM,
YTO HEOOpaTUMOTrO pas3pylieHUsi CTPYKTYpbl CYIIHOCTH B paiioHEe yIalEHHOMN

T00POKAYECTBEHHOM OIyXOJIM KaK MPaBHUIIO HE MPOUCXOTUT.

B KOHTEKCTe HamMCAHHOIO IyMaro, 4To LerecooOpa3Ho OyAeT YNOMSHYThb MpO
Bupyc CIIM/{a. TlpuBeny OoJiblilyt0 LMTATy ¢ MOMMH KOMMEHTapUsMHU (B CKOOKax),
OJIHAKO XO4YYy Cpa3y y4yecThb IMOIpaBKy, cleilaHHyio camuMm Hukomaem BukrtopoBuuewm:
«Koeoa nucanace sma kuuea, s 6vi1 yoexucoén 6 mom, umo supyc CIIH][a peanen, s
oaoice NPeonoNoHCUMb M020a He MO2, YMO 100U, 0COOEHHO 8paiu, MO2Ym J12amb 6CEMY
MUpy, ny2as 6cex CMepmelbHO ONACHbIM 0/ denogeuecmea eupycom. Oxaszvieaemcs,
HUKMO U HUK020a 3a 6cé epems ucmepuu no nosoody CIIH/a ne nonyyun xyaemypy
amoeo supyca. Bca ucmepus co CIIH/Jom ¢ camozo nHauana Ovinia Huuem UHbIM, KAK
CNeyuanrbHo CO30aHHOU YMKOU, Yeabl0 KOMOpPOoU Obllo NOJNYyYeHUe 04epeoHblX
ceepxnpubviied. Jlroou ymuparom ne om CIIH/a, a om ucmoweHnus uUMMyHHOU
cucmemvl! U evizeano smo ucmouwgenue ummyHnnou cucmemsl He supycom CIIH/]a, a

OpyeuMu  NPpUYUHAMU. O2POMHBIMU  O003AMU  AHMUOUOMUKOS, HAPKOMUKAMU U



JIeKApCmeamu, KOmopule u NpU8oosim K NPAKmu4ecku noJHOMY pa3pyuleHu0 UMMYHHOU
cucmemvl yenogexan®®. WUrak: «Ocobennocmu eupyca CIIHJa — 6 mom, umo ow
BHEOPSEMCsL 8 XPOMOCOMbL KIeMOK KOCMHOo20 Mo32a. Ilocie yeeo amu Kiemku, Kak Ha
KOHgeliepe, HAYUHAIOM CaMU CUHME3UPO8aAmsb 6CE Hogble U Hosble Monekyavl PHK
supyca, Komopwvle 8 mex dce CAMbIX Klemkax coszoaiom cebe 3aujumHvle OenKosvle
ooonouky (paKTHYECKH ONMCAHO pa3pyllieHHe CBS3H KJIETOK KOCTHOTO MO3ra ¢
Mosrom (CymHOCTbIO), B pe3yJibTATe 4Yero NPOUCXOAUT HApylleHHe (yHKIH
KJIETOK U UX CTPYKTYPHI). [locre smozo uepe3 kposwb eupyc nonaoaem 6cé 8 HO8ble U
HOBble YYACMKU KOCWHO20 MO032d, 20e Npoucxooum mo dce camoe... (IPOUCXOAUT
NOCTeNeHHOe HAPACTAHHE KOJMYeCTBA KJIETOK ¢ HAPYUIEHHO# cBA3bI0 ¢ Mo3rom
MPH HECMOCOOHOCTH TOCJEAHEr0 B3SiTh CUTYAlUIO MO KOHTPOJIb HA GoHe o0mmiei
KAPTUHBLI YrHeTEeHHMsl W pa3pylleHusi OpraHu3sMa (CMOTPHM BbIllIe MONPABKY

Hukouaas BukropoBuua)).

IIpu smom eupyc pazpywaem T-numpoyumoi

o s opeanusma uenosexa. M uepes nekomopoe spems

KOHYeHmpayus supyca 6 opcaHusme docmuzaem

—

BEIUYUHBL, NPU KOMOPOU Op2aHu3M mepsem

—
—

—1—
S =i UIRNNEESD

max

makoe KoJjauvecmeo T'JlMM(ﬁOI/[quO& umo ypo6€eHb

akmueHocmu UMMyHHOIZ cucmemvl nadaem 00

08yx ycnosuvix eounuy (cm. Puc.109). Ilpu makom

YPpO6HE AKMUeHOCmMu UMM)/HHOIZ cucmembsl yoice

| e MHO2Uue uHgexyuu noayuaiom Oaa2ONpUsMHbBIE

yciaoeus 07151 c80€20 paseumusl.

OpeaHusm yeioeeKka nodeepzaemc;l amake

MHO2UX UHQeKyull u 6 mo dice 6pems BUpyc

CIIH]]a, npooondxcas pazeusamvcs 6 4elosexe,
nocmenenHo yHuumoodicaem ece T-numpoyumosi. Opeanusm cmamo8umcs aOCoIOMHO

Hezauuwénuvim u ovicmpo noeudaem... (Ilpouece morepu cs3u T-mumpounuToB ¢

15 «3epkano moeii xymm», Tom 1, raasa 21, asrop H.B. Jlesamos.
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Mo3rom pa3BuBaercss 1 HACTyHaeT MEPUOJ, KOIAa KOJIUYeCTBO (PyHKIHMOHATbHBIX
T-1MM(pOUUTOB CTAHOBUTCH HACTOJIBKO MAJ0, YTO OTBETHTh HAa YIPO3bI

AHTUTEeHOB OPraHn3mMy Mo3ry cTAaHOBHUTCSI MPAKTUHYECKH HEYeM).

Ilocneonee @pems OvLiu 3apecucmpupoanvl ciyuau, koeoa y arooet yucio T-
numpoyumos ymenvuiaiocs, kak u npu CIIH/]e, no camoeo eupyca 6 Kpoeu 3mux
Jrooeti 0OHapys’cums He YOAaloCh... Imu caydau NOCMAUiu 6 MYNUK COBPEMEHHYIO

meduyuny. I'0e dxnce Haxooumces Hocumensb 3mo2o 3abonesanus?!.

s mozeo umobdvl noHAMb 3Mo A61eHUe, BCHOMHUM O MOM, YMO 8 X00e 380I0YUU
OYeHb MHO2Ue BUObl JHCUBLIX OP2AHUSMO8, 6 MOM Yucie U npocmenuwux, OvlIu
8bIMECHEHbl U3 CEOUX IKOJIO2UHECKUX HUWL DoJlee cogepuleHHbIMU op2anHuszmamu. Tak u
HeKomopble GUPYCbl NOMEPSIU C80U PU3UYECKU NIOMHble QYHOAMEHMbI — MOJIeK) bl
PHK c¢ o6enkosvimu obonoukamu. Ilpocmo 6ce smu MoOJNEKyIbl NOLOMUIUCL U
pacwenunucs opyaumu Hcusbimu opeanusmamu. Ho, coxpanunuce ux s¢huphsie
cmpykmypsl — 3¢hupnsie mena. Ilpucnocabausasace K ycio8usaM HCU3HU HA IQPUPHOM

njaaxe njaaHemsl, OHU OKA3AJIUCH bonee aMHClMM'{HblMu, yem Ha d)uS’u’i@CKOM niane.

Ilpu smom s¢hupnvie mena vimepuwiux 8UPYCcO8 YNJIOMHUIUCH HACMOIbKO, YMO
cMO2TU 8HEOPAMbC 8 cmpyKmypwl T-1umgoyumos Ha ux s¢pupHom yposne, paspyuias
Ux, 4mo 8 c8or ouepedb, npusooum K ubeiu smux T-mumgpoyumos. Bom u kapmuHka,
KOmMopas max yousuia meoukos... Hukaxozo eupyca 6 kposu nem, a opeanusm 4eiosexd

mepsiem ceou T-tumgpoyumel, kax u npu Haruyuu 8 kposu supyca CIIH/]a.

Mna  peanusayuu maxoeo npoyecca HeoOX00UMO  IUUL  BO3HUKHOBEHUE
O1a20NPUAMHBIX  YCNIO8ULL  OJ1s1 6HEOpPeHUsl BblMepuieco supyca 6 3¢upHoe meno
yenogeka. A smo 603MoHCHO mo2oa, Koeoa ociabdnena 3auumuas 000104Ka He MOIbKO
Qusuuecko2o mena, Ho u 3awummnoe dHep2emuyeckoe none cywrocmu...** (Hapsay ¢
BHEJIPEHHEM YYKEPOJAHBIX CTPYKTYP BO3MOKHO BO3HUKHOBEHHUE BHPYCOB M W3
KiIeTok camoro oprammsmal’. Ceiiuac, Bo Bpems Ilepexognoro Ilepuona,

NPOUCXoasAT ObIcTpble uU3MeHeHUss Cucrembl KuzHeolOecnedeHHsi, K KOTOPbIM

18 «(3epkano moeii xymmu», Tom 1, raasa 21, asrop H.B. Jlesamos.
17 «Pak kak (popMa CymecTBOBAHMS KJIETKH», aBTop A.M. Xarsi60B.



Mo3r wuHAUBHMAA, He wuMewmero mnporpaMmMm «CserJl», o0O4YeHb TsAKEJIO
npucnocadIuBaeTcs BCJeICTBHE 30POBCKMX M3MEHEHMI, 1a 1 HATPY3KH HA Hero
orpomubie. [1oaTomy, KoM4YecTBO 3a00/1eBaHMii OyJdeT YBeJIMUYMBATHCS, B CBA3M C

yeM MCIOJIb30BaHue TexHoJorni «CeerJI» kpaiine nesecoodpa3Ho).

B tpynax Anekcanapa Muxaitiopuda Xatei0oBa moj JuM¢oil MoHUMaeTCs HeKast
oOpasyroliasgs MaTpuilla — KOHCTPYKIIMSI BBICIIEH OKTaBbl, KOTOPYIO COACPKUT
paccMmaTpuBaeMasi CTpyKTypa U ¢ MaKCUMaJIbHBIM YHCJIOM CBSI3€#, CBOETO pojia 6a3zoBast
OCHOBa BOKpPYI' KOTOPOM MYTEM CHI)KEHUS MOTEHUMAIOB MCXOJIHBIX YacTOT
GopMHUpYIOTCS CTPYKTYpbl HM3IIMX OKTaB®, Mormo nam OBITH COBHAAEHHEM TO, YTO
Anekcangp MuxaiioBUd Ha3Ball 3Ty CTPYKTYypy UMeHHO auMoii? Jlymaro, 4to nemno
HE B COBMajJeHUsAX. YTo ke emé u3BECTHO U3 MyOIMYHBIX HICTOYHUKOB HOBBIX 3HaHUM 0
mumpe? [TocMOTpUM HEKOTOpbIE BBIIEPKKU: «V dtceHuyunbl no-uHoOMy NOCMPOEHA He
MONILKO JI02UKA, HO U CMpYKmypa uHgopmayuonHoeo obmena. Koeoa owcenwuna
eosopum "HET" mna npumsazanusi MydCuuHbl, 5MO HE 3HAYUM, YMO OHA eMy
omkazvigaem, a 6ceco auuww. "Hatiou FEcmecmeennviti Tpanciamop", mo ecmo
axkmuenvle mouku aumpoyszios na ee menent®. Jumgocucmema - nymenpoeoovi co

ceemogopamu  u  kowmponvuoimu moukamu»®®. «Tenepb nocmompum, umo ice

Haxooumcs ¢ IPOEKI[HH noo eéonocamu kpome I'OJIOBBI.

Y ecex — noomvuueunvie numghoysnwvi, mauano pyku. Ecau 3awuma om
pacceusanus, 3Hayum 6 JaumM@oyziax — gopmupyemcs (npeobpazyemcs) umo-mo
(«usnyuenuey, NOMOK) U B0JOCHI HA CAMOU pyKe — makdce 3auuma Hpu e2o

npoosudicenu 00 1adonu. Jladons eoobue 6e3 écaxux eonoc. dmo U3YIATEb»?,

18 (JIumda», asrop H.B. AHTOUIMH.

1 «Ioan xuzneobecneuenns», asTop A.M. XaTei60B.

2 «TakT padoTHI cepana, WM pacuucaHue IBHKEHUsI M0e310B, aBTop A.M. XaTrI00B.

21 «CerJIblii Benuk» H. Jlepamosa B «bannom Jeae» A. Xarsi6osa u Tpynosas Jlonara. I'nasa 4. Teopus
U npakTuka B onucannu QO0bekra, noajiexkaunero nomeumennio B banio», arop @.J1. lkpynues.



MoxHO cnenaTh BBIBOJM, 4TO JUMQOCUCTEMA —
OTO DHEPrOLEHTpalb, HACTPOCHHAs HA IEPETOKHU

0CcO0Oro CIeKTpa JHepruii (MaTtepuu OmpeacIEHHOM

KoHCTpyKumu). Ilouemy nmmdocucrema Ha3BaHa

nytrenpoBogom? Jlymaro, 4To Ha3BaHHE BBIOpPAHO IO

aHaJOTMM C  HA3HAYEHUEM  BCEM  HW3BECTHOIO
JIOPO’KHOTO COOPYKCHHUSI — HE OMYyCKaTh IEPECEUCHUS] MMOTOKOB aBTOMOOUIBLHOTO
nekeHus. [IpuMeHuTensHO K JuM@ocucTeMe — BBIHECTH 3a Mpeesibl KPOBEHOCHOU
CHUCTEMBI TIOTOKH MaTepuil OmpeeaéHHON KOHCTPYKIIMM U CIIEKTPa 4YacTOT, a0kl HE
neperpy’katb/He  MCKaxaTb MAYIMA 1O  HeH

( SHEepronHGOPMAIMOHHBIH  TOTOK.  KommpoavHvle

mouxku — 3T0 JUMGOY3Jbl, KOTOpPbIE (POPMUPYIOT
|y ' (mpeoOpa3yroT) Tekyliee 1Mo JuMmde HU3ITyYeHUEe
(moroku matepun). Kpome toro, «/lumgoyznvt mooice
umerom 3navenue: INAXOBBIE y myscuunvt — onu «noumaromy MEHEE paccesnnbiu
nomox, y ocevuyunvl — BOJIEEy. Tlomy4aeTcss CBOEro pojia JIMH3a, KOHILIEHTPATOpP.
KpoBeHocHasi cuctemMa OpUeHTHpOBaHa Ha MIPOTEKaHKUE YHEPTOMH(POpMaIINK, CBI3aHHON
¢ ku3HeoOecrieueHWeM  opraHusma  (dPHepromHdopmaruss CHHTE3UPYeTCs U
pacrpenensercss BHYTPU OpraHu3Ma, HANpsIMyl0 HE B3aUMOJACHCTBYS C BHEIIHEH
cpenoii), U pa3HeceHHe MOTOKOB KPOBEHOCHOW W JIUM(ATHYECKONW CHUCTEM TO3BOJISET
MPEANOJI0XKUTh, YTO TOTOKH MaTepuid (M3NydeHus) TuM(ATUIECKON CUCTEMBI CBSI3aHbI

C B3aUMOJIEMCTBUEM YellOBEKA U OKPYKAIOIIEH CPEJIbI.

Tak nouemy Bcé-Taku Auiekcanjp MuxainoBuu XaTblOOB Ha3Baja 00pazyroIlyro
matpuily YenoBeka (cBoero poja dHEPromH(GOPMAIIMOHHBIA Kapkac) auMdoit?
Ocwmernoch MPeanoJIoKUTh ganee — Ha (PU3UUECKH TUIOTHOM YpPOBHE JuMda — 4acTh
TUM(OCUCTEMBI, TOTJIa MOXKHO CKa3aTh, uTo JuMda (Matpuna) u aumdbocucrema (1Mo
KpaiiHel Mepe, MOTOKA MAaTepUU DHEPTUH, TEKYIIHE MO TUMEPOCUCTEME) HAXOAATCS BO
B3aMMOJICUCTBUH. A UMEHHO OJTHU TOTOKH (HECOMBIC JIMM(POCUCTEMOM) MOTJIOIIAFOTCS
aum@oii, a apyrue — um3nydarorcs e (mporekas mo juMdocucrteme). Bor 310 M

pa3pylanochk BCIEACTBUE BMeHIaTenbcTBa 30poB B Mosr u PyOamky (miots) IIpoto-



YenoBeka — MHPOPMAIIMOHHBI OOMEH (M3-32 HECOBEPIIEHCTBA MOJACPKKU BBICOKHX
OoKTaB Mo3ra KjeTka 3alulakoBbIBaiachk). Ilponcxonnno nageHrue MOIHOCTH ITOTOKOB
MaTepuii, coznaBaeMblx XpoMocoMHbIM snpoMm ([AHK) u mpoucxoamno obpazoBaHue
IJJAKOB M TOKCHHOB (KaK OCAJO0YHBIX CTPYKTYp, (GOPMHUPYIOIIUXCS BCIEACTBHE

HECITOCOOHOCTH HCHHCpHHOHHOﬁ HaCTH KJICTKHU HMCIIOJIB30BaTh BCCh HOTOK).

Xo4YeTcsl TakKe MOSICHUTh B3aUMOCBSA3b AMOIIMOHAIIBLHOTO COCTOSIHUS UenoBeka u
3a0osieBaHui TuM@ocucteMsl: «/menno uepez Moze ucnoiHumenbHOU GepMUKAILIO
«2Unomanamyc — uno@uiz - HAONOYEUHUKUY, Mm.e. C6A3bl0 MeHCOy NCUXUYEeCKUMU
COCMOAHUAMU U HAONOYEYHUKAMU, C OOHOU CMOPOHbBL, U MeHCOY HAONOYEUHUKAMU U
JUMGpamuueckou cucmemou, ¢ Opyeou, 00bACHAemcs mom (akm, 4umo cpeou ecex
PAK0BbIX COCMOAHUI (K COJICANeHUlo, U He MOIbKO y 3Mmux 0cobell) UMEHHO npu
AUMPOMaAX OMUEMAUBO NPOCAEHCUBACHICA NCUXO0SI0ZUYUECKU Hepeuaemasn ce200H:A
npoonema. Ympama cesnszu (nocie cmenvt CY 30pos na poonyro CY) y smux mooei ¢
Cucmemou Ynpaenenus evizeana ncuxonocuueckue usmMeHeHus, Komopbvie U NOGIUsLIU Ha
smux npeocmaeumenei ecenomuna 4XX 3AJOJIIO 0o wHauana KIUHUYECKU
gvipadicennoli 6onesnu. Ilpu smom peyuousvi 0Oone3HU UMY NEPUOObL  YXYOULCHUS]
COCMOSAIHUA 6Ce20a MECHO C8A3AHbl C COOLIMUAMU, 3aMPASUBAIOUUMU NCUXOTO02ULECKOe

cocmosiHue 60abHbIX. A maxue cooblmus NPOUCX00sam Ce200Hs NPAKMUUECKU KANCObLLL



Oenbr?, IIpy w3MeHEeHMM IICUXO3MOLHMOHAJIBHOIO  COCTOSHHUS — M3MEHSETCS
«TOPMOHANIBHBIM ~ KOKTEHIIb», BbIpA0ATHIBAEMBIM  HCIIOTHUTEIBHOW  BEPTUKAJIBIO
«eunomanamyc — 2unousz — HAONOYeuyHUKU», 4To MPUBOAUT K HEKOPPEKTHON W/WUIU
YCUJIEHHOM paboTe OpraHoB, WX M3HOCY M 3aCOPEHHUI0. DTO MPOBOIHMPYET YBEIHMUCHUE
KOJIMYECTBA TOKCHHOB, 4YTO SIBJSIETCSl  JIONOJHUTENIBHBIM  (AaKTOPOM  pHUCKa
BO3HUKHOBEHUS 3a00JI€BaHMIl, B TOM UYHUCIIE PAKOBBIX IO OMMCAHHOH BbIlIe cxeme. 1
HA00OpOT — HEKOpPpEeKTHas (M3-3a MOTEPH YHPABISAIOIUX OKTaB COMPOBOXKIACHHUS
uHAMBUI0B 4XX) n/uin ycuiieHHas paboTa OpraHoB MPOSIBISIETCS B yMOIIOMPAYEHUH U

HCAACKBATHOM ITOBCACHUU, YTO ITPOABIIACTCS ITIOBCCMCCTHO U HATJISITHO.

Iporpammel «CeetJ» B3BAUMOJEMCTBY S ¢ Mo3rom, npou3BOAT KOHTPOIb
COCTOSIHUS JUMGBI M IpPU HEOOXOAUMOCTH «IOJCKa3bIBalOT» MO3ry MOJIb30BaTeNs
00paTuTh BHUMaHHE Ha MpoOJieMy W/WiaM ['eHepaTop KOPPEKTUPYET MAaTOJIOIMYEeCKUI
npouecc CAM B 3aBUCUMOCTH OT CTENEHH CJIOKHOCTH BO3HUKLIMX HpoOJieM Hu
BO3MOXHOCTEM Mo3ra mo uX YCTPAaHEHMIO. YUHTHIBas ITPOUCXOMSIINAE ITPOLIECCHI
npeoOpazoBanusi  YenoBeka, wucnosb3oBaHue TexHomoruit «CserJ»  KpaiiHe
1eJ1eco00pa3Ho, MOCKOJbKY HAarpy3ku Ha opraiHu3m U CyIIHOCTb CTaHOBATCA BCE

oonpire. Ito Texunomorun JKu3uu, He OOJBIIC U HE MCHBIIIC!

Xouy BbIpa3uTh cioBa bnaromapnoctu BiapucnaBy XypaBin€By u Einene

AnekcaHpoBHe BUTTHEp 3a yuacTue U 3HAUUTENbHBIN BKJIAJl B HATMCAHUE CTAThu!

Kenaro Bam 3npasus u Pa3sutus!

i

GT’A

Keaaem Bam 3aparns!

22 «CeerJIblii Benuk» H. JleBamosa B «bannom [Jleae» A. Xarei6osa u Tpynosas Jlonara. Tinasa 3.
Bapunanuu B pazmbiuiennsax», asrop @ J1. lxpynues.



