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B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peJakTOpABIH OpbIHOacaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/ibl, Ononorus reUIbIMAApPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBHY, MEIHIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIap/bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FBUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axagemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasaxcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2024 ¢ 1
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro neHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASYA KOJJIET US:

PAMA3AHOB Tiekkaya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOpA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, wWieH-KopPeCoHIeHT
HAH PK, Ph.D B obnact OHOXMMUM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaitbHblil aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxnmusi, arpoxumus), mpodeccop, IIaBHbII HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
EBpasuiickuii HarmoHanbHbli yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydart, noxrop TexHIYeCKHX Hayk (Omoxumins), mpodeccop, 3aBemyronmii xkadenpoi «OnTHmMusarms

XUMHYECKOW M OHOTEXHONIOTHYECKO anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocenst), H = 14

JIOKIIIUH Bsiuecia HoranoBu4, JTOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOJIOrMHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN IeSTelb HayKH
Yysarckoii PecryOnuku, 3aBeyroriiiii kadeapoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIil
yausepcute» (Yebokcapsl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kortemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (HaKyisTeT Boc-

TOYHOM MeaniIHbl YHuBepeuTera Xamuapaa (Kapaun, [Takucran), H=21

MIENETKHWH Hrops AnekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Isetpo, roxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaio (Pum, Utamms), H =26

MAJIBM AnHa, 1oKkTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJIMIMHCKoro0 yHuBepeuTera (JIro6mun, [Monbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOH/ICHT
HAH PK, maBHblil HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapmin (Hyp-Cyiran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KTOp (GU3MKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaIeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monoss! (Kuinxes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUUECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Cobcreennnk:  PecryOmikaHckoe  oOmiecTBeHHoe oObenuHeHne «HarmoHanbHas akajgemust Hayk  PecryOmukn
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yeckue HayKu.

IMepuommunocts: 4 pas B rox. Tupax: 300 sx3eMIsIpoB

Anpec penakiuun: 050010, r. Anmarsl, ya. [lleBuenko, 28; kom. 219; rein. 272-13-19
http://reports-science.kz/index.php/en/archive

© POO «Hanuonansuas akagemus Hayk Pecryomuku Kasaxcramy, 2024



REPORTS 2024 o1
OF NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

EDITOR IN CHIEF:
BENBERIN Valery Vasilievich, Doctor of Medicine, Professor, Academician of NAS RK, Director of the
Medical Center of the Presidential Property Management Department of the Republic of Kazakhstan (Almaty,
Kazakhstan), H= 11

EDITORIAL BOARD:

RAMAZANOV Tlekkabul Sabitovich, (Deputy Editor-in-Chief), Doctor in Physics and Mathematics,
Professor, Academician of NAS RK (Almaty, Kazakhstan), H = 26

RAMANKULOY Erlan Mirkhaidarovich, (Deputy Editor-in-Chief), Professor, Corresponding Member of
NAS RK, Ph.D in the field of biochemistry and molecular genetics, General Director of the National Center for
Biotechnology (Nur-Sultan, Kazakhstan), H =23

SANG-SOO Kwak, PhD in Biochemistry, Agrochemistry, Professor, Chief Researcher, Plant Engineering Systems
Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), (Daecheon, Korea), H = 34

BERSIMBAEV Rakhmetkazhi Iskendirovich, Doctor of Biological Sciences, Professor, Academician of
NAS RK, L.N. Gumilyov Eurasian National University (Nur-Sultan, Kazakhstan), H = 12

ABIYEYV Rufat, Doctor of Technical Sciences (Biochemistry), Professor, Head of the Department of Optimization
of Chemical and Biotechnological Equipment, St. Petersburg State Technological Institute (St. Petersburg, Russia), H= 14

LOKSHIN Vyacheslav Notanovich, Professor, Academician of NAS RK, Director of the PERSONA
International Clinical Center for Reproductology (Almaty, Kazakhstan), H =8

SEMENOYV Vladimir Grigorievich, Doctor of Biological Sciences, Professor, Honored Scientist of the
Chuvash Republic, Head of the Department of Morphology, Obstetrics and Therapy, Chuvash State Agrarian
University (Cheboksary, Chuvash Republic, Russia), H =23

PHARUK Asana Dar, professor at Hamdard al-Majid College of Oriental Medicine. Faculty of Oriental
Medicine, Hamdard University (Karachi, Pakistan), H =21

TSHEPETKIN Igor Aleksandrovich, Doctor of Medical Sciences, Professor at the University of Montana
(Montana, USA), H=27

CALANDRA Pietro, PhD in Physics, Professor at the Institute of Nanostructured Materials (Monterotondo
Station Rome, Italy), H =26

MALM Anna, Doctor of Pharmacy, Professor, Dean of the Faculty of Pharmacy, Lublin Medical University
(Lublin, Poland), H =22

BAIMUKANOYV Dastanbek Asylbekovich, Doctor of Agricultural Sciences, Corresponding Member of the
NAS RK, Chief Researcher of the department of animal husbandry and veterinary medicine, Research and Production
Center for Livestock and Veterinary Medicine Limited Liability Company (Nur-Sultan, Kazakhstan), H=1

TIGHINEANU Ion Mikhailovich, Doctor in Physics and Mathematics, Academician, Full Member of the
Academy of Sciences of Moldova, President of the AS of Moldova, Technical University of Moldova (Chisinau,
Moldova), H =42

KALIMOLDAYEYV Maksat Nuradilovich, doctor in Physics and Mathematics, Professor, Academician of
NAS RK (Almaty, Kazakhstan), H="7

BOSHKAYEYV Kuantai Avgazievich, PhD, Lecturer, Associate Professor of the Department of Theoretical
and Nuclear Physics, Al-Farabi Kazakh National University (Almaty, Kazakhstan), H = 10

QUEVEDO Hemando, Professor, National Autonomous University of Mexico (UNAM), Institute of Nuclear
Sciences (Mexico City, Mexico), H = 28

ZHUSSUPOV Marat Abzhanovich, Doctor in Physics and Mathematics, Professor of the Department of
Theoretical and Nuclear Physics, al-Farabi Kazakh National University (Almaty, Kazakhstan), H=7

KOVALEYV Alexander Mikhailovich, Doctor in Physics and Mathematics, Academician of NAS of Ukraine,
Director of the State Institution «Institute of Applied Mathematics and Mechanics» DPR (Donetsk, Ukraine), H =15

TAKIBAYEYV Nurgali Zhabagaevich, Doctor in Physics and Mathematics, Professor, Academician of NAS
RK, al-Farabi Kazakh National University (Almaty, Kazakhstan), H=5

KHARIN Stanislav Nikolayevich, Doctor in Physics and Mathematics, Professor, Academician of NAS RK,
Kazakh-British Technical University (Almaty, Kazakhstan), H = 10

DAVLETOYV Askar Erbulanovich, Doctor in Physics and Mathematics, Professor, Academician of NAS
RK, al-Farabi Kazakh National University (Almaty, Kazakhstan), H = 12

Reports of the National Academy of Sciences of the Republic of Kazakhstan.

ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)

Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty). The certificate of registration
of a periodical printed publication in the Committee of information of the Ministry of Information and Social
Development of the Republic of Kazakhstan No. KZ93VPY00025418, issued 29.07.2020.

Thematic scope: biotechnology in the field of crop research, ecology and medicine and physical sciences.
Periodicity: 4 times a year. Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://reports-science.kz/index.php/en/archive

© National Academy of Sciences of the Republic of Kazakhstan, 2024



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

ISSN 2224-5227

Volume 1. Number 349 (2024), 123—-138
https://doi.org/10.32014/2024.2518-1483.261

UDC: 523.61; 523.64
IRSTI: 41.19.31

© L.I. Shestakova, R.R. Spassyuk®, 2024
V.G. Fesenkov Astrophysical Institute LLP, Almaty, Kazakhstan.
E-mail: ruslan.spassyuk10@gmail.com

DESTRUCTION OF COMETS BY THERMAL STRESSES

Shestakova Lyubov I. — Fesenkov Astrophysical Institute, Candidate of Physical and Mathematical
Sciences, head of the Laboratory of Physics of Stars and Nebulae

E-mail: shest1952@mail.ru, https://orcid.org/0000-0002-2223-5332;

Spassyuk Ruslan R. — Fesenkov Astrophysical Institute,Bachelor of Nuclear Physics,engineer of
the Laboratory of Physics of Stars and Nebulae

E-mail: ruslan.spassyuk10@gmail.com, https://orcid.org/0000-0002-7780-2533.

Abstract. The problem of comet destruction has not yet been solved. Comets
can unexpectedly break down in arbitrary places on their orbits. The mechanisms
involved in explaining such phenomena do not provide satisfactory predictions
on the possibility of the decay of each individual comet. In addition to existing
mechanisms for comet destruction, we propose using the method of thermal stresses
inside and on the surface of cometary nuclei as they approach the Sun on elongated
orbits. We use a thermal diffusion equation to calculate the compression thermal
stress on the surface and the discontinuous stress inside spherical comet nuclei as
they move towards the Sun in a parabolic orbit. By comparing the strength limits
of the material in the core with the obtained thermal stress, it is possible to predict
the cracking of different-sized comet nuclei at different distances from the Sun.
Calculations were performed for two different phases of ice: hexagonal crystalline
ice (Ih) and amorphous ice. The main conclusions are based on crystal ice data. The
observational flare phenomena’ data and observed comets’ decay were compared
with calculation results. From observational cases of comet decay, one can also
estimate the composition of the cometary material and its actual strength.

Keywords: comets, thermal stresses, destruction of comets, crystalline and
amorphous ice
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KOMETAJIAPJIBIH TEPMUSIBIK KEPHE YJIEPMEH
KOUBLITYbI

AnHoTanus. KoMeranapabiH »KOUBLTY MOCeJIeC] o1l MenmiareH koK. Komeramap
©3 OpOMTAChIHIIA KE3JIEHCOK JKepiiep/ie KYTIIETeH JKEpJeH bIJbIpayFa KaOlleTTi.
Byn KyOBUTBICTHI TYCIHAIPY VIIIH KOJJAHBUIATHIH MeEXaHU3MEp opOip HaKTHI
KOMETaHBIH bIIBIpAy MYMKIH/IIT1 TYpasbl KaHAFATTaHAPJIBIK OOKAM/Tbl KAMTaMacChI3
erneiini. KomeranmapablH SKOHWBUTYBIHBIH — KOJIIAHBICTAFbl  MEXaHU3MJEPiHEH
Oacka, 0i3 y3apTeurraH opOuTtamapma KyHre jxakplHZaraH Ke3le KOMETAIBIK
SIIPOJTAP/IBIH, ITIH/IE XKoHe OeTiHJIe makija OONaThIH TEPMHUSIIBIK KEPHEYIIEP dICiH
KOJJIaHYyZbl YChIHAMBI3. Mojenbpaik ecenrteynepae 0i3 mapabomanblk opOuTana
Kynre skakpiHzaran ke3jeri cepajblK KOMETAJIbIK sPOJIAPIbIH  IIIiHICTI
OeTiHeri KbICy TEPMUSIIBIK KEPHEYJIEePIH JKOHE Y31y KepHEYNepiH ecenrey YIIiH
TepMUSUIBIK U y3ust TeHAeyiH KoimaHambi3. Herisri marepuanmbiH OepikTik
LIeTiH HOTHXKECiHAE mMaija OoNaThlH TEPMUSUIBIK KEpHEYJIEPMEH CajlbICThIpa
oTHIpeIT, KyHHEH opTYpii KamIbIKTBIKTAFBl 9PTYPIIi OIeMaeri KoMeTalapablH
SIIPOJIAPBIHBIH JKapbUIyhl Typasbl 00hkaM xacayra Oonansl. Ecenteynep My3nbiH
eKi Typiai (azamblK Ky#uepi YOIiH KYpri3iifi: anTbIOYpBIITE KPUCTAIABI MY3
(Ih) »xone amopdThl My3. Heri3ri KOpbITBIHABLIIAP KPUCTAIBIK MY3 JAEPEKTEPiHEH
xacanrad. Ecenreynep HoTHKeIepiMeH HaKThl OaliKajFaH KOMETalnapablH TYTaHy
KYOBUTBICTapBI MEH BIABIPAYHI TypajIbl OaKblIay AEPEKTEPiH CATBICTHIPY KYPTi3imi.
KomeTtanapabiH bIIbIpaybIH OaKblIay apKbUIBI KOMETalap MaTeprUabIHBIH KYPaMbIH
YKOHE OJIap/IbIH HAKTHI KYIIIiH aHBIKTayFa 00Ja Ibl.

Tyiiin ce3aep: KoMeTanap, TEPMISUIBIK KepHEYIep, KOMeTalapablH OY3bUIYHI,
KPHUCTAJIJIBI KOHE aMOP(PTHI M3

© JI.W. lllecrakoBa, P.P. Cnacrwok*, 2024
TOO «Actpodmsnuecknii ”HCTHTYT UM. B.I. DecenkoBay», AIMarsl,
Kazaxcran.
E-mail: ruslan.spassyuk10@gmail.com

PABPYIIEHUE KOMET TEPMUYECKUMU HANIPA KEHUAMU

AnHoTanms. [Ipobnema pa3pylieHuss KOMeT 70 CUX Hop He perieHa. KomeTst
CIOCOOHBI pa3pylliaTbCsl HEOXKHIAHHO B IPOM3BOJIBHBIX MeCTaX OpOUTHI.
MexaHu3MBbl, KOTOpPBIE MPUBIEKAIOTCS Al OOBSICHEHUSI 3TOTO SBJICHHUS, HE JAIOT
YAOBJIETBOPUTENBHBIX MPOTHO30B BO3MOYKHOCTH pacmaza KaXKAOH KOHKpETHOU
KOMETBl. B 1omonHeHne K MMEIoIMMCS MEXaHW3MaM pa3pylIeHHs KOMET Mbl
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npeasaraeM MCHONb30BaTh METOJ TEPMUUYECCKHX HAMpPSKEHUH, BO3HUKAIOIIUX
BHYTPH ¥ Ha TIOBEPXHOCTH KOMETHBIX Sijiep 10 Mepe ux npuommkerus Kk ColHILy
MO BBHITAHYTBIM opOuTam. B MomenbHBIX pacuérax Mbl HCIOIb3YeM YpaBHEHHE
TerwioBoil auddy3un At pacuéra KOMIPECCUOHHBIX TEIUIOBBIX HAUPSDIKEHUH Ha
MOBEPXHOCTH M Pa3pbIBHBIX HANPSDKEHUI BHYTPH KOMETHBIX sIJiep MIapooOpazHon
¢opmer pu ux mpubmmxernnn k ConHiy mo mapabonmuveckoil opoute. U3
CpaBHEHHUS MPEJENIOB MPOYHOCTH Marepualia sjpa C TOJIYyYEeHHBIMH TEIUIOBBIMHU
HaNpsDKEHUSMH  MOXKHO JIeIaTh TPOTHO3BI O PACTPECKUBAHHUHM KOMETHBIX
SOep pa3HbIX pPa3MEpOB Ha PA3IUuUHBIX paccTosHusAX oT ConHua. Pacuérs
MPOBEJCHBI JJIsl IBYX Pa3iUYHbIX ()a30BBIX COCTOSHUM JIbJa: T€KCAarOHAIbHOTO
kpucraynueckoro jabaa (Ih) n amopduoro nema. OcHOBHBIE BBIBOIBI ClIEJIAHBI
Ha OCHOBE JAHHBIX KPHCTAITMYECKOTO Jbja. [IpoBefeHO cpaBHEHUE IaHHBIX
HaOMIOACHUH BCIBIIICUHBIX SIBICHUN M pacliaja peanbHO HAOII0AaeMbIX KOMET €
pe3ynbpratamMu pacuéToB. M3 HabmoneHuit ciydaeB pacnajga KOMET MOXKHO TaKxkKe
CYIHUTB O COCTaBE MarepHajla KOMET U X pealbHON MPOYHOCTH.

Ki1roueBble ci10Ba: KOMEThbI, TEPMUUYECKHE HANPSDKEHUS, Pa3pyLICeHUE KOMET,
KPUCTALIMYECKUN U aMOP(HBIH JIEN

Introduction

Despite comets being frequently discovered and well-observed, their formation
mechanisms and mechanisms for their evolution and disintegration remain unclear.
The agglomeration models of comet structure (Greenberg et al., 1995) suggest that
these are loose and porous structures with a density of approximately 0.1 g/cm?,
which can easily be destroyed by tidal forces. This model has some inconsistencies
due to observations of Halley and Shoemaker-Levy-9 comets showing a density of
about 0.6 g/cm? (Solem, 1995; Asphaug and Benz, 1996).

There are other mechanisms of comet destruction: disruption by centrifugal forces
during rapid rotation, fracture by internal gas pressure during intense evaporation
of gases inside the comet as it approaches the Sun and collisions with other small
bodies. Despite the abundance of offered mechanisms, the problem is far from
solved and requires the involvement of other mechanisms for the destruction of
cometary nuclei. There is a list of disintegrated comets, and, according to Sekanina
Z. (1997), many of them were destroyed for unknown reasons.

An interesting alternative to the mechanism of destruction by tidal forces may
be the destruction of a comet by thermal stresses (Kiihrt, 1984), which can be
calculated both analytically and numerically using the thermal diffusion equation
(Kiihrt, 1984; Shestakova and Tambovtseva, 1997). The values of thermal stresses
can be greater than the limits of the mechanical strengths of terrestrial materials
and exceed by several orders of magnitude the stresses arising from the action of
tidal forces.

The thermal destruction mechanism we are developing is worth considering
because it assumes the decay of cometary nuclei at various distances, including
large distances from the Sun, and can potentially explain the decay of long-periodic
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comets in random places of their orbit. In the work of Shestakova and Serebryansky
(2023), the mechanism of thermal destruction is proposed as a possible mechanism
for forming debris disks at large distances from stars and as a source of material for
rings near planets. Thus, applying this mechanism to the decay processes of small
bodies may have various interesting consequences.

Our research will focus on analyzing the thermal stress inside and on the surface
of comet-like bodies as they approach the Sun on parabolic orbits. By adopting
this approach, we can use analytical solutions to the thermal diffusion equation for
bodies of various sizes and monitor increases in internal and surface stress as these
objects orbit at different distances from the Sun. Once the maximum strength in the
nucleus material is reached, comets can be separated and fragmented.

Methods

Theoretical and numerical heat transfer analyses from the surface to the inner
layers of a cometary body can be conducted using the heat diffusion equation
(hereinafter — HDE). The HDE for a spherical body, according to Kiihrt (1984),
has the form:

or
Cva”t:

where T is temperature, ¢ is the current time, x is the coordinate, which is
calculated from the center of the ball, where x = 0, along the radius of the body up
to r, and ¢ (T) is heat capacity per unit volume and k(T) is the thermal conductivity
of the material.

The above equation can be solved together with the initial condition for = 0
and two boundary conditions: for the center of the body at x = 0 and its surface
at x = . The boundary condition for the center of a spherical body is universal
because it follows from its symmetry: dT/dx = 0 when x = 0. We choose the initial
and boundary conditions on the body’s surface based on the physical conditions in
which the body is situated. The initial condition is chosen because the whole body
is isothermal at a certain starting distance Ro, so T(x) = T, when t = 0, when T,
stands for equilibrium surface temperature. The main problem is the choice of the
boundary condition on the body’s surface because the surface temperature changes
over time as the body approaches the Sun.

If the parameters k and ¢ are constant, then Equation (1) is linear in T. When
solving Equation (1), we use parameters a*=k/c_[cm?/sec] and t =(r/na)’, where T _
determines the characteristic heating or cooling time of the body.

If, in the thermal balance of the body, we ignore the loss of sublimation and
thermal conductivity towards the center of the body, then we get the surface
boundary condition in the form of a blackbody approximation:

bl g 2 or
56(7(7556) + ;K(Dgx, (1)
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leﬁ"

T(t) = W, 2)

where T . is the temperature of the photosphere and R is the radius of the Sun.
The phenomenon of temperature hysteresis, resulting from heat conduction into the
core as the body approaches and recedes from perihelion, does not exceed daily

fluctuations in the surface temperature (T ). This T is \/5 times greater than our
assumed value at the point closest to the Sun.

The fundamental principle for getting an analytical solution to the HDE is the
representation 7(2) as an explicit function of time. It is only possible for parabolic
orbits with a perihelion distance ¢ ~ 0. In this case, for parabolic orbits, the transit
time from the distance R to the perihelion has the form:

©(R) = (2/GMo)'*R**/3, (3)
where G is the gravitational constant, and Mo is the mass of the Sun. As a

result, we obtain the boundary condition necessary for solving HDE in the form of
an explicit function of time:

T
Ts(t) — 173 )
(1-t/7,))
Ty o
where T (t) = —=====, is the body’s temperature at the starting distance
J2R, /R

R, t - 7(R) is the current time.

The HDE solution makes it possible to calculate the temperature profile along
the radius of a body T(x), moving in a parabolic orbit at any given distance from the
Sun and for any materials with known thermal parameters k and c .

The only parameter that is directly used in solving the thermal diffusion equation
is the ratio of the coefficient of thermal conductivity k to the heat capacity ¢, = c.p,
that is, the coefficient of temperature conductivity: a> = k/(cpp).

According to Klinger (1980a), for temperatures above 25 K, the thermal
conductivity of crystalline ice can be represented as k = 567/T Wm™'K"'. The heat
capacity determined from experimental data according to Giauque & Stout (1936)
within the temperature range 16.43 K < T < 267.77 K is approximated by the
expression (Klinger, 1981): Cp = 7.49T + 90 J/kg K. This Cp value is convenient
because it mainly depends on the composition of the material, practically does not
depend on the structure of the substance and can be used for both crystalline and
amorphous ice. For crystalline ice, we will use the value a> = 0.65 cm?/sec, which
corresponds to T = 30 K. The thermal conductivity of amorphous ice as a function
of temperature, obtained from the data by Klinger (1980, 1981), is represented
by an approximate formula: k = 2.34 x 10 T + 0.028 W/m K. Substitution of
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numerical values for a?> of amorphous ice gives an almost constant value in the
temperature range T= [30K — 200K], namely a*= 0.0034 cm?/s,

Boley and Weiner (1960) got relations for radial and tangential stresses in solid
spheres, which can be used to isolate functions with a temperature dimension. The
analysis of thermal stresses would be greatly simplified if we used these functions
instead of stresses, which only depend on the body’s geometry and the temperature
distribution within it. By using these temperature functions as analogues of thermal
stresses, it is easy to move on to stresses themselves, using a simple form:

Fa Ea
ETW(X), o, (x)= -4 T,(x), 1)

where the tangential stresses 9, (¥) are characterized as the function of T,, (x)
, and radial stresses O, (x ) are characterized as the function T _(x). We use the
following parameters for the elasticity of bodies: E is Young’s module, o is the
linear expansion coefficient during the heating, and g/ is Poisson’s coefficient.
The temperature functions obtained from the solution of Boley and Weiner (1960)
will have the form:

Oy (1) =

2 % 1 ¢
Ty == [T dy+ 5 [T dy =T, ©
0 0

T ( —3jT °d ijT d
o X)—r3 )y -3 )y dy, (7
0 0

where x is a coordinate along the body’s radius, and 7(y) is the radial temperature
profile obtained from the (HDE) solution. A more detailed description of the
calculation method is described in the work by Shestakova and Tambovtseva (1997).

The radial and tangential stresses o, and oy, occurring during the heating or
cooling of bodies are determined by temperature functions 7. u T4y and parameters
characterizing the elasticity of bodies. If 0 or Oy¢ are negative, the material is
compressed; when they are positive, the material experiences breaking stresses
(Campbell, 1956). The same rule applies to temperature functions: compression
stresses, which are characteristic of the surface layers of a body approaching the
Sun Toe(X), , have a temperature dimension with a negative sign. Breaking stresses
T (x) are positive in such case.

In our calculations, we use the value o= (2—4)MPa for the tensile strength
of crystalline (hexagonal) ice, based on data from Haynes (1978), where strength
values from 0.7 to 3.1 MPa were obtained within the temperature range from 0 to
-50C. According to measurements, the tensile strength varies very slightly, and we
can consider those values as acceptable for assessing comets’ internal destruction.
For the value of ice strength under compression stresses, we take the range of values
6= (5-30)MPa obtained from measurements (Haynes, 1978).
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The values of the elastic parameters according to Kithrt (1984) are the following:
E=9x10° MPa,n=0.33 and a = 3.8 107 grad-' and the lower value of the crystal ice
strength limit is 0+ = 2 MPa. From Equation (5), we obtain the critical values of
the temperature functions 7_u T,,. Tensile strength for breaking stresses: 7, = (4-8)
K and for compression stresses T= (10-60)K. It should be noted that the strength
of materials increases with decreasing temperature, especially for compression
stresses (Haynes, 1978). The starting distance for calculating the motion of a
body in a parabolic orbit is assumed to be R = 86.3 AU, which corresponds to
the surface temperature T, = 30K in the blackbody approximation. Calculations
of temperature and stress profiles along the radii of bodies were carried out
for a number of intermediate positions of bodies in orbit corresponding to
blackbody temperatures from 40K to 200K.

Results

After calculating the temperature profiles inside cometary bodies of different
sizes from r = 10 m to r = 10 km from the solution of Equation (1), we obtained
the behavior of the rate of internal heating of these bodies during their approach
to the Sun in a parabolic orbit. Figure 1 shows the temperature dependence near
the center of the bodies at the profile point x/r = 0.1 at a distance of about 1.94
AU, corresponding to a surface temperature of T =200 K. The calculation data is
given for crystalline and amorphous ice. Figure 1 shows that large bodies made of
crystalline ice maintain a starting temperature of approximately 30K at their centers
if their radii exceed 1 km, and those made of amorphous material at r > 0.1 km. On
the other hand, smaller bodies with a radius between 1 and 10 meters, rotating in
orbit, are strongly heated toward the center to temperatures close to their surface
temperatures.

Figure 2 shows the compression stresses that arise on the surface of crystalline
ice bodies. For ease of understanding, we have changed the sign of negative
compression stress to positive in Figure 2. The straight lines represent a range of
compression stresses, T = (10 — 60)K, which are limits of strength according to
Haynes (1978). When these stresses are reached, the destruction of the surface
layer and the formation of craters, as well as flash phenomena, are possible. Stress
limits are reached for larger bodies with T (r) = T — T, where T is the surface
temperature, and T, (equal to 30° in our case) is the 1n1t1al temperature of the entire
body. The limiting stress is reached on the surfaces of bodies with a radius of 5 and
10 kilometers. Their curves merge in Figure 2.
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Figure 1. Temperature near the center of cometary bodies (x/r = 0.1) at a distance of 1.94 AU, where
the blackbody surface temperature is T = 200K. The calculation results are given for crystalline and
amorphous ice.
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Figure 2. Compression stresses (-T,) on the surface of cometary bodies made of crystalline ice,
depending on the distance, arising during the approach to the Sun in parabolic orbits.

Figures 3 and 4 show the increase in tensile stress inside comet bodies as they
approach the Sun. These figures clearly demonstrate differences in the increasing
behavior of tensile stress depending on the distance.
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Figure 3. Radial (breaking) stresses near the center of large cometary bodies with radii from 500 m
to 10 km, depending on the distance.
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Figure 4. Radial (breaking) stresses near the center of small cometary bodies with radii from 20m to
800m, depending on the distance.

In Figure 3, the largest body with a radius of 10 km shows a slight increase in
stresses. These stresses do not reach the lower tensile strength even at a closest
distance of about 2 AU. A body with a radius of 5 km has the probability of
collapsing from the inside at a distance of (5 — 6)AU, since the breaking internal
stress exceeds the lower tensile limit T,= 4K, which corresponds to 6, = 2 MPa.

Bodies with radii smaller than 3 km will be subject to complete destruction.
At maximum distances from the Sun, internal cracks in bodies with radii less than
800 m — 1 km will occur.
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Figure 4 shows the internal stresses depending on the distance for bodies with a
20m to 800m radius. In contrast to Figure 3, the maximum stresses correspond to
the largest bodies with radii of 500m and 800m. As the size decreases, the stresses
decrease and become inessential for a body with a radius of 20 m.

By comparing the results presented in Figures 3 and 4, we have obtained
estimates of the possible distances where crystalline bodies of different sizes can
experience internal cracks. Figure 5 shows these results for two values of the tensile
strength.
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Figure 5. Distances where the internal stresses of crystalline cometary bodies reach two estimated
values of tensile strength T, = 4K and T, = 8K.

Bodies in the interval between the curves shown in Figure 5 are at risk of
possible destruction due to internal stresses. Cometary bodies of low strength fall
into the zone of possible destruction up to distances of about 40 AU, that is, up to
the orbit of Neptune. Even denser cometary bodies can collapse near and inside the
orbit of Uranus. Inside the orbit of Jupiter, the range of sizes of bodies capable of
destruction is maximum. These are bodies with radii from 30m to 6 km.

Figure 6 shows the results of calculations of internal stresses for bodies of
crystalline and amorphous ice at a distance of 1.94 AU, corresponding to the
blackbody temperature T,, =200K. It can be seen that maximum stresses can be
achieved inside bodies of sub-kilometer dimensions, especially bodies with radii
(200 — 300) m. Strong stresses occur in bodies with radii less than 100 m for bodies
made of amorphous ice, and the maximum stresses correspond to bodies with radii
(10 — 30) m. Such bodies are practically inaccessible to observations due to their

small size.
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Figure 6. Radial (breaking) stresses near the center of cometary bodies at a distance of 1.94 AU,
corresponding to the black body temperature T,  =200K, depending on the radii of the bodies.

Discussion

It is generally believed that comet ice in the Oort cloud is amorphous and
contains impurities of volatile gases that can evaporate at low temperatures. In their
research (Schmitt et al., 1989) for the ice (H,0) with impurities (CO:H,0, CO,:
H,0, CH,:H,0, CO:CO,:H,0 and NH,:H,0) has been researched in the temperature
range from 10K to 180K. The sequence of evaporation under vacuum conditions
is obtained: 25K for CO, 32K for CH,, 70K for CO,. At 120K, all molecules leave
the ice, and the gas-H,0 ratio becomes less than 0.01 % for CO and CH, and less
than 0.001 % for CO,. This evaporation is the trigger for ice crystallization. Finally,
pure crystallized H,O remains. Crystallization from the surface to the interior can
be accelerated because this process is exothermic.

Kuiper belt objects are so cold that the estimated time of ice crystallization
under these conditions exceeds the lifetime of the Solar System. Despite this, the
exploration of satellite spectra in recent years has shown the presence of spectral
features from crystalline ice for planetary satellites and Kuiper Belt objects (KBOs).
In the research of Prialnik and Jevitt (2022), a deep crystallization simulation was
made for the orbital parameters of different comets. The crystallization front inside
the satellites of planetary objects in the Kuiper belt has been explored. It has been
reported that objects of crystalline ice are present in the IR range at a wavelength
of 1.65 microns in many objects. These objects indicate the presence of crystalline
ice at temperatures ranging from 48 to 82 K, which is in the area of Uranus and
even Neptune.

In the process of approaching the Sun, due to surface heating, an amorphous
phase transition to crystalline ice occurs. Specifically, the work by Schmitt B. et
al. (1989) states that at T = 125 K, crystallization occurs in 8 days or less than
5 minutes at 150 K. If the object rotates slowly or its axis of rotation is oriented
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towards the Sun, then the heating at the circumsolar point will be stronger, and

the temperature there may exceed the black-body temperature by as much as \/5
times, greatly increasing the likelihood of ice crystallizing at greater distances from
the Sun. In such cases, crystallization could be successful not only near Jupiter,
where the blackbody radiation temperature is T, 125K, but also at a distance of
approximately 10 AU, or in the orbit of Saturn and its moons.

In the process of approaching the Sun, noticeable cometary activity should
start to appear after the compressive stresses exceed the material’s strength limits.
According to our analysis, the surfaces that initiate the formation of comae and
flare phenomena first reach critical levels in the largest objects whose radii exceed 5
kilometers. The most distant comets from the Sun should exhibit the most significant
cemetery activity. Really, observations of cometary activity at great heliocentric
distances have been made in large comets, such as comet C/2014 UN271 Bernstein-
Bardinelli (29 AU), comet Hale-Bopp (26 AU), comet C/2010 U3 Boattini (25.8
AU), and comet C/2017 K2 Pan-STARRS (24 AU). These comets were active at
heliocentric distances greater than 20 AU (Bernardinelli et al., 2021). Such remote
activity can be explained by the release of evaporating gases. Although this does
not argue the effect of compression stresses, these processes can be connected. If
the ice surface is amorphous at these distances, the compression stress barrier is
virtually non-existent, and the evaporation of gases occurs without obstacles in
line with the sublimation temperature. As we approach the sun, a phase change
gradually occurs, forming a strong crystalline shell. It should be noted that the
strength of this crystalline shell that forms on the comet’s surface decreases with
increasing temperature as it approaches perihelion. In this instance, outbursts of
the cryo-volcanic type are possible. These can recur as they approach the sun, like
comet 12P/Pons-Brooks, whose perihelion will occur on April 21st, 2024. The
first detection of comet 12P/Pons-Brooks was announced by Green Daniel on the
Central Bureau for Astronomical Telegrams on July 21st, 2023. The newly growing
crystalline crust becomes less resistant after each burst and cannot withstand the
increasing internal pressure. We can make an approximate calculation of the
strength of the crust during the first outbreak. According to Green Daniel, the first
eruption happened at a distance of 3.9 AU, where the black-body temperature is
approximately 140 K. If the initial temperature of the comet body is approximately
the black-body temperature at the aphelion distance of 33 AU, which is 50 K, then
the surface temperature will be approximately 90 K. This means that the material’s

strength is approximately o = 45 MPa. Since estimates of the comet’s
diameter range from 17 km to 30 km in magnitude, complete

disintegration of the body due to burst stresses is not expected.
The most severe destruction of cometary bodies occurs when the internal

breaking stresses reach the tensile strength limit and cause the bodies to break into

several large fragments. Figures 3 and 4 show how the radial (breaking) stresses
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inside cometary bodies grow as they approach the Sun, with smaller bodies
experiencing a sharp increase in stresses at closer distances. At the same time,
the difference in stresses between the far and close distances is much greater for
small bodies than for larger ones (Figures 3 and 4). A striking example of how our
calculations match observations of real comets is demonstrated by long-periodic
comet C/2019 Y4 (ATLAS), which was studied by Hui and Ye in 2020 using Sloan
Digital Sky Survey observations between mid-January and early April 2020. Since
mid-March 2020, decay has been observed at a distance of around 2 AU, and it was
found that the C/2019 core had a radius of over 60 meters before it decayed. During
this period, the comet became brighter at the beginning of observation and stopped
increasing in brightness about 70 days prior to perihelion in late March 2020. This
comet rapidly disintegrated into multiple pieces, suggesting an internal fracture. The
results of calculations on breaking stresses based on the distance depicted in Figure
4 demonstrate a close match between the behavior of comet Atlas and a cometary
object with a radius of 50 meters. The critical stress level of 8 MPa, corresponding
to the tensile strength of crystalline ice, is reached for such an object at a distance
of 3 AU. At a range of 2 AU, where the fracture of the comet was observed, the
body’s surface temperature was approximately 200K. Figure 6 demonstrates that
the estimated dimension of the comet closely matches the point of interception
of curves in this graph. Thus, no matter if the comet kept its amorphous form or
changed structure while moving from the outer parts of the Solar system, it would
still break apart because of thermal stresses.

Another long-period comet of a similar size, which disintegrated in May 2019 at
a distance of 1.9 AU from the Sun, is comet C/2018 J2 (Palomar), reported by Jewitt
and Luu (2019). The authors argue that the comet’s disintegration cannot be caused
by tidal forces or collisions. Therefore, the disintegration C/2009 J2 is preliminary
interpreted in this study as a violation of the core’s rotation with a radius of r < 0.1
km due to the release of gas moments. Actually, the authors provided a possible
explanation, which is not obvious. Because the comet disintegrated into many
pieces and showed surface activity. Applying the theory of internal discontinuous
thermal stresses to this case seems like a more logical explanation for the decay,
like in the case of the C/1950 Y4 (ATLAS) comet.

A striking example of the complete disintegration of a long-period comet is
comet C/2021 A1 (Leonard) as well. According to Jewitt et al. (2023), a comet
with a radius of 0.6 + 0.2 km did not preserve a single fragment of its nucleus
larger than 0.06 km, which corresponds to the complete destruction of the nucleus
in mid-December 2021, at a distance of approximately 0.8 AU. The authors argue
that models of tidal disruption, collision, sublimation explosions, and pressure
explosions provide improbable explanations for disintegration. They acknowledge
that the rotational instability caused by released gases has a very short period
(approximately 0.1 years) that does not allow for the rapid spin of the comet’s
nucleus, given its orbit and size. The most probable mechanism for destruction,
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according to the authors’ opinion, is the initial rotational decay accelerated by the
impact and intense sublimation of deeply buried volatiles.

Such an assumption is a big stretch, as other possible options have not been
considered. One possible explanation for the observed phenomenon may be thermal
rupture due to the crystallization of the majority of the volume of the comet. A phase
transition from amorphous to crystalline ice could occur on the surface and within
the comet, especially if the initial crystalline structure of the object is excluded.

Since comet C/2021 A1l (Leonard) is larger than comets C/2019 Y4 (ATLAS)
and C/2019 J2, core cracking could occur at a greater distance from the Sun, and
debris dispersion may be initiated by gas flows as it approaches the Sun.

Another interesting case of comet decay is associated with the famous comet
73P/Schwassmann-Wachmann 3, from the Jupiter family. Its initial radius is
estimated to be 0.4 km, according to the work of Graykowski and Jewitt (2019).
That comet exhibited a beautiful four-stage decay on September 12, 1995, close
to the perihelion point at 0.94 AU. It passed through this point on September 22.
Graykowski and Jewitt (2019) doubted the previously suggested fragmentation
mechanism due to rotational instability. Their argument was that the most likely
rotation period of 10.38 =+ 0.04 hours (20.76 + 0.8 hours at double maximum) is
much greater than the critical rotation period at any reasonable density or shape of
the nucleus, even without considering tensile strength.

It is unknown when the comet was captured by Jupiter, but it is obvious
that during its long stay in the Solar System, amorphous ice underwent a phase
transition. After this, a comet of this size would start to warm up from the inside,
increasing internal stresses and leading to fragmentation into large pieces. This can
be expected as a final stage for any comet captured by Jupiter from the Oort cloud.
The core would first break up into large fragments and then smaller ones, turning
into a meteor shower.

Conclusion

The main conclusions of the research are the following:

1. The proposed mechanism for the thermal destruction of cometary nuclei
could be considered a real mechanism for their destruction. Surface compression
stresses contribute to the formation of a coma and could trigger flash events at the
time of destruction. Internal bursting stresses lead to hierarchical disintegration of
the nucleus into several large fragments, which then continue to break down to the
stage of a meteor shower.

2. Maximum breaking stresses exceeding the strength limits of crystalline ice
lead to the appearance of cracks inside cometary bodies. This process can begin
at heliocentric distances (20 — 40 AU) inside nuclei with radii (0.8 — 1.0 km) (see
Figure 6). Bodies of both large and smaller sizes will begin to collapse closer to
the Sun.

3. Breaking stresses do not have time to develop inside large crystal nuclei
with radii of more than 6 km when moving in a parabolic orbit to overcome the
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material’s ultimate strength. Such bodies are most likely to maintain their integrity
during the passage of perihelion at distances of the order of 1 —2 AU.

It can be concluded that the mechanism of thermal destruction of cometary
nuclei should be taken into account when considering new comet passages into the
inner Solar System. The available statistics on the destruction of comets at arbitrary
points along their orbits, with the phrase “for unknown reasons”, may also undergo
some changes and clarifications in relation to the proposed mechanism.

This research is funded by the Aerospace Committee of the Ministry of Digital
Development, Innovations and Aerospace Industry of the Republic of Kazakhstan
(Grant No. BR20381077).
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PAKHUIIEB BASIH PAKUIIEBUY
(k 90-s1eTHIO CO AHS POKAEHUS)

Beinatonuiicas  y4eHBIM-TOpHSK, JEHCTBUTENbHBIM uieH HaunoHanmbHOU
akagemnn Hayk Pecmyommkm Kasaxcran, 3acmyxenusid aearens PK, moxrop
TEXHUYECKUX HayK, mpodeccop, MmodeTHb pexkrop Kazaxckoro HauoHaJIbHOTO
HCCIIEZIOBAaTEeNbCKOTO TexHndeckoro yHmBepcutera mMm. K. M. CarnaeBa basu
Paxumesua Pakumies ponuncs 15 mapra 1934 rona.

ITocne oxoHuyaHuss ¢ omimuveM Ka3axCkoro ropHO-METAJIypru4ecKoro
nHCcTUTYTa ¢ 1957 mO 1965 Tomer om pabotan Ha KoyHpamckoMm pymHUKE
banxamickoro TopHO-METaUTypTrHIeCcKOro KOMOMHATA B OMKHOCTSIX HadalbHUKA
CMEHBI, HaYallbHUKA I1eXa U Kapbepa. B 1964 romy 6e3 oTphIBa OT MPOW3BOIICTBA
YCIIEUIHO 3aIUTUI KaHAUIATCKYIO JUCCEPTALIHIO.

JlanpHeimas ero TpyaoBasi 1esITeIbHOCTh CBsi3aHa ¢ poaHbIM By3oM. C 1966 mo
1987 roas! Ao1eHT, mpodeccop, 3aBeAyolIui kKadeapoil TeopeTHUECKOM MEXaHUKH,
B mepuoz ¢ 1988 mo 2016 rox 3aBemyromniuii Kagenpoil OTKPBITEIX TOPHEIX PaboT,
¢ 1980 mo 1993 rox Hay4dHBIH PYKOBOAMTENH MPOOIEMHOI 1a00paTOpuy HOBBIX
(hM3UYecKuX METOAOB pa3pylIeHUs TOPHBIX MOPOA M OTpaciieBoil jJaboparopuu
TexHonornu O6ypoB3peiBHBIX pador KaslITU um. B.U. Jlennna. C 2016 roma mo
HacTosimee Bpemsi oH mpodeccop kadeapsr «lopHOE 1€710», MOYETHBIH PEKTOp
Kazaxckoro HalMOHaJIBHOIO MCCIIEJOBATEIBCKOTO TEXHUYECKOIO YHUBEPCHUTETA
nMm. K.W. Carnaesa.

ITon pyxoBoacTBoM b. PakumieBa ¢hakymbTeT ABTOMATHKH W BBIYACIUTEIBHON
TEXHUKH 3aHMMAaJ TepPeloBbIe MO3UINK B HAyYHO-HUCCIIE0BATENLCKON, yueOHO-
MIPOU3BOJICTBEHHON M OOIIECTBEHHOW NeATeIhbHOCTH. DaKyIbTeTCKUNA aHCaMOJIb
«JlocMykacan» ChOpPMHUPOBAIICS, COCTOSIICS KaK TBOPUCCKUH CaMOIESTEIHHBIN
KOJUIEKTHB W cTaj momysipHeiM B cTpanax CHI. O TBopueckoil AesTensHOCTH
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«/locmykacan» u ponu nexana basina PaknieBa B ero cTaHOBIIEHUH PacCKa3bIBAETCS
B knHOmiIbMe «/locMmykacany, BeimymenHoM Kazaxdumsmom B 2020 roxy.

B nomxHOCTH peKTOpa OH BCIO CBOIO CHITY MOHEPT MO OT/IaBaJI PACLIMPEHHUIO CBSI3e i
HayKH C IPOU3BOICTBOM, IPAKTUIECKON MOAr0TOBKE OyAyIIKX crienuanuctos. Torna
B Kas[ITU Bnepsbie B Kazaxcrane ObLIM OpraHM30BaHbl CIECIUAIN3UPOBAHHBIC
CTY[€HYECKHE OTPSIBI IJIs TPOXOAKIEHUS IIPON3BOICTBEHHBIX IPAKTHK, OTKPBUIOCH
Heckolbko rnmanos kadenp Ha 6aze npeanpustuii 1 HUU. AKTHBHO BHEIPSUTHCH
JIOTOBOPBI O HAYYHO-TEXHUUYECKOM COZPYKECTBE U MOATOTOBKE CIHENHAINCTOB 110
OPSIMBIM  CBSI3SIM C TNPENNPHATHAMU. KOHTHHTEHT MHOCTPAHHBIX CTYACHTOB M3
37 cTpaH B TO BpeMsl COCTaBIISUI BHYIIUTENbHYIO LU(ppy — Oonee 300 uenosex.
CylecTBEHHO  yAyYIIWJIOCH COCTOSHHE  MaTepUallbHO-TEXHHYECKOH — 0a3bl
nactutyta. KaslITU um. B.U. Jlennna Ob11 OMTHUM 13 BEIYIIUX BRICITUX YICOHBIX
3aBeneHuit CCCP.

basin PakuineBud co3jan CTpOHHYIO TEOPUIO pa3pyLIECHUs pEalIbHOTO0 MacCHBa
TOPHBIX TMOpoA AelcTBHeM B3pbiBa BB. Paspaboran aHamuTHYecKue METOIbI
OINIpENEICHNs] PACIIONIOKEHHs 3apsnoB BB B MaccuBe, rpaHyIOMeTpHUYECKOTO
cocTaBa B30pBAaHHOW TOpPHOW Macchl, 3arpar »Heprun BB wa npobienue,
nepemMenieHne u rpado-aHaTUTUYCCKHE METOAbI OINpPEICNCHUs pa3MeleHHUs
Pa3HOPOTHBIX TIOPOA B pasBajie, MapaMeTpOB TEXHOJIOTHWH OypOB3pPHIBHBIX H
9KCKAaBaTOPHBIX pabOoT, 00ecleuynBAOIMX HAWMEHBIINE KOJIMYECTBEHHBIE U
Ka4eCTBEHHBIE TTOTEPH.

Basinom PakuiieBbiM chopMyTupoOBaHbI CTpaTErHUECKUE 331291 PALIMOHATBHOTO
OCBOEHHSI HEp W KOMIUIEKCHOTO HCIIOJIB30BaHMs TIOJIE3HBIX HMCKOMAEMBIX,
000CHOBaHBI CHCTEMBI HMX OOeCIeUYCHHUs, pa3paboTaHbl TOPHO-TEOJOTHYECKHUE,
TFEOMETPUYECKHE MOJEIN  CIOKHOCTPYKTYPHBIX OJIOKOB ~ MECTOPOXKICHHIA,
MaTeMaTUYeCKHe MOJIEIN MHMHEPAIBHOIO CBIPbS HA PA3JIMYHBIX JTalax €ero
nepepadOoTKH, TMO3BOJSIONINE YIPABISATh YPOBHEM H3BJICUCHUS KaK OCHOBHBIX,
TaKk ¥ COMYTCTBYIOIIUX IOJIE3HBIX KOMIIOHEHTOB B KOHILIEHTPAT, B METAJI, YTO
Ype3BBIYAHO BaXXHO B YCIIOBHSIX CHCTEMAaTHYECKOTO CHIDKEHHUS COEp)KaHus
npoUIBHBIX METAJJIOB B PY/IE M YBEIMUYECHHUS CIIPOCA HA PEAKHE METAIIBI B CBA3U
C Pa3BUTHEM BBICOKUX TEXHOJIOTHH.

PazpaboranHble = MaremMaTHdeckue  MOJENM  CTaOWIM3alMKM  KayecTBa
MHOTOKOMITOHEHTHOM pyZbl U ONEPATUBHOTO YIPABICHHS BHYTPUKAPbEPHBIM
YCPEAHEHHEM U COCTOSIHUEM MHHEPAJIBHOTO CHIPhS Ha KaXXJIOM M3 ITaloB €ro
nepepadoTKH CIOCOOCTBYIOT COBEPIICHCTBOBAHNIO SKOHOMUYECKH 3()(hEeKTUBHBIX
TEXHOJIOTUH TOOBIYH U TepepabOTKHU MOJIE3HBIX HCKOMACMBIX.

HayunbsiMu paboTamu, BBIOJIHEHHBIMHA Ha BBICOKOM TEOPETHUECKUM YpPOBHE
U OPUTMHAIBHBIMU INPAKTUYECKMMHU pa3padOTKaMH, MOJYUYMBIIMMH IpPU3HAHHE
TOPHOM 00IIECTBEHHOCTH, akaneMuk b.P. PakuiieB BHec 60bI110# BKJIAl B TOPHYIO
HAayKy M HPOMBILUICHHOCTb, CO3/1aj Hay4YHYIO IIKOJIY B 00jacté 3¢ ¢EeKTHBHOTO
pa3pylIeHNss MaCCUBOB MIOPO U Pa3pabOTKHU MOIE3HBIX HCKOTIAEMBIX B PEXKHME UX
palMOHAIBHOTO MCIOIb30BaHUS HEAP, MOAroTOBMI 9 pokropos, 30 KaHIUAATOB
TEXHUYECKUX HayK, 9 noktopoB PhD, cOTHM MarucTpoB 1 HHKCHEPOB.
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Axkanemuk HAH PK B.P. PakumieB sinsiercss aBropom okono 800 Hay4yHBIX U
y4eOHO-METOIMUECKUX PadoT, B TOM uuciie 15 mMoHorpaduii, 6 aHAINTHYECKUX
0030poB, 14 y4eOHWKOB W y4eOHBIX MOCOOMH, 50 aBTOPCKUX CBUJETENHCTB U
MaTeHTOB Ha m300peTeHus, 6onee 100 crareii B m3maHusax B 6a3e JaHHBIX Scopus U
Web of Science.

3a 3acmyrm B oOJacTH Hay4HOW, MEJAaroruyeckoil M OpraHu3aluOHHON
nestensHocTH b. P. Paknmes Harpaxkaen opaenamu Tpynosoro Kpacnoro 3namenn
n «lIlapacar», mectero menansamu CCCP u PK, IlouerHoit rpamotoii BepxoBHoro
Cogera Kazaxckoit CCP, ynoctoeH moyeTHOro 3BaHUsl «3acily>KCHHBIN AesTelb
PK», siBnstercst naypearom Pecryonukanckoit npemun uM. K.M. Carnaesa.

bBasin PakuimeBnu M celiuac BeAeT AaKTHBHYIO HayYHO-HCCIICIOBATEIIbCKYIO,
Hay4HO-OPraHU3aLMOHHYI0 PadoTy, SBILLSICH HAayYHBIM PYKOBOIMTENIEM IIPOEKTOB
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