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[lomecTrKauma ANKNX XNBOTHbIX — KpaeyrofbHbI KaMeHb LinBuIM3a-
uuu. Npesa [1.K. bensesa 06 ocHoBe fJoMecTUKaLmn Kak 6eccosHaTtesb-
HOM OTOOpE YeIoBEKOM KaMEeHHOIo Beka HearpeCcCcrBHbIX XKUBOTHbIX
6bls1a NOATBEPKAEHA MHOTONETHUMU YHMKANbHbIMU paboTamu MHCTU-
TyTa LMTONOMMMN U FeHETUKN MO AOMECTUKALMMN CepebprCTO-YepPHbIX
NNCWL, KPbIC-MACIOKOB 1 aMepUKaHCKMX HOpoK. O630p NocBsALLeH ponu
MefMaTopOoB MO3ra B MexaHu3max goMectrkauuu. lNonyyeHHble B Ha-
LUNX NCCNeAoBaHUAX AaHHbIe CBMAETENbCTBYIOT 06 Y4acTUM CepoTo-
HVWHOBOW CUCTEMbI MO3ra B MepPecTPOoriKe NOBEeAEHMWA NPU cenexkuum
>KNBOTHBIX Ha HN3KYIO arpeccBHOCTb. YCTAaHOBNEHO, YTO AJOMEeCTMKa-
LA, NpeBpaLlaoLlasn arpeccBHOE AVKOE XNBOTHOE B Hearpeccus-
HOe 1 ApyKentobHOoe, CONPOBOXKAAETCA Y MUBOTHBIX Pa3HbIX BUAOB
(cepebpuncTo-yepHbIX NNCUL, KPbIC-MACIOKOB U HOPOK) U3MEHEHWEM
OCHOBHBIX MOJNEKY/IAAPHbIX 3NIEMEHTOB, onpeaenaowmx GyHKLMoHanb-
HYI0 aKTUBHOCTb CEPOTOHMHOBOW CUCTEMbI. ATpeCcCrBHbIE 1 Hearpec-
CVIBHbIE »KNBOTHbIE Pa3/INyaloTCA MO YPOBHIO CEPOTOHNHA B MO3Te,

Mo akKTUBHOCTU OCHOBHbIX GEPMEHTOB MeTabon1M3Ma CePOTOHMHA 1
MO 3KCMpPeccnn CePOTOHMHOBBIX peLenTopoB. AKTUBHOCTb KaTanu-
3UpYyHoLLEl CUHTE3 CEPOTOHUHA B MO3re TPUNTOPaHrMaPOKCMasbl-2

Y HearpecCcuBHbIX XXMBOTHbIX MOBbILIEHA, aKTMBHOCTb depMeHTa fe-
rpagauum MoHoaMMHOKCMAasbl A — MOHWXKeHa. [lomecTUuMpoBaHHble
KPbICbl OT/IMYAIOTCA OT arpecCrBHbIX 1 MO SKCNPEeCCMn CEPOTOHUHOBBIX
5-HT1A-peuentopoB: ypoBeHb MPHK 5-HT1A-peuentopa, NIOTHOCTb
peLenTopoB B CTPYKTYpax Mo3ra U ¢GyHKLUMOHabHasA akTUBHOCTb

Y H/X BbllUe, YeM Y arpeccrBHbIX. Bce 3To cBMAaeTenbCTBYET O Cylue-
CTBEHHOW PO HepoMe[mnaTopa Mo3ra CEPOTOHMHA B SBOIOLIMOH-
HOM MpoLecce OMeCTUKALUN XKUBOTHbIX. Ocoboe BHMMaHVe B 0630pe
ob6palleHo Ha posib MeANATOPOB MO3ra B KOPPENATUBHON N3MEHUM-
BOCTU Mpu ceneKkumu no nosegeHuto. NpeacraBneH KOMNIEKC gokasa-
TENbCTB Hallel rMnoTe3bl, COrMacHO KOTOPOW OAHUM U3 MeXaHN3MOB
BO3HMKHOBEHMA BaXKHENLLMX KOPPENATUBHbIX MPU3HAKOB Npu oMe-
CTUKaLMW — U3MeHeHW B OCHOBHOW cMCTeMe cTpecca (rmnoTtanamo-
rmnodrsapHo-HaANoOYEYHUKOBO) 1 perynatopa penpoayKuum (runo-
Tanamo-runopr3apHoO-NoNoBoN) — ABAETCA BOBNeYeH e B ceneKkum-
OHHbI NPOLIecC CEPOTOHNHOBOW CUCTEMbI MO3ra, KoTopas, HapAaay

¢ QyHKUMeNn perynatopa arpeccrBHOro NoBeAEHsA, KOHTPONMpyeT
SHIOOKPUHHbIE Xene3bl.

KntoueBble crioBa: JOMECTUKALMA; arPECCMBHOCTb; MeAMaTopbl MO3ra;
CEPOTOHUH; KOPPENATMBHAA U3MEHUNBOCTD, CTPECC, r’mnodrsapHo-
nonosas cucTema.
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The domestication and the brain:
forty years after

N.K. Popova

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

The domestication of animals was crucial for the civi-
lization evolutionary experiment. The main character-
istic of domesticated animal is tame behavior towards
man. D.K. Belyaev suggested that the domestication
was carried out by man of the Stone Age as unintend-
ed selection of nonaggressive animals. This hypoth-
esis was confirmed at the Institute of Cytology and
Genetics, Novosibirsk, by unique long-lasting selection
of silver foxes, Norway rats and American minks for
nonaggressive behavior towards man. The review con-
centrates on the role of the brain neurotransmitters in
the mechanism of animal domestication. Specifically,
it describes the effect of selective breeding for nonag-
gressive behavior on the brain neurotransmitter sero-
tonin (5-HT) system. Our data showed that produced
by domestication the conversion of wild, aggressive
animal to non-aggressive towards man is associated
with changes in the expression of key molecular mem-
bers determining the brain 5-HT system functioning.
Significant difference between aggressive and nonag-
gressive animals in the 5-HT metabolism, in the expres-
sion of principle metabolic enzymes and 5-HT recep-
tors was shown in different species of mammals (silver
foxes, Norway rats and American minks). Higher con-
centration of 5-HT and its metabolite, 5-hydroxyin-
doleacetic acid, increased activity of the principle
enzyme in 5-HT synthesis (tryptophan hydroxylase-2)
and decreased activity of the principle enzyme in 5-HT
degradation (monoamine oxidase A) was shown in
the midbrain of domesticated silver foxes and rats. The
expression of the 5-HTA receptor gene, the density and
functional activity of 5-HTA receptors in nonaggressive
rats were increased. The review provides converging
lines of evidence for our hypothesis that the changes
in the brain 5-HT contributes to a mechanism underly-
ing correlative patterns of domestication, i.e. changes
in the pivotal for stress response and for the reproduc-
tion pituitary-adrenal and pituitary-gonadal systems.

Key words: domestication; aggressiveness; neurotrans-
mitters; serotonin; correlative traits; stress-response;
pituitary-gonadal system.



OMECTHKAIMS TUKUX XMBOTHBIX — OJIHO M3 BEJMYaii-

MIUX UCTOPUUIECKUX COOBITHH, MPEIONpeIeNUBIINX

pa3BHUTHE COBPEMEHHOH IUBMIN3annu. KiroueBbiM
MIPU3HAKOM JIOMECTHIIMPOBAHHBIX )KUBOTHBIX SIBJISIETCS OTCYT-
CTBHE arpecCUH M0 OTHOIIECHHIO K YeTI0BeKy. M iest akaiemMuka
J1.K. BensieBa 00 0cHOBE IOMECTHKAIMN KaK ITPOUCXO/IUBIIEM
erie B NIyOOKO# JPEeBHOCTH Oecco3HATEIbHOM OTOOpE Ye-
JIOBEKOM HearpecCHBHBIX KMBOTHBIX (Belyaev, 1979) 6puta
OnecTsie MOATBEPXKIEHA MHOTOJICTHUMH YHUKaJIbHBIMH
paboramu MHCTHUTYTa LUTOJIOT U M TEHETUKH 10 IOMECTHKA-
1un cepeOprcTo-uepHsIx ucu (Trut, 1999), kpeic-maciokoB
(Nikulina et al., 1986; Plyusnina, Oskina, 1997) u amepukas-
ckux Hopok (Tpamesos, 2007, 2008).

Hecomuennoii 3acinyroit J[.K. bensieBa siBnsiercst mociie-
JIOBaTeJIbHOE PA3BUTHE TPEJCTABICHUN O POJIM TTOBEIACHUS
U CTpecca B JOMECTHKALMU JAMKHX )XKUBOTHBIX. MM ObLiu
MHHUIUUPOBAHBI UCCIIEOBAHUS HEUPO(DU3NOIOTUIECKUX U
TOPMOHAJILHBIX MEXaHU3MOB, KOTOPBIE U OTIPEICIISIOT 0COOCH-
HOCTH IOBE/ICHHS U (PU3MOJIOTUUECKUX CBOMCTB )KUBOTHBIX,
CEJIEKIIMOHNPYEMBIX Ha HU3KYIO arpECCHBHOCTb T10 OTHOIIIE-
HUIO K YEJIOBEKY.

[TpuHIMTIHATEHBIE IIPOTPAMMHBIE MOJIOKEHHS O POJIU «pe-
TYISITOPOBY TIOBEAEHHS B JOMECTHUKAILINH KUBOTHBIX C(HOPMY-
muposansbl JI K. benstesim B Hauane 1960-x rogos. Ilepsas
CTaThsl, B KOTOPO HaME4YEeHbl OCHOBHBIC HJEU €r0 TEOPUHU
JIOMECTHKALIUH 1 YTIOMSHYTBI PETYIIATOPBI, ObliIa ITOCBSIIICHA
poOieMaM KOppesTHBHOW N3MEHYNBOCTH 1 OITyOJIMKOBaHA
B «3Bectusix Cubupckoro ornenenus AH CCCP» B 1962 1.
(bensies, 1962). B 310 e Bpems OH, CChIIasCh HAa pPabOTHI
WL.II. TTaBnoBa, mucai: «...CTajuo sICHO, YTO CBOMCTBA OCHOB-
HBIX HEPBHBIX TPOLIECCOB UTPAIOT BEChbMa CYIIECTBEHHYIO
POJb B 3BOTIOLIMOHHON Cy[ib0€ 0c00eH U ABISAIOTCS TOITOMY
TEM MaTepuaioM, Ha OCHOBE KOTOPOTO JAEHCTBYET €CTECTBECH-
HbIit 0oTOOp» (Benses, Tpyt, 1964). PazpabarsiBas npodiemy
KOPPEISITUBHON M3MEHYNBOCTH, belsieB BhICKa3al MBICIB O
TOM, YTO CYIIHOCTH JIOMECTHKAIIMU XMBOTHBIX KPOETCS B
HACJIEJICTBEHHO 3aKpEIIieMOM M3MEHEHHH PEryJIsITOPHBIX
CHCTEM — TOPMOHAIBHOM U IeHTpanbHON HepBHOH. OpueH-
taims J|.K. bensieBa Ha u3yuenne HeHpo(U3NOIOrHIECKUX
W HEHPOIHJOKPUHHBIX MEXaHM3MOB JIOMECTHKAIMK Oblia
TUTOIOTBOPHOM H B T€ TO/IBI, O€3yCIIOBHO, HOBOH.

B cBoux nepseix craresax J.K. benses nucan o melipory-
MOpPAJIHOW PEryJIAIUKN U MO3re BOOOIIe, Oe3 YIIOMUHAHUS O
MeraTopax Mo3ra. DTo HEyAUBUTENBHO, TAK KaK CaMo CyIIle-
CTBOBAHHE B MO3T€ MEMATOPHBIX CUCTEM OBLIO YCTAHOBIICHO
JUIIb K KOHILy 1950-X rooB, U UX pojb B PEryJsAIiU MOBe-
JeHAsS U (PU3NONOTHYECKUX (PYHKIMI BO MHOTOM eIlie Oblia
HesicHa. Ho mocTanoBKka npo0ieMsl 1 OpHEHTAIHSI HCCIIE0-
BaTesiel Ha BBIABICHHE TE€X MPOIIECCOB, KOTOPHIE PEATU3YIOT
JelicTBre 0TOOpa MO MOBEIEHHIO, HA WHTETPAINIO TEOPUH
HCKYCCTBEHHOTO 0TOOpPA C COBPEMEHHBIMH IPEACTABICHUAMH
0 QyHKLUSIX MO3ra CBUJIETEIILCTBYET O HAyYHOH HHTYHLIUH 1
mupore B3nsnoB J.K. bensesa.

CepOTOHUH 1 foMecTUKauuA

Hammvm nccnenoBanusamu (ITomosa u ap., 1975; Popova
et al., 1976, 1997; Popova, 1999) BriepBbie noKa3aHo, YTO
JTOMECTHKAIIUS KUBOTHBIX COIPOBOXKIACTCS MEPECTPOUKON
HEHPOMEINAaTOPHBIX CHCTEM MO3Ta. 3HAUYNTEIbHBIE H3Me-
HEHHS MeTa0oM3Ma 1 PelenIny Jo(haMIHa U BaKHEHIIIETO

leHeTMKa noBeaeHUA

peryasTopa arpecCUuBHOCTH — CEPOTOHUHA, ObLIH OOHApy-
JKEHBI y JKUBOTHBIX, CEJIEKIIMOHUPOBAHHBIX HA OTCYTCTBUE
arpecCUBHOCTH 110 OTHOLICHUIO K YesioBeKy. Ocoboe BHIMa-
HHE TPUBJICKAIOT U3MEHEHNUS B CEPOTOHHHOBOM (CepoTOHep-
THYECKOH ) CHCTEME MO3Ta. ITO 00YCIOBICHO PSIOM IIPUYHH.
Bo-niepBbIX, ceporonnH (S-ruppokcurpuntamus, 5S-HT) —
9BOJIFOLIMOHHO OYEHb IPEBHUI MeIUaTOP. MHOIOUUCIICHHbBIE
JTAaHHBIE CBUJICTENBCTBYIOT O €T0 YYaCTUH B PETYIISIIUH arpec-
CHBHOTO TTOBEJICHUSI He TONbKO MiekonuTaromux (ITomosa n
ap., 1978; Valzelli et al., 1981; Molina et al., 1987; Miczek
et al., 1989; Popova, 2006), HO 1 )KMBOTHBIX IPYTHUX KJac-
coB — ritunl (Sperry et al., 2003), peid (Adams et al., 1996),
pakoo6pa3zubix (Huber, 2005). Bo-BTOpBIX, KIMHUYECKHE
JaHHbIE TTOKAa3bIBAIOT ACCOIMAIIUI0 UMITYJIbCUBHOM arpec-
CHUBHOCTH YeJIOBEKA M CYHINIA, KOTOPBIH paccMaTpuBaIOT
Kak MPOSIBIICHUE arpecCcry, HAINPaBJICHHOM Ha camMoro ceost
(Pedder, 1992), c HenocTaTouHO (GYHKIIMOHATHHOW aKTHBHO-
CTBIO CEpPOTOHNHOBOH cuctembl Mo3ra (Linnoila et al., 1983;
Linnoila, Virkkunen, 1992; Arango et al., 2003). B-tpetbux,
PpaHHsIA SKCIIPECcCs B IPEHATAIbHOM IIEPHOIE U BBIPAKEHHOE
BIIMSTHAE Ha MOP(OTeHE3 MO3Ta OITPEACIIAIOT CyIECTBEHHYTO
poJib cepoToHrHa B pa3suTuu Mosra (Chubakov et al., 1986;
Whitaker-Azmitia et al., 1996; Gaspar et al., 2003). 1 na-
KOHEIl, CEpOTOHMH — HauboJiee HKCIIAHCUBHBIH MEAHATOP
MO3ra, y4acTBYIOIIHH B PEryJISIIIMU HE TOJILKO TIOBEJICHUS, HO
U pAna (pU3NOIOTHYECKUX CHUCTEM, BKIFOYAs BAXKHEHITYIO —
HeliposHaoKkpuHHYI0 cuctemy (Naumenko, 1973; Haymenko,
[Tonoga, 1975).

@DyHKIMOHAIBHAS aKTHBHOCTh CEPOTOHMHOBOM CHCTEMBbI
3aBUCHT OT HHTCHCUBHOCTH CHHTE3a U pa3pylIeHHs CepOTO-
HHHa, 00parHoro 3axBara (reuptake) u 1eroHUpPOBaHMs BbIE-
JIMBIIETOCS B CHHAIITUYECKYIO IIIeJIb CEPOTOHNHA, TNIOTHOCTH
cepoToHNHOBBIX 5-HT-penentopos. D10 onpenenseT Kpyr oc-
HOBHBIX MUILICHEH B TEHETHYECKOW PEryJIsILIU CEPOTOHNHOM
MOBE/ICHNS] — Te€HbI 1 ()ePMEHTHI, KOHTPOJIUPYIOIIUE CHHTE3
U paspylieHue ceporoHnHa B mosre, S-HT-tpancnoprep u
5-HT-peuentopsl.

CuHTe3npyeTcsi CepOTOHHH MO3Ta M3 MOCTyTaomei ¢
MUIIeH He3aMEHUMOH aMHHOKUCIIOTHI TpunTodan. Karanmsn-
PYIOT ero cuHTe3 iBa (hepMeHTa — TPUNITO(GAHTHIPOKCHIIa3a U
JekapOOKcHIIa3a apOMaTHIECKUX aMHHOKHUCIIOT. JlekapOoKCH-
J1a3a He SIBJISICTCS CENIEKTHBHBIM JIJIsl CEPOTOHHHA (PEPMEHTOM.
CKOpOCTh €ro CUHTE3a B MO3I'e ONpe/iessieT crienuduaHast s
CepOTOHMHA TPHUNTO(GAHTHAPOKCHIa3a-2 (Ha nmepudepun —
TpunTodanruapokcuiasa-1). CHHTE3UpOBaHHBIN CEPOTOHNH
JICIIOHUPYETCS B HEMpoHaX. B 0TBET Ha HEPBHBIN UMITYJIbC OH
BBIJIEISIETCS] B CHHANITUYECKYIO IIETb M JICHCTBYET Ha Cepo-
ToHHHOBBIE 5-HT-pernentopsl, mocie 4ero HHaKTHBHPYETCS
00paTHBIM 3aXBaTOM B T€ € HEHPOHBI. DTOT 3aMeyaresIbHbIH
nmpouecc, npoucxoasmui ¢ ysacrueM S-HT-tpancnoprepa,
MO3BOJISIET MHOTOKPATHO MCIIOJIB30BATh OJTHY M TY JKE MOJICKY-
a1y ceporonrHa. OCHOBHOH (DepMEHT Aerpasialiii CepOTOHH-
Ha — MoHoaMuHOKcH1a3a A (MAO A), 0CHOBHOW KOHEYHBIH
€ro MeTaboJHT — 5-THIPOKCUUH/IOITYKCYCHAast KHCIIOTA.

Oxono 40 sieT Ha3a] HaMK ObLJIO BIIEPBBIE YCTaHOBJICHO,
YTO JOMECTHKAILUS CBS3aHA C N3MEHEHHEM B MO3Te MeTa0o-
m3Ma ceporonnna. O6napyxeno (ITonosa u ap., 1975), uto
YPOBEHb CEPOTOHMHA U €0 OCHOBHOTO METa00JINTa, S-THPO-
KCHHH/IOYKCYCHOM KHCIIOTBI, B Psifie CTPYKTYp MO3Ta JoMe-
CTHILMPOBAHHBIX CEPEOPUCTO-UEPHBIX JIMCHUI] CYIICCTBEHHO
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BBIIIC, YEM Y aIrp€CCUBHBIX )KUBOTHBIX. Ilanee 6])1.]'[0 BbISAICHC-
HO, YTO MOBBIIICHHBIN YPOBEHb CEPOTOHMHA B MO3T€ JIUCHII,
MIPOSIBIISIBIINX JPY/KEITIOOHYIO PEaKIIUIO Ha YEITOBEKa, CBA3aH
C U3MEHEHHEM IKCIIPECCHH OCHOBHBIX (DEPMEHTOB €ro Merta-
60s1M3Ma — MOBBINIEHNEM aKTUBHOCTH KJIIOUEBOTO (hepMEHTa
CHHTE3a CEpOTOHMHA TPUNTO(GAHT HAPOKCHIA3bI-2 1 IOHHKE-
HHEM aKTUBHOCTH OCHOBHOTO (DepMEHTa ero karaboyim3mMa —
MAO A (Popova et al., 1991b, 1997). Ilo3nHee cxomHbIe
M3MEHEHHS ObUIN OOHAPY)KEHBI U y CEJICKIMOHMPYEMbIX Ha
HH3KYIO arpeCCUBHOCTB KPBIC-TIACIOKOB. YPOBEHb CEPOTOHHHA
B CPEIHEM MO3T€ U THIIOTAIaMyCe, yPOBEHb €T0 METa00INTa
B THIIOTAJIAMyC€ M aKTHBHOCTH TPUNTO(MAHTHAPOKCUIIA3HI
HearpeccHBHBIX KpbiC ObUIM NOBbINIeHB! (Hukymuna u 1p.,
1985a; Popova et al., 1991a). Hago otMeTuTs, 9TO pazmmdauns
B yPOBHE CEPOTOHMHA B CTPYKTYpax MO3ra JOMECTUIIMPOBAH-
HBIX U arPECCUBHBIX KPBIC BBISBIISIIOTCS HE BCer/a, Oosee uyB-
CTBUTEIBHBIN OKA3aTeNb — yPOBEHb OCHOBHOT'O MeTa00InTa
CEpOTOHUHA S-THAPOKCUHMH/IONYKCYCHON KHcIoTh! (Haymenko
u 1ip., 1987). OTueTnuBbie pa3auyus MPOSBISIOTCS B Peak-
LU CEPOTOHMHOBOM CUCTEMBI Ha HYMOLIMOHAJIbHBIN CTpECC:
BBI3BIBAEMOE CTPECCOM CHM)KEHUE YPOBHSI CEPOTOHHMHA B
runoTrajiaMyce u B CpCIHEM MO3T€ aIrp€CCUBHBIX KPbIC 6])1.]'[0
TOpaso 3HaYUTEIbHEE, YEM y JTOMECTUIHPYEeMBIX ([[pirano
u 1p., 1985).

VYdacTue cepoTOHMHA MO3ra B PErylisiliui arpecCUBHOTO
MOBE/ICHNS U B MEXaHW3Max JIOMECTHUKAINU OBIJIO TTOKa3aHO
1 Ha TPEThEM BH/IE KMBOTHBIX — aMepHKaHCKoi Hopke (Hu-
KyJuHa u 11p., 19850, 1993; Boiitenko u np., 1992; Ocamuyk,
Boifrenxo, 1992). AKTHBHOCTH (pepMEHTOB JeTpaTaIliy Cepo-
toHnHa— MAO A 1 MAO B — B cTBOIIE MO3ra HEarpeCCUBHBIX
HOPOK OKa3aJlachb [IOHW>KEHHOU. BBeieHue npenecTBeHHuKa
CEpOTOHHHA, MOBBIMIAIOIIETO COAEPKAaHNE ITOTO MEANATOPA
B MO3T€, CHIDKAJIO arpeCCUBHOCTH HOPOK.

[MonudyHKIMOHAIBHOCTB BE3/IECYIIIEro CEpOTOHHHA CBsI3a-
Ha C HEOOBIYHO BEICOKHUM MTOITUMOP(PHU3MOM €TO PEIeTITOPOB.
CynepceMeicTBO KIOHUPOBAaHHBIX U CEKBEHHPOBAHHBIX
5-HT-peuentopoB coctout u3 15 moxnTuos, o0pasyrommx
7 cemeiicTB. DTa KIaccupHUKaNys OCHOBaHA HA TPEX OCHOB-
HBIX XapaKTEePUCTHUKAaX PELENTOPOB: CTPYKType (TepBUYHAs
M0CJIEJOBATEIbHOCTh AMHHOKHCIIOT), XapakTepe Iepenadn
CUTHaja M peaknuu Ha (papMakoJOTHUECKHE Mpemaparsl.
B nocnennue roapl Halle BHUMaHWE HANPABICHO TIIABHBIM
obpazom Ha uzydenue ponu 5S-HT 1 A-penentopa.

5-HT1A-pernenitop 3aHIMaeT 0c000€ MECTO B OOIINPHOM
cemeiictBe 5-HT-penentopos. OH sIBISIETCS OCHOBHBIM ayTO-
PEryiasiTOpOM aKTUBHOCTH CEPOTOHMHOBOM CHUCTEMBI MO3ra
(Pineyro, Blier, 1999), ygacTtByeT B peryasnuu ypoBHS
TPEBOXXHOCTH U JICHPECCHH, JICHCTBYSI KaK aHKCHOJIHMTUK U
antunenpeccant (Nutt, Glue, 1991; Lucki et al., 1994), u no-
HIDKAET arOHUCTUYECKYIO U COINAIBHYIO AKTHBHOCTB KPBIC U
meimieit (Bell, Hobson, 1994; Olivier et al., 1995).

Bruto mokazano (Popova et al., 2005), uro momecTuiu-
POBaHHBIE KPBICHI 3HAYUTENIFHO OTIIMYAIOTCS OT arpecCHB-
HbIX 110 dkcnpeccun 5-HT1A-penenropos: ypoens MPHK
5-HT1A-peuenTopa, INIOTHOCTh PELIENTOPOB B CTPYKTypax
Mo3ra ¥ (yHKIMOHAIbHAsl aKTUBHOCTh y HUX BBIIIE, YEM Y
arpecCUBHBIX KPBIC.

HOJ’Iy‘IeHHI)Ie JaHHbIE€ CBUJACTCIILCTBYIOT O TOM, YTO 0-
MECTHKAIVSI, MTPEBPAIIAONIas arpeCCUBHOE JTUKOE >KUBOT-
HOE B COBEPIICHHO HEArpeccHBHOE M JPYKeI0OHOE MO
416
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OTHOIIEHUIO K YEJIOBEKY, COMPOBOKAAECTCS PaTUKATIbHBIM
U3MEHEHHEM BCEX OCHOBHBIX DIIEMEHTOB, ONPEAEIAIONINX
(DYHKIMOHATIBHYIO aKTHBHOCTH CEPOTOHWHOBOH CHCTEMBI.
[IpuHIMIIMANBHO Ba)XHO, YTO M3MEHEHUS CEPOTOHUHOBOM
CHCTEMbI MO3Tra OOHAPYKEHBI NPH JOMECTHKALUK Pa3HbIX,
JIOCTATOYHO JAJEKUX BUIOB MJICKOMMTAIOMINX — cepedpH-
CTO-YEPHBIX JIUCHUI], KPBIC-MACIOKOB U HOPOK. DTO TOBOPUT
0 CYLIECTBEHHOW POJIM HEMpoMeauaropa Mo3ra CEpOTOHUHA
B JBOJIOI[MOHHOM IPOLECCE TOMECTHKAIMH >KMBOTHBIX U
XOPOULIO COOTBETCTBYET CIOXKUBLIEMYCSI IIPEACTABICHUIO O
CEpOTOHHHE KaK O (haKTOpe, TOHMKAIOIIEM arpeCCUBHOCTD
OOJIPIIMHCTBA BU/IOB KMBOTHBIX.

CGPOTOHVIH n KoppenAaTuBHaA N3MeH4YNBOCTb
CenexIyst ’)KHBOTHBIX HEPEJIKO COTTPOBOK/IACTCS TTOSBICHHEM
KOPPCIATUBHBIX IMPU3HAKOB, T.€. IMPU3HAKOB, 110 KOTOPLIM
cesiekiust He Benack. OcCOOEHHO MHOTOYMCIIEHHBI M 9acTO
HEO)KUJIAaHHBI KOPPEISITUBHBIC MTPU3HAKH MPH CEJIEKINH T10
nosenenuto (bemnses, 1962; Belyaev, 1969). Muoroo6pa3zHble
Mop¢oJoTHIeCKre M (PU3HOIOTHIESCKIE N3MEHEHHUS, XapaK-
TEpHBbIC I JTOMECTHIHPOBAHHBIX JKUBOTHBIX, JETAIBHO
oncansl JL.H. Tpyt (Trut, 1999).

Hecmotpst Ha TO 9TO TpobIEeMa KOpPENSATHBHON H3MEHUH-
BOCTH €O BpeMeH JlapBrHa BBI3bIBACT IPUCTAIBHBIN HHTEPEC,
MCXAaHU3MBI ITOABJICHUS MHOFOOGpaSHLIX KOPPECIATHBHBIX
MIPU3HAKOB BCE €I1I€ BO MHOTOM HesicHBL. [lopasurensHo To,
YTO MPH CENIEKIMH 110 JIOMECTUKAIIMOHHOMY THITY OBEJICHUS
MHOT'H€ U3 HUX aHAJIOTUYHBI Y Pa3HbIX BUI0B *KHUBOTHBIX (Trut,
1999). Ota 3arajiouHOE CBOWCTBO CEJICKIIMH 10 TIOBEIEHUIO,
HECOMHEHHO, CBUJICTEIbCTBYET O CXO/IHBIX MEXaHN3Max Kop-
peHXTHBHOﬁ U3MCHYHNBOCTH.

Jloka3zarenbCcTBa CyIEeCTBEHHBIX C/IBUTOB, TPOUCXOSIINX
B IIPOLIECCE JIOMECTUKAIMU B OJHOH M3 OCHOBHBIX CHCTEM
cTpecca — THIoTallaMO-TUIIO()U3apHO-HAAOYSYHUKOBOW —
U B (D)yHKIIMOHAIBHON aKTUBHOCTHU TOHAJ, OBUTH MOITyYEHbI
Gonee 40 yetT TOMy Hasza/ HCCIIETOBAHUSME J1a0OPATOPUH
npod. E.B. Haymenko (Haymenxko u np., 1971, 1974; Tpyt
u ap., 1972). YcTaHoBIE€HO, YTO Y AOMECTHIIMPYEMBIX Ce-
peOpUCTO-YEPHBIX JIMCUI] YPOBEHb B KPOBH TOPMOHOB KOPBI
HAJIOYEYHUKOB BO BCE CE30HBI T0Jla, KpOME INepHoja pas-
MHOKECHUS, HUXKE, YeM y HECEIEKIIHOHNPYEMBIX tucHil. Pas-
JIMYHA ¥ PEaKTUBHOCTD [IEHTPAIBbHBIX MEXaHU3MOB PETYISIIN
FI/IHOTaHaMO-FI/IHO(l)I/BapHO—HaI[HO'-Ie‘-IHPIKOBOﬁ CHUCTCMBI, UTO
MPOSIBIISIETCSL B Pa3HOM pEaKLUU HA ICUXUYECKUN CTpecc
(TpyT u mp., 1972).

[osiBiieHne CXOAHBIX Pa3anuuil ObLIO OOHAPYKEHO U B
XOJI€ CETIEKIINH Ha JIOMECTUKAIIMOHHBII THII TOBEICHUS IPY-
roro Buja — kpeic (Naumenko et al., 1989). Kpsicbl-nactoku,
CEJIEKI[MOHUPYEMbIEC Ha OTCYTCTBHE arpecCHBHON pPEaKLUU
Ha YelI0OBeKa, OTIIMYAINCh OT BBICOKOAIPECCHUBHBIX KPBIC
HE TOJBKO KPOTKUM M JaXKe JPYKECTBEHHBIM ITOBEJCHUEM
MO0 OTHOIICHHUIO K YCJIOBEKY, HO U IMOHWXCHHBLIM YPOBHEM
KOPTHUKOCTEPOHA B KPOBU U NOHMKEHHOW peaKLUel runora-
JIaMO-TUTO(PHU3aPHO-HAATOYEIHIKOBOW CHCTEMBI Ha SMOIIHO-
HaJIBHBIH CTPECC U Ha LICHTPAJIbHOE BBE/ICHUE (B JTaTePaIbHbINA
XKeTyo4deKk Mo3ra) ceporonuHa (Jpirano u ap., 1985).

Cenekuyst Ha IOMECTUKAIIMOHHBIN THIT TIOBEJICHUS 3HAYH-
TEJILHO M3MEHSIET YHJIOKPHHHYIO PETYJISLHUIO MOJIOBOM CHC-
TEMBI U PETPOSYKTHBHOCTD KHBOTHBIX. Y «PYUYHBIX» cepe-
OpHucTO-4epHBIX JIMCHIL: 1) n3MeHeHa (OToIepHoIIeCKast
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peryisinusi SHAOKPUHHON (YHKIMH SUYHUKOB: Pa3MHOXKa-
I0TCSl OHM B TOT K€ C€30H, HO PaHbIIIE, YEM JINCHIIBI JUKOTO
THUITa TIOBE/ICHNS; 2) TOTEHIMAIbHAs TUIOJJOBUTOCTh BBIIIIE,
YEM Yy arp€CCHMBHBIX, HO BBIIIEC U 3M6pI/lOHaﬂbHaﬂ CMEPTHOCTbD,
3) y caMIIOB CE30HHOE yracaHue SYHIOKPUHHON (YHKITHH Ce-
MEHHHKOB HaunHaeTcs panbiie (Ocaqayk u ap., 1978; Ocan-
ayk, TpyT, 1989; Ocaguyx, 2006).

Kak yxe ObUIO OTMEYEHO, CEPOTOHHMH CUUTAETCS OJHUM
n3 HanOoJiee SKCIAaHCHBHBIX HelWpoMeanaropoB mosra. OH
pEryJupyeT He TOJbKO MOBEJICHUE U AIMOIMOHAIBHOCTh, HO
U Takne (pusnonorndeckue QYyHKIMH, KaK TePMOPETyIsIIus,
COH, 3UMHSIS CIISTYKa 3UMOCTISIINX, CyTOYHBIC PUTMBI, TTHIIIE-
BO€ MOBeJcHMUE. BaxHelIlel ero poibo SBIIETC y4acTUue
B PETYIALUH THIOTAIaMO-THIO(U3apHO-HAATIOYEIHIKOBOH
u TunoTanamo-runoduzapro-nonosoit cucrem (Haymenko,
[Tomosa, 1975).

3HaueHNE CEPOTOHMHA MO3Ta B PETYISIMU THUIIOTAIaMO-
runoQu3apHO-HAIIOYEIHNKOBON CHCTEMBbI TIOKa3aHO JTaBHO
(Naumenko, 1973) n He BbI3bIBaeT comHenus (Jorgensen,
2007). CepOTOHHH CUMTAETCS MEIHATOPOM, TECHO CBS3aH-
HBIM ¢ peakiyell Ha cTpecc (stress-related neurotransmitter)
(Yamaguchi et al., 2016). HakorieHbl MHOTOUHCIICHHBIC JTaH-
HBIE, CBU/ICTEIHCTBYIONIHE ¥ 00 yIaCTHH CEPOTOHIHA MO3Ta B
PETYISIINH ITOJIOBBIX TOPMOHOB U B TTIOJIOBOH MOTHBALIH CaM-
o (Haymenko u nip., 1983; Popova, Amstislavskaya, 2002).

INonndyHKINOHANBHOCT CEPOTOHMHA, €T0 MPU3HAHHAS
POJIb OCHOBHOTO IIEHTPAIIEHOTO PETYIISATOPA arpeCcCUBHOCTH
1 BBIABJIICHHBIC HAllIlMMHW UCCICAOBAHHUSIMU 3HAYUTCIIbHBLIC
M3MEHEHHS B CEPOTOHMHOBOM CHCTEME MO3ra y pa3HbIX BHU-
JIOB JIOMECTHIIMPYEMBIX >KHBOTHBIX JaJ HAM OCHOBaHHUE
MPEAIOJIOKUTh, YTO NPUUYMHON MOSBIEHUS psiia KOppess-
THUBHBIX PU3HAKOB SIBIISIETCS] U3MEHEHUE 3TON MEIHATOPHOMN
cucteMbl. K TakuM KOppeNsiTHBHBIM IIPU3HAKAM OTHOCSITCS U
Ba)KHEHIINE — U3MEHEHUE TOPMOHAJIBHOM PErysIsUU TUII0-
(h13apHO-TIONOBOI CHCTEMBI, I3MEHEHUE (PYHKITHOHAIEHON
AKTHBHOCTH THITO(H3apHO-HAIIOYCYHUKON CHCTEMBI U CBS-
3aHHOE C ATUM IOHWKeHne peakuuu Ha crpecc ([lonosa u
Ip., 1980) (prcyHOK).

Ota runoresa OOBSICHSACT JIBE 3ara/lo4Hble 0COOCHHOCTH
CEJISKIIMH 110 TIOBEJICHUIO — YaCTOe BOZHUKHOBEHUE KOpPeEIsi-
THUBHBIX [IPU3HAKOB U MOSIBICHNUE CXOIHBIX KOPPEISATHBHBIX
MIPU3HAKOB NPH JIOMECTHKALMU PA3HBIX BUIOB )KMBOTHBIX
(benses, 1962; Belyaev, 1969; Trut, 1999). Ona e Hamnos-
HSIET KOHKPETHBIM COJECP)KaHNEM HCIIOIb30BaBIIEECs paHee
00BsICHEHHE — TUICHOTpPONHOE JieiicTBUE TreHa. MenuaTopbl
MO3Ta — OCHOBHBIC PCTYJIATOPLI MOBCACHUA, U Ka)KI[I:Iﬂ BHU]
MOBE/ICHNs] KOHTPOJINPYETCsI «aHcamOnemM» HelpoMennaro-
POB, B KOTOPOM €CTh OJJMH HJIM OTPAaHHYCHHOE YHCIIO «BE-
JYIIMX corucToBy. CeNeKIus 1o MOBESHHUIO [0 CBOEH CyTH
SBJISIETCSI CEJIEKIMEN Ha ONpPEAETICHHYI0 (yHKIHNOHAIBHYIO
AKTUBHOCTH OCHOBHON M3 KOHTPOJHMPYIOMINX JAHHBIA BHI
MOBEACHUA MCANATOPHBIX CUCTEM. Bce ME€Auaropbl MO3ra B
TOM MM MHOMW CTETIEHH TOJIN(YHKINOHAIBHBI, 1 U3MECHEHNE
MeTaboJIM3Ma WM PELETIUI MENaTopa He TOJIBKO BEJEeT K
HN3MCHCHUIO MMOBEACHUS, HO U BJIMACT HA PETYIALUIO APYTUX
KOHTPOJIMPYEMBIX 3TUM MEANATOPOM (PU3HOJIIOTHUECKHX CHU-
cTeM. DTO U ONpE/eNsieT YacTOe MOSBICHUE KOPPEJIITHBHBIX
MPU3HAKOB MPH CEJIEKLUH 110 TIOBECHUIO.

CxomHBIE KOPPENATHBHBIE NPU3HAKU MTPU TIOMECTUKAIINU
Pa3HBIX BUJIOB )KUBOTHBIX OOYCIIOBIIEHBI CXO/ICTBOM HEHpO-

leHeTMKa noBeaeHUA
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Tepmoperynauusa = KaTtanencua
' TPeBOXHOCTb,

nenpeccus
lnogursapHo- (ArpeCCVIBHOCTb) (CTpECC-peaKTI/IBHOCTb)
nonosas cmcrema

6 HomecTtukauma
AKTUBaUWA cepoToHNHOBOW (5-HT) cnctembl
N3meHeHna CHuXeHne MoHmxeHne
B runo¢pusapHo- arpeccuBHOCTU CTpecc-peakTUBHOCTY

MoJsIoBoN cucteme

CepoToHUH (5-HT) Mo3ra 1 KOppenATUBHbIE NPU3HAKM SOMECTUKALMN.

a - NoNNPYHKLMOHANBbHOCTb CEPOTOHMNHA MO3r3; 6 — BAIMAHME CeneKkummn no
arpeccMBHOMY NMOBELEHNIIO Ha CEPOTOHMHOBYIO CUCTEMY, arPECCUBHOCTb 1
CepPOTOHNH-3aBUCUMblE HePO3HAOKPVHHbBIE CUCTEMbI — FMMOTaIaMO-TUMO-
br3apHO-HA[NOYEYHUKOBYIO (CTPECCOPHAs PeaKTMBHOCTb) 1 rMMnoTanamo-
rmnodusapHoO-nosoByto.

MeMaTOPHBIX MEXaHU3MOB, PETYIHPYIOIINX arPECCUBHOCTD.
CepoTOHUH PETYIUPYET HE TOIBKO arpeCCUBHOE TTOBEJICHUE
BCEX N3YYEHHBIX MJIEKOMHUTAIOMINX, HO H, KaK YK€ YITOMHHA-
JI0Ch, TIOBE/IEHUE KUBOTHBIX APYTHX KIACCOB.

Pazymeercsi, n3MeHeHHEM (DYHKIIMOHATIBHONW aKTHBHOCTH
CEPOTOHMHOBOM CHCTEMBI HEBO3MOXXHO OOBSICHUTH BECh
CHEKTP KOPPEJSITUBHBIX MPU3HAKOB, BOZHUKAIOIIMUX IPH
JIOMECTHUKAINN KUBOTHBIX. CEPOTOHUH — 3TO KIIOUEBOM
menuarop (key player) B MexaHn3Max arpecCMBHOCTH, HO,
HECOMHEHHO, HE SIUHCTBEHHBIM. DTO CIIMIIKOM CJIOXKHBIM
SKCHEPUMEHT TPHUPOJBI, B KOTOPOM YYaCTBYIOT U JPyTHE
MeJIaToOPBI, IPEXk/Ie Bcero AodaMuH u HopaapeHanuH (/b
raiio u ap., 1985; Jleirano, 1986; Huxynuna, 1990). Tak, mo-
Ka3aHo, YTO B CTPYKTypax MO3Ta KpPbIC, CENEKIIHOHUPYEMBIX
Ha JIOMECTHKAIMOHHOE TOBE/ICHUE, N3MECHEHA AaKTUBHOCTD
TUPO3UHTHIIPOKCHIIa3bl — (pepMeHTa cuHTe3a nodaMuHa U
HOpajJpeHanuHa. EcTb ocHOBaHMS mpeamonararh, 4To B U3-
MEHEHUHU CTPECCOPHOM PEaKTHBHOCTH JJOMECTHUIUPYEMBIX
KPBIC HapsAgy ¢ CEpOTOHHMHOBOW CHCTEMOH CYIECTBEHHYIO
pOJIb UTPAaeT HOpapeHeprudeckas cucremMa Mo3ra (Jlpiraro,
1986; Haymenko u ap., 1987; Jlpirano u ap., 1988).
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Henasuo namu o6HapysxeHo (Ilchibaeva et al., 2015, 2016),
YTO HEAarpeCCHBHBIE KPBHICHI OTIMYAIOTCSI OT BBICOKOATrpec-
CHBHBIX U II0 9KCIIPECCHH HEHPOTpopHIecKuX (HaKTopoB —
BDNF (brain derived neurotrophic factor) u GDNF (glial cell
derived neurotrophic factor). Heiporpodudaeckne GpaxTopsl,
HE SIBIISISICH MEIMaTOPaMH, UTPAIOT BaKHEHUIIYIO POJIb, PETy-
JIUPYs POCT U pa3BUTHE HEUPOHOB U CUHANITUYECKUX CBS3EH
MO3r'a, ¥ HapaBHE C CEPOTOHUHOBOM CUCTEMOM NIPEACTABIISIIOT
BaXKHeHIMe (GpakTopbl HEHPOIIACTHIHOCTH.

B oprannzme Bce coeIMHEHO MHOTOOOPa3HBIMHU CBSI3SIMH, U
J10 [TOJTHOT'O ITIOHMMAaHMsI BCEH 9TOM CIIOKHEHNILIEH TepeCTPONKU
MO3Ta eIIie JAIEKO, XOTS YKE TO, YTO CTaJI0 U3BECTHO, TOBOPHT O
DIyOOoYalInX pa3Inuusix MO3ra arpecCMBHOTO U HEarpecCcHB-
Horo ¢genotumna. Kpome mpobieMbl JOMECTUKAINH, 3TH JTaH-
HBIE OTHOCATCS K €111 OJJHOH MpodJieMe — MEXaHN3MaM I'eHeTH-
YeCKO! MPEeIPacONIOKEeHHOCTH K arpeCCUBHOMY TIOBE/ICHUIO,
KOTOpasi, K COKaJICHHUIO, CTAHOBHUTCS Bce 00JIee aKTyaIbHOM.

B oTHOImIEHNN CEPOTOHMHOBON CHUCTEMBI ITOKA OCTAIOTCS
OTKPBITBIMU MHOTHE BONIPOockl. Cpean HUX BOMPOC, MyTallus
KaKOTO I'eHa SIBJISIETCS] TIEPBUYHOM, a KaKMX — MPOUCXOIUT B
pe3yabTrare MoCJIeI0BaBIINX 1alTHBHBIX N3MEHEHHH MO3Ta.
[TpoGriema OCIIOXKHSETCS TEM, YTO M3MEHEHHE HKCIPECCUH
7000T0 U3 KIIIOUYEBBIX T€HOB, KOHTPOIUPYIOIINX CEPOTOHH-
HOBYIO CHCTEMY, HapylIaeT ee ()YHKIIMOHNPOBAHUE U MOXKET
MOBJIMSITH Ha arpecCUBHOCTD. Tak, OoJiee arpecCUBHBI MBIIH
¢ HokayToM MAO A (Cases et al., 1995; Popova et al., 2001)
U MYXXYMHBI — HOCUTEIHN OJHOIOKYycHOM MyTanuun MAO A
(Brunner, 1995). HokayT rena, KOHTpOJIMPYIOLIETO TPAHCIIOP-
Tep CepOTOHMHA, TIOHIKAET arpecCUBHOCTH MbIeit (Holmes
etal.,2002). Bausier Ha arpecCHBHOCTH M ©I3MEHEHHE AKCIIpEC-
CUM T'eHa TPUNTO(PAHTHIPOKCHIIA3bI-2, KOHTPOIHUPYIOIIETO
cunTe3 cepoToHnHa. [Tokazano, uto C1473G nommmophusm
TeHa TPUNTO(aHTHIPOKCHIIA3BI-2 BINSET HE TOJIBKO Ha CKO-
POCTh CHHTE3a CEPOTOHMHA, HO U Ha arPECCUBHOCTH MBIIIEH
(Zhang et al., 2004; Kulikov et al., 2005). Tpynuo npexn-
CTaBHUTb, YTO OJIHOBPEMEHHO BO3HUKIHM MYTallUH BO BCEX
KJIIOUEBBIX T€HAaX CEPOTOHMHOBOW cucTeMbl. Ckopee Bcero,
MEPBOHAYAIIEHO 3TO OblJIa MyTaIHsl KAKOTO-TO OHOTO U3 HUX,
a3areM, B IIPOIIECCE CEJICKIINU HA OTCYTCTBUE arPECCUBHOCTH
10 OTHOLLEHUIO K YEJIOBEKY, IIPOU30LILIA IIEPECTPOUKA BCEU
CEpOTOHMHOBOM CHCTEMBI MO3Ta JIOMECTUIIMPOBAHHOTO K-
BOTHOTO. DTO CTAJIO TAK)KE IPUUNHON MOSBICHNST HEKOTOPBIX
KOPPENSATUBHBIX IIPU3HAKOB.

Bpewms Bce paccrasisier no ceouM Mmectam. Ilpencrasie-
uus JI.K. BenseBa mpuBiexim HeWpO(HU3NOIOTOB M HEHpO-
OHAOKPUHOJIOTOB U NPHUBEJIN K MOABJICHUIO B I/IHCTI/ITyTe
ruroniorun u reHetukd CO AH HOBOrO HampasieHHUS — QH-
3MOJIOTMYECKOI TeHETHKH, CTaBIICH PEIIIECTBEHHUKOM CO-
BPEMEHHOI HEHPOreHOMUKHU. M Terepsp yke MOKHO YBEPEHHO
MIPUMEHUTD OTIPEJEIICHNE «BIIEPBBIEY» K IKCIIEPUMEHTAIBHO
MIOATBEP KJICHHBIM B OPUTMHAIBHBIX HccienoBanmsax MLul"
CO AH (PAH) unesm JI.K. bensieBa o posv nmoBeieHus1, €ro
PETYISITOPOB U CTPEcca B 3BOJIOIMOHHOM IIPOIIECCE JOME-
CTHKAIMX XUBOTHBIX. BriepBhIe ObLIO 0OHAPYKEHO BIHSIHUE
CeJIeKI[MM Ha HearpecCHUBHOE TOBEJCHHE Ha THIIOTalaMo-
rUnopu3apHO-HAAMIOYETHUKOBYIO U TTOJIOBYIO HEHPOIHIIO-
KPUHHBIC CHCTEMBbl. BriepBbie OBIJIO BBISIBICHO y4acTHE B
MeXaHM3Max JOMECTHKAI[Md MeIUaTOpPOB MO3ra, Mpexje
BCETO CEPOTOHNHA, U C(hOPMYINPOBAHO MIPEICTABIECHHE O €T0
pOJIM B BO3HUKHOBEHHHU KOPPEIATUBHBIX PU3HAKOB. BKiaz
418
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Jmutpust Koncrantunosuya bessieBa B 000CHOBaHUE 9BO-
JIIOLIMOHHOM CBSI3M JIOMECTUKAIMK M TIOBEACHUS KUBOTHBIX
U B pa3BUTHE HampaslieHus, koTopoe Bouuio B XXI Bek nox
Ha3BaHHEM HEHPOr€HOMHKH U CYUTACTCSI OJJHUM U3 Harbosiee
AKTyaJIbHBIX U MEPCIIEKTUBHBIX HAIIPABICHUI COBPEMEHHOMN
TEHETUKU, HECOMHEHEH.
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