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UMIIPUHTUHT OBOE ®OPMUPOBAHUE )KU3HECTOMKHNX
ECTECTBEHHBIX THXOOKEAHCKHX JIOCOCEM
JJI51 BOCITPOU3BOJACTBA IOTOMCTBA U COXPAHEHUSA TEHO®OHIA
IMPRINTING FORMATION OF RESILIENT NATURAL PACIFIC
SALMON FOR REPRODUCTION OF OFFSPRING
AND PRESERVATION OF THE GENE POOL

AnHotanus. [lokasana cnenuuyeckd JOMHUHAHTHAs POJIb UMIPUHTHHIA Y MPUPOIHBIX
TUXOOKEAHCKUX JIOCOCEH B Iponecce 3M6pI/IOFeHC3a U OHTOI'CHE3a. HpI/IBO,Z[HTCSI KIIFOUYECBBIC
0COOEHHOCTH DIIMI€HETUYECKOTO0 MEXAaHN3Ma '€HOMHOTO HMIIPUHTHHTA Y MJICKOIIUTAIOIKUX U POJIb
callJIcHCUHIa B MMOJAAaBJICHUU JOKCIIPECCCHUU I'CHOB U PCryisaun I'CHOB. Onucansl Y THUXOOKCAHCKHX
JIococeit HGprOHHbIG MCXaHU3Mbl HMMIIPUHTHHIA — 3alcdyaTICBaHHUA W 3aKPCIJICHUSA B IaMATH
POAOBLBIX FHé3I[, TOYKHM HMHAYKIHU ISJICKTPOMArHUTHOI'O I10JISA 36MJ’II/I, croco0oB ,Z[O6BI‘{I/I IIUIIH,
TEPPUTOPHATBHOCTH ¥ TIOJIOBOM TMPUHAUICKHOCTH BHAY, (DOpMUPYIOIIHE JOJITOBPEMEHHYIO
MMOXKU3HCHHYIO IIaMATb W OKOJOTIMYCCKYIO JKU3HECTOUKOCTH JI1 BOCIIPOU3BOACTBA 3A0POBOI'0
IIOTOMCTBA, BOCCTAHOBJICHUS MOMYJISALUI JIOCOCEHN U COXpaHEHUsI TeHO(POH/a B MOPCKUX aKBaTOPHSIX
CCBCPOTUXOOKCAHCKUX CTpPAH.

Annotation. The specifically dominant role of imprinting in natural Pacific salmon in the
process of embryogenesis and ontogenesis is shown. The key features of the epigenetic mechanism
of genomic imprinting in mammals and the role of silencing in suppressing gene expression and gene
regulation are presented. The neural mechanisms of imprinting in Pacific salmon are described —
imprinting and fixing ancestral nests, points of induction of the Earth's electromagnetic field, methods
of food extraction, territoriality and gender of the species, forming long-term lifelong memory and
ecological resilience for the reproduction of healthy offspring, restoration of salmon populations and
preservation of the gene pool in the marine areas of the North Pacific countries.
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HEeWpoMearaTopbl, MUTpaLUsl, HEPECT.
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BBEJIEHUE

CokpallieHrue YUCIeHHOCTH MPUPOIHBIX MOIMYJISIUN JIoCOocei B ceBepHOM Oacceitne Tuxoro
okeaHa u npuieratonux Mopsax Anonwuun, CIIA, Kanansl, FOxHo#t Kopen u Poccun Habmomaercs
okosio mosyBeka. B 1992 u 1993 romax poccuiickue UCCIeI0BATENM OTMEYAId TEHJEHIIUIO
MHOT'OJIETHETO CHIKEHHSI YMCIIEHHOCTH TOPOYIIH U IPYyTUX BUIOB THXOOKEAHCKHUX Jiococeit [1, 2].

O coxpallleHUH 3amacoB THXOOKEAHCKUX JIOCOCEH CBUICTENBCTBYET MAJCHUE YUCICHHOCTH
MPOU3BOAUTENEH Jlococed Ha Hepectwmmax JlaneHero Bocroka M CEBEPOTHXOOKEAHCKHX
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roCyJapcTB, BIUIOTH JI0 MOJIHOTO MCUYE€3HOBEHUSI B OTHAENBbHBIX pekax [3, 4, 5]. Ta xe TeHaeHUus
oTpaxkaetcs U B u(dpax BbUIOBA, JOCTUTIIETO, HAIIPUMED, Ha albHEBOCTOUHOM nobepexkbe CCCP
B 0BOeHHOM 1939 r. 770 TBIC. T, HO HE MPEBBICUBIIETO 32 BCE MOCIEBOCHHBIE ro/ibl 306 THIC. T B
pexoparom 1949 roay [1].

Cy11ecTBEHHON MNPUYMHON COKpAllleHUs YMCIEHHOCTU MOIMYJIALUNA JIOCOCEBBIX CTaja B
CesepHoit [lanuguke sBIseTCs MaccoBO€ HCKYCCTBEHHOE BOCIPOU3BOACTBO JIOCOCEH Ha
PBIOOBO/IHBIX 3aBOJaX, CO3/1aBIIee OTPOMHBIE ITPOOJIEMBI B SKOHOMHUECKOW M COLMAIBHON cdepax
SKOHOMHUKH Poccuu 1 ceBepOTMXOOKEaHCKUX CTPaH.

Nxtuonoru caxanuackoro ¢gunuana («CaxHUPO») ®I'BHY «BHUPO» oTmeuaroT, 4To «B
IOCJIEHEE BPEMs B IOJKHBIX pallOHAX pPEruoHa HaMETWIACh TEHICHLMS CHM)KEHUS OCHOBHOIO
nokasareis 3¢ (HEeKTUBHOCTH BOCIPOU3BOCTBA JIOCOCE — KO3 puIeHTa Bo3Bpara pel0. Y Hammx
coceiell Ha SIMOHCKUX OCTPOBAaX YCTOHYMBBIM TPEH] CHMKCHHS YJIOBOB KEThI, IPU CTaOMIBHBIX
00bEMax BhIITycKa MoJIoau 3Toro Buaa jiurces yxe ¢ 2003 roga. K 2018 roay ynoBs! ynanu B 3,2
pasa (¢ 257,5 no 80,3 Teic. ToHH)» [6. CTp. 167]. B SInonun ynossl ketbl B 2023 1. cocTaBuiu 42,2
ThIC. T, @ B 2024 r. cHuswiuck 10 30,1 Teic. ToHH (MeHblie Ha 28,7 %) [7].

B 2023 ronxy na Amsacke CHIA BbutoBmin 219,2 mMaH nococel (Hepku, ropOyIIH, KeThl,
KIKy4a, 9aBbrun), B 2024 romay yJoBsl JIococe# coctaBum 95,2 mitH pei0, T.¢. ymanu B 2,3 pasa [8].

OcHOBHasl NpUYMHA CHIKEHUS YUCIIEHHOCTH HOIYJISIIIMNA THXOOKEaHCKHX JI0OCOCEH — BhICOKast
KOHIIGHTpaLUsl pPHIOOBOAHBIX 3aBOJOB B OKHOW dacTh CaxanuHa W B IIGHTPAJbHOW YacTH
0XOTOMOpCKOro nodepexsst octpoBa Utypyn, n ocodenno B SAAnonun. Cnoxupiiasicss 00beKTUBHAsS
PEaIbHOCTH BBI3bIBAET OOJIBIINE ONMACEHHs 110 COXPaHEHUIO TeHO(OH/1a IPUPOIHBIX JIOCOCeH poaa
Oncorhynchus B  yclnoBuSIX IpPOJOJDKAIOIIETOCS — €XKEroJHOr0  PacIIUpeHHs  MacimTaboB
JIOCOCEBOJICTBA M CTPOUTEIHCTBA HOBBIX PBHIOOBOJIHBIX 3aBOJIOB. YTpaTa reHO(OHJa MPUPOIHBIX
TUXOOKEAHCKUX JIOCOCEH, MPOUCXOASIAasl YK€ HECKOIbKO JECSITUIETHI, HEBOCIIOIHUMA U MOXET
MPUBECTH K HENPOTHO3UPYEMBIM IIOCIEACTBUSAM [0 «IPUHIUITY JAOMHHO» JJIsi BCEH OHOTHI
aKBaTOpUU CeBEPHBIX MOpel U Tuxoro okeaHa.

IIpu M3yyeHnn MHOrOaceKTHOM MpoOiIeMbl U MPUUUH COKpAIleHUs] TeHO(OHAa MOMyIILni
MIPUPOIHBIX TUXOOKEAHCKHUX JIOCOCEH HEOOXOANM KOMIUIEKCHBIN CUCTEMHBIN MO/IX0]T K POBEIECHUIO
uccnegoBanuii. B 1992-1998 ronax rpynmnoit 6uonsoros BHUPO 1.6.1. O.®. I'punenko, 1.6.1H. H.B.
KnoBau u npyrumu cnenuaigvctaMu ObUTH HPOBEJIEHBI CUCTEMHBIE MCCIIEAOBaHMS MO Ipolieme
9KOJIOTMYECKOTO TMOCIESICTBHS OT KPYITHOMACIITAOHOTO MCKYCCTBEHHOTO pa3BeneHus ketol [9, 10].
HayuHo HeoOocHOBaHHasi HEOOXOJUMOCTh M HEONPABJAHHOCTh HCKYCCTBEHHOTO BbIpAIllBAHUS
MOJIOJIU JIOCOCEH OPOJIUIIN BOKPYT 3TOW TEMbI MHOTOJIETHEE HATHETAHUE HE3I0POBOT0 aKUOTAXKA.

Coznanne ¥ MHOTOJIETHSISI SKCIUTyaTallus B CEBEPOTHMXOOKEAHCKHX CTpaHax M Poccun
CHCTEMBI JIOCOCEBBIX PHIOOBOIHBIX 3aBOJOB JUIS KYJIBTHBHPOBAHUS BCEX BUIOB JIOCOCEH BBISIBUIIO
KOJIOCCAJIbHOE HEraTUBHOE BIIMSHHUE 3KOJIOr0-3MUT€HETHUYECKOr0 BO3AEHCTBHS Ha TpaHC(HOPMALIUIO
SMOpHOreHe3a M OHTOI€HE3a, CHIKEHUE JKU3HECTOMKOCTH M BOCIPOM3BOJCTBA 370POBOIO
MIOTOMCTBA, YTpaTy HaBUTALIMOHHO-BPOXKIEHHOIO WHCTUHKTA (XOMHMHIa) Y HCKYCCTBEHHO
BBIPAILIIMBAEMBIX THXOOKEeaHCKUX Jiococed [11]. /lampHelimme uccienoBaHuss B 00NAaCTH BIMSHUS
JIEKTPOMArHUTHOTO MO 3eMJIM Ha KMBbIE OMOJIOTMUECKUE OPraHU3Mbl IOKa3ajd B3aHMMOCBS3b
MIPOLIECCOB  JKU3HENEATENBbHOCTH OPraHW3MOB C PAa3JIMYHBIMA HW3MEHEHHUSMU Pa3HOOOpa3HbBIX
OuoTHUYECKMX M abuoTHyecknX (AKTOpOB BHEUIHEW cpeabl. BhIABIEHO B3auMoeicTBue
JIEKTPOMArHUTHOTO MoJigi 3eMiIM ¢ OMOT€HHBIM XOMHHIOM, OO0yclaBiHBaroliee reorpapuuecku
BEKTOPHO-TOYEUHYIO OPHMEHTAlMI0 MMIPalMd MOMYyJSAIUM THUXOOKEaHCKMX JIOCOCed poaa
Oncorhynchus Ha Haryn B OKeaHCKHE MPOCTOPBI U Ha HEPECT B PEUHBIC «POIOBBIC THE3MA» VIS
BOCIIPOM3BOACTBA 3/10poBOro mnotomctBa [12]. HeoOXoaumocTh HW3y4eHHsS pOId OHOTCHHOTO
XOMHUHIa M HMIPUHTHHIA, CBA3aHHOTO C MHIpalUedl THUXOOKEAHCKHUX JIOCOCEH B MOpPCKHE U
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OKEaHCKHEe aKBATOPUM M HA HEPECT B «POJOBBIC» DPEKH, OOYyCIOBWIIA HANIM JabHEHIINE
HUCCICA0OBaHNA BOJHBIX OPraHM3MOB B OGHaCTI/I aHaTOMUU, (I)I/I3I/IOHOFI/II/I, T'€HCTUKH, SIIMI'CHCTHUKU,
HEHUPODU3UOIOTHH, HEHPOXUMUH, HEMPOOHOIOTHH U APYTHX 00IACTIX HAYKH.

eap paGoTbl — BBISBUTH CrCIM(bUYSCKH TOMHHAHTHYIO POJNb M HEUPOHHBIC MEXaHH3MBI
UMIPUHTUHTA, (POPMUPYIOIIETO FKOIOTHUECKYFO KU3HECTOMKOCTh IPUPOTHBIX THXOOKEAHCKUX JIOCOCEH
JJTs1 BOCIIPOM3BO/ICTBA 3/I0POBOTO MOTOMCTBA, BOCCTAHOBJICHHUSI CTA/T OIYJISIIHI PUPOIHBIX JIOCOCEH U
coxpaHeHus reHooHIa Kak Buza poaa Oncorhynchus B Ceseprotii [lanmduxke.

UMITPUHTUHI TAXOOKEAHCKHX JIOCOCEHN

[lpn wccnenoBaHMM HABUTAMOHHBIX MEXaHW3MOB OpPUCHTAlMM ¥ MUTPAlUU  TI0
AJIEKTPOMArHUTHOMY TOJIO 3eMJIM TUXOOKEAHCKUX JIOCOCEH B POJIHBIC PEUHBIE «THE3/1a» MHOTHMHU
HCCIIeIOBATEISIMH YKa3bIBaeTCs 0co0ast posib UMIPUHTUHTA. [10ApOOHOTO 00BICHEHUS MEXaHU3Ma
OMOJIOTHYECKOTO M TEHETHYECKOro OO0pa3oBaHMs, 3HAYCHHE WM POJb UMIPUHTHHIA, KaK U €ro
B3aMMOCBSI3b C 3JIEKTPOMATHUTHBIM 0JIEM 3EMJTH, BIMSIOMINM Ha BECh )KM3HEHHBIH [IUKII JIOCOCEH 1
ApyTuX pbIO, B HAYYHOU JUTEpaType HAMU HE 00OHAPYKEHO.

OTKpLITI/Ie HMIIPUHTHHI Q. CBoiicTBa 1 BUAbI HUMIIPUHTHHI' A

@®eHOMEH HMMNPHHTHHIA Y JKUBOTHBIX BIIEPBBIE OTKPBUI M OIHKCAJ BBLAAIOMINAHCS
ABCTPUICKUM 300JI0T, 300IICHXOJIOT U OJMH M3 OCHoBaTeieit stonorun Konpan Jlopenn (1903—
1989) 8 1935 rony [13]. B 1973 . K. Jlopenny, K. hon @pumry u H. TunGepreny Obliia npucyxacHa
HoGeneBckas mpemus 3a OTKPBITHS, CBS3aHHbIE C CO3JaHMEM W YCTAHOBJICHHEM MOJEIen
WHIUBHULy aJIBHOTO ¥ IPYIIIIOBOTO MOBEACHUS KHUBOTHBIX.

K. Jlopenn koHuenTyajibHo cGopMyJHpPOBaJ MOHSITHE UMIPUHTHHT — 3arevyaricHue B
aMATH HOBOPOXKIEHHOTO (DaKTOPOB OKPYIKAIOIIEH CPEIbl, a TAK)KE YTO MIMIIPUHTHHT: a) TIPOUCXOIUT
B CTPOTO ONpeeTEHHbIe KpUTUYECKHE MTEPUO/IbI XKHU3HH, 0) 0UYeHb OBICTPO, YACTO C IEPBOTO pasa, B)
HEoOXOJUM JJIsi BEDKUBaHUS B TpupoaHoit cpene. K. JlopeH onpenenvt BUIbI HMOPUHTHHTA: Q)
3areyvarieHue oopa3oB U OOBEKTOB, 0) yCBOEGHHE CTEPEOTHUITHOTO IMOBEIEHUS, B) BOZHUKHOBEHHUS
«PEaKIMH CICIOBAHUS» U JIP.

CoBpeMeHHas Hay4yHast TPAKTOBKA UMIIPUHTHHTA.

WmnpusTHHr (0T aHr1. imprinting — 3anevartieBats) — crenduyeckas GopMa HayueHHs y
BBICIIMX TIO3BOHOYHBIX, NPU KOTOPHIX (DUKCUPYIOTCS OTJIMYUTENIbHBIE MPU3HAKU OOBEKTOB
HEKOTOPHIX BpPOXXIACHHBIX TOBEJACHYECKHX aKTOB POIUTEIBCKUX 0co0el  (BBICTYMAIONINX
OJTHOBPEMEHHO KaK HOCHUTEJM TUITUYHBIX MPU3HAKOB BUJA), OpaThEB U CECTEP, MUIIEBBIX 0O0BEKTOB
(B TOM YHCIie KUBOTHBIX-XKEPTB) U Jp. IMIPUHTHHT MPOUCXOANT MPEHMYIIECTBEHHO Ha PaHHUX
JTanax MoCTHATAILHOTO (TIOCIEPOIOBOr0) Pa3BUTHS U TOJBKO B TEUCHHE ONPENEIEHHOTO0 OOBIYHO
BeChMa OTPaHWYCHHOTO Tieproa. [Iporecc UMIPUHTHHTA COBEPIIAETCS Ype3BBIYaliHO OBICTPO U 0e3
BHEIIIHErO TMOJKperuieHus. Pe3ynpTarT UMNpUHTHHTa HeoOpaTuM. VIMIPHUHTHUHT oOecrednBaeT
KHUBOTHBIM OXpaHy TIOTOMCTBA, WICHOB COOOIIECTBA, COPOANUEH, OyIyluX MOJIOBBIX MAPTHEPOB,
NpPU3HAKK MECTHOCTH U JIpyTUe BUIBI criennpudeckor Gpukcanmn [14].

K. JlopeH1 KoHCTaTHpOBaJl, YTO MHCTUHKTUBHOE MOBE/ICHNE KUBOTHOTO SIBIISIETCS] BHYTPEHHE
MOTHBHUPOBAaHHBIM. KITtoueBble CTUMYJATOPbI TAaKOTO TIOBEJACHUS BO3HUKAIOT B pe3yJjbTaTe
umnpuHTUHra. Pazpabareias Teopuio nMnpuHTUHroBanus, K. JlopeH Bbiienu crieayromue cBoicTBa
(uepmul) IMITPUHTHHTA, OTIMYAIOIINE €T0 OT KJIACCUYECKOT0 aCCOIMAaTUBHOTO o0y4eHus [ 15].

Bo-nepBbIX, UMNPUHTHHT BO3HUKAET JIMIIb B OTPAaHWYCHHBIA TEPUOJ JKU3HU. OTOT
YyBCTBUTEIbHBIN, WIM KPUTUUECKUN, MEPUOJ KU3HU XaPAKTEPHU3YETCs KaK MEPUOJ MMIIPHHTHOU
ysi3BUMOCTH. [[mst  popmupoBanuss wuMmnpuHTHHTA (00pasza, 3amyCKaromiero BIIOCJIEICTBUH
OTIpeIeIEHHOE TIOBEACHUE) POAMUTENS Y HOBOPOXKIEHHOTO €CTh BCEr0 HECKOJIBKO YacoB, KOTJa €ro
MO3T OTKpBHIT JUIsI 3almicH 00pa3a, BOCIPHUHUMAEMOTO KaK «pPOIUTEIb» W BBI3BIBAIOIIETO
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COOTBETCTBYIOIIEE MOBEJACHUE ACTEHBIMA. Y Ppa3HbIX BUAOB >KMBOTHBIX MepHOJ (HopMHUpOBaHUS
MMIIPUHTHHTA Pa3InYacTcs M0 BPEMEHH, B COOTBETCTBUU C UX T€HETHUYECKMMH OCOOCHHOCTSMHU U
BO3MOKHOCTBIO BOCIIPUHATH U YCBOUTBH CUTHAJIBI BHEILIHETO MHPA.

I'. XopH B cBoei pabote [16], oTMeuaeT, 3anedaTiieHue IPOUCXOUT JIUIIb B [IEPBHIC JTHU HITH
HEJIEJH TOCTIe POXKACHUS JKUBOTHOTO. Y JIOCEH, HAIPUMED, ITOT MEPUO UMIPUHTHUHTA JTATCS JI0
TPEXTHEBHOTO BO3pacTa, y TUKUX KabaHOB — 2-3 HEJENHu, Y cephiX Tycell Hanbomee akTuBHas ¢aza
MMIIPUHTHAHTA HauyuWHajack ¢ 13-16 9acoB mocie poKIeHWs W JJIIach BCETO OAWH JeHb. A y
YeJI0BEUYECKOro MIIaJIeHIIa — OT 6 HeAelb 10 6 MecAleB.

Bo-BTOpbIX, Tpomecc 3amnedarieBaHus — HeoOpaTuMm.  OJHAXIBI  3aBEPUIMBIIUCH
(hopMUpOBaHHEM COOTBETCTBYIOIIETO UMIIPUHTHUHTA, OH HE MOKET OBbITh MOMPABJICH WM U3MEHEH.
Ecnm y nreHna rycst mpou3omién UMIPUHTHAHT TI0 OTHOIICHHIO K MITUIIE JPYTOTo poja WA YEIOBEKY
(kak 3TO ciIy4msioch B ombiTax JlopeHIna), TO MO3AHEHUIINIT KOHTAKT C NTHIIAMH CBOETO BUAA HE
ycTpassieT 3¢GeKT paHHETo onbITa. B oTiu4me oT yCIOBHBIX pe(IIEKCOB, KOTOPHIE HAYHYT yracarh,
€CJIM MX HE MOAKPEIUISTh JOJTrO€ BpeMsi, HMIOPUHTUHI HE yIracaeT U COXPAHSETCS MOKU3HEHHO.
3anucaHHBIN OHAXIBI B MMaMSITH 00pa3 HE McYe3aeT, He ociabeBaeT. boiee Toro, orpuiareasHoe
MOJIKPEIJICHHE MPUBOIUT HE K YTacaHUIO 00pa30BaBIIEHCs CBS3HU, a, HAIIPOTUB, K €€ YCUJICHHIO.

B-Tperbux, pe3ynbTaThl UMOPHHTHHTA HMEIOT TPOJOHTUPYIOIIEE ICHCTBHE W BIIUSHUC
BIOCJIEACTBUU HA IPYTUE aCMEKThI MOBEICHUs. Tak, UMIPUHTUHT POAUTEIIS OKa3bIBAET BIUSIHUE HA
CEeKCyaJbHOE TIIOBEJICHHME, OMpENeysis HaMpaBICHHOCTh IIOJOBOTO BiieueHusa. Haxomsiace B
€CTECTBEHHBIX YCIOBUAX, KAXKIbIM JETEHBIII BO BpeMs KPUTHUUYECKOTO MEPHOJia BOCIPUHUMAET
CUTHAJIbI OT POAUTENEH U BbIpadaThIBAET B CBOEM CO3HAHNUU 0000IIEHHBIN 00pa3 COOCTBEHHOT0 BUAA.
DT0 ¥ ompenenseT BIOCIEACTBHM OYEHb BAXKHBIN JAJsi MPHUPOJBI 3aKOH KH3HU B COOOIIECTBE —
BEPHOCTH CBOEMY BHUY. DTO KacaeTcsl pbl0, MTHUII, MICKOMUTAIOIINX.

B-4eTBépPTBIX, UMIOPUHTHHT MOXKET COJEpXKaTh HE TOJBKO 3pPUTENBHBIM 00pa3, HO H
3amaxoBbId (0OOHAMeNbHbLIL), U TaXKe 3BYKOBOM. Tak, y yTAT 3anevariiecHue poAuTeNIed HAaUMHACTCS
emi€ 10 poxkaeHud. [Ipy HacwxkuBaHUM yTKa W3MAaET XapaKTEpHOE KpsSKaHbE, KOTOPOE YTATa,
HaxoJsIIUecs B SIle, MPEKPACHO CIBIMAT. BBUTyMMBIIMCH, yTATa CICAYIOT 32 MaTEPUHCKUM
KpsikaHbeM. OHH yKe 3HAIOT U IIOMHSIT I'0JI0C MaTEpH. 3aCIIbIIIAB €r0, YTATa CMEJIO MOKUAA0T THE3I0
Y CIIyCKaIOTCsI Ha BOAY, HAMPABISISICH K MaTepu. BriBeleHHbIE B MHKY0aTOpE, yTATa KPSIKBBI JINIIIEHBI
roJIocOBOro 3arneyatieHus. OHU He Y3HAIOT 30Ba CAMKH CBOETO BUJIA M TIOTOMY HE CJIEIYIOT 3a HEM.

Brigensitor cneayromme BUAbI UMIPUHTHUHIA: COUMAIBHBIN, SKOJIOTMYECKUM, MUIIEBOU U
WHCTPYMEHTAJIbHBIN.

. CoumanbHblii MMIPUHTHHT — HaIpaBieH Ha (HOPMUPOBAHUE BHYTPHUBHUIIOBOTO H
MEKBHJIOBOT'O B3aUMOAEHCTBUS. Pa3nnuaioT Takue pa3HOBUIHOCTH COLUATBHOTO UMIIPUHTUHTA KaK
JIETCKUI, POJAUTENBCKUI, TTOJIOBOW Y BUJIOBOM.

. JKO0JIOrHYeCKHii HMIPUHTHHI — 3aM€YaTieBaeT OCHOBHBbIE MPHU3HAKU CPEIbl
oOWUTaHMs KUBOTHOTO. DTO TO3BOJISET BITOCIEICTBHM BOBpPEMsI HUICHTU(DHUIIMPOBATH 3HAKOMBIC
YIPO3bl U1 HE3HAKOMBbIE MTOI03PUTEIBHBIE CUTYallUH U U30€KaTh OMACHOCTH.

. IInieBoii MMIPUHTHHT — CIIOCOOCTBYET O0YUEHHIO cr1oco0aM JOOBIUHU MPOITUTAHUS,
CIIOCOOHOCTH OTJMYUTH MPUTOJHOE B MHUINY OT HEMPUTOJHOTO, OIEHKE KOJIMYeCTBA W KauecTBa
MUIIEBBIX PECYPCOB B TOW MM MHOW MECTHOCTH.

. HNHcTpyMeHTANIBHBII MMOPUHTHHT — CIIOCOOCTBYET BBIPA0OTKE JIBUTATEIHHBIX
peakIuii, HEOOXOIUMBIX JIJIsl )KM3HU B CYIIECTBYIOIIEH Cpeie.

JNUreHeTH4eCKUii MEXaHM3M N'eHOMHOI'0 UMIIPUHTHHIA JIOCOCEH

B ecrectBeHHOU mNpupOaHON cpele Yy MIICKOMUTAIOMIUX >KMUBOTHBIX (MEIBEICH, JIOCEH,
BOJIKOB, KaOAHOB, CJIOHOB, TUTPOB U JIbBOB, KOCYIIb U JAPYTUX BUAOB), Y MHOTUX NTHI] (Jiebenei,
rycei, yTOK, JJaCTOYEK, CTPIKEH U T.J.), B TOM YHCIIE€ JOMAalIHUX, Y MOPCKUX JKUBOTHBIX (KHTOB,
nenb(QUHOB, CUBYYEH, HEpH, aKyJl W JIp. BHJOB) y HOBOPOXIEHHBIX B MPOIIECCE HMMIPUHTHUHTA
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(UKCUPYIOTCS OTIMYUTEIbHBIE TPU3HAKH O0BEKTOB HEKOTOPBIX BPOKIEHHBIX TOBEACHYECKUX aKTOB
POIUTENBCKUX 0COOEH M TUIUYHBIX NMPU3HAKOB BHJA, OpaTheB M CECTEP, MUIIEBHIX OOBEKTOB U
JPYTUE YEPTHI.

VY THXOOKEaHCKHX JOCOCEH KU3HEHHBIA LIMKJ HAUMHAETCS U 3aBEPILIACTCS HEPECTOM HKPHI B
POIOBBIX TPABUMHBIX THE3AAX B POAHOM MPECHOBOJHOW PEKE C MOCHEAYIOUIEH T€HETUYECKH
3aMporpaMMHPOBAHHON THOENbI0 poauTeneil — caMOK M caMIOB. OTH (aKTOpbl CYLIECTBEHHO
YCIIOXKHSIIOT MPOBEJICHUE UCCIIeI0OBAaHUI B AMOpHOreHe3e U OHTOIeHe3¢ TUXOOKEAHCKUX JIOCOoCel u
M3y4eHHE MPoLecca TeHOMHOIO0 UMIIPUHTHHIA Y JIMYUHOK U MaJIbKOB JIOCOCEH.

JKW3HEHHBIN ONHBIN [UKII IPUPOJHBIX TUXOOKEAHCKUX JIOCOCEW HAYMHAETCS B IPAaBUMHOM
J0Ke U OOBIYHO 3aKaHUMBACTCA B BEPXOBBSAX POJOBOIO Pyubs WIM PEKU. MHOTOJETHHE POAOBBIC
peUHbIE MecTa HepecTa SIBJISIOTCS JIOCOCEBBIMU NMPUPOAHBIMU MMUTOMHHMKAMH, o0ecnieunBasi Oosee
3aUIIEHHYIO Cpely OOUTaHMs, B OTIMYMU OT MPUOPEKHBIX MOPCKUX MEJIKOBOJIHBIX aKBATOPUH U
CYLIECTBYIOIINX TEXHUYECKUX YCIOBHUH Ha JIOCOCEBBIX PHIOOBOJHBIX 3aBOJAX, KyJIbTHBHPYEMBIX
MOJIOJTb PHIOBI.

ITo muenuto H. Ueda (2012), nekotopsie crnenupuyeckre (HakTopbl BHYTPUYTPOOHOTO
pa3BUTHS OTPAXKAIOTCSI HA HEPBHOM CUCTEME MOJIOAM JI0COCEN BOBPEMSI UMIIPUHTUHIOBOM MU ALK
BHU3 [0 TEUEHUIO PEKU B MOpE, M B3pOCiIbIE 0COOM JIOCOCEH HCMONB3YIOT 3THU (HaKTOPHI AJis
pacrno3HaBaHUs CBOETO POJAHOI0 PEYHOT0 OTOKA BO BpEMsl HABUTAI[MOHHOM MUTpaIK BBEPX IIPOTUB
TeueHus: Ha HepecT [17]. JKu3HEeHHBI LUK TUXOOKEAHCKUX JIOCOCEH HAYMHACTCS M 3aBepIIaeTCs
HEPECTOM C TIOCIeayIoel THOenbl0 B OJHOW M TOH K€ MPECHOBOJHON pEKe, HMEIIICH
crnenuguUecKkre, HEMOBTOPUMBbIE B JAPYTUX pYyuybsiX, pPEUKax M MPUTOKaX, HH(GOPMaLUOHHbBIE
¢usnveckue T1oJisA, MEPEeHOCALINEe B3aUMOJCHCTBUE MEXIY MAaTepUATbHBIMH OOBEKTaMU U
OuosiornueckuMu opranusmamu [ 18].

Bo3Bpamenue u HepecT B POAOBBIX PpeKaxX MHOIOYHUCJIEHHbIX MONYJISIMT
THXO00KEAHCKHX JIOCOCeH, coep:KaluX OMOreHHbIH MAarHeTUT B TKaHAX ITMOM/1A Yepena pbio,
MHOIME ToJbl NPOMCXOJAMT B OJHMX M TeX ’Ke TOYKAX reorpagpuuecKkux KOOpAHHAT, €
AMANIA30HOM B3aMMO/IEiiCTBHS JIOCOCEH OT TOYKHM NepecevYeHusi IPaJMeHTOB HANPSIKEHHOCTH U
yIJ1a HaKJIOHA 3JIeKTPOMATHUTHOIO M0Js 3eMJIU, BBepX NPOTUB TeYeHHs] U BHU3 110 TeYCHHUIO
pexu, oueBuaHoO, 1015 meTpos.

Juama3zonHast 30Ha Hepecta jococeit B 20-30 M B TOYKEe mMepecedyeHus TIpaJueHTOB
HaIpsDKEHHOCTH M yria HakioHa OMII 3emMnm moaTBep:kaaeTcs MHOTOJETHHMH IOBEICHHUSMHU
MOMYJISIUI JOoCOCEN MPH OYE€Hb MHOTIOYHMCIEHHBIX MOAXOAax pblObl B peku. Ilpaktuuecku Bce
JIOCOCH, POXKIEHHBIC B KOHKPETHOM MecCTe (Koopouramax) peku, B cliydae, eClid YKe «8 po0osom
nomecmoey 3aHATHl X TPABUMHBIE THE3/AA 3aJ105)KEHHOM OILUTOAOTBOPEHHOM UKPOU JIOCOCEH ITOM Ke
MOMYJISILUH, TO OHU MX Pa3pbIBalOT, BHIKU/BIBAIO UKPY M «OTKJIAJBIBAIOT» CBOIO OIUIOJOTBOPEHHYIO
UKpY, 3apbiBas rpaBueM. Moriau Obl 3TH JIOCOCH MOJIHATHCS BBepX Mo peke Ha 100-200 m wumwm,
HarpuMmep, Ha 1-3 kM u ganbiie u otHepecTUThCs? MckioueHo! KoHkpeTHO-KoOpAMHATHAA
reorpaguyeckasi TOYKa HHIAYKUHMHU JIEKTPOMATHUTHOIO MOJs 3eMJIH — HX pPoAoBOe I'He3/10!
POIMHA! JT10 3aK0H NPUPOABLI VI BCEX KUBBIX 0MOTOTHYEeCKMX OPraHU3MOB Ha IJ1aHeTe!

Bocnpou3BoacTBo moToMCTBAa THXOOKEAHCKHX JIOCOCEH Bceraa MpoOMCXOAMT B CBOHX
OJHMX U TeX ’Ke PeYHBbIX POAOBBIX THE3NAX, KAK U MHOIMX [PYIruX pbI0, a Takxke NTHI,
JKMBOTHBIX, HACEKOMBIX, 4YTO OO0YCJOBJECHO TeHEeTHYeCKH CHOPMHPOBAHHBIM U
3allpOrpaMMMPOBAHHBIM HMIIPUHTHHIOM IPH POKICHUM.

B oHTOTEeHe3e HIMOpPHOHATBLHOE M TOCTIMOPHOHAIBHOE pPAa3BUTHE SIBJISFOTCS CaMBIMH
BOKHBIMH B KM3HM BCEX MJICKONHMTAIOIINX, TIOCKOIBbKY 3aKIaJbIBAIOTCA BCE  OCHOBBI
NCUX0(U3MUECKOTO 370POBbs U MOBEIcHHS. B miporiecce smOproreHe3a, OHTOreHe3a U TajibHEHIIIero
KU3HEHHOTO IMKJIa THUXOOKCAHCKUX JIOCOCEH CYIIECTBCHHOC 3HAYCHHEC WMECT BIIHSHHC
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SMHUIreHeTHYeCKUX (DaKTOpoB, BoO3AeHCTByromMX Ha reHoM [11]. Mexanusm GdopMHupoBaHHUs
UMIIPUHTHHTA W €r0 BOCIPOM3BOJACTBO Yy TUXOOKEAHCKUX JIOCOCEH, KaK M y APYTUX BHUJIIOB PHIO,
3aJ10’KE€H TeHETUYECKHU.

JNUreHeTH4eCKUil MeXaHW3M TeHOMHOI0 MMIIPUHTHHIA 3aKIIOYaeTCsl B PEryJiluu
9KCIIPECCHM TOMOJIOTUYHBIX T€HOB B IIPOLECCE PAa3BUTUS OpraHM3Ma B 3aBUCHUMOCTH OT
POAUTENBCKOTO MPOUCXOKICHUS Te€HA, XpPOMOCOMBI WM reHoma. [lpu snureneTuueckom mporuecce
JKCIIpecCHsl OINpeaeIEHHBIX T€HOB OCYLIECTBIIECTCS B 3aBUCUMOCTH OT TOTO, OT KaKOI'O POJIUTEIS
noctymwin ayienn. HacrnemoBaHue MPU3HAKOB, OMPEEISEMbIX HMIPUHTHPYEMBIMU TE€HAMH,
ocyliecTBIseTcs nocpeactsom Metwirpoanusa JIHK B mpomotopax, BCIEACTBHE KOTOPOTO
TPAHCKPUIILIUS TeHa OJIOKUPYETCs, YTO U 00yCIaBIUBaeT 00Opa3oBaHue KiIacTepoB B reHome. COopka
MMIIPUHTAPOBAHHBIX TEHOB B IUIOTHBIC KIJIACTEPHI SBISICTCS KOHTPOIUPYIOMIUM MEXaHHU3MOM
TEeHOMHOI'0 HMIIPUHTHHTA Y Mitekoruratomux [19, 20].

Omnpenenstorieil XapaKTepPUCTUKOW T€HOMHOTO UMIIPUHTHHTA SIBJIIETCS €r0 JIecTBUE B CIS-
KoHburypanuu. KiroueBbie 0cOOEHHOCTH FT€HOMHOTO UMIIPUHTHHTA y MiieKonuTaromux [20, 21]:

* CIS-7ICHCTBYOIIUI MEXaHU3M.

* PesynbpTaT ocoOeHHOCTEH HAClIeJOBaHMUS, a HE MOJA.

* VIMOpPUHTHL SIBISIOTCS 3MUI€HETHUYECKUMH MOAN(PUKALUAMU, TPUOOPETAEMBIMU OIHON
POIUTENBCKON TaMETOM.

* IMOpuHTHPOBAaHHBIC TEHBI B OCHOBHOM COOpPaHBI B KJIACTEPHI BMECTE C HEKOAUPYIOIIEH
PHK.

* UMnpuHTEI MOTYT MOAM(PUIIMPOBATH YIAIEHHBIC PETYJSTOPHBIE JJIEMEHTHI, KOTOPHIE
JIEUCTBYIOT HA MHOXECTBEHHBIE TCHBI.

* IMOpUHTHPOBAaHHBIE T€HBI UTPAIOT POJIb B PA3BUTUU MIIEKOMUTAIOIIHX.

C nomo1pto pa3sHOOOPa3HbIX SMUTCHETUYECKUX MEXAHU3MOB OCYIIECTBISETCS CAllJICHCUHT
— MPOIIECC MOJIABICHHUS SKCIPECCUU TCHOB (BBIKIIFOUSHHE TEHOB) M PeryJisiiuu reHoB [22]. [Ipu aTtom
MOCJIEIOBATENIbHOCTh HYKJIECOTHIOB HE M3MEHSETCs, a JIMIIb [PEeKPallaeTcs SKCHPEeCcCHs
COOTBETCTBYIOIIETO T€HA.

CaliJIeHCUHT TEHOB MOKET IPOUCXOANUTD HAa TPAHCKPUIILIMOHHOM U IIOCTTPAHCKPUIILTUOHHOMY
posHe [23]. BeIkiTroueHre FTeHOB Ha YPOBHE TPAHCKPHIIIIMK — 3TO PE3yJIbTaT MOAU(PHKAIIHHA THCTOHOB,
B IreTepOXpOMATHHE, KOTOpask MMPUBOJIUT K TOMY, YTO cooTBeTcTBYyrone ydactku JIHK cranoBsTcs
HEeOCTYNHBIMU Ut anmapara TpaHckpurnuui (PHK-mommmepasza) um (akTopoB TpaHCKpHITLIUH.
BrikiroueHne TreHOB Ha TOCTTPAHCKPUIILIMOHHOM YPOBHE SIBJIIETCSI PE3YJBTATOM Pa3pyLICHUS
(merpamanun) MPHK cootBerctBytommx renoB. Paspymenune MPHK npensitctByer Tpancisiuuu u
(hOopMUPOBAHMIO MPOYKTA TeHA (noaunenmuoa, benxa). OOIMUNE MEXaHU3M TOCTTPAHCKPUTIITHOHHOTO
caiiiiencunra reHoB 31o myTb PHK-unTepdepentmu. O6a myTH BBIKIIOYEHUS T€HOB UCTIONB3YIOTCS IS
perynsiuuu COOCTBEHHBIX T'€HOB. MeXaHM3Mbl CallJIeHCUHra T€HOB TaKXKE€ 3alllMIIAI0T OPraHu3M OT
TPaHCIIO30HOB U BUPYCOB. [103TOMY BBIKIIIOUEHHE T€HOB MOXET OBITh YaCThIO IBOJIOLMOHHO APEBHEH
MMMYHHOW CHUCTEMBI, 3auinatonieit ot uyxepoanon JTHK.

UMITPUHTUHT OBOE ®OPMUPOBAHME MMOKN3HEHHOM MAMATH

Y psna BUIOB KHBOTHBIX U PHIO B SMOpHOTeHE3€ M OHTOTE€HE3e WHIWBUIYAITbHO H
TeHETUYECKHU 3alpOrpaMMUPOBAHHBIN UMIPUHTHHT — 3a1leyaT/IeBaHUs B TaMATH, IPOUCXOUT OUYEHb
ObICTPO B OMpe/eiEHHbIe KPUTUYECKHE MEPUOJbl JKU3HU Yepe3 «KIIOUEBbIe» PpELEeNTOpHBIC
CTUMYJISITOPBI (CUSHAbHBIE PA3OPaAdNCUMENU, AGIIOUUECS NYCKOBbIM MEeXAHUZMOM) B HECKOJBKO
KpaTKOBpPEMEHHbIX (a3. MexaHu3M UMIPUHTUHTA (3aneuamiesanus u 3aKpeniienus 8 namsamu) y
TUXOOKEAHCKHUX JIOCOCEH (pOPMUPYET T0JITOBPEMEHHYIO TOKU3HEHHYIO MaMSITh.
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1. IlepBas cayxoBas 1 000HsATeIbHAsA (ha3a HUMIPUHTHHIA IPOMCXOJUT B ONPEACIEHHbIE
KpaTKOBPEMEHHBIE TIEPUOJbI Y Pa3BUBAIOIIUXCS 3MOPHOHOB B JIOCOCEBOM WKpe, HaXOMSIIEHCS B
POIIOBBIX TPAaBUMHBIX THE3IAX.

1.1. Yepes ToHKHE TPEXCIIOIHBIE MEMOpPAaHHBIE 000IOUYKH UKPBI, SMOPUOHBI Pa3BUBAIOIIUXCS
Jgococeil ¢ oOpa3oBaHUMEM ceplla M KPOBEHOCHOW CHUCTEMbI, KPYIHOIO MO3XKeuka, snuduza u
runodusza, yepe3 GopMHUpYyOLecs OOOHATEIbHBIE JOJH, CIyXOBBIE PELENTOPHI 3aledyarieBaroT
MO’KU3HEHHO Ppa3jIMYHble MepeIrBUYaTO-Kypyalllie 3BYKH PEYHOrO IMOTOKA, IMPOXOJSIIET0 Yepes
poaHble HepecToBble TrHe3la. K MOMEHTY MCYE3HOBEHHs JKEJITOYHOW NPOOKH XPYCTaUKU
OTIEJSIFOTCSL OT SKTOAEPMBI M TOIPYKAIOTCSl B TIyOb IJa3HBIX OOKaloB, (OpMUpPYS 3peHue
AMOPUOHOB JIOCOCEH.

1.2. Bona ka0l OTICIBHON PEeKH M BOJOTOKA UMEET MEKMOJICKYJISIPHBIE ONpeaeiEHHbIC
KOHIJIOMEpaThl, s KOTOPBIX XapaKTepHbl CTPYKTYpHO-MH(MOPMALMOHHBIE XapaKTEePUCTHKH,
00yCIJIOBJIEHHbIE CIIOCOOHOCTBIO €€ MOJIEKYJl 00pa30BBIBATH MEXKMOJEKYJIApHblE O0Opa3oBaHUS —
accolMaTthl, KJIAcTepbl W KIaTpaThl, B ApXUTEKTOHMKE KOTOPBIX KOAUpYeTCcs HHGOpMaIus o
B3aUMOJCHCTBUAX, HMEBUIMX WM MMEIOIUX MECTO C AHAJIOTMYHOM TEKylled BOJOM.
WHbopMallMOHHBIMM HOCUTENSIMHU  SIBISIIOTCA  (U3MYECKUe TMOoJisi (JIEKTPUUYECKUE, MarHUTHBIE,
JJEKTPOMAarHuTHbIE, TPAaBUTALMOHHBIC, BHUOPALIMOHHBIE), TO €CTh, MaTE€pPHAJIbHbIE CPEIbI,
MEPEHOCAIINE B3aUMOJICHCTBUE MEXIY MaTepHajbHbIMH OOBEKTaMU M HHGOpPMAIHMIO 00 3THX
o0beKTax u ux B3aumojeicTeuu [18]. B Bojae mos Bo3meiicTBHEM Pa3IUYHBIX MOJIEH 00pasyroTcs
pa3Hble MEXMOJIEKYJIsIpHble oOpa3zoBaHMsa. BonHas cpena mpencraBiseT coOoil konebaTeabHYyIo
CUCTEMY C COOCTBEHHBIMH YacCTOTaMU KaK 3JEKTPOMArHUTHBIX, TaK W BHOPAIIMOHHBIX IOJIEH,
CO3/1aBacMbIX ITOCTOSIHHBIM JIBUKEHUEM BOJHBIX aCCOLMATOB U MOJIEKYJI BOJBI B HUX U 3apsKEHHBIX
snemenToB H 1 OH™ 1m0 BOJIOPOIHBIM CBSI3sIM. DJIEKTPOMArHUTHAS BOJIHA, [TONAIAIONIas B PEUHYIO
BOJly, peo0pa3yeT B BOJHOBOE ABIM)KEHHE MOJEKYJSPHBIE CTPYKTYPBI, PACIIPOCTPAHSIIOIIUECS O
BOJIOPOJIHBIM CBsI3sIM [24].

Bremnue ¢usnueckue Bo3AeiCTBHS Ha BOJAHbBIE CUCTEMBI TPUBOAAT K AP PEKTy aKTUBALIUHU —
MIPUIaHUIO BOJIE OCOOBIX CBOMCTB, «CTPYKTYpPHOI MaMaTu» BOAbL. [Ipu pa3nnyHbIX BO3IEHCTBUSAX HA
BO/y (KaKk (hU3MYECKHX, TAK U XUMHUYECKHX), OHA CIIOCOOHA N3MEHATh CBOU CBOICTBA U CTPYKTYPY,
YTO MO3BOJISIET Ha3BaTh €€ aKTUBMPOBAHHOM, TO €CTh, UMEIOIIEH M30bITOYHBIN 3armac BHYTpPEHHEN
SHEPTUM JIUTEIBHOE BpEMSI.

1.3. TlpuponHast BoAa B €CTECTBEHHBIX YCIOBHIX CIIOCOOHA M3MEHSTH CBOW OKHCIHTEIBHO-
BOCCTQHOBUTENIbHBIA MOTEHLIHUAN (pedokc-nomenyuan). [lon Bo3neiCTBUEM 3J1€KTPOMArHUTHOTO
moJisg 3eMJIM BOJla ¢ HU3KMMU 3HAUEHUSIMU PEIOKC-TIOTEHIIMaa SBISETCS] OMOIOTrMUeCKH aKTUBHOM,
TaK Kak IpoIecchl MeTadolM3Ma Ha BCEX YPOBHSAX OPraHU3allMM KMBOTO 3aBHCAT OT H30BITKA
CBOOOJTHBIX JIEKTPOHOB B CBSI3aHHBIX COCTOSHHSX BOJBI opranu3ma [25]. CriocoOHOCTh PUPOIHBIX
cUCTEeM o00oramarbcs SJEKTPOHAMU (TO €CThb, KOHLEHTPUPOBATh HX), NMPOTUBOPEUUT 3aKOHAM
muddy3un.

IIpu BO3aEHCTBUM HA BOY DJIEKTPOMATHUTHOIO TOJIS €€ OKMCIUTEIBHO-BOCCTAHOBUTEIBHBIN
MOTEHIIMAJ TpeTeprieBaeT pe3Kue mepenagbl B 00acTH OTPHUIATENbHBIX 3HAYEHMH, KOTOpbIE B
MOCJIEAYIOIEM MOHOTOHHO IOBBIIIAIOTCSA. OJTO YKa3blBa€T HA TO, YTO B BOJAE NEPUOAMUYECKU
MIPOUCXOJAT MPOLECChl MEPEeHOca MAaKpPOCKONUYECKUX MAKETOB 3JIEKTPOHOB C IOCIETYIOMIUM
MOCTETIEHHBIM 00pa30BaHUEM B BOJIC aKTHBHBIX (opM kuciopona [26, 27].

1.4. Tlpoucxoasuiye pa3HOCTOPOHHUE MPOIECCHl B BOJAE OKa3bIBalOT HEMOCPEICTBEHHOE
BO3/ICHCTBUE Ha Pa3BUBAIOIIMECS SMOPHUOHBI B JIOCOCEBOM MKpE, IMOCKOJIBKY OOOJIOYKH HMKPHUHOK
IIPOHMIIAEMBl Y€pe3 CETh OTKPBITBIX MUKPOKAHAIOB. 3peiibleé MKPUHKU JIOCOCEBBIX PBIO, KaK U
KOCTHCTBIX PBIO, IOKPBITHI TPEXCIOWHON 3aLIUTHON 000I0UKOM, KOTOpasi, TOMUMO 3aIIUThI, UTPAET
BOXHYIO pOJIb B Ta3o00MeHe u obOecneynBaeT 3(PEKTHBHOE BBIBEICHHE METAOOIUTOB
[28]. 3HavyanbpHO 000I0UKa MKPHHKH JIOCOCS POHUIIAEMa, II03TOMY MKPUHKA, TOMEIIEHHAS B BOY,
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HE3aBHCHMO OT TOrO, OIUIOJOTBOPEHA OHA WJIM HET, MOorjouiaer BoAy. B pesynbraTe Mexmy
000JIOUKON W SIMIEKICTKON (JHCemouHol KIemKou, OKPYICEHHOU YUMONIA3MOU C 2anI0UOHbIM
s0pom) 00pa3yeTcsi TEePUBUTEIUIMHOBOE TIPOCTPAHCTBO, 3alOJHEHHOE KHUIAKOCTBIO, KOTOpas
COZICPKUT HE TOJBKO BOJY, HO U KOPKOBBIE aJIbBEOJIbI C TUIPOPIIBLHBIMU BemecTBamu [28, 29, 30].

Cnennduueckn »>NHUreHeTHYECKAsi APXMTEKTOHHKA PpedyHoii Boabl QuUKcHpyeTcs
CJIYXOBBIMH KAaICYJaMH U O0OHSATEJbHBIMH pelenTopaMu 3MOPHOHOB J10COCEBOIl MKPHI HA
reHeTHYECKOM YPOBHE€ MOKM3HEHHO, CHOCOOCTBYSI WMIPHHTHHIOBOMY (OpMHPOBAHUIO
KM3HECTOMKOCTH M XOMHMHI'Aa THXO00KEAHCKHX JIOCOCEH.

2. HanGosiee akTuBHasA BTOpasi (pa3a MMIPUHTHHIAa — (PUKCAIUSA MECTOHAXOMKIACHUS
POIOBOr0 TrHe3Ja B TOYKe HHAYKIHH JJIeKTPOMATHUTHOIO MOJSI 3eMJIM, IPOUCXOIUT B
HayaJbHOM MEPHOAE PAZBUTHUS JIMUMHOK JIOCOCEH 1OCie BBUIYIUIEHUS U3 000JI0UEK UKPBI.

2.1. YcrmemHoe BBUTYIUICHHE W3 MKPHHOK HMMEET pEIIarolliee 3HAYCHHE ISl BEDKHUBAHHS
JTMYUHOK JIococel. Brinenenue hepmMenTa XOpruoHassl B IEPUBUTEIUTMHOBOE MPOCTPAHCTBO UKPUHKU
IIPUBOJUT K pa3pyLIEHHIO €€ 000JI04KH U OCBOOOKIECHUIO SMOPHUOHA, U B3aUMOCBS3aHa C BETMUNHON
HHIYKIUH 3JIeKTpoMarauTHoro mojst 3emutu [31, 32, 33].

Boiiias U3 0005104Y€K JIMYMHKHU JIOCOCEN MPOAOJIKAIOT IMUTAThCSl MAaTEPUHCKUMH 3aracamu
OEIKOBO-JIMIUIHON MUILH, 3aKIFOYEHHBIMU B )KEJITOYHOM MEIIKE, U OCTAI0TCS HEMIPOJOIKUTENIEHOE
BpeMs JIeXKaTh Ha TPYHTE MEXAy KaMHSIMU HEPECTOBBIX OyTpoB. DHJIOT€HHOE MUTAaHUE CBOWCTBEHHO
SMOpPHOHAM U COXPAHSETCS ONpPeeNEHHOE BpeMs IOCIIE BBUTYIUICHHS IMYMHOK JIOCOCEH U o bEéMa
UX Ha IUIaB.

W3BECTHO, YTO COJHEUYHBIM CBET HA MKPY M BBUIYNMBIUMUXCS JUYHUHOK JIOCOCEH IEHCTBYET
orpunarensHo [34]. ComHeuHbIl CBET BBI3BIBAET 00ECIIBEUNBAHUE SPUTPOLIUTOB U YMEHBIIIEHUE HX
KOJINYeCTBa. Y CTAHOBJICHO y4acTHE KAPOTUHOUOB B CBETOUYBCTBUTENIbHBIX peakuusax poio [35]. K
KOHIly NIpeObIBaHMs B THE3/aX CBETOOOSI3Hb M IMOJIOKUTENbHAsl TAKTUIIbHAS PEAKLUs JIMYMHOK
nococeit ociabeBaeT. [lepBbie BBIXO/AbI U3 HEPECTOBBIX THE3] IMYMHKH JIOCOCEH COBEPILAIOT HOUBIO,
a JAHEM OHM CHOBa HpsSUYyTCs MO KamMHHU. I30eras spkuil CBET JWYMHKU PbHIO IOCTENEHHO
NpUOINKAIOTCS K BOJTHOW TOBEPXHOCTH PEKU.

UYepesz 50-80 cyTok mociie BBUIYIICHHUS y JIMYMHOK JIOCOCEH OOHApPYKMBAIOTCS MPU3HAKH
repexoia OT OOTOHUM K OOILIUTaM ¥ Ha4aJIo IIPOTOIUIA3MAaTUYECKOI0 POCTA MOCIEAHUX, TPOUCXOAUT
muddepeHIMpoBKa Moja JIMYMHOK JIOCOCeH MpU 001el MHTEHCUBHOCTH 3JIEKTPOMArHUTHOTO TOJIs
3emutn [36].

2.2. AxtuBHas (haza UIMIIPUHTHHTA Y JIMYMHOK JIOCOCEH B COOTBETCTBHH C UX T€HETUIECKUMHU
0COOEHHOCTSIMH IIPOMCXO/IUT B OJIMH U3 MEPBBIX JHEH HAYaJIbHOT'O NIEPHUO/Ia PA3BUTHS M HAXOXKICHUS
Ha IPyHTE MEXy KaMHSIMHU HEPECTOBBIX OYI'pOB, U JUTUTCS, OYEBUHO, 22-25 4acoB.

MexaHu3M aKTHBHOM (pa3bl UMIIPMHTHHIA OCHOBAH HA B3aMMOCBSI3H JIOKAJIM30BAHHbBIX
OTJIO’KEHHI OJJHOIOMEHHBIX KPHCTAJLIIOB MATHETHTA CO CJIO’KHBIMH HEPBHBIMH OKOHYaHUSIMH
B TKaHAX J3TMOMJA 4Yepena JHYMHOK JIOCOCEH Yepe3 HEHPOHBI TajaMyca M THIIIIOKAMIIa
rOJIOBHOI0 MO3ra, CO3JAI0UIUX CUTHAJIbHO-MHGOPMAIMOHHbIEC B3aMMOAEHCTBHUA C TOYKOM
JIOKAJbHOW HANPSKEHHOCTH M yIJIa HAKJIOHA 3JIeKTPOMarHuTHoro moias 3emum [12, 37, 38].
buorenHslit MarHeTUT 00J1a/1a€T BBICOKOW PEAKTUBHOCTHIO HAa BHEIIHHUE JIEKTPOMArHUTHBIE OIS —
B MIJUTHOH pa3 CHJbHEE, 4eM JIF00O0i Jpyroi M3BeCTHBI MarHUTHBIA MaTtepuan [39, 40, 41].
Hampumep, OproiiHas mojocTb MEIOHOCHBIX MYEN COAECPKHUT MATHETUT CO CIOXKHBIMU HEPBHBIMU
OKOHYAHUSMH, MUTAIOLUMMH €r0, U MOXKET OOHapyKMBaTh KojeOaHHS WHIYKIUH CTaTUYECKOTO
MarHuTHOTO HOJIsl C OYEHb HU3KMMHU 3HA4YeHUAMH 10 26 HTa Ha (poHe 37eKTpPOMAarHUTHBIX MOsel
3eMHOU HaNpsHKEHHOCTH, YPOBHU KOTOPBIX HA TpH mopsijika Beimie (25-65 mxTn) [40].

B nepuoa KparkoBpeMEeHHOM AaKTHMBHOH (pa3bl MMIPHMHTHHIA HANPAKEHHOCTL B
KOHKPETHOH TO4YKe 3eMHOIl 3JIeKTPOMArHUTHOH KOH(UIypanuu 3amevyariieBaercsi uepes
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TAJaMyC U THIIIIOKAMII MO3Ta JIMYUHKAMM JIOCOCel NMOKU3HEeHHO U 3P deKT 3aneyatjieBaHUs He
yracaet M HeoOpaTum, (POPMHUPYS MPH ITOM IKOJOTHYECKYI0 JKM3HECTOMKOCTh TUX00KEAHCKHX
Jiococeii, XOMUHT ¥ coXpaHeHHe reHo(oH/Ia.

3. [InmeBas ¢a3a KPaTKOBPEMEHHOI0 MMIIPUHTUHIA Y TUYMHOK JIOCOCEN MTPOUCXOIUT HA
TeHEeTUYECKOM YPOBHE NIpU TEpPBOM OOyYEHHUH MAOOBIYM MPUPOJAHON MHINM, NPUOOPETEHUS
CIIOCOOHOCTH OTpECICHHUS €€ MPUTOJHOCTH, OIICHKE OOBEMOB MHUINEBBIX PECypCOB, W JUJIATCS,
ouyeBuAHO, 20-24 yaca.

Baxneiiimee Ouosornueckoe OTIWYUE JIMYMHOK JIOCOCEH COCTOMT B TEHETHYECKU
3aJI0’)KEHHONM TMepeopUeHTAIlMH K aKTUBHOMY MOOBIBAaHMIO NHUINKM W3 OKpyKarwomied cpensl. s
AaKTUBHOTO JOOBIBaHMS MUILK Yy JUUYUHOK (popMHUpYyIOTCS Mopdonoruueckue, pu3noaoruueckiue u
9KOJIOTHYECKHUE OCOOEHHOCTH, COXPAHSIOIINECS B TEUCHUE UX Mepruoia pa3BUTus. JIMUMHKH T0coCs
TOTOBSITCSI K HaUaJy aKTUBHOTO IMUTAHUS, UMes €€ OOJIBIIION OCTATOK JKENTKA B MEIIKE, U JJIST HUX
XapakTepeH NPOAOJIKUTENbHBIN CPOK CMEUIAHHOTO H/I0IN€HHO-3K30I'€HHOT'O MUTAHMSL.

Haxomsich emé B rpyHTE M MEXIy KaMHSMH B HEPECTOBBIX THE3JaX JUYMHKU JIOCOCEH
HAYMHAIOT O00BIBaTh MHUINY — JAETPHUT, JAUATOMOBBIC BOJOPOCIH, IMKJIONOB, HM3PEIKa MEIKUX
JMYUHOK XMPOHOMH/I, KOPMOBBIE OpraHu3Mbl B TpyHTE [34].

Hcnone3yss  mpuoOpeTéHHbIE  HMMIIPUHTHHTOBBIE  CBOMCTBA B TOYKE  HHAYKIHMH
3JIEKTPOMArHUTHOTO MO 3€MJIM, CTalKH JIMYUHOK JIOCOCEH MOJHUMASICh U3 HEPECTOBBIX THE3N B
TOJIITY BOJABI MPOOYIOT U MOEAI0T pa3HOOOpa3HbIe MEJIKHUE OUOIOTMYECKHUE OPTaHU3MBI.

Pa3Butre mManbpKOB JIOCOCEH B TPYHTE TaJICUHBIX THE3A A0 MO3JAHUX CTAJWMA TOBBIMIAET MX
BBDKMBAEMOCTb. BBl W3 TpyHTa, MaJbKH JIOCOCS TOJHUMAIOTCS K TIIOBEPXHOCTH BOJBI,
3arjaThIBAlOT IMY3BIPHKH BO3[yXa M 3aMOJHSIIOT MM IJIaBAaTEIbHBIN Iy3bIpb, O0ECIEYMBAIOIINIMA
CIIOCOOHOCTH YCTOMUYMBO YIEPIKUBATHCS B TOJIIE BOABI HA PA3TUYHBIX [NTyOHMHHBIX YPOBHSX.

CriexTp nuTaHusl MAJIBKOB JIOCOCEH TIOCTATOYHO IUPOKHU. OCHOBHBIMH MPEANIOUYUTAEMBIMU
MUIIEBBIMA OOBEKTAMH SIBJISIOTCS JTUYMHKU U KYKOJKHA XUPOHOMHMJI, HUM(BI MOJEHOK, BECHIHOK,
KYKOJIKH M B3POCJIbIE OCOOU Pa3IMUHBIX MOIIEK, KOMApOB, IMUUHOK MYX U IPyTHE OPTaHU3MBI.

Manbku 10coceit 1epkarcsi CTasiMu, KOOPJAUHUPYSI CBOM CHHXPOHHBIE JIBUYKEHUS, MTOJIb3YSICh
MPEUMYIICCTBEHHO 3pPEHHEM M B OCHOBHOM T€HETHUYECKH BPOXKIAEHHBIM 3(PUPHO-KBAHTOBBIM
MEXaHU3MOM B3aUMOJICUCTBUS MEXKIY 0CO0IMU CcBOEH momynsuuu. UHIYKIHUS 3IeKTPOMarHuTHOTO
1oJist 3eMJIA CITY>KUT OPUEHTHUPOM M CIOCOOCTBYET BBIXOAY MAJIbKOB JIOCOCEH U3 TajedHbIX THE3
Yyepes TOJILY BOJABI HA TIOBEPXHOCTH peku [42, 43].

4. Jkosa0ro-TreppuropuaibHas (paza HMIPUHTHHIA

DKoJjoruueckasl TeppUTOPHAIbHO-3MOIMOHANbHAS (pa3a UMIIPUHTHHTA y MaJIbKOB JIOCOCEH
MIPOMCXOJIUT Ha TOBEPXHOCTU BOJBI Yepe3 3peHHe M OOOHSHHE B 3MOLMOHAIBHO-CTPECCOBOM
COCTOSIHUMU (61nepable GUOAM «3EPKAI0» NOBEPXHOCIU PEKU U NEPBOZOAHHYIO NPUPOOHYIO 6epe208yio
cpedy), U AIUTCA, O4eBHIHO, 18-24 yaca. DKOJIOro-TeppuTOpHaIbHBIC 3arevyarieBaHns Y MaJlbKOB
Jococei depe3 3peHHe M OOOHSHHE CHOCOOCTBYET ITOKM3HEHHOMY 3allOMUHAHUIO OCHOBHBIX
MIPU3HAKOB M XapaKTEPHBIX OCOOEHHOCTEH OKpy’Kalollel cpeibl B JaHHOW TOUKE KOH(HUTypaluu
3€MHOI'0 JJICKTPOMArHuTHOI'O IIO0JIA. I/IMHpI/IHTI/IHF, Kak H Jro0oe APyroe HaydCeHHUEC, ITO3BOJIACT
MPUPOJHBIM MajibKaM JIOCOCEH MpHUCIOCcaOIMBATHCS K KOHKPETHBIM YCIOBHMSM CYIIECTBOBAHMS.
MOJ'IOI[I/I U B3pPOCIBIM MNPUPOJHBIM THUXOOKCAHCKHUM JIOCOCAM IIOKH3HCHHOC 3alcydaTiIiCBaHUC
MO3BOJISIET BOBPEMsI PACHO3HATH 3HAKOMBIE YTPO3bI, HE3HAKOMBIE IOJ03PUTENbHbIE CUTyallud U
BOBpeMsI M30€KaTh OMAaCHOCTH.

5. TlosoBasi ¢aza HMMNPUHTHHIA, OTHOCANIASCS K COLMAIBHOMY BHUAY, HMEET
OCHOBOIIOJIararoliee 3HaYeHUe MJIsi BOCHPOU3BOJCTBA IKMU3HECTOMKOIO 3/J0pPOBOTO IMOTOMCTBA
MPUPOJHBIX THXOOKEAHCKHX JIOCOCEH U CcOXpaHeHUs TreHo(oHIa B MPUIETAIONINX MOPSIX
CEBEPOTUXOOKEAHCKUX CTPaH.
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Haxopsch B ecTeCTBEHHBIX MPUPOIHBIX YCIOBUIX KaXKAas 0coOb B CTae MajbKOB JIOCOCEH BO
BpeMs1 KpUTHUYECKHX (pa3 MMIIPHHTHHTOBOTO TIEPHO/1a BOCIPUHUMAET 3(PUPHO-KBAHTOBBIE CUTHAIIBI OT
coponuyeil W BbIpabaThIBAET B CBOEM CO3HAHWU OOOOMIEHHBIM 00pa3 COOCTBEHHOTO BHJA.
Crnenugudeckue MpU3HAKU BHEIIHETO BHa Jococeit poga Oncorhynchus e MoryT ObITh 3amucaHbl B
reHax, a yCTaHaBJIMBAIOTCS MOJIOABIO JIOCOCEH MMEHHO B IPOLIECCE KPATKOBPEMEHHOTO UMIIPUHTHHTA,
JUISIILIETOCsl, OYE€BUIHO, 24-28 yacoB. ITOT (pakTOp BIOCIEACTBHM ONpeaessieT BaxKHEHIIUN 11
NPHUPOABI 3AK0H KM3HH B CO00IIECTBE — BEPHOCTH CBOeMY OMO0JIOTHYeCKOMY BHY!

VIMIIpUHTHHT, TO3BOJISAS JKUBOTHOMY, MOJIOMM JIOCOCEH HIAEGHTU(PUIMPOBATh U pa3idyarh
ONMM3KUX COpoAMYel, B TMEPHOJA IOJOBOIO CO3PEBAHUS TOMOTaeT MM BBIOpAaTh HECKOJBKO
OTJIMYAIOLIET0Cs MapTHEPA, 3a CUET Yero YCTAHABIMBACTCS PABHOBECUE MEXIY OJIM3KOPOACTBEHHBIM
CKpelIMBaHNEM (MHOPUIMHIOM) U HE POJCTBEHHBIM criapuBaHueM (ayTopuauHrom) [44]. B pesysnbraTe
II0JIOBOT'O UMITPUHTHPOBAHUSI CBOMX COOPATHEB JIOCOCH, JOCTUTHYB MIOJIOBO3PEIIOTO COCTOSIHUS, OOBIYHO
BBIOMPAIOT OpavYHBIX MAPTHEPOB, KOTOPHIE JOCTATOUHO, HO HE CIMIIIKOM ITOX0XKU Ha ATUX COPOJIUYEH B
cBoell nomyisanuu. [1ogoBoe MMIIPUHTHPOBAHME CYIIECTBEHHO IOBBIIIAET BEPOSITHOCTh OCTaBUTh
MOJTHOLICHHOE 3/I0POBOE TOTOMCTBO M COXPAaHUTh F'eHO(OHI THXOOKEAHCKHX JIOCOCEH.

B koHKpeTHbIe nIepuo/ bl SMOpPHOreHe3a U OHTOI€He3a 33 CUYET BHEIIHUX AMUICHETHUYECKUX
CTUMYJIOB y TPUPOJHBIX THUXOOKEAHCKHMX JIOCOCEH 3allyCKaeTCsl TE€HETHMYECKH BpOKIEHHBIN
MEXaHH3M IpPOorpaMMbl UMIIPUHTHHIA — 3ale4yaTieBaHusl, OCHOBAaHHOTO Ha (POPMHUPOBAHUH HOBBIX
HEeWpOHHBIX cBA3el. KpaTkoBpemeHHbIe ()a3bl MMIPUHTHPOBAHUS MPUPOJIHBIX THX00KEAHCKHUX
JIOcOcell Ha OCHOBE CO31aHUSl HOBBIX HEHPOHHBIX CBfi3eill (POPMHPYIOT 10JTOBPEMEHHYIO
NO0KU3HEHHYI0 IAMATh, 00ecnevynBasi IK0JOrHYeCKYI0 }KM3HECTOMKOCTh MPeICTaABUTE/IsIM pojia
Oncorhynchus, mexanu3M XOMHHTa, BOCIPOU3BOJACTBO 310POBOr0 MOTOMCTBA M COXpPaHEHHE
renoonga B Cesepnoii [lanuduxe.

HEWPOHHBIE MEXAHW3MbI UMITPUHTHUHT A

B cootBeTcTBUY € CYIIECTBYIOLIEH TEOPHEH B HEPBHOM CUCTEME UMEETCS, TaK HAa3bIBAEMBbIH,
BDONCOEHHBIN MeXaHU3M 8blc8000dcoenus. JIns npuBeneHUs ero B JAeWCTBHE, HEOOXOAMMBI
pENENTOPHBIE Pa3IpAKUTENN (3pUTENNbHBIE, 0OOHATEILHBIC, CIIyXOBbIC, TAKTHILHBIC WIH HHBIC),
WHIMBUYalbHbIE U1 KAXKIOTO BHJIA dKUBOTHBIX M 3alIPOrpaMMUPOBaHHbIE reHeTu4YecKu. [1o cyTH,
MMITPUHTHHT SIBJISIETCS TIEPEXOAHON (GOPMOIl MeX Ty HHCTHHKTOM U YCIIOBHBIM pediekcom.

NMOpuHTHHT — 3TO HE accolMaTUBHOE oOyudeHue. [TlaBHOE ero OTiu4Yue OT YCIOBHBIX
pednexcoB «Cobaku [TaBnoBa» B TOM, YTO UMIIPUHTHHT MPOUCXOAUT O€3 moAKperieHus. HelipoHsl,
3alyCKaloIie HMMIPUHTHHT, Kak Obl, 3alyCKalOT CTUMYJI BpOXKIAEHHOW mporpammbr [45]. B
KUBOTHOM MHpE JETEHBIII BIOMpAaeT MaTh 0€CCO3HATENHbHO, TPOCTO MOTOMY, YTO OHA €My HY’>KHa
JUs BeDKMBaHUSA. Ho st 9Toro BeIOOpa, KOTOpPHIM HaBcerjga OyneT 3amedaTyi€éH B MaMsTH,
HE0OX0aMMO BpeMs it (GOPMUPOBAHUS HOBBIX HEHPOHHBIX CBS3CH.

Ha npumepe HEHpPOHOB, OTBEYAIOIIMX 3a UMIIPUHTHHI, BIEPBBIE OINKMCAHbl MEXaHU3MBbI
JIOJITOBPEMEHHOM  TAMSTH, M OKa3aJloCh, 4YTO O3TH MEXAaHU3Mbl CBSI3aHbl C BO3JCHCTBUEM
Ha siaepuyto JJHK. B mpomnecce hopmupoBanusi IMIPUHTHHTA B CHHAIICE OYEHb MaJi0 PEIEITOPOB
(puc. 1). CuHanc roToB MpoBOIUTH CUTHAII, HO TIOKA XBaTaeT 0eIKOB, KOTOPbIe OyAyT BOCHPUHUMATH
JIEUCTBUE MEIMATOPA, & MEAUATOPOM SBJISETCS TIIyTaAMUHOBAsI KUCJIOTA.
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Puc. 1. OcHOBHOI 371EMEHT MO3ra — CHHAIIC

Bo30ysxeHne 0HOTO HEWpOHA BBICBOOOXKIAET MOJIEKYIBI HeWpoMenuaTopa (Kpacuvle wapukii),
KOTOpBIE TIEPECEKAIOT CHHANTHYECKYIO INEIb M CBS3BIBAIOTCS C PEENTOpaMH (SMKU), YTO H3MEHSET
COCTOsTHIE MeMOpaHbI BTOporo Heipona. Caitr www.ashingtonhigh.northumberland.sch.uk ([Iara o6parmenus
17.09.2024).

CurHasbl Ha HEMPOHBI HOCTYMAIOT ¢ OTPOMHOI0 KOJIMUECTBA CEHCOPHBIX PEIENTOPOB (3amnax,
L[BET, IPUKOCHOBEHHS) M IOCTETIEHHO (hOpMUpYETCst HOBBIN 00pa3. Kackaz 3Toil peakiiuu HacTOIBKO
rITyOUMHHBIN, YTO OH MOXeT AOTsAHyThcs 110 saepHoro JIHK (uepe3 ceHcopHBIN cTUMyYN MenuaTopa
rilyTaMaTa ¥ BTOPHYHBIE TOCPETHUKH, UX CHHTE3 B IAHHOM ClIydae 00eCTeqrBa0T MeTaboTPOITHBIE
peuenTtopsl). B utore, HoBble peLenTOpbI, 3a CYET BHIPAOOTKHM HOBBIX O€IKOB M MH()OPMAIIMOHHBIX
PHK, BcTpamBatoTcsi B MeMOpaHy B MECTE C CAMOHW aKTHBHOH CHHAaNTHYECKOW CBS3BIO, (OPMHUPYS
nonroBpeMeHHyo namsth [45]. Cunarnc HauuHaeT pabortarth Oosee 3hdexTHBHO. JTa CBA3b
CYILLIECTBYET BCIO *U3Hb. [IposiBIeHrEe TOA0OHOT0 UMIPUHTHHIA XOPOIILIO ITPOCIIEKUBAETCS HA TUKUX
KUBOTHBIX U NTHUIAX.

VIMIIpUHTHHT 3aIlyCKaeTCsl TeHETUYECKUMHU IPEANOChUIKAMU B COUYETAaHUU CO CTUMYJAMH
BHeIIHeH cpepl. Crieayromuii mar, 3To 3arneyarieBaHus oopasa 1 JajbHelee 00ydeHne noBajkam
Y TIOBeJIeHUI0. VIMIPUHTHHT COMTPOBOXKAAETCS] OCTKOBBIM CHHTE30M M M3MEHEHUSIM CHHAIITHYECKON
CTpyKTypbl. bpuranckuii 6uonor Ctusen Poy3 Habmronan yBenuyeHrue 6€ITKOBOTO CHHTE3a B MO3Te
nplii€Hka [46]. B xome skcmepuMeHTa y HBIIIEHKA THEpepe3ajnch HEPBHBIC MyTH IMepeIadn
3pUTEIBHON HHPOPMALIMU U3 OTHOTO MOJTyIIApHs MO3ra B Ipyroe. 3aTeM IbIIUIEHKY 3aKpbIBAIN OUH
rina3. B monmoBuHe Mo3ra, KoTopasi Obljla CBS3aHA C OTKPBITHIM TJ1a30M, HAOIIOIAJICS TOBBIIICHHBIN
OEIKOBBIN CHHTE3, [0 CPABHEHUIO C TIOJIOBUHOM MO3ra CBSI3aHHOTO € 3aKpbITHIM I1a30M. B mponecce
3aIIOMHHAHUS CHHTE3UPYyEMble OCITKH MPUCOSAMHSIOTCS K HanOoJIee CHIIbHOW CHHANITHYECKOU CBS3U
U HE TOJIKO YCWJIMBAIOT, HO M U3MEHSIOT €€.

HccnenoBanus HeﬁpOHHBIX MCXAaHU3MOB HMMIIPMHTHHIA OCHOBAHblI Ha HU3YUYCHHH
CHMHANTHYECKNUX CBI3EH MCKIY HCPBHBIMHU KJIICTKaMHU.
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|. Kinerounsle KOMMyHHKaIMK B paboTe MO3ra OCHOBaHbI Ha Iepeiadye ONpeieIEHHOro BUaa
CUTHAJIOB OT OJTHOW HEPBHOM KJIETKU K Ipyroii, 0003HaueHHbIE TO3/IHEE KaK CHHANITUYECKHUE CBA3H.
B 1906 r. ucnanckuii HeripoanaroM C. Pamon-u-Kaxane u utaneaackuil HelipoanatoM K. ['onbku
ynocrounuch HoOeneBckoil mpemMun 3a OTKPHITHE TUCKPETHOCTH HEHPOHOB, B3aMMOACHCTBYIOLINX
JIpYT C IPYroMm dYepe3 cCrenuaan3upoBaHHble KieTku. B 1897 r. ais o0o3HaueHns 30H KOHTAKTOB
MEX]ly HEpBHBIMU KJIeTKaMU aHruickuil Helipodusuosnor Y. LlleppuHrron BBEN TepMUH “‘cHHANC”,
CTaBIIMW OJHUM M3 KJIIOYEBBIX B Hayke o mo3re. B 1932 r. Y. leppunrrony coBmectHo ¢ 2.J1.
OnpuanoM npucyxaeHa Hobenesckas npemus 3a ucciaeioBaHus (QyHKIMA HEPBHBIX KJIETOK.

Cnpasouno. ChHanc (epeu. COeTUHEHHE, CBA3b) — MECTO KOHTaKTa Iepeaadyd HEPBHOTO
AMITYJIbCa MEXIY JABYMs HEHPOHAMHU WIIM MEXy HEHPOHOM U TONy4Yarolield curaai 3(()eKTOpHOM KIIETKOM.
[lepemaya UMIyITECOB OCYIIECTBISETCS XUMUYECKUM TTYTEM C TIOMOIIHIO0 METUATOPOB WITH 2J1eKMPUYLECKUM

My TEM, TIOCPEICTBOM IIPOXOK/ICHHSI HOHOB U3 OJHOM KIIETKU B ApYTyI0. [ TaBHas QyHKIMS CHHAIICA COCTOUT
B OCYHICCTBJICHUN MOAYJIAIUKA HEPBHOT'O MMITYJIbCA U ABJISCTCA KIIOYOM K CHGHH(bHHHOCTH HCﬁpOHaﬂLHBIX
cBs3eil. CMHANC — MECTO BHEIIIHEH peryisiiuy, Ha KOTOPOE BO3JIEUCTBYIOT JIEKapCTBa U TOKCUHBI. CHHANChI
OTBEUAIOT 3a LEJNBIH pAl namonozuveckux paccmpoiicmg. OOpazoBaHHE CHHAICOB CHENU(DUIHO U
TEHETHUYECKH 3aIPOrPaMMHUPOBAHO B KJIETKAX.

B nauvane XX Beka cpenu (pU3MOJIOTOB IOCIOACTBOBAJIO MPEICTABICHUE, YTO CUTHANIBI OT
KJIETKH K KJIETKE IEepelaloTcs 4epe3 CHHAIC C IOMOIIBI0 3JIEKTPUYECKUX HMMITYJIbcOB. OmHaKo
nccaenoBanus Hemerkoro ¢usuosora O. JIepu, pycckoro yuénoro A.®. CamoiisioBa 1 aHTJIMHACKOTO
uccnenosarens . Jlelna nokasaiyd, 4TO0 M3 OKOHYAHUN HEHPOHOB BBIJCIAIOTCS XUMHUYECKHE
BEIIECTBa, KOTOphIE MepeAaroT WHGOPMAalKI0 K MOCTCHHANTHYECKON KIIETKE M IOJIy4HBIINE
HasBaHue HeipomenuatopoB [47]. B 1936 1. O. Jlesu u I'. Jleiiny 6puta npucyxaeHa HobGeneBckas
MpeMHUsl 32 OTKPBITHE XMMHUYECKOH Iepelayd HEPBHOIO MMITYJIbCAa K MOCTCHHANTUYECKON KIIeTKe
yepe3 HeHpoMeIuaTop — alleTHIIXOJIMH.

Cnpasouno. CamoiijioB Anexcanap Puwamnnosuy (1867-1930) — coerckuii Qusuosor,
CTIOABMKHMK BBIJAIOLIUXCSI PYCCKUX Yu€HBIX, JaypeaTtoB Hobenesckoit npemun IlaBnosa W.I1. u Ceuenona
W. M., pa3BuBan (GU3MKO-XMMHUECKOE HANpaBiCHHE B (U3UOJIOTMH; ABTOP OPHUIMHAIBHBIX METOJIOB
rccieoBanns (HM3MOJIOTHH CepAlla U HepBHO-MbIeYHoro ammapara. OcHoBHbeie Tpyabl A.®. CamoiinoBa
0 AJIEKTPO(QHU3HOJIOTHH MOMYYHIM  MHUPOBYIO  HW3BECTHOCTh.  A.OD. CamoitnoB —  oauH  u3
coznareseit anekTpokapauorpagpun.  Onpeaenuy — TeMiepaTypHbld — KoapduuueHT Ans  mpolecca
Tepesayd HEPBHOTO HWMITYJIbCa C HepBa Ha MBIIIIY M TIOKa3aj, 9YTO DJTOT TIPOIECC HOCHT XUMHYECKUH
xapakrep (1925). OkcnepumentansHo jokazan (1927, cosmectHo ¢ M.A. KucenésbiM) TryMopaibHYIO
MpUPOJLy LEHTpalIbHOro TopMoxkeHus. OIuH U3 co3jareneil ydyeHus o menuartopax. Jlaypear JleHnHckoi
npemun 1930 r. CxopornoctrkHo ckoHuasics B 1930 roay.

B 1963 r. yuenux Y. Hleppunrrona k. DKkicH 3a UCCIACAOBAHUS XUMUYECKUX MEXAaHU3MOB
CHUHANTHYECKOHN Mepeaaun MeXy HEepBHBIMM KIeTKaMu ynocTtowscs HobGeneBckod mpemuu. Jta
Harpaga 3adUKCHpoOBalia JOCTUTHYThIE HEHPO(U3MOIOTHEH yCleXw B TOHWMAaHUU MEXaHHW3MOB
nepenayy MeauaTopamu (Ha IpHUMepe aleTUIXOJIMHA) XUMUYECKUX CHUTHAJIOB MEXKIY HEPBHBIMU
KJIETKaMH.

Opnako yxe B 1950-e ronmpl MOSIBISIOTCS OOKa3aTeNbCTBa, YTO LIEHTpajbHAs HEpBHAs
CHCTEMa MCIOJb3YET B CHHAICAX HE OJMH WMJIU J[Ba, a Topa3o Oousbliue Helipomeanatopos. [Ipuuém
HEKOTOphIe U3 HHUX BeAyT cels MHaue, yeM aneTwixoiuH. OcoOeHHO HEOOBIYHBIMU OKa3alHCh
KaTeXOJJaMUHOBBIE HEHpoMenuaTtopbl — A0(GaMuH, HOPAJAPEHAIMH W aJPEHAINH, — KOTOPHIC
00pa3yroTcs B HEPBHBIX KIETKAX U3 TIOCTYMHAIOMIEH C MUIIEeH aMUHOKHUCIOTH TUPO3HHA TOCPEACTBOM

CJICAYIOUICH LEeNH Peakiuid: TUPO3UH —> TUTUAPOKCUPEHUIaTaHUHH —> J10(haMUH —> HOpaJpeHaINH
— anpenanus [47].

MexnyHapoaHbIil Hay4dHbIH kypHan "®narman Hayku'' Ne2(25) ®despanb 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru


https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D0%BC%D0%B5%D0%B4%D0%B8%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B4%D1%86%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BA%D0%B0%D1%80%D0%B4%D0%B8%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%88%D1%86%D1%8B

PA3JIEJI: MarematndecKkue U €CTECTBEHHbIE HAYKH
Hanpasnenue: buonornueckrne Hayku

Opna U3 0coO0EHHOCTEH KaTeX0JaMUHOB COCTOUT B TOM, YTO B MO3T€ OYEHb MaJI0 HEMPOHOB,
cunTesupyronmx ux. M3 6omee 100 mupa HEPBHBIX KJIETOK B MO3TE YEJIOBEKA, BEPOSTHO, TOIBKO
okoiio 0,001% HelipoHOB, PacnoJIOKEHHBIX JIOKAIBHBIMU TPYIIIAMHU, UCHOJIB3YIOT 3TH MEIUATOPHI.
OnHako 3TO KOMIIEHCUPYETCSl TEM, YTO OKOHYAHMS KaTE€XOJAMUHOBBIX HEHPOHOB OYEHb LIMPOKO
pacrpoCTpaHeHbl TIO0 HEPBHBIM CTPYKTypaMm, OyKBaJIbHO ‘‘3ajiiBas’ BBIICISEMBIM MEIUATOPOM
KJeTku Mosra. Hanmpumep, kaxaplii u3 okoso 10 Teic. CHHTE3UpYIOMHX 10QaMiUH HEHPOHOB B YEPHOIMA
cybcTanmmu Mo3ra Kpbic 00pa3yet npuMmepHo 500 ThIC. CHHANITUYECKUX OyTOHOB B HEOCTPUATYME —
CTPYKType MEpEeIHEro MO3Tra, CBA3aHHOW C pEeryisiueil NBIKEHUI. Y dYeloBeka 4ucio OyTOHOB
OJTHOM NO0(PaMUHOBOM KIETKHA MOXKET IOCTUTATh 5 MUJUTMOHOB.

B 2000 r. HoGeneBckas mpemuss MO (PHU3UOIOTUHM W METUIIMHE TMPUCYXKIEHA TpEM
uccienoBaTensaM: BeAckoMmy (apmakosiory Apsuny KapiccoHy U ABYM aMepHKaHCKUM
Heipoobuonoram — [lomy I'punrapay m Dpuky Kenpeny 3a OTKphITHA, Kacaroluecs ‘‘mepenaqu
CUTHAJIOB B HEPBHOM cucreme”.

A. Kapnccon, pa3paboTaB BBICOKOUYBCTBUTENIBHBII METON ompeneieHus aodaMuHa B
HEpPBHOW TKaHM, MOKa3ajl, 4TO KapTUHA €ro paclpelieleHUsl B MO3re He MOBTOPSAET TAKOBYIO AJIS
JPYTUX KaTEXO0JIaMHHOB. B uacTHOCTH, Upe3BbIYaliHO BHICOKUM OKa3aJIOCh COJepKaHUe TopaMIHa B
HeocTpuatyMe. W, Kak u A Ipyrux KaTexojJaMUHOB, KOHLIEHTpalys JodaMruHa pe3ko najaasna mnoj
BO3JICMCTBUEM pe3epIiMHA — MpernapaTa, UCTOIIAIIIETO 3anachl KaTeX0JaMUHOBBIX MEIUATOPOB B
CHUHAIITUYECKHUX Iy3bIPhKaX W BBI3BIBAIOIINE Y KUBOTHBIX CHUMIITOMBI, HAIIOMHUHAIOIIKNE OOJIE3Hb
[TapkuHCcOHa — 3a00N€BaHUSI HEPBHOUM CUCTEMBI, XapaKTEPU3YIOLIUECS TKEIBIMU PACCTPOMCTBAMHU
peryJsinuy nBrokeHui [47].

B 1958 r. A. Kapiccon runoTeTuuecku Mpeanoiokuil, 4To JopaMiuH — CaMOCTOSTeNbHBIH
MEIIMaTop B MO3Te, YbH (DYHKIIMH CBSI3aHBI C IKCTPATUPAMUIHON CUCTEMOM PETYJISIIHY JBKESHUN, 1
yTo Oone3Hp [lapkuHCOHAa BBI3BaHA HEHOPMAIbHO HU3KUMHU KOHIICHTpAIUsMHU jAodaMuHa B
0a3albHBIX TaHIIMAX. JTa THIOTE3a MOJy4yuia MOATBEpkIeHue yxe B 1961 r., xorma B mo3sre
MalMeHToB, yMmepmux oT Oone3nu [lapkuHcoHa, OblIa yCTaHOBIIEHA HHU3Kas KOHIICHTPAILIUS
nodaMuHa.

K nauany 1970-X ro0B BRISSCHUIIH, YTO TOGaMUH, HOPAAPEHAIUH U CEPOTOHUH — MEIUATOPHI
B IIEHTPAJIBHOM HEPBHOM CHCTEME, OKa3bIBAIOIINE HEOOBIYHOE BO3/ICHCTBUE HAa KJICTKU-MUIIICHU. B
OTIUYME OT OBICTPBIX, HACTYMAIIUX 32 MHUIMCEKYHIbI, A((}EKTOB  KIACCHYECKHX
AMUHOKHCIIOTHBIX MEIMATOPOB U alleTUIIXOJIMHA JEHCTBIE KaTeX0JIaMHUHOB HEPEIKO pa3BUBAETCS 3a
COTHM MWIIUCEKYHJ WIH CEKyHAbl M MOXET ANUTBhCS Naxe yacamu. Takoil crmoco0 mepemaudu
CUTHAQJIOB ME/Jly HEMpOHAMHU Ha3BaJIM ‘‘MEJICHHOM CUHANTUYECKOM nepenaden”.

[IpoBonst uccnenoanus II. I'puHrapa nmokasai, 4To MeAJI€HHAs CHHANTUYECKas Iepenada
4yepe3 MeTabOTPOIHBIE PEIEeNTOPhl BHI3BIBAET BHYTPH HEPBHBIX KIETOK XUMHUYECKYIO PEaKIIHIO,
dbochopunupoBanme, TO €cTh, MpPUCOSAMHEHHE K OermkaM (ochaTHBIX TPYMI C MOCIEAYIOIIUM
n3MeHeHueM Gopmsel 1 GpyHKIMK dTHX O6eiKoB [48]. I1. ['puHrapa ¢ cCoTpyIHUKaMu OOHAPYKUIH, YTO
CBsI3bIBaHUE JO(aMHHA C PELENTOpaMU Ha KIETOYHON MeMOpaHe MOBBIIIAET B KJIETKE COJEpKaHUE
“BTOPHYHOTO MOCPEAHUKA — IHMKIMYECKOTO aneHo3nHMoHOpochara (MAM®D). D10 akTUBUpYET
(dbepMeHT MpoTeMHKHHA3y A, KoTopas crmocoOHa ¢GochopuiIupoBaTh MHOTHE OENKH B HEPBHOM
kietke. Cpemu dochopmmmpyemMbix OCJIKOB HAXOAATCS, B YAaCTHOCTH, MEMOpaHHbBIE OEIKH
pPa3NMYHBIX HMOHHBIX KaHAJIOB, KOTOpPbIE KOHTPOJHMPYIOT BO30OYyJAMMOCTh HEPBHOW KJIETKH U
o0OecreunBarOT TeHepaIrio U Tepeaady HEPBHBIX HMITYJbCOB HelpoHam. [loatomy modamun u
JIpyTHe MeIUaTOphl, NEHCTBYIOIINE Yepe3 MEeTa0OTPOIHBIE PELeNTOPhI, CIIOCOOHBI MOIYINPOBAThH
MOCPEJICTBOM 3TOT0 MEXaHHW3Ma BO30YAMMOCTh HEPBHBIX KJIETOK U WX PEaKIMH HAa MEIUaTOPHI,
JICHCTBYIOIIME Yepe3 HOHOTPOITHBIC perenTopsl (puc. 2) [48].
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Puc. 2. Mexanu3m MeUIEHHON CHHANTUYECKOW Mepeaayl HEPBHOIO UMITYJIbCa
Ces3piBaHne Ao(daMHUHA C pelenTopaMd Ha KJIETOYHOM MeMOpaHe IMOBBIIIA€T B KIETKE COJEepiKaHue
«BTOPUYHOTO TIocpeaHuKa» — MAM®. D10 akTHBUpPYET (PepMEHT NMPOTEHHKUHA3Y, KOTOpas GocHopuiupyeT
MeMOpaHHBbIe O€NKH MOHHBIX KaHAIOB, Onarojapsi 4yemy OCYLIECTBISETCS PEryJisilus Nepeiadd HepBHBIX
HMITYJILCOB.

Brnocnencteuu I1. I'punrapa mokasai, uTo B KJI€TKaX MO3ra MPOTEKAIOT emIé Ooiee CIoKHbIS
nporeccbl. MenuaTopsl, Moj100HbIe 10haMHUHy, JEHCTBYIOIUE Yyepe3 METa0OTPOITHbIE PELENTOPSI,
MOTYT BBI3BIBAaTh HE TOJBKO (ochopunmupoBanue, HO U nedochopunrpoBanue 6enxos. [Ipu sTom
MHOTHE U3 UX CIO0XKHBIX 3(PPEKTOB BHYTPH KIETKU ONOCPENYIOTCS BO3AECHCTBUEM Ha PEryJISITOPHBIN
6enok DARPP-32, xoTopblii B cBOIO 04Yepeab BIUSET HAa (YHKIIMHA MHOTHX JAPYTUX OCITKOB B KJIETKE
[48]. berok DARPP-32 momgobeH MpOBOIHHKY, YIIPABIAIOIIEMY PAAOM Apyrux mosekyn. Korma
DARPP-32 aktuBupyeTcs, OH BO3JIEHCTBYET Ha HECKOJHKO MOHHBIX KaHAJIOB, U3MEHsS (DYHKITHIO
OTIpeIeNIEHHBIX OBICTPHIX CUHAIICOB.

UccnenoBanust I1. ['puHrapna packpbuli OKHO B HOBBI MHUpP BHYTPHKJIETOUHBIX 3 (PEKTOB
MEINaToOpOB, OCYLIECTBIISIOINX MEIJICHHYIO CHHAITHYECKY1O nepeaady. OHM poIeMOHCTPHUPOBAIIH,
YTO, TOMHUMO KJIACCHYECKUX O(P(EKTOB, peaM3yIONMXCS Yepe3 HMOHOTPOIHBIE pEelenTopbl U
HEMOCPE/ICTBEHHOE  M3MEHEHHE  3JIEKTPUYECKUX  MEMOpaHHbIX  TOTEHIMAJIOB,  MHOIHE
HellpoMeIuaTopsbl (KaTeX0JIaMHUHBI, CEPOTOHUH U HEKOTOpPBIE HEHPONENTHIbI) OKAa3bIBAIOT BIMSIHUE U
Ha OMOXMMMYECKHE MpPOLECChl B LUTOIUIa3ME HEWpOHOB. VIMEHHO 3TUMM MeTabOTPOMHBIMU
s dexramu 1 00yCIOBIEHO HEOOBIYHO MEUICHHOE NeHCTBHE TAKMX MEIHATOPOB M MX JUIUTEIBHOE,
MOJIyJIUpYIOIIee BIMsSHUE Ha (DyHKIMM HEPBHBIX KieTOK. [loaTOMy Takue HeillpomenuaTtopbl 4acTo
BOBJICUEHBI HE B Nlepesiauy ObICTPHIX CUTHAIOB Ul BOCHPUSATHS, IBHXKEHHUS, PEUH, a B OPKECTPOBKY
CIIOXKHBIX COCTOSSHUM HEPBHOM CHCTEMBI — OMOLMM, HACTPOCHWH, MOTHBAILMil. Pe3ynbrarsl
WCCIICIOBAaHMA, W3JOKeHHbIe B cratbe [1. I'puHrapma um ero corpyanukoB B “Science” [49],
MoKa3bIBatoT, uTo Aodamud 1 DARPP-32 y4acTByIOT B peryssiiiuy MOJI0BOrO MOBEIEHUS Y KpPbIC.

I1l. Onny w3 BaxkHeHWmMX (QYHKIUH MO3ra, B KOTOPOH 3a/J€lCTBOBAHBI MEXaHH3MBI
MEIJICHHON CHMHaNTH4ecKoi nepenadu u (ocopuarpoBanus OENKOB, MHOTHE TOJibl HCCIIEI0BAI
HeiipoOuonor 3. Kengen. 9to npoueccsl GOpMUPOBAHUS TAMATH.
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B 1949 r. xanaackmii mcuxonor [loHansn XeOO mOCTyJaMpoBal CYIIECTBOBaHUE JIBYX
MPUHIIMIIAATBHO Pa3HBIX THIIOB MaMsATH: KPATKOBPEMEHHOW u mosroBpemenHoiu [50, 51].
Cornacno runorese JI. Xe60a, kpaTKOBpeMEHHas MaMsITh — 3TO LUPKYJIALMS HEPBHOTO UMITYJIbCa
0 3aMKHYTOH IIEeNOYKe HEHMpOHOB. Takoil aHcamOnb KJIETOK, MEPEKHUIBIBAIOIIUX APYT IPYTy
UMITYJIbC BO30Y KIeHUs, 00pazyeTrcs BCSIKUN pa3 MpHU MOCTYIUIEHUH B MO3T HOBOW MH(OpMauu ot
opraHoB 4yBcTB. Eciu 1Ba cUrHaja NOCTYINIM OJHOBPEMEHHO, IPUHABIINE UX HEUPOHBI MOTYT
oOpazoBathb 0011yt0 1enoyky. [Ipouecc 1uTcst HECKOIBKO MUHYT, IIOCJIE YETr0 MPOUCXOAUT JIHUO0
pacmageHue aHcamOiig, JMOO KOHCOJMIALMS 3SHIpPaMMbl — (OpMHpOBaHHEe YCTOWYHBOI
JA0JITOBPEMEHHOM MaMATH.

[Tocnennee, mo muenuto J[. Xe60a, NpOMCXOIUT B CUHAIICAX — CIICIHATBHBIX 00pa30BaHHIX
B TOYKaX KOHTAKTa OJIHOTO HelpoHa ¢ ApyruM. B ynpoménnom Buae ux paboTy MOXKHO NPEACTaBUTh
TaK: IPUXOASIINI UMITYJIbC BBI3bIBAET BBICBOOOXKICHHE CUTHAIBHBIX BEIIECTB — HEMPOMEIHATOPOB.
OHHM M3IMBAIOTCA B 3a30p MEXJy KJIETKaMU (CHHANTHYECKYIO IIeJb), JOCTUTAlOT MOBEPXHOCTU
JPyroro HeHpoOHa M CBSA3BIBAIOTCS TaM CO CIELUAIbHBIMU OelIKaMH-pelienTOpaMU, BCTPOSHHBIMH B
MeMOpany. Te OTKpbhIBalOT HOHHBIE KaHAJbl, 3JIEKTPUUYECKHI MOTEHIMAT MEX/Iy BHEIIHEH W
BHYTPEHHEH CTOPOHOII MeMOpaHbl pe3KO MaJaeT — M ATOT CKAYOK PACHpPOCTpaHseTcs MO Bcel
MOBEpXHOCTU HelipoHa. Ho B ommMume OT 3JIEKTPUYECKOro pesie CHHAIC cpadaThIBaeT HE
OJIHO3HA4YHO, a C HEKOTOPOM BEPOSATHOCTBIO, 3aBUCSIIEH OT HWHTCHCHUBHOCTH INPUXOIAIINX
HUMITYJIbCOB, KOJMYECTBA BBIACIAIOIIEIOCS MeIuMaTopa W YHUCIa PEHENTOPOB K HEMY B
MeMOpaHe HelpoHa-TIoTy4aTes.

Korna yepe3 naHHBIN CHHAIC UMITYJIBCHI OINpeNeaEHHOE BpeMs HIyT 4alle OObIYHOIO, TO B
HEM IPOMCXOJAT MepecTporKH, obOeryarole NpoxoxaeHue curnana. Ecnu takoe npou3oitnér no
BCel 1IeNOYKe HEHPOHOB, TO B CIEAYIOIIMMA pa3 CUTHAJ, OCTYHUB B OAHO U3 €€ 3B€HbEB, BHI3OBET
cpabarbiBaHue Bcero ancamOisi. @opMHpOBaHHE TaKOH YCTOWYMBON IEMOYKH HEHPOHOB C
«00JIETYEHHBIM 3aIlyCKOM» U €CTh 3JIEMEHTApHBIM aKT JOJITOBPEMEHHOIO 3allOMUHAHUS, TO €CTh
SHTpamMMa, MaTepuaibHbld cien coObiTus. [IpoBenénnbie uccrnemoBanuss B 1960-2000 romax
noareepauiu Teoputo J[. Xeb60a.

B 1960-x rogax 3. Kenmen mu3zy4an MexaHU3Mbl OOy4YeHHS Ha MOJUTIOCKE MOPCKOM 3aifle
(Aplysia), nMeroIiM OTHOCHTEIILHO MPOCTYIO HEPBHYIO CHCTEMY, COCTOSIIIYIO IPUMEPHO U3 20 ThIC.
HEpBHBIX KIeTOK. D. KeHnen oOHapyXuj, 4TO ompeAeiEHHbIE CTUMYJIbl YCHIMBAIOT 3aIUTHBIN
pedrexc BTArMBaHUS kaOpbl y aluiM3uK. JTa U3MEHEHHAs! peakls COXPaHAETCs Ha MPOTSKEHUH
YacoB WK JaXKe THEH U MO3TOMY CIIY>KUT YJOOHON MOJIEINBIO /Ui U3yYeHUs] MEXaHU3MOB MaMsTH U
obyuenusi. UccnenoBanust nmaboparopun J. KeHnena mokasaiu, 4To B OCHOBE TaKOW JITUTEIHHOU
peaKIMy JIKHUT NOBbIMIEHHE 3(P(EKTUBHOCTH CHHANTUYECKON Ieperayn MEXIy CEHCOPHBIMU
HeHpOHAMU MOJUTIOCKA U IBUTATEIIbHBIMU HEPBHBIMU KJIETKAMU, KOTOPHIE AKTUBUPYIOT MBIIIIIBI JIS
3amMTHOM peakiuu. D. KeHzmen M ero COTpyIHUKM HCCIeNoBald MOAM(UKAIMU 3alIUTHOTO
pedrekca, coxpaHsomMecs Ha MPOTSHKEHUHM MUHYT WJIM YacOB — aHAJOr TaK Ha3bIBaeMOM
KpaTKOBpeMeHHOM namsaTH. OHM yCTAaHOBMJIM, YTO B OCHOBE 3TOM (DOPMBI IUIACTHYHOCTH JIEKHT
YCWJICHHBIM BXOJI MOHOB KalblMsl B KIETKY, KOTOpBIM MOBBIIIAET BbLAEIECHUE HeWpoMeauaTtopa
CCHCOPHBIM HEHPOHOM TIpM KaXIOM HEPBHOM HMILYJbCE U, CIEAOBATEIbHO, YCHINBAET
00OPOHUTENBHYIO peakiyio [52]. DTu u3MeHEeHUs MPOUCXOIT 3a CUET PocHOpUITHPOBAHUS OEITKOB
OIpEAEIEHHBIX NOHHBIX KaHAJIOB 10 MEXaHU3My, onucaHHoMmy [I. I'punrapaom.

bonee cunbHble ¥ TPOAOIKUTEIbHBIE CTUMYJIBI (POPMUPYIOT Y MOJUTIOCKA Pa3HOBUIHOCTU
JOJITOBPEMEHHOM MTaMATH, KOTOPasi MOKET JUIMTHCS THU U AK€ HEJIEHU. DTH CTUMYJIbl yBEITMUUBAIOT
coaepxxanue B kieTke HAM® u akTUBUPYIOT NpoTeHMHKHHA3y A. Jlajee Takue CUTHaIbI 4epe3
(dbochopunrpoBaHre OMpPeNeIEHHBIX OETKOB, TaK HAa3bIBAEMBIX TPAHCKPHUIIIUOHHBIX (HaKTOPOB,
JOCTUTalOT si[pa HEPBHOM KIIETKH, IIE MEHSAIOT aKTHUBHOCTh psja reHoB. B pesynbraTe cuHTE3
HEKOTOPBIX M3 OEJNKOB 3aMETHO YBEIMYHMBACTCS, a APYTUX yMEHbIIaeTcs. MHOTHe U3 3TUX TeHOB
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KOIUPYIOT O€NKH, Yy4YacTBYIOIIME B TOCTPOEHMHM W (yHKIMM cuHancoB. braromaps kackamy
MOJICKYJISIPDHBIX peakiuid H3MEHSIoTCS (yHKIMU U (popma CHHANCOB HEWpOHAa, YTO BEIET K
JOJITOBPEMEHHBIM U3MEHEHUSIM CHHANTU4YeCKo 3((HEeKTUBHOCTH, JIeKalleil B OCHOBE JJIUTEIbHBIX
MouduKkaimii 3amuTHOro pediekca y ammmsuu (puc. 3) [53].

HIMEHEHKWE -

‘r‘«?mbl -CHHanca

cnabbid -
CTHRYN rr
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Puc. 3. MonekynsipHbIid MEXaHU3M (GOPMUPOBAHUS JOJITOBPEMEHHOHN MaMsITH
[Ipr u3ydeHun 3amuTHOTO pediekca (BTATMBAaHHE >KaOpPbl B OTBET HAa CTUMYJISLHUIO CH(OHA) y
MOPCKOTO 3aiilla YCTaHOBJIEHO, YTO HEHMPOMEINATOPHI, IEHCTBYIONINE HA KIIETKY, BBI3BIBAIOT B HEHM Kackaj
MOJIEKYJISIPHBIX peakiuii (oKazaHo cTpeikamiu). B pesyibrate u3mensiercs popma u QyHKIUU CHHATICOB, YTO
MIPUBOJAUT K JUINTEIBHBIM MOIU(PHUKALNAM 3alUTHOTO pediexca.

Takum  o0pa3zoMmM, B OTJIMYME OT KpPAaTKOBPEMEHHOM  MaMsTH, TpeOyrole
dbochopunrpoBaHus yxe MPUCYTCTBYIONINX B KIIETKE OENKOB, JOITOBPEMEHHAsI MaMsITh B Ipoliecce
MMITPUHTHHTA OCHOBBIBACTCS HA DJKCIIPECCHHM T'€HOB M CHHTE3€¢ HOBBIX OelkoB. To ecTh, eciu
3a0J0KHpOBaTh CHHTE3 OENKOB B HEPBHOM cHCTeME, HCUe3aeT OJNTOBpEMEHHas NaMmsTh, a
KpaTKOBPEMEHHAs OCTaéTcs HEMoBpexAEHHON. Criennduueckn OTINIUTENIbHAs 0COOCHHOCTh ITOM
LeNu KJIETOYHBIX MPOIIECCOB COCTOUT B TOM, YTO (pyHIAaMeHTadbHbIe €€ 3BEHbSI M KOMIIOHEHTHI
Ype3BBIYANHO CXO0XH MPU O0YUECHUH Y MOJUTFOCKOB H 'y MIICKOITUTAIOIINX, OCTABASICh, TO-BUANMOMY,
HEM3MEHHBIMH Ha MPOTSHKEHUH MHOTHX MUJIJTHOHOB JICT YBOJIIOIIUKM HEPBHOM cuCTeMbI [47].

OcoOyto pons B mporecce (GOPMHUPOBAHUS JOJITOBPEMEHHOW MaMsaTh mpu (azax
UMIIPUHTUHTA Y JIOCOCEBBIX PHIO MU MHOTUX OHOJOTMYECKHX BHUIOB OpPraHU3MOB HIpaeT, Tak
HasbIBaeMasi, TIMMOMYECKasi CHCTEMa MO3Ta: OTpeeIEHHBIC HEHPOHBI TaTaMyca U TUIITIOKaMIIa.

HOBPEXIEHUE MEXAHU3MA HWMIIPUHTHHTIA Y MHUCKYCCTBEHHO
BOCIIPOU3BOJUMBIX JIOCOCEH

B npuponHoil cpene SMOpHOreHe3 W OHTOI€HE3 TE€HETHYECKH aJalTHPOBAHHBIX
TUXOOKEAHCKUX JIOCOCEH MPOUCXOIUT B PA3IMUHBIX YCIOBHSX, [O3TOMY 3MOPHOHBI JIOCOCEBOM
HKpPBI, JIMYUHKA W MaJIbKW IIPU HE3HAYHUTCIbHOM HM3MCHCHHU KIMMATUYCCKHUX WM T'COMArHUTHBIX
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IoKa3aTesie B HaMMEHbIIEH CTENEeHU NoJBepraoTces crpeccy. /s HCKyCCTBEHHOTO BBIPAIIUBAHUS
MOJIOAM JI0COCS], MMPUPOJHBIX HEPECTOBBIX JIOCOCEN 3aroHSAIOT B CAJKU JAJIS CO3PEBaHUs I'OHAl, B
KOTOPBIX HPOUCXOIUT KECTKMHA CIIOM HKOJOTHYECKUX €CTECTBEHHO-IIPUPOIHBIX IIPOLIECCOB,
3aIlyCKaeTcsl KacKaJl SIUT€HETUYECKUX CTPECCOTEHHBIX CUTYalUi, BOJTHAMU IPOUCXOASAIINX Ha BCEX
IIPOM3BOJICTBEHHBIX 3Tanax KyJIbTUBUPOBaHUS MoJoaU. CylleCTBEHHO MEHSIOTCS aOMOTUYECKUE U
OMOTHYECKHE YCJIOBUS SMOpPHOreHE3a M OHTOIeHe3a KYyJbTHBHPYEMBIX JIOCOCEH, MPUBOAALINE K
MHOKECTBY HETaTUBHO BIIUSIOIIUX HA HUX SMUICHETHUECKHUX cTpecc-(hakTopos [11].

DKOJIOr0-3IUTCHETUYCCKHIEC MHO>KCCTBCHHBIC BHCIIHUC (baKTOpLI — 3daMKHYTOC
IIpOCTPAaHCTBO, HYXKEPOAHOC IIUTAaHUC KOM6I/IKOpMaMI/I, OMOIMOHAJIbHBIC CTPECCHhI,
OJICKTPOMAIrHUTHBIC aHOMAJIMH, ITOBCIACHUC, (I)I/I3I/I‘-ICCKI/IC Harpyskm v T.A. — YCWIHUBAOT HIIU

0CNabJIAI0T aKTHMBHOCTh TE€HOB OHOJOTMYECKUX oOpraHu3MoB. Ha »3Tamax HMCKyCCTBEHHOIO
BBIpAIIMBAHUSI MOJIOAM JIOCOCEH KackaJ SIUTeHEeTHYECKUX CTpecc-(pakToOpoB MPHUBOAUT K
JNEMETHJIMPOBAHNIO METHIIBHBIX TPYIII PAa3IUYHBIX KOMIIOHEHTOB 3aJI0’KEHHOM Ha MHKYOAIUIO UKPBI,
BBI3BIBAIOLINX M3MEHEHUS B 3MOpHUOTeHe3e U OHTOreHe3e, MOP(OIOrnYecKyl0 U aHaTOMUYECKYIO
nedopMalMi0 MHOTMX OPraHOB M CHUCTEM OpraHM3Ma MOJOJM JIOCOCEH, a TakXkKe IO0JaBieHHE
9KCIIPECCUM KaK OTIEJIbHBIX T'€HOB, TAK U MHOTMX I'PYII F€HOB.

MHorogakTopHoe 3MUI€HETHYECKOE BO3AECUCTBUE AHTPOINOIEHHBIX 3JIEKTPOMAarHUTHBIX
aHOMaJIUi Ha UKPY, SMOPHOHBI M INUMHKH, MATBKOB M MOJIOb JIOCOCEH B yCIOBHUAX UCKYCCTBEHHOTO
BBIPALIMBAHUS IPUBOAUT K '€TEPOr€HHOMY NATOreHE3y, OCKOJIbKY JECUHXPOHU3AIMS OMOPUTMOB
BBI3bIBAET XPOHUYECKUN CTpecc ¢ 00pa3oBaHMEM MHOTOUYMCIIEHHBIX HapyIIEHUH MeTabonu3Ma,
3HAYUTENIPHO BIIMAIOIIMX Ha BCE aCMEKThl OMOJIOIMYECKOM PeryJsiqud U CHIDKAIOIIHUX YPOBEHb
’KM3HECTOMKOCTH KyJIbTUBUPYEMOI Motou jococeii [54, 55].

B MHOroacmekTHO# uccienoBaTenbckon padore mxtuoior a.0.H. O.M. 3amoposker; [56]
OTMEYAET, YTO «Y MOJIOJAH THXO0OKEAHCKHX JIOCOCeH, BBIPOCIICH B HCKAKEHHOM IreOMArHUTHOM
1noje, YCTAHOBJEHO YXYAlleHHe TMoOKa3aTejeil, XapaKTepU3yIOIIMX aJaNTAlMOHHbIE
BO3MOKHOCTHM B TMpupoze: cjadas ¢u3nyeckasi BBbIHOCJIMBOCTD H HEYCTOWYHMBOCTH
HEHPOIHIOKPMHHBIX MEXaHU3MOB B KPUTHYECKHMX CHTYalHsiX, MPOSBJAIOIIASACA B
NMOHMKEHHBIX CIOCOOHOCTAX K INIABAHWIO B THAPOJIMHAMHMYECKON YCTAHOBKE M YXO4y OT
XMIIHUKA; HEBbICOKAsl PEe3UCTEHTHOCTb K THINOKCHMU M TeIIOBOMY IIOKY; OOHApYKeHBbI
NpPOsIBJIEHUS] J1eCHHXP03a — HapYyLIeHMs] LMPKAIUMAHHBIX OHOPHUTMOB CHOHTAHHOI
ABUTATEJIbHON AKTUBHOCTH M MHTEHCUBHOCTH NMOTPedJIeHUsI KMCJI0POAa B MOKOE; BbISIBJIEHBI
CTOMKHE M3MEeHEeHHs MeTa00/1M3MAa, BbIPAKAIOIIHeCs] B MATOJOTH4eCKUX H3MEHEHHUAX MeYeHH
— YBeJIHYEHHOM KUPOHAKOIUIEHUHM H YMeHbIIEHUH IUIOTHOCTH pacnpeieleHUs] renaTouuTOB;
NMOBBIIICHHOH TOPakKaeMOCTH HEeMH(PEKIHOHHOH KaTrapakToii. CMepTHOCTb KHMKy4a,
Pa3BUBAKOIIETr0Csd B AHOMAJIbHOM NIPOCTPAHCTBE 0ETOHHBIX U JKeJIe3HbIX 0aCCeiiHOB, K MOMEHTY
BBIIIYCKA B eCTeCTBeHHbIN BoAoéM B 1,5-3 pa3a Bblme, 4eM B HOPMAJIBHBIX YCJIOBHSX
reOMArHUTHOIO TOJIS».

KomOukopMa uis MCKYCCTBEHHOT'O BBIpAIlMBaHMs Ha 3aBOJIAX MOJIOAM THUXOOKEAHCKHUX
JI0OCOCe TUTENhHOE BpeMs 3aKymanu 3a pyoexom — B Anmonun, CIIA, [lanuu, Hopseruun. Ograko
UCroJib30BaHue KomMOukopMoB Ha JIP3 cymiecTBeHHO yXyamiano KOMIUIEKCHBIE ITOKa3aTeNln
KHU3HEACSATENIbHOCTH KyJIbTUBHUPYEMOW MOJIOAM JIOCOCEH. Hcnonb3yemble koMOuKOpMa
POCCUICKHUX IPOU3BOJUTENEH [UIsl BOCIPOM3BOACTBA MOJOJU JIOCOCEM 3HAUYMUTEIBHO YCTYMAOT
HMMITOPTHBIM KOpPMaM 110 MHOTUM ITOKa3aTeJsIM U B HAUOOJIbIIeH CTETIeHN yXYIIaloT 3KOJIOTHYECKYIO
KU3HECTOUKOCTb U PENPOAYKTUBHOCTD JIOCOCEH.

IIpu BpIpamMBaHuM HA KOMOUKOpMax Mapku «Biodiet» u «Aller Aqua» y MmoJioan KeTbl
1 YaBbIYH 00HAPY:KEHbI IHCTONATOJOTHYEeCKHE H3MEHEHHS B MeYeHH, KeJYyI0YHO-KHIIeYHOM
TPakTe W MNo4Ke. B medyeHH MoJIOAM KeTbl M YaBbIYM BbISIBJIEHbl KOMIIEHCATOPHO-
NPHUCIOCO0UTeNbHbIE PeaKuy (THNepTPO(dHs renaToUTOB) H NATOJOIHYeCKHe H3MEHECHNS B
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BH/I€ JUNONTHOM qucTpodun. IaTo10rust moyexk y MoJ10au KeThl M YaABbIYH MPOSIBIISLIACH KAK
B TYOYJSIpDHBIX 3JieMeHTax (HeppoKaJIbUHHO3, AUCTPOPHUSA DNUTEIHOIUTOB), TAK H B
HHTepPCTHIHNH (TeMocHaepo3, oTéku) [57].

BO3ﬂeﬁCTBHe AHTPOIIOTCHHBIX 3JICKTPOMATrHUTHBIX aHOMAaJIUHM U I'€HETUYECKU JYy>XKCPOAHOTO
IINTaHUS KOM6I/IKOpMaMI/I MaJIbKOB U MOJIOAU UCKYCCTBCHHO BOCIIPOM3BOAMUMBIX JIOCOCEH B nepuon
CMOJITH(HKAIIMH TOBPEXKIACT B X OPraHU3Me MEXaHU3M (DOPMHUPOBAHKS AKTHBHOCTH THITOTATIAMO-
runo(Gu3apHO CHCTEMBI M THIO(U3APHO-THPHOMIHO-aIPEHATHHOBOIO KOMILIEKCA, OJIOKHPYET
SMUTCHETHYECKUE HEHPOHHBIE MEXaHU3Mbl BCeX (pa3 HUMIPHHTHHIA, B TOM 4YHCIE, Hauboiee
aKTUBHYIO (pasy TN€eHOMHOrO HMIIPUHTHHra — (PUKCAlMI0 HEHpOHAMU TajaMmyca U THIIOKaMIia
TOJIOBHOTO MO3Ta CHTHAJIbHO-HH(POPMAIIMOHHBIX  B3aMMOJCHCTBHM € TOYKOH  HMHIYKIIUH
DIIEKTPOMATHUTHOTO TIOJIs 3EMJIH, MECTOHAX 0K ICHHS KOHKPETHOT'O POJOBOrO PEYHOrO THE3IA.

Takum 00pa3oM, y HMCKYyCCTBEHHO BBIPAIIMBAEMON MOJIOAM Jiococedl BO Bcex (hasax
MIPOUCXOAUT MOBPCKIACHUC HWMIIPUHTHUHIA, II0O3TOMY HC IPOUCXOIHUT 3(1)(1)eKTa TIOKU3HCHHO
HEYracCMMOTO 3arevyartiieBaHus — J0JTOBPEMCHHOM MaMSITH, YTO MPUBOIUT K MOJHOW AeTrpaainiy 1
CJIOMY MCXaHHU3MOB q)OpMPIpOBaHI/IH JKU3HECTOMKOCTH KYJbTHUBUPYCMBIX TUXOOKCAHCKUX HOCOCGf/i,
yTpare XOMHHIa (BO3BpAIllEHHsS JIOCOCEH Ha HEPEeCT B POAHBIE PEKH) W HEBO3MOXKHOCTH
BOCIIPOM3BO/ICTBA 3/I0POBOTO TIOTOMCTBA.

SAKVIIOYEHUE

OcHoBornosararome NpuYMHON COKPALLEHUS YUCIEHHOCTU IMOIMYJISALUI JIOCOCEBBIX CTal B
Cesepnoit  Ilanuduke sBasiercds HaydHO  HEOOOCHOBAHHOE  MAacCOBOE  HCKYCCTBEHHOE
BOCIIPOU3BOJICTBO MOJIOAM JOCOCEH Ha PHIOOBOJHBIX 3aBOJaX, CO3JaBIlee OIPOMHBIE MPOOJIEMbI B
IIPOMBICIIE JIOCOCS, B SKOHOMHMYECKOM M colMajdbHOW cdepax SKoHOMHKM Poccum u crTpan
CEBEPOTHXOOKEAHCKOIO MT0OEPEXKbs.

B ¢opMupoBaHuyM HaBUTallMOHHBIX MEXAHHW3MOB OPHEHTALIMM M MUTPALUHU MPHUPOIHBIX
TUXOOKEAHCKUX JIOCOCEH B POJHBIE PEUHBIE «THE3[A» BO B3aUMOAECUCTBUU C JIEKTPOMATHUTHBIM
nosieM 3emiiu, oco0asi JOMUHUPYIOLIAs POJIb MPUHAATIEKUT UMIPUHTHHTY.

WmnpuHTHHT  (3amevarieBaHue) — crenuduueckas ¢opma HayuyeHHs Y  BBICHIMX
MMO3BOHOYHBIX, MPU KOTOPBIX (PUKCUPYIOTCS OTIMYMTEIbHBbIE MPU3HAKH OOBEKTOB HEKOTOPBIX
BPOX/IEHHBIX MOBEJACHYECKHX aKTOB POJUTENBCKUX 0CO0ei, OpaTheB U cecTEp, MUILEBBIX 00BHEKTOB
U J1p. IMOPUHTUHT POUCXOIUT MPEUMYIIECTBEHHO Ha paHHUX 3Tarax MocIepo0BOT0 Pa3BUTHS B
TE€YEHHUE OIpPENEIEHHOIO, BECbMa OIpaHUYEHHOro nepuoja. Ilponecc umnpuHTHHTa coBeplIaeTcs
Yype3BhIYaiHO OBICTPO M 0€3 BHEIIHEro MOJKpeIUieHHus. Pe3ynbTarT MMOpPUHTHUHTA HEoOpaTHM.
NMnpuHTHHT 00ecreunBaeT >KMBOTHBIM OXpaHy IOTOMCTBA, YJIEHOB COOOILECTBA, COPOAMYEH,
OyIylIuX MOJIOBBIX MapTHEPOB, MPU3HAKU MECTHOCTH U JPYTHe BUJIbI crieupruyeckoi puxcarum.

DONUreHeTUYeCKH MEXaHW3M Te€HOMHOI'O0 MMIPUHTHHIA O00€CleuYMBaeT BO3BpAIlCHHE Ha
HEpeCT B POJAOBHIE PEKH MHOTOUWCIICHHBIE NPUPOAHBIE MOMYJAIUA THUXOOKEAHCKHX JIOCOCEH,
coJiepKalx OMOTeHHBIH MarHETUT B TKaHSAX 3TMOMJA Yeperna pbl0, 1 MHOTHE TOJbl IPOUCXOIUT B
OJIHUX U T€X K€ TOYKax reorpa@uueckux KOOPAHWHAT, C JUAIa30HOM B3aUMOJIEHUCTBUS JIOCOCEH OT
TOUYKH [IEPECEUEHUS IPAJIUEHTOB HAIPSDKEHHOCTH U YIUIa HAKJIOHA 3JIEKTPOMAarHUTHOTO TIOJIS 3€MIIH,
BBEPX IIPOTHUB TEUEHHUSI U BHU3 IO TEUCHUIO PEKH, OY4EBHUIHO, 10—15 meTpoB.

C nomonibio pa3HOOOPa3HBIX AMUTCHETHYECKUX MEXaHU3MOB OCYIIECTBIISCTCS CAlllIEeHCHHT —
nporecc MOAABICHHUS AKCIPECCHM T€HOB (BBIKJIIOUYEHHE T'€HOB) M PEryjsaiuu reHoB. llpu stom
MIOCJIEZIOBATEBHOCTh HYKJIEOTHUAOB HE M3MEHSAETCS, a JHIIb [PEKpallaeTcss 3KCIPECCUs
COOTBETCTBYIOILIEIO I'€HA UM IPYIIIbl FeHOB.CalllIEeHCUHT T€HOB MOXKET ITPOUCXOIUTH HAa TPAHCKPU
MIIMOHHOM U MOCTTPACKPUIILIMOHHOM YPOBHE.

B onpenenénnbie nepropl HSMOpUOreHe3a 1 OHTOreHe3a 3a CUET BHEIIHUX SMUT€HETUYECKUX
CTUMYJIOB Y TPUPOJHBIX THUXOOKEAHCKHMX JIOCOCEH 3aIllyCKaeTCsi TE€HETHUYECKH BpOKIEHHBIN
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MEXaHHU3M IpPOorpaMMbl UMIIPUHTHHIA — 3aMe4yaTieBaHusl, OCHOBAaHHOTO Ha (POPMHUPOBAHMH HOBBIX
HelpoHHBIX cBs3ell. KpaTrkoBpemeHHble (a3bl MUMIOPUHTUPOBAHUS (cryxosas u o0OOHAmMeNbHAs,
Qukcayus mouxku pooosoco 2cHe30a, nuuesas, MeppumopualbHas U Nnouoeds) TPUPOIHBIX
TUXOOKEAHCKUX JIOCOCel Ha OCHOBE CO3JaHMsI HOBBIX HEHWPOHHBIX CBsi3ed (GOPMHUPYIOT
JOJTOBPEMEHHYI0 TOKM3HEHHYIO TIaMsiTh, OOecreunBas JKOJOTUYECKYI0 IKU3HECTOMKOCTh
npeacraButesisiM poga Oncorhynchus, mexaHu3m HaBHTalMOHHOTO XOMHHTA, BOCIPOH3BOJICTBO
3JI0pOBOTO MOTOMCTBA U coxpaHeHue renodonna B CerepHoii [lanuduke.

Mexanu3sm Haubolee akTUBHON a3l MMIPUHTHHTA OCHOBAaH HAa B3aUMOCBS3H
JIOKQTW30BAHHBIX OTIIOKESHUH OAHOAOMCHHBIX KPUCTAJJIOB MArH€TuTa CO CJIOKXKHBIMU HCPBHBIMU
OKOHYaHMSIMHU B TKaHAX 3TMOMJIA YEPENa JIMUMHOK JIOCOCEH YePE3 HEUPOHBI TAJIaMyca U TUIIIIOKaMIIa
TOJIOBHOTO MO3Ta, CO3/IAI0IINX CUTHAIbHO-UH(OPMAIIMOHHBIC B3AUMOICHCTBHS C TOYKOHN JTIOKATBHOM
HanpsHKEHHOCTH M yrila HakJIOHA 3JEKTPOMArHUTHOro mosis 3emid. VIMOpUHTHUHrOBbIE
3arcyaTiICBaHusA (bOpMI/IpyeT AOJITOBPEMCHHYIO IIOKH3HCHHYIO IIaMATb, KOTOpasd HE yracact Hu
HeoOpaThMa, 00ecTIeYnBaeT IKOJIOTUYECKY IO KUZHECTOUKOCTh TPUPOIHBIX TUXOOKEAHCKUX JIOCOCEH,
HaBHFaHHOHHBIfI XOMUHTI', IOJJTHOOCHHOC BOCITPOMU3BOACTBO 3A0POBOI'0 ITIOTOMCTBA.

HccnenoBanuss HEHPOHHBIX MEXaHM3MOB HUMIPUHTHUHTA Yy OHOJIOTUYECKUX OPTraHHU3MOB
OCHOBAaHbl Ha HU3Y4YCHHU CHHAIITHUYCCKUX CBsI3EH MCXKIY HCPBHBIMU KIICTKAMMU. B ornmmume ot
KpaTKOBPEMEHHON MaMATH, TpeOytomieil (GochopunupoBanusi yke MPUCYTCTBYIONIMX B KIETKE
6€J'IKOB, JOJITOBPEMCHHAA IIaMATh B MMIPOLUECCE UMIIPUHTHHTA OCHOBBIBACTCA HA OKCIIPECCUN I'CHOB U
cuHTe3e HOBbIX OenkoB. [Ipu OnokupoBaHWM cuUHTEe3a OEJIKOB B HEPBHOW CHCTEME, HCuUe3aeT
JOJITOBPEMEHHAsl TMaMsATh, a KpaTKOBpPEMEHHas oOcCTaércs HenmoBpexaEHHON. Crenuduyecku
OTIUYUTETIbHAs OCOOEHHOCTh JTOM IeMH KIETOYHBIX TPOIECCOB COCTOMT B TOM, YTO
(yHIaMeHTabHbIE €€ 3BEHbs] U KOMIIOHEHThI YPE3BBIYAITHO CX0KH ITPH 00YUEHUH Y MOJITIOCKOB U Y
MJIEKOIIMTAIOIINX, OCTaBasICh, MO-BUAUMOMY, HEU3MEHHBIMH HA MPOTSKEHUH MHOTMX MHUJUIMOHOB
JIET BOJIIOLIMU HEPBHOW CHCTEMBI.

Oco0Oyto ponb B mporecce (HOpMUPOBaHHS IOITOBPEMEHHOW MaMsTH TpH Bcex (azax
HUMIIDUHTHUHTA Y JIOCOCEBBIX pLI6 A MHOTHUX OHOIOTHYECKUX BUJOB OpPraHM3MOB HUI'pacCT, TakK
HasbIBaeMasi, TMMOMYECKasi CHCTEMa MO3Ta: ONpeeEHHbIC HEHPOHBI TaTaMyca U TUIITIOKaMIIa.

BrisBiena CHGIII/I(bI/ILIeCKI/I JOMUHAHTHAaA pPoOJib U HGprOHHI:IG MCXAaHU3Mbl UMIIPUHTHUHIA,
(OpMHUPYIOIIETO HIKOJIOTUYECKYIO >KU3HECTOMKOCTh MPUPOAHBIX THUXOOKEAHCKUX JIOCOCEH st
BOCIIPOM3BOJCTBA 3/I0POBOTO MOTOMCTBA, BOCCTAHOBJIEHHUS CTaJ MOIMYISUNANA TPUPOIHBIX JOCOCEH U
coxpaneHus renodona kak Bujaa poma Oncorhynchus B TuxookeaHCKHX MOPCKHUX aKBATOPHUSX.

I/ICCHGIIOBaHI/ISI OIHUICHCTHYCCKOI0 MCXaHM3Ma I'CHOMHOI'O MMIIPUMHTHHIA THXOOKCAHCKUX
JIOCOCEH, a TaKKe HEHPOHHBIX MEXaHU3MOB CUHANTHYECKUX CBS3€H MEK]y HEPBHBIMHU KIIETKaMH,
obOecrieunBaroux  GOPMHUPOBAHUE  DKOJIOTHYECKH  JKU3HECTOMKOM  MOJIOJM  MPUPOJIHBIX
TUXOOKEAaHCKUX JIOCOCEH, XOMHHIa, IOJHOLIEHHOTO BOCIPOM3BOACTBA 340POBOTO IMOTOMCTBA M
coxpaHeHne reHo(oHa, CrTocoOCTBOBAIM TOHUMAHHUIO BaXKHEUIIEH por ()eHOMEHA HMITPUHTHHTA
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