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Abstract. In this work, the concentration dependences of viscosity along the
thermodynamic directions of the interface and the critical isotherm are investigated on
the basis of experimental data for the shear viscosity of isobutyric acid-water double
solution near the critical stratification temperature. It is shown that the values of critical
indices describing the concentration dependences of the fluctuation parts of viscosity
for these thermodynamic directions are the same and agree with the results of the
fluctuation theory of phase transitions; the amplitude of the concentration dependence
of the shear viscosity value for the interface is larger than the corresponding amplitude
for the critical isotherm. Experimental and theoretical studies of the properties of
individual substances and double solutions in the vicinity of the critical point, especially
the kinetic properties of matter, are an urgent task of condensed matter physics. This is
due to the active practical use of the unique properties of matter in the critical state in
the latest technologies. Understanding of these processes that occur in critical media
is extremely important for the most effective choice of technological parameters in
industrial processes. This determines the relevance, scientific and practical significance
of studying the viscosity of double solutions in the vicinity of the critical temperature.

5
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The dependences of the fluctuation part of viscosity on concentration at the interface
and at the critical isotherm were compared. As follows from the results obtained, the
concentration dependence of the fluctuation part of viscosity at the interface and at the
critical isotherm is described by power laws with the same critical exponents but with
different amplitudes. It was obtained that the amplitude of the concentration dependence
of the inverse value of shear viscosity for the interface is smaller than the amplitude at
the critical isotherm.

Keywords: isobutyric acid-water, critical temperature, critical isotherm, fluctuation
theory of phase transitions, kinetic properties of matter, critical point, shear viscosity.
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AHHOTauMs. 3epTTey >KYMBICHIHAA W30Mail KBIMIKBUIBI-CY KOC €pITIHIICIHIH
BIFBICY TYTKBIPJIBIFBIHA KATBICTBI JKCIEPUMEHTTIK JEpeKTep HeTidinae, dazamap
meKapachl MEH CBHIHJBIK H30TepMa OOWBIHIAFbl TEPMOIUHAMUKAIBIK OarbITTap
OOUBIHIIA TYTKBIPJIBIKTEIH ~KOHIICHTPAIMSIUIBIK — TOYENIUTIKTEpl 3epTTenreH. by
TEPMOIMHAMHUKAIBIK OaFBITTap YIIIH TYTKBIPIBIKTHIH (IIYKTYaFsUTBIK OOKTEPiHIH
KOHIICHTPAIMSUTBIK TOYEIIUTIKTEPIH CUITATTAUTBIH CHIHABIK KOPCETKIMITEPIiH MOHISP1
Oipmeii ekeHmiri J>koHe (a3aiblK ayBICYIAPABIH  (QIYKTYAUSIIBIK TEOPHSICHIHBIH
HOTIDKENIEpIMEH COMKeC KeNeTiHI KepceTumreH; (a3zamap MmeKapachl YIIiH BIFBICY
TYTKBIPJIBIFBIHBIH KOHIICHTPAIUSIBIK TOYEIJIIIIK aMIUTUTYJIAChl CHIHIBIK H30TepMa
VIOiH colfkec aMIUTNTymamaH yikeH. JKeke 3arrap MeH KOC epiTIHIIIepIiH, ocipece
3aTTBIH KHHETHKAIBIK KACHETTEPiHIH, CHIHIBIK HYKTE alMarblHIAFbl KACHETTEPiH
9KCIIEPUMEHTTIK JKOHE TEOPUSIIBIK 3epTTEY — KOHJCHCAIMSIIAaHFAH Ky (DPU3UKACHIHBIH
©3eKTi Mocelreci O0BIT TaObIIaAbl. by 3aTTBIH CHIHABIK KYHIET1 epeKIe KaCHeTTePiH
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KaHa TEXHOJOTHsUIapAa OeNCeH/al TYple NPaKTHKAIBIK KOJJAHYMEH OailJlaHBICTHI.
ChIHIBIK OpTala JKYPETIH OCBl YIEpICTepli TYCIHY OHEPKACINTIK MpolecTepae
TEXHOJIOTHSUIBIK MapaMeTpiiepi OapblHIA THIMJI TaHAdy YIIIH 6T¢ MaHbI3Ibl. by
CBIHIIBIK TeMIlepaTypa alMarbIHIAFsl KOC ePITIHAUICPHIH TYTKBIPJIBIFBIH 3EPTTCYMIH
©3CKTUIIrH, FBUTBIMHA JKOHE TPAKTHUKAIBIK MaHBI3IBUIBIFRIH aHBIKTalasl. Dazanap
IeKapachl MEH CBIHJBIK H30T€pPMaJla TYTKBIPIBIKTHIH (QIYKTYyalUsiIblK OeNiriHiH
KOHIEHTPALUsIFa TOYENIUIIKTEPIH CalbICTBIPY >KYPTi3iiai. AJBIHFAH HOTHXKEJIEpIeH
Oalikanrannaii, ¢azamap miekapackl MEH CBIHABIK H30TEPMaJarbl (QIyKTyalHsIIbIK
TYTKBIPJIBIK OOJIITHIH KOHIICHTpaLHMsIFa Ty AUTIr Oip/iel ChIHBIK KOPCETKIIITEPMEH
cUmaTTaNansl, Oipak aMImuTynamaps! optrypii. Connaii-ak, ¢azanap meKapachiHIarbl
BIFBICY TYTKBIPJIBIFBIHBIH K€P1 MOHIHIH KOHIICHTPANMSIIBIK TOYEI UM HIH aMILTUTYIachl
CBIHJIBIK M30T€PMAaJIaFbl aMILTUTY/Ia/IaH Killli €KeHi aHBIKTAJIIbI.

Tyiiin ce3nep: u3oMail TY3/bl KBIIIKBUIBI-CY, CBIHU TEMIIEPaTypa, ChIHU H30TepMa,
(hazainbIK aybIcyaap/biH (UIYKTYAIUSUIBIK TEOPHSICHI, 3aTThIH KHHETUKAJIBIK KACUETTEPI,
CBIHJIBIK HYKT€, BIFBICY TYTKBIPJIBIFBI.
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AdaukapumoB baxpITXaH — JTOKTOp (M3MKO-MaTeMaTHYECKUX Hayk, mpodeccop, Ke3putopauHckuit
yauBepcuteT nMeHn KopkeiT Ata, Kenputopna, Kazaxcran, E-mail : abdikarimov59@mail.ru, ORCID:
https://orcid.org/0000-0002-4434-7677;

CeiiTMypaToB AHIBICBIH — JOKTOp (H3MKO-MAaTEeMaTHYECKUX HaykK, mpodeccop, Ke3pumopamHckuit
yauBepcuteT nMeHn Kopkeit Ata, Keibsutopaa, Kasaxcran, E-mail: angisin_ @mail.ru, ORCID: https://
orcid.org/0000-0002-9622-9584;

KasneB BakpIT — KaHIuaar TeXHHYECKNX HaykK, KbI3bUTOpAMHCKMIA yHHBEpcUTeT MMEHH KOpKbIT Arta,
Keeutopaa, Kazaxcran, E-mail: kalievbakyt1957@gmail.com, ORCID: https://orcid.org/0009-0002-
5409-309X;

laumyana Aaus — crapumii npenofaBaTeib, Ke3bUIOPIMHCKHN yHHBEpcUTeT MMEHH KOpkbIT Arta,
Keseutopaa, Kazaxcran, E-mail aliya ganiulla@mail.ru, ORCID: https://orcid.org/0009-0009-2113-5725;
Kapa6asa Tor:kaH — MarucTp negarorndeckux Hayk, KbI3bUIOpAMHCKHN yHUBEPCHTET MMEHH KOpKBIT
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AHHoOTanusi. B pabore Ha OCHOBE HKCIIEPUMEHTAJBHBIX NaHHBIX Ul COBUIOBOM
BSI3KOCTH JIBOWHOTO pacTBOpa H30MAaciisiHas KHCJIOTa — BOXA BOJM3M KPUTHUYECKOM
TEMIIEPATyPbl PacciIOCHHs UCCIIeI0BaHbl KOHICHTPALMOHHBIC 3aBUCUMOCTH BSI3KOCTH
BIOJIb TEPMOAMHAMHMYECKUX HANpaBICHUH TIpaHULbl paszfena (a3 U KPUTHUECKOU
n3orepMmel. [loka3zaHo, 4TO BENMYMHBI KPUTHUYCCKUX IIOKa3aTesieHd, ONHCHIBAIOIINX
KOHICHTPALIMOHHBIE 3aBUCUMOCTH (IIYKTYyallMOHHBIX YacTel BA3KOCTH JUISL 3TUX
TEPMOANHAMHMYECKMX HANPABICHUH OJMHAKOBBI M COINIACYIOTCS C Ppe3ylbTaTaMH
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(bHYKTyaLIHOHHOﬁ TCOpUHN (1)21301351)( Oepexoao0B; aMIUIMTyda KOHLICHTpaLII/IOHHOfI
3aBUCUMOCTH BEJIWYMHBI CABUIOBOM BSI3KOCTH JIJIS TpaHulbl pasaciia (1)33 OoJIbIIIEe
COOTBCTCTBYIOH_[eﬁ AMIUIUTYAbL I KpI/ITI/I‘{eCKOI‘/'I HU30TCPMBIL. BKCHepI/IMCHTaHLHHC
U TEOPCTUYCCKHUEC HCCICAOBAHUA CBOICTB UHAWBUAYAJIbHBIX BCILICCTB U ,[[BOfIHI:IX
PacTBOPOB B OKPCCTHOCTU KpI/ITI/I‘lCCKOI)'I TOYKH, 0COOEHHO KHUHETHYECKHUX CBOICTB
BCIICCTBA, SABJISAIOTCA aKTyaJ’ILHOﬁ 3aJaueit (bHBI/IKI/I KOHACHCHUPOBAHHOT'O COCTOAHUA
BCIICCTBA. DTO CBSI3aHO C AKTUBHBLIM MPAKTUICCKUM HCIIOJIB30BAHUCM YHHKAJIbHBIX
CBOICTB BEIIICCTBA B KPUTUYCCKOM COCTOSAHUU B HOBeMIINX TexHoJorusx. Iloanmanue
OTUX MTPOLECCCOB, KOTOPLIC MPOUCXOAAT B KPUTUICCKUX CPpeAax, qpe3BanﬁHo Ba’>XHO JJIsA
Haunboee 3(1)(1)€KTI/IBHOI‘O BI:I60pa TCXHOJIOTUYCCKUX MapaMETPOB B MPOMBIINUICHHBIX
npouneccax. 9To0 OMnpeAcIACT aKTYyaJlbHOCThb, HAYUHYIO U IMPAKTUYCCKYIO 3HAYMMOCTH
HU3y4YCHHA BA3KOCTU HBOﬁHLIX PacTBOPOB B OKPECTHOCTHU KpI/ITPI'{CCKOfI TEMIICPATYPhbI.
Bbrino MIPOBCACHO CPABHCHUC 3aBUCUMOCTEH (bHYKTyaLIHOHHOﬁ 4aCcTu BA3KOCTHU OT
KOHILICHTPALlMM Ha I'paHULC pas3aciia (1)33 n Ha KpI/ITPI‘{CCKOfI HU30TCPMC. Kak CICOyCT
U3 TMOJYYCHHBIX PE3YyJbTAaTOB, KOHLCHTPALIMOHHAsA 3aBUCHUMOCTH q)HYKTyaLII/IOHHOﬁ
YaCTHU BA3KOCTH Ha I'paHULC pa3acia (1)33 u KpHTH‘IeCKOfI HU30TCPMC OMNHUCHIBACTCA
CTCIICHHBIMU 3aKOHAMU C OAVMHAKOBBIMU KPUTUYCCKHUMU IMOKA3aTCIAMU, HO C pa3HbIMU
AMIIIUTYAaMU. Bbruio IMMOJIYYCHO, YTO aMIUIMTyda KOHLICHTpaLIPIOHHOfI 3aBUCUMOCTHU
O6paTH01"O 3HA4YCHUA CﬂBHFOBOﬁ BA3SKOCTU [JIs1 TpaHUIbL pa3acia (1)33 MCHBIIIC
AMIUIMTYbl HA KpI/ITI/I‘ICCKOI‘/'I HU30TCpME.

KimueBble cioBa: u3zomacisHas KHCJIOTa-BOAA, KPUTHUYCCKAA TEMIICPATYypa,
KpUTHYCCKas U30TCpma, (bHyKTyaI_II/IOHHaH TeOopus q)aBOBLIX epexoa0B, KHHETUYCCKUC
CBOICTBa BCLIICCTBA, KPUTHUYCCKAs TOYKA, CABUTIOBas1 BA3KOCTb.

BBenenue. l3yueHue CBOWCTB BSI3KOCTH PACTBOPOB BONM3M KPUTHYECKUX
TEMIIEpaTyp SBISETCS BaKHOW 3amadeil (U3MKH KOHACHCHPOBAHHOTO COCTOSHHS
n (uznveckoil XUMHHU, MOCKOJBbKY TaKWE HCCIEJOBAaHHs TOMOTaloT Jy4lle MOHSITH
MOBEZICHUE JKUAKOCTEH W PAacTBOPOB B yCIoBHAX (a3oBbIX mepexonoB. Ocoboe
BHUMaHHUE B AaHHOH paboTe yAensieTcs M3yYeHHIO JBOWHOTO pacTBOpa M3oMacisHas
KHCJIOTa-BOABI, IOBEACHUE KOTOPOTO BOIM3M KPUTUUECKOH TEMIIEepaTyphl paccioeHHs
JEMOHCTPUPYET CIIOKHbBIE 3aKOHOMEPHOCTH B U3MEHEHUH BSI3KOCTH.

Mertoz KanuuUISIpHOTO BUCKO3UMETpa ObLI BBIOpaH AJSl MCCIEIOBAHHS COBUTOBOM
BA3KOCTH pacTBOpa B IIMPOKOM JHANa30HE TEMIeparyp U MpHU Pa3IUdHbIX MacCOBBIX
KOHLIEHTPALUAX, YTO TO3BOJSET JETajJbHO MPOCIEANTh KOHIEHTpallMOHHbIE
3aBUCUMOCTH M BBISIBUTH OCOOECHHOCTHM BSI3KOCTH BJIOJb TPaHULBI paziena (a3 u
NpU KpuUTHYEcKo mn3orepme. Ha cerogHsmHuil €Hb aHAJOTHUYHBIE HCCIENOBAHUS
MPOBOAMINCH JJISl psifa IPYTUX IBOMHBIX PAacTBOPOB, OAHAKO ETATM3MPOBAHHBIN
aHaJIM3 pacTBOpa M30MaciisiHas KHUCJIOTa-BOABI J0 CHUX IOpP OCTAaeTcs HEAOCTAaTOYHO
nccienoBaHHbIM. lloHMMaHMe MexaHW3Ma W3MEHEHMH BSA3KOCTH M KPUTHYECKHX
(ryKTyanuii B TAKMX PacTBOPAX MO3BOJISIET YIYUIINTh TEOPETUUECKHIE MOZIEHN (ha30BbIX
nepexofoB U Oojiee TOYHO NpENCKa3blBaTh TOBEIEHHE BELIECTB B IKCTPEMalIbHBIX
ycnoBusix. Kpome Toro, mcciieoBaHue BS3KOCTHBIX CBOWMCTB BOJU3M KPUTHYECKOM
TOYKH UMEET MMPAKTUYECKYIO 3HAYMMOCTb, IOCKOJIBKY PE3YABTaThl MOTYT OBITh IOJIC3HBI
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JUTSL Pa3pabOTKU TEXHOJOTHH B TAKUX 00JACTSAX, KAK XUMHUECKasl MPOMBIILICHHOCTS,
MaTepUAIOBEICHUE U TEPMOIUHAMHUKA.

Lenbro maHHOI pabOTHI SBJISIETCS UCCIICAOBAHNE KOHIICHTPAIIMOHHBIX 3aBUCHMOCTEH
CIBUIOBOM BS3KOCTH PACcTBOpa H30MACIsSHAS KHCIOTa-BOABI TPH TPUOIMKEHUN
K KpUTHYECKOHM Temmeparype paccioeHus. llonmydeHHbIe pe3ysbTarThl IO3BOJISAT
JIOTIOJTHUTH (DITYKTYaIMOHHYIO TEOPHUIO (ha30BBIX IIEPEXOJIOB U PACIIHPST IPEIICTABICHUS
0 KUHETHYECKUX CBOMCTBAX PacTBOPOB BOJIM3M KPUTHYECKHX COCTOSHHM, YTO TAKKE
MMEET 3HAYUTENILHOE MPHUKIAIHOC 3HAYCHHE B COBPEMEHHBIX TEXHOJOTHYECKHIX
nporeccax.

Marepuajibl M OCHOBHBIE MeTOAbl. B paboTe MeToJOM KamuUIIPHOTO
BHCKO3UMETpa OBUIM TPOBEACHBI KOMIUICKCHBIC HCCIIEIOBaHMS 0COOEHHOCTEH
MOBEJICHUS CABUTOBOM BS3KOCTH B JIBOMHOM PacTBOpE M30MaciisiHasi KHCIOTa-BOAa B
IIMPOKOM JTUAITa30He TeMIIEPaTyp BOJIM3H KPUTHUECKOU TEMIIepaTyphbl PACCIOCHUS IS
Pa3sIMYHBIX MacCOBBIX KOHIEHTpauuii pacteopa (¢ = 20%, c_, = 24%, c,=29%,c¢c_,
=33%, ¢ ,=38%,c_ =39%,c_,=45%,c _,=52%,¢c = 58%). Ha puc. 1 moka3aHsI
nonyueHHble gaHHble Bszkoctu 1(T,c) umcciegyemoro JBOWHOTO pacTBOpa BIOJb
Pa3IMYHBIX TEPMOAMHAMUYCCKUX KPUTHUYCCKHUX HAMpaBJICHUH: TpaHMIIBI pasjena ¢a3z
(D), kputnueckoit n3orepmsl (11), kpurndeckoii nzokonueHtpars (I11).

AHanu3 3THX JaHHBIX MOKa3aJl, YTO MPH KPUTUYCCKUX 3HAYCHUSX KOHIECHTPAIIUU
¢, =c, wuTremneparypsl I' = T , BA3KOCTb IPUHUMAET KOHEUHOE 3HayeHue (Plevachuk,
2008: 175; Alekhin , 2007: 793) DTOT pe3ynbTar MOATBEPKIACTCS aHATU30M MHOTHX
AKCIEPUMEHTAIBHBIX JaHHBIX TEMIIEPATYPHOTO TIOBEACHUS BS3KOCTH Pa3IHUYHBIX
pacTBOpoB BOIM3M KpuTHUeckod Temmeparypsl paccioenus (Oleinikova,1999: 895).
B cBsi3u ¢ 3TUM MOJIy4eHHBIC HAMHU 3KCIICPHUMEHTAJbHBIC JaHHbIC (puc. 1) Obun
MIPOaHAIM3UPOBAHBI C MOMOIIBID ypaBHEHUs i KpuTuueckoil Bsskoctu (Alekhin,
2000:1067; Alekhin, 2004:139) y4uTBIBAIOIIETO MPOCTPAHCTBEHHYIO TUCIIEPCHIO
CUCTEMBI.

CR.(T,c)

1Rty

B
n(T)=n(T)+ny(T)= Aexp_+ (1)
3pech T = AGXp B/ T - peryisipHasl 4acTb BSI3KOCTH, B KOTOPOW HE YYTEHBI

GbnykTyanuu mapamerpa mopsiika B CUCTeMe; 7] ba (¢,Ac) — dnykryaumonnas gacth
BSI3KOCTH. Pasinyc Koppesiiiy BOJIb HallpaBlieHHs TPaHHIIbI pa3aeia Gpas3 u KpUTHYEe CKOH

M30TEPMbI COOTBETCTBCHHO MMeeT BHI: R g (t)= n- Y, R ()= P - AC_5§
; 1= (T —1T é)/ Ty, Ac = (C - Cé)/ Cs. dopma QIIyKTyallMOHHON YacTH BSI3KOCTH

(1) oOecrmeunBaeT KOHEUHYI BSA3KOCTh CHUCTEMBI I]s (l‘ =0,c= 0) =C/ q B

KPUTHUYCCKOM COCTOSAHUU ITPU ch = OO.
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0.0035 1

0.0030 A

0.0025 A

0.0020 A

0.0015 A

0.0010 A

0.0005 T T T T T T T

280.0 290.0 300.0 310.0 320.0 330.0 340.0 350.0
T.K

Puc. 1 BszkocTs pacTBOpa H30MacisiHast KHCIOTA-BOJA B MIMPOKOM JHAla30He TEMIIepaTyp BOIN3H
KPHUTHUYECKOI TeMIepaTypsl PacCIOSHHUS ISl pa3IMIHBIX KOHIICHTPAINil pacTBOpa

W3 moiy4eHHBIX SKCIEpUMEHTAIBHBIX JaHHBIX MToBeAeHuUs Bsi3kocTH 71(T,¢) (puc. 1)
no Qopmyne 77, (T ,C) = A(T ,C) cxXp B (T ,C) / T paccunTana peryisipHasi 4acTb
BA3KOCTH. JlyIsl TIOMCKa BENMYMHBI 7] BA3KOCTH OblIAa MCIOIb30BaHa TEMIEPATypHas
3aBUCUMOCTb BA3KOCTH #(T) IpU TeMIeparypax, JaJeKUX OT KpUTHIECKOU TeMIIEpaTyphl

(AT =T =T > 10 K). Ilpu oTux Temmeparypax ObUIM ONpEIENEHbl BENHYHHBI
napameTpoB A(T,c) u B(T ¢) peryaspHON 4acTH BSI3KOCTH 7] JUIs BCEX MCCIIENOBAHHBIX
TeMIepaTyp 1 KOHIEHTpaIUil pacTBoOpa.

Ha ocHoBe 3THX sKCnepuMeHTaNbHBIX MaHHBIX #(7,c) (puc. 1) U MpoBenEeHHBIX
pacueroB 7 (T;,c) Ha pucC. 2 MOKA3aHO TOBEICHUE BEIUYMHBI MOJHOM BA3KOCTH W €€
peryisapHOI YacTh OT KOHIIEHTPALMU Ha TpaHulle paszaena ¢as.

0.0035 1 1 Ta-c
0.003 -
0.0025 -
0.002 -
0.0015 -

0.001 -

0.0005 -
Cm

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Puc. 2 3aBucuMocTh NONHOM BA3KOCTH (1) U peryisspHOil YacTH BA3KOCTH (2) OT KOHIICHTPAIH Ha
rpaHumie paszaena ¢as

10



Reports of the Academy of Sciences of the Republic of Kazakhstan

Ha ocHoBe 3Tux naHHBIX pHC. 2 B paboTe ObUIa MpOaHATM3UPOBAaHA 3aBUCUMOCTD
(GIyKTyallHOHHOM YacTH BA3KOCTH 1] f =1 —1], OT KOHUEHTpaUuW Ha TIPAHULE
paszzena ¢as3 (puc. 2). ITu 1aHHbIC TIOKAa3aHbI HA pHC. 3a.

0.0008 1 e
0.0007 -
0.0006 -
0.0005 -
0.0004 -
0.0003 -
0.0002 -
0.0001 -

Cm
0.0000 x ; x x

0.000 0.200 0.400 0.600 0.80

Puc. 3a. 3aBucumocTh (PrIyKTyallmOHHOM YacTH BA3KOCTH OT KOHIICHTpPALMK Ha TpaHuIle pasaena ¢asz

KonnenTtpannonHoe moBeneHne OOpaTHBIX 3HAUCHUN (IyKTyallMOHHOH YacTH
BA3KOCTH _1(6 £) TOKa3AHO Ha pHC. 36.
n f\&

10000 1/m;, 1/(ITa-c)
8000 -
6000 -
4000 -
2000 - Cm

0 T T T T
0 0.2 0.4 0.6 0.8

Puc. 36. 3aBucumocTs 06paTHOTO 3HAYCHUS (IYKTyaIl[MOHHOM 9acTH BA3KOCTH OT KOHIICHTPAIIUHU Ha
rpaHuIe paszena ¢as

Kak BugHO 13 puc. 36, npu npuOIMKEHUN K KPUTHUECKOH KOHIEHTpauuu (Ac—0)

U KpUTHYEeCKOW Temrieparype (¢—() oOparHas BeIHMYWHA ﬂf_l(AC — 0,7 —)O)

—1 -1
CTPEMUTC K TOCTOSHHOMY 3HAYeHUIO 7], (AC —0,t—> 0) =1;.=49 /C
(1). OtoT pe3ynbTar CBUACTEIHCTBYET O TOM, UYTO BA3KOCTH PAcTBOpPA B KPUTHUECKOM

COCTOSIHMH ABJISieTCS] KOHeuHOoW BenuunHoi. (Maptsinos, 2018: 360), (Jlannay, 2002:
541)
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I[J'Iﬂ KOJIMYCCTBCHHOI'O aHaJlu3a INOBCICHUS (bHYKTyaHHOHHOﬁ 4YacTHu BA3KOCTH Ha
rpaHule pasacia (1)3.3 OnLIa HCCICA0BaHa KOHICHTPAIUOHHAA 3aBUCUMOCTL PA3HOCTU

-1 -1 -1 -1
pemmann A7 =0 e =N — 4 /C. B nanbmeiimem sta Pa3HOCTH
OIUCHIBAJIACH CTENICHHBIM COOTHOIICHUEM B COOTBETCTBUM C CKEHIIMHIOBBIMU
npexacrapienusmu (Cterm, 1982:353) o moBeneHnn GIyKTyarlmOHHON YaCTH BSI3KOCTH

Ns ( AC) B Omm3koit okpectHocT KT B BUze:

An~(Ac)=1n,-1/n, =Nl(c—ck)wﬂ = N,(Ac)" @)

JIJBI HaXOXKXACHUA BCIIMYUHBI 3TOI'0 ITOKa3aTelIst nl B ,Z[BOI71HOM JIOI'apI/I(i)MI/I‘IeCKOM
MacmTabe Obljia MOCTPOeHa 3aBUCUMOCTH (2). DTH TaHHBIe TOKAa3aHbI Ha pHC. 4.

1

lg(1/me - Img ), 1g(1/(ITac)) 4.0
3.5 1

1

3.0

1

2.5

1

2.0

1.5

1

1.0

1

lg( Cm -Cm k) 0.5

O-0
T T T T T T T 100

-4.0 -3.5 -3.0 2.5 -20 -1.5 -1.0 -0.5 0.0

Puc. 4. Jlorapugm oO6paTHOTro 3HaUSHUsI (ITYKTYaI[IOHHOM 9acTH BI3KOCTH Ha rpaHHMIle paszerna a3

Ha ocHoBe THX JaHHBIX OBUIO TOMYYEHO, YTO BEIMYMHA TIOKA3aTeNIsl ISl TPaHHIIbI
pasnena ¢as n, B popmyse (2) pasna n,=1,9.

OTo 3HadeHue n, = V/ ﬂ ~ 1,9 COTTIacyeTCsd C BEIIMYMHAMHM KPUTHYCCKHX
nokaszareneit OTOIT ([Tarammuckuit, 1982) v=0,636, =0,337. Bbu1 Tarxke HaiineH
ko3 dunment N =145 000 (ITa-c) "' ans rpanuisl pasjena has.

Pesyabrarel m o0cy:kaenue. I[lomydeHHbIE pe3yabTaThl TMOATBEP)KIAIOT BUI
(ITyKTyallMOHHOM YacTH BSI3KOCTH, TIPEITIOKEHHBIH panee B (Anexun, 2013:141).

Hapsiny ¢ npencrasieHHol Bbllie WHPOpMaIEeld 0 MOBEACHUH (BIYKTYal[HOHHOM
YacTH BS3KOCTH JUI KPUBOM COCYIIECTBOBAHHSA, HAa OCHOBE IMPOBEAECHHBIX
9KCIIEPUMEHTAIILHBIX HCCIIEOBaHUH (puc. 1) aHATOTHYHBIN aHaTN3 OBbUT TIPOBEICH ellle
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IS OJHOTO TEPMOJIMHAMMYECKOTO HAIIPABIECHUH - KpUTHIECKON n3otepmbl 7 =300,6K.
Ha puc. 5a mpencraBneHa KOHLIEHTPAIIMOHHASI 3aBUCHUMOCTD (DIyKTYallMOHHOH 4acTH

BS3KOCTH 1] f(AC =c _Cx) JUTST  PasTUYHBIX MACCOBBIX KOHIICHTPAIMHA BIOJIH

TEPMOJIMHAMHUYECKOTO HAIlPABIEHUSI KPUTHUYECKON n3orepmbl T=T

0.0008 ~
0.0007 -
0.0006 -
0.0005 -
0.0004 -
0.0003 -
0.0002 -
0.0001 -

K'

Mg [a-c

Cm

0.0000 w x x x

0.000 0.200 0.400 0.600 0.80

Puc. 5a KonnenrparuonHas 3aBUCUMOCTD (IIyKTyaIl[HOHHO 9acTH BI3KOCTH HA KPHTHUECKON

H30TCpME T;paCTBOpa Hn3oMacJIiHasA KUCjioTa-Bo/Jaa.

AHalu3 3THX AaHHBIX (pHC. 5a) TPOBOIWICS aHAJIOTHYHO MPEACTABICHHOMY BBIIIE
aHaJM3y JaHHBIX AJs1 KpUBOM cocymiectBoBaHus (puc. 3, 4). Ha puc. 56 moxaszana

KOHLICHTPAllMOHHAA

BS3KOCTH 77;1 ( Ac )

14000 -

12000
10000
8000
6000
4000
2000
0

3aBUCUMOCTh OOpaTHOTO 3HA4YeHUs (IYKTYallMOHHOM 4YacTH

BJIOJIb KPUTHYECKOU n30TepMbl T=T .

1/ 1/(TTa-c)

T T T T

0 0.2 0.4 0.6 0.8
a)

Puc. 56 O6parHoe 3HaueHne YIyKTyalHOHHOM YacTH BA3KOCTH Ha KpUTHIECKOH u3zotepme 7=7
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U3 puc. 50, kak u panbuie (puc. 30) ciemyert, YTo BOJIb HAIIPABICHUS KpUTHUYECKOM

-1
usorepmbl npu Kouuenrpauun Ac — () (c - ck) BCIMYMHA 1] fx TIPUHAMAET

KOHEYHOE 3Ha4YCHHUE 77;1 (t = 0) = 77;1( =q / C. Jlns KONM4YeCTBEHHOTO aHANM3a

noBezieHust (IIYKTYalMOHHON yacTu Bsiskoctu 7] f (C) (puc. 5) ObLTM MOCTPOCHBI B
JBOWHOM JIOrapru(Mu4YeckoM maciitade oOparHble 3HaYCHUS (PIyKTyallMOHHOW YacTH
BSI3KOCTH Ha KPUTUYECKOM n3otepme (puc. 6)

An~'(Ac)=1/n, =1/n, =N,(c—c, )55 =N,(Ac)” 0

W3 stux JaHHBIX BJOJIb HaAIlpaBJICHUS KpHTH‘lGCKOﬁ HN30TCPMBI ObLIa ojiy4ycHa
BCJIMYMHA ITOKa3aTCJIsd n, ~ 1,9 OKaBaJ’IOCL, YTO OHA COTTIaCyeTCsd CO 3BHAYCHNEM BEINYUH

KkpuTHueckux nokasarened (3) OTOIL [7,8] (€ = 0,405; 6= 4,63, n, = §5 ~1,9
). CornmacHo OTOII v/ ,B = 55, nostomy 71 = 2. Haiinen xodddunment N, =
250 000 (Ila-c)”" ypaBHEHUs] KDUTHYECKOW H30TEPMBI.

lg( 1me - 1/mey), lg(1/Ia-c)) © 4.0 -
3.5 4
3.0 1
2.5 4
2.0 1
1.5 1
1.0 -

Ig(Cm -Cm k) 0.5 1

0.0
-5.0 45 4.0 -35 -3.0 -25 -2.0 -1.5 -1.0 -0.5 0.0

Puc. 6. Jlorapum 00paTHOTO 3HA4EHUS (MITYKTyalIHOHHON YaCTH BA3KOCTU Ha KPUTUIECKOH n3otepme 7T,

Bbut0 TIpoBeIeHO cpaBHEHHE 3aBUCHMOCTEH (IIYKTYallHOHHOW 4acTH BS3KOCTH OT
KOHIICHTPAIUM Ha TpaHuIle paznena ¢a3 U Ha Kpudeckod m3orepme (Anexus, 2009
a: 91; Anexun, 2010 b: 35), (Abaukapumos, 2009: 31) Kak cienayer u3 morydeHHbIX
PEe3yIbTaTOB, KOHIICHTPAIMOHHASI 3aBUCUMOCTh (DIYKTYyallMOHHON 4acTH BSI3KOCTH Ha
rpaHuIe paszzuena ¢pa3 u KpUTHISCKON U30TePME OTIMCHIBACTCS CTEIICHHBIMU 3aKOHAMHU C
OJIMHAKOBBIMU KPUTHUYECKUMH TIOKA3aTEJISIMU, HO C PA3HBIMH aMIUTUTY/IaMHU.

Bbuto moNyYeHo, YTO aMIUIMTY/Na KOHIICHTPAIIMOHHOW 3aBHCHMOCTH OOpPaTHOTIO
3HA4Y€HHUsl CIBMIOBOM BA3KOCTH Ul IPAaHULbI pa3iena (a3 N, MeHbIe aMILIUTY bl Ha
KPUTHYECKOU U30TepME N,

3akawuenne. BriepBeie OJIHOBPEMEHHO WCCIICAOBAaHbI M IPOAHAIM3HPOBAHBI
KOHIICHTPAIIMOHHBIE 3aBUCUMOCTH BSI3KOCTH JBOWHOTO pacTBOpa HM30MAaclisiHAs
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KHMCJIOTa - BOJa BJOJb JBYX TEPMOAMHAMHYECKHX HANpaBIEHWH: TPaHUIBI pasaena
¢a3 u kpuTHyeckoil uzorepMmbl. (Savoy, 2016: 59). PaccumTaHbl KpUTHYECKHE
MOKa3aTeIu U aMIIUTY/bl CTENIEHHBIX 3aKOHOB JIJIsl KOHLIEHTPALIMOHHBIX 3aBUCUMOCTEN
(IIyKTyallMOHHOM YacTH BA3KOCTHM PAacTBOpa BAOJIb TNPENENbHBIX KPUTHYECKUX
HanpaBJeHHI TPaHULIbI pa3zena ¢pa3 1 KpUTUIEeCKOH H30TepMbl. [lomyueHHbIe BeTnIrHbI
KPUTHUYECKHX MOKa3aTeael Iy 3TUX TepPMOAVMHAMUYECKUX HAIMPABICHUM OAMHAKOBBI
U COIIAaCyIOTCSl C pe3yibTaraMu (IyKTyallMOHHOH Teopuu (Ha3oBbIX MEPEXOAO0B.
ComocraBneHrne aMIUIUTY[ KOHICHTPALMOHHBIX 3aBUCHUMOCTEH (IIyKTyallMOHHON
YacTH BSI3KOCTH pacTBOpa HAa KPHUBOM COCYIIECTBOBAHMS M KPUTHUECKOW HM30TepMe
M0Ka3aj0, 4YTO aMIUIMTyAa KOHLEHTPAllMOHHOM 3aBHCHMOCTH 3HAYEHHs CIBUTOBOMN
BSI3KOCTH JIJIsI TpaHMLBI pazaena ¢as Nl-l 0oJIbIIIe COOTBETCTBYIOLICH aMILTUTYAbI IS

KPUTHYECKOW U30TepMbI [\, il.
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Abstract. The study of accretion disks is one of the essential tasks in modern
astrophysics. The mechanisms of interaction between stars and the formation of accretion
disks vary based on the physical conditions of the environment. For instance, stars can
create an accretion disk through both Roche lobe overflow and strong stellar winds. In
this paper, we examine a model of an accretion disk for a standard close binary system
with a low accretion rate resulting from Roche lobe overflow. Systems with accretion
rates M = 1077 — 107°Mq/ year are classified as low accretion rates systems.

The parameters used in simulations of this paper are as follows: the central star
mass M = 1 Mg, accretion rate M = 10711 — 107*2M /year, and disk radius R =
103-10"°cm. The numerical model of the accretion disk is developed by solving a system
of equations for viscous heating, radiative cooling, and convective transport. The model
incorporates the hydrostatic equilibrium equation for the vertical axis and the equation
of state for both an ideal gas and a photon gas. The radiative flux is calculated using the
diffusion equation, while the convection is based on the Schwarzschild model, which used
the mixing length parameter as the main factor to account for convection. Additionally,
to ensure accurate simulation, optical thicknesses are taken into consideration. The
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opacity coefficients for determining optical thickness are derived from the OPAL and
Opacity Project results.

This research obtained distributions of temperature, density, and pressure at varying
distances from the center of the star. The findings also include a comparison of convective
and radiative transport at different distances from the star.

Keywords: close binary stars, accretion disk: modeling, radial structure, convection,
radiative transfer.
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AHHOTamMs. AKKpPEIMSUIBIK JHUCKUIepai 3eprrey Kasipri  acTpou3uKaHbIH
MaHBI3IBI Mocenenepidiy Oipi. JXyIapBmapaplH e3apa OpeKeTTeCy MeXaHU3MIepi
JKOHE AaKKPEHMsUIBIK JAMCKUICPIiH Maiga Oojybl KOpIlaraH OpTaHbIH (DU3MKAJIBIK
JKaFmaimapeiHa OalIaHBICTBl epeKmIenieHeai. MpIcanbl, XyIab3aap Pomr KybICBIHBIH
TOJIBIN KeTylHE OaiJIaHBICTBI Ja, KYIITI KYIIBI3IBIK KEIIIH OCEPIHCH N1e aKKPEIIHsI
JUCKICIH Ty3€ anazpl. by »ympicta 013 POII KyBICBIHBIH TOJBINT KETyl HOTHIKECIHJIE
AKKPELMS JKBUIIAM/IBIFBl TOMEH CTAH/IAPTThI JKAKBIH EKIIIK KYHE YIIIH aKKPEIHUATBIK
JIMCK MOJICTIIH KapacThIpaMbI3. AKKPEITUS JKBUTIaMIBIFbI M=10"7 - 10_9M®/ JKBIT
0O0JaThIH JKYHesaep aKKpeIrs JKBUTIaMIBIFEI a3 JKyHesep.

By sxympIcTa MOIEIBACY MapaMeTpiiepl PETiHAC OPTAIBIK >KYJIIBI3ABIH Maccachl
M = 1M¢ akkpeums XbUIIaMIbIFbI M=10"11 - 1072 Mg /b1 xoHEe aHCKiHIH
pannyceIHbIH oamiemi R = 10%-10/%cy etin Tanmansl. AKKPEIMSIBIK JUCKIHIH CaH/IbIK
MOJICJTI TYTKBIP KbI3/IBIPY, PaJIUAIUsIIBIK CATKbIHIATY JKOHE KOHBEKTUBTIK TaChIMaJay
YIIiH TEHJEeyJep KYHEeCiH Mielry apKbUIbl aiblHajbpl. Mojenb OWIKTIK OChl YIIiH
TUIPOCTATUKANIBIK TEIEe-TCHJIIK TeHICYIH, UcaN bl KoHEe (POTOHIBI Ta3ap YIIiH KyH
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TeHaeyiH KamTtuabl. CoyleneHy arbiHbl AUPQPY3UIBIK TEHIACY apKbUIBI SCenTeNei,
an koHBekus [IBapIimuiba MOJENTiHE HETI3ACITeH JKOHEe KOHBEKIUSHBI SCEeMKe any
VIIIiH HETI3T1 MapaMeTp PETiHIEe apaaacThIPy Y3BIHIABIFEI TApaMeTpIIepi mai1aJaHbUIIbL.
Conyaii-ak TypbIC MOJICIIBICY YIIIH ONTHKAJIBIK KAJIBIHIBIKTAP eckepiieai. ONTHKAIBIK
KaJIBIHBIKTHI ecenTeyre apHanFad Mesaipiaik gpakropnapsl OPAL sxone Opacity Project
HOTHKEJIEepiHe HeTi3/elNTeH.

JKYMBICTBIH HOTHXKECIHJE IKYJIIBI3ABIH I[EHTPIHEH OPTYPJi KAalIBIKTHIKTAFbI
TEMIIEPATYPaHbIH, THIFBI3BIKTHIH XKOHE KbICBIMHBIH YJI€CTipiMepi alibiH bl HoTnxkenep
KYJIBI3AH SPTYPII KAlIBIKTHIKTaFbl KOHBEKTUBTI JKOHE PaTUAIIMSUIBIK TaChIMaIIay bl
CaJTBICTBIPY/Ib KAMTHIBI.

Tyiiin ce3mep: kaKbIH KOC KYJIIBI3IAP, AKKPEIHSIIBIK JIUCK: MOJIEIBICY, PaIHaIbl
KYPbUIBIM, KOHBEKITHUS, PaJUAIUSIIBIK TaChIMAaJI/Iay.
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AnHoTanus. VccrnenoBanme akKperMOHHBIX JAUCKOB SBISIETCS OJHON M3 BaXKHBIX
3a/1a4 COBPEMEHHON acTpOopU3WKH. MeXaHW3MBI B3aHUMOACHCTBHUS MEXKIY 3BE3TaMH
n oOpa3oBaHWE AaKKPEIMOHHBIX JHCKOB pAa3MYaOTCs MCXOAd W3  (PU3UYECKHX
ycaoBui cpenbl. Tak, HampuMep, 3BE3IbI MOTYT (POPMHUPOBATH aKKPEITMOHHBIA AWCK
KaK W3-3a TMEperoIHeHus MojlocTh Porra, Tak ¥ 3a c4eT CHIBHOTO 3BE3AHOTO BETpA.
B pamkax manHOW pa®OTBI MBI paccMaTprBaeM MOJENb AaKKPEIMOHHOTO TUCKa IS
CTaHJIapTHOW TECHOW NBOMHOM CUCTEMBI C MaJIbiM TEMIIOM aKKpEIMu B pe3yjbTare
nepenonHeHus monoctu Poma. CHUCTeMBI, B KOTOPBIX TEMIT aKKpPEI[MH COCTaBIISET
M=10"7 - 10_9M@ / TOI SABJAIOTCS CUCTEMAMU C HU3KMMH TEMIIAMHU aKKPELHH.

B kauectBe mapameTpoB MOAENMpPOBaHHUS B HACTOAIIEH paboTe BBIOpaHa Macca
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neHTpanbHON 3Be3asl M = 1 Mg, Ttemm akkpeuuu M=10"1— 10_121\/1@/1“0;[
u pasmep paamyca aucka R = [10°-10"cm. YucieHHas MoOmelb aKKPEIIHOHHOTO
JMCKa TONTy4YaeTcsl MMyTeM PELICHUS] CUCTEMBbl YpPaBHEHHH JUIS BSI3KOCTHOTO Harpesa,
panualMOHHOTO OXJIAKACHUSI M KOHBEKTHBHOTO NepeHoca. Mojenb BKIoyaeT B ceOs
ypaBHEHUE THIPOCTATHUECKOTO PAaBHOBECHs U BEPTHKAJIbHON OCH, M YypaBHEHHE
COCTOSTHUSI JUTSL MJIealIbHOTO M (POTOHHOTO ra3a. PaauanmoHHbBII OTOK BBIYUCISETCS
¢ momotnipio r(h(hy3HOHHOTO YpaBHEHHS, a KOHBEKIHS OCHOBBIBAETCS Ha MOJETH
[IBapummibaa u UCMIOIB3YeT MapaMeTp AJTMHBI CMEIIMBAHUS KaK OCHOBHOM MapaMeTp
JUI ydyeTa KOHBEKUMH. Tarke, /Uil BEPHOIO MOACIMPOBAHMS YUTEHBI ONTHYECKHE
tonmuHbl. KoadduuuenTsl Hempo3pauHOCTH U1l BBIYUCICHHS ONTHYECKON TONIIMHBI
ocHoBaHbI Ha pe3yibratax OPAL u Opacity Project.

Pesynbrarom paboThl cTano MoaydeHUue pactpeie]eHUi TeMITepaTyphbl, IIIOTHOCTH
Y JIaBICHHS Ha Pa3HBIX PACCTOSIHUAX OT IIEHTpa 3Be3/bl. Pe3ymbTarThl BKITIOYAIOT
CpaBHEHHE KOHBEKTHBHOTO W PAJMAIMOHHOTO MEPEHOCA Ha Pa3IIUYHBIX PACCTOSHUSIX
OT 3BE3bI.

Ki1ioueBble c/10Ba: TECHBIC IBOMHBIC 3BE3/1bI, AKKPEHOHHBIH AUCK: MOJICINPOBAHUE,
panuanbHas CTPYKTypa, KOHBEKIUS, PaJialldOHHBIN MIEPEeHOC.

Bnazooapnocmu. [annoe uccnedosanue ¢punancupyemcs Komumemom Hayku
Munucmepcmea nayku u 6vicueeo obpasosanus Pecnyonuxu Kaszaxcman, epanm
Ne AP19678376.

BBenenue. JlanHas paborta mpeacraBisieT co0Ol TEOPETHYECKOE HCCIIEeOBaHNE
AKKPEIMOHHBIX JHUCKOB B TecHbIX ABOWHBIX cucteMax (TIHC). TecHbIMH BOMHBIMHU
CUCTeMaMH Ha3bIBAIOTCS JIBOWHBIC 3BE3JIbI, B KOTOPHIX KOMITOHEHTHI CHCTEMBI BIUSIOT
Ha DBOJIOIUIO ApPYTr Apyra. Takue CUCTeMbl HA3bIBAIOTCS TECHBIMH H3-32 OOINBIION
OnMM30CTH 3B€3/1, KOTOpAs MPUBOAMT K TEPETEKAHUIO 3BE3/THOTO BEIIIECTBA C O/THOM 3BE3/IbI
Ha Jpyryto. Kak mM3BecTHO, CyIIeCTByeT MHOXKECTBO Pa3HBIX KIIACCOB M IMOJKIACCOB
THAC. Cucrtembl, B KOTOPBIX TEMIl aKKPELUHUU COCTABIISET M=10"7 - 10_9MO /
TOJl HAa3bIBAIOT CUCTEMaMHU C BHICOKHMH TEMIIAMHU aKKPEUIHUH. A CHCTEMBI C MajbIM

Temmom akkpern uvetor M = 10711 — 1072Mq /ron. B pamkax gaHHOI paGoTh
MBI pokycupyemes Ha TJIC ¢ ManbIM TEMIIOM aKKpEIUY BElecTBa.

B xome meperekaHus BemiecTBa C 3BE3AbI-JOHOpPa 00pa3yercsl aKKpELHMOHHBIH
JUCK BOKPYT 3B€3/bl-aKKpeTopa. BepTukanbHas CTpyKTypa IO AUCKY MIPAeT BaXKHOE
3HaueHHe B (OPMUPOBAHUM W (PHU3MUYECKUX XaPAKTEPUCTUKAX aKKPELMOHHBIX
JUCKOB. B 1uckax NpoMCXOAAT MpOLECChl BS3KOCTHOTO HarpeBa, pagualiMOHHOTO
OXJIQKJCHUSI W KOHBEKTHUBHOTO TiepeHoca. bamaHc 3tux 3¢d@dexkToB mnpuBomuT K
BO3HHKHOBEHHIO PABHOBECHOM TeMIIepaTyphl. B HEKOTOPBIX 3BE3/IHBIX CHCTEMAX JTUCKU
HE SIBJISIFOTCS CTallMOHAPHBIMU, TaK KaK IPOIECCHl HATPEBA U OXJIAXKACHUS MPHUBOIAT
CHUCTEMbl B HecTaOWIbHOE cocTosiHME. Takue 3(QeKTrl, HampuMep, PacCMOTPEHBI
B padorax (Warner, 1995; Amantayeva, u np., 2021). CrnenoBarenbHo, B CTPYKTypax
AKKPELMOHHBIX JTUCKOB BO3HUKAIOT CIOXKHBIE CTPYKTYpHl. B pamkax naHHoi paOoOTHI
MBI Oy/IeM paccMaTpUBaTh CTAIIHOHAPHBIE MOJICIH THCKOB.
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Knaccnuecknumu npumepamu B 1aHHOH cdepe siBistorcst padotsl (Cannizzo, u ap.,
1984) u (Meyer, u ap., 1982), koTopble UCCIENYIOT KOHBEKTUBHBIN U paJnuallMOHHbIH
MEepeHoC B aKKPEIMOHHBIX Auckax. B pabdore (Meyer, u np., 1983) aBropamu onucaHo
BJIMSHUE O-TIapaMeTpa KuHeMaTtuueckod Bs3kocTH lllakypbl-CroHsieBa Ha CTPYKTYpY
TICKOB.

Marepuajbl 1 MeTOABI Hccaeq0BaHuA. [[Ji1 TEOPETHUECKOTO OMHCaHUs TUCKa
TpeOyeTcst cucTemMa u3 5 ypaBHEHUH, YUUTHIBAIOIIAS MEXaHU3MBI HATPEBa, OXJIaKICHUS,
nepepacnpeieneHus INIOTHOCTH U ypaBHEHHE cOCTOsIHUS. [I0TOK BA3KOCTHOTO HarpeBa
OTIpeeNsieTC s CIEAYIOIUM YPaBHEHUEM:

F=vr@Eie? =3 —\/E)- (1)

8mr3 r

3neck M - TeMn akkpenu, Tin — paguyc BHYTPEHHETO Kpasi TUCKa U w = / GM /13
— YIJIOBasi CKOPOCTh BPAIEHHS. ), - IUNIOTHOCTh BEPTUKAIBHOMN MTOBEPXHOCTH JMCKA:

H

z=[, pdz ?)

Jlist periieHus 3a/1a44 He0OXOIMMO BBECTH JIPYTYIO POPMYITY /IS TOTOKA BI3KOCTHOTO
HarpeBa. Kunemarnueckas BS3KOCTb ONpEJENAETCS YpaBHEHHEM v = a ¢ H, KOTopoe
BBeneHo lakypom n CronseBbim (Shakura, u np., 1984). 3neck o mpeacrasnseT coooi
Oe3pasMepHbIil CBOOOJHBIN MapameTp, KOTOpbIH HasbiBaeTcsl mapameTpoM Illakypbi-
CronsieBa. Wzes 3akimouaeTcs B TOM, YTO B AKKPCIIMOHHBIX JIUCKAX MPUCYTCTBYIOT
TYpOYJICHTHOCTH, IPUBOJISIIHNE K BBICOKOU BSI3KOCTH B TUCKE. Pa3Mepbl TypOyIeHTHOCTEH
HE MOTYT MPEBBINIATh BEPTHKAIBHBIX pa3MepoB Jucka H U He MOTYT UMETh CKOPOCTH
BBIIIIE 3BYKOBOM CKOPOCTH C,. Jlaxke ecnu ckopocTH OymyT BBIIIE CKOPOCTH 3BYKa, 3TO
MPUBEIET K CBEPX3BYKOBOMY TEUCHHIO U, KaK CJIC/ICTBHIO, OTPOMHOMY BSI3KOMY TPEHHIO.
B xoHeuHOM cuéTe CKOpOCTh TeueHHs 00si3aHa OyJeT MPUITH B JI03BYKOBOI ypOBEHB,
MO3TOMY KOA(Q(HUIIUCHT 0. HE MOXKET TPEBBIIIATH CAUHUIIBI.

VYpaBHeH#He /17151 00bEMHON MOIITHOCTH BSI3KOCTHOTO HArpeBa OMpeAessieTes] Kak:

= _pdey _ _3 /G_M—_;. 3
e_t‘l’r( rdr)_ 27 = GM )

2pVesH |5
3mech Lpr - TEH30p HANMPSIKEHHS AKKPELUH, 7) - K09(). TMHAMHYECKOH BI3KOCTH, V
— K03(). KHHEMaTHYEeCKOM BSI3KOCTH, P - IUIOTHOCTH BEIIeCTBa, Cs — CKOPOCThH 3ByKa B
cpene u H — BepTukanbHas BeicoTa aucka. OT ypaBHEHHS 1715l 00beMHON MoITHOCTH (3)
HarpeBa HeoOXOAUMO Oy/IeT MEepelTH K MOTOKY SHEPTHH.
[lycTe AMCK HAXOAMTCS B PABHOBECHOM COCTOSSHUM OTHOCHUTEIBHO BEPTHKAILHOM

OCH Z, TOT/Ia ypaBHEHHE JJIsl THIPOCTaTUYECKOTo paBHOBecus (Jlanmay, u ap., 1986):

apP
5 = ~P9z = —pw’z @

YpaBHEHHE COCTOSHHS UICATBHOTO M (DOTOHHOTO rasa:

PRT

P =E5=+alt/3 (5)
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Taxoxe, Tpe6yeTc;1 YpaBHCHUC I paAUAllMOHHOI'0 OXJIAKACHUSA U KOHBECKTHUBHOI'O
nepeHoca:

4 T3
F=sac T+ cpp 9/ T 124 (VT — VThq)/2. (6)

3mech mepBoe ciaraeMoe IpelCcTaBiIsieT co00¥ BBIpaKEeHHE IS PaguarimOHHOTO
IepeHoca, a BTOpOE cllaraeMoe sl KOHBEKIWHW. [ - JIMHAa CMEIIWBaHus, T. .
BEepTUKAJILHAS TMHA, Ha KOTOPOH ITepeMEITHBAIOTCS KOHBEKTHBHBIE MOTOKH. Ecim 1=H,
3HAYAT KOHBEKIIMS TIPOTEKAET 110 BCEH BEPTHKAIBLHON BBICOTE JucKa. [loaTomy, ynobHO
BBECTH IapaMeTp § = [/H, KOTOPBIN Ha3bIBAETCS MMapaMeTPOM JUTMHBI CMEITUBAHMUS.

Pemenne nanno# cucreMbl mudepeHIInanbHbIX ypaBHEHUH MpoOIeMaTHdHO, U3-
3a HEeJTMHEWHOCTH OTHOCUTENbHO T U p. [loaToMy, HEOOXOIUMO YIPOCTHTH CHCTEMY,
samenuB VT u VP na T/H u P/H. B pesynbrare nony4aercst anredpandeckas cucreMa
YPaBHEHHH, cOCToAIIas U3 5 ypaBHeHU U 5 HewmsBecTHeIX T,P,H,F u p. JlaHHBIE
BEJIMYMHBI YCPETHEHBI 110 BCEH BBICOTE Z. BT cucTeMBbl ypaBHEHUH MOCIIE YIPOIIEHUS:

IToTOK BSI3KOCTHOTO HarpeBa ocraercs 0e3 N3MCHCHHIA:

F=v(@s)?= 3GMM —\/@), @)

8mr3

MIOTOK BSI3KOCTHO HarpeBa ¢ yueToM cBoOoaHoro napamerpa llakypoi-Cronsiena:

F = 3/2 awPH, ®)

YpaBHEHUE TUIPOCTATUICCKOTO PABHOBECHUS MOCIE YIPOLICHUS:

P = pw?H?, )]

YPABHEHUE COCTOSHUSI:

RT

P = ”T + aT*/3, (10)

MOTOK JUTSI PAJUAIlIOHHOTO M KOHBEKTUBHOTO TIEPEHOCA:

F 4 T* 4 12 % v. )32 TH (11)

—gac KpH+Cpp\/gz/ ﬁ( - ad) :

Hdns ynpomenust BBeneM Benuuunbl A, B, C, D, E, G u I, xotopsie siBasitoTcs

KOHCTaHTaMH TIpU (PMKCUPOBAHHOM PajMycCe I (T. €. OHHM HE 3aBUCAT OT T,P,H,F u p,

a 3aBUCST TOJBKO OT I). JIaHHBIE KOHCTAHTHI CYIECTBEHHO YIPOIIAIOT PEIICHHUE 33 1a4H.
Torma ypasaenus (7)-(11) OyayT UMeTh CIETYFOIINH BUI:

_ __ 3GMM _rin
F=4, A=22 (1 : ) (12)
F=D-PH, D=3/2aw, (13)
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P=E-pH? E=w? (14)
P=B-pT + C-T% B=§,C=a/3, (15)
F=G-1ot1-pTVH G=2tac, I=cpfg, /4= (V = V)2

- KkpH p ’ =386 1=6 9z/ 12 ( ad) (16)

Cucrema ypasuenuii (12) - (16) mocne ynpouieHuii cCBOIUTCS K CUCTEME M3 JBYX
YPaBHEHUI:

T4
A =GS - W-F [\/§ . Tp5/6’ (17)

A = (BT*+CpT)- lef; (18)

3necy S = V(A/DE) Bropoe ypasHenue (18) siBIseTcs KyGHUeCKUM ypaBHEHHEM
OTHOCHTENBHO IJIOTHOCTH Q. BellecTBEHHbIE peHIeHUs] BO3MOXKHBI TOJIBKO IPH
muckpumuHanTe D <0. JInckpuMHHAHT OTHOCUTENBHO TeMItepaTypbl T OyJeT BB IeTh
CJIEYIOLIUM 00pa3oM:

T2/9 o 2 AEV (19)

3v3 DBC1/2

To ectp pemenne ypaBHenmid (17) m (18) cymecTByeT mpu HaIWYMHA BepXHEH
TpaHUIBI TS TEeMITepaTypel. BemecTBenHbie pemenus ypasaeHus (18) umeror 3 kopHsi:
2 TIOJIOKUTEIBHBIX KOPHS P U | OTpHUIIATENbHBIA KOPEHb . SICHO, YTO OTpHUIlaTeIbHOE
3HAUEHHE HE COOTBETCTBYET (PU3MUECKOMY cMbIcTy. OJIUH U3 MONOKHUTEIBHBIX KOPHEH
JaéT CIUIIKOM MaJieHbKHE 3HayeHue 1ioTHoctd (okomo 107'°-10%r/cm?®), aTo Takke
HE COOTBETCTBYET HAONIOAATeIbHBIM JAaHHBIM. OcTaeTcs MOCIEAHUH TONIOKUTEIbHBIH
KOpPEHb, KOTOPHIH JdaeT 3HaUeHUs OMu3kue Kk HabmomaembM (Subebekova, u ap., 2020).
B monorpadun (bucukano, u ap., 2013) aBTOp MUIIET, YTO MEPBBIN MOIOKHTEIBHBIH
KOpEHb COOTBETCTBYET Ta3aM C MpeoONIafarollliM JaBICHUEM H3Iy4YeHHs, a BTOPOH
MOJIOKUTEIBHBIN KOPEHb COOTBETCTBYET a3y ¢ Mpeo0alaloiiM ra3oBbIM JaBJICHUEM.
[oacrasnss pemenue (18) B (17), momywaercsi eIMHCTBEHHOE ypaBHEHHUE, 3aBUCSIICE
TOJIBKO OT TeMIlepaTypsl. PelieHue 5Toro ypaBHeHUS] MOKHO HalTH YHCIICHHO.

Pesyabrarhl u o0cy:xnenue. [lepen Tem Kak MepedTH K pe3ysibTaraM pemieHHs
HEoOXOAMMO O0OCYyIWTh MOJETh ONTHYECKOH TommuHBL OmnThdeckas TOJIIWHA
T - Oe3pazMmepHas (u3mueckas BEIMYHMHA, ONPEACIAoNas HACKOIBKO CHIIBHO
U3Ty4YeHHe moriomaercs cpenoi (mmasmoii). Ee yder HeoOXonum it MpaBUIBHOTO
MOJICTTMPOBaHUs PaJUallMOHHOTO MepeHoca. M3MeHeHrne MHTEHCHMBHOCTH HM3JTyUeHHS
3aBHUCHUT HKCIIOHEHIMAIILHO OT ONTUYECKON TONIINHBIL:

I = Iye™® = [ye *Pt, (20)

31€Ch K - K03(Q(UIMEHT ONTHYECKOW HEITPO3padHOCTH, | - paccTosiHUE, TPOHICHHOE
H3TYYCHUEM.

BrlunciaeHne ONTHYECKOM TONIIUHBI SBIISICTCS CIOXKHOM 3aJadeil Tak, Kak
9TO TpedyeT ydera pa3HbIX MEXaHH3MOB IOIIOUICHUS W pacCesHUs, HOHH3aluH,
3aCeJICHHOCTH YPOBHEH I MHOXKECTBA XUMUYECKUX AJIEMEHTOB B 1ia3me. [loatomy B
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JTAHHOH paboTe UCIOJB3YETCsl MOJIEIb ONITUYECKOM TONIIUHBI, PACCYMTAHHAS TPYTIIIaMU
Opacity Project (OP) (Badnell, u ap., 2005) u OPAL (Iglesias, u ap., 1996). Ux nannbie
MPaKTUYECKU UCHTUYHBI 1)1 quana3zona temnepatyp 6.000K-100.000K.

IS

log(x), cM?-r~1

—— OPlog(p)=—7 ——

OPAL log(p) = -7
—— OP log(p) =—-8
OPAL log(p) =—8
OP log(p) = -9
OPAL log(p) = —=9
—— OP log(p) =—10
—— OPAL log(p) = —10

104 10°
log(T), K

Pucynok 1. CpaBHenne k03()(HIHEHTOB HEMTPO3PaYHOCTH, MOTyYeHHbIX rpynmamu Opacity Project (OP)
u OPAL nns 4 mnoTHOCTElH rasa.

EmuncteennsiM HemocTatkoM OP sBnsieTcst orcyTcTBre maHHBIX cBbime 1.000.000
K, mostomy B pabore OymyT mcmoibs3oBaThest ganasie OPAL. [l Temmeparyp Hike
6.000 K Tpebyercst yueT MOJICKYJIIPHBIX M aTOMapHBIX KOJIEOAHHH, KOTOPHIC yUTEHBI
B pabote (Alexander, u mp., 1994). IToaTomy KpuBas ko3 PUITHEHTA HETPOIPATHOCTH
OymeT cocTosTh U3 naHHbIxX crareit (Iglesias, u ap., 1996) (OPAL) u (Alexander, u mp.,
1994) (AFQG).

log(x). cm* -r=*
=
5]
&

—— AFG + OPAL log(p) = -9
—— AFG + OPAL log(p) = -10
AFG + OPAL log(p) = -11
—— AFG + OPAL log(p) = -12
—— TOYKa CLUMBKI KPMBbIX AFG M OPAL

10° 104 10° 10%
log(T), K

Pucynoxk 2. Ontuueckas TonmuHza it auanazona temuneparyp 800 K - 1.000.000 K ais 4 mnotHOCTEH.
UepHast IUHHS COOTBETCTBYECT MECTY CIIMBKU Mojeiel ontuueckoil Tonmuusl OPAL u AFG.

Pemenue cucrembl ypasnenuit (12)-(16) mpu M = 1Mg, M = 10~"*Mg/roz,
R =10%—-10%m, a =1, &= 0.02 — 0.09, (mapamerp JIuHbI cMemmBanus [ = 6H)
JIaeT CJICNIYyOIIee pacIpelelieHue Temreparypbl 1, TUIOTHOCTH p W BEPTUKAIbHOU
BBICOTHI H:
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Pucynoxk 3. PaguanbHoe pacipeneneHue TeMieparypsl B IUCKE B 1Uara3oHe
) S r= 108 — 10 %cm. Kax Bumso na PHCYHKE, BHYTPEHHUM OOJIACTAM JUCKA
(r = 108 — 10°cM) cootsereTyer Temmeparypa 10.000 K 1 Bbillie, 5T0 CBA3AHO C YBeMHUEHHEM
BSIBKOCTHOTO HAarpesa B Jucke. Bo Buewnnx obnactsx (7 = 108 — 1019 ¢m) remneparypa samerno
HIKe 1 nagaet npuMepHo 10 4.000 K k kparo aucka. '

s p. r-em™3

L 10—7

10-?

270°

PucyHnok 4. PagnansHoe pacnpeieieHue INIOTHOCTU B JIUCKE B AUANa30He
r =108 — 10%° cm. Bo BHyTpeHHHX obmactsix aucka (r = 108 — 102 cm) mrotHOCTS

cocrassier oxono P = 107> — 1077 1 - cM™3. Bo sremnx o6mactsix (r = 108 — 1010 cm)
IIOTHOCTH Hike Ha 1—2 mopsizka i cocramsier okono P = 1077 — 1072 r-cm™3.
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Pucynox 6. PaguanbHas 3aBUCUMOCTh (r =108 — 1010 CM) OTHOIICHHUS BKJIaJla IIOTOKA
paZuaIMOHHOTO MEPEHOCA K MOJHOMY MOTOKY JUIs. BHIIHO, YTO BO BHYTPEHHUX 00JaCTSIX OCHOBHBIM
MEXaHHU3MOM TEPEHOCA SBIISCTCS KOHBEKIIHS, 2 BO BHCITHUX 00JIACTSX B OCHOBHOM TEPEHOC MTPOUCXOIUT
3a CUCT pPaJHaIliH.

Pe3ynbrarhl MOEIMPOBAaHUS MTOKA3BIBAIOT, YTO BHYTPEHHHUE 00JaCcTH JTUCKA UMEIOT
BBICOKUH YPOBEHb BSA3KOCTHOTO HarpeBa IO CPAaBHEHHUIO C BHEIIHUMH O00JacTSMHU.
[TnoTHOCTH BemiecTBa BO BHYTPEHHUX 00JaCTsIX HA 2—3 MOpS/IKa BBIIIE TUIOTHOCTH BO
BHEITHUX oOnacTsiX. [IoaTomMy, BO BHYTpeHHUX 0051acTsIX OanaHC HarpeBa v OXJIaXKICHHS
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JIOCTUTACTCS TPEUMYIIECTBEHHO KOHBEKIIMEH, B TO BpeMs Kak JUIsl BHEIIHMX MEHEe
IUIOTHBIX 00J1acTel BKJIa PaIMallMOHHOTO TIepeHoca OoJIbIIIe.

3akawuenne. [lpuBencHHBI B HacTosAlIed paboTe METOJ IMPEACTAaBISICT COOO0i
OTHOCHUTEIBHO TPOCTON CIMOCOO HMCCIENOBaHUS CTPYKTYPhI aKKPEIIMOHHBIX JHCKOB.
Pemenne cuctempl anreOpanyecKMXx YpaBHEHHU JaeT OMNKMCAHUE CTPYKTYpPbI
JUCKa B TIEpBOM mpuOmmkeHud. [IpeumyrecTBa JaHHOTO METOAA 3aKIIOYalOTCS B
OTHOCHUTEIBHOW MPOCTOTE M CKOPOCTU BBIUUCIICHWUH. METOI XOpOIIO MOAXOMUT IS
ONMUCaHusi OOLIMX XapaKTEPUCTUK, HO HE TOAXOMUT JJIs HCCIICIOBAaHUS JIOKAIBHBIX
OCOOCHHOCTEH B JUCKE, TaKMX KaK yJapHbIE BOJIHBI, BOJIHBI Pa3pEKEHUS U BOJIHBI
IIOTHOCTH.

Jis  nanpHEHIero COBEPIICHCTBOBAHUS KCCIICOBAHUS SIBISETCS BO3MOXKHBIM
pElIeHUe MPEICTABICHHOW CUCTEMbl YPAaBHEHUI B KOHEUHO-PA3HOCTHOM cXeme. DTO
MTO3BOJIUT MOCTPOUTH OO0JIee TOYHYIO CTPYKTYPY AMCKA U OTKPOET HOBbIe 0COOSHHOCTH
B HEM, B YaCTHOCTH [0 BEPTHKAJIBHOW COCTaBISIONICH aucka. Takxke, BMECTO
TG GY3MOHHOTO YPaBHEHHUS JIs PAIUAIIMOHHOTO TIEPEHOCAa UMEET MECTO MPUMECHEHUE
TU(PQPY3HOTO ypaBHEHUS C OrPAaHUYCHHBIM MOTOKOM, JIMOO (YHKIMM Harpesa-
OXJIAXJICHUS JUIs 0OJiee TOYHOTO OMpECIICHUs paualiMoHHOro nepenoca (Sandeep, u
ap., 2021). Yuer auccounanuu, HoHu3anuu 1 yciaosue llIBapummnbaa 1jisi KOHBEKITUH
(Juhan, u gp., 2002) u (Shakura, 2018), MO3BONKUT MONMYYUTH OOJIEe TOYHYIO MOJENb
KOHBEKTHBHOT'O TIEPEHOCA.
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Abstract. The effect of implanted iron ions with energies on the structure of a coating
based on the nitride of the high-entropy alloy AI-Ti—Zr—Y-Nb (HEA) was studied using
the method of Mdssbauer spectroscopy on 57Fe nuclei in the electron backscattering
geometry (EBS), with the use of X-ray diffraction (XRD) data. The initial structure
of the alloy, before the implantation of iron-57, is represented by two fcc structures
with lattice parameters corresponding to the nitriles of the elements included in the
high-entropy alloy. The implantation of iron-57 ions was carried out at the UKP-2-
1 heavy ion accelerator of the Institute of Nuclear Physics (Almaty, Kazakhstan) by
irradiation with 57Fe ions with an energy of 200 keV to a fluence of 5-1016 ion/cm?2.
The range of iron-57 ions with an energy of 200 keV is ~ 150 nm, KEMS studies
provide information on the coating structure from a depth of ~ 100 nm. According to
KEMS data, immediately after implantation, the Mossbauer spectrum is significantly
broadened and is characteristic of amorphous structures. This is caused by the presence
of radiation defects in the implanted layer ~ 100 nm and is a consequence of ion
irradiation. Subsequent isochronous annealing of the samples leads to the formation
of a singlet characteristic of a cubic structure and a doublet with a crystal structure
different from cubic. In this case, the group of elements Al, Ti, and Nb with a cubic
structure are responsible for the singlet; and Zr and Y, having a hexagonal close-packed
(HCP) lattice, generated a doublet in the surface layers of the coating. It was found that
ion irradiation led to restructuring of the coating to a depth corresponding to the range
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of implanted ions. Subsequent isochronous annealing leads to the appearance of a new
phase with an hep crystal lattice.

Keywords: Mossbauer spectroscopy, high-entropy alloy, Fe>” ion implantation,
isochronous annealing.
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UMIIVIAHTAUAJIAHY AH TEMIP-57 AAPOJIAPBIHJIA KUMC 91ICIMEH
AHBIKTAJIFAH ) KOT'APBI SHTPOIIUAJIBIK KOPBITITA HUTPUATEPI
(ALTIZRYNB) N HET'IBIHJETT ’KY¥YKA KABbIH KYPbIJIBIMbI

Bepemak Muxani — Qu3iKa-MaTeMaTHKa FhUTBIMAAPBIHBIH KaHAWAATHL, SIApONbIK (U3MKa HHCTHUTYTHI,
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AnHoTtamus. VMMmnadranysuianFaH TeMip HMOHIAPBIHBIH SHeprusiapsl Oap Al-
Ti-Zr-Y-Nb (PIIA) >xorapbl DHTPONHUSIBIK KOPBITIIACKIHBIH HUTPUII HETi3iHAerl
aOBIHHBIH KYPBUIBIMBIHA 9cepi JIEeKTPOHIApPJbIH Kepi Miambipay TeOMETPHSICHIH
(KOMC) naiiganana oteipein, °'Fe saponapeinaarbl MeccOaysp CHEKTPOCKOIMHSCHI
omicimen 3eprrenai. KopeITITaHbIH 0acTamKbl KYPBUIBIMBL, TEMIp-57 UMITIaHTAITUSACBIHA
JeiiH, JXOFapbl SHTPOIMSUIBIK KOPBITIAFa KIpeTiH JJIeMEHTTEpIiH HUTpHIACpiHe
coiikec keneTiH Top mapamerpiepi 6ap exi ['LIK KyppIIbIMBIMEH YCBIHBUTFAH. Temip-57
MOHJIApBIH UMILTaHTanusIay SAnponsik husnka HHCTUTYTHIHBIH Y KII-2-1 aybip HOHIBI
yretkimninaae (Anmarsl, Kasakcran) sneprusicer 200 kB *’Fe nonmapeiven 5-10' won/
cM? (DITFOCTIEH COYITENIEHY apKbIIBI JKy3ere achpbliabl. 200 kB sHepruscer 6ap Temip-57
HOHJapbIHBIH auana3zonsl ~ 150 aM, KOMC 3eptreynepi ~ 100 HM TepeHIIKTEH Ka0bIH
KYPBUTBIMBI Typalibl akmapar oepeni. KOMC momiMerTepi O0HBIHIITA, UMIUTAHTAIS TaH
Kelin Oipaer Meccbayap criekTpi alTapiibIKTai KeHele 1 )koHe aMOp P ThI KYpBLITbIMIApFa
ToH. bys1 umMmnantanusananran kadarra ~ 100 HM paguanysuIbIK aKayiapablH OOTybIHAH
TYBIHIAUABl KOHE HWOHIBIK COVICICHYNIH calmapbl OOJNBINT TaObUTAMBl. YITUICPHIH
KEHIHT1 M30XPOHIBI KYHAIPYl TEKIIe KYPbUIBIMHBIH CHHIJIET CHUIIATTAMACHIHBIH >KOHE
KyOTBIKTaH e3relle KPUCTAIIBIK KYPBUIBIMBI Oap AyOieTTiH maiina OomyblHa SKeJel.
Byn xarpaiiga tekme KypbuibiMbl Oap Al, Ti sxone Nb asmeMeHTTep TOOBI CHHIVIET
YIIiH kayan Oepefi; ykoHe Zr xoHe Y anTelOypeimThl ThIFEI3 opanrad (I'TIY) Topsr
0ap, 'xkaObIHHBIH OCTKI KabarTapbiHaa 1y0ieT Kypajbl. OH/BIK coyielieHy sKaObIHHBIH
UMIUIaHTAUUSUIAaHFAH MOHAAp AMAana30HbIHA COMKeC TepPEeHIIKTe KailTa KypbUIbIMIayFa
okeneTiHi aHpIKTaNIbl. Keiiari nzoxpounsl Kyiaipy I'TIY kpuctaambk Tophl 0ap skaHa
(hazanbIH Maiiga O0MyBIHA OKETei.
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AnHoTanusa.MeronomMéccOayapoBckoiiciekTpockonnrHasaapax S7FesreomeTpuu
00paTHOTO paccesHusI 1o dekTpoHHOoMY KaHainy (KOMC), ¢ npuBieueHueM JaHHBIX 10
penTreHoBckoi audpakiuu (PIA), uccieqoBaHo BIUSHUE UMIUTAHTUPOBAHHBIX HOHOB
JKeJle3a ¢ PHepruel Ha CTPYKTYPY IMOKPHITHS Ha OCHOBE HUTPH/IA BEHICOKOIHTPOITUITHOTO
crmaBa Al — Ti — Zr — Y — Nb (BOC). HcxonHasi cTpykTypa cIiiaBa, 10 UMILIAHTAIH
xkenesa-57, mnpexncrasieHa nasyms ['TIK-cTpykrypamu ¢ napaMerpamMu  peni€Tkw,
COOTBETCTBYIOIIMMHU HUTPHJIAM 3JIEMEHTOB, BXOSIINX B COCTAB BEICOKOIHTPOIHITHOTO
CILIaBa.

MMmtaHTauio MOHOB keje3a-57 OCYIIECTBISIA Ha YCKOPUTENE TSKEIBIX MOHOB
VYKII-2-1 UAD (Anmarsl, Kazaxcran) obmyuenrem nonamu S7Fe ¢ sHeprueit 200 k3B
1o ¢utroenca 5-10'¢ won/cm?. [Ipober noHOB xese3a-57 ¢ sneprueii 200 k3B cocrarser
~150 am, KOMC-uccnenoBanus MpeoCcTaBIsIOT HHPOPMAIIHIO O CTPYKTYPE TTOKPBITHS
¢ ryounst ~100 HM.

I[To mamaeiMm KOMC cremyer, 49TO HEMOCPEACTBEHHO TIOCIEC WMIUIAHTALIAN
MéEccOaydpOBCKHUI CIIEKTP 3HAYUTEIBHO YIIHPEH M XapaKTePeH 15l aMOP(HBIX CTPYKTYP.
3TO BBI3BAHO NPUCYTCTBHEM PAIUAIMOHHBIX JIE(PEKTOB B MMIUIAHTHPOBAHHOM CIIOE
(~100 uM) 1 sBNSETCA CIENCTBUEM MOHHOTO 00imydeHusd. [locneayronuii H30XpOHHBIHI
OTXHT' 00pa3LOB MPUBOAUT K 00Pa30BaHHIO CHHIIIETA, XapaKTEPHOTO JUIS KyOU4eCcKOM
CTPYKTYpPBI, U JIyONeTa ¢ KPUCTALUTMUECKOH CTPYKTYpOW, OTIMYHON OT KyOMYECKOM.
[pu 5Tom rpymma snemenToB Al, Ti 1 Nb ¢ kyOudeckoi CTpyKTypOi OTBETCTBEHHA 32
CUHIJIET, a Zr ¥ Y, UMEIOIIie TeKcaroHabHyto 1mioTHoynakoBannyio (I'TIY) pemérky,
MOPOIWIIN TyOJIeT B PUITOBEPXHOCTHBIX CIIOAX MOKPBITHUS.

VYcTaHOBIEHO, YTO HMOHHOE OONYYeHHE TPHUBENO K IEePecCTPOHKaM CTPYKTYpBHI
MOKPBITUSL Ha TIYOUHY, COOTBETCTBYIOIIYIO MPOOErYy HWMILIAHTUPOBAHHBIX HOHOB.
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[Mocneayronmii N30XPOHHBIN OTXKHUI MPHUBOAUT K TMOSBICHUIO HOBoW (azwl ¢ ['TIY-
KPUCTAJIIMYECKOU PEIIETKOM.

KioueBble cioBa: MéccOayspoBckasi CIEKTPOCKONHS, BBICOKOIHTPOIUIHBIN
CILIaB, MMIUIAHTALWS HOHOB Fe’, M30XpOHHBIH OTHKUT.

Qunancuposanue. Paboma evinonnena 3a cuem cpedcms Ilpoepammol yenesoco
Gunancuposanus Munucmepcemea nayxku u oopazosanusi PK Ne BR 20280986.

Beenenne. B xonne mpomwioro Beka Obul oTKpeIT (Zhang, 2014: 2; Firstov,
2011:6) HOBBIH KJacc MaTepualoB, TOJYYUBIINN Ha3BaHHE «BBHICOKOIHTPOIUHHBIC
crmaey (BOC). IlarenT 3aperucTpupoBaH Ha MMs TalBaHLCKOTO ydeHoro J-W.
Yeh, 3a marepuansl Takoro tuma B 2002 rony (Krause-Rehberg, 2013:675). Cocras
TaKMUX CIUIaBOB IMPEJCTaBJIEH, KaK MpaBuio, 5 - 6 anementamu. CopeprkaHnue KaKaoro
3JIEMEHTa COCTABIAET OT 5 10 35 %.

3a xopoTkuil nepuoa onyonukoBaHo 6onee 5000 Hayunsix padot. MccnenoBanue
cymectBytomux BOC u pa3paboTka HOBBIX OCYLIECTBIISIETCS BO BCEX SKOHOMHYECKU
pa3BUTHIX cTpaHax. Takod Oomnbimoi MHTEpec K uccienoBanuio BOC obyciosieH
YHHUKaJIbHBIMA CBOWCTBAMH JTHX MaTE€pPHajoOB, TAaKMMHU KakK JOJTOBEYHOCTD,
IUTACTHYHOCTh, U3HOCOCTOMKOCTD, KOPpO3UOHHas cToikocTh u apyrue (Firstov, 2011;
Gorban, 2017:25). 1o cunte3a BOC, B OCHOBHOM U3y4YaJIiuCh METAJLTHYECCKHUE CILIABHI,
COCTOSIIIIME U3 OTHOTO MJIH JIByX OCHOBHBIX KOMIIOHEHTOB U C MEHBIINM KOJINYECTBOM
JOPYTHX JIETHPYIOMMX 3JeMeHTOB. OOHOH W3 O0COOEGHHOCTEH HOBBIX MaTEepHAaoB
SBIISIETCS. TO, YTO B JTHX CIUIaBax HET MOHATHS «O0a30Bblit». Bee comepikammecs
AIIEMEHTHI SABISAIOTCS 0a30BbIMU. OHOM U3 M00anbHBIX el passutus BOC saBnsercs
nojy4eHue ogHo(pa3HOW CTPYKTYpbl B BHAE HEYNOPAJOYEHHOIO TBEPAOIO pacTBOpa
3amenienus. CrabunbpHocTh BOC 3aBucHT 0T cBOOOAHOM »HEepruu ['nb66ca (n3006apHO-
M30TEepMHUYECKOrO MOTEHINANA):

G=H-T-S, (1)

rne H — sutanenus; T-aOcomroTHas Temneparypa; S — SHTPOTIHSL.

Cucrema HaxXoAWTCSd B YCTOWYMBOM TEPMOJMHAMHYECKOM pPaBHOBECHH TIPH
MTOCTOSTHHBIX JaBICHUH W TeMIleparype, T.e. Koraa G uMeeT MUHUMAaJIbHbIe 3HAYEeHUSI.
Taxum obpazom, BOC npenctaBnsror co60i HOBBIN KJIACC MAaTEPHUAJIOB C TTOBBIIIEHHOMN
SHTPONHENH CMEIIMBAHMS. BBICOKast SHTPOINUS CMECEH TaKUX CHCTEM MPENSATCTBYET
00pa30BaHUIO HHTEPMETATNINIECKUX (a3 ¥ TBEPABIX PACTBOPOB BHEAPEHUS B IIpoIlecce
kpuctamm3anun. Mnes BOC ocHoBaHa Ha MPOCTOM YTBEPKACHUH, YTO IIATH U Ooiee
KOMITOHEHTOB, B3ATHIX B PAaBHBIX WJIN ONHU3KUX TPOMOPIHAX, MOTYT OOpa3OBHIBATH
omHO(a3HBI KPUCTAJUIMUSCKUI CIUtaB. PaBHOE KOIMYeCTBO KOMIOHEHTOB BOC
ABISETCS 00s13aTeNnbHBIM. BO3HMKaeT BOMpoOC: moyeMy Takas MmpocTas ujaes He Oblia
peanmmn3oBaHna panbiie? O6bacHenne MoxHo HaiTh B (Pogrebnjak, 2013: 1135; Sobol,
2012: 168). [1epBas mpuumHa CBsI3aHA CO CIOKHOCTHIO U3YUYCHHUSI MHOTOKOMITOHEHTHBIX
cucteM. Bropas mpuunHa — HHTYUTUBHOE OKHAAHWE, YTO YeM OOJbIIle KOMIIOHEHTOB
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COZICPKUTCA B CIIaBe, TeM Oosblie (a3 oOpasyercst coriacHO (QyHIaMEHTaIbHOMY
npasuity ['n60ca (Yeh J.-W, 2015: 2254)..

HccnenoBanusi KpUCTAIMYECKOH CTPYKTYPBI HUTPUIHBIX TOKPBITHHA Ha OCHOBE
BOC mpencrasisitor co0o0il MepCHeKTHBHOE HAMpaBiICHUE HCCIEAOBAHUHN, T.K. OHH
0051a1al0T MPEKPACHBIMU MPOYHOCTHBIMU CBOWCTBAMHU (BBICOKHE 3HAYCHUSI MOIYIIS
IOnra), TpubonoruueckumMu cBoicTBaMH (M3HOCOCTOMKOCTh, HU3KUH KOA(GHULIHEHT
TPEeHUsI M 1p.), JEMOHCTPUPYIOT BBICOKYIO TepMHuecKyto ctabmibHOCTh (Yeh J.-W,
2007:5Miracle D.B, 2019 6:7).

O0600m1as ckazaHHoOe, CIEAYeT 3aMETUTh, YTO CMELICHUE MATH U OoJiee HIEMEHTOB
MIPUBOJUT K 00pa30BaHMIO CTAOMIBHOTO TBEPAOTO PACTBOPA 3aMEIICHUSI C OTHOCHTEIILHO
npocteiMu Kyonueckumu (I'LIK mnu OLIK) nnu rekcaroHaibHOM KPHCTATIMYECKUMH
pemerkamMu. MHTEepMeTaluIMYeCKHe HIM MHOTO(Aa3HbIE CTPYKTYPBI, KaK B Cilydae
TPaIUuIIMOHHBIX MHOTO3JIeMeHTHbIX cucteM (Yum-Roseri, 1965:203; Wang, Huang,
2015:28), OTCYTCTBYIOT.

Lenbio HacTosiIeH pabOTHI SBISIOTCS U3YyUYCHUE PAJAUAIIMOHHO — HHIYIUPOBAHHBIX
MPOIIECCOB B MPUIIOBEPXHOCTHBIX CJOSX HUTPUAHBIX NOKpBITHH (AlTiZrYNDb)N,
UMILUTaHTHPOBaHHBIX HOHaMU °'Fe. [TomyueHne 3KCIIepUMEHTANIBHBIX JaHHBIX U3 30HBI
BJIMSIHUS 9THUX HOHOB Ha CTPYKTYPHO (pa30BO€ COCTOSIHNE MMIUTaHTHPOBAHHBIX 00pa3oB
W yCTaHOBJICHHE HBOJNIOLUHU CTPYKTYphl MOKpHITHH M3 BOC mpu mociemoBaTenbHbIX
HN30XPOHHBIX OTKHUTraX.

Marepuajabl U MeToabl MccIeloBHMSI. B Hactosmeil pabore wucciemnoBaHo
BJIMSIHUE M30XPOHHOTO OT)KUTAa Ha CTPYKTYpY M CBOMCTBA TOKPBITHA M3 HHTPHIOB
BOC (TiZrALYND)N, nony4eHHbIX METOIOM BaKyyMHO-IYTOBOTO UCIIAPEHUS KaTOJa.
Katonp! 13 BHICOKOPHTPONUHHBIX cI1aBoB cucTeMbl Ti-Zr-Al-Y-Nb nszrorasnusanuch
METOJIOM BaKyyMHO-/yTOBOM IUTaBKH B aTMOC(epe BHICOKOUUCTOro aprona. B radnuie
1 mpuBeneH sneMeHTHBIN cocTaB MOKpeITU. (O.V.Sobol, 2012:168)

Tabmuua 1.
Marepuan KoHIeHTpanus/morpenHocTs U3MepeHui, at.%
N Ti Zr Al Y Nb
(TiZrAIYND)N 46.00 15.55 11.47 10.28 10.74 5.96
+0.12 +0.05 +0.16 +0.03 +0.17 +0.15

[MokpeiTUST OBUTM TIOJTYYEHBI MPH HCIOJIh30BAHUH BAaKyyMHO-IYyTOBOW yYCTaHOBKH
«bymar-6» 1Mo Meromuke, M3NIokeHHOW B (Sobol, 2012). B kadecTBe MOMIOKKH
Oputa B3ATa (epputHo-mMapreHcuTHas cranb (Fe-12%Cr). [dma m3ygenns BOC
WCIOJIb30BaJIaCh B KayeCTBE OCHOBHOTO MeEToJla MeccOaydpPOBCKasl CIIEKTPOCKOTIHS
B peXuMe 00paTHOTO paccewBaHUA 1O AekTpoHHOMY KaHamy (KOMC). Cnemyet
3aMETHUTh, YTO MeccOaypoBCKasl CIIEKTPOCKOTHS B pexuMme Ha mporyckanne (MC)
HE TONb3yeTcs OOJNBIION MOMYISIPHOCTHIO CPEAM HCcieoBareiel, 3aHUMAarOIIXCs
npobnemamu BOC. D10 cBsizaHo ¢ Tem, uro BOC SABISIOTCS pazynmopsaoueHHBIME
TBEPABIMUA PACTBOpPAMU 3aMEIICHHUS C HESIPKO BHIPAKECHHOW (aMOP(HON) CTPYKTYpOH.
Meton KOMC B cpaBHeHHEe ¢ MC HMEET psij OJIOKUTETHHBIX 0COOEHHOCTEH. B cimyuae
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K3MC c nornoruresnem n3 xene3a SHEPrHsi KOHBEPCHOHHBIX 3JIEKTPOHOB paBHa 7.3 k3B,
YTO COOTBETCTBYET TonmuHe 3ddekTuBHOro cnos mopsaxka 100HM. DTo 3HAYUT, 4TO
MOXHO HCCJIEI0BaTh OTHOCUTEILHO TOHKHE MPHIIOBEPXHOCTHBIE CIIOW 00Pa3lLoB, T.C.
CYLIECTBEHHO PACLIMPUTH MO CpaBHEHHIO ¢ MeToioM MC Kpyr pelraeMbIX HayYHBIX U
MpUKIagHbIX 3a1a4. Ente onqHa Baxnast ocodenHocTh MeToga KOMC cocTout B TOM, 4TO
9TOT METOJ] HE BHI3bIBACT MCKAKCHNE PE30HAHCHBIX JIMHUI MIPU CKOJIb YTOAHO OOJBIINX
TOJNIIMHAX 00pa3a u Oosee 4YeM Ha JIBa MOPSIIKa [TOBHIILACT YyBCTBUTEILHOCTh METOA
SIIEPHOT0 raMMa-pe30HaHca.

[ockonbky amns npuMeHenus 3¢dexra MeccOayapa HyKHBI MeccOaydIPOBCKHE siApa
B o0Opasuax, To OblIa BBITIOJIHEHA UMIUIaHTalus HOHOB Fe¥’ ¢ sneprueit 200x3B mo
¢uoeHca

5-10'%cm2. TIporpamma SRIM - 2008 (Gasan, 2019:15; Krapivka, 2015:57) B
pexume QuickCalculation wucmonp3oBasiach JJisi OLIGHKU CTEICHU BO3ICHUCTBUS
MOHHOTO Iy4yKa Ha KPHUCTAJUIMYECKYI0 PEUIETKY HMIUIAHTUPOBAHHBIX MaTEpHasoB.
PaccunTana KOHIICHTpAIMs UIMIUIAHTUPOBAHHBIX HOHOB Fe’’B MUIICHH, KOHIICHTpAIIHs
BaKaHCHI B MaTpUIIe; OLICHEHO KOJIMYECTBO 0OpaTHO paccestHHbIX noHOB Fe’. TIpober
noHoB Fe*” 150 HM, 4T0 coM3MepuMo ¢ poOeroM KOHBEPCHOHHBIX 31eKTpoHOoB. KOMC
METOJI TO3BOJISIET TONYYUTh WHPOPMAHIHMIO O CTPYKTYPE MPUIOBEPXHOCTHOTO CIIOS
MOKPBITUS Tako TommuuHbl. OOMyueHre BBITONHSIM TOKOM MOHHOTrO myuka ~ 100
HA Ha yckoputene TsokenbiXx HoHHOB YKII-2 -1 MucTutyTa sinepHoii Gu3uku (Anmarsl
Kazaxcran). MuieHnas kamepa JOMOJIHUTEHHO Oblila OCHAILEHa MArHUTHOPA3PsAHBIM
HACOCOM, YTO MO3BOJISUIO TMOMYYHUTh BakyyM ~1,5%107 MM pT. CT. ¥ MUHUMHU3UPOBATh
CKOPOCTb HaropaHus yrepoIHON MJIEHKU Ha MUILIEHH PH UMIUIaHTalMK. TeMreparypa
MHUIIICHH [TPU BEIOPAHHBIX pexaMax oOmydeHus He mpessimana 60°C.

[TocnenoBarenbHble H30XPOHHBIE ABYX4YaCOBBIE OTKUTH MTPOBOJWIN B BaKKYyMHOM
neun npu 870K,1070K,1170K,1220K,1270K. Tlocme kaXgoro W3 93TamoB OTKUTa
BBITIOJTHSIUTY MCCIIEI0OBAHMS CTPYKTYPBI OKPBITHS.

DONeMEeHTHBIH COCTaB CHHTE3MPOBAHHBIX OOPa3LOB ONPEACTSIA C TOMOIIBIO
cKaHupymlero anexktponHoro Mukpockona HITACHI 4000, ocHameHnHoro
SHEProINCIEPCUOHHBIM aHanu3aropoM IncaX-act ¢ paspemeHneM 3 HM 1pu
ycKopsiroleM HanpsbkeHuH 5-15 kB. H3meHeHus KpucTaIMdecKod CTPYKTYpbl
HCCIIEyeMBbIX MaTepuajoB JO W TOcle MMIUIAaHTAlMd pPErucTpUpOBaIM  Ha
mudpaxromerpe BrukerD8 ADVANCE ¢ Cu-Ko- n3nyyarenem B reomerpun bpoarra-
Bpenrano. ®azel uaenTHdGUIMpOBaIH ¢ moMolkio kKaproreku ASTM u TCPDS.

DIeKTpOHHOE OKpYKeHHe atoMoB Fe’’ mocie 3aBepiieHus mpolecca MMILTaHTaluH
ouennBamn KOMC wmerogom. MeccOayspoBckre HCCIEOBAaHUS NPOBONMINA Ha
cnektpomerpe MC-11040M mpu KOMHaTHOM Temmeparype, UCTOYHHKOM Y—KBAaHTOB
ciyxui Co¥’ B Marpuie xpoma. O0paboTKy MIccOayIPOBCKUX CIIEKTPOB OCYIIECTBISIIN
METOJIOM MOJENBHON pacmn(poBKH € MOMOILIBI0 mporpamMMel Spectr Relax (Gu,
2019:289).

Pesyabrarel m o0cyxnenwe. l3BecTHO, 4YTO pPAa3HOPOAHBIE aTOMBI MOTYT
00pa3oBBIBaTh TBEPIBIC PACTBOPHI 3aMEIEHHS B Cly4yae BBIIOJHEHUS YeThIpex
KpuTepues, paspadboranubsix FOMm-Pozepu (Yum-Roseri, 1965:203). IlepBoe mpaBuiio
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— pa3MepHsbIil pakTop. Pazmepsl aTOMOB KOMIIOHEHTOB HE JIOJDKHBI OTJIMYAThCS OOsee
yem Ha 14%. BTopoli (akTop — 3IEKTPOXUMHUYECKHH. DJIEKTPOOTPUIIATEIHLHOCTH
aTOMOB JIOJDKHBI OBITh ONM3KH. TpeTudl W YeTBEPThIM KPUTEPUHU COCTOSAT B TOM, YTO
paCIIMPEHUI0 OOJIACTH TBEPAOTrO PAacTBOpa CIIOCOOCTBYIOT OJU3KHE BAaJICHTHOCTH U
OJIMHAKOBBIC KPUCTAUIMYESCKUE CTPYKTYPhI KOMIIOHEHTOB CIliaBa. JONOTHUTEIBHO IS
BOC 6b1 npeanoxken sHTANBNWIBHBINA KpuTepuit (Yeh J.-W, 2015:2254), cornacHo
KOTOPOMY 00pa3yercs HeyopsI0YCHHBIN TBEP/IbIA PacTBOP.

Panee Obin BemonaeH muki padot (Kislitsin, 2013:22; Manakova, 2021: a:17) mo
HCCIICIOBAHUIO BIUSHUS WUMILIAHTAIlMK HOHOB Fe’’ Ha cTpyKTypy M CBOWCTBA psiia
METaJIIOB, B TOM 4uciie u conepxkammxcst B BOC (Al, Ti, Zr, Y, Nb). Pe3ynbrars! aTrx
HCCJICIOBAHNUHN CBEJACHBI B TabuIe 1.

Ta6JII/IHa 2. MeCC6ay3pOBCKI/IC napaMeTphbl TBEPALIX PACTBOPOB JKEJI€3a B MCTAJUIMICCKUX MaTpulax.

Komnonents! | Tun pemerku | U3omepnslit | KBagpynonsnoe | ATomusblil | BanentHocts | JIuTeparypa
MaTpuLbl C/IBHT 0, paciueruienue A, | paauyc R,
MM/c MMm/c HM

Al 'K 0,24 - 0,143 3* [16]

Ti OLK 0,47 - 0,146 2,3'4" [17]

Zr Iy -0,34 0,85 0,160 4" [18]

Y Iy -0,12 0,70 0,181 3* [20]

Nb OILK -0,025 - 0,145 45" [19]

Ta OIIK 0,04 0,54 [18]

Mo OIIK 0,04 0,30 [18]

O: M30MEpHBIM CIBHI OTHOCHTENbHO MeTaiummueckoro keneza npu 300 K; A: kBaapymoibHOe
paciierieHue.

[MapameTpsl pemieTkn OMHApPHBIX HHUTPHUIOB OOpPA30BaHHBIX MMOKPBITHH TpH
ocaxaennn BOC (TiZrAIYNDb)N.

Tabnuma 3. [Tapamerps! perrerku, oO6pazoBanust OMHapHEIX HUTPUIOB ([Torpednsk, 2015:72)

TiN ZrN AIN YN NbN

[TapameTps! pereTku,mm 0,4242 0.4578 0.436 0.4877 0.4394
Outponus obpaszosanus,J/mole grad 0.31 8.93 0.93 6.05 3.96
DHranenus 0opazoBanus,kJ/mole 36.62 65.51 20.29 99.36 37.81

W3 rabmutet 2 BuaHO, uTo BOC ((TiZrALYNb)N cOCTOUT U3 ABYX TPYIII DIIEMEHTOB.
Onementsl iepBoii rpynmsl (Al, Ti, Nb) umeror kyomueckyro ['IK u OLIK cTpyxTypy;
BTOpas rpymma (Zr, Y), UMEIOT TeKcaroHaJIbHYI0 1mioTHoynakoBannyto (['T1Y) pemeTky.

I'ekcaronanbHas MJIOTHOYIAKOBAaHHAs KPUCTAJUIMYECKAs PpeIIeTKa MHpeiCTaBiseT
CJIOXKHYIO CTPYKTYPY B BHJI€ HIECTUTPAHHON IPU3MBL. DJIEeMEHTapHAs sTUCHKa CONEPKUT
17 aromoB. 14 aroMOB M3 3TOro YHMCia PACIONATAlOTCs B y371aX KaKIOr0 OCHOBAaHMS
npu3Mel. Tpu aToma pacmonarairoTcsi B CepeuHe MPU3MBbl, 00pasyst PaBHOCTOPOHHUM
TpeyronbHuK. Kpucramnuueckas I'TIY pemerka BeITsiHyTa BIojib ocu C, OTKIOHSISICH
oT kKyondeckolt cummerpu. [loaromy MeccObayspoBckre crieKkTpbl coeaunenuii ¢ ['TIY
CTPYKTYPOH MpPEACTaBIAIOT KBAaAPYNOJIbHBIM AyOner. T.e. eciam pe3oHaHCHBIM aroM
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(B manHOM ciyuae Fe’” HaxomauTcst B He KyOMUECKOM OKPYKCHHH, TO BOKpYT sapa
BO3HHKAET rpagueHT AekTpuueckoro mois (I'311), kak Mepa OTKIOHEHUS SIEKTPOHHOTO
OKpYXEHHUS Spa OT KyOU4ecKol CHMMETPHUH.

B pabore (Ilorpebnsix, 2015) mnpencraBiaeHbl pe3ylbTaThl HCCICIOBAHHS
pacmpeneneHuss dIeMEHTOB Mo mnoBepxHocTH mokpbituss BOC (TiZrALYNDb)N.
[TokazaHo, 4TO 37EMEHTHI MOKPBITUS paclpeneseHbl paBHOMEpHO. Takxke Mokas3aHo,
YTO BaXXHBIM YCJIOBHEM CTAOMJIBLHOCTH TMOKPBITHS SIBISIETCS MOCTOSHCTBO JIABIICHHS
raza (N) npu HanbLICHUU.

Ha puc.l nmpusenenst KOMC cnekTpsl NOKpeITHH Ha ocHOBe HUTpuaoB BOC.
Pesynbrarsl 00pabOTKH 3THX CIIEKTPOB CBEICHBI B TadmuLe 4.

40r

100
140F

V.omams

Pucynok 1. KOMC criekTpsl TOKPHITHI Ha OCHOBE HUTPUAOB 10 (a) 1 mocie omxura npu 600°C (6),
800°C (B), 900°C (r), 950°C () u 1000°C (e).

Tabmuma 4 Meccbay?poBcKre apaMeTphl IMOKPHITHS Ha OCHOBE HUTpUaI0B BOC

T'LIK u OLK Iy

T,°C 1, % 3, MM/C I, % 3, MM/C A, MM/C
20 16.7 0.39 83.3 0.38 0.42
600 2.0 0.09 98.0 0.28 0.30
800 22.0 0.13 78.0 0.19 0.35
900 34.7 0.02 65.3 0.11 0.33
950 39.5 -0.02 60.5 0.05 0.30
1000 44.0 -0.03 56.0 0.04 0.27

I: oTHOCHTEbHAS CTIEKTpabHAS 00IACTb.
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OTO  YOpOILEHHBIM  BapuaHT  00pabOTKHM  MeccOAaypOBCKHX  CIIEKTPOB.
JeiicTBuTenbHAs KapTUHA N0 BCEl BUAMMOCTH ropasfo cioxkHee. [14Tb aemMeHToB B
COCTaBE TOKPHITHSA € OJM3KUM KOJIMYECTBOM M PaBHOW BEPOSITHOCTBIO MOTYT JaTh KaK
MUHUMYM 5 mozacnekTpoB. Kpome TOro mpu HambUIEHHUHM MOKPBITHS IMOJ JIaBIEHHUEM
a3zoTta o0pazyroTcss HUTpUABI (cM.Tabauiy 3). [loaToMy mpeacTout AeTaibHbI aHaIn3
MOJTyYEHHBIX SKCIIEPUMEHTAIBHBIX TaHHBIX.

B pabote (Vereshak, 2023: a: 127) npoBenieHbl MeccOaydpOBCKUE M PEHICHOBCKUE
HCCIIEIOBAHUSl PaAMLMOHHO-MHIYLIUPOBAHHBIX TMpoLeccoB B Nb (dIeMEeHT MepBOM
rpymmnsl nokpeitust BOC ¢ kybnueckoii cTpykTypbl). A B padote (Manakova, 2021:127)
MOXOXKME WCCIeNOoBaHus MpoBeAeHbl ¢ Zr (Bropas rpynma ¢ [TIY crpykrypoit).
YcraHoBlIeHO 4TO B pe3yabrare oOmyuenuss Nb u Zr monamm Fe’’ oOpasyroercs
nepechIleHHbIe TBepabie pacTBopsl 3amernienns Nb (Fe’”) u Zr (Fe’). Kpome cunreros
B CIHEKTpax MPHUCYTCTBOBAM JyOsIeThl, BbI3BaHHbIE MHTepMeTauaamu Nb, Fe¥’, Zr,
Fe’’ u Zr Fe?.

ITpu obmyuyenun Nb u Zr nonamu Fe¥’ B pesynprare peKOMOMHALMM BaKaHCHI
W MEXY3eIbHBIX  aTOMOB, MPOHCXOAWT  (OPMUPOBAHHE  WHTEPMETAILIHIOB
Nb2Fe,Zr3Fe,ZrFe2 u tBepabix pactBopoB Nb (Fe) u Zr (Fe) paBHOBecHOTO cocTaBa.
3akarouenne. Meronamu sepHON raMMa-pe30HaHCHOM CIIEKTPOCKONMH Ha Apax
Fe’’Bpesxime 00paTHOro pacceBaHus 1o aneKTpoaHomy kanany (KOMC) upeHreHoBckoi
mudpaxaun (PIA) mpoBeaeHbl MCCIeNOBaHUs MOKPHITUS U3 BBICOKOIHTPOMHUHHBIX
crmaBoB (Al, Ti, Zr, Y, Nb)N, nonyueHHbIX BaKKyMHO-IyTOBBIM HCIAPEHHUEM KaToja
B mapax asora. [IpurotoBineHnsie o0paszusl BOC ObUTM MMIIAaHTHPOBAHbI MOHAMH
Fe¥’, uro mo3Bonmio nony4yars HHGOPMAIHIO O CTPYKTYpe MPHUIIOBEPXHOCTHOTO CIIOS
MOKPBITHUS TOJIIUHOMN, CON3MEPUMOI ¢ IPOOETOM KOHBEPCUOHHBIX AJIEKTPOHOB.

[IpoBeneno wuccienoBaHWEe BIMSAHUS HM30XPOHHOTO OT)KUTa O0pa3sloB Ha
Kpuctannnueckyto ctpykrypy BOC. Tloka3aHo, 4yTo 10 OT>KHra MOKPHITHS Ha OCHOBE
HuTpuaoB BOC npencraBieHo 3HaUNTENBHO YITUPEHHOW TapaMarHuTHON TUHUEH. DTO
yKa3bIBaeT Ha CHJIBHOE MCKAKEHHE DIIEKTPOHHOW CTPYKTYpHI B 00ACTH MPUMECHOTO
aroMa Fe, mpuBomsmee K amMOp(HU3aLMOHHOMY COCTOSHHIO CTpPYKTypsl BOC.
M30XpOHHBIA OTKUT MPUBOJWI K MOHOTOHHOMY YMEHBILIEHHMIO IIMPUH PE30HAHCHBIX
nmuauit. Ha mocnennem arane npouecca orxura (T=1270K) obpasern nemoHcTpupyeT
HEYIOPSIOUEHHBIM TBepAbIil pacTBOp 3amMmelieHus. [Ipu3HakoB TBEpHOro pacTBopa
BHEJIPCHUS M MHTEPMETATUAHBIX (a3 He 0OHapyskeHO. [[okazaHbl BO3SMOKHOCTH METOA
KOMC na npuMecHBIX (MMIUTaHTHPOBaHHBIX) aToMax Fe B uccnenoBannu BOC.
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Abstract. This study delves into the atomistic insights surrounding the use of task-
specific Deep Eutectic Solvents (DES) to enhance hydronium ion mobility in Graphene
Oxide (GO)-based Proton Exchange Membranes (PEMs). Employing advanced
computational modeling techniques, the research meticulously examines the optimized
structures and interaction energies of DES, hydronium ions, water molecules, GO, and
their various complexes. The findings reveal a strategic alignment of hydronium ions
and water molecules between the GO layers and DES, indicating robust interactions
that significantly facilitate proton transport. Notably, DES demonstrates favorable
energetic profiles, while the complex comprising GO, DES, water, and hydronium
ions showcases markedly enhanced stability relative to their isolated counterparts. This
enhanced stability underscores the efficacy of DES as potent additives for improving the
performance of PEMs. The study’s insights offer invaluable guidance for the rational
design of task-specific solvents and the development of customized membranes. By
highlighting the strong interactions and favorable energetics within these complexes,
the research provides a foundational understanding that can be leveraged to optimize
PEM performance, ultimately advancing the field of energy materials and fuel cell
technologies.

Keywords: proton exchange membrane, graphene oxide, hydronium ion, mobility,
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Annorauusi. byn zeprrey rpagen Oxcuni (GO) HeriziHAeri mMpoOTOH anmacy
MemOpananapeinaa (PEMs) ruapoHuii MOHIAPBIHBIH KO3FAJNFBIIUTHIFBIH  apTTHIPY
YLIiH TancelpMara TOH TEepeH 3BTeKTHKaJbIK epiTkimrepai (DES) maliganany Typaisl
ATOMHCTIK TYCIHIKTEep/i 3epTTEeH/Ii.

XKeringipinren ecentey MoaemblIey OMICTEpiH KosjgaHa oTwIpbIn, 3eprrey DES,
THIPOHUN HMOHAAPBIHBIH, Cy MoJeKyltadapelHblH, GO jKoHEe onapAblH opTypii
KEIICH/CPIHIH  OHTAWJIaHIBIPBUIFAaH  KYPBUIBIMIAphl MEH ©3apa  JpeKeTTecy
SHEPTUSUIApPBIH  MYKHUST 3epTreiiai. HoTwxenep TuApOHMH WMOHAApPEI MEH Cy
MOJIEKyJaJIapbIHbIH apachlHAAFbl CTpPAaTETMsUIbIK colkecTikTi, GO KabarTapsl MeH
DES mnporoHnapablH TachIMalJaHyblH aWTapibIKTall JKCHUACTETiH CEHIMAl e3apa
OpeKeTTeCyNIepli KOpCceTe .

Bip xp3eirer, DES komaiinel sHepreTukanbik npoduiabaepii kepcereni, an GO,
DES, cy xoHe rupoHUi HOHAAPbIHAH TYPaThIH KEUICH OKIIayJaHFaH aHaJIOITapbIMEH
CaJIBICTBIPFaH/Ia aNTapibIKTall KaKcapThUIFAaH TYPaKTBUIBIKTBI KepceTeni. by
xakcaprbuiran TypakThulblK DES-tiH PEMSs eHiMAiNiriH apTTeIpy YIIiH Kocmaniap
peTiHAeri THIMIUTTH KepceTedi. 3epTTey HOTHXKENepl TalchlpMara apHajFaH
epITKIIITEpl YTRIMIBI K00anay KoHe TEHILEITeH MeMOpaHanap/sl 93ipyiey OOHbIHIIIA
Oara skernec ycwiHBICTap Oepemi. Ochl KelleHAEpHAEri e3apa opeKeTTecyiaep MeH
KOJIAiJIbl SHEPTreTHKaHbl KOpceTe OTHIPHIN, 3epTTey PEM eHIMIiNiriH oHTalnaHabIpy
YIIH NaianaHbuTybl MYMKIH ipresii TYCIHIKTEpAl KaMTaMachl3 €Te/li, CalbIll KeIreH e,
SHEPTeTHKAJIBIK MaTepHuajlap MEH OTBIH YSIIBIKTapbl TEXHOJIOTHsUIAPhl CajlachblH
inrepinereni.
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AHHOTalII/IH. 9t0 HCCIICA0OBAHUC PACKPLIBACT ATOMUCTUYCCKUC HUIACHU, CBA3AHHBLIC
C WCTOJL30BAaHUEM CIEIHATBHBIX TIIYOOKHX JBTEKTHUYeCKHX pactBoputeneil (DES)
JUTS. TIOBBIMICHHS] TIOABMKHOCTH WOHOB THIPOHHSI B MPOTOHOOOMEHHBIX MeMOpaHax
Ha ocHoBe okcupaa rpadena (GO). Mcnonb3ys mepenoBbie METOABI KOMITBEOTEPHOTO
MOJISIUPOBAHUS, B XOJIC UCCIICIOBAHUS ObLIH TIIATEIBLHO U3Y4YCHBI OITUMU3UPOBAHHbBIC
CTPYKTYpBI 1 3Hepruu B3aumoseiictsust DES, nonos Bogopoza, monekyn Bojbsl, GO u
HX pa3JIMYHbIX KOMITJICKCOB. HOJ’Iy‘IeHHBIe JaHHBIC CBUJCTCIILCTBYIOT O CTPATCI Y€ CKOM
PACIIONIO)KEHUN MOHOB THAPOHHS W MOJIEKYN Bombl Mexmy crossmua GO m DES, duro
YKas3bIlBaeT Ha YCTOWYMBBIC B3aMMOJCHCTBUS, KOTOpPbIE 3HAYUTEIHHO OOJIerdaroT
nepeHoc npotoHoB. IlpumeuarensHo, yto DES nemoHcTpupyeT OnmarompusiTHble
SHEPreTHYECKNE XapaKTePUCTUKU, B TO BpeMs KaK KOMIUIEKC, coctosimuii u3 GO,
DES, BozibI ¥ MOHOB THPOHUS, IEMOHCTPHPYET 3aMETHO MOBBIILICHHYIO CTAOMIBHOCTD
110 CpaBHCHUIO C UX U30JIUMPOBAHHBIMU aHaJIOTraMU. DTa MOBLINIEHHAST CTAOMIBHOCTE
nomuepkuBaeT 3pdexkrnBHOCT DES B KadecTBe MOITHBIX TO0ABOK IS YITYUIICHHS
xapakrepuctuk PEMS.

Pesynbrarel nccienoBaHus SBISIFOTCST OSCIEHHBIM PYKOBOJICTBOM JUISI PAIlHOHAIIb-
HOTO T10JI00pa PacTBOPUTEIIEH JIJIsl KOHKPETHBIX 3a/1a4 U pa3paOb0TKU HHIUBUIYaIbHbBIX
MemOpaHn. [loguepknBas TecHOe B3aUMOJACHCTBHE W ONAronpusSTHYIO SHEPTETHKY B
9THX KOMILIEKCAX, UCCIIeIoBaHuE JaeT (pyHIaMeHTaIbHOE TIOHUMaHKe, KOTOPOE MOXKET
OBITH MCITONB30BAHO JJISI ONTHMH3AINA TPON3BoaUTEeNsHOCTH [IOM, 9TO B KOHEYHOM
WTOTE TIPUBEAET K PAa3BUTHIO OOJIACTH DHEPIeTUYECKUX MaTepUaloB W TEXHOJIOTUH
TOTIJTUBHBIX SJIEMEHTOB.
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KioueBsble ciioBa: mporoHooOMeHHast MeMOpaHa, OKCH]I Tpad)eHa, HOH THAPOHUS,
MOABUKHOCTD, TCOPUA (1)}’HKI.[HOH2UI3 IIJIOTHOCTH, KBAHTOBO-XMUMUYCCKHUE PACYCTHI.

Introduction

Fuel cells stand as a beacon of innovation in the realm of energy conversion,
offering a highly efficient alternative to traditional combustion-based power generation
methods. These electrochemical current sources facilitate the direct conversion of fuel
and oxidizer energy into electrical energy, circumventing the inefficiencies inherent in
combustion processes and boasting energy efficiency levels that can soar to remarkable
heights, ranging from 70% to 90%. The unique design of fuel cells, featuring specialized
porous electrodes (anode and cathode), catalyzed predominantly by palladium, enables
the efficient conversion of chemical energy from hydrogen and oxygen into electrical
energy, heat, and water (Jiao, et al, 2021). With their low emission footprint, fuel cells
emerge as environmentally friendly energy generation solutions, emitting only water
vapor and minimal amounts of carbon dioxide when pure hydrogen is utilized as the fuel.

Among the diverse array of fuel cell technologies, proton exchange membrane
fuel cells (PEMFCs) have garnered significant attention due to their advantageous
characteristics, including high proton ion conductivity, flexibility in fuel input, and
compact design. Proton exchange membranes (PEMs), serving as the heart of PEMFCs,
facilitate the transportation of protons through hydrophilic channels, thereby enabling
efficient electrochemical reactions at the anode and cathode interfaces (Peighambardoust,
et al, 2021; Wakizoe, et al, 1995; Sopian, et al, 2006; Le, et al, 2008; Cheddie, et al,
2005).

Graphene oxide (GO)-based proton exchange membranes emerge as promising
candidates to address the aforementioned challenges, offering high efficiency in energy
conversion and low ohmic resistance. In our previous work (Kemelbekova, 2023) we
investigated the ion transport in poly(acrylic acid) and graphene oxide-based proton
exchange membranes, which provided the foundation for the current study focused on
enhancing membrane performance using deep eutectic solvents (DES). In addition to
serving as efficient separators of electrochemical reactions, these membranes play a
pivotal role in enhancing proton conductivity within fuel cells (Myrzabekova, 2014;
Ren, 2020; Kahraman, 2024; Um, 2000; Luo, 2018; Boettner, 2002; Majlan, 2018). To
further enhance the performance of PEMs, researchers have explored the incorporation
of various solvents, including deep eutectic solvents (DESs), ionic liquids, and
benzimidazole derivatives, as substitutes for water in facilitating proton transportation.
DESs, in particular, represent a novel generation of ionic liquids characterized by their
cost-effectiveness, environmentally friendly nature, and ease of synthesis.

The utilization of DESs in PEMs necessitates careful consideration of several
factors, including thermal stability, viscosity, and the method of integration into the
PEM matrix. Notably, DESs composed of ethylene glycol (EGL) and sodium halides
exhibit favorable proton conductivity ranges for PEMFC applications (Janssen, 2001;
Sivertsen, 2005; Pandey, 2017; He, 2014; Huang, 2018; Peng, 2016). However, gaining
insights into the formation mechanisms of DESs and their structural organization within
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GO-based PEMs at the molecular level is imperative to optimize fuel cell operations
and develop PEMs with enhanced functional characteristics.

Computer modeling and simulations emerge as indispensable tools for elucidating
the formation mechanisms of DESs and their applications in PEMs for hydronium ion
transportation. By leveraging computational techniques, researchers can expedite the
exploration of DES candidates with desirable properties, thereby reducing both time
and costs associated with experimental endeavors (Xu, 2023; Wong, 2018; Zhang,
2019; Cheddie, 2005; Moreira, 2009).  Furthermore, Density Functional Theory
(DFT) calculations offer a platform for gaining detailed insights into the formation and
applications of DESs in PEMs at the molecular level, paving the way for the development
of innovative fuel cell technologies with enhanced efficiency and sustainability.

In this work, we delve into the atomistic insights into task-specific deep eutectic
solvents, focusing on their role in enhancing hydronium ion mobility in graphene oxide-
based proton exchange membranes for fuel cell applications. Through computational
modeling and simulations, coupled with experimental validation, we aim to unravel
the intricate molecular mechanisms underlying the formation and functionality of task-
specific DESs within PEMs, thereby advancing the frontier of fuel cell technology
towards greater efficiency and sustainability.

Materials and Methods

The investigation into the quantum chemical and structural properties of task-specific
deep eutectic solvents (DESs) and their interaction with graphene oxide-based proton
exchange membranes (PEMs) was conducted using computational simulations. Herein,
the representative model of DESs comprised a mixture of choline chloride and urea in
a 1:2 ratio. At the same time, PEM model consisted of graphene oxide (GO), water, and
hydronium ions.

In this study, DFT calculations were employed to investigate the interactions
between choline chloride, urea, and their mixture with hydronium ions in the presence
of graphene oxide. The software Gaussian09 Rev. E.01, utilizing the PM6 method, was
utilized for these calculations, which were further visualized using the GaussView 5.0
program package.

The first step in the computational analysis involved the optimization of initial
structures. Pure choline chloride, pure urea, and the task-specific deep eutectic solvent
(DES) were subjected to DFT calculations to obtain their optimized structures.
Subsequently, complexes involving choline chloride, urea, and DES with hydronium
ions and graphene oxide were generated and further optimized

Following the structure optimization, various parameters were calculated to
characterize the complexes. Additionally, frequency calculations were performed to
verify the stability of the optimized structures. The absence of negative frequencies
indicates that the structures correspond to the global energy minimum, ensuring their
reliability for further analysis.

The structural and energetic parameters obtained from the DFT calculations were
then analyzed to gain a deeper understanding of the quantum chemical and structural
properties of the DESs and their interactions with the PEMs (Proton Exchange
Membranes).
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Fig 1. 3D representation of ChCl, Urea, and Graphene Oxide

To aid in the visualization and interpretation of the computational results, Figure 1 was
generated to represent all the optimized structures and complexes. Visual representation
of the molecular structures offers an intuitive understanding of their spatial arrangement
and interactions, facilitating the interpretation of the computational data.

Results and Discussions

The study delves into the structural optimization and orbital energies of Choline
Chloride (ChCl), Urea, and Deep Eutectic Solvent (DES) formed by their combination.
Through molecular modeling, the researchers explored the configurations and electronic
properties of these compounds, shedding light on their potential applications in various
fields. This analysis aims to dissect the implications of the findings and their significance
in the realm of chemical research and application.

[l )] | Urea) (DES) *L

Fig 2. Optimized structures of ChCl, Urea, and DES

Table 1 — Energies of ChCl, Urea, and DES

ChCl Urea DES
Energy (kJ/mol) -277.87 -205.79 -791.73
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The structural optimization of molecules such as ChCl (choline chloride), urea, and
DES (deep eutectic solvent) through computational methods offers invaluable insights
into their preferred configurations and the intricate network of intermolecular interactions
governing their behavior. In Figure 2, a detailed depiction of these optimized structures
reveals the spatial arrangement of atoms and the formation of molecular complexes.
Notably, in the case of ChCl, the chloride ion tends to position itself proximal to the
nitrogen atom of choline. This arrangement suggests a favorable interaction between
the chloride ion and the choline moiety, likely facilitated by electrostatic forces and
hydrogen bonding.

Upon the addition of two urea molecules to ChCl, the formation of DES occurs. In
this complex, the chloride ion assumes a pivotal role, sandwiched between the nitrogen
atom of choline and one urea molecule. Simultaneously, the second urea molecule
interacts with the first one, forming a cohesive molecular structure. This arrangement
underscores the intricate nature of DES formation, where multiple molecules coordinate
to create a stable solvent environment.

To quantitatively assess the stability of these molecular species, optimized energies
are computed and presented in Table 1. The energy associated with a single ChCl
molecule is determined to be -277.87 kJ/mol, reflecting the stability of this individual
component within the system. Similarly, the energy of a lone urea molecule is calculated
to be -205.79 kJ/mol, indicating its inherent stability in isolation.

However, the most intriguing observation arises from the formation of DES. When
one ChCl molecule associates with two urea molecules to form the DES complex, a
significant decrease in energy is noted, resulting in an energy value of -791.73 kJ/mol.
This substantial reduction in energy compared to the sum of individual components
underscores the remarkable stability achieved within the DES structure. The emergence
of such a stable configuration highlights the synergistic effects arising from the
interactions between ChCl and urea molecules. These interactions likely involve a
combination of hydrogen bonding, electrostatic forces, and van der Waals interactions,
which collectively contribute to the enhanced stability of the DES complex.
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Fig 3. HOMO-LUMO orbitals of ChCl, Urea, and DES
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The analysis of Highest Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO) energies provides crucial information about
the electronic structure and reactivity of the molecules (Figure 3). In ChCl, the HOMO
is observed at -8.41 eV, primarily populated around the chloride ion, indicating
its involvement in electron donation or sharing. Conversely, the LUMO at 0.30 eV
is populated around the nitrogen, carbon, and carboxy groups of choline, suggesting
potential sites for electron acceptance or interaction. Urea exhibits different orbital
characteristics, with a HOMO at - 10.66 eV, predominantly populated around nitrogen
atoms and carbons. This suggests its potential as an electron donor. The LUMO at 1.00
eV is distributed around nitrogen, carbon, and oxygen atoms, indicating its ability to
accept electrons. Upon the formation of DES, changes in orbital energies reflect the
altered electronic interactions within the system. The HOMO of DES is found to be
-8.65 eV, with significant population around the chloride ion, indicating its involvement
in the electron-sharing process. The LUMO at 0.046 eV is primarily populated around
choline, suggesting its role in electron acceptance.
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Fig 4. Optimized structures of DES, hydronium ion, water, GO, and GO+DES complex in the
presence of hydronium ion and water

The study delves into the atomistic insights of task-specific Deep Eutectic Solvents
(DES) and their role in enhancing hydronium ion mobility in Graphene Oxide-based
Proton Exchange Membranes (PEMs) (Figure 4). Through computational modeling,
the researchers investigated the optimized structures and energies of DES, hydronium
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ion, water, Graphene Oxide (GO), and their complexes. This analysis aims to elucidate
the molecular interactions and energy landscapes within these systems, shedding light
on their potential applications in PEM technology. The figures presented illustrate the
optimized structures of DES, hydronium ion, water, GO, and the GO+DES complex in
the presence of hydronium ion and water. It is observed that hydronium ions and water
molecules are strategically positioned between GO and DES molecules, particularly
near oxygen or carboxy group sides. This arrangement suggests strong interactions
between the components, potentially facilitating proton transport and enhancing
membrane conductivity.

Table 2: Energies of DES, Hydronium ion, water, GO, and GO+DES complex in the
DES Water Hydronium |GO GO+DES+Hydronium+Water

Energy (kJ/ |-791.73 -226.86 -268.61 -823.76 -1491.91
mol)

The optimized energies obtained from computational simulations offer profound
insights into the stability and energetics of the molecular systems under investigation,
as illustrated in Table 2. One of the key findings is that DES (Deep Eutectic Solvent)
demonstrates a notably favorable energy of -791.73 kJ/mol, suggesting a configuration
that is highly stable. This insight is crucial for understanding the behavior of DES in
various applications where stability is a critical factor. Similarly, the energies associated
with water and the hydronium ion are determined to be -226.86 kJ/mol and -268.61
kJ/mol, respectively. These values indicate the stable presence of both water and the
hydronium ion within the molecular system, providing essential information for studies
related to aqueous environments and electrolyte solutions.

On the other hand, graphene oxide (GO) exhibits a relatively high energy of -823.76
kJ/mol. This higher energy level is indicative of the complex structure and intricate
interactions within GO. Understanding the energetics of GO is crucial due to its wide-
ranging applications in fields such as electronics, energy storage, and biomedicine.
The relatively high energy of GO underscores the need for careful consideration of its
behavior and interactions in various environments.

Of particular interest is the energy of the complex formed by GO, DES, water, and
the hydronium ion, which is significantly lower at -1491.91 kJ/mol compared to the sum
of the energies of the individual components. This observation highlights the presence
of strong synergistic effects within the complex, resulting in enhanced stability. The
substantial decrease in energy suggests that the interactions between GO, DES, water,
and the hydronium ion are highly favorable, leading to a more stable configuration than
what would be expected from the mere sum of individual energies.

Conclusion

Our study provides valuable insights into the role of task-specific Deep Eutectic
Solvents (DES) in enhancing hydronium ion mobility within Graphene Oxide (GO)-
based Proton Exchange Membranes (PEMs). The optimized structures and energetic
landscape elucidate the strategic positioning of hydronium ions and water molecules
between GO and DES, indicating strong molecular interactions conducive to proton
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transport. Moreover, the favorable energetics of DES and the significant decrease in
energy observed in the GO+DES+water+hydronium ion complex underscore the
synergistic effects and enhanced stability imparted by the incorporation of DES into
PEMs.

These findings hold promising implications for the advancement of PEM technology,
particularly in applications such as fuel cells and water electrolysis, where proton
conductivity and membrane stability are critical. By leveraging task-specific DES as
additives, researchers can effectively tailor PEM properties to meet specific performance
requirements, thus accelerating the development of next-generation proton exchange
membranes.

Moving forward, further experimental validations and performance assessments
are warranted to corroborate the computational predictions and elucidate the practical
implications of DES-enhanced PEMs. Additionally, continued research into the design
and optimization of task-specific solvents and membrane materials will be instrumental
in realizing the full potential of DES-based approaches for PEM technology. Overall,
this study contributes to the ongoing efforts in advancing proton exchange membrane
systems for sustainable energy and environmental applications.
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Abstract. This review analyzes current research on perovskite solar cells as an
alternative to traditional silicon-based solar cells. The paper discusses various types of
solar cell architectures, including different combinations of the main layers, materials
for electron and hole transport, as well as the anode, cathode, and conductive substrates.
Different approaches to improving the stability and efficiency of these cells are examined
through the use of new innovative materials for electron and hole transport layers (ETL
and HTL), such as organic and inorganic analogs, as well as tandem and heterostructural
elements. A review of the performance and limitations of solar cells with various
perovskite materials, including hybrid ones, is also provided. A key issue discussed in
the paper is the enhancement of the stability of perovskite solar cells, which can degrade
significantly under the influence of moisture, ultraviolet light, and heat. The conclusion
is drawn that the use of coatings, additives, and innovative materials contributes to
the improvement of the stability of high-efficiency perovskite solar cells. The role of
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ETL and HTL in enhancing the efficiency and stability of solar cells is also analyzed.
The paper emphasizes the importance of research in the field of perovskite solar cells
for the development of new efficient, stable cell structures for mass production and
commercialization.

Key words: perovskite solar cells, layers, ETL, HTL, MAPbIs, conducting substrate,
stability, Spiro-OMeTAD, ultraviolet, absorption coefficient
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Annorauusi. byn momyna aBropmap JocTypili  KpEeMHHM HEri3iHAeri KyH
OarapesuiapbiHa OajlaMa peTiHAe NMepOBCKUTTI KYH Oarapesuiapbl OOWBIHIIA 3aMaHayd
3epTTeyaepai KaH-KaKThl Tanaaiapl. Kyn OatapesmapbIHbIH SpTYpIli apXUTEKTypanapsbl,
COHBIH IHIiHAE Heri3ri (QyHKUMOHANIBl KaOaTTapAblH TYpiIi KOMOMHALUSIIAPEL,
ANEKTPOHBIK )KOHE KEMTIKTIK TachIMailay MaTepruangapbl, aHOA, KaTo KOHE OTKI3TilI
cyocTparTap KapacTelpbuiafbl. [IepoBcKUTTI KyH OarapessiapblHBIH THIMALIINT MeH
TYPaKTBUIBIFBIH apTTHIPYAbIH MHHOBALMSJIBIK TOCIANEpPI 3epTTeneni. Aran alTKaHIa,
ANEKTPOHBIK JKoHE TeCiKTiK TackiMangay Kadartapsl (ETL sxone HTL) ymiin xaHa
MarepuangapAbl TMaijaiaHy, OpPTraHHKalbIK JXOHE OeHOpPraHWKajbIK aHaJOrTap.bl
KOJIZIaHy, TaHAEMIIK KOHE TeTePOKYPBUIBIMIBI AIEMEHTTEP/II €HI13y KapacThIPbUIAIbL.
CoHbIMEH Karap, 9pTYpJi NEPOBCKUTTI MaTepuaiAaplaH, OHBIH I1LIiHAE THOpUATI
KYpBUTBIMAApJAH JKacalfaH KYH OaTapesulapbIHbIH OHIMIUIIIT MEH OJapiblH HErisri
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LIeKTeyNepl capanTaiaisl. byl »IeMeHTTepIiH TYpPaKThUIBIFBI bUIFaj, YABTPAKYJTiH
coyJie MEH TeMIlepaTypaHbIH 9CEepPiHEeH alTapibIKTall ToMeHaeyi MyMKiH. COHIBIKTaH,
3eprTeyiep KaOblHAapIbl, KOCTIaJdap/bl )koHe MHHOBALMSUIBIK MaTepHaiapabl KOJIAaHy
MaHbI3IIbI eKeHiH kepcereni. 3eprrey Oapbichinna ETL sxone HTL kabarrapbiHbIH
KYH OaTapesuapblHBIH THIMALIIN MEH Y3aK Mep3iMALIIriHe THTi3eTiH ocepi KaH-
KaKTbl TangaHajgbl. [IepoBCKUTTI KYH OaTapesuiapblHBIH HETI3r1 MoceleNepiH My
YILIH ’KaHa TEeXHOJOTHsIIap, TYPAaKTaHIBIPFBILI KOCHagap MEH KOpFaHbIC KabaTTapbiH
KOJIZIaHy TIePCIIEKTUBAIbI OarbITTapAbIH Oipi Oombin cananansl. KopeITeIHABLIAN Kele,
YKOFapbl TUIMI KOHE TYPAaKThl MEPOBCKUTTI KYH OarapesuiapblH jKalmaid eHAipy MeH
KOMMEpLHSIIAHABIPY YILIiH KaHa KYpBUIBIMAAPABI 931piiey KaKeTTINIri aram eTiiemi.
[lepoBcKHUTTI KYH OaTapesiapbl TEXHOIOTUSIIAPBIH LIrepiIeTy KaHAPThUIAThIH SHEPTHS
KO3/1epiH JaMbITya MaHbI3bI POJI aTKapabl, XKalllai eHaipyre, KOMMEpLUHUsUIaHAbIpYyFa
YKOHE OOJNaIIaKThIH YHEPTHs JKYHesepiHe HHTerpauusiayFa )aHa MYMKIHAIKTep aliabl.
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AHHoTauusa. B JaHHOM 0630pe paccMaTpruBarOTCd COBPEMCHHLIC UCCIICJOBAHNA B
obmactu TMEPOBCKUTHBIX COJIHCYHBIX 3JICMCHTOB, KOTOPLIC SABJIAIOTCA HepCHCKTHBHOfI
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aIBTEPHATHBON TpaJWIHOHHBIM KpeMHHEBBIM (orodnementam. Ocoboe BHUMaHHE
yAEJSIETCSl Pa3IMYHBIM apXUTEKTypaM COJHEYHBIX JIEMEHTOB, BKIIOUas KOMOMHAIIMH
OCHOBHBIX CJIOEB, MaTepUajoB AJs TPAHCIOPTUPOBKU 31eKTpoHOB U AbIpok (ETL u
HTL), Takux kak opraHMuecKue M HEOPraHWUYECKHE aHaJOTH, a TAKKe TaHAECMHbIE H
TETEPOCTPYKTYPHBIE JIEMEHTHI.

AHaANM3UPYIOTCS.  PasiU4yHble  METOAWKMA  TOBBIIICHHUS  CTaOWIBHOCTH |
3QPEKTUBHOCTH TEPOBCKUTHBIX COMHEYHBIX JIIEMEHTOB, BKJIOYas NPUMEHEHHE
MHHOBALIMOHHBIX OPraHMYECKUX M HEOPraHWYECKUX aHAJIOTOB TPAHCIOPTHBIX CIOEB,
a TaKKe HCIIONB30BAHUE TAaHJEMHBIX M TETEPOCTPYKTYPHBIX pemieHui. B o03ope
OLIEHUBAIOTCS XapaKTEPUCTUKHN ¥ OIPAaHUYEHUS COTHEUHBIX 3JIEMEHTOB, CO3/1aHHBIX Ha
OCHOBE Pa3IUYHBIX THUIIOB IIEPOBCKUTOB, BKITIOUasi THOPUIHBIE CTPYKTYPHI.

OnHUM M3 KIIOYEBBIX BOMPOCOB SIBJISICTCSI MOBBIIMICHHE CTAOWMIBHOCTU AaHHBIX
3JIEMEHTOB, MOCKOJIbKY OHM TMOJBEpPXEHBI JEerpajallly I0J BO3IECHCTBHEM BIardu,
yABTPa(UOIETOBOTO M3IMYUYCHUSI U TEIIOBBIX (hakTopoB. CAenaH BBIBOA O BaXHOCTH
MPUMEHEHUS 3alIUTHBIX MOKPBITHH, (PyHKIMOHANBHBIX J00aBOK M HOBBIX MaTepHaOB
JUIsl YBEIUYCHUS CTAOMIBHOCTH BBICOKOI()(DEKTUBHBIX COJIHEYHBIX JIEMEHTOB.

PaccmarpuBaercsi 3naumrensHas poiab ETL m HTL B ynywmenunm pabounx
XapaKTEPUCTHK COTHEYHBIX dNieMeHTOB. [ lonuépkuBaercs He0OXOAUMOCTh AabHEHIIINX
WCCIENOBAHUM Uil CO3MaHUSl HAAEGKHBIX, SHEProdP(EeKTUBHBIX  CONHEYHBIX
9NIEMEHTOB, 00ECHEeYMBAIONIMX BBICOKYIO TMPOM3BOAUTENBbHOCTh. [IponBmkeHue
TEXHOJIOTUI MEPOBCKUTHBIX COJIHEUHBIX JIEMEHTOB UTpaeT BaKHYIO POJib B Pa3BUTHU
BO300HOBIISIEMBIX HCTOUHHKOB SHEPTHH, OTKPHIBAs HOBBIE BOBMOKHOCTH JJIS1 MACCOBOTO
MIPOM3BOACTBA, KOMMEPIHAIU3ALMU U HHTETPALliU B SHEPTOCUCTEMBI OyAyIIEro.

KuioueBble cJi0Ba: TMEpPOBCKUTHBIE CONMHEUHBIE aneMeHThl, ciou, ETL, HTL,
MAPbDL;, npoBoxsmas MOmIOKKa, cTaOmibHOCTh, Spiro-OMeTAD, ynerpaduoner,
K03(p(PHUIMEHT MOTIOIICHNSI.

Introduction

The global consumption of electrical energy increases daily, necessitating alternative
energy sources to address its shortage. A classical renewable source is solar energy,
generated through solar cells. Perovskites, named after the Russian scientist L.A.
Perovsky, have a specific formula of ABXs, where X represents oxygen or a halogen,
and A and B are cations. The larger cation (A) occupies a cuboctahedral site surrounded
by 12 anions (X), while the smaller cation (B) occupies an octahedral site, sharing it
with six cations (Park, 2015).

Due to their remarkable optoelectronic properties, perovskites have emerged as
potential materials for solar cells. Currently, three generations of solar cells exist:
(1) wafer-based, (2) thin-film-based, and (3) organic-structure-based (Suresh Kumar,
2021). The evolution of photovoltaic materials focuses on reducing cost and toxicity.
Various materials have been utilized, including multicrystalline silicon (mc-Si cells),
monocrystalline silicon (c-Si cells), copper indium gallium selenide (CIGS), cadmium
telluride solar cells, quantum dot-based cells, organic photovoltaics, and perovskite
solar cells.
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Silicon-based solar cells have dominated so far; however, a new class of perovskite
solar cells has become a promising alternative, achieving an efficiency of 22.1%.
Perovskites possess an ideal bandgap for light absorption (1.3—1.5 eV), a high absorption
coefficient (10*-10° cm™), energy alignment compatibility with contact materials,
excellent charge carrier mobility, and long carrier lifetimes. Furthermore, their ability
to be solution-processed at low temperatures significantly reduces production costs.
In addition to being cost-effective, perovskite solar cells are highly convenient due to
their technological simplicity and ease of roll-to-roll (R2R) processing (Elumalai, et al.,
2016)

Organic-inorganic hybrid halide perovskites were first used in photovoltaic cells as
sensitizers, replacing dyes in dye-sensitized solar cells (DSSCs). In 2009, they achieved
a power conversion efficiency (PCE) of 3.8%. Since then, the efficiency of perovskite
solar cells has significantly increased, reaching 22.1% by 2016 and 25.5% by 2020. This
progress was accompanied by continual modifications to the materials used in the cell
layers.

In 2009, CHsNHsPbls was the primary material, and platinum was used as the
cathode to complete the electrical circuit. By 2016, scientists replaced the core material
with doped perovskite Csx(MAo.17FAo.83)1—x(Pblo.s3Bro.17)3 and substituted the platinum
cathode with gold. To improve efficiency, the precursor solution concentration, which
was insufficient at 8% for forming a uniform thin film, was increased to 40%, and the
liquid electrolyte was replaced with a solid-state analog.

Efforts to enhance the stability of perovskite solar cells and develop lead-free
alternatives have been ongoing. However, lead-free perovskite cells have so far achieved
only 11% efficiency (Wu T. et al, 2021).

Perovskite solar cells have reached their highest efficiency to date by integrating key
features of innovative architectures, advanced chemical compositions, and optimized
deposition processes for perovskite materials, alongside newly developed electron and
hole transport layers (Seo, et al., 2016).

For the infrastructure of molecular cells the inverted structures with molecular hybrid
at the buried interface are used (Liu, et al., 2024). So the steady-state efficiency of
26.54% was reached. When double-side 2D/3D heterojunctions are placed in inverted
perovskite solar cells from both sides the power conversion efficiency of 25.6% was
achieved too (Azmi, et al., 2024). Another method is described in (Guixiang, et al.,
2023), where solar cell improved with using the ordered dipolar structure of B-poly(1,1-
difluoroethylene). Thus the perovskite film is able to be controlled from crystallization
and energy alignment.

Despite extensive research into advancing perovskite solar cells, significant challenges
remain. To make these cells suitable for practical applications, numerous issues must
be addressed, including minimizing charge separation, transport, and collection losses.
Next table allows to compare new technologies in the field of perovskite solar cells
efficiency (Table 1).
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Table 1. Modern technologies in the field of perovskite solar cells

Method

Advantages

Limitations

Silicon nanoantennas

- leads to high light concentration
(20.5%).

- Requires integration of
nanoantennas into existing
manufacturing processes.

Tandem cells with perovskite
and silicon

- Achieves over 30% efficiency by
optimizing perovskite deposition
on silicon using phosphonic acid
additives.

- Complex production
and stability challenges in
combining both materials.

Amidinium protective coating

- Enhancing durability, lifespan
compared to traditional coatings.

- Further research needed to
confirm long-term stability
under real-world conditions.

Integration of gold nanograting
and photonic crystal

- Increases solar cell efficiency by 35%
due to enhanced optical properties.

- Higher production cost due
to the use of gold.

Inverted structures with
molecular hybrid at the buried

- Steady-state efficiency of 26.54% by
improving the molecular infrastructure

- Complex fabrication and
material selection challenges.

of the solar cell.

- Reaches 25.6% power conversion
efficiency by optimizing the interface
from both sides.

interface (Liu S. et al, 2024)
Double-side 2D/3D
heterojunctions in inverted
perovskite solar cells (Azmi R.
et al, 2024)

Ordered dipolar structure of
B-poly(1,1-difluoroethylene)
(Guixiang L. et al, 2023)

- Stability and large-scale
manufacturing challenges.

- Enhances crystallization control and
energy alignment of the perovskite
film, improving efficiency.

- Requires precise control
over polymer structuring
during fabrication.

In this review, we analyze global research and developments related to the structure,
architecture, materials, and stability enhancement of perovskite solar cells.

Materials and methods

The foundational technology for perovskite solar cells is solid-state sensitized solar
cells, which are based on dye-sensitized solar cells (DSSCs) developed by Gritzel. The
key distinction of perovskite solar cells is that the light-harvesting dye is replaced with
a perovskite material. Since perovskites exhibit ambipolar properties, they not only
absorb light effectively but also require efficient electron and hole transport. To address
this, layers such as the ETL (Electron Transport Layer) and HTL (Hole Transport Layer)
are utilized.

A solar cell is composed of the following layers: a conductive substrate (such as
Fluorine-doped Tin Oxide (FTO), Indium Tin Oxide (ITO), aluminum, nickel, graphene,
etc.), an electron transport and light absorption layer (bl-TiO2 and mp-TiOz), a perovskite
active layer that generates electrons, a hole transport layer (HTL), and a cathode that
completes the electrical circuit (e.g., Pt, Au).

There are various solar cell structures based on the layer sequence, such as n-i-p (a)
or p-i-n (b), as well as configurations with or without the HTL (c¢) or ETL (d) (Figure 1).
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Blocking layer

Conducting substrate

b) c) d)
Figure 1. The typical structures of perovskite solar cells

In structures without an HTL, a thin metal layer (cathode) is directly deposited onto
the perovskite. Due to the very slow chemical reaction between the perovskite and the
metal, the perovskite layer functions as a hole-conducting material.

In structures without an ETL, the perovskite is directly deposited onto the glass
substrate, typically FTO or ITO.

The energy structure of the simplest solar cell with both an ETL and HTL is illustrated
in the following diagram (Figure 2).

Energy

O® !
Figure 2. Energy Levels of the Layers in a Simplest Perovskite Solar Cell (Ameen S. et al, 2018)

ETL and HTL materials are selected according to this diagram.

Results and discussion

The base material for perovskite solar cells was the classic lead-containing
CHsNH5Pbls, which was produced using a two-step deposition method by immersing
Ti02/Al20:s films in a 2-propanol solution of CHsNHsI. This resulted in an efficiency of
15%. Later, Ima developed a two-step centrifugation procedure to obtain CH;NHsPbls
cuboids of controlled size, achieving a PCE of 17.0%.
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Traditional lead-containing solar films exhibit high efficiency but are highly toxic.
To address this, tin-based perovskite films with the general formula ASnXs were
developed. This demonstrated good charge mobility and a high absorption coefficient
but faced issues with the oxidation of Sn** to Sn**.

One study proposed a method for forming uniaxially oriented perovskite layers with
millimeter-sized crystals using methylamine gas for crystallization. By controlling the
evaporation rate of methylamine from the liquid intermediate phase, it was possible to
reduce supersaturation and decrease nucleation density, which promoted the growth of
large grains of MAPbIs. As a result, perovskite layers with grains approximately 1 mm
in size were obtained, leading to a low defect density and a high solar cell efficiency
(21.36%) (Park, et al., 2015).

A good alternative to the primary perovskite material CH;NHsPbls (MAPDL:) is
CHsNH"(NH2)Pbls (FAPbIs). This perovskite is also attractive due to its thermal stability
and stronger p-type characteristics. Researchers managed to maximize light absorption
by using the bandgap of FAPbIs, which is 1.47 eV. They substituted FA cations with
0.03 molar fraction of Cs, achieving stability in the a-phase of FAPbIs and significantly
increasing absorption in the ultraviolet range (Elumalai, et al., 2016).

To stabilize the perovskite phase, a mixed form (FAPbIs)i-(MAPDbBr3)« is more
acceptable.

In addition to MAPbIs, MAPDBr; is also used as a primary perovskite material.
Scientists have managed to modify the bandgap by using a mixed perovskite
(MAPbI3)1-«(MAPbBr3)y, varying it from 1.57 eV to 2.29 eV. Designing the bandgap is
a crucial process as it helps prevent significant energy los Prasanna R. ses. Moreover,
this mixed structure proved to be highly resistant to perovskite decomposition into its
initial precursors due to moisture exposure.

Recently, lead-free perovskite structures, such as MASnls, have gained the most
attention. Unlike MAPDI;, they have an ideal bandgap width (1.3 ~ 1.4 eV), low exciton
binding energy (29 meV for MASnIs and 62 meV for MAPbI;), and high charge carrier
mobility (pe (electron mobility) = 2000 cm? V™' s for MASnl; and 60 cm? V™! s7! for
MAPbDL).

The following table presents the main perovskite materials used in solar cells, their
efficiency, and advantages (Table 2).

Table 2. The types of perovskites for use in solar cells (Khatoon, et al, 2020, Sharif, et al, 2023)

Type of perovskites Formulas Efficiency % | Drawbacks
Meta-lead perovskites | CHsNHsPbls 25,7 Lead toxicity
Meadorresin perovskite | CHsNHsPbls 23 Decreased stability under

moisture and ultraviolet
radiation exposure

Tin-based perovskite CH:sNHsSnls 13-15 High oxidizing ability
Calcium-based CaTiOs, CaCusTisO12, CaMnOs 15 Mass production and
perovskite instability
Potassium-based KPbls, KCsHsCH:I3, KaPbsli2, 20-23 At the research stage
perovskites CsKPbls
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Perovskites with a CsPbls, CsPbBrs, MAPDIs, 23 Instability

binary system MA.Pbsli2, CsSnls, CsSnBr3

Hybrid perovskites CHsNH;PbBr3, 24-25 Decreased stability under

with organic additives | C¢HsCsHsNHsPbls, moisture and ultraviolet
CH:NHsPbCls radiation exposure

In the pursuit of enhancing stability, researchers have also developed tandem
structures that incorporate variations of several types of base materials. Tandem
structures can be classified into silicon-perovskite and perovskite-perovskite types. The
former is utilized to reduce the reflectivity of the device and stabilize the wide bandgap
of perovskite materials.

Heterostructures with two or three layers of perovskites are less efficient compared
to silicon-based structures but are advantageous for commercialization. This is because
the same surface processing technology is applied, while the perovskites within the cell
differ in their bandgap widths, for instance, MAPb , and MABr,, (Elumalai, et al., 2016).

One of the key components of such cells is the electron transport layer (ETL), which
plays a critical role in enhancing photovoltaic performance. This layer ensures efficient
electron transfer from the perovskite layer to the electrodes, minimizing charge losses
and preventing backflow. The choice of material for the ETL is a crucial step in the
development of solar cells, as it affects characteristics such as energy level alignment,
device stability, and overall efficiency.

In most cases, TiO, has been recognized as the primary ETL material due to its
excellent ability to transport electrons from the perovskite layer to the electrodes
efficiently. Its energy levels are well-aligned with the perovskite bandgap, and it remains
transparent for effective solar light absorption. Moreover, the thickness of the TiO, film
depends on the HTL material since it is proportional to the hole diffusion length and
conductivity.

However, the TiO, layer was later identified as less stable under UV exposure,
significantly reducing solar cell efficiency. As an alternative, Mg Zn,_ O (MZO) was
proposed, demonstrating higher stability and charge mobility compared to titanium
oxide.

Additionally, (Park, et al., 2015) showed in their studies that lithium-doped TiO2
could serve as a viable conductive material. Lithium doping reduces the likelihood of
defect states and increases the transmittance of the layer. As a result, the efficiency
improved to 24.23%, which is 1.97% higher than the undoped counterpart.

Another approach to improving efficiency was the addition of a ferroelectric layer
(PbTiO3) between TiO2 and the perovskite to reduce the number of defects and enhance
the charge transfer capacity.

Zn>Sn04 (ZSO) is a highly promising alternative for ETL due to its reported high
Hall mobility of 10—30 cm?/(Vs), wide bandgap of 3.8 eV, and low refractive index of
approximately 2.

Another promising ETL material is (Elumalai, et al., 2016)-Phenyl-C61-butyric acid
methyl ester (PCBM).
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Recently, tandem solar cells with combinations of multiple layers having different
bandgaps for efficient light absorption have gained significant attention in solar cell
research. In tandem structures, both the primary layer and ETL or HTL can serve as
the tandem component. For instance, in study (Hu, et al., 2020), an efficient electron
transport layer was composed of a blocking layer, a mesoporous film, and a fullerene
layer (Figure 3, a). The efficiency of such tandem structures can reach up to 30%.

In the work zinc oxide (ZnO) and PCBM were used as tandem components for the
electron transport layer (Figure 3, b).

PCBM

Zn02
Conducting substrate Conducting substrate
a) b)

Figure 3. Tandem layers of electron transport

One of the critical layers in the architecture of a solar cell is the hole transport layer
(HTL). The HTL plays a pivotal role in enhancing the efficiency, stability, and overall
performance of the solar cell by ensuring effective collection and transport of holes
while preventing energy losses. Regarding durability, this layer often acts as a moisture
adsorbent, protecting the device from degradation.

Initially, liquid electrolytes served as transport materials. Later, Kim et al. developed
the first solid-state transport materials with a structure of 2,2',7,7'-tetrakis (N,N-di-p-
methoxyphenylamine)-9,9’-spirobifluorene (Spiro-OMeTAD).

The classic HTL materials in perovskite solar cells include Spiro-OMeTAD and its
derivatives, such as pp-Spiro-OMeTAD, mp-Spiro-OMeTAD, and op-Spiro-OMeTAD.
However, due to its high cost and limited commercial viability, researchers continue to
develop more efficient and cost-effective alternatives.

One example is polytriarylamine (PTAA) doped with lithium (Battaglia, et al., 2016).
For undoped materials, a derivative of pristine tetrathiafulvalene (TTF-1) achieved an
efficiency of 11%, while a graphene-based composite P3HT/graphdiyne reached 14.6%
(Hu, et al., 2020).

Inorganic HTL alternatives, such as Cul and CuSCN, have also been identified as
promising substitutes for Spiro-OMeTAD.

The use of polymers as HTL materials is justified by their excellent compatibility
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with the energy band of perovskite, which facilitates efficient hole extraction. Their soft
and flexible nature ensures reliable contact with the base material, minimizing energy
losses.

Due to the presence of numerous active sites, polymers exhibit strong intergranular
interactions. As a result, polymer-based photovoltaic devices demonstrate superior
stability and improved power conversion efficiency (PCE).

In study (Tseng, et al., 2020), Cu.O was used as the hole transport material and SiO:
as the electron transport material. Typically, the HTL layer must be sufficiently wide to
cover the entire surface of the perovskite before being coated with a copper cathode. A
thin HTL layer usually has a thickness of 100-300 nm.

Among polymeric materials suitable for mass production, PEDOT: PSS (poly
(3,4-cthylenedioxythiophene): polystyrene sulfonate) has proven to be the most
accessible. However, despite its affordability, it is less stable compared to Spiro-
OMeTAD.

HTL materials and noble metals are often prohibitively expensive for large-scale
applications. To address this, researchers have proposed carbon-based architectures
without an HTL layer (Tseng, et al., 2020). In these designs, perovskite films were
created using a multi-step spin-coating solution process, with a carbon layer directly
deposited after the perovskite layer.

For ETL layers, polymers such as polymethyl methacrylate (PMMA), polyethylene
oxide (PEO), polyvinylpyrrolidone (PVP), and polyethyleneimine (PEI) have been
studied.

Equally important in the solar cell structure are the anode and cathode. Table 2
provides an overview of the materials used for the anode and cathode in perovskite
solar cells.

Table 2. Materials of anode and cathode of perovskite solar cell

Architecture Anode Cathode
n-i-p FTO, ITO Ag, Au, Al, or ITO
p-i-n PEDOT:PSS, MoOy, Au ITO, Al, Ag

The choice of anode and cathode materials is closely tied to the architecture of the
solar cell. For instance, in n-i-p structures, cathode materials may include gold, silver,
or aluminum, while conductive substrates typically involve FTO (fluorine-doped tin
oxide) or ITO (indium tin oxide). In inverted designs, gold and aluminum can serve as
cathode and anode materials, respectively, with ITO as the conductive substrate.

The selection of cathode and anode materials varies due to their specific requirements
for energy levels, transparency, and stability. Choosing the appropriate materials is
critical for achieving high efficiency and long-term durability in solar cells.

The issues of stability of solar cells.

Despite extensive research into improving solar cell materials, stability issues still
require careful attention.

The instability of perovskite solar cells hinders their commercial deployment, as
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the materials are prone to degradation due to weak bonds between components. This
degradation can lead to damage and the leakage of lead, posing risks to both health and
the environment.

To address this, researchers have developed lead-absorbing materials to coat the
perovskite layer. Among these materials, cation exchange resin (CER) has demonstrated
excellent lead ion absorption capabilities.

Perovskite solar cells are highly susceptible to degradation when exposed to two
key atmospheric components: O» and H-O. Changes in the chemical composition of
perovskite films can result in a color shift from dark brown to yellow.

In the classical perovskite MAPbIs, hydrolysis occurs when the material comes into
contact with moisture. This process causes MAPbIs to decompose into Pbl. and MAI,
with MALI further breaking down into CHs:NH(aq) and Hl(aq), significantly reducing
efficiency.

Wang et al. proposed coating the perovskite with a thin layer of Al.Os. Samples with
this aluminum oxide layer retained their efficiency, while those without it experienced
nearly a 50% efficiency loss.

Another approach to improving stability involves substituting I with Br in MAPbIs.
Due to Br’s smaller ionic radius compared to iodine, the lattice stability increases,
consistent with Goldschmidt’s tolerance factor rule.

Park et al. investigated the hydrophobicity of perovskites using an anti-reflective lotus
leaf-inspired hierarchical pyramidal array made from polydimethylsiloxane (PDMS).

An alternative method for enhancing stability involves the use of mesoporous Al-Os
and TiO=. When generated electrons interact with air, superoxides form, accelerating the
decomposition of MAPbIs. TiO: mitigates this process by enabling electron injection,
thereby slowing degradation.

A research group led by Yang demonstrated high stability in solar cells where the
HTL was NiOy and the ETL consisted of ZnO nanoparticles.

Perovskites not only degrade under air exposure but also under heat. Thermal
degradation occurs both through the decomposition of components and the formation
of internal defects. Thermogravimetric analysis revealed that MAPbIs has poor thermal
conductivity, meaning thermal energy can induce defects within the crystal structure,
significantly lowering efficiency.

Studies have shown that doped samples, such as MAPbls;—xBr, and FAPDI;, exhibit
greater thermal stability compared to classical MAPDI;s (Park, et al., 2015).

HTLs significantly influence the thermal stability of solar cells, and recently,
research has focused on developing solar cells without HTLs. One such HTL material,
silolothiophene-linked triphenylamines (Si-MeOTAD), has been found to be more
stable than Spiro-OMeTAD and Spiro-MeOTAD.

Researchers have concluded that one of the main ways to enhance the thermal
stability of solar cells is through the use of HTL-free designs or by utilizing carbon-
based materials for the cathode. These materials conduct heat well and help with
efficient thermal dissipation within the device. Graphene is a leading material in this
group (Park, et al., 2015).
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Another important aspect of solar cell stability is photostability. The ETL material
TiO: is less stable than Al:Os due to the recombination of electrons from the conduction
band of TiO: with holes in TiO-. In contrast, AL:Os has shown long-term stability, lasting
1,000 hours at 40°C. FAPDbIs has demonstrated greater photostability than MAPbIs.

Additive engineering, or the incorporation of molecules, is another method for
improving stability. These additive molecules create additional chemical interactions with
volatile components, reducing ion migration and preventing irreversible degradation of
perovskite films. For example, adding 5-ammoniumvaleric acid (5-AVAI) helps prevent
the loss of methylamine and recrystallization of MAPbIs, while adding an organic ionic
salt compound [BMP]+[BF.]™ aids in stabilizing and suppressing degradation phases,
thus improving the longevity of solar cells and preventing iodine and lead leakage.

Using heterostructures between the main layers of a solar cell, particularly between
perovskite and the ETL, can significantly enhance structural stability, the ETL was
treated with a dicalcium salt of ethylenediaminetetraacetic acid (EDTAK), which
greatly reduced defect density in the perovskite layer through interaction with Pb®". It
also shifted the minimum of the SnO: conduction band from —3.69 eV to —3.95 eV. The
perovskite/Spiro-OMeTAD heterostructure surface was treated with methylammonium
iodide, preventing degradation caused by gold penetration into the perovskite layer.

Conclusion

Perovskite solar cells have recently emerged as a promising alternative to traditional
silicon cells due to their physical and chemical properties. They possess an ideal
bandgap, high absorption coefficient, energy alignment with the contacting material,
and high charge carrier mobility. For commercialization, perovskite solar cells offer
relatively inexpensive base material alternatives. The combination of anions and cations
in the perovskite structure enables the achievement of desired properties, facilitating the
design and performance prediction of modern solar cells.

Since the introduction of perovskites as potential materials for solar energy
conversion, the architecture, layer combinations, and composition of solar cells have
undergone numerous changes to enhance efficiency (<25%), stability, and commercial
viability. Solar cells have been explored from classic lead-based perovskites to hybrids
with organic additives.

The architecture of the layers, particularly the ETL and HTL, is crucial, as their
bandgap must align with that of the perovskite, ensuring high charge carrier mobility
and ease of processing. Traditionally used titanium oxide as the ETL and Spiro-
OMEeTAD as the HTL are highly efficient; however, they have shown sensitivity to
moisture and ultraviolet radiation. Therefore, global research in electron and hole
transport materials for solar cells has focused on increasing stability, considering both
organic and inorganic alternatives, doped materials, heterostructures, tandem structures,
base material coatings, and other innovations.

All of these studies contribute to significant advancements and innovations in solar
energy conversion, driving progress in the efficiency, stability, and cost-effectiveness of
perovskite solar cells.
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Abstract. The article examines the non-isothermal turbulent flow of a yield-stress
viscoplastic fluid in a pipe with a sudden expansion. The effective molecular viscosity
approach is employed to represent the rheological model of the yield-stress viscoplastic
fluid. To perform a thorough calculation of the undeformed region of the viscoplastic
fluid, the Papanastasiou regularization method for the effective molecular viscosity
formula is applied.

Numerical simulations are conducted to analyze the velocity, temperature, and
turbulent kinetic energy distributions. The results indicate significant differences in the
flow structure between Newtonian and non-Newtonian fluids. In the case of Newtonian
fluids, a recirculation region with negative velocities is observed downstream of the
sudden pipe expansion, forming a characteristic end vortex. However, for viscoplastic
fluids, this vortex structure is absent due to the yield stress effects, which suppress
secondary flow formation.

The heat transfer characteristics along the pipe surface are also investigated. It is
found that the distributions of heat flux for turbulent Newtonian and non-Newtonian
fluids exhibit qualitative similarities, although quantitative differences arise due to the
fluid’s rheological properties. The study provides insight into the complex behavior
of viscoplastic fluids under turbulent conditions and can be beneficial for engineering
applications involving pipeline systems, heat exchangers, and energy transport processes.
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AHHOTanusi. Makanaga KeHETTeH KeHeloi 0ap KyObIpAarbl TYTKBIP-IIACTHKAIBIK
CYHBIKTBIKTBIH H30TEPMHSIIBIK €eMEC TYpOYIEHTTIK aF bIHbI KapacThIpbLIaabl. TYTKBIPIBIK
mreri 6ap TYTKBIP-TUIACTHKAJIBIK CYWBIKTBIKTBIH PEOJIOTUSIIBIK MOJCIIH CHIIATTAy YLIIH
G PEKTUBTI MOJEKYNANbIK TYTKBIPIBIK 9Jici KONJaHbUIaAbl. TYTKBIP-IIaCTHKAIBIK
CYHBIKTBIKTBIH Je(OpMalisiIaHOaiThIH aliMaFbIH TYNKUIIKTI ecenTtey yuiH 3 hexTHBTi
MOJIEKYJaJIBIK TYTKBIPIBIK (hopmynackl yurin [lananactacuyasly perynspuzauus afici
KOJIIaHbLIa IbL.

Kpu1mamMabIK, TemMrepaTypa ’KoHe TypOyIeHTTITIKTIH KHHETHKAIBIK YHEPTHSICHIHBIH
TapajyblH Talaay YIIiH CaHJIBIK MOJIEJIBACY KYPTi3inai. HproToHIbIK skoHe HhI0TOHABIK
eMeC CYMBIKTBIKTapAbIH aFbIH KYPBUIBIMBIHAA ANUTapibIKTall alblpMallbUIBIKTap Oap
eKeHi aHBIKTaNbl. HBIOTOHABIK CYHBIKTBIK KafAaiblHAa KYOBIPIBIH KEHETTEH KEHEIO
aiiMarbIHaH KeWiH COHFBI KYHBIHIIBI KYPAHTBIH TEPiC KBUIAAMIBIKTHI PELUPKYISLINS
aiiMarbl Oaiikanaapl. Anaiiia TYTKbIP-TUIACTHKAJIBIK CYHBIKTBIKTapaa aFbIMJIBIK IIEKTiH
ocepiHeH MyHJAal KyHbIH KYpbUIBIMBI Taiia Oosimaiinel, ce6edi o eKiHII peTTikK
aFBIHHBIH TY31UTYiH TeXeHai.

CoHbIMeH KaTtap, KyObIpAbIH 0eTi OOMBIHILA XKBUTY aIMacy CUIIaTTaMaIapbl 3ePTTEIII.
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TypOynentti HploTOHABIK koHe HBIOTOHIOBIK eMec CYHWBIKTBIKTap YIIiH KYOBIPIBIH
OeTi OOMbIHIIA KBUTY aFbIHBIHBIH Tapalybl canaibl TYpAe YKCAcThIK KopceTTi. 3epTrey
TypOyJIeHTTI KaFaaiaa TYTKBIP-TUIACTUKANBIK CYWBIKTBIKTApPIBIH KYPAENi OpeKeTiH
cUMaTTayFa MYMKIHIIK Oepeni skoHe KYObIp >Kylesepi, bUly aaMacThIPFBILITAD MEH
9HEPTHUsl TachbMajjay NpoLecTepiHe OaiaHbICTBl WHXKEHEPIiK KoiaaHOajmap YUIiH
naigansl 00Iybl MYMKiH.

Tyiiin ce3mep: W30TEPMHSIIBIK €MeC TypOYJIEHTTI aFblH, TYTKbIP-TUIACTHKAJIBIK
CYWBIKTBIK, aKKBIIITHIK Imeri, PeiHonbac OoWbiHINA opTamananran Haebe-CTokC
TeHJIeyepi, KeHETTEH KEeHEIO.
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AnnoTanus. B ctarbe paccMaTpuBaeTcsi HEU30TEPMUUECKOE TYPOYJICHTHOE TEUEHUE
BSI3KOTIJIACTUYHON KUJIKOCTH B TPyOe C pe3KuM pacmupenueM. sl mpeacTaBieHHs
pPEOJOTMYECKO MOJENH BA3KOIUIACTUYHOM JKUAKOCTH C MPEAesioM TeKydecTH
ucnonbzyercss Meton 3(PQEeKTUBHONH MONEKYISAPHOH BS3KOCTH. it BBINONHEHHS
CKBO3HOTO pacuéra HenepopMUpyeMOil 00JacTH BA3KOIUIACTUYHOW KHUAKOCTU
mpuUMeHsieTcsi MeTof, perynspusauuu llamanactacmy B coueTaHuu ¢ (QopmyInoi
3G PEKTUBHON MONEKYISIPHON BSI3KOCTH.

YucneHHble MOJEINPOBAHUS MPOBEACHBI Ul aHallM3a paclpeeseHuil CKopocTH,
TEMIIEPaTypbl U KWUHETUYECKOW SHEPrUM TypOYyIEHTHOCTH. Pe3ynbraTbl MOKa3bIBaIOT
3HAYUTENIbHBIE PA3INUMsl B CTPYKTYpe TE€UEHHs HBIOTOHOBCKHX M HEHBIOTOHOBCKHX
XKHUAKOCTEH. B cilydae HBIOTOHOBCKMX KHJIKOCTEH 3a yUaCTKOM pPE3KOro pacIIupeHus
TpyObl HaONIOAAETCS 30HA PELUUPKYSIIUKM C  OTPULATENBbHBIMH  CKOPOCTSIMH,
¢dopmupylommas XapakTepHbId KOHLEBOW BUXpb. OnHAKO y BI3KOIUIACTHYHBIX
KUJIKOCTEW Takash BHXpeBas CTPYKTypa OTCYTCTBYeT WM3-3a BIMSIHMA TIpeaena
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TEKy4YeCTH, KOTOPbIH MOJaBIseT POPMUPOBAHNE BTOPUUHOTO TeUeHHUs. JJOmoIHUTEIBHO
HCCIIEI0BAaHBI XapaKTEPUCTUKHU TEINIOOOMEHA BIOJb TOBEPXHOCTH TPYOBL. YCTaHOBIICHO,
YTO pacmpelesieHus TEeIIOBOTO TMOTOKa [Uisi TypOyJeHTHBIX HBIOTOHOBCKHUX H
HEHBbIOTOHOBCKHX HJIKOCTEH MIMEIOT KaueCTBEHHBIE CXOJICTBA, OJJHAKO KOJINUECTBCHHBIE
pa3nuuus 00yCIOBICHBI PEOIOTHUECKUMH CBOWCTBAMU JKUAKOCTH.

UccnenoBanue na€r mpeicTaBieHHE O CIOXKHOM IOBEICHHH BS3KOILIACTHYHBIX
XKHUIKOCTEH B TYpOYJICHTHBIX YCIOBHAX U MOXKET OBITh MOJIE3HBIM Ul WH)KEHEPHBIX
MPUIOKEHHUH, CBA3aHHBIX C TPYyOOIPOBOAHBIMU CHCTEMaMH, TEIUIOOOMEHHUKAMU H
IpolreccaMi TPAaHCIOPTUPOBKHU SHEPTHU.

KiiioueBble ciioBa: HeM30TepMUUECKOE TypOYJEHTHOE TEUEHHUE, BI3KOILUIACTHYHAS
XKHUIKOCTB, Ipe/ieN TeKyuecTH, ypaBHeHus HaBbe-Ctokca, ocpeanéHHbIe o PeliHonbacy,
pe3Koe paciiupeHue.

Introduction

The turbulent flow of non-Newtonian fluids in pipes or planar channels, accompanied
by flow separation followed by reattachment, is one of the most common cases of
shear flow. The study of such separated flows is of interest both from a fundamental
perspective, as it provides new insights into the turbulent structure of flows, and from a
practical standpoint, particularly in applications involving the flow around sharp-edged
bodies. These flows are among the most important and complex cases of wall-bounded
shear flows, characterized by elevated levels of turbulence.

In the flow separation region, significant changes in velocity, pressure, and heat
transfer fields are observed, along with an intensification of turbulent wall-boundary
transport processes (see monographs (Chang, 1970; Alemasov, et al., 1990; Terekhov,
et al., 2021) and review papers (Eaton, et al., 1981; Simpson, 1989; Polyakov, et al.,
1996; Ota, 2000; Chen, et al., 2018)). Sudden flow expansion is widely used to enhance
transport processes in Newtonian flows and is encountered in many technical devices,
such as when connecting pipes of different diameters. Understanding the characteristics
of flow and heat transfer under such conditions is crucial from both fundamental and
practical perspectives.

It should be noted that despite decades of intensive research and the involvement of
numerous scientific groups, a comprehensive theory of momentum and heat transfer for
turbulent flows of Newtonian fluids has yet to be developed.

To date, studies on the turbulent flow and heat transfer of viscoplastic fluids in a
pipe following a sudden expansion have not been well-documented in the available
literature.

The aim of this work is the numerical study of flow structure and heat transfer
in a turbulent flow of an incompressible non-Newtonian fluid in a pipe with sudden
expansion.

Materials and Methods

Mathematical model

Rheology of a viscoplastic fluid

According to the rheology of viscoplastic fluids, the effective molecular viscosity
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can be expressed as follows (Schwedoff, 1981; Bingham, 1922; Wilkinson, 1960;
Pakhomoyv, et al., 2023):

tp + Toly |7 if 7] > 10

‘ueff:{oo, iflr]| <7 °

)

here To represents the yield stress and Hp denotes the plastic viscosity. The other
expressions in formula (1) are provided in (Pakhomov, et al., 2023).

However, because of mathematical complexities, expression (1) cannot be utilized
without regularization. For this purpose, the formula presented in (Papanastasiou, 1987)
is employed. In this case, the effective molecular viscosity has a limitation as the shear
rate tends to zero || — 0:

3.
Hefr = tp T To [oexp(C107ir)] exp(mw 1) 2)

The effect of carrier fluid temperature has a strong effect on rheological properties
(Zhapbasbayev, et al., 2021; Pakhomov, et al., 2024) is taken into account by
dependence of plastic viscosity up(T), yield stress To(T'), and Bingham numbers on
Bm = tyR/(upUyy1) fluid temperature (waxy crude oil) (Pakhomov, et al., 2023;
Pakhomoyv, et al., 2024) (see Table 1). These dependencies rely on the experimental

data (Pakhomov, et al., 2024).

Table 1 — Values of yield shear stress, plastic viscosity and Bingham numbers vs fluid temperature of NNF

t,°C T K 7,, Pa U, Pass Bm
0 273 589.6 0.36 822.32
10 283 2.03 0.06 17.01
20 293 7.01E-03 0.01 0.35

25 298 4.12E-04 0.004 0.05

30 303 2.42E-05 0.002 0.007

Governing equations

The equation system for the turbulent non-isothermal flow of viscoplastic NNF
fluid is written in (Pakhomov, et al., 2023; Pakhomov, et al., 2024):

V-U=0 3)

V- (pUU) = VP + 7 - (21077S) + V- (—p{w/u/)) + V- (2ul,,S/) ()

V-(pCyTU) =V - (AVT) + V- (—=pCp(u/t/)) + ©:S (5)

The turbulent Reynolds stress —p(u/ u/ ) are modeled using k—€ turbulence

isotropic model and RSM approach. Turbulent heat flux pCp<u/ t/ ) is given in
(Pakhomov, et al., 2023). The expression 7 . <2~“£ff5/> in equation (4) is found
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according to representation of (Pakhomov, et al., 2023; Pakhomov, et al., 2024). The
term T:S considers the dissipation of kinetic energy and has the form as in (Pakhomov,
et al., 2023). Formula for the averaged shear rate can be written as (Gavrilov, et al.,
2016):

(1) = 2(S;;)(Si;) + (pe) /{u), where (u) = % + k()"
The elliptical relaxation Reynolds stress model (Fadai-Ghotbi, et al., 2008) partially

considers anisotropy of complicated turbulent flows and is computationally more
complicated than the isotropic two-equation k—¢ turbulence model:

7 (o)) = p(Py + =€) 47 [o C’;—:T(u/u/)V((u/u/))]

V. (pUe) = %(Cgle —Cpe)+ V- [p C‘;:T <u_u_> Vg]+

(6)
uk
+V-(HV8)+(;3:;(uHM)-VzU-VZU

X — L5V2x = 1/(eTy).

Here, P, is the intensity of the energy transfer from the average velocity to the
pulsating one, TT is the turbulent time macroscale; ¢ is the redistribution term, ¢ is the
dissipation rate. The constants and functions of (6) for Newtonian turbulent fluid are
taken from (Fadai-Ghotbi, et al., 2008). The RSM models do not consider the effect of
non-Newtonian fluid on fluid turbulence. The same assumption was used in our previous
papers (Pakhomoyv, et al., 2023; Pakhomov, et al., 2024).

Boundary conditions

The flow schematic is shown in Fig. 1a. The boundary conditions on the wall surface
(r=R,), pipe axis (» = 0), in the inlet section (x = 0), and at the outlet edge (x = L) are
stated in the paper Waxy crude oil in the inlet cross-section is considered as a NF, then
the behavior of a non-Newtonian SB fluid with yield stress appears.

On the inner surface wall (r = R,):

k

U=V=(wu)=0; T=T, = const; e=2vy2; x=0 (7)
On the pipe axis (» = 0):

ou oT o(u/u/) ode 0

or ar ar dr Or

Constant values of variables are set at the pipe inlet, and soft boundary conditions
are set at the outlet.
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Numerical realization

All numerical predictions are performed using “in-house” code (Pakhomoyv, et al.,
2023; Pakhomov, et al., 2024a; Pakhomov, et al., 2024b). The set of Egs. (1-5) with
boundary conditions (7-9) is solved numerically using the finite control volume method,
QUICK, and SIMPLEC algorithms. The simulations use a non-uniform mesh (in axial
and radial directions) with refinement close to the pipe wall and in the entrance zone
(see Fig. 1b). The numerical realization is described in detail in (Pakhomoyv, et al., 2023;
Pakhomoyv, etal., 2024a; Pakhomov, et al., 2024b). The grid convergence test for the local
Nusselt numbers Nu = —(9T/0y)y H/(Ty, — T,,) along the streamwise coordinate
is performed on the grids: 250x100 (“coarse”), 500%150 (“basic”’) and 750x250 (“fine”)
(see Fig. 2), where y = R —r is a distance normal to a wall, H is step height, and 7' is
a mean-mass fluid temperature. The difference between “basic” and “fine” grids is very
small (up to 0.1%) and the “basic” grid is used in authors’ simulations.

a)
Figure 1. Schematic view of the flow behind pipe with sudden expansion (a) and the computational grid
(not in the scale) (b). Arrow is a turbulent flow of a waxy crude oil.

150

Nu
T,=273K
N\ ----Fine

; —— Basic
100 ------- Coarse

50

0 ' 10 ' 20 ' 30
x/H
Figure 2. Grid independence test for 7, = 273 K. “Fine” grid has 750x250 control volumes (CVs),

“basic” has grid 500x150 CVs and “coarse” grid has 250x100 CVs.
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Validation and verification for the Newtonian turbulent fluid in a pipe with
sudden expansion

For validation and verification, a comparison was conducted with experimental
data (Baughn, et al., 1984) on heat transfer in the turbulent flow of a Newtonian fluid
(air) downstream of a sudden pipe expansion (see Fig. 3). The first two cross-sections
are located within the recirculation zone, the third approximately corresponds to
the reattachment point of the flow, and the fourth is situated in the relaxation zone
downstream of the reattachment (see Fig. 3a).

In the first cross-section, an increase in the thermal mixing layer is observed behind
the sudden pipe expansion. Intense turbulent mixing in the separation zone results in the
majority of the temperature difference between the wall and the axis being concentrated
in a thin near-wall layer at 7/R = 0.95. Thus, mixing processes in this near-wall layer
play a dominant role in the heat transfer between the pipe wall and the turbulent fluid
flow.

T, '

T, T,
0.8

w

0.6

041

0.2

y/R

a) b)
Figure 3. Radial temperature profiles along the pipe length (a) and effect of the Reynolds numbers on heat
transfer enhancement ratio Nu/Nqu in the pipe sudden expansion (b). Points are measurements of Baughn
etal., 1984 at 7, = const; solid lines are authors’ computations. Re, = U 2R /v =1.73x10%

Figure 3b presents the distributions of local heat transfer downstream of the sudden
pipe expansion along the longitudinal coordinate. Here, NUsq represents the Nusselt
number for a fully developed flow in a pipe without sudden expansion. It can be seen
that as the Reynolds number (flow velocity) increases, the intensity of heat transfer
significantly rises, which is expected.

Notably, the location of the maximum heat transfer approximately coincides with
the reattachment point for Newtonian fluids. This finding is consistent with both the
experimental measurements (Baughn, et al., 1984) and our calculations. Overall, the
analysis of the data presented in Fig. 3 demonstrates good agreement between the
measurements (Fadai-Ghotbi, et al., 2008) and the results of our calculations.

Results and Discussion
Numerical results for the non-Newtonian turbulent flow behind pipe sudden

expansion and discussion
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Anon-isothermal viscoplastic non-Newtonian fluid (waxy crude oil) flows along a pipe
with sudden expansion. Pipe .D. Diameter before suddenexpansionis D, = 2R, = 0.2
m, pipe diameter behind the sudden expansion is D, = 2R, = 0.3 m, step height is
H = 0.05m, H/(2R;) = 0.25, expansion ratio ER = (R,/Ry)2 = 2.25
. Pipe length is L = 20 m (x/D = 100). The temperature profile is uniform at the
pipe inlet. Mean axial velocity and mean temperature at the inlet U | = 0.25 m/s, 7| =
303 K respectively. The wall temperature is uniform along the pipe length after sudden
expansion and it varies T,, = const = 273- 293 K. Reynolds number based on pipe
diameter Re = U,,; 2R, /vy, = (0.7-3)x10% Reynolds number based on step height
Rey = UpniH /vw1 = (1.7-7.5)x10°. The Prandl number of the Newtonian fluid is
Pr = wy1Cpq /A1 =42. The Kolmogorov geometric scale 77 and time scale 7k
were determined using the following formulas of (Baughn, et al., 1984):

-3/4
Nk = 2R, Recl/ , Tk = Ng/Vs

where Rec; =2R; < uUgq >/V is the Reynolds number, and < ul; > represents
the root-mean-square velocity fluctuations of the gas at the pipe axis before the separation
section of the flow.

For the conditions of this study, 77 = 0.002 m and 7, =0.82 s (at Re = 10%),

All predictions are carried out in the region of hydrodynamic and thermal stabilization
in a steady-state fluid flow in a pipe with sudden expansion. Waxy crude oil in the inlet
cross-section is considered as a Newtonian turbulent fluid. Then, the process of heat
transfer through a cold pipe wall starts with fluid movement through a pipe. A fluid
temperature decreases by heat transfer with cold surrounding soil through a pipe wall.
This leads to a sharp increase in viscosity and the appearance of yield shear stress 7,
(Zhapbasbayeyv, et al., 2021; Pakhomov, et al., 2024).

Local flow structure and turbulent characteristics

Figure 4 shows the streamlines for Newtonian (a) and non-Newtonian SB (b)
fluids downstream of a sudden expansion in a pipe. After the separation section, the
streamlines undergo significant changes compared to the flow in the pipe prior to the
sudden expansion. Due to flow separation, a recirculating flow zone is formed, and for
the Newtonian fluid, a small end vortex is observed immediately downstream of the
step. This is consistent with the conclusions for separated flows of Newtonian fluids
(Chang, 1970; Alemasov, et al., 1990; Terekhov, et al., 2021). The flow attachment point
is located at for the flow and for the non-Newtonian fluid.
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b)
Figure. 4. Streamlines of Newtonian (7, = 7}, =303 K) (a) and non-Newtonian SB (b) (7, =303 K, 7,
=273 K) fluids behind pipe sudden expansion.

The center of the main recirculating eddy is located around x/H = 5 and y/H = 0.5.
The small corner eddy takes place around x/H = 1, and the mean flow velocity in this
area is very small. The lengths of recirculation zones are determined from the zero value
of mean axial flow velocity (U = 0) for the NF and NNF. The direction of rotation in
this vortex coincides with the direction of the main flow. As the Newtonian flow cools,
the non-Newtonian properties of the fluid begin to manifest (a significant increase in
plastic viscosity u,and yield stress 7)), and the flow takes on the characteristics of a
turbulent viscoplastic Schwedoff-Bingham fluid. Flow attachment occurs at =6.2. Thus,
it can be said that the length of the flow separation region is significantly reduced (by
approximately 40%). It is noteworthy that the end vortex region disappears for the non-
Newtonian SB fluid. Qualitatively, this agrees with the experimental data for turbulent
non-Newtonian fluids in the absence of heat exchange (Pereira, et al., 2000); Pereira, et
al., 2002). It should be noted that qualitatively, the flow of non-Newtonian Schwedoft-
Bingham fluid after the sudden expansion of the pipe is similar to that of Newtonian
fluid.

Figures 5 show the profiles of the axially averaged velocity for Newtonian (bold
lines) and non-Newtonian Schwedoff-Bingham (dashed curves) fluids downstream of
the sudden expansion in the pipe. The first two cross-sections are located in the flow
separation region for both fluids. The x/H = 15 cross-section is in the recirculation
region (for the Newtonian fluid) and in the flow attachment region (for the non-
Newtonian fluid). The fourth cross-section is located in the flow attachment zone for
the Newtonian fluid. The x JH =15 cross-section corresponds to the flow relaxation
zone after the flow attachment point for both fluids.

It should be noted that downstream from the flow separation cross-section, a sharp
change in the flow structure is observed. For the velocity profiles of the fluid (see Fig.
5a), a region of negative velocities appears, corresponding to the flow recirculation
zone. After the flow attachment point, the flow begins to recover, and dynamic and
thermal boundary layers develop. The flow starts to exhibit the characteristics
of hydrodynamically stabilized flow in a circular pipe. Complete hydrodynamic
stabilization of the Newtonian turbulent flow downstream of the sudden expansion in
the pipe occurs at distances x/H>40 (Terekhov et al., 2021). For the non-Newtonian

73



ISSN 2224-5227 1. 2025

viscoplastic turbulent fluid flow after the sudden expansion, the presence of a flow
separation region is also observed. The intensity of such a flow is lower (approximately
by 25%) compared to the corresponding Newtonian flow. The flow velocity in the core
of the flow for the SB fluid slightly exceeds the corresponding value for the Newtonian
turbulent flow. In the immediate vicinity of the wall, at r/R>0.9, the flow nearly stagnates
due to yield stresses and plastic viscosity.

10 15 xH=2 4 6 10 15

XH=2 4

n : n 1 " — + + — . Y

110 11 0 1 05 1 0 005 01 005 01 005 01 005 01 005 0.1
2

U/Um b) kU2,

Figure. 5. Radial profiles of dimensionless distributions of mean axial velocity U (a), turbulent kinetic
energy k (b).

In Figure 5b, the distributions of kinetic energy of turbulence (KET) across
the radius of the pipe downstream of its sudden expansion are shown. Turbulence
was determined using the Reynolds stress transport model (Fadai-Ghotbi, et al.,
2008), and for axisymmetric NF and NNF, it was calculated using the relation:
2k = (u'?) + (v'?) + (Ww'?) = (u'?) 4+ 2(v'?). The maximum value of the KET for
both types of fluids studied in the work is observed in the shear mixing layer. As the flow
progresses downstream, the magnitude of the turbulence energy maximum decreases
and shifts toward the pipe wall. The profile of the averaged longitudinal velocity
component for both Newtonian and non-Newtonian fluids becomes more gradual. The
turbulence level in the recirculation zone for the SB fluid is noticeably lower than for
the Newtonian flow due to the manifestation of the non-Newtonian properties of waxy
crude oil as it cools (approximately up to 30%). In the immediate vicinity of the wall, at
r/R > 0.9, where the fluid nearly stagnates (see Fig. 5a), the KET level k approaches
ZEero.

Profiles of the averaged effective dynamic viscosity Uerr = Ur + [ + Up ata few
stations behind the sudden pipe expansion for various wall temperatures are presented
in Fig. 6, where u is the molecular (laminar) viscosity.
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Figure 6. Radial dimensionless profiles of averaged effective dynamic viscosity u, -
Re = 10% Re,, =2600, Pr =42, Bm = 0.007.

With this form of writing the expression, it is easy to analyze the influence of non-
Newtonian properties of the turbulent fluid on viscosity. It can be seen that the greatest
manifestation of the viscoplastic behavior of turbulent fluid is revealed at 7, = 273 K.
The flow shows the properties of a Newtonian fluid and the value of apparent viscosity
Moy / (,UT +u) > latT ,»= 303 K. The main zone of manifestation of non-Newtonian
behavior of turbulent fluid is limited to the recirculating region at /R > 2. As we showed
earlier (Zhapbasbayeyv, et al., 2021; Pakhomov, et al., 2023) for a turbulent flow of waxy
crude oil in a pipe without sudden expansion, the properties of SB fluid appear at 7, <
293 K. Qualitatively similar behavior of turbulent non-isothermal fluid is obtained for
the flow in a pipe with sudden expansion.

Conclusion

The transition of a Newtonian turbulent fluid into a viscoplastic non-Newtonian
Schewedoft-Bingham fluid in a pipe with a sudden expansion is numerically studied.
The kinetic energy of turbulence of a fluid flow is predicted using the elliptic relaxation
Reynolds stress model.

For the velocity profiles of the fluid (see Fig. 5a), a region of negative velocities
corresponding to the flow recirculation zone is observed. For the turbulent flow of
non-Newtonian viscoplastic fluid after the sudden expansion, the presence of a flow
separation region is also identified.

For the Schwedoff-Bingham viscoplastic fluid, it is characteristic that there is no
local minimum in heat transfer in the angular part of the step. The turbulence level in
the flow recirculation zone for the SB fluid is significantly lower than for the Newtonian
flow, which is explained by the manifestation of non-Newtonian properties of waxy
crude oil as it cools (approximately up to 30%). Near the wall, at r/R>0.9, where the
fluid nearly stagnates, the turbulence level tends to zero.
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Abstract. This paper presents the results of studying the geometric properties of the
equilibrium manifold of a strongly interacting thermodynamic system of a new type,
which was discovered in the course of research in the field of holographic dualities. The
method of holographic dualities describes various quantum field theories and quantum
many-particle systems with strong coupling between particles. In this description, there
is a relationship between the four-dimensional quantum theory in the strong coupling
regime in Minkowski space and the theory of ten-dimensional gravity in anti-De Sitter
space. At low energies, the system we studied has a zero-sound mode in its spectrum,
despite the behavior of its heat capacity that is uncharacteristic for a Fermi liquid.
The work was carried out within the framework of geometrothermodynamics, which
allows obtaining results that are invariant with respect to Legendre transformations,
i.e. independent of the choice of thermodynamic potentials. As a thermodynamic
potential, we used a chemical potential dependent on temperature and density. For
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the system under consideration, the corresponding metric and scalar curvature were
calculated in a wide range of thermodynamic parameters, the stability region of this
system was determined, and its thermodynamic and metric properties were described.
Three-dimensional graphs were obtained for the chemical potential, for the derivative
of the chemical potential with respect to density, and for the scalar curvature. The
region of thermodynamic stability of the system was determined from the graph for
the derivative of the chemical potential with respect to density. The graph for the scalar
curvature clearly shows at what values of thermodynamic variables it tends to infinity
or is close to zero, which indicates possible phase transitions and possible compensation
of interactions by quantum effects, respectively.

Keywords: geometrothermodynamics, Legendre transformations, metric tensor,
scalar curvature, holographic dualities, zero sound.
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TEOpHSJIApBIH KoHE O6JIIeKTep apachlHAarbl KYLITI OainaHbIChl O0ap KBAHTTBHIK KOII
OenmiekTi KyHenepai cumarTaiapl. byn cunarramaza MHWHKOBCKM KeHICTIriHAeri
KYIITi OalTaHbIC PeXUMIHICTI TOPT OJIIEM/Ii KBaHTTHIK Teopusi MeH anTu-/le Currep
KEHICTIrHIEeTI OH eNIIeM[Il aybIpibIK TeOpUsCHl apacblHIa Oaitmanbic Oap. Temen
sHeprusitapaa 0i3 3epTTereH XYHEHIH >KbUTY CHIMBIMABUIBIFBI DepMH CYHBIKTHIFBIHA
TOH €MeC EeKEHIHEe KapaMacTaH, OHBIH CHEKTpiHAE HOJIIK IbIObIC pekuMi Oap.
XKympic TeomeTpoTepMOAMHAMHKA IeHOepinae okyprizinmi, Oyn Jlemkennmpe
TYpJeHIipyaepl OOHBIHIIA WHBAPUAHTTHI HOTHIKENEpAl alyFa MYMKIHAIK Oepeni,
SIFHM TEPMOAMHAMMKAJIBIK NOTEHIHAIAAPABl TaHAayFa Toyenci3. TepMOoIuHaMUKaIBbIK
MOTEHIUAN peTine 013 TeMneparypa MEeH ThIFBI3ABIKKA TOYEII A1 XUMHSUTBIK [TOTCHIH AT b
KoJgauabIK. KapacThIpbUIBI OTBIPFaH JKYHe YILiH TepMOINHAMUKAIBIK TapaMeTpIIepIiH
KEH [Mara3oHbIHJA COWKEC METPHKAJBIK KOHE CKaJSPIbIK KUCBHIKTBIK €CcenTesemi,
OyJ1 JKYHeHIH TYpaKTBUIBIK aiiMarbl aHBIKTalaJbl, OHBIH TEPMOAWHAMMKAJBIK >KOHE
METPUKAIBIK KACHEeTTepi CHUIMATTanaibl. XUMHUSIIBIK MOTEHIMAN YIUiH, THIFBI3IBIKKA
KATBICTBI XUMHSLIIBIK TOTCHIIUAABIH TYBIH/IBICHI YIIIH KOHE CKaJISPIbIK KUCBHIKTBIK YLIIH
yII eimemi rpagukrep aiabiHIbl. THIFBI3ABIKKA KATBICThl XMMUSUIBIK TOTSHIUAABIH
TYBIHJBICBIHA apHAJFaH TPa(UKTEH KYHEHIH TepMOAMHAMHKAIIBIK TYPAKTBUIBIK aliMaFbl
aHbIKTaAbl. CKaJISAPIBIK KUCBIKTHIK Ipaduri TepMOAMHAMHUKAIBIK alHBIMaIbLIaPIbIH
KaHaall MOHJEPiH/AE OHBIH HIEKCI3AIKKE YMTBUIATHIHBIH HEMECE HOJTe JKaKblH €KeHIH
aHBIK KepceTeai, Oy colikeciHIIe MyYMKiH 00NaThiH (a3aiblK aybICynapasl )KOHE e3apa
OpeKeTTeCyNepIiH KBaHTTBIK dcepiep apKblIbl MyMKiH ©TelyiH KepceTei.

Tyiiin ce3nep: reomeTpoTrepMoarHamMuKa, Jlexenap TypreHaipyaepi, MeTpHKabIK
TEH30P, CKAJISIPIBIK KUCBIKTBIK, TOIOTPa(UsIIBIK Tyaan3M, HOJIIIK JAbIObIC.
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AHHoTamusa. B jgaHHOH paboTe mpeacTaBJICHbI PE3YJIbTaThl HCCIIEI0BaAHUS
reOMETPUYECKHX CBOWCTB PABHOBECHOTO MHOT000pa3Hsl CHILHOB3aUMOJICHCTBYIOIICH
TEPMOIMHAMHYECKOW CHCTEMBI HOBOTO THIIA, OOHAPYKEHHOH B paMKaX HCCIIEeOBaHUI
ronorpaduueckux AyanbHocTedl. Mertos romorpaduieckux yaabHOCTEH MO3BOJSET
ONMCHIBATh Pa3JIUYHBIC KBAHTOBBIC TEOPUM IIOJII M KBAaHTOBBIE MHOIOYACTHUYHBIE
CUCTEMBbl C CHJBHBIM B3aUMOJECHCTBHEM MEXJy 4YacTHLamMu. B 3TOM mnoaxoze
CYILIECTBYET B3aMMOCBSI3b MEKJY YETBIPEXMEPHOW KBAaHTOBOW TEOPUEH B PEXKHUME
CUJIBHOTO B3aUMOJEHCTBUS B NPOCTPAHCTBE MHUHKOBCKOTO M TEOPUEU JNECATHUMEPHOU
IpaBUTAIUMH B IPOCTpaHCTBE aHTH-1e CUTTEpa.

Hccnenyemass cucremMa IpU HU3KUX DHEPrUsAX JEMOHCTPUPYET HAJIMUYUE MOJbI
HYJIEBOTO 3ByKa, HECMOTps Ha e€ HeTUnuYHOe it (HEePMHU-KHIKOCTH TOBEICHHE
TeroéMKocTH. PaboTa BEIOTHEHa B paMKaX reOMETPOTEPMOIUHAMUKH, YTO TIO3BOJISIET
MOJy4aTh pe3yNlbTaThl, WHBAPHAaHTHBIC OTHOCHTENBHO IpeobpasoBanuii Jlexanmpa,
TO €CTh HE3aBUCHMBbIC OT BBIOOpA TEPMOAMHAMHYECKHX MOTEHIMAIOB. B kauecTBe
TEPMOAMHAMHUYECKOIO ITOTEHIIMAJIA UCII0JIb30BaH XUMUYECKUI TIOTEHIINA, 3aBUCS U
OT TeMIIEpaTypsl U INIOTHOCTH.

JsipaccMarpuBaeMoO CUCTEMBIPACCUUTAHBI COOTBETCTBY FOLIIME METPUKA U CKAJISIPHAS
KPUBH3HA B IIUPOKOH 00JIaCTH TEPMOIUHAMUYECKHX TTAPaMETPOB, Ope/ieieHa 001acTh
e€ cTaOMIIBHOCTH, a TaK)KEe OMHMCAHBbl TEPMOJMHAMUYECKUE U METPHUECKUE CBOWCTBA.
[onydensr TpéxmepHble rpadUKd XMMHUYECKOTO TOTEHIMANa, €ro MPOM3BOIHON MO
IUIOTHOCTH M CKAJISIPHOW KPWUBU3HBI. AHanmu3 rpaduka MPOM3BOAHOW XUMHYECKOTO
MOTEHIIMANa MO TUIOTHOCTH TIO3BOJIMJI OIPEACTUTh OOJIACTh TEPMOAWHAMUYECKOM
CTaOMIILHOCTH CUCTeMbl. [padyK CKaIIpHOH KPUBH3HBI AEMOHCTPUPYET, NMPH KaKUX
3HAUEHHAX TEPMOIMHAMUYECKHX TIEPEMEHHBIX OHAa CTPEMHUTCS K OCCKOHEYHOCTH
win octaérest ONM3KOW K HYIJIO, YTO YKa3bIBaeT HA BO3MOXKHBIC (Pa30BbIC MEPEXO/bl H
KOMIICHCAIMIO B3aUMOJICHCTBHI KBAHTOBBIMH d((PEKTaMU COOTBETCTBEHHO.

KuaroueBble ciioBa: reoMeTpoTepMOIMHAMUKa, IpeoOpazoBanus Jlexxanmpa,
METPUYECKUH TEH30p, CKallsipHasi KPUBHU3HA, roiorpaduieckue 1yainbHOCTH, HYJIEBOH
3BYK.

bnazooapnocmu

Hannas paboma noooepocana Munucmepcmeom HAyKu u 8vicuie20 00pA308aHUS.
Pecnyonuxu Kazaxcman (I panm Ne AP23490322 « Uccredoganue mepmoouHamMuseckux
CBOLUCMBPENAMUBUCTNCKUX KOMNAKINHBIX 00bEKIM 08 8 DAMKAX 2e0MeMmpPOmMepMOOUHAMUKU

(I'TI)»).
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Beenenne. OmHUM ©3 NPUMEHEHHI MeETOAa TOJOrpapHUUYECKUX AyalbHOCTEH
(Maldacena, 1998) sBisieTcss omucaHWe KBAaHTOBOH TEOPWUU TMOJII M KBAHTOBBIX
TEPMOAMHAMHYECKMX CHUCTEM B pekuMe CUIbHOW cBsizu (Mateos, 2007). B mepBbix
paborax ObLIO HalJEHO COOTBETCTBHE MEX Iy Teopuei 10 MepHO# cymeprpaBuTannuu
B NPOCTPAHCTBE, NPEACTABIIONIEM CO00M MpsMOEe NpPOM3BEACHHWE 5 MEpPHOTO
npocrtpanctBa Antu Jle Cutrepa u 5 mepHoit cdeper AdS XS, u 4 mepHoi
CyNepCUMMETPUYHOM KOH()OPMHOI KBAaHTOBOI TEOpHUEH MOJIS B PEKUME CUITBHON CBA3ZU
B mpocTpancTBe MunkoBckoro (rpanuna AdS;). Bee wactuibl 91oii 4 MepHO# Teopun
HaXOAATCS B IPUCOCAMHEHHOM MPEICTABICHUN KOMIIAKTHON KaInOPOBOYHOM TPYIIIIEIL.
B pa6ore (Karch, 2002) npemiokeH METOI BKIFOUCHUS B TOJOTPA(QHUSCKYIO CUCTEMY
Marepuu B (pyHIaAMEHTaJILHOM MpeACTaBICHUH, HEOOXOAMMOCTh KOTOPOTO CBsI3aHa C
TEM, YTO (PEPMHUOHHASI COCTABIIONIAs B KBAHTOBOH XPOMOAWHAMUKE (I OTMCAHHS
KOTOPOH B peKMME CHIIbHOM CBS3U M OB, B OCHOBHOM, pa3paboTaH rojorpaguyeckui
METONl) KaK pa3 HaxoAWTCs B (yHAaMEHTaJIbHOM IPEACTABICHUH KaTHOPOBOUYHOM
rpynnsl - SU(3). B paborax (Sakai, 2005; Aharony, 2007) roxorpaduyeckuii
MeTon Obul 0000IIeH IJIsi ONMUCAHMS Pa3IMYHBIX (Pa30BBIX MEPEXOAOB B AyalbHBIX
KBAaHTOBBIX TEPMOAMHAMHYECKUX CHIBHOB3aUMOJICHCTBYIOLIMX CHCTEMax M Ul
mo00il MPOCTpaHCTBEHHOM pa3MepHOCcTH. B Hacrosimiee Bpemsi rojorpaduyueckue
MOJICTT TPUBOAAT K MNPEACKa3aHUsIM, MHOTHE M3 KOTOPBIX XOPOIIO COTIIACYIOTCS
C DKCIIEpUMEHTAJIbHBIMU JaHHBIMH. bomee Toro ¢ moMomipio ToJorpaguyecKoro
MeTo/la MPEICKa3bIBAIOTCS HOBBIE TUIBI KBAaHTOBBIX cucTeM. Hampumep, B pabote
(Karch, 2009) oOnapy»xeHa cucTeMa, y KOTOPOH NMPH HU3KUX TEMIIEpaTypax HMeeTcs
HyJeBasl 3ByKOBasg Mona Kak y depMu KHIKOCTH, HO y 3TOW CHCTEMbI COBEPLICHHO
WHasi TeMIepaTypHas 3aBUCHMMOCTH TeruioeMkoctd. B pabore (Karch, 2007), mpu
HCCIIEIOBAHUM TONOTpa()uIecKoil TEOPUU C HEHYJIEBOW OAPHMOHHOH MIOTHOCTHIO MPH
HYJEBOM TeMIeparype oOHapysKeH (pa3oBbIii Iepexo1 BTOPOTo poAa, KOraa XUMHYECKUH
MOTEHIXAN CTaHOBUTCSI PaBHBIM Macce OapuOHOB. B CBs3M C BBIICTIPUBEACHHBIM,
3aja4a BCECTOPOHHETO M3y4eHHs (Pa3MUYHBIMH TEPMOJMHAMHUYECKUMH METOAaMH)
TEPMOANHAMHYECKMX CBOMCTB HOBBIX KBAaHTOBBIX CHCTEM, MpEICKA3aHHBIX METOAOM
ronorpa)MuecKux AyalbHOCTEH, CTAHOBUTCS aKTyaJbHOM.

B HacTosimeit paGore OBUIO NPOBEAECHO HCCIENOBAHUE TEPMOJMHAMHUYECKUX
CBOMCTB rosiorpad)nueckoii CHCTEMBI C HYJIEBBIM 3BYKOM, ONMcaHHOM B padote (Karch,
2009). B kauecTBe MeToaa MCCIEJOBAHHS MCIOIB30BaIach reOMETPOTEPMOINHAMUKA,
a B KaueCTBe BBIYUCIUTEIbHOMN cucteMbl Wolfram Mathematica 12.

CBs3b MEXly TEPMOIMHAMUKON M F€OMETpHEH paccMaTpuBanach panee B paborax
(Weinhold, 1976; Ruppeiner, 1979; Amari, 1990). bbuio nmoka3aHo, 4To COIOCTaBICHUE
TEPMOANHAMHYECKHX BEJIHMYMH C KOMIOHEHTAMH METPHUYECKOrO TEH30pa MOXKET OBbITH
MIPOBEJICHO Ha OCHOBE Pa3IMYHBIX IPUHIUIOB. B reomeTpoanHamMuke, NpeiioKeHHOM
9. Keeno B padorax (Quevedo, 2007) TakuMm NPUHIMIIOM SIBISETCS TpeOOBaHUE
WHBapUAHTHOCTH CKaJSIPHOW KPUBHU3HBI PABHOBECHOTO METPHUUECKOTO MHOT000pa3Hs
OTHOCHUTEILHO COOTBETCTBYIOUIMX TEPMOJMHAMHUUECKUX MpeoOpazoBanuil Jlexxanapa.
B aToM cirydae nmeercs mpsiMasi aHaJIOTHs CO CIIELHATIbHOM Teopreil OTHOCUTEIBLHOCTH
u npeobOpaszoBanusimu Jloperua. B reomerpoTepMonuHaMuKke B3aUMOACHCTBHS MEXKITY
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YacTUIIAMU B TEPMOIMHAMUYECKHX CHCTEMaxX OIMCBHIBACTCSI C MOMOIIbIO KPUBU3HBI
paBHOBECHOro MHoroo6Opasus. Hampumep, xak 510 ObIIO mokazano B (Quevedo,
2007), uneanbHBId ra3, 4acTUIBl KOTOPOTO HE B3aUMOAEHCTBYIOT JAPYI C JIPyroM,
COOTBETCTBYET MHOTOOOPA3HUIO C HYJIEeBOW KPUBHU3HOM. B ciiyyae B3anMoaeHCTBYFOIINX
CHCTEM C HETPUBHAJILHOM CTPYKTYypOi (ha30BbIX IIEPEXO0B, TEOMETPOTEPMOANHAMHKA
BOCTIPOU3BOJIUT TOBEACHUE CUCTEMBbI BONHM3M 0ONacTel, Tie MPOUCXOAAT (a3oBbIe
nepexonabl. Kak Obuto mokasano Ha npumepe rasa Ban-pep-Baanbca (Quevedo 2007)
B obOnmactu (hazoBOro mepexona CKalspHas KPHUBHU3HA CTAaHOBUTCS OECKOHEYHOM.
B mocnenyrommx paboTax pasziMYHBIX aBTOPOB TI'€OMETPOTEPMOAMHAMHUKa Oblia
orpoOoBaHa Ha MHOTUX APYTHX paHee N3yYeHHBIX TEPMOJMHAMUYECKUX cucTeMax. Tak
B paborax (Quevedo, 2008 1; Quevedo, 2008 2) ¢ MOMOIIbIO TEOMETPOTEPMOAUHAMUKI
ObLI1a KCccllefoBaHa TEPMOAMHAMHEKA Pa3IMYHBIX YEePHBIX AbIp. B padote (Zazulin, 2020
1) paccmarpuBanach reoMeTpOTEPMOJMHAMHUKA IBYMEpHOro bose raza M cucTeMsl
Bepesunckoro - Kocrepnuna — Taymecca, a B pabore (Zazulin, 2020 2) meTonsl
reOMETPOTEPMOJMHAMUKHN OBLIM MPUMEHEHBI IJISi OMUCAHUS TEPMOJMHAMHUYECKUX
CBOMCTB rosiorpauueckoi CHCTEMBbI C KOHEUHOW OapHOHHOM IITOTHOCTBIO, OIMCAHHOM B
pabore (Karch, 2007). Bo Bcex nepeuucneHHbIX padoTax 00JacT TEPMOINHAMUIECKHX
U TEeOMEeTpoTepMOAMHAMHYECKHX (ha30BbIX TMepexomoB coBnanud. (OcoOeHHOCTD
MOBEACHUS CKATSAPHON KPUBHU3HBI YAOOHO HCIONB30BATh IJISi MMOMCKOB HEW3BECTHBIX
(ha30BBIX EPEXOI0B B MAJIOU3yUCHHBIX TEPMOJMHAMHUECKUX CHCTEMAX.

Monesib 1 BBIYHCIUTEIbHBIE METOABI. J[J1s1 n3yueHus roiorpauueckoil CUCTeMbI
C HYJICBBIM 3BYKOM B paMKax T€OMETPOTEPMOJUHAMHUKHN MbI BBIYUCIISUIH METPUYCCKHUEC
TEH30PbI COOTBETCTBYIOIINX PABHOBECHBIX MHOTOOOPA3HHA, IETEPMHUHAHTH METPUIECKIX
TEH30POB U CKaJSIpHbIC KPUBU3HBL B kauecTBe (hOpMYIIbl sl BBIYHCICHHUS METPUK U
COOTBETCTBYOIIUX METPHUECKUX TEH30POB MbI ucnonb3oBainu (Quevedo, 2007):

6(135

2 _
al* = E, gga ab apbgpc aEbaEC

———dE%E° (1)

rae [ - kBaapar TepmonuHammyeckon jaiuuHbl, @ = O(EY) — TepmMonuHaMHYeCcKuit
MOTEHIMA, KOTOPBIA SIBHO 3aBHCUT OT JPYTMX TEPMOAMHAMHYECKHX ITOTCHIIMAJIOB
- E* (a = 1,....,n), n — KOJIMYECTBO TEPMOIMHAMHYECKUX IOTCHIUAJIOB (B HalleM
ciyuae n =2) u Oap = diag(1,1,...,1). CoorHomenne (1) HHBAPHAHTHO OTHOCHTEIIBHO
npeoOpaszoBanuii JIexxanapa.

Beipaxkenue /171t TeH30pa KPUBU3HBI UMEET OOBIYHBIN BH/I:

_1(0%°gaaq 9%gpe 9%gac 9%gpa n P n P
Rapea =3 (aEbaEC ¥ 3EaoEd  oEbord aEaaEC) t Iy (Fbcrad - bdFaC)’ (2)
nm o o o
Fz[e 9" (Gnm) — KOHTPaBapUAHTHBIM (KOBAPMAHTHBINA) METPHYECKHN TEH30D,
— 0gmp agmc agbc
I‘bc 29 ( -

OE€ 9Eb 9Em
KPUBHU3HA BBIUKCIISICTCS 110 (HOpMYJIe: R g “Cg bdRabcd‘.

ITockonbky B manpHEHIIEM MBI OyZeM UMETh JIeTIO0 C CHCTEMOH, 3aBUCSIICH TOIBKO

— cumBosbl Kpucrtodens. anee, ckaispHas
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OT JIByX TEPMOJAMHAMHYECKHUX MOTCHIMAIOB, TO BEIPAKCHUE ISl CKAJISIPHON KPHUBU3HBI
yIpoIaeTcs 10:

_ 2Rq212 3
R=o 3)

rae det (g) — neTepMUHAHT ABYMEPHOIO METPHUECKOTO TEH30DA.

PesyabTathl u 00cy:kaeHne. PaccMoTpuM cHavala roorpauyecKkyro CUCTEMY
-1

C HyJIEBBIM 3BYKOM B IpeJieiie HU3KUX TeMIeparyp (TouHee ciydail Td » <« 1, rie

T — Temmneparypa, d - 6apuoHHAsI INIOTHOCTD, P — Pa3MEPHOCTD MTPOCTPAHCTBA).
Bemmuuner T u d B Hamme#t paboTe mpuBeIeHBI B OTHOCUTENBHBIX equHuIax. [Ipu p =
3, cormacuo (Karch, 2009) 3aBHCHMOCTB SHTPOIHH 3TOH CHCTEMBI OT TEMIIePaTyphl
U INIOTHOCTH B OTHOCHUTECIIbHBIX €CAUMHHUIIaX UMCCT BI/IIL:: S(T’ d) — T_6 I/ICHOHBS}/H
dopmynsl (1) u (3) moyuyuM METPUIECKUAN TEH30P: 2d

180710 —15T11

_| @ a3
gmn(T’ d) - _15T11 _2T12
a3 a

JleTepMUHAHT 3TOTO TEH30pa:

—-585T22
det(g) = —6’
U cramsipHy0 KPHBU3HY: d
_ —985d?
"~ 1352112 4)

N3 dbopmynsr (4) ciienyeTr, 9TO OCOOCHHOCTh CKAIIPHOW KPUBHU3HBI (a 3HAYUT H
BO3MO)KHAsI TEPMOJUHAMHUYECCKAs OCOOCHHOCTH, CBS3aHHAs C (DA30BBIM IEPEXOIOM)
BO3HHUKAET TOJBKO B MpeE/eIie % — oo. C apyroit cTOpoHbI, U3 (4) cleayeT, 94To mpH
MOBBIIIICHAN TEMIIEPATYPhl U MPH YMEHBIICHUU OapHUOHHOM TUIOTHOCTH (P PEKTUBHOE
B3aUMOJICHCTBHE MEXK/Ty YaCTUI[AMU CHCTEMBI 0CJIa0eBaeT.

JHainee paccmorpumM, contacHo (Karch, 2009), TouHOE BhIpaskeHUE TEHEPh YXKE JJIS
XMUMHUYECKOTO TOTEHIIMaa, ONpPEICICHHOE Yepe3 THIEPreOMEeTPUICCKYIO (QYHKIIHIO
l'aycca u ramma-gyHKIN Diinepa:

ar/erfgJrf] 117 a1
pld) = — 2B = ToF 25,5~ ]

)
HCpBOC cjlaraéMoc crpaBa IpCACTaBIIACT XUMHUYECKHUI TOTEHLHMA CUCTEMBI npu

HyneBoi Temneparype. Ha pucynke 1 nokaszan rpaduk ¢pyHkuuu (5) s HEKOTOPOTO
nuarna3ona nmapameTrpos T u d.
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1m0

Pucynok 1. Xumnueckuii noreniuan p(T,d), onpenenennsiii popmyioii (5) B 3aBUCHMOCTH OT
TEMIIepaTypbl ¥ INIOTHOCTH sl rojorpaduyeckoil sxuakocTy ¢ HyaesbiM 3BykoM (Karch 2009).

Ha pucynke 2 mpencrasien rpadpuk du/dd (T,d) ¢ momoripio KOTOpPOTo
orpejiesieHa 00JIaCTh TepMOIUHAMUYecKol cradbminbHOocTH (Tipm du/dd (T,d)
> () B HekoTopoM amamnazoHe 3HadeHud T w d. Ha pucynke 3 3ta o6nacthb
pacIioioKeHa ciieBa OT KPUBOM.

d;i\T‘dJ"dde.DE

=010

0.0 40

20 0

Pucynok 2. Bennunna dp/dd (T,d) B 3aBHCHMOCTH OT TEeMITEpaTypbl U INIOTHOCTH JJIsI TOIOrpadpuvecKoi
cucreMsl ¢ HysaeBbiM 3BykoM (Karch, 2009).
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ST ) Ed)=0
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Pucynoxk 3. O6nacts crabunbpHocTU. CrieBa OT KpUBOH pacroiokeHa 00JacTh TEPMOAMHAMUYECKOM
CTabUIbHOCTH cucTeMbl ¢ HyseBbIM 3ByKoM (Karch 2009). Bennunna dp/dd (T,d) B atoit obnactu
Gompre 0.

[Ipumensist k BoIpakeHuto (5) mocnenoBarensHo (Gopmynsr (1), (2) u (3)
MOJIYYUM PEe3yJbTaT JJI CKAISIPHONW KPUBHU3HBI, TPEXMEPHBIN TpaduK KOTOPO
MPUBEJICH Ha PUCYHKE 4.

Pucynoxk 4. Ckansipuas kpuBu3ztHa R(T,d) B 3aBHCUMOCTH OT TeMIlepaTypbl U INIOTHOCTH IS
ronorpaduueckoi XKHUAKOCTH ¢ HylaeBbIM 3ByKoM (Karch, 2009).
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Kax BuznHO M3 pucyHka 4 mpu KOHEUHBIX TeMIlepaTypax B JMana3oHE 3HaueHUil

T or 0.2 no 4 u GapuoHHOW TIOTHOCTH B paiioHe d = 1 B 3HAYEHHUSX CKAJSPHOU

KpUBH3HBI HaOmonaercs paspbiB. TakuM oOpa3om, B 3Toi obmactu mapameTpoB T u

d B paccmarpuBaeMoil TepMOIMHAMUYECKON cUCTeMe BO3MOkeH (a3oBblil epexon. C

Y4€TOM TOTO, YTO I TEPMOANHAMUYECKOT0 MOTEHIIMAaIa — SHTPOIUHU S, MOTyYEeHHON
-1

B mpeneie TdP <« 1 HUKAKOTO paspbiBa B BEIMYMHE CKAJISAPHOM KPMBU3HBI HE
HaOTIOAETCs TO MOYKHO TIPEIIONIOKUATE YTO Pa3phIB B BETHUNHE CKASIPHON KPUBHU3HBI
(1 cmemoBaTeTbHO BOSMOYKHBIH (Da30BBIN IIEPEX0]T B UCCICTYEMOM TEPMOIUMHAMUYECKOM
CUCTEME) ABIIICTCS HenepTypOaTuBHEIM d(hpekToM. Tak e 13 pUCyHKOB 3 ¥ 4 BUIAHO, UTO
pa3phIB B BETUYHWHE CKATSIPHONW KPUBU3HBI HAXOAUTCS B 007aCTH TEPMOJUHAMHYECKON
HeCcTaOMIBLHOCTH T.€. B 0bacTw rie du/dd (T,d) <O0.

3akiaouenne. B HacTosmiedl pabore B paMKaX TeOMETPOTEPMOIMHAMHUKH
pPacCMOTPEHO PABHOBECHOE MHOTO00pa3We CHIILHOB3aMMOICHCTBYIOMCH KBaHTOBOMH
CHCTEMBI C HYJIEBBIM 3BYKOM, TIPEACKa3aHHON METOIOM TOJIOTpapUIeCKUX TyaTbHOCTEH.
Brruncnens! COOTBETCTBYIONNE METPHUECKHIE TEH30PHI U CKAIISIPHBIE KPUBH3HBL.

B KauecTBe TEPMOOMHAMHUYECKOrO IOTEHUMAna s cioydas Tdp « 1
ucnonb3zoBanack suTporusa S(T,d), a ans oOmiero ciryyass XMMHUYECKHN MOTEHIHAN
(TOYHOE BBIpaKEHHUE), 3aBUCSALIMN OT TEMIIEpaTyphl U INIOTHOCTU. B 00:1acTH KOHEYHBIX
TEeMIeparyp M IUIOTHOCTEH AJisl MEpBOro ciydas HUKaKUX yKa3aHuil Ha (a3oBble
Nepexoabl A rosiorpauueckoil CUCTEMBI C HYJIEBBIM 3ByKOM OOHApy>KEHO He ObLIO.
B TO Bpems Kak npu MCCIEAOBAaHWU C IOMOIIBIO TOUHOW (OPMYIbI HaiineHa 00nacTb
BO3MOXHOTO (Da30BOTO Iepexosa.

B pabore npexncrasnensl rpauky 11 XUMHYECKOTO TIOTEHIM AN, IS TPOU3BOAHOM
OT XMMUYECKOI'0 NMOTEHLIMAA MO IUIOTHOCTH U JUI CKaJISPHOM KpuBU3HBL. OnpeseneHa
00JacTh TEPMOIMHAMUYECKOW CTaOMIBHOCTH cUCTeMbl. Ha rpaduke ans ckajisipHON
KPUBHM3HBI BHIHBI 0O0JacCTH TEPMOAMHAMHUYECKUX NEPEMEHHBIX, B KOTOPBHIX OHa
CTpeMHTCSl K OSCKOHEYHOCTH MJIM ONM3Ka K HYyJIO, YTO YKa3blBaeT Ha BO3MOYKHBIC
(a3oBble MeEpexoAbl B CHUCTEME W Ha BO3MOXKHYIO KOMIICHCAIMIO B3aWMOACHCTBHI
KBaHTOBBIMH 3(h(heKTaMi COOTBETCTBEHHO.

B nmanbHeimem, enareJbHO HM3yYUTh CBOMCTBA TOJOrpaUUECKON CHCTEMBI C
HYJIEBBIM 3BYKOM B JPYTHX 00JacTsIX TEPMOIUHAMUYECKHUX MApaMETPOB U HUCIONb3YS
CTaHJAapTHbIE METOJbl TEOpUH (DAa30BBIX MEPEXOAOB C HAXOKICHHEM KPUTHUYECKUX
HHJIEKCOB.

Jexknapayus o Konghnuxkme unmepecos
Asmopbi 3as61510m 06 OMCYMcmeu KOHGIUKMA UHMepecos, UMEeIoUUx OMHOULeHUe
K npeomemy OaHHOU PYKONUCH.
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Abstract. We present the exact d-dimensional AdS black hole solution in the presence
of nonlinear electrodynamics (NLED) and investigate the thermodynamic properties of
this black hole. The thermodynamic quantities change in the presence of NLED, extending
our results by considering the cosmological constant (A) as a thermodynamic variable
(P =—A/87). We obtain the critical values of pressure, temperature, and horizon radius
and analyze the behavior of the global parameter Pv,/T. . A phase transition between
small and large black holes is found, resembling the phase transition of the Van der
Waals system. Furthermore, we explore the influence of the deviation parameter & on the
horizon structure and thermodynamic stability. Using the derived equation of state, we
investigate the critical behavior and identify the characteristic swallowtail structure in
Gibbs free energy, confirming the phase transition between small and large black holes.
The black hole entropy S, is derived from the first law of thermodynamics and exhibits
corrections due to NLED, reducing to the ekenstein-Hawking area law when k& = 0.

_3(k-r!-2mT)

The pressure-volume relationship =~ 47[(2r+2 —k) is analyzed to determine the
critical points. Additionally, we identify how higher-dimensional effects and nonlinear
electrodynamics influence the thermodynamic quantities. These modifications lead to
significant differences from classical Schwarzschild-Tangherlini solutions. Our results
provide new insights into the thermodynamic properties of AdS black holes coupled
to NLED and contribute to a deeper understanding of phase transitions in higher-
dimensional gravity theories, especially in the context of regular black holes and their
stability. These findings open up further avenues for exploring the intricate relationship
between black hole thermodynamics and fundamental forces.
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AnHOTamus. bByn JKymbIcTa CBI3BIKTBI €MEC JIIEKTPOJUHAMHUKAHBI ~ECKepe
OTBIPBIN, d-emmemai AdS Kapa KypIAbIMHBIH HAKThl HICHIIMI YCHIHBUIFaH JKOHE OCHI
Kapa KYpAbIMHBIH TEPMOJMHAMHKAIBIK KacHeTTepi KapacThlpbuiraH. CBHI3BIKTHI eMec
ANEKTPOJMHAMHUKA TEPMOAWHAMUKAIBIK IaMajapIblH e3repyiHe ceben Oomazpl, Oy
P=—A/87 xarnaiipinna kocMOTOrusuIbIK TypakTeiel (A)  TepMOTHHAMHUKAIBIK
alfHBIMANBI pPeTiHJle KapacThIpFaH/a, allbIHFaH HOTIDKENIEP/Ii JKalIbuIayFa MYMKIH/IIK
Oepeni. KbICBIMHBIH, TeMIEPaTypaHbIH JKOHE KOKKHUCK PaTUuyChIHBIH KPUTHKAJIBIK
MoHzepi ecerrrenin, conmaii-ak FoV,/T, rmoGamasl mapameTpiHiH e3repici TaazaHFaH.
Kimmi skoHe ykeH Kapa KypapIMaap apackiaaa Ban-mep-Baansc xyiecinaeri ga3aibik
aybICyFa yKcac (hazalbIK aybicy aHbIKTaidraH. COHBIMEH Kartap, k aybITKy IapaMeTpiHiH
KOKXKHEK KYPBUIBIMBIHA KOHE TEPMOIUHAMHUKAIBIK TYPAKTBUIBIKKA dCEpi 3€PTTEITCH.
AJNBIHFaH KYH TEHJEYiH KOJJIaHa OTBIPBIN, KPUTHKAIBIK MoHI 3eprremin, ['ud0c
00C PHEPTUSACHIHA TOH «TYHIH» KYPBUIBIMBI aHBIKTIIBI, OV Killli J)KOHE YIIKEH Kapa
KYPIBIMJIAp apachIHIAFbl (Da3aiblK aybICyAbl pacTainbel. TepMonmnHaMUKaHbIH OipiHIIi
3aHBIH Naiija’aHbll albIHFaH Kapa KYpPABIMHBIH DHTPOIHMACHIHA S, CBI3BIKTBI €MeC
ANIEKTPOAMHAMHUKA €Ce0IHEH TY3eTyep eHTi3ineni skone k=0 xxarnaiibinaa bexkenmrein-
XOKUHT aylaHbl 3aHbIHA CoWiKec Keyemi.KpuTHKaNblK HYKTeNnep/ai aHbIKTay YIIiH
P (k-1 —2m’T)

472(2,,3 —k) KbICBIM MEH KOJIeMIe KaTblHAChl TOYENAUIr TalgaHFaH.
CoHbIMEH Karap, KONeJIEMJIUTIKTIH >KOHE CBI3BIKTBI €MEC BIEKTPOAMHAMHKAHBIH
TEPMOAMHAMHKAJIBIK ~IapaMeTpJIepJiH CHUIIaTTaMachblHAa ocepi TaljaHfaH. by
Momuukanusmap  LBapummnba-TaHrepauHUIIH — KJIACCHKAJIBIK  LISHIIMICpiHEH
alTapiablKTail albIpPMalIbUTBIKTapAbl KOpCeTeai. AJIBIHFAH HOTHXKENIEP CHI3BIKTHI eMec
ANEKTPOJUHAMUKAMEH OailaHbICThl AdS Kapa KYpIbIMAAPBIHBIH TEPMOIHMHAMHUKAIIBIK
KacHeTTepi Typasbl KOCBIMINA MATIMETTEp Oepeli KoHe KelemeMal KeHiCTiKTepaeri
rpaBUTALUSl TEOPUsUIAPbIHAAFEl (Da3aiblK aybICyJapAbl, dcipece TYpPaKThUIBIK MEH
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TYpaKThl Kapa KYpAbIMIap KOHTEKCTiHAE, er’Ke-TerkKeisi 3epTTeyre bIKOal eTeli.
AJTBIHFaH HOTWXKEJEp Kapa KypAbIMIap TepMOIMHAMUKACHI MEH ipreni ocepiiecynep
apachIHAAFbl Kyp/eni OaiiaHbICcTapIbl 3epTTEyTe XKaHa KOAap allajbl.

Tyiiin ce3mep: AdS xapa KypAbIMIAp, CBI3BIKTBI €MEC OJIEKTPOJUHAMUKA,
TEPMOAMHAMUKAIIBIK (ha3anbIK aybICynap, KpUTUKAIIBIK KYH, KOTI OJIIIeMIi TpaBUTALHSL.
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AnHoramus. [lpencraBieHo TouHOe pemieHUe JUIsl d-MepHOUW AdS uepHOi
JBIPBl B TPHUCYTCTBHM HEJIWHEHHON JJIGKTPOAMHAMUKH, a TaKXKe HCCISIOBaHbI
TEPMOAMHAMUYECKHUE CBOWCTBA 3TOM YEPHOW IbIpbl. HenmuHelHas 3JIeKTpOAuHaAMMKA
MPUBOAUT K M3MEHECHUSM TEPMOIMHAMUYCCKUX BEIMYUH, YTO MMO3BOJIICT 00OOIIUTH
pesynbTaThl IIyTeM BBEIEHMsS KocMonormdeckoi mocrosHHoi (A) B Kauecrtse
TepMoarHamMuueckoil iepemennoi (P =—A/87). Tlonydensl KpuTHYECKHE 3HAYECHUS
JABIICHUS, TEMITEPATyPhI M paJIyca TOPU30HTA, a TAK)KE TIPOaHATN3UPOBAHO ITOBE/ICHNE
robansHOro mapamerpa Py /T,. O6HapyxeH (ha3oBblil epexo] MexKITy MaIbIMH U
OOJNBITUMH YEPHBIMH JIbIpaMU, HATOMUHAIOIINHA (pa30BEIi epexos cucteMbl BaH-aep-
Baansca. Kpome Toro, riccienoBaHo BIMsHHEE ITapamMeTpa OTKIOHEHUS k Ha CTPYKTYpY
TOPHU30HTA U TEPMOANHAMUYECKYIO YCTOWIMBOCTD. MICIIONB3ys BRIBEICHHOE YPpaBHEHNE
COCTOSIHHS, MCCIIEZIOBAHO KPUTHIECKOE MTOBEICHIE U BBISIBJICHA XapaKTepHas CTPYKTypa
«TeTIm» B cBOOOMHOM »HEeprun [ mb6ca, uTo monTeepkaaeT Gpa3oBblil epexo MeK Iy
MajIbIMU 1 OOJBIIMMH YEPHBIMH JABIPAMH. DHTPOIMSA YEPHOU ABIPHI S, BBIBEJICHHAS M3
MIEPBOTO 3aKOHA TEPMOJMHAMHUKH CONIEPKUT TIOMPABKH, O0YCIOBICHHBIE HEIMHEHHON
ANIEKTPOAMHAMUKOW, W CBOIUTCS K 3aKOHY Tutomaan bekenmreitHa-Xoknura mpu k=0.

_ 3(/’(—7;2 —27z7f+3T)
brimo mpoananu3upoBaHO COOTHOIIICHUE NaBlIeHUS U 00beMa 47[(2,,+2 —k)
oI OMpEACICHUA KPUTUYCCKHUX  TOYCK. Taxoxe IMpoaHaAJIM3UPOBAHO  BJIUAHHUC
MHOT'OMEPHOCTHU 1 HEJIMHEHHON QJICKTPOAMHAMHUKU HAa TOBEACHUC TCPMOANHAMUYCCKUX
mapaMeETpBhI. Ot MO)II/I(i)I/IKaHI/II/I MIPUBOJAAT K 3BHAYUTCIIbHBIM OTIIMYHUAM OT KJIIACCUYCCKUX
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pewennii [IBapummnsaa-Tanrepnuau. [lomydeHHble pe3yabTaThl MPEIOCTABISIOT
JOTIOJTHUTENbHBIE CBEACHUS O TEPMOAMHAMHYECKHX CBOMCTBaX AdS YEpHBIX IBIp,
CBSI3aHHBIX C HEIMHEHHOW 3JEeKTPOAMHAMUKOH, U CHOCOOCTBYIOT Oojiee IeTaqbHOMY
H3y4YeHHIO (ha30BbIX IEPEXO0B B TEOPHSIX IPABUTAIIMY B MHOTOMEPHBIX IIPOCTPAHCTBAX,
0COOEHHO B KOHTEKCTE PEryJSIPHBIX YEPHBIX AbIp U UX cTabuibHOcTH. [lomyueHHbIe
pe3yabTaThl OTKPBIBAIOT HOBBIE MEPCIEKTUBBI Ul M3YyUEHUS! CIOXKHOW B3aMMOCBSI3U
MEXIy TePMOIUHAMUKON YepHBIX JbIP U (yHIaMEHTAILHBIMHU B3aUMOACHCTBHUSIMU.
KiroueBble ciioBa: AdS yepHble IbIPbI, HENWHEHHAS 2JIEKTPOANHAMHKA, TEPMOJIHHA-
MHU4YecKre Ga3oBble IePEX0/Ibl, KPUTHUECKOE MTOBEJCHNE, MHOTOMEPHAs TPaBUTALIHS.

Bnazooapnocmu. Jlannoe uccinedosanue 8binOIHEHO NPU (PUHAHCOBOU NOOOEPICKe
Komumema mnayxu Munucmepcmea Hayku u @vicuieco o06paszosanusi Pecny6nuxu
Kaszaxcman (epanm Ne AP22682760).

BBenenue. Maes o uepHBIX AbIpaXx Kak TepMOAMHAMHUYECKHX OObeKTax Oblia
BIiepBbie copmynupoBana B paborax bekeHmTeiiHa M XOKHHTa, KOTOpPbHIE BBEJH
KOHLETIINHU SHTPOIMH U TeMIIepaTypbl Ajsl uepHbIx Ablp (Bekenstein, 1972; Hawking,
1976). B nanpHeiimneM, ObLIO YCTaHOBJIEHO, YTO YEPHBIE ABIPHI MOTYT HPOSBIATH
(a3oBbIe MEPEXO/bI MIPH PACCMOTPEHUU KOCMOJIOTUYECKOM MOCTOSIHHOM A B KauecTBe
TepMoarHaMU4ecKoi iepemenHoit (P = —A/87r). D1o siBneHne HabII01aeTCsl HE TOIBKO
JUIS aCUMOTOTUYECKH AdS YepHBIX IBIP, HO TAKXKe I aCUMIITOTHYeCKH ae CurTepa u
IUIOCKUX YEPHBIX JIBIP.

dazoBasi CTPyKTypa aCHMIITOTHYECKH IJIOCKHUX 3apsDKEHHBIX YEPHBIX IBIp Oblia
BIlepBbIe UccaenoBaHa bapaunom (Braden et al., 1990), uro crano BasKHBIM BKJIQJIOM
B HM3yY€HHE TEPMOJMHAMHYECKHUX CBOMCTB 3THX 00BEKTOB. Bompoc o perysspHbIX
YepHBIX JbIPax BO3HUK B KOHTEKCTE Mozienu bapnuHa, koTopas Obl1a 0OCHOBaHa Ha UAESX
CaxapoBa u [nmunepa (Sakharov, 1966; Gliner, 1966). OTu uepHble ABIpHI 00MTATAIOT
TOPU30HTOM COOBITHI, HO B OTIMYME OT KJIACCHYECKUX PELICHH, OHH HE COAEpKaT
LEHTPaJIbHON CHUHTYSPHOCTH.

Pemrennst Takoro poma CTAaHOBSATCS BO3MOXKHBIMH Onlarofapsi B3auMOICHCTBHIO
IPaBUTALMOHHOTO OIS C HEMMHEHHBIMU MOJISIMU MaTEPUH, YTO IPUBOAUT K U3MEHEHHSIM
B CTPYKType ypaBHeHU DitHITeitHa. B cTanapTHON Teopuu 0011el OTHOCUTEILHOCTH
YepHbIE JbIPbl UMEIOT IEHTPAJbHYIO CHHTYIAPHOCTb, IZI€ T'PABUTAIIMOHHOE TOJIE
CTaHOBHTCSl OECKOHEUHO CHIIBHBIM, U BCSl Macca ckaTta B OfHYy TouKy. OfHaKo, BBEICHHE
HEJIMHEWHBIX MOJIe MaTepuu U3MEHSIET IPOCTPAHCTBO-BPEMSI TaK, YTO CHHTYJISIPHOCTD
HCUE3aET, & OCTACTCS TOJIBKO TOPU30HT COOBITHH.

Henuneiinpie nomns B ypaBHEHHUSX, OMMCHIBAIOIINX ATH MaTEPUH, CMSTYAIOT 3P(EKTHI
CHJIbHOH IpaBUTAIMU B LICHTPAJIBHOM 00IacTH, 4TO MO3BOMISIET H30eKaTh 00pa3oBaHus
CHHTYIISIpHOCTH. BMecTo »Toro, mome marepuu JEHCTBYeT KaK «CTaOMIN3aTop»,
KOTOPBII COXpaHseT TOPU30HT COOBITHH U IIPeI0TBpalaeT BOSHUKHOBEHNE OECKOHEUHO
IUTOTHBIX oOnacTeld. B Takux permeHusx 0ObeKThl COXPaHSIOT OCHOBHBIE (pU3HYECKHE
CBOMCTBa YEPHBIX JbIp 0e3 POPMUPOBAHUS CUHTYJSIPHOCTH B LICHTPE.

PaGoter Aliona-bearo u I'apcun (Ayon-Beato et al., 1999; Ayon-Beato et al., 2000)
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MPOIEMOHCTPUPOBAJIH, YTO TaKWE PEIICHHUs BOSMOXHBI, KOI/1a HeJIMHEHHbIE Y QEKThI
MaTepuu, TaKKe Kak MOIU(UKALNH YIIEKTPOMArHUTHBIX TOJIEH, TPUBOAAT K IMOSIBIICHUIO
YEePHBIX ABIP, JTUILEHHBIX CUHTYISIPHOCTH.

C Tex nop ObUIO MPEIIOKEHO MHOKECTBO PETYIISIPHBIX PELICHUH sl YePHBIX JBIP,
BKJIFOYAst 0000IIIeHus i rpaBuTanuu DriHITelHa-1 aycca-bonne (Kumar et al., 2019),
4-mepHo#i rpaBuTauun DiHmTelHa-Iaycca-bonne (Singh et al., 2020) u MaccuBHOM
rpasutauuu (Singh et al., 2020). Taxke ObUTH pa3paboTaHbl BpallaloLIHecs aHaJIOTH
TaKUX peleHuH ¢ ucroabp3oBaHreM anroputma Hetomana-fAuuca (Ghosh et al., 2015),
YTO pacHIMpPsieT BOZMOKHOCTH JUIS U3y YE€HUS PETYIISPHBIX YEPHBIX ABIP B 00JIEe CIIOKHBIX
monesx rpasutanuu (Ahmed et al., 2022; Upadhyay et al., 2022; Myrzakulov, 2023a;
Myrzakulov, 2023b). DT uccienoBaHusl IEMOHCTPUPYIOT, KaK BBEICHHE Pa3IHMYHBIX
Moau(UKanuii TEOPUM TPaBUTALMH, BKIIOYAs AOTONHUTEIbHBIC MapaMeTpbl, MOKET
MPUBECTH K TOSBICHUIO HOBBIX THIIOB YEPHBIX IBIP, KOTOPHIE COXPAHSIOT CBOH
(u3nueckre cBoicTBa, HE UMeEs! IPH ATOM LEHTPAIBHON CHHTYISIPHOCTH.

B  mocnemHMX — MCCIENOBAHMAX — B3aMMOACHCTBUE  MEXKIAY  HEIUMHEHHOU
ANEKTPOJUHAMHUKON M PEIICHUSIMHU YEPHBIX JbIP NPUBIEKIO 3HAYUTEILHOC BHUMAHHE
13-3a CBOEH POJIU B Pa3peIICHUH CUHTYISIPHOCTEH U M3MEHEHUH TEPMOAMHAMHYECKOTO
noBefeHus. OnHAKO KIIOYEBOM MPOOIEMO OCTaeTCs TOUHOE OMHMCAHNE KPUTHUECKUX
SIBIICHUH W TEPMOAMHAMHMYECKOM CTa0MIBHOCTH B Oojee BBICOKMX M3MEPEHUSIX.
CoBpeMeHHBIE MOJCIH YacTO HE JAIOT MCUEPNbIBAIOLUINX OOBSCHEHUIH OTKIOHEHUSIM,
BBI3BAHHBIM HEJIMHEHHBIMHM IONpPaBKaMHM, OCOOCHHO HX BIHMSHUIO Ha JUHAMHUKY
(ha30BBIX MEPEXOIOB.

Henuneiinas snexTpoJuHaMiKa BBOAUT SKCIIOHEHLIMAILHBIE MTOMIPABKH K METPUKE,
YTO MPUBOJUT K OTIMUMTEIBHBIM U3MEHEHHUSIM B SHTPOITUH YEPHBIX ABIP, TEMIIEPAType
U AMHAMHKe (Ha30BBIX MEPeXoaoB. DTH IPPEKTb 0COOCHHO 3aMETHBI B IPOCTPAHCTBE-
BpeMeHH AdS, Tie KOCMOJIOTHYECKas! TOCTOSIHHASI BBITTOMHSIET (PYHKIMIO IaBICHUS, YTO
MO3BOJISIET CO3/aTh OOJIee CIIOKHYIO TEPMOANHAMHUYECKYIO (ha30BYIO CTPYKTYpY. B aTOM
KOHTEKCTE BIHMSHUE HEJIMHEHHBIX 3(QQEKTOB Ha MOBEACHUE YEPHBIX IBIP OTKPBHIBACT
HOBBIE TOPU30HTHI AJISl UCCIIEOBAHHS TEPMOJMHAMUKH M CTPYKTYPBI PELICHUH, a TAKKe
JUIsl IOHUMaHUsI TOTO, KaK Takue OOBEKTHl MOTYT BECTH ce0s B Pa3NUUHBIX (Da30BBIX
COCTOSIHHSAX.

B nanHO#l paboTe wH3yuyaloTCs peryjispHble acUMOTOTHYeCKH AdS dYepHble
JBIPEl B MHOTOMEPHBIX MPOCTPAHCTBAX, BO3HUKAIOIIME W3 T'PAaBUTALMH, CBSI3aHHOU
C HENMHEHHOW DIEKTPOAMHAMHMKOW. OTH peIIeHHs MNEepeXOAsT B HYEPHYIO IBbIPY
[Bapummnpaa-TaHrepauHd B OTCYTCTBHM HEJIMHEHHBIX MapaMeTpoB. Takxke
HCCIIeyeTCsl TEPMOAMHAMUKA 3TUX YEPHBIX JIBIP, TOJUYEPKHUBAsi U3MEHEHUsI, BHI3BAaHHBIC
HEJIMHEWHBIMU TIOJISIMH MaTepuH. PaccMarpuBaioTcsi (a3oBble Mepexoabl YEepHBIX
JBIp ¢ KOCMOJIOTHUECKOH TOCTOSHHOM, paccMarpuBaeMOd Kak TepMOAWHAMHYECKas
nepeMeHHas. B nanHoli paGoTe Hcnonb3yeTcs CUrHatypa MeTpuku (—+,+,++) n
enuuuiel 871G =c =L

Marepuaabsl W OCHOBHble MeToabl. B nanHoii pabore paccmarpuBaeTcs
TOYHOE PELICHUE IJIsi d-MEPHOW YepHOW IBIPBI ¢ OTPULATEILHOW KOCMOJIOTHUYECKON
IIOCTOSIHHOM, CBSI3aHHOM C HEJIMHEWHOU D3IEKTPOAUHAMUKOM, M HCCIENYIOTCS €€
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TEpMOAMHAMHYECKHE CBoMcTBa. McciemnoBanue QoKycupyercs Ha TOHUMaHUH
TEPMOAUHAMUYECKOIO IMOBEACHMS YEPHBIX AbIP B MHOTOMEPHBIX IPOCTPAHCTBAX C
Y4€TOM BIUSAHUS KOCMOJIOTMYECKOH IT0CTOSHHOM KaK TEPMOJUHAMUYECKOU [IEPEMEHHOM.
AHaAIM3UPYIOTCS KPUTHUYECKHUE SIBICHHSI YEPHOH ABIPBI, BKJItOUask (a3oBbIe MEPEXObI,
MyTeM MOJYy4YEHUs BBIPAKCHHUN IS TeMIeparyphl, SHTPOIIUM U CBOOOAHOM >HEPTHH
['m66ca. MeTonpl, HCIIOIB30BAaHHBIE B TAHHOH padoTe, BKIIOYAIOT pEllieHHe YPaBHEHUH
nosisi DWHINTEWHA, CBA3aHHBIX C HEJIWHEHHOW SJIEKTPOJMHAMUKOW B MPUCYTCTBUU
OTPULIATENIBHOM KOCMOJIOTMUECKON ITOCTOSHHOM, C HCIOJIB30BAHMEM YHCIEHHOTO
MOAXOAa I PELICHUs] HEJIMHEWHOTO ypaBHEHMs AJsl MeTpuueckod (yHkuuu f(7),
OIHCHIBAIOILETO TMOBEIEHNE YEPHOH IbIpl B MHOTOMEPHOM IpocTpaHcTBe. Kpome
TOT0, MPUMEHSETCS NEPBBIA 3aKOH TEPMOJUHAMUKM JJI1 OHPENEICHUS SHTPOIHMHU U
aHanm3a (a3zoBOH CTPYKTYpbI UepHOM IbIpbl. KpuTHueckue Touku U (ha3oBbIe ePexoIbl
HCCIIENYIOTCSl C TIOMOIIBI0 YPaBHEHHUSI COCTOSHUS U TpaUKOB CBOOOTHOW >HEPTHH
I'uGb6ca.

Pemienue 111 MHOTOMepHOIi pPery/sipHOil YepHOil ABIPbI. d-MepHOE JeicTBUE
OiHmTeliHa-I nnpbepra ¢ oTpULATEIBHON KOCMOJIOTHYECKOH TOCTOSHHOM, CBSI3aHHOE
C HeMMHEHHOM snexTpoaunHamukoit (Balart, 2014), 3anuceiBaeTcst Kak

:%J‘deE[R—ZA]+IdDX\/§L(F)> (1)

e R — ckansp kpuBu3HBIL, A —KOCMOJIOrHYecKasi IOCTOSIHHAS, CBSI3aHHAS C JUTMHON

2 o
AdSuepes A =—(D—1)(D—2)/2]",u L(F) —narpanXuaH IIIOTHOCTH HETHHEHHOTO
[OJIS. MATepuH, KOTODBIA ABJIsAETCS (YHKIMEH TEH30pa SIEKTPOMATHUTHOIO OIS
F,=0,4,—0,A,, rie A, 5neKTpoMarHuTHbI# NOTeHIMAN. YpaBHEHHE JBHKEHHS

a.

MOJIy4uM TI0cie Bapuaruu aeictus (1) mo merpuueckomy teH3opy &, (Upadhyay et
al., 2022).

1 a a aL a
Rab_EgabR:T EébL_46_FF;bb- 2)

HarpaHmHaH IIJIOTHOCTH L(F) 3a4acTCs BbIPAKCHUCM:

— 4 2
(= PLkQEY] - 5

[\

rae q

_(D-2)(D-3) ; D-3
2 ’ 2D—4"

Beoaum crenyromuii anzair jyist nois Makcsesuia (Ahmed et al., 2022):

B “
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F,, =258.8,2q(r)sin 6; D=4,

(6))
_259D35D23(r) D3|:Hsm20j| DZS

Ypasuenue (5) mogpasymenaet, 9to dF = (), B pe3y/IbTaTe 4ero moiayJacM:

D-4
2570-35,0-2 ;11(1 ) sin 6, , {Hsmz 0, }d@ NdGA .. AdY . (6)

j=1

CIe/IoBaTeNIbHO, TEH30p HaNpsKeHHOCTH 1o Fyys B 1 L(F) MPUHUMAIOT BU/T;

2
p
F9¢ ql() )Slll ‘9D 3|:Hs]n20 } F:% @)
r = 2r
_(D-2(D-3)¢’ k
L(F)= 2,20 exp | (8)

Jis monydeHHus CTaTW4ecKod CEepuvecKd CHUMMETPUYHOW PEeryispHON uYepHOi
JBIPbI B d-MEPHOM MpPOCTpaHCTBe [Uist ypaBHeHus (1) paccMarprBaeM CIEyOILYO
(hopMy MeTpUKH:

ds> = —f(r)dt* + ﬁ dr’ +r’dQ,, ,, 9)

e daQ, , METpUKA (D-2) -MepHO¥# cepbl, a 1, — TEH30p SHEPTUH-
UMITyIIbCa HelMHelHoro nons. Kommnonenra (7,7) ypaBHeHus (2) UMEET BHIL:

D-2 , D-2)(D-3)¢> k
D222y + (D=3~ 1) - (D - A = L=2D =) exp[— —} (10)
2r 2r r

Wuterpupys 310 auddepeHimanbHoe ypaBHEHHE, TOJyYaeM PEIeHHe IS YEPHOi
JBIPBI.

M o3 7
f(r)=1—rD—_3e"/ o (11)

riae M — KOHCTaHTa HHTETPUPOBAHHSI, KOTOPasi COOTBETCTBYET MacCe PEryJIsipHOi
4yepHOU bIpbl. YpaBHeHue (11) ABIsI€TCS TOYHBIM PEIIEHUEM JIJIsl YEPHOI JIBIPHI,
KOTOpast Xxapakrepusyercst Maccoi ( A ), KocMoIOruuecKoi ocTosHHOM ( A ) 1
napamerpom otkioHenus (k). [Tpu oTcyTcTBHM MapaMeTpa OTKIoOHeH s (k) pereHue
CBOJUTCS K penieHuto AdS uepnoit npipel Ll Bapimmnbna-Tanrepnuny, a aus  r >> k
pEIICHIE COOTBETCTBYET d-MepHOU AdS 3apsKeHHOW YepHOIT JAbIpe
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fy=1-M O (12)

D- D-2 2
23 /

Janee Oyaem nckaTh TOPU3OHT COOBITHHN IUIST S-MEPHOHN PEryIIpHON YepHOU JBIPHI,
KoTOpHIit MokHO momyunts npu f (#) =0, noxcrapus D =35 B ypasnenne (11). D10
HEJIMHEHHOE ypaBHEHHE, PEIIeHHE KOTOPOr0 HEBO3MOXKHO HANTH B aHAJIUTHYECKOU
dopme, osromy crpoum rpaduk f (7)) npu D =35, kotopslii npencrasien Ha Puc. 1.

15

1.0

oo
Inumuwinu
coooo
Bwrnr
oW

[8;]

Pucynok - 1. I'paduk 3aBHCUMOCTH METPUUECKON (DYHKIUH f(7) OT paanyca I s pa3TudHbIX
3HAUCHHUH TapaMeTpa OTKIOHCHHUS k TpU GUKCUPOBAHHOM 3HAUCHUU MAcchl M=1.

Ha pucynke nmokaszaHo, 4To 4epHasi AbIpa UMEET J1Ba TOPU30HTA, YTO OTIIMYAETCS OT
pemenus [IBapumminpaa. 3To CBA3aHO ¢ HAIMYHUEM SKCIIOHEHIUAIBHOTO MHOKHUTEIS
e ¥, xotoperii mpucyTcTByer B ypasHennu (11) ¥ MOTU(HIMPYET pEIICHHE YepHO
JbIpbl. PazMep roprs3oHTa 4YepHON JbIpbl YMEHBLIAETCS C YBEJIMUYEHUEM 3HAYECHUS
rapaMeTpa OTKJIOHEHMs k M COBIAJaeT C TOPHU30HTOM depHOU abIpbl [lIBaprimmibaa-
Taurepnunu nipu " = 1.65 .

PesyabTarnl u obcy:xknenue. Tepmoaunamuka u (a3oBble nepexonbl. B atoit
yactd paboThl, OygeM paccMmaTpuBaTh TEPMOJMHAMUYECKHE BEIMYUHBI, CBSI3aHHBIC
C pelIeHueM JaJisl S-MEepHOH peryisipHoil AdS 4epHOH ABIphI, Kak (YHKIMH paanyca
ropusoHrta r,. Mcrions3ys ypasuenrne (11) mpu yenosuu f(7) =0, MoxHo onpenennts
Maccy 4€pHOU JbIpbl KaK

2

2
M, =r2"" 1+’;—2. (13)

+ +

Kak 3ameTHO 31ech, Macca 4epHOW JABIPbI COBMAJAET C MAaccol YepHOW JBIPbI
IBaprimibaa-TaHrepIuHA TIPU OTCYTCTBHHU MapaMeTpa OTkIoHeHus k. Temmeparypa
YepHOU JBIpBI, U3BECTHAs KaK Temreparypa XOKHHTa, OINpeleNsieTcs CleIyIomuM
BBIPAKEHHEM:
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_ S 1 r_ k(.
ST R W | a9

Temmeparypa 5-mepHOW perynsipHOil AdS depHOil AbIpbl MoaM(HUIUPYETCS H3-
3a mapaMmeTpa OTKIOHeHHs k. Temmeparypa NMpUHHMAeT 3HAYCHUE T, =12m, npu

OTCYTCTBUHM NapaMCTpa OTKIIOHCHUA k. Ha ocHose IEPpBOIro 3aKOHa TCPMOAHWHAMHUKU
MOXHO BBIBECTU BBIPAKCHUC JISI SHTPOIIUU B CICAYIOLICM BUIAC

dM, =T.dS, +PdV. (15)

MOKXHO IOTYYHTH CIIeTyOIIee BEIpaKeHUE ISl SHTPOIIUY YEPHOU JIBIPHI AJIs1 HAIIIETO
ciryJas

1 oM, 4rY | 2k+r? w2 Sknk [k
O e LM T erf] X2 ||, (16)
T, or, R4 r; r; r,

Eciu nonoxkuts k=0, To noaydum S, = 4727;3 /3, 4TO COOTBETCTBYET DHTPONUM
S5-mepHO¥M  uyepHoW  nbipel  [IIBapumunbaa-TaHrepauHW, NpUYEM  DHTPOIHUS
YIIOBJIETBOPSIET 3aKOHY Iutomaau bekenmreiina-XoKuHra.

[lepBBIii 3aKOH TEpPMOIWHAMHUKH BKJIOYaeT ceOe JaBiIeHWE W O0bEM, eciu
KOCMOJIOTHUYECKYIO TIOCTOSTHHYFO OyZIeM paccMaTpHuBath kak faBieHue. Kocmonornueckas
ITOCTOSTHHASI COOTBETCTBYET JABIICHUIO, M OHO BBIPA)KAETCs B CIEAYIOIIEM BH/IE KaK:

po_ A _[@d-1Nd-D)
8z 164 (17)

U YPaBHEHUE COCTOSHUSA P=PWV,T) nns 5-MEpHOU peryssipHOi YepHOU JbIPHI
HMEET COOTBETCTBYIOIIUHN BU/T

_3(k—r}-22°T)

) 18

4r(2r —k) (1%)
" KPUTUYCCKUE TOYKH, ITOJTYUCHHBIC U3 YCIIOBUA
oP __ o°P_ 0 o
or.  or! ' (19)
IPUBOIUT K CIICAYIOLINM BBIPAKCHHSIM

Ok ++42k

e (20)
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I, = )
¢ 7r«/%(6+\/5)3/2 21)
_ 36-3V42 o)
¢ 7k(288+44442)

Jlnst mpoBepkn Hamuuusi (asoBOro Iepexoia MOCTPOMM TpaduK 3aBUCHMOCTH
cBoOo1HOM sHeprun I'md6ea G, ot Temneparypsr T ..

0.26 I 1 1

0.20 = 1 P =05P;
P=P,
P=15FP,

0.0s
o.00 L L | \ 1 \ |
0.1 . 0.28 0.30

Pucynox - 2. Tpaduxk 3aBucumocty cBo00H0H sHeprun I'u66¢ca G, ot temneparypsl T, npu

P<P,P=P uP>P 1py (pUKCUPOBAHHOM

PasIUYHBIX 3HAYCHUAX IMapaMEeTpa AaBJIICHUA:

suavermn k=0.20, tne P = 0.459, a coorsercrsytomasn Temmeparypa T, =0.182.

[TosiBneHne XapakTepHO# «IeTiIeBoi» GopMel Ha fuarpammax G, - T, yKa3bIBaeT Ha
KPUTHYECKHE 3HAYCHUS, IPH KOTOPBIX MpoucxonuT (azossiii nepexon (Puc. 2).

B nannom paszene npeacTaBieHbI pe3ylbTaThl HCCIECAOBAHNS TEPMOJIUHAMUYCCKUX
CBOHCTB AdS 4epHBIX ABIP C MHOTOMEPHOCTHIO, B3aUMOJACHCTBYIOIINX C HETUHEHHON
ANEKTPOJUHAMHUKOM, a Takke OOCYKACHHE 3HAaUMMOCTH IMOJTYYECHHBIX PE3yJbTaToOB B
KOHTEKCTE CyLIECTBYIOLICH JIUTEPaTyPHl.

AHanm3 ToKasajl, 4TO HAJIWYMe HEJIMHEHHOH 3JIEKTPOAMHAMUKU CYIIECTBECHHO
HU3MEHSIET TOBEICHUE YEPHOM MIbIpbl. BBIIM ompenesneHbl KPUTHUECKHE 3HAUCHHS
JaBJICHUSI, TEMIIEPATyPhl U paJidyca TOPU30HTA, a TAKXKe HAOII0AAIICs (a30BbIN MEPEXon
MEXIy MaJbIMH ¥ OOJIBIIMMH YEPHBIMH JbIPAMH, YTO aHAJIOTHYHO (pa30BOMY HEPEXOLY
cucrembl Ban-nep-Baanbca. {1 pa3inyHbIX 3HAYEHUH TapaMeTpa OTKIOHEHHS k ObLIO
MOTY4YEHO YHCICHHOE PELICHUE Ul METPUKH f{7). YCTaHOBICHO, YTO NPH YBEINUYCHUH
k TOPU3OHT YEPHON JBIPHI COKPALIAETCS, U PELICHUE MPUOIMKACTCS K YEPHOU IbIpe
[Bapummibaa-TanrepauHu. DTOT pe3yabTaT UMEET BaXKHOE 3HAUEHHE JIIsl TOHUMaHUs
BJMSAHUSl HEIMHEHHBIX IOJICH Marepuu Ha TEPMOAUHAMUKY AdS 4YepHBIX IBIp ¢
MHOTOMEPHOCTBIO.
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Kpome Toro, Temmeparypa, 3HTpomus W cBoOomHas »Heprus [ubbca ObLIH
paccuMTaHbl C HCIOJB30BAHHEM IEPBOIO 3aKOHA TEPMOAMHAMMKHM, BKIIIOYAIOIIETO
JaBJIeHHE B Ka4decTBE TEPMOAMHAMHMYECKOW mepeMeHHOH. KpuTuueckue TOUkM IUis
(a3zoBoro mepexona uYepHOW ABIPHI OBUTM ONpeNeNeHbl IMyTeM aHajh3a ypaBHEHUS
COCTOSTHHSI M TIOCTpOeHuUs rpaduka cBoOonHol sHeprun ['mb6ca. XapakrepHas meTis,
HaOmromaemMast Ha auarpaMme cBoOonHOW sHeprum [mOOca, MOATBEpKAaeT HaIHYHE
(azoBoro nepexona 1 NperoCcTaBiIsieT HHHOPMALUIO O CTAOMIBHOCTH YEPHBIX JIbIP MPU
Pa3NUYHBIX TEPMOJMHAMUUECKUX YCIOBHUSIX.

[Tomy4eHHBIE pe3yNbTaThl COMNIACYIOTCS € MPEIBIY MU HCCIECAOBAHUAME YEPHBIX
JBIP, B3aUMOCHUCTBYIOIMX C HEMMHEHHBIMU MOJISIMA MaTepPHH, 0COOEHHO ¢ padoTamu
Ationa-beato u 'apcun (Ayon-Beato et al., 2000; Ayon-Beato et al., 2005), koTopsie
MEPBBIMUA U3YUYHMJIM PETYNISPHBIC PEIICHHs YEPHBIX ABIP B KOHTEKCTE HENMHEHHOM
JNMEKTPOAUHAMUKHY. Hamm BBIBOABI JOMOJHUTEIBHO MOATBEPKAAIOT — BIUSHHE
HEJIMHEHHOMW JIEKTPOIMHAMHUKY Ha PELICHUS ISl YePHBIX JbIP, 0COOCHHO MPH HAJTHYUH
OTPHULATENBHON KOCMOJOIMYECKOH mocTostHHOW. HaOmiomaemblii (a3oBbiil mepexon
MEXIy MaJbIMU U OONBLUIMMHU YEPHBIMH JIBIPAMHU OTpakaeT MOBEJCHUE CHCTEMBbI BaH-
nep-Baanbca, 4To OBIIO HIMPOKO M3y4YeHO B Apyrux koHTekctax (Bekenstein, 1975).
XapakTtepHasi meTisi Ha rpaduke cBoOOnHOW »Hepruu [mbbOca sBIAETCS M3BECTHOM
0COOEHHOCTBIO (a30BBIX MEPEXOAOB MEPBOTO PoJia U HAOIIONAETCA B APYTHUX CUCTEMAX
YepHBIX AbIp, TakuX Kak Bardeen- AdS yepnsie auipsl (Braden, 1990; Bardeen, 1968).

Tem He MeHee, pe3ysbTaThl BBISIBUIN 1 BaXKHBIE acCIIEKThI, TPEOYIOIIHe JalbHeHIero
n3ydyenus. Bo-mepBbix, HeoOXoanMoO Ooliee JeTaabHO MCCIIEAOBATH POJIb Mapamerpa
OTKJIOHEHUS k B MomupuKanuu TEPMOIMHAMUYECKOTO TMOBEACHHUS YEPHBIX
IbIp, Y4TOOBI BBISIBUTH €r0 BIMSHHE HAa CTAOMJIBHOCTh W KPUTHYECKUE SIBICHHUS B
MHOTOMEPHBIX TMPOCTPAaHCTBaX. BO-BTOpBIX, XOTS OCHOBHOE BHUMAaHHE B JIaHHOM
HCCIIeIOBAHUH YIIEJIEHO 5-MEPHBIM YEpHBIM JbIpaM, PACIIMPEHUE aHalli3a Ha YEepHBIC
JBIPbl ¢ MHOTOMEPHOCTBIO MOIJIO ObI MPEAOCTaBHUTH JIOMOJHHUTENbHBIE CBEACHUS 00
YHHUBEPCAJIbHOCTH HAOIONAEMOT0 MOBEACHUSI.

OnHuM W3 MOTEHIMANBHBIX OrPaHUYEHHH JAaHHOTO MCCICNOBAHMS SBISETCS
WCTIOJIb30BAHUE YMCIICHHBIX METOJOB ISl PELICHUS] HETMHEHHBIX YPaBHEHUH METPHKH
YepHOH ABIPBL. XOTS 3TOT MOIXO IAaeT LIEHHbIC Pe3yJIbTaThl, aHATUTHUECKUE PEIICHHS
MOTYT OBITh HEOOXOAMMBI AJIsl YIIyONEeHHOTO TOHMMAaHHs (DPU3NYECKHX CBOWCTB H
MOBEICHUSI YEPHBIX IIBIP, OCOOCHHO B pamKax Ooyee oOMMX Mofeneil HeMnHEeHHOH
ANEKTPOJUHAMUKI 1 MHOTOMEPHBIX ITPOCTPAHCTB-BPEMEH.

3axmiouenne.  Hacrosimmee — uccneqoBaHWe — MPEAOCTAaBIST  JeTabHBIN
aHalM3 TEPMOJMHAMHYECKUX CBOWCTB AdS dYEpHBIX ABIP C MHOTOMEPHOCTBIO,
B3aMMOZCUCTBYIOIIMX C HEJIMHEWHOW JIIEKTPOJUHAMHUKOM, MW BHOCHT BKJal B
noHMMaHue (a3oBbIX MEPEXOA0B B TAKUX CHUCTEMaxX. YCTAHOBJICHO, YTO HEJTMHEHHAas
ANEKTPOJMHAMHUKA OKa3bIBAET 3HAUYNUTEIBHOE BIMSAHUE HAa KPUTHYECKHE MapaMeTphl
u (a3oBble MEPEXoJbl YEPHBIX ABIP, YTO MOATBEPKAACTCS XapaKTepHOM MeTied Ha
rpaduke cBoOoaHOI sHeprun [ mbOca u ananorueii ¢ cucremoit Ban-nep-Baanbca.

JanpHelme uccie0BaHus poiy mapaMeTpa OTKIOHEHUS k M IPYTUX HeMTMHEHHBIX
MoJiell MaTepuy MOTYT MPUBECTH K HOBBIM OTKPBITHSM, OCOOEHHO MPU PACCMOTPEHUH
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YCPHBIX ABIPp C 0ojiee BBICOKOU PasMEPHOCTLIO U PA3JIMYHBIX TI'PAHUYHBIX ycnOBHfI.
Ananutudeckue MOAXO[Abl TAKXKE€ MOTYT paCHIMPUTL IMOHWUMAHUC (byHI[aMCHTaJ'IBHLIX
IpoLccCoOB, MPOUCXOAAINX B TaKHUX CHUCTCMAX, U IIO3BOJAT HU3YUYUTh UX
TCPMOANHAMUYCCKUC cBOlcTBa Oosee JC€TaJIbHO.
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Abstract. This article examines Noether symmetries in the FRW model of the
universe in a modified Gauss-Bonnet model with a fermionic field. The gravitational
effect for a fermionic field is studied. The Euler-Lagrange equation is used to describe a
dynamical system. The expressions for the energy density, pressure, and equation of state
parameter are considered in the most general form. Further, the expressions for the energy
density, pressure, and equation of state parameter are simplified for the isotropic and
homogeneous FRW cosmology. Using the method of separation of variables, symmetry
generators and conserved quantities are determined. The accelerated expansion of the
Universe through the scale factor has been studied, as well as a numerical analysis
of cosmographic parameters such as the Hubble parameter, deceleration, click and
jerk. Special attention is paid to the study of energy conditions, including weak and
strong energy conditions, which are studied within the framework of various phases
of the evolution of the universe. The reconstruction of a scalar field is investigated
and its behavior is analyzed in the context of the gravity model f(G). The graphs show
the dynamic behavior of pressure, energy density, and cosmographic parameters,
confirming the transition from positive to negative values, which is associated with the
accelerated expansion of the universe. The analysis demonstrates the agreement of the
results with astrophysical observations, including data from Planck, cosmic microwave
background radiation, and baryon acoustic oscillations. The results obtained emphasize
the importance of Noether symmetries in creating models of extended gravity. They
also show that the use of fermionic fields makes it possible to study the dynamics of
the accelerated expansion of the universe in more detail. The proposed approach is
considered as a universal tool for solving equations of motion, analyzing kinematics,
and describing the accelerated expansion of the universe.
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Annorauusi. byn makamnaga ¢epmuonnsik epici 6ap ['aycc-bonne mopeninmeri
onemuin  @punman-Pobeprcon-Yokep moaeninaeri Herepmiy cummerpusiapsl
3eprreneni. DepMUOH epici YIIiH rpaBUTALMSIIBIK dpPEKET 3eprrenyae. JJuHaMuKabIK
KYHeHi cunarrtay yiiH Diiep-Jlarpamk Tenaeyi KoJanaHbuIaabl. DJHEPTHs ThIFbI3IBIFHI,
KBICBIM JKOHE KYH TeHJAEYiHIH mapaMeTpi YLIIH OpHEKTep €H JKajlbl TypAe
KapacThIpbUIaAbl. Opi Kapaild, SHEPTusl THIFbI3AbIFbIHA, KBICBIMFA JKOHE KYH TEHJICYiHIH
napameTrpine apHanraH epHekTep PpuamaH-PoOepTcoH-YokepaiH  H30TPONTHI
XKOHE OIPTEKTI KOCMOJOTHSCH YUIIH KEHUIASTUIreH. ANHHBIMaIbUIapasl 0oy 9IiciH
KOJIZIaHa OTBIPBII, CHMMETPHSI TeHEpaTOpIapbl MEH CaKTaJFaH Iamaaap aHbIKTanazbl.
MacmtaOTsl (pakTop apKbUIbI FaJaMHBIH JKEAENACTIITeH KEHEI01 3epTTeNl, COHBIMEH
Katap Xa00m, Oasynay, mepTre *oHE CEpIIic mapaMeTpi CHSKTBHI KOCMOTrpaUsUIBbIK,
napameTpiiepre CaHAblK Taljay skacanabl. FamaMHBIH SBOJIONMSACBIHBIH SPTYPIi
(azanapblHIa 3epPTTENETIH QJICI3 JKOHE KYIUTI DHEPrusl *KarAallapblH Koca alfaHja,
SHEPTUs MAPTTAPBIH 3ePTTEYTe epeKIlIe Ha3ap ayJapbliabl.

CKaJIsIpIIbIK ©picTi KaiTa Kypy 3epTTenai xone oHblH f((G) rpaBUTalMsCBIHBIH MOJEITI
KOHTEKCTiH/ET1 opeKeTi Tanganasl. [padukrep KbICBIMHBIH, SHEPTUS THIFbI3bIFbIHBIH
KOHE KOCMOTpaUsIbIK MapaMmeTpiepliH IMHAMUKAIBIK OPEKETiH KepceTedi, Oy
OH MOHJEpACH Tepic MOHJEpre aybICy[Abl pacTaifipl, Oy FaJlaMHBIH XeIeIACTUIreH
KeHeroiMeH OainanbicThl. JKypriziareH Tangay HOTHXKEICPAiH acTpopU3UKAIBIK,
OakpulaynapMeH, conbly iminnge Planck mepekrepiMeH, penuKTi coyneneHyiMeH >KoHe
0apHOHIBIK aKyCTHUKAIIBIK TepOeIicTepiMeH COHKEeCTIriH KopceTeTi.

Hotmxenep Hetep cummeTpusiapblHbIH KEHEHUTIITEH TPaBUTALMSITBIK MOJEITIBACPC
MaHbI3bl ekeHiH kepcereni. Onap coHnmaii-ak (hepMHOHABIK epicTepAl maijanany
FallaMHBIH JKCIENACTUITCH KEHEI0 JWHAMUKACHIH erKeH-TerKelnl 3eprreyre
MYMKIHIK OepeTiHiH KepceTe/i. ¥ ChIHBUIFaH TOCUI KO3FAIbIC TCHICYJICPIH MICIIYIIH,
KMHEMAaTHKaHbI TaJ1aydblH skoHe FanaMHbIH YACTIIreH KeHEI01H CHIlaTTayAbIH oMOe0art
KYpaJjbl peTiHe KapacThIPbLIAIbI.
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AHnHoTanms. B nanHoii craree uccnenyrorcs cummerpun Hérep B monenu @puamana-
PoGeprcona-Yokepa Bcenennoit B monmuduuupoBanHoil momenu laycca-bonne c
(depMuoHHBIM monieM. M3yyaercsi TpaBUTAalMOHHOE IeHCTBHE A1 (PEPMHOHHOTO OIS
Jlig onvcaHus TUHAMMUYECKOH CHCTEMBI UCTIONB3YETCs ypaBHEeHHEe Dinepa-Jlarpanxka.
PaccmarpuBarorcs BbIpakeHHs IS IUIOTHOCTH OSHEPIHH, HABICHHS M Iapamerpa
ypaBHEHHUSI COCTOSHUsI B HauOonee oOmiem Buae. Jlanee BblpakeHHs JUIS IJIOTHOCTH
SHEPIUH, JABJICHUS U [IApaMeTpa ypaBHEHUS COCTOSIHUSA YIIPOILAIOTCS JUIsl U30TPOIHOM U
ofHOpoaHOI KocMonorun @puamana-Podeprcona-Yokepa. C ucmnoabp30BaHHEM METOAA
pasleneHusl NEPEMEHHBIX ONPENEIAIOTCS [E€HEPATOPbl CUMMETPUM U COXpPaHSEMbIE
BenM4MHBL ccnenoBaHo yckopeHHOe pacuiMpenue BceeneHHOW uepes maciuTaOHbIH
(axTop, a TaKKe BHIIOIHEH YUCIICHHBIH aHaJIN3 KOCMOTpa(pUIeCKUX MapaMeTpoB, TAKUX
Kak mapamerp Xab0ma, 3aMeIeHus], meauka u pbiBka. Ocoboe BHUMaHKE YaenseTcs
H3YYCHHIO SHEPTETHMUYECKUX YCIOBHH, BKIIoYas ciaboe M CHUIILHOE DHEPreTHYECKHE
YCIIOBUSI, KOTOPBIE HCCIIEAYIOTCS B paMKax pa3iMYHbIX (a3 dBOIoIHuU BeeneHHoi.

HccnenoBaHa pEKOHCTPYKLHS CKaIsAPHOIO MOJS, U IMPOAHAIM3UPOBAHO €r0
nosezeHue B koutekcte Mozenu f(G) rpaBurtanmu. [ padmku mokas3pIBar0T TMHAMUYECKOE
MOBEJCHUE JaBJCHUs, IUIOTHOCTH SHEPrHMH M KOCMOTrpapHUuecKuX MapaMeTpoB,
MIOATBEPKAAIOIIEE IEPeX0] OT IOJIOKUTEIbHBIX 3HAYEHUH K OTPULIATENIBHBIM, 4TO
aCCOLMUPYETCS C YCKOPEHHbIM pacmupeHueM BceeneHHoi. [IpoBen€HHbIl aHanu3
JEMOHCTPHPYET Coriacue Pe3yIbTaToB ¢ acTpopu3ndecKUMHU HaOMIOACHUSIMU, BKITFOYast
nannsle Planck, penukToBoro u3nyyenns 1 0apuoOHHBIX aKyCTHYECKUX OCLMIIISIINH.
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ITonydyennsle pe3ynaprarbl NOAYEPKMBAKOT 3HAYMMOCTb cuMmmerpuii Hérep B
CO3/laHUM Mojienel pacumupeHHol TpaBuTanMd. OHM TakKe IOKa3bIBAIOT, 4TO
HCTIOJIb30BaHUE (PEPMHOHHBIX IMOJIEH MO3BOMSET UCCIEIOBATh TUHAMHUKY YCKOPEHHOTO
pacmmpenust Beenennoit 6onee neranbao. [IpeanokeHHbIH MoaAXon paccMaTprBaeTcst
KAK YHUBEPCAJIbHBIA HMHCTPYMEHT JUIsl DPELUEHUs YPABHEHUIN IBUXKCHUS, aHAIM3a
KMHEMAaTUKU U OIUCAHUsl yCKOPEHHOIO paciuupeHus BeeeHHo.

KuaroueBsie cioBa: MuBapuanr ["aycca-bonne, TemHast sHeprus, cummerpust Hétep,
(dhepMHuOHHOE 0N, pa3elieHre IepEMEHHBIX, KOCMOTrpaduuecKue napaMeTphl.

Kipicme. Kocmonorusinplk —Oaxpuiaynap, MbICAlbl, >KOFapbl KbI3bUI  BIFBICY
cynep:kaHanap, la TUNTI cynepKkaHanap, pelrKTi cayieieny, 0apuoHIBbIK aKyCTHKAJIBIK
TepOenicrep skoHe [IMaHKThIH BIHTBIMAKTACTBIK JePEKTepi FalaMHBIH YAeMeTl KEeHEIO1H
kepceteni. Byn KyObUIBICTBIH ce0ebi KeiOip 9K30THUKANbIK KYHTIPT 3HEPrUsHbIH
OonybIMeH KaOblinaHa bl Tepic KbIChIM KYIITI SHEPTHs JKaFJaiaapblHbIH OY3bUTYbIH,
COH/al-aK JKajIbl CaJBICTBIPMANBUIBIKTBIH TeopHsichlH kepcereni. Tuicinme, XXCT
TeHJIeyJepiHAeri MOaU(UKaIUsUIapabl TeOMETPUSUIBIK O6eJliKke HeMece Marepuanra
eHrizyre Oomazpl nen 6omwkanaas! (Barvinsky, 2015).

Marepuangplk ~ OeJNiriH  JAWHAMUKANBIK — MapaMeTpiepiai  KYHTIPT — JHEprus
napameTpiiepiMeH aybICTBIPY apKbUIBl ©3repTyre Oojiajbl, HOTHKECIHIE KYHIIpT
9HEpTusi MoAeTbAepi maiina 6onaapl. ['eoMeTpHsIBIK OOJIKTI ©3repTy TeOMEeTPHSIIBIK,
KEHEWTITeH TPaBUTALMSUIBIK MOAEIBICP ACM aTalaTblH KOCBIMINA MYyIIENepai Kocy
apKbUIBI JKY3€re achIpbUlybl MYMKiH. CHUMMeETpHs JUHAMUKAJBIK >KyWHenep YIIiH
HaKTHI IIemiMaepai Tadyaa MaHbI3Abl pesl aTKapaabl. Atam ailTKaH[a, JarpaHKuaHra
ne nuddepeHunanapK TeHIeyIepMeH OaillaHBICTBI HETEP CHMMETPHSCH] CaKTaJIaThbIH
mamanap/ el Tabyra naimanel Tocin Oomnbin Tabbutasl (Capozziello, 2014). ConbiMeH
Kartap, OyJ1 ofic narpamkuanaa OomnaTblH Oenrici3 (yHKUUsIapAbl aHbIKTAy YIIiH Ae
eTe maiigansl. Byrinri Tanaa OyJ1 TOCI CKaJSPIbIK-TEH30PIBIK ayBIPIIBIK TEOPHUSIIAPEL,
TeJenapauieNbILTiri 0ap KYHI1pT SHEprHus MoAebAepi, HepMUOHABIK 6pic MOIEIbAEP],
F(R) xone F(T) Teopusinapbl CUSIKTBI KOCMOJIOTHSUIBIK MOJIETbACP e KEHIHEH 3epTTEIreH
(Sharif, 2014).

OpnebuerTe  aWTBUIFAH  KOCMOJIOTHSUIBIK — 3€pTTEyJiepre  apHajfaH  HeTep
CUMMETPUSICBIHBIH, €Ki Typi Oap. bipiHmiici-HeTep CHMMETPHSCHIHBIH TOCUIi, OHAA
Oepinren JlarpaHKHaHHBIH TYBIHJBICHI HeJre TeH Oonanel (Abbas, 2015). Ekinmici-
KaJHOpJICHIeH HeTep CUMMETPHSCHI TOCiii, Oy OipiHII Tociiai JKalmbliay, eUTKeHi
HETep CUMMETPUSCHIHBIH TEHJIEY1 KaauOpiey MylieciH KaMTuabsl. Hetep cummerpusce
TeHJIEYiHerT KaauOpiey MYyIIECiH ecelke ajly HeTep CHMMETPHSICBHIHBIH JKaJIIbl
aHbIKTamMacelH Oepeni. byn kanuOpnenren Herep cumMmeTpusichl Tocimi Jen arajiajbl
(Tsamparlis, 2010). Ocpuraiima, KOCbIMIIA CHMMETpPHUSl TeHEpaTOpiapblH KYTyre
Oomasl.

FanamHBIH ylieTinreH KeHEI0iH TYCIHAIPYAiH TaFbl Oip TOCUT 9cepIiH TeOMETPHSITBIK
0eJiriH e3repTy apKblIbl XKY3ere acslpbuiaabl, HoTwkecinae f(R) rpasuranusicel, ['aycc-
Bonne rpaBuTanusicel, Mmogudukanusanran [ aycc-boHHe rpaBuTanuscel )koHe 6acka 1a
e3reprinreH Teopusiiap naina 6onansl (Khan, 2022). Monudukauusnsix ['aycc-bonne
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rpaBuTanuscel Teopusicel G-gaH DUHIITEHH-] MIbOEpTTIH ocepiHe epKiH (YyHKIHUSIHBI
Kocy apkbuibl anmbiHagbl (Bahamonde, 2016). byn MonudukanusHbIH MOTHBAIUSCHI
TOMEH PHEPTUSUIBIK THIMJI LIKaJla apKbUIbI iMIEKTEp TEOPHAChIHAH Keleli. by Teopust
KyH xylieciHiH chIHaKTapbl, TEPMOANHAMUKA, SHEPTeTUKAIIBIK JKaFdaiiaap jkoHe OacKa
Ja KyObUIBICTAp TYPFBICBIHAH AaKBIPFBl YaKbITIIA EPEeKUICTIKTepIiH TOpT TYpiHEH
aynak, OJIEMHIH FapblIIThIK KCHEI1 KOHTEKCTiHae Tainmanabl (Bamba, 2012). Byn
teopust KyH KyieciHiH, TepMOANHAMHUKAHBIH, YHEPTEeTHKAJBIK JKarJaiaapAblH JKoHE
0acka KyOBUTBICTap/AbIH ChIHAKTAPhl TYPFBICHIHAH AKBIPFBI YaKbIT CHHTYJSPIbIFBIHBIH
TOPT TYPiHEH ayJak 0oia OTBIPHIN, FAIAMHBIH FAPBILTHIK KEHEIO1 asgChIHAA TalaaHabl
(Bajardi, 2020).

depMHOH epiciH TalanaHaTblH MOJENb COJapAblH Oipi Oombim TaObUIAABL.
JKubipma KbUIJaH acTaM yakblIT OOWBI (PepMHOH ©pici TpaBUTALUUIIBIK ©pic OonFaH
Ke3JIeTi epeKlle MiHe3-KYJKbIHa OaiaHbICThl KOCMOJIOTHsIIA KEHIHEH KOJAaHBIIIbI
(Elizalde, 2018). bipkarap 3epTreynep ChI3BIKTHI emec (epMHOH epici TypakThl
mIenriMaepal TeHepauusiaidi anaThIHABIFBIH KOHE COHBIMEH KaTap OHBIH KeWiHTi
KkezeHaepinae FanaMHbIH yemMeni KeHeloiH TYCiHaipe anaTbIHbIH KepceTTi. [lerenmen,
OyJ1 KYMBICTapAbIH KOMILILIr (PepMHOH MEH I'PaBUTALUIIBIK ©PiCTEPAIH MUHUMAIIbI
@3apa 9peKeTTeCyiH KapacThIpabl. AlTa KeTy KepeK, KYHI1pT 9HEeprusl yiriiepiMeH Karap
KONTereH apropiap DHHIITEHH TeHACYIEPiHiH MOAU(DUKAIMSIAPHIH ©31epi YChIHFaH.
Omnapaply iiHAe CKaIAP-TEH30PIBIK IPaBUTALMSIBIK TEOPUSCHIH, MUHUMAIABI eMec
opekerrecy TeopusichiH, F(R) Teopusicein, F(R,T) reopusicbin Oenin kepcetyre 60naibl,
MyHJarbl T — SHEpPrus-uMNynbCcTiK TeH30pAbH 131, F(T) Teopusicer, mynna T - Oypainy,
F(G) Teopusicel sxxone T.0. (Sharif, 2016).

Marepuajagap MeH dicTep

JKympicta Herep cummeTpus koHe aliHbIMAIbLIAPABI 06Ty 9/1icTepi KONIAHBLIIbI
(Shamir, 2020).

®depMUOH 6pICiHIH T'paBUTAIMSIIBIK dCepl MbIHA (hopMyliaMeH aHbIKTaa b (Bertini,
20225 = [ d*x /=g (55 + GEW) +Y V(W) 12 _

u=yp, Pp= (¢0»¢1'¢2»¢3)T; —  epmuonbk  Gynxups, P =Ty’
Tydingec pyHknusichl. [aycca-bonHe nHBapuanThl: G=24 ﬂj

Kunetukansik Oeriri keJeci TypAe JKa3blIaIbl: “

Y=0.5i(py % — yy°P) 34
Jlarpamxuan MbIHA Typae ska3suians! (Aslam, 2013):
L = —3a%a — 8a3f,1u + 0.5ia3(Py°y — Yy°P) — a3V (u) 56

Benrini Oosranjail, AMHAMUKAJIBIK KyHhe yiuiH ODiep-Jlarpamxk TeHneyi keieci
TYP/I€ aHBIKTAJIa/IbI:

q;i = a,G,p,p Jlarpamxkuanael Dinep-Jlarpank TeHICYiHE KOUBIN, MBIHAHBI
aJaMEbI3:

105



ISSN 2224-5227 1. 2025

3H?> +2H = —p 910
3H2=p 1112

F(G) = f2G + 0.5i(hy°P — Yy ) — V() + 8H? foooG? + 8H fooG + 16H(H + HY) fcG = p1314

fsG — 24f;GH® — f(G)+V(uw) =p 1516
P — iy OV + 2 HP=0 1718
W + iV Py° + 2 Hp=0 1920

0.5i( Py Y=y °P)+8H* foe G +8H? fooG+16HH f G —8f oG H

w=-1+ FGG—F(G)+V (W) —24f GG H?

2122

Herep cummerpus TocimiHiH Herisri uaescel JlarpamkuanHbiH JI TyBIHIBICH HOJITE
TeH 0O0JIATHIH CUMMETPHSI TeHepaTOpIapbiHbIH X KIIAChIH Ta0y OOJIbIN Ta0bUIAIbI, SFHH
(Capozziello, 2012):

Ly=0. 2324

JKymbIcTBIH MakcaThl (epMHUOH OpIiCiHIH Kypamjac OeiKTepi TYpFhICBIHAH Oi3/iH
MOJIeJIb YIIIiH HeTep CHMMETPHUSIAPbIHBIH BIKTUMAJ KUBIHTBIFBIH Y = (Wo, Y1, Y2, P3)"
KoHe OHbIH TyiiHmec Y = (Pot, Py, —Pot, —P4t) epiciH i3mey. (12) Tenmeymen
Oepinrer Hoetep cHMMETpHSCHIHBIH OOJyBI Kelieci Typaeri X BEKTOPINBIK OpPiCTiH

s .. a . 0 a . 0
OoysIH Oinipeni: 3 (Vj Wj +7; a_t'pj +1; m +1; m) 2526

a,B,y; XoHe 7); reHeparopiapel  a,G,Y;, l/J;r TOYyeJ/Ii, JKOHE ONapIIblH
TYBIH/IBUIAPHI COMKEC TEHCYIePICH aHBIKTAIa bl

an; - an; -
3(a—d)’i¢i+aw3¢j). 2728

MoHniepii KOst OTBIPBIIL:

a+252a=0, 2930
3a¢+ya—a(g—glﬁ—:—3¢):0, 3132
3alﬁ+na+a(g—;1ﬁ—g—ltp) =0, 3334

BZ_ZfGG + %fGG + Bfocc=0, 3536
3aa®(f — foG = V) — a®(Bfac + yVub + 0V h)=0, 3738
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oy B
Elp — alp—o, 3940
9y 7 0n_, _
X4j — S y=, 4142
a a
—sﬁ foe=0, — 8% foe=0, 4344
2422 ¢ =0, —242% £ =0 4546
a
242 f =, 4748
a
~82L f.i=0, 4950

a,B,v,n,a(t), f(G),V(¥Y) 6enriciza mamanap . (15)—(25) teHumeynep xyiiecin
affHBIMAJIBLIAPIbI 06Ty APKBUTBI IICIIeMI3.
AlfHBIMAJIBLIAPABI 061y

(15)—(25) Tenneynep *KyWeciH HIele OTHIPHII, MBIHAHBI aJlaMbl3:
1

a=aqya z, 5152
B =—-C2+eBo)w, 5354
v =Gy~ Bl 5556

(26)—(28) Tenueynepin (19) Tenneyre Kos oThIpbin, f(G) xoHe V(Y¥) mamanapeiH
TabaMbI3

—_2a
fw) = N +Cy, 5758
V() = Vyu 5960
Colikec cakTajraH MOH KeJleciiel KkepceTiiei:
2
Q—a%+ﬁ%+y%= 9 9
“ Y apazf,co + 24 {aBagazcy — eByiy°c, = const; 6162
—6aagaz — 72 {a
_ 1 9 9
Q = —6aagaz — 72 {a%aya 2fyco + 24 {a 3aga zcy + £Byiy°co = const 6364

Horu:xenep
KonnmaubiiFan — oiicTep HOTUXKECIHJIE KBICBIM, OJHEPIHsl THIFBI3JIBIFBI  JKOHE
KOCMOTpaUsUIBIK TapaMeTpiepIiH rpaduKTepi CaTbIHIbI.
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Cypert 1- YakpiTKa Toyeni MaciTaOTsl GpakTop.

Byt tengieyai keneci mapaMeTp MOHIEPiH KOPCETE OTHIPHIM, MacIiTad kodhQUIMEHTI
yuliH camablk Typae wememis: c¢=1,co=1,a,=10"°,a,=1075%,by=1,b;=10"1>,.
A=10~3 k,=10-15 Gactamksl maprrap a(0)=0.8, {a(0)=0.001, {d(0)=0.9 .
MacmtaOThl (aKTOPBIHBIH I'padHKalbIK dpeKeTi cypeT | KepceTiuireH, MyH/Ia yaKbIT
OolibIHIIA OH ecy Oaiikayassl. by FanaMHBIH yaeMesi KeHEI1H KepceTe .

Bi3 opTypai kocMmorpadusIbIK 9ICTEP/l KOHE MOCIL TaHJAy 9JICiH KbICKalla
TaHbICTBIpamMbI3. KocMorpadus - keH ayKpIMJIbI OIpTEKTUIIK TIeH U30TPOITHUS OOJIKAMBI
OoiipiHIa TeHNOp KEHEI1 apKbUIbl KHHEMATUKAJIBIK TapaMeTpPIICpPAiH  aKbLIIbI
koMOuHanumschl. by menoepae FamaMHBIH 3BOJIIONUSACHIH KEHOIp KOCMOTpadUsuIbIK
napameTpliepMeH cunarTayra Oojajbl, MbIcanbl, Xab0m mnapamerpi H, Oasynay
napamerTpi ¢, Ceprisic mapaMeTpi j, IIepTIe MnapaMeTpi jKoHe Jiepk mapamerpi l.
OmnapbIH aHbIKTaMaJIapbl KeJIeCiiel OepiireH:

Xab0m mapamerpi:

H=2 6566

a

06

04F

S S T T S IR SR Ny |

05 1.0 15 20 25 3.0

Cyper 2- YakpITKa Toyenai Xad0m mapamerpi.
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Cyper 2 Xa00n mapaMmeTpiHiH yaKbITKa TOYeNAUTiri kepceriaren. Mynna 0i3
YaKbITTBIH Oactamnkbl coTiHnme (t—0) Xab0m mapamerpiHiH eceTiHiH Kepemis, Oy
yZieMeli KeHeto Ke3eHiHe calikec Kenei. H MakcruMaibl MoH1 KEeHEIO *KbUIIaM/IbIF bIHBIH
IIBIHBIH KOPCETE/II.

Bastynay mapamerpi:
H

qa=--1 6768
Ceprinic nmapamerpi: )
j=—(Bq+2); 6970
[lepTne napameTpi:
s=-+4j+3q(q+4) +6; 7172
Jlepk mapamerpi:
I ==+ 55— 10(q + 2)j — 30(q + 2)q — 24; 7374
R T
_‘.5_ 2.x10°
b 11078
20}
75; - < = ~+ 4 PPN _,
:m; 110

“2x10%
5
307 |

6
- 1.=10°
21077 "

=7
1x1077 510

At —5.x1077

Cyper 3- YaxpITKa Toyenai KocMorpadusuIbIK mapamMmeTpiep.

Cyper 3 FanaMHbIH KeHEIOIHIH KHHEMATHKAJIBIK KACHETTEPiH CHIIATTANUTHIH t YaKbIT
IIHIE opTYpii KOCMOTPa(HsIIBIK MapaMeTpiepAiH JBONIONHUSACKIH KOPCETETIH TOPT
rpadvK KUBIHTHIFBL. basynay mapamerpi q(t) FamaMHBIH KeHEIOiHIH yIeyiH Hemece
OastynmayslH cumnartaipl. bacrankel kezeHaepinge (t~0) q Tepic MoHTe He, O yAeMeni
KEHEIOJII KopceTei. YaKbIT oTe Kelie,  KOFaphl MOHT€ YMTBIIAbI, OipaK Tepic OOJbII
KaJazpl, OYJI )KaJFacaThlH ylIeMeni KeHeroni kepcereni. Cepritic mapamerpi yaemerni
KEHEIO/IH e3TepyiH cHmaTTaibl. j(t) TOMEHT1 Tepic MOHHEH OacTanalbl, COIaH KehiH
OH MOHJIepre KakbIHaal 1. OHBIH 9peKeTi 6acka nmapamMeTpiIepMeH CallbICThIPFaH/Ia a3
oonprm kananst. Llleprme mapamerpij(t) ceprisic mapaMeTpiHiH TYbIHABICHIH CHTIATTANH I
I'paduk epre ke3eHmeri aysITKynapas! kepceteni (t<1), comaH KeliH OipKaIbIITHI OCEII.
Jlepk mapametpiHiH rpaduri 6acranksl dazanarel KYpT aybITKYTapabl kepceteni (t=1),
CONaH KeWiH JIEpK TypaKTaHaJIbl JKOHE COHFbI Ke3eHJe JKOFapbuiail Oactaimbl (t>3).
[Tapamerpnep/eri KOpiHEeTiH e3repicTep YIFAIOAbIH SPTYPIIi pa3zamapbiMeH OaiIaHbICThI
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Oosrybl MyMKiH: OacTankpl OasynaygaH Kewl yaeryre neiin. [lapamerpiepnin spexeti
f(G) rpaBUTANMA CUAKTBI KEHEHTINTEH IpaBUTAIMSA YIITIEpiHe HEeMece KYHTIpT SHeprus
ocepiH KaMTHUTHIH YJTiJiepre Colkec Kemei.

0.0002

0.0001 |

-0.0001

-0.0002 -

-0.0003 -

Cypert 4- YakpITKa TOyeNnIi KYHTipT SHEPTHS KbICHIMBI
Cyper 4 KpICBIM Tepic MoHIepAE TypakTaHaasl. Tepic KpicbiM FamamubiH yaemeni
KEHEIOIHE OaillaHbICThI, OYJI KYHTIPT OJHEPTUSHBIH YCTEMJIriMeH OaiIaHbICThI

(hazanmapra ToH. KpICEIMHBIH OH MOHJIEP/ICH TE€PiC MOHJIEpre aybICyhl T'aTaMHBIH KEHETO
JIMHAMHKACHIHBIH Oasty KeHEIOJICH YJIeMelli KEHEIOTre 03repyiH pacTaiiibl.

0.0010[
0.0008

0.0006

0.0004

0.0002

L " L L Il !
5 10 15 20 25 30

Cypert 5- YaxbITKa Toyemnii KYHTIPT SHEPTUsl THIFBI3ABIFBI

Cyper 5 yakbIT ©Te KeJle OSHEPrHsl THIFBI3ABIFBIHBIH TOMEHICYIHIH JKaJIIbI
TEHJICHIMSCHIH KopceTeni, 0y FanamubiH keHeroiH, atan aiitkanaa f(G) rpaButanus
KOHTEKCTiH/Ie €CKEePINIeTIH YATijepre calikec keneai. by apeket dazamnbik aybicyaapasl
JKOHE OPTYpPJi KOMIIOHEHTTEpIiH FamaMHBIH SBOJIONMSACBIHA 9CEPIH 3epTTey YLIIH
MaHBI3/bI.
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Cyper 6- YaxpITKa Toyenai Kyi TeHaeyi napameTpi.

Cyper 6 o(t) =—1 oprama MoHI, 01 KO3(Q(PUIMEHTTIH MaKCUMaJIbl MoHI. ®(t)
— DHEPrusCH NIaManapAblH KEH JAWala3oHbIHAA TapajaThlH 3aT MacCachIHBIH
JUHAMHUKAIBIK TEHJIEY1, COHIBIKTAH 3aTThIH HEPIeTUKAIBIK THIFBI3BIFbI COHIIATBIKTHI
YKOFaPBbI, OJ1 JKETKUIIKTI TYpZe TapaaManbl.

KocMonorusanbslk memimaep KOHTEKCTIHIE MOACIBAIH (PHU3HMKaTIBIK KOJNJaHBUTYbIH
3epITey YIUiH OpTYpJl HHEPreTHKANbIK LIAPTTapAbl KapacThlpy MaHbI3nbl. by
apTTapra MbIHAJIAp KaTajbl:

NEC:p+p =0, 7576
WEC:p+p =0, =0, 7778
SEC:p+p=0,p+3p =0, 7980
DEC:p=0,—p<p<p. 8182

by sxarmaitmapapie rpaduKaIBIK opekeTi . 7-9 cyperTe kepcerinren. lapTrapasia
OpKaNCHICH TaHAAIFAaH MOJIECNb VIIIH CAHIBIK MIETTMAep MEeHOEPiHIe TeKCepiIe.
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Cyper 7- YaxsiTka Toyenai NEC maprsr.

Cyper 7 3eptrenetin ynrigeri NEC Oykin Ke3eH ilIiHIe OpbIHOATYBIH pacTaiibl.
By mMonenbaiH (U3MKaNBIK TYPAKTBUIBIFBI YIIiH MaHbI3AbI, oiTkeHi NEC Oy3buiysl
TYPaKCHI3IbIKKA HEMece EpeKILENIKTepAiH Maiaa OomyblHAa oKelmyi MyMKiH. by
OpeKeT KeHiHHEH KYHTIpT OSHEeprusfa aybICaThlH CTAaHAAPTTBl MaTepHs YCTeMIIiK
eTeTiH KOCMOJOTHSJIBIK ~Mogjenpaepre, coHpaii-ak f(G) rpaBuTauus CHSKTHI
Mo UKaysIaHFaH TPaBUTALUS TEOPHsIIapbIHA COHKEC KeNe.

SEC

20 60 80 100

Cyper 8- YaxpiTKa Toyenai SEC maprsr.

Cyper 8 SEC tonbirbiMeH Oy3butran (p+3p<0) sxoHe Tepic MoHIEp/AE TYpaKTaHa/bl.
Byt KyHTIpT SHeprus Heri3ri pen arkaparblH FanaMHbBIH yeMeni KeHEelo 19yipiHe ToH
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20 40 60

Cyper 9- B YakpiTka Toyesnni DEC mapTsr.

80

100

Keitinri yakpirta DEC  (p<|pl) Oy3butybl Tepic KbICBIM Kypamaac OeiriHig
0aCBIMIBLUIBIFBIH KOpceTe i, 01 FamaMHBIH yIeMesi KeHEIo TYCIHIIPETiH MOIeIbAepre
ToH (MbIcansl, f(G) rpaBuTaIUsa KOHTEKCiHIE). byl MiHE3-KWIBIK FamaMHBIH MaTepHst
OaceiM (azachlHaH KCHEI0 IWHAMHUKACHI KYHTIPT SHEPTUSIMEH HEMece OFaH TeH

Kypamzaac OeJiKIeH aHBIKTaTaThIH (a3ara aybICyBIH PAcTaM Ik

TajakbLiay

CKasIpIIBIK ©picTi KaliTa Kypy KeHEHUTIITeH TpaBUTAITNS MOCITbICPIHIH (PH3NKAITBIK
KaCHETTEpiH 3epPTTEy VIITiH MaHBI3IbI Ka/iaM OOJBITT TaObLTaNbl. By )KyMBICTa KOTAITBI
rapaMeTpiiepIi TaHmay >KOHE alblHFaH MIENIMACpAl Tajamay apKbLUIbI KO3FAJIBIC
TeHJICY/IepiHeH KaifTa Kypy »Ky3ere aceipbitansl. [llamamap ip? MeH moTeHImanzap

V(¢). >BomonusAckHbIH rpadukrepi thicinmre 10 sxone 11cyperre Gepinren.

2
p="—Vp)
(‘pZ
p="+V().
V)
150
100
50+
2 4 6 8
=50 -

Cyper 10- YakpITKa Toyenai V(¢).
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Cyper 11- YaxpITKa Toyenai (i)z

Cyper 10 ckansipablK MOTEHIUAN KOFapbl MOHHEH KOFapbUIAN]Ibl )KOHE YaKbIT ©Te
kese OipTe-0ipre azasnel, Oipak oH npodwmibae Kamaapl. CypeT 11 cramspibIK epicTiH
YaKbpIT TYBIHABICBIHBIH KBaJpaThl YakbIT (YHKIUSACHI PETiHAE CallbIHFaH. Y aKbIT
KEHEHTEeH CailblH CKaJIAp OPICTiH YaKbIT TYBIHIBICHIHBIH KBaAPAThI a3asiabl. CKaISPIBIK
OPICTIH opeKeTi MoJeIbIre OAMIaHBICTEI KoHe Xa00M KbUIIAMIBIFBIHBIH OPEKETIHEH
Ko0ipeK akmaparThl ayFa 0omabl.

KopbIThIHABI

By xympicta FamamHbIH yneTinreH keHer KyObUIBICHIH cumarTtay yuiiH Herep
CUMMETPHS TCITIH KOJIJIaHa OTHIPHIT, e3reprinreH [ aycc-bonne f(G) rpaBuranusmars
KO3FaJbIC TeHJEYNIepiHiH menrimMaepi 3eprrenmi. @puaman-Pobdeprcon-Yokep mozaeni
e3reprinreH ['aycc-bonne hepMHOHABIK ©pic MOMETiH/E KOIIaHbUIIBL. JIHHAMHIKAITBIK
xKyhe Omnep-Jlarpamk TeHIEyiH KONJaHy apKbUIbl cumnartainraH. PepMuoH epici
YIIiH TPaBUTAIMSIIBIK 9Cep KapacThIPBULABI. DHEPTHUS THIFBI3IBIFBI, KBICHIM JKoHE KYH
TEHJICYiHIH TapameTpi TaObUIIbl. AWHBIMANBIIAPABl 06y 9IIICIH KOJJaHa OTBIPHIIM,
CUMMETpHS TeHepaTopiaapbl TadbUIbl. KocMorpadusimbik mapameTpriep, Ky TeHIEYI,
SHEPTreTUKAJBIK JKaFaanap, Oy3puTyllap TEOPUsACHI JKOHE CKaJlsip OpICiHIH KajrblHa
kenTipinyi 3eprrengi. KocMorpadusnbeik mapamerpriepre CaHIBIK Talgay Kacallfbl:
Xabbn mapamerpi, Oasynay, miepTne >koHe ceprimic. Famam 2BONIOIHSICHIHBIH
oprypii (azamapblHAaFsl dHEPTETUKANBIK JKaFmalmap 3epTTeimi. AJBIHFAaH MOHIEP
acTpou3MKaJIBIK OaKpLIay IepeKTepiMeH jKaKChl yitnece . CKasapiblK picTi KaJrblHa
KeJTipy anbIHABI oHe OHBIH opekeTi f((G) rpaBuTanusceiHIa KopcerinreH. KpichiM,
SHEPTHS THIFBI3IBIFEI KOHE KOCMOTPadUsIIBIK MapaMeTpIepIiH rpaduKTepi CaabIHFaH.
OH MoHZIEp/IeH Tepic MoHIepTe aybicy FamamMHBIH yaeMeni keHeroiH nonenneiini. Herep
cummeTpusIapsiHbH f(G) rpaBUTAITUSCHIHBIH MOJIENB/IEPiH 3€PTTEY/IETi MAHBI3ABUIBIFBI
nmonenneHai. FamaMHBIH yOeTIUITeH KeHEel0 JMHAMUKACHIH 3€PTTey YIIiH (ePMUOHIIBIK
epicTepAl 3epTTey MaHBI3ABl PONI aTKapaThIHBI KOPCETUITeH. Y CHIHBUIFAH TOCUIAI
OoamakTa FaJaMHBIH YIETUITeH KeHEI0 TWHAMHUKACHIH CHIATTay YIIiH KapacThIpyFa
OomapI.
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Abstract. In this work, the nature of electron-hole trapping centers in ultraviolet-
irradiated ferroelectric Li,SO,-Mn crystals is investigated. With the rapid development
of solid-state laser technology pumped by laser diodes, sources of high-power coherent
infrared radiation with a wavelength of about 1 um have become compact and reliable. In
recent years, lasers have actively begun to master the ultraviolet and vacuum ultraviolet
spectral ranges, reducing the pulse duration down to a few femtoseconds. In this
regard, there is a constant, unrelenting demand for cheap, powerful sources of coherent
radiation operating in ferroelectric crystals irradiated with ultraviolet and far infrared
ranges for a wide variety of applications. Using spectroscopic methods, the possibility of
forming several types of impurity trapping centers in crystals with Mn?" ion impurities
is demonstrated. It is found that under the action of UV irradiation, electron and hole
centers are captured in damaged areas of the crystal lattice near impurities, which leads
to an increase in luminescence. Emission bands at wavelengths associated with the
recombination of electrons and localized holes of SO, are experimentally recorded. The
studies also confirmed the formation of trapping centers during thermoluminescence
and optically stimulated luminescence caused by gamma and X-ray irradiation. The
results showed that the addition of Mn™ ions enhances the intrinsic luminescence of
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crystals and changes their spectral characteristics. The experiments were conducted at
different temperatures and irradiation conditions, which allowed a more in-depth study
of the recombination processes in these materials. In conclusion, it is noted that the
anisotropy of Li,SO,-Mn crystals has a significant effect on the behavior of impurity
capture centers and luminescence spectra.

Keywords: electron-hole trapping centers, luminescence spectroscopy, impurity,
thermoluminescence, recombination luminescence, defect centers in crystals.
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AnHoramusi. byn oKymbICTa  yABTPAaKYNTiH — COyNelIeHYMEH  CIyJeJICHETIH
deppoonexrpnik  Li,SO,-Mn kpucTaniapblHIarbl 3JIEKTPOHABI TECIKTEpAl ycTay
OpTaJIbIKTAapbIHBIH TaOWFaThl 3eprTenreH. Jlasepnik aAnoATapMeH alaanaThlH KaTThl
JICHEII JIa3epiliK TEXHOJOTHSAHBIH KapKBbIHABI 1aMybIMEH TOJKBIH Y3bIHABIFBI IIAMAMEH
1 MKM OOJIaThIH KOFapbl KyaTThl KOTEPEHTTI HHPPAKBI3bUI COyIesIeHY KO3/1epi KHHAKBI
xoHe ceHimMIi Oonapl. COHFBI KBUIAAPHI JIa3epiep YIbTPAKYITiH KOHE BaKyyMIBIK
YABTPAKYJITiH CIEKTPIIK Iuana3oHaapAbl OesnceH i Typae MeHrepe 6acTaabl, UMITYJIbC
Y3aKTBIFBIH OipHemnie (eMTOCEeKyHAKa JeiiH KbICKapTThl. OCblFaH OaiiIaHBICTHI
YABTPAKYJITiH COyIeMeH CoyeNeHETIH (eppodIeKTPIIiK KpUCTaIAapaa )KYMBIC iICTeHTIH
ap3aH, KyaTTbl KOTEPEHTTI COyJIeJeHY Koe3[epiHe TYPAaKTbl, THIHBIMCBHI3 CYPaHBIC
0ap. CrexkTpoCKONMAJIBIK dICTepAl KOJNAaHy apKbUlbl Mn?" MOHABI Kocmamapbl Oap
KpHUcTalgapaa Kocranapasl ycTay OpTalblKTapbIHbIH OipHeIIe TYpiH Kypy MYMKIiHIIT
KOpPCEeTINAl. YIBTpaKyriH coyleNeHyIiH 9cepiHeH KPUCTANIBIK TOPABIH 3aKbIMIAIFaH
yudackeJepiHie KOocnatapIblH jKaHbIHAA 3JIEKTPOHAApP MEH TECIKTepAiH OpTajbIKTaphl
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yCTanarelHbl AHBIKTANIbl, Oy JIIOMHHECLUEHIMSHBIH > KOFapblIayblHa OKeJeli.
DJIeKTPOHIAp/IbIH PEKOMOMHAIIMACHIMEH JKoHE JIoKanu3auusianran SO,  TecikTepiMen
0alIaHBICTBl TOJKBIH Y3BIHIBIKTAPBIHAA AMHCCHS KOJAKTaphl JKCIEPUMEHTANIbI
TYpIE aHBIKTANJAbl. 3epTTeyliep COHBIMEH Karap TEPMOJIIOMHHECLECHINS >KOHE
raMMa >XOHE PEHTICHIK COYJENCHYIACH TYbIHJIAFaH ONTUKAIBIK BIHTAJIAHIBIPHUIFaH
JIOMHMHECLCHLIUS Ke31H/Ie YCTay OpTaIbIKTapbIHBIH Maiiaa 00iybIH pactaabl. Hotmxkenep
Mn™ noHAApbIH KOCY KPUCTAIIAP/IbIH IIIKI TFOMUHECICHIMSACHIH KYIICHTETIHIH )KOHEe
OJIapIBbIH CIEKTPJIIK cumarTaMmajiapblH e3repTeTiHiH kepcerTi. Toxipubenep aprypii
TeMIIepaTypaja *KoHe CoylelleHy JKaFJaibIHIa KYPri3iial, Oy 0Cbl MaTepranaapIarsl
pEKOMOMHAIUS TPOIIECTEPiH TePEeHIpEK 3epTTeyre MyMKiHIiK Oepai. KopbIThiHabuIai
kene, Li,SO,-Mn kpucTaniapblHblH aHM30TPONMACH! KOCTIAIAP/bI YCTay OPTallbIKTaphl
MEH JIIOMUHECLIEHIIHS CIIEKTPIIEPiHiH dpEeKeTiHe alTapiIbIKTali 9cep eTeTiHi aramn oTiIi.

Tyiiin ce3mep: dJIEKTPOHIBI-KEMTIK KapMay OpTaJbIKTaphl, JIIOMHUHECLHCHIIHS
CHEKTPOCKOIUACH], KOCMa, TEPMOJIIOMUHECIECHIMS, PEKOMOMHAIMSIBIK JIOMUHEC-
LEHIHUs, KpUCTAIapAarhl aKay OpTaJIbIKTaphl.
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AnHorauusi. B nanHOll pabore uccrienoBaHa NpUpPOAa SIEKTPOHHO-IBIPOUHBIX
LEHTPOB 3aXBaTa B CETHETOMIEKTpUYECKHMX KpucTamaax Li,SO,-Mn, o6my4€HHbIX
yabTpaguoneroM. I1o Mepe OBICTPOro pa3BUTHSL TEXHOJIOTUH TBEPAOTEIbHBIX Ja3€pOB
C HAKa4YKoH J1a3epHBIMH AUOJAMHU, HUCTOYHUKH MOIIHOTO KOT€PEHTHOTO HH()PAKPACHOTO
W3TY4YeHUs] C JUIMHOW BOJHBI OKOJIO | MKM CTajdy KOMIIAKTHBIMH W HaJeKHBIMH.
B mocneanue rompl nasepbl aKTUBHO HAUYWHAIOT OCBAMBATh YIBTPA(QHONETOBBIA H
BaKyyMHBIH yI6TPaHuOIeTOBbIH JUana30Hbl CIEKTPa MPH COKPAIIEHUH JUINTEILHOCTH
HUMITYJILCOB BIUIOTH A0 €AUHUL (PeMTOCEKYHI. B CBS3M ¢ 3TUM MMeeT MeCTO OCTOSHHBIH
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HeocaadeBaloUIMid CIpOC Ha JEIIEBbIe MOLIHbIE HCTOYHUKH KOTEPEHTHOTO W3TY4YeHUs,
paboraromye B ErHETOMIEKTPUUECKUX KpUCTa/UIaX, OONyY€HHBIX YIbTpaduOIeTOM
W JajdbHBIX JHMana3oHaX WHQPPAKpPacHOrO CIEKTpa, A CaMblX pPa3HOOOpa3HBIX
npuMeHeHui. Mcrmonp3yst cieKTpoCKOMMYecKrue METOIbI, Obljla MPOJEeMOHCTPHPOBaHA
BO3MOJKHOCTh (POPMUPOBAHUSI HECKOJIBKMX THIIOB TNPUMECHBIX IIEHTPOB 3axBara B
KpUCTalslaX ¢ NpUMecsMH HOHOB Mn?*+. OOHapykeHO, YTO mHoj JeicTBUeM YO-
OONy4eHHsl SIIEKTPOHHBIE W JBIPOYHBbIE LEHTPHI 3aXBaTHIBAIOTCS B HApYILIEHHBIX
y4acTKax KPUCTAITMYECKON PEIETKH BOJM3HM MPUMECEH, YTO NPUBOAMUT K YCHIICHHIO
JIOMHUHECHEHLIUH. OKCIIEPUMEHTAIbHO 3a(UKCUPOBAaHBI TIOJIOCHI HW3TYYEHHUS Ha
JUIMHAaX BOJH, CBS3aHHBIX C PEKOMOMHAIMEH OJJIEKTPOHOB U JIOKAJIM30BaHHBIX
aeipok SO, Mccnenosanus Takke MOATBEPAWINM (OPMUPOBAHME LIEHTPOB 3axBara
IIPpU TEPMOJIIOMUHECLEHIIUM U ONTHUYECKU CTUMYIMPOBAHHOM JIFOMUHECLEHIUHY,
BBI3BAHHBIX T'aMMa- M PEHTICHOBCKMM OOJydeHHeM. PesynbTarel MoKaszalld, 4To
noOaBieHne MOHOB Mn?+ ycuinBaeT COOCTBEHHYIO JIIOMHHECLEHIMIO KPHCTAJIOB
U U3MEHSeT MX CHEKTPaJbHbIE XapaKTEPUCTUKH. DKCIEPUMEHTHI MPOBOAWIUCH MPHU
Pa3NUYHBIX TeMIlepaTypax W YCJOBUSX OOMydeHHs, YTO MO3BOJMIO Oosee IIyOOKo
H3YYUTDH MPOLECChl peKOMOMHALIMU B ATUX MaTepuajax. B 3akirouyeHnu oTrmedaercs,
4TO0 aHu30Tponus KpuctamioB Li SO,-Mn oKa3bIBa€T 3HAYMTENBHOE BIMSHHE Ha
MIOBEJCHHUE IPUMECHBIX LICHTPOB 3aXBaTa U CIIEKTPbI JIIOMUHECLICHIUH.

KuroueBble ci10Ba: 3IEKTPOHHO-ABIPOYHBIE LIEHTPHI 3aXBaTa, CIEKTPOCKOIHS
JIOMHUHECLCHLIUH, MTPUMECh, TEPMOJIIOMHUHECICHLIUS, PEKOMOMHALIMOHHAS JIIOMHHEC-
LeHIus, 1e(eKTHbIe HEeHTPHI B KpUCTaJIaxX.

Beenenue. Kpucramibl akTHBHPOBaHHBIE IPUMECSIMH HMEIOT aHU30TPONUYECKHE
ONITUYMCKHE CBOIMCTBA U SIBISIOTCSI CETHETORIEKTPUKAMHU C HECKOJIBKUMH (Pa30BBIMU
nepexonamu. Mccnenosanusamu astopoB (Hypaxmeros, 2001) mnoka3ana, 4tro B
OOJly4YeHHOM KpHCTajle , Npu BO30YXKICHHHM B (PyHIAMEHTAIBHOW CHEKTpaJbHON
obmactu >5,5 5B MOSBISIOTCS MONOCH M3NydeHHs mpu 3,65-3,75 3B cBs3aHHBIE
PEKOMOMHAIIMEH IEKTPOHOB C JIOKAJM30BAaHHBIM IbIpKaMHu . BBeneHuwe npumeceid
SIBJISIFOILMXCST aKLENTOPOM JISl 3JIEKTPOHa B Cynb(harax, yCHIMBAET WHTEHCHUBHOCTD
COOCTBEHHOH JIOMHMHECICHIUH. OKCIEPUMEHTAIbHBIN pe3yJabTaT JO0Ka3bIBACT, 4YTO
n3nydeHus npu 3,65-3,75 5B cBsizana c pekoMOMHALIMEH 2JIEKTPOHOB HE IOKATM30BaHHOM
JBIPKOH.

B cynabdarax menodHeIX W MIETOYHO3EMENBHBIX METasIOB, aKTUBHPOBAHHBIX
HOHAMHM OBUIM HCCIIEOBaHbl TEPMOJIOMHHECHEHLIUSI ONTUYECKH CTHMYIHPOBAHHOM
JIOMHHECHeHUMHn #  (ocdopocueHnrss O3HaJaomue o00pa3oBaHUE NPHUMECHBIX
ANIEKTPOHHO-ABIPOYHBIX LIEHTPOB 3aXBaTa B OOJyUYEHHBIX PEHTICHOBCKUMH, TaMMa H
yabTpaduoneroBbiMu tydamu (Suchinder, 2015).

CuMTaroTcs, 4yTO BO MHOTHX CilIydasX B cyib(aTax cOOCTBEHHBIE SJIEKTPOHHBIC
BO30YyXX/IeHHE MepeaaeT YHEPTUI0 MPUMECHBIM u3inydaTteneM. [Ipupoasl coOcTBEHHOTO
W3Ty4YeHUs] U (HOPMUPOBAHMS JIEKTPOHHO-JBIPOYHBIX LIEHTPOB 3aXBaTa B KPHUCTAIlIe
MOJTHOCTBIO He M3ydyeHa. B Hammx mpensiaymux padorax (Salikhodzha et. al, 2019;
Nurakhmetov et. al, 2019) mns kpucrajuia ¥ ObUIM MOKa3aHBI, YTO COOCTBEHHBIC
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W3TY4YEeHUS] BO3HHKAIOT NMPH PEKOMOMHAIMK 3JEKTPOHOB M3 30HBI MPOBOJUMOCTH
C HE3KBUBAJIEHTHO pAacIOJIOKEHHBIMHU JIOKAJIM30BaHHBIMU JblpkaMu . Ha ocHoBe
H3MEpEeHHs SHEPTUHU CO3/AaHUsI WM BO30YyKIEeHHE COOCTBEHHOTO M3Iy4eHus mpu 3,7-
3,8 3B s 3THX KpUCTAJIOB OLIEHEHHBIE IIMPHUHBI 3alPELIEHHON 30HBI COCTABIISIIO
oKo11o 5 5B.

B paGore aBropoB (Shaila, 2017) B oOmyyeHHOM OoOHapyKeHBbl MUKH
TEPMOCTUMYIUPOBaHHOU dromuHecuenuuu mpu 485 K, 504 K, 526 K nmo Benuuune
CBETOCYMMBI NpeBblmatoniei ceetocymmy TSL B kommepueckom TLD no3umerpax . B
obmyuyennoM oOHapyxensl nuku TCJI npu 420 K, 498 K u 608 K. B o6ny4uenHom vy —
Jy4aMy C HaBeJICHHBIMHU AederTamMu MeTonoM GoTo cTumymsauun ooHapysxeH ik TCJI
npu 383 K (Mostafa, 2011; Ashirbayev, 2023).

B cnenyromux padorax (Blasse, 1994; Waynant, 2000; Waynant, 1999; Lee,
1997; Ohno, 2001; Freedman, 1978) aBTOpbl OOBSCHSIET OCHOBHBIC MPUHIIMITBI
JIOMHMHECHEHTHBIX MaTepHalioB M YKa3bIBalOT, YTO JIIOMHMHECHECHLUS B cynbdarax
LIEJIOYHBIX METAJUIOB YCHUIIMBAETCS MPH A00aBICHUH PUMEcel, TakuxX kak Mn?', uto
HaIpPsAMYIO CBA3aHO C PE3yIbTaTaMH, NOJTy4eHHbIMH B MccnenoBanuu Li,SO,-Mn.

TepmontoMHHECHEHIMS TBEPIABIX TEN CTal KJIACCUKOM M IIHPOKO HCHONb3YEeTCs
Uil OOBSICHEHHs TMPOLECCOB 3axBaTa M PEKOMOMHAIMKM B KPUCTAIUIAX CyIb(aroB
TaKke 00CYKIAr0TCs KMHETHYECKHE ACTEKThl PEKOMOMHAIIMH JJIEKTPOHOB M JIBIPOK
B MPHUMECHBIX LEHTPaxX 3axBara, YTO aKTyaJbHO IJIsi U3Y4YCHUS JTIOMHUHECLEHIMU B
kpucramnax Li,SO,. B paborax (Kauppinen, 1985; Khomenko, 2002; McKeever,
1985; Mulligan, 1976), u3zyyanu JHO3UMETPHUIO C TTOMOIIBIO TEPMOIIOMHHECIIEHTHBIX
MaTepuanoB, TakKWX Kak cylb(aTbl, YTO MOMOTaeT JydYlle I[OHITh MEXaHH3MBI
JIOMHUHECHEHUUH U (OPMUPOBAHUS LIEHTPOB 3aXBara MpH O0ITyUeHHH.

O0BbeKTHI W MeTOABI MccaeqoBaHusA. KprcTanasl BbIpallieHbl U3 HACBILIEHHOTO
BOJIHOTO pacTBOpa METOJIOM MEJUIEHHOTO HcmapeHus npu temmeparype 40°C. U3
KpUCTaJIJla BBIPE3aJIUCh IUIACTUHKMA TONMMHON 3-5 MM u auamerpom 10-15 mm.
Hamu nccnenoBansl 00pa3upbl KpUCTaula U TOPOIIKOB ¢ YUCTOTOH 99,99%. Crektp
BO30YX/IEHHUSI KOPPEKTUPYETCsl Ha CIEKTPalbHOE pachpefelicHue WHTEHCHBHOCTH
BO30yXaromero u3nyueHus. s u3MepeHus: CIeKTPOB M3IIyYSHHS B CIIEKTPaIbHOM
obmactu 1,5+6,2 3B ucnons3zoBaics cnekrpoduryopumerp Solar CM 2203.

OTa ycTaHOBKA 1a€T BO3MOKHOCTbH POBEEHMSI SKCIIEPUMEHTAIBHBIX HCCIIEOBAHUT
[0 U3MEPEHHUIO CIIEKTPOB (DOTOTIOMHUHECIICHIINH, CIIEKTPOB BO30YXKIEHHS U CIEKTPOB
MOTJIONIEHUS, TBEPAOTEIbHBIX 00pa3ioB u pactBopoBmnpu 80-300 K temmneparype.
CriekTpasibHBIN AMana3oH B pexxuMme crekrpomerpa ot 200 mo 820 HM, a B pexxume
cnekrpodoromerpa 200-1100 HM.

Pesyabrarsl 3kcnepuMenTa W MX o0cy:kaenmsa. Ha pucynke 1 mpeacrasieH
CIEKTP M3TY4EHHUs] KpUCTajula TpU BO3OYKAeHWH (GoToHAMU ¢ sHepruei 6,2 3B npu
300 K. U3 pucynka 1 (kpuBas 1) BUIHO, YTO MOSBIISIOTCS MOIOCH M3Ty4YeHUs npH 2,1
5B, 2,33B, 2,45B, 3,05B, 3,2 3B u 3,7 5B 1. AHanoru4HbICU3Ty4YeHUS BO3HUKAIOT IIPU
B030yxeHus (otoHa ¢ sHeprueit 5,9 3B (kpuBas 2) u 5,6 5B (xkpusas 3) npu 300 K.
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Pucynok 1. CriekTp u3irydeHus KpUcTajula IpH Bo30yKIeHUs (POTOHAMHU C Hepruei 6,2 5B (kpuBas
1), 5,9 B (xpuBas 2) u 5,6 3B (kpusas 3) mpu 300 K

Ha pucynke 2 mpencraBiieH CIEKTp BO30YXKISHHS OCHOBHOM TMOJOCHI U3ITyUYCHUS
npu 2,1 3B, 2,3 3B, 2,4 3B u 3,0 3B cBsa3annble cnpuMecsmu . 13 pucyHnka BUAHO, UTO
nosioca m3nydeHust 2,4 3B Bo3OyxmaroTcs npu 3Heprusx ¢otona 2,7 3B, 3,6 3B, 4,1
3B u 5,0 3B.IIpn Bo30yX)1€HUMKPUCTAIIIOB B (yHAaMeHTaIbHOMoOmacTn npu 5,0 3B
U BhilIE 6 3B co3Mai0Tcs 3IEKTPOHHO-ABIPOYHBIC MAPhl, KOTOPBIE BXOJE PEIaKcalliu
3aXBaThIBAIOTCS Je(PeKTaMU PEmIeTKH U (POPMHUPYIOT AIIEKTPOHHO-IBIPOYHEIC IIEHTPHI
3axBara. [lomoca Bo30yxnenue mnpu 3,6 3B aBtopsl (Shaila, 2017: 37) cBs3biBatoT
BHYTPHUIIEHTPOBBIMU TepexoaMu B HoHe . OcTanpHasonoca Bo30yxaeHue npu 2,7 3B
CBsI3aHA TIPUMECHBIMU U COOCTBEHHBIMU DJICKTPOHHO-IABIPOYHBIMH IIEHTPAMU 3aXBaTa
JIOKAJIM30BAaHHOTO BO3JIC IPUMECH .

MOXXHO TIPEAINOJIOKUTh, YTO AaHAJIOTUYHBIC PEKOMOMHAIMOHHBIC W3ITyUYSHUS
Ha TPUMECHBIX IEHTpax 3axBara , (OPMHUPYIOTCS B KpucTaie . Bo3MOXHO
peKOMOMHAIIMOHHOE W3NmydeHHenpu 2,93 3B coOTBEeTCTBYeT pacmaay HpUMECHOTO
LIEHTpa 3axBara, a nojoca 3,1 3B cooTBeTCTBYET paciaay COOCTBEHHOTO IICHTpa 3aXBaTa
. [Tonoca Bo30y)aeHus rpu 2,4 3B Kak B KpUCTAIUIE COOTBETCTBYET IIEHTPAM 3axBaTa
B HapYIIEHHBIX MECTAaX aHU3aTPOIHOTO KPUCTAILNIA .

14 N
1.2 F ./' 4
1,0 |-

0,8 |-

Intensity a.u.

0,6 |-

04}

o2} 4
. . . . . . .

2,0 2,5 3,0 3,5 4,0 4,5 5,0 55
Energy, eV

Pucynok 2. Cnextp Bo30yx1eHus A7 MoJA0ckl u3myuenus 2,1 3B (kpusas 1), 2,3 5B (kpusas 2), 2,4
9B (xpuBas 3) u 3,0 3B kpucramna npu 300 K
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Ha pucynke 3 mnpencTaBleHCHEKTp HU3IY4YEHHMs KpHUCTaUIa C HaBEJCHHBIMH
ANIEKTPOHHO-ABIPOYHBIMH IIEHTPaMH 3axBaTa NpU BO30YyXKIEHHMB IOJIOCE pachaja
MpPUMECHBIX LEHTpoOB 3axBara npu 2,7 3B, 3,0 sB. IlosBnenue wusnyuenus 2,1
3B mpu Bo30yx)neHMHM ¢poroHamu ¢ dHeprueit 2,7-3,0 5B momxkHa OBITH CBsi3aHA
BHYTPHLEHTPOBHIM BO30YXX/I€HHEM HOHA .

0,24 T T T T T T T T T

0,22
0,20
0,18
0,16

0,14

Intensity a.u.

0,10

0,08

LN S W Sy m e m S w e m  m  m e

0’04 1 1 1 1 L 1 1 1 1
16 17 18 19 20 21 22 23 24 25

Energy, eV

PucyHok 3. CHekTp U3Iy4eHHs KPHCTAUIa C HABSACHHBIMU 3JIEKTPOHHO-IABIPOYHBIM LIEHTPAM U
LIEHTPOB 3axBaTa pu Bo30yxaeHun GporoHamu ¢ sHeprueii 2,7 3B (kpusast 1), 3,0 3B (kpusast 2)

Taxum 00pa3om, Ipy PeKOMOWHAITMOHHOM paciajie Imojioc u3inydennti 2,7 3B, 3,0 5B
SHEPTHs TepeaeTcs MPUMECSIM 1 MBI HAOIIOJaeM N3ITYyUeHHsI BO3JIe 1e(DeKTOB PEIIETKH.
Pa3nple sHEpreTHUecKre PacCTOSIHUA B MPUMECHBIX JIEKTPOHHO-IBIPOYHBIX IIEHTPaxX
3axBara JOJDKHA OBITh CBSI3aHA Pa3HBIMH KPHCTAILIOTpadUYEeCKIMH HaIpaBICHUSIMHA
JBIPOYHBIX IPYMIT AHU30TPOITHOM KPUCTAILIE

3akaouenue. B xome naHHOTO WUCCienoBaHWS ObUTa TIpOBeNeHA JAeTalbHas
XapaKTEepUCTHKA DIIEKTPOHHO-ABIPOYHBIX IEHTPOB 3axBaTa B (PeppONTCKTPUIECKIX
kpuctaiiax  Li,SO,-Mn,  oOmy4eHHBIX  yJIbTPaHUONETOBBIM  H3IyYEHHEM.
OKCIIepUMEHTAIbHO YCTAHOBIIEHO, YTO TPU BO3ACUCTBUU YD-nM3ImydeHUs BOIH3U
MIPUMECHBIX HOHOB Mn?*" (QopMupyloTCs yCTOWUYUBBIE NedeKTHBIE IEHTPHI, YTO
COTIPOBOXKIAETCS YCHIICHUEM JTIFOMUHECIIEHITNA. AHAIIN3 CIIEKTPATBHBIX XapaKTEPUCTHK
MIPOZIEMOHCTPUPOBANT HAJIMYHE SMUCCHOHHBIX TOJIOC, CBS3aHHBIX C peKOMOMHammen
SIICKTPOHOB U JIOKAJTM30BaHHBIX ABIPOK SO*, a TAKIKE TOTBEPANIT BIAUSHHE aHH30TPOITHN
KPUCTAINIMYECKOW PEIIeTKA Ha MPOIECCHl 3aXBaTa W pellakCalliil HOCUTENeH 3apsja.
Bxirouenre Mn™ B cOCTaB KPHCTAJUIOB HE TOJBKO YBEIHMYMBACT MHTEHCHBHOCTH HX
COOCTBEHHOH JIFOMUHECIEHITNH, HO W W3MEHSET CIIEKTPAIbHbIE XapaKTePUCTUKH, YTO
OTKpBIBA€T BO3MOXKHOCTH JUIS IEJICHAPABICHHON MOMU(MUKAINN WX ONTHYECKUAX
CBOMCTB. Pe3ynbTarbl JaHHOTO WCCIIEOBaHUS TIOATBEPIKIAIOT TEPCIEKTUBHOCTD
ucnonb3oBanus Li,SO,-Mn B kauecTBe 4yBCTBUTENBHBIX MATEPHUATIOB VISl PETUCTPALIAM
MOHM3MPYIOIIEr0 M3IYYeHHUS W JaIbHEHIIeTO W3yYeHHUs! IPOIIeCCOB PEKOMOWHAITUHN B
CJIOKHBIX KPHCTAJUINYECKUX cucTeMax. /lanbHelme uccneaoBanms OyIy T HalpaBiIeHbI
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Ha YTOUHCHUC MCXaHU3MOB q)OpMI/IpOBaHI/Iﬂ LHCHTPOB 3aXBaTa, a TAKKE Ha HU3Y4YCHUC
BJIMAHUA PA3JIMYHBIX BHCHIHUX (baKTOpOB, TAaKUX KaK TEeMIICparypa, MHTCHCUBHOCTb
HU3JIYUCHUSA W KOHLCHTpalusa HpHMeCCﬁ, Ha JIIOMHHECIICHTHBIC CBOMCTBa JTHUX
MaTepuaos.
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Abstract. This review article describes the edge field of deflector plates with
grounded screens was considered using methods of the theory of functions of complex
variables. Based on this, it became possible to obtain an analytical expression of the
scalar potential for a detailed analysis of the influence of edge fields. It was found that
grounded screens localize the edge electric field on the deflector plates, which, in turn,
reduces the influence of uncontrolled electric fields. The length of the grounded screens
will be equal to the distance between the plates d, or in a real system their distance can
also be 3d or 2d. In addition, accurate expressions of the potential, taking into account
the influence of the edge fields on each other, made it possible to study the nature of
the edge field of very short deflector plates with grounded screens. The paper also
considered the formula of the electric charge and the surface charge density of deflector
plates. Taking into account the edge effects, an expression was found for the capacity
of the deflector plates. It corresponds to the capacitance formula of a plane capacitor.
Based on the obtained analytical expressions, a graphical representation of the edge

field is constructed. The drawing of the edge field of deflector plates with a grounded

shield shows that the field at a distance from the boundaries of the screens x20,5d 1S

a homogeneous field.
Key words: grounded screens, deflector plates, electric field, scalar potential,
boundary value problem, surface charge density, lines of force.
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JE®JIEKTOPIBIK IIVIACTUHAJIAP MEH )KEPTE TYHUBIKTAJIFAH
9KPAH APACBIHIATBI LIETTIK OPICTIH QJIEKTPOCTATUKAJIBIK
CHUITATTAMAUJIAPBI

HlapunoB Camar Ypum6acapoBuu — ara okpiTymsl, K. JXyOanoB areiHmarsl AkrTeOe eOHIpIiK
yauBepcuteti, Aktebe, Kasakcran, E-mail: sharipov_samat@mail.ru, https://orcid.org/0000-0003-4350-
2361;

Cnusak-JlaBpoB Urops ®enmkcoBuY — (Gu3rKa-MaTeMaTuka FhUIBIMIAPBIHBIH JIOKTOPHI, mpodeccop,
K. XKybanoB areiaarsl AKTe0e eHipitik yHuBepcuteTi, Akrebe, Kaszakcran, E-mail: spivakif@rambler.ru,
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AunHoTtamus. byn mony MakanachlHIa KOMIUIEKC aiHbIMaibl (QyHKIMsIIap
TEOPHSCHIHBIH OJMICTEPIH KOJZaHA OTBIPHIN, JKepre TYWBIKTAIFaH SKpaHaapbl Oap
JeIICKTOPIIBIK IJIACTUHATIAP/BIH IICTTIK epici KapacThIpbuibl. OCBIHBIH HETI31HJIE
IISTTIK OPICTEPAIH 9CEPIH eMKeH-TerKeWsIl Tanay YIIiH CKaJsSpJbIK MOTECHIIHAIBIH
AQHANTMTUKAIBIK OpHETiH aimy MyMKiH Oonabel. JKepre TyHbIKTaNFaH dSKpaHIap
e QIeKTOPIIBIK TUTACTHHANAPAA HIETTIK 2JIEKTP OPICIH JIOKANM3AlUsIIalThIHBI JKOHE
Oy o3 keseriHie OacKapbUIMAHTBIH JJIEKTP OPICTEpiHIH 9CepiH a3alTaThIH/IBIFBI
aHbIKTaIBL. JKepre TYHBIKTAIFaH dKpaHAapblH Y3bIHABIFEl TUIACTUHANAPABIH d apa
KAlIBIKTBIFBIH/IAM 00Tajbl HeMece HaKThI JKyiee onapAblH KallbIKThIFbl 3d Hemece 2d
Oonybl 1a MmymKiH. COHBIMEH KaTap, IIETTIK epicTepliH 0ip-OipiHe ocepiH ecKepeTiH
MOTEHIUANIBIH HAKThl OPHEKTEpl JKepre TYHBIKTAIFaH JKpaHAapbl 0ap eTe KbIcKa
JeIICKTOPIIBIK TIACTUHANIAPBIH IIETTIK OPICIHIH TAOMFAThIH 3ePTTEyre MyMKIHIIK
Oepai. JKymbicta coHpaii-aK Ae(IeKTOPIBIK IIaCTHHATAPAAFEI JIEKTP 3apsabl MEH
3apsiIThiH OCTTIK THIFBI3ABIFBIHBIH (opMyiackl KapacTeipbuiisl. lllerTik acepnepmi
€CKepe OTBIPBII, Je(QIEKTOPIIBIK TNIACTUHAIAPIBIH CHIMBIM/IBIIBIFBIHA APHAIFAH OPHEK
TabbuAbl. O Ka3blK KOHJACHCATOPIBIH CHIMBIMIBLIBIFBIHBIH (DOpMyNlachiHa ColKec
Keyedi. AJBIHFAH aHAJIMTHUKAIBIK ©pPHEKTep OOWBIHINA MIETTIK OpPICTiH TrpadHKabIK

CypeTi TYpFbI3bLIIBL. JKepre TYHbIKTaIFaH SKpaHbl 0ap AePISKTOPIIBIK IJIaCTUHATAPABIH

. L. . >
MICTTIK OPICIHIH CYPCTIHCH SKpaHJAap ICKapaCbIHAH X= 0’5 d

OipTeKTi epic aeyre OOIaIbI.

Tyiiin ce3mep: xepre TYHBIKTAIFaH SKpaHAap, Ae(DICKTOPIBIK IIIACTHHATIAD, HIECKTP
epici, CKaJSIPJIBIK IMOTCHIIUAN, IEKAPAIBIK €CE, 3apSIAThIH OCTTIK THIFBI3IBIFhI, KYIII
CBI3BIKTAPBHI.

KAIIBIKTBIKTA OpPIiCTi
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IJNEKTPOCTATUYECKHUE XAPAKTEPUCTUKHU KPAEBOI'O ITOJISA
MEXIY JE®JIEKTOPHBIMHU IIVIACTUHAMMU U 3A3EMJIEHHBIM
9KPAHOM

Ilapunos Camar Ypum6acapoBu4 — crapummi mpernojaBareiib, AKTIOOWHCKHH pEerHOHAIBHBIH
yuuBepcuteT uM. K. JKyGanosa, Akrobe, Kaszaxcran, E-mail: sharipov_samat@mail.ru, https:/orcid.
org/0000-0003-4350-2361;

CnuBak-JlaBpoB Uropr ®DeJukcoBHY — JOKTOp (HU3MKO-MATEMAaTHYCCKUX HayK, mpodeccop,
AxTIOOMHCKHH perroHanbHbl yHuBepcuteT nM. K. JKybOanosa, Akrobe, Kasaxcran, E-mail: spivakif@
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AHHoTamusa. B jaHHON 0030pHOH cTaThbe paccMaTpUBAIOCh KpaeBOE IOJIE
NeQIeKTOPHBIX TUIACTHH C 3a3€MIICHHBIMH JKpaHaMH C HCIIOIb30BaHHEM METOJOB
Teopur (yHKINH KOMIUIEKCHBIX MIEPEeMEHHBIX. Ha 0CHOBaHMHM 3TOTO CTal0 BOZMOXKHBIM
MOJTyYUTh aHATMTHUECKOE BBIPasKEHUE CKAIIPHOTO MTOTEHIMAIa [T JIeTaIbHOTO aHATN3a
BJIMSIHUSI KPAeBhIX MMoJiei. Bputo 00HapykeHO, YTO 3a3eMIICHHBIE DKPaHBI JIOKATH3YIOT
KpaeBoe JJIEKTpUYecKoe Toye Ha Je(ICKTOPHBIX IJIaCTHHAX, YTO, B CBOIO OYepe[b,
CHIDKAeT BIMSIHHME HEYNPABISIEMbIX 3JIEKTPUYECKUX moned. [limHa 3a3eMIIeHHBIX
9KpaHOB OyAeT paBHA PACCTOSHHIO MEXKY IIACTUHAMU d, UM B PEabHOM CHCTEME UX
paccrositHue TakKe MOKeT ObITh 3d nin 2d. Kpome Toro, ToUHbIe BhIpaKeHUs IOTSHIUAIA,
YUHTHIBAIOIIME BIMSHUE KPAeBBIX MOJIEH APYT HA APYTra, MO3BOJWINA U3YUYNUTh IPUPOIY
KpaeBoTo IOJIsi 04EHb KOPOTKUX JEPIEKTOPHBIX TIACTHH C 3a3€MJICHHBIMH SKpaHaMHU.
B paborte Takxe paccMaTpuBaniach (GopMysia IMEKTPHUECKOTO 3apsiia H IOBEPXHOCTHOM
IUIOTHOCTH 3apsja NeeKTopHbIX mnacTuH. C yd4eToM KpaeBbIX d(PPEKTOB HAILIOCh
BBIpaKEHHE Il eMKOCTH aeduekropHbiXx muacTuH. OH COOTBETCTBYET (opMyrie
E€MKOCTH TIOCKOTO KOHJeHcaropa. [lo MOonMy4eHHBIM aHaIUTUYECKUM BBIPAKEHHSIM
CTpOUTCSl Tpaduueckoe U300pakeHUe KpaeBoro mojs. Ha pucyHKe KpaeBOro moss
e QIeKTOPHBIX IUTACTHH € 3a3eMJICHHBIM 3KPaHOM BHJHO, YTO TIOJIE HA PACCTOSTHUH OT
IPaHMIl 9KPaHOB X 20,5d gpngercs OZHOPOJHBIM I1OJIEM.

Ki1roueBble ci10Ba: 3a3¢MIICHHbIE 9KPAHBL, A€ (PICKTOPHBIE ITIACTHHBI, 3TIEKTPUIECKOE
110J1€, CKAJISIPHBIN MOTEHIMAJ, TPAaHNYHAs 3a/la4a, IIOBEPXHOCTHAS IJIOTHOCTH 3apsiia,
CHUJIOBBIE JIMHUM.

Kipicnme. Op Typini xopmyckynanslK — onTHKanbIK xyienep (KOX) 3apsaranran
OeJmexTep MIOKTAPBIH OacKapy, KeCKiHIepi aiy, COHIai-aK macca, YHEprHs JKoHe
KO3FaJIbIC OaFrbITTaphl OOMBIHIIIA OCHI aFBIHIAP b TANAAY YIIIiH KOJJaHbUIaabl. MyHai
XKyhenepai sko0aray jKoHE ecenTey Ke3iHjAe 3apsATanFaH OemeKTep ONTHKAchl MEH
(hM3UKaIBIK AIEKTPOHUKAMA IIEIIUICTIH OpPTYPIi Mocenenep TyblHAaiapl. MyHmait
€CeITep/l Iy OPBIHAATIATHIH €CeNTeYISPaiH AANIITIHE KOFaphl TayanTap KOsIbI.
Ocpinaifina, ecenreyinl TeXHUKaHbIH YIIKeH MYMKIHIIKTEPiH NMaiiaJanyFa HeTi3nenreH
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KOX-ziH acmanTeIK cUMaTTaManapblH ecenTey 9JICTEPiH kKacay dIEKTPOHIBIK ONTHKA
MEH FBUIBIMH acTall )acay/IblH 63¢KTi MIHIETi OOJIBIN TaObLIA k.

Artan aliTKaH/1a, )KaKCapThUIFaH aHATUTHKAJIBIK CHIIaTTaMallapbl 0ap KYpPBUIFbIIap bl
xKobajayra *KoHe ecenTeyre MyMKiHAIK OepeTiH )KaHa MaTeMaTUKAJbIK 9JIICTEpre KoHe
ecenTeyill TeXHUKaHBbIH MYMKIHIIKTEpiH apTThIpyFa HETi3AereH, CTaTHKAaJbIK JKOHE
YIIy YaKbIThl Macc-CIIEKTPOMETPIIEPIHIH MOHIBIK-ONTHKAIBIK JKyHeJepiH ecenTeyaiy
JKaHa OJIICTEpiH d3ipiiey Hazap aymapydbl KakeT eremi. JKas3bIK KOHE IWIMHIPIIK
KOHJCHCATOpJIApAbIH ILIETKi ©picTepiHiH Maceneci MbICajibl, dJIEKTPOTEXHHUKA,
ANEKTPOHNKA, MUKPOAJIEKTPOHHKA, TEJIEKOMMYHHUKAINS JK9HE T.0. KOTITEreH cajanapia
e3ekTi Oonbin  TaObuIanel. byl KoHOeHcaTOpmapAblH OCHI  camajapia KeHiHeH
KOJIZIAHBLTYBIHA JKOHE OJNap/blH LIETTIK OpicTepiH, COHBIH IMIiHIE ONapAbIH AIEKTPIIIK
cUmaTTaMayiapblHa dcepiH TYCiHy KaxeT. Kopyckynanblk ONTHKA calachlHAa Ka3bIK
KOHE LWIMHAPIIK KOHIEHCATOPIBIH LIETTIK OpIiCTepiH ecenTey epeKiie MaHbI3Fa
ne. Kopiyckynanblk ONTHKAaHBIH HEri3ri MakcaTbl JJIEKTPOMArHUTTIK ©picTepAiH
KOMETIMEeH 3apsiATanFaH OeJLeKTepAiH HIOKTapblH OacKapyfa apHalfaH opTypii
KYpPBUIFbIIApAbI XkKacay OoibIn TaOblIaasl. JKas3blK jkoHE HUIMHIAPIIK KOHAECHCATOpIIap
9Heprusi OOMbIHIIA 3apAaTaiFaH OeJIIeKTep LIOKTApbIH TackiMalaayFa, (oKycTayra
XKoHe Oeisryre OaillaHBICTBI SPTYpJI MoceJeNepAl LIelly YLIIH BIIEKTP epicTepiH
naianaHatelH KapanaibiM KypbUIFbLIap.

MyHpaali KypbUIFBUIApIBI COTTI XK00aay jkKoHEe ecenTey YLIIH KOHAEHCATOpIapAbIH
LIETTIK OPiCTepiHiH 9CepiH o aHBIKTAy KayKeT. Anaiiia, Oy1 ka3blK KoHE HUITHHAPIIIK
KOHJCHCATOpJIAp/bIH ILETTIK OpicTepiH ecenTey oAiCTepiH jKacaMaWbIHIIA MYMKIH
emec. COHBIMEH Karap, )ko0alaHFaH KYPbUIFBUIAP/BIH KYMBICBIH OHTAHIaHIBIPY YIIiH
OCBI LIETTIK OpicTepAl JOKATU3ALUIAY MAHBI3IbL.

JedneKkTopiblK IUIACTHHANAP - ayBITKYIIBl 3JEKTP ©pICiH TyABIpaThlH €Ki
napaJienb OTKI3Till INIACTUHAAAH TYpabl. 3apsaTanFan OelIeKkTep OKTapblHa dcepi
OolibIHIIA OJlap JKa3blK KOHAEHCATOPIBIH OpICiHEe YKcac yKOHE IJMEKTPOHIBI COYJEIiK
mutorpadusiga (Ogasawara, et al., 1998; Mulder, et al., 1998; Auzelyte, et al., 2004),
COHal-aK OPTYPJi SMEKTPOHIBI COYJENiK KYPBUIFbUIApAA 3JICKTPOHABIK MIOKTaP.Ibl
Oackapy yuriH Konganeuiansl. Conrbl yakpirta ogap UEM ckaHepreyii 3IeKTPOHIBIK
MHUKPOCKONMSIHBIH MaHbI3/bl dJIeMeHTi Oonbin Tadbuiaasl (Weppelman, et al., 2018;
Verhoeven, et al., 2018; Meuret, et al., 2019), myHaa onap ynriHi ckaHepiey Ke3iHae
CaHbUIAy apKbUIBI SJIEKTPOHIBIK CAyJeJep/i aybITKbITY YIIIH KosgaHbuiansl. Ochl
KOJIIaHBICTApABIH OapibIFbIHIA SJMEKTPOHIBIK IIOKTHIH KEHICTIKTIK YKOHE YaKbITTBIK
KBIPaTBIMIBUIBIFBl DJICKTPOHABI CAyleHi Oackapyna eTe MaHbBI3AbI PO aTKapasbl.
JedneKkTopiblK MacTUHAIAPABIH MIETTIK OpiciH 3apsaTanFaH OeIeKTep HIOFbIHBIH
ayBITKYbIHA 9CEPiH eCKepMel, CKaHepJIeyIi NIOKTHIH aXKbIPaTbIMIBUIBIFBIH apTTHIPYFa
KOJI J)KETKi3y MYMKiH eMec.

[eTTik epicTiH ocepl AJIEKTPOHAAP/ABIH KOJIJICHEH JXOHE OOWJIBIK OarbITTarbl
KBUTJAM/IBIFBIHBIH ©3TePyiHE aJIbIll KeJe 1, HOTH)KECIH/Ie OJIapAbIH HAKTHI TPAEKTOPHSCHI
uaeannad aybITKUAbl, 0y KOXK-nepaiH KeHICTIKTIK - YaKBITTBIK aXKbIPaThIMIBLIBIFbIH
Oy3anpl. CoHbIMEH Karap, Ae(UIeKTOPIbIK MIacTHHATIAPABIH Kipe OepiCiHaeri 2JeKTp
epici onmeTTe yakpITKa OalIaHBICTBI, COHABIKTaH JAe(IEKTOpIaH aybITKbIFAHHAH
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KEHiH SJIEeKTPOHIBIK COYyJIEHIH AWHAMHKAJIBIK KAacHETTepiH ecenTey KaKeT. AJFarl
pEeT DNEeKTPOMArHMUTTIK CEKTOpJiapiarbl ILIETTIK OpiCTepHiH ocepi KymbIcTapra
3epTTeli, anaiiia Oy >KyMbIcTap/a alblHFaH HOTHKEIEpi mapauienb Ae(IeKTOPIIbIK
IUTaCTHHANIAPFA KOJNJaHy KUbIHFA COFa/bl. OWTKEHI Ae(IeKTOPIBIK MIaCTHHATAPIAFbI
ANEKTPOHJAPABIH KUCHIKTHIK TPAEKTOPHSCHI SNEKTPOMArHUTTIK CEKTOpIIapFa Kaparania
TypakThl mama emec. COHBIMEH KaTap, Ae(IEeKTOPNbIK IUIacTHHalapAa »KOFapblra
alTBUTFAH/Ial, JIEKTP epicTepl YaKbIT 6Te Kele e3repei, Oyl 03 Ke3eriHe KOChIMIIa
3epTTeyJIepal KaKeT eTe/l.

AWBIK ymTapsl 0ap jKa3blK JKOHE HMIMHIAPIIK KOHAEHCATOPIBIH MIETTIK epici
YIIH KyBIKTAIFaH aHaJIMTUKAIBIK (opMysajap KOMIUIEKC aiHbIMaibl (QYHKLUsIIAP
teopusicbiHblH (KADT) axicrepin kKonaany apksuibl (Doskeyev, et al., 2011; Baisanov,
et al., 2012) anpiaran eni. CoHbIMEH KaTap, ILETTIK epicTep OOWBIHIIA ILOTY
KYMBICTapbIHAA JKa3bIK JKOHE LWJIMHIPIIK KOHIEHCATOPIAapAbIH IIETTIK epicTepiHiH
3D rpadukrepi ne 6epinren. Connaii-ak, (Spivak-Lavrov, et al., 2016, Souto, et al.,
2018) xymbIcTapia Toyesici3 alHBIMAJIbUIAp PETiHAE DJCKTP MOTEHIMATbl MEH KYII
(YHKIHMSICHI KOJIAHBUTIATBIH KO3FAJIbIC TEHACYJIEPiH HHTErpaljayiblH CTaHIAPTThI eMec
oxici ycoiHbuFaH. OChl 9IiC apKbUIBI HEPTHs aHAJIM3aTOPIapAbIH JKaHa cXemajapbl
€CeNnTeNreH. DIEeKTPOH/IBIK MIOKTapFa MIETTIK OPICTEePIiH 9CEpiH JKYBIKTAIl ecenTey
(Lixin, et al., 2019) >xymbicTapaa opbIHAANIBI, Oipak OyJ1 3epTTeynepai TONBIK Aer
canayra Oonmaiiapl. Kipici MeH IIBIFBICBIHA TApAILIETh )KEPre TYHBIKTaIFaH SKpaHaapbl
Oap aeduexropisik riactuHanap (CrnuBak-JlaBpos, et al., 2019; Spivak-Lavrov, et al.,
2022; Ilapuros, et al., 2023) sxyMbIcTapa KapacThIPbIIFaH.

Marepuajgap ’k9He Herisri agicrep
JKepre TyibIKTadFaH »dKpaHbl 0ap Ka3blK KOHACHCATOPIBIH €Ki  eJIIeM/Ii
JeIICKTOPIIBIK OPICiH KapacThIpalblK. MyH/all KOHJCHCATOP/ABIH CXEMAJIbIK KECKiHi
VO = 0

1.1-cyperte kepceTinred. MyH1a SKpaHIap/IbIH TOTCHIIUAIBI , QJT TTOJTFOCTEPIIH

OTeHIHAIBl V/ 2, KOHJEHCATOp IUIACTHHAJAPhl ApPACHIHIAFbl KalIbIKTBHIK d
Cyperre x JKoHE y IEKapTTHIK KOOPAMHATTAPHI Jja KOPCETIITEH, all 3JEKTPOATap z OcCi
OOIMBIMEH NIEKCI3 CO3bUIFaH JCIl €CEITENEI].

Vo V2

v

Vo V2

1.1-cypert - DkpaHbI Oap Ka3bIK KOHJCHCATOP/IBIH CXEMAIIbIK KECKiH1
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}KOJ'IaKTLI JKOTraprbl JKapThbl JKA3BIKTBIKTA KOPCETC OTBIPLII, M¥Hﬂal71 )KYI\/'ICHIH
IIOTCHIIMAJIbIH Keneci TYPAC )Ka3aMbI3:

o(u,v) =Karctgz—1(arctgl+u—arctgl_uj, (1.1)
T v 2m % %

MYHJAFbl
u=u(x,y)=exp (—ﬂxjsin(ﬂy]
d d
_ B o T
v=v(x,y) —exp( dx]cos[dyj .

Kommnueketi Typae 0yi1 TYpIAeHIIpy w =u +iv >KOFapFbl *KapThl Ka3bIKTHIKTAFbI
z=X+1y KOMIUIEKC Ka3bIKTBIKTAFbI JKOJIAKTHI KOPCETEA1 KOHE KeJeCl Typ/ie Ka3blIybl

(1.2)

MYMKIH:

W= iexp(— ZZJ, (1.3)

W- JKa3bIKTBIKTaFbI IIEKapajbIK ecer |.2-CypeTTe KopCceTisireH.

A
v

\4

—O

Vo -1 V2 0 7 Rz "

1.2-cyper - w- 5Ka3bIKThIKTAFbI IIEKAPATIBIK ECEIl

(1.2) momnin (1.3) opHBIHA KOMBIT, apKTAaHTEHCTEP KOCBHIHABICHIHBIH (hOpMYTachiH
KOJITAHBITI, TIOTEHITHAN YIIIIH KeJIeCi OpHEKTI aTaMbI3:

2rx) . (27my
4 U M
o(x,y)=—y ——arctg . (1.4)
d 2r ( 27rxj [271 yj
l+exp| ——— |cos| —=
d d
Enni (1.4) muddepenunanaay apkbuibl SIEKTP 6pici KEpHEYIITiHIH KypaylIbUIapbIH
TabaMbI3:
exp (— Zﬂxj sin (2ﬂyj
g --2__V d d (1.5)
ox d 21 x 2ny 4 x
I+2exp| ——— |cos ( +exp| ———
d d d
exp (_ 4”) +exp (_ m)cos (2”]
op V d d d (1.6)

E =——Ft=—"1|1-
y 2
Oy d 1+2exp (— ?j cos (zzlyjﬂexp (— 4ij
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¥ =0 ke3ingeri opTaHFbl )Ka3bIKTHIKTA:

(ZExJ
exp|
Ey(x’o):_z o \d) | (1.7)

1+exp (ZﬂxJ
d

(1.7) ¢opmynameH cunartajiraH OpTaHFBI JKA3bIKTHIKTAFbl IETTIK OPICTIH ©3repy
rpadwuri 1.3 -cyperTe KopceTureH.

-E,d/V

1,2 -

1 F

08 |
0,6
04 [

0.2f +

L L L 0 1 1 1 )
o

) 3 2 -1 0 1 2 3 xd 4

1.3 — cyper - KonieHCaTOp/IbIH OPTAHFbI )Ka3bIKTHIFBIH/IAFBI IIETTIK OPICTIH Tapalysbl

. d . . . :
Alimax mekapacbiHaa y = — Kkesinze (1.6) epHeriHeH Keneci ©pHEKTI anampi3:
2

2mx
d. v eXp( d ) 1.8
E,(x,5)=— : (1.8)
2 d (27rx)
1—exp E

JKoraprel OH 3apsiiTaiFaH IUIACTHHAJAFbI  3apSITHIH  TapalybIHbIH OCTTIK
TBIFBI3JILIFBIHBIH (POPMYJIachIH Ta0aAMBI3:

Ve, ! . (1.9)

I—exp (—MJ
d

HoTu:kesiep oHe TAJIKbLIAY
YKoraprbl 1eICKTOPIBIK IUIACTHHAHBIH IIeTiHe xakpiH O (X) esrepy rpadumri

o(x) =
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eV
1.4-cyperTe KepceTuireH, MyHAarbl O  mamachl d OipiriMeH eJIeHe/T.

['paduxTen kepin TypraHaii mekapagan tx > (.5 AYPITKbIFaH Ke3e 0 (X) momuzmepi
ic JKY31HIe ©3repMEHTIHIH )KOHE X-TiH Tep

¢ MoHI YH_IIH HOJITC, aJl OH MOHI Y]J_IIH 61pre

YMTBUIATEIHBIH Kopyre Gomamsl. (1.9) dbopmymaceman x=0 kesze O (X)  epexme
MOHTIe M€ eKeHIH Kepyre Oonazbl, OV (pU3UKAJIBIK TYPFBIIaH aliFaHjia dKpaHaap MEH
nedexTopybIK MIacTHHANApP apachIHIAFBl IEKCI3 Tap caHbuIAylapra OalIaHBICTHL.
Anatiga, Oy epekie MoH nHTerpanganansl. [IsHbBIHAA 12, )KOFAPFHI TUTACTUHAHBIH q,
3IEKTP 3apsAIbl KeJIeCi OPHEKIICH aHbIKTATaIbl:

2w x
x| x exp| — |dx
Ve ( d J Ve,

q = aIG(x)dx: p a j (27”() = e aln
— 0 - €XP 7 -1

exp(zzlxl)—l‘, (1.10)

o (campic.0ip.)
10

8 [

6

0,6 0,4 0,2 0,4 0,6

L x/d

10 L

&
1.4-cyper - eneM OipIiriHeri 3apsaaTeiH O (JC) OCTTIK THIFBI3IBIFBIHBIH TAPATYhI

MYHJIAFbI ¢ - z OCIHIH OaFrbIThl OOMBIHIIA aJIbIHFAH TIACTUHAJIAP IBIH Y3bIH/IbIFbI.

- _nx
Erep = exp[ d j €HTi3CeK, oHa [ OOMBIHINA eKIHIII PETTi MYIIEeTe
JIEHIHT] J2JIIIKIIEH aj1a aJlaMbl3:
gz 05yl g B, (1.11)
'Tod 2
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MyHAAFbl S| =aX; - neIeKTOPIbIK IUIACTHHAIAPALIH Kipic OOiriHiH aymaHbl.
)
Erep nedmekTopibik miacTuHanapasie y3biaabEsl [ <2d Gomca, omma 175 2

- e (hIICKTOPIIBIK TUTACTHHAJIAP IBIH ITBIFBIC OOJITIHIH

JIeTT anyFa 00JIajibl, MYH/IaFbl X2
V3BIHABIFEL. [ImacTuHAIApABIH OCHI OOMITIHACTI AIeKTp 3apsasl aa (1.11) Ten 6omamsr:

9, =4 Eg(’dSzV(l—ﬁ—gj. (1.12)

[InacTunanapabiH aynaHbl S=581+8,=2§ OONFaHIBIKTaH, TNTACTHHAHBIH JKaJIIThI

3apsibl MbIHAFaH TEH:

g S B’
=g +qg, = Vil-B-—1. (1.13)
9=9 749 J B 5

Ocbinan [<2d KbICKa NTe(PIEKTOPIBIK TUIACTHHATIAPIBIH CHIHBIMIBUIBIFGI YIIiH

KeJIeCl OpPHEKTI alaMbl3:

2
cx 0 1—ﬂ—ﬁ—’ (1.14)
d 2

MYHJIarbl

a2l (1.15)

B=exp| —|.
( d )
[ >2d 6onran xarmaiina neGaeKTOPIIBIK TTACTHHAIAPIB! YIIT OOTIKKE: Y3bIHIBIFBI
d GonarelH Kipic )KOHE HIBIFBICKA, COHBIMEH KaTap (l —-2d ) oprama y3bIHJIBIKKa
Oemyre 6omanbl. ComaH KeifiH CHIMBIMABLIBIK YIITIH OPHEK Ka3aMBbI3;

=0 S(é—zﬂ—ﬂz} (1.16)

1

/
Erep f =exp(—27) »oHe o1aHa a3 peTTi aManap/sl eJleMeiTiH 60ICaK, Ka3bIK

KOHJICHCATOP CHIABIM/IBLIBIFBIHBIH ()OPMYITAChIH aJ1aMbl3.
Ky cei3bIkTaps! yiniH quddepeHiiuaiibk TeHIeyIl CaHIbIK HHTEerPajliay apKbLIbl

sin 2ry

dx _E, _ d

dy E, exp(znxj+cos(2nyj
d d
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1.5-cyperTe KepceTireH LETTiK OpicTiH rpaduKanbik cypeTin anamblz. CypeTTeH
skpanap mekapacsian X 2 0,5d  xammikTeIKTa OpicTi GipTekTi opic aeyre Gomap!.
DJIEKTPOH X 0Chi OOMBIMEH JeIICKTOPABIH MICTKI opiciHe Vo KbLITaMIbIFbIMEH

yirein Kipeid. (1.7) dpopMymnanbl eckepe OTBIPHII, 3JIEKTPOHHBIH KO3FAJIBIC TEHIEYiH
Kazampl3:

exp(zﬂxj
dv
m—-=—eE (x,0)= eV d ; (1.18)
dt g (2nxj
I+exp| ——
d
y
0.6

06 olp ¥d os

N

\

1.5-cyper - JKepre Ty#bIKTaJIFaH SKpaHbl 0ap 1e(IeKTOPIBIK MIaCTHHATIAP/BIH IETTIK OpIiCiHIH CypeTi

-0.6 -

MYH/IaFbl € JKQHE M — JJIEKTPOHHBIH 3apsAJ]ibl MEH Maccachl. TyBIHJBIHBI yaKbITKa
0alIaHBICTBI TYPICHAIPY apKbLIBL:

dv, _dv, dx_av,

At dx dt dx " (1.19)
(1.19) Tenmeyni keneci Typae Kaiita »xa3yra Oonabl:
dl)y. _ eV P d (1 20)

dx mdv, 1+exp[2ﬂxj
d

(1.20) temneyni x OoiibIHIIA - -TE€H X,-Te JEHIHrT WHTerpalgacaK, MbIHAHBI
TabaMbI3:

o = eV 1n{1+exp[27;x,ﬂ~ elx, [Hﬂ_ﬁz]_ (1.21)

Y 2xmu, " mduv, 2
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ConbIMeH, Ae(eKTOpAbIH OIPTEKTi epiciHe eHreHre ACHIH AIEKTPOH KOJACHEH
KBUIIAMIBIKKA He Gonansl. Erep X, =d nen ancak, OHIa KOJJICHEH KbLUIIAMIIBIK

v, = 4 (1+ﬁ—ﬁ2], B =exp(-27). (1.22)
T omy, 2

CoHBIMEH, JKepre TYHWBIKTAIFaH JKpaHIap SJICKTP OpPiCiH JIOKaTU3alusIad TIHBI
JKoHE 0acKapbUIMANTBIH IANIBIpAY OPICTEpIH a3alTaTBIHABIFEl AHBIKTANILL. AJaiiga
JKYMBICTA QJIBIHFaH HOTIDKEJIEP TUTACTHHAJIAPIBIH COHBIHIAFHI IMETKI epicTepmin Oip-
OipiHEe oCcepiH ecemke aaMalIbpl JKOHE TEK JKCTKUTIKTI Y3apThUIFaH Ie(IeKTOPIBIK
TJIaCTHHAIAP YIIIH *KapaMIIbl, oJiap YIIiH OYJI ocep/Ii eneMeyre 0oIabl.

KopbiTbinabl. JKywmbicTa skepre TYHBIKTAIFaH SKpaHjuapbl 0ap aedieKTopIibik
IJIaCTHHANAPABIH TIETTIK epici KapacTelpsliabl. KADT omicrepiHiH KeMeTiMeH
MOTEHIIAAN YIIIIH aHAJTUTHKAIBIK OPHEK aJIbIHJIbI, OYI1 JKepre TYWBIKTaIFaH dKpaHIaphl
0ap meIIEKTOPIBIK IHIACTHHATIAPIBIH MIETTIK OPICIHIH CHITATHIH 3€PTTEYTe MYMKIHIIIK
Oepai. XKepre TyHbIKTaIFaH dKpaHIapabl Maiaanany ae(ICKTOPIbIK ITACTHHATIAP IBIH
MIETIH/IC CHIMATTAMAIBIK OJIIIeMAep] MIaCTHHATAD apachbHIAFbl ¢ KAIIBIKTHIKKA TCH
00JaThIH ailMaKTa IMETTIK YICKTP OPICIHIH JIOKATH3AUSIIaHybIHA OKEJIETiHI KOPCETUITCH.

2rs

COHBIMEH KATap, OPTAHFbI XKA3bIKTHIKTA P j | KeOeHTKilIen cunarranarbiH
OpICTIH DKCIIOHEHIMAJbl a3alobl OaiKanaabl, MYHAArbl S — JIeIEKTOPIBIK
IJIACTUHAIAP/BIH IIeKapachblHAH SKpaHjapra JediHri KambIKThIK. l[lleTrtik epicti
JIOKaJM3anusuiay 0akpUIaHOANTBIH IIAIIBIpaY OpiCTepiHIH dcepiH Jie azaiitaasl. HakTol
kyiiene JKepre TyHbIKTamFaH SKpaHIAPbIH Y3bIHIBIFBI 3d I[IAMAChIMEH IIEKTENYl
MYMKIiH, aJ1 Kei0ip skarnaitnapaa 2d mamachIMeH Jie eKTenyi MyMKiH. Jledrnekropibik
TUTaCTHHATAP/IAFbI 3apsITapAbIH Tapatybl 1a KapacTepbuiabl. LeTTik oceprepai eckepe
OTBIPBIIN, ACQPICKTOPIBIK IUIACTHHAJIAPABIH CHIABIM/BLIBIFBIHA apHAJIFAH ©PHEKTEP
TaObUIBL. JKYMBICTa allblHFaH HOTHKEJIEPli MAaTHUTTIK dKpaHaapbl 0ap MarHUTTEP/IiH
IICTTIK OPICIH CUMATTay YIIiH JI¢ Maiaianyra 00abl.

Kympic KP F2KEM FK XKXTH AP23486969 «OTkisril AeHre ek HHIHHIP HEeTi31H 1e
AQHTHUPE30HAHCTHIK MYJIBTHIIONBAIK JKYHENep/i o3ipiey jKOHE MOJENbICY» FBUIBIMH
YKO0ACBIHBIH TPAHTTHIK Kap)KbLIAHIBIPYBIMEH OPbIHIAJIIbI.
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Abstract. The inner region of the Zodiacal Cloud (ZC), located within Earth’s orbit,
remains one of the least explored areas of the Solar System (SS). The challenge of
studying this region using astronomical observations lies in the proximity of a bright
source—the Sun—and the difficulties in protecting sensitive instruments from its
influence. Most experiments aimed at detecting the thermal emission of dust in the
outer F-corona of the Sun have been conducted during total solar eclipses. In the list
of infrared (IR) observations of the corona presented by (Mann,et al.,2004) , thermal
emission was detected in 14 out of 30 cases, while 16 cases yiclded negative results.
The observed thermal emission in the near-IR wavelength range of 1 to 3.5 pm is
concentrated in the dust sublimation region of the Zodiacal Cloud (ZC) at distances of
3 to 10 RO. In addition to zodiacal dust, primarily originating from the asteroid belt,
cometary dust also infiltrates the near-Sun region. Comets that approach the Sun, known
as “sungrazing” comets, deposit significant amounts of scattered dust in close proximity
to the Sun. Furthermore, beyond the dust sublimation zone in the inner SS, substantial
scattered dust and dust clumps form due to the ongoing and progressive process of
thermal disintegration and fragmentation of comets. However, due to the complexity of
these experiments, regular searches for thermal emission at greater distances from the
Sun have not been conducted. We propose conducting space-based observations of the
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inner SS region using a small telescope or a camera equipped with a filter to search for
clouds of heated dust in the near-IR range.
Keywords: F-corona, dust, Zodiacal Cloud, comets, thermal emission
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AnHoTauus. JXep opOWTACHIHBIH IMIIHAC OpHAJTACKaH 30MHAKAIBIK OYJITTHIH
(3b) imki Gemiri Kyn xyitecinin (KXX) eH a3 3eprrenreH aitMakTapbIHBIH Oipi OOIBIT
TaObLIa/Ibl. ByJ allMaKThl aCTPOHOMHUSIIIBIK, OAKbLIAYIIAP apPKBUIBI 3ePTTCY/IiH KUBIHIIBIFBI
JKapblK Ke3iHiH — KyHHIH KaKbIHABIFBIMEH JKOHE JKapBIKKA CE3IMTal ammaparypaHbl
OHBIH OCEpIHEeH KOpFay KUBIHIBIKTapbIMeH OaitnanbicThl. HerizineH KyHHIH CBIPTKBI
F-xopoHachIHIaFbl IIaHHBIH KbLTY SMUCCHSICBIH 137Ieyre apHaliFaH SKCICPUMEHTTEP
TonbIK KyH TYTBUTYBI Ke3inme xyprizingi. (Mann, et al.,2004) eHOerinae YCHIHBUTFAH
kopoHaHbIH wH(ppakeiem1 (MK) OakputaynapeiabiH TiziMiHge 30 skarmaiaeiH 14-
IHIE JKBUTy SMHUCCHSCHI TaObUIFaH, an 16 »xarmail Tepic HoTwke OepreH. l-meH
3,5 MxM-Te aeiinri xakbiH WK TONKBIH Y3BIHIBIKTAPBIHIAAFBI AHBIKTAIFAH IKBLTY
amuccuschl 3oanakanblk Oyt (3b) maHbHBIH cyOnuMaius aitmarbiaaa, 3-teH 10 RO
apaJIbIFbIHIAFbI KAIIBIKTHIKTA IIIOFBIPIIaHFad. Actepourap Oesieyi OoJbI caHaIaThbIH
307MaKaIbIK IIaHHAaH O0acka, KyHre akbH aiiMakKa KOMETAIBIK IIaH na eHemi. Kynre
JKaKBIHJAUTBIH KOMETanap, SFHU «sungrazing» kometanap, KyHHIH MaHBIHIA Kell
MeJIIIep/ie INalblparal IaH Kauabipaasl. Conpai-ak, imki KXK-ma cyOmmumarus
aliMarbIHaH TBHIC JKEpJe KOMEeTaJapAblH TePMHUSIIBIK OY3BLTYhI XKoHE (PparMeHTaIHsIChl
HOTH)KECIHJIC KON MeJIIep/e MIallblpaFaH I[IaH MEH IIaHJIbl MIOFBIPIAp TY3UIEII.
Anaiina, OChIHJAW SKCIIEPUMEHTTEPAIH KypAewilirine OainanbicThl, KyHHEH aibic
KAITBIKTBIKTAP/IaFbl JKBUTY DMUCCHSICBIH TYPaKTHI TypAe i3aey kyprizinmeni. biz Kyn
KYHeCiHiH 11Ki aiimarbiH kakbiH MK anama3onna KbI3abIpbUTFaH MaH OYITTapbiH i34ey
YILIiH [IaFBIH TEJIECKOI HeMece CY3rici 0ap KaMepaHsbI Mai 1alaHsblil, arTMoc(epaiaH ThIC
OaxpIIayIap KYprizyai YChIHAMBI3.

Tyiiin ce3nep: F-xopoHa, maH, 307uaKkanbiK OYIIT, KOMeTanap, )XbUTY SMUCCHSICHI
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AnHoTanus. BHyTpenHss yacth 3o1uakanbHoro oomnaka (30), HaxosImascs BHyTpH
opOUTHI 3eMJIM — OJlHA U3 CaMbIX MaJOU3yueHHBIX oOnacteid COJTHEYHON CUCTEMBI
(CC). Ilpobiema uccnenoBaHmii TOH OOJACTH C UCIOIB30BAHUEM aCTPOHOMHUYECKUX
HaOMIONIEHUI CBsi3aHa ¢ OMM30CTHIO SIPKOr0 MCTOYHWKA - COJNHIIA ¥ C TPYIHOCTSIMHU
3alUThl CBETOYYBCTBUTEIBHOW ammaparypbl OT €ro BO3ieicTBus. B ocHOBHOM
OKCIIEPUMEHTBI, CBSI3aHHBIC C IOMCKOM TEIUIOBOM ASMHUCCHM TbLUIM BO BHEIIHEH
F-xopone ComnHila, MpoBOIWIIMCE BO BpeMs TIOJHBIX COJHEUHBIX 3aTMeHUN. B crmcke
nHdppakpacusix (MK) Habnronennii KopoHsl, peacTaBieHHOM B pabore (Mann, et al.,
2004), B 14 u3 30 cyuaes TeruioBas SMUCCH OOHapyKeHa, a B 16 ciryyasix pe3ysnbrar Obut
orpuraresnbHbiM. OOHapyKeHHas! TerioBas aMuccus B Onmxaem MK nuanazone aimuH
BoyiH oT 1 70 3.5 MKM cocpeoTodeHa B 00IacTu CyOIMMaIuu MbUTH 30/IMaKaIbHOTO
O6naxa (30) Ha paccrosuusx ot 3 1o 10 R . Kpome 3011akanbHOM MbUTH, HCTOYHUKOM
KOTOPOH CYHMTAeTCsl MOsiC acTepOUIOB, B OKOJOCOJHEUHYIO 00JacTh MPOHUKACT H
koMeTHas mbuTb. KomeTsl, cOmmkatonmecst ¢ COHIIEM, TaK Ha3bIBaeMbIe «SUNgrazing
KOMETBI, OCTaBJISIFOT MHOTO PAaCCEsHHOM MBbUIM HEmocpeAcTBeHHO BONMM3u ConHOa.
Takxke, Bo BHyTpenHeil CC 3a mpenenamu o0JacTd CyOaMManuu oOpa3yeTcs MHOTO
pacCesiHHON TbLIM ¥ TBUICBBIX CTYCTKOB BCIICACTBHE aKTUBHOTO MPOrPECCUPYIOIIETO
mpoliecca TEIIOBOro paspylleHns U parMeHTanuy Komer. TeM He MeHee, B CBSI3U CO
CIIOKHOCTBIO MOJOOHBIX AKCIIEPUMEHTOB, PETYIISIPHBIX MIOMCKOB TEIIOBOI SMUCCHU Ha
Oonee panékux pacctostHusX oT CoJHIA HE MPOBOAMIOCH. MBI peiaraeM mpoBeCTH
BHeaTMoc(epHble HabmrofeHus BHyTpeHHerd obnactn CC ¢ moMouipio HEOOJBIIOTo
TEJIeCKOTa, JIN00 KaMephl ¢ (PUIBTPOM JIJIsl MOMCKA O0JIAKOB HATPETOH MBLUTH B OJMKHEM

UK nuanasone.
KuroueBbie cjioBa: F-kopoHa, mblih, 301MaKaIbHOE 00J1aK0, KOMETBI, TEPMOIMHUCCHSI.
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Beenenue. Mcropusi Mcciiel0BaHU TEPMOIMHUCCHH KOPOHBI. BriepBbie Ha
obnactp cyOnumanuu meiid okoio CosHna oOpaTHiIM BHHUMaHHE TOCIE COOOIICHHUN
(Peterson, 1967) 06 oOHapy>KeHUH BO BpeMsI TOJTHOTO COTHEYHOT0 3aTMEHUs 12 HOs0ps
1966 rona J0KaNbHBIX MAKCUMYMOB TEpMOAMHUCCHH TbUTH. [Ip116 ObLIA OOHApYIKEeHa Ha
TeJIMOLCHTPUYECKOM paccTostHUU 4.0 R BONIM3H MIIOCKOCTH SKIMIITHKH, KaK K BOCTOKY,
Tak 1 K 3anany ot ConHna Ha aiuHax BoiH A 2.2 u 3.5 mkm. 3atem, (MacQween, 1968)
JIOJIOKUIT O HAOMIOAEHUH BO BPEMsI TOTO )K€ COJTHEYHOTO 3aTMEHHUS IBYX MaKCHMYMOB
TepMosMHUccuu Takke Ha paccTostHud 4.0 R ot CoiHLA M MOYTH Ha MOPSIOK Oolee
c1aboro M30BITKa TEPMOIMHCCUH Ha paccTosHuM 3.5 R Ha mimHe BOMHBI A=2.2 MKM.
Kpome a3toro, (MacQween,1968) nonoxun o Habmonenuu 9 sHBaps 1967 roga emé
TpEX M30BITKOB TEPMOAIMHCCHM Ha A=2.2 MKM Ha pacctosHusx 4.0, 8.7, u 9.2 R ¢
MOMOIIBbIO KOpoHOTpada, MOAHATOTO B CTparocdepy.

Bo Bpems conreunoro 3armenus 30 utons 1973 roga ObLIH BBITOTHEHBI HAOTIOCHUS
MBIJIEBOM KOPOHBI B 00JacTH UIMH BoJH A = {8-13} MKM c OGopTa CBEpX3BYKOBOTO
camonéra “Concorde 001” (Lena, et al.,1974). CkanupoBaHue oO0JacTH BOIH3U
IJIOCKOCTH JKJIMITUKU YyAAJIOCh NMPOBECTU Ha paccTosHUsAX oT 3 1o 19 R x BocToky
or Connua. Bo Bpems monéra camonéra BIOJb IOJIOCH 3aTMEHHS OBLIO CHENaHO
HECKOJIBKO CKaHOB pa3zHoi anuHbl, HaunHas ¢ 3 R. [locne ycpenHenus: ckaHOB ObLIH
BbIJIEJIEHBI 2 MAKCUMYMa TEPMOIMHUCCHH, PACTIOIOKEHHBIX Ha paccTosHIAX 4 R m 6.5 R.
Bbu1 noyven cymmapHsblii ciekTp obiactu oT 8 1o 13 MkM Ha pacctostauu 3 R. Ha stom
CIIEKTPE BBIJEICHBI HEKOTOPhIE 0COOCHHOCTU: MAKCUMYM Ha A9.5 MKM 1 pocT Ha A > 11
MKM, KOTOPBIE aBTOPBI OTHOCST K CHJIMKaram, a Ha A 10.8 MKM IpeanonoKUTeIbHO K
rpaduram. Makcumymsl Ha A= {8.6, 11.3, 11.8 u 12.4} MKM aBTOpBI HE KOMMEHTHPYIOT.
W3 mocneqHuX MbI MOXKEM BBIJICIIUThH JiBa MakcuMyMa - Ha A8.6 MkM u 11.3 MKwm,
KoTopele coBrnanarT ¢ JnmuHamu BoiH [TAY (PAH) monekyn (Kwok, 2022), mouck
KOTOPBIX TOKE MOXKET CTaTh OTAENbHOM 3a1aueil. B padore (Kwok, 2022) npencrasnen
0030p, B KOTOpoM paccMoTpeHsl nosockl MK sMuccuu, Ha3BaHHBIE aBTOPOM Kak
HenIeHTuuIupoBaHubie nHPpakpacHsie smuccun (HND). Cpenu HUX mepedrcieHs
CUJIBHEIE TIOJIOCHI Ha IJIMHAX BoiH 3.3, 6.2, 7.7, 8.6 u 11.3 MkMm u cnabeie Ha 12.1, 12.4,
12.7,13.3,15.8,16.4, 17.4, 17.8 u 18.9 MxM, KOTOpBIC HAOIONATUCH B TPOTOIIAHETHBIX
tymanHocTax (Kwok,et al., 1999). CunbHblie nionockl oTHOCAT K amuccuu [TAY (PAH)
moekyi1. Oana u3 UIE monoc Ha 12.4 MmxM Takxke oOHapykeHa B HaOmoneHusx (Lena,
etal.,1974).

Marepuanansl u mMeroabl. Mizutani, et al., (1984, 1985) mpoBenu HaOIrOMEHUS
pacrpeneneHus SpKOCTH COJIHEYHOH KOPOHBI B ONM)KHEM MH(paKpacHOM AMana3oHe
C MOMOIIBI0 (OTOMETPA, YCTAHOBICHHOTO Ha BO3MYIIHOM LIape BO BPEMs MOJIHOTO
conueuHoro 3atmenus 11 urons 1983 roga B Manone3un. ABropamu Obl1 0OHapyKeH
muK Ha A 1.65 MM Ha paccrostHuu 3.8 R ¢ ogHoli croponsl or Connna. Ha npyrux
JUITMHAX BOJIH, KaK MEHbIIIE, TaK U OONbLIC YKa3aHHOM JUTMHBI BOJTHBI, M30BITKA TETJIOBOH
SMHCCUH HE 00HapykeHO. JIoKaIbHbIH N30BITOK M3Ty4YeHUs Ha .65 MKM Tak:ke HABOIUT
Ha MbICJIb 0 Bo3MOKHOM TipucyTcTBuu [1AY (PAH) monekyn, mockonbKy 3Ta JuinHa
BOJTHBI COCTABIISIET MOJIOBUHY OT 3.3 MKM, KOTOpasi 4acTO BCTpPEUaeTcsl BOIM3U MHOTUX
00BEKTOB, BKJIIOYas maHeTapHslie TymaHHocTH (Kwok, 2022).
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Mizutani, etal., (1984) mposenu nerom 1978 rona HazeMHbIe HAOTIOACHUS B OJMKHEM
HHPaKpaCHOM JHara3oHe Ha JUIMHAaX BOJMH 2.2 MKM U 3.5 MKM B HOMBITKE U3MEPHUTH
TEIJIOBOE M3ITyYeHHUE MBUTH. B 9TOM SKCniepruMeHTe He yaalioch OOHAPYKHUTh TEIJIOBOE
W3Ty4YeHHUEe, XOTs OIIMOKH M3MEPEHUH OBbLIM 3HAYMTENBHO HUKE, YeM B MPEIbLAYIINX
YCIICHIHBIX HAOIIOACHUSX.

Taxoke ObuH M npyrue coodOmenus (Maihara, et al.,1985; Mampaso, et al.,1983),
rJe AOKIajbIBaeTcs, 4yTo 70 paccrosHuit 10 R TemoBoii smMuccun He OOHapy>KEHO.
Habmronenust termnoBoro wm3nyudeHuss mbutd B F-xopone Bo Bpemst 3atmenust 11
ntonst 1991 ropa, nposenéunsie (Lamy,et al., 1992) ¢ xopoueil 4yBCTBUTEIBHOCTBIO
ONpeNeNEHHO Jand OTpHLaTeibHble pe3ynsrarel. [lomoca 3armenust 1991 ropa
MPOXOIWJIa 4Yepe3 BBICOKOTOpHYIO oOcepBaroputo Mayna-Kea, yto sBisiercst ere
OZIHAM TIPEHMYIIECTBOM JISi M3MEPEHUs] KOPOHBI Ha OOJIBIIMX YITIOBBIX PACCTOSHUIX
ot ConHua. ABTOpaMH NpPeICTaBICHbI Pe3ylbTaThl SKCIEPUMEHTA, MPOBEIECHHOTO Ha
Mayna-Kea, ucronn3yst B kadectBe aerekropa marpuny HgCdTe, uyBcTBUTENBHON K
JUIMHAaM BOJH OT | 10 2.5 MKM, C UCIOJIb30BaHUEM IIMPOKOTONIOCHBIX puisTpoB J, H
n K. Xotst ycnoBust Ha HeOe He ObLIM MAeaIbHBIMU, IIOBEPXHOCTHAS SIPKOCTh B H- 1
K-nnanazonax sicHO oka3ana HEOMHOPOIHYIO CTPYKTYPY K-KOpOHBI 1 aJmunTu4eckoe
ymonieHue F-kopoHbl, HO HUKaKUX MPU3HAKOB OKOJIOCOTHEYHOM JTOKANbHON MBLIEBOM
cocramisitonield Ha pacctosiHud 10 15 R He oGHapykeHo. Crmcoxk MK nabmonennit
KOPOHBI TIpeacTaBieH B padote (Mann, et al., 2004). B atom criucke B 14 ciayuasx u3 30
TEpPMOAMHCCHUS OOHApYKeHa, a B 16 ciydasx pe3yasrar ObUT OTPULATEIbHBIM.

OOuwmii BEIBOA, KOTOPBIA MOXKHO CHIENIATh U3 KPATKOTO 0030pa HCTOPUHU HaOMIOACHUH
TETJIOBOTO M3IIy4eHHs B F-KOpOHE COCTOHT B TOM, YTO MPUCYTCTBHUE MBUIH B KOPOHE HE
OTJINYAETCsI CTAOMIIBHOCTBIO, TOCTOSHHBIX CTPYKTYP B BUJE MBIIEBBIX KOJIEI] MOXKET HE
ObITh. bonee BeposiTHO 0OHapyx)eHue (hparMeHTapHOro MPHUCYTCTBHS B BHJE OOIAaKOB
MBITH, 00Pa30BaBIIMXCA MOCIE pacnana 0oyee KPyMHBIX TE TUIA «Sungrazing» KOMeT
WM METEOPHBIX MOTOKOB, KaK MPOAYKTOB paclasia acTePOUJAHO-KOMETHBIX TNl U UX
(parmMeHTOB.

Ouenku sipkocTu Koponbl B Onm:kHeM UK nuanazone. OnTuueckue JaHHBIE,
npencrasiieHHbie B padore (Kimura and Mann, 1998), naror oneHky sipkoctu HeOa
BO BpeMsI COJTHEYHOTO 3aTMEHHUS B €IMHHILAX APKOCTH COJHEYHOIO AMCKA Ha YPOBHE
~10* B. Hamm HaOmoneHus spkocTi HeOa BO BpeMsl TIOJTHOTO COTHEYHOTO 3aTMEHHMS
29.03.2006 na paccrossauu 4 R BOmm3u A0.52 mxm (Illecrakosa, /lemuenko, 2010)
MoKa3au Bean4yuHy okosio 5 X 10 B (Tabmuma 1).
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Pucynok 1. HTEHCHBHOCTH COTHEYHON KOPOHBI Ha paccTosiHUU 4 R B eiMHUIIaX UHTEHCUBHOCTH
COJIHIIA B JMana3oHe ot Buaumoit 1o MK obnactu criekrpa

CBoniHBIE JTaHHBIE O SIPKOCTH KOPOHBI Ha paccTossHuM 4R, mpencTaBieHHBIE B
pabdore (Kimura and Mann, 1998) nokazansl Ha pucyHke 1. M3mepeHus sipkoctu
KOpPOHBI, TOTYYEHHBIC B Pa3HbIe MEPUOABI B MHTEpBaje MUH BoJAH OT 0.3 10 2 MKM
MmoKasanu BeauuuHy B naTepBaie (1-5) x 10° B, uro coBmagaer ¢ paHee CIeTaHHBIMU
M3MEPEHUSMHU U HAlMMU AaHHbIiME Ha A 0.52 mxwm (Tabnuma 1). Ha pucynke 1 MoxHO
OTMETHTh yBeIH4YeHHUe sipkocTh 10 10* B ¢ pocTOM IJTHHBI BOJIHBI.

Tabmuua 1. SIpkocTth Heda Bo BpeMst coiHeuHoro 3atMenus 29.03.2006, 10.52 MM
Elongation 4.0R (E) 4.4R (W) 10R (E) 10R (W)
Eclipse 4.92x10°B 470 x 10° B 2.85x10°B 2.86 x 10° B

Pe3ynbrarpl HaOMIOOCHMS MBUICBOH KOPOHBI BO BpeMs COJNHEYHOro 3arMeHus 30
utons 1973 rona, mosrydeHHbIe B 001aCTH JUTUH BOJIH § — 13 MKM ¢ 60pTa CBEPX3BYKOBOT'O
camonéra (Lena, et al., 1974), mokasamu cpexioio siprocte B | = (3.7 - 5) pBr¥em
2crep'w! Ha mHTepBane paccrosuuit ot 3 10 8 R. Cornacho manueim (Makarova, et
al.,1991) sapkocTh comHeyHOTO Jricka Ha A 10 MKM cocTaBisieT Benuuuny B= 3.6 x 10°
Bt/(M? MKM cp), 4TO TOYTH Ha 3 TOpsAKa MEHBbIIE IPKOCTH Ha A 2.0 MKM, paBHOU B =
1.6 x 10° Bt/(m> MxMm cp). TTocne nepeBoaa exunwil qanubix (Lena, et al., 1974) B 10T
Ke (hopMmar ApKOCTh KOPOHBI Ha A=10 Mkm Oyzer pasua: B, | =(3.7-5) x 1072 BT/(M*MKM
Ccp), 4TO cocTapisieT BenuuuHy nopsiaka 107° B. [Tonmyuennast BenmumurHa Ha 4 mopsiika
MIPEBOCXOIUT BEIMUMHY COOTHOILECHHS SIPKOCTEH /1715l OITHYECKOTO AUara3oHa, KoTopast
Oomuska k 10°B, 4ro BbI3bIBacT Hemanoe yauBieHHE. OOBSICHUTH TaKOe PazIHIHe
paccessHIeM COTHEYHOTO CBETa HEBO3MOXKHO. DTO MOXKET OBITh PE3YJIBTaTOM H30BITOUHOM
TepMoamuccueit e, Omuccuss PAH mMonekyn Taxke Moriia BHECTH cBOH BKiad. o
HACTOALIETO BpeMEeHH Bompoc ocTtaércsi HepemeHHBIM. M3 onbita MK uccnenoBanmii
KOPOHBI MOKHO CJIEJIaTh BBIBOJ, YTO HEOOJBIIOE CMEIIECHHE MOJOCHI MPOIYCKaHUs B
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CTOPOHY YBEJIMYCHHS JJIMHBI BOJHBI MOXKET MOBBICUTH BEPOSITHOCTH OOHApPYKEHUS
TEPMOIMHCCUH Ha HEKOTOPOM YIaJIeHHH OT COJHEYHOTo aucKa. bbuto Obl HHTEpECHO B
TaKuX HaOIIOIEHUAX UCTIONB30BaTh (QUIIBTP ¢ MAKCUMYMOM TIPONyCKaHust Ha A = 3.3
MKM, 9TOOBI YBEJIMYHUTh HIAHCHl OOHAPYKEHUSI KaK TEPMOAMUCCHHU TBUIEBBIX 00JAKOB,
Tak U ckorieHnid PAH monekyn, B ToM uMcie W Ha 3HAYUTEIBHBIX PACCTOSHUSAX OT
Connua npsigka 50 R .

B pabore (Kimura and Mann,1998) mnokazana 3aBucumocth sipkoctu 3C oOT
UIOHTalUM U BUAMMOIO IUana3oHa CIEeKTpa, Iie MUHMMaibHas sgpkocTe 3C Ha
OonbioM ynanenun ot ConHia OM3Ka K SPKOCTH HOYHOTO HeOa M paBHa MPUMEPHO
10°B. Spkocth CoiHIla B BHIMMOM JHaIia30He CIIEKTpa COCTaBIeT okosio B~ 3 x 107
ok/(cex M*MkM cp) mo ganueiM (Makarova, et al.,1991). C yu€Tom 3THX JaHHBIX MBI
nony4ynm onenky spkoctd 3C Takxke Ha OonboM ynanenun ot Connua B, = 10°B
=3 x 10 mx/(cex M>MKM cp).

B pabore (Ootsubo, et al.,1998) mansl pesynsrarsl Habmogenuit 30 B cpenHem
UK B unTepBane 3-12 MKM Ha »moHramusx or 95° m jganee B 3aBUCHUMOCTH OT
SKIUNTHYECKON MHUPOTHL. [loBEpXHOCTHAS SPKOCTH HA HYJIEBOM HIMPOTE B MHTEpBaJe
JutiH BoJH 5.7-10.7 MM Bo3pactana ot 10° qo 10° BT/(M2cTep). ABTOpPBI CUHMTAIOT,
YTO CTHEKTP 30MAKATIBHOTO H3IIyUYSHHS MOKET OBITh TOBOJBLHO XOPOILO BOCIPOHU3BEICH
u3Iy4YeHueM «ceporo Tena» npu temmeparype 280 K ¢ m30biTkoM okoio 10 MK,
KOTOPBI MOXeET OBITh OTHECEH K CHJIMKAaTHOH mojoce m3nydeHus. [loBepxHocTHas
spkocth B UK nnamazone no ganubsiM (Ootsubo,1998) okaszanach Onu3ka K OLCHKaM,
npencrasieHHbiM (Kimura and Mann,1998) nmist ontuyeckoro amanazoHa. Takum
00pa3zoM, TeCTUpOBaHKE 00OPYAOBAaHHS MJIAHUPYEMOTO AJIsi KOCMHUYECKUX U MTPOBEPKU
YYBCTBUTEJIBHOCTH NPUEMHHUKA C LI€TIBI0 TPUTOAHOCTH JIJIs BBIITOJIHEHUS TaHHOM 3a/1aun
MOXXHO MPOBOAMTH MO HOUYHOMY HeOy. [lockoibKy Hamia nens — uccnenoBanue Oosee
BHyTpeHHUX obnactelt 30, To OKHUIaeMble MAKCUMYMBI TEPMOIMHUCCUH OYyT CMELICHBI
[0 JUIMHE BOJIHBI B KOPOTKOBOJIHOBYIO 00JaCTh, MO3TOMY MBI JOJKHBI HCIIOJIb30BATh
(GUIBTp ¢ MAKCHMYMOM NPOIYCKaHUs pU A = 3.3 MKM.

Oocyxaenue. Heobxooumoe obopyodosanue: i PEIICHUS TOCTABICHHON 3a1a4u
HeoOxoauM Teneckor ¢ aneprypoid 30-40 cM ¢ GUIBTPOM, HACTPOSHHBIM Ha OJMKHUM
UK nuanason. Bosmoxuble o6nactu nporyckanus Gpunsrpai =2.2+0.3 MkMmu A =3.3
+ 0.3 mxm. JlmuHa BoaHBI 3.3 MKM MpEANOYTHTENIbHEE, TOCKOIBKY OHA COOTBETCTBYET
cnekrpansHoi nonoce [TAY (PAH) monekys, KOTopble Tak:ke MOTYT IIPUCYTCTBOBATH B
YKa3aHHOW OKOJIOCOJIHEYHOH 00NacTh. DTa JIMHA BOJIHBI COOTBETCTBYET TEMIIEPATYpe
U3Iy4YeHus: «abcomroTHO uepHOro Ttena» okosno 870K, koTopas cooTBeTCTByeT
paccrosiamio 22 R . Tlpu BbIGOpE husbTpa, HACTPOEHHOTO HA A = 2.2 MKM, yCIIOBHAM
9TOTO MakcUMyMa MPOIYCKaHusl PUIBTPa COOTBETCTBYET paccTosiuue okono 10 R, rae
TeMIepaTypa «abCcoI0THO YepHoro Tenay omuska k 1300K.

B xauyecTBe anprepHaTHBBI MOXKET OBITH BBIOpaH Oosee MPOCTOH BapuUaHT
npubopa — HeOompLIas KaMepa ¢ QUIBTPOM C IIUPOKUM mosieMm 3peHus 10° - 20°
0e3 nuraromeii ontuku. [lone 3penust 10° coorBercTByeT 40R . Ilepen oObekTHBOM
kamepsl ceerocuiioi ot 1:1 1o 1:1.5 ¢ aneprypoii 4-6 cm 3akperusercs d nonHocThio
MEePeKpHIBAIOIINI CcBeTOBOM IMy4dok. B ¢okyce oObektuBa ycrtanaBmuaercs [13C-
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MaTpuIla, YyBCTBUTEIbHASI B OOJNACTH JUIMH BOJIH A = 2-4 MKM. CIIO)KHOCTh TaKHX
HAOJIOICHUIT COCTOMT B aKKypaTHOM HaBEJCHHUM Ha OKOJIOCOJTHEYHYIO OO0JIACTh C
HECKOJIbKUX TIO3UIIMOHHBIX HampaBieHud Bokpyr Comnna. HaumbGonee wHTEpecHOe
paccTosiHHE OT LIEHTpa CoMHeyHoro aucka 4 — 24 R | 1o ectb ot 1° 10 6°. DTa 061acTh
COBITAJIACT C 00JIACTHIO CYOIMMAIIMH TIBUTH PA3HOI0 XUMUYECKOTO COCTaBa.

HabmroneHuss MOXHO OTpaHHYUTH ABYMsI OOJIACTSIMH: K 3alajy U K BOCTOKY OT
CouHIa BOJIHM3M IUIOCKOCTH SKIMNTHKU. [IpU HEBO3MOXKHOCTH OCYIISCTBUTH OJIM3KOE
k CoJIHIly HaBe/ICHUE, MOXKHO OIPaHUYHUTHCS HAONOJCHUEM Ooliee Na€Kux obiacTei
BOJIM3U TUIOCKOCTH SKJIMIITUKYU U B HAITPABIICHUH €€ TTOJIFOCOB JIJIS BBISIBJICHUS CTYCTKOB
neltu uiu PAH monexyin.

3akawuuTeNbHbIe 3aMedanns. VccienoBanue BHyTpeHHEH oOnactu CONHEYHOM
Cucrembl B UK nuamazoHe ¢ 1enbi0 MOMCKa OOBEKTOB, O0JaNAONIMX TEIJIOBOM
SMUCCHEH, TO3BOJIUT M3YYHUTh MPUPOIY ITUX OOBEKTOB U UCTOUHUKU WX TOSBICHUS.
ACTpOHOMUYECKHME HAOIIONEHUS JTOM 00macTH KpallHE HEMHOTOYHCIICHHBI,
OOJIBIIIMHCTBO M3 HUX OCYIIECTBIISIIUCH TOJIBKO BO BPEMSI PEIIKUX COOBITHIA - MOIHBIX
COJTHEUHBIX 3aTMEHUM. MHOTOYMCICHHBIE MUCCHUHU, MOPOBOIMMEIE H3 KOCMOCA, B
OCHOBHOM, OpPHEHTHPOBAaHBI Ha 00JacTh Naj€éKyr OT HamparieHuss Ha CoiHIE U
HalpaBJICHbl HAa HCCICIOBAHUS PA3IUYHBIX TaJaKTUYCCKUX M BHETANTAKTHUYECKUX
o0bekToB. [lpu »TOM Ommkaiiiiue padoOHBI KOCMOCAa OCTATCS HEAOCTAaTOYHO
HCCICNOBAHHBIMHU, HECMOTpPSI Ha TO, YTO 3[ECh IMPOUCXOIUT MHOKECTBO AKTHUBHBIX
MIPOLIECCOB, CBS3aHHBIX C Pa3pyIICHHEM MaJbIX TEJ KOMETHO-aCTEePOUIHOrO THUMA U
30/IMaKaJIbHON MBUTH. DTH 00BEKThI OKA3bIBAIOT HEIIOCPEACTBEHHOE BIUSHUE HA CPEAY
oOuTaHMsI YEJIOBEYESCTBA, B TOM UUCIIC M B CMBICIIE METEOPUTHOHN omacHOCTH. CoHIle
AKTHBHO B3aUMOJICHCTBYET C BHEIIHEU CPEIOi, MaJIbIMU TE€JIaMU IUIAHETHON CUCTEMBI,
0 4€M CBUJIETEIILCTBYIOT pe3ysbTarhl padboTel mMuccuu SOHO, mokasaBmiue, 4yTo Ha
Connue nagaet okono 200 komet B roa. O4eBUAHO, UTO BO BpeMsi ABMKeHUsI K CONHITY
OHM BBIICTSIOT 3HAYUTEIBHOE KOJIWYECTBO NIBUIM W Tas3a, SBISIOTCS HCTOUHUKAMH
MeteopounoB. [lnanupyemas B Kazaxcrane kocMudeckas MUCCUSI MOXKET MPOSICHUTh
HEKOTOPbIE UHTEPECHBIE MOMEHTHI, CBSI3AHHBIE C 3TUMHU SBIICHUSMH.

JanHoe uccienoanue GuHancupoBaiock Komurerom Hayk MUHHCTEPCTBA HAYKH
u BbIciero oopazoBanus PecryOnuku Kazaxcran (rpant Ne BR24992759).
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Abstract. The article is devoted to the study of the actual problem of obtaining
nanoparticles of antimicrobial drugs and materials. The paper discusses the future
of the method of synthesis of silver nanoparticles of various sizes, shapes and
compositions. Nanobacteric properties and experimental application of nanotubes in
polymer production are shown. It is known that the antibacterial properties of silver
nanoparticles depend on its competent structure and morphology. Silver nanoparticles
have been thoroughly investigated due to their unique characteristics, including optical,
protective, antibacterial and electrical properties. In the era of the antibiotic crisis,
with the growth of antimicrobial resistance and a reduction in the number of newly
developed drugs, silver nanoparticles are potential candidates due to their significant
antimicrobial activity, limited development of resistance and extensive synergistic
effect in combination with other drugs. The effect of silver nanoparticles depends on
the delivery system, the combination of compounds and their own properties, such as
shape and size, which are largely influenced by the synthesis process. Recovery using
chemicals or light, irradiation with gamma rays, laser, electron beams or microwave,
as well as biological synthesis or a combination of these methods are notable examples
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of methods for the synthesis of silver nanoparticles. In this paper, updated methods for
the synthesis of silver nanoparticles are considered, as well as their advantages and
disadvantages. The factors influencing the synthesis process are discussed further.

Keywords: nanomaterials, photochemical activation, silver nanoparticles, protective
properties, polymer materials.
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AnHoTanuss. Makana MHUKpOOKa Kapchl Npernaparrap MEH MarepuanigapAblH
HaHOOOJIIICKTEePIH alylblH ©3eKTI MOCEJIECIH 3epTTeyre apHairaH. Makanaaa
OpTYpIIi ©JIIeM/IET], MIIHACT] )KOHEe KypaMIarbl KyMiC HaHOOOIIIEKTepiH CUHTE3eY
omicimiH Oomamarbl TankplIaHambl. [lomuMep eHAipiciHAE HAHOTYTIKIIEICPIIH
HaHOOAKTEPUSIIBIK KACHETTepi MEH TKIpUOeiK KOJIJIaHbUTYhl KepcerinreH. Kymic
HaHOOOJIIEKTEPiHiH OaKTepusiFa Kapchl KaCHETTepi OHBIH CayaTThl KYPbUIBIMBI MEH
MopdoorusiceiHa OainaHbICThl ekeHi Oenrimi. Kymic HaHOOeINIIEKTepi ONTHUKANBIK,
KOPFaHbIII, OaKTepuUsiFa KapChl JKOHE AJIEKTPIIIK KAaCUETTEpPIH Koca ajFaHja, Oiperei
cUMaTTaMayiapblHa OaliJlaHbICTBI MYKHAT 3€pTTeNli. AHTHOMOTHUKANIBIK JIaFIaphic
TOyipiHIe MEKPOOKA KapCchl TOIMAUTIKTIH KOFaphlIaybIMEH JKOHE JKaHalaH jKacaliFaH
IpernaparTap CaHBIHBIH a3al0BIMEH KYMIC HAHOO®IIIEeKTepi MHKpPOOKa Kapchl
OeJICeHAUTITIHIH, TO3IMAUTIKTIH IIEKTeyal AaMybIHBIH JKoHE Oacka mpemaparTapMeH
Oipre KeH CHHEPTreTHKAIIBIK OCEPIHIH apKaChIHAA 9JICYEeTTi yMiTKepiiep OOJIbIT TaObIIa/b.
Kymic HaHOOeMIIEeKTepiHiH ocepi )KETKi3Y )KYHeciHe, KOChUIBICTap IbIH KOMOMHAIIUSIChIHA
JKOHE CHHTE3 TIPOIleci alTapiIbIKTail ocep €TETiH MIMTiHI MEH OJIIeMi CHSIKTHI ©31HIIIK
KacueTTepine OaiaHbICThl. XUMUSUIBIK 3aTTap/ibl HEMEeCe JKapBbIKThl KOJIJaHy apKbLUIbI
TOTBIKCHI3IaHIBIPY, FTaMMa-CIYIIeIEPMEH, JIa3ePMEH, dJICKTPOH/IBI CoyJIeTIepMEH HeMece
MUKPOTOJIKBIH/IBI TICIITICH CIYJENeHY, COHai-aK OMOJOTHSIIBIK CHHTE3 HEMeCe OCHI
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oicTepliH KOMOWHAIMSICH KYMiC HAHOOOJIIIIEKTEPIH CUHTE3/ICY JJIICTePiHIH KOPHEKTI
MBbICaapbl O0MbIN TaObUIaAbl. byl skymbIcTa KyMic HaHOOOJIIEKTEPiH CUHTE3ACYAIH
JKAHAPTBUIFAH OJICTepi, COHJAM-aK OJapiblH apPTHIKIIBUIBIKTAPHl MEH KEeMIIUTIKTepi
KapacTeipbuirad. CHHTE3 MPOIECiHE dcep eTeTiH GaKTopiap opi Kapail TaaKbUIaHAIbL.

Tyiiin ce3nep: HaHOMaTepuangap, (POTOXMMHUSIBIK AKTUBAIMS, KyMiC HaHOO®I-
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AnHoramus. Crarbs TIOCBSIICHA MCCICIOBAHUIO aKTYaJbHOH  TPOOIEMBI
MOJTyYeHUs] HAHOYACTUI[ AHTHUMHUKPOOHBIX IIpernaparoB W MarepuaioB. B craree
paccMarpuBaeTcsl U JIMCKYTUpPYyeTcsl Oyayliee MeToia CHHTE3a HaHOYaCTHIl cepedpa
pa3aMuHBIX pa3mMepoB, GopM U cocTaBoB. [loka3aHbl HAHOOAKTEPHAIbHBIE CBOWCTBA U
IKCIIEPUMEHTAILHOC TIPUMEHEHHE HAHOTPYOOK B ITPOU3BOJICTBE MOJIMMEPOB. M3BeCTHO,
4YTO aHTHOAKTepHAallbHBIE CBOMCTBA HAHOYACTHIl cepeOdpa 3aBUCST OT UX MPABUIBHOM
CTPYKTYpbl U Mopdonoruu. Hanogactumpl cepebpa OBIIN TIIATEIHHO HCCICIOBAHBI
Onaromaps WX YHHKaJbHBIM XapaKTEePUCTHKAM, BKJIIOYAs OINTHUYECKUE, 3allUTHBIC,
AHTHOAKTEpUANbHBIE W 3JEKTPHUYCCKUE CBOMcTBAa. B 3MoXy aHTHOHOTHYECKOTO
KpHU3HCa, C POCTOM YCTOHYMBOCTH K MPOTHBOMHUKPOOHBIM MpenaparaM U COKpalieHueM
yrcia HOBBIX  pa3pabarhlBacMbIX  JICKAPCTBCHHBIX  CPEACTB,  HAHOYACTHIIBI
cepeOpa SBISAIOTCS TMOTCHIMAIBHBIMU KaHAWJATaMu Ojarofapss UX 3HAYUTEIBHOMN
AHTHMHUKPOOHOU aKTUBHOCTH, OTPAaHIHUYEHHOMY Pa3BUTHIO YCTOMYUBOCTH U OOIITHPHOMY
CUHEPreTHYecKoMy d(PPEKTy B COYSTAHUU C APYTUMHU JICKAPCTBEHHBIMHU ITpEraparaMu.
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JeiictBre HaHOYacTHI] cepeOpa 3aBUCHT OT CHCTEMbI JOCTaBKH, KOMOWHAIIUU
COCIMHCHHUN U MX COOCTBEHHBIX CBOWCTB, TAKHX Kak (popMa U pa3Mep, Ha KOTOPHIC B
3HAYUTEIHHOHN CTENEHH BIHSIET IPOIleCcC CUHTe3a. BoccTaHOBICHHE C NCTIOIh30BAHUEM
XMUMHYECKHX BEIIECTB UM CBETA, OOJIYUYCHNE raMMa-TTy9daMHu, JTIa3ePOM, SJICKTPOHHBIMH
MyYKaMH HITH MUKPOBOJIHOBO# MEUbI0, a TAKKE OMOIOTHYECKUI CHHTE3 WITH KOMOMHAIHS
9THX METOJIOB SIBJISIFOTCS IPUMEYaTeIbHBIMU TIPUMEPAMU METOJIOB CUHTE3a HAHOYACTHII
cepebpa. B mamHO#W paboTe paccMaTpUBarOTCS OOHOBJICHHBIE METOIBI CHHTE3a
HAHOUYACTHUI] cepedpa, a TAKIKEe UX PEUMYIIECTBA U HeTOCTaTKU. DaKTOPHI, BIHSIONIHE
Ha MPOIECC CUHTE3a, 00CYKITAIOTCS Jaliee.

KuroueBble cjioBa: HaHOMaTepualbl, (I)OTOXI/IMI/I‘ICCKaH aKTHBallvsl, HAHOYACTUIIbI
cepedpa, 3alIUTHBIE CBOWCTBA, TIOJIMMEPHBIC MaTePHAIIbI.

Introduction. In recent years, nanoscience and the production of nanoscale
materials and products has been one of the main directions of the development of
modern science and technology. This direction in the field of materials science and
technology is actively developing, capturing more and more new areas of science and
industrial production (Pul, 2005). Modern advances in nanotechnology open up new
opportunities for the development of fundamentally new technological processes for the
production of nanoscale antimicrobials and materials. An important feature of metallic
nanomaterials, which plays a key role in their use in medicine, cosmetics, food and light
industry, is their low toxicity.

The increased interest in nanotechnology among researchers in recent years is
not surprising, since this field has advanced to an unprecedented level. In general,
nanotechnology is a multifaceted field that can be applied to electronics (Natsuki,
2015) sensors, optics (Doan, et al., 2019), mechanics, catalysis, chemistry, cosmetics,
pharmaceuticals, medicines and biomedical sciences, food technology and the
environment (Doan, et al., 2023). Differences in chemical composition, morphology,
size, or controlled dispersion contribute to changes in the characteristics of nanoparticles
(NP). This change may be the result of the synthesis process, which is also influenced
by many factors. Today, the production of nanoparticles requires that the resulting
particles are nanoscale, and their synthesis is simple, inexpensive (Lu, et al., 2019),
environmentally friendly (Rajapaksha, et al., 2023) and adapted to specific applications
(Vu, et al., 2021).

The bactericidal properties of metallic silver and its compounds have been known
since time immemorial. In small concentrations, it is safe for human cells, but harmful
to most bacteria and viruses, therefore it has become widely used for disinfection of
water and food in everyday life and in the fight against infections in the treatment of
people. To date, the unique antimicrobial (Erlykh, 2008) and antiviral properties of
silver (Krutikov, et al., 2008) compounds have been comprehensively studied (Kiseleva,
et al., 2011). The bactericidal properties of metallic silver are associated with its slow
oxidation and release of Ag+ ions into the environment, therefore, the use of nanosilver
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preparations as a special class of biocidal agents seems promising. Nanoparticles have
high antibacterial efficiency due to their developed surface, which ensures maximum
contact with the environment.

The number of publications, growing every year, devoted to the study of antiviral
and antibacterial activity of silver nanoparticles, proves the presence of increased
researchers are interested in this problem from both fundamental and applied points
of view. There is no longer any doubt that silver NPS have high activity against all
biological objects, starting from viral particles and ending with the human body. At
the same time, there are practically no works aimed at quantifying the biological effect
of silver NPS on humans and animals. Unfortunately, it is also indisputable that under
certain conditions many LPS (including silver, although perhaps to a lesser extent) are
able to have an extremely negative impact on living systems and even cause severe and
irreversible changes in the body. In recent years, a new field of medicine has begun to
emerge — nanotoxicology, whose efforts are aimed at developing integrated approaches
to the study of the biological and toxicological activity of NPS, depending on their
composition, size, shape and functional cover of the surface.

The literature presents a number of methods for obtaining metal nanoparticles in
non-metallic materials, which can be used to obtain silver nanoparticles in polymeric
materials. The methods known from the literature for obtaining metal nanoparticles in
polymeric materials are conventionally divided into physical and chemical.

Among the physical methods for obtaining silver nanoparticles, the method of
magnetron sputtering metal particles (including silver) in a vacuum chamber and then
applying them to the surface of the material is known (Patent RF, 2003). This method
is based on the use of an abnormal combustion discharge in an inert gas, in which the
positively charged ions formed in the discharge bombard the surface of the cathode in
the erosion zone, releasing metal particles from it, which then deposit in the form of a
thin layer on the surface of the material to be processed. Here, the high kinetic energy
of the particles emerging from the cathode surface provides a good level of adhesion of
the obtained nanoparticles to the base.

The physical group also includes the method of obtaining medical dressings, that is,
a method in which silver nanoparticles are physically dispersed between fabric fibers as
a result of a chemical reaction. To obtain antibacterial fibrous material, silver reduction
from an aqueous solution of silver nitrate is used. Then, first (Lansdown, 2002) reducing
or reducing agents are attached to the fibrous material, and then silver is applied to their
surface (Vishnyakov, et al., 2008). The process consists of processing fibrous materials
to carry out the process.

Chemical methods are also common in the production of silver nanoparticles in
polymers. Here, chemical reducing agents (most often dimethylborane (Lansdown,
2002), sulfuric acid hydrazine (Heggers, 2005), sodium hypophosphite, salts of glucose,
citric or tartaric acid are used to produce silver nanoparticles. Chemical methods include
photochemical processes that occur under the influence of electromagnetic waves of
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light. Light radiation is the largest source of renewable and clean energy, it is non-toxic
and does not pollute the environment, and does not leave residues in chemical processes.
Both sunlight and artificial light can be used in photochemical processes. Silver, which
has a relatively high reduction potential (+0.799 V), can be reduced by photons of light.
This can be used to produce silver nanoparticles.

In the article, it is proposed to use physico-chemical processes occurring in
thin layers of electrolyte solutions under the influence of sunlight to obtain surface
particles of silver. For the photochemical recovery of silver, it is necessary to create a
photosensitive layer of semiconductor silver halide on the surface of the polymer. Using
a suspension of silver halides for this purpose or directly obtaining them as a result of
exchange reactions on the surface of the polymer ensures proper adhesion of particles
to the surface of the polymer.

Materials and basic methods. Plates made of low-pressure polyethylene (grade
PND 273-83 «PolymerInvest» Russia) and polypropylene grade RR H030 were used for
the study. Light-colored polymer samples were selected to provide visual monitoring of
the course of chemical and photochemical processes.

Preliminary preparation of the plates: The surface was treated with P-2000 sandpaper,
roughened in a solution of K,Cr,0, — 6,5%, H,SO, -93.5% for 5-10 minutes at room
temperature, and degreased with a solution of Na,PO, - 20g/1, Na,CO, - 20g/1.

Photochemical studies were carried out in a scientific laboratory room. Solar
radiation were used as a source of electromagnetic waves. The radiation flux density
was determined by the SM 206-SOLAR solar radiation meter and was 800-1100 W/
m?. In order to form a sorption layer on the polymer surface, the polymer sample was
moistened by immersing it in appropriate salt solutions for several minutes. In this case,
the following water-soluble salts were used for photochemical reactions: CuCl,, AgNO,
(chemical purity 99.9% SIBPROEKT Russia).

The structure and composition of the films were studied using an ISM-6490-LV
scanning electron microscope.

The phase composition of conductive films formed during photochemical processes
was determined using an EDX-7000 instrument, Shimadzu Corporation, Japan.

Results and Discussion. As a result of preliminary preparation (mechanical and
etching), a rough layer is formed on the surface of polymers containing hydroxyl and
carbonyl groups belonging to aldehydes, ketones and acids, as well as double bonds.

For activation, the samples are immersed in 100 g/l of CuCl, solution. The obtained
samples were kept for 40 minutes at a solar radiation intensity of 1200—1400 W/m? in an
area with unobstructed access to sunlight. Figure 1 shows the dynamics of the effect of
sunlight flux on the reduction of copper chloride. From the dynamics of change, there is
an increase in the reduction process from 10 to 40 minutes or reaches a climax. Then the
density of the sunlight flux required for the reduction of copper chloride on the polymer
surface is 1200-1400 W/m?.
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Figure 1 - Dynamics of changes in the flux of sunlight during the reduction of copper chloride.

The samples, as blackened as possible, are washed in distilled water and dried. A
monovalent copper chloride with semiconductor properties is formed on the surface
of the sample. After the formation of the semiconductor layer, under the influence of
photons of sunlight, the photons release additional energy, and the excited electrons
acquire the necessary oxidizing ability to restore monovalent copper. When copper
dichloride is introduced into the sorption layer, its interaction with the aldehyde group
of the polymer R CHO becomes possible by reaction

R CHO +2CuCL+H,0 = R COOH + 2CuCl + 2HCI (1)

At the same time, a black film was formed on the surface of the sample, characteristic
of finely dispersed metal particles obtained by chemical reduction. After washing the
sample, active centers consisting of copper monochloride remain on the surface. This
indicates that the transformation of CuCl,— CuCl occurs as a result of these processes.
Since the aldehyde group of the polymer R CHO is a solid-phase associated part of the
polymer, the resulting CuCl forms a strong bond with the polymer surface. Monovalent
copper chloride has semiconductor properties and promotes further photochemical
reduction of silver.

CuCl+e=Cu+CrI E=0,137 2)

Upon activation of the surfaces of polymer materials, the reducing ability of which
is absent (polyethylene) or very low, the samples after wetting in CuCl, solution and
drying in the sun were additionally treated with a 40% solution of ascorbic acid.

As aresult of all these processes, the surface layer of the polymer will contain copper
monochloride well bonded to the base. Subsequent impregnation of polymers with a
solution of AgNO, 20 g/L leads to an exchange reaction involving copper chloride and
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the formation of a photosensitive layer of silver chloride, on which a reduction reaction
takes place under the influence of a photon of sunlight.

2AgNO, + Cu=2Ag + Cu(NO,), G)
2AgNO, + CuCl, = 2AgCl + Cu(NO,), “)
AgCl @ Ag+CI )

and under the action of the vacancy, the oxidation reaction

—

CuCl +CI' @_ CuCl, (6)

hence the total reaction will have the form
AgCl + CuCl — Ag + CuCl, (7)
2AgCl+CHO, bBv_ 2Ag+CHO,+2HCI (8)

After washing, almost only a layer of elemental silver particles remains on the
polymer surface, which will be a catalyst for the subsequent chemical deposition of
metals.

W, Bt/Mm?

900 |
800 |- W
700 |
600 |-
500 |
400 | —e— intensity
300 |
200 |
100 |
0

10 20 30 40 50 60 70 80 90 T, min
Figure 2 - Dynamics of changes in the flux of sunlight during the reduction of silver nitrate.

In Figure 2, a curve was constructed describing the effect of sunlight on the
photochemical reduction of the polymer surface with silver nitrate. The dynamics of
the change shows an increase in the reduction process from 10 to 40 minutes or a peak.
Accordingly, the solar radiation flux density required for the reduction of silver nitrate
on the polymer surface is 700-800 W/m?. Silver nanoparticles formed on the polymer
surface can be seen in SEM images (Fig. 3).
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a b
Figure 3 - SEM image of a silver film on polymer materials: a — polyethylene, b — polypropylene

To study the physico-chemical processes, polymer samples were moistened with
a solution of CuCl, - 100 g/L. The amount of solution retained by a 2 x5 ¢cm sample
was 0.06 ml. The copper content in this layer of the solution is about 25 x 10g. The
experiments were carried out at a solar radiation flux density of 1200-1400 W/m? and
an air temperature of 25°C.

The last impregnation of the polymer with a solution of silver nitrate leads to the
course of the exchange reaction involving chloride of copper and the formation of a
photosensitive layer chloride of silver on which, under the action of a solar photon.

In this case, the silver particles are evenly distributed over the surface of the polymer.
Some inhomogeneity in particle size seems to be due to the difference in the energy
characteristics of the polymer surface. The film has an adhesion to the surface of the
polymer and is well resistant to numerous creases and washings. So, after washing 5
times in a solution containing a synthetic detergent powder, the silver content did not
decrease.

Figure 4 - Processes in the formation of silver-containing films on the surface of polymers: a —surface
of the plate before activation; b - the surface of the plate after activation; ¢ - the surface of the plate
containing silver, which has electronic conductivity

Experiments made it possible to establish that silver films with electrical conductivity
are formed only when the content of silver nitrate in the sorption layer on the polymer
surface is 20 g/L and exposed to sunlight. By increasing the share of the second processes,
it is possible to achieve the production of films with sufficient electrical conductivity.
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The resistance of the surface film at a distance of 1 cm was 0,07 x 102Q-cm? (Abzhalov,
etal., 2022).

The formation of a thin silver film is also confirmed by the data of X-ray phase
analysis of the sample surface shown in Figure 5, where, in addition to the peaks of the
elements that make up the initial polymer, peaks of metallic silver appear.

[cp=/ual

Aigla

1

= R
~=-fhls

Figure 5 X-ray phase analysis of the sample surface.

The methods of mathematical processing are considered in order to determine the
reliability of the results of experimental work carried out in laboratory conditions.
The equation for recording the degree of blackening of samples based on a linear
mathematical function is shown:

z=17,7314+0,4802x+0,2011y ©)

Table 1 - dependence of the degree of blackening of a sample treated with copper (II) chloride on
changes in temperature and time

Temperature, | Time, min Degree of Temperature, °C Time, min Degree of
°C blackening, % blackening, %
25 40 54,3 35 40 61,5
25 50 58,1 35 50 62,3
25 60 61,0 35 60 65,2
30 40 60,1 40 40 64,4
30 50 59,2 40 50 66,5
30 60 63,1 40 60 68,3

The data in Table 1 show that as the temperature increases and the time in the
process increases, the degree of blackening of samples treated with copper (II) chloride
increases. A mathematically processed version of the degree of blackening of samples
treated with copper (II) chloride according to these data is shown in Figure 6.
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Figure 6 - Dependence of the degree of blackening of the sample treated with copper (II) chloride on
temperature and time changes

According to the data in Figure 6, an increase in the degree of blackening under the
influence of temperature and time during the blackening process of samples treated
with copper (II) chloride is characterized by a change in the quadratic appearance of the
plane from green to saturated red.

Conclusion. Studies have shown that this is the result of photochemical and
chemically active processes occurring in the sorption layer on the surface of the
polymer under the influence of sunlight, copper and silver films were obtained. So, as
a result of the interaction of the polymer with copper (II) chloride, monovalent copper
chloride is initially formed. This copper compound is a semiconductor and subsequently
undergoes a photochemical reaction with ascorbic acid under the influence of photons
of sunlight, which further acts as a catalyst for chemical silvering. That is, the use of
thin sorption films of a silver nitrate solution as a reaction medium allows the process to
be carried out under the influence of electromagnetic waves of light rays. This, firstly,
facilitates the formation of crystallization centers due to the reduction of silver ions by
photons. Secondly, such radiation activates ascorbic acid molecules, which facilitates
the reduction of silver ions in the space between the crystallization centers. In this case,
the necessary conditions are created for obtaining silver nanoparticles. Such modified

polymeric materials can be used to impart antibacterial and antiviral properties to
household and medical materials, as well as to protect against electromagnetic radiation.
Funding: This research is funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan, grant number AP25793971.
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Abstract. X-ray and thermal analysis studies of nemalite-serpentinite mineral of
Zhitikarinskoye deposit (Kostanay region, Kazakhstan), which is mined as a by-product
during development of chrysotile ore, were conducted in order to determine its area of
application and utilization.

It is shown that the natural nemalite-serpentinite mineral of this deposit contains
black, grey and white inclusions, which differ in the content of brucite (nemalite) and
chrysotile (serpentinite) components of the rock.

X-ray phase and thermal analysis studies have shown that chrysotile (serpentinite)
predominates in darker inclusions, the lighter the rock, the more brucite it contains. The
average nemalite-serpentinite rock of the Zhitikarinskoye deposit contains, in wt.%: 40-
43 - brucite (nemalite), 40-43 - serpentinite and 10-19 - iron (II) hydroxide.

It is noted that the thermoanalytical method, with the provision of standard operating
procedures, can be used to carry out express control and preliminary assessment of
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nemalite-containing deposits with respect to the content of the main constituent minerals
in them.

Keywords: nemalite, serpentinite, brucite, nemalite-containing chrysotile asbestos,
thermal analysis.
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Annoranus. JXKitikapa kenopubiHIa (Kazakcran, Kocranaii oOnbIckl) ©HIIpieTiH
XPU30TWIIAI IIMKI3aT KEHiH eHAIpy OapbIChIHAa Oojlai, KOCBIMILA pPETiHAE Tay
KBIHBICBIHAH ~ OOJIHIN  albIHATBIH ~ HEMAJHMT-CEPICHTHHUT  MUHEPaJIbIHBIHBIH
KOJIZIaHy JKOHE KOJIere »KapaTy MaKcaTblHIa oOJapFa PEHTICHOrpaUKaIbIK >KOHE
TEPMOAHAIUTHKAIIBIK 3€PTTEYIEPl KYPTi3Ii.

3eprreyne, artanFaH  KEHOPHBIHBIH —Tay  JKbIHBICBIHAH  OOJIHINl  aJbIHFaH
HEMaJIMTKYPaMAac XpHU30THI-acOecT KypaMbl Kapa, Cyp OHE aK TYCTEC KaTThl
MUHEpalAaplaH TYpaTblHbl JKOHE OJap HEri3iHeH OpYyCHTTIK (HEMaJHT) >KOHE
CEPIEHTUHUTTIK (XpU30TUIIIIK) Kypamaac OelikTepiHiH apakaTbiHachl OOWbIHIIA Oip-
OipiHEeH epeKuIeNiHeTiHl aHbIKTanFaH. HemanmuTkypamaac Xpu3oTHi-acOecT Kypambl
penrenodazansik, SEM-tannay *oHE TEPMUSUIBIK Tajjay SAICTEpIMEH 3epTTellil,
opTamia CypBINTAIFaH HEMaJUTKYpaMaac XpU30THI-acOeCTTiH, COHBIMEH Karap
onapjblH KypaMbIHIAa Ke3lIeCeTiH Kapa, Cyp JKoHe akK OeJiKTepiHIH MHHEpaJIbIK
Kypamaapbl aHbIKTaJIIbl. PeHTreHaiK Andpakums xKoHe TePMOaHAINTHKAIIBIK 3ePTTEYIIED
Tay SKBIHBICTApBIHAA Kapa TYCTI MHHepajzap Kemn Oojca, OHIAa CEPIECHTHHUTTIK
(XpU30THIIIIK) KOMIIOHEHT OachIM OONaThIHABIFbI, CYp KOHE aK Kypam1ac MUHepangapaa
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OpyCHUTTIK (HEMaluT) KypaMaac KOMIIOHEHTIHIH Kol OOJaThIHABIFBl KOPCETUIAL.
3epTTey HOTHXKEJEpi OpTalla CyphINTalIFaH HEMATUTKYPaMaac XpU30THI-acOecTTi Tay
KBIHBICHI MaccanblK %-0en: 40-43 — Opycut (Hemanur), 40-43 — CepIEHTHHUT >KOHE
10-19 — Temip (II) runpoKCHIiHEH TYPATHIHABIFB! AHBIKTAIBI.

XKymbicTa, 3epTreyne KOJAAHBUIFAH TEPMOAHAIMTHKAIBIK OIICTi, NpaKTHKaja
KEHOPBIHIApbIHA TaJiay KYPri3reH/ie Kol AaHbIaThIH HIeKapa asiChIH/a )KOHE KaJbIIThI
CTaHJAPTTHI JKaFJaiiaapaa Kypri3iieTid Tajanrtap cakrajlraHia, HeMaJIUTKYpaMaac KeH
OpBIHIApbIHA aJJbIH-a1a Oaraiay MeH KCIIPECCUBTI OaKbLIay KYMBICTApBIH KYPTi3yae
KOJIZIaHyFa OOJIaThIHABIFBI aTal KOPCeTUI .

Tyiiin ce3mep: HeManuT, CEepHEHTUHHT, OPYCHUT, HEMAIUTKYpaMaac XpH30THII-
acOecT, TepMOaHAIUTHKAJIBIK TaJIAay.

© K.T. Apwinos', A.Il. Ayemos?, U.3. EckutaeBa®, A.K. /luxanoaena’,
A.M. UGpaesa’?, 2025.
"MHCTUTYT MHHOBAIIMOHHBIX MCCIICIOBAaHUI U TeXHOIOTHH, AnMarsl, KazaxcraH;
“lOxno0-Kazaxcranckuit yauBepcuter uM. M. Ayazosa, LlIsimkenT, Kazaxcras.

E - mail: dikanbaeva86@mail.ru

PEHTI'EHO®A30BOE U TEPMOAHAJIUTUYECKOE NCCIIEJOBAHUE
HEMAJIUTA - KUTUKAPUHCKOI'O MECTOPOXKIAEHUSA (KASAXCTAH)

ApsbiHoB KaxpiMykan TOKTHSIpOBHY — CTapmiuil HayYHBIH COTPYAHHK HHCTUTYTAa MHHOBAIHOHHBIX
nccienoBaHuil u Texnonorun, Anmarsl, Kazaxcran, E-mail: i_technology@mail.ru, https://orcid.org/0000-
0002-1440-8248;

Ayemos Aoapa3zax IlepuedaeBuy — lOxH0-Ka3zaxcranckuil yausepcuter uM. M. Ays30Ba, 3aBeJyOIUI
HUJT «Ilpuxnaguas xumusy, [smvkent, Kasaxcran, E-mail: centersapa@mail.ru, https://orcid.org/0000-
0002-3504-9117;

Eckn6aeBa Yaiizana 3ynnyxaposna — lOxno-Ka3axcranckuil ynusepcuter uM. M. Ays3oBa, I1aBHBII
cnerpamuct HUI «IIpuknagnas xumust», Lsivkent, Kasaxcran, E-mail: yeskibayeva@internet.ru, https://
orcid.org/0000-0002-8049-8851;

JuxantaeBa Aiizkan Kocsi6aesna — HOxno-Kazaxcranckuil ynuBepcurer uM. M. Ays30Ba, COTpyIHUK
HUJT «llpuknagnas xumusi», Leimkent, Kazaxcran, E-mail: dikanbaeva86@mail.ru, https://orcid.
org/0000-0002-9859-5545;

HopaeBa Aiitkya MaxaroBHa — lOxno-Kaszaxcranckuil yHusepcureT um. M. Ays30Ba, INIaBHBII
cnerpanmuct HUJT «Ilpuxnagnas xumust», HIsivkent, Kazaxcran, E-mail: aytkul.ibraeva@mail.ru, https://
orcid.org/0000-0003-0981-0117.

Annorauus. [IpoBenensl peHTreHorpaduueckue U TEPMOAHATIUTHIECKUE HCCIIe-
JIOBaHUS HEMAJMT-CEPIIEHTUHUTOBOIO MHHepaja JKUTHKapUHCKOIO MECTOPOXKIECHUS
(Kocranaiickas obmactp, Kazaxcrtan), momyTHO m00OBIBa€MOro MpH pa3padoTKe
XPU30THIIOBOH PYIBI, C LEJNBIO ONpPEACTICHUS ero o0NacTh MPUMEHEHHs M CIIOCO00B
YTUIM3aLUH.

[lokazaHo, 4TO MNPHUPOAHBIH HEMAINUT-CEPINEHTHUHUT JaHHOIO MECTOPOXKICHHS
COZICP’KUT YEpHBIC, Cepble W OeJble BKIIOYCHUS, Pa3IMYarolIUecs 1O COACPKaHHIO
OpYCHUTOBBIX (HEMAJIUT) M XPU30THIIOBBIX (CEPIIEHTHHUT ) KOMIIOHEHTOB TOPHOM OPOJIBL.
Ha ocnoBe peHTreH0(h)a30BOro U TepMOAHATUTHYECKOTO HCCIEIOBAaHUN YCTaHOBICHO,
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4TO B 00JI€e TEMHBIX BKIIOUCHUSIX MPeo0IalacT XpU30THI (CEPIICHTUHUT), a TI0 Mepe
OCBETJICHHSI TOPOJIbI YBEIMYUBACTCS COJIEPKAaHUE OpycuTa. YCpeIHEHHAs HEMAaJIUT-
CEPIICHTUHUTOBAsI TOpHasi mopoja JKUTUKAPHUHCKOTO MECTOPOXKICHUS CONCPKUT (B
Mac.%): 40-43 — Opycut (Hemanur), 40-43 — cepieHTHHUT U 10-19 — runpokcu xenesa
(ID).

OTMEUYEeHO, YTO TEPMOAHAIMTUYCCKHI METON TNPU COONIOICHUU CTaHIAPTHBIX
OIEPAIMOHHBIX TPOIEYP MOXKET ObITh MCIIOIB30BAH JIJISl AKCIPECCHOTO KOHTPOJIS U
MPEABAPUTEIBHON OLEHKU HEMATUTCOASPKAIIUX MECTOPOKACHUHN MO COMEPIKAHUIO B
HUX OCHOBHBIX MUHEPAJIOB.

KiamoueBble cjI0Ba: HEMajaWT, CEPICHTUHUT, OPYCUT, HEMaIUTCOACPKAIIUI
XPU30THII-acOeCT, TePMOAHAIUTUICCKUI aHAIIH3.

Kipicne. Hemanut Hemece HemanuTKypamaac xpuzotmi-acoect (HXA) — XKirikapa
KEH OpHBIHIAFbl XPU30THUII-acOECT KEHIH OHIIPYNiH KOocapliaHFaH >kKaHama ©HiMi
Oonein TabbuIagsl (Ixadapos, u ap., 2020). KypambiHaarsl XpH30THIAIH O0MybIHA
OaiimaHpICTBl OYJI OHIM Ka3ipri yakbITTa HaiJaJaHbUIMAIBI KoHE KOpILIaraH OpTara
SKOJIOTHSUIBIK KayilTi MaTepuall peTiHAe apHaibl OeNrieHreH XeplepAe caKTaabl
(Paznen oxpanbl okpysKaromei cpesl K mpoekty, 2021). Conbimen karap, Kazakcranna
HEMaJUTKypaMaac TaOWfy MIMKI3aTTBIH ipi K€H OpbIHAAaphl Oap, Mbicaiibl, Oip FaHa
XKeskasraH-YipITay alimMarbiHAa 8§ KEH OpHBI allbuFaH, eH ipici - Emkienmec keH
opunl (beiicees, 1971). MyHaa HeMaauT-XpHU30THI MIMKI3aThIHBIH €CENTENreH KOPHI -
20 MJIH TOHHaHBI mWamanaiael. Ockl OHIpAeri OapibIK KeH OpbIHAAPBIHBIH OOJKaMIbI
pecypcrapsr miamamer 90-120 mute Tonna (Beiseev, et al., 2005). Kopmnaps! OoiibiHina
Oyl KeH OpBIHAApBl OHEPKACINTIK caHaTTapFa JXaTHalbl, SFHU OJli HUTreplIMEreH.
XKyprizinren MapKeTHHITIK 3€pTTEyIep SpTYpIi canajapia ojapra AETeH KaXeTTUIIK
300 MbIH TOHHAFa JXYBIK €KEHiH KopceTei.

Hemanutkypampaac Xpu3oTwii-acOeCTTiH epeKIIeNiKTepiHiH OacThICBl 0N OHBIH
KYpaMbIHAaFbl MArHAI MEH KPEMHUIIH KOMTiri 6oubin Tadbiansl. COHABIKTAH Ja oap
aybUI LIIapyallbUIBIFbIHa MATHU A MEH KDEMHUIT1H )KoHe 0acKa Ja MUKPOAJIEMEHTTEPMEH
Katap TaraMIBIK SJIEMEHTTEpAIH Ke3i peTiHAe KojAaHy MyMKiHxiri Oap. Meicaisl,
oJapibl KBILIKBUIABIK TOMBIpaKTapAblH PH-bIH >koFapeiiaTyna, OHBIH KYpaMbIHIAFbI
OpycuttiH MaHbI3bI VikeH (Blonska, et al., 2016; Blonska, et al., 2017; Ranawat, et al.,
2009).

O3ipre, HEMaIUTKYpaMmaac XpH30THI-acOECTTi, ic JKy3iHIE SpTYpJi HWH)KEHEpIiK
KYpbUIBIMAApIa - ©PTTeH KOpFayFa, MallhHa )Kacay »XOHE KYpPBUIbIC ©HEPKACiOiHIH
KONTEreH cajalapblHa KoJaHyFa OOJaThiH BICTHIKKA YKOHE OTKa TO3iMJi jKaObIHIap
MEH MaTrepuaifapabl ©HAIpyde NaijanaHy MYMKIHIIrT Oap eKeHi aHBbIKTalfaH
(CepebpennukoB, uap.,2023). MyHaai >kaObIHIap MEH MaTepraiJapFra OHepKaCIITepAiH
Ka@XETTUIIr XKY3[ereH MbIH TOHHaMEH eJjIIeHedl. byl MuHepanablH BICTBIKKA JKOHE
OTKa TO3IM1 KacHeTTepl Heri3iHeH opTypii popManapaa Ke3eceTiH MarHuiKypaMaac
(OpycHTTIK, CEpIEeHTUHHUTTIK) KOMIIOHEHTTEPIiH TEePMHSJIBIK KacueTTepMeH, COHIaii-
aK oJIap/bIH KYPaMbIHAAFbl MOJIIIEPIIIK KaTbIHACKIMEH aHbIKTana bl. COHABIKTaH OHBIH
KOJIZaHy asChlH aHbIKTay YIIiH HXA-TiH TEpMHUSUIBIK KaCHETTEPIH erKei-Terkeii
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3epTTeydiH MaHbI3bl 30p. Hemamurreri marHuii MeJjmepi HAaKThl KEH OpPHBI MEH
reoNIOTHSUTBIK, (DOpMALIMSTHBIH epeKILeTiKTepine OaillaHbICThI e3repyi MyMKiH. MarHuii
OolibIHIIA KYpaMbl Typajibl HaKThl akmapar ainy yuiH onapabiH HXA (epTyprni keH
OpBIHAAPBIHIA) KypaMblHAa 001y (opmanapsl *KoHE OJapIblH apakaTbIHACKI, OJap.Ibl
KOJIJIAaHY/IbIH HAKThl aliMarblH aHBIKTAy YIIiH, SFHU Oenrimi Oip keH opHbIHBIH HXA
KYpaMbl MEH TEPMHUSIIBIK KACHETTEPi Typalibl FEUIBIMU IEPEKTEP KAXKET.

MuHepanabl eHiMAEp canachlHBIH OOKaMIBIK KpUTEpHiepi peTiHae (as3aibik
e3repicTepai Tipkey, (DU3HKANbIK-XUMHUSIIBIK, KYPBUIBIMIBIK JKOHE TEXHOJIOTHSIIBIK
cUmaTTaMayapbl CalbICThIpMaNbl Oaramay KakeT Oomnanpl. Ocbkl OarbiTTa, SpTYpIi
LIMKI3aTTBhIH camacklH OoJpKay JKOHE HKcIpecc-0akpuiay MoceleNepiH IIenryae
peHTreHmik  (azanblk TaigayMmMeH Oipre YHJIECTIpiIreH TepMOaHaJUTHUKAIBIK
3eprreyaep skemicti Koimansuiaasl (Mertoa.pekomennaiimn HCOMMMUM NelO, 1987).
Pentrenodasanblk aHBIKTAIFaH KocHalapAblH OacTankel Kypampac OemiKTepiHiH
TEPMUSUTBIK, MAaCCaJIBIK JKOFAJITY MOH/EPIH cUMaTTaMajiblK MOHAEP PeTiHJe maijanaHa
OTBIPBIN, TEOPHSUIBIK TYpAE opOip 3epTTeNieTiH Kocla YLIIH MaccalblK >KOFalITydaH
KYTUIETIH MOH/EPIH ecenTeyre koHe 0enrici3 KypaMabl KOcaaarbl KOMIIOHEHTTEPIIH
KaTbIHACKIH ecenteyre oonansl ([1smnkuna, 2005)

HXA-HBIH TepMUSIIBIK KacHeTi OHBI OHJEY JKOHE KOJere jkapaTy Ke3iHiae [e
MaHBI3/Ibl, OUTKEHI OJ KOpIIaFaH OpTara >KOHE JEeHCAyJbIKKAa KayilTi XpH30THIIIK
KOMIIOHEHTTEPAIH THTI3€TiH 9CEpiH a3aiiTy YIIH bIABIpaTyFa HeMece TYpPJCHIIpim,
OZIaH 9pi eHAeyTre OONATHIH KaFAalIapIbl aHBIKTal bl

KymepictiH Makcatsl — JXKiTikapa xkeH opHbiHAarsl (KocTanait o6mbicsl, Kasakcran)
XpU30THII KeHIH OHJIipy OapeichiHAa inecne Tay XblHBICTaphl (HXA) kailiTaeHaey
MYMKIHIIKTEpiH HeMece KOJIJaHy asChlH aHbIKTay YIIiH OacTamKel XHMHSUIBIK-
MHUHEPOJIOTUSUIIBIK KypaMbl MEH TEPMHUSUIBIK ©3TepiCTEepiH 3epTTey OOMbIN TaObLIAIbI.
3epTTey HOTHXKENEpl OHBI KOJNJAaHy HEMece KoJere jkapaTy callaChlH aHBIKTay[a
naianaHbLTybl MYMKIH.

Marepuasaap :xone 3eprrey daicrepi. Mamepuanoap. XKitikapa KeH OpbIHIAPbIHIA
XPHU30THII KeHIH OHIIPY/IiH i1ecrie eHiMi 00uibin Ta0bIIaThiH, «KocTanail MUHEpangapb»
AK-BlI yCBIHFaH HEMAIUTKYpaMIac XpU30THII acOECTiHIH YITrIepi.

Hemanumgypamoac xpuzomui-acboecmiy yaeinepiniy cunammamanapul. Kypamperaua
TaC-KMBIPIIBIKTH HEMAIUT Kypamaac Xpu3oTui acoectinin (HXA) ynrinepi, Tycrepin
- Kapa >KoHe cyp, aK Typiepinze cunarrayra 6onaasl. CeipThl Kapa HXA - tac Topisai,
KMBIPIIBIK TacTap CHAKTBI, KeWOIp TacTap *KbUITHIP, cyp koHe aKk HXA - y3bIH xKimmre
Topiznec, kesjaeHeH Kumachl 0,5-3,0 cM JKoHE Y3BIHABIFBI 2-7 c¢M Oip OaFbITTarbl
KabaTTaJlFaH TalIIBIKTap TOPi3i aFall >KOHKAIap CUSKTHI.

Y 3bIH/IBIFBI OOMBIHIIIA KIMIIENEP/IiH OCPIKTITi KOJIACHEeH KMMara Kaparana (KoJIMeH
Y31yl MyMKiH) angekaiiga kymri. ©Ommemaepi (1=5-10 cm, d=2,5 cm, h=1-2 cm), HXA
TYcTi OemikTepi MarHMTTIK acepre yibipaiapl, Kapa HXA (KambIKTBIKTa) - KYLITipeK,
cyp HXA (Oerrecken) - oprama, ak HXA — marHuT epicrepiHe acep Oepmeii.
3eprreyne cypointanrad HXA-TiH 4 Typi: cyphlliTaiFal opraiia KypaMmJarsl, cyp, aK
JKOHE Kapa TYCTEpiHJET] YIriiepi KoiaIaHbUIIbI.

Aodicmep. Ynrinepain tepmusiblk Tangaybl Q-DERIVATOGRAPH (System: F.
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Paulik, J. Paulik, L. Erdey) xypanbiHbiH kemerimMeH xypriziani. [lemTi Kpi3apipmac
OYpPBIH KEHICTIKTIH ayachl COPBUIBII bl (~92% ajbIHFaH KeJIeM JISHTeli), collaH KeiiH
5 MuHYT OO#BI MHEPTTI ra3zdeH (a30T) ypreHai, KbulblTy 10°C/MUH KbIIIAMABIKIEH
xyprizingi. Q-DERIVATOGRAPH kemerimen anwsinran HoTikenep NETZSCH
Protues Garmapnamanblk Kypasibl apKbUIbI ©HIEI.

Yorinepnin pentrenaik audpakuusaisik  3eprreynepi D8Advance  (Bruker)
mudpaxromerpinge, Cu-Ka, TyTtik kepHeyi 40 kB, Tox 40 MA >xarnmaitmapeiHia
KYpPri3inmi. AJbBIHFaH JUQpaKUs 3aHABUIBIKTAPBIH OHJAEY JKOHE >Ka3blKapalblK
KalIBIKTBIKTapAb! ecentey EVA Oargapnamainblk KypaiblH KOJIAHY apKbLIbI Ky3ere
achIpBUIABL. YJriHI MHTEpIperanusiay skoHe ¢aszanblk aneikray PDF-2 (JCDD)
YHTaK IU(QpPaKTOMETPUSIIBIK JAepeKkTep 0a3achlH TNalijanaHy apKbUbl, 137ey >KOHE
colikectenaipy Search/matchc Garnapnamachl apKbUIBI KY3€re achbIPbIIIBL.

YoarinepaiH XuMHSUIBIK —Tajgaynapbl  okoHe (SEM  tammayer) JSM-6490LV,
JEOL (*Kamonmsi) xypoeurrbiceiHna, INCA Energy 350 sHeprus-aucnepcHsuibK
MHUKpOaHaJIU3aToP )KyHeaepiMeH TONBIKThIPbUIFaH KOHABIPFBIIA KYPri3iIin aHbIKTaI bl

Harun:xesiep Mmen TajakbLiay. 1-cyperre 6acranksl cypsintanrad HXA-nin oprama
KypambiHblH SEM Tanaaysl kepcetinreH, HXA Kypambl 6ipTekTi eMec oHe HeTi3iHeH
Mg, Si, Fe, oTTeri 35eMEeHTTEpiHEH TYPaJlbl.

1 2 3 4 5 G 7 i 9
ManHaa wkana 6722 umn. Kypeop: 0.000 [&el]

Tram FNeKTHAHHDE H30BREKEHME 1

Cyper | — bacranke! cypsinranrad (HXA) opramra kypambsiabiH SEM- Tannaysl

Conpgsiktan, HXA cypeInTaigfan oprama KypaMblHa PEHTICHIIK (Da3abIK Talaay
JKYpri3inai. AneiHFaH qudpakTorpamma ooitsiaIa (2-cypeT) HXA Kypambeiama OpycuT
(Hemanut), xpusoTHn (cepreHTnHHT), eppur-marnesur [Mg Fe (Mg . .Fe, )O,]
Oap. Pentrenmik a3zanplk KapThUTall CaHIBIK TaJdayJdbIH CaJBICTRIPMAIBI KATEeNiTi
20% OonranapikTad, HXA-Teri MuHEpaIabIK KOMIIOHEHTTEPIHIH JAJTIPEK MOIIIEPIiK
KYpaMBIH aJTy YIITiH 3JIEMEHTTIK TaJaaay >Kypri3iii.
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i D8 ENDEAVOR
: | = B Ch - Chrysotile
Br - Brucite

Br

- n i Br
| Ch . Ch !
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Cyper 2 — bacrankst HXA-TiH oprama KypaMbIHAAFbl TUPPAKTOTpaMMachL.

HXA xypambingarel xpusotuinain [MgSi,O, (OH),] (cepneHTHHUT) MaccabK
MOJIIEpi XUMHUSUTBIK TaNJayMeH aHBIKTAIFaH KPEMHUI MeJIepiHe Heri3iereH
eCenTeyiepMeH aHbIKTabI, ce0edi HXA KypambIHIa peHTreHO(a3alblK TaaaayMeH
aHBIKTAJIFaH 0acka (pasanap/eIH KypaMbIH]Ia KPEMHUH JKOK. ATl Fe(OH)2 Oacranksl HXA
KypaMmbIHaa aMophThI Ky#ie OONFaH/IBIKTAH OHBIH [IAFBUTY CHUITATTAMABIK [IBIHIAPbI
(pednexcrepi) (2-cyper) mbiknaiasl, onap Tek HXA-ti 450°C neitin KpI3aplpranaa
raHa naudpaxTorpamMmana OCNTUICHIN IIBIFATBIH OONFAaHIBIKTaH, OHBIH MeIIepi
XUMHSJIBIK JKOMMEH aHbikTanFan Temip (Fe’") wmemmepimMen auHbIKTammsl. bpycur
(nemamut) memmepi [100% — (cepnentunut, % + Fe(OH),, %)] aiibIpMamibLIbFbIHAH
ecenrengi. HXA-TiH cypbInTanFaH opTaiia MUHEPATOTHSUTBIK KYpaMbl 5 TYpIIi YITiHIH
opTaliia KYpaMbIHbIH XUMUSUTBIK TAJIJAy HOTHIKEIICPIHCH albIH/Ibl. AJIBIHFAH HOTHKEIIED
1-kecrene OepinreH.

Kecte 1 — HXA-TiH cypbInTanfaH YATICIHIH XUMHSIIBIK 5KOHE MUHEPATIOTHSITBIK KYPaMBbl

Ne XUMHAIBIK KYpaMbl, Mac. % MuHepanorusibslK Kypamsl, Mac. %
(6] Mg Si Fe CeprieHTHHUT Temip ruapokcui Bpycur
Mg, Si,0, (OH), Fe(OH), Mg(OH),
1 48,95 | 30,4 | 9,63 | 10,7 9,6 17,2 35,5
2 46,46 | 31,6 | 6,26 | 15,0 30,8 24,1 45,0
3 49,93 | 29,5 | 10,03 | 7.4 49,4 11,8 39,0
4 49,85 | 30 | 948 | 8,6 46,7 13,8 40,0
5 45,0 29 533 | 17,7 26,3 28,5 45,0
opT. % 48,5 | 30,2 | 8,15 | 12,3 40,0 19,0 41,0

HXA-TiH MuHepaJorusjblK KypaMblH ecentey MeH 3eprrey SEM-tanpaymen
aHBIKTaJIFaH, opTa ecenmel, Mac.%: O—48,5; Mg—30,2; Fe—12,3; Mn—0,33 HoTmxenep
OotipiHIa kyprizingi. Ockl omicnieH TaOburran HXA-TiH opTama MUHEpaTOTHSUTBIK
kypambl: 41,0% — Opycurren (Hemanut), 40,0% — XpU30THI (CEPIEHTHHUT) >KOHE
19,0% - remipain (II) ruapoxcnni (aMmopdThI Kyiiae) OONIBI.
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HXA-mi  mepmoananumuxaneix 3epmmey. TepMoaHanuUTHKANBIK 3epTrey 20-
900°C Temneparypa apanblFbiHaa xyprizinai. HXA-TiH oprama Kypambl, COHIai-aK
HXA-TiH KypaMbIHIarbl Tay XBIHBICTAPBIH CYPBINTAY apKbLIBI CHIPTKBI KeJIOETIMEH
TaHJaJFaH CyYp, aK oHEe Kapa TY3UIMIepAiH yiarinepi 3eprrenai. Oprama ajablHFaH
HXA-tiH nepuBarorpammaceina colikec (3-cyper), DTA xuceikrapeinga 80-160°C
TeMmreparypajap apajblFblHIa KONTETeH IIHUBIPIIBGIFEl Oap MIAFBIH  Y3apThUIFaH
LIBIHJIAPMEH E€peKIIeTICHEI].
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Cyper 3 — CypbInTairad opTalia HeMaJTuTKYpaMaac XpH30TUI-acOECTTIH IepUBATOrPAMMACHI

80°C-160°C apanpIFpIHIAFBEl SHIOTCPMUSUIBIK IIBIHHBIH Oactamysl HXA-Tig
aJICOPOIMSUIBIK CYBIHBIH KOFaaybIMeH OainmanbicThl. CofaH KEHWIHIT Ke3eHJe, TeMIp
(I) TuapokcHIIHIH BIIBIPAYBIHBIH SHAOTEPMUSUIBIK ocepi Oaiikamamel. Temip (II)
TUAPOKCUIIHIH TePMUSUIBIK BIABIPAYBI €Ki Ke3eHe Kypel. bipiamm kesenme, 30-70°C
TeMIIepaTypajgap apajblFbIHIa TeMip THAPOKCHIL aJICOPOIMSIIBIK CYIbl KOFAITAIbI,
exinmi kezenze, 150-200°C remneparypana FeO xone H O Tysin siasipaiast. 400°C
temneparypana HXA sHIOTEpMUSIIBIK oCepAeH iIIKi KYPBUIBIMBIHBIH ©3TepyiHeH,
OpycCHUTTIH (HEMAJIUTTIH) AeTuaparanusicol, aia 680°C-me ceprneHTHHUTTIH (KYPBUIBIMBI
OY3BUIBII) SHIOTEPMHUSIIBIK CYCBI3AHYBI KYPEIl.

810°C-meri  sHIOTEPMHAIBIK — dcep, Kkamnbl  (opmynace Mg Si,0, (OH),
CEPIIEHTUHHUT TOOBIHA >KAaTaTblH MHUHEPAJIABIH HEMece XPU3OTWINIH KPHCTAJUIIBIK
TOPBIHBIH OY3bUTYbIHAH KeHIHT1 (DOPCTEPUTTIH KPUCTAIIAaHYbIMEH OaiIaHbICTHI.

HXA KypampiHma TaObUIFaH MUHEpaIAbl KOMIIOHEHTTEPHAIH apakKaTbIHACHIH
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anbIKTay yuiH, HXA KypamaactapblHBIH TYCiHE coiikec cypbinTairaH oprama HXA,
Kapa, CYp *KoHe aK YJIruiepine (4-cypeT) TepMOaHAIUTUKAIBIK 3ePTTEYIep KYPri3iii.
Omnapaply JAepuBaTorpaMMmalnapbl >KOHE oOJlapAaH 6JIIEHIeH TOMEHI1 IIBIHAAPIBIH
aynaHbpl OOMBIHIIA €CenTelNin TaObUIFaH, YATIIEPAiH *KaJllbl MAaCCACHIHBIH JKOFaITYbI
5-7 cyperTepie xoHe 2-KeCTe/ie KeNTipiIreH.

r)

Cyper 4 — XKiTikapa KEHOPHBIHBIH HEMAJIMTKYPaMAac XpU30THI-acOECTi: a — CypBINTalFaH opTalia

HXA; 6 — cypointanran kapa HXA; B — cypsinranran cyp HXA; r — cypeinranran ak HXA

Kapa tycti (HXA) (cyper-4, 6) KOMIIOHEHT, ©3iHIH TEPMHSUIBIK KacHeTi OOMbIHINA
(cypeT-5) JkoHEe TOMEHT1 INBIHJApHl AayJaHbIHBIH MOHI (2-kecTe) OOWBbIHIIA Ta3a
(cepmeHTHHUT) XpH30THI-acOecTiHe oTe yKcac. XPHU3OTHIIIH KepceTKimTepiMeH
CaJIBICTBIPBUIFAH YIII YITiHIH JeprBaTOrpaMMachl 0oibIHIIa, Kapa TycTi HXA 90-100°C
aliMarpIHIA JKOFAIIFaH aJICOPOIMSUIBIK CYIBIH MAacCaiblK IIBIFBIHEL 5,82-6,0%, 370-
430°C aiimMarbIHJia OPYCHTTIH JIeTHApaTAMsIChIHA OalTaHBICTHl MACCANBIK YKOFAITYHI
casIblcThIpMalbl Typae a3z — 12%, an 660-680°C, cepneHTUHUTTIH AernaparaniscbiHa
0aiiIaHBICTBI MACCAJIBIK KOFAITYbI KOFapbl — 79,38% Kypaibl.
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Cyper 5 — Kapa tycti HXA-TiH nepuBarorpaMmacs

Cyp Tycre (cypet-6), acoOpOIUSIIBIK CY/IbIH KeOYiHe KaThICThI MaCCAJIBIK KOFAIITYbI
TeMeH - 3-4%, 370-430°C alimarpiHaa OpyCHTTIH MacCalbIK dKOFAITYbI CAIbICTBIPMAJIbI
TypJe Korapbl - 76%, XpU30TWIMEH (CEPIICHTUHUTIICH) CaJbICThIpFaHaa 4,8 eceleH
skorapbl, 660-680°C ke3iHae MaccalbIK KOFanty - 21% xypaiiasl. TepMHSIBIK BIABIPAY
cunarbl OoibiHma cyp TycTi HXA, OpyCHTTIK KOMIIOHEHTTEPIEH TOMEHT1 LIBIHJAAP
ayaaHbl OOMBIHIIA TAOBUTFAH JKaJIbl MACCANBIK XKOFANTy (22,6%) MoH/Iepi TYPFBICHIHAH
0acChIMJIBIPaK.

Cyper 6 — Cyp Tycti HXA-T1iH qepuBarorpaMmmacsl
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Amn, ak Tycrte (cyper-7), ancopOLUUSIIBIK CYIBIH >KOFalybl ToMeH — 3%, 370-430°C
aiiMarbIH/Ia OPYCHUTTIK MacCaHbIH KOFaTybl CAIBICTBIPMANBI TYpAE Kol xKoFapsl - 90%,
kepicinme, 660-680°C apanblFblHAa CEPIEHTHHUT MAacCaCBhIHBIH KOFATybl TOMEH —
7,0%. TepMUSUIBIK bIABIPAYAbIH cunaTTapbl OoibiHIIa aKk HX A ToeMeHTi bIHaap aynaHbl
MoHIepi OOHbIHIIA OPYCHUTKE KaKbIH.
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Cypet 7 — Ax Tycti HXA-TiH epuBarorpaMmacs

KapacTplpbuiblll OTBIpFaH TeMmmeparypaislk ananasonaapia HXA-Ti kypailTein
JiepuBaTOrpaMMaiIapiblH Chl30aapblHaH, YATUIEpIiH TypiHe (TyciHe) OaiyaHbICTHI
OJIap/IbIH TOMEHT] LIBIH aylaHAapbl )KOHE OJIap/blH apakaTbIHACTaphbl ©3TCIICNiKTEePiH
anrapyra Ooonaznpl. Kapa, cyp, ak Tycti HXA-TiH KypaMbIHIa OONaThiH TY31LTiMIEpAiH
KOHE CypBINITaIFaH oprama Kypamaarbl HXA-TiH cajbICThIpy YIIiH Oepiirex
Ta3a CEpHEHTMHHUT (XPU3OTWIAIH), OJapAblH JepUBATOrpaMMalIapblHAAFbl  YII
TEMIIEPaTypajblK aliMaKTapbIHIaFbl TOMEHT] IIbIH aylaHIapbIHbIH ©3TepPyiHiH JKaIIbl
casMakTbiH Koraiysl (TGA) OGolibiHIIA caTbICTRIPMAaIbl TAAAYHl 2-KecTeae OepiyireH.

Kecre 2 — Cypoinranran opramia Kypamaarsl HXA rieH OHBIH KypaMbIHAAFbI TYPIIi-TYCTI TY3UIIMISpiHIH
(KOMITOHEHTTEp1) JepuBaTOrpaMMaIapbIHAAFbl TOMEHT] MIBIHAAD ayJaHAAPBIHBIH MOH/SPI MCH OJNapAAFhI
JKAJIITBI CAJIMAKThIH JKOFAITYBIHBIH MaWbI3IbIK MOJIIIEI.

Ne Araybl ToMeHTri WbIHAAP aylaHbl, CM> Kanmer
(TGA 0Ooiipinia) CaJIMaKTbIH
80-220°C | 370-430°C | 660-670°C KOFaIybl, %o
1 | Xpuzornia Ta3a (CepICHTHHHUT) 9,0 16,0 75,0 15,0
2 | Cypsinranras oprama Kypamaarsl HXA 7,54 63,7 28,81 20,0
3 | Kapa tycti HXA 5,82-6,0 12,10 79,38 15,4
4 | Cyp tycri HXA 3,0 76,0 21.0 22,6
5 | Ak Tycti HXA 3,0 90,0 7,0 28,0
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Cypointanran oprama Kypamaarsl HXA-te ancopOumsuielk cy (~7,5%), Ta3a
CEpPIEeHTHHHT (XpU30TIII) TeH KapaTycTi HX A-TiKoraliFaH Cy/IbIH MOH IEPi CalbICThIPMAaITbI
TYpIe kakbiH faeyre 6onaasl (~9-15% - 80-220°C). bipak, 6pycut komnoHenTiHiH (370-
430°C) sxanmsl calMak >KOFaITyJarbl MOHI XPH30TWIIICH TOPT ece xorapsl, 60-63,7%
Kypaiinsl. Oprama kypamaarsl HXA-te 6pycutrik (370-430°C) xoHe Xpu3zoTriaik (660-
670°C) KOMITOHEHTTEPIHIH >KaJIbl MAaCcCANBIK JKOFaIyFa (JIerujaparaius HOTHKECIH/IC)
KOCaTbIH YJIeC MOHJEPIH CaJbICTBIPY, ONapiAblH ImamaMeHn 2,2:1 KaTblHACHIHAA EKEHIH
kepcereni. HXA keHiHiH opTama KYpaMblHBIH JAEPUBATOIPAMMACHIH Tajlidy OHJAFBI
MarHuiaig OaceiM Oemiri OpycHT TypiHAe OONaTHIHBIH >KOHE OCHIFaH OaiIaHBICTHI
oman HXA kypambIHIaFbl Kammbl cyablH 63,7% OeniHeTiHiH kepceteni. Srau, HXA-
TiH KypaMbIHarbl MarHuiain 6aceiM Gemiri Opycur — Mg(OH), Typinne Gonazbl, 6y
HXA-TiH oprama KypaMmblHAa aHBIKTAIFaH OHBIH XUMHSJIBIK >KOHE MUHEPaJOTHSUIBIK
KypaMIapbIHbIH (KecTe - 1) HoTHKeNnepiMeH pacTranabl.

HXA-Ti 3eprrey HoTmxkenepi JKiTikapa KEHOPHBIHBIH JKOHE OHBIH KYpaMbIHIA *KHi
Ke3JleCeTiH Ty3uriMaepaiH (Tyci OOibIHIIA) KOMIOHEHTTEPiHIH (Kapa, Cyp *KOHE aK)
TepMusUIbIK (TGA) KUCBIKTapbIHA TaJAAy XKOHE 2-KECTECH TSPMHUSIIBIK OHJICY Ke3iHjIe
3epTTENIreH YATUIEPIiH >KalIbl MaccajblK jKoFanybl, HXA HerypibIM ambIK Ooiica,
OHJarbl Maruui, Opycurrik Typaeri Mg(OH), corypibIM KOFapbl, CEPIEHTUHHUTTIK
(XpU30THIT) KYPBUIBIMIIAFBI MArHUHMIIH MOJIIIEpi a3 OONaThIHBIFBIH KOPCETE].

Kopsitbinabl. SEM jkoHe peHTreHorpaduKanblK TaifaylapiblH HOTHKENepi
Ooiibrama JKiTikapa KeH OpHBIHBIH XpU30THII-acOecT KeHiHeH OeniHin anbiHaTeiH HXA-
TiH optama Kypamsl: 40-43% Opycur (Hemanut), 40-43% ceprnenTunut xone 10-19%
temip (II) ruapokcuaineH Typasl.

HXA-TiH TepMoaHaINTHKAJIbIK TalAaybIHbIH HOTWOKENEpi, OyJl 9NiCIeH opTypdi
KOJIJaHy MaKCaTblHa ColiKec HEeMaJMT KeHIepiH TangaraHna, HXA KypambIHIarsl
HETi3ri KOMIIOHEHTTEpiHiH (OpYCHT TI€H CEepHEeHTHHHUT) KaThIHACBHIH AaHBIKTayFa
OonarbHABIFBIH KepeeTinai. KyHript Tycti HXA-TeH TypaTbiH *KbIHBICTapaa (KEeHAEPIE)
CepIeHTUHHUTTEP 0achIM, aj allbIK TYCTi )KbIHBICTapa OpyCUT OachbIMbIpax.

TepMoaHaIUTHKAIIBIK 9ICTI, PEHTTEHIIK (a3ablK TalgayMeH YHIecTipe OTBIPHIIL,
Oenrini 6ip HXA xeH OpHBIHBIH canaliblK )KoHE CaHIbIK KypaMbIH OaramiayFa, apbl Kapai
HXA-TiH KongaHy canachklH aHBIKTAy YLIIH KOJAaHyFa OONaThIHABIFbl aHBIKTAIbI.

By 3eprrey KP $2KBM K BHK (BR21882242) kap»bUIbIK KOJIJaybIMEH JKYy3€re
ACBIPBUIIBL.
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Abstract. In folk medicine Elaeagnus angustifolia is used to relieve asthma, diarrhea,
fever, flatulence, jaundice, nausea, tetanus, urinary tract diseases, and vomiting. From
the literature it is known that essential oil was isolated from flowers and its chemical
composition was studied. Aqueous extracts of the fruit have an analgesic effect, and
the antifungal and antibacterial activity of extracts from the aerial part of the plant
has been studied. The purpose of this work is the qualitative and quantitative analysis
of lipophilic compounds of the fruits of this plant using gas chromatography-mass
spectrometry. Vitamins, carbohydrates, fatty acids, esters and sterols belonging to various
groups of secondary plant metabolites were found. Among the secondary metabolites,
DL--tocopherol (39.6325%), stigmasterol (17.1564%) and octacosane (9.8456%)
predominate. Esters were found in small quantities - isobutylpropyl ester of phthalic acid
(0.9129%), ethyl ester of heptadecanoic acid (0.9430%) and ethyl ester of hexadecanoic
acid (0.8965%). All detected compounds in the extract have a certain biological
activity. For example, tocopherol contained in the extract is a useful food component
for mammals and humans. It is known that a lack of this vitamin leads to body fatigue
and muscle dystrophy. And stigmasterol exhibits strong pharmacological effects, such
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as anticancer, antiosteoarthritis, anti-inflammatory, antifungal, antiparasitic, antifungal,
antibacterial, as well as immunomodulatory, antioxidant and neuroprotective properties.
The data obtained from the research can serve as a basis for assessing the potential for
pharmaceutical and medicinal use of the fruits of Elacagnus angustifolia.

Keywords: Elacagnus angustifolia, extract, extractant, mass-spectrum, gas
chromatography-mass spectrometry.
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Aunnoramus. JlocTypni MemuuuHaza Tap oKamnblpakTel kuae  (Elaeagnus
angustifolia) nemikne, nuapesi, Kpi30a, METEOPH3M, capblaypy, )KYPEK alHyBI, cipecIie,
39p WIBIFApy KOJAAPBIHBIH aypyJapbl MEH KYCyabl Oacy YIIiH KOJAaHbUIaAbl. Oaeou
LIoJTyAaH TynjepiHeH 3>(up Maiibl albIHBIN, OHBIH XUMHSUIBIK KYpaMbl 3epTTEIreHi
aiiTeanpl. JKeMicTepiHeH anblHFaH CYNbl CBHIFBIHIABUIAD aHAJbIE€THKAJBIK 9cepre He,
OCIMIKTIH Kep YCTi OeJriHeH aJbIHFaH CBHIFBIHIBLIAP 3€H MEH OakTepHsiFa Kapchl
OesceHaiTik KepceTeTiHi 3epTTenret. JKyMBICTBIH MaKcaThl Ta3 XpoMarorpadusi-macc-
CHEKTPOMETPUS OIICIHIH KOMETIMEH aTajMbIIl OCIMJIKTIH JXEMICIHIH JIMOQWIbIL
KOCBUIBICTApbIHA ~Tajjay >KYprisy Ooneill TaObwianbl. OCIMIIKTIH — eKIHIIUIIK
MeTa0OJIUTTEPiHIH Typsi TOOTapblHA >KaTraTblH JOpyMEHIEp, KOMIpCyTeKTep, Mai
KBILIKBUIAAPEI, Kypaeni 3¢upiep MeH crepoiaap Ta0buiabl. CHIFBIHABI KYPaMbIHBIH
xorapbl menumepae DL--tokodepon (39,6325%), cturmactepon (17,1564%) >xone
oktako3zaH (9,8456%) xe3meckeH. A3 MedjuepAe MblHa Kypaeni s¢upnep — ¢ran
KBILIKBUTBIHBIH 300y Tranponut 3¢upi (0,9129%), rentagexkad KbIIIKBIIBIHBIH ATHI
a¢upi (0,9430%), rexcagekaH KbIIKbUIBIHBIH ATHI 3upi (0,8965%) ke3neckeH.
CBIFBIHIBI KYPaMBIHAAFBI OapIIbIK KOCBIIBICTAP OeNTriii 61p OMOIOTUSIIBIK OeNICeH1TIKKE
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ve. MpIcanbl CBHIFBIHABI KYpPaMbIHIAFbl TOKO(EpOa CYTKOPEKTiIep MEH ajaM YIIiH
TaraMHbIH ITali1aJTbl KOMITOHEHTI 00JIbIT Ta0bLIaAbI. BYJ1 TopyMeHHIH KeTicrieyi JeHeHIH
HIapiaybl, OYJIIIBIKET IMCTPO(UICHIHA SKENETIHAIr Oenriii. AJl CTUTMACTEpOII iCiKKe,
0CTE0apTPHUTKE, KAOBIHYFa, Cycamblp, Tapa3uTKe, CAHbIPAyKYJIAKKa, OaKTepUsFa KapChl,
COHBIMEH KaTap UMMYHOMOYJISIIHSUIBIK, aHTUOKCHIAHTTHIK XKOHE HEUPOIIPOTEKTOPIIBIK
KaCHUETTEp CUSKTBI KYIITI (hapMaKOJIOTHSIIBIK dCepIiepli KOpCeTeIi.

3epTTeyaep HOTHKECIHAC almbiHFaH Manimertep Elaeagnus angustifolia xxemiciHig
(hapMaleBTHKAIIBIK JKOHE MEIUIIMHAIIBIK KOJJIAHBLITY oyieyeTiH Oaranayra Heri3 Oora
aJaJbl.

Tyiiin ce3nep: Elaeagnus angustifolia, ChIFbIHIBI, KCTPAareHT, Macc-CIIEKTp, Ta3
Xpomatorpadus-mMacc-CrieKTPOMETPHsI.
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AHHoTanus. B HapogHOW MemunuHe 10X Y3KONMCTHBIN (Elaeagnus angustifolia)
MPUMEHSIFOT JIJISI ICUCHUS ACTMBI, IHAPEH, TUXOPAIKH, METEOPU3MA, JKEIITYXH, TOITHOTHI,
CTONOHSKA, 3a00IeBaHUH MOUYEBBIBOSINIINX MyTell U pBOTHI. COMTACHO JTUTEPATYPHBIM
JTAHHBIM, W3 I[BETKOB OBLJIO BBIACICHO D(PHUPHOE MACIO M U3YUYCH €r0 XUMHUYCCKHI
cocrtaB. BoHbIe 9KCTPAKTHI TUIOA0B 001a1aI0T 00€300IMBAIOIINM JICHCTBHEM, a TAKKE
M3YUYCHBI UX MPOTUBOTPUOKOBAS U aHTHOAKTEpHATbHASI AKTHBHOCTH.

Ienbio gaHHOW PabOTHI SABISAETCS KAYSCTBEHHBIM WM KOJMYCCTBEHHBIN aHAJM3
JTUMOGUIHLHBIX COSAUHEHHH TITOZI0B 3TOTO PACTEHUS METOIOM I'a30BOi XpomaTorpaduu-
Macc-CIeKTPOMETPHH.

OOHapyKeHbI BUTAMUHBI, YTIIEBOIBI, JKUPHBIE KUCIOTHI, CJIOKHBIE 3(QUPBI U CTEPOITBI,
OTHOCSIINECS K PA3IUYHBIM TPYIaM BTOPUYHBIX MeTabOMUTOB pacteHuid. Cpenn
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BTOPUYHBIX METa00IUTOB npeodnanaarT DL-a-tokodepon (39,6325%), crurmactepon
(17,1564%) u oxrako3aH (9,8456%). B HEOONBIINX KOIMYECTBAX BBISBICHBI CI0XKHBIC
3¢upel: U300y TUITPONHIIOBEIH 3¢up draneBoit kuciaoTsl (0,9129%), sTUn0BEIN 3dUp
rentagekaHoBoi KucaoTsl (0,9430%) u ATUNOBBINA 3(UpP TeKcaJeKaHOBOH KHCIIOTHI
(0,8965%).

Bce oOHapyxeHHbIE COEIMHEHHsI SKCTpakTa 00JafaloT omnpeaeiaéHHOH Ouoio-
THYECKOH aKTUBHOCTBI0. Hanpumep, Tokodepot, coneprKaiuiics B 5KCTPaKTe, BISETCS
MOJIE3HBIM MUIIEBBIM KOMIOHEHTOM AJIS1 MICKOIUTAIOMINX U YeJloBeKa. M3BecTHO, 4To
HEIOCTAaTOK 3TOTO BUTAMHMHA NPUBOAMT K YTOMJISIEMOCTH OpraHU3Ma U JHCTPOGUH
MBILIIII.

Crurmactepon MpOSIBISIET CHIIbHBIE (apMmakoigorudeckue 3(pdekTrl, Takue Kak
MIPOTUBOPAKOBOE, IPOTUBOOCTEOAPTPUTHOE, MTPOTUBOBOCHATUTEIBHOE, TPOTHBOTPUO-
KOBO€, MPOTHUBOMAPA3UTAPHOE, aHTHOAKTEPUAIbHOE, a TAK)Ke UMMYHOMOIYIHPYIOLIee,
AQHTUOKCUAAHTHOE U HEUPONPOTEKTOPHOE JACHCTBHE.

JlaHHble, MOJyYeHHBIE B peE3ylbTaTe HCCIENOBaHUM, MOTYT CTaTh OCHOBOW JUIA
OLIEHKH TOTEHIHaga (apMaleBTUYECKOTO U MEIUIMHCKOTO HCIOJNb30BaHUS TUIOJOB
710X Y3KOJIHCTHOTO.

KaroueBsie cioBa: FElaeagnus angustifolia, S5KCTpakT, 3KCTPareHT, Macc-CIEKT,
ra3oBasi XpoMarorpadus-Macc-CrieKTpOMETPHSL.

Kipicme. Ocimaik KypambiHOa OipiHIIUTIK MeTabonuTTepaeH (kemipcynap,
AMHMHKBIIIKBUIIAPHI, Mal KBIILIKBUIAAPHI, XJIOPOQUILIAED, IUTOXPOMAAP, HYKJICOTHITED)
OeJiek, HEeTi3ri 3aT ajJMacyfa TYCHEHTIH eKiHIIUIIK MeTaboauTTep Oap eKeHairi Oemrii.
ExiHIminik MeTabonuTTep 1MIiH/e eH KOl TapaFaH TOOTaphl: H30MPEHOUATAP, PEeHOIIbI
KOCBUIBICTap MeH ankajouarap. XKepueri ¢pnopansiy 10-15%, sran 20-30 MbIH ecimMaiK
KYpaMBbIHAAFbI EKiHIILTIK MeTa0onuTTep 3eprrenred. OnapabH Ke0ici KOHCTUTYTHBTI,
KapTbuUlail ”HAYHIHOeN1i HeMece HHAYIHOeN Al KOPFaHbIC KOCBUTBICTAPBIHBIH KbI3METIH
aTkapaiabl. ATanMblll MeTaOOJUTTEpAiIH CaH TYpJii OOJybl, ONapAbIH OpPBIHAAWTBHIH
(YHKUMSITAPBIHBIH KONTYPIUIiH KaMTamacel3 etedi. Onap eciMAiKTe 3KOJOTHSIIBIK
¢ynkumsiiap arkapaasl. Onap eciMAIKTEpAl SpTYpIii 3USHKECTEp MEH MaToreHIepAeH
KOpFaiibl, ©CIMIIKTIH Ke0er yaepiciHe KaTbICajbl, SKOXKYHeAeri ociMIiKTepIiH Oip-
OipiMeH jkoHe OacKa Jia ar3ajlapMeH oceplieCyiH KaMTaMachl3 eTei.

EprepexTen ekiHmIJIIK 3aT anMacy eHIMAEpl MeOuluHa, BeTEepUHApHs,
(apmaxonorus >koHe 0acka Ja cajanapAa KeHIHEH KOJIaHbUIbIN Keneni. byran cebemn
eKIHII1TIK MeTabOMUTTEPAIH TYpii OeJcenainikTepre ue 6oiy. Atam aifTkanaa GeHon bl
KOCBUIBICTAP OMOJIOTUSUTBIK OCJICEHIUTIKTIH K€H CIICKPTiH KOPCETe 1l —aHTUOKCHIAHTTHIK,
KaObIHYFa, ICIKKE  KapChl, KalmWJUIAp HBIFAWTATBIH JKOHE TIeNaTolpOTEKTOPIIBIK
oencenainikke ue (Nishino, et al, 2005). Kaszipri ranaa ¢papmakonorust eHepkaciOiHiH
OacelM MiHZETTepiHIH Oipi XKaHa ©cCIMIIK TEKTi NpemaparTapibl €HIi3y apKbUIbl
JOPLTIK 3aTTapblH aCCOPTUMEHTIH KeHEHUTy Ooubin Tadbutapl. bipkarap aypynapabiy
QIJBIH ally JKOHE eMJey YIIIH KOJJaHbUIATBIH ©CIMIIK TeKTi Iopijep CHHTETHKAaJIBIK
aHAJIOTTapJlaH THIM/IUTIT )KaFbIHAH KeM TYCIIeUTIHAIrT Oenrii.

dapmaneBTHKa cajachl YIIiH MEPCHEKTUBTI oCIMIIKTepaiH Oipi — Tap >KanbIpaKThl
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xune (Elaeagnus angustifolia). byn ecimuik Elaeagnaceae TYKbIMIACBIHBIH OKLI,
Batpic xoHe Opransik Asusima, Peceiigin oHryctiri Men Kasakcrannan Oacram
Typxkus sxone Mpanra aeiiin tapanrad araml. JocTypii MenWIMHAAA Tap >KabIpaKThl
KHJIE JIeMIKIe, auapes, Kpl30a, METeOpU3M, capblaypy, KYpeK aiHysbl, cipecre, 39p
LIBIFapy JKOJNJAPBIHBIH aypysiapbl MeH Kycyabl Oacy yuriH Konganeuiansl (Asadiar, et
al, 2012). E. angustifolia ®eMicTepiHEH aJlbIHFaH CYJbl CBHIFBIHIBUIAD aWTapJIBIKTaN
aHaJIbIeTHKAJIBIK ocep KopceTy KadineTti 6ap (Karimi, et al, 2010). Tarb1 Oip eHOekTe OCBI
OCIMIIK MYILIEJIEpiHEH aJIbIHFAaH CHIFBIHABLIAP 3¢H MEH OaKTepHsFa KapChl OCICEHATIK
kepcerteTiHi 3eprrenred (Khan, et al, 2016).

I'ynnepinne »dup wmaitel OGap, OHBIH KypambiHaH StuianuHHamat (60,00%),
rekcaruapodapuesun aneroH (9,99%), naabMUTHH KbIIKBUTE (5,20%), duron (3,29%)
anpIKTanFad. JKanblpakrapblHbH 3Gup MaiibiHan stuianuHHamat (37,27%), ¢uton
(12,08%), Z-3-rexcenmnbensoar (7,65%) Tadpurran (Torbati, et al, 2016). ConbimeH
Katap auukiai (ruaBOHON DIHMKO3MATEpi - osiearHozuarep A-G 1e aHBIKTAIFaH
(Bendaikha, et al, 2014).

Marepuasgap MeH 3epTTey daicTepi. [eKcaHIbl CBHIFBIHABI Malepalus KOMETriMeH
anbIHAbl. CBIFBIHIBIHBI KYPFaTy POTOPIIBI OyTaHABIPFHIIITA KY3€ere achIpblinbl. Kyprak
CBHIFBIHIBIHBIH IIBIFBIMBI 1,88% Kypaabl.

CBHIFBIHABIHBIH ~ XMUMHUSUIBIK ~ KOMIIOHEHTTEPI  MacC-CEJICKTUBHBIM  JIETEKTOPIIBI
(Agilent 5975C) ra3 xpomarorpadta (Agilent 7890A) sxysere aceippuigsl. [a3
XpoMmarorpadusi-Macc-ClIeKTpPOMETPHsI TaJlIay bl KeJleci Karaaiiapaa icke acTel: OaraHa
tuni — Rtx-100DHA; Garana y3eiHbirel — 30 M; Oarana nuametpi — 0,25 mm; OaraHa
aIcOpOCHTIHIH KalubIHABIFEL — 0,5 M; OymanapIprbim Temmeparypacsl — 250°C, Garana
temneparypacel — 60-300 °C; GaraHa KbI3AbIpY KbUlAaMIbiFbl — 8 °C/MHUH; HOHAAP
Ke3iHiH Temiieparypacsl - 230°C; kBaapynoibai KOHeHcaTop Temmeparypack - 150°C;
ra3-TachIMaJlAarbIll — TeNIni; OaraHagarbl KICBIM — 2 pSi; cblHaMa Kejemi — | MK,
Macc-CIeKTpIepAl TIpKey pexknuMi - CKaHepiey apKbUIbI KOJI KETKI31IIi.

Hotmxenepni enney asromartbl Typae GS-MSD Data Analysis Gargapnamacsr
KeMeTiMeH icke achipbuibl (Baisalova, et al, 2014) .

Harun:xesiep #He 0J1apabl TAJKBLIAY.

Elaeagnus angustifolia xypaMbiHaH 15 opraHUKaJIbIK KOCBUIBIC TaObUIFaH (kecte 1).
En xern memmepne DL--Tokodepon (39,6325%), crurmacrepon (17,1564%), oxrako3an
(9,8456%) keznecke. [laitb13nbik Mommepi 1%-1aH keM KOCBUIBICTap KaTapblHaa (Tai
KBIIKBUIBIHBIH 1300y THIponit 3dupi (0,9129%), rentagekaH KbIIIKBUIBIHBIH ATHIT
adupi (0,9430%), rexcanexan KIIKBUTBIHBIH 3THI 3dupi (0,8965%) aHbIKTANABL.

Maiter3apix  ymecrepi  1-8% KkypaiitelH  KocwuibicTap: Tpuaekan (3,1134%);
H-TEKCaJieKaH KbIKbLIBI (3,6095%), 9,12-3tmnrekcanekaauenar (2,0830%); (Z,2,7)-
9,12,15-okranekarpuen-1-oi (1,8263%); 6eren crimpri (5,8470%); rekcaaeiimiiokCupan
(6,2130%); xammecrepon (1,8505%); u-terpakozanon-1 (1,4135%) sxone ckBaieH (4,
6569%).
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Kecte 1 - Elaeagnus angustifolia ®eMiCiHIH XUMHSIIBIK KYPaMbI

Ne ¥cray yakbIThl, Kocsuibictap [aiie3apIK Memepi, %
MUH
1 13,0986 Tpunexan 3,1134
2 22,2413 @DTaj KBIIKBUIBIHBIH N300y THIAIPONII dUpi 0,9129
3 22,4063 H-T'ekcagekaH KbIIIKbUIBI 3,6095
4 22,8904 lentaiexan KBIMIKBUTBIHBIH AT d3QHP1 0,9430
5 27,0271 OkTako3aH 9,8456
6 27,3572 DL-a-Toxodepon 39,6325
7 27,9733 9,12-3THII TeKcaaeKaaeHar 2,0830
8 28,0393 (2,2,7)-9,12,15-okTanexarpueH-1-oa 1,8263
9 28,3254 Beren criupri 5,8470
10 28,5564 [excamerunokcupan 6,2130
11 29,4476 T'ekcanexaH KbIIKBUIBIHBIH 3T QUi 0,8965
12 30,1847 Kamnecrepon 1,8505
13 30,2507 H-Terpaxo3anoi-1 1,4135
14 30,9328 Crurmacrepoi 17,1564
15 31,6700 CkBajeH 4,6569
200000 Bt = 31.87C
. FEZ‘ZZ [T
soooo [ 2o ass
et Mot sstcsmtnd i

T T T T T T T T T T T T T T
4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.0026.0028.0030.00

Cyper 1 - Elaeagnus angustifolia >xeMici CBIFBIHIBICBIHBIH XPOMaTOTPaMMAackI

Cyper 1-me Tap KanblpakThl )KUACHIH T€KCaH CHIFBIHABIHBIH XMUMUSUIBIK KYpPaMbIH
Tangay HOTHIKENEpiH KepceTeni. XpomarorpaMMmaarbl HIBIHIAP SKCTPAKTTHIH JKEKe
KOMIIOHEHTTEPiH, ONapAbIH YCTaJbIHYy YaKbITBIH (MUHYTIICH) J>KOHE HIBIHIAPABIH
OMIKTIrIMEH KOPCETUITeH CalbICTBIPMalbl MOJILEpiH KepceTeai. ATam alTKaHAa
YCTaJIbIHY YakKbITHI 27,357 Mmunytra DL-0-ToKoheponasiH Memmepi - 39,6325% (cyper

2) Kypaisl.
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Abundance
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Cyper 2 - DL-anb¢a TokodeposlH Macc CeKTpi

DL--toxodepon, conbiMeHn Karap E BuTamMuHI peTiHme OenTiii, KenTereH
OHMOJIOTUSIIBIK KACUETTEepiHE 0alTIaHbICTHI KOCMETHKA MEH TaFaM OHEPKACiOiH Ie KEHIHEH
kosanbiiaael. DL-anbda-Tokodepos e3iHiH KYIITI aHTUOKCHJIAHTTHIK KACHETTEPIMEH
tanbpMan. On 6oc pagukanaapasl OeiTapanTaHIbIpyFa JKoHE JKacyIlailaplbl TOTHIFY
CTPECCIHEH KOprayFa KeMeKTecesl, OYJI cay »acylia MeMOpaHaJlapblH CaKTay JKOHE
YKACYIIAJIBIK 3aKbIMJIaHYIapAbIH OPTYPIIi (hopMaiapbIiH OOJIIBIPMAY YIIIIH 6TE MAaHbI3/IbL.
E nopymeHi skacymiaiblK CHTHA >KOJJIAPABIH OCJNCEHIUNINH MOIYISIHsIayFa JKoHEe
KaOBIHY/IbI a3aliTyFa KeMekTeceli. E J1opyMeHi XoJIecTepuH ajiMacyblHa bIKIAI STe/Il
KOHE aTepPOCKICPOTUKAIBIK TYHIHAAKTBIH TYPAKTBUIBIFBIH CaKTalabl, OYJl KYpek-
TaMbIp aypyJapbIHbIH aJ/IBIH any YiriH MaHeias! (Kumar, et al, 2023). ConbiMeH Katap
0-TOKO(EPOJIIIBIH ICIKKE Kapchl OCJICCHIIIIK KOpCeTeTiHl IaieiaAcHreH. Mbicalbl,
a-tokoeponapiy, ORL-48 aybl3 KybBICBIHBIH iCIK acyllalapblHa Kapchl dcepiepiH
AHBIKTAUTHIH 3epTTeynep xkyprizinni (Zulkapli, et al., 2017).

E nopymeHi TaraMIplK KYHABUIBIFBIH apTTHIPY >KOHE BHTAaMHUH TaIllIBUTBIFBIH
Oongplpmay YIIiH Taramfa Kocbuiaabl. DL-a-Tokodepon maimapiasiH (capbl Maif,
MaprapuH, TicipMe >KOHEe KYBIPBUIFaH Maiiiap, OayiblK Maiibl), Maijbl TaramaapAblH
(KypambIHIa Kijereii Oap JaiibIH JiecepTTep, Kyprak coprajiap, Kakao, JUCTaJbIK
JKOHE MY3/IaTBUIFaH TaraMmJap) TYPaKTBUIBIFBIH apTThIPy YIIIH aHTHOKCHUAAHT PETiHAe
KOJIIaHBIJIa bl .

ConbiMeH Katap, Elaeagnus angustifolia %eMiCIHIE CTUTMACTEPOJ alTapIbIKTa
MeJIepe Kesueceai, oHblH mbHB 17,1564% xypaiigs! (cyper 3). Cturmacreporn -
TETPALMKII TPUTEPIICH/ICP KIIAChIHA JKaTaThIH KaHbIKITaFraH GUTOCTEPOI1. ByJ XMMUSITBIK
KOCBUIBIC 1CIKKE, OCTCOAPTPUTKE, KaObIHYFa, TUabeTKe, Mapa3suTKe, CaHbIPAYKYJIaKKa,
OakTepusiFa Kapchl OCICCHILTIKTEPI MEH UMMYHOMOYJISIIHUSIIBIK, aHTHOKCHIAHTTHIK
KOHE HEHPOIPOTEKTOPIBIK KACHETTEP CHUSKTHI KYHITI (hapMaKoIOTHSUIBIK dcepiepi
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kepcereni. CTUTMacTeposl KaHAaFbl KaHT JICHIeWiH OaKbUIAy/bl KOHE METa00IU3M/II
xakcaprazsl (Bakrim, et al, 2022).

I'a3 xpomarorpadusi-Macc CIeKTPOMETPHs 9[IICI CBHIFBIHIBI KYpaMblHAa KaHBIKKaH
KOMIpCYTEeKTep — aJKaHJap/AblH KOl MeJIepAe eKeHAIrH fonenen oTelp. OKTaKo3aHn
AHTUMHUKPOOTHIK, AaHTHOKCUIAHTTHIK KOHE KaObIHyFa Kapchl acepiepre ue (Saragih, at
al, 2019). Okrako3an MenaHoma icirine Kapcel oencenniaikke ue. OObIPABI emueye,
ocipece anuIepMalbail xoHe Oasy MHBa3HBTI MEJIaHOMA TYPJIEPiHE, MBICAIIBI, AKPAJIb/IbI
JICHTUTUHO3bl MEJaHOMa Ke3iHJe, iCIKTI XUPYPTUSUIBIK ajblll TacTaylbl KOJAaWTBIH
KOMEKILI Kypas peTiae Konganbutysl MyMkiH (Carlos, at al, 2014).

Beren ciupti, HeMece J0K03aHOI, 22-KOMIPTEKTi KaHBIKKaH ani(aTThl MAIbI CHUPT
OoubIn TaObUIAABL. BYJT KOCBUIBIC KOCMETHKA OHEPKACIOIHIE IMYABIaTop, KYMCAPTKBIIL
JKOHE KOIONIATKBII peTiHAe KeHiHeH KongaHbuiaabl. COHBIMEH Karap, OKO3aHOJAbIH
AHTUMHUKPOOTBIK KACUETTEeP1 FEUIBIMU TYPFBIAA AonenaenreH (Ranganathan, et al, 2014).

3eprreynep kepceTkeHaen, Oeren crupti Klebsiella pneumoniae xone Staphylo-
coccus aureus 6akTepusuIapbliHa aHTHOaKTepHaiibl acep kepcerTi (Kumari, et al, 2020).

AKI-TbIH a3bIK-TYIIIK KOHE Jopi-IopMeEKTep canachiH 0akpuiay 6ackapmacsl (FDA)
JOKO3aHOJIbI BUPYCKAa Kapchl (hapMaleBTHKAJBIK Mpernapar peTiHAe MaKylJaraH.
3eprTeynaep KepceTkeHjel, OyJl KOCBUIBIC JIMIUATI KaOBIKIIACK Oap BUPYCTapIbIH
(mbicanbr, HSV-1xone HSV-2) keH criekTpiHe Kapchl THIMII 9cep eTei. PermukaiusiHbig
OacTankpl Ke3eHAepiHae TOKO3aHOJ BUPYC MEH MECiHIH KacyllaablK MeMOpaHaChIHBIH
Oipiry mpouecin Texei i, ocbuiaia BUpyc HH()EKUUACHIHBIH TaMYbIH OO ABIPMAai bl
(Aoki, et al., 2015).

CkBasieH - XOnecTepuH OMOCHHTE31 MPOLECiHiH apaiblk Oeiri Oosbin TaObLIaThIH
TputeprneH. CkBasieH - OeTKi MOJIMKAHBIKIAaFraH Tepi JUMUATEPiHIH HEri3ri KOMIIOHEHTI.
On TepiHi >KYMCapTaTblH, BUIFAJIAHIBIPATHIH KOHE ICIKKE Kapchl OCJICEHALTIKKE He.
CkBaJieH Tepire Te3 CiHiIl, TePiHiH cepmiMIUTITiH KanmbiHa kentipeni (Huang, et al, 2009).

H-I'ekcasieKkaH KbIIIKBUIBI — KaHBIKKAH Mail KbIIIKBUIBI, MATbMUTHH KBIILIKBUIBI JETT
Te atanaapl. OI aF3a YIIiH MaHBI3IBI SHEPrHs Ke3i Oousbin TaObutanbl. IlameMuTHH
KBIILIKBIIBl XOJIECTEPHH alMacyblHa KaTbICAAbl )KOHE OHBIH KaHJAFbl JEHreiHiHe acep
ereni. Tamak eHepkaciOiHAE MAJIBMUTHH KBILIKBUIBI SPTYPIi Maiiap MEH MaliapIbiH
Kypamiac KoJaanbuIaasl. [[anbMUTHH KBIIIKBUTBI KOCMETHKAIA TEPITe IMOJICHT PETiHAEe
konnanbiianst (Siswadi, et al, 2020).

I'excaiekaH KbIIIKBUTBIHBIH ATHII 3QHPI - TUIJI MATBMUTAT PETiH/IE OSNTLIi, KAHBIKKAH
Mall KBIIKBUIBIHBIH 3(QUpi OOJBINT TAOBUIAILI JKOHE KEH CIEKTPJi OWOJOTHSIIBIK
Oencenainik kepceteni. by KOCBIIBIC aHTHOKCHIAHTTHIK, THIIOXOJIECTEPHUHEMUSIIBIK,
HEMAaTOIM/ITIK, TECTHIUATIK Kacuerrepre ue (Pawar, et al., 2023).

(Z,2,2)-9,12,15-okranekarpuen-1-o1 — Oy yiI Koc OaiyaHbICHl oHE OipiHIIi
KOMIPTEKTIH aTOMbIHAA THAPOKCHIBAI Tom Oap cmupt. Crnuprrepain Oyn eximi
AHTHPAJIUKAJIIBI )KOHE ICIKKe Kapchl Kacuertepre ue (Zhou, et al, 2019).

Kammnecrepon— Oy puTocTepon, KypbUIBIMBI )KaFbIHAH XOJIECTEPHHIE YKCAC TAOUFH
KocbUIbIc. KammecTepoa THIIOIUNUAEMHUSIIBIK dCEpiMEH, SIFHU XOJECTEPHH JEHIeiiH
TOMEHETY KaOileTiMeH, COHAal-aK aHTUKAHIEPOrEeHAIK KaCHETTEpPIMEH TaHbIMAIl.
OHBIH iCIKKe KapChl 9cepi aHTHAHTHOTCH/IIK KACUSTTEPIMEH 1llliHapa TYCIHAIpiiae i, Oy
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KacHueT 1CIKTep/iH 6Cyi MeH MeTacTa3AaHybl YIIIH KaKeTTi jKaHa KaH TaMbIpJIapbIHbIH
Ty3inyin Texxeiai (O’ Callaghan, et al., 2013).

Kamnecreponaply aHTUMHUKPOOTBHIK ONCEHALTIri 9pTYpii MHKpPOOPTaHU3MAEpre
Kapchbl acepiMeH epekuieneneai. by oHbIH TeprneHouaTap TOOBIHBIH OKiJi OOMyBIMEH
OaiimaHpICTBl OONMYBbl MYMKiH. TepmeHOMATAapAbIH 3€Hre, ameOara, BUPYCKa JKOHE
Oakrepusira Kapchl KacuerTepi 6ap. COHBIMEH KaTrap, aHTHAJIEPTEHIIK 9CEpTre e JKOHe
WMMYH/IBIK JKYHEH] HbIFalTyFa bIKIaj eTeli.

KamnecreponaplH KOFapbl aHTHOKCHIAHTTBIK OJI€YeTi OHBIH KYPBUIBIMBIHIAFbI
THAPOKCHI (PYHKIMOHAJIBIK TONTApPhIHBIH OOJNyBIMEH TYycCiHAipineni. Byn Ttomrap
THIPOKCHI PaJUKalAaphl, CYyNEepOKCH aHHOHAPHI KOHE JTUMUATI aCKbIHTOTBIKTAP/IbI
OeliTapantanablpyFa KabineTTi. MyHaii aHTHOKCHAAHTTHIK OSJICEHILTIK JKacyanapsl
OKCHJIaTHBTI CTPECCTEH KOpFayda MaHBI3Obl POJ arKapalbl JKOHE KaMIleCTEepPOJIbIH
MHUKpOOpraHu3MJep MeH 0acka MaToreHjepre Kapchl OpeKeT eTy MeXaHW3MiHeri
Herisri gakrop 6oxysl MymKiH (Aliyu, et al.,2013).

H-Terpako3anon-1— Oy y3bIH Ti30€KTI Malibl COUPT OOJBIN TaOBUIATHIH
OpraHuKanblK Kocbuibic. On KaObIHyFa Kapchl ocep KepceTeli, COHIai-aKk epKiH
paaukangapael Oefitapantanaeipy Kadinerine ue (Kumari, et al, 2020).

Tpunekan — Oyl ankaHZapAblH OKiMi. 3epTTeyiep KOpCEeTKEHJAEH, aTaiMBbIII
KocwUIbIC Bacillus subtilis, Enterococcus faecalis, S. aureus, Staphylococcus epidermidis,
Escherichia coli, Pseudomonas aeruginosa xoue Klebsiella pneumoniae CHUSKTBI
Oakrepusiiapra, connaii-ak Candida albicans, Saccharomyces cerevisiae xone Aspergillus
niger CHUSIKTBI CaHbIpayKyJaKTapFa Kapchl aHTUMUKPOOTHIK OeNCeHALTK KepceTeni.
Tpuzaekan a3 ybITTHI OONBIN caHaTafbl, OipaK KenTereH KOMipCyTeKTep CHAKTBI, O Tepi
HeMece Kijered KaObIKmanapsiH TiTipkenaipyl mymkin (Faridha, et al, 2016).
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Cypet 3 — CTurmacTeposislH Macc CHeKTpi
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KopbIThIHABI

Anramr per Elaeagnus angustifolia eciMIOITiHIH JKeMiCTepiHAeTi TUTO(IIIbII
KOCBUTBICTApFa JKYPri3iireH ra3 xXpomarorpadus-Macc-CIeKTPOMETPHUS TaJIayliapbl
HOTHIKECIH/IC TEKCAH/IbI CHIFBIH/IBI KYPAMbIHAH 15 OpraHUKaIbIK KOCHUIBIC aHBIKTAIIIBI.
Omnap kemipcyTekTep, Mail KbIIIKbULAAPBI, Kypueni aupiep koHe CTepoiiap CUSKTHI
OPTraHUKAJIBIK KOCBUIBICTAPIBIH TYPJII KJIACTapbIHA JKATAThIH XUMIUSUIBIK KOCBUIBICTAP.
Ocipece, DL-a-Toxodeporn (39,6325%), cturmactepon (17,1564%) xoHe OKTako3aH
(9,8456%) KOCBUTBICTAPHI KOFAPBI MOJIIIIEP/IC AHBIKTAIIIBI.

3epTTey HOTHXKECiH/e aHBIKTaIFaH KOCBHUIBICTApPIBIH OapibIFbI JAepiik Oenridi Oip
Oencenainikrepre ue. Onap icikke, 0cTeoapTpUTKe, KaObIHYFa, AUa0eTKe, MapasuTKe,
3eHre, OakTepusfa Kapchl, AHTHOKCUJAHTTHIK, HMMYHOMOYJISIUSIBIK JKOHE
HEHPONPOTEKTOPIIBIK CUSKTHI MAHBI3]IbI (PapMaKOJIOTUSIIBIK KACUETTEPIH KSH ayKbIMbIH
KamTuabl. byn manmimertep Elaeagnus angustifolia eciMairiHiH (apMaiieBTHKAIbIK
YKOHE METUIMHAIIBIK KOJITAHBLUTY QJICYETiH apTThIpyFa HeTi3 0oJa anaibl.
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Abstract. The scientific article presents the results of studying heap leaching
waste from gold-bearing ore processing using physicochemical methods. The studies
were conducted using modern optics - emission spectrometer, X-ray fluorescence
spectrometer, X-ray diffractometer, differential thermal derivatograph and scanning
electron microscope. The chemical composition of heap leaching waste according to
the results of measurements by atomic emission spectrometry, %: SiO, - 73,15; ALO,
- 13,18; Fe,O, - 5,55; CaO - 1,19; MgO - 1,52; SO, - 0,15; Na,O - 1,51; K,O - 2,58;
CuO - 0,19; PbO - 0,04; ZnO - 0,04; MnO - 0,3; NiO — 0,003; CoO — 0,003; As,O, —
0,013; SnO — 0,071; SeO — 0,094; MoO — 0,416. X-ray diffraction analysis revealed
diffraction maxima of quartz, periclase, illite and langite mineral in the composition.
As a result of differential thermal analysis, heap leaching and heat treatment of waste
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at a high temperature of 1000-1050 °C allowed to remove toxic substances (cyanides)
contained in them, stabilize the composition of the waste and make them safer. As a
result of scanning electron microscopic analysis, the following phases were determined
in the residual composition: quartz with a size of 0.1-0.6 mm, and the clay mineral illite
with a size of 0.1-0.2 mm. As a result, the potential possibility of using heap leaching
waste from the processing of gold-bearing ores to produce Portland cement was proven.
Keywords: waste, heap leaching waste, recycling, raw mix, portland cement.
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AHHoTanus. FeutbiMu Makanaaa anTblHbI Oap KSHJEP/Il OHJCY/ICH aJIbIHFAH YHiHI
maiManay KaJJbIKTapabl (U3NKA-XUMUSIIBIK OMICTEPMEH 3EpPTTEYIeri HOTHKEIep
KOpCEeTUIreH. 3epTTeyiep 3aMaHayd OINTHKA-3MHUCCHUSUIBIK CIIEKTPOMETpJIE, PEHTICH-
(IIyOpeceHTTI CHEeKTPOMETpAe, PEHTIeHAIK Iudpakromerpre, AuddepeHmnanp-
TEPMHUSIIBIK JiepuBaTrorpadTa KoHe pacTpiibl AMEKTPOHIbI MUKPOCKONTHIH KOMETIMEH
OPBIHJAJIBI. ATOMJIBIK-OMUCCHUSUIBIK CIIEKTPOMETPHS OIICIMEH OJIIIeY HOTHIKECIHIC
YHingi maiManay KaaablFbIHbIH Kypamsbl, %o: SiO, - 73,15; A1203 - 13,18; Fe 0, - 5,55;
CaO0 - 1,19; MgO - 1,52; SO, - 0,15; Na,O - 1,51; K,0O - 2,58; CuO - 0,19; PbO - 0,04;
ZnO - 0,04; MnO - 0,3; NiO - 0,003; CoO - 0,003; As,O, — 0,013; SnO — 0,071;
SeO — 0,094; MoO — 0,416 OGonmel. PeHTreHIIK KYpBUIBIMABIK Tayaayda KaJIbIK
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KypaMblHaH KBapll, MEPUKIIa3, WIUIUT JKOHE JIAHTUT MUHEPAJIIAPbIHBIH TU(QPAKIISIIBIK
MaKCHUMyMJapbl aHbIKTanAbl. JuddepeHunanasl TEpMUSUIBIK Taigay HOTHXKECIHAE
y#inai maiiManay Kangsikrapabl skorapsl 1000-1050 [ temmepartypaia TEpMUSUIBIK
OHJICY OJap/IbIH KYPaMBbIHAAFbI YIIbl 3aTTapAbl (IHAaHUITEP/1) )KOIOFa, KAJIBIK KYPaMbIH
TYpaKTaHIBIPYyFa )KOHE oNlap bl Kayirci3 eTyre MyMKiHAIK O6epai. PacTop:bl anekTpoH bl
MHUKPOCKONMSUIBIK Tanjay HOTHXXECIHIE KaJAbIK KypaMblHIarbl ¢azamap ksapi 0,1-
0,6 MM, casgpl mMuHepan wumit 0,1-0,2 MM emmempae aHbIKTaAbl. HoTmxkeciHae
MOPTIAHALEMEHT aly YLIH KypaMblHIa aiTbIHBI Oap KeHAEpHi OHICeyIAeH aJbIHFaH
yHiHII maliManay KajaabIKTapibl MalJaiaHyablH oJeyeTTIK MYMKIHAIr Oap eKeHiri
TN ICH].

Tyiiin ce3aep: KanabIKTap, YHiHAI IaliManay KalJbIKTapbl, K9Jere sKkapaTy, IUKi3aT
KOCHAachl, TOPTJIAHALEMEHT.
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AHHoTammsa. B Hay4yHOIl cTarbe MpeACTaBIEHBbl pPE3yNbTaThl HUCCIIEAOBaHUS
OTXOZIOB KyYHOTO BBIIIEIAYUBAHUS OT MEPEPadOTKH 30JI0TOCOAEPKALIMX PyA HUIUKO-
XUMHUYECKUMHUMeTo1aMu. Mccre1oBaHusA MPOBOANIINCH CHCTIONBb30BaHUEM COBPEMEHHOMN
OINTHUKH - 3MHUCCHOHHOTO CIIEKTPOMETPA, PEHTTEHO(IYOPECIEHTHOTO CIEKTPOMETPa,
peHTreHoBckoro nudpakromerpa, auddepeHnuanbHOro TepMoaepuBarorpada u
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CKaHMPYIOIIETro AIEKTPOHHOTO MHUKPOCKONA. XUMHUYECKUI COCTaB OTXOAOB KYYHOTO
BBIIENIAYMBAHUS [0 pE3yjibTaraM H3MEPeHHi METOAOM aTOMHO-ODMHCCHOHHOM
cnekrpomeTpun, %: Si0O, - 73,15; AL O, - 13,18; Fe,0, - 5,55; CaO - 1,19; MgO - 1,52;
SO, - 0,15; Na,0 - 1,51; K,O - 2,58; CuO - 0,19; PbO - 0,04; ZnO - 0,04; MnO -
0,3; NiO - 0,003; CoO - 0,003; As,O, — 0,013; SnO - 0,071; SeO - 0,094; MoO —
0,416. PeHTTeHOCTPYKTYPHBIN aHAJIHU3 BBISIBIII B COCTaBe MUMPAKITMOHHBIC MAKCUMYMBI
KBapIa, MepuKia3a, WuuTa 1 MUHepaia Jianrura. B pesynerare nuddepenumnansHo-
TEPMHUYECKOTO aHaINM3a Ky4yHOE BBILIETaYMBaHUE U TepMHUYecKas oOpadoTKa OTXOIOB
nipu Bbicokoi Temmneparype 1000-1050 °C no3Bonunm ynamuTh cofeprKalinecs B HUX
TOKCHYHBIC BellecTBa (IMAHUABI), CTAOMIU3UPOBATH COCTaB OTXOIOB U CHAENATh HX
Oornee Oe3zonacHbIMH. B pesynbrare CKaHHPYIOIIETo AJIEKTPOHHOTO MUKPOCKOTIMYECKOTO
aHasm3a a3l B OCTATOYHOM COCTaBe oOmpeselieHbl: kBapi pasmepom 0,1-0,6
MM, a TIMHUCTBIM MuHepan wuuT pasmepom 0,1-0,2 mm. B pesynbrare nokasaHa
MOTEHIUANbHAS BO3MOXXHOCTh MCIIOJIB30BaHMS OTXOJ0B KyYHOI'O BBILIETAYUBAHHS OT
nepepadOoTKH 30JI0TOCOIEPKALIMX Py ISl TOTYUYEeHHUS MOPTIAaHIIEMEHTA.

KiioueBble cioBa: OTXOIbI, OTXOAbI KYYHOTO BBIIICIAYMBAHMSA, YTHIH3ALUS,
CBIPbEBasi CMECh, TOPTIAHLEMEHT.

Kipicne. Onemue oHe OTaHIBIK FalIbIMIAPABIH TIXKIPUOECIHAE KaJABIKTapbl
KoJIere >KapaTyAblH, OJlap/bl KaliTa eHACYIiH €H YHEeMJl JKOHE SKOJIOTHSUIBIK Kayircis
TocinmepiHiH Oipi — HEeMeHT eHIipiciHme KoinmaHy Oosbin TaObutansl (Chatterjee,
2018). llemeHT eHipiciHIEe KaJIBIKTapAbl Oajama OTBIH TYpi PETiHJE, MIUKi3aT
MaTepuanbl peTiHe jkoHe OeNceH Il MUHEpaJAbl KOcIia PeTiHe Ae KolganyFa 0omasl
(Taiimacos, 2015). LleMeHT eHAIpY TEXHOIOTHSCHIHBIH EPEKIIENTIr aifHaIMabl IelTe
Mmarepuainapasl skorapbl 1450-1600° temmeparypara AeHiH KbI3AbIpalbl, KOFaphl
TeMmIeparypa Ke3iHae KalJbIKTapAblH KYpaMbIHIaFbl aybIp TOKCHHAI MeTas OeJIeKTepl
MEH OpraHMKaJblK 3arTap LEMEHT KIWHKEPIHIH KypaMblHA, SFHU CHJIMKATTHI
0anKpIMa/ia XUMHSIIBIK-MUHEPOJIOTHSIIBIK OaiiaHbICKa Tycin keHTekTeneni. Kinunkep
TY3Uly TIpOLIeCiH/Ie CHIIMKATThI OaKbIMa KYpaMbIHIa MUHEpAIIaHy Mpoleci acepineH
TOJIBIK 3aJIAJICBI3AHBII, YKOJIOTHSIIBIK Kayirnci3 OOMybIH KaMTaMmachl3 eTedi. ATajaraH
EpEeKLIETIKTIH apKachlHAa KalJbIKTapAbl Maijanany HEeMEeHT OHIIpiCiHAer eH >KaKChl
TexHojorus 6ombin cananazis! (IToramosa, 2016).

Enimizae KannmplKTapael THIMII MaijaiaHy, oOJaplIbl KO >KOHE AKOJOTHSUIBIK
KayiMNci3miKTi ajablH aiy >kymbictapbl OoibiHma 2013 sxeutel Kazakcran Pecry6nu-
KacBhIHBIH <OKAacbll YKOHOMHKara» Kelly >KeHIHJer KaObUIJaHFaH TYXKbIPHIMIIaMAaChl
(Kazakcran, 2013) Tmimai >Ky3ere acelpbulyda. ATainfFaH TYXKbIpbIMJaMa aschIHAA
enimizae Oipkarap eHAIpiCTIK OpbIHAApAbIH «EH Y3IiK KOKETIMAI TeXHHKajlapbl
OONBIHIIIAY aHBIKTAMAJIBIK KykaTTapbl oekitinai (Kaszakcran, 2023). By aHbIKTaMalbIK
KY)KaT ©HJIpiC OpbIHAAPAbIH >KYMBICBIH OHTAWIAHABIPY, KaJABIKTApAbl LIbIFapy
KOJIEMiH a3alTy, THICTi KaJIABIKTapAbl K9Jere Kapary, OJap/bl 3aJ1aJIChI3IaH/IBIPY JKOHE
arMocdepara OeNiHETIH TYTIHAI Ta3AaplblH KeJleMiHe KBoTa Oeily, 3aMaHayd Kypaj-
XKaOIBIKTapMEH JKaHFBIPTY CEKiIIi YChIHbICTap kacanrad (Her, 2022).

Kazipri tanma emimizne 50 mMiIpn TOHHaJaH acTaMm TEXHOTCHII KAJJIBIK TYpJiepi
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KMHAKTaJIFaH, oJapAblH OachkiM Oeniri, mamMameH 32 MJIpA TOHHAJAH acTaMbl Tay-
KEH OHJIpici, TYCTI MeTaIyprusl >KOHE XHMUSUIBIK OHAIPICTEpIeH XKHUHAKTAIFaH
KaJAbIKTap, 13,5 MIpa TOHHA KaTThl TYPMBICTHIK JKoHE 2,8 Mipa ToHHA oTe KayinTi (I
KJIACC) KaJABIKTap bl Kypaiiael (Zhanikulov, 2020).

Kaparaner oOnbickiHIa xbUTbiHA 110 MITH TOHHAIAaH acTaM KasblK Ty3uteni, 46,5
MJIH TOHHaJIaH acTaM KaJIBIKTap KoJere apaTbuiaasl, Oy mamameH 42 % Kyparl OTbIp.
Tyxeipeivaamara colikec 2030 sxpUtra Kapai eniMize KajaIblKTapabl KaiTa eHzey yleciH
40 %-ra, 2050 xburra Kapaii 50 %-ra xeTkizy kezaenren. OcbiFan opail Oyi1 MaceneHi
OHTAMIIBI IICITY aJ/IaFbl YaKbITTa ©3eKTi 0ombIn Kana oepmek (Kamapikrapasr, 2023).

Byn seuteiMu 3eprreynin Makcatsl «ULYTAU GOLD PROCESSING» XKIIC-nin
ANITBIH KEHIH OHJCYACH ajbIHFaH YHiHAI IaiiManay KaJbIKTapblH LIEMEHT OHEepKaciOi
YLIiH MIMKi3aT MaTepuai peTiHae maiinanany MYMKIHAICIH 3epTTey OOJBIN TaObUIaIbI.
Yiinal 1mradManay KadablKTapAbl LIEMEHT OHJIPICIHJe KOJJaHYIbIH OipHele
(haxTOpIaphIH eCKepy KaxeT:

1. Y#inai mwaiiManay KangslKTapAblH KyYpaMbIHAA a3 MeJIIepAe eMEeHTKe KayinTi
LUAHUTTEP MEH OJIapAbIH TYBIHIBUIAPHI, 3USHABI KOCBUIBICTAPHI, ayblp METajiap MeH
KYKIpT KOCBUIBICTapbIHAH Ta3apTy;

2. Yiinai maiiManay KaJIbIKTapra oKTac, ca3, IJIaK, KYJ, THIIC oHE OacKaia
KOCBIMIIIa MaTepuaigapMeH Oipre apajacThlpy apKbUibl TOPTIAHIIEMEHTKE OHTANIIBI
KYypamFa KeTKi3y;

3. Kopuiaran oprara THrizep Kayin-Karep jkoHe KaiTa eHJey Ke3iHAe KyMCallaTbIH
LIBIFBIHIAPABIH YKOJIOTHSUTBIK KOHE SKOHOMHUKAIIBIK aCHIEKTiJIEpiH aHBIKTaYy.

By xentipinren ¢axropnapasl eckepim, YHIHII maiManay Kaiaslkrapasl Gpusnka-
XUMUSUIBIK 9JIICTEPMEH 3€pPTTEY ©3€KTi.

Marepuangap MeH 3eprTey daicTepi. ANTHIH KeHIH eHACY Ke3iHAe YHiHAl
mraiimanay oJiciH malanaHa OTBIPBIN, KeHHIH KYpaMbIHAH ajTbIH MEH KYMICTi alyra
OarpITTananel. KangpIKTapAblH TYy3Ulyl - Yycakray, amioMepauusuiay, Hiaiimanay,
copOuusiiay, peareHTTepAi Ta3zapTy JXOHE pereHepauusiay, COHJal-aK eHIMAepIi
TYNKUTIKTI almy Ke3eHAEpAeH oTedl. ATanFaH Ke3eHAEplIeH OTKeH YHiHAl malimarnay
KaJIBIKTBIH KaJIbl KOpiHici | cypeTTe KepceTiireH.

Cyper 1. Yiiinai maiimManay KaJIbpIKTapbl
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Ipikrenren yHiHai maiimanay KalgblKTaH ChIHamaiap aiblHbl, onapasl 1[/I-6M
MapKaJbl )KaKThl YCAKTaFBIIITA OJIIeMi 2 MM-/IeH a3 OOoJIaTbIHIAM eTin ycaKTan aaibl.
Bynan opi cemHamansl FLSmidth xomnanwmsiceinein LM-2P Mapkamnbl 3epTXaHalbIK
JHMCKTI AWipMeHiHJe Maiijananipl. ¥ HTaKTayIblH Meepi OemekTep YiIiH 74 MKM
Kypassl.

Yiimeni mwaiimManay KajaablKTapblHaH aJIbIHFaH CHIHAMAHBIH KOTl 3JIEMEHTT] Talaaybl
I'OCT 34247-2017 «Mpic konnentpats» Ooiibiama ICP-OES Agilent 5900 ICP-OES
G8020AA unnykTHBTI OaiinanpickaH miazmMamer [CP-OES onTHkambIK-3MUCCHSITBIK
CHEKTPOMETpP/Ie KYprizunmi. MpIc MeH KochanaapiblH MacCalblK YJSCiH WHIYKTHUBTI
OalimaHBICKaH TUIA3MaMEH AaTOMJBIK-OMUCCHSJIBIK CIEKTPOMETPHS OMICIMEH OIlIey,
Oyn 3 KeseriHie YJATUIepAeri opTypii 3JMeMEHTTEpAiH KYpamblH 197 aHBIKTayFa
my™Kiagik 6epai. ICP-OES sxorapel Temmeparypaibl miia3Maga KO3FaH aToMJIap MeH
HOHJAp IIBIFApaThIH JKAaPBIKTHI ©IIeyre HerisnenreH. [lnasma uHIYKTUBTI OaiiaHblc
apKBUIBI JKacaabl >KoHe OYJI poLece YAriIepaeri aieMenTTepre 0enrini Oip TOJKbIH
Y3BIHBIFBIH/IA KapPBIK IIBIFAPYFa MYMKIHZIIK Oepeai, ConaH KeiiH onap AeTeKTOpiIapMeH
oekitineni (Horgnies, 2013).

Yiiinni maiimManay KanablkTapeiHblH cbiHamanapbl EPSILON 4 E4-30 pentren-
(IIyOpeCeHTTI CIEeKTPOMETPiHIH KOMEriMeH e TalfaHibl. byn Kypam peHTreH
coynenepiHe yYIIbIpaFaH Ke3le YITiAeri SJIeMEeHTTepAiH aTroMAaphl IIbIFapaThiH
coyJeNeHydiH KapKbIHIBUIBIFBIH OJIIIeY YIIiH PEeHTreHIiK (ryopecueHnrs MPUHIHITIH
KoJigaHaapl. OpOip TaqgaHaThIH BIEMEHT YIIiH KepHey, TOK, CY3Tiiep JKoHE Tanjay
XKYPTi3iIeTiH opTa CHSKTHI apHaibl eNlley MapTTapbl KOJAaHbUIaAbl. DIeMEHTTEPIIH
aTOMIBIK Maccachl MEH KO3y OJHEpPrHsIChl CHSKTHI (DU3MKANBIK CHIaTTaMaslapblHa
0aliTaHBICTBI TApaMEeTPIIeP €H M HOTHXKE aly YILIiH e3repyi MyMKiH.

AmomuHmiini tanmay 12 kB kepueyne xoHe 799 MKA TOKTa >KYPri3iiai, OCHI
SNIEMEHTTIH CoyleJieHyiH THIMAlI OKuayiaayra MyMKIiHOIK Oeperin Al-50 cysrici
konmaneabl. Tangay ayana sxyprizingi. Xpom (Cr) xone xkobanst (Co) yiIiH KepHey
20 xB penreiiinge opHaThUIIBl, an TOK 364 MKA Kypaiinel. Ocbl 31€MeHTTepAiH
CHeKkTpiH pmomipek Tapmay yuiH Al-200 cysrici xonnmansuigsl. Tampgay ayanma naa
xyprizingi. @rop (F) men kpemuumiiai (Si) aHbIKTay Ke3iHIE KEpHEYHiH TOMEHTI
napametpnepi — 5 kB xone 1432 MKA-Fa TeH jKOFapbl TOK MOHI KOJJAHBUIABI. By
JKaFJaiia cy3ri KOJJIaHbLIMAi/Ibl (None) )oHe Tajiay el OpTachIHA JKYPri3isii.
Byt aToMIpIK HOMIpi TOMEH 3JEMEHTTEp YIIiH OJIIey JoJIAIriH apTThIpyFa MyMKIHIIK
Oepai. Momubnenni (Mo) xoHe cypbManbl (Sb) Tamgay ymin 50 kB >korapel kepHey
MeH 300 MKA Tok KoimaHbuigbl. Cu-300 cy3rici Ochl AMEMEHTTEpAl oM aHbIKTayFa
KeZIepri KenTipyl MYMKiH CoyleleHyAi cy3yre MYMKIHOIK Oepzi. Ommiey ayana na
xyprizinai. Hukens (Ni) sxone HuoOwmii (Nb) ymin Tanmay ymiH xepuey 50 kB, an
ToK 167 MKA Oonabl. Onapasl Tanaay yiiH Ag cysrici KoanaHsuiasl. Tarsl qa enmey
ayana xxyprizinai. @ocoop (P) sxone xykipt (S) yin 9 kB xepHey men 1187 MKA Tok
opHaTbUIBI, Ti Cy3rici KOJIAHBLLIBI KOHE Tajjiay TelHii OpTachlHAA KYPri3iidi, Oy
(oHBI TOMEH 0OIYBI MYMKIH 2JIEMEHTTEPAIH AJIITiH apTThipAbl (Makaposa, 2011).

Yourini ITugpakTOMETPHAIBIK Tajigay MBIC KaTOATHI TYTIKIEH >KaOObIKTaIFaH
Malvern Panalytical xoMmnanusicel mbIFapraH Aeris peHTICHIIK AUPPAKTOMETPiHIH
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KOMeTiMeH JKyprizingi. byl KypbpulFel MaTepHaliblH MHUHEPAIOTHSUIIBIK KYpaMbIH,
COH/Iali-aK KPUCTAJABIK TOPIApIbIH KYPBUIBIMBIH 91 aHBIKTayFa MYMKIHIIK OepeTiH
peHTreHaiK (azanblK TajjayFa apHajfaH. 3aT aTOMAAPBIHIAFbl PEHTICH CoyJeNepiHiy
nudpakusachl yiarigeri aprypuii (azanmapabl aHBIKTAy JKOHE CAHIBIK aHBIKTAy YLIIH
naiinananyra OONaTbIH TOH AM(PAKUMSIBIK IIBIHAAPIABIH Maiiaa OoMybIHA OKeJemi.
By xarpaiina tangay 600 BT «okpuinam Tangay» pekUMIHIE KYPri3iami, Oy ydinai
mraiiManay KajAbIKTapbl CUSKTBI KYpHeNi YATUIepai Tanjay YIUiH KaXeTTi JJAiK NeH
CE3IMTANABIKTHl CaKTail OTBIPBIN, >KOFaphl OJIIICY >KbUINAMBIFbIHA KOJ JKETKi3yre
MYMKIiHJIK Oepai. PenTrennik qudpakroMeTpain xKyMbIC IPUHINII PEHTTEH CIYNeNepiH
reHepanysiayaad TYpaibl, SFHH MBIC KaTOATHI PEHTIE€H TYTITiHAE PEHTTeH Coylenepi
ANEKTPOHJAPABIH YACYiHC KOHE ONlapAbIH KaTOANEH COKTHIFBICYBIHAA Maiiia Oomazpl,
HOTHXXECIHJIC MBIC CHIaTTamajapblHa COHKEC KEeJETIH TONKBIH Y3BIHABIFBI PEHTTCH
coynenepi WbIFaAbl. PEHTreH coynenepiHiH ChIHYbIMEH OpeKeTTeCKeHIe Au(paxuus
naiina Oornanpl, SFHH coynenepAiH Oenrimi Oip OypwlTapra aybITKYbl. 3aTThIH
KYpBUTBIMBI MEH KypaMblHa OaiilaHbICThl TU(PPAKUUSUIBIK MIBIHAAP 9P TYPJi aybITKY
OypblmTapeiHa We Oosaabl. YJri CKaHEpJCHEeAl XOHE INAFbUIBICKAH CoyJelepaiH
KAapKBIHABUIBIFBl JKa3bUIaAbI, OYJ MHHEPATOTHSUIIBIK KypamIibl aHBbIKTayFa OOJIaThIH
TQpaKIUsIIBIK KapTaHbl KypyFa MyMKiHaik 6epeni (Mbip3akoxa, 2014).

Huddepenumanabl TepMHUAIBIK Tajaay KbUIyAbIH OeiiHyiMeH HeMmece CiHyiMeH
Oipre KpI3ABIpY Ke3iHIe 3epTTelNieTiH Marepuajizapia OonarelH (H3HMKa-XUMHSIBIK
TYPJCHIIpYAEpAi 3epTTey YIUiH KOJAAHBUIAAbl. OJICTIH MOHI 3epTTENIeTIH >KOHE
aHBIKTaMaJIbIK YIT1Iep apachlHAaFbl TeMIIepaTypa albIpMaIIbUIBIFBIH O1p YaKbITTa JKOHE
Oipzeil KbI3ABIPY HEMece CAJKBbIHIATy Ke3iHje eiiey Oojbin Tadbuiaabl. bacramkbl
MarepuangapAbiH TuddepeHunanap-TepMusuiblk  Tanaaysl Q-1500D mepuatorpad
anmnapatbiHaa opsiHaaiasl. Q-1500D nepuBatorpadsl 3aTTapablH TEPMUSIIBIK ©3T€PYiH,
3aT MacCachIHBIH ©3TepyiH, 3aTTBhIH Maccachl MEH KbUITYy CBHIHBIMABUIBIFBIHBIH ©3Tepy
KBUIJAM/IBIFBIH JKOHE KBA3UTEPMUSUIBIK, KBA3U-H300apibIK 3epTTEYNepAl aHbIKTayFa
apuanrad (Taiimacos, 2019).

ONeKTPOHABI-MUKPOCKOTIMSJIBIK ~ Talgady YIATIHIH O€TiH JIEKTPOHIBl 30HIIECH
CKaHepiiey >KOHE OCHI MPOLECTE TYBIHAAWTBHIH COYJIEJCHYNIH KeH CHEeKTPiH aHBIKTay
(TaHy) apKbUIBI XKYpri3ineni. DIEKTPOHABIK MUKPOCKOINTA KECKiH aly YIIiH CUTHAJAap
eKiHILI, NIaFBUIBICKAH JKOHE JKYTHUIFaH dJIEKTpoHaap Oonbin Tadbutagsl. backa acepnep,
aran aWTKaHIa PEHTIeH coyJenepi, 3epTTENeTiH YIrl MaTepHajbIHBIH XUMHSIBIK
KypaMmbl Typajibl KOCBIMINIA aKnapar ajiy YLIIH KOJJaHbUIaAbl. YTiIepai SIeKTPOHIbI-
MukpockonusuiblK Tanaay JEOL JSM-6490 LV mapkaibl aneKTpoHAbl MUKPOCKONTBIH
KOMETIMeH Kypri3ingi. YJAriHiH OeTi 3JeKTPOHABI COyJIEMEH CKaHEplieHEeIl >KoHe
HOTHXKECIHJe Naiiga OonraH Kepi IIAIIbIPpaHKbl AIEKTPOHJAp OETTiH Tomorpadusichl,
COHAal-aK YNTiHIH (U3MKANBIK >KOHE XUMHSAJIBIK KAacHEeTTepi Typajbl akKmaparThl
TaceIManaaiabl. by anekrponmap opTypil OarbITTapiaH YIIaibl KOHE ONTHKAIBIK
OCBbKE KATBICTBl CHMMETPHSJIBI OpHAJACKaH >KapThUIall OTKI3rill 3IIEeMEHTTEPMEH
aHbIKTanaabl. by karmaliga ckaHepsey MPOLECiHIE aHBIKTAJIAThIH AIEKTPOHAAPIBIH
CaHJIBIK ©3repicTepi AIEKTPIIK CUTHAJAapFa aiiHanaipl. JJeTeKTop aeMeHTTepiHiH eKi
CUTHAJIBI AJIJIBIH aJla KYIISUTKIIINeH KYLWEeUTUTIM, OnepanusuIbK KYIIeHTKILIKe TYCEei.
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OmnepauusuiblK KYIIEHTKIm Oy CUrHaIAapabsl OJaH api KyLIeHTe i )KoHe oapasl KOcy
MeH a3aiTyabl Oip yakpITTa kacaiiibl. JKUBIHTHIK CHTHAJl KOMIO3HLUSUIBIK KECKiHA1
KaJBIITACTBIPY YIIIH OeliHe CHUrHAl peTiHAe MaliAaiaHbliaibl, an alblpMaIIbUIBIK
CUTHAJIBI TOMOTPaUSITBIK KECKIH/1 KANBINTACTHIPY YILiH OeiiHe CUTHAM PEeTiHAE KbI3MET
ereni. Yari OeTiHiH reTeporeH/iIir )koHe OHAAFbl Kypamaac JIEMEHTTEPIiH Tapatybl
TypaJibl aKIMapaTThl TaChIMaIIANThIH Kepi MAIbIpaHKbl AIEKTPOHJAPAbI aHBIKTAY YTl
OeTiHIH KecKiHiH OaliKayra MYMKiHAIK Oepeai. DIeKTPOHAbI-ONTHKANIBIK KYHe KYMBIC
KambIKTHIFBI (WD) 48 MM Gonran Ke3ze X8 MUHUMAJIBI YIKEHTY Ke3iHae KecKiHaepai
anmyra MyMKiagik 6epeni. JEOL JSM-6490 LV mapkanb! anekTponasl MUKpockon 3-100
MKM ChI3BIKTHIK OJIIIeMIePiH euey nuana3onbiaa, 0,03-1000 MKM ChI3BIKTHIK ©JIIIEM
KOPCETKIITEPiHiH ayKbIMBIHAA, JIEKTPMEH kabapikTay 220+5 ' kepHey xuinirinze,
yzetkim keprey 0,3-30 kB auama3oHbIHAa KYMBIC Kacailabl. Yriiepai aIeKTpOHAbI-
MukpockonusuiblK Tanaay JEOL JSM-6490 LV mapkaibl aneKTpoHAbl MUKPOCKOITBIH
kemerimeH xyprizingi (Kysneunosa, 2007).

Hotuikenep xoHe TankbLiayiaap. [CP-OES onTukanblK->MUCCHSIIBIK CIIEKTPO-
METpAEe KaJABIKTIH XUMUSIIBIK KypaMblHa KTl SJIEMEHTTI Tajay kyprizinai. Hotmxkeci

YHiHAl maiiManay KaaabIFbIHBIH XUMUSUTBIK Kypambl 1 KecTeae KeNnTipiireH.

1 — kecre. YiiiHAi mIaitManay KaJiIbIFbIHBIH XUMISUTBIK Kypambl

ukizar | XUMHSIIBIK Kypambl, cai. %

SiO, [ALQ, |Fe, 0, |CaO|MgO|SO; |Na,0 [K,O |CuO [PbO |ZnO [MnO |0backa | xKammsl
Yiinai 73,15 (13,18 [ 5,55 |1,19|1,52 |0,15 1,51 |2,58 [0,19 [0,04 |0,04 |03 [0,6 100
maimanay
KaJIIbIFbI

Yiiinni maiimanay KaaAbIFbIHBIH XUMUSUIBIK KYpaMbl MOPTIAHALEMEHT KIMHKEpI
OHJIIpiciHIe ca3/pl KOMIIOHEHTTI peTiHJe ilIiHapa HeMece TOJBIFBIMEH aybICTBIPYFa
MyMKinaik Oepeni. Kpemunii oxcuainin mommepi 73 %-man acansl, ALO, - 13,18 %
Oonapl, Oy MIMKi3aT KOCHAChIHAA MOPTIAAHALEMEHT KIMHKEPIH KYHIipinm amy yIiH
KOJIIAHBIIATBIH IIUKI3aT MIMXTACBIHBIH AJIOMUHHUI CHJIMKAT KOMIIOHEHTIH TOJBIKTaH
anMactbipa anaael. ConbiMeH Katap, 0,6 % Oacka okcuarepre: NiO — 0,003; CoO —
0,003; As,0, - 0,013; SnO - 0,071; SeO - 0,094; MoO - 0,416 % xarasl.

Malvern Panalytical koMnaHusChIHBIH Aeris peHTTeHIIK AudpakToMeTpinae YHiHal
mraiimanay KajAblFblHa PEHTIEeHAIK KYPBUIBIMIBIK Taylay sKacaybl. 2 CypeTTe YHiHal
mraiiManay KaJAbIFBIHBIH PEHTIEHOTPAMMAChl, PEHTICHAIK KYPBUIBIMABI Tanjay
HOTHXKECI KOPCETiITeH.
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Cyper 2. Yi#inai maiiManay KaJabIFbIHBIH pEHTTeHOTPaMMachl

PeHTreHaik KyphUIBIMABIK Tallay HOTIDKECIHAE KBapll, NEpPHKIIa3, WUINT, JAHTUT
MHUHEPAIIAPBIHBIH AUQPAKIIAIBIK MaKCUMyMAApsl Tipkenai. KBapm MuHepasbIHBIH
Medepi — 72,3 %, nepuknaz MUHepaisl — 5,2 %, WIUTAT ca3ibl MuUHEpaibl 12,7 % xoHe
JIAHTUT MUHEpaJbl — 9,8 % Kypabl.

Q-1500D nepusarorpad kemerimMeH yitiHIi maiimManay KaabIiFbiHa T hepeHIra bl
TEePMUSUIBIK TaJady Kacajibl. 3 cyperTe YHIHII ImaiiManay KaJAbIFBIHBIH JICPUBATO-
rpamMMachl KeNTIipiIreH.

Cyper 3. Yiiinzi maiimanay KaJabIFbIHBIH IepHBATOrPAMMACHI

Yiiinni maimanay KadJplKTapblHIa KE3IECETiH a3JaraH IMaHWJTep HETi3rl YIIbl
KOMIIOHEHT Ooibin Tabbutajgsl. Onap KOFapbl TeMIepaTypa OCEpiHEH >KOMbLIaIbL.
Huannarep nmanun typine Oainanbictel 300-1eH 500°C-ka jpeHinri temmeparypaia
BIIBIpalbl. blapipay mporecinie aMMUaK, KOMIpPKBIIIKBUI Ta3bl, a30T KOHE CyTeri
CUSIKTBI a3 YINbI 3arTap Ty3utemi. L{uaHumaTepiiH TOTBIFYBI OTTETiHIH KaThICybIMEH
KYPYl MYMKIiH, OYJT OJTap/ibIH TOJBIK BIABIpaybIHA BIKIAN eTei. [{nanuarepuiy pLabipay
PEaKIHACHI KeJIeCieH:

192



Reports of the Academy of Sciences of the Republic of Kazakhstan

2NaCN + O, — 2NaOH + C N, (1)
2NaCN + 30, — 2NaOH +2CO, + N, )

blnpiparanHan KeliH HHAHUATEP KOMIPKBIIIKBIT a3kl MEH a30T CHSKTBI a3 YBITTHI
KOCBUIBICTAapFa aliHaJIaAbl, OJlap OHal YKOMbIIa/bL.

An cynbGUATI KOCBUIBICTapAbl TEPMHSJIBIK ©OHACY KEe3iHAE ONapIblH TOTBHIFYBI
XKYpeai, OyJ1 TYpaKThl OKCHATEPIiH Naiiga OomyblHa dKenel, Cyabpuarep cynbparrapra
JeHiH TOTBIFa/Ibl:

FeS,+ 0, — Fe,0, + SO, 3)

Kanaeikrapasl koFapbl Temneparypana KyHaipy mpouecinge Kykiprcyrek (H,S),
ammuak (NH,) »xone Oacka yiina 3artap CHAKTBI KOCBUIBICTAP/IbI Ta3 TYPIHJIE aJlbIll
TacTayfra >KOHE Ta3 Ta3apTy KOHIBIPFbUIAPBIHAA XHHAyFa Oonansl. [Tupomms-xorapbl
temneparypana (suerre 500-600 °C) orreri OoamaraH Ke3/e OpraHUKaJIBIK 3aTTap/IbIH
TEPMUSUIBIK  BIABIpAybl OpbIHAanansl. [luponusne kemipreri Oap KaylgblK 3arTap,
COHal-aK IMaHUATEP CUSKTHl YHIHII MIaliManay KaJIblKTapbIHIAFbl OpPraHMKabIK
Kocrnanapabl kotora Oomansl. [Iuponu3 mpoueci COHbIMEH Karap arMmocdepara YIibl
3aTTapblH IIBIFAPBUTYBIH a3aliTyFa MYMKiHAIK Oepeni. TepMusblK oHaeyaeH KeWiHri
KaJIBIKTap TYPAaKTaHABIPBIIFAH KOHE YJIbl 3aTTapJaH Ta3apThbUIFaH JKaraaliaa IeMeHT
OHJIpy YILIiH MaiifanaHyra HeMece 0acka KYpbUIbIC MaTepHajiapblHa KOCIa pPeTiHae
naiinananyra Oonazibl.

JEOL JSM-6490 LV wMapkaibl 3J€KTPOHABI MHKPOCKONTBIH KOMETIMEH YHiHAl
mraiimanay KaJ[bIFbIHa MHUKPOKYPBUIBIMIBIK Taijay >kacainabl. 4 cyperre YHiHAi
mraiimanay KajaabIFbIHBIH MUKPOKYPBUIBIMBI KOHE CIIEKTPOTrpaMMachl KeITipiJireH.

2 4 i1 il 10 12
MonHaa wrans 3466 wan. Kypcop: 0.000 k3B

mm 3nekTooHkOe aoBpaxenve 1 I n C a

Cypert 4. Yiingi maiiManay KaJabIFBIHBIH MUKPOKYPBUIBIMBI KOHE CIIEKTPOrPaMMAaCh
PaCTOpHLI QJICKTPOHABI MHUKPOCKOITBIH KOMETiMeH KaJIJIbIK 6CTTepiH 3CPTTCII,

optypai (azanmapablH OOMYBIH, ONApABIH OJILEMiH, TapalyblH XOHE KYPbUIBIMBIH
aHbpIKTayFa Oojaasl. MUKPOCKONMMSUIBIK Tajjay Ke3iHIe, ChlHamMa KypaMblHAa KBapLl
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YKOHE ca3/ibl MUHepall (a3ajapblHaH TYPATHIHABIFBI aHBIKTaJIbl. KypbUTbIMbI OOMBIHIIA
kBapuThiH enmemi 0,1-0,6 MM, an cazaer muHepan wuut 0,1-0,2 MM enmemine
ycoibutrad. laiiManay kesinge Mbic cynb(OUATEPiHIH TOTHIFYBl HOTHXKECIHAE Maina
OoJIFaH eKiHILIUIIK JAaHTUT MUHEPAJIbIHBIH (pazamapblHaa Ke3aecTipyre Oomabl.

KopbITbIHABI.

1. Yiiingi adimanay Kanaeirbl Kypambinga SiO, — 73 %, A1203 - 13,18 %
Ke3/IeCEeTIHAIr aHBIKTaJI b, OYJ1 OHbI MOPTIAHIIEMEHT KIMHKEP KYHAIpy YIIiH MHKi3aT
KypamblHa ca3abl KOMIIOHEHT PETiHIe KOCyFa Oonaabl. XUMHSAIBIK KypaMblHAA aybIp
MeTanaapasiH Mesuiepi 1,17 % Kypasl, Oy maMaaaH apThIK eMec eKeHAITTH Joesae .

2. Y#inmi maimanay KanAbIFbl  KypaMblHAa Ke3AECeTiH MHHepangapAblH
memmepi: SiO,~ 72,3 %, nepuknas — 5,2 %, wut — 12,7 % xone nanrut — 9,8 %
Oonapl. AHBIKTANFaH MHUHEpajzapiaH 0acka 3MsSHIbl KOCHANapiblH Ke3IeCIereHIir
AHBIKTAJIIBI.

3. Yiinai mwaiimanay xamgslkrapasl okorapbl 1000-1050 [0 Temmeparypasaa
TEPMUSUTBIK OHACY HOTHXKECIH/IE OJIapAbIH KypaMbIHAAFbI YIIbI 3aTTapAbl ({HaHUATEPI1)
KOIOFa, KaJIBIKTapblH KYpPaMblH TYpaKTaHAbIpyFa J>KOHE ONapAbl Kayilci3 eryre
OONIATBIHIBIFBI AHBIKTAJIJIBI.

4. Yiinal malimanay KajAbIKTapbhl KypaMblHIa Ke3feceTiH (azanaplblH, KBapil
muHepaist 0,1-0,6 MM xxoHe ca3nbl Munepaln Wt 0,1-0,2 MM esmemMi aHBIKTaJIbL.

KopbIThiHabUIaH  KeJe, JKYpri3iireH 3epTTey HOTHKECiHIE MOPTIaHIIeMEeHT
aly YWIiH KypaMblHAa aJlThIHBI Oap KeHIEpAl eHJeyAeH aiblHFaH YHIHII maiManay
KaJIBIKTapblH NalJanaHyablH oJeyeTTiK MYMKIHJIT1 JKOFapbl, OipaK MYKHUST 3€pTTey
MEH OHJICY/II KaXKeT eTei!
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Abstract. This article analyzes international and national requirements for evaluating
vegetable juice quality standards, emphasizing their importance in maintaining consumer
trust and product authenticity. Juice adulteration remains a major issue in the food
industry, as some manufacturers and suppliers use modern methods to replace original
ingredients with cheaper substitutes to maximize profits. This practice complicates
chemical analysis and quality assurance.

To address these challenges and combat juice falsification in Kazakhstan, statistical
guidelines have been developed to provide reliable benchmarks. While not official
standards, these guidelines help regulate and organize the production of high-quality
juices and juice-based products. In the competitive food market, studying the chemical
properties of locally sourced vegetable juices is crucial for establishing natural quality
indicators and ensuring authenticity.
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This study analyzed the physical and chemical properties of tomato juice from
retail markets in Almaty using standard analytical methods. Key parameters, including
soluble solids, chloride levels, cellulose content, titratable acidity, and formaldehyde
concentration, were assessed. Formaldehyde content, an indicator of the juice’s amino
acid composition and authenticity, should fall within 2845 cm? of 0.1 NaOH per 100
cm?. All 10 analyzed samples met this criterion, confirming their authenticity.

The findings highlight the importance of standardized analytical methods in
monitoring juice quality. Further research is needed to refine quality standards,
ensuring consumers have access to authentic, high-quality products while fostering the
development of Kazakhstan’s local juice industry.

Keywords: Juice, classification, criteria, identification, naturalness, vegetables,
vegetable juices, quality.
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AHHoOTanus. Makanana KeKeHiC MIBIPHIHIAPBIHBIH CalachlH Oarajayra apHaJFaH
XaJIBIKApaJIbIK JKOHE YITTHIK TaJanTap TAIIAaHBIIN, OJapFa TYTHIHYIIBIIAP CEHIMI MEH
OHIMHIH TYIHYCKAJbIFBIH KaMTaMachl3 €TYyAErl MaHbI3IbUIBIFBI aTall KepCETiIreH.
Byrinae mbIpeIHAApaBI JKaJIFaH Kacay Maceneci 03¢KTi OOJBIN OTBIP, OUTKEHI Keroip
eHJIpylIiyiep naiiga Tady MaKCaThbIHIA YKOFaphl carayibl WHTPEIUCHTTEPIIH OpHBIHA
ap3aH OamamManapasl KOJNJaHamabl. byl eHIM camachlH OaKbLIayabl KOHE XUMUSIIBIK
TaJayabl KABIHIATa bl
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Kazakcranna mbeIpeIHOApABl JKajfaH jkacayMeH Kypecy YLIIH CTaTHCTHKAJbIK
YChIHBIMAAD d3ipaeni. Onap pecMu cTaHaapTTap 6oIMaraHbIMEH, Calalibl HIBIPBIHAAP
MeH LIBIPBIH HETi3iHAET] OHIMIEpAl OHIIPYAl PeTTeyre KoHe YHbIMIACThIPYFa BIKIA
ereni. JKeprijmikTi IIMKi3aTTaH aNbIHFAH KOKOHIC IIBIPHIHAAPBIHBIH XUMHSIBIK
KAaCUETTEPiH 3epTTey TAOUFU KOPCETKIMITEPl aHBIKTAY KOHE TYIHYCKAIBIKTHI pacTay
YILIiH MaHBI3IBI POJI aTKapaibl.

AnMarbIHBIH OeJleK cayda OpbIHAApblHAH alblHFaH KbI3aHAK IIbIPHIHBIHBIH
(u3nKa-XUMUSIIBIK KacueTTepi 3eprrenai. CTaHaapTThl 9ficTep KOJINAHBUIBIN, €PUTIH
KaTTbl 3arTap, XJOPHATEP, LEJUII0N03a MOJIIepi, THUTPICHETIH KBhIIIKbUIIBIK >KOHE
(dopmanbIerna KOHLUEHTPAUMACHl CHSKTHI MapaMmeTpriep 3eprreini. dopmanbaerun
JeHIeli, O aMMHKBIIIKBII KypaMbIHBIH Mapkepi peringe 2845 cm® 0,1 NaOH
apaibIFbIHAa 00mysl THic. 3eprTenrer 10 yuriHiH OapibiFbl OCHI IIEKTEPTe cail Kei.

3epTTey IWBIPBIHAAPABIH CanacklH O0akpUlayda CTAaHIAPTTHI 9MICTEPAl KOJIIaHYyAbIH
MaHBI3ABUIBIFBIH KepceTeai. TYThIHYIIbUIapAbl camajbl opi TYMHYCKAa ©HIMIEpMEH
KaMTaMachI3 €Ty )KOHE KePTUTIKTI LIBIPBIH OHAIPICiH 1aMBITY YIIIiH cara CTaHAapTTapbIH
KETUIIIPY KaxkKeT.

Tyiiin ce3nep: LLbIpbiH, KiKTEY, KPUTEPHI, COHKECTEHAIPY, TAOUFHIIBIK, KOKOHICTED,
KOKOHIC IIBIPBIHAAPEI, cara.
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AuHoTanus. B crarbe aHaNMM3MPYIOTCS MEKAYHAPOAHBIE M HAIMOHAJIbHBIE
TpeOOBaHUSI K OIICHKE KaueCTBa OBOLIHBIX COKOB, MOTYEPKUBAETCS MX BAXKHOCTD
IUIsSL COXpaHEeHHUsl TOBEpHs MOTpeduTeneil n obecneyeHus: MOUIMHHOCTH MPOIYKLIUH.
[Ipobnema danbcuduranuy COKOB OCTAETCs aKTyalbHOM, Tak KaKk HeJOOPOCOBECTHBIE
MPOM3BOAMUTENM  YacTO  HUCIOJB3YIOT  JEMIEBbIE  3aMECHUTEIN  OPUTMHAIBHBIX
WHTPEIUEHTOB Ul YBEIUYEHHsI MPUOBLIH. DTO YCIOXKHSIET XUMHUYCCKHH aHANInu3 H
KOHTPOJIb Ka4ecTBa MPOAYKIHH.

Hnst 60opeObl ¢ Qanscudukanueid cokoB B Kaszaxcrane Obuim pa3paboTaHbl
CTaTUCTUYECKHE PEKOMEHJANHU. XOTS OHU HE SIBIISIIOTCS OQHULIMAIEHBIMHI CTAaHAAPTAMH,
JaHHBIE OPHUEHTHPHI IIOMOTAIOT PEryJHpoBaTh M OPraHU30BLIBATH IPOM3BOACTBO
KaueCTBEHHBIX COKOB M IPOIYKTOB Ha MX OCHOBE. MccnenoBaHne XuMHUUECKUX CBOHCTB
OBOILHBIX COKOB M3 MECTHOTO CBHIPbSl MIPaeT Ba)KHYIO POJIb B YCTaHOBJICHHH HX
MIPUPOIHBIX MTOKA3aTeNeH U MONTBEP K ACHUN TTOTMHHOCTH.

B pamkax uccnenoBanusi ObUIH U3y4YeHBI (PU3NKO-XUMHUYECKUE CBOWCTBA TOMATHOTO
COKa C PO3HHUYHBIX PHIHKOB AnMartbl. Mcmonp3oBanuch cTaHIapTHBIE aHATUTHYECKHE
METOJIBI AJIS1 OLIEHKH PACTBOPUMBIX TBEPABIX BELECTB, YPOBHS XJIOPUIOB, COACPIKAHHS
LEJUTIONIO3bI, TUTPYEMOH KHCIOTHOCTH M KOHLEHTpaluu (opManbIeruia. YPOBEHb
(dopmanbIernaa, sBISIOIMICA MapKEPOM aMUHOKHUCIIOTHOTO COCTaBa U MOAIMHHOCTH
COKa, JOJDKEH HaxoguThes B mpenenax 2845 cm® 0,1 NaOH na 100 cm?®. Bcee 10
MPOoaHaIM3UPOBAHHBIX 00PA3OB COOTBETCTBOBAIN JAHHOMY JHAaIa3oHy.

Pesynbrarel NOMYEPKUBAIOT BaKHOCTh MCIIOIB30BAHMS CTAHJAPTHBIX METOAOB LIS
KOHTPOJISl KauecTBa COKOB. HeoOXoanMBbl nanbHeHIe HCCIeaoBanus i pa3padoTKu
CTaHJapTOB, KOTOPBIE OOeceyar JOCTYI K KaueCTBEHHON U MOIIMHHON MPOIYKLUH, a
TaKKe MOAJEPKKY MECTHOTO TPOU3BOJCTBA COKOB.

KioueBble ciioBa: CcOK, KiacCUpUKaLUs, KPUTEPUH, HIACHTU(PHUKALMS,
HaTypaJIbHOCTh, OBOIIH, OBOIIHBIE COKH, Ka4eCTBO.

Introduction. Vegetable juices are a source of biologically active substances
important for human life and are therefore always in demand. The production and sale
of vegetable juices is a vital sector of food production and consumption in several
countries. The juice industry in Kazakhstan is one of the rapidly developing sectors
and is of interest in ensuring food safety. Along with fresh fruits and vegetables, their
juices provide the human body with a full range of biologically active substances,
such as vitamins, macro- and microelements, polyphenols, and many other substances
essential for normal life. A well-balanced diet ensures the normal development, growth,
and activity of the human body, helps adapt to environmental changes, fight infections,
slows down aging, prevents premature aging, and increases the level of active and long
life (Syzdykova, eat al., 2022; Filippova, et al., 1999).

The Customs Union Technical Regulation 023/2013 “Technical Regulation on Juice
Products from Fruits and Vegetables” provides a harmonized classification of juices
according to international requirements (Autko, 2007).

The identification of quality indicators for juice products is performed to confirm
that the product belongs to a specific category of fruit and vegetable juice, and also to
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compare the product name with the category specified in the Customs Union technical
regulation.

Naturalness refers to the product’s ability to retain the original physical, chemical,
organoleptic, and nutritional properties of the fruit or vegetable from which it is
made. To confirm the naturalness of fruit and vegetable juice, the physical-chemical,
organoleptic, and other relevant properties of the juice are evaluated, including the
percentage of soluble solids, the amount of juice or puree in nectars and juice beverages,
and the chemical composition of the juice considering varietal, geographical, climatic,
and technological factors (TR TS 023/2011, 2011).

Modern quality analysis methods for vegetable juices include the use of multisensor
technologies, such as electronic noses and tongues. These devices replicate human
sensory organs and can measure volatile compounds and taste characteristics. These
methods enable a more objective and precise evaluation of the naturalness and quality
of juices compared to traditional sensory assessments.

To prevent falsification, several statistical documents have been developed worldwide
for evaluating the quality of juices, even though they are not standard documents. These
documents provide a sufficient basis for controlling and organizing the production of
high-quality juice and juice-containing products. In the EU, there are several regulatory
documents used to evaluate the authenticity and quality of fruit and vegetable juices.
These include:

* The European Fruit and Vegetable Juice Producers Association (AIJN) guidelines
for evaluating the quality of fruit and vegetable juices (Nizharadze, 2005);

* Permissible values and limits for juice quality standards in Germany (RSK);

» The AFNOR quality standards set by the French Standardization Organization
(France);

* The Authenticity Criteria Code of the Netherlands. These documents include
a compilation of the physical-chemical and biochemical characteristics of fruit
and vegetable juices, as well as detailed descriptions of analysis methods for juice
composition (Code of Practice for Evaluation of Fruit and Vegetable Juices, 1993).

Materials and research methods

The Code of Practice (AIJN) is particularly significant. AIJN currently unites 13
full members — national associations of fruit and vegetable juice producers from EU
member states (Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy,
Netherlands, Portugal, Spain, Sweden, United Kingdom) and two affiliate members
(Hungarian Juice Association and Polish Juice and Beverage Producers Association)
along with eight observer organizations. The AIJN Technical Committee has developed
and confirmed the physical-chemical properties of juices from fruits and vegetables.
These indicators reflect the chemical composition of natural fruit and vegetable juices
and serve as reliable criteria for determining juice quality and authenticity (Code of
Practice for Evaluation of Fruit and Vegetable Juices, 1993).

Properly produced fresh fruit and vegetable juices should contain no volatile acids,
lactic acid, or ethanol. The presence of these substances may indicate poor-quality raw
materials or hygiene issues in production. Low-quality raw materials can also lead to
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the formation of harmful substances like mycotoxins, such as patulin, and therefore
its content must be monitored. The contamination of juice products with external
environmental pollutants, especially when packed in metal containers, should also
be strictly controlled. Levels of iron and tin should not exceed permissible limits
(Kolesnov, 2009). Oxymethylfurfural (OMF) content increases in juices that have
undergone excessive thermal treatment or have been stored improperly for too long. An
increase in OMF is usually accompanied by a decrease in L-ascorbic acid, a change in
color, and other organoleptic properties. Additional indicators for assessing juice quality
and naturalness include titratable acidity, mineral content, the number of formaldehyde
compounds, sugar content (glucose, fructose, sucrose), and non-sugar extractives. Only
the L-isomer of malic acid is found in fruits and vegetables. The D-isomer appears
only after the industrial addition of D/L-malic acid. These isomers can be identified
enzymatically (Schobinger, 2004).

The biochemical properties of fruits and vegetables depend on several natural factors,
including variety, growing region, climatic conditions, soil quality, and ripeness, which
in turn affect the physical-chemical characteristics of juices derived from them. AIJN’s
guidelines are not limited to the EU but have gained international significance, especially
for trade in fruit and vegetable juices worldwide. These guidelines are used globally,
not only for juice production but also for setting contractual quality requirements for
juice trade. AIJN’s comprehensive database of physical-chemical properties of juices
is widely used for quality assessment within the European Quality Control System
(EQCS) (Kolesnov, 2009).

Results and Discussion

At the Department of Food Biotechnology, methods for assessing the quality and
safety of food products have been developed. These methods allow for determining the
natural and complex properties of vegetable juices, based on international standards.
Among the key physical-chemical characteristics, soluble solids, acidity, chlorides, and
cellulose content are used to assess the quality of juices. For tomato juices, the minimum
requirement for soluble solids is 5.0%, and the acidity should be at least 0.3%. All the
tested samples met these technical standards. The pH level, ranging from 4.1 to 4.4, is a
crucial indicator for determining food safety, as it correlates with the proper sanitation
and hygiene standards in production (Filippova, et al., 1999).

The number of formaldehyde compounds in juice, which reflects free amino acids,
was measured by treating juice samples with formaldehyde, resulting in a release of
protons. The number of released protons was determined by titration with alkali. For
the tomato juice samples, the number of formaldehyde compounds ranged from 28 to
45 cm?® of 0.1 NaOH per 100 cm?. Although the number of formaldehyde compounds
is not standardized, its variation is considered an important indicator for assessing
juice authenticity, particularly in detecting fraudulent products. The determination of
naturalness for juices from local raw materials, including pumpkin juice, has been
established based on the defined criteria for quality and authenticity.

Modern quality analysis methods for vegetable juices include the use of multisensor
technologies, such as electronic noses and tongues. These devices replicate human
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sensory organs and can measure volatile compounds and taste characteristics. These
methods enable a more objective and precise evaluation of the naturalness and quality
of juices compared to traditional sensory assessments. Non-destructive techniques,
such as near-infrared spectroscopy and hyperspectral imaging, are actively used for
quality assessment of fruits and vegetables. These approaches are also applicable to
juices as they allow for the evaluation of parameters like soluble solids, acidity, and the
presence of defects while preserving the original composition of the analyzed product.
When assessing juice quality, key parameters include taste, texture, appearance, and
nutritional value. Studies show that factors like soluble solids content, acidity, and color
play a crucial role in determining the authenticity and appeal of the product to consume
(Osmolska, eat al., 2023; Pathare, eat al., 2022; Ponnusamy, 2022).
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Figure 1. Results of the physicochemical analysis of tomato juice

Figure 1 presents the results of the analysis of 10 tomato juice samples based on
five key indicators: mass fraction of chlorides, soluble dry matter, titratable acidity
(expressed as citric acid), pH, and formal number. The analysis shows significant
variations among the samples. The mass fraction of chlorides remains low, while the
mass fraction of soluble dry matter varies, reaching its highest values in samples 3
and 5. Titratable acidity demonstrates moderate differences, which may indicate
variations in tomato ripeness. The pH remains relatively stable, confirming the
acidic nature of the product. The formal number shows the highest values in
samples 2, 3, 5, and 9, which may indicate a higher content of amine compounds.

Table 1. Identification Indicators of Pumpkin Juice

Indicator name Unit of Indicator value
measurement Minimum Maximum average
Relative density - 1,016 1,056 1,036
Soluble dry matter % 3.8 13,6 8,7
Titratable acidity mmol H+/dm? 7 27 17
Citric acid mg/dm? 11 321 161
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L-malic acid mg/dm? 0,4 1,8 1,05
Ash g/dm? 3,6 6,1 5.1
Sodium mg/dm? 2,6 9,1 5,6
Potassium mg/dm? 1166 3881 2531
Magnesium mg/dm? 59 207 133
Calcium mg/dm? 66 231 151
Phosphorus mg/dm? 121 441 281
Formol number cm?® 0.1 NaOH 6 25 16
Glucose g/dm? 11 41 26
Fructose g/dm? 9 41 26
Glucose-to-fructose ratio - 0,9 1,4 1,2
Sucrose g/dm? 0 67 33
Sugar-free extract g/dm? 8 21 14

The results indicate (tablel) that the relative density varies from 1.016 to 1.056,
while the mass fraction of soluble dry matter ranges from 3.8% to 13.6%, with an
average of 8.7%, reflecting differences in sugar, organic acid, and extractive substance
content. Titratable acidity fluctuates between 7 and 27 mmol H+/dm?, and citric acid
content reaches 321 mg/dm?, influencing the taste and acidity of the juice. The mineral
composition shows significant variations, with sodium content ranging from 1,166 to
3,881 mg/dm?, potassium from 121 to 441 mg/dm?, and calcium from 66 to 231 mg/
dm?. Sugar levels also vary: glucose and fructose concentrations reach 41 g/dm?, while
sucrose content is up to 67 g/dm?>.

Conclusion

Using international methodologies for assessing the quality and authenticity of juice
products, modern high-precision techniques allow for a thorough evaluation of juices to
identify potential adulteration. Parameters like the levels of total solids, acidity, chloride
concentration, and soft solids are crucial in evaluating the maturity of vegetables and
the overall quality of the juice. However, since these indicators can be easily modified
by adding acids or sugars, they cannot reliably serve as natural markers for juice
authenticity. To verify authenticity, it is critical to consider more intricate indicators,
such as the formal titration value, sugar isomer ratios, and other characteristics that are
less prone to manipulation.

As part of this study, a comprehensive physicochemical analysis was conducted on
various juice samples, including tomato and pumpkin juices. The research involved
determining soluble solids content, pH levels, acidity, and chloride concentration,
using titration and spectroscopic techniques. Additionally, formaldehyde compound
measurements were performed to assess the presence of free amino acids, which
serve as indirect markers of product authenticity. The results showed that all analyzed
samples met the established standards for acidity and soluble solids, while variations in
formal titration values indicated differences in raw material composition and potential
processing methods.
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Furthermore, modern multisensor technologies, such as electronic noses and
tongues, were explored for their potential in improving juice authenticity assessment.
These methods allow for objective evaluation of taste and aroma profiles, reducing the
subjectivity of traditional sensory analysis. Additionally, non-destructive analytical
techniques, including near-infrared spectroscopy and hyperspectral imaging,
demonstrated their effectiveness in assessing the quality of juices while preserving their
original composition.

Overall, the study confirms that while conventional quality parameters are important,
they should be supplemented with advanced analytical techniques to ensure the
authenticity and safety of juice products. The obtained data provide valuable insights for
improving quality control processes in the food industry and developing more accurate
methodologies for detecting adulteration in vegetable juices.
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Abstract. Microencapsulation is the process of creating a protective shell around
active substances in order to protect them from external factors, slow or regulate their
release and improve stability. One of the promising microencapsulation technologies is
the use of sodium alginate as a shell material. The use of microencapsulated biostimulants
in agroindustry allows to significantly increase the efficiency of active substances due
to their prolonged release and protection from external factors. One of the promising
approaches is the use of natural polymers such as sodium alginate and humic acids.
The emulsifier Span 80 is widely used to stabilise emulsions in the preparation of
microcapsules. Evaluation of parameters such as surface tension, particle size and zeta
potential is necessary to understand the stability and properties of the system.

This article focuses on the process of microencapsulation of humic acid using sodium
alginate, investigating the features of this technology and its possible applications,
discussing the methods and mechanisms of microencapsulation using biopolymers
and emulsifiers and the different applications of the resulting microcapsules. Special
attention is paid to environmental aspects including biodegradability and safety of
the obtained microcapsules. In this paper, the parameters of microcapsules prepared
by emulsion microencapsulation method using sodium alginate, humic acid and Span
80 emulsifier were investigated. Characteristics such as surface tension using RAT-1
tensiometer, particle size and zeta potential by dynamic light scattering (DLS) method
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were investigated. The results demonstrate the stability of the obtained microcapsules,
which is confirmed by their size and zeta potential values.

Key words: biostimulants, biopolymers, humic acid, microencapsulation, sodium
alginate.

© A.B. Hcaesa'?", A.A. lllapunosaZ, M.O. Ucaxos?, I.A. Kagupoexosa?, 2025.
9 b 9 b
' «AHTHUTEH FRUTBIMU-OHAIPIiCcTIK Kacimopub» KIIIC, Anmarsr, Kasakcran;
2 Satbayev university, Anmarsi, Kazaxcran;
3 Kazakcran-bpuran TexHUKaIBIK yHUBEpCeUTeTi, AntMathel, Kazakcran.
E-mail: isa-asem@mail.ru

BUOINIOJIMMEPJIEPTE HET'I3AEJITEH MUKPOKAIICYIJAHFAH
I'VMUH KbIIIKBIJIBIHBIH OCIMAIKTEPAIH OCYIH
BIHTAJIAHABIPYJIAFBI POJII

HcaeBa Acem baxpiT:kankkbi3bl — PhD, «Anturen» FOK XKIIC fputbiMH KbI3METKEpi, AJIMATHI,
Kazakcran, E-mail: isa-asem@mail.ru, https://orcid.org/0000-0001-6727-0257;

IlapunoBa AnteiHaii AsurapoBua — PhD, seprreymi npocdeccop, Satbayev University, Aimarsr,
Kazakcran, E-mail: a_sharipova85@mail.ru, https://orcid.org/0000-0002-2217-9975;

Hcaxos Mupac Opsinbacapyasl — PhD noxropant, Kazakcran-bputan TeXHHKaNbIK YHHBEPCHTETI,
Anmarsl, Kazakcran, E-mail: mir001@gmail.com, https://orcid.org/0009-0005-6660-5787;
Kanup6exoBa I'yabikaman Acbli6ekkbi3bl — Ctyaent Satbayev University, Anmarsl, Kazaxcran, E-mail:
gulzhi.kadirbrkova@gmail.com, https://orcid.org/0009-0001-5025-7707.

AnHoTanust. MUKpoKancynsuust — Oy ChIPTKB! (aKTopiapaaH Kopray, 6ocarysl
0oceHzeTy HeMece PEeTTey JKOHE TYPAaKTBUIBIKTBI KAaKcapTy MakKcaTblHAa OelceHII
3aTTaplblH aifHajJachblHIa KOPFAHBIC KAOBIFBIH Kypy mporeci. MUKpOKanCyIsuusIHbIH
MEPCIEKTUBANIBI TEXHOJIOTHSTIapBIHBIH 01pi — HATPHi aJIbrUHATHIH KAOBbIKIIA MaTepUaIbI
peTinze naiiaanany. ArpoeHepKaCinTe MUKPOKANCYIALUSUIaHFaH OMOCTUMYIIATOPIApAbI
KOJIZIaHy OJIap/IbIH Y3aK YaKbIT 0OCaTBUTYbl YKOHE CHIPTKBI (haKToOpiapaaH KOPFaIybl
ecebiHeH OeJceHAl 3aTTapAblH THIMALICH €Adylp apTThIpyFa MYMKIiHIIK Oepeni.
[lepcnexTuBanbl Tocinaepaid Oipi — HaTPUH aJbTUHATHL JKOHE TYMHH KBILIKBUIIAPHI
CUSIKTBI TaOWFU TOJMUMEpNepAl KojinaHy. MHuUKpokarncynagapabl aily KesiHzae
IMYJBCHSATIAPABl TYpaKTaHIbIpy YLIiH Span 80 3Mynbratopbl KeHiHEH KOJJIaHBUIAIbI.
JKylieHiH TYpaKTBUIBIFBI MEH KaCHETTEPiH TYCIHY YILUiH OCTTiK Kepimy, OeJeKTepain
MeJIIIepi )KOHE A3eTa MOTeHIUABI CUAKTHI apameTpiepai Oaranay kaxet. by makana
HaTPHii alTbT MHATBIHBIH KOMETIMEH I'yMUH KbIIIKBUTBIHBIH MUKPOKAIICYIISILUS IPOLIECiHe,
OCBHI TEXHOJIOTHSHBIH €PEKIIeNiKTepiH jKoHEe OHBbIH MYMKIH KOJJAHBUTYBIH 3€pTTEyTe,
OuomonuMepriep MEH SMYIbraTopiapibl KOJJAHATBIH MHUKPOKANCYISALIUS daicTepi
MEH MeXaHM3M/JEpiH, COHAal-aK aJbIHFAaH MUKPOKAICYJIanapIsl KOJIAAHYIbIH SpTYpIi
casianapblH KapacThIpaabl. AJBIHFAH MUKpPOKaIICyIanapablH Onoaerpagauusuianybl MEH
KayiMci3AiriH Koca aifaHia, SKOJOTHSUIBIK acleKTiJepre epeKiie Ha3ap ayAapbulajbl.
Byn xymbicTa HaTpuil albrMHATBI, TYMUH KBIILIKBUIBI KoHE span 80 SMynbraTopsl
KOMETIMEH dMYJIbCUSUIIBIK MUKPOKATICYJISIINS 9ICIMEH allbIHFaH MUKpOKaIcyIalapAblH
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napametpnepi 3eprrenai. PAT-1 TensumomerpiMeH OeTTIK Kepiny, OeJIeKTepIiH
MeJIIIEepi XKoHE AMHAMHKAJBIK *KapblK mambipay (DLS) oxiciMen a3era moTeHUmasl
CUSIKTBI cumarTamainap 3eprrengi. HoTwkenep anplHFaH MUKpOKarcCynazapIbiH
TYPaKTBUIBIFBIH KepceTei, Oyl onapAblH MeJlepi MeH J[A3eTa MOTEHUIUAIbIHBIH
MOHJIEpiMEH pacTanajbl.

Tyiiin  ce3gep: OuoctumynsTopnap, OHONONIMMEpIEpP, TYMHUH  KBIIIKBUIBL,
MUKPOKAICYISLUS, HATPHIA aJIbI’MHATEHI.
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POJIb MUKPOKAIICYJIMPOBAHHOI T'YMUHOBOM KUCJIOTBI HA
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HcaeBa Acem BaxbiT:kaHOBHA — PhD, Hayunslit corpyaauk, TOO HIIII «ArTHreH», AnMarbl, KazaxcTaH,
E-mail: isa-asem@mail.ru, https://orcid.org/0000-0001-6727-0257,

IlapunoBa Anteinaii A3uraposna — PhD, npodeccop-uccienosarens, CarnaeB yHUBEpCHTET, AJIMATEI,
Kazaxcran, E-mail: a_sharipova85@mail.ru;

Hcaxop Mupac OpbindacapoBud — JoktopanT, Kaszaxcko-BpuTaHckuil TeXHHUECKUH YyHHBEPCHUTET,
Anmarsl, Kazaxcran, E-mail: mir001@gmail.com, https://orcid.org/0009-0005-6660-5787;
Kanupo6exopa I'yibxkaMan ACbLIOCKKbBI3bI — CTyACHT, Kazaxckuil HallMOHAJIBHBIN UCCIICI0BATEIbCKUN
texHnueckni yHuBepcuter nmenn K.M. CarmaeBa, Anmarsl, Kasaxcran, E-mail: gulzhi.kadirbrkova@
gmail.com, https://orcid.org/0009-0001-5025-7707.

AnHoOTanuss. MUKpPOKANCYIMPOBaHUE TMPEACTABISIET COOOH MpoLece CO3MaHHS
3alIUTHONH OOOJIOYKH BOKPYT aKTHBHBIX BEIIECTB C II€JbI0 MX 3aIUTHI OT BHEIIHUX
(haKkTOpoB, 3aMeIUICHUS] WIM PEryJupOBaHHUs BBICBOOOXKIEHHS U  YIyYIICHHUS
crabunpHOCTH. ORHOM M3 TEPCHEKTHBHBIX TEXHOJOTHH MHUKPOKAICYINPOBAHUS
SIBIISIETCSl MCTONIb30BaHUE ajbrUHATa HAaTPUsl B KaueCTBE MaTepHaja Ui O0OOJIOUKH.
[IpuMeHeHne MUKPOKAINCYIMPOBAHHBIX OHMOCTHMYNIATOPOB B arpONpPOMBIIUICHHOCTH
MO3BOJISIET 3HAYUTEIBHO MOBBICUTH d(P(PEKTUBHOCTH ACHCTBYIOIIMX BELIECTB 3a CUET
UX TPOJOHTUPOBAHHOTO BBICBOOOXKICHMS M 3alIMTHI OT BHEMIHUX (pakTopoB. OmHNM
13 TEPCHEKTHBHBIX IOJIXOJAO0B SBIIAETCA HCIOIb30BAHNWE MPHUPOAHBIX IOJIUMEPOB,
TaKUX KakK aJbrUHAT HATPHS K TYMUHOBBIE KUCIIOTHL. [l cTabnin3auny SMyabCHi TPy
MOJTyYE€HUH MUKPOKAIICYJI IIHPOKO IMpuMeHseTcs smynbrarop Span 80. OueHka Takux
MapaMeTpoB, KaK MOBEPXHOCTHOE HATSXKEHME, pa3Mep 4YacTUI] M J3eTa-NMOoTeHIHal,
HEeoOXoauMa JJIsl IOHUMAaHUs CTA0MIBHOCTH U CBOMCTB CHCTEMBI.

OTa cTaThs MOCBSIEHA MPOLECCY MUKPOKANCYIMPOBAHUA T'YMHHOBOIN KHCIIOTBI
C TIOMOIIBIO ajbrMHATa HATpHUs, HCCICJOBAHHIO OCOOCHHOCTH ATOM TEXHOJOTHU
1 e€ BO3MOXKHBIE TPUMEHEHHUs, pacCMATPUBAIOTCA METOAbI U MEXaHW3MBbI
MHUKPOKAICYINPOBAHUS C UCIONb30BaHUEM OHOTOIMMEPOB M AMYJIBIaTOpPOB, a TAKKe

208



Reports of the Academy of Sciences of the Republic of Kazakhstan

pasnuyHble 00JacTH MPUMEHEHHUsS] MOJIYYEeHHBIX MHKpokarcyia. Ocoboe BHUMaHUE
YAETCHO KOJIOTMYECKHM aclleKTaM, BKIIIoYasi OMOIerpagupyeMocTh U 0e30MacHOCTb
MOJTY4YEeHHBIX MUKpOKaIricya. B nmaHHOi paboTe mpoBeieHO HCCIIeA0BaHNe MapaMeTpoB
MUKpPOKAICysl, MOIYYEHHBIX METOAOM JMYJIbCHOHHOTO MHKPOKANCYIUPOBAHUSA C
WCTIOJIb30BAHUEM allbI'MHAaTa HaTpHs, TYMHHOBOW KHCJIOTBI M 3Myjbraropa Span
80. HccnemoBaHbl TakMe XapaKTEPUCTUKH, KaK IIOBEPXHOCTHOE HATSKEHHE C
ncroib30BaHueM TeH3nomerpa PAT-1, pazmep yacTHIl M J3€Ta-NOTEHIMAI METOJOM
auHaMuueckoro ceeropaccestaust (DLS). Pesynbrarel JeMOHCTpUPYIOT CTaOMIBHOCTD
MOJTyYEHHBIX MUKPOKAIICYJI, YTO MOATBEPKAAECTCA UX pa3MEPOM U 3HAYEHUSMU J13€Ta-
MOTEHIMAaNA.

KioueBble cioBa: OHOCTHMYJSTOPBI, OHOTONMMEpBI, TYMHHOBas KHCIIOTA,
MHUKPOKAICyIMpOBaHNe, ajJbrUHAT HATPHSL.

@Dunancuposanue: Paboma evinonnena 6 pamxax npoexma KH MHuBO
PK no npoexmy: AP22785889 «Paspabomxa HOBbIX MUKDOKANCYIUPOBAHHBIX
OUOCIMUMYTIAMOPOS HA OCHOBE NPUPOOHBIX NOIUMEPOS C 8bICOKOU CMAOUTLHOCHbIO U
NPONOHSUPOBAHHBIM OCLiCBUeM, NPUMEHAEMBIX 8 A2PONPOMBIULTEHHOCTIUY.

Kongnukm unmepecos: asmopuvl 3as61a10m 00 OMCYMCMEUU  KOHDIUKMA
unmepecos.

Beenenue. OCHOBHBIM IPUOPUTETOM PA3BUTHUS COBPEMEHHOM arpONPOMBILILIEHHOCTH
SIBIISIETCSl TIOMCK DKOJIOTMYECKH Oe30MacHBIX METOJOB JJIsl CTUMYJIMPOBAaHHS poOcCTa
pacTeHHid W YBEIMYEHHsI MPOU3BOAMTEILHOCTH CEIbCKOXO3SMCTBEHHBIX KYIBTYP.
OmHUMH U3 KOTOPBIX SIBJISIOTCS OMOCTHMYNATOPBI - HaTypalbHbIE BEILECTBa,
CIOCOOCTBYIOIIME TMOBBIICHUIO YPOXKAHHOCTH pacTeHWH W YIYyYLICHUIO YCBOCHUS
MUTATENBHBIX BEIIECTB, B TO K€ BPEMs CHIDKAIOIIUX 3aBUCUMOCTh OT HCIIOJIb30BaHHUS
XMUMUYECKHUX ynoOpeHuil. PazpaboTka OMoCcTHMyNATOpa AJSl LEJIEBOTO PHIHKA TaKkKe
HeoOXoAuMa U3-3a TII00aIbHOTo AucOaianca nuTaTelbHbIX BemecTs (Lin, u ap., 2018)

Ha cerommsimmnuii nenr B KaszaxcraHe mnpuMEHSIOTCS —pa3fiUYHBIE  BHUJBI
ouoctumynatopos, Takue kak Fitovak (Atoeva, et al., 2023) xoTopble MOITY4alOT U3
CHUHTETHYECKOTO MOJINMepa — TeTpaMeTuiIMeTHeHuamMut, Biodux (Peyr, et al., 2017)
W3TOTOBIMBAETCS W3 HM3ILIEro mouBeHHOro rpuba Mortierella alpine, 0.1% Mers —
COZICP’KUT PaCTUTEIbHBIN OENKOBO-(hepPMEHTHBIN KOMIIIEKC, B OCHOBE KOTOPOTO JIe¥kKaT
XJI0POUIIIENTHIHO-BUTAMUHHO-0CIIKOBBIE BEIIECTBA, MOMYyYEHHBIE M3 DKCTPAKTOB
CeMHM pacTEHHI, U COJH JKee3a, MeI1, IMHKA, MOJKO/IeHa, MapraHua, kodansra, oapus,
Hona, opraHnueckue OMoCTUMYIATOPBI A30TO(epTHi Ha OCHOBE mTamma Azotobacter
chroococcum (Kalymbetov, et al., 2023) Canpomnenb U3 0CTaTKOB MHUKPOOPTaHU3MOB,
Buorymyc wmsrotoBneHHblii u3 HaBo3a W Ap. (Yuldasheva, et al.,, 2023). Anamus
MPUMEHSIEMBIX OMOCTHMYJSITOpOoB B KaszaxcraHe u 3a pyOekoM B IIEJIOM IOKa3al,
YTO OOJIBIIMHCTBO M3 HUX OCHOBAHBI HA MCIOJB30BAaHHU CHUHTETUYECKUX MOJIMMEPOB,
MHUKPOOPraHU3MOB, HaBO3a U JIp.

[IpumensieMble CHHTETHYECKHE MOJIMMEPHI SBISIFOTCS HEOHOAErpaiupyeMbIMU H
MOTYT HAHECTH HETaTUBHBIH 3KOJOTHYeCcKHi dPPEKT I OKpyKaromei cpeasl. bosee
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TOTO, HECMOTPSI Ha MX MOJOXKHUTEILHOE BIMSHHE HAa POCT PACTCHUH M yBEITUUCHHS
ypaKalHOCTH, OHM HE OONaJaloT CIOCOOHOCTBIO YNABIMBATH TSDKENbIE METAJUIbl H
BpeIHbIE BELIECTBA, TAKWE KaK MECTULHIbI, TepOMIUABI U Jp., KOTOPbIE MONagaioT B
OpTaHU3M KMBOTHBIX U YEJIOBEKA Yepe3 paCTCHUsI U OBOILLM, U B JAHHOM HalPaBJICHUH,
K COKaJICHUIO, UCCIICIOBAHUH Ha CETOAHSALIHNAN IeHb pakTHYecKu HeT. McecaenoBanus
MOKAa3aJIH, YTO HHKAIICYMPOBAHHbIE C IPUMEHEHHEM IPUPOIAHBIX TOTUMEPOB 00a1at0T
OoJiee BHICOKOH OMOCOBMECTHMOCTBIO M OMOIETrpaupyeMOCThIO, YeM CHHTETHYECKHE
NoJAMMEpbl. OJTO JAenaeT HuX Oojee MNPEANOYTHTEIBHBIMU IS  WHKAINCYISUH
OMOCTUMYIATOPOB.

BHecenue 3eneHbIx yioOpeHni, OCTaTKOB MM HaBO3a )KUBOTHOT'O MPOUCXOKICHUS,
pPBIOHOH MYKHM, W TYMHHOBOW KHCJOTBI - BOT HEKOTOPHIE BapHaHTHl YIPAaBICHUS
CEIIbCKOXO3HCTBEHHBIM MPOU3BOJCTBOM B HEONArompUsATHBIX MOYBEHHBIX YCIOBHUIX
(Daur, et al., 2013) Bce 3Tu BapuaHThI HallpaBlieHbI Ha YAY4ILICHHE TOYBEHHBIX YCIOBHN
JUISL pOCTa M KadecTBa ypoXkas. YUHThIBas pazMep MapTHH M AOCTYHHOCTb BO BCEM
MHUpE, TYMHUHOBasI KHCJIOTa, IO-BHIMMOMY, SIBISETCS HAWTyUYIIUM BapHaHTOM CPEIH
anerepHatus (Daur, et al., 2013).

BerpoBast 1 BogHas 9po3usl, a TAKKE BBILIETaYMBAHNE BOAOH YIAJISIOT TYMHHOBEIE
KHCJIOTBI U3 MOYB, TPEOysl UX PETYISIPHOTO MOIMOoIHEeHUs. B 3Toil cBs3u, HE0OX0ANMO
oOoramars oYBy 'yMHHOBBIMH KHCJIOTaMH [T yBEIWYEHUS ypoxkaiHocTu (Susic, etal.,
2016). nst yBenmuenus 3QpPpeKTUBHOCTH U POJIOHTUPOBAHHOTO IEHCTBUS TYMUHOBOM
KHCJIOTBI aKTyaJIbHbIM HalpaBICHHEM SBISETCS NPOBEICHUE €€ KallCyJTUpOBaHUS,
KOTOpasi MO3BOJIUT KOHTPOIUPYEMO U MOCTEIIEHHO BBICBOOOKIATH OMOCTUMYISTOP, H
TEM CaMbIM OyZIeT CIIOCOOCTBOBATh YMEHBILIEHHIO KOJIMYECTBA €€ TIOTPEOIeHUS U UMETh
MOJOKUTEIBHBIN SKOHOMUYECKUH S PEKT, a TIPUMEHEHHE TPUPOTHBIX MOTUMEPOB IS
Kancyssiuuy OyeT UMETh 3KOJIOrHYeCKHid 2P PEeKT.

B 2016 rony EBpomneiickasi koMmuccust oTHecTaa onocTumMynatopsl k kareropuu CE,
OTIPEIeNNB UX KaK YIOOpeHHs, KOTOpbIE CIIOCOOCTBYIOT POCTY M Pa3BUTHIO PaCTCHHUN
HE3aBHCUMO OT TpuMeHsieMoro konmmdectBa (Xiong, et al., 2018). OHu mOIKHBI
OKa3bIBaTh OJIHO M3 CIEAYIOIIMX BO3AEHCTBHH Ha pu3ocdepy pacrenuid B 2018 rony,
kak onpezaeneno CoeroMm EBporneiickoro coro3a B KauecTBE MOMPABKH K ONPEACIICHHIO:
(i) 6onee 3(ppexTHBHOE UCTIONB30BaHUE MUTATEIBHBIX BEHIECTB, (ii) YCTOMYUBOCTH K
abuotuueckoMy crpeccy, (iii) BIMsSHHE HAa KayecTBO ypokas U (iv) JOCTYITHOCTh U3
OrpaHMYCHHBIX MUTATENBHBIX BEUIECTB B ouBe win pusocdepe (Huppertsberg, u ap.,
2020). Takum 0Opa3oM, MPOBEACHUE UCCICIOBAHUN B HANPABICHUM WHKAICYIISUH
OMOCTUMYNATOPOB C MPHUPOAHBIMU TOJUMEPAMU JAJSl YAYUIICHHs CTaOMIBHOCTH U
3G PEKTUBHOCTH MUKPO- 1 HAHOKAIICYJI B arpOIPOMBILIICHHOCTH SIBIISIETCS aKTyaIbHOM
U TIEPCTIEKTUBHOM.

Matepuassi u MeTobl. Mamepuanei: Anerunar varpust (0,1%, 0,5%, 1% pactBop),
rymuHoBas kuciota (0,1% pactBop), Span 80 (0,5% ot maccsl Macna), 0,1M kanbuii
XJIOpUJ, COEBOE MaclIo.

Memoowi:

[IpuroroBneHne MUKpOKarcyin: OMYIbCHOHHOE MUKPOKAIICYTUPOBAHHE C BaAPbHUPO-
BaHHEM KOHIIEHTPALH albIHHATA HATPHS.
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WzmepeHne moBEpXHOCTHOTO HATsKeHUS: [ m3MepeHust Mexx(pa3HOro HaTsHKeHUS v
JUJIaTAOHHBIX PEOJOTMYECKUX XapaKTePUCTUK aICOPOLMOHHBIX CIOEB UCIONIb30BaH
Tenzuomerp PAT-1.

Onpeznenenne pa3MepoB M JA3eTa-MOTeHUHUaNa: J[MHaMHUYEeCKOe CBETOpAcCEesHHUE
(DLS) na ananuzatope pa3MepoB 4acTHIl U a3eTa noreHnuana Winner 901.

Pe3yabrarpl u 00cy:xk1eHue. OCHOBHBIM KJIACCOM PACTHTENBHBIX OMOCTUMYJISITOPOB
SIBIISIFOTCS. TYMUHOBBIC M (DYJBBOBBIC KHCIOTBI, 32 KOTOPBIMH CIIEIYIOT THAPOJIN3ATHI
O€JKOB, DJKCTPAaKTBl MOPCKHMX BOJOpOCIEH, B TO BpeMs Kak MHKPOOHBIE
onosddexroppl — 5TO moJdE3HBIE TpUOBI (Hampumep, TrpuObl apOyCKyISpHON
MUKOpU3bl U Trichoderma spp.) u OakTepuu, CTUMYIUPYIOLIIME POCT PaCTECHHUM
(Savarese, u ap., 2022). CTuMynTupoBaHHEe MPOU3BOJACTBA PACTHUTENBHONW OHOMACCHI
OMOCTUMYNATOPaMHU OBIJIO CBSI3aHO C UX BIMSHUEM Ha HECKOJIBKO OMOXMMHUYECKUX WIIN
MOJIEKYJISIPHBIX ITyTeH U (PU3UOTOTUIYECKHUX MPOLECCOB. ABTOpaMH OBbLIO OOHAPYKEHO,
YTO HEMHKPOOHBIE W MHKPOOHBIE PACTUTEIbHbIE OMOCTHMYIATOPHI MOJOKHUTEIBEHO
BJIMAIOT Ha 3QQEKTUBHOCTh HCIIONb30BaHM nuTarenbHbIX BemecTB (NUE) 3a cuer
YIAYYLICHUS! apXUTEKTypbl KOPHEBOW CHCTEMbl W HCCICHOBaHMS TIOYBBI, a TaKXKe
YBEIMUEHHUS PACTBOPHUMOCTH MAaKpO- M MHKPODJIEMEHTOB, YTO MOXKET MPUBECTH K
MOBBIILICHHUIO TPOAYKTUBHOCTH pacTeHuid. Hanpumep, ObL10 MOKa3aHo, YTO pa3invHbIe
TUTBI PACTHTENBHBIX OMOCTUMYISITOPOB (HAalpUMeEp, TYMHHOBBIE U PaCTUTENbHBIE /
BOJOPOCIIEBBIE SKCTPAKTHI) COEPIKAT ayKCHH-TIONO0OHBIE COSANHEHHUSI, KOTOPbIEC MOTYT
HampsIMyIO BIUSTh Ha OMOJOTMYECKHE MPOLECCHl, TAKHE KaK pa3BUTHE PACTCHUH H
perymsuus pocTa, Wik KOCBEHHO BIUSTH HA TOPMOHANBHBIN CTaTyc pacTeHul (Savarese,
et al., 2022).

HO

Sugar< (CH-OH),
OOH  COOH . it 10 ]
R-J:H H J}
| " O H,
HC—C.
HO T
OH OH 9 L
o NH
R'—EH
lo Peptide
Fl‘JH
R

Pucynok 1 — Tumgnas cTpykTypa T'yMUHOBOH KHCIOTEI (Amro, et al., 2016).

'ymMuHOBast KHCIIOTa Kak 4acTb I'ymMyca SIBISIETCS €CTECTBEHHBIM KOMIIOHEHTOM
MOYBBI ¥ CIOCOOCTBYET YIYYLICHUIO OMOJIOTMYECKUX CBOMCTB MOYBBI. OOIIEU3BECTHO,
YTO OAHMM U3 BaXHEWIIMX KOMIOHEHTOB BS sBmsercs rymuHOBas KHUCIIOTA.
Haxe QynpBOKUCIOTA U MONOOHBIE €l COCIMHEHHS OKa3bIBAIOT CKOOPAMHUPOBAHHOE
aHaJIOTHYHOE BO3JeicTBHE Ha o0llee ymydlleHHE 340pOBbsi pacTeHus. llpomuibie
HCCIIEZIOBAHUS TIOKA3bIBAIOT, YTO T'YMHUHOBAsl KHCJIOTA, IO CBOEH MpHpOJE SBIAACH
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MOJIMUOHHOM, CIMOCOOCTBYET HMOHHOMY OOMEHY, OCYIIECTBISIEMOMY B TIOYBE, YTO
NPUBOIUT K OJIOKUPOBKE CBOOOMHOTO KambIus. Kampmuii Temeppr HEMOCTYHEH IS
peaximu ¢ pocdaramu, 1, cIe0BATEINBHO, TOCTYITHOCTE P 1115 pacTeHni yBeTMunUBaeTCSl.

I'ymuHOBas KHCIOTa TakkKe YAy4IIaeT MEPBUYHBIA W BTOPHYHBIA METa0OIH3M
pacTeHui, BBI3bIBas OIpEJeICHHbIE HEOOXOIMMbIE M3MEHEHUs, aBTOphI (Savarese, et
al., 2022) cooOumwym mpeacTaBISIONUX 00Iee YBEINYCHUE YPOKalHOCTH aOpHKOCOB
pu 00paboTKe TYMUHOBOM KHCIIOTOM.

[puHIUNBI  MHUKPOKAINCYJIWPOBAHUSL.  MHKpPOKAICYJIUpOBAaHHE —  3TO
(dhopMupoBaHKe HEOOJNBIIMX KarCyjl, B KOTOPBIX aKTUBHBIH MHIPEIMCHT 3aK/IHOUCH B
3amuTHYI0 0007104Ky (ManpioekoBa, et al., 2024). IIpomecc 0OBIYHO COCTOHUT U3 TPEX
OCHOBHBIX JTaIlOB:

1. Iloocomoexa ocHoenoeo mamepuana: 'yMUHOBYHO KHCIOTY PacTBOPSIOT WIIH
JUCHEPTUPYIOT B MOAXOASILEN Cpeie.

2. @opmuposanue smyrvcuy: OCHOBHOM MaTepHall SMYJIBIHPYETCSl ¢ PacTBOPOM
OomononnMepa, HapuMep aJbIMHAT HATPHS.

3. Unkancynayua u 3ameepoesanue: llonuMepHas MaTpuiia 3aTBepAeBaeT BOKPYT
CEP/IIeBUHBI TUOO 32 CYET XUMHYECKOU CIIMBKH, JINOO 3a CYET Teleo0pa3oBaHmsl MO
BO3/ICHCTBUEM TEMIIEPATYPBI, JIMOO 32 CUET UCIIAPCHHS PACTBOPHUTEIISL.

Buononumepsl, Takue Kak TEKTUH, XWTO3aH, QJbIMHAT M JKCJIATHH, CTalld
MPEANOYTUTEIBHBIME ~ WHKAICYJIUPYIOIIMMH ~ areHTaMu  Ojarojgaps — cBoeH
OMOCOBMECTHMOCTH, OMOPa3IaraéMOCTH M CIIOCOOHOCTH OOpa30BHIBATh CTAOWMIILHBIC
MaTpUIBl. OMynabraTtopbl, Takue kak Span 80 (copOuTaH MOHOOJIEAT), WUTPAOT
peuIaIyr poib B (OPMUPOBAaHUU CTAOWIBHBIX SMYIBCUW TMPH HHKAICYIANAU. B
Tabnmuie 1 npeacTaBieHbl HEKOTOPBIE OUOTIOIMMEPBI, U AMYJILIaTOPBI, IPUMCHSIMBIC B
MUKPOKAIICYTHPOBAHUU.

Tadmuua 2 — OcHOBHbIE GHOMOJIUMEPHI H X CBOMCTBA /I HHKANCYISAINT

Buononumep XapakTrepucTuka IIpumeHenue

TMonrcaxapu/ pacTHTEIBHOTO TPOUCXOMKICHHS,
obnazgaeT BBICOKOH reneoopasyroreit

Hcrnonb3yeTcsi B CEIbCKOM X03SHCTBE
U MUIIEBOM MPOMBIIIIIEHHOCTH

HexTun
CIOCOOHOCTBIO, TPEOYeT HOHOB KaJIbIIUS IS JUISL MTHKATICYIISIIAN OMOAKTHBHBIX
CLIMBaHMUS. BertectB. (Rehman, et al., 2019)
[Tpon3BoxHOE XUTHHA, 00TaTaeT IIIEHKOOOpa-
. [Tpumensercs B GpapmaneBTHKe,
3yIOIINMH ¥ OM0a/iIre3UBHEIMH CBOMCTBAM,
Xuro3an OKOJIOTUU U arpOTEXHOJIOIUAX.
TIyqIIaeT PACTBOPUMOCTD M KOHTPOIHPYyeMOe
¥y bacteop POTHPY (Zulfigar, et al., 2020)
BBEICBOOOYK/ICHNE aKTUBHBIX BEIIECTB.
[Tonucaxapu U3 MOPCKUX BOJOPOCIIEH, [upoko ucnonb3yercst st
ANBIHHAT o0pa3syeT reau MpH B3aMMOAEHCTBUY C KOHTPOJIUPYEMOTO BBICBOOOXKICHHS
JIByXBaJEHTHBIMH KaTHOHAMH, MOAXOAUT IS ynoOpeHuii u hapmMareBTHIeCKIX
THIPOQUIBHBIX BELIECTB. npemnaparos. (Song, et al., 2024)
BenkoBslit monmuMep ¢ IMyINbIUPYIOIUMA [Tpumensiercs B Mequnuee, hapma-
Kenarun 1 reneo0pasy oMMy CBOHCTBAMH, MOXKET LIEBTHUKE M THIIEBOH NPOMBIIIICHHO-
KOMOMHHUpOBaThCs ¢ ApyruMu ononoimmepamu.  cri. (Naidu, et al., 2011)
HVcrionb3yeTcst B OMyNbCHAX THIIA
I'unpododHOE HEMOHOTEHHOE TOBEPXHOCTHO-
«Bona B mMacie» (W/O) u «macio B
Span 80 aKTHUBHOE BEIIIECTBO, CHIDKACT MEXK(pa3zHoe

HATSHKEHUE U CTAOMIIN3UPYET SMYIILCHH.
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[Ipumensercs B NHUIIEBOIL,
(hapManeBTHIECKON 1 KOCMETHIECKOH
npombinuieHHOCTH. (Yang, et al.,
2023)

I'mppodunsHoe HemonorenHoe I1AB,
Tween 80 crocoOCTByeT 00pa30BaHUIO CTAOMIBHBIX
SMYJbCUH.

HatypanpHblii 5Myabratop, noayyaemblil U3 COU
WU SUYHOTO JKEJTKA, CTAOMINU3HPYET SIMYIbCHU
1 yAydIIaeT pacCTBOPUMOCTh TUIODHIBHBIX
BEIECTB.

[upoxo UcoIb3yeTcsl B MUIIEBOH
MIPOMBIIIUICHHOCTH, (hapMaIieBTHKE 1
rkocMmetuke. (Celli, et al., 2021)

JlenutuH

Ota Tabnuua CTPyKTypUpyeT HH(POPMALIUIO O OMOTOIMMEpax U 3MYJIbraTopax 1 ux
MIPUMEHEHUH B MHKAICYJISAUH, TIOMYEPKUBAst UX CBOMCTBA M 00IAaCTH MPUMEHEHHUSL.

MHuKpoKaricynsl yI00HO HAHOCHThH HETIOCPEICTBEHHO HA MOYBY, BO BPEMSI BBICAIKH
paccaipl WM B KaueCTBE IOKPBITUS AJsl CEMSH, U OHM O0JanaloT T'HOKOCTBIO,
MO3BOJIAIONICH HAHOCUTh MX HEMEUICHHO WM XPAaHWUTb B TEUCHHE TUTEIBHOTO
BpPEMEHH KaK IIPH HU3KHUX TeMIIepaTypax, TaK 1 [Py TeMIepaType OKpyKaroliel cpepl,
YTO SABJISIETCS] HANOOJIEe PacpoOCTPaHEHHBIM METOOM 3aLIUTHI B HACTOSIIIEE BPEMsI

B pabore (Nazarbek, et al., 2023) B kadecTBe ToJuMepa It MUKPOKATICYTUPOBAHUS
TYMHHOBOHM KHCJIOTBI HCIIOIb30BAIN KapOOKCUMETHIILEILTIONO3Y.

Wzyuenne pu3nko-XxuMUUECKUX CBOHCTB MUKPOKAIICYIITPEANONAracT UCTIONb30BaHUE
Pa3INYHBIX AaHATUTHYECKUX METOIUK 1 IprubopoB. [Ipumenenne coBpeMeHHBIX HU3HKO-
XMMUYECKUX METOJOB HMCCICIOBAaHUNA: METOJ TEH3MOMETPUH, METOA AMHAMHYECKOTO
CBETOpAaCCEsHUs, METOJ BJIEKTPOHHON aucnepcroHHOi crekTpockornu EDX/EDS,
Meton Y®-puaumon crnektpockonud, COM, TepMOrpaBUMETpPUUECKHH aHAJU3,
nH}pakpacHasl CIEKTpOCKoNus ¢ npeoOpasoBanneM Dypbe, MO3BOJSIOT MPOBOIUTH
CBEPKY AKCIIEPUMEHTAJILHBIX IaHHBIX B JIOCTOBEPHOCTH.

Memoodvl  uccredoeanus NOBEPXHOCMHO20  HAMANCEHUS, TSl ONpPEACIeHUs
MMOBEPXHOCTHO-aKTUBHBIX ~ CBOMCTB M  00OCHOBaHMA moaOOpa KOMIIOHEHTOB,
COCTABJISIFOLIMX MUKPOKAIICYJIbI.

Hunamuuecxoe ceemopaccesnue (DLS) nns m3aMepeHHs pacUpeneiIeHUs] 4acTHI]
Mo pa3MepaM M J3eTa-MOTEHIMANa WHKAICYJIUPOBAHHOW TYMHHOBOHM KHCJIOTBHI.
Pacnpenenenue yacTuI o pa3Mepam 1 13eTa-MOTEHIMAT HEOOXOAMMO AJIS OTIpeIeIICHHS
CTaOMJIBHOCTH U TIOBEPXHOCTHOTO 3apsija Karcyil.

Ungpakpacnas cnexkmpocrxonus ¢ npeoopazosanuem @Pypve (FTIR) s
UACHTHPUKAINE (QYHKIMOHAJIBHBIX TPYII, HPUCYTCTBYIOIIMX Ha IOBEPXHOCTH
MHKAICYJINPOBAHHONW I'YMUHOBOH KHCIIOTBI.

Y@ cnexmpockonusa — 11 KOTMUECTBEHHOTO ONpPeIesieHHs TYMUHOBOM KHUCIIOTHI B
MHUKpPO- 1 HaHOKAICyJIe.

Ckanupyrowas sanexmpounnas mukpockonus (COM) nna Busyanuzanun Mop¢hoIorun
WHKAICYIMPOBAHHOW TyMHUHOBOM KucyoTel. JlanHas wuHdopmanusi MoXeT ObITh
HCTIOJIb30BaHa JJIsI ONpeiesICHUs pa3Mepa, POPMBI U OTHOPOAHOCTH KarlCyil.

st mpoBenieHnsT UCCIEOBAaHHS 110 MUKPOKATCYJIMPOBAHUIO TYMHUHOBON KHCIJIOTHI
ObUI pazpaboTaH SKCIEPUMEHTAIBHBIN JU3aiiH, IPEICTaBICHHBIA Ha PUCYHKE 2.
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Pucynok 2 — Cxema MUKPOKAICyIMPOBAaHNS TYMUHOBOH KHCIIOTHI C aTbI'MHATOM HATPHs

MI/IKpOKaHCYJ'II/IpOBaHI/Ie FYMHHOBOﬁ KHCJIOTBI o6naz[aeT HCCKOJIBKMMHU
SHAYUTCIbHBIMU IPECUMYIICCTBAMU, IIPEACTABJICHHBIX B Ta6J'II/II_IC 2.

Ta6auua 2 — IlpenmyiiecTBa MHKPOKANCYJIHPOBAHUS TYMHHOBOI KHCJIOThI B aIbIHHATE HATPHS

IIpeumymecTBo Onucanne
3ammuTa ot OOecrnieyrBaeT 3alUTy T'YMUHOBOM KHUCIIOTEI OT pa3pyLIeHUs II0]] BO3JEHCTBUEM
BHEIIHHX (paKTOPOB CBeTa, KUCIOPO/AA M TEMIIEPATyPHBIX KoJeOaHui, TPOyIeBasi CPOK e€ XpaHEeHUsL.
[To3BomseT perynmupoBaTs CKOPOCTH BEICBOOOXK/ICHHUSI TyMHHOBOW KHCIIOTHI,

KonTponupyemoe %

obecrieynBast €€ OCTENEHHOE MOCTYIUIEHHE B OKPYIKAIOIIyI0 cpery. BaskHo st
BBICBOOOKIeHHE o

CeIILCKOTO XO3AHCTBA U MEUIIHBL
Yaydmenune IToBbIIaeT pacTBOPMMOCTH I'YMUHOBOW KHCIIOTHI B BOJIE, UTO CIIOCOOCTBYET €&
PacTBOPUMOCTH JIy4IlleMy YCBOEHHIO PACTEHUSMH U paclIupsieT 00JacTH IPUMEHEHMS.

AJIBrHHAT HATPHUS SBISCTCS SKOJOTUICCKH YUCTHIM, OMOCOBMECTHMBIM U
0€30IaCHBIM MaTEPHUAIIOM, TTOIXOISAIINM JIJIsl UCTIONIb30BAHMUSI B arpapHOi U
MEIUIMHCKOH chepax.

be3onacHocTh 1
0HOCOBMECTHMOCTDH

Kak mokazano B Tabmuue 2, MHKpPOKAICyTUpOBaHHE T'YMHUHOBOH KHCIIOTBHI B
aNbrUHaTe HaTpusl 00EeCIeurMBacT 3HAYMTENIbHBIC MPEUMYIIECTBA, MOBBIIIAIONINE €€
3G PEKTUBHOCTD U PACIIMPSIIONINE BO3MOKHOCTH IPUMEHEHUSI.

Jnst uccnenoBaHusl MOBEPXHOCTHOTO M MEXK(Aa3HOTO HATSKCHUS W3MEPEHHS
npoBoanin ¢ ucnoib3zoBanueM TeHzuomerpa PAT-1 (SINTERFACE Technologies).
B xauecTBe amcriepcHOl Cpepl HCIONB30BAIACH BOJIA C PACTBOPEHHBIM aJIbIMHATOM
HaTpus W TYMHHOBOW KHCJIOTOW, a B Ka4eCTBE MACISTHOM a3kl - COEBOE Macjo C
nobasnennem Span 80. M3mepenHwust mokazaiu, 4To J00aBlIeHHEe TYMUHOBOW KHCIOTHI
CHIKACT TOBEPXHOCTHOE HATSDKEHHWE BOIHOW (hasbl, CIOCOOCTBYS CTaOWIIH3AIIH
aMyasCUU. BBenenmne Span 80 mpUBOANT K 3HAYUTEIIPHOMY YMEHBIICHUIO MEX(Pa3HOTO
HATSHDKEHUS] Ha TpaHWIe Macllo—BOJAa, YTO yiaydiaeT (opMHUpOBaHUE SMYIbCUH H
00pazoBaHre MUKPOKATICYIT.

Jnst modydeHWs: MHKpOKAINCydl TYMHUHOBOM KHCIOTBI HCIIONB30BAJNCS METOJ
OMYJIBCHOHHOTO MHKPOKAIICYJIUPOBAHUSI. B kadecTBe OCHOBHOTO MOJIHMEpa
ucnonb3oBanu agsrunat Harpus (0,1-1% pactBop), rymunosas kucnota (0,1% pactBop)
- AKTUBHOE BEIIECTBO, 3aKJIIOYAEMOE B MHUKPOKAIICYJIbI, B KadeCTBE 3MYyJbraropa
ucnonb3oanu Span 80 (0,5% oT Macchl Macia), KOTOPBIA YAy4lIaeT OJHOPOAHOCTh
MHUKpPOKAIICyI, Ipe10oTBpaliast ux KkoajecueHuuo, 0,1 M kanpuuii XJ10pua - CIITUBAIOLIUHA
areHT, 3alyCcKaeT MPOLECC HOHHOTO refico0pa3oBaHusl ajJbrUHaTa, coeBoe Macio. Bee
MIPOLIECChl TPOBOAMINCEH IPH KOMHATHOH Temneparype (~25°C).

Bonnyto ¢a3y mpuroToBuIiIM pacTBOPEHHEM allbI'HATA HATPHS B AUCTUILTUPOBAHHON
BOJIE TMPH WHTCHCHBHOM TIE€PEMEIIMBAHUM 0 IONyYeHUS OTHOPOIHOTO PacTBOpA.
JobGasnennem smynbratopa Span 80 B coeBoe Maciio W MepeMelTMBaHUEM TOTYYHIN
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MacisiHyo  (azy. s SMynbrupoBaHusl TOCTENIEHHO J00aBUIM BOJAHYIO a3y B
MAaCJISIHYIO TIPU UHTEHCHBHOM TIEPEMEIINBAHUY C IIOMOIIBE) MATHUTHON MEIIIAIK! IS
(hopMupoBaHusl SMyJIbCHH TUTIA «Bojia B Macie» (W/O). [omoreHu3arusi mpoBOaAUIACH
B TeueHue 10 munyT npu ckopoctu 800 o6/muH. s reneoOpa3oBaHus, B pacTBOP
0,1M kanblus XJIOpUa TOCTENEHHO JO0aBWIM CMECh U3 allbTMHATA HATPHsl, 00pa3iibl
BBIJICP)KUBAIINCHh B PACTBOPE XJIOpUA Kajblus B TedeHue 30 MUHYT ISl 3aBEPIICHUS
(hopMUpOBaHMSI MUKPOKAICYJ, MPOMBLIM JUCTHJUIMPOBAHHOW BOIOW JUIS yHAJICHUS
VOHOB KaJIbIIMS U BBICYIIWIM [TPH KOMHATHOHN TeMIIepaType.

B Ttabmune 3 mpuBeneHBl pe3yabTaThl MONYYCHHBIX MHKPOKANCYd C pPa3HBIMHU
KOHIIEHTpauusiMu anbrusara Hatpus ¢ 0.1% ryMUHOBOM KUCIOTON

Tabnuma 3 - Pe3ynbsraTel 10 pa3Mepy 1 J[3eTa-TII0TeHIHAaIa MUKPOKAIICYIT

Konnenrparms AlgNa (%) | Pazmep muxpoxkaricy:t (Hm) JI3era-morennuan (MB)
0.1 619 £20 25+2
0.5 497 £ 15 -35+3
1.0 350+ 10 -45+3

CornacHo MOTYyYEHHBIM JaHHBIM MOTYUYEHHBIC SMYIbCUU OTPULIATEIBHO 3aPSIKCHBI
BO BCEM JMANa30HE HMCCICAYEMBIX KOHIEHTPAIUM, MpU STOM pa3Mephbl IMYIbCHHA B
muarazone 350-619 um (Tabmuna 3).

Kak BuAHO TaONMIBI, YBETUYCHUE KOHIEHTPAIUU aJbrUHATa HATPUS MPUBOJUT K
YMEHBILIEHHIO CPETHETO pa3Mepa YacTHIl, YTO CBS3aHO C 0oJiee BBICOKOW BS3KOCTBHIO
pacTBopa M ymydIleHHOH cTabunnzanuei sMyinbcuu. J[3eTa-noTeHIran MUKpOKaIcya
CTaHOBHUTCS OOJIee OTPUIIATEIIBHBIM [P YBEIMUSHUH KOHIICHTPAIIMH aJIbTHHATA HATPUS,
YTO yKa3bIBACT HA MOBBINIEHUE CTAOMIBHOCTH CUCTEMBI. JTH JAHHBIC MOATBEPKIALOT,
YTO TOBBINICHUE COJCPXKAHMSI ajbrMHATA HATPUS CIIOCOOCTBYET (DOPMUPOBAHUIO
0oisiee YCTOWYMBBIX MHKDPOKANCYJd C MCHBIIUM pa3MepoM U  YIYYIICHHBIMHU
ANEKTPOCTATUUCCKUMHU XapPAKTEPUCTUKAMH.

[Mocne smynerupoBanus, aobaBwim cmech B 0,1M pacTBOp KanbIusi XJIOpHIA,
MOTyYHiH chepruieckyro Gopmy Karcyim, npenTaBIeHHON Ha pUCYHKe 3.

Pucynok 3 — IIponecc reneodpaszosanus 0,5% ansrunara Hatpus ¢ 0,1% ryMHHOBO KHCIIOTOH B

pactBope 0,1M kanbuus xjaopuna
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W3 pucynka BugHO, uTo npu KoHTakTe 0,5 % anbruHara HaTpys c TYMUHOBOW KHCIIOTOM
C MOHAMH KaJbLHUsS XOPOIIO BUIHA cepruecKkas popMa Karcyl, 4YT0 CBUACTEILCTBYET
0 paBHOMEpHOM reneoOpa3oBaHud. OTHOCUTEIBHO OJHOPOTHBIH pa3Mep YacTHILl
yKa3bIBaeT Ha CTaOMIIbHOCTB MPOLIEcCca IMYIbTUPOBAHNUS TIepe]] refieo0pa3oBaHUEM.

Takum 00pa3oM, MHUKPOKAICYyJIHMpPOBAaHHE C HCIIOJIb30BAHHEM albIMHATAa HATPHS
W TYMUHOBOM KHCIOTHI IO3BOJISECT TMONYYUTh CTaOMJIbHBIE MUKPOKAICYJIbl C
KOHTPOJIUPYEMBIM DPa3MEpPOM M 3apsioM, YTO JeNaeT WX IEPCIEKTUBHBIMH JUIS
MPUMEHEHUS B arpOIIPOMBIIIIEHHOCTH.

3akarouenne: MUKpPOKaNCyIupoBaHHE TYMHHOBOM KHCIOTBI C HCIOJIb30BaHUEM
anbrUHATa HAaTpHs NpeAcTaBisieT cobol 3ddekTuBHOE pemieHne A MPOAJeHUs eé
JECTBUS B TIOYBE, MOBBILICHUSI YCBOSIEMOCTH PACTEHUSMH M MHUHUMH3ALUN TOTEPD,
CBSI3aHHBIX C BBIMBIBAHMEM U Ppa3JIOKCHHEM. bHoOmonnMepHble MHKPOKAICYIIbI
00eCreunBaloT MOCTENEHHOE BBICBOOOKACHUE OMOCTUMYISATOPA, YTO CHOCOOCTBYET
CHMDKCHUIO YacTOThl BHECEHMs YHOOpEHHHI M MOBBILEHHIO UX 3()()EKTUBHOCTH.
Kpome Toro, mpumeHeHHe HPUPOAHBIX IMOJUMEPOB J€TaeT JaHHYI0 TEXHOJOTHIO
9KOJIOTHYECKU 0e30MacHON aNbTepHATHBON CHHTETHYECKUM MetofaM. MccienoBaHus
METOJIOB MUKPOKAIICYJUPOBAHUS M MX (PUIUKO-XUMHUYECKHX CBOUCTB IONTBEPKIAIOT
3HAYUMOCTh JJAHHOU TEXHOJIOTUH B PA3IIMUHBIX C(epax MPOMBIIUICHHOCTH U MEAULIUHEI,
a TaKKe OTKPBIBAIOT MEPCIEKTUBBI AJISl AajbHEHIINX HAyuHBIX pa3paboTok. Meton
SMYJIBTUPOBAHUS CIIOCOOCTBYET CTAOMIBHOCTH AKTHBHBIX BEILECTB M O0OECIIEUHBACT
X KOHTPOJHPYEMOE BBICBOOOXKIECHHE, OCOOCHHO NPH HCIOJIb30BAaHUU TOJIMMEPHBIX
000JI0UeK, TaKMX KaK aJblMHAThl. Pa3BUTHE M BHEIPEHHE JAHHOH TEXHOJOTHH B
arporpoOMBIIIUIEHHOCTh IO3BOJUT IOBBICUTh YPOXKaHOCTH CEIbCKOXO3SHCTBEHHBIX
KyJABTYp, YAYYIIUTH CTPYKTYpy MOYBBI M CHH3HTh HEraTHBHOE BO3JCHCTBUE Ha
OKPYKAOLIYIO CPENy.
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Abstract. Alkylation of aromatic hydrocarbons is a basic large-scale petrochemical
process for the production of styrene-based polymers (polystyrene, styrene-butadiene
rubber, polystyrene foam, etc.), with global demand for these products increasing
annually. Currently, the old technology of alkylation of benzene with ethylene in the
presence of AICI, is used, replacement of which is relevant not only for Kazakhstan, but
for whole world. The replacement of these catalysts with effective solid acid zeolites,
which can be synthesized with specified controlled properties (size and shape of pores and
channels, dispersion, etc.) for synthesis of chemical compounds with certain structures,
is necessary, potentially opening up enormous prospects for selective production of
necessary products, especially for petrochemical processes. However, zeolites have
limitations associated with size and shape of channels of regular framework structure
of zeolites, determined by mass transfer (diffusion inhibition and configurational effect)
and direction of chemical transformations (size and shape selectivity) in the pores.
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These limitations can be removed by the use of hierarchical zeolites, characterized by
the presence of both micropores and mesopores, i.e. different porous structures within
one material. There are various methods of the synthesis of hierarchical zeolites, such
as bitemplate synthesis, silanization, delamination, pillarization, etc. Among them,
recrystallization of synthetic zeolites using surfactants is attractive, which consists of
two-stage hydrothermal treatment of zeolite in the presence of alkali and surfactants
with intermediate correction of pH of reaction mixture. This paper presents the results
of studies on recrystallization of three types of synthetic zeolites — Y, BEA and ZSM-
5 using polyethyleneglycol-10000 for synthesis of hierarchical zeolites. Formation of
hierarchical structure of zeolites is shown using X-ray diffraction, SEM, IR-spectroscopy
and BET methods.
Keywords: alkylation, hierarchical zeolite, synthetic zeolite, catalyst,

recrystallization.
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AHHOTanUsA. ApOMAaTThl KOMIPCYTEeKTep/li alKUIIey — CTHPOJ HETI3iHer MOoH-

Meprepi (TOTUCTUPOI, CTHPOI-OyTaAMEH/ i KaydyKThI, TEHOITOIUCTHPOIIBI )KoHE T.0.)
QITyZIBIH HETi3r1 ayKbIMAbl MYHAH-XUMHSUIBIK IMPOIECi, OFAH QJIEMJIK CYPaHBIC KBUI
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caiibiH apThIn Keneni. Ka3ipri yakeiTTa anemje AlCl3 KAaTBICHIHa OEH30JIIbI dTHIEHMEH
AIKHJIICYIiH €CKi TeXHOJIOTUSCH KOJIJaHblIaAbl, OHBI aybICTBIPY Tek KazakcTaH yiiH
FaHa eMec, OYKiJ oJieM/1e ©3€KTi OOJIBIN Ta0bLIa bl X UMUSIIBIK KOCBLIBICTAPIBIH OCIT1IT
0ip KYpBUIBIMBIH CHHTE3€y YIUiH KaTalu3aropiapibl OenriieHreH OaKbUIaHATBIH
KacueTTepiMeH (KeyeKTep MEH apHaJlapAblH MeJIIIepl MeH MilliHi, JUCIIEPCTLIIr KoHe
T.0.) cuHTe3/1eyre OOMaThIH TUIM/I1 KATThI KBIIIKBUIIBI IEOIMTTEPMEH alIMacThIPy KaXKeT,
Oyl KakeT eHIMIepAl, ocipece MyHal-XUMHSJIBIK TPOLECTepAe iIpiKTenm aixy YIIiH
opacaH 30p HepcreKTUBaiap amansl. JlereHMeH, HeonuTTepaiH KajdblNThl KaHKaIbIK
KYpBUTBIMBI apHaJlapbIHBIH OJIIeMepi MEH MilliHiHe OaiaHbICThI IIEKTeynepi Oap,
ojap KeyekTepaeri macca anmacy (IudQy3usHbBl Texey XoHE KOHQHUrypauusiay
ocepi) KoHE XUMMSIIBIK e3repicTep OarbIThl (KesieMi MeH MilriHi OOHMbIHIIA TaHJAy)
apKbUIBI aHBIKTANAbI. MlepapXusuIblK HEOTUTTep Oy HIEKTeyJepAl KOIOFa MYMKIHIIK
Oepeni, o1ap MUKPOKEYEKTEp MEH ME30KEYeKTEepIiH OONTybIMEH CHUIMAaTTalalbl, SFHH.
O0ip Martepuanaarbl OPTYPIlI KEyeKTi KypbulbIMAap. MepapXusuiblK LEOIUTTEepAl
CHHTE3ACYAIH OpTYPJIi oicTepi 6ap, MbIcajbl, ONTEMILIATTEI CHHTE3 1Y, CUIIaHU3aLHsIIaYy,
JeTaMHHUpIIeY THJTapupiey skoHe T.0. OnapIpIH iLIiHIe CHHTETHKAIIBIK [IEOTUTTEPIIH
OetTik-0encenni 3artapabiH (BA3) keMeriMeH KaliTa KpUCTaIIaHybl TAPTHIMIIBI OOJIBIIT
TaObUIABI, OJ1 PEAKIMSIIBIK KOCTIaHBIH pH-BIH apajibIK TY3€TyMeH [IEOTUTTI CIITIHIH )KOHE
OeTTiK OeJICeH/Il 3aTThIH KaThICybIMEH €Ki CaThLIbl THAPOTEPMHUSIIBIK OHICYACH TYPabl.
Bys KyMpIcTa KOJAAHBUIFAH CHUHTETUKAIBIK LEONUTTEPIiH HETI3iHAE HepapXHsUIbIK
LEOTUTTEP/Il CHHTE3IY YIIH MOMU3TUICHIIUKONB-10000 KeMeriMeH CHHTETHKAIIBIK
neonutTepaid yu Typin — Y, BEA xone ZSM—5 kalita xpuctanganaplpy OoHbIHIIA
3epTTeyepAiH HoTKenepl OepinreH. LleomuTTepaiH MepapXUsUIBIK KYPBUIBIMBIHBIH
kansinracybl POA, COM, UK-cnekrpockonus, BOT sxoHe mopomeTpusi omicTepi
KOJIZIaHy apKbUIbI KOPCETIIII.

Tyiiin ce3nep: ankwigeHy, HEpapXUsIIBIK LIEOJIUT, CHHTETUKAIBIK LEONUT, KaTallu-
3aTop, KaiiTa KpucTanJany.
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AHHOTaIUsA. AIKWIMPOBAaHHE apOMATHUECKUX YIJIEBOJOPOIOB — 3TO 0a30BbIH
MHOTOTOHHQ)KHBII TIpoliecCc He(hTEXUMHHU JIJIsl IPOM3BOJACTBA MOJMMEPOB HAa OCHOBE
cTupona (MoIMcTUposa, OyTaJlueH-CTUPOIBHOIO KaydyKa, MEHOTOIUCTHPOIa U Jp.),
MHPOBOH CIIPOC Ha KOTOpBIE €XKETOHO yBeTW4HuBaeTcs. B HacTosee BpeMst B MHpe
MIPUMEHSIETCS] CTapasi TEXHOJIOTHUSI aJIKUIMPOBAHUS OCH30I1a STHIICHOM B ITPHUCYTCTBHH
AICL,, 3amena KOTOpoW akTyanbHa HE TOJNBKO Jyis Kasaxcrama, HO W BCEro mmpa.
HeoOxomuma 3ameHa kaTanu3aropoB Ha 3((EKTHBHBIC TBEPIAOKUCIOTHBIE ICOJUTHI,
KOTOpblE MOXKHO CHHTE3UpOBAaTh C 33JaHHBIMH PETryJIMPYeMBIMH CBOMCTBaMHU
(pasmep u dopma Mmop ¥ KaHAJIOB, AUCTIEPCHOCTH U JIp.) IJIsi CHHTE3a ONpeelIeHHOTO
CTPOEHHS] XUMHUYECKHX COEIMHEHHUH, YTO OTKpPHIBAET OTPOMHBIE TEPCIEKTUBHI JUIS
M30MpaTebHOTO TOJTYYEHUS] HYKHBIX MPOAYKTOB, OCOOCHHO B HE(PTEXUMHUYECKUX
nporneccax. OIHAKO EOTUTHI UMEIOT OTPaHHUYCHHE, CBS3aHHBIE C Pa3MEpPOM U POPMOi
KaHAJOB PETyISIpHOW KapKacHOM CTPYKTYphl LEOJUTOB, KOTOpPbIE OMPEAEISIOTCS
MaccomnepeHocoM (IudQy3noHHOE TOPMOXKEHHE H KOH(UTYpanroHHBIH 3(deKT)
W HampaBlieHHeM XHMUYECKHX TIpeBpalleHuil (CeNeKTUBHOCTh 10 pasMepy |
¢dopme) B mopax. DTH OrpaHUUYCHHS IO3BOJISIOT CHSTh HEPAPXHUUECKUE IICOJHTHL,
XapakTepu3yIoInecs HAINIHeM OJJHOBPEMEHHO MUKPOTIOP U ME30I10P, T.€. Pa3IUYHBIMU
MIOPUCTBIMU CTPYKTYpaMH B paMKax OAHOro marepuaia. CyIIecTBYIOT pa3inyHbIe
METOJIbI CHHTE3a HEPAPXUUECKUX IIEOJTUTOB, KaK OUTEMIUIATHBIA CUHTE3, CHIIAaHH3aLus,
JieJIaMUHUPOBaHKe, MUJUIapupoBanue u ap. Cpeny HUX MPUBIEKAET PEeKPUCTATU3AIUS
CHHTETUYECKUX IEONUTOB ¢ momombio [TAB, 3akirodaromascs B ABYXCTaTUHHON
TUIPOTEPMaIbHON 00pa0OoTKeE IIE0IMTa B IPUCYTCTBUH IIes1ouu ¥ [IA B c mpoMexyTouHOM
koppexkieir pH peakimonHoi cMecu. B Hacrosmield paboTe IpUBOASTCS PE3yIbTaThl
WCCIIEMOBAHUHN TT0 PEKPUCTAIIN3ALNN TPEX TUIIOB CUHTETUYECKUX 11e0NnuTOoB - Y, BEA
u ZSM-5 ¢ npuMenenneM noiau3TuiIeHruKoa-10000 ams cuHTe3a uepapXuuecKux
neonutoB. Merogamu POA, COM, UK-criekrpockonnu u BT nokazano popmupoBanme
HepapXUUYeCKOr CTPYKTYPHI IIE0JIUTOB.

KuaroueBble cJjioBa: ankuiIMpoBaHHWE, HEPAPXMUECKUN II€OJIUT, CHHTETUYECKUI
LIEOJTUT, KaTaIn3aTop, peKpHCTaUIN3aLIHs.

Paboma evinonnena npu ¢hunancosoll nodoepicke no npozpamMme Yenesoo
Gunancuposanus MOH PK BR24992812 «Coszdanue Hayumvlx OCHO8 6 obaacmu
PazpabomKy  HOBbIX KOMNOUMHBIX —KAMAIUMUYECKUX —CUCeM ¢ VIVUULeHHbIMU
CBOUCMBAMU HA OCHOBE NEPEXOOHIX U PEOKOZEMENbHBIX MEMALI08)
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Beenenue. Cunte3 STHI0EH301a — OCHOBHOW MPOLIECC alKUIMPOBAHMUS, SIBISETCS
OZHAM H3 CaMbIX MHOTOTOHH@)KHBIX 0a30BBIX IMPOLECCOB HEPYTEXUMHHU, MPHU ITOM
OH HCHOJB3YeTCs Uil MPOM3BOACTBA MOJIMMEPOB Ha OCHOBE CTHpOia (MOJIMCTHPOIA,
OyTaaMeH-CTUPOJILHOTO KaydyKa, TMEHOMOJIMCTUpPOiIa W [p.), MHUPOBOW CIPOC Ha
KOTOpBIE €KETOIHO yBelUuMBaeTcs. B HacTosiee BpeMsi B MUPE IPUMEHSIETCS cTapast
TEXHOJIOTHS ANKUIIMPOBaHusl OeH30ma STHieHoM B ipucytcTeuu AlCL,, 3amena KoTopoii
aKTyalbHa He ToJibKo i Kazaxcrana, HO u Bcero mupa (Niwa, et al, 2010).

B nmocnennHee Bpemsi LIEONMMTHBIE KaTajiW3aToOpbl ITOBCEMECTHO BBITECHSIOT
TpPaIUIMOHHBIE KaTaau3aTopbl BO MHOTHX Mporeccax HedrenepepaboTKu U
HEe(PTEXMMUYECKOTO CHHTe3a. MeXaHn3M aJIKWIMPOBaHus Oa3upyeTcs Ha 00pa3oBaHUH
MIPOMEXYTOUHOTO KapO-KaTHOHA, TIOATOMY HanOosee TMOAXOISIIIUME KaTaln3aTopaMu
9TOM peakuuu SBISIOTCS LEOJAWTHL. BapbupoBaHWEM METOAWKU TPUTOTOBJICHUS,
npuponsl Temiuiata W [IAB MOXHO KOHCTPYHpOBaTh LEOJNUTHl C 3aJaHHBIMH
napamerpamu (pa3Mep u ¢GopMa Mop W KaHaJIOB, AUCIEPCHOCTb M Jp.) Ul CHHTE3a
OIIPEJCNICHHOTO CTPOEHHSI XMMHUYECKHX COCIMHEHHH, YTO OTKpPBHIBAE€T OIPOMHBIC
MEPCHEKTUBBl Al W30MPaTeIbHOTO MMOJTYYEHHUS] HYXHBIX IMPOAYKTOB, OCOOECHHO B
He(rexumudeckux nporeccax (Farrauto, et al, 2006; Primo, et al, 2014).

Onnaxo, 1u¢dy3noHHBIE OTPaHUYEHHSI BHYTPH MUKPOTIOP, IPUMEHIEMBIX B TaKUX
HEe(PTEXMMUYECKHX Mpoleccax, Kak KPEKUHT, H30MEpU3alysl 1 aJIKWIMPOBAHHUE, BEAYT
K UX HU3KOH CTETNIeHU MCIIOIb30BaHMS U OBICTPOH AE3aKTUBALMU 32 CYET 3aKOKCOBAHHMS
n OmokupoBku mop (Pai, et al, 2021; Huseynova, et al, 2022). beuio mokazaHo,
YTO, HECMOTpsl Ha 3HAUYUTENBHBI HHTEPEC K IOHMCKY AaKTUBHBIX W CTaOMIIBHBIX
TBEPJOKUCIOTHBIX KaTaJM3aTOPOB aJKWIMPOBAHUS, NPUMEHEHHE KOMMEPUYECKHX
LEOIUTOB, YAOBIETBOPSIIOIINX TPEOOBaHUSIM K KUCIOTHO-OCHOBHBIM XapaKTePHCTHUKAM
MOBEPXHOCTH, CTAJIKUBACTCS C TPYIHOCTSIMH B IPUMECHEHHHM BBUAY OTrpaHMYCHUH,
CBSI3aHHBIX C pa3MepoM H (OPMOI KaHAIOB PETYIIPHOH KapKacHOW CTPYKTYpHI
neonutoB  (Anumes, 2010). DTu orpaHuueHHs OMNPENENAIOTCS MacCONEePEeHOCOM
(muddy3noHHbIE TOPMOXKEHUS W KOH(QUTYypalMOHHBIH 3((EKT) M HampaBlIeHHEM
XMUMUYECKHUX NPEeBpalleHuil (CETEeKTUBHOCTE 10 pa3Mepy 1 popme) B mopax. B aToii cs3u
0COOEHHYIO 3HAYMMOCTb MPHOOPENTN HepapXudecKre LEOTUThl — MOIU(PUINPOBAHHbIE
MaTepuabl, XapaKTePHU3yIOIIUeCs] HATUIMeM OZHOBPEMEHHO MHUKPOIOP U ME30Iop,
T.€. Pa3IMYHBIMHU MIOPUCTHIMH CTPYKTYPaMU B paMKax OIHOTO LIEOJUTHOTO KapKaca.

CornacHO JaHHBIM HCCIENOBAaHUH TOCIECAHUX JIET, MEepapXUYeCKHe LIECOIHTHL,
cozieprKalue IOMUMO MUKPOIIOP TPAHCIIOPTHYIO CHCTEMY Me30/MaKpoIop, 0Ka3aiich
spexTuBHEE M cTaOWiIbHEe TPAJWIUOHHBIX MHUKPOIOPUCTBIX KaTajlu3aTopoB B
MIPOMBIIUIEHHO BaYKHBIX PEaKIHUAX CHHTE3a 3THIIOCH30J1a, KaTaTUTHUYECKOr0 KPeKHHTa
n uzomepusanuu (Dong, et al, 2018; Han, et al, 2021; Rastegar, et al, 2020).

Uepapxuueckue  LEONHUTHl  NPEICTABISIOT  COOOH  aJIOMOCHIIMKATBI  C
KPUCTAJNTMYECKOH CTPYKTYpOH, oOnajaromuye psaoM € MHUKpPOIIOpaMH BTOPUYHOM
MOPUCTOCTHIO B AMANa30HE ME30TOP /WM MEIKUX Makponop. OHH BKIIOYAIOT B ce0s
ME30MOPUCTBIE U MaKpOIMOPHCThIE ceTH. Me30- U MaKpOIOpUCTOCTb 00ECTIEUNBAIOT
3¢ PEeKTUBHBIN TPAHCTIOPT MOJIEKYT IPU COXPAHEHNH BBICOKOH CEIEKTUBHOCTH (DOPMBI,
JOCTHKUMOMH 32 C4eT MUKPOIIOPUCTOCTH HCXOJHOTO LIeonuTa. MlepapXuuecKue eoauThI
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B OCHOBHOM DPa3pabaThIBalOTCS IMyTEeM IMOCTCUHTE3a U MPEICUHTE3a I MO (PUKALIIH
neomutoB (Ratnakar, et al, 2022; Na, et al, 2015). Hepapxuueckue II€OTUTHI
JEeMOHCTPUPYIOT YJIyYIIEHHBbIE KaTaJUTHUYECKUE XapaKTEPUCTUKU 10 CPABHEHHUIO C
OOBIYHBIMH MHKPOTIOPUCTBIMU TICOTUTAMHU. DTO YIYyYIICHUE BO MHOTOM OOBSCHSIETCS
y4acTHEM KpYTMHBIX COEIMHEHUH, MOCKOJIbKY BTOpPHYHAS MOPHUCTOCTH MO3BOJSET UM
OecrpensTCTBEHHO AU PYHANPOBATH B AKTUBHBIC LIEHTPBI BHYTPU KaHAJIOB.

Wepapxudeckie 1meonuTl OOBIMHO MOTYT OBITh TONMy4deHBl ImyTem (i) co3maHus
BHYTPUKPUCTAIIMIECKAX ME30T0p BHYTPHU MHUKPOIIOPHCTON CTPYKTYpHI LIEONUTA, WA
(ii) BBeIEHMS MEXKKPUCTAUIMYECKUX ME30MOp B IIPOCTPAHCTBA, KOTOPBIE CpacTaloTCs
HaHOpa3MEPHBIMH KpUCTAJUIaMH LIEONNUTa. MEeTObl CHHTE3a UTPAIOT OUYEHb BAKHYIO POJIb
Ha pa3HBIX YPOBHAX Hepapxmdeckoit mopuctocty (Kerstens, et al, 2020; Chen, et al, 2020).

B nacrosmee BpeMs pa3paboTaHbl 1 N3y4UeHBI TAKHE METOIbI CHHTE3a HEPApXHUUECKUX
LEONUTOB, Kak OWTEMIUIATHBIM  CHHTE3, CHJIaHW3alMs, JellaMHHUPOBAHUE,
nwutapuposanue u ap. (Lee, et al, 2023; Ivanova, et al, 2013). Cpenu nepeuncieHHbIX
METOJIOB PEKPUCTAIIN3ALMS MPAKTUUECKH HE H3yueHa, XOTS OHAa MOXKET ObITb
OTHECEHA K HaMEHEE SHEPIo- U PeCypcOeMKUM MeTozaM cuHTe3a. CylHOCTh METOAa
PEKPUCTAIUIM3AIMH 3aKII0UaeTCss B JIBYXCTQAMHHOW THAPOTEpMalbHON 00paboTke
neonuta B npucyrcTBuM menoun U IIAB ¢ mpomexyrounoit koppekuumeit pH
peakunonHo# cmecu. Kak mokazano Ha npumepe reoautoB MFI, MOR u BEA (Lin, et
al, 2018; Wawrzynczak, et al, 2023; Xu, et al, 2019), Ha IepBo# cTaguu IO IEHUCTBHEM
LIeJIOYN MPOUCXOAUT HYACTHYHOE PACTBOPEHHUE LEOJUTAa C IEPEXOIO0M IEOTMTHBIX
(parMeHTOB pPa3IMYHOM AMCHEPCHOCTH B JKUAKYIO ¢a3y. B xome BTOpoil cragun
nocne Koppekuuun pH mpoumcxomur cOopka MONYyYEHHBIX LEONUTHBIX (PparMeHToB
B ME30IOPHUCTYIO CTPYKTYpy, JIOKaJU3alMs M KOJINYECTBO KOTOPOHM 3aBHUCHUT OT
KOHIIEHTPAIIMH IIEJOYH U CTETIEHH JIECTPYKILIMH IIE0JINTa Ha TIEPBOM CTaINH.

B Hacrosiieii paboTte nprBOASTCS pe3yNbTaThl UCCIETOBAHMM 10 PEKPUCTAIUIN3ALIH
TpeX THUIIOB CHHTEeTHYecKuX wLeonutoB — Y, BEA u ZSM-5 ¢ npumenenuem
nonudTUIeHMKoA-10000 juisi cuHTE3a HMepapXWYeCKHUX I1I€OJIMTOB Ha OCHOBE
WCTIOJIb30BAHHBIX CHHTETUYECKUX [EOJTUTOB.

MarepuaJibl 1 OCHOBHbIE METO/bI

Hdnst  oTpaOOTKM METOAMKH PEKPUCTAJUIM3ALUH  HMCIOIb30BAIN  HUMIIOPTHBIE
KOMMEpUECKUE LICONUTHI, MEepeUnciIeHHble B Tabnuie 1, a Takke AOIOJIHUTEIbHBIE
MaTepuabl ¥ PeakTHBbI, IPEACTaBICHHbIE B Ta0nume 2.

T3.6J'II/ILIa 1 7KOMMep‘{CCKI/Ie L COJIUTHI, UCITIOJIb30BABIIUECCA ITPU OTpa60TKe METOAUKU PEKPpUCTATUIN3ALUA

Mapka neosnura Karnon Si:Al Cpennuii pazmep mop, HM S M2/r
Leomur Y H 80 0,70 780
eonur BEA H 40 0,60-0,65 725
Leonut ZSM-5 NH, 80 0,54 425

Tabnuua 2 — Marepuaisl, HCIIOJIb30BABIINECS IPH OTPAOOTKE METOAMKU PEKPHUCTAILIM3ALMN
Marepuan Kpamudukarnms Dopmyna HTI
Kucnora a3ornas «X.4» HNO, T'OCT 4461-77
AMMMaK BOJHBIN «X. 4 NH,-H,0 T'OCT 3760-79
Kucnora mumoHHast «4.71.a.» C,H,0(COOH), T'OCT 3652-69
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o trnenrukoias—10000 CUMILY C,H,.,0.., —
Harpust rugpookuch «X.49.» NaOH T'OCT 4328-77
Bona nuctmpoBanHas — H,0 I'OCT 6709-72

21_]'[51 OTpa6OTKI/I MCTOAWKHU KPUCTAJUIM3AlU paCCMaTpuBaIUCh PA3JIMYHBIC
METOIIMKH, TIpeicTaBleHHbIe B muTeparype (Lee, et al, 2023; Na, et al, 2015; Chen, et al,
2020). B xome ananm3a cocTaBiieHa METOINKA, aHAIOTHYHAS omrcaHHOU B (Al-Ani, et
al, 2019).

Hcxonupie T1COMUTHI 00padaThBaM CICAYIOIMIMM O0pa3oM: HABECKYy IICOJIUTA
CMeIINUBaJIH ¢ BOJIOH, pH cycrieH3uu 10BOAMIN J10 ~ 5,5-5,7 C TOMOIIbIO a30THOM KMCIIOThI
WU BOMHOTO amMmmaka. Jlamee cycrensmio mepememmBanud ¢ 10%-HO# JTUMOHHOM
KHCIIOTOW B TedeHue | 4 mpu KomMHaTHOW Temmeparype. Ilocie nenTpudyrupoBanus
U NPOMBIBKM AUCTHIUIMPOBAHHOM BOJOM MOPOLIOK OTAEISUIM M CylIWiId 1 4 mpu
KOMHATHOU TeMmIiepaType.

Jlanee meonMWT MOBTOPHO CYCIICHOWPOBAIH B pacTBope, comepkameM NaOH wu
nonuaTraeHIuKoNb (11000). Cmech BeiaepxuBanu B Tedenue § 4 npu 80—-100 °C, Bo
n30eKaHUe UCTIAPEHUs BOJIBI MCIIOIB30BAIM YCTAHOBKY, COCTABJICHHYIO U3 KOJOBI CO
CMCECBIO, COCZIHHeHHOfI C BEPTUKAJIBHBIM XOJIOAUJIIBHUKOM.

[To oxonuanwum BBeneHus 113" mopommok oTaensan AByKpaTHBIM (DHUIBTPOBAHUEM
ropsiaero pactBopa Ha GuiasTpe «CHHSSA JCHTa», TPOMBIBAIA U CYIIWIN B TCUCHUE
HOYH.

Host ynanenus 191" o6pazernt mpokanuBanu B ieun mipu 450°C B Tedernue 1 4, 3arem
MTOTHUMAIHK TeMIieparypy nedu 10 550°C u BbIIep)KUBajy emie 2 4.

Ucxonusie u oOpaboTraHHbIe 00pa3Ibl MCCIENOBAIH PAAOM (PHU3NKO-XUMHUYECKUX
METOJIOB:

— pentrenodasooro ananusa (POA) na qudpakrorpadpe APOH-4-07;

— HK-cnexrpockonuu (MKC) na UK-cnekrpomerpe Nicolet iS5;

— CKaHHPYIOIIEH >JIeKTPOHHONH MHUKpockonuu Ha mukpockore (COM) JEOL JES—
ME-3X;

— onpeaeneHus TekcTypbl MeTogoM bOT Ha razoancopomonnoM mopomepe Thermo
Scientific Surfer.

Pesyabrathl U 00cyKaeHUE

MeTon peKpUCTAIIM3AIMK BKJIIOYA€T YAaCTUYHOE PACTBOPEHHE M IOBTOPHYIO
cOopky cTpykTypel meommta [17-19, 28-30]. IlepBbrii 3Tam peKpUCTALTA3AINH
MIPECTaBIAeT COOON YacTHMYHOE pAacTBOPEHHE KapKaca IEOoJUTa W YIaJleHHE €ero
(parMeHTOB, B TO BpeMsl Kak BTOPOW 3Tall TOBTOPHOW COOPKH 3aKIFOYaceTCs B TOM,
YTOOBI 3TH PACTBOPSIONIMECS YaCTHIIBI 00pazoBasin Me3omopuctyio (asy. KitoueBsim
rapaMeTpoM TpoIiecca sBISETCS CTETIeHb PACTBOPEHNS, OTIPEENSIONas CTPYKTYpPHBIE
Y TEeKCTypHBIE CBOMCTBA KOHEYHOTO MPOAYKTa (PUCYHOK 1).

225



ISSN 2224-5227 1. 2025

(a) (b)
Pucynok 1 — Cxemarnueckoe 0ToOpakeHHEe IPOoLecca PEKPUCTAIIIM3ALUN U BOSMOXKHBIX BUIOB
obpasyembix MarepuaioB (Ivanova, et al, 2013)

I[Ipm MsTKOW  TEpeKpUCTAIIM3AIMH  00pa3yloTCsl  ME30CTPYKTypHUpPOBaHHBIE
KPUCTAIBl C BHYTPUKPUCTAIUIMYECKUMH W MEKKPUCTAIIMYECKUMUA ME30M0paMu
(pucynox 1, a), mpum DIyOOKOH MEPEeKPUCTAIUTH3AINN — MHKPO-ME30IIOPUCTHIC
HAaHOKOMITO3UTHI,  CONIEp’KalllNe COKPUCTAJUIM30BAHHBIE KPHCTAJUIBI  IIEOJUTOB
U yHOpsSAOYCHHBIE Me3omopucthie ¢a3el  (pucyHoxk 1, b), w mpu TOIHOM
MEePEKPUCTAINTU3AIUN — ME30MOPHUCTHIE MaTepHajbl W3 MajblX IIEOJIMTOBBIX SUEEK
(pucynok 1, c¢). MeTtox pekpucTauM3anyd, B OTIIMYHE OT TEMIUIATHPOBAHUS B XOJE
KPUCTAITU3AINH, YI00€H, T.K. TO3BOJISIET HCXOAUTDH U3 HEKOTOPOU HCXOTHON CTPYKTYPBI
Y TOTIOJIOTHH TTOBEPXHOCTH IIEOJINTA.

Juia mpumanus 1eoIUTaM JOTIOMHHUTEIBHON MOPUCTOCTH, KaK MPaBHIIO, HIMPOKO
ucronb3yores [IAB. [Iporeccsl mepekprcTaTU3auy ¢ UCIIOb30BaHUEM TEMITIATHBIX
ITAB paznmenstor Ha ABE KaTCTOPHUH.

B kagectBe peareHTa, NpHUAAIONMIETO IMPH COOpPKE IEOIUTY ME30MOPUCTOCTS,
npumensator pasnuuasie [IAB (CTAB, II9I, momucaxapuasl u T.1.). llpm 3TOM
pa3paboTKi B JaHHON 00JacTH COXPAHSIOT aKTyalbHOCTh BBUJY HEIOCTAaTOYHON
HU3YUYECHHOCTH BIMsHUA pa3Hbix [IAB u ycioBuil pexpuctaiiuzalud Ha KOHEYHBIE
XapaKTEPUCTUKHU TPOTYKTa.

B nmannoit paboTe B mporecce peKpUCTALTH3AUN TPEX CHHTETHIECKUX EOJIUTOB
ncnoas3oBaincs [131-1000.

Ha pucynke 2 npencraBicHbl JaHHBIC aHATN3a HCXOMHBIX 00pa3noB MeTooM PDA.
[Tomyuennsie qudpakTorpaMMbl MO3BOJSIOT YTBEPIKIATh, YTO BCE UCXOAHBIE 00PA3IIbI
MIPEACTABIAIOT co00# (hazoBo-umcThie 1eonutsl: HY (JCPDS 77-1549), BEA (JCPDS
47-183), ZSM-5 (JCPDS 43-322).

O06paboTKa IIEOJIMTOB TpHBENAa K 3HAYUTSIHHOW amopdu3aiiiy, CBSI3aHHOU C
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pa3pylIeHHEM X UCXOIHOW CTPYKTYphl: naHHble POA (pucyHok 3) mokasanu, 4to B
ciyqae neonutoB HY u BEA amop¢usanus npon3soluia moHOCTbIO, B CIydae [eoauTa
ZSM-5 — wactnuHo. Ha 3T0 B TOM 4YmMClie yKa3bIBaeT M pa3ylopsa0YCHUE CTPYKTYPBI
neomura ZSM-5, 0 KOTOPOM CBHAETEIBbCTBYET CIBHUI TIOJIO)KEHHH OCHOBHBIX
T(PAKIHOHHBIX MAKCUMYMOB B HAIIPaBJICHUH OOJBIINX 3HAYCHUI:

—rpanb (421) — ot 4,260 o 4,289 A;

—rpanb (501) — ot 3,849 50 3,854 A;

—rpanb (303) — ot 3,722 10 3,745 A;

—rpanb (133) — or 3,649 1o 3,664 A.
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Pucynok 2 — JludpakTorpaMMbl HCXOIHBIX Pucynoxk 3 — JludpakrorpamMmsl
neonutoB: a — eosuT HY, b — nieomur BEA, c—  o6paboraHHbIX 11eonuToB: a — neoiut HY, b —
neosut ZSM-5 neosnt BEA, ¢ — nieonut ZSM-5
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Jlndra BOJI! (cM"] Hliria BonHb (o )
Pucynox 4 — MK-crieKTpbl HCXOIHBIX LIEOJIUTOB: PucyHnok 5 — K-criekTpbl 00paboTaHHBIX
a — neomut HY, 0 — nieonut BEA, B — neonur 1eoutoB: a — neoaut HY, b — nieonut BEA, ¢ —
ZSM-5 neosiut ZSM—-5

AHaJOTHYHBIE pe3yiabTaThl MOXKHO TONY4YHTh U3 maHHBIX HK-cmexrpockomumn
(pucynku 4, 5). Tak, MOMUMO OOIIETO YMEHBIIICHHS M CTIIAXKUBAHUS BCETO CIIEKTPA, TI0
HATOTY TIPOIIEAYPHI 00PaOOTKH HAOMIOAACTCS 3HAYUTEIHLHOE YMECHBIIICHNE XapaKTepHOM
mMoJI0CH! (T1.11.) Tortomenust Ipu 540-580 c¢cM !, HHTEHCHMBHOCTH KOTOPOW HAIPAMYIO
CBSI3aHA CO CTEMEHBIO KPUCTATUYHOCTH. [locmennsas B ciydae BBICOKOKPEMHHCTBIX
IIEOJIUTOB cO CTpykTypoir turma MFI (ZSM-5, 1IBM) MokeT OBITH paccuuTaHa II0
smmupuaeckoit hopmyne (Oopuan CumbBeiipa, 1989):
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C=2072D/g—-29, (1)
rae D — uHTeHCHBHOCTS 1.1, 540580 cM !, g — HaBecka 0Opasia, Mr.
OpueHTupoBouHBId pacuer 1o ¢opmyre (1) mam yMeHbIIEHHE CTENeHH

KPUCTAJNTMYHOCTH Ha 85% OTHOCHUTENBFHO UCXOJHOH BEJTMYHHBL.

U3 pesynsraros POA u UKC cnenyert, 4To nmomydeHHbIe 00pa3ibl ObLTH TOABEPTHY THI
N30BITOUHON amMopu3auuu, W Ui JaldbHEHIIUMX paboT HEOOXOOUMO YTOYHEHHE
0TpabOTaHHOM METOIUKH IS TIOTyYEHHS KPHUCTAIIMYHBIX 00Pa3LoB.

Pesynbrarel aHamM30B MCXOAHBIX M 00paboTaHHBIX 00pa3moB mertogom COM
cBelieHbl Ha pucyHke 6. Jlanapie COM mokasajy, 4TO MCXOAHBIE 00pa3Lbl LEOTUTOB
COCTOSIT U3 ariioMepatoB pazmepoM 0,5—1,0 MkM (0COOCHHO Y3KHii AMana3oH pa3MepoB
3aMeTeH i ucxonHoro neonuta BEA, pucyHok 5, ¢), KOTOpble YaCTUYHO COEIUHEHBI
BO BTOpWuHBIe arperarbl. OOpa0oTKa IEONUTOB, cormacHO HaHHbIXx COM, BemeT K
CPacTaHUIO UCXOTHBIX armoMeparoB B Oonee kpymHble (10 2,0 MKM) 1 00pa3oBaHHIO
MOCJICIHUMU KPYITHBIX BTOPUYHBIX CTPYKTYP.

WDTimm  S835 X1,000  10um X100 10um  —
G 1921 (b) 18417 01 Nov 2024

WS, ; : : B

" T A"

ﬂ; \‘ ,,,
5&' & VA .o ‘
"g””-‘ u"e*‘ ;

10um SEl 20KV WDIOmm 520 ., X100  10um
18215 25 Sep 2024 Sample (a)

oY

\ x1,000 10um — SEl 20KV WD10mm  SS20 p— x1,000
(e) 19220 25 Sep 2024 Sample (f) 19427 06 Nov 2024
Pucynok 6 — Mukpodororpaduu o6pasioB ICOTUTOB: a — HcXoaHbIH 1ieonuT HY, b — o6paboranHbIi
neomut HY, ¢ — ucxonusiit neonut BEA, d — o6paborannsiii ieonut BEA, e — ucxomusiit neonut ZSM-5,

f — obpaboranublii neomut ZSM-5
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[To pe3ynbraram uccienoBanus 0opasuos neoauta HY 1o u nmocie o0paboTku ObLIH
MIOCTPOCHBI U30TEPMBI AJICOPOIMK a30Ta, MPEJICTABICHHbIC Ha pUCYHKe 7. JlaHHBIE O
BEJIMYMHAX YJIEIBHON MOBEPXHOCTH M 00bEMa pa3iIMyYHBIX MOp 00pa3IOB CBEICHHI B
Tabauie 3.
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Pucynoxk 7 — U3otepmsl agcopounu BOT o6pasios: a — ucxonusiit neonut HY,
b — momuduuuposanuslii neomut HY

Tabmuia 3 — TexcTypHbIe XapakTepUCTHKU 00pa3ioB neoiuta HY

O6paszen VienbHas TOBEPXHOCTH, O6bem mop, ecm*/r Cpennuit paguyc nop, HM
M*/r
O6mas | Mukpo- | Mezo- | O6mmit | Mukpo- | Me3o- | Mukpo- Meso-
HcxonHslit 7954 | 695,6 99,8 0,528 | 0,384 | 0,144 0,6 2,4
OGpaborannblii | 427,7 | 1453 282,4 0,192 | 0,047 | 0,145 1,0 6,9

[Ipu Momudukamuu meonuTa, Kak BUIHO W3 PHCYHKa 6, HaOiromaercst oliee
yYMEHbIICHHE 00beMa aJICOPOMPYEMOro a30Ta, PaBHO KaK M XapaKTePHOE yMEHbBIICHHE
THCTEPEe3nCcaro CpaBHEHUIO CU30TEPMOI aIcOPOIIMU UCXOTHOTOIIeonTa. TakumoOpazom,
U3 TOJYYEHHBIX Pe3yJbTaTOB MOXKHO 3aKIOYHTh, YTO B XOJC MEPEKPUCTAILIM3AIMN
reonuta HY ObLIO yCIeNHO JOCTUTHYTO YBEINYEHHE MOBEPXHOCTH ME30TIOp IyTeM UX
pacimpeHus: 001 00beM Me30T0p, BHIYUCICHHBIH Pa3IMuyHBIMUA METOAAMH, B XOJIC
00paboTKK HE U3MEHMIICSA U It 000ux oOpasioB cocraBun 0,145 cM’/1, B TO BpeMms
KaK TIOBEPXHOCTh U CPSTHUI paJnyC ME30MOp 3HAYUTEIBHO YBEINYMIUCH TPU 00ILIeM
YMEHBIICHHN 00beMa U TIOBEPXHOCTH MUKPOTIOP.

Habmromaemble u3MeHeHMsI TEKCTYPbI 00pa3oB CBUICTENBCTBYIOT O (QOpMUpPOBaHUH
MEepapXUUECKOT0 LEOIUTa U3 UCXOMHOro KoMMmepyeckoro reonura HY, uro mo3Bomnsier
TOBOPUTh O TIPUTOTHOCTH pa3pabdOTaHHOW METOAMKH PEKPUCTAIUIM3AIMU  [UIs
OCYIIECTBIICHUS CHHTE3a HEPAPXUYECKUX IICOTHUTOB C 3aJaHHBIMHU CBOHCTBaMHU.

3akiiiouenue
Cunrtetnueckue neonuThl Thna Y, BEA u ZSM-5, sBnsromuecss aKTHBHBIMH
U CTAaOWIbHBIMU  TBEPJOKHCIOTHBIMH  KaTaju3aropaMd  aJKWIMPOBAaHUS, OHHU
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MMEIOT HEJOCTAaTKU B MPUMEHEHMM BBHMJY OTpaHMUYEHHH, CBS3aHHBIX C pa3MepoM U
(dopMoil KaHAJOB PETYISPHON KapKaCHOW CTPYKTYpBI LIEOJIMTOB. DTH OrpaHHYCHUS
OTIPEEISIOTCSA MacconepeHocoM (Iu(Py3nOHHOE TOPMOKEHHE B KOH(PHUTYpaMOHHBIN
3¢ QeKT) u HampaBIeHHEM XUMHUYECKHX NPEBPAIICHUH (CENEKTHBHOCTh MO pazMepy
u ¢opme) B mopax. B 3Toii cB3M 0COOCHHYIO aKTyaJbHOCTH MMEET HCCIEeJOBaHHE
HMEepapXUUYECKUX LIEO0JIUTOB, XapaKTEPU3YIOIUXCS HAIMYHEM OJHOBPEMEHHO MUKPOIIOP
1 ME30I10p, T.€. Pa3IMYHBIMU MTOPUCTBIMU CTPYKTypaMH B paMKax OJHOIO MaTepuaa.
Cpenu pa3nuyHbIX METOJIOB CUHTE3a MEPapXUUECKHUX LEOIUTOB (JeaTtOMUHUPOBAHNE,
JECWINLUPOBAaHUE, J€IaMUHUPOBAHUE, PEKpPUCTAJUIM3alMs, TEMIUIATHBIA CHHTE3)
OHUM M3 Oojiee TPHUBICKATEIBHBIX SIBISAETCS PEKPUCTAJUIM3ALMS, CBOAALIAACA K
YaCTUYHOMY PACTBOPEHUIO UCXOIHOW CTPYKTYPHI LEONUTa U COOPKY HOBOM, YaCTUUHO
ME30IOPUCTOHN CTPYKTYPHI.

B kauecTBe peareHTa, NpPUAAIOUIETO NPH COOPKE LEONUTY ME30MOPHCTOCTD,
npumensuics [131-10000. beina coctaBiena n orpaboTaHa METOAMKA PEKPUCTAIUTN3ALIH
¢ [I9I tpex kommepueckux rieonutoB Y, BEAu ZSM-5. PesynbraTsl aHanu3a NpoayKTOB
metogamu POA, NUKC u COM nokazaiv 3HaYUTEIbHYI0 aMOp(U3aIUI0 IIE0JIUTOB, U3
nanabix MKC ompenenena crenenp amopduzanuu i neonuta ZSM—-5 (85%). Tlpu
3TOM PE3YJIbTaThl HCCIEI0BaHNUS U3MEHEHNS TEKCTYPbI Ha TPUMEpe 1IeoInTa Y METOJIOM
BOT no3Bonunu BBIIBUTH YBEIMUYEHHE TOBEPXHOCTH ME30MOP 3a CUET UX PACIIUPEHUS
IIpU OAHOBPEMEHHOM (HEIOJHOM) COKpalieHnn o0bema Mukponop. Ilpu stom obobem
ME30I0p OCTaeTcsd IOCTOSHHBIM, MOATBEPXkAas W3BECTHBIE OTPAHUYEHHS METoJa
pexpuctamnzanun. [lomydeHHble pe3ynbTaThl CBHICTEIBCTBYIOT O (OPMHUPOBAHUHU
HEPapXUUYECKUX IICOJUTOB MO Pa3pabOTaHHOH METOOUKE AJsl OCYIIECTBICHHS
JaTbHEHIIero CHHTE3a HePapXHUUECKUX LIEOJIMTOB Ha 0a3e CHHTETUYECKHUX LIEOJIUTOB.
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Abstract. The article represent the comparable results of qualitative and quantitative
analysis together with mineral composition and GC-MS based examination of
liposoluble constituents of two Artemisia species: Artemisia albida and Artemisia
diffusa. The genus Artemisia, one of the largest within the Asteraceae family, represents
a promising source of bioactive compounds, particularly sesquiterpenoids, such as
guaiac, germacran, and eudesman types. These compounds have demonstrated a
range of pharmacological activities, including antimalarial, antidiabetic, antitumor,
antimicrobial, anti-inflammatory, and immunomodulatory properties. In this regard,
the purpose of the paper is to conduct in depth research of the phytochemical content
of insufficient studied Artemisia species growing in the Republic of Kazakhstan. The
results of investigation have shown the maximum content of extractive substances
(20.76%), polysaccharides (2.14%), and tannins (1.52%) in the plant A. albida. The
content of organic acid (1.45%), flavonoids (0.06%), alkaloids (0.60%) and coumarins
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(1.60%) can be noticed in higher concentration in the plant 4. diffusa. The species A.
diffusa showed intriguing results of elements daily needed by the human, including — K
(39.19 mg/g), Ca (11.15 mg/g), Fe (0.181 mg/g) and Zn (0.043 mg/g). The liposoluble
constituents in petroleum ether extract of investigated medicinal plants have been
identified by GC-MS method. The results of analyses indicated that the studied plants
contain a significant amount of bioactive substances, which could potentially expand
the range of effective domestic phytopreparations from the Kazakhstan in the future.
Keywords: Artemisia albida; Artemisia diffusa; phytochemical components; macro-
microelements; petroleum ether extract; liposoluble constituents, GC—MS.
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AnHoTanusa. Makanana Artemisia ©CIMIITIHIH €Ki TYpiHiH: Artemisia albida xone

Artemisia diffusa maiina eputin Kypamaac OeJiKTepiHiH MUHepanabl KypaMbl MeH [ X-
MC merizinzeri 3epTTeyiMeH 0ipre canalblK *XoHE CaHbIK TaAAY/IbIH CalbICTHIPMAIIBI
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HOTHKEJIepl YCBIHBUIABL. Artemisia TYKbIMIACHI, Asteraceae TYKBIMIACBIHBIH €H
YJIKeHIepiHiH Oipi, OMOAaKTUBTI KOCBUIBICTAPJBIH, dcipece Tyask, TepMaKpaH >KoHE
9BIECMAH CHSIKTBI CECKBUTEPIICHOMATAPIBIH MEPCICKTUBAIBI K631 OONBIN TaObUIAIbI.
Byn xocwuibicTap Oesrekke, auabeTke, iCiKKe, MUKPOOKA, KaObIHYyFa KapChl JKOHE
WMMYHOMOAYJISIIUSIIBIK KACHETTEp CHSKTBI OipKarap (hapMakoJOTHSJIBIK OeJICeHIUTIK
kepceteni. Ocbiran 0alaHbICTBI Jcymbicmuiy makcamel Kazakcran Pecnyonukaceinaa
eceTiH Artemisia ©CIMAITIHIH JKETKIIIKCI3 3€pPTTENTeH TYPIEPiHiH (UTOXUMHUSIBIK
KYpaMbIH TEpeH 3epTTey. 3epTTey HoTWkejlepi OobbiHINa, A. albida ecimuiri
AKCTPaKTUBTI 3arTapisiH (20,76%), nonmucaxapuarepiin (2,14%) xoHe TaHUHACPIIH
(1,52%) makcumanapl MemmiepiH kepceTTi. OpraHukanblK KblIKbULABIH (1,45%),
(dmaBonouaTapaby (0,06%), ankanounrapasiH (0,60%) sxone kymapunaepai (1,60%)
KOHUEHTpauusicol 4. diffusa ecimairinne »orapbl KOHIEHTpauusaa Oaiikayra Oonaapl.
A. diffusa Typi agamra KYHICHIKTI KaXKeT SIIEMEHTTEPIIH KOFapbl HOTIDKENICPIH
kepceTTi, conbly iminae — K (39,19 mr/r), Ca (11,15 mr/r), Fe (0,181 mr/r) xone Zn
(0,043 mr/r). 3eprTenerin Nopulik ©CiMIIKTEpiH MYHal 3(QUPIHIH CHIFBIH/IBICHIH/IAFBI
Maiina eputin kommoHeHTTepl ['X-MC omiciMeH aHBIKTaNABL. Tanmay HOTHKENepi
3epTTENIeTiH OCIMIIKTep/ie OMOAaKTUBTI 3aTTap/IbIH e0Yip MeIIepi 6ap eKeHiH KOPCeTTi,
Oy Oonamakra Kasakcranma THiMIi oTaHABIK (UTONpPENnapaTTapIblH acCOPTUMEHTIH
KEHEHTYTe BIKIAJIBIH TUT13€]I1.

Tyiiin ce3nep: Artemisia albida; Artemisia diffusa; PUTOXUMUSITBIK KOMIIOHEHTTED;
MaKpO-MUKPOAJIEMEHTTEP; MYHAll 3(QHpIi CHIFBIHABI, Maia epuTiH KOMIIOHEHTTE,
I'X-MC.
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AHHOTanus. B craree npeacTaBiIeHbl CONIOCTABUMBIE PE3YNIbTAaThl KaYeCTBEHHOIO
1 KOJIMYECTBEHHOTO aHAJM3a, a TAaK)K€ MUHEPAJIbHOIO COCTaBa M MCCIICAOBAHUS Ha
ocHoBe ['X-MC xupopacTBOpHUMBIX KOMIIOHEHTOB JABYX BUAOB Artemisia: Artemisia
albida w Artemisia diffusa. Pon Artemisia, omuH W3 KpPyINHEWUIIMX B CEMEWUCTBE
aCTPOBBIX, MPEJACTABISET COOOH MHOrOOOCHIAIONINI HMCTOYHUK OHOIOTHYECKH
AKTHBHBIX COCIIMHCHUH, B YaCTHOCTH CECKBUTEPIICHOMJOB, TAKHX KaK T'BAasKOBBIM,
repMakpaH M 3BIECMaH. OTH COCOUHEHUS] NPOJEMOHCTPUPOBAIN LEJBIH  psiA
(hapMaKoIOruueCKUX CBONCTB, BKIIIOUas IPOTHBOMAJISIPUIHBIE, IPOTUBOANAOETHYECKHE,
[IPOTHUBOOITYXOJIEBBIC, [IPOTUBOMUKPOOHEIE, MIPOTHBOBO CHAJIUTEIIHHBIC u
MMMYHOMOAYJIUPYIOIINE CBOWCTBA. B CBA3M ¢ 3TUM IieNblo JaHHOU paboThl sBiIseTCS
MPOBEJICHHE YIIYOJICHHOTO UCCIICOBAaHMS (PUTOXHMHUYECKOTO COCTaBa HEIOCTATOUYHO
M3YUCHHBIX BUIOB Artemisia, mpouspactaromux B Pecrryonmke Kazaxcran. Pesynsrarst
HCCIICIOBAHUHM TIOKa3aJld MaKCUMallbHOE COJAEP’KaHHE OKCTPAKTUBHBIX BELICCTB
(20,76%), nonucaxapunos (2,14%) u nyomneHbeix BemectB (1,52%) B pactennn A.
albida. A B Buze A. diffusa MoXHO 3aMeTUTH O0OJIee BBICOKOE COACPIKaHIE OPraHUIeCKUX
kucior (1,45%), ¢pnaBonounnos (0,06%), ankanounos (0,60%) u kymapunos (1,60%).
Bun A. diffusa nokazan BreUamISIONIMe Pe3yJbTaTbl MO COJEPKAHUIO DJIEMEHTOB,
HEOOXOMMMBIX UEJIOBEKYy eXemaHeBHO, Bimrodas — K (39,19 mr/r), Ca (11,15 mr/t), Fe
(0,181 mr/r) u Zn (0,043 mr/r). Metonom ['X-MC ompeneneHsl sKUpOPaCTBOPHMEIE
KOMIIOHEHTBl B TETPOJICHHOM 3(QHUPHOM 3KCTPAKTE HCCIIEAYEMBIX JIEKapCTBEHHBIX
pactenuii. Pe3ynbraThl aHaNWM30B MOKa3ad, YTO HCCIEAYyEMbIe pacTEeHHs COACpKaT
3HAUUTETHHOE KOJIMYECTBO OMOJIOTMIECKN aKTHBHBIX BEIIECTB, KOTOPBIE MOTEHIIUAIBEHO
MOTYT PacUIUPUTh ACCOPTUMEHT A(P(PEKTUBHBIX OTEUECTBEHHBIX (UTONPENAPaTOB U3
Kazaxcrana B Oymyriem.

KaroueBsie cioBa: Artemisia albida, Artemisia diffusa, duToxuMudeckne
KOMIIOHEHTBI, MaKpPO-MHUKPOAJIEMEHTBI, METPOJICHHO-3QUPHBIA 3KCTPAKT, KHUPOP-
acTBOpUMBIE KOMITOHEHTHI, | X—MC.

Introduction. Artemisia L. includes more than 500 species belonging to the Asteraceae
family, which is one of the widely distributed herbal plants all over the world. The
Artemisia L. species are found across of different temperature regions of Asia, Africa,
Australia, and North America (Pavlov, 1961). Most species have been identified in
Central Asia. For instance, there are 186 species in China, among which 82 are endemic.
There are more than 80 species in Russian Federation’s flora, 54 species distributed in
Kyrgyzstan (1 endemic), 47 species of Artemisia are in Uzbekistan and 33 species with
only one endemic grows in Turkmenistan. Comparing with Central Asian countries,
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Artemisia species have wide range in Kazakhstan: 81 species are registered and 19 of
them are endemic (Nurlybekova, et al, 2022). Phytochemical investigations have shown
that the Artemisia L. species from Kazakhstan contain various chemical substances such
as sesquiterpene lactone, lignans, flavonoids, coumarins, polysaccharides, alkaloids,
extractive substances that show variety of health benefits (Adekenov, 2016).

Artemisia albida Willd (4. albida) is a semi-white medicinal plant, which is occupied
in Altai, Tarbagatai, Zaysan and Akmola regions of East Kazakhstan (Pavlov, 1961).
Firsty, Adekenov S.M and Suleimenov E.M. studied 4. albida Willd, from 2005 to 2008.
As a result of the study, sesquiterpene lactones such as austricin, matricarin, canin and
agrolide were obtained (Suleimenov, et al, 2005). In addition to this, anhydroaustricin
was isolated from A. albida (Suleimenov, et al, 2008). These constituents possess
pharmacological activities like angioprotector and antilipidemic, low activity against
malaria (Plutno, et al, 1995).

Artemisia diffusa (A. diffusa) grows in the desert zone on sandy and sandy loam
soils, along the outcrops of variegated flowers. Occurs in North Ustyurt, Muyunkum,
South Ustyurt, Kyzyl Kum, Turkestan region (Baitenov, 2001). A. diffusa is a family of
Asteraceae, a genus of Seriphidium, a plant resistant to drought and cold. Pests do not
damage leaves and seeds. Artemisia genus has been studied chemically and presence of
monoterpenes, sesquiterpenes, especially sesquiterpene lactones and essential oils were
reported (Kelsey, et al, 1979).

Itisclearthatthe pharmacological characteristics of plants thatbelong to the wormwood
family (antimalarial, antitumor, anthelmintic, cardiotonic, anti-inflammatory, analgesic
characteristics, etc.) are justified by the presence of essential oils and sesquiterpene
lactones in their composition (Kupriyanov, et al, 2012; Geissman, et al, 2000; Pandey, et
al, 2017). The studies on chemical composition of Iranian Artemisia species have been
reported about the presence of monoterpenes, sesquiterpenes, especially sesquiterpene
lactones and essential oils (Rustaiyan, et al, 1987; Rustaiyan, et al, 2000 a; Rustaiyan,
et al, 2000 b; Rustaiyan, et al, 1989; Costa, et al, 2009).

Twenty-six compounds were identified in the oil of 4. diffusa, which represented
about 94.43% of the total composition of the oil. In the volatile oil of this species, the
oxygen containing monoterpenoids represented the most abundant constituents (92.59%)
(Khazraei-Alizadeh, et al, 2001; Khayyat, et al, 2004). The in vivo antimalarial activity
of A. diffusa extracts was investigated and the fraction which contains sesquiterpene
lactones as tehranolide showed activity against Plasmodium berghei on the mice model
of malaria (Noori, et al, 2014; Rustaiyan, et al, 2009; Taghizadeh, et al, 2011; Rustaiyan,
et al, 2011).

In current study, the medicinal plants A. albida and A. diffiisa growing in Kazakhstan
were analyzed on quantitative-qualitative content, mineral composition and lipophilic
substituents for the first time. The research involved evaluating key biologically active
components, including the determination of organic acids, flavonoids, polysaccharides,
moisture content, total ash, and extractive substances. The concentrations of macro-
and microelements in the plant ash were assessed using multi-element atomic emission
spectral analysis. Additionally, liposoluble components in petroleum ether extracts of 4.
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albida and A. diffusa from Kazakhstan were identified for the first time using the GC-
MS (gas chromatography-mass spectrometry) method.

Materials and methods. Plant material. Research sources such as 4. albida were
collected in September 2023 from Almaty region in Southern Kazakhstan. The aerial
part of plant 4. diffitsa was collected in September 2020 from Turkestan region,
Kazakhstan. Raw materials after being well dried in the shade, were crushed into small
pieces in a crushing machine and preserved at room temperature.

The quantitative and qualitative profile of biologically active constituents of 4. albida
and A. diffusa was determined in strict accordance with the methodologies prescribed in
the I edition of the State Pharmacopoeia of the Republic of Kazakhstan (2008).

The mineral composition was identified, using a Shimadzu 6200 series spectrometer.
3 g of raw material was placed in a pre-calcined and accurately weighed porcelain
crucible. Then the crucible was gently heated, first letting the substance burn at the
lowest possible temperature, and the flame was gradually increased. Calcination was
performed at 500°C to obtain a constant mass. At the end of the calcination, the crucible
was cooled in a desiccator and then the resulting ash was burned again at 600°C until
a uniform gray color was obtained. The ash of plant was dissolved in 10.0 mL of 40%
nitric acid by heating. After that, the resulting solution was heated to obtain wet salts.
Subsequently, it was dissolved in 15.0 mL of 1 N nitric acid and transferred to a 25.0
mL volumetric flask for analysis. And so, it will need to be done with each of the three
plants (Nurlybekova, et al, 2021).

GC-MS conditions. Analyses were conducted on Agilent 7890A/5975C gas
chromatograph coupled to mass spectrometer equipped with a 7683B auto injector
(Agilent Technologies, USA). Separation was carried out with a HP-5MS fused silica
capillary column (0.25 mm x 30 m, 0.25 pm film, J&W Scientific, USA). The injection
port temperature was 310°C. The injection volume was 1 pL, split ratio 5:1. Helium
(99.99 %, China) was used as the carrier gas at a rate of 1.0 mL/min. The column
temperature was held at 50°C for 10 min, increased by 10°C/min to 30077, and then held
for 40 min. Mass spectra were obtained by electron impact (EI) ionization at 70 eV in
scan mode (m/z 30-1000 amu). Solvent delay was 3 min. The detector, ion source and
transfer line temperature were set to 150, 230 and 250 °C, respectively (Adams, 1974).

Identification and quantitation. The compounds were identified using NIST14
library. Mass fraction of each detected compound was estimated using normalization of
peak areas. The sample was analyzed three times. All data are expressed as the mean +
standard deviation of three replicates.

Results and Discussion. A quantitative and qualitative analysis of bioactive
constituents, moisture content, total ash, and extractives was conducted on 4. albida
and A. diffusa. The results are presented in Table 1, Figure 1.

Moisture and ash content fluctuate within specific limits for each plant, depending on
the characteristics of the plant material, as well as how it is harvested and dried. These
data are essential for further calculations during analysis, making the determination of
these contents necessary to confirm the high quality of 4. albida and A. diffusa.

The highest quantity of extractive substances from two plant species was obtained
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using 80% ethyl alcohol. Therefore, this solvent is the most optimal for extraction of
bioactive complexes. Identifying extractive substances with the appropriate solvent is
crucial, as it indicates the quality of the plant based on its biological metabolite content.

Flavonoids are the largest class of dietary polyphenols, comprising over 4,000 different
biologically active compounds synthesized during plant metabolism. Once consumed,
flavonoids can contribute to a variety of beneficial biological activities in human body.
Strong and consistent evidence now shows that flavonoids help maintain and enhance
nitric oxide levels, improving endothelial function. Additionally, these compounds
have been shown to influence blood pressure, oxidative stress, inflammation, platelet
function, thrombosis, blood lipids, and glucose metabolism. These effects may help
explain why flavonoids and flavonoid-rich foods are associated with cardioprotective
and antineoplastic properties.

Organic acids play a key role in the taste, flavor, microbial stability, and consistency
of plant-derived beverages. They are also used in food preservation due to their ability
to affect bacterial growth. Polysaccharides, on the other hand, are unique substances
that help retain moisture in the skin, maintain its elasticity, stimulate collagen fiber
synthesis, and enhance cellular immunity.

Tannin bioactivity is related to their chemistry. Tannins have been studied during
years due to their beneficial properties including anti-inflammatory, antidiabetic,
antihypercholesterolemic, and anticancer activity.

In plants, alkaloids protect plants from predators and regulate their growth.
Therapeutically, alkaloids are particularly well known as anaesthetics, cardioprotective,
and anti-inflammatory agents. Well-known alkaloids used in clinical settings include
morphine, strychnine, quinine, ephedrine, and nicotine.

Numerous coumarins possess several biological activities such as anti-inflammatory,
anti-ulcers, anti-tumor, anti-microbial, anti-coagulant.

Table 1 — Quantitative and qualitative analysis of biologically active constituents of 4. albida and A.
diffusa

No. Content A. albida, % A. diffusa, %
1 Moisture 8.19 8.08
2 Ash content 6.78 5.70
3 Extractives (80% EtOH) 20.76 14.83
4 Organic acids 0.21 1.45
5 Flavonoids 0.03 0.06
6 Polysaccharides 2.14 0.90
7 Tannins 1.52 1.91
8 Alkaloids 0.53 0.60
9 Coumarins 1.60 5.02
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Figure 1 — Quantitative and qualitative content of biologically active constituents of 4. albida and A.

diffusa

According to the data obtained during quantitative and qualitative assays, moisture
and ash content of both species have almost equivalent values, which are equal to 8.19
and 8.08 percent of moisture and 6.78 and 5.70 percent by ash content appropriately to
A. albida and A. diffusa. Comparing the extractive substances concentration isolated
during the extraction by 80% ethanol, 4. albida differentiated with the higher content
—20.76% of the total plant and 14.83% of biocomplexes extracted from A. diffusa. The
content of organic acid (1.45%), flavonoids (0.06%), alkaloids (0.60%) and coumarins
(5.02%) was higher in the plant A. diffusa. By contrast, analysis on 4. albida has shown
the maximum content of polysaccharides and tannins, which are 2.15 and 1.52 by
percent, respectively.

Eleven mineral compounds were identified from the ash of the plant that consists of
seven microelements and four macroelements, as shown in Table 2 and Figure 2. These
findings indicate that the two plants are excellent sources of macro- and microelements
essential for the functioning of the muscular, cardiovascular, immune, and nervous
systems. They also play a role in the synthesis of vital compounds, metabolic processes,
hematopoiesis, digestion, and the neutralization of metabolic byproducts.

The results of our research revealed the highest content of iron (0.160 mg/g) in the
plant A. albida. In contrast, the levels of Cd, Cu, Mn, Zn, Ca, Mg, Na, and K were found
to be higher in 4. diffusa.

Table 2 — Composition of macro-, microelements in the ash and plant of 4. albida and A. diffusa

Content in ash, mg/g Content in the plant, mg/g
Element
A. albida A. diffusa A. albida A. diffusa
Microelements
Cd 0.002 0.014 0.0001 0.001
Ni 0.039 0.208 0.002 0.011
Pb - - - -
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Cu 0.037 0.458 0.002 0.025
Mn 0.413 2.676 0.026 0.145
Zn 0.099 0.801 0.006 0.043
Fe 2.573 2.468 0.160 0.181
Macroelements
Ca 46.08 206.5 2.866 11.15
Mg 16.86 95.19 1.049 5.140
Na 4.731 5.509 0.294 0.889
K 57.87 725.8 3.600 39.19
A B
0,2
15
0,1 10 1
0 - T s =
Cd Ni Pb Cu Mn Zn Fe 0
Ca Mg Na K
W A albida 4. diffusa B A albida A. diffusa

Figure 2 — Composition of micro- (A) and macroelements (B) of A. albida and A. diffusa

Our research revealed that the studied plants are rich in macronutrients, with K, Na,
Mg, and Ca being the most abundant, while micro elements such as Cu, Fe, Zn, and
Mn are present in high concentrations. Therefore, all two plants tested can be regarded
as potential sources of trace elements, which could expand the potential applications
of these plant materials in the future. The macro- and microelements in 4. albida
and A. diffusa play an important role in supporting various physiological functions.
Macroelements such as calcium, magnesium, sodium, and potassium contribute to bone
strengthening, improving cardiovascular and muscle function, as well as maintaining
fluid balance and nerve activity. Microelements like iron, copper, zinc, and manganese
support blood health, the immune system, tissue healing, and protect cells from
oxidative stress. The high concentrations of these elements in A. albida and A. diffusa
make them promising for the development of phytopharmaceuticals aimed at improving
bone health, cardiovascular function, immunity, and metabolic processes.

The liposoluble constituents present in petroleum ether extract from A. albida were
analyzed by GC-MS for the first time (Table 3). Twenty compounds from A. albida
were separated and their relative contents were determined by area normalization in
which the major constituents were neoisolongifolene, 8-oxo- (14.8%), cyclohexane,
1,2,3,4-bis(epoxy)-2,6,6-trimethyl-1-(pent-2-en-4-one-2-yl)-  (11.5%), 2-propen-1-
ol, 3-phenyl- (7.9%), (+)-2-bornanone (6.1%), 2H-1-benzopyran-2-one, 7-methoxy-
(3.9%) (Figure 3).
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Table 3 — The liposoluble constituents from the petroleum ether extract of A. albida

Ne Retentlgn Constituents Structure Deg.ree of | Content,
time, min compliance, % %
13.56 1-Menthone 92 0.5+0.02
14.23 (+)-2-Bornanone 97 6.1£0.03
16.20 Bornyl acetate 86 0.5+0.01
OH
Cyclohexanol, 5-methyl- S
17.80 2-(1-methylethyl)-, 95 1.1+0.02
(1(1,2[3,5(1)-(:t)- -
o
18.25 Butanedioic acid, diethyl o )k/\n/o ~ 94 1.120.02
ester
[e]
OH
18.72 Endo-Borneol 95 2.3+0.03
o
2-Cyclopenten-1-one,
24.00 |3-methyl-2-(2-pentenyl)-, F 88 0.7+0.01
(2-
1,3-Cyclopentadiene,
24.52 5.5-dimethyl- 1-cthyl- Q\/ 83 0.8+0.01
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OH
25.56 3-Phenylpropanol 90 0.7+0.03
27.53 (-)-Spathulenol 88 0.7+0.02
HO
27.89 Tetradecanic acid HOWOH 88 0.8+0.01
29.77 2-Propen-1-ol, 3-phenyl- 90 7.9+£0.03
o o
\/ \

9,12-Octadecadienoic AN NN NN

34.84 i, oty cster Y 89 2.8£0.03
o

o/\/\

36.65 Dibutyl phthalate 96 3.6+0.03
0
\/\/
o
Neoisolongifolene, 14.8+
36.84 8-0x0- v 75 0.03
(0]
3757 Isoaromadgndrene 3 2340.03
epoxide
o]
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Cyclohexane,
1,2,3,4-bis(epoxy)-2,6,6- 11.5+
38.87 trimethyl-1-(pent-2-en-4- 75 0.03
one-2-yl)-
o
/
4017 2H-1-Benzopyran-2-one, 91 3.940 03
7-methoxy-
9-Octadecenoic acid, | /
42.93 “ctadeeenole acie, W 83 1.4£0.03
(B)-
9,12-Octadecadienoic
43.54 acid (Z.2)- 86 1.3+0.02
*Data are expressed as means + standard deviation of three replicates
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Figure 3 — Chromatogram of petroleum ether extract of 4. albida
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For the first time, the liposoluble constituents in the petroleum ether extract
of A. diffusa were analyzed using GC-MS (Table 4). Twenty compounds were
detected in the A. diffusa extract, and their relative contents were determined
through area normalization. The major constituents identified were eudesma-
5,11(13)-dien-8,12-olide (6.02%), nitrosine (4.33%), a-santonin (4.16%),
nonacosane (3.71%), and hexadecanoic acid, ethyl ether (2.63%) (Figure 4).
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Table 4 — The liposoluble constituents from the petroleum ether extract of A. diffussa

Ne Retentlgn Constituents Structure Degree of Content,
time, min compliance, % %
Cyclohexanol,
10.29 1- methyl-4-(1- 92 0.94+0.02
methylphenyl)-,cis-
o
AN
1133 2-Heptanone, 3- 79 0.52+0.02
propylidene-
OH
Bicyclo[3.1.0]hexane-
2-ol, 2-methyl-5-(1-
11.41 methylethyl)-, 89 1.05+0.02
( 1 ("52[3 55 (X)-
11.56 Nonanal PV ANV AN N 2 0 87 0.43+0.01
o] o]
2(3H)-Furanon,
12.13 5-ethinyldihydro-5- 91 1.7840.02
methyl-
OH
13.73 Endo-Borneol 85 0.40+0.02
_di D- HO,
17.81 1,4-dihydroxy-p 83 0.78+0.01

Menth-2-ene
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HO
23.07 Vanillin Q 86 0.66+0.01

24.92 (-)-Spathulenol 88 1.96+0.01

28.49 Tetradecanic acid HOW 86 1.2240.03
OH

0,
ic aci \V
32.26 Hexadecanoic acid, V\N\W 89 2.63+0.02
ethyl ether

HO.
32.65 Hexadecanoic acid W 88 2.04+0.02

NN
o
34.29 Dibutyl phthalate 92 1.68+0.02
o
\/\/
0
40,
36.13 Octadecanoic acid W\/\/ 78 1.16£0.02
0
o]
Eudesma-5,11(13)- o]

40.20 76 6.02+0.03

dien-8,12- olide

41.18 Behenic alcohol | o\ \ N NAANANNNN 88 1.46+0.02
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41.77 o-Santonin 91 4.16+£0.03

43.17 Nitrosine 91 4.33+0.03

45.87 Nonacosane (;/\:/\\//\\//\;/\:/\\ 91 3.71+0.03
48.55 Tetratricontane m 92 1.77+0.02

2 Data are expressed as means + standard deviation of three replicates
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Figure 4. Chromatogram of petroleum ether extract of 4. diffusa

By comparing the liposoluble constituent compositions of these species, it is
evident that 4. albida is chemotaxonomically related to A. diffusa. The results show
that the differences in their volatile profiles are primarily qualitative. The liposoluble
compounds present in both species exhibit anti-inflammatory, antimicrobial, and
anticancer properties. Collectively, these findings imply that 4. albida and A. diffusa
could be crucial in the development of new plant-based pharmaceutical preparations.

In comparison to the more extensively studied species like A. annua (Juteau, et al,
2002) and A. absinthium (Akzhigitova, et al, 2018), A. albida and A. diffusa have a
different, yet complementary, profile of bioactive compounds. While 4. annua remains
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the gold standard for artemisinin production, both A. albida and A. diffusa contribute
to the broader medicinal potential of the Artemisia genus with unique essential oil
compositions, flavonoids, and other secondary metabolites. These species could hold
untapped therapeutic potentials, especially for antimicrobial, anti-inflammatory, and
antioxidant applications. Further research would be beneficial to explore these species’
full phytochemical profiles and their potential medicinal uses.

In summary, the identified compounds in A. albida and A. diffisa, especially
sesquiterpene lactones, flavonoids, and essential oils, show promise for a variety of
therapeutic activities. Future studies can focus on conducting in vivo and clinical
trials to further evaluate the efficacy of these compounds in treating conditions such
as inflammation, infections, and cancer. Based on the identified bioactive compounds,
further phytochemical research could lead to the development of targeted drugs or
supplements.

Conclusion. The quantitative and qualitative analysis was conducted on the plants
A. albida and A. diffusa, which were collected from the territory of the Republic
of Kazakhstan. The study determined the overall quantity of biologically active
components and the levels of macro- and microelements in the plant materials. Notably,
the species A. albida and A. diffusa showed high concentrations of elements vital for the
daily needs of the human body. The liposoluble constituents in petroleum ether extracts
of A. albida and A. diffusa from Kazakhstan have been identified by GC-MS method
for the first time. The presence of these bioactive constituents suggests that the plant
extracts may have anti-inflammatory, antimicrobial, and anticancer properties. These
findings can serve as a basis for future studies on 4. albida and A. diffiisa, enhancing
our understanding of the plant and providing a platform for developing and exploring
new ideas. Further phytochemical research on 4. albida and A. diffusa holds promise
for the creation of new phytopreparations. In recent years, the use of medicinal plants
has been increasing due to their affordability, wide-ranging therapeutic benefits, low
toxicity, and the potential for prolonged use without causing side effects. Advancing this
field by integrating medicinal plants into medical practice and expanding the range of
phytopharmaceuticals is highly promising.
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Abstract. The quality indicators of Ferula foetida (Bunge) Regel roots were
determined: moisture loss during drying — 4.01%, total ash — 5.53%, and acid-insoluble
ash — 1.60%. These values comply with the standards of the State Pharmacopoeia of the
Republic of Kazakhstan. The presence of flavonoids in the raw material extracts was
identified using thin-layer chromatography (TLC) with appropriate solvent systems and
specific reagents.

A method for obtaining a biologically active complex from Ferula foetida (Bunge)
Regel roots by maceration was developed. Optimal extraction conditions were
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established by varying parameters such as the type of extractant, the raw material-to-
extractant ratio, extraction time, and temperature. The best conditions were found to be
30% and 50% aqueous-ethanol solutions as extractants, raw material extractant ratios
of 1:10 and 1:15, extraction times of 12 and 48 hours, and a temperature not exceeding
40°C.

The antioxidant activity of the obtained aqueous-ethanol extracts was studied in vitro
using the Ferric Reducing/Antioxidant Power (FRAP) assay. Concentration-dependent
optical density values were compared to the standard, ascorbic acid. The antioxidant
properties followed the order: 50% ethanol extract > standard > 30% ethanol extract >
70% ethanol extract > 90% ethanol extract.

The 50% aqueous-ethanol extract at concentrations of 0.25, 0.5, 0.75, and 1 mg/mL
exhibited high antioxidant activity, exceeding that of the standard.

The obtained data can be used for the development of new antioxidant drugs and
biologically active supplements containing flavonoids.

Keywords: Ferula foetida (Bunge) Regel, roots, extraction, flavonoids,
spectrophotometry, antioxidant activity (in vitro).
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AHHoTamusa. OciMaik mukizatel OoWbiHma Kazakcran PecryOnukachiHBIH
Mewmnekertik @apmakonesicbina (KP M®) caii pykcaT eTiireH HOpMaTHBTEp LIETiHE
coliKec KeJETiH cama KepceTKimTepi (KenTipy Ke3iHaeri Maccanblk WbiFbH — 4,01%,
XKanmsl Kyl — 5,53%, Ty3 KeIIIKbUIBIHIA epiMeiiTin kyn —1,60%) anbikTanabl. Coiikec
epITKIII KyHenepine ®a3blKk XpoMaTorpadusiHbl KOJIJaHy ’KoHe apHabI 93ipieyiiaepi
KOJIZIaHy apKbUIbl CHIFBIHABUIAPABIH KypaMblHOa Heri3iHeH ¢uaBoHouaTap Oap
ekeHi aHbIKTaNnbl. Ferula foetida (Bunge) Regel TamblppiHan Mauepamusi apKbUIbl
OMONOTHSIIBIK OeJICeH 1l KeLIeH ally 9JIici 93ipaeH Ii. 3epTTeNeTiH oCiMIIK IUKi3aThIHAH
(h1aBOHOWM/ KEIICHIH aJTyJIbIH OHTAMIIBI IIAPTTAPhl IKCTPArSHTTIH TaOUFATHI, IUKI3aT-
peareHT KaTblHACHI, SKCTPAKUMs YaKbIThl KOHE TEMIIEPaTypachl CHSKTBI OpTYpii
napameTpiiep apKbUIbl KacainfaH. BHONOrusublK OesiceHIi KelleH amyablH OHTAMIIBI
maprrapbl 3kctpareHT — 30% xone 50% cysbl 3TH CHHPTI, MIHUKi3aT MeH SKCTPareHT
KatelHacel — 1:10 xoHe 1:15, sxcTpakums yaksITel 12 xkoHe 48 carart, ajn SKCTpakLus
temneparypacel 40°C acnaybl Kepek.

Ferula foetida (Bunge) Regel TaMbIpbIHaH aqbIHFaH CYIbI-CIIUPT CHIFBIHABUIAPBIHBIH
AHTHOKCUJIAHTTHIK OCJICEHIUIIrT TeMip/i KallllblHA KEeNTIipeTiH moTeHuuanasl Ferric
Reducing/Antioxidant Power assay (FRAP) in vitro xarnalibinaa aHbIKTay apKbUIBI
3eprrenai. HoTmkeciHne 6©cCIMIIK ChIFBIHABUIAPHI  YIIH ONTHUKAIBIK THIFBI3/IBIK
MOHJEpPiHIH KOHLEHTpaLUUsSFa TOYCNIUNKTEpl CTaHAApPTTBl YA — acKOpOWH
KbILKbUTBIMEH (AK) canbicThipranna anbiHIbl. AHTHOKCUAAHTTHIK KacHETTep Kejeci
petneH ecTi: 50%-IbIK 3TUI CBIFBIHABICH > cTaHAAPT > 30%-/IbIK 3THUJ CHIFBIHIBICHI >
70%-OBIK STUI CHLIFBIHABICH > 90%-IbIK STHI CHIFBIH/IBICEL.

Anbiara 50%-IIbIK CYJTBI-3THII CBIFBIH/IBICHI 931piieHreH o/1ic OoitbiHIIa 0,25; 0,5; 0,75
XoHE | MI/MII KOHLEHTpauusuiapa CTaHAapTTaH acaTbhlH JKOFapbl aHTHOKCHIAHTTHIK
OeJICeHAUTIKTI KOPCETTI.

AnbiaraH nepekrep (raBoHouaTap 0ap KaHa aHTHOKCHIAHTTHIK MpenaparTap MeH
OMONOTHSIIBIK OeJICeH Al KocnanapAbl 93ipiiey YIIiH naiJanaHburybl MyMKiH.

Tyiiin ce3nep: Ferula foetida (Bunge) Regel, Tambipnap, CHIFBIH/BI, (pIAaBOHOUATAD,
CHEeKTPO(OTOMETPHSI, AHTUOKCUAAHTTHIK OCJICEHALTIK (in Vitro).
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MHNOJYYEHHUE BUOJOTI'MYECKN AKTUBHOI'O KOMIIJIEKCA U3
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AnHoTamus. OnpeselieHbl T0Ka3aren J0OPOKaYeCTBEHHOCTH KopHew Ferula
foetida (Bunge) Regel: moreps B macce npu BeicymBannu —4,01%, oomast 3oma—5,53%,
30J1a, HEpaCTBOpUMAs B CONITHOM Kuciore, — 1,60%. DTu mokazaTenu COOTBETCTBYIOT
JOMYCTHUMBIM HOpMaM, ycTaHOBIeHHBIM [ocynapcTBenHol Papmakornieeid Pecryonuku
Kazaxcran (I'© PK).

MeTtofoM  TUIOCKOCTHOH  Xpomarorpagui B COOTBETCTBYIOIIUX  CHCTEMax
pacTBopuTeiell ¢ HMCIOIb30BaHUEM CIEHU(PHUYECKUX IPOSBUTENCH BBISBICHO, YTO
9KCTPAKTHI CHIPBsI COJepIKaT (DIIaBOHOMIBI.

Pazpaboran crnoco0 mody4deHUs] OHOJIOTHYECKH aKTUBHOTO KOMILIEKCca M3
kopHeit Ferula foetida (Bunge) Regel metomom Maniepannu. OnTUMU3UPOBAHBI YCIOBUS
IKCTpaKkuK (IABOHOUJAHOTO KOMILIEKCA M3 HCCIEIyeMOrO PACTUTEIBHOTO ChIPbS
MyTeM BapbUPOBAHUS CICAYIONIMX apaMeTPOB: MPHUPOAA SKCTPAreHTa, COOTHOIICHHE
CBIPbE-OKCTPAreHT, BpeMs U TemIeparypa dKCTpakiuu. ONTHMaIbHBIMUA YCIOBUSIMH
MOJTy4eHHs1 OMOJIOTHYECKH aKTUBHOTO KOMILJIEKCA SIBIAIOTCA: SKCTpareHThl — 30%-Hbli
1 50%-HbI1 BOTHO-ITAHOJIbHBIE PACTBOPHI; COOTHOIIEHUE ChIpbe-3kcTpareHT — 1:10 u
1:15; Bpems axcTpakiuu — 12 u 48 gacos; TeMieparypa dkcTpakiuun — He Boite 40 °C.

HccnenoBana aHTHOKCHAAHTHAs aKTHBHOCTH IIOJNYYEHHBIX BOJHO-DTaHOJIBHBIX
W3BJICYCHUI METO/IOM OTIpe/IelIeHHs KeJle30-BOCCTaHaBIMBAIOIIero moTeHuana Ferric
Reducing/Antioxidant Power assay (FRAP) in vitro. [TosydeHbl KOHIIEHTpAIIMOHHbBIE
3aBUCUMOCTH 3HAYCHUH ONTHYECKOH MJIOTHOCTH PACTUTEILHBIX SKCTPAKTOB B CPABHEHUH
CO CTaHJapTHBIM 00pa3ioM — ackopOuHOBOH KucinoTol (AK). AHTHOKCHIAHTHBIC
CBOICTBA YBEIMYUBAINCH B cieAyromeM psny: 50%-Hblil 3TaHOIBHBINA IKCTPAKT >
ctannapt > 30%-HbIi TAaHONBHBIN 3KCTPaKT > 70%-HbIi 3TaHOIBHBIN SKCTPaKT > 90%-
HbBIH 3TaHOJIbHBIN YKCTPAKT.

[omnyuennsiii 50%-Hblif BOAHO-3TaHOJIBHBIN SKCTPAKT U3 KopHeH Ferula foetida (Bunge)
Regel 1o pa3zpaborannoit MeTouke npu KorueHTpaiwsx 0,25; 0,5; 0,75 u 1 mr/mit nposiBit
BBICOKYIO aHTHOKCHJIAHTHYIO aKTHBHOCTb, ITPEBBIIIAIONIYIO CTAaHAAPT.

[lonmy4eHHble JaHHBIE MOTYT OBITH HCIOJNB30BaHbI Uil Pa3pabOTKU HOBBIX
AQHTUOKCHJAHTHBIX TPenaparoB U OMOJOTMYECKH aKTUBHBIX J0OABOK C CoJepKaHHUEM
(h11aBOHOUIOB.
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KiroueBsle ciioBa: Ferula foetida (Bunge) Regel, kopuu, skcTpakiust, priaBOHOUIBI,
CHeKTpo(OTOMETPHSI, AHTUOKCHAAHTHASI aKTUBHOCTS (i1 Vitro).

BBenenue. Pactenms poma Ferula L. cemeiictBa Apiaceae Lindl. mmpoxo
pacmpocTpaHeHbl BO BceM mMupe u mnpenctasieHsl 180 Bugamu (Mohammadhosseini,
et al.,, 2018). Ilo pa3HeIM (IOPUCTUYECKUM CBOJAKaM, Ha TeppuTopun PecmyOnukun
Kazaxcran mpomspacraer ot 47 mo 52 BumoB ¢epynsl (ITaBnos, 1963; baiitenos,
2001), u3 xotopeix 4 »uaemuunbix (Ferula glaberrima, F. gypsacea, F. pachyphylla,
F. xeromorpha), 10 penxux BunoB (Ferula leucographa, F. gypsacea, F. glaberrima, F.
peucedanifolia, F. iliensis, F. Krylovii, F. xeromopha, F. malacophylla, F. sugatensis, F.
taucumica), 15 BUIOB XapaKTepU3yIOTCS JIEKapCTBEHHBIMU cBoiicTBaMu (I pya3uHCKas,
u p., 2014). Pactenus npuMEHSIOTCS KaK IPOTHBOPAKOBOE, IPOTUBOBOCHAIUTEIBHOE,
AQHTUMYTareHHOe, IPOTHBOOIYXOJEBOE IPOTUBOBUPYCHOE, aHTHOAKTEpPHATBHOE,
CIa3MOJIUTUYECKOE, AaHTHCENTHYECKOEe, TPOTHBOS3BEHHOE, TI'eMaTONpPOTEKTOPHOE,
aatu-BUY cpencrBo (Ghasemi, et al., 2021; Abdel-Kader, et al., 2022). XuMmudeckuit
coctaB Ferula L. Becbma pa3HooOpaseH, BBIJENEHBI d(PUPHBIE Macia, TepreHOUIbI,
CECKHUTEPIICHOU IbI, KyMapuHBbI, (hraBoHou sl 1 Ap. (Mohammadhosseini, et al., 2018;
Khosnutdinova, et al., 2023; Taghinia, et al., 2019).

WzBecTtHO, 4YTO (EHONBHBIE COCTUHEHUS MPOSBISIOT  IIUPOKUH  CIIEKTP
(hapMaKoIOrHuecKoil aKTHBHOCTH, B TOM YHCJIE SIBIISIFOTCS HHTUOMTOPAMHU TIPOIIECCOB
OKHCIIEHUS, 00N1aiast 3alUTHON (DYHKIIMEH TS KIETOK, UX MEMOpaH 1 BHY TPUKIIETOUHBIX
CTPYKTYpP OT BO3ICHCTBUS YIbTPApHUOIETOBBIX JTyUueil, aKTUBHO pa3pyiiasi CBOOOIHEIE
panukansl (Yupsnokus, u ap., 2023).

Cpenu pacnpoCTpaHEHHBIX (PCHOJIBHBIX COCIMHEHUH BBIICISIOT (PJIAaBOHOUJIBI,
KOTOpBbIe 00JNafaloT IUPOKHM CIEKTPOM OHONOTHYecKOoW akTWBHOCTH. OHHU HUIparoT
B2XHYIO POJIb B MeTabolu3Me, W B 3alllUTHBIX MEXaHWU3Max >KHMBOTO OpraHu3Ma.
brnaromapss cBoemy pasHOOOpazHOMY OWOJIOTHYECKOMY MAEWCTBHUIO, (HIaBOHOWIBI
SIBIISIIOTCSL.  TIEPCIIEKTUBHBIMHA ~ COCIMHEHUMSIMH  JUISI TIPUMEHEHHS B MEIUIMHE,
KOCMETOJIOTUH ¥ THUILEBON MPOMBIIUICHHOCTH. VX U3ydeHne MpOJOIKAeT OCTaBaThCs
AKTyaJIbHOH 3aJjaueii COBDEMEHHON HayKH.

Lenpio uccnenoBanust sBISIETCS pa3padOTKa ONTUMAIBLHOTO CIIOCO0a MOTYyYeHHSI
(hmaBoHOMIHOTO KOMITIIEKCA M3 KOpHEH Ferula foetida (Bunge) Regel n m3yuenue ero
AHTHOKCH/IAHTHOW aKTUBHOCTH.

MarepuaJsl 1 MeToabl. O0beKT uccienoBanusi — Kopuu Ferula foetida (Bunge)
Regel, 3arotoBnennsie B a3y OyToOHM3aLMU Ha TEPPUTOPUH TypKecTaHCKOH obOnacTu
PecniyOnuku Kazaxcran B mae 2023 roma. [epOapHble 00pasiibl HCCIICAYEMOIO
BUJA XpaHATCS B J1a0OparopuH pPACTUTENBHBIX pecypcoB WHcTHTyTa OOTaHHKH
n ¢uronnTtponykiun «MHCTUTYT OOTaHWKM W QUTOMHTpOAyKIMW» KommreTa
JISCHOTO XO3SHICTBa W JKMBOTHOTO MHpa MUHHUCTEPCTBA DKOJIOTMH W TPUPOIHBIX
pecypcoB PecnyOnuku Kazaxcran. Cywiky CbIpbsi 10 BO3AYIIHO-CYXOTO COCTOSIHUS
MPOBOAMJIM €CTECTBEHHBIM 00pa3oM IO HaBECOM 0e3 JOCTyma MPSMBIX COJHEYHBIX
nmydeil. PactutenbHoe ChIpbe HM3MENBYaIN C MOMOIIBIO CHTO 10 pasMepa 2 mm. Bo
BCEX OKCIIEPUMEHTAX HKCIOIb30BAIN TIIATEIBHO OTCOPTHPOBAHHOE, BBICYIIEHHOE,
M3MENTBICHHOE U MPOCESHHOE ChIPhE.
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[Tokazarenu m0OpPOKAYECTBEHHOCTH PACTHTEIBLHOTO CBIPbs (HOTEPS MacChl IMpH
BBICYILIMBAHWH, 0011ast 30IbHOCTh U 301a, HepacTBopuMas B 10% HCI) onpexnenens
no Mmeroaukam locynapctBennoit ®apmakonen PecnyOnuku Kazaxcran (I'd® PK)
(Tynerenona, 2008).

KauecTBeHHBIN COCTaB AKCTPAKTOB Ha (PIaBOHOMABI ONPEENSUId C MOMOLIBIO
TOHKOCJTIOWHOHM XpomaTorpaduu Ha mnactunax «Sorbfily (Poccus) pasmepom 15x15 cm
B CHCTEME OpPraHMYeCKHX pacTBOPHUTENCH: H-OyTaHOI — JIEASHAS YKCYCHasi KHCIOTa —
Boza (5:1:1). B kauecTe cienupuyHbIX peareHTOB UCnonb30Bamu YO-ceet, napst NH,
1 3%-Hbli ciuptoBoii pactBop AlCI,.

Jig  momydeHHs OKCTPaKkTOB METOJOM Mallepallid  MCIOJIb30BalIM  CMECH
pacTBOpHUTENEe OSTWIOBBIH CHUPT W AWCTWIIMPOBAHHYIO BOAYy B Pa3IHUYHBIX
cootHomeHusAx 30, 50, 70 u 90%-HpIA. DKCTparupoBaHHE MPOBOJWIM Kak IpH
KoMHaTHOH Temneparype (0e3 T¢), Tak u ¢ HarpeBom He Bbiie 40°C (T°). CooTHoIIEeHHE
MeX/1y KOJTMYE€CTBOM CBIPbsI M 9KCTpareHTa BappupoBanocs ot 1:5, 1:10 no 1:15. Bpems
9KCTPAKIMK U3MEHSIIOCH B Iipeaenax oT 30 MUHYT 10 72 4acoB.

Jist KOM4eCcTBEHHOTO ompe/enieHns (JIaBOHOMJOB B U3BJICUEHUSIX HCIIOIb30BaJIH
Meton guddepenuuansHoi  cnekrpodoromerpun  (KypatokoB u  ap., 2019).
CriekTpasibHble XapaKTEPUCTHKH BOJHO-3TAHOJBHBIX H3BJIEUEHUN OIIEHWBAIM Ha
cnekrpoporomerpe Cary 60 UV-Vis (Agilent Technologies). UcnbiTyemsblii pacTBop
TOTOBHJIM CIEIyIomMM o0pa3oMm: 2 MiI pacTBopa A MOMEINANd B MEPHYIO KOJOy
BMECTHUMOCTBIO 25 M, npubaBmsin 2 ma 3%-ro pacTBOpa XJIOpUAa allOMHHUS B
cnupte u yepe3 10 MUHYT — 2 Kariu pa3BeIcHHOH yKCycHOI KucinoTbl. O0beM pacTBopa
JOBOJIMIIN CIIMPTOM STHIIOBBIM 90%-HBIM 10 METKHU 1 OcTaBisuin Ha 30 MUHYT (pacTBOp
b). B kauecTBe pacTBOpa CpaBHEHHS HCIIOIB30BAIN PACTBOP, IPUTOTOBICHHBIN PU TEX
Ke ycnosusx, Ho 6e3 AlCL. Coneprxanue CyMMbl (DIABOHOMIOB B MIEPECYETE HA PYTUH
B IpoIeHTax (X) Beryucisum o gopmyse (1):

_ A%100 %25 %100
190 %ax*2x* (100 — W)’

rae A — onTUyecKkas INIOTHOCTh pacTBOPa;

190 yaenpHBIN MOKa3aTeNb NOMVIOLIEHU KOMIUIEKCA PyTHHA C aJTIOMUHHUS XJIOPUAOM
npu JuinHe BoaHbI 410 HM;

a — HaBeCKa ChIpbs, T;

W — BraxxHOCTB CBIPbs, Y.

X

AHTHOKCHJAHTHYIO AKTHBHOCTb IIOJYYEHHBIX BOJHO-CIIUPTOBBIX HKCTPAKTOB
M3ydaal METOJOM OIpEAETIeHMs JKeJe30-BOCCTaHaBIMBaoIero norenuuasa FRAP
(Ferric Reducing/Antioxidant Power assay) in vitro. B xauecTBe cTranaapra CpaBHEHUS
HCTIOJIb30BAIN aCKOPOMHOBYIO KHCIIOTY.

K 1 Ma wuccmemyemoro »SKcTpakTa B AMamna3oHe KoHLeHTpauuid O—lmr/min
nob6asnsu 2,5 mu gocdarnoro 6ydepa (0,2 M, pH 6,6) u 2,5 ma 1%-ro pactBopa
rekcanuanodeppara (I1I) xanus. PeaknnoHHyro cMech MHKYOMpOBaid B TeueHHE 25
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MUHYT npH Temneparype 50°C, peakuuio octaHaBnuBanu pobasieHueM 2,5 ma 10%
-T0 PacTBOpa TPUXIIOPYKCYCHOM KHCIOThI. CMeCh HEHTPU(YTUpPOBadld 3 MHUHYTHI
(1500 obGoporos/muH.). Bepxuwmii cioii o0bemoM 2,5 MJI CMEIIMBaIX ¢ 2,5 M
aucTupoBannbiid Boasl U 0,5 Mt 0,1% FeCl,. MsmMepenne onTu4ecko# mioTHOCTH
npousBoanin Ha crekrpodoromerpe Cary 60 UV-Vis (Agilent Technologies) npu
mae BoaHbl 700 HM (Benzie, et al., 1996).

Craructudeckas 00padoTKa.

Craructudeckyro 00pabOTKy MONYYEHHBIX PE3yJIbTaTOB MPOBOIWIN C TTOMOIIBIO
nporpammHoro rmakera Statistica 10 (StatSoft, CIILIA). Pe3ynsTrarsl mpeicTaBICHBI B BUIE
X+m, rme X — cpeaHee 3HAUCHUE, M — CTaHIApPTHAs ommoOKa cpemHero. [IoBTopHOCTE
n=5.

Pesynbrarel u  obcyxnenue. J0OpOKaueCTBEHHOCTb PACTUTENBHOTO  CHIPHS
OTpefieNisieTcss PsIIoM TOKasaTesield, KOTOphle periaMeHTHPYIOTCS (apMakoneHHbIMU
crannapramMu. OCHOBHBIE TIOKA3aTeIN BKIIFOYAIOT: BIaKHOCTb, 30JIbHOCTD U JIPYTHE.

BraxxHOCTB CBIpHS (TIOTEPs B Macce MPH BHICYIITUBAHIH) — OTIPE/IENSIET COiep Kanne
BJIard, KOTOPasi BIUSET Ha CTAOMIBHOCTH M COXPAHHOCTB CBIPhs. Upe3mepHasi BIaKHOCTh
MOJKET MPUBECTH K POCTY IJIECEHHU WM CHUKEHUIO KaueCTBa aKTUBHBIX BEIIECTB.

30/1bHOCTB — YPOBEHb O0ILIEH U PACTBOPUMON B BOZE 30JIbL, YTO OKA3bIBACT CTEIICHD
YUCTOTHI ¥ HATMYHUE IOCTOPOHHUX MpuMeceil. OnpeeneHre HepacCTBOPUMOI B COTISTHOM
kuciore (HCI) 301b1 sBIsieTCsl BXKHBIM TTOKa3aTelleM KaueCTBa PACTUTEILHOTO CHIPHSI.
Ota mporenypa mo3BOJSET BBIIBUTH HATMYHE TIOCTOPOHHUX MHUHEPAIBLHBIX TIPUMECeH,
TaKHUX KaK MEeCOK, KPeMHE3eM WJIH JIPyTHe HEeOPraHNYeCKUe BEIIeCTBa, KOTOPBIE MOTYT
IOTIaCTh B CHIPhE MPHU cOope mim 0opadotke. s pacTUTENHLHOTO ChIPhST YCTAHOBIICHBI
CTaHIAapThl Ha COJEpKaHWE HEPAaCTBOPUMON 30JIbl, KOTOPHIE TapaHTHPYIOT €ro
MPUTOTHOCTH JUISI METUIIMHCKOTO WIIM IPYTOTO PUMEHEHHS.

[Tokazarenu n10OpPOKaueCTBEHHOCTH HCCIIEIyEMOTO PACTUTENILHOTO CHIPhSl KOpHEH
Ferula foetida (Bunge) Regel: motepst B Macce Tipu BRICYITMBAHUH, OOIIIast 30J1a, 30J1a
HepactBopuMas B HCl HaxomsiTest B mpezienax JOMyCTUMBIX HOpM cormacHo ['® PK.
Pesynbrare! peacTapneHsl B Tabmuie 1.

Tabnuna 1. [Toka3zarenu goOpokadecTBEHHOCTH KOpHeit Ferula foetida (Bunge) Regel

IToxasarenn Conepxannue, % Mertozp! UCIIBITAHUI
[Torepst B Macce Ipy BBICYLIMBAHUY 4,01 I'dPKI, T 1,22.32
OO61mas 3071a 5,53 IT'®PK,T1,24.16
3ona HepactBopumas B HC1 1,60 T'dPK, 1. 1,2.8.1

DT TIOKa3aTeNn MOMOTal0T YCTAHOBUTH TIPUTOTHOCTD CHIPhS IS HCITOIB30BAHNS B
(hapmarieBTHIeCKOH, KOCMETHUECKOH MITH MTUIIIEBOM MPOMBITTUICHHOCTH.

KauectBennslii  aHamm3  Ha  coiepXaHWe  (IIABOHOMAOB  TIPOBOIMIIHN
xpomartorpaipoBaHHeM B TOHKOM CJIO€ B CHCTEME pacTBOpHUTENEH: H-OyTaHom
— JemsHas YKCycHas Kuciota — Boma (5:1:1) m wWcmonbp30BaHUEM CHEITUBUICCKUX
peareHToB.

Hduns  xaxmoro o0pasma paccuWTaHbl BENWYMHBI OTHOCHUTENBHOW CKOPOCTH
MepeMeIeHnsT  BEIIeCTB, IIOCIe OOHApYXEHHS XapaKTepPHBIX  OKpaIIMBaHUN
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BoszelicterueM napos NH, (kenroe), 3%-noro cnmprosoro pactsopa AlCl, (xentoe) n
Y®-cBeTa (TeMHOE CBEUECHHUE), CBUICTENBCTBYIOIINE O HATMYNH (JIABOHOHIOB.

st mocienyiomero u3BiedeHus: (IaBOHOMAOB M3YYEHBI cleayiouiue (hakTopsl,
OTIpEeNIENSIOIINE BBIXO SKCTPAKTUBHBIX BELIECTB: IPUPO/Ia SKCTPAreHTa, KOHIIEHTPALHs
9KCTpPAreHTa, BpeMs SKCTPAKLINH, COOTHOILIEHUE ChIPhE-3KCTPAreHT.

B kadgecTBe skCcTpareHTa HCMoIb30BAIN CIIUPT 3TUIIOBBIN pa3IMuHON KOHLIEHTPALINH.

DTaHOJ UCTIONB3YETCS IS OIMyUeHHsI SKCTPAKTOB B papMalieBTHUECKOM, MUIIEBOH
1 KOCMETHUYECKOW MpOoMbIITIeHHOCTH. Hanpumep, oH mpuMeHseTcs JUIsl SKCTpaKLUN
AKTHBHBIX KOMIIOHEHTOB M3 PACTEHMH, TaKUX Kak ImandeH, >KeHbLICHb, KypKyMa,
WM TIPH CO3JJaHMM HACTOEK, Macesl M IKCTPAKTOB JUIsl JiekapcTB. CHUPT STHIOBBIN
sBisieTcs: 2pQeKkTUBHBIM, 0e30MacHBIM M YHHBEPCAJbHBIH PaCTBOPHUTENEM, KOTOPBII
o0ecreunBaeT KayeCTBEHHOE M3BJICUCHHE OWOJOrMYECKH aAKTHBHBIX BEIIECTB.
Pa3Benenue 3THII0BOrO civpTa BOOM MO3BOJISET PETYAMPOBATH €T0 MOJISIPHOCTh, YTO
MO3BOJISIET U30MPATENFHO MPOBOAMUTH MPOIIECC SKCTPAKIMH MO OTIPEAEIICHHBIE IPYTIIIBI
coennHeHni. Hu3Kast KOHIEHTpAIHs STHIOBOTO CITUpPTa OOJIbIIE U3BJIEKAET MOJISIPHBIC
KOMITOHEHTBI, a BBICOKasi — MEHEE MOJISPHbIE COETUHEHMUS.

BriOop onTHManbHBIX [ApaMETPOB AKCTPArdpoOBaHUS KOHTPOJUPOBAIU  IIO
COZIEP’KaHHUI0 CyMMBI (DJIaBOHOMJIOB B MepecueTe Ha PYTHH, KOTOPBIA MPEACTaBIsIET
cO0OH IIMKO3M[, COCTOSIIMH W3 (ruaBoHONA (KBEPLETHHA) U CaxXapHOTO OCTaTKa
(pytrHO3BI). ClleyeT OTMETUTB, UTO B OKCTPAKTAX UCCIEAYEMOTO PACTUTEIBLHOTO ChIPhs
HaMH NPEABAPUTEIILHO OOHAPY)KEH PYTHH B CPAaBHEHUH C JOCTOBEPHBIM 00pa3IoM.

HaunOonpimmii BBIXOJ AKCTPAKTUBHBIX BEIECTB HAONMIOMAETCs IMPH HArpeBaHUH,
YTO CBSI3aHO C ycuieHHeM mnpouecca audQysuu, cblpbe ObIcTpee HaOyXaeT, yTo B
psne ciayuyaeB NPUBOAUT K pas3phiBy KIETOK Marepuasa, yMEHbBIIAeTCs BSI3KOCTb
STHJIOBOTO CIHUPTa 1O CPaBHEHMIO C OSKCTPAaKIMEW NpU KOMHATHOM TeMmIeparype.
OnHaxo JanpHeiIIee MOBBIIIEHUE TEMIIEPaTyphl HeLlenecoo0pa3Ho, Tak KaK 3TO MOXKET
MPUBECTH K Pa3pyLICHUIO TEPMOJIAOMIBHBIX BEIIECTB — IIIMKO3UIOB, NMEPEXOAy B
W3BJICYCHUE OPYTUX OalacTHBIX BEIIECTB.

Ha pucynke 1 mpencraBieHsl JaHHBIE COAEpKaHMs (IABOHOMIOB B 3aBUCHUMOCTH
OT BPEMEHH BOJIHO-ITaHOJIBHBIX M3BJICUYEHUM M COOTHOIIEHHS ChIPbE-3KCTPareHT MpHu
T=40°C.
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Pucynoxk 1. Copeprxanue (GpaBoHOHIOB B BOAHO-3TAHONBHBIX U3BJICUCHUSX KOpHEU Ferula foetida
(Bunge) Regel B 3aBucumoctu ot Bpemenu skctpakuuu (1 —0,59;2 - 19;3-1,549;4-29;5-1249; 6 —
48 u; 7 — 72 4) U COOTHOILIECHUS ChIpbe-3KcTpareHT: 1:5 (A), 1:10 (B) u 1:15 (C) mpu T= 40°C.

W3 TmodydeHHBIX [aHHBIX CIEAyeT, 4YTO NPEeUMYIIECTBEHHOE H3BIICUCHUE
(hmraBoHOMTHBIX TIHKO3UAOB TiporcxonuT B 30% u 50%-HbIx 10 cpaBHeHUIO ¢ 70% 1
90%-aBpIMI pacTBOpamu dTHIIOBOTO criupra. Comepikanne (pIaBOHOUIOB TOBBIIIAETCS
IO OIpPEmeJICHHOTO BpEeMEHH HKCTpakiuu. Tak, mpu 12 m 48 dwacax HaOmromaeTcs
MaKCHUMAaJIbHOE KOJIMYECTBO, a B JAbHEHIIIEM UX KOHIIEHTPAIUS CHIKACTCS.

COOTHOUIEHUE CBIPbE-3KCTPAreHT BapbupoBaiu oT 1:5 nmo 1:15. B pesynbrare,
ONTUMAJIbHBIMM ~ COOTHOIIIEHUSIMU  ChIpbe-3KCTpareHT spisitores  1:10 u  1:15
COOTBETCTBEHHO.

OO0600mENHBIE PE3yNbTaThl AKCTPAKIUN OHWOIIOTUYECKH AaKTHBHOTO KOMILIEKCa,
comepxamiero (aaBoHoubl U3 KOopHeW Ferula foetida (Bunge) Regel npuBenens B
Tabmuie 2.

Takum o0Opa3oM, B pe3ynbTare NPOBEIECHHOTO WCCIENIOBAHHUS ONTUMAIbHBIMHU
YCIIOBUSIMH U3BJICUCHHUS (DJIABOHOMTHOIO KOMIUIEKca SABIOTCS: 30%-Hb1it 1 50%-HblIi
BOJITHO-3TaHOJIbHBIE DKCTPAre€HThI; COOTHOIIEHUE ChIpbe-akcTpareHt 1:10 u 1:15; Bpems
skcrpakuuu 12 u 48 yacos npu temieparype 40°C. Ilpu AaHHBIX YCIOBHSX BBIXOZ
9KCTPAKTUBHBIX BemecTB Bappupyetcs ot 0,40 o 0,57 %.

[Ipu nonyyernn OMOTOTHYIECKH aKTUBHOTO KOMILIEKCA CIEAYIOT TaKKe MPOBOINUTH
AKCTPAarupOBaHUE TPYIKABI MPHU TEPHOANYECKOM TEePEMENINBAHIH, YTO 3HAYUTEITHHO
YBEIIMYMBAET BBIXO/ SKCTPAKTUBHBIX BEIIECTB.

AHTHOKCHJIAHTHYIO aKTUBHOCTH IIOJIY9€HHBIX BOJIHO-ITAHONIBHBIX W3BIICUECHUI
VM3YYMIIM TIyTEM OTNpEAeNIeHHs >KeJe30-BOCCTAaHABIMBAIONIETO TIOTeHIuana Ferric
Reducing/Antioxidant Power assay (FRAP) in vitro.
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[TomyueHs! KOHIIEHTPALIMOHHBIE 3aBUCHUMOCTH 3HAY€HUH ONTHYECKOM MITIOTHOCTH JUIst
9KCTPAKTOB O CPABHEHHUIO CTAHJIAPTHHIM BEILIECTBOM acKOpOMHOBOH kucioroi (AK).
[IpocnexnBaercs cinenyromas MOCAEA0BaTEIbHOCTh BO3PACTaHUsI aHTHOKCHUIAHTHBIX
CBOMCTB B psaay: 50%-Hbli ATAHONBHBINA SKCTPAKT >cTaHaapT> 30%-Hblii TaHOIBHBII
9KCTpakT > 70%-HbINl 3TaHONBHBIN 3KCTPakT > 90%-HbI 3TaHOJIBHBIA IKCTPAKT.
VBenuueHue 3Ha4eHNUs ONTHUECKON MIIOTHOCTH YKa3bIBaeT Ha pOCT BOCTAHOBUTEIBHOTO
noreniuana (taoim. 3, puc.2).

Tabnuma 3. V3MeHeHNe ONTHYECKON IIIOTHOCTH B 3aBUCUMOCTH OT KOHIIGHTPAINH 3KCTPAKTOB M3
xopHeit Ferula foetida (Bunge) Regel

KoH1eHTpaIust 5KCTpaKTa, Mr / Ml
No DKCTPaKTHI 0,25 0,5 0,75 1,0
Onruyeckast IIOTHOCTh

1 | 30%-HBbIil BOJHO-2TaHOJIBHBIN
IKCTPAKT
2 | 50%-nbIit 5TaHONBHBIHN SKeTpakT | 1,8368 £0,20 | 2,7436 + 0,26 | 3,7588 + 0,21 | 4,0520 +0,27

0,4416 +0,03 | 0,7075+0,07 | 0,9031 £ 0,08 | 1,2326 = 0,08

PR =
3 | 70%-Hblii STAaHOJIBHBIA SKCTPAKT 0.5129 + 0,003 | 0.7035+0.09 | 0.8379 £0,03 1,(;)(9)8?:

4 | 90%-HbI1ii aTaHONBHBIN SKkcTpakT | 0,4748+0,02 | 0,7100+ 0,01 | 0,8841 0,04 | 1,0507+ 0,07
5 | AckopOuHOBast KHCIIOTa 1,569 £ 0,01 1,589 £ 0,04 1,748 £0,02 | 1,879 +0,04

[lomryueHHble BOAHO-3TAHONBHBIC W3BJICUCHHUS IO pPa3padOTAaHHOW METOIUKe
Mpu BceX ucciemyeMblx koHmeHTpammsx (0,25; 0,5; 0,75 w1 mr/mir) mposBuiu
AHTHOKCHIAHTHYIO aKTUBHOCTb. CJeTyeT OTMEeTHTh, 9TO 50%-HbIil BOTHO-3TaHOIBHBII
9KCTPAKT TIOKa3aJl aKTUBHOCTH BBIIIE TI0 CPABHEHHUIO CO CTAHAAPTOM — aCKOPOWHOBOMH
KHCIIOTOW TIPU BCEX KOHIIEHTpanusax. [[puyem, mpu KoHIEHTpanuu 1 MI/MII akTHBHOCTh
9KCTpPaKTa MPEBHIIIAET TTOYTH B 2 pasa.

5,04

30% EtOH
45 50% EtOH

70% EtOH lL
4.0 90% EtOH _}
3,5- AK

3,0 1 {'
2,54

2,0 1
1.5
1,04
el 1
0,0 T T
0,5

0,25

OnTuyeckaa NNOTHOCTb

T

075 1
KoHueHTpauus, Mr/Mn

Pucynok 2. CpaBHUTEINIbHAS OLIEHKA aHTHOKCHIAHTHOW aKTHBHOCTH BOIHO-ITAHOJIBHBIX SKCTPAKTOB

kopueil Ferula foetida (Bunge) Regel: 30% EtOH — 30%-us1ii BogHO-3TaHOIBHBIH dKeTpakT, 50% EtOH

— 50%-nb1i1 sTanonbHbIH KCcTpakT, 70% EtOH — 70%-ub1ii 3TanonbHbIH 3KkcTpakT, 90% EtOH — 90%-Hb1it
3TaHONIBHBIN 9KCTpakT, AK — ackopOuHOBast KHCTIOTa
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Takum o0Opa3om, Ui TONyYEHHs OKCTPaKTa, coiepamero (raBOHOUIHbIN
KOMIUIEKC ¥ TIPOSIBIISIFOILIETO BHICOKYIO aHTHOKCHIAHTHYIO aKTHBHOCTb, ONITUMAIbHBIMH
YCIIOBUSIMHU SIBIISIIOTCSI: OKCTpareHT — 50%-Hbli BOAHO-3TaHOJIBHBIN CIIUPT; COOTHOILICHHE
ceIpbe-3KcTpareHT — 1:15; BpeMs skctpakuuu — 12 yaco npu tremneparype 40°C.

CornmacHO  NUTEpPAaTYpPHBIM  JaHHBIM, TOJUQEHONBI  00NafgaroT  BBICOKOM
AQHTUOKCUAAHTHOH aKTHBHOCTBIO, KOTOpasi BApbUPYETCsl B 3aBUCUMOCTHU OT CTPYKTYPBI
coenunenus (Rice-Evans, et al., 1997). Tak, upaHCKMMH y4YeHBIMH OBUIO BBISBICHO,
YTO CBOOOIHBIC M CBsI3aHHBIC (DEHONBbHBIC COCAMHEHUs U3 Ferula persica oka3amuch
HanOoJee akTUBHBIMY B ynanenun paaukainos (Taghinia, et al., 2019). IIpuuem, BogHo-
CIIMPTOBBIE SKCTPAKTHI, TOyYCHHBIE U3 LIBETKOB, cTeONell u nucteeB Ferula gummosa
Boiss., cogeprkaruue (raBoHOU B ¥ (HEHOINBI, TPOAEMOHCTPUPOBAIN aHTHOKCHIAHTHYIO
aktuBHOCTH HWke, ueM BuTamuH C (Nabavi, et al., 2010). Typeukumu ydeHbIMHU
YCTaHOBJICHO, YTO ATUIIALIETATHBIN AKCTPAKT HaJA3eMHOM uactu Ferula caspica M. Bieb.
Takxke obnamgaeT aHTHOKCUAAHTHBIM 3¢ dexrom (Kahraman, et al., 2019). DkcrpaxTs
W3 Hag3eMHOH yacTu (IUBETKH, cTeOnu M JMCThbs) Ferula communis, conepxaiiue
(eHONbHBIE COSNMHEHUS! TPOSBISAIOT AHTHOKUCIUTENBHYIO CIIOCOOHOCTb, 4TO
KOPpEJUpPYET C CaMbIM BBICOKUM 00ILIMM coaepkanueM ¢enonos (Rahali, et al., 2019).

AHTHOKCHJaHTHAsI aKTUBHOCTb JJISl BOJHO-3TAHOJBHBIX AKCTPAKTOB MOJTYYEHHBIX
u3 xopHe#t Ferula foetida (Bunge) Regel nzyuena namu BrepBble.

3axumouenne. OnperneneHsl mokasarenu 100poKayecTBEHHOCTH JUisl KopHel Ferula
foetida (Bunge) Regel, koTOpble COOTBETCTBYIOT IIpEIeiiaM JIOIYCTUMBIX HOPM COTJIACHO
I'® PK. Orpaborana onTuMaibHas METOAWKA TONYyYEHHS CyMMBbI (IAaBOHOMIOB U3
kopHelt Ferula foetida (Bunge) Regel, obnanaromeif aHTHOKCHJAHTHOW aKTHBHOCTBIO:
aKcTpareHT — 50%-HbIil BOAHO-3TaHOJIBHBII CIIUPT; COOTHOLLIECHHUE ChIPhE-IKCTPAreHT —
1:15; Bpems skcTpakiuu — 12 yacos npu temneparype 40°C.

VYcTaHOBIEHO BBHICOKOE aHTHOKCHAAHTHOE AeicTBrEe 50%-HOT0 BOAHO-ITAHOIBHOTO
9KCTPaKTa, METOJOM OIPEACICHHUs KeIe30-BOCCTaHABINBAIOIIEro nmoreHnuana Ferric
Reducing/Antioxidant Power assay (FRAP) in vitro.

[lonmy4yeHHble naHHbIE MOTYT OBITH HCIONB30BaHbI Ui Pa3paOOTKU HOBBIX
AQHTUOKCUAAHTHBIX NpenaparoB U OMOJOrMYECKH aKTHBHBIX J0OABOK C COAEp:KaHHEM
(1aBOHOMIOB.
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