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STUDY OF GENETIC DIVERSITY OF PATHOGENIC
MICROORGANISMS

Abstract. Pathogenic microbes of plague and legionellosis were studied using
molecular genetic methods. 14 isolates of Y. pestis studied for the content of VNTR
loci showed belonging to biovars Antiqua 0.ANT2 (13) and 0.ANT3 (1) in the
method of the analysis of combinations of isolates MLVA, Melt-MAMA. The
results of 30 tests for Legionella in bacteriology gave negative results, and in the
PCR system 4 positive results, showing a high sensitivity of the method.

Keywords: MLVA, SNP analysis, strains, plague, legionellosis
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HATOTEHAIK MUKPOPTAHU3MJIEPAIH T’EHETUKAJIBIK
OPTYPIUIITIH 3EPTTEY

AHHOTamus. Aca KayinTi aypy MHKpPOOBIHBIH TYKBIMIBIK KacHETTEpiH,
MaTOTEH/IK TeHJCPiH aHBIKTAYy YXOHE IeHETHUKAJBIK KapTa jkacay Kasipri 3amaHja
FBUIBIMU JKOHE MPAKTHAIBIK MaHBI3bI 30p OOIBIN ecenTelne/i. 3epTTeyre alblHFaH
OapibIK HBIcaHnap caubl 44. OHbIH imiHAe: 14 — oba xoHe sneruonemesre 30 cy
ChIHAMAaJIapbl MEH IAHBIHIBLIAP aTTBIHBI. MUKPOOHOIOTHUSUITBIK KOHE MOJICKYITABIK-
reHetukaiblk (SNP-rammay, MLVA »xone I[1TP) omictepi xonmmanbuiasl. VNTR
JIOKYCTapbIHBIH KYPBUTBIMBI OOHBIHIIIA 3epTTeNTeH 14 Y. pestis N300STTap TCHOTUITBI
— 2. MLVA, Melt-MAMA Tannay omicTepiHiH KOMOMHAIUSACHI H30JISTTAP.IbIH
0.ANT2 (13) xone 0.ANT3 (1) Antiqua GuoBapbIHa THECIII €KSHIITIH TOICIICH]II.
Jlernonemna quarHocTukackiHa anblHFaH 30 yITi 0aKTEPUOIOTHSIIBIK SIICTE TEpic
HoTIke Oepim, an [ITP oniciMeH 4-eyiHae OH HOTHXKE aHBIKTAJIFaH.

Tyiiin ce3nep: renotuntey, MLVA, SNP-tanaay, mramm, 06a, neruonesnies
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N3YYEHUE TEHETUYECKOI'O PASHOOBPA3US ITATOI'EHHBIX
MUKPOOPTAHU3MOB

AnHoranus. [laroreHHbple MHUKPOOBI YyMBbI M JICTHOHEIIE3a HCCIICIOBAHBI
MOJIEKYJISIPHO-TEHETHYECKUMU MeToaMu. 14 u30msToB Y. pestis uccaeaoBaHHbBIX
10 copepxkanuto VNTR JTOKyCOB MOKa3aIy MPUHAIICK-HOCTh K OnoBapam Antiqua
0.ANT2 (13) u 0.ANT3 (1) B Merone aHayim3a KOMOWHANWu u3osaToB MLVA,
Melt-MAMA. Pesynwsrarel 30-1 aHAIM30B Ha JIGTHOHEIUTH B OAKTEPUOJIOTUN AT
oTpHIaTenbHble pe3ynbTarsl, a B [II[P cucreme 4 monoxuTenbHBIX pe3ynbTara,
[I0Ka3aB BBICOKYIO YYBCTBUTEIBHOCTh METO/IA.

KuaroueBbie cioBa: MLVA, SNP-ananus, mraMmsbl, 4yMa, JIETHOHEIIE3

Kipicme

MumuoHIaFaH agamMaapiblH OMipiH KUFaH KapaHTHHIIK JKOHE aca KayinTi
aypyJapra skaTaTblH 00a KoHe JISTHOHEIIe3 aypyJiaphl Ka3ipri TaHIa 1a aca KayinTi
WHpEKIHATIap PETiHIe MaHBI3IBUIBIFBIH JKOFANTIAayda, ceb6edl OChl aypyiaplbiH
AyKbIMJIBI JKAIlllail 3MHAEMUSIIAD TYFBI3YBI, )KOHE JI€ aTaliFaH WH(EKIUsIIapablH
KO3IBIPFBIIITAPEIH OHOTEPPOPHU3M areHTTEpl peTiHAe KOJJaHy MYMKIHIIr eTe
JKOFaphl SKCHJITT MOJiM. ATallFaH KeJelIi Mocellelep/IiH MaHbI3IbUIbIFbIHA Oaii-
JIAHBICTBI, KeHWIHT1 Ke3ne Yersinia pestis xoHe Legionella pneumophila Gaxre-
pustnapeiabiH (CMupHOBA k9HE T.0., 2004) reHOMIBIK epeKIIeNiKTEPiH 3epTTeyaeri
KOPBITBIHBI HOTHKETIeP1 JKiTi TAKBUIAHYABI Tajar eTe/i. OxapapiH TeHOMIaPhIHBIH
IBOJIOIUSIIBIK KaiiTa KypbUTy epici opTypii JKbULIAMABIKIIEH OTETIHZIr, Oy
KO3IBIPFBIIITAP/IBIH Op-KUJIBI TIPIILUTIK TUKIAaPhIMEH MIAPTTACATHIHBI KOPCETUITCH.

[TarmeMusnap >kKoHE HSNMHASMHSIIAD Ke3iHAC MWUIMOHAAFaH aaaM eMipiH
KYTKaH aca KayinTi MHQEKIUsUIBIK aypysiap apacklHAarbl OaKTepHaAbIK TAOUFaThl
0ap o0a *oHE JIETHOHEIUIE3 aypylapbl COHFBI JKBUIIAPHl FAIBIMIAP/BIH €peKIe
30p bIKbUIachiH TyFbizyna (Uepkacckwmii, 2002; Chanteau, 2000: 25-31; Cieslak
xoHe T.0., 1999: 552-555; lllepbakos, 2004: 49-53; Hoffmaster, 2002: 1111-1116;
Owmipees, 2006: 26-57; CmupHOBa xoHE T.0., 2006: 9-17; Pourcel, 2005: 653-663),
aca Kayinrti HHQEKIUsIap Karmnai 3MuaeMusiap TyFbI3y MYMKIHAIT FaHa eMec
oNapIbIH KO3IBIPFRIIITAPBIH OnoTeppopu3M areHTTepi (JInTBuH xoHe T.0.,2001: 20-
25; [Tumenos xaue T.0., 2000: 1-8; [TokpoBckwii xaue T.0., 2000; CMHUpHOBA KoHE
1.0., 2004: 312) peringe xonmany anmaHaaryga. O0a aypybIHBIH KO3ABIPFBIITAPEI
JKacyla imriHae MaMbIl (DaromMUTTEpAiH IIIiHAEe OAKTEPHIMITIK IPOIeCCTEePi
con Hemece Oacka omicTepMeH Oacaipl. byl KO3ABIpFBIIITAPABIH TYPJi ©3iHIIK
LUKJIIBI JKOHE 9PTYPIIi KIMHUKAIBIK WH(PEKINSIIBIK TyFhI3aThIH aypylIapbl OJapIbIH
TCHOMJIBIK KYPBUIBIMBIHBIH JKoHE (DYHKIIMOHAIJIBIK EPEKIICTIKTEepi, JKOHE JIe
SBOJIOLHUSUIBIK JKOJIAPBI OCHI TAKBIPBINTA KAPaCTHIPBUIIBI.
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Ocpiran 0OaiilaHBICTBI, aca KayinTi aypylapAblH KO3ABIPFBIITAPHI  OOJBIT
CaHaJaThIH 3ePTTEyTe HhICAHIAPHI peTiHe OapibIrel 44 HeICaHAAp ANBIHIALL. OHBIH
iminge: 14 — oba xoHe jernoHeuiesre 30 cy chlHaAManapbl MEH IIAWBIHIBLIAP
anpIHABL. MUKPOOHONOTHAIBIK KOHE MOJEKYIalbIK-TeHeTHKaIbIK (SNP-tammay,
MLVA xomne [1TP) omicTepi KOJIIaHBUIIBL.

Aca KayinTi aypynap MHKpOOTapbIHBIH MOJIEKYJIATBIK-TeHETHKAIBIK dJ1iCiMEH
TYKBIMJIBIK KACHETTEpPiH, MAaTOTCHIIIK TEHJEPiH AaHbIKTay >KOHE T'€HETHKAJIbIK
KapTa jkacay Ka3ipri 3aMaHja FhUIBIMU KOHE IMPAKTHAJBIK MaHBI3BI 30p OOJBII
ecenrenemi. Aram aWTKaHAa 3€pTTEY HOTIDKEICPIHIETT MaToreHmi oba JKoHe
JIETUOHEIIE3 MHUKPOOTapbl MOJEKYJIaTbIK-TeHETUKAIBIK SiCTEpMEH 3epTTeli.
VNTR 510KyCTapbeIHBIH KYPBUIBIMBI OOWBIHINIA 3EPTTENTEH Y. pestis M3OIATTAp
renorunsl 0.ANT2 (13) sxone 0.ANT3 (1) Antiqua GuoBapbIHa THECITI EKEHIITIH
nonenneHai. Jlernonenia auarHocTUKackiHa anbiHFaH 30 YT 0aKTepHUOIOTUSITBIK
omicte Tepic HoTIKe Oepim, an I1TP oxiciMen 4-eyiHae OH HOTH)KE aHBIKTAIFAHBI,
OMIICTIH Ce3IMTaNABUIBIFBIHBIH KOFaPhl EKCHIITIH KOPCETKEH. 3epTTey )KYMBICHIHIA
aca KayinTi aypymap MHKPOOTapbIHBIH TYKBIMIBIK KACHETTEpPiH, MaTOTEHIK
TeHAEPIH aHBIKTAy J>XOHE (UIOTCHETHKAJBIK WICXKIpECiH NailblHaay OOMBIHINIA
Ka3ipri 3aMaHAarel pyHIaMEHTAIIBIK JKoHE KOJIaHOa bl FRUIBIMU KETICTIKTEpiHe
ayKpIMJIBI TOJBIK INONY »KacanraH. JKakblH JKOHE IIalFail [IeT MeMIJIEKETTep
FaIBIMAAPBIHBIH JKETICTIKTEPIH Ka3aKCTAaHHBIH MpakTHKara TpaHChepTTeyaiH
Ka3ipri TaHIIa MaHBI3BI 30p OOYBIHA 3€PTTEY HOTHKENIEpi AoJre Oora amaipl.

Yersinia pestis Gaxrepuscel — 00a aypybIH TYFbI3ajbl [11aT. Plague].

0O06a — Enterobacteriaceae TYKBIMAACTBIFBI, Yersinia TYBICTHIFbIHA YKAaTaThIH
Yersinia pestis xo3npipreibl (CmupHOBa, 2004) TyFBI3aThIH, KOFaphl KbI30AMEH,
allKbIH MHTOKCUKAaIIUsIMEH, TuMba TYHIHACPAiH, OKICHIH jXoHe 0acKa ar3aiapably
TEeMOPPATHsIIBIK HEKPO3Ihl KAaOBIHYBIMEH CHITATTAJATHIH aca KayilTi, TaOuFd
OLIAKTHI OTKIP XKYKIAIbI aJaMHBIH K9HE jKaHyapIapIblH KapaHTHHAIK 300HO3/IbIK
aypybl. Ko3IBIpFRITIIBI OWMONSPIBI TpaM Tepic ycak TasKa MIIiHAec, cropa
Ty30eiTiH, (akynpTatuBTi aHa’pod, emmemi 1-3x0,3—0,7 MkM. AHTHUrEHIIK
KYpaMbl KYpPJETi-COMaTHKAIBIK — TEPMO-TYPAKThI, KalCyJIalbIK TepMOIaOWIbIi
soHe 30-Fa aKbIH aHTHTEHIepi 0ap.

Tapuxra 6TKeH 00aHbBIH YJKEH Yl naHaeMuschiHan 200 MJIH JKYBIK ajiaM Ka3a
OoiFaH, MAHAEMUSIIAPABI TYFBI3FaH KO3IBIPFBIIITAp Oip-OipiHEH OMOXMUMISLTBIK
(TmUepuHHIH (epMEeHTAIHUSCH, HUTPATTapAbIH PEIyKIUSCH) )KOHE MOJICKYIaIbIK-
TeHEeTUKAIBIK (TUTa3MHUJIa CaHbl, KYPBUIBIMBI XKoHE MeuepiMeH, [S-mpoduriMen,
pubotunrepimen, JHK-apanmapblHBIH KaTBICTBUIBIFBIMEH) €peKIIeNeHTeH. R.
Devignat-teiy 6assHaybl O0MbIHIIA, [-111 mangeMusiHbIH cedermrici («FOcTuHran
obacer, 0.3.1. 531-580 »xk.) exenri Antiqua OwoBapwl. Il-mi maHAEMUSHBIH
KO3ABIPFHIIIEI, TapuxTa «Kapa exiM» aTbIMEH KanfraH, opTaracwlpiblk Medievalis
ounoBapeiHad (XIII-XV Beka). O6anpry Ill-m1i maHAEeMHACH], TIBIFBIC MYXHTTHIK
Orientalis GuoBapbl KO3ABIPFBIITPEIMEH 1894 k. [OHKOHKTaH OacTablIm, Ka3ipri
yaKbITKa JeiiiH xanracyna (OMipees sxaHe T.0., 20006).

XaspIKapaibIK TYPILIUIIK XKiKTey OOHbIHIIA 002 KO3ABIPFBILIBIH 5 TYP TAPMAaKThI
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OaraHaNbIK TONKa Oeieni: Y. pestis ssp. pestis (Herisri), Y. pestis ssp. caucasica
(kaBKa3mbIK), Y. pestis ssp. altaica (antailneIk), Y. pestis ssp. ulegeica (yIATEHITIK)
xoHe Y. pestis ssp. hissarica (ruccapibik). Taburu o0a omakTapbiabiy 42-ci TM/]
aymarbiHaa — KaBka3 sxoHe KaBkasnpiH aprbl sxarbl, Kacnuii manbel, Opra A3us,
Kazakcran xone Cibipae, onapabiy 51,0 % Kasakcran aymarbiHaa OopHaJIacKaH
(Chanteau, 1999).

O6a — KO3IOBIPFBIN OepidyiHIH SpTYpil >KONJAphIMEH CHIATTAJaThIH aca
KayinTi MHQEKUUsIIbIK TaOUFU-OWIAKTHIK aypy. OOaHBIH KO3IBIPFBIIBI Yersinia
pestis anramr pet 1894 xx A. Yersin OeJiirm anbin, o0aHbIH [ OHKOHTTAFBI YITIHIII
naHaeMUsChIHBIH Oachiaa curartaraH (Cieslak xone T.0., 2004) 1987 k. M. Ogata,
coman keitin 1898 x. P. Simond (Hoffmaster xone T.6., 2002) ereyKyipbhIKTapabIH
MOMyJIANUSACHIHAA 00a OypreiepAiH IMarybl apKbUIbl OEpileTiHIH aHBIKTabl.
Yersinia TYKbIMIACTHIFBIHIAFBI aJaMFa MaToreHai Oacka eki eximmepi — Y.
pseudotuberculosis n Y. enterocolitica CBIPTKBI OpTara HOXKICTIK MaccairapMeH
y3aK YyaKbIT NAaTOrCHICPAIH O6HYyiMEH XOHE JKaHa HEJCPiHIH alIMMEHTapIIBIK
KYKTBIPBUTYBIMEH CHTIATTANIATBIH ACKa3aH-1MIeK KOJNJAPBIHBIH 3aKbIMIATYBIMEH
OalimaHbICTBl aypynapabl Tyneipansl. OnapabiH imnisaeri Y. pseudotuberculosis
MUKpPOOBIH Y. pestis-TiH aracel jgen arayra Oomaapl. Ocbl OaKTepHsUIapbIH
muBepreHnusacel ockiman 15000-20000 >xpin Oypeia kypreH ([lmMenoB sxoHe
1.0., 2000: 1-8; ITokpoBckwuii xone T.0., 2000; CmupHOBa xoHe T.0., 2004: 312;
Uepkacckuit, 2002). JKaHa TYpAiH KadbINTacybl >KOHE TYPIMIUIIK ©3reprilTik
Y. pestis ce3IMTaNIbIK CHEKTPi KOHE BHPYJICHTTLIIr OOMBIHINIA epeKIIeNIeHEeTiH
TYpIIIUTK TypriepiHiH (OmoBapiap, Kimm Typiep, 3KOTHIITEP, MPOTEHHOBApIap,
TTa3MHIOBApIIap, TEHOTUNITEP KoHE T.0.) KayibmracybiHa anbin kenai (Iluvenos
xoHe T.0., 2000: 1-8; ITokpoBckwuii xoHe T1.6., 2000; CmupHOBa *oHE T.0., 2004:
312; Yepxkacckuii, 2002; Chanteau xone T1.6., 2000). Eypasus, Adpuka xoHe
AmMepukaia opHaJacKaH TaOUFH olaKTap/a UHPEKIUSHBIH KO3IbIPFhIIIbl 200-1cH
acTaM KeMipTilmTep MeH KOSHTOPI3IIepAiH MOMyIAUsACHIHAA KYPIM, al Oepiryi
oypreniy 120 Typiepimen rana mektenreH ([TumenoB >xone T.6., 2000: 1-8;
[Moxposckuii xoHe T.0., 2000; CmupHOBa xaHE T.0., 2004: 312). Ko3abIpFHIITHIH
TachIMaJIAyIIbUIap MEH TapaTyIIbUIApIbIH KeH MeHOepiH mainamany o0ip-oipiMmeH
reorpadusuUIbIK OalIaHbICHI KOK 00aHBIH TaOUFH OLIAKTapbIHBIH SKOKYHEIepiHae
XKYpreH Y. pestis mITaMIapbIHBIH T€HOMBIHAA TE€HETHKANBIK ayaHTYPIUTIKTIH
CEJICKIMACHIH KaMTaMachl3 eTyre MyMKiHaik Oepemi. O0a KO3IBIPFBIIIBIHBIH
eloyip TYPIWIIK anyaH TYpPHUIri MHQOEKUUSHBIH €XEeNri eypoa3suarThlK TaOuFd
OIIIaKTapHIH/Ia aHBIKTAIIFaH, OJIapFa Y. pestis Heri3ri nenepiniH, SFHU KeMiprimTepaiy
amyantypainiri ToH (1-8; IloxpoBckuii xone T.0., 2000; CmupHOBa *oHe T.O.,
2004: 312; Yepkacckwuii, 2002). Kazipri yakpirta Y. pestis 430 MLVA25 tuntepi
anbikTanael (Yepkacckuii, 2002). TM/] ennepinin ayMarbiHaa sxkoHe MoHFOIHsIA
keMinge 352 MLVA2S5 tunti ailHameiMaa SKYPreHIIT1 aHBIKTaNIbL, Y. pestis
MLVA25 TunrtepiHig Tapaiysl )Keke TaOuFi 00a OlIakTaphl YIliH aHBIKTaJFaH.

¥xcac reHorunrepai kockanga MLVA25 knacteprnepi / cyOkiactepnepi Oenrini
Oip Taburu omakTapra coiikec keneni. MLVA npoduibaepin tanpay Herisinue
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AJBIHATBIH JICHAPOrpaMMasapblH Heri3ri tapMaktapsl SNP-Tunrtey omictepine
coiikec keneni (Ilmmenos xane 1.0., 2000: 1-8).

Legionella pneumophilla (CmupHoBa xoHe T.0., 2004: 312) Gakrepuscel —
JIETHOHEIUIe3 aypybIH TYFhI3abl [1aT. Legionellesis]. Jlernonemnes («Jlernonepnep
aypybl», TUTTCOYpPT MHEBMOHUSICHI, TIOHTHAK Oe3reri, JiernoHeIa NH(EKIHUSICHI,
Bparr ¢opter Gesreri), *KiTi KYKHAbl aypy, Ol OKIe KaOBIHYBIHBIH JaMybIMEH
HEMece JKele] PecIUpaTopibl aypybIMEH, ar3aHblH YIaHYbl XOHE Kbl30amMeH
cunarraiagsl (IlumenoB sxoHe T.6., 2000: 1-8). Kasipri monmimerrep OoiibiHIIA,
nernoHemmanapasH 90 % okyerrel L. pneumophila TypiMeH OailaHBICTHI.
Jlernonemnanappiy 0acka Typiepi apaceinaa xui L. micdadei, L. longbeuchae,
L. dumoffii xaone L. Bozemanii Typnepi aypy tyasipans! (JlutBus xkoHe T1.0., 2001;
[MumenoB sxaHe T.0., 2000: 1-8; [Tokporckuii xoHe T.0., 2000; CMHUpHOBA >KoHE
1.0., 2004: 312; Yepxkacckwuii, 2002; Chanteau xone T.60., 2000). Jlernonemranap
KOpIIIaFaH OpTaja y3aK TIPIIUTIK eTyre KaOiIeTTi xoHe MOPQOIOTHICH OOUBIHIITIA
rpamrepic a’poOTel Taskmanap (JIutBur sxoHe T.0., 2001; IlumeHoB XoHE
1.0., 2000: 1-8; IToxposckuii xone 1.0., 2000; CMmupHOBa )xoHE T.0., 2004: 312;
UYepkacckuii, 2002; Chanteau xone T.0., 2000; Cieslak sxone T.6., 1999). Anraru
peT ernoHemanap 0i3iH FackIpbIMBI3ABIH 70-KbuTIaphl OeminreH. by aray 1976
x. Ounanenbusgarsl ayblp THIHBIC aly KOJAAPHI aypybIHBIH (OKIe KAOBIHYBI
Ul OOMBIHINIA) epIIyiMeH OaiyaHbICThI, MyHJIa AMEpPUKaH JIETHOHBIHIAFE 34-
220 nmeiiiHTi OCBHI aypyMeH HAayKacTaHFaH Jenarartap KaWTeic OosraH. besinren
KO3IbIpFhI Legionella pneumophilla ataywin anraH. Ko3mbIpreiln rpaM-Tepic
a’poOThl TasKma Topi3mi Oakrepust (JIutBuH xoHe T.6., 2001; IlumeHOB >KoHE
1.0., 2000: 1-8; ITokpoBckwuii skone T.0., 2000; CmupHoBa xaHe T.0., 2004: 312;
Yepracckwuii, 2002; Chanteau xone 1.0., 2000; Cieslak sxone T.6., 1999; lllepbakoB,
2004).

Jlernonemnanapsiy 22 Typi aHBIKTaJIFaH, OJ1 ©3iHe 35 cepoTUnTep i KOCabl.
Onap onemHiH OapybIK eNJepiH/e TapajfaH >KOHE KONTereH »MacaH/Ibl JKOHE
TaOWFH CY KOJIOTHSUIBIK JKYHenepiHiH MUKPOOTHI (PIIOPBIHBIH JKaPTHICHIH KYpan/bl.
WHexusaHbIH Kipy KaKIadapbl THIHBIC Ty KOJIIaPBIHBIH IIBIPBIIITH KAOBIKTAPHI.
AypynsiH xaceIpbiH Ke3eHi 2—10 kynre (xui 5—7) co3puiaapl. Jlernonemranapasiy
KIMHUAKANBIK Typiepi: Jlernonepnep aypybl (ayblp ekmne KaObiHybl); [loHTHak
KbI30acel (MuunraH ITaTbiHBIH [IOHTHK KalachblHIA aypyablH epIIyi >Xeaeln
OacTalyMeH CHIATTajlfaH, COHJAi-aK TPUII TIPi3Ii aFbiM, 0ac aysIpybl, Kbi30a,
OYJIIIBIK €TTep aybIpybl ©KIe KaOBIHYBIHBIH OenTiNiepinci3 OaiikanraH), «Dopt-
Bparr» kp136acel (Kp130a, Tepi Oeprieci); Oacka ma aypyablH Typiaepi OOIysI
MYMKiH. JlernoHemnesiH aca epexuie OuTiHyi ©Kme KaObIHYbI OOJBIN TaObUIFaH
(JIntBuH xoHe T.0., 2001; [Tumenos xone T.06., 2000: 1-8; [TokpoBCckuii xoHE T.0.,
2000; CmupHoBa xoHe T.0., 2004: 312; Uepkacckuii, 2002; Chanteau xoHe T.0.,
2000; Cieslak xone 1.0., 1999; lllepbakos, 2004; Hoffmaster, 2002).

JlernonenmnanapiblH HeETi3r1 MEKEHIEHTIH JKkepi — KopIlaraH OpTaHbIH
aOMOTHKAIBIK 00BeKTIEepi. KO3MBIPFHIITHIH pe3epByaphl — OYII Cy ®OHE TOIBIPAK,
TabuFarTa JIETHMOHEJIANAp TYIIBl Cy KOWMalapblHAa KOK-XKachll OaJablpiap
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CUMOUOHTTaphl HeMece KelOip ar3alap/blH Mapa3uTTepi peTiHAe aHBIKTAIAIbI.
Jlernonemnna xe0ero yIIiH OHTaibl opTra Temmneparypacsl — 40—-60°C (CmupHOBa,
20006).

CasxaTmipuTapIblH JISTHOHEIJIE30eH aypy JKUUTITT ©3iHIH OpHajacKaH JKepiH
©3TepTIICHTIH amamjapra KaparaHia Oipiiama >KOFapbl CKeHIIrl OakbuiayMeH
JoNeneHal. byn KIMMarTeIK KaFnaimapablH  aybICybIMEH (SFHH, aF3aHbIH
PE3UCTEHTTUIITNHIH ©3repyiMeH), COHJal-aK KO3ZBIPFBILITHIH KOOCH OpTachl
0oJa anaThlH TYPIl TEXHUKAIBIK KOIIK KypaJIapblH MMaijaianyMeH OalTaHbICThI
(CmupuoBa, 2006). Msricaner, AKI-ta 2005-2006 >XpIimapbl JIETHOHEIIE3
aypybIMEH aybIpraHuap apacbigaa 23-25 % casxarmbUiapAblH YieciHe Tuii
(Pourcel, 2005). Konax yiinep/aeri KenTereH SMAIeMIUTBIK JYMITYIIEp JIETHOHeIIe3
JKaFIaiapblH KajaranalTelH OipbIHFal XaJibIKapasbIK )KYHWECIH KypyFa ceOerri
6omner (Morelli sxxone 1.6., 2010).

3epTTey MaTepHaJAapbl MeH JTicTepi

Tangaynapra MaTepuan peTiHae AJMaThl KaJachIHAAFbl TOPT KOHAK YHIIH Cy
KYHenepiHeH opTypii oObekTinep maiblHABUIapsl (cebesri OacTaphl, IKaKy3u
MeH OaccelHIepAiH KYWbIIATBIH Hayachl, TpaJupHsIApAbIH KaObIpFaiapsl,
cayHaJlapJlaFbl Cy TOTiHJIEpi, paKoBUHANAP) kKOHE Cy ChIHaManaphl (Cy KyObIp
JKENiIepl, TeXHOJOTUSIIBIK JKYHenep, TpaaupHsuap, OaccedHmep, cyOypKakrap)
TaHJIJIJIbL.

Cy cerHamanapeid any. bip Hykrenen 1 ceiHaMa anbIHIbI, KaKIarbl OyphUTATHIH
cTepuIbli biabIcTapra 0,5 11 ¢y KUHAIAIbI.

Kpannan ceiHama amy. Kpanpmap crupTheH CiHIpUITeH MaKTajibl TaMITOHJBI
OTIEH KYUIIPY JKONBIMEH JIe3nHPEeKIMsIanIbl. bacTankel cy 2—3 MUHYT apachIHIa
aFbI3BIPBLIAIBL.

Iaitpraaemap. CelHaMamapasl amy (GU3HONOTHSUIBIK  epiTiHaici O6ap mpo-
Oupkajgap MEH TasKIIaJarbl CTEPHJIbAI MaKTa TaMIIOHIAPBIHBIH KOMETiMeH
xyprizingi. LLadbHIBITBIP BUTFAIIBI OETTEH KYpFaK TAMIIOHAP aPKBIIBI JTBIH]TBL.
CeiHamackl 6ap TaMIoHIap 5 My GU3HONIOTHSIIBIK ePITIHIIIEH TYPAThIH CTEPUITBII
npoOupKara caiblHAIbI.

TanmaHaTbiH CHIHAMAIAP/IBI 3EPTTEY/IC OAKTEPHOOTHSUTBIK XKOHE MOJIEKYIalbIK-
rererukanbik ([1TP) omicrep KonmaHbLIbL.

Baxrepuonorusneik 3eprrey. L. pneumophila aHbIKTay MakKcaTbIHAA CYyIBIH
chlHaMaJapblH cy3yre apHanraH Kypanaa (Glass vacuum filtration device with
flask, 47/50 mm, «Sartorius Stedim Biotech», Germany) nopanapbsIHbIH JHaMeTpi
0,45 mxm MemOpanansik ¢puisrpmen (Filter membranes microbiological analysis,
«SIGMA-ALDRICH», Germany) cy3y apKbulbl KOHLEHTpaumsianisl. Cysy
asKTaJFaHHAH KEWiH MeMOpaHalbIK QWIBTPICp KYHIIPIITeH aHATOMHSITBIK
nuHIeTneH kejaemi 10 M cTepuibi QU3HONOTUSIBIK epiTiHaici 6ap 100 mui-
JK CTepWibli KYThIFa aybIcajbl. Op aHa ChIHAMAHBI Cy3ep alJbIHIA Kypa
3apapchI3NaHAbIpbUIb.. OUIBTPICH MUKPOGIOpaHbl JecopOnusiay YIIiH KYThI
+18-25°C Ttemneparypana 10-15 muH cinkirimke (Boprekc) canbiHabl. Cysri
OcTiHEH anbplHFaH WAWBIHABUIAD KesieMi 15 Mi LeHTpudyraiblk npoOupKara
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canbrabit, 30 mua 60tib1 3000—6000 aitn./MuH eHTpudyrananapl. TyHOaHBIH OeTKi
CYMBIKTBIFBI TOJBIFBIMEH KOWBUTANBI. TyHOAHB! 1 M (DM3HONOTHSUIBIK epiTiHmie
KaiiTa CycreH3usJIan, CTepUiIbi MPOOUPKara aybICTBIPBUIIBL.

Jaifprananran chlHaMalapabIH JKYFBIHIBICH KOpeKTik opracel 6ap (F.G. Agar-
MeH naiipiapanran opra) [letpu TabakmaceiHma >xypriziami. TaOakiia buUIFal
armoc(epana 7 xyHre aeiin +37+1°C unkyOanusiananpl. Jlernonennara KymaikTi
KOJIOHHSIAP/IBI 3-TOYIIKTEH OacTal CTePEOMHKPOCKOIHUSITBI KAPAIBII IIBIKTHL.

MornekynaiblK-TeHETHKANBIK 3epTTey. Tannay yiriH koHIeHTparmsuianran 0,1
MJI YATi KOJNJAHBUIIBL. 3€pTTENeTiH MaTeprualIbl 3aJaliChI3NaHABIPY KypaMbIHIa
6M ryanunuaTHOIMAaHaT O6ap 300 MKn nu3upineyn Oydep KOCy apKbUIbl Ky3ere
acwIpputnbl. Kemeci carel — 10 muH 60iibiHAa +65°C-n1arel mHKyOanwsiiay. MyHait
OHJICY/ICH KeliH ChIHaMaJIap 3aJ1aJiChI3IaHABIPbIIFaH JIET eCenTeNe]Ii.

JHK sxcrpauusicsl. aiisiaasinap MeH cy ceinamanapsiHas JJHK 6eny « ITHK-
Cop6-B» («AmmmCeHncy, Peceif) peareHTTep KUBIHTHIFBIHBIH KOMETIMEH KY3€Tre
achIpbULABL. JKYMBIC JKUBIHTBIKTAFbl HYCKAYJIBIKKA COUKEC JKYpEli.

3epTTey HOTIKeNepi AJMaThl KalachlHIAFBl TaHAAN alblHFaH 4 KOHAK
yitnepiHid, opTypiii HeMipiepiHeH (BaHHa »xoHe nym Oenmenepi, CITA xone
Oaccelinaep, rpamupasmap) 30 cy chIHaMamapel MEH WIaWBIHIBLIAP YITLIEpi
3eprrenai. Kymuansuielk yuIiH KoHak yinep mapttel Typae — A, B, C xone D
nen oenrinenai. Konak yinepaiy cy xyienepin 3eprrey 2018 ®KbUIIbIH KbIPKYHEK
JKOHE JKEeNITOKCaH aiapeiaaa exi pet xyprizinmi (Pourcel, 2005).

Yurinepaid 0akTepHONIOTHSIIBIK 3€PTTEY KYMBICBHIHBIH HOTHXKeci — Tepic. 2022
XKBUIIBIH KbIpKyHiek afibiaa [P omicimen 3eprreyne «C» KOHAK YiiHeH ipiKTenTreH
17 ynrinig apacelHaH 2 yITi OH HOTHXe Oepli. L. pneumophila 6akTepusiChIHBIH
mip MapKepllik TeHi KOHaKTapFa apHajJFaH KOHAaK HOMIpi MEH OpTaK MaiiaiaHyra
apHaJIFaH Ay OeJIMECiHEH aJIbIHFaH MAaNBIHIBUIAP YATICIHIE aHBIKTAJIbL.

CymMmeH xabapIKTay jKyHeciHe KbI3MET KOpPCETETIH KbI3METKepIepre cypak Koo
Ke3iHze, BICTBIK CYMEH J>XaOJbIKTay JKyWeciHneri cy Ttemmeparypacbl 40-60°C
acmaiTeiHbl aHpIKTanAbl. Cy Kyienepinaeri OakTepusuiapAblH ©CyiHe OHTaWIbI
temneparypa 25-60°C Oonbin Tabbmanel (CmuproBa, 20006). [le3nHpeKIHAIbIK
ic-Tmapanap — Cymbl XJIopiiay, YH-Kaijmap MEH JKaOIBIKTapabl Je3WHQEKIIHUSIIAY
TypakThl Kyprizieni. CybIK KOHE BICTBIK CYMEH J>KaOABIKTayAblH OapibIK
KYHENepiH KBUIYMEH XYY, IIBIFY HYKTEIEepiHAE BICTBIK CYIbIH TeMIIepaTypachlH
TYpakThl OakpuIay *oHE OHBI 65°C HE OaH KOFaphbl JCHIreiIe ycray; Cyibl, Yii-
XKamap/pl xKoHE KaOABIKTAP bl KalTa Je3NH(PEKIUIIAY YCHIHBUIIBL.

3 aiiman kedin «C» KoHaK YiiHeH 13 chiHama Kaita ameiHAbsl. Hewipmeri
cebesri OacTapblHAH KOHE OpTaK Maiinananyra apHairan cebesri Oenmecine [ITP
omiciMeH L. pneumophila TeHOMIBIK MaTepHabl KalTa aHBIKTAIABI. Y JITUICPIiH
airy HyKTenepi 6acka 6ospl. BakTepruoIoTHsIbIK 3epTTeyNep Tepic HOTHKE Oepi.

CypacTelpy Ke3iHJe BICTBIK CyYMEH >XKaOIbIKTay >XYHECIHIeri Cy TemIepa-
Typachl )KoFapiaMaraHbl aHBIKTAIIBL. JlopirepMer (CaHUTapIIBIK JI9pirep) KbI3MeT-
KepIep/IiH, KOHAKTap/IbIH, COHBIH IIIIHJE MIETeNIIKTepAiH JErHoHeIIe3 KO3IbIp-
FBIIIBIMEH KYKTBIPY Kaylli, SMUJACMUSHBIH Taina OONMybl Typasbl TYCIiHIipMe
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oHriMenepi xkyprizinai. Kalita nesundexnusiiay, aqaMmaapabH JernoHeuIaIapMeH
3aNlaIaHybIH TOJNBIFBIMEH MISKTEHTIH apHalbl CY3TijepAi ceOe3ri jkoHe CyMeH
xabapIKTay JKyHeciHiH Oacka Ja WIBIFYy HYKTENepiHAe OpHAaTy YCHIHBLIAIIBL.
blcteik cynbry Temmeparypacel 55°C neliin koHe ofaH TeMeH OOIFaH JKarjaiiia
Temreparypa pexxumid 65°C neHreiline opHary coTiHe AeHiH KOHAK YHIIH CyMeH
KaMTaMachl3 €Ty KYHeciH ail caiiblH L. pneumophila xone Legionella spp.
aHBIKTayJIbIHA OAaKbLIAY KYPTi3y YCHIHBUIAIbI.

KopTtbiHasbl

CoHbIMEH, aJIbIHFaH HOTHKeNep OOWBIHINA JIETHOHEIUIE3 KO3IBIPFBIIITAPBIHBIH
Tapajybl OJapIblH aHBIKTATYybIHA KaparaHa alblpMaIlblIBIFbl XKOFAPhl EKeHIIT1H
kepceTTi. Jlernonenna nuarHocTukacbiHa anblHFaH 30 yiri 6aKTepUONIOTHSIIBIK
omicte Tepic HoTIKe Oepim, an [ITP omicimen 4-eyiHne OH HOTHKE aHBIKTAJIFaH.
By MoneKkyKkanblK-TeHEeTHKAIBIK SIICTIH JKOFaphl CE3IMTAIBIFBIH KOPCETei.
Jlernonemna KO3IBIPFBIMIBI TYFBI3FaH ayPYBIHBIH JIOPEKECl ONMM-KITIMILIIT
10 % exeHpirin eckepeTiH OOJCaK, 3€pTTCy >KYMBICTAPBIHBIH MAaHbI3ABUIBIFBI
KOFapbl ekeHairi nanengesai. Ocel XKyienepae TernoHesanapablH aHbIKTayJIbIHA
MUKPOOHOJIOTHSIIBIK 3epTTEYIi KBIIbIHA KEMiHJIE 2 PET XKY3ere achlpy Kaxet. 2021
KBUIIBIH JepeKTepi OobIHIIa, ATTMAaTHI K. 215-Ke )KYBIK KOHAK Y TipKEJITeH )KoHe
JIETHOHEeIUTANIap/{iH MOHUTOPHHTICIH XKYPTi3y/li Talamn eTei.
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Abstract. Among cereals, a special place is occupied by wheat as the main
food of humanity and in improving the country's economy. The main task of
breeding is to produce valuable wheat varieties that are stable to the unfavorable
external environment of various natural climatic zones of Kazakhstan, consisting
of a combination of valuable features. The prospects for the use of mutants in the
process of hybridization are reflected in the achievements of world and domestic
selection. The effect of various solutions of chemical compounds on the plant was
observed from the first days during the growth of wheat sprouts. The growth of
the first sprout of seeds treated with a certain solution of cadmium chloride and
zinc chloride — 0.01 %, the activity of cell division and structural disorders of
chromosomes were manifested by variability in the varieties Kazakhstani3, Shagala,
Zhenis and Lutescens 32. When treating dry wheat grain with a concentration of
0.1 % cadmium chloride, it brought the growth of the Sprout to a lethal state, 0.01
% inhibited the growth of the Sprout for 4 days, and in a 0.001 % solution, the
growth rate of the control grains was the same. On the contrary, a 0.1 % vertical
solution of zinc chloride inhibited the growth of the Sprout for 1 Week, 0.01 %
for three days. Among the studied concentrations, a 0.01 % solution of cadmium
chloride inhibited the growth of sprouts, causing chromosomal aberrations and
morphological variability in cell division. Therefore, a concentration of 0.01 %
of cadmium salt was obtained as an optimal concentration to expand the limits
of variability in wheat. In this regard, in our study, it was found that a 0.01 %
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solution of cadmium chloride is an effective concentration that expands the limits
of variability in wheat. The effect of this amount of solution leads to morphological
changes in the plant (Binding of the stem, elongation of the earlobe, increase in the
number and weight of grains in the headlobe, increase in the weight of 1000 grains,
etc.), and changes in the characteristics of the M1 — M4 offspring are constantly
inherited. Mutant lines L1, L2 and L3 differ in valuable breeding characteristics
under the influence of a 0.01 percent solution of cadmium salt were obtained for
the Kazakhstanskaya 3 and Shagala varieties. A genetic analysis of the type of
development of these altered lines was carried out, as a result of which a long
(16 cm) dense ear (0.80) changed from the Gull variety to a prismatic plant of the
control variety (0.50), as a result of hybridization, its summer type (from the vin
gene) to the autumn type (Vrn gene). As a result of the study, Kazakhstanskaya 3,
Kazakhstanskaya mutant 3 varieties contain the genes Vrn 1, Vrn 3. Well, it was
found that Shagala varieties consist of the genes Vrnl, Vrn2. Varieties containing
the genes Vinl, Vi3 show rapid maturation. However, they differed from each
other in the period of intoxication.
Keywords: wheat, variety, mutant, variability, line
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JKA3IBIK JKYMCAK BUJIAM COPTTAPBIHAH AJIBIHFAH
MYTAHTTBI TUHUSJIAPABIH JAMY TUNITEPIHE TEHETUKAJIBIK
TAJIAY

AnHoTanus. J[oH/I TaKpUIIAP/IBIH IMIIHAE aJamM3aTThIH HETi3T1 a3bIFbl PETIHIES
JKOHE eJIMI3MIH SKOHOMHUKACHIH IKETUIMIpyAe Owmail epeKiie OpBIH allajbl.
CenekuusiHbIH Heri3ri MiHAeTi — KazakcTaHHBIH opTYpii TaOWFH KIMMATTBHIK
aliMaKTapbIHBIH KOJIAHCHI3 CHIPTKEI OPTa JKaFIalibIHA TYPAKTHI, OaFaibl Oenrinepaiy
OipyiecTiriHeH TypaThlH KYHABI OWJail CcOpTTapelH IIbIFapy. bymanmacTeipy
YpIiciHAe MyTaHTThI KOJIaHYABIH OOJIAIIaFbl SJIEM/TIK XKOHE OTAHIbIK CEJICKIIUSHBIH
JKETICTIKTepiHEH KOpiHeMl. XUMUSIBIK KOCBUIBICTAPABIH OpPTYPJl EpTIHIICIHIH
OCIMJIIKKe ocepl ajFaliKpl KYHHEH—aK Oujail ecKiHiHiH ecyiHae OalKasibl.
Xyopnbl kKaAMHA MEH XJIOpibel HUHKTIH Oenrimi 6ip — 0,01 % eprinmicimeH
OH/JICJITCH TYKbIMHBIH aJIFalllKbl ©CKIHIHIH 6Cyi, KJIETKaHbIH 06iHy OeICeHaUIIr
MEH XpOMOCOMAIAP/IbIH KYPBUIBIMIBIK Oy3bUIbicTapbl Kazaxcranckas 3, [llarana,
Kewic xone JlroTectienc 32 copTTapbIHAAFbl ©3TepriITIKIIEH KopiHal. bumaiasx
KYpFaK JoHIH XJI0pibl Kaamuiiaig 0,1 % KOHIIEHTpaIUIChIMEH OHJICTCH/IE, OCKIHHIH
ecyiH JeTanblbl skarmaiira okence, 0,01 % eckiHHIH ecyiH 4 KyHTe TeXemi, al
0,001 % eprianmiciame OaxkpUIay MOHICPIHIH O©CY KApKBIHBIMEH Oipaeit OoJmpl.
Kepicinme, xaopas! nuHkTiH 0,1 % Tik epiTiHaici eckinHig ecyiH 1 anrara, 0,01 %
VI KYHTE TeXemi. 3epTTeNTeH KOHICHTPAsIIapIbIH IITiHAC XJIOPIbI KaIMAKITIH
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0,01 % epriHagici 6CKiHHIH OCYiH TEXeTll, KJIeTKaHbIH O6IiHyiHe XPOMOCOMAIBIK
abepparsuiap KoHe MOP(OIOTHSIIBIK ©3TeprimTiKTep TYFh3Abl. COHIBIKTAH,
kagmuii Ty3biHBIH 0,01 % KOHIEHTpamMschl OWIaliarbl ©3reprillTiKTiH IIeTiH
KEHEHNTY YIIIiH, OITUMAaITb bl KOHIIEHTPAIUS peTiH/e abIH bl OCBhIFaH OaiIaHbICTHI
3eprTeyimizae xopiasl kaamuiiaia 0,01% epitiamgici Oupaliga €3reprilmTik MeriH
KEHEHTeTiH THWIMAI KOHIIGHTpalusl eKeHAIri aHbIKTanael. Ochbl Memmepieri
epTIHAIHIH dcepi eciMuikTe MOpQOJIOTHIIBIK e3repicke (ca0aKThIH TYNTEHYI,
MacaKThIH Y3apybl, 0ac MacaKTarbl JIOH CaHbl MEH canMarbiHbIH, 1000 moHaepain
CaJMaFbIHBIH JKOFapiaybl T.0.) oKelim, esrepreH Oenrinep M1-M4 ypmakrapma
TYpakTbl TYKbIM Kyananel. Kazaxcranckas 3 xoHe Illaranma copTrapbiHa
kagmuil Ty3eiHBIH 0,01 mailbI3aBIK epiTiHIICIHIH 9cepiHeH KYHABI CENeKITUSIIBIK
OenirinepiMen epekmenenerid JI1, JI2 xone JI3 MyTaHTTHI JIMHUSIIAD AJIBIHIBL.
Ochl e3repreH JIWHUSAIAPABIH J1aMy THIIHE TeHETHUKAIBIK Taljay KYPTi3imiIl,
votmkecinae lllarana coprerHan e3repreH Y3uH (16 cM), TEIFBI3 MacakThl (0,80)
eciMaikTi Oakpuiay copTeiHbIH (0,50) mpu3Ma Topi3ai eciMairiMeH OyaaHaacTeIpy
HOTWDKECIHIE, OHBIH Ka3AblK THMi (Vrn TeHiHeH) Ky3mik tumide (Vrn TeHiHe)
aybICKaHbI aHBIKTAIABL. 3epTTey HoTmkecinae Kaszakcran 3, Kasakcran myTtaHT 3
coprrapel Vrn 1, Vin 3 rennepinesn typaasl. An, Illarana coprraper Vrnl, Vrn2
TeH/IepIHEH TYPATHIHABIFBI aHBIKTANAEL. Vinl, Vrn3 renpepineH TypaTbiH COpTTap
KBUIJAM TiCeTiHAIrH KepceTeai. Anaiina, onapasiH Oip-0ipiHeH MacaKkTaHy Ke3eHi
OOMBIHIIIA ©3TemIeNiri OOIIbL.
Tyiiin ce3nep: Oumail,copT, MyTaHT, ©3TEpPrillTiK, JTHHAS
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TEHETHYECKUM AHAJIN3 TUITIOB PA3BBUTHUSI MYTAHTHBIX
JIMHUM OT COPTOB MSII'KOM MIIEHULIBI

Annoramusi. Cpeay 3epHOBBIX KYJIBTYp 0C000€ MECTO 3aHMMaeT MIIEHHIA
KaK OCHOBHOH KOPMOBOH MPOAYKT YEJIOBEYECTBA, & TAKIKE B COBEPIICHCTBOBAHHU
9KOHOMUKH cTpaHbl. OCHOBHasi 3ajiada CENEKIMU — BBITYCK IICHHBIX COPTOB
MIICHUIBI, COCTOALIETO W3 OObEAWHEHMs LEHHBIX NPU3HAKOB, YCTOWYHMBBHIX
K HeONaronmpusTHBIM YCIOBHSM BHEIIHEW Cpeasl pasMuHbIX IPHPOIHO-
KIMMaTHdeckux 30H Kazaxcrana. [lepcrieKTUBBI MpUMEHEHUsI MyTaHTa B IIpoliecce
rHOPUAN3ALUH TPOSBISIIOTCS B AOCTHXECHUSX MUPOBON U OT€UECTBEHHOM CEJIEKIINH.
BnmsHMe pa3snuyHBIX PAcTBOPOB XUMHYECKHX COCIMHEHUH Ha PAaCTHTEIHLHOCTH
HaOII01aJI0Ch C IEPBBIX AHEH B pocTe 3epHa. PocT mepBoHavaIbHBIX TOPOKOB CEMSTH,
00pabOTaHHBIX OMPENENICHHBIM PACTBOPOM XJOPUCTOTO KaaMHS W XJIOPHCTOTO
umHka-0,01 %, akTUBHOCTH pasfeNeHus KIETOK W CTPYKTYpHBIE HapyIIeHHUs
XpOMOCOMBI IPOSBIIMCH U3MEHYMBOCTHIO B copToB Kazaxcranckas 3, Illarana,
Kenncu JIrorecuenc 32. [Ipu 06paboTke cyXoro 3epHa MIIEHUIIBI C KOHIIEHTpaIren
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0,1 % xmopucToro kagmMus pocT MOAPOCTA MPUBEI K JIETAIbHOMY cOcTosHUIO, 0,01
% caepxuBaj pocT moxpocta Ha 4 aus1, a B pactsope 0,001 % Obutn 0uHAKOBBIMH
TEMIIaMU POCTa KOHTPOJIBHBIX 3epeH. Hampotus, 0,1 % BepTHKaIbHBIN pacTBOp
XJIOPUCTOTO ITMHKA CAEP>KUBaAJ pocT moApocTa Ha 1 Hegento, 0,01 % Ha Tpu qus. U3
nccienoBaHHbIX KoHIEeHTpauui 0,01 % pacTBOp XJIOPUCTOTO KaaMHsl CAEPKHUBAI
pocT mOApOCTa, BBI3BAT XPOMOCOMHBIE abeppauuu H  MOPQOIOTHYECKHE
WM3MEHYHMBOCTH B BBIIEJICHUN KJIETOK. [103TOMy KOHIIEHTpanus KaIMUHCKON CONn
0,01 % B3siTa B KaUeCTBE ONTUMAIBLHOM KOHUEHTPAIUK JJIs paCIIUpPEHUs Mpeaena
W3MEHUYMBOCTH B MIIEHHUIE. B cBsA3M ¢ 3TUM B Mccieq0BaHUN OBLIO yCTAHOBIIEHO,
gto 0,01% pacTBOp XJIOPUCTOTO KaAMUS SABIsETCS 3PPEKTUBHON KOHIICHTpALUEH,
pacumpsiromeii npeaensl M3MEHYMBOCTH MIIEHUIBI. BiusiHHE pacTBopa B 3TOM
KOJIMYECTBE MPHUBOAUT K MOP(OIOTHYECKUM U3MEHEHHUSM B PACTEHUSAX (KpOIIKa
cTe0sl, yIJTMHEHUE KOJIOChS, YBEJIMYEHHE KOJIMYECTBA U MAaCChl 3¢pHA B TOJIOBHOM
Kooce, yBenuaeHue Macchl 1000 3epeH u T.1.), i3MEHEHHBIC TIPU3HAKH TTOCTOSTHHO
HacJeACTByIOTCs B noroMcTBax M1-M4. Ilonyuyens! MyTtanTHele Junun JI1, JI2
n JI3, ornmyaroniuecs NEHHBIMHM CEISKIMOHHBIMH TTosca mopn Bausanem 0,01
MPOLIEHTHOTO pacTBopa KaJAMUKHHOM conmu Ha copta Kasaxcranckaa 3 u Illarana.
Bb11 npoBenieH reHeTHYeCKU aHaIn3 TUMA Pa3BUTUS 3THX M3MEHEHHBIX JIMHHH,
B pe3yapTare KOTOPOTO OBLIO YCTAHOBJIEHO, YTO B pPE3yJbTaTe CKpEIIMBaHUS
u3 copra lllarana ¢ m3meHnenno nnmuHHOHM (16 cm), mioTHOM Komocogoii (0,80)
PaCTHUTENBPHOCTH C MPU3MOOOpa3Hoii pacturenbHOCThIO (0,50), ee JeTHUH THI
(u3 reHa vrn) Ha o3uMBbIi TUN (TeHa Vrn). B pesynbrare uccnenoBanus Kazaxcran
cocTouT U3 3-x coproB MyTtaHToB Kaszaxcrana, 3-x coproB Vi 1, Vin 3. A
BBIICHIIIOCH, uTO copTa Illaramna cocrost u3z reHoB Vrnl, Vrn2. Copra, cocTosimnue
n3reHoB Vrnl, Vrn3, yka3pIBaroT Ha ObICTpoe co3peBanne. OHAKO OHU OTIMYATHCH
JpYT OT Apyra 1o ¢a3e WKANBEHUECTBA.
KuroueBble ci10Ba: MIIEHNIA,COPT, MyTaHT, U3MEHYUBOCTD, JINHUS

Kipicne

Cenexuust ToxipuOeciHze aiFallKpl MaTepUaNgbl AIyAblH LIETiH KEHEHTY
yIIiH, 6acTamnKel COPTTaH KYHJIBI OenTisiepi OOWBIHINA, ePEeKIIEIeHETIH MyTaHTThI
JUHUSIIAP.IBI KOJanyabIH Oomnarrarsl 30p (Bogdanova, 2003).

Kaszipri3aMaHFBI 0CIMAIKTEP CEISKIMACHIHBIH MaKCAThI— P TYPJIi arpOIKOTHITKE
ApPHAJIBIII IIBIFAPBIIFAH COPTTAP/BI CHIPTKBI OPTa KaF IaiibiHa MYMKIHZIriHE KoOipek
OetiiMaeit Tycy, sFHA Oenriii Oip TEHOTHIT TIeH CBIPTKBI OPTAHBIH a0MOTHKAIBIK
XKoHEe OMOTHKAJIBIK (paKTOpIaphl apachIHAAFHl YHIECIMIUTIKTI OapbIHIIa apTThIpa
Tycy Oombin Tabweuianbl (Bogdanova, 1998). Cenekus yimiH op Typiai cTpecc
JKarmalmapra Te3iMIl copTTap IIBIFapyAbIH MaHBI3E! O6ap. CeleKInoHepsep YIliH
XKBUIJAM TiCeTiH copTTap wbeFapy THiMai. Cebebi keu miceTiH copTTap IOHHIH
KaJIBINITACy Ke3eHIHEH KYPFAKIIBUIBIK Ke3eHTre Tall 0oJanbl /a, OJap/blH Canachl
TOMEHJICT, OHIMILTITT a3 6osanel. COHBIMEH KaTap jKa3/blK Oumaiiap Kell MiceTiH
0oJica, CONTYCTIK aiiMakTap/a Ky3aik cyblkka manbiHans! (Larchenko, 2000). Ocbr
mpoOieManap/ sl ey CeleKIMOHEPISPAiH HeTi3ri MaKcaThl OOJBIN TaObLIa k.
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O yIIiH KeprilikTi sxepre OeHiMAeNreH COpTTapAbIH KbUIJaM Iicy TaOuraThIHa
TCHETHKAJBIK 3€PTTEY JKYPTi3y KaKeT. OUTKEeH1, KeII MCETIH COPTTAP/IbIH JKOFaPhI
camackl MEH JI0H KallbINTAaCybl TOMEHACHII. AYbUI IIapyalllbUIBIFbIHA KYHJIBI
OenrinepiH OapIBIFBIHBIH Oip COpTTa KalbIITacysl MyMKiH eMec. Kelibip Oenrinep
apachlHJa Kepl Kopessius Kypedi. MbIcalibl, OHIMIUIIr JXOFapbUlaFaH CaiblH
camachl, ©CIMIIK ca0arbIHBIH KBICKAJIBIFBI MEH OHIMIUII HeEMece OCIMIIKTIH
aypyra Te3IMALUIIrT MEH calachlHbIH >kKOFapbutaybl acep ereai (Chunetova, 2008:
1503-1507; Tokubayeva, 2013: 26-29, Omirbekova, 2009: 83—89; Shulembaeva,
2016: 19-23; Shulembayeva, 2014: 6—10). XXKyMmcax OMmalIbIH 1aMyBbI, XKEKEICH
alFaHia Te3 JKeTiMyi Oenriai Oip SKOJOTHSIIBIK JKarjaiinapra OaiIaHBICTHI.
AyBIT MapyambsUIbFbIHA KYHIB! OeNTiiepai KadbIITaCTRIPAThIH JKEeKe TeHACPIIiH
POJIiH 3epTTey YIIiH U30TSH Il JIMHUSIAp KOJaiIbl 6CIMIIKTIH Oeriii 6ip oprara
OeliiMIeNTyiH aHBIKTAWTHIH KbUIIAM ITiCy KacueTi >kataabl. OHBIH OHIMILUTIKKE
TiKeJIeW KaThICHI 0ap >KoHE KOJNAMCHI3 CHIPTKBI OpTa JKaFdaiyiapelHaH /YCIKTEH,
KYPFaKIIbUIBIKTAaH, 3USHKECTEP/ICH, aypyldaH/ WIBIFBII KETe ajaThlH, COHBIMCH
Karap KOJNIAWBl OJKarmaljapabl TYTENAeH makmanaHa aiaThlH KaOileTiMeH
cunarrtanasl. XKymcak OumaiiabIH sKbUIIaM micyine kobiHece Vrnl-3 xyiieci acep
eteni (Rappoport, 1993: 268; Pathirana, 2011; Roychowdhury, 2013: 149-187).

CoHIBIKTaH, COPTTApABIH JaMy THIIiH, JKEPTTIKTI  JKarmalaa, OHBIH
OHTOTEHe3/IeT] (pa3aapaiblK Y3bIHIBIFBl OCIMIIKTIH OHIMIUIITT MEH JKOFaphl JKOHE
TOMEHT1 JKCTpEMalbJli TeMIepaTypara TYPaKTBUIBIFBIMEH YIINTACTHIPA OTBHIPHII
KOMIUIEKCTI TYplle 3epTTeireHi aypeic. MyHpaall OarbITTanFaH 3eprreyiep
CeNIeKIMA/Ia JKBUIJAM IICETiH, SFHU KETITy Ke3€HI KBICKA, JKYMCaK >Ka3JbIK
Oupainap IIbIFapyra MYMKIHIITIH TyFbi3azbl. OcCbifaH OalIaHBICTBI KEPTUIIKTI
CeJNICKIIMS MEH TeHJIK KOpFa op TYpii HIET eNJepACH MIOFBIPIAHFaH COPTTap
MEH JIMHUSJIAPIBIH JaMy THITIH 3epTTeN, JKbUIAaM IICETiH COpTTap TYpJepiH
TCHETUKAJIBIK TYPFBIJIAH Talifidy JKYPri3y CEJCKIUSHBIH aKTyasbJIbl MAceJeci
6ombrn TabbuTansl. COHABIKTAH 3€PTTEY JKYMBICHIMBI3IBIH MaKCaThl: aiMaKTaIFaH
JKOHE KeJIelleri 0ap CeNeKIUs COPTTAphIHAH alIbIHFAaH MYTAHTThI JTHHHSIIAP/IBIH
JlaMy THITIHE TeHETUKAJIBIK TaJIay KYpri3y.

3epTTey daicTepi MeH MaTepuaaaap

3epTTey omiCTepi PETiHJE MYTAIUSUIBIK, THOPUIOIOTHSIIBIK, ATOIOTHSIIBIK
YKOHE MOHOCOM/IBIK TaJIAayiap KOJIIaHBIIIbI.

Toxipubeni  kyprisy YIIIH Marepuan peTiHAe >KEPriuliKTi celeKuusaa
KeH KOIIJJaHBUIAThIH, aylaHJACTHIPBUIFaH JXYMcak Owmaii coptrapsr: lllarama,
Jrotecnienc 32KazaxcraHckasi 3, COpThIHAH albIHFAH MYTAHTTHI JIMHUSATIAD KOHE
Kazaxcranckas 126 cOpTBIHBIH MOHOCOMAJIBIK TMHHUSIIAPEI KOJIIaHBULIBL. 3epTTeyTe
aJIbIHFaH MaTepuaniap KaaMuiain aysip metamn tysbiven (CdCl)) enneni.

3epTTey HOTHIKEJIEPi MeH TAJIKbLIAyJIap

Xorapeima aram OTKEH alKWIb[I XHMHSJIBIK KOCBUIBICTApABIH  JSHL
JaKpUIIapra acepi, kebiHece, CeNeKIns YIIiH KYHABUIBIFBI )KOK, MOPQOIOTHSIIBIK
e3reprimrikke (Mopgo3) jKoHE OCIMIIKTIH XJIOpOoQHIb IOHIEPIHIH Ty3iIMeyiHe
(x10po3) okeneni (Cable, 2002). CoHabIKTaH, ©CIMJIIKTIH ©3TeprillTiK IIeTiH
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FaHa YIIFAWTHIN, OHIMIHE YIBI 9CEPiH TUTI30CWTIH XWUMUSIIBIK KOCBUIBICTAP/IBIH
QJICI3 KOHIICHTPAIMSCHIH 137ey Kepek. MyTalusi MaceIeCiHe KbI3bIFYIIBIIBIK KOHE
opacaH KeIl OpBbIHJIAJIFaH KYMBICTapFa KapaMacTaH, ©3rePrilliTIKTiH TeHETHKAIBIK
TaOuFaThl MEH MeXaHHu3Mi aiifie 0oJca )KEeTKUTIKTI 3epTTeydi KakeT eTeli. AybIp
METaJl TY3BIHBIH OCEpIHEH JKyMcak Oujail CcOpTTapblHAa WHIYKIMsJIAHFaH
©3TePrilTiKKe MOPPOOHOIOTHSITBHIK JKOHE IIUTOTEHETHKAIBIK TYPFhIIaH Oara Oepy
(Kihara, 2000).

TombIpaKkTaFsl ®oHE OCIMJIIKTET1 KaIMHUIIIH MOJIIIIEP] aTOMIBIK aJICOPOIVSLTBIK
omicmeH 3epTTeni. OCIMIIKTIH JaMy Ke3C€HIHIEe acipece MICIT JKETUITeH yaKbITTa
KaJMUIJIIH MeJIIIepi Kayirnci3 KOHIICHTPALUSHBIH [ICTIHeH )KoFrapiiaMaibl. bipakra
KBUDKBIMAITBI KaAMHUHIIH KyMcak OmpmaiaelH coptrapsl Kazaxcranckas 3,
[larana erijreH akiibLl KOHBIP TOMBIPAKTa KE3/IECYyl OJIAPJbIH JIOH - TYKBIMHBIH
METa/T KOCBUIBICTAPBIMEH JKOHE KAIAMHUJIH OpTYpii KOHIEHTPAUsAChIMECH
OHJICTITCHIITIMEH OaIaHBICTRIPYFa OO0JIa b,

MyrareHaepaiH THIMIUICIH Oaranmay YIIH, MHUTO3IBIK WHJICKC JKOHE
XPOMOCOMAJIapIbIH OY3BIIBICTAPBIH CHIIATTANTHIH MAIIIMETTEP KeH KOJIIAHBIIAIBI
(Rappoport, 1993: 268; Zhumabaeva 2017: 335.342; Larchenko, 2000: 16-20;
Gomes-Arroyo xoHe T.0., 2001: 591-594; Armor, 1985: 351). Onap XUMUSIIBIK,
(dbm3uKanelK  (aKTOpIapIblH OCEPIHEH OCIMIIKTepAe OOJIFaH ©3TepTilTiKTiH
JopexeciH Oaranayra MYMKIHIIK Oepeii. XJI0pibl KaAMHUA MEH XJIOPJIbI IIMHKTIH
oenrim 6ip xoumeHTpanuiacsiMer (0,01 %) mHIyKIHUsIaHFaH aJdFanIKbl ©CKIHHIH
ecyl, KICTKaHbIH OeJiHy OEJICEHIUTrT MEH XPOMOCOMAJIAPIbIH KYPBUIBIMIIBIK
OY3BUIBICTApBI 3epTTeNli. XUMHSAIBIK KOCBUIBICTAPABIH SPTYPIl epTiHIICiHIH
OCIMJIIKKE ocepl ajFalllKbl KYHHCH—aK Oujaldl OcCKiHIHIH ecyiHie OaiKalijbl.
Xyopnbl KaaMuii MeH XJopibl IUHKTIH Oenrimi Oip — 0,01 % epringiciMen
OHJICTITCH TYKBIMHBIH aJIFalIKbl ©CKIHIHIH 6Cyl, KJIETKaHbIH 06JiHy OelceHIiir
MEH XpOMOCOMaJIap bl KYPbUIBIMABIK Oy3butbicTapbl Kasaxcranckas 3, Illarana,
XKenic xone JIrorectieHc 32 copTTapbIHIAFBl ©3TEPTIIITIKIIEH KOPiHII.

Bunaiineiy Kyprak AoHiH xjopiabsl kamgmubimin 0,1 % KOHIEHTpaIUsIChIMEH
OHJICTEeH/Ie, OCKIHHIH OCYyiH JIeTanblbl xarnaira okeince, 0,01 % eckiHHIH ecyiH
4 xyure Texeni, an 0,001 % eprinmicinae 0akpuIay TOHIEPIHIH 6CY KapKBEIHBIMECH
Oipneit 6onael. Kepicinme, xmopisl quHKTIH 0,1 % Tik epiTiHgici eckiHHIH ecyiH 1
amrara, 0,01 % vy KyHTe TeXexi.

3epTTeNreH KOHICHTpaUsIapAbIH itniHe Xjopiibl kaamubiaig 0,01 % eprinmici
OCKIHHIH 6CYiH TeXeTl, KJIETKaHbIH 06JIiHYiH/Ie XpOMOCOMAITBIK adeppanusiap )KoHe
MOP(DOIOTHSIIBIK ©3TepTiTiKTep TYFhI3AbI. COHOBIKTAH, KanMuil Ty3sIHbBIH 0,01 %
KOHIICHTPALUSCHI OMJIaliIaFbl ©3TEPTIilITIKTIH IICTH KEHEHTY YIIIiH, ONTHMAIbIbI
KOHIICHTPAIHUS PETIHAC aTbIH/IEI.

Huuk Ty3biabIH 0,1 % xone 0,01 % eprinaiiepi 6CKiHHIH OCYiH TeKEreHMEH
KJIETKaHBIH OeiiHyl MeH MOp(]OIIOTHSIBIK OenriliepiHe alTaplbIKTail esrepic
Oepmeni. bapibik copTTapabiy AoHAepiH xopiibl kaamuiiain 0,01 % eprinaiciMmeH
0ip MapTe eHaeY KYprizinmi.

Kazaxcranckas 3 cOpTBIHBIH XJOPIbI KaaMHUH *koHE Xjopasl HUHKTIH 0,01 %

18



Reports of the Academy of Sciences of the Republic of Kazakhstan

epTiHAINEpIMEH OHICNTEeH IOHIHIH OCKIHIHAErT MepHCTEeMaNbIK KIeTKaIapablH
OeiHy OENCEHILTITIH 3epTTey YIIiH, OaKbUIay COPTHI MEH opOip BapHaHTTaphIHAH
500—nmeH acTaM KIeTKajgapFa MUTONOTHSUTBIK TAJIAY KYPTi3iiil, MUTO3IBIK HHIEKC
ecenTenii. XuMUSIIBIK KOChUTBICTAPMEH OHJIENITeH BAPHAHTTAP/IBIH IIIIHAC XIOPIBI
nuHKTIH 0,01 % epringiciHaeri KieTKamapAblH OeiHyiHiH opTamia OelceH T
(4,75 £ 0,05) xmopnsr kagmuiiMeH eHuerenre (2,25 + 0,02) kaparaHma >koFapbl
oonel (kecte A-1). KierkaHbiH OemiHy OelICeHALTIT] eKi BapuaHTTa Aa, 0aKpuiayMeH
(6,61 £ 0,02) canpIcThIpFaHIa TOMEH KOpCeTKimTepiMeH cunattanisl (1-kecte).

Kecre 1. Xnopis! kKagMuii MEH XJIOPJIBI IUHKTHIH KOHIIEHTPANIUSACHIHA OalIaHBICTHI
KazaxcraHnckas 3 COPTBIHBIH MEPHCTEMABIK YIMACHIHIAFHI KJIETKAHBIH MUTO3IBIK O€ICEeHALTIr

Taoxipbue Kapanran |Kepinren |Muro3nslk | Muro3s ke3eHi

KJIETKalap |MHTO3Iap | HHICKC npodaza metadasza | aHadaza

CaHbl TAHBI3HI caHbl | % |caHbl |% caHsl | %
Bakpuiay 523 177 6,61 £0,02 | 102 |0,19 (46 0,08 |29 0,05
ZnCl, 0,01 654 127 4,75+ 0,05 |63 0,09 (26 0,03 |38 0,05
Cdcl, 0,01 549 86 2,25+£0,02 |15 0,02 |31 0,05 |40 0,07
CdCL+ ZnCl, |- - - - - - - - -
ZnClL+ CdCl, |589 70 0,54+ 0,03 |35 0,05 (24 0,04 |11 0,01

Byt XMMHSITBIK KOCBUTBICTAPIBIH O1p KaTapAarsl Ty3/apra xKaTyblHa KapaMacTaH,
KJIETKaHbIH OeJiHyiHe opTYpili ocep eTeTiHairi Oaikamapl. XJIOpNbl LUUHKTIH
OCepiHEH KIIETKaHBIH O6JiHy OeJICeHJIUIIr KbUIAaMaca, aj XJIOpbl KaJAMHUUIH
OCepiHEH KIICTKAHBIH OOJIiHY KapKbIHBI TEXENli, SFHU OHBIH OCIMJIIKKE 3USHJIBI
ocepi O6ap. CoHbIMeH Katap, OipiecKeH €Ki TY3IbIH 6CIMIIKKE opTYpil OaFbITTarbl
ocepi Oaiikanmel: OipiHINI OaFBITBIHAA — TYKBIMBI aJIIBIMECH XJIOPJIBI KaJMHUIH
CyllaFbl EpPTIHAICIMEH 5 caFaT eHJCTCHHEeH KeWiH, JUCTWIBJI CyMEH IIalbUIBIII,
KOCBHIMIIIA 5 caFaT XJIOPJIbI I[MHKTIH epTiHAICIHAe ycTanabl. ExiHmi OarbITHIHAA,
KepiCiHIlle, eHAeyre allIbIMEH XJIOPJIbI IUHK anbiHAbL. EKi OarbITTarbl OHICYIIH
OipiHIIici eciMIIKTI ecipMmeil TacTaca, eKiHINICI KISTKaHbIH 06JiHy OeICeHIUTIrH
TEXKEII.

Toxipubene kommanran xmopasl kaamuiaig 0,01 % KOHIEHTpaIMsChI
MEpPUCTEMANBIK KJIETKaHBIH OeliHyiHAe abeppauusiap TYAbIPAbL: eKi-YII SapOJIbl
KOHE AIPOCHI3 KIETKAIAP, XPOMOCOMAaFbl aXPOMATHH KIIMIIEIEPiHiH OY3bUTYHI,
aHada3aaarel Kemipiep, cakuHanap.

Xnopasl kangmuiiaig acepinen Kazaxcranckas 3, Illarana coprrapbiaeiy M2
ypIarbIHa BereTalusIIbIK Ke3CHI OaKpliayra Kaparanaa 15—17 KyHre Kelnikri.

[Tarana »xoHe KazaxcraHnckas 3 coptrapelHbiH M3 xoHe M4 ypmnakrapeiHaa
BEreTAlUSIIBIK Ke3CHIHIH Y3aKThIFbI 0aKblIay BApUAHTHIMEH CANIBICTHIPFaHIa 2—3
KYHre Kemeyinaeni. OCiMOiKTiH OHTOTeHe3/1er oCil )KeTUTyiHiH TeXenyl ypHakTan
— YpIIaKkKa TYpaKThl OeplireHiMeH, OHbIH OYJI KAaCHETTEPiHiH KOPiHY ILeTi CHIPTKBI
opTa KaralibiHa OAFBIHBIIITHI SKSHIITT KOPIH/II.

Tek, JlrotecueHc 32 cOpTHIHBIH ©3repreH OCIMAITiHIH MacakKTaHy >KoHE IiCy
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Ke3CH/JIepi aJFallKel COPTIEH Oipaeit 6onapl. bipae Oip MyTaHTTHI TUHHSIIAPIBIH
TOJIBIK TICIT—KETITy Ke3eHi Oakpliay COPTTaphIMEH CaBICTBRIPFaHIA epTe
OacranMazbl.

MyTaHTTBI TUHUSIIAPALIH M2-M4—-T1eri MacakTaHy ’KoHE TiCy YaKbIThIHA (heHO-
JIOTUSUTBIK OaKbUIdy HOTHIKECIHAC, ©CIMIIKTEPIIH JaMy >KbUIIAMJIBIFbI aJFallKbl
COPTTapMEH CaNbBICTHIpFaH/a Kelll miceTiHi Oalikanabpl. Epre miceTiH MyTaHTTapra
KbICKa Cca0aKThl CKBEPXEATEP, KOMITAKTOMITAp, MYPTIIANbI, MYPTIIAChI3 CHPEK
MacakThUIap, ajl Kell MmiceTinaepre (4—8 KyHre) IWINHAP KOHE THIFBI3 MacakThl
TUHAsIAp )KaTThl. COHBIMEH, KaIMHH TY3BIHBIH OCEPIHEH XKYMCaK Ouail moHaepiHiy
OHII - )KeTTyi OaKbllay BapuaHTTapbIMEH cajbICThIpFanaa M1-M2 ypnakrapeiaaa
1-2 anrrara Texence, an M3-M4 yprniaktapbiHaa 3—4 KYHTe TEXEIIi.

Toxipube BapUaHTTApPbIHBIH JOHIHIH ©HYl MEH ©Cill — JKeTiTyl T'eHOTHIITIH
epeKILeNiriHe )KoHe OpTa YKaFaalibiHa OaFbIHBIIITEL. AYBIp METaJUT TY3BIHBIH dcepi
TeK Oip Ke3eHHiI KaMThIMal, OapiblK Ke3CHIE OCIMIIKTIH OCill JaMyblHa oCepiH
THUTi3€TiHi TaXipruOe OapbIChIHA JANENACH]I.

Cenexiusi Moneni YIIiH JKBUIJAM ITiCETiH, aypyFa Te3iMIi, eHIMi, camachl
JKOFaPBI COPTTAP/IBI IIBIFAPY YIIIiH CAH]IBIK XOHE CAIlaJIbIK OCTICp IiH TeHETHKAIBIK
TaOUFaTBIH OPTYPINi CENEKIUSUIBIK MapaMeTpiepi KOMIUIEKCTI 3epPTTey apKbUIbI
FaHa J)KOFapbl HOTKIKETE KETYTe KOHE aJIFalllKbl KYHIbI MaTepHaliibl Oy1aHIaCThIPY
YIIIH CyphINTan amyra Oonansl. MyHmald KyHABI COpTTap TYpJIepi MEH opTypii
TeHaep kyheci OOMBIHITIA H30TEH/I IMHUSIIAD eTIMI3IIH KYMCaK OnmaiiaH TeHIiK
KOPBIH J)XKWHaKTayFa MyMKiHaik oepeni (Foy, 2005: 511-566; Cable, 2002: 129-13;
Kihara, 2000:19-24).

Kazaxcranckass 3 xome Illarama coprrapeiHan e3repreH OenriiepiMeH
OCIMAIKTEpIl aNfallKpl COPTTapMeH, TalAaylibl OyJaHIAcTBIpY KYpri3inmi.
KazaxcraHckast 3 COPTBIHBIH 3€pTTEITCH OCNTUIePiHIH 63repreH KoHe KapanaibiM
ecimzikTepre axbipaybl 1:1 6onbin, F, yprareiaars! 3:1 KaTblHACBIHIA aXKbIPaY bl
MYTaHTTBI OCINTiIepAiH MOHOTEH Il TYKBIM KyaJlalTBIHIBIFBIH TOJICITICH]II.

[Tarana COPTHIHBIH THIFbI3 MAaCaKThl JKOHE JKAIbIPaK KYJIAKIIACHIHBIH KOHBIP
KOIIKBII TYCIMEH OCIMIIKTEpiH alFallKbl COPTIEH TalJaylibl OyJaHIacThIPY
HOTHIKECIH/IC, KAJIBIITHI )KOHE ©3repreH oCIMIIKTePAiH IIbIFybI 1:1 00k, F,—ne
3:1 KaThIHACKIHA AXBIPAJbI, SFHH MYTaHTTHI OSJIT'i MOHOTEH/Ii, JOMHUHAHTTHI TYKBIM
Kyanaiinel. Kepiciamie, cabakThIH TYNTeHYI MEH MacaKThIH Y3apybIHAH TaJIIAyIITbI
OyzmangacTeIpy HOTHXKEC] 3:1 KaTblHackiHa, an F, monmynsauusceinaars! axeipay 15:1
xoHe 13:3 KaTbIHacTapbIH KOPCETTi (2-KecTe).

Bynan, MyTaHTThI THHUSIIAPIBIH KENTIPUITeH OeNTijiepiHiH KypAemi, aJiembIi
eMecC TeHIIepIiH ocepiHeH (TONMHUTeH] Ii )KOHE DIUCTA3/bl) TYKbIM KyalaHThIHIBIFBI
TaOBUIIEL.

Iarana copTeiHan e3repreH Y3biH (16 cM), ThIFEI3 MacakThl (0,80) eciMaikTi
6axpitay copteiablH (0,50) mpu3ma Topi3ai eciMairiMeH OylaHAacTHIPY HOTHKE-
CiHJle, OHBIH Ka3JbIK TUIMI (VIN TeHiHeH) KY3[ik TumiHe (Vrn reHiHe) aybICKaHbI
aHbIKTaNAbl. JKa3mbIK ericTikTe MacakTaHOal TYNTEeHY KalmnblHAA KaJFaH eCiMIIK
caHbl TOpTEy 00JIca, OHBIH Oipeyl MacaKTaHBII, OHIM Oepi.
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Kecre 2 - Kazaxcranckas 3 xoHne [llarana copTrrapbeiHaH e3repreH Oenriiepiis,
BC, , F, ypnakrapbIHarsl axsIpaybl

MyTaHTTapIbIH MyTaHTTap MEH KapanaiibIM eCiMIIKTEP/IiH KaTbIHACHI
(dhopmanapasiH Oenrinepi BC,, F,

@axkrinik | Teopusuibik | x> @axrinik | Teopusutsik |
Jluaus JI1
MacakTbIH Y3bIH/IBIFbI 27:25 1:1 0,06 188:57 3:1 0,40
Myprirace3 Macak 32:29 1:1 0,04 168:48 3:1 0,89
KonpIp Komkpu1 cabax 10:13 1:1 0,20 126:32 3:1 1,89
JKanbIpakTeIH TYKTLIIr 8:10 1:1 0,20 | 112:28 3:1 1,87
Jlunus JI3 22:20 1:1 0,90 |118:31 3:1 1,38
CabaxThIH TizeneHyi
CabaKkThIH TYNTEHY canbl | 45:13 3:1 0,20 |120:5 15:1 1,14
MacakTbIH Y3bIH/IBIFbI 45:18 3:1 0,42 ]223:51 13:3 0,00
JKameipak KymakmracerHsly | 19:23 1:1 0,38 97:29 3:1 0,26
KOHBIP KOIIKBLT TYCI
TBIFBI3 MaCaKThI 33:31 1:1 0,06 |85:54 3:1 1,38

O3airiHeH To3aHAaHFaH ©3repreH OCIMAIKTIH YPIarsl KY3IiK ericTikTe JKarmai
MacaKTaHFaHbIHA KaparaHnaa lllarana cOpTBIHBIH IaMy KbUITaMABIFBIHA KayanThl
TeH reTepoajenbai -Vrn Vrn vrn vrn, TFE€HOTUIIIHEH TYPATbIHIBIFbIH,  SFHH
[Taramna cOpTHIHBIH 9pi KY3IIK api *Ka3[bIK XKaraiFa OeliMIeNTeH 1aMy THITIMEH
EPEKIeIICHEeTIHIITIH TONeIIeH/I1.

CoHbIMeH, KaaMHUil TY3BIHBIH ocepiHeH Kazaxctanckas 3 COpTBIHAH IIBIKKAH
MYTaHTTBI ©CIMIIKTEPIiH T€HOTHITI MEH ©3TepreH OCNTiHIH JOMHHAHTTHI TYKBIM
KyaJjaybl Taliaylibl OylaHIacThIPy HOTHKECiH e Oenriii 6oinca, an F -1e MyTaHTThI
OenrinepiH Hellle TeHMEH TYKBIMKYaJlalThIHABIFBI aHBIKTAJIBL.

[[arana cOpThIHBIH TIKipuOE BapHaHThIHAA F, yprakTarsl abipay CabaKThIH
TynteHnyiHeH 15:1, MacakTbIH Y3bIHABIFBIHAH 13:3, a1 MacaKThIH THIFBI3ABUIBIFBIHAH
9:7 xaTpIHACTAPBIHA COMKEC KEJIiTI, aJUTeITh I eMeC TeHASPIiH KypAe TykeiM [1larana
xoHe Kaszaxcranckas 3 coprrapelHblH M1 MyTaHTTHl OenrinepiHiH (cabakThIH
OyBIHBIHBIH JKyaHIAHYbI, ca0aKThIH Ti3eleHyi, TYNTEHyi, ASHHIH (opMachl,
MacakThlH TYCi, MYPTIIAJBUIBIFbI) KACHETI PEIUIPOKTH OyIaHIaCTBIPYIbIH
OaFrpITHIHA 0AMIaHBICCHI3 O3TePMEN TYKBIM KyallaJblKyalal THIHABIFB OaiiKamIbl.

OciMAIKTepAiH JaMy THITEPiH SKCIEPUMEHTAIbIBI TYP/E KY3IIK )KOHE JKa3/bIK
TUIIKE IONIIKIEH IIeKTey KublHFa coraipl. KeOinece Oyi mex Toxipube oTeTiH
opTa JKaraaibIHa 0alIaHBICTEI OMTAMIBIH BETeTAITUSITBIK Ke3CHIHIH Y3bIHABIFBIMCH
aHbIKTanaabl. bys ek aya-paiibl karjaiibiHa OailJIaHBICTBI AyBITKBII OTHIPAJIBI.
CoHIBIKTaH, XKa3/IbIK KOHE KY3/IIK IIETiH MTOJIIKIIeH aHBIKTAUTBIH 3KIIPECCUBTIIIT]
TeMeH Vrn2 TeHiHEeH JKa3/bIK OUai COPTHIH KCIIEPUMEHTKE KOJIJAHBII, ajITrallKbl
cabakTaHy Ke3cHIH aHBIKTay KaxeT. JKa3[aplK Oumall COPTHIHBIH T'€HOTHIT Ke3-
KEITeH MOMHHAHTTH VIn TeHIEpIMEH aHBIKTANaIbl, all KY3IiK COpTTap OapIibIK
JOMUHATTHI JIOKycTapabiH /Vinl Vrnl Vrn2 V2 Vrn3 Vrn3 Vin4 Vrn4/ peueccubti
aenbaepiMer anbikranansl (Larchenko, 2000).

21



ISSN 2224-5227 1.2023

Keneci manp3ner xyiie — ppd sokychl /photoperiod-poToneprnonTsik KYHHIH
Y3aKThIK ©3repiciHe apTypii acepi/. Vrn reHoTHIITEpi OENTini-0ip opTa *KaraaibiHa
JaMy KbUIIAMIBIFBI OOMBIHIIA SPTYPILTIKTI KaMTaMachl3 erei. COHbIMEH Karap
spoBu3alisi MeH (OTONEPUOJ PEaKIUsChIHA OalTaHBIChl JKOK T'€HETHKAJIBIK
opTYpuuTiKTiH Oemiri Oap exenmiri aHbIkTanapl. On Vrn xoHe ppd JOKycTapbl
OoiibiHIa Oenrimi Oip reHoTunTiH 4 KyHHeH 10 KyHre AeHiHTi apaibIKTarbl
afBIPMAIIBUTBIKTEl AHBIKTAHTHIH JKYHe, SFHU TeHOTHUIIKE TOH JIaMy JKBUILIAM/IBIFbI
JeTeH YFBIM. VIn jKyieciHeH perieccuBTi Jokyctap Vinl, Vrn2 sxoHe Vrn3
TYIKUTIKTI 3epTrenreH TeHaep. Onap sSpoOBU3ANMSUIBIK PEAKIUSHBI aHBIKTAWIbI,
KY3/iK cOpTTapFa ToH oHe ppd reHnepineH aprypii 6onansl (3-kecre).

Vrn teHmepi OoibprHIIa Oip HeMece OipHeIle MTOMHHAHTTHI auIeIbICpIcH
TYpaThlH XYHe TOMCEHI1 TeMIeparypara SpOBH3aLMsIIaHYyIbl >KapThUlaik Hemece
TOJIBIK TeKeH 1. MyHIall TeHOTHIITEPTE JKa3IbIK COPTTAp TOH, oJIap Aa (hOTOTepHo
XyHeci OoibIHIIa albIpMaIBUTBIFE! Oap. Exi reHeTHKanbIK KyiHeqeH /qamy THITI
Vrn - dorokeseH ppd/ TypaThiH TEHOTUTITEP €Ki JKAKTBIIBIK KACHET KOPCETeIl, opi
KY3[iK, 9pi JKa3AbIK AaMy THIH CHIATTaiabl. MyHaaid TOMO3UTOTTE TEHOTHIIKE
Vrn2 moKycsl O0MBIHIIIA JOMUHAHTTHI, OJ1 0acKa JIOKyCTapiaH €Ki CHCTeMa OOMBIHIIIA
Ia pereccusTi reHaep ToH - Vrnl V2 Vrn3 ppdl ppd2 ppd3 (Kihara, 2000).

Kecre 3.- Cenexiusna OyaaHIacTHIPbUIFaH COPTApABIH 6CKEH KYHHEH Oacrarl,
MacaKTaHyFa JACHiHI BereTalisIIbIK Ke3eHi

Coptrap Ce0y KyHI | OCKiHHIH IIBIFY KYHi | BumaliiplH MacakTany KyHi
Kazakcran 3 15.04 21.04 12.06
Kazakcran myTtanT 3 15.04 21.04 10.06
Jluaus 1 15.04 21.04 14.06
Marana 15.04 21.04 14.06
Jlunus 2 15.04 21.04 21.06
Jluans 3 15.04 21.04 21.06

Kenreren aBropnmapasiH aitybiHma, (Omirbekova, 2009; Shulembaeva,
2016: 19-23; Shulembayeva xone T.0., 2014: 6-10; Pathirana 2012: 107-125;
Roychowdhury, 2013: 149—187). Vrnl renine TypaTbIH cOpTTap SIpOBU3ALUSIIAHYIBI
KaXeT erneini, skpuiaam miceni. Kasakcran 3, Jlunus 1, Jlunus2 coprrapsr Vrnl
TeHIHEH TYpaabl, SFHHA OYJT JJOKYC KBUIAaM MICYIi aHBIKTalIbI, ajnaiiaa omap 21-mmi
MaycheIMIa MacakTausl [3J] kecte], anm KajgFaH COPTTApAbIH epTe MiCKeHi KOpiHIi.
Cips Oyt copTTapaa MacakTaHyIbl TeKeN OThIpaThiH ppd rexi 6omys! mymkid. Ppd
JIOKYCHI (DOTOKE3EH T KepceTe/i. byi1 ke3eH KyHHIH Y3aKThIFbIHA OalIaHbICTHI OCIIT
HIBIFY, MACAKTaHy Ke3eHJIEPiH TEXEyTe acep eTeTiH reH. Kes- KelnreH coprka acep
ernieiini. Ppd reninin ocepi 6enrini 6ip renotunke Oaitnanpictsl (Chunetova, 2008).
3eprrey HoTmkecinae Kazakcran 3, Kasakcran mytant 3 coprraps! Vin 1, Vrn 3
reqaepineH Typansl. An, Lllarama coprrapsl Vinl, Vrn2 reHnepiHeH TYpaTbIHIABIFGI
aHbpIKTanAbl. Vrnl, Vrn3 reHaepiHeH TypaThlH COPTTap >KBUIIAM TiCETIHAITIH
KepceTeni. Anaiina, onapabiH O6ip-OipiHeH MacakTaHy Ke3eHi OOMBIHINA e3renerir
0O IBL.
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Abstract. The exact number of poplar species, its varieties and hybrids that are
cultivated and found in the natural conditions of Kazakhstan is not known. From our
brief literature review of scholarly articles and with the exclusion of synonymous
species names, we can conclude that 13 species of poplar can be found on the
territory of Kazakhstan. Among them, the five species P. talassica Kom, P. pilosa
Rehd., P. diversifolia, as well as the Red Data Book poplar P. berkarensis and P.
pruinosa have got the Central Asian origin. Despite the rapid declining populations
and the growth areas for the gray-leaved turanga P. pruinosa and the heterophyllous
P. diversifolia, our scientists have not carried out extensive biological and
molecular genetic studies of these native poplar species. The PCR products of ITS
regions were obtained with size of 600 bp for poplar P. diversifolia, P. pruinosa and
uncertain hybrid P. diversifolia x P. pruinosa. It is interesting that two ITS regions
with sizes of 600 and 650 bp were detected in DNA samples isolated from poplar
P. diversifolia. This fact suggests the existence of hybrid clones of P. diversifolia
carrying the sum of major rDNA unit types of the two parental species.

Keywords: poplar, desert species, turanga, PCR, genotyping, internal
transcribed spacer
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KA3AKCTAHHBIH TEPEK TYPIEPI ’)KOHE OJIAPIbI TEHOTUIITEY
MOCEJIECIT

AnHoranmusa. KasakcraH aymarblHJa ©CIPUICTIH KOHE Ta0WFW IKarjaiija
KE3/IeCeTiH TepeKTiH TUOpuATapel, OygaHmapbl MEH TYPJIEpiHIH HaKTBl CaHbI
Oenrici3. OpxedWer JepeKTepiHe KhICKAIla IOy JKacam XoHE TYPIEpHiH
CUHOHHMMJIIK araynapblH alblll TacTaraHja, Ka3akcraH ayMarblHIa TEepekTiH 13
TYpi Ke3neceTiHiH adTyra Oomaapl. Onapuin imriae 5 Typi P. talassica Kom, P
pilosa Rehd., P. diversifolia xoHe KbI3bL1 KiTanka eHeTiH P. berkarensis wone P,
pruinosa opTaasusUIbIK enjiepae kesaecetin Typiep. Cyp KamblpakTsl TypaHra P
pruinosa met retepoduni P. diversifolia eciMaikTepiHiH MEKEHICY OPBIHIAPBIHBIH
Te3 KhICKAPYbIHA KapamacTaH, FalbIMIAp OChl a0OpUTEHJBI TYpJEpPIiHE KAIIBI
OMOJNIOTHSIIBIK JKOHE MOJICKYJajlbl TeHETHKAJIBIK 3epTeyNepiH aTkapraH koK. ITS
PETHOHIAP/IBIH aMITTU(UKAIVSICH HOTYDKECIHC HAKTHI aHBIKTAJIIMaFaH THOPUATI
P diversifolia x P. pruinosa xoue P. diversifolia, P. pruinosa typnepiage 600
bp y3bIHABIFBIMEH (parmMenTTep madga Oomnmel. P diversifolia typinig JJHK
yarinepimen koiburrad [ITP memmepnepi 600 xone 650 bp exi ITS peruonmap
OomysiH Kepcerti. bynm Harmxke P diversifolia Typiame tHOpHATI KIOHAAP
JKOHE oJlap KaJbl €Ki ara aHalblK (opMBUTIApBIHBIH Herisri IDNA OipiikTepiH
TaChIMAJIIAWTHIHBIH OLITipet.

Tyiiin ce3mep: Tepek, mwenmi Typiep, Typanra, [ITP, renorunrey, imki
TPaHCKPHUITIUSIIAHFaH apalibIK
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BUJIBI TOITOJIA B KASAXCTAHE U HEKOTOPBIE BOITPOCBHI
TFEHOTUIIMPOBAHUA

AHHoTanus. HeusBecTHO TOUHOE KOJIMYECTBO BHJOB, PAa3HOBHUAHOCTEW U
TUOPUAOB TOMOJSI, KOTOPBIE KYJIBTHBUPYIOTCS W BCTPEYAIOTCS B €CTECTBEHHBIX
ycnoBusix Kazaxcrana. M3 kparkoro o0030pa JUTEpaTypHBIX AaHHBIX WU MpU
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WCKITIOYEHUN CHHOHUMHYHBIX BHJIOB CIEAyeT, 4TO Ha Teppuropuu Kaszaxcrana
BcTpeyarotcs 13 BumoB Tomons. M3 HUX cpeiHe-a3narckoe pacipoCcTpaHeHNE HMEIOT
5 BunoB: P. talassica Kom, P. pilosa Rehd., P. diversifolia, a Tak:xe KpaCHOKHUKHBIE
tonons P. berkarensis n P. pruinosa. HecMOTps Ha CTpeMHUTEIHLHOE COKpAIICHHE
apeajoB NMPOU3pACTaHUs TYpPaHTH CU30JMCTHOU P. pruinosa v pa3HONUCTHON P
diversifolia, yaeHbIMI OOIIMPHBIX OMOIOTUIECKUX U MOJIEKYIISIPHO-TE€HETHIECKIX
WCCIIeIOBaHUI a0OpUTEHHBIX BHUJIOB He mpoBeneHo. [Ipu amrmumdukanuu ITS
PETHOHOB MOTyYeHBI NPOAYKTH pazmepoM 600 bp ms P. diversifolia, P. pruinosa
U HE omperelieHHoN rudpumHoit dhopmbl P. diversifolia x P. pruinosa. IILP c
JIHK oOpa3tamu, BeiiencHHbIMU U3 P. diversifolia noka3zana vamuuue nByx ITS
peruoHoB, pazmepamu 600 u 650 bp. DTOT (hakT ykazbIBaeT Ha CyIIECTBOBAHHE
rUOPUIHBIX KIOHOB P. diversifolia, Hecyux cyMMapHOE YUCIIO OCHOBHBIX CAMHUIL
rDNA obeux poautenbckux Gopm.

KiroueBble ¢J10Ba: TOMOJIb, Ty CTHIHHBIE BUIbI, TypaHTra, [ IL]P, renHoTHIMpOBaHue,
BHYTPEHHUI TpaHCKpUOUPYEMBI crieiicep

Introduction

More than 75 % of the territory of Kazakhstan is dry arid and semi-arid lands
with a sparsely forested and treeless landscape and an extreme continental climate.
All these features determine the weak resistance of the natural environment to
the negative impact of anthropogenic factors such as the irrational use of land for
livestock and pasture (excessive grazing) farming, the construction and industrial
development, expansion of transport and engineering infrastructures, illegal logging
and uprooting of forest trees. The processes of land degradation and desertification
that are the main threat to the socio-economic development of many countries
will arise and cause ecological imbalance. The way to improve and restore natural
ecosystems is to increase the area of green spaces, which has a beneficial effect on
the climate of the entire region (Lyubimov, 2002: 497).

Due to their fast growth rates, high stress tolerance, vegetative propagation,
number species of poplar Populus spp. from the family Salicaceae Mirb. are
cultivated worldwide. According to L.V. Komarov' classification, poplar is
distinguished onto 30 species, which are included in three subgenera Turanga Bge.,
Leuce Duby and Eupopulus Dode. Many arborists use the Guinier's division of
species into 5 sections including Turanga section. Scientists showed a presence of
20 to almost 110 tree species in the genus Populus L.

The degree of their evolutionary similarity has been established at the level
of subgenera of Populus L. However, the identification of poplar species is
difficult due to the well-known interspecific hybridization and high variability of
morphological characters (Galdina, 2018: 5). Many various PCR methods are used,
such as RAPD, SSR, AFLP, SNP, to differentiate a species and clones of poplar.
The nuclear and chloroplast DNA regions, including ribosomal internal transcribed
spacer are used to DNA barcoding of poplar species (Feng., 2013: 8). Although it
was impossible to distinguish some poplar taxa from the sections Aigeiros (Aegiri)
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Duby and Tacamahaca Spach., in the genetic analysis of the intergenic spacer trnH-
psbA and ITS region (Nasimovich, 2019: 41).

Despite the fact that poplars are widely used in landscaping and forest protection,
their species composition is poorly studied in Kazakhstan. Poplar P. bolleana, P.
nigra, and P. deltoides cultivars were introduced in Central Asia and Kazakhstan
in during the soviet union period and cultivated in plantations (Thevs, 2021: 3).
In this time, P. nigra var. pyramidalis (Roz.) Celak) is the most distributed tree
species in this region. In the earlier P. pyramidalis Rozier was planted across only
in the south and south-eastern Kazakhstan but now the typical poplar is meeting
along with greening trees in the northern capital Nur-Sultan city (Obezinskaya,
2018). In addition, in the northern regions, balsam poplar P. balsamifera L. is used
in field-protection forest-lines and for landscaping. This species, along with white
poplar and laurel poplar P. laurifolia Ledeb. and canadian poplar P. canadensis
Moench are recommended for landscaping of the Zhezkazgan industrial region.
Due to the high degree of plant survival, poplar trees are successfully used in the
phytoremediation of coal deposits and industrial dumps.

By the classification of S.K. Cherepanov, poplar P. nigra var. pyramidalis and
P. pyramidalis are synonymous names for the generally accepted P. italica (DuRoi)
Moench, while the species P. canadensis and Bolle's poplar are synonyms for P
deltoides Marsh. and P. alba L., respectively (Cherepanov, 1995: 2). White poplar is
widely distributed tree throughout the southeastern Kazakhstan and is introduced in
the Zhezkazgan Botanical Garden. In between 1951-1976 years in studies of more
than 200 species of trees and shrubs, P. alba turned out to be the most promising
an introduced tree in the West Kazakhstan region. There were Lyubimov V.B. with
his colleagues carried out the selection and mobilization of introduced species,
including representatives of the native flora on the Mangyshlak Peninsula. As a
result, new methods of generative and vegetative propagations of turanga poplars,
willows (Salix L.) and salt cedar (7amarix L.) have been developed (Lyubimov,
2002: 497).

The floodplain forests of the large rivers Ural, Ishim, Tobol and Irtysh contain
white poplar, black poplar and P. tremula L. (synonym P. pseudotremula N. Rubtz.)
(Cherepanov, 1995: 2). In afforestation, hybrid forms of poplar obtained by crossing
the species P. tremula and P. alba are common used (Lebedeva, 2017: 1). The
dendroflora of the Ile-Alatau State National Natural Park (IA SNNP) includes Talas
poplar P. talassica Kom. (synonym P. densa Kom., P. kanjilaliana Dode), P. tremula,
white poplar, black poplar, P. canescens (Ait.) Smith and Italian poplar P. italica
(Ivashchenko A.A., 2015: 42). The Central Asian species P. talassica is distributed
in the floodplain forests of Zhetysu Alatau and Kungei Alatau (Dimeyeva, 2018:
4). In the Kazakh uplands and on the territory of the Burabay State National Park
(Akmola region), trembling poplar P. tremula L. is also found (Sultangazina, 2015:
10). This type of aspen, as well as white and black poplars P. nigra (synonym P.
nigra var. sosnowskyi (Grossh.) Makaschvili) are found in phytocenoses of East
Kazakhstan (Cherepanov, 1995: 2).
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In the arid region of Kazakhstan, Tugai forests usually stretch along the rivers
and streams and consist of willows Salix L, birches Betula L., and turanga poplars
(Eastwood, 2009: 27). In the flora of rare species of the Markakol State Nature
Reserve (SNR) in the East Kazakhstan region, along with endemics, there is also
a nemoral relic P. pilosa Rehd (Yashchenko, 2006: 25). In the Red Data Book of
Kazakhstan, Berkarin poplar P. berkarensis Poljak., rare species in the Karatau
State Nature Reserve (Turkestan region), as well as gray-leaved (gray) poplar P.
pruinosa Schrenk are indicated (Krasnaya kniga Kazakhskoi SSR, 1981: 2). If
Berkarin poplar is a narrow endemic and included in the Red Data Book of Woody
Plants in Central Asia, then gray-leaved poplar is classified as a species that is close
to be threatened (Near threatened NT) (Eastwood, 2009: 27). It should be noted that
the turanga forest of P. pruinosa with an admixture of Aryan poplar P. ariana Dode
has been preserved only in reserve Tigrovaya Balka locating in Tajikistan Republic
(Yashchenko, 2006: 25).

When mapping the delta lakes of the Syrdaria River, alluvial tugai were found
with blue-leaved turanga P. pruinosa Schrenk and P. diversifolia Schrenk. Russian
scientists believe that the northern border of the relict turanga P. diversifolia passed
in Central and Eastern Kazakhstan. It has been shown that the Azutau population
of turanga grows near the Bulgar Tabata mountains and has an area of 0.5 ha, as
well as a turanga grove in the Northern Prezaisan, on the southwestern slope of the
Kara-Biryuk mountain (Kupriyanov, 2009: 3). In general, there are gallery forests
communities consisting of trees P. laurifolia, P. canescens, P. tremula, and Betula
pendula L. within the river valleys of the Azutau Ridge (Southern Altai).

Thereby, various species of poplar Populus spp. due to their rapid growth, high
stress resistance and vegetative propagation, have great socio-economical and
ecological significance. The goal of researches is to preview how many poplar
species distribute in Kazakhstan and to investigate a nuclear DNA by PCR technique
for further differentiation of desert species growing around the Syrdaria River.

Experimental. Determining the exact natural location of plant species carried
out by using GPS devices (Global Positioning System).

Plant samples of P. diversifolia, P. pruinosa and uncertain hybrid P. diversifolia
x P. pruinose collected from populations locating in the desert part of Syrdaria river
belonging to South-Kazakhstan region. The DNA isolation, gel electrophoresis
technique, PCR amplification carried out according to commonly known methods of
molecular biology (Doyle, 1987: 5). Isolation of genomic DNA from plant samples
is carried out in 3-5 replicates by using commercially available kit DNeasy Plant
MiniKit (Qiagen, Germany). Separation of plant DNA samples and PCR products
is carried out by gel electrophoresis in 0.9-1,2 % of agarose (Amresco, USA) with
a current supply of 100—120 V. Ethidium bromide as an intercalating dye (Sigma,
USA) is added to visually assess a quality and quantity of DNA samples and PCR
products.

DNA amplification is carried out using the universal primers (Sigma) specific
to ITSI and ITSII regions, and adding the Taq DNA polymerase (ThermoScientific,
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USA) and a solution of dNTPs in PCR-mixture (Kairova, 2021: 5). The polymerase
chain reaction is carried out on thermal cycler Mastercycler pro from the
manufacturer Eppendorf company.

Results and discussion

Poplar has been of most interest for the wood processing industry, it is used for
diversifying farming system, in field protection, river bank protection, for increasing
forest cover and for landscaping cities. Solving the issues of the current state of rare
and endangered species, determining the boundaries of their distribution, developing
recommendations is of great importance for the conservation of biodiversity and
the sustainable use of natural resources.

The exact number of poplar species, varieties and hybrids that are cultivated and
found on the territory of Kazakhstan is still not known. From our brief literature
review of scholarly articles and with the exclusion of synonymous species names, we
can conclude that 13 species of poplar can be found on the territory of Kazakhstan.
Among them, the five species P. talassica Kom, P. pilosa Rehd., P. diversifolia,
as well as the Red Data Book poplar P. berkarensis and P. pruinosa have got the
Central Asian origin (Yashchenko, 2006: 25).

The quality of nucleic acids samples from poplars were visual evaluated by
using an agarose-gel electrophoresis technique and as shown on the figure 1,
concentration of DNA was low compare to easier bands of RNA molecules.

i

Fig. 1. - Separation of nucleic acids from poplars in 0.9 % agarose-gel

In afforestation, the two poplar species P. diversifolia and P. pruinosa are often
not distinguished by forest inventory, and therefore the reduction of their habitats
is still continued (Stikhareva, 2021: 14). Clarifying taxonomical status species and
subspecies of Populus is difficult by morphological data and molecular markers
should be used to correct identifying an endangered species. Number researchers
use ribosomal regions in phylogenetic studies of Populus species (Feng, 2013:
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8). Nuclear ITS region is applicable for identification of the broadest possible
taxonomic groups. On the figure 2 showed the obtained amplified DNA fragments
for P. diversifolia, P. pruinosa and uncertain hybrid P. diversifolia x P. pruinosa.
Optimization of Mg?" concentration in PCR reactions was done for taking good
amplified DNA fragments. In resulting, PCR with a mixture containing 3.5 mM
MgCl, and isolated DNA samples showed good visible amplicons compare to the
PCR mix with 2.5 mM MgCL,.

The PCR products of ITS regions were obtained with size of 600 bp for all of
studied poplar samples. It is interesting that two ITS regions with sizes of 600 and
650 bp were detected in DNA samples isolated from poplar P. diversifolia (see
track 4 in the fig. 2).

EO0 Do

Fig. 2 - Optimization of Mg concentration in PCR reactions: 1-3-PCR mix with 2.5 mM MgCl,
and 4-5-PCR mix with 3.5 mM MgCl, for obtaining DNA fragments of P. diversifolia, P. pruinosa
and uncertain hybrid P. diversifolia x P. pruinosa, respectively, K — negative control PCR mix
without DNA

The 18S, 5.8S and 26S ribosomal RNA genes transcribed in 18S-5.85-25S
order (single operon) and with intergenic spacers (IGS) together named the rDNA
or the 35S rDNA or 45S rDNA. The rDNA units are arranged as tandem repeats
and loci located in different regions of chromosomes. Plants have vast numbers of
rDNA copies and that multiple copy genes, up to about 10 000 could play a role in
sensing DNA damage and in stress response (Matsunaga, 2013: 49). As we know,
ITS regions is located on each side of the 5.8S rRNA gene. Therefore, according
our results we can conclude that an amplification of ribosomal DNA has potential
to discriminate between studied poplar desert species.

Conclusions

Desert and Red Book Listed species of Turanga are of particular importance
for natural ecosystems in the Central Asia. Exact number of poplar species, its
varieties and hybrids that are cultivated and found in the natural conditions of
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Kazakhstan is not known. From our brief literature review of scholarly articles
and with the exclusion of synonymous species names, we can conclude that 13
species of poplar can be found on the territory of Kazakhstan. Among them, the
five species P. talassica Kom, P. pilosa Rehd., P. diversifolia, as well as the Red
Data Book poplar P. berkarensis and P. pruinosa have got the Central Asian origin.
Other eight poplars are wide distributed and used in field-protection forest-lines
and for landscaping.

Despite the rapid declining populations and the growth areas for the gray-leaved
turanga P. pruinosa and the heterophyllous P. diversifolia, our scientists have not
carried out extensive biological and molecular genetic studies of these native
poplar species. Study of the morphology and genetics of the rare endemic tree P,
berkarensis Poljak. was not precisely carried out. Therefore, it is necessary to study
rare and endangered species that grow only in a certain area, since these species
represent a unique genetic material, the loss of which is an irreparable loss.

The PCR products of ITS regions were obtained with size of 600 bp for poplar
P diversifolia, P. pruinosa and uncertain hybrid P. diversifolia x P. pruinosa. It
is interesting that two ITS regions with sizes of 600 and 650 bp were detected in
DNA samples isolated from poplar P. diversifolia. This fact suggests the existence
of hybrid clones of P, diversifolia carrying the sum of major rDNA unit types of the
two parental species. This investigation of ribosomal locus by PCR amplification
allowed to find the variability between the studied species of Populus from the
desert part of Syrdarya river. This is of particular importance in light of the
increased degradation of pastures and vegetation in the arid zone of southern and
southeastern Kazakhstan, where there is a further reduction in the habitats of natural
populations of desert turanga P. pruinosa, the once common P. diversifolia, and the
very rare endemic P. berkarensis. The use of the PCR method makes it possible to
differentiate native poplar species growing in the arid zone and providing direction
to the conservation management. In addition, genotyping of natural and cultivated
species of Populus spp. will allow replenishing the international genetic database
and further facilitating the identification of P. diversifolia and P. pruinosa species.
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Abstract. The research aims to study the biological characteristics of milking
mares of local breeds of horses in Eurasia. The objects of the study are the
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Kazakh horse, the Kyrgyz horse, the Tuvan horse, and the Kazakh horse of the
Adai offspring. The study of blood biochemical parameters of the Eurasian horses
showed that the content of protein, albumin, and immunoglobulins corresponded to
physiological norms. The ratio of phosphorus, calcium, and iron also corresponded
to physiological norms. The concentration of urea and chlorides in mares also
equals physiological norms. In mares, the content of glucose and cholesterol in the
blood also corresponded to physiological norms. In the course of the research, it
was found that for 105 days of lactation, the maximum milking capacity of mares
was observed in Kyrgyz horses - 1911.0 = 45.1 kg and the Kazakh horses of the
Adai offspring had a minimum of 1659.0 + 25.8 kg, and the commercial milk yield
was, respectively in Kyrgyz horses 892.5 + 15.8 kg and Kazakh horses of the Adai
offspring 675.1 + 3.76 kg. In Kazakh horses, the milking capacity was 1648.5 +
36.8 kg and in Tuvan horses 1711.5 £ 29.4 kg, the commercial milk yield was
724.5 + 9.2 kg in Kazakh horses and 640.5 + 7.9 kg in Tuvan horses. The results of
studies on the biochemical parameters of mare milk made it possible to determine
the content of fat in Kazakh horses of 1.8 = 0.07 %, protein of 2.0 £ 0.06 %, lactose
of 7.9 + 0.24 %, ash of 0.4 + 0, 02 %, at a milk density of 33.9 £0.37 ° A. In mares
of Kyrgyz horses during the lactation period, the fat content in milk was 1.7 %,
protein 2.1 %, lactose 6.7%, and ash 0.39%. In milking mares of Kazakh horses of
the Adai offspring, the fat content was 1.29 %, protein 2.27 %, lactose 6.21 %, and
ash 0.38 %, milk density averaged 32.40°A. Milking mares of the Tuvan horse had
an absolute fat content of 1.7+0.06%, protein 2.05+0.04%, lactose 6.9+0.21 %, and
ash 0.36+0.03 % in milk.

Keywords: Kazakh horse, Kyrgyz horse, Tuvan horse, blood biochemistry,
milk yield, milk composition
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EYPASUSAHBIH KEPT'VIIKTI TYKBIMIAPBIHBIH CAYBIH
BUEJIEPIHIH BUOJIOTUAJIBIK EPEKIINEJIIKTEPI

AHHoTanus. 3epTTeyniH Makcatsl EypasusHBIH KEPriliKTi KBUIKBI TYKBIM-
TAPBIHBIH CaybIH OHeNepiHiH OWOJIOTHSUIBIK CpPEeKIIeTiKTepiH 3epTTey. 3epTTey
HBICAHBI - Ka3aK JKBUIKBICHI, KBIPFBI3 JKBUIKBICHI, TyBa KBUIKBICHI JKOHE Ka3ak
JKBUIKBICBIHBIH aJ1aii TapMarbl. Eypasus sKbUIKbUIAPBIHBIH KAHBIHBIH OMOXAMUSIIBIK
KOPCETKIMTEPIH 3epTTey KOPCETKEHIEH, aKybI3IbIH, adr0yMUHACPAIH, HIMMYHO-
I00YNMMHAEPAIH KypaMbl (DU3MOIOTHSIIBIK HOpMasapra coiikec kenmi. Pocdop,
KaJIBIUH, TeMIp KypaMbl 1a (PU3UO0JIOTHSIIBIK HOpMallapra coikec ke, buenepaeri
MOYEBHMHA MEH XJIOPUATEPIIIH KOHIEHTPAIUACH Aa (DH3HONOTHSIIBIK HOpMaIapFa
coiikec kenni. buenepae KaHmarbl DIOKO3a MEH XOJECTEPUHHIH MeIIepi e
(U3NONOTHSUIIBIK HOpMallapra coiikec Kenpi. 3eprrey OapbICBHIHIA JIAKTAIUSHBIH
105 xyHiHzIE cayblH OwWenepiH MaKCUMAalIbl CYTTUIITT KBIPFBI3 KBUIKbIIAPBIH/A
— 1911,0 £ 45,1 k1, an eH TOMEHTi KOpCETKIITepIe Ka3akK KbUIKbICHIHBIH ajai
TapMarbIHBIH 1659,0 + 25,8 K, a1 TayapiasIK CyT THiCIHIIE KBIPFBI3 KBIUIKbLTAPBIHIA
892,5 +15,8 kr xoHe ajail TapMmarbl Ka3ak >KbUIKbUIApbIHAA 675,1+ 3,76 kr
KyparaHbl aHbIKTAIIbl. Ka3ak KbUIKbUIAPBIHBIH CYTTUIIN 1648,5 + 36,8 Kr skoHe
TyBaibIK 1711,5 £ 29,4 k1, TayapiplK CYTTUIIT Ka3ak KbUIKBUTApbIHAA 724,5+ 9,2
KT J)KOHE TYBaJBIK XbUIKbLIapaa 640,5 + 7,9 kr xypaael. CyTTi Ouenep CyTiHIH
OMOXMMUSUIBIK KOPCETKIIITePIH 3epTTey HOTHMXKENepi Ka3aK IKbUIKbLIAPHIHJA
MatiaerH Memmrepi 1,8+0,07 %, akys3aei 2,0+0,06 %, makrozansiy 7,9+0,24 %,
kynnin 0,440,02%, cyTTiH TRIFBIBABIFE 33,9+0,37°a aHbIKTayFa MYMKIHAIK Oepi.
KpIpFbI3 )KBUIKBUTAPBIHBIH OUENICPIHJIC TAKTAIIMS Ke3CHIH/Ie CYTTe Maii Meepi 1,7
%, aKkys13 2,1 %, maxro3a 6,7 % xone kyn 0,39 % xypanbl. Kazak KbUIKbLIapbIHBIH
ajiaii TapMarbIHBIH cayblH Ouenepinae mail Menmepi 1,29 %, akysi3 2,27 %, nakto3a
6,21% sxone kyn 0,38%, cyTTiH THIFBI3IBIFEI OpTa ecemnmen 32,40°A kypansl, TyBa
KBUIKBICHIHBIH cayblH Ouenepinme cyrre abcomroTti Mait memmepi 1,7+0,06 %,
akysbI3 2,05+0,04 %, nakro3a 6,9+0,21 % sxoune xyn 0,36+0,03 %.

Tyiiin ce3mep: Ka3ak KbUIKbICHI, KBIPFBI3 BUIKBICHI, TyBa JKBUIKBICBHI, KaH
OMOXMMUSICHI, CaybIH MOJIIIEPi, CYT KYpPaMbl
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BUOJIOTMYECKUE OCOBEHHOCTH JIOMHBIX KOBbLJI MECTHBIX
HOPOJ EBPA3UUN

AnHoranms. llens ucciieoBaHUil — U3YYUTh OMOIOTMYECKUE OCOOCHHOCTH
JOWHBIX KOOBLI MECTHBIX Mopof Jomaneil EBpazun. OObEeKT HccienoBaHUS —
Ka3axcKasi JIoIIa/ib, KbIPI'bI3CKasl JIOIIA b, TYBHHCKAS JIOIIA/h M Ka3axcKas JIOIIa b
ajaiickoro otpopabs. V3ydeHne OMOXMMHUYECKHX ITOKa3aTelied KPOBU JIOMIAJeH
EBpasum mokazano, 4To copepxkaHue OeiKa, aahr0yMHHOB, HMMYHOTJIOOYIMHOB
COOTBETCTBOBaJIO (u3uonoruueckuM HopmaMm. Conepikanue ¢docdopa, KaibLus,
JKelle3a TaKKe COOTBETCTBOBAIO (DM3HONIOTHYECKUM HopMaM. KoHIeHTpamus
MOYEBUHBI U XJIOPHJIOB Y KOOBLJI COOTBETCTBOBaja (PU3HUOIOTHMUSCKUM HOPMaM.
Y koOBLI comepkaHue B KPOBU TITFOKO3BI M XOJIECTEPUHA TAKIKE COOTBETCTBOBAIIO
(bm3uoornIecKkuM HOpMaM. B Xozte ucciieIoBaHi yCTaHOBIICHO, 9To 3a 105 mHei
JIAKTAI[UF MaKCUMAaJTbHAS MOJIOYHOCTH JIOMHBIX KOOBLT HAOTFOIAIaCh Y KBIPTHI3CKUX
nomage —1911,0£45,1 xr, a MUHIMaJILHBIEC ITOKA3aTSIIA MMEITH Ka3aXCKHUeE JTOIITa u
agaiickoro otpoabs 1659,0 £ 25,8 kr, a TOBapHBIH YO COCTaBMII COOTBETCTBEHHO
Y KBIPTBI3CKUX Jlomanaen 892,5 +15,8 Kr 1 ka3axCKUX JIomaael anaiiCKoro OTpoabs
675,1+ 3,76 xr. Y Ka3axCKHX JIOIMIAaeH MOJIOYHOCTh cocTaBuia 1648,5 + 36,8 kr
u TyBuHCKUX 1711,5 + 29,4 k1, TOBapHBI ya0H cOCTaBUI y Ka3aXCKUX Jomaaen
724,5+ 9,2 xr u TyBUHCKUX Jowazaeil 640,5 + 7,9 kr. Pe3ynsrarel uccieaoBaHui
OMOXMMHUYECKUX TMOKa3aTeseil MOJIOKa JIOMHBIX KOOBUI MO3BOJIMIIA ONPEACIUTh Y
Ka3axCKUX Jomajei comepxanue xupa 1,8+0,07%, Oenka 2,0+0,06%, makTo3st
7,9£0,24 %, 30mb1 0,4+0,02 %, npu wiotHOCTH Moyoka 33,9+0,37°A. V koObLI
KBIPTBI3CKUX JIOIIA/ICH B TEUCHHE JIAKTAI[HOHHOTO TIEpHoJia B MOJIOKE COIEpIKaHUE
)kupa coctasuio 1,7 %, 6enka 2,1 %, makTo3sl 6,7 % u 30061 0,39 %. Y noWHBIX
KOOBLT Ka3aXCKUX JIOIIAJCH aJaliCKOTO OTPOIbs COJACPIKAHUE YKUPA COCTABUIIO
1,29%, Oenka 2,27 %, makto3sl 6,21 % wu 30161 0,38%, MIOTHOCTH MOJIOKA B
cpenaem coctaBmia 32,40°A. JloiiHple KOOBUTBI TYBHHCKOM JIOLIand HMENH B
MOJIOKE a0CONIOTHOE conepkanue xupa 1,7+0,06 %, oenka 2,05+0,04 %, nakTo3s
6,9+0,21 % u 30151 0,36+0,03 %.
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KiroueBble cjaoBa: Kazaxckas JIOImIaJb, KbIPTbI3CKasA JIOMIaab, TYBHHCKAs JIO-
manp, OHOXUMMS KpOBH, y,ZLOﬁ MOJIOKa, COCTaB MOJIOKa

Introduction

In the conditions of Eurasia and Kazakhstan, productive horse breeding is
developing due to local horse breeding (Zaycev, 2021; Kargayeva, 2020).

The main product in herd horse breeding is the production of mare's milk (Iskhan
K.Zh. et al. 2019; Oorzhak, 2017).

Of particular interest for horse breeding in the countries of the Eurasian
Economic Union, namely, Kazakhstan and Kyrgyzstan, are the Novoalatay horses.
Mares of the Novoaltai breed have a live weight of 532.5 kg, a height at the withers
of 150.1 cm, an oblique body length of 155.3 c¢m, a chest girth of 185.6 cm, and
a metacarpus girth of 21.5 cm. (Asanbaev T.Sh., 2013 Asanbaev T . et al., 2018).

The aim of study. To study the biological characteristics of milking mares of
local Eurasian horse breeds.

The methodology. The objects of research were the local breeds of horses: the
Kyrgyz in the farm "Kokorova 1.K.", Tonsky district of the Issyk-Kul region of
the Kyrgyz Republic, Kazakh horse in the peasant farm "Bektobe" of the Zhambyl
region and Adai offspring in the farm "Taushyk" of the Republic of Kazakhstan,
Tuvan from the farm "Seserlig" of the Piy-Khemsky district (central mountain
zone) of the Republic of Tyva of the Russian Federation.

Blood biochemical parameters in milking mares were studied in 2022 in
clinically healthy Kazakh, Kyrgyz and Tuvan horses. Determination of biochemical
parameters was carried out in a certified laboratory of the Dulati Taraz Regional
University. 20 milking mares in each group - Kazakh, Kyrgyz and Tuvan horses
were studied.

The milking capacity of mares was evaluated by gross milk yield, which was
determined by monthly control milkings.

The daily calculated milk yield of mares was determined by the Saygin formula
(1940):

Dp=—- x24 (1)

where, Dp - dairy productivity of a mare per day, kg; Da actual daily milk
yield, determined by the control milking method, kg; ¢ — the time of participation
of mare in the milking process from the moment of weaning the foals to the end of
the last milking, hours; "24" is the number of hours per day.

The milking capacity of mares before milking was tentatively determined by the
increase in the live weight of foals for 1 month of their life. Based on the calculation
that 1 kg of live weight gain, a foal needs 10 kg of mother's milk.

The milking of the mares was carried out every 2 hours by hand, a total of 6
times to obtain milk yield in 12 hours.
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The index of milkiness (/M), which characterizes the Pm production of milk per
100 kg of live weight (LW), was determined by the formula:

M=
Lw

Research results

Morphological indicators of the blood of local horse breeds in terms of
hemoglobin and erythrocytes had differences: in Kazakh and Tuvan horses, it was
at the upper limit of the norm, and Kyrgyz horses and Kazakh horses of the Adai
offspring at the lower (Table 1).

There was a characteristic change in the value of the color index, which in
Kyrgyz horses was close to the maximum value.

Analysis of biochemical parameters of blood serum in Kyrgyz horses showed
an increase in some indicators characterizing metabolism due to the influence of
the highlands (2000—4000 meters above sea level). Consequently, in the conditions
of the highlands, Kyrgyz horses are demanding to the feeding conditions and the
technology of their maintenance.

2

Table 1. Hematological blood parameters of milking mares

Indicators Horse Physiological
Kazakh Kyrgyz | Tuvan Adai offspring | norm
(n =20) (n=20) |(n=20) (n =20)
Hematocrit, x 10 L/ 37.9+1.9 |453+1.8 [37.541.9 |43.4+25 32-48
Hemoglobin, x 10 g/L 17.1£0.9 |10.1£1.5 [16.6+1.4 |13.5+1.7 10-18
Red blood cells, x 10" g/ |33.7+1,6 |6.7£0.5 |9.2+0.8 11.2+£0.6 6-12
Platelets, x 10"/ L 3.1+0.1 1.5+0.09 |4.3+0.4 3.84+0.09 1-6
White blood cells, x 10% L | 7.7+0.9 9.3+0.7 7.4+0.6 10.1 £0.5 6-12
Erythrocyte sedimentation | 145.9+1.7 | 135.842.1 [133.4+1.8 |145.7+ 1.5 0.1-0.4
rate, x 10 g/L

The study of biochemical parameters of Eurasian horses showed that the
content of protein, albumin, and immunoglobulins corresponded to physiological
norms (Table 1). The content of phosphorus, calcium, and iron also corresponded
to physiological norms. The concentration of urea and chlorides in mares
also corresponded to physiological norms. Studying the content of alanine
aminotransferase and aspartate aminotransferase in the blood of mares, it was
found that Kyrgyz horses have an excess of the maximum physiological norm by
1.8 u/l and 4.2 u/l, respectively. In mares, the content of glucose and cholesterol in
the blood also corresponded to the physiological norm.

Thus, at a physiological norm in horses of 57-79 g/l of protein in the blood
serum of the Kyrgyz horse, its content averages 66.8+1.6 g/l, in the Kazakh horse
69.5+1.9 g/1.

In Kyrgyz horses, phosphorus in blood at 1.014+0.3 mmol/l and iron at 26.8+0.8
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umol/l were within the physiological norm, while calcium was 1.544+0.4 mmol/l
35% below the standard. In Kazakh horses, the content of phosphorus 1.2340.2
mmol/l, calcium 2.42 +0.3 mmol/l, and iron 29.3 £0.6 umol/l corresponded to
physiological norms.

With a physiological norm of 4.0-12 U / I, in Kyrgyz horses, the ALT content
was 13.840.59, and AST-16.2+0.61. The change in the ratio of the activity of these
enzymes in favor of AST, against the background of a general increase in the values
of their activity, directly indicates the presence of hepatitis of various etiologies,
one of the causes of which is intoxication. Therefore, an urgent study of the quality
of feed for the presence of toxic substances is necessary.

If, on the whole, a conclusion is made about the physiological state of milking
mares of Kyrgyz horses, then it is in a satisfactory condition, except for some
individuals.

In Tuvan horses, the concentration of protein in blood was 75.2+1.3 g/l. The
content of macro- and microelements was within the physiological norm.

In the course of the research, it was found that for 105 days of lactation, the
maximum milking capacity of mares was observed in Kyrgyz horses —1911.0+45.1
kg, and the Kazakh horses of the Adai offspring had a minimum of 1659.0+25.8 kg,
and the commercial milk yield was, respectively in Kyrgyz horses 892.5+£15.8 kg
and Kazakh horses of the Adai offspring 675.1+3.76 kg. In Kazakh horses, the milk
yield was 1648.5+£36.8 kg and in Tuvan horses 1711.5 +29.4 kg; (table 3).

Table 2. Blood biochemical parameters of milking mares

Indicators Horse Physiological
Kazakh Kyrgyz Tuvan Adai offspring | norm
(n=20) (n=20) (n=20) (n =20)
Protein, g/l 69.5£1.9 |66.8+1.6 |752+1.3 |64.5+3.8 57-79
Albumin, g/ 35.841,3 |31.2+1.1 |32.4+1.2 |33.8£2.3 25-38
Globulin, g/l 33.7¢1,6  |35.6+1.5 |42.8+1.7 |30.7+1.9 24-46
Phosphorus (P), mmol/l  |1.23+0.2 |1.01£0.3 |1.37+0.3 |1.3+0.2 0.7-1.7
Calcium (Ca), mmol/l 242403 |1.54+04 |2.48+04 |[1.9+03 2.0-2,0-3.3
Iron (Fe), umol/l 29.3+0.6 [26.8+0.8 [28.5+0.7 |292+1.7 8-31.2
Urea, mmol/l 5.5+0.2 7.3+0.4 6.9+0.4 8.4 +£0.7 3.7-8.8
Chlorides, mmol/l 104.3£1.9 |98.9+2.5 |102.3£2.3 |65.7+4.2 98-107
ALT, (alanine amino- 11.3+0.38 |11.9+£0.59 |11.8+0.29 |11.9 +0.39 4-12
transferase), u/l
AST, (aspartate amino- 11.5+0.41 |11.8+0.61 [11.4+0.39 |11.7+£0.61 4-12
transferase), u/l
Glucose, mmol/l 5.240.3 3.6+0.5 3.7+0.4 4.1+0.5 3.5-6.3
Cholesterol, mmol/l 3.4+0.3 2.7+£0.2 4.9+0.2 4.9 +£0.6 2.9-5.2
Thymol, test 1.5+0.2 2.0+0.1 2.840.2 3.1+0.4 0-4
Magnesium, mmol/l 0.9+0.1 0.88+0.05 | 0.95+0.1 ]0.79+0.1 0.7-1.1.
Potassium (K+), mmol/l ~ |3,5+0.2 2,81+0.3 |3.7+0.3 33+£0.2 2.8-4.7
Chlorides (Cl-), mmol/l | 105.9+2.5 |99.6+2.3 |108.1 +1.1 |108.3 £0.9 97-110
Sodium (Na+), mmol/l 145.941.7 |135.842.1 |133.4+1.8 |145.7+ 1.5 133-147
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According to the index of milkiness (per 100 kg of live weight), high rates were
observed in Kyrgyz horses (553 kg) in comparison with Kazakh horses of the same
age (451 kg). The minimum indicators were observed in Tuvan horses (436 kg) and
Kazakh horses of the Adai offspring (417 kg).

The results of the studies of the biochemical parameters of milk made it possible
to determine in Kazakh horses the content of fat 1.8+0.07%, protein 2.0+£0.06%,
lactose 7.9+£0.24%, ash 0.4+0, 02%, at a milk density of 33.9 £0.37 °A (Table 4).

Table 4. Biochemical parameters of mare's milk

Milkiness indicators Biochemical parameters

Fat, % Protein, % | Lactose, % | Ash, % Density, °A
Kazakh horse (n =20)
M=m 1.8+0.07 [2.0+0.06 [7.9+0.24 ]0.40+0.02 [33.9+0.37
) 0.22 0.29 0.64 0.05 1.41
Cv 12.6 14.2 9.7 18.1 4.3
Lim 1.5-2.5 1.7-2.6 6.4-8.5 0.33-0.54 |31.5-37.0
Kyrgyz horse (n =20)
M:=tm 1.7+0.08 2.1+0.05 6.7+0.18 0.39+0.02 [33.8+0.42
1) 0.25 0.32 0.41 0.06 1.47
Cv 11.4 14.8 6.2 17.9 4.5
Lim 1.5-2.2 1.7-2.7 6.4-7.9 0.31-0.52  |30.5-36.0
Tuvan horse (n =20)
M:tm 1.7£0.06 2.05£0.04 |6.9+0.21 0.36+0.03 |33.5+0.36
1) 0.21 0.26 0.41 0.04 1.22
Cv 9.9 12.6 8.5 14.1 3.8
Lim 1.5-2.2 1.7-2.7 6.4-8.2 0.30-0.49 |30.5-38.5
Adai offspring
M:tm 1.29+0.03 [2.27+0.06 [6.21 £0.04 |0.38+0.05 [32.40+0.34
1) 0.19 0.27 0.62 0.04 1.35
Cv 9.5 8.60 2.05 17.6 4.1
Lim 1.25-1.58 [2.21-230 [6.08-6.37 |0.32-0.53 [31.0-36.0

In mares of Kyrgyz horses during the lactation period, in milk, the fat content
was 1.7 %, protein 2.1 %, lactose 6.7 %, and ash 0.39 %. In milking mares of
Kazakh horses of the Adai offspring, the fat content was 1.29 %, protein 2.27 %,
lactose 6.21 %, and ash 0.38 %, milk density averaged 32.40°A. Milking mares of
the Tuvan horse had an absolute fat content of 1.7+£0.06 %, protein 2.05+0.04 %,
lactose 6.9+0.21 %, and ash 0.36%0.03 % in milk.

Discussion

Biochemical blood parameters fully reflect the metabolism of proteins, fats,
carbohydrates, vitamins, hormones, water and mineral characteristics of the
body. They allow us to interpret the growth and development of the organism, to
understand the pathogenesis of a particular pathological condition of the animal,
help to identify hidden forms of the disease, and, ultimately, to make an objective
diagnosis. Undoubtedly, the biochemical blood parameters of the studied Eurasian
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horse breeds are of particular interest for their further prediction of breeding and
productive characteristics.

Quantitative characteristics of biochemical parameters of blood of horses of
Eurasia depend on the following factors: breed affiliation: feeding and maintenance;
age; season of the year.

The local Eurasian horse breeds are characterized by the same dairy productivity
parameters. The highest indicators of daily milk yield of marketable milk were
recorded in milking mares of Kyrgyz horses (6.9 kg), the lowest in Tuvan horses
(6.1 kg) in comparison with Kazakh horses (6.9 kg) and Kazakh horses of the Adai
offspring 6.43 kg. The fat content in milk is 1.29-1.8 % for milking mares of local
breeds of horses, 2.0-2.27 % protein, 6.21-7.9 % lactose, 0.36—0.40 % ash. The
average density of mare's milk is 32.4-33.9°A.

Conclusion

In highly productive mares, the concentration of total protein and residual serum
nitrogen is higher than in less productive ones.

Based on the conducted studies, the following: hematological blood parameters
of milking mares, blood biochemical parameters of milking mares, milking capacity
of mares, biochemical parameters of mare's milk.
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Abstract. For the first time a new method of double-sided non-tissues pressing
has been presented. To test it, a manual mold and a dynamometer for measuring
the pressing force over the cheese mass were developed and manufactured.
Approximate technological mode is determined thereto. To substantiate the
optimality of the technological regime, a microbiological study and pressing was
carried out, and during the ripening processes the reasons for the inhibition and
growth of microorganisms were determined depending on moisture and their
distribution in different parts of the cheese mass. The study showed that the reason
for the inhibition and growth of microorganisms is the mechanical and osmotic
pressure above and inside the cheese mass due to the intensive release of whey
and the rapid concentration of the cheese mass. In a short period of time (5 days),
a sharp growth of microorganisms up to a maximum of 2.95 billion 1 g of cheese
is carried out without the participation of mechanical and atmospheric pressure and
due to the formation of a thin sealing layer during double-sided pressing, which
provides a large volume for uniform distribution of moisture and microorganisms,
reaching close to the edges, i.e. to the top layers of the curd compared to the control
cheese without a thick rind. It proves that double-sided pressing reduces anisotropy
due to a more uniform distribution of moisture and microorganisms in the cheese
mass. The obtained positive result substantiates the answers to the outstanding
tasks, and also makes it possible to continue rheological and biochemical studies to
obtain the final results required for solving the outstanding tasks.

Key words: anisotropy, bacteria, coca, rods, samples, reductase, fermentation,
rennet fermentation, perforated, corrugated, dynamometer, indicator, calibration
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AHM30TPOIIUA MUKPOOPTAHU3MOB B PA3JIMYHbBIX
YUYACTKAX I'OJUIAHJCKOM CBIPHOM MACCHI, BLIPABOTAHHOI
ABYXCTOPOHHUM ITPECCOBAHUEM

AnHoTanms. [IpencrasneH BrepBble HOBBII CITOCOO JBYXCTOPOHHETO Oeccall-
¢derounoro npeccoBanus. {i1st ero ucmbITaHus pa3paboTaHa U U3rOTOBJIEHA IIpecc-
(hopmMa pyIHBIM CITOCOOOM M AWHAMOMETP UIS U3MEPEHUS MPECCYIOMIETO yCHITHS
HaJ ChIpHOW Maccoi. OmpeneneH MPUOMM3UTEIbHBIA TEXHOJOTHYECKUN PEXKHM.
Jis  000CHOBaHHS ONTHMAIbHOCTH TEXHOJIOTHYECKOTO pEeXHMa IPOBEICHO
MHUKpPOOHOJIOTHUECKOE HCCIEOBaHUE, NMPECCOBAaHUE M B IMPOIECCaX CO3PEBaHUS
oIpeieNIeHbl IPUYUHBI TOPMOXKEHHUS X POCTAa MUKPOOPTaHU3MOB B 3aBUCUMOCTH OT
BJIarW M MX pacupeeieHIs] Ha pa3InYHbBIX y9acTKaxX CRIpHOU Macchl. MccinenoBanne
MOKAa3ajio, YTO NPHUYUHOH TOPMOXKEHHUS M POCTa MHUKPOOPTaHU3MOB SBISIETCS
MEeXaHH4YeCKOe M OCMOTHYECKOE JaBJeHHE HaJl CBIPHOH Maccoi W BHYTpU Hee
BCJICACTBHUE NHTCHCUBHOT'O BBIJICJICHUA CBIBOPOTKH U 6I)ICTpOFO KOHLICHTPUPOBAHUA
CBIPHOM Macchl. 3a KOPOTKOE BpeMs (32 5 CyTOK) pe3KHUil pOCT MHUKPOOPTaHU3MOB
10 MakcumMyMa 2,95 muipa 1 T chipa ocymiecTBisieTcs 0e3 y9acTHsl MEXaHHIECKOTO
U aTMOC(EpPHOTo NABJICHUS] M BCJICACTBHE MONYyYEHHs] TOHKOTO YIJIOTHSIOLIETO
CJIOS TIPH ABYXCTOPOHHEM IIPECCOBAHUH, UYTO 00ECTIeunBaeT OONBIION 00beM IS
PaBHOMEPHOTO pacrlpeesieHHss BIard W MHUKPOOPTraHU3MOB, JOCTHUTas OJIW3KO
K KpasiM, T.e. 0O BEPXHUX CJIOEB CHIPHOW MAaCCHI TI0 CPABHEHHIO C KOHTPOJIHHBIM
CeIpoM 0e3 TOJCTONM KOpKH. IIpaBMIBHO, YTO ABYXCTOPOHHEE IPECCOBAHNE
YMEHBILIAET aHU30TPOIHOCTH 3a cYeT Oosiee PaBHOMEPHOTO pacHpeieiIeH s Blaru
U MUKPOOPTaHU3MOB B ChIpHOU Macce. [1oy4eHHbIN MOMOXKUTENbHBIN pe3ybTar
06OCHOBI)IBaeT OTBETHI HA NPCACTABJICHHLIC 3a/Ja4U, 4 TAKKC JAa€T BO3MOXHOCTDH
MIPOIOIDKUTHh PEOJIOTHUECKHE W OMOXMMUYECKUE HMCCIENOBAHMS Ul TTONYYICHUS
OKOHYATCJIBHBIX PE3YyJIbTaTOB, TpGGyCMBIX I pe€HICHU IMTPEACTABJICHHBIX 3a/1a4.

KiroueBble cioBa: aHu3oTponus, OaKTepHH, KOKH, MaJOYKH, MPOOBI PEoyK-
Ta3HBIA, OPOMWIBHBIN, CHIIY)KHOOPOAWIBHBEIN, TepPOopupOBaHHEIN, TOGPHUPO-
BaHHBIH, AUHAMOMETP, HHIUKATOP, TAPUPOBKA

Beenenne

TexHONMOrMYECKUH aHAIU3 TMOKa3al, 4To Kak 3a pyOexom, Tak u B CHI' mo
HACTOSIIIETO BPEMEHHU B CHIPOJIEIINY UCIIOIB3YIOT TPH CIIoco0a: caMoIpeccoBaHne
C UCTIONIb30BaHUEM Call(PETKH C TIEPEeNPeCCOBKaMH, OMHOCTOPOHHEE [TPECCOBAHUE C
HCTIOJIb30BaHUEM CallPETKH C IEPEeNpeCCOBKAMU U OHOCTOPOHHEE IPECCOBaHHE
0e3 cangeTok U 06e3 MepernpecCoOBOK CHIPHON MacCHI.

Brleyka3zaHHble TEXHOJIIOTHUECKHE IMPOIECCHl MOBBIMIAIOT aHU30TPOITHOCTH
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CBIPHOM MacChl M OTPHUIIATENHHO BIHUAIOT HA HHTEHCUBHOCTh IPOTEKAHUS OMOXHMH-
YECKUX U MHUKPOOHOJIOTHYECKHX IMPOILIECCOB, KOTOPBIC MPUBOIAT K CHIXKCHHIO
Ka4ecTBa ChIpa.

Takum oOpa3omM, 11 BBEIPAOOTKHM KadeCTBEHHOTO ChIpa HEOOXOAMMO IIPH
MPECCOBaHUM TONIYYUTH CHIPHYIO Maccy ¢ 0oJiee paBHOMEPHBIM paclpe/ielieHHeM
Biaru u TBepaocTu. CienoBaTebHO, COBEPIICHCTBOBAHHUE M Pa3pab0TKa BEICOKO-
MTPOU3BOIUTEIIBHBIX, HEITPEPHIBHO ICHCTBYIOLIMX TEXHUUECKHUX CPEICTB, TEXHUKH U
TEXHOJIOTUH ITPOU3BOJICTBA HATYPATIBHBIX CHIPOB, 0COOCHHO MPOIECCOB MOTYYCHHS
CBIPHOHM Macchl, ee (HOPMOBAHHA U TIPECCOBAHIS OBLIO U OCTAeTCA aKTyalbHOU 3a-
nadeit Hayku u ipaktuku (I'veus u op., 1973: 1; Qunanss u ap., 1971: 2; 1980: 3).

Brmiepsrie mpemraraem 3 crioco6a IByCTOPOHHETO TIPECCOBAHMUS: IBYCTOPOHHEE
OeccandeTouHoe, JIBYCTOPOHHEE CTyleHuaroe (1raroBoe) OeccanderouHoe (c
MEHBIIMM KOJIMYECTBOM ITHEBMOLIWJIMHIPOB) U JIBYCTOPOHHEe Oeccaiderodnoe
MIPECCOBAHUE C UCITOJIB30BAHMEM JICKTPOMArHUTHBIX CHJI (0€3 ITHEBMOITUIMHIPOR).
HoBpili crmoco0 MOMHOCTBIO HM3Y4YeH Ha IMIMHAPUYECKHX (IIBEHIIAPCKUX) W
MPSIMOYTONBHBIX chIpax «Jlopm». IlomydnB mMONMOXHUTENbHBIE PE3YABTATHI, MBI
MPOJIOKUIIN HCCIIEA0BATh Ha TOJUIAHACKUX KPYIIIBIX ChIpax.

s pa3penieHus TOCTaBICHHOM 11elTi HaMH ObUT c(h)OPMYIHPOBAHEI CIIEAYIO-
IHe 3a/1a9u:

1. Pa3paboTars ¥ M3rOTOBHUTH OIMBITHBIN 00pa3el] BUHTOBOW MPeccOpPMBI s
JIBYCTOPOHHETO TIPECCOBAHMS TOJUTAHACKOTO KPYTJIOTO ChIpa M JMHAMOMETP — IS
HU3MEPEHUS MIPECCYIOIIETO YCUIIMSI HAJl CBIPHOM MacCOM.

2. COBMECTHTh TEXHOJIOTUYECKHUE MPOIECCHI (COOpKa 1 pazdopka (hopM, po3ITuB
CBIPHOTO 3epHa, (hopMOBaHHE, IPECCOBAHME H BHIEMKA ChIpa U3 MpecchOpMBI).

3. YCcTaHOBUTH ONTHMANBHBIN (PallMOHAILHBIN) PEXUM U O0OCHOBATH OITH-
MaJbHOCTh JIByCTOPOHHETO IIPECCOBAaHWS IS TOJUIAHACKOTO KPYIJIOTO ChIpa
(Kpamenunus u nip., 1974: 8).

4. V3yunTh BIHUSHAE ABYCTOPOHHETO IMpeccoBaHUs (IepBoro crocoba) Ha Ka-
YEeCTBO TOJUTAHCKOTO KPYIJIOTO ChIpa.

MarepuaJbl 1 METObI

Hcxonst u3 BhIECKa3aHHOTO, MpeJIaraeM BIepBbie 3 crocoda JAByCTOPOHHETO
npeccoBaHus 0e3 mepenpeccoBoK: 1. OBycTopoHHee Oeccanderodnoe, 2. ABY-
CTOpOHHee cTymneHdaroe (maroBoe) OeccanderoyHoe (C MEHBIINM KOINYECTBOM
MTHEBMOLIMJIMHAPOB), 3. ABycTOpOoHHEee OeccaneTouHOe MPeccOBaHUE C MCIONb-
30BaHUEM DIIEKTPOMArHUTHBIX cUJI (0€3 ITHEBMOIWITUH/IPOB).

MeTtoauka npoBeIeHusT NCCIIeT0BAHUS

OKCIIEpUMEHTAIBHBIC HCCIICNOBAaHMS TPOBOAMIUCH TI0 CTAaHAAPTHBIM U
obmenpuHATEIM MeTonukaM coriacHo ['OCT-y. CrIponpHUTOIHOCTE MOJIOKA OTIpe-
JETISUTA TIPH TIOMOIIM OpOIMIBHOM, CBHIIY>KHO-OPOIMIBHONW U pPeAyKTa3HOU Mpod
(I'OCT 3225-68). ConeprkaHre MOJIOYHOKHUCIBIX OaKTEpU OMPEIESIIH METOA0OM
MPEJCIBbHBIX Pa3BEICHUMN, MACISTHOKUCIBIX OakTepuil — MOCEBOM B MPOOHUPKHU
Ha CremaHaBaHCKOM chip3aBojie CTenaBaHCKOro paiioHa PecryOnuku ApmeHuw.
Conepxanue Binaru B cbipe — skcrpecc meronoMm — (TOCT 3626-73r.). OnbITHBIE
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CBIPbl TIOIBEPrajlCh JBYCTOPOHHEMY IIPECCOBAHUIO CKOHCTPYHPOBAHHBIM U
W3TOTOBJICHHBIM PYYHBIM CIIOCOOOM BHHTOBBIM IpeccoM. KoHcTpykmmsa mpecca
nokaszana Ha puc. 1 (Kapiukanosa, 1977: 5; Knumosckuii u ap., 1965: 6; lonumryk
u ap., 1978: 14; Manukyan, 2013: 15).

Puc. 1

B xonme wu3yueHHMs BIHMSHUS JIBYXCTOPOHHETO TPECCOBAHUSI Ha KauecTBO
TOJUTAaHACKOTO Chipa OBUI YCTaHOBJEH NPUONM3UTENBHBIA TEXHOIOTUYECKHUN
PeXUM (DaBICHHE NPOJAOIKUTENBHOCTH). [yii 000CHOBaHUS ONTHMAIBHOCTU
(pallMOHATIBHOCTH) 3TOTO  TEXHOJIOTHYECKOTO pEeXUMa OBUIH  MPOBEICHBI
MHUKPOOHOJIOTHYECKHE, OHOXMMUYECKHE U PpEONOTHYECKHE HCCICIOBaHUI C
YUETOM TOTO, YTO B CHIPOICIIMY OCHOBHOE 3HaYeHHE UMeeT MUKpodiopa (MHuxoB.,
1970: 4). KagecTBO chipa 3aBHCUT Takke OT 3K30()epMEHTOB MUKPOOPTaHH3MOB,
KOTOpBIE OCYIIECTBISIOT CIOXKHBIA OHOXUMHUYECKUI Mpolecc: THAPOIU3 OCIKOB
70 aMHHOKHCJIOT, T.€. 0eJIOK anb0yMO3bl TENTOHBI HONWNENTUABI JUMEHTH/IBI
AMHHOKHCIIOTBI, )KUPBI — B CBOOOAHBIE )KUPHBIE KHCIOTHI H YIIIEBOBI — B MOJIOYHYIO
KHCJIOTY, BCIEICTBHE 4Yero (OPMHUPYIOTCS OpPraHOJENTHYECKUE IOKa3aTelu:
BKYC, apoMaT M KOHCHCTEHLHUS Cbipa. PacmpeneneHue Biaru B CBHIpHOW Macce
(aHM30TpONHST) HTPAET BasKHYIO POJIb AJIS Pa3BUTUSI MUKPOOPTaHM3MOB: YeEM Macca
ChIpa OJHOPOJHEE, TEM BBICOKOTO KauecTBa Chlp. Takum oOpa3oM, paBHOMEPHOE
pacripeniefieHle BIIard B CBHIPHOW Macce CIIOCOOCTBYET PaBHOMEPHOMY Pa3BUTHIO
W paclpesieieHUI0 MHKPOOPTraHW3MOB C LENbI0 HMHTEHCHBHOTO TNPOTEKAHHUS
MHUKPOOHOJIOTHYECKUX U OnoxuMudeckux npoueccos (Muuxos, 1970: 4; ManyksiH,
2012: 12; Manukyan, 2013: 15).
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Hcxons u3 BBIIEH3IIOKEHHOTO, OBIJIO YCTAHOBIICHO, YTO:

* JIByxcTOpOHHEE PEeCcCOBaHNE TOPMO3UT POCT MUKPOOPTAHU3MOB B IIPOIIECCE
MIPECCOBAHUS U MEPBHIC CYTKU CO3PEBAHUS.

* Pe3kuil pocT MHUKpOOPraHU3MOB 3a 5 CYTOK AOCTHUTaJCsi MakCUMAajibHO 10
2,95 mupg.

HccnenoBanne mpoBOAUIH C TENBIO:

a) BEISICHUTE PUIMHY TOPMOKESHISI MUKPOOPTaHIN3MOB B ITPOIIECCE TPECCOBAHMS
B MIEPBBIE CYTKU CO3PEBaHUS,

0) BBIICHUTH, 32 CUET YETO PE3KUH POCT MHUKPOOPTAaHU3MOB JI0 SO CYTKH
JIOCTUT 10 MakcumyMma 2,95 miupn B 1 r,,

B) BBIACHUTH paclpelieleHne MHKPOOPTaHW3MOB B BEPXHHUX CIIOSX CHIPHOM
Macce OT Kpas J0 IEHTPAIBHOH YacTh B 3aBHUCHUMOCTH OT BJIarl U CPaBHUTH C
KOHTPOJIBHBIM CBIPOM,

T') BEISICHUTD PacIipe/ieIeHne MEKPOOPTaHU3MOB B PA3JIMYHBIX YYaCTKaX CHIPHOM
TOJIOBKU B 3aBUCUMOCTH OT BJIArM U UX KOJICOAHUS 110 CPABHEHUIO C KOHTPOJIbHBIM
CBHIPOM.

Pe3ynbTarthl u 00cyKaeHne

1. Ilpu ABYXCTOPOHHEM IPECCOBAHWU CHIPHAs Macca YIUIOTHAETCS OIHO-
BPEMEHHO C JBYX CTOPOH, YTO IMPEMSATCTBYET WHTCHCUBHOMY BBIICIICHUIO CHIBO-
POTKH, a TakKe MO JaBiIcHHEeM (MEXaHUYECKHM) C JIBYX CTOPOH ChIpHAs macca
OBICTpO KOHIEHTpUpyeTcs. [Ipr 5TOM KIETKH MUKPOOPTaHW3Ma He BBIIEPKUBAIOT
MoJi OCMOTHYECKHMM JaBJICHUEM M HAuWHAIOT Morubarb. BceieactBue 3Toro
KOJIMYE€CTBO MHUKPOOPTAaHW3MOB YMEHBIIIAETCSA. A 3TO MPUBOIUT K TOPMOXKESHHUIO
pOCTa MUKPOOPTaHU3MOB.

2. PocT MUKpOOpPraHu3MOB 3a KOPOTKOE BpeMs 10 MakcuMmyma (2,95 muipa B 1 r
CBIpa) OCYIIECTBIISIETCS TIOCTIE IPECCOBaHUS, T.€.

a) HET MEXaHMYECKOT0 U OCMOTHYECKOTO JaBJIEHUs HaJ CBHIPHOM Maccou u
BHYTpH Hee,

0) pe3ynbTaThl JaHHBIX BiIard Ha Toukax 1.—43 %; 4.—43,2 % ombITHOTO ChHIpA,
a KOJIMYECTBO MHUKpoopraHusmoB 1.-2,85 mipa, 4.-2,86 MipA COOTBETCTBEHHO
KOHTpOJbHOTO chipa 1.— 42,0 %, 4.— 42,3 %, a KONU4eCTBO MHKPOOPTaHU3MOB
1.— 2,78 mnpn, 4.— 2,74 mapn, T.e. B 3TuxX Toukax 1. — (43,0 — 42,0) = 1,0 %, 4.
— (43,2 — 42,3) = 0,9 %, COOTBETCTBEHHO KOJIMYECTBO MHKPOOPTaHWU3MOB 1. —
0,07, 4. — 0,12 mupxa 6onbliie KOHTPOIHHOTO CHIpa. 3a CYET MOMYyYEHHUs TOHKOTO
VIUIOTHSIOIIETO CJIOS TPpU JBYXCTOPOHHEM IIPECCOBAHUHM OIBITHOTO ChIPa,
KOTOpBIA oOecneyuT OoJbInoil 00beM 0ojee paBHOMEPHOTO pacIpeeeHus
BJIaTM ¥ MUKPOOPTaHU3MOB JI0 BEPXHUX CJIOEB CHIPHOM MAacChl IO CPaBHEHUIO C
KOHTPOJBHBIM CBIPOM 0€3 TOJCTOTO MOJKOPKOBOTO CIIOSi, 0Opa30BABIIMCEH TPH
MEPETPECCOBKE UCTIONB3YEMOU Cal(eTKH MPH MPECCOBAHUMU.

3. Touku 2.—-43,4%;3.—43,6 %;5.—43,9 % Biara onbITHOTO ChIPa, 3 KOIUYECTBO
MHKPOOPTaHU3MOB COOTBETCTBEHHO 2. —2,90 mytp; 3. — 2,88 mupx; 5. — 2,95 mupa, a
y KOHTposbHOTO 2. —43,2 %; 3. — 43,5 %; 5. — 43,7 %, COOTBETCTBEHHO KOJTUYECTBO
MHUKPOOPraHu3MoB 2. — 2,86 mupx; 3. — 2,89 mupg; 5. — 2,91 mupa. Otcroaa BugHoO,
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YTO BJIara ¥ MUKPOOPTaHHU3MBI OT Kpas CHIPHOW Macchl JI0 IICHTPAJBbHON YacTh
YBEIIMYUBAIOTCS, T.€. 3TO MOJICKA3BIBACT, YTO MPOIECCHl CO3PEBAHMSI TOLIAHICKOTO
CBIpa MPOTEKAIOT MPABWIIBHO: OT Kpasi 0 IIEHTPAILHOHN YacTH.

BumHo Takke, 4To KONMeOaHUE BIArM OMBITHOTO ChIpa u3 5-u touek (1., 2., 3.,
4., 5.) cocraBmser 43,0 % — 43,9 % = —0,9 %, a KOMMYECTBO MHUKPOOPTaHU3MOB
2,95 - 2,85 = 0,1 mupn B 1 T cblpa, MO CPpaBHEHHIO C KOHTPOJIBHBIM CBHIPOB
cooTBeTcTBeHHO 43,7 % —42%=1,7 %, 2,91 - 2,74 = 0,17 mapa U3 nanHbIX BUIHO,
410 10 KosteOanuto pasuuta 1,7 % — 0,9 % = 0,8% Bmaru u mukpoopranusmos 0,07
MJIpA Oonee cTaOWITbHA M TOCTOSTHHA B OMTBITHOM CBIPE, 9YeM B KOHTpOIbHOM: 1,7 %
u 0,17 mpa.

OTO 03HauaeT TAaKXe, YTO JBYXCTOPOHHEE MPECCOBAHUE YMEHBIIACT aHU30-
TPOITHOCTH CHIPHOM MacChI 3a cYeT 0oJIee PaBHOMEPHOTO PACIIPE/ISIICHHUS BIIATH JI0
BEPXHHUX CIIOEB CHIPHOH MacChl, 4TO MPUBOJUT K OOJIee paBHOMEPHOMY Pa3BUTHIO
Y pacIpeelIeHu0 MUKPOOPTaHU3MOB.

3 /, A s /, /

Puc. 2 Mecra nipo6 1715t onpeziesieHns pacipeeneHus BIard 1 MOJIOYHOKHUCIIBIX OaKTepHid

W3 Touek 1.; 4. B34ThI IPOOBI OJIU3KO OT PACCTOSIHHS 3 MM K Kparo, CUMTast OT
LEHTPAIBHOU TOUKH 5., C LIETBIO ONPEACICHUS PaCIPEIeICHH BJaru U KOJIHM4eCcTBa
MUKPOOPTraHU3MOB BEPXHUX CJIIOEB CHIPHOM MACCHI OMBITHOTO ChIPA U CPABHEHMUSI C
KOHTPOJIBHBIM CBIPOM 0€3 TOJICTOM KOPKHU.

W3 Touek 2.; 3.; 5. B3s1 IpoOBI IO 5 CM CUUTAs OT UEHTPAIBHON TOUKH 5., IS
OTIpENEIICHUS PACIPENCICHUS BIark U MOJIOYHOKHCITBIX OaKTepUi cpeHel yacTu,
a OT TOYKH 2; 3 10 HAMIPABJICHUIO JI0 IIEHTPAIbHON YaCTH TOYKU 5 CHIPHOU TOJTIOBKH.

U3 5-u touek (1l.; 2.; 3.; 4.; 5) ompenmenwiu pacHpeleieHue BIaru u
MHUKPOOPTaHU3MOB U MX KOJeOaHUE B PA3IMYHBIX YYACTKaX ChIPHOW T'OJIOBKHU.

Ta6muna 1
AHU30TPOINHS BIIATH M KOJIUYECTBO MOJIOYHOKHUCIIBIX OAKTEPHUil B Pa3IMYHBIX Y4acTKaxX
TOJUTaH/ICKOTO KPYIJIOTO ChIpa B %

Ne ipo6 OnBITHBIH ChIP KoHTpomnbHbIi ChIp
Buiara O011e€e KOJIIMYECTBO Biara O011ee KOJIIMYECTBO
MOJIOYHOKHCIIBIX OaKTepuit MOJIOYHOKHUCIIBIX OaKTepuit
1 43,0 2,85 42,0 2,78
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2 43,4 2,90 432 2,86
3 43,6 2,88 43,5 2,89
4 43,2 2,86 42,3 2,74
5 43,9 2,95 43,7 2,91
Cpennee 432 2,89 42,94 2,84
Konebanue |43-49 2,85-2,95 42,0-43,7 2,74-2,91

W3 tabmuiipl 1 BUAHO, YTO BJIara ONBITHOTO ChIpa COCTABIISAET HA TOYKax 1. — 43
%, 4. — 43,2 %, a KOTHIECTBO MUKPOOPTAaHU3MOB Ha Toukax 1.—2,85 mipm, 4.—2,86
MJIpA, COOTBETCTBEHHO y KOHTPOJBHOTO ChIpa Biara Ha Toukax 1.-42 %, 4.-42,3
%, a o0IIee KOIMYECTBO MUKPOOPTaHU3MOB Ha Toukax 1. — 2,78 mupn, 4. — 2,74
MJIpA, T.€. B 3THX Toukax (1; 4) pa3sHHIIa BIaru OMBITHOTO W KOHTPOJHHOTO CHIpa
1. — 1,0 %, 4. —0,9 %, KOIUYECTBO MHUKPOOPTaHU3MOB 1; 4 cOOTBETCTBEHHO 1.
2,85 — 2,78 = 0,07 mupn, 401 2,86 —2,74 = 0,12 Mapx Oonpire KOHTPOIHLHOTO
ChIpa. DTO O3HAUYaeT, YTO OJM3KO K KpasM OMBITHOTO ChIpa Bjara U KOJIUYECTBO
MHKPOOPTaHU3MOB OO0JIBIIIE, 4€M B KOHTPOJIBHOM CHIPE, IIOPTOMY PE3KOE YBEITUICHIEC
MHUKPOOPTaHU3MOB OCYIIECTBISIETCS 32 CUET JABYXCTOPOHHETO IIPECCOBAHUSA,
KoTOpas obecrieunBaeT O0JbIIoi 00beM Jist 0oJiee paBHOMEPHOTO pacIipeeieH s
BJIaT'Ml 1 MUKPOOPTAaHU3MOB JI0 BEpXHHUX CJIOEB CHIPHOH Macchl. Benemersue 3Toro
MOJTyYaeTCsl TOHKHIA YIJIOTHSIOIIHIA CJIOH, yBEIMYMBACTCS TAKXKE CheJacMasl 4acTh
10 CPaBHEHHIO C IIOAKOPKOBBIMH CJIOSIMH KOHTPOJIEHOTO ChIpa.

Ha Toukax 2.; 3.; 5. Bnara onsiTHOrO cbipa 43,4 %, 43,6 %, 43,9 %, konuuecTBO
MHKPOOPTaHU3MOB COOTBeTCTBeHHO 2,90 mupn, 2,88 mupm, 2,95 mipn, a y
KOHTpoNbHOrO cbipa — 43,2 %, 43,2 %, 43,7 %, COOTBETCTBEHHO KOJIUYECTBO
MUKpOoOpranusmos 2,86 mipa, 2,89 mipa, 2,91 mupa. OTcrona BUAHO, YTO BiIara u
MHKPOOPTaHU3MEI OT Kpasi CBIPHOM MacChI 10 IMEHTPaTbHON YaCTH YBEITHMYUBAIOTCS,
T.€. 5TO MOACKA3bIBAET, YTO MPOLIECC CO3PEBAHUS TOJUIAHICKOIO ChIpa MPOTEKAeT
MIPaBUJIBLHO: OT Kpas JI0 IICHTPATLHOM YacTH.

W3 Tabmuip! 1 BUIHO TaKXkKe, 9TO KoJeOaHue BIArH OTIBITHOTO ChIpan3 S-utouek (1.,
2.,3.,4.,5.) cocrapmser 43,0 % —43,9 % =-0,9 %, a KOTUYECTBO MUKPOOPTaHU3MOB
2,95 - 285 = 0,1 mapa B 1 T cbipa, IO CPaBHEHHUIO C KOHTPOJIbHBIM ChIPOM
cootBeTcTBeHHO 43,7 % —42% = 1,7 %, 2,91 — 2,74 = 0,17 mapn U3 1aHHBIX BUTHO,
gT0 0 Koyebanuto pazuuma 1,7 % — 0,9 % = 0,8 % Bimaru 1 MUKPOOPTaHU3MOB
0,07 mapz Gonee cTabuIbHA M MIOCTOSHHA B OMBITHOM CBIPE, YeM B KOHTPOJIBHOM:
1,7 % wu 0,17 mapn

DTO O3Ha4YaeT Takke, 4TO JABYXCTOPOHHEE MPECCOBAHWE YMEHBIIAET aHM30-
TPOITHOCTH CHIPHOM MAcCCHI 3a CYET 00JIee PABHOMEPHOTO PACIIPE/ICIICHUS BIIATH JIO
BEPXHUX CIIOEB CHIPHON MAacChl, 9TO NMIPUBOIUT K O0Jiee paBHOMEPHOMY Pa3BUTHIO
U pacnpeaeieHuI0 MUKPOOPTaHU3MOB.

Obcy:xnenue

[IpemnoxxeH BriepBbIe HOBBIN CITIOCOO JBYXCTOPOHHETO IpeccoBaHws. Ero ncmsi-
TaHue IIPOBEICHO Ha MBeHapckoM cbipe v cbipe "Jlopu". [lomyuuB nonoxxuTensHble
pe3yIbTaThl, MBI €€ UCIIBITAIN Ha TOJIIAHACKOM KPYIJIOM ChIpe.
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Jns mpoBeneHust ombiTa ObuTa pa3paboTaHa W HM3TOTOBIEHa mpecc-hopma
PYYHBIM CITOCOOOM W TUHAMOMETP IS M3MEPEHHS MPECCyIOIIero yCHIIUS Haj
CBIPHOI MacCOM.

YcTaHOBIICH MPUOIU3UTEIBHBIN TEXHOJIOTHUECKHUN PEXKUM IS JIBYXCTOPOHHETO
MIPECCOBAHUS TOJIAHACKOTO ChIpa.

C nenpro 000CHOBaHUS ONITUMATBHOCTH TEXHOJIOTHYECKOTO PEKUMA ITPOBEICHO
MHKPOOHOJIOTHIECKOE HCCIICIOBAHIE, BBISIBIICHBI IPHYUHBI TOPMOXKECHHS U PE3KOTO
pOCTa pOCT MUKPOOPTaHU3MOB B IIPOIIECCE TPECCOBAHUS U CO3PEBAHUS CHIPA.

HccnenoBano Takxke pacrpeneieHue Biard U MUKPOOPIaHU3MOB B BEPXHHX
CIOSIX, OT KpaeB [0 IIEHTpa Ha Pa3MUYHBIX ydYacTKaX CHIPHOM MaccChl, T.e.
AHU30TPOITHSL.

HccnenoBanue IMokaszalo, 9TO NPUYHHON TOPMOXKCHHS M POCTa MHKPO-
OpraHU3MOB SIBJISETCS MEXaHUYECKHE W OCMOTHYECKOE MABJICHHE HaJ[ CBHIPHOU
Maccod M BHYTPH HE€ BCIEICTBUE HHTEHCHUBHOTO BBIJIECICHUS CHIBOPOTKH W
OBICTPOTO KOHIIEHTPUPOBAHHUS B CBIPHOH Macce.

3a KopoTkoe Bpems (3a 5 CyTOK) pe3KHil pOCT MHUKPOOPTaHU3MOB JO
MakcumyMma 2,95 mipa 1 T ceipa ocymiecTBiseTcss 0€3 y4acThs MEXaHHYECKOIO
1 aTMOC(epHOrO JaBIICHUS W BCJEJCTBHE TONYYCHHUS TOHKOTO YIUIOTHSIOIIETO
CJIOS TIPH ABYXCTOPOHHEM IIPECCOBAHUH, YTO 00ECIIeunBaeT OONBIION 00beM IS
PaBHOMEPHOTO pacIpelelicHUs] BJIaTd U MHUKPOOPTAHW3MOB, JOCTHTas OJIM3KO
K KpasM, T.€. 10 BEPXHHUX CIIOEB CHIPHON MACCHI MO CPaBHEHUIO C KOHTPOJIHHBIM
CBIPOM 0€3 TOJICTOM KOPKH.

[IpaBunbHO, YTO IBYXCTOPOHHEE MTPECCOBAHIE YMEHBIIAET aHU30TPOITHOCTH 32
cdet 6ojiee PaBHOMEPHOTO PACTIPEICICHHS BIard 1 MUKPOOPTAHU3MOB B CHIPHOM
macce. OcCHOBaHHE: JAaHHBIE HCCICNIOBAHUS PACIPEACICHUS UX B Pa3THUHBIX
y4acTKaX CBIPHOW MacChl: Ha KpasiX, OT Kpasi 10 EHTPaTbHON 4acTH.

3akiiroueHue

JIByXCTOpOHHEE TIPECCOBAaHHME HE BIHWACT OTPHUIATEIFHO Ha TIPOTEKAaHHE
MUKPOOHOJIOTHIECKUX TIPOIECCOB IIPHU CO3PEBAHUU TOJIAHACKOTO ChIpa.

JByXCTOpOHHEE IPECCOBAHKE MOBBIIIAET OJHOPOIHOCTH 32 CUET pacIpeieICHUS
BJIarM ¥ MHKPOOPTaHM3MOB B BEPXHHUX CIIOSX CBIPHOW Macchl, oOecriednBas
601101 00BEM.

YcTpansieT aHH30TPOITHOCTH ChIpa 3a CUET 00JIee PABHOMEPHOTO pacIpeIeICHUS
BJIard ¥ MUKPOOPTaHU3MOB B CHIPHOM Macce.

ObecrieunBaeT OOJBIION 00BbEM 32 CUET MONYUYEHHS TOHKOTO YILUIOTHSIOIIETO
ciost 1uist OoJiee paBHOMEPHOTO pachpeiesieH s BIaru U MEKPOQIOPHl B BEPXHAX
CJIOSIX, Ha KpasixX M Pa3INYHBIX yUaCTKaX CBIPHOW MAacCCHI.

OcHoBaHUE: TaHHBIE PE3YIFTATOB BBHIMICIPUBEICHHBIX aHATHU30B.
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Abstract. The article is devoted to the research of isogenic lines productivity and
resistance to leaf rust of some isogenic lines of soft bread wheat, a genetic analysis
of the traits of resistance to leaf rust was done and the effect of the morphological
marker trait on resistance to leaf rust was established. This article studies isogenic
lines obtained by backcrossing based on a local cultivar. A selection and genetic
analysis were carried out to determine the resistance of isogenic wheat lines to leaf
rust. Isogenic lines were studied in the infectious background and crosses were made
with resistant cultivars. The type of reaction to leaf rust was determined according
to the scale of Mains-Jackson. Monosomic analysis was used to localize genes
and quantify leaf rust resistance genes. Also, an analyzing cross was carried out to
determine the correlation between the Pc gene, which determines the anthocyanin
color of the stem, and the Lr gene, which is responsible for plant resistance to leaf
rust. Morphometric analysis was carried out in field and laboratory conditions. The
data obtained as a result of morphometric analysis of isogenic lines were processed
by biometric analysis methods. As a result of the study on an infectious background
and in natural conditions, it was found that, according to the degree of infection
with leaf rust, the isogenic lines of IL-Pc and IL-Ra are absolutely immune. Genetic
analysis showed that the trait of resistance to leaf rust in IL-Pc is inherited by one
gene, while in the IL-Ra line it is inherited by two genes. It was found that the
anthocyanin stem pigmentation trait was closely correlated with resistance to leaf
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rust. Also, the isogenic lines of wheat are more productive in comparison with the
original control cultivar was established. An increase in productivity indicators was
found compared with the control.

Keywords. Soft bread wheat, Triticum aestivum L., isogenic lines, resistance to
leaf rust, wheat yield, biometric analysis of wheat traits
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AnHoTanus. CTaThsl MOCBSIIEHA OLEHKE MPOTYKTHBHOCTH M YCTOHYHBOCTH
K Oypoil prkKaBUYWHE HEKOTOPHIX W30TCHHBIX JUHUN MATKOH SPOBOH TIIICHHUIIEI,
MIPOBENICH TEHETHYCCKUA aHaIM3 MPHU3HAKA YCTOWYMBOCTH K Oypoil prkaBUMHE,
W3y4YeHBI KOMYEeCTBEHHBIE TPU3HAKN U YCTAHOBJICHO BIMSTHAE MOP(OIOTHIECKOTO
MapKepHOTO MpPH3HAKA Ha MPOTYKTHBHOCTh M YCTOWYHMBOCTH K Oypoil prKaBUMHE.
B xome manHOTO MCcnemoBaHUs ObUIM W3yYeHBI M30T€HHBIE JTMHUM, MTOTydYeHHBIE
METOZOM OEKKpPOCHpOBaHUS Ha OCHOBE MECTHOTo coprta. [lms ompenemeHus
YCTOMYNBOCTH HW30TCHHBIX JIMHAW TMIEHUIBI K Oypoll pikaBYMHE TIPOBEACH
CENIEKIIMOHHO-TEHETHUeCKU ~ aHanmu3. VI3oreHHble JNWHUM W3ydYalWch Ha
nH(}EKINOHHOM (OHE, MPON3BONMINCH CKPEIINBAHNASA C YCTOWYHBBIMU COPTaMH.
Tun peakmuu Ha Oypyro prKaBUWHY OIpenessutd Io mkaime Maitaca-J/[»kekcoHa.
Jid JoKanM3aliy TeHOB W OIpPENEeNeHHs KOJMYeCTBA T€HOB YCTOWYHMBOCTH K
Oypoii pkaBUMHOHN OBLT MPOBEICH MOHOCOMHBIN aHaM3. Takxke OBIIIO TIPOBEACHO
aHAJIM3HUPYIOIEe CKPEIIMBaHNE /ISl ONpPENeIeHNs] KOPPESIIIMOHHON CBSI3W TeHa
Pc, ompenensromero aHTOIMAHOBBIA IBET CTeOIS W reHa Lr, OTBETCTBEHHOTO
3a YCTOMYHMBOCTH pacTeHWd K Oypoil pkaBumHe. MopdoMeTpHUIeCKHd aHan3
MPOBOJMIIA B TIOJNEBBIX W JIAOOPATOPHBIX YCJIOBUAX. JlaHHBIE, TOJydYeHHBIE B
pesynbTare MOp(OMETPHUIECKOTO aHallM3a W30TCHHBIX JIMHHM, 00padaThIBaIKChH
METOAaMH OMOMETPHUIECKOTO aHajw3a. B pesynsrare nccieaoBaHusl yCTaHOBIEHO,
YTO TI0 CTENIEHU 3apakeHus Oypol pkaBumHOU, m3oreHHbIe auHNN WJI-Pc u NJI-
Ra sBisroTcss abCONOTHO MMMYHHBIMH C THIIOM peakruu “0”. ['eHeTwdeckuid
aHalli3 MoKa3all, 4YTO MPU3HAK yCTOMYUBOCTH K prkaBunHe y NJI-Pc Hacnenyercs
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OITHUM TeHOM, a y nmuHun MJI-Ra nByms reramu. Beimo oOHapy)eHO, 4TO IPHU3HAK
AHTOITMAHOBOW OKPACKH CTEOISI KOPPENHUPYET C yCTOMUNBOCTHIO K OypoOii prkaBUHHE.
Taxke yCTaHOBIIEHO, YTO W3OTCHHBIC JIMHWUU TMIIEHUIBI OoJiee MPOIXYKTHBHBIC
B CpaBHEHUH C MCXOIHBIM KOHTPOJIEHBIM COPTOM. ll0 CpaBHEHHIO ¢ KOHTpOJIEM
BBISIBJICHO YBEJIMUEHHE MTOKa3aTesel 1Mo Mpu3HakaM MPOyKTUBHOCTH.

KuroueBble cjoBa: spoBas Msrkas nuieHuna, Iriticum aestivum L.,
W30TEeHHBIC JTUHUH, YCTOWYHBOCTh K OypOil prKaBUWHE, YPOKAWMHOCTH MIICHUIIBI,
OMOMETPUYECKHUI aHATH3 MPU3HAKOB TIICHUITBI

© A.A. Hycynosa*, C.b. Jlayner6aesa , 2023
an-®apabu areiHaarel Kazak yITTHIK yHUBEpCHTETI, AnMarsl, KazakcraH.
E-mail: aikhanym.nussupova.07@gmail.com

BUJAMJIBIH 30T EHI TUHUSIAPBIHBIH OHIMILIITT MEH
KOHBIP TATKA TO3IMJAUIITI'IH 3EPTTEY

HycynoBa AiixansiM AiinapoBua — "5MO05104-1T-I'eneTrnka"” MaMaHIBIFBIHBIH, MOJEKYJIAJIBIK
OHMoNOTHSL JKOHE TeHeTHKa Ka(eApachIHBIH, OHOJOTHS KoHE OMOTEXHONOrHs (aKyIIBTeTIHIH
MarucTpanThbl. an-Dapabu areiHparsl Kasak ynTTeK yHUBepcuteti. Anmarsl, Kazakcran., Aimarsl,
Kazakcran

E-mail: aikhanym.nussupova.07@gmail.com. ORCID: https://orcid.org/0000-0003-4313-4917,
JayneroaeBa Canusi bosaToBHa — OHOJOTHS FHUIBIMAAPBIHBIH KaHIUJAThl, MOJEKYJAJIBIK
OHOJIOTHsI KOHE TIeHeTHKa KadempachlHbIH, OHOJOTHs oHE OMOTEXHOJOTHs (aKyJIbTETiHIH ara
OKBITYIIBICHL. On-Papabu areiHnarel Kazak yiITTeiK yHUBepeuTeTi, Anmarsl, Kasakcran

E-mail: ds.bolatovna@gmail.com. ORCID: https://orcid.org/0000-0002-7081-6289.

AHHoTanus. Makanaia ®a3plK KyMcak OMmaipIH N30TeH I1 JTHHASIAPBIHBIH
OHIMI1TITi MEH KOHBIP TaT aypybIHa TO3IMILIIIT1 OaFalaH b, KOHBIP TaTKA TO3IMIIITIK
Oenrici OOWBIHIIA TEHETHKAIBIK TaIay JKacajblll, CAHIBIK OCNTLIepl 3epTTENIi
JKoHE MOPGOJIOTHIBIK MapKepii OeNTiHIH KOHBIP TaT TO3IMIITITIHE BIKIAJIBI
AHBIKTAJIBI. 3EPTTEYTE JKEPTUTIKTI COPT HETI3iHae OEKKPOCCHHT diCiMEH aJIbIHFaH
XKa3AbIK JKYMCaK OWIail M30TeHAl JIMHWSIAPHI albIHABL. bUmalabslH HM30TEeHIIK
JUHUSTIAPBIHBIH KOHBIP TaT aypybIHA TO3IMIUIITIH aHBIKTAY YIMiH CEICKITHSITBIK-
TCHETHKAIBIK Talmay JKyprizinmi. M3oreHai auHUSIApAsl KOHBIP TaTKa TO31MIi
COPTTapMEH MIAFBUIBICTHIPHIN, THOPUATED ANBIHABI JKOHE MOHOCOMIIBI Talay
Kyprizunmi. JKa3gplk skyMcak OmmaimblH KOHBIP TaT WH(EKIWACHIHA PeaKIys
tam  Maitac-Jxekcorn sxoHe IleTepcoH mmKamagapbl OOWBIHIIA AHBIKTAJIHL.
KoHpBIp Tar Te3iMaimiriH OaKpLIANTHIH TEeHACPIl JOKTH3AIUIAY >KOHE TEHIEP
CaHBIH aHBIKTAY VIIIH W30TeH]II JTUHHMJIAPBIH COMKEC MOHOCOMBI JIHHUSIApPMEH
OymanmacTeIpy Kyprizunai. CabakThIH aHTOIMAH TYCI MEH ©CIMIIKTEpIiH KOHBIP
TaThIHA TO3IMILIITI YIIH ayanm OepeTiH Pc xoHe Lr TeHIepiHiH OaiIaHBICHI
TYKBIMKYaJIayIIBUTBIFBIH aHBIKTAY VIMIH TalgayInbl OyZaHmacThIpy JKYPTi3iimi.
MopdhoMeTpHSITBIK JK9HE CATBICTRIPMAITBI TAJAayIap AaAIbIK XKOHE 3epTXaHAIBIK
Karmahma okypriziunmi. M3oreHml JTWUHUSIApABIH  MOP(QOMETPHSUTBIK — Tajmay
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HOTIDKECIHIE allbIHFaH MAJIIMETTEepi OMOMETPUSUITBIK Taliay 9AiCTepiMEeH OHIETIi.
3epTTey HOTWKECIHIE 3aKbIMIAHYBI Aopexkeci OOHBIHIITA MHOEKITUITBIK (hOHIAFRI
*oHe Taburu xarnaiina ecipinren UJI-Pc, NJI-Ra 6unaii uzorenaik iunusiiap "0"
peaxmus TypiMeH a0CoMI0TTI HMMYHHTETTI O0s1b1. KOHBIp TaTKa Te3iMaiik Oenrici
WNJI-Pp uzorennik nunusa 0ip reameH xone MJI-Ra n3orenik inHusAa €Ki reHMEH
TYKbIM KyalTaWThIHBI KepceTinmi. CaOakThIH aHTOLMAH TYCiHIH Oenrici KOHBIP
TaTKa TO3IMIUTIKIICH KOPPEJSIIFUIAHATEIHBI aHBIKTAIIB. bBUmTaiIbH H30TeHI
JIUHUSIIAPEI ONIap/bIH OacTankpl OaKbUIay COPThIHA KaparaH[a aHAFypIIbIM OHIMII
exeHmiri ampikTanapl. MJI-Ra xone WJI-Pp m3oreHmi nmuHusIapna OakbUIayMeH
CaJIBICTBIPFaH/Ia OHIMIUTIK KOPCETKIIITEPiHiH apTybl OaiKaiabl.

Tyiiin ce3nep: XKazapik xxymcak Ounaii, Triticum aestivum L., n3oreHni TMHUS-
Jlap, KOHBIP TaTKa TO3IMIIIK, Ouaai eHiMIiIir, Oumai Oenriiepid OMOMETPUSITBIK
Tanaay

Kipicne

bunmait KazakcraHmarsl €H ipi JOHII MAaKbUIHApABIH Oipi OOJNBIT TaOBLIAIBI,
crarucTuka OoibIHIIa aMaMeH 12,9 MutH. ra actam sxepi anbin xkatblp (baiiTeHos,
2001: 279).

bunmaiiney eHIMIUTIT], KOHBIp TaT aypyliapblHa TO3IMIUTIK, JOH KacHeTTepi
XKOHE 0acKa Jla CeNEKIUSUTBIK KYHIIbI OeNTiiep MaHbI3bI 00BN Ta0bu1a bl (OpTH3
*koHe T.0., 2008 ). Bykin onemuae 3usHKeCTEp MEH aypynap CHAKTHI OMOTHKAIBIK
Kyi3enicrep Ounait ennipicine keaepri kentipeni (bady xone T.0., 2020). Puccinia
triticina Erikss. (Ptr) TymeiparbiH Oupaii KamblpaFblHBIH TaThl dneMjeri Oumai
ecCIpy/iH HEri3ri aiMakTapblHAarel Herisri aypynapabiH Oipi (KoxmeroBa skoHe
1.0., 2022). KoHplp Tar aypybl ©CIMAIKTEpAiH BEreTaTUBTI JKOHE TeHEPATHBTI
MYIIIeNIepiHe ocep eTel, MaMaIaH ThIC TPAHCIIHPAITUIHEL, )KaIbIpaKTapabIiH KeOyiH
TyABIpabl, aCCHMWIISILMS TPOLECIH aicipeTeni, (epMEeHTTepAiH OeJICeHAUTITiH
TOMEHJIETe Il )KOHEe MacaKTarbl ISHEP CAaHBIHBIH a3al0bIHA, KEHLI, 9JICI3 IOHACPAiIH
naiiaa 0oybIHa aKese I, Oy Oumai ecipy ajJaHIapbIHBIH OHIPICiHIH alTapIbIKTal
IIBIFBIHBIHA oKeneni (Mynera xone T.0., 2017).

Kaszipri yakeITTa OMmaiiibIH KOHBIP TaTKa TO3IMIUTITIH TeHETUKAIIBIK OaKbLIay
Typadbl KeH akmapar jkuHakranraH. CoHJail-ak TeHETHKaJbIK OaKbUiayldaH
Oenek peHOTHUNITIK OMmail caOarbIHBIH aHTOIMAH TYCIHIH KOpPiHICI 6CIMIIKTEPIiH
caHpIpayKyJIaK aypyJiapblHa TO3IMAUTINIMEH OaliIaHbICThI TeHICPIIH IICHOTPOITHI
ocepiMeH aHbIKTanybl MyMKiH (OpTu3 %aHe T1.0., 2008).

Tarran TyplHIaFaH TIBIFRIHIAPABI a3alTy YIIH ONeMIiK Ommail eHpipici Tar
aypyJiapbeiHa Te3iMJi copTTapabl KoimaHateiH Oonnel (Uen, 2005; Bypaon xoHe
1.0., 2014; ITnotHUKOBA *)oHeE T.6., 2009). MyHmalt copTTapasl TaHIAYABIH OipiHTIT
KE3CHIHJIE TO3IMILIIK JOHOPJIAPBIH, SFHH OYyIaHAACThIPY Ke3iHAe OCNTiHI aHbBIK
KepceTeTiHAed Te3iMuimik reHzepi O6ap Qopmanapapl i3ney KaxkeT (Axrap-Ys-
3amaH xoHe T.0., 2015; TapaceBuu xoHe T.6., 2013). Ocbiran cyiieHe OTBHIPHIII,
OacTankbl MaTepUaIbIH HKEMALIIr, OeiMAemyl )KoHe TO3IMALIITT Typabl Mocene
e3ekTi Oombin Tabbutans! (Teipermkun, 2007: 258).
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Wzorenzi muausiiap — Oip reHOTHN HETi3iHJe KYpBIIFaH, Oip Hemece OipHeme
IJIeTbICPMEH  €PEKINeNICHEeTIH JIMHUsIAp. bBeKkpocc oNiCiIMEH KypbUIFaH
W30TeHIK TUHUSIIAP Oenrini Oip TYKbIM KyanalThIH OeIriHiH IKOHOMUKAJIBIK KOHE
OHMOJIOTHSIBIK MaHBI3IBUIBIFBIH aHBIKTayFa MYMKiHTIK Oepemi (Koanb xoHE T.0.,
2001: 148). bunaii ceneknuscbiHaa OSKKPOCC HETI3IHJIET] N30TEHl 9JIiC KCHIHCH
KOJJIaHbLIa bl bruaiinan ansiaFaH U30TeHI1 TUHISIIAPEI aypyIiapFa, 3SUsTHKeCTepre,
WUITIITITIHE, KYPFaKIIbUIBIKKA, TEMIIepaTypaliblK KOJANCHI3IbIFEIHA, ©HIMHIH
TEXHOJOTHUSIIBIK JKOHE KOPEKTiK camacklHa J>koHe T.0. Qaxropmapra Te3imui
OomaTeIHbI aHBIKTaNFaH (Bersens xoHe T.0., 1994).

Wzorennik aaic reH MeH Oenri apacbiHia OaiijaHbIC OpHATYFa XKOHE TeHHIH 9CepiH
HeMece KYIIH CaHABIK eJIeyre, IJIeHOTPONU3MHIH POIiH, KOMITEHCAIUSIIBIK
acepiepal, coHmal-aK opTypii reHo(OHATApAarbl TeHIACPIIH JKYMBICHIH JKaKChI
Tycinyre MyMkingik 6epexi (Kamacun xone 1.0., 2018: 103).

M3orenai nuHWsUTapABIH Oip-OipiMeH >XKoHE Oakpulay TEHOTHIIIMEH JKOFaphl
TCHOTHIITIK YKCACTBIFBI OJIAP/IbI SPTYPIIi IKCIIEPUMEHTTEPIC MOICIBIIK OOBEKTiIEeD
peTiHme maimanmaHyfa, NaKbUIOBIH KaJBIITacCyblHA MapKepii OeNTiHiH YIieciH
aHbIKTayFa MyMKiHJik 6epeni (Koais sxxoHe T.0., 2001: 148).

By >KYMBICTBIH MakcaTbl — JKa3[bIK JKYMCakK OWail COPTHIHBIH HMMYHJIbBI
yaATiIepiHe KOHBIP TaTKa TO3IMIUIIK Oenrici OOWBIHIIA TEHETHKAIBIK TallIay,
W30TeH[l JIMHUSUIAPBIHBIH CaHJIBIK OeNrijiepiH 3epTTey, OeHIMIuIri OoHbIHIIA
Oarayay >koHE MapKepili OCNTiHIH YJIECiH aHBIKTaYy.

3epTTEy MaTepuaigapbl

3epTTey Marepuwaibl peTiHAe JKazIblK ckymcak Owmmaii Kaszaxcramckas 126,
CapatoBckas 29, MapoKKO COPTTaphI KOHE KA3IBIK KYMCAK OMIaliIbIH U30TCHII
JTUHYSIIAPEI TTal[aaHbUTIbL.

3eprTey amicTepi

Tar aypymapeiHa Te3iMainik Maiinc-Jxekcon >xoHe IlerepcoH mIkanachkl
OOHBIHINIA jKaJay >KalbIpaKIIaHbIH 3aKbIMIaHy Jopekeci OOWBIHINA aHBIKTANaIbl
(Maiinc xoHe T.0., 1926). Con ke3ze, JKarblpak TaKTaChIHBIH OCTiHIH 3aKbIMIaHy
Madb3bl TO3IMIUIIK JOPEKECIH CHIATTAMIbl kKoHE Oall apKbUIBI ©CIMJIK IeH
KO3JIBIPFBIIITHIH 63apa OPEKETTECY TYPl aHBIKTANIAJIbI.

Konplp Tatka Tesimuiniri JI>kekCcoH Immikamackl OoiibiHINA OaranaHmer: (0 —
Oenrinepi KOK HEMece IyCTylachl3 HEKpo3; 1 — Hekpo30eH KOopIIalFaH ycak
nycrynanap; 2 — HEKpo3 HeMece XJIOpo30eH KoplLIalFaH ycak IycTynaiap; 3
— XJIOPOTHKAJBIK aliMakIeH KOpIIalFaH opTaiia mycTyianap; 4 — aifHajachiHia
XJIOPO3 HeMece HEKPO3 JKOK KOITereH ypeanHuanap.

Peaxnust Typi 6ofipiHIIa «0» — IMMYHUTETTI Oap ecimaikrep, « 1» — Te3imainiri
JKOFapBHI, «2» — opTariia Te3iMi, «3» — opTraiia ce3iMTal, «4» —eTe ce3iMTall OOJIBIIT
oenuneni (Yen, 2005, [TnoTaukoBa xoHe T.0., 2009).

lenni noxanuzanusiiay *oHe TeHAEP CaHBIH aHBIKTAY YIIiH MOHOCOM/IBI TaJIIay
xyprizinai. CabakThlH aHTOIMAH TYCIHIH OENTiiepi MEH OCIMIIKTEePAiH KOHBIP
TaTbIHA TO3IMIUIIr YIIiH skayan OepeTiH Lr xoHe Pc reHAepiHiH OaiaaHBICTHI
TYKBIMKYaJIayIIBUTBIFBIH aHBIKTAY YIIIH TaJAaymIbl OyTaHIaCTRIPY KYPTi3iUIi.
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KypbutbIMABIK  Tanmay HOTHIKECIHIE 3€pTTEIreH COPTTApAbIH W30TEH/IIK
JTUHYSIIAPE! 3epTTenai. MeHOTHITIK Tangay 3epTXaHAIbBIK JKaFnaimaa Kypriziii,
Kejeci Oenrinep 3epTTenii: cabaKThIH Y3BIHIBIFBI, COHFBI TYHIH apasbIKTap/IbIH
Y3BIHIIBIFEL, OYTaKTBUIBIK, HETI3Ti MacaKTBIH Y3bIHIBIFBI, HETI3r1 MacaKThIH
MacakTapi MeH JIOHJEepiHiH CaHbl, MACAKTHIH JoHIHIH Maccachl xkoHe 1000 moHHIH
Maccachl. AJNBIHFaH JepeKTepli OWOMETPHSUIBIK Talady oJiCTepiMeH OHIENIi
(Coxomos xoHe T.0., 2018: 161)

3epTTey HITHIKeJIepi sKIHEe 0JIAapABI TAJAAY

3epmmey mamepuanovl Koyulp mam aypyvina mesimoinicine bazanay.

3eprTey >KYMBICBIHBIH HoTIKeciHae Kaszaxcranckas 126 copTbiHa KoHE COI
COPTTHIH 8 HM30TEH[IK JIWHUACHIHA KOHBIP TaT Te3iMiinmiriHe Oara Oepimmi. Tar
KO3IBIPFBIIITAPBIHA TO3IMIUITIH aHBIKTay OAapbICHIHIA, JKajay >KalbIpakiia
(azaceiHIa GEeHOTUNTIK Oaranay TaOWFH JKaFnaiaa »KoHe JKacaHIbl HH(PEKIVSLTHIK
(hoHIa )KYPri3iii KoHe 3aKbIMIaTFaH 6CIMIIKTEPAIH JopexkKeci, MailbI3bl €CeTTeN/I.

AJIBIHFaH HOTWKETNepl Tanjaay Ke3iHe, ®acaH bl HHPEKIUIBIK (oH/Ia KOHE
TaOUFU KaFjalijia ecipiireH OCIMIIKTepAiH TaT aypybIMEH 3aKbIMIANYbl NEpIiK
Oipaeii ekeHiH KepceTTi (kecte-1, 2).

Kacanmpr HHPEKIUSITBIK (POHIA OCipiireH yiIriiep OOWBIHINA Ca0aKThIH JKOHE
KYJIaKIIaHBIH aHTOIMAHWHAI OosypiMeH cunarranateiH WMJI-Pc xome MJI-Ra
n3oreHzi muHUsUTap «0» peaxiys THITIHE XOHE a0CONFOTTI UMMYHHUTET KOPCETTI.
Baxpimay coprer Kazaxcranckas 126 jkoHe OHBIH HeriziHAe anbiaFaHn WJI-W,
WNJI-Rht w3orenai mTUHUSIAP KOFaphl ce3iMTall OONBIN IIBIKTH XoHE 3-4 THIITI
3akpiMaanraH. Kaszaxcranckas 126 copteimen cansictoipranga WMJI-Eg, WUJI-Hp,
WJI-Hg, NJI-Bg nuaunsiaps! opraiia Te3iM1i OOIBIT MIBIKTH (KecTe-1).

Kecre-1. MHbeknusmbIk poHAA 6CipiareH KOHBIP TATIIEH 3aKbIMIAIFaH ©CIMIIKTEP/IiH MaifbI3bl

Ne Coptrap, u30reHai Peaxiust THITI )KOHE 3aKBIMIIAIIFAH O©CIMIIIKTEP/IIH MaHbI3bI
JIMHUSIAP
“0” “1” “2” “3” “4” Bapnbirst

1 Kazaxcranckas 126 - - - 11,86 88,13 59
2 CapatoBckas 29 - - - 86,20 13,79 58

WJI-w - - - 31,57 68,42 60
4 WJI-Eg - 9,09 81,81 9,09 - 55
5 WJI-Hp - 81,66 18,33 - - 60
6 WJI-Hg - 54 55 - - 57
7 WJI-Bg 5,04 45,76 50,84 - - 59
8 WJI-Pc 96,66 3,33 - - - 60
9 WJI-Rht - - - 80 20 60
10 WJI-Ra 95 5 - - - 60
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XKacaunel wHOEKIUsAFa yIIbpaMaraH, TaOWFW jkarmaiiga ecipinreH Kazax-
cranckas 126, CaparoBckasi 29 copTTapbl MEH W30TCHII JIMHUSUIApbIHA >Kayay
JKarpIpakmacel Qa3acklHaa GEeHOTHNTIK OaKpLIay KYPri3iimi. AJBIHFAH COpPTTap
xone NJI-W >xone NJI-Rht n3oreHaik muHUSIIAD MOHUTOPUHT HOTHKECIH]IE KOHBIP
TaTKa TYPAKCHI3ABIFBIH KOPCETTI, 01 3—4 3aKbIMIaHy THITIMEH, 6Te Ce31MTa OOJIBII
JKOHE JKoFraphl KepceTkimmeH Oaikanasl. MJI-Pc xxone NJI-Ra u3orenni nuansiap
YKOFaphl IMMYHHUTETTI Oap OOJBIN CHUIIATTANABI, i 0acka M30TeH I THHUSIAp «1»
TO3IMJIi J)KoHE «2» opTallia Te3iMIi peakius TUITEPiH KepceTTi (kecte-2, cyp.1).

Kecrte-2. Taburu xarnaiiia ecipiireH KOHBIP TaTIEeH 3aKbIMAAIFaH OCIMIIKTEPIiH HalbI3bl

Ne Coptrap, u30reHi Peakiust T KOHE 3aKBIMIIAIIFAH OCIMIIIKTEP/IIH MaibI3bI
JMHUSITIAP
“«” “» wy» w3 “4” | Bapsml

1 Kazaxcranckas 126 - - - 55 45 60
2 CaparoBckas 29 - - - 68,42 31,57 57
3 NJI-W - - - 46,55 53,44 58
4 WJI-Eg - 71,66 28,33 - - 60
5 WJI-Hp - 33,89 66,10 - - 59
6 WJI-Hg - 80 20 - - 60
7 WJI-Bg - 28,33 46,66 25 - 60
8 WJI-Pc 93,33 6,66 - - - 60
9 NJI-Rht - - - 31,57 68,42 57
10 WJI-Ra 89,83 10,16 - - - 59

AHTOIIMaH TUTMEHTIHIH OONyBIMEH CHITATTAJIATBIH JIMHUSUIAPAAa KOHBIP Tar
aypyblHa KaTBICTBI OFapbl TO3IMIUTIK MEH €H OFapbl TYPaKTHUIBIK OailKasibl.
Ocpnaitma, WJI-Pc (anTonman tycti cabarei) xoHe WJI-Ra (aHTormmanTt TycTi
KYJIaKIIachl) W30TCHJIK JIMHUSJIAphIHAA peakius Tumi «0» >KoFapbl MUMMYHII
Oonnel (kecte-1, 2).

Pexkypentti Kazaxcranckas 126 copreimen cansictoipranga UJI-Eg, WJI-Hp,
WJI-Hg, NJI-Bg nuHusmapsl KOHBIP TaTKa 3aKpIMIaHy Jopekeci OolbiHIma 1-2
TUNTI OOJABI.

Keneci cyperre, Kazaxcranckas 126 copreimen MJI-W H30TeHIIK TUHUSHBIH
TaT aypybIHBIH 3aKpIMAaHy Aspexeci kepcerinred. MJI-W uzorengix auHusAa
Oanaycei3 genorun Oojanpl, COHABIKTaH KOHBIP TaT aypylapblHa eTe ce3iMTai
(1-cyper).

Bacrankbina >kanmbIpakThIH YCTiHTT KaOaTbiHIA Y3BIHABIFEI 1-2 MM, eni 0,5
MM OOJIaTBIH IIAIIBIPaHKbl (Kelae cakWHa Topi3di) TOTHI - KOHBIPKAil comak
ypenomnycTryanap KepceTiireH.
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Cyp.1. Kazaxcranckas 126 copThIHBIH (coi xkaKTa) skoHe NJI-W u3oreHaik TMHUSHBIH (OH JKaKTa)
Tar aypybIHBIH 3aKbIMIIAHY JOpEexKeci
(Fig.1. degree of rust damage of the Kazakstanskaya 126 cultivar (left) and the IL-W isogenic line

(right))

Omnap snuaepMuCIieH KanTajifraH. DNUAEPMUC JKapbUIBII, YPEeIOCIOPAbIH KOl
MeJIILIEPi )KaJlaHaIl Kajabl. YPeIonoCTylaMeH KaTThl 3aKbIMAAJIFaH OCIMIIKTepAiH
JKarbIparbIHbBIH IUTACTHHKACKI O1paK 3aKbIMAAJIBII, KarblpaKTap KHUbIPLIabl dKOHE
TE3 COMapbl.

3epmmenemin ummyHoObl yreinepine KoHvlp mamra me3imMoinix oencici bouvinma
2CHEMUKANILIK ANOAY JHCYP2I3).

Wzorenai nuHusmapAbH Te3iMIuTIriH Oaranay Hotmxecinme WJI-Pc nuamsCH
"0" peakuus THITIMEH KOHBIP TaTKa TO3IMIUTIKKE KAThICTHI €H dKOFaphl TO3IMIILTIKTI
KepceTTi. O1e0u ManiMmeTTep OOMbIHIIA aHTOLMAH TYCiHE kayar OepeTiH Pc reHi
7B xpomocomana nokanuzanusianrad (Jlaiikosa xxone T1.6., 2005).

Toxipubene eciMaikTep MOPQOIOTHICH OENTUIEPiHIH TOYENIIri MEH TaTKa
TO3IMIIIrT Mapkep TeHiHiH OacTamKbl COPTTBIH TI'CHOTHIIIHE 9CEpiH 3epTTey
KBI3BIFYIIBUTBIK TYABIPIBL.

WJI-Pc nuHUACHIHBIH TO3IMAUTIK OeNriciHiH TYKBIM Kyajay CHUIAThIH 3epTTey
YIUiH TE€HETUKANbIK Tajaay >Kyprisin, Mapokko omOeOam ce3iMTan COPTHIMEH
OynaHAacThIpBUIALI (KecTe-3).

3-kecrene Kazaxcranckas 126 xone Mapokko aTa-aHalIbIK cOpTTapsl '4" peakius
TUIIMEH KOHBIp TaTkKa yiiblparansl kepcetinreH. WJI-Pc tesimainirinig typi "0"
Oamnabl Kypaael. WJI-Pc kareicybiMen F| - OynannapbiHbIH Oapiblk ©CIMIIKTEpi
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KOHBIP TaTKa TO31M/Ii OOJIBIIN MIBIKTHI, OYJT OCHI OETiHIH TYKBIM KyallaybIHiH 0achIM
cunateiH Kepcereni. XKorapsel cesimran coprrapabiH F, OynannapbiHbiH Gapibik
OCIMJIIKTEpiHe KOHBIP TAT 9Cep €TTi.

Kecte-3. MJI-Pc mMmyHIpI THHUSCHIH MapOKKO COPTHIMEH OyIaHAACTHIPYAaH aJbIHFaH
F, sxone F, OynaHnapbIHbIH F€HETHKAIBIK TaIAayhbl

Bynannacteipy OcimaikTep caHbl TyKpIMKyasnay Typi
KOMOMHALIAT2PE! Bapibik 3eprrenrex Omnapsly irniHge
R (Tesimai) | S (cesimram)
F, rubpunrepi
Mapokko 125 0 125
Kas. 126 125 0 125
WJI-Pc 112 112 0
NJI-PcxMapoxko 75 75 0 JIOMHHAHTTHI
Kaz.126xMapokko 75 0 75
F, ruGpunrepi lunotesa 3:1
NJI-PcxMapokko 216 156 60 $*=0,88

WNJI-Pc x Mapokko OynaHblHaH anblHFaH F, ruOpuarepin Tangay TO3iMILIIK
OenriciHiH MOHOT€H/II TYKBIM KyasayblH kepcetTi, x*=0,88.

JKambipak TaThiHa TO3IMII KONTETreH I'€HICP TOMOJIOITHl XPOMOCOMAaapablH
7 TOOBIHBIH XpPOMOCOMAJIapBIHA JoKam3arusuianranbl oenrim (IllanamxoB skone
1.0., 2021). M30renai TMHUSHBIH KOHBIP TaTKa TO3IMIUTITiH OaKBUIAWTHIH TEHAEP/II
0oy ymin CaparoBckas 29 COPTBIHBIH MOHOCOM/IBI IMHUSIIAPBIMEH MapKEPICHIeH
muHusHBL 7A, 7B, 7D xpomocomanapbl OoWbIHINIA OyIaHAACTBULABL. 3-KeCTele
F, rHOPUITEPIH MOHOCOM/IBI TaJjIay Ke3iHJe OapJibIK ©CIMIIKTEp KOHBIP TaTKa
Te3iMmai 0oier, Oyir NJI-Pc MUHMSICHIHBIH TO3IMAUTIK ONTICIHIH TYKBIM KyaslaybIlH
TeHETUKAJIBIK TaJJIAy IEPEKTEePiH pacTaiIb.

F, Oymanmapbin ogaH opi MOHOCOMJBI Tajjdy TIEHIEP CaHbIH aHBIKTayFa
xoHe WJI-Pc NUHUSACHIHBIH KambIpak TaTblHA TO3IMJAUIITIH OaKbLIANTBIH TeHII
JIOKaJM3alusuiayFa MyYMKiHAIK Oepai (kecte-4).

Kecte-4. NJI-Pc u3oreH i THHUACHIHBIH TO3IMIUTITIH OAKBUTATHIH TCHICP/Il JIOKATH3AIINsIIAY.

Copr, TUHUS )KOHE THOPUATEPIIH OciMaiKTep CaHbI TyKbIMKyanay
araybl Bapnbirs Omapasy inrege Typ1
seprreint R (Te3imui) S
(cesimran)

F, rubpuarepi
CaparoBckas 29 100 ‘ 0 ‘ 100
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WJI-Pc nuanst 100 100 0

NJI-Pc x mono 7A CapatoBckas 29 50 50 0 JIOMUHAHTTBI
NJI-Pc x mono 7B CaparoBckas 29 50 50 0 JIOMUHAHTTBI
NJI-Pc x mono 7D CaparoBckas 29 50 50 0 JIOMUHAHTTHI
F, ru6punrepi ¥> MoHi 3:1
Oymnouars! kombunanws: UJI-Pc 0,82

x Cap.29 232 168 64

NJI-Pc x mono 7A CaparoBckas 29 146 116 30 1,53
MJI-Pc x mono 7B Caparosckas 29 156 147 9 30,76
NJI-Pc x mono 7D Caparosckas 29 217 173 44 2,46

Mounocomzsr Tannay F, OyaaHIapbIHBIH MOHOCOM/IBI ©CIMIIKTEPIHIH ©3/irHCH
TO3aHJIaHFaH YpNaKTapblHaH anblHraH F, OylanIapbIHBIH MOMYJIAIHMAIAPbIHIA
KYPTizii. F, THOPHUATEPIHIH YPIAKTAPhIH TaJJay Ke31HIE TO31MII ©CIMIIKTEPIIH
ce3iMTal eCIMIIKTepre KaTblHACKI MOHOTEHJIK TYKBIM KyaJlayIIbUIBIKKA CONKeC
kenai (x2=0,82). TomonorTel XpomMocoMallap[blH 7 TOOBIHAAFEl MOHOCOMJIBI
JIMHUSJIAPJIBIH KaThICYbIMEH F2 Oynannapbeiana MJI-Pc uzorenai muHusICHIHBIH 7B
XpOMOCOMa OOMBIHIIIA MOHOCOM/IBI JIMHUSIIAPMEH OyJaHIACYbIH/IA KATThl aybITKY
Oaiikanael. by karmaiina 7B xpomocomanap ToObl OoiibiHIIa, 7A sxoHe 7D eki
JMHUSIMEH calbIcThipranaa, x> MoHi 30,76 kypansl (kecte-4). Monocomasl 7B
JIMHUSIMEH TIAFBUIBICTRIPY KE3IHACTI MOMYNSIUAIaFbl OaliKaifaH aybITKy KOHBID
TaTKa TO31M/II ©CIMIIIKTEPIiH KOFaphl MaibI3bIMeH OalIaHbICThI (KecTe-4).

Jluamus WJI-Pc x wmono 7B CaparoBckas 29 rtubpuarepi 147:9
KaThlHACBIHAA 00inbl, Oyn WJI-Pc nuuusceinna Lr reni 7B xpomocomachiHia
JIOKaJIM3allusIaHFaHblH - KepceTeni. 7B XxpoMmocoMachiHIa JIOKaTU3alUsUIaHFaH
Oenrici3 Lr reni Ka3akcTaHHBIH OHTYCTIK-IIBIFBICHIHA KEH TapajiFaH KOHBIP TaT
OHoTHNTEPiHE TOIIMAUTIKTIH )KOFAPhl TYPIH KAMTAMaChI3 €TE/Ii.

W3oreHi JUHUSHBIH KOHBIP TaTKa TO3IMIUTK >KoHE Ca0aKThIH aHTOIUAH
TYCiHiH TeHepiHiy 7B xpoMocoMana opHanacysl Lr xoHe Pc reHIepiHiH TipKeCyiH
Oinmipeni. CaOakThIH aHTOIMAH TYCiHIH OeNriiepi MEH OCIMIIKTep/AiH KOHBIP
TaThIHA TO3IIMJLIIIT YIIiH XkKayar OepeTiH TeHaepiH OalIaHbICTHI TYKBIM KyanayblH
aHBIKTAY YIIiH F, ruOpuaTepiH OacTankpl ©CIMIIKIEH, Pc TeHIMEH PEIECCHBTI
TYpJe TajaayIibl OyIaHaacTHIPLULABL. Talaay sl OyaaH1acy HOTHKeIEpl S-KecTene
KEJITipiIreH.

Kecrte-5. Tubpunrepai Tanmayuisl OynaHnacTeIpy Ke3iHmae Oaranay

Ocimaiktep cabarblHBIH Tyci | Bapiblk 3epTTesnreH eciMaikrep KoHbIp TaTKa Te3iMaimik

R (Te3imai) S (cesimTan)

Capsl TycTi 103 8 95
AHTOIMAH TYCTI 115 104 11
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CabakThlH Tyci OOHMBIHIIA TajjayFa ajblHFaH THOpUATEp €Ki (EeHOTHUNTIK
knmaccka Oemiami (115 ecimuik — anTorman tycti, 103 eciMmik — capbl TYCTI).
CabakTapbIHBIH capbl TYci 0ap eciMIiKTep MOmyssUMsACHIHAA 8 eciMAIK aypyra
Te3iMIi, KairaH 95-i cesimran Oomapl. KepiciHiie, cabakTapbIHBIH aHTOLIMAH TYCi
Oap Oymanmapma Tesimmi ecimuikrep — 104, an cesimTan eciMmuikrep 11 Gommbt
(kecre-5).

Byn renpepniH Tipkecyi Typaibl OOJbKaM TOPT TeHOTHINTIH makia OoiryblHA
okeneni: PcLr; Pclr; pcLr; pelr. OnapapiH imwinae peLr xone Pcly renotunrepi 6ap
OCIMIIIKTED €H a3 OOJIbI )KoHE KPOCCOBEPIi Kitace 00ibIT TaObuIaab!. byt cabakThiy
aHTOIIMAH TYCiHIH Maiifa OONybIHA JKOHE KOHBIP TaTka — Lr Te3IMILIIriHe jKayan
OepeTiH TeHIep/iH aniMacyblH KepceTeli. Pc oHe Lr TeHIepiHiH apachIHIAFbl
Oaiimanpic kymi 9,35 % kypazpl, Oy maibl3 XpOMOCOMANapAblH KUBLIBICY
MeliepiH kepcerei. by sxarmaiina koppensus ko3 PUIMeHTIHIH MOHI KOFapHI,
srau 1=0,80+0,02 GoabL.

Us02enoi nunusnapovly oHimMOLNIZIH 3epmmey

Bakpimay copreimen exi wm3oreHni WJI-Ra sxome WJI-Pp nunHmMsmapra
MOp(OMETPUSITBIK Tanaay XKyprizingi. Tanmay HoTmKeCiHAE 6-KecTe e KeNTipuIreH
HaKThl MOJIMETTEP aJIbIH/BI.

Kecte-6. bakpuiay copThIHBIH koHE OHBIH Ra sxoHe Pp renmep OoifbIHIIa M30TeHI1
JMMHUSITAPBIHBIH OHIMALTIK SJIEMEeHTTep1

Benrinepi CopT >xoHE N30TeH/Ii IMHUSIIap

Baxpinay NJ-Pp NJI-Ra
CabaKThIH Y3bIH]IBIFBI 101,92+0,39 107,36+£0,57*** 91,00+1,182%**
CoHFBI TYHiH apalIbIFbIHBIH 50,6+0,49 53,9+0,48*** 43,65+0,55%**
Y3bIH/IBIFbI
byrakranysl 5,1£0,11 7,5+0,13%** 6,98+0,23***
Macak y3bIHIBIFBI 11,5+0,6 12,185+0,32 14,33+0,26***
Macakmanap caHsl 18,7+0,14 18,43+0,20 20,93+£0,22%**
Herisri macax 1oHIepiHiH CaHbI 50,22+0,46 60,54+0,46*** 65,9+0,48***
Herisri macak noHnepiniy Maccacsl 2,33+0,10 2,8240,105%*** 2,91+0,16**
1000 mon maccacel 42,77+ 0,7 46,82+0,7*** 48,52+0,6***
JIoH Y3BIHIIBIFBI 0,63+0,01 0,71+£0,04 * 0,75+0,03***
JloH eHi 0,49+0,06 0,34+0,05 * 0,34+0,05%**
Eckepry: * P>0,95 ** P>0,99; *** P>(,999.
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CabaKThIH Y3BIHIBIFEI — OYJI CaHABIK OENTi )XoHe OMOMETPHSUIBIK 9JIiICTepMEH
tanganaasl. MJI-Ra n3orenni nuHUsACHIHIA cCa0aKTHIH Y3RIHABIFEI — 91,00+1,18 cm.
Ooner, 0akpuiay copteiMe (101,92+0,39) canbicThiprania eCiMIiKTep OUIKTITiHIH
TeMmeHieyi aHbIKTanasl. Kepicinme, NJI-Pp nuamsceiaaa ocer kepcerkim 107,36
cM Oonapl, sirau 0,57 cM-Te JeiiH ceHiM/l ecyi OalKabl (KecTe-6).

JKorap¥bl TYHiH apallbIKTHIH Y3bIHIBIFBI CA0aKTHIH Y3bIHIBIFBIMEH OaiIaHBICTHI.
Twuicinme, KOFapFbl TYWIH apajiblK HEFYpPIIBIM KbICKa 0oJica, ©CIMAIKTIH cabarsl
COFYpPJIBIM MBIKTBl JKOHE CBHIHFBIII OomMaiinel. Bynm Oenrini 3eprrey TyHiH
apaJTBIKTapABIH Y3BIHIBIFBI CA0aKTHIH OMIKTITIHE COMKeC CeHIMTI TYP/IE ©3TepeTiHIH
KepceTTi (kecte-6).

Onimai OyrakTaHybl — OyJI ©CIMAIK OHIMIUTITIHIH MaHBI3IBl KOPCETKIMTi
(benkuHa >xoHe T.0., 2010: 228). Ocwl OenriHi 3epTTey HOTHKECIHIE W3OTCHII
JUHUSIIApPAA OChl KOPCETKIMTIH ceHimai ecyi Oaiikanmel. ConbiMeH, WMJI-Ra
JTUHUSACHIHAA OyTakTap — 6,98+0,23, WI-Pp munusceiama — 7,5+0,13, GakpliaymMmeH
cansicThIprana - 5,1+0,13 nana afisipMamsiisik p<0,001 xe3inge ceniMai OombIm
TaOBLIAIE.

Macak — Oujmaii 1oHzepi maijga 0oJaThliH ©CIMIIIKTIH MaHbI3Ibl MYIIEICPIHIH
0ipi (benkuna xone 1.6., 2012). 3epTTey HOTHXKENEPi MacaK Y3bIHABIFBIHBIH CEHIMI1
yraros! MJI-Ra muamsiceiana (14,33+0,26 cm) 6aiikanansl, an WI-Pp nuansiceiaga
(12,185+0,32) wmacaktbiH y3apysl Oakpiiaymed (11,5+0,60) canbicTeipranna
CeHimIi emec.

Macakianap — KaparaibIM T'YJIIIOFBIPIIAp, OJIap 63 Ke3eTiHAe MacaKThIH UiH/I1
OpTANIBIK OCIHEH MIbIFajpl. Macakianap caHpl OOMBIHIIA aJbIHFaH MONIMETTEPIl
tanaay kesinge WMJI-Ra nuHuschiHbIH Macakmiamap casnbl (20,93+0,22 naHa)
OakpLIay COPTHIHBIH KepceTkimTepineH (18,7+0,14 nana) sxone MJI-Pp nmuuusceinan
(18,43+0,20 mana) ceHiMIi apTyBl KOPCETLIII.

Hounep canbl Ougail OHIMALIITIHIH MaHBI3Abl KOPCETKIIITEPiHIH Oipi OONBIIT
TaObpanpl. Herisri macakTarbl JoHAEp CaHBl HEFYPNIBIM Kem 0olca, copt
COFYpJIBIM eHiMal Oomnbin cananansl (Murpodanosa, 2012). Ocsl GenriHi 3epTTey
Ke3iH/le, M30TeH/Il TNHUIIAP/IbI OaKbUTayMeH calbICThIpMansl Tanaay UJI-Pp sxkone
NJI-Ra u3orenmi TuHUSIAPBIHAA IOHIACP CAHBIHBIH KOPCETKIITEpi OaKbUIaymaH
(50,22+0,46 nana) ceHiMJIi achIll KeTKeHiH, srHY, 60,54+0,46 nana sxone 65,9+0,48
naHa OO0FaHBIH KOPCETTI.

Bunaiineiy 1000 goHHIH Maccachl )KOFaphl TYKBIM KyaslaylIbUIbIFbl 0ap aCThIK
ayJarbl MaHBI3BI KOpceTKinT Oonbin Tadsanbl. byn 6enri eciMaik eHiMALTIT
MEH aCTBIK OHIMIUTITIMEH JKOFaphl KOPPEIIAIHSFA FE KOHE MAHbI3IbI CEIICKITHSITBIK
Oenri Oonbin TaObutagel. bumair 1000 moHHIH Maccachkl OOWBIHINA TOPT TONKA
Oemineni: cammarsl 1000 mon — 30 T — HaH eTe JKOFaphl, OpTAIlIagaH KOFaphl —
25-30 1, oprama — 22-25 1, opTamaaal TeMeH-22 T xkoHe ofaH Aa a3. 1000 mon
MacCaChIHBIH TOMEH/IEYi1 PHIOCTIEPMHIH JKETKIJIKCI3 TOATHIPBUTYBIHA OaiIaHBICTHI
naiina 6omansl (Kamacun xone 1.0, 2018: 108).

baxpimaymen camsicteipranga WJI-Pp xone WJI-Ra nuuusmapeinga Oy
KOPCETKIIITIH CeHIMII 6Cy1 aHbIKTaNIbI (KecTe-6, cyp.2).
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Cyp.2. Vzorenni muansutapbiHbH 1000 1oH MaccachIHBIH AHArpaMMachl
(Fig.2. 1000 grain mass diagram of isogenic lines)

6-kecrene kepcerinrennedt, WJI-Pp nuamscerama 1000 noHHIH Maccachl
OakplIayMeH canbicThIpFanaa — 42,77+0,7 - nen opra ecenren 46,82+0,7 - re neitin
aptThl. byn aiipipmambuibikTap 3 meri Ooiibiama ceHimai p <0,001 6onabl.

2-mi cyperrte kepcerinrenaeii, MJI-Ra u3oreH i MTMHUSCHIHBIH CAIBICTHIPMAITBI
tannaysl 1000 non Maccaceiabig 48,52+0,6 T geliiH alTapibIKTall eCyiH KepceTei,
OyJ1 OHIMIUTIKKE KaTBICTHl OCHI JIMHUSHBI OH CHUMATTAiAbl. AMNBIPMAIIBUIBIK P
<0,001 ke3inae ceHiMai OOJIIBI.

Ocpinaiiima, 6aKplIayMeH CalIBICTBIPFaHIA OChl KOPCETKIIITIH eayip apTybIlH
kepcererin 1000 moHHIH MaccachlH CallBICTHIPMANBl  Tajnjaay OaKbLIayMeH
CaJBICTBIPFaH/Ia U30TEH/II JTMHHSIIAP/A ipi JOHHIH KalbIITacybl OaiKalI/Ibl.

MopdoMeTpusanblK Tanmay TMPOUECiHIAe W30TEHMAl JIMHUSIAp IOHAEPiHIH
Y3BIHIBIFEI MEH eHi Ae emmenai. Ocel Tanmay Oapeiceiana WJI-Ra (0,75+0,03)
M30TeH/I1 IMHUACHIHAAFbI JOHHIH Y3bIHBIF JI-Pp-Fa Kaparanma ceHiM i ®KOFaphl,
an UJI-Pp (0,7140,04) noniniH eni 6axprnaynas (0,63+0,01) sxorapsl ekeHiri aran
etimmi. MJI-Ra (0,3440,05) xone WJI-Pp munusicerasiy (0,34+0,05), nonpepiHig
eHi Oipmeit, anm Oakputayga (0,49+0,06) Oys KepceTKill W3OTeHMAI JTUHHsIIApFa
KaparaHJIa JXOFaphl, JIeTeHMeH, m3oreHni nuHusuiapna 1000 moHHIH Maccachl
KOFaphl. bys1 OumaiapIH OHIMIUTITIHAE JOHHIH €Hi MaHBI3Ibl PO aTKapManbl, al
JIOHHIH Y3bIH/IBIFbI MaHBI3/IbI KOPCETKII OOIBIN TAOBLIA B

KopbIThIHABI

Byn sxymbicTa, M30TeHMI JUHUIAPIABIH KOHBIP TaThlHA TO3IMITITIH JKOHE
OHIMJIUTITIH 3epTTey MaKCaThIHJA aJbIHFaH HOTIDKENep HeTi3iHAe MbIHaIai
KOPBITBIHABLIAP JKACAIJIBI.

3aKkpIMAaHYBl JIopexeci OOWBIHINA HMHQEKIMSUIBIK (OHAAFBl JKoHE TaOuFu
xarnaiina ecipinren WUJI-Pc, NJI-Ra Ounait nzoreHaik TUHUSIIAPIA PEaKus TUTT
«0» aOCcoNIOTTI HIMMYHHUTETTI, a Tectep copTrapsl xoue UJI-W, NJI-Rht uzorenai
JUHUSIIAP 6Te Ce31MTall OOJIBIT aHBIKTAJIbL. 3ePTTEY/IE ANbIHFaH YATIep OOMBIHIIA
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NJI-Pc, WNJI-Ra wu3oreHImiK JUMHHUATIAPE KOHBIP TAT aypybIHA XKOFAphl TO3IMILIIK
KOPCETTi JKoHE OCBI Oenri OOMBIHIIA THIMII TOHOPIAphl OOJNBIN TAaOBUTAIBI, OYIT
TUHUSIIAPAEl  OoNamrakTa Te3IMIUTIKKE OaFBITTalFaH CeNeKIUs MPOIEciHae
OacramKbl MaTepual peTiHje Kojianyra Oonaipl.

Konpip Tarka Tesimainik 6enrici MJI-Pp uzorenaix nuHUsAI2 Oip TeHMEH JKOHE
NJI-Ra n3orenpik muHUsAAA €Ki TeHMEH TYKBIM KyaJalTHIHBI KOPCETLII.

ConbIMeH Karap, OUJaiiIbIH U30TSH TI JIMHUSITAPBI OJTap/IbIH OacTarKbl OaKpLIay
COpTBIHA KapaFaH/Ja aHarypibiM eHimai Oomeim Tabbimanel. MJI-Ra sxone UJI-Pp
M30TeH/I1 TUHUsIIapa OaKbUIayMeH CalbICThIPFaHIa ca0aK Y3bIHIBIHIBIFI, OHIM/TI
OyTakTaHybl, MacakK Y3bIHIBIFBI, HET13T1 MacakTarsl 1oH caHbl, 1000 moH Maccackl
CUSKTHI Oenrinep OOMBIHIIA KOPCETKIMTEepAiH apTKaHbl OalKaiael. Anaiiia,
M30TeH I JTUHUSIIAD MacakTap CaHBI, HETi3Ti MacaKTarbl JIOH Maccachl MEH JIoH
Y3BIHIBIFBI KOPCETKIITEpPi OOMbIHIIA OaKbLIAY COPTHIHAH a3 apTKAHBI aHBIKTAJJIBL.
Bakpimay COpTHIHBIH [OHIHIH €HI W30TeHAl JHWHUSIapFa KaparaHnua apThIk,
Oipak IoHHIH eHi a3 OONFaHBIMEH IOHAEPIiH Y3bIHJBIFBI JKOHE IHIOCIEPMiHIH
TONTHIPHUTYBI OakblLIay COpPTBHIHA KaparaHaa >Xorapel Oonapl. bynm Oenrinep
OuaiiIbIH OHIMAUTITIHIE MaHBI3ABI KOPCETKIMITEPi OO TAOBLIA B
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Abstract. The purpose of this work was the scientific and practical justification
of'the feasibility of using immunotropic agents of a new generation in the prevention
and treatment of cow mastitis. The objects of research were black-and-white cows
during periods of deadwood (45 days before calving), newness (3-5 days after
calving) and lactation. In the first series of experiments, prevention of cow mastitis
was carried out with immunotropic drugs Prevention-N-A-M and Prevention-N-
B-S, developed by scientists of the Chuvash State Agrarian University, as well
as with the drug Mastinol, in the second series of experiments — treatment with
drugs Prevention-N-A-M, Prevention-N-B-S, Amoxicillin. To prevent mastitis, the
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cows of the 1st experimental group were intramuscularly injected with Prevention-
N-A-M at a dose of 10 ml 4540, 25-20, 15-10 days before calving, the 2nd
experimental group - Prevention-N—B-S, the 3rd experimental group - Mastinol at
the specified dose and at the same for periods of time, no drugs were used in cows
of the control group. Mastitis therapy was carried out according to the following
scheme: Prevention-N-A-M was injected into animals of the 1st experimental
group, Prevention-N-B—S intramuscularly 40 ml three times every 24 hours,
Amoxicillin 40 ml twice in the 3rd experimental group with an interval of 48 hours.
It has been established that immunotropic drugs contribute to the prevention and
treatment of cow mastitis, prevent postpartum complications, improve reproductive
and productive qualities by activating hematopoiesis, metabolism, selective
mobilization of factors of cellular and humoral links of nonspecific resistance of the
body, with a more pronounced Prevention-N-A-M effect. In the course of scientific
experience, we touched upon the problem of the incidence of cows with mastitis
and proposed ways to increase the efficiency of dairy cattle breeding through the
introduction of environmentally safe immunotropic drugs Prevention-N-A-M and
Prevention-N-B-S, contributing to the prevention and treatment of cow mastitis,
improving the productive and reproductive qualities of dairy cattle.
Keywords: cattle, mastitis, immunotropic agents, prevention, treatment, milk
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AnHoTtanus. llensio HacTosAmIeH pabOTHl CTANO HAYYHO-TIPAKTHYECKOE 000C-
HOBaHHE IeeCO00Pa3HOCTH NPUMEHEHHs] HMMMYHOTPOIHBIX CPEICTB HOBOTO
MOKOJICHUS B TPOHIAKTHKE U TEPAIui MacTUTa KOpoB. OObEKTaMu HCCIeq0BaHUN
OBLTN KOPOBBI YEPHO-TIECTPOI MOPOABI B IEPHOBI CYyX0CTos (32 45 CyTOK J10 oTena),
HOBOTEJIbHOCTH (Ha 3—5 CyTKH IOCJe OoTeNa) U JakTaluuu. B mepBoii cepun onbIToB
mpoBeleHa NpodHUIaKTUKa MacTUTa KOPOB HMMMYHOTPOIHBIMM IIperaparamu
Prevention-N-A-M u Prevention-N-B-S, pazpaboranHbIME ydeHBIMHA YyBamckoro
['AY, a Taxxe JeKapcTBEHHBIM IIpernapaToM MacTUHOI, BO BTOPOIl CEpUU OIBITOB —
neueHue — npenaparamu Prevention-N-A-M, Prevention-N-B-S, AMokcuimnivi.
Jnst mpoMITakKTUKK MacTUTa KOpoBaM |-H ONBITHOM TpyMIlbl BHYTPUMBIIIEYHO
BBommH Prevention-N-A-M B no3e 10 mut 3a 45-40, 25-20, 15-10 cyTok g0 ortena,
2-oi oneITHOM Tpynmsl — Prevention-N-B-S, 3-it ompITHOW rpymmel — MacTHHOM
B YKa3aHHOHW /103€ U B T€ )K€ IEPHUOIbI BPEMEHH, KOPOBAM KOHTPOJIBHOM IPYIIIBI
Mpenaparbl He IPUMEHSINCh. Tepannio MacTUTa MPOBOAMIIH 110 CIIEAYIOLIEN cXxeMe:
KHUBOTHBIM 1-0li OmbITHOW Trpymisl WHBenupoBanu Prevention-N-A-M, 2-oi —
Prevention-N-B-S BHyTpuMbIedro o 40 Mi1 TprKAbI 4epe3 Kaxasle 24 yaca, 3-i
OTIBITHOM TpyHIbl — AMOKCHIIMILTHH 110 40 MJI IBYKpaTHO ¢ MHTEPBAJIOM 48 4acoB.
VYcTaHOBIEHO, YTO MMMYHOTPOIHBIE IpPENaparbl CIIOCOOCTBYIOT MPOQUIAKTHKE
W JIEYCHUIO MacTUTa KOPOB, MNPENYyNpPEXIAIOT IOCIEPONOBBIE OCIOKHEHHMS,
YIy4IIat0T BOCIPOU3BOAUTEIBHBIE M TPOAYKTHBHBIE KAUECTBA 33 CUET AKTUBHU3ALNH
reMorod3a, Merabonusma, u30upaTeabHO MOOMIN3aMK (PAKTOPOB KIETOYHOTO
U TYMOPaJIbHOTO 3BEHBHEB HECMEHU(PHUYCCKON PE3NCTCHTHOCTH OpraHu3Ma, Mpu
Oosee BeIpakeHHOM 3(ddekre Prevention-N-A-M. B xoze HaydHOTO ONBITA HAMH
3aTpoHyTa mpobieMa 3a001eBaeMOCTH KOPOB MaCTUTOM U TIPEIIIONKEHBI CITOCOOBI
NOBBILICHUA 3(PQPEKTUBHOCTH MOJIOYHOTO CKOTOBOJCTBA 3a CUET BHEAPEHHUS
9KOJIOTHUECKH 0e30MacHBIX MMMYHOTPONHBIX HpenaparoB Prevention-N-A-M u
Prevention-N-B-S, cmoco0cTByommx MpoQUIakTHKE U JICYCHUIO MACTHTa KOPOB,
MOBBIIICHUIO MTPOAYKTUBHBIX U BOCTIPOU3BOJUTEIHHBIX KAYECTB MOJIOYHOTO CKOTA.

KirwoueBble cjoBa: KpyIMHBIA porarblii CKOT, MAacTHT, HUMMYHOTpPOITHBIE
cpexacTBa, Npo(UIaKTUKA, JIEICHUE, MOIOKO

BBenenne

MactuT KpyIHOTO pOTraTtoro CKoTa — 3a00JeBaHHE MOJOYHOW JKEINe3bl,
BBI3bIBAEMOE OaKTEepHUsIMH, BHpPycaMu, rpuOamu. PaHee MacTHT CBS3BIBAIM CO
CHIDKCHHEM BOCIIPOM3BOIUTENBHON (PpyHKIMH MOJOoUHBIX KopoB (Dalanezi et al.,
2020). DTo cBsi3aHO C TeM, YTO OOJE3HU IMOCIEPOAOBOTO IMEPHOAA, TAKHE Kak
METPHT, SHJOMETPUT ¥ MACTHT, PACCMATPUBAINCH B KAY€CTBE OCHOBHBIX MPUYUH
nucyHKINY SMYHUKOB y MitekonuTaromux (Dahiya et al., 2018).

3aboeBaHysi MOJIOYHOMW KeJIe3bl KOPOB HEraTHBHO BIHSIIOT Ha OJAronoiyvue
JKUBOTHBIX, MOJIOYHYIO TIPOJYKTUBHOCTh, Kaue€CTBO MOJIOKA, MPUOBLIBHOCTh
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CKOTOBOJICTBA WM YBEJIWYCHHE HWCIOJIH30BAHUS MPOTHBOMUKPOOHBIX IPENapaTroB
(Rainard et al., 2021), 9To MpUBOAXT K BBIOPAKOBKE M COKPAIIEHUIO TPOLYKTHBHOTO
noironetuss MonoyHbix kopos (Kurokawa et al., 2021). Bo3smoxxHbIME MeTORaMU
00pBOBI ABISIOTCS dPAAUKALINS, IMMYHHU3AIH, TPO(UITAKTHKA U TepaIis, pa3Beie-
HUE PE3UCTEHTHBIX KOPOB WIIK yiyuineHue ¢akropos ynpasinenus (Dodd, 1983).

Mactut, BbI3bIBaeMbIi KuinedHoi mamoukoit (E. coli), ocraercs yrpozoit
JUISL MOJIOYHBIX JKUBOTHBIX, BIMSET HAa WX OJIarormoiy4yvie W HAHOCUT OOJNbIION
sxoHoMuueckui ymepod (Guo et al., 2021). [larorenHas wH}pEKIUS OKa3bIBaCT
HEraTUBHOE BIIMSHUE HE TONBKO Ha OONBHOE XMBOTHOE, HO M Ha YeEJIOBEKa.
DK30TOKCHHBI S. aureus, OCTaBIIMECS B MOJIOYHBIX MPOMYKTaX Ui TMOTpeOIeHus
YEIIOBEKOM, MOTYT BBI3BaTh BCIBIIIKN CTa()UIOKOKKOBOTO MHUIIIEBOTO OTPABICHUS
(Abril et al., 2020).

Beuto ycranoBneHo, uto Hambonee 3()(EKTUBHBIMH aHTHOMOTHKAMH MpU
MacTUTE KOPOB SIBJISTIOTCS aMHHOTTIMKO3UABI M XWHONOHBI (Awandkar, 2022).
VYcToWuMBOCTh K aHTHOMOTHKAaM W OTCTaBaHHE B pa3pa0OTKe HOBBIX aHTHOAK-
TEPUANBFHBIX TIPENapaToB MPEICTABISIOT CEPHhE3HYI0 MPOOIEMY ISl JKUBOTHO-
Bomueckoit orpaciu (Guo et al., 2021). [ToaToMy yIst COKpaIICHUS UCTIOIB30BAHUS
AHTHOMOTHUKOB B YKUBOTHOBOJICTBE HEOOXOIAMMO IMEPECMOTPETh METOIbI JICUSHUS
MacTUTa Y MOJIOYHBIX KOPOB. ABTOpaMH H3y4€Ha BO3MOXXHOCTH MPHMEHEHUS
OKCUTOLIMHA MPH MAacTUTE KOPOB, TaK KaK OH BBI3BIBACT BBHIJACIICHHE MOJIOKA W,
CJIeZIOBaTeNFHO, CIOCOOCTBYET yAAJTIEHHIO MOJIOKA U3 HH(HUITUPOBAHHBIX MOJIOYHBIX
xene3. [IoMUMO OMOpPOKHEHUS! BHIMEHHW, MHBEKIHSI BBICOKHX 103 OKCHTOIIMHA
BBI3bIBAET YBEITHUEHIE KOIMYECTBA COMAaTHIECKUX KJIETOK B MOJIOKE M 00€CTIEYHBAET
MEPEHOC UMMYHOIIIOOYJIMHOB M3 KPOBH B MOJIOKO Y€pe3 reMaTOMOJIOUHBIH Oapbep
(Strasser et al., 2021).

[To mposiBeHwto 3a6051€BaHUS MACTHT KOPOB ITOPA3AEIsAeTCs Ha KITMHIIECKYTO
U CYyOKITMHUYECKYIO (CKpBITYI0) popMbl. CyOKITMHHYECKUI MACTUT SIBISICTCS OJJHUM
13 BBICOKO MH()EKIIMOHHBIX 3a00JIEBaHIH Y MOJIOUYHBIX KOPOB C BBICOKOH 9acTOTON
BCTPEYaCMOCTH M HE3aMETHBIMM KJIIMHUYEeCKUMHU npu3Hakamu (Wang et al., 2021).
HccnenoBanusi CBUAETENIBCTBYIOT, YTO PAaCHpPOCTPAHEHHOCTh CYOKIMHHUYECKOTO
macTuTa B Appuke u Aznn 00sr9HO TipeBbImaeT 50 %, 9To yrpokaeT 01aronoayduio
HUBOTHBIX, (pepMepoB, mepepaboTUNKOB MOJIOYHOW MPOAYKLIMHU M MOTpeOuTenen
(Sah et al., 2020).

TouHasi TuarHocTuKa 3a00NEeBaHUS SBISIETCSI BAXKHBIM ILIArOM MEXKIY BBISBIIC-
HUEM IIPUYMHBI ¥ U3JIedeHreM Oose3Hu. UeM panbiiie Oy/IeT BEISBICHO 3a00JIeBaHHE,
TeM MeHbIe OyaeT yiep6. C ydeToM 3TOro MPeaIPUHUMAETCS MHOTO YCHITHMA TSI
pa3paboTKK HAAEKHBIX JAWATHOCTUYECKUX HHCTPYMEHTOB [UIS HCIOJNb30BaHUS
Ha Qepme. TpaauIIMOHHBIE METOBI, BKJIIOUAs MOJICYET COMAaTHYECKHX KIETOK U
KyJIBTUBHPOBAaHIE MUKPOOPTaHU3MOB, YACTHYHO 3aMEHSIOTCSl TECTAMU Ha OCHOBE
MTOJTUMEPA3HOH IEMHON peakIu U ceKBeHupoBaHUs. MccnenoBarenbckue abo-
paropun pa3pabaThIBalOT COBPEMEHHBIE MPOCTHIC, JKOHOMUYHBIE U YIOOHBIC IS
MOJIH30BATENS METOJBI HA OCHOBE OMOCEHCOPOB, KOTOPhIE MOXKHO ObLIO OBbI HC-
MOJIBb30BaTh Ha epme st ObicTpoli muarHoctuky (Ashraf, 2018). BaxxubiM mpe-
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MMYIIECTBOM COBPEMEHHBIX CEHCOPHBIX CHUCTEM SBISIETCS BO3MOXKHOCTH TIPO-
BE/ICHUS HECKOJIBKUX M3MEPEHUH B JICHb, OTICpaTUBHBIN cOOp M JOCTymHas oOpa-
6oTka Oomeioro oosema manHbX (Hogeveen, 2021; Van der Voort et al., 2021).

OnmHuM U3 METOAOB MPOGMIAKTHKH MacTUTa KOPOB SBISIETCS BAaKLMHALMS.
TuarenpHast OlEHKA MPOLLIBIX M TEKYINX UCCIEIOBaHUH BaKIIMH TPOTUB MACTHUTA
BBISBIISIET 0COOEHHOCTH, HO TaK)Ke W OOIIHE YePThI Cpeau WHOEKIIMH MOJOTHOM
KeJie3bl, CBA3aHHBIX C OCHOBHBIMH Bo3OymutenssMu mactuta Escherichia coli,
Staphylococcus aureus, Streptococcus uberis, Streptococcus agalactiae wumu
Streptococcus dysgalactiae. I maBHas ommoOKka 3akITt09aeTcsi B TOM, YTO UIMMYyHHEIE
MeXaHH3MbI QPEKTUBHOHN 3aIUTHI HE OBUIM OIHOCTHIO HIeHTU(UIUPOBaHbL. 1o
CHIX TTOp pa3paboTKa BaKI[MH ObLIa HalpaBlieHa Ha BEIpaboTKy anTHTeln (Rainard et
al., 2021).

C »Toil TOYKM 3peHUs] HauOoliee NPUEMIIEMOW SABJSAETCA NPOPHUIAKTHKA U
Tepanus MacTHUTa, HallpaBlIeHHas, MPEKe BCETO, Ha aKTUBU3AIUIO KJIETOYHBIX H
TYMOpaJIbHBIX (PaKTOPOB Hecnenu(puueckor pe3ucTeHTHOCTH opranm3ma. Cieno-
BaTeJbHO, pa3paboTKa W BHEIPEHHE B TMPOU3BOJCTBO KOMIUIEKCHBIX HMMYHO-
TPOIHBIX MPENapaToB JJIsl aKTUBU3AIMH 3alIUTHO-TIPUCIIOCOOUTENBEHBIX (QYHKITHN
OpraHu3Ma W, KaK CJIEJCTBHE, MPOMUIAKTUKY U JIEUSHUS MaCTUTA KOPOB SIBISETCS
aKTyaJbHOH MPOoOJIEeMOi COBpeMEHHOH BeTepUHAPHON HAYKU U MPAKTHKH.

1]env pabomul — HayIHO-TIPAKTHYECKOE 000CHOBAHUE I1e7IeCO00Pa3HOCTH TIPH-
MEHEHHsI HMMYHOTPOITHBIX CPE/ICTB HOBOTO TIOKOJICHHSI B IPOQIIIAKTHKE ¥ TEPAITAN
MacTHUTa KOPOB.

MarepuaJjibl 1 METOAbI

HayuHno-uccnenoBarensckas paboTa BBHIIOJHEHA Ha Kadernpe Mopdoioruw,
akymepctBa u Tepanuu OI'BOY BO Uysamickmii [AY, sxcniepruMeHTaIbHAS 9aCTh
HUP npoeenena 8 OO0 «Ilo6ema» SAnpankckoro paiiona Pecryonmku Uysammus, a
o0pabotka matepuanoB — B bY UP «Uysarickas pecnyOnukaHcKas BeTepuHapHas
naboparopusi» [ocercinyx0Ob1 UP u jaboparopuu KJIMHUKO-TEMAaTOJIOTHYECKUX
uccaenoanuii ®I'bOY BO Uysamckuii ['AY B nepuon ¢ 2020 o 2022 rr.

O6bexkraMu uccie0BaHUi ObUTH KOPOBBI YEPHO-TIECTPOH TOPOIBI B MEPUOABI
cyxocrtos (3a 45 CcyTOK J0 OTena), HOBOTEIbHOCTH (Ha 3—5 CYTKH IOCIIe OTea)
Y JakTanud. B mepBoil cepuu OMBITOB MO MPHUHIIUIY TPYNI-aHAIOTOB C YIEeTOM
KIIMHUAKO-(U3HOJIOTHYECKOTO COCTOSIHHSA, BO3pacTa M JKUBOM Macchl OBLIO
c(hOpMHUPOBAHO YETHIPE TPYMITHI KOPOB 0 10 roNoB B KaXKAOH: 0HA KOHTPOJIHHAS
U TPU ONBITHBIC, BO BTOPOl — TPHU OIBITHBIE TPYIIIEI IO 15 TOJOB B KaKIOM.
VYcnoBust conepkaHusi U KOPMIIEHHUS] KOPOB BCEX TPYIIT ObUIN OIMHAKOBBIMH.

B mepBoii cepun OMBITOB MBI MPOBOAWIIA MPOPHUIAKTHKY MacTHTa KOPOB MM-
MYHOTpONHBIMH mpenaparamu Prevention-N-A-M u Prevention-N-B-S, paszpa-
OotanHbIMU yueHbIME UYyBaiickoro ['AY, a Takke JEKapCTBEHHBIM IpenapaToMm
MacTrHOII, KOTOPBIA MPUMEHSIICS B X03sHCTBE. sl MpOPMITaKTHKYA MacTHTa KO-
poBaM 1-ii OIIBITHOM TPYNITBI BHYTPUMBIIIEYHO BBOIMIH Prevention-N-A-M B no3e
10 M 3a 4540, 25-20, 15-10 cyTok 10 orena, 2-0if ONBITHOM Tpynmsl — Preven-
tion-N-B-S, 3-if ontbITHOM TpyIIITEl — MacTHHOI B YKa3aHHOH 1103€ U B T€ JK€ TIEPHO-
ITBI BpEMEHH, KOPOBaM KOHTPOJIBHOM TPYIIIBI MperapaTsl He IpUMEHSUTHCE (puc. 1).
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Puc. 1. Cxema npouIIaKTHKH MacTUTa KOPOB
(Fig. 1. Scheme of prevention of cow mastitis)

Bo Bropoii cepun OnbITOB U1 JICYEHUSI MAaCTUTa KOPOB HAMHU OBUIN HCIIONB30-
BaHBl HMMMYHOTPOIHBIE Tmpemaparbl Prevention-N-A-M u Prevention-N-B-S,
paspaborannbie yueHbiMu YyBamickoro ['AY, a Taxke aHTHOAKTEPHAIBHBINA TIpe-
napar AMOKCULIWJIJIMH, KOTOPBIA NMpUMEHSJICS B Xo3siicTBe. Tepamuto mactura
MPOBOAWIN O CIEAYIOUIEH cXeMe: XUBOTHBIM 1-0¥ ONBITHON IpyNIibl MHBELU-
poBanmu Prevention-N-A-M, 2-oii — Prevention-N-B-S BHyTpumbImeuHo mo 40
MJI TPIKIBI Yepe3 Kaxable 24 daca, 3-i ONBITHON TPYIITE — AMOKCHIIMIUTAH 110
40 mn nByKpaTHO ¢ mHTepBaiioM 48 wacoB (puc. 2). Bcem XUBOTHBIM OONBHBIE
JIOJTY BBIMEHU MacCHPOBAJIM U BTUPAIX Ma3b MacTHCENT COMIaCHO MHCTPYKLUH T10
MIPUMEHEHHUIO.
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Puc. 2. Cxema nedeHust MacTUTa KOPOB
(Fig. 2. Treatment scheme for cow mastitis)
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Prevention-N-B-S — KOMIUIEKCHBIN T@penapar [Jjisl aKTHBU3alUU HecIe-
IU(GUIECKON PE3UCTEHTHOCTH OpraHu3Ma KPYIHOTO pOraroro CKOTa, peau-
3aId PEIPOAYKTUBHBIX KAueCTB W MPOMYKTUBHOTO IMOTEHI[MATa KOPOB, MpE-
CTaBJIMIONUN COOOM BOTHYIO CYCIICH3HIO, COJCPKANIYI0 IOJTUCAXaPUTHBINA
koMmruteke Saccharomyces cerevisiae, IMMOOWMIIM30BAaHHBIH B arapoBOM Tejie C
no0aBIeHWEM MPOW3BOMHOTO OEH3MMHUIA307da W OaKTepUIUAHBIX IPEnapaToB
TPy MEHUIIWLIHHOB U aMUHOTIIMKO3UIOB. Ha mpenapat nonyden mareHt P® Ha
nzobperenne Ne 2737399.

Prevention-N-A-M — KOMIIIEKCHBIN TIpenapat Uit TPO(QUITaAKTUKY U JICUCHUS
MacTHTa KOPOB, TPEACTABISAIOMNKA COOOW BOAHYIO CYCHEH3HIO, COAEPIKAIIYIO
MTOJTUCaXapHUTHBIA KOMIUIEKC IPOKIKEBBIX KIIETOK, MIMMOOVITN30BAHHBIX B arapOBOM
reJe ¢ Jo0aBIeHHUEM MTPOU3BOIHOTO OSH3MMU1a301a i OaKTEPHIIUTHOTO MTperapara
AwmoxcunimuinH. [logana 3asBka Ha nonydeHue nareHTa PO Ha nzobpereHue.

Macmunon — npenapar ais Ie4yeHns: MacTUTa B GopMe pacTBOpa AJIsl HUHbEKINH,
COJICPKUT CIieAyIomre akTuBHBIC BemecTBa: 1 % Axonut D4, 1 % Apnuka D3, 1
% benmmamonna D4, 1 % Azaderunma D3, 1 % dutonakka D3, 1 % bpuonus D4.
Howmep perucrpannonsoro ymocroBepenus 32-3-8.0-0199 NelIBP-3-8.0/02653.

Amoxcuyunnun 150 — anTHOAKTEpHAJIbHBIM Npenapar IPyHIbl MOJYCHHTE-
TUYECKUX NMEeHUIMUITMHOB. HoMmep perucrpannonsoro ypocrosepenust 44-3-3.18-
4074 NeIIBP-3-6.9/02429.

B mepBoii cepun HayqHOTO OIBITA MPOBOIMIM aHAIN3 TUTHECHBI COACPKAHUS
1 KOPMJICHHSI, KIMHHUKO-(PH3HOIOTHYECKOTO COCTOSHUS, BOCIPON3BOIUTEIBHBIX
Ka4eCTB ¥ THHEKOJIOTHYECKOTO COCTOSHISL, MOP(OIOTHIECKOTO ¥ OMOXUMHYECKOTO
npouiei KpoBH, HECTICIU(PUISCKON PE3UCTEHTHOCTH OpraHu3Ma KopoB 3a 35-30,
15-10 u 10-5 cyTox 1o mpeamnonaraeMoi 1aTsl OTeNa, a Takke Ha 3—5 CyTKU moclie
oTeNa 0 COBPEMEHHBIM U OOIIEHPUHATHIM B BeTepuHApuu MeTomukaMm. Kpome
TOTO, UCCIIEAOBAIH 3a00JIEBAEMOCTh KOPOB MaCTUTOM, Ka9€CTBO MOJIOKA B ITEPHOJ
paznosi U ypOBEHb MOJIOYHON MPOAYKTUBHOCTH 3a 305 nHeil nakrauuu. Bo Bropoil
cepHH UcclieoBareIbckas paboTa OCHOBBIBAIACH HA IMATHOCTUKE MACTUTA KOPOB,
aHanm3e 3(PQPEKTHBHOCTU TMPEIUIOKEHHBIX CXEM TEpalud, OIICHKE MOJOYHOM
MPOAYKTUBHOCTH M Ka4€CTBA MOJIOKA.

PesyabTathl HccjiefoBaHuii U UX 00CYKIeHHe

IToxa3arean MUKPOKIMMATa B KOPOBHUKE U POJMIIBHOM OT/ICJICHUH NIPUBEACHHI B Ta0M. 1.
Tabnuua 1. ITapameTpsl Bo31yIIHOro 6acceliHa B HOMELICHUSIX A dKUBOTHBIX

[Momerienue it KOPOB B IEPHONT
ITapamerp

CYXOCTOs HOBOTEJILHOCTH
Temneparypa Bozayxa, °C 10,20+0,26 15,10+0,69
OTHOCHTENbHAS BIAXHOCTD, % 70,00£1,04 67,40+0,16
CKOpOCTh IBIKCHUS BO3/IyXa, M/C 0,32+0,02 0,27+0,02
CaetoBo#i K03 HUIHEeHT 1:14 1:13
KoaddunmeHT ecTeCTBEHHON O0CBEICHHOCTH, %o 0,64+0,05 0,66+0,06
KoHnnenTpanus 3arps3HuTesneil B BO3LyLIHON cpere:
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aMMuaK, Mr/m> 13,70+0,67 8,90+0,56
CepoBOIOPOL, MI/M3 6,20+0,23 4,50+0,21
YIJIEKHUCIBIN Ta3, % 0,20+0,09 0,14+0,06
OakTepHanbHast 00CEMEHEHHOCTb, THIC./M> 45,7+1,55 32,3+1,02
cojiep)KaHKe MbLII, MI/M> 4,2+0,34 2,7+0,25

W3 maHHBIX TaOIHIIB CIIEAYET, YTO MOKA3aTeNT! MUKPOKIMMAaTa COOTBETCTBOBAIN
300TUTHEHUIECKIM HOpMaM.

Pammmonsr mis xopoB B OO0 «IloGema» cOamaHCHpOBAaHBI B 3aBUCHMOCTH OT
BO3pacTa, MPOAYKTUBHOCTH, JKUBOW Macchl W (PU3MOIOTHYECKOTO COCTOSHHUS U
obecnedynBaimy MOTPEOHOCTH OpraHU3Ma B DHEPTUW WM NHUTATENBHBIX BEIECTBaX,
Makpo- ¥ MUKPO3JIEMEHTaX, BUTAMHUHAX, COIIACHO HOpMaM KOPMJICHHSI.

Jlist cozmanms OOmIe KapTHHBI M perieHus MpobieMbl 3a00JIeBacMOCTH
MacTHTOM HaMH MPOBeieHO oOcienoBanue 340 JaKTHPYIOMNX KOPOB C TIOMOIIHIO
TECT-AMArHOCTUKYMOB. YCTaHOBJIEHA IOJOXKWUTENbHAS peakius Ha MacTut y 87
XKUBOTHBIX (25,5 %), 13 KOTOPHIX y 71 KOPOBBI AMarHOCTHPOBAHA CYyOKIMHHYECKAS
¢opma mactuta (20,8 %), a'y 16 — knmuangeckas (4,7 %).

BrisiBeHo, 4TO TOpakKeHWE MACTHTOM OJHOW HYeTBEPTH BBIMEHH OBLIO Yy
42 ronoB (48,3 %), aByx — y 25 ronoB (28,7 %), Tpex — y 13 romoB (14,9 %) u
MOpakeHHe YeThIpeX deTBepTeil BhIMeH! —y 7 ronoB (8,1 %).

CorracHO AaHHBIM BETEPWHAPHON CTAaTHCTUKH, 0 75 % ciydaeB MacTHTa
C KIMHUYECKUMHU TPOSIBICHUSMH TPUXOJUTCS Ha JAKTaMOHHBIA mepuon. Ilo
pe3yibpTaTaM HallliX MCCIIEOBaHUMA B cpenHeM y 26 % KOpOB MacTHUT pa3BHIICS B
rmociepooBoM neprone, y 37 % KopoB — B Oosiee O3HHE CPOKH JIAKTAILlUH, a Y
37 % — npu 3aIyCcKe U BO BPEMsI CyXOCTOS.

Hamu m3yyena 3aBUCHMOCTB 3a00J1€Ba€MOCTH KOPOB MAaCTUTOM OT MOJIOYHOM
npoaykTuBHOCTH. Tak, B craje Hambosee HHU3Kas 3a00/I€BaeMOCTh OKa3aiach y
kopoB ¢ yaoeMm 1o 2500 xr (11,5 %), Torga kak y »XHBOTHBIX ¢ ymoeM oT 2500
no 6500 xr — 35,2 % u c ynoem cBbime 6500 kr Hambosee BBICOKasi CTETEHb
3a0omeBaemMoct — 53,3 %.

[Moncumrano, uro u3 340 xopoB mMo¥HOTO cTama 43 TONOBBEI UMENTH aTpoduio
MOJIOYHOH JOJH, 94TO cocTaBisieT 12,6 %, u3 HUX y 36 TOJI0B TTOpakeHa OHa JTOJIS
(83,7 %),y 5 — nBe gomu (11,6 %), y 2 ronoB — tpu gomu (4,6 %).

MuKpoOHOIOTHICCKOMY HCCIICOBAHUIO TIOABEPTHYTO 16 Tmpod MoIoKka
OT KOPOB, OOJIEHBIX KIMHHUYECKAM MAacTUTOM, W 71 mpoba OoT KOpoB, OOJBHBIX
CYOKITMHUYIECKHM MacTUTOM. Tak, B mieoM B TedeHne 2021 roma 3aduKCHpOBAHO
89 cimyyaeB KIIMHAYECKOTO MAacTUTa KOPOB, BO3OYIUTEIH BBISBICHHI B 16 U3 HUX.

CornacHO pe3ynbTaraM IPOBEIECHHBIX HCCIEAOBaHWNA, W3 16 mpod Mojoka
OoT OONBHBIX KIMHWYECKHM MacTUTOM KOpoB Obuta m3omupoBaHa 21 KyisTypa
MHUKpPOOPTaHU3MOB, U3 HUX: Streptococcus — 9 kymbsryp (42,9 %), Staphylococcus —
7 xynsTyp (33,2 %), Escherichia — 2 kynsrypsr (9,5 %), Enterococcus — 1 kynsrypa
(4,8 %), Enterobacter — 1 xynerypa (4,8 %), Pseudomonas — 1 xymnerypa (4,8 %).

[Ipu GaxTeprOIOTHICCKOM HCCIIeAOBaHUH 7 1 TIPOOBI MOJIOKA OT KOPOB OOIBHBIX
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CYOKJIMHMYECKUM MAaCTUTOM OBLIO BBIACICHO 97 HM30JIATOB MHKPOOPTaHHU3MOB,
n3 Hux: Staphylococcus — 49 kymeryp (50,5 %), Streptococcus — 32 KymbTypsl
(32,9 %), Escherichia — 16 kynstyp (16,6 %).

W Sreplecacons
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BEEgw s
W Exrobeniin
i aly B g % opderme i, W wemaen, bosamen
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Puc. 5. Bo36yauTenn cyOKIMHIYECKOTO MacTHTa
Puc. 4. Bo30ynurenu KIMHHYECKOTO KOpOB
MAacTUTa KOPOB . . . ..
. . PoB . (Fig. 5. Causative agents of subclinical mastitis
(Fig. 4. Causative agents of clinical mastitis
of cows)

of cows)

OTH TaHHbIE CBUACTEILCTBYIOT, YTO OCHOBHBIMHU BO3OYUTEISMHU KIIMHUYECKOTO
1 CyOKIIMHUYECKOTO MacCTHTa KOPOB OBUTH CTa(DUIOKOKKH U CTPENTOKOKKH.

[Mpu aHanm3e KIMHUKO-(QU3HOIOTUYECKOTO COCTOSHHS KOPOB YCTaHOBJICHO,
YTO pa3HUIIA B ITOKA3aTENSAX TEMIEpaTyphl TeJla, YaCTOTHI ITyJbCca H JBIXaTeIbHBIX
JBYDKEHUH TTOMOTIBITHBIX JKMBOTHBIX ObLIa HE3HAYUTEIBHOW, TO €CTh MMMYHOT-
POITHBIE TIpeTaparsl, KCIOIb30BaHHBIE B SKCIICPUMEHTAX, HE BIHSIA Ha (U3UOIIO-
THYECKOe COCTOSTHHE KOPOB.

OcHOBHBIE IOKA3aTeIM BOCIPOM3BOACTBA KOPOB PEICTABIICHBI B Ta0I. 2.
Tabmnuua 2. Bocipon3BoauTebHbIE KauyecTBa KOPOB

I'pymima >KABOTHBIX
ITokazarenb

KOHTPOJIbHAS 1-s1 ompITHAS 2-51 ONBITHAS | 3-sI OIBITHAS
KonnuecTBO )KHUBOTHBIX, TOJI 10 10 10 10
Cpoku oTIeneHus nociea, 4 8,2+1,02 4,8+0,66* 5,2+0,58* 7,8+1,08
OHIOMETPUT, IoJl 4 - 1 2
Macrtur, ron 3 - 1 3
CpoKu HaCTyIUICHHS | OXOTHI, 43.2+1,70 34,0+2,30* 36,6+1,10* 38,6+0,04*
cyT 3,1+0,43 1,4+0,19%* 1,6+0,24* 2,5+1,28
Hupexc oceMeHeHUs 136,743,5 110,8+3,8** 119,9+1,8%* 128,042,5
CepBuc-nepuos, cyT 418,1+2,9 396,6+3,2%* 405,742,0%* 415,9+2,9
MeKoTeIbHBIN epHos, CyT

* P<0,05; ** P<0,01.

YCTaHOBIIEHO, YTO €CJIM B KOHTPOJIBHOW I'PYyNIE KUBOTHBIX CPOKH OTAEICHUS
IUIOHBIX 00O0JIOYEeK cocTaBWwiIM B cpeaneM 8,2+1,02 gaca, To B 1-if, 2-it u 3-i
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ONBITHBIX Tpynnax —4,8+0,66, 5,2+0,58 u 7,8+1,08 uaca, To ectb HUXe Ha 3,4, 3,0
u 0,4 gaca coorBerctBerHo (P<0,05).

U3 umcna 3aboneBaHuil MOCIEPOAOBOrO mepuoia y 4 KOpOB KOHTPOJIBHOU
CPYIIbI BBISBICH 3HAOMETPUT. B TO e Bpems B 1-i ONBITHOW IpyIIie YKa3aHHOE
THHEKOJIOTHYeCcKoe 3a00J1eBaHIe HE 3apETUCTPUPOBAHO, BO 2-i — BBISIBJICHO TOJIBKO
y 1 KOpoBBI, B 3-€i1 ONBITHOW — IUarHOCTUPOBAHO Y 2 KOPOB.

[Tocne otena y 3 KOpoB KOHTPOIBHON TPYIIIBI 3aPETUCTPUPOBAHO KITMHUIECKOE
TE€YEHNE MAcTHUTa, B TO BpEMs Kak B 1-i ONBITHON IpyIIie BOCMAIEHUE MOJIOYHON
JKEJIe3bl HE 3apEeTUCTPUPOBAHO, BO 2-W — BBISBICHO TOJNBKO ¥ 1 KOpOBHI, B 3-¢id
OTIBITHOM — AMArHOCTUPOBAHO Y 3 KOPOB.

[Tocne mpumeHeHUs: UIMMYHOTPOIHBIX MpenaparoB y kopos 1-i, 2-ii u 3-i
OTIBITHBIX TPYII COKPAIATNCh CPOKH HACTYIUICHUS TIOJIOBOM 0XOTHI Ha 9,2 cyT, 6,6
u 4,6 cyt (P<0,05), nanekc oceMeHeHus oka3aics Hike B 2,2 pasza (P<0,05), 1,9
(P<0,05) u 1,2 pa3a u cepBuc-tiepuoy 011 Kopode Ha 25,9 cyt (P<0,01), 16,8 cyt
(P<0,01) u Ha 8,7 cyT COOTBETCTBEHHO, HEXKEIH B KOHTPOJIE.

Pe3ynbTrarel ONBITOB CBHUAETENBCTBYIOT O TOM, YTO NPOGMIAKTHKA MaCTHTa
KOpOB 1-ii OMBITHOM TpyIIBl IMMYHOTPOITHBIM mpenapatoM Prevention-N-A-M
oKa3zanach Y3PPEKTHUBHEH, HEKEINH BO 2-1 U 3-H OIMBITHBIX TPYIIIaX.

YcTaHOBIIEHO, YTO COMEP)KAaHHE SPUTPOIMTOB B KPOBHU KMBOTHBIX 1-i, 2-i1 U
3-i1 ONMBITHBIX TPYHI OBUIO BBHIIIE MO CPaBHEHHUIO ¢ KOHTponeMm: 3a 35-30 cytok
mo otena — Ha 1,04 %, 0,35 u 0,17 %, 3a 15-10 cytok — Ha 3,34 %, 1,67 u 1,67
%, 3a 10-5 cyrox — Ha 5,01 %, 4,35 u 0,33 % (P<0,05), uepe3 3-5 cyTok mocie
orena — Ha 10,19 % (P<0,01), 9,21 u 0,32 % COOTBETCTBEHHO. AHAJIIOTHYHAS
3aKOHOMEPHOCTh BBISIBIIEHA B JWHAMHKE KOHIEHTPAIlMH T'eMOrNIoOWHA B KPOBHU
YKUBOTHBIX MOAOMNBITHBIX TPYMII. YBEINYEHNE KOJUUECTBA IPUTPOLIUTOB U YPOBHS
reMOrIo0MHA B KPOBU KOPOB OINBITHBIX I'PYIII CBUAETENLCTBYET 00 yIydIICHUU
reMoI033a IoJl BO3/IeHCTBHEM MMMYHOTPOITHBIX mpemnaparoB Prevention-N-A-M
n Prevention-N-B-S. Ilpenapar MacTtruHomN, WCTONB30BaHHBINA B 3- OMBITHON
rpymnie, TAKUMH CBOMICTBaMHU He 00JaiaeT.

JKuBoTtHbI€ 1-ii 1 2-11 ONIBITHBIX TPy IPEBOCXOAMIIH IO KOJHYECTBY JIEHKOILIUTOB
KaK 3-10 OIBITHYIO, TaK ¥ KOHTPOJbHYIO. [lomoOHas AuHaMuKa CBUAETENHCTBYET
00 aKTUBAaLMU KICTOYHBIX (aKTOPOB HECTEUUPHUUESCKON 3alMThl OpPraHU3Ma,
mprdeM HanOosee OYeBHIHBIA COOTBETCTBYHOIINHK 3(deKT mpomeMoHCTpHpoBal
Prevention-N-A-M, Hexenu Prevention-N-B-S, omHako 3ta pasnuma Obuia
He3HauuTenpHOU (P>0,05).

AHanu3 JerKonuTapHOW (QOpMYySBl TOKa3al, YTO H3MEHEHHE KOJIMYEecTBa
0a30pUI0B B KPOBH >XHBOTHBIX IIOIOMBITHBIX TPYNIN HE3aBUCHMO OT CpOKa
HaOMIOAEHNS O ¥ ITOCIIe 0TeNa ObUIO CTATUCTUYECKH HEJOCTOBEPHBIM.

VY4auThIBas, YTO S03MHO(HIBI SBISIOTCS CTPECC-TECTUPYIOUIMM (aKTOPOM,
YMEHBLICHUE UX KOJIMYECTBAa B KpoBU 3a 10—5 cyTok A0 orena u Ha 3—5 CYTKH
MocJie OTeJa CBHJIETENIbCTBYET O TOM, HYTO JKWBOTHBIE MCIIBITHIBAIN CTpECC.
OnHaxo, yYUTHIBasl, YTO KOJMYECTBO STHX (DOPMEHHBIX 3JIEMEHTOB OBLIO OOJbIIE
B KPOBH >KUBOTHBIX OIBITHBIX TPYII, CIEAYET 3aKIIOYUTh, YTO UIMMYHOTPOITHBIE
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Tperaparkl OKa3bIBajll aHTHCTPECCOBOE JeicTBHE. Tak, KOJHMYECTBO S303HHOPHIOB
B KPOBH JKMBOTHBIX 1-f, 2-if ¥ 3-¥1 ONBITHBIX TPy OBUIO BBIIIE 1O CPaBHEHHUIO
¢ koHTposem 3a 35-30 cytok g0 orena Ha 4,0 %, 4,0 u 4,0 %, 3a 15-10 cyTok g0
orena —Ha 9,6 %, 7,1 u 1,7 %, 3a 10-5 cyTok no orena — na 13,0 % (P<0,05), 17,3
(P<0,05) u 4,3 % u uepe3 3—5 cyTok nmocie otena — Ha 13,3 % (P<0,05), 15,5 u 2,2
% COOTBETCTBEHHO.

CrmemyeT KOHCTAaTHPOBaTh, HYTO COACPXKAHUE MATOYKOSACPHBEIX  (popm
HEHUTPO(UIOB B KPOBH KOPOB 1-if U 2-i1 ONBITHBIX TPyNIl OBUIO HUKE, HEXENH B
koHTpoJe: 3a 35-30 cytok nmo orenma — Ha 1,5 n 0,9 %, 3a 15-10 cyTok mo oremna
—Ha 2,1 u 2,1 %, 3a 10-5 cytok no orena — Ha 2,0 u 1,8 % u Ha 3-5-¢ cyTKH
mocite otena — Ha 2,6 (P<0,05) u 2,3 % (P<0,05) coorBercTBeHHO. Toraa kak B 3-if
OTIBITHOM TPYTINE 3TOT MOKA3aTeh HE UMEJ CYIIIECTBEHHOM Pa3HUIIBI C TAKOBEIM B
KOHTpoOJie. B muHaMuKe CerMeHTOsIEpHBIX HEUTPO(HUIOB B KPOBH MOJOIBITHBIX
KOPOB JIO ¥ TIOCJIE OTEJa HE BBISIBJICHO OTIPEIEICHHON 3aKOHOMEPHOCTH. Y UNTHIBAs,
4TO HEUTpOUIBl 00NANAIOT BBIPAKCHHBIM (PArolyUTO30M, YCTAaHOBJICHHBIC Ka-
YeCTBEHHbIE W3MEHEHHS B CTaJWAX WX DPa3BUTHHA, a MMEHHO CABUT HEWUTPO-
(UIBHOTO sijipa BIPABO, CBUACTEIBCTBYIOT 00 aKTHBHM3AIlMK KJICTOYHOI'O 3BEHA
Hecnenu(pUIecko PEe3NCTEHTHOCTH OpraHW3Ma II0Jl BO3ICHCTBHEM ampooOu-
POBaHHBIX HMMYHOTPOITHBIX TIPENapaToB.

YcTaHOBIEHO, YTO KOJTMYECTBO JIMMQOIUTOB B KPOBH KUBOTHBIX 1-i, 2-i U 3-i
OTIBITHBIX TPYII 32 BECh MEPHOJ MCCIEIOBAHNH OBIJIO BBIIIE, YeM B KOHTpPOJIE: 32
35-30 cyTok j0 otena—Ha 0,2 %, 0,2 1 0,2 %, 3a 15-10 cyTok 0 otena —Ha 1,4 %,
1,21 0,2 %, 3a 10-5 cyrok no orena—Ha 1,3 %, 1,1 u 0,6 % u uepes 3-5 cyTok nocine
orena—Ha 2,6 % (P<0,05),2,4 % (P<0,05)u 0,2 % coorBercTBeHHO. Clle10BaTEIHHO,
HEOOXOAMMO 3aMETUTh MOJIOKUTEILHOE BIMSIHUE MMMYHOTPOITHBIX MIPETapaToB Ha
(YHKIMOHAIBHYIO aKTHBHOCTH WMMYHOKOMIIETEHTHBIX KJIETOK M MIX TIPOIYKITHIO
KPOBETBOPHBIMH OpraHaMH.

Takum 00pa3oM, BHYTPUMBINIEUHAS WHBEKIMS KOPOBaM HMMYHOTPOITHBIX
MpenaparoB akTHBU3UPYeT (HAKTOPhl HECHEIU(PUUSCKON 3allUThl W  CTpec-
COYCTOWYMBOCTh OpraHW3Ma, O YeM CBHUJCTENBCTBYIOT YCTAHOBJIICHHBICE HAMH
(hM3UOTOTHICCKAN JICHKOITUTO3 W J03MHOMWIINS, YMEPECHHAss HEHUTPOIEHUS CO
CHIBUTOM sIJIpa BIpaBo U TuMdonuTos, npu domee penbedHoM dddexre Prevention-
N-A-M, "exenu Prevention-N-B-S.

[TonyueHHbIe JaHHBIC HCCICHOBaHMI OCJIIKOBOIO CIEKTPa CHIBOPOTKU KPOBH
KOPOB CBHJIETEIHCTBYIOT O TOM, YTO HIMMYHOTPOITHBIE TIpenapaThl CTHMYIHPOBAIN
MIPOIYKITHIO 001IIero 6eka, B OCHOBHOM 3a CYET allbOyMHUHOB U Y-TJIOOYITHHOB.

KonnienTpanus o01iero 6ei1ka B CBIBOPOTKE KPOBH HOBOTEIBHBIX KOPOB 1-i1, 2-i
1 3-¥ ONBITHBIX TPYTII COCTaBMIIA B cpenHeM 76,2+0,46 r/m, 75,8+0,74, 73,4+0,03
I/J1 COOTBETCTBEHHO M OKa3ayach Beimie Ha 3,1 1/, 2,7, 0,3 T/11 IO CpaBHEHUIO C
koHTpoiem (73,1+0,47 r/n; P<0,05-0,01). Ha 3-5 cyTku mocie oTena copepikanue
anbOyMUHOB B CBIBOPOTKE KPOBH KOPOB KOHTPOJIBHOW M YKa3aHHBIX OIBITHBIX
rpynn cHuswiock ao 30,5+£1,35 r/m, 31,8+0,55, 31,8+0,56 u 30,6+£0,26 1/n
cooTBeTcTBeHHO. Ho, TeM He MeHee, BETUYMHBI ATOTO MOKa3aTels ObLTH BBIIIE Y
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KOPOB OIBITHBIX Tpym Ha 1,3 /11, 1,3 u 0,1 /71 COOTBETCTBEHHO O CPaBHEHUIO C
koHTposem (P<0,05).

CpaBHUBasi KOHLEHTPALHUIO Y-IJIO0YIHHOB B CBIBOPOTKE KPOBH MOAOMBITHBIX
KHBOTHBIX, MOXXHO 3aKJIIOUYNTh, YTO B 1-i U 2-i OMBITHBIX IPyMIIaX OHA OKA3aJ1ach
BBIIIIE, HEXKEIU B KOHTpoue: 3a 10—5 cyTok A0 oTtena coorBeTcTBeHHO Ha 0,9 u 0,8
r/n (P<0,05), guepe3 3-5 cyrok nocne orena — Ha 1,4 u 1,0 r/n (P<0,001). B 3-it
OIIBITHOM TpyIIe, rJe NpUMeHsuics MacTHHON, JOCTOBEpPHOW pa3sHMLEBI HE ObUIO
BBISIBJICHO.

[TonmxeHnue y-roOynTMHOBOH (hpakuny OeKa B CBIBOPOTKE KPOBU MOAOIBITHBIX
KOPOB TOCJIE OTENa CBSI3aHO C BBIPAOOTKOM JAKTOITIOOYIMHOB MOJIO3HMBA, UTO
HampasjieHO Ha (popMHpOBaHHE KOJOCTPAJIbHOTO MMMYyHHUTETa y TensT. Jocrto-
BEPHOE MOBBIIICHUE Y-IIOOYIMHOB B CHIBOPOTKE KPOBU KOPOB OINBITHBIX T'PYIIII
KakK B MOCJIEIHUHI MEpHoJ CTEIbHOCTH, TaK M IOCIE OTeNa, CBUACTENbCTBYET 00
aKTHBH3ALUH T'YMOPAJILHOTO 3B€Ha HECTeNN(PUIECKON PE3UCTEHTHOCTH OpraHu3Ma
KOPOB-MaTepe o BO3AeHCTBHEM HMMYHOTPOIHBIX IPENapaToB.

U3 pe3ynsTaToB ncciie1oBaHus MoKa3aTeneil KUCIOTHO-ILEIOYHOTO COCTOSHUS 1
YIJIEBOAHO-MUHEPAEHO-BUTAMUHHOTO 0OMEHA B OpPraHU3Me KOPOB CJIEIYET, YTO B
TEUEHHE BCETO CPOKA HCCIIEIOBAHNI KPOBH KOPOB Pe3epBHAs LIETI0YHOCTh, YPOBEHb
IJTFOKO3BI ¥ OOIIETO KAbLHUS OKA3aJIMCh BBIIIE B OTIBITHBIX TPYTIaX MO CPABHEHHMIO C
koHTposieM. [IpuMeuarenbpHO, YTO MOBBIICHUE YPOBHS HeopraHuieckoro gpocdopa
B CBIBOPOTKE KPOBH MOIOTBITHBIX )KUBOTHBIX OBLIO 3a()MKCUPOBAHO Ha 3—5-€ CyTKH
mocyie oTelna, a pa3HUIa B IPOBUTAMUHE A y TOIOIBITHBIX )KHBOTHBIX OKA3aJ1ach
HecymecTBeHHOH. CrienoBaTebHO, HUMMYHOTPOIIHBIE ITpeTapaThl aKTHBU3UPOBAIN
OyhepHbIe cCHCTEMBI OpraHn3Ma, YIJICBOIHBIA 1 MUHEPAJIbHbBIN OOMEH.

JlnHamuKa nokasatesied Hecenu(puIecKoil pe3UCTEHTHOCTH OPTaHN3Ma KOPOB
MpeJcTaBlieHa Ha puc. 6-9.

QaronurapHasi aKTUBHOCTb JICHKOLUTOB, OaKkTepULUAHAs aKTUBHOCTb
CBIBOPOTKH, JM30LUMHAs AKTHBHOCTH IIIa3Mbl KPOBH M COACp)KaHHE B HEH
MMMYHOTJIOOYJTHHOB Y HOBOTENBHBIX KOPOB 1-H, 2- u 3-H OMBITHBIX TPYIII
0Ka3aJINCh BEIIIE COOTBETCTBEHHO Ha9,7,7,6 16,6 %, 8,8,6,813,5%,13,6,11,2u 1,8
% una 1,0,0,6 u 0,3 mr/mi, yem B koHTpOIEe (P<0,05-0,001), 9TO CBUIETENLCTBYET
0 CTUMYIILMHM KJIETOYHBIX M TYMOPalbHBIX (DAaKTOPOB HecHeuupruecKoi
PE3UCTEHTHOCTH OpraHW3Ma KOPOB IIOJl BIMSHUEM UMMYHOTPOITHBIX MpEnaparoB.
Crenyer OTMETUTb, YTO MMEHHO KOMIUIEKCHBIH mpemapaTr Prevention-N-A-M
CIOCOOCH 3HAYUTENBbHO MOBBICUTEH HECTIEM(DUUYECKHE 3aIIUTHBIC (PaKTOPEI.

IToka3areny MOJIOYHOM NPOAYKTUBHOCTH KOPOB IPEICTAaBICHBI B Ta0MI. 3.

Tabmuma 3. MonodHast MpoayKTUBHOCTE KOPOB Ha ()OHE NMMYHOKOPPEKIINH

I'pynna »uBOTHBIX

[Toka3zarenn
KOHTpOJIbHAsS | 1- onbITHAs | 2-1 ONBITHASA | 3-s1 ONBITHAs
KonnuecTBO )KUBOTHBIX, TOJI 10 10 10 10
Vnoti 3a 305 gHEi makTanum, KT 8585+35,5 | 8857+28,9*** | 8802+29,5%* 8664+32,6
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Cpennee conepxaHue xupa, %o 3,50+0,50 4,00+0,02 3,80+0,04 3,65+0,02
Cpennee conep:xanue 6enxa, % 3,10+0,07 3,30+0,01 3,25+0,02 3,15%0,05

** P<0,01 *** P<0,001.

IToxa3zarenn mMaccoBOW A0JM >KHUpa U O€JIKa B MOJIOKE KOPOB OIBITHBIX T'PYIII
OKa3aJIiCh BBIIIE, HEXENU B KOHTPOJIE, OJHAKO BBIABICHHbIC M3MEHEHHUS! OBLTU
HecymecTBeHHBIME (P>0,05).

Wubexkuun mpenaparoB Prevention-N-A-M, Prevention-N-B-S u Macrunon
crocoOCTBOBaM pocTy ynod 3a 305 mgHel makranuu. YIod KOpOB KOHTPOJBHOH
rpynmsl cocTaBil 8585435,5 KT, 4TO MEHbIIIE IO CPaBHEHHIO ¢ 1-0i OMBITHOW Ha
372 Kr, 2-01i ONBITHOM — 217 Xr 1 3-1 ONBITHOM — Ha 79 KI.

CrenoBarenbHO, 3a CYET aKTUBU3ALMU (PAKTOPOB PE3UCTEHTHOCTH IIPOU30LLIA
peanu3anys OHOPECYpPCHOTO TOTEHIMAa MOJIOYHOH MPOYKTUBHOCTH KOPOB.

YcraHOBNEHO, YTO JieueHHE KaTapalbHOH (opMmbl MacTtuTta B 1-if m 2-i
OIBITHBIX TPYNIAX, TN¢ MPUMEHSUINCh UMMYHOTPOITHBIE Tpernaparsl Prevention-
N-A-M u Prevention-N-B-S, umena 100 % sddexruBHocts. B 3-if onbiTHON
rpyline, Iae IpUMeHsJICS aHTHOAKTepHaIbHbIA Ipenapar AMOKCULIWIINH, I10CIE
MPOBEJICHHOTO Kypca JICYEHHsI Yy OJHOH KOPOBBI MPOAOIDKAIMCH HaOIIonaTbes
KJIMHAYECKHE POSBICHUS OOJIC3HH.

KopoBsl, 6051bHBIE CEPO3HOM (POPMOI MACTHUTA, BHI3IOPOBEIH BO BCEX OMBITHBIX
rpymmax. OnHako CpoKH BeI3nopoBieHus B 1-i (3,2+0,83 cyt) u 2-# (3,8+0,54 cyT)
OIIBITHBIX I'PYIIIAX, II€ IPUMEHINCh UMMYHOTPOIIHbIE IIpenapatsl Prevention-N-
A-M u Prevention-N-B-S, 0butn xopoue, uem B 3-it (4,6+£0,25 cyt), Ha 1,4 u 0,8
CYTOK COOTBETCTBEHHO.

Tepanusi THOWHO-KarapajdbHOH (POpMBI MacTUTa CXEMaMHU JICYCHUS, MPEIio-
JKCHHBIMH B OIIBITE, OKa3ajach HEJIOCTaTOYHO 3 dekTuBHOU. Tak, B 1-i onbITHON
TpyMIe BbI3TOPOBENO 4 TOJOBBI OONBHBIX KOPOB U3 5, BO 2-i OMBITHON — 3, B
3-i1 onbiTHOH — 3. CremoBaTenbHO, MPUMEHEHHE MMMYHOTPOITHBIX MpPENnaparoB
Prevention-N-A-M u Prevention-N-B-S Hambomnee 1menecooOpasHO W HMEET
Oonbiuii 3 ekt npu Tepanuu CePO3HOro U KaTapaibHOro JOPM MACTHTA KOPOB.

YcTaHOBIEHO, UTO B PE3yAbTATE MPOBEJCHHOTO JIEUEHUS Y BCEX BBI3A0POBEBILINX
KUBOTHBIX Ka4€CTBO MOJIOKa OBLIO BOCCTAHOBIIEHO M COOTBETCTBOBAJIO HOPME.

VYcraHOBIEHO, YTO MHKPOOHMONOTHUYECKHE, OpraHOJICNTHYECKHe, (QU3HKO-
XMMUYECKHE, CIIEKTPOMETPUUYECKUE ITOKA3aTeNl U COACP)KaHHEe aHTHOMOTHKOB B
npobax MOJIOKa KOPOB MTOJONBITHBIX TPYIII COOTBETCTBOBaM TpeboBanusm TP TC
033/2013 «O Ge3zomacHOCTH MoJoOKa u MonodHoi npoxykium» u [OCT 31449-
2013 «Momoko KOpOBBE ChIpo€. TeXHUUIESCKHUE YCIOBUS.

OxoHomMHuueckass A(QQGEKTUBHOCTh NPO(UIAKTHKHA  MacTUTa KOPOB  C
ucnoyb3oBanneM Prevention-N-A-M, Prevention-N-B-S u Mactunosn, coctaBuia
Ha 1 py0. momonHUTENBHEIX 3aTpaT 6,30 pyo., 5,40 u 1,07 pyd. COOTBETCTBEHHO,
a 3QQeKTHBHOCTH JEUSHHS UMMYHOTPOIMHBIMU Tpenaparamu — 1,67 u 0,26 pyO.
COOTBETCTBEHHO.

3akaouenmne
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Pe3ztoMupys BBIIEH3I0KEHHOE, CIIELYET 3aKIIIOUUTh, YTO B XOJI€ HAyYHOT'O OTIbITa
HaMH 3aTpOHyTa mpoOiieMa 3a00JIeBa€MOCTH KOPOB MAacCTHTOM M MPEAJIOKEHBI
COCOOBI MOBBHILEHHUS 3()(HPEKTHBHOCTH MOJIOYHOTO CKOTOBOJICTBA 33 CUET BHEIPEHUS
9KOJIOTHYECKH 0€30MacHBIX MMMYHOTPONHBIX HpemnaparoB Prevention-N-A-M u
Prevention-N-B-S, cmocoOcTByonmx npoQuiakTHKe 1 JICYCHUIO MACTHTa KOPOB,
MOBBIILICHUIO TPOAYKTUBHBIX M BOCHPOHM3BOAUTEIBHBIX Kau€CTB YEPHO-TIECTPOTO
CKOTa B YCJIOBHAX WHTCHCHUBHOH TEXHOJOTUH IMPOU3BOACTBA MOJIOKAa Ha (oHE
aKTHBH3ALUKN TEMOI033a, METa0OIM3Ma, KIETOUYHBIX M TYMOPaJbHBIX (haKTOpOB
HeceunpUUecKoi pe3UCTEHTHOCTH OPTaHU3Ma.
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Abstract. Modern industry, using land resources suitable for the needs of
agriculture and recreation, leads to land number reduction and soil cover degradation.
For instance, the growing volumes of metal ores open-pit mining by enterprises of
the Kostanay region leads to an increase in the waste rock dumps formation, leading
to a violation of the surrounding natural ecosystem, its significant transformation.
The object of this study is natural and man-made ecosystems in the territory
where large mining enterprises of the Kostanay region are located and operate, the
subject of study is plant communities in this territory. As part of our field research
on the Sokolovsko-Sarbai Mining and Processing Production Association JSC
and Kachary Ruda JSC dump sites, more than 60 geobotanical descriptions were
compiled. At various points, plant communities were found at different succession
stages: pioneer groupings, group thicket community, complex groupings. Vegetation
growth conditions depend on form, topography, filling methods, physicochemical
characteristics, affecting life of organisms and self-overgrowth potential suitability,
biogeocinoses restoration. Natural conditions, rate of self-overgrowth, diversity of
types of man-made landscapes consideration will make it possible to select the
optimal methods and techniques for disturbed areas reclamation. All countries
with large mining industries by now recognized the importance of environment
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protection, passed laws regulating mining and metallurgical industries with regard
to pollution. This step made it possible to solve environmental problems at a new,
higher quality legal level.

Keywords: succession, iron ore deposit dump, plant overgrowth, technogenic
landscape, technogenic ecotopes, pioneer group, group thicket community, complex
phytocenosis
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AHHOTAmuUsA. AybUl IIApyallbUIBIFBI MEH peKpeanus KaXeTTUTKTepiHe
’KapamJibl JKep pecypcTapblH IMaiJajaHa OTBIPHIN, Ka3ipri 3aMaHFbl ©HEPKACIIl
OJIapZbIH CAaHBIH a3aiTyFa jKOHE JKep KAMBUIFBICHIHBIH JETPaJalMsAChIHA BIKIAI
erexni. Conaif, MmaocesneH, Kocranaii 001bICE K9CIHOPBIHAAPBIHBIH METAJT KeHAEPiH
alIBIK OHJIPY KOJEMiHIH YJIFalobl OOC Tay KBIHBICTAPBIHBIH YHIHIUIEPiHIH
naija OONYBIHBIH YIJIFAIOBIHA AJBIN Kelledi, Oyl KOpIIaFaH TaOWFU 3KOXKYHEHIH
OY3BUTyBIHA XOHE OHBIH €Jieylli TpaHc(OpMalusChiHA oKeleni. byn 3eprreymig
o0bekTici KocTaHail 00BICBIHBIH ipi Tay-KeH OHAIPY KOCITOPHIHIAPEI OpHATACKaH
YKOHE )KYMBIC 1CTEHTIH ayMaKTaFbl TaOUFH KOHE TEXHOTEHJIIK IKOXKYHenep OObII
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TaOBIIaIbI, a1 3ePTTEY HBICAHACKHI OCHI ayMaKTaFbl OCIMIIIKTEP HBIIIAHbI 00 kL. bi3
XKYPpri3reH nananbslk 3eprreyiep menoepinne "Coxonos-Capplibaii Tay-KeH OalbITY
enpipictik Oipnectiri" AK men "Kamap pyna" AK yiinaginepinge 60-taH actam
reo00TaHNKAIIBIK CHIIaTTaMa kacalibl. Op TYPIi HYKTeJIep/e CyKIe CCHSTHBIH OPTY Pl
Ke3eHACPiH/Ie OCIMIIIKTEp HBITIaHBI TAOBUIIEI: [IHOHEP TONTAaPhI, TONMTHIK-KOTIAIBIK
KayBIM/IACTBIKTAp JKOHE KYpJENi TONTACTHIpY. OCIMIIKTEPIiH ecy >Karmaimapsl
(dopmaceiHa, penbediHe, ceOiny oficTepiHe, (U3UKANBIK JKOHE XUMISUIBIK
cUmaTTaMayiapblHa OaiaHbICThl, Oy Tipi OpraHU3MIEPAIH TIPLIUTIK OpeKeTiHe
JKapaMIbUTBIFbIHA JKOHE O3JIrHEH 6Cy oJIeyeTiHe, OMOreOnnHO3AapIbl KaJlbIHA
KenTipyre ocep eremi. Tabwru Karmainmapisl, e3iH-631 ©cipy >KbUIIaMIIBIFBIH,
TEXHOTCHAIK JaHAma(TTapaAbIH adyaH TYPJIUITiH eCKepy OY3BUIFaH ayMaKTapIIbl
KaJITIIHA KeNTIPY/AiH OHTAMIIBI 9/1icTepi MEH 9MIiCTEPiH TaHJayFa MyMKIHIIK Oepeti.
Ipi Tay-keH eHepkaciOi Oap GapIbIK enaep OChl yaKbITKa ACHiH KopIaraH OpTaHbl
KOpFaylIbIH MaHbI3IbIIBIFBIH MOWBIHA/IBI KOHE JIACTAHYFa KATBICTHI Tay-KEH KOHE
METaJLTypIrusi OHEPKaCiOiH PeTTEHTIH 3aHAap KaObUIIaabl. Byt Kagam 3KoIoTUsIIbIK
MoceTenepl )KaHa JKoHe canaibl KYKBIKTHIK JCHTEH e enTyre MyMKIHIIK Oep/Ii.

Tyiiin ce3aep: cykueccus, TeMip pyaa YHIHIICI, ©3iTHHEH ©CY, TEXHOTEH/IIK
nmaHAmadT, TEXHOTeHAIK »JKoTonmTap, I[lMoHep TomTapel, TOMTHIK-KOMAIBIK
KaybIMIACTBIKTap, KypAeni (PUTOLICHO3

© E.A. Cumanuyk'*, I.)K. Cyaranrasuna', A.H. Kynpusinos?, 2023
'KocraHaiickuii perHOHaJIbHBINA YHUBEPCHTET UMEHH A.BalTypchIHOBA,
Kocranait, Kazaxcramn;

?Kysbacckuii 6oTannueckuii ca, deaepanbHblil HCCIIEI0BATEIbCKUAN
uentp Yoia u yrexumun CO PAH, Kemeposo, Poccust.
E-mail: simyeandr.ksu@mail.ru

ECTECTBEHHOE 3APACTAHUE OTBAJIOB ITPEITPUSITHIA
T'OPHOJOBBIBAIOIIEN MPOMBIINIJIEHHOCTH KOCTAHAMCKON
OBJIACTH

Cumanuyk Ejena AnapeeBHa — Maructp eCTeCTBEHHbIX HayK. KocraHaickuii pernoHajbHbIN
yHuBepcuteT uMeHU A.Balitypceinosa. Kadenpa 6nonorun, sxonorun u xumun. 110000. Kocranai,
Kazaxcran

E-mail: simyeandr.ksu@mail.ru. ORCID: 0000-0002-4242-9636;

Cyaranrasuna ['yabHap KanemoBHa — xanmumar Ouojorndyeckux Hayk. KocTaHalckuii
pernoHaNbHEIA yHUBepcuTeT nMeHHu A.BaiitypceinoBa. Kadenpa Onomorum, SKoIOTHH M XHMHU.
110000. Kocranaii, Kazaxcran

E-mail: gul_sultan@mail.ru. ORCID: 0000-0002-4160-7090;

Kynpusinos Annpeii HukosraeBnu — noxrop Gnonornueckux Hayk. Kys0acckuii GoTaHMYeCKuid
can, DenepanbHblii HccaenoBaresbekuil HeHTp Yot u ymiexumun CO PAH, 650065. Kemeposo,
Peceit

E-mail: kupr-42@yandex.ru. ORCID: 0000-0001-2129-3497.

AHHOTa].lI/Iﬂ. COBpeMeHHaH IIPOMBIINIJIECHHOCTD, UCIIOJIb3Yys 3€MCIIBHBIC PECYP-
Cbl, NPUIrOAHBIC JISI HYXKA CCIbBCKOTO XO3SIiCTBA H peKpeanuu, CHOCO6CTByeT

84


mailto:simyeandr.ksu@mail.ru
mailto:simyeandr.ksu@mail.ru
mailto:gul_sultan@mail.ru
mailto:kupr-42@yandex.ru

Reports of the Academy of Sciences of the Republic of Kazakhstan

COKpAIIICHHIO UX KOJIMYECTBA U JIeTpaiallii MOYBEHHOTO MTOKpoBa. Tak, Hampumep,
HapacTaronfe 00beMbl OTKPHITON AOOBIYH METAJUIMYECKUX Py MPEenNpUITUIMA
Kocranaiickoii 001acTi BeJeT K yBEJIMUYESHUIO 00pa30BaHMUs OTBAJIOB MYCTHIX MOPOJ,
YTO MPUBOANT K HAPYIIEHUIO COCTOSHUS OKPYKAIOIIEH €CTECTBEHHON HKOCHCTEMBI
U ee cyniecTBeHHOH Tpancdopmannu. OOBEKTOM JaHHOTO UCCIICJOBAHUS SBIISIFOTCS
€CTECTBEHHBIE U TEXHOT€HHBIE SKOCUCTEMEI Ha TEPPUTOPHH, TII€ PACTIONOKEHBI U
JEHCTBYIOT KpyITHBIC TOPHOAOORIBarOIIHE peAnpuaTus Kocranackoit 061acTu, B
TO BpeMs KakK MPEeAMETOM H3YUEHHsI CTaIN PacTUTENbHBIE COO0IIecTBa Ha JaHHON
TeppuTOpHH. B paMKax MpOBENEHHBIX HAMH IOJIEBBIX FICCIENOBAHUNA Ha OTBaJlaX
AO  «Coxkosnocko-Cap0alickoe  TOpHO-00O0TaTUTENILHOE  MPOU3BOJCTBEHHOE
oopenuaenne» u AO «Kaugapsl pynay» Ob110 cocTaBieHo 6oiee 60 reo60TaHIIECKAX
onucannii. Ha pa3iuyHbIX TOukax OBLTH OOHAPYKEHBI pacTUTEIbHBIC CO00IIecTBa
Ha pa3HBIX 3Tanax CyKIECCHU: MHMOHEPHBIE IPYNIUPOBKH, IPYIIIOBO-3apOCIEBBIE
COO0O0IIECTBa U CIOKHASA TPYIITUPOBKA. YCIOBHS MPOU3PACTAHUS PACTUTEIHHOCTH
3aBUCAT OT (opMbI, penbeda, CHOCOOOB OTCHIMKU, (PHUIMKO-XUMHUYECKUX
XapaKTepUCTHK, YTO BIHMSET Ha MPUTOJHOCTH UIS JKU3HEIESATENFHOCTH JKHUBBIX
OpPTaHM3MOB U TIOTCHIMAJa CaMo3apacTaHusi, BOCCTAHOBICHHS OHMOTE€OLMHO30B.
Y4er ecTecTBEeHHBIX YCIIOBHM, CKOPOCTH CaMO3apacTaHHs, pa3HOOOpas3us BUIOB
TEXHOTE€HHBIX JIAHAMA(TOB MTO3BOJIUT OA0OPATh ONTHMAaJIbHBIE METOIBI M TEXHUKH
PEKyIbTUBAllMM HApPYUIEHHBIX TeppuTOopuil. Bce cTpaHbl, nMmeroniye KpymHYyO
TOPHOMOOBIBAIOIIYIO TMPOMBIIIUIEHHOCTh, K HACTOANIEMY BpEMEHH MpH3HAIN
BaXHOCTh 3aIlIUTHl OKPY)KAIOIIEH Cpenbl, U MPUHSIIM 3aKOHBI, PEryaupyrolye
TOPHOMOOBIBAIOIIYI0 M METALIYPTUYECKYI0 MPOMBIIUIEHHOCTh B OTHOIICHUU
3arpsi3sHEHHs. JTOT IIar MO3BOJIMI PEIIaTh SKOJIOTHYECKHE MPOoOIeMbl Ha HOBOM,
OoJiee KaueCTBEHHOM IOPUANYECKOM YPOBHE.

KuaioueBble cJjioBa: CyKieccus, J>KEIEe30pPYIHBIA OTBajl, camMo3apacTaHHe,
TEXHOTCHHBIH JaHAmadT, TEXHOTCHHBIE O3KOTOIBI, MUOHEPHBIC TPYMITUPOBKH,
TPyTIIOBO-3apOCIIEBbIE COOOIECTBA, CIOKHBIN (PUTOIICHO3

Introduction

Preservationofbiodiversity and environmental protection are extremely important
strategic directions for the development of New Kazakhstan. During the years of
independence, a number of normative acts in the field of environmental protection
and rational nature management were adopted: “The Concept of Ecological Safety
of the Republic of Kazakhstan” (1996), “On Environmental Protection” (1997),
“On Specially Protected Territories” (1997), “National strategic action plan for the
conservation of biodiversity” (2010), “Concept for the conservation and sustainable
use of biological diversity of the Republic of Kazakhstan until 2030 (2015),
“Environmental Code of the Republic of Kazakhstan” (2021).

The Convention on Biological Diversity (1994) was also ratified.

Conservation of the biodiversity of animal and plant species, communities
and ecosystems is an integral part of the Concept of Humanity's Transition to the
Principles of Sustainable Development. Within the framework of this problem, it is
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recognized that the protection of life on Earth is not a narrow task of certain groups
and circles, it is the task of all mankind and, at the same time, a condition for its
survival on the planet.

To implement the Concept and achieve its goals, an Action Plan for 2016—
2020, 2021-2025 has been developed. and 20262030, which is adjusted as
the environmental and socio-economic situation in the republic changes, new
more promising technologies and methods of work appear, additional funding
opportunities for the proposed projects (Concept, 2015).

And one of the tasks of the National project “Zhasyl Kazakhstan” is the “Green”
economy and environmental protection” (2021). In all of the above documents,
special attention, along with general issues of ecology and nature management, is
paid to the state of anthropogenically disturbed territories of Kazakhstan.

Let us note the fact that modern industry, using land resources suitable for
agriculture and recreation, helps to reduce their number and degradation of the soil
cover.

For example, the growing volumes of open-pit mining of metal ores by enterprises
of the Kostanay region leads to an increase in the formation of waste rock dumps,
which leads to a violation of the state of the surrounding natural ecosystem and its
significant transformation.

According to the “Sixth National Report of the Republic of Kazakhstan on
Biological Diversity” (2018), Kostanay region ranks third in terms of the largest
number of disturbed lands (or so-called man-made landscapes) in the Republic of
Kazakhstan (Sixth National Report, 2018).

Itis undeniable that dump-quarry landscapes are a vivid example of a technogenic
landscape (Manakov, 2012).

It should be noted that a feature of the technogenic landscape formed as a result
of active human production activity is the complete change or destruction of all the
constituent parts of the natural landscape: its geological basis, relief, soil cover,
vegetation cover, fauna, hydrological and geochemical regime (Sultangazina et al.,
2022).

Research materials and methods

The object of this study is natural and man-made ecosystems (landscapes,
soils and soils, vegetation) in the territory where large mining enterprises of the
Kostanay region are located and operate, while plant communities in this territory
have become the subject of study.

The research methodology was based on the works of such scientists as
Kupriyanov A.N. (2010, 2017), Manakov Yu.A. (2011, 2017), Konysbayeva D.T.
(2003), Androkhanov V.A. (2000), Dolgopolova N.V. (2020), Sdnchez L.E. (2014),
Jancura P. (2003), Schaller F. (2000), Kuter N. (2013), etc.

In accordance with the goal, objectives, general logic and procedure of research,
it is advisable to use the following system of methods, which includes general
scientific methods such as analysis, synthesis, generalization, induction, deduction,
classification, literature review and special methods, among which it is necessary
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to highlight collection of plants, herbarization, geobotanical description, parcel
method, route-expedition method, soil sampling, general agrochemical analysis of
soils, comparative analysis.

The route-expeditionary reconnaissance research method was used to study the
flora of technogenic ecotopes. Trial plots of 100 m? in size were laid for the study.
A total of 63 geobotanical descriptions were compiled.

Results

Let's consider a number of facts within the scope of the ongoing research, in
relation to our localization:

1) on the territory of the Kostanay region there are two large enterprises for
the extraction of iron ore: Sokolovsko-Sarbai Mining and Processing Production
Association JSC and Kachary Ruda JSC;

2) these enterprises together produce more than 40 million tons of iron ore per
year;

3) the development of ore deposits is carried out at the Sokolovsky, Sarbaisky,
and Kacharsky open pits, while deep rocks are taken to dumps, on parts of which
vegetation is restored naturally, without human intervention (SSGPO).

The study of the patterns of formation of vegetation cover in the territory of these
dumps, the analysis of soil changes closely related to it in dump-quarry landscapes
are necessary to understand the degree of influence of anthropogenic activity on the
natural environment, and will also allow us to study the initial stages of restoration
of various components of the technogenic landscape in a deeply disturbed area.

As part of our field research on the dumps of SSGPO JSC and Kachary Ruda
JSC, more than 60 geobotanical descriptions were compiled.

Atvarious points, plant communities were found at different stages of succession:

1) pioneer groups. Settlement of plants occurs in the initial phase of reductive
succession on a primary exposed substrate, for example, on fresh river sediments,
in areas freed from a glacier or flooded with cooled lava flows, etc. This process
can be observed most clearly and on a large scale on the surface of overburden
rock dumps during the development of mineral deposits. The low projective cover
is characteristic - 10-15%. Plants are placed singly and scattered. The participation
of zonal flora species is insignificant. These communities V. V. Alekhin proposed to
call pioneer communities (Manakov et al., 2011):

CP-1 - CP-5. Age 2 years, ferruginous limestones. N 53.03741° W63.03858°

CP-43 - CP-47. Age 5 years, almost unsalted dump. N 53.39785° W62.83218°

CP-48 - CP-52. Age 5 years, almost unsalted dump (Fig.1). N 53.39189°
W62.84621°
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Fig. 1. Dump 5 years old, “Kachary Ruda” JSC, May 19, 2022

2) group thicket community. At this stage, the vegetation cover is not yet
completely closed, but there is already a mutual influence of plants. The projective
cover usually exceeds 15%. There is a dominance of species with a wide ecological
amplitude (Manakov et al., 2011):

CP-6 - CP-10. Age 17-20 years, sandy loamy embryozem with limestones.
N52.97550° W63.17100°

CP-11 - CP-15. Age 5-7 years, limestone (Fig. 2). N53.03741° W63.03858°

CP-27 - CP-32. 2008-2010, heavily saline sandy loam and light loam, finely
hummocky surface. N53.00684° W63.08175°

CP-33 — CP-37. Salted sandy loam, light loam. N53.41052° W62.89147°

CP-38 — CP-42. Salted sandy loam, light loam. N53.40953° W62.88783°

Fig. 2. Blade 5-7 years old, SSGPO JSC, May 18, 2022

3) complex grouping. Signs of this stage: variable species composition, the
community is not closed, the species in the community are not distributed diffusely,
tiers are outlined, the mutual influence of plants is even more noticeable. The final
stage of a closed phytocenosis is characterized by an extremely difficult penetration
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of new species into it. The projective cover is more than 30 % (Manakov et al.,
2011):

CP-53 - CP-57. 1986, sparse birch forest, highly saline soil, saline (salt march)
conditions, loose sandstone (Fig. 3). N53.39877° W62.87352°

CP-58 — CP-63. 2008, sparse birch forest, loose sandstone. N53.41433°
W62.85255°

Fig. 3. Dump in 1986, sparse birch forest, highly saline soil, Kachary Ruda JSC, May 19, 2022

CP-16 — CP-20. Age about 40 years, sandy loamy embryozem with limestones,
natural aspen-birch plantations (Fig.4). A shallow sod steppe is being formed.
N52.97571° W63.17021°

CP-21 — CP-26. Age about 40 years, rocky limestones, sandstones. Birch-aspen
forest, fullness 05, 8B2As. N53.03007° W63.04792°

Fig. 4. Dump 40 years old, birch-aspen forest, SSGPO JSC, May 18, 2022

5) control. As a control, a site was chosen in the vicinity of the village of Kachar,
near the dumps, represented by a meadow community with bald patches of solonetz
on the outskirts of birch natural plantations:

CP-64-68 — slightly saline meadow (Fig. 5). N53.32635° W62.83448°
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Fig. 5. Salt meadow, Kachary village, May 19, 2022

Discussion

It is noteworthy that the consequences of the anthropogenic load (including the
formation of man-made landscapes as a result of quarrying) on the environment
have been considered by scientists from various countries over a long period of
time.

In the course of a number of studies local hydrological conditions, air pollution
with gases and dust, pollution of water, flora and fauna with toxic substances. These
researchers also note that the agricultural industry also suffered significant losses.
For example, significant areas were taken out of circulation for many years, and
the productivity of adjacent lands decreased due to drought and various pollutants
(Konysbayeva, 2003; Makhnev et al., 2010; Manakov et al. 2011; Kuprijanov et
al., 2021).

It should be noted that the territories considered in the course of this study
are characterized by low biological productivity and specific biophysical and
biochemical properties.

So, for example, the movement of rocks during the extraction of minerals
(ferrous and non-ferrous metals, coal, asbestos, etc.) in a quarry way leads to the
fact that biologically sterile deep rocks appear on the surface.

In addition, there is a pronounced violation of biogeochemical cycles, including
the formation of vegetation cover, as a result of which dangerous phenomena arise:
dust emissions, water and wind erosion, subsidence and landslides.

Undoubtedly, some territories are capable of self-restoration through natural
overgrowth.

When considering natural overgrowing, the speed of this process, the
composition of phytocenoses and the consequences for the environment require a
thorough study.

Let us dwell on a number of basic provisions that require consideration:

1) it has been established that the substrates formed during quarrying do not
correspond to zonal and introsanal soils, which naturally should lead to the formation
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of new plant communities, the emergence of new species uncharacteristic for these
territories;

2) new ecological niches are formed under special ecological conditions;

3) conditions uncharacteristic for the steppe zone (including relief changes) lead
to the elision of individual plant species, as well as to ecesis by migrant species
(Manakov et al., 2011).

It should also be noted that the study of the natural overgrowth of technogenic
landscapes is an intermediate stage in the search for ways to restore biogenocenoses.

A fairly common method of ecological rehabilitation of technogenic geosystems
is the allocation of part of the recultivated lands for self-overgrowing after the
implementation of the technical stage of reclamation.

This method is fully justified in the case of exposure of technogenic substrates
with favorable edaphic properties.

However, often, due to difficulties of a technical or economic nature, dumps
of rocks of a very variegated lithological composition, including those with rather
unfavorable edaphic and soil-forming properties, are assigned for self-overgrowing
(Goleusov, 2004).

In any case, in all newly formed ecotopes of technogenic landscapes, the
processes of natural reproduction of geosystem components are “switched on” -
renaturation processes. The most important of them is the reproduction of soils
(Goleusov, 2004).

Note that the existence of technogenic landscapes depends on technological and
natural landscape-forming factors (Manakov et al. 2011).

Technological factors affect the landscape at the stage of machine formation
of a microrelief with the suppression of natural factors by working equipment
(Manakov, 2012).

Natural factors come into play at the post-technogenic stage, during which the
self-development of the technogenic landscape begins, which is characterized by a
high successional dynamics of natural complexes (Manakov, 2012).

The transformation of this landscape is determined by natural conditions, such as
climate, properties of soils and rocks, neighboring phytocenoses, and technogenic
conditions, among which are the method and system of mining (Manakov et al.
2011).

The overgrowth of overburden dumps is described according to the theory
of succession. The formation of vegetation cover on disturbed lands proceeds
according to the type of syngenesis (Conradin et al., 2010; Manakov, 2012; Raevel
et al., 2012; Chang et al., 2019).

Many specialists like Kupriyanov A.N., Manakov Yu.A., Tashev A.N.,
Menshchikov S.L. of industrial botany used the scheme of L.G. Shennikov (1964).
He identifies three main stages:

1) a pioneer group in which there are no significant relationships between plants;

2) a group-thicket community, where more definite relationships between plants
appear, but the nature of the distribution of communities is fragmentary;
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3) a diffuse community, where the relationship between plants becomes mixed,
and the patterns of distribution of individual species correspond to the level of
competition that occurs between the elements of the community (Manakov et al.,
2011).

Successions that begin with the appearance of plants in an open area devoid
of vegetation and fertile soil are called primary succession. Primary succession
consists of two stages: the formation of a phytocenosis, the replacement of one
formed phytocenosis with another (Manakov et al., 2011).

Studies of the 1970s of the last century showed that in the conditions of the dry
steppe zone of the Kostanay region, self-overgrowing of dumps of open pit mines
is extremely slow. So, by the beginning of the second decade after the end of the
dumping of soils, sparse and unproductive groups are formed on the dumps, which,
according to phytocenotic indicators, correspond to the initial stages of syngenetic
successions. They believe that the biological reclamation of dumps is the only real
opportunity to return the lost fertility and economic value to the lands occupied by
dumps in a relatively short time (Terekhova et al., 1974).

These conclusions were confirmed in the course of furtherresearch (Konysbayeva,
2003).

However, it should be noted that over the past years, the floristic composition
of dumps has changed dramatically, mounds of new deep rocks with different
agrochemical properties have formed, new technological solutions and opportunities
have appeared, and global and local climate changes have occurred.

Thus, according to a study by scientists from the Energy Research Center of
the Norwegian Institute of Foreign Affairs (NUPI) and the Oslo-based Center for
International Climate Research CICERO, the increase in temperatures in Central
Asia is ahead of the global average, which leads to an accelerated aggravation
of various problems, including melting glaciers, destabilization river runoff and
increased aridity. In turn, such environmental changes can have profound social and
economic consequences: undermine agricultural production, generate destabilizing
migration from rural areas to urban centers, and exacerbate interstate competition
for dwindling resources (Tairov et al., 2020).

Every 10 years between 1983 and 2019 the average annual temperature on
the territory of Kazakhstan increased by 0.26 ° C, which in a sharply continental
climate leads to meteorological and hydrological drought, including in the steppe
zone of the northern part of the country. In Kazakhstan, the days of atmospheric
droughts for the period 1930-1965 were 55 days, and in recent years their duration
has reached 89 or more days. Drought has an extremely negative effect on the
processes of natural overgrowing of disturbed lands, the surface of which is devoid
of a fertile layer and is subject to wind erosion, which complicates the rooting and
development of plant communities (Lipiec et al., 2013; Zhang et al., 2018; Tairov
et al., 2020; Karatayev et al., 2021; KazhydroMet).

In this regard, the study of the patterns of natural overgrowth of dumps of mining
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enterprises will allow us to establish the speed and degree of their overgrowth in the
conditions of the Kostanay region.

Conclusion

As a result of the study, a number of important conclusions can be drawn.

The conditions for the growth of vegetation depend on the form, topography,
methods of filling, physicochemical characteristics, which affect the suitability for
the life of living organisms and the potential for self-overgrowth, restoration of
biogeocinoses.

The demand for the study of climatic features is determined by the need to take
into account the importance of fluctuations in the average daily air temperature
during the growing season; precipitation distribution, because a feature of rock
dumps composed of stony substrates is that their surface is characterized by failure
water permeability. Also, the lack of litter and vegetation cover leads to rapid
evaporation of moisture from the surface. "Ivanov's moisture coefficient" in the
conditions of technogenic landscapes, including dumps, shifts to a more arid zone,
this feature must be taken into account when working in the subarid zone of the
Kostanay region. Insufficient moisture supply hinders the normal growth of plants,
limits the production of organic matter and the decomposition of its dead part,
which leads to a decrease in the intensity and capacity of the biogeochemical cycle
(Konysbaeva, 2003; Manakov, 2012; Kuprijanov, 2021).

Taking into account natural conditions, the rate of self-overgrowth, and the
diversity of types of man-made landscapes will make it possible to select the
optimal methods and techniques for reclamation of disturbed areas.

All countries with large mining industries have by now recognized the
importance of protecting the environment, and have passed laws regulating mining
and metallurgical industries with regard to pollution. This step made it possible to
solve environmental problems at a new, higher quality legal level (Makhnev et al.,
2010; Konysbaeva, 2003).

Restoration of contaminated lands requires the development of new methods
of partial and complete biological reclamation. Significant progress in this area
has been achieved in the United Kingdom of Great Britain and Northern Ireland,
Australia, Bulgaria, Germany, Hungary, Poland, and the USA. It is noteworthy that
independent developments by specialists from different countries lead to the same
results (Makhnev et al., 2010; Konysbaeva, 2003).

In the future, it is planned to continue work on the dumps, compiling geobotanical
descriptions on the same coordinates to compare the results, herbarization of
previously unidentified species. Further, after analyzing the patterns of formation of
the vegetation cover of dumps at different stages of syngenesis, recommendations
will be drawn up for the restoration of biodiversity by effective scientifically based
methods for the mining enterprises of the Kostanay region, on the territory of which
the research was carried out.
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Abstract. The mechanisms responsible for cognition of fullerenes are still open
questions. Like other methods, arc discharge has well known parameters, such as
the type of ambient gas and its pressure. It is well known that fullerene formation
mechanisms are suitable for helium pressures of 100 torrents. Both above and
below this pressure there is a profound reduction in fullerene content. Arc melting
produces nanotubes containing slag-like deposits on the cathode. In contrast to
fullerene reduction under helium pressure below 100 Torr, the soot obtained by
cathodic precipitation extraction has a higher fullerene content, indicating a change
in the reaction pathway. Today, carbon nanomaterials are of interest to scientists
around the world because of their exceptional electrical, thermal, chemical, and
mechanical properties, and find applications in areas such as composites, energy
storage and conversion, sensors, drug delivery, field emission devices, and nanoscale
electronic elements, so developing low-cost synthesis methods and separating
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them is very relevant. Carbon nanomaterials are widely used in commercial
products. The enormous number of scientific publications aimed at the study of
carbon nanomaterials, particularly fullerenes, far exceeds the share of other areas
of nanotechnology. Carbon nanotechnology has received considerable attention,
excited by the discovery of fullerenes, followed by carbon nanotubes and of course
the most recent addition to the carbon family, graphene. The object of the study
are carbon nanostructures, in particular fullerenes and their production methods.
In this work, carbon black containing fullerene was obtained by arc melting in an
inert helium environment. The process consists of several stages: purification of
graphite electrodes by heat treatment at 600°C in a vacuum environment, synthesis
of fullerene-containing carbon black using pre-cleaned graphite electrodes in
helium by arc fusion, separation of fullerene from the synthesis products. Fullerene
separation was performed in a Soxhlet apparatus using benzene vapor condensed in
an annular flow. The separated fullerenes were evaporated, forming solid crystals
called fullerites.

Keywords: fullerene, arc discharge, cathodic deposition, nanotube, nanostru-
cture, gas phases
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Annotauus. Dymiepennepnin OuLTIMIHE >kayam OepeTiH MeXaHWU3MIEP ol
KYHTE JIeHiH ambIK cypakTap OoJbIN TadbuIagpl. backa omicTep CHSKTHI, JOFABIK
pasps KOpIIaraH Ta3lblH TYPi )KOHE OHBIH KbICHIMBI CHSIKTHI aKChl TaHBUIFaH
mapameTpiepre ue. ymrepeHaepAid Ty3ury Mexaaumaepi renuiiaiy 100 Toppent
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KBICBIMBIHA KOJIAHJIBI eKeHAIT1 sKanmbiFa 0enriii. Ochl KbICBIMHAH KOFaphl 1a, TOMEH
ne dymiepeHHIH TepeH ToMeHeyl Oaikamansl. JloFanbIk cHHTE3 Ke3iHe KaToaTa
HaHOTYTIKIIIENep makaa 00Jamel, oapIblH KYpaMbIHIA MUIAK TOPI3/i MIeTIHAUIEp
Oonael. OymiepeHHiH renuii KbIcbIMbIHBIH 100 ToppeciHeH TOMEH TOMEH/ICYiHeH
alBIPMAIIBUIBIFBI, KATOATHI HIOT1H IIICP Il KaJblHa KEeATIPY HOTHIKECIH/IC aJIbIHFaH
Kyiie peakius >KOJBIHBIH ©3repyiH KepceTeTiH (y/UIepeHHIH >KOFapbl KYpaMbIHA
ve Oommel. ByriHri KyHI KeMipTeKTI HaHOMarepwalaap epeKie OSIEKTPIiK,
KBUTYIIBIK, XUMHSUIBIK )KOHE MEXaHUKAIIBIK KACHETTEepiHe OaillaHBICTBI OYKLI oJieM
FaJIBIMIAPBIH KBI3BIKTHIPAJIbI JKOHE KOMITIO3UTTIK MaTepHasiap, JHEPTHIHbI CaKTay
KOHE TYPJCHIIPY, CEHCOpIap, AdPi-A9PMEKTEP/l KETKI3Y, JaNaiblK 3MUCCHUSIIBIK
KYpPBUIFbIIAp JKOHE HAHOKOJIEM CHSKTHI cajaiapia KOJAaHbIaIbl. DIEKTPOHIBI
Kypamaac Oemnikrep. COHABIKTaH ap3aH CHUHTE3 SMICTEpiH XKacay >KOHE OJapibl
Oesty eTe MaHbI3Ibl. KeMipTekTi HaHOMaTepHanaap KOMMEPLUSUIBIK ©HiMaeple
KCHIHCH KOJIaHbUTanbl. KeMipTekTi HaHOMaTepHa mapabl, aram aWTKaHma
(bynnepenaepai 3eprreyre OarbITTANFaH KONTETeH FBUIBIMH JKapHsIaHbIMAAP
HAHOTEXHOJIOTHSIHBIH ~ 0acka cajalapblHBIH  YJIGCIHEH  oJjeKaiina  achin
tyceni. Kemiprekri HaHoTexHOnorusira QymuepeHnep, ogaH KeWiH KOMIPTEKTi
HAHOTYTIKTEp JKOHE OpHHE KeMipTeri oTOachblHa €H COHFBI KOCBUIFaH rpad)eHHIH
ampuTysl ceben OOJFaH YIIKEH Haszap aydapbULabl. 3epTTey OOBeKTici OoibIn
KOMIPTEKTI HAaHOKYPBUIBIMIAp, aTal auTKaH#a QyuiepeHaep >KoHE OolapAnl amy
omictepi TaObLIambl. Bysl *KyMbIcTa MHEPTTI T'eJIUH OPTAChIHIA JOFAJbIK CHHTE3
omiciMeH (yiuiepeH KypaMsl Kyiie anbiHabl. [Ipouecc, OipHele sTantaH TYpaibl:
rpaduT amexTpoaTapeiH BakyyMIblK opraga 600°C Temmneparypaia TEPMUSUIBIK
OHJICY apKbUIbl Ta3apTy, HOFAJIbIK CHHTE3 diCiMEH Iesiuii OpTachlHAa, aJIJbIH aja
TazapThUIFaH rpaduT 3MMEKTPOATApHIH NaiganaHa OTBHIPHI, (QyUIEpeH KypamIbl
KYHeH1 cuHTe37ey, CHHTEe3 oHiMaepiHeH dymiepenai 6emin any. ymrepensi Oemimn
aJlly CakMHaJbl arblHMEH KOHJCHCAlMsIaHraH OeH30/1 OylapbIHbIH KeMeriMeH
Cokcrier anmaparbiH/ia )Ky3ere acTel. beninren Qymnnepenep OynaHbII, QyaIepUT
JIeTI aTajaThlH KaTThl KpUCTaAap naiina 0okl

Tyiiinai cesnep: dymepeH, gora pa3panbl, KaTOATH TYHIBIPY, HAHOTpYOKa,
HaHOKYPBUIBIM, a3 (hazacsl
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AHHOTanus. MexaHu3Mbl, OTBETCTBEHHBIE 32 MO3HAHUE (yIIEPEHOB, 10 CUX
IOp OCTAIOTCS OTKPBITHIMHU BollpocaMu. Kak W Apyrue MeTonsl, AyroBOW paspsi
HMMEET XOPOILO U3BECTHBIE MAPAMETPHI, TAKHE KaK THII OKPY’KAIOIIETO ra3a U ero
naBiieHue. XOpOIIo U3BECTHO, YTO MEXaHN3MbI 00pa30BaHUA (DyIIEPEHOB OAXOAAT
quia nasnenus reaus B 100 toppentoB. Kax Belle, Tak M HUXKE 3TOTO JaBJICHUS
IIPOMCXOOUT IIyOOKOe YyMeHblIeHue copepkanus o¢ymuiepeHa. Ilpu myrosoit
IUIaBKE Ha Karoje oOpasyloTcss HAHOTPYOKH, coaepiKalue IUIaKooOpas3HbIe
oTNIOXKeHus. B oTiamume ot BoccTaHOBIECHUS (y/uIepeHa MO AAaBICHUEM Telust
umwxke 100 Topp, caxa, momydeHHas MPH H3BICYEHUH METOJOM KaTOJHOTO
OCaXX/ICHUsI, UMEET Oojiee BBICOKOE couepkaHue (QyiiepeHa, 4To yKa3blBaeT Ha
W3MEHEHHUE MyTH peakuuu. Ha ceronHsmHuii AeHb yIIepoAHbIe HaHOMAaTEPHAIIbI
MPEACTABISIOT HHTEPEC YUCHBIX BCETO MUpa, Oaroaapsi CBOMM HCKIFOYUTENbHBIM
JNMEKTPUUECKUM, TEPMHUYECKUM, XHMHUYECKUM U MEXaHHYECKUM CBOWCTBaM,
W HaXOOSAT TPUMEHEHHE B TaKHX O0NacTAX, KaKk KOMIIO3HTHBIE MaTepHallbl,
aKKyMyJIMPOBaHHE M NPeoOpa3OBaHUE JHEPIUH, CEHCOPBI, JOCTaBKa JIEKAPCTB,
MOJIEBBIE YMUCCHOHHBIE YCTPOHCTBA M HAaHOpPA3MEPHBIE JIEKTPOHHBIE JIEMEHTHI,
MO3TOMY pa3padoTKa HU3KO3aTPaTHBIX METOIOB CHHTE3a U MX pa3liesieHHe OYeHb
aKTyaJbHO. YIVIEPOIHbIE HAHOMATEPHAJIbI LIMPOKO UCIIONB3YIOTCSA B KOMMEPYECKUX
nponykrax. OrpoMHOE KOJNMYECTBO HAYYHBIX ITyONUKalWi, HaNpaBIEHHBIX
Ha MCCIEIOBaHWE YIVICPOAHBIX HAHOMAaTEPUAlIOB, B YACTHOCTU (YJUIEPEHBI,
HaMHOTO IpPEBbIIIAET A0 APYIHX 001acTel HAHOTEXHOJOIMM. YIIEpOoAHas
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HAHOTEXHOJIOTHSI IPUBJICKIIA 3HAYUTEILHOEC BHUMAHKE, BO30YXICHHOE OTKPHITHEM
¢dynIepeHoB, Mocie HUX YIIEPOAHBIX HAHOTPYOOK M KOHEYHO K€ CaMoro
MOCIIETHETO JIOTIOJIHEHHsI K YIVIEPOJAHOMY ceMelcTBy, rpadena. OObeKTOM
WCCIICIOBAHUS SIBIISIOTCS YIIIEPOJHBIC HAHOCTPYKTYPBI, B YaCTHOCTH (YJICPEHBI
W METONbI X MoNy4yeHus. B qanHol pabore caxa, comepikaiias QyaiepeH, Obuia
Mojy4eHa METOAOM JYTOBOH INIaBKU B cpene MHepTHoro renus. [Iponecc cocrout
W3 HECKOJIBKUX CTaIU: 0YMCTKA rPaUTHPOBAHHBIX IIEKTPOAOB TEPMOOOPaOOTKON
mpu Temmeparype 600°C B BakyyMHOM cpefie, CHHTE3 PyIuIepeHCOAepIKaIeil caxu
C HCIMOJIb30BAHUEM TPEABAPUTEILHO OUHMINEHHBIX TPA(QUTOBBIX BIICKTPOJOB B
cpene renusi METOAOM JYyTrOBOTO CHHTE3a, BBACICHHUE (y/uiepeHa U3 MPOLyKTOB
cuHTe3a. Brinenenue ¢ymiepena npoBoawin B anmapare Cokciera ¢ MOMOIIbIO
mapoB OeH3071a, KOHACHCUPYEMBIX B KOJIBIIEBOM MOTOKe. OTIeIeHHbBIE (yUIepEHBI
HCTAPSITUCh, 00pa3ys TBepIbIe KPUCTAILIBI, Ha3bIBaeMble (QyepuTaMmu.

KioueBble cioBa: ¢ymiepeH, IyroBoi paspsl, KaTOIHOE OCaXIEHHE,
HaHOTPYOKa, HAHOCTPYKTYpa, Ta30Bble (Pa3bl

Kipicnoe

OdyrmiepeH KeMiIpTEeKTiH TOPT aJIOTPOIHSIIBIK MOAU(PUKALIMSITBIK TYP ©3repiciHig
6ipi OomnbIn TaOBUTA B!, DyNIIepeH KYPBUTBIMBIHBIH O1peTeiiIiri OHbI CyTeri cakTayra
YMITKEep peTiHAe KapacTelpyFa MYMKIHIIK Oepexmi. byriari xyHi Oyn OarbITTa
KONTEreH XYMbICTap >Xyprisityae, mbicanbl, AKII sHepreTmka MUHHMCTpIIIri
memeynninik ertken Oarmapnama asceiHpa C, Qy/iepeHHiH CyTeTi rasbMeH
PEaKIMACHIH 3ePTTEY JKYMBICTAPHI KYPri3iimi. 3epTTeyJieH allbIHFaH HOTIKEIEp
dbymrepenaep 6acka copOSHTTEpMEH Oipre >KakChl COPOIUSIBIK KaCHETTepre He
ekeHin kepceteni. C  MOJEKYNAChIHBIH CQEPaIbIK KybIC KYpPbUIBIMBI 0ap €KeHi
6enrini. Cyreri C,; ¢ymnepeniven koc C=C GallJIaHBICBIH allly apKbUIbl ©3apa
apekertecin, C-H koBaneHTTI OalijIaHBICHIH TYy3€ ayajbl. HoTHKECIHIe XUMUSITBIK
popmynacer C, H 0Gomarbit, MyHIQFBI X-CyTeTl aTOMBIHBIH XY CAHbI, THAPJIECHTCH
¢bymnepenaep

( pymnepannap) Tysinesni.

Oymiepanaap rugpodopay, THPOIMPKOH/IAY, ANEKTPOXUMHUSITBIK
TOTBIKCBHI3AHABIPY, CyTeTi paguKaagapblHBIH OCEPIHEH THApIeY JKoHE T.0.
omictepMeH cuHTesneneni. JlereameH, QysnepaHnapasl Kem MeJIuepAe alyablH
werisri omici C,, Qysiepennepai CyTeri rasbIMEH JKOFapbl TEMIEpaTypa MeEH
KBICBIM/Ia TiKeJIeH opekeTTecyi 60mbin Tabbutambl. C,, CyTeri rasbIMEH THIpIEY
anram pet [lerpm sxympictapeiaga Oakeutannsl (Emenkuit, 1995). Monnmanran
(ynnepenaep FaHa CyTeri ra3pIMeH peakiusara TYCeaAl AeTl CaHaIbl.

ConFblKYpri3inren xymoictapaa, C ) CyTeri ra3pIMeH THApIIEYi YIIiH eNIKaH/aki
KaTaJu3aTopiiapibl KOKEeT STICUTIHIH KOpCeTTi. by afic »koraphkl TeMmIieparypa
MeH KbichIMza FaHa skysere acaibl. C , ¢ymnepenai ruapney ymin 350-450°C
TeMIIepaTypa, CyTeri KbIchiMbI 5-TeH 120 6ap (Mekamnos, 1998) Gomysl kepek.

Ocputaiima, QyanepuT cyTeri SHEpreTHKAchHIA KAaKChl MEPCHEKTHBara He
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’KOHE OJlapIbl ay, KOCHajapIaH Ta3apTy TEXHOJOTHSCHI ©3€KTi Macene OOJbII
TaObUIAIbI.

3epTTeyniH MaKcaThbl

KomMmnosuT KypambIHIA TONTBIPFBIII PETiHAE KOJNAAHBUIATBIH KOMIPTEKTi
HaHOMaTepHaJAbl TAH/AY JKOHE CHHTE3CY;

CuHTe3 eHIMIEPiH 3epTTey JKOHE TaNay;

KemipTekTi HaHOMaTepua Heri3iHaeri KOMIO3HUTTIK KypaM aiy, IpaKTHKAaJIbIK
MaHBI3ABUTBIFBIH aHBIKTAY.

Hanoenmmemni oOBeKTiIEpiHIH JaMy TEHICHOMSUIAPBIH —Tanjay Kasipri
YaKbITTa HAaHOTEXHOJNOTHSHBIH €H TMEepPCHEeKTUBANBl  OaFbITTapbiHBIH — Oipi
KOMIPTEKTI HaHOMaTepHajlapAblH CHHTE31 OONbIN TaOBIIATBIHBIH KOPCETEi.
Ocwl MarepuanmapnabiH imnsHge guamerpi 1...50 HM  OoOnaTelH  KOMIPTEKTI
nanotytikmenep (KHT) sxone ¢ymnepennep epekiie opbid anagsl. KHM nerizinae
XKacajJraH MarepHangap KOHCTPYKUMSUIBIK MaTepUalJapAblH  KYPBUIBIMIBIK
MoaudUKaTOpIapel, CyTeri aKKyMyJISTOpaphl, paldodIeKTPOHUKA 3JIeMEHTTEDI,
Maiinay MarepuanfapbiHa, JakTap MeH Ooslylapra Kocmanap, >KOFapbl THIMII
azicopOeHTTep, OTHIH SJIEMEHTTEpiHIH Ta3 TapaTy KalarTapbl peTiHAE TaOBICTHI
naiganaHbUTybl MYMKiH.

KemipTekTi HaHOMarepuangap MeH oJlapAbIH HETi3iHAE albIHFaH KOMITO3HUTTIK
Marepuangap Typajbl MOJIMETTep TalKpuIaHAbl. DyiepeH Kypamabl KyieHi amy
YIIIiH 3JISKTP TOFAIBIK CHHTE3 9J1ici KON IaHbUIIbl. CHHTE3 OHIMIEpiHEH QyIUIepeH I
0eJtill ay COKCIIET anmnaparblHa KYpri3iii.

ogficTep MeH MaTepHaJaap

l'a3 ¢azaceiHma IOFaNBIK paspsATHIH KYPBUIBIMABIK KOHABIPFBICH 1 cypeTTte
kepceTtinreH. CypeTte Kepil TypFaHbIMBI3Aai, KOHABIPFBI KYPBUIBIMBI KaparmaibiM
eMec, OJ Ta3 KbICHIMBIH Oackapy »XYHEeCiHEeH, peakTop MeEH 3JIeKTPOXTapAbl
CAJIKBIHATY YLIIH Cy aFbIHBIHAH, TeHEPaTOPAAFsl TYPAKTHI TOK IIEH PEeakTop OCiHIH
OOMBIHIAFEI SMEKTPOATAPABIH apajlacy MEXaHU3MIiHEH JKoHE TIa3Ma arbl TYPaKThI
TOKTHI Oakpliay CEpBOKO3FAITKBILBIHAH Typaabl (Tame3un xoHe T.6., 2005).
By mapanap ¢ynnepennepai cananbl CHHTE3eY YIIiH jkKoHE Qy/uiepeHAep MeH
OJIapIbIH TYBIHABUIAPBIHBIH CHHTE31HIH MJIa3MOXUMHSJIBIK MPOLECIHIH OHTaKIbI
IAPTTapbIH aHBIKTAy YILIiH KaXKeT.
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Cypem 1. DnexTpaoFanblK OYPKYy KYPBUIFBICHIHBIH KaJIIbl KYPBUIBIMBI
(Fig. 1. General structure of an electric arc spraying device )

HaHOKypBITBIM/IBI MaTepHaIAAP/IBIH CHHTE3/ICY/IIH JOFAIIBIK 9/1iCi aiTapIIBIKTa
XKaH-)KAKThl. OJEKTPOATAPIBIH TYPJII XUMHSUIBIK KYpaMblH (3JEKTPOATAP.IbI
MeTalJapMeH JICTHUPIIEY) JKOHE Ta3 OPTACBIHBIH KYPaMbIH, SPTYPIl KYPBUIBIM/IAFbI
YKOHE THIITET1 HaHOMaTepHalgapAbl CHHTe3Aeyre Oonanbl. MyHaai ciuHTe3 OaphI-
CBHIHJIA, TY3UITE€H OHIM peakTop KaObIPFaChIH/IA XKOHE TUTa3MaTY3YIIl AIEKTPOATApIa
TYH/BIPBUIA/IBL.

Cypem 2. ¢ymnepeH xyieci (a) oHe KaTOITaFbl ICNO3UTTI MaTepuall (0)
(Fig. 2. Fullerene carbon black (a) and deposit material on the cathode (b))
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By skcHepuMEHTTIK JKYMBIC TeNWH OpTachlHAa JKyprizijeni, kesecimen
napametpnep Herizinze p = 300 Top, U = 30 B xone 1 = 300 A, rpadwurrti
ANEKTPAOFAIBIK OYPKY 9/1iCi apKbLIbI IIIa3MOXMMHUSLIIBIK PEaKIs OHIMAEP1 aTbIHIBL.
Peaxmust enimzepi petinae GymuiepeH Kyieci aapHab (CypeT 2a), ASTO3UTTE KIHE
peaxTop KaOblpracslHAa TYHFaH (CypeT 20), KaTOATHI JEKTPOATA TY31UITeH OHIM.

ODymiepeH KyHeciHiH KypaMmblHOa aMOP(Thl KOMIPTEKTiH OOIyBl ONapIbIH
(U3UKO-XUMHUSIIBIK KAaCHETTEPiHIH KYpPT HamapiayblH Tyablpaabl. COHOBIKTAH
KaXeTTi Kacuertepi Oap dymiepenaep amy yiniH ¢QymiaepeH KyheciH amop(Thl
KeMIpTeK IeH 0acKa Kocrajap/aH Ta3ajay Kepek.

3 cyperte (ymnepeH KyheciHiH OCH30IIaFbl €PITIHIICI KOpCeTiAreH. AlbIHFaH
OakplIaynapiaH , Kapa TYCTi O€H301 MeH KYHEeHIH epiTiHIICi CearMeHTaIus
mpolieci Ke3iHjae Kapa TYCTEH KbI3bUT HeMece KOHBIP Capbl TYCKE aybICAaThIH Kepyre
Oonaznpl. TycTiH MyH#mail e3repyi OeH30JaFbl TONBIK HEMeECE JKapThlIal epireH
¢bynnepenaepai kepcereni.

a — ymiepen Kyiecinin OeH301aFbI Kapa epiTinaici, 6 — con epitinai 15 MuHyTTaH Keitin
Cypem 3. @ymnepen Kyieciniy 6eH301AaFbI epiTiHaiCc
(Fig. 3. Solution of Fullerene carbon black in benzene)

Oymnepenaepain OEH30IIAFbl ePITImITIrTi camanel 0oy YIIiH OenMme TeM-
neparypacbigia Oip Toymik OOiBI TYHIABIpaAbl. Apbl Kapail SKCTpakT Cy3riieH
OTKIi3ie i koHe OSH30IIBIH COHFBI KPUCTANAAPBIHBIH TY31TyiHe AeiiH (pymrepur)
COPFBIII acThIHAAa OEH30NI KaifHay TemIeparypacklHa OymaHIBIphUTAABI. JKC-
TpaKIusiay mpoIieci xKyprisiieni.
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Cypem 4. Dxcrpakuumsiay d1ici apKpUIbl BysuiepeHai 6emimn aty
(Fig. 4. Fullerene separation by extraction)

HaTukesnep :koHe o1apabl TAIKBLIAY

Men3sypka TyOiHIE TYHFaH KpHCTaUl yiarici 5 cyperre kenripinredn. Jlom
CaHBIK Tajjay YIIiH (WIBTpanusgaH KeiH ajmblHFaH OeH30Jaarsl (ymiepeH
epiTIHIICI KpeMHWH MEH IWIBIHBI CcyOcTparTapra KOHIBIPBUIABI JKoHEe Oenme
TeMIIepaTypachlHa KeNTipiigi. 5-cyperTte coWKeciHIne epiTiHAiHIH keOyi MeH
KpUCTAIJaHybl HOTH)KECIHE Maia 0onFaH (yiepuT OemeKTepiHiH ONTHKAIBIK
MuKpocyperTepi MeH COM OeliHeci KepceTireH.

Cypem 5. OynnepuT KpucTaIbl
(Fig. 5. Crystal Fullerite)
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5 cyperre kepcerinren cyperrep DM 6000M (Leica, Sweden) omTuKambIK
MHUKpPOCKOObIH A TycipinreH. CypeTTeH QyuIepuT KpucTaibl OipHele MEKpPOMETP
eJIIIEeM1 KbI3BIKTHI T'yJI HillliHi 0ap eKeHiH Kepyre Oomabl.

6) COM  KkeckiHi

a) ONTHKAJIBIK MUKPOCKOIIUS

Cypem 6. DyiiepuT KpUCTAIBIHBIH MUKPOTPaQHSICH
(Fig. 6. Micrograph of a Fullerite Crystal)

Kpucranmapapl 30HATBI MHKPOCKONHS KOMeETiMeH 3epTrey  (QyJuiepur
KYPBUIBIMBIH aHBIKTayFa MYMKIHJIIK Oepei. 7 cyperte PaMaH criekTpi KOPCETUIreH,
MyHJa (ymreput kpucransiHbig Kypambiaa C xone C. ) Gynnepennepinin 6ap
€KEHIH alKbIHAANIbI.
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Cypem 7. ®ynnepen Oenuieriniy Paman criekrpi
(Fig. 7. Raman spectrum of a fullerene particle)
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1468 cm-1 xoMOMHAIUSUITBIK THambipay crekTpi 1462 cm-1 kectenmik MoHiHE
KATBICTHl BIFBICTHIPBUTFAH. bysr mbiH meHTaroHHeH C60-maFel Ag THIHBIC aiy
MOJIaChIHA COMKEC KEJETIHIITIH ecKepy KepeK, O 3apsAATHl TachIMajjayFa >KoHe
apaJIbIK MOJIEKYJIaJIbIK KOCBIIBICTAPFa 6Te ce3iMTall 0okl caHanaabl. COHIBIKTaH,
KYMbICTa OaliKanfaH BbIFBICY MOJIEKYJIANbIK KPHCTANJApAbIH KYpPaMbIHIAFbI
(ynnepeHaep iy imiHapa mormMepieHyiHeH Hemece ¢yiuiepeH chepacbiana oerae
aTOMJIapbIH, SIFHU 3HA0(YyIUIepeHIepaiH O0MybIHaH TyBIHAAYbl MYMKIiH.

KopbITBIHABI

By xywmbicTa renuii opTracklHAa JOFANBIK paspsATarsl (yIUIEpeHHIH CHHTE31
omici KapacThIpbUiAbl. [I1a3MOXMMHUSIBIK —pEakUusl Ke3iHZe peaKkTOpIbIH
KaObIpranapeiaaa GymiepeH Kyienepi TYHBIN, ajl KaTOAThHl MIEKTPOATA ACTIO3UTTI
Marepuan Ty3UIeTiHi aHbIKTanabl. PyiiepeH Kyiiecin TazapTKaHHaH KeHiH KbI3BIK
MiMIHAI KpUCTaIl1 YAriiepi ansiHasl. KpucrangapabH KYpbUIBIMBIH aHBIKTAY YIIiH
KOMOMHAIMAJIBIK IIambipay ofici konganeuiabl. Ocbutaiiina, Paman cnekrpinae
aJIbIHFaH HOTHIKEJIEP CHHTE3/IEH XKOHE Tasanayaan Keiinri yaritepae C,, xane C
¢dynnepenaepi 6ap GymuIepuT KpUCTAIAAPBIHBIH Oap eKeHiH alKbIHAAWIbI.

Oymiepen Kypamsl kyiieni COM Tangay HOTHXKenepi 6-CypeTTe KOpCeTiIreH.
CypeTTeH Kepil TYpFaHBIMBI3Iai Kylie OemmeKTepi KeyeKTi )KaHe Kemip-OyIbIpIb
KypbutbiMFa ue. Kylie keyekrepinig enmeMi 1,80-2,02 HM apanbIFbiHAA OB

ConbiMeH Karap 6-cyperte (y/uiepeH KypaMibl KYHEHIH MHKPOCKOMHUSIIBIK
OeiiHeci kentipinren.CuHTE3ey Mpoleci BaKyYyMABIK OpTana XYpyiMeH TYCiH-
Jipinesmi.

KoMmo3uT KypaMbIHIa TONTHIPFBIIT PETiH/IE KOIIAaHBUIATHIH (YIUIEPEH KYpaM bl
KY€ 3JIeKTp JIOFAIbIK CHHTE3 9J1iCIMEH aJIbIHIbI, KYie KeyeKTepiHiH ojieMi 30—190
HM apallbIFbIH/Ia eKeH/IT aHbIKTaNAbl. CHHTE3 eHiMAepi 3epTTeni: G IIBIHBIHBIH
mo3uusicel 1576 cm-1-re TeH, 1348 cM-1 aliMarbIHIA QJICi3 aHBIKTAIFAH aKaysIbl
ITBIH, COHTal-aK 2695 cM- 1 BIFBICYBIMEH epeKInesieHeTiH 2D MIbIH abIHFaH YITiIeT1
rpadut neH a3 KabarTel TpadeHHiH MaHbI3Abl QpakuusiceiH Kepcereai. 260, 488,
770 xxone 1468 cm-1 msiHaapel C60 MoeKyIachIHBIH paMaH/bIK HIBIHAAPbIHA TOH.
An keneci mbrHmap xubHTHIFRL 700, 1064, 1180 xone 1230, 1370, 1446, 1515
x)oHe 1564 C70 dynnepenide xaTaipl.
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Abstract. In this review article, an internal boundary value problem is solved for
perturbations in a cylindrical coordinate system considering the inertial terms. The
equation in displacements presented in the Tedone form are solved for the case of
compressible material of cylindrical bodies. Solutions of homogeneous differential
equations are obtained in Bessel functions with preliminary separation of variables
of inhomogeneous equations, which are found by the method of undetermined
coefficients. Presented in the form of Tedone, the equation in displacements is
solved under the conditions of compressibility of cylindrical material bodies. In this
case, the volume expansion obeys the types of the Helmholtz equation. Solutions
of homogeneous differential equations in Bessel functions with preliminary
separation of variables of inhomogeneous equations are constructed in the work.
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These homogeneous differential equations are found by the method of indefinite
coefficients. Also in this review article, the internal boundary value problem of
perturbation is solved. The displacement equation, expressed in the Tedone form,
is solved for the compressed material of some cylindrical bodies. The solution of
homogeneous differential equations in Bessel functions with preliminary separation
of variables is obtained. It should be noted that the solution of inhomogeneous
differential equations is obtained by the method of indefinite coefficients.

Key words: cylindrical coordinate system, differential equations, solutions of
heterogeneous equations, Tedone forms, Bessel functions
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AHHOTANMS. BYJ1 I10JTy MaKalachlH1a HHEPIHSUTBIK MYIIIETIeP Il €CKePEe OTHIPHIIT,
MWIMHAPIIK KOOPIWHATTAp KYHECiHAETi Ko3yiaap YVIIH ilIKi IIeKapaibIKecer
meminesi. L{umuHApITiK AeHenepaiH CHIFUIATHIH MaTepHaIbl YITiH TeJoHe TYpiHAeT
KO3FaJBICTapAbIH TEHASYNepi memriiei. AHbIKTaIMaraH KOA(QQUIMEHTTEP 9IiCi
ApKBUTBIAHBIKTANATHIH OIPTEKTI eMecC TEHJACYNIEpiH ailHbIMATbUIAPBIH AaJbIH-
ama axelpaTyMeH beccenb (YHKIMAIApBIHIAFBRI OipTekTi MuddepeHInaNIbIK
TeHZCYNepAiH ImenrimMaepi anpiHaabpl. TegoHe TypiHaeri KO3FalbICTapAbIH TeHEYi
MUIHHAPIIK MaTepHaNIbIK JCHEJCePIiH ChIFBUTY JKarfAalblHIa Ierniaemi. byn
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Karmaiaa KeneMJIiK KeHEl [enbMroibll TeHAeysepiHe OarbiHamsl. JKymbicTa
OipTeKTi eMec TeHACYNIEPiH aifHbIMAIBUIAPEI AJBIH-aJIa AXKbIPaThLUIaThIH beccenn
(GyHKUMAIApBIHAAFEl  OipTEeKTI AuQQepeHuanIplK TeHACYIepIiH IIenrimMaepi
Kypbutagel. bynm  OiprexTi muddepeHIManmblK TEHAEyJep aHBIKTalIMaraH
ko3 dunmentrep omicimen Tabbutansl. CoHmal-ak, OCH MIONY MaKajachIHNa
KO3YIBIH IIIKi IIeKapaiblK ecebi 1merminemi. TemoHe TypiHAETi KO3FaJbICTBHIH
TeHZeyl KelOip IMIMHAPIIK JACHENEePAiH ChIFUIFAH MaTepHaNbl YIIiH IISNIiIei.
Becceny  dyHkmmsimapeiagarsl - OiprekTi MU GEpeHIUANIBIK — TeHACYICSPIiH
HIeNTiMi  aHBIMANBUIAPBIH AJIBIH-aJIa aXBIPAaTyMEH ajbIHAbL. bBipTekTi emec
T hepeHITHaNIBIK TeHISYIep/Ii ey aHbIKTaIMaraH ko3 punuenTrep omiciMeH
QJTBIHATBIH/IBIFBIH aliTa KETY KepeK.

Tyi#iin ce3mep: WWIMHAPIIK KOOpAWHATANAp XKyheci, IUQQepeHITHaIIbIK
TeHzeynep, OIpTeKTI emec TeHAEyJAepAiH memiMaepi, Tegone Typi, beccenb
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AnHotanusa. B nmaHHOW 0030pHOI cTarbe pemiaeTcss BHYTPEHHSS KpaeBas
3aja4a A7 BO3MYIUEGHMH B LMJIMHAPHYECKOH CHCTEME KOOpAWHAT C Y4YETOM
WHEPLHOHHBIX YICHOB. YPaBHEHUS B IIEPEMEILCHHUAX, IPEACTaBICHHbIE B hopMe
Tenone, pemaroTcs Al ciiydasl C)KMMAaeMOro Marepuala HIIMHIPUIECKUX Tell.
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[Tomy4eHs! penieHus: OAHOPOAHBIX AU PEpeHINANTBHBIX YPaBHEHUH B (QYHKIUIX
Beccens ¢ mnpenBapuTeNnbHBIM  pa3lielicHHEM TEPEMEHHBIX HEOJIHOPOIHBIX
ypaBHEHHUH, KOTOpbIE HAXOIATCS METOAOM HEONpeleseHHbIX K03((UIHEeHTOB.
IIpeacraBnennoe B Buzae TenoHe ypaBHEHHE B MEPEMELICHUSAX peLIAeTCs B
YCIOBHUAX CKUMACMOCTH HUIMHAPHUYCCKUX MATCPUAIBHBIX TECJI. B sTom cjydac
00bEMHOE pacIIMpeHHe NOoXYMHSAETCS ypaBHeHusM lenpmroibua. B paGore
CTpOSITCSL PEICHUs] OXHOPOAHBIX Ju(pPEepeHINaTbHBIX YPaBHEHUN B (QYHKIHIX
Beccens ¢ mnpenBapuTenpHBIM paszlelieHHEM TEPEMEHHBIX HEOAHOPOIHBIX
ypaBHEHUH. OTH omHOpOmHBIE audQepeHInanTbHbIe YpaBHEHUS HAXOMIATCS
METOJIOM HeomnpeaeneHHbIX kod(dunuentoB. Takxe B TaHHON 0030pHOH cTarbe
pemaeTcss BHYTPEHHsISI KpaeBasl 3aJada BO3MYIUICHHUs. YpaBHEHHE IepeMELICHUl,
BEIpakeHHOE B (Qopme TemoHe, pemraeTcst Ui CXKAaTOro MaTeprala HEKOTOPBIX
mwmHapuyecknx Te. [lomydeHo pemieHne OAHOPOAHBIX AMDdepeHIHaIbHBIX
ypaBHeHUH B QyHKIMAX beccenst ¢ mpenBapuTenbHbIM pa3aeieHueM IEPEMEHHBIX.
Crenyer OTMETHTD, UTO pellieHre HEOAHOPOAHBIX AuddepeHIaIbHBIX ypaBHEHUH
MOTY4aeTCsl METOIOM HEONpeeIeHHbIX KOO QHUIINEHTOB.

KioueBble ciioBa: ITHMHIpUYECKas CCTEMa KOOPAWHAT, TU(depeHInaNbHbIC
YpaBHEHHMs, PELICHUS HEOAHOPOAHBIX ypaBHEeHuH, ¢opma Temone, QyHKuMs
beccens

Introduction

Explosions or earthquakes are impulsive external influences. If the duration of
the action of an external force of the pulse type is small compared to the period of
its own oscillations, then after the expiration of the oscillation force of the system
that has left the equilibrium position with an initial velocity equal to the magnitude
of the external force pulse.

It is assumed that the impulse effect on the system occurs in some sufficiently
large neighborhood of the location of the mine in order not to produce a direct
destructive effect on the environment that includes this mine. As it is known /1/, as
waves move away from the initial disturbance area, their amplitude, if the effects
of dispersion are neglected, changes inversely proportional to the square root of
the distance (surface waves) or inversely proportional to the distance (volume
waves) from the source of the initial disturbance (pulse). It seems possible to apply
the linear theory of elastic dynamic oscillations for the formulated problem, as is
customary in theoretical seismology.

The relevance of studying the laws of propagation of electromagnetic and elastic
(mechanical) waves is associated with the presence of mutual transformation. Wave
processes in coupled fields reflect the mutual influence of elastic, electromagnetic
and thermal fields. In (Loran et al., 2020), the process of scattering of electromagnetic
plane waves by an ideal half-plane of an electric conductor in an anisotropic medium
is studied. The method used to solve the problem is the transition boundary method.

Research in the field of elastic waves is considered in the works (Silva et al.,
2021) as one of the most important conditions for solving boundary value problems
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(Lietal., 2021). Various methods of solutions and wave propagation are presented,
for example, symmetric and antisymmetric waves under two thermal conditions
Nowacki, wave propagation in three-dimensional space Sharma, wave propagation
in elastic media by the matricant method and et.al. (Dossumbekov et al., 2021: 8;
Kurmanov et al., 2020: 085505; Ispulov et al., 2017: 5236898; Mussa et al., 2022:
12; Nowacki et al., 1986; Sharma et al., 2004: 15; Ispulov et al., 2022: 4; Ispulov et
al., 2022: 11; Tleukenov, 2004; Tleukenov, 2019).

The boundary problems of disturbances in the cylindrical coordinate system
with regard to inertial components were solved. This information is necessary
to study the free elastic vibrations of the system. The equation in movements,
presented in the form of the Tedone, are decided for the case of the compressible
material of cylindrical bodies. The volume expansion is subject to the Helmholtz
equation. Solutions of homogeneous differential equations are obtained in non-
cells functions with preliminary division of variables. Solutions of heterogeneous
differential equations are found by the method of undefined coefficients. The
boundary conditions of free oscillations at the border for internal and external
boundary problems are written down.

Research Material and methods

A type of problem in the theory of elasticity associated with the propagation of
oscillations or stationary states of vibration in an elastic medium. In the simplest
case, but also the most important in practical applications — the linear theory of
homogeneous isotropic elastic bodies — such problems can be reduced to finding
a solution to the Lamé equation. These velocities are the displacement velocities
of two types of deformations in a linearly elastic isotropic body. It can also be
shown that, under certain conditions, surface waves can propagate along interfaces
and that they have characteristic propagation velocities (Rayleigh waves on a free
surface, Stoneley waves on an elastic medium boundary).

The cases of the appearance of discontinuities in the first derivatives of the
displacement with respect to the characteristics (strong discontinuity) are also
investigated. If the characteristic jumps affect only the component of the gradient
normal vector, and the tangential components of this vector and the displacements
themselves remain continuous, then the discontinuity is called a constant force
discontinuity. In this case, the conditions of kinematic and dynamic compatibility
are satisfied on the characteristic surface, which play an important role in solving
dynamic problems by the method of characteristics.

The action of dynamic deformations of an elastic body becomes more
complicated if this body has a finite boundary. Each point of such a boundary, in
contact with any one of the perturbations propagating from fronts that are complex
in themselves, causes at least two new types of deformation.

The main ones are the following types of boundary value problems: the first
shows displacements; secondly, voltages are shown; the third one shows linear
combinations of displacements and stresses; fourthly, the normal component of the
shear and the tangential components of the tension are shown; fifth, the tangential
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components of the displacement and the normal component of the stress are shown;
Sixth, the displacements are shown in one part of S, and the tensions are shown in
the appendix.

In contrast to the Cauchy problem, which is completely solvable in the general
case, solutions to mixed problems are obtained only in special cases. The most
important of them are: closed solutions of the first and second main mixed problems
for a half-plane or half-space, obtained by the method of complex waves and a
generalization of the method of characteristics; solutions of the wave equation for
the sphere obtained by the method of functionally invariant integrals; solution of
some problems of the theory of elasticity by generalizing this method; and solving
a number of diffraction problems. As a rule, decisions cannot be made in private;
however, very general results can be obtained using the methods of potential theory
and the theory of singular integral equations.

The methods of geometric optics are also used in the case of surface waves. The
boundary condition of zero surface tension can be satisfied by the superposition of
longitudinal and transverse waves with complex eikonals. Such constructions give
rise to a wide class of surface waves, a striking example of which are Rayleigh
waves.

The geometric-optical theory can also be developed for other types of surface
waves: for waves similar to Love waves and for the so-called surface trapped
waves. An analogue of the considered Love waves are stationary high-frequency
waves, the phase velocity of which is close to the velocity of transverse waves, and
the direction of the displacement vector, according to the first approximation, is
the frequency normal to the surface and the direction of wave propagation. Waves
captured by the surface also have a surface velocity close to that of transverse
waves, but their polarization is different — the displacement vector lies in the plane
formed by the normal to the surface and the direction of wave propagation.

The equation of dynamic oscillations of the elastic body of the vector form has

| - "
L gktivi, + ¥ = 2 (1)

Where the Laplace operator in the cylindrical coordinate system
. 4 1 & i i &
W I | b - (2)

i, is the displacement vector, u is the shear module, v is Poisson ratio, p —
Density of area’s material; differentiation twice in time are marked by two points
above the vector, .z, r; @; z — cylindrical coordinates, and r — radius, ¢ — azimuth
angle, z - coordinate in the direction of the axis of the solid cylindrical body. The
vector of displacements is represented as:

i {l@, z) = expliff i, (ro@, ), 3)
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where i — imaginary unit, f— complex frequency.
With regard to (3) equation (1) acquires the following form:

. Fire 4 E b
_— graddivi, + Vi, = = e 4

Let the volumetric extension obey the Helmholtz equation. (Lurie, 2005) to the
next of the equation (4):

. o =2 .
VEEL +—— fom, =1k 5
2u l=-v ( )
where
fic T A | LA T
[ = e St b i
o r e (6)

Uy, V.. W,, — are the components of the vector _,.
From equation (1) follows the equation in the movements in the form of Thetone:

where ¥ — is the radius-vector of the arbitrary point of the body
F= s, +F, ®)
¢, are basic vectors.

Let's rewrite the equation (7) in the form of:

T -;_-'a__ ::4 .:.-n'-:-l__- o _l_.l'-.'|-r"-:-c__| (9)

Producing the specified differential operations in the equation (9) and recording
it in the coordinate form, we get the following system of differential equations in
the private productively unknown components, displacements:

oL .: 2 e ."'+- I - 1 o 0y :I = (10)

The right parts of the equations (10) are the known functions found in this
paragraph from the general Helmoltz equation (5).
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Considering (5), representing displacement, and volumetric expansion in the
form of:

el r .z} = mir)gin Az cosndr, v.ire, z)= virksiniz cosno, (11)
W (Fr, 21 = WFICOS AZC0S B{P, O, (rg,2)=6{#)sinlz cosng

where . = [L1.2..... (12)
From (10) we get:

||| 14 t " I.'\-‘lll I At I.., sl

1 o F [ r 1-2 o

|':. +I -4 - I..I- .'.-'l-'-:ll i EXrl

i r ol - 1 . =2
1 1 -'I"'I-u.l i BN 13
& F o = out | |- 2 (13)

Let's introduce the designation:

g E I....I..d.__.:.:_"" :H."“. e (14)

ar” rar r u
Then the equations (13) will be over written as:

1

I i | s
Wanlr) == virh i
o r | =2v 4
"F:'nu'J—ﬂ.l:{.l'l: f llf:h;."l- (15)
r 1-2vr
| L I1 -|1|.1:r| - A S,
1 o | —2%

The right parts of equations (15) contain functions or its derivative. Expression
for a function, we find below from the Helmholtz equation (5) after the division
of variables in it, according to the last formula (11). Thus, the right parts of
equations (15) are known functions. Due to this circumstance these equations can
be considered as heterogeneous equations concerning unknown functions such as
u(r), v(r), w(r).

The general solution of the system of equations (15) in this case consists of
the sum of the general decision of homogeneous system and any private solution
heterogeneous. So, we find the general solution of the corresponding homogeneous
system of equations:

Viu(r)- -2—”: wri=10;
r
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Viv(r)— 2—:’ uir) = 0; (16)
]

.
{"v‘l: +T 1-1-‘{."_]:&.
e

We fold and subtract the left and right parts of the first two equations (16), then
we get

".-".E[n'{.l'J = 1'{r}]+2—?[u{r] = v[r'}] =1,
P

Viu(r)+v(r)]- E—f [se(r) + v(r)] = 0. (17)
-

Let's introduce the designation:

w(ry=viry=0U(r), wuir)+viri=Vir), (18)
So that

v irs ;
wir’ = E[f-'[.l']-+ i {r"l]. virl= _II [Ii"i_r] — I:.r'l]. (19)

Then the equations (17) will be overwritten as:
ViUir+ E'J‘t.'(;-nn, ViFir) - ‘frlr] =) (20)
- »

We will solve these equations in the form of:
Vir) =0 21

U(r)- Is the solution of the first of the equations (20), i.e.

| s ::'l .}'.'l'.-'l = {}, (22)
Or considering (14)
|48 2 By =0, (23)

Enter the designation:

[

-5 Fiox. (24)

i

116



Reports of the Academy of Sciences of the Republic of Kazakhstan

Then the equation (23) will look like:

[i.-*,'.i'-*'-‘”,.:” v =0, (25)

or

[!:“—.hrihlair"—lir—ﬁir Lirh = (26)
dar* dr |

The equation (26) has a private solution in the form of (Loran et al., 2020:165302)
Uirk=Z,, ., {ra). 27

Where Z o lra) is the cylindrical function
Considering (19), (27), we have:

ni--1=%:.'1r:u=—l.::,,,,uu;-. (28)

b alr

Lo 1
ry=—<Uiri=—< 2, (r)

Let’s find the solution of the 3rd equation from (16):

i Y

L'l:": + L"J“{r} =), (29)
P

or

|d—-_+l—i+u:—i wir) =10, (30)

5 Lq'f' - " 1.]’-" re )
* . 5 N 'II

The solution for:

w(r)=Zn(ra). 32)

Now let’s solve the equation (15), which considering the last of the formulas
(11), will look like:

\3 ¥ 1 . |
I’u NLIC AN -E "]@u.r}=u. (33)

Ldr®  rdr re 2p l=v
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or
[r':ihli-lb‘r -t Elir}=ﬂ. (34)

Where

b= liﬂ r_as

B ETEE e
) = &, (rh). (36)
Consider the case = 1. Then you can write:

wiry=-vir)= %E’“hw} Cre wir) =2 (ra) C,, (37)
B(r) =2 {rb) (38)

C,, C,, C,—is arbitrary permanent integration. Here (Silva et al., 2021:116023):
= {=1)' -‘.l';r]h I ru]" I [m" I '.I'u]'L
;':r Fi = - = I -
i ;H‘]' L2 il ]'[ 2) Ty EJ (1 L 7))’
i "n;r"' i (n;:'lm | (n:_r'll:. | n:.l'l'H | [m]m
¥ - - - - i - 39
@yil2) “@rl2) 1[ﬁ.*]- 2 ) ['-'?1-[ 3 BT 39

PO ) . N I N T O )
5 ,ﬁuur’-‘z,- m- o2 mml 2

-32(%) +as(3) (%) - (o)

In (40) (ra) should be replaced by Z (rb).

Now we will find private solutions of heterogeneous equations (15) with the
well-known right part.

Subtract and fold the left and right parts of the first two equations (15); Then
we get:

y 2 I N

H PR R B ; [i1,(F) = vy ()] = — - 21_[:’_ air)+- . ] (1)
: 2 .

N O e A e “2)

Enter the designations:
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ML (F 1= v e = UG 0e), w4 v [rh = Fyl#] (43)
Here
u,lF) = l}[[;,l:."l'r.l"'.‘l.l'l]. vylrh= %[r".l.l':l—t-:.‘i-' il (44)

Equations (41) and (42) with consideration (43) will be written in the form of:

g 2R f _ 1 r.iEI{.r_l
['E-‘. i .-_’]L'“ s " r'EH r } (45)
F , ?"'“l i i i :ﬂ:_h:l':l
l?- 'I__-_-J":.l.-' = ﬁ[:ﬂf-"]— s ] (46)
Or, considering (14) in the form of:

R I RPT IR L Ar F ) =T
[l.ﬁ" I r v 4 F I_Il'j :|L:_|:.r:|- I—Jl-lirﬂrﬂ. ar ] (47)
P N e e p ; AN )
Lk__ 14y A oy ]vm x ] (48)

Equations (47) and (48), considering the designation (24), take the form:

(. d* d 'Yy 3 BN r)

g e e “
f : 3 |

I..-' %+J%+u’! = ]"u‘l-"']— [FE{JF re % (50)

Let’s write the equation (49) considering B4r| = £ (s, in the form of:

Suppose

U iry=kr® bt s ke + (52)
Then

% = 2k + e B (53)
%— T+ 1280 + M+, (54)

From the equation (51), considering (52)-(54) we get:
E.J.'_l.?'l + 12.[-;,"' + _'-I-I.'F.é‘].r; ik ﬂ,r‘- ; A bk
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1 4 ] & 1 - ':.-1 3 ﬂ"lll..ll r‘&b"
+a' ke +ak,y" +a i'_,r‘3+...-—] -Iv[h' - + = | (55)
Equating coefficients at the same degrees zero get:
b Oy
-1 1 4 , i
rr Ak + =0k k== .
' =2v : 4(1=2v)

b'C, _ Cybia’ + ')
0k ———
4(1-2v) 64(1 - 2v)

P 16k, +a’k, -

5 5. 1,3 . 4
re: A0k, +a’k, + Gt =0 k= s Lk e h}l_ (56)
Gl =2w) -] = 29

Let’s write the equation (50), considering in the form:

[r" % +r£-— a'r —JJF}.{J‘] =1 _13,,-["“9‘ Fy=r Jj_ﬂ] (57)
Where
Lo ey 1 ey
Y o — =| == =] *+..
N 1[:: [:] "2 }
Suppose
!«’u{r}=mlr"—-'h_.l" + o (58)
d:'r::r} = -1-p.rr:.l'_‘ o} |,‘|.,||1|:r1 ...,
Then
d*V,(r) ) .
——— = 12mr" +30m,r" +... (59)
adr”
a4V, (r) s
d:"' =12myr® +30m,r® +... (60)

Substituting (58)-(60) in (57), we get:

120, 0" + 30m,r® + .+ doe e + 6 + .

C, | afBY 1Y |
._.h.[' (&) -1(2) ] 0 o1

Find
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b CbMa* +b°)
My e My = ... (62)
96(1 - 2v) 12.06(1 - 2v)
Let’s write the last of the equations (15):
- A
V.4 = w(r)=-- CN ) (63)
r =2
Or, considering (14), (24) — In the form of:
[r:' dy +ri +a'rt-n’ ]uir}l = —ii:l{r]
dar’ =2 (64)
with n=1 we get:
] I':l,- !'-F 5 J AJ"!
Fpr——4tr—+gr =] Wry==——=_ENrl. (65)
[ dr’ dr |-2v

Considering (38), supposing a private solution to the equation ((65) in the form
of:

wlrd= e+’ £ 0,0+ (66)
dwir )
) _ Ingr’ 4 5mrt + Tagr® +., (67)
e
d wir . ;
E - by r + 2, r +4dmyr” 4., (68)
Get out of the equation (65):
fir e+ 20n et A2’ + At St T el o
a0 . s s T Y S TR LR T
rat ey e 3 E T )
Here we find:
AT Oy Ak + 6] A B +a'BF +5')
R e By =y = - i S (70)
-1 16-20{1 —2v) 1624 48(1— v}

Result and discussion
So, let’s write the solution of dynamic equations of free oscillations of the

system. The sought displacements, considering (37), (38), (52)-(56), (58)-(62),
(66)-(70), shall be of the following type:

wlr)= 1;i:'.'.;.lfr'ullf-'. + %{'1[“.:.“ b+ ¥yl
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| A .
W) = =3 Zy(ra)C, + E-:_.[i A =U ik 71)

wiir) = O (ra)+ Cymir).

Let’s write down the boundary conditions of free oscillations of the considered
system for a continuous cylindrical body at » = r,, consisting in equal zero of
stresses on lateral surface of it:

alirl#)

Sl

! - -
'f"',-l =20 B eisin dAecosng + S0 ASCOSRGE =1

=2

Fody

or

¥ el #) |

Er)4 = i, (72)

Ll=2w ¢

or

ahir) . i Wl
rrl =0 %10 A SA0 s — — 1) S0 AS Sin ag —

SUTH S SIA R =1
ar F F

or

M) _# i) **']] -0, (73)

':II:' I I

=

or
, ehi(ry
a_=pH Adn| ] C0% i — ; 0% S E0% R =10
i

L. e

or

-

. iy |
. Anlr) i = (74)

doamy

where r = r,, is is the outer radius of the solid cylindrical body.

Substituting (71) in (72)—(74), we shall receive the system of three homogeneous
algebraic equations concerning three unknown arbitrary constant, non-trivial
(nonzero) decision of which takes place at equality of zero of its characteristic
determinant. Periods of free oscillations of the system can be found from the
characteristic equation.

Considering the inertial terms, an internal boundary value problem is solved
for excitations in a cylindrical coordinate system. The Tedone equations of
motion are solved for the compressible material of cylindrical bodies. Solutions of
homogeneous differential equations in Bessel functions are obtained by preliminary
separation of variables of inhomogeneous equations determined by the method of
indefinite coefficients.
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The Tedone equation of motion is solved in the case of compression of cylindrical
material bodies. In this case, the volume expansion obeys the Helmholtz equations.
Solutions of homogeneous differential equations in Bessel functions are created
in the work, in which the variables of non-homogeneous equations are separated
in advance. These homogeneous differential equations are found by the method of
indefinite coefficients.

In addition, the internal boundary value problem of excitation is solved. The
Tedone equation of motion is solved for the compressed material of some cylindrical
bodies. The solution of homogeneous differential equations in Bessel functions is
obtained by preliminary separation of variables. It is noted that the solution of
inhomogeneous differential equations is obtained by the method of indefinite
coefficients.

Conclusion

Thus, in this paper, the internal boundary value problem for perturbations
in a cylindrical coordinate system is solved, considering the inertial terms. The
equation in displacements, presented in the Tedone form, is solved for the case of
compressible material of cylindrical bodies. The volumetric expansion obeys the
Helmholtz equation. Solutions of homogeneous differential equations are obtained
in Bessel functions with preliminary separation of variables of inhomogeneous
equations, which are found by the method of indefinite coefficients.
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Abstract. This article focuses on researching radio communication systems,
especially cellular communications. Analog and digital cellular communication
systems are compared and contrasted, and the basis of the differences between the
standards is discussed. Using previously established methods and accounting for
the maximum allowable wavelength and antenna opening area, it was possible to
determine the signal power during the investigation. The study examined analog
and digital systems using a mobile station device as an example. In both cases,
the initial information — human speech information — enters the station's input
as continuous acoustic vibrations, which are converted into continuous electrical
signals by the microphone. However, this is where the similarities between the two
types of systems end; almost all subsequent processing is handled differently in
each. The built-in antennas are typically one decimeter in length and are practically
serviceable, meaning they have nearly the same sensitivity when receiving from
any direction. As a result, changes in the device's orientation have little effect on the
level of the received signal. We examine the differences between digital and analog
cellular communication systems, as well as the nature of differences between
standards within systems of the same type. In the work, we won't go into specifics
and will stick to general information. During the research, we were able to calculate
the signal power using previously known formulas while keeping the maximum
allowable wavelength and the area of the antenna opening in mind

Keywords: cellular communication, radio waves, antennas, analog systems,
digital systems
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AnHotauus. byn makama pagmoOaiinaHbic >KyHeciH, OHBIH ILIHAE YSUIBI
OaiimaHpICTBl 3epTTeyre apHanraH. CaHIbIK JKOHE aHAIOTTBHIK YAJIbl OaiinaHbIC
KyHenepiHiH ~ albBIpMAIIBUIBIFEl  3€PTTENIN,  CTaHAapTTap  apachIHIAFbl
alBIPMAIIBUIBIKTAPABIH  CUMAThl TYCiHAipineni. 3epTrey OapbichiHAa OYpBIH
Oenrimi  Qopmynanapapl maijaliaHa OTBIPBIN, MaKCUMAJIbl PYKCaT eTiiIreH
TOJIKBIH Y3BIHIBIFBl MEH aHTCHHAHBIH alllblTy aiiMarblH €CKepe OTBIPBIIN, CHUTHAI
KyaTblH ecerTey MYMKiH 0onabl. JKyMbICTa aHaJOITHIK KoHE LU(PIBIK Kyiienep
CaJIBICTBIPBUIIBI JKOHE OYJI JKBUDKBIMAJBl CTAHLUS KYPBUIFBICHIHBIH MBICAJIBIH/IA
KapacTeIpbUIIbL. EKi jkaFmalija 1a 0acTankel aklapar — aJIaMHBIH COWUJICY Ke3iHIeT1
aKnapatbl MUKPO(OH apKbIIbl Y3IIKC13 SMEKTPIIiK CUTHAJIapFa TYPJICHETiH Y3/iKCi3
aKyCTHKaJBIK TepOeIIiC TYpiHe cTaHIusIFa Tyce . JlereHMeH, OChI Kep/ie KYHeHIH
€Ki TYpl apachlHAaFbl YKCACTBIK asKTaNaJlbl, iC KYy3iHAe OApJIbIK KEHIHTI OHICY
ojapia opTypii TocingepMeH opblHAanaabl. KipikTipiaren aHTeHHanap YIKEH
eMec, opralia ajfaHaa - Y3bIHIBIFB [amMaMeH Oip IeruMeTp >KoHe ic Ky3iHIe
KBI3MET €Telli, SFHM Ke3 KeNreH OaFbITTaH KaObulgay KesiHie Oipaed Iepiik
cesiMranabikka ne. COHIBIKTAH anmaparThlH OarJapbIHBIH 63repyl KaObulaHFaH
CUTHAJ JICHICHiHe a3 ocep ereii. bi3 caHIbIK KOHE aHAJIOITHIK YSUIBI OailjlaHbIC
XKyHenepinig Oip-OipiHeH Kanail epeKIeNeHeTiHIH KapacThIpAbIK, COHNai-aKk Oip
TEKTeC JKYHenepaeri CTaHaapTTap apachlHIarbl aiblpMaIlbUIBIKTAPABIH CUMATHIH
TyciHmipaik. 3eprrey OapbIChiHAa 013 PYKCaT eTUINeH MaKCHUMAJbl TOJKbIH
Y3bIHBIFBIH JKOHE aHTCHHAHBIH alllblTy aiiMarblH €CKepe OTBIPBIIN, OYpbIH Oenrini
(dopmynanapapl naiianaHa OTBIPHII, CUTHAT KyaThlH €CENITEH a/IbIK.

Tyiiin ce3nep: ¥suibl OailnaHbic, PaAHOTOIKBIHAAP, aHTEHHAJAP, aHAJOTTHIK
Kyienep, CaHIbIK KyHenep
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AnHoTauus. JlaHHas cTaTbs MOCBSILEHA W3yYCHHIO CUCTEMBI PaJIMOCBS3H, B
TOM YHCIIE COTOBOH CBS3H. V3ydeHBl pa3nuuust Mexay UU(ppPOBOH M aHATIOTOBOU
CHCTEM COTOBOH CBSI3M, a TaKKe JaHO IMOSCHEHUE XapaKTepy pasiuduil MExKay
cTaHAapTaMu. B xome uccienBaHusi yAajuoCch MO paHee M3BECTHBIM (popmynam
pacynTarh MOIIHOCTh CHTHAJIA, YYHUTBHIBAas MaKCHMAJIBHO JIOMYCTUMYIO UINHY
BOJIHBI W IUIOINAAb PACKpPHITUSI aHTeHH. B paboTe cOmoCTaBIsIOTCS aHAJIOTOBBIC
U IU(POBBIE CHCTEMBI, PACCMOTPEHO 3TO Ha MPHMEPE YCTPOMCTBA MOABMKHON
cranuun. B o6oux ciydasx ncxopHas uH$opManus — WHPOPMALHS PEUH YeTIOBEKa
— MOCTYMaeT Ha BXOJ CTAaHIMHU B BUJC HEMPEPHIBHBIX aKyCTUYECKHUX KOJIeOaHuil,
KOTOpBIe MPeo0pas3yroTcss MUKPO(QOHOM B HETIPEPBIBHBIE SNEKTPHYCCKIE CUTHAIBL.
Ha sToM, omHaKo, CXOICTBO CHCTEM [BYX THIIOB 3aKaHYHMBAETCS, MPAaKTUUYECKU
BCsl Moclienyomasi 00paboTKka MPOU3BOJAUTCS B HUX 10 — pa3sHoMy. BeTpoeHHbie
AQHTEHHBI HE BEJUMKH, B CPEAHEM — MOpSAAKA ONHOrO AeUUMeTpa B JIUHY U
SBJISIFOTCS. MPAKTUYECKU HUCIPAaBHBIMH, TO €CTh OONaar0T MOYTH OAMHAKOBOU
YyBCTBHUTEJIBLHOCTHIO MIPH MPHEME C JIOOBIX HampaieHui. [loaTromy n3MeHeHus
OpPHEHTAlMU armapara Majo BIHSIOT Ha YPOBEHb NPUHHMAEMOTo curHanga. Mbl
paccMOTpeNy, YeM Pa3InyaroTcss MeX Ly co00i U(POBHIC 1 aHATIOTOBBIE CUCTEMBI
COTOBOW CBSI3M, @ TAaKXKE MOSCHWIIM XapakTep pa3iuyuii MEXOy CTaHAapTaMu
B Mpeeiax CHCTEM OTHOTO M TOTO ke THIa. B Xonme mccieaBaHus HaM yaajoch
MO0 paHee H3BECTHBIM (OpPMyJaM pacyuTaTb MOIIMHOCTh CHUTHAJIA, YYHTHIBas
MaKCHMaJIbHO AOMYCTHMYIO JUIMHY BOJHBI U IUIOLIA b PACKPBITHS aHTCHH.

KioueBble cjioBa: coTOBast CBSI3b, PaIUOBOJHBI, AHTCHHBI, AHAJIOTOBBIC
CUCTEM, IIU(PPOBBIC CUCTEMBI

BBenenne

Ceromus B XXI Beke coToBas CBs3b BCe 00Jie€ aKTyalM3HPYeTCs, OypHO
pa3BuBaeTCs M TPeOyeT JOKHOTO BHUMAaHHUs K ceOe. Pa3BuTue COTOBOW CBs3H
HEH3MEHHO OIEePEeKACT BCE CaMbIe CMEINbIe MPOTHO3BI. MHPOBBIC TEHACHIIMU
pa3BUTUA COTOBOM CBS3H IMPOAOJIKAKT OCTaBaTbCA IMOJOXKUTCIbHBIMU M O4YCHDL
OIITUMUCTHUYCCKUMMU, 6I)ICTpO IporpeCCUpyrOT TEXHOJOTUYCCKHUE BO3MOKHOCTH,
PBIHOK paciupsiercs U yriryonsercs. COToBasi CBs3b, MOJYYHBILAS MPAKTHUECKOES
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nmpuMeHeHue ¢ koHma 70-x — Havama 80-X TOIOB, MPOJODKAET Pa3BUBAThCS TaK
WHTEHCHBHO, YTO J3TOT IMPOIECC MOXKHO Ha3BaTh TPUyM(ambHBIM MUPHBIM (U
BCEMHUPHBIM) HACTyIIECHUEM. B CBSI3M ¢ 3TUM OypHBIM pa3BUTHEM COTOBOW CBSI3U
MPEINpPHUHATA MOMBITKA UCCIEAOBAHMS 3TOW 00NacTH, YTOOBI pa3BMBANIACh HaykKa
HapaBHE C HEll.

CotoBas cBs3b — 3TO MOOWIIbHAS paaroTeNe()OHHAS CBS3b, IIPEI0CTABIIAIONIA
BCE BHJbI YCIYI COBPEMEHHOW TeJIC(pOHHOW CBSI3M, HO 0O€3 OrpaHU4YCHUN
MOJIBMKHOCTH aboHeHTa. Hampumep, aDOHEHT MOXET e€xaTh B aBTOMAIIMHE CO
ckopocthio Oomee 100 KHIIOMETPOB B Yac, W MPU 3TOM BCE YCIYTH OCTAIOTCS MY
AOCTYIIHBIM. OH He TOJBKO MOMKET MO3BOHHUTL CaM KOMY yroaHo, HO U B .HIO6OI\/'I
JPYTOi MOXKET TTO3BOHHUTH €MY, U BBI30B HAMIET €ro B JJFOOOM MECTe W Ha JIF000H
CKOpPOCTH, €CJIH TOJBKO OH HE MOKWHYN 30HY neiictBus cetu. (bepmun, 2009).
B nmaHHOM wHcCliefOBaHMM MBI PAacCMOTPENH, YEM Pa3IMYarOTCs MEXAy coOoin
n(poBbIe U aHAJIOTOBBIE CHCTEMBI COTOBOM CBSI3H, a TaK)Ke MOSCHUIHA XapakTep
pasauuuii MeXIy CTaHIapTaMu B TIpeiesiaXx CUCTEM OJJHOTO M TOTO YK€ THIIA.

Marepuajbl 1 OCHOBHBIE METOAbI

OCHOBHBIM METOJIOM HCCIICAOBAHUSB JaHHON paboTe SBISETCS aHAJIOTOBBIE
1 mudpoBBIE CUCTEMBI, HAa MPUMEpPE YCTPOICTBA MOABIDKHOW cTaHmuu. Haunem
C COIIOCTAaBJICHUA aHAJIOI'OBBIX U III/I(prBBIX CHUCTEM, U CACJIa€M 3TO Ha IMMPUMEPE
YCTPOWCTBA MOJABMKHON cTaHIMH. B o0oux ciy4asx ucxomHas wH(popmMarus —
nH(GOpMAIIHSI PEUH YeT0BeKa — ITOCTYIIaeT Ha BXOJI CTAHIMH B BHJIE HEMPEPHIBHBIX
aKyCTHUYECKUX KoeOaHuH, KOTOpEIe MPeoOpa3yoTcs MUKPOPOHOM B HETIPEPHIBHBIE
XKe DIeKTpUYecKrue CUTHajbl. Ha 3TOM, OmHaKo, CXOICTBO CHCTEM IBYX THIIOB
3aKaHYMUBACTCA, IPAKTUYCCKU BCA MOCICAYIOIIas o6pa60TKa IIPOU3BOAUTCA B HUX
10 — pa3HOMY.

B amanoroBerx cucremax Hm3kodacToTHeIH (HY) cwmrHanm ¢ BeIxoma
MUKpo¢OHa TMOIBEpraeTcsi NpenBapuTeNbHON 00paboTke (KOppEeKLHUsl CIEKTpa,
ckaTHe ITWHAMHYECKOTO IHara3oHa, IMOJIocoBas (DMIBTpamusi, OTpaHUYCHHE) B
aHaJIOTOBOM BHJIE, T.€. B BHJIE HENPEPHIBHOTO CUTHAJIA C TUIABHO U3MEHSIOLIMMUCS
YPOBHEM, M 3aT€M HAKJIaJbIBACTCS MOCPEICTBOM YacTOTHON Momyisiiuu (UM) Ha
cBepxBbicokodacToTHyI0 (CBY) mHecymyro (Becomorckumii, 2006). B mpuemHoi
YacTH 3JICKTPUYCCKUN CUTHANl TakKKe B aHAJIOTOBOM (opMe moaBepraercs
nemonynsiun 1 HY oOpaboTke, mociie 4ero AMHAMHUKOM TIpeodpasyercs B
AKyCTUYECKUI CUTHAJI, BOCIIPUHUMAEMBINA yXOJ| YEJIOBEKA.

B mudpossix cucremax HY curmanm ¢ Beixoma MuKpodoHa Tpexae BCEro
mpeoOpasyercs MpU MOMOINK aHajaoro — Iudposoro npeodpaszosarens (AL B
uudpoByo GopMmy, T.e. B MOCIEAOBATENILHOCT UMITYJbCOB, MPEACTABIAIOMINX B
rppoBOM (TBOMYIHOM) BHAC YPOBHH CHTHAjA B JUCKPETHBIC (PAaBHOOTCTOSIITHUE)
MOMCHTBI BpPCMCHHU. YacrtoTa AUCKpETU3alun BI)I6I/Ipa€TC$I B COOTBCTCTBHH C
MOJIOCOM, & YMCIIO YPOBHEH KBAaHTOBAHHMS — B COOTBETCTBHH C JUHAMHYECKUAM
JIMana3oHOM CUTHANa, ¢ TeM YTOOBl 00eCHEeYnTh BO3MOXKHOCTh BOCCTAHOBIICHUS
AHAJIOTOBOTO CUTHAJIA C JIOTYCTHUMBIM YPOBHEM HCKAKEHUI.

OOBIYHO YaCcTOTa JUCKPETU3AIUHU COCTABISICT 8 K[ 11, 2 YMCII0 paBHOOTCTOSIIINX
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YpOBHEM KBaHTOBaHUsS — 127, Tak 4YTO YypOBEHb CHUTHajla BBIPAXXKAeTCs
BOCHEMUPA3PSAIHBIM ABOWYHBIM YHCIOM, M OIUH Pa3ps] U3 BOCBMH OTBOAUTCS IO
3HaK yncna (6o 127=27 - 1). Takum oOpa3am, notok uHpopmanuu ¢ Beixoaa AL
coctaBisaeT 64 xkOut/c (8 6uT ¢ gactoToi 8 KI'Ir), M BCs ociIeqyromas oopadboTka
npousBoautcs B nudposoit popme (Tapacos, 1961).

Ota 00paboTKa 3aKoyaeTcs B KOAUPOBAHUH, BKIIIOYAIOIEM KOTUPOBAHUE PEUU
— C IeTbI0 yCTPaHEHHsI U30BITOYHOCTH, 32 CUET Yero W yIaeTcsi OCYIIECTBUTH
C)KaThe MOTOK MH(POPMAaIUK, 1 KaHAJIFHOE KOTUPOBAHUE — €T0 LEIbIO SBIAETCS
3amuTa HHGOPMAITUN OT ONTHOOK BCIIEICTBHE HEM30EKHBIX HCKOKCHUN CUTHAJIOB
NpU UX pacnpocTpaHeHur u obpadotke. s mepenoca nudposeix HY curnanos
Ha HECYUIYI0 YacTOTy HCIOJIB3YIOTCS CIEHU(PHUECKHE METOIbl AWCKPETHOU
Monymsinuy: (azoBasi WM YacTOTHas MaHHUMyasanus. OO6paboTka CHTHAJIOB B
MPUEMHON YacTH COOTBETCTBYeT 0OpaOOTKe B IepeAarouiei: AeMOmyJSAIus,
IeKoaupoBanue, Imdpa — aHamoroBoe mpeoOpazopanme (LIAIl); aHamoroBwIi
curHan c Beixona L{AIl moctymaer Ha TUHAMUK.

brok conpspkenns npueM-nepenaya, mo3BOJISIIOLINHA HCII0Ib30BaTh OAHY U TY K€
AQHTEHHY U SIS TIepeavy, v AJIs TPHEeMa CUTHAIOB IIPH OMMHAKOBOM (DY HKITHOHAJIEHOM
Ha3HAYCHUH, TAKXKE YCTPOEH B aHAJIOTOBBIX U LU(POBBIX CHCTEMax Mo-pasHoMy. B
AHAJIOTOBBIX CHCTEMAax B MPOCTEHINIEM CITydae — 3TO Iapa MOJIOCOBBIX (PUIBTPOB,
HAaCTPOEHHBIX Ha Pa3HbIX 4aCTOTaX, B COOTBETCTBHU C NYIUIEKCHBIM II0 YacTOTE;
ofMH (UIBTP MPOITyCKAeT CUTHANBI C BBIXOJA NE€peaTuriKa Ha aHTEHHY, a BTOPOi
— C aHTeHHBI Ha Bxox npuemHuka (Pamxkaronan, 2012). B uudpoBsix cucremax
MPOCTEHIINI OJIOK CONPSKEHUS — NIEKTPOHHBIM KOMMYHHUKATOP, TOJKIIOYAIOLINN
AQHTEHHY JIN0O K BBIXOJTY ITEpeAaTInKa, TH00 KO BXOIY IPHEMHHKA, TIOCKOJIBKY 3/1ECh
MOABMIKHAS CTAHLMS HUKOTAA He paboTaeT Ha MpeM U Iepenavdy OfHOBPEMEHHO.
TouHo Tak € W JOTHYECKHH OJOK, BBITOMHSAIOMNN (YHKITMH YIIPABICHUS
CTaHIUEH, IMEET B aHAJIOTOBBIX M IU(PPOBBIX CHCTEMax pa3HOr0 YCTPOWUCTBA —
Kak I10 IPUYIMHE Pa3HOTO COCTaBa ynpapisioed nHQopMaLue, Tak 1 cIeICTBUS
pa3iauuus HapaMeTpoB HCIIONIb3YEMBIX CUTHAJIOB yIpaBieHus. Takum obpasa, mo-
HACTOALIEMY OJMHAKOBBIMU B IOJBIDKHBIX CTAaHLMSIX aHAIOTOBBIX M IU(POBBIX
CHUCTEM MOTYT OBITh TOJNBKO MHKPOGOH, JUHAMHK, KIIaBHATypa, OUCIUIEH U
AQHTEHHBI; BCE OCTAJIbHBIC YJIEMEHTHI B HUX CYIIECTBEHHO Pa3JIMYHBL.

KakoBbI ke IpenMyIecTBO HUPPOBBIX CUCTEM, YTO MO3BOJISIET UM YCIELIHO
BBITECHSTH aHAJIIOTOBBIE CUCTEMBI C PhIHKA?

OCHOBHBIX IIPEUMYILIECTB HECKOJIBKO, U MBI PACIIMTBIBAEM, YTO IOCJIE BCETO
CKa3aHHOTO CMBICI UX OyJIET B JOCTATOYHOMN MEpEe IMOHSATEH:

Oosee BBICOKOM €MKOCTb CHCTEM, JOCTUTaeMas 3a CYeT pa3MELICHUs
HECKOJIBKHX (PU3MYECKHX KaHaJOB B OJHOM YacTOTHOM Onarofapsi CKarblo ¢
uudpoBoii nHpopMannKU; HApUMEp, IPH MEPEXoAe OT aHAIOTOBOTO CTaHAApTa
AMPS x mudpposomy DAMPS ugncno prznuecknx kaHAIOB YBEITUUHUBAETCS BTPOE,
a EMKOCTb CUCTEMBI, KaK MOKa3bIBalOT CTPOTHE OI[EHKH — JakKe B HECKOJIBKO Ooriee,
9YeM BTPOE, XOTS MocIIeJHEe U KaXKETCsl Ha TIEPBBIN B3MVIS] HEOUEBUIHBIM;

OoJiee BBICOKOE MOMEXOYCTOHYHMBOCTB, TOCTUTAaeMas 3a CUET HCIIOIb30BaHUS
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BECbMa COBEPIICHHBIX METOIOB ITOMEXOYCTOHYHBOTO KOAMPOBAHUS NH(PPOBOH
nH(pOpMaInH;

CYIIECTBEHHOE PACHIMPEHUE BO3MOXKHOCTU YIPAaBIEHUS, €ro Ooyiee BBHICOKas
THOKOCTB, YTO ITO3BOJISIET PEATN30BaTh MHOTHE Ka4eCTBEHHO HOBBIE BOBMOXKHOCTH,
Harnpumep, «PexuM 3achIIaHus C IPOPEKEHHOU ITEpENaYeii CHTHAIIOB YIIPABIICHUS
peXHUMe OKUIAHUS TTOIBUKHON CTAHIINH, U, COOTBETCTBEHHO, C KPATKOBPEMEHHBIM
BKJIIOYCHHEM THUTAHUS, YTO 3HAUYNTEIHHO yBEINYUBAET BpeMs pabOThl NCTOYHHKA
MIUTaHUS OT OHOM 3apsAaKy;

[losiBIeHNsT TOTIONMHUTENBHBIX (YHKIMOHAIBHBIX BO3MOXKHOCTEH, KOTOpBIE
B aHAJIOTOBBIM BapHaHTE Peasu3yloOTCs C TPYAOM HIIM BOOOLIE HE peau3yloTcs,
HanpuMep, mudpoBaHns HHPOPMAIINH.

IIepeiinem K paznuuusaM Mex Ay cTaHapramu. J1o CUX Hop MbI HE aKLIEHTUPOBAJIN
BHUMAaHHUSl Ha Pa3IUuMsIX, UMesl B BUAY HEKOTOpylo «OO00OIIEHHYI0» CHCTEMY
cotoBoii cBsi3u (Haas, 2021). Mexmy TeM, TaKue pa3Iudus CYIIeCTBYIOT, 1 HHOTIA
OHH OKa3bIBAIOTCS HACTOJIBKO CYIIECTBEHHO, YTO 000HWTH MX BHUMAHU S HEBO3MOXHO.
[TosicanM 3T0 Ha TpUMepe ABYX MUGPOBBIX CTAHIAPTOB, UCTIOIB3YIOMNX OINH U
TOT K€ METOJl MHOKeCTBeHHOTO Aoctyna TDMA — crangaproB DAMPS u GSM.
[TomMHuMO O4eBHTHBIX pa3IHUNi — Pa3HBIX YaCTOTHBIX TUATA30HOB M PA3HBIX ITOJIOC
YaCTOTHBIX KaHAJIOB — CYIIECTBYIOT M MEHEE OYEBHIHBIE, HO HE MEHEE BaKHBIE:

— pa3Hble METObI (ANTOPUTMBI) KOIUPOBAHUS PEYH U Pa3HbIe KOAPPHULIUEHTHI
BpeMeHHOTO Ckarus wHpopMmaruu (Koaddumuent 3 B momoce 30kl m- DAMPS,
ko3¢ ¢unmeHT 8§ B nonoce 200 k['n- B GSM.

— pa3Hble METObl TOMEX0YCTOWYMBOTO KAHAIIEHOTO KOJIMPOBAHHUS,

— pa3Hble METOABI AUCKPETHON MOAYIISIHH;

— pa3HBI{ COCTaB YNPaBISIOMIWHA WHPOPMAIMH M Pa3IMYHOE MOCTPOCHHE
3(hupHBIX HHTEPPEIHCOB.

B pe3synbrare, ecnu anpecoBarhest K 010K — cxeme Tuma puc. 4.9, To y pa3HbIX
M(POBBIX CHUCTEM OKa3bIBa€TCS HEHAMHOTO OOJbIE OJMHAKOBBIX AIIEMEHTOB,
4yeM y nu(poBbIX U aHamoroBeixX. [loxkany#, pasnuuus 3aech gaxe TIyOxe, 4eM B
cJlydae aBTOMAlINH Pa3HbIX MapoK, KaKJas U3 KOTOPBIX UMEET Ky30B, IBUTATENb U
4 xoneca, HO HUKaKasl IeTallb OJJHOW HE MTOIXOMNUT K IPYTOH.

Pesysnbrarsl

CotoBoii TenedoH HE OTHOCHUTCS K YCTPOHCTBAM IOBBIIIEHHOW OMACHOCTH.
Tem HEe MeHee, MU MOIB30BAHWU UM CJEIyeT COONIONAaTh ONpEIeNieHHbIE MEpHI
MPEI0CTOPOKHOCTH.

Croma OTHOCATCS IPaBHJIA M CUTYaIlNH, TAK MM MHAYE CBA3aHHBIE C U3ITy9IEHUEM
anmapara.

[Ipn HEOMATOMPHUATHOM CTEYCHHH OOCTOSTEIHCTB COTOBBIM TEIC(HOH MOXKET
HapymHUTh PabOTy SIIEKTPOMEAUIIMHCKUX TPUOOPOB — CIYXOBBIX allaparos,
AIIEKTPOKAPANOCTHMYIISITOPOB, 00 ATOM HAJI0 3HATH, M, €CIIH OOCTOSTETLCTBO TOTO
TpeOyeT, TeneOHOM He TI0JIE30BAThCSL.

CotoBbIM TeneOHOM He paspelaercsi Mojb30BaThbesi Ha OOPTY camojera BO
BpeMs TOJIETOB, TaK KaK 3TO MOXKET BBI3BATh MOMEXU pabOTbl OOPTOBBIX CHCTEM,
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B YaCTHOCTH, HABUTAllMOHHOW AammapaTrypbl, W3BECTHBI, IpaBIa, pe3ylbTar
WICCIIEZIOBAaHUI KOMITAaHUH — MPOU3BOIUTEINICH CAMOJIETOB, a TAK)KE aMEPHKAHCKIX
U aHDIMHCKUX CIYXO TPaKAaHCKOM aBHAIlMM, HE IOATBEPKIAIOIIME TaKOTO
BJIMSHUS, HO 3alpellaroliye MpaBuia, HACKOJIbKO HaM M3BECTHO, IIOKA OCTAIOTCS
B CHJIE.

CoroBbiM  Tene)OHOM HE cJleOyeT IIOJb30BaTbCsi Ha  TEPPUTOPHAX
ABTO3aIIPAaBOYHBIX CTAaHIHUAX, He(i)TeXpaHI/I.HI/IHI, XUMHWYECCKHNX 3aBOAOB.

B kakux-To cuTyauusx paboTa coTOBOro TeiedoHa MOXKET NPHBOIUTH K
[oMexaM TeJIEBU30pPa, PaAUONPUEMHHUKA, IEPCOHAIBHOIO KOMIIBIOTEpA.

W3BecTHBI CcOOOILIEHUsI O CIOy4asx BIMSHUS MOOWIBHOW CBS3M Ha CHCTEMY
YIPaBJICHHUS U 3aLUThl aTOMHBIX 3JIEKTPOCTAHLUH, IPUBOAUMBIX K OTKIIIOUCHHIO
PEaKTOpOB.

Hns HamexxkHo M 3¢ ¢eKTHBHONW pabOTHl ammapara CIEAyeT HCIONb30BaTh
TOJIBKO IITATHbIE AHTCHHbI U HE IPUKACAThCSl PyKaMM K aHTEHHE BKJIIOUEHHOTO
anmapara.

Henp3s maBare ammapar pedenky. OH MOXET THIKHYTh aHTEHHOW B IJIa3 HIIH
CIIPOBOMPOBATE JIMIIHUE PACXOAbI HETIPEAHAMEPCHHBIM BBI30OBOM, HE I'OBOPA YIKE
0 BO3MOKHOCTH ITOJIOMKH.

Ammapar He clieyeT pa3oupars, TeM OoJiee, 9To B HEM HET 3JIEMEHTOB, KOTOPBII
aboHEHT cMor OBl CaM OTPEMOHTUPOBATE.

HyxHo Oepeup ammapar OT NONAAaHUS BIarM HE POHSTH, HE IOABEPraTh
BO3JICHCTBUIO BBICOKOW TEMIIEPATYPHI.

He cnenyer nepxarb a0OHEHTCKUH anmapar psiioM C TUCKETHBIMU OaHKOBCKHUMU
KapTO4YKaMHu B 1/136e>1<aH1/Ie MarHuTHBIX 3aITuCel.

Crnenyer HCHONB30BaTh TOJBKO IITaTHblE MCTOYHMKHM MHUTAHHUA, 3apsSAHbBIE
YCTPOHCTBA U IPeoOpa30BaTEIH.

[Ipu nonanaHuy B OTOHb aKKyMYJISITOPHBIE OaTrapen B3pbIBAIOTCSI.

OO6paboTaHHbIC HHUKENb, KaIHUIIEBbIe aKKyMYIATOPBI MOIJIEKAT CIELUATIbHON
YTHIM3AlWU, T0- CKOJbKY KaIMHUi He Oe3BpefeH IUIs OpraHh3Ma YeloBeKa.
Haxonern, ocobast 0CTOpOKHOCTD HY>KHA NP MCIOIB30BaHUU COTOBOTO TenedoHa
3a pyJieM aBTOMAIIHHEI.

[Ipobnema Ouonormyeckoil 0e30MacHOCTH COTOBOTO TenedoHa, Oe3ycIOBHO,
aKTyaJbHa, U CBSI3aHO 3TO B IEPBYIO OUEPENb C TEM, YTO KXKIOMY YEJI0OBEKY TOPOTo
CBOEC 37I0POBBE, a COTOBHIN ammapar, sIBIsronIuiicss ucrounnkom CBY-usmydenus,
PETYIAPHO OKa3bIBAETCS Y CAMOI0 yXa 4eJIOBeKa, B HEOCPEACTBEHHOI B On30CTH
oT rosioBHOTO Mo3ra (PareracKuit u ap, 2000).

AHTEHHBI, UCTIONB3YEMBIE B COUCTAHUH C a00OHEHTCKUMH TEPMUHAJIAMH COTOBOM
CBSI3U, MOTYT OBITH OJHOTO M3 CIEAYIOIIUX TPEX THIIOB: BCTPOECHHBIE B PYYHOI
arinapar, aBTOMO6I/IJ'II)HI)Ie, CTallMOHAapPHBIC.

BerpoeHHble aHTeHHBI, KaK MbI YK€ OTMEYalld, MOTYT OBITh BBIIBHKHBIMU
NI HEBBIJIBUXHBIMU. BCTpOCHHI)Ie AHTCHHBI HEBCIIMKHU (B CpCaHEM — IOpAaKa
OIHOTO ACUMMETpa B JUIMHY) M SBJSIFOTCS HMPAKTHYECKH HCIPAaBHBIMHU, TO €CTh
00NaaloT TMOYTH OJMHAKOBOM YYBCTBHTEIBHOCTBIO IPH MpHUEME C JIOOBIX
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HanpaBieHud. [lo3TOMy W3MEHEHUWIl OpHWEHTAIMH armapara Majl0o BIUSET Ha
YpOBEHb MPUHUMAEMOTO CHUTHAIA.

ABTOMOOWIJTbHBIE aHTEHHBI TTO3BOJISIOT MOBBICUTH YYBCTBUTEILHOCTD aIiapara,
a UX IpUMEHEHHE UMEeEeT CMBICIT B TEX CIIy4asiX, KOT/Ia MPUXOAUTHCS TOIh30BaThCS
COTOBOM CBsI3b10. B Onm3u rpaHuIl 30HBI ISHCTBHS CETH WIIM HA TeX Y4acTKaX, IJe
YyBCTBUTENBHOCTH arlliapaTa He XBaTaeT JIsl yBEPEHHOU CBsA3H. B HU3WHAX, JIECHBIX
MacCHBaXx, He YaJIIEHHBIX OT 0a30BBIX CTAHIMH yHIIaX. ABTOMOOWIIFHBIC aHTEHHBI
3HAYHUTEIHHO OOJBIIIe BCTPOSHHBIX MO TadapuTaM- MPUMEPHO J0 METpa B JIUHY,
1 00J1a/1at0T 3HAYUTEIFHOU HAIIPAaBIEHHOCTHI0, 00eCTIeUrBast MPEUMYIIeCTBEHHBIN
MIPHEM U U3Ty4YeHHE TOPU30HTAIBHOM IIIOCKOCTHIO O0Jiee Wi MEHee paBHOMEPHO
BO BCEX HaNpaBICHHUAX. ABTOMOOWIIbHAs aHTEHHA MOXKET OBITh IMACCUBHOW WU
AKTUBHOM, T.€. C CTPOCHHBIM YCHITUTEIIEM.

CranuoHapHbBIe aHTEHHBI MTPeTHA3HAYEHBI JJIs1 UCTIONH30BaHUS B KOMIUIEKTE CO
CTaIlMOHAPHBIMH COTOBEIMH allllapaTaMu, yCTaHABIMBAEMBIMI BHE 30HBI YBEPSHHOM
CBSI3M COTOBOM CETH, BOBMOXXHO, Ha yaaineHuu 10-20 kM OT rpaHuilbl IpreMa Ha
BCTPOCHHYIO aHTEHHY ammapara. CTallmoHapHbIE aHTEHHBI erle Ooiiee TsHKeIbl
¥ TPOMO3JIKH, YeM aBTOMOOWJIbHBIE, W MO0 BHEUIHEMY BHAY MOTYT HAIlOMHHATH
YIUYHBIE TeJeBU3HOHHBIe. CTallMOHApPHBIE AHTEHHBI OBIBAIOT AKTUBHBIMU, T.C.
B €€ COCTaB BXOAWT BCTPOSHHBIH YCHIIUTENb, YTO OCOOCHHO CYIIECTBEHHO MpHU
3HAYHUTENBHON JTHHE Kales, COeMUHSIONIeT0 aHTeHHy ¢ ammaparoM (JlxaiicBan
u ap, 2013). [lo cyTun, UMEHHO aHTEHHA W SBISETCS B JaHHOM Cily4ae TeM
AIIEMEHTOM, 32 CYET KOTOPOTO YBEIWYHBAETCS AATBHOCTH JCHCTBUS CHCTEMBI U
obecrneuynBaeTcsi BO3MOXXHOCTh HOPMAJILHOW CBSI3M HAa 3HAYUTEIHHOM YIAICHUHU OT
0a30BOM CTAHIINU.

OctanoBuMcs Ha pacuere ko3 unneHTa HarpaBIeHHOTO EHCTBHSL.

AHTEHHBI, TIOKa3bIBAIOIINE YBEIHMUEHIE MOIIHOCTH B IJIABHOM HANpaBJICHUH,
MTPOTTOPITUOHATBHBI TUIOMAAN PACKPHITHS aHTEHHBI A U MOTYT OBITh BBIYMCIICHBI
o popmyme:

474
1
=/ (1)

BbIBombl 1O IOITyCTUMOMY HODIOIIEHHOMY KO3((UIIMEHTY HampaBIeHHOTO
NEeWCTBUSI AHTEHHBI, IIOKAa3bIBAIOIIECH YBEIMYCHHE MOLIHOCTH B IVIaBHOM
HalpapJeHNUH, TPOHOPLUOHANBHBI A M BEIYUCISIIOTCS IO popMye:

D=

4rA,
D =T @)
W3 sT0i hopMyITbl HAXOTUM
A’D
A, = 3
Ty 3)
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JUTS HAIIIETO TIPHEMHUKA D ~] ) = < (1) tme c=3 108 m/c
Mb1 paccmarpusaem ciydau ipu v .= 450 MI'y, v,= 900 MI 1,

v,= 1800 MT'y

8
2 2, = € o 3x10 6 3000 ssa
£ 900x10° 900
8
3 2, = L= 3x10 _ - 390 0167
£ 1800x10° 1800

XD (0,667)°x1 0,445

2. 1) 4, = =0,03
Ar T 4x314 12,56
2 2
24, 22D _O33)7x1_0l1 00
4r  4x314 12,56
2 2
3 4, 22D (I x1_0028

4z 4x314 12,56

Ucxons u3 TpeboBaHus OMOIOTHYECKUN O€30MTACHOCTH, MOIIHOCTb:
S 0,2 BT Max — nomycTumoe.
OCHOBHOE ypaBHEHHE PaTUOCBSI3U

P xnxD
nep 77 A (3)
47R? ’

P CI/IFH:

[Inomank antenns A =0,035 M
R>(2+3) kM D — ko3 ¢unmeHT HanpaBIeHHOTO ACHCTBHS.
D=1 (ans Hamero npueMHHKA)

0,2 0,2x35%x107°
Pcuen = 6 X > 5 = 6
78,5x10 78,5x10

=0,089%x10" = 0,0891Bm

IlycTh MBI UMEEM IEPEIAIOIIYI0 aHTECHHY ¢ KOd()(MUIIMESHTOM HAIIPaBIECHHOIO
nericreust D=1.
Kak yke roBOpuiIoch, HECMOTPSI Ha HAMPaBIEHHOCTb, PAJAMOBOJIHBI, CO3/1a-

BaeMEbIe TaKOW aHTCHHOMH, ABISIOTCS cheprudeckumu (Aperoepr, 1957). [Toatomy Ha
PACCTOSTHUH I' B IJIABHOM HAINpaBIICHUHU IUIOTHOCTD ITOTOKA YSHEPTUU B COOTBETCTBHU

¢ dhopMmymoi
g Pu B
dm® m®
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e P=S5-4,, A—mommaap aHTeHHBI MOJCTaBIIsieM GOpMyITy U momyyaem P —
MOIIHOCTb IIepeiad Ha PacCTOSHUN.

2 DA3
rt=—2=
4r
1-0,035:°
p2 == 0.0028° 1, = +/0.0028 = 0.053m
12,56
0,0088.11°
Pt = % = 10,0007 r, =/0.0007 = 0.026.
2
’2 = % = 0,002 7, =+0.0002 = 0.0143

B xone ucciienoBaHus HaM ynajnaoch [0 paHee U3BECTHBIM (popMyliaM pacuuTaTh
MOIIHOCTh CHUTHAja, YYUTHIBAS MAaKCHMAJIbHO JONMYyCTHMYIO, JUIMHY BOJHBI U
TJIOMIAIb PACKPBITHS AaHTEHH.
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Abstract. The software has been developed for automated calculations of the
celestial coordinates (ephemeris) of the Sun and Moon, which makes it possible
to calculate the time of sunrise and sunset of these objects, the time of the onset
and end of civil, navigational and astronomical twilight, the phases of the Moon,
depending on the geographical position of the observation point on the earth's
surface and its time zone. Realized algorithms and methods for obtaining numerical
ephemeris of the Sun and Moon and calculating the time of sunrise, sunset, and
twilight are given. This program, called the Astronomical Calendar, is an important
element for the automated distribution of observational time on robotic telescopes
without human intervention. Further possible prospects for developing and applying
the Astronomical calendar are shown. Part of the software is implemented as an
online application available to any Internet user, allowing everyone to receive the
above data online. The program can be used for planning both professional and
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amateur astronomical observations, assessing the level of natural illumination of
the earth's surface at a particular point in time, and for other tasks related to the
above calculations.

Keywords: astronomical calendar, observation planner, ephemeris
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[IpuBenensl peamuszyeMble anTOPUTMBI U METONBI JUIS TTONyYEHHUS YHCICHHBIX
apemepun Connna u JIyHsI, a Takke A pacdeTa BPEMEHH BOCXOJa M 3aX0fa U
cyMepek. JlaHHas nporpamma, HMMeHyemas ACTPOHOMHYECKUM KaJeHIapeM,
SIBISIETCS. Ba)XKHBIM D3JIEMEHTOM Ui aBTOMAaTH3MPOBAHHOTO paclpeieeHHs
HaOMIOAaTeIbHOTO BpPEeMEHH Ha POOOTH3MPOBAHHBIX TeJecKomax 0e3 ydacTus
yenmoBeka. [loka3aHbl jganmpHEWIIHE BO3MOXKHBIE TEPCHEKTHUBBI Pa3BUTUS U
MIPUMEHEHUST ACTPOHOMHYECKOTO KajeHaaps. YacTb mporpamMMHOTo obecte-
YeHUS! peaqu3oBaHa B BHJEC OHJIAMH- MPWIOKEHMS, NOCTYITHOTO Ui JHOOBIX
MoJNTb30BaTeNed ceT VIHTEepHeT, TMO3BONIAIONIEE IIONyYaTh BBIIIEyKa3aHHBIE
JaHHBIC B UHTCPAKTHUBHOM PCIKUME. HporpaMMa MOXKET 6I)ITI) HUCIIOJIb30BaHa AJIsd
TUTAHUPOBKHM KaK MPOQECCHOHANBHBIX, TaK M JTIOOUTEIHCKUX ACTPOHOMHYECKIX
HaOJIO/IEHNH, OLIEHKH YPOBHS €CTECTBEHHON OCBEIIEHHOCTH 3€MHON MMOBEPXHOCTH
B KOHKPETHBII MOMEHT BpPEMEHM, & TaKXKe NI HMHBIX 3a/4ad, CBA3aHHBIX C
BBIIIICYKAa3aHHBIMH PacUeTaMH.

Ki1roueBble cj10Ba: acCTpOHOMHYECKUH KaIeHAAPb, TNTAHUPOBIIMK HAOIIONEHUIH,
aheMepuanI

Bbaarogapuoctu. HccnenoBanue — ¢unHaHcupyercs Komurerom — Hayku
MunncrepctBa HaykKM U BbIcmiero oOpasoBanus Pecmyonmmku Kazaxcran
(mporpamma No BR10965141).

Beenenue

B 2021 rony Hawyanmace peanuzalusi MporpaMMbl 10 co3naHuio BupryanbHoit
oOcepsaropun Ha 6a3e Actpodusudeckoro nHcTuTyTa M. Pecenkoa (VO project,
2021). OxgHo#t U3 3a7a4d MPOrpaMMBbl ABJISETCSI aBTOMATH3aIMs HAOIIOIATeTLHOTO
mpolecca acTPOHOMHUYECKMX  HMCTOYHMKOB Ha  TENECKONaX  MHCTUTYTA,
pacIoIoKEeHHBIX B AcChI- TypreHpcKol 00cepBaTOPHH U TPOIHNX HAOTIOMATEIBHBIX
IUIOIIAIKaX. BaXHBIM NpPOrpaMMHBIM KOMIIOHEHTOM B CO3/1aBaeMOH cCHCTEMeE
SIBIISIETCS] TaK Ha3bIBaeMBIH TUIaHUPOBIIMK Habmronenwii (ITH). Otor xommoHeHT
MO3BOJIUT M3 MOJIYYaeMOTO CITUCKa OOBEKTOB, a TAKKE MX KOOPIMHAT U BPEMEHU
HaOMIONEHUI COPTUPOBATh W CO34aBaTh ONTHMAJBHBIA IJIaH PadOTHI TelecKora
Ha KOHKPETHYIO HOYb. [IporpamMma nomKkHa yIUTHIBATH MOMEHTHI BOCXOZa-3aXx0/1a
ConHua, MpONOMIKUTEIBHOCTh YTPEHHHUX M BEUEPHUX CyMEpeK, BOCXOJ-3aXOJ
JIyner u ee ¢asbl, a TakkKe BIMSHUE TPaJWeHTa OT JIYHHOW 3acBeTku Heba. Bce
MpOrpaMMHBIE PAacueThl JOJDKHBI TMPOBOJUTHCS 0€3 TNPHUBICYCHUsST BHEIIHUX
HWHTEPHET-PECYPCOB.

B xauecTBe 0CHOBHOTO A3BIKa POTPAMMHUPOBAHUS JUISI CO3/IaHUS TUTAHUPOBIITIKA
ObUT BBIOpaH WHTEPHIpPETHPYEMBI BhICOKOypoBHeBBIH s3pik PHP (PHP, 2023),
TaK KaK OH SIBJIAETCS HanOoyiee MOAXOISIIUM sl MHTETPAaLUH IPOrPaMMHOTO
oOecrieueHus B MHHTEpHET-NopTan BupTyansHol 06cepBaTopru U B3aUMOJCHCTBUS
nojip3oBareneldl. OCHOBHOM 4YacThi0 IJIAHUPOBIUMKA HaONIONEHWH SBISIETCS
MPOTPaMMHBIN OJIOK JUIsl YMCICHHBIX pacyeToB HeOeCHBIX KoopanHar (3demepu)
Conuna u JlyHbI, MO3BOJNSIONINH MPOBOAWTH BBIYHMCICHHUS BPEMEHH BOCXofa
3axo/a JTAaHHBIX OOBEKTOB, BPEMEHM HACTYIUIEHHS M OKOHYAHMS TPaKIaHCKHUX,
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HABHUTAIMOHHBIX M aCTPOHOMHYECKHX CymepeK, (a3 JIyHbl B 3aBHCUMOCTH OT
reorpau4eckoro TOJIOKEHHsT TOYKH HAOIIOACHHWS Ha 3eMHOW IMOBEPXHOCTH MU
4acoBoro mosica. JlaHHBIA TPOrpaMMHBIA OJIOK MMEHYeTCS ACTPOHOMHYECKHM
KaJICHIapeM.

MarepuaJibl H OCHOBHBIE METOIBI

Pa3paboTka acTpOHOMHYECKOTO KaJeHIapsi OCYLIECTBISICTCS B HECKOJBKO
sranoB. Ha mepBoM srtame OBUIO CO3MaHO MpPOrpaMMHOE oOOecredeHHe o
YHCJICHHBIM pacueTaM 3BE3IHOro BpeMeHH, nosoxkeHuto Comnua u JlyHel Ha
HeOecHOU cdepe, a Takke BBIYUCICHUIO X MOMEHTOB BOCX0/1a-3aX0/1a U CyMepeK
JUIsl KOHKPETHOW J1aThl M MecTa HaOmoneHuit. [IpoxykT pa3paOoTKH BEUIOKEH Ha
nopraje Actpoduzndeckoro nHCTUTYTa (Astronomical calendar, 2022) u noctynex
Ha TpeX S3bIKaX: Ka3aXxCKOM, PYCCKOM, aHIIMiCKoM. [7e mo0oi mosk30Barenns
MOXXET MOIyYHTh HHTEPECYeMbIe JaHHbIC ISl TF0O0H TOYKH 36MHOU TIOBEPXHOCTH
0 yKa3aHHBIM reorpaguyeckuM KOOpArHATaM U 4acoBOMY nosicy (cM. PucyHok 1).
OtoOparkaeMble TaHHbIE TOCTYTIHBI B BUJIE HJICKTPOHHBIX TaOJIUI] C BO3MOXXHOCTBIO
coxpanenus B pdf-gaiine.
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Puc. 1 —Vntepdeiic ACTpOHOMHUYECKOTO KaJICHIAPs, PEal30BaHHOTO B BHJIE BEO-IPHUIOKEHUS Ha
caiite Actpodusudeckoro uactutyta uM. B.I. decenkoBa (Astronomical calendar, 2022).
(Fig. 1 — Interface of the Astronomical calendar, implemented as a web application on the website of
the Fesenkov Astrophysical Institute (Astronomical calendar, 2022)

3nech MBI He MPUBOIUM 0a30BbIE allTOPUTMBI pacyeTa 3BEe3IHOTO BPEMEHH U
IOJIMAHCKOW JaThl, UCIOJNb3yeMble TIPY HalMCAaHUM MpOorpaMM. Tak Kak JaHHBIC
QITOPUTMBI TIPUBOJIATCS BO MHOTHX OTKPBITHIX MCTOYHHMKAX M HE MPEACTABIISIOT
CIIOXHOCTH JUIS BBIUMCIEHHH, cmoTpute, Hampumep (Duffett-Smith, 2011).
OCHOBHO¥ CIIO)KHOCTBIO TTPH pa3paboTKe ACTPOHOMHYECKOTO KaJleHAapsI SIBJISUIOCH
OTCYTCTBHE B JIOCTYITHBIX MCTOYHUKAX BBICOKOTOYHBIX allTOPUTMOB I10 pacyeTam
MOMEHTOB Bocxoma-3axona Comama u JlyHsl. B ommume ot manmekmx 3Be3n,
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COOCTBEHHBIM JIBUKEHHEM KOTOPBIX MOXHO TpeHeOpeub, ConHile, a TeM Ooree
Jlyna u3-3a OTHOCHTENBHON OMHM30CcTH K 3emiie 00MafaroT JOCTaTOYHO OBICTPHIM
COOCTBEHHBIM JBI)KEHHEM, BCIIEACTBUE YETO UX IKIUNTHYECKHUE M SKBATOPHUATIEHBIE
KOOPIUHATHI CYIIECTBEHHO MEHSIOTCS Ja)Ke Ha HEOOIBIINX HHTEpBajaX BPEMEHH,
YTO 3aTPyAHSET MPOBEICHUE BEIYUCICHUI NX MOMEHTOB BOCXO/Ia M 3aX0/1a.

Hamu pazpaborana Metoquka AJisl TPOBEACHUS PACYeTOB MOMEHTOB BOCXOa U
3axona Comnia u JlyHsl, Ha 6a3e KOTOpo# u ObuT pazpaboTaH ACTPOHOMHYECKUN
KaJeHAaph, NPOM3BOASAIIMK pacyeThl ¢ BBICOKOW TOYHOCTHIO. Hike mpuBeaeH
JAHHBIHA TTOIIATOBBIA aITOPUTM (TakkKe CMOTpUTEe PUCYHOK 2):

Aneopumm 011 pacuema epemeru ocxooa-3axooa Connya u Jlynvl

[ar 1. BerumcneHuss skBaTopuaibHbIX KoopauHaT ConHua u JIyHsl Ha
KOHKPETHBIH MOMEHT BpEMEHHU:

1.1. BbruncneHnue noioxeHus: 00beKTa Ha COOCTBEHHOH OpOMTE B yKa3aHHBIN
MoMeHT BpeMmeHd. Tak kak Counnile 1 JIyHa He SBISIOTCS TOU€YHBIMHA HCTOYHUKAMH,
TO 37leCh MOA KOOpAWHAaTaMH OO0beKTa MOApa3yMEBAIOTCS KOOPAWHATHI ICHTpPa
COJTHEYHOTO (WJIM IYHHOTO) JINCKA.

1.2. IlepeBox opOUTALHBIX KOOPAWHAT B SKIUINTHYCCKHE KOOPIUHATHI.

1.3. BrruncneHue mompaBoK Ha M3MEHEHHE HAKIIOHA IIOCKOCTH SKBaTOpa K
TUTOCKOCTH JKJIMITHKA B yKa3aHHBIH MOMEHT BPEMEHH. A Tarkke IMONpPaBOK Ha
MPELECCHIO U HyTalUIO 36MHOM OCH.

1.4. TlepeBon OSKIMNTHYECKUX KOOPAWMHAT OOBEKTa B OSKBAaTOPHAILHEBIE
KOOpAMHATHI C Y4YeTOM IIONpPaBOK, yKa3zaHHBIX B 4. Ha Beixome momydaem
TeOIEHTPUIECKHE SKBATOPHAILHBIE KOOPIUHATHI B YKa3aHHYIO ATIOXY.

[lar 2. IlpeoOpa3oBanmsi reoneHTpudeckux koopawmHat Comnma u JIyHBI B
TOTIOLIEHTPUYECKHE KOOPAMHATHI (COOTBETCTBYIOIIUX MECTY HAOMIOACHUS):

2.1. Brraucienne reoeHTpUIeCcKoro mapanrakca 00beKTa ¢ yIeTOM IOIIPaBOK
Ha TeorpaduuecKyl0 IIMPOTY U BBICOTY (Hal YpPOBHEM MOpS) TOJIOKEHUS
HaOIronaTens.

2.2. Ilpeobpa3zoBaHue € MOMOUIBIO MOMPABOK 2.1. U3 TEOLEHTPUUYECKUX B
TOIIOLIEHTPUYECKUE SKBATOPUAIbHBIE KOOPIUHATHI.

[ar 3. Beraucienue MOMEHTOB Bocxoa-3axona Comnnia u JIyHbl Ha OCHOBaHHU
METOo/Ia MOCIIeI0BATENbHBIX TPUOTKEHUH.

3.1. Beruncnenue TononeHTpudeckux koopauHar ConHua u JlyHsl Ha Hadajo
HWHTEPECyeMbIX CYTOK (cM. maru 1-2).

3.2. HaxoxeHne TOKaIIbHOTO 3BE3THOTO BPEMEHH MOMEHTOB BOCXOJa-3aX0fa
oObekTa (BBITOTHEHUE YCIOBHS, YTOO BhICOTa O0BEKTa HAJ TOPU30HTOM MecTa
HaOmoeHus paBHsIIach Hymo rpagycoB h = 0) uepes dpopmynsl mpeoOpa3oBaHus
KOOPIUHAT OT 3KBAaTOPHUATBHBIX K TOPU30HTAIBHBIM.

3.3. [IpeoOpa3zoBaHue JIOKAIBHOTO 3BE3/JHOTO BPEMEHHU BOCX0/1a-3aX0/1a 00bEKTa
B MECTHOE TPa)/IaHCKOE BpeMsl.

[Ipumeuanne: HeOecHble KoopanHATH ConHIA U JIyHBI CYIIIECTBEHHO MEHSIOTCS
Jake Ha HEeOOJBIINX MPOMEXKYTKaX BPEMEHH W3-32 OTHOCHUTEIBHON OMM30CTH K
3emite (B OTIMYME OT KOOPAHMHAT JAllEKUX 3BE3/). DTO O3HAYAET, YTO Ha mare 3.3

141



ISSN 2224-5227 1.2023

MOJTy4YEeHO JIUII MPUOIIKEHHOE BPeMs BOCXOJ - 3aX0/1a TaK KakK MO JOCTIKEHUIO
BpeMenu 3.3 Comarie u TeM Oomnee JIyHa yCIIEIOT CMECTUTRCS O CBOEH opOuTe.
[MoaTomy cnenmyrommM ImaroM OyIeT NMOBTOPEHHE HEKOTOPHIX BHINIECYKAa3aHHBIX
ITyHKTOB.

3.4. Ilepexon Ha mmrar 3.1. 1js TOBTOPHBIX BBIYMCICHUN TOMOIEHTPUICCKUX
KOOPIWHAT, HO yXe JUII MOMEHTOB BpEMEHH, MOJy4deHHble Ha Imare 3.3. 3arem
HEOOXOMMMO OCYIECTBUTh Iepexon K mary 3.2 Ui TOJMydYeHUsS HOBOTO
MpUONVKEHHUS JIOKAJILHOTO 3BE3JHOTO BPEMEHH JUIS MOMEHTOB BOCXOJa-
3axoma oObekra. [lomydeHHOE JOKanbHOE 3BE3HOE BpeMs HEOOXOIMMO CHOBa
peoOpa3oBark B rpakiaHcKoe Bpems (1ar 3.3.) Jyis MOIy4YeHUs Y)KE YTOUHEHHOTO
Tpa)IaHCKOTO BPEMEHH MOMEHTa BOCXO/Ia FITH 3aX0/1a. DTH HTEePaIni He0OXOAMMO
MTOBTOPSATH JI0 TEX 0P, TIOKA HE IOCTUTHETCS JKeJlaeMasi TOUHOCTb.

3.5. Brluncnenue mompaBKd Ha pedpakuuio 3eMHOH arMocdepbl BOIU3U
TOPU30HTA, a TaK)Ke IMOIPaBKK Ha pocTpancTBeHHEIH auck Comurna (JIymsr). Tak
KaK MOMEHTHI BOCX071a (3aX0/1a) COOTBETCTBYIOT BpEMEHH, KOT/[a BEPXHUH (HUXKHHIA )
Kpall IHCKa KacaeTcs IJIOCKOCTH Topu3oHTa. HeoOxommmo BHECTH TIOMPAaBKH K
MOMEHTaM BOCXOJa-3aX0/a, MOJNy4eHHBIX Ha miare 3.4. Ilomyuaem rpaxiaHcKoe
MecTHoe BpeMs Bocxona — 3axona Comaia (JIyHsr).

Memoowt evruucnenus sgpemepud Connya u Jlynot

Juis Berancnenust nonoxxkeHuss Connna (myHKT 1.1) MCIONB3yeTCsl YUCICHHOE
pemenue ypaBHenus Kemnepa B 3amade aByx ten (Duffett-Smith, 2011). B atom
cillydae A YIPOUIEHHS pacyeToB HCIIOJIb3YeM OTHOCUTENIBHOCTh JBUKEHHS,
cumnTas 3eMITI0 Kak Obl HEMOABIKHOM 1 Haxopseiics B pokyce ammrca, a ComHie
JIBWOKYIIIMUMCS 110 3TOMY 3JUIMICY (SKIUNTHKH). [Ipu W3BECTHBIX MapaMerpax
(moNoxxeHUAX) Ha ONpeAeIICHHBIE MOMEHT BPEMEHH (B JJAaHHOM CITydae Ha HAYaJio
samoxu 2000 roma) MOXHO MONMY4YUTH TojiokeHWe ConHIla Ha T000H MOMEHT
BPEMEHH CIIEAYIOMIUM ITyTEeM:

Brruncnenne cpenneit anomanvu CoHIIA HA KOHKPETHBI MOMEHT BPEMEHH 3
HCXOHBIX JaHHBIX Ha 31moxy J2000

Brruncnenne skcrieHTpu4HOM aHoManuu CoJHIIA yTeM YUCIEHHOTO PEeIISHUS
ypaBHeHUs Keruiepa MeTomoM mocienoBatenbHbIX nmpuommkeHnit (Duffett-Smith,
2011).

Brruncnenne wctuHHON aHomanuu ConmHIa 1O (GOpPMYINe CBS3BIBAIOIIYIO
SKCHEHTPUYHYIO U UCTUHHYIO aHOMAJIHIO, KOTOpasi 1 COOTBETCTBYET OpOUTAIBLHON
nonrore ComHna. 31ech MBI HE YYUThIBaeM BIUsSHIE JIyHBI, TUTaHET U TIp., TaK KaK
JUTA BBIUMCIIEHWS MOMEHTOB Bocxoaa M 3axofa CoNHIA 3TUMH BEIIaMH MOKHO
npeHeOpeys.

Brruncnenne mosoxkeHust JIyHbI sABISIETCS JOCTATOYHOM CIIOXKHOW 3ajaueit
BBUIY CyIIeCTBEHHOro BiHsHUS (momMumo 3emin) CoiHua M OIM3Ie)arux
rraneT. [ yka3aHHBIX BBIYHCIEHHH OBUT peaji30BaH allTOPUTM, OCHOBAaHHBIN
Ha aHaJIUTHYEeCKOM JyHHOW Teopun bpayna (Brown, 1899, 1904, 1908) u
nonyananutndeckoir momenu ELP-2000 (Chapront-Touze, 2000), rae ydTeHsb
CJICIYIOIIUE BaYKHBIC TIOMTPABKY ISl BRIYHMCIICHHS TToNioxkeHus JIyHbI Ha ee opOuTe:
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1. VYpaBHeHue meHTpa. JTa MONPABKA YYHUTHIBAET 3JUTUNTUYHOCTH JTYHHOH
OpOHTHI.

2. Opekuust. OCHOBHAs MONPAaBKa, YYUTHIBAIONIAs IPaBUTALMOHHOE BIUSHHE
ConHua Ha mapaMeTpsl JIyHHOW OpOUTEHI.

3. Bapuamus. DTo [JONMOJHEHHE YYWTHIBACT IEPUOJMYECKHE IPOLECCHI
ycKopeHus i 3ameuieHus JIyHsl Ha cBoei opOute mof BiausHueM ConHIa.

4. TonnuHoe ypaBHEHHE. DTa MONPaBKa YYUTHIBACT HEOOIBIINE IEPHOANIECKHE
W3MEHEHUS JIyHHOW OpOUTHI, MIMEIOLIEH MaKCUMYM B IIEpUTee 1 MUHIMYM B arioree.

5. INapannakTryeckoe HEPaBEHCTBO. DTO HEOOJIBIIAs TONIPABKa, 3aBUCSILAS OT
napannakca ComHia.

6. [lonpaBky, y4UTHIBAIOIINE TPABUTALMOHHOE BIMSHUE ONM3JIeKAIINX MTIAHET
Ha aswkenne Jlynsl: Benepsr, Mapca u FOnutepa u T.1.

Jnst BBIYMCIICHUST MOMEHTOB BOCX0la M 3axofa JIyHbl yuuTBIBaJICS Takxke ee
TOPU30HTANBHBIA 3KBATOPHAJIBHBIM Mapaiiakc, oOyclOBICHHBIH TeM, uTo JlyHa
HaXOAWTCS B HEITOCPEICTBEHHON OJIM30CTH K 3eMJIIe M IBUYKETCSI 110 SJUTUITHIECKON
opbuTe. BeneacTBue 3Tor0 ee yrioBoil pasMep npu HaOM0IeHUHU ¢ 3eMITH MEHSIETCSI.

LR S L, S,

e ST AR Sy A [ S
—veend s 00 00 0

I A S R s |

T EErE et p— T
B ew—

P S L e L Y e e ae
BT TR

i Bl RIS §
T e e R e | e
AL A
A ——————
PN TR
e T Ty P
A ST W e
o e B S L
- e =
- g a -
s ) s 12 g i SR S
DR 1 LS YA ey o
™ e G =
TR A -
= BT il | i - =
+ S rwm erwammn L7
[ e —

Puc. 2. — brok-cxema, 0ToOpaxkaromast airOpUTM HaXOKIECHHS MOMEHTOB Bocxoza-3axoaa ConHna
niu JIyHsl.
(Fig. 2. - Block diagram showing the algorithm for finding the moments of sunrise and sunset of the
Sun or Moon)
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Oocy:xnenust

CpaBHeHHe MOMEHTOB Bocxona-3axona ComnHua u JIyHbI, OMy4eHHBIX B XOI€
peanu3alyy yKa3aHHbIX aJITOPUTMOB C IJAHHBIMH ACTPOHOMUYECKHX €KETOHUKOB
Ha 1989, 2022, 2023 rr. (I'meboBa, 1989, 2022, 2023), maroT pacxoxaeHUE
mo BpeMeHH He Oojee 30 cek, YTO TOBOPHUT O JOCTAaTOYHO BBICOKOM TOYHOCTH
CO3JJAHHOTO HamMH ACTPOHOMHYECKOro KaneHgaps. Ecimu paccmartpuBate AK B
paMKax pa3pa0aTblBaeMOI0 IUIAHMPOBIIMKA HAOIIONEHUH, TO MOXXHO IPHUBECTU
CpaBHEHHMsI C CYLICCTBYIOUIMMHU aHajoramMmd. Ha Tekymmii MOMeHT HamOosee
pacripoCTpaHEeHHBIMU TPOTpaMMaMu ISl  IUIAHUPOBAHUS  aCTPOHOMHYECKHUX
HaOmronenuit  siisitorcst  AstroPlanner (Astroplanne, 202r) and Astro Plan
(Astroplan, 2022). Ilepas u3 HuUX paboTaeT TONBKO IO ONEPALUMOHHBIMHU
cuctemamu MacOS 1 Windows. Takke 3Ta mporpaMmma sIBJII€TCS IPOTIPHUETAPHON
C 3aKPBITHIM HCXOJHBIM KOJIOM, YTO HE TO3BOJISIET MHTETPUPOBATh €€ B CpPeay
Bupryansnoii obcepBaropun. CymiecTByeT Takke ajbTepHaTHBHas OecIulaTHas
KpoccruiarpopmenHas mporpamma Astro Plan pazpaborana Ha Python ¢ oTkpbITEIM
UCXOIHBIM KoztoM. OZIHAaKO AaHHAas MPOrpaMMa UMeeT HEKOTOPbIE HEAOCTAaTKU:

1. PacuetHoe Bpemst Bocxonma m 3axoma ConHa ommmdaercs Ooiee dem Ha 3
MUHYTBl OT JaHHBIX ACTPOHOMHYECKMX €XKETOIHHUKOB. J{JIsi BpeMeHH BOCXoaa U
3axona JIyHBI pacXoXIeHHsI MOTYT COCTaBIISATh Oosee 12 MUHYT. DTO MOXKET OBITh
KPUTUYHBIM NP TUIAHUPOBAHUU HAOIIONCHUHN TOCTATOYHO TYCKIJIBIX OOBEKTOB.

2. Jlns ucnons3oBaHus mporpaMmel Astro Plan TpeGyercs mpenBaputenbHas
YCTaHOBKA ITPOTPAMMHOTO 00ECIIeUEHSI M BJIaJICHHE HAaBBIKAMH IPOTPAMMHUPOBAHUS
Ha si3b1ke Python.

Pe3ynbrarsl

Kak yxe Obuto ymoMmsiHyTo BOo BBenenumn, ACTpOHOMHYECKHM KalleHAaph
SBISIETCS. OCHOBHOM MOANPOrpaMMOM B Tak Ha3biBaeMoM llmaHupoBiivke
na0monenuit (ITH), kotopslii npeaHasHa4eH IS ONTUMAIBHOIO PacIpeeIeHUs
HaOMI0AaTeTLHOTO BpEeMEHH Ha aBTOMAaTH3MPOBaHHBIX TeJlecKonax. Hike npuBeaex
npuHIMT padoTts 1TH:

[TnmanupoBIMK HaOMIOAEHUH TPUHUMAET Ha BXOA (aiii co CIIHCKOM 00BEKTOB,
coZieprKalluX ClIeAYIOIHe CBeeHHS (0 KaKIOM O0bEKTE):

HazBanue oObekra

[Ipsamoe Bocxoxknenue (RA)

Cxknonenne (DEC)

3Be3nHas Benn4ynHa B V QUIBTpe

JIUTENbHOCTD SKCIIO3UIMU €AUHUYIHOTO Kaapa

KonuuectBo xaapos

Ha nepBom sTame nporpamma oTOpakoBbIBa€T OOBEKTHI, Y KOTOPBIX HEKOPPEKTHO
BBEJICHBI Kakue-mnbo mapamerpsl. Hanpumep, korna B JJAaHHBIX 110 KOJNUYECTBY
KaJpOB MPUCYTCTBYIOT OyKBEHHBIE CUMBOJIBI BMECTO YMCEIl WM KOTJa KOOPIUHATHI
(DEC) yka3sIBaroT Ha TO, 9TO 0OBEKT BOOOIIE HEBO3MOXKHO HAOIIONATh Ha TaHHBIX
mmpotax. [Ipu aToM dopmupyercs JIor OmMOOK, Ky/la 3amrichiBalOTCS MOA0OHBIC
OOBEKTHI C OMMCAaHUEM OIINOOK.
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Ha BTopom sTane nmpoBoasTCs BEIYMCIICHHUS II0 BpEMEHH KyIbMUHAIINNA 00BEKTOB
Y 3aTeM MPOBOIUTCS TpeABapUTENbHAs COPTUPOBKA IO ATOMY MapaMeTpy. 3areM
PACCTaBISAIOTCA TPHOPUTETHl 1O BPEMEHH BHIUMOCTH OOBEKTOB. VCTOUHHKW,
BHIUMOCTh KOTOPBIX OTpaHWYE€HAa MallbIM BPEMEHHBIM HMHTEPBAJIOM, HMEIOT
OOJIBIIINIT TIPUOPUTET TIO0 CPABHEHHIO C TEMH OOBEKTaMH, BUAMMOCTH KOTOPBIX
HaXOJUTCSI B OTHOCUTEIHLHO OOIBIIIOM BpeMEHHOM HHTepBase. OOBeKTHI C OOIBIINM
MIPHOPUTETOM OYIyT HAOIIONATHCS PaHbIIIE.

Ha tpethem sTame npoucxoasaT BEIUUCICHUS MOMEHTOB Bocxoa-3axoa ConHia,
a TaK)Ke TPEX THUIOB CyMepeK (TPak TaHCKUX, HABUTAITMOHHBIX M ACTPOHOMUYECKHUX )
Ha TEKyIIHe U CIenyrolne CyTKu. W onpenensroTcs TpaHuIbl aCTPOHOMHYECKON
HOYH, YKa3bIBAIOIHE HA HAYAIO M KOHEIT HAOJIOICHIIM.

Ha geTtBepToM 3Tare MPOUCXOAWUT BBHIYHUCICHHUE BBHICOT OOBEKTOB HA MOMEHT
Hayajga acTPOHOMHYECKOW HOYM. Ecim OOBEKThI HHUCXOISIINE W WX BBICOTA HA
MOMEHT Havasna HaOmrofaeHnid Hike 20 rpaTycoB, TO IPOUCXOTUT UX OTOPaKOBKa.

Ha msToM 3Tane mponcxomuT BEYUCIEHHE MOMEHTOB BOCX0/1a-3axoaa JIyHbI
ee (hasbl, a TaKKe pacueT YIIIOBBIX PACCTOSHUEN Mexay JIyHoU u HaOIroqaeMbIMU
00BEKTaMH C OTICHKaMHM 3aCBeTKH poHa HeOa. HarToM 3Tarne mpoucxoauT oTopakoBKa
00BEKTOB, YbM MarHUTYBI cllabee ¢oHa HeOa. J[i1st ocTambHBIX 0OBEKTOB B CITUCKE
oToOpakaeTcsl X YIJIOBOE PACCTOSHHE J0 IEeHTpa JIyHHoro aucka. Ha Bexome
dhopMupyeTCst OTCOPTHPOBAHHBIN CITUCOK OOBEKTOB U JIOT OITUOOK, KOTOPHIH 3aTeM
MPUHUMACTCS Ha BXOJl IPOTPaMMOM yIIPABICHUS TEIECKOIIOM.

3akiloueHune

Baxnoli 3amaueii aBTOMaTH3aIliil acTPOHOMUYCCKHX HAOMIOMCHUN SBIISCTCS
CO3/IaHME MPOTPaMMBI ONTUMAJIHFHOTO PACTIPEACIICHUS BPEeMEHH HAOIOICHUH Ha
TelecKonax ¢ yueroMm nonoxkenust ConHIla, HACTYIUICHUS M OKOHYAHUS CYMEPEK,
nonoxerns U ¢a3 JlyHsl. BakHbBIM TpeOGOBaHMEM K 3TOW Mporpamme SBISETCS
ABTOHOMHOCTHh €€ pal0oThl 0e3 MPUBICUCHHS BHEUIHHX WHTEPHET-PECYPCOB.
Jna pemenust 3Toi 3ajmaun ObuT pa3paOoTaH aBTOHOMHBIM acTPOHOMHYECKHN
KaJleHJaph, TO3BOJISIONINN OIECHUBATh BpeMs Bocxoaa u 3axona Comuna, JIlyHsr (a
Takke ee ¢a3), HACTYIUICHHUS] ¥ OKOHYAHHS TPEX THUIIOB CyMepeK (Tpa)kIaHCKUX,
HABUTAIMOHHBIX U aCTPOHOMHYECKHX). DTa MOAIpPOTpaMMa SBISETCS OCHOBHBIM
maroM B AaBTOMAaTH3aIl¥ TUIAHUPOBAHHS AaCTPOHOMHYECKHX HAOIIOMEHHIA.
3aBepuienHas nporpamma [TH mo3Bonut onTuMaisHO pacipenemsTh BpeMs paboTh
ACTPOHOMHYECKHX HMHCTPYMECHTOB O€3 y4acThs 4YeJIOBEKa M SBISCTCS BaXKHBIM
AIIEMEHTOM, 0e3 KOTOPOTO HEBO3MOXKHA TIOJTHASI aBTOMATH3AIHS HAOIIOIATeTbHOTO
mporiecca.
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Abstract. The phenomenon of nuclear interaction between the nucleons that
make up the nucleus is not fully explained. These interactions are very complex,
and there are a lot of parameters that describe them. However, the patterns at
the lowest energy levels of the nuclei are homogeneous, simple in nature. Their
properties are determined by the average potential along which the nucleons move
and the effective double nucleon interaction. Consequently, the nucleons in the
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nucleus are arranged along the electron shells in the atom, but, interacting with the
mutual nuclear force, they paired. In the following decades, the application of the
interacting boson model (IBM) to explain the properties of low-energy states of
complex nuclei became a particularly suitable method for experimental physicists.
The simplicity of the basic concept on which this model is based and the algebraic
construction of the Hamiltonian it uses create great opportunities for studying the
construction of collective excitations in nuclei. In early theories, various modes
of collective excitation were associated with spherical and deformed geometry
generated by the arrangement of nucleons in them in a changing shape. Now we
consider such excitations as energy states generated by the interaction of bosons
in the nucleus. The theory of the theory of the IBM is described in sufficient detail
in various textbooks. In this article, we proceed from the simplest principle of
IBM to study the construction of the lower states of heavy nuclei. In particular, we
assume that the construction of these states is caused only by the interaction of s
and d bosons. We have seen above that the detection operators of such bosons form
a unitary group SU(6). It is shown that such a unitarily symmetric Hamiltonian
has three asymptotic limits that are easily diagonalized analytically. In particular,
to study the structure of heavy nuclei with rotational states, we apply the limit
SU (6) ) SU(3) ) 0(3) . Thus, we apply this asymptotic group to a pair of
isotopes of the uranium nucleus. The problem can be solved not only by group
theory, but also by the method of secondary quantization. The nuclei found in this
way are so simple in spectrum and wave functions that they are ideal for studying
the structure of nuclei, classifying quantum states in them, and good conclusions
can be drawn. Quasi-spin formalism greatly simplifies the calculation of matrix
elements of operators and brings them into a form suitable for comparison with
experimental data. The microscopic theory of a fermionic dynamical-symmetric
model of collective excitations of nuclear systems is considered. The spectrum
of states and probabilities of electromagnetic transitions are found. The theory
is applied to the study of the structure of states of even isotopes of osmium
186,188, 190.1920s, The obtained results are compared with the available experimental
data for transition region nuclei.

Keywords: interacting boson model, boson Hamiltonian, dinamical symmetry,
even isotope, senoriti
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AHHOTamMs. SApo KypamblHA CHETIH HYKJIOHAAD apachIHAaFrbl sIPOIIBIK
oceprecy KYOBUIBICBI JKETKUTIKTI JIEHTe#me TONBIK TYCiHmipimMereH. by
ocepliecyliep ©Te KypJeni JKOHE OHBbI CHIIATTAWTHIH TapaMmeTrpiep oTe Kell.
JlerTeHMEH  sAOpoOJapAblH €H  TOMEHTI JHEpPreTUKANBIK  JICHreiIepiHmeri
3aHABUTBIKTAphI OipKeiKi, KapamaisiM cumnarta. OmapaslH KacHeTTepi HyKIOHIAp
KO3FaJlaTBIH oOpTalia TOTEeHIHan MeH 3(QGEKTHBTI KOC HYKIOHABIK 9cepiecy
apKBUTBI aHBIKTaTa(bl. COHJBIKTAH SIPOIAFhl HYKIJIOHIAP aTOMJIAFbl SJICKTPOHAAD
Topi3mi KaObIKmanap OOWBIHIIA OpHANACKHIN, Oipak, e3apa SIPOJIBIK KYIIICH
oceprecim xynranaapl. Keiinri oHmarad KpIIIap iMIiHIE dcepiiecyir 0030HIap
Monenin (O©BM) kypaeni sapojapIblH TOMEHTI DSHEPreTHKAIBIK KYHIepiHiH
KacHeTTepiH TYCIHAIpyTre KOJIaHy, ocipece, SKCIIepUMEHTATOP-QU3UKTEp YIIiH
eTe KOJaiIbl omicTepre aWHamALl. byl MOAeNbIiH HeEri3re ajaThlH HETi3Ti
KOHICTIIUSCHIHBIH JKOHE OHJA TaljaaHaThlH TaMWJIBTOHHAHHBIH areOpabiK
KYPBUTBICBIHBIH,  KapanmalbIMIbUIBIFEl  SAPONTAPIAFhl KOJJICKTUBTIK KO3YIapIIbiH
KYPBUTBICBIH 3€PTTEYIE YIKEH MYMKIHIIKTEp TYFbI3aJIbl. AIIFallKpl TEOpHsIIapaa
KOJUICKTHBTIK KO3YIBIH TYPJi MOAATIapbhlH OJapJiarbl HYKIOHAAPIBIH e3repMeli
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¢dopMana opHamacyblHaH TyFaH CQEpalblK >KoHE Typiime aedopMaluusuiaHFaH
TeOMETPHUSACHIMEH OailaHBICTBIpFaH. EHI MyHal Ko3ynapasl ObM-ne saponars
0030HIap ocepiecyiHeH TyFaH SHEpPIreTHKAIBIK KYHIep aen KapacTeipamblis. ObM
TEOPHSICHIHBIH TEOPHSICHI OPTYPIIi OKY KYpaJAapbIH/Ia KETKIUTIKTI Typ/e OasHAaIFaH.
By Makanazga aybelp saposapAblH TOMEHT1 KYHIIEPiHiH KYPBUIBICHIH 3€pTTEy YIIiH
OBM eH kapamailblM KaFuJachlH HETi3re aiaMbl3. ATam aiTKaHaa, Oy KyHiepaiH
KYPBUIBICHI TEK S skoHe d-0030HAapIbIH 9cepieCyiHeH TybIHAN I IET eCenTenMi3.
XKorapbina mMyHAaid OGo30HZApABI AHBIKTAHTHIH omeparopnap SU(6) yHUTapibl
TOIITHI KYPAaNTHIHBIH KepAiK. MyHIall yHUTapIIs! CAMMETPHUSUIIBI TaMHIIBTOHHAHHBIH
OHall aHANMTHKAJIBIK >KOJIMEH JWaroHaIJaHaThIH YII aCUMITOTHKAIBIK IIeri O6ap
ekeHiH kepcerineni. COHBIH iMIiHIE POTALMSUIBIK Kyiaepi Oap aysIp siIponapabiy
KypbUIbICBIH  3eprTeyre SU (6) > SU (3) ) 0(3) IEriH  naiigananamels.
CeliTin OCBl aCHMOTOTUKAIBIK TONTHI YpaH SAPOCHIHBIH JKYI H30TONTapbIHA
KOJlJaHaMbI3. MacelneHi TeK TONTHIH TEOPHs JKOJIBIMEH FaHa eMec, COHBIMEH KaTap
eKiHIII PeTTIK KBaHTTAay oficiMeH Ae memyre Oomanel. Ochbuiaiima TaObLIFaH
SAPONIAPABIH CIEKTPI MEH TOJNKBIHIBIK (DyHKUUSUTApBIHBIH KaparnaibIMIBUIBIFbI
COHIIIA, OJapJbl AAPOJap KYPBUIBICHIH 3€pTTEyTe, ONaplarbl KBAaHTTBHIK KYyHiepai
KIaccupUKalusIayFa oTe KoJaiibl XKoHEe JKaKChl KOPBITHIHIBIIAP anyFa OoJabl.
KBazucnunaik popmannsm onepatopiapAblH MaTPHIAIBIK JIEMEHTTEPiH ecenTey i
eTe OHaWmaTaabl >KOHE OJapAbl JKCIEPUMEHT OepiireHiepiMeH CalbICThIpyFa
KOJIAMJIBI TYpre KenTipeai.

Tyi#iin ce3mep: ocepiecymi 0030HAAp MOAETI, TaMWIBTOHHAH OO30HBI,
JMHAMHUKAIBIK CAMMETPUS, JKYIT H30TOI, CEHBHOPUTH
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AHHoOTauMs. SIBIeHHE SAEPHOTO B3aMMOACHCTBHUS MEXKIY HYKJIOHaMH,
BXOAANIMMH B COCTaB s/pa, HEJAOCTAaTOYHO TIOMHO OOBSICHEHO. OTH
B3aMIMOJICHCTBUS OYEHB CIIOXKHBI, M TTAPaMeTPOB, KOTOPBIE MX OMUCHIBAIOT, OYE€Hb
MHOTO. OHAKO 3aKOHOMEPHOCTH Ha CaMBIX HU3KHX JHEPTeTHYECKHUX YPOBHSIX
siIep HOCST OJHOPOAHBIM, MpocToM xapakTtep. MX cBoiicTBa ompenensroTcs
CPEeIHMM TOTEHIIMAJIOM, 0 KOTOPOMY IBIDKYTCS HYKJIOHBI, W 3(eKTHBHBIM
IBOWHBIM HYKJIOHHBIM B3amMmojeicTBreM. (ClemoBarenbHO, HYKIOHBI B SApe
pPacToNOKEHBI MO JJNEKTPOHHBIM 000JI0YKaM B aroMe, HO, B3aWMOJEHCTBYA
C B3aUMHOM SJIEpHOM CWIOW, clapuBaroTca. B mocnemnyromiye aecsTHUIeTUS
MIPUMEHEHUE MOJIETH B3auMOICHCTBYOMMX 0030HOB (MBB) mis oOwscHeHus
CBOWMCTB HHU3KOIHEPTETHYECKUX COCTOSHHUI CIOXKHBIX SIep CTalo OCOOEHHO
MOIXOSIIMM METOJOM JUIsl (hPM3MKOB-dKCIIeprMeHTaropoB. [Ipoctora 6Ga3oBoit
KOHIICTIITNH, Ha KOTOPOX OCHOBaHA 3Ta MOJEINb, ¥ alre0pandeckoro MOCTPOCHHUS
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raMUIBTOHHAHAa, KOTOPBIM OHA MCIIONB3YET, CO3JAar0T OONBIINE BO3MOXXHOCTU
JUIL M3YYEHHUS] TOCTPOCHHUS KOJUIEKTHUBHBIX BO30OyXIeHMH B siipax. B panHux
TEOPHSIX Pa3IMYHBIE MOIBI KOJUIEKTMBHOTO BO30YXIEHHsS OBIIM CBSA3aHBI CO
cepuueckoil 1 geOpMHUPOBaHHON reOMETpHEH, MOPOXKICHHON PACHIONIOKEHUEM
B HUX HYKJIOHOB B HM3MeHsIomeics ¢opme. Termepb MBI paccMaTrpuBaeM TaKHE
BO30YXIIEHHUsSI KaK SHEPreTHYECKHE COCTOSHUS, POXKICHHBIC B3aWMOACHCTBHEM
0o30HOB B sigpe. Teopust teopun MBB nocratouHo monpoOHO HU3JIOXKEHa B
Pa3NUYHBIX Y4eOHBIX MOcoOMsX. B 3Tol crarbe MBI MCXOOMM U3 MpOCTEHIIEro
npuHiuna MBB 11 n3yueHus mocTpoeHus HIKHUX COCTOSHHM TSDKEIBIX sIIIEp.
B wactHOCTH, MBI mpenmnonaraeM, 4To MOCTPOECHHE STHX COCTOSHUH BBI3BAHO
TOJBKO B3auMoneiicTBueM s U d-0030HOB. Brilie Mbl BHAENH, YTO ONEpPaTOphI
oOHapyXeHHsI TakuX 0030HOB 00pa3yloT yHuTapHyio rpymmy SU(6). Iloka3zano,
YTO TAKOW YHUTAPHO-CUMMETPUYHBIA FAMUIBTOHHAH UMEET TPU ACHMITTOTHYECKUX
npezaena, KOTOphIE JIETKO IUAaroHaIM3YIOTCSl aHAIMTHYECKH. B ToM umcne s
W3Y4YCHHSI CTPOCHUH TSDKEIBIX SJEp C POTALMOHHBIMU COCTOSHUSIMH MPHUMEHSIEM

mperen SU (6) o SU (3) ) 0(3) . Takum o6pa3om, MBI TNpHUMEHSIEM
3Ty AacCHMOTOTHYECKYI0 TPYNIy K [ape H30TONoB sAapa ypana. lIpoGmemy
MOYKHO PELIUTh HE TOJNBKO IyTEM TEOPUHU TPYIIBI, HO U METOJOM BTOPHYHOIO
KBaHTOBaHMs. HalineHHble TakuM 00pa3oM siipa HACTOIBKO MPOCTHI B CHEKTPE U
BOJIHOBBIX (DYHKLHMSX, YTO OHU HICATBHO TOAXOISAT AJISl M3yUEHHs CTPOCHUS sIIep,
KJacCU(UKAUN KBAaHTOBBIX COCTOSHHH B HUX M MOTYT OBITH C/EIaHBI XOPOLINE
BbIBOZIBL. KBa3ucnnHOBBIN opMain3M OYE€Hb YIPOILAET BEIYUCICHUE MaTPUUHBIX
3JIEMEHTOB ONEPaTOpPOB M NPUBOAMT UX B (GOpMY, MOAXOASALIYIO Ul CPABHEHUS C
9KCIIEPUMEHTAIILHBIMH JaHHBIMHU.

KunroueBble cjioBa: MoJenb B3aUMOACHCTBYIOLUINX 0O030HOB, 0a30H raMumiIb-
TOHUAHA, TWHAMUYECKas CHMMETPUS], YeTHBIN U30TOI, CEHbOPUTH

Beenenue

PazButne Teopernueckod sAepHOM (U3UKH, TOCTPOCHHE M pa3BUTHE
TEOPETUKO-TPYNIIOBBIX ITOIXOJ0B, OCHOBAHHBIX Ha BBIABICHUH M 0000ICHHN
(hepMHOHHBIX OOLIMX CUMMETPHUYECKHX CBOMCTB, UCXOISIINX U3 MEXKHYKIOHHBIX
CHJl M Ha €IUHOH OCHOBE LEJIOCTHOE OIMCaHWE HauOojee BaKHBIX CBOWCTB
siIep, ABISAETCS aKTyallbHOM M Ba)KHOM 3afadeil. B mocnegHue roasl Mbl Aajblie
Pa3BUIIM MUKPOCKOITUYECKYI0 (DEPMHUOHHYIO MOJIENb KOJIJICKTUBHBIX BO30YKICHUN
MHOTOHYKJIOHHBIX CHUCTEM Ha OCHOBE (EPMHOHHO-TUHAMUYECKOW CHMMETPHU
(By, 1987). Oneparopsl koppenupyromux GepMHOHHBIX Map, U3 KOTOPBIX CTPOSTCS
raMUJIBTOHHAH-MOJICNIM  Jlajiee  OTOOpakaloTcsi B OO30HHOE MPOCTPAHCTBO.
OTO AaeT BO3MOXHOCTb CPaBHUTH OTOOPa)KEHHBIH OO30HHBIH T'aMHJIBTOHHAH
C TaMWJIBTOHHMAHOM (PEHOMEHOJIOTHYECKOH OO030HHOW TEOPHUH KOJIEKTHBHBIX
COCTOSIHUU s17EP.

Cnenyer mom4epkHyTb, YTO C CaMOrO Hadaja CTaJo $ICHO, YTO MOJENb
B3aMMOACHUCTBYIOIIMX OO30HOB UMEET HEPa3phIBHYIO CBsI3b C (PyHIaMEHTAIbHON
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000NI0YeYHON-HYKIIOHHON  CTPYKTYpO#l  slep, UMEIOIIed OTHOIIEHHE K
JUHAMHYECKOH CHMMETpHUH B (EepMHOHOM ypoBHe. B To ke Bpems mroObie
JMHAMHYECKUE CHMMETPUHM, B TOM 4YHcie OO30HHBIC, OTpaKkalollue SACPHYIO
CTPYKTYPY, MOJDKHBI OINpPEHENsATbcS C TPsSIMO (EPMHOHHBIMU CTEIICHIMU
cB0oOOmBI. JIrobas muHAMUYECKas CHMMETPHS SBIISETCS BaXKHOH 0COOEHHOCTHIO
MHOTOYaCTUYHBIX CUCTEM, OIHMCHIBAIOLICH pa3IMYHbIC TUIIBI IBH)KEHHS B HUX.

MarepuaJbl H METObI

MaremaTHuecKy OHa MO3BOJISIET TONYYUTh KaK MPOCTHIE aHATUTHYECKUE, TaK
W YUCIICHHBIC PeIleHNsI KBAaHTOBOH MHOTOYACTUYHOM mpobiembl. OCHOBHAS 1EIb
pa3pabaTbiBaeMOil TEMBI B 3TOM TOJy 3aKJIIOYAaeTCSl B TOM, YTOOBI IOJyYeHHBIC
BCE ITUHAMUKO-CUMMETPHUECKUE CBOWCTBA KOJIEKTUBHBIX BO30Y)KICHHHU B siApax
U3 HYKJIOHHO-00O0JIOYEYHOH CTPYKTYphl OTOOpa3uTh B OO30HHOE IPOCTPAHCTBO.
Hanee mnpeamonaractcs MNPWIOKUTh OTOOpaXeHHOE OO030HHOE YypaBHEHHE K
W3yYCHHUIO KOHKPETHBIX SACPHBIX CHCTEM B MEPEXOTHON 001acTH, B YAaCTHOCTU
K YETHBIM H30TONOM oOcMus. J[Jsl 3TOro cHavdama Mbl HECKOJIBKO YIPOCTHIN
CJIOXHBIM TaMHJIBTOHHAH (PEPMUOHHON MOJIENH, ONpEAeisisi OCTaTOYHbIC apHbIe
B3aMMOAEHUCTBHS HYKIOHOB TOJIBKO MOHOIIOIBHBIMU U KBaJPYIIOJIbHBIMH WICHAMH.
B kauectBe cmocoba otoOpakeHHss (QEPMHOHHBIX ypaBHEHHWH B 0030HHOE
MPOCTPAHCTBO HCIMONB30BaHbl MeToabl JlalicoHa, bemseBa-3eneBUHCKOrO U
cenpoputn (Mapymopa) (XKommunra, 1976).

ToBopst 0 BHIOOpPE W3OTONOB OCMHSI B KauecTBe OOBEKTa MEPBOOUYEPETHOTO
MPUIIOKEHUS TEOPUH, CIISLYET 3aIUTUTh, YTO U30TOIBI OCMHUS, TaK )K€ KaK N30TOIIbI
IUTaTUHBl B paHHEH OO030HHOW TEOPHHM HEBO3MOXXHO OBUIO NPaBHJIBHO ONUCATh
OIHHM H3 TpPEX ACHUMITOTHYECKHX IPEIENIOB, AOIYCKAIOIMX aHAIUTHYECKUE
peweHnst mpobneMbl Ha coOcTBeHHbIe 3HaueHHs. Kak msBectHo, SU(3)-mpenen
MBb HenpuMeHNM K YETHBIM H30TOIOM OCMHSA, TaK Kak 3TOT mpefen Tpedyer
BBIPOXKJICHHS 3 M y TOJIOC, HO ATH TOJIOCHI B M30TONAaX OCMHS COBEPIICHHO HE
YIOBJIETBOPSIOT 3TOMY TpeboBaHHI0. UTo ke kacaercs SU(5)-tipenen MBB o6bsramH0
MPUMEHSIIOT TOJIBKO K TaK Ha3blBaeMbIM BUOpalMOHHBIM siipaM. A B O(6)-nipenene
0030HHOW TEOPHH OTHOLLIECHHUS SHEPIUHU TPEX YPOBHEH MOJOKUTEIBLHON YETHOCTH

2.,2,,3 B BUOE (EQI + E22 )/3E31 JIOJDKHBI OBITH paBHBIM 1. A il M30TOIOB
ocmus ¢ A-186,188,190,192 3T0 cooTHOIIIEHHE paBHO COOTBETCTBEHHO 1,35; 1,40;
1,31; 1,28. Kak Buaum, nake camble HIDKHUE 3HEPreTHUECKHE YPOBHH YKa3aHHBIX
siiep HEe MOTYT OBITH XOPOIIO BOCHPOU3BENCHHI U B 3TOM mpenaene. Jlo cux mop
HET yAOBJIETBOPUTEIHHOTO ONMUCAHUS CBOMCTB Ja)ke CaMbIX HHKHHUX YPOBHEH 3THX
saaep. Jta o0nacTh siAep MHTEPECHA TeM, YTO JUIS HU3KOJIESKAIIUX KOJUIEKTHBHBIX
COCTOSIHMH YETHO-4ETHBIX N30TOIOB siiep HAOII0AI0TCsl KOHKYPEHLIUHU 110 MHOTUM
CBOMCTBOM BBITSHYTOH CIUTIOCHYTOH Jie()OpMaioHHOH (hopMaMu CUCTEM, KpoMe
TOTO, OHA 00JIaIaeT CUIILHOH Y-HeCcTaOMIbHOM npupoaoit. [losTomy muis onucanus
W3y4YaeMBIX sep HEoOXOOMMO H3BIeYb OoJiee COBEPIICHHBIE METOABI PAacueToOB
CTPYKTYpBI cocTossHu# 3TuX aaep (I'mommo, 1980).

CHayana KpaTKo M3JIOKUM cofepKaHue camMoil (pepMHOHHON MOJENH KOJUIEK-
TUBHBIX BO30YXIEHHI SACPHBIX cHcTeM. 3arteM Ooiee MOIPOOHO OCTaHOBHMCS
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Ha 0030HHOE 0TOOpakEHHE MTPOCTOTO BapHaHTa TEOPHH Pa3IMUHBIMU CIIOCOOaMH.
Hanee, Takoil mpocTOW TaMWIBTOHMAH Kak (EpMHOHOM, Tak WU OO30HHOM
0TOOpa)KEHHOM MPOCTPAHCTBaX MPHIOKHM K OOBSICHEHHIO CBOWCTB SJ€p CHIBHO
nehOopMUPOBAHHOM Y-HECTAaOMIHHOHN 00NacTei syep.

Jiist 3TOTO, IPEXKIE BCETO, CTPOUTCA Oa3uc pepMUOHHON MOAEIIH, BBIIEIISIOINN
13 BCEBO3MOXKHBIX KBAaHTOBBIX CTENEHEH CBOOOABI Ty YacTh, KOTOpask ONpeAeseT
Koppenupyomue (HepMHUOHHBIC Mapbl, CBSI3aHHBIC B MOJHBIC YITIOBBIE MOMEHTHI
0 (S-mapa) u 2 (D-napa). [Ipeamonaraercs, 4To UMEHHO 3TH Mapbl B OCHOBHOM
OIMCBHIBAIOT CaMble HIKHUE KOJUICKTHBHBIE BO30yKaeHus. Jpyrumu cioBamu, OT
MOJHOTO 000JOYEYHO-MOJEIBHOTO MPOCTPAHCTBA OTAENACTCS MOANPOCTPAHCTBO
KorepeHTHBIX S-D map, onpezensioniee MoBEICHNE CaMbIX HIDKHUX BO30YKICHUN
MHOTOYaCTUYHBIX CUCTEM. B Takom 0Ope3aHHOM MPOCTpPAHCTBE yHaeTcsi pa3OuTh
MOJHBIM TaMUJIBTOHMAH (PEPMHUOHHOW CHCTEMBI Ha YacTH, COOTBETCTBYIOLIHE
CUMMETPUSIM, OTBETCTBEHHBIM PAa3JIUYHBIM THUIAM KOJUICKTUBHBIX JBHKCHUH
HykJ0HOB B HUX (I'penuep, 1990).

Pe3ynbrartbl u 00cykaenne

B bepmuonHON Mozieny IUHAMAYECKOH CUMMETPHH OIHOHYKJIOHHBIN YIIIOBOH
MOMEHT ] pa36PIBaETC$L B _TICEBI0OPOUTATbHbINH k w ncesmocmuHOBHIH |

+

YIJIOBBIE MOMEHTHI: _J =k+i. Omeparop poKIeHUS HyKJIOHA bkmkim,-

B k-j-cxeme

+
OTHOCHTCA K (bepMI/IOHHLIM oreparopamMm pOKACHUSA ajm B BUJC:

aty= O (kmyim,| jm)by, . (1)

mym;

Baxxno moguepkHyTh, uTo Takue S u D gepMHOHHBIE Tapbl JeHCTBUTEIHHO
BBICOKOKOTE€PEHTHBI, T.€. OHH UMEIOT KOJUIEKTHBHYIO TPUPOY. ITO MOXKHO YBUIETH
mocyie npeoOpa3oBaHus k-i-0a3uca OOpaTHO B 000JIOYEUHO-MOJACIBHBIN Oa3wuc,
WCTIOJIB3Ysl HOPMUPYFOIIHHA 9j-CUMBOIT TIEPECBSI3KU:

KI
‘(klkz)K(i1i2)l;’”ﬂ> = [ 1:1;'1 1:21'2 ]( )7”‘0> =
kl il jl .
=Yk, i, jlaial] |o) @)
JiJ2 K I - H

BricokokorepeHTHas  mapa, UMemas ~CHIBHOE  KOH(PUIYpalHOHHOE
CMEIIUBAaHUE B 000JI0UEYHO-MOIEJIbHOM 0a3uce, 3/1€Cb UMEET O4eHb IIPOCTYIO, T.€.
YHUCTYI0 KOH(UTYPaIMOHHYIO CTPYKTYpY. MBI HMeeM B JIaHHOM Cllydyae MMEHHO
TOT 0a3uc, KOTOPbIM HEOOXOAMM JJIsl OMHUCAHUS MHUKPOCKOIHMYECKOH CTPYKTYpHI
KOJUIEKTHBHBIX BO30YKICHHH.
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OrpaHnuuMcst cily4aeM HWIACHTUYHBIX YaCTHII, PACIIONIOKEHHBIX B OJHOM
00JIBIII01 000JIOYKE V YITEM TOJNBKO JIByX4aCTHYHBIE OCTATOYHBIE B3aUMOICHCTBHSI.
Torna 3 pexTHBHBIN raMUIIBTOHUAH OyJIeT UMETh BUI:

H=Y¢gaia,+V,+V, ©)
J

I'ne Vp u VQ — TMapHble W MYJIBTUIOJBHBIE B3aWMOAECHCTBUS, KOTOpPHIE
BBIPQKAIOTCSI B CAMOM OOIIEM BHIE:

Vo=t X (v, iisilaa; ] laga,f @
MijajiJs

Vo=t X (hutraliinlaa, Jlasa ] o
"nJ2J1J2

[Ipeanaraercs Tpu cnocoba ynpoieHus oo1ero raMuisToHrana (3) ass Toro,
9T0OBI IPUBECTH €ro K ramuwisronnany ®M/JIC:

1) OcraroyHoe mnapHOEe B3aUMOACHCTBHE OMNpEACISIETCS B OCHOBHOM
MOHOMONBHBIMU (A=0) 1 KBaapynoabHbIMU (A=0) 4IeHaMH.

2) Ilpenmnonaras, 4To NHapHbIE MaTpPUYHBIE 3JIEMEHTHl MPOMOPLUUOHAIBHBI
BBIPOXKJICHHUIO YPOBHEH, yUacTBYIOLIUX B MAPHBIX KOPPEISLUIX,

3) Jlnst ynpomeHWs MyJIBTHIIONBHOTO B3aMMOACHCTBHSL V, HAJIOXKHM Ha
MATPHYHbIC JIICMEHTHI V), aHaTIOTHYHBIC IAPAMETPHU3ALIHIO B BUJIC:

rw= [0 lin]
P(i)= ;1/9% [bl:ibki]z ; ©6)
Ple=F = 0, ua.]

[pu Takux npennonokeHusx camplii oouruii ramuiasronnan ®MJIC B k-i cxeme
3auIIeTCs B BUJIE:

Hypeyy =€V, + nginki + ZG%X,SW()()S(%') +
'

+G,D'D+ Y B P ()P (1)
nxx'
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Takum oOpasom, 1T YpOBHEH HOpMalbHOH YETHOCTH HMEEM MYIBTH-
MoJbHBIE W TapHble omneparopsl: 21 TeHeparopoB  k-akTuBHOH cxembl k=1
{S"’S,D; ’DH ,PJ (]/‘ = 0’1,2’ ),} KOTONEIe ofnarvint Sn(A) anreAnv
/=0, u 28 reHepaTopOBi—aKTUBHON CXEMBI, T1I€ i = 2 S > S > D ; > D E P #r
(r =0,1,2), xoropsie o6pasyior SO(8) anreGpy. A jis ypoBHEi aHOMATBHOM
YETHOCTH UMeeM 3§ , S8, P’ } TEHEPATOPBI, KOTOPBIE 0OPA3yIOT Su, anreopy.

Orcrona BugHOo — OMJIC-ramunsronnan otnaenser S, D,s- mpocTpaHCTBO
OT OCTAJILHOW 4YacTH (PEPMHOHHOTO MPOCTPAHCTBA, U OHO SBISETCH Pa3yMHBIM
MPUOJIMKCHUEM JIJISl ONUCAHMS HU3KOJCKAIINX KOJUICKTUBHBIX COCTOSHHMA st
YETHO-YETHBIX SIACPHBIX CUCTEM.

s nanpHeero npakTU4eCKOro CIoIb30BaHUS TMHAMUKO-CUMMETPUYECKUN
raMWJIbTOHHAH YIOOHO Tepenucarbh IOCPEICTBOM He3aBUCHMBIX Kaszumup-
OTIePaTOPOB MOATPYIII, BEITCKAIOIIUX U3 TUHAMUYECKUX TPYIIIL.

0
Hd)ﬂCM - FTaMUWJIbTOHHUAH UMECT IATH MPEACIIbHBIX CIIYy4acB:
Jlnst kK — aktuB-cxembl Vy = &g = 0: SU3 X SU, - npenen

10, SU, ® SO, ® su, - nperen
J1Jis i-aKTHB-CXEMBI v,=g,=0, S 06 &® SU, - mpexnen

g0, SO; ® SO; ® su, . ypepen

v,=g=0, SO, ® su, - npenen

Ju1s Toro 4TOOBI MOHATH (PU3MYECKHE CONCPIKAHUS DTUX ISITH CHMMETPHUYECKAX
MPENENIOB paccMaTpUBAaEMOM MOJAENM aHAIU3UpPyeM CBOICTBA MPOCTEHIIEro
OM/IC —ramMusIbTOHHAHA

H,=en—Gu(n-1)/4+G,|G], -
~0(Q+2)/4]+B,C,, —(3B,/8)L
H, =en-Gun(n-1)/4+G,|Gl, -
-Q(Q+2)/4]+B,C,, -B,C,, O

e € =G,(2Q+1)/4.

N3 »Tux AByX paBEHCTB BHAHO, YTO B HHUX JOMHHHPYET MOHOIIOJIBHOE
cnapuBanue ((popmanbHO BbiTeKaeT pu B,=0), kotopoe Bener k SU. T -cummerpun.
Takass cuMMeTpHs, KaK M3BECTHO, ONHMCHIBAET BUOPALIMOHHBIA CHEKTP CHUCTEMBI.
B cayuae, xorna JOMHUHUpPYET KBaAPYIOIb-KBaAPYIOJIbHOE B3aUMOIeiicTBUE (OHO
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HMeEEeT MECTO Korma G0=0, WIH Majio), TOTAa IMoIyJdaeM SU3—npez[eJ1 K-aKTUBHOH
teopun M SO -mpenen i-akTMBHOK Teopun. SU.-NIpeie] ONMCBHIBAET CIHEKTP
aKCHAIIbHO-CUMMETPUYECKOTO POTOPA, TOTA Kak SO, -TIPeIes OMUCHIBAET CIIEKTPBI
M DIIEKTPOMArHUTHBIE TIEPEXOJbl Y-HECTAOWIBHBIX BpallaTelbHBIX COCTOSHUN
MHOTOHYKJIOHHBIX CHCTEM.

SO, ® su, npepen ®PMJIC onKCHIBAET Y-HECTAOUIBHOE TOBEACHUE SIEPHBIX
cucreM. OU3NYECKOE yCIOBHE IS TOSBICHUS JTOTO IpeJeia OUYeHb MOXOKe Ha
ycnoue poxaenus SU, cummerpun. IMEHHO Takol Npenes MOKET MOABUTHCS B
SU uenouke. Sueprust SO, npenena npu u=0 paBHa:

E[N,(ot)n,L]1=E,(N,)—Aoc(c +4)+
+Bt(t +3)+ CL(L+1) 8)

e A= G2 _BZ; B :B3 _BZ; C :(B] —Bz)/S
0,7 -KBAaHTOBBLIC YHCJIA NPEACTABICHUU SO6 D) SO; LENOYKH; N ,-JI0TO0J-
HUTEJIbHOE KBAHTOBOE UnCIO. [ JaHHOoTO 3HaUeHus N | (< Q/ 2) IOJIy4aeM:

c=N,,N,—2,N,~4,..0 unu I; t=3n,+A=0,0-1,0-2,.,0
L=A,A+2,..24-2, 24

BGJ'II/ILII/IHy N1 MOXHO OPCACIIUTD U3 MUHUMYMaA SHEPTHUU OCHOBHOI'O COCTOAHUA
KaKBCJIy4aCc pOTallMOHHOTO, TAKUB CHy‘iaCY-HeCTa6I/IHBHOFO npeacia (8) . HaHpI/IMCp

JuIst y-HecTabubHoro mpexena £ g ¢ (N))=E,(N,)—AN,(N, +4), ua
POTAIMOHHOTO Ipe/IeIa Eg.s (Nl ) = Eo (N1 ) — ﬂC(le 0).
0
— Lk ,s(N1)|N1:N1 =0 :
N3 ycnosus 0 ]V1 g g HAaXOJIUM:

I ik e i O a1 SO,- mpeziena (9)
4, +n,) —24 2(n, +n,)—4

_ 2Ae +n, —n, +6p b= an, s SU.-npenena  (10)
4(n, +n,)—8p 2(n, +n,)—4p

SO~ npenen ®MJIC kak 1o CIEKTPyY, Tak M 110 Y-NEPEX0AaM UACHTUYHBI ¢ O -
npenenom MBbD.

3nech TakkKe UHTEPECHO 3aMETHTh, YTO MapaMeTphl A 1 B umeror nmpumepHo
OZIMHAKOBBIC U TIOJIOKUTEIIbHBIC 3HAYCHUSI, T.K. B 3TOM IIPEJIeIie TAKKE PEBATUPYET
KBaJIpyIIOJIb-KBaJPYIIOJIbHOE B3aMMOJICHCTBUE KOTOPOE SIBISIETCS PUTATATEILHON
cunoi( T.e. |B2[>|B1|, |B2|>|G2|, B2<0).
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A 310 ycnoBue A=B xopomo uzsectHo u3z MBb.

Taxkum o6pazom, ®MJIC B cBoeM y-HECTaOWILHOM TIpEIENie NaeT TIIABHBIM
o0pa3oM MHUKpocKonndeckoe obocHoBaHre MBB.

[IpoBeneHo panbHeilee pa3BUTHE MHUKPOCKOIMYECKOW MOAEIU CTPYKTYpPbI
sep, UcXojsiiee M3 (PepMHUOHHONW TUHAMHYECKOW cUMMeTpuu. Bce saepHbie
JUHAMHYECKUE CHMMETPHH, IpUCYIINe (EHOMEHONIOTn4eCcKo O030HHON MOAENH,
BBIBOZSTCS U3 Oonee (yHmameHTanmbHOW (epmuoHHOW ocHOBHI B OJICM. Kaxk
BHJHO BBIIIE, BEIPAXKEHUS AJIA 3HEPTUU B KaXKAOM IpenenbHoM cinydae B OJICM
0e3 pa3opBaHHBIX AP COMOCTABIIIIOTCS acuMIITOTHKOH MBB. HekoTopsie oTimuans
B BBIPAKEHMSX JJI DHEPIMHM U BEpOSATHOCTEH MEepPexof0B MEXAYy COCTOSHUSMU
oOycnoBiensl [laymu-agdextom u 000109€9IHON CTPYKTYPOH CHCTEM.

Ilpenckasan HOBBIA BUOpALMOHHO-CUMMETpHYECKUU npenen SO, KOTOpbIi
MPOSIBIISIETCS, HO-BUAUMOMY, Y S1ep ¢ CUMMETpueil 6onee coxHOi GopMmbl, U OH
OCYLIECTBIIAETCA B MPOMEXKYTKE cummeTpuii SO, u SO,

OOBIYHO MMOJIAraroT, YTO HEUTPOH-POTOHHOE B3aMMOJCHCTBUE OTBETCTBEHHO
3a sAepHyto nedopmaruio pasHoi Gopmel. Kak Mbl BUIUM U3 BBIIEHU3I0KEHHOTO,
POTAllMOHHOE JABHXKCHUE OOYCIIOBICHO KaK CHMMETPUYECKHMH CBOWCTBaMU
BAJICHTHBIX 000JI0YEK, TAaK U HEUTPOH-IIPOTOHHBIM B3aUMOAEHCTBHEM BaJIECHTHBIX
HyKJIOHOB. MIMeHHO u3 Sp.-cummerpun BbiTekaeT SU. -niogcummerpusi, B SO -
CUMMETPHUH JJa)K€ CUIBHOE MPOTOH-HEHTPOHHOE B3aUMOJIENICTBHE HE MPUBOAUT K
SU,-ipeneny.

Hanuuue pazopBannsix nap B ®JICM naer BO3MOXKHOCTH ONMCAThH AJIEPHYIO
CTPYKTYPY, HE MIPUCYLIYIO U1 0030HHON Moznenu. Mimeercs: Takke BO3MOXKHOCTh
MUKPOCKOTTMUECKH OTHICATh BBICOKOCITHHOBHIE COCTOSHUSI.

XOTS B OCHOBHOM T'OBOPWJIN O COCTOSIHUSIX YETHO-YETHBIX SIEP, TAMUJIBTOHUAH
@®JICM crmocobeH onmcarh HeEYeTHBIE, HEYETHO-HEUETHBIE sAnpa. Jpyrumu
cnoBamu, OJICM, B nporuBoBec kK MBB, MOXKeT orucarhb eIMHBIM 00pa30M HIDKHUE
BO30YyXI€HHbIE COCTOSHUS J1F000H MHOTOHYKIOHHOM CUCTEMBI.

AHanUTUYEeCKUE BBIPAXKEHHUS INPEAETbHBIX CHUTyallud MOXXKHO HCIOJIB30BATh
IUI. TECTUPOBAHUS KOPPEKTHBIX (PM3MYECKUX CBOMCTB cUCTEM. Takue IMpenesbl
MOYXHO HCIIOJIb30BaTh Ui KJIACCH(PHUKAIMOHHBIX CXEM, KOTOPBIE MOJE3HBI IS
MOHUMAaHUsl TIOOAIBFHONW CHUCTEMATHKH SACPHOM CTpyKTyphl. Ecnum mpocteie
TpeneNbHbIe clTydan (COOTBETCTBYIOIHE k-1 KOH(HUTypanusM) B COCTOSHHUH
ONHCaTh OCHOBHBIE CBOWMCTBA KOJUIEKTHBHBIX JBWKEHHH B spax, TO MOXHO
3aKIIIOYUTh, YTO COOTBETCTBYIOIIMH CHUMMETPHUYECKHH 000J04€UHO-MOAECIbHBIN
oOpe3aHHBIN 0a3uc SBISETCS JOCTAaTOYHO XOpOoIMM OazucoM Teopud. Torma
MOXHO Opatb Oosnee pasymHoOe 3P PeKTUBHOE B3aUMOJECHCTBUE, KOTOPOE BKIIOYAET
BCE HEOOXOIMMBbIE HAPYyILAIOIINE CUMMETPUHU WICHBI, U BBIIOIHUTH YUCICHHYIO
JIMaroHaan3annio BHYTpH oOpe3aHHoro Oasuca. BbIUMCIEHHS MOKa3bIBAaIOT, YTO
BBIOOD (PPEKTHBHOTO B3aMMOCHCTBHUS B HAIIUX CIyYasiX BIOJHE OIaromnpusTeH
st oope3anHoro k-i- 0a3uca. YnauHblid BeIOOp d(GEKTHBHBIX B3aUMOACHCTBHI
nMeeT BakHYI0 poib B OIICM.

[IpoBenem mnpuiioxKeHHEe OTOOPAKEHHOTO OO30HHOTO IMOAXOAA K peanbHbIM
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cucremMaM. [ 3TOr0 paccMaTrpuBaeTCsi CTPYKTYpa COCTOSHUM YETHBIX M TSKEIIBIX
n3oTonoB ocmus 186, 188, 190, 192 ocmus.

Kak Mb1 ysxe oT™Medaiu, 601b110e BHUMaHUE 00paaeTcs K SKCIIepUMEHTaIbHOMY
U K TEOPETUUYECKOMY HM3YyUCHHIO CTPYKTYpPhl M30TOIOB OCMHS, TaK Kak 3TH sapa
TaKXe OTHOCSTCS K CIOKHON 00JIacTH Tak Ha3bIBaeMoM y-HecTabunbHoM (IacteH,
1978). CTpyKTYypBI COCTOSTHUI 3THX AJep NPEACTABISIOT cOO0H CMECh Pa3InIHbIX
¢opM IBHKEHHUS HYKJIOHOB B HuX. [l03TOMy acuMOTOTHYECKHE MTPEAeIbl MOAETH
B3aMMOACUCTBYIOIIMX OO30HOB, a TaKXe TEOpPUHM OO30HHOTO pPAa3JIOKEHHUS HE
MOTJIM YIOBJICTBOPUTEIHHO OIMCATh CBOWCTB Ja’ke CaMbIX HIDKHUX YPOBHEH siziep.
[TosToMy 1t aHAnMU3a CTPYKTYPBI M30TOIOB OCMHSI TOYHO TaKkKe KaK M30TOIOB
IUIaTHHBl OblJIa TMPOBEAEHA TOYHAs AWATOHAIM3ALMsl TMOJHOTO TaMHUJIBTOHHAHE
SU(6)-cummeTpruuHoii 6030HHON Monmenu (bakteioaes, 2005). B manHoi pabote
MBI OOCYOMM pe3ylbTaThl PAacueTOB CTPYKTYPbl YPOBHEH TSDKENBIX H30TOIOB
OCMHS HA OCHOBE OTOOpaXEeHHOT0 O030HHOTO raMHJIbTOHHaHa MeToxaMu bersieBa-
3enesunckoro (b3) m cenmpoputn A. WX CpaBHUM C TakUMH >K€ pacueTamu
ToyHOU nuaroHanuzanuu SU(6)-cuMmMeTpuaHOoro ramuinsTonnaHa MBB. A Takxxe
mo meromgaMm Oo3oHHOTO paznokeHus (BET), mposemennoro Tamypoit u mp.
(Tamypa,1980).

B Tabmunax 1, 2 naHel cpaBHUTENbHBIC 3HAYCHUS YHEPTHH YPOBHEH OCHOBHOM
K y-monoc, paccuuTtaHHbelx mo meroxam BET, SU(6)-cummerpuunoro MBB u
0030HHO-OTPaXEHHOTO raMWIbTOHHaHa bemsieBa-3e1eBUHCKOTO M CEHbOPUTH A.
Bce onu cpaBHEHBI C UX IKCIIEPUMEHTAIbHBIMU 3HAYCHUSIMH.
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Tabmuma 1 — CpaBHEHHE PacCYETHBIX SKCHEPHMEHTAIBHBIX 2,83,Y-TI0JI0C CIIEKTP COCTOSHHUI sapa
1860s 1880S
9

T BET | [Monusit Orp. sken | Orp. T BET | Honuwid | Otp. | sxen | Otp.
I MBB OJICM CeHb 1 MBb b3 Cenp

+ |0 0 0 0 0 + 0 0 0 0 0
01 01

+ 0,16 | 0,18 0,17 0,17 | 0,17 + 0,14 0,14 0.14 | 0,14 | 0,14
21 2]

+ 0,44 | 0,44 0,44 0,43 0,48 + 0,42 0,44 0,43 | 041 0,46
41 41

+ 0,64 | 0,74 0,74 0,76 | 0,78 4 0,68 0,64 0,63 | 0.61 0.71
22 22

+ 0,88 | 0,85 0,85 0.86 | 0,91 + 0,86 0,80 0,81 0,78 | 0,84
61 31

+ 0,75 | 0,88 0,88 0,89 | 0.93 + 0,89 0,88 0,90 | 0,92 | 097
31 61

+ 0,94 | 1,06 1,06 1,08 1,12 + 0,95 0,98 1,0 0,96 1.04
42 42

+ 1,14 | 1,25 1,25 1,28 1,32 + 1,22 1,19 1,18 1.17 1.24
31 51

+ 1,32 | 1,41 1,39 1,43 1,49 + 1,37 1,42 1,42 1.40 1,48
81 62

+ 1,25 | 1.47 1,45 1,49 1,54 + 1,40 1.45 1.46 1.47 1,51
62 81

+ 1,46 | 1,62 1.64 1,70 1,74 + 1,95 2,08 2.10 | 2.13 | 2,20
| 101

+ - 1,87 1,88 - 1,92 - - 2.76 - 2.86
82 121

+ 1,82 | 1,96 2,02 2,08 | 2,12
101

+ |- 2,61 2.64 2,66 | 2,71
121

+ |- 2,82 2,80 - 2,87
129

+ |- 3,30 3,27 3,34 | 3,41
141

+ |- 3,32 3,29 3,52 | 3,60
149

+ |- 4,00 3,92 3,90 | 4,01
161

+ |- 4,62 4,50 4,45 | 4,64
181
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Tabmura 2 — CpaBHEHHE PAaCYETHBIX SKCIEPHMEHTAIBHBIX 2,8,Y-TI0JI0C CIIEKTP COCTOSHHUI sapa
ISSOS 1900S
b

T BET | Homneii | Otp. | sxem | Otp. T BET | Hommeit | Otp. | skem | Otp.
1 MBB | B3 Cetib 1 MBB B3 Cenb
T 0 0 0 0 0 N 0 0 0 0 0
0] 01

+ 0,18 0,18 0,18 | 0,18 | 0,18 + 0,21 0,21 021 | 0,21 | 0,21
2] 21

+ 0.54 0,53 0,53 | 0,52 | 0,56 + 0,54 0,46 0,50 | 0,52 | 0,55
41 2)

+ 0,61 0,57 0,58 | 0,58 | 0,63 N 0,58 0,54 0,55 | 0,57 | 0,59
29 41

+ 0,81 0,74 0,76 | 0,79 | 0,80 N 0,73 0,72 0,70 | 0,67 | 0,74
3 31

+ 0,98 0,92 0,93 | 0,94 | 1,01 + 0,92 0,93 0,90 [ 0,91 | 096
49 49

+ 1,05 1,04 1,03 | 1,0 | 1,10 4 1,08 1,01 1,02 | 1,07 | 1,16
6] 6]

+ 1,24 1,18 1,20 | 1,21 | 1,26 + 1,16 1,17 1,14 | 1,12 | 1,21
51 51

+ 1,38 1,45 1,44 | 143 | 148 + 1,32 1,46 1,46 | 1,44 | 148
67 62

+ 1,62 1,64 1,63 | 1,61 | 1,66 T 1,68 1,50 1,61 | 1,66 | 1,68
81 81

+ - 2,06 2,03 | 2,01 | 2,10 + 1,58 1,74 1,73 | 1,72 | 1,78
89 71

+ | 224 2,35 230 | 2,33 | 2,40 N . 2,04 2,02 | 1,98 | 2,06
101 82

N - - 2,71 - 2,78 T B . 2,54 - 2,74
121 101

Kak BumHO M3 Tabnwuil, ommcaHus mo merogam b3 u ceHboputu A, Onm3ko
COOTBETCTBYIOIIMM BesnnyuHaM sHepruu no SU(6)-cummerpusim MBDB, u oHun
O4YeHb ONM3KU K UX DKCIIEPUMEHTAJbHBIM 3HAYCHUSIM, XOTS METOJ CEHbOPHUTH
A [aeT BeNMUYUHBI OTAUYHBIE OT 3Kcmepumenta Ha 15 %20 %. Buano, urto
pesynbratsl o Metony BET Taroke Heckonbko Xyxe, npumepHo Ha 15 % (Tamypa,
1980). Onncanne no otpaxeHHoil b3-Teopuelt 3HAYUMTENBHO JyyIlle A U30TOMNa
186-ocmust, a nus m3orona 192-ocMus Heckonbko Xyke. Takas curyaius, mo-
BUAMMOMY, OOBSICHAETCSI OOJiee CHUIIbHOW KOJUIEKTUBHU3AIMCH YPOBHEH B JIETKUX
nzoronax ocmus (bakreibae, 2014). C pocToM aToMHOr0 Beca y H30TOIOB
OCMMH yYMEHBIIAEeTCA YUCIO HEMTPOHHBIX ABIPOK, YTO MPUBOIUT K YMEHBILIEHUIO
nedopmaiuu sapa.

3akaouenmne

Bunno, 4uTO TEopus OMUCHIBAET OCHOBHYIO IOJIOCY COCTOSHUH C JIOBOJBHO
BBICOKMMH CHMHAMU. YTO KacaeTcs y-IOJIOCHL, TO TEOpHUs MPaBUIBHO NEepeaacT
TIOHIDKEHHE HAYaIbHOTO YPOBHS Y-TIONOCH 23, a TAKKe YBEIHUIEHHE PACCTOSHHS

+ +
MeXIy ypoBHAMH 272 U 3] ¢ poctoM A. B M30TONax NIaTUHBI MBI MMEIH
MTPOTHBOIIOIOKHBIE TSH ICHITHH.

W3 skcrepruMeHTaNbHOTO CIIEKTpa BHAHO, YTO XOTS OCHOBHAS ITOJIOCA B 3THUX
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SAapax O4eHb ONM3Ka M0 CBOEMY IOBEICHHIO K POTALlMOHHOM, Y-TI0JI0ca BeleT ceds
CJIOXHBIM 00pa3oM, a UMEHHO, PACCTOSHUSI MEKAY YPOBHSMH B HEHl M3MEHSIOTCS
HEpPEeryJasipHO, OTKJIOHSETCS OT PpOTAalMOHHOM 3akoHOMepHocTH. C  TakuM
HEPeryJsIpHBIM TOJIOKEHUEM YPOBHEH B y-monoce Hamu BbraucieHus 1 MBb —
OIIMCAaHNE XOPOILO COTIACyIOTCS.

JIUTEPATYPA

AKJL By, A.X. ®enn, X.I. YUen, XK.K. Yen, M.B. Taunpu, 1987 — JK.JI. By, @eno J.X.., Yen
XTI, Yen JK.K., M.B. [Huopu. depMUOHHO-TMHAMUYECKAsT CHMMETPHYHAs MoJeNb siapa: OcToB,
ramMunbToHHaH U cummertpus // Phys. Rev. C. — Vol. 36. — Pp. 1157 1180.

K.K. Bakrrei6aes, H.O. Koiineik, K.E. Pamankysos, 2005 — K. K. bakmuibaes, H.O. Koiirvik, K.E.
Pamanxynos. epMuOHHas THHAMUAKO-CUMMETPHYECKAs MOJEINb KOJJICKTUBHBIX BO30YKICHHUN S1ep
// Bectauk KazHY. Cep.¢dus. —2005. — Ne2. — C. 79-86.

P.®. Tacren, XK.A. I'meBckuit, 1978 — P.@. Tacmen, K.A. Tusesckuii. O(6)-poTop nepeHoc B
sape Pt-Os // Nucl. Phys. — Vol. A309. — Pp. 177-184.

H. Tamypa, K.1. Yuxkc, T. Kummmosa, 1980 — H. Tamypa, KA. Yuxe, T. Kuwumosa. Ananmus
KOJUICKTUBHBIX JABIKEHUH SiIep B TEPMHUHAX TeopHH paciiperns 6030Ha // Nucl. Phys. — Vol. A.347.
— Pp. 359-387.

K.K. bakteibaes, A. Jlanenxanksissl, H.O. Koitneik, K.E. Pamankynos, M.K. bakteibaes, 2014
— K.K. bakmuibaes, A. [Janenxanxvizol, H.O. Kotinvix, K.E. Pamanxynos, M.K. bakmvibaes.

Onmcanue KOJUIEKTHBHBIX cocTosiHMiA m3o0TomoB 102,104,106,108,110Pd B HykIIOHHO-TIApHO#
mozenu // Advanced Studies in Theoretical Physics, (10), ctp. 475.

H. Oxocwmura, 1976 — H. [ococunea. depMuoHHAS TUHAMHKO-CHMMETPHUYECKAs MOIEIh
KOJUIEKTUBHBIX B0o30yxkaenuit saep//Theor. Phys., Suppl., Nel125 p 65.
JK.H. TI'mommuro, 1980 — JK.H. luowwuneo. JluHaMu4ecKas CHMMETPHS UM CTPYKyTpa

KOJUIEKTUBHBIX COCTOSIHUI ¢ pepMHUOHHOTO YpoBHsI cOoBoas! // Ann. Phys. — Vol. 126. — Pp. 234-252.
M. I'pennep, P. lunsx, P. Xopman, 1998 — M. I'penuep, P. LLunvo, P. Xapman //Phys.Rev. —Vol.
12. —Pp. 202-212.

REFERENCES
Wu Ch.L., Fend D.H., Chen X-G., Chen J.Q., Gnidry M.W., 1987 — Wu Ch.L., Fend
D.H., Chen X-G., Chen J.Q., Gnidry M.W. Fermion dynamical symmetry model of nuclei: Basis,
Hamilatian, and symmetries // Phys. Rev. C. — 1987. — Vol. 36. — Pp. 1157-1180.

Baktybayev K., Koilyk N., Ramankulov K., 2005 — Baktybayev K., Koilyk N., Ramankulov
K. Fermionic dynamical-symmetric model of collective excitations of nuclei // Bulletin of KazNU.
Physics serie. — Ne 2. — Pp. 79-86.

Casten R.F., Cizewski J.A., 1978 — Casten R.F., Cizewski J.A. The O(6)-rotor transition in Pt
— Os nuclei // Nucl. Phys. —Vol. A309. — Pp. 177-184.

Tamura N., Weeks K.I., Kishimova T., 1980 — Tamura N., Weeks K.1., Kishimova T. Analysis
of nuclear collective motions in terms of theboson extension theory // Nucl. Phys. —Vol. A.347. —Pp.
359-387.

Baktybayev K., Dalelkhankyzy A., Koilyk N., Ramankulov K., Baktybayev M.K., 2014
— Baktybayev K., Dalelkhankyzy A., Koilyk N., Ramankulov K., Baktybayev M.K. Description
of collective states of 102,104,106,108,110Pd isotopes in Nucleon-pair shell model // Advanced
Studies in Theoretical Physics, (10), P. 475.
N. Joshinaga et.all, 1976 — N. Joshinaga et.all, Progr. Theor. Phys. Suppl. Ne 125. P. 65.
Gioncchio J.N., 1980 — Gioncchio J.N. Dynamical symmetries and structure of the collective
states from the fermion degrees of freedom // Ann. Phys. — Vol. 126. — Pp. 234-252.
M. Grenier, R. Shild, R. Herman, 1998 — M. Grenier, R. Shild, R. Herman // Phys.Rev. — Vol.
12. - Pp. 202-212.

163


https://www.scopus.com/authid/detail.uri?authorId=55538623500
https://www.scopus.com/authid/detail.uri?authorId=57205328034
https://www.scopus.com/authid/detail.uri?authorId=55538623500
https://www.scopus.com/authid/detail.uri?authorId=57205328034
https://www.scopus.com/authid/detail.uri?authorId=55538738100
https://www.scopus.com/authid/detail.uri?authorId=55761594000
https://www.scopus.com/authid/detail.uri?authorId=55761035200
https://www.scopus.com/authid/detail.uri?authorId=55538738100
https://www.scopus.com/authid/detail.uri?authorId=55761594000
https://www.scopus.com/authid/detail.uri?authorId=55761035200
https://www.scopus.com/authid/detail.uri?authorId=55761035200
https://www.scopus.com/authid/detail.uri?authorId=55538738100
https://www.scopus.com/authid/detail.uri?authorId=55538623500
https://www.scopus.com/authid/detail.uri?authorId=55761594000
https://www.scopus.com/authid/detail.uri?authorId=55761035200
https://www.scopus.com/authid/detail.uri?authorId=57205328034
https://www.scopus.com/authid/detail.uri?authorId=55538738100
https://www.scopus.com/authid/detail.uri?authorId=55538623500
https://www.scopus.com/authid/detail.uri?authorId=55761594000
https://www.scopus.com/authid/detail.uri?authorId=55761035200
https://www.scopus.com/authid/detail.uri?authorId=57205328034

ISSN 2224-5227 1.2023

REPORTS OF THE NATIONAL ACADEMY

OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
ISSN 2224-5227

Volume 345, Number 1 (2023), 164—179
https://doi.org/10.32014/2023.2518-1483.192

UDC 539.3

© A. Marasulov'’, LI. Safarov?, M.Kh. Teshaev**%, G.A. Abdraimova®,
A.S. Tolep', 2023
'Khoja Akhmet Yassawi International Kazakh-Turkish University,
Turkestan, Kazakhstan;

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan;
’Bukhara engineering-technological institute, Bukhara, Uzbekistan;
‘Bukhara Branch of Mathematics Institute named after V.I. Romanovskiy of AS
RUz., Bukhara, Uzbekistan;

SBukhara branch of the Tashkent Institute of Irrigation and Mechanization
Engineering in Agricultural, Bukhara, Uzbekistan;

Kazakh National Research Technical University named after K.I. Satpayev,
Almaty, Kazakhstan.

E-mail: abdurakhim.marassulov@ayu.edu.kz

PROPERTIES OF SURFACE WAVES IN A VISCOELASTIC
HOLLOW CYLINDER

Marasulov A. — Doctor of Technical Sciences, Faculty of Engineering. Khoja Akhmet Yassawi
International Kazakh-Turkish University, Turkestan, Kazakhstan, 161200

E-mail: abdurakhim.marassulov@ayu.edu.kz. ORCID: https://orcid.org/0000-0001-7127-3987;
Safarov L.I. — Doctor of Physical and Mathematical Sciences, Faculty of Management. Tashkent
Institute of Chemical Technology. Tashkent, Uzbekistan. 100011

E-mail: safarov54@mail.ru. ORCID: https://orcid.org/0000-0003-0983-8451;

Teshaev M.Kh. — Doctor of Physical and Mathematical Sciences, Faculty of Cotton Technology.
Bukhara Engineering-Technological Institute. Bukhara, Uzbekistan. 200117. Chief Scientific Officer,
Bukhara Branch of Mathematics Institute named after V.I. Romanovskiy of AS RUz. Bukhara,
Uzbekistan, 105017. Faculty of Agricultural Machinery. Bukhara branch of the Tashkent Institute of
Irrigation and Mechanization Engineering in Agricultural. Bukhara, Uzbekistan. 200109

E-mail: muhsin_5@mail.ru. ORCID: https://orcid.org/0000-0003-1893-7902;

Abdraimova G.A. — Candidate of Technical Sciences, Institute of Energy and Mechanical
Engineering. Kazakh National Research Technical University named after K.I. Satpayev. Almaty,
Kazakhstan, 050060

E-mail: gulnara409@mail.ru. ORCID: https://orcid.org/0000-0002-7495-358X;

Tolep A.S. — Candidate of Technical Sciences, Faculty of Engineering. Khoja Akhmet Yassawi
International Kazakh-Turkish University. Turkestan, Kazakhstan. 161200

E-mail: abdimuhan.tolep@ayu.edu.kz. ORCID: https://orcid.org/0000-0002-0089-2446.

Abstract. The problems of propagation of natural waves in a viscoelastic hollow
cylinder are considered on the basis of the methods of the theory of viscoelasticity
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and mathematical physics. The study of the existence of the natural frequency and
shape of vibrations depending on geometric parameters is the most interesting
problem of stationary dynamics of an elastic body. The main problem is the detection
of new types of free waves that propagate in extended bodies with variable cross-
sections. And also the study of the dependence of the level of dissipative properties
of the system on its parameters is the main content of this work. The aim of the work
is to develop a methodology and algorithm, analyze the characteristics of normal
damped waves in the low and high frequencies, study the features of the formation
of surface waves, and analyze the kinematic characteristics of these waves in a
wide frequency range (wave numbers). The dynamic behavior of the cylinder is
described by integro-differential equations of the mechanics of deformable bodies.
After applying the Filatov freezing method, differential equations with complex
coefficients are obtained. The spectral problem is reduced to solving a system of
ordinary differential equations of the first order. The solution of a system of ordinary
differential equations is expressed by cylindrical Bessel and Hankel functions. The
frequency equations are solved numerically by the Muller and Gauss methods.
The variation of the natural frequency and phase velocity depending on the wave
number has been studied. It is found that volumetric seismic waves undergo a
small dispersion. However, the dispersion is significant for surface waves and some
other phenomena. Consideration of the rheological properties of the material is
accompanied by wave dispersions. The mechanisms by which the energy of elastic
waves is converted into heat are not entirely clear. Various loss mechanisms have
been proposed, but not one of them fully meets all the requirements. This process is
investigated in the present work. It is found that for a hollow cylinder there are two
types of low phase velocities that correspond to surface waves.

Keywords: natural waves, hollow cylindrical body, stress, spectral problem,
natural frequency, phase velocity
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AnHoTamus. TyTKpIp cepmiMai KybIC LMJIMHAPAE MEHIIIKTI TOJKBIHAAPIBIH
Tapary Macelenepi  TYTKBIP-CEpPHIMALIIK TEOPUSChI MEH MaTeMaTHKAIbIK (u-
3WKa OMICTEPiHiH HETI3iHJEe KapacThIpbUIaAbl. [eoMEeTpUsIIbIK Mapamerprepre
0aifmaHpICTHI TEPOEITiCTePAIH MEHITIKTI )KHIITI MeH (DOpMaCHIHBIH OOJTYBIH 3epTTEY
CepmiMAi JeHEHIH CTAlMOHAPIBIK AUHAMUKACHIHBIH €H KBI3BIKTHI MAceJeIepiHiy
Oipi Oombin TabbIIaNEL. Herisri Mocene - keseHeH KuMaiapbl ©3repMei Y3apThuTFaH
JeHeNep e TapalaThlH ePKiH TOJKBIHIAP/IBIH KaHa TYpiepiH anbikTay. CoHal-axK,
KYWEHIH JUCCUTIATUBTI KACHETTEeP1 IEHr efiHIH OHBIH MapaMeTpIiepiHe TOYEeIUTITiH
3epTTey OYJ1 KYMBICTHIH HETi3Ti Ma3MyHBI OOIBII TaObUTaab!. JKYMBICTEIH MaKCcaThl
— QIicTeMe MEH AallTOPUTMII o3ipliey, TOMEH J>OHE >KOFaphl JKHUTIKTEpIeTi
KaJIBINTHI O TOJKBIHAAPABIH CUITATTaMaIapblH TaJlAay, OSTTIK TOIKBIHIAPABIH
naiiga 60y epeKIIeNiKTepiH 3ePTTeY JKOHE KULUTIKTEPiH (TOIKBIH CaHIapBhIHBIH)
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KEH JUala3OHbIHAA OChl TOJKBIHIAAPABIH KHHEMATHKAIBIK CHIIATTaMalapbiH
tannay. [WITUHAPAIH JMHAMUKAIBIK OpeKeTi Ae(opMalusiaHaTbiH ACHENep
MEXaHHUKACBIHBIH HHTETpaAbI-TU(GHEePCHIUATIABIK TCHACYICPIMEH CHITATTAA b
OunaToBTHIH TOKTATy 9MICIH KONJaHFaHHAH KeliH KoMIUIeKe KoddduimeHTTepi
O0ap nuddepeHuInaNIBIK TeHIACYyAep anbiHaAbl. CrekTpiik ecem OipiHmmi perTi
KapamaibiM  nuddepeHIuaNablK TeHISYIep JKYHWECIH IIemyre KeNnTipijii.
Kapamaiibim  nuddepeHnmanaplk TeHaeynep KyheciHiH menrimi beccens MeH
XaHKebIiH IMUIMHAPIIK (QyHKIUUIapeIMEH epHeKTeneni. JKuiidik TeHaeynepi
Miromnep xone ['aycc caHAbIK oficTepiMeH mientine . TOMKbIH CaHbIHA OaiIaHBICTHI
MEHIIIKTI JXKULTIK TieH ¢a3aiblK JKbULAAMIBIKTBIH e3repyi 3eprrenmi. JleHeHiH
CEHCMUKANTBIK TOJKBIHAAPHI MaMalbl JUCICPCHUSFa YINBIPAWTHIHBI AHBIKTAJIBI.
Jerenmen, aucriepcust OETTIK TOIKBIHIAP JKOHE KeiOip 0acka KyObUTBICTAp YIIiH
ke0ipek. MarepuanbplH PEONOTHSIIBIK KACHETTEPIH €CEMNKe any TOJKbIHIAAPIbIH
aucniepcusicbiMeH Oipre kypeai. CepmiMl TOJIKBIHAAP 3HEPTHACHIHBIH KBUIyFa
alfHally MEXaHWU3MJepi TOJNBIFBIMEH aHbIK eMec. IIIBIFBIHAapABIH  OpTYpIi
MEXaHHM3MJIEpl VCBHIHBUIFAH, Oipak ONapiblH CHIKAWCHICHI OapIbIK TalanTapra
TOJIBIK JKayarn OepMeiini. byn mporiecc ochl KyMbIcTa 3epTTenred. Kybic HTHHD
YIIiH OeTTIK TOJKBIHIApFa COMKEC KeNIeTiH TOMEH (pa3allblK KbUIIaMIBIKTaPIbIH
eKi Typi Oap eKkeHi aHBIKTaJIbI.

Tyitin ce3mep: MEHIIKTI TONKBIHIAP, KybIC IWJIMHAPIIK JEHE, KEpHEY,
CHEKTPIIK €Cel, MEHIIIKTI KUK, (0a3albIK KbUTAAMIBIK
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AnHoTauus. PaccMaTpuBaroTCs BOIPOCHI PACHPOCTPAHEHHUS COOCTBEHHBIX
BOJTH B BA3KOYIIPYTOM TIOJIOM ITHUTHHJIPE Ha OCHOBE METOIOB TEOPUH BA3KOYIIPYTOCTH
U MareMarndyeckod ¢usuku. VccienoBaHHe CyIIECTBOBaHHS COOCTBEHHOM
4acTOThl U (DOpMbI KOJieOaHHH B 3aBUCHMOCTH OT F€OMETPUYCCKUX HapaMeTpOB
MIPEACTABIAIOT HamOojee HWHTEPECHYI0 MpoOiIeMy CTAIlMOHAPHOW JIWHAMUKH
ympyroro Tema. OcHOBHash TpoOiieMa 3aKiIIo4acTcss B OOHApYKEHWH HOBBIX
THUIIOB CBOOOIHBIX BOJH, KOTOPBIE PACIPOCTPAHAIOTCS B MPOTSIKEHHBIX TENaX C
MIePEMEHHBIMH TTOTIEPEUYHBIMHI CCUCHUSIMH. A TaK)Ke HUCCIICTOBAHUEC 3aBHCHMOCTH
YPOBHS TUCCUIIATUBHBIX CBOMCTB CUCTEMBI OT €€ TTapaMETPOB COCTABIISIET OCHOBHOE
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coepxkanue padoTsl. Llenbro paboThI siBrsieTCs pa3paboTKa METOAMKH U aITOPUTMA,
aHaJIN3 XapaKTepUCTHK HOPMAJBHBIX 3aTyXarollMX BOJH B OONACTH HU3KUX H
BBICOKMX YaCTOT, M3y4eHHe 0COOEHHOCTEH POPMUPOBAaHUS TOBEPXHOCTHBIX BOJH,
aHaJIN3 KHHEMATHIECKUX XapaKTEPUCTUK ITHX BOJIH B IMPOKOM JIMANIa30HE YaCTOT
(BoiHOBBIX ymcen). JlnHaMUYeckoe OBEJeHNE IUINHIpa ONMCHIBAETCS UHTETPO-
T epeHITUaTbHBIMA yPaBHEHUSIME MeXaHUKH JedopmupyeMbix ten. [locie
MPUMEHEHUS MeTo/Ia 3aMopaxiBaHus unatoBa, MoydaroTcs TudpGepeHInanbHbIe
YpaBHEHHUS ¢ KOMIUIEKCHBIMH Kod(duumenramu. CrekTpaibHasl 3aa4a CBOJUTCS
K PEeIIeHUI0 CHCTEMBI OOBIKHOBEHHBIX IH((epeHnnaIbHbIX YPaBHEHHH MTEPBOTO
nopsiaka. Pemenue cucteMbl OOBIKHOBEHHBIX IU((EepeHIUANBHBIX YpaBHECHHN
BBIpXAIOTCS IMITMHAPHIeCKIMH (QyHKIUAIMU beccens m Xankens. YacToTHbIe
YpaBHEHUSl peIIaloTCsl YUCIEeHHO Metogamu Mromiepa u 'aycca. MccnenoBano
HW3MEHEHHE COOCTBEHHOW YacTOThl M (Pa3oBOH CKOPOCTH B 3aBUCHMOCTH OT
BOJTHOBOTO urciia. HafineHo, 410 00beMHBIC CEHCMUYECKHE BOHBI ITPETEPIICBAIOT
Manyro aucnepcuro. OpHako, AMCIEpPCHS 3HAUMTENbHA MM TOBEPXHOCTHBIX
BOJIH M HEKOTOPBIX JAPYTHX SBICHWUH. YUeT peoJOTMYECKHX CBONCTB MaTephala
COIIPOBOXKJAETCS JUCHEPCUSMU BOJMH. MeEXaHU3MBI, IOCPEICTBOM KOTOPBIX
SHEPrusl YIPYTHX BOJH MpeoOpasyeTcst B TEIJI0, He COBCeM SICHBI. [lpemmoskeHsl
pa3iIrYHbBIe MEXaHU3MBI TIOTEPh, HO HE OINH U3 HUX HE OTBEYAET MTOJHOCTHIO BCEM
TpeOoBaHUsIM. DTOT Mpolecc HccieayeTcs B HacTosmeil padore. OOHapyxKeHO,
YTO IJIS TTOJIOTOTO IMJIMHPA CYIIECTBYIOT JBa BUIa HU3KUX (Pa3OBBIX CKOPOCTEH,
KOTOpBIE COOTBETCTBYIOT TOBEPXHOCTHBIM BOJTHAM.

KuaroueBble ciioBa: cOOCTBEHHBIC BOJHBI, IOJIO€ IMIMHAPUYECKOE TEJIO,
HalpspKeHHe, CIIEKTpaibHas 3a/1a4a, COOCTBEHHAS 4acToTa, (ha3oBasi CKOPOCTh

Beenenue

Pacnipoctpanenue ae@opMUpyeMBIX BOJH B UIMHHBIX TellaX pPa3iUdHON
koH(puryparu uccinenoBaHo B padorax (Rayleigh, 1885/1886; ®apuemn, 1973;
Bukrtopog, 1979). B atux paboTrax B 0OCHOBHOM pacCMaTPUBAETCS PACIIPOCTPAHCHUE
YOPYTHX BOJH B BOJHOBOJAAX IUIOCKOTO (MJIM LMIMHAPUYECKOTO) IMOIEPEYHOTO
ceueHus. B 3Tux paboTax mpuBeneHBI pe3yabTaThl, monydenHsie [loxrammepom. B
1876 1. ObLIM TOMTyYEHBI TPAHCICHACHTHBIC YpPaBHEHUS, OMMCHIBAIOIINE (Ha30BbHIE
CKOPOCTH OT BOJIHOBOTO YHclIa (MM IUCIIEPCHOHHOE ypaBHeHHE). PactipocTpanenue
VIPYTHX BOJH B CTEp)KHE KPYIOBOTO CEUYEHHUS paccMOTpeHo B paborax Kpu.
B pa6orax [[x.B. Crperra (B 1885 ) paccMoTpeHO pacnpocTpaHEeHHE BOJIH B
YIpPyToM HOJTYIPOCTPAHCTBE, HA3BAaHHAS BITIOCIIEICTBHH €r0 HMEHEM.

JucriepcoHHBIE XapaKTEPUCTUKH XapaKTEpPU3YIOT BOJIHOBOE JBHKEHHE B
MPOTSKEHHBIX TelaX, KOTOPBIC OMMCBHIBAIOT PACIpPOCTPaHEHHE CBOOOIHBIX BOJIH
NpH JII0OOM 3HaYEHUH YaCTOTHI (MMEIOIIUX HyJeBble yacToThl 3anupanus) (Oliver,
1959; Owen, 1964).

[Tockonbky (a3oBbIe CKOPOCTH PAcCIpOCTPAHEHHUS BOJH B cjoe ONM3KH K
CKOPOCTH BOJIHBI Paniest, HO Bceraa pasiauyHbl, TO B 00IIEM cily4ae HanpshKeHHO-
ne(OpPMUPOBAHHOE COCTOSHUS B ClI0€ (POPMHUPYIOTCS OT MOBEPXHOCTHOH BOJHA.
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(Uberal, 1973; Ipunuenko, 1981). MakcumanpHble aMIUIMTYAbl HalpsyKCHUH
W TEepeMEeUICHUH BO3HUKAIOT HA IOBEPXHOCTH CJIOS WJIM TOJYIPOCTPAHCTBE
(I'punuenko, 1984; Komuccaposa, 1990) u B npouecc aedhopManuy NpoUCXOAUT
00OMEH 3Hepruei Mexxay oBepXHOCTAMH. [JiciepcnoHHOE YpaBHEHHE CIUIOIIHOTO
YOPYroro UMIMHApPA UMeEET (CYIIECTBYET) TONBKO OAWH KOPEHb M TO C HYJIEBOU
yactotoi 3amupanus (I purueHko u ap., 2000; Komuccaposa, 2002). Paneesckue
BOJIHBI HE 3aTyXaloT, T.€., HE IPOUCXOAMT moTeps sHepruu. IloaTomy paneeBckue
BOJIHBI SIBJIAIOTCS O€31CIIEPCHOHHBIMY (MX (ha30Basi CKOPOCTH BAOJIb IIOBEPXHOCTH
HE 3aBUCHUT OT YacTOTbI) U B KOTOPOM YIpyTasl Cpeia OXHOPOIHAs U U30TPOIHAs.
PaneeBckue BOMHBI SBIAIOTCS HE3aTYXAIOUIMMHU, O€3AMCIEPCHOHHBIMHE (MX (a3oBast
CKOPOCTbH BJOJIb MOBEPXHOCTU HE 3aBHUCHT OT YAacTOTH) M CYILECTBYIOT BO BCEM
JMana3oHe YacToT, B KOTOPOM YHPYTYIO CPeLy, 3alOTHSIONIYIO MOIYIPOCTPAHCTBO,
MOXHO CUUTATh OTHOPOAHOM u m3oTponHoi (I'puruenko, 1986). AucnepcuonHoe
YpaBHEHHE U CBOWCTBA MX KOPHEH, OMTUCHIBAIOIINE HOPMAJILHBIX BOJIH B CIIJIOIIHOM
LWIMHIPE U [TOJIOM LUJIMHAPE CYIIECTBEHHO oTnnyaioTcs. B paborax (Rosenberg
u 1p., 1977; Thurston, 1978) npuBeneH KadyeCTBEHHBIN aHAN3 ITUCIIEPCHOHHBIX
COOTHOIIIEHUH.

JlucniepcoHHbBIE XapaKTEePUCTUKK YIPYTUX BOJH B MOJOM LWIMHAPE CO
CBOOOIHBIMH IIOBEPXHOCTSIMH 3aBUCIT OT (PU3MKO-MEXaHHYECKHUX CBOWCTB
Marepuana, paanyca KPHUBH3HBI M TONIIMHBI CTCHKH LWJIMHApa. BiausHue 3THX
napaMeTpoB Ha MOBEAECHNE COOCTBEHHBIX BOJH B ITOJIOM LMJIMHAPE PACCMOTPEHO
B paborax (I'punuenxko, 1978; Cadapos, 2011). MccrenoBanne aucnepcHOHHBIX
COOTHOUICHUH Ui LWJIMHIPUYECKHX BOJHOBOZOB OCHOBAaHO Ha CHEIHATBbHBIX
GyHKIUSIX. YKa3aHHOE 00CTOSTENBCTBO MO3BOJISIET MOOUTH K Oosiee JeTaJbHOMY
U3y4YEHHIO (POPMBI KOJIeOaHUM M COOTBETCTBYIOLINX XapaKTEPHUCTUK HOPMAaJIbHBIX
BOJIH B MOJIOM Je(pOPMHUPYEMOM YIIPYTOM LIMIIMH/APE.

Lenpto naHHO# paboOTHI sIBIsiETCS pa3padOTKa METOAUKH U aJrOPUTM aHAIM3a
XapaKTEePUCTHK HOPMAaJbHBIX BOJNH B OONACTH HU3KMX (MJIM BBICOKHX) YacTOT C
YYETOM BS3KOYNPYTHUX CBOWCTB MOJIOTO LHMIMHAPA.

MeTonnbt

Ilocmanoexka 3a0auu u MemoOuKy peuieHus

PaccmarpuBaercsi pacrpocTpaHeHrne CBOOOAHBIX (MM COOCTBEHHBIX) BOJIH
B BSI3KOYIIPYTOM OJHOPOIHOM M HM30TPOITHOM TOJIOM LMJIMHApPE, BHYTPEHHUM U
BHEIIIHUM PaJNyCOM COOTBETCTBEHHO a U R.

Jluneitnble uHTETpO-IUdGepeHInaNbHbIC YPABHEHHUS B YaCTHBIX TPOU3BOAHBIX,
OIMCBHIBAIOIIUE PACTIPOCTPAHEHHE BOJIH B ITOJIOM LIMJIMHIpPE, B BEKTOPHOH (opme,
MPUHUMAIOT BH]L

o%ii (1)
ot?

(V2 + (A + fi)grad diSii = p

rae
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i10=1, {f(r)— | Rm—r)ﬂr)dr], if0=1

-] R#(t—f)f(f)df] e

0

f{t) — npousBonbHas (yHkuus Bpemenu; Ri (f =7 ) v Ry (¢ =7 ) — anpa
penakcanuu; 40,40 — MTHOBEHHBIE MOJLYJIH YIIPYTOCTH; 1 — BEKTOP MEPEMENIEHHIA;
P — TWIOTHOCTb CPEJIbL; K — MOPSKOBOH HOMED CIIOEB; V - Kodhdumuent Ilyaccona,
KOTOPBIM CUMTAEM HE PENIAKCUPYIOIIEH BENUYUHOM [6].

[IpuaMMaemM UHTETpaNbHBIC WIEHBI B (2) ManbiMu. Torna GyHKIUO f(7) MOXKHO
TIpeICTaBUTh B BUJE f (1) =y (f)e ¥, e () — MeJIEeHHO MEHSIoIAscs GyHKIIs
BPEMEHH; ®, — JACHCTBUTENbHAsA KOHCTaHTa. Ha cBOOOIHOM MOBEPXHOCTH TI0JIOT0
LWIMHIPA CTABUTCS CIEIYIOLINE YCIOBUS:

r=a,R:c0,, =0,,=0,=0. 3)

rz

151 aHaMUTUYECKOTO PELICHHUSI IOCTABIEHHOM 3aa4l IPUMEHSETCS IPOIIeypa
3aMopakuBaHust [7], Torma cooTHomeHus (2) 3aMeHseTcs NPUOTMKEHHBIMU
BBIPaXCHUSIMU

L L(@) = 2| 1-T5 (@) =115 () | /()
LS (0) = po [ 1 =T (0, ) =05 () | S,

IS (wg) = J‘Rx (r)cosw,z dz,I' (w,) = IR# (t)cosw,T dr
0 0

IS (wz) = TRl (t)sinwgrdr, T (w,)= TR” (t)sinw,r dt -
0 0

COOTBETCTBEHHO, KOCHHYC- ¥ CHHYC 00pa3bl Dyphe sipa penakcalii MaTeprana.
Jd oy deHus YiCIIeHHBIX Pe3yIbTaTOB B KaUeCTBE SApa BA3KOYIIPYTroro MaTepraa
TIPHMEM TPEXTIAPAMETPHIECKOE /PO penaKcaunn R, (t) =A ke_ﬂ Kl =%

B ocecummMeTrpuuHoii aedopMaIiiy MOJOr0 BI3KOYNPYTOro IHUIMHAPA BEKTOP
CMEIIeHHH 1] {ur ,U_ ( TPEICTABUTCA B BUJE (I'punuenxo, 1978);

i =U((r)exp [ia (z— ct)] 4)

rae
Ur)=U, (i +U.(r)j ,
U,(r)=1/a)0(pr)+(a/ p)O,(p,r),
Uz(r) = i(Qo(plr)"'Qo(pzr))a
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o, R . o,R
2 2 2 . _ Wy .,
Py =0 = YrnsVrn = % +1 v
0D 0D
5 2 xR . o,R 1-2v
Py =% ~VriasVria = % +1 % ’k:21 :
0s Os ( —V)
3meck o —  BOJHOBOE  4YHCIO, ® —  KpPyroBas  4acTOTa;

VO Do VO ¢ -~ CKOPOCTH BOJIH MPOJOJIBHBIX U TONEPEYHBIX BOJH COOTBETCTBEHHO,
v — xo3p¢punuent Ilyaccoma maTtepuana MOJIOro BA3KOYNPYroro LWJIMHAPA;
R — BHewnHuii paguyc mnomororo nuiauHapa. PacmpocTpaHeHue BO3MYIIEHHN
B TIOJIOM IWIMHApPE YAOBIETBOPSIOT ypaBHEHMsM aABMkeHHs Jlame. Pemenune
middepeHIanbHBIX  YPaBHEHHH  YIOBJIETBOPSET CHEUUANbHBIM — (QYHKIHAM
Beccens u Xankens. B stom ciyuae paauanbHble (QYHKIMH YHAOBIETBOPSIOT
CJIEIYIOLUM COOTHOLIEHHSIM:

dQy(p,r)

# =0(pir), Q(pir) = AL(pr)+ M Ly(p,r),(k=12), (5)

rne A, B, — TpPOM3BOJIbHBIE HHTEIPANbHBIE IIOCTOSHHBIE, a (DYHKIHH
Ly(p,r), M (p r) NpHHAMAIOT CIIETYIONINH BUJL

Ly(pr)={1,(pr), pr>0;1,(pr), pr >0,
M, (pr)= {KO (pr), pr > 0;Y,(pr), pr > 0.

3anaya pemraercsi B 0e3pasMepHBIX [IEPEMEHHBIX.

Beipaxxenns (5) ¢ymxmmii  Qy(p,7) comepKUT uUeThIpe HEHM3BECTHBIX
MHTErPAJIbHBIX MPOM3BOIHBIX NOCTOSHHBIX A , B (x=1,2). IloncTapnss pemenus
(4) B ypaBuenue (1) ¢ yuerom (5) , mociie HEKOTOPOro MpeoOpa30BaHUs MOTYIYUM
ypaBHeHHe becenst ¢ HelMHeNHO BXoAsaIKUM napameTrpoMm. Iloncrasnsas pelneHus
B CHECUUMAIBHBIX (YHKUUSAX B FpaHUYHBIC yCJIOBHUS, MOIYyYUM anreOpanveckue
ypaBHCHHE C KOMIUIGKCHBIMH Kod(¢uueHTamu. Takum oOpasom, s
LWIMHIPUYECKOTO Tena (Ui MPOTSHKEHHOIO IMJIMHAPUYECKOTO CJ0s) perIeHus
MOTYT OBITh 3alMCaHbI Yepe3 NepeMELICHNUs B CICAYIOLIEM BUJIE:

ol dH 0\ o
u,,=Z{Fn &, dr(ar)+Dzniypﬂiﬂ(ﬁr)+M.nnH5”(ﬁr)/r}(COS” )e'( 77

py —sinnf
NT_FnH () 7+ D. iv H M en]’ A
Uy = Z —r,ni, (a”') r+ 2nlyp n+l (ﬂr) M T ¢ ’ ( )
1=0 cosnf
= M 0 i\ —ot+y ,z
u =S| ~Fiy HO(ar) - D, | HaetB) 1L i gy [ €SO orsn)
oy ’ dr r —sinnO
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Bripaxkenuss mnepememieHuit (6) comepkar B cebe TpH TNPOU3BOJIBHBIX
nocrostuasix £, D, M|, u ynosnersopsior ypapuenusM memkenns (1) mpu
BCEX 3HAYCHHAX . /|11 KOPOTKOTO MPOCTPAHCTBEHHOTO IMIMHApa KOIUYECTBO
MPOU3BOJIBHBIX TOCTOSHHBIX OyaeT miecTb. Eciin modydeHHbIE peuieHus: depes
MOTCHIUANIBI BBIPA3UTh uepe3 crenuanbHbie QyHkimu beccens u Heiimana, a
TaK)Xe HCIOJb30BaTh I'PAHUYHBIC YCIOBHUS, TO TONYYUM CHCTEMY OIHOPOIHBIX
anreOpanueckux YpaBHEHHWIC KOMILUICKCHBIMH Kod(durneHramu. Jlnsg Toro
CYIIECTBOBAHMsI PEIICHHUs] OCHOBHOM OMpEAeTIHTENe JODKHO OBITh PaBHO HYIIIO.
OTO yCIOBHS TO3BOJIIET OINpeAeTieHHe IUCIEPCHOHHBIX cooTHomeHui. I[lpu
WCCJIEZIOBAaHUU TIPOILIECCOB PACIPOCTPAHEHHUS 3aTyXalolIUX BOJNH B YNPYTHX
CJIOMCTO-OTHOPOJHBIX CpeJax C IUIOCKOIapauleIbHBIMU T'paHUIAMH pasjena B
MepByI0 Ouepeslb HEOOXOIUMO OIpeaeUTh JTUCIIEPCHOHHBIE XapaKTEPUCTUKU
STHX BOJH. YCIOBHSI CYyIIECTBOBAHUS HETPHUBHAJILHOTO PEIICHUS MHPUBOIMT
K JUCIIEPCHOHHOMY YypaBHEHHUIO, KOTOpOE ompenenser (a3oByl0 CKOPOCTh
HOpPMaJbHBIX BOJH KaK TPAaHCHCHIACHTHYIO (DYHKIMIO KOMIUIEKCHOW 4YacTOTHI
W TIapaMmeTpoB MOAENH UUIUHIpa. [lox AMCIEpCHOHHBIMH XapaKTepPHCTHKaMU
MOHUMaroTCs (ha30BbIe U rpymnIoBbie ckopocTi C 2BV K02 UIMEHTHI 3aTyXaHUs
co BpemeHeM (y; MI3BECTHO, 4TO BeTHUMHbL V, 1 Q1. CBA3AHBI CO 3HAYCHUEM KOPHSI
JHUCIIEPCUOHHOTO YpaBHEHUS

Alw,&)=0, (7)

dopmynamu C 5 Im(§), , = -Re(§), rme — KOMIUIEKCHAsl 4acToTa;
&-BomHOBOe umcio. DazoBas W TpymNmoBas CKOPOCTh CBSA3aHBI CO 3HAYCHHUEM
KOPHSI JTUCIIEPCHOHHOTO YpPaBHEHUS HEKOTOPHIMHU CIIOKHBIMH 3aBHCHUMOCTSIMH.
Takum 00pa3oM, YTOOBI HMETh BO3MOKHOCTH BBIYHCIATH JTUCIIEPCUOHHBIC
XapaKTEePUCTHKH, HEOOXOAMMO MPOU3BECTH KaueCTBEHHOE MCCIIeIOBaHUE KOpHEH
ypaBHeHUs (6) B TOUKaX KOMIUIEKCHOM TUIOCKOCTH, a TakiKe pa3padoTarh METOJ UX
YHCIICHHOTO OnpeiesieHus. bonee nenecooOpa3HbIM ABJIsIETCS IPSIMOE OTIPEeSICHHE
KOMILUIEKCHBIX KOpHEH Merogam Mrotepa. il KOMILIEKCHBIX KOPHEW METOJ
Miromiepa yrpoIaer BHIYHCICHHS U 00ecreunBaeT 0ojiee OBICTPYIO CXOIUMOCTb,
yem Metox bapcroy, eciam kopHu Omm3ku apyr npyry (Cadapos, 2012). B metoze
Miroiepa npUMEHSETCS KBaJipaTuIHasi UHTSPIIONSAIHS, YTO IPUBOIUT K UTEPALIUN
BUJA:

A A - 2C,
ZiN = 7z0 _(z0 _zHy T gionB
( eraac

4,C,

i) J
red, =g f -g0+g) fii+af
B, =g, + 1/ —(+g) [ +8&fa
Cy=(g +0f ;3 f; = S g, = (=2 =2 j =012,

Jlnst Hawaiga pemieHns MoxxHO monoxuts zI% = z00; zI1= z01; z@= z02; z00,
701, z02 — pemienus ynpyrux 3ajaad. Ha ocHOBaHWM moOCleAHEW Moaupuranuu
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1 OBUI TIOCTPOEH AJITOPHUTM JIJIsi OMpECNICHUS TUCTIEPCUOHHBIX XapaKTEPHCTHUK.
DNeMeHThl JTUCTIEPCHOHHOTO YpaBHEHHS COCTOUT M3 CHEIHaIbHBIX (QYHKIUI
Xankens 1-ro u 2-ro poja n-ro nopsiaka.

PaccmoTpuM cHauaja HH3KOYACTOTHBIE KOJNICOAHWS, I ATOTO TepeieM B
ypasuenuu (7) k npenenam npu kr; — 0,m7; —> Ounpu R,, =0,R,, =0.Tlomy-
gaeTcsl OmkBamparHoe ypaBHeHue (Buxtopos, 1979). B pesynbrare momydutcs
CIIEKTp BOJHBI L, KOTOphI HauWHAeTCsl ¢ HyleBoM yacToThl. Da3zoBas CKOPOCTh
C, BonHBI L HE 3aBUCHUT OT CKOPOCTH MPOIOJIBHBIX BOJIH ClDl B cpene. Ho (asoBas
ckopocth C, BOJHBI L 3aBMCHT OT IIIOTHOCTH P,, CKOPOCTH C_ ¥ PEONOTHIECKUX
CBOICTB MaTepHalioB Jie(hOPMUPYEMBIX Cpel

c, I,
|:P01 + Cfor.s} ’

e  Po =Po/ Pr>Co =616, P, — TJIOTHOCTH IKHIKOCTH, CO—CKOpOCTL
3ByKa B XUAKOCTH. BonHa L HMCHBITBIBAET 3KCIOHEHIUAIBHOE 3aTyXaHUE, €CIIH
ckopocth ee C, okasbiBaercs Bbiie ckopoctu C . Tlpu @ = g +1; =0 gonna

CL:

(®)

L craHoBUTCS 3aTyXarolleW, U BBIIOIHAETCS YCJ]OBI/ISI ¢y <C\1= Py . Ecnu yun-
TBIBAIOTCS PEOJIOTMUECKUE CBOMCTBA MATEPHANIOB, TOINA ¢, <cu/l—p,, /T, .
CaMmoit TpoCTOli MOJICNIbIO, B KOTOPOHM CYIISCTBYIOT BojiHa T, siBisieTcst TpyoOa,
HaxojsmasAcs B mycrore. CrieKTp 3TOi BOJTHBI HAYMHAETCS C HYJIEBOM YacTOTHI, IPU
KOTOPOH (ha30Bast ckopocTh C.. HE 3aBUCHUT OT TOJILIMHbI CTEHOK, U PABHA CKOPOCTH
CTEpP KHEBOI BOJHBI

34y} .
C? = 1_—;/21 cszlrs, Yi=cy /e, <1 )
1

Jns cymecteoBanus T BOJHBI TapaMeTp Y, IOJDKEH NPMHAIEKATH B MFHTEPBAJIE
¥1 € (3/4;1). B o0Omem crmydae nucmepcusi THAPOBOMH (Ui YNPYTHX WA
BSA3KOYIIPYTUX MEXaHUIECKHX CHCTEM ) MOXKET ObITh HOPMAITFHOW MITH aHOMAaJIbHON
(Rayleigh, 1985-1986). CooTBeTCTBYIOIIAs TPYNIIOBAsi CKOPOCTH OTIPENEISIETCS 10
¢dopmyne (Rayleigh, 1985-1986).

(10)

h oc
cp—o—=
ow

Hucnepcuonnvie 3a6ucumMocmu  HOPMATLHLIX BONIH  6A3KOYHPY2020 NONO20
00HOPOOHO20 YUTUHOPA

JlucrepcroHHbIE 3aBHCUMOCTH B IIOCTaBJICHHOM 3ajade IMOJydyarTcs B
AQHAJIMTHYECKOM BHJIE, KaK JUCIICPCUOHHOEC ypaBHEHHE, NPUBEASHHOE B paboTe
(Cadapos, 2012). Pemrenne MUCTIEPCHOHHOTO YPAaBHEHHUS  IONYYAETCS TOJIBKO
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YHUCICHHBIM METOJOM WM TPUMEHSIOTCS METOABl KadyeCTBEHHOIO aHaNM3a.
Jns monoro UWIMHApA Y JUCIEPCHOHHOTO YPaBHEHHs YNPYToro MIMIMHApA
CYIIECTBYIOT [IBE [EHCTBUTENbHBIE KOPHH, KOTOpble OONIafaloT aucrepcueit
B ob0mem ciyyae. IIpMm HEKOTOPBIX COOTHOLICHUSX MapaMeTpPOB MOTYT
CyIIECTBOBaTh CKOPOCTH BOJH Pasnesi, KoTopele He 00JanaroT aucnepcueii. Yuer
BSI3KOYTIPYTUX CBOMCTB MAaTepHallOB YCJIOXKHSET IOCTaBICHHOM 3amadn. KopHu
JHUCIICPCUOHHOTO ypPaBHEHHUS! CTaHYT KOMIUIEKCHBIMH. CBOOOIHBIC BOJHBI, B
3TOM cllydae, 3aJbIXaloTCs 0 BpeMeHH. TouHoe peleHre MoCTaBIeHHON 3a1a4H,
chopMyaHpOBaHHON Ha OCHOBE IM(epeHINANBHBIX YPaBHEHUH THHAMHYECKON
TEOPHH BSI3KO — yIIPYTOCTH, TIO3BOJISIET HCCIIEAOBATH AUCIICPCHOHHBIE 3aBUCHMOCTH
HOPMAaJIbHBIX 3aTyXaIOLINX BOJIH YUCICHHO WM METOAOM Kaue€CTBEHHOTO aHANN3A.
[Mapamerpsl sapa penakcanuu npuasTo B Buae A=0,048; f=0,05; 0=0,1. Ha puc. 1
n300paXeHbl peaslbHbIe YaCTH TUCTIEPCUOHHBIX KPUBBIX OCECUMMETPHUYHBIX BOJIH
IUIS TIOJIOTO BSI3KOYIIPYTOTO IIMJIMHIPA MPH Pa3IMYHBIX 3HAYCHUSIX BHYTPEHHETO
pamuyca UMIMHApPA. BimsHWe TOMIIMHHOIO NapaMeTpa Ha IUCIIEPCHOHHBIC
CBOMCTBa NEPBBIX HOPMAIbHBIX OCECHMMETPHUYHBIX BOJH B IIOJIOM LHJIMHApE:
CIUTOIIHbIE — TiepBast BonHa 1 —r =0.3,2 -7 =0.8,3 -r =09,4 —r =0.95,
5—r,=099.

ITpu Beramcinennn npunsta v =0.25, u Bayrpennnii paauyc a € (0.39+0.9). Ha
pHcC.2 CIUIOIIHBIMH JTMHUASMH OTMEUEHBI PeabHbIe YaCTH MEPBOIl TUCTIEPCHOHHON
KpuBOH. BuaHo, 4TO € yBenMYEHHWEM BOJHOBOIO YHCJA COOTBETCTBYIOLIHME
JHUCTICPCUOHHBIC KPUBBIE YBEJIINUHUBAIOTCS C YCKOPEHHBIM TEMIIOM.

Ha puc. 2-3 npuBeneHo n3MeHeHHEe MO PagnyCcy HOPMHPOBAHHBIX aMILIMTYI

% *
CMeIleHNI B TIepBoii HopMmanbHoit Bomue (o = 10; 1.Rewu,; 2. Im”r). Buano, uto
BOJTHOBOE JIBIDKCHHE B IIMJIMHJIpPE KOHIIGHTPUPYETCS Ha IMOBEPXHOCTHU IIOJIOTO
BSI3KOYTIPYTOTO IJIHHAPA. AHAIOTHYHBIE PE3yJIbTaThl IIPUBEICHBI HA pUC. 4—5.

Rey

L

th | 4

i L
0 1 2 3 4 5 6
Puc. 1. BiysiHME TOJIIMHHOIO apaMeTpa Ha JUCIIEPCHOHHBIC CBOWCTBA NEPBBIX HOPMAJIbHBIX
OCECMMMETPHYHBIX BOJIH B IOJIOM LMJIMHAPE: CIUIOIHbIE — nepBas BonHa 1 —7 =0.3,2 -7 =0.8,
3-r,=09,4-r=0.95>5-r =099
(Fig.1. Influence of the thickness parameter on the dispersion properties of the first normal

axisymmetric waves in a hollow cylinder: solid lines - the first wave
1-r,=03,2-r,=083-r=09,4-r=0955~-r =0.99)
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Puc. 2. PactipenieneHue 1o paguycy HOpMUPOBaHHBIX KOMIUICKCHBIX aMIUTUTY/ CMELICHUH B IEpBOi
* *
HopmanbHoi Bonre (o= 10): 1.Rew, ; 2Imu,
(Fig. 2. Radius distribution of normalized complex displacement amplitudes in the first normal wave
* *
sonme (0= 10): 1. Rew, ;2. Imu,. )
]
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Puc. 3. PactipeneseHue 1o paJiyCcy HOPMHPOBAHHBIX KOMILIEKCHBIX aMILTHTY/ CMCLICHUH B EPBOM
% *
HOpMaibHOH BomnHe (o0 = 10): 1.Re Uu,;2. Imur
(Fig. 3. Radius distribution of normalized complex displacement amplitudes in the first normal wave
* *
BoiHe (0= 10): 1‘Reu,; 2.Imur )
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Puc. 4. Pactipenenenue 1no paanycy HOpMUPOBAHHBIX aMILIUTYI CMEIIEHUN BO BTOPOI HOpMajbHOM
* *
sone (o = 10): 1.R€u,.; 2 Imu,
(Fig. 4. Radius distribution of normalized displacement amplitudes in the second normal wave (o=
* *
10): 1. Reu, ; 2.Imu, )
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Puc. 5. Pactipenenenue no paanycy HOpMUPOBAHHBIX AMILIUTYZ CMEIIEHUN BO BTOPON HOpMajIbHOM
Bosthe (a= 10): l.Reu:; 2. Imu:
(Fig. 5. Radius distribution of normalized displacement amplitudes in the second normal wave (o=
10y 1.Rew; 5 Tmuty

I[J'ISI 0<o<1 BenmmuMHAX BOJHOBOI'O YHCJIA MEPBBIC JUCIICPCUOHHBIC KPHUBLIC ITPU
Pa3JINYHbIX 7 ) IMPAKTUYCCKNU OAWHAKOBBI. COOTBGTCTBYIOH_IB.H (I)aBOBaSI CKOPOCTb
YAOBJICTBOPSCT CICAYIOUINC BBIPAKCHUS

ReE =W [2(1+v) ~1.5731,
CS

rme ¥ — mapaMmeTp, KOTOpBIM XapakTepU3yeT BS3KHE CBOMCTBA MaTepHasiOB
mwmHApa. Ecam o>1, Torga ¢ yBedmueHHMEM BOIHOBOTO YHCIIA peajbHas
MHUMasi 9acTH HHU3IMIeH MOABI (Pa30BOil CKOPOCTH CYIIECTBEHHO YMEHBIIAIOTCS
¢ yBenuueHueM 7. C yMEHBIIEHHEM TOJIIMHBI TIOJIOTO LMJIMHAPA PEAbHBIE U
MHUMBIEC YaCTH TEPBOW M BTOPOW MOJ OTKJIOHSIOTCS APYT OT Apyra U IUIaBHO
YMeHbIIaeTcs mepBast Mofa (a3oBOil CKOPOCTH, a BTOpas MOJa — YMEpPEHHO
camxaetcs. Korga a=0.97, monbrit mUITHHAP paccMaTPUBASTCS KaK ITAITMHAPHICCKasT
oboiouka. JluciepcrnoHHbie KpuBhIe pH 1.8<0<3.0 mpakTHYeCKH HE H3MEHSIOTCS,
T.€. CTaHOBSITCS TOPH30HTAIBHBIMHE 110 OcH abcuncc. [Ipu nanapHelinem yBennueHnn
BOJTHOBOTO 4mciia 0>3.0 peanbHbIe 1 MHUMBIC 4acTH ()a30BOH CKOPOCTHU TIEPBOU
¥ BTOPOM MOJ|, CHa4yayia BO3PACTyT W MPUOIIKAIOTCA K CKOPOCTH BOJHBI Pames
(Cadapos u np., 2012, Cadapos u mp., 2011).

3akaouenue

HccnenoBansl CBOWCTBA TOBEPXHOCTHBIX BOJH B BS3KO-YIIPYTOM TIOJIOM
mwmHApe. HaiineHo, 9To B TOJIOM BSI3KO-YNIPYTOM LWJIMHAPE CYIIECTBYIOT JBE
KOMITIEKCHbIE HOpPMaJIbHBIE BOJHBI, PEATbHBIE YACTH KOTOPHIX B TPEAECITHHOM
ciyqae mpruOImKarTCsa K CKOPOCTH BOIH Pamest.

YcTaHOBIIEHO, YTO TIOBEPXHOCTHEIE BOJHBI B MOJIOM BSI3KO-YTIPYTOM IIMUIMHAPE
JIOKATU3YIOTCS Ha BHEIIHEH W BHYTPEHHEW CBOOOIHOM IMTOBEPXHOCTAX MIIMHIPA.
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Abstract. In this paper, the role of selective dissociation in starformation process
inAquilawas studied. We compared physical parameters of protostellar and prestellar
cores and selected regions with CO isotope distribution in photodissociation
regions. The relationship between the evolutionary age of star-forming regions
and selective dissociation has been explained. To study starformation processes
in Aquila, we observed and analyzed the 2CO, *CO and C*®*O (J=1-0) emission
lines. There were identified regions with the highest C'*O column densities on the
integrated C'*O intensity map. These regions correspond to protostellar-prestellar
cores according to the Herschel Gould Belt catalog. On the velocity map it was
determined that velocity of the selected eight regions is found in the range from 5
km/s to 9 km/s. A large radiation flux in W40 occurs within 4-5 km/s, it can be as a
result of heating from ionized hydrogen HII. It is shown that self-absorption affects
the spectrum of *CO. From the channel map, it was revealed that the velocities of
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12CO are distributed within 4-5 km/s, corresponding to the range of low velocities.
C"0 (J=1-0) molecules are distributed in the range of 6-8 km/s, and *CO — in all
velocity ranges of 4-9 km/s. About 300 prestellar cores have been found in Aquila
molecular complex, of which approximately 200 have a temperature in the range
of 0.5-1.5 K.

Keywords: molecular cloud, Aquila, starformation, selective dissociation

© A.K. Omap!, A.b. Manan6aesa', M.T. Keizrapuna'”, T. Kememr'?,
H.III. Asmmmrasunosa’, 2023
'On-Dapabdu arsiHnarel Kasak yITTBIK YHUBEPCUTETI,
Anmarsl kanacel, Ka3zakcran;
’HazapbacB YauBepcureti, AcTaHa Kanachl, KazakcraH.
E-mail: meir83physics@gmail.com

AQUILA MOJIEKYJIAJIBIK BYJITBIHBIH AMUMAKTAPBIH CO
TAHAAMAJIBI JUCCOINAIIACHI S AICIMEH 3EPTTEY

Omap Apyxan KeHHCXaHKBI3bI — AFa FBUIBIMU KbI3METKEp. DKCIIEPUMEHTTIK )KOHE TEOPHSUIBIK
¢msuka F31. On-Papabu arsranars! Kazak yntteik yausepeureti. 050040. Anvarsr, Kazakcran
E-mail: omaruzhan@gmail.com. ORCID: 0000-0002-5604-3742;

Manan6aeBa ApaiinbiM Bek6onaTKbI3bl — AFa FBUIBIMH KbI3METKEp. DKCIIEPUMEHTTIK JKoHE
TeopusiblK pusuka F3U. On-Papabu arbingarsl Kazak yiarTeik yHuBepcuteTi. 050040. Anmarsl,
Kazakcran

E-mail: manapbayeva.arailym@gmail.com. ORCID: 0000-0002-0322-1509;

Keizrapuna Meiipamrya Teusey6exkkbizbl — PhD. Ara oxkpityisl. On-®Dapabu areinaarsr Kazak
yiarTeIK yHEBepcuTeTi. 050040. Anmarsl, Kasakcran

E-mail: meir83physics@gmail.com. ORCID:0000-0002-4103-7657;

Kemem: Toxrapxan — PhD. JXoGameik TonThIH Oac 3eprreymrici. DHEPreTHKANbIK FapbIll
3eprxaHachel. HazapbaeB YHuBepcuTeTi. AFa FBUIBIMHU KbI3METKep. DKCIEPUMEHTTIK KOHE TEOPHSIIBIK
¢usuka F3U. On-Dapadu areranaret Kazak ynrteik yausepeureti. 010000. Acrana, Kazakcran
E-mail: toktarkhan. komesh@nu.edu.kz. ORCID: 0000-0002-3415-4636;

Asmunmrasunosa Hasrya lllakapumoBna — ®u3rka xoHe MaTeMaTHKa FEUTBIM/IaPBIHBIH KaHTUaTHI.
Ara oxpITymibl. On-Oapadu arenaarsr Kasak ynrTeik yrusepeureti. 050040. Anmarsl, Kazakcran
E-mail: nazgul.alimgazinova@kaznu.kz. ORCID: 0000-0002-4596-1855.

AHHoTamms. byn Makanama KYIAbI3 TY3Uly NpOIECIHACrT TaHIaMalbl
JVICCOLIMAIMSHBIH, POJIi KaH-)KaKThl 3epTTeNiHAl. 3epTTey MPOTO KYIIbI3 OeH
KYJIBI3Fa JICWIHTT SJIPOJIApIIbIH, COHBIMEH Oipre TaHJaJIbIHFAH aliMaKTapIbIH
¢u3uKanbIK mapameTpiepin Goro aucconuanys aiMarbiHaarsl CO M30TONBIHBIH
TapagybIMEH CANBICTHIPY apKbUIBI KYprizinai. XKynne3 Ty3ijeTiH akMakTapIIbiH
SBOJNIONUMSUIIBIK JKAaChl MEH TaHJaMajbl JUCCOIMAUS apachblHJa KaHIIAJIBIKTHI
Oaiimanpic Oap ekeHi TyciHAipiami. Aquila MosiekynalblK ailMarblHIa OTil
JKaTKaH JKYJIIBI3 Ty3imy mporecin 3eprrey yiin 2CO, BCO xone CHO (J=1-0)
OMHUCCHUS CBI3BIKTAphl OaKpUIaHBIN, Tajmay kyprizinmi. C'*O wuHTerpasmanran
WHTEHCHBTLTIK KapraceiHan C!%0 OaraH THIFBI3ABIFBI JKOFApPhl aifMaKTapIbIH
opsiHAapsl Oenrinenni. by aiimakrap Herschel Gould Belt 3eprrey mypararbinan
QJIBIHFaH TPOTOXYIIBI3AAD MEH KYJIJIBI3Fa JCHIHT1 SAPOIAPIbIH OPBIHIAPhIMEH
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coiikec keneTiHi aHbIKTaNABl. C'® O  MONCKYIaChIHBIH KBUIAAMIBIKTAPBIHBIH
Tapally KapTachblHAH OENTiJeHreH ceri3 alWMakTBhIH IKBUIIAMABIFEI 5—9 KM/cC
apaNbIFbIHAA aHBIKTANBL. S IPOHBIH KyIIeUTinreH sMuccusicel W40 afiHanackiHIa
4-5 xm/c apansirbiana kepcerinin, 0y1 H Il afimarsiHBIH KbI3y HOTHXKECi OOy
MYMKiHIirT 6omkanael. W40 aiimarbiagarsl *CO criekTpiiepine o3 abcopOrms
ocep etetini kepcetinmi. Kananmap kapraceinan 'CO monekynanapsl 4—5 km/c
apasIbIFbIHIA a3 KBbUIAaMJIBIKIIEH Tapanateiabl kepcetiami. C'*O momekymamapbt
6-8 KM/C apaibIFbIHIa OpTamia >KeiimaMabiKineH, an PCO monekysamapbl 4—9
KM/C apaJIbIFbIH/IA, SIFHU OapIIBIK KBUIIAMABIK apallbIFbIHA KeHIHEH TapalaThIHbI
aHbIKTaNABl. Aquila MoneKkymansiK KemieHiHeH mamameHr 300-re KybIK JKYIIIbI3Fa
NeHiHTi simponap Tadbuica, OHBIH imiHAe 220 xyiaei3Fa nedinri saponap 0,5-1,5 K
TeMIiepaTypara e OONaThIHbI OaiKa Ik,
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AnHoTanus. B qanHoil paboTe Hccaenyercs poib CEICKTUBHON AUCCOIMAIIAN
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MPOBEZICHO IyTeM CpaBHEHHS (HU3MUECKUX IMapaMeTpOB TPOTO3BE3AHBIX U
JIO3BE3IHBIX SIJIEP, a TakXKe BBIOPAHHBIX 00jacTell ¢ pacHpeaciicHHEM H30TOIMOB
CO B oOnactu (oromucconmaryu. OObsCHEHA CBSI3b MEXIY SBOJIIONUOHHBIM
BO3pacTOM 00JIacTel 3Be3M000pa30BaHMs M CEIICKTHBHONW TUCCOIMAIIMCH.

UYrtoOBI H3YyUYHTH MPOIIECC 3B€31000pa30BaHUs, TPOUCXOSIINI B MOJIEKYJISIPHOM
obmake Aquila, Mbr HaGmrOMaMKM 3MECCHOHHBIE TuHUK 2CO, BCO u C'BO (J=1-0)
Y TIPOBEITM aHAJIN3 JaHHbIX. M3 KapThl HHTErpanbHON HHTeHCHBHOCTH C'*O ObLIH
BBIJICJICHBI MECTa C OueHb BBICOKOH MIOTHOCTBHIO cTonbioB C'®0. B maHHBIX
MecTax OOHapy>KeHBI MPOTO3BE3MHBIC W TO3BE3MHEIE siapa 1Mo kartaiory Herschel
Gould Belt. 13 kapTel pacmpeneneHuss CKOPOCTEH ONPENEeNeHO, YTO CKOPOCTh
BBIJIETICHHBIX BOCBMH PErHMOHOB HAXOMUTCS B MHTEpBalie OT 5 KM/c A0 9 km/c.
Bonpmioit motok m3nmydeHus ¢ B permone W40 mpoucxomuT B mpepenax 4-5
KM/C, 3TO MOXKET OBITh Pe3yJITaTOM pa3orpeBa HOHWU3UpoBaHHOTO Bomopoxa HIL.
IMToka3zano, uTo Ha criekTp Mojekynbl *CO Biusiet apdekt camonoromieHus. 13
KapThl KAHAJIOB BBISIBICHO, YTO CKOpOCTH MoJiekyl 2CO pacrpe/esieHsl B mpeaenax
4-5 KM/C, COOTBETCTBYIOIINX AUAMA30HY MaIBIX cKopocTeii. Momekymnsl C*0 (J=1-
0) pacripesenensl B quamna3one 6—8 kM/c, a *CO Bo Bcex mpejenax ckopocTeii 49
km/c. beiio Haifineno oxono 300 103BE3MHBIX SAEp B MOJICKYISPHOM KOMILIEKCE
Aquila, 3 Hux npubausuTeasHo 200 uMeroT TeMieparypy B npeaenax 0,5-1,5 K.

KaroueBbie ciioBa: MonekynspHoe o6mako, Aquila, 3Be3mooOpasoBanwme,
CEJIEKTUBHAS JUCCOIHAIINS

Kipicne

Aquila pudTi — KyC 50511 raTaKTUKAJIBIK JKa3bIFBIHBIH OPTAJIBIK aliMarbIH 1A bl
YnkeHn PudyTTi KypalThIH FApBILITHIK TO3aHHBIH KYHTIPT JKOJAFbIHBIH Oip OeJiri.
Aquila momexynmanbik OYNITHI KeIIEHIHAE >KWIABI3 TY3UTyOiH O€NTiTi OpBIHBI
Oap, aran adrtareiH Ooncak: OHrycTik Serpens (Bontemps, 2010) xxone W40
H II afimarer (Smith, 1985). byn exi afimak — ®KYJIAbI3 TY3UIyIi 3epTTeyaepaeri
@3eKTi OarbITTapiblH Oipi. Spitzer Oaxputaynapet W40 meH OHTYCTIK Serpens
KIpiKTipiiTeH kimactepi acmaHga Oip-OipiHe j>KakKplH OpHANACKaHBIH KepCeTeli,
tinTi OHTYCTIK Serpens >kaibutbin xarkaH W40 aliMarbIHBIH Oip Oetiri OOk
kepinerinaei Oonansl (Gutermuth, 2008). Herisri Serpens nen W40-ka neiinri
KAIIIBIKTHIK COHFBI YaKBITTAFbBI OJIIIeyiepre coiikec 436 nk xoHe OHTYCTIK Serpens-
Ke JICHiH JIe JIJI OCBhIHAal KAIBIKTHIK eKkeHi 0omkansl (Ortiz-Ledn, 2017), cebebi
Oyl eki paauoTONIKbIH Ke3Zepl e3apa KHHEMAaTHKalblK TypAe OalilaHbICKaH.
W40 anbm MoNeKymalblK OYITHIHBIH Maccachl Oaramanmsl ~1,4-105 MO xone
KAITBIKTBIFBI aHBIKTAIABI ~ 474 Tk (Su Y., 2020). Ketiinnen Aquila monekynanbik
oyt kemeniugeri 70-ten S00 mxm-re aeitinri SPIRE xone PACS dhoToMeTpHsIThIK
Kamepanapbl apkbuiel Tycipinren HGB 3eprreynepi anbiagsl (Konyves, 2015).
JKynapI3chI3 THIFBI3 SAAPONAPIBIH TOMBIK YiTici MeH Aquila MOJeKymaiblK OYITHI
kemreHinzeri kipikripinren (Class 0-I) mpoToxyinsi3aap MyJIbTH-MacIITaOTHhI,
MYJIBTU-TOJIKBIH Y3BIHIBIKTBI KO3AepAi OeJiil any alrOpUTMICPIH KOJIAHBII
anpikTanapl (MananbOaesa, 2021). Byn 3epTreynepae KoplnaraH MarepUasIblH
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KBI3YybIH CHIIATTay YIIiH JKOHE SAPOHBIH AIBOIIOIMIIBIK KACHIHBIH WHIUKATOPHI
petiane 70 MM xoHe 250 MKM ManiMeTTepi Konaaneuiasl (Komesh, 2020).

By xymeicTa oTo-mucconmanus aiiMakTapsl €T aTalaThlH aiiMakTap >KoHe
TaHJIaMallbl JUCCOIMAINS KaHall na Oip pes oifHalIbel Jen KYTLIeTiH altMakTap
Ke3neceni. bi3z xyIap3 Ty3UTy IpomeciHeri TaHIaMabl JUCCOIMANUSHBIH POIiH
MPOTOXKYJIZIBI3 OCH JKYIIIBI3FA JEHIHTI SIpONapIblH, epEeKIIeIeHIeH aliMaKTap IbIH
(m3uKanbIK mapametpiepid ¢orto muccormarys aiMarsiHAarel CO H30TOMBIHBIH
TapalybIMEH CaJbICTBIPY apKbUIBI 3€PTTEHMI3.

Marepuajagap MeH daicrep.

Mypasam oepexmepi

Henunara xanaceingarel Purple Mountain  O6cepBatopusiceiably 13,7 M
MHJUTAMETP TOJIKBIH/IBIK TEJIECKOIbI apKbuTbl Oakpitanran 2CO (1-0), *CO (1-0)
xone C"*O (1-0) mamimertepi Millimeter Wave Radio Astronomy nepekkopbiHaH
anelHbl. bakpliay KesiHaeri OOBeKTIHIH OpTayiblK KoopauHarachl 18"30m03% —
2°02'40"(J2000) Gosp.

BakpimanaTeiH Kylie YINiH KapThutail Kyar JneHreifinmeri coyneHiy eni ~ 50",
KBUIIaMIBIKTEIH aXbIpaTy Kabineri — 0,17 kM/c xkoHe KYHEHIH TeMIieparypachl
180320 K apansirbiaa 6omst. 2CO (1-0), *CO (1-0) xxone C'*O (1-0) momimerTepi
OapneirbiHa  Oipaeid, 60" OomaThIH KEHICTIKTIK axbIpaTy KaOimeriHe eiiH
TEHTePLIII sKoHE YSmIBIKTBIH omieMi — 30", 12CO, BCO xone C'*O manmimerTepain
1o mry neHretinepi coiikecinme 0,5; 0,35 xxone 0,35 K 6onmpl. Aquila kenreHi yurin
KAITBIKTBIKTHL 436 MK €KeHIH eCKepceK, KapTaHbIH KeHICTIKTiK MaciTadsl 0,124
nk/arcmin 6onazael. Uadpaxesm 70 mxMm xoHe 250 MkMm keckinaepi Herschel
Gould Belt 3eprrey mypararsiHan anbiHAsl, www.herschel.fr.

Cyp.1. CO (1-0) unrerpanganrad nareHcHBTLIIK Kaprackl. Herschel Gould Belt 3eprrey
MYparaTblHaH aJIbIHFAH TPOTOXYJIIBI3IAPIbIH OPBIHIAPHI aK HYKTEJIEPMEH KOPCETIITEH.
(Fig. 1. Integrated intensity map of C'®O (1-0). White dots show locations of protostars from the
Herschel Gould Belt Survey Archive Data)
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Hatu:xesiep MeH TaJaKbLIAYJIAp

CBO(1-0) sMuCCHS CHI3BIFBI

l-cyperre C"™®O (1-0) mHTerpasgaHFaH WHTCHCUBTUIIK KapTachl KEJNTIPLIII.
byn kaprama WHTErpajjaHFAaH WHTCHCHUBTLMIKTIH KOHIIGHTPAIMSCHI TBHIFBI3BIPAK
OipHerre aiimakTap kepceriiret, onbiy iminae W40 H II aiimarel MeH OHTYCTiK
Serpens te 6ap. C'80 (1-0) sMHCCHACH KOFAPhI aiiMaKTap MOJEKYIAIBIK Ta3IbIH
TBIFBI3/IBIFBI )KOFAPhl OONAThIHBIH KepceTeni. MHTerpaijanFraH WHTCHCUBTUTIKTIH
KOHIEHTPALUsCH THIFbI3bIpaK aiiMakTap Herschel Gould Belt 3eprrey MmyparaTbinan
OeriaeHin anbIHabL.

basan mul2b13061Kmapsl Men XuMusIvlK aneMenmmepoiy mapany KamvlHACmapsl

2CO(1-0) CBHI3BIFBIHBIH ONTHKAJIBIK KAJBIH CKCHIH eCKepill, T, xo3y Temme-
parypacel 2CO (1-0) >xapkpipay TeMITEpaTypachIHBIH MaKCHMyMBIHAH KeJeci
TeHey apkbuibl Oaranansl (Pineda, 2010), (Kong, 2015), (Lin, 2016):

hv12C0 -1

1+ k K =

Tmb,lzco +]V(Tbg) (1)

_ 5,53 1
=553 [In(1 + ——="020)] 'K,
co

B hviz., |

ex

MVHIAFbl  Imb, — 2CO (1-0) MakcuMyM HMHTEHCHUBTIIIrI, emameM Oipiiri
12¢0

hv/k

KenbBuH. J,(T) = — 3(dexTuBTI Ccoyle MBIFapy TeMIIepaTypachl

(Ulich, 1976), (Anders (@89) Tpg = 2,7 K— FapblIITBIK MHKPOTOJKBIH/IBIK

(OHHBIH Ccoyle WIBIFapy TemIieparypachl. bapnblk OakpuiaHFaH alMaKTarbl
KO3y Temreparypacbl 3,6-gan 23,6 K-re neifinri apajibikra Oarananjbl, Oipak
oyn monmep 2CO sMmuccuscsiHa ©3-a0COpOIUs acep eTETiH JKepiepae TOMeH
Oarananpl. *CO mMen C'®O chI3bIKTapBIHBIH KO3y TEMIIEpaTypajiapbl ONTHKAIBIK
kaieiH 2CO CBhI3BIFBIHIAFRIAAN Oipeit MoHTe ne 60Jab! IereH 00IKaM Kaca bk,
BysIT TOKanmbabl TEPMOAMHAMMKAIBIK Tere-TeHAIKTe OomarbiHasikTad *CO meH
C'80 onTHKaIBIK TEPEHIIrT MeH OaraH THIFBI3ABIKTAPEl TOMEHCTIACH TEHICYIEp
apkbuTel Oarananel (André, 2010), (Komesh, 2019),

T 18
18 _ ___ mbCPO
7(C*°0) = —In [1 5,27[]1(Tex)—0.166]]' @
Tmb3co
7(3c0)=—In [1 ~ sl —oedll )

KIOHEC
4 T(C20)AV(CB0)Tex

18 — 1
N(C'0) =2,42 % 10 o1 @)
13c0)av(*3c0)T,y
N(*3C0) = 2,42 x 1014 % ®)
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MYHJIaFbl J1(Tex) = 527) I J2(Tex) = [exp(— 529) 11, JKOHE AV — FWHM,
KM/c.  XUMUSIBIK 3J'IeMeHTTep,I[iH Tapary KaTLIHaCLI X”CO /XC“‘O OaraH
TBIFBI3IBIKTAPBIHBIH Tapany KareiHackiHa N(1*CO) / N(C"®O) skBUBaICHTT.

]
> A

-
L,

Cyp.2. C8O(1-0) xbuinamasik kapracel. A-H aiimakrapstr C'80(1-0) MonexynachiHbIH OaraH
TBIFBI3/IBIFBI JKOFApBl alMaKTap bl OLIIipei.
(Fig. 2. C'¥0O(1-0) Velocity map. Regions A-H represent regions of high column density of the
C"®0(1-0) molecule)

2CO smuccusiceiHa ©3-abcopOuust acep ereTin aiimakrapga *CO men C"O
OaraH ThIFbI3ABIKTapbIHA 2CO MosiMeTiHEH TOMEH GaraiaHFaH T acep eteni. byn
ocsl aiimakTtapaarsl *CO men C'*O GaraH THIFBI3IBIKTAPBIHBIH TOMCH OarajaHybIHa
okesei. N(*CO) men N(C'®O)-HbIH KOPBITKbI apalibIKTaphl coiikecimie 3,8—5,5¢cm
2 jkoHe 2-3,4cM”? jKOHE XHMHSUIBIK DJIEMEHTTEPIH Tapaily KaTbIHACBHIHBIH R
KOPBITKBI apanbirbl 1,02—41,9.

Tanoamanst ghomo-ouccoyuayus

bi3 xemamaeik kapraceiHaH (A—H) ceri3 Oipereit aiimakrapapl Oemin
alapIK, A aldMarbIHBIH XbUIIAMIBIFRI — 6,5 kM /c, anthl aiimakTa (A, B, C, E, F,
G) XbUIIAMIBIK OpTalla MOHJE aiblHABI 6,5—7,5 kM /c, Oip aiimakra (H aiimarsr)
KBUIIaMIBIK OipiliamMa yKorapbeIpak MoHre ue, 8,5-9 kM /c.

D aiimarer W40 H 11 aiimarbIHBIH jXaHBIH/A, TOJTIPEK aWTKAH/IA CONTYCTIK-0aThIC
JKaFbIHJIa OpHaNacKaH, D aiiMarbIHAaFbl )KBULAAMIBIK 5—6 KM /C allHamachiHIa. A,
B, C aiimakrapsl OHTYCTiK Serpens-Ti KaMTHIbI, aj IIEHOEPMEH OelTilieHreH
aitmak W40 H II aiimarsl peTiHe aHBIKTaJIBL.

3-cyperre Aquila monekynanbik Oynreiaaarsl W40 H 11 aiimarbiasig *CO (1-0)
AMUCCHSCHIHBIH crieKTpiiepi kentipinai. Ipadukren *CO Mosekynachl CIeKTPiHiH
OpTaJIbIK KOMIIOHCHTIHIH €Ki HIBIHBIH Oalikayra Oosa b, anaiina oy meiHgap *CO

13/18
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MOJIEKyJIachl >KbUIAaMIBIFBIHBIH €Ki KYpaylIbICBIH KepceTmeiini. ©3 abcopOuus
HOTIDKECIH e Oip HIBIH MYXinin, ekire 6eminin Typ. Conbive, *CO-HBIH OpTaJIbIK
KOMITOHEHTIHIH ©3 a0copOIusiiaH >KYTBUIBIN, MYXLUIIT KETKEHIH aHbIK Kepyre
OoJaabl.

Cyp.3. W40 H I aiimarbiasig PCO crekTpiepi.
(Fig. 3. BCO spectra of W40 H II region)
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=
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%
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4

Cyp.4. 2CO(1-0), *CO, C'®0O(1-0) momiMeTTEpiHEH CHI3BUIFAH KaHaJ[ap KapTachl.
(Fig. 4. Channel map, constructed from '2CO(1-0), *CO, C'®0(1-0) data)

4-cyperTe KaHanmap Kapracel kepcerinreH. 4a-cyperre '2CO (1-0) xanammap
KapTacel 1 km/c KagammeH 3 < VLSR < 9 KM/C KBUITAMIBIK apaIbIFBIH/A KEIITIPiIIL.
SnponsiH KymenuTtiren smuccusicel W40 aifHanaceiHIa 4-5 KM/C apasbIFbIHIA
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KepiHin Typ, Oy H Il nonmanran cyreri aiMarbIHBIH KbI3y HOTHXKECIHIE OOIYBI
MyMmkiH. OHTYCTiK Serpens aifHanackiHaa d1ci3 amuccus 6ap. 4b-cyperre *CO (1—
0) karanmap kapracsl 1 KM/c KagammeH 3 < VLSR <9 KM/C KBUTTAM/IBIK apaTbIFbIH/IA
KeNTipiyai. MyHIa sIIpoHBIH KYLIEHTUIreH sMuccusacel W40-ThIH CONTYCTIr %oHE
OatpichiHAA 7—8 KM/C apanibiFbiHOa KepiHin Typ. OHTycTik Serpens-te OipHemie
CO3bUTFaH KypbUIbiMaap Oap. 4c-cyperre C'*O (1-0) xanammap kapracel 1 km/c
KagamMmer 3 <V, . <9 KM/C JKbULAAM/IBIK apaibIiFbIHAa KenTipinmi. by kapraga
W40 H II aiimarsr mer OHTycTik Serpens-te C'*O(1-0) IMUCCHSACHIHBIH Tapatybl
7-8 km/c apanbiFbiHaa kepiHin typ. CO(1-0) 6en “CO(1-0) mamimerTepiHiH
eKeyi jie Oip/el KpITIaMIbIK allMaKTapbIH/a i3iH Kaiaasipaasl, oy C3O(1-0) 6en
BCO(1-0) amMuccusChIHBIH Gip/ieii aiiMakTap/a )KOFapbl KOTEPLIETIHIH OLTaipei.

Kananmap xapraceiHan '2CO MoJeKynanapbl a3 jKbUIIaMIIBIKIICH TapalaThbIHbI
Oaiikanazapl, Tapany SKbULIaMIbIFBl 4—5 Km/c apambiFbiHma skateip. C'O
MOJICKyJalapbl  OpTamia >KbUIIAMABIKICH TapalaTblHbl KepiHedl, Tapaity
KBUIIAMABIFBI 6—8 KM/c apaibirbiHaa kateip. An *CO monekynanapsl 6apibik
JKBUIIAMJIBIK apalibIFbIHAA KCHIHEH TapallaTbIHBIH KOPEMi3, Tapaily >KbIIIaMIbIFbI
4-9 kM/c apambIFbIHIA KaThIP.

oo

Prestellar core numbser
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-

'.:.,'ngGC'" (K]

Cyp.5. H,CO-MeH TaObUIFaH TEMIIEpaTypackl.
(Fig. 5. temperature, calculated using H,CO)

5-cyperTe KYJIAbI3Fa AEUiHTi SAApoNapAblH TapalyblHbIH TeMIIepaTypachiHa
Toyenainiri kepcerinred. JXXyinei3ra aedidri saponap Temmeparypanei 1-2 K
mraMacblHaa KeOipek TapanraH. MoneKyiaanblK OYITTarbl KYJIAbI3Fa JACHIHTI
SITPOJTAP/IBIH, TapalTybl JKYJIJIBI3 TY3LIYIiH OCICEH/ I OPBIHAAPHIH AHBIKTAN/BL.
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KopbIThIHABI

Aquila MoseKynanblK OYJITBIHIAFBI TAHJAIBIHFAH aliMaKTapia sKYJIIbI3 TY3LTy
MPOILIECIH JKOHE OHBIH KOopIIaraH oprara ocepin 3eprrey yurin C®O smuccus
CBI3BIFBI OaKbUIAHFAH MYPAFaTTHIK MOIIMETTEp KOJIAAHBULABL. MOIEKyIalbIK
OYJITTaFbl MPOTOXKYIABI3 OCH JKYJIIBI3Fa NEHIHTI SAPONapAbIH Tapaitybl XKYJIIbI3
TY31IyliH O€JICeH i OPBIHIAPHIH aHBIKTay/1a aJTFAIIKBI MHAUKATOP OOJIBIN Ta0bLIa b
xoHe onapabiH Tapanybl C'O (1-0) CO3BUIBIHKBI dMHCCHSCHIHBIH KYPBUIBIMBI
apaJbIFbIHA €H JKOFaphl 0aFaH THIFBI3IBIFBIMEH JKaKChl KOPPEIIALUsIaHA b

Keuvrmamaeik kapraceinad C'O (1-0) MoeKymachIHBIH 0OaraH THIFBI3IBIFEI
YKOFapBIpaK 00JIaTHIH OipHEIe aiiMaK TaH Al aJIbIH]IBL, alaThl allMaKTa )KbUITAMIBIK
opTama MoHAe ajbHAB 6,5-7,5 kM/c, an Oip aiiMakTa XBUIIaMIBIK Oipiiama
KOFapBIpaK MOHTe ve OOJIJIbI.

Aquila wmonekynansik OynteiHmarst W40 H I aiimareiabiy PCO  (1-0)
OMHCCHUSICHIHBIH CIIEKTpiepi KapacThIpsuiasl. *CO-HBIH OpTaIbIK KOMITOHEHTIHIH
©3-a0CcopOIMsIIaH KYTBUTBITI, MYXKLTITT KETKEHI aHBIK KOPCETUIII.

2CO (1-0) xamammap KapTachlHAa SOPOHBIH KYIIEHTIITeH sMucCHACH W40
aifHanaceiHaa 4—5 kM/c apasbirsiaaa kepcetiaai. *CO (1-0) kananap kapTacsiHaa
SIIPOHBIH KYIIEHTUITeH 3Muccusichl W40-ThIH CONTYCTITI %oHE OaThIChIHIA 7—8
KM /c apanbirbiHaa aHbikTanael. C'*O (1-0) xanangap kapraceiama W40 H 1T
aiimarsl MeH OHTycTik Serpens-te C'®0 (1-0) SMUCCHSCBIHBIH Tapaiaybl 7—8 KM /c
apaJIbIFbIHIA aHBIKTAJIBI.

MonexynaiplK OyITTaFsl KYIABI3Fa JACHIHT1 SIpONapAblH Tapaidybl KYJIIbI3
TY3UIyMiH OeNCeHi OpBIHIAPBIH aHbIKTaAbl. JKyine3fa JAeiiHri  sapoap
temneparypansiH 0,5-1,5 K mamaceinga keOipek Tapanranbl KepceTinai, Oy
apaJbIKTa XKYJIIBI3Fa JCHIHTI sSAposap caHbl mamMaMeH aiaranaa 220-ra TeH OO0l

byn sepmmeyoi Kazaxcman Pecnyonuxacot Foinvim owcone owcoeapvl Oinim
Munucmpniciniy Folavim Komumemi Kapicolianowvipovl (epanm Ne AP13067768,
epaum Ne AP14870504), «Monekynanvix Oynmmapoagel bICMblK S0pOIAPObI
PAOUOACMPOHOMUSIILIK,  3€PMMEY  JHCIHEe  MACCUBMI  JHCYa0bI30apobly  natod
oony aumaxmapein zepmmeyy, makana 2022—2024 oucvindapza bOepineen cac
2anbIMOapaa APHANIEAH EbLILIMU PAHMMAP AsICLIHOA 0AUbIHOANObL.
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Abstract. In the work, research was carried out on the principles of operation
of asynchronous electric motors. It is known that an asynchronous electric machine
is a common device used for converting mechanical energy into electrical or
electrical energy into mechanical, as well as for converting electrical energy into
electrical energy with modified parameters. However, the efforts made to improve
the energy efficiency of such electric motors have not lost their significance. The
article considers the influence of magnets attached outside the case on the operation
of an electric generator. The dimensions of the generator in the nominal state are
taken, the effect of magnets attached to the outer case of the generator on the engine
power is experimentally studied, the influence of the rotation frequency on the
torque, rotation speed and power is considered. and an examination was carried out.
The results of the experiment show that the frequency dependence of the generator
torque in the nominal mode is 0.9 % lower than with an engine power of 40 W. It
has been shown that it cannot affect the magnetic field, current, voltage or power
in