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Abstract. The molecular genetic analysis of the DNA of modern representatives of ethnic groups can help
significantly ethnographers and historians confirm or refute their hypotheses. The article presents the results of the
study of microsatellite variability of Y-chromosome of Kazakhs belonging to haplogroup C, taking into account the
tribal affiliation. The study of 184 samples identified five sources of genctic diversity, indicating that at least five
groups representing haplogroup C participated in the ethnogenesis of Kazakhs. The first group was the basis for the
formation of the group of eight tribes from the Elder zhuz and Kerey tribe from the Middle zhuz, the second group —
for the Konyrat tribe from the Middle zhuz, the third group — the Alimuly tribe and Baiuly tribe from the Junior zhuz.
The fourth and fifth group, in our opinion, characterizes the tore-tolengits and tore-Genghis Khan descendants,
respectively.
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Annotamusi. CyIIecTBEHHYI0 IMOMOINb 3THOTpadaM M MCTOPHKAM B MOATBEPKICHHU WM ONMPOBEPKCHHU WX
THNOTE3 MOYKET OKAa3aTh MOJCKYJLIpHO-reHeTHduecknil aHamm3 JIHK coBpeMeHHBIX mpeacTaBHTEICH 3THOCOB. B
CTarsC MPEACTABICHBI PE3YJIBTAThl HCCJICIOBAHMIA MHKPOCATCIUIMTHOH BApHAOEIHHOCTH Y -XpPOMOCOMBI Ka3aXOB,
OoTHOCAIMXCA K ramiorpynme C ¢ y49eTOM POAOIUICMCHHON NMPHHAAICKHOCTH. B pesynprate mcciacaoBaHus 184
00paznoB OBLTO BBUIBJICHO ILITh HCTOUHHKOB TEHETHUECKOTO PA3HOOOPA3Hs, YKA3hIBAIOMIME HA TO, YTO B 3THOTCHE3E
Ka3ax0B YYaCTBOBAIHM, KaK MHHHMYM, IDITh TIpymn, mpeicrasmonmx ramrorpymmy C. Ilepsas rpymma crama
OCHOBOIT A1 (POpMHUPOBAHI TPYIIIEI M3 BOCKMHE IieMeH CTapImero »y3a o IIeMeHHU kepei CpeaHero Ky3a, Bropast
Tpymnma — A IUIeMEHH KOHBIpaT CpeaHero jKy3a, TPEThS TPy — A IUIEMEH aIUMYJIBI B Oaiyisl Muammero
’Ky3a. Uersepras W ILATas TPyINa, IO HAIMEMYy MHCHHMIO, XapPaKTCPH3YET TOPE-TOJCHIUTOB M TOPE-UMHTU3UIOB,
COOTBETCTBCHHO.

JocToBepHOE ONMCAHNE ITHUHIECKON HCTOPHUH Ka3aXCKOTO HApOJa ABIAECTCI BAXKHBIM M B TO KE BPEMH
OIHUM U3 HANMMCHCC PACKPBITBIX Pa3ACIIOB UCTOPUHU Kazaxcrana. HpI/I‘II/IHaMI/I MaJtoit HU3YUCHHOCTHU
OTHOTCHC3a Ka3axXo0B ABIAKOTCA, B YACTHOCTHU, TO, UYTO MATCPUAIBHBIC OCTAaTKU CTCITHOM KOYCBOI KYJIbTYPBI
(BOMJIOK, KOKa, JACPEBO, MEXA) IUIOXO COXPAHSIOTCS, A MHChMCHHBIC HCTOYHHKHA MAJIOYUCICHHBI H,
3a4acTyr0, MPOTHBOPEYHBBL. MHOrHME HCTOPHUYCCKUE 3TAlbl HE JOCTATOYHO OCBCLICHBI, OCOOCHHO 3TO
KacaeTcd mepuoja pacmaza 3omotod Opasl, KOTOPBIM SBISETCS MPEAMICCTBYIOMMM OOPAa30BAHUIO
Ka3aXCKOH HapOJHOCTH.

I/ICTOpI/I‘IeCKI/I Ka3aXCKHHU 3THOC CIIOXKUICI U3 O6’b€,Z[I/IH€HHbIX KOUYCBBIX IUICMCH W COCTOUT U3 TPCX
OONBIINX TUIEMCHHBEIX 00BECAMHCHHUN — Ky30B. HecMOTps Ha TO, UTO COBPEMEHHBIC Ka3aXd MPEACTABILIIOT
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co0O0M eUHBIH HApOJ, 3HAHHE COOCTBEHHBIX KOPHECH M POAOBOM NMPUHALIC)KHOCTH OO CHX MOP SBJISCTCS
HEOTBEMIIEMOM YaCThH0 HALIMOHAJIBHBIX TPAAULUN U KYJIBTYPHI.

UzsecThbiit ucropuk-socrokosex H.A. Apuctos otMeuan, 4To INIABHBIM MPEITCTBUCM B BBISICHCHUH
MPOUCXOXKACHUS HAPOAHOCTEH M INIEMEH SBICTCA c1adoe 3HAHHE MX poaoreMeHHoro cocrasa [1]. C
TEX MOp VYCHBIMH, HM3VHYAIOLIMX 3THOICHE3 Ka3axoB, MPOBEICHA ompeAcncHHas pabota mo cOopy,
CHUCTEMaTH3alUH, OOODINCHHUIO M HAYYHOH WHTCPHOPETALMH OOLIMPHOTO, PACCESHHOTO MO Pa3THYHBIM
HCTOYHHKAM MaTepHala O POJOINICMEHHOM COCTABE Ka3axXCKOrO HAapoJa, OJHAKO MHOTHE BOTIPOCHI
0XKHAAIOT CBOCTO OTBCTA, A TUIIOTE3HI OCTAIUCH HE MMOATBCPKIACHHBIMH [2, 3].

[lexnpe xak OCHOBHOW MCTOYHHMK HH(OpMAaIMU MpeacTaBIsIeT coOOM CBEACHHUS O MPOHCXOKICHUN
TOrO WM WHOTO POAA WM IUICMCHH B BHIEC PACCKA30B, CIIMCKOB U CXEM IOCJICAOBATCIBHON 3alHCH MO
Myxkckod nuHmd. llexupe MOryT OXBaTHBATh OYCHb OONBIIHE MPOMEKYTKH BPEMCHH, OJHAKO HX
JOCTOBCPHOCTh CHIDKACTCS TEM CHIBHEE, YeM JAIbINEC BIIVOb BCKOB VXOAAT MPEAKOBHIC THHHH — 3TO
HETPYAHO MPOCIEANTh, M3y4Yas LICKUPE W3 Pa3HBIX HUCTOYHHKOB. Ha ypoBHE KOpHEH Apesa IIexKupe
HMCIOT VK€ MHU(HICCKHI XapakTep. Takum o0pa3zoM, MICKUPE KaK UCTOUYHHK TPEOYET BHUMATEIBHOTO
W3YYEHU, IOATBEPIKACHNA B YTOYHEHUS €T0 NaHHBIX [3, 4].

[TosiBcHHE COBPEMEHHBIX METOMOB MOJCKYJISPHOH TEHETHKH NMPHAANO HOBBIH HMIVIBC MPOLECCY
H3YUCHHS TMPOMCXOXKACHUS HAPOAOB. AHAIU3 T'CHECTHYCCKOTO PasHOOOPa3Hs COBPEMCHHBIX MOMYIILIUHA
yenoseka Ha ocHoBe monuMopduerx IHK-Mapkepos sBaseTcss MOITHBIM HHCTPYMEHTOM TS OMUCAHUS
TCHCTHUECKHX OCOOCHHOCTCH HapoJOB M PEKOHCTPYKLMH HX HCTOPHYCCKHX B3aUMOOTHOIICHUH. B
OTHOIICHHUU KAa3aXCKOTO0 HApOJa, UMCIOLICTO POAOIUICMCHHYIO CTPYKTYPY M COXPAHHBIICTO IO HAIIHX
JHECH CBOM POJOCIOBHBIC, MOJCKYJISIPHO-TCHETHUCCKUEC METOABI OKA3BIBAIOTCS TIOJC3HBIMH BIBOWHE, TaK
KaK TMOSBISICTCS BO3MOXKHOCTh HU3YUCHHS MCEKIUIEMCHHBIX U MEKPOJOBBIX CBS3CH, MPEAIICCTBOBABIINX
(hOPMHPOBAHUIO CIMHON Ka3aXxCKOH HAPOJAHOCTH, HA SKCIICPUMECHTAIBHON OCHOBE.

I'eHeTnueckue cBoicTBa Y-XpOMOCOMBI, TaKHe Kak IepeJada TOJIbKO IO OTLOBCKOW JIMHUH,
OTCYTCTBHC peKOMOMHAIMHU, Manas d(QQEKTHBHAS YHCICHHOCTh Myla Y-XpPOMOCOM IO CPaBHCHHUIO C
ayToCoOMaMH (B YETBIPE Pa3a MECHBILIE, YEM YV ayTOCOM), MO3BOJSIOT MPOCICKHBATEH MO TaIUIOTHIAM Y -
XPOMOCOMBI OTLIOBCKHC JTHHHH, TPEACTABISIOMME COO0H MOCICAOBATEIBHYIO "3anKch” MyTalUH B psaay
nokoneHui [5-7]. Takum oGpazom, Y-XpoMocoma SBIACTCS YHUKATBHBIM OOBEKTOM JUTS MapKHPOBAHHUS
TCHCTHUECKHX OCOOCHHOCTEH Ka3axCKUX POAOB, MNPHHAIIC)KHOCTh K KOTOPBIM HHIUBHAYyYMA
OMpeeNIeTcd, 32 HEMHOTMMH HCKIIOUCHHSAMM, MO MY)KCKOW muHWH. JlaHHbIH (akt mno3sosseT
MPOBEACHHE COMOCTABJICHUS HUCTOPUYCCKUX HUCTOYHHKOB, YVCTHBIX M MHUCBMCHHBIX AAHHBIX (PaMHITBHBIX
POJOCTOBHBIX € MONEKYISAPHO-TCHETHICCKIMH JAHHBIMH, TIOTYUYCHHBIMA AT Y -XPOMOCOMBI.

I'eHeTnueckre Mapkepbl Y -XpOMOCOMBI MOXKHO Pa3geluTh HA JBC OCHOBHBIC KATCTOPHH —
JuamienbHeie u nonuaniensusie. K nepeoit kateropun otHocares SNP (single nucleotide polymorphism
— OJHOHYKJICOTUAHBIA MOonUMOp(GU3M) U Gonee peIKue HHCCPLMU U JSICHHN. TeMIT MYTHPOBAHUS TAKHX
JIOKYCOB HH30K — 0k010 2x10°° Ha caiiT Ha nokonenue [8]. Bee apeBHue GHHAPHBIC MAPKEPHI SBISIOTCS
VHHUKaJIbHBIMHA MYTALMSIMH U UCTIONB3VIOTCA IS BBIACICHUS ramorpymn. Bropas kareropus Mapkepos —
MYJbTHAICIBHBIC MOTUMOPPH3MBI — BKIIOYACT MHKPO- W MUHHCATEIUIMTHL. TeMn MyTHpoBaHus Y -
cuerieHsbx Mukpocatenutos (STR — short tandem repeats) ropasgo seime — mpumepso 7x107 [9].
MynbpTHaIIEeIbHBIC MapKepbl VAOOHO HCMONB30BATh AN aHANH3A PasHOOOpa3us TallJIOTHIIOB BHYTPH
rarmIorpyII u it 00J1e€ ACTATBHOM PEKOHCTPYKIUH (PUITOTCHHH U TIPOUCXOKACHUS JTUHMIM [ 7].

Hacenenne Llentpansnoit Aszum obmamact HanOonsliuM Ha Tepputopud EBpasun pasnoobpasuem
muHAR Y -XpomocoMbl. Kak mpaBumo, B HOMyJILMSAX STHOCOB 3TOT0 PETHOHA HE MPOCIICKHBACTCS
JOMUHHPOBAHUE OTACTBHBIX TaIIOrPYIII — HAOMIOAACTCS MPAKTUICCKH BECh CICKTP €BPA3HHCKUX THHHUN
KaK 3amaJHoOro, TaK U BOCTOYHOTO MPOUCXOXKACHUS, YTO OTPAXKACT MHOTOUHCICHHBIC MOMYIIIIHOHHO-
gemorpaduueckue  coObiTus, chopmuposasimiue renodoHny HaceacHus LleHTpampHo  Azum.
Crnenuduueckoil 4epTol My»KCKOTO T€HHOTO MyJia TAKUKOB U Y30CKOB SBILICTCS HANMYKC TaIIOrPYIIIbL
L (c uacroroii okono 15 %), xapakTepu3yroIeh HHIO-UPAHCKHI KOMIIOHCHT r¢HO(OHAA STHX 3THOCOB
[10]. B reHodonae kazaxoB u KuUpru3oB ¢ Oogbineid uyactotoi mpeacrasicuel muanu C u Rlal. Tlo
CHEKTPY MUKPOCATEIUTHHIX ramnoTunoB Rlal kupruzer ONMM3Kky K F0)KHOCHOUPCKUM HapoaaM (anTtainam
U TYBHHLAM), YTO CBHACTEIBCTBYCT B MOJIb3Y MMIIOTE3bI HX aITac-CasHCKOro npoucxoxkacHus [11].

Takum 00pazoM, CYIIECTBCHHYIO MOMOIIb 3THOTpadaM M HMCTOPHKAM B TOATBEPIKACHUH HIH
OMPOBEPKCHUU HMX THIOTE3 MOXKET 0Ka3aTh MoOJeKyJspHO-renetnueckuii aHamuz JIHK cospemenHBIX
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HNPEACTABUTENICH 3THOCOB.

B nacrogmee BpeMs OCYIIECTBASIOTCS NMEPBBIC MOMBITKH ACTATH3AIUN (GOPMHUPOBAHUS KA3aXOB Kak
HapoJa NPH MOMOIIM COBPEMECHHBIX METOJOB MOJCKYIAPHOH OHOIOrvH: (YHKIHUOHUPYET «OTKPBITHIHA
Kazaxcranckuit JIHK-npoexT», OcHOBaHHBIN Ha OINPEJCICHHH MHKPOCATESJUIMTHOTO TaIuIoOTHHA Y-
XpoMOocOoMBHI [ 12], onmyOGIUKOBaHBI TAKKE OTACIbHBIC PE3YIbTATH UCCICIOBAHNI OTCUCCTBEHHBIX ABTOPOB,
MIOCBAIICHHBIC U3YUCHUIO TCHCAIOTHH Ka3axCKux ieMeH [13-18].

B cratee mnpencTaBIcHBI PE3YNBTATHL HCCICAOBAHMSA BapHAOCTBHOCTH Y -XPOMOCOMBI Ka3aXoB,
oTHOcAmMXCS K rarworpynne C, ¢ y4eTOM POAOIUICMEHHON MPUHAITCKHOCTH.

Marepuansl H MeTOABI

B xauectse ucrounuka marepuana — JJHK coBpemeHHBIX Ka3axoB — wcmonb3oBaHo 393 obpasua
OYKKAIbHOTO SIUTCHHS, COOpaHHBIX CpPeAW CTYACHTOB H HMHTCPHOB Myxkckoro mnona Kazaxckoro
HAIMOHAJIBHOrO MeauiuHCckoro yuusepcureta uM. C.A. Achengusposa u Kazaxckoro HaluoHaIpHOTO
arpapHoro yaueepcuteta. Cpeau y4YacTHHKOB HCCICIOBAHHS HAcUMTHIBAIOCH 140 mpeactaButencit
Crapmero, 151 Cpemumero u 60 Muaamero 3ky30B, 23 kazaxa ¢ HCYCTAHOBICHHOW ILJICMCHHOM
MIPUHAUIEKHOCTBIO, 13 koxa, 3 Tope, 1 yiryp, | pycckmii m | moHckoM kazak. Bcee yuacTHHMKH
HCCICAOBAHUS MOANHCATH WHQOPMUPOBAHHOE COIJIACHE HAa €ro y4yacThe, B COOTBETCTBHH C
TpeOOBaHUsIMH KoMHCCHM TI0 3THKe AMY, paspemenne KoTopod OBIIO HOJMYYEHO A0 Hayana
HCCIICIOBAHMSL.

JHK Beiaemsiiu u3 OyKKaIpHOTO 30T U ¢ ucnos3oBadueM HaObopoB “Blood & Tissue Kit”, Quigen
B COOTBETCTBHU C MMPOTOKOJIOM IPOU3BOAUTEILS.

UccnenoBanue OJHOHYKICOTHIHOrO mnoiauMopduszma mo mokycam M168 (rammorpynma DE-CF),
MI(DE), M216 (C), M201 (G), M304 (J), M9(K), M231 (N), M175 (0), M242 (Q) u M207(R) Gs110
OCYILECTBICHO C MOMOIIBE) METOJO0B MOTHMEPA3HOH LICMMHOW PEaKLUH € MOCICAYIOIUM AHAIU30M AJTHH
pectpukunonnabix (pparmentos ([ILP-ITJIP®) ¢ ucnoas3zoBanuem mpaiiMepos, omucanHeix panee [19].
[TpoAyKTE PECTPHKLUHU Pa3ACIUTH 3NEKTPOGOPETHICCKU B §% MONMHAKPHIAMHUIHOM TEle, OKPAIIUBAIN
OPOMHUCTBIM STHIUECM U HACHTU(HIMPOBAIN B MPOXOAAIIECM YIbTPAPHOICTOBOM CBETE.

AHanu3 MuKpocareuuTHeIX JToKycoB DY S393, DYS390, DYSI19, DYS391, DYS385a/b, DY S439,
DYS3891, DYS389II, DYS392, DYS458, DYS447, DYS437, DYS448, Y-GATA-H4, DYS456 u
DYS438 nmposoaunu ¢ momompio kuta AmpFISTR Yfiler PCR Amplification Kit (Applied Biosistems,
CLOA), ncnonp3yst MyabTUILIeKCHYIO TP u xanumiapHbeid 3nekTpodope3 COrnacHo PeKOMCHAALHAM
paspabotunka. Pesyaprarel kamwuisipHOro 3nekTpodopesa ObUlM  AHATU3HPOBAHBL € MOMOIINBIO
nporpammel Gene Mapper ID-X.

Hpesa ramotunos noctpocHsl Metoaamu MJ-network (median joining network method) [20] u RM-
network (reduced median network method) [21] ¢ ucnons3oBanuem nporpammer Network 4.612.

PesynbTaThl 1 00Cy:KaAeHHE

Hayuaempic STR-mapkepbl OTHOCATCS K TCTPAHYKICOTUIHBIM MHKPOCATC/UIUTHBIM MOBTOpAM, 3a
uckaroucHreM J0KycoB DY S392 (tpunykicoruansiit), DYS438 u DYS447 (neHTaHYKICOTHUIHBIC) H
DYS448 (rexcanykiacoTuaHbiil) MukpocateuuT. [Ipy mocTpoeHNN MeIUaHHBIX CETCH 3HAYCHHMS alIeNci
mo MuKpocareuuTHbiM Jokycam DY S385a/b, DYS19 u DY S448 Obiin UCKIFOUCHBI W3 TAILIOTUIIOB 110
caenyromuMm mpuanHaM. DY S385a/b npeacrasiseT coboit AymTHIHPOBAHHBIN MapKep U eKTpodopes He
MO3BO/IICT OMPESACIUTh Kakas W3 JABYX IOJOC COOTBETCTBYET JOKycy DYS385a, a kakas mokycy
DY S385b. Cpeau 184 obpasuos, otHocsuxcst k ramwtorpymnne C, y 13 o0pasuoB BbISBICHA Ty ILTHKALASL
B mokyce DYS19 (uto mpupaBHHBAcT 3TOT JOKYC K Jokycy DYS385a/b), 11 o6paszuos umenu HyJeBOS
sHaucHue (Aeacimio) B 1okyce DY S448: npu aeaeiun HEBO3MOKHO OMPESACINTD, KAKOS 3HAUCHUEC HUMEIT
aieb, UMEN JAHHBIM JOKYC MEpea MmoTepeil mocieaoBarebHOCTH. |Ipu BOZHUKHOBCHHM MOJOOHBIX
CUTYaLMH, KOTJa 3HAYCHHUS B JOKYCE HEBO3MOXKHO BKIIOUHTh B TFAIUIOTHN ISl MOCICAYIOWICTO aHATN3A,
HEOOXOIUMO THOO HCKIFOYUTD JIOKYC U3 TallIOTHNA, THOO HCKIFOYUTD FAIUIOTUIBI-HOCHTEIH U3 aHATH3A.
Uckarouenne nokycos DYS19 u DYS448 w3 ramnotuna oka3aaock MOJNE3HBIM, TaK Kak IMO3BOJIANO
YCTAHOBUTH CBSI3b MCKAY TAIUIOTHIAMU-HOCUTC/IIMUA H TMPOBCPUTh MPOUCXOKACHUC ITHX MyTallMil B
OTPESACICHHBIX TUHUAX (CM. HIDke). Jlanee, mpu OMHUCaHNH TAIJIOTUIIOB, 3HAYCHHS KOIMMHHOCTH B JIOKYCax
OvayT ykazaHel B ciacayromem nopsake: DYS456, DYS3891, DYS390, DY S389I1, DY S458, DYS393,
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DYS391, DYS439, DYS635, DYS392, Y GATA H4, DYS437, DY S438.

lamnorpynma C gBuiack caMoOl pacnpoOCTPaHCHHOW CPEOU HCCICAOBAHHBIX Ka3axXxOB M COCTABHIIA
54,2% ot obwmero komuuecTBa. TakuMm o0Opa3oM, B CTarbeé paccMaTpHUBAacTCI Oonee IOIOBHHEL
TCHETHUYECKOTO pazHooOpasms Y -XpOMOCOMBI Ka3aXOB.

Ha pucynke | moxazana MemuaHHas ceth ramiotumnos 184 Y-xpomocoMm, NpHHAIICKAMAX K
ramorpyrnmne C, mocrpoenHas merogom RM network, ¢ mpumencnuem ommmu Frequency >1 (B
MOCTPOCHHUHN CETH YYACTBOBAIU JINIIb TC TAINIOTHIIBI, KOTOPHIC BCTPEYAIOTCS KAK MHHUMYM ABaX1wl). B
pesyabTare u3 o01mero koauuecTsa 71 rammoTuna Ha pucyHke mpeactasieHsr 23 (136 oGpasios).

[IpencTaBneHHBIC TAMIOTUIIBI PA3ACIIINCE HA MATh OTACIBHBIX KIACTEPOB, UTO, BEPOATHO, OTPAKACT
MPOUCXOXKICHHE COBPEMEHHBIX Ka3axop-mipeAcTaBuTeiacd ramiorpynnbsl C M3 IMATH OTHOCHTEIBHO
obocobnennsix rpymim. [lneMerHOe pasHOOOpa3re pasHbIX KIACTSPOB, 34 MCKIOYCHUEM KaactepoB VI u
V, otnmmuaerca goctarouHo uetko. Kiactep I mpeacrasiaeH B ocHOBHOM IuieMeHamu Crapimero xysa,
knacrep Il — mmemenem konwipar Cpeanero »ky3a, knactep Il — mnemenamu mnagmero skysza. Ilnems
MIAJIIETO JKy3a JKETHIPY HUMEET CBOCTO MPEACTABUTES BO BCEX KIACTEpax, UTO XOPOLIO COTIACcyeTcs C
MPEACTABICHUAMH O MPOUCXOKACHHUN 3TOTO POJAA KaK COI03a INICMEH.

Knacrep 1 Gonee noapodHo nokazan Ha pucynke 2. B oOpasoBanHuu kimactepa ydactBoBaiu 84 Y-
XPOMOCOMBI, crpynupoBasiinecs B 23 ramnotuna. OCHOBY Kiactepa COCTaBILIOT miuemeHa Crapiuero
JKy3a — OyJar, anbaH, CyaH, CapblyHCYH, IIAIBIPALITEL, [AHBIIIKBIIEL, OIIAKTH U skanalelp. Kak BuaHo, B
KIacTepe MPEeACTABICHO OOMBIIMHCTBO meMeH CTapiuero »xy3a 3a HCKIIOUCHHEM TUIEMEH CPIelld, BICTH |
KaHMTbl. JTH JAHHBIC VKA3BIBAIOT HA POJCTBO MEPCUUCICHHBIX MEPBBIX BOCBMH IUICMEH H Ha OTCYTCTBHUE
CBI3M C HUMH IUICMCH CpPrend, bicTel W KaHiabl. Cleayer OTMETUTb, YTO BCC YYACTBOBABLIMC B
HCCIICAOBAHUH Ka3aXH M3 IUICMCH CPIEIH, BICTH U KAHIBI OKA3aJIMCh HOCUTCSIMH JPYTUX ramiorpymn Y-
XPOMOCOMBI, 332 HCKIIOUCHHEM OJHOIO NPCIACTABUTENS KaHIbl, momasmero B kiactep [V (o Hem cm.
HIDKE).

Kpowme Brimmeonncannsix miemeH Ctapiuero xky3a, B kiactep | monazaror npeactaBuTeny poaa Kepei-
abax u3 CpeaHero kysza. DTH JAHHBIC OMPSIACICHHO YKA3bIBAIOT HA TO, YTO KEPeH-abaKH SIBIISHOTCS
poacTBeHHBIMH TuieMeHaM CTapIiero ky3a M COTIacyroTCs CO CBCACHHAMH LICKUPE O TOM, 4To adaku
SBILIIOTCS MIOTOMKAMH BBIXOJIA M3 INIEMCHH YHCYH mo uMeHH Alak [4, 22]. Mma Abak durypupyer B
HEKOTOPHIX BapHaHTax pojocnoBHol mieMeH Crapero xyza. K coxaneHuro, pox kepel-amamanibsl He
ObLT MPEICTABICH B JAHHOM HCCIICAOBAHHHM, YTO HE MO3BOJMJIO CPAaBHUTH JBa pora kepeeB. OmHako B
JOBOJBHO TpeacTaBUTe/IbHOU pabotre C.AOunesa pox amamaiiibl ONMHCAH U B CPABHCHHUU ¢ abakamu
TaIyIOTHIIB amamMannsl, otHocsamuecs k ramwtorpyane C, B mokyce DY S448 umeror 3HaueHue 22 BMECTO
23 [15].
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Pucynox 1 — MeqmanHas ceTh rarmoTurioB 184 Y xpoMocoM, IIpHHaIEKaMX K rarwiorpymie C, MocTpoeHHas METOI0M
RM network. ITpy mocTpoeHUH CeTH Y4acTBOBAIN JIUIIb T€ TaIUIOTHUIIB, KOTOPHIE BCTPEUAIOTCS KaK MUHUMYM JBaK/BI (OIIIHS
Frequency >1). Pasmepsl KpyroB COOTBEICTBYIOT HacTOTE BCTPEUAEMOCTH TallIOTUIIA, a PACCTOSHUE MEXy TalUIOTHIIAMH —

KOJMYECTBY MyTaIlHi{ TI0 BCEM JIOKYcaM (MyTallii YKa3aHbI). YCIOBHbIE 0003HAUEHHS:
— 1eMeHa CrapIrero ﬂ (31ecy pymat, anbaH, cyaH, jKalaiblp, CprefM, OIMIAKTHI, IaKIaM, INaIbIPaniThl 1
TIaHBITIKBLIHL ), // - KOHBIDAT;, — Kepel;, — JIpyrue IwieMeHa CpejiHero ysa (31ech aprbH M HalfiMaH B KJIacTepe

VI, yak B kiacrepe 1), — amuMyJIbl U OaifymbL, — KETEIPY, - — Tope (TaIUIOTHUIILI TOpe Takke 0O0O03HAUEHBI
JKUPHBIM OKalMIIEHHEM ), HEOKpaITlleHble 00JIacTH COOTBETCTBYIOT 00pa3iiaM ¢ HEYCTAHOBJICHHOM PO I0BOM ITPHHA/IIEKHOCTHIO.

CambiM pacnpocTpaneHHbIM siBUjICs ramiorun DL6A — 15,13,25,16,17,13,10,10,21,11,11,14,10,
crpymuposasiui 37 oOpasuos — 15 u3 mnemenu aynar, 10 anban, 2 cyaH, o OAHOMY HPEACTABUTENO OT
POJOB MIaKIIaM, CapelVHCYVH (€AMHCTBCHHEIC MPEACTABUTEIM OT STHX POJOB B PAMKAaX HCCICAOBAHHMIA), 1O
OJHOMY MpeacTaBUTENO OT poxos CpeaHero ky3a kepeit (abak), KOHBIPAT U YaK, OAMH MPEACTABUTEIb OT
JKeTelpy Magmero sky3a, a Ttakke 4 obOpa3ua ¢ HEYCTAHOBICHHOH POXOBOH NPUHAIICIKHOCTBIO.
lammorunn DL6A siBisieTcst raruioTHUIOM-OCHOBATEIEM JJIsl POJAOB AYNAT, anbaH U CyaH. JTH JAHHBIC
XOpOIIO COTTIACYIOTCA ¢ JAHHBIMH IIEKUPE. pacMaTPUBACMBIE TPH POJAa BO BCEX BAPHAHTAX POJOCIOBHOM
mieMeH Crapimero »ysa BCErja BBICTYNAIOT Kak €IuHAs BeTBb. Hambonee mnpeacTaBICHHEBIC B
WCCICAOBAHUN ILICMCHA Ayjiar W anbaH npeAacTaBicHsl 11 u 6 rammoTumaMud COOTBETCTBCHHO.
Koppensmpm Mexay B3aWMHBIM PAacIiONIOKEHHEM TaIUIOTAIIOB W BHYTPHUILIEMEHHBIM JEICHHEM HE
BBISIBIICHBI.

12 oGpasuo obweaunmn ramrorun DLI13A — 15,13,25,16,18,13,10,10,21,11,11,14,10. B stor
rarvIOTHIT BONLTH 4 mipeacTagurens poaa aynar, | cyan, | maneipamrel, | skamalielp u 5 npeacraButencit
pooa keped (Tpoe H3 KOTOPHIX OTHOCATCA K alak, OBOC C HEONPEACICHHOH BHYTPHPOIOBOM
npuHaLIexKHOCThI0). [ammotnn DL13A, BepodTHO, SBAIETCS TallIOTHIIOM-OCHOBATENIEM Al poaa Kepei-
abax.
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Pucynok 2 — Knactep [ (Mequannast ceth mocTpoeHa 1o Metoxy RM network). PazMeprl KpyroB cOOTBETCTBYIOT UacTOTe
BCTPEUAEMOCTH TallIOTHIIA, & PACCTOSHUE MEX/Ty TaIlIOTHIIAMYU — KOJIMYECTBY MyTalIlHi 110 BceM JIOKycaM (MyTalliy yKa3aHbl).
YcIroBHBIE 0003HAYEHIS:

r

— JIyJar, /% — aybaH, - — cyag, — CaphIyHCYH, | | | | — makmaM (rawtotat DLOA), omiakTel
-~ " o

(rarutoturiel SL9A u OS50A); - — IIAIBIPAIITHL, k\\ — IIAHBITIKBUIBL, EE‘_I‘_ — KaJlakblp; — Kepeif; HeoKpallleHble

00I1acTH COOTBETCTBYIOT 00pasliaM ¢ HEYCTAHOBIECHHOH DOJIOBONH IPUHA/IEKHOCTHIO, a TaKkKe €IUHUYHBIE IIPE/ICTaBUTENN

CpemHero U Miajimero xy3oB — KOHbIpaT U yak (rawtoturl DL6A), xerelpy (ramotmiiel DLO6A u ZT1280B), amumyisl
(rarutotunt AU24E).

Jns maeMeHu manslpamTel OO BBISIBICHO TPH TAINIOTHNA HA PACTOSHHM ABYX MYTALUH APYyr OT
apyra: sermeynomsaayteiid DL13A, 191A (15,13,25,17,17,13,10,10,21,11,11,14,10) u SP268A (15,13,25,
17,19,13,10,10,21,11,11,14,10). Bo3mo0kHO, TpH BBISBICHHBIX TaIIOTHUIA OTPAXKAIOT TPH OCHOBHBIX
TpyOmsl  BHYTPH  IHANBIPAINTBI:  MANIBIBICTBIK, OKENIBIBICTBIK M KBUIABIBICTBIK  [23].  Mamoe
MPEACTABUTEIBCTBO POAA MIAMBIPALITEI HE MO3BOSCT CACAATh OAHOZHAYHBIN BBIBOA.

[TneMs IIaHBIUKBITB XapakTepU3YIOT ABa ramiotuna: ynoMsuHyteld 191A w SLY9A (15,13,25,17,
18,13,10,10,21,11,11,14,10). T'ammorunn SLY9A Ha oaHy MyTalMIO OTIMYACTCA OT TPEX TAIIOTHIIOB
MIAMBIPAIITH U HAXOAHUTCS B LICHTPE OT HUX. JTO MOXKET CBUACTCILCTBOBATH O OIH3KOM POACTBE AAHHBIX
POJOB, XOTS CYINECTBYCT M JPYTOM BapUAHT CBI3CH TPEX TaIlNIOTUIIOB LIAHBIIIKBIIBI YEPE3 TaIIOTHITBI
DL6A u ZL297A.

lamnorum SLYA oxazancs xapakTepHbIM W IS INICMEHH OIIAKTH. BTOpoW rammoTun i OIIakTel
otrnudaeTces Tpems myrtarusimu — OS50A (15,13,25,16,18,13,10,10,22,11,11,14,11).

Jns mieMeHH kanaibslp 0OHAPYKEHBI TPH POACTBCHHBIX rammotumna — ynoMsayTeid DL13A, Z1L297A
(15,13,25,16,19,13,10,10,21,11,11,14,10) u DL172A (15,13,25,16,19,13,10, 10,22,11,11,14,10).

Caenyer OTMETHTB, YTO B CTaThe PACCMATPHBAIOTCA JIHIIb TC 00pa3lbl, KOTOPHIC HPHUHAIICKAT K
ramiorpymmne C. Iloutn BO BCceX BBHINEYKA3aHHBIX IUICMCHHAX B OOJBINCH HIM MEHBIICH CTENCHU
npeactasieHsl u apyrue ramwiorpynnsl — G, J, N, O, Q, R. Y miemen nynar, anbaH, CyaH U [IANbIPAIIThI
JOJTS STHUX TAIUIOrPyIN HEeOONbInas, i IUVIEMCH OIIAKTHI M INBIHBIIIKBIIBI 3TO 3HAUYCHHE OIM3KO K
MOJIOBHHE, A/Ts1 kanaisipoB — Oonee 70%. B nrobom ciayyae qis 0oee ASTAIBHOTO M3YYCHHS POAOBOTO
COCTaBa IUIEMEH M UX CBI3¢H HEOOXOJUMBI GOJIEE PEACTABUTENBHEIC BHIOOPKHL.

Ha pucyHke 3 mpenctaBieHa MeAMAHHAS CETh TAIUIOTHUIOB, OTPAXKAMOLIAS B3AHMMHOC TMOJIOXKCHHUE
knactepoB I u V. OcoOCHHOCTBIO ACBATH TAIUIOTHUIOB W3 KinacTepa V SBISCTCS ACTCLMS B JIOKYCE
DYS448. IlnemenHoli cocTaB KaacTepa HAa TCPBBIA B3IV BBI3BIBACT HEAOYMCHHE. MO OJHOMY
MPCACTABUTEIIO OT IUIEMEH Aynar, anbaH M HalMaH, ABa W3 IUICMCHH alMMYIBl, TPH oOpasua c
HEH3BECTHOU POAOINICMEHHON MPUHAIICKHOCTBIO, 1Ba 00pa3ua Tope. Tak kak B KIacTep BXOIAT TOPE TO,
88 ——







