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"MocKkOBCKast TOCYTapCTBEHHAS aKaIeMHsI BETCPHUHAPHOW METUITMHBI U
ounorexnonorun — MBA umenu K.U. Ckpsibuna, Mocksa, Poccus;

*TOO «Hay4HO-1TpOU3BOACTBEHHbI [IEHTP KUBOTHOBOJICTBA U BETCPHUHAPHIY,
Acrana, KazaxcraHn.

E-mail: dbaimukanov@mail.ru

MOHHUTOPUHI COBPEMEHHOI'O COCTOSIHUSA 3ATOTOBKH
U PEAJIN3AIIAM IKYPOK COBOJISI B POCCUMCKON
®EJIEPALIMA

AnHoTanus. Ha MexnyHapoJHOM MEXOBOM pBIHKE IIKYpKH cOOONS Bcernaa
MOJIb30BAIMCH TOBBIIICHHBIM CIIPOCOM, H OCHOBHAsI Macca IIKYpOK pean3yeTcs
Ha MEXIYHApOIHBIX MyIIHBIX ayKIMOHAX, IJe TIOCTABIIUKU U3 Poccun sBIsIIOTCS
JTUIepaMy MPOJaK JAaHHOTO BHJA MYLIHOTO chIpbsi. Llens paboTel 3akirodanach
B NPOBEJCHUM MOHHTOPHHTA COBPEMEHHOIO COCTOSHHS YHCICHHOCTH cO00JIs,
3arOTOBKH M JWHAMUKU pealii3allii IIKYPOK COOOMIS KIETOUYHOTO pa3BeleHHs H
npombiciioBoro B Poccuiickoit @enepanun. [IpoBeneH aHanu3 omyOIMKOBaHHBIX
CBEJICHUH M3 Pa3IMYHBIX OTKPBITHIX UCTOYHUKOB, Ul WILTFOCTPALUU IH(POBOTO
Marepuana ¢ nomouipio nporpammbel MS Excel moctpoensl rpaduxu. B crarbe
MpUBEACH aHANW3 JUHAMHUKH YHUCICHHOCTH COOOJNS W JOOBIMM €ro HIKYpOK,
KOJIMYECTBA BBICTABICHHBIX M TNPOAAHHBIX IIKYPOK MPOMBICIOBOTO COOONS U
KJIETOYHOTO pa3Be/ieHHs, TPOIeHTa MPOJaXK U cpeiHel meHsl mKypok. [lokazaHo,
YTO 3a MOCJIEAHUE TOJbl KOJMUYECTBO BBICTABJICHHBIX HA TOPTH LIKYPOK COOOIS
MIPOMBICIIOBOTO M KJIETOYHOTO pa3BelEHHsI, UMEET TEHJACHIMIO K YBEITUYCHHIO.
Crpoc Ha HIKYpKH IPOMBICTIOBOTO cOOOJIS B HACTOSIIIIEE BPEMs 3aMETHO MTPEBhIIIAET
WHTEpEC K MIKypKaM cOOOJIS KJIETOYHOTO pa3BeleHus. Tak, MPOIEeHT peann3aun
HIKYPOK ITPOMBICIIOBOTO cobost B mepuof ¢ suBaps 2019 rona mo maii 2021 rona
MPEBBIIIACT AHAIOTHYHBIN TOKA3aTelb IIKYPOK COOOJISI KIETOYHOIO Pa3BeACHUS B
cpenneM Ha 60%, cpeHssl IIEHA 33 MIKYPKY MPOMBICIOBOTO COOOJIS MPEBbIIIalia
Ha 25-42% 3a mKypKy COOOJS KIETOYHOTO Pa3BEICHUS, YTO [0 MHEHUIO
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CTEIIMAITUCTOB CBSI3aHO C IIBETOBBIM OJTHOOOpa3neM BOJIOCSHOTO MTOKPOBA JIAHHOTO
Buna. [IOBBIMIEHHBIH WHTEPEC K pa3BENECHUIO COOONSI B 3apyOeKHBIX CTpaHax,
00yCIIaBIUBAeT KOHKYPEHIIMIO B COOOJICBOACTBE, TO3TOMY HEOOXOIUMO MMOBBICUTh
Ka4eCTBO MIKypOK coOOoJIel KIETOYHOTO pa3BeneHus B Poccuiickoit demepariim.
[Tony4ynTh MIKYPKOBYIO MPOIYKIIUIO BBICOKOTO Ka4yeCTBA BOBMOXKHO B PE3yJbTaTe
MIPOMBIIIIEHHOTO CKPEIIMBAHUS COOOISI AUKUX TOMYIISIIIANA C 0COOSIMH KIETOYHOTO
pa3BefeHUS.

KaroueBsbie ciioBa: co0olb, NIKYpKH, MYIIHWHA, AyKIIMOH, CIIPOC, COOOIEBO/I-
CTBO, pa3Be/ieHNe, CEIEeKIN, OKpacKa, KadyeCTRBO.

H.A. Baaakupes', M.B. HoBukos!, T.B. PeycoBa', O.A. CtpeneroBa’,
E.A. Opaosa', JI.A. BaiimykaHop”"

'K.M. CkpsiOun arbiniarbl Mockey MEMIICKETTIK BETEpPHHAPUS KOHE
OouorexHonorus akagemMusicel- MBA, Mockey, Peceii;
KIIC"Man mapyaiibUIbIFbl )KOHE BETEPHHAPHS FHUIBIMH-OHIIPICTIK OPTANIBIFBI",
Acrana, Kazakcran.
E-mail: dbaimukanov@mail.ru

PECEi ®EJEPALIIMSICBIHIAFBI BYJIFbIH TEPLJIEPIH
JAUBIHAAY MEH CATYIbIH KA3IPTT )KAF JAVBIHBIH
MOHUTOPHUHIT

AHHOTauus. XanbIKapalblK aH Tepici HapbIFbIHAA OYJIFBIH Tepiiepi apha-
WBIM JKOFaphl CypaHbICKa He, aj TEepiHiH Heri3ri Oeuiri XaJablKapamblK XKYH
ayKIMOHIapbIH/a CaThbUIaAbl, OHJa PeceiiieH xeTKi3yijiep aH TepiCiHiH OChl TYpiH
caTyna Kermbaciisl neyre Oonansl. JKyMbICTBIH MakcaThl Peceit deneparusaceiama
OYJIFBIH CaHBIHBIH Ka3ipri jkarJaiblH, OYJIFbIH TepiJIepiH JalbIHJAy MEH cary
JMHAMHUKAChIHA MOHUTOPHHI XYPrizy Oomasl. Makamaga Typil alibIK Ke3aepae
XKapusUlaHFaH MoJliMeTTepre Tanjay kyprizuigi, MS Excel GarmapmamachiHbIH
KOMETIMEH CaHJABIK MaTepHasibl WILIIOCTpAaLUsIay YIIiH TpaduKTep CaIbIHIBL.
BYJIFBIH CaHBIHBIH KOHE OHBIH TEPICiH OHIIPYMiH JUHAMUKACKIHA TalIaay KacaliFaH,
KopMere KOWBUIFaH JKOHE CaThUIFaH OHMAIPICTIK OYIFBIH JKOHE TOPIBI ecipy
TepiJIepiHiH CaHbl, CaTy MalbI3bI )KOHE TEePIIEep/IiH opTaria 6arachl KapacTHIPBUIIIBL.
CoHFBI JKBIIIAPHI Cayla-CaTThIKKA IIBIFAPBIIFAH KOMMEPIVSUIBIK JKOHE TOpla
ecipeTiH OYJIFbIH TEpUIEPiHIH CaHbl apThII KeJle KATKAHIBIFBl KOPCETUIreH.
Kazipri yakpITTa 6HAIPICTIK OVJIFBIH TEpiCiHE CYpPaHBIC TOpAA OCIPIITeH OYIJIFBIH
TepiciHe JereH KbI3BIFYILIBUIBIKTAaH e1dyip achim Ttyceni. MaceneH, 2019 xKbutFbl
kaHTap MeH 2021 >KBUIFBI MaMBIp apasbIFBIHAA KOCIMTIK OVIFBIH TepiiepiH
cary maibI3bl TOpJa ©CIpUIeTiH OYIFBIH TEPiIEPiHIH YKCAC KOPCETKINIiHEH opTa
ecenned 60%-1aH acajibl, OHIIPICTIK OYJIFBIH TEPICiHIH OpTaiia 0arachkl TOpJa
ecipiyieTiH OyiIFbiH TepicineH 25-42%-ra >korapbl, OyJ1 MaMaHIApAbIH MiKipiHIIe

6



Reports of the Academy of Sciences of the Republic of Kazakhstan

OCBI TYP/IiH TYK KaMBUIFBICBIHBIH TYC OipKemnKiniriMeH OainansicTol. Lllerennepne
OWIFBIH ecipyre JereH KbI3bIFYIIBUIBIKTBIH apTybl OYIFBIH IIapyallbUTBIFBIHIIA
0OCEeKeNeCTIKTI TYasIpABI, COHABIKTAaH Peceit demepanusceiHaa TOpAa ©CIpeTiH
OYJIFBIH TEpICiHIH camachlH apTThIPY KakeT. JKorapsl carmaisl Tepi eHIMIEpiH ary
XKabaibl MOMyIsIUsIIapAbH OYJIFBIHIAPBIH TOPJA ©CIPUITeHMEH MIaFbUIBICTHIPY
HOTWXKECIHE O0TybI MYMKIH.

Tyiiin ce3nep: OVIFBIH, TEpiNep, aH Tepici, ayKIMOH, CYpaHbIC, OYJIFBIH MIapya-
LIBUTBIFB, aCBUIIAH/BIPY, CEIEKIHs, 0osy, cara.

N.A. Balakirev!, M.V. Novikov', T.V. Reusoval, O.A. Strepetoval,
E.A. Orlova', D.A. Baimukanov?

"Moscow State Academy of Veterinary Medicine and Biotechnology —
MVA named after K.I. Scriabin», Moscow, Russia;
’LLP «Scientific and Production Center for Animal Husbandry and Veterinary
Medicine», Astana, Kazakhstan.
E-mail: dbaimukanov@mail.ru

MONITORING CURRENT STATE OF OBTAINING AND SALE
OF SABLE SKINS IN RUSSIA

Abstract. Sable skins have always been in high demand on the international
fur market, and the bulk of the skins are sold at international fur auctions, where
suppliers from Russia are the leaders in sales of this type of fur raw material. The
aim of the work was to monitor the current state of sable population, stocking and
dynamics of sales of caged and harvested sable furs in the Russian Federation.
The analysis of published information from various open sources was carried out,
graphs were plotted to illustrate the digital material with the help of MS Excel
program. The article analyzes the dynamics of sable population and production
of its pelts, the number of exposed and sold pelts of commercial sable and caged
breeding, percentage of sales and average price of pelts. It is shown that in recent
years, the number of marketed pelts of trade-traded and cell-bred sable skins has
tended to increase. Demand for trade sable pelts is currently markedly higher
than interest in cell-bred sable pelts. Thus, the percentage of sales of commercial
sable pelts during the period from January 2019 to May 2021, exceeds the similar
indicator of cage-bred sable pelts by 60% on average, the average price for the
pelts of commercial sable exceeded by 25-42% for the pelts of cage-bred sable,
which according to experts is associated with color uniformity of hair cover of this
species. Increased interest in sable breeding in foreign countries causes competition
in sable breeding, therefore it is necessary to improve the quality of cell-bred sable
pelts in the Russian Federation. It is possible to obtain high quality pelts as a result
of industrial cross-breeding of wild populations of sable with individuals of cell-
breeding.
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Key words: sable, pelts, fur, auction, demand, sable breeding, breeding, selec-
tion, coloring, quality.

BBenenue. Ha mexayHapomHOM MEXOBOM pPBIHKE IIKypKH COOOJS Bceraa
TT0JIB30BAJIMCh TIOBBIMIICHHBIM CIIPOCOM. biaromapst BBICOKHMM AICTETHUYCCKUM H
(DYHKIIMOHAJIEHBIM CBOWCTBAM BOJIOCSHOTO ITOKPOBA, COOOJIS 3aCIYKEHHO CUUTAIOT
HalKOHaIbHOU roprocteio Poccun. CBOEBpPEMEHHO MPUHATHIE MEPHI IO 3alpPETy
MPOMBICIA COOOJISI MO3BOJIMIIA BOCCTAHOBUThH €TI0 YUCIICHHOCTh Ha TEPPUTOPUU
Halre CTpaHbl OT YpaibCcKuX rop g0 Kamuarckoro moimyocTpoBa M OCTpOBa
Caxanua. Poccuiickne ydeHble TepBbIMH HAyIHO 000CHOBAHU M YCTICIITHO PEIITIIITH
3ajlauy — pa3BeleHusl cO0O0JIs B KIETOYHBIX YCIOBUAX. OCHOBHYIO MAacCy IIKYPOK
co0oIsT peaau3yroT Ha MEXKIYHAPOMHBIX IMYyIIHBIX ayKIIMOHAX, TNe IMOCTABITUKH
u3 Poccuiickoit ®enepauun SBIAIOTCA JUAEpPAMU NPOAAX JAHHOIO BHUJIA
ITyIITHOTO CHIPhs. B yCIOBHSIX MEXIYHAPOIHON KOHKYPEHIIMU B MPOMBIIUICHHBIX
TEXHOJIOTUSX TPOM3BOJCTBA IIKYPOK COOOJISI, 10 MHEHHIO aBTOPOB, OCTPO CTOUT
BOIIPOC O MOBBIICHNE KauecTBa MKypKoBoi npoaykuuu (Tpaneszos, 2012).

[Toxynarensckoe MpPEANOYTCHHE MMOCISTHUE TOABI SBHO HAa CTOPOHE IIKYPOK
MIPOMBICIIOBOTO COOOJIs, TOT/Ia KaK MIKYPKU COOOJsI KIIETOYHOTO Pa3BEICHUS pea-
JTU3YIOT Ha MyIIHBIX ayKIFMOHAX B cpeaHeM Ha 34% oT Bcell BBHICTaBICHHOW KOJ-
nexnuu (Dronova et al., 2005).

BosmorkHoii mpuanHoii Hu3koro cipoca (Kholikova et al., 2019; Xu et al., 2011)
SIBJISTFOTCST TIOKA3aTEI OCHOBHBIX CBOWMCTB BOJIOCSTHOTO TTOKPOBA IIKYPOK COOOJIS
KJISTOYHOTO Pa3BElICHUS, TaKUe KaK JUIMHA U TOJIIIMHA BOJIOC Pa3HBIX KaTerOpHiA,
IIIETKOBUCTOCTE M OKpacka BOJIOCSHOTO TTOKPOBA.

[Tomy4uTh MIKYPKOBYIO MPOIYKITUIO BHICOKOTO KAYECTBA BO3MOXKHO B Pe3yIbTaTe
MIPOMBIIIUIEHHOTO CKpEeNIMBaHus coboms aukux momymsiaui (Bo et al., 2018;
Zakharov E.S. et al., 2017) ¢ oco0siMu KIeTOYHOTO pasBeseHus. MccnenoBanus
COBPEMEHHOTO COCTOSIHHSI 3arOTOBKHM M peaM3allid MIKYpPOK cobosst B Poccum
TTOCITYKaT OCHOBOM TSI IIOMCKA PEICHHUS BOTIPOCA MOBBIIMIECHHUS KaueCcTBa MKy PKO-
BOU IIPOAYKIIUH.

[ean padoThl 3aKiTI0YaIach B IPOBEICHUN MOHUTOPHUHTA COBPEMEHHOTO COC-
TOSIHUSL YUCJICHHOCTH COOOJIS, 3arOTOBKHU U TAHAMUKH PeaTu3aliy IKYPOK COO0IIS
KJIETOYHOT'O pa3BelleHUs U MPoMbIciioBOro B Poccuiickoit denepanuu.

Marepuajibl U OCHOBHBbIe MeTOAbl. IIpoBemeH aHamM3 OMYOIMKOBAHHBIX
CBEJICHUH W3 Pa3IMYHBIX OTKPBITHIX UCTOYHHKOB O YMCIICHHOCTH, JOOBIYE U pa3-
BEIIECHUH COOOJIA, 3arOTOBKAaX M PE3YJIbTaTOB pealM3alldi IIKYPOK Ha MEXIY-
HapoOJHOM IIyIIHOM ayKiuoHe. J[isi wuirocTpaiuu 1udpoBOro Marepuaia ¢
rmoMotpio mporpamm Microsoft Excel mis Windows, BXOsIIyi0 B CTaHIapTHBIN
naketr Microsoft Office, 1 pacnpocTpaHeHHbIE MAKEThl CTATUCTUYECKOTO aHAIIN3a
Statistica 6.0 moctpoensl rpaduku (I'manm, 1999; Austin et al., 2016; Fasso et al.,
2007; Kindling et al., 2022).

Pe3ynbrarel nceaenoanuii. K nauary XX Bexka HeKOHTponupyemasi 1oOb4a
co0oJIs pUBEIIa K BBIMAPAHHUIO BHJA, YTO MOTPEOOBAIO MPUHUMATH 3KCTPEHHBIE
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rOCYapCTBEHHBIC MEPBI II0 OXpaHE IYIIHOTO 3BEPs, KOHTPOIIO M 3alpeTy Hpo-
MbIcra. | ssaBaps 1935 roga BCTYNHII B CHITY TIOJTHBIH 3aIlpeT Ha TIOOBITY U IPOIaXKy
WKYpoK coboiisi. [lpennpuHsTbie Mepbl JaBajdl IOJOKHUTEIbHBIC PE3YJIbTaThl
W YHUCIEHHOCTh COOONS 3a MATWICTHUH 3alpeT MPOMBICIA BO3POCIHA, TPaHUIBI
apeana pacipuiinch. CleayeT OTMETUTD U OJaronpusiTHbIE IPUPOIHBIC YCIOBUS,
KOTOpble 00eCHeyrin JTOCTaTOYHO OOMJIBHYIO M YCTOHUMBYIO KOPMOBYIO 0a3y
co0oIs, HO 10 OKOHYATEJIbHOTO BOCCTAHOBJICHHS MPOMBICIOBOM YHMCICHHOCTH
obu10 emie maneko. [loaromy B 1940 romy ObuTa BBe/IeHA JTUIICH3HMOHHAS CUCTEMA,
orpaHn4uBaromas 100614y codoss (Lamroms u mp., 2020).

Hauano pa6otsl no coboneBoactBy narupyercst 16 anpens 1912 ropa. C 1913
no 1915 rr. opraHu3oBaHbl «COOONMHBIC 3KCHEIULMW» 0 OTIOBY IUIEMEHHOTO
Marepuana. 17 mas 1916 roma B ropoge MpkyTck OBUIO M3JaHO MTOCTAaHOBJICHUE
0 co3manuu baprysmHckoro cobonmHoro 3arnoBegHuka. OJHOBPEMEHHO K CEBEpY
ot baprysunckoro 3amoBennHuka cosfaercs «KaseHHBIH 3SKCIUTyaTallMOHHBIN
YYacTOK», LIeJIb KOTOPOTO 3aKJII04aIach B «IPUBUTH MECTHOMY HACEJICHUIO HaBBIKN
MPaBUIBHOTO BEACHUSI OXOTHI Ha COOOJS, W HapadOTaTh OCHOBBI MPABUIBHOTO
cOOONMMHOTO XO03sHCTBa». B momkHOCTH mupekropa xozsiictBa 10 1924 rtoma
pabotan K.A. 3abenun, a ¢ 1924 o 1933 roga — 3.d. Caror.

B 1924 rogy Obuta opranu3oBaHa coOonmHas ¢epMa mpu MOCKOBCKOM
3001apke, kotopoit pykosoaui [1.A. Manrefidens. [Tog ero pykoBomcTsoM B 1929
roxy OBLT TIOJYYeH MEpPBBIA B MUpPE MPHILIOZ OT coboneid. A yxe ¢ 1931 roma B
[TymKuHCKOM 3BEPOCOBX03€ Hadanach paboTa Mo CO3MAaHMI0 YHHKAJIBHOTO CTana
LECHHBIX IyIIHBIX 3BEPEH.

Jannble pucyHka 1 CBHIAETENBCTBYIOT O ToM, 4To ¢ 2005 roma noosrda co0oms
YBENMYWIACh B JIBa pa3a. 3a oxoTHHUWH ce30H 2017-2018 roasr 00beM H00bIYH
cobomnst coctraBun 311 921 ocobelt, 26,4% oT oO0mel HOOBYM BUIOB IMTyITHBIX
KHUBOTHBIX. J{JIs1 COXpaHEeHUs] U yBEIMUEHHsI YHCICHHOCTH COOOIS MpeaIararoTcs
CJIC/IyIOIHE MEPBI: MPOBEICHUE TPOTHBOTIOKAPHBIX MEPOTIPUSITHH, PETYINPOBAHNE
JIECONONIb30BaHNs, MOHUTOPHUHT YHCJICHHOCTH HOMYJISLUH, PETYIHPOBAHHE
YHMCICHHOCTH U BBEICHHE OIPaHWYCHUI Ha JOOBIUY, OpraHu3aunusi 0codo oxpa-
HSIEMBIX TpUPOAHBIX Tepputopuii (bobperko u nap., 2018). T'ocymapcTBeHHBIC
pedopmbl 90-X TOI0B KpaiiHe OTPULATEIFHO CKa3bIBAIKCH Ha KOHTPOJIE 3a T00BIYe
nyurHUHBL [Ipomblicen co0omst He CHU3WICS, @ BO3POC B HEKOTOPBIX PETHOHAX, TPU
9TOM HeMaJjas 4acTh JOOBITOM MyIIHUHBI HUKaK HE PEeruCTPUpPOBAIIach.

B mnacrosimee Bpems Oonbllas 4acTh HEBBIJECNAHHBIX LIKYPOK cOOONS pea-
JU3yeTcs Ha MYIMIHBIX ayKUHMOHaX M OCHOBHOHM IUIOIIAAKOW CIYXKHT MEXKIY-
Hapoaubii aykumoH OOO «AyknuonHas komnanusi «Coro3mymHuday (r. CaHkT-
[letepOypr). C centsiopst 2020 roma OO0 «AK «Coro3mynHuHay MNpOBOAUT
COBMECTHBIE ayKUMOHBI ¢ balikanbckoil aykunoHHOM KoMmmanued «Pycckuii
cobonb» (1. UpkyTtck). Crenyer OTMETUTb, 9TO 0KoJIo 90% NpOoayKLIUH MTOCTYIAaeT
Ha MEXIYHApOAHBIN MyIIHON ayKIMOH U BBICTABIISICTCS Ha TOPTHU 0] OUIIHATEHO
3aperucTPUPOBAHHON TOProBoi Mapkoit «Sobol» (www.sojuzpushnina.ru).
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Ha pucynke 2 npeacraBieHbl JaHHBIE O KOJIMYECTBE BBICTABIEHHBIX Ha POJAXKy
W TIPOJAHHBIX IIKYPOK IPOMBICIOBOIO cOOOJSI Ha MEKIYHApOAHOM ITYLIHOM
aykuuone OO0 «AK «Corosnymausaa» 3a 2016-2022 rona.
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PucyHok 2 — JluHaM¥Ka KOJMYECTBA BHICTABICHHBIX U MPOJAHHBIX HIKYPOK IIPOMBICIIOBOTO COOO0IS
Ha aykioHe OOO «AK «CoroznymHuHa» B 2016-2022 rr.

W3 mpencraBneHHBIX JAaHHBIX BHUIHO, YTO 3@ TOCJTEIHUE TOABI KOIUYECTBO
BBICTAaBJICHHBIX HAa TOPTH IIKYPOK COOOJII TPOMBICIIOBOTO HMEET TEHCHITHIO
K YBEIMYEHHUIO W ycmemHo peanmsyeTrcs Ha 84-100%, K MCKIIOYEHHIO MOXKHO
oTHecTH repuo ¢ nekadpst 2019 roma mo pexadbps 2021 roma. Cram AesTENBPHOCTH
10 3arOTOBKAM M peaM3ally IKYPOK IMPOMBICIOBOTO COOOMIS B JAHHBIN MEPHONT
MOYKHO OOBACHHUTH MaHAEMHEH KOPOHABUPYCHOH MH(EKIIMN W HA49aJOM Iepexona
Ha oHuTaliH Topru. Hagmnas ¢ pespasst 2022 rofa, KOTMIECTBO MIKYPOK B KOJIICKITHH
MIPOMBICIIOBOTO CO0OJISI, TPEATIaraeMoro Ha TOPTH, yCTOMYUBO PaCTET.

drarmMaHOM KIIETOYHOTO COO0JIEBO/ICTBA CYUTAIOT 3BEpOCOBX03 «I Iy IIKHHCKHIT»,
HbIHE «Pycckuit cobomby, Te OBLIN MONYYCHBI TIEPBHIC PE3YIIBTAThl Pa3BEICHUS
co0oJeil B KIJIETOYHBIX YCIOBHUSX. 3a KOPOTKMH HCTOPHYECKHN Iepron Oblia
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MpoBezieHa O0IMpHas KPOMoTIBasl padoTa Mo OTIOBY COOOIIS, €ro pa3BeIeHUI0 U
CEJICKIMH, B HACTOsIIIEEe BPEMs YTBEPXKACHBI TpU 1mopoabl: YepHsbiit codons (1969
r.), CanteikoBekas 1 (2007 r.), CanteikoBckast cepedpuctast (2020 r.) 1 mopogHbIi
tun — [lymkuackwii satapasii (2018 ) (Kamranos u np., 2020; ['ocynapcTBeHHBIH
PEECTp CENEeKIIMOHHBIX TOCTIKEHHA, JOMYIIEHHBIX K NCIOIb30BaHmt0, 2020).

BHacrosee Bpems pazseneHreM codoiis B Poccuiickoii Denepanny 3aHUMarOTCs
13 3BepoOBOMYECKUX XO3UCTB. MaTOYHOE MOTOIOBBE COOONIEH cocTaBisieT Oolee
50 TBIC. TOJOB, €KEroAHo Mpou3BOIAT okosio 100 Teic. mKypok. Jlunepamu cpenu
co00NIeBOAUECKHX X03UCTB (10 JaHHbIM Ha 2018 1) sBnstoTcs: OO0 «Arpukona»
(13354 ron.); ®I'VII «Pycckuit cobomb» (8405 rom.); OAO «Ilnem3BepocoBx03
«CanreikoBckuity (7703 rom.); OO0 «3Bepoxo3siicTBo «3HameHckoe» (6000 ro.);
000 «MarrommaOo» (5216 Tom.); 3AO «bupromm» (5010 ron.) (Ceprees u mp.,
2018; lemuna u ap., 2020). B 2020 romy ob1iiee morojaoBbe co00JIeH, pa3BOAUMBIX
B UEThIpEX IUIEMEHHBIX XO3SMCTBaxX, cocTaBisio 18869 camok m 5552 camiios
OCHOBHOTO cTaga. OOmiee TOroNoBbe YEepHBIX COOONEH, Pa3BOAMMEIX B TpPEX
IJIEMEHHBIX penpoaykropax B 2020 roxy, cocrasisio 18915 camok n 6402 camiioB
ocHoBHOTO cTana ([emuna m nap., 2020). [logaBnstomias 4yacTh MPOU3BEICHHOMN
MPOAYKIIMU COOOJIEBOCTBA PEANM3YIOT uepe3 ayKIMOHHBbIe TOpru. Ha pucyHke
3 TpuBEICHBI PE3yNBTaThl MPOAAX MIKYPOK COOOINS KIETOYHOTO pa3BEACHUS B
nepuox siuBaps 2016 roga no centaops 2022 roma OO0 «AK «Coro3nyiHnHa»
(www.sojuzpushnina.ru) [12].
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PucyHok 3 - /InHaMKKa KOJIMYECTBA BBICTABICHHBIX U MPOJAHHBIX IIKYPOK COOOJIS KIIETOYHOTO
passenenus Ha aykiroHe OO0 «AK «Coroznymnunay B 2016-2022 rr.

JlaHHbIe pUCYHKA 3 CBHIECTEIBCTBYIOT O TOM, YTO KOJWYECTBO BHICTABICHHBIX
MIKYpPOK cOOOJSI KIETOYHOTO pa3BEJCHUS Ha JIeKaOpPbCKUX MEXKIYHApPOIHBIX
mymHblx aykipoHax OOO «AK «CorosnymHnHay Bo3pociio oT 45914 mt. 1o
65684 mIT. B KOJJIEKIMHU. YBEJIMYEHHE KOJIMUYECTBA BHICTABIEHHONW MIPOTYKIIUH CBS-
3aHO C Pa3pabOTKON OTpaciIeBON MPOrpaMMbl 10 PA3BUTHIO KJIETOUHOTO coOoie-
BOJICTBA, POCTOM IIOTOJIOBBSI COOONEH M IPOM3BOJACTBOM IIKYpoK. B mepmon
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naxaeMuu Ha 213-m aykmmone B gekadpe 2020 roma u 216-M ayknuoHe B 1ekadpe
2021 rozma KOJIMYECTBO BBICTABICHHBIX Ha MPOJaXKy IIKYPOK CHU3HIOCH B CPETHEM
Ha 30% u 45% cootrBercTBeHHO. Ha 214-m aykumone B ¢espasie 2021 roga Ob1o
BBICTaBIIeHO Ha Toprd 53063 MKypKH COOOJSI KIETOYHOTO, KOJIIEKITUS KOTOPOTO
Obuta chopMHpOBaHA M3 MYIIHOTO CHIPbS, HE PEAJIM30BAHHOTO Ha MPEIbITYLINX
ayKIMOHAaX. B n3yueHHBIH nepro 10 NPOAAHHBIX IIKYPOK COOO0JIS KIETOUHOTO
pa3BeneHus Haxonuiack B npenenax ot 10 go 34%, mumb Ha 201-M aykuuone B
nexabpe 2016 roma Ob110 peanu3oBano 78,7% 0T 001Iero KoJIHMYeCTBa BRICTaBICHHON
Ha MPOAAXKY MPOLYKIHH.

3a roasl pa3BeneHUs] coOONEH JTOCTUTHYTHI 3HAUUTEIIBHBIC YCIIEXH: CO3/1aHb
HOBBIE CEJIECKLIMOHHBIC JOCTHKEHHUS, B TOM 4YHCJIE IOPOAA YEPHOTO COOOIS C
YHHMKaJIbHOM OKpacKoi, peKo BCTPEYAIOIICHCs] B MPUPOE, YIyUIIEHO KaueCTBO
OITyIICHUS ¥ TIOBBIIIIEHA TUIOIOBUTOCTH )KUBOTHBIX ([ocpeectp, 2020; Kamranos
u ap., 2020).

Hecmotpst Ha nocTikeHus B AaHHOM 00JIaCTH, HEOOXOJUMO YUYHUTHIBATH, YTO
COBPEMEHHBIM IyITHO-MEXOBOH PBIHOK IOJABEPKEH OBICTPHIM H3MEHECHHUSIM B
3aBHCHMOCTH OT crpoca norpeduteneit (Xu et al., 2011, Kholikova et al., 2019),
KIMMaTHYECKUX YCJIOBHUH, aKTMBHOW TMO3UIMU 3alIUTHUKOB MpPaB JKUBOTHBIX U
MHOTHX JIpyrux cocrasisiomux (Dronova et al., 2005; Hemuposa u ap., 2021).

Copoc Ha IIKYpKH TNPOMBICIIOBOTO COOONS B HACTOSIIEE BpEMs 3aMETHO
MPEBBIIIACT HHTEPEC K IKypKaM co00JIs KIIETOYHOTO pa3BedeHHUs (PUCYHOK 4).
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PucyHok 4 - [TpoteHT mpoask MmKypoK co00JIsl KIETOYHOTO Pa3BECHUS U IIPOMBICIIOBOTO Ha
aykunone OO0 «AK «Coroznymnuna» B 2019-2022 rr.

[IpoueHT peanu3alyy MKypOK MPOMBICIOBOr0 cobosis Ha 208-m, 209-M,
211-m, 214-m, 215-M aykuumoHax, mpoureamux B mnepuon ¢ saBaps 2019 roma
nmo wmait 2021 roja, MPEBBINIACT AHAJOTUYHBIM I0Ka3aTelib MIKYPOK CO0OJIs
KJIIETOYHOTO pa3BeAcHus B cpenHeM Ha 60%. Pasnuma Mexmy mnokazarensMu
MPOILIEHTA pean3aliy IIKYPOK COOOJIS TIPOMBICIIOBOIO U KJICTOUHOTO Pa3BEICHUS
cokparunack n0 47% wua 217-m aykmuone u a0 28% wHa 219-m aykimone.
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MakcuMalbHBI TTOKa3areslb JIOJM MPOJAHHBIX IIKYPOK COOOJIS KJIETOYHOTO
pasBeleHHs 3a U3yUYEeHHBIN neproa coctaBui 58% Ha 216-M aykuuoHe B nexadpe
2021 roma. DKCHEpPThI, OCYIICCTBISAIONIME OLICHKY KAa4ecTBa M peaju3aluio
LIKYPOK COOO0JISI Ha MyIIHBIX ayKIHOHAX, CAUTAIOT, YTO OJHOW M3 IPUYNH HU3KOTO
Crpoca Ha NPOAYKLHUIO KJIETOYHOTO pa3BeleHHs SBISIETCS LIBETOBOE OJJHOOOpa3ne
BOJIOCSIHOTO TTOKpOBa co00JIs1.

OnHNM U3 OCHOBHBIX NTOKa3aTelNel, XapaKTepU3YIOLINX HHTEPEC MOKyaTelns U
CIPOC Ha ITyIITHOE ChIPBE, SABIACTCS CPEIHSIS LICHA 3a IIKYPKY COOOIS.

ComnacHO JaHHBIM O pe3yabpTarax MpoAaX IIKypok Ha aykrmuoHax OO0 «AK
«Coro3nyuHuHay, cpennsis nena Ha 208-m, 209-m, 211-m, 215-Mm, 219-m aykumonax
3a IIKYpKy HPOMBICIOBOTO COOOJIS MpEeBbICHIA aHAJIOTHYHBIA IOKa3aresb 3a
LIKYPKY COOOJS KJIETOUYHOTO Pa3BeACHUS B cpeaHeM Ha 25-35%. Cpenusist neHa
LIKYPKH TPOMBICTIOBOTO cobosis Ha 217-M ayKuuMoHE NpEeBBICHIIA CTOUMOCTH
LIKYPKH COOO0JIS KJIETOYHOrO pa3BeacHus Ha 42%.

3a mocnegHME TOABI MPOAAX HAOMIOAAeTCsl TEHICHUHMS CHIKEHUS CpeqHen
pearu3aloOHHON LEHbl Ha LIKYPKH COOOJS KJIETOYHOTO Pa3BEACHUS, YUUTHIBAs
HU3KUH NPOLEHT pealn3aluy IIKypKOBOW MPOMYKIMU U IMOBBILICHHBIM HHTEpEC
K pa3BeICHHIO COO0IIS B 3apyOCKHBIX CTpaHaX, 00yCIaBIUBAIOLINNA KOHKYPEHLIUIO
B JJAaHHOW OTpAaciM, OCTPO 0003HaYeHa MpoOsieMa MOBBIILICHHUS KaueCcTBa LIKYPOK
co0o0JIs KIIeTOYHOTO pasBenenus B Poccuiickoii denepanuu.

B Hactosimee BpeMsi MHOTHE y4€HBIC MPOBOMASAT MCCIIEIOBAaHUS MO BOIPOCAM
CEJICKIIH B COOOJICBOACTBE, MOBBILICHUH BOCIPOU3BOANTEIBHBIX KaueCTB COO0IIEH
C TOMOIIBIO TOPMOHAJIBHOW CTHMYJISALIMH, MOBEIACHUS COOOJIEH, TeHETHYECKOH
M3MEHYMBOCTH 1 aKKJIMMaTH3aluK co0oIel B pa3HbIX peruoHax Poccun (Tpanesos,
2012; Bo et al., 2018).
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Pucynok 5 - Cpenssist 1ieHa 3a MIKYPKY cOOOJIsI KIICTOYHOTO Pa3BEICHUSI U MPOMBICIIOBOTO Ha
aykunone OO0 «AK «Coroznymnuna» B 2019-2022 rr.

OOmuii TOH OKpacku BOJOCSHOTO ITOKPOBA IPOMBICIOBOTO COOOJSI OYEHb
W3MEHYMB - OT MaJeBOM M TEMHO-Oypoil 10 OueHb TEMHOH, BCTPEYAIOTCSI 0cOOU
c oOwnbHOHN cenuHOM. OKpacka TOAMYIIN TAaKKe HMEET Pa3IMYHbIC OTTEHKH
- OT 0enoro M TEeMHO-OPAaHKEBOTO JI0 TeMHO-roiaydoro m Oyporo. BomocsHoit
MOKPOB Ha rOJIOBE U yIIaX y MPOMBICIOBOTO cOo00JIs CBeTIee, 4yeM Ha cnuHe. [Ipu
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MTPOM3BOJICTBE IMIKYPOK B 3BEPOBOTYECKIX XO3IHWCTBAX CENIEKIINs ObliIa HApaBJIeHa
Ha 3aTEMHEHHUE BOJOCSHOTO TOKPOBA M TONYYCHHUE MPOTYKITHU OTHOPOTHOU IO
OKpacke, 4TO HE YJIOBJICTBOPSET B MOJHOM 00beMe TpeOOBaHHUS COBPEMEHHOI'O
MexoBoro peraka (bexeros u mp., 2019).

K BaxHOMY XO3SHICTBEHHO-IIOJIE3HOMY IMPU3HAKY OTHOCST pa3Mep IyIIHOTO
3Beps, BIMSIOIININ Ha TUIOMIA b TPOU3BOINMOM IIKYPKH M, B KOHEYHOM CUETE, Ha ee
CTOMMOCTb. J[JTMHA Tenra caMIloB cOOOJIS BapbUpyeT B mpenenax 37-49 cM, camok —
34-46 cM. B Hacrosmiee Bpems CpeiHUI pa3Mep caMIlOB COCTaBIsIET 46 CM, CAMOK -
41 cm. DTH TaHHBIE CBUIETENBCTBYIOT O TOM, YTO CEJIEKIINS Ha YBETHMUEHHE pa3mepa
MPOBOANTCS HEAOCTATOUHO AP PeKTHBHO. [IpoMBINIUIEHHOE CKpeIMBaHuEe COOOIIs
KJIETOYHOTO Pa3BENCHUS C MPOMBICIOBBIM MOXET CIIOCOOCTBOBATH YKPYITHEHHIO
TIOMECHOTO MOJIOIHSIKA.

[lo MHeHUWIO psga Y4YEHBIX, WCIOJIH30BAHHE 3BEPEH IUKUX TOIYJISAIHMA, B
gacTHOCTH sikyTckoi (OcmmoBa H.H. u ap., 2019), ommmuaromieiicss BBICOKOM
BCTPEYAEMOCTBIO 0CO0EH ¢ abeppaHTHOI OKpacKoil BosiocsiHOro mokpoBa (Zakharov
E.S.etal.,2017), B cenexnun coboel KIIETOYHOTO pa3BeICHHUS ITO3BOJIUT ITOBBICUTH
Ka4eCTBO BOJIOCSHOTO MOKPOBA IYIITHOTO CHIPHS.

BuiBoasbl. [lonydyennbple pesynabTaThl UCCIEIOBAHWMA ITOATBEPKIAIOT, YTO 3a
MOCJIETHNAE TOBI KOJIMYECTBO BBHICTABICHHBIX HA TOPTH IMIKYPOK COOOJS KIETOY-
HOTO pa3BEeICHUSI UMEET TEHACHIIUIO K yBeInueHuIo B cpeaHeM Ha 30%. Cropoc Ha
IIKYPKHY TIPOMBICIIOBOTO COOOJIS B HACTOSIIIIEE BPEMSI 3aMETHO BBIIIIE, Y€M Ha IITKYPKU
co0O0JIs1 KJIETOYHOTO pa3BejieHus. [IpoleHT peanusanuu IMKYypOK MPOMBICIOBOIO
coOoms B ieprof ¢ sitHBaps 2019 roxa mo maii 2021 roya mpeBbIIaeT aHATOTHIHBII
MOKa3aresb MIKYPOK COOOIIS KJIETOYHOTO pa3BefcHus B cpenneM Ha 60%, cpemHsis
LICHA 32 IKYPKY IPOMBICIIOBOTO cO00IIS peBbliana Ha 25-42% 3a mKypKy co0oist
KJICTOYHOTO PAa3BEACHIHSI, YTO MO MHEHHUIO CIICIHAINCTOB CBS3aHO C I[BETOBBIM
0JTHOOOpa3ueM BOJIOCSHOTO MOKPOBA JAHHOTO BUJIA.
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HNCCIEJOBAHUE XUMHYECKOI'O COCTABA
LIGULARIA SIBIRICA

AnHoTtaums. Ligularia — pox MHOTONIETHHX TpaB cemeiicTBa CIIOKHOIIBETHBIX,
coneprkantuii okoio 180 eBpa3suiicKux BUOB, M3 HUX 1 7 BUIOB IPOU3PACTAIOT BTOPaX
Kazaxcrana. Hexotopble BBl 5TOTO poja y>Ke JaBHO MCIIONB3YIOTCS B Ka4eCTBE
HapOIHBIX CPENCTB M3-3a WX aHTHOAKTEepHaIbHOW, MPOTHBOBOCIAIUTEIHHOW M
MIPOTHUBOOIYXOJICBOW aKTUBHOCTH. HacToil TpaBbl cu3oro Oy3yahbHHUKAa TTOMOTACT
MpH  TUIOXO 3aXXKUBAIOIINX paHax, NETPECCHH, HWCIIONB3YeTCS II0CIe POAOB
KaK OOIIeyKperuisitonmee cpeacTBo. JIMCThS NPUMEHSIOT MECTHO B KadecTBE
MIPOTHBOBOCIIAJTUTEIIFHOTO CPEICTBA TIPH TTope3ax, paHax u pypynkynax. Ctedmun
B OTBApEHHOM BHUJE yMOTPEOAIOTCS B MULTY. B TaHHOM HayYHOM HCCIIEIOBaHUHN
HaMHU BIIEpBBIE OBUI TIPOBENEH Ka4eCTBEHHBIH ¥ KOJMYECTBEHHBIH aHaJM3
HamzemHor wactu Cubmpckoro Oy3ynpHHKa (Ligularia Sibirica)cobpanHoro B
ropax 3amnmiickoro Ajaray B utone 2020 roma. beuto ompenerneHo comepskaHue
Biaru (8.30%)30mb1 (8.96%)pKkcTpakTuBHBIX BemecTB (9,81%)pmaBononnon
(0.0267% 1 canonnnos (0.04%)B pactennu Ligularia Sibirica. C ucrons3oBaHreM
METO/1a MHOTORJIEMEHTHOTO aTOMHO-OMHCCHOHHOTO CIIEKTPAILHOTO aHAIN3Aa B 30J1€
pacTeHuss ObUTO OOHAPYKEHO 8 MaKpPO-MHUKPOAJIEMEHTOB, B KOTOPBIX OCHOBHOE
conepskanne coctaBsua K (495.1 mr/r)Na (195.5 mr/r)Fe (6.372 mr/r)Kpome
TOTO, KOMITOHEHTHBIA W KOJWYECTBEHHBIE COCTaBbl HAJ3€MHOW dYacTH ObLIH
OTIpEeNeIeHbl Ha MPEIMET aMHHO- M JKMPHBIX KHUCIOT METOIOM Ta30KHIAKOCTHON
xpomarorpadun. U3 Ligularia Sibirica Obu10 HACHTHPHUITIPOBAHO IBAIIIATH AMHHO-
Y BOCEMb JKUPHBIX KUCIOT. OCHOBHBIMHU COCTABIISIOIINMH aMUHOKHCIIOT SIBIISTIOTCS
mrytamar (2435 mr/100 r)acmaprar (1220 mr/100 r)amanun (732 mr/100 r)a
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KUPHBIX KHUCIOT — osienHoBas (43.5%), muuonesas (30.3%) W marbMUTHHOBAs
(15.2%).

KiroueBble ciioBa: Ligularia Sibirica, Makpo-MHKpO3JIEMEHTHI, aMUHO- U
JKUPHBIC KUCJIOThI, KOJMYCCTBCHHBIH M KAUCCTBEHHBIH aHAJN3, Ta30KUIKOCTHAS
xpomarorpadusi, ATOMHBIH-3MUCCUOHHBIN CIIEKTPATHHBIN aHAITU3.

K. Kenic', A.A. Kynaiioepren', A.K. HypasioexoBa', FOub L3181 @317,
M.A. JTiocebaeBa'”
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ocIMIIKTEep/Ii FBUIBIMU 3€pTTey OpTanbiFbl, Anmarsl, Kazakcraw;
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LIGULARIA SIBIRICA -HbIH XUMHUSAJIBIK KYPAMBIH 3EPTTEY

Annoramus. Ligularia Sibirica — actepesuiap TYKbIMIACBIHBIH KOII KBUIIBIK
MIeNTECIHACP TYKBIMIACKL, KypaMbiHaa 180-Te KyBIK eypasusuiblK Typiepi Oap,
onblH 17 Typi Kazakcranubiy Taynapbsiaaa eceqi. Ocsl TYpAiH KeHOip Typriepi y3ax
YaKbIT aHTHOAKTEpUAJIbl, KAOBIHYFa KapChl )KOHE ICIKKE KapChl OSJICEHATIT YIITiH
XaIIBIKTBIK Kypall peTiHae KonnaHblUIFaH. Kexk Oy3ylbHUK IIONTepiHiH TYHOACh!
HaIap >Kas3bUIaTBIH JKapallapra, JENpeccusira KOMEKTece/ll KoHe OOocaHFaHHaH
KeWiH JKalmbl TOHWUK PETiHIe KOJAaHputaibl. JKamblpakTapbl Kecim, KaiHaThII
Kapajapra >KoHe KaOblHyFa Kapchl KommaHaabl. OChbl FRUIBIMU 3epTTeyae 0i3
arFamr pet 2020 sxpUIIBIH maecinae Ine Anaraysl Taynapeaaa xuHanran Cidip
Oy3ynuukiniz (Ligularia Sibirica) >xep ycTi OediriHe camaibl )kK9HE CaHABIK Tajlay
xacanbelK. Ligularia Sibirica eciMpairiaie suranasUibiebl (8.30%), kyn (8.96%),
skcTpakTuBTi 3arTap (9.81%), ¢maBonomnrap (0.0267%) xoHE camOHUHIEP
(0.04%) xypambl aHBIKTANIBL. KeOmdIeMEeHTTI aTOMIBI-3MUCCHUSUIIBIK CIIEKTPIIIK
Tanjay oOJiCiH KONJaHFaHMIa, OCIMIIK KYJiHEH 8 MaKpO3JIeMEHTTep TaObLIJIbI,
onapzbIH Herisri kypambl K (495.1 mr/r), Na (195.5 mr/t), Fe (6.372 mr/r) 6onsl.
CoHbIMEH KaTap, ra3-CYHBIKTBIK XpOMaTorpaduschl apKbUIBI aMHH JKOHE Mai
KBIIIKBUIIAPHl YIIH JKep YCTi OOJNIriHIH KYpamIbIK XOHE CaHIBIK Kypamaaphl
anbIkTanapl. Ligularia Sibirica-maH KubIpMa aMWH JKOHE CETi3 Mail KbIIIKBLIBI
AHBIKTAIABI. AMUHKBIIIKBUIAAPBIHBIH HETi3Ti KypaMmbIHa TiryTamar (2435 mr/100
r), acmaptar (1220 mr/100 1), ananus (732 mr/100 1), Maif KpIIKBIIIaPhIHA OJICUH
(43.5%), maromn (30.3%) xoHe mansmuH (15.2%) xarampl.

Tyiiin ce3mep: Ligularia Sibirica, MaKpo-MHUKPO3JIEMEHTTEP, aMHH JKOHE Mai
KBIIIKBUIIAPHI, CaHJBIK XOHE calajblK Talfay, ra3-CYHBIKTBIK Xpomarorpadus,
aTOM-3MUCCHSIIIBIK CIIEKTPIIIK TaJJIay.
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INVESTIGATION OF CHEMICAL COMPOSITION
OF LIGULARIA SIBIRICA

Abstract. Ligularia is a genus of perennial grasses of the Asteraceae family,
containing about 180 Eurasian species, of which 17 species grow in the mountains
of Kazakhstan. Some species of this genus have long been used as folk remedies
for their antibacterial, anti-inflammatory and antitumor activity. An infusion of
herb blue buzulnik helps with poorly healing wounds, depression, and is used after
childbirth as a general tonic. The leaves are applied topically as an anti-inflammatory
agent for cuts, wounds and boils. The boiled stems are eaten. In this scientific
study, for the first time we carried out a qualitative and quantitative analysis of
the aboveground part of the Siberian buzulnik (Ligularia Sibirica), collected in the
mountains of the Trans-Ili Alatau in July 2020. The contents of moisture (8.30%),
ash (8.96%), extractives (9.81%), flavonoids (0.0267%) and saponins (0.04%) of
the Ligularia Sibirica plant were determined. Using the method of multielement
atomic emission spectral analysis, 8 macro-trace elements were found in plant ash,
in which the main content was K (495.1 mg/g), Na (195.5 mg/ g), Fe (6.372 mg/g).
In addition, the component and quantitative compositions of the aboveground part
were determined for amino acids by gas-liquid chromatography. Twenty amino
acids and eight fatty acids have been identified from Ligularia Sibirica. The main
constituents of amino acids are glutamate (2435 mg/100 g), aspartate (1220 mg/100
g), alanine (732 mg/100 g) and fatty acids were oleic (43.5%), linoleic (30.3%) and
palmin (15.2%) acids.

Key words: Ligularia Sibirica, macro-micro elements, amino- and fatty acids,
quantitative and qualitative analysis, gas-liquid chromatography, atomic-emission
spectral analysis.

BBeaenne. PuToxuMmIecKre COSIMHEHNS U3 TIPHPOIHBIX PECYPCOB C HOBBIMH
crnoco0amMu ACHCTBHS U MEHBIIAM KOJIMYECTBOM MOOOYHBIX 3P(PEKTOB 0CTaIOTCS
MEePCIIEKTUBHBIM HCTOYHUKOM JIUISI OTKPBITHS M pa3pabOTKH HOBBIX JIEKapPCTBEHHBIX
cpeactB. TpaIuIIMOHHO HaTypasibHblE MPONYKTHI WUIpaldl BaXHYI pOJIb B
Pa3BUTHM XMMUH HaTypalbHBIX MpoaykToB. diopa Kazaxcrana xapakrepusyercs
pasHooOpa3ueM pa3iMYHbIX BHUJIOB JICKAPCTBEHHOTO PACTUTEIBHOTO ChIPbS,
MHOTHE U3 KOTOPBIX MOTYT OBITh MCIOJNB30BaHbl B MMPOMBIIUIEHHBIX MaciTadax.
JlekapcTBeHHBIE pacTEHHsI IIMPOKO MCIHONB3YIOTCS B HAapOJHOM MEOULMHE Ha
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MpOTsHKEHUM MHOTUX BekoB (Yong-Ping et al., 2022:17; Peng-xin Guo et al.,
2022:3; Nurlybekova et al.,2022:38; Alemtsehay et al., 2022).

[lo mHeHuio BcemupHO# opranuzanmu 37paBOOXpaHEHUs, A oOecredeHus
CTpaTeruy JeKapcTBEHHOH 0€30MacHOCTH KaXI0HW CTpaHbl 00beM OTEYECTBEHHOMN
(apManeBTUYECKON MPOAYKIMKM Ha BHYTPEHHEM pBIHKE [ODKEH COCTaBUTh
He meHee 20%. B Pecnybmuke Kaszaxcram MHOTO JMKOpacTylIMX, HO JaBHO
MPUMEHSIEMBIX B JICUEOHBIX LEJSIX pacTeHHWH. HekoTopble M3 camblX JIyUIINX
JIEKapCTB COBPEMEHHOCTHU U3rOTOBJICHBI M3 TMKUX TpaB (AzemOaeB u 11p., 2015:179,
Egamberdieva et al., 2018:26).

OnmnuM w3 Takux TpaB M sBiusercsa Ligularia. Panee, nHamell HayuyHO-
HCCIeI0BATEILCKOUTPY IO, ObUT M3y YeH KOJIMUE CTBEHHBIA N KaueCTBEHHbBI aHATN3
(DUTOXMMHUYIECKHX COCTABIISIFOIINX ITOI36MHON M HaJ36MHOM YacTH JIEKAPCTBEHHOTO
pacrenus Kazaxcrana Ligularia narynensis. Pe3ynbrarsl ucciaenoBanus nokasani
BBICOKOE COJCPKAHUE KU3HEHHO BAKHBIX MAaKpPO- U MHKPOXJICMEHTOB, aMUHO- U
xupHbIX kucnoT (Nurlybekova et al., 2019:5, HypnsibexoBa u mp., 2020:5). U3
reKCAaHOBOTO AKCTPAKTa BBIACICHO M MACHTUGHIHPOBaHO 30 KUPOPacTBOPUMBIX
coequaennti (Nurlybekova et al., 2019:5).

Hannast paGoTa BBIIOJIHEHa B paMKax MpoekTa «DUTOXUMHUYECKHH cocTaB
W Ppa3BUTHEC IPHUMEHEHHUS JICKAPCTBEHHBIX PACTEHUHM Ui JICYCHHS] KOXKHBIX
3a0oneBanus»y, UPH AP09057982 I'd PK. llenpio wHcclieOBaHUS SBISICTCS
OTpeNielIeHne XUMUYECKOTO COCTaBa JIGKApCTBEHHOTO pacTteHus: Ligularia sibirica
U JajbHelIee onpeneseHne OMOMOTHUECKON aKTUBHOCTH TIPH JICYCHUH KOMKHBIX
3aboneBanuii. B Mucturyre I'puddura mo oTKpHITHIO JIEKapCTBEHHBIX CPEACTB
(ABctpanms) 2020 romy ObULT TPOBENEH aHAINW3 Ha COJCp)KAHWE THPO3MHA3HI B
OOIMX JKCTpakTax, M3y4aeMblx Hamu 21 Buaa pacteHuid. Menpcomepkamuit
(epMeHT, TUPO3UHA3a, OTBEYACT 3a CKOPOCTb CHHTE3a MeEJIaHMHA. THpo3HuHa3a
KaTaJM3UpyeT CHHTE3 MEJIAHMHA W APYTMX HMUTMEHTOB M3 HMX NPEIIICCTBCHHUKA
tupo3una. llomaBnenue ¢epmMeHTa THPO3MHA3BI €r0 MHTHOUTOPAMH ITOMOXKET
KOHTPOJIUPOBATh CHUHTE3 MesaHuHa. CHHTE3 MeJlaHWHA, OJHOTO W3 3aIlUTHBIX
MEXaHM3MOB AJaNTallld OpraHU3Ma YeloBeKa K BO3IACHCTBHIO BHEIIHEH Cpelbl,
OCYIIECTBIISICTCS  KJIETKAMH  MEJIAaHOLMTOB. T€JI0 MEJIAaHOLUTOB  COIECPIKUT
0co0Oble BBICOKOOPTaHM30BaHHBIC CTPYKTYPBI, OKpY>KCHHbIE MeMOpaHOH, B
KOTOpO#l BbIpadarbiBaeTcss MenaHuH. C BO3pacToM BCE MPOLECCHl B OpraHU3MeE
HAYMHAIOT MATH MeajieHHee U MeHee a(dexktuBHO. To ke camoe OTHOCUTCS U K
CHHTE3y MeJlaHWHA: OH HaYMHACT HAKaIUIMBAThCS B HEKOTOPBIX YUACTKaX KOXKH U
YBEJIMYNBACT BEPOSTHOCTD PA3BUTHUS MEJIAHOMBI. Pe3ynbrarsl neciienoBannii Obum
(1 (214% {01117
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Pucynok 1 — ConeprkaHne THPO3MHA3BI B PACTUTENBHBIX SKCTPAKTaX

Bce obpasupt rotoBunu B 1% docdarnom Oydepe AMCO, a koHeyHass KOH-
LEHTpauusi JUIg BCEX HKCTPAKTOB cocTaBmsia 2.5 mr/mi. B kadectBe mono-
JKUTEILHOTO KOHTPOJISl MCIOJIBh30BalIM KoieByto kucioty (kojjic) B mo3e 2.5 wmr/
MJI, IOCKOJIbKY OHA JIEHCTBYET KaK MOIIHBIH MHTHOUTOP THPO3MHA3KI. Pe3ynbrars
aHajM3a TO0Ka3ald, YTO HAUBBICIICH aKTMBHOCTBIO 00J]aJar0T OOLIME SKCTPAKThI
pacrenwuii Ligilaria Sibirica (LS) u Artemisia terrae-albae (KTE2016).

C uenplo NpOJOIDKEHHUS JaHHBIX MCCIIEOBAaHUM B HACTOSIIEH padoTe M3ydeH
KOMIIOHEHTHBIH cocTaB Haja3eMHol yactu Ligularia sibirica, mpouspactaromuii B
AnmatuHcKol obnactu u cobpannbiii B utoine 2020 roga.

JKcnepuMeHT. BIaskHOCTh 1 30JIbHOCTB JIEKAPCTBEHHOTO PACTUTEIBHOTO CHIPhSI
OIIpEeIsUIn B COOTBETCTBUM ¢ TpeOoBanusimu locynapcTBeHHoit Papmaxoren
(T'ocynapcreennas papmaxornes: Kazaxcrana, 2008).

B «lenrpe ¢usnko-xuMuueckux merogoB u ananmuza» HAO «Kazaxckuit
HAIlMOHAJILHBIM YHUBEPCUTET UM. alb-DapaOuy» ¢ NCIOIb30BaHUEM METOa MHOTO-
3IIEMEHTHOTO aTOMHO-3MHCCHOHHOTO CIIEKTpaJbHOrO aHaiu3a 3osbl Ligularia
sibirica mpoBeJeH aHAIN3 ITEMEHTHBIX COCTaBIsIOMKX. s onpenenenust MuHe-
pPaJIBHOTO COCTaBa 30JIbI KCIONB30Basu crekrpomerp Shimadzu 6200 series.
Jiist 3TOrO ChIpbe MOMECTHIIM B MPEIBAPUTEIBHO MPOKAICHHBIH M TOYHO B3BE-
HICHHBIA (QappopoBblii THUTedb. 3aTeM THrEelb OCTOPOXKHO HAarpenid, cHayaia
JaBasi BEIIECTBY 3aroperbcsi NpU MHUHUMAalbHOM Temmeparype. Temmeparypy
nocteneHHo ysenuuuBaiau. Coxuranue nposoguwin npu 500° C no mosmydeHus
MOCTOSIHHOM Macchl. B KOHIIE MpoKanuBaHMs TUTENb OXJIaJUId B SKCHKATOpE, a
3aTeM MOJIy4YEeHHYI0 30,1y cHOBa cykuranu npu 600° C 1o nosyyeHust OTHOPOJHOTO
ceporo 1nBera. 3oy Ligularia sibirica (0,056 t) pactBopuiu B 10 mu 40%-Hoit
A30THOM KHCJOTHI NP HarpeBaHuu. [lociie 3Toro mojay4eHHbIH pacTBOpP Harpeau
sl noinydeHust coneil. [lanee pactBopsim B 15 mi 1 HOpManbHOTO pacTtBopa
A30THOM KHMCJIOTBI M IEPEHOCHIIM B MEPHBIN COCy 00beMOM 25 MII AJIsl aHaJIn3a.

B nanno#t pabGore Obul ompenesneH KOMIIOHEHTHBIH M KOJUYECTBEHHBIN
COCTaB HAJA36MHOM YacTH Ha MPEIMET aMHHO- U >KUPHBIX KHCIOT MeTtogoM [ KX
(Hypansibekosa u ap., 2020:5).
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Jnist onpeenieHne KOJIMYEeCTBEHHOTO COACPKaHUs aMUHOKHUCIIOT TPUMEHSIIHChH
CIIEIYIONIHE YCIIOBUS: - TeMIleparypa IUIaMeHHO-MOHM3AIMOHHOTO JIETeKTOpa —
300°C; - remnepatypa ucnapuress — 250°C; - HadanpHas TeMIIepaTypa KOJIOHKH —
110°C; - koneuHas Temmeparypa KoJtoHKH — 250°C; - CKOpOCTh TPOrpaMMHUPOBAHUS
temneparypsl konoHku: oT 110°C mo 185°C (6°C/muH) u ot 185°C mo 250°C
(32°C/mun).

[Ipu noctmwxennu remmeparyps! koaoHkH 250°C oHa JOKHA COXPAHATCS TaKOH
JI0 TIOJTHOTO BBIX0/1a BCEX aMHUHOKHUCIIOT.

Jns pasgeneHuss aMMHOKHCIOT MCHOJNB3YIOT KOJOHKY W3 HepiKaBeroullen
ctanu, pazmepom 400 Ha 3 MM, 3alIOJTHEHHYIO MOJSIPHOW CMECHIO, COCTOSIIEN U3
kapb6oBakca 20M (0,31%), cumapa 5 CP (0.28%) u tekcana (0,06%) Ha Xxpomacopbe
WA-W-120-140 menr. O6cueT XpoMaTorpaMMBbI TPOBOJIAT 10 BHEITHEMY CTaHIAPTY
¢dupmbl Altex.

Cps3aHHBIE W CBOOOAHBIE aMHUHOKHCIIOTHI OTPENEeIsId MyTeM THaponnsa |
r aHanmsupyemoro Bemectsa B 5 mi 6H HCI npu 105°C B Teuenue 24 vacos, B
aMmIlyjax, 3amasHHbIX NoJ cTpyed aprona. IlodaydyeHHBIM THAPONM3aT TPUIKIBI
BBITIAPUBAIOT JOCyXa Ha POTOPHOM wHcmaputene mpu Temmeparype 40-50°C u
napienreM 1 armocdepa. O6pasosasuniics ocanok pacteopstor B 5 mia CH.O,S.
[ocne uentpudyruposanust (1500 06/mMun) B Teuenue 5 muH. Hamocangounyro
KHUIKOCTb IPOITYCKAIOT Yepe3 KOJIOHKY ¢ HOHHO-00MeHHO# cmounoii Jlayke 50, H-8,
200-400 mer, co ckopocThio 1 karmist B cek. [locme aToro cMomy mpomsiBaroT 1-2
mi genonnsuposantod H,O n 2 M 0,5 H CH3C02H; 3aT€M CMOJY OTMBIBAIOT JI0
HelTpanbHOU pH.

Ji a1ronpoBaHuS aMMHOKHUCIIOT C KOJIOHKH Yepe3 Hee mpomyckaroT 3 mi 6 H
pactBopa NH,OH co ckopocTbIo 2 Karumu B ceK. DIi0aT COOMPArOT B KPYIJIOAOHHYO
KoJI0y BMeCTe ¢ aucTUIMpoBanHol H,O, KOTOPYIO UCHONB3YIOT [UIsl OTMBIBAHHS
KOJIOHKH A0 HeirpansHOW pH. 3arem comepskumoe KoJOBbI 10CyXa BBIIAPHBAIOT
Ha POTOPHOM HCIIapUTeNe Toxm AaBieHnmeM | arMm. u temmeparype 40-50°C.
[Mocne nobGaBnenus B 3Ty KOOy 1 Karum cBexxenpuroToBieHHoro 1.5% pacrBopa
SnCl,, 1 xanm 2,2-numetoxcunponana, Haceimennoro HCl u 1-2 mn C,H OH,
ee HarpeBaroT a0 110 °C, BelaepkuBas 3Ty Temmeparypy B TedeHue 20 MuH.
3areM coepKUMOE BHOBB BBIIIAPUBAIOT U3 KOJOBI Ha POTOpHOM ucmapurene. Ha
CJICIYIOILEM 3Tane B KO0y BBOAAT 1 MJI CBEKEIIPUTOTOBIEHHOIO all€IMPYIOIIETro
pearenta (1 M (CH,CO),0-Et,N-Me,CO, 1:2:5) u HarpeBaroT IpH TeMIIEpaType
60°C B Teuenue 1,5-2 muH. 3areMm oOpazel] CHOBa BBINIAPHUBAIOT HA POTOPHOM
HcIapuTeNe A0ocyxa U A00aBisioT B konlOy 2 mi EtOAc m 1 mMi1 HachIIEHHOTO
pactBopa NaCl. Conep:xumoe KoOBbI TIIATEIBHO MEPEMEIINBAIOT U 110 MEPE TOTO,
KaK OTUYETINBO obpasyercs 2 cios >KumkocTedl — OepyT Bepxuuii (EtOAc) mis
ra3oxpomMaTorpaguyeckoro aHajan3a, KOTOPBIH MPOBOAMIN Ha ra30->KUAKOCTHOM
xpomarorpade «Kapmo-Op6a-4200» (Mramus- CILIA). PesynasraTs! npeacTaBaeHb!
B Tabiure 1.

OmnpeneneHne >KUPHBIX KUCIIOT. YCIOBHSI XpOoMaTorpapupoBaHus: TeMIleparypa
nnxexropa — 188°C, temmn. nerexropa —230°C; temneparypa tepmoctara — 188°C.
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Bpems ananmza — 1 uac; comepXMMO€ KOJIOHKHU: HONHUATHIICHIIMKOIbAJUIIMHAT
(20%) na nienmute — 545 (Hypnsioexosa u ap., 2020:5).

1 r o6pasua (Hagzemuoi yactu L. Sibirica) sxctparupyiot 20 KpaTHBIM 00bEMOM
cMmecu xiopodopma u Metanona (2:1) B TeueHHe 5 MUHYT. 3aTeM COAEPKUMOE
GUIBTPYIOT Yepe3 OyMaXHbIH (GUIBTP 0 MOTYUCHUS YUCTOTO SKCTPAKTA, KOTOPBII
BBINAPHUBAIOT B KPYIJIOJOHHOH KOJIOE HAa POTOPHOM HCIIapHUTeIIie IPU TeMIIEpaType
6ann 30—40°C nocyxa. [locie atoro nobasmstor B konOy 10 mi meranona u 2-3
KaIUIM XJIOPHACTOTO alleThiIa U METWIMPYIOT ipu Temneparype 60—70°C B TeueHne
30 MuHYT. 3aTeM METaHOJN BBIIAPUBAIOT HAa POTOPHOM HCHapuTese, a odpaser
9KCTPArupyroT U3 KOJIObI FeKcaHoM (5 MJT) ¥ BIPBICKUBAIOT B Ta30BbII XxpoMarorpad.
DKCHepuMEHT IpoBoAnTCs Ha pudope «Kapno-Opbda 4200» (Mramus).

Pesynbrarbl U o0cyxaenusi. KomnyecTBEHHBI U KAYECTBEHHBIM aHANIMU3
OMOJIOTMYECKU aKTUBHBIX KOMIIOHEHTOB, & TAK)KE COACPIKAaHHE BIIAard, OOIIEH 30716
U COACPIKaHMsI SKCTPAKTUBHBIX BELIECTB ObLI ONMpPEAEICH Ul HAA3eMHOM yacTu
Ligularia Sibirica. Pe3ynbrars! npenctasneHsl B Tadnuue 1.

Tabnuna 1 - KonmndecTBeHHBIN aHann3 Hag3eMHoO# 9actu Ligularia Sibirica

Kommonent Copneprxanue, %
CozeprkaHue Biaru 8.3
3oma 8.96
OKCTpaKTUBHBIE BELECTBA 11.99
draBaHOUIBI 0.0267
CarnoHuHbI 0.04

B «llentpe ¢usuko-xumuuecknux MetomoB anamu3a»y HAO «Kazaxckuit
HaAI[MOHAJBHBIN YHUBEPCUTET WM. anb-DPapabm» METOIOM MHOTO3JIEMEHTHOTO
aTOMHO-OMHCCHOHHOTO ~CIIEKTPaIbHOTO aHaim3a B 3oime Ligularia Sibirica
OBUT ONpE/IEJICHbl JIEBSITh MAaKpO- U MHKPOIJIEMEHTOB, MOKa3aHbl B TaONHUIE
2, OCHOBHBIMH U3 KOTOpbIX siBsitoTcss K (495,1 mxr/mu) u Na (195,5 mkr/mo).
Kamuit ygactByer B mporecce MpOBENEHUS HEPBHBIX HMIYJIBCOB M TE€penadn
WX K WHHEPBUPYEMBIM OpraHaM, CIIOCOOCTBYET JIydIIedl MO3TOBOH JesATelb-
HOCTH, TaK)K€ HEOOXOIMM JJISi OCYLIECTBICHUS COKPALICHUHA CKEIETHBIX MBIIIII.
Harpuit momoraer opraHm3Mmy TOAAEPKUBaTh HOPMAIbHBIA OalaHC KHUJI-
kocreil. Harpuii urpaer OCHOBHYIO pOJib B HOPMAIBLHOM (YHKIIMOHHPOBAHHU
HepsoB U MbI (I'opbayes u ap., 2002).

Tabnuna 2 - CocTaB Makpo-MHKPODJIEMEHTOB B 30i1e pacTeHus Ligularia Sibirica (Haz3emMHast 4acTh)
DIeMEeHTHI K Mn Cd |Ni Fe Zn Cu Na Pb
Konrenrpars B 301e, Mxr/mi | 495.1 | 3.095 | 0.010 | 0.033 |6.372 | 0.374 [0.446 | 195.5 [ 0.192

Onpenenenrie aMUHOKHUCIIOT. B cocTaBe aMHMHOKHCIOT OCHOBHBIMHU OBIITH TITY-
tamar (2435mr/100t),aciaprar (1220 mr/100r), amanun (732 mr/100T). Pesynbrarst
nokasaHsl B Tabiuie 3. [Tyramar sBIsieTCsl OCHOBHBIM OMOYHEPTrEeTHUECKUM CYO-
cTparoM Ut Tipoiudepanuy HOPMaJbHBIX KIETOK, HEHpOMEINaTopoB, KOTOPHIE
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aKTMBHO y4YacTBYIOT B OMOCHHTETHYECKHX, OMO’HEPIreTHIECKUX, METa0OINIECKUX
Y OHKOT€HHBIX CHTHANBHBIX IMyTsax (Brosnan et al., 2012:3). AcnaparnHoBasi Kuc-
JIOTa MOBBIMIAET UMMYHHUTET, TOJABISIET OOMEH BELIECTB, aMMHUAK, y4acTBYET B
00pazoBaHNH PHOOHYKIIEHHOBBIX KHCIIOT, BOCCTAHABIMBACT CIOCOOHOCTH paboTaTh
C XMMHYECKHMMHU BELIECCTBAMH, B TOM 4HCJIE C JieKapcTBaMu. VccrnemoBaHus
nokazainu 3()(EeKTUBHOCTh MpHEMa aclapariHOBON KHCIOTHI IJISi MOBBIIICHHUS
YPOBHS TECTOCTEPOHA. AcriaparnHOBasi KUCJIOTA IPUHUMAETCA B Ka4eCcTBE 100aBKU
JUIS TIOBBILICHUSI CHITBI 00AMOMIIAEPOB, MOBBIILICHHS YPOBHs TecTocTepoHa (Katane
etal.,2017:12). AnanuH urpaet BasKHyI0 pOJib B OOMEHHBIX ITPOILIECCax, PEryIupyeT
YPOBEHb caxapa B KpOBH. AJIaHWH 3allMIIAaeT OT Pa3BUTHs paKa IMOHKEITyI0UYHON
JKeJIe3bl M POCTaThl, KOTOPBIH SIBISICTCS BaKHON YacThIO CIIOPTHBHOTO NMUTAHMSA,
YBEJIMUNBAET PU3MUECKYIO CHITY U ITO3BOJISIET HApALIMBATh MbllIeuHyto Maccy (Liu
etal., 2014.:3, Wu et al., 2011:11).

Tabmuma 3 - ConeprkaHre aMIHOKHCIIOT B HaA3eMHBIX YacTsax Ligularia Sibirica

Ne | AmmuHO-KHCIIOTa O6mas ¢popmyna | M, r/mons | Comepxanue B pacTeHuH, MKr/100r
1 AnanuH C,H.NO, 85 732
2 Tnnua CZHSNO2 74 280
3 Jletinuu C 6H] 3NO2 125 315
4 W3oneinua CH,,NO, 141 278
5 Bamun C,H, NO, 114 270
6 [mroTamar C,HNO, 151 2435
7 Tpeonun C,H,NO, 117 262
8 [ponun C,H)NO, 115 535
9 Metuonun CH, NO,S 158 75
10 Cepun C,H.NO, 105 360
11 Acnaparar CHNO, 133 1220
12 Huctun C,H,NO,S 120 30
13 OKCUNpoSIMH CsHoNO4 131 1
14 deHunanaHH C,H, NO, 162 283
15 Tupo3un C,H, NO, 174 350
16 T'uctuaun C 6H9N302 151 210
17 OpHUTHH CH N0, 132 1
18 ApruHuH CH N,O, 178 502
19 JInzun CH N, 152 284

20 Tpunrohan C, H,N,O, 201 112

Metonom KX B Ham3emHo# yactu Ligularia Sibirica 0110 poaHain3upoBaHO
BOCEMb XKHUPHBIX KUCIOT. ConepkaHue >KHPHBIX KHCIOT B TOA3EMHON "actu L.
narynensis ObuTH TipeacTaBiIcHB! panee B [10] U mpuBeACHBI B JAHHOW CTaThe IS
CPaBHUTEIIBHOTO aHAN3a. Pe3ymbTaThl ONpeaeIeHIs COMEPIKAHMSI dKUPHBIX KHCIOT
MIPEICTaBICHEI B TabHIIE 4.
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[To pesympraram, Mmoka3aHHBIM B TaOnHIEe 2, BHAHO, YTO B HAIA3EMHOH H
noa3eMHoOM dvacTiax Ligularia Sibirica 1Mo KOJIMYECTBEHHOMY COACPIKAHHIO W3
’KUPHBIX KHCJIOT TOMHHUPYIOT OJICHHOBAS, INHOJICBAs U NAJIbMUTHHOBAS KUCIIOTEHI.

Tabnuia 4 — CozepkaHue HIMBHYaTbHbIX )KHPHBIX KMCIOT B HAZ3EMHBIX YaCTAX
Ligularia Sibirica

Ne | Kucnotsl | %-Hoe cofepikaHue B ChIpbe Ne | Kucnotsl | %-HOe copepikaHue B ChIpbe
1 14:0 2,7 5 18:0 5,5
2 15:0 1,6 6 18:1 43,5
3 16:0 15,2 7 18:2 30,3
4 16:1 0,9 8 18:3 0.8

W3 pe3ynbraroB, MPUBENCHHBIX B TAOIUIIE 4, MOXKHO CJIEJIaTh BHIBOJ] O TOM, YTO
B Haj3eMHbIX dacTsax Ligularia Sibirica mo KOJIMYECTBEHHOMY CONCPIKAHHUIO M3
YKUPHBIX KACJIOT TOMUHUPYIOT: TAIbMUTHHOBAS!, OJICMHOBAS ¥ IMHOJICBASI KUCIIOTHI.

3akawuenne. B 3akimoueHre HaMu ObLT TIPOBE/ICH KOJUYECCTBEHHBINM aHAHN3
oOImMx OWOAKTHBHBIX KOMIIOHCHTOB, BJard, OOINEH 30Jbl, IKCTPAKTUBHBIX
BellecTB, (IaBOHOMIOB, carmoHUHOB B Ligularia Sibirica. Kpome Toro, Obutn
WCCIICZIOBAaHbI MaKPO-MHKPOAJIEMEHTBl B 30JI¢ JIGKAPCTBEHHOTO pACTEHUS U
METOZIOM MHOTO3JIEMEHTHOTO aTOMHO-3MUCCUOHHOTO CIEKTPaJILHOTO aHalln3a,
UICHTU(DUIUPOBAHO JIEBATh MAKPO-MHKPOAJIEMeHTOB. Cpelin JEBsITH B KaueCTBE
OCHOBHBIX OBUIM HJICHTH(UIIMPOBAHKI KUl U HATpui. Takke ObUIO OMpeescHO
cojiep KaHUe IBaJIIIaTH aMUHOKHUCIIOT M BOCHMU )KHUPHBIX KuciioT B Ligularia Sibirica.
W3 npeHTUGUIIMPOBAaHHBIX AMUHOKHUCIIOT B HAJA3€MHOW yacTu pactenus Ligularia
Sibirica B Gonbleil yacTu npeodnafaloT IIyTamaT, acnapTar, ajlaHiH M MIPOJIUH,
U3 KHPHBIX KHCJIOT MaJbMUTHHOBAs, OJCHHOBAs W JIMHOJNeBas. VccienoBaHHbIe
KOMITOHEHThl HMEIOT Ba)KHOE (hapMakoJOrMuecKoe 3HadyeHue. bHoakTHUBHBIC
COCIUHEHHUS, CofiepKalecs B Hag3eMHol yactu Ligularia Sibirica, MOTyT OBITH
MIPUMEHUMbBI B MEMIIMHCKOW TIpakTuKe. JlanpHelIee u BCECTOPOHHEE H3YUYCHUE
IUTAHUPYETCS PEan30BaTh B CIACIYIOIINAX dTanaxX UCCISTOBAHMSI.

Hanuas paboma 6vina nposedena 8 pamxax ciedyouje2o npoekma: - [ panmosoe
Qunancuposanue HayyHvIX U (UIU) HAYUHO-MEXHUYECKUX npoekmos PecnyoOnuxu
Kaszaxcman na 2021-2023 20061 co cpokom peanuszayuu 36 mecsiyes no meme
«Dumoxumuueckuti cocmas u pazsumue NPUMEeHeHUs 1eKAPCMBEHHbIX PACTNEeHUT
/15 IeueHus KoocHolx 3aoonesanusy, MPH AP09057982.
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KA3AKCTAHHBIH TY¥31bl TOIIBIPAFBIHAH HEJIJIFOJIO3A
BIABIPATYIIIBI BAKTEPUSAJIAPABI BOJIIII AJTY )KOHE 3EPTTEY

AHHoOTamus. OKCTpeMalibl JKaFjaiia, COHBIH INIHIE TY3/Ibl OpTaja
LIEJUTIONIO3aHbl bIJBIPATaThIH MUKPOOPraHU3MJICP OpacaH 30p OMOTEXHOJIOTUSIIBIK
MyMKIiHIIUTiKKe e, OCbIiFaH 0aliIaHbICThI TY3/bI TOTIBIPAK MUKPOMIOPACHIH 3ePTTEY
YKOHE IKCTPEMAJIIIbI SKOJIOTUSUITBIK JKaF Jaiiapra OeitiMIeIreH MUKpOOpraHU3MIEP/Ii
Oein airy alTapibIKTall FRUIBIMU KOHE MPAKTUKAIBIK KBI3BIFYIIBUIBIK TYABIPAIbl.
3eprrey xymbichiHAa KpI3bpIIOpaa xoHe ANMarhl OOJBICBIHBIH TY3/bI TOTBIPAK
YITiIepiHeH MEeJUTI0N03a BIABIPATYIIE MUKPOOPTaHM3MIEP/iH 06l amy KoHe
oHe onapaslH TyHekoHblmKa (Melilotus albus, Apkac cOpTBIIYKBIMBIHBIH
OCyiH BIHTANAHJABIPYy OEJCEHMAUTIrT aHBIKTAIBIHIBL. COHBIMEH TY3Ibl TOMBIPAK
YITiIEpiHeH LEJUTIONONUTUKANBIK — OakTepusuiapasly 96  u3omsaTrapsl  Oemin
anbiabl. OnapasiH Na-KMI[ kocburran ['@eTYMHCOH KOPEKTIK OpTachiHAa 6cy
KaOineTTinikTepine 3epTTey OapbichiHaa, Tek 15 m3omarra Na-KML 10 mm aeifin
xone 20,7 + 0,04 MM IeliiH TUAPOTU3ACHTIHIITT aHBIKTAIBL. 3ePTTEIreH OaKTepus
M30JISTTapBIHBIH apachkinaa 3 m3oisITThiH raHa 11B, 12 B xone 8-13 MC Na-
KMII rugponusi adtapiasikraid xorapsl ooubir, 17,3 £ 0,03 mm-gen 20,7 + 0,04
MM apalbIFbIH Kypaasl. Ipikremn anran 8-13 MC, 11B xone 12 B mramaapbIiHbIH
KYJIBTYpaIbIbl CYHBIKTHIKTAPBIHBIH aK TYWEKOHBIIITKA O©CIMJIITIHIH OCyiHe ocepi
OakpuTaHIb!. 3epTTey HoTIKeCl 8-13 MC xone 12 B mrraMaapbIHBIH KYJIBTYPaTbIbI
CYWBIKTBIKTAPBIHBIH TOXKiprOeHiH 1 0-Toymirine TYHe)KOHBIIIKA 0CIMIITHIH cabaFrsl
MEH TaMbIPBIHBIH OMOMETPHSUIIBIK KOPCETKIIITEPiHEe alTapIbIKTail KOJAMIIbl acep
€TiN, TYKBIMBIHBIH OHII MIBIFYbl MEH OCYiH KOFapiiaTKaHbl Oalkanapl. COHPIMEH
karap 8-13 MC xone 12 B mrrammapbiH TYHEKOHBIIIKA OCIMJIITIHIH 6CYiHE BIKITAI
eTyiH 3epTTeyre apHaJfaH MOJCIbIIK TaKipuOenepae Je Korapbl KaOUIeTTLTIK
(92,2-96,5%) KepeTeTIH/IIT1 aHBIKTAJIBIH]IBIL.
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Tyiiin ce3nep: puTOMEINOPAHT, TYHEKOHBIIIKA, OCY/l BIHTATAHBIPYIIBI Oe-
CEHJIUIK, LIEJUTIONIOIUTUKAIIBIK MUKPOOPTaHU3MAED, TONBIPAKTHIH TY3AaHybl, THIM-
Il MUKPOOPTaHU3MIEP.

LK. Kapa6aea', P.K. CoiabikéexoBa’ , K.H. Toxzepuy’

'Kazaxckuit HarmonasnpHbli YHUBEpcUTET UM. anb-Dapadbu, Anmarsl, Kazaxcran;
*Vuusepcuret Torropu, Torropu, SnoHHS.
E-mail: karabaeva 94@mail.ru

W3YUEHMUE HEJIIOJOJIATHYECKUX BAKTEPUI, BbIJIEJTEHHBIX
N3 3ACOJIEHHBIX ITOYB KAZAXCTAHA

AHHOTanus1. MUKpOOPTaHU3MBI, pa3jiaraiolie HeUTo03y B IKCTPEeMaIbHbBIX
YCIIOBHSIX, B TOM YHCIIC TIPH BBICOKOH COJIEHOCTH, 001aal0T OrPOMHBIM OHOTEX-
HOJIOTMYECKHUM MTOTEHINAIOM. B CBSI3U ¢ 3THM H3yueHHE MUKPOQIOPHI 3aCOJICHHBIX
MOYB U BBIACICHUE MUKPOOPTAHM3MOB, aAalITHPOBAHHBIX K 3KCTPEMAJIbHBIM YCIIO-
BUSIM CPEZbI, MPEICTABISCT 3HAYNTENbHBIN HAyYHBI M MPAKTHUYECKUI MHTEpEC.
B paborte ObulM BBLAETEHBI IIEIUIIONO30PAa3pPyLIAIONIME MHKPOOPTraHU3MBI U3
00pa3IoB 3acolieHHBIX MOYB KBIBBUIOPIMHCKOW M AJMAaTHHCKOH obOnacted U
W3y4YeHbl HUX AKTHBHOCTb MO CTUMYISLMHM pocTa ceMmsiH JgoHHHKa (Melilotus
albus, copt Apkac). Tak, 13 00pa31oOB 3aCOJCHHBIX MTOYB BbIIEICHO 96 U30IATOB
LEJUTIONO30IUTHYECKIX OakTepui. [Ipu m3ydeHnm MX cHnocoOHOCTH K POCTY
Ha TIMTaTENBbHBIX cpeaax ¢ mobaBieHneM Na-KMI[ B kynwrypanbHO# cpene
XeTunHCOHA TONBKO y 15 u30msaTOB BhIsABIEH THapoan3 Na-KML go 20,7 + 0,04
MM. ['unponmu3 Na-KMI] 6bi10 3HaunTenbpHO BhIe y usonsatoB 116, 126 u 8-13
MC cpenu rccieToBaHHBIX H30JISITOB OakTepuiin u konebancs ot 17,3 + 0,03 mm
10 20,7 £+ 0,04 mm. IIpn n3yueHnn BIUSHUE KyIbTYpaJIbHBIE )KUIKOCTH IITAMMOB
8-13 MC, 11B u 12B Ha pocT pacTeHHil JOHHHMKa OEIOTO MOKa3ajH, BBICOKOE
3G PEeKTUBHOCT, Ha OMOMETPHUYECKHE IOKa3aTesn CTeONsl M KOpHEW pacTeHus
Ha 10-e CyTKM SKCIEPHMEHTa M TOBBILIAIH BCXOXKECTb ceMsH M pocT. Kpome
TOrO, OBIIO yCTaHOBIEHO, yTO mTaMMbI 8-13 MC u 12 B nposBIsIOT BBICOKYIO
s dexruBHOCTE (92,2-96,5%) B MOJETBHBIX OMBITAX MO U3yUEHHIO BIUSIHUS POCTa
pacTeHuil JOHHUKA.

KitroueBble ciioBa: (hUTOMETHOPAHT, JOHHHUK, POCTOCTUMYIMPYIOIIAs aKTHB-
HOCTb, LEJUTIOJIONUTHYECKUE MUKPOOPTraHU3MBbI, 3aCOJICHHE TO0UYB, 3G (EKTUBHBIC
MHUKPOOPTraHU3MBI.

30



Reports of the Academy of Sciences of the Republic of Kazakhstan

I. Karabaeva', R. Sydykbekova', K. Toderich?

'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
Tottori University, Tottori, Japan.
E-mail: karabaeva 94@mail.ru

RESEARCH OF CELLULOLYTIC BACTERIA ISOLATED FROM
SALINE SOILS OF KAZAKHSTAN

Abstract. Microorganisms that decompose cellulose under extreme conditions,
including at high salinity, have a huge biotechnological potential. In this regard, the
study of the microflora of saline soils and the isolation of microorganisms adapted
to extreme environmental conditions is of considerable scientific and practical
interest. In the work, cellulose-destroying microorganisms were isolated from
samples of saline soils of the Kyzylorda and Almaty regions and their activity to
stimulate the growth of Melilotus albus seeds (Arkas variety) was studied. Thus,
96 isolates of cellulolytic bacteria were isolated from samples of saline soils. When
studying their ability to grow on nutrient media with the addition of Na-CMC in
the Hetchinson culture medium, only 15 isolates revealed hydrolysis of Na-CMC
to 20.7 £ 0.04 mm. Hydrolysis of Na-CMC was significantly higher in isolates
11B, 12B and 8-13 MS among the studied bacterial isolates and ranged from 17.3
+ 0.03 mm to 20.7 £ 0.04 mm. When studying the effect of culture fluids of strains
8-13 MS, 11B and 12B on the growth of white clover plants, they showed high
efficiency on the biometric indicators of the stem and roots of the plant on the 10th
day of the experiment and increased seed germination and growth. In addition, it
was found that strains 8-13 MS and 12 V exhibit high efficiency (92.2-96.5%) in
model experiments to study the effect of the growth of clover plants.

Key words: phytomeliorant, melilotus, growth-stimulating activity, cellulolytic
microorganisms, soil salinization, effective microorganisms.

Kipicne. 3amanayn omemzeri agam3ar OipHemie AeHTreimeri apTypii mpood-
nemaiapra tar 6oxyaa. Conap/bplH apachiHIa YKOJIOTHSUTBIK TPOOIeMa €H MaHbI3Ibl
OompIn caHanmazpl, cedebdi o op TYpii dKOXKYHenepre, a3bIK-TYIIK TEH aybil
HIapyambUIbIFbIHA, COHBIMEH KaTap ajamjapra, JKaHyapiiap MeH eciMIiKTepre
Kayin TeHaipeni. CoHbIMEH Karap TaOMFU OpTaja OpPTYpii aOMOTHKAJIBIK YKOHE
OMOTHKANBIK (DakTOpiIap OCIMIIKTepAiH ocyl MEH eHIM OepyiHe YHeMi acep
eTin otbipajsl. Ke3 kenreH abuorukaiblk (akTtop (TY3IbUIBIK, BUIFAJIIBUIBIK,
TeMIIepaTypa) oCiMIiKTep IiH (OTOCHHTE3 ITPOIIECCiH )KOHE YHEPTUSAHBI OnoMaccara
aifHaIBIpy KaOUIeTiH mieKkTeyi MYMKiH. byn keOiHece ramamibIK a3bIK-TYIIK
Kayilci3[iri MEH carachkl KOHE aybUIIAPYallblUIbIK JaKbIIIAPBIHBIH OHIMIUTIT
VIIIiH HET13T1 MeKTeyIep OOBIT TaObLUIa .

Cynma epuTiH TOIBIpAKTaFbl OPTYPIi Ty3 HOHmaphl, Mbicanbl xmopun (Cl -),
Hatpuit (Na +), marauit (Mg 2+), xammit (K +), oukapoonar (HCO 3-), cynbdar
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(SO4 2-) ... ), xkapoonar (CO 3 2—) sxone kanbiuii (Ca 2+) Ty3maHyIbl TYIBIPYHI
MyMKiH (BopoOreBa, 2006). Ty3nany - »kapTbutail Kyprak JKoHe KypFakK aiiMakTapia
KYpETiH TaOuru mporecc. by >kepiiH KYHapibUIbIFbIHA aNTapibIKTall acep
€Tei, COHIBIKTAH JKEPTITIKTI, aiMaKTBIK KoHE *KahaHIBIK MEHTeIe a3bIK-TYIIK
Kayilnci3iri MEH 3KOHOMHKACchlHA YIIKCH ocep eTeli. ATam aWTKaHaa, aybul-
[IAPyaNIbUIBIK TOMBIPAKTAPBIHBIH TY3IaHYbI, O1p KarbIHAH, IOJICHTTI aydaHaapIbIH
YHEeMi KeOeroiHe, eKiHIIN KaFblHaH, dp TYPJi OCIMAIKTEpAiH OHIMJIIITIHE XKOHE
aybUIIIAPYAIIbUTBIK JTaKbUIIAPBIHBIH OHIMIUTITIHE KATTHI 9Cep €Til, 3aKbIM/IayblHa
0ailJTaHBICTHI FAIAMIIBIK TIPOOIeMaapasIH 0ipi OOMBIT OTHIP.

OciMaikTepaiH Ty3AaHyFa TO3IMILIIr ONapIblH TYpJepiHe, TilTi cCOpTTapbiHa
0aifIaHBICTHI 9P TYPITi OOIFaHBIMEH, OCIMIIIK JAKbUIIAPBIHBIH KOTIILUTITIHIH 6CcyiHe
Ty31aHy Tepic acep eteni (Anexut, 2005). TaMmpip aiiMarbIH/a TY3IApABIH IaMaIaH
TBIC )KUHAITYbI KOOIHECE TOMBIPAKTHIH (PU3UKATBIK, XUMHUSIIBIK KOHE OMOIOTHSITBIK
KacHeTTepiH HallapiiaTabl, aTan aiTKaHaa OyJ1 aybUIIapyalibUIbIFbIHA OHIIpiciHe
kepi acepin turizeni (l'ynra u ap., 1983). CoHbIMEH KaTap, TONBIPAKTHIH IIaMaiaH
TBIC TY3IaHyBI OCIMIIKTEPIIH OCYiH TeXEH 1, TYPACPIiH aTyaHTYPIUTITIH a3aiTa bl
JKOHE OCIMJIIK KaybIMJACTBIFBIHBIH KYpPaMbIH e3repreii. Aliaiijia TONBIPaKThIH
MUKPOOTBIK KaybIMJIACTBIFbIHA TY3BUIBIKTBIH dcepi a3 3eprrenreH (MeTomas
MHUKPOOHOJIOTHY ¥ OMOXUMHUH 1TO4B: yuebHoe nocodue. Crunenaus / [lox pen. 1T
3BaruHIeBa. - M., 1991).

OcCIMIIIK TaMBIpIIApBIMEH ©3apa TBIFBI3 OaiJlaHBICTAa OMip CYpeTiH Kehoip
MHUKPOOPraHM3MIep OCIMIIKTEpAIH ©CyiH JjKaKcapTyla MaHBI3ABl KbI3METTI
arkapaznbl (I'enkens, 1982) Hemece TY3IBI KaF[aia ecipiireH MaKbUIAapABIH
CTpecCiH ToMeHIeTyl MyMKiH (YnoBeHnko, 1977).

OCIMIIKTIH ecyiHe bIKHaJ eTeTiH OaKTepusuIapablH 6Ccyi ap TYpIi IpouecTepai
JKY3ere achIpyFa, COHBIH IMIHIEC OpTYpii MeTabonmuTTepai (IK30IMONIHCcaxapuarep,
WHJON CipKe KBIIIKBUIBI JKOHE T.0.) OHJipyre KaOuleTTilnirine OaiIaHBICThI
(Hetpycos, 2004). Ty3asl cTpecc >KarmalbiHAa OCIMIIKTEPMEH CHMOMOTHKAIBIK
KapbIM-KaThIHACTAP KaJBITACTBIPA ajiaJibl JKOHE OJIAPJIbIH OHIMJIUIITIH )aKcapTa
anayel (TapueBckuit, 2001). CoHbIMEH KaTap, 6CIMAIKTEP/IiH 6CyiHe BIKIIAT eTeTiH
OakTepusUiap aybUINIAPYaNIbUIbIK JTaKbULIAPBIHBIH ~OHIMILIITIHE TY3IaHYIbIH
OCEpiH a3alTyFa apHaJIFaH YKOJOTHSIIBIK TYPAKThI KYpall OOJBIT TaObLIa bl

Kazipri yakpITTa OCIMIIKTepHiH OCYiHE BIKIMAd €TETiH OaKTepHsUIapabIH
IIHIE UEJUTIONOIMTUKANBIK OaKTepusapAbl KOJJaHyFa Keml KeHUI OeliHye.
Kayirci3 jxoHe SKOJOTHSUIBIK KONaimbl Oyi Oajmama ofic TY3ABUIBIKTHI a3alTy
YKOHE aybUIIIApyalIbUIbIK, JaKbULAAPBIHBIH OHIMIUIITIH apTThIPY TYPFHICHIHAH OTE
XKeTicTiri MoJ Gomnbin cananagsl. OcbiFaH OalIaHbICThI KYPIi31ITeH 3epTTeyaepaiH
Heri3ri Makcarbl Kbi3bliopia skoHe AJIMaThl OOJBICHIHAH aJIbIHFAH TY3/bI TOIIbI-
pakTap/aH UeUUTFOJIOIUTUKAIBIK OaKTepUsUIapIbl 0OJIiN Ty KOHE 3epTTey OOJJIBL.

3epTTeymiH Heri3ri OaFbITHI: SKIHIIIIIK TY3IBI TOMBIpAKTapABIH OmoMeTrapa-
LUSCBHIHJA KOJJIAHBUIATHIH [IEJUTFOJIOMTUKAIIBIK OaKTepUsIap/bl OOl ainy >KoHe
3eprrey.

Marepuajagap MeH 3eprrey JjicTepi. 3epTTey >KYMBICHIHBIH HBICAHbI

32



Reports of the Academy of Sciences of the Republic of Kazakhstan

Ke3beutopaa obneicel KapaysuireOe Kypill alkanTbl KEpPiHEH ajibIHFaH KOHE
ArmMatsl 0OJBICBIHBIH banxam ayqaHbIHBIH TY3/bI TOTBIPAK, YATLIEpiHEH OOIiHim
aIFaH MHUKPOOPTaHM3MAEP KOHE TYHEKOHBIIIKA TYKBIMBIHBIH ApKac COpPTHIH
(Melilotus albus) KommaHBLIIABL.

Ty31bl TONBIPAKTAH UENTIONOJUTHKANBIK OaKkTepusiapabl 0esinm ay.
TuicTi HycKayabIKTapAa YCBIHBUIFAH CTaHIAPTTHI KOPEKTik opranap (I'eTunHCcoH,
Bunorpajckuii xone KoBpoBlieBa opranapbl) MEH OicTepii KOJJaHa OTBIPBII
OOJIIHIIT aJIbIH/IBL.

emmromomuTUKaNbIK OakTepusuiapAasl Oenry ymriH pH 7,2 CHHTETHKAIBIK
KOPEKTIK OPTAChIHBIH O€TiHE CTEPUIIB/I CY3I1 KaFa3bIMEH TOMBIPAK CYCHEH3HUSCHIH
9NeKTUBTI [ eTUMHCOH xoHe BUHOrpaaCcKuii opTackiHa €Ty o/1ici KOIIaHbUIIBI.

HemtrononuThkanslk OakTepusuiapasl cyiiblk KoBpoBueBa opraceiHIa ecipy
180-200 aiin/MUH KbULIaMIBIKIICH TEPOEIICTET] MalKarbIITa KYprizuiai. Ocipy
Mep3imi 10-15 Ttoymik. bakrepusutapaplH [METUTIONA3UTBIK OCJICSHIUTITT Typabl
CY3T1 Kara3bIHBIH THAPOIIU3] JKOHE COIKeC KaliTa ecenrey Iopekeci OobIHma 6ipn/
MJI-JIe KOPCETLIIII.

Hennron030MuTHKANBIK  OesiceHli MHKPOOPraHu3MAepaiH CKPUHMHII.
Muxkpoopraau3MIep/IiH EeJUTFOJI03aHbI BIABIPATy KaOlIeTiH aHbIKTAY YIIIiH MUKPO-
OpTraHu3MJIep AaKbUIIAPBIH KOMIPTEK K031 peTiHJle dpTYpIli MeIIep e 1eJUTon03a
KOCBUIFaH arapiibl OpTaHblH OeTiHe ery »xyprizingi. Opra Kypamsl (I/1): HaTpui
uurparei-1,29, (NH,) HPO, - 4,75, KH,PO, - 9,6, MgSO, 7H,0 - 0,18. Kemipreri
ke3i peringe 0,5% Harpuil Ty3nbl kKapOokcumeruniemnnoiosa (Na-KMLI) nemece
0,5% ycakrasraH cy3ri Kara3bl €HI131U11. 3epTTeareH MUKpPOOPraHu3MAEP 5 TIYIIK
apaJbIFbIHA ONITUMAJIB/IBI JKaFAaiaa ecipiiaai. MHKyOanus Ke3eHl asKraaFraHHaH
keiiin Ilerpu TabakmanmapelHAaFrbl MUKPOOPraHu3M KoJjoHusuapeiH 1%  Konro
KbI3BLT OOstyMeH 10 MUHYT apasIbIFBIHIA OHICHII, COTaH KeHiH MYKUAT *KYBUIIEL.
OCKeH KOJOHMSJIApAbIH alfHaaChIHIAFbl arapy alMarblHBIH AMaMeTpi OOHBIHILA
MaKpUIIap IIBIFapaTelH  GEepMEeHTTEepHiH OenmceHmimiri Oaramannmel. [uapo-
U3 aliMarblH aHbIKTAay YLIIH MUKPOOPTaHW3M KOJIOHMSICBIHBIH IIETiHEH arapy
aliMarbIHbIH LIEKapachlHA JCHIH MM-MEH eNIeHl. Arapy aliMarbIHBIH AWaMeTpi
HEFYPJIBIM YJIKEH 00JICa, COFYPJIBIM IEJUTIOIO30JIMTHKAIIBIK OCJICEH/IUTIK JKOFaphl
oomaser (Teather, 1982).

Ocyni bIHTAJAHABIPY O€JCEeHAUIIriH aHBIKTAYy VIIIH TYKBIMIAPAbI
bUIFAJIAHIBIPY APKbUIBI KYPri3iigi. 3epTTenreH UeIuTioio3a bIIbIPaTyIIbI
OakTepusIIapablH KyJIbTypalibAbl CYHBIKTBIKTaphl THICTI KOPEKTIK OpTajga ajJiblH-
ana mankarpimra ecipinai. KynbTypaibasl cyHBIKTHIK cy3inmi, ¢punsrpar 10 mi
[lerpu TabakmanapeiHa KYWBUIABI, OFaH aJJblH-aja 3apapChl3JaHIblpbUIFaH
TYHEKOHBIIIKA TYKbIMIAPHI 24 caraTKa caiblH bl bakbluiay HYCKACHI YIIIiH TYKBIM-
Jlap arbIHABI CyFa )KOHE CTEPUIIb1 KOPEKTIK OpTaFa cajbiHFaH. TYKbIMIAp TOYIIKTIK
pUFaIaHaynad  KediH IleTpu blopIcTapblHAa BUIFAIJAHFAH CY3T1 Kara3bIMEH
MaKTara KOWBLIIBI. bapiblK HycKanap aFbIH/bI CYJbIH T€H MOJIIICpIMEH CyJIaHFaH.
TyKpIM caHbl, cabaKTap MEH TaMbIpJIapAbIH Y3bIHABIFbI TOKIpHOe MeH OaKbUIaydaFbl
HYCKayap/a 0ipiel ecKepimii.
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duromenuopanTThiH oHTImTITiH aHbikray ['OCT 12038-84 xanbikapaibik
CTaHJApThIHA ColKeC (PUTOMEIMOpAHTKA apHAJFaH CY3ri Kara3blHIA >KYPTi3iimi.
CoHbIMEH Karap, CYHBIK KOPEKTIK OpTAachIH/a JKOHE TOIBIPAKTHIH Oip TYpiHJIE
TYKBIMHBIH OHTIIITITI ¢ aHBIKTAJIIbI, TOTBIPAK YITICI ©CIMIIK ocipy aiMarbiHaH
TBIC KEPJICH aJIbIH/IbI.

LemmrononuTuKanbIK OaKkTepUsIapAblH OpTYPIi IITaMAAPBIHBIH OJICEeHIUTIT]
wacek, Brill (Burns, Slater, 1982) aiciMmeH 6CiMJTiK TYKbIMIaPbIHBIH HHOKYJISIIHSICHI
Ke3iHzme 3eprreninai. Ocimaik TykpiMaapel 70% 3TaHoNFa OipHENIE CEKyH[IKa
Oareipriabl, keiiin 0,01% HCI epiTinaicine aybICTBIPBUIABI, COMAH KeliH OipHeme
PET CTePWIIBJIi TUCTHIIICHTCH CYMEH XKYHIII, IIEJUTFOJIOUTUKAIIBIK OaKTePHUsIIAP IbIH
CYCIIEH3MSCBIMEH WHOKYIANWSIAHAbL. bakpuiay peTiHae MHUKpPOOPTaHW3M WHO-
KYJSITBl KYJIBTYpalbJibl CYHBIKTBIFBIMEH OHJICJIMEICH TYKbIMIAp Ooujbl. Exi
anTaJBIK MHKYOAIUs TaH KeHiH OCKIHAeP IiH OUIKTIT1, TAMBIPIapIbIH Y3bIHIBIFbI MEH
CaHbl, KachlJI Macca MEH TaMBIPJIAP/IbIH CaJIMaFrbl OJIIEHIM, OCHI KOPCETKIITepIi
0aKpLIay HYCKAJIAPBIMEH CAITBICTHIPBLIIBL.

Hotmxesep. Ty3apl TombIpak yJrijiepiHeH Ie/UTIOJOTUTHKAIBIK 0OaKk-
Tepusiaapabl  Oesiim  agy. Kopmaran opTaHblH —Ty3AaHy, KypFakKIIbUIBIK,
KCEHOOMOTHKTEp JKOHE Tarbl 0acka CTPECCTIK (paKTopiaphl aybUIIIAPYaTbIIBIFBI
OHJIIpiCiHEe apHaJFaH JKYMBICTap/Abl JKYPTi3y VIIIH ©Te KaTThl KOJAHCHI3IBIKTAp
Tyrbizazpl. Kenreren oneduerrepae xep Oetinin 10% rana komnainsl canatka, 20%
MUHEpAJBIl CTPECCTI JKep CUIaThIHa, 26% - menenTTi xKoHe 15% cysIK xeprepre
xikrenineni eken (bynuan u ap., 2000).

JKorapsI TY3IBUTBIK €19y ip KeH TapaiFaH dKOJIOTUSIIBIK CTPECCTIK (pakTopiIapabiy
Oipi OoJIFaHIIBIKTaH, ©CIMJIIKTEP/IIH OHIMAUIIrIHE, 6Cyl MEH JiaMyblHa KOJaKiChI3
ocep eremi. OCIMIIKTEp KOJTAMCHI3 KaFaai1a ©CeTiHIIKTEH KOChIMINA KOPEK JKIHE
SHEPIusl KO31H, TOPMOHAJIBIbI XKaFAaibIH KaJIbIITaHIBIPYIbI )KOHE TY3/bI CTPECCTIH
KapKbIHJIBUIBIFBIH TOMEHICTY1 KakeT eteni (XKymap u np., 2007).

Ty3manynbIH Tepic ocepiHe KapamacTaH, TY3IBUIBIFBI MCH TEXHOTCHIIK dcepi
YKOFapbl TOMbIpaKTap/a dKCTPEMalbl SKOJIOTHSIIBIK >KaFAaiiaapia TIpUIIK eTe
aNaThlH epeKiie MHUKpoduopa Kaibimracaabl. COHIBIKTaHIIA MUHEpaJIaHyIbIH
JKOFaphl KaFAalbIHIa TIPUIUIIK eTyre OCHIMICITeH MUKPOOPTaHU3MJIEP CPEeKIe
KBI3BIFYIIBUTBIK TyAbIPabl. COHFBI KbUINAPHl KOPIIAFaH OPTAHBIH TY3/bLIBIFBI
JKOFaphl DKOXKYHENepHiH MHUKPO(IOPaChIH KapKBIHABI 3epTTey Talo(HIbIi
JKOHE TaJIOTOJEPAaTThl MHKPOOPTAHU3MICP/Al OKIIAyllayFa »KOHE CHIIaTTayFa
MYMKiHAIK Oepai. Onmap Ty3 KOHIIEHTPAIMSCHIHBIH KEH ayKbIMBIHAA OeJCceH/I
eMip Cypyre KaOUIeTTi KoHEe MUHepajiaHy JeHIeHl >KoFapbularaH op TypJi
OmoTonTap MEH aHTPOIOTeHMIK 3Koxkyienepae kesmecedi (Chen, 2000). OcwiH-
Iaii  MUKPOOPTAaHW3MICPIIH INIHAC ICJUTIONOIUTHKAIBIK OelceHamri Oap
MUKPOOPTaHU3MICPIiH MaHbI3bI 30p. LleIUIFoNoIuTUKAIBIK MHKPOOPTaHU3MICD
OTE OPTYPJIi TAaKCOHOMHUSIIBIK TOITAPABIH apachblHaa Ke3JeCemi JXKOHE OJapibl
LEJUTION03aJIbIK KAJIJIBIKTAp )KUHAIATBIH 0apiiblK Onotanapaa Tadyra Oomabl.

Ocpiran OalIaHBICTHI 3€PTTEY KYMBICHIH €H ajjibIMeH KpI3putopaa oOIbICH
Kapaysiirebe FRUIBIMU-OHIIPICTIK aiiMarblHAH KoHE AJnMarhkl 0OMbICH, bamxamn
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aynaHbl bipmik ankaOblHaH aNbIHFAH TY3/bl TOMBIPAK YJATLIEPIHEH IIEIUTIONO-
JIUTHKAIIBIK MEKPOOPTaHU3MIEPiH KaIlbl CAHBIH aHBIKTAYIaH O0aCcTaIb.

XKyprizinres 3eprrey *KyMbeIcTapbl OoibIHIIA KpI3bLTOpaa 00IbICE MEH ATTMAThI
OOJIBICHI TOTBIPAK YJTUIEPIHACTT IEIUTFOIONUTHKAIBIK MHKPOOPTaHU3MIEPIiH
MOTTYJISIUSITAPBIHBIH YIII TOOBIHBIH KAIITBI CAHBI SPTYPIIi O0IIFaHbI OalKamabl. SIFHN
KpI13b110pa 00IBICH! TOTIBIPAK YATICIHACT EUTIOIOIUTHKAIBIK OaKTepHsITap IbIH
canbl 87,3 £ 0,02 x 103 neitin KTB r /Tomsipak 6osica, AiMarsl 00JIBICH TOIBIPAK
YITiCiHACTI IIeJUTFONIO3aHbl  BIABIPATYIIBI OaKTEPUSUIAPABIH 2 KaTapra IKOFaphl
ekeHpiri Oaiikanbim, 45,5 + 0,04 x 10° geiiin KTB r /ronbipak Kypaipl. Amn
HEJUTIONIONIUTHKAJIBIK aKTHHOMHIETTEpAiH cansl 17,9 £ 0,05 x 10% man 25,6 +
0,07 x 103 meitin KTB 1 /Tombipak coiikec 6osca, CaHpIpayKyJIaKTapAblH caHbl 1 T
TombIpakka makkanaa 22,3 + 0,08 x 107 gau 33,2 + 0,06 x 10? geitin KT kypasr
(xecre 1).

1-kecte — Ty3mpI TONBIpaKTapAaFsl a9pOOTHI HEIUTIONIOIUTHKAIBIK MUKPOOPTaHU3MIEPIiH CaHb

TonsIpak yarici Muxkpoopranmmaepair caubl, KTb r /ronsipax

baxrepusuiap Axtuaomunerrep | CaHpIpayKyJIaKTap
Kebuiopna  obmsicel - Kapaysurre6e | 87,3 0,02 x 103 | 17,9 +0,05 x 10> | 22,3 +0,08 x 102
FBUIBIMU-OHIIPICTIK allMarsl
Anmarel  o6mbichl, Banxam aymassr, | 45,5 0,04 x 10° | 25,6 0,07 x 10° | 33,2+0,06 x 10?
Biprmik ankaOb

CoHbBIMEH TY3IbI TOMBIPAK YJTIEpiHAE LEIITIOIOTUTHKANIBIK OaKTepUsIIapIbIH
MeJIIIepi aKTHHOMULIETTEP MEH CaHbIpayKyJIaKTapFa Kaparanaa 2-3 ecere Korapbl
Oonapl. JlereHMeH 1€ 3epTTENreH LEUTIONOIUTUKAIBIK MHKPOOPraHU3MAEPIiH
yII TOOBIHBIH apachlHIa CaHBIPAYKYJAKTapAbIH CaHbl €H TOMEHI1 MeJlepiae
OosFaHIBIFBIH aTan KkepceTyre 6onanbl. Keiidip oneduerrepae HeToNoIuTHKAIBIK
CaHbIPAyKYJIaKTapAbIH IIOJCHTTI >KeplephiH TY3Ibl TONBIPAKTAPbIHAA ©CIMIiK-
TEpIiH KaJIbIKTapbl a3 OOJybIHa OaillaHBICTHI KOOIHECE OpMaHJbI KEpIEepHAiH
TOMBIPAKTapBbIHAA KE3[eCy MKHUIIT >KOFapbl OONaThIHIBIFBIH Kepcereni (Matruc,
et all, 1997).

ApbI Kapail 3epTTey KYMBICHIH KaJlFacThIpy MakcaTbiHaa Kei3putopaa oOIbICk
Kapaybinrebe aiiMarbiHaH >koHe Aumarel 0OONbICH, banmxam aymansl bipiik
aIKaOBbIHAH AJbIHFAH TY3[bl TOMBIPAK YJTIICPIHEH Ke3Aecy XHLIiri OoibIHIIA
enoyip JKOFapbl Meuliepie OoJFaH LEJUIIOJONUTHKANBIK OakTepusiapabiH 96
M3OJSITTApbIH Jkeke Oeminm ambiHAbl (cypeT 1). M3omarrap KopekTik oprana
KOJIOHHSIAp/bIH CUIIaThI OolibIHIIA Oip OipiHeH epekiueneHai. LlemmonomuTukanbiK
OakTepusIIapablH HM30JATTAPBIHBIH KOJIOHUSUIAPBIHBIH MOP(OJIOTHAJIBIK alyaH-
TYPJILTIrT TY31bl TONBIPAK YATUIEpiHE Kapail e3apa allblpMallblIbIKTap OOJIBIL.
Anmatel 007bICHl banxamn aymaHblHaH allbIHFaH TONBIPAK YJTICIHEH OeJiHiI
aJIFaH 9PTYPJIi M30JIATTapAbIH KoloHusuiapbiH Kei3putopaa obnbickl Kapaybuiree
aiiMarblHaH aJIbIHFaH TOMBIPAK YITICIMEH CaJBICTBIPBIN KaparaHna OakTepus
W30JISITTaPBIHBIH KOJIOHUSUIIAPEI MOP(OIOTHSIIBIK KOPiHiCI XKaFbIHAH €4aYip SPKEIIKi
OonraHbl OalKaJIIbI.
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Baxrepusinap AKTHHOMHLIETTED CanplpayKyJ1aKTap

B Kpi3putop/ia 00bIckl B AJTMaThl OOJIBICHI 1IM >xanmsl caHbl

Cypert 1 — Ty37ap! TonBIpakTapaan 0eJIin ajaFaH HEeJUTIOIOIUTHKAIBIK MUKPOOPTaHU3MICP/IIH JKaIIIbI
CaHbl.

3epTTey KYMBICBIHBIH KeJIeCi CaThIChIH/IA TY3/IbI TOMBIPAK YITLIepiHeH OoiHIn
anpiHFaH 96 OakTepHsUAbIK n30ATTap I eTYnHCOH KOpekTik oprackiHa Na-KMI]
KOCBUTFaH KOPEKTIK opTajapia ecy KaOileTTUTIKTepiHe 3epTTey KYPTi3iii.

AJIBIHFaH 3epTTey HOTIKeCiHAe 96 OakTepus N30 TTapbIHBIH apachblHaH TeK 15
mramm Na-KMI ruaponusi 10 M nefiin xone 9 mramma 2 1 MM 1eiiiH O0TaThIHIBIFBI
Oaiikanel (2 kecte). 3epTTenred OaKTepys U30IATTapbIHBIH apachlHAa 3 ITAMHBIH
11B, 12 B xone 8-13 MC Na-KMI] rumponusi aiTapibIKTail KOFapbl OOJBIT
17,3 = 0,03 mm gen 20,7 £ 0,04 MM apansireiH Kypanbl. Na-KMIL] rugponusin
enoyip OenceHai XyprizreH 9 OakTepusi W3ONATTAPBIHBIH IEILTFOIOMUTHKAIBIK
OeCeHTITITiHIH CaNBICTRIPMAITBI TalZlAy MAITIMETTEpPl 2-KecTeie KOPCETLITeH.

2- xecte — Ipikren anraH OaKTEpUs M30IATTAPBIHBIH LEIUTIONIOIUTHKAIBIK OCJICEHAUIITIH Tajnay

Ne Bakrepus uzonsarrapsl Na-KMII ruaponusneny aiiMarbl, MM
1 11B 18,5+ 0,01
2 12B 17,3 +0,03
3 13B 11,3+ 0,04
4 15B 7,2+ 0,02
5 110B 6,5+ 0,05
6 35A 8,7+ 0,07
7 51K 3,3+0,01
8 8-13 MC 20,7 + 0,04
9 10-17 MC 7,3+£0,05
10 Baxpuiay 8,5+0,06

Apbl Kapail 3epTTey KYMBICBHIH IpIKTEN ajFaH [E/UTFOJIOIUTUKAIIBIK OCICCHIITT
enayip xorapsl 8-13 MC, 11B xone 12 B miraMmaapbIMeH KalFacThIPbUIIBL.

Kopmaran opTajna eciMJiK TYKBIMJIAPBIHBIH OHINl ©CyiHe OH acep eTeTiH
(bU3UONOTHSIIBIK OSJICEH/II 3aTTap KaJBIIThI MOJIIIepe O0JTybl MaHbI3/IbI XKaFAali-
JapJIbiH 0ipi Oosbi Ta0buIaAbl. OChiFaH OAMJIAHBICTHI KEJIEC] 3ePTTEY HKYMBICHIH A
ipikren anraH 8-13 MC, 11B >xone 12 B mramaapbIHbIH KyJIbTypalibabl CYHbIK-
TBIKTApbIHBIH aK TYWEXOHbIIIKA eciMIiriniH Apkac (Melilotus albus) copThiHBIH
ecyiHe acepin O0akputa bk, O yirid [leTpu TabakmanapbsiHa Cy3ri Kara3bIH CaJbIIl
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oHbIH ycTiHeH 8-13 MC, 11B >xone 12 B mtaMIapeIHbIH KyIbTYpaibIbl CYHBIK-
TBIKTApbI KYHBIIIHI (3 KecTe).

AJBIHFaH 3epTTEY HOTHIKEIJIEPi OOMBIHILA LEIUTIONOIUTUKANIBIK OaKTepHsIIapAbIH
ipikren anran §-13 MC, 11B sxone 12 B mramMaapbeiHbIH KyJIBTypanbbl CYHBIK-
THIKTApPBIHBIH ©CYII CTHUMYJBJCYIII dcepi OCIMIIKTIH JaMyBIHBIH OacTamlKbl
caTbIChbIHIa, TYKBIMHBIH ©HYI Ke3iHie Oaiikasa OactaraHblH Kepyre Oomanpsl (2
cypert). SIrHu OakpiiaymeH caibicThipFanga 8-13 MC, 11B xone 12 B mram-
TAPBIHBIH TOKIpUOEHIH 3 KYHIHJIE JOHHIH OHIN MIBIFYBI eA0Yip KapKbIHABI OOJIBL.
An Toxipubeniy 10-ToymiriHae ecCiMAIKTIH cabaFbl MEH TaMBIPBIHBIH OWo-
METPHUSUIBIK KOPCETKIIITepiHe KOJaiabl dcep eTil, >KOFapiaTKaHbl OalKajbl.
bipak Ty#exoHbIIIKa 6CIMAIriHIH cabdarbl MEH TaMbIp Y3bIHBIFBIHA €19Yip JKaKCh
HoTHXemepai kepceTkeH 8-13 MC mrambl 6ap ynrizeH kepyre 0omnassl (5-cyper).

3-kecte — IpikTemn anraH GakTepHs U3OIATTAPBIHBIH HEJLTFOIONUTHKAIBIK OSJICEeH LTI

Baxrepus OHin mbikKad | TyHeKOHBIIIKaHBIH Tyiie:)KOHBIIKAHBIH TaMbIPBIHBIH
H30JISITTaphl TYKbIMJIAp ca0arbIHBIH Y3BIHIIBIFBI, MM | Y3BIH]IBIFBI, MM
cambl, % 10 Toymix 10 Toymix
11B 96,3+ 0,2 22,3+0,06 10,3 +0,12
12B 97,6+ 0,7 28,6 0,16 12,2+0,11
8-13 MC 98,5+ 0,5 31,8+0,07 15,8 +£0,09
baxpinay (H,0) 30,2+ 0,3 10,4 £ 0,05 54+0,07

12B

8-13MC ' Bakpinay

Cypet 2 — IpikTen ajraH HEJUTIONIOINTHKAIBIK OaKTepUsIIapIbIH TYHEKOHBIIIKA OCIMAITIHIH 6CYiH
KapKbIHIATy acepi.
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Tankplnay. AybulapyanibUIbIK ©CIMIIKTEPiHIH 6CYiHE TY3/IbI TOTIBIPAKTapABIH
CTPECCTIK 9CepiH JKOK YIIiH KOJJIAaHBIIATHIH TYHEKOHBIIIKA OCIMJITIHIH ecyiHe
LEJUTIONIONUTHKAIIBIK, OaKTEpUSUIapAblH JCEPiH 3epTTEyre apHaJFaH MOJIENBIIK
TOXiIpuOenep Kypriziyi.

3eprTey JKYMBICBIHBIH KeJieCi CaTbIChIHIA aybUILIapyalllblIBIK MaKcaTTa
OCIpEeTIH OCIMIIKTepAl ocipy Ke3iHIe TY3Ibl TOTBIPAKTApABIH CTPECCTIK dcepiH
KO0 MaKCaThIHa KOJIIaHBIIATHIH TYHE)KOHBIIIKA OCIMIITIHIH O6CYiHe IpIKTelT anFaH
LEJUTIONIONUTHKAIIBIK, OaKTEepUsIIapIbIH ©CY[l KapKbIHIATy OCEpiH 3epTXaHalbIK
XKarjaina wmopenbai 3eprrey okyprizimmi. On  ymriH  Kpizputopga  oOmbICH!
Kapaysiirebe FHITBIMU-OHIIPICTIK aliMarblHAH aJIBIHFAH TOMBIPAK YITUIepiHIe
TYHEKOHBIIIKA ©CIMAIriHIH TYKbIMaapsiH 12 B xone 8-13 MC mrtammapbsiHbIH
ocepi 3epTTeni.

Lennrono3ansl  GakTepHsJIApBIHBIH ~ KyJBTYpPalblK CYHBIKTBIFBIHBIH ~9CEpPiH
3epTTey Ke3iHAe MaKCHMalJbl ©cyai bIHTaltaHAbIpaTbiH acep §-13 MC Oakrepus
mramaapsl 0ap Hyckaga TaObuiabl. ConbiMen, 8-13 MC Oakrepusiiapsl Oap
HycKa/ia Apkac TYHEKOHBIIIKA OCIMJITIHIH cabaKTapbl MEH TaMbBIPJIapbIHBIH OHY
Y3BIHBIFBI JKOHE TYKBIMAAPBIHBIH 6HYyl 96,5%, an kypambinga 12 B mramaapst
0ap KyJbTYpaJblK CYHBIKTHIK Oap HycKana— 92,2% kypazsl (4-kecte, 3,4-cyper ).

4- xecte — LleTuTononuTHKANBIK OaKTepUsUTapIbIH TYHEKOHBIIIKA OCIMIITIHIH 6cyiHe dcepi

baxrepus nzonsarTapsl OHII IBIKKAH TYKBIMHBIH OpKeHJIepAiH OpTalla Y3bIHIBIFHI,
opraia casel, % (Mm)
12B 92,2+ 0,7 50,4+ 0,3
8-13 MC 96,5+ 0,9 50,8+ 0,4
bakpuiay (H,0) 20,2+ 0,8 25,6+ 0,5

TykpIMIapablH ~ ©HYiH, ©CKIHAEPHiH JKOHE  TaMbIpiapiblH — Y3apyblH
OCIMAIKTEpIiH epTe OoCyiH BIHTAJAHMABIPY YIUiH H30JSATTapAblH OeICEeHAUTIriHIH
OenriciH Tannay TYHEKOHBIIKA TYKbIMAAPBIHAAFEl TaHAAIFaH 2 (yHKIHOHAIIbI
M30JIATTa KYprizinai (kecre. 4, cyper 3). DkcnepuMeHTTiH 10 KyHiHEH KeiiH
COMKEeCIHIIE Ta3apTbUIFaH CyMEH ©HJAEIreH OakbulayJlapMEeH CallbICThIpFaHIa
OakrepusimapablH OapiblK TaHIalFaH [ITaMIapbIMEH OHJEJITeH TYKbIMIapAaH
LIBIKKAH TaMbIPJIAPJbIH Y3bIHABIFBIHA, ©CKIH Y3BIHABIFBIHA JKOHE ©MIipLICHIIr
OoiibIHIIA SPTYPJIi 9cep eTKeHi OalKaIbl.

4-kectene KepceTireHaeH, TyKbiMaapabM 8-13 MC nestionoanTTi U30ATIEeH
WHOKYJISIIUsinay — Oakbliay HYCKACBIMEH CallbICTBIPFaHIa TaMbIpIapiblH €Adyip
y3arbipak OosybiHa okengi. CoHbIMeH Karap, on 12 B mesuIroauTTi mraMMbIHaH
alitapneikTail epekiienenoeni. Exinmmi sxkarbiHaH, TaHpmanraH 12 B ixone 8-13
MC uemtoaonuTTI mWTaMIapMeH TYKbIMAApAbl eHJey Oakpulay IITaMAapbIMEH
CaJIBICTBIPFaHIa elIdyip JKOFapbl ©CKIH Y3BIHABIFBIHA OKenai, Oipak Oip-OipiHeH
epekmenenoeni, on 50,8+ 0,4-ten 50,4+ 0,3 MM-Te AeiiiH e3rep/i.
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12B 8-13 MC Bakputay
Cypet 3 — LlemmonoauTHKanbIK OakTepusiapAbIH TYHEKOHBIIIKA 6CIMAITIHIH 6cyiHe acepi

KopbiTbinabl. COHBIMEH aybUIIApyallbUIbIK ©CIMIIKTEpPiHIH ©cyiHe Ty3.bl
TOTIBIPAKTAP/IBIH CTPECCTIK OCEPiH KO0 YIIIH KOJIAHBUIATHIH TYHEKOHBINIKA
OCIMJIITiHIH 6CyiHE IEIUTIONOINTHKAIBIK OaKTepHUsIIap/IbIH 6CyiHE dCepiH 3epTTeyTe
apHaIlFaH MOJIEJIBAIK TaKipuOenepai Kyprizy OapbicbiHaa ipikren amraH 12 B
soHe 8-13 MC mramaapsl eCIMIIKTIH TYKBIMBIHBIH OHIII ©CyiHe eqayip OesceHi
ocep ereTiHAIr OaWkanabl. SIFHM OaKbUIayMEH CaJbICTBIPFAHAA TYHEKOHBIIIKA
cabaxkTapbIHBIH Y3bIHABIFE 1,5-1,6 ece, TaMblpmapiablH Y3bIHIBFE 1,4 - 1,5
ece octi. Ipikren anran 12 B sxoHe 8-13 MC mramaapsiH aybulIapyalibUIbIK
OCIMIIIKTEPiHIH TY3/aHyFa TO3IMIUIITIH apTThIpyJa KOJJaHBUIATEIH OMOIOTHSITBIK
npenapartapibly JaiblHIayaa KoJaaHyra Oonaipl.
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TEYEHUE MUKPOBHUOJIOI'MYECKHUX IMPOLHECCOB IIPHU
CO3PEBAHUU I'OJUVIAHACKOI'O CbIPA, BBIPABOTAHHOI'O
JABYXCTOPOHHUM ITPECCOBAHUEM

AnHoTauus. BrepBple NpemIoKeH HOBBIM CIOCOO BYCTOPOHHETO Ipec-
coBaHus. J{ns ero ucnbITanus Oblla CKOHCTPYHPOBaHA W M3TOTOBIIEHA BHHTOBAs
npeccopma JUisl JIByCTOPOHHETO MPECCOBAHUS TOJUIAHJICKOTO ChIpa PYYHBIM
Croco0OM W JTMHAMOMETP JUISI U3MEPEHUS TPECCYIOMIEro YCUIUS Hall CHIPHOU
MacCOH, C ITOMOIIBIO KOTOPBIX OBUIA TIPOBEICHBI MCCIEIOBAHUS HA TOJIAHICKOM
KpPYIJIOM CBHIpE, YCTaHOBJICH MPUOMU3UTEILHBIM TEXHOJIOTHYSCKUN pekuM. Ero
000CHOBaHUE II0KAa IOATBEPKICHO MHUKPOOHOJOIHUECKHM HCCIICIOBAHUEM.
MuxkpoOHronornieckne MPOIEeCChl MPOTEKadl aHAJIOTMYHO IO CPaBHEHUIO C
KOHTPOJIBHBIM CBhIpOM. PocT u pacmpeneneHre MHKPOOPTraHU3MOB B CBHIPHOM
Macce OCYIIECTBIISICTCS 3a CYET IMONYYCHHUS TOHKOTO YIUTOTHSIIOIIETO CIIOSI TIPH
JIBYXCTOPOHHEM MPECCOBaHHMH, YTO OOecreduBaeT OOJNBIION 00beM Ui paBHO-
MEPHOTO paclpeieNicHUE BIaru Ha BEPXHUX CJIO0SX CBIPHOM MAacCChl IO CPAaBHEHUIO
C KOHTPOJBHBIM CBIPOM C KOPKO.

[locne mpeccoBaHusi B IEpBBIE CYTKH O0Iee KOJMYECTBO MHKPOQUIOPHI B
OTBITHOM ChIpe coctaBmwio 2,90 mupa B 1 1., Ha 5 cyTku gocturia 2,95 mupi.,
T.c. mpeobnamana Ha 0,05 Ham KoHTpodabHBIM 2,90 mupxa. Jlamee HaumHAETCS
craJl MOJIOYHOKHCIIBIX OaKTepuii: Tociie 5 CyTKH KOJUYEeCTBO MHKPOOPTaHW3MOB
cocTaBuiio 2,8 Mipa. DTo KonudecTBO Bhlepkano 1o 10 cytku, a 40-50 cyTtku
craio 0,6 mupa. [Ipogomkamock yMeHbIIEHHE KOTHMYecTBA MHKPOMIOPEl 10 60
cyTkd, Ha 70 CyTKH YBEJIMYHBAJIOCH 332 CUET POCTA MOJOYHOKHCIION IajJOuKh
mo 0,55 mupa. B xonue co3peBanus 80 CyTKH KOJMMYECTBO MOJIOYHOKHCIIBIX
Oaktepuit u manodek cocrasisier okoino 0,3 u 0,35 mupa B 1 1 chipa. [locie ciaga
MOJIOYHOKHCIIBIX OakTepuil 10 80 CYyTKH MpOIecC MPOTEKaeT HIACHTUYHO II0
CPaBHEHUIO C KOHTPOJILHBIM CBIPOM.

KuroueBble ¢ji0Ba: aHM30TPOMHsI, OAKTEPUU, KOKHU, MMAIOYKH, MTPOOBI, PeIyK-
Ta3HbIH, OPOAMIBHBINA, CBHIYYKHOOPOIWIBHBIA, MepPOPHUPOBAHHEIN, TO(OPHUPO-
BaHHBIN, IMHAMOMETP, UHJAUKATOP, TAPUPOBKA.
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EKI )KAKTBI IPECTEY APKbLIbI OHAIPLITEH FOJJIAHIUSLIBIK
IPIMINIKTIH IICYI KE3IHAETT MUKPOBHOJIOT USLIBIK
MPOLIECTEPIIH BAPBIChHI

S. Manukyan

Armenian National Agrarian University Republic of Armenia, Yerevan.
E-mail: manukyanss45@mail.ru

THE FLOW OF MICROBIOLOGICAL PROCESSES DURING THE
MATURATION OF DUTCH CHEESE PRODUCED BY TWO-SIDED
PRESSING

Abstract. For the first time, a new method of double-sided pressing has been
proposed. To test it, a screw mold for double-sided pressing of Dutch cheese by
hand and a dynamometer for measuring the pressing force over the cheese mass
were designed and manufactured, with the help of which studies were carried out
on Dutch round cheese, and an approximate technological regime was established.
Its rationale has so far been confirmed by microbiological research. Microbiological
processes proceeded similarly compared to the control cheese. The growth and
distribution of microorganisms in the cheese mass is carried out by obtaining a thin
sealing layer during double-sided pressing, which provides for a large volume for
uniform distribution of moisture on the upper layers of the cheese mass compared
to the control cheese with a crust.

After pressing, on the 1st day the total amount of microflora in the experimental
cheese was 2.90 billion in 1 g, on the 5th day it reached 2.95 billion, i.e. prevailed
by 0.05 over the control 2.90 billion. Then the decline of lactic acid bacteria begins:
after 5 days, the number of microorganisms amounted to 2.8 billion. This number
withstood up to 10 days, and on days 40-50 it became 0.6 billion. At the end of
ripening 80 days, the number of lactic acid bacteria and bacilli is about 0.3 and 0.35
billion in 1 g of cheese. After the decline of lactic acid bacteria up to 80 days, the
process proceeds identically compared to the control cheese.

Key words: anisotropy, bacteria, coca, rods, samples, reductase, fermentation,
rennet fermentation, perforated, corrugated, dynamometer, indicator, calibration.

BBenenue. TexHONOTMYECKUI aHAJIM3 IOKa3aj, YTO KaK 3a PyOekoM, Tak
n B CHI' 1o HacTosIiero BpeMEHH B CHIPOJCIHH KCIIOJB3YIOT TPU Crocoda —
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CaMOIPECCOBAaHUE C HCIIOJIB30BAHUEM CaJ(PETKU C MEPEeHpecCOBKAMH, OIHO-
CTOPOHHEE IPECCOBAHUE C HCIIONb30BaHHEM Cal(ETKH C TIepPEernpeccOBKAMH U
OZHOCTOpPOHHEE IMpeccoBaHue 0e3 canderok Oe3 MepenpeccoBOK CHIPHON MAacCHhI.
Berlieyka3zaHHble TEXHOJOI'MYECKHE IIPOLECChl IOBBIIIAIOT aHU30TPOIIHOCTh
CBIPHOM Macchbl M OTPHLATEIbHO BIUSIOT HA MHTEHCHBHOCTH MPOTEKAHHS OHO-
XMMUYECKHX M MHUKPOOMOJOIMYECKHX MPOLECCOB, KOTOpPBbIE IPHUBOIAT K
CHIDKCHHUIO KadecTBa chIpa. TakuM 00pa3oM, Jijisl BEIpaOOTKH KaueCTBEHHOTO ChIpa
HEOOXOJUMO MPHU MPECCOBAHMH MOIYYUTh CHIPHYIO Maccy ¢ Oojiee paBHOMEPHBIM
pacmpeneneHueM Biaard U TBepHocTH. ClienoBaTeNbHO, COBEPILIEHCTBOBAHUE U
pa3paboTKa BEICOKOTIPOM3BOJUTEIBHBIX HEMPEPHIBHO JEHCTBYIOMINX TEXHHYECKUX
CPEZCTB, TEXHUKU M TEXHOJIOTHH NPOU3BOACTBA HATYPAJIbHBIX CHIPOB, OCOOCHHO
MPOIIECCOB TOJyYSHHUsI CHIPHOW Macchbl, ee (POPMOBAHUSI M MPECCOBAHUS, OBLIO
U OCTaeTCs aKTyaJbHOW 3ajgadeld Hayku W npaktuku (MaitopoB u np., 2012:7, b
2013:8,2013:9).

Brepsele npeayiaraem 3 cmoco6a IByCTOPOHHETO MPECCOBAHUS: IBYCTOPOHHEE
OeccangeTouHoe, NBYCTOpOHHEE CTyleH4aroe (mraroBoe) OeccanderouHoe (c
MEHBIIIMM KOJIMYECTBOM ITHEBMOLIMJIMH/POB) U JIByCTOPOHHEe Oeccaiieroynoe
MIPECCOBAaHUE C NCIOIb30BAaHUEM IEKTPOMArHUTHBIX CHJI (0€3 THEBMOLIMIIMHPOB).
HoBriii crmoco0 MOMHOCTHIO HM3Y4YeH Ha IMIMHAPHUYECKHX (IIBEHIApCKUX) W
OPSAMOYTONBHBIX chipax «Jlopw». [lomyduB MOJOKUTEIbHBIE PE3YJAbTATHI, MBI
MIPOJIOJKIIIN MCCIIEA0BAaHNE Ha TOJUIAHICKUX KPYIJIBIX ChIpax.

Jlnist perieHust MOCTaBJICHHOW LelTd HaMU ObLTH chOpMYIIMPOBAHBI CIEAYIONINE
3aa4u:

1. Pa3paboTarh ¥ M3rOTOBUTH ONBITHBIA 00pa3el] BUHTOBOW MpeccOpMBI s
JIBYCTOPOHHETO MPECCOBAHMUS TOJUIAHACKOTO KPYIJIOTO ChIpa U AWHAMOMETp — IS
HU3MEPEHUS MPECCYIONIETO YCHIINS HaJl CHIPHON MacCoM.

2. COBMECTHTH TEXHOJIOTHYECKHUE Mpoliecchl (cOopka 1 pazdopka hopm, po3uB
CBIPHOTO 3€pHa, (hOpMOBaHME, IPECCOBAHNE U BBIEMKA ChIpa U3 PecchOpPMBI).

3. VYcTaHOBUTH ONTHMAJbHBIN (pallMOHAJIBHBIN) peXUM U 000CHOBAThH
ONTUMAJBHOCTh €r0 JABYCTOPOHHETO IMPECCOBAaHUS Ml TOJIAHICKOTO KPYIJIOTrO
ceipa (Maitopos u mp., 2013:8).

4. M3yunTh BIMSIHHE [BYCTOPOHHEIO INpeccoBaHus (IepBoro crocoba) Ha
KaueCTBO TOJUIAHJCKOTO KPYIJIOTO ChIpa.

Marepuannl 1 MeToABI. VcXoast U3 BBINIECKA3aHHOTO, TpeJiaracM BIICPBbIC
3 cnoco0a JBYCTOPOHHEIO NpeccoBaHUsl 0e3 MEepenpeccoBOK: 1. IBYCTOpOHHEE
Oeccangerounoe, 2. AByCTOpOHHEE CTyleHuartoe (ImaroBoe) Oeccanderounoe (¢
MEHBIIMM KOJMYECTBOM IMHEBMOLMIMHAPOB), 3. AByCTOpOHHEe OeccaiiheTouHoe
MIPECCOBaHME C UCTIONH30BAHNUEM IEKTPOMArHUTHBIX CHJI (0€3 THEBMOIMIINHAPOB).

MeToanka npoBeeHns1 MCCJIeA0BAHUS. DKCIIEPUMEHTAIbHBIE HCCIICAOBAHNUS
IPOBOAMINCH IO CTaHJAPTHBIM M  OOIICHPUHSTHIM METOAMKAM COINIACHO
I'OCT-y. CpIponpUroHOCTh MOJIOKa OMNpPEACISUTH TpPU MOMOIIH OpOAMIBHOM,
ChIUYXHO-OpommisHOW W penykrazHoir mpod (I'OCT 3225-68). Conepikxanue
MOJIOYHOKHCIIBIX OaKTepuil Ompenessyii METOIOM MpPEAETbHBIX pa3BeIeHH,

43



ISSN 2224-5227 4.2022

MAacCIISTHOKUCIIBIX OaKTepHil - MOCeBOM B MpoOMpKH Ha CTernaHaBaHCKOM ChIP3aBOJIC
PecnyOnukn Apmenuu, conepaHue BiIaru B cbipe — skcnpece metogom (I'OCT
3625-751.). OmnbITHBIE CBHIPHI TMOJIBEPrajliCh JABYCTOPOHHEMY MPECCOBAHHIO
CKOHCTPYMPOBAHHBIM M M3TOTOBJICHHBIM PYYHBIM CIIOCOOOM BHHTOBBIM IPECCOM
(Knmumosckuii u ip., 1965:5, Knmumosckuit, 1966:6, Manyksn, 2012:10, Myaperosa-
Bucc u ap., 1971:11, [omumyx u ap., 1978:12, @ocrep u ap., 1961:13, Ali u np.,
1961:14, Manukyan, 2013:15). Korctpykuus npecca nokasana Ha puc. 1.

Puc. 1

Wzydenne BIUSHUS ABYXCTOPOHHETO MPECCOBAHMS Ha Kaue€CTBO TOJIIAHJICKOTO
cplpa OBUIO YCTAaHOBJEHO BIEPBbIE B MNPUOIM3UTEIHLHOM TEXHOJIOTHYECKOM
pexxnMe (JaBieHHe MPOAODKUTENBHOCTH). [lnd 00OCHOBaHMS ONTHUMAbHOCTH
(pamMoHaIbHOCTH)  TEXHOJOTMYECKOTO  peXMMa HEO0OXOJUMO  MPOBOAUTH
peosoruueckne, MUKPOOMOIOTHMYECKHe W OMOXMMHUYECKHe wuccienoBanusd. U3
9THX BaXKHEE MHKPOOMOJOTMYECKOE WCCIIEAOBAaHUE, 3HAs YTO B CHIPOJACIUU
OCHOBHOE 3Ha4yeHHWE uUMeeT MHUKpodiuopa. be3 Hee HEBO3MOXKHO BhIpabaThIBAThH
CBIpBI TpeOyemMoro kadectBa. KauecTBo chipa 3aBHCHUT TaKkke OT 3K30(hDEepMEHTOB
MHUKpPOOPTaHU3MOB, KOTOPBIE  OCYIIECTBISIIOT  CJOKHBIM  OMOXMMHYECKUN
MPOLECC: THAPOIN3 OENKOB JI0 aMHHOKHCIIOT, )KUPOB — B CBOOOHBIE KMPHBIC
KHCJIOTBI ¥ YIJIEBOJIOB — B MOJIOUHYIO KHCIJIOTY, BCIEACTBUE YEro ()OPMHUPYIOTCS
OpraHoJIEeNTHYECKHE ITOKa3aTelu: BKYC, apoMaT W KOHCHUCTeHIHs chbipa. Jis
MPOBEACHNS WCCIIEOBAaHMU Ha TpEAMET BIWSHUS TpeajaraeMoro crocoda
JBYCTOPOHHETO TIPECCOBAHMS Ha TEUEHHE MHUKPOOHMOIOTUYECKUX IPOIIECCOB
IIPH CO3PEBAHMM W PA3BUTHUHU TOJUIAHJCKOTO KPYIVIOTO ChIpa B3SIM M3 OJHON
MpeBapUTEIbHOI BapKH BHOCUMOH OakTepranbHoi 3akBacku 0,5% 0T komudecTBa
MOJIOK2 OJIHY TOJIOBKY KPYIJIOTO W OJIHY TOJIOBKY OypcKOro chipa 1o 2,5 Kr, 3Hast
TaKke, 4To popMa ChIpa YaCTHYHO BIIHSET Ha MPOIIECC CO3pEeBaHus ChIPOB. [IpoOsI
JUTS MCCIIEIOBAHUSl OBUIM B3STHI MOCIE MPECCOBAHUS OIBITHOTO M KOHTPOJIHHOTO
CBIPOB, a B OpoAmIIbHON Kamepe — depes 5, 10, 20, 30, 40, 50, 60, 70, 80 cyTku.
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Jnst pa3BUTHSL MUKPOOPTaHW3MOB BaXKHYIO POJIb HUTPAaeT PacHpeAcieHue BIaru
B CBIPHOW Macce (aHW30TPONHsS): YeM OJHOPOJIHEE Macca ChIpa, TEM BBICOKOTO
KauecTBa moiyvaercsi colp. CrenoBaTenbHO, BCICICTBHE PABHOMEPHOTO pacipe-
JeJICHUs BJard B CHIPHOM Macce YIydIIaroTCs YCJIOBHA JUISI NPOTEKaHUs
MHUKPOOHOJIOTMYECKHX TPOIIECCOB.

Lenp nccnenoBaHusi: 000CHOBAaTh ONTUMAIBHOCTh (PalMOHAIBHOCTD) HPUO-
JTU3UTEIBHOTO TEXHOJIIOTHUECKOTO PEKMMa TOJUIAHJICKOTO KPYIJIOTO ChIpa.

J1i1s1 3TOTO MPOBEIEHO HCCIIEI0BaHNE:

1. Kak mporekaroT MHKpPOOHMOJIIOTHUECKUE IPOLECCHl MOCIHE IIPECCOBAHUS U
710 KOHLIA CO3pEBaHMsl B OpOAMIBHON Kamepe OMBITHOIO Chipa MO CPaBHEHUIO C
KOHTPOJIbHBIM.

2. Kax Bnusiet popmMa chipa Ha POIECcC CO3PEBAHMUS H HA POCT MUKPOOPTaHHU3MOB
[IPU JIBYXCTOPOHHEM IPECCOBAHUHU OIBITHOTO ChIpa M0 CPABHEHMIO C KOHTPOJIBHBIM
TOJUTAHJICKUM KPYTIIBIM CHIPOM.

Pesyabrarsl u 00cy:kaeHue:

1. JIByxcTopoHHee mpeccoBaHHe M (OpMa Cblpa HE BIMSIOT OTPULATEIIHLHO
Ha MHKPOOHMOIIOTHUECKUE TMPOIECCHl MPH CO3PEBAHWMHU TOJJIAHJCKOTO KPYTIIOTO
ceipa. OGOCHOBaHUE JAHHBIX PE3YJIBTaTOB MUKPOOHOIOTHUECKOTO UCCIIEIOBAHUS
OIBITHOTO ChIpa B OpONMIIbHOW Kamepe ObUIO aHaJOrMYHO MO CPAaBHEHHWIO C
KOHTPOJIBHBIM CBIPOM, a TaK)K€ YaCTHYHO, HO TOYHEEe 000CHOBAJI ONTUMAILHOCTh
MPUOIU3UTENBHOTO TEXHOIOTHYECKOIO PEXUMA U AaJl BO3MOXHOCTb IPOAOJIKHUTh
peosiornueckre 1 OMOXMMHYECKHE UCCIIeOBAHISI TOJUTaHACKOTO KPYIJIOTO ChIpa.

2. JIBycTOpOHHEE IpeccoBaHHE O0ECIeYMBACT ONAroNpHUATHBIC YCIOBHS IS
MOJTYYEHHUS] TOHKOTO YIUIOTHSIIOIIETO CIIOSl 32 CYET YIJIOTHEHUS! CHIPHOW MacChl
OZHOBPEMEHHO ¢ 00erX CTOPOH M COKpallaeT MPOAOHKUTENFHOCTh MIPECCOBAHUS
Ha 20 MUHYT 3a CUeT UCKITIOUCHIS TIEPEIIPECCOBKH U NCITOJIb30BaHME Cal(hEeTOK TI0
CPaBHEHHMIO C KOHTPOJIBHBIM CHIPOM € KOPKO# (00pa3yromieiics ¢ nepenpeccoBKaMu
Y C WCTIONTb30BaHUEM CaTI(PETKH).

3. A Taxke Oonbinoil o0beM Oojiee paBHOMEPHOTO pacIpeielicHUsl BIary,
pasBUTHE U paclpeliesiecHHe MUKPOOPTaHU3MOB Ha BEPXHHX CIJIOAX ITOBEPXHOCTU
ChIpa, KOTOpOE CIOCOOCTBOBAIO 32 KOPOTKOE BpeMs B OpOIMIBHON Kamepe 3a 5
CYTOK 32 CYET pOCTa MUKPOOPTaHU3MOB JJOCTUTHYTH 2,95 mup/ 1T chipa.

BnusiHne IByXCTOPOHHErO INPECCOBAHUSI HAa TEUEHHUE MHUKPOOHOJIOIMYECKUX
MPOIIECCOB TPH CO3PEBAaHMU TOJUIAHJACKOTO Kpyriaoro ceipa. /lo mpoBeneHus
9KCIIEpUMEHTa ObljIa MOCTABJICHA 3aJada MOJYYUTh IOJUIAHACKHNA CBIP BBICOKOTO
KauecTBa ¢ IPUMEHEHHEM JIByCTOPOHHETO TIPECCOBaHMA. B 3THX ombITax, MOMUMO
OPTaHOJICNITHYECKON OLEHKH, coriacHo TpeOoBaHusM craHaapra [17], Obutn
W3y4YeHbl U APYTHe TOKA3aTEeIH, U MOJTY4YEHBI CIICAYIOIIUE PE3YIbTaThl: BIaXKHOCTh
3epHa 49-51%, pasmep 3epHa 6-7 MM, Temmieparypa Broporo HarpeBanus 39-40°C,
BIAKHOCTb I1acTta 4647%, BIIaXKHOCTB CBEXKETO0 ChIpa nocie npeccoBanud 43-45%,
BIIQYKHOCTH 3pesioro ceipa 39-41%, pH ceipa mocie mpeccoBanus 5,5-5,8 u uepes
10 nmmeii - 5,1-5,15, pH 3penoro ceipa 5,2-5,3. Cpok co3peBaHUs TOIAHICKOTO
KpYIJIOTO ChIpa 2,5 Mecsna.
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OcCHOBBIBasICH Ha MOJTYYECHHBIX pE3ysbTaTax, ObUl ONpenesicH TaKkke MpUOIu-
3UTEIBHBI PEKUM JABYCTOPOHHETO TIPECCOBAaHUS TOJJIAHJICKOTO chipa. llpm
9TOM pEXUME JaBJIeHHE HajJ ChIpHOW Maccoil yBenuuuBasiu oT 0,1 mo 0,5 kr/
cM? TIOCTENEHHO PYYHBIM CHOCOOOM 0€3 BBIICPIKKH, KOTOPBIH COKpaliaer
MPOIOKUTENBHOCTh HA 20 MuUHYT. OO0IIasi MPOJAOKUTENBHOCT JABYCTOPOHHETO
npeccoBaHus coctapisiia 1,8-2,0 4. PesxuM 1ByCTOPOHHETO IPECCOBAHUS SIBIISIETCA
MPUOTU3UTENBHBIM, TOCKOIBKY HE H3yUEHbBI PEOJIOTHYECKUE, MUKPOOHOIIOTHIECKHE
u Onoxumuveckue mnpouecchl. OLeHKa KauecTBa TOIIAHJICKOTO ChIpa JaHa TOJIBKO
Ha OCHOBaHMU BBIIIEYKA3aHHBIX JAHHBIX, U U3 NIPEIBAPUTEIBHO UCHBITAHHBIX 40
TOJIOBOK TOJUTaH/ICKOTO ChIpa OBLIO BBIOPAHO 15 TOIOBOK, KOTOPBIE MPH JETyCTallN
OBbUIN OLICHEHBI K BBICIIEMY COPTY.

J111s TepBOTO SKCIIEPUMEHTA OBLIIO CKOHCTPYHPOBAHO U U3TOTOBIICHO YCTPOUCTBO
1151 Geccaa(eTOIHOro MPECCOBAHMUS MEJIKUX CHIPOB M AMHAMOMETP JJIsl ©3MEPEHHUS
MIPECCYIOIIETO YCHIIHSI Ha CBIpHYI0 Maccy (puc. 1).

Kontponsnslit cbip. Kak BUIHO W3 pHC. 2, IOCiEe MpeccoOBaHUs KOJIUYECTBO
MOJIOYHOKHCITBIX OakTepuid cocramnsger 2,0 mupna/l 1, y TOUIaHACKOTO KPYTIIOTO
ChIpa B OpOIMIBLHON KaMepe SH CyTKH MOJIOYHOKHUCIIbIE OAKTepUH JAOCTHTAIOT JI0
MakcumyMma 2,9 mupn/lIr. Ilociie aToro HaumHaeTcss oTMepeHHbIe OakTepued 2,8
MipA./1 T, 3TO KoaMuecTBO BhIAepkuBacTcs 0 10# cytku. IlpomomkurenbHOe
yMeHbIeHne Mukpoguiopsl 10 4050 cytku cocrasmsn 0,6 mupa., a mo 60i
cytku - 0,5 mupa. Jlanbpline MOJIOYHOKUCIHIBIE OAaKTEpUM YBEJIMYHMBAIOTCS 3a CUET
MoOIOUHOKHCTBIX majodek. C 60t mo 70 cyTku ux komudecTBo pocturano 0,45
Mipa. B koHue co3peBanus, T.€. Ha 80 cyTku ctaHoBuTcs 0,3 muipa. B 1T chipa.

OnbITHBIN chIp. 13 puc. 2 BUAHO, YTO B OIMBITHOM CBHIpE IOCIIE MPECCOBAHUS
KOJIMYECTBO MHMKPOOPTaHMU3MOB cOCTaBisieT 1,8 Mipa, Ha 5 CyTKM KOJHMYECTBO
MOJIOYHOKHCITBIX OaKTepHWii MOCTHUTAeT A0 Makcumyma 2,95 mipa. B Ir cwipa,
koTopble Oombie Ha 0,05 MIpa 1O CpaBHEHHUIO ¢ KOHTPOJIBHBIM - 2,90 Mmuipa. 310
O3HAYaeT, YTO JBYXCTOPOHHEE MPECCOBAHHE TOPMO3WIO POCT MHUKPOOPTraHU3MOB
ToibKO Tpu TpeccoBanuu 0,02mipa./l T celpa MEHbIIE, YeM KOHTPOJILHOTO, 32
CYET MHTEHCHUBHOTO BBIJEJICHHS CBIBOPOTKM W3 CBIPHOH Macchl. JTOT MPOLECC
MPOIOJDKWIICS B TEpBBIE CYTKM B OpOAMIBHOM Kamepe. 3aTreM pa3BHTHE
MHUKPOQIIOPBI MPOTEKAET MOYTH TAKXKE KaK U B KOHTPOJILHOM ChIpe. A 3a KOPOTKOE
BpeMs HaKOIUICHHE MOJOYHOKHUCIBIX OakTepwii 10 Makcumyma 2,95 wmipn
OCYIIECTBUJIOCH 3@ CUET IMOJy4YeHHs] MPU BYXCTOPOHHEM IIPECCOBAHUHU TOHKOI'O
YIUIOTHSIFOILIETO CJIOS CBIPHOW MacChl, KOTOPBbII oOecrneunBaeT OJaronpusiTHbIC
ycloBHsL M OONBIION 00beM it Oojiee paBHOMEPHOTO pAacHpesieeHus] Biar,
Pa3BUTHS U PAaBHOMEPHOTO paciipeesIeHnss MUKPOOPTaHU3MOB J0 BEPXHHX CIIOCB
CBIPHOM MaccChl 10 CPAaBHEHUIO C KOHTPOJIBHBIM ChIPOM C KOPKOA.

U3 puc. 2 BUOHO TakKe, YTO y MOJIOYHOKHCIBIX OaKTepuil M3 MaKCHUMyM
2,95 mupa./1t HaumHAeTCs cman ¢ 5-it cyTku g0 2,7 mupA. B 1T, DTO KOTHIESCTBO
BbiepknuBaeTcs o 10-i cytku. [locne yero HaumHaeTcss OTMHUpPAaHHUE MOJIOYHO-
Kkucnbix Oaktepuit 1o 45-50 cytku 0,6 mupn/Ir. 3areM yBennumBaeTcs 3a CUET
Pa3BUTHS MOJIOYHOKHUCIIBIX maniouek 1o 70-i cyTku Ha okoio 0,45 mipa. Hanee ciafg
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MOJIOUHOKHCIIBIX OakTepuit mpogoinkaercs 10 80-it cytku 0,35 muipa. D10 03HavaeT,
9TO MHUKPOOMOJIOTMYECKHH TNPOLECC MPOTEKAeT AaHaJOrMYHO KOHTPOJIBHOMY
CBIPY, T.. MHUKPOOHOJIOTMYECKOE HCCIEeI0BAaHHE CHOBA MOATBEPAMIO YACTUYHO
ONTUMAJIBHOCTD (PAallMOHATBHOCTD) YCTAHOBICHHOTO TEXHOJIOTHUECKOTO PEXKHMMA,
W a0 BO3MOXKHOCTb IPOBOAMTH TAaKXKE PEOJIOTHUECKHE M OHOXMMUYECKHE
HCCIIeIOBAHUSL.

KonrtpomnbHslit cbip
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Oo0cy:xaenue. [IperioxeHo BrepBble IBYCTOpOHHEE OeccaneTouHoe Ipecco-
BaHHE TOJJIAHJCKOTO KPYIVIOIO ChIpa 3a CYET HCKIIOUYECHHUS] MEePEeNpecCcOBKU C
WCTIOJIB30BAHUEM Cal(ETKH, KOTOPOE COKPAINACT MPOAOJIKHTEIBHOCTh MPECCo-
BaHus Ha 20 MUHYT.

1. 17st ero ncnbITaHus ObljIa CKOHCTPYWPOBaHA U U3TOTOBJICHA BUHTOBAsI ITpec-
copma [uIsl IBYCTOPOHHETO IPECCOBAHMS TOJIIAHACKOTO ChIpa PyYHBIM CIIOCOOOM.
2. JlnHamMOMeTp U1l U3MEPEHUS IPECCYIOIIETO YCUIINS HaJl CHIPHON MaccoH.

3. [IpoBeneHo MUKpOOHOIOTHYECKOE HCCIEIOBAaHUE Ui 0OOCHOBaHMS ONTHU-
MaJIBHOCTH (pallMOHAJIBLHOCTH) MPUOIM3UTEIBHOTO TEXHOJIOTHYECKOTO PEXHMa
JIBYXCTOPOHHETO ITPECCOBAHUS U €T0 BIUSHUS HA KAUECTBO T'OJUIAH/ICKOTO KPYTJIOTO
chIpa.

4. OnpeneneHo Takxke BIUSHUE (HOPMBI ChIpa HA MUKPOOHOJIOTHUECKUE TPO-
LECCHI TP CO3PEBAHNH TOJIJIAHJICKOTO ChIpa.

boin cnenan crnenyromuii BHIBO:

JIBycTOpOHHEE MPECCOBaHME TOPMO3UT POCT MUKPOOPTaHU3MOM IIPH MPECCO-
BaHUWU B MEPBbIC CYTKH (2,5) B OpOIAMIILHOM KaMepe.

MuKpoOHOIOTHYEeCKUH MPOLECC OMBITHOIO ChIpa MPOTEKall MHTEHCUBHO M C
Si cyTku coctaisa 2,95 mupn/1r cblpa o CpaBHEHHUIO C KOHTPOJIBHBIM CHIPOM C
KOPKO# 0€3 TOJICTOTO 10J KOPKOH CIIOSI.

JIBycTOpOHHEE MPECCOBAHKUE COKPAIaeT MPOAOIKUTEIILHOCTh IPECCOBAHUS Ha
20 MHHYT 3a CYET UCKJIIOYCHUS MEPENPEeCcCOBOK M UCIOIB30BaHUS Ccal(eToK mpu
MIPECCOBaHUM U OHOBPEMEHHOE YIUIOTHEHHE CBIPHOM MacChl ¢ 00EUX CTOPOH.

3axuouenne. 1. J[ByxctopoHHee npeccoBanue u (opma Cbipa HE BIMSAIOT Ha
MHUKPOOHOJIOrHYEeCKHE MPOLECCHl IPU CO3PEBAHUH TOJUIAHICKOTO KPYITIOTO ChIPA.

2. MuKpoOHOJIOruIecKHid polece MpoTeKal aHAJIOTHYHO HAauMHAas ¢ MOMEHTA
MIPECCOBaHUsI 10 KOHIA CO3PEBAaHMS ONBITHOTO ChIPa M0 CPABHEHHUIO C KOHTPOJIBHBIM
CBIPOM C KOPKOW. DTO O3HAYaeT, 4TO CAEIaH NEePBBIX 1Iar il 000CHOBAaHUS ONTHU-
MaJIbHOCTH TIPUOIN3UTENFHOTO TEXHOJIOTHYECKOTO PEKUMa, U JaHa BO3MOKHOCTh
MPOJOIKUTH (PallMOHATIBHOCTD) PEOTIOTUYECKUE U ONOXMMUYECKHE HCCIIEAOBAHNS
TOJUTaHACKOTO ChIpa.

3. JIByXcTOpOHHEE MPEeCcCOBaHUE YCTPAHIET aHU30TPOITHIO M HA OCHOBAHHUH 3TOTO
obecrieunBaeT OMaronpusTHBIE YCJIOBHS M OONBLION OOBEM JUIsI MHTEHCHBHOTO
pa3BUTHS, a TAKXKe paclpelesieHHe MHUKPO(IOPHI 10 BEPXHUX MOBEPXHOCTHBIX
CJI0OeB ChIpHOW Macchl. CrnenoBaTenbHO, OMOXMMHYECKHE MPOLECCHl MPOXOISIT
WHTEHCUBHO, YTO IIPUBOIUT K MOBBIILICHNUIO KAYECTBO ChIpa.
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CYAPMAJIBI JKAVBIIBIMIAPIBI YKACAY MEH MAJAJAHYIBIH
3AMAHAYHY TOCLIIEPI

AnHotauus. COHFBI JKBUIIAPHI KAWUBIIBIMIAPABI TYPAKTBI JKOHE JKyHeci3
nmalganany oJapAblH TO3ybIHA FaHA eMec, Kammbl KazakcTanmarsl Mall mapya-
MIBUTBIFBIHBIH TaMyBIHA Ja ocep eTyde. TaOuFu KaWbUTBIMIAPIBIH KETICTICYIITi-
JITIHEH COHFBI KE3/Ie CyapMaTbl KalbIIBIMIIAp jKacay KOJIFa aibIHyAa. ¥ CHIHBUTBITT
OTBIPFAaH MaKajaaa TO3BIFBI JKETKEH CyapMallbl XKepiepae MOJEHU >KaWbUIBIMIAp
JKacayza KoK OajayCaHBIH JKOFaphl OHIMIH ayIbl KAMTAMAacChl3 €TETIH JKePTUTIKTI
JKarmalira OeHIMIENTeH TOMBIPAKThl OHIACY MEH Mall a3bIFbl JTaKbUIIAPBIHBIH
TYpJACpiHIH KT Kypamabl KOCIAchlH €ry Tocinaepi OasHmanrad. JKaHamaH xa-
CaJFaH >KalpUIBIMIApAa JKOFaphl OHIMAUIIKTI Y3aK KpUIIap OOBI KaMTaMachl3
€Ty YIIiH OJIAPABIH OHIMIIIITI MEH YKEMIIOI CHIMBIMIBUIBIFEIHA COUKEC JKBUIKBI
MAaJIbIH JKAFOJBIH HAKTHI JKYKTEMEJIepi MECH HOPMATHBTEPIH €CENTEyIiH 3aMaHayn
omicrepi kepcerinred. CyapMaibsl KalbUTbIMAApAa KYH COYJIECIHEH KyaT ajlaThlH
ANEKTP OaKTAIIBUIBIPHIH MaigalaHy apKbUTbI KOTITUKIAB KAHBIIBIM aifHATBIMBI
yibpIMaacTeippuIFad. CyapMmanbl  SKaWBUTBIMAAPABI  JKacay MEH MaiJaTaHyIbIH
3aMaHay¥ TOCUIAEPi TO3BIFI JKETKEH KepJepiH OHIMAUIITIH 3 ecere ACHiH apT-
TBIpYFa MYMKIiHIIK Oepred. Kenkypamabl sKalbUTBIMAapaa JKBUTKBIHBI KOTIITHKITBI
YKATOJIBIH DKOJIOTHSUTBIK, YKOHOMHUKAJIBIK JKOHE QJICYMETTIK THIMIUTIKTepi OOUBIHIIIA
HaKThl MoJIIMETTep KenTipiareH. Makanana jkacairaH TYXKBIPBIMIAp MEH YCBI-
HBICTapabl 1CKE achIpy >KaWbUIBIM IIapyallbUIBIFBIH KYPTi3ymdiH KOJIAHBICTAFBI
JKYHeCiH TyOeTeti e3repTyre KopaeM eTeri.

Makana >kalblUIbIM IIapyalllbUIbIFbIH 3aMaH TajlallTapblHa cail 1aMbITy Mace-
JIeJICpiH TEPEH 3ePTTEYMEH IIYVFBUIIAHBIN KYPTeH FHUIBIMH MEKEME KBI3METKep-
JIiepiHe, COHBIMEH KaTap, pepMepiiep MEeH IIapyaiapFa TO3BIFBI JKETKSH CyapMallbl
JKepIIepe eKIe KanbUTbIMIap jkacay MEH OHa MaJl KArOIbI TYPHIC YHBIMIACTHIPYBI
YIIiH KePeKTi KYHIBI 91iCTEMEIIK Kypasl OOJbIT TaObLIa b,
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TyiiiH ce3aep: KeNKypamIbl cyapMaibl >KalbUIbIMIAPIBIH KEMIIOI ChIUbIM-
JBUTBIFBI, KOIIIUKIIl KAHBUTBIM aifHAJIBIMBIL, SJIEKTP Majl OaKTaIIbICHI.
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COBPEMEHHBIE NIOAXOAbI CO3JAHUA U UCITOJIB3OBAHUSA
OPOLIAEMBIX ITACTBHILI

AHHoTanus. B mocrnexane roasr 6eccMeHHOE M 0eCCHCTEMHOE MCTIONh30BaHNE
CKa3bIBaCTCS HE TOJBKO Ha JETpajialliy MaCTOMIIHBIX YIOAUN, HO U B IIEJIOM Ha
pa3BUTHU )XUBOTHOBOJICTBa Ka3axcraHa. M3-3a HEXBaTKHM €CTECTBEHHBIX MACTOMIII
B TIOCTIEIHEE BpEMs BEETCs CO3JlaHMe OpolIaeMbIX mactOuiml. B mpemmaraemoit
CTaTbe M3II0KEHBI CIOCOOBI O0OPAOOTKU TMOYBBI M IIOCEBA MHOTOKOMITOHEHTHOM
CMECH AaJalTUPOBAHHBIX K MECTHBIM YCJIOBHUSIM BHJIOB KOPMOBBIX KYJIBTYP
MPH CO3[aHUU KYJIBTYPHBIX MACTOWIN, OOCCICUMBAIOIIAE TMOJTYYCHHS BBICOKHX
YpOXKaeB 3€JICHOM MacChl Ha JErpaJupOBaHHbBIX OpOLIAEMbIX 3eMJIsiX. [IpuBeneHbl
COBpEMEHHbBIE METO/bI pacuera (HaKTUYECKHUX HArpy30K M HOPMATHUBOB BhbIllaca
JIoIIage B COOTBETCTBUM C UX MPOIYKTUBHOCTBIO M KOPMOEMKECTbIO KOTOPBIE
00eCcTeunBaIoOT BEICOKOTIPOAYKTUBHOTO JOJTOJICTHS BHOBb CO3JaHHBIX MACTOMIII.

Ha opomaempix macTOuIax OpraHu30BaH MHOTOLMKINYECKHIA MACTOUIIHBIN
000pOT C MUCTIOIH30BAHNEM AIEKTPHIECKOTO TACTyXa C COJHEYHBIM T€HEPaTOPOM.
CoBpeMeHHbIE TOAXOAbl K CO3JAaHUI0 U MCIIONB30BAHUIO OPOIIAEMBIX MACTOMII
[O3BOJIMJIM TOBBICUTH MPOAYKTHUBHOCTb JE€rPATIUPOBAHHBIX 3€MENb 0 3 pas.
ITpuBeneHbl KOHKPETHBIE TAHHBIE [0 IKOIOTUYECKON, SKOHOMUYECKOM U COLMAIIbHON
3¢ (EeKTUBHOCTH MHOTOIMKJIMYECKOTO BhITIaca JIOMIAJeii HA MHOTOKOMITOHEHTHBIX
nactonmax. IlpakTndeckas peanmu3anus BBIBOAOB W TPEJIOKEHUH, CIETaHHBIX
B CTaTbe, CIOCOOCTBYET KapJAMHAIBLHOMY HU3MEHCHHIO CYIIECTBYIONICH CHUCTEMBI
BEJICHHS MTACTOUIITHOTO XO3SHCTBA.

Cratesi mone3Ha paOOTHUKAM HAYyYHBIX YUYPEKICHUH, 3aHUMAIOIIUXCS YTIIy-
ONCHHBIM N3yYeHUEM TIPOOIeM pa3BUTHS MTACTOUIITHOTO X031CTBA B COOTBETCTBUHU
C COBpPEMEHHBIMHU TpeOoBaHUAMU. KpoMe TOTo, 3TO 1EHHBIH METONMYECKUI HHC-
TPYMEHT, HEOOXOAUMBIN (epMepaM U KpeCThsHAM JUIsl CO3/IaHUs [AacTOMI Ha
JerpalupOBaHHBIX OPOLIAEMBIX 3E€MJISIX M IPABUJIBHOM OpraHu3aiiu BbIIaca
CKOTA.

KuroueBble c10Ba: KOPMOEMKOCTh MHOTOKOMIIOHEHTHBIX OPOILAEMbIX IMaCT-
OWII, MHOTOIIMKIIOBOW TTACTOUIIIHBIA 000POT, AIEKTPHUECKUNA acTyX.
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MODERN APPROACHES TO THE CREATION AND USE
OF IRRIGATED PASTURES

Abstract. In recent years, permanent and unsystematic use affects not only the
degradation of pastures, but also the development of livestock in Kazakhstan in
general.

Due to the lack of natural pastures, irrigated pastures have recently been
created. The proposed article describes the methods of tillage and sowing of a
multicomponent mixture of locally adapted types of forage crops when creating
cultivated pastures, ensuring high yields of green mass on degraded irrigated lands.
Modern methods of calculating the actual loads and standards of grazing horses
in accordance with their productivity and feed capacity are given. which ensure
highly productive longevity of newly created pastures.

A multicyclic pasture turnover is organized on irrigated pastures using an
electric shepherd with a solar generator. Modern approaches to the creation and
use of irrigated pastures have allowed to increase the productivity of degraded
lands up to 3 times. Specific data on the ecological, economic and social efficiency
of multicyclic grazing of horses on multicomponent pastures are presented. The
practical implementation of the conclusions and proposals made in the article
contributes to a radical change in the existing system of pasture management.

The article is useful for employees of scientific institutions engaged in in-depth
study of the problems of pasture farming development in accordance with modern
requirements. In addition, it is a valuable methodological tool necessary for farmers
and peasants to create pastures on degraded irrigated lands and properly organize
grazing.

Key words: feed capacity of irrigated multicomponent pastures, multicycle
pasture turnover, electric shepherd.

Kipicne. Kaszaxcran xaWbUIbIMABIK Jkep OenepiHiH OipKenKi emecTiriMeH
CUTIATTAJIA]IBI JKOHE OJTap B OPHBIKTHI OacKapy Tociiaepi Oip-OipiHeH alTapIIbIKTai
epekmeneneni (Topexanos et all., 2008). Mbicaibl, analbiK, 16 KOHE IIOJICHT
aliMaKTaparsl KaHbUIBIMABIK JKepJIepAl YTHIMBI Naliaanany tocianepi OHTYCTIK
KazakcraHHBIH Tay eTeri ayMarbIHBIH JKaHbUIBIMIApPhl YIIIH MYJJIEM KOJNaHChI3.
Backa alimakTapMeH calbICTBIPFAHIA OHJA XaJIbIK THIFBI3 OpHAJIACKAH, >KEpPAiH
Oexepl TaynmbI-TONKBIHABI ~ OONBIN KeNledi KOHE JKepriulikTi cy kesumepi Oap.
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JKaitpuTbIMIapIbIH KBIPTYFaA )KOHE CyapyFa jKapamJibl ayMakTaphl eTiCTIK JKep-
Jiepre adHanabIpblIFaH. MyHmarel MainasiH 80 Mmaibi3aH acTaMbl IIAFbIH YKOHE
opTa aybLl MIAPYalIbUIBIFBI KYPBUIBIMIAPI MEH JKEKe MIapyallbUIbIKTapaa ycTa-
nmanel. (Amumaes et all., 2020))KaibputbIM ayMaKTapbIHBIH a3IbIFEI MEH OHIMIHIH
TOMEH/IIT], Ka3ipri yakpITTa OJlapFa KEPEKT1 KaWbUIBIMJIBIK MaJl a3bIFBIMEH TOJIBIK
KaHaraTTaH/AbIpa aiMaiTeiH Oonapl. [lalimamaHbimaii skaTKaH sxepiep eceOiHeH
JKAMBUTBIMJIBIK aJIKANTap/Ibl YJIFaNTy HEMece a3 Ke31HJe Masijibl [iajFail skaibl-
JBIMIApFa LIBIFAPYAbIH MYMKIHIIKTEp1 e ic xy3inae koK (Cmaumios et al., 2014).

Y CBHIHBUIBIT OTBIpFAaH MakajdaJa Maj a3bIKTHIK aIKANTapIblH OHIMILUTITIH
apTTHIPY YILIH TO3BIFbI JKETKEH JKEPIIEPC CyapMalibl KOIIKYPaM/IbI KA bLIBIMIAP b
Kypy MEH TNaijanaHyaslH 3aMaHayW TEXHJIOJOTHIAPBIH KOJNJIAHy apKbLIbI
OHIMJIUTIKTI €Ki €CEJCH acTaMfa KOTEpill, JKbUIKbIHBI  KaWbUIBIMIBIK JKAChLI
a3bIKIEH TOJBIKKAH/IBI KAMTaMaChI3 €Ty TOCUIIepi OastHIaIFaH.

3epTTey MaTepuaaaapbl MeH daicTepi. Makana Kazak mai mapyamibUTbIFbI
KOHE JKEMILOIl OHAIPICi FBUIBIMH-3€pPTTey WHCTUTYTHI MeH bipikken ¥urrtap
YiteimbiablH Kazakcranmarsl Jlamy barnapnamaceiasiy [lareia I'pantrap barnap-
namaceiabiH (LIT'B) Typxicran obnbickl Kaseirypt aynanst «Kapama arpoy» XXILIC-
HiH ayMmarblHIa Oipiecin icke achIipraH «JKepriyikTi KOFaMIacTHIKTapIblH oJl-
ayKaThIH YKaKCapTy YILIH TO3FaH KaWbUIBIMIAP/IbIH OHIMILIITIH JKEeIeT apTThIPY»
KOOACHIHBIH HOTIDKENIEpl Heri3iHIae AalbiHnanabl. KenkypaMmiasl kaibLibIMOap
KYpyFa KepeKTi Majl a3bIFbl JaKbUIAPBIHBIH TYKBIMIAPHI, KAUBUIBIMAAPABI KOp-
Imayra KepeKTi MaTepuasjiap MeH OHJIA JKbUIKBIHBI KOI IUKJJIBI TOCIIMEH KaroFa
KepekTi anekTp Oakrambl xadapikrapsl III'B -cer kamramack3 etti. «Kapamra
arpoy» JKILIC Oapnblk nana >KYMBICTApPbIH 63 KapXKbIChl ece0iHeH Jep Ke3iHJe
OPBIH/A/IBI.

Kazax MaJ1 mapyamibuibIF bl )KOHE JKEMIIIOT OH1i Pici FEUIBIMHU-3€PTTEY HHCTUTYTHI
Kazakcran PecryOukachinbiy “YKaitbuibiMaap Typaiibl” 3aHbIHBIH 9-0a0bIHBIH (3aH,
et all., 2017) xone “KaltbuIsIMAapABl YTHIMIIBI MalalIaHy KaFUJaIapblH OCKITy
typansl” Kazakcran PecmyOmukacel [Ipembep — Munuctpinin OpbiHOacapbl-
Kazakcran PecnyOnmukacer Aywin mrapyambuiblFbl MuauCTpiHiH 2017 KBUIFBI
24 coyipneri Ne 173 Oyiipeirsiabiy (byiipeik et all, 2017) TamantapbiHa colikec
YKAMBUTBIM TaHANITAPbIHJIA Te€O000TAaHUKAIIBIK 3epTTeyiep Kyprizinmi. Kemkypamist
JKaUBUTBIM TaHANTApBIH JKacay VIIIH JKePTUTIKTI XKep jKarmaiibiHa OeliMenTeH
YKOHBIIITKA, CUBIP YKOHBIPIIIKA, CPKEKIIIOI KOHE OUIabIK JaKbLIIAPbIHBIH KOCIAChI
erimi. OnapasiH ecin eHy OapbhIChIHAA (EHOJOTHSUIBIK OaKpLIayaap JKYpri3iiui.
JacakranraH ailblJIbIM ayMarbl TOPT TaHAIKA O6JIiH/I. Op KaHbLIBIM IIUKJIBIH/IA
JKEKEe TAHAINTBIH OHIMJUII AHBIKTAIBIN, OHBIH JKEMIION CHIMBIMIBUIBIFbIHA
COMKeC KBITKBI MAJIBIH YKAIOJBIH HAKTHI )KYKTEMECI MEH JKat0 Mep3iMi aHBIKTAJIIbI.
Ocbl HOpMaTUBTEP/I JKeaen ecenTey yiuiH excel opmaTTarsl canabIK (LU PIBIK)
OarmapiaMa madganbHBUIIBEL. JKaWbUTBIMIIBI AT aHyIbIH KOMIIUKIABl TOCITTiH
ICKE achIpy YIIIH KYH COYJIECIHEH KyaT aJlaThlH KbLDKbIMAJIbI 3JICKTP OaKTalllbl
naiaanaHbpUIIbL. AJBIH aia jKacajFaH MaJl JKarojblH OaraapiiaMachlHa COHKEC Ol
15 ra TaHamKa OpHATHLIBII, MaJ KAFJBIH HOPMATHBTIK Mep3iMi OITKEHHEH KeHiH
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KeJIeCl TaHaIKa KeITipuTin oTeIpsl. Man xatoman O6ocaraH TaHar O6apabaH THIITI
MaIlIMHaMeH CYFapbUIbITI, )KaHbITBIM Al 1aTaHy/IbIH KeJIeCi TUKITBIHA TalbIH IATITBI.
Ocpuraiima KaibUTBIM MayChIMBI K€31HE op TaHANTa 8 peT Mall )KaroFa MYMKIHIIK
»Kacaibl.

Horu:kenep. 3eprreynep Typkicran oOnbickl KaseirypT aymanbl Kbi3bui-Kust
aybuIIbIK OKpyTiHiH “Kapama Arpo” JKIIC (Oynan opi-XKILC) xepi LIbivMkenT-
TarmrkeHT aBTOXKONBIHBIH 70 KM-HIH IIBIFBIC )KaFbIH/A, ayJlaH OPTAIBIFGI “Kazbirypr”
aybpUIbIHAH 12 KM-1e xoHe LIIbIMKeHT KaachlHaH OHTYCTIKKe Kapai 72 KM xkepje,
Ynken Kenec kaHaIBIHBIH CYJIaHIBIPY MaCCHBI alfMaFbIH/IA KYPTi3UIIi.

XKep Oenmepi barbic TsHb-l1llaHbHBIH TOJKBIHIBI Tay OOKTEpIHICTI KOJIOey
JKA3bIKTAPBIHBIH KEH IKOJIaFbl TYPIHAC CHIATTaNajbl. TOMBIpaFrbl CYp KOHBIP
KapOOHATThI, TO3BIFBIHBIH JICHIeiiHe OaiiaHbICThI Kapamipik memmepi 1,2-1,7%
KYpanabl.

3epTTey ayMarbIHBIH KIIMMAThl KaTaH KOHTHHEHTANbB/IBI, KBICHI JKYMCaK, KbICKA,
KU1 KBUTBIHAIBI, J)Ka3bl BICTHIK, Y3aK. JKaybIH-IIanTBIHHBIH KUK Memepi 400-
500 MM Kypaiiibl, KbICKbI-KOKTeMT1 ke3eHae 80%-Fa JIeiiH jKaybIH-IIaIIbIH TYCE/II.
XKaitbuibiM  Ke3eHiHIH y3aKThirbl 240-280 KyHre >KeTelli, as3Chl3 MayChIMHBIH
oprama y3akteirbl 150-190 xyn. (baitmomnanos et all., 2013). Kap »aMbUIFbICHI
TYPaKCHI3 )KOHE TOIBIPAKTHIH KaTybl TeK OeTKi KabaTTapblHaa 00a bl 1a, O KbLTBI
aya-paiibIHBIH OacTanmysiMeH Te3 epuai. COHFbI KbULIAPBI KIMMATTHIH jkahaHIbIK
JKBUTBIHYBIHA OaiJIaHBICTBI BETETAIMSIIBIK Ke3eH y3apyna. (baitmomanos et all.,
2017). Byn »karmaiina skalbUIBIMIBIK OCIMIIKTEp ©CIN eHy/Al TOKTarmai, Oasy
Oosca na skanmracteipa Oepeni. OchiFaH OaiJIaHBICTBI MYH/IA JKaWbUTBIM KE3€HI e
Kel JKbUIIaphl Y3apblll, MaJIJibl KbIC aiiJlapbIH/Ia Ja KalbUIbIMIa OaFryFa MYMKIHJIIK
tyassl (baiimronanos et all., 2020).

KIIC-nix xanmbel xep kenmemi 192,5 ra, oHBIH imiHAe 67,8 Ta cyapmaibl
koHe 124,7 ra eHIMI TOMEH TO3BIFBI JKETKEH TAJIIMI €riCTiK, IIAOBIHIALIK MEH
KAUBUTBIMABIK, Kepiep. JKaWbUIBIMIBIK alKamnTapia Malibl JKyHeci3 >KaroablH
caJlapblHaH COKITAKTap MEH ©CIMJIIK )KOHE TOIBIPAK TO3ybIHA YIIbIPaFaH JKepIepIiy
yineci 50%-maH acanpl. MayChIMIBIK JKaWbUIBIMIAP/bIH KeoKOaiayca ©HIMIHCH
KUHAKTAJIATHIH a3bIK Oipiiri 900 neHTHepaeH acmaiapl. O KBIIKBL YITIH KYHIHE
11 Xr >KalbUIBIMIIBIK a3BIKTBIH OIpJIiri Kepek Jern ecenTereHie, CepiKTECTIKTIH
70 Gac XpUIKBICEIHA 112 KyHTe JKeTemi, SIFHH KEPEKTi KaWBIIBIMIBIK a3bIKTHIH
JKAPTBICHIHA KYBIFbI FaHA KaMTaMachl3 CTLICII.

To3raH aJiKanTapJblH OHIMIUICIH KeAed apTThipy OOWbIHIIA TyOereui
Imapanxap/bl iCKe achIpy YIIiH cyapyFa OonarbiH aymarbl 60 ra xepae KonmKypaMbl
KAMBUTBIM  JKacay YHFapbUIIbl. TOMBIpaK JKOHE TeO0OTAaHUKANBIK 3eTTEyJep
HOTIDKENEepiHe CYHeHe OTHIPHII OJ1 XKepiiep 4 sKalbUThIM TaHANTapbIHA OOTiHI. Op
TaHAN KaJBINTAaCKaH EPEeKIIUTIKTepiHe call OHJEI, JKOHBIIIKA, CUBIPKOHBIIIKA;
CPKEKILOMN oHE OMIANbIK TYKBIMIAPBIHBIH KOCMAJaphbl KaMbUIFbl aprna HeMece
CYJIBI JaKbLIIapbIMeH Oipre ceOii.

Bipinmi tanam - 8 >Kbl1 OYpBIH JOH[I JAKBUIIAP €TireH KOHE TO3BIFBI JKETill
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TanTanFaH xepiep OonarbiH. OHIAa Mall a3bIKTHIK AaKbUIIAP/IBIH TYKBIMBI TOIIBI-
PaKTHI aybIp TUCKIMEH €Ki PeT OHJICINTeHHEH KeiiH ceOiIi.

Exinmi TaHart - 2 b1 OYPBIH KBIPTHUTBII ISH/I JAKbUIIAP €TIJTEH dKOHE COHFBI
yaKbITTa KaWbUIBIM PETiHJE TMaliaNaHbIll XYPreH kepiep eai. MyHaa TYKbIM
TOTIBIPAKTHI OHAEMEeN YH3eI Il CETKINITeH ceOiIi.

Y inmn TaHar - OeTKe sxepaeri cyapyFa 001aThIH )KalblUIbIMAAD eai. MyHIaFb!
TaOWFY IMONTEP/IiH KaJFaH OOIriH caKTal Kalxy YIIH JUCKIMEH OHJeI Yn3eli
CEMKIIIIEeH ceOimmi.

Teprinui TaHar - MaJ bl XKYHECi3 xKaro cangapblHaH KaTThl TO3FaH OeTKennepaeri
XKabpuTbIMIap OonaThiH. TombIpaK AppO3UACHIH OONIBIpMAY VIINIH onap OeTkeire
KeJIJIeHeH OarbITTa JUCKIMEH OHJICIIN, TYKbIM YH3eI/i CETKIIeH ceOii.

AtanfaH >KalbUIBIM TaHanTapel YJkeH Kenec MaructpaibAblK KaHaJbl
nerreiiiner 60-80 MeTp TOMEH OpHaJIaCKaH KoHE oJlapFa Cy JKep acThl KYObIpiIapbl
apkpUIBl  Oapaapl. KemnkypamIel >KalbIIbIM KacallaThlH OapIiblK TaHAITapFa
KOChIMINIA cyapy >kyHenepi Taptbuiibl. Cyapy KyHeciHIETi YIKEH KBICBIMIBI
naigananein O0apabaHAbl cyapy KOHABIPFBUIAPBIMEH COyip MEH Kapalia aiiapbl
apanbiFbIHAa 8-9 peT cyrapbuabsl. HoTmkene, ®aibuUTbIM MayChIMBIHBIH KOKTEMT'1
Ke3CHIH/Ie )KaHa/IaH )KacallFaH )KalblUTbIM TaHANTapbIH A 23-28 11/Ta, KANBUTBIMIBIK
a3bIK TaMIIbI O0sIaThIH ka3 ainapseinaa 30-39 iy/ra, an kyzae 19-29 n/ra kexbanayca
eHiMi anbIHAbI (1-cyper).
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1-cyper. JKaifbuTbIM HUKIIAPBIHAAFEl  KOK Oanayca eHiMi

Tankplaay. OHIMIUTIKTIH ecellen apTybl )KalblIbIM MaychIMbl kKe3eHiHae 2000
LEHTHEPACH acTaM a3bIK OipiiriH skuHakTaynsl sxkoHe «Kapama Arpo» KUIC-nin
70 KBUIKBICHIH >KalbII CEMIPTYl KaMTaMachl3 €TTi. MaJ a3bIKThIK JaKbULIAPBIHBIH
KOIKYPaM/[Ibl €TiCi TO3FaH TONBIPAKTHIH KYHAPIBLIBIK KYILIH Te3 KAJIIbIHA KEATIpyTe
7€ OH bIKIIAJI KacaJbl.
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Exne >xaiibuiblMaapaa >KMHAKTaJIFaH XEMIIONTIH JKOFapbl eHIMII Maccachl
ANEKTp OaKTambuIapAbl KOJNJIAHY apKblIbl KOMUKIIbl JKaWbLIBIM alHaIBIMBIH
yiibIMaacTeIpyFa MyMKiHIIK Oepai (2, 3-cyper).

2-cyper. DneKTpoOaKTarIIbl

3-cypet. Kenkypamps! cyapMaiisl >KaibIIbIM

Op TaHANTBIH MAayChIMJIBIK OHIMJIUTITIHE Call KBUIKbI JKAIOIbIH CaHJIbIK
Oarmapiamacsl xxacamisl (1-kecre).

1-xecre. Kon mukii skalbIIbIM alfHaIBIMBIH YHBIMIACTBIPYIBIH OaFaapiIaMach

Huxnnap Kaiiblasim 60 ra 70 bac 60 ra xaiibl- Op 15 rexrap
LMKJIBIH- | )KaWbUIBIMHAH |  JKBUIKBIFA JIBIMZIA XKBUIKBl | TaHANTA XBIIKbI
JIaFbl Op LMKJIJA | KYHJIE KepeKTi HKAKOZIBIH, HKAIOBIH
JKAJIIbBI )KOHE | aJIbIHATBIH HOPMATHBTI HOPMATHBTIK HOPMAaTHBTIK
MaJ KeHTiH a3bIK a3bIK Mep3imi, Mep3imi,
60% eHiMm, Oipriri, 1 Oipiri, 1y KYH KYH
u/ra (c*0.25*%60) | (0.11*70) (d/e)
a B c d e f 1 2 |3 |4
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?:.I(I;I:.)-II&OS. 28 | 168 252 7,7 33 8 8|98
?-6?(1;;(?30.06. 39 | 234 351 7,7 46 12 11112
gg)l.l(l)dgfoqos. 351 21 315 7.7 41 10 [10] 10|11
(5)_9].l(l)d§(.?12.o9. W 270 7.7 35 8§ |9l9]9
?;(1)4;.?15.10. 2| Wi 261 7,7 34 9 |9|8]s
ZTSI.T(I;.I-IQ‘M. 20 || 1 225 7,7 29 7 17(8|7
zlgz-.ullf.(-%}lz. ) 171 7,7 2 5 16|65
Bapabirbl 2052 267 67 | 66|68|67

Kecrene kepceriiren Oarnmapiama OOMBIHIIA, JKbUT MayChbIMbIHA OaiTaHBICThI
60 rexTap cyapmMaisl kalbutbiMAa 70 6ac JKBUIKBIHBI op MUKIAa 22 neH 46 KyH,
an 267 KYHIIK KalbUTBIM MayChIMBIHIA 8 PET JKatora OOJaTBIHABIFBI aHBIKTAIIIBI.
Byn xarnmaiina 15 rekTapiblK TaHANTHIH OHIMIUIITT KOKTEM Ke31H/E )KBUIKBIHBI 9P
nuknga 7-8 xyH, xasznaa 10-12, an kysne 5-8 kyH katora sxeteni. JKpuikbuiapas! 6ip
TaHaI asChIH/a OYJI Mep3iMJIe IICKTEIl )KaK 6Te KHUbIH.

CoHJIBIKTaH J1a 3JICKTP OaKTalllbl KOHBIPFbLUIAPHI iCKe KOCBUIIBI. OJiap CaH/IbIK
OarmapiaMaza KOpPCEeTUITeH TOPTINl OOMBIHIIA Op TAHAINTA YKAWBUTBIMIBIK a3BIKTHI
naiganaHynblH OIpKEJIKUTITiH JKOHE HOPMAaTHBTI Mep3iMiH MYKHAT Kaaranar
OTBIpyFa MYMKIiHIIK Oepmi. barmapmer ka0 mep3imi  OITKEHHEH KeWiH O
KOHIBIPFBIIAP KeJIeCi TaHalKa KeIIpuIli Jie, MaJl jKalwjaH OocaraH TaHAlTapa
Oip alijaH acTaMm YakbIT, SIFHU KeJIeCl JKaHbLIbIM IUKIIBIHBIH MEp3iMi KeJreHIie,
cyrapy jkoHe jie 0acKa Jjana >KYMbICTaphl iCKe achIpbUIIbL. JleMalbIcTarbl KE3CHIE
TaHANTapaa KeJeci Majl JKaro IMUKJIBIHA KAKETTI ©CIMIIK Maccachl dKUHAKTAJIIBL.

OnexTp OakTamibl )KaOIBIFBIH TMalijalaHy apKbLIbl HAYPBI3-KEITOKCAH aiiapbl
apabIFbIHA JKaWBUTBIMIIBI OIPKEIKi JKOHE THIMJII Malijanany jKyHeci iCke acThl.
O op Oac *®bUIKBI OackiHa ecenTereHie S0 Kr-ra JIeHiH KOChIMIIIA caliMaK HeMece
25 kr taza et nen cayburran 30 6uenen 27000 nuTp cayman eHAipyre MyMKIHJIIK
Oepni. Ex kapamalibiM ecenrteyiep OolibiHia, 60 ra cyapmaisl skabibuibiMaa 70
0ac KBUTKBI YCTaFaH/1a, )KaWbUTBIM MayCBHIMBIHIA TYCETIH Ta3a TaOBICTHIH JKAJIIIBI
coMmacsl 15 MutH. TeHreHi Kypazapl. XKalbuisIMaap sl KypyFa, KYTill Oarrar cyrapyFa
JKOHE TalijlanaHyFa, COHIal-aKk eMJIIK CYT eHIMIepiH (caymall, KbIMbI3 JKoHE T.0.)
OH/Iipyre 0AMIaHBICTBI KOChIMIIIA 25 aj1aM KYMBICIICH KaMTaMachl3 T,

Makanazia atan KepceTuIreH jkaHa Tocinuep TypkicTan oOnbichkl Kaseirypt
aynaabl «Kapama arpo» XKILIC-HiH >kaWbUTBIMAApbIH OacKapy >KOHE THIM/II
naigananynsie 2021-2022 xputnapra apHaJFaH JKOCIApBIH JKacayFa HeTi3 OoIbl
(Canmpik et all,. 2021). Onapasl KeHiHEH KOJJIaHy OHTYCTIK OHIpJE KAWBLIBIMJIBI
naiaanaHy MoJICHUETiH/IE TEXHOJIOTHSUIBIK CEPITLIIC TyFbI3a/Ibl, MaJl APy alTbIIBIFbI
OHIMIH OHJIIPY/ll YIFaUTaIbl )KOHE 2 ece Koll TaObIC any/bl KAMTaMachl3 eTe/i
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KopoiThinabl. 1. [lerpafanusra yisIparas sxepliep/ie KOMKYpaM/Ibl CyapMalibl
KaUBUIBIMAAPIBI KYpY MEH NaiaiaHyIblH 3aMaHayd TOCUIAEpi JKeMIIeN ©HIM-
IUTITIH €Ki ece YJIFAWTHIN, KbUIKBI IIapyallbUIBIFIH OPHBIKTH JaMbBITY YIIiH
K2)KETTi MayChIMIBIK a3bIK KOPBIH XKacaKTayFa MYMKIHJIIK Oepei.

2. Kenuukii Mas xarofblH CaHAbIK OaF1apiaMachl KoJIaHyFa bIHFaiibl. OHBIH
(dopmatbIH ysuTbl TenedoHIa CaKTall Ke3-KeJIreH yaKbITTa JKOHe Ke3-KeJIreH JKeplie
TaHANTaFbl HAKTHI OHIMIE COMKeC MaJjl KaroIbIH HOPMATHBTIK MEpP3iMiH aHBIKTayFa
OoJIaabl.

3. Kacaxranran OarJapIaMaHbIH HOPMaTHBTEPiHE COMKEC HIIEKTp OaKTalIbl xKao-
JBIKTApbIH KOJJIAaHY CyapMallbl KalbUIBIM TaHANTAPBIH KOIIIMKIIB MaliaaTaHy bl
’KOHE MayChIM CallbIH p KBUIKbIAAH 215 MBIH TEHI€IEH acTaM Ta3a TaObIC aTyJIbl
KaMTaMachI3 eTeli.
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®U3UKA KYPCBIHJA 3AMAHAYH JIEKTPOH/IBIK OKY
KYPAJIIAPBIH KOJIJAHY

AnHoTanus. Maxkanaga OKy-TopOue ynepiciHae 3amMaHayd akKlapaTThIK-
KOMMYHHUKAIUSUTBIK TEXHOJIOTUSUIAP/bI Nailanany JaibIHIbIFBIHBIH KaJbIITACYBI,
JNalbIHIBIK YPOiCi Ke3iHAeri KOFaprbl OKY OpBIHIApPbIHAA CTYACHTTEPIiH MKEKe
TYJIFa PeTIHJETI ic-opeKeT Mocesenepi KeTKUIIKTI 1opexeae KoHia 0oyl KaxeT
ereni. CTyaeHTTepre aknapaTThIK-KOMMYHUKALMSIIBIK TEXHOIOTHSI KypaiapbIiMeH
KYMBIC icTeyre NalbIHIBIK KOPCETKilli OOJBIN KEKe TYJIFa KaJbINTACYbIHBIH
JaMybIH, 1IKI KyaTbIHBIH OalJIbIFbIH, €PIKTIriH, BIKbUIACHIH, OHEP TAIKBIIITHIFbIH
KOHE T.0. JKalapblH KOPCETETIH MICUXUKAJBIK KarAalibl OasHAaIFaH, IPoOIeMaHbl
LIeTy KOJAaphl 3epTTenret. Kasipri »Koraprbl OKy OpbIHAAPBIHBIH AaMy OoJaliarsl
KOFaMHBIH JaMy YIepiCiMEH YHEMi ecCill OTBIpaThIH akKmapar KeJeMiHiH dpTypii
TeriMeH aHbIKTanaapl. Ctygentrepre 0iniM Oepyrie *aHa OKbITY TEXHOJIOTHsLTIapbIH
KOJIIaHy, THHOBALIMSUIBIK OaFBITTA XKYMBIC )Kacay 3aMaH TaJlaObIHa cali Taarn eTiryae.
Oky yaepicinze KOMIBbIOTEPl THIMII Maiinanany jkoHe KOJAaHy KeHiHT1 )KbIUIAaphl
alTapiablKTail OH TaXipuOe Oepin oThIp. ATar alTCaK,)KOFapFbl OKY OPBIHAAPBIHBIH
CTYACHTTEPiHIH 63 OeTiMEH i3/1eHici, MOHre AETeH KbI3BIFYIIBUIBIFBIH apTThIPHII,
LIBIFAPMAIIBIIBIFBIH IAMBITYFa, OKY KBI3METIHIH MOICHHUETIH KaJbIIITaCTHIPYFa,
nepoec KYMBICTapbIH YHBIMAACTBIPYFa €peKIIe KOJIalibl XKaFaaid TYFBI3bI OTHIP.
Con cebenti makanana JKOO-ga MexaHuka KypChIHBIH TEOPHSUIBIK HETi3iHE
MBbIcanap kenripingi. Ecentepai memnry ogicreMecinin THIMALTIT 9icTeme Typine
OaiinmanpicThl eMec. DU3MKANBIK ecenTepAl MIeUTyaiH apTYpJii oficTepiH KongaHy
OoiibIHIIIA SKCIIEPUMEHTTEP JKYPTi3e OTBIPHII, Oenrini Oip omictemMeHiH Oenrini Oip
KaFainap/aa THiM/Ii €KSHTIT1 aHBIKTaJIJIbL.

3aMaHayd aKHapaTThIK-KOMMYHHMKALMSUIBIK — TEXHOJOTHSUIApABl  KOJJIAHY
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HeTi3iH/Ie KaJIbINTacKaH OimiM Oepy KypalJapbhlHBIH JKaHa TYPJIEPIHIH MYMKiH-
TIKTepl JKOHE OJapAblH OYTIHTI TaHJaFbl IEJarormka FBHUIBIMBI CaJlaChIHIA
XKY3€re achlpbUIYBIHBIH TYPJl JKOJJIAphl KapacTelpbliagsl. bimim Oepy yaepicin
aKmapaTTaHabIpy KypaJapbl SIEKTPOHBI OKBITY KYpalJapbIHBIH YITiCI peTiHae
kenripinred. OKy yIepiciH/Ie 3aMaHayy aKIapaTThIK TEXHOJOTUSHBI Ak 1a1aHy/IbIH
HETi3Tri Typi DJIEKTPOHIBIK, CTYICHTTEPAIH O3MiriHeH OiliM anybiHa, OUTIMIH
urepyre MyMKIHJIIK OEpeTiHAIKTEH AIIEKTPOH/IBIK OKBITYFa KCHIHEH TOKTaJIFaH.
Tyiiin ce3nep: ®usnka, MeXaHUKa €ceNTepi, aKIMapaTThIK-KOMMYHHKAIIHASIIBIK,
TEXHOJIOTHSIIAP, SIEKTPOH/IBIK OKBITY, IIBIFApPMAIIbUIBIK, KbI3BIFYIIBUIBIK, MOIETh-
ey, TUTAKTUKAJIBIK OipIIiK, 3€p/ICTiK OKBITY, K9CI0M KbI3MET,JICKTPOH/IBI OKBITY.

E. K. Beraaues', A.JK. Ceiittmyparos!’, A.K. Ko3bi6aii’, I.b. caesa’

'Ke3butopnunckuit yauBepeutet umenn Kopkwit Ara, Kei3puiopaa, Kazaxcran;
*Ka3zaxckuii HallMOHAIBHBIIN TTEA0TOTHUECKUI YHUBEPCUTET UMEHN Abas,
Anmatsel, Ka3axcras.
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HNCITOJIB30BAHUE COBPEMEHHBIX SJIEKTPOHHBIX
OBPA3OBATEJIBHBIX CPEJCTB B KYPCE ®U3UKU

AHHOTanMs. B crarbe m3naraercs CTAaHOBJICHUE MPUMEHCHHS COBPEMEHHBIX
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTHH B y4eOHO-BOCIUTATEIBHOM
IIPOIIECCe MeIarOT IS CKUX BY30B, a TAKKE HEOOXOMMOCTh JJ0CTATOYHOTO BHUMAHUS
B BBICHIUX yqe6HHx 3aBCACHUAX K ACATCIIBHOCTU CTYACHTOB KaK JIMYHOCTH. B
mporiecce padoThl CO CPeACTBAMU UH(POPMAIMOHHO-KOMMYHHUKAITUOHHBIX TEXHO-
JIOTHI M3JIaraeTcsl ICUXOJIOTUYECKOE COCTOSTHHE 00YYaIOIIUXCS B UX CTAHOBICHHN
KaK JIMYHOCTU, TAKUC KaK BHYTPCHHSAA HAIPABJICHHOCTL, 3aMHTCPECOBAHHOCTD,
TBOPUYECTBO M PACCMATPUBAIOTCS MYTH PEIIeHUsI 3TUX npodiieM. IhHEeKTUBHOCTD
MCTOAOJIOTHUHN PEIICHUA 3a/1a4 HE 3aBUCUT OT THUIIa METOAOJIOT . HYTGM IIPOBCIACHUA
AKCIIEPUMEHTOB IO UCIIOJIE30BAHUI0 PA3IMYHBIX METOJOB PEHICHUS (PU3UICCKHIX
3a/1a4 ObUIO YCTAHOBJICHO, YTO B OTPEICICHHBIX CUTyausaX d(h(ekTuBHA Ta WK
HHass METOAUKA. Eyﬂym;ee Pa3sBUTUC COBPEMCHHLIX BBLICHIUX y‘-Ie6HI)IX SaBCI[eHI/Iﬁ
OTIpE/ICNSICTCS  Pa3IMYHBIMA  HCTOYHUKAMHU O0beMa WHGPOPMAIHUH, KOTOPBIH
MOCTOSIHHO PacTeT C MpoleccoM pa3BuTHs obmiectBa. Mcrmonb3oBaHue HOBBIX
MEearOTHUECKUX TEXHOJIOTHIT B 00YYCHUH CTYACHTOB, paboTa B HHHOBAIIMOHHOM
HalpaBJICHUA Tpe6yeTc;1 B COOTBETCTBHMU C COBPEMECHHBIMU Tpe6OBaHI/I$IMI/I.
O¢ddexTrBHOE UCTIONB30BaHUE U HCIIOJIIb30BAHUE KOMIIBIOTEPOB B Y4EOHOM IPO-
necce 1ajao 3HAYUTENbHBIN TOJOKUTEIBHBIH OMBIT MOCIESIHHX JIeT. B yacTHOCTH,
CaMOCTOATCIIBHOC HUCCIICAOBAHUC CTYACHTOB BBLICIINX y‘Ie6HI)IX 33BCI[€HI/II\/'I IIOBBI-
[IaeT UX WHTEPEC K MPEIMETY, Pa3BUBACT TBOPUYECKHE CIIOCOOHOCTH, GOpMHUpPYET
KYJBTYpy y4eOHOU JEesITeIbHOCTH, CO3MaeT 0C000 ONaronpusTHbIC yCIOBUS IS
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OpTaHU3allu CaAMOCTOATEIILHON paboThl. FIMEHHO MO3TOMY B CTaTbe MPUBEICHBI
MIPUMEPHI TEOPETHUECKO 0a3bl Kypca MEXaHUKH B yHUBepcuTeTe. DPPEeKTUBHOCTH
METOZ0JIOTUH pEeIIeHNs 3a/1a4 He 3aBUCUT OT TUIa MeTojo10ruu. [TyTem npoBeneHus
9KCIIEPUMEHTOB TI0 HCIIOJIB30BAHUIO PA3JIMUHBIX METOIOB PEIICHUsS (U3MUECKUX
3aja4 ObUIO YCTaHOBIICHO, YTO B ONpEENICHHBIX CHTYalusx d(p(eKTHBHA Ta WIN
MHAasi METOJIUKA.

B Xome mpumeHeHHs COBpPEMEHHBIX HH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH U3YUYECHBI HOBBIE BOBMOXHOCTH 00pa30BaTEIbHBIX CPEACTB U MyTH UX
peanu3anuyd B COBPEMEHHOM Teaarorndeckoi Hayke. PaznenuB oOpa3oBarenbHbIC
pecypchl W 3JEKTPOHHBIE YYEOHHKHM Ha YeThIpe TIPYIbl, OCTAHOBWICS Ha
HNOTPEOHOCTSX U COACpPKAHUM KaXKIOW IPYIIBI, B TOM YHUCIE YAEIUB OOJbIlIe
BHUMAaHUS MPEUMYIIECTBaM JJIEKTPOHHBIX YYEOHHKOB KaK OCHOBHOTO CpECTBA
MHPOPMATMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH.

KuroueBblie ciioBa: Gpusuka, 3a1a41 MEXaHUKH, HHOOPMAITHOHHBIE 1 KOMMYHH-
Kal[MOHHBIE TEXHOJIOTHH, DJIEKTPOHHOE 00y4YeHHE, TBOPUECTBO, HHTEPEC, MOAECIIH-
pOBaHME, AUAAKTUYECKOE EIUHCTBO, MHTEIUIEKTyaJbHOE 00yuyeHue, npodeccuo-
HaJbHas JIeSTeIbHOCTD, JIEKTPOHHOE 00yUYEeHHE.

E.Zh. Begaliev', A.Zh. Seytmuratov'*, A.K. Kozybai’, G.B. Isaeva*

'Korkyt Ata Kyzylorda State University, Kyzylorda, Kazakhstan;
?Abai Kazakh Pedagogical University, Almaty, Kazakhstan.
E-mail: angisin_(@mail.ru

USE OF MODERN ELECTRONIC EDUCATIONAL TOOLS IN THE
PHYSICS COURSE

Abstract. The article describes the formation of the use of modern information
and communication technologies in the educational process of pedagogical
universities, as well as the need for sufficient attention in higher educational
institutions to the activities of students as individuals. In the process of working
with the means of information and communication technologies, the psychological
state of students in their formation as a person, such as internal orientation,
interest, creativity, is described and ways to solve these problems are considered.
By conducting experiments on the use of various methods for solving physical
problems, it was found that in certain situations one or another technique is effective.
The future development of modern higher education institutions is determined by
various sources of information, which is constantly growing with the development
of society. The use of new pedagogical technologies in teaching students, work
in an innovative direction is required in accordance with modern requirements.
The effective use and use of computers in the educational process has given a
significant positive experience in recent years. In particular, independent research
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of students of higher educational institutions increases their interest in the subject,
develops creative abilities, forms a culture of educational activity, and creates
especially favorable conditions for organizing independent work. That is why the
article provides examples of the theoretical base of the course of mechanics at
the university. The effectiveness of the methodology for solving problems does
not depend on the type of methodology. By conducting experiments on the use
of various methods for solving physical problems, it was found that in certain
situations this or that technique is effective.

During the application of modern information and communication technologies,
new possibilities of educational tools and ways of their implementation in modern
pedagogical science have been studied. Having divided educational resources and
electronic textbooks into four groups, he focused on the needs and content of each
group, including paying more attention to the advantages of electronic textbooks as
the main means of information and communication technologies.

Key words. Physics, problems of mechanics, information and communication
technologies, e-learning, creativity, interest, modeling, didactic unity, intellectual
learning, professional activity, e-learning.

Kipicne. YXoraprsl oKy OphIHIapbIHIIA 3aMaHAYH aKMAPaTTHIK TEXHOIOTHSIHBI
Taliamanynbl JaMBITY TaTallTapbIHBIH HETi3T1 TEHACHITUACH KociOn OimiM Oepymi
aKIapaTTaHIbIPY/IbIH MOHIH alllyMEH KaTap, OHbI IAMBITYFa aCep €TETiH (pakTopiap
MEH KOJIapAbl aHBIKTAY OOJBIT TaObLIAIbI.

Oxky-TopOue yJepiciHie 3aMaHayd aKIapaTThIK-KOMMYHUKAIUSUIBIK TEXHOJIO-
TUsUIapbpl Taiianany JalbIHIBIFBIHBIH KaJBIITACYbI, JaWbIHABIK YpHAici Ke3iH-
JIeT1 )KOFapFhl OKY OPBIHIAPBIHIIA CTYJACHTTEPAIH KEeKe TYJIFa PeTiH/Ier] ic-opeKeT
Macernenepi JKeTKUTIKTI Iopekee KoHiI 0emy/i KaxeT ereqi. CTyneHTTepre akma-
PaTTHIK-KOMMYHHUKAIMSUTBIK TEXHOJIIOTUAKYPATAApBIMEH JKYMBIC iCTEyTre aibIH-
JIBIK KOPCETKIII OOJIBIN JKEKEe TYJIFAa KaJbIITACYBIHBIH JaMybIH, 1IITKI KyaThIHBIH
OaliJIbIFbIH, EPIKTITIH, BIKBLJIACHIH, OHEP TANKBIIITHIFBIH XoHE T.0. JKaillapbiH
KOPCETETIH MCUXHUKAIBIK Karnaibl anbiHanel. OFaH ©31H JYPHIC YCTay, HIBLIaM-
IBITBIK, OEKeM OONIyIbl KaMTaMachl3 €TETiH SMOIMOHANIBI TO3IMIUTIKTI JIe JKaT-
KbI3yra Oomaapl. COHBIMEH Karap, MeIaroTHKalbIK iC-OpeKeTKe, SFHH TMeIaroru-
KaIIBIK YpHicKe OaHIaHBICTHI 63 iC-OpEKETIH TajfayFa, OHBIH TaOBICTBIIBIFEI MCH
TaOBICCHI3/IBIFBIHA FBUIBIMU HETI3/e TYCIHIK 13]leyre, >KYMBICHIHBIH HOTHKEINI
0OJTybIHA YMTBUTYFa TaJlalITAHAIbI.

3aMaHayu aKIaparThIK-KOMMYHUKAIMSUIBIK TEXHOJIOTUSIIAP apKBUIBI KOFaPFbI
OKY OpBIHJApPbIH/IA CTYACHTTEPIIH MAiBIHABIK CAllaChlH apTTHIPY, OJAPIbI KY3ere
ACBIPY/IBIH IAPTTAPBIH KYPY, )KaHa )KOHE ISCTYPIIi OKY-TopOue 9/1iCTEpPiH YiIecTipy
TICUXOJIOTHSUTBIK-TIEJarOTUKAJIBIK, OKY-9/IiCTEMEINIK jKoHe 06acKa a MacenenepIin
Oipryrac kemieHaepiH Taman erefi. OnapablH OarbITTapblH  TOMEHJETIICH
TOINTACThIpyFa OOJIaIbI:

- OKy-TopOHWe ypJiciHe 3aMaHayd aKnaparThIK-KOMMYHUKAIUSUIBIK TEXHOJO-
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THSUIApIbl SHAIPY MOCEJECiH MmenryiH OipTyTac KemleHIi FhUIBIMH-9JIiCTeMETiK
TOCUTIH XKacay;

- TPAKTUKAIBIK KBI3METTE 3aMaHayd aKIapaTThIK-KOMMYHHKAIUSIIBIK TEXHO-
JIOTHSIAPIBI MaiIaany 9IiCTEMECIH JKacay;

- CTYAEHTTep/l OUTIMALIIK MeH 1CKepIIiK IaFJbUIapblH UTepyTe Jaspiay;

- OKY FUMapaTbIHbIH MATEPUAI/IBIK - TEXHUKATBIK KOPBIH KETULIPY;

- FRUTBIMHU-O/TICTEMEITIK KYpaJapMeH KaMTaMachl3 eTy;

- aKnmapaTThIK-KOMMYHUKAIUSIIBIK TEXHOJIIOTUSIIAPABIH MYMKIHIIKTEPiH icke
aChIPy apKBUIBI OKBITY VACPiCIHIH BIKIAIIBUIGIFEI MEH CallaChIHBIH JCHTCHIH KO-
Tepy;

- MaWbIHIBIK CalachlH apTTHIpyFa OaFrbITTalFaH OpPEKeTTEP/iH OeNCEeHILTIriH
apTTBIPATHIH IIapaap/bl KAMTaMachI3 €Ty,

- Ka3ipri 3aMaHFbl aKnapaT eHey TOCUIIePiH MaialaHy Heri3iHae MoHapaIblK
0aiiIaHBICTHl TEPEHJIETY.

3amMaHayu aKIapaTThIK-KOMMYHHKAIUSIIBIK TEXHOJIOTUSIAPAB KOJIJaHy HeETi-
3iHe KaJBIMTACKaH OiiM Oepy KypalmapbIHBIH jKaHa TYpPJICPiHIH MYMKIHIIKTEPI
JKOHE OJIapiblH OYriHI TaHJIAFbl TENAaroruka FhUIBIMBI CajachIHIA JKy3ere
aCBIPBUTYBIHBIH TYPIII XKOJIAaphl 0ap. Atam aiiTkaH/a:

- OiniM OepeTiH OaraapiaMaiblK Kypajiaap, ajl ojapiblH 9QiCTEMENTIK KbI3METI
TeMeHJeriiell OoJibIn Keledi: urepiireH OuTiM MeepiHeH Xadapuap €Ty,
CTYICHTTEpHOiH OUTIM aldy HeMece TOKIPUOeNiK KBI3MET TYypiiepi MEH ©3iHIIK
KaOiJIeTTepiH KaJbIITACTBIPY JKOHE Kepi OaiylaHbICTap apKbLIbl aMKBIHIAIFaH OKY
MaTepHalJapbIH UTEePYIIiH KaXKeTTi JOPEKECiH KaMTaMachl3 eTe Oiy;

- OKy MarepHallIapbIHBIH HIepilly JopeKeciH OaKplIayFa (63iH-031 OaKbUIayFa)
apHaJiFaH OarmapiaManap;

- CTYIGHTTEpHiH Xabapiapmasl Oenrim Oip JKyilere KenTipy KaOireri MeH
TOKIpHOECIH KaNbINTACTHIPyFa apHaJIFaH aKMapaTThIK-13eHICTIK Oaraapiamanap
XKyHecl MeH aKNnapaTThIK-aHBIKTaMAIIBIK OaraapiamMalbiK Kypaiap;

- OKY MaTepHuasbIHbIH 0acThl KYPBUIBIMJIBIK oHE (PYHKIIMOHAIIBIK HAKTHLIbI-
FBIHBIH O€INT1Ti Oip acTeKTiCiH KAMTUTBIH MMUTAIMSUTBIK OaF1apiiaMalibIK Kypajiaap
(xyiternep);

- OKy MaTrepuajiapblH KOPHEKi TYp/e KOpCETETiH (IEMOHCTPAILHUSIBIK) OKY
Kypasiapel;

- TYpPJl OKY aFaainapbiHa (MbICATBl CTYASHTTEpre MYpbhIC HICHIM KaObliiai
Oiry HeMece ic-opeKeTTiH THIM/I CTPaTeTUsACHIH TaH1al 0iTy KabieTTepiH KabIi-
TacThipa Oily MaKCaThIH/Ia) apHAJIFaH OMbIH TYPIHJIET1 OaFIpiaMalibiK Kypajiaap;

- IeMaJIbIC Ke31HJIe KOJIZIaHbIC TabaThIH OaFIapiaMabiK Kypasaap.

3amMaHayu akKMaparThIK-KOMMYHHUKAIMSJIBIK TEXHOJIOTHSIIAP/Ibl Tal1aiaHyabliH
HETi31HJe OWNayJablH LIBIFApMAIlbLIBIK 9PEKETTEPiHIH jkaHa (opManapsl maina
O0onanpl. CoHpmali-ak, MYHBI aJaMHBIH IICHXWUKAJIBIK KAJIIBIHBIH IaMy YpIici
peTinze ae KapacTeipyra Oomajsl. MoceneH, OKyIbl cabakTa KepceTiireHn OcitHe
MOJIIMETTI KOpYy KOHE €CTy aHalM3aTOPBIHBIH e3apa OaiilaHbIcTa KYMBIC icTeyi
HOTIKECIHe KaObuTnainbl. KaObuiaay epikTi koHe epikci3 OOJIbI eKire OetiHemi.
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Epikci3 kaObuimanran akmapar 24 carartaH kediH 50%-bI YMBITBIIAIBI €KEH.
CryneHTTepAiH OKy MaTephalblH 63 BIKTUSIPHIMEH KaObUIIAyhl, OHBIH 3CHiHIH
aynapyblHa OaiyaHbICThl. 3€iiH ayaapy CEHCOPIBIK (KOPIHETIH, €CTUIeTiH)
HEeMece Oilay OKWFaJlaphlHa aKbUT-OH, KYII-JKirepiHe IMIOFBIPIAHABIPY HETi3iHIe
aHbIkTayra Oosajpl. CTyJACHTTEpre MEHrepe ajiaThblH aKlapaThlHAH, aHAFYPJIBIM
KOl aKmaparTaH TYpaThlH Marepuall YCHIHBUIFaH JKarjaiia, OJapJblH 3eWiHiH
TEK KaXeTTI MAJIMETTepre aynapy Kepek, OKbITYIIBIHBIH MiHJETI - CTYJCHTTEep/i
KBI3BIKThIpa Oiny. KBI3BIFYNIBUIBIK JIGHT€Hi CTYIEHTTEpre OKY MarepHaliblHa
TepeH YHITyiHe, OLTyre KYMapibIFBIHBIH OSHYBIHA TYPTKi Oonansl. OKy IMoHIEpiH
CaJIBICTBIPYFa, COJ apKbUIbI KaHJal Ja Oip O KOPTHIHIBICHIH IIbIFAPyFa KOMEK-
Teceri. KpI3bIFynIbIIbIK ACHTeHiH )KOFapbUTATYIBIH TYPIIi CTUMYJIIAPhIH (MOTIHIIK,
JBIOBICTBIK, OeliHenik T.0.) Oip OKBITY »o0ackiHa OipiKTipyre MyMKiHAIK OepeTiH
aKIMapaTTHIK-KOMMYHHUKAIASIIBIK, TEXHOJIOTHSIIAPIBI KOJIAAHY apKbLIbI KOJ KET-
Ki3yre OoJapl.

Crynentrepre OiniM OepydiH HOTIIKENUIrT akmaparTel KaObUIIayra MYM-
KIHTIK OEpeTiH CEHCOPNBI-TIEPCENTHBTI YPAICTEPAiH CpeKIIeIirine, sFHH,
nai anaHyIIbIHBIH aKIapaTThl KaObUIIayFa, OJ1 aKIapaTThl jKaJbIHJa CaKTaybIHA
Toyenai Oombin keiemi. KakeTTi yakpIT apallbIFbIHIA OepijeTiH akmapaT Kejemi
KaOBbUIAAYIIBIHBIH ~ (DU3HONIOTUSJIBIK ~ CPEKIICIITIHe COHKEC ©3repill  OTHIPYbI
KakeT. Teopus MEH NMPAKTUKAHBIH BUIFU OIpJIKTE€ OONYBI TaHBIM TEOPHSICHIHBIH
OacCIIBUTBIKKA aJIaTBIH YCTAaHBIMAAPBIHBIH Oipi. benrim Oip KyOBUIBICTHIH, OHBIH
OciiHeCiHIH Hemece YFBIMHBIH aKWKATTBIFBIHBIH KPUTEPHUH1 MpakTHKa OOJBII
CaHaJaJIbl.

AKIapaTThIK KYpalaap/isl aiianany apKbUIbl OKBITY YPIICIH KYprisy Oipmama
KETICTIKTepre KOJ JKETKI3eTiHIH KOITereH 3epTreyiep nanenaen oepeni. JocTypii
OKBITY 9JICTEpIMEH CaJIbICTBIPFaH/a, 3aMaHayH aKIapaTThIK- KOMMYHHUKAIMSITBIK
TEXHOJIOTUsIapAbIH 0a3a HeriziHje AalbIHIaNFaH Oarnapiamalnap CTYISHTTepIiH
KBI3BIFYIIBUTBIK BIHTACHIH OTIJIETIH MaTepHaliFa TOJBIK aylapblll, COHBIH 9CepiHeH
€CTe KaJaThlH MaTepuayl Kejemi apTajibl, OKbITYFa KETETiH YaKbIT YHEMJICICII.
Hakrbuman aiiTkaHma, OKy MarepHallblH MEHrepyre KeTeTiH YakKbIT OipriraMa
YHEMJIEJIe I, all MCHIEPIeH MaTepHrall KejieMi OipHellle ece apTajibl.

AKNapaTThIK-KOMMYHUKAIUSUTBIK TEXHOJOTHSIIAPFa OalIaHBICThl TEXHUKAJIBIK
YKOHE KOCIITIK OUTiMII, Oocekere KaOiaeTTi MaMaHAap bl Jaspiayaa CTYIeHTTePIiH
KYHeni KOCINTIK aKmaparThIK OaFbITTBUIBIFBIH O€Nrili canaia KaJbIITacThIpy
JKYMBICTAPBIHBIH FHUIBIMU-TIEIATOTMKAIIBIK HETi31H jKacay, OHBI yaKbIT TaiaaObIHa
cail Te3 apajia eIy apHaibl FEUTBIMU JKOJIMEH 3ePTTEYl KOKET €TETIH 6T KYH/IbI
Macere.

CoHBIMEH, aKIMapaTThIK-KOMMYHHUKAIMSUIBIK TEXHOJOTHS Kypajaaphl akiia-
parThl )KUHAKTAy, CaKTay, OHJIeY JKoHe OcliHeseyi KaMTaMachl3 eTeTiH OipbIHFal
TEXHOJIOTHSIIBIK KYHere OIpIKTIpUITeH omicTep, OHMIPICTIK yaepicTep MeH Oar-
JapiaMaiblK TEXHUKAJIBIK Kypalijap >KUBIHTBIFBI PETIHJE aKMapaTThIK pecypc-
Tapabl TNaiAanaHy YIEpiCiH OHTaWIaHIBIPATHIH JXOHE OHBIH CEHIMIUII MeH
KBUIIaMIBIFBIH aPTTHIPATHIH OONIFaHIBIKTAaH, OFaH Kelleci/iel aHbIKTamMa Oepemis:
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«AKMNaparThIK TEXHOJIOTHS Kypailapbl KOMITBIOTEPIIIK TEXHUKA MEH JKEeNinepii
KOJJTaHy HETI3IHAE aKMaparThIK VIEpiCTepAi »Ky3ere acwhlpyFa OarbITTajFaH
aKnaparThIK oHe Oargapnamansik Kypangap» (Hypramuesa, 2019).

Kanmbr OarbITTaFbl CEPBUCTIK Oar/apiaMaliblK Kypaigap OKy KyKaTTapblH
paciMzeyre, ecenTey/li aBTOMaTTaH IbIPy YIIiH Maliaananabl.

CrynenTrepaiH OuTiK-Iarapl MEeH OimiM JeHreiliH Oaranay j>koHe OakpuiayFa
apHAIFaH OarmapiaMaiblK Kypaagap KeH KOJMTaHbIC TamkaH. OKBITYIIBI OyIT
KYpaJJbIK OJKYHelep apKbulbl Oaraapiamaiay HerizjaepiH OinMece ae OKy
TaKBIPBIOBIHBIH CYpPaKTapbl MEH MYMKiH OOJIaTHIH JKayarTapblH KYpacThIpa ajaibl.
OperTe, OKYWIBIHBIH MiHACTi-YChIHBUIFAH >KayanTap IIIiHEeH IYPBIC >KayarlThl
tagnay. OceiHmal Oarmapiamanap OKBITYIIBIHBI JKeke OaKblIay TarchlpMasapblH
TapaTyJaH )KoHe OJIapbIH TYPHIC OPBIHAAIYBIH TEKCEPYACH O0ocaTaibl.

DNEeKTPOHIBI TPEHAXKEPIIAp NMPAKTUKAJBIK JaFAbl MEH OUTIKTepiH MallbIKTaH-
JIBIpyFa apHaJFaH.

MaremaTHKabIK *KoHE KO3FaJbICThI MOJEINbACYIe apHaIFaH OaraapiamaliblK
KYpaaap TEOPHSUTBIK 3ePTTEYIepAiH IIEKTEYJIepiH KeHEUTyre MyMKIHIIK Oeperi.

AKIaparThI-1374ecTipy aHbIKTaMAaIIbIK XKYHeep aryaH TYpIi aknaparThl eHri3yTe,
CaKTayfa, YChIHyFa apHaJFaH.

ABTOMaTTaHBIPBIIFAH OKBITY JKYHesepl MarblH KeJeMeTri OKbITY Oarmapia-
MaJiapbl TypiHzae Oomabl.

DNEeKTPOHIIBI OKYIBIKTAP AJIEKTPOHIBI OKBITY KYpalIapbIHBIH HETI3T1 KYpaJbl.
DNeKTpOoHIbI OKYIIBIK OaraapiiaMa MEH CTaHIAPTThIH AUJAKTHKAJIBIK OipiikTepiH
AHBIKTAUTBIH TIOH OUTIMIHIH CTaHAAPTTHl MaMaH[BIFbIHA, OaFbITTapblHA TOIBIK
Coiikec OOJIBII YKOFAPhI FHUIBIMH JICTEMEJTIK JCHICH/IC JKacalabl.

CapanraManbIK OKBITY JKyHeJepi acaH bl 3epje (MHTEIUIEKT) TeXHOIOTHSICHI
MEH HICSICBI HET131H/1e )Ky3ere acaapl. MyHmaii )kyhenep Kyp/aeai MiHIeTTEP/Ii ey
OapbIChIHIA capanIublIap OpeKeTTEePiH MOAeNb TYpiHAe Oeperdi. OKiHIlIKe opai,
capanTamalblK OKbITY kyhenepimer (COX) sxympic OapbIChIHIA CTYACHTTEpPMEH
Kepi OaitnaHpic ky3ere acmaiabl. OnapAbH aTKapaThlH KbI3METIH TOMEHJETiaen
oelnrinenik.

Oxy OarbITHIHAAFBI 3aMaHAyH aKMapaTThIK KypalIapaslH HET13T1 TypIiepi:

* JKaJITTbl OAFBITTAFbl CEPBHUCTIK OarnapiIaManblK Kypajiaap;

* CTYIICHTTEPIBIH OUTIK-TaFaeI MEH OLTiM JIEHTeHiH Oarayay MeH OakplIayra
apHaJIFaH OarapiaMallblK Kypajiaap;

* 3JIEKTPOHJIBI TPEHAXepIap;

* MaTeMaTUKAJIBIK )KOHE eIIIKTey MOJISNIbCyTe apHaIFaH Oar1apiaMallbiK Kypai-
Aap;

* i3/1eCTipy-aKnapaTThl aHBIKTAMAIIBIK JKyienep;

* JJIEKTPOH/IBI OKYJBIKTAD;

* capanTaMaiblK OKBITY XKYyHemnepi;

* HHTCJUICKTYAJJIBIK 3CePCIIiK OKBITY JKYHesepi;

* KOCi0M KBI3METTI aBTOMATTaHABIPY KYpaJiIaphbl.

WuTennexTyanasik 3epaeiik okeity xyhenepi (M30XK) xylienepiiH eH xxoFapbl
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JeHIelIepiHe sKaTa/bl KOHE jKacaHIbl MHTEIJICKT 3eplie HErisiHie icke acalsl.
WnTemnexryangeik okpiTy xywenepi (MOX) oky MiHAeTiH miemnry OGapbICHIHBIH
OapiBIK Ke3eHaepiHae 0acKapymbl Ky3ere acklpanasl. MyHai quanor OapbIChIHIA
OpEKETTiH AYPBICTBIFBI FAHA €MEC, OHBIH IIEIly CTPATETHSCHI, JKOCIapiaybl Jia
TaJJaHabl.

Kacibu kp3merTi aBTOMarTaHablpy kKypainapbl (CALS-xyitenepi T.0.) amek-
TPOH/IBI OKBITY KypaJsibl KYpaMbIHIaFbl 3€pTTEY IOHI pETiHIe FaHa eMec, Kacion
OaFpITTANFaH MIHIETTEP/Il TICTTyIe OKBITY KYPaJIbl PETIH/E KapaCThIPBLIAIBI.

JKorapeima kepceTinreH OimiM Oepy yAEpiCiH akmapaTTaHIBIPy Kypagapbl
ANIEKTPOH/IBI OKBITY KYpaJJIapbIHBIH YATICI peTiHae kenripinreH. OKy ynepicinae
3aMaHayd aKMapaTThIK TEXHOJOTUSHBI MaliAananyablH HeTi3r1 TYpi AMEKTPOHIBIK,
CTYACHTTEP/iH 63/irineH OiniM anybiHa, O1iMiH Urepyre MyMKIHIIK OepeTiHAIKTeH
ANEKTPOH/BIK OKBITYFa KEHIPEK TOKTaJIalbIK.

DNEeKTPOHIIBI OKBITY KYPaIJIApbIH OKY YIepiCiHIe KOJJaHy TOMEHJEri Heri3ri
KaFpaajjap yIIiH MeJaroruka TYPFeICBIHAH THIM/I onap:

- DJIEKTPOH/BI OKBITY KYpalbl TEK arajfaH aKIapaTThIK TEXHOJOTHs apKbLIbI
THIMJII MEHTepYyTe JIAHbIK Ma3MYHBIMEH TOJIBL;

- Op ’KaHa IIEKTPOHIBI OKBITY KYPaJibl IeAarorrapra oKy YAEpiCiHIe SIeKTPOH b
OKBITY KYPaJIBIH KOJIJJaHy THIMJILTITiHE )KeTyre MyMKIHIIK Oepe/ti;

- JJIEKTPOH/IbI OKBITY KYPaJAapbl MOJIMETTEPIiH ayKbIMJIbI MOJIILIEPiH KAMTUIBI;
OHBIH 1IIIHAE ayauo,0eliHe, T.0. TypiHAeri aKnaparrap.

- DJIGKTPOH/IBI OKBITY KYpaJAapblH KOJIaHy OKBITYIIBIH MaKcaT-MiHJETTepiHe
KETYiH KaMTaMachl3 €Te/li ’KoHE OKY YAEPiCiHIH THIMALTITIH apTThIpabl.

Ocpl ToxipuOeneH KepreHimizaeH, 3MeKTPOHIbl OKBITY KYpajapblH KOJJaHy
yHeMmi TriMzi 6ona 6epmeiisi. JKaHAIIbUT TEXHOIOTHSUTBIK KypajlIap/Ibl KOIaHya
HETI3r1 OKBITYyaH Iepi akmaparTaHAbIpy KypajlapblH HaiJaJaHbIl OKBITYIBIH
THIM/II €KECH/IITIH KONITETeH MbICAJIap/IaH KopyiMizre 00a bl DISKTPOHIbI OKBITY
KYPaJIbIH KOJIJITAaHY THIM/JI1,0pbIH/IbI, KAXKETTI OOIAThIH XKaFAalaapbl OKbITYIIBIHBIH
031 0Lyl Kepek.

DNEeKTPOH/IBI OKBITY KYPaJIbIH KOJAAHYAFbl HET13r1 IUAaKTHKAIBIK MaKcaTTap
— MamiMeTTep/i Xabapiay, OUTiIMAEepiH KaIbIITACThIPY XKoHE OCKiTy, OiTiK-1aF/abl-
JapbIH KaJBIITACTBIPY JKOHE JKETULAIPY, OKyFa BIHTAJIApbIH apTThIPY, MEHIepyiH
OaKpUIay XKOHE KOPBITBIHIBLIAY, T.0.

Kazipri ke3enye camanbl OuTiM Oepy YIIIH 3JICKTPOHABI OKBITY KypaiaapbiH
KOJIlZaHy eTe KakeT. Onap/Ipl TEOpHUsAaH repi ic )Ky3iHae )Ky3ere achblpyFa TOMeH eT1
XKaFaainap MyMKiHIIK Oepeni:

- CTyACHTTEp/IiH OuUTiMAepiH ©3 OeTiHIIe KOpPCeTy opeKeTiHIH allyaH TypJepiH
YHBIMIACTBIPY;

- OKBITY OpeKeTiHIH CaH ajlyaH TYpJIepiH OpBIHIAAy OaphICHIHAA Ka3ipri akma-
PATTBIK JKOHE TENCKOMMYHHKAIMSIIBIK TEXHOJIOTHSIIAPABIH OapiblK MYMKIHIIK-
TEpiH Naianany;

-TUIEPMATIH I )KOHE TUTIIepMEeIHa XKy HelepAiH, MyJIbTUME 1A TEXHOIOT USICBIHBIH
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MYMKIHAIKTepiH Taiifanany apKbpUIbl OKY YpHAICiHE Typa >KOHE aCCOIHAIUSIIBIK
MAJTIMETTEP/Il eHTi3y;

- CTYISHTTEPJAiH WHTEIUICKTYyaIbIK MYMKIHIIKTEPiH, OLUIIK-IaFabI-0imiM
NeHreiiH, XKalmel OlriM Oepy ToHIepiHiH Oenrisi cabakka MalbIHABIK JISHTeHiH,
MeMJIEKETTiK OiiM Oepy CTaHIapTHIHBIH TaJlaNTapblHa COMKEC MaTepHalibl MEH-
repy HOTHXeJepiH OObEKTHBTI TYPFbIIaH Oarajiay jKoHe AUarHOCTUKACHIH JKYPri3y;

- KeKe CTYJCHTTEp/iH HHTEIUICKTYANJIbIK JICHIeiiHe, OHBIH OUTIK-IaF bl
OlmiM eHreiine, epeKIeNikTepiHe ColKec KONJaHbUIAaThIH OKY Kypaligapbl MEH
OIICTEepiH eCKepe OTHIPHII, CTYASHTTEPIIH OKY iC- OpEKETiH 6acKapy;

- CTYACHTTEP/IiH JKeKe O3/1IK OKY KYMBICBIH JKY3€Te achlpyFa JKaraal TyFbI3Y, 03
OeTiHIIe OUTIKTLTIKTEpIH JAMBITY, JKY3€Te achIpy, OLTIMIH KETiAipy JaFabLIapbiH
KaJIBIITACThIPY;

- OLTIIMHIH Ma3MYHBI MEH MaKcaTTapblHa COMKeC Ka3ipri ©3eKTi aKnaparieH ara-
aHaap/Ibl, OKBITYIIBIIAP/IbL, CTYACHTTEP/l YaKbIThIHIa KAMTaMaChI3 €Ty,

- OKBITYIBIH THIMAUITIH apTThIpyFa OarbITTaliFaH CTYIEHTTED MEH OKBITY-
LIbUIAP/bIH, aTa-aHaJapAbIH apaChIHIAFbl TYPAKTHI KAPbIM-KaTbIHACTAPIbIH HET131H
Kanaubl.

DNEeKTPOHIIBI OKBITY KypallJapbl MEH pecypCcTapbIHbIH OiliM Oepy KyleciHiH
0acThl KQKETTIIITIH HET13T1 TOPT TOMKA OOl KepceTyre 00mabl.

Bipinmri Tonka ctyaeHTTepAiH Oenrisi 611iM *KyHe CiH KanbINTacThIpy KaKeTTiTir
JKaTaabl. DJIEKTPOHABI OKBITY KYPAJIbIH KOMAAHY KaKETTUTITI CTYICHTTEpAl MaTe-
Maruka, pu3nkKa, XUMusi, Ouosorus, T.0. MoHAEpiH Oip Ke3eHIe KaTap KapacThlpy
MHTErpabl CUIIATTaFbl LUKIJapbIMEH TAaHBICTBIPYAAH TYBIHIAANWIBI.

DNEKTPOHIBI OKBITY KYpaJIbIHIA KaXETTI MHKPO KOHE MAaKpOAYHHEHIH
3NIEMEHTTEPiH, KONIaHy KypajlapblH 3epTTeyIeH TybIHAalabl. (MbIcanbl, eciMaiK-
TepJIiH JKacyllalapblH, aTOM KYpbUIBIMBIH, KYH KyleciHeri YpAiCTepiH 3epTTeyre
MYMKIHIK O€peTiH 3JIEKTPOHIBI OKBITY KYpaiiapsl, T.C.C.).

DNEKTPOHIBI OKBITY KYPAIBIHBIH KAXXCTTUIIT JOCTYPI OKBITYFa TOKIpHOEIIK
HETi3JIeNyIeH TanmalThlH («IIEKCi3/iK» YFBIMBIMEH TaHBICTBIPY, Tele-TeHIIKTi
cakTayzbl 3epTTey) 3aHJap MEH YFhIMIAp KaTapblH 3€pTTEy JKarJalblHOa TYbIH-
JTal eI,

ExiHmi Tonka CTyACHTTEPAIH PENPOAYKTHBTIK JAFAbLIaPbIH MEHIEPTY KasKeT-
TUTITHE OalIaHBICBIH JKaTKbI3aMbI3. EcemnTey »Kyprizy jKarmaimapblHAa ITOHIIK
PENPOAYKTHBTIK JaFAbUIapAbl MEHrepyre OaiaaHbICTBl SIIEKTPOHIBI OKBITY
KypallbIHJa KKETTUTIK TybIHAAWIel. Ecerm XKypridy, OHBl TeKCcepy, HOTIKeIepIi
OHJICYTe apHAJIFaH yaKbITThl KbICKApPTy OapbIChIHIA IEKTPOHIBI OKBITY KYpaJibiH
KOJJIaHy ©Te TWiMJi (MbIcaibl, (QU3UKaAa eJlley KypajJapblHbIH OipiikTepiH
aHBIKTAy, XUMHSAJA KOMIPTCK H30MEpJepiH KypacTblpy, MareMaTukaja THITIK
TPUTOHOMETPHSUIBIK €CENTep i ey ).

YriHmni Tonka e3 OeTiHIIe i3/1ey OBl apKBIIBI CYObEKTHBTI KaHa OiTiM amyra
KOMEKTECETIH CTYACHTTEp/AiH UIBIFApMAIIbUIBIK JAFIbUIAPBIH  KAJBIITACTHIPY
KOKETTUTIT] KaTaapl. AlFaH ©HIMHIH JKaHAIIBUIIBIFBl IIBIFApPMAIIbUIBIKICH Oaii-
Kay Heri3ri Oeunrici Oombim TaObUIanbl. LIbIFapMambUIbIK OpPEeKeTiHIH MIiHAETTI
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apThl — TAaHBIMJBIK YPIiC OapbIChIHAA Ke3/1eCeTiH KUBIHIIBLIBIKTAp. COHBIMEH,
IIBIFAPMAIIBUTBIK JIAFIBUIAPBIH KAJBIITACTHIPYBIH apHAWBl YHBIMIACTHIPBIIFaH
TaHBIMIBIK OPEKETTEPIHEH, apHAWBl KYPACTHIPBUTFAH OKY MIiHIETTEpiHEH Tajar
eTel.

YpIicTiH eH THIMJII HYCKAChIH HEMECe €H YHEM/II XKOJIbIH TaHJay Maceleepi
ety 0apbIChIH/IA IEKTPOHIBI OKBITY KYPaJlIaphl 6Te KaXKET.

DNEeKTPOHIBI OKBITY KYpallAapbhlHAa KAKETTUIIK OOIKaM HOTHXKENEpiH TeK-
cepyre OarbpITTaNFaH MACeIep/Ii MIenTy/Ie TYbIHIaHIbI.

DNEKTPOHIIBI OKBITY KYpaaaphl JTa0OPaTOPHSUIBIK TOXKIPHOE OTKI3yIe KaKeT
00JTyBI MYMKIH, €rep Jie OYJ1 TOKipHOere CoJl OKY OpbIHBIHIA TA0OBLIMANTHIH OCIT1TI
KypaJijap Kepek 0oJca.

TepTiHIIi TONKA CTYIEHTTEP/IiH KEKE TYJIFAIIBIK KACUETTEePIH KaJIBINTACThIpyFa
KEPEKTi KOKETTUTIKTEpl KaTajbl.

DNEeKTPOH/IBI OKBITY KYPaJIBIHBIH Ma3MYHBI, OipiHIIIIEH, aKmaparTbl cakTay,
OHJICY, YCHIHY JaFablIapblH KAJIBIITACTRIPYFa OaFpITTaIFaH. barmapiiaMaHbIH Teo-
PUSUTBIK 06JIiT1 )KOFaphl OKY OPBIHIAPBIHBIH CTYJACHTTEP] YIIIiH aKMapaTThiH OHaii-
JIBIFBIHA OAFBITTANIBIN HH()OPMATHKA CATACHIHIAFbl 0APIIBIK TEOPHUSIIBIK CYPAKTAPIbI
KAMTH/IEL.

DNEeKTPOH/IBI OKBITY KYPAJbIHBIH MOTIHJIK aKMapaTThIK MaTepHaliaapbl Kell-
TETeH CypeTTepMEH KaMTBUIFaH, OHBIH IMIiHAE TEOPHSUIBIK epeKeIep/IiH )KoHe ic-
TOXKIPUOETTiKOpEKeTTeP I KOPYTe KOMEKTECETIH MyIbTUMEIHAIBIK TPE3CHTAITHIIIAP,
JIBIOBICTBIK TYCIHIKTEMEIIEP.

Y ChIHBUIATBIH aCTIaNTap KUBIHTBIFBI OKbITY Ma3MYHBIHBIH KYPbUIBIMBIH KaH 1Al
na Oip TOCUIMEH KaJIBINTACTHIPBII, 9p TYPJl THITI cabakTapabl YHBIMAACTBHIPYFa
KOJT aIl1a bl. DIIEKTPOHIBIK OKBITY IIIEHOEPiH/Ie OKBITY YP/IiCiHE HAKTHI OaFqapiama-
JBIK OHIMI eHAIpY MeH KOJNAAaHYIBIH THIMILUTIK JEHTeWiH, SFHU, OJIICTEeMEIiK
TOJIBIKTHIFBIH OHIMHIH acIIanTap >KUBIHTHIFBI aHBIKTAUTB.

BarnapnaManblk ©HIMHIH JCHICHI OHBI KOJJIaHY KE3IHAErl HaKThl JKYMBIC
icTey KaOuIeTi MEH OHBIH KayilCi3/iriH KaMTamachl3 €TYMCH aHBIKTaJIajbl.
Barmapiamanblk ©HIMHIH JKYMBICBI OHBIH KbUIIaMIbUIBIFBIMEH, CEHIMIUTITIMEH,
nHTep(EHCIHIH BIHFAHIBUIBIFBIMEH CHUMATTaNaasl. MoceneH, OaFmaapiaMalibIK
OHIMHIH JeHreiiH TeK KaHa OHBI KOJIJaHFaH Ke3Ze aHbIKTayFra Oonaabl. Anaiina,
ANEKTPOHIBIK OKBITY KYPaJIaphIH Oaraiall TaHAayasl €CTECH IIBIFapMay KasKeT.

Marepuangap meH Jaicrep. Kazipri >KOFapFbl OKY OpBIHIApPBIHBIH JaMy
OoJaiarbl KOFAMHBIH JIaMy YJIepIiCIMEH YHEMI ©CiIl OTBIPaThIH aKmapaT KeJeMiHIH
opTypai TerimMeH aHblkTananpl. CrymeHtrepre OimiM Oepyne KaHa OKBITY
TEXHOJIOTUSJIAPBIH  KOJJIaHy, WHHOBAIMSUIBIK OAaFbITTa JKYMBIC jKacay 3aMaH
TanaObIHa cail Tamamn erimyzne. OKy y/AepiciHIe KOMIBIOTEp/i THIMII MaiianaHy
JKOHE KOJIAaHY KEHIiHT1 KbIIIAphl alTapibIKTall OH TOXipube Oepim oTwIp. Arar
afTCaK,)KOFapFfbl OKY OpPBIHJIAPbIHBIH CTYJACHTTEPIHIH o3 OeTIMeH i3/eHicl,
MOHTE JICTEH KBI3BIFYIIBUIBIFBIH aPTTHIPHIIN, HIBIFAPMAIIbUIBIFBIH JIAMBITYFa, OKY
KBI3METIHIH MOJICHUETIH KaJbIITACTBIPYFa, IepOec )KYMBICTAPBIH YHBIMIACTHIPYFa
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epeKlIe KOJaiibl JKargall TyFbI3bll OTBIp. Mpican kentipe kercek JKOO-nma
MexaHuKa KypCBIHBIH TEOPHSIIBIK HET131HIE.

Mexanuka OeiMiHIH 631 Y Heri3ri Oesimre OelliHe/Ii: KHHEMATHKA, TUHAMUKA
JKoHe cratuka. KuHemarwmka ‘“‘meHe Kamail Kosfaiaapl?”, sFHHU, ceOenTepiH
aHBIKTaMal, IeHe KO3FaJIbICBIHBIH 3aHIbUTBIKTApbIH 3epTTeiiai. bipkenki, Oipkenki
YAETINTEH TY3Y 9oHE KUCHIK CBI3BIKTHI KO3FAIBICTHI KapacThIpasl. MarepuaibIK
HYKTE, OJI, OPBbIH aybICTBIPY, TPACKTOPHsI, aHBIKTAMAJIBIK JKYHE, KbUIIAMJIBIK
KOHE Y/eY YFbIMbI eHrizijeqi. BeKTopibIK maMa yFIMbI TEPEHIpeK 3epTTelei.
Ko3ranmbeIcThIH TpadUKaIbIK KOPiHICI KapacTHIPBUIAABI, SFHU OKYIIBLIIAP BEKTOP-
JIAPJIbIH KOCBLTYBI MCH aiibIpMaIlbUIBIFBIH YHPEHE/I.

Junnamuka «JleHe Here Kosfallaapl?» AWHAMUKaAa aabiIMeH HBIOTOHHBIH
OIpiHII 3aHbl KapacThIPbUIAJbI, KO3FaJBICTHIH HETI3rl JUHAMHKAJBIK CHIIAT-
TaMajapbl — Macca MEH KyII €HTi3ijeli, COIaH KeWiH KYII, YIey *XKoHe macca
apachIHIaFbl OaHIaHBICTBEI KOpCeTeTiH HBIOTOHHBIH CKIiHII 3aHbBI CHTI31IeHi.
HproTOHHBIH eKiHII 3aHbIH OipHeIIe KYIITEepAiH ACHECiHEe 9cep €Ty KaraalblHa
Kazy YIMH KYIITepai KOCY KapacThIPbIIaAbl, cOmaH KeHiH HBIOTOHHBIH YITiHIII
3aHbI eHTi31Iel. Hpr0TOH 3aH1aphl MEXaHHUKA I IpTei, )KalbuiaMa, TOKIpuoe MeH
AKCIIEPUMEHT apKbUIbI pacTallFaH, COHJIBIKTaH OJap alIbIMEH TY)KbIPBIM/IAIA]IbI,
COJIaH KeWiH SKCIICPUMEHT apKbUIbI CypeTTeIIeI].

MexaHuKaIarbl KYIITEPAiH ©3apa opeKeTTeCy TypJepiH (TpaBUTAIUSIIBIK,
CepPHIMAUTIK, KapCBhUIBIK) 3€pTT€y OapbhICBIHIA OJApAbIH JACHEICpHiH e3apa
OpHAaJIacybIHa kOHE Oip JICHEHIH SKIHIICIHEe KAaTBICTBl KO3FAJIBIC KbLIIaM/IbIFbIHA
TOYEIIUTITT aHBIKTAIaIbI.

['paBUTANMSIIBIK KYIITEp CHTI3UITEHHEH KeWiH onap OYKUIONEMIIK TapThUIbIC
3aHBIH 3€PTTEH /I, Ay BIPIBIK KYIITi, ayBIPIIBIK OPTAIBIFBI TYPAIBI TYCIHIK Oepe/i )koHe
KBUTIAMABIKTBIH ©3Tepyl aybIpBIK KYIIiHIH dCepiHEH OONAaThIH KO3FAIBICTAPIIbI
KapacTeIpajpl. bacramkbl KargaiyapplH peJiH ararn KepCETiHi3, aJFalliKbl
FapBITITHIK KBUTIAMIBIKTE €CENTeHI3. Opi Kapal, cepmiMaiTik Kymrepi MmeH ['yk
3aHbl KapacThIpbUIa/bl. JleHEe cajaMarbl YFBIMBI CEPIIMIUNIK KYIIIHIH MBbICAJIbI
petiHne eHrizimemi. YHkemic KyuriH, yiikemic kod(h(UIMEHTIH >XoHE YHKeic
KYIIIHIH OCEpiHeH KO3FallaThbIH JICHEHIH JKbUIIAMJIBIFBIHBIH ©3repyiH 3epTrey
apKbUIBl MEXaHHUKAJIAFbl KYII TYPIEPIH KapacThIPYAbl asKTaHbI3. | paBUTAIVSUTBIK
KYIITEp MEH CEpIIMIUIIK KYIITepi e3apa OpEeKEeTTeCETiH ICHENep apachIHIarbl
KAITBIKTBIKTBIH (PYHKITUSICHI, a1 YUKEITIC KYIITEPi CATBICTHIPMAITbI KBLUIaMIBIKTHIH
(DYHKIMSICHI €KeHIH KOpPCeTeIi.

MexaHuKaIbIK KYIITEPAIH TYpPJIEpiH 3epTTey Ke3iHJe OKYIIBUIAPIBIH IpaK-
TUKaJBIK KYMBICTapblHA Kol KeHin OemiHenmi. Ockl Mocenenep OoifpIHIIA Oar-
Japiamaja TepT ajJIbIHFBl 3ePTXaHAIBIK KYMbBIC KapacThIPBUIFAaH: ‘‘CepileHiH
KATTBUIBIFBIH OJIIey”, “ChIpFaHay YHKenic KodQHuLUueHTiH enmey”,

“KenmeHeH JTaKTHIPBUIFAH JICHEHIH KO3FAJBICHIH 3epTTey’, “CepHiMIUTK TeH
ayBIPJIBIK KYLITEPiHIH 9CEpiHEH JIeHEeHH meHOep OOHBIMEH KO3FaJbICHIH 3epTTey .
Byt 3epTxaHaibIK ®KYMBICTAp bl OKBITY KE31H/Ie BUPTYaIJIbI 3ePTXaHABIK KYMBICTa
J1a KepceTyre 00IaIbl.
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Mexanuka OeIiMiH KapacThIpyabl OacTay YIIIH HETI3rl YFBIMIApAbl €HTi3y
KaxeT. MexaHHKaJbIK KO3Fasblc-OyJ1 Oacka JeHesepre KaTblCThl Y aKbIT ©Te Kele
JEHENep/IiH CANBICTHIPMAIIBI KO3FaJIbICHL.

yy ¢

/A

Kenicrikreri Oipfeli HYKTEHIH OpHBIH C HYKTECIHIH paJilyC BEKTOPHI JeT
aranarbi 0ip R = R(X, y, Z) BEKTOPIIBIK m1aMachl apKbUTBI aHBIKTayFa O0JIa bl

Conpnaii-ax, MaTepuaIIbIK HYKTE, TPACKTOPHS, XKYPIll OTKESH KOJI KOHE KOZFAIIBIC
©TEMaHBI3IBI VFBIMIAP OOJIBIIT TaOBITATEI.

JleHe Ko3FanbIC Ke3iHAE CHITATTAWTHIH CBI3BIK TPACKTOPHUSA eI aTayajbl.
Kosranpic TpaeKTOpHUACHIHBIH TYpiHE Kapai TY3y JKoHE KUCHIK ChI3BIKTapFa Oeryre
Oomanel. TpaekTopus aHBIKTaMalbIK JKYHEHI TaHaayra OaimaHbicTbl. COHBIMEH,
VIIIaKTHIH dye KeMeCiHe KaThICThI OypaHa HYKTeIepiHiH KO3FaJIbIC TPACKTOPHSICHI-
meHoOep, al XKepre KaThICThI — OypaHIa ChI3bIFEL.

Tarbr 6ip MBICAIT:

* PEKOPIIKA KATBICTHI WHEYITBIHBIH KO3FAIIBIC TPACKTOPHSACHI KaH 1Al ?

* OHATKBILI KOpIyCTaphl?

* [IMKaI KOPIyCTaphl?

ayanrap: criupais, meHOepI0Fachl, THIHBIIITHIKKYHI (MHEKO3FaIMaiiibl).

JeHe TaHmanraH KOOpAWHATTAp J>KYHECiHE KaTBICTBl KO3FalFaHna, OHBIH
OpHBI YaKbIT OoifbIHIIA e3reperi. Erep t yakbITBIHBIH Y3[IKCI3 JKoHE OipMoHIL
($byHKIHATIApE Oepinice, MaTepHANIBIK HYKTSHIH KO3FaIIBICHI TOJIBIK aHBIKTAIa Ib:

x=x(t)
y=y@)
z=z(1)

By Tennmeynep HYKTEHIH KOOPAMHATTAPBIHBIH YakKbpIT OOHBIHIIA ©3repyiH
CHUIATTalbl JKoOHE KO3FAJIBICTBIH KWHEMAaTHKaJIBIKTeH ey Iepiaenaranabl.

dusuKagarsl JeHE KO3FaIbICHIHBIH JKbIUIaMIBIFBIH CUITATTAY YIL1H JKbIIIaMIBIK
YFBIMBI eHrizinesni. XKpuimamMIbIK-BeKTOp, SIFHK OJ1 IIaMaMeH, OaFbITIICH, KOJIIaHy
HYKTECIMEH CHIaTTajabl.
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X oci OoHBIMEH KO3FaIIBICTHI KapacThIPBIHBI3, HYKTEHIH OPHBI X KOOpJIWHATa-
CBHIHBIH yaKbIT OOMBIHIIIA ©3repyiMEH aHBIKTATa IbI.

Ar
Oprarta Ko3FajabIC KBUTIaMIBIFEL. ch At

KosranarelH JIcHeHiH opTaliia JKbULIaMIBIFbI-OYJIOPIH aybICTHIPY BEKTOPBIHBIH
OCBI OPBIHAYBICTBIPFAH YaKbITAP ANBIFBIHBIH IIAMAChIHA KATBIHACHIHA TCH BEKTOP.

Oprama XeUTIaMIBIK MOTYTi-YaKBIT OipJIiTiHAET] KOMABIH 63repyiHe CaHIBIK
TeH (PU3UKAJBIK I1aMa.

VYaKpITTBIH OCBI COTIHJIETI JKBULIAMIBIKTBI, JIE3MIK KbULAAMIBIKTHl aHBIKTAY
YIIiH yaKbIT apajbIFbIH KapacThIpy Kepek. ¢ — 0, comaH keiin

. Ar

1},901 NV s
TybIH/IBI YFBIMBIH KOJIJIAaHA OTHIPBIIL, KBLIJIAM/IBIK YIIIIH Ka3yFa 00saibl
Kazipri yakpITTa JC€HEHIH >XbUIIAMJIBIFBI JIC3/IK JKbULIAMIBIK (HeMece jxai

KBUTIAMIBIK) JIET aTalajbl.
Ar dr

lAIII;I;IE = E = V/IES’

Jle3mik KbIIIaMIBIKTBIH V' BEKTOPHI TaHTEHC OOWBIMEH JIEHEHIH KO3FalbIChIHA
Kapai TpaeKTopusra OaFpITTalIFaH.

KbmaaMaIsIK BEKTOPBIHBI ©3Tepy KBUIIAMABIFBI Y/IeY e aTajaTblH MIaMaMeH
cUmarTanagsl. Yy JKbUIJAMJBIK IIaMachIHBIH ©3TepyiHe e, JKbUIIaMIIbIK
OaFbpITBIHBIH ©3repyiHe Je 0aillaHbICTHI OOTYBI MYMKIH.

MexaHuKkana KYITepAiH PU3UKAIBIK TAOUFATHl MAHBI3/IbI €MEC, OaP/IbIH IIBIFY
TEri Typajbl Macelie aHBIKTAIMAaN/IbI.

Bipak e3ap aopekeTrTecymiH OapibIK TYpJepi YIIiH OJapAbIH CaHABIK OJIIeMi
OipTyrac TypAe TaHAATybl KepeK. OPTYpJi CHIAaTTarbl KymrTepai Oipaeit
CTaHIAPTTAP MEH OJIIeMOIpITIKTEPiHIH KOMETIMEH oJIIey Kepek. MexaHuka
3aHgapbl oMOeOam, AFHU oOJlap Ke3-KeNreH TaOWFATThIH KYIIIMEH JeHEeNIepiH
KO3FaNIBICBIH CHIIATTalIpl. MexaHnKaja KapacThIPBUIATHIH ©3apa dpeKeTTecysep
YIIiH KYII KeJeciiel aHbIKTaTybl MyMKIiH.

Kymr merenimiz-0ip neHEHIH EKIHITICIHE MEXaHUKAJIBIK ocep CTYiHIH eJIeMi
O0bIT TaOBIIaThIH F BEKTOPIIBIK IIaMachl.

MexaHHUKaIIBIK ©3apa 9peKeTTecy TiKelel jkaHacaThlH jJeHenep (YHKemic Ky,
TipeK peakIMsChIHBIH KYIIi %KoHe T.0.) apachIH/Ia /1a, allbICTaFsl IeHeNIep apachiHia
J1a J)Ky3€Tre achIPbUTYBhl MYMKIH.

3arTeiy OemmiekTepiH OipTyTac Kyienepre OailTaHBICTBIPATHIH JKOHE OCNTimi
Oip OeIIeKTepIiH SKiHITICiHE COHFBI JKBUIIAMIBIKIICH 9CEp €TETiH 3aTTHIH CPEKIIIe
TYpi (PMBUKATBIK ©pic HEMece JKaiepic Jerna Taaaibl.

AJIBICTAFbI ICHENEp apachIHAAFhl ©3apa dPEKeTTeCy IPaBUTALUSIBIK, (AyBIPIBIK
KYIII) HEMeCe IeKTPOMAarHUTTIK OpICTEP apKbUIBI )KY3€re achIPbLIaIbl.
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F xymri BexTop erep oHBIH MOy (IIamMachl), KEHICTIKTETi OaFbIThI JKOHE KOJI-
JaHy HYKTec i0epijice, TONBIK aHbIKTaTabl. F BEKTOpPBI OarbITTaNFaH TY3y KYIITIH
OPEKET ChI3BIFHI JICT aTaIaIbl.

Erep 06i3 MarepmaiaslKk HYKTETe eMec, KaTThl JICHEeTe ocep eTETIH YKOHE OHBIH
TPAHCISAIUSUIBIK KO3FAJIBICBIH TYABIPAThIH KYII Typalibl alTaThiH OOJICaK, OHJA
KYIITiH OPEKEeTeTy HYKTECi OHBIH OPEKETETY ChI3bIFbl OOWBIMEH aybICKaH Ke3Je
JICHETe acepi e3repMeiii.

Bipreme F, F, ...coooovvnnnn F_xymrepiHeH MaTrepuaiblK HYKTere 0ip Mesriie
oCepeTy OJIApABIH TeOMETPHUSIIBIK (BEKTOPIIBIK) KOCHIHIBICHIHA TCH JKOHE aJIbIHFaH
HEMECe HOTHIKE KYIIII JIeN aTajaThiH Oip KYIITiH OpEKETiHE TEH.

JvHaMAKamaFrel HETi3Ti YFBIM-OyJI KWHEMaTHKaJa TINTi alTbUIMaraH, KaKeT
eMec Macca m yrbIMbl. Ke3-kelreH MmarepualjiblK 3aT (JIeHelep, dJeMeHTap
OemnmekTep, epictep) Maccarane. Macca JieHeHIH KOTKaKThl CUIIaTTaMachl PETiH e
OpeK eTeTe/I.

On OHBIH TPaBHTALUSIIBIK KACHETTEpiH, SFHH JICHEHIH Oacka JeHenepre,
aTamanTKaHaa JKepre TapThUIATHIH KYIITEPiH aHBIKTANIbI.

Macca JieHeHIH WHEPUHUSIIBIK KACUCTTEPIH CHUIIATTAMIbl, SFHU JICHCHIH ThI-
HBIIITHIK KYHiH HeMece O1pKeNKi Ty3y KO3FaIBICThI CaKTay HEMECE JKbUIIaMIBIKTHI
e3repry KalijeTi.

JleHemaccacel m OepiireH JeHEETi 3aTThIH MOJIIEPIH aHBIKTal bl )KOHE 3aT-
THIH THIFBI3IBIFBIHBIH KOOSHTIHIICIHE TCH p AICHEHIH V KoJIeMiHe:

m=pV

JleHe maccachl OHBIH JKbUIAMIIBIFRIMEH Oipre JEeHEHIH WMITYIhCi MEH KHHE-
THUKAJIBIK SHEPTUSCHIH aHBIKTANIbI.

Kraccukanblk MexaHHKala Macca YFbIMBI KeJIeCiJIepMEH CUTIATTaa bl

-m = const, OJ1 ICHEKO3FaAJIBICHIHEIH KYHiHEe OalJlaHBICTEIEMEC,

-Macca — aJUIUTUBTI [IamMa, SFHH XKYWEHIH Maccachl XKYyWere KipeTiH JIeHenep
MaccaapbIHbIH apu(PMETHKAIBIK KOCBIHIBICHIHA TCH,

-kaObIK KYHeHIH Maccachl XYHEHiH ilmiHae OONaThlH Ke3-KeJTeH MpoIecTe
e3repicci3 Kanajpl (MacCaHbIH CaKTaly 3aHBbI).

CoHbIMEH, Macca YIIIiH KeJiecl aHbIKTaMaHbl Oepyre 00JaIbl.

Macca-eHeHIH MHEePTTUIITIHIH ©JIIeMi HeMece TpaBHTAlUSIIBIK ©3apa ope-
KETTeCy OJIIIIeMi.

MarepuaiijiblKk HYKTeHIH UMITYJIbCI OHBIH MACCaChIHbIH p=M ®KbL1IaM/IbIFbIHA
KOOEUTIHAICIHE TE€H BEKTOPIIBIK IIIaMa JETl aTaaIbl.

Marepuanplk HyKTelIep KyHeciHiH UMITYJIbCi KYHEHIH OapIiibIK MaTeprallIbIK
HYKTEJIEPiHiH UMITYJIbCTAPBIHBIH T€OMETPHSIIBIK (BEKTOPJIBIK) KOCHIH/IBICHIHA TEH
BEKTOD JICTI aTajiajbl.

Nmnynbc-pu3nkanblK >KyHeHIH Herisri cumarraManapblHbiH Oipi. Macca na,
KBUIIaMIBIK Ta OYPBIH aHBIKTAJIFaH, OipakK TeK UMITYJIbC epeKine KacueTke ne. O
yIIiH oMOe0ar 3aH00JIbIN TaOBUTATHIH VIMITYIIBCTIH CaKTaly 3aHbl TYXKBIPBIMIIAJIFaH.,
On mMukpoaneme (OemexTep, aToMaap MEH MOJEKylajiap ACHIeHiH/Ie), MaKpo-
MUp/Jie (allHATaMBI3IaFbl QJIEM) JKoHE Mera MUpje (TuTaHeTanap, FamnaM, [ anakruka
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neHreiinme) opeiHAanansl. OChl yakpITKa JediH VMIymbCTiH cakramy 3aHbl
Oy3bUTaTHIH KYOBUTRICTAp albuIFaH koK (Kaobiibekos, 2015).

HetoroH 3anmaper Toxipubem aepekrepai (dakrigepai) skammbiiay OOJBIT
TaObIIanbl. bysr 3aHmap BakyymIarbl >KapbIK JKBUITAMJIBIFEIMEH CaJBICTBIPFaH/Ia
0asty KO3ralibICTap bl OaKblIdy HETI31HIEe KYPBUIIBIL.

HetoronnbiH 1-1mi 3ansr Kes kenren marepuaiiblk HYKTe HEMece JIeHEe ojlapFa
KYIITEp dcep eTKEeHIIe HeMece KYIITEPIiH dpPEeKeTi OTeNTeHIe THIHBIITHIK KYHiH
HeMece OIpKeIKi Ty3y KO3FaJIbICThI CaKTa IbI.

Byn 3aH wHepus 3aHBI Jen arajajbl, all CHIPTKBI dcepiiepieH 00C HYKTEHIH
HeMece JICHEHIH KO3FaJbIChl VIHepInst KO3FallbICHI JICT arajajbl.

THIHBIITHIK-O0YIT OIPKABINTHL TY3Y CHI3BIKTHI KO3FAIBICTHIH €PEKIIE KaFJaiibl.

0 >xone v = const HeMece v = 0.

Kes3 - kenreH MexaHUKaITBIK KO3FaIIbIC-CaJIBICTBIPMaIbl KO3FAJIBIC, OHBIH CHUTIATHI
aHBIKTaMAaJIbIK XKYHere OalmanbpIcThl. IHEpINs 3aHbI OAPITBIK aHBIKTAMAIIBIK JKYiie-
JiepJe TyphIC eMec.

HptoTOHHBIH OipiHIII 3aHBI OPBIHATATHIH KYHenep HHePIHSIIBIK JET aTaiabl.

HetoToHHBIH OipiHIIT 3aHBI OPBIHAATIMANTBIH JKYHENep Jer aTanabl

WHEPIHUSIIBIK eMeEC.

Wuepuusmnplk xyienep mekci3 ker. bepinreH MHepIUsIIbIK KYyHere KaTbICThI
OipKeNKi )KOHEe TY3y KO3FallaThIH Ke3-KeITeH XKYHe /e MHEPIHUSIIBIK KYylie OObI
TaOBbUIAIBI.

HetoToHHBIH OipiHII 3aHBI, €rep oJapFa KYII dcep eTrece, JeHeNep/iH Kyl
TypaJsl aiiTazbl. Erep HyKTere HeMece JieHere KYIITep acep eTce, KO3FaIbIC KaHai
6omaner? by cypakka HelOTOHHBIH €KiHIII 3aHBI Jkayan Oepefii, 01 YII IIaMaHbI -
KYIII, Macca XoHe y/Aey/li OailaHbICThIPAIbI.

Hb0TOHHBIH EKIHIII 3aHbI

Marepuaniplk HYKTEHIH (JIEHEeHIH) MacCachlHBIH OHBIH Yy/€yiHe KoOeUTiHIici
OFaH ocep eTeTiH Kymke TeH F = ma.

Erep nenere GipHere Ky acep erce, oH1a 2-11i 3aHHBIH TYKbIPhIMIaMachIH/Ia
HOTIIKE KYIIT KOJIaHBLIAIBI

F,=ma

byn xymrepmig menere (HykTere) ocep eryiHiH Toyenci3miriaig cammapbl
HeMece KYIITEp CyNepro3nuns MPUHIUIIIHEe OarbIHabI JIen alThutaasl. MyHmai
MamiMzaeMe TaxKipuOeni (hakTijgepal XKanbluiay peTiHAe KapacThIPbUTyhl KepekK.

AnaM eMipiHiH OapibIK cayiajapblHa aKMapaTThIK TEXHOJOTHSUIAPABI CHTI3Y
Oiprinmen Oimim OepymiH Heri3ri OybiHBI-MekTenTe sxypedi. KOO-ubIH, aran
aiTkaHma pu3NKa KAOMHETTEPIHIH TEXHUKAIBIK KaOIpIKTaTYBIHBIH HaIIapJIGIFBIHA
KapaMmacTaH, MYFaigiMaep Koima Oap KypaiamapablH KOMETIMEH MEMIICKETTIK
OarmapmamMamen >koHe (u3mka OoiipiHImA OimiM Oepy Ma3MyHBIHBIH MIHAETTI
MUHUMYMBIMEH alKbIHIAIFaH TOKIpHOETep KOpCeTyll OPBIHAAMIBI KOHE OKY-
IIBUTAPMEH 3epTXaHAIBIK KYMBICTap Kyprizeni. Ecentepai menty omicreMeciHin
THIMIUIITI omicTeMe TypiHe OaiylaHbICTB eMec. DUBNKAIBIK eCenTepAl MenTyIiH
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OPTYPIIi 9MIICTEPiH KOJIaHy OOWBIHIIA IKCTIEPUMEHTTED JKYPri3e OTBIPHIN, OenTiii
Oip omicreMeHiH Oenrimi Oip Karmaimapaa THIMII €KeHIIT] aHBIKTAJIIbI.

Byn xarnaiinap op OKYIIBIHBIH HMHTEIIEKTYaJlIbl MYMKIHIIKTEPi, COHBIMEH
Karap TCHUXOJOTUSUIBIK KOHE KOMMYHHKATHUBTI OONBINT TaOblIambl. [lom ocel ymr
JKaFJaiifa CyHeHe OTBIPHIN JXOHE OJIApJbl AYPHIC TYCIHIIPE OTHIPHIN, OKYHaFrbl
TyJIFara OarbITTANIFaH TOCITE CYHEeHEe OTBIPHIT, 9P OKYIIIBI YIIIiH (PU3UKAIBIK €CETTi
HICTTY/IiH H KOJaiiIbl o/IiciH TaHmayra Ooianel. [lIsFapManibuIbIK Ma3MyHBI Oap
Mocenenepi ety OKyIIbUIAP/IbIH IBIFAPMAIIbLUTBIK, CHIHH OWIAybIH JaMBITyFa
MYMKIiHAIK Oepelli, COHBIMEH Karap OJIApJbIH OelICEeHIi-TaHBIM/IBIK KBhI3METIiH
JAMBITAIbI, OHCHI3 “DU3MKa”TIOHIH 3epTTey MYMKIiH eMecC.

OKy TpoIIeCiHIH HOTIKECI MICHTIMHIH YphIC SIICIH TaHIayFa OalIaHBICTHI.
JlypwIc miemnriM oJTiciH TaHaay OKyIIbUIapFa (PM3UKAIBIK KyOBUTBICTAp IbI YKETKUTIKTI
TEpEeH JCHTe e TYCIHyTe )KOHE OJIap bl TEOPHUSUIBIK KOHE MaTEeMaTHKAIBIK 9/IiCTED
apKbUIBI TalayFa yHUpeHyre MyMKIiHAIK Oepesi, COHBIMEH KaTap JCAYKIHS MEH
WHAYKIWS, Tajjay >KOHE CHHTE3, MOJENbiey HaFipUIaphl maiima Oomanel. EH
0acThICBI, MOCENIeHI MISNIyAiH AYPHIC SJICiH TaHaay Oolamrakra ToKipuOemiK
JKOJIMEH aJIbIHFaH OUTiMII TpaKTHKaga KoJJaHyFa MYMKIiHAIK Oepemi, Oy
OKBITY/IBIH COHFBI MaKCaThI - ©MipMeH OalTaHbICTHI KaHAFATTaH bIPAIbI.

CoHbIMEH Karap SIIEKTPOHABIK OKYIBIKTapAbl cabakra MaijanaHy Ke3iHJe
CTyIeHTTEep OYpbIH ailFaH OUTIMIEpiH KEeHEWTIN, e3 OeTIMEH MNIbIFapMalllbUIbIK
TarcepManap opelHAalAbl. OpOip OUTIM alymIsl TaHAAIFaH TAKbIPHINT OOWBIHIIIA
TarceIpMaliap OpPBIHJAI, TECTLIEp MICIIIl, KapTaiap KoHe cXeMaiap MEH KYMBIC
yKacayFa JarnpuiaHaasl (kecrel).

-ITeCT TanchIpMalapblH OpbIHIANIBI |

Kepnekinik, cyper, cbi30aap KOMIIBIOTEPMEH 1CKe
acBIpbLIAIBI
HJTAKTHUKAJIBIK MaTepHUaJIIbl KOJIAHY THIMILIIT]
apTasbl

-ICapamaHabm TarcelpMaliap OpbIHAAMIbI aj1aibl |

OKBITY

-ITypni aKnapaTrThIK aHbIKTaMasap ajiajabl |

DIEKTPOH/TBIK

-IAJ'IFaH OliMiH, ©31H Tekcepeni |

-IHQHI‘C KBI3BIFYIIBUIBIFBI apTaJbl |

-IOﬁnay KaOijeTiH naMbITa ajaibl |

1-Kecte. ®u3nkaian sKOFaprbl OKY OPBIHIAPBIHA apHAIFAH JJISKTPOH/IBIK OKYJIBIKTHIH KOMETiIMeH
OKBITYJIBIH epeKIIeIKTepi.

DJIEKTPOHJIBIK OKYJIBIK apKBUIBI TYPIIi CypeTTep, OCHHEKOPIHICTED, IBIOBIC JKOHE
My3bIKa TBIHAATBIN KepceTyre Oomanpl. by, opuHe MyFaliMHIH TaKTara >Ka3blll
TYCIHAIPTeHIHEH dJieKaiia THIMJL, opi acepii. MeHrepinyi KUbIH cabaKTapibl
KOMITBIOTEP/IIH KOMETIMEH CTYICHTTEpPIre YFBIHJBIPCA, YKaHA TaKbIPINKA JIEreH
CTYJCHTTIH KYIITAPJIBIFbI OSHA B! jiet oiaiiMbl3.(Cemenos, 2000).

ByriHri KyH/1e KOFaMHBIH eI IaMybl 0apbIChIH/a )KOFaPFbl OKY OPBIHIapbIH/IA
CTYISHTTEPIH OiLTIM alyblH YHBIMIACTBIPYJAAFbl HETI3Ti MaKCcaT — OKBITYIBIH
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o/licTeMEIiK JKYHeCiH OHBIH OuTiM Oepy, aKmaparThiK (YHKIUSAChIHA KaThIHACHIHA
Kapail 1aMbITyIIBUTBIK (DYHKIMSACHIHA IIESUTYIi POl Oepe OTBHIPHIN OaFbITTay JKOHE
OCBI aKmaparTappl Maliganany OUTIKTepiH KaJbIITAaCcThIpyFa 0acThl Ha3ap aymapy
Oonpint Tabbutazbl. OKYJBIK — JKOFapFbl OKY OpBIHIApBIHAA HErisri Ourim Oepy
MIHIETTEPIH Ky3ere achpaThlH, CTYACHTTEPre FhUIBIM HETi3epiMEH, OKBITYILIBI
YUBIMIACTHIPATBIH OKBITY VIEpICiHIH Mojaeni — OimiMm, DaFasl OKylernepiMeH
KapyJIaHIBIPaThIH HETI3Ti OKBITY Kypalsibl. BYTiHTI KYHIE OKBITY/IBI SIEKTPOHIIBIK
OKYJIBIKTap/IbIH KOMETIMEH YHBIMIACTBIPY CTYICHTTEP/IiH OLTIMICPiH )KeTUIIipyTe,
cabaKKa KbI3BIFYIIBUIBIKTAPBIH apTTHIPYyFa MYMKIHJIIK Oepill OTHIp.

ONeKTpOHIBI OKBITY KypaiJgapbl MEH pecypcTaphl camaibl 005y KepeK eKeHi
Oopine MamiM. EH OacTsl oytap CTaHIapTTHI TAIANTapra cail 6oy kepek (Apucrosa,
2019).

biniMm Gepy camachIHIaFbl HETI3Ti TaNanTapbIHBIH Oipi - CTYIEHTTEpAiH Oiiim
camachlH apTThIpy. By TypFbITaH SJIEKTPOHMABI OKY KypaigapblHa KOHBUIATBIH
JUTaKTUKAJIBIK Tajanrtap OuTiM Oepy KYHWeCiHeTi HeTi3Ti MIHASTTEP i KAMTHIBI.

By mupakTHKaNbIK ofiCTEMENiK TajanTap THIFbI3 OaiIaHBICTBI. OMiCTEMENIK
Tajmantapsl OenTiyi Oip MOHHIH epeKIIeINiriH ecKepil, CTYISHTTepAiH JaibIHIbIK
carachlH apTThIpyFa OaFbITTaNIA/IbL.

1. KenTereH TeXHUKaIIBIK Kypaapbl MEH KYHelep OKbITY/IbI aKIapaTTaHIbIpyFa
apHAJIBII, CTYACHTTEP/IiH OMJIay KOMITOHEHTTEPiHIH OaiTaHbIChIHA HET13/IeTy1 KaKeT.

2. DNeKTPOH/IBI OKBITY KypaslJapbl OKBITYIBIH KYHEIITIriH 1oJIEICT, o JeHI e
oH OOMBIHIITA OENTiN FEUTBIMH YFBIMJIAPBIH JKYHere KeITipyi Kepek.

3. DREeKTPOHABI OKBITY KYpajiapbl CTYACHTTEPre OKy MaTepHajIblH MEHIepyIe
JaFIbUTAaHIBIPY OPEKETTEPIH YCHIHYBI KEPEK.

Oumnapap! TOMEHET] KecTeieH KkepeeTyre Oonaabl (kecte 2).

OKy MaTepHaNbIHBIH Ma3MYHBI FBUTBIMH JKETICTIKTEp, onmemniepi
CaHJIBIK 2JIEKTPOHIBI JKaFBIHAH TONIBIK 00Ty Kepek.
OKBITY Herisri omicrepi: ToxipnGe, caibicThipy, Gakbinay, *Kajimbiiay,
)KSKSJTCH}Iipy, HMHAYKIUA KIHE NEAYKIHA, CHHTE3 JKOHE aHaIn3

Kypanbiabig
FbUIBIMUITBIFbI
KapanaiibiMIbUIbIFbI
MCH KOJI JKeTiMIiTiri

OKy MatephallblHbiH Ma3MyHbIH 3€PTTCY  JCHICHIH AaHBIKTAY
Kepek .

Herisri npuHUMI — CTYJAEHTTEpAbIH 0ac  epeKiuexikrepiHe
caiikecTiri

- 3eprTey 00beKTiIepiH KabbUIIay CC3IMTAIIBIFBIH CCKEPY KEpeK.
Kepuexkiniri L . T .
Herisri epexuieniri- kKopHeKisiri xorapbl JeHreiize Ky3ere acaisl.

OKy MarepHaiblHbIH Ma3MYHbIH KypbUIBIMIBIK Kyiiexe Oepy
kepek. [Tou Goiibinia Ginimai Genrini kylieae kadbuiay.

Kyiteminiri men

CaTbUIBIFbI | Herisri  ycraubIMmaphl — MoHApIbIK OailaHbIC, YCHIHBLTFAH
AKIapaTTbiH MPAKTHKaMeH OailIaHbICBI, OKy YpPAICIH caTbuiam
YHBIMACTBIPY.

OKy KaFuIanbIFbl TaHbIMIBIK  iC-OPEKeTiH CHIATTAN,OKy KAFMIATapblH  KaMTy
—— kepek.JlocTypiti OKyJIBIKTAH — SICKTPOHIBI KYPAIIbl KOJNJaHYaa
OKYIIBIHBIH OfilIlay OpeKeTi JKOFaphl 60IaIbl.

DJIEKTPOHABI OKBITY KYPAIbl MEH OKYIIBIHBIH —apachIHIarbl
Gaitnanpicel  KamThuly Kepek. Oky Gapsicernza  DOK  kepi
Gail;IaHbICHIH  KAMTHIN, OKYUIBIHBIH OPEKeTiH Oaramam TyseTy
Ky HYCKaybIH

WnrepGencenuiiri

Kecte 2 - DiekTpoHIbI OKY KypajaapblHa KOWBUIATHIH JUJAKTUKAIBIK TATANTap KOHE ONApIbIH
Ma3MyHBI
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DNEeKTPOH/IBI OKBITY, TOCTYPIIi Kara3 KiTanTaplaH albIpMAIlbUTBIFBI «KaHIbD)
Oomeim  kenemi. Ilegarormka FBRUTBIMIAPBIHBIH HETi3iH camymbsl SIlH  AMoc
KameHnckuii TyKbIppiMaaraH: «bapiblk MYMKIH JiereH Hopcelepal KaObuiaaybl
ce3IMMEH JKy3ere acelpy Kepek, aTar alTKaHjaa, KaObuiiay YIIiH Kepymi, ke30eH;
eCTylli ecTy KaOUIeTIMEH; WICTep/i WIC TYHCIriMEH; JOMIe€ THICTiHI JIOMMEH;
TYHCIKKe KaThICTBIHEI TYHCIHY sxombiMeH (JIepre, 2019). Erep kanaaiina 6onMackia
3arThl OipHEIe ce3IMMEH KaObuIaay Kepek Oosica, OipHele ce3iM/Ii cany KakeT».
JluiakTHKaHBIH AITHIH epeKeNepiHe colkec Keei.

byrinri Tagma akmaparTaHasIPy 9yipi TEXHUKAIBIK KOHE KOCITITIK KOJITAaHYIbI
KaxeT eremi. bimim Oepy »KyieciH akmapaTTaHIblpy—OiliM camachblH KeTepyre
OaFpITTaNFaH YEpic, O KeJleMIeK YPIIaKThIH JKaH-)KaKThI carajbl OlTiM alyblHa,
ICKep, TaJamlThl, MIBIFAPMAIIbLI, CPKIH JaMH aJlaThlH IEAarorMKaIbIK JKaraai
Kacayra THTi3ep Maigackl MOJ. AJIIABIHFBI KaTaparbl KETEKI FalbIMaap 3
3epTTeyiepinae OimiM Oepy KyHeciH aKmapaTTaHABIPY, aKIMapaTThIK TEXHOJIOTHS
KypaJiJiapbl apKbUIBI MEIarOrHKAIBIK MACENIEIePl ISy JKalIbl KYHbI MiKipiaep
alTKaH.

AKIaparThIK-KOMMYHHUKAIMSJIBIK TEXHOJOTHSIAP/AbI MIHJCTTI TIOH PETiHJIE
OKBITyFa OOJIiHTEH cararTap CaHbl opTypii. Memiekerrepne Oip xbiima 20-maH
6-ra npeitin esrepeni. OCwI cararTap caHbIHA OiiM Oepy ykoOamapbeIHIa )KoHE Oacka
MOHIEP/Il OKBITY/Ia AKIIAPATTHIK TEXHOJIOTUSHBI KOJIJJAHATHIH YaKbITThl KOCY KEpPEK.
Bipak 6y mapametp Toxipube xy3inne ecenremnodeiini. (Kommepe, 2011).

Komimri a3KCIIepUMEHTTI *kacay 9JISTTe KbIMOAT yKOHE OHBI IIbIHAWBI TYPJIE iCKe
acelpy KWBIH Oonaapl. MiHe, COHIBIKTaH Ja KOMIIBIOTEPIIK JIEMOHCTPAIHSHbI
KOJITAHBIT TOKIpUOE jKacayablH apTHIKIITBUIBIFEI Oap.

KomrmbroTep 3kpaHma yaepicti OipHelie peT Kaitanayra, OHBI Ke3 KelIreH
Ke3eHiHEe oTyTe 0OJIaIbl.

BiniM MeH OUTIKTUIIKTI MEHIepyIeri KOMIIBIOTEP/Il OKBITY XKYHECIHE apHaJFaH
KOCBHIMIIIA FaHA €MeC JKOHE OHBIH POIli «OKBITYIIHI - OKYJIBIK - OKYIITBD» JIEN ara-
JIATBIH YII KOMIIOHEHTT] YKYHEHI «OKBITYIIbI - OKYJBIK - KOMIIBIOTEP - OKYIIIBI»
0aiiIaHpICHI APKBUIBl KEHEUTEII.

BiniM OGepysi aknapaTTaHIbIPY/bIH Ka3ipri KaFaiblHIa KapaThlIbIC IOHACPIH
OKBITY VJCpICiHIE 3aMaHayd aKIapaTThIK-TEXHOJIOTUSHBI, aKIapaTThIK KYHeH1
KoHE OarJapiraMablK Kypalaapabl Maijananyapl Tajaamn eTesi .

Kommnbrorep xepHeki-OeliHeni oiayabl, KO3FANbICTHIK KOHE aybl3lla KapbIM-
KaThIHAC MAIIBIKTAPBIH, MAKCATThI OPEKETTEP/Il JKOHE QJIEYMETTSHIIPY/II JaMbITy
YIIiH MYMKIHIIKTED TYFbI3aIbl.

Tankprnay. KonnanpicTarbl 3aMaHayy aKIapaTThIK TEXHOIOTUSTHBI KOJIIaHY/IbIH
HETi3ri OarbpITTAphIH aHBIKTANl aTFaHHAH KeHiH, AKIapaTThIK-KOMMYHHUKAITHSITBIK
TEXHOJIOTUSIIBIBIK KYPaJIapbIH JKOFApFbl OKY OpPBIHAAPBIHIA OKY-TOpOHe Y-
piciHIe TaigaanyablH Ka3ipri MeaarorukaiblKk MyMKIHIIKTEpIiH capajiayasl )KoH
KOpPIiK. AKNapaTThIK-KOMMYHUKAIUSUIBIK TEXHOJIOTUSIIBIK KYpaIJIapblH OKY-Top-
Ome ynepiciHIe OKBITY TEXHOIOTHSCHIHA €I9yip OH e3repicTep OKeNeTiH Kypai
peTiHzme Kapay OachIMIBUIBIKKA aifHANBIN Kejeni. Omapasl oKy-TopOue yaepicine
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naiijanany OimiM Ma3MyHBI OOWBIHIIA OEpiNIeTiH TarchlpManapra KOWBLIATHIH
Tajanrtap MEH OHBIH Ma3MYHBIH KEHEHTyTe, CTyISHTTEepIiH OUTIM ajyFa KyJIIIbI-
HBICBIH apTTHIpyFa, OKy YJAepiciHe OelCeHAUTITIH TaMbITyFa, JalbIHIBIK cara-
ChIH OaFranay, TeKcepy TYpJEpiH e3repTyre, CTYASHTTEPHiH iC-OpeKeTiHIH
pedIIeKCHSCHIH KaBINTaCTHIPYFa JKaFAail TyIbIpaThIHBIHA KO3 JKeTKi3miK. Dusnka
’KOHE aCTPOHOMHMS MOHJCPIH OKBITY Ke3iHAE CTYACHTTepiH NAHbIHIBIK CarachlH
apTTBIpy/ia 3aMaHayd aKNapaTThIK TEXHOJOTHSHBI TaiilaaHy/bIH IUIaKTHKAIBIK
MYMKIHIIKTepi TOMEHAETIAeH, oap:

- Ke3 KeJNreH KeJIeMJIeTi JKOHE Ke3 KeJIreH TYpPAETi aKmaparTbl Ke3 KeJlreH
KaIIBIKTBIKTA, T€3 apajia TachIMaJIai aiy;

- aJIBIHFaH aKIapaTThl KOMITBIOTEP/IE KaXKETTI yaKbITKa ACHIH caKTail aiy, oHJIey,
IIBIFApy XKOHE T.0.

- aJBIHFaH MaTepualibl 3 TachIMalgayblHa aybICTHIpa aiy, OachIl LIBIFapy
KOHE OHBIMEH KaXETT1 yaKbITTa )KyMbIC xkacail any (babanckwuii, 2019).

ConbiMeH, 0171iM Oepy Kyiecineri 3aMaHayy aKnapaTThIK- KOMMYHHUKaLUSIIBIK
TEXHOJIOTHSIAP OKBITYIBI THIMII YHBIMAACTBIPYFa BIKIAJ €TE/Ii.

3. AKMapaTThIK-KOMMYHHUKALMSIIBIK TEXHOJIOTUSKYPAJIIapbIH 0acKapy TYpPFbI-
CBIHAH KOJIIaHy.

AKNapaTThIK-KOMMYHHUKAIMSITBIK TEXHOJIOTUSKYPAJIIapbl OKy-TopOue yaepiciH
OHTalIBl OacKapyFa, CTYISHTTEP/IIH iC-OpeKeTiHe camaiibl Typ/e OaKpliay *KYpri-
3yre MYMKIHJIIK Oepei.

4. AKnapaTThIK-KOMMYHHUKAIVSUTBIK TEXHOJIOTUSKYPAJIIapbIH TAHBIH/IBIK cara-
CBIH apTTBIPY TYPFBICHIHAH KOJIIaHy.

Benrini rameIMaapabH 3epTTEYyNepiH capajail Kele, 3aMaHayW aKMapaTThIK
TEXHOJIOTUSHBI OKY-TOpOHUe YAepiCiHAe KONTaHYIbIH HETi3T1 OaFrbITTaphlH TOMEH-
JIeTi/Iell aHBIKTABIK. (2 - KeCTeIe KOPCETTIK).

ABTOMATTaHIBIPBLIFAH,
OpTaJbIKTaHABIPbUIFaH
Gackapy xyiienepi

DNeKTpOHBIK KiTanmxaHaiap, ) o
9IEKTPOHIBIK CO3MIKTED, Menrepinren Gimimai

aHBIKTaMaJIbIKTap, TeKcepy, Oakbuiay, Oaranay

9IEKTPOHJBIK OKY Kypaaapb

3amanayu
aKIapaTTBIK
TEXHOJIOTHS
KypangapbH
KOJIIaHY IbIH
HETi3ri OaFbITTapbl

binimM Ma3MyHbI OOMBIHIIA

MIOHJIEP/IiH KOMITBIOTEPIIIK
KypCTaphl, 9iCTeMeIiK

KeleHjepi

OKBITY TYPIH JY3€re achlpy:
nepoec, YKbIMIBIK, 031H/IK,

KAIIBIKTHIKTAH OKBITY, OKBITY
JKYHECIH aBTOMaTTaHIbIPy

Kyxatrapasl enaey, Oky MaTepHalbH OasHaayJaFbl KOPHEKLIIK,
JKMHAKTay, Tapary OpTYpIIi HBICAaH MEH YJepicTepi yiriney, oKy
MaTepuablH XKyieney, peTTey, )KaTThIKTbIpy

Cypert 2 - AKapaTThIK-KOMMYHHUKAIHSIIBIK TEXHOIOTHIKYPaIapbIH KOJIAHy/AbIH HETi3Ti
OarbITTaphl
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1.AKnaparThIK TEXHOIOTHUS KYPAIAAPhIH TAHBIMJIBIK TYPFBIIAH KOJIIAHY.

AKMapaTThlK TEXHOJOTUS KYpPaIJapblH TAHBIMIBIK TYPFBIZAH KOJIAHYIbIH
MICUXOJOTHSUTBIK-TIeqarorukanelk  acrekrinepi C. Ilefimepr, k. Hok ceximmi
FaIIBIMIIApIbIH eHOeKkTepinae 3epTrenreH. MoceneH, C. [lefinepT«koMITbIoTepMeH
OKBITY/Ia CTYJCHT ©3iHIH HMHTEIUICKTYABIK KYPBUIBIMBIH KYPYIIbl KYPBUIBICIIIBI
CTYJACHT Ka3ipri TEXHHKaHbl MEHIEepill KaHa KOWMaMlbl, COHBIMEH Karap
KapaTblIBICTAHy, MaTeMaTHKa MOHJIEPIHEH, 0acKa Ja MHTEIUICKTYAN/IbIK TaMybIHA
KKETTi akmaparrtapMeH TaHbicaabl» - neiai (Ckatkun -2018). Kommbrorepmen
KYMBIC icTey OapbIChIHAA CTYICHTTED ©3iHIH KbI3BIFYIIBUIBIFBIHA Opail OKYy
JaFAbUIapbIH MEHTepei, aiHama KOpIIaFraH OJIEMMEH TaHBICAJbI, ©3 OeTiHIle
OUTIMIH TONBIKTBIPAJIBI, JKETULAIpeni, Oimyre KYIITApibIFBl apTaibl, alaThlH
MaMaH/IBIFbl Typalibl MOJIMET, OHBIH CHOCK PBIHOTBIHIAFBI OPHBI HBIKTHUIAHABI.
CoHMBIKTaH, CTYASHTTEPHi aKbUIMEH, calaMeH, Oenrim Oip peXMMMEH OopeKeT
KacayFa Tecelipy, KaKeTTi akaparieH >XYMBIC iCTed Oy maFapuIapbiH
KaJIBIITACTBIPY — TIEIAaroT TapIbIH MIHETI JIeT OineMis.
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SV CENTAURI KOC KYJIJIbI3 ’KYHECIHIH DBOJTIONMSLIBIK
MOJIEJI

AnHoTamus. JKyiap3ablKk OOBEKTUICPIIH HIBONIOLNHACHIH 3€pTTEy acTpo-
(bM3HUKaHBIH HETI3Ti MiHAETTepiHiH Oipi Oosbim TabbuTamel. Maccamapsl SpTypaIi
JKOHE DBOIOMISTHBIH OPTYPIII Ke3CHICPIHMIET1 JKEKeIeTeH KYIAp3Iap MeH (KOC
JKOHE CCeJI PKYJIIIBI3IBIK JKYHeNIepIi 3epTTey TrajakTHKalap/blH [a, KaJIibl
OJIEMHIH JIe YBOJIOIMSICHIH 3€PTTEYTe KAKETTI aKIapaTThl alyFa MYMKIHJIIK Oepei.

By zeprreyne SV Centauri TYTBUIATBIH KOC KYJIIBI3AAP KYHECIH 3epTTEY HOTH-
JKeJllepi YChIHBUIABL. FhUTbIME o/ieOneTTepie KeNTipuIreH OChl JKYHEHIH KYJIIbI3-
JapbIHBIH CHUIaTTaMaliapbl Typajbl OaKpuIay JepeKTepi Herisre aja OTBIPHII, Van
Rensbergen toOwmHBIH (2008, 2011)kHOEKTepiHIE VCHIHBUIFAH KOC JKyHenep
IBOJIONMSICHIHBIH JKY3 IYJICH acTaM CclieHapuii KapacTeIpbulibel. Koc xkyitenepain
JAMYBIHBIH KOHCEPBATHBTI JKoHE JHOepayibl CLEHApHIepiHe CoMKec KeleTiH,
KYHEeHIH Kypamaac OeJIKTepiHiH Maccachl MEH OHBIH J>KOFallyblHa, »achIHA
TOyeINi OpOUTANBIK TEPUOABIH, KYJIIBI3NAPIbIH KAPKBIPAYBIHBIH 3(PQEKTHBTI
TeMIiepaTypara TOYeIIUIITIH KaMTHUTBIH HETI3T1 SBONIONUSIIBIK AHarpaMMaiap
KYPacTBIPBUIIBI )KOHE TaJIaH/IbI.

3eprrey Hotmkecinae SV Centauri KOC KYIBI3ABIK KYWECIHIH JaMybIHBIH
€H BIKTUMAaJ CIICHApHiil peTiHje Kypamjac OeJiKTepiHiH OacTarkbl mMaccajiapbl
I5MO >xoHe 6MO OonaThlH IBOIIOIMSHBIH JTHOSPAABl MOACI TaHIAIIbI, OyII
peTTe *KyHeHiH xkachl ~ 13.6 Mxbut gen Oarananel. by 6omkam OolibiHma SV
Centauri KOMIIOHEHTTEpiHIH MapaMeTpIiepi (Maccanap, paanycrap, JKapbIKTHIKTap,
2 dexTuBTI TeMIeparypaiap >kKoHE OPOUTANBIK MEPHOMCOUKECIHIIE DBOJIO-
MUSUTBIK  TMarpamMmariap/iaFbl  TEOPHSUIBIK  KUCBIKTapFa >KaKblH OpHallacKaH.
Foutbimu onebuerrepae cunarranran SV Centauri yIimiH OpOUTAIBIK EPUOITHIH
©3repicTep MEH MacCallbIK JKOFalITy1a OaiKanaTblH 3aHAbUIBIKTAp, COHBIMEH KaTap,
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TaHJAJIBIHFAH MOJIENIbI'e COMKEC IBOIOIMSIHBIH OEpiIreH Ke3eHIHAe OPBIH ajaThlH
3aHJBUIBIKTAPFA COMKEC KeIeIi.

Tyiiin ce3mep: SV Centauri, Koc »xyiasiaap, sBomtorus, W. Van Rensbergen
MozeI.

A. JlemecunoBa, A.b. Manan6aena, H.Ill. Anumrasunona,
AJK. Hayp36aeBa, M.T. Kbi3rapuna®

Kazaxckuii HallmoHaIbHBIH YHUBEPCUTET UM. aib Dapadw,
Anmartel, Kazaxcran.
E-mail: meir83physics@gmail.com

3BOJTIOIIMOHHASI MOJIEJIb JIBOMHOM 3BE3/THO CUCTEMBI
SV CENTAURI

AHHOTanus. V3yueHue >BONIOLMHU 3BE3AHBIX OOBEKTOB SIBISCTCS OIHOW W3
OCHOBHBIX 3az1auy B actpodusuke. MccaenoBanue OTHENBHBIX 3BE31 U 3BE3AHBIX
CHCTEM (IBOWHBIX M KPAaTHBIX) Pa3IMYHbIX MacC U Ha Pa3HBIX CTAIUIX HBOIIOLUU
MO3BOJISICT MOMYYUTh HEOOXOAMMYIO HH(POPMALMIO Ul U3YUECHHUS KaK 3BOJIOIMN
rajgakTHK, Tak 1 Bcenennoil B menom.

B nmanHOM wccrnenoBaHWUM TPUBOIATCA PE3yIbTaThl HM3YUEHHUS] 3aTMEHHON
nBoiHON 3Be3nHON cucteMbl SV Centauri. OCHOBBIBasiCh Ha HAOIIOIATEIBLHBIX
JAHHBIX O XapaKTEPHCTHKAaX 3Be3/ AaHHOW CHCTEMbl, IPUBEICHHBIX B HAy4HOU
auTeparype, ObUI0 paccMOTpeHO Ooliee cTa MATHIACCATH CLUEHAPHEB SBOJIOLMN
JBOWHBIX CHCTEM, MPEUIOKEHHBIX B paborax rpymmel Van Rensbergen (2008,
2011). B mOCTpOEHBI W TPOAHATU3UPOBAHBl OCHOBHBIE JBOIIOIMOHHBIC
JMarpaMMbl, KOTOpPbIE BKJIIOYAIOT B ce€0sl 3aBUCHMOCTH MAacChl U €€ MOTepH s
KOMIIOHEHTOB CHCTEMbI, OpPOMTAIBPHOTO MEepHOAa OT BO3pacTa, CBETHMOCTU
3Be31 OT MX 3(PPEKTUBHBIX TEMIIEPaTyp, COOTBETCTBYIOIME KOHCEPBAaTUBHBIM U
OepanbHBIM CLIEHAPUSIM Pa3BUTHS ABOMHBIX CHCTEM.

B pesynbrare unccrnenoBaHusi B KadecTBE HamOojee BEpOSTHOTO CICHApHUs
pasBuTHs ABOMHOM 3Be3nHON cuctembl SV Centauri otoOpana nmbepaibHas
MOJIEJIb SBOJIIOIMH C HAYaJIbHBIMU MacCaMu KOMIOHEHTOB 15MO u 6MO, npu 3Tom
BO3pACT CUCTEMBI OIleHEH Kak ~13.6 Miet. B TakoMm mpennoiokeHuu napaMerpsl
komnoHeHToB SV Centauri (Macchl, paanychl, CBETUMOCTH, 3(QEKTHBHBIC
TEeMIIepaTypbl U OpOUTANBHBINA MEPUOA) JieKaT BOJIM3M TEOPETUUECKUX KPHBBIX
Ha COOTBETCTBYIOIINX BOMIOLMOHHBIX InarpamMmax. HaOmionaemble B M3MEHEHUSIX
opOutanpHOrO mepuoga M morepu maccel At SV Centauri 3aKOHOMEPHOCTH,
OIMCAaHHBIC B HAYYHOH JIUTEPATYpe, TAKKE COOTBETCTBYIOT TEM, KOTOPBIC JOJKHBI
HUMETb MECTO COTIACHO BBIOPAaHHON MOJIENIN B JAHHBIA TIEPHOJL SBOJIIOLIUH.

KiroueBbie caoBa: SV Centaurl, JBOWHBIE 3B€3/1bI, BOJIOINS, Moxed W. Van
Rensbergen.
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EVOLUTIONARY MODEL OF SV CENTAURI DOUBLE STAR SYSTEM

Abstract. The study of evolution of stellar objects is one of the main tasks
in astrophysics. Investigating stars and (double and multiple) stellar systems
of different masses and at different stages it is possible to obtain the necessary
information for studying evolution of galaxies and the Universe as a whole.

This study presents the results of studying SV Centauri double star system.
Based on the observational data on the characteristics of the stars, given in the
scientific literature, one hundred and fifty scenarios proposed in the works of the
Van Rensbergen group (2008, 2011) were considered. Evolutionary diagrams were
constructed and analyzed, which include dependences of mass and its loss, orbital
period on age, luminosity of stars on effective temperatures, corresponding to
conservative and liberal scenarios for the development of double systems.

The liberal model of evolution with the initial masses of the components 15MO
and 6MO was selected as the most probable scenario for SV Centauri double
star system, while the age of the system was estimated as ~13.6 Myears. Under
this assumption, the parameters of the SV Centauri components (masses, radii,
luminosities, effective temperatures and orbital period) lie close to the theoretical
curves on the corresponding evolutionary diagrams. The patterns observed in the
orbital period changes and mass loss for SV Centauri, described in the scientific
literature, also correspond to the chosen model in a given period of evolution.

Key words: SV Centauri, double stars, evolution, models of Van Rensbergen.

Kipicne. Koc xxyiasi3nap ete Ken skoHe KYIABI3IapAbIH HETI3T1 mapamMeTpiepi
Typalibl acTpoU3UKAIBIK aKoaparThlH OipHemle KesaepiHiH Oipi  Ooubimn
Tabbutamel. Koc kyimapl3 skyienepin Oakpliay opTYpill OIICTEpMEH Oakpliay
KOMIIOHEHTTEPAIH PaguyCTapblH, TEMIIEPaTypalapblH >KOHE KAPBIKTHUIBIKTAPbIH
Tikenel Oaranmayra MYMKIHAIK Oepeni, colKeciHIle, KalfaH HapameTpiepaiH
Maccanapbl MEH 0aKbpUIAHATBIH MOHJICPIH ©3apa OailIaHBICTBIPYFa JKOHE OJIap.Ibl
Japa KyJ1IbI3aapAbIH (PU3MKAJIBIK CUIIaTTaMalapblH aHBIKTAyFa aybICTHIPY.

Koc xynapi3 xkyienepiH OOBEKTIHIH KOcapiaHybIH amly HeMece 3epTTey
omictepiHe OalaHBICTHI OipHelIe Kiactapra Oesyre Oonaabl: acTPOMETPHSIIBIK,
CHEKTPOCKOUSUIBIK, (hoToMeTpiik >koHe T.0. Koc kyitenepmi Oaxpiiay >koHE
3ep/esey OJICTepPiHIH OpKAWChICHl OpOMTa MapaMerpiiepi OOWBIHINIA, Maccachl
JKOHE KOMITOHEHTTEPiH 6acKa 1a curaTTamanapbl OoibIHIIIA OenTiT Oip TepeKTep
KUBIHTBIFBIH YCBIHAIbl. AKIApaTTbIH TOJIBIKTBIFBl TYPFBICBIHAH KaparaHaa €H
KBI3BIKTBICHI )KYHEHIH TY THLTY aifHbIMANIbLIAPI 00BN TAOBLIA/IbL, 0J1ap POTOMETPIIIK
KOC JKyienep OoJbIl TaObUIaABl JKOHE oflap Oip YakbITTa CHEKTPOCKOMHUSIIBIK
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KOC JKYJIIbI3Iap peTinnge Oaikanaabl. By >Kyn KOMIOHEHTTEpIiH (DU3HKAIBIK
CHUIaTTaMaJIapbIHBIH TOJIBIK XHUBIHTHIFBIH alyFa MYMKIHAIK OepeTiH GpoToMeTpiik
KOHE CIEKTPIIK OakplIaynapibslH KOCHIHABICH. Koc ikyliene TyThUTyABIH Maiina
Oomysl OpOMTaHBIH OaFrAapblHAa JKOHE JKYNTHIH KOMIIOHEHTTEPi apachIHIAFbl
KALIBIKTBIKKA €19ylp KYIUTI IIEeKTeyJlep KOsIbl: JKYIl HEFYpibIM KeH Oojca,
OpONTaHbIH Ka3bIKTHIFbI KOPY CHI3BIFIHAH a3bIPAK aybITKYbI KEPEK.

By TyThUTY XKYHenepiHiH KONMIiTIriHiH TBHIFBI3 JKYNTap PETiHAE JKIKTelyiHe
OKemleNli, oJapAa KOMIIOHEHTTEpAiH OipiHiH SBONIOLMACH €pTe Me, Kell Ie
SKIHIIICIHIH HYBOJIONMSCHIHA dcep ere Oactaiapl. TYTBUTY TBIFBI3 JKYNTaPIbIH
KOMIIOHEHTTEPI 9p TYPJTi (PU3UKATIBIK KACHETTEP1 Oap KYIIIBI31ap OOIBIT TAOBLTAIEI,
OJIapIbIH apachIHAAFbl ©3apa OPEKeTTeCy Japa >KYIAbI3Nap >KarjaidblHAAa FaHa
MYMKIH eMeC 3BOJIIOLMSUIBIK CaTbUIapAblH Naiiga OomysiHa okeneni. ThIFBI3 KOC
KYHEHIH 3BOMIOUUSCHl MEH (DM3MKANBIK MapaMeTpiepiH 3epTTey *KYIAbI3AapIbIH
naiina 0oy TEOpHsiChl MEH JBOJNIOLMSCHIH TEKCepy YLIIH KaXKeT, COHJal-ax
KYJIIBI3IBIK aTMOChepanapIblH KypbUIbICHIH, aKKPEIHsl MPOLECTEPiH 3epTTeyre,
KYIIBI3AAPABIH OaffKamaTelH TYpJCpiHiH ajlyaH TYPIUIITiH TYCIHIIpyTe KoHE T.0.
MYMKIHIIK Oepei.

By 3eprreyne 6i3 SV Centauri Koc KyabI3 KyHeciH 3eprrenik xone W. Van
Rensbergen ychIHFaH KOC JKYJIABI3 OKYHEJIEpiHIH SBOJIOLMSACHIHBIH TCOPHUSIIBIK
MoJieItiH KapacTeipbik (Van Rensbergen, et al, 2008).

Marepuanagap men aaicrep. SV Centauri - «(2000) = 1147m57.22% xone
3(2000) = -60°33/57.76" (1 = 295.21° b = +01.35% koopamHaTamapsl OONBIHIIA
Centauri IIOKXYIABI3BIHAA OPHAJIACKAH alHBIMaJbl XKYIAb3. TYTbUIMANbl KOC
XKyiHe OOJbIIl TaObUIAZBI, OHBIH BH3yaJabl KOPIHETIH IIamMachl MakcuMyM 8,71
Kypaiapl, OipiHIN TyThUTy Ke3iHae 9,98-re neiliH *oHE eKiHII TYTbUIy Ke3iHjae
9,42-re neiiin xxorananel. GAIA kartanorsl OoiibiHma o JXepneH mamamen 2559
MapceKTe KallbIKThiKTa opHasiackan. SV Centauri - B1V sxone B6.511I cnekrpiiik
TunTepi 6ap xoHe 3¢pPpexrunti Temneparypacst 23 000 K xxone 14 000 K 6onatsia B
THIITI €Ki BICTHIK )KYJIABI3IAH TYPATHIH KOC OaiiTanbIC Xyiieci. bipiHmn KoMITOHEHT,
KYH coynecineH 11700 ece yJKeH »KapbIK KYIIbI3, Maccachl KYH MaccachlHaH 7,7
ece Kell JKoHE PaJyChl KYH paanychiHaH 6,8 ece Kell.

ExiHmn koMmoHeHTTIH Maccacel 9,6 KyH
MaccacblHa, paanycel 7,4 KYH paauycblHa
YKOHE KAPBIKTBIFbI KYH >KapbIKThIFbIHAH 1900
ece Kell. Op KYIIbI3AbIH OPTAIBIKTAPbI
apachIHAarbl KAIIBIKTBIK 15,3 KYH pagunychiH
Kypaiael. Kyihie 81,8° skorapel Kkeoey
apkpuTbl KopiHemi. SV Centauri Koc KYHEeHIH
OpOUTANBIK TEPUOAbl MOHOTOHIBI TYpHAE
KpUlblHA 2,1  CeKyHA  KbUIOAMIBIKIEH
TOMEHJEeH I, Oy Ke3-KelareH Oenriai jkyhe

Cyper 1. SV Centauri Koc »KyJIIbI3 i
iyifeciniy 2MASS Keckiri. YUIIH €H YJKEH XbUIamAblK. 1894 Kbuibl
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KYPri3UIreH >KYHeHiH anfamkel Oakpiaayiaapbl 1.6606 KyH mepHOAbIH
aHbIKTaabl, an 1993 xbuibl 1.6581 KyHre neiiH TOMEHIe/Il, YaKbIT OTe Kele
e3repeTiH, Oipak TypakTbl OonraH ke3ne 10-30 KbUl yakbIT apajbIFbIHIA
00J1aThIH TOMEHIEY KbULIAMIBIFBIH KOPCETT1. TypaKThl ©3repiCTiH OChIHAAN
apanbIKTaphbl apachIH/IaFbl aybICY IEPUOABIHBIH 6TE T€3 TOMEH/ICYIMEH KaTtap
KYPYl MYMKiH, MbIcaibl, 1975 XbUabl KbUIbIHA 15 CeKyHIKAa TeOMEHHAEl
(Drechsel, et al, 1982) xymbiceinna SV Centauri OipHelie >KbUigaparbl
yaKkpIT IIKaJachlHAA YVJIKEH BapHalMsJIADMEH OpOUTANBIK MEPUOATHIH
a3al0bIHBIH O1pKeEJIKieMeCKbUIIaMIbIFbIHKOpceTe 1. YD-CeKTPO CKOMUSITBIK
Oaxpuiaynap SV Centauri Koc >KyHECIHEH MAacCaHbIH >KOFaybIH >KOHE
KEeHEHeTIH CaKMHAlbl KAaOBIKTBIH Maiija OONybIH aHBIKTayFa MYMKIHIIK
oepeni. (Rucinski, et al, 1992) coiikec, mepuoAThIH €3repyi OYPBIIITHIK
MOMEHTTIH KOFallybIMEH TYCIHIIpLIE/].

(Wilson, et al, 1976) xymbichinna SV Centauri xyiaabl3 KyHeciHIH
MacCaChIHBIH JKOFAJTy KbUIAAM/IbIFBI €CENTENreH, 01 KbUlblHA ~ 4-10-4 MO
Kypanbl, oy Lyra B kaparanaa mamamen 30 ece ker. SV Centauri ekiniii
KOMITOHEHT1 63 Maccachl YIIiH a3 KapKbIpalThlH, aj OacTankbl KOMIOHEHT
- aca »apKpIpaThiH 00BN TaObUIaAbl. by colikeciHie Te3 >KOFaaTaThiH
KOHE MacCachlH apTTBIPAThIH KYJIAbI3apFa TOH. l-KecTene 3epTTesieTiH
KOC JKYHeHIH KOMIIOHEHTTEp1 Typasbl KeiOip o1e0u aepeKTep KeNTipuIreH.
Keitbip mapamerprnepsi, aram alTKaHda, KOMIIOHEHTTED MaccachlH
aHBIKTay/1a SPTYPIIi aBTOpIap apachlHAAFbl COMKECCI3IIKTI Kopyre 0oaabl.

Kecte 1. SV Centauri Koc XYJIABI3 )KYHEHIH op TypJi MoJiMeT Ke3zepi OOHbIHIIA ajbIHFAH
napametpiepi (Nakamura, et al, 1978).

(Nakamura, | (Wilson, et | (Drechsel, | (De Mink, | (Linnell, et | (Rucinski,

et al, 1978) al, 1976) |etal, 1982)| etal, 2013) | al, 1991) | etal, 1992)
M, (M) - 9.3 8.0 7.7 7.7 6.05
M,(M) - 11.1 12.4 9.6 9.6 8.56
P(day) 1.66 1.659 1.659 1.6585 1.65 1.66
TI(K) 28000 23000 26000 23000 24000 23000
T,(K) 17000 16050 18200 14050 16000 14000
L,(L) - 10900 11700 9307 -
L(L) - 2830 1900 2467 -
R (R) - 6.9 6.8 7.3 -
R,(R) - 7.2 7.4 7.8 -

Byn 3eprreyne SV Centauri Koc x)yiijpi3 xykeciniy nepekrepi (Wilson, et al,
1976) 3eprreyre colikec KosmanbuFraH. by tanmay Oy skymbicta SV Centauri
KOMIIOHEHTTEPiHIH OpOWUTANBIK MEPUOIbI, KAPBIKTBUIBIKTApPhL, () HEeKTHBTI
TeMIeparypajiapbl, Maccajapbl JXOHE paJuyCTapbl Typaybl JAEPEeKTepAiH €H
TOJIBIK JKUBIHTBIFBIH YCBIHYybIHa HerizaenreH. COHBIMEH KaTap, XapbIKTHLIBIK

86



Reports of the Academy of Sciences of the Republic of Kazakhstan

neH 3 (eKTUBTI TeMIiepaTypaHblH MoHI 013 MmaljalaHFaH ©31HIH SBOIIOIUSIIBIK
Monmenpaepin ecentey kesinme Anrons (Podsiadlowski, 1992) typingeri koc
Kyhenepai Taijgay kesdiHne Van Rensbergen skymbicTapbiHzIa MalijaliaHbLIFaH
nepekrepre oTe >kakplH. CoHmail-ak 0acka 3epTTeynepie eCenTeNTreH, MBICAIBI,
KYHEHIH OpOUTAIBIK EPUOABIHBIH MOHIMEH JKAKChI COMKEC Keleli.

HoTtu:kesnep. MaccuBTi KOc KyHeJNepliH IBOJIOIMACH 9/IeTTE OJapiAblH Oac
Ti30€KTiH HOJJIK ac ChI3bIFbIHAH IIBIFYbIHAH OacTan KapacThIpbuiafbl. OChI
YaKbIT apaJIbIFbIH/A )KYHE KOMIOHEHTTEPIHIH OPKAMCHICH Japa XYJIAbI3 peTiHIe
SBOJIOIUSITAHABI, a1 Macca alMacy TeK HEFYpJIbIM KbICKA TMEPHOATHI XKyienepue
FaHa Taiiia 00Jybl MyMKiH. DBOIIOLUSHBIH OCHI Ke3CHIH/IE OPOUTAIIBIK ITEPOATAPHI
10 xyHHEH KeM XKyienep YIIiH opONTAIBIK KO3FaIbIC KBUIAAMIIBIFBI KoHE apOip
KOMITOHEHTTIH aiHaJy KbUIIaMIbIFbl CUHXPOHIaIFaH. OpOUTAIBIK TEPHOATAPHI
10 KYHHEH acaTbhlH KOC JXKYHelep oJeTTe OpOWTaHBIH JKCIICHTPHCHUTETIHE He
0oJaapl, aJI KOMIIOHEHTTEPIIH alfHaTy KBUIIAMIBIFEI OJIAPABIH OYKLT eMip OOibI
Oac Ti30eKxTeri OpOUTAJIBIK IEPUOATAPBIMEH CHHXPOHAAIMAal Kallybl MYMKiH.

Kommonentrepnin 6ipi (donor) e3iniH Pom (RLOF) KybICBIH TONTHIpFaH
COTTe, KOC JKyHe Oencenai macca anMacy ¢asaceiHa enepi. JKyleHiH Macca
anMacy (aszacblHa eHyi KeOiHece OpOMTANBIK IMEePHOATHIH MOHiHE, OacTarKbl
KOMITOHCHTTIH MacCachlHA JKOHE a3 JOpEeXke[e KOMIIOHCHTTEP MaccallapbIHBIH
apakarblHachIHA OaiinaHbicThl. Erep sKylieHiH opOUTaNBIK NEpUOAbI aliTapiabIKTai
a3 6osca (bGacTamKel KOMITOHEHTTIH MaccachlHa OalIaHBICTHI ~2-5 KyHHEH), OHIIA
Macca aiMacy CYTETiHiH aHy CaThICBIHJA OJ[aH Jia KOl MaCCUBTI KOMITOHCHTTIH
snpockiana (donor) GacTairysl MYMKIiH, ai erep opOWTaNbIK MEepHoj] oTe KbICKa
Oosica, OHJA KaWTajaH maija OOJFaH >KYJIJBI3JBIH alHaIy >KbUIIaMJIbIFbIHBIH
alTapibIKTall YIIFAIOBIMEH €Ki JKYJIJBI3IBIH KOCBUTYbI 0ONybl MYMKiH. JKaHamaH
naiiga 6oFaH 00BEKTINIEe CYTETiHIH KaHybl xkanracansl (De Mink, et al, 2013). Ex
MaHBI3/IbI ©3TrepicTep KOC KYHee YIKSHIPEK KYJIBI3 allblll alMaKKa KeTKEH Ke3Jie
Oonampl. Slapomarel TeNMUHIIH KaHy (pa3ackIHBIH 0AcTATybl HEFYPIIBIM ayKBIMIIBI
KYJUIBI3ABIH JKbUIJIaM KCHEHOIMEH, OHBIH POINTBIH 63 KYBICBIH TOJTHIPYBIMEH
JKOHE HEFYPIIBIM ayKbIMJIBI KOC Kyiteaep ymrin mamacsl M ~ 10-4 MO GonarsiH
JKEKE, 6T¢ KbICKA YaKbIT OOJIKTepiHE KETETIH JKyHeleri MaccajblK aMacy/IbIH
KBUIIaM YJIFAIOBIMEH IIIBIFAPBUIBIT CaJIbIHA/IBI. JBONIONUSHBIH OCHI (Pa3achIHBIH
KeUTIaMABIFGI 0. 1 MITH )KBIITaH KeM OOTFaHIBIKTaH, Ka3ipTi yaKbITTa dBOJIIOIUSHBIH
OCBI CaThICBIH/IA KYHENIep/IiH a3aFraH CaHbl 3ePTTEII.

DBONIONUSHBIH  OCHI  CATBICBIHAAFBI KOC JKYHelep OJeTTe epeKIle CYBIK
CynepasblliTapFa HEMece BICTHIK CylepasblTapra YKcaiasl, keOiHece ¢oTo-
cepanblK CBHI3BIKTAPIBIH aWKBIH 137lepi KOK, OipaK CyTeri ChI3BIKTaphIHIA
JKApKBIH COyJICNeHyl 6ap jkKoHe Kypemni MPOoQIIbIi )KOHE SJCTTCH THIC PaJIHalIbI
KBUIIAMIBIKTAphl 0ap JKYTBULY CBI3BIKTAPBIHBIH JKUBIHTHIFBIMEH CHPEK eMec
kepineni. JKyleneri MacCaHBIH KapKbIHIBI adMacybl €KiHIII PETTIK KOMIIOHECHT
MacCCaChIHBIH YJIFAIObIHA FAHA EMEC, COHBIMECH KaTap OHbIH KPUTUKAJIBIK MOH/ICPiHE
JKETeTiH OYPBITHIK MOMEHTIHIH JKbUIAaM YJIFAlObIHA oKenemi. byi jkarmaiina
KYHEIeTi MaccallbIK aJIMacy KOFapbl KOHCEPBATHUBTI eMeC CHITaTKa e 00JaIpl )KoHe
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KYHEHIH aJIIbl MAaCCACBIH JKOFAJITYBIMEH KoHE OPOUTAIIBIK IIEPHOJ Y3aKThIFbIHBIH
eneyni esrepicrepimen Oipre xypexi (Wellstein, et al, 2001).

Erep maccuBTi KOC KYieHIH OpOUTAIIBIK IEPUO/IBI 5 TOYINIKTEH a3 Oolica, oHJa
KbUIJAM Macca anMacy (aszackl MacCHBTI AJTOJBIBIH Maiifa OodyblHA OKEJNei.
Kebinece ocbl 00BeKTiIIEp TOOBI YIIIH XYHEIeTi Macca KoHe OYPBITITHIK MOMEHT
anMacy HEFYpIbIM ayKbIMIbI KoMroHeHT (donor) Oac Ti30ekTe TYpFaH Ke3eHIe
6acrananst (Kuiper, 2008).

Ken xarmaiina sBomonusi GacTankplja HEFYpJIBIM KON MAacCHUBTI KOMIIOHEHT
(donor) HEHTPOHIBIK >KYIABI3NBIH Maiifa OONyBIMEH aca >KaHa >KapKbUIBIMEH
asikTanaapl. byn perre, keOiHece, Koc Kyie Oy3blaajabl jkoHE OacTamkbia as
MacCCHBTI KOMIIOHEHT (gainer) Oac Ti30eKTeTi KpUIIaM aifHaIaThIH KAJBIITHI Japa
KYJIBI3Fa alfHanmaael. Erep Koc xkyiie Oy3puMaraH skaraiiaa, Be koMmoneHTi 6ap
PEHTIeH Koc Kyiienepi maiiaa 6onaabl.

(Kuiper, 2008) sxone (Kopal, 1959) sxymbIcTapblHaa IEKTEATEH Y1 IeHe eceOiH
LICLTY apKbIIbI )KaKbIH KOC JKYJIABI3 KYHEeNepiHiH TMHAMUKAIBIK SBOTIOIHMSCHIHBIH
HETi3JiepiH CHUMarTaabl. ABTOpIap KOC OKYHeNepAiH YII TYPiH aXblpaTaibl:
OeJIIHTeH KymnTap, OJAp/IbIH eKeyi Jie o3/epiHiH POIIThIH KPUTHKATBIK OSTTepiHIH
imriHge Oonmajpl JKOHE OJIAP/BIH OPKAKWCHICHIHBIH, SBOIIONHUSACHIH Oip JKYIIIBI3IBIH
HBOJIOUMACH PETiHAE cUmarTayra OoJajbl; >KapTbulail OeJIiHreH JKYNTap, OHIa
KOMITOHEHTTEP/IiH Oipi OHBIH POII KyBICEIH TONTHIPAJBI, all OHBIH OCTiHIH 3aThl
CIYTHUKTIH TPaBUTAIMSIIBIK OPICI apKbUIbI allbIHYbl MYMKiH, HOTIDKECIHIE Oip
KOMITOHEHTTEH EKIHIIIICiHE Macca aiMacy TpoIeci Kypeli; eKi KOMIOHEHT Te
KPUTHKAIBIK Pomr KybICTapblH TONTHIpaThIH Oaitmanbic xyienepi. Koc xyiieHi
CUNATTAay/bIH OCHIHJIAN TOCIUTIHIH Maiaa OOMyhl TYTHUIFAH KYJIIBI3IApIbIH OaKbI-
JayJaapblH TaIay Ke3iHIe Kepi MOCEIIeHI IeNTyTe KOIIyTe )KOHe SPTYPITi PU3UKAIBIK
KacHeTTepiH KOMITOHEHTTEePiH KAMTHTHIH )KYHeIep YIiliH OipKkarap MaTeMaTHKAJIBIK
MOJIENBIEpi a3ipieyre MyMKiHAIK Oepai. (Wilson, 1994) monybsiHna omictepiin
JaMy TapHXbl )KOHE KOC JKYHEHIH KaparaibiM MOJIeNi eHOepiHIe OaKbuiayaapsl
TanaaynblH OeNrim Tociimepi, COHmali-aKk Y KOMIIOHEHTTEPiHIH SBOIOIHUSCHI
OapbIChIH/IA MTaiia O0NaThIH (PU3UKAIBIK dCepIepi eCKEPETiH MOIEIbIep, COHIAMN-
aK KOC JKYJIJIbI3 )KYHECiHIH OpOUTACHIHBIH KaCHETTEPl CHIIATTaJFaH.

025 B
,—-"Rbche lobé"\\
0.0
e e/hotspot
ag Igggir%n Cyper 2. Maccacs! a3 (gainer)
y KOMIIOHEHTIHIH OETIHIET] BICTBIK
HYKTEJIeH XKYHeTiK Macca )KOFalTyFa
YIIBIPAATEIH AJITOJB )KYHECIHIH
outflow cxeMastsIK mourysl (Van Rensbergen, et

al, 2011)
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CoHFBI KbUTIAPBI KOC KYJIIBI3AAP KYHEC] HBOMIOUUSICHIHBIH JTHOEpaabl jKIHE
KOHCEpPBaTUBTI Yiriiepi KeHiHeH Tankpuianyna. (Warner B., 1978) maccanbiH
YKOFATyhI KoHE KeHIHHEH UMITYIIbCIHIH JKOFAITyhl 0ap KOC JKYHEHIH YBOJIOIUSACHIH
Macca JKYHeAEH WIBIKIANTBIH KOHCEPBATUBTI JKarJalJaH aKplpary YILIiH «IH0e-
pPaNJIBIK» TEPMHHIH CHTI3l. OpOip KOMIIOHCHT-XKYJIJIBI3/IbIH aiHAIAChIHIAFbI
KOC JKyilenepie OHbIH TapThUIbIC KYIITEPl 0acKa KOMIIOHEHTTIH IPaBUTALUSIIBIK
KylITepiHeH OacbiM OomaTbiH aiiMak Oap. Pomr aiiMarbIHAAFbl SKYJIBI3IBIH
IPaBUTALMSUIBIK KYIITEPi KOC )KYHeeri K yJIIbl3 KOMITOHEHTIHIH TapThUIBIC KYIIIHEH
FaHa e€MecC, LIEHTPAEH TEIKIll KYWITEH Je OachiM. Poll KybICBIHBIH IIE€Kapajiapbl
SKBUIIOTCHLMAN OeTreH aHbIKTanaabl. byn Oerre Jlarpamxkasiy OipiHIIi HYKTeci
0ap. Exi xommoneHT-xyasi3aapabiH (gainer & donor) JlarpaHKeIHBIH OipiHIIi
HYKTeciHzne Oip-OipiMeH jkaHacazapl (2-cypeT). Ocbl ce0enTeH eKi JKYIIBI3IBIH
TapTBUIBIC KYLITEPl OCBI HYKTeAE Here aiiHanaabl. OceiraH OaiaaHbICThl OipiHILI
Jlarpamx HyKTecCi apKbUIbI Oip JKYJIBI3/IBIH 3aThl CKiHIIICIHE KOHE KEPiCIHIIE aFybl
MYMKiH. KocC >KyJabI3aapablH 3BOMIOLMSUIBIK AaMybIHJA 3aTThIH O1p KyIAbI3AaH
SKIHIII KYJIIBI3Fa J)KOHE KePICIHIIIE 6Tyl MaHbI3/IbI POJI aTKAPaJIbl.

JKyitenik MaccaHbIH )KOFATYbIH TYCIHAIPYIIH OPTYPIIi MEXaHNU3MEP1 YCHIHBUIBI.
Ouapasl Tepr Tomka Oeisryre Oonaabl: OWIOJSIPIBIK aFbIHAAP, JKEACIICTUIreH
arblHIap, CHIPTKBl Jlarpamk HyKTeci 3 apKpUIbl JKOFAITYNAp JKOHE «BICTHIK
HykTenep». COHFBI MEXaHW3M €H NepCHeKTHUBAIbI OONBINT KepiHemi, eWTKeHl
QJTFAIIKBl YIII MEXaHU3MHEH aJIbIHFaH MaCcCaHBIH )KOFaTy KO PUIIMEHTTEPI KehOip
Adnronp xyienepiHiH OommKaMIbl )KYHETiK MAacCaHbIH JKOFAITybIH TYCIHAIPY YIIiH
TeIM a3. (Van Rensbergen, et al, 2011) nmubepanapl crieHapwii 93ipiemi, oHmIa KOC
KYIIBI3ABI KyHeHiH Mmaccackl Pomr  KybeickiHBIH (RLOF) TOmysr OacranranHaH
KeHiH Ko y3aMall Te3 Macca ajJMacCybIHbIH KbICKa YaKbITBIH/IA JKOFaybl MYMKiH.
by cuenapuiizie MacCaHbIH KOFAIIYbl BICTBIK HYKTEHIH paJualysiiblK KbICBIMBIMEH
OaiimanbicTel, on RLOF apkbuibl MaccuBTIK KOMIOHEHTTeH (donor) TyceTiH
Marepua arbIHbl aKKPEIUPIICYII KYIIBI3FA TYCI, XKYJIBI3ABIH OCTIH KBUIBITYFa
KOHE JKEPrUIKTI XapbIKTBIIBIKTEl apTTHIPYFa apHaJFaH SHEPIHsAHBl IIbIFapraH
Ke3zie maiaa Oonanel. Byt BICTBIK HYKTE KeiOip yKcac ynasizaapaa Oaikanasl,
KYJIBI3 OCTiHJE TiKeJel akkpelus OOJFaH Karjaijia >KoHE JAMCKIHIH MIeTiHIe
aKKpernwust OOJIFaH JKaFaaima).

JIuGepangpl 3BOMIOLMS KE31HJE MAacCaHbIH JKOFallybl JOHOPIBIH (Maccachl
YJIKEH KOMITOHEHT) JKOFaJITKaH MacCaChIHbIH YieciH oepeTiH B~ [0,1] mamacbiMeH
anbIKTanaabel (d wHAEKCi), OHBI TeliHep (Maccachl Killli KOMIIOHEHT) KUHAWIBT (g
nHaekci) (Warner, 1978):

0 U

Mg =-BM"

B =1 = TeH Ooica, KOHCEPBATHUBTI JaMy ToH. JInOepaIpl TEOPHSIIBIK ecenTeyiep
(stFHU, Oipa3 yakbIT KeM, OOJIFaH/Ia) mapaMeTpiHe HeMece TeK JKYHeleH JKOoFaFaH
MacCaHbIH MeJIIepiHe OalIaHBICTBl eMec, COHBIMEH Karap MMITYJIbC MOMEHTIHE
(a mapameTpre KatbIcTbl) Oaitnanbicsl 6ap exenid (Umana, et al, 2002) sxyMbICbIHIA
MeXaHU3Mi OOMBIHINA TYXKBIPBIM/IAJIFaH.
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Tankernay. XKymeicra SV Centauri sxyiieci yiniH 0akpuiay JepeKTepi MeH
CUNaTTaMaJIapblH MaiijjanaHa OTBIPBIN, KOC Kyienep 3BOMOUUACHIHBIH 150-1eH
acTam CIICHapHitl KapacThIpbULAbl. Heri3ri 3BoNIONHUSIIBIK JUarpaMMaiap CaablHIbl
KOHE TaJJaHAbl, OJap >YHe KOMIIOHEHTTEepi YVIIIH MacCaHbIH TOYeIAUIITiH
YKOHE OHBIH >KOFaITybIH, Kac OOHBIHILIA OPOUTATBIK MEPUOABIH, KYJIIbI3AAPIBIH
KapBIKTBUIBIFBIHBIH QQEKTUBTI TeMIieparypara Tayenninirid, Van Rensbergen
YCBIHFAH KOC JKyHenepAai HaMbITY[IblH KOHCEPBAaTUBTIK KOHE JHOepasIbIK
CIICHAPUIIEPIHE COMKEC KEJICTIH TOYSIAUIIKTEP I KAMTHIBI.

Bacrankpiia >KapbIKTBUIBIK JUarpaMMacbliHa CYHEeHe OTBIpbIN - 3()(EeKTHBTI
Temreparypa op0Oip cieHapuil YIIiH KyHeHiH MYMKiH OOJIaThIH XKachl aHBIKTAJI/IbL:
OCBI IMarpaMMa/IaFbl TEOPHUSUIBIK BOJIOLMSITBIK KUCBHIKTaH €Ki KOMITOHEHT JKYJI/IbI3
YUIIH OCHI IIamajapiAblH OJIIICHTeH MOHJCPIHIH €H a3 aybITKybl 0ap HyKTelep
i3gecripinai. Coman xeiiin SV Centauri KyHeciHiH Maccajapbl, pagunycTapbl,
OpOUTANIBIK TEPUOIBI JKOHE IKYJIJBI3-KOMIIOHEHTTEPl MAaCCACHIHBIH YKOFaIy
KBUIJAM/IBIFBI TYpasbl OaKblIay 1epEeKTepi OCHI IBOJIIOLUS CLIEHAPHUITl MEH KYHEeHIH
KachlHa COMKeC OChl LIaMalap/blH TEOPUSUIBIK MOHJIEPIHE COWKEC KeNeTiHIIriHe
Tannay xyprizinai. Erep Oakpuiay gepekrepi coiKec jKacTarbl TEOPHSUIBIK KUCBIK
HYKTE/IeH ayibic Oosica, OHAa Oy CLieHapuil ajblHBII TacTangsl. byn mpoueaypa
0apibIK BIKTUMAJI CLICHAPUIIEp YLIIH KaHTalaH Ibl.

Horwmxkecinae 6i3 6acrankbl maccaiapsl 15 MO sxone 6 M 00JIaThIH MacCUBTI
KOC JKYyWernep YIIiH Jubepanibl MOACIbACPIiH OipiH TaHmaasiK. by moxenbre
coiikec, SV Centauri xyleciHil jkacsl mamamer 13,6 meraxsui. 3-7 cyperreple
3epTTey HOTHXKeNepl Kepceriired. bapiblk quarpammanapaa OacTamnkbl Maccachl
KOFapbl KyJIbI3 (donor) yUriH MoHAEP KbI3BUI TYCIICH, all Maccachl a3 JKYJIABI3
yiriH (gainer) kek TycrieH OenriieHreH. ChI3BIKTap - TaHJAAJIFaH JUMOepasibl
MOJICTIbTe COMKeC KeJNeTiH TEOPHSUIBIK KUCBIKTap, skyiabimanap - SV Centauri
YIIiH OakbuIay JACpEKTepi, MeHOepep - KYHeAeri )KyJIbI31ap MOJeIblIe ColKec
TaHIaJFaH YBOJIONMS KbUTBIHAA OOMYbI KEpeK [IaMa MOHAEPI.
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4.5 L H
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Cyper 3. «KapBIKTBUTBIK - 3()(EeKTHBTI TeMIepaTypa» JuarpaMMachlHaa Maccacs! 15M@ xoHe

6M@O KOC KYJIIIBI3 XKYiieci KOMITOHEHTTEPiHIH IBOTFOIUSIIBIK KOJIIAPhI
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3-cyperTe KapbIKTBIH ABOJIOIMSIIBIK JHarpaMMachl KOPCETUITeH - TaHAaIFaH
Mozenb yuiH 3¢dextusri Temneparypa. SV Centauri YIIiH MOHAEP TEOPHUSIIBIK
MOJICJIBIIH KHCBIK CHI3BIKTapBhIHA OTE KAKbIH CKeHIH Kopyre O0oabl.

W model
1l

 model

9

{? M SV Cen
1l

| * M SV Cen
9

Massa, M
4.
=

Age, Year % 10

Cyper 4. IpikrenreH Moziesb YIIiH KOC KYJI/IbI3 )KyHeci KOMITIOHEHTTEPI MaCCAChIHBIH YaKbITKa
TOyemaiiri

Bip KpB3BIFBI, Oy clieHapuiifie gainer-KYJIIbI3BIHBIH JKaPBIKTBUIBIFE MEH
2 (PeKTUBTI TeMIepaTypachiHBIH MOHIEPI ABONIONHSA Ke3iHae donor-KyJIasi3ra
KaparaHaa onicKaiiaa a3 Auama3onaa e3repei: Koc )KyheHiH donor->KyJIIbI36IHBIH
KapBIKTBUTBIFBI  ~ 38000+ 1mmamaceiHma e3reperi. IBONIONUSHBIH —OapITbIK
keseHinae ~ 38000+46500 L, an gainer-xymueizaap ~ 900+33500 L. Conpnaii-
aK, OCBHI DBONIOIMSUIIBIK IHUarpaMmara koHe oHmarbl SV Centauri mo3unmsichIHA
colikec, Oomamrakra Oyi JKyHeHIH donor-KYJIIBI3BIHBIH KAPBIKTBUTBIFEl MEH
2 (PeKTUBTI TeMITepaTypachIHbIH JKOFapbUIaysl OalKamybl Kepek Iem Ooinkayra
0omaapl. 3epTTENCTIH KYHEIET] gainer-KYJIIbI3bIHBIH KaPBIKTBIIBIFEI 2 (GEKTUBTI
TeMIIepaTypaHblH TOMEH/ICYIMEH KBICKA yaKbIT iIIiHJE a3/ian apTybl Kepek, SFHH
OYJT JKYJIITBI3IBIH OJTIIEMI VITFAIOBI KEPEK, COAaH KeHiH MPOIIeCTi KePiCiHIIIe 03repTy
Ka)XeT 0oJabl.

4-cypeTTe ipiKTeNTeH MONEeTh YIIIH YakKhIT OOWBIHIIA KOC >KYJIIBI3 XKyHeci
KOMIIOHEGHTTEP1 MacCachIHBIH ©3repyi kepceTinreH. by xepae 6i3 SV Centauri
YIIH MOHAEP/IH KUCHIK TEOPHSUIBIK MOIEIbIEPre JKaKbIH OpHANACKAHBIH KOPII
OTBIpMEI3. Jlumarpammaza 013 donor-»KyJIabpI3IbIH MacCaHBIH YKOFAITYBI KOHE gainer-
JKYJIITBI3IBIH MacCachlH KOCHIT ajly TpOIeciH OalKaiMbI3. Asaiina, )KyHeHiH eki
KOMIIOHEHTI VIIIiH J¢ MacCaHBIH JKOFay JKOHE oCy KapKbIHBI Oipmel eMec, SFHH
MacCaHbBIH KeibOip O6iTiHIH KYJIIBI3 MaHBIHIAFBI OpTaFra KeTyi OalKaramsl, OV 03
Ke3eTiHae KoC JKYHeHIH aifHajgachlHIa IMaH KAOBIFBIHBIH HEMEce MUCKIHIH maiiza
0OJTybIHA OKEeTyl MYMKiH. DBOIOIMUSHBIH TEOPUSITBIK MOJIEITIHE COMKeC OacTammKhIa
OCBI KOC XYM€ XHUBIHTBIK 21 M) MaccacbiHa ue O0IIbl, a1 SBONOUMAHBIH COHBIHIA
KYHEHIH JKYJIIBI3-KOMIIOHEHTTEPIHIH KUBIHTBIK Maccacel 12.8 M neliin asaspl,
OChLTaiIIa Kyie Oactankpl MaccanblH mamameH 40%-b1H sxorantassl. (Rucinski,
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et al, 1976) coiikec, SV Centauri xpiibHa maMamer 4-10“4 MO KbULIaMIbIKIIEH
©3 MacCachlH XOFANTAAbl. [piKTeNreH TEOPHSIIBIK MOJIENbre coiikec, 013 TaHIaraH
SBOJTIOIHS JKBUTBIHIA MACCAHBIH JKOFAJy JKBUIIaM/IBIFBI [IIaMaMeH KblTbiHa 2+10
MQ kypaiinst (5-cyper).

model for donor-star

model for gainer-star
T:T for donor-star (year)

Y for gainer-star (year)
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Cypert 5. Koc xynbi3aap xylHeciHiH KOMIIOHEHTTEPiHIH MaCCAChIHBIH YKOFAIYBbIHBIH YaKbITKA
TOYeJIALNIT

6-7-cypeTTepae KapacTBIPBUIBIT OTBIPFAH JTHUOCPAIABIK MOICIb OOMBIHINA
KYJIIBI3IAPBIH PaJiyChl MEH KYHEHIH OpOHMTAJBIK MEPUOIBIHBIH YaKbITBIHBIH
e3repyikepceriiret. bi3TaHaraH3BOMONNAKE3SHIHAC K YIIABI3AAPABIH Pa TNy CTaphl
VIFalbIT, OpOUTAJIBIK TIEPHOJ] OpTAallla eCermeH 32 ¢/5KbUT TOMEHACUTIHIH Kopyre
6omanel. Conreicel (ManambaeBa, T.6., 2021) TYKbIpIMIapbIMEH COIKEC Kelei.
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Cypert 6. Koc xyiie )KYIIbI3IapbIHbIH PaIHyCTaPbIHBIH YaKbITKA TOYCIILTIr
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Cypert 7. Koc xyiabI3 xyiieciHiH opOUTaIbIK TIEPUOIBIHBIH YaKbITKA TOYEIILTITI.

Kopsoithinabl. 3eprrey HoTmkeciHae SV Centauri KOC KYIABI3 JKYHeCiHIH
JAaMYBIHBIH €H BIKTHMaJl CIieHapwHiii peTiaae 15ME xore 6M(© KOMITOHEHTTEePiHIH
OacTamkel Maccaiapbl 0ap HBONIONHSAHBIH JTHOEpaaAbl MOMIETi TaHTaIIbI, ai
JKYHWeHiH »kacel ~13.6 Meraxbpur genm OaramaHnel. MyHmait Oommkamma SV
Centauri KOMITOHEHTTEPIHIH MapaMmeTpiepi (Maccanap, paanycrap, KapbIKTBUIBIK,
3¢ deKTUBTI TeMIeparypaiap >KoHE OpPOWTAIBIK IMEPHON) THICTI IBOIIOIUSIIBIK
IUarpaMManapia TEOPHSUTBIK KUCHIKTapFa jKaKbIH KaTblp. OpOHUTaIIBbIK IEPUOATHIH
e3repicrepinye OalikanarsiH sxoHe SV Centauri yrria MaccaHbH skoranysl (Umana,
et al, 2002) >xyMBICTapbIHAA CHUTIATTAFaH 3aHIBUIBIKTAP Ja JBOJIOIUSHBIH OCHI
MepPHUOIbIHA TaHAAJIFaH MOJIENIbIe COUKEC OPBIH allybl THIC 3aHIBIIBIKTapFa COlKeC
KeJei.

Ocrunaiima, 613 SV Centauri TYTBUIATBIH KOC KYJIABI3 )KYHECIHIH 3BOTIOITHSCH
W. Van Rensbergen ycbiHFaH MacCHBTI JKYIIIBI3 )KYHEC] YIITIH JINOepa bl clieHapuit
OOWBIHIIIA KYPEIl eI OOKANMBI3.

Byn 3zeprreymi Kazakcran PecmyOnmkacel FrutbiM JxoHE KOFapbl Oiim
MHHHCTPIITiHIH FBUIBIM KOMHTETI KapKbUTaHIBIpAel (rpaHT Ne AP14972694),
«Kynmae3apanplk opra MEH JKYIIBI3 MaHBIHAAFbl KaOBIKTapblH IKYIIABI3AAD
SBOJTFOIMACHIHA dcepi», Makama 2022-2024 xwuigapra Oepinren «2Kac Fambiv
o0acel OOWBIHIIA JKac FajbIMAAapFa AapHajJFaH FHUIBIMH TPAHTHI asChIHIA
NaNbIHIAIIIEL.
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YHKJIACTEPIIK MUKPOCKOIIUAJIBIK YJI'TAEI'T
‘Be MEH °B AMHAJIBIK SIIPOJIAPIBIH KYPBLIBIMbI

AunnoTtanus. °Be Men °B spomapbIHBIH YIIKIACTEPIIK KOHTHHYYMIAFEl Pe30-
HAHCTHI KYWIEPIHIH CIIEKTpIIep] YIIKIACTEPITIK MUKPOCKOMMSIIBIK YT KOMETIMEH
aHBIKTaJIFaH. byl ynri yHIKIacTepilik KOHTHHYYMJBI JAYpbIC CHIIATTAYbIH KamTa-
MachI3 €TeTiH runepcdepaibik rapMOHUKaIapAbl KosnaHa sl "Be meH °B aitHanbik
SOpOJIapbIHJAa COMKECIHIIe, 0 +0 +n KoHE o+ o +p 0achblM YIIKJIACTEPIK KYpbI-
asiMaap eckepiieai. KongaHbuiblll OTBIpFaH of1ic OCHI SAPOJIAPAAFHl PE3OHAHCTHI
KYWJIEpIiH TapaMeTpiepiH €CenTey VIIiH J>KOHE OJIApABIH TaOWFaTBIH 3epTTCY
YIIIiH TaHaIl ajJbIHFaH.

Ecenreynep HyKIIOH-HYKJIOHABIK MUHHECOTa MOTEHIMAJIBI JKOHE MOJUPHUIIUD-
neHreH Xacerasa-HaraTta moreHuuanbl apKbUIb )KYPTri3iai. Pe3oHaHcThI Kyitnepain
napamerpiiepi MuHHecoTa >xoHe Moau¢uumpiieHreH Xacerasa Harata morten-
M Iapbl apKBUIBI aHBIKTAJIFaH. Be MeH °B alfHaNbIK SApOIapbIHAaFbl PE3OHAHCTHI
kyhnepnia E sHeprusacel MeH ' KeHITIHE KYJNOHIBIK ©3apa 9peKeTTECYIiH ocepi
xKeTe KapacThIpblibl. KylnoHIBIK e3apa opekerTecyaiH 3ddekricin canabik Oara-
Jay YIIiH OYpBUIBIC TICH BIFBICYABI aHBIKTAHTHIH €Ki mapamerp eHri3inai, cededi
alfHaNBIK SAPOJIAPABIH Colikec pe3oHaHcThl Kyinepi E — I xka3bIKThIFbIHAA KOPIHIC
Oepeni.byn mapamerpiepai naiinanaHa OTBIPBIN, KYJIOHIBIK ©3apa 9PEKETTECYIiH
oIci3, oprarra, KymTi dgdexTinepi 6ap pe3oHaHCTHI Kyiiep aHbIKTanabsl. Kymon-
IBIK KYIIKE OalIaHBICTBI PE30OHAHCTHI KYWHIEpP KO3FaJIBICBIHBIH Op TYpJll CIEHAa-
puiiiepi 3epTrenreH. Y MIKIACTePIiK eH 0achiM clieHapuii “Be spOoChIHBIH CoiiKec
PE30HAHCTBI KYHiHIH OpHBIHAKATHICTHI ’B SPOCHIHBIH SHEPTUSCHIHBIH J1a, KSHJIi-
TiHIH Je yiFaiobl 0okl Tabbutanbl. byn cuenapuit “Be Men B simponapbiHbIH
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YIIKJIACTEPIiK KOHTHHYYMBIHZA OONaTBIHOAPIBIK  PE30HAHCTBI KYWIEp YIIiH
OaKbUIAHIbL.

Tyiiin ce3mep: yIIKIacTepiik YT, aifHANBIK sApoOiap, KYIOHABIK e3apa
OpeKeTTecy.
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CTPYKTYPA 3EPKAJIBHBIX SI/IEP °Be U °B B
MHUKPOCKOIIMYECKOM TPEX-KJIACTEPHOM MO/JIEJIA

AnHoTanusa. CHEKTPbl PE30HAHCHBIX COCTOSAHHH B TPEXYACTUYHOM KOHTH-
HyyMme siaep ‘Be u °B ObUIH ONpeaeieHbl ¢ MOMOLIBI0 MUKPOCKOTTHUECKON TpeX-
KJIACTEPHOW MOJeNu. DTa MOJENb HCIONB3yeT Tunepchepuieckue rapMOHHMKH,
KOTOpbIe 00ECIeUMBAIOT KOPPEKTHOE ONMHMCAHHE TPEXKIACTEPHOrO KOHTHHYYMA.
B 3epkainpHbIx sigpax *Be u °B y4HTHIBAIOTCS TOMUHHUPYIOIINE TPEXKIACTEPHBIC
KoH(Urypanuuo, +o +n x9He o+ o +p cooTBeTCTBEHHO. Mcmonb3yemblii MeToxn
MO3BOJISICT BBIYUCIIATH MapaMeTphl PE30HAHCHBIX COCTOSHUM M HCCIENOBaTh MX
MPUPOLY B 3TUX sAApax. PacueTsl mpoBeaeHbI ¢ HYKJIOH-HYKJIOHHBIM HOTCHLHAIOM
MunHecoTsl 1 MOAM(UIMPOBAHHBIM MOTeHIUANOM XaceraBbl-Haratel. Jlerannb-
HO HCCIIEIOBAaHO BIIMSHHUE KYJIOHOBCKOTO B3aWMOACHCTBHS Ha sSHepruio E n
mmpuHy I' pe30HaHCHBIX COCTOSHHM B 3epKaibHBIX sapax ‘Be u °B. Jlnst koiu-
YECTBEHHOH OLEHKH 3(QEKTOB KyJIOHOBCKMX B3aMMOJICHCTBUII BBEICHBI J1Ba
napameTpa, KOTOpble OINpPEACISIIOT BPAILIEHUE W CMEIICHHE, TOCKOIbKY SHEprus
W IIUPUHA COOTBETCTBYIOIIMX PE30HAHCHBIX COCTOSIHUH 3€pKaNbHBIX s1ep
orobpaxatorcst Ha E — I' tutockoctr. C momoripio 3TUX MapaMeTpoB ObUIM Hali-
JICHbl PE30HAHCHBIC COCTOSIHUS C CHJIBHBIMH, MaJIbIMH U CpeIHUMHU d(pdexTamu
KyJIOHOBCKOTO B3aMMOJCHUCTBHS. bBBIIM HMCCIENOBaHBl Ppa3iM4yHbIe CLEHAPUU
JBIDKCHUSI PE30HAHCHBIX COCTOSHHUMN 3a cUeT KyJTOHOBCKUX cuil. [IpeoOnamatommii
CLICHAPHIA JUTsl TPEXKIACTEPHBIX CHCTEM — 3TO KOTIa M SHEPIus, U IIupHHa sapa’B
YBEJIMUNBAIOTCA OTHOCHUTEIBHO MOJOKEHHUS COOTBETCTBYIOLIETO PE30HAHCHOTO
coctostHus B siape’Be. DTOT clieHapuii HAOMIOMACTCS ISl BCEX PE30HAHCHBIX COC-
TOSIHUI, HAXOSAIINXCS B TPEXKIIACTEPHOM KOHTHHYyMesiep *Be u ’B.

Ki1roueBble cjioBa: TpexkiacTepHas MOJIEIb, 3epKaJIbHBIC SIpa, KYJOHOBCKOE
B3aMMOZACHCTBHE.
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STRUCTURE OF MIRROR NUCLEI °Be AND °B IN MICROSCOPIC
THREE-CLUSTER MODEL

Abstract. The spectra of resonance states in a three-particle continuum of *Be
and °B are determined by using a three-cluster microscopic model. This model
employs hyperspherical harmonics, which provide one with a correct description
of the three-cluster continuum. In the mirror nuclei °Be and °B, the dominant three-
cluster configurations o + o + n and a + o + p are taken into account, respectively.
The employed method allowed us to calculate parameters of resonance states and
to study their nature. Calculations are performed with the Minnesota and modified
Hasegawa-Nagata nucleon-nucleon potentials. The influence of the Coulomb
interaction on the energy E and the width I" of resonance states is investigated in
detail in mirror nuclei ’Be and °B. For a quantitative assessment of the effects of
Coulomb interactions, two parameters are introduced which determine the rotation
and displacement, since the energy and width of the corresponding resonance states
of mirror nuclei are displayed on the E - I" plane. Using these parameters, resonance
states with strong, weak and medium effects of the Coulomb interaction are found.
Various scenarios of the motion of resonance states due to Coulomb forces are
also investigated. It is shown that the dominant scenario for three-cluster systems
is when both the energy and the width of resonance states in the ’B nucleus are
increased relatively to the position of the corresponding resonance state in the
’Be nucleus. This scenario is observed for all resonance states in a three-cluster
continuum of °Be and °B.

Key words: three-cluster model, mirror nuclei, Coulomb interaction.

Kipicnme. Ymkmactepiik KOHTHHYyMIa OOJIATBIH KYJIOHIBIK KYIITEPIIH pe30-
HAHCTBIK KYHJIEp KeHJIITT MEH SHEPTHSACHIHA 9CEPIH 3epTTey — OYJI 5KYMBICTHIH OaCThI
Makcartbl. by 3epTreynep yiiH ailHaJbIK SApoJiap eH TanTelpMac HeICaHaap OOJBII
TabbLIaabl. Erep 013 kemkmacTepsai Y/TiHI TEK HyKIOH-HYKJIOH/IBIK OPEKETTECYICH
naija OoMaThlH KiacTepapablK opeKeTTeCylep IieKi aifHabIK sapoiapaa oipae
OomaTeIHAN eTill ajcak, OHJa OaliIaHbIC )KOHE PE30HAHCTHI KYHIEPIiH KaThICTHIK
OPHBI MEH OJIapIbIH KEHJIr1 TOJBIFBIMEH NMPOTOHHBIH KYJIOHJBIK 9PEKETTEeCyiMeH
aHbIKTanaasl. Meicansl, *Be xone ‘B aifHaIBIK saapogapsiH KapacTeipaifsik. Omap-
Jbl YHIKIACTEPIIK KYpBUIBIM pETiHJE CoMKeciHme o +o +n jkoHe o+otp ana
anambi3. by siponapeiH OaKbUIaHBII OTHIPATHIH KONTEreH KACHETTEPIH AYPHIC
CHIIaTTay/bl KAMTAaMAacChI3 €Ty YIIiH, OCBIHJIAH YIIKIACTEePIiK KYPhUIBIMBIOAp KJlac-
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teprik ynrinep (Varga et all., 1995), (Csoto, 2000), (Vasilevsky et all., 2017, b)
’KYMbICTapbIHIa KepceTinreH. *Li sapoChIHaarbl KYJIOH/IBIK dcepiaecy TeK aibda-
OOJIIIIEKTIH TPUTOHMEH dPEKETTeCyiHe FaHa acep eTeji. °B alfHaIBIK sIIPOCHIHIAFbI
KYJOH/IBIKOPEKETTECYIlI MbIHAAAH OapiblK KIAcTep IKYNTApbIHAAFBl ocepii
TapTHUIBICTHI GacereTeni: o + *He, o + p sone *He + p. ConbiMeH karap, [Taymu
MPUHINI, KypaMa >XYHCHIH TOJBIK aHTHCHMMETPHU3AIMICHIH IYPBIC ecenTel
OTBIPBIM, YIIT OOJIIEKTI KyJIOH/IBIK dCEPIeCy Il TYAbIPAIbI.

Mysnait maocene Oipaemnte pet (Wildermuth et all., 1961), (Humbletet all., 1967),
(Everling, 1970), (Aoyama et all., 1997), (Aoyama et all., 1998), (Myo etall.,2014),
(Ito, 2016), (Nakao et all., 2017), (Nakao et all., 2018) onebuerrepinze 3epTTenreH
eni. KebOinece Oy OacwhuipIMIapaa OaiylaHbIC KyWiepiHe KOHUT OOJIHIeH >KoHE
KYJOHJIBIK ©3apa OpPEKETTECY/IiH PEe30HAHCThI KyWre ocepi KapacThIpbLIFaH. by
Mmacenere apHairaH (Webb et all., 2019), (Wang et all., 2019) sxaHa OachuIBIMAAp
na Oap. '"Li mern "O aifHamBIK SApONApBIHBIH KYPBUIBIMBI TOXKIpHOE KY3iHzE
(Webb et all., 2019) >xymbicbiHaa >koHE ['aMOBTBIH KOcapiiaHFaH apHajiap Tociii
asicera (Wang et all., 2017) 3eprremnni. By tocin asceinaa 'Li men 'O aifHanbIK
SIIPOJTAPBI MHEPTTI SIPOCHI Oap YIII OOIIIEKTI KY€ )KoHe COlKeCiHIIIe, eKi BaJICHTTI
HEHTPOHAAP MEH MPOTOHIAP PETIH/IE KAPACTHIPBIIFAH.

Marepuajgap MeH agicrep. AlHanbIK saponapabiH *Be men B kyObiHa
Tajmayaap KacaJblHAbL. Byl  SApONapyHIKiacTepiaiKk MHKPOCKOMHMSUIBIK YTl
asIChIHJIA KapacThIPbUIILI. MYHIaH SApOIapAblH OApIbIFbl YIIiH O0achiM 0OTaTHIH
YIIKJIACTEPITiK KYPbUIBIMAAP TaHaan ajbiHael. Kecre 1-1e allHANBIK SAAPOIApIbIH
KYOBI MCH OJIap/IbIH 0AChIM YIIKITACTEPIIiK apHanapsl yebiHburaH. JXKyOs! L xxone
R opinrepimen 6enrinenren. Kecre 1-1e KongaHbuFaH MUKPOCKOTIHSUTBIK YIIT1 MEH
ecenrey Ke3i, COHbIMEH KaTap, = Z, — Z, 3apsaarap aibIpbIMbl KOPCETIJITEH.

Kecte 1- 3eprrey yurin saposap Ti3iMi, YIIKIACTEPIIiK OackiM
KOH(HTypanusiap, KOJIAaHBUIFaH MUKPOCKONUSUTBIK YIIT1 MEH ClTeMernep

L-sanpo R-sa1po Cinreme Yori
‘Be=a+a+n|’B=a+a+p| 1 |(Vasilevsky etall., 2001), (Vasilevsky etall., 2017, a) | TTBAY

Yuknactepiik sKyienep/eri pe30HaHCThl KYHIepre KyJIOHJBIK 03apa opeKeT-
TecyiH 3eprrey yiuiH, Kecre 1-me kepcerinreHmeil €Ki MHKPOCKOIHUSUIIBIK YJIT
Koyaublibl. OJ pe30HAHCThI TONTAp OICIHIH MOJU(PHUKAIMICHIH KOPCETEIl.
Byn omic KeHim aroM SOpONAapbhIHBIH YIIKIACTEPIIK KYPBUIBIMBIH 3€pTTEY
YIIiH apHaJlFaH XOHE KiacTepapalblK KO3FalbIC JTUHAMUKACHIH CHUMATTAy YIIiH
KBaJ[paTThl MHTETPAJIAaHATBIH HeTi3/11 Konaanasl. bepinren ynri (I'mnepcdepanbix
rapMOHHUKAJIBIK Oa3zanbl anreopansik yiari — [TBAY) kmacrepiepaiH KaTbICTBIK
KO3FaJIbICBIH 3€pTTey YIIiH runepcdepanblk TapMOHHKAaHBI KOJJAaHA/Ibl KOHE
YIIKJIACTEPIiK KOHTHHYYM/IAFbl ypaicTepai 3eprrey yuriH (Vasilevsky et all., 2001)
YKYMBICBIH/Ia OMJIaIl TaObLIJIbI.

Pe3onaHCThI KYiiep eki mapaMeTpMeH cunartanajpl: E sneprus mex I' keniri.
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S-MaTpHIIachIHBIH TIOTIOCI OOJNBIN TAaOBIIATHIH PE30HAHCTHIH Kyhi E—il/2 kowm-
IUIEKCTI IIaMaMeH aHbIKTanabl. Ochbulaiiina, pe30HaHCThI KYH MapaMeTplepil eKi
eJIILIeM/li KEHICTIKTe KapacThIpraH keH. E MeH I ka3bIKThIFbI albIHbI. By Ka3bIk-
TBHIKTA KYJIOHJBIK KYIITEPIiH PE30HAHCTBI KYHTe 9CEpiH €Ki aMalIMeH CHUIaTTayFa
Oonazpl: aiiHay MeH bIFbICY. COHIBIKTaH 0 . KyJOHBIK OYpBLTY OYPBIIIbI €HTi31Ie1
I'(R)—-I'(L
0. = arctan L®)-I(L) (D)

E(R)-E(L)

skoHe Rc KYJIOHABIK BIFBICY
R.= \/[E(R) ~EW)] +[T(R)-T(L)] ()

Byt kaTpiHacTap aitHaNBIK SAPOIAPABIH PE30HAHCTHI KyitepiH Oipaeit J TobIk
OYpBIIITHIK MOMEHTIIEH OHE OipAeld 7 JKYNTBHUIBIFBIMEH OalIaHbICTBIPAIbI.
ConbiMeH Katap, onap L simpocsinaarsl OaiiaaHblic KYH yIiH kaHe R simpocsinaars
PE30HAHCTHI KYH YILIiH, COHBIMEH Karap, OChl ApoJiapAarsl €Ki Oaianbic Kyitnepi
yiin konganeianel. COHFBI JKaFgaina Oyl KaTblHACTAp TPHUBUANIBI LIELIIMII
Oepeni: 0. = 0 xome R.=E (R) —E (L).

0C kynonaslk Oypsuty Oypsisl (Vasilevsky et all., 2017, a) »yMbIcbIHAA €HTi-
3iireH sxoHe ‘Be MeH ‘B siponapbeiHiaFsl KyITOHIBIK KYIITEPAIH 9CEpiH 3epTTeyie
KOJIIaHBIIFaH.

(1) men (2) popmynanapsl aiiblpMaHbl KOJAaHFaH JKOH €KSHITH KopceTei

AE =E(R)-E(L)=R.cos0,
AT = I (R)~T'(L) = R, sinf, €)

Caiikecinme X oci MeH y oci Topi3ai. Eki epekienik Te oH Hemece Tepic 60yl
myMmkiH. E men [' mapamerpnepiHiH TepMHHIEpiHIE Keleci TOpT OOKaMJIBIK
CLIEHapui KapacThIPbUIIbL:

C1 Exi mapameTrp ae OH, COHIBIKTAH KYJIOHABIK ©3apa opekeTTecy R sapo-
CBIHJIAFbl PE30HAHCTBI KYHIIH KEHIITT MEH SHEPTHUSIChIH YIKSHTETI.

C2 E mapamerpi oH xoHe [ Tepic, R sapochiHIarel pe3oHaHCTHI KYHIIH
SHEPIUSICHI KoIl, OipaKk OHBIH KeHIIT L sapockiHa KaparaHia as.

C3 E mapamertpi Tepic sxoHe " OH, KylTOHIBIK ©3apa opekeTTecy R smpocsiHaarbl
PE30HAHCTHI KYHIIH SHEPTHACHIH TOMEHIETe i, OipaKk OHBIH KeHIITiH KeHeHTeI.

C4 Exi mapameTp 1e Tepic, OV KyITOHIBIK 63apa dpeKeTTecy R sapochrHaars
PE30HAHCTHI KYHIIH KeHIITT MEH SHEPTUsChIH a3alTaThIHIBIFBIH OUTIIpE/I.

Bipinmi skoHe eKiHII ClieHapHuiiie KyTOHIBIK 63apa opeKeTTecy R sapochHaaFbl
PE30HAHCTHI KYH/IIH SHEPTUsIChIH YIIFalTabl, ajl YIIiHIII MEH TOPTIHIII CHeHApUN
KYyJIOH/IBIK ©3apa 9PEKETTECY CalAapbIHAH YHEPTUSHBIH a3asThIHbIFbIH OOJKaH IbI.

‘Be men °B pesonancthl Kyitnepinin criekrpi [ TBAY asceiaaa (Vasilevsky et
all., 2017, a), (Nesterov et all., 2014) »xymbICTapbIHaH aJIGIHFaH.

By amic “Be Men °B siponapbiHiarkl pPe30HAHCTBI KYHIEPAiH TaOUFaThl MEH
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napaMeTpiiepiH 3epTTey YIIiH TaHIall alblHFaH, ce0edi Oy sIpormapabH OapIbIK
PE30HAHCTHI KYHIIEepi YIIKIACTEpIiK KOHTHHYYMMEH OEKITUITeH, jkoHe Oyl ojic
YIIKJIACTEPIIK Y3/IKCi3 CIIeKTp KYHi YIIH THICTI IIeKapallblK MapTTapbiH Ky3ere
aceIpazbl. YTIKIACTEPIK JKYMEHI CHUMNarray YVIIH MBIHAJIAH YIIKIACTEPIiK
TOJKBIHABIK QyHKIMAKYpacThIpblabl (Vasilevsky et all., 2017, a)

Yo, = LZS:;I{[[(Dl (45, ) @, (4,5, )]q)3 (4s.5; )]S fL(Q (X’y)}JMJ )

Ken neneni Ulpenunrep TenueyiH miemry OapbIChIHIA, KiacTepapajiblK TOJ-

KBIHIBIK QYHKIMS f, L({g) (x,y) MeH OaliaHbIc KYHiHIH CHEKTpiH HeMece Y3IiKCi3
CHEKTp KYWIHIH S-MaTpUIAChlH aHBIKTAy KepeK. SIkoOM BekTopiapbl X TieH
y KiacTepiepAiH e3apa OpHalacyblH aHbIKTaigsl. @, (Aa,sa) (a=1,2,3)
TONKBIHIIBIK (PYHKIUSITApHl A0t HYKJIOHAAP/AaH SO CIIMHHEH TYPAThIH KIACTEPAiH
1IIK1 KO3FAJIBICHIH CHIIATTal 1Bl )koHe OekiTinreH 6onansl. O, (Aa,sa) TOJIKBIHIBIK
(YHKIMSACHIHBIH ~OCKIiTUIreH TypiMeH OaiiaHbICKaH aauabaTTBUIBIK OJIICTIH
Herisri OomkaMbl OOJIBIT TaOBUTAMBl. Byl pe3oHaHCTBI TOMTAp 9Mmici peTiHae
KapacTBIPBUIABI KOHE MYHJAFbl TONKBIHIBIK (DyHKIMSKON Oeimiek eceOiH yiI
neHe ece0iHe JIOKalbAbl eMeC XKOHE JHEepPTHsiiaH TOYelNAl MOTEHIIHAN apKbLIbI
aJBIT KeJIETIH TIPOEKTOp oreparopsl 0oibin Tadbbutans! (Vasilevsky et all., 2017,
a). AMIUIATy#anap YIIiH WHTETPaIAbIK-THQQepeHIHaNIbK TeHACYASpAIH eKi
OJITIIeM/Ti TIIEeKCI3 KYHWECiH MIbIFapyFa 00oma bl

O WIIRESA AT )

A, OYJ1 TeHIEYIIep KYHECiH KEHIIIETy YIIiH Tarepcdepatblk KoopauHaTazap-
JIBTH CHTI31Ty1 KaXeT

x=pcosf, y=psinb,

Q= {9, x,y}

CoHbIMEH KaTap, OPTOHOpMAallaHFaH TUTepcepanblK TapPMOHUKAHBIH TOJBIK
JKUBIHTBIFBI Ja KYPBUIYbI KEPEK

(6)

YK,ll,lz,LM,_ (Q) = Xk, (9){Y11 (X)le (Y)}LML 7
Onpa (1) TonKbIHABIK QYHKIUSICH ObLIali @pHEKTENe/1

\P./MJ /]{ Z |:[[(Dl(A17S1)(DZ(AZ’SZ)](I)3(A39S3)]S YK,II,IZ;L (Q):|

e={K 1y 3L}

Yk yiL.s (P) (8)

JM

MyHIarbl Yk L.s (P) TOJKBIHIBIK (DYHKIMSTHBIH THIICPPATHAIIBI KYPAYIIThI-
JIapbl MKHTErpaJAbIK-1uhhepeHIINAIbIK TSHACYIICP I H IIIEKCi3 Ky e ciHe OarbIHaIbI,

100



Reports of the Academy of Sciences of the Republic of Kazakhstan

COHBIMEH Karap, MYHJail TeHIeyJep XYWECiHIH CaHIBIK MIENIMiH KeHUTIETYIiH

COHFbI KaJlaMbl peTiHe {w Ky iyiL.S ( p)} TUIEppainuaIbl aMIUINTydalapAblH aJlThl
OJIMIeM/Ti KeHICTIKTETi OCHMIIIATOP (DYHKIWSIIAPBIHBIH THIIEPPaTHaNIbl OemikTepi
HeT13iH/Ie KIKTeNyl albIHFaH

Vi yiL.s (p)= nZCnPK,Il LS (b)Rnp «(p.b) )

P

R, ( p,b) OCIIIUISTOP (PYHKIUACH, al b OCIMIIISATOP Y3BIHIBIFBI OOJIBII
TaOBLIAIBI

n l .
(10)
r=plb, an‘K —p?

¥ M, Ocmwuisitopiapably 0a3uc OOWBIHINA JKIKTEIyl WHTETrPaSIbIK-IH]-
(depeHIMaNIBIK TEHACYIEp KYHECiH XikTey Kod((HUUMEHTTEpl YIIIH apHaJFaH
CBIZBIKTHI anreOpablK TeHACYep KylheciHe ajbl Keleal

L]~ -~ -
Z n,,c|\H|np,c —E<np,c|np,c> C;lp,2=0, (11)
np,c
MyHJIaFbl ¢ KOIIIe CaHbl ¢ = { K,l,l,,L, S} runepcdepaibK 6a3uc KaHaJIbIH
Oinpipeni. by xyiie Gaitnanpic Kyinepi YUIiH [e, Y3A1KCi3 CIIEKTp YILUiH J¢ MaHbI3AbI
Oounplll Keneai, an OaillaHbIC KYWIEPIHIH CHEKTPiH ally VIIIH peayKUUsUIaHFaH
TEHJCYNIep KYHECIHIH AMaroHaIaHAbIPy YPAICiH Koianana anambi3. COHBIMEH
Karap, (11) renueyinaeri xikrey kod3(p(UIMEHTTEpIHE COUKEC MIEKapasIbIK LIapT-
Tap/bl )Ky3ere achbIpaThlH OOJICAK, OHIA TOJKBIHABIK (YHKIMSIIAD MEH IIalibIpay
MaTpHULACBIHBIH IeMEeHTTepiH Taba anamel3 (Vasilevsky et all., 2017, a).
l'unepcdepaliblk rapMOHHUKAIAp MEH OCHMIIISTOPIIBIK (DYHKUHMSUIAD YIIIH KaThl-
HacTap
z YK,II,IZ,LM (Q)YK,Il,lz,LM (Q) =6 (Q - Q)’

Kl ly LM

2R, «(PD)R, «(p.b)=6(p-p),

MYHIarbl § (GYHKIHS 5(Q—Q) op0ip {9,?{,57} ={9,9x,q)x,9y,q)y} rUmnep-
cdepanbik OypsiTap yiria 6eco GpyHKIMsAaH albIHAIbL.

lunepcdepanblk OypblTap YHIOYPHI KEHICTITIHAETT OpHBI MEH MilliHIH
aHBIKTaWIbl. Byl KEHICTIK e3apa opeKeTTCeyllll macca IeHTPJEpiH OipikTipe-
TIHAIKTEH, THTIepCepablK rapMOHHKaIap YIIOYPBIIITHIH OapIbIKk MyMKiH O0OJIaThIH
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OYypBUTBICTaphl MEH Ae(pOpMalUsIapblH CHUNATTalAbl. bapiblk rumnepchepalbik
rapMOHHKa YKJlJz» v (Q) YII TKIACTEP/CH TYPaThIH YHIOYPHINTHIH Oip Hemece
OipHerre OachIM MIMITiHIH aNAbH ana aHbpikTaiabl (Vasilevsky V., 2017, a).

VK dyiLs (P) sxone R,,p X ( P> b) (hyHKIHsIIapbIHA KATHICTHI OJIAPIBbIH paral-
Ibl  KO3YJIap/bl CHUNATTAUTBIHABIFBI Typajibl aiita amambl3. COHBIMEH Katap,
Wi b (P) TONKBIHIBIK QYHKIHMAIAPH! YITKIACTEPIiK KOHTHHYYM/IAFbI GapITBIK
CepHiM/Il )KOHE CEPITIMCI3 YPIICTEP Il CHITaTTal IbI, OCBIFAH Opail, S MaTpUIlaCEIHBIH
MbIHaJIail MIalIbIpay 3JEMEHTTEPIH KaMTHIbI:

Vin s (P)=8, Wl (kpn,)=S, v (kp.n,), (12)

MYH/JIFBI € KOHE ¢ COMKECIHIIE KIPETIH 9pi OCHI ME3ETTETI HEMECE IBIFATHIH
KaHaJIap/pl OUTIpe/, JKallbl alFaHna ojap c={K,Zl,12;L,S} 0ec KBaHTTHIK
canibl Kypaitnel (Vasilevsky et all., 2017, a).

HoTmskesiep MeH TaJKbLIay. AJl, SHII SAPOJIAPBIHBIH CIEKTPIICpiHE Kenep
Ooncak, onna MXHII kemeriMeH anblHFaH ecenTeyiep HoTmwkenepi 2, 3, 4 xkoHe
5 xecrenepiHiue KepceTtuireH. bys jkepie HOTHXKENIEp SKCIICPUMEHTAIbI MOJIi-
MeTTepMeH cajibicThipeiira (Vasilevsky et all., 2017, a).Mynnarsl keiibip peso-
HAHCTBl KYWJICPAIH DHEPrHsChl MEH KCHJII IKCICPUMEHTANbl MAJIMETTEepre
akpiH. MpIicansl, *Be sSApOCHIHBIH 5/2TeH 1/2°pe30oHaHcTsl KYWIEpiHiH mapa-
MeTpiepi xoue B saapockiHbH 5/2°, 1/27 men 5/2+pe30HaHCThI KYHIepiHiy mapa-
METpJIEI.

Kecre 2 — Cruni tak Gonarsia *Be sapocsiabin MXHIT kemeriMen ecenrelired 0ailylaHbIC KaHE
PE30HAHCTHI KYHJIEPIHIH CIIEKTPi.

Jr I'Th AY, MXHII OKc.
E (M»B) I' (MaB) E(M»5B +19B) r(MsB+k3B)
3/2 -1.5743 -1.5735
5/2 0.897 2.363 " 10-5 0.8559+1.3 0.00077+0,15
1/2- 2.866 1.597 1.21+120 1.080+110
2.704 2.534 4.02+100 1.33+360
7/2 4.766 0.404 4.81+60 1.21+230
5.365 4.384 6.37+80

Kecre 3 — Crinni sy 6onarbis *Be sapockibiH MXHIT keMeriMeH ecenTenreH OailiaHbIC )KoHE
PE30HAHCTHI KYWJIEPiHiH CIIEKTPi

J* I'TB AY, MXHII OKcr.

E (MaB) I' (MaB) E(M»B+x3B) I(MsB+x3B)
1/2* 0.338 0.168 0.111+7 0.217+10
5/2¢ 2.086 0.112 1.476+9 0.282+11
3/2¢ 4.062 1.224 3.131425 0.743455
9/2* 4913 1.272 5.19+60 1.33+90
7/2¢ 5.791 3.479
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Kecre 4 — Crinni Tak 6051aThiH °B sAPOCHIHBIH PE30HAHCTBI KYHIIEPiHIH AKCIIEPHUMEHTAIIIbI JKOHE
TEOPUSUTBIK CHEKTI.

J* I'Th AY, MXHII OKcrl.
E (MaB) I' M1B) E(M»>B+x3B) (MsB+x3B)
3/2 0.379 1.076 - 10°¢ 0.277 0.00054+0.21
5/2- 2.805 0.018 2.6385 0.081+5
1/2- 3.398 3.428 3.11 3.130+ 200
3.420 3.361
7/2 6.779 0.896 7.25+60 2.0+200
5.697 5.146 12.67040 0.4520

Kecre 5 — Criuni sxyn 6onarbis °B spOCHIHBIH PE30HAHCTBI KYHIEPiHiH 9KCIIEPUMEHTAIIbI
JKOHE TEOPHSUIBIK CIIEKTPI.

J* ITH AY, MXHIT Dxker.
E (M»B) I' (MaB) E(M>B+x3B) r(M»sB+k3B)
1/2* 0.636 0.477 (1.9) ~_0.7
5/2¢ 3.670 0.415 3.065+30 0.550+40
3/2* 4367 3.876
9/2* 6.503 2.012
72" 7.100 4.462

Kecre 6-ma °Be Men °B pe30HAHCThI KYHJIEPiHIH SHEPIUsACHI MEH KEHJIr
kepcetinren. Onmap I'TBAY asceiana mopupunupnenren Xaceraa Harara
norenimansl (MXHIT) xemerimen (Vasilevsky et all,, 2017, a)xymbicbiHna
anbiarad. COHBIMEH KaTap, KeCTe 6-/1a KYJIOH/IBIK BIFbICY R . MeH Oypbiy OYpbILIbI
0. Gap.

’Be mMeH °B saponapbingarbl MyMKiH OOJaThiH CICHAPHUIICp MEH OJNapibiH J
TOJIBIK OYPBIIITHIK MOMEHTTECH TOYEJILIIT1 KapacThIPBLUIIBL.

’Be MeH °B aiiHaNbIK sApOIapbIHIaFbl KYJOH/BIK KYIITIH aJfaliKbl oacepiepi
Cyper 1-nme xepiHemi, MyHaa Oysl sApONapiabiH CIEKTpi KepcerinreH.’Be Men
B siaponapbiaarbl JTONBIK OYPBIMITHIK MOMEHTI MEH 7T KYITBUIBIFBI Oipaei
neHreiepi OipikTipeTiH 0ec y3iK ChI3BIKTAp KYJIOHIBIK KYIITEP/iH JeHreHIep i
alTapiIbIKTal JKOFaphl BIFBICTBIPATBIHBI KepceTiiren (J = 3/27, 5/27, 5/27, 7/2°
koHe 9/27), ®oHE TepT Y3iK ChI3bIKTap ’Be sAPOCHIHIAFbl COMKeC KyiliepMeH
canbICThIpranaa’B  sApOCHIHAAFbI PE30HAHCTBI KYHJICP SHEPTUSICHIHBIH JCHIEH1
azJan aybITKUTHIHIABIFbIH (Jn =1/2%,3/27, 1/2" xone 3/2%) Ginuipeni.

Kecre 6-MXHII kemerimen ecenrenrer’Be MeH °B siiponapblHIarbl OaliIaHbIC KOHE

pe3oHaHCTHI Kyiepiy criekrpi. E sHeprusicel MmeH [” kenairi MaB-nieH kepceTinreH.

J" ‘Be °B KynouabIK bIFbIcy
E r E r R, 0,
-1.574 0.00 0.379 1.953
0.338 0.168 0.636 0.477 0.429 46.04
0.897 2.805 0.018 1.908 0.54
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2.866 1.597 3.398 3.428 1.907 73.80
2.086 0.112 3.670 0.415 1.613 10.83
4.062 1.224 4367 3.876 2.669 83.44
2.704 2.534 3.420 3.361 1.094 49.12
4.766 0.404 6.779 0.896 2.072 13.74
4913 1.272 6.503 2.012 1.754 24.96
5.365 4.384 5.697 5.146 0.831 66.46
5.791 3.479 7.100 4.462 1.637 36.90

E [MeV]
]

otatp

B

Cyper 1 —?Be meH ?B siposiapbiH/Iarhl ailIaHbIC )KOHE PE30HAHCTBI KYHIESPIiH CIEKTpi

Kynonnpix e3apa apekerrecyi CypeT 2-7eH aHbIFbIpaK OaliKaybIMbI3Fa 00JIa bl
By cyperreri noranap (cyp kuceikrap) R = 1, 2 men 3 MaB KyJIOHIBIK BIFBICY/IBI
Oinnipeni, an coynenep TOOBI (Cyp TyTac ChI3bIKTap) apOip 15 rpamycrarsr 0
KYJOH/IBIK OYpBUTY OYPBITIBIH OUIIipeT.

3.0
[ ]
25 32
2.0
> 12 /e
O
z 1.5
—
< - 72"
1.0 32 .
L L)
L ] _
51 9, 2*‘ 72
0.5 (]
12" snte
507132
0.0 . . 2 ap- N
0.0 0.5 1.0 1.5 2.0 2.5 3.0
AE [MeV]

Cyper 2 — °B sipOCBIH/IaFbl KYJIOH/IBIK ©3apa dPEKETTeCy CaliapblHaH Maiiaa 6onran
PE30HAHCTBI KYHJIEp/IiH allHAITYBI MEH BIFBICYBI. *Be SIPOCHIHAAFEI OYJI pE30HAHCTHI KYHIIEPiHiH
AHAJIOTTapbl KOOPMHAT OAChIHA AYBICTBIPBUIFAH

Kepinin oTeIpranaii, pe30HaHCTBI KYHIEPIH €H YIIKeH ToObI R . = 2 aliHanaceina
ITOFBIPTIAHFaH, KOHE OCHI TOMTEIH GipeyiHen 6acKka 6apibIK Aepiik Kyiepi 0. = 45° Gypbimsaan
TOMEH OpHaJIaCKaH.
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Cyper 3 — KoMmruiekcTi MaciuTa0ray o1ici apKblibl ajibinrad ‘Be sapochiHaarsl Kyire KaTbICThI
BsiIpOCBIH/IAFbI PE30HAHCTHI KYJIOH/IBIK BIFBICYBI. Masimertep (Arai et all., 1996)xyMbIcbiHAH
aJIbIHFaH.

Ocepunaiiima, “Be mMen °B alHaNBIK SApOJapBIHAarkl PE30HAHCTHI KYH Mmapa-
METpJIepiHe KYJOHJBIK ©3apa dpeKeTTecydiH anci3 (duepruscel E = 0,25~0,75
M»B 6ipinmi tom), oprama (dHeprusicel E = 1,25~1,8 M»B ekinmii Ton) Hemece
kymti (3ueprusicel E>1,9 M»1B yuinmii Tor) acepi 6onaabl. Byt yin Ton KyaoHIbIK
BIFBICY R . MeH KylOHBIK Oypbint O, apkbuibl Oakbuianasbl. CoHbIMEH Karap, Oyl
spornapaa OipiHII ClieHapuil OpbIHAANA I, OMTKEHI, KYIOH/IBIK 63apa OpPEKEeTTECY
“Be s1pOChIHIaFBl MOHIEPiHE KaparaHa, °B sapoChIHIaFbl Pe30HAHCTHI KYHIEePiHiH
SHEPIUSCHIH J1a, KSHJIITTH JIe YIKSHTE/I.

Kommiekeri ckeitnmunr omici (KCO) ‘Be men °B allHaibIK sSApOIAPBIH/IAFbI
PE30HAHCTHI KYWJIEPIiH KEHJIrT MEH SHEprHschiH aHblKray ymriH (Arai et all.,
1996) sxy™mbICBIHIA KOJIZIAHBUIFaH. Pe30oHaHCTHI KyilepiiH mapaMeTpiepi
MunHecoTa noTeHuaibl apkbuibl anbikTasFad. [ TBAY men KCO Hotmxkenepinix
canbicThipbuTybl (Nesterov et all., 2014) KyMBICBIHIA TOJIBIFBIPAK CUIIATTAIIFaH.
Mynga KCO HoTmkenepi,ochl 9Jic apKbLibl OaliKanraH KyJIOHJBIK 63apa
opekerrecyniq dpdeKTiciH aHblK Kopy yiiH E — [ )Ka3bIKTIFbIHA KOPCETIITEH.
byn motmxenep Cyper 3-te kentipinren. bapibik pesonanctsl kyinep R = 1,25
nen R .= 2,0 MB apaceinia opaanackan, 0y uarmwkenep Cyper 2-/1e KopceTuiren
I'TBAY nHotmwxkenepimMeH colikec kenemi.Anaitna, [TBAY omicinaeri OipiHiii Tom
HoTIXKeNepiHe Kaparannaa, KCO onicinne addexrinepi anciz 6onaTbiH KyIOHIBIK
opekerrecynin (R =1 MaB) pesonanctsl kyiinep xok. KCO omicinae KyJTOHIbIK
bIFbICY OypbimiTapbl 0, 45°- Tan acmaiinel, 6y1 ITBAY onicinzeri 0. mamacbina
kaparanga a3. KCO men 'TBAY HoTmkenepiHiH ailblpMallbUIbIFbl PE30HAHCTHI
KYHJIep/Ii aHbIKTay/bIH 9/ICTEPIHIH ap TYpJii OOlybIHA )oHE OapibIK Taciaaepae
KOJIZIaHBIIFaH ilIiHApa TYPJli HYKJIOH-HYKJIOHIBIK TOTEHIMANIApFa J1a 0aiiIaHbICTHI.

KopoIThiHabl. *Be MeH B aifHaNbIK sSAposiapblHIaFbl PE30HAHCTHI KYHISPIiH
SHEPTHUSICHl MEH KEHJIIT1HE KYJOH/IBIK 03apa dPEKETTECY/iH dcepi KapacThIPbUIIBL.
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Byt siaponapablH YIIKIaCTepiliK KOHTUHYYMaFbl PE30HAHCTHI KYHIepi TangaH bl
KOHE OJIap YLIKJIACTEPIiK MUKPOCKOMUSUIBIK YIIT1 asicblHAa ajnblHFaH. COHBIMEH
Katap, runepcdepaiblk rapMOHUKAIBIK 0a3ajibl aareOpaiblK yiriaschlHIa Kiac-
TEpIEpaiH KATBICTBIK KO3FAJBICBIH 3€pTTey YIIIH Tunepcgepanblk rapMOHHMKA
KOJaHbUIbL. KymOHABIK opekeTTecyliH d3QEKTICIiH TyphIc 3epTTey VIIIiH, Pe30-
HaHCThl Kyhnepain E — ' 'Ka3bIKTBIFBIHOAFBl SHEPrUs MEH KEHJIr mapaMmerp-
JIEpiHiH OpHaNacyblHa OalIaHBICTHI OYPBUIBIC TICH BIFBICYJBl AHBIKTAWTHIH €Ki
napameTp eHriziani.KyJgoHIBIK BIFBICY PE30HAHCTHI Kyiulepre KaparaHaa Oaii-
JAHBIC KYHIIepiHIE YJKEH eKeHIIrl KepceTinreH, ceOeli, OalaHpIC Kyiuepi
PE30HAHCTHI KYHJIEpACHBIKIIAM/IBIIAY OONBIN Keleli.AJll, eTe Tap PEe30HAHCTHI
KYHJIep YIIiH KyJOHZIBIK BIFbICY OallaHbIC KYHJIEPiHIH BIFBICYBIHA JKYBIKTaHIbI.
Byt tap pezoHaHCTHI Kyiiepai bIKIIaMAbI HBICAHJAp PETiHAE KapacTelpyFa 0oja-
TBHIH/IBIFBIH KOpceTei. MyH/aii Tap pe3oHaHCThI Kyitiep *Be men B ymiknacrepiik
KOHTHHYYM/Ia XOWJI aHaJOTbIHBIH KYiiepi Oonbin Tabbutansl (Vasilevsky et all.,
2018). ConplMeH Karap, PE30HAHCTHI KyHJep KO3FaJIbICHIHBIH O9pHelIe CIie-
HapuIJIepiH KapacThIPABIK. Byl KyNOHIBIK KYILI O9CEpiHEH OPBIH allFaH KoHE €H
JOMHHAHTTBI CLICHAPUH PETiHAC €Ki alfHaJBIK SIPOHBIH PE30HAHCTHI KYWJICPiHIH
OpBIHBIHA OAMJIAHBICTHI SHEPTUSICHIHBIH /12, KeHIT1HIH 1€ YJIFalobl allbIHFaH. MyHai
CIEHApUH YIIKIACTEPNIiK KOHTHHYYMIAFbIPE30HAHCTHI Kyilepae Oaiikayiibl.

Anzvic. bByn zepmmeyoi Kazaxcmarn Pecnyonukacol FolivlM JiCoHe HCOAPbL
OLiM MUHUCMPRIZIHIY Fbliblm KoMumemi Kapoicolianoviposl (2021-2023) (epanm

NeAP09259876).
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NEW RESULTS FOR *H(n,y)*H AND *H(p,y)’He REACTION RATES AT
ASTROPHYSICAL ENERGIES

Abstract. The reactions *H(n,y)*H, *H(p,y)*He are of significant interest both
for nuclear astrophysics and in the field of controlled thermonuclear fusion.
This is due to the fact that they can proceed intensively at sufficiently low
temperatures, since the first one has a minimum Coulomb barrier, while the
second one has no Coulomb barrier at all.

Therefore, in the presented work we have studied reaction rates of the neutron
and proton capture reactions *H(n,y)*H, 2H(p,y)*He, within the framework of the
modified potential cluster model with allowed and forbidden states which follow
from the classification orbital states of the clusters according to the Young tableaux.
It is shown that on the basis of potentials that are consistent with the bound state
energies and the asymptotic normalizing constant values one can obtain the total
cross-sections and the astrophysical S-factors for the nuclear systems under
consideration.

2H(n,IYI)3H reaction is considered at energies from 10 meV (0.01 eV) to 10 MeV
and the ’H(p,y)*He reaction — at energies from 1 keV to 10 MeV. The comparisons of
the total cross-section (for the n*H radiative capture) and the astrophysical S-factor
(for the p?H radiative capture) found by us with other experimental and calculation
results are given in the work. On the basis of theoretical total cross sections, these
reaction rates have been calculated in the temperature range from 0.01 T, to 10 T,.
The comparisons of the rates found by us with the rates obtained by other authors
are presented in the work. The results for the rates are approximated by simple
expressions, which simplify their use in applied thermonuclear and astrophysical
researches.

Key words: Nuclear astrophysics, primordial nucleosynthesis, light atomic
nuclei, low and astrophysical energies, radiative capture, thermonuclear processes,
potential cluster model.
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ACTPO®U3UKAJIBIK DHEPTUSIJIAPIAFBI *H(n,y)’H )KOHE 2H(p,y)
PEAKIMS )KbLJIJIAM/IBIFBIHBIH )KAHA HOTUIKEJIEPI

Annorauus. *H(p,y)’He, 2H(n,y)’H peakuusiiapsbl sApoibIK acTpopu3KKa yIIiH
ne, 0acKapbUIaThIH TEPMOSAPOIIBIK CHHTE3 CallaChIH/IA 12 MAaHBI3/IbI KbI3bIFYIIBUIBIK
Tyablpajbl. Bys oiapiblH KETKUTIKTI TOMEH TeMIeparypaja KapKbIHIbl KYpyiHe
0ailIaHpICTBI, OWUTKEHI OIpIHIIICIHAC MUHUMAIIBl KYyJIOHJIBIK TOCKAybUl Oap,
aJl eKIHIIICIHAC KYJIOHIBIK Kexepri MyJijaeMm koK. COHJIBIKTaH, OYJI JKyMbICTa
aBTOpJIAp PYKCAT €TLIreH XKOHE THIMBIM CajlbIHFaH Kyiiepi Oap sxoHe FOHT cxemachl
OOMBIHINIA KIacTEepIIep/iH OpOUTAIIBIK KYWICPIH KIKTSHTIH MoaudUKausIaHFaH
MOTEHIMANIbI KIIacTepitik Mozesb asceinaa “H(n,y)*H, ?H(p,y)’He HeliTponaap Mmexn
MPOTOHJAPABIH KapMay peaKLUsUIapbIHbIH KbIIIAMABIFbIH 3epTTell. balinanbicThl
KYHJIEpAiH HEPrUsiCHIMEH JKOHE aCUMITOTHKAIBIK HOpMajay TYPaKThUIapbIHBIH
MOHJIEpIMEH COMKeC KeNeTiH MOTEHIMANIap HETi3iHAe KapacTBIPhUIbII OTBIPFaH
SAPOJIBIK JKyHesep yuiH TonblKk Kumanap MeH actpodusukansik S-pakropaapbsia
aiyra 0OJaThIH/IBIFbI KOPCETINTCH.

*H(n,y)*H peakuuscet 10 MaB (0.01 3B) -nen 10 MaB-ke aeitinri sHeprusiiapa,
an “H(p,y)’He peakuscer 1 k3B-ten 10 MaB-ke neiiinri sHeprusuiapia 3epTTesii.
XKympbicTa TaObUIFaH TOJBIK KuMmanapasl (n*H paguanusiiblk Kapmay  YIIiH)
koHe acTpodusukaibiK S-hakropnapael (p*H paamanusuiblk  Kapmay  yIIiH)
0acka SKCHEPUMEHTTIK YXOHE €CEITIK HOTHXKEIEPMEH CaJBICTBIPY KEITIpUIreH.
TeopusiIbIK TOJIBIK KMMaJiap Heri3iHze OyJ1 peakuusiapabiH Kbeuriamabirs: 0.01 T,-
nan 10 T,-ra nedinri Temneparypa apaiblFblHa ecentenii. by peakuusaapabiy
KBUIJAM/IBIFBIH 0aCKa aBTOPIIAp aliFaH KbUIJaM/IbIKTaPMEH CANTbICThIPA YCHIHBUIFaH.
KeimpamaplkTap yIIiH —ecenTeNreH HOTHXKEJep KapamaidbiM —epHEKTepMEH
KYBIKTaJabl, OYJI ONapbl KOJJaHOAIbI TEPMOSIPOIIBIK JKOHE acTPO(U3UKATIBIK
3epTTeyiep/ie KOJIaHy bl KESHUACTE/I.

Tyiin ce3nep: sanpornblk acTpodusuka, OIpiHIIUIIK HYKICOCHHTE3, JKEHI
aTOMJBIK SIpojiap, TOMEH >KOHE acTpOPU3UKAIBIK dHEPrusijiap, pajauanusHbl
TYCipY, TEPMOSIIPOJIBIK MPOLECTED, MOTCHIHAIIbI KIACTEPIIiK MOACIb.
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HOBBIE PE3YJIBTATHI JIJIs1 CKOPOCTEM 2H(n,y)’H M *H(p,y)’He
PEAKIIUM ITIPU ACTPO®U3NYECKHNX SHEPTHUSX

Annoranus. Peakimu *H(p,y)*He, 2H(n,y)*H mpeacTaBisioT CyIIeCTBEHHBIH
WHTEpEC KakK JJs SICPHOM acTpopH3MKH, Tak M B OO0JACTH YIPaBIIEMOTrO
TEPMOSIICPHOTO CHHTE3a. DTO OOYCIOBICHO TEM, YTO OHHM MOTYT HHTEHCHBHO
MPOTEKaTh MpPU JOCTATOYHO HU3KUX TEMIIEPaTypax, MOCKOJIbKY IepBas HUMeeT
MHHUMAJIbHBI KyJOHOBCKHW Oapbep, a BTOpask BOBCE HE MMEET KyJIOHOBCKOTO
Oapbepa.

[TosToMy B 1aHHOY pabOTE HAMHU N3YYEHBI CKOPOCTH PeaKInii 3aXBaTa HEUTPOHOB
u potoHoB “H(n,y)*H, 2H(p,y)’He B paMmkax MOAH(MUIMPOBAHHOMN MOTEHIIHAILHON
KIIACTEPHOW MOJENM C Pa3pelICHHBIMH W 3alpelICHHBIMH COCTOSHUSIMH U C
Ki1accuduKanueir opOUTaIbHBIX COCTOSHHUN Ki1acTepoB 1o cxeme FOnra. [TokasaHo,
YTO Ha OCHOBE MOTEHIIMAIOB, COTJIACYIOINXCS C SHEPTUSIMH CBSI3aHHBIX COCTOSHHUN
Y 3HAYCHUSIMU ACHMITOTHYECKHX HOPMHPOBOYHBIX KOHCTAHT, MOJKHO MOJNYYHTh
TTOJTHBIE CEUCHIS U acTpoPu3nUecKue S-(haKTOPHI IS pacCMaTpUBaEMbIX SACPHBIX
CHCTEM.

Peakuus *H(n,y)*H wusyuanace mpu sueprusx ot 10 m3B (0.01 3B) mo 10
M5B, a peakuust *H(p,y)*He — npu sueprusx ot 1 k3B g0 10 MaB. B pa6ore
NPUBEICHBI CPABHEHUS HAlICHHBIX HAMU MOJHBIX CEYEeHHH (JUIS paJualiOHHOTO
3axBara n*H) u acrpodusnveckux S-hakTopoB (I pajHallMOHHOTO 3axBaTa
p?H) ¢ npyruMu sKCriepUMEHTAIBHBIMU U pacdeTHBIMU pesynbraramu. Ha ocHoBe
TEOPETHYECKUX ITOJIHBIX CEYCHUH OBUIM PACCUMTAHBI CKOPOCTH STHX PEAKIHH B
unrepsaie temmneparyp ot 0.01 Ty no 10 T,. B pabore npecraieHbl cpaBHEHUs
HaWJIEHHBIX HAMH CKOPOCTEH Peakyid, CO CKOPOCTSAMH, TOIYyYEHHBIMU JAPYTUMHA
aBTOpamHu. PacueTHble pe3ynbTaThl Uil CKOPOCTEH arpOKCUMHUPYIOTCS IIPOCTHIMU
BBIPKCHHUSMHU, YTO YIPOIIAET UX UCIIOJIb30BAHUE B MPUKIAJHBIX TEPMOSICPHBIX
1 acTPO(U3NUECKHUX NCCIICTOBAHUIX.

KioueBble ciioBa: sipepHast acTpou3nKa, NEpBUYHBIN HYKICOCHHTES, JIETKHUE
aTOMHBIC SI7Ipa, HU3KHE M acTpOo(pU3NYeCKHe DHEPTHH, PaJAMAIMOHHBIN 3aXBar,
TEPMOsIZICPHBIE MTPOIIECChI, TOTCHIIUAbHAS KJIaCTEpHAs MOJIEIb.

Introduction. Astrophysical aspects. The radiative capture reaction n?’H—>Hy
at astrophysical energies with formation of the long-lived unstable tritium nucleus
plays a role in some models of the Big Bang. In such models it is assumed that
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primordial nucleosynthesis proceeded, for example, according to a chain of nuclear
reactions of the form 'H(n,y)*H(n,y)’H(*H,n)*He(*H,y)"Li(n,y)’Li, etc.

As is well known, the thermonuclear process of p+*H—>He+vy radiative capture
is the first nuclear reaction of the proton-proton (pp) cycle, which takes place as
a result of electromagnetic interactions and weakens the observed rate of heating
of the Sun and the majority of stars of the Main Sequence of our Universe. In the
pp cycle, the process of the proton radiative capture on ’H is important for the
transition from primordial fusion of protons p+p—’H-+e+v_, which proceeds due to
weak interactions, to one of the final two *He nuclei in the pp chain of the capture
reaction: *He+*He—*He+2p proceeding due to strong interactions. A detailed study
of the p?H radiative capture reaction continues without letup and at the beginning
of the 2000’s decade, thanks to the European project LUNA, new experimental data
have been obtained for the astrophysical S-factor at energies from 2.5 keV.

Nuclear aspects. One extremely successful line of development of nuclear
physics in the last 50-60 years has been the microscopic model known as the
Resonating Group Method (RGM) and the associated with it models, for example,
Generator Coordinate Method or algebraic version of RGM. However, the rather
difficult RGM calculations are not the only way to explain the available experimental
facts. The possibilities offered by a simple two-body potential cluster model (PCM)
have not been studied fully up to now, particularly if it uses the concept of forbidden
states (FSs). The potentials of this model for discrete spectrum are constructed
in order to correctly reproduce the main characteristics of the bound states (BSs)
of light nuclei in cluster channels. In the continuous spectrum they directly take
into account the resonance behavior of the elastic scattering phase shifts of the
interactive particles at low energies (Dubovichenko, 2019, 2015).

It is enough to use the simple PCM with FSs taking into account the described
methods of construction of potentials and classification of the orbital states
according to Young diagrams for consideration many problems of nuclear physics
of low energy and nuclear astrophysics. Such a model can be called a modified PCM
(MPCM). In many cases, such an approach, as has been shown previously, allows
one to obtain adequate results in the description of many experimental studies for
the total cross sections of the thermonuclear reactions at low and astrophysical
energies (Dubovichenko, 2019, 2015).

In the present paper, we consider the reaction rate of the n+2H—3Hy capture in
the low energy range on the basis of the same MPCM, which takes into account
the supermultiplet symmetry of the wave function (WF) with classification
of the orbital states according to Young diagrams. Such an approach makes
it possible to analyze the structure of the intercluster interactions, and to
determine the existence and positions of allowed and forbidden states in the
intercluster potentials (Dubovichenko, 2019, 2015). We have already used
this approach to describe more than 30 cluster systems (Dubovichenko, 2019,
2015).
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We have already considered the process *H(p,y)’He at astrophysical energies
in several works, beginning in 1995 (Dubovichenko, 1995) and extending up
to 2009 (Dubovichenko et. al., 2009). These results were then presented in the
monographs (Dubovichenko, 2019, 2015). But we never previously investigated
the rate of this reaction, which we will now do here on the basis of the MPCM, used
in all of our previous work, with classification of orbital states according to Young
diagrams and leading to allowed states (ASs) and FSs (Dubovichenko, 2019, 2015).

Model and calculation methods. The nuclear part of the intercluster interaction
potential, which depends on set of quantum numbers JLS, for carrying out
calculations of photonuclear processes in the considered cluster systems. It has the
form

Viisin (R) = Vo(JLS {f})exp[—a(JLS {f})r?] +
+ Vi(JLS{f})exp[-BULS {f})r’], (1)

with Coulomb term of the potential of point-like form.

The dimensionless asymptotic constant C  (AC) for any ground state (GS)
potential was calculated using the asymptotics of the WF having a form of the
exact Whittaker function

XL (r)= 2ko CwW—nL+1/2 (Zkor) 2

where y, (r) is the numerical WF of the BS, obtained from the solution for the radial
Schrodinger equation and normalized to unity, the value W, e is the Whittaker

function of the BS, determining the asymptotic behavior of the WF, which is the
solution of the same equation without the nuclear potential. k; is the wave number,

caused by the channel binding energy E: k, = |2 M% E ;n is the Coulomb parameter
uz zZ,e’
e
angular momentum of the BS. Here in this equation p is the reduced mass, and
the constant hz/m0 is assumed to be 41.4686 fm?, where m, is the atomic mass unit
(amu). The magnetic moment of neutron equals p_ = -1.91304272y, of the proton
p, = 2.792847u,, for °H nucleus p (*H) = 0.8574382338 p, where p, is the nuclear
magneton. Slightly transformed expressions (Dubovichenko, 2019, 2015) were used
for total cross sections of the electromagnetic transitions.
Here we also use the relationship

Az%/c :Sf xC?, 3)

, determined numerically \ _ 3 44476.10- HZ Z, and L is the orbital

where A . is the asymptotic normalization coefficient (ANC), S, is the spectroscopic
factor of the GS, C is the asymptotic constant in fm'?, which is related to the
dimensionless AC C_, used by us in the following way: C = |2k, C, .
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The total radiative capture cross sections [/(NJ,J ) for the EJ and MJ transitions
in the case of the PCM are given, for example, in (Dubovichenko, 2019, 2015) are
written as:

8nKe’ 0 J+1
g (28, +1)(2S,+1) J[QJ +DUT
x A7 (NJ,K)Y P} (NJ,J ;,J)I3(J ;. J))
LiJ;

6. (NJ,J,)=
4)

where o — total radiative capture cross section; u — reduced mass of initial
channel particles; q — wave number in initial channel; S, S, — spins of particles
in initial channel; K, J — wave number and momentum of y -quantum in final
channel; N — is the E or M transitions of the J multipole ordered from the initial
J. to the final J nucleus state.

The value P, for electric orbital EJ(L) transitions has the form (Dubovichenko,
2019, 2015):

LSJ)
PEJ. ], J) =8 [ + D@L, +1D(2J, + (2, +DIL0J0]L,0)’ { oo } ,
f f
11, Z 1 Z, J )
A(ESK) = KW (s (1) ), L 00 =2, |2)-
1 2

Here, S, S, L, L, J, and J, — total spins, angular and total moments in initial (i)
and final (f) channels; m, m,, Z , Z, — masses and charges of the particles in initial
channel; I, —integral over WFs of initial y, and final y states, as functions of clusters
(composed of 2H and n or p) relative motion with intercluster distance R.

For consideration of the M1(S) magnetic transition, caused by the spin part of
magnetic operator, it is possible to obtain an expression (Dubovichenko, 2019, 2015):

i SLJ)
B (M1.J1 J) =853 8, [S(S + D@ + D2/ + (2T + DR G
f

6
A 01, K)=i "% 3{;11 ™y, m—} 10 = (e ) -
oC m m
Here, m is the mass of the nucleus, and p, and p, are the magnetic moments of
the clusters.

The construction methods used here for intercluster partial potentials at the
given orbital moment L, are expanded in (Dubovichenko, 2019, 2015) and would
not be topic of discussion further. The next values of particle masses are used
in the given calculations: m = 1.008664916 amu, m = 1.00727646577 amu,
m(*H) = 2.014102 amu, and for 1 amu energy equivalent of 931.4941024 MeV is

used.
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Results and discations. Capture reaction *H(n,y)’H. n’H interaction
potentials. To calculate radiative capture in cluster systems, the nuclear part of the
intercluster potential of the n?H interactions is represented in the form (1) with a
Gaussian attractive part V and a Gaussian repulsive part V, (Dubovichenko, 2019,
2015). Young-diagrams-mixed potentials of the p’H interaction were obtained
for the scattering processes whose parameters are shown in the first two rows of
Table 1. Details of the classification of states according to Young diagrams for the
n’H system are given in (Dubovichenko, 2019, 2015). Pure scattering phase shifts
with the {3} diagram were subsequently identified in the doublet channel, and on
the basis of these phase shifts Young diagram pure potentials of the intercluster
?S-interaction in the GS of the *He nucleus in the p’H channel were constructed.
These parameters are listed in the third row of Table 1 and in (Dubovichenko, 2019,
2015). Total cross sections of p”H radiative capture and astrophysical S-factors were
calculated at energies down to 10 keV (Dubovichenko, 2019, 2015). Parameters of
the GS potential of *°H in the n’H system were adjusted somewhat to obtain a correct
description of the binding energy of tritium, which is equal to — 6.257233 MeV. As
a result, the parameters were obtained that are shown in the last row of Table 1 —
such a potential reproduces the energy of the n*H system exactly.

To check the behavior of the wave function of the BS at large distances, the
AC C_ with the asymptotic limit of the WF in the form of the exact Whittaker

function y;(R)=+/2kyC,,W_, 1,1/2(2kgR) (2) was calculated earlier, where ¥ is
the numerical wave function of the bound state, obtained by solving the radial
Schrodinger equation and normalized to unity, W is the Whittaker function of the
bound state, defining the asymptotic behavior of the WF and being the solution of
the same equation without the nuclear potential, i.e., the solution at large distances,
k, is the wave number corresponding to the channel binding energy, [ is the
Coulomb parameter, equal in the given case to zero, and L is the orbital angular
momentum of the bound state. The asymptotic constants for such GS potentials of
*He in the p’H channel and of *H in the n’H channel, obtained on the interval 10-30
fm, are listed in Table 1. The error of the constant is found by averaging it over the
indicated interval of distances.

Table 1. Doublet interaction potentials of p’H and n’H systems (Dubovichenko et. al., 2020), mixed

in Young diagrams {f} for scattering processes.

System | CSTL{f} VoMeV | o [V,MeV| B |E MeV|E  MeV| C,

2§ (3}+{21} 55.0 02| - - - - -

pH | 2P (31+{21} 100 |0.16] +06 | 0.1 - - -
S {3} |41.55562462| 02 | - — | -5.493423 | -5.493423 | 2.095(5)

oy LS B31H2L 57.0 02| - - - - -
S {3} |41.42616550| 02 | - — -6.257233 -6.257233 | 2.05(1)

Remark. Here E_ is the energy of the bound state of the *He nucleus in the p’H channel and of
°H in the n’H channel, E. is its experimental value, and C_ is the dimensionless asymptotic constant.
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Neutron radiative capture on 2H. In the present work we consider results for
n’H capture, when the negative sign of the magnetic moment is taken into account
(Dubovichenko, 2019, 2015). Using the parameters of the p’H nuclear potentials
for the S- and *P-scattering waves from Table 1 without the Coulomb term and the
GS from the last row of Table 1, we calculated the total n’H radiative capture cross
sections in the energy range extending from 10 meV to 10 MeV. The results of this
calculation for the sum of E1- and M 1-transitions are shown in Fig. 1 by the double
dash-dot curve. It turned out that at energies around 10 meV, the calculated cross
sections are somewhat larger than the values measured in the experiments (Trail et.
al., 1964). But at 25.3 meV they are somewhat less in comparison with the thermal
cross sections from (Jurney et. al., 1982), for which the value 508(15) ub is given. In
the most recent data for the thermal energy (Firestone et. al., 2016) the value 489(6)
ub was obtained, which differs insignificantly from the previous results (these data
are represented in Fig. 1 by an open triangle). The scattering phase shift of such a
’S-wave p’H scattering potential, determining the M 1-transition, is plotted in Fig. 2
by the dashed curve. We emphasize that for the calculations of the M1-transition,
we used the p?H potential for S scattering wave No. 1 from Table 1 without the
Coulomb term, but the spread of the various experimental data over phase shifts of
elastic p’H-scattering, which are represented in Fig. 2 by points, reaches 20-30%
(Schmelzbach et. al., 1972; Huttel et. al., 1983). As a result, even the p?H scattering
potential, whose phase shift is plotted in Fig. 2 by the dashed curve, is constructed
on the basis of these data with large uncertainties.

103 :lll LERLLL mem L

10°F

107 Lkl il il s .'..'.....n ol ol \\..:a ol

10° 10* 10° 10 1' 10 10 ¢ 1 10
Figure 1. Total cross sections of n’H radiative capture. Experimental results are from the indicated

sources: (Nagai et. al., 2006) — points at energies 30, 55, and 530 keV, (Mitev et. al., 1986) — circles
at energies in the range 7-14 MeV, (Trail et. al., 1964) — triangle at 10 meV, (Trail et. al., 1964) —

asterisk at 25.3 meV, (Ohsaki et. al., 2008) — filled square at 50 keV, (Firestone et. al., 2016) — open

triangle at 25.3 meV, (Nagai et. al., 1998) — open rhombuses, and data obtained from photo-breakup

— inverted triangles from (Bosch et. al., 1964). Curves are explained in the text.
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Figure 2. 2S-phase shifts of p?H elastic scattering (dashed curve and dotted curve) and n*H-scattering
(solid curve). The experimental data were taken from (Schmelzbach et. al., 1972; Huttel et. al.,
1983). The potential parameters are given in Tablel.

In connection with this, we considered changes which are needed for the p*H
potential in the 2S scattering wave so that it can describe the available experimental
data for n’H-capture at 25.3 meV. As a result, we obtained results for the total cross
section which are plotted in Fig. 1 by the solid curve with the dotted curve and the
dashed curve representing the total cross sections for the E1 and M1 processes. For the
depth of the 2S-potential in p*H-elastic scattering, we obtained the parameters shown
in Table 1 in the second-to-the-last row. These results provide a good description of
the available data at the thermal energy, but the 2S-phase shift of the potential of p*H
elastic scattering is plotted in Fig. 2 by the solid curve — it lies entirely inside the band
of experimental error. Such a small change in the parameters has a marked effect on
the results of the calculation of total cross sections for the M1 process, but this small
change in the parameters can be explained by the uncertainty of the available p’H
phase shifts and their absence for n?H scattering. As a result, the implemented model
was able to reproduce the available data in an energy range whose end points differ
by more than nine orders of magnitude: from 107 to 10* keV.

In order to correctly describe the data at 10 meV shown in Fig. 1 by the filled
triangle, it is necessary to decrease the depth of the 2S-potential of p’H-scattering to
52 MeV. The result of this calculation of the total cross section is plotted in Fig. 1 by
the dash-dot curve. The scattering phase shift of the potential with such parameters
is plotted in Fig. 2 by the dotted curve — it lies markedly lower than the phase shift
analysis data (Schmelzbach et. al., 1972). However, for final conclusions about
agreement of such a potential with the phase shifts, results of a phase shift analysis
of specifically n?H scattering are needed, which at the present time are lacking.
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Since at energies from 107 to 0.1 keV the calculated cross section plotted in Fig.
1 by the solid curve is practically a straight line, it can be approximated by a simple
function of the form

A

b)=—rn—"
(x’ap(l“l ) m

The value of the constant A = 2.286 pb-keV'? was determined from one point
in the cross sections at the minimum energy equal to 107 keV. The absolute value
of the deviation from the calculated theoretical cross section of the approximation
of this cross section by such a function in the range from 107 keV to 0.1 keV

M(E) =[[64y(E) = G peor (E))/ O yor (E)| (®)

(7

does not exceed 1%. It would seem possible to suppose that this form of the
dependence of the total cross section on the energy will be preserved at lower
energies. Therefore, we estimate the value of the cross section at 1 peV (10 eV).
We obtain 72.3 mb.

Next, for the total cross sections plotted in Fig. 1 by the solid curve, we have
calculated the reaction rate of the n’H capture reaction. To calculate it, we used the
theoretical total cross sections at energies ranging from 10 meV to 10 MeV, and
the obtained total reaction rate (see Fig. 3 — the solid curve) grows smoothly at all
considered temperatures. The dotted curve, which is in complete agreement with
our results at temperatures above 0.5 T,, plots the capture rate from (Nagai et. al.,
1998), which can be parameterized by the expression

Ny {ov)=214-T)" +742-T,. )

The dashed curve in Fig. 3 plots the rate of this reaction from (Fowler et. al.,
1967), which is approximated by the form

N, (ov)=66.244+1250.157T;, (10)
and coincides with the same form presented in (Nagai et. al., 1998).

The calculated reaction rate shown by the solid curve in Fig. 3 can be accurately
approximated by the function
N {ov)=a/ T} exp(-a, I T, )(1.0+asTy " +

+asTy +agly"> +a; 13" + a 1) . (11)
The parameters of this approximation are listed in Table 2.
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Figure 3. Total reaction rate of n?H capture. The solid curve plots our results, the dotted curve plots
the capture rate from (Nagai et. al., 1998), the thin dashed curves plot the error band from (Nagai et.

al., 1998), the dashed curve plots results from (Fowler et. al., 1967), and the individual points plot
the approximation of our calculated curve.

Table 2. Parameters of the parametrization given by eq. (11) of the reaction rate
(Dubovichenko et. al., 2020).

i 1 2 3 4
ai -0.6042998-102 0.2190303-10° —0.1708195-10* —0.2118940-10°
i 5 6 7 8
ai 0.1110280-10° —0.7034432-107 -0.2525107-10° 0.4864969-10°

Values of the reaction rate Eq. (11) calculated with these parameters are
plotted in Fig. 3 by the tightly dotted curve, which merges with the solid curve
with an average chi-square value x> = 0.003. One thousand of the calculation
points shown in Fig. 3 were used in the approximation, and to calculate y? the error
of the calculated data was taken to be equal to 5%.

Capture reaction 2H(p,y)*He. The p?H system in the continuous and discrete
spectrum. We considered classification of orbital states of clusters according to
Young diagrams for the n’H and p?H systems (see Sec. 3). We showed that the
possible orbital Young diagrams {f} for the system of three nucleons in the 1 + 2
channel of the particle have the form {1}x {2} = {3} + {21} (Dubovichenko et.
al., 2009). The first of these is compatible with orbital angular momentum L = 0
and is forbidden in the quartet spin channel (Dubovichenko, 2019, 2015). The
second diagram is forbidden in any channel and is compatible with orbital angular
momentum L = 1, which is determined on the basis of Elliott’s rules. The state for
the first Young diagram corresponds to the bound forbidden ground state of the *He
nucleus in the p*H channel and has angular momentum and isospin J*, T = 1/27,1/2
(for the 2H nucleus the characteristics are known: J*, T = 1*,0). This bound allowed
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state for the *S ) wave (the second Young diagram) corresponds to the GS of the *He
nucleus and has channel binding energy E = —5.493423 MeV.

In the calculations of the nuclear characteristics of the considered reaction, the
cluster interaction potentials have the form (1) with a pointlike Coulomb term and
a Gaussian attractive part V and a Gaussian repulsive part V. The potential is
constructed in such a way as to correctly describe the corresponding elastic scattering
partial phase shift. Employing these ideas, we obtained potentials of the p’H-
interaction for scattering processes whose parameters are given in (Dubovichenko,
2019, 2015; Dubovichenko, 1995; Dubovichenko et. al., 2009) and Table 1. Since
we have different Young diagrams in the scattering state and in the BS, we use
different potentials for them.

Here it should be noted that starting from our paper (Dubovichenko et. al., 2009)
and proceeding further in the papers and reviews (Dubovichenko et. al., 2020),
and also in the books (Dubovichenko, 2019, 2015), the form of potential (1) is
given with a typographical error. In all of these works, the potential parameters
of the P wave for the p?H system, shown in Table 1, are given, but the repulsive
part of potential (1) was written in the form of the exponential V exp(—fr) and
the units indicated for 3 are fm™!. However, the values of the parameters for the
P-wave were obtained and used in all the calculations specifically for the repulsive
part as is written above in expression (1). In other words, the numerical values of
the parameters for this potential are listed in the works enumerated above and in
Table 1 correctly, but the form of the potential should have a Gaussian repulsive
component as is written now in expression (1).

To track the behavior of the WFs of the BS at large distances, we calculated the
AC C_ with the asymptotic limit of the WF in the form of the Whittaker function
(3), whose value in the interval 5-20 fim turned out to be equal to C_ = 2.095(5).
The normalized error is determined by averaging the constant over the indicated
interval. This constant as determined by the experimental data is found to lie in the
interval 1.76-2.35, which is in complete agreement with the obtained results.

Total cross sections and reaction rate of the proton capture on 2H.
Previously, in (Dubovichenko et. al., 2009) it was shown that it is possible to consider
the astrophysical S-factor of p?H radiative capture in the energy range from 1 keV
to 10 MeV on the basis of the El-transition from the *P scattering wave to the S
bound ground state with the potential parameters shown in Table 1. For the S(E1)-
factor at 1 keV we obtained the value 0.135 eV-b, which is in overall agreement with
the known data. If we take into account the M1 process, then at 1 keV we obtain the
total S-factor as being equal to 0.212(5) eV-b. The experimental data of one of the
last papers presented in the review (Xu et. al., 2013) give as the value of the total
astrophysical factor S(0) = 0.216(10) eV- b. That paper gives the following values of
the linear extrapolation parameters: S(E_ ) =S +E_ - S and S = 0.216(6) eVb and
S,=0.0059(4) eV- b- keV'. The most recent determination of this S(0)-factor gave the

value 0.2156(+0'0§§j eV-b (Iliadis et. al., 2016), which coincides within the limits
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of error with the above results of (Xu et. al., 2013). If we change the width of the GS
potential indicated in Table 1 by less than 4%, and adopt new parameters

V,=40.55868 MeV and o = 0.1925 fm, (12)

which lead to the AC being equal to 2.12(1), and the same binding energy, then at 1
keV we obtain the total S-factor as being equal to 0.220(1) eV-b for S(E1)=0.139(1)
eV-band S(M1)=0.081(1) eV-b. The potential parameters of the S and P scattering
waves listed in Table 1 were left unchanged.

Our new calculations of the energy dependence of the S(El)-factor of p’H
radiative capture for the GS potential given by Eq. (12) and the P-wave potential
from Table 1 at energies from 1 keV to 10 MeV are plotted in Fig. 4 by the dashed
line. The pink dotted curve in Fig. 4 plots the results of a calculation of the M1
process for the new version of the GS potential with the same S scattering wave
potential with the parameters from Table 1. The continuous curve in Fig. 4 plots
results for the total S-factor.

il "T T | | |

L, 5 Figure 4. Astrophysical S-factor of the proton
t “H(p,v)"He

-1
° radiative capture on *H in the energy range of 1
keV to 10 MeV for the E1 and M1 transitions.
The lines plot the calculations with the
potentials indicated in the text. The triangles,
4 open rhombuses, open triangles, open squares,

] squares, points and red points plot the
measurements from corresponding works

presented in the review (Xu et. al., 2013).

S, keVb

Recent experiments are given by light blue

3
w
T

4 points from (Mossa et. al., 2020), green
] squares plot the results from (Tisma et. al.,
2019), red squares (target No. 3) and blue
squares (target No. 4) are from (Turkat et. al.,
2021).

.I V]
104 10° 102 10" 10° 10
Egm, MeV

The calculated total S-factor at energies down to 50 keV can be approximated
by the form:
S(Ec.m.) - SO_.—Ec‘m. Sl+Ezc.m4 SZ+E3crm. S3
with the parameters SQ = 0.21508 eVIlb, S, = 0.00452 eV b keV' , S, =
5.04550110  eViiblkeV ,and S, = -1.3778 \10 "eVibl keV , which lead to a
y* value equal to 0.11 for 5% errors in the calculated curve. The results of such a
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parameterization lead to the value S(0) = 0.216(1) eVIb at 0.1 keV and are plotted
in Fig. 4 by the green closely spaced dotted curve. As can be seen, the version of the
GS defined by the parameters assigned by Eq. (12) allows one to obtain a value of
the S-factor at zero energy (more precisely at 0.1 keV) that coincides almost exactly
with the results of (Xu et. al., 2013; Iliadis et. al., 2016).

The value So=0.215 eV[1b can also be treated as the value of the S-factor at
zero energy and is in good agreement with the results of (Iliadis et. al., 2016), which
are equal to 0.2156 [+0'082j eVIb.

-0.077

Moreover, our calculations of the proton radiative capture on *H for the El
transition at the energy range down to 10 keV were carried out in 1990 and 1995,
when only the experimental data above 150-200 keV was known. It was found that
these results well describe the behavior of the S-factor from 10 keV to 200 keV,
which was obtained in later measurements in 1997 (Xu et. al., 2013), at the energies
down to 10 keV. Thus, using the MPCM with the classification of the orbital states
according to Young tableaux allowed us not only to describe available experimental
data, but also predicted the behavior of the astrophysical S-factor of the proton
radiative capture on *H at the energy range from 10-20 to 150-200 keV.

Our next goal in this work was to calculate the reaction rate of p*H capture. To
calculate it, we used the theoretical total cross sections at energies range from 1
keV to 10 MeV, and the total rate so obtained and plotted in Fig. 5 by the continuous
curve grows smoothly at all of the considered temperatures. The dotted curve,
which agrees best of all with our results, plots the capture rate from the recent paper
(Iliadis et. al., 2016), the dashed curve plots the results of (Xu et. al., 2013). This
version of the reaction rate lies noticeably lower than our results and the results
of (Iliadis et. al., 2016) at temperatures above (0.07-0.1) T,

The calculated reaction rate shown in Fig. 5 by the continuous curve can be
approximated by the function

Ny(ov)=a /T3 exp(—a, 1 Ty *)1.0+ 41" + 0,15 + asTy +a6Ty +a, 157 + agT ) +ay I T (13)

The parameters of this approximation are listed in Table 3. The result of calculation
of reaction rate (13) with these parameter values is plotted in Fig. 5 by the closely
spaced dotted curve, which merges with the continuous curve, with a mean y? value
equal to 0.001. The approximation was based on 1000 calculated points, shown in
Fig. 5, and to calculate the y* value, the error of the calculated data was taken to be
equal to 5%.
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Figure 5. Total reaction rate of the proton capture on *H. The continuous curve plots our results, the

dotted curve plots the capture rate from (Iliadis et. al., 2016), the dashed curve plots the result from
(Xu et. al., 2013), and individual points plot our approximation.

Table 3. Parameters of the parametrization given by Eq. (13) of the reaction rate

i 1 2 3 4 5
a 0.6626269-10°2 0.1751989-10' 0.4456296-10* 0.2126028-10° 0.4718858-10°
i 6 7 8 9 10
a 0.2258075-10 0.2558771.10° 0.6352764-10° 0.3199279-10°! -0.5347412:10°

Conclusions. ZH(n,y)aH reaction. To summarize, our calculations of total
cross sections of the neutron radiative capture on 2H at energies from 10 meV to
10 MeV are in good agreement overall with the known experimental data. The
implemented MPCM with forbidden states and classification of orbital states of
the clusters according to Young diagrams, in addition to being able to describe
the astrophysical S-factor of the proton capture on 2H, proved capable of correctly
reproducing the overall dependence of the total cross sections of n?H capture over
a very wide energy range. Small changes in the depth of the 2S potential for this
system are entirely admissible since the p?H-phase shift analysis data contain large
uncertainties, and n’H-phase shift analysis data are in general lacking. Thus, here in
comparison with our previous works (Dubovichenko, 2019, 2015) we summarize
as follows:

1. Parameters of the S-wave scattering potential have been refined, allowing
a better description of the available scattering phase shifts and affording a more
accurate description of the values of the total cross section at thermal energies from
the new experimental work (Firestone et. al., 2016);

2. The reaction rate has been calculated in the temperature interval 0.01T,~10T,
and is in complete agreement with most of other results although at low temperatures
of 0.01T;~0.1T, it differs from the results of (Nagai et. al., 1998) by a factor of 2-3;

3. The reaction rate has been approximated by a simple analytical form of Eq.

122



Reports of the Academy of Sciences of the Republic of Kazakhstan

(11) which simplifies its use in a wide variety of other research efforts and applied
problems. ;

‘H(p,y) He reaction. To summarize, comparative simple model concepts
allowed us to obtain theoretical results, which are in good agreement with the
available experimental data for the astrophysical S-factor of p’H radiative capture.
Here, we have done the following:

1. We have refined the parameters of the GS potential (Eq. (12)), which has
made it possible to more accurately describe the magnitude of the S-factor at zero
energy from the new experimental work of (Iliadis et. al., 2016).

2. We have parameterized the calculated S-factor at energies down to 50 keV,
which allowed us to obtain the value of the S factor at 0 keV and at 0.1 keV.

3. We have calculated the reaction rate in the temperature interval (0.01-10) T,
and compared it with other results.

4. We have approximated the reaction rate using a simple analytical form
Eq. (13) which may be useful in applied studies.

5. We corrected a typographical error (made in some of our previous papers) in
the form of the potential for the P wave of the p*H interactions.
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IFEOMATHUTHOE CKJIOHEHHME U ET'O ITPOCTPAHCTBEHHO-
BPEMEHHBIE U3MEHEHMUS 11O JAHHBIM JIBYX
CPEJHEIIUPOTHBIX OGCEPBATOPUI

Annoranus. [TokazaHbIM3MEHEHUSITEOMArHUTHOTO CKJI0OHEHH D B3aBUCUMOCTH
OT MeCTa M BPEMEHH U3MEPEHNH TeOMarHUTHOTO ToJ1s. Vcrons30BaHne peabHbIX
JAHHBIX, TOJYYCHHBIX TMPH W3MEPEHHSX Ha TE€OMAarHUTHBIX 00CepBaToOpUsX 3a
JUIUTENbHBIN BpeMeHHOM uHTepBal ¢ 1963 mo 2021 rr., mo3BOMSIET MOIYyYUTh
HaDSITHYRO KapTUHY U3MEHEHUs TeOMarHUTHOTO CKIIOHEeHUs1 D B mpocTpaHCTBE U
BpeMeHH. [1Jis1 monmyueHus peajdbHBIX 3HAYCHH CKIIOHeHUs: D ObLIi BHIOpaHBI J1BE
CPeIHEIUPOTHRIE TEOMAarHUTHBIE 00CEpPBATOPUH — T€OMarHUTHasE 00CepBaTOpHS
«Anma-Ata», (IAGA xoq AAA), [43.25°N; 76.92°E], Uactutyt noHocdepsl, T.
Anwmarel, PK u o6cepBatopust «Kiroun», (IAGA xom NVS), [54.85°N; 83.23°E]
PAH, r. HoBocubupck, PO®. Pe3ynbrarsl pacyeToB CKIOHEHHH 32 pacCMaTpUBaeMbIi
BPEMEHHOI WHTEPBaJ, 10 HAOIIOIAeMBbIM 00CEPBATOPCKUM JIAHHBIM, MTOKAa3bIBAIOT
n3MeHenus 3HaueHnit D o rogam. Tak, ans AAA npou3onuio yBelauyeHue, a A
NVS — ymensinienne 3Hadernii D. [1oka3anpl MesieHHBIE BapHaIiH (BEKOBOW XOJ)
Tr€OMarHuTHOTO CKJIOHeHHsI D 11t reomarauTHBIX oOcepBatopuii AAA n NVS 3a
paccMarpuBaemblie Tonbl. Tak, D yBenuuunocs Ha 30 mun ans AAA, a st NVS D
yMmeHbImIock Ha 70 MuH. [lomydeHbl cpeTHIe CKOPOCTH H3MEHEHUS TeOMarHUTHOTO
cknonenus s AAA u NVS. B cpennem reomaruutHoe ckionenue D qist AAA
HapamBaercs 1o 1.9 mun/ron, a mist NVS ymensinaercs Ha 2.08 mun/Ton. B
MPAKTHYECKOM IIJIaHe M3MEHEHHS T€OMarHUTHBIX CKIIOHEHWH HYKHO yYUTHIBAThH
MIPH BBICOKOTOYHOW HABUTAIMW JUIS YMEHBIIEHHUS OIIMOOK TP OIpeaeIeHUU
azumyTa. Bce coBpeMeHHBIE HaBUTAIMOHHBIC KapThl CONEp)KaT MH(POPMAIUIO O
BEJIMYMHE CKJIOHEHHSI TEOMArHUTHOTO TOJIA. JTH KapThl HEOOXOAUMO MOCTOSHHO
OOHOBJIATD.
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EKI OPTA EHAIK OBCEPBATOPUSACBIHBIH MOJIIMETTEPI
BOUBIHIIIA TEOMATHUTTIK AYBITKY )KOHE OHbIH,
KEHICTIKTIK-YAKBITTBIK O3T'EPICTEPI

AHHOTanus. [€OMarHUTTIK OPICTI OIIEY OPHBI MEH YaKBIThIHA OalIaHBICTHI
TEOMAarHuTTIK aybITKYJbIH e3repicTepi KepceTinreH. [eoMarHuTTiK obOcepBa-
topustmapaa 1963 skeurman 2021 skputFa JAEHiHIT y3aK YakbIT apabIFbIHAA
eJIILIey Ke3iHJe ajlbIHFaH HAKThl AEPEKTEp.l Maijanany KEHICTIK MEH yaKbITTaFrbl
TE€OMAarHUTTIK ayBITKY/IBIH ©3TepyiHiH alKbIH KOPIHICIH alyFa MYMKIHJIIK Oepei.
D xenbeyiHiH To1 MOHAEPIH ally VIIiH KeJieci TEOMarHUTTIK oOcepBaTopHsIiap
TaHganael: «AnMa-Atay reomarHuTTik oOcepBaropusichl, (IAGA xomer AAA),
[43.25°N; 76.92°E], Monocdepa uHCcTUTYTHI, AnTMarthl K., KP, sxone PFA «Kirouny»
obceparopusicel, (IAGA komet NVS), [54.85°N; 83.23°E], HoBocubupck, Peceit
®enepaunsicel. bakputanatelH 00cepBaTOpHsl JEPEKTEPiHE COMKEC aybITKyJIapabl
ecenTey HoTIKeNepi )putaap 00ibl D MoHAEpiHIH 03repyiH KopceTe/i, COHIBIKTaH
1963-2021 >xpurmap apaibIFbIHAA «AJMa-ATa» TEOMArHUTTIK 00CEPBATOPHSICHI
yirin ecy, an «Kiroum» reopusukansik oOcepBaropusichl ymiH D MoHaepiHiH
TeMeHJieyi Oalikanabl. bakbuiaymarbl 00CEpBAaTOPHSUIBIK MOJIMETTEPre COMKec,
KapacThIPBUIBIIT ~ OTBIPFaH  yaKbIT — apalibIFbIHAAFBl  aybITKyJapAbl — ecenTey
HOTIDKENepi JKpuigap OolbiHIIA D MOHJIEpiHIH e3repyiH KepceTelli, COHABIKTaH
AAA yurin D monnepiniH sxorapsutaysl xoHe NVS ymria D MonaepiHiH ToMeHeyi
Oaiikanapl. Kapacteipeimran xeuigap immiage AAA xoHe NVS reoMarHuTTikK
oOcepBaropusiapbl YIIiH D reoMarHUTTIK aybITKYBIHBIH Oasy BapHalusuiapbl
(raceIpibIK Ko3fanbic) kepcerinred. Ocputaiima D AAA ymin 30 MuHyTKa, an
NVS ymia D 70 munyTtka Tomenaeni. AAA sxkone NVS yiiiH reoMarHuTTik
ayBITKYIIBIH OpTalla e3repy >KbUAaMABIFBl ajblHabl. Oprama anranaa, «AjaMa-
ATa» TeOMarHuTTiK 00CepBaTOPHUSCHI YIIIiH TeOMAarHUTTIK aybITKy D 1.9 MuH/XbIFa
apranbl, an «Kimoum» reopu3nKaIbIK 00cepBaTOpHACH yiiH o 2.08 MuH/KbUTFa
ToMeHaei . [IpakTHKaIbIK TYPFBIIaH aFaH/a, a3UMYTThl aHBIKTAy/aFbl KaTelep/i
a3afTy YIIiH >KOFapbl JIQJUIIKTETl HaBUTAIUsa T'€OMArHUTTIK aybITKYJIapablH
©3repyiH ecKepy KakeT. bapiblK 3aMaHayn HaBUTalMsUIBIK KapTajap FeOMarHUTTIK
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OpICTIH ayBITKYBI TypaJibl aKIapaTThl KAMTHABL. ByJl KapTanapasl YHeMi sKaHapTHIIT
OTBIPY KaXKeT.
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GEOMAGNETIC DECLATION AND ITS SPATIO-TIME CHANGES
TO THE DATA OF TWO MID-LATITUDE OBSERVATORIES

Abstract. Changes in geomagnetic declination D are shown, depending on
the location and time of measurements of the geomagnetic field. The use of data
obtained during measurements at observatories over a long time interval from 1963
to 2021 allows us to obtain a visual picture of changes in geomagnetic declination
in space and time. To obtain real D, observatories were selected: the «Alma-Ata»
geomagnetic observatory [43.25°N; 76.92°E] of Institute of the Ionosphere, Almaty,
RK, and observatory «Klyuchi» [54.85°N; 83.23°E] of the RAS, Novosibirsk, RF.
The results of calculations of declinations according to observational data, show
changes in the values of D over the years, so for AAA there was an increase, and
for NVS there was a decrease in the values of D. There are shown slow variations
(secular course) of the declination D for AAA and NVS geomagnetic observatories
over the years under consideration. D increased by 30 min for AAA, and for NVS
D decreased by 70 min. The average rates of change of D for AAA and NVS are
obtained. On average, the D for AAA increases by 1.9 min/year, while for NVS it
decreases by 2.08 min/year. In practical terms, changes in D should be taken into
account in high-precision navigation to reduce errors in determining the azimuth.
All modern navigation charts contain information about the declination of the
geomagnetic field. These maps need to be constantly updated.

Key words: geomagnetic field, geomagnetic declination, secular variation.

BBenenue. /[sipenienns3a1a4 BLICOKOTOUHO HABUT AITHH IBIDKYIIIETOCSI00BEKTA
HEOOXOAMMO 3HATh B KaXJIOM TOYKE TPACKTOPHH IBMIKECHHUS, MECTOIOJIOXKECHUE
00BeKTa (TEKyIIHe KOOPAUHATHI) M HallpaBJIeHNE IBIKEHUS. TeKyIie KOOpIHHATEI
00beKTa 00eCIeunBalOT CITyTHHUKOBBIC HABUTAIMOHHBIC CHCTeMbl. HarpaBiieHue
JBUYKEHUS, KaK IPABUIIO, OTIPEACIISIOT HA OCHOBE U3MEPEHUSI Q3UMYTa OTHOCUTEIILHO
MOJIOKEHUS CEBEPHOT0 T'€OMarHWTHOro mnostoca. KoopJuHAaThl reOMarHUTHOIO
TMOJIFOCA HE OCTAKTCS MOCTOSTHHBIMU — JIPel(PyrOT cO BpeMEeHEM, COOTBETCTBEHHO,
BHOCHUTCS OIMOKA B BENWYUHY a3umyTa. JJis TOro 4roObl HAWTH MarHUTHBIN
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a3UMyT, HEOOXOIWMO 3HATh UYWCIICHHOE 3HAYCHWE TEOMArHHTHOTO CKJIOHEHUS
D. BenmnunHy T€OMarHUTHOTO CKJIOHEHHUS C OOJBIION TOYHOCTHIO H3MEPSIOT B
TE€OMarHUTHBIX oOcepBaTopusix. [ eoMarHuTHOE CKiIOHeHHEe D mMeeT OOJbIIyro
MPAKTHYECKYIO M HAYYHYIO 3HAYMMOCTh M UCTIOIB3YETCS JIJISl PEIICHUS Pa3TUIHbIX
Hay4YHO-TIPOM3BOJICTBCHHBIX 3ajad. Hampumep, reoMarHutHoe ckioHeHue D
WCTIOJNB3YIOT TIPU OYPEeHWW HAKIIOHHBIX CKBa)KUH, IPH CTPOUTEIHCTBE aTOMHBIX
MU THAPOIICKTPOCTAHLMH, JIMHUH SJeKTporepeaady, MeTpo, isi 00ecredeHus
A’POHABHUTAIIMOHHBIX KapT, MpH CePTU(UKAIUN a’dPONOPTOB, YKa3bIBacTCS Ha
Tomorpadudeckux kaprax u T.a. (Mursula u ap., 2008; Parkinson, 1983; Sokolova
u np., 2020). Tak kak TeOMarHUTHOE CKJIOHEHHE MEHSETCS B MPOCTPAHCTBE U
BPEMEHH U 3TH U3MEHEHHS IMEIOT TIOCTOSTHHBIN WM CIIYYaiHbBIN XapaKTep, TO 3TO
HEOOXOAMMO YUYHUTHIBATh MPHU ONPEACICHUN MArHUTHBIX a3UMYTOB HAIlPaBJICHUM.
Cuwuraercs, 4yto 3a nocneanue 100 Jer reoMarHUTHOE TOJIe OCIa0I0 TIPUMEPHO
Ha 5%. M3BecTHO, 94TO OCIabIeHNEe T€OMarHUTHOTO TOJIS BEJET K TICPETIOIFOCOBKE,
IIPH KOTOPOM MPOUCXOAUT UHBEPCHUSI CEBEPHOTO U KXKHOTO MArHUTHBIX IOJIFOCOB
(Barbosa u ap., 2013; Friis-Christensen u ap., 2006; Reshetnyak, 2020; Thomson
u ap., 2011; Vigneron u ap., 2015). Hannune MarHUTHBIX aHOMAaJMi B MOMEHT
MIEPETIONNFOCOBKY MOXKET MPUBOAUTH K TIIOOATHHBIM TEKTOHHYECKUM SIBIICHUSIM Ha
3emite. [loaTBepKAar0T OOIIYIO TCHACHIIMIO OCIIA0JICHUS BEJIMYUHBI MATHUTHOTO
oJIsl TAaHHBIE, TIepeaBaeMble CITyTHUKaMH Swarm, 3aIryIieHHbIMU EBporiefickum
kocmudecknM areHTCTBOM (European Space Agency, ESA). Kak mokazamm atu
JTaHHBIC, HAUOOJBIINN YPOBCHb CHIIKCHHS I'€OMArHUTHOTO IOJIsi HAOMIOMACTCs B
3amagHoMm monmymapud. Llenpro maHHON palOTHI SBISIETCAS pacdeT CKIOHEHUS
D u ero romoBeix M3MeHeHHMH 3a BpeMeHHON wuHTepBan 1963-2021 rr. ans
MIPOCTPAHCTBEHHO-Pa3HECEHHBIX MTyHKTOB.

Marepuajbl U OCHOBHbIe MeTOAbl. OCHOBHBIM METOIIOM HCCIICTOBAHUS
B JIlaHHOW pa0oTe SBISETCS pacyeT T'eOMAarHUTHOTO CKJIOHeHUus D s
MIPOCTPAHCTBEHHO-Pa3HECEHHBIX ITYHKTOB IO JaHHBIM JBYX CPEAHEUTHPOTHBIX
Tre€OMarHUTHBIX 00CEPBATOPUN 3a JUTUTEILHBIN IEPHOJT BPEMEHH JJIsl UCCIICIOBAHUS
BPEMEHHOTO XO/1a, IPOCTPAHCTBEHHOTO pacIpe/elIeHUs] 3HaueHI reOMarHiTHOTO
CKIIOHCHHS U CPETHUX CKOPOCTEH M3MEHEHHH BETHIMH T€OMAarHUTHOTO CKIIOHEHUS
D. I'eomarauTHBIE 00CEPBATOPHH BBIIAIOT MH(POPMAIIUIO O TEOMAarHUTHOM II0JIE,
WCTIONB3ysl JaHHBIE BapHWAllMOHHBIX CTAHIWW, JaTYAKA KOTOPBIX SIBIISIOTCS
OTHOCHUTEJIbHBIMU TMPUOOPaMU C JOCTATOYHO Y3KUM JIMANla30HOM H3MEPECHUM.
AOcommoTHBIE  3HAYEHUWS BapHallMil  SIH30[WYECKH  OIPENENSIOTCS  IIyTeM
MPOBEICHUsT aOCOJIIOTHBIX HAOJIOICHHUM, C TOMOIIBI0 KOTOPBIX CTaHOBSTCS
W3BECTHBI 0a3UCHbBIC 3HAYCHUs. TaK Ha3bIBAEMBIH BEKOBOW XOJ T€OMArHUTHOIO
MoJii MBI MOXKEM HCCIIEOBaTh ITPH IIOMOIIM MHOTOJETHHUX HAOMIONCHUH 3a
TCOMarHUTHBIMH TapaMeTpPaMH B CICIUAIBHBIX 00CEpBATOPUSAX, KOTOPHIC
pacIoNIO’KEHBI B pa3HbIX Toukax 3emid (Jankowski u op., 1996; Matzka u mip., 2010;
Nechaev, 2006; Rasson, 2007). Jlist moyrydeHus: peaibHbIX 3HAUCHUH CKJIOHEHUs D
OBLTH BEIOPAHBI JIBE TIPOCTPAHCTBEHHO Pa3HECEHHbBIE Te€OMarHUTHBIE 00CcepBaTOpUH
— TeoMmarauTHas oOcepBaropus «Anma-Ara» [43.25°N; 76.92°E] Uncruryra
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nonocdepsl, . Anmarsl, PK; reodusmueckas o6cepBaropust «Kimoun» Poccutickoit
akanemuu HayK (PAH), . HoBocubupck, P® [54.85°N; 83.23°E]. B reomarauTHOM
obcepBaropun «Anma-Ara» (IAGA koq AAA) IpOBOAST HAOTIONCHUS CKIOHEHUS
D deppozonmoBeiM meknmnHoMeTpoM Lemi-203 ma 6a3e teomommra 3T2KII. U3
HaOroaeMbIX 3HaYeHU D v BapuannoHHbIX 3Ha4eHUN X, Y, Z ObLTH BHIYUCICHBI
CpeIHeMeCSIYHbIC ¥ CPEIHETON0BbIe a0COMOTHBIC 3HaYeHHs CKiIoHeHus D 3a 1963-
2021 ronsl. B HoBocuOupckol KOMIUIEKCHOH MarHUTHO-MOHOC(HEPHOH CTaHIMU
(reomsmueckass obcepBaropust «Kimoun») (IAGA xom NVS) HaGmromeHust
ckitoHeHus D mipoBomsT (heppo30HAOBEIMA (IEKIMHOMETPAMHI-UHKIIMHOMETPAMH )
MarHUTOMETpaMu Ha 0a3e HeMarHWTHBIX TeononuToB Theo020B u 3T2KII. U3
MTOJTyYeHHBIX a0COTIOTHBIX 3HAYCHHUI W CyTOYHBIX 3HAYEHUH T€OMarHUTHOTO TTOJIS
OBLTN pacCYUTaHbl CPEHET0/I0BbIC a0COMIOTHBIC 3HAUCHHMs CKIIOHeHust D 3a 1963-
2021 romel mmsi obcepBatopuu NVS. DieMeHTHI, UCHOJb3yeMbIe TPU pacdere
CPEIHETroIOBEIX 3HAYCHNUN CKJIOHEHUs D miist reodusndeckoit oocepBaropum NVS
—9710 X, Y, Z KOMIIOHEHTBI T€OMarHUTHOTO I10JIs.

TeopeTndeckn TeOMarHuTHOE CKJIOHeHHE D B m1000# Touke P Ha moBepXHOCTH
3emMITi BMOMEHT BpeMeHH t—3To cooTHOIIeHUE Y U X cocTaBistontux moist: tg D(P,t)
=Y(Pt) / X(Pt), Tne X — ceBepHas KOMIIOHEHTa, Y — BOCTOYHAsi KOMITOHeHTa. Ha
MPaKTHKE T€OMarHUTHOE CKJIIOHEHNE B TEOMAarHUTHBIX 00CEPBATOPHSX OMPEEIISIOT
MyTeM OJHOBPEMEHHOTO M3MEpEHUs! B TOUKe HaOmrofeHus P acTpoHoMuueckoro
A, M MarHMTHOTO A a3MMyTOB Ha YJAJIECHHYIO TOYKY (MHUpPY) M CPaBHUBAIOT HX.
Ha mpocTpaHCTBEeHHO-Pa3HECEHHBIX TEPPUTOPHUSIX, TAE€ HAXOAATCS 00CcepBaTOpUU
AAA u NVS, reoMarHuTHOe CKJIOHEHHE UMEET BOCTOUHOE HalpaBieHue, Toraa D
st Touku P B MoMeHT Bpemenu t Oyzet: D(Pt)=A (Pt)-A (P,t). ActponomMudeckuii
a3uMyT MOXHO ompezenseM ¢ ucnonszoBanue GPS. IIpu nomomu GPS moxHO
M3MepuTh reorpaduyeckne koopauHarel mupoty (L) n monrorty (/1) B 3amanubIi
MOMEHT BpeMmeHH t — Touku Hadmronaenus [LLI(P,t); A(P,t)] u mupsi [LLI(M,t), A(M,t)].
3areM paccunuTaTh aCTPOHOMHYCCKHI a3UMYT 10 (hopMmyIre:

tgA (PY) = (AM,H) — A(Pt)/(II(M,t) — LI(P,t)), nsmepenHbie 3HaYEHUS
reorpaduvecknx koopauHar nepeBectd B MeTpsl (Karataev u mp., 2008; Orlyuk
u 1p., 2015). MarauTHoe CKJIOHCHHE B TCOMAarHUTHBIX 00CEPBATOPHSIX U3MEPSIOT,
HamnpuMep, C TOMOIIBI0 MAarHUTOMETpA (JIeKITHHOMETpa-HHKIMHOMeTpa) Lemi-203
Ha 6a3e Teomgommra 3T2KII.

Pesynbrarel. M3 HabmromaemMbix 3HaueHU D v BapHalMOHHBIX 3HaUYeHHH X,
Y ObUTH BBIYUCIIEHBI CPETHEMECSUHBIE W CPEAHETOIOBBIC A0CONIOTHRIE 3HAYCHUS
ckiaonenuss D 3a mepuon 1963-2021 rr. mns obGcepBaropuii AAA u NVS.
W3MeHeHns reoMarHUTHOT CKJIIOHEHHS D, MoirydeHHbIe TI0 JAHHBIM TeOMarHuTHON
ob6cepBaropun AAA u ooceparopun NVS 3a nmepuon 1963-2021 1T, mpuBecHBI HA
pucyske 1. Pe3ynbraTsl pacdeToB CKJIOHEHUH, 110 HAOII0AaeMbIM 00CepBaTOPCKUM
JIaHHBIM, TTOKa3bIBAKOT U3MEHEHHUsI 3HaYeHu | D 1o rogam, Tak st AAA npou3o11Io
yBenuueHwue, a ;uit NVS ymensienue 3HadeHuid D 3a BpemenHo narepsain 1963-
2021 rr. 3nauenue D mns AAA B 1963 1. 6put0 mopsiika D=4°40.0", a B 2021 t.
D=5°8.03". na NVS B 1966 . D=9°21.7', a 8 2021 . D=8"14.9".
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Pucynok 1 — MI3MeHeHre reoMarHuTHOro CKiIoHeHus: D B reomarnuTHo# oOcepBatopun AAA u
reousnueckoit oocepsaropun NVS 3a BpemenHoit uarepsai ¢ 1963 no 2021 rr.

PacMoTpum n3MeHeHNe CpeqHEeTOAOBhIX 3HAYEHHH T€OMarHUTHOTO CKIOHEHUS
3a mepuon 1963-2021 rT. u ompenenuM BekoBoi xom D (MemieHHBIC BapHaIlim).
Ha pucynke 2a,0 moka3aH BEKOBOW XOJ TE€OMAarHUTHOTO CKJIOHEHHWS D s
MIPOCTPAHCTBEHHO-PA3HECEHHBIX T€OMarHUTHBIX oOcepBatopmii AAA m NVS 3a
BpeMeHHO# mHTepBaI ¢ 1963 mo 2021 rr. M3 pucynka 2a BHIHO, YTO BETUIHHA
D B cpennem m3menmtach Ha 30 muH (yBenmuawmiach) it AAA 3a 1963-2021 tr
Pucynok 26 nokaseiBaet, uro mist NVS Benwuuaa D ymensmmiacs Ha 70 MUH 3a
mepuon 1963-2021 rr.
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Ai aa 6
a — JJaHHbIe TeOMarHUTHOH oOcepBartopun AAA; 6 — TaHHbIe TeOMarHUTHOH obcepBaropun NVS
PucyHnok 2 — BekoBoii X011 reOMarHUTHOTO CKJIOHEeHUs D A1 poCTpaHCTBEHHO-PAa3HECEHHBIX
reoMarHuTHeIX obcepBaropuit AAA n NVS 3a BpemenHoit narepsai ¢ 1963 no 2021 rr.

beimn paccunTaHbl CpenHUE CKOPOCTH W3MEHEHUSI TECOMAarHUTHOTO CKIIOHEHUS
it AAA n NVS 3a 1963-2021 rr. Ha pucynke 3a nmpuBefeHa KapTuHa U3MEHEHUH
CKOPOCTH T€OMarHWTHOTO CKJIOHEHHsS Ha TeOMarHuTHOW oOcepBaropun AAA 3a
1963-2021 rr., B cpeiHeM reoMarHuTHOE ckiioHeHue D HapaiuBaeTcs 1o 1.9 mun/
roa. Ha pucynke 36 mpuBeaeHa KapTHHA W3MEHEHUH CKOPOCTH T€OMAarHUTHOTO
CKIIOHCHHS Ha reoMarHuTHoM oOcepBaropuu NVS 3a 1963-2021 rr. B cpennem
reoMarHuTHOE CkiioHeHue D yMeHbIiaercs Ha Beauuuny 2.08 MUH/TOI.

a

LN 6
PucyHok 3 — CpeiHue CKOPOCTH M3MEHEHHUS BEJIMYHUHBI TEOMAarHUTHOTO CKJIOHEeHHs D,
o nanHbIM AAA u NVS, 3a Bpemennoii uarepsan ¢ 1963 mo 2021 rr.
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Oo0cy:xkaenue. Tak Kak KOOpAMHATHI T€OMAarHUTHOTO MOJNIOCa HE OCTAIOTCS
MOCTOSIHHBIMH — JIPEH(YIOT CO BPEMEHEM, COOTBETCTBEHHO BHOCHTCSI OLIMOKa
B BeIMYMHY a3umyta. llomokenue ceBepHoro maruutHoro mnomroca (CMII),
cornmacao mojenu Oncena CHAOS (A Model of Earth's Magnetic Field derived
from CHAMP), monTBepneHHOW HazeMHBbIMU uccienoBanusmu (Olsen u mp.,
2006). HampaBneHnue Ha reOMarHUTHBIN TOIIOC OTHOCHUTENINBHO Teorpadpuueckoro
B KaXIOH TOUKE 3EMIIM ONpefesieTcss BEIMYMHONW CKIOHEHHS T€OMarHUTHOTO
MoJsl, U 3Ta BEJIMYMHA C BBICOKOW TOYHOCTBIO M3MEPSETCS B I'€OMArHUTHBIX
o0cepBaTOpHUsIX COBPEMEHHBIMH MarHUTOMETpamu. llomydeHHbIE pPe3yabTaThl
JEMOHCTPHUPYIOT U3MEHEHHSI TeOMarHUTHOTO CKJIIOHEHHSI, B 3aBUCUMOCTH OT MeCTa
1 BPEMEHU M3MEPEHUI F€OMarHUTHOTO IOJIsl U XOPOIIO COIIAcyIOTCsl C APYTHMU
paGoramu. Tak, HampuMep, MHOTOJETHHE HM3MEPEHHUs! CKJIoHeHHs D, koTtopsie
MPOBOAAT MarHUTHBIE OOCEPBATOPUH, MOKA3BIBAIOT, YTO MAarHUTHOE CKJIOHCHHE
MeHsiercsi Bo Bpemenu. Hampumep, Ha oGcepBaropun Ilnemenunnst (bemapycs)
ckjoHeHHe yBenumumioch ¢ D=5°02.7' mo D = 7 07.7" (19602006 rr.), Ha
obcepsaropun benbck ([Tombira) ckmonenne yBemuumiiock ¢ D =2°04.2' no D=4°
37.7' (1996+2005 rr.), B Upkyrcke (Poccust) ckimoHeHue ¢ BoctoyHoro B 1887 1.
D=+2°24" nepeiinsg yepe3 HyneBoe 3Ha4eHHE B 1934 1. cMeCTHIIOCH Ha 3allajHOe
Hanpasneauu u B 2001 . D=-2"24" (Karataev u np., 2008; Orlyuk u ap., 2015).
JlOCTOMHCTBOM JaHHOW Pa0OTHI SIBISETCS WCHONb30BaHHUE DPEaJbHBIX JaHHBIX,
MOJTYYEHHBIX MPH U3MEPEHUSAX HAa TEOMAarHUTHBIX 00CEpBaTOPUSX 3a ATUTEIbHBIN
MEpUOoA BPEMEHM, YTO TMO3BOJSICT IOJNYYUTh HADIITHYIO KapTUHY W3MEHEHHS
T€OMarHUTHOTO CKJIOHEHHUSI B MPOCTPAHCTBE W BPEMEHHU Ul MPOCTPAHCTBEHHO-
Pa3HECEHHBIX MyHKTOB.

BriBoabl. Takum 00pa3zoM, ObUIH ITOTYYEHBI peabHbIC 3HAUCHHS T€OMarHUTHOTO
CKJIOHEeHUs! D 171 mpoCTpaHCTBEHHO Pa3HECEHHBIX I€OMAarHUTHBIX oOcepBaTopuit
AAA u NVS 3a nepuon 1963-2021 rr. Tak, BeTuurHa T€OMarHUTHOTO CKJIOHEHHUSI
D na obGcepBatopun AAA yBenmumiack Ha 30 MHH, B CpeJHEM T'€OMarHUTHOE
ckiaonenue D wHapammBaercs mo 1.9 muH/Tog. 3a ASTOT mepHOA BeTHMYHMHA
T€OMarHUTHOTO CKJIOHEHHsI yMEHbIIMJach Ha obcepsatopuun NVS Ha 70 muH,
B CpeJHEM TIeOMarHuTHoe ckioHeHne D ymenbmraercs mo 2.08 mwun/rox. Tak,
3ravenne D qiss AAA B 1963 1. 610 opsiaka D=4°40.0', a B 2021r. D=5"8.03". ns
NVS B 1966T. D=9°21.7',a82021r. D=8°14.9'. B mpakTuueckoM Ij1aHe U3MEHEHHUS
TEOMAarHUTHBIX CKJIOHCHWH HY)KHO YUYUTHIBATh NPH BBICOKOTOUYHOW HaBUTalMU
JUIl YMCHBLICHUS OMIMOOK MpU OINpEAeTCHUH a3uMyTa. Bce coBpeMeHHBIE
HaBUTALMOHHbIC KapThl COAEp)KaT MWHGPOPMALMIO O BEJIMYUHE CKIOHEHHUS
r€OMarHUTHOTO TOJISL. DTH KapThl HEOOXOANMO MOCTOSIHHO OOHOBIATE. Pe3ynbrars
OLICHKH COCTOSIHUS TEOMAarHUTHOTO CKIIOHEHUS [yis pernoHoB Kazaxcrana, B cBsI3U
C YCKOPEHHBIM JABMKCHHUEM CEBEPHOTO F€OMAarHUTHOTO MOJOCA, HEOOXOIUMBI IS
YCIEMHOro (yHKIMOHUPOBAHHS CTPATETMUECKUX Ba)KHBIX OOBEKTOB, BKIIIOYAs
00BbeKTHl BOCHHO-IIPOMBILINIEHHOTO KOMIUIEKCA CTPaHbl, HAIPUMEP, KOCMOAPOM
«batikonyp».
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Abstract. The article examines the issues of determining the capabilities of
the tribology laboratory workshop for the formation of research competencies,
identifying the content, methods and tools of the tribology laboratory workshop
that contribute to the formation of research competencies and systematization of
diagnostics of the formation of research competencies of physics students. The
aim of the research is to develop a methodology for the formation of research
competencies of physics students, which contains interesting materials for a
variety of forms of activity aimed at the formation and development of generalized
and significant research skills for physics students. The authors propose one of
the variants of the conditions for the formation of students' activities in practical
classes on the physical foundations of tribology. To achieve the purpose of the
study, we applied such methods of theoretical research as analysis and synthesis
of scientific, pedagogical, methodological literature, observation, interviewing,
questioning, conducting a pedagogical experiment, processing the results of a
pedagogical experiment by methods of mathematical statistics. At different stages
of the pedagogical experiment, 15 teachers and 437 physics students of the 3rd
and 4th courses took part. As a result of the study, the structural composition and
indicators of the formation of research competencies of physics students were
identified, the methodology of mini-studies conducted within the framework of
a laboratory workshop on the physical foundations of tribology was developed
and implemented. The effectiveness of the developed methods of mini-studies
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conducted within the framework of a laboratory workshop in terms of the formation
of research competencies of future physics specialists has been experimentally
verified. The practical significance of the research is determined by the fact that
its results provide a methodological basis and allows to significantly increase the
possibilities of forming research competencies of future specialists by expanding
the scope of tasks of the laboratory workshop on the basics of tribology and other
profiling disciplines.

Key words: training, physical fundamentals of tribology, future specialists,
professional competence, design and research activities, practical work.
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TPUBOJIOT'UA CAJTACBIHIATBI ®U3UK CTYAEHTTEPIIH
3EPTTEY K¥3bIPETTIVIIKTEPIH KAJIBIIITACTBIPYJbIH O3bIK
TEXHOJIOTI'UAJIAPBIH BAFAJIAY

AHHOTanus. Makanaga 3epTTey KY3bIPETTUIIKTEpiH KaNbINTACTBIPY YIIiH
TpuOoOIOTHsT OOWBIHINA 3epTXaHAIBIK MPAKTHKYMHBIH MYMKIHJIKTEpiH aHBIKTAY,
3epTTey KY3BIPETTUTIKTEPIH KaJBINTACTBIPYFa XKoHE (PU3HUK CTYACHTTEPIH 3epTTeY
KY3BIPETTUTIKTEPiHIH KaJIbIITACYbIH JUarHOCTHKAay/Abl Kyieeyre bIKIal eTeTiH
TpUOOJIOTHST OOUBIHIIIA 3ePTXAHAIBIK TPAKTHKYMHBIH Ma3MYHBIH, dIiCTeMeCi MEH
KypaJlJlapbIHaHBIKTAY MOCEJIeNIepi3epTTeN i, 3epTTeyIiH MaKCcaThl (DU3UK CTYICHTTEP
YILIH >KaJNbUIaHFaH XOHE MaHbI3/Ibl 3ePTTEY JaFIblIapblH KAJIBIITACTBIPYFa XKOHE
JaMBITyFa OaFbITTallFaH KbI3MET TYPJICPIHIH alyaH TYPJIUIrl YIIH KbI3BIKTHI
MarepuangapAbl KaMTHTBIH (U3UK CTYISHTTEPAIH 3€pTTey KY3bIPETTLIIKTEPiH
KQJIBITITACTBIPY 9MIICTEMECIH 931piiey OOJBIN TaObLTa bl ABTOPIIAp TPHUOOIOTUSHBIH
(u3MKaIBIK HeTi3epi OOMBIHIIA MPAKTUKAIBIK cabdakTapja CTYASHTTEPIiH ic-
OPEKETiH KaJbINTACThIPy MIAPTTAPbIHBIH Oi1p HYCKAChIH YChIHBI.

3epTTey MakcaTblHa JKETY YIIIH FbUIBIMU-IIEIArOrMKaNIbIK, 9iCTEMENIK
omeOueTTep i TaNay JKOHE CHHTE3/IEY, OaKbliay, cyx0aT Oepy, cayaliHama KYprisy,
MEeIarOTUKAIIBIK SKCIIEPUMEHT JKYPri3y, MaTeMaTHKAIBIK CTATUCTUKA 9JIICTePIMEH
MEeIarOTUKAIBIK SKCICPUMEHT HOTHXKEJIEPIH OHIEY CHSAKTHI TEOPHSUIBIK 3epTTey
omicTepi KOMTAHBUIALL l[lemarormkanblK IKCIEPUMEHTTIH OpTYpJli Ke3eHICpiHe
15 okpiTymbl sxoHe 437 ¢usuk 3 xoHe 4-Kypc CTYIEHTTEpi KaTBICTHL. 3epTTey
HOTHXECIHC (U3UK CTYACHTTEPIIH 3€PTTEY KY3bIPETTUTIKTEPiHIH KYPHUIBIMIBIK
KYpaMbl MEH KaJIBINTacy KOPCETKIIITEPI aHBIKTAIIBI, TPHOOJOTUSHBIH (PU3UKAJIBIK
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Heriznepi OOWBIHINIA 3epTXaHAIBIK IPAKTHKYM MIeHOEpiHIe IKYpri3iieriH
IIaFBIH 3€PTTEYAEPIiH omicTeMeci d3ipieH/li koHe eHri3inai. bomamak ¢usnka
MaMaHAapbIHBIH 3€PTTEy KY3bIPETTEPiH KaJbIITACTBIPY O6NiriHae 3epTXaHalbIK
MPaKTUKyM  IIEHOepiHAe  IKYPTi3iIeTiH  MUHHU-3EPTTEYIACPIOiH  93ipJCHTEH
o/licTeMeNepiHiH THIMIUII SKCOEPUMEHTAIBl TYpAE TEKCepunai. 3epTTeyliH
NPAKTUKAIBIK ~ MaHBI3ABUIBIFBI  OHBIH ~ HOTWDKENEpl  O/iCHAMAlBIK  Heri3xi
KaMTaMachl3 €TETIHIITIMEH >KOHE TPHUOOJIOTHS KoHE Oacka ma OeHiHIIK MOHIEP
HeTizzepl OOWBIHIIA 3epTXaHAJBIK NMPAKTUKYM TarlChIpMaJIapPbIHBIH TaKbIPHIOBIH
KEHEHTy apKbUIbI OONaImaK MaMaHAAPABIH 3ePTTeY KY3BIPETTEPiH KaJIBIITACTHIPY
MYMKIHIIKTEpiH €A9yip apTThIpyFa MYMKIHAIK OepEeTiHAIriMEH aHBIKTAIAIbI.
Tyiiin ce3mep: OKbITY, TpHOOJOTHUSHBIH (MU3UKAIBIK Heri3uepi, Oonarmrak
MaMaHap, KaCiOM Ky3bIPETTLIIIK, )K00aay-3epTTey KbI3METI, TPAKTUKAIIBIK )KYMBIC.
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OIIEHKA MEPEJIOBbIX TEXHOJIOT U1 ®OPMUPOBAHU A
HCCJIETOBATEJIbCKUX KOMIETEHIUA CTYIEHTOB-®U3UKOB
B OBJIACTHU TPUBOJIOI'NU

AnHoTauusi. B crartbe uccieqoBaHbl BONPOCH! OMpEeICHHsI BO3MOKHOCTEH
JTa0OpaTOPHOTO TMPAKTHKyMa I10 TPUOOJIOTHH ISl (OPMHUPOBAHHUS HCCICHIO-
BaTCJIbCKUX KOMHCTGHHHﬁ, BBIABJICHHUU COACPIKAHUA, MCETOAUKU U CPCACTB
71a00paTOPHOro MPAKTHKYMa MO TPUOOJIOTHHU, CIIOCOOCTBYIONIHE (HOPMUPOBAHHIO
HCCIIEI0BATEILCKUX KOMITETCHIIMA U CHCTEMATHU3alliu JIMAarHOCTHUKH CPOPMHUPO-
BAaHHOCTH HCCIIEIOBAaTEIbCKUX KOMICTEHIMH CTyAEHTOB-QH3UKOB. Llenbio
WCCIIEIOBAHUS SIBIISIETCSI pa3paboTKa METOIUKH (POPMUPOBAHHUS HCCIIEIOBATELCKUX
KOMIETEHIIMH CTYACHTOB-(HU3MKOB, KOTOpas COACPKUT MHTEPECHBIC MaTepHalIbl
Ui pasHooOpasust GopM JIeSITeIbHOCTH, HAMpPAaBICHHBIX Ha (OPMUpPOBAHUE U
pa3BUTUC OGOGHICHHBIX U 3HAYUMBIX OJIs1 CTyIIeHTOB-(i)I/ISI/IKOB HCCIICA0OBATCIBbCKUX
yMEHUW. ABTOpaMH TPEUIOKEH OAMH W3 BAPUAHTOB YCIOBHS (OPMHPOBaHUS
ACATCIIBHOCTU CTYACHTOB Ha IMPAKTHYCCKUX 3aHATUAX I10 (1)I/ISPI‘-ICCKI/IM OCHOBaM
TpHOOJIOTHH.

JIJist TOCTHOKEHHUS [IEJTH MCCIICIOBAHUST HAMH ObLTH IPUMEHEHBI TAKUE METOJIBI
TEOPETUYECKOTO HCCICAOBaHMS, KaK aHAJIN3 U CHHTE3 Hay4HO-IIearorHuecKoi,
METOUYUCCKON JTUTEPATYpPhl, HAOMIOICHHE, HHTEPBHIOMPOBAHUE, aHKETUPOBAHHE,
MPOBEJICHUE TMEArornYeckoro KCHepUMeHTa, 00paboTKa pe3yJbTaroB Menaro-
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THYECKOTO  OKCIepUMEHTa METOJaMH  MaTeMaTH4ecKoi cratuctuku. Ha
pPa3HBIX 3Talax IEeAaroru4eckoro SKCIEpUMEHTa NPUHUIM ydacThe 15 mpero-
nasateneit 1 437 cryneHToB-pu3nKoB 3 U 4 KypcoB. B pesynbrare uccienoBanus
BBISIBIIGHBI CTPYKTYpHBIH COCTaB W TIOKa3aTenn C(pOpPMHUPOBAaHHOCTH HCCIIe-
JIOBaTENbCKAX KOMIICTCHIMH  CTYACHTOB-(OM3UKOB, pazpaboTaHa W BHeIpeHa
METOAIMKa MHWHH HCCIIEIOBaHHA, NMPOBOIMMBIX B paMKax J1a0OpaTOpHOTO Tpak-
THKyMa TI0 (PU3NUECKUM OCHOBaM TPUOOJOTHH. DKCIEPHUMEHTAILHO MPOBEpeHa
3 PEeKTUBHOCTH pa3pabdOTaHHBIX METOJUK MUHHM HCCICAOBAaHWN, MPOBOAUMBIX B
pamKax J1a00opaTopHOTO MPAKTHKYMa, B YaCTH (POPMHUPOBAHUS UCCIIETOBATEIHCKUX
KOMIETEHIIMKA Oyaymux crenuanuctoB ¢usuku. [lpakTuyeckas 3HaYUMOCTH
WCCIIEZIOBAHUS OIPEJENACTCS TeM, YTO €T0 Pe3yJbTaThl 00eCIeunBaIOT METO/0-
JIOTHYECKYI0 OCHOBY M TIO3BOJISIET CYIIECTBEHHO YBEIMYHTH BO3MOXKHOCTHU
(hopMUpOBaHHS HCCIEIOBATENBCKIX KOMIETCHIINH OyIylIMX CIEIHaINCTOB
ITyTeM PacHIMPEHHsI TEMATUKU 33aHN TaOOPaTOPHOTO MPaKTHKyMa M0 OCHOBaM
TPHOOJIOTUU U APYTHX MPOPUILTHPYIOMINX AUCIUTLTIH.

KuaroueBbie ciioBa: oOydeHue, (HM3MUECKHE OCHOBBI TPHOOIOTHH, OyTyITHE
CHELUHUAUCTBI, MpOopEeCcCHOHaNbHAs KOMIIETEHTHOCTh, MPOEKTHO-MCCIIEeI0Ba-
TeJIbCKasl IeATeIbHOCTb, TPaKTHYeCcKas padoTa.

Introduction. Currently, one of the main goals of higher education is the
professional and personal development of a specialist and the development of his
competitiveness as a competent specialist (Boiko, 2021). Achieving this goal will
allow an individual to successfully solve the problems of employment, professional
adaptation, socialization in the conditions of the growth of knowledge-intensive
industries. However, teaching physics to students at universities today has no
theoretical justification from the point of view of education focused on the industrial
and technical sphere. In particular, the issues of the need to train future physicists
in the field of tribology and the formation of their professional competencies in this
field have not been resolved.

The concept of tribology is found in all spheres of our life. That is, tribology
is a science that studies and describes contact interaction in the relative motion of
highly deformable bodies, one of the specific areas of physics (Bharat Bhushan
2013).

Tribophysics as a branch of modern physics studies the processes and
phenomena occurring in real systems of bodies (tribosystems), where bodies
contact each other in conditions of mutual displacement. Tribophysics considers
problems of thermodynamics, statistical physics, electrodynamics, kinetics and
others that go beyond mechanics and materials science. The current stage of
development of tribophysics is characterized by a comprehensive approach to the
study and cognition of phenomena of processes occurring on surfaces and in the
surface layers of interacting bodies, the use of highly effective physical, chemical
and mathematical research methods and computer technology (CRC Press, 2020).

Analysis of the results of experimental and theoretical studies has made it
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possible to achieve significant progress in understanding the nature of friction and
wear of various materials under various external conditions and different states of
interacting surfaces (Bougoffa et al., 2021; Guo et al., 2022).

Disciplines on tribology for physics students should be considered as
interdisciplinary, innovative in nature, which aims the graduate to solve modern
and advanced problems of quality development and enhanced properties of modern
technical systems, for example, when performing final qualifying work, as well
as in further professional activity. The study of such disciplines aims to assimilate
students' knowledge of the basics of tribology and tribotechnics so that in practical
work they can assign measures to ensure the durability of friction units of machines
and equipment at the design, manufacture and operation stage. To achieve this goal,
a competence-based approach occupies a special place in training.

Today, the urgent task of world education is to improve the quality of
education, both general and professional. To solve this problem, the goals and
results of education are being rethought, its content is changing and the concept of
“professional competence” is being increasingly used (Bienzobas & Barderas, 2010;
Antera, 2021), which includes such concepts as “qualification”, “professionalism”,
“professional readiness”, etc. The purpose of the competence approach is to
establish a correspondence between the knowledge and skills acquired by university
graduates and the requirements for professional qualities imposed by the labor
market, smoothing the difference between educational and professional activities
(Keindnen & Kairisto-Mertanen, 2019).

There are several definitions of the concept of competence, which formed the
basis of our research. For example, Al jamal, Prabhakar, Saleem, Farley, (2019)
defines competence as the ability to successfully respond to individual or societal
requirements or perform a task. Knyazev, (2021) believes that competence is
an alienated, predetermined requirement for human training. It includes a set of
interrelated personality qualities (knowledge, skills, skills, ways of activity), set in
relation to a certain range of subjects and processes and necessary for high-quality
productive activity in relation to them.

Despite the constant growth of publications devoted to the development of the
competence approach in education, the degree of development of this problem in
the field of teaching natural sciences, in particular physics, is low. There are still
discrepancies in the concept of “competence” and there is also no unified diagnostic
system for the formation of certain competencies and the methodology for their
formation. Despite a number of works devoted to the analysis of the formation of
students' competencies (Tsvetkova M., Saenko N., Levina V., Kondratenko L. &
Khimmataliev D., 2021); this issue is far from being resolved.

Our research is aimed at the formation of research competencies, since the
organization of the educational process, during which the student would have the
ability to explore emerging problems of various kinds, is an important pedagogical
task. These skills are formed in the university during the educational and research
work of students. When performing educational research, students learn to
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independently conduct experiments of one kind or another, apply their knowledge
in solving specific scientific problems. Since the experiment is a very important
and integral part of teaching physics, the presence of research skills among physics
students is a prerequisite for their high professionalism. In this regard, the problem
of forming the research competence of physics students becomes urgent. Therefore,
it is necessary to analyze the concept of "research competence", interpreted by
scientists in different ways. Garay-Argandona, Rodriguez-Vargas, Hernandez,
Carranza-Esteban, Tuero, (2021) research competence means the ability and
research skills related to the analysis and evaluation of scientific material.
Tastanbekova, Abenova, Yessekeshova, Sagaliyeva, Abildina, (2021) in her
research built a model for the formation of students' research competence, which
she based on research competence as a component of value-semantic, personal
self-improvement, social and labor, educational and cognitive, general cultural,
informational, communicative competencies.

Analyzing the above, we can conclude that there are contradictions between
the need for future specialists capable of solving new professional tasks and an
insufficiently developed system of preparation for their solution. Thus, the "research
competence" in this study is understood as a combination of special human qualities
with research and skills, allowing the student to perform laboratory practice at a
high level.

Onipko & Sherstiuk, (2020); Anti, Kuswanto, Mundilarto, Rosa, (2019); Cheng,
Tong & Tai, (2022); Bakhytkul, (2018) and other scientists have proposed methods
for the formation of research skills in the framework of a laboratory workshop. A
number of works are devoted to the methodology of organizing educational and
research activities during laboratory work as a form of quasi-professional activity,
including the use of "non-standard" materials.

Despite the considerable interest of researchers in the forms of organization and
content of the laboratory workshop in physics, the question of its implementation
in the courses has not been studied enough. The study of the process of teaching
physics in higher school, the survey of students of VSU and MKTU teachers and
their own experience of pedagogical activity allowed to reveal contradictions
between:

- the need for high-quality training of future specialists to solve the problems of
research activities and underestimation of the possibilities of forming their research
competencies not only in courses, in particular, in the framework of a laboratory
workshop on tribology;

- the potential possibilities of the tribology laboratory workshop and the
insufficient development of its content and methodology for the formation of
research of each physics student;

- the need to diagnose the formation of research competencies of physics
students and the uncertainty of their structural composition.

Thus, the problem of research is to find the answer to the questions:
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- what are the possibilities of a laboratory workshop in general physics for the
formation of research competencies of physics students in junior courses?

- what are the contents, methods and means of a laboratory workshop in
general physics that contribute to the formation of research competencies for all
undergraduate physics students?

- what should be the diagnosis of the formation of research competencies of a
physics student?

Methods and materials. The following methods were used in the course of the
research: analytical and synthetic consideration of philosophical, psychological,
pedagogical, methodological literature, dissertations, scientific publications
and normative documents devoted to the problem of research; observation,
interviewing, questioning, generalization of positive teaching experience; modeling
of the educational process, abstraction; pedagogical experiment; processing of the
results of pedagogical experiment by methods of mathematical statistics; method
of reconstruction of pedagogical experience; analysis and generalization of
experimental work.

The study of the problem was carried out in three stages: The ascertaining
pedagogical experiment at the educational institution "International Kazakh-
Turkish University named after H.A. Yassavi" and "East Kazakhstan University
named after S. Amanzholov" was aimed at determining the level of formation of
research competencies of physics students at different levels of education, as well
as the search for means and methods to increase the level of formation of research
competencies of junior physics students. At different stages, 15 teachers and 437
physics students of the 3rd and 4th courses took part in the pedagogical experiment.

During the ascertaining experiment, the following tasks were solved: determining
the level of formation of research competencies of future physics teachers;
determining the degree of readiness of senior students for independent research
work. When conducting a ascertaining pedagogical experiment, the following
methods were mainly used: attending laboratory practice classes and specialization
disciplines, talking with leading teachers, questioning teachers and students,
filling out diagnostic cards and student self-development cards, conducting control
sections.

The search pedagogical experiment was carried out in order to clarify the
hypothesis put forward, to select effective methods, forms, means of forming research
competencies and to search for optimal diagnostics of research competencies.

During the search experiment, the following tasks were solved:

- approbation and verification of the developed creative tasks for mini-studies,
clarification of the methodology and technique of their implementation;

- selection and verification of the effectiveness of diagnostics of the formation
of various levels of research competencies;

The level of formation of students' research competencies was determined by
the results of a series of control sections, questionnaire analysis, and evaluation of
special seminars.
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The next stage of our research was a formative pedagogical experiment, the
purpose of which was to confirm the hypothesis of the study.

The experiment lasted four years: from 2018 to 2021.

During the formative experiment, the following task was solved: to test
the effectiveness of the developed methodology for the formation of research
competencies of undergraduate physics students in the framework of a laboratory
workshop (using mini-studies).

The levels of formation of research competencies of undergraduate physics
students were determined by the results of a series of control sections, questionnaires,
seminars, analysis of diagnostic charts.

Results. Within the framework of our research, based on the study of the
practical side of the problem under consideration, 4 main components of the
professional research activity of a bachelor of physics are identified: planning and
organizational; diagnostic and prognostic; inventive and rationalizing; experimental
and measuring. The analysis of psychological and pedagogical literature and the
selected components made it possible to systematize the research competencies of
the Bachelor of Physics (Figure 1).
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Figure 1. Bachelor's research competencies-Physics

The educational program of higher professional education highlights general
cultural (OK) and professional competencies (PC), which must be formed by
bachelors in the direction of 6B01510 and 6B05348 - physics.

When starting to study the research competencies of physics students, we took
into account that by this time a certain level of research competencies had already
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been formed at school and in the first year of the university. The measurement of this
level, as well as its change during the pedagogical experiment, must be carried out
on the basis of established indicators. It turned out to be rational to distinguish three
levels of formation of research competencies: "low", "medium", and "high". The
indicators on the basis of which it is possible to determine the levels of formation
of research competencies are presented in Table 1.

Table 1 — The level of formation of research competencies

Indicators The level of formation of research competencies
Low Medium High
positive motivation for occupation by manifestation of | manifestation of active
research activities in the necessity, unstable interest, turning
field of tribology without interest interest into a hobby

sustained interest in
working with scientific
sources of information on
the physical foundations of
tribology

lack of independent
interest in sources

containing scientific
information; work
with the proposed

scientific information

manifestation of
unstable interest
in sources of
scientific information;
search for necessary
information with
some help

showing a steady
interest in sources of
scientific information;
independent
search for necessary
information

activity in the search
and solution of research

conducting research
and solving research

conducting research
and solving research

conducting research
and solving research

activity on the physical
foundations of tribology

problems of tribology problems under the problems with the problems
guidance of a teacher | partial assistance of a independently
teacher
conscious and rational the sequence is the sequence is not performing
implementation chaotic, not rational well thought out all operations
of the stages of research consistently,

thoughtfully, rationally

Competent analysis of
the results of laboratory
work in the course of
tribological processes

lack of analysis of
the solution and
the result obtained

a superficial analysis
of the solution and
the result obtained

in-depth analysis of
the solution and
the result obtained

Perseverance when
performing operations
with installations in the
laboratory

the search for a
solution can easily
be interrupted

finding the only
solution, inability to
find an alternative
solution

dissatisfaction with the
result obtained, search
for new solutions

competent and logical
presentation and protection

presentation and
protection of the

the presentation and
protection of the

independent competent
and logical

connect the future with
the field of tribology
profession with research
activities

activity is associated
with the fulfillment
of the circle of
designated duties

link the future
profession with
research activities

of the results obtained obtained obtained presentation and
in determining the results is carried out | results is carried out protection
tribological characteristics | under the guidance with the partial of the results obtained
of materials of a teacher help of a teacher
constant striving to future  professional | the desire to partially | A steady desire to link

his profession
with research activities
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To determine the level of formation of students' research competencies,
diagnostic tasks were developed, the formulation of which is divided into three
levels. The tasks of the first level are the most difficult. They only indicate the
problem. For second-level tasks, the problem remains the same, only the wording
has been changed so that it contains hints.

The third level of tasks is simplified as much as possible, its formulation contains
even more hints, but elements of creativity are still present in it. The following
requirements were imposed on the tasks: accessibility to students of this stage of
study, equivalence of options, availability of devices and materials when performing
tasks, availability of necessary literature, ease of performing experiments, the ability
to do work in one lesson (50 minutes). The division into three levels of formation
of research competencies is based on the degree of independence of performing a
diagnostic task.

High level - the student independently performs a creative task of the first level
of complexity, does not use help cards to complete the task.

Intermediate level - the student performs a task of the second level of complexity,
uses one or two help cards to complete the task.

Low level - the student performs a task of the third level of difficulty, when
completing the task, he uses more than two help cards.

Here is an example of creative tasks using non-standard materials.

We have developed tasks that use a liquid magnetizing medium - a magnetic
liquid. Senior students in classes in the discipline of specialization study various
properties of this unique, widely used in various fields of engineering and
tribophysics. Therefore, it is useful to introduce them to some of its properties in
advance.

Here is a methodology for using creative tasks with the use of MF in the
framework of a laboratory workshop. First of all, it is necessary to conduct an
excursion to the scientific laboratory of "Physics of Magnetic Phenomena". To talk
about the properties of magnetic fluid, the fields of application of magnetic fluid, to
accompany interesting presentations of problems of electrodynamics - one of the
considered problems of tribophysics.

To acquaint with the scientific literature available at the department and in
the library of the university concerning the problems related to MJ. It is useful to
visit, together with junior students, the research center "Surface Engineering and
Tribology" created at the S. Amanzholov East Kazakhstan University. Here are
examples of creative tasks using magnetic fluid.

For example, after completing the laboratory work "Domain structure of a
ferromagnet", it is proposed to perform the following task:

Task 1. The first level of complexity: to investigate the influence of the magnitude
of the intensity of the external magnetic field directed perpendicular to the layer of
a two-phase magnetic fluid on the dimensional parameters of the labyrinth and
hexagonal structures arising in the magnetic field.

To complete this task, the student must: 1. having studied the scientific
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literature, to identify the conditions for the formation of labyrinthine and hexagonal
structures; 2. to develop an experiment plan; 3. to select the necessary devices; 4.
from the proposed variants of the magnetic fluid to choose a suitable sample - a two-
phase magnetic fluid; 5. to think about how to create and measure a homogeneous
magnetic field directed perpendicular to the sample layer; 6. to think over ways to
reduce errors; 7. to measure and process the results; 8. to conclude, present and
protect the results obtained.

The second level of complexity: to investigate the effect of the intensity of the
external magnetic field directed perpendicular to the layer of a two-phase magnetic
fluid on the dimensional parameters of the labyrinth and hexagonal structures
arising in the magnetic field using a microscope with an ocular micrometer and
Helmholtz coils.

With this formulation of the task, the student will not have to independently select
the necessary equipment, which can help him in completing the task. However,
he must independently: 1. determine the price of dividing an ocular micrometer
by one of the known methods (for example, using a diffraction grating); 2. using
a microscope, find a two-phase magnetic fluid; 3. calibrate Helmholtz coils, for
example, using a teslameter; 4. obtain structures whose dimensional parameters
are small, and find a way to measure their linear dimensions, the error of which
is minimal. For example, by measuring the total linear size of several periodic
structures, divide by their number. Figure 2 shows photos of labyrinth structures
obtained by students while performing this task.

UGS,

Figure 2. The labyrinth structure obtained by students when performing the task

The third level of complexity; to observe qualitatively the influence of the
magnitude of the intensity of the external magnetic field directed perpendicular
to the layer of a two-phase magnetic fluid on the dimensional parameters of the
labyrinth and hexagonal structures arising in the magnetic field.

When solving a task of the third level of complexity, the student needs to fix
the qualitative influence of the magnitude of the magnetic field on the size of the
emerging labyrinth and hexagonal structures. To do this, you need: 1. Observe a
two-phase magnetic liquid with a microscope; 2. Create a magnetic field using
Helmbholtz coils, the induction of which is directed perpendicular to the sample
layer; 3. By changing the magnitude of the external magnetic field, observe the
change in the dimensional parameters of labyrinth and hexagonal structures. 4.
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Draw conclusions, present the results and explain the observed phenomenon. Such
tasks are very interesting, students are happy to do them. They contribute to the
development of research competencies regardless of abilities.

Help cards. It is not always possible to formulate a creative task in three levels
of complexity. In such cases, students may be offered help cards in turn, which help
to find the right solution. Tasks with help cards differ from multi-level tasks in that
they are simpler. The help card is not a solution algorithm, but rather an indirect
hint (of a creative nature). It is necessary that the help card be offered to the student
on time, not too early or too late, otherwise interest in solving the creative task may
be lost. Therefore, it is necessary for the teacher, having completed each task in
advance, to carefully consider the actions of the student and make suggestive hints
that do not give a direct answer, so that the task is simplified, but remains creative.
If a student has proposed a solution that differs from the teacher's solution, it must
be carefully considered, if it is incorrect, impossible in laboratory conditions or
technically cumbersome, invite the student to think about a more rational solution.
If the student's idea deserves attention, discuss the details of the solution and give
the student the opportunity to bring the solution to the end.

The work of students was checked by both teachers leading the disciplines of
specialization and leading classes in laboratory practice. The purpose of the double
check is to reduce the possible subjectivity in assessing the level of formation of
research competencies. The control and experimental groups contained the same
number of students.

The results of the input control section conducted among the second-year
students in the experimental and control groups are presented in Table 2.

Table 2 — Results of the control section of the second year students (entrance section)

Task The level of formation of research competencies, %
number | Level I (high) Level II (medium) Level II1 (low)
Control group | Experimental | Control |Experimental | Control Experimental
group Group group Group group

1 10,3 8,6 39,5 40,6 50,2 50,8

2 9,5 9,7 44,5 47,2 46,0 43,1

3 11,3 10,7 53,2 57,3 35,5 32,0

4 9,2 9,5 49,5 39,4 41,3 51,1

To evaluate the results of the formation of research competencies of physics
students, the X? criterion was used, which allows comparing not the absolute average
values of some quantities before and after the experiment, but the percentage
distributions of data.

The formula of the X>—criterion looks like this:

m
2 = 1 Z (n;05q — nk0;1)?
njnk )

rje
Okl + Oj]
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nj — is the number of students in the experimental group,
nk— is the number of students in the control group,
Oxl— the number of control group students who fell into category I,

0ji— is the number of students of the experimental group who fell into category i,

m— is the total number of groups into which the results of the experiment were
divided. In our case, n is equal to 3, because we compared high, medium and low
levels of formation of research skills.

The criterion allows us to test the null hypothesis about the reliability of the
coincidence of the initial level of formation of research competencies in the
experimental and control groups. Table 3 shows the data obtained when calculating
the X? criterion.

Table 3 — X>— CRITERION (input section)

Task number X2 — criteria
1 0,98

2 0,012

3 0,55

4 224

The critical value of the criterion for the significance level p = 0.05 and the
number of degrees of freedom v = 2. Thus is inconsistent, the difference in the
results in the experimental and control groups at the initial stage of the experiment
is not statistically significant. Prior to the experiment, no statistically significant
differences were found between the control and experimental groups of students.

The analysis of the results of the control cross-section conducted among the
second-year students allowed us to draw the following conclusions:

* 42.5% (control group), 43.1% (experimental group) of subjects showed a low
level of research competencies formed during their studies at school and in the first
year of university; average level — 47.3% (control group) 46.8% (experimental
group) of subjects; high level - 10.2% (control group),10,1% (experimental group)
of subjects;

Thus, the ascertaining experiment revealed:

» insufficiently high level of formation of research

competencies among junior, senior and graduate students;

* the traditional method of conducting a physical workshop is insufficient for the
formation of a high level of research competencies.

The next stage of our research was a formative pedagogical experiment. During
the formative experiment, the following task was solved: to test the effectiveness
of the developed methodology for the formation of research competencies of
undergraduate physics students in the framework of a laboratory workshop (using
mini-studies). The levels of formation of research competencies of undergraduate
physics students were determined by the results of a series of control sections,
questionnaires. The results of the control section carried out after the experiment
for 2nd-year physics students are presented in Table 4.
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Table 4 — Results of the control section of the second-year students (after the experiment).

The level of formation of research competencies, %

Task Level I (high) Level II (medium) Level III (low)

number | Control Experimental | Control Experimental | Control group | Experimental
group group group group Group

1 15,7 18,1 41,5 48,6 42,8 33,3

2 13,5 16,0 49,7 57,2 36,8 26,8

3 18,4 21,8 57,6 66,3 24 11,9

4 12,9 15,2 51,5 59,5 35,6 253

The data obtained during the calculation of the X? criterion are presented in Table 5.

Table 5 — X>— CRITERION (2nd course)

Task number X2— criteria
1 6,25
2 6,33
3 6,10
4 6,13

As a result of statistical processing of the slice carried out at the control stage
of the pedagogical experiment, the value of the X? - criterion equal to 6.18 was
obtained. Since the results obtained during the experiment indicate significant
differences between the samples, i.e. the proposed methodology contributes to
improving the level of formed research competencies of students.

60

Before the experiment
50 ey Control group

40 Before the experniment
Experimental group
30
After the experiment
Experimental group

After the experiment

10 . m Control group

I-level 11 - level III - level
(high) (medium) (low)

Figure 3. Dynamics of the formation of research competencies (according to the 1st task)

The results obtained allow us to conclude that the experimental group, even
with further training, shows a higher level of formation of the Bachelor of Physics
research competencies than the control group. Repeating the comparative diagnosis
several times, as a result of which similar results were obtained, enhances the
reliability of the results obtained.

Discussion. Galustyan, Borozdin, Pleshakov, Askhadulina, Radchenko, (2020)
under research competence means the abilities and research skills related to the
analysis and evaluation of scientific material. Thus, "research competence" in this
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study is understood as a combination of special human qualities with research skills
that allows an individual to perform any type of research activity at a high level.

In our study, we adhere to the opinion of Amirova, (2020) who believes that
when designing students' research activities, the model and methodology of research
developed and adopted in the field of science over the past few centuries is taken
as the basis. This model is characterized by the presence of several standard stages
present in any scientific research, regardless of the subject area in which it develops.
At the same time, the main purpose of educational research, from a functional point
of view, is fundamentally different from that in the field of science. In the field of
science, the main goal is the production of new knowledge in a general cultural
meaning, and in education, the goal of research activity is to acquire students a
functional research skill as a universal way of mastering reality through increasing
motivation for learning activities and activating the student's personal position in
the educational process, the basis of which is the acquisition of subjectively new
knowledge (i.e. independently acquired knowledge, which are new and personally
significant for a particular student) (Leonard & Wibawa, 2020).

The main method of teaching the experience of creative activity, as a result of
which, in our opinion, the formation of research competencies is most effective, is
the research method. However, 1.Ya. Lerner emphasizes that in accordance with the
law of piecemeal assimilation of any new and complex content of the experience of
creative activity can be assimilated only piecemeal and operationally.

Nacu, Martin, & Pinkard, (2018) proposed a transition from a research method to
a heuristic one, which, in our opinion, is most suitable for the formation of research
competencies of undergraduate physics students and is taken by us as a basis. It
consists in the following: "Students' difficulties in solving a problem problem are
overcome by dividing it into a series of subtasks, replacing a complex task with a
similar, but simpler one, in order to then return to the first one."

The analysis of literature and educational practice led to the conclusion that the
purposeful formation of students' research competencies is not given due attention.

In previous works, a reliable understanding of the complexity and patterns
of the general learning experience of physics students was developed through a
combination of a contextual model of competence formation, categories of random
competencies and student accounts that form narrative trajectories through learning
(Schneider, 2019; Savrasova-V'un, 2021). Our study examines these results from
the point of view of their significance for education in the field of tribology.

Conclusion. Research competencies of undergraduate physics students as a
special personality trait, representing a balanced combination of stable motivation
to conduct physical research and the ability to perform research work using
physical methods, it is advisable and possible to form, using mini-studies as part
of a laboratory workshop in general physics.The organization of such mini-studies
increases the level of formation of research competencies of physics students of
junior courses and prepares them for independent research work at the senior
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courses of the university. As a result, this increases the level of formation of research
competencies of university graduates (Magaji, 2021).

The structural composition of the bachelor's research competencies- physics and
indicators of their formation are revealed: positive motivation for research activities;
sustained interest in working with sources of scientific information; activity in
finding and solving research problems; conscious and rational implementation of
the stages of research activities; competent analysis of research results; reasonable
determination of the place and meaning of the result; competent and logical
presentation and protection of the results obtained; a steady desire to link the
future profession with research activities. The revealed structural composition and
indicators of research competencies made it possible to develop diagnostics of the
process of their formation in physics students.

The results obtained allow us to conclude that the organization of mini-
studies in combination with reproductive methods within the framework of a
laboratory workshop in physics contributes to the effective formation of research
competencies of undergraduate physics students and, as a result, the formation of
bachelor-physicists, which fully corresponds to the modern ideology of higher
professional education. The methodology has been introduced into the educational
East Kazakhstan University named after S. Amanzholov, as well as (partially) into
the educational process of the International Kazakh-Turkish University named after
H.A. Yassavi.
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INFLUENCE OF SILICON OXIDE AND DIABASE POWDERS ON THE
DEGREE OF CRYSTALLIZATION AND CHEMICAL STRUCTURE OF A
POLYMER (UHMWPE) COATING PRODUCED BY THE METHOD OF
GAS THERMAL SPRAYING

Abstract. The polymer coating layer was obtained by adding SiO, powder and
diabase to the composition of ultra-high molecular weight polyethylene and spraying
it with a gas flame. The effect of mineral additives on the chemical composition and
phase transition of the obtained coatings was explained by the methods of X-ray
phase and infrared spectral analysis. X-ray phase analysis showed that the polymer
consists of an orthorhombic network, peaks (110) and (200), characteristic of the
polymer, appear, the intensity of the line (110) of the phase in the initial pure state
of the polymer coating reached 14000; decreased to 2500, with an increase in the
amount of continuous SiO, to 40%, it can be seen that the intensity of the polymer
lines decreased to 2000, on the contrary, the intensity of the lines of the hexagonal
lattice (101) SiO, increased from 500 to influence on the intensity of polymer
lines. In general, analyzing the lines of the diffraction pattern, it can be seen that
the polymer melts up to 200 °C, and given the fact that SiO,, as an individual
mineral substance, melts at a very high temperature, it was proved by analyzing
the literature and experiments confirming the absence of phase exchange between
the polymer and the mineral powder consisting of SiO,. It has been established that
spraying with the addition of 10-40% silicon oxide to the polymer composition, the
absence of mutual phase exchange between the polymer and the mixture added to
it does not significantly affect the crystalline structure of the coating and the degree
of crystallization, the degree of crystallization is (64 £ 3)%. The results of the study
of the infrared spectrum showed that the chemical structure of the polymer coating
with the addition of SiO, in an amount of 10-40% does not change, compared to the
original polymer (UHMWPE). This showed that the SiO, did not adversely affect
the chemical structure of the polymer and that the polymer did not degrade, when
it sprayed with a gas flame.
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Key words: Ultra High Molecular Weight Polyethylene (UHMWPE), gas
spraying, phase, crystallinity, SiO, powder.
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KPEMHMI OKCHUII MEH JINABA3 YHTAFBIHBIH
TI'ABOTEPMUAJIBIK TO3AHAAY 9IICIMEH AJIBIHFAH IIOJIMMEP
(AKMIID) ’KABBIHHBIH KPUCTAJIJAHY JOPEXKECIHE )KOHE
XUMUAJIBIK K¥PbIJIBIMBIHA 9CEPI

AHHOTanMs. YIB6Tpa )KOFapbl MOJIEKYJIAIBIK CATMaKTHI MTOJIMATHIIIEH KYpamMblHa
SiO, yHTarblkoHe 11abasibl KOCBIIL, OHBI Fa3KajlbIH/Ibl TO3aH1dy aPKBLIBI TOIMMEDPITi
aObIH Ka0aThl aJbIHIBI. AJIBIHFAH KAOBIHIAPIBIH  XUMUSIIBIK KYPaMbIMEH
(azanblK e3repicine MUHEpaIJbl KOCMAaJIaplblH dcepi peHTreH-(a3anblK KoHE
MH(PPAKBI3BUI CIIEKTPIIIK Talaay apKbUIBI TYCIHAIpUIAl. PeHTren-gasansk Tanmay
MTOJTUMEPIH OPTOPOMOBLIBI TOP/IAH TYPATHIHABIFBIH KOPCETTI, momumepre ToH (110)
xoHe (200) mbIHIAPHI Tai1a O0MIbL, TOJMMEP/IiH OaCTaNKbI Ta3a )KaObIH KYHiHICT]
¢dazanbiH (110) cb3bIFbIHBIH WHTEHCUBTLUTITIHIH 14000-Fa JeiiiH KETKEH/IITiH,
KypambiHa 10-20%-ra nediin SiO, xockawma wuHTeHCHBTiNri 2500-ra nmeiin
a3amael, KaJIFacThl SiOZ—z[iH meuiepin 40%-ra JeiiH apTThIpFaHa TOTUMEPIiH
CBI3BIKTapbIHbIH MHTeHCUBTLIIN 2000-Fa neiiin Temennerenin, xepicinme SiO,-
JiH rekcaroHay sl TOpbIHbIH (101) chI3bIKTapbIHBIH MHTEHCHBTLIITT 500 nen 2000
Fa JeHiH eckeHmiriH kepyre Oomansl. [udpakrorpamMma ChI3BIKTApBhIHA Kapai
OTPBITT KPEMHHI OKCHJIiHIH WHTEHCHUBTLUIITIHIH MOJIICPiHIH apTybl MOIUMEPIiH
CBI3BIKTAPBIHBIH HHTEHCUBTUIITIHE Al TAPIILIKTAl oCep €TeTiHI aHBIKTaIbI. JKambl
Oyl nudpakrorpaMma ChI3bIKTaphiHA TaJldy jKacar Kapad OTpBII, MOJUMEpPIiH
200 *C-ka meiin epin OanKbIN KETETIHAINH Kopyre 0onapl, an SiO, xKeKe MUHEpa
3aT PeTiHJIe OTe JKOFAphI TEMIIepaTypajia OalKbIATHIH/IBIFBIH €CKEPIIT CATBICTHIPHIIL,
nonuMepmen SiO, OKCHIIHEH TYPaThIH MUHEDPAJl YHTAK apachin/ia (ha3alblk anmacy
KYPMEHTIHIrHE 9JIeOUETTIK TalAayIapMeH SKCIIEPEMEHTTEP apKbUIbI TAJICIICITIK.
Homumepain kypambraa 10-40%-ra AeifiH KOCBIMIIIA KPEMHHN OKCHIIH KOCBHITI
TO3aHJIay, TTOJTMMEPMEH OFaH KOCKaH KOCIa apachlHAa e3apa (hazalblK anMacy
KYPMEHTIHITI, KaObIHHBIH KPUCTAJIJBIK KYPBUIBIMBIHA KOHE KPUCTAIAHY
JIOpEKECIHE alTapIIbIKTal ocep eTIEHTIHI AFHU KpHUCcTaiaany aapexeci (64+3) %
MOJIIepiHAe eKeHl aHBIKTaIAbl. MHGPAKBI3bUT CIIEKTPITi 3epTTey HoTHxkenepi 10-
40% memmmepinze SiO2 KOCBUIFaH MOJUMED KaObIHBIHBIH XUMUSIIBIK, KYPBUTBIMBIH
Oacrankpl nonmumepmer (CBMIID) canpicThipranaa e3repMeiiTini aHbIKTanbl. by
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SiO2 OKCHJIIHIH TIOJMMEP/IiH XUMHUSIIBIK KYPBUIBIMBIHA KEP1 ocep €TICHTIHIH JKoHE
MOJIUMED Ta3KaIBIHMEH TO3aH 1ay Ke3iHJe Oy3blIyFa YIIbIpaMaiThIHbIH KOPCETTI.

Tyiiin ce3nep: ete xorapsl Monekynanbik nommdTiwien (UHMWPE), razore-
PMHUSIIBIK TO3aH/Iay, (pa3a, KpUCTATABLIBIK, SiO, YHTAFbL.

M. Ckakos, H. Kanraii, M. Hypu3unosa, b. Tysk6aeB, M. BasinauHoBa”

«Boctouno-Kazaxcranckuil ynuecurer umenu Capcena AMaHX0I0Ba», YCThb-
Kamenoropck, Kazaxcran.
E-mail: shohmanova m@mail.ru

BJIMAHUE OKCUJA KPEMHUSA U ITOPOLIKA JIMABA3A HA
CTEIIEHb KPUCTAJUIM3ALIUU U XUMHUYECKYIO CTPYKTYPY
HOKPBITHUSA TIOJIUMEPOM (CBMIID), IOJYYEHHBIM METOJ10OM
I'ASBOTEPMUYECKOI'O HAIIBIJIEHU S

AnHoTamusi. B cocTaB CBEpPXBBICOKOMOJCKYISIPHOTO IOJUATHIICHA ObLI
nobasnen mopomok SiO, u uabas, a TaKkKe TOMYYEH CIOH IMOJTUMEPHOIO
MOKPBITHSI TIyTEeM €ro Ta30MbUIeBOTO HAaNbUICHHWS. BiusHHE MHHEPaIbHBIX
npuMeceil Ha (pa3oBoe U3MEHEHHE XMMHUYECKOTO COCTaBa MOyIEHHBIX TTOKPHITHN
OOBSICHSJIOCh PEHTreHO(a3HbIM M HH(PPAKPACHBIM CIEKTPAIBHBIM aHATH30M.
PenTren-ga3oBbiii aHaIu3 MoKas3al, 4TO MOJIUMEP COCTOUT U3 OPTOPOMOMYECKON
pemmeTku, oopazosanuck nuku (110) u (200), 9TO HMHTEHCHUBHOCTH JTUHUHU (Pa3bl
(110) B MCXOIHOM COCTOSIHMHM YHCTOTO MOKPHITHS TonuMepa aocturia 14000, c
nobasiieHuEM SiO2 10 10-20% k cocTaBy MHTEHCUBHOCTH YMEHbIIHIACH 10 2500,
nponomxanmuchk. [Ipu yBemmuenun 10 40% MOXHO yBUACTH, YTO HHTCHCUBHOCTD
JMHUN nonuMepa cHuzuiack J0 2000, a MHTEHCUBHOCTD JIMHUM TeKCaroHaJlbHOU
pemetku (101) SiO,, nao6opor, ysenuuunack ¢ 500 xo 2000.

YCTaHOBIICHO, YTO YBEIUYCHUE BEJIMUYMHBI HHTCHCUBHOCTH OKCHA KPEMHHUS B
3aBUCHMOCTH OT JIMHUH TU()PAKTOrPaMMbI CYIIIECTBEHHO BIUSICT HA UHTEHCUBHOCTh
JTUHUHA monuMepa. B 1emoM, mpoaHaiIn3upoBaB 3TH AUQPPAKTOTPAMMHBIE JTHHUH,
MOXKHO YBUAETb, uTO noiaumep miasutcs go 200 °C, a SiO2 KaK OTIEJIbHOE
MUHEPaJIbHOE BEIIECTBO, IJIABUTCS MPU OYCHb BHICOKUX TEMIIEPaTypax, CPaBHUIN
C MOJIUMEPOM Ha IIPEJIMET TOT0, UTO (ha30BbId 0OMEH MEKY IMOPOIIKOM MUHEpaa,
cocrosimero u3 okcuaa SiO,, HE TPOMCXOAUT. YCTaHOBJIEHO, YTO B COCTaB
nonumMepa BKIOUeHO A0 10-40% AOMONHUTENBRHOTO OKCUAA KPEMHHUSI, B3aUMHBIN
($azoBbIii OOMEH MeXIy I00aBKOW K HEMY C TOJIMMEPOM HE MPOUCXOJIHUT,
YTO CYIIECTBEHHO HE BIUACT HA KPUCTALINYCCKYIO CTPYKTYpPY TOKPBITHS H
CTETIeHb KPUCTAJUTM3AIHH, T.€. CTeTeHb Kpuctamm3anun (64+3)%. Pesymbrarst
WCCIeIOBaHUN MH(PAKPACHOTO CIIEKTpa MOKa3ald, YTO XMMHUYEeCKas CTPYKTypa
HOJIMMEPHOTO NOKPLITHA ¢ 1o0aBienreM SiO, B konmudectse 10-40% He nsmensercs
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IO CpaBHEHUIO ¢ UCXoAHBIM noauMepoM (CBMIID). Dto mokasaiio, 9To OKCHI SiO2
HE OKa3bIBACT HETaTMBHOIO BIHSHHUS Ha XUMHUYECKYIO CTPYKTYpPYy MOJIMMEPA U HE
MOJIBEPIKEH Pa3pyIICHUIO IIPU PACIIBUICHUH [TOJUMEPa T'a30BbIM OaJLIOHOM.

KiaroueBble cioBa: CBEPXBBICOKOMOJICKYISIpHBEIN mommdTwieH (CBMIID),
ra3oBO€ HambLICHHE, (Pa3a, KPUCTAIIMYHOCTD, TOPOIoK Si0,.

Introduction. Ultra high molecular weight polyethylene (UHMWPE) is
a polyethylene resin (gum) with a high degree of polymerization. Its molecular
weight is (from 3 to 8*%10° g/mol), about ten times more than high molecular
weight polyethylene (HDPE) resins (Maksimkin et al., 2013). UHMWPE polymer
materials have the highest wear resistance and impact resistance. Along with these
characteristics, UHMWPE polymer has a low coefficient of friction. In addition,
UHMWPE has weak water absorption, good chemical and corrosion resistance,
biocompatibility and stability in the body. Its average crystallinity is about 45%
(Zhang et al., 2015).

In recent years, high energy ball mills include re-mixing, crushing and
recombination of powder particles (Forster et al., 2019; Tai et al., 2012). This
mechanical method is widely used for metallic systems, but recently Smith et al.
(Pelto et al., 2019; Khasraghi et al., 2015).

have been extensively studied using polymer blends because the combination
of shearing, stretching, tearing and cold bonding (welding) of the polymer powder
results in chain breakage or hydrogen evolution, which can lead to the formation
of free radicals. This ensures the mixing of immiscible polymers. Castricum et al.
(Lucas et al., 2011). observed in their work possible physical, chemical changes in
polyethylene glycol after mechanical grinding and indicated that with increasing
grinding time, the proportion of the monoclinic crystalline phase also increases.
In general, two main types of polyethylene lattice are shown: orthorhombic and
monoclinali. The orthorhombic lattice is the most common. This is a cube, each
of its axes has a different length and the angles formed by adjacent faces are 90°
(An, Y., Bao et al., 2013). The monoclinic lattice is a metastable phase formed
from orthorhombic lattices under conditions of tension and deformation. It may
be present in small amounts in commercial samples, from 5 to 10% (Zhao et al.,
2017). Increasing the temperature by 60—70°C transforms the polymer back into the
orthorhombic form (An, Y., Bao et al., 2013). Kiho et al. (Doucet et al., 2013), after
Seto et al. (Zhang et al., 2019). studied the phase transformation of polyethylene.
They suggested that phase transformation is one of the most important types of
deformation and that under certain conditions it takes precedence over other plastic
deformation processes. It is also assumed that the monoclinic phase is formed from
the orthorhombic phase, in which a reversible process occurs without diffusion.
The most noticeable diffraction of the orthorhombic phase is approximately 21.5°,
which corresponds to the (110) plane and interplanar distance (d=4.13 A), and
23.9°, which corresponds to the (200) plane and interplanar distance (d=3, 72)
(Khalil et al., 2016). (Melina et al., 2016; Khalil et al., 2019; Melina et al., 2010).
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In the course of the study, X-ray phase analysis of the UHMWPE polymer in
the initial powder state and after mechanical activation using a ball mill showed
that in the powder state it has an orthorhombic network consisting of (110) and
(200) vertices, and a small number of monoclinic network lines appeared after
mechanical activation. According to the results of research by scientists, it can be
seen that there is little information on the effect of mineral additives introduced
into the UHMWPE polymer on the structural-phase change and the degree of
crystallization of the resulting coatings, as well as on the effect of additives on the
formation of the amorphous and crystalline structure of the polymer after thermal
spraying, which requires further research. research. Therefore, the purpose of this
work was to study the effect of silicon oxide and diabase powders on the degree
of crystallization of a polymer (UHMWPE) coating obtained by thermal spraying
using X-ray phase and infrared spectral analysis.

Materials and methods. For spraying UHMWPE polymer powder, a gas-
thermal spraying method was used. The size of the UHMWPE polymer powder was
160-180 um. The average grain size of SiO2 is 40-60 microns, diabase is used as
additional mineral additives (chemical composition: 49% SiO,; 15,7% Al,0,; 9,3%
Ca0; 7,7% FeO; 5,9% MgO; 4% FeO,; 2,8% Na,O; 1,5% TiO,; 0,3% P,0; 0,3%
MnO; 0,9% K,0). The average granule size was 20-40 pum. Steel 3 was chosen as
the material of the bed. The chemical composition of the steel corresponds to STST
380-2005( https://otlivka.info/articles/stal-st3-po-gost-380-2005/).

The size of the matte material is 70x70x2 mm, the roughness of the initial
surface is 0.12 microns. The surface of the mat was sandblasted and chemically
cleaned for 5-7 minutes. To increase the average roughness of the dried mat to 4.2
um, sand with a grain size of approximately 60-80 pm was used.

X-ray phase analysis of the polymer was performed on an Xpert PRO PANalytical
(Philips Corporation, Amsterdam, The Netherlands). During the study, a voltage of
40 kV and a current of 30 mA were applied to the anode copper tube, as well as
Cu-Ka (A= 1.541 A) radiation in the range from 15 to 35 degrees, the shooting step
was 0.02, and the counting time was 0.5 s/step. The phase analysis of the obtained
lines of the diffraction pattern was carried out using additional programs HighScore
Plus and Mach 3.

The powder method is most suitable for polymers. To obtain an X-ray pattern,
a monochromatic beam of R-rays is directed to a polycrystalline sample (powder).
When the beam meets the crystal, the orientation of which with respect to the
incident radiation satisfies the Wulf-Bragg law, diffraction occurs from each system
of equally oriented planes. The X-ray pattern is obtained in the form of concentric
circles (rings) fixed by a photographic film located perpendicular to the incident
beam behind the sample. X-ray diffraction analysis gives an idea of the structure of
a polymer material and its change under the influence of various factors associated
with processing conditions: temperature, load, orientation, etc. Control of the
polymer structure in the technology of its production makes it possible to choose
the optimal conditions for the synthesis of polymers with desired properties. In the
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course of exposure to the polymer, one can immediately obtain information about
phase transitions and conformations of macromolecules.

Diffraction of R-beams at small angles makes it possible to judge the structural
ordering in the arrangement of macromolecules and their parts in the region of
short-range and long-range order, the density of amorphous interlayers and the
imperfection of crystalline structures.

The degree of crystallinity (DC) characterizes the proportion of completely
densely ordered molecules in relation to disordered molecules, i.e. the ratio of the
crystalline and amorphous phases in the polymer (relative degree of crystallinity),
%, is calculated by the formula (Igolinskaya et al., 2008).

DC === .100 (1)

S, - crystal area (above halo); S_ - area of the amorphous part (under the halo).
The total degree of crystallinity of the polymer, %, is calculated by the formula.

s s
pDC==% 100 = —%—.
Se Se+ S

100 (2)

The chemical composition and structure of polymers were studied using an
infrared Fourier spectrometer (FTIR-801 Simex Russia) with a wavelength of 450-
4700 cm-1, a resolution of 1 cm-1, at t=25+ 1°C.

Results and discussion. (Jing Hana, et al., 2013) in a research work, UHMWPE
polymer was sprayed with the addition of graphene nanoparticles up to 0.15-
1%, a comparative X-ray phase analysis of the obtained sample showed that
flame spraying did not cause a significant change in the chemical composition of
UHMWPE polymer, however, with the initial raw material powders, the amount
of the added mixture increased , it is noted that the relative intensity of the peaks
relative to the (110) and (200) planes in the coatings is significantly reduced, while
the addition of graphene nanoparticles to the UHMWPE polymer caused a slight
change in the degree of crystallization. (Wang et al., (2021) conducted a comparative
X-ray phase analysis of the coating obtained by adding 0-2% graphite oxide to the
UHMWPE polymer and noted that the (110) and (200) peaks of the UHMWPE
polymer decreased in intensity with an increase in the amount of graphite oxide.
(Tao et al., 2021) In a research work, high-density polyethylene (HDPE) was
added to UHMWPE polymer by changing its density, and a comparative X-ray
phase analysis of the obtained sample showed that (110) and (200) lines (peaks) of
UHMWPE polymer lattice, it is said that this improves the mechanical and strength
properties. In (Feng, et al., 2021) X-ray phase analysis of Cu oxides obtained by
electrodeless deposition on the surface of UHMWPE polymer showed that lines
(110) and (200) (peaks) of UHMWPE polymer appear, and copper oxide CuO (11—
3) and Cu,O (111), (200) showed the appearance of lines. X-ray phase analysis
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of coatings obtained after thermal spraying with the addition of 10 to 40% SiO,
powder to polymer powder, based on literature reviews, is shown in Fig. 1. below.
X-ray phase analysis showed that the polymer consists of an orthorhombic network,
peaks (110) and (200) characteristic of the polymer appear, the intensity of the line
(110) of the phase in the state of pure polymer coating reaches 14000, and when
5-15% Si0, is added to the composition, the intensity decreases to 2500, with an
increase in the amount of continuous SiO, to 40%, it can be seen that the intensity
of the polymer lines decreased to 2000, on the contrary, the intensity of the lines of
the hexagonal lattice (101) SiO, increased from 500 to 2000 (Fig. 1). It can be seen
from this diffraction pattern that an increase in the amount of silicon oxide has a
significant effect on the intensity of polymer lines. But taking into account the fact
that the polymer melts up to 200°C from this diffraction pattern, while SiO, melts
at very high temperatures, it has verified experimentally and literature analyzes that
there is no phase exchange between the polymer and SiO,.
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=
-

A(110)

=

Intensity (a.u.)

s 20 25 30 35 15 a0, as. an - L]

20, degree(CuKa) 20, degree (CuKua)
2500 UHMWPE +8i0: (20%) 2600 UEMWPE+Si0: (30%) 2500 UHMWPE +5i0; (40%)
— ] . = =
_ — 2000 = = . 2000
= = = L4 =
4 2 4500 = 4 & 18500
£ = = = =
2 = 1000 ® 3 = 1000
2 2 — =
= = so0 N - E so0
4 = 0 o ! r
15 20 25 30 s 15 20 25 30 35 15 20 25 30 3s
26, degree(CuKa) 20, degree(Cu Ka) 26, degree(Cu Ka)
4 UHMWPE coating ® SiO;

Figure 1. X-ray diffraction pattern of the polymer in the initial state of the coating and after thermal
spraying with the addition of SiO,

Table 1 shows the curve of the degree of crystallization after spraying of the
initial pure polymer coating with the addition of from 10 to 40% SiO, to it. It
can be seen from the figure that the addition of one more additive to the polymer
composition does not significantly affect the degree of its crystallization, also it can
be seen that the degree of crystallization of the coatings is (64 + 3)% on average,
and it is possible to change its physical and mechanical properties by adding other
minerals to the polymer.

Table 1. Degree of crystallization after dusting with addition of SiO, mineral admixture to the

polymer composition

Sample name Initial pure UHMWPE + |UHMWPE + | UHMWPE + | UHMWPE+

polymer coating | SiO, (10%) |[SiO,(20%) |SiO,(30%) |SiO, (40%)
Degree of 67+6 60+2 60+3 67+5 64+4
crystallinity (%)
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Sample name

Initial pure
polymer coating

UHMWPE +
Si0, (10%)

UHMWPE +
Si0, (20%)

UHMWPE +
Si0, (30%)

UHMWPE+
Si0, (40%)

Degree of

67+6

60+2

60+3

67+5

64+4

crystallinity (%)
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40% Si0
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Figure 2. IR spectral analysis of UHMWPE/SiO,

The IR characteristics of the powder (UHMWPE) and coating (UHMWPE+SiO,)
samples provide additional information on the effect of additives. As shown in fig.
2, all samples show absorption peaks associated with C—H at 2932, 2856, 1476,
and 728 cm’!, corresponding to antisymmetric methylene stretching, symmetric
methylene stretching, methylene vibration, and angle-changing methylene vibration,
respectively. (Samad, M.A. et al., 2021) Minor absorption peaks at 3340 cm™ may
be due to the hydroxyl group (-OH) or water absorbed by the samples. The band
marked at ~1472 cm is the absorption peak of C-C bonds, which characterizes
the structure of UHMWPE. Absorption peaks in the range 1750-1600 cm™ may
indicate stretching vibrations of C=0 groups (Fejdys et al., 2016). This may be
due to the reaction of a small amount of polymer (UHMWPE) with atmospheric
oxygen during sample preparation. It is noted that in the IR spectra there are no
significant changes or shifts of the main peaks for the initial powders and coatings
after spraying, which indicates that, despite the observed changes in their properties,
UHMWPE does not undergo significant thermal degradation during the formation
of the coating.

Conclusion. It has been established that after spraying by adding 10-40% SiO,
to the UHMWPE polymer, there is no mutual phase exchange between the polymer
and the mixture added to it.
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It has been established that spraying due to the injection of an additional
additive into the polymer composition does not have a significant effect on the
crystal structure of the coating and the degree of crystallization, the degree of
crystallization is (64 + 3)%.

The results of the study of the infrared spectrum showed that the chemical
structure of the polymer (UHMWPE) coating with 10-40% SiO, does not change
in comparison to the original polymer (UHMWPE). This showed that SiO, does not
adversely affect the chemical structure of the polymer and that the polymer does
not degrade during flame spraying.
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