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Bac penakrop:
7KYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FEUTBIMAAPBIHBIH JOKTOPHL, Ipodeccop, KP ¥YFA akanemuri, Kazakcran
PecmyOnmukace! ¥ ITTHIK FEUTBIM akaaeMusichiHBIH npesnnenTi, AK «JI.B. Cokonbckuii aTeIHIAFRI OTHIH, KaTaJN3 )KOHE
AIIEKTPOXUMISI HHCTUTYTHIHBIHY 0ac mupekTopsl (Anmarsl, Kasakcran) H =4

Pepaknua aaxkacel:

BEHBEPUH Banepuii BacuibeBuu (6ac pemaxTopAblH OpbIHOAcaphl), MEAWIMHA FRUIBIMAAPBIHBIH JTOKTODEI,
mpogeccop, KP ¥FA akanemuri, Kasakcran PecrryOnukacs! [Ipesunenti Ic backapmacsl MennuImnHaIBIK OPTaIBIFBIHBIH
nmupekTopsl (Ammartsl, Kasakcran) H =11

PAMAHKYJIOB Epaan MupxaiizapyJisi (0ac pegakropasiH opsiHOacapsl), mpodeccop, KP ¥FA xoppecnioneHT-
mymieci, Ph.D Gmoxumus skoHe MOJIEKYIaIbIK TEHETHKA CaTackl OOMBIHIIA ¥IITTHIK OMOTEXHOIOTHS OPTAJIBIFRIHBIH Oac
nmupektopsl (Hyp-Cynran, Kazakcran) H = 23

9JAEKEHOB Cepra3bl MbIH:Kacapyabl, XUMHAS FRUIBIMIAPBIHBIH TOKTOPEI, Tpodeccop, KP ¥FA akagemuri,
«DUTOXUMUS XaJTBIKAPAIBIK FEUTBIMH-OHIIPICTIK XONuHTiHIH nupektops! (Kaparanmsl, Kazakcran) H =11

CAHTI'-CY KBak, Ph.D (6noxumus, arpoxumus), mpodeccop, Kopeii OHOFBUTBIM jkoHE OMOTEXHOJIOTHS FHUTBIMH-
3eprrey mHCTUTYTH (KRIBB), eciMaikTepmiH MHKEHEPIIK KyHenepi FEUTBIMUA-3EPTTEy OPTABIFBIHBIH 0ac FRITBIMHU
kp13metkepi (dr4on, Kopes) H =34

BEPCIMBAEB Paxmerka:xbl EckeHaipy/ibl, OHOIOTHS FHUIBIMIAPBIHBEIH AOKTOPHI, mpodeccop, KP ¥YFA
akagemuri, Eypasus ynrteik yausepcureti. JILH. 'ymunes (Hyp-Cynran, Kazakcran) H = 12

OBUEB Pydart, TexHuka FUIBIMIAPBIHBIH TOKTOPHI (OmoxmMmus), mpodeccop, Cankr-IlerepOypr MemiIeKeTTiK
TEXHOJIOTHSUIBIK MHCTUTYTHI «XUMHMSAJIBIK JKOHE OMOTEXHOIOTHSUIBIK amMapaTypaHbl OHTAMIaHIBIPY» Ka(eapachiHbIH
meHrepymrici (Cankr-IlerepOypr, Peceit) H = 14

JIOKIINH BsiueciaB HoraHoBMY, METUIIMHA FRUIBIMAAPBIHBIH NTOKTOpHI, mpodeccop, KP ¥FA axamemwri,
«PERSONA)» xanmpIKapablK KIMHAKAIBIK PETPOAYKTOIOTHS OPTAIBIFBIHBIH TUpeKTopH! (AnmMatsl, Kazakcran) H = 8

CEMEHOB Baagumup IpuropbeBud, OHONOTHS FHUIBIMIAPBIHBIH JIOKTOPHI, Tpodeccop, Uysamr
PecnyOnmkachIHBIH €HOCK CiHIpTeH FBUIBIM KaifpaTtkepi, «HyBaIm MEeMIICKETTIK arpapiblK YHHBEpCUTET» Denepanibik
MEMIICKETTIK OIO/KETTIK JKOFaphl OuTiM Oepy Mekemeci AKYIIEpITiK JXoHE Tepamus KadenpachlHBIH MEHTepyITici
(Yeboxcapsr, Peceit) H = 23

DAPYK Acana [lap, Xamaap ans-Mamxuna Xamaap YHIBEPCHTETIHIH MIBIFBIC MeaunnHa (akynsTeTi, [LIbFbic
MeIUITMHACKH KoJUTeKiHIH mpodeccops! (Kapaun, [Tokicran) H =21

IMENETKHWH Urops AnexkcaHApPOBHY, MEIUIITHA FBUTBIMIAPBIHBIH JOKTOPHI, MOHTaHa IITATHl YHUBEPCUTETiHIH
npodeccopsl (Montana, AKII) H =27

KAJIAH/IPA IIsetpo, Ph.D (¢pu3nka), HaHOKYpEIIBIMIBI MaTepHaIIapAbl 3¢PTTEy HHCTUTYTHIHBIH Podeccops
(Pum, Utamms) H =26

POCC Camup, Ph.D, Muccucunu yHuBepcuteTiHiH Papmanms MexTedi oCiMIIK OHIMACPIH FBUIBIMH 3€pTTEY
opTaseIFBIHEIH Tipodeccopsl (Oxcdopa, AKIL) H = 26

MAJIBM AmnHa, ¢apMarieBTHKa FBUIBIMIAPBIHBIH TOKTOPHI, Tpodeccop, JIFoOnuH MenuIiHa YHHBEPCUTETIHIH
(hapmarieBTrKa QaxynsreTiHiH aekansl (JIroommH, [Tomsma) H = 22

OJINBBEPO Poccu Cesape, Ph.D (xumus), Kamabpus yausepcutetiniz npodeccops (Kamadbpus, Utamus) H=27
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HAILIMOHAJIbHOM AKAJJEMUN HAYK
PECITYBJIMKH KA3BAXCTAH

I'1aBHBIN pegakTop:
KYPUHOB Mypar KypunoBud4, OKTOp XHMHYECKHX Hayk, mnpodeccop, akamzemuk HAH PK, mpesunent
HannonaneHoit akagemun Hayk Pecrryonuku Kasaxcran, reaepaibubiii tupexrop AO «MHCTUTYT TOIUINBA, KaTalu3a U
anekrpoxumun uM. [1. B. Cokonmbsckoro» (Anmarsl, Kasaxcran) H =4

PenakuuoHHas KoJJIerus:

BEHBEPHUH Banepuii BacuibeBHY (3aMeCTHTEIb [JIABHOTO PEIAKTOPA), TOKTOP MEAMIIMHCKUX HAYK, Tpodeccop,
akagemuk HAH PK, nupexrop Menunmuckoro nientpa YmpasneHus aeinamu [Ipesunenta PecnyOnmkn Kaszaxcran
(Anmarer, Kazaxcran) H =11

PAMAHKYJIOB Epsian MupxaiiiapBu4 (3aMeCTUTEIb INIABHOTO PElaKTopa), Mpodeccop, WICH-KOPPECIIOHICHT
HAH PK, Ph.D B o6mactin OHOXMMHN U MOJIEKYJSIpHOW TeHeTHKH, | eHepanbpHBIi nupekrop HammoHanmpHOTO IIeHTpa
6unorexnonorun (Hyp-Cynran, Kasaxcran) H =23

AJIEKEHOB Cepra3ssl MbIHKacapoBu, JIOKTOp XUMHYECKHUX HayK, npodeccop, akanemuk HAH PK, nupexrop
Mex1yHapOHOTO Hay4HO-TIPOU3BOACTBEHHOTO XoiuHra «Puroxumus» (Kaparanna, Kazaxcran) H =11

CAHTI-CY Kgak, nokrtop ¢punocopun (Ph.D, Gnoxumusi, arpoxumust), npodeccop, NIaBHBIH HayYHBIH COTPY/IHHK,
HayuHo-uccrnenoBarenbckuil HUEHTP UHKEHEPHBIX cUcTeM pacTeHuil, Kopelckuil HayqHO-UCClIe0BaTeIbCKUI HHCTUTYT
ononayxu n onorexnonorun (KRIBB), ([I>4uon, Kopes) H = 34

BEPCHUMBAEB Paxmerkanxu MckeHIupoBHY, TOKTOp OMOIOTHYECKHX HayK, mpodeccop, akagemuk HAH PK,
EBpaswuiickuii HanmoHanbHbIN yHUBepcuTeT uM. JI.H. I'ymunesa (Hyp-Cynran, Kazaxcran) H =12

ABHUEB Pydar, nokrop TexHnuecknx Hayk (OMoxumusi), mpodeccop, 3aBefyromuii kageapoi «OnTuMu3amms
XMMHUYECKOM ¥ OnoTrexHosorundeckoi anmaparypbl», Cankr-IlerepOyprcknii rocynapcTBEHHBIH TEXHOJIOTMYECKHIH
nuHctutyt (Cankr-IlerepOypr, Poccust) H = 14

JIOKIINH Bsiuecnias HoranoBuu, akanemuk HAH PK, nokrop menmmmHCKHX Hayk, mpodeccop, TUPEKTOp
MexayHapogHOTo KIMHIYecKoro neHTpa penpoxykroioran «PERSONAY (Anmarer, Kazaxcran) H = 8§

CEMEHOB Buaagumup I'puropbeBHY, JOKTOp OHOJOTHUECKHUX HAyK, MPOQGEccop, 3aciyKCHHBIH IesTellb
nayku Yysamckoit PecryOnukm, 3aBemyromuii kadeapoil Mopdonoruu, akymepcrBa M Tepanuu, dDenepaibHoe
TOCYJIapCTBEHHOE OIO/PKETHOE 00pa3oBaTeIbHOE yUpEeXkICHNE BBICIIET0 00pa3oBaHus «UyBamcKuii rocyaapcTBEeHHBIN
arpapHbiii yauBepcuret» (Uebokcapsl,Uysarickas Pecryonmka, Poccus) H = 23

DAPYK Acana [lap, npodeccop Kommemxa BocTouHONW MemumuHBI Xamaapaa anb-Mamknuga, (akyiasTeT
BOCTOYHOW MeIMIMHBI YHUBepcuTeTa Xamaapaa (Kapauu, [Takucran) H =21

HIEINNETKHWH Uropb AJieKCaHIAPOBHY, JOKTOP MEIUIIMHCKUX HAyK, Ipodeccop YHuBepcuTeTa mrara MoHTaHa
(CIIA) H=27

KAJTAHJPA IIwsetrpo, nokrtop ¢unocopun (Ph.D, ¢wusuka), mpodeccop HWHcTHTYyTa 1O U3YUYCHHIO
HAHOCTPYKTYPHPOBaHHBIX MarepuaioB (Pum, Utammst) H = 26

POCC Camup, noxtop Ph.D, mpodeccop IlIkomsr papmarun HanmonaapHOTO IEHTpa HayYHBIX HCCIECIOBAHUMA
pacTUTENBHBIX MPOAYyKTOB YHHBepcuTera Muccucumm (Oxcdopn, CIIIA) H =26

MAJIBM AmnHa, 1oKkTOp (papMareBTHYECKUX HayK, Mpodeccop, IekaH (apMaIeBTHIECKOro (akyapTeTa
JrobmmHCKOTO MeauIUHCKOTO YHUBEpcuTeTa (JIrobmuH, [Tomsma) H = 22

OJIUBBEPO Poccu Yesape, moxrop prmocodun (Ph.D, xumms), mpodeccop Yansepcutera Kanadpuu (Kanabpus,
Wramus) H=27

Joxnaasl HauuonanbsHoii akagemuu Hayk Pecnyonnku Kazaxcran»
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9.K. AcembaeBa'’, J.K. AquianoexoBa’, A.B. TokrameicoBa®, 3.7K. CeiimaxmeroBa', A.B. Beiicembaena’

'AJIMaThl TEXHOJIOTHSITBIK YHUBEpCUTETi, AnmMarhl, KasakcraH;
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MPEBUOTUKAJIBIK KACUETTEPI BAP CYTKBIIIKBLIIbI OHIMHIH
KAYIIICI3IK KOPCETKIIITEPI

AHHOTAUMs. A3BIK-TYJIK KayillCi3miri YJITTHIK Kayimci3mikTiH Oip Oesiri Oomeim TaObUTamel, cebebdi
Oipae-0ip MeMIIEKeT XaJIbIKThIH a3bIK-TYJIIK KayilCi3/iriH KaMTaMachl3 €TIel TYPHIIL, eJiH YKOHOMUKAIIBIK,
casich HeMece YITTBIK KayilCi3IiriH KaMTaMachl3 eTyli MyMKiH emec. COHFBI KbULAAPBI TYTHIHYIIBIIApAaH
TaraM OHIMJEpIHE CYPaHBICTBIH >KOFapbliayblHa KoHE OJCEKENEeCTIKTIH KYLIeoiHe OalIaHbICThI cana MEeH
Kayirnci3ikke kel kKeHu1 Oesinyne. Eyporna enjepinie TaMak eHIMICPiHIH canachlH Oarayiay Ke3iHje 0acThl
eIIIEeMICp OJIAPIBIH TOMIIIK Carmachl eMec, Kayirci3miK KemiImiri OObIT Ta0bIIa b

CoHFBI JKbULAAPBI 1ILIKI HAPBIKTA a3bIK-TYJIIK TayapiaapblHBIH OPTYPIIi TONTApbIHBIH YKOHOMMKAJIBIK KOJI
KETIMIUTIK IeHreliHiH ocyi Oaiikamanel. OcblFaH OalIaHBICTHI OJIAPABIH Carachl MEH TYTHIHYIIBIIAP YIIiH
Kayinci3airi OipiHII OpbIHFa WIBIFAAbI, onap Oip-OipiMeH THIFBI3 OalIaHBICTBI, OUTKEHI TYTHIHYIIBIHBIH
JICHCAYJIBIFbI OHBIH TYTHIHATBHIH TaraMbIMEH TiKeled OaiaHbIcThl. OHAIPYLIIEp TYTHIHYIIBUIAPIBIH OCiI
KeJle J)KaTKaH Kayilci3 JKoHe caraibl TaFaMFa JeTeH CYPaHBIChIH KaHAFaTTaH IbIPYhl KEPEK.

by makanana Tamak eHIMIEPiHIH Kayilci3airia 0akpliay oicTepine coiikec aBTopiiap Tyle CyTi HeTi3iHae
aJIbIHFaH NPEeOHMOTHKAJBIK KacueTTepi 0ap Kemipcyaap KOMIO3HMLUSICHIMEH OalbITBUIFaH CYTKBILIKBUIIBI
OHIMHIH KayiICi3/IiK %&oHEe MHUKPOOHOIOTHSUIIBIK KOPCETKILITEPiHE Tajlaayaap Kyprisai. 3epTrey HoThxeepi
OoiibIHIIA 3epTTeNreH OapiblK YITiIep HOPMATHBTIK KYXKAaTTapAblH KOPCETKIIITEpiHE ColKec KeJeTiHi
JKOHE TYTBIHYFa Kayillci3 eKeHJIITr aHbIKTa bl Tyle CyTIHEH allblHFaH CYTKBIIIKBULIBI OHIMIe QpyKTo3a,
M30MalbTyJI03a, JIAKTYJI03a/laH TYpPaThlH MPEOMOTHKAIBIK KACHET KOPCETEeTIH TOTTUICHAIPTINI KeMipcynap
KOMTIO3HITMACBIHAH TYPATHIH MIOPOST KOCY OHIMHIH KayillCi3IiriHe KOHE TaMaKTaHy IEHTCeHiHIH e3repyiHe
ocep eTHeUTIHIITT pacTabl.

Tyiiin ce3aep: Tylie CYTiHEH 93ipJEHIeH CYTKBILKBUIABI ©HIM, MPEOUOTHK, CHMONOTUKANIBIK YHBITKBL,
KayiMnci3ik, MUKpOOHOIOTHSUIBIK KOPCETKIIITED.

9.K. Acembaena'”, 3.K. AmminoexoBa?, A.b. TokrameicoBa®, 3.7K. CeiizaxmeroBa!, A.b. Beiicem0aeBa'

' AJIMaTHHCKHI TeXHOJIOTHYECKHI YHUBEPCHUTET, AnMarhl, KazaxcraH;
?Kazaxckuii arporexuuueckuii yausepcureT umenu C. Ceiidyuinna, Hyp-Cynran, Kazaxcraw;
’Kazaxcrancko-Poccuiickuiit MeqUIIMHCKUH yHUBEpCUTET, AnMarsl, KazaxcraH.
E-mail: elmiraasembaeva@mail.ru

TMMOKA3ATEJIEH BE3OITACHOCTH KHUCJIOMOJIOYHBIX ITPOAYKTOB
C MPEBUOTUYECKHAMHU CBOMCTBAMHA

Annotanus. [IpooBoabCTBeHHAsS 0€3011aCHOCTB SBISIETCS YaCThIO HAIIMOHAILHOM 0€3011aCHOCTH, TOTOMY
YTO HH OJTHO TOCYIapCTBO HE MOXKET OOECIEYHTh IKOHOMUYECKYIO, TIOJUTHUYSCKYH WM HAllMOHAIBHYIO
0e30I1acHOCTh CTpaHbl 0e3 00ecIeYeHUs TPOJIOBOIBCTBEHHOW 0€30MacHOCTH HacelieHWs. B mociieanue
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TOJIBI 3-3a PACTYIIETO CIpOca Ha MPOIYKTHI MUTAHUS CO CTOPOHBI MOTPeOUTENeH 1 YCUIICHNS! KOHKYPEHLMH
OonblIOe BHUMaHHE YENAETCsl KauecTBY M OezomacHOCTH. B eBpomeiickux crpaHax IIaBHBIM KPUTEPHEM
MIPY OLICHKE KAaueCTBa MHIIEBBIX MPOIYKTOB SIBISETCS rapaHThsi 0€30MaCHOCTH, a HE UX BKYCOBBIC KaueCTBa.

B mocnemnue romsl HAOMIOMACTCS TOBBIMIEHHE YPOBHA SKOHOMHYECKOW JOCTYITHOCTH Pa3THYHBIX
IpyIN NPOAYKTOB NUTAHMS Ha BHYTPEHHEM pBIHKE. B 3TOM OTHOLIEHHMH MX KauecTBO U 0€30I1aCHOCTH
IUIsl TIOTPeOUTENST BBIXOAUT HA NEPBOM MECTE, OHM TECHO CBSI3aHBI, I0TOMY 4YTO 340POBBE MOTPEOHTEIIS
HaNpsIMYIO CBS3aHO ¢ moTpebisieMoit M nuiiel. [Ipon3BoauTeny K0MmKHBI YIOBIETBOPSATH PacTYyLIUNA CIPOC
norpeduTeneil Ha 6e30macHble U KaYeCTBEHHBIE MPOILYKTHI TUTAHUSI.

B nanHOll crathe, B COOTBETCTBMM C METOJAaMH KOHTpPOJIA O€30MacHOCTH MHINEBBIX INPOAYKTOB,
WCCIIeZIOBAaHBI 0€30I1aCHOCTh M MUKPOOHOJIOTHYECKHE ITapaMETPhI KHCIIOMOJIOYHBIX TPOAYKTOB, 000TallIEeHHBIX
YIJIEBOAHOM KOMITO3ULIMEH ¢ MPEONOTHYECKUMH CBOMCTBAMH, OIY4YEHHBIX HA OCHOBE BEPOIIIOKBET0 MOJIOKA.
[lo pesymbraram uccienoBaHHMsS Bce 0Opaslbl COOTBETCTBYIOT TPEOOBAaHMSIM HOPMATHUBHBIX TOKYMEHTOB
u OezomacHsl i ynorpebaenus. [loaTBepkaeHo, yTo no0aBICHUE CHPONA, COIEPIKAIIETO0 KOMITO3UIUIO
MOACTANICHHBIX YIJIEBOJOB C MPEONOTHYECKUMHU CBOMCTBAMH — (PPYKTO3a, H30MANBTYJI03a, JIAKTYJI03a — K
KHCJIOMOJIOYHBIM TPOAYKTaM, TOTYYSHHBIM U3 BEpOII0KBETO MOJIOKA, HE BIMSET Ha 6€301MacHOCTh MPOYKTa
Y M3MEHEHHE TIUIIEBOTO CTaTyca.

Ki1roueBble cj10Ba: KHUCIIOMOJIOUHBIA IPOAYKT U3 BEPOIIOKBEr0 MOJIOKA, MPEOMOTHUK, CUMOMOTHYECKAs
3aKBacKa, 0€30MaCHOCTb, MUKPOOHOJIIOTHYECKUE TTOKA3aTelH.
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SAFETY INDICATORS OF SOUR MILK PRODUCTS WITH PREBIOTIC PROPERTIES

Abstract. Food security is a part of national security, because no state can provide economic, political
or national security of a country without food security. In recent years, due to growing demand for food
products from consumers and increasing competition, great attention is paid to quality and safety. In European
countries, the main criterion for assessing the quality of food is the guarantee of safety, and not their taste.

In recent years, there has been an increase in the level of economic accessibility of various food groups
in the domestic market. In this regard, their quality and safety for the consumer comes first, they are closely
related, because the health of the consumer is directly related to the food they consume. Producers must meet
the growing consumer demand for safe and quality food.

In this article, in accordance with food safety control methods, the safety and microbiological parameters
of fermented milk products enriched with a carbohydrate composition with prebiotic properties, obtained
on the basis of camel milk, have been investigated. According to the results of the study, all samples meet
the requirements of regulatory documents and are safe for use. It was confirmed that the addition of a syrup
containing a composition of sweetened carbohydrates with prebiotic properties — fructose, isomaltulose,
lactulose to fermented milk products obtained from camel milk, does not affect the safety of the product and
change the nutritional status.

Key words: fermented milk product made from camel milk, prebiotic, symbiotic starter culture, safety,
microbiological indicators.

Kipicne. CanayaTTsl TaMaKTaHy CaJlaChIHIaF bl MEMJICKETTIK CasicaTThIH MaKCaTTapbIHBIH 01pi — KETKITIKCi3
JKOHE TEHI'epIMCi3 TaMaKTaHyJdaH OOJAThIH aypyJiaplblH alfblH any. JKakplHAa apTepUsUIBIK THIEPTCH3US,
TUIEPXOJICCTEPUHEMISIIaH TybIHaFaH KYPEK-KaH TaMbIpiIaphl aypysiapbl, METa0OIUKAIBIK CHHIPOM YKOHE
OHBIH CEMI3/IiK IIeH KaHT A1a0eTi TYPiHJIET] MaphIKTay IIerl CUSKTHI IaTOJOTMSUIBIK JKaFaaiaapabiH KeOerl
OMIp CaNThIMEH JKOHE ocipece OHBIH MaHbI3/Ibl KOMIIOHEHTI — TAMaKTaHYMEH ThIFbI3 OaiaHbICThI [ 1].

OHIMHIH Kayillci3miri MeH camachblHa KaTBICTBI MOceNeliep TaMakK OHIIpPYIIiIep, caTylmbuiap MEH
TYTBIHYIIBUTAP YIIIH OachIMIBIPAK OOIBIT TaOBLTA B, A3BIK-TYIIIK KayilCi3iriHIH IeHIeHiH aHbIKTay TaMaK
eHIMAEpiHae KayinTi (akTopiapabiH OoixysiMeH OainaHblcThl. KayinTi akTopnapiaslH Tamak eHimuaepiHe
acepi oJiap bl OHIIPY/IiH, TAChIMAJIAY/IbIH KOHE CATY/IbIH Ke3-KeJIreH Ke3eHiH/ e 00JIybl MYMKIH, COHJIBIKTaH
TEXHOJIOTHUSIIBIK YPIAICTIH OapiblK caThliapbiH OaKbliiay ©Te¢ MaHbI3IbI [2].
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CyT HapbIFBIHAA OCINl Kele XaTKaH O9CEKeNEeCTIK ASCTYpii CYT OHIMICpPIiH ally TEXHOJOTHSJIapblH
KETUTAIPII KaHa KOWMal, COHBIMEH KaTap Ka3ipri KyHHIH TajanTapblHa COlKec KeJIeTiH »aHa OybIH OHIMIEPiH
Kacayra okeselli. by KypaMbl TeHIecTipireH, pyHKIIMOHAIIBI MAaKCATTaFbl KYPaMbl )KaKCapTHUIFAH KOHE
cara KepceTKilTepi MeH TaraMIbIK KYH/IBUIBIFBI )KOFaphl oHiMep [3].

Tamak eHepkociOiHAETI HETi3ri Mocelle TaFaM ©HIMJIEPiHIH carachkl MeH KayillCi3MiriH Oakpliay, cakTay
Mep3iMiH aHbIKTay. Tyie cyTi Heri3iHIe ailblHmanFaH MpeOMOTHUKAJBIK KacHeTTepl 0ap CYTKBIIKBLIIBI
CYCHIHHBIH JKapaMJIbIIBIK MEp3iMi 7 TOyMiK OOJaThIHBI, OFaH KOCBUIATHIH MIOPOSTTIH OHTAMIBI MeJIepi
OHIMHIH CaJIMarbl OOUBIHIIA IITaMaMeH 5% KYpalThIHBI aHBIKTAIIBI [4-6].

3eprTey JKYMBICBIHBIH Makcarbl TYHe CYTi Heri3iHae o3ipJieHreH NpeOHMOTHKAJIBIK KacuerTepi Oap
CYTKBIIIKBUIIBI OHIMIHIH KayiICi3/liKk KOPCETKIITEPiH 3ePTTEY.

3eprTey HbICAaHBI MeH JlicTepi. 3epTTey HbBICaHBI PETiHAE TYie CYTiHEH o3ipJjeHreH (pyKTo3a,
M30MalIbTyI032, JIAKTYJI03a/IJaH TYPaThlH MPEOMOTHKAIBIK KACHET KOPCETETiH TOTTUICHAIPTINI KeMipcynap
KOMITO3UIIMSICBIHAH TYPAThIH MIOPOST KOCBUIFaH WOTYPT YITiJepi albIH IbL.

Worypr naitbianay yuiin Tyite (Camelus bactrianus) cyTi, Kypamsl Streptococcus salivarius subspecies
termophilius xone Lactobacillus delbruki subspecies bulgaricus Typatsin bykinpeceiinik cyT eHepkacioi
FeUIBIMU-3epTTey HMHCTUTYTHl (BCOT3M) o3iprereH eHIipicTiKk CHUMOMOTHKANBIK YHBITKBI, (pyKTO3a!
M30MalIbTyJI03a: JIAKTYJI03a TYPAThIH IIOPOST allbIHIbI.

Tyiie cyTriHeH o3ipJieHreH HOTYpT YIATLIEpiHIH KayilCi3miK KOPCETKINITEpiH 3epTTey YIIiH >Kallibl
KaObUIIaHFaH MEMJISKETTIK CTaHIapT ofjictepi KomaanpuIbl. CYTKBIIKBUIIBI OHIMHIH KYpPaMbIHAFbI
TOKCHH]II DJIEMEHTTEp KoprachlH MeH kaamuil Meimepi MEMCT 30178-96 [7], mpiubsik menmepi MEMCT
P 51766-2001 [8], ceraan menmepi MEMCT 26927-86 [9], antuouorukrep menmepi MEMCT 33526-2015
[10], (ITTB) imek Taskmarapsl TOObIHAAFBI OakTepusiap canel MEMCT 32901-2014 [11]; ctaduiokokkrap
S.aureus MEMCT 30347-2016 [12]; awmbITKbl MeH 3eH >xacymanapbeiiblH canel MEMCT 33566-2015
[13]; maToreHai MUKpOOpraHU3M/IEp, COHBIH immiHae canpmonesuia menmepi MEMCT 31659-2012 [14]; L.
monocitogenes menmepi MEMCT 32031-2012 [15] cranaapt sgictepi OOibIHIIIA aHBIKTAIIBI.

3epTTey HOTH:KEJIEPi sKIHEe OHBI TaJI1ay. AJJaMHBIH aHTPOIIOTCHIK iC-opeKeTiMeH OaillaHbICThI QJIEMHIH
OapIbIK AEpIIiK aiiMaKTapbIHIAFbl SKOJOTHSUIBIK JKaFIai/IblH KYypT Hallapiaybl TYTHIHBUIATHIH TaFaMHBIH
camacheiHa ocep etelli. XUMHUSIIBIK XKOHEe OHOJIIOTHUSIIBIK 3aTTapblH e1oyip Oeliri agaMm ar3achlHa TaMaKIIeH
Oipre eHeni. Onap Oip >kaFbIHAH Tipi aF3ajap, eKiHIi XKaFblHaH aya, Cy MEH TOIBIPAK apachbIHAAFbl 3aTTapIbIH
aJIMacyblH KAMTaMachl3 €TeTiH OMOJIOTHSIIBIK Ti30€K PEeTiH/e TaramFra €HEe/l JKOHE KUHAAIbl. A3BIK-TYJIK
IIMKI3aThl MEH TaMaK ©HIMJIEPiHIH KayiIlCi3/Iiri MEH carachlH KAMTaMachl3 €Ty XaJBIKThIH JCHCAYJIBIFBl MCH
OHBIH TeH/IIK KOPBIH CaKTaylbl aHBIKTAWTHIH Ka3ipri agam3ar KOFaMbIHBIH 0acThl MiHAETTEepiHiH Oipi OObII
TaOBbLUIAIBI.

ABBIK-TYJIIK ©HIMJIEpIHE TYCETiH TOKCHUH/I JIEMEHTTEepAIH Ko3/epi MINKi3aT, OHACY JKaOIbIKTaphl XKOHE
bIIBICTAp (TeMip JKOHE Kallaiibl) OoJbill TaObUIaAbl. JKOFaphl NamMbiFaH enjiep]e bl CAWbIH CHIHAITHI,
KaJMUI1/li, KOPFachIH/IbI JKoHE OacKa Ja TOKCHHI 3JEMEHTTEepi OHEPKICINTe Tai/lanaHy apThIll Kellei.
AybuIapyaibUIbIFBIHIA JKOHIKTED MEH KeMIpTrilTepai K0 YIIH TOKCHHII AJIEMEHTTEPiH Adpinepi
(chIHaI, MBIC, MBIPBINI) KeHIHEH KoinaHbUiaabl. Cakray Kes3iHjae KoWMaiapAarbl ayaja 3UsHIBI KOcraiap
(KOpFrachIH OKCHJATEpi, ChIHAIl Oybl KoHE T.0.) OoIMaca, TOKCHHIII AJIEMEHTTEP/IIH MOJIIIepl Kol Karaaiiia
e3repmMerizii. KaHbLITHID BIABICTApAAaFbl KOHCEPBUIEP/IE, OapIarbl TEMIP MEH KaJIalbIHBIH MOJIIIIEP1 bIBICTHIH
KOpPPO3UsChIHA OalTaHBICTHI apTybl MyMKiH. LIleKTi pyKcar eTiireH KOHIIeHT paiusiiap/ia TOKCHH/I1 SJIEMEHTTEP
TYTBIHYIIBIHBIH OMipi MEH JICHCAyJbIFbIHA alTapibIKTail 3usH Kentipmeihai. Keiibip mMukposiemeHTTEp
eJieyci3 MeJepie TiNTi ar3ara KakeT. MpIcaibl, MbIC Oipkarap (pepMeHTTEepIiH Kypamaac 0eiiri 0obI
TabblIaabl, B TOOBI mopymeHnepin OeiceHipe/i, KeMipcyinap MEH aKybI3Iap/blH alMacyblHa dcep eTe/l,
KaH TY311y/le MaHBI3IbI POJI aTKapajbl, al MBIPHIII PepMEHTTEP/IIH TOTHIFY-TOTHIKCHI3IaHy PeaKIHsIapbiHa
KaThICAIbI.

JlerenmeH, pyKcar eTUITeH MIEKTi KOHIIEHTPAIMsIaH acaThIH J103ajiap aJaM ar3achlHa yiibl 00JTybl MYMKIH,
aybIp 3aT anMacy OY3bUIBICTApPbIH TYIBIPYHI, YIAHY/IbL, KEiIe TINTI eJiMre oKemyi e MyMKiH.

AJiam aF3achl YIIiH €H TOKCHHJII DIIEMEHTTEp — KaJIMUW, KOPFACHIH, MBIIIbSIK XKoHE chiHa. KanMuii eH
KayilnTi TOKCUKAHTTapAbIH Oipi (KOpFachlHHAH Ja Yyjbl), OJ THIHBIC ally YXOHE acKa3aH-ilIeK JKOJJapbhiHa,
OPTAJIBIK YOHE IIETKI XKYWKe XKYyHeciHe, ilKi ar3anapra (OyHpek, )Kypek, OaybIp, KaHKa OYJIIIIBIKETTEpi, CyHek
TiHJEpi, )KBIHBIC MYIIENIEPiHiH KbI3MeTiHe) acep eremi. Kagmuiinin ocep ety MexaHu3Mi Gochop-Kalbiui
anMacybIH Oy3a OTBIPBII, OipKarap PepMEHTTIK KYyHeaepaiH OeNCEeHAUTITIH TexXey OOJbI Ta0bLUIaIbI.

Kammuit xocwuibicTapbl ar3ajga, keOiHece cCyiekre, OYHpeKTe joHe IIIKI cekpeuus Oe3uepiHie
x)uHaKTanaaepl. Kagmuii reMorioOMHMeH OallllaHBICHIN, KaHAa Y3aK YakbIT cakTanaisl. On ar3amaH Oasy,
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HeTi3iHEeH acKa3aH-iIIeK JKOJIapbl apKbUIBI MIbIFapbuIaabl. KaaMuiini eHIipicTiK opTaiaH MIBIFApy iC XKYy3iHIe
MYMKIH eMec, COHIBIKTAH OJ1 OHJIA XHHAJBIM, 9PTYPIl KOJIAapMeH TaMaKKa Tyceai, KoOiHece IUKi3aTThIH
OHJIIPICTIK ra3 Topi3lec MbIFAPbIHABLIAPbIMEH JaCTaHYbIHA OAIaHBICTHI.

KopracklH — GapibIK TIpHIUIK HenepiHe acep ereTiH KymTi y. Onm xyidke KyieciHae, KaH MEH KaH
TaMBIPIIAPBIHIAFEl ©3TepiCTepai TyIObIpaabl, KONTETeH (pepMEHTATHBTI TpOIECTEpai OasynaTrambl, aKybI3
CHHTE3iHe, SHEeprusl OalaHChIHA J)KOHE XKacylIaHbIH TeHETHKANIBIK arnaparbeiHa Oenceni acep ereni. bananap
epeceKkTepre KaparaHaa KOpFachlHFa ce3iMTall KeJeIi.

MpImbsK KYHKe >KyleciHe, Tamblp KaObIprajlapblHa 9cep €Til, KanwUIIpiIapAblH OTKI3TITIriHIH
YKOFapblIaybl MEH cajl aypyblH TYIbIPaJbl, OaybIp, *KYPEK, illleK, OYHpeK, THIPHAK, TPOPHUKAIBIK sKapaiap/Ibl
3aKBIMIANMIBI, YIITaJapaarsl TOTBIFY MpolecTepin O0oceHmeTeni. Ayblp yinaHy >KargaibIHIa eJTiMIe OKelyl
MYMKiH.

ChIHaN aKkybI3apMeH — METaJUIONPOTEUATEP KELICHIH Ty3eal, olap (pEepMEHTTIK MpoLecTepre acep erei
JKOHE OPTAJIBIK JKYHKe JKyleciHiH Oy3bpuTyblH Tyasipaasl. ChiHan HerizineH OyiipekTe (67%) xoHe Oaybipaa
(33%) >xunananel. CeIHAIIEH yAaHy eJIiMIe 9Kelyi MyMKiH [16].

TokcuHII 2IEMEHTTEP/IIH aF3aFa TYCYiHiH HETi3T1 XKOJIbI — OYJ1 TEXHOTEH IIK SKOTOKCUKAHTTap/IbIH dCepiHe
ocaut 60IaThIH acKa3aH-imeK skoaapsl. OcbIiFaH OaiIaHbICThI TYHE CYTI HEeTi31H/1e 931pIeHTeH MPEOHOTHKATBIK
KacrueTTepi 0ap CYTKBIIIKBUIABI OHIMHIH TOKCHHI DIIEMEHTTEp TY3JapbIMEH JIACTaHy JOPEKECIH aHBIKTay
MaKCaThIHa 3epTTEY KYMBICTAPhI KYPTi3iIIIi, HOTHXKeIepi | - KecTene KenTipiiarex.

Kecre 1 — [IpeOuoTukanbik KacueTTepi 0ap CYTKBIIIKBLIIBI OHIMHIH KYPaMbIH/IaFbl TOKCHH/II JJIEMEHTTED,
MI/KT

TokcHH/II 2IEMEHTTep KOpCeTKilTepi HK Ooiibinira Haxrer HaTIKETIED Ceinak onicrepi HK Ooiibrxira
Kopracein 0,02 0,004 a3 MEMCT 30178-96

MBIIBSIK 0,05 0,001 a3 MEMCT P 51766-2001
Kaqmuii 0,02 0,002 a3 MEMCT 30178-96

CplHan 0,005 0,001 a3 MEMCT 26927-86

1 - KecTene KeNTIPUITeH ChIHAK HOTHIKEJEPIHEH CYTKBIIKBUIABI OHIMIE TOKCHHAI DJIEMEHTTEp pyKcar
CTUIreH JICHrelJeH acailThIHBIH Kopyre 0oiabl.

AHTHOMOTHKTEp OanblK NeH OalbIK OHIMAEPIH KOCaraH/a, TeK KaHyapiapAaH ajJblHaThIH TaramJIapaa
kezgeceni. Ce0Oebi, onap BeTepUHapHsga Majlbl aypydaH KOPFaWThIH Kypasl peTiHAe KoigaHbuiaabl. Mai
LIMKI3aThIH OHJIETEH I OJIap JaibIH eHIMIe oTeal. JKanyapnapaaH ajabplHATBIH TaMaK ©HIMAEPiHAE TETPALUKINH
TOOBIHBIH aHTUOMOTHKTEP], NEHULIMUIMH JKOHE CTPENTOMULMH PYKCAT €TUIIeH IIEKTI KOHLEHTPALUSIMEH
meKTeneni. AHTHOMOTHKTEPAIH KYPaMbIHBIH MIEKTEyi oJapAblH KOIIIUIITiHIH agaMaapasl eMJey YIIiH 1e
KOJIJITAaHBIIATHIH/IBIFbIHA OaiimanbIcThl. ONapibl YHEMI TYTHIHY aF3aHbIH TOYEIIUIITIHE oKele/Ii )KOHE aybIpraH
JKarmanaa oJapaelH eMIiK acepi 6ommaysl MyMKiH. COHBIMEH Karap, aHTHOMOTHKTEPIIH KaHaMa dcepiepi
0OJTyBI MYMKIH: aJUIEPTHS TYABIPAIBI, XKYHUKE KYHeciH Oy3aabl, SHIOKPUHIIK JKyhere Oenrii O6ip ocep eTemni,
acKasaH-1IlIeK JKOJIAPbIHBIH TMaiIanbl MUKPOQIOpacklH ©3repTeii, Oyl KalTagama OaKTepHUSUIBIK JKOHE
CaHbIpayKyJIaK HHQEKIMUIAPbIHBIH J1aMybIHa 9Kyl MYMKiH.

Taramia aHTHOMOTHK KaJIIBIKTAPBIHBIH OOJYBI alaMIap YIIiH epeKIe KayilTi )oHe CYT OHepKaciOi ylIiH
KYpAesi Macesie 00BN Ta0bLIa Ibl, OUTKEHI OJlap YHBITKBI MUKPO(IOPACHIH TEKEY apKbUIbI OHJIIPiC MPOIECiH
Oy3ybl MYMKiH. ByJ1 eneyii KapKbUIbIK IIBIFBIHAAPFA SKEJIE/I.

CyTTe aHTHOMOTHKTEPIiH O0TYbl OHBIH KAaCHETTEPIiH 3repTe/li, MyHAal CyTTi TaMaKTaHyAa KOJIIaHFaH/1a
AHTUOMOTUKTEPIe KOFaphl Ce3IMTANABIFEI Oap agamaapAa ajuIeprusiIblK peakiusaap TYAbIPybl MYMKiH.
AnTHOMOTHKTEp, TINTI a3 Mejmepae Ooica 1a, CYT OHIMACPIH OHIIpyAe KOJJAHBUIATBIH CYT KBILKBUIBI
OaKTepusIIapbIHBIH JaMyblH TEXeHai. AHTUOMOTUKTEpre eH ce3iMTall TePMOQHIIbAI CTPENTOKOK KOHE CYT
KBIILIKBUIABI TAsSKIIaIap.

JKyMBbIcTBI OpbIHIAY OapbICBIHAA TYIE CYTIHEH aJIbIHFaH NPeONOTHKAIIBIK KaCHETTepi 0ap CYTKBILIKbLIIbI
OHIMHIH KYpaMbIHJIaFbl aHTUOMOTHKTEPAIH MOIIIIEepiH aHBIKTAy MAaKCaTbIHIA >KYMBICTAPhl JKYPri3iiii,
HOTIKENepi 2 - KecTeae KeNTipiaTreH.

Kecre 2 — [IpeOuoTHKanbIK KacueTTepi 0ap CYTKBIIIKBUIAB OHIMHIH KYPaMBIHIAAFbI aHTHOUOTHKTED, MI/KT

AHTHOMOTHKTED HK o6oiiprama HaxkTe! HOTIOKETIED Crraak oxictepi HK Goitbramma
JleBomurieTrH (Xa0paMpeHUKON) Pyxcar erinmeiini, (0,0003 a3) TaGbuiMa bl MEMCT 33526-2015
TerpanukinH TOOBI Pyxcar erinmeiini, (0,01 az) Ta0ObuIMab MEMCT 33526-2015
CTpenToMuIH Pykcar erinmeiiai, (0,2 a3) TaOblaMa bl MEMCT 33526-2015
[ennnunus Pykcar erinmeiini (0,004 a3) TabbrIMa e MEMCT 33526-2015
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KecTeseri ajpiHFaH HOTHKEIEP/ICH TYHE CYTIHCH alIbIHFaH MPEOHOTHKATIBIK KACUETTEP1 0ap CYTKBIIIKBLIIbI
OHIM YITiIepiHiH KYpaMbIH/Ia aHTHOMOTHUKTEP TaObUIMaraHbIH KOpyTe 0O0a b,

OHiIMHIH KayillCi3/IiriHe jxayar OepeTiH calaHblH MaHbI3bl KOPCETKIMITEPiHiH 0ipi — MUKPOOHOIOTHSITBIK
kepceTtkimTep. Taram eHIMIEpPi — TOKCUKOMH(EKITUSAFA OKEIJIETIH alyaH TYPJIi MUKPOOPTaHU3MIEPIiH JaMybl
YIIiH KoMaibl opra. TaramblK TOKCHKOWH(EKIUSIAP YIaHYAbIH KCHETTCH JaMybIMEH JXKOHE Ccarachl3
TaraM/Ibl KaObUIIAy/Ibl TOKTATHIN, OHBI aFr3ajaH IIbIFAPFAaHHAH KEiliH ylaHy OCNrijepiHiH CaabICThIPMAIbI
TYp/ie T€3 KOUBLTYbIMEH CHMATTANa bl TaraMIbIK HHOEKIUSITAPAbIH HHKYOAIMSITBIK KE3CHI OpTa €CereH
6 cararTaH 24 caraTka JIeliH CO3bUIaAbl. OHIpICTE, caKTay JKOHE OTKI3y Ke3iHJe CAaHUTAPIIBIK-TUTHEHABIK
TajanTap cakraiaMaca, TEXHOJOTHSJIBIK MUKIJIIH OpTYpJi Ke3CHACpiHIe TaraM OHIMCPIHIH camachiHa
ceHiMai OakplIay >KypriziiMece, ylnaHy MacCHBTI OONybl MyMKiH. YBITTBI MH()EKUUSHBI TYABIPYBI MYMKIH
MUKPOOPTraHU3M/JIepre ileK TasKIiauapbl TOOBIHAAFBI OakTepusiap, calbMOHEIaNap, CTa(QUIOKOKKTap
xarajpl. Onap MUKpOOHONIOTHSIIBIK KayITICI3MiK KOPCETKIIITEePiHIH KaTapblHa jKaTalbl.

Listeria monocytogenes — Taram/a KeOeiie ajnaThlH TasKIIa TOPi3i maroreH i Oakrepus. Listeria amam
ar3achlHa CHICHHEH KEHiH jKacyllanap/blH INIH/C Mapa3uTTeHE ], OJ1 OPTANIbIK KYHKe KyleciHe Hemece
MUFa OPHBI TOJIMAC 3USTH KEJITIPyl MYMKiH. AJIaMHBIH JIUCTEPUO3/TbI )KYKTHIPYBIHBIH HETI3T1 KOJbI — agamiap
TEPMUSITBIK OHJICY/ICH OTIIEICH HEMECEe IYPBIC CaKTaIMaFaH dPTYPJIi TaraMaap bl (CyT OHIMIEPi, KOKOHICTED
MEH canartap, €T *KoHe KapThiiail padpukaTTap) TYTHIHYBIL.

CyT eHiMAEpIHIH MHUKPOOHOJOTHSIBIK OY3bUTYBIHBIH €H KOIl TaparaH ceOenTepi amibITKbl MEH 3€H
Ooubin Ta0buTa bl CYT KBIIIKBUIABI MUKPOOPTraHU3MIEP TaFaMHBIH OY3bUTYbIHA OKEJIETIH alllbITKbIIap MEH
3€HJIEP/iH OCYiH THIMJII TeXKEY MYMKIH/ITIHE He.

JKyMBICTBI OpbIHIAY OapbIChIH/A TYHE CYTIHEH albIHFAH MPEOUOTHKANBIK KACHETTEPl 0ap CYTKBINIKBLIIbI
OHIMHIH MHUKPOOHUOJIOTHSIIBIK KOPCETKIIITEPiHE 3ePTTEY KYMBICTAPBI XKYPTi3iial, HOTHXKEIepl 3 - Kecrene
KeJITipiIreH.

Kecre 3 — [IpeOuoTukanbik KacueTTepi 0ap CyTKBIIIKBUIABI OHIMHIH MHKPOOHOIOTHSIIBIK KOPCETKIMITEePi

MuKpOOHOIOTHSUTBIK KOPCETKILITEp HK Ooiipiamma | Haxrer Hatmxkenep | Ceinak oxicrepi HK OolibiHma

ITTB 0,01 r enimzae Pyxcar erinmeiini TaObuIMags! MEMCT 32901-2014
Cradunokokkrap S.aureus, 1,0 T eHIMzE Pyxcar erinmeiini TaObuiMa bl MEMCT 30347-2016
Ambrtkpuiap, KTH/T, kenm emec Kem emec 50,0 TaObuT™Ma bl MEMCT 33566-2015
3ennep, KT/, ken emec Kem emec 50,0 TabOsLIMas! MEMCT 33566-2015
[TaTorenai MUKpOOpraHU3M/IEP, COHBIH iIIiH/Ie Pykcar etinmeiini TaObu1Ma b1 MEMCT 31659-2012
casibMoHeIa, 25,0 T eHimMae

L. monocitogenes, 25,0 T eHimMzIEe Pyxcar erinmMeiini TabbuIMasl MEMCT 32031-2012

Kyprizinren 3eprreynep (4+2) °C temneparypana 7 KyH cakTaraHJla CYTKBIIKBUILABI OHIM YITLIEPiHIH
MHUKPOOHOJIOTHSIIBIK KOPCETKIMITEPiHE e3repicTep OoMMaraHbIH KOPCETTI, aran aifTcak ileK TasKiiaaapsl
TOOBIHAAFbI OaKTepUsIIAP, CTAQUIIOKKOKTAp S.aureus, albITKbUIAP MEH 3€HIEP, TOTOTEH II MUKPOOPraHu3MIEP,
COHBIH ilIHJE caibMoOHeanap, Listeria monocitogenes TaObliMa bl AJNBIHFAH OHIM MHUKPOOUOIOT USITBIK
TYPFBIIAH KaYiICi3, ajl oapAbl OHIIPICTIK MacTadTa OHIIpy MaKcaTKa cail 5KoHe ©3€KTi OOJBIIN TaObLIa bl

KopbIThIHABI. ANTBIHFaH MOJTIMETTEpIIEH TYHe CYTiHEH 93ipJeHIeH MPeOUOTHKAIBIK KACHET KOPCETETIH
CYTKBIIKbULIBI oHIM yiariiepi Kemen omarbiabiH 033/2013 «CyT jkoHE CYT OHIMIEPIHIH KayincCi3miri
Typajbh» TEXHUKAJIBIK pernaMenTinae xoHe Kenen omarbiabiH 021/2011 «A3BIK-TYIIIK KayiCi3airi Typaibby
TEXHUKAJIBIK PErIAMEHTIH/Ie OCKITUINeH CYTKBIIIKBUIABI OHIMJICP/IIH KayilCi3aiK KepCceTKimTepi OONbIHIIA
pYKcar eTUINeH JeHTreiie O0JFaHbIH KOPCETTI.
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KATTBI KAPA KYJE (Tilletiacaries (DC.) Tul.) IIATOTEHIHE BUJIAH YJITLIEPIHIH
TO3IMJILIITTH ChIHAY

AHHOTauus. bunaiibiH caHpIpayKyIaK aypyiaapblHbl iminae kartsl Kapa kyie (Tilletia caries (DC.)
Tul.) aypysl aca KayinTi KeH TapajfaH TypJepre karajibl. OJIeTTe Kapa Kyle aypybiMeH OumaibiH 10%
3aJlaIaHybl, OuJlall OHIMIHIH bICKIpal OOJIYbIHA dCEp €Till KaHa KOMMalii, IoH carachlHbIH TOMEH/ICY1HE aJIbIIT
KeJie/li. 3epTTey KYMBIChIHA 25 Ka3aKCTaHIbIK KY3/IiK )KYMCaK Oujiaii copThl MeH 23 Bt-H30reH/1i TMHUSIApHI
KosanbLbl. JKacan el ingerTik oprana Anmarsl o0sbickiabIH (Tilletia caries (DC.) Tul.) nomyssiiusicbiHa
Oupaii ynriiepiniy Te31MIUTIr ChIHAIBI. 3epTTey HOTHKECI KopceTkeH1el Ouaai copTTapblHbiH 84% KaTThl
Kapa Kyiere Te3iMii e Tadbuiapl. 15 Oumgait copThl KaTThl KApaKyHere )orapbl TO3IM/II 1T ePEKIIeIICH I,
Omapra XKetbicy, Hypeke, Pamunan, Jlunapa, Eremen-20, Kapacaii, Peke, Tomim, Ke3bin Ounmaii, Has,
Eremen, Mepexe 70, Manmyk, XKanbin sxone Kazaxcranckas 25 sxaransl. Kapa kyitere 1-9% apansireinna
sanannanran Cananbl, Anvansl, Anusi, KpacHoBononasckas 210, borapuas 56, Mepeke 75 copTrapsl Te3imii
nen epexmenenni. Tilletia caries (DC.) Tul. marorenineBt-uzorenai nuausiapsiabiy 80% aBUPYIESHTTIIIK
tanbiTca, 20% BupyaeHTTI O60onabl.KarTel Kapakyiie aypyblHbIH Oenrinepinid OosmaybiHa OaitmaHbIcThl 18
M30TCH/Il JIMHUS KOFaphl TO3IMII Jen epekiieneHai onap: M84-522 to 530,RB/SEL1403(Bt-2), M82-542
to 550 , RB/TK 3055 (Bt-4), Red Bobs/Hohenheimer(Bt-5), M82-562 to 570), RB/TK3055(Bt-7), M78-
9496, RB/PI 178210 (White Seed) (Bt-8), M84-597 to 605, RB/CI 7090. (Bt-9), M82-625, SEL M83-
162(Bt-10), Doubi, DW(Bt-14), Carlton,DW(Bt-15), SEL 2092(Bt-1), SEL1102(Bt-2), Turkey 1558(Bt-4),
Hohenheime(Bt-5), Rio(Bt-6), R63-6968(Bt-10), M82-2123(Bt-8.9.10), P.I. 119333(M8&82-2141),BW (Bt-12)
xone Thwle IILP.I. 181463,BW (Bt-13). Aypmen 1 naiibi3 gaeHreitine 3anannanran M84-532 to 538, RB/
RDT (Bt-3)xone Ridit (Bt-3) nuHusapsl TO3iM1 A€ aHBIKTAIIbL.

Tyiiin ce3mep: Oupmaii, KarTel Kapa Kyie, TO3IMIUIK, M30TEH/I JIMHUIAP, WHOKYJISLHUS.
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WCIBITAHUS OBPA3LIOB MIIEHUILI HA YCTOMYUBOCTH MATOTEHHOCTH
TBEPIOWM FOJIOBHM (TILLETIACARIES (DC.) TUL.)

Amnnoranus. Tilletiacaries (DC.) Tul. — 01HO U3 caMbIX OMIACHBIX IPUOKOBBIX 3a00JIeBaHUH MIIICHUIIBL. Kak
npaBuiio, 10% MIeHUIbI, 3apaKESHHOM TBEP/I01 TOJIOBHE, HE TOJIBKO BIIUSCT Ha TIOTEPIO ypOXKasl MIICHHUIIBI,
HO W MPUBOJNUT K CHIDKCHHUIO KauecTBa 3epHA. B MccienoBaHnu UCTONB30Bail 25 Ka3aXCTAaHCKUX COPTOB
03UMOM MSATKOW MIIeHUIbI ¥ 23 Bt-u3oreHHble TUHUHU. YCTOHYMBOCTH 00PA3IOB MIICHUIIBI K TOMYJISIIIUA
Tilletiacaries (DC.) Tul. B AJIMaTHHCKO# OOJIACTH MCIBITHIBAIM B UCKYCCTBEHHOM SIMUACMUYCCKON Cpee.
Pesynbrarel uccienoBanus mokasaiu, uto 84% COPTOB MIICHUII OKA3aJIMCh YCTOHYMBBIMH K TBEPJIOM

12



Reports of the Academy of Sciences of the Republic of Kazakhstan

TOJIOBHE. 15 COPTOB MIIECHUIIBI OTIMYAINCH BBICOKOH YCTOMUMBOCTBIO K TBEpAOH rosioBHe. K HUM otHOCSTCS
copta Xertsicy, Hypeke, Pamunan, JIlunapa, Eremen-20, Kapacaii, Pexe, Tanmuwm, Kei3but Oupnaii, Has, Eremen,
Mepexe 70, Manmyk, XKanein n Kazaxcranckas 25. U3 Bt-nzorennsix aunuit 80% Obuin aBUPYIEHTHBI IO
otHoureHuto k Bo30ynutento Tilletia caries (DC.) Tul , 20% — BupysieHTHBL B ¢BsI31 € OTCYTCTBHEM CHMITOMOB
TBEPJIOH TOJOBHM 18 M30TCHHBIX JTHMHMIA IMOKa3ain ceOsl Kak BBICOKOYCTOHYHBBIE, YeM JpyTre TuHun: M84-
522 to 530, RB/SEL 1403 (Bt-2), M82-542 to 550 , RB/TK 3055 (Bt-4), Red Bobs/Hohenheimer(Bt-5),
M82-562 to 570), RB/TK3055(Bt-7), M78-9496, RB/PI 178210 (White Seed) (Bt-8), M84-597 to 605, RB/
CI7090. (Bt-9), M82-625, SEL M83-162 (Bt-10), Doubi, DW (Bt-14), Carlton, DW (Bt-15), SEL 2092 (Bt-
1), SEL1102 (Bt-2), Turkey 1558(Bt-4), Hohenheime(Bt-5), Rio (Bt-6), R63-6968 (Bt-10), M82-2123 (Bt-
8.9.10), P.I. 119333 (M82-2141), BW (Bt-12) u Thwle II1.P.I. 181463, BW (Bt-13). 3apaxeHHbIX 00JI€3HBIO
B kommmuecTBe 1% mumann M84-532 to 538, RB/RDT (Bt-3) u Ridit (Bt-3) Obu1r MaeHTHDUITIPOBAHBI KaK
YCTOWYUBEIE.
Ki1roueBble cjioBa: nieHna, TBEPAAs TOJIOBHS, YCTOMYMBOCTb, M30TCHHBIC IMHUN, HHOKYJISILIMS.
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RESISTANCE TESTING OF WHEAT SAMPLES TO COMMON BUNT
(Tilletia caries (dc.) Tul.) PATHOGENS.

Abstract. Tilletia caries (DC.) Tul is one of the most dangerous fungal diseases of wheat. As a rule,
10% of wheat, which infected with common bunt not only affects the loss of wheat yield, but also leads
to a decrease in grain quality. This research work used 25 Kazakhstani varieties of winter soft wheat and
23 Bt-isogenic lines. Resistance of wheat accessions to Tilletia caries (DC.) Tul in the Almaty region was
tested in an artificial epidemic environment. The results of the study showed that 84% of wheat varieties
were resistant to common bunt. 15 varieties of wheat were highly resistant to common bunt. These include
Zhetysu, Nureke, Raminal, Dinara, Egemen-20, Karasai, Reke, Talim, Kyzyl Bidai, Naz, Egemen, Mereke
70, Manshuk, Zhalyn and Kazakhstanskaya 25. Of the Bt-isogenic lines, 80% were avirulent with respect
to pathogen Tilletia caries (DC.) Tul, 20% are virulent. Due to the absence of common bunt symptoms, 18
isogenic lines showed themselves to be highly resistant than other lines: M84-522 to 530, RB/SEL 1403 (Bt-
2), M82-542 to 550 , RB/TK 3055 (Bt-4), Red Bobs/Hohenheimer (Bt-5), M82-562 to 570), RB/TK3055 (Bt-
7), M78-9496, RB/PI 178210 (White Seed) (Bt-8), M84-597 to 605, RB/CI 7090(Bt-9), M82-625, SEL M§3-
162(Bt-10), Doubi, DW(Bt-14), Carlton,DW(Bt-15), SEL 2092(Bt-1), SEL1102(Bt-2), Turkey 1558(Bt-4),
Hohenheimer (Bt-5), Rio (Bt-6), R63-6968 (Bt-10), M82-2123 (Bt-8.9.10), PI 119333 (M82-2141), BW
(Bt-12) and Thwle III.P.I. 181463,BW (Bt-13). Infected with 1% of the line M84-532 to 538, RB/RDT (Bt-3)
and Ridit (Bt-3) were identified as resistant.

Key words: wheat; common bunt; resistant; isogenic lines; inoculation.

Kipicme. Tilletia caries (DC) Tul. (= T. tritici) xone T. foetida (Wallr.) Liro (= T. laevis) kartel kapa
Kyiie ciopanapbia Tyasipatsid (CB) Oupail eHiMiH alTapibIKTail TOMEHACTETIH CaHbIPAYKYIAK aypyJaphl.
Kapa xyiiemeH 3ananganrad ©CIMIIKTEp 9JETTE cay OCIMIIKTEPMEH CaJbICTBIPFAH/a Canachl TOMEH aCThIK
OHIMJIEpiH Oepelli. OCIMIIKTEp/iH OHIMIIIITI MEH CalachlHBIH TOMEHJIEYi, TOHAEPAiH KaTThl Kapa Kyiie
criopayiapbIMeH 3ananjanybiHa OarnaneicThl [1]. Tilletia sp. aypysl Owmmaii ecipinerin OapiblK aiiMakTapia
Ke3neceni. AybsIpraH Ouail MacakTapblHaH KaTThl Kapa KyheHiH 150 MUIITHOHFa KYBIK CIIOpachl TaObIIa/IbI,
OyJ1 criopanap opTa ecemnmeH YII MUIITHOH TYKBIMBI JIacTaibl. AKmaparrapra colkec eCiMIIKTEp OCHI
aypylaH KOprajMaraH >Kardaina, 3anangany l5-ten 20%-ra neiiin e3repyi MyMkiH. bipueme xbuimap
OOMBI TYKBIMIIAP/IBI XUMHUSIIBIK OHJIEYCI3 €Ty 3aKbIMIaHYyIbIH 75-90%-Fa neiiiH xeTyiHe ainbim Kenai [2].
bunmaiineiy KarTel Kapa Kyieci Oykinm omeM OoWbIHINA OWmall ©HIIPICiHIETI €H MaHBI3Abl OWOTHUKAIBIK
TOCKAybULIApAbIH Oipi OoMNbIN TaObUIaAbl. AypYIbIH TapalyblH TOMEHICTY KOHE 3allaijaHOaraH carajibl
OHIMJIEp/II aTy MaKCaThIHIa TYKBIMAAPABI (DYHTHIMITEPMEH OHJEY ayblUl MIapyallbUIbIFBIHAA KeHIHCH
Koymanbliaael. Kasipri 3aMaHfbl MECTUIUATIK MpernaparTapibl KONJIaHy aybUINIapyanibuIblK oHIMICPIHIH
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TiKeJIeH JKOMBLTYBIHA abIl Kenesi. Onap TYKbIMIapIarel ’KoHE TOTBIPAKTaFbl aypPY/IbIH CIIOpajapbiH THIM/II
Typae xosiibl. JlereHMeH, TYKbIM OHJICWUTIH Kypanaapisl KOJAAaHY OJiCi KOpIIaraH OpTara JKOHE ajiaM
JICHCAYIBIFBIHA 3USH KeNTipeni. OciMIiKTepAl KOpFayIblH OYJ1 o/ici SKOHOMHKAIIBIK TYPFBIIAH THIMCI3
YKOHE OPTaHUKAIBIK CTTHIILTIKTEe KONIaHBIIMAN b [3]. ApHalibl MUKOTOKCHHJIED 9Jli aHBIKTaJIFaH JKOK, OipaK
KaTThI Kapa Kyl CIIOpachIHbIH KYPaMbIHIaFbl TPUMETHIIAMUHHIH KOFaphl JICHI el 3allalaHFaH akbuiapiaa
OJIETTETi KOHCEPBUIEHTEH OallbIK TY3/IBIFBIHBIH HWiciH TynbIpasns! [4]. KarTel kapa kylie epre 3aMaHHaH Oepi
Ounait eHipiciMeH OalIaHBICTHI OOJIBI XKOHE Kapa Kyie KO3ABIPFBIIITAPhI TYPAKTHI TYP/Ie KE3ECITT OTHIP/IbI
[5]. KarTsr kapa kyiie Opraiblk A3USHBIH OapiblK allMaKTapblHAa, COHBIH inmiHIe Ka3akcTaHHBIH OHTYCTIK
JKOHE OHTYCTIK-IIBIFBIC allMaKTapbIHIa kUi Ke3aece . KazakcTaHHBIH Oy aliMaKkTapblHAa HET13iHEH KY3/IiK
ounait ecipineni. Contycrik Adpuka meH Opraiblk A3us enJiepiH/ie 3USHIBUIBIFBI KaFbIHAH KATThI Kapa
Kyie Tar aypynapblHaH KeHiH eKiHIIi OpbIHAA TYp, eriHHIH 5-7%-Ha acep ereni. byn engepae TYKbIMHBIH
40% raHa XUMHUSUIBIK eHAeyneH oremi. 1990 xbiimapsl KazakcTaHHBIH OHTYCTIK, OHTYCTIK-IIIBIFBIC YKOHE
IIBIFBIC OOJIBICTAPBIH/IA OHJICIIMETeH OHEPII ery KY3/1iK OMIaibIH KaTThl )KOHE epreskeiin Kapa KyHeciHiH
KypT namybiHa okenai. 1997-1998 sxpuimaper OHTyCTiK xoHe OHtycTik-llbiFbic KazakcTaHHBIH KeiOip
apyanibUIBIKTapbIH/Ia JKUHAIIFaH KY3/iK OWail YH MEH MaJl a3bIFbIH OHJICYTe )KapaMchI3 00 ibl. KaTThl xoHe
eprexeini Kapa Kyile Ougail macakrapbiabiy 15-38% 3anmangansl, ssFHE Oipeyi eriHHiH ywTeH Oip Oeririn
xoiabl [6]. Kolitpioaes nen MymuH1xaHOBTHIH (2016) MamimerTepi OoiibiaIa, 2000 sKbUTIAPIBIH OackIHIA
Kazakcranna xy3mik Oupail AaKpUIIAPBIHBIH KaTThl Kapa KyWeMeH 3aKbIMJIaHy aiMaFbIHBIH KeJeMi OcCTi.
Kemnreren xpinnap 0oiibl Kazakcrana joHe olieMHIH opTYpIIi eNJIepiHiH Ouaail KOJUIEKIUSIIapBIH 3ePTTEY,
COHBIMEH KaTap KaTThl Kapa Kyie aypyblHa TO3IMAUIIK KO3/IepiH aHbIKTay MaKCaThIHa (PUTOMATOIOTHUSITBIK
3epTTeyiep Kyprizityae. Onedu Jaepekrepre CyMeHCEeK, JKep MIAPBIHBIH OPTYPII SKOJIOTHUS-Teorpa(UsIIbIK
aliMaKTapbIHJIa Kapa Kyle aypylnapblHa TO3IMIUIIK KO3epiHiH KETKUTIKTI YIKEH JKUBIHTHIFbI aHBIKTAJIFaH.
Ocpuiaiiia, xacanabl ”HGEKIMAIBIK GoH Kypbulasl [7]. KenTeren 3eprreyuriiepin nikipiniie, KarThl Kapa
KYHEMEH KYpecy XUMUSUIBIK, arpOTEXHUKANBIK )KOHE OMOJIOTHSIIBIK SIICTEPMEH KaTap, Te31MJIi COPTTap.Ibl
ecipyni KaMTybl Kepek. JKaimbel KaTThl Kapa Kyiere Te3imainik Bt rengepimen anbikTamangsl [8]. Ochl
yakpITKa neitin Bt1-Btl5 xone Btp nmen OenrijeHreH oH aiThl TO3IMIUIK IeHAEpi aHBIKTAJbI, TeH OaHKi
KypbuLel [9]. TykbiMaapnabl QyHTUIIUATEPMEH OHJIEY KaTThl Kapa KyleMeH KYpeCymiH THIMJII KOkl OOy
MYMKiH. [lereHMeH TeHeTUKAIBIK TO3IMIILITIK, TYKbIM/IbI XUMUSIIBIK OHJICY/IIH 9CEPiH a3alTy/IbIH €H JKaKChI
HYCKachl OOJIbINT TaOBLIAbI, OHBI OPTAHUKAIBIK Xyhenepae Komganyra O0omaner [10]. 2020-2021 KbUIFEI
3eprreynepimizne Anmarel ooOnbickiHbIH Tilletia caries (DC.) Tul matoreHiHe meTen ik >koHe Ka3aKCTaH IbIK
Ounail yirijaepiniy Te3iMIutiria ceiHaabik [11-13].

OnyipicTe OMIAiIIbIH KAaTThl Kapa KyieciHe Te3iMIi copTrap ic JKy3iHAe >KOK. bumaiapiH Tesimii
COPTTapBIH HIBIFAPY, ocipece STUPUTOTHS KbUIAAPbl OHAIPICTIH TYPAKTHUIBIFBIH, COHBIMEH KaTap eriCTiKTiH
carachlH, KYHBIH KOHE CaHUTAPJIBIK-3IUIEMHOIOTHSIIBIK Kayilci3niriH KamMmTamachi3 erezi. COHABIKTaH J1a
aypyra Te3iMji opi JKOoFapbl eHIMJII OMmall COPTTApBIH ecipyre OarbpITTalFaH 3epTTEyNep SpKallaH ©3eKTi
00JIBII TAOBLIABI.

3eprTey MaTepuasIapbl MeH dicTepi. 3epTTey KYMbICHl AJMaThl Kajdachl MaHBIHAAFbl AJIMaiblOaK
aybuibiHa KapacTsl JKILC “Kasak eriHimniniik ®oHe 6CiMAiK IapyalblIbiFbl FbUIBIMU-3€PTTEY HHCTHTYTHIHBIH
JKacaHJIbl 1HAET aNKaObIHAa KYprizingi. 3eprrey Marepusuibl periHae KazakcraHHbIH Oupjail ecipeTiH
aliMaKTapblHa eryre pykcar €TUITeH OTaHJBIK 25 KY3IiK *KyMcak Oumail copTrapsl MeH 23 Bt-mzorenmui
JIUHUSIIAPBI KOJIIAHBUIJIBL, a1 KaTThl Kapa Kyliere Te3iMci3 Oakbuiay copTsl petinae KpacHoBogomnaackas 25
aNBIHBI. AypyablH KO3ABIPFBIIIBI PETiHAe AJMAaThl OOJBICHIHBIH OMIall ecipijieTiH aiiMaKTapblHAH KAaTTh
kapa kyiieHiH (Tilletia caries (DC.) Tul.) ciopace! xuHam ajgbIHIBL.

bunaiiner kapa kylie criopackMeH 3ananjgayia eH THiML dxictepaiH Oipi boprrapara-AHMHIOrOBaHBIH
o/lici KOJAAHBUIIBI, OH/Aa TYKbIM ceOyieH OipHemie KyH OYpbiH 3anaimaHanbl [14]. Onerre WHOKYIALHUS
xkacay yuriH op copTThlH 100 TYKBIMBIH aiblll, KeH NpoOHMpKara, Koidara HEMece Kara3 IMaKeTKE CallbIIl
JabIHAal bl THOKYTyM/IbI JaiibIHIay KaTThl Kapa KYHEeMeH aybIpraH Oujai JOHJIEPiH YTITIl YCaK eIeKTeH
oTKi3yneH Typassl. JlalibiH Oonran uHOKYIyMAbI (1:100) KaTbIHACKIHIA TYKBIMAAPH! Oap bIIbICKA Cajajibl.
TyxpIMaapabpl 2-3 MUHYT OOHBI MYKHST apallacThIPbII, COJIaH KeWiH WHKOYIISLUSIAHFaH TYKbIMIAP/IbI €Te/i.

3eprreyre anbiarad Ounaii ynrinepin Tilletia caries (DC.) Tul. copanapeiMen 3ananganysiH Oaranayaa
B.M. Kpupuenko mikanzachl Koiaaanbuiasl [15].

Ou1 ozic OoibIHIIA:

0 — >xoraphl TO3IM/I, 3aJ1ajIaHy KOPCETKIII KOK;

1 — re3imai,3ananaany kepcetkimn 10% - naH acmanmsl;

2 — anci3 Te3iMci3, 3anannaHy Kepcerkimri 25% - n1aH acniaiiibl;
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3 — oprarma Te3imci3, 3ananany kepcerkimri 50% - qaH acnaiiusr,

4 — xorapbl Te3iMci3, 3ananaany kepcetkimi 50% - n1an Kerl.

Green Seeker (Trimble Navigation Limited, USA) — anmaparsl apKbLIbl ©CIMIIKTIH OHOMAacCCaChIHBIH
nuaekci emmenai (NDVI — Normalized Difference Vegetative Index) [16]. bunaii mickeH Ke3zie OpbUIBI,
KYPBUIBIMABIK TaJI/1ay KYMbICTApbl KYpriziani. CratucTukanslk ManiMeTTepai eHaey Excel xone Mini TAB
17 6armapnamaperana ecenreniami [17,18].

3epTTey HITHIKeIEPi MeH TaJkbLIayaap. JKacauasl iHIETTIK opTana Bt-HbIH 23 HU30TeH 11 THHUSACHIHBIH
KaTThl Kapa KyHere To3IMIUTITT ChIHAIBI, KeCTEeTi HOTHKEIepre CyHeHe OTBIPBIT W30TEH Il JIMHUSITAP IbIH
Oacem Oemirinig Tilletia caries (DC.) Tul maroreniHe Te3iMIUTIK TaHBITKAHBIH Kepyre Oonanabl. bumai
MacaKTapbIHBIH JIOHJEPIHE eIl aypy OenrinepiHiy OaiikanmaybiHa OaiiaHbICTHI 18 H30TeH I IMHUS KOFaphI
Te3iMai gemn epekmreneHi. Omap mprHamap M84-522 to 530, RB/SEL 1403 (Bt-2), M82-542 to 550, RB/
TK 3055 (Bt-4), Red Bobs/Hohenheimer(Bt-5), M82-562 to 570), RB/TK3055(Bt-7), M78-9496, RB/PI
178210 (White Seed) (Bt-8), M84-597 to 605, RB/CI 7090 (Bt-9), M82-625, SEL M83-162(Bt-10), Doubi,
DW(Bt-14), Carlton, DW(Bt-15), SEL 2092(Bt-1), SEL1102(Bt-2), Turkey 1558(Bt-4), Hohenheime(Bt-5),
Rio(Bt-6), R63-6968(Bt-10), M82-2123(Bt-8.9.10), P.I. 119333(M82-2141), BW (Bt-12) sxone Thwle I11.P.I.
181463, BW (Bt-13). emek Bt-2, Bt-4, Bt-5, Bt-7, Bt-8, Bt-9, Bt-10, Bt-14, Bt-15, Bt-1, Bt-2, Bt-4, Bt-5,
Bt-6, Bt-10, Bt-8.9.10,Bt-12 xone Bt-13 rernepi AnmMaTsl 00JIBICHI KaFIaibIH/Ia TUMIUTIT )KOFaphI JeTT aifiTa
aJIaMbI3.

Kecrel - XKacanap! inneTtik opraaa Bt renaepiHii U30reH 1l TUHUSIIAPBIHBIH KATThI Kapa Kyie aypybiHa
To3imMaiiri (AnmMansioak, 202 1xk).

W3orenni muHusIIap Tennep Karts! Kapa kyiiere Te3iMaiiiri maifei3oen | baranay mkamacsr
%
M84-504 to 510, RedBobs Bt-0 24 2
M84-522 to 530, RB/SEL 1403 Bt-2 0 0
M84-532 to 538, RB/RDT. Bt-3 1 1
M82-542 to 550, RB/TK 3055 Bt-4 0 0
RedBobs/Hohenheimer Bt-5 0 0
M82-562 to 570, RB/TK3055 Bt-7 0 0
M78-9496, RB/PI 178210 (White Seed) Bt-8 0 0
M84-597 to 605, RB/CI 7090. Bt-9 0 0
M82-625, SEL M83-162 Bt-10 0 0
Doubi, DW Bt-14 0 0
Carlton,DW Bt-15 0 0
Heines VI Bt-0 20 2
SEL 2092 Bt-1 0 0
SEL1102 Bt-2 0 0
Ridit Bt-3 1 1
Turkey 1558 Bt-4 0 0
Hohenheime Bt-5 0 0
Rio Bt-6 0 0
Sel 50077 Bt-7 33 3
R63-6968 Bt-10 0 0
M82-2123 Bt-8-9-10 0 0
P.I. 119333(M82-2141), BW Bt-12 0 0
Thwle III.P.I. 181463, BW Bt-13 0 0

Aypmen 1 naiibi3 geHreiine 3ananganran M84-532 to 538, RB/RDT(Bt-3) xxone Ridit(Bt-3) iunusinaps
Te3iM/Ii Jien aHbIKTaabl. KarTel kapakyiiere aici3 tesimcizaen Heines VI(Bt-0) sxone M84-504 to 510, Red
Bobs(Bt-0) anbpIkTanael, aranraH JUHASIAPABIH aypyMeH 3anangany kepceTkimi 20-24% apanbsirbiHaa
Oonael. Anmarel o0mbickl sxarmaibiHga Tilletia caries (DC.) Tul marorenine te3simcizaen Sel 50077(Bt-7)
JIMHUSCHIH alTyFa 00Jajbl, OVJI JIMHUSHBIH aypyMeH 3ajannanysl 3 6amiael Kypasas! (kecte 1, cyper 1).
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= [laToreHre aBUpyJIEHTTIIIK KopceTKeH Bt-renaep To0bI.

= [latorenre BUPYJICHTTIIIK KopceTKeH Bt-renuep ToObI.

Cyper 1 — Bt - U3orenni muausiapeiasie Tilletia caries (DC.) Tul.momymsimusiciHa aBUPYISHTTUTIK

TOTITAPHI

3epTTeymiH Kelleci Ke3eHIHIEe »acaHAbl IHASTTIK opTama 25 OTaHABIK KY3MIK KYMCAaK OWmail COPTHIH
Tilletia caries (DC.) Tul marorenine Te3imaimiri cerHaNIbI. Kectemeri HoTIkKere cylieHe OTHIpHIT 156mmait
coptel (Ketrpicy, Hypeke, Pamunan, [Qunapa, Eremen-20, Kapacaii, Pexe, Tomim, Kembur Ommaii, Has,
Eremen, Mepeke 70, Manmyk, JKanera sxoHe KazaxcraHnckast 25) KaTThl Kapakyhere sKOFaphl TO3IMII el
epekmenenmi(kecre 2, cyper 2)

Kecre 2 — JKputbnKaiina Ky3/Iik Oumail COpTTaphIHBIH Kapa Kyle aypybIHa Te3iMaitiri Ammaisidak, 2021 x.

Aypyra GUTONATONOTHSIIBIK Oaranay
Copr ataybt JKanmsl Macak caHbl, 1aHa | 3ajaJgaHFaH Macak CaHbl, JaHa o
Sanannanyaexreiii % Jlamybl
Ketbicy 19 0 0 R
Anuxan 20 3 15 MS
Jaynet 31 15 48 S
Hypexe 25 0 0 R
Canansl 11 1 9 MR
Pamunan 15 0 0 R
KpacnoBononazackas 25 16 13 81 HS
Junapa 60 0 0 R
Eremen-20 22 0 0 R
Kapacait 43 0 0 R
KpacnoBomonanckas 210 34 1 3 MR
Pexe 51 0 0 R
Tonim 8 0 0 R
IIpesunent 35 5 14 MS
Ke13b11 Onpnaii 41 0 0 R
Ha3z 38 0 0 R
Eremen 27 0 0 R
Borapras 56 78 1 1 MR
AJmaitel 47 3 6 MR
Anust 63 4 6 MR
Mepexke 75 55 1 2 MR
Mepexke 70 23 0 0 R
Manmryk 34 0 0 R
Kanbin 97 0 0 R
Kazaxcranckas 25 88 0 0 R

Aypymen 1-9% apansirbinaa 3ananganrad Canansl, Anmanst, Anus, KpacHoBogonazackas 210, borapnaas
56, Mepeke 75 copTTapbl KaTThl Kapakyiere Te3imai Jen aHbIKTanabl. Aypyra MS peakuusi KepceTkimi
MEH QJICi3 Te31MCi3 Jen AunxaH xoHe [Ipe3uieHT copTTapbiH aiiTa ajiaMbi3, 3ananaanysl 14-15% kypausbl.
Kattbl Kapakyiiere guronaroaorusiblK Oaranay kesinzae »anmbl 31 mMacakThiH 15-1 aypyMeH 3anaijanran
Jlayner copThIH opTalia Te3iMci3 an ecenTeimis, aypyMen 3ananganysl 48% kypassl. Tilletia caries (DC.)
Tul narorenine xorapsl Te3imci3 gen KpacHoBopomnaiackas 25 COPThIH aliTyFa 00JIaJIbl, aypyMeH 3aJiajjiany

kepceTkimi 81%.
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4% 4%

B R-XXorapsl Te3iMi MR-Te3zimai B MS-Orci3 Te3iMci3
S-Opramia Te3imciz B HS-)XKorapsl Te3imci3

Cyper 2 - Ky3naik 6unait coprrapsinbiy Tilletia caries (DC.) Tul.monysisiusicbiHa TO3IM/IL KOHE
TO31MCI3epiHiH TONTaPHI.

Bunaii naMybIHBIH TYTIKTEHY, MacaKTaHy JXOHE TYJJIey KE3CHJIEpiHJe OnoMacca MHJCKC KOPCETKIIIiH
ecenTelik. Y1 Ke3eHIHIHOMOMacca KepceTKilniHiH opraia MoHi 0.50 MHICKCTIK MOHTe Ue OOJIFaH yJriiepai
€H JKOFrapbl KepceTkilike ue jemn aira amambid. Omnap XKereicy, Hypeke, Camanel, Pamunan, Kapacait,
[pesunent, Kpi3bun 6unait, Anmainst, Mepeke 70 sxone Manmryk. Maneke kepcerkimi 0.45-0.49 apansirpiana
Oonran Asnxan,KpacuoBonomnasckas 25, Jlunapa, Eremen-20, KpacnoBononasckas 210, Peke, Tomim, Has,
Eremen, Mepexke 75 xoHe JKabiH cOpTTapbIlHbIH OMOMacca KOPCETKIIII opTallia JIen aHbIKTalbl. EH ToMeHTi
Ouomacca kepcetkim kepceTkeH Jlayner, borapHas 56 xoHe AJusl cOpTTapblH alWTyra 00Jjajibl, aTajiFaH
COpTTap/bIH OuomMacca uHaeKc kepcertkinr 0.45 6ok,

Kecte 3 - Unnekc Ouomacca kepcerkiminia (NDVI) notmxkenepi 2021 x

Ne bunait coprrapbiHbIH aTaysl
[-11i ecen II-1i ecen III-1i ecen Opta MaHi 1000 goH caaMarsl I.

1 | XKerbicy 0,68 0,63 0,58 0,63 52
2 | Anmuxan 0,55 0,45 0,42 0,47 36
3 | Haymet 0,53 0,42 0,41 0,45 38
4 | Hypexke 0,58 0,53 0,48 0,53 46
5 | Camasbt 0,55 0,51 0,46 0,51 48
6 | Pamunan 0,62 0,55 0,51 0,56 50
7 | KpacnoBonomnanckast 25 0,56 0,48 0,41 0,48 38
8 | unapa 0,57 0,49 0,40 0,49 37
9 | Eremen-20 0,55 0,49 0,42 0,49 39
10 | Kapacait 0,58 0,52 0,46 0,52 47
11 | KpacnoBogomnazckas 210 0,55 0,44 0,40 0,46 39
12 | Peke 0,56 0,45 0,43 0,48 37
13 | Tonim 0,55 0,47 0,42 0,48 34
14 | IIpe3upnenr 0,65 0,57 0,51 0,58 49
15 | Ke13b11 Oupgait 0,64 0,55 0,45 0,55 46
16 |Haz 0,55 0,49 0,43 0,49 37
17 | Eremen 0,56 0,47 0,44 0,49 33
18 | Borapnas 56 0,51 0,45 0,38 0,45 42
19 | Anmansr 0,69 0,64 0,58 0,64 42
20 | Amust 0,53 0,42 0,40 0,45 38
21 |Mepeke 75 0,54 0,44 0,41 0,46 35
22 | Mepeke 70 0,58 0,53 0,47 0,53 46
23 | MaHuyk 0,55 0,50 0,47 0,51 48
24 | YKasbiH 0,53 0,45 0,43 0,47 35

1000 mon canmmaret 47 rpamHan ke 6onrad JKetsicy, Cananbl, Pamunan, Kapacaii, KpacHoBogomanckas
210, Tpe3uneHT >xoHe MaHIIYK €H JKOFapbhl KOPCETKIIIKE He JIeN epeKIleNieHIi. ATaiFaH COPTTapbiH
Oromacca HWHJICKC KepceTKilTepifae jxorapbl kepcerkim kepcerti. 1000 gon canmarsl 40-46 rpamMm
apanbireiaaa oonran Hypeke, Kpi3but 6unait, borapuas 56, Anmansl sxoHe Mepeke 70 coprrapbl opraiia
kepcetkim kepcerti. Kanran Oumait coprrapeiabiy 1000 non canmarbl 40 rpaMMHaH a3 OOJIFaHbBI YIIIH
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TOMEHT1 KepceTKilke ue en aiita anambz. 1000 moH canmarel MeH uHaeke ounomacca (NDVI) kepcetkimti
apachIHAAFbl KOPPEISIUMSUIBIK OaillaHBICTBI 3epTTey HOTHXKECiHAe Koppensuus kodpduunenti R=0,692
YKOFapbl OH J9perkeie Koppesiuusuianapl (cyper-1).

Scatterplot of INDVI vs 1000 asH canmarsi

0.65]
L]

0,60 -

INDVI
=
i

0,50 -

0,45

3 %0 as 50
1000 gaH cansarsl

Cyper 1- Ky3nix 6mmaii coprrapsiabiy 1000 morHIH caiMarsl MeH nHAeke omomacca (INDVI) kepcetkiri
apachIH/IaFbl KOPPEJSIIUSIIBIK OaiiIaHbICHI.

KopoiThinasl. KopeiTa aifTkaHma jkacaHmbl iHAETTIK oprama Ommail ynrinepinig Tilletia caries (DC.)
TulmomysTuschbIHA TOIIMIUIITI CRIHAMABL. 25 KY3MiK )KyMCaK Oumai COPTHIHBIH apachlHaH 150mmali copThl
KaTTHI Kapakyiere »korapsl To3iMai aen epekmrencHai. Omap XKetricy, Hypeke, Pamunan, lurapa, Eremen-20,
Kapacait, Pexe, Tomim, Ker3eur 6umaii, Has, Eremen, Mepeke 70, Manmyk, JKanera skone Kazaxcranckas 25.
Kapa kyiiere 1-9% apanbireiana 3anannanran Camansl, Anmansl, Anusi, KpacHoBononanckas 210, borapaas
56, Mepeke 75 copTTapbl TO3IMII Aen epeKmencHmi. 23 Bt-n30reH 11 THHUSIAPEIHBIH apacklHaH 1 8u3oreH i
JIUHUS JKOFaphl TO3IMII aemn epekmmenenai. Omap M84-522 to 530, RB/SEL 1403 (Bt-2), M82-542 to 550 ,
RB/TK 3055 (Bt-4), Red Bobs/Hohenheimer(Bt-5), M82-562 to 570), RB/TK3055(Bt-7), M78-9496, RB/PI
178210 (White Seed) (Bt-8), M84-597 to 605, RB/CI 7090. (Bt-9), M82-625, SEL M83-162(Bt-10), Doubi,
DW(Bt-14), Carlton,DW(Bt-15), SEL 2092(Bt-1), SEL1102(Bt-2), Turkey 1558(Bt-4), Hohenheime(Bt-5),
Rio(Bt-6), R63-6968(Bt-10), M82-2123(Bt-8.9.10), P.1.119333(M82-2141), BW (Bt-12) »xone Thwle IIL.P.I.
181463,BW (Bt-13). Aypymen 1 maiiei3 menreiinne 3ananganrad M84-532 to 538, RB/RDT(Bt-3) xone
Ridit (Bt-3) nuaMsIIapsl TO3IMAI AeN aHBIKTAIABl. broMacca WHIEKC KOPCETKIMIHIH 3 Ke3eHIHIH opTalia
MOHI OOHBIHIIIA YKOFaphl KepceTkimke ue 6onran 11 coprt epexmenenmi, omap XKervicy, Hypeke, Camaisr,
Pammnan, Kapacait, [Ipe3unent, Ke3sun 6mnaii, Anmais:, Mepeke 70 xone Manamryk. 1000 mou canmarst 47
rpamMHaH ken Oonrar)Ketwicy, Camansl, Pamunan, Kapacait, KpacaoBomomanckas 210, IIpe3uneHT xoHe
MaHIyK eH >KOFapbl KOPCETKIIITKE Ue JACT ePEKIIeICHI].
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PESTS AND DISEASES OF SEMYONOY FIRS IN KYRGYZSTAN

Abstract. Today the forestry of the Kyrgyz Republic is facing the needs to solve interrelated social,
economic and environmental problems. Current and future forests state is alarming. A number of forest ranges
in Kyrgyzstan are distressed and have lost their biological stability. In general, the presence of entomological
and phytopathological pests in the forest is also part of the entire forest biodiversity created by nature itself.
The sanitary condition of fir forests can currently be assessed relatively positive. Nevertheless, hazardous
organisms are found in them. In the process of vital activity of these hazardous organisms, healthy trees dry
out, plantings lose their role and ability to natural regeneration. The most common pests of fir forests are pine
Dioryctria abietella Schiff., Megastigmus (Megastigmus Sp.), Adelges (Aphrastasia pectinatae Chol.) Among
the diseases of Semyonov fir, the most widespread in the nursery is fusarium lesion of seedlings, and in
natural stands — rust (Melampsorella cerastii Wint.), and cenangium cancer (Cenangium abietis (Pers.) Reh.
Duby, 1896). Another most common disease is Alternaria blight caused by an imperfect fungus Alternaria
alternate (Fr.) Keissler. The most dangerous disease of Semyonov fir is root rot, caused by the pine fungus
Fomitopsis annosa (Fr.) Karst. 1881. Also pathogens of dangerous fungal diseases were found on Semyonov
fir (Trichothecium roseum (Pers.) Link 1809 and Myxotrichum chartarum Kunze, 1823).

Key words: fir, fir forests, fungi, pathogens, pests, fungicides.
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KBIPFBI3CTAHJAATBI CEMEHOB CAMBIPCBIHBIHBIH 3USAHKECTEPI MEH AYPYJIAPBI

Annortauus. byringe Kpipreiz PecnyOnuKkacklHBIH OpMaH IIapyallbUIBIFBIHAA ©3apa OaillaHBICTHI
QJIEYMETTIK, PKOHOMHKAJIBIK KOHE SKOJIOTHSUIBIK MAceeep i ey KaKeTTUIIr TybIHAAN OThIP. XaIbIKThI
OpMaHJIap/IbIH Ka3ipri koHe OoJallak )araibl ananaataiabl. Kelprei3cTaHiarel OipKaTap OpMaH ajiKanTaphbl
KHBIH JKaFaii1a )koHe OMOJIOTHSUTBIK TYPAKTBUIBIFBIH KOFAITY/Aa.

OpmaHJa SHTOMOJIOTHSJIBIK JKOHE (DUTONATONOTHUSUIIBIK MUKPOOPTaHU3MIIEPAiH O0Nybl TaOMFAaTTHIH 031
KacaraH OYKiJ opMaH OMOapTYpuiiiriHi OeJiri 6omnbin Tadbutaabl. Kasipri yakpITTa mslpina opMaHIapbIHbIH
CaHUTAPJIBIK JKaFIalibIH CaJIbICTHIPMAIIbI TYPJIC OH Oaraiayra OoJyajabl. Ajaiia ojapaa KayinTi Opranu3Mep
TabbuAbl. OChl KayinTi OpraHuM3MAEpIiH TIPLIUNK €Ty MpOLECiHAE cay araluTapra ocep eTeii, eKmenep
©3IepiHiH peii MeH Tabufu aHapy KabijeriH >koranrtaabl. Lpipma opMaHAapbIHBIH €H KOl TapalfaH
susiHkectepine Dioryctria abietella Schiff., Megastigmus (Megastigmus Sp.), Adelges (Aphrastasia
pectinatae Chol.) CemeHOB Malikaparalibl aypyJIapbIHbIH apachiHia KelerTepre (y3apruo3/ibl 3aKbIMIaHy, aj
taburu eknenepe Tar (Melampsorella cerastii Wint.) keH Tapaiiras xoHe KaTepi icik neHanrus (Cenangium
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abietis (pers.) Reh. Jlyou, 1896. Tarel Oip keH Tapanran aypy-Alternaria alternate (FR) xerinmeren
caHbpIpayKyJIaKTapblHaH TybIHJAFaH anbTepHapro3.) Keliciepa. CeMEHOB HIBIPIIACKIHBIH €H KayilTi aypybl-
Kaparail caHpIpayKyJaKTapblHaH TybIHAaraH Tamblp mipiri Fomitopsis annosa (Fr.) Karst. 1881. Cemenos
mipmackiHaH (Trichothecium roseum (Pers.) Link 1809 sxone Myxotrichum chartarum Kunze, 1823) kayinTi
CaHBIPayKYJIaK aypyJapbIHBIH KO3IBIPFBIIITAPEI TAOBUIIHI.

Tyiiin ce3aep: caMBIPCHIH, CAMBIPCHIHABI OPMaH, CaHBIPAYKYJIaKTap, aypy KO3IBIPFBIIITAD, 3USHKECTEP,
(dbyHTHIHITED.
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BPEJUTEJIN U BOJIE3HU ITUXTbI CEMEHOBA B KbIPT'BI3CTAHE

AnHoTtanus. Cerogus jgecHoe xo3siictBo Kbiproisckoit PecyOnuku crankuBaercsi ¢ HEOOXOAUMOCTBIO
pELICHNUST B3aMMOCBS3aHHBIX COLIMAIBHBIX, HKOHOMMYECKMX M 3KOJIOTMYEeCKHX mpobieM. HbiHemrnee
n Oyayliee COCTOSHHME JIECOB BBI3BIBAET TPEBOTY. Psia siecHbIX MaccuBoB B KbIproI3cTane HaxomsaTcsl B
0€ZCTBEHHOM MOJIOKCHUU M TIOTEPSUINA CBOIO OMOJIOTMYECKYIO CTA0MIBHOCTb.

[IpucyTcTBHE SHTOMOJIOTHUECKUX M (PUTONATOJOTMYECKUX BpEeIUTEICH B JIECy SIBISICTCS YacThIO
BCEro JIECHOIO OMOpa3HOO0Opa3usi, CO3MaHHOrO caMoi mpuponoil. CaHMTapHOE COCTOSHHE €JIOBBIX JIECOB
B HAaCTOsIILEEC BPEMSI MOKHO OLECHUTh OTHOCHUTENIBHO IMOJOXKUTENbHO. TeM He MeHee, B HUX OOHapyKeHbI
OlacHble OpraHM3Mbl. B mporecce >KU3HENEsATEIbHOCTH 3THX ONACHBIX OPraHM3MOB 3JI0POBBIC JICPEBBS
BBICHIXAIOT, HACAKACHUS TEPSIIOT CBOIO POJIb U CIIOCOOHOCTH K €CTECTBEHHOMY B0300HOBIeHMIO. Hanbomee
pacrnpoCTpaHEeHHBIMU BPEOUTEISIMU €JIOBBIX JIECOB SIBJISIIOTCSA CcocHOBble Dioryctria abietella Schiff.,
Megastigmus (Megastigmus Sp.), Adelges (Aphrastasia pectinatae Chol.). Cpenu 60se3neii nuxtel CemeHOBa
HaunOoJjiee pacpoCTPaHECHHBIM B TUTOMHUKE SIBIISICTCS (Py3aprO3HOE MOPaKEHUE CESHIIEB, @ B €CTECTBEHHBIX
HacaxaeHusx — pxapunna (Melampsorella cerastii Wint.) u pak nenanrus (Cenangium abietis (pers.) Reh.
Hy6u, 1896). [lpyrum Hanbosee pacrpocTpaHEHHBIM 3a00JICBAaHUEM SIBIISICTCS aJbTEpPHAPHO3, BBI3bIBACMBIN
HecoBepIlIeHHBIM rpuOkoM Alternaria alternate (¢pp.) Keticciepa. Haubosnee omacHbiM 3a0051€BaHHEM MTUXTHI
CemeHOBa sIBISICTCS KOpHEBask THWIIb, BbI3bIBacMasi COCHOBBIM rpuOkom Fomitopsis annosa (FR) Karst.
1881. Taxke BO3OyOUTENM OMACHBIX IPUOKOBBIX 3a0o0jeBaHMM OblIM OOHapyxeHbl Ha nuxre CeMeHOoBa
(Trichothecium roseum (Pers.) Link 1809 u Myxotrichum chartarum Kunze, 1823. Myxotrichum chartarum
Kunze, 1823).

Ki1roueBble cjioBa: N1XTa, MUXTOBBIE Jieca, TPUOBI, BO30yAUTeNN 00JIe3HEH, BpEAUTEIH, (DYHTUILUIBL.

Introduction. Semyonov fir or Turkestani (A. Semonovii Fedtsch) was first described by Professor B.A.
Fedchenko in 1898 on the territory of Kyrgyzstan in the gorges of Besh-Tash of the Talas ridge. Fir trees grow
in conditions of highly intersected terrain of high and medium mountains. These forests were formed on the
basis of elements of tertiary complex of coniferous and coniferous-deciduous forests. They were separated
from the Altai coniferous forests as a result of the Tien-Shan break. Their range is confined to the Western Tien
Shan, Chatkal, Talas, At-Oynok, Uzun-Akhmat, Susamyr ranges and the Kokirim-Too Mountains. Plantings
of the III-1Y classes of bonitet with completeness from 0,4-0,8 predominate. They are confined mainly to the
slopes of the northern exposure and occupy slopes from 1700-2700 m above sea level, where mountain-forest
dark-brown soils of different thickness are common.

Semyonov fir in the past, had a common area with such species as Siberian fir, Himalayan fir and Gembila,
and they may have descended from a common ancestor. Among them, only Siberian fir has the greatest
geographical distribution. The main differences between it and the Tien Shan fir are the shorter needles and
the absence of mechanical cells in it. Quite close to the Semyonov fir are also Central Asian firs — Himalayan
and Gembila, which are distinguished by longer needles and cones.

The flora of fir forests is very diverse and is associated with the fact that this area is located at the junction
between the North and South of Kyrgyzstan, and therefore you can find plants from both regions here. More
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than 700 species of higher flowering plants have been recorded in this area, including about 150 tree and
shrub species. Dark coniferous forests on the northern slopes alternate with meadow-steppes and meadows,
and light coniferous forests on the southern slopes-steppes and meadow-steppes. Below the coniferous forests
grow juniper forests from juniper hemispherical and Zeravshan. Even lower, the slopes are covered with
shrubs, here you can also find pistachios and almonds. In the Chatkal range, together with fir, there are Tien
Shan spruce, Sivers and Kyrgyz apple trees, walnut, Turkestan and Semyonov maple, karkas, Tien Shan and
Persian mountain ash, and hawthorn species (Turkestan, Dzungarian, Pontic and Altai). Along the floodplains
of the rivers there are various types of willows and poplars, Turkestan birch, curve, maples, Sogdian ash
and magalebka cherry. From the bushes there are various types of rosehips: loose, broad-thorned, Albert,
Fedchenko, exochord Tien Shan, spirea joey leaf, Altman’s and Karelin’s honeysuckle, barberry oblong and
variegated, Sogdian and Ferghana plum, aflatunia elm leaf, Meyer’s currant, blue blackberry, cherries: Tien
Shan, red-fruited, Alai and abelia [Bikirov Sh.B., 2011].

Great damage to these forests was caused by mining felling, in which only the most valuable, the best
specimens of fir were selected. This led to a decrease in the genetic potential of the species, a decrease in the
protective, sanitary-hygienic and aesthetic properties of the forest. In this regard, the Semyonov fir was listed
in the Red Book of Kyrgyzstan as a rare endemic species.

Research materials and methods. The research work was carried out in two stages, in the field and in
the laboratory. The first stage is the allocation of permanent and temporary sample areas, and the collection
of samples for mycological studies. As a result, according to the method [Zhukov A.M. 2001; Zhuravlev LI.
1954], the selected samples were stored in specially sterilized bags. Growing trees were evaluated according
to the four growth categories proposed by [Sinadsky Yu.V. 1977]. The degree of damage to the substrates was
determined by the destruction scale [Gordienko P.V. 1985]. At the second stage of the research, the species
composition of the fungi was determined. For this purpose, preparations were used [Zhuravlev L.I. 1954]
in accordance with the wet chamber method. Tinder fungi are defined according to the scheme [Komarova
E.P. 1964]. Simple microscopic preparations were prepared for fungal spores [Kirai Z. 1974; Komarova E.P.
1964]. Phenological and microclimatic observations in the nursery were carried out by generally accepted
methods.

Research result. Semyonov fir in the Kyrgyz Republic currently occupies 3714 hectares of forests. As
a result of the survey in the remote gorges of the mountains, we have identified the most valuable natural
populations (genetic reserves) of the Semyonov fir, which are of great scientific, historical and economic
importance. They are located in the Toktogul forestry: in the tracts of Karo-Karagay, Bugulu-Tor, Kan-Jailoo,
Usta-Sai, Kuraryk, Itagar; in the Avletim forestry in the tracts of Batrakhan. The plantings here consist mainly
of well-developed, healthy, multi-aged fir trees. Completeness is from 0.5 to 1.0. The optimum growth of
Semyonov fir is confined to altitudes-2000-2500 m above sea level, the height of individual specimens
reaches more than 30 m with a diameter of more than 1 m. The Semyonov fir tree lives up to 300 years.

Studies have found that the greatest harm to fir is caused by pests of cones, berries and seeds. As a result of
the research, it was revealed that fir cones and seeds are damaged by the fir cone firefly (Dioryctria abietella
Schiff.) and seed beetles of the genus (Megastigmus Dalm.).

In the years of good harvests, the spruce cone firefly of the Lepidoptera order damages a single number
of fir cones up to 2.2%, and in a low-yielding year, the activity of the firefly increases, and it damages up to
17% of the cones [Bikirov Sh.B., 1984]. This pest [Ashimov K S., Kachibekova E.N., 1998.] damages up to
90% of cones. Infected bumps are twisted. The caterpillars feed on scales, seeds, strongly wear out the cones,
gnaw the rod. The biology of the pest has not been sufficiently studied. The larvae feed in cones until the
end of September, then they overwinter in cocoons, which are white, soft, translucent covers with which the
caterpillar covers its body, attaching to the scales of the cone.

A characteristic feature of the cones and seeds pests is a hidden lifestyle during the feeding period. The
main harm they cause in the larval stage. Pests of cones and fir seeds negatively affect the volume and quality
of the annual crop, destroying most of it or the entire crop. All this worsens the sanitary condition of forests
and their natural renewal, and also leads to an undesirable replacement of valuable forest-forming species
by less valuable in economical means. Damaged seeds, collected together with undamaged ones, reduce
the grade of the harvested seeds. The most dangerous, among all above-listed pests of fir seeds is the fir
seed eater. In fact, fir forests in some cases are infection foci of seed eaters of Megastigmus Dalm. Usually,
the infestation of fir seeds with seed eaters annually amounts to 25-30%, in some years it reaches 90%. In
production conditions, large areas occupied by fir forests, the protection of fir cones from fir seed eaters is not
carried out, except for special chemical control measures, in the form of various experimental developments
carried out during scientific research on a limited area of the forest, i.e. on groups of trees.
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Another pest particularly seen on fir is spruce-fir brown hermes (Aphrastasia pectinatae Chol.) - coniferous
plants pest, affecting fir, larch, spruce, various types of pines. Brown spruce-fir hermes develops on spruce
and fir. During the feeding process of the brown spruce-fir hermes, the larvae concentrate on the underside
of the fir needles. With mass population, the trees are covered with abundant secretions, on which soot fungi
develop. During the season, 3-4 generations of hermes can develop. Aphids feed on the lower side of the
needles, and yellow spots appear on the upper side in the places of sucking. With a large number of hermes,
the needles turn yellow and crumble, weakened trees die within a few years. Mature trees under normal soil
conditions, optimal humidity and light are more stable, and hermes develops sporadically. The pest feeds and
develops normally only on fir trees.

Control measures are preventive spraying of plants in the spring, repeatedly - during the regrowth of
young shoots and with a large number of pests in the summer with one of the following chemicals: fufanon,
aktellik, decis Profi, kemifos, molniya, komandor, iskra, inta-vir.

In addition to the above mentioned, pests and diseases of other tree species growing here are found on
the fir forest enterprise territories of the Western Tien Shan. The main ones are leaf beetles and stem pests
(barbels, bark beetles) that affect poplar, willow and elm tree species. Ringed silkworm-shrubs (mountain
cherry, rosehip, etc.), Dutch disease — elm and others.

Leaf beetles and barbels cause significant damage to forestry. In some years, leaf beetles in nurseries
destroy up to 100% of transplant sections with rooted cuttings of poplar and willow. Measures to control leaf
beetles in nurseries, due to poor-quality chemicals obtained in plant protection services, do not give positive
results. Over the past 10-15 years, the large Ferghana barbel has become widespread, which has increased its
number from the valley zone and settled in the mountain zone. It damages almost all types of trees. The main
reason for the rapid spread of the barbel is the large trees untimely cutting and tree surgery. In most cases,
the time of carrying out these works coincides with the time of laying eggs by the barbel. As a result, on
moistened fresh sections of trees, larvae emerge from the laid clutches of the barbel, which, feeding on wood,
develop and completely damage the trunk part of the tree. As a result, the tree completely dies or breaks.
There are no effective measures to control the barbel today [Toktoraliev B.A., et al., 2006].

Among the diseases of the Semyonov fir, the most widespread in the nursery is fusarium damage to
seedlings, and in natural plantings — rust and cenangial cancer.

Planting material diseases grown in forest nurseries cause great harm to forestry, as in some cases they
lead to the death of a significant part of fir seedlings, up to 30-70%. A special danger for seedlings is fusarium,
which causes lodging of plants when they are grown in a nursery. This disease causes rotting of seeds and
seedlings, wilting of seedlings and seedlings. The disease is focal in nature, and the plants die in clump. The
main method of fir seedlings protection from fusariosis is considered to be the active method, i.e. suppression
of the causative agent of the disease at the activation time by chemicals in combination with high agricultural
technics. Except available control measures against this disease, usually it is practiced only fir seeds, sprouts
and seedlings treatment by a solution of potassium permanganate, which give a relatively high effect.

The fungus Cenangium abietis (Pers.) Rehm. it was identified in the South of Kyrgyzstan as the causative
agent of the dangerous fir disease “cenangial cancer”, which leads dry out of the shoots in the affected areas,
as well as yellowing and falling of needles. In the end, the disease leads to the death of the entire plant, the
undergrowth especially suffers. It should be noted that this disease appeared relatively recently in the areas
where Semyonov fir grows and has already caused significant damage in the Sary-Chelek State Biosphere
Reserve [Totubaeva N.E., et al., 2003]. As one of the methods of biological control of coenangial cancer of fir,
it is recommended to control harmful insects (goldfish, sawfly, bark beetle) that damage both young and old
trees and thereby contribute to the penetration of infection into plants. Also, as an additional control measure,
it is recommended to select or introduce tree forms that are resistant to the most dangerous diseases [ Ashimov
K.S., 2004; Bilder I.V., 1999].

In natural forest stands, Semyonov fir is most strongly affected by rust fungi, they affect the branchwoods
of fir trees. A characteristic sign of the affection is the thickening and cracking of the branchwoods in the
affected area. In the spring, spore clumps appear on the affected branches in the form of a gelatinous yellow-
brownish mass. Spores develop in the summer on an intermediate host (hawthorn, juneberry, etc.), falling
on the fir branches, germinate and give a long-term mycelium, which causes thickening and curvature of the
branches. Usually rust begins to affect the lower branches of all ages fir at different heights and exposures,
but most often in the lower and middle mountains on the northern slopes. The damage caused by rust is
significant, as the disease weakens the plants, and infected branches wither. The rust (Melampsorella cerastii
Wint.) found on the fir forms witch-brooms and tumors on the branchewoods [Mosolova S.N., Prikhodko
S.L., 2006].
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Discussion. In addition, rust-weakened trees are subject to colonization by stem pest species, such as bark
beetles, barbels, and goldfinches. Rust control measures are not carried out in fir forests, due to the high cost
of work.

Another most dangerous disease of Semyonov fir can be called root rot, caused by the pine fungus
Fomitopsis annosa (Fr.) Karst. The pine fungus is able to spread through the roots to nearby growing trees,
causing a lesion focus. Infection of trees occurs with spores or mycelium, in places where the roots or
lenticells of healthy roots are injured. Then the mycelium penetrates the trunk, thereby causing central rot.
The bioecology of this disease was thoroughly studied by A.M. Soloviev [Soloviev A.M., 1964]. The author
found that the main and permanent reservation of fungus spores is the forest litter, where more than 60% of
spores are retained. Infestation of trees most often occurs by spores penetrating into the cracks of the bark and
on the surface roots, or by mycelium of the forest litter. Pine fungus affects plants older than 2-3 years of age.
The infestation increases with the trees age. The thickest trees are affected more strongly and reach 35-45%,
all affected trees have destructive wood or die on the root. Infection of Semyonov fir with pine fungus at the
age of 60-100 years reaches from 25 to 40%, and at the age of 100-120 years up to 50% of stands [Soloviev
A.M., 1964]. As control measures, the following measures are recommended: cleaning, cutting, pruning and
burning of dead-wood, chat wood, affected trees or individual branchewoods of needles. Decontaminate fresh
wounds or other injuries with creosote oil, 5% solution of copper sulfate, 3% solution of sodium fluoride, or
during the growing season 3-4 times with 1% solution of Bordeaux liquid.

Another most common disease — is alternaria blight, caused by an imperfecti fungi of Alternaria species, in
terms of its biology, ecology and the nature of the damage caused by this fungi, is close to the representatives
of Fusarium species, often codominant them. The Alternaria alternate (Fr.) Keissler species has been recorded
on the Semyonov fir. It mainly affects young needles on 1-3 year-old sprouts, on trees of different ages
[Sagitov A.O., et al., 2008]. The initial stage of the disease is needles yellowing, then the tip of the sprouts
dies, and a black plaque forms on the dead needles, which is a septic (multi-layered, compacted) thick-walled
fungi mycelium. Disease signs on the seedlings are noticeable in the spring, in autumn they turn yellow, and
die by the spring of the next year.

In addition, on the seed skin of the Semyonov fir, pathogens of hazardous fungal diseases (Trichothecium
roseum and Myxotrichum chartarum) were found, which destroy from 20 to 40% of the seeds within 7 days
with sufficient humidity. [Kalykova G.N., 2009].

Conclusion. In general, the existance of entomological and phytopathological pests in the forest is also
a part of the entire forest biodiversity created by nature itself. The sanitary condition of fir forests can be
assumed relatively positive. However, hazardous organisms exist there. In the process of vital activity of
these hazardous organisms, healthy trees dry out, plantings lose their role and ability to natural renewal.

In order to prevent the focus of the disease and localization, it is necessary to carry out the following
measures:

Organize continuous monitoring of fir forests. Conduct comprehensive research activities aimed at
preventing the disease, selection of the persistent forms and propagation;

Prohibit temporary and permanent cattle camp and grazing of livestock in the forest, especially in the
floodplain part of it;

Clean the forest and cutting areas from felling residues, windthrows and windbreaks and dry-topped dead
fir trees. Trim and remove the lower wilted or shriveled branches of the affected mature tree. Clean up the
affected young stands (up to 20 cm in diameter at stump height) and the dead fir undergrowth, collect it in a
specially designated place and eliminate it by burning;

Strengthen the fir stands protection, conduct regular monitoring, consider quarantine declaring in the
focus of diseases.
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BJIMSHUE MMOBBIINEHUSA PABHOMEPHOCTH MUKPOKJ/IMMATA B ITHYHUKAX
HA PE3YJIBTATUBHOCTbD BBIPALLIUBAHU S BPOUJIEPOB

AuHoranuss. B cTartbe mpencTaBieHBl pE3yNbTaThl  ONBITOB HANpPaBJICHHBIX Ha PpPa3padOTKy
TEXHOJIOTUYECKUX TPHUEMOB, IO3BOJISIONINX ITOBBICUTH PAaBHOMEPHOCTb pACIPEENIEHUS BO3IYIIHBIX
MTOTOKOB B TIPOM3BOJCTBEHHBIX NTHYHHWKAX IS BBIPAIIUBaHUS OpOWIEpOB Ha TIIyOOKOW TIOJICTHIIKE B
XOIIOHBIA W TEIIbIA BpeMeHa roja. B ocHoBe paboThI pacdéT MHAEKCa PaBHOMEPHOCTH MHKPOKJIMMATA,
paccuuTHIBAEMOTO MyTEM M3MEPEHHsI KOHLIEHTPALIUH JIETYYero yIJIeKHCIIOro ra3a B pa3HbIX TOUKaX M 4acTsixX
NTUYHUKA. PaBHOMEPHOCTh MHKPOKJIMMATa TO3BOJIIET KOHTPOJIMPOBATH IOJHOIIEHHOE paclpeseseHne
IITUTIBEI Ha TTPOU3BOMICTBEHHOM muromtaau. OUBITE BRITONHEHB! Ha nitunedadbpuke OO0 «Yennbi-bpoiinepy
(Peciybonuka Tarapcran). OObekT wuccienoBaHusi — Opoisepsl kpocca Ross-308, BeIpamiuBaembie 10
39-cyTo4HOrO BO3pacTa B MIPOU3BOACTBEHHBIX KOPIyCaX MOHOOIOYHOTO 3aKPHITOrO THIA. B KOHTPOJIBHBIX
rpyImnax Bo3ayxooOMeH B 3ajlax 00eCreyrBacsi IPUTOUYHO-BBITSDKHON CHUCTEMOM BEHTHIISILIUK, paboTatomie
10 IPUHITMITY OTPHIIATeNIbHOTO NaBieHus. [[porpamMma paboTsl BEHTHIISIIIMOHHON CHCTEMBI Obli1a HACTPOEHA 10
pexnmy «lluki-TaiiMy». B OMBITHBIX TPyTIIIax JOTIOTHATEIHHO OBUIH YCTAHOBIICHBI IUPKYIISIIMOHHBIE OCEBBIE
BeHTHJISITOPBI SF-550-02 B KONMMUECTBE 5 MITYK MPOM3BOAUTENBLHOCTBIO 8,5 Thic. M3/4 kaxablid. [lokasana
3P PEKTUBHOCTH TPUMEHEHHS TUPKYIISIIMOHHBIX BEHTHIISITOPOB JUISI CO3JJaHUsI OHOPOAHOTO MUKPOKJIMMATa
Y TIOBBIIICHUS HMHJIEKCA PAaBHOMEPHOCTH MHKPOKIMMATa, a TaKXKe JUIS YIAYUIIEHUS 300TEXHHUECKHX H
SKOHOMHUYECKUX TIOKa3arelel MpOM3BOACTBAa Msica OpOWMIIEPOB INMPH HAIOJBHOM CIOC00€ BBIpAIUBAHWS.
Wnpexc mpoayKTUBHOCTH OpOMIEPOB B XOJOIHBIA MEPUOA TOAA YBEIWYEH 3a CUET LMPKYISLUHM BO3OyXa
B NTHUYHUKE B cpenHeM Ha 6,5%; B TEuibli mepuos roxa — Ha 1,6%. B XomomgHblil mepuon roga yaanaochk
YBEIIMIHUTh WHEKC paBHOMEPHOCTH MUKpokiauMmara Ha 50,8%, B TEmsni nepuoa roga — Ha 53,8%. Takum
o0pasom, pu oreHke 3(pPEeKTHBHOCTH paOOTHI CUCTEMBI BEHTWIISIIIAN CIIEyeT OPHEHTHPOBATHCS HAa WHIEKC
PaBHOMEPHOCTH MUKPOKJIMMATA.

KitroueBble ciioBa: Opoiisiepbl, MUKpPOKITUMAT, PABHOMEPHOCTH BO31yX000MEHa, pECIIUPaTOpPHAs CUCTEMa,
300TE€XHUYECKNE TTOKA3aTeNN, HHIEKC PABHOMEPHOCTH MUKPOKJIMMATa, KOHIIEHTPAIHs yIIIEKUCIIOTOo rasa.
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TAYBIKKOPAJIAPIAFbI MUKPOKJIUMAT BIPKEJIKIJIITTHIH BPOUJIEPII ©CIPYTE
TUIMAI 9CEPI

AHHoTanmus. Makanaga CybIK JKOHE JKbUIbI ME3TiIe TepeH Oenmese Opoisepiepii ecipy YIiH
OHJIIPICTIK YiJiep/ie aya arbIHIAPBIHBIH OIpKENKLTIriH apTThIpy YIIIH TEXHOJIOTHSUIBIK SMIiCTepAl jKacayFa
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OaFpITTANFAaH TOXKIPUOENEePAiH HOTIKeIepi KenTipiireH. Tayblkkopa INIHIETI >KEHUT KOMipPKBIIIKBLI
ra3bIHBIH KOHIICHTPAIMSCHIH OJIIIeY apKBUTBI €CENTENTeH MUKPOKIMMATTHIH O1pPKEIKITIK HHAEKCIH ecenTeyre
HerizgenreH. MUKpPOKIMMATTBIH OipKeKUTiri eHZipic aliMarblHAa KYCTBIH TOJBIK TapalyblH OaKbLIayFa
MyMKiHIiK O6epeni. Toxipudenep “Uemnsl-bpoitnep” XKILK (Tarapcran Pecybnukacer) kyc (hadpukaceiama
OpBIHAANBL. 3epTTey OOBEKTICI — MOHOOJOKTHI KaOBIK YTiAeri OHIIPICTIK KopmycTapaa 39-ToymiKTik
Kacka AeiiiH ecipieTid Ross-308 kpocchiHbIH Opofinepiiepi 6omapl. bakpiiay TonTapeiHIa 3aj11aparsl aya
anMacy Tepic KbICHIM KaFH1aThl OOMBIHIIA KYMBIC ICTEHTIH COpPY-IIBIFAPY KEAETy KYHeciMeH KaMTaMachl3
erinai. JKenmety kyHeciHiH >kymblc Oarmapiamachl “OUKJI-TaiM” pexXuMi OOMBIHIIA OpHATBHUIFaH.
Toxipubenik TonTapaa opKaMCHICHIHBIH OHIMAUTIT 8,5 MBIH M3/c 6omareiH 5 gana SF-550-02 aliHammais
OCBTIK KEJJIETKIITepi KOCHIMIIA OPHATBUIABI. BipTeKTI MUKPOKIMMATTBI KYPy KOHE MHUKPOKIMMATTBHIH
OIpKeNKUTIK WHJIEKCIH KOFaphliaTy, COHBIMEH Karap, TEpeH ocipy ojiciMeH Opoirep eTiH eHAiIpymiH
300TEXHHUKAJIBIK KOHE SKOHOMHUKAIBIK KOPCETKIIITEPiH KaKCAPTY YIIiH allHAIBIM KeJIETKIIITePiH KOJIIaHy
TUIMJIUTITI KepceTinreH. bpolineprep eHIMILTITIHIH HHIEKC] KbULIBIH CYBIK K€3€HIHIE KYC KOPAChIH/IAFbI aya
alfHAJIBIMBIHBIH €CEOIHCH opTa ecemneH 6,5%-rFa; JKBUIBIH KbUTBI Ke3eHiHme-1,6%-ra yrraiasl. JKeUTabg
CYBIK ME3TUTIHJE MHKPOKIMMATTBIH Oipkenkimk uHuekci 50,8%-ra, ®bUIIBIH KbUTbI Me3rimiHae 53,8%-
ra yrraiinel. Ockuaiiima, JKeneTy KyHeciHiH THIMIUTIriH Oaranay Ke3iHJe MUKPOKIMMATTBIH OipKEeNKiIiK
WHJICKCIHE Ha3ap ay/napy KepeKTiri aHbIKTaJIIbI.

Tyiiin ce3mep: Opoiinepnep, MUKPOKITUMAT, aya aTMacy/bIH OipKEIKLIITi, TRIHBIC aTy JKyHeci, 300TeXHH-
KaJIBIK KOPCETKIMITEP, MUKPOKIUMATTHIH O1pKEIKITIK HHIEKC1, KOMIPKBITITKBLUT Ta3bIHBIH KOHIICHTPAIIHSCHI.
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THE EFFECT OF INCREASING THE UNIFORMITY OF THE MICROCLIMATE IN POULTRY
HOUSES ON THE EFFECTIVENESS OF BROILER GROWING

Abstract. The article presents the results of experiments aimed at developing technological techniques
that allow increasing the uniformity of the distribution of air flows in production poultry houses for growing
broilers on deep litter in cold and warm seasons. The work is based on the calculation of the microclimate
uniformity index, calculated by measuring the concentration of volatile carbon dioxide at different points and
parts of the poultry house. The uniformity of the microclimate allows us to control the full distribution of
poultry on the production area. The experiments were performed at the poultry farm of LLC “Chelny-Broiler”
(Republic of Tatarstan). The object of research is Ross-308 cross broilers grown up to the age of 39 days in
production buildings of a monoblock closed type. In the control groups, air exchange in the halls was provided
by a supply and exhaust ventilation system operating on the principle of negative pressure. The ventilation
system operation program was configured according to the “Cycle-time” mode. In the experimental groups,
SF-550-02 circulating axial fans were additionally installed in the amount of 5 pieces with a capacity of 8.5
thousand m3/h each. The effectiveness of the use of circulation fans to create a homogeneous microclimate
and increase the index of uniformity of the microclimate, as well as to improve the zootechnical and economic
indicators of broiler meat production in the outdoor growing method is shown. The broiler productivity index
in the cold period of the year was increased by an average of 6.5% due to air circulation in the poultry house;
in the warm period of the year —by 1.6%. In the cold period of the year, it was possible to increase the index of
uniformity of microclimate by 50.8%, in the warm period of the year — by 53.8%. Thus, when evaluating the
efficiency of the ventilation system, it is necessary to focus on the index of uniformity of the microclimate.

Key words: broilers, microclimate, uniformity of air exchange, respiratory system, zootechnical indicators,
microclimate uniformity index, carbon dioxide concentration.

BBeI[eHI/Ie. HCCH@HOB&HI/Iﬁ o MU3Yy4YCHUKO PABHOMCPHOCTH MHUKPOKIMMATa B MNPOMBINIICHHOM
OTHLOCBOACTBE BBIIIOJIHCEHO HCEMHOIO. O)lHaKO, 110 HCKOTOPBIM JaHHBIM, YCTAHOBJICHO OTPULATCIILBHOC
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BO3/EHCTBHE HEPABHOMEPHOW MOAAYM NMPHUTOYHOTO BO3AyXa Ha 3(PQPEKTUBHOCTH BBIPAIIMBAHHMS NTHLBL
Tak, ynanxoch yCTaHOBHTH O0Opa30BaHME a’3POCTA3HBIX 30H, TO €CTh C OrPAHHYCHHBIM BO3LYXOOOMEHOM,
3aMe/IJICHHON CKOPOCTBIO JBMKEHHMS BO3yXa Ha YPOBHE IITHIIBI OTHOCUTEIBHO HOPMAaTHBHBIX 3HaYCHUH [ 1-
7]. HepaBHOMEPHBIN MUKPOKJINMAT HA IPOU3BOICTBEHHOH IIJIOIAIN TPOMBIIUIEHHBIX ITUYHUKOB IPUBOAUT
K CKAaIUIMBAaHHMIO NTUIBI B 30HaX KOM(OPTa, YTO B CBOIO OYEpelIb YBEIMUUBAET HUEPAPXUUYHOCTH CPEAM
MIOTOJIOBbS B JIOCTYIE K cHcTeMaM KopmieHus U noenus [8-11]. Hanporus, nqocratodnas paBHOMEPHOCTb
BO3LYLIHBIX IOTOKOB B TIOMEIICHUH MO3BOJISICT NITHIIEC PAaBHOLIEHHO PACIIPEAEISITHCS 110 MOJIE3HOM MO,
HCKIII0Yasl BBIHYKJCHHOE MEepeMEIEeHUE NTUIBI BO B3pociioM Bo3pacte [12-13]. JlomonHUTENnbHO CleayeT
HUMETb BBHY OTCYTCTBHE OOLIETIPUHATON METOIUKH OLICHUBAHUS M pacuéTa paBHOMEPHOCTH MUKPOKIIMMATA,
9TO OOBSICHSIET aKTYaJIbHOCTh BBIIIOJHEHHBIX UCCIICOBAHUM.

Lesb ombITOB — pa3paboTKa TEXHOJIOIHMYECKUX MPUEMOB MOBBILICHHUS 3 (EKTUBHOCTH PabOTHI CUCTEMBI
BEHTWJSIIMK B IPOM3BOACTBCHHBIX IOMEIICHUSX ISl BBIpallMBaHUsl OpOIJIEpOB Ha OCHOBE MHAEKCA
PaBHOMEPHOCTH MUKPOKJIMMATA.

MarepuaJibl 1 MeToAbI Hcciaea0BaHuii. ONbITH IPOBOAWIM Ha MPOMBIIIICHHOH nrunedadpuke OO0
«Yennbl-bpoiinep» (Pecnyonmka TarapcraH) B yclIOBUSIX KOHTHHEHTAJIBHOTO KIMMaTa B siHBape (OmbIT 1)
1 utosie (OmbIT 2) B MPOM3BOACTBEHHBIX KOPITycax Jijisl BhIpaluBaHUs OpoiiepoB kpoccoB «Pocc-308» (1o
39-cyrounoro Bo3pacra) u «Ko60-500» (10 38-cyTouHOro Bo3pacra) COOTBETCTBEHHO B XOJIOAHBIN M TEIUIBINA
BpeMeHa roza. 1 onbIToB chOPMUPOBANIHN TI0 5 TPYII CyTOUYHBIX LBIUIAT U PA3MECTHIM X B MOHOOJIOYHOM
NTUYHUKE, B 5 3amax pasMepoM 12x96x4 M Kakablii ¢ HamoJbHBIM crocoOoM conepkanus. [loronosse B
Ka)KJ0H IpyNIie COCTABIISIIO B CPEIHEM 22 ThIC. TOJI., U3 KOTOPBIX METOAOM CIIy4aifHOM BBIOOPKH OTOMpaH Mo
105 OpoiiepoB Ui UHIUBUIYaIbHOTO YYeTa HX KUBOW Macchl. CxeMa ONbITOB Mpe/CTaBIeHa B TadiuIe 1.

Tabimna 1 - Cxema onbsIToB 1 1 2

I'pynna
IToka3arean ) 2(9) 3 ) 4 5
Bospact poputensckoro crana B onsiTe 1, Hex. 28 38 47 28 38
Bospact poauTensckoro craia B OMbITE 2, HEAL. 35 42 51 35 42
TT710THOCTB TIOCAKHU, TOI./M> 19,6 19,7 19,8 19,6 19,9
TIpOU3BOAUTEIILHOCTD LUPKYJISLIMOHHOTO BEHTHIISTOPA, THIC. M*/4 — — — 8,5 8,5
O0beM MaKCHMALHON CYMMAapHO# [IMPKYJISIMK BO3/LYXa, ThIC. M>/4 — — 42,5 42,5
Hamnpasienne nBrmxeHuns Bo3yxa OT ra30reHepaTopoB BOJIb K BoITsDKHOH | OT BBITSDKHOM
Hapy’)KHOH CTCHBI B B BEHTWLIUH | BEHTHISILIAT

[Ipumeuanue: (k) — KOHTPOJIBHAS TpyIIIA.

B KOHTpOJNBHBIX Tpymmax BO3AYyXOOOMEH B 3anax o0ecrmedMBajcs NPUTOYHO-BBITSDKHOH CHUCTEMOMN
BEHTHJISIIIMH, PA0OTAOIIESH 1O MPUHIUITY OTPULIATEILHOTO AaBieHus. [[porpamma paboThl BEHTHIISIIMOHHON
cucTeMbl OblIa HacTpoeHa 1o pexxumy «Llukin-taiim». [IpuTok Bo3myxa U3 BHEIIHEW Cpeabl 00ecTeunBaICcs
MIPUTOYHBIMU I1axTaMu (12 mIT.), yCTaHOBIEHHBIMHU B KpBIILIE Uepe3 Kak/iple 6-7 M APYT OT Ipyra B IIaXMaTHOM
nopsijike. PerynupoBanue CTeneHn OTKPBITHS 3aCIOHOK MTPUTOYHBIX IIAXT OCYIIECTBIISIOCH B COOTBETCTBHUHU C
YPOBHEM pabOThl MAaKCUMaJIbHON BEeHTHIISIIMN. DakTHuecKasi MPOU3BOUTEIBHOCTD BBITS)KHON BEHTHIISIIAN
(10 TOpIIEBBIX BEHTHIISITOPOB PA3HOM MPOU3BOAUTEIBHOCTH) COCTaBIsIIA 290 ThIC. M?/4 ¢ y4ETOM pa3perKeHuUs
BO31yxa B omenienun (25-30 [1a) u HanpaBieHust po3bl BETPOB B CTOPOHY BHITSKHBIX BEHTHIISITOpOB. OO0TpeB
OCYIIECTBIISUICA LIecThio Tazoreneparopamu GP-70, ycraHOBIEHHBIMH TI0 3 ¢ Ka)KJJOW CTOPOHBI KOpITyca Ha
BbIcoTe 1,8 M OT mosia 10 IeHTpa BBIXOJHOTO OTBEPCTHUS ra30oreHeparopa, Ha pacCTOSHUU 1,5 M OT CTEHBI U
HaIIPaBJIICHHBIMU BJI0JIb HAPYKHOU K OKPYKAIOLIEH Cpelle CTEHBI K BBITSKHON BEHTW LUK, ['a30reHeparopsl
BJIOJIb CTEH OT TMIEPE/IHEH K ThUIBHOHN TOPIIEBOM (ClieBa) M B 0OpATHOM HaNpaBJIeHUH (CIIpaBa) paciosiaraiich
Ha paccTosiHuU 6; 36; 72 M ¢ OIHO# CTOPOHEI U 6; 42; 72 M ¢ IPOTUBOMOIOKHOU CTOPOHBI COOTBETCTBEHHO.
dakenbl TopeHHs ObUTH MOBEPHYTHI K LIEHTPY 3ajia ¢ 00eCIICYeHUEM HalpaBJeHUs] BO3AYIIHOTO MTOTOKA 110
4aCOBOM CTpEJIKE.

B ombITHBIX rpymiiax BO3IyX000OMeH B 3ajlaX ObUT aHAJIOTHYEH, OIHAKO JIJIsl TOBBIIICHHUSI PABHOMEPHOCTH
MUKpOKJIMMaTa OBUIM yCTAHOBJIEHBI IUPKYISAUOHHBIE OoceBble BeHTHIATOPHI SF-550-02 B konmmuectse 5
HITYK TPOM3BOUTEIILHOCTBIO 8,5 ThIC. M?/4 Ka)IbIil (CyMMapHasi IUPKYJISILIKS BO3AyXa B 3aJI€ BbIpaI[MBaHHs
Opoiinepos 3a 1 gac pabotsl — 42,5 Teic. M*/4). Bee BEHTHIISTOPBI OBUTH YCTAHOBJIEHBI HA OJHOW BBICOTE
C rasoreHeparopamMi IOJ] HaKJIOHOM 5 TpaaycoB BHM3 IO HallpaBJIEHUIO K NTHIE Ha paccTosHuM 10,8
M OT BBIXOJIHOTO OTBEPCTHs Ta30reHeparopa BO BCEX CIIydasX, 32 HCKJIIOUEHHEM, JABYX BEHTHJISTOPOB
YCTAHOBJIEHHBIX B LIEHTPAJIHLHON YacTH 3ajla Ha paccTosHuU 16,8 M oT razoreHepatopoB. LlupkynsainoHHble
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BEHTHJISITOPBI OBUIM 3JICKTPUYECKH 3allUTaHbl C ra3oreHeparopamMu (OOUH K OZHOMY) M cpadaThiBaIn
Kbl B OTJEJIBHOCTH TOTJA, KOTJa MPOHUCXOAWIO BKIIOUEHHE KOHKPETHOTO Tra3oreHeparopa. 3amyck
LUPKYJSIIMOHHBIX BEHTHIISITOPOB OCYLIECTBISUTN ¢ 10-CcyTouHOTo Bo3pacta OpOiIepoB B XOJIOAHBINA EPHOL
roza; ¢ 3-CyTo4uHOTo BO3pacTa — B TEIIBIN IEPHOJl ToAa.

Pe3ynbrarbl uccieqoBaHuii U X o0cy:kaeHue. [ OLEHKM PaBHOMEPHOCTH MHKPOKIMMAara B
MIPOM3BOACTBEHHBIX MMOMEIICHUSIX paHee pa3padoTaH U NPUMEHEH WHAEKC PaBHOMEPHOCTH MHUKpPOKIMMATa
(MPM), kOTOpBIi ycTaHABIUBAETCS HA OCHOBAHWU M3MEPEHUS] MapKEPHOTO IMOKa3aTelNsl — KOHLEHTPaLuu
nnokcuaa yraepona (CO,) B Bo3Myxe B PasHbIX 30HaX NTHYHHKA (B IIEHTPAJILHOM, JEBOW M NPaBOH 30HaX
LEHTPaJIbHOM, epenHelt u ThuThHOU acTeit). IPM paccunThiBaeTcs o dopmyie:

X

UPM =——
2 AX

e X — cpennee apudmeTndeckoe 3nadeHne usmMepennii conepxanus CO,;

> AX —CyMMa [ONIOKUTENbHBIX ¥ OTPULATENbHBIX OTKIOHEHUH OT CPETHETO apU(PMETHUECKOTO 3HAYEHHSI.

Wupopmariyst 0 paBHOMEPHOCTH MUKPOKJIMMATa B ITUYHUKAX B OINBITax 1 U 2 JUIsk XOJIOIHOTO U TEILIOrO
BpPEMEHH TO/1a IpUBeAcHA B TaOnumax 2 u 3 B BO3PACTHON JUHAMHUKE TITHITHL.

Wupiexkc paBHOMEPHOCTH MHKPOKIMMATA XapaKTepH3yeT PaBHOMEPHOCTH pacIlpelelieHHs BO3IYIITHBIX
[MOTOKOB M ONTHMHU3ALMI0 MUKpPOKJIUMara B nruyHuke. C yBeJIMUECHUEM 3HAYCHUS MHJCKCA IMMOBBIIIACTCS
PAaBHOMEPHOCTh MHUKPOKJIMMATa U CHIIKACTCS MHKPOKJIMMATHYECKash 30HAIbHOCTh. HauBbICIINE 3HAUCHUS
MHJEKCOB TIOJYYEeHbl B OIBITHBIX TIPYIIaXx C MUPKYISIMUEH BO3IyXa, YTO JIOKAa3bIBACT IIOBBINICHHUE
PAaBHOMEPHOCTH MHUKPOKJIMMATa BCJICJACTBUE MPUMEHIEMON TEXHOJOIMHM ONTHUMM3AllMM MUKPOKJIMMAaTa B
NITUIIEBOAYECKHUX TIOMeIeHusx (Tabia. 2). B cpennem MIPM BbIllie B ONBITHBIX TPYIIaxX MO OTHOIICHUIO K
KOHTPOJIBHBIM B BO3pAacTHOM Tiepuozae 1-7 cyTok Ha 18,2%; B Bo3pacTHOM niepuoae 7-14 cytok Ha 16,7%; B
Bo3pacTHOM mepuone 14-21 cytok Ha 26,0%; B BozpacTHOM mepuone 21-28 cytok Ha 46,0%; B BO3pacTHOM
niepuone 28-35 cytok Ha 53,0%; B Bo3pacTHOM niepuone 35-39 cytok Ha 50,8%. B rpynme 4 ¢ HanpaBieHueM
ra3oreHepaTopoB K BHITSHKHON BEHTHIIAIIMN HHIEKC PABHOMEPHOCTH MUKPOKJIMMATa HUXKE BO BCEX BO3pacTax
B CPaBHEHHUH C TIPYIION 5, 4yTO 00yCJIOBIUBACT HAMOOJbINY0 3()(HEKTUBHOCTh MPUMEHEHHS ITUPKYJISIHH
BO3/lyXa C HalPaBJICHUEM ra30reHEPaTOPOB OT BBHITSDKHOM BEHTHIISALIMY BJIOJIb HAPY)KHOM CTCHBI [TOMEIICHHSL.

Tabmuma 2 - Maaexc paBHOMEPHOCTH MUKPOKINMATA 110 KOHIICHTPAIlUH COz, enauHMUI (B omeITe 1)

I'pynna

Bospacr, cyTku ) 2 py3 @ 7 5
1-7 4,5 5,5 6,1 6,2 6,9

7-14 5,4 6,6 4,6 5.4 7,8
14-21 5,9 7,8 3,5 6,7 8,6
21-28 3,1 5,8 3,0 5.8 9,0
28-35 3,0 3,0 3,3 4,5 8,7
35-39 3,6 1,8 4,0 5,3 7,2

B omnbiTe 2 HauBBICIINE 3HAYEHMSI MH/IEKCOB MTOJYyUYEHBI B ONBITHBIX IPYIINAX C HUPKYJIALUEH BO3AyXa, UTO
JIOKa3bIBaeT 3P PEKTUBHOCT MPUMEHEHHU S IUPKYJISLIHOHHBIX BEHTHIISI TOPOB 151 IIOBBILICHUS PABHOMEPHOCTH
BO3/1yX000MeHa 1 MUKpokiauMara (tabi. 3). B cpeqaem MPM Bbliie B ONBITHBIX IPyIIax MO OTHOLICHHUIO K
KOHTPOJIbHBIM B BO3pacTHOM Iepuoae 1-7 cytok Ha 3,8%; B Bo3pacTHOM nepuoae 7-14 cyrok Ha 27,5%; B
Bo3pacTHOM nepuoze 14-21 cyrok Ha 23,5%; B Bo3pacTHOM nepuoje 21-28 cytok Ha 25,7%; B BO3pacTHOM
nepuozne 28-35 cytok Ha 34,6%; B BozpacTHOM mnepuoae 35-39 cyrok Ha 53,8%. Hambonpmmii uHIexc
PaBHOMEPHOCTH MHUKpOKJIMMara coctaBui 9,1 ex., 4To mpakTHYeckd B 3 pa3a MPEBBIMIAET aHAJIOTUYHBIN
MoKa3aTesb B IIPEsieax BO3pacTa, TO €CTh B ITHYHKUKE C [UPKYIALMEH BO3AyXa MUKPOKIMMAT paBHOMEpHEE
B 3 pa3a B CpaBHEHUH C ITHYHUKOM 0€3 IUPKYISLHOHHBIX BEHTHISTOPOB.

Tabnmua 3 - Mnjgekc paBHOMEPHOCTH MUKpOKIMMara 1o konuenrpaun CO,, exunui (B onbite 2)

N I'pynna
B
o3pacT OpoIIepOB, CYTKH () 2 3 1) 4 5
0-7 6,0 3,8 5,5 4,8 5,7
7-14 3,5 2,9 4,7 5,0 53
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14-21 1,8 2,5 34 32 3,6
21-28 2,5 2,3 3,9 4,4 3,3
28-35 32 3,1 4,0 5,7 4,6
35-38 2,8 2,6 3.9 4,3 9,1

OcHoBHbIe cBefieHHS 00 >(PQEeKTUBHOCTH BBIpAIIMBaHUS OpoiliepoB B ombiTax | W 2 TPUBEACHHI B
Tabmumnax 4 u 5.

Tabmnuna 4 - Pe3ynprars! BeIpanmBanus OpoitnepoB (onsIT 1)

I'pynna

Iloka3aresn 109 20 3 (1) 4 5
Cpennsis npexyOoiiHas xkuBas Macca, T | 2544,2+ 24,7 a | 2530,7+ 19,1 a | 2626,8+27,58 | 2742,0£29,86 | 2717,1£29,16
CpenHecyTOuHbIH PUPOCT, T 64,2 63,7 66,1 69,2 68,5
M3menunBocTh, % 9,9 7,7 10,7 11,1 11,0
OpHOpOIHOCTB, % 66,7 82,9 64,8 65,7 66,2
CoxpaHHOCTb, % 94,0 95,3 94,8 943 95,3
Pacxon xopma Ha 1 Kr mpupocTa, K& 1,59 1,59 1,60 1,58 1,59
WUIIB, ex. 386 389 399 420 417
Vo6oiinsiii BeIxom, % 74,7 74,7 74,7 74,6 74,6
YpoBeHb peHTa0eTbHOCTH, %o 10,6 11,7 11,2 12,4 12,8

[Ipumeuanne: 3mech U B TaOl. 5 pa3HOCTh MEXIy CPEIHHMH 3HAaUSHWSIMH B rpynmnax (B mpeaenax
rokasaredsi), 0003HaYeHHBIMH pa3HbIMH OyKBaMH, TOCTOBepHA ipu P>0,95.

B xonomnsrit mepron roga (omsIT 1) cpeaHsis »KuBasi Macca IBITUIST B OTBITHBIX TPyMIax 4 1 5 T0CTOBEPHO
MpeBBIIIaNa MPeayOOHHYIO KUBYIO MacCy OpOIJIepOB KOHTPOIBHBIX TPYIII, CPEIH KOTOPHIX JOCTOBEPHO
BBIIIIE OBLTA KUBAsi Macca IBITUIAT TPYTITBI 3, OTBEACHHBIX OT KYP POTUTENHCKOTO CTa/ia CTapIIero Bo3pacTa
(47 men.). Ta xe 3aKOHOMEPHOCTH HAONFOAIACh U B OTHOIICHWH CPEIHECYTOYHOTO MpUpocTa HbITuIT. 1o
W3MEHYMBOCTH KHBOW MacChl M OJTHOPOTHOCTH ITOTOJIOBBS CYIIECTBEHHBIX OTIIMYUN MEXAY TPYIIaMu He
OTMEYEHO, 33 UCKIIFOYCHHEM TPYIIHI 2, T/Ie N3MEHYMBOCTh ObLTa HAMMEHBIIEeH U oqHOpOgHOCTH (+10% ot
CpeIHeH KUBOH MacChl) — HAMOOJIBIIICH.

Tabmuna 5 - Pe3ynbrars! BeIpaniuBanus OpoisiepoB (OIbIT 2)

I'pynna

Iloxa3zarenn 109 209 3 () 4 5
Cpennsist npexyOoiiHas xxuBas Mmacca, T | 24193+ 13,4 a | 2431,1+ 14,6 a | 2449,1+ 15,2 a6 | 2415,3+ 13,9 a | 2473,9+ 13,86
CpeaHecyTOYHBIN IPUPOCT, T 62,6 62,8 63,3 62,4 63,9
U3menuuBoctsb, % 5,7 6,1 6,3 5,9 5,7
OpHOpOIHOCTB, % 87,6 88,6 88,6 85,7 90,5
CoxpaHHOCTb, % 94,0 93,8 94,0 94,4 95,6
Pacxon xopma Ha 1 kr nmpupocra, Kr 1,59 1,60 1,59 1,59 1,60
UIIB, en. 376 375 381 377 389
Vo6oiinblii BeIxomn, % 74,8 74,8 74,2 74,2 74,2
YpoBeHb peHTa0eTbHOCTH, % 11,3 11,0 11,1 12,4 12,6

[loka3zarenu coXpaHHOCTH, pacxofa KopMa W YOOMHOTO BBIXOHAa LBIIUIAT BCEX IPYI UMENU OJIM3KHE
3HaueHMsl. ITOroBbIi KOMIUICKCHBIM MOKa3aTeNb 300TeXHUYECKOH 3(h()eKTUBHOCTH BbIpAIMBAHUS LBITUISAT
— uHAeKc npoxykruBHoctu Opoiinepos (MIIB) B rpynmax 4 u 5 okaszancs Ha 18 — 34 en. Bblie, 4eM B
rpynnax 1, 2 u 3. IToroBelii okazaTenb 3KOHOMUYECKOH 3((PEKTUBHOCTH — YPOBEHb PEHTA0CIBHOCTH B
OMBITHBIX rpynmnax 0bu1 Ha 0,7 — 2,2% BbIlIe, 4YeM B KOHTPOJIbHBIX.

B temnblit meprox rozxa (ombIT 2) UBIUIATA ONBITHOM TPYMIIBI 5 TOCTOBEPHO MPEBOCXOAMIIM OpoiiiepoB
B KOHTPOJBHBIX Ipynnax 1 u 2 no cpeaHel kuBoi Macce. IIThIbl 3Tol rpynmbl MENN NPEeUMYIECTBO HA
JPYTUMH TPYIIIAMH 110 CPEAHECYTOYHOMY ITPUPOCTY, N3MEHUNBOCTH, OJHOPOJHOCTH, COXPAHHOCTHU U UHJEKCY
npoaykTuBHOCTH (Ha 8 — 14 ex.). ITo ypoBHIO peHTa0enbHOCTH HAanOOIbIIeH SKOHOMUYECKOH 3 (EeKTUBHOCTHIO
XapakTepHu3oBaJuCh rpynnsl 4 u 5: oHa Ha 1,1 — 1,6% mpeBslana COOTBETCTBYIOLIME MOKA3ATENU APYTUX
rpyHIL

[lonyueHHBIE TaHHBIE COTIACYIOTCS C PE3yJIbTaTaMH UCCICIOBAHUM POCCUHCKHX U Ka3aXCTAHCKUX YUEHBIX
[15-18].

3akarouenne. C LeNbI0 TOBBIIIEHNS] pPABHOMEPHOCTH MUKPOKIIMMATa BCIEICTBUE HUPKYIIALUT BO3AyXa U
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3¢ PEKTUBHOCTH TPOU3BOJICTBA Msica OPOIMIIEPOB 11eTIeCO00pa3HO B NITHYHUKAX C HAMOJIBHBIM COACP)KaHHUEM
pazmepom 12x96x4 M ycTaHaBIUBATH S IUPKYISILIUOHHBIX BEHTHIISITOPOB C CYMMapHOU NPOU3BOAUTEIBHOCTHIO
42,5 Teic. M*/4 Ha paccTosHUU 10 M OT BBIXOAHBIX OTBEPCTHH ra30reHEPAaTOPOB OTKPBHITOrO ropenus (1
BeHTUIIATOp Ha Twiomaan 230,4 M?). BKiroyaTh BEHTHISATOPHI CIEAYET ¢ 3-CyTOYHOTO BO3pAcTa IBILIAT B
TeIuIbli mepuof rosga v ¢ 10-cyrounoro — B xonoausii nepuof. [Ipu onenke 3 heKTHBHOCTH pabOTHI CUCTEMBI
BEHTHJISILIMU CJIEAYyEeT OPHEHTHPOBATHCA HA MHICKC PABHOMEPHOCTH MUKPOKJIMMATa, PACCUUTHIBAEMBINH MO
KOHLEHTPALUH YIJICKUCIIOTO ra3a B Pa3HbIX TOUKaX NTHUYHHKA.
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ANISOTROPY OF CHEESE “LORI” PRODUCED BY DOUBLE-SIDED PRESSING

Abstract. The article examines the influence, proposed for the first time by new methods: double-sided
non-cloth without repressing; double-sided step non-cloth without repressing with fewer pneumatic cylinders.

The study was carried out by removing 2.5 cm thick layer from the upper and lower sheets and 1.5 cm of
the middle layer at 4 side edges, which will allow you to test in deeper layers of the cheese head and reveal
the true picture of anisotropy.

We have studied the moisture content in the central parts of the upper and lower sheets, at the edges along
the length and width of experimental and control cheeses.

The study showed that the upper sheet sidewall N1 between the upper 0.3% and lower 0.5% edges the
differences in moisture content in the experimental cheese is 0.3%, 0.5%, and respectively in the central part
0.3%, i.e. almost equalized.

In the central part, the moisture content of the experimental cheese is on average 42.9%, 43.2% correspond
to the points in the middle layer of the control cheeses 43.4%, 43.4%. The difference is 0.3-0.5%. We can
state that multiple repressing with double-sided pressing disappears. Distribution of moisture along the side
length of sidewall N1, sidewall N2 increases from the edges to the central part. This also proves that with
double-sided pressing, moisture is distributed more evenly in the cheese mass.

The above study confirms that for obtaining reliable data, it is necessary to remove the compacting layer.

By the second method we introduce the scheme of mold covers for double-sided pressing of cheeses.

Key words: anisotropy, moisture, variation, sheet, sidewall.
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AHUM30TPOIIUSA CPEAHET'O CJIOA CBIPA “JIOPU”, BBIPABOTAHHOI'O
JABYXCTOPOHHHUM INPECCOBAHUEM

An"orauusi. B crarbe paccMaTpruBacTCd BIUAHNUC, NPCAJIOKCHHBIC BICPBBIC HOBBIMU CIIoco0aMu:
ABYXCTOPOHHEC 6€CC3H(1)CTO‘{HOG 0e3 MEepEnpeCcCOBOK, JABYXCTOPOHHEC CTYIICHYATOC 6€CCBJ'I(I)CTO‘1HOC 0e3
NepernpeCCOBOK C MCHLIITUM KOJIMYCCTBOM IMHCBMOIWIMHAPOB.

HccnenoBanue mpoBOAUIIN OTpC3KOI71 13 BEPXHUX U HUKHUX MMOJIOTCH TOJIIIIUHOMN 2,5 CM H ¢ 4-X OOKOBEIX
KpacB 1,5 CM CPEAHCTO CJIOA, YTO MTO3BOJINIIO TECTUPOBATH B Ooiee I‘HY6OKI/IX CJIOAX I'OJIOBKHU ChIpa U BBISIBUTH
HUCTHUHHYIO KaPpTUHY aHU30TPOINHU.
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HccnenoBanu conepkaHue Biard B IEHTPAJIbHBIX YacTAX BEPXHUX W HIDKHHUX MOJIOTHAX, Ha Kpasx MO
JUIMHE U B LIMPHHE, B yIJIaX OMBITHOTO U KOHTPOJIBHOTO CHIPA.

HccnenoBanne mokasano, 94To B BepxHeM moioTHe 0okoBHHBI N1 mexnay BepxHumu 0,3% v HUOKHUMHA
0,5% kpasiMu pazHULA COAEPkAHUS BIard B onbITHOM cbipe coctasisieT 0,3%, 0,5%, U COOTBETCTBEHHO B
neHTpanbHoi yactu 0,3%, T. €. IOYTH ypaBHUBAETCS.

B neHTpanbHOM 4YacTH conxep:KaHUE BJIarM OIBITHOTO ChIpa COCTaBIsAeT B cpegHeMm 42,9%, 43,2%
U COOTBETCTBYIOT TOYKAM CPEJHETO CJIOS KOHTPONBHBIX ChIpOB 43,4%, 43,4%. Pasnuma cocrasiseT
0,3-0,5%. MOXHO 3aKIIOYNTh, YTO MHOTOKpaTHas MEPENpeccoBKa IPHU JIByXCTOPOHHEM MPECCOBAHHUU
ornaaaet. Pacripenenenue pnaru mo mmHe 00KOBUHBI N1, O0KOBHHBI N2 OT KpaeB /10 IIEHTPAIbHON YacTu
YBEJIMUNBACTCS. DTO TOXKE JIOKA3bIBAET, YTO MPU ABYXCTOPOHHEM IIPECCOBAHUM BJlara pacrpenesnsiTcs 0ojee
PaBHOMEPHO B CBIPHOI Macce.

Brimeykazannoe uccieaoBaHnie MOATBEPKIACT, YTO JUIS TOTYUYEHHUS TOCTOBEPHBIX JaHHBIX HEOOXOANMO
YIQIUTh YIUIOTHSIOIUN CIOH.

[To Bropomy crocoOy mpeacTaBiIsieM CXEMy KpbIIEK HpeccOpMbl JUIsl IBYXCTOPOHHETO IPECCOBAHMS
CBIPOB.

Ki1roueBble cjioBa: aHM30TPOMNS, BIaKHOCTh, Kojie0aHue, OJI0THO, OOKOBHHA.

Introduction. In cheese making, among the technological processes the molding and cheese pressing
play an important role. The grains in the finished cheese mass are usually of different sizes, and they need
to be combined into large monolithic pieces. Monoliths are given various shapes: spherical, cylindrical,
rectangular, square, etc. Cheeses are also molded to separate the whey remaining between the grains. Besides,
the shape of the cheese in some way affects the process of ripening and drying during storage. Thus, ripening
of soft cheeses goes from the surface to the inside, so they are mainly produced in small sizes (2-3 kg), but
with a large specific surface. Hard cheeses ripen from the centre to the periphery, their size is larger, and
the specific surface in relation to the cheese mass is smaller. With a change in shape, the surface area also
changes. With the same mass, the smallest surface will have a round cheese, then cylindrical, square and
rectangular. [1, 2, 3, 12]

With a change in the shape and surface area, the moisture distribution of the cheese mass (anisotropy), the
development and distribution of microorganisms that occur during ripening also change, which ultimately
affects the quality of the product.

Sources of flavoring and aromatic substances of cheese are all macronutrients: fats, proteins, carbohydrates.
The hydrolysis of these macronutrients is carried out by microorganisms, i.e., it is impossible to develop
cheese without microorganisms. [1, 2, 3, 4, 12]

Thus, it is essential to create conditions (moisture, temperature and pH) to produce cheeses of the required
quality. It is more important to distribute moisture in the cheese mass, which depends on the cloth wrapping,
repressing, non-cloth and without repressing, the optimal modes (pressure and duration) and pressing method,
as well as the incompatibility of technological processes (assembly and disassembly of moulds, filling of
cheese grains, molding, pressing and extracting cheese from the mould) that lead to an increase of anisotropy
of the cheese mass. In this sphere, a technological analysis of the review literature was carried out to determine
the influence of each of these technological processes, anisotropy change (uneven distribution of moisture)
in the cheese mass. Technological analysis has shown how three methods - cloth repressing, one-sided cloth
pressing with repressing and one-sided non-cloth pressing without repressing the cheese mass - are still used
in cheese making abroad and in the CIS. When self-pressing, there is pressure from the upper layers of the
cheese mass on the lower ones. In the method of the second and third one-sided pressing in the direction of the
side to be pressed from top to bottom, the pressure, of course, decreases. What happens in the third method?
In the method, the following occurs: the initial acting pressure force of 0.1 kg/cm? is very weak and does not
reach the lower layers of the cheese mass. In this case, the upper layers are compacted. At the same time,
the lower layers of the cheese mass are compacted due to the pressure of the upper layers on the lower ones
(self-pressing). A gradual increase in pressure up to 0.5 kg/cm? reaches the lower layers, but not completely,
and it is greater than the effective pressure of the upper layers on the lower ones (self-pressing). As a result,
the upper layers are compacted more than the lower ones. This method is effective for low-height cheeses. In
both methods, repressing of the cheese mass is required for the equation of moisture distribution and density
of the upper and lower layers of the cheese mass. If the pressure in the technological mode is higher than the
norm over the cheese mass, then the drainage of the napkin is more pressed out that leads to rapid drying and
closure due to the capillary openings and, ultimately, to settling of the whey in the capillaries. Besides, large
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pressings can be cut off when extracting pressed cheese from the mold. Unwanted microorganisms can enter
these places, which further deteriorate the quality of the cheese. If the pressure is less, then the cheese is not
fully pressed, i.e. again leads to the settling of whey in the capillaries. These operations increase the cost price
of cheese, reduce the labor productivity, hinder the implementation of production flow, hamper the complex
mechanization and automation of cheese production. [4]

Anisotropy formation theory. When cheese grains are displaced under the pressure of the pressing force,
capillaries are formed in the inter-granular space, through which a leakage of the whey occurs in different
directions to the surface of the cheese mass. Thus, the repressing and the napkin lead to the coincidence of the
holes of mesh tape with the pressing, as a result of which the size of the pressing increases and the holes get
quickly dried and closed, leading to the settling of whey in the capillaries. The whey can exit through other
capillaries if the pressure is higher than in adjacent capillaries, but this extends the duration of pressing. And
if the whey remains in the capillaries, then the moisture will be higher than in those capillaries, the holes of
which did not close. As a result of this, the anisotropy increases, which is so unwanted in anisotropy. Besides,
during one-sided pressing, the pressure from the pressing side towards the lower layers decreases, as a result
of which, the density in the upper and lower clothes is different, for which they recourse to repressing. [5]

The above factors adversely affect the intensity of flow of the biochemical and microbiological processes.
In this regard, the most important issue of cheese making is the development and widespread industrial
introduction of new advanced technologies and technical means, such as the non-cloth pressing of cheeses.

Thus, the above mentioned technological processes increase the anisotropy of the cheese mass, reducing
the quality of cheese.

Technical analysis. In the last decade, many natural cheese production processes have been mechanized
and automated. A few semi-industrial and industrial methods for the continuous production of cheese mass,
its molding and pressing, various designs of apparatus of periodic and continuous actions are used. To obtain
high-quality cheese mass, molding and dosing devices, presses (lever, screw and pneumatic, horizontal,
tunnel) were used. Until now, methods, designs of forms and devices have been used in cheese making
mainly for the implementation of one-sided pressing of cheeses. Among them, a special place is occupied by
tunnel presses, in which two types of devices are used as power elements developing the pressing force: [5,
6,7,8,9]

1.Pneumatic cylinders: a separate pneumatic cylinder presses on each cheese bar. Thus, the difference
in height of each of the cheese bars does not matter much, the presses with pneumatic cylinders have a
large working space height, which facilitates the loading. Moreover, their design provides parallelism of
the upper and lower planes at any load and any molding method. This positive feature makes such presses
attractive to many cheese producers. Such a pressing design is quite high-priced and material-intensive, but
it is considered the best and is used in cheese production with a large mass.

2. Flexible inflatable power elements: the disadvantage of such elements lies in the small size of the
working stroke (with large differences in the height of the cheese heads, the quality of the pressing may
deteriorate), the advantage is in high specific pressure provided by the specificity of press designs with
the use of flexible power elements. Thus, the main way to create the pressing pressure is to use the energy
of compressed air and most often a separate pneumatic cylinder presses on each cheese bar in them. At
the same time, the compaction of the cheese mass in the direction from the pressed side downwards falls
anyway, and to obtain the same density of the upper and lower sides, the cheeses are repressed. This is a
very time-consuming process, leading to an uneven distribution of moisture and hardness in the cheese mass,
therefore, to an uneven distribution and development of microflora and to non-intensive flow of biochemical
processes in the cheese mass, in the result of which the quality of cheesee decreases. Therefore, the current
method of one-sided pressing of cheeses with repressing, without repressing and using napkins leads to
cheese anisotropy. [5, 6, 7, 8]

Of the existing tunnel presses, presses of high automation manufactured by “Press Pallet” company are
distinguished. Press pallets are combined into blocks that have a common compressed air supply system,
as well as a system of lifting and transporting devices for loading and unloading the presses (press-room
equipped with Chalon Megard press pallets [8]).

The analysis of the existing pressing systems allows concluding that they are constantly being improved,
but the main way to create pressing pressure is to use the energy of compressed air.

Improvements concern the automation of loading and unloading systems, and not the design of forms,
molds and installations. [5, 6]

To obtain high-quality cheese, it is necessary to obtain a more homogeneous cheese mass when pressing,
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i.e. with a more uniform distribution of moisture and hardness, which provides the new method of pressing
proposed by us - double-sided pressing of the cheese mass, which contributes to the compaction of the cheese
mass by one temporarily from both sides. In this case, the upper and lower layers of the cheese mass, moving
towards each other and displacing the whey from the intergranular space, create the same compaction almost
throughout the cheese mass [5], which cannot but have a positive effect on the quality of the cheese.

The new method was tested on round (“Dutch”) and cylindrical (“Swiss”) cheeses. Based on the positive
results, we tested it on mature rectangular cheeses “Lori”, knowing that the shape of the cheese somehow
influences the ripening of the cheese. The study of changes in the anisotropy of the middle layers on mature
cheeses continues, so we set the task of obtaining high quality cheese, with a decrease in anisotropy, reduction
in the duration of pressing and with the exception of repressing: [1, 2, 3, 4, 5]

Thus, we have studied the following:

1. Determine the distribution of moisture in the central parts of upper and lower sheets of sidewalls N1 and
N2 of mature “Lori” cheeses after removing the compacting layers.

2. Compare the average hardness data on the central part from the edges in width and in length of the
central part of the upper and lower sheets of sidewalls N1 and N2.

3. Study the moisture content at the edges in length in the upper and lower sheets of the middle layer.

Research methodology of the first method. Experimental research was carried out by standard and
generally accepted methods according to GOST. Determination of the content of nitrogenous substances in
cheese “Lori” by the Kjeldahl method GOST 23327 in 1978 at Ashotsk cheese factory of Ghukasyan region
of the Republic of Armenia. We determined the moisture content in the cheese by express method (GOST
3625-75g.), and the hardness of the cheese — by a specially designed and manufactured device.

Research results. In order to identify the effect of double-sided pressing on the quality of cheeses, we
also compared the moisture content between the upper and lower edges of the upper and lower sheets of the
middle layer of the same (1 cheese head of each) mature experimental and control cheeses (without the upper,
lower and side compacting layers).

1. The moisture content in the cheese mass of the upper and lower sheets of the middle layer of mature
“Lori” cheeses is given in table 1, which indicates that with double-sided pressing, the moisture content
averages 43% and 42.7%, and in the control ones - 42.63% and 42.57% respectively, i.e. almost equalizes
after removing the compacting layer formed during self-pressing, which once again confirms the uselessness
of re-pressings and napkins during double-sided pressing.

Based on the study results, it was found that the difference in distribution of moisture at the edges in width
of the head of the middle layer of the experimental cheese mass (without compacting layers), the upper sheet
of the sidewall N1 of the upper edge on average is 43.2%, of the lower edge - 42.9% (43, 2 - 42.9 = 0.3%),
the sidewall N2 of the upper edge is 42.7%, 42.3% (42.7 - 42.3 = 0.4%). Accordingly, the sidewall N1 of
the upper sheet of the central part is on average 42.9%, of the lower sheet - 43.2%, i.e. in the upper sheet the
difference is 43.2 - 42.3 = 0.9%, the sidewall N2 is 43.2 - 42.9 = 0.3% respectively. Thus, the difference in
moisture between the edges is almost the same (0.3%, 0.4%), which compared to the central part of 0.3% is
also insignificant.

In the control cheese, respectively, the upper edge averages 42.4%, the lower edge 41.8%, compared with
the central parts of the sidewall N1 - 43.4%, sidewall N2 - 43.4%.

43,4 — 42,4=1,0%, 43,4-41,8=1,6%, 1,6 -1%=0,6%.

2. The study showed that the distribution of moisture on the edges of the upper sidewall N1, the lower
sidewall N2 in the control cheese compared with the central part (0.6%) at the corresponding points, the
difference and variations are insignificant.

We also researched the moisture content in the central part of the middle layer of the experimental cheese
head in width of the sidewall N1 (upper sheet) at points 10; 11; 12 and sidewall N2 (lower sheet) 12; 11; 10,
which respectively amounted to 42.9%; 43.2%; 42.8% (on average 42.9%) and 42.9%; 43.7%; 43.1% (on
average 43.2%), and at the corresponding points of the middle layer of the control cheese was on the sidewall
N1 -43.6%; 43.2%; 43.4% (on average 43.4%) and sidewalls N2 - 43.7%; 43.5%; 43.1% (on average 43.4%).
(Table 1)

It can also be seen that the distribution of moisture along the length from the edges of the experimental cheese
(left, right) to the central part increases, but slightly above the central part: the sidewall N1 left - 42.9%, central
- 43.3%, right - 43.1%, sidewall N2 left - 42.6%, central - 43.0%, right - 42.5%, and for the control cheese,
respectively, sidewall N1 left - 42.5%, central - 42.7%, right - 42.5%, sidewall N2 left - 42.6%, central - 43.0%,
right - 42.4%. This proves the uselessness of napkin repressing.
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Influence if double-sided pressing on moisture content in the cheese mass of the middle layer of mature
cheeses “Lori” after removal of compacting layers. In order to identify the effect of double-sided pressing on
the quality of cheeses, we also compared the moisture content between the upper and lower edges of the upper
and lower sheets of the middle layer of the same (1 cheese head of each) mature experimental and control
cheeses (without the upper, lower and side compacting layers).

The moisture content in the cheese mass of the upper and lower sheets of the middle layer of mature cheeses
“Lori” is given in table 1, which shows that the use of double-sided pressing provided for the moisture content
of average 43% and 42.7%, and in control ones - 42.63% and 42.57% respectively, i.e. almost equalizes after
removing the compacting layer formed during self-pressing, which once again confirms the uselessness of
repressing and napkins during double-sided pressing.

The moisture content of the upper and lower sheets (sidewall N1) on the edges in width of the middle layer
of the experimental and control cheeses is given in Table 1.

Table 1. Moisture content in the upper and lower sheets of the middle layer of the experimental and control
mature cheeses “Lori” without compacting layers, %

Point N Experimental cheese Control cheese
upper sheet sidewall 1 lower sheet sidewall 2 upper sheet sidewall 1 lower sheet sidewall 2

1 2 3 4 5
1. 43,5 42,7 42,4 42,1
2. 43,3 43,1 43,7 40,3
3. 42,8 42,4 41,2 41,6
4. 42,8 42,4 42,8 42,6
S. 43,1 42,9 42,9 43,8
6. 43,1 42,8 43,1 42,2
7. 43,0 42,6 42,7 42,8
8. 43,4 43,2 43,1 43,6
9. 42,9 42,4 42,8 42,6
10. 42,9 43,1 43,2 43,1
11. 43,2 43,7 43,6 43,7
12. 42,8 42,9 43,4 43,5
13. 42,8 42,5 43,2 42,7
14. 43,4 43,5 42,5 43,9
15. 42,6 42,7 42,7 42,3
16. 42,7 423 42,3 42,4
17. 43,5 42,9 42,1 43,8
18. 42,5 42,5 423 42,8
19. 42,9 42,6 42,1 42,3
20. 43,5 41,9 41,3 40,1
21. 42,4 42,3 41,9 41,8

Average 43,0+ 42,7+ 42,63+ 42,57+

Variations | 42,4-43,5 difference 1,1 % 41,9-43,7 difference 1,8 % | 41,2-43,7 difference 2,5 % |40,1-43,9 difference 3,8 %

We also researched the moisture content in the central part of the middle layer of the experimental cheese
head in width of the sidewall N1 (upper sheet) at points 10; 11; 12 and sidewall N2 (lower sheet) 12; 11; 10,
which respectively amounted to 42.9%; 43.2%; 42.8% (on average 42.9%) and 42.9%; 43.7%; 43.1% (on
average 43.2%), and at the corresponding points of the middle layer of the control cheese was on the sidewall
N1 -43.6%; 43.2%; 43.4% (on average 43.4%) and sidewalls N2 - 43.7%; 43.5%; 43.1% (on average 43.4%)
(Table 1). From the above data it can be seen that the distribution of moisture in the central parts of the middle
layer of the experimental cheese without compacting layers compared to the central part of the middle layer
of the control cheese (without compacting layers) differs little, i.e. the moisture is distributed in the central
parts in the same way (the difference is 0.3-0.5%). It can be noted that multiple repressing leads to conditions
of double-sided pressing.

Based on the study results, it was found that the difference in distribution of moisture at the edges in width
of the head of the middle layer of the experimental cheese mass (without compacting layers), the upper sheet
of the sidewall N1 of the upper edge on average is 43.2%, of the lower edge - 42.9% (43, 2 - 42.9 = 0.3%)),
the sidewall N2 of the upper edge is 42.7%, 42.3% (42.7 - 42.3 = 0.4%). Accordingly, the sidewall N1 of
the upper sheet of the central part is on average 42.9%, of the lower sheet - 43.2%, i.e. in the upper sheet the
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difference is 43.2 - 42.3 = 0.9%, the sidewall N2 is 43.2 - 42.9 = 0.3% respectively. Thus, the difference in
moisture between the edges is almost the same (0.3%, 0.4%), which compared to the central part of 0.3% is
also insignificant.

In the control cheese, respectively, the upper edge averages 42.4%, the lower edge 41.8%, compared with
the central parts of the sidewall N1 - 43.4%, sidewall N2 - 43.4%.

43,4 — 42,4=1,0%, 43,4-41,8=1,6%, 1,6 -1%=0,6%.

The study showed that in the distribution of moisture at the edges of the upper sheet sidewall N1, the lower
sheet sidewall N2 in the control cheese is compared with the central part (0.6%) at the corresponding points,
the difference and fluctuations are insignificant.

It can also be seen that the distribution of moisture along the length from the edges of the experimental
cheese (left, right) to the central part increases, but slightly above the central part: the sidewall N1 left - 42.9%,
central - 43.3%, right - 43.1%, sidewall N2 left - 42.6%, central - 43.0%, right - 42.5%, and for the control cheese,
respectively, sidewall N1 left - 42.5%, central - 42.7%, right - 42.5%, sidewall N2 left - 42.6%, central - 43.0%,
right - 42.4%. This proves the uselessness of napkin repressing.

Our proposed new method of double-sided pressing contributes to a more uniform distribution of moisture
in the cheese mass (low anisotropy) in rectangular cheeses, since the layers of the cheese mass are compacted
simultaneously on both sides without overpressing and using napkins.

After maturation of studied “Lori” cheeses, they were tasted. The tasting results showed that all the experimental
and control cheeses were of the highest grade. Experimental cheeses of all variants were evaluated with a high
score - 93 and 92 points, respectively, due to their good taste and smell, while the control cheeses were rated only
90 and 91 points.

Discussions. For the first time double-sided non-cloth pressing was proposed without repressings, with
a decrease in the anisotropy of cheese “Lori” and a reduction in the pressing duration.

1. For the experiment a screw mold for cheese “Lori” and a dynamometer for measuring the pressing
force over the cheese mass were designed and manufactured. Later the screw press was reconstructed to a
pneumatic one, providing a more accurate perpendicularity of the pneumatic cylinder rod in relation to the
surface layer of the cheese head.

2. The optimal mode of double-sided pressing of cheese “Lori” was set.

3. The optimality of the technological modes of the results of rheological and biochemical analyzes has
been substantiated.

4. We have studied the distribution of moisture in the central part of the middle layer of the upper and
lower sheets of sidewalls N1, N2 of the experimental and control cheeses (without compacting layers) by
cutting of 2.5 cm, 1.5 cm from 4 side edges.

5. We have compared the distribution of moisture in the central part of the experimental and control
cheeses of the upper and lower sheets of the sidewall N1, N2 of the middle layer.

6. We have compared the distribution of moisture at the edges in width and in length in the central parts of
the upper and lower sheets of the sidewall N1, N2 of the middle layer.

7. For the implementation of double-sided presses we have developed schemes of molds for double-sided
pressing of cheese “Lori”, which are fully subject to automation, combining the assembly, disassembly of
molds, shaping, pressing and extracting of pressed cheese.

Conclusion.

1. Thus, we can conclude that the distribution of hardness in the middle layer of the cheese mass of the
experimental cheeses (without re-pressing and napkins, reducing the duration of pressing) is more constant
and stable in comparison with the control ones. Therefore, double-sided pressing to some extent reduces the
hardness in the cheese mass.

2. It should also be noted that the distribution of moisture and hardness in the cheese mass is irregular,
and in order to obtain reliable data when studying the distribution of moisture and hardness in the layers of
the cheese head, it is necessary to remove the compacting layers thereto.

3. From the above we can conclude that the reason for the high anisotropy is the more durable compacting
layers of the control cheese, which are formed when using napkins and under the influence of re-pressing
during self-pressing.

Inference.

1. The study has shown that the distribution of moisture in the upper and lower sheets of the central parts
of the middle layer is equalized, i.e. almost the same.

2. Compared with the distribution of moisture at the edges in width with the central parts of the upper and
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lower sheets of the sidewall N1, N2 of the middle layer (without the compacting layer) of the experimental
and control cheeses, the difference in moisture is insignificant (0,3-0,5%).

3. The reason for the high hardness is the compacting layer formed during self-pressing with re-pressing
and the napkins, as well as the duration of self-pressing, is that the lower sheet is pressed 40 minutes more
than the upper one according to the technological mode.

4. During double-sided pressing, the shape of the cheeses does not affect their ripening process, but only
affects the anisotropy of the cheese mass, i.e. the distribution of moisture and hardness in rectangular cheeses
is much more uneven than in round ones. This is due to the fact that when pressing in rectangular cheeses
during shifting and displacement of cheese grains under pressure, sidewalls are formed and when they are
displaced towards each other, the compaction of the cheese mass increases precisely in the corners and at the
edges in width.

5. High hardness and less moisture are noted at the edges and in the corners of the cheese head, formed
during shifting and displacement of the sidewalls towards each other under the pressing force.

The proposed method of double-sided pressing eliminates these disadvantages (napkins, re-pressing) as a
result of the simultaneous compaction of the upper and lower layers of the cheese mass on both sides. Thinner
compaction layers are obtained, which contribute to an intense release of whey and a shorter pressing time.
In this case, moisture is retained both in the upper and lower layers, softening the consistency of the cheese
mass, as a result of which the eatable parts of the cheese increase.

We also offer two molds for double-sided (stepwise) pressing of large round and rectangular cheeses (the
second method) with the possibility of full automation with the combination of the processes of assembling
forms, filling grain in a closed form, molding, pressing, disassembling forms, extracting cheese. We study the
mechanism for double-sided stepped (step) non-cloth pressing with a smaller amount of pneumatic cylinder.

We herewith introduce a diagram of mold covers for double-sided cheese pressing.

Cut upper sheet of cheese

Cut lower sheet of cheese

Middle layer of cheese
lower edge
upper sheet of middle layer—/
Sidewall N1 lower edge
upper edge
upper edge
lower sheet of middle layer — IT
Sidewall N2
Experimental cheese Control cheese
upper sheet of middle layer upper sheet of middle layer
Sidewall N1 Sidewall N1
upper __|®3 <0 =9 12 els 18 eal| e e3 e6 0 o2 oI5 I8 2]
edge e) o5 o8 e|] e|4 ®17 20 edge o) o5 o8 e|] e]4 17 20
o] o4 o7 el0 @13 ol6 el19 o] ©4 o7 10 ©13 16 19
lower sheet of middle layer lower sheet of middle layer
Sidewall N2 Sidewall N2
upper ol =4 e7 10 #1316 0] ower ol o4 o7 el0 *13 =16 =10
edge o) o5 o8 e]] |4 17 20 edge e) o5 8 e|] e]4 17 20
©3 o0 ©0 el2 el5 el8 )] e3 o6 9 el2 e15 @18 )]

Fig. 1 - Scheme of middle layer of experimental and control cheeses
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i
a)
1-body, 2-perforated ferrule, 3-platform, 4-bars, 5-perforated inserts, 6-pressing tiles, 7-upper and lower
ball bearings, 8-locking caps, 9-balancing lever, 10-rod, 11-pneumocylinders, 12-main pipe, 13-valves, 14-
tap, 15-gear, 16-manometer, 7, 18, 19, 20-valves, 21-lock, 22-rib stiffeners

b)
Fig. 2 (a, b) - Pneumatic mould for double-sided pressing of rectangular small-size cheeses

= | —

1-large part of upper cover of mould, 2-corrugated tile, 3-perforated insert, 4-small part of upper cover
of mould (automatic valve for pouring the cheese grain into the mould), 5-mould sidewall, 6- small part of
lower cover of mould, 7-large part of lower cover of mould.

Fig. 3 - Scheme of mold covers for double-sided cheese pressing.
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OIIEHKA COPTOOBPA3IIOB BEJIOKOYAHHOM KAITYCTHI IO X031 CTBEHHO-
HEHHBIM IIPU3HAKAM B YCJIOBUSAX IOI'O-BOCTOKA KA3AXCTAHA

AHHOTanus. B ctarbe npuBeeHbI HCCIICAOBAHNS 10 OLIEHKE KaueCTBa U NPOAYKTHBHOCTH COPTOOOPa3L0B
0eJI0KOUaHHOI KalmyCThl B YCJIOBHSIX I0ro-BocToka Kazaxcrana. [loneBbie ONBITHI 3aKIabIBAIA HAa OIBITHOM
craunonape TOO «KasHUUIIO» ¢unuana «Kaitnap». Bee nzyuennsie 15 oOpasios K-2424, TBR globe
(CHIA), BpK-2041 (Kwuraii), BpK- 2141 (Kuraii), K-2590, Touka (Poccus), K-2395, Slow bolting green
eaely (CILIA), K-2425, Globe 62 MYR (CIIIA), K-2185 (Poccust), K-2335 (CIHA), K-2053 (Poccus), K-1894
(Axyrus), K-474 (I'epmanns), K-1737 (Poccus), K-1363 (Hunepmannsr), K-1823 (Poccus), K-1803 (CILIA)
u3 MupoBoi koiekiu BUP, B kauecTBe cTanaapTa B34T oTeuecTBeHHbINH copT Hamroma. [Inomans yuéraoi
neistHky 21 M%, IOBTOPHOCTh TPEXKpaTHas, IeNIsTHKa 2-X psiiHasi, KOJIMYECTBO PACTEHHUH B OJHOM rpske 20,
B oz1HOI moBTOpHOCTH 40, Tutomans nutanus 70x50 cm. [Ipu n3ydeHnu 1o kadyecTBy KOUaHOB OEITOKOYaHHOM
KarmycThl BeLaemmnck 5 o0pasios BpK-2041 (Kurait), K-2424 (CILIA), K-1894 (SxyTus), K-2185 (Poccust)
n K-1363 (Hunepnanasn). [lo nponykruBHOCTH BBIAENEHB! 7 00pasmoB K-2185 (Poccns), K-2424 (CLUA),
K-2425, Globe 62 MYR (CIIA), K-2335 (CLIA), K- 2053 (Poccus), K-1363 (Hunepnanner), K-1823
(Poccus).

KuaroueBble ciioBa: copra KamycTbl, TOCEBHBIE KadeCTBAa CEMSH, CEMEHA, IJIOTHOCTh KOYaHa, KOJU-
YeCTBEHHBIE [TOKA3aTeNl, OMOXMMHUYECKHIE TTOKA3aTeIH.
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KA3AKCTAHHBIH OHTYCTIK-IbIF bICBIHBIH IIAPYAIIBIJIBIK-BAFAJIBI BEJITTJIEPI
BOUBIHIIIA AKBAC KbIPBIKKABATTHIH CYPBITNITAPBIH BAFAJIAY

AnHoTanusi. Maxkanaga Ka3aKkCTaHHBIH OHTYCTIK-LIBIFBIC >KaFJaibIHIAFbl aK0ac KbIPHIKKA0ATTHIH
COPTTBHIK YITUIEPiHIH camackl MEH OHIMIUNriH Oaranmay OoMbIHIIA 3epTTeyiep KenaTipinareH. Jlamanbik
toxipubenep “Kaitnap” ¢wmansiabie “KazKKIIF3WU” KIIC Toxipubenik crarroHapblHaa SKYpri3iiii.
Bapasik 3eprrenren 15 yarimep K-2424, TBR globe (AKI), BpK-2041 (Kprrait), BpK - 2141 (Ksrraif),
k-2590, Touka (Peceit), K-2395, Slow bolting green early (AKILI), k-2425, Globe 62 MYR (AKII), K-2185
(Peceit), K-2335 (AKI), K-2053 (Peceit), K-1894 (Sxytus), K-474 (I'epmanust), k-1737 (Peceit), K-1363
(Hunepnanner), K-1823 (Peceit), K-1803 (AKIL) [dynuexysinik BUP sxunarsinan otaHnwik «Hamromay
COpTHI CTAaHIAPT peTiHJe alnbiH/Ibl. Ecernke any y4yackeciHiy aynanbl 21 M?, KalTalnaHybl yIII ece, 2 KaTapibl
ydacke, 0ip Katapaarbl eciMmiikrep canbl 20, Oip kadrananyeina 40, kopekreny ayganbl 70x50 cM. Ak
KarycTa KayIaHbIHBIH canachiH 3epTrey kesinae BpK-2041 (Kerrait), K-2424 (AKIL), K-1894 (Sxytus),
K-2185 (Peceit) xone K-1363 (Hunepmanmer) 5 yirici 6emingi. OHiMainik ooibrama 7 yiri K-2185 (Peceit),
K-2424 (AKIL), K-2425, Globe 62 MYR (AKLH), xk-2335 (AKL), K - 2053 (Peceii), K-1363 (Hunepnanmapr),
K-1823 (Peceit) Oeminmi.

Tyiiin ce3mep: akKaymaHabl KalycTa COPTTaphbl, TYKBIM ce0y camachl, TYKbIM, KaylaHHBIH THIFBI3IBIFbL,
CaH/IbIK KOPCETKIIITEp, OMOXUMHUSIIBIK KOPCETKIIITEP.
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EVALUATION OF VARIETIES OF WHITE CABBAGE ACCORDING TO ECONOMICALLY
VALUABLE CHARACTERISTICS IN THE CONDITIONS OF THE SOUTH-EAST OF
KAZAKHSTAN

Abstract. The article presents studies on the assessment of the quality and productivity of varieties of white
cabbage in the conditions of the south-east of Kazakhstan. Field experiments were laid at the experimental
hospital of KazRIPVG LLP of the Kainar branch. All 15 samples studied were K-2424, TBR globe (USA),
VrK-2041 (China), VrK-2141 (China), K-2590, Dot (Russia), K-2395, Slow bolting green early (USA),
K-2425, Globe 62 MYR (USA), K-2185 (Russia), K-2335 (USA), K-2053 (Russia), K-1894 (Yakutia),
K-474 (Germany), K-1737 (Russia), K-1363 (Netherlands), K-1823 (Russia), K-1803 (USA) from the VIR
world collection, the domestic «Nadyushay variety is taken as the standard. The area of the accounting plot is
21 m?, the repetition is three-fold, the plot is 2-row, the number of plants in one patch is 20, in one repetition is
40, the feeding area is 70x50 cm. When studying the quality of white cabbage heads, 5 samples of VrK-2041
(China), K-2424 (USA), K-1894 (Yakutia), K-2185 (Russia) and K-1363 (Netherlands) were distinguished.
According to productivity, 7 samples K-2185 (Russia), K-2424 (USA), K-2425, Globe 62 MYR (USA),
K-2335 (USA), K-2053 (Russia), K-1363 (Netherlands), K-1823 (Russia) were identified.

Key words: cabbage varieties, sowing qualities of seeds, seeds, head density, quantitative indicators,
biochemical parameters.

Beenenune. Kanycra — o1Ha U3 IIaBHBIX OBOLIHBIX KYJBTYp, HMEIOLIasi pa3HOCTOPOHHEE MPUMEHEHHUE:
nuieBoe U kopmoBoe. LIupokomy pacnpoCTpaHEHUIO A3TOM KYJIBTYyphl CIIOCOOCTBOBajO €€ IEHHBIC
XO351IMCTBEHHBIE CBOWCTBA — BBICOKAS YPOXKAWHOCTb, XOJIOAOCTOMKOCTh, XOPOILIast JEFKOCTh U 3HAYUTEIbHAS
nUTaTeNbHast LEHHOCTh B COYETaHUH C XOPOLIMMHU BKYCOBBIMH KauecTBaMH. Hanmnuue 00JbIoro coproBoro
pasHooOpasusi BeChbMa Pa3IM4HON CKOPOCIENOCTH, a TaKkKe JIErKOCIOCOOHOCTh HMCIOIb3YEMbIX OPTraHOB
MO3BOJISIET UMETH CBEKYIO Pa3HOOOPa3HYIO MPOAYKIMH B TEUEHHE MOYTH KPYIJIOTO TOAa, B OCHOBHOM IpH
BBIpAIMBAHUY B OTKPHITOM I'pyHTe. bruosornueckie 0COOEHHOCTH KayCThl 00YCIaBIMBAIOT BO3/IC/IBIBAHUE
e€ MOYTH BO BCEX Yrojkax 3eMHoro mapa. Kpome Toro, oHa Jierko IOJABEpraeTcs pa3iuyHbIM BHAAM
KOHCEpPBUPOBAHUs, B TOM 4YMcCiIe MyTEM 3aMopakuBaHUs. bermokouaHHas KamycTa COJIEp)KUT B KOYaHaX
B cpeaHeM 8,5% cyXoro BEIECTBa, B COCTABE KOTOPOIO MMEIOTCS YINIEBOJIbI, 3HAUUTENBbHOE KOJIMUYECTBO
A30THUCTBIX BEIIECTB M MUHEPAJbHBIX COJEH. YIIEBOABI IMPEICTaBIIEHBl NPEUMYLIECTBEHHO CaxapamH.
O6wiero caxapa B OeIOKOYaHHOW KamycTe B cpeaHeM comepxkurcs 4,2% (0T cbiporo Beca). Y OTAEIBHBIX
COPTOB Caxap MOKET COCTaBIATH Mo4TH */, cyXoro BemecTsa. [losToMmy oHa xopomio 3akpammpaercs. ITo
COZIEpKaHMIO a30TUCTBIX BEIIECTB KalycTa IpeBBIIIaeT OpIOKBY, pely, MOPKOBb, CBEKTY. bosbiias yacts
A30THCTBIX BEIECTB JIETKO YCBAaMBAETCSI OPraHM3MOM YEJIOBEKa.

benokouannas xanycra nuenna Hanu4aueM B Hell ButamunoB P, K, B, B, PP - usonur, (hosTMeBOI KUCIIOTHI,
ouornHa. Ocobenno Oorara oHa ButamuHaMm C (ackopOMHOBasi KUCIIOTA), COJIEPKAHNUE KOTOPOTO COCTABIISIET
B cpeaneM 32 mr Ha 100 r ceiporo BemecTBa, NpuuéM BUTaMHH C XOpOILO COXpAHSETCS B KBAaIIEHOW U
BapéHoii kamycrte [1].

KamycTa — 3T0 ouH U3 caMbIX 1EIeOHBIX MTPOIYKTOB, KOTOPBIH MCIIOIB3YETCS MOBCEJHEBHO H SIBIISIECTCS
OZIHUM M3 caMbIX AOCTynHbIX. Kamycty ucctapu cuuranu jgedeOHbIM pacTeHueM. B Hacrosmiee Bpems e€
BBOJIAT KaK JMETUYCCKUI MPOAYKT B MHIIEBbIC PALIMOHBI PU OTJICIBHBIX BUAaX 3a00JIeBaHUN (CEPICUHBIX U
ap.). Cok cBexxel KamycThl, cogepkanmid BUTaMuH U (OT JTaTHHCKOTO ciioBa «ulkusy, 9To 03HauaeT «sa3Bay),
YIOTPEOJISIIOT B KauecTBE APPEKTUBHOTO, OBICTPOJICHCTBYOIIETO CPEACTBA ISl JICUCHHS I3BEHHON O0JIe3HH
KeNyaKa W JABEHaauaTtunepcTHod kumku. Butammun U ywacTByeT B mpolieccax pereHepanuy CIM3HCTON
000JIOUKH HKEITYyA0YHO-KUIIIEYHOTO TpaKTa, 00J1alaeT CUIIbHBIM MPOTHUBOSI3BEHHBIM JieiicTBueM. Kpome Toro,
YHOOTPEOJICHUE KAMyCThl PEryIUpyeT ACSITeIbHOCTh KUIICUHUKA, U3JICUMBACT SI3BEHHBIC KOJTUTHI, TACTPUTHI,
CIOCOOCTBYET BBIICICHUIO M30BITKA JKEMTYHBIX KHCJIOT, CHIYKACT YPOBEHb caxapa M XOJecTephHa B KPOBH,
npeaynpekaacT pa3BUTHE aTepPOCKIepO3a U KeTdeKkaMeHHOH Oonesnu. He MeHee pa3HooOpa3HO HapyKHOE
ynotpebnenue kamycTel. COK, pa3MeIpIEHHYIO KAlIUIYy U3 CBEXKHUX WX BapEHBIX JIUCTHEB KAIyCTHI, 1EIbIC
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JUCTHsI (B BUJIC TIPUKIIA/IBIBAHHIA, KOMIIPECCOB, MOJOCKAHUN, MPUMOYEK, OOMATHIBAHUNA U T.1.) IPUMEHSIOT
MIPH Pa3IMYHBIX KOXKHBIX MPOOIIeMax, TOIOBHBIX OOJISIX, MACTUTAX, PAIUKYIUTAX, a TAKKE B KOCMETHYECKUX
LEJSIX JIJIs1 OTOCIMBAHMUS, OYHIIECHHS X CMSTUSHHSI 3arpyoerno koxu [2].

OBomy UMEIT OrPOMHOE 3HAYCHHUE HE TOIBKO JUTSI TTOJICP KaHUs JKU3HEHHBIX CHJI YEJIOBEKa, HO U Kak
NIeCTBEHHBIC Jie4eOHbIE CPE/CTBa, MPU3HAHHBIC HAPOAHON M HayYHOU MemuiuHOH. [lumeBas meHHOCTH
1 NedeOHbIe CBOWCTBA OBOIIEH OOYCIIOBIEHBI HAIWYHEM B HUX Pa3HOOOPA3HBIX IO COCTaBY M CTPOCHHIO
XUMHUYECKHUX BEIIECTB, OONAIArOIINX MMUPOKAM (hapMaKOJIOTHUECKUM CIIEKTPOM JIEHCTBUS Ha OpPTraHU3M H
MIPHUJIAIOIINX TPUTOTOBJICHHBIM M3 HUX OJTF0IaM OPUTHHAIBHBIN BKYC U apoMart [3].

Bce xamycTHBIE OBOIIN TOBOJIBHO XOJIOIOCTOMKH U BIATOJIFOOUBEL. PacTeHUs ONMBIISIOTCS HACEKOMBIMU, U
IIPY BBIPAIIMBAHUY CEMSH Pa3HBIX COPTOB TPeOyeTCcst MPOCTPAHCTBEHHAS 30NN, POIHHOM OOIBIIMHCTBA
BO3/IEITBIBAEMBIX BUJIOB KaITyCThI cunTaetcst CpenuzeMHOMOphe. M TOTBKO MEeKWMHCKAs, KUTalCKas U ATTOHCKAs
HMMEIOT BOCTOUYHOA3UATCKOE MPOUCXKIAeHUE [4].

OBo1iu XapaKTepu3yrTCs BRICOKHM COJIEPIKaHUEM BOJIBI, €€ COJlepKaHue B OCJIOKOYaHHOH KaITyCTe MOXKET
npebiath 90%. B cocTaB chiporo BemecTBa KarycThl BXOJIST: caxapa, KjeTdyarka, MUHEPaJIbHbIC 3JIEMEHTHI
u nip. [loBbIlIeHHOE CcoMepKaHKe KIETUATKH B OEJIOKOYaHHOH KaITyCTe MPOJIEBaeT COXPAHHOCTh, HO, BMECTE
C TeM, MOHW)XKaeT ¢ BKYCOBbIE KaueCcTBa KaK CAJIaTHOW KYJbTYphI, a 0oJiee BHICOKOE COJIEpKaHHE caxapa
yAy4IlIaeT BKYC KaIlyCThI U €€ 3aCOJI0YHbIE KadecTBa. M3yuas OMOXUMHYECKHA COCTAaB KaITyCThI, paHEee HaMH
OBLITO TIOKA3aHO CO/IEPIKaHUE KaK TOJIE3HBIX BEIIECTB, BKIIFOYas cojiepkanue BuTamuHa U (METHOHMHA), TaK
Y BPENIHBIX JUIA YeJIOBEKa COCIUHEHMI, HAmpuMep, HUTpaToB [5] B Hacrosimel pabore HaM IpeACTOsLIO
MIPOAHAIM3UPOBATh CTPYKTYPY CYXOro BEIIeCTBa M B IIEPBYHO OYepe/Ib COMACPIKAHUE B CyXOM BEIIECTBE
KJIETYaTKH U caxapoB [6]. PaHee ycraHOBHMIIM, YTO TPETbUM KOMIIOHEHTOM IO COCTaBY CyXOI'O BEIIECTBa
SIBJIIETCS 30714, KOTOPOM B CyXOM BELLECTBE cozepkutcs 6-7% [7].

Martepuajabl U MeTOABbI HCCJIeT0BaHUN. JIabopaTOpHO-TIONEBBIE ONBITHI 3aKJIA/bIBAIM HA OIMBITHOM
craunonape TOO «KasHUUIIO» ¢unnana «KaiiHap» Ha HOpeAropHbIX TEMHO-KALITAHOBBIX I0YBAX
CEBEPHOTO CKJIOHA 3aunuiickoro Anaray Ha Beicote 1000 M Hax ypoBHEM MODSL.

OnenuBanuch 00pa3ipl OETOKOYaHHOH KAy CThl U3 MEpOoBOH Kosutekiinu BUP. B kadectBe ctanmapra B3sT
oreyecTBeHHBIH copt Hamrorra. [nomans yuérHoi aensiaku 21 M2, HOBTOPHOCTD TPEXKpaTHasi, ICNITHKa 2-X
psIHAas, KOTUYECTBO pacTeHUi B oqHOoM rpsiake 20, B oqHoi noBTopHOCTH 40, rutomans nutanus 70x50 cum.

broxumudeckue aHamu3bl MPOBOAMINCH CIEAYIONIMMHA MeToJaMu: caxapa — o beprtpany, Buramun C
(ackopOuHOBas KUCIIOTA) — 110 MyppH, CyX0e BEIIECTBO — BBHICYIIIBAHUEM HaBEeCKH [8].

[In0THOCTE KOYaHa (OTpeAeNseTCsl Ha er0 BEPTUKAIBHOM pa3pes3e) — BAKHBIN XO3IWCTBEHHBIN MPU3HAK
1 MOP(OIOTHYECKN XapaKTEPHBIH JJISI OTJCNBHBIX COPTOB. KouaHBI OBIBAIOT: OYEHB PBIXJIBIE, PBIXJIEIC,
CPeIHEIUIOTHBIC, IUIOTHBIE W OYeHb IUIOTHBIE. [Ipr OOBEKTHBHOM OTpeNeNeHHH IUIOTHOCTH KOYaHa
YCTaHABIUBAIOT €T0 YICIbHBIE MAacCy MyTEM JeNIeHHU YUCTON Macchl kodaHa (T) [9].

B nuTroMHWKEe KOMITEKIIMU OEIOKOYaHHOH KalyCThl OIIGHUBAIHCH 15 00pa3iioB M3 MUPOBOW KOJUICKIIHU
BUP. K-2424, TBR globe (CIIA), BpK-2041 (Kwurait), BpK- 2141 (Kwurait), K-2590, Touka (3am.-Cuo.
ooc), K-2395, Slow bolting green eaely (CLLA), K-2425, Globe 62 MYR, (CILA), K-2185 (KpacHosipck),
K-2335, (CIA), K-2053 (ITepmck.o6u.), K-1894 (Skyrtus), K-474 (I'epmanus), K-1737 (IIOC BUP), K-1363
(Hunepnanner), K-1823 (Ilepmck.o6i.), K-1803 (CILIA). B kayecTBe cTtanmapTra ObUT B3SIT OT€4E€CTBEHHBIN
copt Haaroma.

[TosneBbIe OMBITHI TPOBE/ISHBI ITO CIIEAYFOIIIM OOIIETPUHSATHIM KIIACCUIECKUM METOJTMKaM: «MeTofrueckue
yKa3aHUsl 10 anpoOaIyl OBOIIHBIX KyIbTyp» [9], «MeToauka OIBITHOTO Jiela B OBOIIEBOACTBE H
OaxueBozicTBe» [10], Metonuka nonesoro onbita (b.A. Jlociexos, 1985) [11], «MeTtoauueckne yka3aHus 10
M3YYCHUIO U TOAACpKAHUE MUPOBOI KOJIEKIIMK KarmycTh» [12].

Pesyabrarel u o6cy:xkaenue. [lepen moceBoM MpoOBOAMIACH TOCEBHAS KAYECTBA CEMSIH COPTOOOPA3IOB
KaIyCThl OSJIIOKOYaHHOW Ha BCXOXKECTh B JIAOOPATOPHBIX YCIIOBUSX, JaHHBIE TPOBEACHHI B Ta0muIe 1.

Tabnmuua-1 [loceBHble KauecTBa ceMsiH COPTOOOPA3LOB OEIOKOUAHHOM KaryCThl U3 MUPOBOW KOJUICKIIMH
BUP

No Ne karanora BUP IIpoucxoxnenue DHeprus npopactanus,% Bexoxects, %
1 Haromra (cranmapr) Kazaxcran 66 86
2 K-2424, TBR globe CIIA 53 90
3 BpK-2041 Kurait 49 85
4 BpK- 2141 Kurait 68 90
5 K-2590, Touxka 3amn.-Cub.0oc 55 88
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6 K-2395, Slow bolting green eaely CIOA 64 89
7 K-2425, Globe 62 MYR CHIA 65 89
8 K-2185, Kpacnosipck 43 87
9 K-2335 CLIA 57 90
10 K-2053 Iepmck.o0. 51 88
11 K-1894 SIkyTust 68 94
12 K-474 T'epmanust 33 85
13 K-1737 I10C BUP 52 90
14 K-1363 Hunepnanapt 34 88
15 K-1823 Iepmck.o0m. 55 85
16 K-1803 CIIA 29 75

W3 npuBeneHHBIX NaHHBIX BHHO, YTO BCXOXKECTh CEMSH OBUIM BBIIE CTaHmapra y oopasmoB K-2335
(ClIA), K-1737 (BUP), K-2424, TBR globe (CILIA), BpK- 2141 (Kurait) u K-1894 (fxytus) u cocraBuia
coorBeTcTBEHHO 90 u 94%. Beicokas sHeprusi mpopacTaHus OTMEUYEHa y cTaHAapTHoro copra Hamtormra,
obpasnoB BpK- 2141 (Kwuraii), K-2425 (CILA), K-2395, Slow bolting green early (CILIA), Globe 62 MYR
(BUP) u K-1894 (Sxyrtus).

Tabnuua-2 buoxuMuyueckue noxkasaresin copToo0pasoB OETOKOUaHHON KaIlyCThl

Ne Ne xaramora BUP Cyxoe BeliecTso, % Caxapa, % Buramun C, mr%
1 Hamroma (cranmapr) 9,06 4,15 38,68
2 K-2424, TBR globe 10,52 5,13 38,72
3 BpK-2041 9,06 5,19 39,08
4 BpK- 2141 9,95 4,50 35,24
5 K-2590, Touxa 10,10 4,48 26,45
6 K-2395, Slow bolting green early 10,16 4,88 37,63
7 K-2425, Globe 62 MYR 9,84 4,37 21,15
8 K-2185 10,04 5,00 39,10
9 K-2335 9,62 4,44 33,43
10 K-2053 9,84 4,93 33,43
11 K-1894 9,82 4,75 37,06
12 K-474 8,76 5,00 39,25
13 K-1737 8,80 433 33,40
14 K-1363 9,33 5,06 37,00
15 K-1823 9,55 4,26 24,66
16 K-2059 9,00 4,50 38,44

[lo OumornoruueckuM MOKa3aTesiM y TMPEACTABICHHBIX B TaOnuile 2 00pa3loB UMEHOTCS HEKOTOPBIC
pasnuuus. Beicokoe cojiepaHue CyXxoro BellecTBa OoTMedeHo y oOpasmo K-2424, K-2185, K-2395 u
K-2590. ITo comepkanmio caxapoB BbLaeIHinch oopasusl BpK-2041, K-2424, K-1363, K-474 u K-2185.
CranmaptHblil copt Hamroma mo 3TuM mokaszareisiM ycTymnaet qpyrum oopasmam. Conepkanue puramMmuaa C
Oosbie Bcero Obwto y 00pasmos K-2185, K-474, BpK-2041, K-2424, K-2059, a Takxe cTaHIapTHOTO COpTa
Hagmroma.

Tabnmuua - 3 KonnyecTBeHHBIE TOKA3aTENIM COPTOOOPA3LIOB OETOKOUaHHOHN KaIlyCThl

Ne Hasganwue o6pasia Macca Bricora [Hupuna [Tnot- Pasmep BHyTp. LiBer B pa3pese
/i KOYaHa, KT | KOYaHa, CM | KoYaHa, CM HOCTh KOYEPBITH, CM
1 Hamroma (cranmapr) 2,0 15,6 19,2 TJTOTHBIN 7,0 OJIeIHO-)KEITHIN OeIbIi
2 K-2424, TBR globe 32 19,8 21,0 ILIOTHBIN 4,0 OJIeIHO-)KEITHIN OelbIi
3 BpK-2041 1,8 16,4 16,0 PBIXJIBIT 7,0 OJIEIHO-XKENTHIN OEIIbIi
4 BpK- 2141 2,2 11,3 12,3 PBIXJIBIT 5,5 Oenblit
5 K-2590, Touka 1,0 12,6 13,5 OYEHb IJIOTHBIN 6,5 OJIeTHO-)KEITHIN OeIbIi
6 | K-2395, Slow bolting green 1,3 16,0 15,5 PBIXITBII 8,0 OJIEIHO-)KETHIN OeIIbIi
early
7 K-2425, Globe 62 MYR 3,3 19,75 21,2 [LIOTHBIN 3,0 OJIeIHO-)KEITHIN OeIIbIi
8 K-2185 3,3 21,3 19,2 OYCHB IJIOTHBIN 4,1 OcbIi
9 K-2335 3,1 18,6 18,0 TUTOTHBIN 5,0 OJICTHO-)KEIITBIN OeIbIi
10 K-2053 3,0 19,6 19,5 IIOTHBIN 3,0 OJIeIHO-)KEITHIN OeIbIi
11 K-1894 1,9 13,5 16,3 TUTOTHBIN 6,2 OJIEIHO-)KEIITBIN OeIbIi
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12 K-474 1,2 17,2 15,8 PBIXIIBII 10,5 OJIeIHO-)KEIITHIN OeIbIi
13 K-1737 1,0 16,6 15,0 PBIXJIBII 6,5 OJIEIHO-)KENTHIN OEIIbIi
14 K-1363 3,0 18,8 18,0 [LJIOTHBIN 5,0 Ocnbli

15 K-1823 3,2 19.4 20,0 [JIOTHBIA 6,5 OJIEIHO-KENTBIN OEIbIi
16 K-2059 1,2 10,0 16,5 PBIXJIBIT 8,0 OJIeIHO-)KEIITHIN OEIIbIi

W3 nanHbIX, IPUBEICHHBIX B TAOIUIE, MOKHO C/IENATh BBIBOJ, YTO Macca ruiofa oosee 3,0 Kr, 1o cpaBHe-
HUIO CO cTaHmaproM copra Hamrorna, Beimenunucek 7 oopasuor K-2425, K-2185 K-2424, K-1823, K-2335,
K-2053 u K-1363. Tombko 1 obpazen BpK- 2141 Obin Ha ypoBHe cranaapra. Bece ocranmbHble 00pasiibl
ycTynanu cragaaptHomy copty Hamroma. Cpennsisi [uinHe BHYTpeHHeH Kouepsir Konebanack ot 3,0 1o 10,5
cM. BHyTpennue kouepsiru Hanbonee kopotkue y obpasnoB K-2425, K-2053, K-2424, K-2185, K-2335,
K-1363 u BpK- 2141. lnunusle kouepwiru Obun y oOpasuoB K-2059, K-2395 u K-474. V ocranbHbIX
00pa3IoB JUIMHA BHYTPEHHEH KOUEepBITH OblTa IPaKTUUECKU Ha ypoBHE cTanaapTa (6,2-7,0%). [1To miotHocTH
ycTynanu ctangapry 6 oopasuos, BpK-2041, BpK- 2141, K-2395, K-1737, K-2059, K-474 umerot pbIxiyio
CTPYKTYpY KodaHa. Bce octanbHble 00pa3ibl KOJIEKIMK ObIIIH Ha yPOBHE CTaHIapTa € MIIOTHOH CTPYKTYPOH
KOYaHa WM OYEHb MIIOTHOM.

BeiBoasl. 1. [1o kauecTBy KOUaHOB OEJIOKOYAHHOH KaITyCTHI BRLACITWIOCH 5 00pasnoB BpK-2041, K-2424,
K-1894, K-2185 n K-1363. 2. Ilo npogykTuBHOCTH JydmmMu Obutn o6pasupsl K-2185, K-2424, K-2425,
Globe 62 MYR, K-2335, K- 2053, K-1363, K-1823.
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BUOJIOTMYECKUE U XUMHUYECKHUE MMOKA3ATEJIU MSICA BAPAHUUKOB
JJATECTAHCKO#M 'OPHOM MMOPO/IbI U UX TIOMECEM

AnHoranmus. OBreBojcTBO B PecnyOnuke [larectan weT 1o IyTH MOBBINICHUS €r0 3((EKTUBHOCTU
3a CYET YBEJIMYEHHUS MPOAYKTUBHOCTU OBELl, CHIKEHHs 3aTpaT Ha MPOU3BOJCTBO M YIIYUILIEHHUs KayecTBa
nponykuuu. B xozsiicTBax pecnyonuku 71,5% npuxoauTcs Ha JarecTaHCKy1o FOpHYIO MOpoAay oBell. B cratbe
MPUBEICHBI MOKa3aresn yoos, XUMUIECKHI 1 aMMHOKHCIOTHBIM COCTaB, HHTEPbEPHBIE 0COOCHHOCTH MsICa
0apaH4YMKOB, OIYUYEHHBIX OT CKPEIIUBAHUS MAaTOK JareCTaHCKOW TOPHOM MOpobl ¢ GapaHaMH POCCUICKOTO
MSICHOTO MEpHHOCA. DKCIEPUMEHTAIIbHBIE MCCIEIOBAaHHs POBEIU B YCIOBHUIX Arpodupmbsl «Corparib.
HcnonpzoBanue 6apaHOB-IIPOM3BOAMUTEINICH POCCUICKOTO MSICHOTO MEPUHOCA Ha OBIIEMAaTKax JareCTaHCKOU
ropHoii nmopoje B ycnoBusix Pecybnuku Jlarectan, mo3Boimiio cymecTBEHHO MOBBICUTD Y IIOMECEH MepBOro
MOKOJICHUS TI0Ka3aTesid yOos U XMMHUYECKOTO0 COoCTaBa Msca. Y momecel mpeayOoiiHas macca Ha 11,7%
BBIIIIE, YEM IO YHMCTOMOPOJHBIM CBEPCTHHUKAM, YOOIHBIN BbIXOA IpeBocxoau Ha 3,1%. Y 4ncTonopoaHbix
JlarecTaHcKuX OapaH4YMKOB cOJepKaHue KuUpa B Msice cocTaisiio 9,8%. [Ipu yboe 7-mecsyHbIX OapaHYNKOB
JlareCTaHcKol ropHod mopoabl M nomeced F, (JI'xPMM) nokasano, 4ro, MO JaHHBIM HPOLEHTHBIX
nokasaresiei, cyonpoaykroB 1 u 2 KaTeropuu y MOMECHBIX OapaHuMKoB cocTaBuio 3,87 u 7,85%, 4ro Ha
0,18 u 1,46% OGosnbliie TTOKa3areseii YNCTOMOPOAHBIX OapaHUYUKOB. B Msice IOMECHBIX )KHBOTHBIX OTMEUCHO
MEHBIIIEE KOJIMYECTBO TAKMX aMHUHOKHUCIIOT, KaK BalluH, JICUIIMH U u3onehiuu: Ha 2%, Ha 1,6%, Hexenu y
CBEPCTHUKOB COOTBETCTBEHHO. IIpeBoCX0/CTBO moMeceil HaJl YMCTOMOPOAHBIMH >KHBOTHBIMH OTMEUAIOCh
M0 KOJIMYECTBY aMUHOKHUCIIOT, YYaCTBYIOIMX B HOPMaIu3aluu QyHKIHMN cep/la U NeYeHu: METHOHHNHA (Ha
7,7%) u Tpuntodana (ua 1,8%).

KiroueBble ciioBa: mopoaa, yooii, MsicHasi IPOAYKTHBHOCTb, aMUHOKHCIIOThI, XHMHUUECKHUI cOCTaB Msica,
WHTEPbEPHBIE 0COOCHHOCTH.
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JAFBICTAH TAYJIbI KO TYKBIMBIHBIH KOHE OJIAPIBIH BY/IAH/IAPBIHBIH
ETTEPIHIH BUOJIOT USLIBIK )KOHE XUMUSLILIK KOPCETKITEPI

Aunnoranusi. Jlarpictan PecryOnukachbiHIa KOW IIapyallbUIBIFBl KOWIApIBIH OHIMIUICIH apTTHIPY,
OHJIIPIC IIBIFBIHIAPBIH a3aiTy )KOHE OHIM CalachlH JKaKCapTy apKbLIbl OHBIH TUIMALIITIH apTThIPY JKOJIBIMEH
xyprizineni. PecnyOnuka mapyatsuibiFbIHEIH 71,5% AarpicTaH Tayiabl KOW TYKBIMBI Kypainel. Makanana
COMBIC WIBIFBIMBI, XUMHSJIBIK JKOHE aMHMHKBIIIKBUIABIK Kypambl, AAaFbICTAH Taylbl TYKBIMBIH PECEHIIiK
MEPUHOCIICH HIAFBUIBICTBIPY HOTHIKECIHJE AJbIHFAH KOWJIApPBIHBIH €TTEPiHIH MHTEPhJIEPIi epeKIIeTiKTepi
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kenripinred. Toxipubuenik xxympictap «Corpariby arpodupMachl xKaraalblHAA icKe acklpbuLAbl. JlaFrpicTan
PecnyOnukaceinblH skaFqaibiHaa JlaFpicTal Tay TYKBIMBI KOMJIApPbIHA PECEilslik MEPHUHOC KOIIKAapiapblH
KoJJIaHy OipiHII OybIH YpITaKTapbhIHIA COWBIC IIBIFBIMBIHBIH YIIFAIOBIHA €TTIH XUMHSUIBIK KYPaMbIH 0Yip
’akcapTThl. bynannapaa ta3a TYKpIMIbUIapFa KaparaHia COMbIC anibiHAaFel Macca 11,7%-Fa xorapsbl, coibic
HWBIFBIMBI 3,1%-Fa skorapbl 00ibl. J{aFrbICTaHHBIH Ta3a TYKBIMJIBI KOIIKApJIapblHAa €T KYpaMbIHAAFbl Mal
meepi9,8% kypapl. JlarpicTan Tay bl TYKbIMBIHBIH KOHE (JITXPEM)F Oynannapbinbin 7 aiibIk MapKaaapbiH
ColifaH]1a KepceTKeH 1eH, Oynanaapaa | xoHe 2 KaTeropusiHbIH KOCBIMIIIA OHIM/IEPiHiH yieci 3,87 sxxone 7,85%
KYpaJibl, O ©3 Ke3eTriHae Ta3a TYKbIM/IbI Kotnapaas 0,18 sxone 1,46% apThIK. Apalac kaHyapiaapblH eTiHe
Tasza TYKbIMJIbIFA KaparaHJa BaJIMH, JICHINH KOHE N30JCHLIMH CHSKTl aMUHKBIIIKBIIIAPBIHBIH a3 MeJIepi
Oaiikannel. bynan sxaHyapnapablH €TiHIE BaJHH, JCHIHH KOHE N30JCHLIMH CUSKTHl aMUHKBIIKbUIIAPBIHBIH
medepi 2% xone 1,6% a3 6onapl. Taza TYKbIMIBI KaHyapiapiaH OyJaHJapAblH apTHIKIIBUIBIFBI KYPEK
ne” Oayblp (YHKUMSUIAPBIH KAJbIIKA KEATIpyre KaTbICaThblH aMHHKBIIIKBIIIAPBIHBIH MeJIuepi OOHbIHIIA
Oaiikanasl: MeTHOHUH (7,7%) xoHe Tpuntodan (1,8%).

Tyiiin ce3mep: TYKbIM, COIO, €T OHIMJLUIIr, aMHHKBIIIKBIIIAP, €TTIH XUMUSIIBIK KYpaMmbl, HHTEPhEp
epeKIIeTKTepi.
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BIOLOGICAL AND CHEMICAL PARAMETERS OF MEAT OF SHEEP OF THE DAGESTAN
MOUNTAIN BREED AND THEIR HYBRIDS

Abstract. Sheep breeding in the Republic of Dagestan follows the path of increasing its efficiency by
increasing the productivity of sheep, reducing production costs and improving product quality. On the farms
of the republic, 71.5% is accounted for by the Dagestan rock breed of sheep. The article presents the slaughter
indicators, chemical and amino acid composition, interior features of the meat of the rams obtained from the
crossing of the queens of the Dagestan rock breed with the rams of the Russian meat merino. Experimental
studies were carried out in the conditions of the Agrofirm “Sogratl”. The use of rams-producers of Russian
meat merino on ewes of the Dagestan rock breed in the Republic of Dagestan, made it possible to significantly
increase the slaughter and chemical composition of meat in first-generation hybrids. In hybrids, the pre-
slaughter weight was 11.7% higher than in purebred peers, the slaughter yield exceeded by 3.1%. In purebred
Dagestan rams, the fat content in meat was 9.8%. When slaughtering 7 month old rams of the Dagestan rock
and F1 hybrids (DGxRMM) showed that, according to the percentage of offal of the 1st and 2nd category, the
hybrid rams were 3.87 and 7.85%, which is 0.18 and 1.46% more indicators of purebred rams. In the meat
of hybrid animals, a smaller amount of amino acids such as valine, leucine and isoleucine was noted: by 2%,
by 1.6% than in their peers, respectively. The superiority of hybrids over purebred animals was noted in the
number of amino acids involved in the normalization of the functions of the heart and liver: methionine (by
7.7%) and tryptophan (by 1.8%).

Key words: breed, slaughter, meat productivity, amino acids, chemical composition of meat, interior
features.

Beenenue. B TOHKOpYHHOM OBLIEBOJCTBE A0 HEIABHEIO BPEMEHH OCHOBHOE BHHMMaHME YACIIOCH
MOBBIILICHUIO HIEPCTHOM MPOAYKTHBHOCTU M YJIYUIICHHIO KAaueCTBa LIEPCTH, OAHAKO B IOCIIEAHEE BpEeMs
CUTyalusl U3MEHMJIach, 3KOHOMUYECKH 3HAYMMOM IMPOIyKIMEH B OBLEBOJCTBE BCEX HAINPABICHUH cTasa
MSCHasl MPOLYKTUBHOCTH [1,2].

B oredecTBEHHOM TOHKOPYHHOM OBILIEBOJCTBE UMEIOTCS TIOPOJIbI, XOPOIIO COYETAIOLIIE BEICOKUI YPOBEHb
MSICHOH IIEPCTHOM U NPOAYKTUBHOCTH, K TAKUM ITIOPOAAM OTHOCHTCS U HOBasl MOPOJa TOHKOPYHHBIX OBEI| —
POCCUHCKUN MACHON MEPHUHOC.

Jnisi MOBBIICHHUST MSCHOM HPOJYKTUBHOCTH OBEL| JAareCTaHCKOM TOPHOM MOpOABbl HAaMM IPOBEACHO
CKpeIIMBaHUE UX ¢ OapaHaMH-TTPOU3BOIUTEISIMUA TTOPOIBI POCCUICKUI MACHOM MepHuHOC [3,4].
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B 3701 cBsA3u Oonplioe 3HAUYEHHE Uil AAJbHEHINEr0 Pa3sBUTHS TOHKOPYHHOTO OBLICBOACTBA HMEET
pa3paboTKa MO M3YUYEHUIO XO3SHCTBEHHO-TIOJNE3HBIX MPU3HAKOB MOJIOAHSKA JareCTaHCKUX TOHKOPYHHBIX
OBeIl W WX MoMeced ¢ OapaHaMu MOPOAbI POCCHHCKUA MSICHOW MEPHHOC B 3aBUCHMOCTH OT OTTOHHO-
MacTOWIITHON CHCTEMBI COJIepKaHUs MTpUMeHsseMoii B Jlarectane.

Leanb muccienoBaHuii — U3YYUTh MACHYIO IPOAYKTHUBHOCTb, WHTEPhEPHbIE OCOOCHHOCTH U
AMMHOKHCJIOTHBIM COCTaB Msica MOJIOAHSIKA JareCTaHCKMX TOHKOPYHHBIX OBELl M MX IOMeced ¢ OapaHaMu
MOPOABI POCCUUCKUI MSICHOM MEPUHOC.

Marepuaa u Metoguka. OnbIT TPOBOIMIICS B YCIOoBHsIX Arpodupmsl «Corparis» ['yHubckoro paiiona.
Jli ckpenmBaHys MaTOK JJare CTaHCKOM rOpHOM MOPO/IbI ¢ GapaHaMH-ITPOU3BOUTEIAMU OPOABI POCCUICKHIA
MSICHOM.

[Ipu srHeHun oBLEMAaTOK ObUIN C(HOPMUPOBAHBI ABE IPYIIIBI ATHAT: | rpymnna — srHsITa YUCTONOPOAHBIE
(AD), 2 rpymma — sraATa-nomecu (A" x PMM) B xonmmuectBe mo 20 romoB B kaxmoi rpymme. [locie
3aBEpIICHUS Harylia MICHOTO KOHTHHIeHTa 1o Metoauke BMXKa (1978) Ob11 ipoBeieH KOHTPOIBHBIN yOOit
TpEeX TUIHMYHBIX OAPAHYMKOB U3 KXKOU TPYIIIbIL.

PesyabraTthl U 00cyskaeHUe: KOHTPOJIHHOTO yOOs B 7-MeC. BO3pacTe YUCTOMOPOAHBIX OapaHUYWKOB U
nomecei 1epBoro nokoneHus (F) CBUIETENBCTBYIOT O CyIIECTBEHHBIX PasINdUsX MO MOKasaTessaM yoos u
XUMHYIECKOMY COCTaBY MsICa MEXIy dTUMH rpyrmamu (Tadm. 1).

Tabmuua 1 - [Toka3zarenu yoost 6apaHIMKOB Pa3HOTO MPOUCXOKICHUS

ITokazarenu 1-rpynmna garecranckasi ropHas 2-rpynna nomecu F (AT'XxPMM)
Macca, kr:
npeayOoiiHas 30,9+0,44 35,0+0,92
yOoiiHas 14,6 17,6
VOoiiHbIi BbIXOM, % 47,2 50,3
Maccosas foins:
6erox 22,2 22,1
KUP 9,8 10,2
BJIara 67,2 66,9
3071a 0,86+0,13 0,83+0,12
KanopwuitHocTs 1kr Msica:
KKaJl 1019,5 1069,8

[IpenyOoiinas macca y momeceit coctaBuia 35 Kr, 4to Ha 4,1 kr uiu 11,7% Bblle, 4eM 1o YUCTONOPOA-
HBIM CBEpCTHHKaM. YOoiiHast Macca y moMeceil coctaBuiia 17,6 Kr, TOrna Kak y YMCTONOPOAHBIX CBEPCTHUKOB
14,6 kr, uto Ha 17,0% MeHbIIIe YeM 110 CBEPCTHUKAM JIareCTAHCKOM MOPOJIbl. YOOWHBINM BBIXOJI 10 OapaHUYUKaM
JlarecTaHCcKol mopojie coctaBmin47,25%, Toraa Kak y noMecei JaHHBIH MoKa3aTeb MPEBOCXOANI CBEPCTHUKOB
Ha 3,1 mporenTa (50,3%).

ITo comepxanuio xupa B Msce HauOonee BbicOkue mokaszarenu (10,2%) wmmenn nomecu F, or
0apaHOB POCCHICKOTO MSCHOTO MEpPHHOCA, HEXKEIN MICO CBEPCTHHKOB JAr€CTAaHCKOW TOPHOW ITOPOJIBI.
VY 4HCTONOPOIHBIX JareCTaHCKUX OapaHUYMKOB COAEp)KaHHE XHpa B Msice coctasisuio 9,8%. B oOparnoii
3aBHCHMOCTH HaXOJMJIOCh COIEp KaHNeE BJIark B MAKOTH U3y4aeMbIX KUBOTHBIX.

KanopwuitHocTh Msica Obli1a BBITIIE TAKKe IO ToMecsiM 1 cocTaBmial 069, 8kkan nmu 4,48 M >k v TpeBBICHIIO
ITOKAa3aTeJ M 110 YHCTOMOPOIHBIM TareCTaHCKUM cBepcTHrKaM Ha 50,3 kkan wim 0,21 MJIx.

Takum 00pa3oM, C HCIOIB30BaHWE OapaHOB-TIPOM3BOIUTENCH POCCHHCKOTO MICHOTO MEpPHHOCa Ha
OBLIEMATKaX JarcCTaHCKOM TOpHOM mopoxe B ycnoBusix PecrmyOnuku JlarectaH, mo3BOJiMIIO CYLIECTBEHHO
MOBBICUTH Y TIOMECEH MepPBOro MOKOJICHHUS TOKa3aTenn yOOs 1 XUMHUUYECKOTr0 COCTaBa MAca.

Wzyyenne BHYTPEHHHUX OpPraHOB MMeEET OOJbIIOE 3HAYCHWE B TO3HAHWH MHTEPHEPHBIX OCOOCHHOCTEH
OBEIl Pa3HbIX BHYTPHUIIOPOAHBIX THUIIOB W MOPOJ, TaK KaK BHYTPEHHHE OPTaHbl BBIMOJIHSAIOT B OPraHH3MeE
YKHBOTHOTO Pa3IMYHbIC )KH3HEHHO BayKHbIe PpyHKIMH [5,6,7,8].

Y MenKoro poraToro cKoTa BbIXof] CyOrpoayKToB coctasisieT 20% OT )KUBOW MacChl J)KHBOTHOTO.

Tabnuna 2 - Macca BHYTpeHHHUX OpraHoB 0apaH4YHUKOB, KT

[oxazatenu l-rpynna garectaHckasi TOpHas 2-rpynna nomecu F (ATXPMM)
[IpenyOoiinas xmuBas Macca 30,93+0,44 100 35,0+0,92 100
Kposb 1,535+0,14 4,96 1,780+0,25 5,09

CyOnpoayKThl 1 KaTeropun:
Jlnadpparma 0,152+0,008 ‘ 0,49 0,159+0,008 0,45
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[leuenn 0,529+0,003 1,71 0,681+0,007 1,95
[Mouxwu 0,115+0,0001 0,50 0,154+0,005 0,44
Ceprue 0,167+0,004 0,54 0,223+0,015 0,67
S3bIK 0,139+0,003 0,45 0,127+0,004 0,36
CyOIpomyKThI 2 KaTerOpHu:
Jlerkue c Tpaxeeit 0,501+0,021 1,62 0,740+0,033 2,11
Cenesenka 0,065+0,0001 0,21 0,115+0,0001 0,44
CeMeHHUKH 0,209+0,028 0,68 0,263+0,032 0,75
PyGen 1,200+0,0006 3,88 1,593+0,0013 4,55

AHanu3 TONyYeHHBIX JaHHBIX TAOJHIIBI CBHJIETENLCTBYET, YTO JIydlllee Pa3BUTHE UMENN BHYTPEHHHE
opranbsl y moMecHbIX OapanumkoB F1(JII'xPMM) mo cpaBHEHHIO ¢ YHCTOMOPOMHBIMHU aHAJIOTaMH, TaK
VIENBHBIA BEC cepllia y MOMeCHbIX OapandnkoB coctaBui 0,67%, uto Ha 0,13% Tskenee YMCTOMOPOITHBIX
YKUBOTHBIX, TAK)KE U 110 TTOKA3aTeNsIM yIeTbHOTO Beca IIEYeHH Y TOMECHBIX 0apaHIHKoB cocTaBmi 1,71%, daro
Ha 0,24% mpeBbIIaeT MmokasaTelb JareCTaHCKOW TOPHOM MOPOIBL.

CyOmponyxTsl 1 Kateropuu, Kyna BXOIUT auadparma, MO3TH, TIe4eHb, TOYKH, CEP/IIE U A3BIK B MTPOIIEHTaX
coctapnstoT 3,69, u 3,87% mo m3ydaemMbIM TpynmaMm OapaHYWKOB, COOTBETCTBEHHO. CyOmpomyKThl 2
KaTeropuH, KyJa BXOIAT royioBa (0e3 s3bIKa), JIETKUe ¢ Tpaxeei, cenesenka, pyoen coctasuiu 6,39 u 7,85%,
COOTBETCTBEHHO.

B memom ynmenpHBIN Bec CyONMPOAYKTOB B cyMMe 1O | M 2 Kareropuu B CPEIHEM IO BCEM Tpymram
cocrasmseT 16%.

Takum 00pazom, cpaBHHUTEIbHBIE PE3YJABTAThl WHTEPHEPHBIX OCOOCHHOCTEH Tpu yO0oe 7 MeCSYHBIX
OapaH4MKOB areCTaHCKOM ropHoi noponsl u nomecer F, (JIN'xPMM) mokasaino, 4o 10 JaHHBIM IIPOLEHTHBIX
roKaszaresieil CyonpoayKToB 1 u 2 KaTeropur y moMecHbIX OapaHdankoB coctaBmiio 3,87 u 7,85%, uro Ha 0,18
n 1,46% Oomnpie mokasarenei 9uCTOMOPOTHBIX 0apaHIMKOB.

Bapanwna mo cBoMM BKYCOBBIM Ka9eCTBaM, W3-32 HU3KOTO COIEP)KaHMUs B JKHPE XOIECTEPHHA, OTHOCUTCS K
TpyTIe TUETHYECKUX IPOITyKTOB. CaMbIif BBICOKHI IPUPOCT MBIIIIEYHON TKAHN Y MOJIOJHSIKA OBEIl HACTYIAeT
ocjie OTOMBKH, 0COOCHHO B TEUCHHUE TOCTEAYIOmMUX 4-6 Mecsies xu3nu [9,10].

AMUWHOKHCIIOTHBIA COCTaB OejKa SBISETCS TJIaBHBIM ITOKa3aTesieM, Ha OCHOBAaHHU KOTOPOTO MOXHO
CYINTh O OMOJOTHYECKON MEHHOCTH Msca. B HacTosee BpeMs u3BecTHO Oosee 80 aMHHOKHCIIOT. B TO ke
BpeMs HauboJiee MHTEPECHBIMH U 3HAYMMBIMH SBISFOTCS 20 M3 HUX, BXOZSIINE B KOMIUIEKC 00s3aTeIbHBIX
BEIIECTB, HEOOXOMUMBIX IS CMHTE3a Oenka [11,12].

B xome uccnemoBanuii HaMu OBIJIO YCTAHOBJICHO, UTO OCTTOK MBIIICYHONW TKAHHU 7-MECSIHBIX OapaHIHKOB
CONICPKUT KaK 3aMEHUMEIC, TaK ¥ HE3aMEHUMBIC aMHHOKHUCIIOTHI (Tab. 1).

B msice moMecHBIX KMBOTHBIX HAMH OBUIO OTMEYEHO MEHBIIEe KOINYECTBO TAKMX AMHHOKHCIOT, Kak
BaJIMH, JICWIIMH ¥ U30JeHIuH: Ha 2%, Ha 1,6% COOTBETCTBEHHO.

Tabmuma 3 - MUHOKUCIIOTHBIA COCTaB Msca OapaHdnkoB, Mr/100 T mpomykra

AMHMHOKHCIIOTa ‘ l-rpynma marecTaHcKasi TOpHast ‘ 2-rpynna nomecu F | (ITXPMM)
He3ameHnMble aMUHOKHCIIOTHBI
JIM3UH 1103,3 1091,7
(heHmnanaHuH 536,0 526,3
JIEUITUH + U30JIEHIINH 15420 1517,7
METHOHUH 213,0 229,3
BaJIMH 562,3 553,7
Tpuntodan 2220,0 22323
CyMMa He3aMEHUMBIX aMUHOKHCIIOT 6176,6 6151,0
3aMEHUMbIC aMUHOKHCIIOTBI
ApruHUH 669,3 681,3
THPO3UH 4153 416,3
TUCTUIUH 286,7 265,7
MIPOJINH 613,3 575,3
cepuH 411,7 409,0
aJIaHuH 872,0 8333
TIULAH 791,3 699.,0
CyMMa 3aME@HUMBIX AMUHOKHUCIIOT 4059,6 3879.,9
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JlaHHas TpyIia aMHHOKHCIOT UMEET 0c000¢e 3HaYCHHE 11 (POPMHUPOBAHHS MBIIIIEYHOW MACChl, KOCTEH 1
CBSI30K, SIBIISISICH CTPOHMTEIHHBIM MaTEpUAIOM ISl CHHTe3a OEKOB KOCTHO-MBIIIEYHOTO armapara. Jledma
OKHCIISIETCS. B MBIIIIAX JI0 YIIEKHUCIOro ra3a 3a CYeT HMHTEHCHBHOTO Merabomm3ma. CiefoBaTenbHO,
9TH aMHHOKHCIIOTHl aKTUBHO YYacTBYIOT B OIMCAaHHBIX TPOIECCaX TAHHOM OIBITHON TPYIIBI Ha dTare
(dbopmupoBaHust U pocra opranm3Ma. Kpome Toro, jam3uHa ObI0 MeHbIIEe Ha 1%, YTO MBI CBSI3BIBAEM C
YCHIJICHHBIM POCTOM OpTraHU3Ma U HHTEHCUBHBIM OOMEHOM BEIIECTB, TaK KaK JIM3UH PACXOIyeTCs IPAKTHIECKU
BO BCEX BHJIaX MeTa0oIM3Ma, a eHUIalaHuHa — Y9acTHUKA CHHTE3a KoJUIareHa U COCMHHUTEIHHON TKaHH,
OBUIO MEHBIIIE Yy TOMECHBIX OapaHunKoB Ha 1,8%.

[IpeBocX0ICTBO K€ OTMEUAIOCH 110 KOJIMYECTBY aMUHOKHCIIOT, YYaCTBYIOIIUX B HOPMaH3aIiuu (yHKIHNA
cep/ra u nedeHn: MmeTnonnHa (Ha 7,7%) u tpunrodana (aa 1,8%).

3akauenne. TakuM 00pa3oM, B MsC€ IMMOMECHBIX JKHBOTHBIX OTMEUEHO MEHBIIee KOJIMYECTBO TaKUX
AMUHOKUCJIOT, KaK BaJMH, JEHUIUH U n3oaeiun: Ha 2%, Ha 1,6%, HeXeln y CBEPCTHUKOB COOTBETCTBEHHO.
OTH aMUHOKHCIIOTHI aKTUBHO Y4YacTBYIOT B (D)OPMUPOBAHHMH M POCTE OpraHu3Ma. Taxxke y momeced ObLIo
MeHbIIe au3uHa Ha 1% u denunanannHa Ha 1,8%. 4TO MBI CBA3BIBAEM C YCHJIGHHBIM POCTOM OpraHH3Ma
Y WHTEHCHBHBIM OOMEHOM BEHIECTB, a TAK)KE aKTUBHBIM CHHTE30M KOJIJIareHa M COCAMHHUTEIBHON TKaHH.
[IpeBocxoncTBO TIOMECEH HaJ| YHCTOMOPOAHBIMH YKMBOTHBIMH OTMEYAJIOCh MO KOJIMYECTBY aMHHOKHCIIOT,
Y4YacTBYIOIMX B HOpMaJIM3auuy GpyHKUMH cepAaua u neyeHu: MeTnoHuHa (Ha 7,7%) u tpunrodana (1a 1,8%).
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TEPMOCTUMYJINPOBAHHAS IIOMUHECHEHIMA KPUCTAJIJIOB MgO U CaF,,
OBJYYEHHBIX BBICOKOOHEPITETHYECKUMHU NOHAMM

Annorauus. Monokpuctamiel okcuaa Maraus MgO u  dropuna kaneums CaF,  ssisiorcs
NIMPOKO30OHHBIMU JTUAJICKTPHUSCKUMH MaTephallaMH, NMPUMEHSICMbIMA B HayKe W TeXHUKe. B naHHOMU
UCCIIeoBareNbekol  pabore obpasust MgO u CaF,, npensaputenbHo OONyYEHHBIE NPHU  KOMHATHOM
TeMIlepaType BbICOKOIHEPreTHUeCKMMHU HoHamu Xe'* ¢ sHeprueit nona 230 M»sB ¢ duroercom 107 - 5-10"
MOH/cM?, OBUTH U3yYEHBI METOJJAMH TEPMOAKTHBAIMOHHON CIIeKTpOCKonHu. Tok 00yueHus ObUT B Ipeiesax
5-6 HA/cm?. [l naHHBIX 00pa3ioB ObUIM W3MEPEHBI KPHBBIE TEPMOCTUMYIHPOBAHHON JTFOMHHECIICHIINN
IpH JIMHEHHOM HarpeBe co ckopocthio 2 K/c B muTepBajie temmeparyp ot 300 mo 750 K. IlonydenHbie
KpUBBIE JIEMOHCTPUPYIOT KOMIUIEKCHYIO CTPYKTYPY, COCTOSIIYIO W3 DJIEMEHTApHBIX NHKOB. IlyTem
anMpPOKCUMAITUH ACTIEPUMEHTAIFHON KPUBOHM TEPMOCTUMYITMPOBAHHON JIFOMUHECHEHIINH KprucTamioB MgO
u CaF, QyHKumsAMM NEepBOrO MOpsAKa KHHETHKH OBbUIM BBIIEJNCHBI OTJEIBHBIE TTMKU TEPMOBBICBEUMBAHMS.
[TocpeacTBom anmpoKcHMaIy UCCIeI0BaHbl KHHETHYECKHE TTapaMeTPhl 3apsI0BBIX JIOBYIIEK: BEIYHCICHBI
SHEPrUH aKTHBAIMW W YaCTOTHBIE (pakTOpbl. Bce BHIMOIHEHHBIE TEOPETHUYECKHE AlMPOKCHMAIIUN B paMKax
JIAaHHOW paboThl OBUIM B TIpEenax JOMyCTUMOIO 3HAYEHHs morpenHoctu 10 3.5%. Jlns kpucramna CaF,
JIOTIOTHUTENFHO M3MEPEHBI U W3YYEHBI CHEKTPhl TEPMOCTHMYIUPOBAHHON JIIOMHUHECIICHIINK B WHTEpBaje
temmeparyp ot 340 10 630 K npu Harpese ¢ noctostHHo# ckopocThio 10 K/c. OnpeneneH crieKTpaibHbIH COCTaB
OTAETBHBIX MMKOB TEPMOCTHMYIUPOBAHHOHN JTIOMUHECIICHIINY — ISl OTAEIBHBIX TUKOB OBUIH COMOCTABIEHBI
TIOJIOCHI CBEYEHHSI TTPH TEPMOBO30YKICHNH. J{J1s1 KaskI01 MOJIOCHI CBEYESHHS MTPECTaBICHBI TEMIIEpaTypHbIe
3aBHCHMOCTH UX HHTEHCUBHOCTH. [loydeHHbIE SKCTIepUMEHTAIIbHBIE PE3ybTaThl OBIITH MTPOAHAIN3UPOBAHBI
Y OTIPEJIeNIEHBI TIPEATIONIOKUTENbHBIE PaIHalliOHHbBIE Ee(EKThI, OTBETCTBEHHBIE 32 TEPMOCTUMYIINPOBAHHYIO
JIFOMHUHECIICHIINIO.

KuroueBble c¢jioBa: OKCUA MarHus, (pTOpHI KaJIbIHsS, HOHHOE OONydeHHE, paaualliOHHBIC IE(HEKTHI,
TEPMOCTUMYIIMPOBAaHHAS JTIOMUHECIICHIINS.
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TTaBnomap memarorukajibK yausepeureTi, [Tasmomap, Kazakcran;
2JI.H. T'ymuses arbinnarsl Eypasus yirteik yHuBepcureti, Hyp-Cynran, Kazakcran.
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KOT'APbI SHEPTUSJIBIK MOHIAPMEH COVIIEJIEHTEH CaF, )KOHE MgO
MOHOKPUCTAJIJAPBIHBIH TEPMOBEJICEHAIPUII'EH JIIOMUHECHEHIUSACHI

Aunnorauus. Marauii okcuii MgO men kanbiui propuai CaF, MOHOKpHUCTaNIapsl FBUIBIM MEH TEXHUKA 1A
KEHIHEH KOJIJITaHBUIAThIH KeH aifMaKThI IMDJICKTPIIIK MaTepralaap Oobi Tadbiia bl By 3epTTey :KyMbIChIHIa
aIIBIH aya OesIMe TeMIieparypacsinaa suepruscor 230 MaB 6o1aTsiH KOFaphl SHEPTHSUIBL Xe!*? HoHmapbIMeH
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10" - 5-10" mon/cm* dumroenc apanbiFbiaa coynenenaipinren MgO sxone CaF, ynarinepi TepmoGencenni
CIIEKTPOCKOMHS d1icTepiMeH 3eprreni. CoyneneHaipy Torsl 5 - 6 HA/cM? apanbirbinaa 6onapl. by yirinep
yurie 300-nen 750 K-re neitinri Temmeparypa apanbirbiana 2 K/c sKBUIIaMIBIKIEH CHI3BIKTHIK KbI3IBIPY
Ke3iH/Ie TepMOOEICEHAIPIITeH JTFOMHHECIICHITUS KUCHIKTAphl OJIICH/i. AJIBIHFAH KHCHIKTAp KaparmaibiM
IIBIHIAPIAH TYPAThIH KYPIEN KYpbUIbIM OOIbIn KeseTini anbkTanapl. MgO sxone CaF, xpucrangapbiHbiH
TEPMOOECIICCHIIPIITEH JIFOMUHECICHITMSICHIHBIH, ACTIEPUMEHTTIK KHCHIFBIH KHHETHKAHBIH OipiHIIN peTTi
(yHKIMsIapbl OOWBIHINA aNMPOKCHMAIUSIIAY apKBUIBI TEPMOJIOMHHECIICHIIUSHBIH JKEKe IIBIHAAPBIH
AHBIKTay MYMKIHJIIT1 TyIbl. ATIIPOKCUMAIIHSIIAY aPKBLIBI 3apsi/l TY3aKTapbIHBIH KHHETUKAJIBIK TTapaMeTpiepi
3epTTeNAl: aKTUBTECHAIPY SHEPTHACH MEH XHUITIK Qaxkropnapsl ecenteini. Ockl JKyMbIC meHOepiHae OapibIK
OpBIHJAJIFAaH TEOPHSUIBIK JKYBIKTAyTap KATENIKTIH pYKcaT eTiireH MoHi mieriHge 3.5%-ra meiin Ooibl.
CaF2 KpHUCTaIBI YIIiH Kockmia 3eprrey petiaae 10 K/c typakrsr xbiimamasikiner 340-tan 630 K meftinri
TeMIIepaTypa apaybIFbIHIa KBI3IBIPEUIFaH Ke3/le Maiiia 0O0NaThiH TepMOOEICEHIIPUITeH JTFOMHHECIICHITUS
CHIEKTpJepl ONIIeH/Il JKoHEe 3epTTeni. TepMoOeICeHIipiTeH JTIOMUHECIISHITUSIHBIH KEeKe IIBIHIaphIHBIH
CHEKTPIIK KypaMbl aHBIKTAIIbI JKOHE JKeKe WIBIHAAp VIIH TEePMESUIBIK KO3ABIPY Ke3iHAETi KapKbLI
YKOJIAKTAPBI CATBICTBIPBUIIBL. OpOip HKAPKBUT KOJIAFBI YIITIH OJIapIbIH KAPKBIHIBUTBIFBIHBIH TEMIIEPATyPaIIbIK
TOYEIIUTIK TpauKTepi KopceTulai. ANBIHFaH AKCIIEPUMEHTTIK HOTIDKENEp TallJaHbIl, OomkaM OOWBIHIIA
TEpPMOOEIICEH IIPIITeH JTFOMIHECIICHITUSFA Kayarl OepeTiH pauallisuIbIK aKayiap aHbIKTaJJIb.

Tyiiin ce3mep: MarHuil OKCWAi, KaiblMid (TOPHII, HOHIBIK COYJEICHY, paJHallUsUIBIK aKaynap,
TEPMOOEIICEH TIIPIITeH JTFOMIHECIICHITHSI.
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THERMOSTIMULATED LUMINESCENCE OF CaF, AND MgO SINGLE CRYSTALS
IRRADIATED WITH HIGH-ENERGY IONS

Abstract. Single crystals of magnesium oxide MgO and calcium fluoride CaF, are wide-band dielectric
materials used in science and technology. In this research paper, samples of MgO and CaF, pre-irradiated
at room temperature with high-energy Xe'*? ions with an ion energy of 230 MeV with fluence 10" -
5-10" ion/cm2 were studied by thermal activation spectroscopy. The irradiation current was in the range
of 5-6 nA/cm?. For these samples, thermally stimulated luminescence curves were measured under linear
heating at a rate of 2 K/s in the temperature range from 300 to 750 K. The resulting curves demonstrate a
complex structure consisting of elementary peaks. By approximating the experimental curve of thermally
stimulated luminescence of MgO and CaF, crystals by first-order kinetic functions, separate peaks of thermal
illumination were isolated. Kinetic parameters of charge traps are investigated by means of approximation:
activation energies and frequency factors are calculated. All theoretical approximations performed within
the framework of this work were within the permissible error value up to 3.5%. For the CaF, crystal, the
thermally stimulated luminescence spectra were additionally measured and studied in the temperature range
from 340 to 630 K when heated at a constant rate of 10 K/s. The spectral composition of individual peaks
of thermally stimulated luminescence was determined — for individual peaks, the glow bands during thermal
excitation were compared. Temperature dependences of their intensity are presented for each glow band. The
experimental results obtained were analyzed and the suspected radiation defects responsible for the thermally
stimulated luminescence were determined.

Key words: magnesium oxide, calcium fluoride, ion irradiation, radiation defects, thermostimulated
luminescence.

Beenenne. Monokpucramisl propuia kanbuus CaF, u okcnna Marnus MgO SBISIOTCS MOMyISPHBIME
LIMPOKO30HHBIMKA MOHHBIMU KpHUCTauiaMH. [IpuMeHeHne JaHHBIX MaTepuasioB 00yCIIOBICHO LEIBIM PSIIOM
ux cBoiicTB. MgO nMeeT rpaHeleHTPUPOBAHHYIO KyOMUECKYIO0 CTPYKTYpPY C IIMPUHON 3alpelieHHON 30HbI
7.8 3B. JlaHHBII MaTepua sIBISETCS NEPCIEKTUBHBIM JUIsI aTOMHOM M TEPMOSAEPHON SHEPTETUKH U3-3a CBOEH
BBICOKOM PaJHallMOHHONH CTOWKOCTH W HHU3KOW 3(P()EeKTUBHOCTH CO3JaHMS M HAKOIUICHHS PaJUallMOHHBIX
nedexro. CaF, sBseTCs HOHHBIM KPUCTAJIOM IPAHEIIEHTPUPOBAHHOM KyOUIECKOH CTPYKTYpPBI C INMPUHOM
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3ampenieHHoN 30HbI oKosio 12 3B. [laHHBINH OOBEKT B OCHOBHOM HCHOJIB3YETCSl B KQUECTBE ONTHYECKOTO
Marepuana u3-3a CBOCH IMPO3payHOCTH B MIMPOKOM CIIEKTPAJIbHOM AMANa3oHe M JOCTAaTOYHO HH3KOTO
nokasarens npenomienus. Tarxoke CaF, mpumensercs B KauyecTBE CUMHTHILIALMOHHOIO JETEKTOpA H
panmannonHoro gozumerpa. [lpucyrcTBue npumecei u co3gaHne cOOCTBEHHBIX AS(PEKTOB MPpH 00IyUeHUN
MOHU3UPYIOLICH paguanneil CHIBHO BIUSAET HA CBOMCTBA JaHHBIX MaTEPHAJIOB.

B nanHoii cTarbe ObLT IPOBEICH aHAIN3 KPUBBIX U CIIEKTPOB TEPMOCTUMYINPOBAHHON JTIOMUHECIICHIINN
nns kpuctamioB MgO u CaF,, 06my4eHHBIX BBICOKOHEpreTHdecKMMU MoHamu Xe'*? ¢ sHepruel HoHa
230 M»aB. Ilocsmien psa padoT W3yYeHHIO BIMSHUS MOHHOTO 0ONMy4deHusi Ha MOHOKpucTamisl MgO [1]-
[6] u CaF, [7]-[11]. B HacTosimei crarbe 0coboe BHMMaHWEe ObLIO ymeneHo MoHokpucrtamty CaF, us-
32 €ro MIMPOKOr0 MPUMEHEHMs B pagualoHHON go3umerpuu [12]. M3BecTHO, 4TO OMHUM U3 IVIaBHBIX
TpeOOBaHMH K TEPMOIIOMHUHECLEHTHBIM JIO3MMETPaM SIBISACTCSl CTAOMJIBHOCTh JAO3UMETPHUCCKUX IHKOB
cBeyeHusi. Pabora TepMOIIOMMHECHEHTHBIX JO3MMETPOB CBS3aHA C MPOLECCOM TEPMOCTUMYIMPOBAHHON
momuHectiennun (TCJI). TCJI — 310 m3nmydeHHe cCBeTa MPEIBAPUTENHHO IOABEPTHYTHIM BO3IEHCTBHUIO
pazuanuu BeecTBOM, MPOUCXOSIIEEe BO BpeMst ero nocienyomiero Harpesa. [Ipuunnoit TCJI sBnsieres To,
YTO MHOXECTBO BAaKaHCHH, MHTEPCTHLUAIOB M JUCIOKALMA MOTYT JCHCTBOBATH KaK 3apsAOBbIC JIOBYIIKH
IUIS1 3JICKTPOHOB M JIBIPOK W/MITH JIIOMMHECLIEHTHBIC LeHTpHL. [locnenyiomee 0cBOOOXKICHNE 3aXBauCHHbIX
HOCHTEIEH 3apsiI0B MOCPEICTBOM HarpeBa oOpasia MOKET NPUBOAMTE K U3TyUYeHHUIO cBeTa. IHTeHCHBHOCTD
TCJI nponopronanbHa KOHIEHTPALUH JIOBYIIEK, a TaKKe MOIVIOMIEHHON J103€ paauannu, YTo MO3BOJISIET
WCTIOJIB30BATh JAHHOE SIBJICHUE B PaJUallMOHHON T03UMETPHU.

TepMomOMUHECHCHLIMST HCIIONB3YeTC B KAauyecTBE HKCIIEPUMEHTAJIBHOTO MeEToda Ul H3y4YCHHs
SNEKTPOHHBIX M [JBIPOYHBIX JIOBYLIEK B TBEPABIX TelaX, a TaKKe KUHETHKU IPOLIECCOB 3axBaTe MU
pexoMOuHanuu. M3ydenue TepMOIIOMUHECIIEHTHBIX CBOWCTB KpucTamioB MgO u CaF, urpaet BaxHyo poib
B TepmommomuHectenTHol no3umetpun (TJI). Hecmotpst Ha To, uto Kpructamn MgO He Tak MomyssipeH B
JAHHOW OTpaciy, UMEIOTCs PadOThI, TTOCBSIICHHbIE TPUMEHEHNIO JaHHOTO Marepuana B kadectse TJIZ ms
pEerucTpaluuyd HEUTPOHHOM paJualyy B CMEIIAaHHOM IOJie HEUTpoH-ramma paauamnuu [13].

Hacrosmas cratbst sSIBIsSETCS JTIOTHYECKUM MPOAOJDKEHHEM palboThl [14], rie nmpencTaBieHsl pesynbTaThl
uccnexosanust TCJII ms Can, 00JTIyYEeHHBIX pa3TUYHBIMHU J103aMU ((iroeHcamu) noHoB Xe'*2, B Hacrosieit
pabote O6bun uccnenoBansl criekTpel TCJI 1 OTHENBHBIC TIOTOCH CBEUYEHHS OBIIIM COMOCTABIICHBI C MUKAMU
TCIL.

Marepuajsl 1 MeToabl. MoHOKpHcTamisl MgO BBICOKOM YMCTOTHI OBLIM BBIpAIEHBl B Ja0OpaTopuu
®usukn HOHHBIX KpucTaiwioB MuctuTyTa Qusuku Tapryckoro yausepcutera (T. TapTy, DcTOHHS) METOIOM
myrosoii masku. Monokpuctamisl CaF, 6b11n BeIpaieHbl B [0Cyn1apcTBEHHOM ONTHYECKOM HHCTHTYTE MM.
C.U. BaBuiosa (Cankt-IlerepOypr, P®) metonom bpumkmana-Crokbaprepa B rpadiTOBOM THIJIE.

O6pas3ipl ObuTH 00yUeHbI HoHaMU Xe'* ¢ sreprueii 230 MaB/uoH, 3apsiaom +22¢ (e — 3apsi1 SJIeKTpOHa)
¢ proercom 5-10" non/cm?. O6myueHune BoINONHUIOCH Ha ukinorpoHe DC-60 (r. Hyp-Cynran, Kazaxcran).

KpuBble TepMOCTUMYITUPOBaHHON JIIOMUHECLIEHIIMN U3MEpsUTUCh Ha yecTanoBke Harshaw Model 3500 TLD
Reader. [Ipuniun neficTBrst yCTaHOBKH OCHOBAH Ha MPeoOpa30BaHUU SHEPTHH HOHU3HUPYIOIIETO U3ITyUeHHS,
MOIVIOMIEHHOTO UCCIIETyEeMBbIM KPUCTAJIOM, B CBETOBOE M3YUCHUE ¢ IOMOIIBIO KOHTPOJIMPYEMOTO Harpesa.
Pabora mpubopa koHTposmpyercsi mporpamMMmHbIM obOecrieueaneM WInREMS. Harpes mnpoBogurcs B
nHTepsaiue temneparyp 300-873 K.

HccnenoBanue cnekTpoB M3ny4deHus B oOnactu pa3nuusbix nukoB TCJI obmydenHoro obpasua OblIo
BhINMONHEHO B kpuocrtare Janis VPF-800 ¢ ncnonp3oBanMeM ABYyXKaHAJIbHOTO PETHCTPALIMOHHOIO METOAA.
Kpussie TCJI 3anuceiBanuch GpoToHHO-cdeTHON TojoBkoi Hamamatsu H8259 B mnTepBane Temmeparyp
295-750 K npu ckopoctu Harpesa 10 K/MuH, KoHTponupyeMoil TemriepaTypHbIM peryisitopom LakeShore
335. Jlnsa MOHMKEHUsT UHTEHCUBHOCTH MHTerpanbHoi kpuBoil TCJI mepen H8259 craBuicst HEHTpanbHbIN
crexkisiHHbIA QuibTp HC-13. Criextp m3nyueHus usmepsuicst 3a BpeMs 60 ¢, n3MepeHHs NOBTOPSJINCH B
kaxoM nuke TCJI ¢ ucronp3oBanueM pemetouHoro monoxpomaropa ARC SpectraPro 23001, ocHameHHOTO
oxyaxnaeMpiM azoroM CCD nerextopom. Ilpn naHHOW CKOpPOCTH HarpeBa Ka)Ibli CHEKTP HM3JIy4eHHUs
M3MepsuIcsl 3a TemreparypHbId mpomexxyTok B 10 K. DkcrepuMeHT KOHTpPOIMPOBAJICS KOMIBIOTEPHOU
nporpaMMmoii Ha 6aze LabView.

Hnst ananmza kpuBblx TCJI ObuT MCIONB30BaH METOJ alIPOKCHUMALMHM C MPUMEHEHHEM (QYyHKIHU UIs
MIEPBOTO MOPsIIKa KHHETHKH 110 dopmyre (1) [15]:

2

I,(T)=1,exp 1+%%—%-exp %& (1-A)-A,, | (1)

m m m
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rne T — Temmeparypa Ha MakCHMyMe ITHKa, | — MHTGHCHBHOCTh Ha MaKCHMyMe IHKa, E — sHeprus
axtuBarmy, k — nocrosHnas bomenvana, A = 2kT / E, A,, = 2kT,, / E - YacToTHblil pakTop s BBIUHC-
nsites o popmyie (2):

L BE1_ (E
kT2 Z, P kT, @)

rae f — CKOpoCTh Harpesa.
JIJis OLIEHKM TIOTPENIHOCTH allpOKCUMAaIUU Hcrolib3oBanack Bennunaa FOM (Figure of Merit) [16],
Bbruncsiemas o gopmysie (3):

2T|]exp(T)_]app(T)|
ZTIexp(T)

rae I — 9KCIepUMEHTANbHBIC 3HAYCHHS HHTCHCUBHOCTH, | — 3HAYCHWS MHTCHCHBHOCTH, [IOTYICHHbIC
npu annpokcumanui. [Ipunaro, uyto npu 3Hauenusx FOM B nntepsane 0-2,5% annpokcuManus CUUTaeTCs
xopouei, 2,5-3,5% —ynoBIeTBOPUTEIBHOM, HO ¢ HEKOTOPBIM paz0opocom 3HadeHuil, 1 FOM > 3,5% — ne
YAOBIICTBOPUTENILHON. Bce BBINONHEHHBbIE ammmpoOKCUMALMKM B paMKax JaHHOW paboThl ObUIM B Ipeaeax
nomycrtumoro 3HaueHuss FOM no 3,5%.

Cnenyer otmetuts, yto TCJI Takke 3aBUCUT OT yCIOBHH 3KCIIEPUMEHTA: Ha KaKOH YCTaHOBKE, B KaKOH
arMocdepe, ¢ Kakol CKOPOCTHIO NMPOU3BOIAMJIICS HArpeB, HAa KAKOH MOAJIOXKKE pacrojiaraics KpUCTaul BO
BpeMs HarpeBa, Kak nu3Mepsuiach TeMieparypa u T.1. B 3aBUCMMOCTH OT 3TUX yCIOBUI MBI MOXKEM T0JIy4aTh
kpuBble TCJI ¢ mukamu, CMEIIEHHBIMM Ha HEKOTOPYIO BEJIMYMHY KaK B BBICOKOTEMIIEPATYpHYIO, TaK U
HU3KOTEMIIEpaTypHYIO CTOPOHBI TeMIeparypHoii mkainsl. Marencusnoctu nukos TCJI 3aBucsT oT rutomann/
o0beMa HarpeBaeMoro Kpucrasuia.

Pesyabrarel m o0cyxnenme. Ha pucynke 1 mnpencraBnena kpusas TCJI Monokpucramma MgO,
o0myuénnoro nonamu Xe'*? o ¢uroenca 10" non/cm?. Kak BuaHO U3 puCyHKa, 00mydeHHbIi noHamu MgO
nmeet cTpykrypHyto TCJI B unTepBane 400-800 K, cocrodiryro n3 HeckoIbKUX MUKOB cBedyeHus. Ha pucynke
TaKke IpeJCTaBlIeHa annpokcumanusa naHHoW kpuBod TCJI mocpencTBOM KpHBBIX IEPBOTO MHOpsAKa
kuHeTuku. [Tapamerpsl nukoB TCJI npeacraBieHsl B Tadbauue 1.

FOM = x100% > 3)

MgO
8 = 1x10"™ Xelem?
5 6}
>
E\ AT
2 4}
£
=
=
2 L
0 e et & nay . S L
300 400 500 600 700

Temperature, K
Pucynok 1 — Kpusas TCJI xpucramia MgO, obmydennoro mpu 295 K vonamu Xe'*? ¢ mroercom 10" non/cm?

Tabmuma 1 - Kunetnueckue mapamerpst mukos TCIT (MgO, @ = 10" Xe/cm?)

[Mapamerp IMux 1 Tuk 2 Iuk 3 [ux 4
Temneparypa na makcumyme nuka T, K 494 540 612 720
Oneprus aktuBanuu E, 5B 0,7 0,6 0,9 0,8

Topsnox kunetuxu b 1 1 1 1

YacrotHblit daktop P 9,2:10° 1,9-10* 1,44-10° 1,42-10%

MgO nemMoHCTpHpYeT KOMIUIEKCHYIO TepMoitoMuHeceHuuto. Ilpu obmyuenun xkpucramia MgO
BBICOKOHEPreTHUECKUMH MOHAMM, 3a CUET YIapHOTO (JIOMMHAHTHOTO B JAHHOM Marepuajie) U HeyJlapHOTo
MEXaHU3MOB, CBSI3aHHOTO C pacHajoM 3JEKTPOHHBIX BO30Y)KJEHUH, B HEM CO3[al0TCS paJHalliOHHBIE
neeKThl KaKk B aHHOHHOMW, TaK M B KaTHOHHOH mosperierke. Co3aaHHBI aHUOHHBIM WHTEPCTUIMA (MOH
KHCJIOpOJia B MEKA0Y3JIHN) MOXKET ObITh 3aXBaueH B OJIM3M KATHOHHOW BakaHCHU ¢ oOpazoBanueM H meHTpa
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— O, monexyssl. [Tux TCJI okomo 720 K MokHO cBsi3aTh ¢ TepMudeckuM paspymenueM H nenrpos. [pu
paspyLICHUH JaHHOTO LIEHTpPa BBICBOOOXKIAETCS AHWOHHBIH HHTEPCTHLHAN, KOTOPBHIM B MOCIETYIOLIEM
U3Ty4aTeIbHO peKoMOuHMpyeT ¢ F™ meHTpoM, Haauyue KOTOpOro B OOJBINON KOHIEHTPALUH JOKa3aHO BO
MHOTHUX padorax [3].

CaF, nemoncrpupyet nnTeHcuBHYr0 TCJI ¢ IBHO BBIIEIAIOMMMUCS THKaMu. Ha pucyHke 2 npencrasieHa
kpusas TCJI obpasua CaF,, oOmydeHHOTO mpM KOMHATHOW TemmepaType moHamu Xe'* ¢ ¢moencom
5-10" won/cm?. TCJI umeeT MHTEHCUBHBIN MUK ¢ MakcumymoM 1ipu 575 K. Kak moka3zano B [11], ocHOBHast
CTajIusl OTKUIa IEHTPOB OKPACKK B 00JIy4E€HHOM B aHAJOTHYHBIX yCIoBuaX kpucrasie CaF, npoucxoaut 10
temneparypsl npumepHo 560 K. Jlannas kpusas TCJI Obuta annmpokCUMHpOBaHa ¢ MPUMEHEHNUEM (YHKIMH
nepporo nopsaka kuHetwkd. Tak xak B CaF, npu KOMHATHOM TeMIepaType OJMHOYHBIE JIEKTPOHHBIE
LEHTPBl KpaiiHe HecTaOWJIbHBI M HAaXOISITCSd B OCHOBHOM B arperHpOBaHHOM COCTOSHHM, TO pa3pyllcHHE
Ne(QEKTOB C IOBBILICHHUEM TEMIIEPATyphl MPEAIOJIOKHUTEIBHO MPOUCXOIUT 3a CUYET BHICBOOOXKICHHS H
MUTPaLUHU JBIPOYHBIX LIEHTPOB. B criekTpax paananuoHHO-MHAYLIMPOBAHHOTO ONTHYECKOTO MOINIOLICHHMS
0Ko0JI10 6,5 5B moromanT F,” KBa3uMOJIEKyJIbl, IUCCONMAIMA KOTOPhIX HAa V, U H NEHTphl HAYMHAETCS TIPU
temneparype 430 K. mocieanue AbIpouHble HEHTPHI KpaiiHe MOABMKHBI YK€ TP KOMHATHOH TeMIreparype,
T.€. IPOUCXOIUT BEICBOOOXKIEHHE ABIPKH, KOTOpasi MUTPUPYS IO KPUCTAILTY, BCTPETHB JIEKTPOHHBIA LEHTP,
N3Ty4aTeIbHO PEKOMOMHHUPYET C HUM.

<
| CaF,

6 @©=5%x10" Xe/cm?

TL intensity (x10%), a.u.

Temperature, K

Pucynox 2 — Kpusas TCJI xpucramna CaF,, 06myuennoro npu 295 K nonamu Xe'*” ¢ pmoencom 5-10" non/cm?

B tabmune 2 npuBeseHBl MapaMeTphl OTEIbHBIX MTUKOB, BEIYUCICHHBIC MTOCPEACTBOM aIllIPOKCUMAIIUN
kpuBoit TCJI dyHKIMAMU TepBOro MOpsaAKa KUHETHUKU. Kak BUIHO M3 TaONUIBI, HAMOOJBIINE 3HAYCHHUS
SHEPruy aKTUBAIIMU UMEIOT BEICOKOTEMIIEPATYpHbIE MUK 5, 6 1 7, rae cormiacHo [11] u mpoucxonut ocHOBHAs
CTa/Ivs pa3pylIeHUs PaIHalliOHHO-UHIY TUPOBAHHBIX CTPYKTYPHBIX Ie(DEKTOB U BOCCTAHOBJICHUE PETYIISIPHON
peuetku. CieayeT nNpeanoiokuTh, yTo nanHubie TuKu TCJI oTBeTCTBEHHBI 3a pacmall KPyIHbIX arperarHbIX
ueHTpoB F tuma (F 1eHTp — aHMOHHAs BakaHCHS C 3aXBaYCHHBIM JIEKTPOHOM ). HuzkoremmnepaTypHble MUKH
TCJI ¢ meHblIel SHEPTrUeH aKTUBAILIMU JIOJIKHBI OBITh CBSI3aHBI C BEICBOOOXK/IEHUEM JIBIPOK.

Tabnuua 2 - Kunetnueckue napamerpsl mukoB TCJI (CaF , @ = 5-10" Xe/cm?)

[Tapamerp IMux 1 [ux 2 [Mux 3 ITux 4 ITux 5 [Tux 6 Iux 7
Temneparypa na makcumyme muka T, K 400 433 475 517 575 600 625
Oneprus aktuBanuu E, 5B 1,2 1,2 1,1 1 1,7 1,7 1,5
Topsinox kuHeTHKH b 1 1 1 1 1 1 1
YacroTHblit paxTop P 2,3-10" 1,38-10% 5,3-10'° | 4,86-10% | 9,48-10" | 2.1-10 | 1.1-10"

Ha pucynke 3 mpencraBieHbl CHEKTpPbl M3Jy4YEeHHUs, U3MEPEHHbIE B HMHTEpBajie Temmneparyp or 340
no 630 K ana kpucramna CaF,, obmydennoro nonamu Xe'*? ¢ dmoencom 5-10" non/cm®.  Koppensuus
MEXJly CIIEKTPOM M3JIy4€HUs TEPMOIIOMHHECLHEHIUN U oTAenbHbIMU NUKaMu TCJI sBsieTcs BaKHBIM JUIS
o0bsicaenust mexanusMa TCJL. Crnexrpsl nznyuenus usmepsuiucs CCD geTeKTopoM B mporuecce JIHHEHHOTo
Harpesa Kpucrasia co ckopoctbio 10 K/mMun. Ha 1aHHBIX crieKTpax MOXHO BBIJCIUTH 8 MOJOC CBEUCHHUS C
pPa3HBIMU UHTEHCUBHOCTSIMH, @ UMEHHO nipu 2.1, 2.2, 2.24,2.31, 2.36, 2.64, 2.91 u 2.94 »B. TemneparypHsie
3aBUCUMOCTH MHTEHCUBHOCTH IOJIOC CBEUCHUSI IIPU AAHHBIX SHEPTUsX HPEACTaBICHBI HA pUCYHKaX 4 1 5.

58



Reports of the Academy of Sciences of the Republic of Kazakhstan

/
//
8000 -
26000
‘»
[
D 4000 4
=
|
= 2000 /
0 -

I . 1 . I . 1 . 1

22 2.4 26 2.8 3.0
Photon energy, eV

Pucynok 3 — CiekTpbl TepMOIIIOMUHECHEHIIMN, U3MEPEHHBIE B IpoMeKyTke Temneparyp 340-630 K s
MOHHO-00Ty4enHoro kpucrauia CaF, (© =5-10" Xe/cm?)

Cnextpanbubiii coctaB 1-ro muka TCJI npu 400 K coctout u3 monoc ceuenus npu 2.2, 2.24, 2.31,
2.36 n 2.64 3B. u3 pucyHka 3 BUIHO, YTO BCE 3TH IMOJIOCHl CBEUEHHS] HAUYMHAIOT YCHUJIMBATHCS C POCTOM
Temneparypsl npudiamn3utessHo 10 405 K, nanee Mbl Habmofaem ocnallieHHe CBeUEHH YKa3aHHbBIX YHEPTUi.
[onocst 2.2, 2.24 n 2.64 3B Taxxe BXoAaT B cneKkTpaibHbIi cocTaB nukoB TCJI B uHTEpBane Temneparyp
430-540 K, xotopsie cnabo 3ameTHbI Ha (hoHEe HHTEeHCHBHOTO nuka rpu 575 K (pucynok 1). MuTeHcuBHOCTH
JaHHBIX TOJIOC CHaJaja pacTyT Npu Harpese npumepHo 1o 480 K, a 3arem cnajgaroT ¢ JanbHEHIINM pOCTOM
temneparypsl. [lonoca npu 2.64 3B nmeer aydnernyio crpykrypy. Kak BuIHO, B TaHHOH TemrepaTypHOU
00J1acTH MPaKTHYECKH OTCYTCTBYIOT cBeueHus npu 2.1, 2.31, 2.36,2.91 u 2.94 5B.

CnexTpanbHblii coctaB Hambosnee uHTeHcHBHOTo mmka TCJI mpu 575 K cocrout HM3 Bcex BbIIIE
MEPEYUCIICHHBIX BOCBMH TIOJIOC CBeueHMs. HamOonbImii BKJIaA JarOT LEHTPBI, cBeTsmue okoio 2.1 u
2.24 »B. bauzkoe pacnonoxenue mnonoc cseueHus 2.91 u 2.94 5B u ux oamHaxkoBas 3aBHUCUMOCTH OT
TEMIIEPaTyphl, MpeArojaraeT NPUHAAJIEKHOCTh OJHOMY NpUMecHOMY LeHTpy. Ilpu HarpeBe B JaHHOM
MHTEpBaje TeMIIEpaTyp TakXkKe MPOSBISETCS CTPYKTYpPHUPOBAHHOCTDH MOJIOCH 2.2 3B, 4T0 moaTBep:kaaeTcs
POCTOM MHTEHCUBHOCTH MOJIOCHI 2.24 3B.

CaF,
8 I Xe'®, & = 5x10"3 non/cm? 6
—=— 23638 i
o~ [+ 2318 .
S | 224098 S
x 2238 %
‘®
g 4 5
£ =
=4
1
= 2=
2
T R TR
0 1 L 1 L L 0
350 400 450 500 550 600 -

Temperature, K

Pucynok 4 — TemneparypHas 3aBUCUMOCTb TOJI0C cBeueHus 2.2, 2.24, 2.31 u 2.36 3B u kpusas TCJI
(mpaBas mikana) B 001ydeHHBIX HoHaMK Xe'*? kpucramnax CaF,
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Pucynok 5 — TemmieparypHas 3aBUCUMOCTE TIoJI0c cBeueHus 2.1, 2.64, 2.91 u 2.94 5B u xpuBas TCJI
(mpaBas mkasia) B 001ydeHHbIX HoHaMK Xe'** kpucrannax CaF,

Kak wmssectno, B CaF, Bcerma mpuCyTCTBYIOT Cienbl NMPUMECEH penko3eMenbHbix HOHOB (P3N),
KOTOpBIE MOTYT JICWCTBOBATH B KaYE€CTBE AJIEKTPOHHBIX W JBIPOYHBIX JIOBYIIEK W/MIIHA JIOMHHECUIEHTHBIX
neHTpoB. Kpussie u criexktpsl TCJI aBnstoTcs pesynsraraMyu OZHOTO W TOTO K€ Tporiecca. B 1o ke Bpewms,
nonoxenns ukoB TCJI He 3aBUCAT OT cocTaBa MpUMecei, Toraa Kak criekTp n3nmydenus nmuka TCJI sBisercs
XapaKTEPUCTUKON NMPUMECHBIX MOHOB. DTO HAIVIAIHO MPOSBISETCS B MOHHO-00myueHHbix CaF, ¢ pasnoii
KOHIIEHTpanrel mpumeceii, 0coOEHHO B HU3KOTEMIEpaTypHOil 00JacT, T/Ie MPUMECHBIE [IEHTPhI BCE eIle
ctabuipHbl, a TCJI BO3HMKAET 3a CYET pa3pylIeHUs ABIPOYHBIX IIEHTPOB MM COOCTBEHHBIX IEKTPOHHBIX
IEHTPOB. B 0O0Iyd4eHHBIX PEHTTEHOBCKHUMH Jy4damMH oOpasnax, rje OOJydeHHe B OCHOBHOM BBI3BIBACT
niepe3apanaky nedexron, TCJI HampsAMyTo 3aBHCHT OT MPUMECHOTO COCTaBa KPHCTaJuIa, ¥ 00pa3Ibl ¢ pa3HbIM
MIPUMECHBIM COCTAaBOM MOTYT JEMOHCTPHUPOBATh COBEPIIEHHO pa3Hbie KpuBbie TCIL

Wrak, Tpu momockl CBEYEHHS PETUCTPUPYIOTCS TOJBKO B Bbicokoremmneparypuom TCJIL, oxomo 575 K.
Kak wm3BecTHO, MHOTHE IIEHTPHI CBEYEHHS, B KadecTBE KOTOPBIX MOTYT BbICTymarb P3W, craHoBsTCA
HECTaOMIIBHBIMU TP JIOCTHXKEHUU TakuX Temreparyp. bonbmmactso P3U npucyrcryior B CaF, B Tpex-
VI JIBYXBAJIEHTHOM COCTOSTHUH U SIBIISIOTCS SJIEKTPOHHBIMU JIOBYIIKaMU. [Ipu oOmyueHnn JaHHbIe EHTPHI,
3aXBaThIBasl AJICKTPOHBI, MOHIKAIOT CBOIO BajJeHTHOCTh. HarpeB kpucramra Beime 500 K ocBoOoxkmaer
AJIEKTPOHBI U3 JIAaHHBIX JIOBYIIEK M, TAKMM OOpa3oM, JeNaeT BO3MOXKHON WX PEKOMOWHAIIMIO CO BCE eIle
JIOKAJIM30BaHHBIMH JIBIPKaMH, a TaKkKe C yXKe TMOABWKHBIMU ABIPKAMH B PETYISPHBIX y3J1aX PEUIeTKH WU
OKOJIO JIPYTHX IIEHTPOB CBEUCHUSI.

V3kue nosnocsl B criekrpe TCJII npunaaneskar P3U. P3U** 3amensiror B kprctaiuie noubl Ca®’, a 3apsiioBast
KOMIIEHCAITHSI TIPOMCXOANT 3a CUET MEKAOy3eNbHoro nona F- mmm mpumectnoro O* wona. OOnyueHue
xouseprupyer P3U** B P3U* u dopmupyrorcs V -ientpsl. Bo Bpems narpesa V,-LEHTP BBICBOOOXKIAET
JBIPKY, KOTOpasi PEKOMOMHHPYET € AIeKTPOHOM Y P3M**, 4TO NPUBOIUT K U3ITYyYCHHUIO XapaKTEPHOM! HINPOKOM
nosockl, a P3W**, penakcupys u3 Bo30y»KICHHOTO COCTOSIHHSI B OCHOBHOE, CO3/IaeT M3JIyueHHE MOJ00HO0E
M3ITyYEHUIO CBOOOHBIX HOHOB, YTO TaKXKe CBA3aHO C YKPAHNPOBAHNEM BAJICHTHOMN 30HBI JAHTAHOUIOB.

Taxum o6pazom, TCJI MokeT BOZHHKATh M3-3a peKOMOWHAIMK 1) 0CBOOOXKIEHHBIX IBIPOK CO BCE €IIe
3aXBaueHHBIMH JICKTPOHAMH, 2) OCBOOOK/IEHHBIX SJIEKTPOHOB C 3aXBaY€HHBIMU ABIPKAMH U 3) TEPMUUECKH
OCBOOOXIEHHBIX AJIEKTPOHOB M JBIPOK B MOAXOASIIMX IIEHTpaxX CBEYCHHA. B TEpBBIX NBYX Ciydasx
COOTBETCTBYIOIIME JIOBYIIKA MOTYT UMETh JIOKATbHBIN XapakTep (BOMM3M PEeKOMOWHAIIMOHHBIX IEHTPOB).
AHaJIOTMYHBIM 00pa30M, KOTZIa ¥ AIEKTPOHBI, U IBIPKA CBOOOTHBI (TIEPEMENIAOTCS B 30HE MPOBOANMOCTH
Y BaJICHTHOH 30HE, COOTBETCTBEHHO), CTAHOBHUTCS BO3MOXKHOW WX PEKOMOWHAIMS B OAXOMSIINX TTO3UIUSIX
(meexThl, BAKAHCHH WIIM UHTEPCTHUIIAAIIBI), KOTOpasi, BO3MOXHO, M OTBETCTBEHHA 332 BRICOKOTEMITEpaTypHBIC
ik TCJL

3akaouenne. B pabore ObUIM TIPEACTaBICHBI PE3yIBTaThl HCCIENOBAHUS TEPMOCTHUMYINPOBAHHON
momuHeceHmn kpucraamios MgO u CaF,, 00y4eHHBIX BBICOKOIHEPIETHYECKMMU HOHAMH Xe!*? ¢
sHepruei nona 230 M»aB. Kpussie TCJI my1st 060MX KPpUCTAIIOB UMEIOT CTPYKTYPHBIN XapaKkTep, COCTOST U3
HECKOJIbKMX AJIEMEHTAPHBIX MUKOB. MeTOI0M anmpoKcuMaIy ObITH BbIIeeHb! oTaenbable muku TCIIL. [ns
MgO ObLTH 0Ty 9€HBI 4 TTHKA, 17151 KOTOPBIX BBIYMCICHB KHHETHUECKHE ITapaMeTphl. BeicokoTeMIepaTypHBbIi
K okoio 720 K MoxHO cBsi3ath ¢ TepmuueckuM paspyuienneM H nenrpos. Jlns CaF, kpusas TCJI Takxke
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ObUIa aNMPOKCUMHUPOBAHA C LIEJIbIO BBISBICHUS OTACIBHBIX MUKOM. B pesynbrare ObUM MOTy4eHbl 7 MUKOB
TCJI. Haubonee nHTeHCUBHBIN MUK npuxoautcss Ha 575 K, KOTOphIN CBs3aH € pa3pylieHHEM KPYIHBIX
arperaTHpiX Je(EeKTHBIX HEeHTpOoB. Jlns noHHO-00my4yeHHoro kpucramia CaF, ObLIM M3yYeHBI CHEKTPBI
TCJI u conocrapnens! ¢ otnensHbIME Tkamu TCJI. OueBngHo, uto mpumecu P3U, mpucyrcrByromue B
CaF, B xauecTBe CIEN0B, M ONPENENAIOT CrieKTpaabHblid cocta nmukoB TCJI. Pesynbrarhl moKasbiBaoT, 9TO
kpuBas TCJI He 3aBHCHT OT OTAEIBHBIX MPUMECHBIX HOHOB B KpucTaie, Torga kak cuekrp TCJI sBasercs
XapaKTEPUCTHKON MPUMECHBIX HOHOB. Takum 00pa3om, B HoMuHaIbHO YucThIX CaF, TCJI npoucxoaut ns-
3a CJICZIOB IpUMEcel B KpHcTaiax. B Takux kpucTamiax B 3aBUCUMOCTH OT IPUPOABLI KPUCTAIUIA, YCIIOBUH
BBIpAIllMBAaHUs, CKOPOCTH HarpeBa M JIpyrux (pakTopoB pa3iIWYHbIMU HCCIICAOBATENSIMU HAOMIONAINCH SIBHO
HecoBnagatouue kpusbie TCJL
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METHODOLOGY FOR BUILDING MODELS AND OPTIMIZING TECHNOLOGICAL
PROCESSES USING P-GRAPH SOFTWARE

Abstract. The work is aimed at developing a methodology for assessing and optimizing the flows of basic
resources at the regional level, in terms of minimizing the load on both the resource base and the environment.
The objects of production / consumption of resources in the region that should be taken into account include
end users (local residents), municipal users, as well as enterprises of industries with significant resource
saving potential: metallurgy, chemical industry, production of building materials, mechanical engineering,
petrochemicals, paper production, textile industry and so on.The purpose of the work is to find a fundamental
compromise between expanding opportunities and increasing losses with closer joint use of basic resources,
taking into account the desire to minimize anthropogenic impact on the environment. The proposed approach,
based on a joint numerical analysis of resource flows, can be generalized to the case of complex management
of other resources (raw materials, etc.). Environmental impacts are quantified by assessing the environmental
footprint of issuers. The method provides for the possibility of adding additional necessary aspects of
environmental impact in order to ensure its application for a wider range of practical problems. Assessment of
resource efficiency and the level of environmental impact is carried out based on the analysis of the life cycle
after determining the spatial boundaries and stages of the evolution of the system.An algorithm has been
developed for controlling the heat and water supply of the region for the optimal combination of production
/ consumption of energy and water, both within clusters (districts) and at the level of inter-cluster interaction,
minimizing residual resource imbalances and long-term impact on the environment.

Key words: optimization of resource use, process integration, energy efficiency, resource conservation,
systems analysis, circular economy, digital transformation, sustainable development.
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P-GRAPHIIPOTPAMMACBIHKOJIJAHY YIHIIHMOJEJJIEPKYPYKOHE TEXHOJIOT USLTIbIK
MPOLIECCTEPII OHTAMJIAH/ILIPY DICTEMECI

Annoranus. JKymbpIc pecypcThIK 0Oaszara Ja, KOpIIaraH oOpTara Ja JKYKTEeMEHi OapblHIIA a3auTy
TYPFBICBIHAH alMaKThIK JCHIeHeri HeTi3r1 pecypcTap aFbIHAapbIH Oaranay MEH OHTaIaH BIPY 9AiCTEMECIH
o3ipieyre OarbITTalFaH. AWMaKTarbl pecypcTapibl OHAIpY / TYThIHY OOBEKTIICpiHEe COHFbI TaliAaanyblIap
(>KepruTikTi TYPFBIHAAP), MyHULUIAIAbl Nl janaHymbuiap, COHAal -aK pecypcTapabsl YHEMICHTIH aJeyeTi
Oap canajapiblH KOCIMOPBIHAAPHI KaTaabl: METAJUTyprHs, XUMHS OHEPKICiOi, KYpBUIBIC MaTepHalaapbl
OHJIIpici, MamMHA >Kacay, MyHaill XHMMHSCHI, Kara3 OHMIpiCi, TOKbIMa ©HEpKaciOi koHe T.0.KyMbICTBIH
MaKcarsl - KOpllaraH opTara aHTPOIOTEH/IIK 9cepi OapbIHILA a3alTyFa JeTeH YMTBUIBICTBI €CKEPEe OTHIPHIIL,
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MYMKIHIIKTep/i KEHEWTy MEH Heri3ri pecypcrapsl Oipirin maimanaHy apKbUTbl MIBIFBIHIAPABI YIIFAUTY
apachlHAAFbl TyOereini biMbIpara kemy.Pecypcrap arbIHBIHBIH OipJIEeCKEH CaHIBIK TalgayblHa HEri3aenreH
YCBIHBUIFaH TOCUIII Oacka pecypcTapabl (IIHMKi3ar jkoHe T.0.) KemeHai Oackapy >KarJaiiblHa KalllbliayFa
Oomael. Kopiiraran oprara acep €Ty SMUTEHTTEPAIH AKOIOTHUSJIBIK 131H Oaraiay apKbUIbl aHbIKTasIa bl byt
ofIic KopImaraH opTara ocep eTyAiH KOChIMIIA KQKETTI acTIeKTIIepiH OHBIH MPaKTHKAIBIK MICETICIePaiH KeH
ayKbIMBIH/1a KOJTAHBLTYBIH KAMTaMachI3 €Ty YIITiH KOCYy MYMKIH/IITiH KapacThIpa sl PecypcTapabiH THIMITLTIT
MEH KOpILIaFraH opTara ocep eTy JeHreiin Oaranay >KyHeHIH KeHICTIKTIK LieKapaiapbl MEH 1aMy Ke3eHAEpiH
aHBIKTaFaHHAH KeHiH eMipJiK IMKIAI Taljay HerisiHue xysere acelpbuiansl.Kmactepnepae (aymanmapaa)
Jla, KJacTepapablK e3apa opeKeTTeCy JICHIeHiHIe ¢ SHEPTUs MECH CY/Ibl OHIIPY/IiH / TYThIHYJBIH OHTAMIIbI
yiecyi yIIiH pecypcTapablH KalIIbIK TEHrepiMCi3iriH OaphIHIa a3aiTy YIIiH OOJIBICTBIH KBITY )KOHE CYMEH
YKaOIBIKTAYIBI OacKapy aJTOpPUTMI 93ipIIeH/Ii. -KOpIIaFaH OpTara ocep €Ty Mep3iMmi.

Tyiiin ce3mep: pecypcrapasl NaiaanaHyIbl OHTAMIAHABIPY, TPOIIECTEeP i OIPIKTIPY, SHEPTHS THIMILIIT,
pecypcTapabl YHEMEY, KyHenepai Tanaay, aifHaaMaibl SKOHOMHKA, LHUQPPIBIK TpaHC(OpMaLus, TYPaKThl
Jamy.
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METOIO0JOT U IOCTPOEHUS MOJIEJIEM U OIITUMHU3AIIMA TEXHOJOTMYECKHUE
IMPOLHECCBHI C UCITIOJIB3OBAHUEM IMTPOI'PAMMHOTI'O OBECIIEYHEHUSA P-GRAPH

AnHoranusi. Pabora HampaBieHa Ha pa3pabOTKy METOOJOTHMH OICHKH W ONTHMH3AIUU TOTOKOB
OCHOBHBIX PECYPCOB Ha pETHOHAIILHOM YPOBHE, C TOYKH 3pEHUS MUHUMHU3AUN HArPy3KH, KaK Ha pECYPCHYIO
0a3y, Tak U OKpykaromnryro cpeay. K o0bexkTaM mpon3BOACTBA/IOTPEOICHUST PECYPCOB B PETHOHE, KOTOPHIE
CJIE/TyeT YIUTBIBATh, OTHOCSTCS KOHEUHbBIC TOTPEOUTEIH (MECTHBIE JKUTEJIH ), MyHUITUITATbHBIC TOTb30BaTEIH,
a TaKkKe MPEANPHUITHS OTpaciicil cO 3HAUYUTEIbHBIM IMOTEHIMATIOM PEeCypCOCOCpEKEHHS: METALTyprus,
XUMHYECKas IPOMBINUICHHOCTb, IPOU3BOJICTBO CTPOUTEIIBHBIX MaTEPUAIOB, MAIITHHOCTPOCHUE, HEPTEXUMUS,
ITPOU3BOJICTBO OyMaru, TEKCTHIIbHAS IIPOMBIIUICHHOCTh U Tak jajiee. Llenb paboThl — 3aKIIF04aeTCs B IIOMCKE
(DYHIAMEHTAJILHOIO KOMIIPOMHCCA MEXKIY PAaCHIMPEHHEM BO3MOXXHOCTEH M YBEIUYEHHEM IMOTEPh NpHU
0oJiee TSCHOM COBMECTHOM HCITIOJb30BAHUM OCHOBHBIX PECYPCOB, C YUETOM CTPEMJICHHMSI K MUHHUMM3AIUN
AQHTPOTIOTCHHOTO BIMSIHUS HAa OKPYXKAaIOIIyto cpeny. [IpemmaraeMblii moIxo/, OCHOBAHHBIN HA COBMECTHOM
YHCJICHHOM aHAJIM3¢ PECYPCHBIX TOTOKOB, MOXKET OBITh 00OOIIEH Ha CIydai KOMITJICKCHOTO YIPaBICHHUS
JIPyTUMU pecypcamu (ChIPhEBBIMU U T.11.). Bo3ielicTBHE Ha OKPYIKAIOIIYIO CPETy KOIMUYECTBEHHO OTIPEICISACTCS
MyTeM OIICHKHM 3KOJIOTHYECKHX CJICJIOB SMHUTCHTOB. MeETO/ MpelycMaTpUBaeT BO3MOXKHOCTh JI0OABICHHUS
JIOTIOJTHUTENTLHBIX HEOOXOIUMBIX aCTIeKTOB BO3JCHUCTBHS Ha OKPYXKAIOIIYI0 CPEy, YTOOBI 00ECIICUUTh €ro
MIpUMEHEHUE I 0oJiee MIUPOKOTO CIIEKTpa MpakTHdeckmx 3amad. OmeHka 3PpQGEeKTHBHOCTH PECYypCOB U
YPOBEHB BO3JICHCTBUS HA OKPYKAIOIIYIO CPETy BBIMOIHICTCS HA OCHOBE aHAIM3a )KU3HEHHOTO ITUKJIA TIOCIe
OIIpeIeIICHNS IPOCTPAHCTBEHHBIX TPAHMULL M 3TAIIOB YBOJIIOIIUH CUCTEMBI. Pa3paboTaH anropuT™ yrpaBieHus
TEIUIO-BOJOCHAOKEHHEM PETHOHA IS ONTUMAIBHOTO COYETaHHS OOBEKTOB IPOU3BOJCTBA/TOTPEOICHUS
SHEPIUM U BOJIbl KAK BHYTPHU KJIACTEPOB (PaliOHOB), TaK U HA YPOBHE MEX KJIACTEPHOTO B3aMMOJICHCTBUS,
MUHHMH3AIIHA OCTAaTOYHBIX TUCOATaHCOB PECYPCOB U JIOITOCPOYHOTO BO3JICHCTBUS HA OKPYKAFOIIYIO CPENy.

KiwueBble  cioBa:  ONTHMH3AIUsl  HMCIONB30BAaHHMSI  PECYpPCOB,  HMHTETpalUsi  MPOIIECCOB,
9Heprod(hHETUBHOCTD, pECYpPCcOCOEPEKEHUE, CUCTEMHBIH aHATN3, YKOHOMHUKA 3aMKHYTOTO IMKIIA, TU(PpOBas
TpaHCcpOopMalrs, YCTOWINBOE Pa3BUTHE.

Introduction. One of the most important problems of modern society is the irrational use of energy
resources. The constant increase in the use of fossil energy sources has led to one of the most important
problems of the 21st century. - global warming [1]. Despite the constant increase in the share of renewable
energy sources (RES) in the energy sector [2], this problem continues to be relevant [3]. This is partly due to
the inefficient use of energy and water resources in the manufacturing sector [4]. The study [5] proposes the
integration of calcium recycling into the lime production cycle at a pulp and paper mill. This reduces CO2
emissions from waste heat boilers and biomass power boilers [6].

65



ISSN 2224-5227 1.2022

The approach to designing an optimal and environmentally friendly energy system with decentralized
energy generation for the municipal level is considered in the study [7]. The approach is to apply the clustering
method together with the energy system modeling and cost optimization method. The main problem in the
existing systems of distribution of energy resources between generating capacities and consumers is an
ineffective system of distribution of flows between sources and their consumers [8,9]. To solve this issue, a
visual diagram was designed for the distribution of heat energy and hot water to the consumer network, which
was implemented in the P-graph environment program. To optimize the creation or operation of cogeneration
and trigeneration systems, both exergy analysis [10] and mathematical programming methods [11] are used.
For example, for the synthesis of optimal cogeneration and trigeneration systems, scientists [12] use fuzzy
P-Graph. This allows to increase the economic efficiency of the developed systems in comparison with the
use of MILP or P-Graph models.

To maximize the potential for the use of resources (raw materials, energy, water), inter-production
integration is necessary. Utilization of low-grade heat by reducing primary energy consumption is a promising
way to reduce the ecological footprint of enterprises [13-15]. For example, in the study [16], it is proposed
to use a power plant, which makes it possible to comprehensively utilize waste from oil and gas enterprises.
However, a common methodology is needed to maximize the potential for energy efficiency improvements
in territorial production complexes. This methodology is Total Site Integration [17]. This methodology has
been used in the oil refining [18], petrochemical [19], cement [20] industries.

Materials and research methods. Drag and Drop Material. As an example of sources of heat energy and
hot water for the scheme, 4 boiler houses and 1 CHP and 4 consumers of these resources were given.

To describe the sources of «resources / materialsy», the operator «Drag and Drop Material» is set graphically,
the graphic image and the main characteristics of which are shown in Figure 1. It should be noted that various
physical parameters are used as «resources / materials» in this scheme, such as energy, consumption, volume,
power, etc., which will be discussed below. The main parameters to be set are the name of the element (Name),
the price per unit (Price), the required material consumption (Req.Flow) per unit of time, the maximum flow
through this element per year (Max.Flow) is set by analogy with Req. Flow.

The type of resource / material (Quantity Type) is set in the window Object Properties — Parameters. In
the pop-up window opposite the Quantity Type, select the required resource. P-graph allows you to operate
with volumetric, quantitative energy costs.

oo

Figure 1 - Operator for source material

This object describes the quantity and cost of the product obtained at the source. In our case, the initial
type of raw material is heat energy, the parameters of which are determined by choosing «Energy». Thermal
energy is generated by 5 sources: comb NG _w - boiler house burning natural gas, comb_Coal w - boiler
house burning coal, CHP_Coal_w - CHP plant burning coal, comb_Diesel w - standby boiler house working
on diesel, Comb_Wood_ w - boiler house burning coal, Comb_Wood_ w - boiler house burning coal.

For a boiler plant that burns fuel, the general form of the equation for determining the fuel consumption
is as follows:

B, = Quy/Qy My (1)
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where: 1, - efficiency for modern boilers burning natural gas, fuel oil, unit efficiency can reach 0.85-0.9.
For current calculations, the efficiency of a boiler plant operating on coal and wood is assumed to be 80%,
on gas, fuel oil and diesel fuel - 88%. Q",, - the lowest heat of combustion of fuel, for solid and liquid fuels -
kg, for gaseous - m3, composition and lower heat of combustion of various fuels, Q, - set heat output of the
boiler plant GJ/day.

The composition and thermotechnical characteristics of the combustible mass of the types of fuel, the
composition and heat of combustion of combustible gases are determined from the reference data [21].

After determining the fuel consumption at the boiler plant according to the formula (1) for a given thermal
power, it is possible to estimate the cost of the sold product:

CT = BT HT/ QKY’ (2)

where: I1;- the price of feedstock, tg/kg, 1L, - for coal, tg/kg, L1
firewood, tg/kg, I, . - for technical diesel fuel, tg/kg.

A thermal power plant operating on coal and supplying thermal energy to the network in the form of hot
water in the retro- and future have averaged indicators of specific consumption of equivalent fuel for energy
generation in the country. From the analysis, it can be concluded that the dynamics of the decrease in the
specific consumption of equivalent fuel (QPH(YCH) = 29.33 MJ/kg ct) for the generation of electric and heat
energy from year to year. For the current 2020, the specific consumption of equivalent fuel for the generation
of heat energy was adopted - 158 kg/Gcal.

The conversion of the specific consumption of standard fuel to the specific consumption of hard coal per
GJ is given in expression 3:

, - for natural gas, tg/m3, I or

T(IIp. T(p.) f

by =byyy Qwven/ (Qyyeyy4:1868), )

where: 4.1868 is the energy conversion factor from Geal to GJ.

After determining the fuel consumption according to (1) and (3) and calculating the cost of the supplied
heat energy, the information in the cards of the initial operators is filled in.

Results and discussion. Operation unit. The next element in the diagram is the operating block, with the
help of which the equipment that produces the work, the product, etc., is described.

-

©
L
o
B

Figure 2 - Operating unit

For the circuit element shown in Figure 2, the parameters of the described equipment are set, such as: name
(Name), lower and upper boundaries for resource consumption through this element (Capacity multiplier -
lower and upper bound), investment costs (Investment cost fix), investment costs per consumer ( Investment
cost proportional), the number of hours of work per year of equipment (Working hour peryear), Link. This
element of the diagram is used to link the operational unit (Operation unit with products (Raw Material,
Intermediate Material, Product). At the entrance and exit from the operational unit, a certain conversion factor
can be set (Figure 3).
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L=\M§!‘U@

Figure 3 - Connecting line

Thus, using operational blocks and intermediate products, you can transform one resource into another (or
several), linking them to each other with conversion factors.

Intermediate Material. The intermediate product is used to describe the loss of resources, delivery to an
intermediate consumer, connection of flows from operating units, description of the name of the product and
its characteristics, etc. The parameters to be set are similar to those of the initial resource (Figure 4).
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Figure 4 - Intermediate product

Product. The final product that goes to the target consumer, all parameters for this element are described
in the same way as in the Drag and Drop Material and Intermediate Materialsections.

Scheme of conversion and return of network water to the collection collector. The part of the diagram
presented in Figure 5 is necessary to describe the flows of energy and water for supply to consumers.

The “coll” collector receives flows of heat energy (Energy) from boiler houses and heat power centers.
Further, from the common collector, the flows diverge through pumping distribution stations to the districts
to consumers. The pumping station “pump st3” receives 105 GJ/day of heat energy, in which there is a
redistribution into two flows in a ratio of 2/3 to 1/3. The final consumer of heat energy “heat dist water”
from “pump st3” receives 70 GJ/day, which he consumes without returning the network water back to the
sources. Heat energy 35 GJ/day in the form of heating water (with the possibility of returning to the network
for further heating) is sent from “pump st3” to the collector of water collection “cons HE HW?”. After the
collector, the entire flow enters the secondary operator “HE HW 2, which serves to distribute and collect
direct and return network water from the consumer.
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Figure 5 - A bunch of converting heat energy into network water and return of chilled water in the form of
energy to the network.

At the same time, this operator serves to convert hot water from thermal energy, therefore, a multiplying
coefficient 3 is installed on the line after it, which is calculated from the expression (4):

kmiHW =Q/G e Pty — t,)=1-10%(1-4,1868-(90 — 10)) = 3, 4)

where: HE_ HW index - shows the conversion from thermal energy to hot water (HeatEnergy —
HeatWater); Q_, - thermal energy reduced to 1 GJ/day; G, - flow rate of network water, reduced to 1 m3/day,
t.. - temperature of the direct network, 90°C; t,, is the temperature of cold water taken from the well, 10°C;
c,” is the specific isobaric heat capacity of water averaged for temperatures of 10 - 90°C.

The end consumer receives heated water with a flow rate of 105 m3 / day with a direct network temperature
of 90°C. As noted earlier, the consumer’s “cons HW” heating system has a closed cycle, so the consumer
returns water to the network with a return temperature of 60°C. The water goes back to the operator unit
“HE _HW _2” from which it goes to the element “cold w2” with the same conversion factor 3, which is
calculated by expression (4).

The element “cold w2” is used to describe the transfer of heat energy from the heated water to the
consumer’s target, so, of course, its temperature dropped. For this, after this element “cold w2” in front of
the operating unit “CW_HE 27, a conversion factor of 5 is set, which shows the ratio of the heat to the flow
rate of water contained in the return network water (5):

kCWJIE =Q/G e Bty — t,)=1-10%(1-4,1868-(60 — 10)) = 5, (5)

where: index CW_HE - shows the conversion from thermal energy to hot water (ColdWater — HeatEnergy);
t,. - temperature of the return water supply, 60°C.

Description of conditions for the total power of the system. Using the element “logical min” and
connecting lines coming out of the operating blocks, which characterize the operation of pumping stations,
it is possible to set the lower and upper limits for the total capacity. In this case, the system can receive from
500 to 900 GJ / day (Figure 6).

With the help of the operating unit “CW_HE 27, the return network water with a temperature of 60°C is
converted into thermal energy: 105 m3/day comes to the operator’s input, and 21 GJ/day at the output.

In the “heatlost” element, the flows of return network water are connected, and it also serves to describe
possible heat losses during transportation to a boiler house or heat station. After the “heatlost” element, an
operating unit “pump_st4” is installed to describe the costs of transporting the return network water to the
stations.
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Figure 6 - Bundle to limit the required total load in the network

Conclusions. It should be noted that the “coll” element is used to collect and distribute heat energy
flows. For this reason, after the operating unit “pump_st4”, the flow of heat energy of the return heating
water is directed to the collector “coll”, and the remaining energy for heating the heating water comes from
heat sources. Thus, the assessment of the efficiency of resources and the level of environmental impact is
carried out on the basis of the analysis of the life cycle after determining the spatial boundaries and stages
of the evolution of the system. An algorithm for controlling the heat and water supply of the region has been
developed for the optimal combination of energy and water production / consumption facilities.
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N30/IUPOBAHHBIE PEHTTEHOBCKUE ITYJIBCAPBI KAK BO3MO’KHBIE
MOTOMKH! MACCUBHBIX PEHTTEHOBCKHX IBOMHBIX CUCTEM

AnHoTtanusi. PaccMoTpeHbl 0cO0ble MOIKIACChl M30JUPOBAHHBIX HEHTPOHHBIX 3BE3 — aHOMAaJbHBIX
pentreHoBckux TmynscapoB (APIT) m wmsarkux ramma-penurepoB (MI'P). Habiromaembie mposiBneHHs
JIAHHBIX HCTOYHMKOB MOIYT YyKa3blBaTb Ha AKKPELHUOHHYIO MPUPOLY HMX PEHTICHOBCKOIO H3JIyYEHHS.
[Toka3zaHo, 4TO U30JIMPOBAHHBIC PEHTTEHOBCKHUE MyIbCAPbI MOTYT OBITh TOTOMKaMHU HanboJiee IIMPOKUX Map
PEHTTCHOBCKHX JBOMHBIX CHUCTEM, IJIe HEHTpOHHAas 3Be3Ja CPOpMHUpOBaiach MPHU KOJJance siapa MepBou
3B€3/1bl B MACCUBHOM JIBOMHON cucteme. Pacniag cuctemMbl MOT IPOU3OMTH MOCIIE€ BCIBIIIKH CBEPXHOBOH €€
MAaCcCHUBHOI'O KOMIIaHbOHA. B 3TOM NOAX0/€E JOATONEPUOAUYECKUE U30JIMPOBAHHBIE PEHTICHOBCKUE ITyJIbCaPbl
SIBJISIFOTCSL CTAPBIMU HEMTPOHHBIMU 3BE€3/1aMU, aKKPELUPYIOIUMH U3 OCTaTOYHBIX CTPYKTYP, KOTOPbIE MOITIH
c(OpMHUPOBATHCS €IIIE B ATIOXY UX CYIIECTBOBAHNS B TBOWHON CUCTEME, 2 OKPY>KAIOIINE MX MOJIO/IbIC OCTATKU
OT BCHBIIIKA CBEPXHOBOW MOTYT OBITH MPOAYKTOM KOHEUHOH CTaJMU IBONIOLMHU MX OBIBIINX MacCCHBHBIX
KOMITAaHBOHOB. TakXe B CTaThe MPHUBOIATCS Pe3YyNbTaThl YUCIEHHBIX pacueToB napamerpoB APII u MI'P B
paMKax pa3lMYHbIX aKKPEUHOHHBIX MpUOIKkeHnid. [lokazaHo, YTo HAWITYUIIero COTNIacHs yAaeTCsl TOCTHYb
B paMKaX NPUOIMKESHUS] MAarHUTO-JICBUTAMOHHON aKKpPELHH.

KuroueBbie ci10Ba: HEHTPOHHBIE 3BE3/Ibl, 30JIMPOBAHHBIE PEHTTEHOBCKHE MYJIbCAPbI, AKKPELIHS.
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PEHTI'EH IIYJIbCAPIAPBIH MACCHUBTI KOC PEHTTEH KYMEJIEPIHIH
KYPHATBI PETIHAE OKIHAYJIAY

AHHOTanus. Makanaza oKuiaylaHFaH HEHTPOH KYJIABI3AapBIHBIH epeKIIe iMIKi KIacTapbl - ©3repeTiH
pentren nynbcapiapbl (OPII) xone »xymcak ramma pernutepiepi (OKI'P) kapacteipbuigsl. Bepinren
oObekTiepaiH OakplIaHATBIH KOpiHICI ONapAblH PEHTTEHIIK COyNeNeHyl aKKpeUMsUIbIK TaOuFaThIHA
OarpITTaliibl. MaccuBTI KOC JKYWeAe anfamliKbl JKYJIIBI3ABIH SAPOCH KOJUIATIC KE31HJE KaJIbINTAaCYHl,
OKIIAyJTaHFaH PEHTTCH MyJbCapiapblHBIH EpeKIle KEeH PEHTIeH KOC JKYHesi KYNTapbIHBIH Teri Ooiybl
MYMKIHJIr KepcerinreH. JKyieHiH bIIbIpaybl OHBIH MAaCCHBTI KYPayLIBICHl aCKbIH JKaHa KYJIBI3IBIH KapK
eTyiHeH KeliH Oomybl MyMKiH. By ozicTe oKiayinaHFaH y3aK MEPHOIATHI PEHTICH IMylbcapiapbl KalabIK
KYpBUTbIMAAP/IaH aKKpEeIHsTIaHaThIH Kop1 HEUTPOH KYJIBI3Aaphl OOJBIN TaObLIA b, OJIap KOC JKyleae Oonran
J9yipAe KalbINTacybl MYMKiH, all acKbIH JKaHa JKYJ/IBI3NBIH JKapK €TyiHeH KOpLIaJFaH Kac KaJAbIKTapbl
OYpBIHFBI MAcCUBTI KYpaylIbUIAPBIHBIH COHFBI ABOJNIOLMSUIBIK CaThIJarbl OHIMI 00Xybl MYMKiH. Makanana
OpTYPIi aKKpeuusuiblK KybikTay meHOepinae OPII sxone JXKI'P mapamerprepiHiH caHABIK €CenTeylIepiHiH
HOTHXKeJepil KeATipinreH. MarHuTTIK JIEBUTALUSHBI aKKPEIUTTEY CLIEHAPHUII asiChIHIA €H YKaKChl KeliciMre
KOJI )KETKi3yre OOJaThIH IbIFbI KOPCETIITEH.

Tyiiin ce3mep: HEUTPOH KYJABI3AAPHI, OKIIAYJaHFAH PEHTIEH ITyJbcapiapbl, aKKpeLusl.

72



Reports of the Academy of Sciences of the Republic of Kazakhstan

V.Y. Kim

Fesenkov Institute of astrophysics, Almaty, Kazakhstan.
E-mail: kim@aphi.kz

ISOLATED X-RAY PULSARS AS POSSIBLE DESCENDANTS
OF HIGH-MASS X-RAY BINARY SYSTEMS

Abstract. Special subclasses of isolated neutron stars - anomalous X-ray pulsars (AXPs) and soft
gamma-ray repeaters (SGRs) are considered. The observed manifestations of these sources may indicate
the accretionary nature of their X-ray emission. It is shown that isolated X-ray pulsars can be descendants
of the widest pairs of high-mass X-ray binaries, where a neutron star was formed during the collapse of the
core of the first star in a massive binary system. The disintegration of the system could have occurred after a
supernova explosion of its massive companion. In this approach, long-period isolated X-ray pulsars are old
neutron stars accreting from remnant structures that could have formed during the epoch of their existence in
a binary system, and the young supernova remnants surrounding them may be the product of the final stage of
evolution of their former massive companions. The article also presents the results of numerical calculations
of the AXP and SGR parameters in the framework of various accretionary approximations. It is shown that
the best agreement can be achieved within the framework of the Magnetic Levitation Accretion scenario.

Key words: neutron stars, isolated X-ray pulsars, accretion.
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BBenenue. AHoManbHbIe peHTreHOBCKHE Tynbcapbl (APIT) u markue ramma-penutepst (MI'P) sBnstirorest
0COOBIMHU MOJKIACCAMH M30IMPOBAHHEIX HSHTPOHHBIX 3BE3/1, Y KOTOPBIX CBETUMOCTE L MpEBBIIIACT MOTEPHU
BpalarebHON 3Heprun E,,; 32 HEKOTOPBIM HCKItoueHHEM [ 1]. JlaHHbIe 00BbEKTBI XapaKTEepU3YIOTCSl Y3KHM
Auana3oHoM mepuonoB P (2-12 c.), GbicTpeiM TemmoMm TopMmokenus (P ( ~ 10711 c/c) [2], msrkum
pentrenosckum crektpom ( T, ~ 0.5k3B) [3], Huskoii peHTreHoBCKOM cBeTUMOCThIO L, ~ 103% apr/c mo
CPaBHEHHUIO C PEHTTCHOBCKHMU ITyJIbCapaMH, BXOSIIMMH B MAaCCUBHBIE TeCHbIE ABOIHBIE crcTeMbl (HMXB)
[1], HEKOTOpBIE OOBEKTHI ACCOLMUPOBAHBI C OCTATKAMH BCIBIIIEK CBEPXHOBBIX [4]. OCHOBHBIM OTIUYHEM
MI'P ot APII sBnsitoTcss HEMEPUOANYECKHE BCIBIIIKY B PEHTTEHOBCKOM M FraMMa-Hara3oHe ¢ yBEeIMYeHUEM
CBETHMOCTH OT HECKOJIBKHX MOPSAIKOB J10 JE€CATKA, THTAHTCKHUE BCIBIIIKK MOTYT UMETh CBETUMOCTH MOPSIIKA
~ 10*37%7 3pr/c [1].

C momenTa otkpbiTus APIT u MI'P ucxonHo paccMarpuBanoch, 4To XapaKTEPUCTHKU UX PEHTTEHOBCKOTO
U3Ty4eHus] 0OHAPYKUBAIOT OJIM3KOE CXOJCTBO C M3IyYCHHUEM AKKPEIHMPYIOMINX PEHTTEHOBCKUX ITYJIbCAPOB
B JIBOMHBIX cuctemax [4]. B crartbe 06 orkpwiTuu neporo APII 1E 2259 [4] aBTopbl NMpeanonoKuiu,
YTO JAHHBIH OOBEKT SIBISIETCS JIMOO HM30JIMPOBAHHBIM IMYJIbCAPOM, AKKPEIMPYIOMIMM M3 OKpYKatoulen
ero tymanHoctd G109.1-1.0, ymbo sBISICTCS KOMIIOHEHTOM TECHOW JIBOMHOM CHCTEMbI. ABTOpaMH TaKXKe
OTMEYEHO OTCYTCTBHE HAONIOAATEIbHBIX MTOATBEPKIACHUN HATTMUUS ONTHYECKOTO KOMIIAHBOHA U OTCYTCTBUE
JloTIepOBCKHUX CABUIOB B IPO(MIISIX MyTbCALMH, XapaKTEPHBIX U1l PEHTT€HOBCKHUX MYJILCAPOB, BXOASALIHNX B
TECHbIC IBOWHBIEC CUCTEMBI, YTO B CBOIO OUYEPEb FOBOPHUT 00 UX M30JMPOBAHHOM COCTOSIHUH.

OcHoBHbIMU Bonipocamu BuHTeprnperauu APITuMI'P sBrsroTcs MexaHn3M reHepanny uX peHTTEHOBCKOTO
W3JTY4eHUs B OTCYTCTBUH 3BE3/IbI-10HOPA, CHA0XKAIONIETO BEIISCTBOM ISl aKKPELUH, a TAKKE OTHOCHTEIILHO
JI0JITHE TIEPUOIbI OCEBOT0 BPAIIEHHs B CPABHEHUH C M30JINPOBAHHBIMU PaIUOITyIbCapaM.

Marepuajbl U OCHOBHBIE MeTOABI. JlJIi TEOPETHMUECKUX pPACUETOB M OLIEHOK IO MHTEpIpeTaluu
HabOmonaembix xapaktepuctuk APIT u MI'P, BbITOTHEHHBIX B paMKax JaHHOW PadOTHI, UCIOIB30BAIHChH
OTKpBITHIC NaHHbIe u3 Karajora McGill [3], katanora paguonyibcapoB ATNF [6], a Takke U3 myOauKarimid,
MPUBEJCHHBIX B pa3/esie MCIOIb30BAHHON JUTepaTypbl. MeToAbl M MOAXOAbI, MCIIONb3yEeMble B JaHHOU
paboTe, COOTBETCTBYIOT OOLICTIPHHSATHIM 0 UCCIIETOBAHUIO POTAIIMOHHOM SBOJIIOIMHU MYJILCAPOB U MOAPOOHO
pacnucaHsl B pa3ziene “pe3ynbTarhl’ .

Pesyabrarel. OcTaro4yHble AaKKpeNUOHHbIE CTPYKTYPbI H30JMPOBAHHBIX NyJabcapoB. Kak
OBUIO YK€ YIOMSHYTO BO BBeJCHWUHU: ¢ MOMeHTa OTKpbITHs APIl m MI'P ncxomHo paccmarpuBanch Kak
AKKPEIUPYOIIUe HEUTPOHHBIC 3Be3/Ibl [7]. B naHHOl T1aBe pa3o0paHbl OCHOBHbBIEC aKKPEIIMOHHBIC MOJICIIN
APIT u MI'P: cepuueckast, TUCKOBasi 1 MarHUTO-JICBUTALIMOHHASI aKKPELMH, a TAKKE UX MPOUCXOKACHHE.
VYcnoBHO, chepruvecKkyro akKpenuio W akKpenuio u3 KeriepoBCKOro JHcKa OTHOCAT K HEMarHUTHBIM
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MOJISJISIM aKKPEIIMOHHBIX CTPYKTYP, B KOTOPBIX HE YUUTHIBAETCS MTPUCYTCTBUE MATHUTHOTO TIOJISI B BEIIECTBE,
3axBaThIBAEMOE KOMIIAKTHBIM 00bEKTOM Ha paamnyce bormau [8].

Coepuueckas akkpenus U ee mMoaudukanmum. 3axBaTblBAEMOE BEIIECTBO B MOCITH C(hepruecKu-
CUMMETPUYHON aKKpenud npuOImKaeTcs K HEHTPOHHOHW 3Be3lle CO CKOPOCTHIO  CBOOOIHOTO
najgeHus: Vrr =(2G M, /r)l/ 2 B JMHAMHYECKOW IIKaie BpEeMEHH (BpPEMEHH CBOOOIHOTO TIIaJ[CHHS):
try = (r3/2G Mns)l/ 2, JlaHaMHUYECKOE JTaBJICHUE MOTOKA aKKPEIMPYEMOTO BEIIECTBA BO3PACTAET MO MEpe
€ro NpOABMKEHUS K HEUTPOHHOM 3Be3/¢e [8], a UMEHHO:

Eram(1) = Ergm(Rg) (RT_G)S/Z (1)

e Epgm(Rg) = poovrzel - IMHAMHUYECKOE JaBlIeHHME Ha paauyce BOHIM, U, — MPOCTpaHCTBEHHAsS
CKOPOCTh HEUTPOHHOM 3Be3/1bl. [JMHaAMHUYEeCKOe JaBJIeHHE MPOJBUTAeMOr0 BEIECTBA JOCTHTAeT BEITHMYUHBI
JIABJICHUS] MATHUTHOTO MOJIsl HEUTPOHHOU 3Be3bl Py, = B,%S /8T Ha AJBBEHOBCKOM pajinyce:

2/7
= () @)
M~\2GM

3nech U - AUNOIbHBIA MArHUTHBIA MOMEHT HEUTPOHHOM 3BE3/1b1. B paMKax TpaIuLMOHHBIX AKKPEIUOHHBIX
CIICHApUEB B HEMAarHUTHOM NPHUONMMKEHHUH PaguyC MarHUToc(epbl HEHTPOHHOW 3BE3/bl ONPEAECISIETCS
AJBBEHOBCKUM PaInyCOM.

Ecnu akkpenMOHHBIN MOTOK, 3aXBaThIBACMbIil KOMIIAKTHBIM HMCTOYHHKOM, O0JalaeT HE3HAYUTEIbHBIM
YIJIOBBIM MOMEHTOM, TO TaKOHl IOIXOJ paccMaTpHBaeTCs Kak KBasuchepuueckas akkpeuus. [eomerpus
KBa3UC(EPUIECKOro MOTOKA OTKJIOHSETCS HECYILECTBEHHO OT C(hepUUECKH CUMMETPHUYHOTO NPH YCIOBHH
[8]: 7, < 1y. 3mech 1, = E202 17 /G My, - pamuyc UUPKYyIAPU3ALMHE, Ha KOTOPOM aKKPEIIPYEMOE BEIIECTBO
nocturaet Kemeposckoii ckopoctn, R - pajuyc rpaBUTallIOHHOTO 3axBara (panuyc bonmm), 02y = 2(Rs)
- yIIOBas CKOPOCTh aKKpELMPYyEeMOIro BelllecTBa Ha paauyce bomam, & - Oe3pasMepHbI mapamerp,
XapaKTEePU3YIOIUH JUCCUIIALINIO YIIIOBOTO MOMEHTA B C(hepHUUECKOM aKKPELIMOHHOM HOTOKE.

BosmoxkuocTh cheprueckoit akkpernn Ha APIT u MI'P Opima paccmotpena B pabore [9] B KoTopoit Ha
OCHOBAHHUH CIIEKTPAJIbHBIX HAOIIOCHUH aBTOPHI MTOKA3bIBAIOT, 4TO 3((EKTUBHAS IUIOAAb YEPHOTEIBHOTO
m3nyuenust y APIT u MI'P coctapnsieT OoT muioniaau NoBEpXHOCTH HEUTPOHHOM 3B€3/1bl. ABTOPBI IUTHPYEMOM
cTaThy AenaroT BeiBo, 4T0 APII u MI'P MOryT SIBNATECS TOTOMKaMM TECHBIX IBOWHBIX CHCTEM, 00Pa30BaBILIMX
o0rmIyt0 000704Ky (00BekThl TopHa-XKHAKOB), B KOTOPBIX aKKpEIHs MPOUCXOAWT B KBaznuC(hepHuecKoM
peKuMe.

VYrioBasi CKOpOCTH BEILECTBA, 3aXBaThblBAEMOE HEHTPOHHOW 3BE370H IIOCIE B3phIBA CBEPXHOBOM,
CYIIECTBEHHO MEHBIIEC KEMJICPOBCKOM YIJIOBOM CKOPOCTH W aKKpEeIMs BELeCTBAa IPOUCXOOUT B
KBazuchepruaeckoM pexume. JJInTeaIbHOCTh JaHHOM CTaluy, COITOCTaBUMa ¢ BpeMEHEeM CBOOOIHOTO IaICHUS
Ha pajnyce Boumu: ty((rg). OnHaKo 3Ha4YCHHE lrp SIBISICTCS NIPCHEOPEKMMO MajbIM 110 CPABHCHHIO C
BO3PacTOM aHOMAJIbHBIX IYJILCAPOB, CIECJOBATEIbHO, JAIBHEHIINH CLIEHAPHH aKKPELMH MPEIIoIaraeT, 4To
MICXOTHBIH KBasuchepuaecknii motok 3a Bpems t < trr(rg) mpeobpasyercs B ocTaTounsiit uck [10].

Axpeuusi u3 Kenieposekoro aucka. ©@opMupoBaHie OCTaTOYHOTO AMCKA MPOUCXOAUT HPHU YCIOBHH,
YTO PaAMyC LUPKYISPU3ALUN NPEBOCXOANT AJBBEHOBCKUH [8] 7y > 1,, B 0OpaTHOM ciydae aKKpeuus
Oyzner uMeTh KBasucheprnyeckuii BUj (CM. INpeAbIIyILIyIo IIaBy). JlaHHOE HEpaBEHCTBO pean3yercsl Ipu
COOTHOIIECHUU: Uyg; < Ugp, TAE Urel - CKOPOCTH HEUTPOHHOH 3BE3/IbI OTHOCUTEIBHO aKKPEIIMOHHOTO TIOTOKA
[14],

5 5
Uer = 4 X 104ﬂg/1 57/555-/2 (#OM/C

14/15
) cM/c (3)
rne &y, = &/0.2 - HOPMUPOBAHHBIH MapaMeTp ANUCCUIALMHU YIIIOBOTO MOMEHTA (CM. NPEABIIYLIyO
miaBy), S, - Oe3pa3mepHblii mapameTp (cM. ciaeayroutyro maBy), 0 < & <1 - mapamerp TypOyJIeHTHOTO
JIBYDKCHUS TUTA3MBbI.

CoorHomenne Mmexny M, » 1 M, cormacHo [11] 3aBHCHT OT CBOWCTB 3BE3bl HHHIIMHMPOBABIIEH
BCIBIIIKY CBEPXHOBOM. Pe3ynbTarsl YHCICHHBIX PAcYeTOB IMOKA3BIBAIOT, YTO MPH HAYAIBHBIX (H3MUECKUX
XapakTepUCTHKAX HEHTPOHHOM 3Be3/1b1 B, > 5X 10%I'c, P,=0.015 ¢ umacce mucka M,=0.006Mq 3a uHTEpBAN
Bpemenn 10* 4 X 10* HeliTpoHHas 3Be3/1a CMIOCOOHA yBEIMYUTh CBOI iepron 10 10c, xapakrepHbiit ast APTI
v MI'P [11]. 3HaueHus HIDKHEro mpejena Macchl ocTaTounoro aucka APIT u MIP My = Mt,7 = P/2P,
npuBencHs! B Tadmure (1).
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Tabmuua 1 — OneHka HUKHETO Mpejiesia MacChl OCTaTOYHOTO aKKPELIMOHHOTO TUCKA JIJIsl Pa3IMIHBIX
APIT u MI'P.

M, (MO) HUctounuk Tun
2.47175E-7 4U 0142+61 APII
1.64667E-7 J1841-045 APIIT
4.50352E-7 XTE J1810-197 APII
3.67693E-7 1E 1048,1-5937 APII
6.24952E-7 J1622-4950 APII
7.36716E-7 J171405,7-381031 APII
3.30947E-7 1E 2259+586 APII

2.75E-7 J010043,1-721134 APII
1.89356E-7 J164710,2-455216 APII
1.80457E-7 J170849,0-400910 APIT
1.67127E-6 1E 1547.0-5408 APII
2.73453E-7 SGR 0526-66 MI'P
4.90161E-7 SGR 1900+14 MI'P
2.98217E-7 SGR 180620 MI'P
1.24117E-6 SGR 162741 MI'P
8.17726E-5 J0821-4300 MI'P
1.38594E-5 1E 1207.4-5209 MI'P

3HaueHus TunoiabHoro MmaruutTHoro MoMmenta APIT u MI'P B citydae peBepcHOMN akkpellnu B HEMarHUTHOM
NpUOIMKEHHH, TIOTy4EHHOTO U3 TOPMO3SLIETr0 MOMEHTa cull: Koy = u? /13, = Iw, npuBe/ieHs! B Tabuie

).

Tabnuna 2 — OueHKH JUIOIEHOTO MATHMTHOTO MOMEHTA (i), KPUTHUECKOTO TEMIA aKKPEUH (Mcy(pr)) B
Cllydae HEMArHMTHBIX puOIKenuit akkpenuu. Temn akkpernun M, APITu MI'P u3 oLieHOK MX CBETUMOCTH.

ﬂst(103o)FCCM3 Mcr(pr) (r/c) MLX (rlc) Hcrounux Tun
0.24 2.30E14 5.89E14 4U 0142+61 APIT
1.08 2.20E15 1.01E15 J1841-045 APII
0.47 2.50E15 6.96E13 XTE J1810-197 APII
0.81 5.13E15 3.21E13 1E 1048,1-5937 APIT
0.70 9.81E15 1.82E14 J1622-4950 APIIT
1.38 4.93E16 3.21E14 J171405,7-381031 APIT
0.12 9.10E13 1.18E14 1E2259+586 APII
0.75 2.58E15 3.27E14 J010043,1-721134 APII
0.10 2.86E13 1.61E13 J164710,2-455216 APIT
0.75 1.25E15 3.64E14 J170849,0-400910 APII
1.19 1.54E17 7.28E14 1E 1547.0-5408 APIT
1.65 3.47E16 6.96E14 SGR 1900+14 MI'P
3.83 7.83E16 8.57E14 SGR 1806-20 MI'P
0.75 3.64E16 1.60E14 SGR 1627-41 MI'P
1.06 5.16E15 7.50E14 SGR 0526-66 MI'P

Axxpennonnbie Mmogenu APITuMI'P ¢ nuckoBo# CTpyKTypoii MOTYT paccMaTpUBaThCs Kak H30JIMPOBAHHBIC
HEHTPOHHBIE 3BE3/IbI, OKPY>KEHHBIEC OCTaTOYHBIM KeTiepoBCKUM aKKpEITMOHHBIM TUCKOM (MOJIETH PEBEPCHOM
akkperun) [12].

Cuenapuii 00pa3oBaHUs TaKUX CTPYKTYp OBLI pacCMOTPEH B HECKONbKHX paborax. B crarbe [12]
yKaspIBasiock Ha 1o, uTo APII 1 MI'P moryT 6bITh moTOMKamMu 00bekToB TopHa-)KMAKOB 1 aKKpeMOHHBIH
JCK MOT ¢(pOpMUPOBATHCS OT 0OIIEH 000IOUKH.

AnpTepHaTHBHAS MOJAEIH OMHcaHa B cTarhe [11], B MaHHON MOIETH 9acTh BEIMIECTBA ITOCJE BCITBIIIKH
CBEpPXHOBOH MOXET OBITh 3axBaueHa TPABUTAIMOHHBIM TIOJIEM OOpa30BaBIICHCS HEUTPOHHOUM 3BE3JBI.
CornacHo craree [5] obpazoBanne APII u MI'P, mo cpaBHEHHIO ¢ paguoITyIbcapaMu, IPOUCXOANUT B Ooee
IJIOTHOH MEK3BE3JHOM cpene (0Komo3Be3nHoi obomouke) (n > 0.1cm™3), 00pa3oBaHHON MaCCHBHBIMH
(8Mg ) OB 3Besmamu-nipapomureasimu APIT u MI'P ¢ MemIeHHBIME TIPOCTPAHCTBEHHBIMH CKOPOCTSIMH
(~ 4xMm/c). Tlocae BCHBINIKK CBEPXHOBOW B IUIOTHOW MEXK3BE3IHOH cCpeie, PKEKTUPYEMOE BEIIECTBO
OBICTPO TEPSIET CKOPOCTH OT B3aUMOJICHCTBHSA C TUIOTHON OKOJIO3BE3IHOM 000JI0YKOH, (hOpMUPYS TIPH 3TOM
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00paTHyIO yIapHyIO BOJHY IO HalpaBJeHHIO K 00pa30BaBIIeiicss HEUTPOHHOH 3BE3/IE, UTO B CBOIO OYepeb
MOXET MPHUBECTU K POPMUPOBAHUIO AKKPELHOHHOTO JHCKA.

pobGaembr B onucanuu APII m MI'P B pamkax HeMarHMTHOro NpPUOJIMIKEHUS] aAKKpeUuM.
CyuiecTBYIOT M HEKOTOPBIE TPYAHOCTH B Mojielsix HeMarHuTHou akkpeunu APIT u MI'P. 1) Ouenka panuyca
MarHurocgepsl (B cilydae HEMarHUTHBIX HPUOIMKCHUH Ty = T4) U1 TOAABISAIOUIETO OOJBIIMHCTBA
HCTOYHHMKOB OKa3bIBACTCSI MEHbBILE PaANyca KOPOTAMU T4 > Teor (CM. TaOnuiy 3), 4TO B CBOIO ouepenb
yKa3bplBaeT Ha HAIWYME LEHTPOOEKHOro Oapbepa, MPEMSATCTBYIOUIETO MPOHMKHOBEHUIO BEIIECTBA IOJ
panuyc MarHuToc(epsl. YKa3aHHbIC TPYIHOCTH MOKHO MIPEOJOJIETh, MIPEANoarasi HaTnuue CBEpXCHIBHOTO
MarHUTHOTO MO Ha TIOBEPXHOCTH HeHTPOHHO# 3Be31161 By 1015T'c, 4T0 pacXoauTes ¢ ApyruMH OLleHKAMH. 2)
[IpucyrctBue KennepoBckoro ancka moxpasyMmeBaeT BpalleHHe HEMTPOHHOH 3Be3/bl BOINU3K PABHOBECHOTO
MEepUOAa, YTO IEMOHCTPUPOBAIO OBl 3MN30/bl YCKOPEHHs U TOPMOXKeHUs1 oceBoro BpameHus APII u MI'P
BCJIEZICTBUE HEOOIBIINX KOJIeOaHN i TeMIIa akKpelnu. B elicTBUTENbHOCTH HAOMIONAETC s TOJIBKO PEryJsipHOE
TopMmoxkenue [12].

Tabmuua 3 - OTHOWIEHUS 7, /74 JUTs pa3nuuHbix APIT u MI'P

Teor/Ta HUctounux Tun
0.268 SGR 1900+14 MI'P
0.225 SGR 180620 MI'P
1.073 4U 0142+61 APII
0.658 J1841-045 APIIT
0.472 SGR 0526-66 MI'P
0.294 XTE J1810-197 APII

0.1925 1E 1048,1-5937 APIIT
0.262 J1622-4950 APII
0.194 J171405,7-381031 APIT
0.883 1E 2259+586 APII
0.454 J010043,1-721134 APII
0.696 J164710,2-455216 APIT
0.576 J170849,0-400910 APII
0.177 1E 1547.0-5408 APIIT
0.174 SGR 162741 MI'P

MarnuTo-jeBUTAIIMOHHAS aKKpenus. CIeHapUil aKKpeluHd MOXKET CYIIECTBEHHO OTIMYaThCS OT
MoOJIeJIeld, ONMMCAaHHBIX B MPEIBIAYIINX IJaBaX, €CIH aKKPEeIHPyeMOe BEIIECTBO 00JalaeT AOCTATOYHO
CHJIBHBIM MarHUTHBIM TojieM [13]. B mporecce mpoaBmKeHUs IMOTOKA BEMIECTBA K HEUTPOHHOW 3Be3le B
peXuMe CBOOOIHOTO MAJEHUs IONEPEYHBIE MACIITA0bl CKMMAIOTCA ~ 72, a NPOMOJbHBIE HA000POT
YBEIMUMBAIOTCA ~ 1 1/2, M BCIeCTBHE 3aKOHA COXPAHEHNS MATHUTHOTO ITOTOKA 3TO MPUBOUT K BO3PACTAHUIO
HaNPsHKEHHOCTH MAarHUTHOTO TIOJSI aKKPEIIMOHHOTO TIOTOKA M0 Mepe MPOJIBMKECHUS K HEUTPOHHOU 3BE3Ze
B, « 772, B cBOIO OYepe/Ib, yBeINYEHHE HAMPSKEHHOCTH B NpUBOIUT K yBETMIECHUIO ITIOTHOCTH MATHUTHOM
SHEpruu (NaBleHus MarauTHoro nojs) E,, = B?/8m:

En() = En(Re) (€)' @

B aKkkpenMoHHOM MNOTOKE IUIOTHOCTh MAarHUTHOM SHEPrMM £~ BO3pacTaeT ObICTpEe KUHETHYECKOH
SHEPrUM B PajMaIbHOM HANpPaBICHHH E,qp, (1) . 3neck E,,(R;) = By Ew(R;) - TWIOTHOCT 3HEPrum
MarHATHOTO TIOJISi aKKPEIMOHHOTO TOTOKAa Ha pannyce BboHIuM, HOpMUpOBaHHAs K TUIOTHOCTH TEIUIOBOM
sueprii Eyp (Rg) = ooy B = Een/Em, Bo = B(R;), - HOPMHPOBOUHBIH KOI(DDULMEHT, ¢ - CKOPOCTH
3ByKa.

[I710THOCTH PHEPTUM MAarHWTHOTO TIOJSI B aKKPEIIMOHHOM ITOTOKE 10 Mepe MPOABMKECHUS K HEUTPOHHOU
3Be3/I€ JOCTUTAET TUIOTHOCTH €r0 KHHETHYECKOW YHEPTUU Ha pajnyce (paanyc MarHUTHOW JICBUTAIINH):

4/3
_ p—2/3 ZGMnSCS({ (5)
Tmi = 0 10/3
Vrel
TOJTy4€HHOTO U3 paBencTBa £ (r ) = E  (r ). JlanbHelinee NpoaBMKEHUE aKKPEUPYEMOTO BEIECTBA

B 0071aCTH NPOCTPAHCTBA 7 < ¥, BO3MOMKHO 10 MEPE AMCCUTIALIMHU ETO MATHUTHOTO mois [8].
Kak ObIIO yKe TIOKa3aHO, Ha Pajyce MAarHUTHOW-JICBUTAI[UH TPOUCXOMUT TOPMOXKEHHUE KBaszucQepu-
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YECKOr0 IOTOKa AaKKPELHPYEeMOIo BEIIECTBA €ro COOCTBEHHBIM MAarHUTHBIM TIOJIEM C MOCIETyIOLIeH
TpaHc(hopMaluel B HEKeIJIepOB MarHUTHUTO-IeBUTAIMOHHBIH (ML) nmuck. nst peanuzauuu cueHapus
MarHuTO-JIE€BUTAMOHHOM aKKPEIMU HEOOXOMMO BBINIOJIHEHHUE YCIOBUS ', > {7 1)},

B crarbe [65] ObLT paccMOTpeH MEXaHU3M TOPMOXKEHUSI HEUTPOHHOW 3BE3JIbI B PAMKaX MOJIEITH MarHUTO-
JIeBUTAMOHHON akkpenuy. CornacHo HUTHPYEMOH paboTe, MOMEHT CHJI, TPUIIOKEHHBIN CTOpoHBI ML-11cka
K HEUTPOHHOH 3Be3/1¢ Ha pajyce ee MarHuTochephl:

K| =i (1 - 20m) (©)
(rmTcor)? ©s

VpaBHenue 6 nokaseiBaeT 00001IEHHYI0 (POPMY MOMEHTa CHJI, IPUIIOKEHHOTO K HEHTPOHHOH 3BE3Je
CO CTOPOHBI AKKPEIMOHHOTO TOoTOKa. OHO CBOMMTCA K BRIpakKeHHIO KO = Kk, Mwgr?, TPU yCIOBHH, UTO
BEIIECTBO, MMaJarollee Ha HEUTPOHHYIO 3Be3/1y, He 001a1aeT yIIIOBBIM MOMEHTOM, T. €. ¢ = 0, 1 YTO pajuyc
MarauTocepsl HEHTPOHHOH 3Be3/1bI (PUKCHPOBAH YCIOBHEM Ty = 14.

Bwmecre ¢ Tem, TOpMO3AIIII MOMEHT CHIJI OKa3bIBa€TCs TeM OOIIBIIIE, €M MEHBIIIE PaInyc MarHuTocheps
HEHUTPOHHOH 3Be3bl. Takas cuTyalusi peanusyeTcs B CiIydae, €Clid MPOHUKHOBEHHE TIa3Mbl B MATHUTHOE
I10JIe HEUTPOHHOM 3BE31IbI IPOHUCXOIUT BCICACTBUE aHOMANbHON nuddys3uu [13], T. €. ympaBiseTcs TeM ke
MEXaHU3MOM, YTO Y MMPOHWKHOBEHHE COJTHEYHOTO BETpa B MarHuTHoe roine 3emiu. Pagmyc MarauTocqeps
B 9TOM CJIy4ae MOXET OBbITh MOJIyUYEH IyTEM PEeLICHUS yPABHEHHUS HEPa3pbIBHOCTH M, = M;,, tie M, =
Ly Rys/G M- TEMIT aKKpeLMU Ha OBEPXHOCTh HEUTPOHHOM 3Be3/1bl 1 [13]

M (1) = 41t/ " o (26 Mys)s D2y (1) (7)

TeMn uQdy3uu 1IasMbl B MArHUTHOE TI0JIE 3BE3[bl HAa IpaHule €e marHutocdepsl. 3necy D, =
agckgT (1,)/16 eB(1;,) - BomoBckuii koadduuuent quddy3uun, e - 3aps dJIEKTpoHa U Ap- mapamerp
s exTuBHOCTH, BenMMuWHA KOoTOporo Haxomutcs B mpenenax 0.01-0.1. KomOwHanmms BhINIEyKa3aHHBIX
BBIPOKCHHUU JTaeT OIEHKY BHYTpPEHHETO pamnyca ML-mucka , COOTBETCTBYIONIHH pamgnyCcy MarHUTOCHEPHI
HEHTPOHHOM 3Be311bI [8] 7 =r (cMm. Tabnuiy 4):

6
2/13 13

S cm3 / a]23/13#11§(GMnS)5/13 .

ma = \ Gekg T02/13L1/13R;t£13 3)

Tabmuua 4 - Ouenka pajyca MarHuTOCepsl 7, ¥ COOTHOIICHHE K paauycy koporauuu 7, / ~APIT U
MI'P B pamkax MOJEIN MarHUTO-JIEBUTALIMOHHON aKKpeLuu

r,. (cm) car/ma HcTounux Tun
1.29E8 3.92 SGR 1900+14 MI'P
1.85E8 3.49 SGR 1806-20 MI'P
7.79E7 8.66 SGR 0526-66 MI'P
1.88E8 1.68 SGR 162741 MI'P
3.02E7 23.52 4U 0142+61 APII
5.97E7 14.56 J1841-045 APII
1.55E8 3.39 XTE J1810-197 APII
3.08E8 1.89 1E 1048,1-5937 APIT
1.42E8 3.14 J1622-4950 APIT
1.81E8 2.27 J171405,7-381031 APIIT
4.19E7 14.65 1E2259+586 APII
8.99E7 7.48 J010043,1-721134 APII
8.65E7 9.38 J164710,2-455216 APIT
7.69E7 10.80 J170849,0-400910 APIT
1.38E8 1.97 1E 1547.0-5408 APII

BepxHue u HIKHUE TTPEeeIibl 3HAYSHUH JTUTTOJIbHOTO MArHUTHOIO MOMEHTa HEUTPOHHOM 3B€3/1bl B MOJICININ
MarHUTO-JEBUTALMOHHON akkpenuu [10] MOXKHO MOMY4YUTh U3 BBIPDAKEHUN T, = Ty U Kgg = [0 (oM.
BBIpakeHUs 6 1 §):

Hmax = 10300—’6&7161/3"1_1/91423{}3Ré/3P513/9FCCM3 9)
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e qp, =« /0.1, P, - mepuon HEUTPOHHOM 3BE€3/Ibl B CEKYHJIaX, m = M, /1.4 M@' HOPMHPOBAaHHAs
macca HeltporHoi 38e3abl, Ty = T/1 08 - HopMupoBaHHas Temneparypa B MarauTonayse, Rg = R,s/10°
- HOPMUPOBAHHBIN pajuyc HEUTPOHHOM 3BE3/bl.

min = 7 % 1028kr—n13/17ag./ll7P513/17Lg{1-171-/iiél71253/17m14./17T63/17R2/3FC CM3 (10)

e v =P/ P?. 3HaueHUs fmgy U Hmin TpUBENEHbI B Tabmuie (5)

Tabmuma 5 - Bepxaue 1 HIOKHHE MTPEAEITbI JUTOIBHBIX MAarHATHBEIX MOMEHTOB (1) APII m MI'P B pamkax
MOJIETT! MarHUTO-JICBUTAIIMOHHON aKKPEITHH

Hmin (Tcem®) Hinax (Tcem®) Hctounnuk Tan
5.94E29 5.98E31 SGR 1900+14 MI'P
1.50E30 1.18E32 SGR 1806-20 MI'P
5.08E29 8.22E30 SGR 1627-41 MI'P
2.11E29 1.18E32 SGR 0526-66 MI'P
2.29E28 1.12E32 4U 0142+61 APIT
1.45E29 2.51E32 J1841-045 APIT
1.91E29 1.41E31 XTE J1810-197 APIIT
5.08E29 1.05E31 1E 1048,1-5937 APIT
3.01E29 1.88E31 J1622-4950 APIT
7.47E29 2.30E31 J171405,7-381031 APIIT
1.60E28 2.80E31 1E 2259+586 APIT
1.65E29 6.75E31 J010043,1-721134 APIIT
2.03E28 1.35E31 J164710,2-455216 APIT
1.26E29 1.155E32 J170849,0-400910 APII
7.15E29 1.63E31 1E 1547.0-5408 APII

Onenka pajinyCcoB MONSPHBIX KOJIOHOK B PaMKaX JaHHOH MOJENN Qp(py) = M COOTBETCTBYIOIIME OLEHKU
BEPXHETo mpeziena Temneparyp 7, TOpAYnX ISTCH, IPUBCICHBI B Tabmwe (6).

Tabmmnma 6 — Ouenka paaMycoB MOSPHBIX KOJOHOK Op(mL) U BEPXHETO mpenena temmeparypol 1

ropstunx 1siTeH APTI u MI'P B pamkax npuOmmKeHust MarHMTO-JIEBUTALIMOHHON akkpelyy, T, - TemMieparypa
YepHOTEIHHON KOMIIOHEHTHI H3TyYeHUSI aHOMAIIBHBIX ITYJIbCAPOB U3 OIIEHKH NX CBETUMOCTH.

a, (cm) T, (107K) T (%3B) Ty, (x3B) Nmst Tun
182065 0.98 1.27 0.395 4U 0142+61 APII
129403 1.34 1.72 0.44 J1841-045 APII
80346 0.87 1.12 0.68 XTE J1810-197 APII
56942 0.85 1.10 0.623 1E 1048,1-5937 APII
83884 1.08 1.39 0.40 J1622-4950 APII
74244 1.32 1.71 0.38 J171405,7-381031 APII
154570 0.71 0.92 0.41 1E 2259+586 APIT
105410 1.11 1.44 0.38 J010043,1-721134 APIT
107545 0.52 0.67 0.63 J164710,2-455216 APII
114020 1.10 1.42 0.46 J170849,0-400910 APII
85060 1.52 1.96 0.43 1E 1547.0-5408 APII
113283 1.32 1.71 0.53 SGR 0526-66 MI'P
72933 1.12 1.45 0.50 SGR 1627-41 MI'P
88162 1.47 1.90 0.43 SGR 1900+14 MI'P
73467 1.70 2.19 0.65 SGR 1806-20 MI'P

PeanuctuynocTs 3TOM Moe/n ObUIa HEIABHO MPOAEMOHCTPUpOBaHa B pabore MxcanoBa u dunrepa
[13], rae ObLIO MOKa3aHO, YTO NMPUMEHEHHE CLIEHAPHs MarHUTO-JIEBUTAIIMOHHON aKKpeIUH K HEHTPOHHBIM
3Be3/1aM MO3BOJISIET PEIIUTh MPOOJIEMY UX CTPEMHUTEIHHON POTAIIMOHHOMN 3BOIOLNH.

Ocrartounbiii ML-g1ucKk BOKpPYT M0JI010ii HeiiTpoHHol 3Be31bl. CiieHapuii 00pa3oBaHus HEUTPOHHOM
3Be3/1bl, B KOTOPOM €€ POTAllMOHHAs SBOJIOLMS HAYMHAETCS Cpa3y CO CTaJWU aKKpeTopa (MHHOBaB TeM
caMbIM CTaJIMIO 3KEKTOpa U Iporeiepa) Oblia paccMoTpeHa B padore [14]. B pamkax Takoro moaxoaa APIT
1 MI'P unTepnipeTupyroTcst Kak MOJIOZible HEHTPOHHBIE 3BE3/bI (CPABHUMBIE C BO3PACTOM OCTATKOB BCIIBIIIEK
CBEPXHOBBIX, B KOTOPBIE OHHU MOTPY>KEHBI), Ha4aBIIIMe CBOE CYIIIECTBOBAHUE CPa3y C aKKPEIMOHHOW CTaNU.
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Heiirponnast 3Be31a MUHYET CTAJHIO MKEKTOpa (paauomnyiabcapa), Cd ee HadadbHbIM MepHo 0CEBOTO
BPALICHNS TPEBBIIIACT KPHTHYECKOE 3HAYCHUE JUIS JAHHOM cTaamu, T. e. P> P . BeIMYHHA KOTOPOTO
orpezensiercs 0aJaHcOM JaBICHUSI MATHUTHOTO IOJIsl HEHTPOHHOMW 3BE3/Ibl M aKKPEIIMPYEMOTO BEIIECTBA Ha

paauyce bounu re [65]:
L

4mréc
— 2 (1 1)
Pout = PVre;

Pin =

3nech L = f,,u? w*/c3 - MOMHOCTS MArHUTO-AUMOIBHOTO U3ITY4CHHS, Uye; — OTHOCHTEIIBHASI CKOPOCTb
HEHTpOHHOH 3Be3zbl. Pemenne cuctemsl (11) OTHOCHTENBHO @, AaeT 3HAYEHUE KPUTHUYECKOTO MEpUOAa B
ciydae akekropa [14]:

Per(ej) = 0.26f,,11/4u%2M1_51/4v;1/4c (12)

e Mys = M/1 0% r/c - HOpMUPOBAHHBIH TEMIT AKKPELHUH, Ug = Uy /1 08cm/c, frn = 1+ siny?, x,
[J€ - YroJl MEKAY MarHUTHBIM JTUIIOJIEM U OCBIO BPALICHUSI.

HeliTponnast 3Be3na MUHYeT Takke M CTaJUI0 IPONENJiepa, €CIM €€ HadaJdbHbIA MEepHoJ OCEBOTO
BpALICHUS IPEBBIIACT KPUTHIECKUiT st 910M ctamun Py > Perpr) YenoBue peanusaiuu Takoro crieHapust
BBITEKACT M3 PABEHCTBA paJinyca KOPOTALMHU U Paiuyca MarHUTOCHEpsl  Teor = Tma, YTO MO3BOJISET OLICHUTH
KpUTHYECKUH NEPHOJT HEUTPOHHOM 3Be3/bI B cityuae npormnesuiepa [14]:

Perpry = 3-5“%13"1_5/13T6_3/13M1_46/13C (13)

e m = Myg/1.4 M - HOpDMUPOBAHHAs MAcCa HEUTPOHHOM 3BE3/IBI.

B atom cityuae (Py > Py (pr)) IBOJNIOLHSA HEHTPOHHOI 3BE3/1bI HAYHETCSI CO CTauK akkperopa. CormacHo
crarbe [15], JOMyCTUMOCTD POXKICHHSI HEUTPOHHBIX 3BE3]1 ¢ OONBIINMH Ha4YaIbHBIMU TIEPHOAMH B paMKax
COBPEMEHHBIX MIPEACTABICHUN 0 HAYaIbHOM NIEPUOAE BPALLEHUS, IIPEACTABIAETCS KpalHE COMHUTEbHBIM.

Ocrarounbiii ML-1ick BOKpYr crapoii HeTpOHHOM 3Be3[bl. J[OCTaTOYHO MHTEPECHBIH IMOIXOJ
B uHTeprnperauuu npoucxoxkaeHus APII m MI'P mMoxHO paccMOTpeTs, Iie 3TH HUCTOUHUKU SIBISIFOTCS
HEUTPOHHBIMU 3BE34AMH, POJAUBLICHCS B TECHBIX MACCUBHBIX JBOWHBIX CHUCTEMax B IPOLECCE IEPBOMU
BCIIBILIKU CBEpXHOBOM. IIpenronaraercs, 4To 3TO HE NMPUBEIO K pacnaay CUCTEMbl U HEHTPOHHAs 3BE3la
IPOJOJIKUIIA CYILIECTBOBAHUE B [IAPE C MACCUBHBIM KOMIIAHBOHOM. MICXOHBIH IEpUOJ] BpallleHUsI HEUTPOHHOU
3BE3/1bl COCTABJISUI JIOJIM CEKYHJIbI U YBEIMYUBAJICS [0 MEpPEe TOr0, KaK 3B€3/1a OCIEA0BATENbHO IPOXOAUIIA
COCTOSIHUSA 2KeKTOpa u nponemiepa. [1o mepe cBoell poTalluOHHON HBOJIIOLMY HEUTPOHHAS 3B€3/1a JOCTULIIA
CTaJuM aKKpPeTopa, B KOTOPOM OCTaBalach BIUIOTH JO BTOPOIl BCHBIIMIKM CBEPXHOBOH, 00YyCIOBIEHHON
KOJITAIICoOM sIIpa €€ MAacCUBHOTO KOMMaHboHA [15]. DTo coObiTHE ¢ OONBLION BEPOSTHOCTHIO MPHUBEIO K
pacnany cucteMsl [14], u crapas HeMTpoHHas 3Be3a Mepeluia B COCTOSHUE M30JMPOBAHHOIO ITyJlbcapa.
OcTaTK¥ OT BCTIBIIIEK CBEPXHOBBIX, B KOTOPBIE MOTpyskeHbl HekoTopbie APIT 1 MI'P MoryT ObITh potykTaMu
KOHEUYHOH CTaIUU HBOJIIOLIMY UX MACCUBHBIX KOMIIAHbOHOB.

BospacT HEHTPOHHBIX 3Be3M, MPOSIBISIOMNX ceds B HacToaulyto amoxy kak APII u MI'P, comoctaBum
C BPEMEHEM >KU3HH MAacCCHBHOW PEHTTCHOBCKOH JBOWHON cHCTEMbI (OPSIKa HECKOIBKUX MUJTMOHOB JIET
[15]).

OnHako JUIMTENbHOCTh CYIIECTBOBAHMS JAHHBIX KOMITAKTHBIX HCTOUHUKOB B M30JINPOBAHHOM COCTOSIHUU
3HAYUTEJIBHO MEHbBIIE U COOTBETCTBYET BPEMEHHU MpPOIIEAUIEMY IIOCIE pachaja JBOMHOW CUCTEMBI.
OcTraTouHble aKKPELMOHHbIE CTPYKTYPBl H30JIMPOBAHHBIX HEHTPOHHBIX 3Be3[, MposiBIstomux ceds kak APIT
u MI'P mMornu copMupoBarhCsi B 3TI0XY UX CYILECTBOBAHMS B ABOMHBIX CHCTEMax M3 IJIOTHOTO 3BE3IHOTO
BETpPa UX MACCHBHBIX KOMIIaHBOHOB JINOO B MpOIlecce rPaBUTAIIMOHHOTO 3aXBaTa BEIIECTBA MOCIE BCIBIILIKH
CBEPXHOBOH, IOPOXKACHHON HA 3aBEPLIAIOIINX CTAJUSAX IBOIIOLUU 3BE3/bI-KOMIIAHBOHA.

Oo6cy:xxaenus. OopazoBanne APII u MI'P. CymecTByeT HECKOJIBKO BO3MOKHBIX CLIEHAPHEB 00Pa30BaHUS
M30IMPOBAHHOM HEUTPOHHOM 3BE€3/bl: KAK KOHEYHBIN IPOAYKT 3BOJIIOLMY MACCUBHOW ONMHOYHOMU 3BE3MbL,
100 Kak pe3yJbTar pacnaja TeCHON IBOMHON CHCTEMBI.

HN3onupoBanHasi HEHTPOHHAS 3Be3/1a, KAK MOTOMOK MACCUBHOI 0AuHO4YHOI1 3Be31bl. CoracHo [17],
OJIMHOYHBIE 3B€3/1bl C Maccoii M > 8 - 10M 5 3akaHYMBAIOT CBOIO BOJIIOLIMIO KOJLIANICOM 51/Ipa ¢ 00pa30BaHUEM
HEHUTPOHHOH 3BE3/1bI MIIM YEPHOM ABIPBI, COPOBOKAAIOLICHCS BCIIBIIIKOM cBepxHOBO Tuna SNII v SNIb,
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¢ ¢ sHeprusmu nopsinka 10°'spr. B cBoro ouepens, THI CBEPXHOBOI yKa3bIBaeT Ha IPHPOIY BCIIBIXHYBIICH
3BE3/IbI, B IEPBOM CiIydae 3TO KpacHble cBepxrurantsl (RSG) mubo ropsune ronyosie cBepxrurantsl (BSG),
BO BTOPOM Cllydae Majiom3ydeHHbIe 3Be3qbl Bonbga-Paite (WR). Croutr ormeTutbh, uto cBepxHOBas SN-
1987A, otkpeitas B 1987 r. Obu1a nepBbIM 00bEKTOM, OTOXKIECTBICHHBIM C TOIyObIM cBepxrurantoM (BSG),
710 5TOr0O MOMEHTa CUMTAIOCh, YTO CBEPXHOBBIE BTOPOro TUNa () SIBISIOTCS PE3yIbTaTOM BCIBILIIKH TOJIBKO
kpacHbIX cBepxruranToB (RSG) [19]. [louckn HEUTPOHHOI 3BE3]IbI OTOXKIAECTBICHHON C OCTATKOM BCIIBIIIKH
SN-1987A noka He yBEHUAIHNCh YCIIEXOM.

B pabore [17] Takxke OTMEUEHO, YTO 3BE3/1bl, HAXOSIINECS B CTa UK FOTyObIX U KPACHBIX CBEPXIMI'AHTOB,
a Taroke 3Be3bl Bonbda-Paiie 001amaror 1ocTaToYHO CHIBHBIM MCTEUEHHEM BellecTBa (IoTepeidl Macchl)
nopsiaka M ~ 107% — 107° Mg /rog. Cuemyer Takke OTMETHTB, YTO CKOPOCTH 3Be3JHOT0 BeTpa oT RSG
cymiecTBeHHO MeHbie (Vy, ~ 10 — 30 kM/c), uem y BSG u WR ju1s1 koTopbIX v, ~ 10% KM/ ¢/, HO IIIOTHOCTH
BemiecTBa BeTpa oT RSG B OkpecTHOCTSX 3Be3JbI BBICOKA, 10 cpaBHeHUIO ¢ BSG u WR. D10 00BsicHseTCS
T€M, 4TO B XOJE DBOJIOIMM Iropsiueld 3BE3Abl B CTAAMIO0 KPACHOTO CBEPXTUIAHTA CONPOBOXKIAETCS PE3KUM
YMEHBILIEHHEM CKOPOCTH BeTpa (KaK IMOKa3aHO BBILIE), IPYU HE3HAYUTEIILHOM U3MEHEHHH TEMI1a NCTECUEHHS,
YTO B CBOIO Ouepeab U GOPMUPYET IUIOTHYIO OOO0IOUEHHYIO CTPYKTYpPY, KOTOpasi B ajbHEHIIEM OKa3bIBAET
CYIIECTBEHHOE BIMSHHUE Ha IBOJIOLMIO OcTaTKa BenbIKH (SNR).

B crarbe [5] paccmoTpen Borpoc 00 OKpYKEHHH IIPEICBEPXHOBOH B ciiyyae (OPMUPOBAHUS HEUTPOHHON
3Be3ibl. OTMeueHo, uTo OosbMHCTBO HaOmomaembix OB 3Be3n (80%) HaxomsTcsi B CKOIUICHUSX,
c(hOpMHPOBAHHBIX U3 THTAHTCKUX MOJIEKYJIApHBIX 001aK0B (10°M). Maccusublie (8M ) [13] 1 obnanaromue
MaJIBIMU TTPOCTPAHCTBEHHBIMH cKopocTsiMu ~ 4km/c OB 3Be3nbl, npapoautenu cBepxHoBbIX (SN II, SN
Ib/c) B Teuenme cBoero kopoTkoro cymiectBoBanus (30 MiH. et [ 14]) He mepeMenarTcs Ha 3HAYUTEIIbHbIC
paccTosiHUsL OT MecTa poxaeHus. [l09ToMy CBEpXHOBBIE OT JaHHBIX MaCCUBHBIX 3BE3]1 B OOJbILEH CTENeHN
KJIaCTEPU30BaHBI B IPOCTPAHCTBE, HAXOISCh B THTAHTCKUX 00Jlakax HOHH30BaHHOTo Bogopoaa H 11, ¢ Beicokoit
temneparypoit  10°K u Huskoil miotHocthio 1 ~ 10°cm>. B cratbe [5] ykasbiBaeTcsi, 4TO CYLIECTBYIOT
HaOMoaTeNIbHbIE 10KAa3aTeNIbCTBA, YTO MoAaBistomee 00ubmrUHCTBO 80% HEHTPOHHBIX 3BE3 POXKIAIOTCS
B BBILICONMCAHHON ropsyeit, nudy3Hoi Mexx3Be3qHOH cpene. B padote [15] Oblin prBeeHbI pe3ynbTaThl
HaOmoeHn B cinpaibHbIX ranaktukax 49 ceepxnosbix THa SN II u SN Ib. beuto nokaszano, uro 72+10%
cBepxHoBbIX THIA SN I 11 68+12% tuna SN Ib HaxoasTCS B 00:1aCTSIX THTAHTCKUX MOJIEKYJIIPHBIX 00akoB H
II. Taxoke OBbUTO TOAMEUEHO, UTO STH AAHHBIE SBISIOTCS HIPKHUM MPEJIEJIOM, TaK KaK MPEACTaBIsIET OOIbIIYIO
TpynHOCTh HaOmoneHue cinadbix H I obnacreli B ganeknx rajiakTukax.

B cinyuae APITu MI'P, Haxonsmuxcs B octarkax cBepxHOBBIX (SNR), B craThbe [4] U3 aHaM3a 3aBUCUMOCTH
BpeMs-paanyc SNR aBropamu ObIJIO 1MOKa3aHO, YTO JAHHBIE OCTATKM BCIBIIIEK MOTYT HaXOJUTHCS B Oojee
IUIOTHBIX 00JaCTSIX MEK3Be3HOMN cpenbl (1> 0,1cMm ), rae mpoucxoast MeHee 20% B3PHIBOB CBEPXHOBBIX.
JlaHHBIE TPEANONIOKEHHs TMOATBEp)KIAIOTCs HaOmopeHusiMu MaszepHoro OH u3imydeHUsl, BBI3BAaHHOTO
B3aMMOACHCTBHEM YAAPHBIX BOJIH, PACIIMPSIIOIIMXCS OCTATKOB CBEPXHOBBIX, C MOJICKYJISIPHBIMU OOmakamu [ 16,
17,18, 19]. B crarbe [4] yka3zaHO, YTO OOIBIIMHCTBO MOJIOJBIX ITYJIECAPOB POXKICHBI B TOPSUHX, PA3PSHKEHHBIX,
nuddy3HBIX 00JaCTAX MEK3BE3IHON Cpe/ibl. BCMBINIKK CBEPXHOBBIX B Ooee MIoTHBIX cpenax (n > 0,1cm )
cocraBisitoT He Oosee 20% ot olriero uncia. ABTOPBI HUTHPYEMOM CTaTbU JENAt0T BBIBOJ, YTO COCTOSIHUE
HEHUTPOHHOH 3Be31bl CYIIECTBEHHBIM 00pa30M 3aBHCHUT OT IUIOTHOCTH OKpPY’Karolled MeK3BEe3IHOW CpeIlbl.
O6pa3zoBaHue paguoIyIbCapoB, MO X MHEHHIO, MPOMCXOIUT B MEHEE IUIOTHBIX OONACTAX MEK3BE3THON
cpenbl, B KOTOPBIX mpoucxodsT 80% BCHBILIEK CBEPXHOBBIX, 00pa3yroIUX HEUTPOHHbIE 3Be3bl. OIHAKO,
CYIIECTBYIOT OTKPBIThIE BOIIPOCHl 00 oOpa3oBanun APII u MI'P B pamkax Takoro moaxoxma [4]: cormacHO
aBTopaM, Ha 100 MOJIOABIX HENTPOHHBIX 3BE3] AOJKHO MPUXOAUTHCS puMepHO 80 paxnomynscapos u 20
APIT u MI'P. B netictButensHoctr uzBectHbix APII u MI'P HemHorum Oonee IBYX NeCATKOB [3], MPOTHB
HECKOJIbKUX ThICSY pajuomyinbeapoB [6]. Bo-Bropeix, He Bce APII u MI'P accoumupoBaHns! ¢ ocraTkamu
BCIIBIIIEK CBEPXHOBBIX [3].

Benbimka cBepXHOBOI B IBOITHOT crcTeMe. DBOIONNS 3B€3]l B TECHBIX JIBOMHBIX CUCTEMaX IMOIPOOHO
paccmoTpeHa B 0030pe [16], a Taxke B pouux padoTax. DBOIIOUMS B TECHBIX JBOMHBIX CUCTEMaX 3aBUCHT
OT TaKHX IIPOLECCOB KaK: UCTEUCHHUE BEILIECTBA, AKKPELIUs, TOTEPU CUCTEMON BEUIECTBA B 1IEJIOM U YIIIOBOTO
MOMEeHTa, 00pa3zoBaHue o01eil 000mouku. CBeneHus 00 3TUX MPOoLeccax MO3BOJISIOT MPOCIEAUT IBOIIOLUIO
B TECHOW JBOWHOW CHUCTEME OT IVIaBHOHM TMOCJEOBATEIBHOCTH JI0 00pa30BaHUS B CUCTEME KOMIAKTHBIX
00BEKTOB (OEJIBIX KapiMKOB, HEHTPOHHBIX 3Be3/). B ABOIIOIMU MacCCHBHBIX JBOWHBIX CHCTEM, Ije Ooee
MacCHBHas 3Be3/a (mepBasi KOMIIOHEHTa cUCTeMbl) obnaaaer maccoit My = 8 — 10M), cortacHo 0630py
[16], ecnu Oosiee MacCUBHAs KOMITOHEHTa CHCTEMbI 3aIOJIHAET CBOIO MOJIOCTh Poia Ha crajuu ropeHus
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BOJlOpoJa B sipe (ciy4ail A), OHa HauWHAET TEPSITh BEIIECTBO B TEIUIOBOW INKale BpeMeHH. MeHee
MacCCHBHBIH (BTOPOI ) KOMITOHEHT CHCTEMBI - 3B€3/1a TNIABHOM TIOCIIEIOBATEIHPHOCTH, HE MOXKET IIPUCOCTUHSITH
BELIECTBO ¢ TeMIoM Gonbiie M, ~ M, /(txy), = Ry L,/G M,, NPEBbIIIas KOTOPBIH, BEPOATHO 0OpasyeTcs
o0rrast ooonouka [ 19]. [locnemyromuii STar 3BONIONNAN € 001IIei 000I0YKOI MOXKET OBITh Pa3HBIM: BOZMOYKHBI
00pa3oBaHusl TIOITYypa3IeiICHHBIX CHUCTEM, Y KOTOPBIX OTHOIICHHS MAacC KOMIIOHEHTOB COOTBETCTBYIOT
OKOHYAHHMIO KeITbBHHOBCKOH cTamuu oOMeHa BemiectBoM: M, /M, =~ 0.6, Takxke BO3MOXKEH CiIydail, Korma
00e KOMIIOHEHTHI OCTaroTCS B 00IIel oOormouke. [lepBUYHAs KOMIIOHEHTa B TaKOM CiIydae TMPOIOJIKAeT
TEpSITh BEHIECTBO, KOTOPOE YACTHYHO MOIMAgaeT B OOMIyI0 O0OJOYKY M TepsieTcsl cucTeMou. PaccrosHue
MEXIy KOMIIOHEHTaMH MOXKET BO3pPacTaTh, €CIU YACIbHBIH MOMEHT BEILECTBA, MOKHUAAIOIIETO CUCTEMY
MeHbIIIe cpeqHero. Eciu BTopnyHass KOMIIOHEHTa CTaHeT 0oJiee MACCHBHOW YeM TiepBUYHAs, OHa OOTOHUT
MIEPBUYHYIO B CBOEH 3BONIOIIMH. B pesynmbrate cOpoca 00OJOYKH Ha CTaJIMW TOPEHHUS BOAOPONA B CIIOE
Ooyiee MaccWBHas KOMITOHEHTa TpeBpatuTcs B 3Be3ny Bonbda-Paiie. Bropas 3Be3nma ocraneTcs 3Be3non
[JIJaBHOM TMOCIEAOBATEIBHOCTH C MAacCOM HE MEHBIIE, YeM Macca KOHBEKTMBHOIO SApa OIHOPOAHOM
Mozenn (M = 2M,). Takoi IyTh SBOJIOIMH - OJHA W3 BO3MOXKHOCTCH 00pa3oBaHNs HSHTPOHHOM 3BE3/IbI
Y MaJIOMACCUBHOMW 3BE3/bI TIIABHOH MOCIeA0BaTenbHOCTH. [IpogomKuTensHOCTh 00MEHa BEIIECTBOM LIS
clyuas A, cpaBHMMA C BpEMEHEM FOpEHHs BOIOPOJA B SIpaX MaCCHBHBIX 3Be31 ty ~ 1082/ (Ml / M@) JeT
Takke MO MHEHHIO aBTOPOB LIUTHPYEMOTO 0030pa: KOHKPETHBIM MyTh 3BOJIOLUH 3aBUCUT OT COACPKaHMS
BOJOpO/a B sApe NEPBHYHONW KOMIIOHEHTHI B MOMEHT 3amoiHeHusi mosoctu Pomra. B o63ope Takke
YIIOMUHAETCsl BO3MOXXHOCTb CIMSHUSI KOMIOHEHT, 00pa3ys Oojnee maccuBHYIo 3Be31y Of.

B 0030pe [16] paccMOTpeH Takke CIICHAPHI SBOIIOIUN MAaCCUBHOW JBOWHOW CHUCTEMBI, KOTIIA OJIMH U3
KOMIIaHBOHOB 3aIOJTHSIET CBOIO TOJIOCTH Pollia Ha cTaanu ropeHust BOAOPOoa B CIIOEBOM UCTOYHHKE (cTydai
b). Cragus oOMeHa BEIECTBOM NIUTCA  tp ~ 1063 /10 MOTepH IEpBUYIHBIM KOMIOHEHTOM OObIIEH 4acTH
(70-90%) Bomopomnoit obomouku. (CxaThe OCTAaTKOB BOJOPOAHON OOOJOYKH TMPHUBOAUT K TOBBIIICHUIO
o eKTHBHON TeMIePaTypbl 3BE3Ibl 10 Tppp = 104°K. B BbICOKOTEMIICpaTypHOWl OOIACTH JHArPAMMBI
I'epummnpynra-Peccena 38e31a ocraercs Bce Bpems ropenus He B sape ~ 0.1ty,. ['enmeBsie 38€3/1b1 C TOHKUMHU
BOJOPOIHBIMH 000JIOYKaMU OOBIYHO paccMaTpHUBAIOTCS B KauecTBe Mozeseill 3Be3n Bombda-Paiie (WR).
ABTOpBI TaKkKe JENalOT BBIBOJ Ha OCHOBAaHMM HAOMIONAaEMBIX JAaHHBIX M CTaTHCTHYECKOM paclpeelieHHN
3BE3]1, YTO BCC IEPBUYHBIC KOMIIOHEHTBI ¢ MaccaMu M; = 20M, JOKHBI npoiitu ctaauo WR. DBosmrorus
TeJIMEBBIX 3BE3/ 3aBUCUT OT Macchl oOpasyromuxcst y Hux CO-sapa. B 0030pe npuBeneHO COOTHOLICHHUE:
M., /Mg ~ 0.45. 3Besmnl ¢ 0.45 < M,,/Mg < 1.4 nocne Bbiropanus He paciumpsrorcsi, MOBTOPHO
3anoNHAIOT TosIocTh Pomna u TepstoT npaktuuecku Beio (50% maccel), npespatiaschk B 6enbie CO-KapiauKH.
3Be3nbl ¢ Maccamu ¢ 10M < M < 12M moryt npeBpatuthes B O-Ne-Mg - Oenble Kapiuku. ABTOPBI
0030pa JIearT BaXKHBIM BBIBOJA, 4TO 10 — 12Mq - HIKHUI MPEEN Macc 3B€3J B JBOWMHBIX CHUCTEMAX,
MOPOKAAIOIINE HEUTpPOHHBIE 3Be3/bl. [locne BeIropaHus renus B sApe, B MOCIEACTBHE UAYT PEakLUu C
BBITOPAHUEM YIIIEPO/Ia - KUCIOPO/ia - HEOHA. ABTOPBI YKa3bIBAIOT Ha TO, YTO 3BE3/1a MOXKET TEPSATH BELIECTBO
Yepe3 3BE3AHBINA BeTep MPU OBTOPHBIX 3allOJIHEHHSIX MMojocTh Poia, ciexoBareibHO 000I0YKH MaCCHUBHBIX
3B€3J, B TECHBIX JIBOMHBIX CUCTEMax, MEHEe MPOTSKEHHbIE, YEM y OJIMHOYHBIX 3Be37. B3pbIB CBEpXHOBOI
MPUBOJHT K 00pPa30BaHMIO PEISITUBUCTCKOTO OCTaTKa: HEHTPOHHOMN 3B€3/Ibl MM YepHO AbIphl. [To MHEHHMIO
aBTOPOB CHCTEMa IOCJIe B3pbIBAa HE JIOJPKHA pacnacTbes, TaK KaK KOJUIAIICHPYET, KaK IPaBUIIO, MEHEe
MacCHBHasl €6 KOMIIOHEHTa.

Benbimka cBepxXHOBOW B MacCHBHON PeHTreHOBCKOI IBOIHOI cucreme. B mnpenmectBytomeit
m1aBe ObUIO AeTaIbHO pa3oOpaHo (GOpMHUPOBAHHE JABOMHOM CHCTEMBI ¢ HEMTPOHHOH 3Be310i. M kak ObLIO
y’Ke yIOMSIHYTO BBILIE, B3PhIB CBEPXHOBOH ¢ 00pa30BaHMEM IIEPBOTO PESITUBUCTCKOTO OCTAaTKa MOXKET HE
MIPUBONTH K pacnaay cucTeMsl. JlampHeias 3BOMIONMs TAKOW CUCTEMBI paCCMOTpPEHA B cTaThsiX [16].

CornacHo 0030py [16], BpeMsi KM3HU PEHTI'CHOBCKUX MCTOYHHKOB B MAacCCHBHBIX JIBOMHBIX CHCTEMax
coctapisgeT 10°-10%1er. B manpHeiinieM MacCUBHBIA ONTHYECKUN KOMIIOHEHT CHCTEMBI TIOCIIE 3allOJHCHUS
cBoeil nosnoctu Polta, HAYMHAET TEPATH BELIECTBO B TEIUIOBOM IIIKAJEe BPEMEHHU C XapaKTEPHOM CKOPOCTHIO
10°-10*M /ron, 4TO COOTBETCTBYET TEMIIAM HCTCUEHHS BEIIECTBA y HEKOTOPBIX IOTYOBIX CBEPXTUTAHTOB.
CornacHo [18], kpuTHYECKHH TeMI aKKpeLMH Ha HEHTPOHHYI0 3Be3dy cocraBisierT 10*Mg /ron. Tak kak
HEHTpOHHAs 3Be37a HE CIIOCOOHA MPUHSATH BCE BEIIECTBO, MOCTABISIEMOE ONTHYECKUM KOMIIAHBOHOM, TO
BO3MOXXHO O0Opa30BaHHE CUCTEMBI, COCTOSIIEH W3 HEHTPOHHOU 3Be3/bl U 3Be3nbl Bombda-Paiie ¢ oOmieit
000JI0UKOH.

[Tocne BTOpOro B3pbIBa CBEPXHOBOH OoJice BEpOATEH pacmal CUCTEMBI, TaK KakK KoJularcupyer Oojee
MacCHBHasl KOMIIOHEHTA, XOTS BO3MOXKHBI CJIydal COXpAaHEHHUs CHCTEMBI, COCTOSIIEH MOCJE BCIBILIIKU U3
JIBYX HEUTPOHHBIX 3Be3x (Hanmpumep PSR 1913+16) [16].
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3akawuenne. OcoOble MOJKIACCH U30JUPOBAHHBIX HEUTPOHHBIX 3BE3J, IPEICTABICHHBIX aHOMAaslb-
HBIMU PEHTTEHOBCKUMH I1yJIbCapaMy U MATKUMH FraMMa-peNUTEPAMU MOTYT SIBJISITHCS IPOLYKTaMU SBOJIIOLUU
MaCCHUBHBIX IBOMHBIX CUCTEM. | JIe M3HAYaIbHO HEHTPOHHAsI 3BE3/1a00pa30Baiach Ha KOHEUHOM TAIIE ABOIFOIHH
OJIHOTO M3 KOMIIOHEHT CHUCTEMBI B MPOLECCE KOJIANCA €T0 siApa U BCIBIIIKU CBEPXHOBOW, MPOU30LIEAIINX
Ha MaciuTadax HECKOJIbKO MUJUIMOHOB JIeT Ha3aj. [locie BCHBIIMIKK CBEPXHOBOHM OT MEPBOTO KOMIIAHbOHA
CHUCTEMa HE pacnanach, a NpOAOJKUIa CBOE CYLIECTBOBAHUE B BU/IE JIBOMHON CUCTEMBI - HEHTPOHHOM 3BE€3/1bl
B I1ape ¢ MAaCCUBHOM HEBBIPOXKICHHOM 3Be3/101. B 3TOM ciiyuae HEHTpOHHAs 3Be3/1a Ha MaciITabe HECKOJIbKUX
MUJLJIMOHOB JIET YCHEBAET IIPOMTH BCE 3TAIbl CBOEM POTALIMOHHOMN BOJIIOLUH, HAYMHASA OT CTaJUU NKEKTOpa
JI0 aKKpeTopa (PEHTICHOBCKOT'O ITyJIbcapa), 00pa30BbiBasi HA KOHEUHBIX CTAIMSIX MACCUBHYIO PEHTICHOBCKYIO
JIBOMHYIO CUCTEMY, IlIe¢ aKKPCIMOHHBIC CTPYKTYpPbl HEUTPOHHOM 3Be3/bl C(HOPMUPOBAIKMCH M3 IUIOTHOTO
3BE3JHOTO BETPAa €€ MACCHUBHOTO KOMMNaHbOHA. OHAKO, HA MOCICAHMX CTAIUSX BOJIOLUUA MaCCUBHOTO
KOMIIOHEHTAa CUCTEMblI B PE3YJIBTATE€ €ro BCHBILIKM CBEPXHOBOW JBOMHAs CHCTEMa MOIIa PACHACThCA.
BenencrBue 3toro crapas HeWTpoHHas 3Be3la (IPOIYKT 3BOJIOIMH IEPBOTO KOMITAHBOHA) OKa3ajach
MOTPY>KEHHOW B MOJIOZIOH OCTAaTOK OT BCIBIIMIKK CBEPXHOBOU (MPOMYKT B3phIBA BTOPOTO KOMIIAHBOHA).
Bpewmsi cyiecTBoBaHMS HEHTPOHHOM 3BE3/1bl B CTAJIMU aKKPETOPA 3aBUCUT OT (PU3NUYCCKUX XaPAKTCPUCTUK
AKKPEIMPYEeMOTO BEIIECTBA. AKKPELMOHHBIC CTPYKTYphI, 00Nagaromnmue COOCTBEHHBIM MarHUTHBIM TIOJIEM,
MOTYT CYIIECTBEHHO OTJIUYAThCS OT KIACCHUYSCKUX CTPYKTYP B HEMAarHUTHOM HpUOKeHuH (chepudieckast
u akkpenust u3 KeriepoBckoro gucka). YdueT MarHUTHOTO TOJISl aKKPELIIMOHHOTO MTOTOKA B PAMKaX CIICHAPHS
MarHUTO-JICBUTAIIMOHHON aKKPEIMH MO3BOJISCT HAMIYUYIIMM OOpa30M HMHTEPIPETUPOBATh  HAOJIOAaeMbIe
¢usnueckue xapakrepuctuku APIT u MI. B stom noaxone mapamerpsl APIT u MI'P ocrarorcst B pamkax
KaHOHMYECKUX 3HAUEHUH, IPUHATHIX [ HEUTPOHHBIX 3BE3]1.
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ANALYSIS OF EMISSIONS OF POLLUTANTS INTO THE ATMOSPHERE FOR THE
FACILITIES OF TENGIZCHEVROIL LLP IN ATYRAU REGION

Abstract. The article analyzes the volume of emissions of pollutants from flare installations of
Tengizchevroil LLP facilities. The facilities of Tengizchevroil LLP include 4 main groups: production
and transportation facilities of the extracted products; oil and gas treatment facilities; a second-generation
installation and TCO maintenance and life support facilities. Sources of production facilities of Tengizchevroil
LLPin2019-2021 emit pollutants of 99 hazard class 1-4 names into the atmospheric air, of which 11 substances
have a summing effect when they are present in the atmospheric air together. According to the analysis, the
dominant pollutants in the total emissions from TCO facilities are Carbon monoxide and sulfur dioxide. The
maximum values of carbon monoxide emissions are characteristic of flare installations for pumping crude
gas and oil production and an Integrated processing line. Emissions of sulfur dioxide from flare installations
for pumping crude gas and oil production are tens and hundreds of times higher than emissions of other
pollutants from other installations. In second place are the volumes of sulfur dioxide emissions from flare
installations of the Integrated Production Line. In third place are sulfur dioxide emissions from Second-
generation flare installations, where the volume of emissions is about 700-800 tons/year, which is 20 times
less than emissions from flare installations for pumping crude gas and oil production. An analysis of the
total volume of all pollutants from TCO flare installations shows that the main suppliers of pollutants are a
flare installation for pumping crude gas and oil production. Emissions of the total volume of all pollutants
from Second-generation flare installations are approximately 2 times less than from flare installations of the
Integrated Process Line. The lowest values are typical for emissions from external objects and are more than
a hundred times more than from flare installations for pumping crude gas and oil production.

Key words: emissions, pollutants, flare installations, carbon monoxide, sulfur dioxide.
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ATBIPAY OBJBICBIHJIAFbI « TEHI3IIEBPOMI» KIIIC HBICAHIAPBIHAH ATMOC®EPAFA
HIBIFATBIH JIACTAYIIBI 3ATTAPABIH, IIBIFAPBIHABIJIAPBIH TAJIJIAY

Annoramus. Makanaga «TeHizmeBpoim»KLLIC oObexTinepiHid anay KOHABIPFbUIAPBIHAH J1aCTayIIbl
3arTap HIBIFAPBIHABUIAPBIHEIH KesieMi TangaHaabl. «TeHizmespoitn» KIIC oObekTisiepi 4 HErisri TONTHI
KaMTHU/Ibl: OHIPIITeH OHIM/II OHJIIPY J)KOHE TachIMaliay 00beKkTijiepi; MyHail xoHe ra3 JaiibiHaay 00beKTiiepi;
eKiHIi OybIH KOHABIPFBICH jkoHe TIIO-HBIH TEXHUKANBIK KbI3MET KOPCETY YKOHE TIPUIUIIKTI KaMTaMachl3
ety oOwekrinepi. «Tenizmespoiin JKIIC enpipictik o0bekTinepiniy ko3aepi 2019-2021 xpuinapsr 1-4
KayinTUTiK Aopeskecinin 99 arayblHAaFbI IaCTay bl 3aTTapbl arMoc(epaliblK ayara IblFapaibl, oaapabH 11-1
arMocepaliblK ayasa Oipre OoiFaH Ke3ze ®UBIHTBIK ocep ereni. Tannayra coiikec, TIIO HbIcaHIapBHIHBIH
LIBIFAPBIHIBUIAPBIHBIH, KAl KOJIeMiHe 0achIM JacTayllbliap KOMIpTeri TOTBIFbI KoHE KYKIPT ITUOKCHI
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Oonpint TabbUIagBl. KemipTeri TOTBIFB! IIBIFApBIHABUIAPBIHBIH MakCUMalAbl MOHI LMK ra3zibl aiinayra,
MYHall eHJIpyre >KoHE HMHTETrpalMsUlaHFaH TEXHOJIOTHSUIBIK JKeJlire apHaifaH AJay KOHJABIPFbUIAphIHA
ToH. IIuKi ra3nel aifnayra »xoHe MyHall eHAiIpyre apHainFaH Ajay KOHIBIPFBUIAPBIHAH KYKIPT AMOKCHIIHIH
LIBIFAPBIHABUIAPEI Oacka KOHABIPFbUIApAaH OacKa JacTayllbl 3aTTapiblH ILIbIFApBIHIBIIAPBIHAH OHAAFaH
YKOHE JKY3/IETeH ece achll Tycei. ExiHmI opbIHaa OipiKTipijreH OHIipICTIK KeiHiH anay KOHbIPFhUIAPhIHAH
KYKIPT TUOKCH/I IIBIFAPBIHIBLUIAPBIHBIH KOJIeMi. Y IIIIHII OpbIH/Ia eKiHII OYBIH/IBI ajlay KOHBIPFhLIAPIHAH
KYKIpT TUOKCHIIHIH HIBIFAPBIHABUIAPHI TYP, MYHJA LIBIFAPBIHABLIAP KeseMi KbpuibiHa mamameH 700-800
TOHHaHbBI Kypaupl, Oy MK ra3asl aijayra »oHE MYHal eHJipyre apHaiFaH Allay KOHIBIPFbUIAPBIHAH
weFapeiasuiapaan 20 ece a3. TLHO anay KOHABIPFbUIAPBIHAH LIBIFATHIH OAPIIBIK JIACTAYLIBI 3aTTapiblH
JKaIITBI KOJIEMiH Taljay JacTayllbl 3aTTapIblH HETi3Ti JKEeTKI3yIIUIepi MIMKiI ra3ipl alijayra jKOHE MyHai
OHJIipyre apHaiFaH AuJiay KOHJIBIPFBUIAPHI OOJBIN TaOBUIATBIHBIH KepceTTi. EkiHmm OybIHIBI anay
KOHJIBIPFBIJIApBIHAH OAPIIBIK JIACTAYLIBI 3aTTaP/AbIH JKaJIbl MIBIFapbIHABUIAPHI OipiKTipiareH TeXHOIOTUsIbIK
KEJIHIH ajay KOHABIPFbUIApbIHA KapaFaHJa mmamMaMeH 2 ece a3. EH TeMeHri MoHep ChIPTKbI HbICAaHAApAaH
LIBIFAPBIHBUIAPFA TOH JKOHE ILUKI a3/l alijayra )koHe MyHal eHaipyre apHaiFad Anay KOHbIPFbUIapbIHAH
KY3 ece Kell.

Tyiiin ce3aep: mIbIFapbIHABUIAD KOJIEMI, JIACTAYIIBI 3aTTap, ajay KOHABIPFbUIAPHI, KOMIPTETi TOTHIFBL,
KYKIpT THOKCH/I.
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AHAJIN3 BBIBPOCOB 3AT'PA3HAIOINNX BEIECTB B ATMOC®EPY JJISI OFBEKTOB
TOO «TEHTM3IIEBPOII» B ATBIPAYCKOM OBJIACTH

AHHoTanuss. B crarbe ananm3upyercss 00beM BBIOPOCOB 3arpsi3HAIOIIMX BELIECTB OT (haKeTbHBIX
ycranoBok 00bekToB TOO «Tenruszmespoitn». Mecropoxnenue Tenrus, oTkpsitoe B 1979 roxy, siBnsercs
OIHHUM W3 CaMbIX IIYOOKHX M KPYIHBIX HE(TSHBIX MECTOPOXKICHHN B MUpPE - CBEPXI'MI'AaHTOM, BEPXHUH
He(TSIHOM TIACT KOTOPOTo 3aineraet Ha rryonne okosno 4000 meTpoB. OCHOBHBIMH BUAAMHU JESITEIBHOCTH
THIO sBnsitoress n00bIYa W OpoJaka YIIEBOJOPONOB M cepbl. JIMIeH3MOHHas MJoLmagb NPOEKTa
BKJIIOYAET OFPOMHOE MECTOPOXKJCHUE TeHrn3 U MeHblee, HO CO 3HAYMTEIbHBIMU 3arnacamu, Koposiesckoe
MecTtopoxkaeHue. HedTp TeHrM3ckoro MECTOPOKACHHUS XapaKTEpPHU3yeTCsl Kak JIerkas, CEpHHUCTasd,
Masiocmoinuctas, Manonapadunucras. OobexTbl TOO «TeHru3meBpoiiny BKIIOYa0T 4 OCHOBHBIC TPYIIIBL:
00BEKTHI JOOBIYM U TPAHCIIOPTUPOBKHU TOOBITON MPOAYKINHU; OOBEKTHI MOArOTOBKY HE(TH U ra3a; ycTaHOBKa
BTOPOTO MOKOJICHUS K 00bEKThI 00cmykuBanus u xu3Heodecnedenus: TILO. Mcrounnkn mpon3BoACTBEHHBIX
o0bexToB TOO «Tenruzmespoiin» B 2019-2021 ronax BeIOpacsIBatoT B aTMOC(EPHBII BO3AYX 3arpsA3HSIONINE
BelecTsa 99 HaMMEHOBAaHMM Kiacca onacHOCTH 1-4, u3 koTopbix 11 BellecTB OKa3bIBAIOT CyMMUPYIOLLIEE
JeiicTBUE, KOTJa OHU NPUCYTCTBYIOT B arMoc(epHOM BO3ayxe BMecTe M oOpasyioT 11 cyMMupyrommx
rpymm. K atum BemecrBam otHOcsTcs: duokcua azora (IV), Oxcun azora (II), Yrepon, Juokcun cepsr,
Ceposonopon, Oxuce yrepoaa, Meran, 1-byrantnon, Merantuosn, Ilponan-1-tuon, Oranon. ComtacHo
MPOBEJICHHOIO aHaJIM3a BUIHO, YTO JIOMUHHUPYIOLIMMH 3arpsi3HSAIOIIMME BELICCTBAMH B 00IIeM oObeMe
BbIOpocoB ¢ oObekToB THIO siBnstorcst Oxuch yrmiepopa u Juokcua cepsl. MakcumanibHbIE 3HAYCHHMS
00bEMOB BBHIOPOCOB OKHCH YIVIEPO/A XapaKTEPHBI OT (hakeJIbHBIX YCTAHOBOK AJISI 3aKAUKW CBIPOTO rasa u
100bIYM HETH ¥ MHTETPUPOBAHHOM TEXHOJIOTWYECKOW JMHUM. BBIOpOCH OKMCH yrieposna oT (akeabHbIX
YCT@HOBOK JJISl 3aKaYKH CBIPOTO rasa M J0O0bYM HE(TH MOCTENEHHO yBEIMYUBAIOTCS, HaunHas ¢ 2018
roga ot 2079,094689 t/rox no 4118,536538 u 4102,958838 t1/rox B 2020 u 2021 rogax cOOTBETCTBEHHO.
BriOpocs! okucu yriiepoaa ot ¢akenbHbIX yCTaHOBOK VIHTErpUpOBaHHON TEXHOJIOTHYECKON JIMHUN HA000pOT
XapaKTepU3yOTCs TeHICHIINEH yMeHbIIeHus o0bema ¢ 3678,4869 1/ron B 2018 romy 1 3903.0645 1/rog B 2019
roxy 1o 3345,7597 B 2020 roxy u 3412,2803 1/ron B 2021 romy cooTBeTCTBeHHO. BEIOPOCHI OKHCH yIiieposa
OT (pakeNbHBIX yCTaHOBOK BTOpOro 1okoJyieHns: He UIMEIOT CUCTEMHOCTH U HaxoasaTcst okosto 1589,9833 1/ron
B 2021 roxy no 1887,9457 t/rox B 2020 roxy. BeiOpocs! okncH yriepona OT YCTaHOBOK BHEIIHUX 0ObEKTOB
HaXOJUTCSI Ha OJHOM YpoBHE B mpeaenax oxono 200-220 1/rox. BeiOpocs! auokcuma cepbl oT (pakeTbHBIX
YCTaHOBOK JUIS 3aKa4YKH CHIPOTO Ta3a U T0OBIYM HE(TH B IECATKU U COTHH Pa3 MPEBBILIAIOT BEIOPOCHI IPyTruX
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3arpsi3HSIONIMX BEIMIECTB M OT APYTUX YCTaHOBOK. OOBEM BHIOPOCOB IHOKCHAA CEpPhI YBEIMYUBACTCS C
KaXKJIBIM TOJIOM H COCTaBISIIOT OT 17265,88055 1/ron B 2018 roxy u 34722,9255 1/ron B 2021 roxy. Cambie
MUHHMMAaJIbHBIC 3HAUCHHS XapaKTEPHbI AJIsl BBIOPOCOB BHEIIHMX OOBEKTOB M COCTaBISIIOT OT 247,0662877
B 2020 romy mo 275,3908474 t/ron B 2019 Tomy, uTo Oonee 4eM B CTO pa3 Ooiblie, 4eM OT (pakeIbHBIX
YCTaHOBOK JIJISl 3aKaUKH CHIPOTO Ta3a U JJOObIYH HE(TH.

KuaroueBbie ci10Ba: 00beM BEIOPOCOB, 3arps3HSIIOIINE BEMIECTBA, (haKeIbHbBIE YCTAaHOBKH, OKUCH YIJIepo/ia,
JTMOKCHU]I CEPBHI.

Introduction. In fact, air pollution in Kazakhstan caused by many factors. The first is the recent increase
in mining and processing of minerals. The second cause of air pollution is the combustion of gases during
the extraction of oil and natural gas. This accompanied by soot emissions. Manufacturers have found that the
cost of burning gas is lower than the cost of cleaning gas, which leads to air pollution with carbon dioxide.
The next factor is the dispersion of emissions from industrial enterprises in the production process during the
combustion of industrial products [1].

The Tengiz field, discovered in 1979, is one of the deepest and largest oil fields in the world - a supergiant,
the upper oil layer of which lies at a depth of about 4000 meters. The Tengiz reservoir stretches for 19 km in
length and 21 km in width. The capacity of the oil column is 1.6 km.

In 1993, the Government of the Republic of Kazakhstan established Tengizchevroil LLP (TCO) together
with Chevron. To date, four companies are already partners: JSC NC KazMunayGas (20%), Chevron Overseas
(50%), ExxonMobil (25%) and Lukarko (5%).

The main activities of TCO are the extraction and sale of hydrocarbons and sulfur. The licensed area of
the project includes the huge Tengiz field and the smaller, but with significant reserves, the Royal field [2].

The oil of the Tengiz field is characterized as light, sulfurous, low-tar, low-paraffin.

The objects of Tengizchevroil LLP in Atyrau region can divide into 4 main groups:

- Oil production facilities of the Tengiz field and the Royal field

- Production and transportation of the extracted products;

- Gas Processing Plant - oil and gas treatment;

- Second-generation installation (SGI) - oil and gas treatment;

- External facilities — TCO maintenance and life support facilities.

External facilities also include boiler rooms designed for heating the central office, hotel and residential
complex in Atyrau.

Tengizchevroil LLP includes 2 oil fields — Tengiz and Korolevskoye.

At the Tengiz and Royal oil fields, the configuration of the wellhead equipment is identical.

The system for collecting produced products at the Tengiz and Korolevskoye fields can divide into 2
groups: the basic oil collection system (BOCS) and the new generation collection system (NGCS).

The basic oil collection system includes 9 GZU at the Tengiz field, collecting oil fluid from 56 wells, and
1 GZU at the Korolevskoye field (KGZU 1), collecting extracted products from 3 wells.

Sources of production facilities of Tengizchevroil LLP in 2019-2021 emit pollutants of 99 names of hazard
class 1-4 into the atmospheric air, of which 11 substances have a summing effect when they are present in the
atmospheric air together and form 11summation groups [3].

Salvo emissions are intended short-term emissions that are many times higher in power than average
production emissions. Their presence is provided by the technology of work and is due to the conduct of
certain stages of certain technological processes.

Materials and methods. The inventory of existing sources of emissions is the first stage of the development
of the draft standards of maximum permissible emissions, the need for which arose in connection with the
clarification of the number of sources of emissions of pollutants into the atmosphere, the operating mode of
the facilities of Tengizchevroil LLP, which is due to the constant development of the Tengiz and Korolevskoye
fields.

The paper identifies and analyzes the characteristics of the sources of emissions and emissions of pollutants
into the atmosphere at the time of the inventory for all objects of Tengizchevroil LLP.

When carrying out dispersion calculations for the normal operating mode, backup and salvo sources of
pollutant emissions were excluded [4].

On flare installations, for this mode, the combustion of purge and pilot gas is taken into account, as well
as the combustion of raw gas, desulfurized gas and dry gas.

The calculation was carried out for a rectangle with the parameters: length (on the X axis) = 55000
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m, width (on the Y axis) = 65000 m, with a grid step = 500 m. Coordinates of the center of the calculated
rectangle X= 90300 m, Y= 112475 m.

Of all pollutants, as well as groups of substances that have a summation effect when they are present
together, the highest concentrations at the SPZ boundary are observed for Carbon dioxide and Sulfur oxide
and, respectively, for summation groups.

Results and discussion. The list of summation groups with the indication of substances having a summing
effect is presented in Table 1.

Table 1 - Summation groups and substances with summative effect

Summation group number Pollutant code Name of the pollutant

1 2 3

03,04, 05 0303 Ammonia

03, 04, 30, 39 0333 Hydrogen sulfide

04, 05, 24, 39 1325 Formaldehyde

24 0301 Nitrogen (IV) dioxide

24 0326 Ozone

27,28, 30, 31, 35, 81 0330 Sulfur dioxide

28,40 0322 Sulfuric acid

35,71 0342 Fluoride gaseous compounds
40 0302 Nitric acid

40 0316 Hydrochloride

71 0344 Fluorides are poorly soluble

During the operation of the facilities of Tengizchevroil LLP, volleys of SV emissions into the atmosphere
are possible due to the discharge of gas to flare systems during maintenance and failure of technological
equipment, deviation from normal operation and complete purging of equipment and pipelines. Gas will
discharge to flare systems only in cases stipulated by the Associated Gas Processing Development Program
at the fields of Tengizchevroil LLP for the period 2019-2021 for the safety of personnel and environmental
protection, that is, in cases of technologically unavoidable gas combustion. The volume of technologically
unavoidable gas combustion is individual for each field and depends on the specific technological and
geometric parameters (diameter, length) of gas pipelines for various purposes, the technological mode
of operation of equipment and installations, technical characteristics of equipment, as well as operating
conditions described in the regulations and operating instructions of installations used by subsoil users at all
stages of the technological process of extraction, transportation, preparation, processing and combustion of
gas. Such incineration includes various options for the combustion of reservoir, crude, acidic, desulfurized,
dry, fuel gas, as well as LPG - propane and butane. Examples of such incineration include, but are not limited
to the following [5]:

- The supply of desulfurized gas to the flare due to a temporary deterioration in gas purification (an
increase in the H,S content above 20 ppm), which may be caused by technological reasons. In order to
avoid the leakage of H.,S into the main gas pipeline, an automatic termination of the supply of substandard
desulfurized gas and its redirection to the flare system provided;

- Discharge of the fuel gas of the gas cushion of the tank of substandard oil T-200 to the flare. Maintaining
the gas cushion in the steam space ensures the presence of an explosion-proof environment in the tank, and
also minimizes the evaporation of gas components from oil;

- Discharge of gases to the torch due to short-term technical problems, when the multi-stage automatic
protection system installed by the project stops the equipment upon reaching the lockout setting. For example,
this happens for the following reasons:

* Power outages;

* stopping the supply of raw materials;

* Termination of the KIP air supply;

* Termination of supply of technical, cooling, technological hot water;

* Termination of steam supply;

* stopping of the equipment when the lock is triggered;

* Failure of controls and regulation.

In such situations, to prevent the creation of overpressure, the gas discharged onto the torch to protect
technological equipment, personnel and the environment. Discharge of gases to the flare from installations
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due to the stoppage of gas supply to external consumers due to external reasons beyond the control of the
enterprise.

Reducing the pressure of liquefied gas from the filling hoses allows safely disconnect them after the
completion of the filling process of tanks. As well as any discharges of raw, dry, desulfurized or fuel gases for
the Injection of raw gas.

Discharge of instantaneous evaporation crude gas from a closed drainage system: When hydrocarbons
drained from equipment and pipelines into a closed drainage system, the pressure decreases from the operating
value in the apparatus/pipelines to the pressure of the closed drainage system, resulting in degassing of
hydrocarbons and the released gas flared [6].

Discharge of butane and propane caused by technological reasons, such as: temporary deterioration of
changes in the purification of propane/butane at installations or during the drainage of butane from the bulites
of the Goods Fleet.

During the commissioning of the equipment after repair, short-term technical problems may occur and
a multi-stage automatic protection system stops the equipment upon reaching the lockout setting. In such
situations, to prevent the creation of overpressure, the gas discharged onto the torch to protect the process
equipment.

When the compressor stops and the multi-stage automatic protection system triggered during shutdown/
start-up after major repairs and during maintenance, which carried out on various equipment and installations,
selectively, throughout the year.

The inevitability of such discharges confirmed by the statistical data of the OREDA database, based on the
experience of large oil and gas companies, in which all cases of technical failures and their frequency recorded
during the operation of oil equipment of large fields. Ensuring safety is due to the need for technologically
unavoidable flaring of gas and none of the above scenarios is an accident and does not lead to accidental
emissions and/or accidental pollution of the environment.

Since 2008, the field pipelines and discharge lines have replaced at the Tengiz field [7]. When performing
these repairs and during the cleaning of pipelines, as well as in other cases of salvo emissions, the field gas
will discharge to the fuel storage and CPM flares. Based on the above, a certain amount of emissions of
pollutants into the environment during incineration attributed to salvo emissions, since: these emissions are
necessary for the normal operation of the equipment of the enterprise, will be carried out in accordance with
technological regulations and technical instructions for the safe production of repair and commissioning
works [8]. While emergency emissions are sudden, unintended and uncontrolled emissions that occurred
because of explosions, fires, destruction of buildings, structures and mechanisms. Based on the above, for
sources of pollution — flare installations of the existing KTL, ZVP/ZSG, External facilities and Fishing —
emissions of pollutants resulting from routine and volley combustion of hydrocarbon gases are proposed for
rationing.

Multiple sources of emissions also include exhaust pipes of generators for backup power supply and fire
pumps installed at technological sites.

To reduce the risk of industrial accidents and to minimize their damage company developed a set of
measures to ensure the security, suppression and containment of accidents [9].

The total volume of emissions of pollutants into the atmosphere from TCO flares presented in Figures 1-4.

35000 =

30000

25000

20000

15000

100001

5000 1
0 e P .

O Nitrogen (IV) dioxtf 8m Nitrogen%mgxide o0 &Mn 2021
O Sulfur dioxide H Hydrogen sulfide O Carbon Oxide
H Methane O 1-butanol H Methanethiol
HE Propane-1-thiol O Ethantiol

Figure 1 - Emissions of pollutants from Crude Gas Injection flares and Oil Production
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As can be seen from Figure 1, among the 11 pollutants entering the atmosphere from Crude Gas Injection
flares and Oil Production, the maximum emissions are characteristic of sulfur dioxide (from 17265.88055
tons/year in 2018 with an annual increase to 34722.9255 tons/year in 2021), and the lowest in the amount
of less than 0.1 tons/year of pollutants for 1-Butanethiol, Methanethiol, Propane-1-thiol and Ethanethiol. In
second place in terms of emissions is carbon monoxide, whose emissions range from 2079.094,689 in 2018
to 4118.536,5538 tons/year in 2020 [10].
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Figure 2 - Emissions of pollutants from the flares of the Integrated Process Line

Figure 2 shows the volume of pollutant emissions from the flares of the Integrated Process Line, where
Carbon Monoxide and Sulfur dioxide are also the dominant pollutants, but here, unlike the previous
installation, the maximum values are characteristic of Carbon Monoxide in the range of 3345.7597 t/year in
2020 and 3903.0645 t/year in 2019. The volume of Sulfur dioxide emissions is almost twice less than Carbon
Monoxide at the level of 1784.8329 tons/year (in 2020) to 2012.2975 tons/year in 2019. Minimum values
of less than 0.1 t/year are also typical for 1-Butanediol, Methanethiol, Propane-1-thiol and Ethanediol [11].
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Figure 3 - Emissions of pollutants from flares of the Second Generation Plant

According to Figure 3, the same pollutants are dominant in the volume of pollutant emissions from
Second-generation flare installations: Carbon Monoxide and Sulfur dioxide. The volume of Carbon Monoxide
emissions (ranging from 1589.9833 tons/year in 2021 to 1887.9457 tons/year in 2020) as well as from the
Integrated Process Line flares is more than twice the volume of Sulfur dioxide emissions (722.0831863 tons/
year in 2021 to 856.336213 tons/year in 2018). The volume of emissions of 1-Butanediol, Methanethiol,
Propane-1-thiol and Ethanediol is about 0.1 and less tons per year [12].
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Figure 4 - Emissions of pollutants from flares of External objects

Figure 4 shows the emissions of pollutants from the emissions of external facilities, where Carbon
Monoxide emissions prevail by more than 10 times the volume of Nitrogen Dioxide and Carbon emissions
and by more than 200 times the remaining pollutants. The volume of Carbon Monoxide emissions ranges
from 198,0033 tons/year in 2020 to 220,4712 tons/year in 2019. The volume of emissions of Methanethiol,
Propane-1-thiol and Ethanediol is less than 0.001 t/year, and in terms of Propane-1-thiol emissions, the
volume of emissions has been zero in the last three years.
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Figure 5 - Emissions of Carbon Oxide from TCO flares

According to the first four figures, we see that the dominant pollutants in the total emissions from TCO
facilities are Carbon Monoxide and Sulfur Dioxide, which analyzed in Figures 5 and 6. In Figure 5, we will
look at Carbon Monoxide emissions from all TCO facilities. The maximum values of Carbon monoxide
emissions are characteristic of flare installations for crude gas injection and oil production and an Integrated
Process Line. Emissions from flare installations for crude gas injection and oil production are gradually
increasing starting in 2018 from 2079,094,689 tons/year to 4118,536,538 and 4102,958838 tons/year in 2020
and 2021, respectively. Emissions from flare installations of the Integrated Process Line, on the contrary
characterized by a tendency to decrease in volume from 3678.4869 tons/year in 2018 and 3903.0645 tons/
year in 2019 to 3345.7597 in 2020 and 3412.2803 tons/year in 2021, respectively. Emissions of pollutants
from second-generation flare installations have no consistency and range from 1589.9833 tons/year in 2021
to 1887.9457 tons/year in 2020. Carbon Monoxide emissions from installations of external facilities are at the
same level in the range of about 200-220 tons/year and does not have a systematic change in emissions [13].
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Figure 6 - Emissions of Sulfur dioxide from TCO flares

Sulfur dioxide emissions from TCO flare installations, shown in Figure 6, show that the dominant
emissions are pollutants from flare installations for pumping crude gas and oil production, which are tens
and hundreds of times higher than emissions of other pollutants from other installations [14]. The volume of
emissions increases every year and ranges from 17,265,88055 tons/year in 2018 and 34,722,9255 tons/year
in 2021. In second place are the emissions from flare installations of the Integrated Process Line, the volume
of which is on average about 1800 - 2000 tons /year, which is 10 times less than at the previous installation.
In third place are emissions from Second-generation flare installations, where the volume of emissions is
about 700-800 tons/year, which is 20 times less than emissions from flare installations for pumping crude gas
and oil production. The minimum values are typical for emissions of external objects, the volume of which
is about 1.0 t/year.
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Figure 7 - Emissions of the total volume of all pollutants from TCO flare installations

The analysis of the total volume of all pollutants from the TCO flare installations presented in Figure 7
shows that the main suppliers of pollutants are a flare installation for pumping crude gas and oil production,
the total volume of all pollutants of which is more than 19 thousand (19826.05934) tons/year in 2018 — and
about 40 thousand (39927.87828) tons/year in 2021, with an annual increase in the volume of emissions of
pollutants. The total volume of all pollutants from flare installations of the Integrated Process Line is less
than from flare installations for pumping crude gas and oil production by more than 3 times and on average
amount to more than 6 thousand tons/year, being approximately at the same level from 6017,074691 tons/
year in 2020 and 6949,446184 tons/year in 2019. Emissions of the total volume of all pollutants from Second-
generation flare installations are approximately 2 times less than from flare installations of the Integrated
Process Line and are at the level of 2621.352511 tons/year in 2021 to 3053.588875 tons/year in 2020. The
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lowest values are typical for emissions from external facilities and amount to more than two hundred tons/
year (from 247.0662877 in 2020 to 275.3908474 tons/year in 2019), which is more than a hundred times
more than from flare installations for pumping crude gas and oil production [15].

Conclusion. The analysis carried out by the volume of emissions of all pollutants from TCO flare
installations shows that of the eleven pollutants, only two pollutants account for the main volume, these are
Sulfur dioxide and Carbon oxide. In terms of sulfur dioxide emissions, emissions from flare installations for
pumping crude gas and oil production are dominant, while the volume of emissions from other installations
is tens and hundreds of times less. In terms of Carbon monoxide emissions from two flare installations, such
as for crude gas injection and oil production and an Integrated Process Line, they are at the same level, with
slight changes over the years, and from Second-generation flare installations they are almost at the same level
and the minimum values are characteristic of emissions from external objects. The most minimal values for
all installations are typical for pollutants: 1-Butanethiol, Methanethiol, Propane-1-thiol and Ethanethiol. Of
all flare installations, the main volume of pollutants falls on the flare installation for pumping crude gas and
oil production.

Information about the authors:

Yessenamanova Mansiya — candidate of Technical Sciences, Kh. Dosmukhamedov Atyrau University,
Atyrau, Kazakhstan; mansiya.73@mail.ru; https://orcid.org/0000-0002-5423-2857;

Anuarbekova Arailym — Master’s student of the educational program 7M05201-Applied Ecology,
Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan; arailim-98@mail.ru https://orcid.org/0000-
0001-6160-4156;

Ryskalieva Damilya — doctoral student of the educational program 8D05201-Ecology, Sh. Yessenov
Caspian University of Technology and Engineering, Aktau, Republic of Kazakhstan; damilya03@gmail.com,
https://orcid.org/0000-0002-5988-3632;

Yessenamanova Zhanar — master of Engineering and Technology “Applied ecology”, doctoral candidate
of the PhD “Ecology” of Kh. Dosmukhamedov Atyrau University, Atyrau, Kazakhstan; zhanyessen@mail.
ru; http://orcid.org/0000-0003-3868-4092;

Tlepbergenova Anar — candidate of Pedagogical Sciences, Kh. Dosmukhamedov Atyrau University,
Atyrau, Kazakhstan; anar 2808(@mail.ru; http://orcid.org/0000-0001-7373-8944.

REFERENCES

[1] Kenessariyev U., Alexander G., Michael B., Dosmukhametov A., Amrin M., Erzhanova A. &
Kenessary D. (2013) Human Health Cost of Air Pollution in Kazakhstan. Journal of Environmental Protection,
4, 869-876. DOL: https://doi.org/10.4236/jep.2013.48101.

[2] Alimbaev T., Yermagambetova K., Kabyltayeva S., Issayev A., Kairat Zh., Mazhitova Zh. Environmental
problems of the oil and gas industry in Kazakhstan. E3S Web of Conferences. 215, 03008, 2020, https://doi.
org/10.1051/e3sconf/202021503008.

[3] Mukusheva G.K., Sarsembiyeva N.S. Study of emissions of polluting substances from ANPZ to
environment and development of recommendations for their decrease. News of the National Academy of
Sciences of the Republic of Kazakhstan, Series of social and human sciences. 324 (2), pp. 225-229, https://
doi.org/10.32014/2019.2224-5294.73.

[4] Yessenamanova M.S., Sangajieva L.Kh., Yessenamanova Zh.S. & Tlepbergenova A.E. Migratory
activity at the landfill site of microelements of the Caspian depression. News of the national academy of
sciences of the Republic of Kazakhstan. Series of geology and technical sciences, Vol. 1, 439 (2020), 155 —
163. DOI: https://doi.org/10.32014/2020.2518-170X.19.

[5] National report on the transition of the Republic of Kazakhstan to a “Green Economy” for 2017 —
2019, Nur-Sultan, 2020.

[6] Yessenamanova M.S., Tekeyeva A.A., Yessenamanova Z.S., Tlepbergenova A.E. (2020) Assessment
of the impact of indicator air pollutants in Atyrau city on public health. IOP Conference Series: Earth and
Environmental Science 548(6): 062018.

[7] Yessenamanova M., Yessenamanova Z., Tlepbergenova A., Batyrbayeva G. (2021) Analysis of the
content of hydrogen sulfide in the air of the city of Atyrau. International Journal of Sustainable Development
and Planning 16(3): 479 — 483.

[8] Morelli X., Rieux C. & et al. (2016) Air pollution, health and social deprivation: a fine-scale risk
assessment. Environmental Research. 147: 59-70. DOI: https://doi.org/10.1016/j.envres.2016.01.030.

92



Reports of the Academy of Sciences of the Republic of Kazakhstan

[9] Onishchenko G.G., Novikov S.M., Rakhmanin Yu.A., Avaliani S.A. & Bushtueva K.A. (2002) Basics
of risk assessment for public health when exposed to chemicals polluting the environment. M.: NII ECh and
GOS.

[10] Orru K., Nordin S. & et al. (2018) The role of perceived air pollution and health risk perception in
health symptoms and disease: A population-based study combined with modelled levels of PM, . International
Archives of Occupational and Environmental Health.; 91(5): 581-589. DOLI: https://doi.org/10.1007/s00420-
018-1303-x.

[11] Salnikov V.G. & Karatayev M.A. (2011) The Impact of Air Pollution on Human Health: Focusing on
the Rudnyi Altay Industrial Area. American Journal of Environmental Sciences 7 (3): 286-294.

[12] Shaddick G., Thomas M.L. & etal. (2018) Data integration for the assessment of population exposure to
ambient air pollution for global burden of disease assessment. Environmental Science & Technology. 52(16):
9069-9078. DOI: https://doi.org/ 10.1021/acs.est.8b02864.

[13] SC MNE RoK (2019) National Report based on the OECD Green Growth Indicators. Nur-Sultan, 2019
http://www.oecd.org/environment/indicators-modelling-outlooks/Green-Growth-Indicators-Kazakhstan-
English.pdf.

[14] Draft standards of maximum permissible emissions (MPI) of pollutants into the atmosphere for the
facilities of Tengizchevroil LLP for 2019-2021. [Proekt normativov predel’no dopustimyh vybrosov (PDV)
zagrjaznjajushhih veshhestv v atmosferu dlja ob#ektov TOO «Tengizshevrojl» na 2019-2021 gg.] Nursultan,
Kazakhstan, 2018. (In Russian).

[15] SC MNE RK Environmental indicators of environmental monitoring and assessment. http://stat.gov.
kz/

93



ISSN 2224-5227 1.2022

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227

Volume 1, Number 341 (2022), 94-101 https://doi.org/10.32014/2022.2518-1483.137

UDC 524.7-56
D.B. Kuvatova'*, D.V. Yurin!, M.A. Makukov', C.T. Omarov'

'Fesenkov Astrophysical Institute, Almaty, Kazakhstan;
2Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: kuvatova@aphi.kz

RESPONSE OF THE ISOTROPIC HERNQUIST SPHERE TO FLATTENING
OF ITS SPATIAL STRUCTURE

Abstract. Elliptical galaxies are interesting objects to study, as the mechanisms of their formation,
evolution and stability are still unclear. In addition to the methods of observational astronomy, computer
simulation methods have been actively developed and used in recent decades, in particular, to study galaxies
as isolated collisionless systems. In this case, an important task is to find the equilibrium distribution
function to determine the initial conditions of the system. One of the known distribution functions used to
construct elliptical galaxies and dark matter halos is the Hernquist distribution function. This article examines
the stability of a system constructed according to this distribution function with respect to perturbations
introduced into the structure of particle distribution; the method used for generating the initial conditions
is described; the density profiles for spherical and non-spherical systems are considered; a macroparameter
D that characterizes the deviation of the perturbed system from certain state is introduced. The result of
this work is the conclusion that, on the whole, after the introduction of disturbances, the system stabilizes,
and the degree of the system’s tendency to acquire the initial shape depends on the nature of the introduced
disturbances and their magnitude. Density wave is observed, passing over time from the center of the system
to the periphery. We can conclude that the isotropic Hernquist distribution is irreversible with respect to the
introduced perturbations of its structure.

Key words: elliptical galaxies, Hernquist distribution, stability, perturbations, N-body simulation.
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XEPHKBHUCT U30TPOITHI COEPACBIHBIH KEHICTIKTIK K¥PbILJIBIM/IbI
KAHIIBUIYTA PEAKIIUACHI

AHHOTaNMs1. DIUTMITHKAJIBIK FaJIaKTHKaJIapFa 3epTTey XKYPri3y eTe KbI3bIK, O TKEH1 0JapIbIH KaJbIITAaCy,
IBOJIIOLMS JKOHE TYPAKTBUIBIK MEXaHW3MJepi ol KyHre JAeHiH TyciHikci3. bakpiiay acTpOHOMHSCHIHBIH
omicTepiHeH 0acka, KOMITBIOTEPJIIK MOJEIbBJCY OJICTePl COHFbI OHXKBULIBIKTApJa OCJCEH/II JIaMBIIL,
KoJJIaHbLIbI Kesieni. COHbIH Oipi rajlakTHKaIap/ibl OKIIAYJIaHFaH COKTHIFBICCHI3 JKYUEJep PETIHIE 3ePTTeY.
Byn xarpaiina skydieHiH OacTamkpl KarJailapblH aHBIKTAy YIIiH Terne-TeHIIK Oeny (yHKUUSICHIH Taly
MaHbI3/Ibl MIiHJET OOJNBIN caHalaAbl. DJUTMITUKAIBIK TajJaKTUKANIap MEH KapaHFbl MaTepHsl TaJIOCHIH KYPY
YUIH KOJIaHBUIATBIH OeNrim Tapary (QyHKUMSIapbIHBIH Oipi — XEepHKBUCTIH Tapaily (QyHKIMsCHL. by
Makaiaga ocel Oeny (YHKIMSCBIHA COMKeC KYpBUIFaH >KYWHEHIH OeJIIEKTepAiH Tapaily KYpbUIBIMBIHA
CHTi317eTiH Oy3bUIylapra KaThICTBl TYPaKTBUIBIFBI 3epTTele/i; OacTalkbl >Kargaliapabl Kypy omici
cHUmarTajasl; cepalbik xKoHe cepaliblk emec Kyiemep YIiH THIFbI3IBIK NTpo(uiIbaepi KapacThipbliaasl; d
MakpornapaMeTpi eHri31IreH xyienin Oenrini Oip KyiIeH aybITKybl cunarTananbl. JKyMBICTBIH HOTHKECIHIE
aBTOpJIAp: «TyTacTail anraHaa, Oy3bpUIylap EHrI3UIreHHEH KeHiH JKyHe TypakTaHaJbl XOHE >KYyHEeHiH
OacTankpl (POpMaHbl amyFa JIereH YMTBUIBIC I9PEXkKeci SHI131UIreH Oy3bUTynap/IblH CUIaThIHA JKOHE OJapIblH
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MarHHUTY/lIachlHa OAIIaHBICTRD) JAETEH KOPBITHIHIIBIFA KeJe/i. YaKbIT oTe KYHEHIH OpTachlHaH mepudepusra
©TETIiH THIFBI3/IBIK TOJIKBIHBI OaliKanaapl. XepHKBHUCTIH U30TPOIITHI TAPAITY Bl OHBIH KYPBUTBIMBIHBIH €HT131JITeH
OY3BUIBICTapBhIHA KATHICTHI KAUTHIMCBI3 JIET KOPBITHIH/IBI XKacayFa 00 Ibl.

Tyiiin ce3mep: >UMNTHKANBIK TallaKTHKaNap, XEePHKBUCTEPIIH Tapaiybl, TYPaKTBUIBIK, aybITKYyJap,
N-ZIeHeHI MOJIeITBIeY.
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OTKJIMK U30TPOINHOM C®EPBI XEPHKBUCTA HA CILTIOIIIMBAHUE
EI'O TIPOCTPAHCTBEHHOM CTPYKTYPBI

AHHOTanusl. DJUIMNTUYCCKUE TaJaKTUKH SIBJISIIOTCS MHTEPECHBIMU OOBEKTaMHU AJIST M3YUYEHUS, TaK Kak
MEXaHM3Mbl X (HPOPMHUPOBAHUS, SBOJIOLUHA M YCTOHUMBOCTH IO CHUX IOP OCTAIOTCS HESCHBIMH. [lomMmmo
METOJI0B HAOIIOAATEIbHON aCTPOHOMHH B MOCIIETHUE JECSTUIETHS] aKTUBHO Pa3BUBAIOTCS M CIIONB3YIOTCS
METOJIbl KOMITBIOTEPHOTO MOJEIMPOBAHUs, B YACTHOCTH, Ul M3YUCHHUS TaJlaKTMK Kak H30JIMPOBAaHHBIX
0ECCTOJIKHOBUTENBHBIX cucTeM. [Ipu 3TOM Ba)kHOM 3a1aueii sSBiIsIETCSl HAXOXKACHUE PaBHOBECHOW (DyHKUINH
pacrpeneneHust sl ONpelesieHHs HavajbHbIX YCJIOBMHA cucteMbl. OIHOW M3 HW3BECTHBIX (QYHKIMH
pacrpeneneHus, NCIO0JIb3yEMBIX ISl TOCTPOCHHS JUTUITHYECKUX I'aJIaKTHK M TaJI0 TEMHOM MaTepuH, sIBISICTCS
¢byHKIMs pactpeneneHus XepHKBUcTa. B qaHHOM cTaThe uccienyeTcst ycTOHYMBOCTb CUCTEMBI, TIOCTPOSHHON
COIVIACHO JaHHOW (DyHKUMH pacupeneneHus], M0 OTHOIICHHIO K BBOJUMBIM BO3MYLICHHUSIM B CTPYKTYPY
pacrpeneneHus YacTHIL; OMMCHIBACTCS METOJl TeHepalluy HauajbHbBIX YCIOBHUI; paccMaTpuBaloTCs Npoduin
IUIOTHOCTHU 151 C(hepUUecKuX U Hec(hepruecKrx cUCTeM; BBOAUTCS MakponapaMeTp D, xapakrepu3syrommii
OTKJIOHEHHE BO3MYLICHHON CHCTEMBbI OT ONIPEEIICHHOIO COCTOsIHUA. Pe3ynbraTroM gaHHON paboThI SBISETCS
BBIBOJI O TOM, YTO B LIEJIOM IIOCJIC BBEJCHHUS BO3MYLICHUI CCTEMa CTa0OMIIM3UPYETCsl, a CTEIICHb CTPEMJIICHUS
CUCTEMBbl K NPUOOPETCHHIO HayaJlbHOW ()OPMBI 3aBHCHUT OT XapakTepa BBOAMMBIX BO3MYLICHHH M HX
MarHutyapl. HaOmiomaeTcss BoJHA IUIOTHOCTH, MPOXOISINAsl C TEYCHHEM BPEMEHH OT LEHTpa CHUCTEMBbI K
nepudepur. MOXHO 3aKIIOYUTh, YTO U30TPOIHOE pacupeaeieHne XepHKBUCTa HEOOPATUMO IO OTHOIIECHHUIO
K BBOJMMBIM BO3MYILEHHSIM €T0 CTPYKTYPBHI.

KiroueBble cJjI0OBa: DBIUIMOTHYECKHE TajaKTUKW, paclpeieiieHne XEpHKBHCTA, YCTOWYMBOCTD,
BO3MYILEHHsI, MOZIEIpOBaHue N-Tell.

Introduction. Elliptical galaxies are a common type of observed galaxies in the Universe. They are found
mainly in clusters of galaxies, and their masses and luminosities vary greatly: from dwarf galaxies with a
mass of 10°M, to massive galaxies, which include about 10"°M and have a supermassive black hole in the
center. Elliptical galaxies have a spherical or ellipsoidal shape, the preservation of which, as a rule, is not
played by rotational motion, as in spiral galaxies, but by the velocity dispersion of stars.

Observations of elliptical galaxies using large ground-based and space telescopes (GMOS, VLT, Hubble,
Chandra, Spitzer etc.) make it possible to obtain detailed kinematic characteristics with a spatial resolution of
their central parts up to 1 pc (parsec is about 3.3 light years) for the velocities and velocity dispersion of stars
[1]. At the same time, the existing problems associated with their observation indicate that the mechanisms of
their formation and evolution still require more careful study [2].

Elliptical galaxies are considered as collisionless systems, which means that the interaction of stars with
each other, i.e., their exchange of energy and angular momentum, can be neglected, with the exception of
the central regions, where the stellar density is much higher. Such a high value implies the possibility of the
existence of anisotropy of velocities, which is the main mechanism leading to the non-sphericity of galaxies
of this type. These galaxies, with their characteristic flattening, can have a shape close to an oblate, elongated,
or triaxial ellipsoid, not exceeding certain critical values of oblateness. The shape and dynamic stability of
elliptical galaxies is an urgent problem in astrophysics.

In 1975 Bertola and Capaccioli [3] determined the rotation curve of the galaxy NGC 4697 from observations,
it was found that the oblateness of this galaxy cannot be explained by its rotation within the framework of the
classical theory of liquid equilibrium figures. The theory of collisionless ellipsoidal equilibrium figures was
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well developed in the last century to study their shape and stability [4, 5]. However, the differential equations
of motion in the general case are complex in this theory and are not analytically integrable. In addition,
the difficulty of an analytical study of stability lies in the fact that the distribution function of stars must be
known [6], and for elliptical galaxies it is extremely difficult to construct it in the general case. Therefore,
to overcome these difficulties and develop the theory of the evolution of elliptical galaxies, today the main
approach in this area is to turn to numerical methods and computer modeling.

Recently, observational data on elliptical galaxies and numerical simulations have made it possible to
build more and more accurate dynamic models of elliptical galaxies. It is analytically impossible to construct
equilibrium distribution functions for elliptical galaxies, except for special cases. One of such special cases
will be considered in this work.

This article is devoted to the study of the dynamic stability of elliptical galaxy models to external
perturbations affecting the internal structure of the system.

Materials and methods. 1. Generation of initial conditions according to the Hernquist distribution
function. To construct the equilibrium distribution, we used the analytical model for spherical galaxies
obtained by Lars Hernquist [7]. The density distribution of the Hernquist sphere is given by

Mia 1

p(r) 2nr (r+a)3’ W)

where is the total mass of galaxy, is a scale length.

To generate coordinates corresponding to distribution (1), it is necessary to “sample” this function. The
most commonly used methods are “inverse transform sampling” and “rejection sampling”. The latter, due to
the fact that the highest concentration of particles of a given distribution is located in the center, is not suitable
for efficient generation of coordinates. Therefore, the “inverse transform sampling” method was used, based
on the use of an inverse cumulative distribution function. The cumulative distribution function for expression
(1) is the mass distribution function depending on the distance to the center:

M) = M, —— 2
(I') = tm. ( )

Its inverse function is
_ aM@ + /MM 5
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Next, projections of position vectors on the coordinate axes are generated using the formulas for converting
spherical coordinates to Cartesian ones.
To generate velocities, we used the full distribution function given by [7]

B — M, 1
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Here is the gravitational constant, is a specific energy.

We used the “rejection sampling” method using the maximum value of the function (4) as the envelope
function. In order for the system to be gravitationally bound, we selected velocities whose values are less than
the escape velocity for each particle.

2. Introducing perturbations into the Hernquist distribution function. We introduced perturbations into
the structure of the density distribution of the Hernquist model corresponding to the tidal effect from another
galaxy or galactic cluster. The algorithm of this perturbation is as follows. First, a direction is chosen in the
form of a unit vector n along which the perturbation will act. This direction is characterized by one parameter
- the polar angle, i.e. the angle between the axis of symmetry of the galaxy and the gradient of the potential.
Since we are considering only axially symmetric systems, the azimuthal angle does not matter. Then the

X (3 arcsin(q) + g1 — q2(1 — 2q?)(8q* — 892 — 3)) ) (4)
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parameter h is introduced, which characterizes the force of the tidal influence (modulus of the potential
gradient). This parameter will determine the degree of deformation. As a result, the perturbation is introduced
by the shift of all particles of the galaxy along the positive direction n, if the angle between the radius vector
of the particle and the vector n is obtuse, and in the opposite direction, if this angle is acute (particles whose
radius vector is perpendicular to n do not shift). Formally, this is expressed as

r=r+——-, )
r

where and are the positions of a particle in a disturbed and equilibrium systems respectively, is a
modulus of the vector . Thus, the algorithm for generating the initial conditions is reduced to a certain degree
of flattening of the Hernquist sphere along the Z-axis. Therefore, this flattening is done by multiplying the
z-coordinates of particles by the flattening coefficient f.

3. Density profile and velocity dispersion analysis method. After generating the initial conditions, we
prepared an initial snapshot for the integrator Gadget2 [8], which is a binary file with a specific structure.
Next, we ran the integrator up to 6 Gyr. Gadget?2 is freely available N-body simulation code using parallel
computing technologies. The code is based on the calculation of gravitational forces using a hierarchical tree
algorithm for self-gravitating collisionless N-body systems.

3.1. Spherical model. If the system preserves spherical symmetry, then it is sufficient to investigate only
the radial dependence. In this case, to construct radial dependences for density or velocity dispersion, it is
necessary to take, as the reference point not the center of mass of the system, but the point of maximum
density; the difference between them is that all stars, including very distant and solitary ones, influence the
position of the center of mass.

For this, the “shrinking sphere” method is used [9]. It is based on finding the center of mass in spheres that
shrink logarithmically at each iteration step. The iteration continues until the limit mass in such a sphere is
reached. The coordinates for the true center of mass for the whole system are calculated from the remaining
number of particles in the last sphere. The use of a logarithmic scale is associated with a large concentration
of particles in the central regions of the distribution.

In the case of spherical symmetry, the system parameters are measured in concentric layers (density and
velocity dispersion). For example, the density of particles at a given radius is the number of particles in a layer
at that radius divided by the volume of the layer. Since the concentration of particles decreases with distance
from the center, it is impractical to use layers of the same thickness. For uniform statistics, the thickness of
the layers also increases logarithmically from the center.

It should be noted that for the unperturbed Hernquist sphere, the density and velocity dispersion profiles
for the generated particles should correspond to the profiles obtained through analytical expressions (1) and

— GM (12r(r+a)® (r+a r r ry2 r\3
vi= ln( )— [25+52—+42(—) +12(—)] .6
r+a a a a

12a at r

In addition, they should not change over time (within the limits of the “digital noise”), which is the
verification of the correctness of the generation of the initial conditions, the operation of the integrator code
and numerical analysis tools.

3.2. Non-spherical model. In the case of introducing a perturbation in the form of flattening along any axis,
spherical symmetry is violated, which means that we can no longer use the method for calculating system
parameters based on spherical concentric layers, as described in Section 3.1. Then the parameters should
be measured independently along the Z-axis and perpendicular to it. For this, for example, points with a
logarithmic step are selected along the Z axis, an imaginary sphere with a radius equal to half the distance to
the previous point is taken around them, the number of stars falling into this sphere is counted and divided by
its volume (in the case of calculating the local density). At the same time, since the symmetry about the XY
plane is preserved, the same procedure can be done in two directions (positive and negative Z), and then the
values averaged along these two directions - this will give better statistics.

Another method for assessing the macro state of the system is the introduction of a parameter (deviation
parameter D) characterizing the deviation of the state of the system from a given initial perturbed or unperturbed
state. This parameter is a cumulative number obtained by summing the absolute difference between the initial
and subsequent distributions in the space sampled using the tree algorithm. The first step is to divide the three-
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dimensional space into a certain number of subvolumes and check what mass is contained in them. If this
mass exceeds a certain limiting predetermined mass, then each subvolume, in turn, is divided in a similar way
before the onset of the specified condition, and so on. At the end of sampling, this “grid” is saved and then
remains unchanged. The discretization of the volume is visually presented in Figure 1 for different degrees
of flattening of the system. The mass limit used corresponds to 2000 particles in the remaining subvolumes.
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Figure 1. Discretization of volume according to the condition that mass in each cell must be less than the
one specified. Flattening coefficient B is equal to 0.9, 0.5 and 0.2 (from left to right)

After this procedure, the absolute difference of particles is calculated for the subsequent stage of evolution
in each cell of the “grid”. These values are summed up and normalized to the total mass of the system:

N
1
D= EZ|m?—mf|, (7)

where is the total mass of the system, N is the number of the final subvolumes, and are masses in the
i-subvolume at the initial and compared times, respectively.

Thus, we can get one number D characterizing the deviation of the system from the original at different
moments of evolution. It should be noted, that this parameter D strongly depends on chosen mass limit, i.e.,
on the size of the final subvolumes. If the mass limit is too small, then even a stable unperturbed system
generated by the Hernquist distribution will show strong deviations from its initial state during evolution.

Results and discussion. To study the stability of the Hernquist distribution, we introduce perturbations
into the structure of the density distribution with different flattening coefficients B (from 0.1 to 0.9).

As we can see from the Figure 2, the system comes to an equilibrium state after some changes in the
structure. In fact, it returns from the elliptical shape to an almost spherical one, then again takes on some
ellipticity and does not change anymore. Thus, the system comes to an equilibrium state after a certain
oscillatory phase. The color map characterizes the density of particles in bins.
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Figure 2. Evolution of the Hernquist flattened sphere (flattening coefficient  is equal to 0.9, 0.5 and 0.2
from top to bottom, respectively)

Figure 3 shows constructed density profiles by different axes at start and end times for different flattening
coefficient . The bottom plots under every figure show the relative difference compared to the analytical
solution. It can be seen from them that, up to a certain point, the density profiles tend to approach the analytical
distribution. In addition, especially on graphs with a strong flattening coefficient 3, a density wave is visible
running from the center to the periphery of the system.

m-!
i i
= o )
¥ i i
O = s 8
S a Y
o
10
I Wi E e a e aed
+
1 i
R e l =
N v\“"\-_._._\_‘_,_
-1
w100 1 W W0
r[kpel

g ¥ i
o g £ 10
>’l: Im-n
8 2
O 2 LTt
O ° % yow
| BT 10-% 1 :
- W o w o w ¢ w w1t W W et 10
1 ! A B My . I\ RV P 1 fw \ﬂ N /
§ ol e 3 \ Pt w&f 3 } ¥ R fiy
“ R | +
i Y ) A i e = i it
wow 1w W W W w wow W W W W w wow w W w W 1w w'o o ow W W w W
rlkpel rlkpel ¥ [kpe] rlkpel

Figure 3. Density profiles of the flattened Hernquist sphere along three axes for the initial (top) and final
(bottom) moments of evolution with different flattening coefficient 3
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We estimated the deviation of the system from its initial condition and from unperturbed Hernquist
distribution using the deviation parameter D described above in section Methods.

The resulting parameters D for different flattening coefficient B is shown in Figures 4 and 5. Figure
4 presents evolution of the deviation parameter D calculated relative to the initial state of each system and
corresponding flattening dependence of the parameter at the time of 6 Gyr — the moment the system almost
reaches equilibrium. To establish an equilibrium state, systems with different flattening need different times:
the most flattened one comes to this state the longest. Second plot on Figure 4 suggests some elasticity of the
system depending on its initial flattening.
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Figure 4. Evolution of parameters D of the system deviation in relation to its initial state (left) and
dependence of the parameter on the flattening of the system (right)
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Figure 5 shows similar data but with the deviation parameter D calculated relative to the unperturbed
Hernquist distribution. We can see that even a small perturbation introduced into the system does not allow
it to return to its initial state. It follows from this that the Hernquist distribution is irreversible with respect to
such perturbations.
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Figure 5. Evolution of parameters D of the system deviation in relation to the unperturbed Hernquist
distribution (left) and dependence of the parameter on the flattening of the system (right)

As we can see, the isotropic Hernquist distribution is not stable with respect to flattening perturbations
whichever their magnitude is. With that we note that certain degree of stiffness in the sense that the perturbation
magnitude and the resulting deformation are related in a non-linear fasion.

Conclusion. We have considered variations of the Hernquist distribution with introduced perturbances
and analyzed their stability. We saw that depending on the degree of perturbations, the system passes through
an oscillatory phase. After this, the system comes to some stable state, but does not return to its original state,
not to mention the isotropic Hernquist distribution. From this we can conclude that the Hernquist distribution
is irreversible with respect to perturbations of its structure. It should be noted that the parameter used to assess
the macro state of the system does not fix the oscillating phase of the system.

For further more detailed analysis, it is necessary to consider the orbits of individual stars at different
distances from the center of the system in order to determine the degree of their change in connection with
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the introduced perturbations; to carry out their nonlinear analysis in order to understand the processes of
parametric resonance and destruction of periodic orbits, as well as their stochasticity. In addition, to construct
equilibrium elliptic systems, it is planned to use the GallC code [10], which uses the current distribution of
velocities to set the velocity structure at each subsequent iteration, and, in particular, deformed Hernquist
sphere, generated with its help, will be almost perfectly equilibrium.
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SPATIAL-TIME CHANGE IN THE CLIMATIC PARAMETERS OF THE DRAINAGE
OF THE RIVER BASIN ILI

Abstract. In order to analyze climate change on a spatio-temporal scale, proceeding in various physical
and geographical (geomorphological) conditions of the catchment area of the Ili River basin, we used the
average annual air temperatures and annual precipitation for the period 1948-2020 of the meteorological
stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan. For the quantitative assessment and
forecasting of climate change, statistical methods were used based on studies of long-term fluctuations in
climatic indicators, where they were made in Microsoft Excel for forecast calculations and graphing using a
linear trend.

At the same time, there is simultaneously a significant increase in the average annual air temperature
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably
related to the geographical location of the catchment area of the Ili River basin: runoff formation zones in
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) in the foothill plain zone with the close location of the Kapshagai reservoir and runoff accumulation
(superaqual and subaquatic facies) in the plain zone of the activator of Lake Balkhash, which are determined
by the formation of a specific climatic profile.

Key words: climate, catchment of river basins, average annual air temperature, annual precipitation,
change, linear trend.
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VIE ©3EHIHIH CYKUHAY AJIABBIHBIH KJINMATTBIK OJIIHIEMJIEPIHIH
KEHICTIKTIK-YAKBITTBIK O3I'EPYI

AHHoOTanus1. l1e e3eHiHIH Cy:)KnHaY anaObIHBIH dPTYPIIi PU3HKAIIBIK-TeOrpadHsUTBIK (TeOMOP(OIOTHSITBIK)
KaFIaiIapblH €CKepe OTBIPHII, KIMMAaTThIH 03repyiH KeHiCTiK-yaKbIT MacITa0bIHAa Tanaay yurin 1948-2020
XKbliap apaisirbigaarel Hapsiakon, Maus, XKapkent, Aiinapinel, bakanac sxone KyitFaH MeTeoponorusibik
OCKeTTepiHIH opTalla JXbUIABIK aya TeMIeparypachl JKOHE KbUIABIK arMochepalblk KayblH-IIAIIbiH
nainanansurrad. KmmmarTelg e3repyiH caHblK Oaranay KoHe OOoJpKay YIUIH KIMMATTHIK KOPCETKIIUTepAiH
y3aK Mep3iMJIi aybITKYJIAPbIH 3€PTTEYTe HETI3CNINCH CTATUCTUKAIBIK 9JIICTEDP KOJIIAaHBUIJIBI dKOHE OOJKAMIBI
ecenTeyyiep MeH ChI3BIKTHIK TPEHATTEPIIH ChI30aibIK cyii0anapasl Typreizyra Microsoft Excel 6arnapiamacst
nanaIaHbIIIbL.

Kanmbl, y3aK Mep3iM/ie ayaHbIH OpTallia KbIIIBIK TEMIIEPaTyPAChIHBIH XKOHE JKbIJI CAHBIHFBI aTMOC(epabik
JKaybIH-IIAIIBIHHBIH TYPAKTBUIBIFBIHBIH alTapibIKTal jKorapiaybl Oalkanaipl, Oy, MyMKiH lne e3eHiHiH
Cy’)KHHay asla0bIHBIH TeorpausUIbIK OpHAJIacybIMEH OailIaHBICThI: Tayibl (MIOBHAIBIBIK (alysi) alMaKTaFbl
aFblH  CyJapAblH KaJblOTacybl, Tay OOKTepiHAeri (TpaHCAMIOBHANBABIK (amus) alMakTapAarbl arblH
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CYJIapbIHBIH TaCMallJIaHyhl XKOHE Tay OOKTEpiHJErl JKa3bIKTHIK (TPAaHCAKKYMYJSITHBTIK (parust) aiiMakTapia
arblH CYBIHBIH TaCMaJIIaHYBIHBIH JIICPEYi JKOHE JKa3bIKTHIK (CyIepaKBaIbIbIK JKoHE CyOaKBaIbIBIK (arims)
aliMaKTarbl arblH CyJapbIHBIH KOpJIAaHYBIHBIH JKaKbIH OpHanackaH Karmaraili cyKoiMachIHBIH jKOHE arblH
Cyaap/Ibl KOPIaWTHIH JKa3bIKTHIK (CyTepaKBajbIbIK KOHE CyOaKBaIbIbIK (aius) aiiMakTarsl bamkarr kesiHiH
ocepiHeH, alphIKIa KIUMATTHIK OCHHEHIH KaJIbINTAaCyblH aWKBIHAAWTHIH CEKIJIII.

Tyiiin ce3aep: KIMMart, ©3¢HHIH Cy’)KHHAY analbl, OpTalia KbUIIBIK aya TeMIIepaTypachl, JKbUIIBIK )KaybIH-
IIAIIBIH, ©3TepY, CHI3BIKTHIK TPCHI.
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IMPOCTPAHCTBEHHO-BPEMEHHOE UBMEHEHUE KIMMATUYECKHUX
IMAPAMETPOB BOJOCBOPA BACCEMHA PEKH WJIE

AHHOTamus. /{1 aHanM3a W3MEHEHHWs KiIMMara B IPOCTPAHCTBEHHO-BPEMEHHBIX MaciuTabax,
MPOTEKAloIe B pPa3U4yHBIX (Qu3nKo-Teorpaduuecknx (reoMopoIOTrHUECKHX) YCIOBUSAX BOmOCOOpa
Oacceiina pexu e ncrnonp30Banbl CpeTHETO0BBIC TEMIIEPATYPhI BO3AyXa U FOI0BbIC aTMOC(EpPHBIC OCATKU
3a nepuox 1948-2020 romoB  mereoposormdeckux craHuuii Hapsinkon, Weun, JKapkent, Anpapisl,
bakanac u Kyiiran. [{ns konumuecTBeHHON OLIEHKH M IPOTHO3UPOBAHUS U3MEHEHHSI KJIIMMAaTa UCTIOIb30BaHbI
CTaTUCTUYECKHE METOJbl, OCHOBAaHHBIC HA HCCIECIOBAHUSIX MHOTOJNETHUX KoJeOaHMH KIMMaTHYECKHX
MoKa3aTese, rae st IPOrHO3HBIX PacyeTOB U OCTPOCHHUS IPaMKOB C UCTIONb30BaHUEM JIMHEHHOTO TPeH1a
ObLTH TTpou3BeIeHbI B mporpammMe Microsoft Excel.

[Ipn 3TOM, OIHOBpPEMEHHO HAOIIOHACTCSl 3HAYUTENFHOE IOBBILICHUE CPEIHErOO0BOW TeMIlepaTyphl
BO3/lyXa U CTA0OMIILHOCTh T'OJJOBBIX aTMOC(HEPHBIX OCAJKOB B MHOTOJIETHEM Pa3pe3e B LEJIOM, YTO CBS3aHO,
BEPOSITHO, ¢ reorpaduueckuM MecToM BogocOopa 6acceiina pexu Mie: 30Hb1 poOpMUpOBaHHUS CTOKA B TOPHON
30HE (AnmroBHANbHAS (arysi), TpaHchopMaIK CTOKa (TPaHCAMIOBHANIbHAS (allysi) B MPEIrOpHON 30HE H
ocnalJIeHHsI CKOPOCTH TpaHc(hopMaLny 1 MOSIBIICHUS TPU3HAKOB aKKyMYJISILIMHU CTOKA (TPaHCAKKyMYJISITUBHAS
¢dauys) B npeAropHol paBHUHOM 30HE ¢ ONM3KHM pacrojoxeHueM Kammaraiickoro BoZOXpaHWINIIA U
aKKyMYJISILIMH CTOKa (cymnepakBalibHast 1 cyOakBanbHas (aiys) B paBHUHOM 30HE akTHBaTOpa o3epa banxar,
KOTOpBIE ONpeaeioTcsl GOPMUPOBAHUEM CIIEHU(PHUECKOTO KIMMATHIECKOrO MPO(UII.

KiroueBble cioBa: kiauMar, BofocOOp pEUHbIX OacceiHOB, CpelHEroAoBas TeMIleparypa BO3IyXa,
roJ0BbIe aTMOC(EpPHbIC OCAJKHU, W3MEHEHHUE, TUHEHHBIN TPEH.

Introduction. The formation of hydrological runoff, as an environment-forming system, is a very complex
multifactorial natural process, which is a function of the climatic components of the physical and geographical
conditions of the catchment area of river basins, that are, atmospheric precipitation and evaporation.

Therefore, to solve the problem of sustainable management of water resources in the catchment area of the
Ili River basin, it is necessary to study changes in climatic conditions on a spatial-temporal scale to identify
regional features of the formation of natural processes.

The forecast of the impact of climatic changes on natural processes is very complicated, it is only possible
to judge in general terms how the components of the natural system can react to one or another scenario of
climate change. In this regard, to assess the spatial and temporal changes in the climatic parameters of the
catchments of river basins and to ensure their reliability requires, firstly, the formation of an information and
analytical research base and, secondly, the construction of graphs using a linear trend based on Microsoft
Excel.

Purpose of research — study climate change in the Ili catchment area in spatio-temporal scales in order to
create a database for making effective decisions on the necessary adaptation actions.

Object of research - the catchment area of the Ili River basin, which is the main waterway of the Balkhash
Lake basin, which originates on the Muzart glaciers in Central Tanirtau (Kazakhstan), the source of the Tekes
River and then flows through the territory of the People’s Republic of China (PRC), where it merges with the
Kunes and Kash rivers, at 250 km from the confluence it again enters the Republic of Kazakhstan, at 1001
km it flows into Lake Balkhash [1].
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Research methods and materials. The work used materials of the reference and information portal
“Weather and Climate”, the World Meteorological Organization (WMO) and the RSE “Kazhydromet” where
the main criterion when choosing meteorological stations located in the catchment area of the Ili River basin
is the duration of a series of observations of climatic indicators, which is more than 70 years [2; 3].

For a quantitative assessment and forecasting of climate change, statistical methods were used based
on studies of long-term fluctuations in climatic indicators, based on information and analytical materials of
standard hydrometeorological observations for a long-term period and linear trends.

The choice of meteorological stations located in the catchment area of the Ili River basin is due to the
possibility of assessing climate change on a spatio-temporal scale, proceeding in various physical and
geographical (geomorphological) conditions, that are, Narynkol in the zone of runoff formation - a mountainous
class of landscapes (eluvial facies), Inin and Zharkent in the zone of runoff transformation - a foothill class
of landscapes (transeluvial facies), Aydarly and Bakanas in a zone of weakening transformation rate and the
appearance of signs of runoff accumulation - a foothill lowland class of landscapes (transaccumulative facies)
and Kuygan in a runoff accumulation zone - a lowland class of landscapes (super-aquatic and subaquatic
facies), which were carried out according to two meteorological indicators: average annual air temperature
and annual precipitation [4-20].

Research results. To assess the long-term changes in meteorological parameters in the catchment area of
the Ili River in the mountainous and foothill zones, chronological graphs of changes in the average annual
air temperature and annual precipitation were plotted at the Narynkol meteorological stations in the runoff
formation zone - a mountainous class of landscapes (eluvial facies), Inin and Zharkent in the zone runoff
transformations - of the foothill class of landscapes (transeluvial facies) (Figures 1 and 2).
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Figure 1- Graph of changes in average annual air temperature for meteorological stations Narynkol (1),
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

As can be seen from Figure 1, in the mountainous runoff formation zone (eluvial facies) of the Ili River
catchment area, according to the Narynkol meteorological station for the period 1948-2020, located on the
Muzart glaciers in Central Tanirtau, an increase in the average annual air temperature is observed, which is
2.016°C in 73 years.

The change in the average annual air temperature for the study period 1948-2020 in the foothill zone
of runoff transformation (transeluvial facies) at the meteorological stations Inin and Zharkent (Figure 1),
respectively, are 3.1104°C and 2.700°C in 73 years.
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Figure 2- Graph of changes in the average annual air temperature for the meteorological stations Aydarly
(1), Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend
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The study of the change dynamics in the average annual air temperature in the foothill plain zone, the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) show (Figure 2) that there is an increase in the average annual air temperature for the studied period of
1948-2020, that is, according to the Aydarly meteorological station is 2.2784°C and for Bakanas is -2.592 c.

Analysis of the change in the average annual air temperature in the runoff accumulation zone - the lowland
class of landscapes (super-aquatic and subaqual facies) according to the Kuygan meteorological station for
1948-2020 is 2.5632°C.

The trend of changes in annual atmospheric precipitation in the mountainous zone of runoff formation
(eluvial facies) in the period 1948-2020 is positive (Figure 3) and, according to the Narynkol meteorological
station, annual precipitation increased by an average of 0.39 mm/year, in the foothill zone runoff transformation
(transeluvial facies), their values increased on average for the meteorological stations Inin and Zharkent,
respectively, by 0.75 mm / year and 2.90 mm / year (Figure 3).
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Figure 3 - Graph of changes in annual atmospheric precipitation for meteorological stations Narynkol (1),
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

At the same time, the change in annual atmospheric precipitation in the foothill plain zone, a weakening
of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative facies)
according to the Aydarly meteorological station shows (Figure 4) that there is a decrease over the studied
period of 1948-2020 at a rate of 0.027 mm / year and in the transition zone of the plain class of landscapes
(super-aquatic and sub-aquatic facies), according to the Bakanas meteorological station, 0.0575 mm / year
increases for 1948-2020.
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Figure 4- Graph of changes in annual atmospheric precipitation for the meteorological stations Aydarly (1),
Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend.

The change in the annual atmospheric precipitation in the plain zone, the accumulation of runoff (super-
aquatic and sub-aquatic facies) according to the Kuygan meteorological station for 1948-2020, increases by
0.615 mm / year.

Assessment of the statistical significance of the linear trend of long-term fluctuations of meteorological
parameters at a reliable level of 95% indicates the non-stationarity of the average annual values of air
temperature and annual precipitation for the study period, since a significant increase in average annual
air temperatures and an insignificant increase in annual precipitation by 2020 in all studied meteorological
stations located in the catchments of the Ili River basin.
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To identify the periods within which the average long-term values of air temperature and annual
precipitation are unchanged, the analysis of the statistical homogeneity of the time series of the investigated
meteorological parameters was carried out in the following sequence: the graph of the difference integral
curves, the graphical analysis of the integral curves and checking the significance of the trends of the studied
characteristics within the statistically selected homogeneous periods.

To assess the interconnectedness and interdependence of the average annual air temperatures and annual
precipitation in the catchment area of the Ili River basin, integral difference curves were constructed (Figures
5 and 6), which show that according to the difference integral series, the regular structure between them does
not appear.

Analysis of the difference integral curves of average annual air temperatures showed that in all
meteorological stations there is a tendency for their value to increase (Figure 5), and in annual atmospheric
precipitation, fluctuations in their temporal spaces with certain patterns are observed (Figure 6), characteristic
of the catchment area of the Ili River basin.

At the same time, there is simultaneously a significant increase in the average annual air temperature
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably
related to the geographical location of the catchment area of the Ili River basin: runoff formation zones in
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) in the foothill plain zone with close locations of the Kapshagai reservoir and runoff accumulation
(transaccumulative facies) in the plain zone of the activator of Lake Balkhash, which are determined by the
formations of a specific climatic profile.
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Figure 5- Graph of differential integral curves of average annual air temperatures for meteorological
stations Narynkol (1), Inin (2), Zharkent (3), Aydarly (4), Bakanas (5) and Kuygan (6) located in the
catchments of the Ili river basin
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Figure 6 - Graph of differential integral annual atmospheric precipitation for meteorological stations
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the catchment area
of the Ili river basin.

To determine statistically homogeneous periods of meteorological parameters, the integral curve method
was used, where, on the basis of graphical analysis, rectilinear sections of integral curves were identified,
which were carried out according to the average annual air temperature and annual atmospheric precipitation
(Figures 7 and 8).
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The time series of the mean annual air temperature and annual atmospheric precipitation of the
meteorological stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan, located in the catchments of
the Ili River basin, covering 1928-2020, obey the normal distribution law.
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Figure 7 - Change in the running sum of average annual air temperature values at meteorological stations
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuigan (6) located in the catchments
of the Ili river basin.
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Figure 8- Change in the running sum of annual values of atmospheric precipitation in meteorological
stations Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the
catchments of the Ili river basin.

Therefore, the assessment of the significance and violation of the homogeneity of the samples under
study was carried out according to parametric and nonparametric criteria at a significance level of 5%,
which confirmed the reliability of the graphically established violation of the homogeneity of the series of
meteorological parameters. The results of the analysis of the statistical homogeneity of the time series of
meteorological parameters of the catchment area of the Ili River basin are shown in Table 1.

By comparing the average values of meteorological parameters in the first and last of the statistically
homogeneous time periods located in chronological sequence, the increase in the average annual air
temperature and annual precipitation in the meteorological stations Narynkol, Inin, Zharkent, Aidarly,
Bakanas and Kuygan, located in the catchments of the Ili river basin.

Table 1- The results of assessing the statistical homogeneity of time series of meteorological parameters
of the catchment area of the Ili River basin

Meteorological stations Average annual air temperature, °C Annual precipitation, mm
Statistically homogeneous period | Average value | Statistically homogeneous period | Average value
Narynkol 1928-1970 2,68 1928-1970 389,0
1971-2020 3,78 1971-2020 393,0
Inin 1928-1970 8,10 1928-1970 265,0
1971-2020 9,50 1971-2020 285,0
Zharkent 1928-1970 8,80 1928-1970 179,0
1971-2020 10,30 1971-2020 201,0
Aidarly 1928-1970 8,90 1928-1970 245,0
1971-2020 10,0 1971-2020 232,0
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Bakanas 1928-1970 7,70 1928-1970 197,0
1971-2020 9,00 1971-2020 190,0
Kuygan 1928-1970 6,70 1928-1970 142,0
1971-2020 8,00 1971-2020 140,0

According to the results of the studies carried out to study climate change in the spatio-temporal scales
of the catchment area of the Ili River basin, it can be stated that the trend of change in the average annual
air temperature is positive and significant, and the change in the quantitative values of annual atmospheric
precipitation in the mountain and foothill zones is significant and in the foothill plain and plain zones -
insignificant, which are determined by a significant degree of activity of natural mountain and water bodies.

Conclusions: The current trend of climate change in the Ili River catchment area shows that on a spatio-
temporal scale, the average annual air temperature is gradually increasing in comparison with annual
precipitation, which in the future may lead to a change in the areas of geographical zones with an increase in
the aridization of the region’s climate.
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PHOTOLUMINESCENCE OF LiKSO,ACTIVATED BY TL"IONS

Abstract. The study of the radiation and optical properties of dielectric crystals stimulates the requirements
of modern technology and technics. Operating conditions are becoming more challenging. Structural materials
should not lose their properties in aggressive environments, in strong electric and magnetic fields, at high
pressures and temperatures, under conditions of exposure to ionizing radiation. This article is devoted to the
establishment of the nature of the luminescence centers in LiKSO, crystals doped with TI" ions. LiKSO,
sulfates form a wide class of ionic-covalent compounds with tetrahedral anions. By the type of chemical
bond and the structure of the crystal lattice, they are similar to almost 2000 compounds. From this point
of view, alkali metal sulfates appear to be a convenient model system for studying relaxation processes in
interaction with radiation. Many of the sulfates are easily grown, which makes it possible to pose various
problems in studying the properties of impurity ions of the cationic subsystem. The results of studying the
effect of mercury-like impurity ions on recombination processes in complex lithium-potassium sulfate in
the temperature range 80-300K are presented. It was found experimentally that the crystals are not colored
when LiKSO, is irradiated with ionizing radiation. This significantly complicates the establishment of the
mechanisms of various radiation-stimulated processes.

Key words: photoluminescence, recombination luminescence, sulfates, activated by thallium, crystals.
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TL® HOHIAPBIMEH AKTUBTEHIIPIJITEH LIKSO, KPUCTAJIBIHBIH
OOTONMOMUHECHEHIUACHI

Annoranus. Ka3ipri 3amaHfbl TEXHHKa MEH TEXHOJIOTHSHBIH JaMy TalaOblHA COHKeC, ITUAICKTPIIIK
KpHUCTaIIapAbIH PaAUalMsUIBIK JKOHE ONTHKAJIBIK KACHETTEPiH 3epTTey ©3eKTi OONbIl OThIp. TeXHUKaHBIH
SKCIUTyaTalUsUIBIK JKaFnaiiapbl SKbUIAAH JKbUIFA KypAeleHe Tycyae. KoHCTpyKuManblK Marepuaiiap
Oescenai opTazia, KYLITI AJIEKTP KOHE MarHUT OpiCTEepiHJe, KOFAPFbl KbICHIM MEH TeMIlepaTypajibl, HOHABIK
coynenepAiH acepinae OonFaHaa e3ACpiHiH KacHUeTTepiH e3repriey Kepek. JocTypii KOHCTPYKUMSUIIBIK
MaTepuaiap/blH (PU3HKAIBIK KacHeTTepi MOIUGBUKAIMSICHIHBIH TEXHOJIOTHUSCHIH JKacay Kasipri yakbITTa
KapKbIH/Ibl JaMblFaH OarbITTapabiH Oipi. by makana Tl “nonnapeiMen axktuBrenipiiren apanac LiKSO,
KpucTanaapbina apnaiarad. LiKSO, kpucrammapbl TeTpasapiiK aHHOHJAPMEH HOHJIBIK-KOBAJIETTIK
KOCBUIBICTAP/IbIH KEH KIACChIH Kypaiabl. Onap XUMUSUIBIK OallaHbIC TYPIHE JKOHE KPHUCTAIABIK TOPIBIH
KypbUibiMbIHA colikec 2000-Fa KybIK KOCBUIBICTapaH TYPAThIHBIFBI OCNTili, COHABIKTaH CUITII MeTaiap
CyJib(haTTapbIHBIH KPUCTAJIAPbl  COYJIEMEH OCEPJICCKeH Ke3JIeri JKYPETiH pelaKcalUsIbIK IPOLECTEPiH
3epTTey oTe biHFailibl. KenTereH cyibdarrap oHail ecipije/i, coyl ceOenTi onapablH KOCIa HOHIAPbIHbIH
KaTHOH/JIBIK, KYHeNepiH 3epTTeye dpTYpIi ecenTepi KoloFa xoHe Ienryre 0oiaapl. ¥ ChIHBUIBII OTBIPFaH
xymbicta Tl + wonmapeiMen aktuBTeHzipiairen apanac LiKSO4 kpucranmapbHBIH JIIOMUHECLEHIIMS
OpTaJIbIKTAPBIHBIH TaOWFaThiH aHblKTayFa apHairaH. 80-300K temneparypainblk aiiMakTa KypAeli JIMTHI-
KaJuid Ccynb(arhl KpUCTAIAAPBIHBIH PEKOMOMHALIMSUIBIK TIPOLIECTEPiHE ChIHAI TOPi3/Aec KOCHa HOHIAPbIHBIH
acepi 3epTTenin, HoTUKeCH Kopeerinin oTeip. LiKSO, kxpucraniapsina HOHAAYIIbI COYIEMEH CEP ETKEHIE
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KPHUCTAJIBIH OOSIIMANTBIH/IBIFBI AKCIIEPUMEHTAIIBI TaFalbIHAAbI. Byl JKaFaall KenTereH paauaiuaibik
CTUMYJIZICHTCH MPOLIECTEP/IIH MEXaHU3IMIH TaFaibIHAAYIbl KYPACACHIIPETIHITT OeNrini. AKTUBTCH IIPUITCH
KpUCTAJIIAP/IbIH PEKOMOUHAIIMSIIBIK JIFOMUHECIICHIIUSACHIH 3ePTTEY MPOILECTEPIiH KYPYiH TarallbIHIaNThIH
omic OoJbI  TAOBUIAJBI, COHBIHAA 3EPTTENIN OTBIPFAH MATPHIIAHBIH PATUALMSIIBIK —aKayJIapblHbIH
PEKOMOMHAIMSIIBIK MEXaHU3M/IEP] TaraiblHaa1a bl

Tyitin ce3mep: (oTOTIOMHUHECIICHITUS, PEKOMOWHAIMATIBIK —JIIOMHHECICHIIUS, Cynbdarrap, Tauimi
MOHBIMEH akTuBTenipiiren, LiKSO, kpucranmapsr.
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OOTOMIOMUHECHEHIUA LIKSO,, AKTUBUPOBAHHBIX MOHAMM TL*

AHHoTauus. MccnenoBaHusi pagualMOHHBIX M ONTHYECKUX CBOMCTB AMAIEKTPUYECKHUX KPHCTAIIOB
00yCIIOBJIEHBI TPEOOBAHUSIMH COBPEMEHHBIX TEXHOJIOTHI. YCIOBHS SKCIUTyaTallMd CTAaHOBATCS Oosee
cJI0KHBIMH. KOHCTPYKIIMOHHBIE MaTepralbl He TOJDKHBI TEPSITh CBOMCTB B arpeCCUBHBIX CPEAaX, B CHIIbHBIX
EKTPUUECKUX U MATHUTHBIX MOJSX, IPU BBICOKUX AABICHUIX U TEMIlepaTypax, B yCIOBHIX BO3JACHCTBUS
MOHM3HUPYIOIUX K3MyuyeHun. OgHUM U3 Haubosee MepCreKTUBHBIX HANpPaBICHUN B Hallle BPeMs SBISETCS
pa3paboTKa TEXHOJOTHUH MomuduKauy (QU3NYECKHX CBOKMCTB, TPAIUIMOHHBIX KOHCTPYKIIMOHHBIX
MatepranoB. OOBEKTaMH WCCICNOBAHUSA B JaHHOW pabOTe SIBISIFOTCS KPUCTAUIBI CMEIIAHHOTO Cyib(dara
sty U Kanus (LiKSO,). Cynbgarer LiIKSO, 06pasyror 00MmMpHbIA KJI1acC HOHHO-KOBAJIEHTHBIX COEIMHEHUH
C TeTpa’IpuuecKuMy aHnoHaMH. OHHU IO TUITY XMMHUYECKON CBSI3H U CTPOCHUIO KPUCTAJUINYECKON PEIICTKU
nogo6usl moutn 2000 coequaenusiM. C 3TOH TOUYKH 3pEHUSI CYAb(AThl HIETOYHBIX METAJIOB MPEICTABISIOTCS
yA0OHOW MOJICITBHOM CHCTEMOH [Tl M3YUYEHUS! IPOIECCOB PEeNlaKCAIMH MPH B3aUMOICHCTBHHU C U3ITYYCHUEM.
MHorwue u3 cyab(haToB JIETKO BBIPAIIMBAIOTCS, YTO U ITO3BOJIIET CTABUTH Pa3IMYHBIE 33141 110 HCCIIETOBAHUIO
CBOMCTB NPUMECHBIX HOHOB KaTHOHHOM MOJACUCTEMBI. JlaHHAs CTaThsl HOCBAIIEHA YCTAaHOBJICHHUIO IIPUPOIBI
LEHTPOB JIOMUHecHeHuH B KpucTamiax LiKSO,, aktueuposannbix nonamu TI7. IIpuBomsaTcs pesysbrarsl
[0 M3YyYEHHIO BIUSIHUS PTYTE NOAOOHBIX MPUMECHBIX HOHOB HAa PEKOMOMHALIMOHHBIC MTPOLIECCH B CIOKHOM
TUTUH-Kauii cynbgare B TemneparypHoM auanazone 80-300K. DxcnepruMeHTanIbHO YCTaHOBIEHO, YTO MPH
o0myuennn LiKSO, nonusupyromiei pasuanyeii KpucTauibl He OKpalIMBarOTCs. DTO CyIECTBEHHO 3aTPyAHSET
YCTaHOBJIEHHE MEXaHW3MOB pA3IUYHBIX pPaJAUalMOHHO-CTUMYIHPOBAHHBIX TIporieccoB. MccmenoBanue
PEKOMOMHAIIMOHHON JTIOMHUHECIIEHIIMY B AKTUBUPOBAHHBIX KPUCTAJIAX ABSIETCS METOANYECKUM IPHUEMOM
IUIsSl yCTAHOBJICHUS 3HAaKa Ipollecca M, B KOHEYHOM HTOTe, MEXaHM3MOB PEKOMOMHALNHU PagMallMOHHBIX
ne(eKTOB MaTPHLIbI.

KioueBble caoBa:  (HOTOTIOMUHECHECHIMS, PEKOMOMHALMOHHAS —JIIOMHUHECLUEHIHUS, CYIb(arsbl,
akTUBUpOBaHHbIE TajweM, LiKSO, kpucraisl.

Introduction. The LiKSO, are crystals with mixed types of the chemical bond: between sub lattice is
ionic and in sulfate anion — covalent. These crystals are transparent in wide spectral range [1]. The physical
properties of LiKSO, have been extensively studied and established that this ferroelastic compound exhibits
a rich variety of structural phase transitions [2].

Most of the sulfates are being grown easily which allows setting different tasks in research of qualities
of ions with impurity additives of cationic subsystem. Characteristics of mercury-like ions are well studied
in cubic crystalline-ion crystals. Therefore, they are good luminescent probes for investigation of different
processes in crystals. Crystals of complex lithium and potassium sulfate in temperature range 80-300K have
two polymorphic phase-transitions. Parameters of impurity of luminescence’s centers can be divided into
static and dynamic. Specifications of foreign color centers of fluorescence may be roughly divided into static
and dynamic. To static could be attributed for instance the maximal position of the optic stripes [3]. With
temperature of liquid nitrogen the maximum of absorption is near 5.55 eV. The typical red displacement
generates the heat. The maximum of absorption is being moved towards the big long waves. It allows us to
set goals in field of foreign color’s characteristics study in different symmetry crystalline without changing
chemical composition. The article is dedicated to study spectrally fluorescent characteristics of crystals
LiKSO,, activated by ions TI+.
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Objects and research methods. The main objects of research are pure and activated crystals of complex
lithium and potassium sulfate - LiKSO, crystals. Alkali metal sulfates are water-soluble compounds.
Therefore, the simplest way to obtain single crystals is to grow them from saturated aqueous solutions [4].
The preparation of research objects, both pure and activated, is influenced by differences in physical and
chemical properties.

LiKSO, crystals (activated by thallium ions) were obtained by adding T1,SO, and TICl salts to the initial
aqueous solution. Thallium sulfate salt and thallium chloride were used as activators to establish the influence
of chlorine ions, crystals were grown with the addition of potassium chloride to the mother liquor. It has been
established by experiment, which means that when the KCl salt is added to the aqueous absorption bands do
not appear in the energy range of 1.5-6.2 eV, i.e. in the region of transparency of the crystal. Optical properties
of complex sulfate do not depend on the type of thallium salt used for activation.

Experimental results. Absorption spectrum of LiKSO, TI". Figure 1 shows the absorption spectrum for
the LiKSO, T1 + crystal at room temperature. Curve 1 corresponds to the existence of thallium sulfate in the
initial solution in the amount of 0.01 mol %, curve 2 - 0.05 mol %.

Three optical absorption bands are observed with maxima at 5.3 eV, 5.6 eV, and 5.75 eV. A similar
absorption spectrum was obtained when thallium chloride crystals were used for activation. It has been
experimentally established that the optical density of the observed absorption bands increases with an increase
in the concentration of impurity ions. There are no such absorption bands in non-activated LiKSO, crystals
[5,6].

Figure 2 shows the absorption spectrum measured at 80K. There are maxima at 5.38 eV, 5.55 eV, and 5.7
eV. It should be noted that, with decreasing temperature, the intracenter processes are characterized by a blue
shift by the maximum of the optical bands. In the LiKSO, crystal, this regularity is violated for the long-
wavelength optical band. This is due to the fact that when the temperature is lowered from 300K to 80K, two
polymorphic phase transitions occur in lithium-potassium sulfate [7-9].
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E, eV
1 - Concentration of impurity ions 0.01 mol %
2 - Concentration of impurity ions 0.05 mol %.
Figure 1 - Absorption spectrum of LiKSO, TI" crystal at room temperature.

In the absorption spectrum at 80 K for the LiKSO4-TI+ crystal grown from a solution containing 0.05
mol % of an activating salt, a weak additional absorption band appears on the long-wavelength part of the
absorption band with a maximum at 5.38 eV. At room temperature, it is observed in the region of 5.0 eV. The
additional absorption band at 80K and 300K disappears, when concentration of impurity ions decreases. It
is associated with paired impurity centers. Thallium ions with increasing concentration have a tendency to
form paired impurity centers, the absorption bands of which are shifted relative to single impurity centers to
the long-wavelength side. Therefore all spectral-luminescence studies were carried out on LiKSO, crystals
grown from aqueous solutions with a concentration of 0.01 mol % of impurity ions.
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Figure 2 - Absorption spectrum of LiKSO, TI" crystal at 80K
The concentration of impurity ions is 0.01 mol %

Photoluminescence of LiKSO, TI'. The absorption spectra for the LiKSO, TI" crystal suggest the
formation of two types of impurity centers. This is possible if thallium ions replace potassium and lithium
ions in the crystal lattice of this compound. Since the symmetry and coordination numbers of impurity centers
in nonequivalent cation sites are different, they should have different luminescence characteristics [8].

Figure 3 shows the emission (curve 1) and excitation (curve 2) spectra for the LiKSO4-TI + crystal
measured at room temperature. The emission spectrum was obtained with excitation in the 5.3 eV band.
Two emission bands are observed - the main one has a maximum at 3.4 ¢V, the second, less intense, has a
maximum at 4.2 eV. The excitation spectrum represented by curve 2 in Figure 3 was measured for the long-
wavelength wing of the emission band with a maximum at 3.4 eV. It has the form of a single band with a
maximum at 5.3 eV. Note that, upon excitation of photoluminescence on the long-wavelength wing of the
absorption band at 5.3 eV, the luminescence intensity of 4.2 eV decreases.

Thereby, the three optical absorption bands are divided into two groups in accordance with the observed
photoluminescence emission bands. Using the method of moments, it was found that both optical emission
bands with maxima at 3.4 eV and 4.2 eV are well approximated by Gaussian curves. The spectral width is 0.21
eV and 0.28 eV, respectively. Deviations from the Gaussian curve become significant at a level below 0.1-
0.15 of the maximum radiation intensity. The fact that the optical bands are well approximated by Gaussian
curves makes it possible to use the harmonic approximation for their processing.
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Figure 3 - Emission and excitation spectra for the LiKSO, TI" crystal at room temperature

1 — Excitation spectrum for luminescence 3.4 eV
2 - Emission spectrum upon excitation in the 5.3 eV band
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Changes were made in the emission and photoluminescence excitation spectra of the LiKSO, TI" crystal
at liquid nitrogen temperature. Figure 4 shows the results. Crystal is excited on the long-wavelength wing of
the absorption band with a maximum at 5.38 eV, the maximum at 3.45 eV (curve 3). The excitation spectrum
of this radiation is presented by curve 4 of Figure 4. Excitation of the sample on the short-wavelength wing of
the absorption band with a maximum of 5.7 eV, the maximum of the photoluminescence emission observed
at 4.3 eV (curve 1). The excitation spectrum of this luminescence is shown on curve 2.

Discussion. An analysis of the shape of the photoluminescence emission bands of a lithium and potassium
sulfate crystal doped with monovalent thallium ions showed that they are well described by Gaussian curves
with an optical width at half maximum of 0.2 eV for the long-wavelength emission band and 0.25 eV for the
short-wavelength band. Deviations from the Gaussian shape take place on the wings of the emission bands at
a level below 0.2 of the maximum intensity.

A good approximation of the contours of optical bands by Gaussian curves makes it possible to analyze
the spectral-luminescent properties of thallium ions in a lithium-potassium sulfate matrix in the harmonic
oscillator approximation.

Thus, the emission and excitation spectra show the existence of two types of thallium ion luminescence
centers in lithium-potassium sulfate. Based on the obtained experimental results and group-theoretical
analysis, it can be argued that the emission band at 3.45 eV and excitation at 5.38 eV are associated with the
thallium ion replacing the lithium ion, and the emission band at 4.3 eV and excitation at 5.55 eV and 5.7 eV
are associated with the thallium ion replacing the potassium ion. The observed splitting is due to the lower
symmetry of the impurity center at a given site of the crystal lattice.

Differences in the properties of thallium impurity ions occupying cation sites instead of potassium or
lithium ions are most pronounced in temperature measurements. A feature of lithium-potassium sulfate is
the presence of two polymorphic phase transitions in the temperature range of 80-300K. They occur in the
heating mode at 180K and 250K.
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Figure 4 - Emission and excitation spectra of LiKSO4-TI + crystal at liquid nitrogen temperature.
1 - Emission spectrum upon excitation in the 5.5 eV band
2 - Excitation spectrum for radiation with a maximum at 4.2 eV

3 - Emission spectrum upon excitation in the 5.3 eV band
4 - Excitation spectrum for radiation with a maximum at 3.45 eV

When the LiKSO, crystal lattice is rearranged, a qualitative change in the shape of the photoluminescence
excitation spectra of thallium ions is observed. For the long-wavelength emission band, the excitation
spectrum in the temperature range of 80-180K and 250-300K has the form of a single band; in the range of
180-250K, it splits.

Figure 5 shows the excitation spectra for the long-wavelength photoluminescence band measured at 190
K (1) and 240 K (2). It can be seen that there are two optical bands, i.e. the degeneracy was partially lifted.
The lifting of the degeneracy at temperatures above 180 K is associated with a decrease in the symmetry of
the impurity center. This is possible for two reasons: changes in the structure of the immediate environment
or interactions with non-totally symmetric vibrations.
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Figure 5 - Luminescence excitation spectrum measured at 190 K(1) and 240 K(2) of the LiKSO, TI" crystal

It was found experimentally that the splitting in the excitation spectrum for the short-wavelength emission
band is independent of temperature. As the temperature rises within the limits of one crystalline phase, the
redshift of the position by the maximum of the optical bands and their broadening, which is common for
intracenter processes, are observed. The magnitude of the splitting of the °P, level of the thallium ion, which
occupies the position of the potassium ion, within one phase, does not depend on temperature [15-17].

At polymorphic phase transitions, the shape of the excitation spectrum of short-wavelength luminescence
does not qualitatively change.

For the long-wavelength optical emission band, the splitting in the excitation spectrum at 190 K is 0.08 eV,
and at 240 K it is 0.11 eV. As the temperature rises, it increases. The resulting increase in the splitting of the
excited level of the thallium ion replacing lithium with increasing temperature lies outside the experimental
error. The result shown in Fig. 5 was obtained when the output slit of the SF-16 monochromator was 0.3 mm.
When the size of the exit slit on the optical device is more than 1 mm, due to dispersion, the optical bands
are clearly not resolved. However, analysis of the shape of the contour of the obtained photoluminescence
excitation spectrum by the method of moments shows its strong deviation from the Gaussian shape.

Since in the temperature range 180-250 K the splitting value of the short-wavelength bands in the
photoluminescence excitation spectrum does not depend on temperature and is associated with a lower point
symmetry group of the impurity ion, the long-wavelength optical band arising in the excitation spectrum
occurs due to interaction with non-totally symmetric vibrations, and the dynamic Jahn-Teller effect takes
place [9-12].

The vibrations are not totally symmetric with respect to the impurity ion. In principle, these can be totally
symmetric vibrations of oxygen atoms in the anion. It is only necessary that the oxygen atoms, which are part
of different anions, vibrate in antiphase.

In this case, the point symmetry group of the impurity ion will decrease from T, to C,. This is already
enough for the *P| level to split into two sublevels, one doubly degenerate, and the second nondegenerate
(Figure 6). As the temperature rises, the amplitude of the oscillations increases. This leads to an increase in
the perturbing effect on the electronic states of the impurity center.

Vibrational spectra and mechanisms of polymorphic phase transitions in the LiKSO, crystal have been
insufficiently studied. It was shown that the available data are contradictory; there is no generally accepted
model of polymorphic phase transitions [13,14]. This leads to difficulties in interpreting the temperature
behavior of the excited state of the thallium ion in the given matrix. However, the above result is an additional
argument in favor of the fact that the observed absorption bands are associated with the A-band of thallium
ions, and they form two types of impurity centers.

Figure 6 - A splitting scheme for the state under the reduction of irreducible representations of the group T
and over the subgroup C,,

d
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Conclusion. The analysis of the shape of the photoluminescence emission bands of a lithium and potassium
sulfate crystal doped with monovalent thallium ions showed that they are well described by Gaussian curves
with an optical width at half maximum of 0.2 eV for the long-wavelength emission band and 0.25 eV for the
short-wavelength band.

The emission and excitation spectra show the existence of two types of thallium ion luminescence centers
in lithium-potassium sulfate. Based on the obtained experimental results and group-theoretical analysis, it
can be argued that the emission band at 3.45 eV and excitation at 5.38 eV are associated with the thallium ion
replacing the lithium ion, and the emission band at 4.3 eV and excitation at 5.55 eV and 5.7 eV are associated
with the thallium ion replacing the potassium ion.
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COMPUTATIONAL - EXPERIMENTAL METHOD OF FORECASTING THE LIFETIME
OF CO-CR-Al-Y COMPOSITE COATINGS

Abstract. The article describes a magnetron method for applying a multilayer Co-Cr-Al-Y coating on a steel
substrate. Studies of the erosion and corrosion resistance of steel samples and samples with coatings have been
carried out. The finite element method simulated the operation of the turbine under the influence of abrasive
particles. The erosive load on the turbine blades was modeled, based on the experimental data on erosion and
corrosion resistance, the durability was estimated taking into account the zones of the most intensive wear of
the blades. It is established that the blades have uneven wear. Calculations showed that the resource of turbines
with coatings based on Co-Cr-Al-Y is two times higher than turbines made of 12X13 alloy.

Key words: coating, structural-phase state, blades of gas-turbine engines, magnetron, finite element
method.
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CO-CR-Al-Y KOMIIO3UTTIK )KABbBIHIAPBIHBIH KbISMET ETY MEP3IMIH
BOJIKAY/IbIH ECEIITIK-OKCIIEPUMEHTTIK 9ICI

AnHoranus. Makanana 6onar cyocrparka xer kKabartel Co-Cr-Al-Y >kaObIHBIHBIH MarHeTPOH/IbI dici
cunarrajirat. bonar ynrinzepi MeH )kaObIHbI Oap YATiIepIiH dpO3HSIIBIK )KOHE KOPPO3HUsIFa TO3IMILTIT OOHBIHIIA
3eprreyiaep Kyprizinai. COHFBI BIeMEHTTEp 9/1ici abpa3uBTi OeNIIEKTep/IiH oCepiHeH TypOUHAHBIH JKYMBICHIH
Mozenbaeiai. TypOuHa KamakTapblHa SpO3USUIBIK JKYKTEME MOAEIBICH/I, PO3HSIIBIK JKOHE KOPPO3HUSFa
TO3IMIUTIKTIH 3KCIIEPUMEHTTIK AEPEKTEPi HEeTi3iHAe NbIIIAKTapAblH €H KapKbIHIIbI TO3y alMaKTapbIlH ecKepe
OTBIpBIIN, OepikTikke Oara Oepinai. ITeimmakrapasiH Oipkenki emec To3ybl aHbiKTangsl. Ecenreynep Co-Cr-
Al-Y Herizinzeri ;ka0bIHIaphI 0ap TypOUHANApABIH pecypchl 12x13 KopbITHAChIHAH )KacalFaH TypOHHaIapra
KaparaHJIa eKi ece KOFapbl eKeHiH KOPCETTi.

Tyiiin ce3aep: xaObIH, KYPBUIBIMABIK-(a3aiblK KYH, ra3TypOnHAIbIK KO3FANTKBIIITAPIBIH KaJlaKTapsbl,
MarHeTPOH, COHFBI SJIEMEHTTEP OiCi.
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PACYETHO-3KCIIEPUMEHTAJIBHBIIA METO/I INPOI'HO3MPOBAHUA PECYPCA
KOMITIO3UIIUOHHBIX IMOKPBITUU CO-CR-AI-Y

AHHOTauus. B cTarbe ommcan MarHeTPOHHBIA CIIOCOO HaHECEHUs MHOTOCIOHOTO MOKpHITHS Co-Cr-
Al-Y Ha cranbHyI0 TOIOKKY. [ [poBeIeHbI HCCIIeIOBaHUS YPO3HOHHON M KOPPO3ZHOHHON CTOMKOCTH CTATBLHBIX
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00pa3loB 1 00pa3loB ¢ MOKPHITUSIMHU. METOZOM KOHEUHBIX 3JIEMEHTOB CMOACIMpOBaHa paboTa TypOMHBI
1oj Bo3zeiicTBUeM aOpa3uBHBIX yacTHL. CMOzIeInpoBaHa 3pO3MOHHAs HAarpy3Ka Ha JIONMATKH TypOWHBI, Ha
OCHOBAaHHUH SKCIEPUMEHTAIBHBIX JAHHBIX 3PO3UOHHON M KOPPO3UOHHON CTOMKOCTH MPOU3BOIMIIACH OIICHKA
JIOJITOBEYHOCTH € Y4ETOM 30H HanboJiee MHTEHCUBHOTO M3HOCA JIONIATOK. YCTAHOBJICHO, YTO JIONACTH UMEIOT
HEepaBHOMEPHBIH u3HOC. PacuéThl mokasanu, 4to pecypc TypOuH ¢ mokpeITusiMu Ha ocHoBe Co-Cr-Al-Y B 1Ba
pasa BeIIle, 4eM TypOuHbI U3 ciiaBa 12X13.

Ki1roueBble cji0Ba: MOKPHITHE, CTPYKTYPHO-(a30BOE COCTOSHUE, JTONATKU ra30-TypOMHHBIX JBUTATEICH,
MarHeTpOH, METO/I KOHEYHBIX 3JIEMEHTOB.

Introduction. As is known, modern gas turbine engines operate at temperatures at which hot gases expand
in the direction transverse to the rows of turbine blades. The use of thermal barrier coatings on gas turbine
blades and surfaces such as shroud segments has been found to have a number of advantages [1-2]. By using
thermal barrier coatings, higher operating efficiency can be achieved, since less cooling air is needed to
maintain the temperature of the blade or shroud. In addition, the service life of the parts increases, since due to
the heat-insulating effect that creates a thermal barrier of the coating, the intensity of the temperature change
of the metal decreases [3-5].

Thus, the problem of erosion wear of turbines of compressors in chemical industries, and, consequently,
their protection, is of particular relevance. In addition to the high cost of gas turbines, the costs are associated
with frequent shutdowns of production for the period of repair and installation work. At the same time, the
efficiency of the enterprise as a whole depends on the operation of such units [4-6]. A promising way to increase
the resource of turbines is to apply protective coatings resistant to erosion and chemical decomposition to
their surface. However, coatings also have a high cost. Turbine blades wear out unevenly during operation,
due to which significant savings in coating material can be achieved. Increasing the resource of turbines
by constructing an experimental calculation method will allow us to find the optimal combination of the
composition of coatings and the gradient of its distribution over the surface of the blade. Solving this technical
problem will increase the durability of the turbines and reduce the cost of protective coatings.

In [7-9], the problems of developing a technology for improving the strength and operational properties of
coating materials for turbine blades are highlighted. Hardening is achieved by using a pulse mode of formation
and directed modifying effect of refractory compounds with submicro- and nanocrystalline structure on the
surfacing process, structure, physical, mechanical and operational properties of coatings made of metals and
alloys. Of great importance are the development of new methods of influencing surfacing alloys and the
integrated use of existing developments. The application of protective coatings can increase the durability of
the part without significantly increasing their cost.

The search for new high-temperature coatings is primarily associated with the optimization of the chemical
composition of new compositions, with the development and development of new technological processes
based on the use of fundamentally new physical effects, as well as with the use of newly created coatings [10-
12]. The basic system of heat-resistant coatings is Me-Cr-Al, where Fe, Co, Ni act as Me [20].

Achieving the required level of performance of the rotor blades of engines is due to the creation of not
only a heat-resistant alloy, but also with a workable heat-resistant wear-resistant coating. Moreover, it is very
important that, along with reliable corrosion protection during the entire service life, the interaction of the
coating material with the base would not worsen the strength properties of the blade metal (especially fatigue
and thermal fatigue strength) on the one hand, and on the other, that the processes of interaction of the coating
with the gas medium and the base were predictable. Such forecasting is the basis for determining the assigned
resource of the blades [12-15].

A large number of studies have been devoted to the study of these processes and the issues of forecasting
the life of coatings [16-18]. Currently existing experimental and computational methods for determining the
life of coatings have a number of disadvantages. Experimental methods are labor-intensive and require a lot
of time and resources. The lack of a reliable and economical method for predicting the service life of coatings
makes it difficult to determine the permissible service life of engines before major repairs and reduces the
reliability of the operation of the blade apparatus.

The purpose of this article is to determine the possibility of increasing the working life of turbines by
constructing an experimental-computational method that will allow finding the optimal combination of the
composition of the coatings and the gradient of its distribution over the surface of the turbine blade.

Methods and materials. The objects of the study were metal samples of 12X13 steel and samples of the
same steel with coatings of the Co-Cr-Al-Y system. Coatings were deposited by the magnetron method on the
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ion-plasma facility “National Research Tomsk Polytechnic University” [19], which was a vacuum chamber
with two magnetron sputtering systems of an unbalanced type and an ion source with a closed electron drift.
The vacuum chamber of the installation is a sealed volume with a diameter of 500 mm and a height of 300
mm, equipped with flanges of various diameters for connecting vacuum fittings, vacuum sensors and other
necessary devices (Figure 1).

The gas supply and adjustment system is represented by precision Bronkhorst ELFLOW mass flow
regulators with an adjustment accuracy of 0.01 ml/min. The temperature control of the samples is carried out
by means of a chromel - alumel thermocouple (the measured temperature range is 200-1100°C).
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Figure 1 - Coating scheme

The following parameters were selected for spraying multilayer coatings with different concentrations of
elements of the Co-Cr-Al-Y series:

- layer 1, the current magnetron Co/Al/’Y — 0.5 A, voltage of magnetron Co/Al/Y — 450 V;

current magnetron SG — 0.3 A, a voltage of the magnetron Cr — V. 320;

- layer 2, the current magnetron Co/Al/Y — 0.5 A, voltage of magnetron Co/Al/'Y —450V;

current magnetron SG — 0.6 A, the voltage of the magnetron Cr — 380.

The thickness of the layers was regulated by the spraying time. The coatings were deposited on a water-
cooled substrate (Ta substrate holder).

The thickness of all synthesized Co-Cr-Al-Y coatings is 2+0.2 microns. To compare the structure,
morphology and mechanical properties of multilayer Co-Cr-Al-Y coatings, films of 1, 2, 4 and 8 alternating
layers were obtained [22].

The erosion load on the turbine blades was modeled using the finite element method, and durability was
evaluated based on experimental data on erosion and corrosion resistance, taking into account the zones of the
most intense wear of the blades. The simulation of the predominant wear of turbine blades was carried out by
the finite element method. The modeling process is based on the assembly of the stiffness matrix (Dirichlet
matrix) and mass. Boundary conditions are imposed on these matrices. Then a system of linear equations
is assembled and solved by one of the known methods. The motion and heat exchange of the medium was
modeled using the Navier-Stokes equations. To simulate turbulent flows, the Navier-Stokes equations were
averaged by Reynolds, the effect of turbulence on the flow parameters on a small time scale, and large-scale
time changes were averaged over a small time scale of the components of the gas-dynamic flow parameters
were taken into account by introducing the corresponding time derivatives.

The method of studying erosion resistance is based on determining the mass loss of samples when blowing
them with a gas-abrasive flow. Erosion tests of abrasive resistance were carried out on samples in the initial
and heat-treated states at T=20C0 in a 12G-53 jet-ejector type sandblasting unit. Test mode: abrasive material
- electrocorundum 14A F 6; nozzle diameter 15.5 mm; air pressure p = 11 MPa; distance from nozzle to
sample 310 mm; flow angle 300. The samples were blown along the side surface of the sample. For studies
of erosive wear, the average depth of erosion (E) was used as criteria, equal to the ratio of the decrease in the
volume of the material to the area of the eroded surface and the volume of liquid (G/Ser) falling out per unit
surface area.

The heat treatment of the coatings took place at the MILA-5000 installation (ULVAC-RICO (Japan),
equipped with halogen IR lamps with a total power of 4 kW and a maximum radiation intensity in the range
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of 0.8 1.2 microns. The installation allows you to work in the temperature range from room to 1000°C with
a maximum rate of temperature increase of 100°C/ min. The accuracy of temperature control and exposure
time in the reaction chamber is + 1°C and + 1 sec, respectively. The sample is placed in a quartz holder. The
intensity of the IR radiation is recorded by measuring the temperature using a chromel-alumel thermocouple
placed directly on the sample. At this installation, work was carried out on heating samples at 400°C, 800°C
and 1000°C. The heats were carried out in a programmable mode with a preset output speed to the desired
temperature, as well as during the transition from one annealing temperature to another. The annealing time
at a given temperature or sequentially at several temperatures also took place in a programmable mode. The
warm-up mode of the samples took place at a high vacuum ~ 1-10-7 mmHg: for 400°C - 10 minutes, heating
lasted to the set temperature, holding for 10 hours, cooling was natural heat loss, the chamber was opened for
sampling 1 hour after stopping the warm-up, when the temperature was below 100°C; for 800°C and 1000
0C: the same, heating for 20 minutes.

Corrosion resistance was determined by the gravimetric method to determine the mass loss of samples
during their stay in the tested corrosive environment. The sample sizes were 50x20%2 mm. For the convenience
of hanging, a hole was drilled in the samples. Before the tests, the surface of the samples was cleaned from
solvent contamination, then sanded and polished, then degreased and etched. The samples prepared in this
way were kept in a thermostat at a temperature of (100 & 2)°C for 1 hour, cooled and weighed on analytical
scales with an accuracy of 0.1 mg. The duration of the tests is 6 hours. Area of the samples was calculated
with the formula:

S=2[(a"b—md2/4)+h(a+b+md?2)],

where a is the length of the sample, m; b — width of the sample, m; h is the specimen thickness, m; d —
diameter, m.

In gravimetric tests, the corrosion rate is characterized by a mass index of Km.

Km =m0—m1/St, g/(m2 * h),

where m0 is the mass of the sample before the test, g; m1 — mass of the sample after the test, g; S is the
initial surface area of the sample, m2; 7 is the exposure time, h

Then counted the mass rate of corrosion depth, which characterizes pyroninophilia corrosion P:

N =8760 Km/p x 10-3 mm/year,

where p is the material density, g/cm3; 8760 is the number of hours in a year.

Results and discussion. The simulation of the turbine operation was carried out by the finite element
method. In the program of finite element analysis, the motion of a gas medium is modeled using the Navier-
Stokes equations, which describe in a non-stationary formulation the laws of conservation of mass, momentum
and energy of this medium. Calculations were carried out using a standard CFD solver, k-¢ turbulence model.

At the same time, the entered geometric parameters had the following characteristics: the turbine diameter
was 600 mm (Figure 2); the geometry of the blade profile had a standard radial turbine profile (Figure 3); the
turbine was installed in the guide unit according to Figure 4.

The following turbine operating modes are selected: 1500 RPM, working medium - air, temperature -
400C0, abrasive material - electrocorundum, abrasive consumption 100 g/sec.

Figure 2 - Geometric parameters of a gas turbine
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Figure 3 - Blade profile
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Figure 4 - Operation of the turbine in the guide unit

Experimental results on testing coatings for abrasion resistance allowed us to obtain the following data:
in the initial state, a 4-layer coating of Co-Cr-Al-Y on a 12X13 steel matrix has an average value of 9.8598e-
15 kg / (s *m2). After temperature treatment of these samples, the abrasive resistance had the following
indicators: at 400°C - 9.0122¢ - 15 kg / (s * m2); at 800°C - 10.5897¢ - 15 kg /(s* m2); at 1000°C - 10.9635¢-
15 kg /(s *m2).

Thus, experimental data showed a slight increase in erosion (abrasive) resistance (9.0122e-15 kg/(s*m2))
after heat treatment at 400°C compared to the same samples in the initial state. The remaining samples at
800°C and 1000°C show a decrease in erosion resistance.

Figure 5 shows the results of forecasting the durability of blades with the values of abrasion resistance
of steel 12X13 - 18.128e-15 kg/(s*m2) and blades coated with Co-Cr-Al-Y - 9.0122e-15 kg/(s*m2).

!-,

a b
Figure 5 - Prediction of the durability of blades with abrasion resistance values: a) steel 12X13 - 18.128¢e-15
kg/(s*m2) blades coated with Co-Cr-Al-Y - 9.0122¢-15 kg/(s*m?2)

In Figure 5, the zones with the maximum level of wear on the periphery of the blade are marked in red, it
is established that the blades have uneven wear. The obtained data allows you to adjust the thickness of the
coating. Table 1 shows the results of erosion and corrosion resistance, wear rate.
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Table 1 - Comparative data of the main indicators of turbine durability based on 12X13 steel and coatings
based on Co-Cr-Al-Y

Material Unit of measurement | Steel 12X13 | Steel 12X13 coated with Co-Cr-Al-Y
Erosion (abrasive) resistance kg/(c*m2) 18.128¢e-15 |9.0122¢-15

Wear rate at the point of maximum erosion intensity | mm/year 1,9599 0,9738

Corrosion destruction g/m3 1,96 1,92

From the comparative table it can be seen that the coated blades show up to two times higher erosion
resistance and service life.

Conclusions. Multilayer coatings of Co-Cr-Al-Y on a 12X13 steel substrate were obtained by the
magnetron method. For comparative analysis, heat treatment of these samples was carried out. Experimental
results on tests for abrasion resistance allowed us to obtain the following data: in the initial state, a 4-layer
coating of Co-Cr-Al-Y on a 12X13 steel matrix has an average value of 9.8598e-15 kg / (s * m2). After
temperature treatment of these samples, the abrasive resistance had the following indicators: at 400°C -
9.0122¢ - 15 kg / (s * m2); at 800°C - 10.5897¢ - 15 kg /(s* m2); at 1000°C - 10.9635¢- 15 kg /(s *m2). A
slight increase in erosion (abrasive) resistance was found (9.0122e-15 kg/(s*m2)) after heat treatment at 400
°C compared to the same samples in the initial state. The remaining samples at 800°C and 1000°C show a
decrease in erosion resistance.

The operation of the turbine under the influence of abrasive particles is modeled by the finite element
method. Based on experimental data of erosion and corrosion resistance, durability was evaluated taking into
account the areas of the most intense wear of the blades. It is established that the blades have uneven wear. The
intensity of erosion along the plane of the blade surface varies by an order of magnitude. These results make it
possible to apply gradient coatings in thickness. At the same time, calculations have shown that the resource of
turbines with coatings based on Co-Cr-Al-Y is about twice as high as turbines made of 12X13 alloy.

The process of erosive destruction is also aggravated by corrosion phenomena. The oxide film, which
exists almost always on the surface of metals in gaseous media, especially at elevated temperatures, is
destroyed by the flow of abrasive particles. At the same time, the metal surface is again subjected to oxidation,
conditions for uneven corrosion destruction are created. For corrosive foci, erosive destruction occurs even
more intensively, as the relief becomes more rough. The use of coatings based on Co-Cr-Al-Y can largely
eliminate this problem.
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TO THE INVERSE PROBLEM OF COMET DYNAMICS

Abstract. In this work, we develop further consideration of the inverse problem of Celestial Mechanics -
the problem of reconstruction of a non-stationary space symmetrical regular planar potential of the gravitating
system generating a family of evolving types of orbits.

As an application of the inverse problem to the dynamic evolution of real gravitating systems, we show
that this equation can be applied to the determination of non-gravitational forces in comet dynamics in context
of observing dependences of osculating elements of comet orbits on time.

We must note, comets are among the most important objects of study in modern celestial mechanics. A
significant difference between comets and other celestial bodies, for example, asteroids, is that there are a
number of features in their movement that do not have a gravitational nature. In this regard, they are called
non-gravitational effects associated with the loss of matter from the surface of a comet, or with the interaction
of the nucleus and interstellar matter, as a result of which friction forces arise, or with the accretion of matter
by the comet nucleus.

This study of non-gravitational effects provides better understanding of comet dynamics and helping to
explain an existing discrepancy between the calculated and observed orbits of comets.

Key words: Celestial mechanics — Inverse Problem — Comet Dynamics.
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KOMETAJIAP IUHAMUKACBIHBIH KEPI ECEBI

Annotanus. byn sxympicTa 013 acrnaH MeXaHUKAChIHBIH Kepi MOCEeCiH - OpOUTaNapAbIH AaMbIIl Kelie
YKaTKaH TYpJePiHiH TOOBIH KYPaThIH I'PaBUTAIMSIIBIK XK YHEHIH CTAI[HOHAPIIBIK eMEC KeHICTIKTIK-CHMMETPHSLIIBI
TYPAKThl JKa3bIKTHIK IOTCHIMAJIBIH KaJIIbIHA KEITIpy MoceleciH KapacTelpaMbi3. Kepi ecenTi HaKThI
IPaBUTALMSIIBIK JKYHENIepAiH JMHAMUKAIIBIK SBOJIOLMACHIHA KOJIaHA OTBIPBII, KOMETa JTUHAMHKACHIHIAFbI
IPaBUTALMSIIBIK €MEC KYLITEpi aHbIKTayFa, KOMeTa OpOHTANapbIHBIH TepOeIMElli 3JIEMEHTTEPIHIH yaKbITKa
TOYEIIUIITIH OaKpUIay TYPFBICEIHAH KOJIJaHyFa OOIaThIHIBIFBIH KOPCETEMI3.

Komeranap ka3ipri aciaH MeXaHUKaChIHAAFbl MaHBI3/Ibl 3ePTTEY HBICAHIAPBIHBIH Oipi €KEHIH aTar eTKeH
xeH. Komeranmap MeH 0acka acmaH JEHENEpiHIH, MbICAJbl aCTePOMIATAPIbIH apachlHIa KO3FAJBICHIHA
IPaBUTALMSUIBIK CHUIATBI KOK OipKarap MaHbI3/bl albIpMallbUIbIKTap Oap. OckifaH OalIaHBICTBI KOMETa
OCTiHEeH 3aTThIH JKOFaJyblHa HEMece YHKeIIC KYIITEPiH TyAbIPAThIH SIPO MEH KYJIJIbI3apaliblK MaTepHSHBIH
@3apa JpEKeTTeCyiHe HeMece KOMeTa SPOCHIHBIH 3aTThIH aKKPEHHAChIHA OailIaHBICTBHI I'PaBHTALUSICHI3
acepJep e aTaipl.

By rpaBUTAMSIIBIK eMec dcepIepal 3epTTey KOMeTallap/blH ANHAMUKACHIH JKaKChl TYCIHYTe€ MYMKIHIIK
Oepenti XKoHE eCeNTeNreH KoHe OaKbUIaHATBIH KOMETaNIapAblH OpOHUTallapbl apachlHIAFbl albIPMAIIBUTBIKTHI
TYCIHIIpYTe KOMEKTECE/II.

Tyiiin ce3mep: acrnaH MEXaHUKACHI — KePi €cell — KOMeTalap/IblH JMHAMHKACHI.
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K OBPATHOM 3AJIEYE TUHAMMKHA KOMET

AnHoTauusi. B nmanHOi paboTe aBTOpHI pa3BUBAIOT AajbHEHIIEE PACCMOTPEHHE OOPaTHOH 3aladyu
HeOeCHOH MEXaHUKH — 33/1a4d BOCCTAHOBJICHHSI HECTAMOHAPHOIO MPOCTPAHCTBEHHOTO CHMMETPUYHOTO
PEeryasipHOTO IUIAHAPHOTO MOTEHIMalla TPAaBUTHUPYIOLIEH CHCTEMbI, MOPOXKIAIOLIET0 CEMENCTBO
ABOJIIOIUOHUPYIOLIUX THUIIOB OPOHT.

B kauectBe mpuiokeHHs 0OpaTHOH 3alauyll K JTUHAMHUYECKOW DBOJIIOLUH peabHBIX T'PaBUTHPYIOIINX
CHUCTEM MBI IOKAa3bIBAEM, UTO 3TO YPABHCHUEC MOXKECT OBITh MMPUMCHCHO JIs1 ONIPCACIICHUA HETPAaBUTALITMOHHBIX
CWI B IMHAMHKE KOMET B KOHTEKCTE HAOJNIOJCHUS 3aBUCUMOCTEH OCKYJIUPYIOIIUX IEMEHTOB OPOUT KOMET
OT BPEMEHHU.

CJ'IG,[[yCT OTMETUTDH, YTO KOMCEThI ABJIAIOTCSA OJHUMH M3 BOKHENUIINX OOBEKTOB H3ydYCHUS COBpCMCHHOfI
HeOecHol Mexanuku. CyllecTBeHHAs! Pa3HUIIA MEXK]y KOMETaMHU U APYTUMH HEOSCHBIMU TeJIaMU, HallpMep,
acTeponiamMu, COCTOUT B TOM, UTO B UX ABUIKCHUUN C€CTh PAL OCO6CHHOCT€I>'I, HE UMCIOIIINX FpaBHTaHHOHHOﬁ
npuposl. B B3 € 3TUM HX Ha3BIBAIOT HETPABUTAIIMOHHBIMU (P eKTaMu, CBI3aHHBIMHU C TOTepeil BelecTBa
C MOBEPXHOCTH KOMETHI, TMOO ¢ B3aMMOJICHCTBUEM SIIpa U MEK3BE3THOTO BEIIECTBA, B PE3YJIBTaTe KOTOPOTO
BO3HHMKAIOT CHJIBI TPEHUS, TMOO C aKKpEeLHel BeIEeCTBa SAPOM KOMETHI.

OTO HCCIENOBAaHUE HETPABUTAIMOHHBIX 3((EKTOB 00SCIICUUBACT JIydlllee TOHUMAHUE JTMHAMUKHA KOMET
Y TIOMOTaeT OOBSICHUTH CYLIECTBYIONIEE PACXOKICHUE MEXK/Y pAaCCUMTAHHBIMH M HaOII01aeMbIMKU OpOUTaMK
KOMET.

KiroueBble ciioBa: HeOecHass MexaHUKa — OOparHas 3aja4a — JUHAMHUKa KOMET.

Introduction. The inverse problem of dynamics is the finding of potentials and force fields generating
given families of orbits. Szebehely’s equation [9] is a first order partial differential equation with a given
family of orbits f (X,y) =u = const traced by a unit mass material point, the total energy E = E( f ), and
the unknown potential U = U (x, y) which produces the family. Earlier [6,7] we studied the problem of the
reconstruction of a non-stationary space symmetrical regular planar potential of the gravitating system on a
family of evolving types of orbits. We introduced the general form of the evolving orbit which we use when
writing out the differential equations for non-stationary potential. In the above-mentioned studies, we made
an additional transformation of the basic equation of the problem and demonstrated an appropriate example
of the construction of a non-stationary potential of a gravitating system. An application of such an inverse
problem to the dynamical evolution of stellar systems with variable masses was given.

The aim of the research. In this paper we are considering the inverse problem to the comet dynamics,
reconstructing a non-stationary space symmetrical regular planar potential of the gravitating system on a
family of evolving types of orbits.

An application of such an inverse problem can be extended to the comet dynamics according to observing
dependences of osculating elements of comet orbits on time [1, 7].

Also, we take into account the fact, that three or more appearances short-period comets require consideration
of non-gravitational effects [4, 5]. in their motion related to interaction between comet core and interstellar
matter, resulting in friction forces, as well as accretion of matter by core or loss of matter from comet surface
may occur, and such studies are important due to available discrepancy between estimated and observing
orbits of comets [2,8].

Research method. The research method is generalized non-stationary inverse problem with additional
friction force. In the inverse problem of the reconstruction of a non-stationary potential on a family of
evolving type of orbits the following must be noted. Evolution of orbits may be connected not only to the non-
stationary potential force field, but to the existence of dissipative factors of friction - like forces. In this case,
we can write down the equations of motion with additional friction force and then put the inverse problem of
reconstruction the potential force field as part of the force field of the problem.

Here we consider a generalized non-stationary potential with additional friction force, described by
equations in the form
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where U =U (x, ¥, t) is a non-stationary potential, o = a(t) is a magnitude generally depending on time

and characterizing the action of additional forces of friction nature.
Let us take a monoparametric family of evolving type of planar orbits

£ (x,y,t)=u = const, )
Assuming the motion of a material point of a unit mass on given family of orbits (2), according to equations
(1), consider the problem of reconstruction of non-stationary potential U = U(x, y,?), generating the given

monoparametric family f (x, ¥, t) = u of evolving in time planar orbits.
The system (1) possesses the integral of the form
mlxy - yi)= C(t) 3)
where the following notation is used:
t
m = expy— jadt 4)
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where ? - is some initial epoch.
With the help of the non-stationary inverse problem method [7] we derive the following equation:
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where in addition to notation (4) we introduce the another one

(6)

C =C(t)=m™" Const

Equation (5) is the first order partial differential equation with respect to the non-stationary potential
U=U (x, ¥, t) and containing other non-stationary factors, that can play essential role in dynamic evolution
of real gravitating systems through the magnitude ¢ (t) This equation stands for the generalized non-stationary

analogue of Szebehely equation.
The solution of the Eq. (5) is equivalent to solution of the system of ordinary differential equations

dx _dy _ dU (7
fo W
where the following notation is introduced
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In the most general case, the solution of Eq. (10) is an arbitrary function of the independent integrals of
the Eq. (11).

Let us now assume that we study a motion, performed by the system of equations of the form
%= F(x,y,t)+a(t)
y=F(x,y,t)+at)y, )

where 7> = x> + »* and a(t)— is the given function of time.
Let U (x, y,t) is the potential of the central force F":

px_0U, pr_9Y (10)
r Oox r 8y

The system of Eq.(1) has the integral

(= 35) =[x = v %, Jexpr [t { = C(0). (11

fy

where 7, - is some initial epoch.
In polar coordinates ¥ and @ Eq. (5) takes the form:

fU+lﬁz+ f(mJ=ufﬁ¢2vmu¢+ﬁﬁ+lmﬁ%

C
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Research results and discussion. The astrometric observations available up to this point did not provide
meaningful constraints on the cometary non-gravitational perturbations, which lead to different orbit solutions
[5].

Assuming that the potential U = U (x, v, t) is spherically symmetrical and contains a stationary Newtonian
term that is inversely proportional to 7, we can write it in the form

(S =t g F o )+

+j;t _aft =

U=E10(.) (13)
r

where u is positive constant, (I)(r, t) is a non-stationary term of the potential.

The general form of the evolving comet orbit which we use when writing out the differential equations
for non-stationary potential may also be interpreted as an osculating orbit of the perturbed Keplerian motion.

In this case, solution of the Eq. (l)we can describe with the help of the perturbed Keplerian motion on
osculating orbit with radius defined by the conic equation

r= P (14)
I+ ecos((p —w)

where equation for semi-latus rectum p [2]

dt =2a(t)p. (15)

Then, the family of evolving comet orbits (2) we can write in the form [8]:

exp —2.[a(t)a’t [l+ecos(p-0)=p . (16)

0
fy
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where the osculating elements € and @ are considered as known functions of time.
On the ground of Eq. (16), considering with (17) and (20), we obtain the following extended form of the
non-stationary potential:

C2 72j.a(t)dt
Ur=E-=—c »  +2mr-(a’()-al))* + ), (17)

ropor
or, with accuracy up to the arbitrary explicit function of time we have

2 —zj'a(t)dt
Urn=F- ¢ v famr—Ba’()-a()) (18)

roopor
In other words, as a result, we get the non-stationary potential (22), generating a given family of quasiconic
orbits (20), It determines in the system of Eq. (l 3) the central force of the form

F(r,t):—}%17+pcr3e o f+r%7—2(3a2(z)—oz(z))f- 19)
0

As we see, the above considered inverse problem acquires a common dynamical interest, particularly, for
comet dynamics problems, when it is required to determine analytical forms of non-gravitational forces in
equations of motion on observable dependences of osculating elements of comet orbits on time.

Conclusions. We have considered the inverse problem of the reconstruction of a non-stationary space
symmetrical regular planar potential of the gravitating system generating a family of evolving types of
orbits. We showed that this problem can be applied to the determination of non-gravitational forces in comet
dynamics according to observing dependences of osculating elements of comet orbits on time [1, 8].
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DYNAMICS OF DUST GRAIN IN THE SUBLIMATION ZONE OF COLD WHITE DWARFS

Abstract. The dynamics of evaporating silicate and graphite dust grains moving in circular and parabolic
orbits near the cold white dwarf WD J1644-0449 with T .~ 3830K is calculated. The rate of sublimation is
given by the heating temperature of dust grains depending on the distance to the star, the material parameters,
and the radius of dust grains considered in the range from 0.01 to 100 um. It also took into account the influence
of radiation pressure and the Poynting-Robertson’s drag on dust dynamics. According to our calculations, all
considered sizes of silicate dust grains, leaving the parent bodies on circular orbits completely evaporate at a
distance of about 3 stellar radii from the star. The boundary of the dust-free zone (graphite grains) is located
twice closer to the star, i.e. at a distance of about 1.5 stellar radii and it is confidently expressed only for larger
grains with radius s > 0.5 um. Our calculations have shown that both silicate and carbonaceous grains can fall
on a cold white dwarf directly without reaching complete evaporation if the parent bodies and dust particles
move in elongated orbits close to parabolic. The enrichment of the stellar surface with heavy elements can
occur without the observed presence of dust in the stellar’s vicinity.

Key words: white dwarf, debris disk, sublimation (evaporation), dynamics of dust grains.
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CYBIK AK EPTEKEII )KYJIBI3IAPIBIH CYBJIUMALMSI AMUMAFBIHIAFBI TO3AH/IbI
BOJIIEKTEPIHIH JJUHAMHUKACHI

Annorauus. Dpdextusti Temneparypacel T = 3830K Gonarein WD J1644-0449 cybIk ak eprexeii
KYJIBI3ABIH MaHAWBIHAAFel OyTaHAaThIH CHJIMKAT JKOHE TpaduT To3aHHAbl OOJNIIEKTEPiHIH OHreNIeK
KOoHE Tapaboyanblk opOuTanapbl OOHBIHIIA JUHAMUKACHl ecenreni. CyOnmuMarusi KapKbIHBI TO3aHJIbI
OeJIIIeKTep/IIH KYJIJIbI3IaH apa KAIIbIKTBIFbIHA Toyelai, Marepuai tumine xoue 0.01 Mxm men 100 mxMm
apaJIbIFbIHAFBl TO3AH/IbI OOJIIIEKTIH ©JIIIeMiHe Toyel i OOJaThIH OJIAP/IbIH KbI3y TEMIIEpaTypachl apKbLIbl
Oepinemi. To3aHHBIH ITWHAMUKACHIHA COYJIE€ IIBIFAPY KBICBIMBIHBIH JKoHE lloWHTHHT-PoOepT addexTiciHig
ocepi eckepini. bizain ecenTeynepimMiz OONBIHIIA FAPBITITHIK IEHEH] JOHT€IEK OpONTaMEH TacTal IIBIFaThIH
0apibIK KapacTBIPBUIFAH OJMIeM/IETI CHIIMKATTHIK TO3aHJbl OOINIIEKTep >KYIIBI3IAH YII IKYIJIBI3IBIK
paaunycTa TOJbIK OyinaHaapl. [ padut To3aH bl OOIIIEKTePiHIH TO3aHCHI3 MIeKapa aiMarbl JKYJIJIbI3Fa €Ki ece,
SIFHU [IaMaMeH 1.5 ®YJIIbI3 paJiycChl KAIIBIKTHIFBIHA OpPHAIACA/Ibl )KOHE paguychl s > 0.5 MKM OoJiaThiH
YIJIKeH O6JIIICKTep YIIiH aHbIK Oaiikanael. Bi3fiH ecenTeyaepiMis erep FapbllIThIK JEHEIEP KOHE TO3aH bl
OemmmekTep TapabolaimblK opOWTara ykcac oOpOWTaMeH KO3FajlaThlH CHJIMKAT JKOHE TpaduT TO3aHIIbI
OeJIIeKTEPiHIH TONBIK epiMEN, CYBIK aK epereKeilniHiH OeTiHe Tikenel Tycyl MYMKIiH eKeH/IITiH KopceTesi.
JKyiaei3 OETiHIH aybIp IEMEHTTEPMEH TOJBIKTBIPBUTYBI JKYJIIBI3IBIH MAHBIHIAAFBI TO3AH/bI OOIIIEKTEP/IIH
OalikaIMalTBIH KOPIHICTEPIHCI3 KYPYl MYMKIiH.

Tyiiin ce3mep: ak eprexxeii KyJiabI3aap, TO3aHIbl JUCK, cyOnuMalus (OysiaHy), TO3aHIbl OeJIIEKTep
JTIMHAMHKACHI.
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JANHAMUKA IIBIJIEBBIX YACTHL B 30HE CYBJIMMALMHU XOJIOJAHBIX
BEJIBIX KAPJIMKOB

Annoranus. [TpoBeneHbl pacyeTsl AMHAMHKH UCTAPSIOIIMXCS CHUIIMKATHBIX U TPa(UTOBBIX IMBLICBBIX
4acTUIl OKOJIO XonoaHoro Oenoro kapauka WD J1644-0449 ¢ T = 3830K mpu ABMXKEHHH 1O KPYTOBBIM
u mapabonuueckuM opbutam. Temn cyOnMManuu 3aJacTcsi TEMIEPaTypOd HarpeBa NBUICBBIX YacTHL B
3aBHCHMOCTH OT PAaCCTOSIHMSI JI0 3B€3/1bl, IapaMeTPOB MaTepraia v paJuycoB NbUIMHOK, 3aJJaHHBIX B IIPe/esiax
ot 0.01 mo 100 MxM. YuuThIBaJIOCH BIUSHHUE JaBlieHHA paavanuu U 3ddexra Topmoxenus [loiHTHHTa-
PoGeprcona na nunamuky meiid. CorylacHO HAaIIMM pacyéraM, CHJIMKaTHAas IbUIb BCEX PAaCCMOTPEHHBIX
pasMepoB, MOKHUIAIONIAs POJUTEIBCKUE Tella ¢ KPYTOBBIX OPOMT, MOJIHOCTBIO HCHApSETCS Ha PAcCTOSHHUU
OKOJIO 3 3BE3JIHBIX PajJIMyCOB OT 3Be3/Ibl. | paHuIla OeCIbLICBON 30HBI TPAUTOBBIX YaCTHUI] HAXOJAUTCS BIABOC
OmKe K 3Be3/ie, TO €CTh Ha PACCTOSIHUU OKOJO 1.5 pagumycoB 3Be3[bl U YBEPEHHO BBIPa)KEHA TOJILKO AJIS
OoJiee KpyMHBIX yacTuil pagauycamu s> 0.5 Mmxm. Hamm pacuérel mokasaiu, 4To MbUIh KaK CUJIIMKATHOW, TaK
1 KapOOHOBOM MPUPOABI MOXKET MOMaAaTh HA XOJOTHBIN OeNblii KapiMK HENOCPEICTBEHHO, HE JOCTHTHYB
MOJTHOTO UCTIAPCHUS, €CITH POAUTEIBCKHIE Tl K YaCTHUIIBI ITBLUTH IBMXKYTCS MO BBITSHYTHIM OpOUTaM, ONHU3KUM
K napabonnueckuM. O0orauieHne MOBEpXHOCTH 3BE3bI TSHKEIBIMHU JIEMEHTAMH MOYKET IMPOUCXOAHUTH Oe3
HaOMI0aeMBbIX MIPOSIBIICHUH MPUCYTCTBUS MBLUIH B OKPECTHOCTH 3BE3/IbI.

KiroueBble ciioBa: Oenblil KapiuK, AUCK OCKOJKOB, cyOnuManms (UCrapeHue), AMHAMHKA IbIICBBIX
YacTHII.

Introduction. About 90% of the discovered exoplanets are detected around the stars that eventually will
finish their evolution as a white dwarf (WD) including our Sun. Veras [19] considered the evolution of the
Galactic stars and showed that the evolution’s final stage of most stars with masses from 0.07 to 5-12 Solar
masses is WD. The range of this masses composed 95% to 97% of all stars in the Galaxy. Stars of these
masses, after passing the red giant stage, lose most of their mass. However, when studying the chemical
composition of WD atmospheres, it turned out that about 25% - 50% of WD reveal the presence of metal
line in their spectra [20], which corresponds to estimates of planetary systems for Main-sequence stars in the
Galaxy [4]. This fact and also the results of infrared (IR) observations show an excess of IR radiation and
the presence of silicate spectrallines. This is interpreted by most researchers as an indicator of dust active
accretion from asteroids or comets [12].

The analysis of the catalog of 73221 white dwarfs, located in the region of the nearest 100 ps, selected
from the data of the recently published catalog Gaia-DR2 [8] shows that the population of white dwarfs
dominated by cold objects with T <8000 K.

Despite the fact that the luminosity of the WD is constantly decreasing, Fossati et al. [6] argue that
during the cooling of the WD from a temperature of 6000 K to 4000 K, hypothetically, a terrestrial planet at
a distance of about 0.01 AU from the WD may exist in the habitable zone for about 8 billion years, which is
quite enoughfor the possibility of theemergence of complex life forms on it [19,11]. Perets [11] mentionsthat
second-generation planets can form in habitability zones that were available for for first-generation stars.

Unfortunately, there are very few direct observations of planets or asteroid-comet matter near white
dwarfs using the transit technique.One such object is WD1145+017, discovered by the Kepler (K2) mission
[18]. It shows transit passing with a depth of up to 20% and a period of 4.5 hours. This, presumably, debris
disk near WD1145+017 is located near the sublimation zone, where the process of active dust evaporation
undergoes. Vanderbosch et al. [17] reported the discovery, as part of research under the Zwicky Transient
Facility program, yet another WD with transit outside the Roche zone with the period of 107.2 days, which is
much longer than the orbital periods in WD1145+017.

In the last decade, significant progress has happened in the study of exoplanet systems thanks to projects
such as CoRot, Kepler, GAIA, and TESS. Many planets have been discovered around both Main-sequence
stars (MS) and around some evolved stars. In particular, the catalog of Gaia Data Release 2 (DR2) [8] contains
several thousand WD candidates.
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Hollands et al. [ 7] reported 524 WD showing spectral lines of heavy elements in their spectra by analyzing
objects within 40 pc observed by the GAIA mission. The four coldest WDs with T <5000 K have lithium
absorption lines. This element disappears in the early stages of stellar evolution as a result of thermonuclear
burning. The presence of lithium in the WD atmosphere is clear evidence of the accretion of asteroid-cometary
matter [9].

Our study aims to simulate the orbital evolution of dust grains constituent of the outer dust cloud and the
subsequent accretion of this matter onto the stellar surface, resulting in enrichment of the stellar atmosphere
by heavy elements - metals.

To achieve this goal, we chose a cold WD with clues of the presence of an external material: Gaia DR2
4353607450860305024 (WD J164417.01-044947.7, hereinafter WD J1644-0449) with a temperature of
T . =3830K.

There is not much information about the WD J1644-0449 yet. Kaiser et al. (2020) [9] provide some data
on this dwarf, reporting the detection of Li, Na, K, and Ca in its atmosphere. The authors explain the presence
of metals by accretion of the planetesimal. Using model atmospheres, the authors determined the abundance
of these elements, and, except for Li, their estimates are consistent with meteorite abundance in the Solar
System.

In this paper, we use data and methods developed when studying the dust component in the sublimation
region of the Solar System and WD1145+017 [13-15].

Materials and methods. The dynamics of dust grains taking into account evaporation is a class of
problems related to the dynamics of bodies with variable mass. The ratio of forces acting on the particle is
constantly changing. During the calculation, the sublimation rate is determined depending on the temperature
of the grains. The temperature of the grains depends on their size, the constituent material, and the distance to
the star. Two types of materials that are present in the interstellar medium are selected: silicate and graphite.
Of the silicate materials, we chose basalt as the most satisfying to results of observation of the sublimation
region near the Sun [13, 14]. The justification for the choice of this material is given in Shestakova et al. [15].

It is assumed that the dust grains are spherical, have a homogeneous composition and isothermal, sublimate
isotropically, and there is no reactive force acting on them. In addition, we ignore the gravitational influence
by other small bodies, collisions between grains and consider the grains to be electrically neutral. Calculations
were performed for the grains sizes (s) from 0.01 pm to 100 um.

The parameters characterizing the interaction of stellar radiation with grains are calculated using the
Mie theory [2]. When calculating using Mie theory, we utilize the effective factors of absorption (Q,, ) and
radiative pressure (Qpre). We assume Plank energy distribution in the spectrum of the star. For the values
of complex refractive index: m(A)=n(A)+ik(A) for basalt and graphite, we use the results of the laboratory
experiments according to [10,5]. We used tables of complex refractive index for the wavelength range from
A, =0.0075 um to A, = 50 um in increments of 0.001 um, with the addition of extrapolated values for the UV
range.

The parameters of basalt and graphite, as well as the constant parameters for calculating the sublimation
of grains, are given in Table 1. To study the orbital evolution of dust grains, we selected the cold dwarf WD
J1644-0449. According to [9], the temperature is T . = 3830K, M =045M_,and R __=0.013R_ . This
star shows the presence of spectral lines of lithium and other alkali metals in its spectrum, which is indicators
of accretion of the surrounding material onto the stellar surface.

Algorithm for calculating orbital evolution. Taking into account the main forces acting on the dust
particle with mass m, we can write the equation of motion in the following form:

= , Y v, -V
mit =—F e, +F{(1——)er ——’}+wa—;" (1)
c c v, -]

—

where F B is the gravitational force, F, is the radiation pressure, £ is the stellar wind pressure; c, Vk, v,
is the speed of light, the speed of the dust orbital motion, and the stellar wind speed, respectively. The second
term in equation (1) is the same as in [3], the third term is taken from [1].

To consider the motion of dust grains near white dwarfs, we neglect the influence of the stellar wind. For
numerical calculations, it is convenient to decompose equation (1) into two coordinates corresponding to the
radial and tangential direction of motion. For numerical calculations of the orbital evolution of the grains, we
use a system of three differential equations,
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where the third one is equation, defining the particle’s evaporation rate ds/dt:

2y - (1-p)

dt’* dt
2 2
de __ 1), drde do[ R, || )
dr’ P de dt dt 2r?
ﬁ = 0.0408 P H , CM/CEK.
a8 T,

To calculate the saturated vapor pressure P, on which ds/dt depends, we use the relation Ig(P) = C, - C/
T,, with the coefficients C, and C, from Table 1, where P is given in Torr. We have adopted the following

notations: r — distance to the star; ¢ — polar angle (the angle of rotation of the vector 7 ); R is the radius of
the star; o=Bp/c; p= F,/FgQ p, = GM_ - gravitational parameter of the stars, G — gravitational constant, M___
is the mass of the star, ¢ is the speed of light, p_and T - molecular weight of the dust particle material and
1ts temperature.

The set of equations (2) are equivalent to a system of five first-order differential equations for the required
parameters as functions of time: The initial conditions provided by aseparate file containing data from Table
1:8, u, H, T, and many other data, including material type, star mass and radius, initial grain’s sizes, initial
distance, radial, and tangential velocity,and other parameters.

Table 1 - Properties of dust materials used in calculations

Material S u H " T, H;, 10?° S, C,H)
g/em? erg/g dyn/cm* |K J/ mol (T, H

basalt 2.7 67.0 7.12e10 1.07e14 | 2284 79.2 10.915 24928.3

graphite | 1.95 12.0 7.27el1 4.3lel6 |3373 144.9 13.5129 45579.12

The calculations are carried out for particles that break off from their parent bodies with a circular or
parabolic orbital velocity and then move independently.

For calculations based on the basic system of equations (2), the values of the light pressure B and
the temperature of the particles T, play an important role. Since the grains are small, the interaction of
electromagnetic waves with small particles with a characteristic scale comparable to the wavelength is
described by the Mie theory. All calculations were carried out according to computer code compiled according
to [2].

The results of calculations based on the theory of Mie depend only on the properties of the material and
particle sizes and do not depend on the parameters of the star. Effective absorption factors Q_, are used to
calculate the thermal balance of particles, and factors Q  are used to calculate the light pressure. The Q,
factors for basalt and graphite are given in the form as shown in figures in the previous work [16].

The dust particle temperatures obtained from heat balance calculations are accompanied for comparison
by similar calculations for an absolutely black body, which is easily obtained from expression E, =E_, +
E ,assuming: B =0and <Q, >=<Q_>=1.Then a simple relation for the blackbody temperature of the
dust is obtained: T, =T (R /2r)".

Fig.1 shows the temperature distribution of basalt particles with distance from the star. As can be seen
from Fig. 1, that the temperatures of grains with radius less than 100 microns are lower than blackbody
temperatures at all distances from IR __to 200R _; the temperature of particle decreases only within the zone
<2R_ .

Sisgilar calculations performed for graphite particles showed slightly different results. Unlike the basalt
particles, temperatures of submicron graphite particles (Figure 2) are higher than the blackbody temperatures
for all distances from the star, even in the immediate vicinity at a distance of IR _. The temperature of micron
size and larger graphite particles (Figure 2) is similar to the blackbody temperature, except for the innermost
zone, located closer than 1.5R .

The ratio of the radiation pressure force to the gravitational force f= Fr/Fg does not depend on the distance

to the star and can be computed as follow:
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X
| Q,(2s.m)B,,, (A)d F _30,(s,mR}, 0T,

A _r star star
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pr P F, 4euds
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4
where Qpre(X,s,m) is the effective spectral factor of radiation pressure, calculated using the Mie theory.
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Figure 1. Temperature of basalt particles of different radii as a function of the distance to the star, given in
star radius with T . = 3830K.
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Figure 2. Temperature of graphite particles with different radii depending on the distance to a star with T .=
3830K.

Figure 3 shows that graphite grains are more susceptible to radiation pressure, and the maximum of its
influence falls on grains of submicron sizes.
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Figure 3. The ratio of radiation pressure to the gravity force depending on the radius of basalt and graphite
grains.
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Results and discussion. Calculations of the orbital evolution of dust grains in the sublimation region of
the white dwarf WD J1644-0449, where the particles are subject to active evaporation, were carried out using
the algorithm presented above. There is not much information about this cold (T, ~ 3830K) white dwarf yet.
The presence of dust has not been detected yet, but alkali metals, including lithium, have been reported by
Kaiser et al. (2020) [9].
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Figure 4. Distances from the star to the inner boundaries of the sublimation region of basalt grains freely
moving along circular and parabolic orbits (red line — parabolic, black line - circular).

Figures 4 and 5 shows the results of orbital evolution calculations for basalt and graphite grains moving
in circular and parabolic orbits. Grains evaporation occurs very close to the star. Basalt grains moving along
circular orbits evaporate at a distance of about 2.9 Rstar, regardless of their initial size (Fig. 4). Large micron
grains with radius s > 100 pm, moving along elongated orbits close to parabolic one, dive onto the star long
before they completely evaporate (Figure 4).
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Figure 5. Distances from the star to the inner boundaries of the sublimation region of graphite grains
freely moving along circular and parabolic orbits (red line — parabolic orbit, black line -circular orbit).

This property is even more profound for grains shown in Fig. 5. When moving in circular orbits, small
grains with radius s <0.1 um evaporate in the region close to the evaporation boundary of basalt grains, while
larger grains with radius s > 0.5 um form the evaporation boundary at a distance of about 1.5R _. Grains of
sizes s > 0.3 um moving on parabolic orbits dive onto the star before completely evaporating.

Conclusions. Our calculations have shown that:

Firstly, dust leaving the parent bodies moving along circular orbits can form a clear boundary of the dust
free zone at some distances from the star upon reaching the sublimation region. This distance for basalt grains
is about 2.9R__, corresponding to a blackbody temperature of about T, ,=1600K. For graphite grains, this
distance is about 1.5R _, which corresponds to a higher temperature of T, = 2200K.
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Secondly, dust of both silicate and carbon nature can fall on a cold white dwarf directly, without reaching
complete evaporation, if the parent bodies and dust particles move in elongated orbits close to parabolic.
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OIUPPOBKA KOMET ®OTOMETPUYECKHUX ACTPOHEI'ATUBOB
ACTPOOUSNYECKOI'O HHCTUTYTA UMEHMU B.I. PECEHKOBA

AnHoTauus. B naHHOW cTarhe NpeacTaBiICHbl pe3yabTarbl OHMU(POBKH KOMET (OTOMETPHUECKUX
acTpoHerarnBoB. Ha ocHOBe aHanmm3a apXMBHBIX AaHHBIX AcTpodu3uyeckoro MHCTHTYTa uMeHun B.I.
®ecenkoBa pazpadoran «L{udposoii xypHan ActporuiactTuny. Ha maHHBIE MOMEHT HUQPOBOH KypHAaI
coaepxut uHpopmaruio npumepHo 1o 10 000 apXxuBHBIM CHUMKaM. B 0CHOBHOM 3TO CIIEKTPHI ITAHETAPHBIX
TyMaHHOCTEH, CeH(EepTOBCKUX TaJaKTUK U acTpodororpaduyeckie CHUMKH KomeT. st ommdpoBku
aCTPOIUIACTHH TPUMEHSUICS CcTaHaapTHbeii ckaHep Epson Perfection V850 Pro ¢ nomnosHUTENbHBIM
nporpaMMHbIM obecrieduernneM Silver Fast8, mo3BonsiomnM B MpaBUIBHOM TOPSIKE HWHAMBUAYaJIbLHO
BBIOpaTh HYKHBIE TapaMeTpbl Uil Ka)KAOH acTPOIUIACTHHBI, YTOOBI MOJIYYHUTh HAJCKHBIH pPE3yJbTar.
[IpoBeneHsl TecTOBOE CKaHUPOBaHUE OOPA3IOB aCTPOHETaTHBOB U BHIOOP HEOOXOAMMBIX MapaMeTpoOB IS
CKaHMPOBaHMsI BCEro oObeMa JaHHBIX. 1€CTOBOE CKaHMPOBAaHHE MOKa3ano, 4To Hauboiee ONTHMAallbHBIM
BapUaHTOM OL(POBKH SBISIETCS PEXKUM C IPOCTPAHCTBEHHBIM paspemiernrneM 1200 dpi. Ha naHHbIi MOMEHT
onudpoBano 635 acTpoHeraruBoB, B ToM yuciie 140 KOMET ¥ JIsi HUX COOTBETCBYIOLIUE KaJIPbI JIJIsl 00padOTKU
60 xanmOpoBok u 45 crangaptoB. [y aBToMaTu3ayy MPOMKUCHIBAHKS 3ar0JI0OBKA KaXKI0T0 KaJapa HaMu ObLI
HalMcaH MPOrpaMMHBIA KOJ Ha sI3bIKe IporpammupoBanusi Python. B crathe mpuBeaens! ounpoBaHHbIC
ACTPOHETATHUBBI KOMET M JUISl Ka)KI0T0 ObUIM MPOMHMCAHBI 3arOJIOBKH C MOMOIIBIO MPOrPAMMHOIO KOAa Ha
sA3bIKe MTporpaMMupoBanusi Python. Ham kox Obu1 3apeructpuposan Ha BeO- cepsuce “GitHub”, B pabote
MpUBE/ICHA CChUIKA Ha KoJ. Pesymbrar Kojma mpuBeACH B BHJE BH3yalu3aluu A koMeTsl [laiiaymikosa
C/1951 C1 xotopas HaOmonanack B 1951 roay 28 mapra, sxcrio3urust 1800 cek.

KuaroueBbie ci1oBa: CTeKIIsiHHAs OUOIMOTEKA, apXUBHBIC JJAHHBIE, ACTPOHETaTUBBI, IIU(PPOBON KypHAII,
(oToMeTpHUECKUE TaHHBIE, KOMETA.

C.A. lllommexoBa“, U.M. UsmaiinioBa, C.I. Momkuna, A.JK. YMupoaeBa

B.I". ®ecenkoB aTbiHaarbl AcTpousnka MHCTUTYThI, AnMatsl, Kasakcran.
E-mail: shmshekva-saule@mail.ru

B.I. PECEHKOB ATBIHAATFbBI ACTPO®U3UKA NHCTUTYTbBIHBIH KOMETAJIAPIBIH
DOOTOMETPIIK ACTPOHEI'ATUBTEPIH HU®PIAYbI

Annorauus. byn makanana xomeranap OeHHeNeHIeH (OTOMETPIIK acTpoHeraTuBTepli wuudpiay
HoTmxenepi yceiHpFad. B.I. decenkoB arbiHgarel AcTpou3nKa HHCTUTYTHIHBIH MyparaT MOJIIMETTEPiH
Tajay Herizinae « ACTpoIuIacTHHANAPIBIH HUPIBIK Ky pHAIBD Kypbuiabl. Kazipri kezae nudpisik xKypHa
mamamen 10 000 skybIK MyparaTThIK Tycipilimaepi Oap akmapartsl Kypaiiael. HerizineH o, miiaHeTanbIK
TYMaHJBIKTap, ceidepr ramamaapbl *oHE acTpoPoTorpadusIIbIK KOMETalap TYCIpUTIMACPIHEH Typajbl.
ActportactuHazapasl LU piIayFa ceHIMII HOTHKE alyFa op Oip acTpoIIacTHHAFa JKeKe COMKec mapaMeTpIliepin
PETTUIIKIIeH TaHaayFa MyMKiHJlik OepetiH, SilverFast8 kochkiMila OaraapiiaMmaMeH KaMTaMachI3IaH bIPbUIFAH
Epson Perfection V850 Pro ctanaapTThl ckaHepi KoAIaHBUIIBI. ACTPOHEraTUBTED YJTIepiHe ChIHAK HU(pIIay
KYMBICTaphl Kacajibl KoHE OapibIK MOIIMETTepAl HUdpriayFa KaXeTTi mapameTpiiepi TaHJam ajbIHIIbL.
Ceinak nugpiay >KyMbICTapbl KeHICTIKTIK pykcar Oepyi 1200 dpi OonarbiH pexum nudpiayra eH KoJaiibl
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Typi Oombin TabbuTael. Kasipri yakeitra 635 acTpoHeratuB IudpiIaH/bel, COHBIH imiHae 140 xomeTa jxoHE
oJapzbl eHeyre apHanran 60 kanmuOpoBka sxoHe 45 cTrangapTTap. Op 0ip kaapra (oObekTinep OciiHeneHreH
IUQPIBIK  CypeT) CoMKec akKmaparThl €HTI3ydl aBToOMarTaHabpyFa Python OarmapmaManblk TiiHAE KOA
xa3bpuasl. Makanana Python Oarmapnamalnblk Kokl apKbLIbl COMKEC aKapaTTapbl CHIri3UIreH nupianran
KOMETaJap/IbIH aCTpOHEraTuBTepi KenripinreH. biznin kox “GitHub” Be0 skemiciHze TipKeNreH )KoHe )KYMBICTa
ofaH cinteMe OepinreH. 1951 xbutbl 28 Hayphzaa, 1800 cekyHIBIK SKCTIO3UIUAMEH OakbutanFaH [laiynikos
C/1951 C1 xomeTachl YIIiH KOl HOTHKECT BU3yaAbl TYP/E KOPCETIIreH.

Tyiiin ce3mep: MIBIHBI KiTanxaHa, MYpParaTTbIK MONIMETTEp, acTPOHETaTUBTEP, LHUQPIBIK KypHAI,
(hoToMeTpITiK MATIMET, KOMETA.

S.A. Shomshekova“, .M. Izmailova, S.G. Moshkina, A. Zh. Umirbayeva

Fesenkov Astrophysical Institute, Almaty, Kazakhstan.
E-mail: shmshekva-saule@mail.ru

COMETS PHOTOMETRIC ASTRONEGATIVE DIGITALIZATION AT FESENKOV
ASTROPHYSICAL INSTITUTE

Abstract. This article presents the results of comets’ photometric astronegatives digitization. Based
on the analysis of archival data of the Fesenkov Astrophysical Institute “Digital astroplate magazine” was
developed. At the moment, the digital magazine contains information on approximately 10,000 archival
photographs. These are mainly spectra of planetary nebulae, Seyfert galaxies and astrophotographic images
of comets. Astroplates were digitized using a standard Epson Perfection V850 Pro scanner with additional
SilverFast8 software that allows selecting individually the required parameters for each astroplate in the right
order to obtain a reliable result. A test scanning of astronegatives samples and the selection of the necessary
parameters for scanning the entire amount of data were carried out. Test scanning showed that the most
optimal digitization option is a mode with a spatial resolution of 1200 dpi. At the moment, 635 astronegatives
have been digitized, including 140 comets and their corresponding frames for processing 60 calibrations
and 45 standards. To automate the writing of the title of each frame, we wrote a program code in the Python
programming language. The article presents digitized astronegatives of comets and program code in the
Python programming language was written for each heading. Our code has been registered on the “GitHub”
web service, a link to the code is provided in this paper. The result of the code is shown as a visualization for
the comet Paidushkov C/1951 C1, which was observed on March 28, 1951, with an exposure of 1800 sec.

Key words: astroplate library, archival data, astronegatives, digital journal, photometric data, comet.

BBenenue. ApXuB INIACTHHOK U TUICHOK AcTpodusndeckoro nHctutyTa umenu B.I. @ecenkoBa (ADU D)
OXBaTbIBacT BpeMeHHOU nHTepBas moutu B 50 set (1950-1989 rr.) u BaskeH Kak il HHCTUTYTA, TaK U AJIS
MHUPOBOI'0 aCTPOHOMHYECKOro coobmectBa. Ocolyl0 LEHHOCTh MPEACTaBISCT apXuBHas MHGOpPMALUSI O
MEPEMEHHBIX 00beKTaxX (Pa3MYHBIX THNAX NEPEeMEHHBIX 3BE3l, aKTUBHBIX SAEP TaJaKTUK), MOCKOJIbKY
¢doTomeTpuueckasi M CHEKTpasibHas HH(OpMalMs COXpaHWJIACh TOJBKO B CTEKISIHHBIX OHOIMOTEKax
o0cepBaTopHii, MPOBOJUBIINX HAOIIOACHHUS B 3TH roJbl. bosiee Toro, 111 HEKOTOPBIX MEPEMEHHBIX O0BEKTOB
sTa HH(pOPMAIUST MOXKET COIEPIKATHCS UCKITIOYUTENBHO B CTEKIITHHON Oubnmoreke AOUD.

[Ipumenenue ¢ororpaduu B aCTPOHOMHUH CTAJIO PEILIAIOIIMM IIaroM B Pa3BUTUH acTPO(U3UKU B KOHIIE
JeBATHAIATOTO Beka. Vcmonb3ys ¢ororpaguueckue TeNeCKONbl U OOBEKTHBHBIC NMPHU3MbI, aCTPOHOMBI
MOJTy4aiu M300pakeHHs HeOa Ha CTEKJISIHHBIX IUIACTHHKAX B TeueHue Oosee yem 100-meTHero nepuosa Ha
MHOTHX 00CepBaTOpHsIX MO BceMy Mupy. B Hameil pabore Mbl onmupaeMcsi Ha ONBIT HOAOOHBIX pa3padoTOK,
CBsI3aHHBIX C ouU(POBKOH acTpodoTomarepuanoB. B pabore [1] mpeacraBieHsl mnpodeccuoHalbHbIC
PEKOMEHIalIK IO TEPEJOBBIM METOAaM OOpallleHHs C acTpoIUIacTUHaMU. B naHHOI paboTe onuchiBaeTcs
oun(poBKa ACTPOHOMUYECKUX IUIACTHH, BKJIIOYAsl COXPAaHEHUE IJIACTHH, 3HaYeHUE OUU(POBKHU IJIACTHH U
TEXHUKH OLM(DPOBKU IIACTHH.

B pabote [2] npencrasnensl ganHble MeXayHapoAHOTO ajbsiHCa BUPTyaibHBIX obcepBatopuil (IVOA),
CIIEKTPOCKOMNYECKOM BUpTyasibHOI o0cepBaropun (SVO), a Takxke B3aMMOCBSI3b MEKAY OLU(POBKOH INTACTUH
u BUpTyaibHOI oOcepBaropueii (VO). Ilpencrasnen apxus 3 30000 miiacTHHOK, BKIIIOYAsk CIIEKTPOTPAMMBI,
KOTOpBIE OBUIH TOJYYeHBI ¢ TIoMoIIkio Teneckorna [lImuara 60/90 cm B HanmoHansHOM acTpOHOMUYECKOM
obcepBaropun 1 60-cantTuMeTpoBoro peduiekropa B obcepsaropun Purple Mountain. boabmmHeTBO 3THX
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racTiH Oblmi momydeHsl B 1970-1980 romax, kotopble xpaHarcsi B apxuse obcepsaropun Llun Hdao. B
pabore [3] moka3aHbl pe3yJIbTaThl HCCICAOBAHUS CTEKISIHHOW OMOIMOTEKH ACTPOHOMHMYECKOTO MHCTUTYTA
M. I1L.K. Hltepubepra (FAWUII MI'Y). C nomoIpo apXUBHBIX JaHHBIX 00HAPYKEHO OOJBIIOE KOJTHYECTBO
HOBBIX NEpEeMEHHBIX 3Be3/. [loka3aHo, 4TO MOKHO MPOBOAUTH ACTPOMETPHUIO C OHMIMOKOH OKOJIO TOJIOBUHBI
nukcenst U ¢oromeTrpuio ¢ omubOkol okoio 0™.15. B pabore [4] mpencraBieHa onu@poBKa apXUBHBIX
nausblx IlepBoro Bropakanckoro mcciemoBanusi, coBMecTHO ¢ Pumckum yHuBepcuterom “La Sapienza”
(Mranus). st KaxIo# INIAaCTHHKM NMPOBOJAMIACH NMPUBS3KA K aCTPOHOMHUYECKOH CHUCTEME KOOPAMHAT C
MOMOIIBIO TOJTyaBTOMaTHUeCKOH mpoueaypsl. s poroMeTpuueckux AaHHBIX OCYLIECTBISUICS MEPEBOJ
B MHTCHCHUBHOCTH, a BCE CIIEKTPbI 0OpadaTsiBaiuch ¢ momombio npouenyp IRAF. Ilpencrasnena nepsas
poBepKa POTOMETPUIECKOM TOUHOCTH.

[To Bcemy mupy cymectByer okono 10 miH. actporuiacTuH [5]. BriroueHue Hamiero onnudpoBaHHOTO
apxMBa JIOTIOJHUT BceMHUpHYI0 0a3y mnpumepHo Ha 0.3%. Ludposoii dopmar xpaHeHHS MTO3BOIUT
MOJYYHUTh YAAJICHHBIA 10CTYM C JI000H TOUYKM 3eMJIM K HAIIMM apXHBHBIM JIaHHBIM, KOTOPBIE MOTYT OBITh
WCTIOJIb30BaHbl B COBPEMEHHBIX HAyYHBIX 3a/adax C MCIOJIb30BAaHMEM HOBBIX TEXHOJOTMH 0OpabOTKH M
aHanu3a. boJabIMHCTBO 00cepBaTOpUi MUpPa 3Ty pabOTy y’Ke IPOBEIH U UX apXUBBI CTEKIISIHHBIX OMOJINOTEK
nepeBeqeHbl B nudpoBoit popmar. Takue OHONMOTEKHM CYMTAIOTCS “30JI0THIM 3amacom’ 00cepBaTOpHH,
KOTOPBIM MPEAOCTABISACTCS AJISl UCIONB30BaHUsI BCEMY aCTPOHOMHUYECKOMY COOOLIECCTBY.

B nanHo#i pabore mpencraBieHbl pe3yibTaThl OLU(PPOBKH KOMET (OTOMETPHUUECKUX acCTPOHETaTHBOB.
B namem wuHcTHUTyTe HaOmomanuck KoMmeTsl Apenna-Ponana, Duke, Mpkoca, baxapesa, UypromoBsa-
I'epacumenxo u mHorue apyrue [6,7].

MarepuaJjbl 1 OCHOBHBbIe MeTobl (hoTorpaduyeckux Hadjaronenun komer. B Actpodusnueckom
HWHCTUTYTE MaJjble Teja HaOII0Aalich B OCHOBHOM Ha 50-CaHTHMEPOBBIM MEHHUCKOBOM TEJIECKOIIE CUCTEMBI
MakcyToBa, KOTOpbIi ObUT ycTaHOBJIEeH B oOcepBaropun Ha Kamenckom [lnaro, Ha BeicoTe 1450 merpoB
Haj ypoBHeM Mopsi, B 1949 roay. [lpu HabnroneHusax MajbIX TeJ YacTO MPUMEHSUIN METOM, NPeIOKeHHBIN
Metkodom. YacoBoil MexaHu3M acTporpada MOKHO OTPEryJHpOBaTh TAKMM 00pa3oM, 4ToObl acTporpad
CMeILaJICsl He BCIEA 3a 3Be31aMHM, a Bcliel 3a HaOMonaeMbiM 00bEKTOM (YIJIOBasi CKOPOCTh MEPEMEILCHHUS
KOTOpOro u3BecTHa). Torna Ha HeraTHBe HAOIIOAAEMBIH 00BEKT M300pa3UTCs KPYKOUKOM, a BCE 3BE3/bl —
yeproukamu (Puc. 1).

Puc. 1 — ®parment oundpoBannoro nzodpaxenust Komerst [laiinymkosoit C/1951 C1, nabnronanu
MeTozoM MeTkooMm Ha MEHHCKOBOM Teleckorie MakcyToBa (50cM.), 1951 roxy 28 mapra, SKCIIO3UIHS
1800 cex.

B metoanke MeTkoda 3kcro3uus MoxeT ObITh BeCbMa IPOAOJKUTEIbHOMN, @ 3SHAYNT, HAKaIIMBasi SHEPTUI0
n3IydeHus: HaOmomaeMoro oObekTa, (HOTOIUIACTHHKA MOXKET 3a(MKCHPOBAaTh OUYEHb CJIA00CBETALIMECS
00bekThl. OpUTrHHAJIEH METO, MPEJIOKECHHBIH H3BECTHBIM coBeTckuM actpoHomoM C. H. bmaxko. Ha
OJTHOW M TOM e IUIACTUHKE IOJIyYaroT TPU 3KCIO3ULUH ¢ niepepblBoM B 5—10 MuHyT. Beskuit pas nepen
HOBOHM 3Kcrmo3uiued (QOTOIIaCTUHKA YyTh-4yTh (HampuMep, Ha OOHY MMHYTY AyIH) CMeEIlaeTcs IO
ckjoHeHut0. HetpynHo cooOpa3ute, uro nomyuurcs: Ha Heratuse. Kaxnas 3Be3na Oyzmer oToOpakaThesi Kak
TP M300paKeHUs, IPUUEM BCE ITH M300paKEHUS! PACTSAHYTHI B MapajuleJIbHBIC APYT K IPYTY «LETIOYKH»
(Puc. 2) [8].
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Puc. 2 - ®parmenT onmdpoBanHoro m3odpakenns Komersr Apenma-Puro, Habmomanu metogoM biaxko
Mertkodom Ha MeHHCKOBOM Telieckorie MakcytoBa (50cm.) 1951 rony 30 mapra, JBe SKCITO3UIINH C
niepepbiBoM 480 cek.

Ouudporka komer acrpodororpadpuyeckux acrpoHeraruBoB. OuudpoBaHHBIH (GOpPMAT TaHHBIX
JIOJKEH COOTBETCTBOBATH OTPEACICHHBIM TPeOOBAaHUSAM VISl BKIIIOUCHHUS B TI00anpHBIA Karamor WFPDB
(Wide-Field Plate Database), xpausiutics B LieHTpe actpoHoMudeckux gaHHbIx B Copuu 1 00beTUHSOIINN
0a3pl MaHHBIX O MAHOPAMHBIX HAOMIOMEHUSX HebOa co Bcex oOcepmaropwii [9]. WFPDB ceituac sBmsiercs
WMCTOYHUKOM WH(OpMaInK I BEIOOpa HYKHBIX aCTPOIUTACTHH, a C pa3MelIeHHeM B HEM OIU(POBAHHBIX
M300pakeHN HETraTHBOB KaTalloT CTAaHOBHTCA YACThi0 BHPTyanbHOW obOcepBatopum [10]. B pabote
[11, 12, 13] mpenctaBieHbl mpodecCHOHANbHBIE PEKOMEHAANH TI0 TIEPEIOBBIM METONaM OOpaIleHus ¢
aCTPOHETaTHBaMH W OTHCHIBAETCS OUM(POBKA ACTPOHOMHYECKUX TUTACTHH, BKJIIOYAsl COXpAaHEHHE TUIACTHH,
3HauUeHHEe OMU(PPOBKH ITACTHH U TEXHUKHU OIU(PPOBKH TUIACTHH.

Byner mone3no s untateneil ¥ B TOM YHCIIe TIOTEHIIMAIBHBIX MTOB30BAaTEIeH HAIIUX OIM(POBAHHBIX
JAHHBIX MIPEJ0CTABUTEL TEXHUIECKHE IeTaN poliecca mudposm3arui. OnndpoBka kKoMeT POTOMETPUUESCKIX
aCTPOHETaTHBOBIIPOBEIeHACITOMOIIEI0 ckarepa Epson Perfection V850 Proc momomHUTETEHEIM IIPOTpaMMHBIM
obecrieuenmnem SilverFast8, BeIOpaHbl OITHMAaIBHEBIE TApAMETPHI: 04EHB TPAHCTIAPSHTHBIN, HETaTHB, ¢ 16 bit,
paspemenune 1200 dpi B popmare TIFF. Pasmep daiina onnoro kazpa 31.3 M6. B tabi. 1. mpuBeaeH Crucok
onr(ppoOBaHHBIX KOMET acTpodoTorpapuuecKknx acTpOHETaTHBOB, TOTYYEHHBIX HA MEHHUCKOBOM TeNIECKOIIe
MaxcyToBa, HabroneHust mpoBonmirch ¢ 1950-1966rr. [Ipennonaraemsiii cinemyrontuii mepurennii [ 14] ms
KOMET W3 Halllero apxvuBa. B OCHOBHOM HaONIOAEHWS MPOBOAMIN CIEIHATUCTHI Hamero wHCTUTyTa J[.A.
Poxxosckuit, JI.W. Toponeuxwuii, T.I1. Toporosa.

Tabmuma 1 - Crircok onu(pOBaHHBIX KOMET C MPOIMMCAHHBIMH 3ar0J0BKAMH TPEAIOIaracMoi ClieTyro-
ITUMH TICPUTEITASIMHI

HasBanne 00bexTOB

data-obs (Hagao)

data-obs (xoHer)

IIpennonaraemoit ciaeayromuii nepureani

Komera Apenna

1951-03-10T17:08:43.000

1951-11-25T14:44:57.000

Ilepuoguueckas (2024 mait)

Komera Apenna-Puro

1951-03-02T13:59:45.000

1951-04-26T20:00:35.000

Ieprogmueckas (2025 mapr)

Komera Ambpyx-Jxexcona

1957-03-24T07:21:50.000

1963-11-21T13:58:39.000

Ilepuognueckas (2025 okTs10pb)

Komera Koniha 22P

1951-03-10T18:08:42.000

1964-11-05T15:05:43.000

Teprogmueckas (2022 mapr)

Komera Kpommennaa 1928 111

1956-09-12T21:53:06.000

1956-09-12T23:18:06.000

Teprogmaeckast (2039 mait)

Komera Heyiimuna 11

1953-12-06T16:45:10.000

1954-02-05T16:31:39.000

[lepuonnueckas (2025 maif)

Komera Onpbepca

1956-09-12T14:22:07.000

Ilepuogmueckas (2024 uroHb)

Komera Orepma

1951-04-08T17:50:23.000

Tlepromaeckas (2022 nexadpb; 2023 wrob)

Kowmera ITonc-bpykca 1953C

1953-09-04T15:20:50.000

1953-11-10T13:31:40.000

Teprommueckas (2024 anpens)

Komera Duke 2P

1951-01-08T13:39:13.000

1951-07-12T20:36:49.000

[lepnonnueckas (2023 oxTa0ps)

OtckanmpoBanHOe u300pakeHue momydaercs B (opmare .tiff. [lamee momydeHHoe n300pakeHue B
¢dopmare .tiff mpeodpasyercs B popmar FIT (16-bit) ¢ momompro mporpammer Maxim DL Pro6.

OcHoBHBbIE pe3yJbTaThl M aHAJH3 HANMHCAHHME KOAA /ISl 3aMoJHEHHS 3aroJ0BOK MOJTy4YeHHBIX
KkaapoB. lludpoBuzamms apXWBHBIX [AaHHBIX W HAKOIUICHWE METaJaHHBIX M JalbHeimas padorta ¢
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pesynpraTaMd MOTHBHpOBajla Hac HamucaTbh koJ B Python s aBTOMarnsanuu 3arlojHEHHUS 3aroJOBKOB
MOJTYYEeHHBIX HaMH OoLU(poBaHHBIX KaapoB [15]. Ilpu pabore ¢ mporpaMMHBIM KOIOM, HAIlUCAHHBIM B
Python, Bce xaxpsl HeoOxonumo nepeBectu u3 Gopmara.fit B.fits, FITS (Flexible Image Transport System) —
3T0 hopMaT (ailIoB, UCTIOIB3YEMBII B HAyKe JUIs XpaHEHUS, IepeJadt U peJaKTHPOBaHUs H300paKeHUH 1 UX
MeTagaHHbIX. s sToro ncnone3yercs komanaa B nporpamme IRAF — dataio.wfits. Tak kak nmporpaMMHBIH
KO TO3BOJIAT paboTaTh CO CHHCKOM, BpeMsi paOOTBhl COKpamlaeTcss ¥ MUHMMHU3UPYETCS UYeIOBEUECKHUN
(axTOp NpH 3anoIHEHUH 3arojoBKoB. [IpeoOpazoBanubM B popmar FITS m3o0pakeHusM a7t JanbHEHIIero
HCCIIeIOBaHUsT HEOOXOAMMO MPOIHUCATh 3arojOBKM, MCIONB3Yys co3laHHbIM Hamu «L{udposoil xypHa
ActportacTiuny. BaXHbIMH JaHHBIMU SIBJISTIOTCS] KOOPAMHATHI LIEHTPA aCTPOHETATHBOB U BpeMsl HaOMIOACHUSL.
OOBIYHO B PYKONHMCHBIX HaOIIOAAaTeNbHBIX XypHanax BpeMs ykasbiBaeTcs LST (local sidereal time) n/mnm
LT (local time). IlepeBox Bpemenu B UT kakgoro kaapa ObUI aBTOMAaTH3MPOBAH M BKIIOYEH B YKa3aHHBIN
panee nporpaMMHBIN Koxl. Ha puc. 3 Bu3yannsupoBas npouecc BHeceHUs JaHHbIX u3 «L{ndposoro xypHana
ACTpOITaCTHH» B 3ar0JIOBKH MOJTYYEHHBIX KaJIPOB.

1D, object ,ra, dec, date-obs, exp, DN, OBJECT, DATE-OBS, EXPTIME, OBJECTRA, LonotH e e
[laHHbIE U3 TaBANLL! time-obs, time-end, size, telescope, 3aro/0BOK | «—— OBIECTDEC, EPOCH, ID, TELESCOP, OBSERVER, e
observer, comments (OBSERVAT i

Mepesog, BpemeHH
Houb Habniogen HuiA mexay IKENOIMLMA U3 YpPHANa IKCNONLUM 8
AByma natamu (date-obs) Habnogenni CceRyHAbI
Mepablit geHb. Bropoit feHb
IOnmanckuit aerb RA
. nepesos Gopmara us
ahimaseiiii
Hucno 1oMaH cKuxX CToNETHi
! KoopuaaHTLl ofbexTa
3Be3HOe BPEMs B NyHKTE €
BOCTO4HOM AOATOTON
1 DEC
MecTHoe 38e37H0e BpEMA B nepeBon GoptaTa
NOMHOYL Ha FPHHBMYE G g e
1
MecTHoe 38e34H0e BpemA B
MECTHYI0 NONHONL Ha FPUHBMYE €
yueTom pasnrum 8 64acos oy
P HabniopeHuii MeHblue, DATA-OBS ONE
Pa3HALA MEIAY MECTHIM ,// N e BPEMA MeCTHOR
geEaak vl pemeH enfBliviectyio " CpasHeHve BpemeHn nonHouY no FpuHBiyy
NOAHOYbL M MECTHBIM 3883AHBIM ”,/ WaGniogenit oo ~.
BpemeHem HabnioaeHniA < R
1 g NOAHOuM Ha -
MecTHoe Bpema HabaioAeHWi M“x Ll f,r"/ Ecnu spema
| - HabnioneHwii 6onblue, DATA-OBS TWO

uem BPEMA MECTHOI

Bpema Habnrogenmii no spemenn
noAHouM no MpuHBMuy

Ha puHBHYE

Puc. 3 — BusyanuzupoBan mporecc BHeceHus AaHHbIX U3 «Lludposoro xypHana AcTpomacTus» B
3aroJIOBKH MOJYYEHHBIX KaJpOB

Ha puc. 4 npeacrasiieH pe3yibTaT MPONMCAHHOTO 3arojoBKa Kajipa ¢ MOMOLIbI0 IPOrpaMMHOIO KoJa Ha
sa3bIke mporpammupoBanus Python ans xomersr [laiinymkoBoit C/1951 C1 xoropas nabmonanacs B 1951
roay 28 mapra, sxcriozunus 1800 cexk.

SAOImage ds9 Paiduskova_28-29.03.1951_30m_1-165.fits
File Edit View Frame " Zoom Scale Color Region WCS Aralysis Help File Edit Font
File Paiduskova_28-29.03.1951_30m _1-165.fits [SINPLE = T / FITS STANDARD
Object Paiduskova S — = 16 / FITS BITS/PIXEL
Vaiie = 2/ NUMBER OF AXES
= 601 /
wcs I = 3711 /
Physical X y | = 1 / REAL = TAPE*BSCALE + BZERO
Image x —— = 32768
Frame 1 X 0232568 0 I K0 -TRIE
. — — - - TE 2622-01-17T08:36:57"
file | edit | view frame bin zoom scale color region | wes analysis help |rRaFNANE= ‘Paiduskova 28-29.03.1951 39m 1-165.fit' / NAME OF TRAF TMAGE FILE
open save | header pagesetup | print | exit |IRAF-MAX 5.912200E4 / DATA MAX
TRAF - 1.776090E2 / DATA MIN
16 / DATA BITS/PIXEL
USHORT * / PIXEL TVPE
'EPSON ' / instrument or canera use

d
‘Silverfast 8.0.1 rd5 (Apr 24 2014) 745€a2l 24.04." /Mame of

'TIFF t/ Format of file from which image was read
Rotate 90 CW'

INVALID * / Indicates validity of image's Bayer pattern.
MaxIn DL Version 6,11 150610 1S5HR' /Name of softwere

320 /Subframe X position in binned pizels
72 /Subframe Y position in binned pirels
- HISTORY Edit Crop
ACSTRETCH= 'Range ' / Initial display stretch node

384 /Initial display black level in ADUS
31795 /Initial display white level in ADUs

® /Correction to add for zero-based ADJ

‘Maxin Krugov' / Licensed owner of software
‘1165 *

'Paiduskova'
1951-03-28T14:59:45.€00"
1800.0

'04:36:12.8"
52:16:12.6"

19
2433734.124826389

‘Wide aperture Maksutov neniscus telescope with mair mirror 50 cn’
‘Tropova T.A.'

‘FAL

Puc. 4 - [Ipumep 3aronoBka Kajipa, TpONUCAHHOTO B.fits (aii ¢ MOMOIIBIO MPOTrPaMMHOTO KOAa
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3axuouenne. [[poBeieHHBIN HAMY aHAIN3 ApXUBHBIX JAHHBIX CTEKIISTHHOM OMOINOTEKH aCTPOHOMHYECKUX
00bekToB AOU® mo3Bommn HaMm co3aars (opmar “LludpoBoro xypHama Actporutactur”. Ha nanHBIN
MOMEHT IM(POBOH KypHAI cofepkuT nHpopmanuio npumepHo mo 10000 apxusabiM caumkam (https://docs.
google.com/spreadsheets/d/1kTneTpxyJbzmQ b8l11NdOa5YqJBe4lod/edit#gid=1243813143). B ocHoBHOM
9TO CHEKTPHI JIAHETAPHBIX TYMaHHOCTEH, CeH(ePTOBCKUX raJlakTHK U (POTOMETPHUIECKNE CHUMKH KoMeT. 13
HUX 0KoJo 1% He nmoanesxar oudpoBKe 110 Ka4eCTBY U 110 COXPaHHOCTH. B nanHoii paboTte ObUIN MIPHUBEACHBI
pe3ynbTaThl OUU(PPOBKH aCTPOHETaTUBOB MO HaOmoaeHusiM koMeT. s ckanupoBaHus (oTorpaduuecKux
ACTPOHETAaTHBOB KOMET UCTIONB30Bajcs ckanep Epson Perfection V850 Pro ¢ monomHUTEIBHBIM TPOrpaMMHBIM
obecnieueHneM SilverFast8, Ob11i BEIOpaHb ONTHMANIbHBIE TAPAMETPBI: OUEHb TPAHCIIAPEHTHBIH, HeraTus, ¢ 16
bit, paspemenue 1200 dpi B popmare TIFF. Pazpaboran anroputm rnepeBoja onud)poBaHHBIX H300paskeHUH 13
¢opmara TIFF B popmar FIT (16-bit) ¢ momombto nporpammer Maxim DL Pro 6. []ist mporncanus 3aroioBKoB
oun(pOBaHHBIX KaJpOB ObLT HAITUCAH ITPOTPAMMHBIN KOJI Ha sI3bIKE TporpammupoBanus Python amst yno6crsa
1 aBTOMaTH3aluy npolecca. B Xozne HMKIOB IPOrpaMMHOIO KOZIa IPOMHUCHIBAETCS 3ar0JI0BOK Ka)10T0 Kaapa
¢ ucnonp3oBaHueM MeranaHHbX “lludposoro xypHana Acrporutactun”. st BHeceHus] HHQOPMAIUU TI0
onrdpoBaHHBIM acTporiacTuHaM B 0a3y AaHHbIX HanmonansHOM BupryansHoit o0cepsaropun PK, BMecte ¢
oLM(pPOBAHHBIMU U AOTIOJIHUTEIBHBIMU HH(POPMALMSIMU U3 KypPHAJIOB HAOIIOCHUH, TOJDKHBI OBITH COOpaHbI
B OT/ENbHBIC (ailbl Bce COOTBETCTBYIOUINE METaAaHHbIC, KOMMEHTAPUU U APYTHE CBA3aHHBIC JJAHHbIC MO
0OBEKTY.

Hccnedosanue ghunancupyemes Komumemom nayxu Munucmepcemea obpasosanus u Hayku Pecnyonuxu
Kazaxcman (npoepamma Ne BR10965141).
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