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BAC PEJAKTOP:
BEHBEPUH Banepuii BacnibeBny, MeuIHa FUIBIMIAPBIHBIH T0KTOPEI, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacet [lpesunenti Ic backapmackl MeauuMHaIBIK  OPTaNbIFIHBIH - TUPEKTOPHI  (AJMarhl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTY.IbI, (6ac peJaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnokropsl, podeccop, KP YFA akanemuri (Anmvarsl, Kazakcran), H =26

PAMAHKYJIOB Epnaan Mupxaiinapyibl, (6ac penakropasiH opbiHOacapsl), mnpodeccop, KP  ¥FA
KoppecroHaeHT-My1eci, Ph.D GHOXHMUSI jK3HE MOJIEKYIANIbIK TeHETHKA Ccaiachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyiran, Kazakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTHI (KRIBB), ecimMuikrepiH HEIXKeHEpIiK jKyHenepi FHUIBIMU-3€PTTCY OPTabIFBIHBIH 0ac FHUIBIMU
kp13MeTkepi, (puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus rbUIbIMAApBIHBIH JOKTOPBI, mpodeccop, KP ¥FA
akaziemuri, Eypasus ynrreik yausepeureri. JL.H. I'ymunes (Hyp-Cynran, Kasakcran), H=12

OBUEB Pygar, TexHuka FeUIbIMIAPbIHBIH JOKTOpbI (Onoxumus), npodeccop, CaHkr-IlerepOypr MEMIEKETTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKoHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIIUH Bstyectap HoranoBu4, MemuIMHA FRUIBIMAAPBIHBIH J0KTOpBI, Tpodeccop, KP ¥YFA axanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PENPOLYKTOIOIUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, OwoOmorus FbUIBIMAAPBIHBIH —TOKTOpPBL, —mpodeccop, Yysamr
peciyOIiKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBarl MEMJICKETTIK arpapiiblK YHHBepCHTETD Denepanabik
MEMJICKETTIK OIODKeTTIK JKOFapbl OumiM Oepy MekeMeci AKyIIEpIiK KOHE Tepamus KadeapachbIHBIH MEHIepyIIicCi,
(YeGokeapsr, Peceit), H =23

DAPYK Acana Jlap, Xamaap ans-Mamkuia Xamaap/ yHUBEPCHTETIHIH MIbIFbIC MeuImHA dakyisreri, [Hbrbic
MEIHIMHACKI KOJUIe/DKiHIH npodeccopsl, (Kapauwu, [Tokicran), H =21

HIENETKHWH HUropsb AllekcaHApOBUY, ME/IMIINHA FBUTBIMIAPBIHBIH JOKTOPbI, MOHTaHA IIITaThl YHUBEPCUTETIHIH
nipodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IInetpo, PhD (¢u3uka), HAHOKYPBUIBIMABI MaTepUAIAPABI 3ePTTCY HHCTUTYTHIHBIH IPO(ECCcOphI
(Prv, Utamus), H =26

MAJIBM Amnna, (apManeBTHKa FhUIBIMIAPBIHBIH JOKTOPBI, Tpodeccop, JIF0OMIMH MeInIMHa yHUBEPCHTETIHIH
(apmariesiKa pakynsTeTinin aekanbl (Jio6mun, [obuia), H =22

BAUMYKAHOB [lacran Acbl16eKy.ibl, aybUl IIAPYaIlIbUIbIFbI FHUTBIMIAPBIHBIH TOKTOpBI, KP ¥FA koppecnon-
JIeHT Myleci, "Mail mapyanibUibFbl KOHE BETEPUHAPHS FHUIBIMH-OHIPICTIK opTaibibl" KIIC Man mapyarbuibEb!
JKOHE BETEPUHAPIBIK MEIWIMHA JeHapTaMeHTiHiH Oac roumbiMu Kbi3MeTkepi (Hyp-Cynran, Kasakcranm), H=1

TUTUHSHY Uon MuxaiiioBu4, (hr3nka-MareMaTHKa FbUIBIMIAPBIHBIH JOKTOPBI, akaieMuk, Momaosa Feutbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MooBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Makcar Hyponxinyisl, du3ika-MaremMaTnka FbUIBIMIAPBIHBIH JOKTOPBI, mpodeccop, KP
YFA axanemuri (Anmarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Araspbiyiibl, Ph.D. Teopusibik xoHe SAposblK (GH3MKa KadeIpachiHbIH JOLEHTI, -
®Dapabu areiHgars! Kazak yiurTeik yHuBepeuTeti (Anmvarst, Kazakcran), H =10

QUEVEDO Hemando, ipoceccop, SIaporbIK FeuIbIMIap HHCTHTYTH! (Mexuko, Mekcrka), H =28

KYCIIIOB Mapar A6:xaHy.Ibl, (hU31Ka-MaTeMaTHKa FHUIBIMAAPBIHBIH, JOKTOPBI, TEOPHSUIBIK KOHE SIPOIIBIK
usmka kadeapacsHbIH nmpodeccopsl, an-Papadbu arbiHaars! Kasak yirTeik yausepeureTi (Anmarst, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBuy, (r3ika-MareMarnka FbUIBIMIAPBIHBIH JOKTOPbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTyka skoHe MexaHuka MHCTUTYTHI ([loHenk, Ykpauuna), H =5

TAKUBAEB Hypramn Kabarayibl, (u3nka-MaTeMaTHKa FHUIBIMAAPBIHBIH JTOKTOPEI, mpodeccop, KP ¥FA
axagemuri, on-Dapabu aremHpars! Kaszak yiTTeIk yHuBepenteTi (Anmarsl, Kasakeran), H=5

XAPHUH Cranuciap HukonaeBnd, (usika-MateMaTHka FUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥FA
axagemuri, Kasakcran-bpuran texaukaisik yHuBepeureti (Anmarsl, Kasaxcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MaTteMaTika FhUTBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
axagemuri, a1-Dapadu areinare! Kazak ynTTeIK yHuBepenteTi (Amvarsl, Kazakcran), H =12
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TOKJAJIBI 20222
HALII/IOHAHBHOﬁ AKAJIEMHNUN HAYK PECITYBJIMKN KA3AXCTAH

TJABHBI PEJAKTOP:
BEHBEPHH Bauepuii BacniibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro neHtpa Yrpasnenus jnenamu [pesunenta Pecrryonuku Kasaxcran (Anmarst, Kasaxcran), H=11

PEJAKIIUOHHASA KOJIJET US:

PAMA3AHOB Tiekkaya CabuToBuY, (3aMECTHTEINb IIABHOTO PENAKTOPA), JOKTOP (PH3MKO-MaTeMaTHueCcKuX
HayK, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiiiapsud, (3aMeCTHTEITb ITAaBHOTO PEIAKTOPa), Ipoheccop, WieH-KOPPECTIOHICHT
HAH PK, Ph.D B obnacty OMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblii aupextop HarmoHanbHOTO 1eHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢punocoduu (Ph.D, 6roxumutsi, arpoxumus), mpodeccop, IIaBHbI HAyYHbIH COTPY/IHUK,
HayuHo-uccnenoBarenbekuii LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), ([I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:kn UckeHaupoBuy, JIOKTOp OHMONIOrHyuecKnx Hayk, npodeccop, akazemuk HAH PK,
EBpasuiickuil HarmoHanbHbli yausepeurer um. JLLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H=12

ABUEB Pydar, noxrop TexHHIeCKHX Hayk (Omoxumin), mpodeccop, 3aBexyronmii xkadenpoi «OnTHMusamms

XUMHYECKOW M OMOTEXHONIOTMYECKOl anmaparypb», CaHkT-IlerepOyprekuii rocy1apCTBeHHbIN TEXHONIOTMYECKUIA HHCTH-
TyT (Cankr-ITerepOypr, Poccus), H =14

JIOKIIIUH BsiueciaB HoraHoBW4, JTOKTOp MEIHMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexIyHapOIHOTO KIHHIYIECKOro neHTpa penponykroiorai «PERSONA (Amvarst, Kazaxcran), H=8

CEMEHOB Buagumup I'puropseBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aCiTy KeHHbIN IeSTeb HayKH
Yysarckoii PecryOnuku, 3aBeyroriiiii kadeapoit Mopdosoriu, akyiepeTrsa 1 tepariu, OeaepaabHoe rocyIapcTBEHHOS
OlomkeTHOE 00pa3oBaTeIbHOE YUPEKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYIApCTBEHHBIN arpapHbIi
yausepcute» (Yebokcapsl, Uysarickas Pecriyonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOM MemuimHbl Xamaapaa anb-Majpkusa, (HaKyisTeT Boc-

TOYHOM MeauIHbl YauBepcutera Xamuapaa (Kapauu, [Takucran), H =21

IIENETKHWH Hrops AnekcaHapoBHY, IOKTOP MEIMIIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 U3yUCHUIO HAHOCTPYKTY-
pupoBaHHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 10kT0p (hapMareBTHIecKuX Hayk, podeccop, ekaH (apMareBTHIeckoro haxynsrera JIroomH-
CKOro MemImHCKoro yauBepentera (JIro6mim, [Monmbmta), H =22

BAUMYKAHOB Jacranfex AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOHICHT
HAH PK, maBHblil HayuHblii coTpymuuK JlenapraMenTa KHBOTHOBOACTBA U BeTepuHapHoii Memuimubl TOO «Hayuno-
TIPOU3BOICTBCHHEII LIEHTP JKUBOTHOBOZCTBA U BeTepuHapminy (Hyp-Cyiran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, T0KTOp (PU3MKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaIeMUU HayK
Monobl, Texuuueckuii ynusepcurer Monnoss! (Kumnes, Moiiosa), H =42

KAJIMMOJITAEB Maxkcar HypaanioBud, TOKTOp (pH3HKO-MareMaTHIeCcKHX Hayk, IIpodeccop, akagemuk HAH
PK (Ammarsl, Kasaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, nokrop Ph.D, npenonaaresib, 101eHT Kadenpbl TEOPETUUECKOM U SICPHOM
huzukn, Kazaxcknii HaloHaNbHEI yHUBepeuTeT uM. anb-Dapadu (Anmarsl, Kazaxcran), H= 10

QUEVEDO Hemando, npodeccop, Harmonansusii asronomusni yauBepeuter Mekenkn (UNAM), MuctutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar AG:kaHoBHY, TOKTOp (H3HKO-MaTeMaTHICCKHX HayK, Ipodeccop Kaheapsl TEOPETHIESCKON i
syiepHoit hnsnkn, Kasaxcknii HarmoHabHbINA yHHBepcHTeT NM. anb-Dapabu (Anmvarel, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VikpauHer,
MHCTHTYT NPUKIIaHOM MaTeMaTHKy 1 MexaHuku (JloHenk, Yikpauna), H=5

TAKHUBAEB Hypraau ’KadaraeBuy, 10KTop (U3HKO-MaTeMaTHYECKUX Hayk, rpodeccop, akanemuk HAH PK,
Kasaxckuii HalMoHaIbHBIHA YHEBEpCHTET M. ainb-Dapadu (Anmarer, Kasaxcran), H=5

XAPUH Cranncias HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, mpodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanuecknii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOyianoBud, 10KTOp (M3MKO-MareMaTnyecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN YHHBEpcHTET UM. anb-Dapadu (Aymarsl, Kasaxcran), H=12
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OIIEHKA MAIIEBON Y BUOJIOTUYECKOM NEHHOCTH
KOPHE KATPAHA KOYHM (CRAMBE KOTSCHYANA)

AHHOTanus. JlaHHas cTaThs MOCBALIEHA MCCIEJOBAaHUIO OMOJIOTrnYec-
KOH M NMUIIEBOU LIEHHOCTH pacTeHus u3 cemeiictBa KanyctHeix — Karpana
koun (Crambe kotschyana). Pactenms, orHocsmuecss k poxay Karpas,
MPUMEHSIOTCS B Pa3IUYHBIX CTpaHaxX B KaueCTBE MUIIEBOT0, KOPMOBOTO,
JEKOPaTUBHOTO PAaCTEHUs, a TAK)KE B KaueCTBE MCTOYHMKA OMOAKTUBHBIX
BELECTB, TexHUYeckoro macya. Kopun Karpana paHee ncronb3oBaauch
B Cpenneil A3uu B KauecTBE CHIPbS JIJISl BBIMIEUKH JIEMEIICK, I KOHCep-
BUPOBaHUS U 3aCOJIKH, MOJIOJbl€ MOOErd HCIOJIb30BAINCH B KaueCTBE
3esqieHu Ui canaroB. B KaszaxcraHe Ha CErOAHSIIHUN JI€Hb pPACTEHUE
KaTpaH HE HALUIO LIeJI€BOTO MPUMEHEHUS.

Lenpto uccienoBaHusi SBHJIOCH aHAJIU3 MUIIEBOM IEHHOCTU KOpHEH
pacTeHus JUisl MEepPCIEeKTUBbI pa3paOOTKM HOBBIX BUJIOB CHIPbSl U IPO-
OYKIIMH U3 HKOJIOTHYECKH YUCTOTO M TEHETUYECKH OE30MaCHOTO CHIPHS.
B xone uccnenoBanuil BbIABIEHO, UTO KOpHM KarpaHa akTHBHO Hakar-
TUBaIOT OeNIKOBbIE BellecTBa U yrieBoabl. Kopuu Karpana 6orarsl Takumu
MUHEpaJbHBIMU BELECTBAMH, KaK KaJlblHil, ¢pocdop, MarHuii U LHUHK.
M3 BUTAMUHOB B 3HAYMTEJIHLHOM KOJMYECTBE COAEPXKAT BUTaMHuH B,
acKOpOMHOBYIO KHUCIOTY. B mpouecce xpanenust kopHeil Karpana koum
coliep)KaHNe TaKUX MUTATEIbHBIX BEIIECTB, KaK yIIIeBOAbl M BUTAMUHOB
camwkaercsa. Onnako mpu temneparype -18°C maHHBIN TIporiecc pacmaja
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YIJIEBOJOB U TMOTEPU AKTHUBHOCTU BUTAMHHOB MPOUCXOAUT MeEJJICHHEE
10 CPAaBHEHHUIO C 0Opa3iaMu, KOTOPbIE XpaHWIH npu Temieparype -4°C.
TemneparypHbIil peXuM XpaHEHHUs NIPAKTUYECKU HE BIUSAET Ha COAeprKa-
HUE OCJIKOB U MHHEpAJIbHBIX BEHIECTB. TakuMm 00pazoM, MOXKHO 3aKIIIO-
YUTh, YTO 1[eJIecO00pa3Ho AalibHeIee uceneaopanne kopueir Karpana B
Ka4eCTBE MUILEBOTO ChIPbSI.

KuaroueBble cjioBa: muimeBas W OHOJOTHMYECKas IIEHHOCTb, KaTpPaH,
BUTAMUHBI, MUHEPAJIbHBIE BELIECTBA, XPAHEHUE.

A.H. Apanbaes’, 3.7K. CeiinaxmeroBa'’, H.K.Apasuo6aii’

'Anmatsl TexHonorusuiblk YauBepcurteri, Anmarel, Kaszakcran;
2C. Ceiitpymun ateinaarsl Ka3zak ArpoTeXHUKaIbIK YHUBEPCUTETI,
Hyp-Cynran, KazakcraH.

E-mail: altai_an@mail.ru

KOYM KATBIPAHBI (CRAMBE KOTSCHYANA)
TAMBIPJIAPBIHBIH TAFAM/IBIK KOHE BHOJIOI'UAJIBIK
KY¥YH/bIJIBITBIH BATAJIAY

AnHoTanusi. Makana Katnapkekrep TYKbIM/IAChIHA )KaTaThIH ©CIMTIK —
Koun xareipansiaeig (Crambe kotschyana) OMoJIOTHSIIBIK KOHE TaFaMIbIK
KYHJIBUTBIFBIH 3epTTEyTe apHanFaH. KaTblpaH TybIChIHA JKAaTAThIH ©CIMIIK-
Tep TYPJIi eJiepie TaFaMIbIK, MaJla3bIKTHIK, JEKOPATUBTI OCIMJIIK peTiHIIe,
OMOJIOTUSIIBIK OCJICEH/II 3aTTap Ke31 jKOHE TEXHHKAJBIK Mai IIUKi3aThl
perinae nmaiinananbsuianel. Kateipan Tambipiapsl eprepexre Opra Asusaa
HaH >ka0yJa IIWKi3aT peTiHae, KOHCEpBiNeyae, Ty3[ay XKacaynua, Kac
OpKEHJIepl canarTapra KOCaThlH KOK IO PETiH/E Mai1ananbuiabl. byrinri
tanna Kazakcranma kaThlpaH ©CIMJIITT MaKCaTThl TYpHE TaiiIalaHbLIbII
1CKE acChIPBIIIMAMIbI.

Artaynel 3epTTeynep/IiH MaKcaThl — KaTbIpaH ©CIM/ITTHEeH j)KaHa IUKi3aT
TYPIH OHJIPY KOHE SKOJOTHSIBIK Ta3a, FeHETUKAJIBIK TYPFbIIAH Kayilci3
OHIMJIEp IIbIFApy MEPCICKTHBAIAPBIH KAapacThIpy YIIIH TaFaMIbIK JKOHE
OMOJIOTHSUTBIK  KYHABUIBIFBIH ~ capamnTtay O0oJabl. 3eprrey OapbhIChIHIA
KaTBIpaH TaMBIPJIAPBIHBIH 63 OOWBIH/IA aKybI3 3aTTap MEH KeMipcCylapabl
KOIl MeJIIIEP/Ie KUHAKTAUTHIH/IBIFbI aHBIKTAJIbl. KaThipaH TambIpiiapbl
KanbpIui, pocdop, MarHuii )oHe IUHK CUSKTHI MHHEPAJIJIbl JICMEHTTEPTe
0aii, BUTaMUHIEPAIH 1IIiHIE KaThIpaHaa TaMbIpbiHaa B, BuTamuHi noHe
acKOpOMH KBIIIKBUIBI Ke3/ieceIi. ¥3aK Mep3iMie cakTay Ke3iHe KaTblpaH
TaMbIpJIapbIHBIH OOMBIHAAFBI KOMIpPCylap MEH BUTaMHUHJEPAIH MeJIIepi
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Oipmama azasabl. bipak cakray TemmneparypacbiH -18°C Temenuaery ap-
KbLJIbI OJ1 MPOLECCTEePAl TEKEH OTBHIPHIN, IUKI3aTThIH OalFbIHABIFBl MEH
TaramJIbIK JKOHE OMOJIOTHSIIBIK KYHIBUIBIFRIH -4°C TemMneparypaja cakra-
FaH OHIMIe KaparaHja Oipiiama y3arblpak yakbIT 00ibl caKTay MYMKIH/IT1
Tyanabl. CakTay Ke3iH/e TeMIepaTypaHblH MoH1 IIMK13aT OOMBIHIAFbI AKYbI3,
MUHEpaJabl 3aTTap KypaMmblHa ke ocep erneii. COHbIMEH, KaTblpaH Ta-
MBIPJIAPBIH TaFaMIBIK IIUKI3aT PETiHJE TEPeHIEH 3epTTey MepCleKTUBTI
OarbIT O0JBIN TaOBUIABI ICTI TYHIHEYTEe Heri3 0ap.

Tyiiin ce3aep: TaraMIbIK *oHE OMOJOTUSIIBIK KYHJIBUIBIK, KaTbIpaH,
BUTAMUHJEP, MUHEPAJAbl 3aTTap, CaKTay.

A.N. Aralbayev', Z.Zh. Seidakhmetova'’, N.K. Aralbay *

'Almaty Technological Uiversity, Almaty, Kazakhstan;
2S. Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan.
E-mail: altai_an@mail.ru

THE ESTIMATION OF CRAMBE KOTSCHYANA ROOTS
NUTRITIONAL AND BIOLOGICAL VALUE

Abstract. This article is devoted to the study of the Crambe cochiana
biological and nutritional value, plant from the Brassicaceae family.

Plants belonging to the species Crambe are used in various countries as a
food, fodder, ornamental plant, as well as a source of bioactive substances,
technical oil.

The roots of crambe were previously used in Central Asia as a raw
material for baking cakes, for canning and salting, young shoots were used
as greens for salads. To date, the crambe plant has not found its intended
use in Kazakhstan.

The aim of the study was to analyze the nutritional value of plant roots
for the prospect of developing new types of raw materials and products
from environmentally friendly and genetically safe raw materials. In
the course of research, it was revealed that the roots of crambe actively
accumulate protein substances and carbohydrates. The roots of crambe are
rich in minerals such as calcium, phosphorus, magnesium and zinc. There
was found significant amounts vitamin B1, ascorbic acid in crambe roots.
Content of nutrients such as carbohydrates and vitamins is reduced in the
crambe roots during storage. However, at a temperature of -18°C, a process
of carbohydrate decomposition and loss of vitamin activity occurs more
slowly compared to samples that are stored at a temperature of -4°C. The
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temperature regime practically did not impact on the content of mineral
substances and protein. Thus, it could be included that the further study of
the crambe roots as food raw material is perspective.

Key words: nutritional and biological value, crambe, vitamins, mine-
rals, storage.

BBenenmne. [luranue HaceneHus: OIMH U3 KIIOYEBBIX (DAKTOPOB, OIpe-
JEeJSIOMMNX 310pOBbe HaluK. PanuoHanbHOE MUTaHUE — SBISIETCS 3ai10-
rOM BBICOKOTO KauecTBa XU3HH JIIOCH, TaK KaK TPyJOCHOCOOHOCTHh U
¢dusnueckoe 310poBbe yenoBeka Ha 50% obecreunBaeTcs MPaBUIbLHBIM
nutanueMm (TyrenwsiH, 2021). Ha ceromHsmHui JAeHL pa3sHOOOpa3ue
MUIIEBOTO CBHIPhS 00ECIEUYMBACT IMIUPOKUNA ACCOPTHUMEHT MOTPEOIsieMoi
npoaykiuu. OHAKO, yYUTHIBas TO, YTO COBPEMEHHAs CEIbCKOX03SIICTBEH-
Has MPOMBIIUIEHHOCTh MCIOJIb3YyEeT MOPOM HEOIpaBIaHHO HU30BITOUHOE
KOJIMYECTBO TECTHUIMIOB, yIOOpPEHUH, TOPMOHAIBHBIX IpPENnaparoB u
AHTUOMOTHUKOB TIPHU BBIPAIIUBAHUHN PACTUTEIHHOTO U >KUBOTHOTO CHIPbS,
3a4acTyro OuoJlorHuYecKas M MUIeBas IEHHOCTh KOHEYHOW MPOIYKIUU
3HAYUTEIBHO CHMIKAIOTCS. B 0M0OTHEHNE MOXKHO CKa3aTh, YTO BHEJIPEHUE
I'MO-kynbTyp, TPOTPECCUBHBIX METOAOB OOpaOOTKH MHUIIEBOTO CHIPhSA
ABIIAIOTCA TOTCHIMAJBHBIMU (pakTopaMu pHCcKa B obecriedeHuun 0e3-
OTIaCHOCTH KOoHeuHoro npoxaykra (Gizaw, 2019).

B mnocnennee necsTwieTne 3HAYMTENBHO BO3pOCIA aKTyalbHOCTh
WCIIOJb30BAaHUS HETPAJUIIMOHHOTO U JUKOPACTYILETO MUILIEBOTO CHIPhSA
(Kopruna, 2012). HWHTepec K OUKOPACTYLIMM CHEIOOHBIM PACTCHHUIM
omnpapnad. [lo cBemeHHsIM pa3NUYHBIX aBTOPOB, MUCIOIB30BATh B IMHILY
MoxxHO 700-1000 BHMIOB pacTeHHii, oJHAaKO mpuMeHseTcs He Ooinee 40-
50. JlukopacTymiue MHINEBbIE PACTEHUS — 3TO MCTOYHUK BUTAMHUHOB,
MUHEpAJIbHBIX U JPYTrUX OHMONOTHYECKH aKTHBHBIX BeHIECTB. B To ke
BpeMs OHHU MPEACTABISAIOT COOON SKOIOTHMUYEcKU Ooiiee OiaronpusTHBIC
MPOAYKThl MUTaHUSA, Ha 4YTO Temepb oOpamiaercs oco0oe BHUMaHUE
(IlarmasoBa u ap., 2005). Bosnbiioe koir4ecTBO padbOT MOCBSIIEHO UCTIOb-
30BaHUI0 HETPAAULMOHHBIX PACTUTEIBHBIX PECYPCOB B KAau€CTBE ChIPbS
uist  o0oramieHusi MUIIEBBIX MPOAYKTOB pa3IMUYHBIMU BUTaMUHAMU,
MUHEpajJaMu, KJIETYaTKOU U Ap., MOTy4eHus GyHKINOHAIbHBIX IPOyKTOB
MUTAHUSA, @ TAKXKE B LEIAX YIYUIICHHUS TEXHOJOTHH M KOPPEKIHH IPHU-
MeHsiemoro ceipbst (boObueBa, 2018; bpeikcuna u ap., 2020; Bepetnosa,
2015; Jlecaukosa u np. 2019).

®drnopa Kazaxcrana mo psy omeHOK BKJIro4aeT 6osiee 13 ThiC. BHUIOB,
B TOM umcliie — 0ojee 5754 BUAA BBICIIUX COCYAWCTBIX PACTCHHM, OKOJIO
5000 — rpuboB, 485 — numaiinukos, 6onee 2000 — Bomopocieii, okoio 500
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— Moxoo0pa3ubiX. [lpuponnas dmnopa Kazaxcrana 6orara xo3siCTBEHHO
IeHHBIMHU BugaMu pactenuit (4 loxnazn, 2009; I'ememxkuesa u np, 2021).
B cocraBe mpupomHoi ¢uIopsl TpeIBapUTEIBHO BBISIBICHO 189 BHIOB
JTUKOPACTYIIUX MHUILENpUrogHbix pacteHuil (CyneiimenoB u np., 2017).
CrnenoBarenbHO, MOXKHO 3aKIFOYUTH, 4T0 KazaxcTaH pacronaraeT BBICOKUM
MOTEHIIMAJIOM B O0ECNEUeHUH HACEJIEHUs CTPaHbl LEHHBIMH IMUIIEBBIMU
pecypcamu. Ha ceromusimauii aeHb pa3paboTKa U HMCCIEIOBaHUE TUKO-
pACTyIIUX PACTeHH B KAa4eCTBE MMOTCHIIMAIBHOTO MHIIEBOTO ChIPHS
SABIISIETCSl CTPATErMYeCKd BaKHOM 3ajaueii B 0OECleYeHUH 310POBOTO
MUTaHUS.

OpHUMU U3 TEPCIICKTUBHBIX PACTCHHA MOXHO HAa3BaTh pa3IMYHBIC
Bunbl pona Karpan (Crambe), oTHocsmmxcs K ceMelictBy KamyctHbie
(Brassicaceae). B 3amagHoit EBpome BbIpamuBarOT KaTpaH NMPUMOPCKUI
(kpambe — Crambe maritima). Ero Moso/bie mo6eru ynorpeostoT B MUIILY.
Cyxwue KOpHH HIyT Ha IIPUTOTOBJICHUE MYKHU. DTO paCTECHUE BBIPANIUBACTCS
B KyJIbType BO MHOTHX CTpaHax mupa. OBOIIHAs KyJIbTypa KaTpaH, IO
CBOMM IHIIEBBIM U JUETUYECKUM KayecTBaM, MO OPraHOJENTHYECKUM
CBOMCTBAM MW cmoco0aM HCIOJIb30BaHUS I10J00HAa XpeHy, HO, IO
CpPaBHEHHUIO ¢ HUM, UMEET 00JIee OCTPBIM BKYC U PSIJI IPEUMYIICCTB MIPU
BO37enbIBaHNH. BBenen B kynbTypy Buja Kpambe abuccunckas (Crambe
abyssinica) B Lemnsx noinydenus pacturenpHoro macia (Kopobkosa, 2018;
[IpaxoBa, 2013). Pactenus pona Karpan Takke akTUBHO HCCIEAYIOTCS B
Ka4yeCTBE JICKAPCTBEHHOTO CHIPhsI C BRLICOKUM COJIEP)KaHUEM OMOJIOTHYECKU
aktuBHBIX BemecTB (Kalista, 2017; Slobodianiuk et all, 2021).

Karpan kouu (Crambe cochiana) — MHOTONIETHEE TPABSIHUCTOE pacTe-
HHE C MOIIHOW KOPHEBOW CHUCTEMOW CTEP>KHEBOTO THIIA, MPAMOCTOAYUM
(mo 150 cm) BerBHCTBIM cTeOneM. IIpuKOpHEBbIE JNHCTBSI MSCHUCTHIE,
KpynHbIe (10 50 cM B iMaMeTpe), SUIeBUIHO-OKPYTIIBIE UITH CEPLIEBUIHO-
noukoBuaHbIE. CTeOneBbIe TUCTh Ooiee menkue (1o 10 cM B quameTpe),
poJoJroBaro-sinieBuanbie. L{BeTkn Oenble, COIBETUS CO CKPYUEHHBIMU
B T'YCTO-KOPOTKHE KHCTH IBETKaMH. [LIOJBI — IIapOBUIHBIC CTPYUKH.
Hagano Bereranuum — B Hayajne Mapra. Bo BTOpoO# IIOJIOBMHE MapTra
Ha0JIoaeTCA MOsBIICHHE IBETOHOCOB. Havyano niBeTeHus B MepBBIX YHCIAX
arpesisi, MacCOBO€ — BO BTOPOIl MMoJoBUHE Mas. Yepes 2-3 Hemenu mnocie
OTIBETaHus (MIOHB) TUIOJBI KaTpaHa CO3PEBAIOT M OCHIMAIOTCS Ha TOYBY.
Pa3mHokaeTcs ceMeHaMu M BETeTaTUBHO KOpHAMH. OTiaudaercs: 60IbIIon
3aCyXOyCTOMYMBOCTBIO U HETPEeOOBATEIBHOCTHIO K mouBaM (JIMTBUHOB,
2014). Pacnpoctpanen B CpenHeid A3un B CTETISIX M TPEATOPHSIX HA BBICOTE
1300-2200 M Hag ypoBHEM MOPS Ha MATKHUX JIECCOBBIX, IIEOHUCTHIX TTOYBAX,
KaMEHHUCTBIX, U3BECTKOBBIX CKJIIOHAX, OCOJIOHEHHBIX U COJIOHIIOBBIX JTyTrax
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peunbix nonuH. Hacenenue Cpenneit A3uu UCTIONB3yeT KOPHU M MOJIOZbIE
JUCThS KaTpaHa B MHUILY. XOPOIIUNA MEJOHOC, UCIOIb3yEeTCsl B KaUeCTBE
JEKOPaTUBHOTO pacTteHus. [{[eHHOoe KOpMOBOE pacTeHHE KaK B 3€JICHOM,
TaK ¥ B CyXOM BHJIE, B OOJIBIIMHCTBE B PsIax CTpaH MHTPOAYLHPOBAH B
KynbTypy ans xopmoBbix ueneil (Enenesckuii, 2006; Maesckuili u ap.,
2013; Bohme, 2005).

B Kazaxcrane norenumnan pacrenus Karpan Koun He ncnonb3yercs B
MOJIHOM Mepe, MPOU3pacTaeT B €CTECTBEHHOM cpejie, MOelaeTcss CKOTOM
IIpU BBIIIac€ HAa TEPPUTOPUU pACTIPOCTpaHEHHUs AaHHOro Buna. llenbro
HaAIIUX WCCJIENOBAHUN SBWJIACh OI€HKA IUINEBOH M OHOJIOTHYECKOM
LIEHHOCTH KOpPHEH KaTpaHa KOYM, a TaKkKe BO3MOXHOCTb JJIUTEIBHOTO
XpaHEeHHS JTAHHOTO PACTUTEIBHOTO CHIPHSI.

Marepuajibl U MeTOAbI HMcciefoBaHus. B cooTBeTcTBUE MOCTaB-
JIEHHOM 1eNu JUIsi OLUEHKU MHIIEBOM LEHHOCTH OBUIM HCIOJIb30BaHBI
METObI ONpeeNieHus] (PU3NKO-XUMHUUECKUX TOKa3aTeseil, MUHepaIbHbIX
AJIEMEHTOB U  BOJOPACTBOPUMBIX d3ieMeHToB. Jljisi uccienoBaHus
UCIIOJIB30BAJIM CBEXKEe ChIphe (KOPHU KaTpaHa KO4YH), KOTOPOE XPAHUIIOCH
B Teuenne 90 m 180 nmeit mpu Temmeparypax -4°C um -18°C. lns
WCCIICIOBAHMSI KOPHU PACTCHUS COOHMpaid B OSKOJIOTHYCCKU-YUCTHIX
pationax BKO, ypouuniie Apxapisl.

Omnpenenenre GU3NKO-XUMUYECKUX MMOKa3aTeNIel MPOBOJUIH COTTIACHO
ciaenyromuM metonam: maccoBas aois skupa (FOCT 29033-91, 1992),
MaccoBas gois 6enka (ITOCT 10846-91, 2009), maccoBast 107151 YIJIEBOJIOB
ONpeneisuIl TePMAHTAHOMETPUYECKUM METOAOM, MAaccoBas JOJIsI 30JIbl
('OCT 25555.4-91, 2011), maccoBast gons Biaru u cyxux Bemects (OCT
28561-90, 2011). ConepkaHue TaKWX BEIIECTB KaK KaJbIMi, MAarHUW U
Harpuii onpenensu (IOCT P 51429-99, 2010), docdopa (TOCT 30615-
99, 2002), unnka u ceneHa coorBercTBeHHo MetoaukaMm (TOCT 33824-
2016,2016) u ('OCT 20996.1-2014, 2015). BonopacTBopuMbIe BUTAMHHBI
onpenensum o metoaukam (M-04-41-2005, 2006).

Pe3yabTarhl ucciieqoBanust U oocy:kaenune. Pe3ynbraTel ucciueaoBa-
HUSA (U3UKO-XUMUYECKUX TMOKa3areleld JUKOPACTYIIEro PacTUTEIbHOTO
ChIpbs TpuBeAeHbl B Tabnuie 1. Kak BUAHO M3 TaOMUIBI CBEXKEE ChIphe
o0namaeT JOCTATOYHO BBICOKOW NHINEBOW IIeHHOCThI0. CojepikaHue
cyxux BemecTB coctaBuwio 20,2%, 4TO MO3BOJISET MPUUYUCIUTH KOPHU
Karpana koun K mpoaykTaMm C BBICOKOM BIIaJKHOCTBIO, YTO OIpEEIseT
MOJIBEP)KEHHOCTh JIAaHHOTO CBIPbS MHUKPOOMOJIOTHYECKOH TMopye mpu
HeHajJexameM xpaHeHuu. [Ipu xpanenuu npu temmneparype -4°C B
teuenue 90 queii u 180 nHE# 0OTMEUEHO CHUKEHNE MAaCCOBOM J0JIM BJIard Ha
5% u 11% cooTBETCTBEHHO, IPU XpaHEHUU IIpu Temueparype -18°C nons
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BJIard MCCJIEAYEMOro Chipbsd oTinuaiach Ha 2,3% u 6,6% OT MCXOAHBIX
nokaszareneid. Takum o0pa3oM, MOXKHO 3aKJIIOYUTDh, YTO MPH JITATECIBHOM
XpaHEHUM 11eJIeCO00pPa3HO MCMOJIb30BaTh TEMIIEpaTypHBIN pexum-18°C
JUISl COXPAHEHUSI CBEKECTU ChIPhA.

Tabnuma 1. ®usuko-xuMuueckue nokaszaresnu kopueit Karpana Koun

PesxuMbl Csexee -4°C -18°C
XpaHe- ChIpbe 90 nuei 180 gueit 90 nue 180 mueit
HUS
Iloxazarenun

Copepxanue 20,2+0,39 24,5+0,62 | 27,91+0,8 | 22,8+0,45 23,6+0,53
CyXHUX BEIIECTB,
%

Maccosast 1075t 79,3+1,2 75,2+0,79 | 71,2+0,75 | 77,5+£0,96 | 74,11+0,89
Biaru, %
MaccoBas moms 9,1+0,18 8,8+0,13 8,42+0,11 9,0+0,15 8,34+0,12
oenka, %
Maccosast nonst | 0,02+0,0001 | 0,03+0,0001 | 0,01+0,0001 | 0,02+0,0001 | 0,01+£0,0001
xupa, %
MaccoBas moms 27,24+0,48 25,6+0,34 | 19,02+0,29 | 26,2+0,25 24,88+0,3
YIIeBOJIOB, %
Maccosast nonst | 2,5+0,041 | 2,610,032 | 2,650,024 | 2,48+0,04 2,44+0,03
301161, %

Omnpenenenrne MaccoBOi Jonu Oefka OT OOILIEro CoAepKaHHUs CyXHX
BELIECTB MoKa3ajo, yTo kopHu Karpana Kouu comepkaT BbICOKOE KOJIH-
4eCTBO OEJIKOB, YTO COMOCTABUMO C 36pHOM SUMEHS, KYKYpy3bl U IPEUHXHU
(Arogun u ap., 2002). IIpu xpanenun npu temmneparype -4°C u -18°C
cofiepaHue OesKa MPaKTUYeCKHU He MEHSIIOCh.

HccnenoBaHue pacTUTENBHOTO ChIpbS HAa HAJIWYUE XUPOB BBIIBUIIO,
yro kopHu Karpana npaxktuueckun uX He copepxar. HesHauutenbHoe
M3MEHEHHE MAacCOBOH JIOJM JKUPOB B MPOIECCE IIUTEIHHOTO XpaHEHUs
pu Temmneparype -4°C BeposiTHO MOKHO OOBSICHUTh YMEHBIIICHHEM BJIaTH
Y TIOBBIIIEHUEM COJIEP’KaHUs CYXUX BEILIECTB.

B xozne onpeneneHust MaccoBOH A0JIH YIIIEBOIOB BBISIBIEHO, YTO KOPHU
KaTpaHa OoraThel caxapamH, YTO 3HAYUTEILHO MPEBOCXOAUT CONEpIKaHUE
o0IMX caxapoB B TaKUX KOPHEIUIONAaxX Kak MOPKOBb - 9,0%, caxapHas
ceekna - 19,0% u xaprodens - 17,0% (SArommn u ap., 2002). Ilpu
XpaHEHUU B TE€UEHHE 3 MecsleB Npu Temieparype -4°C copepxaHue
YIJIEBOJIOB CHU3UIIOCH Ha 6% u npu temmneparype -18°C na 4%. OxHako
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P JalbHENIEeM XPaHEHUU CHIPbsI B Ha3BAaHHBIX TEMIIEPATYPHBIX PEKHU-
Max OTMEYEHO, COKpallleHuE MacCOBOM 10U yriueBonoB Ha 15% u 9%
COOTBETCTBEHHO. 3BECTHO, YTO MPU BBICOKOW BIAKHOCTH MPOIYKTA,
B MPOLIECCE XPaHEHHUs UMEET MECTO MPOIECCHI CBSI3aHHBIE C JbIXaHUEM
PACTUTEIBHOTO CHIPHS, UTO B pE3yJIbTaTe MPUBOJUT K OKUCICHHUIO CaXapoB
U CHIDKEHHIO ero conepxanus (MBanosa, 2015).

30JbHOCTD MUIIIEBOTO CHIPHS HJIH MTPOYKTA MO3BOJIIET KOCBEHHO OIIpe-
JEUTHh KOJIMYECTBO MUHEPATBHBIX AJIEMEHTOB B €r0 COCTaBe. 30J1bHOCTh
OOJBIIMHCTBA CBEKUX MPOIYKTOB peako mpesbimaeT 5% (['amaropoBa u
ap., 2018). MaccoBas 075 307bI B KOPHSX KaTpaHa gocturana 2,5% ot
CYXOT0 BEIIECTBA U €€ COIePKaHNE MPAKTHUECKH OCTAI0Ch HEU3MEHHO Ha
MPOTSHKEHUHU BCETO Mepo/ia XpaHEHHUs B 000UX TEeMIEPaTypHBIX PEKUMaX.

ConepxaHnue MUHEpaIbHBIX BEUIECTB B MUILIEBHIX MPOIYKTAX 3aBUCUT
OT MPUPOJIBI UCXOHOTO CHIPbSl U TEXHOJIOTMH NojydeHus. B cpennem B
CheO0OHOM YacTW MNPOAYKTOB MHUTAHHS COAEPKUTCAS OKojo 1% MuHe
panbpHbIX BemecTB (0,7—1,5%). B pacTUTENbHBIX MPOYKTAX OHU TEPSIOTCA
C OTXOJaMu Mpu npurotoBieHur. [Ipu TemnoBoit 06paboTke Tepsercs B
3aBUCUMOCTHU OT TexHosioruu ot 5 10 30% (MapTtunuuk u ap., 2018).

Hamu Obutm mccienoBaHO CONIEp)KaHHE TAaKUX MaKpOIJIEMEHTOB, Kak
KaJbIUi, HATpUi, Marauii, Gocop U TaKMX MUKPOIIEMEHTOB KaK CeJIeH
U UHK. Pe3ynbraTel nccnenoBanus npuBeneHsl B Tabnuie 2. Kak BuaHO
13 TaOaUIBl U3MEHEHUN B COACPKAHUU AHAJIU3UPYEMbIX MHUHEpaIbHBIX
BEUIECTB IIPU MPOAODKUTEIIFHOM XpaHEHUH HE HAOII01aI0Ch.

Tabnuma 2. MunepanbHbIi cocTaB kopHel Karpana Koun

Pexuwmer | Cexxee  |-4°C -18°C

XPaHEHUs | CbIPbE 90 nueit | 180 mueit |90 muei 180 mueit
Iloxazarenu
Kanpruii, mr/100 r 228,0+6,2 [226,0+4,1 |224,91+2,8 | 225+4,5 227,16+3,27
docdop, mr/100 ¢ 250,24+4,8 | 249,3+£5,4 | 245,7+6,4 |243,2+10,1 |248,94+7,08
Harpuii, mr/100 ¢ 170,0+3,8 [ 168,2+6,2 | 171,0+£7,2 [167,249,2 | 165,87+8,29
Maruuii, mr/100 T 58,6£2,5 |61,2+1,78 [60,48+1,9 |54,5+3,1 54,48+2,8
uuk, Mr/100 ¢ 2,9+0,03 (2,8+0,05 |2,86+0,01 |2,82+0,04 |2,92+0,02
Cenen, Mxr/100 r 0,2+0,01 {0,19+0,04 | 0,18+0,07 |0,23+0,1 0,21+0,09

Kanbumii —3cceHnumanbHblil HyTPUEHT, HEOOXOAMMBIN TSI HOpMalbHON
KU3HEACATSIbHOCTH  opraHu3Ma. CyToyHas TOTPEOHOCTh B JTAHHOM
anemenTe coctasisieT 10 1200 mr/cytku (Maptunuuk u ap., 2018; 'apuzan
u 1p., 2016). B kopHsX KaTpaHa KOuu 0OHAPYKEHO BBICOKOE CONEpIKaHUe
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KaJIbLIMsI, YTO MPEBBIIIAET TAKOBOE B MOJIOYHBIX MPOIYKTaX MPAKTHUECKU
B 2 pasa u COCTaBIAET OKOJIO 22% CyTOYHON HOPMBI.

dochop — BaxHBIA JUIsI (PYHKIIMOHUPOBAHUS OpPraHW3Ma YEJIOBEKa
sneMeHT. B ¢opme ¢ochaToB 0oH mnpuHUMAET ydacThe BO MHOTHX
(bU3MOIOTUYECKUX TMPOIECCaX, YYacTBYeT B PEryslUUd KHUCIOTHO-
1IeJIOYHOro OanaHca, B Ki1eTouHOU perynsuuu. ®ocdop BXoaAUT B cocTaB
dbochomunuaoB, HYKICOTHJOB W HYKJICHHOBBIX KHCIOT, HEOOXOINM
JUIsT. MUHEpalIu3allud KOCTe M 3y0oB. YTOUuHEHHas (HU3MOIOTHYECKAs
notpedHocTh B hochope mist B3pocasix — 800 mr/cytku (I'apusan u ap.,
2016). B xozae uccienoBanusi 00HAPYKEHO, UTO KOPHHU KaTpaHa Coaepykar
Konn4yecTBO (ocdopa, NMPAKTUICCKH HICHTUYHOE COICPKAHHUIO 3TOTO
JJIEMEHTa B HEKOTOPBIX COpTax phIOBI U MopempoaykroB. [lpu Oomee
JeTaJbHOM PACCMOTPEHHUM TOKa3aTeed BBIABICHO, YTO B MCCIEIYyEMBIX
oOpa3siax coaepxanue Kbl U Gocdopa COOTBETCTBYET COOTHOIICHHUIO
1:1. Takum oOpa3oM, MOXHO TPEIANOIOKHTH O BBICOKOH CTENeHU
ycBosieMocTH (hocdopa nmpu ynotTpedbIeHNUH B MHUIIY TPOAYKTOB U3 KaTpaHa.

Harpuii - BaXHBIM MEXKIETOYHBIM W BHYTPUKJIECTOYHBIA DJIEMEHT,
y4acTBYIOIIMK B oOecrneuyeHnr HeoOXoaumol OypepHOCTH KpOBH,
peryssiiiii KPOBSHOTO JaBJIEHHS, BOJHOrO oOMeHa. B KopHsx karpana
COJIEPKUTCS TaHHBIM MAKPOIJIEMEHT, IPU CPABHEHUU C APYTUMHU OBOIIAMU
1 3€JIEHBIO €r0 YPOBEHD MPEACTABISIETCS BHICOKHUM.

Maruuii gBisieTcsl Ba)KHEWINMM BHYTPHUKJIETOYHBIM 3JIEMEHTOM BCEX
KJICTOK M TKaHEH, y4acTBYysl BMECTE C HOHAMU JAPYTUX DJIEMEHTOB B COXpa-
HEHHE MOHHOI'O PAaBHOBECHS JKHUJKUX CpEJl OPraHU3Ma; BXOJIUT B COCTaB
(dbepMeHTOB, CBA3aHHBIX ¢ 0OMeHOM ¢ochopa U YIIEeBOIOB; aKTUBUPYET
dbocdarasy ma3Mpl 1 KOCTEH ¥ y4aCTBYET B PETYIISIIUNA HEHPOXUMHYECKON
Iepeiayu v MblILIeYHON BO30yiuMocTH. Maruuii yuactByer B cHHTE3¢€ Oeska
Y HYKJICMHOBBIX KHUCIIOT, y4acCTBYeT B 0OMEHE OCJIKOB, )KUPOB U YIIEBOIOB
(3aitiieBa, 2019). Ilo comepkaHui0 MarHus KOpPHHU KaTpaHa KOYH, TaKKe
OTJIMYAIOTCS OT OOJIBIIKMCTBA MPOAYKTOB 3HAYUTEIBHBIM COJEPKAHUEM.
[Ipu conocTaBneHUH MOJYYEHHBIX PE3YJIBTATOB C JIUTEPATYPHBIMHU UCTOU-
HUKAMH MOXXHO 3aKIJIFOUYUTh, YTO KOPHHM KaTpaHa MOTYT OBITh B Sy C
TaKUMU MPOAYKTaMH KaK OOJMpHas prKaHas MyKa, MIIEHUYHAs KpyIia,
3eneHsb cenpaepes u Ap. (Ipuryc u ap., 2015).

[uHK siBISIeTCS OAHMM W3 BAXKHEWILIHMX 3JIEMEHTOB OpPraHM3Ma 4ello-
BEKa WM JKM3HEHHO HEoOXoauM s Bcex ¢Gopm ku3HH. Ponb nuHKa B
KU3ZHENIEATENIbHOCTH OpraHu3Ma oOOyCJOBJIIEHA B OCHOBHOM TEM, 4TO
OH BXoauT B coctaB Oonee 40 BaxkHbIXx (epmeHTOB. buonormyecku
AKTUBHBIMH JT0OABKAMH K THIIE BOCIIOJIHUTH HEIOCTATOK IMHKA OYCHB
TpyaHO. B ecTecTBEHHBIX COUETAHUSIX LIUHK COAEPKUTCS TOJBKO B IHIIIE,
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YTO U OMNpeNeNsieT ero ycBosieMocTh. MccnenoBanue mokasanio, 4To aHa-
JIU3UpyeMble 00paslpl cojuepkKaT 3HAYUTEIbHBIM YpPOBEHb JIAHHOTO
MUKPODJIEMEHTA, KOHIICHTPAIUS [IMHKA B KOPHSX COMTOCTaBUMa C TAKOBBIMU
KHCIIO-MOJIOUHBIX TPOAYKTOB - okoso 3 Mr /100 r. (CanbHukoBa, 2012).

B nononnenue 61710 TPOBEICHO UCCIEAOBAHIE TAKOTO MUKPOIJIEMEHTA
kak ceneH. CyTouHasi moTpeOHOCTh uesioBeKa B ceseHe cocrapsieT 70-100
MKT (HoBukos u 1p., 2012). Ilpu ucciienoBaHuM KOHLIEHTPALUHU CEJIEHA B
KOpHSX KaTpaHa BBISBICHO, YTO JJAHHOE CBHIPhE COAEPIKHUT €r0 B CIETOBBIX
KOJINYECTBAX.

CopeprxaHue B IPOJYKTaX MUTaHUS BUTAMUHOB U BUTAMUHOIIOJOOHBIX
BEUIECTB TAKXKE BIMSET HAa OMOJIIOTHYECKYIO IIEHHOCTh MponaykTa. Hamu
OBUIO MCCIIEZIOBAHO CO/AEPKAHMS BUTAMMHOB Ipynmnbsl B u Butamuna C B
aHaJIM3UpyeMbIx oOpasuax (tabnuua 3).

Kak mokaszanu pesynbrarbl HCCIEIOBaHUS, BUTAaMUHBI Ipynnsl B u
ButamuHa C cozpepkarcs B HEOONBIIUX KOJUYECTBaX. B KOpHAX karpaHa
110 CPAaBHEHUU C IPYTMMH BOAOPACTBOPUMBIMUA BUTAMHUHAMH CYIIECTBEHHO
HaKaruBaeTcst BUTaMu B . Ero comepkanue IMpakTHYeCKH aHAIOTUYHO
3epHaM HEKOTOPBIX O0OOBBIX.

Tabmuua 3. CopepxaHue BOLOPACTBOPUMBIX BUTAMHHOB B KOPHSX
Karpana Koun

Pexxumer | CBexee -4°C -18°C
XpaHe- | CbIpbe 90 nuei 180 gueit 90 nuei 180 mueit
HHUS
Iloxazarenu
B, (Tnamun- 0,545+0,12 [0,095+0,008 | 0,029+0,006 | 0,534+0,98 |0,522+0,104
xyopun) mr/100 r
B, (pu6o¢masun) |0,11+0,05 0,030,004 |0 0,1+£0,001 | 0,096+0,04

Mmr/100 T
B, (mupunokcun) |0,16+0,047 10,094+0,008 | 0,064+0,009 [ 0,13+0,031 |0,12+0,024
mr/100 r
B, (manTotenopas |0,20+0,041 |0,10,05 0 0,18+0,024 |0,19+0,03
kuciora) mr/100 r
B, (auxorunosas |0,27+0,008 |0,18+0,008 |0,11+0,005 |0,24+,005 |0,197+0,004
kuciora) mr/100 r
C (ackopbunosas |0,221+0,062 |0,08+0,005 |0 0,21140,045 | 0,100+0,034
kucyora) mr/100 r

[Ipu xpanenun npu Temneparype -4°C oTMeqaaoch pe3KOe CHUKEHUE
CONIep)KaHHMsI BUTAMHHOB, IPU XPAHCHUHU B JAHHOM PEKHME Ha TPOTS-
xenuu 180 mHEl HaOMIOHAeTCs MOJIHBINA pacnaj] MaHTOTEHOBOW M acKop-
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OMHOBOI KHCIIOT, O YeM CBUJETEIHCTBYET OTCYTCTBHE MHKOB Ha XpoMa-
torpammax. Ilpu xpanenun npu Temneparype -18°C Obulo OTMeueHO,
YTO HMHTEHCUBHOCTH pacmaja BUTAMHHOB Oblla TOpa3lio MeaJieHHee.
TakuM 00pa3oM, B KOPHSX KaTpaHa COXPaHsIaCh aKTUBHOCTh BUTAMUHOB
MPAKTUYECKU HA aHAJIOTUYHOM YPOBHE CO CBEKHM CHIPHEM.

3akawvenne. Ha ocHoBaHMM TIPOBEJEHHBIX HCCIIECIOBAHUN MOXKHO
clienaTh 3aKJIIOUYEHHE O BBEICOKOH IHINEBON M OMOJOTMYECKON IIEHHOCTH
kopHer Karpana xoun B KaueCTBE MCTOYHHUKA YIJIEBOJOB M MUHEPATHHBIX
BEIIIECTB, YTO JIeJIaCT JaHHBIN BUJ JUKOPACTYIIETO CHIPhS IEPCIIEKTUBHBIM
JUTSL MallbHEHIIIeH pa3paOOTKX MUIIEBOM MPOAYKIIMN U OMOAKTUBHBIX 100a-
BOK K muIe. B xome ncciaenoBaHus TakKe ObUIO CAEIaHO 3aKIIOYEHHE O
11eJ1eco00pPa3HOCTH XPAHEHHS TaHHOTO CBIPhS MPH HEOOXOAMMOCTH TMpHU
temneparype -18°C, 4To mo3BoOJIIET COXPAaHUTh €r0 BUTAMUHHYIO aKTHB-
HOCTb U CBEXKECTb.
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OHTYCTIK BAJIKAII O©HIPTHIH TOMBIPAK
'KAMBLIFBICBIHBIH KA3IPTT )KAF IAWBI

AnHotanus. Makanaga Oxrycrik bankai eHipiHiH 3 Typ:ii KOOpAUHAT-
TapblHAH AJIIHFAH TOIBIPAK KAMBUIFBICBIHBIH Ka3ipri JKaraaibl KapacThl-
pBULIBL. 3epTTey HbICaHbI 00BN OThIpraH OHTYCTIK banmkanr MaHbI TOIbI-
paKTapbIH/a JATAIBIK 3€PTTEY )KYMBICTAPBI )KYPTi3LIil, OCITIICHIeH HBICaH-
Japia TOMBIPAK KECKIHAEpl Ka3bUIbIN, TOMBIPAKTAPABIH MOP(OIOTHSIIBIK
CHITaTTaMajaphbl JKacallJibl, COHBIMEH KaTap Ja00opaTOpHUsUIIbIK 3epTTEyIIepre
TOTIBIPAK YJTUIEPI aTbIHBI, MEXaHUKAJIBIK KOHE XUMUSIIBIK KYPaMbl aHBIK-
tamapl. TombIpakThIH MOPQOIOTHUIBIK CUTIaTTaMasapbl OOMBIHIIA OipiHIIi
KECKIH TOMBIparbl 003 TOMBIPAK, KIHII KECKiH TOMBIPaFrbl CYPFBUIT Caphbl
KYM/IbI TOTIBIPAK, YIIIHIII TOTBIPAK KECKiH1 KYMJIbl CAPFBIII TOIBIPAK THUITIHE
KATaTBIH/IBIFBl AHBIKTAJIbI. BapiblK TOIBIpaK KeCKIHACPIHIH KypaMbIHIA
yCaK KYM MeH ipi maH (pakuusiapbl 6ackiM 0051161 TobIpak OpTachIHBIH
HET13r1 KOPEKTIK 3JIeMEHTTepiHe a30T, (hocop KoHE KaTHid )KaTaTbIHIbIKTaH,
3ePTTEIII OTHIPFaH aliMaKThIH TOIbIPAKTAPBIHBIH KOPEKTIK JIEMEHTTEPMEH
KaMTBUTY bl aHBIKTAJIBI. 3€PTTEY HOTHXKENIEpl a30T — ToMeH, hochop — opra-
1a, KaJduid — JKeTKUTIKTI TOpekeae KaMThUIFAHIBIFBIH KOpceTTi. Tombipak
KYHapJIbUIBIFBIH aHBIKTAWTBIH HET13r1 KOpCeTKITepiHiH Oipi 60ubIn TalbI-
JIaThIH TYMYC MOJIIIEepi 6Te TOMEH Jdpekene. TombIpak opTackl peakiuschl
CLITLI, CIHIPUITEH HET13/1ep )KMUBIHBI TOMEH MOJIIIECP/IC CKEHIITT aHBIKTAJIIbI.
TomeipakTapABIH CUITLIITT TONBIPAK TEPEHAIriHE Kapail apTThl. 3epTTenreH
TOTBIPAK KECKIHJEPiHIH OapibIFbIHBIH KYpPaMblHIA THAPOKApPOOHAT HOHIA-
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PBIHBIH (HCO3') 0achIM eKeHJIIr1 aHbIKTaIAbl. OaH KeiliH OapibIK TOMBIPAK
Keckingepinae Ca Menrepi skoFapsl, an eH TeMenri memmepae CO; CI’
cHUOHIaph! koHe K' karnoHbl 6omibl. Tombipak KecKiHACPIHICTI Ty3aap
KUBIHTBIFBI OOMBIHIIIA OAPIIBIK TOMBIPAK KECKIHIEPl Ty3MaHOaraH OOJbII
IIBIKTBI, SSFHU TY3/1ap KUBIHTBIFBI OapiIbIK TombIpak yiaritepinae 0,2 %-nan
TOMEH OO0JIIbI.

Tyiiin ce3mep: rymyc, KOpPEKTIK 3JIEMEHTTEp, TOMbIpakKrap Mopdoo-
THSICHI, CIHIPUITEH HETri3/1ep, TOMBbIPaK OPTAChl PEAKIUSACHI, TOMBIPAKTAPIBIH
TY3[aHYBl, Cy CY31HJICI.
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COBPEMEHHOE COCTOAHUE ITOYBEHHOI'O ITOKPOBA
IOKHOI'O TPUBAJIXAIIBA

AHHOTanus. B cratbe paccMaTrpuBaeTcsi COBPEMEHHOE COCTOSHUE T104-
BEHHOTO TOKpoBa W3 3 pas3HbiXx koopauHat FOxuoro Ilpmbanxambs. Ha
noyBax IOsxnoro Ilpubanxamibs, IBISIOMMXCS 00BEKTOM U3yUYSHHUS, IIPOBE-
JICHbI TI0JIEBbIE HCCIIEIOBAHUS, HA BBIABICHHBIX yUacTKaxX U3BJIEUEHbI 00pa3-
16l TI04YB, POU3BEJCHA MOP(OIOrUYeCKasl XapaKTepUCTUKA [10UYB, a TAKKe
OBUIN B3THI IPOOBI MOYBHI IS TAOOPATOPHBIX MCCIEOBAHUN U OIpeesieH
UX MEXaHMYEeCKUH U XuMuueckuii cocras. Ilo mopdonornyeckum xapaxre-
pPUCTHUKAaM IOYBBI IEPBbIM TUI MOYBHI CEpbIH, BTOPOIl THUII MOYBBI CEpPO-
ME€CYAHBIN, TPETUI THUII MTOYBBI MECYAHO-OPAHKEBBIN. BO BCEX MOYBEHHBIX
o0pa3oBaHMAX Tpeolagany MEeJIKANH MeCOK W KpymHas mbUib. [locKombKy
OCHOBHBIMH 3JIEMEHTAaMH UTAHUS TTOYBEHHOU CPebl ABISIOTCA a30T, (oc-
dop u xanuii, ObUIO OINpPENENIEHO COJEpXKAHUE IMUTATEIbHBIX BEIIECTB B
[I0YBAX UCCIIeyeMOI TeppuTOpHuH. Pe3ynbraTsl ncciie0BaHUs IOKA3aIH, YTO
azora Maio, ¢pocdopa ymepeHHo, Kajus poctarodno. KonmndyectBo rymyca,
SBJIIOLLEr0CS OTHUM U3 OCHOBHBIX I10Ka3aTeNIeN III0JOPOIUS I0OYBbI, OYEHD
HU3KOE€. YCTAaHOBJICHO, YTO PEaKLus MMOYBEHHOH cpeabl 1enodHasi, Habop
IIONIOINAEMbIX OCHOBAaHUM HMU3KUH. [Ile104HOCTh MTOYBBI yBEIMYUBAIACH C
m1youHoi noussl. Monsl rugpokapoonara (HCO3-) nmpeobnaganu Bo Bcex
HCCIIEIOBAaHHBIX 00pa3lax MOuYBbl. A TaKke BCe 00paslibl MMOYBBI UMENU
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BbICOKOE cozaepkanne Ca m munuManbsHoe conepskanue CO3, nonos Cl u
karnoHoB K+. Ilo HabGopy coseil B 0Opa3iax moyBbl Bce 00pasiibl MOYBBI
OBUTH HE3aCOJICHHBIMH, T.€. COJIEP’KAaHUE COJIEH BO BCEX 0Opaslax IMOYBHI
o110 Meree 0,2%.

KuioueBble cjioBa: rymyc, nUTareabHbIE BEIIECTBA, MOP(OIOTHs TOYBHI,
npuoOpeTeHHbIe 0a3bl, peakius MOYBBI, 3aCOJICHHUE IOYBBI, (PHUIBTpPAIUS
BOJIBI.
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B.M. Tynybekov!, E.S. Boribay?

'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
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THE CURRENT STATE OF THE SOIL COVER OF THE
SOUTHERN BALKHASH REGION

Abstract. The article considers the current state of the soil cover from
3 different coordinates of the Southern Balkhash region. On the soils of the
Southern Balkhash region, which are the object of study, field studies were
carried out, soil samples were taken from the identified areas, morphological
characteristics of the soils were made, and soil samples were taken for
laboratory studies and their mechanical and chemical composition was
determined. According to the morphological characteristics of the soil, the
first soil type is gray, the second soil type is gray-sandy, and the third soil
type is sandy-orange. All soil formations were dominated by fine sand and
coarse dust. Since the main nutrients of the soil environment are nitrogen,
phosphorus and potassium, the content of nutrients in the soils of the study
area was determined. The results of the study showed that there is little
nitrogen, moderate phosphorus, and sufficient potassium. The amount of
humus, which is one of the main indicators of soil fertility, is very low. It has
been established that the reaction of the soil medium is alkaline, the set of
absorbed bases is low. Soil alkalinity increased with soil depth. Bicarbonate
ions (HCO,") prevailed in all studied soil samples. Also, all soil samples had
a high content of Ca and a minimum content of CO, Cl’ions and K" cations.
According to the set of salts in the soil samples, all soil samples were non-
saline, i.e. the salt content in all soil samples was less than 0.2%.

Key words: humus, nutrients, soil morphology, acquired bases, soil
reaction, soil salinity, water filtration.
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Kipicne. bankam ke Onryctik-IbFbIC sxoHe Opransik KazakcTaHHBIH
YKapThUIal IIeIEePIHIH apachIHIAFbl Maia OOJFaH TEKTOHUKAJBIK OWIaTTa
OpHajackaH. ApaJl TeHi3iHiH KypraybiHaH KeiiH bankam keuni aymanst 17 000
kM2 OpTanblK A3UsIarsl €H YIIKEH KeJre aifHanbel. bankamn kesiHe TyceTiH
KbUTIBIK cynbiH 70%-80% Ine e3eni apkbuibl keneni (Mmenraid, 1.6., 2015).

Kenre contycrikren Opranbik KazakcTaHHBIH yCak IIOKbUIAPHl MEH
KA3BIKTBIKTaphl, OHTYCTIKTEH - bankam KeiHiH OHTYCTIK JXarajiayblHaH
Tsanp-111anbHbIH jxoHE JKeTicy AnaTaybIHbIH Tay €TET1HE ICHIH CO3BUIBII JKaT-
kaH OHrycTik-1birpic KazakcTaHHBIH KYM/IBI 5Ka3bIKTHIKTAPhl TYTACA bl

AyMaKTBIH aWTapibIKTail eJmemMiepi, OHbIH A3us KYpPJbIFBI 1MIIHIET]
TYWBIKTAJIFaH OPHBI, OpOrpadUsUIbIK JKOHE KIMMATTHIK Oiprekcizmiri ban-
Kalll Kelli anaObIHBIH TAaOWFH KaFJaiIapblHBIH CaH ajxyaH TYpJIUTiriHe
cebenkep OOJBIIT OTHIP.

Oporpadusnslk cunaTsl OoibiHIIA banmkamn kesiHiH anadbl yin 0esikke
oemineni: 1. Contycrik xone ContycTik- bareic bankanr MaHBIHBIH HET13r1
OOJIBICBIH aJIBIN JKaTKaH aymak (kep Oeaepl HIOKbUIApMEH Kyp/esieHreH
JKa3BIKTBIK OOJbIN Kejemi); 2. Ka3akThlH ycak IIOKBICHIHBIH OHTYCTITIHECH
OacTam OHTYCTIK YKOHE OHTYCTIK - IIBIFBICTaFbl TayJiapra JIEHiH KOCaThiH
optanbik aymak; 3. Tsab-1lans Tayssl o0nbIck, [ne xone XKeticy Anataysi-
HBIH TayJIbl )KYHECIHIH CONTYCTIK CLIEM/IEPl alIbIl KaTKaH OHTYCTIK-IIBIFbIC
xoHe oHTYCTiK Oeiri ([xycynbekos, 2002).

bankamm xemiHiH anaObIHBIH YCaK KOTAJIbI 00IBICTAPBIH, SIFHH COJTYCTIK
Taup - [llane xotamapeiH, TayapanslK lie oinarsiH, bankamr oinarsiH
xoHe Opranblk KazakcTaHHBIH Maneo30d MIaTGOpMaChIHBIH OHTYCTIK
yuibiH (Conrtyctik-6areic bankam manpl) 6emin kepcetyre 6omanbl. Ochl
OPTYPJII KYPBUIBIMABIK-TEOJIOTHSUTBIK 14 oOnbicTapaa OapiblK — TOMEHTI
nayeo3o0ijan dacramn Kasiprire JeiHri 1oyipiepIiH meriHaliepi Ke3aece i
(KamainbGekos, 1.0., 2000).

bankam MaHbl jka3bIFbIHAA KeNTereH Kyprak apHanap (bakanac) kecim
eteTiH Kymabl men Taykym, Capsiecik aTbipay KyMbl jkoHe bakanac ta-
KBIPJIIBI, Ca3]IbI-KYM/IbI 5Ka3bIFbI CO3BLIBII JKAThIP. baKa MaHbl )Ka3bIFbIH/IA
KbIpKaJlap MeH OeKireH KyM/bl xKangap 6ackiM, Te0eli KyMaap MeH ca3/ibl-
KYM/IBI JKepJIep KOIMT1 aFbUIIApMEH aliMachIn oThipaabl (Atamypa, 2008).

Omnrycrik bankamn MaHBIHBIH MIOJACP aliMarbIHIa OCKITUITCH KOHE Kap-
ThUTAM OEKITUITeH, KaJIbl JKOHE TOMIICIIIKTI KyMJap ©H KOIl TapajFaH.
OCIMIIKTEp JKaMBUIFBICHI ©T€ KATThl CHPEreH, 3(eapanaH, >KycaH MKoHE
Oyranapgan Typansl (Zulpykharov, et all, 2015). Ine >xone Kaparan e3en-
JIEpIHIH €XKeNTr1 aHrapiapbl OOWBIHINA TAKbIP TOPI3/IEC TOMBIPAK KaJIBIIITAC-
KaH, OHJa IIaFbIH OyTaisl copaHmap (OyHipreH) skoHEe Kapa CeKceyin ecell
(Menay6ekoB, 1989). Takpip Topizaec TombIpakThiH OeTi 60-70% >xamaHari-
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TaHFaH JXOHE >KapBIKIIAKTapMEH KemoOypblTapra OejiHreH. line e3eHiHIH
y3bIHa OOMBIHA Tap JKOJIAKIICH TOMEHT1 arbICTap/a KOFaJaH, KAMBICTAaH KOHE
TOFaWJIbl OCIMIIKTEPJICH HY - TOFAijIap >Kayblll JKaTKaH JKaibUTMa-IIIaFbIH-
IBI TOTIBIpAKTap CcO3bUIbIN JKaTelp ([Ixabaes, 1989; Jlynenko, T.6., 1989).
Bankam kesiH/e MIaaFbIHABIK COPTAHIap )KUEKTEI KaThIp, OJlap/ia Kypakrap,
COpTaHIaFrkl XKycaHaap, copamuap ecemi (Becenos, 1.0., 1996). Ocimuikrep
’KaMBUIFBICHI JIOH]I1, IIIOTTI oHE OyTasbl acCOUANUUIAPMEH (KO ICIIOIIIICH,
MBICBIKKYHPBIKIICH, CHPETIPEK Celiey MEH KaparaH) KaMThIIFaH.

Auaca Tayinel aynaHiaap OOWbIHIIA OyTalapMeH cejiey- OeTere TOOBIHBIH
OCIMJIIKTEpP1 KaybIll KATKAH TAyJIbl KOIO-KBI3FBUIT JKOHE allbIK- KBI3FBUIT
TOIBIpaKTap opHasacaabl. Tay eTeriHieri >Ka3bIKTHIKKA alllbIK CYp TOIIbI-
pakrTap ToH. OCIMIIKTEp KAMBUIFBICH €0CJICKTIH, KOICIIONTIH, OJICHIIONTIH
KOCIIAChIMEH JKyCaHMEH JXOHE CHUPEK KaFjaija CelleyMeH KOpCETUITeH
(I'mapomereonsnar, 1989).

JKanmer TompIpak — skep OCTiHIET! SKOKYHEIerl eH YJIKSH OpraHUuKaJIbIK
KOMIpTEeK KOWMAachl, OHBIH KypaMbIHJa aTMoc(hepaa xoHe Tipi Onomaccana
CaKTaJFaH KeMipTerineH kebOipek kemipteri 0ap. OHBIH KYPBUIBIMBI O/I€T-
Te Oacranmkbl O6JNIICKTep MEH OaiJIaHBICTHIPFBINI 3aTTaplaH TYPAThIH
TYpaKThl arperarrapjblH OOJyblHa OalJIaHBICTBI. ATpErar TOIBIPAKThIH
KEyeKTepiH caKTai ajajbl, OTTEeri MeH CYIbIH IU(GQOY3HUACHIH IIEKTEeHII,
MUKpOOTap KaybIMIACTBIFBIH PETTEH I, OPraHUKAJIBIK 3aTTap/ bl KOPFaui bl
KOHE KOPEKTIK 3arrapibl cakrai amaasl (Mengyao, T.6., 2021). Tomsipak
OCIMIIKTEp/l KOPEKTIK 3aTTapMeH >KOHE MHUKPOOPTaHU3MIEP/iH TipIILTIK
eTy oprackiMeH KamTamachki3 eteni. Hoprximdpd (1988) TombipakThiy
KacueTTepi aya pallbIHbIH OCEPIHEH JIe, MUKPOOPTaHU3MIEP JIe MaHbI3/IbI POl
aTKapaThlH OWOJIOTHSIIBIK OCJICEHAUTIKTEH KAJIBINTACATHIHBIH aHBIKTA/IbI.
Tombipak Typi OHBIH OMOJIOTHSUIBIK, XUMHSUIBIK JKOHE (PH3MKAIIBIK KAaCHET-
TepiHe OaiJIaHBICTBI TOMBIPAK KYHAPJIBUIBIFBIHBIH MaHBI3IbI  (aKTOPBI
6ombin TabbuTabl (Quoc Thinh Tran, T.6., 2021).

TombIpaKThIH KOPEKTIK 3aTTapblH, TOMBIPAK KYPBUIBIMBIH )XKOHE 0acka Ja
(U3UKATBIK-XUMUSUIBIK KACUETTEPIH KAMTHTBIH TOTBIPAK KYHAPIIBLIBIFBI
OCIMJIIKTeP/IIH OCyiHe KaXKeTTI (M3HKAIBIK >KaFdailyiap MEH KOPEKTiK
3arTapel KamTamach3 eteni (ZiguanWang, 1.6., 2021).

TormbIpak Cy/Ibl Ta3apTy, TOMBIPAKTHI JIACTAY B 3aTTAP/IBI A3aUTY, KOPEKTIK
3aTTap/IbIH alfHAJIBIMBI, KOMIPTEKTi CEKBECTPJICY KOHE a3bIK-TYJIIK, TAJIIIBIK
KOHE OTBIH OHIIPYTe YJIeC KOCY apKbUIbl KOITEreH YKOKYHE KbI3METTEepiH
ycbiHa/bl. by Kpi3meTTep Onocdepa YIIiH eTe MaHbI3IbI, dcipece a3biK-
TYJIIK TICH aybUI IIApyallbUIBIFBIH, COH/IAN-aK KOpIIaraH OPTAaHBIH e3apa
OpeKeTTeCyiH KOJIIANThIH KbI3MeTTep. KasrmbiHa KeJIMEeUTIH pecypc peTiHe
TOTBIPAK TYPAKTHI OOJAIIAKTHl KaMTaMachl3 €Ty VIIIH CaKTaIybl KepeK
(Kpade, 1.6., 2021).
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3eprreynin Makcarbl: OHTycTik bankamr MaHbBI TONBIPAKTapbIHBIH
Ka3ipri karJaaiibiHa cUIaTTaMa oepy.

3epTTey HbICAaHBI MeH JicTepi. KimmmarTeIK sxarnaiinapsl. 3epTTeynin
Heri3ri Heicanbl OHTYCTIK banmkain MaHbl TOMBIPAKTaphl OONBIN TaOBLUIIHL.
Omnrtycrik bankam MaHBIHBIH KJIMMAaThIHA KYH COYJIECIHIH JKOHE KBLTYIbIH
MOJIIBIFBI TOH. MyHIa OYITCHI3 JKalMallyak KYHACPAIH alTapibIKTai
caubl (100-129) xoHe ociMIIIK KaMBUIFBICHIHBIH OCIMI-OHY KE3CH IIIHJIe
mamameH 3500°C KypalTblH ayaHbIH OH TEMIIEpaTypaJlapblHbIH YJKEH
KUBIHTBIFBI Oaiikananbl. EH BICTBIK aiiiblH — MIUIICHIH OpTallla aiiblK aya
temmneparypachl 20° 6actan 24°C neiiiH aybITKU/IbI, OMIKTIKTIH ©CYIMEH O
op 150 m caiieia 0,6-1,2°C a3asinbl xoHe TeHi3 aeHredinen 2500-3000 m
ouikrikre 7-10°C xereni. Aya TeMIiepaTypachlHbIH TepiC MOHAEPre Kolyi
COJTYCTIK ayAaHiap/ia KapaaHblH O1piHIII OHKYHIIT1H/Ie, OHTYCTIKTET1 Tay
15 ererinmeri ayganaapaa — KapamlaHblH €KiHII KapThIChIHAA OaliKaiabl.
Ayanpig oprama ToymkTik 0°C TemmeparypachIMeH KE3€HHIH Y3aKTBIFBI
OHTYCTIK ka3blK Oemikre 8-8,5°C aiibiHa Kypaiiasl (JlaBpentheB, T.0.,
1962). bankam keniHiH aliMaFbIHBIH KaybIH-IIAIIBIHHBIH 0acceilH ayMarbl
OoiipiHIIa O6JiHyl ©eTe OIpKaJbINChi3. bankamr KeJiHIH >KarajaybIHJIa
mamamen 200 MM, an Conryctik xoHe OHTYCTiK bankam mansiHga -200-
250 MM >xaybIH-IIAMIBIH Tyceni (AcanOekoB, 1.0., 2014).

3epTTey HbIcaHbl Oomnbin oThipraH OHTYCTiK bankamn MaHbl TOmbIpaKTa-
PBIH/IA TaJIAJIBIK 3€PTTEY KYMBICTAPHI )KYPri3UIin, OS/TiJICHTeH HbICaHIapaa
TOTBIPAK KECKIHJIEP1 Ka3bUIBIII, TOMBIPAKTAPABIH MOP(OIOTHSIIBIK CUTIATTA-
MaJjaphbl )kacalbl, COHBIMEH KaTap 1a00opaToOpUsIIbIK 3ePTTEyIepre TOMbIpaK
yariepi anbiaasl (Meroauueckoe, 2014). TonbipakTapIblH XUMHUSIIBIK KY-
pamaapsl koHe (usukanbik Kacuerrepi ©.0. OcnanoB arbiHaarbl Kazak
TOTIBIPAKTAHY YKOHE arpOXHMHSI FBUIBIMH 3€PTTEY WHCTHTYTBHIHBIH JIabopa-
TOPUSCHIH/IA TaJIaHIbI.

TombIpakThlH Keneci (PU3UKO - XUMHSUIBIK KOPCETIIITEpl aHBIKTAJJIbI:
xanmsl a30T - Kenpaans onicremecimer (I'OCT 26107-84); sxanmst pocdop
(F'OCT 26261-84) men xanmbl kanuii ([OCT 26261-84) Mauurus oictemeci
6oiibina; rymyc — Tropun oaicimer (TOCT 23740 — 79); pH — TonbipakThig
cy cyneHsusicbiHaH mnatoHmoMerpiik axicned (I'OCT 26423-85); cinipin-
red Herizuep — [OCT 27821-88 apkpuibl, Ca MeH Mg ApuHYIIIKHHA 9/1iCTE-
mecimeH, Na men K Kaparaesa sxone MameToBa oJ1icTeMeCiMeH aHBIKTAJIIBL.
TonbipakTsiy rpanynoMmerpusiiblk Kypambl ['OCT 12536-2014 apkpuibt
aHBIKTAJIBII, TOMBIPAKTHIH KaHKACkl OolbIHIIA XikTey H.A. Kaunnckuit oi-
ci OOMBIHINIA XKYPTi3UIAl, TY3Aap MOJIEPi Cy CY31HIICIHIH TOJBIK KYpaMbl
Ooiibinma, siray, annongap (CO,>, HCO,, CI, SO,’) men xaruonaap (Ca*™,
Mg*, Na*, K") TOCT 26425-85 apKbLibl aHBIKTaJI/IBI.

26



Reports of the Academy of Sciences of the Republic of Kazakhstan

3epTTey HOTH:KeIePi :kIHe oapabl Taaaay. 1. Mopdonorusuibik 6enri-
nepi. MopdonorusuiblK Oenriepain Tangaybl OOMBIHINA OIpiHII KECKIH
TOTBIparbl 003 TONBIPAK TUIITEPIHE JKATaIbl, EKIHII KECKiH TOMBIPAFbl CYp-
FBUIT Capbl KYMJbI TOIBIPAK, YLIIHIII TOIMBIPAK KECKIHI KYMJIbl Cap¥bIII
TOTIBIPAK THITIHE )KaTaThIH/bIFbl AaHBIKTAJI/IBI.

bipinmi Tomsipak keckini koopauHarrapbl: N 44°00.601° xone E 077°
06.237¢. Teni3 nenreiinen ouikriri H: 709 M. OciMaik >KaMBUIFBICHIHBIH
so0anbIK xabbiHbl 50-60%. Keckinnin Tepenmiri 100 cm. (cyper 1).

A, 0-22 cm. Kyba TycTi, TBIFBI3, KYPFaK, YHTaKTbl —
MIaHBI, KYMOAIIBIKTEL, KIHIIIKE CAaHBUIAYIBI, KIHIIIKES
TaMbIpIap 0ap, Ty3 KpUCTaIAapsl 0ap, KOHBIP TYCTI CYp
JKOHE aKIIBUT PEHKTI TaKTaphl Oap.

22-40 cM. Bo3FBIIT TYCT, ©TE THIFBI3, TPU3Ma TAPi3/i YH-
TaKTHI, KYMOAJIIBIKTHI, )KIHIIIKE CaHBUIAYIIbI, TAMBIPIIAp
CHUpEK Ke3IeceIi, TY3 KpHUCTaIAapsl Oap.

40-65 cM. AmIBIK OO3FBUIT TYCTI, a3[al THIFBI3NAJFaH,
MPU3MATOPI3Al YHTAKTHI, KYMOAIIIBIKTBI, YCaK CaHbI-
| | JTayITBl, TAMBIPIIAD Ke3/AECIei i, TY3 KPUCTAIIaphl JKOK.

65-100 cM. AmbIK OO3FBUIT, a3Jall THIFLI3JAIFAaH, sKaH-
FAKTBl IIAHIBI KYPBUIBIMIBI, KYMOAQIIIBIKTBI, YCaK
CaHBUIAYIIBI, TAMBIPJIAP KE3IECHEH i, TY3 KPUCTAIIaphl
>KOK. KBIIIIKBUIIaH 6Te KaTThl KaliHAMIbI.

Cyper 1 - BipiHui TonbIpak KecKiHi KOOpANHATTaPbI
Exinmn tonsipak keckini koopauHarrapsl: N: 44.07.363°; E: 077.35.351°. Teni3
nenreitined ouikriri H: 694 M. OciMaik KaMbUIFBICHIHBIH K00aIbIK Ka0bIHBl 60-70%.
Keckinniyg Tepenmiri 100 cm. (cyper 2).

0-6 cMm. Ambik Ky0Oa, Kyprak, IIanibIpaHKbl CYChUIIAK
KYM, KIHIIIIKE TaMBIpIap 0ackiM, Ty3 KpUCTAIAapHI Oap,
IIaHJIbl, YHTAKTBI, KBIIIKbIIIAH KATThl KAHAH/IBI.

6-32 cM. BO3FBUIT, ©TE THIFBI3, KYPFaK, KYMJIbI, JKIHIIIKE
CaHBUIAYIIBI, YHTKTHI, TY3 KPUCTAIAAPHI Oap, ycak Tac-
Tap Ke3Iecei, JKIHIIKe TaMbIpiap Oap, KbIIKBUIIaH
oTe KaTThl KaHaNIbI.

32-100 cMm. Amiblk OO3FBUIT, a3 THIFBI3AJIFaH, KYPFakK,
Keneci KabaTka eTyl aHbIK, KYM, TaMbBIpJap CHPEK Ke3-
Jleceli, Ty3 KpucTangapsl 0ap, KpIIIKbUIIAH OTE¢ KATThI
KallHAW b1,

Cyper 2 - ExiHIi TonbIpak KeCKiHi KOOpAWHATTAPbI
Yiuinmi Toneipak keckini koopauHarTapsl: N: 44.06.04°; E:77.03.48°. Teni3 aexreitinexn
ouikriri H: 670 M. ©OCIMIiK KaMbUIFBICHIHBIH KO0aIBIK »a0bIHEL 55-60%. KeckinHiyg
tepermiri 100 cm (cyper 3).
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0-4 cMm. AmbIK Ky0a, KypFak, CyChUINAK, YHTAKTHI —
MIaHIBI, KYMOAIIBIK, TY3 KPUCTAIAAPHI 0ap, oCIMIIK
TaMBIpIIapbl Ke3JeCe]Ii.

4-25 cM. AKIIBUT CYp PEHKTI, KYPFaK, THIFBI3IAJFaH,
KYMOAJIIBIK, KaHFAKTHI-YHTAKTHI, ©CIMIIK TaMbIp-
JapeI 6ap, TY3 KpUCTAIIaphl Ke3IeCeTi.

25-60 cM. AKIIBIT CYp PCHKTI, THIFBI3IaFaH, KYprak,
JKAHFAKTHI-TUTUTKATOPI3/T1, KYMOAIIIBIKTHI, TAMBIPIIAp
Ke3neceni, OyHaKk-IeHeTIep i3aepi, Ty3 KpucTalgapsl
Oap.

60-100 cm. AKWBLI, KypFak, as3jan ThIFbI3AAJFaH,
KaMOAaIIIBIK, YHTAKTHI-IaHIbI, OCIMIIK TaMBIpIapbl
CHUpEK Ke37eCeIi, TY3 KpHUCTaIaapsl Oap.

Cyper 3 - Yurismn TonsIpak KecKiHi KOOpAHHATTapbl

2. I'panynomMeTpusnblK Kypamsl. JKep KaMbUIFbICHI )KOHE TOIBIPAK KYPbI-
JBIMBI METEOPOJIOTHSIIBIK MOJICIBICY/IE MAHBI3BI POJIb arKapasl, cededi
onap xep 0eTi MeH arMocdepa apachIHAAFbl DHEPTUS, BUTFAJ XKOHE UMITYJIbC
anMacyblHa Ke[epri KeNTipeTiH ©CIMIIK MEeH TOMBIPAKTHIH KYPBLIbIMBIH
anbIkTaiiibl. COHBIMEH KaTap, TOIBIPAK KYPBUIBIMBI METEOPOJIOTHSIIBIK
MOJICTTBAEPACT] THICTI KipiC IEPEeKTEep KUBIHBI OOJIBIN TaOBLIA IbI, OJIAP/IBIH
HOTIKeIIepiHe )KoHe OoalaKTa aya paibl 3epTTeyJIepiH/Ie XKOHE aya carnachlH
MoJienbeyae KoiaaneutybiHa ocep ereni (RizzieriPedruzzi, 1.6., 2022).
TombIpak KypbUIBIMBI JKEpJll HaiianaHy MeH OacKapyablH MYMKIHJIKTEp1
MEH IIEKTeyepiH Oaraay YIIiH TOBIPAKThI 3ePTTEY/IiH MaHbI3IbI Kypamiac
Oe:iri 6ombi TabbUIaAbl. OJ KONTETeH TOMBIPAK MPOIECCTEPiHIH MAHBI3IbI
Ooipkayibickl peTinae 6arananansl (Qing Xia, T.6., 2020).

TormbIpakThIH MEXaHUKAJIBIK KYPAMBIHBIH TOTIBIPAK TY3YIE, TOIBIPAKTHI
ayblJ1 IIapyalIbIIbIFB] )KOHE OacKa MakcaTTapra IaiiagaHysia MaHbI3bl 30P.
TombIpakThIH MEXaHMKAJBIK KYpambl MEH OHBIH KEYEKTUIIrl, Cy CHIHbIM-
JBUTBIFBI, BUIFAJ ©TKI3TILITIT], BUIFAJABI XKOFAphl KOTEpy KacueTi, KOPEKTi
3arTapApl JKMHAY MYMKIHIIUI, aya — JKbUIBUIBIK PEXKHUMIEP] CHUSAKTHI
KacueTTepi ThIFbI3 OainmanbicTel (Kaypuues, 1.6., 1989; I'marenxo, 1988).
Tomblpak KypbUIBIMBI JKOHE MHHEPOJIOTUACHI CHUSKTBI TaOUFU KacueTTepi
KOMIPTETIHIH CaKTalyblHa, KOPEKTIK 3aTTaplblH Meuiiepine, Taburu pH,
arperarus, Cy ycTay KaOuIeTiH xKy3ere acwipy, T.0. yikeH ocep eteni (Joseph,
T.0., 2021).

BipiHii Tonblpak KeCKiHiHIH IPaHyIOMETPHSIIBIK KypaMbIHA YCAaK KYM
(0,25-0,05mMMm) pakmusicel 6ackiM 0056l (KECKIH TepeHiri OokbiHma 61,1
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— 72,1 % apanbIFbIHAa), OAAH KEWiH ipi maH (pakuuschl OACBIMIIBUIBIK
kepcerTi (11,26-16,6 % apanbirbinaa). Exinmi Tonbipak KeCKiHIHIEAE YCaK
kyM (1,0-0,25mm) men ipi mag (0,25-0,05Mm) pakmusiapsl 6aCbIMIBUTBIK
kepcerTi (62,07-69,7 xone 15,2-26,2 %). YuriHmi TONbIpaK KECKiHIHIIE
ycak kym (0,25 — 0,05 mm) men ipi mag (0,005 — 0,001 mm) 6aceim (50,57-
57,8 xone 16,1-31,5 %).
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Cyper 4 - OHrycTik bankain MaHbl TONbIpaKTapbIHBIH MEXaHUKAJIBIK Kypambl, %
(1,2,3 TombIpak cIHaMasaphl AJIBIHFAH OPBIH)

2. XuMusIblK Kypambl. JKaiambl TONBIPAKThIH XUMUSUIBIK KYpaMbl OHBIH
HETI3T1 arpOXUMHUSIIBIK KacueTTepiHiH Oipi 6ombin Tadbuiaabl. On TOMbIpaK
TY3UIy MpOIECTEepiH KOHE TOMBIPAKTHIH JIACTAHYBIH 3€pTTEy Ke3iHIe Je
MaHbI3bI poiib arkapassl (Vodyanitskii, 2018).

TombIpak OpTACHIHBIH HETI3r1 KOPEKTIK AJIEeMEHTTepiHe a3oT, docdop
KoHe Kayui karajpl. TombIpak OpTachlHAA a30T JKETICIEreH jKarjaiina
OCIMJIIK KarbIpaKTapbl OHCI3 JKaChlI O0Nabl, TINTI CapFalbIl, yaKbIThIHAH
OypbIH Tycill Kanaasl. OCIMIIKTEpAIH ecyl Oasynaiiabl, OyHip epkeHaepi
HaIap Ty3UJIe/i, TaMbIpIap/IbIH TapaMIaHybI a3asbl. OJETTE TOMBIPAK epi-
Tingicigeri pocdop koHueHTpausce ete TomeH (0,1 —1 mr/m). @ochop
OCIMIIKTEep/IH Micil XKeTuTyiH Te3nereni. Pocdopiasl KOpeK KeTicrereH
Kargaiia eciMIIK JKalbIparblHIa KeMIpCylaplblH Medepi keOeieni.
OciMIIKTepiH ocyi Oasymar, >KeMICTepAiH MICIM KETLTy Mep3iMi Kemliryi
ocsl hochop keTkinikci3 6oybiHaH OairanbIcThl. Kaauii 1e eciMaikTepaig
KAJIBINITHl OCIM-0yiHE €H KAXKETTI AJMeMeHTTepiH Oipi. KammiigiH Tombi-
pakrarsl Kopel Qocdopra kaparanaa 8-40ece, azortan 5-50 ece apThIK.
Kanuitmen kakchl KaMTaMachbl3laHFaH ©CIMIIKTEp CaHbIPayKYJIaKThIK
XKoHEe OaKTepUsIIBIK aypyhapra Te3imal keneni. Kinerkana kanuii azaiiranma
HATpUi, MarHui, KaabpIuii, 00C aMMUaK, CyTeT1 HOHIAPBIHBIH, MUHEPAJIIBIK
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dhochopabiH Memmiepi kebOeleTiHairi 6alikanapl. Kanuii Tammibel xarmaiina
OCKEH OCIMIIKTEepAIH KalblpaKTapbl TOMEHHEH >KOFaphl Kapal capras
6acraiiger (Opios, 1992), (Lepmuar, 1966). Tombipak KypaMbIHIAaFsl OpTa-
HUKAJIBIK 3aTTap SKOKyiene MaHbI3Ibl posib arkapaasl (Jianfeng, 2019).

TombipakTa atMocdepa MEeH OCIMIIKTEPl KOCHII ajFaHIarblIaH J1a KOl
KeMmipreri xuHasaabl. COHIBIKTaH TOTBIPAKTHIH OPTaHUKAJBIK 3aTTapbiH-
JIaFbl a37aFraH ©3repicTiH 031 )kahaHIbIK KOMIPTET1 UKITIHE dcep eTe/i, COl
YIIiH KJIMMAT TIeH KOpIIaFaH OpTaHbIH OY3bLTYyBIHBIH OPMaHIapIaFbl TOIbI-
PaKThIH OpPraHUKAJIBIK 3aTTapblHa dCEPiH MYKUAT OakpuiaraH >keH (Shun ,
T.0., 2021).

bi3nin 3eprTeyimizae TombIpak KeCKiHACPIHIH KOPEKTiK 3JIeMEHTTEPMEH
KaMTBUTYbl op Typiai Oomnnel. bipinmi Tombipak keckiHinze azor 0,028-
0,056% Ttemen memmepne, ¢ochop 0,104-0,136% oprama menmepre,
kanuii 2,000-2,312% apanbsIKTapbiHia 001kl )KETKUTIKTI MOJIIIepe OO IbI.

Exinmni Tomeipak keckiHinge aszor 0,028-0,140% - temeH, docdop
0,104-0,028% - TeMeH xoHe opraila Meiuepae, kanuit 1,875-2,062% apa-
JIBIKTAPBIH/IA, SFHU )KETKUTIKTI MeJIIIepe O0Ibl.

Yurinmi Ttombipak keckiHinge azor 0,056-0,140% Ttemen, ¢ocdop
0,104-0,020% opraima xoHe TOMEH apaybiFblHaa, Kanui 1,812-2,062% -
KETKUTIKTI MeJmepae O0b.

KopekTik aneMeHTTep MeJIepsepi TONMbIPAKThIH OeTKi KabaTTapblHa
TOMEHI'T KabaTTepMEH CajbICTBIPFaHza >KoFapbl Oonnbl. KapacTeipbuiran
OapJIBIK TOMBIPAK KECKIHIEPIHE a30T TeMeH medrepae, Gochop oprama
MOJIIIEP/IE JKOHE KATHH KETKUTIKTI MOJIIepIe KAMThUIFaH.
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Cyper 5 - OHrycTik bankain MaHbl TONbIpaKTapbIHAAFbl KOPEKTIK JIeMEHTTEp, %o

(1,2,3 TompIpax chIHaManapsl aJIbIHFAH OPBIH)
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TombIpakThlH KYHApJbUIBIFBl JAAKbUIIAPABIH OHIMAUIIIHE ocep €TEeTiH
Heri3ri (axTop 6onbin TadbuIaael (Azembouh, T.6., 2021). Tombipak KyHap-
JBUTBIFBI TAKBUIIAPIBIH ©CYiH, OHIMIUNTIH aHBIKTAWIbBI, JIEMEK, KEepIiH
OHIMJILTIITT MEH TYPAKTBUIBIFBIH aHBIKTANABI. Y3MIKCI3 OCIMIIK HIapyalibi-
JIBIFBI TOTIBIPAKTAFbI OCIMIIK KOPEKTIK 3aTTapbIH Maaianaibl, OyJ1 oCiMIiK
KOPEKTIK 3aTTap/AblH TEHIePIMCI3IITIHE OKee/ll, OChUIaiIa TOTBIPAK OHIM-
niniriae oacep ereni (MarcoMng’ong’o, 1.0., 2021).

Tomblpak KyHapJbUIBIFBIH aHBIKTAHTBIH HET13T1 KOPCETKIMTEepiHiH Oipi
OH/JIaFbI T'YMYC MOJIIIep1 00JIbIN Ta0bLIaAbI. | yMyCTBIH TY311yiMEH TOBIPAKTa
OlpkaTap KOPEKTIK 2IeMeHTTep (KeMipTek, a3otT, Gopdop, KYKIpT, Kaaui
T.0.) )kuHaKTanaapl. ['yMyc OpraHuKaibIK ©MipIiH KOPBI dpi CTUMYISTOPHI
6o Tabbutagb! (Opnos, 1.6., 1985; I'pummna, 1986). I'ymyc memnmiepi
OipiHmn Tomblpak keckiHiHae 0,10-0,48%, ekiHIIi TONbIpaK KECKiHIHJIE
0,24-1,24%, yminmi toneipak keckiniuge 0,21-1,41% apanbirbiaua O0JbI.
BapibIk TONBIpaK KeCKiHEPiHIH T'yMYCIIeH KAMTBITYbI 6T€ TOMEH JI9peKee
OOJIIbI.
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Cyper 6 - OHrycTik banmkain MaHbl TOIBIpaKTapbIHAAFBI TyMYC MeJIIepi, %o
(1,2,3 TombIpak cIHaMasIaphl AIBIHFAH OPBIH)

Tomnbipak opTachIHBIH PEAKLUACH TONBIPAK KACUETTEPIHE, OHJIAFbl ©CETIH
©CIMJIIKTEP MEH OMIp CYPETIH MUKPOOPTaHU3MAEPIe, JKaIbl TOTIBIPAK KyHap-
JBUTBIFBIHA 9Cep eTeTiH Heri3ri Oip ¢axropabiy Oipi. TombIpak OpTachIHBIH
peakuuschl OipiHII TombIpak KeckiHiHAe 8,28-8,90 apamibifblHOa, SFHU
KYIITI CIITII, €KiHIII ToTbIpak KeckiHiuae pH kepcertkimi 8,43-9,27 apamnsi-
FBIHJA KYIUTI CUITUIIK KOPCETTI, YIUIHIII TOMbIPAaK KECKIHIHJEAE TOIbIPaK
opTackl peakuuschl 8,44 - 8,97 apanbiFbIHa KYIITI CUITLTIK KepceTTi. Tombl-
pakTapbIH CUITLUIIr TOMBIPAK TEPEHIITHE Kapaid apTThI.
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Cyper 7 - OnrycTik bamkam MaHBI TOIBIPaKTapHBIH OpTa PEaKIIHSICHI
(1,2,3 TombIpaK, chIHaMaIapsl alTbIHFAH OPBIH)

TombIpakThIH TY3IBUIBIFBI OPTYPIIL JKaFJaimapra OalIaHBICTBI KaJIbII-
Tacanpl. EH alapIMeH OJ1 TOMBIPAKTHIH OacTamachl OOJBIN €CENTENETIH Tay
KBIHBICTApABIH MUHEPAIIBIK KypaMbIHa OalaHbICcThl Oonaabl. ExiHmIigeH,
TY31bI TOTIBIPAKTAp HETI31HJEe KyaHIIBUIBIK, IIOJII1 Jajla aiMakTapaa Ker
opblH anaabl. byn aiimakrapna aya palbIHBIH BICTBIFBIHAH, KEJJIIH KyII-
TLTIriHEH, kep OCTiHEeH CyabIH OylaHybl ©Te€ KapKbIHbI XKYpill, skep Kadat-
TapbIHAAFbI TOMBIPAK EPITIHIICI OyJIaHBIT KOFapbl KOTEPIITeH CaliblH Kypa-
MBIH/IaFbl €PIreH TY3/ap Aa KOFapbl KOTEPUIII, TONBIPAKTHIH YCTIHI1 O€TiHE
KeJTeH/ e 1pKUTIT >KuHAIBIN Kanazs! (basunsesuy, T.6., 1970; Banbskos, T.0.,
2004).

TombIpakThIH Cy cy3iHAiCiHE KeneTiH 6oncak (Mr-3kB. 100 r Tonmbipakka),
OlpiHIIi TOMBIPAK KECKIHIHIE Keyeci keMy KarapbiH Kypaas: HCO, (0,52) >
Ca™ (0,38-0,48) > Mg"*(0,19-0,29) > SO, (0,06-0,27) > CI’ (0,04-0,07) =
Na®-(0,03-0,07) > CO,(0,04) > K" (0,02-0,04).

ExiHmn TombIpak KeCKiHIHIET1 CYy CY31HIICIHIeT] KaTHOHAap MEH aHHOH-
map keneci kemy Karapeiia Oomael (Mr-ske. 100 r tombipakka): HCO,
(0,52-0,72) > Ca*™ (0,19-0,48) > Mg** ( 0,19-0,38) > SO, (0,12-0,21) > K*
(0,02-0,19) > Na*(0,03-0,10) > CI’ (0,04) = CO,(0,04).

YriHmn TombIpak KeCKiHIHIET1 Cy CY31HIICIHIH KYpaMbl Kelleci KeMy Ka-
Tapbinaa oomael (Mr-3kB. 100 r Tombipakka ): HCO," (0,56-0,60) > Ca™
(0,38-0,48) > Mg ( 0,19-0,29) > SO, (0,03-0,25) > K" (0,02-0,19) > Na*
(0,03-0,05) > CO,(0,04) =CI’(0,04).

3epTTeNreH TOMbIPaK KECKIHIEPiHIH OapibIFbIHBIH KYpaMbIHIA THIIPO-
kapbonar nonaapeiaeie (HCO,') O6ackim ekeniri anbikTanabl. Onan Keiin
OapIbIK TOMBIPAK Keckinaepinge Ca Memepi sKOFaphl, ajl €H TOMEHT1 MOJI-
wepae CO, CI canonnapst xone K' KaTHOHBI 60IIIBL.
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Kecre 1 - TonbipakThiy cy cy3iHaici

Keckin | Tepenuiri,cm  |HCO, |CO, |CI SO 4” Ca™ |Mg™ |[Na’ K*

1 0-22 0,52 0,04 0,04 |0,27 (0,48 (0,29 [0,03 0,04
22-40 0,52 (0,04 |0,04 |0,08 [0,38 (0,19 (0,03 |0,04
40-65 0,52 (0,04 0,00 |0,10 [0,38 (0,19 [0,03 0,02
65-100 0,52 (0,04 |0,07 0,06 [0,38 (0,19 (0,07 0,02

2 0-6 0,52 (0,04 0,00 |0,21 (0,38 |[0,19 (0,03 |0,13
6-32 0,52 (0,04 |0,04 |0,15 [0,19 (0,38 [0,03 0,10
32-100 0,72 10,04 |0,04 |0,12 [0,29 (0,48 [0,10 |0,02

3 0-4 0,60 (0,04 |0,04 |0,25 (0,48 (0,19 (0,03 0,19
4-25 0,60 (0,04 0,04 |0,21 [0,38 (0,29 [0,03 |0,16
25-60 0,56 (0,04 |0,04 |0,11 [0,48 (0,19 (0,03 0,02
60-100 0,60 (0,04 0,00 0,03 [0,38 (0,19 [0,05 0,02

Tombipak KecKiHIEpIHIETI TY3Aap KUBIHTBIFbI OOWBIHIIA OAPIIBIK TOIBI-
pak KecKiHaepi Ty3aanO0araH OOJBII MIBIKTHI, IFHU TY3/1ap KUBIHTBIFBI Oap-
JBIK TOTIbIpaK yirinepinge 0,2 %-nan ToemeH OOJIbl.

Ty3nap xubiabl, %
0,08
0,07
0,06

0,05
0,04
0,03
0,02
0,01

0

22-40 40-65 65-100 0-6  6-32 32-100 0-4 4-25 25-60 60-100
1 2 3

Cyper 8 - OnrycTik bankanr MaHbI TONBIPAKTapBIHAAFEI TY3AaP KUBIHTBIFBL, %o
(1,2,3 TomeIpax, chIHaAMAIapHl aTBIHFAH OPBIH)

Cinipinren Herizaep OobIHIIA OipiHII TOMBIPAK KeCKIHIHACT] CIHIpIITeH
Herizaep xkubiHbl 7,06-10,27 mi-3kB (100 T TombIpakka) apaibIFbIHAA, eKIHII
tonbipak keckiHinme 6,09- 9,08 miu-akxB. (100 r Tombipakka) Mesmmiepe,
YUIHII TOmbIpaK KeckiHinae 6,88-9,29 mu-skB (100 r Tombipakka) apa-
TeIFBIHAA Oonabl.  BipiHI TOMBIpaK KECKIHIHAETI CIHIPIATEeH HEeTi3aep
KHMBIHBI OpTallla JOpexesie, eKiHII jKOHE YIIIHII TOMbIpaK KeCKiHAepiHae
TeMeH peHrelne Oonapl. CiHIpUITEH HeTi3aep Meumepi OOWbIHIIA VI

33



ISSN 2224-5227 2.2022

TONBIPAK KECKIHIHJIE JI€ CIHIPUITeH HeTi31ep TOMEeH aapexeace 6oimsl (5 - 10
Mi-3kB/ 100 T Tombipakka). CiHipiireH Heriznep apackiHza cidipiiren Ca
OaceiM, ofaH Keiinri opeinaa Mg, an Na men K memnmiepnepi MapIpIMChI3
MeJIiepe.

Kecre 2 - Cinipinaren nerizaep mu-3kB. 100 r Tombipakka.

Keckin |Tepenmiri, cm |Ca Mg Na K CiHipiiTeH HeTi3aep KUBIHBI
1 0-22 437 243 0,18 [0,08 |7,06
22-40 437 |5,82 0,18 0,07 10,27
40-65 4,85 (243 0,18 (0,09 |7,55
65-100 3,88 (1,94 0,18 0,09 [6,09
2 0-6 7,28 [1,46 0,18 ]0,16 9,08
6-32 3,88 (1,94 0,18 [0,09 [6,09
32-100 3,40 [5,34 10,09 0,09 [8,92
3 0-4 7,76 10,97 10,18 10,38 [9,29
4-25 5,34 10,97 10,18 10,39 6,88
25-60 437 (291 0,18 (0,09 7,55
60-100 4,85 3,88 0,16 ]0,09 |8,98

KopsbiThinabl. TonbIpakThIH MOPQOIOTUAIBIK CUIIATTaMalaphl jKacal-
Ibl: OipiHIIT KECKiH TONBIparbl 003 TOIBIPAK, €KIHII KECKIH TOMBIPAFbI
CYPFBUIT capbl KYM/JIbl TOTIBIPAK, YIIIHII TONBIPAK KECKiHI KYMIbI CapFBIII
TOTIBIPAK THITIHE JKAaTaThIHIBIFBl AaHBIKTAJIIBI.

BipiHImi TonbIpak KeCKiHIHIH MEXaHHUKAIIBIK KypaMbIH/Ia YCaK KyM (pak-
USACH 0ackIM OOJIIBI, OJaH KeWiH 1pi maH (Gpakiusackl 6aChIMIBUIBIK KOP-
cetTi. ExiHII TOnbIpak KeCKiHiHIEAe yCaK KYM MEH 1pi 1maH (pakuusiapbl
0acBIMJIBUTBIK KOPCETTi. YIIIHII TOMBIPAK KECKIHIHJE YCaK KYM MEH ipi
mag 6achIM OOJI/IbI.

XUMUSIBIK KYpambl aHBIKTANIbl. 3€PTTEIreH TOMBIPAKTAPbIH Oapibi-
FBIH/Ia KOPEKTIK 3JeMEHTTep Mejiepiepi ykcac Oonabl. MaceneH, a3or
Medepi TemMeH, (pochop opraima, Kanuid KETKUTIKTI MeJmepae KaMTbUl-
FAHIBIFBl aHBIKTANABL. ['yMyc Memmiepi eTe TeMeH nopexerne. Tombipax
OPTACHIHBIH PEAKIMIACHl CUITUI JKoHe KymTi cintim Oomnasl. CiHipiareH
Heri3aep OOWBIHINA TOIBIPAK KeCKiHmepi ToMeH meummepaeri (5 - 10 mur-
5kB/ 100 T TombIpakKa) CiHIPIIATEH HET13/1€p KUBIHTHIFBIMEH CUIIATTaJI/IbI.

3epTTeNred TONbIpaK KECKIHJEPiHIH OapibIFbIHBIH KypaMbIH/Ia THJIIPO-
kapOonar nonaapeiHbiH (HCO,) GackiM exenpiri anbikTanasl. Karnonmap
apacbiHga OapibIK TOMbIpak Keckinaepinae Ca mesmepi Korapbl OOJIbI.
Ty3nap MemepiHiH >KUBIHTBIFBI OOWBIHINA OapibIK TOMBIPAK KECKIHAEpPI
Ty3aHOFaH CaHaTKa *KaTajbl, SFHU Ty31ap XUBIHTBIFBI 0,2 % - 1aH TOMEeH
0O0JIIBI.
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DEVELOPMENT OF TECHNOLOGY FOR OBTAINING
INTEGRATED FERTILIZER FROM SOLID WASTE OF
PRODUCTION

Abstract. The article presents the results of chemical analyzes of
carbonate-siliceous dolomitized phosphate raw materials from the Aksai
deposit and the components of the charge to obtain a new environmentally
safe nomenclature of fertilizer mixture. In order to improve the properties
of the soil and increase fertility, a technological scheme is proposed, which
is developed on the basis of the results of the research conducted to obtain a
pulp mixture based on solid waste from various industries. As a component
of the charge, enriched and fired vermiculite is used at a temperature of
850-950°C in order to increase the porosity of the material that retains
soil moisture. As an additive containing humates and trace elements,
internal overburden and screenings of fines formed during coal mining can
serve. The simplicity of the hardware design of the technological process
for obtaining such fertilizer mixtures makes it possible to switch to the
preparation of new, non-traditional brands of mineral fertilizers.

The main purpose of this article is to develop a technology for restoring
saline soils that have lost their fertility by adding a mixture of slag formed
during solid waste incineration, it is possible to obtain an organo-mineral
complex fertilizer enriched with macro- and microelements.

Key words: solid waste, charge, mineral fertilizers, fertilizer mixture,
dolomitized siliceous-phosphate raw material.
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OHAIPICTIH KATTbI KAJIIBIKTAPBIHAH KEIIEH/I
TBIHAUTKBIIITAP AJ1Y TEXHOJIOTI'UACBIH 93IPJIEY

AnHoTanusi. Makanaia jkaHa SKOJOTHSIIBIK KAyilcCi3 TBIHAWTKBIII
HOMEHKJIATYpacChlH ally YIIiH AKCall KeH OpHBIHJAFbl KapOOHATTHI-KpEM-
HUI T0JOMUTTENTeH (DocdaT MUKI3aThIHBIH JKOHE IIMXTAHBIH KypaM-
nac OeJIKTepIHIH XUMUSJIBIK TalAaylapblHbIH HOTHXKeJIepl OepiireH.
TompIpakThIH KaCHUETTEpiH JKaKCapTy, apTThIPy KOHE KYHAPIBUIBIFBIH
apTTBIPy MakcaTbhIHIA SPTYPJl OHIIpICTepAiH KATThl KaJIbIKTApPhl HETi-
31HJI€ THIHAWTKBIII KOCITACKIH aly YIIiH KYPri3iIreH 3epTTeyaepaiH HOTH-
xKesepi OOMBIHINA 931PJICHTEH HET13T1 TEXHOJOTHSIIBIK CXeMa YCHIHBIIIBI.
[IuxTaneiH Kypamaac Oeiiri peTiHAe TOMBIPAKTHIH BIIFAJIBUIBIFBIH
CaKTaWThIH MaTepHaNIbIH KEYEKTIIIriH apTThipy yuiH 850-950°C remme-
patypaga OallbITBUIFAH >KOHE KYHAIPUIreH BEPMUKYIUT KOJJAHBLIAIbI.
Kypambiama rymaTTap MEH MEKPOJIEMEHTTEp Oap Kocma peTiHae KoMip/Ii
OHJIIpY Ke3iHAe maiijga OonFaH ycak OeJIIeKTepIiH iIKi KabaThl MeH
CKpUTiepi KbI3MET eTe anaabl. MyH/1ail TRBIHAUTKBIII KOCTIaJapblH aTyIbIH
TEXHOJOTHUSIUIBIK TPOIECIHIH amnmaparTblK KOHCTPYKUMSCBIHBIH Kapa-
MaWBIMABIIBIFEl MUHEPAIIBI THIHAUTKBIMTAPABIH KaHa, JOCTYPJ eMec
MapKaJlapblH JaiiblHayFa Keryre MyMKiHJIIK Oepe/i.

byn MakanaHbIH HETi3ri MakcaThl KATThl KaJJIBIKTapAbl JKary Ke3iHJe
naiga 00JFaH KOX KOCHAChIH KOCY apKbUIbl KYHAPJIBUIBIFBIH KOFAJITKAH,
TY31bI TONBIPAKTHI KAJIMBIHA KENTIPY TEXHOJOTHUSACHIH Kacay OOJIBII
TaOBUTA/IBI, MaKpO-)KOHE MHUKDPOIIEMEHTTEPMEH OalBITBUIFAH OPTaHO -
MUHEpaJAbl KeIIEH I TRIHANTKBIII amyFa 00abl.

Tyiiin ce3aep: KaTThl KAJIBIKTAp, IIUXTa, MUHEPAJAbl THIHAUTKBIIITAP,
TBIHAWTKBITI KOCTIAChI, TOJTOMUTTENTeH KpeMHU-()ochaTThl MUKi3ar.

41



ISSN 2224-5227 2.2022

A.M. Koxaxmerosa'’, K.T. ’Kanracos', H./l. Tope6aii’,
M.T. BaiiskanoBa', A.B. CeiiTrxanosa'

"TOsxnHo- Kaszaxcranckuii yausepcuter uM. M. Ays30Ba,
[sivkenT, Kazaxcran;
2 Vausepcuret Mupac, [lIsiMkent, Kazaxcran.
E-mail: k_aidana 19@mail.ru

PAZPABOTKA TEXHOJIOT'MA ITOJTYYEHUA
KOMIIVIEKCHOI'O YAOBPEHMUS U3 TBEPAbLIX OTXOA0B
IMPOU3BOACTBA

AnHoTauusi. B crarbe mpuBeneHbl pe3yabTaThl XUMUYECKUX aHAIU-
30B KapOOHATHO-KPEMHHUCTOTO JOJOMHUTH3UpOBaHHOTO ¢ocdarHoro
CBIPbSI MECTOPOXKIEHUS AKCall M KOMITOHEHTOB IIMXTHI IS TIOJNYYCHHS
HOBBIN KOJIOTUYECKON 0€30MacHOi HOMEHKIATYphl TykocMecH. C Lebio
yAYYIIEHUs CBOWCTB MOYBBI M MOBBIIIEHUS U TUIOMOPOAMS MpeaIaraeTcs
TEXHOJIOTUYECKas CXeMa, KoTopas pazpaboTaHa Ha OCHOBAaHUU PE3yIbTaTOB
MIPOBEJICHHBIX HCCIEAOBAHMKM JUISI TOJNYYCHHS TYKOCMECH Ha OCHOBE
TBEPJBIX OTXOJOB PA3TUYHBIX MPOU3BOJICTB. B KadecTBe KOMITOHEHTHI
[IUXTHI MPUMEHSIOT 000TaIEHHBIN 1 000OKEHHBIH BEPMUKYIUT MPU TEM-
neparype 850-950°C ¢ 11esib0 MOBBIIICHUS TOPUCTOCTH MaTepuala, yaep-
YKUBAIOIIIETO BJIary TMOYBHI. B KauecTBe JOOABKHU colepKalleid rymMarsl U
MHUKPODIJIIEMEHTBI, MOTYT CJIYXUTh BHYTPEHHHE BCKPBIIIHBIC MOPOILI U
OTCEBBI MeNo4H, oOpasyromuecs npu ao0sue yrei. [Ipoctora anmapa-
TypHOTO O(OPMIIEHHS] TEXHOJIOTHYECKOTO Ipoliecca MOMYyYeHHUS TaKhX
TyKOCMECEH JTaeT BO3MOXKHOCTh TIepexojia K MPUTOTOBICHUIO HOBBIX, HE
TPATUIIMOHHBIX MAPOK MUHEPAITBHBIX YIOOPCHUH.

OcHoBHas 11eJ1b JAHHOM CTaThU 3aKII0YAETCS B pa3pabOoTKe TEXHOIOT I
BOCCTAHOBJICHHUS, TOTEPSBIIUX CBOIO IJIOOPOAHOCTH, 3aCOJMEHHBIX MOYB,
myTeM A00aBJIICHUS CMECH ITaka, OO0pa3yoIIerocs B XON€ CHKUTaHUS
TBEPIBIX OTXOJOB, BO3MOXXHO IOJYYECHUE OPTaHO-MHUHEPATHLHOTO KOM-
MJIEKCHOTO yA0OpeHus, 000TaleHHOT0 MaKpo- 1 MUKPOAJIEMEHTaMHU.

KuroueBbie ci10Ba: TBepbIe OTXObI, INXTA, MUHEPAJIbHBIE YI0OpeHUS,
TYKOCMECH, TOJIOMUTH3UPOBAHHOE KPEMHUCTO-PocaTHOE CHIPBE.

Introduction. At present, in the Republic of Kazakhstan, 60% of arable
land is infertile and contains less than 4% of humus, which negatively
affects the quantity and quality of plant yield. The depletion of the soil
negatively affected the quality of the grain, as the gluten content in
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it significantly decreased. Therefore, in order to increase the yield of
agricultural products, it is necessary to increase the amount of applied
mineral fertilizers 3-4 times (Zhantasov,1986; Zhantasov, 2013).

Instead of using various types of mineral fertilizers, it is possible to
introduce their complex analogues. Complex dressings include several
useful substances, are distinguished by a balanced composition, relatively
easy transportation and storage. Manufacturers also offer complexes with
various mineral supplements, including plant growth and development
stimulants.

In general, their use is recommended on relatively balanced soils, where
there is no acute shortage of a specific chemical element (Ferreira, 2003;
Chaikina, 2002).

The most effective, quick and safe (if used correctly) way to increase
soil productivity is mineral fertilizers (Tsypina et all, 1974). They exist in
various forms and are divided into types depending on the main substance.
The choice of fertilizer should be based on the lack of a particular chemical
element and soil parameters. By correctly determining the amount and
application period, it is possible to restore the chemical balance of the soil
in 1-2 years and increase the yield (Marulis et all, 1968; Utegulov et all,
2014).

Materials and methods. Phosphorite raw materials used in the
production of NPK-fertilizers and fertilizers are generally obtained by
grinding lump and small-sized natural phosphorite.

The average chemical compositions of the charge components used in

the process of obtaining fertilizers with prolonged action are shown in
Table 1-4.

Table 1. Chemical composition of phosphate rock.

Content, %
PO, K,0 F,0 Si0, CaO MgO H,0 MnO

6,32 1,49 0,003 38 29,85 1,72 5,0 0,014

Table 2. Chemical composition of coal ash by the main components of
the Bogatyr and Maikube open-pit mines of the Ekibastuz and Karaganda
basins deposits

Deposits of ashes of coals Content of components, %

SiO, | ALO, | Fe,O0,|MgO | TiO, |Na,0+K O | CaO
Bogatyr 59,7 | 243 52 | 1,03 1,13 0,79 4,9
Maikube 56,5 | 24,6 59 10,83 | 1,26 0,61 3,7
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In order to increase the porosity of the material that retains soil moisture,
enriched and fired vermiculite is used at a temperature of 850-9500C. The
chemical composition of vermiculite is shown in table 3.

Table 3. Chemical composition of vermiculite
Content, %
Na,O | KO | FeOs | FeO | ALO, | SiO, | CaO | MgO | HO | MuO

2

6,5 6,5 60 |20 | 135 38 |30 ] 195 50 |08-1,1

Coal waste is stored in two types of dumps - formed by the dry method
(dry dumps of mining, sorting and gravitational concentration of coal) and
hydraulic (hydraulic dumps - tailings storage).

According to the sources of formation, coal waste, as well as waste from
the extraction and processing of other solid minerals, is divided into two
groups: mining waste (overburden and coal-bearing rocks) and dressing
waste (a mixture of coal-bearing rocks and coal).

Table 4. Chemical composition of internal overburden (GDP)
Content, %
Na,O K,0 Cr,0O, Fe,03 | A1,03 | SiO CaO | Mgo MnO

2

0,5 0,5 0,1 9,3 8,3 49,9 1,8 1,8 0,1-0,6

It should be noted that the metal oxides contained in the charge serve
as microelements and increase the technological properties of the mineral
fertilizer.

The chemical composition of brown coal is presented: organic
constituent, mineral (inorganic) mass, water, gases.

Mineral impurities are concentrated in the ash. Ash analysis showed
that coal belongs to unsalted coals, the content of water-soluble Na,O is
0.09 - 0.69%:; The resin content is low - 3.0-7.5%, bitumen - 0.3-1.3%.

The content of toxic impurities does not go beyond the limits typical for
power-generating coals.

Results and discussions. On the basis of the results of the research
carried out, a conceptual technological scheme for producing a fertilizer
mixture based on solid waste from various industries has been developed.
As a component of the charge, enriched and fired vermiculite is used at a
temperature of 850-9500 in order to increase the porosity of the material
that retains soil moisture. As an additive containing humates and trace
elements, internal overburden and screenings of fines formed during coal
mining can serve.
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Figure 1. Principal hardware-technological scheme for producing fertilizer mixture
containing microelements.
1,3,4,9,10,12,14 bins; 2 - dispenser-feeder; 5, 13 - mixers; 6-drum oven; 7-burner;
8 refrigerator; 11-mill; 15 filling machine.

According to the developed technology for the production of fertilizer,
from solid waste of various industries, fines of the 0-5mm class formed
in the process of phosphorite agglomeration from the bunker position 1,
through the feeder-feeder position 2, are fed into the mixer position 5, where
they also come from the bunker position 3 GDP (internal overburden) and
from the bunker pos. 4 dolomite torn phosphorite of the Aksai deposit. All
components are thoroughly mixed in the mixer pos 5, then the charge is
fed by the feeder to the rotary drum furnace pos 6, where it is dried at a
temperature of 150 - 350°C and heat treatment at 850 — 950°C. Then the
product enters the refrigeration unit, pos. 8, cooled to 20-40°C and sent
to an elliptical ball mill of the drum type and crushed to a fraction of less
than 0.1 mm, ash and slag from the bunker pos. 9 and brown coal from
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the bunker, pos. 10, are supplied there. into the mixer pos. 13, which also
receives fired vermiculite 0.1 mm from the hopper pos. 12, by means of a
dispenser-feeder. Next, they are thoroughly mixed in the mixer, pos. 13.
Then, the charge material is sent to the central hopper, pos. 14, and then
fed into the filling machine, pos. 15, where the fertilizer mixture is packed
into packing bags. The finished product, the fertilizer mixture, packed in
bags, is sent to consumers.

Conclusion. The study of the composition of coal ash from the Bogatyr
and Maikube cuts and the chemical composition of dolomitized siliceous-
phosphate raw materials from the Aksai deposit determines the possibility
of their use in the production of fertilizer mixtures for the agro-industrial
complex. A technology and a technological scheme for the production of
a fertilizer mixture based on off-balance dolomitized siliceous-phosphate
raw materials and vermiculite have been developed, with the introduction
of internal coal mining overburden and an aqueous solution of molasses, a
binder before the stage of drying and granulation as additives. The developed
technology is flexible and allows you to modify the composition of the
complex fertilizer components, to widely attract substandard phosphorite
raw materials in the production of fertilizers.
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EVALUATION OF THE WHEAT RECOMBINANT INBRED
LINES FOR RESISTANCE TO LEAF RUST

Abstract. Wheat leaf rust, caused by Puccinia triticina Erikss., is one
of the major diseases in major wheat-growing regions of the world. It is
one of the major diseases of wheat in Kazakhstan. The aim of study was to
phenotype and genotype the Kazakh mapping population of recombinant
inbred wheat lines (RIL) Almaly/Anza for resistance to Puccinia triticina.
The evaluation of the adult plant resistance of the RIL Almaly/Anza
wheat population in the field to P. recondita made it possible to rank the
studied genotypes according to the level of resistance. It was found that
the frequency of occurrence of resistant wheat samples was 50.8%, and
those susceptible to leaf rust —49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number.
Genotyping the most resistant in the field lines Almaly/Anza with three
Lr genes linked molecula markers showed that the most frequent Lr gene,
identified individually or in combination, was Lrl. The expected marker
fragment associated with Lr1 was found in five of the lines studied. The
marker linked to Lr28 was found in two lines. The marker linked to Lr34
was found four RIL. These identified wheat lines also showed a moderate
and high level of adult plant resistance to leaf rust. This study identified
some wheat genotypes highly resistant to leaf rust that may contribute
to the improvement resistance to the pathogen. Obtained in this research
data of the Kazakh mapping population of RIL Almaly/Anza for resistance

48



Reports of the Academy of Sciences of the Republic of Kazakhstan

to leaf rust will become the basis for subsequent genotyping and QTL
mapping of this wheat population.

Key words: wheat, leaf rust, Puccinia triticina, resistance genes,
molecular markers.
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BUJIAVIBIH PEKOMBUHAHTTHI MHBPUITI
JIMHUSJIAPBIHBIH KOHBIP TATKA TO3IMILIITTH BAFAJIAY

AnHoTaumsi. Puccinia triticina Erikss Ko3mpIipaTeiH Oumail xKanbIparbl
TaThl QJIEMHIH HETI3r1 Oujai ecipeTiH alMaKTapblHJaFbl HETI3r1 aypy-
napabiy Oipi 6osbin Tabbutanel. byn Kazakcrangarsl Heri3ri Oumait aypy-
JMapeIHBIH Oipi. 3epTTeynmiH Makcarbl: Ajmaibl/AH3a PEKOMOMHAHTTHI
nHOpenTik Oupal nuHusnapbiHblH (RIL) KazakcTaHIObIK KapTajlaHFaH
MOMyJISUACHIHBIH P. triticina-ra Te3imMaimirine QeHOTUINTEY >KOHE TeHO-
THNTEY KYpri3zy. Ankantarbl RIL Oumaii momynsmusceiabig P. triticina-ra
TO3IMIUTITIH Oaranay TO3IMIUTK JeHreil OOWBIHIIA 3epTTENETIH TEHO-
TUNITEPAl paHXUpIeyre MYMKIHIIK Oep/i. bumaiinbiy Te3iMIi yaTiiepiHiH
naitna 6oy xuiiri 50,8%, anskaneipak TaTbiHa ce3iMTANAAPHI 49,2 %, IFHH,
aypyra Te3iMJi TeHOTHUNTEpAiH aypyFa Te3iMJi TOOBIHBIH apaKaThIHACHI
mamameH Oipaeit 6onapl. Lr renaepiMen OaiiaHbICKaH YII MOJIEKYJIAbIK
MapKepJepal naiaagana OThIPHII, epicke eH To3imai Almaly/Anza nuHus-
JapblH TEHOTHNTEY >KaJIFbI3 HeMece Oacka TeHIEepPMEH OipiKTipiareH
eH kem TapanraH TeHHiH Lrl ekeHiH aHbIKTangsl. KyTineTiH mapkep
(dparmenti Lrl-meHn accocanussianrad 0ec 3epTTENreH JIMHUSA1a TaObUIIHI.
Lr28-0eH TipkeckeH Mapkep eki JuHHsAa Ta0buabl. Lr34-neH TipkeckeH
mapkep Topt RIL-me Tabwuiael. by Tannmanran Oujald JUHUSIIAPHI J1a
€peCceK OCIMIIKTEP/IH KambIpaK TaTblHA TO3IMAUTITIHIH OpTalia >KoHE
KOFaphl ACHIeHiH KopceTTl. 3epTTey HOTHXKeCiHAe, OMIaiIbIH MaToreHre
TO3IMIUIITIH apTTHIPYFa BIKIAJ €T€ aJIaThIH, JKaIlbIpaK TaTbIHA TO3IMILTIT1
KOFapsl Oujai reHotuntepl aHbIKTanIbl. OChl 3epTTEy/Ie albIHFAH Ka3ak-
cTaHJblK KapTamanatelH RIL Anmansi/AH3a Oumail MmomynsiUsSCHIHBIH
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KOHBIP TaTKa Te31MAuIIriHe (EeHOTHUNTIK JAEPeKTepi, OChl MOMYISIUSIHBIH
KeiiiHri renorunrteyine xone QTL kapranaybiHa Heri3 00Jajbl.

Tyiiin ce31ep: Ounait, KOHbIp TaT, Puccinia triticina, Te3iMILTIK TeHAEP],
MOJICKYJTAJIBIK MapKepIiep.

A. KoxmeroBa*, A. MaasimeBa, M. Kymapo6aeBa, bosiaréexoBa,
A. KoxmetoBa

WNHctutyT 6MON0TMN M OMOTEXHOJIOTUM PACTEHUH,
Anmarsl, Kazaxcran.
E-mail: gen _kalma@mail.ru

OILIEHKA PEKOMBUHAHTHBIX WHBPEIHBIX JINHUI
NIIEHUIBI HA YCTOMYNUBOCTD K BYPOU PXKABUMHE

AHHoTanusi. JlucToBas pxkaBuMHa IUIEHMIBI, BbI3biBaeMas Puccinia
triticina Erikss., sBiasieTcst 0O4HUM U3 OCHOBHBIX 3a00JIEBAHUI B OCHOBHBIX
peruoHax MHpa, BO3JAEJBIBAIOLIMX MIIEHUIY. JTO OJHA HU3 OCHOBHBIX
6onesneit nmenunsl B Kazaxcrane. Llenbio uccienoBanus 0110 GeHOTH-
IIPOBaHUE U F€HOTUIIMPOBAHUE KA3aXCTAHCKON KapTHUPOBAHHOM IOIYJIs-
LUH PEeKOMOMHAHTHBIX UHOpeaHbIX nuHui neHuns! (RIL) Almaly/Anza
Ha yCTOMYMBOCTH K P. triticina. OmeHka yCTOWYMBOCTH MOMYJNIALUN TIIIIE-
Huipl RIL B moneBwix ycnoBusx k P. triticina mo3Bosnia paHKHPOBATh
U3y4aeMble FEHOTHUIIBI 10 YPOBHIO yCTOMYNBOCTH. BBIsBIEHO, 4TO YacToTa
BCTPEUAEMOCTH yCTOMYMBBIX 00pa3loB mmieHUIb coctaBmia 50,8%, a
BOCIIPUUMYUBBIX K Oypoil pxkaBunHe - 49,2%, T.€. COOTHOLIEHUE TPYIIIIbI
YCTOHYMBBIX K BOCIIPUMMYHUBBIM K 00JI€3HSIM T'€HOTUIIOB OBLJIO PUMEPHO
OZIMHAaKoOBO. ['eHoTUNHpOBaHME HauboJee yCTONYMBBIX B MOJEBBIX YCIO-
Busix JuHUM Almaly/Anza ¢ uCHOIB30BaHMEM TpPeX MOJIEKYISIPHBIX
MapKepoB, CLEIUICHHBIX ¢ Lr reHamu, mokasaino, 4To Hambojee 4acTo
BCTPEUAIOLIUMCSI TE€HOM, WIACHTHU()HUIMPOBAHHBIM HHAMBHIYAJIbHO HIN
B KOMOMHAIuu ¢ npyrumu reHamu, Obul Lrl. OskummaeMblii MapKepHBIN
(bparmeHT, accouupoBaHHblii ¢ Lrl, oOHapykeH y MATH UCCIEI0BAHHBIX
nuHuil. Mapkep, cuerieHHsii ¢ Lr28, oOHapyskeH y n1Byx nunuil. Mapkep,
cueruieHHsli ¢ Lr34, BoisiBneH y yetsipex RIL. OTu oToOpanHble TUHUN
MIICHUIBl TAKXKE TMOKAa3aJlu CPEIHUM U BBICOKMM YPOBEHb YCTOMYUBOCTHU
B3pOCJBIX pacTeHHil K Oypoi pkaBumHEe. B pesymbrare ucciaenoBaHUs
UACHTU()HUIIMPOBAHBI TEHOTHITHI MIIEHUIIBI, 00J1a/1a101I1e BEICOKOH YCTOM-
YUBOCTHIO K Oypoil prkaBUMHE, YTO MOXET CIIOCOOCTBOBATh MOBBILICHUIO
YCTOWYMBOCTH HIIEHULBI K AaTOreHy. /laHHble (EeHOTUIMPOBAHUS Ka3ax-
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CTaHCKOH kaptupyromieil momynsuuu mnmeHunsl RIL Almaly/Anza nHa
YCTOWYUBOCTH K Oypo# p>kaBUMHE, MOJYyYSHHBIE B JAHHOM UCCIIEIOBAHUH,
CTaHyT OCHOBOW sl mocienyroniero reHorunupoBanus u QTL-kapTu-
POBaHMS ATON MOMYJISLIHUH.

KuawueBble ciaoBa: miieHuia, Oypas pkaBumHa, Puccinia triticina,
T€Hbl YCTOMUYHUBOCTHU, MOJIEKYIISIPHBIE MapKEPHI.

Introduction. According to FAO experts, the world’s population will
double by 2050. World grain production has been increasing in recent
years, but the loss of wheat in the world from disease is about 10% of
the potential yield (FAOSTAT data, 2016). Wheat leaf rust, caused by
Puccinia triticina Erikss. (Ptr), is one of the major diseases in major wheat-
growing regions of the world. It is one of the major diseases of wheat in
Kazakhstan. Annual losses of yield in Kazakhstan from leaf rust are from
10 to 30%, and in the years of epiphytoties — up to 50%. In the period
from 2001 to 2009, LR epidemics occurred in Northern Kazakhstan five
times (2002, 2003, 2005, 2007 and 2009), and the loss of wheat yield on
susceptible varieties reached 20-30% (Koishibayev, 2018; Morgounov et
all, 2015). Resistance to Ptr helps to reduce production costs and protect
the environment. Production of wheat in Kazakhstan and Russia is being
constrained also by tan spot (Kokhmetova et all, 2018a, 2019a, 2019b,
2020,2021a,2021b; Kremneva et all, 2019, 2021), Septoria (Babkenova et
all, 2020) and common bunt (Madenova et all, 2021). Dominant position,
as a part of the pathogenic complex of wheat in Kazakhstan, is taken by
rusts (yellow, stem, and leaf rust) (Sharma et all, 2013; Kokhmetova et all,
2018b, 2011, 2021c; Rsaliyev et all, 2018).

The diversity of Lr genes in wheat varieties is of great importance for
the fight against epidemics of leaf rust in the region. However, resistance
to leaf rust can be overcome by changing the virulence of new pathogen
races (Kolmer et all, 2016). Therefore, the search and development of new
donors of resistance is an important task for effective disease control.

Symptom-based phytopathological methods are not always effective
for the development of varieties with resistance genes. Field evaluation
is expensive, time-consuming and highly affected by environmental
conditions. Incorporation of the resistance genes is an eco-friendly system
that does not place any cost burden on the growers. Molecular markers
associated with disease resistance will be a more effective way to identify
disease resistance factors. The advent of relatively inexpensive, high
throughput molecular marker platforms makes marker-assisted selection
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(MAS) a viable approach to tracking resistance genes (Sharma-Poudyal et
all, 2013).

The development of mapping wheat populations to map genes and
quantitative trait loci (QTLs) that control disease resistance is an important
step in breeding programs. The aim of this study is to phenotype and
genotype the Kazakh mapping population of recombinant inbred wheat
lines (RIL) Almaly/Anza for resistance to Puccinia triticina. Phenotyping
data of the Kazakh mapping population of RIL Almaly/Anza wheat for
resistance to leaf rust obtained in this research will become the basis for
subsequent genotyping and QTL mapping of the wheat RIL population.

In connection with the above, the aim of the research is to phenotype
and genotype the population of recombinant inbred wheat lines Almaly/
Anza for resistance to Puccinia triticina.

Research materials and methods. Objects of research is a collection
of 205 recombinant inbred lines of wheat Almaly/Anza (RIL). This
material was developed from crossing thge winter wheat cultivar Almaly
from Kazakhstan and Anza spring wheat cultivar from the United States
based on of single-seed descent approach (SSD). This is the first mapping
population developed in Kazakhstan. Parental forms are contrasted in
terms of resistance to Ptr and productivity traits. This study assessed 205
RIL, which were evaluated for Ptr resistance in the field tests. Evaluation
of field resistance to leaf rust was carried out under conditions of the
Kazakh Scientific Research Institute of Agriculture and Plant Growing
(KazNIIZiR), (Almalybak, 43°13°09” N, 76°36’17” E, Almaty region)
in Southeast Kazakhstan, Almaty region, during 2020 cropping seasons.
Experiments were conducted with a completely randomized design
with two replicates in 1 m? The Ptr-susceptible cultivar Morocco was
planted in every 10th row and as a spreader border around the nursery
to ensure uniform infection. The growing conditions were favorable for
the development of rust. Infection type and severity data were recorded
according to the method developed at the CIMMYT (Roelfs et all, 1992).
Five types of infection were evaluated, IT, including immune, resistant,
moderately resistant, moderately susceptible and susceptible reactions.
Field resistance was assessed at boot and milk stages, respectively
(Peterson et all, 1948).

Genomic DNA was extracted from wheat at the two-leaf seedling stage
for each genotype using the CTAB method (Riede et all, 1996). The presence
of molecular markers to resistance genes Lrl (pTAG), Lr28 (Wmc313)
and Lr34/Sr57/Yr18 (csLV34) was determined as described by Feuillet et
al. (1995), Vikal et al. (2004), and Lagudah et al. (2006) (Feuillet et all,
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1995; Vikal et all, 2004; Lagudah et all, 2006). Polymerase chain reaction
(PCR) was carried out in accordance with the protocols described for each
Lr gene in the references. PCR reactions were carried out in a Bio-Rad
T100TM Thermal Cycler (Bio-RAD, Hercules, California, USA). The PCR
mixture (25 pL) contained 2.5 pL of genomic DNA (30 ng), 1 uL of each
primer (1 pM/ uL) (SigmaAldrich, St. Louis, MI, USA), 2.5 uL of ANTP
mixture (2.5 mM, dCTP, dGTP, dTTP and dATP aqueous solution) (ZAO
Sileks, Russia), 2.5 pL MgCl12 (25 mM), 0.2 uL Taq polymerase (5 units
uL) (ZAO Sileks, Russia), 2.5 pL 10X PCR buffer and 12.8 uL ddH20.
PCR amplification was done using a Mastercycler (Eppendorf, Hamburg,
Germany) with initial denaturation at 94°C for 3 min, 45 cycles: 94°C for
1 min, annealing at 60°C for 1 min, 72°C for 2 min, and final elongation at
72°C for 10 min. The PCR products were separated on 2% agarose gel in
TBE buffer (45 mM Tris-borate, | mM EDTA, pH 8) with the addition of
ethidium bromide. To determine the length of the amplification fragment, a
100-bp DNA ladder (Fermentas, Vilnius, Lithuania) was included. Results
were visualized using the Gel Documentation System (Gel Doc XR+,
BIO-RAD, Hercules, California, USA).

Results. A study of the Kazakhstan population of recombinant inbred
lines of wheat Almaly/Anza for adult plant resistance to the P. recondita
was carried out. The Almaly variety is a Kazakh variety of common winter
wheat, developed by the KazNIIZiR in 2002, with a pedigree (R6862 x
50431) x Bezostayal. It is widely used as a parent in breeding programs
in Kazakhstan and Central Asian countries and cultivated as a commercial
wheat variety. Almaly has a high yield potential and moderately high
resistance to leaf, stripe and stem rust. It is a carrier of the Lrl, Lr28 and
Lr34 genes (Table 1). The pedigree of the variety contains Bezostayal, a
carrier of the Lr34, Lr3a and Lrl3 resistance genes (WheatCAP https://
maswheat.ucdavis.edu). The Lr34 gene is also present in the second parent
of recombinant inbred lines population, Anza (spring wheat), which is
widely used in commercial breeding around the world. Anza, developed
by the University of California (USA) in 1971, has high yield potential
and is moderately resistant to a number of diseases, including leaf rust
(WheatCAP https://maswheat.ucdavis.edu).

Table 1. Characterization of the resistance of parental cultivars of RIL
Almaly/Anza to the Puccinia triticina and presence of Lr-genes.

Parental entries Adult plant resistance Presence of Lr-genes
Q Almaly (winter wheat) 10MR-20MR Lrl1, Lr28, Lr34
& Anza (spring wheat) 30MR-30MS Lr34
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Evaluation of the adult plant resistance resistance of the wheat
population RIL Almaly/Anza to Puccinia triticina in field conditions
showed the following. A high level of resistance with infectious type IT —
0 was found in 84 lines of RIL Almaly/Anza, which amounted to 44.92%.
Among them are the lines: 331-670, 332-671, 333-672, 334-673, 335-674,
etc. (Table 2, Fig. 1). With a percentage of defeat 1-20%, i.e., 11 wheat
genotypes (5.88%) were identified as moderately resistant to leaf rust with
an assessment of “MR”: RIL Almaly/Anza-450-793, RIL Almaly/Anza-
453-796, RIL Almaly/Anza-454-797, etc.

Table 2. Evaluation to leaf rust of the RIL Almaly/Anza (Almalybak, 2021).

Leaf rust resistant entries Moderately Moderately susceptible | Susceptible
rated "0-R" resistant to leaf | to leaf rust entries rated | to leaf rust
rust entries "MS" entries rated
rated "MR" "S"

RIL Almaly/Anza-332-671, | RIL Almaly/ | RIL Almaly/Anza-337- | RIL Almaly/
333-672, 334-673, 335-674, | Anza-331-670, | 676, 343-682, 346-685, | Anza-376-
342-681, 344-683, 345-684, | 340-679, 341- 347-686, 348-687, 715,377-717,
355-694, 356-695, 357-696, | 680, 362-701, | 349-688, 350-689, 351- |378-718, 379-
358-697, 360-699, 361-700, | 367-706, 370- | 690, 352-691, 353-692, | 719, 380-720,
363-702, 364-703, 368-707, | 709, 381-721, | 359-698, 365-704, 366- |382-722, 424-
383-723, 387-728, 397-738, | 404-746, 469- | 705, 369-708, 371-710, | 767, 434-777,
398-739, 399-740, 400-742, | 812,470-813, | 372-711,373-712,374- |435-778, 436-
401-743, 402-744, 405-747, 483-827 713, 375-714, 384-724, | 779, 444-787,
408-750, 409-751, 410-752, 385-726, 386-727, 388- | 446-789, 448-
411-753, 412-755, 414-757, 729, 389-730, 390-731, | 791, 459-802,
415-758, 416-759, 417-760, 391-732,392-733, 393- | 460-803, 461-
418-761, 422-765, 425-768, 734, 394-735, 395-736, | 804, 481-825,
426-769, 427-770, 428-771, 396-737, 403-745, 406- 482-826
430-773, 432-775, 441-784, 748, 407-749, 419-762,
442-785, 451-794, 455-798, 421-764, 423-766, 433-
456-799, 457-800, 463-800, 776, 437-780, 438-781,
464-807, 465-808, 466-809, 439-782, 440-783, 443-

467-810, 475-819 786, 447-790, 450-793,

452-795,

Table 2 continue

RIL Almaly/Anza- 477-821, RIL Almaly/Anza 453-796,
478-822, 484-828, 485-829, 458-801, 462-805, 468-811,
486-830, 488-832, 489-833, 471-814, 472-815, 474-818,
490-834, 491-835, 493-837, 476-820, 479-823, 480-824,
494-838, 496-840, 497-841, 487-831, 500-844, 501-845,
499-843, 502-846, 504-848, 503-847, 505-849, 506-850,
508-852, 509-853, 511-855, 507-851, 510-854, 512-856,
513-857, 514-859, 515-860, 516-862, 517-863, 518-864,
519-865, 520-866, 521-867, 522-868, 523-869, 525-871,
524-870, 528-874, 530-876, 526-872, 532-878, 533-879
531-877, 535-881
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Figure 1. Frequency of occurrence of wheat genotypes by reaction to leaf rust in the
field

Thus, the carried out phytopathological screening in the population of
recombinant inbred lines Almaly/Anza for resistance to leaf rust made it
possible to rank the studied genotypes according to the level of adult plant
resistance. It was found that the frequency of occurrence of resistant wheat
entries (groups R, MR) was 50.8% (95 genotypes), and susceptible to leaf
rust (groups MS, S) - 49.2% (92 genotypes). The ratio of the number of
genotypes in the groups of resistant versus susceptible to the disease was
approximately the same.

Genotyping of parental entries and the most resistant in the field RIL
Almaly/Anza with three leaf rust resistance genes linked markers is shown
in Table 3. The most frequent Lr gene, identified in the material studied
individually or in combination, was Lrl. The expected marker fragment
associated with Lrl was found in 5 (45,4%) of the lines, including 398-
739, 496-840, 515-860, 528-874 and 450-793. The marker linked to Lr28
was found in two (18,2%) lines (451-794 and 474-818). The marker linked
to Lr34 was found in four (36,4%) RIL, including 513-857, 511-855, 510-
854 and 501-845.

Table 3. Molecular screening for the Lr genes in recombinant inbred

lines Almaly/Anza.
Molecular marker test
Entries Lrl Lr28 Lr34 Lr genes detected
(pTAG) | (Wmc313) | (csLV34) | based on linked marker
Q Almaly (winter wheat) 1 1 1 Lrl, Lr28, Lr34
& Anza (spring wheat) 0 0 1 Lr34
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Table 3 continue

RIL Almaly/Anza
398-739 1 0 0 Lrl
451-794 0 1 0 Lr28
513-857 0 0 1 Lr34
496-840 1 0 0 Lrl
511-855 0 0 1 Lr34
515-860 1 0 0 Lrl
528-874 1 0 0 Lrl
474-818 0 1 0 Lr28
510-854 0 0 1 Lr34
450-793 1 0 0 Lrl
501-845 1 0 1 Lrl, Lr34
AVOCET'S' (negative control) 0 0 0 0

Note: “17, “0” — indicate the presence and absence allele of correspond-
ing gene, respectively

The expected marker fragment associated with Lrl was found in 5
(45,4%) of the 14 lines, including 398-739, 496-840, 515-860, 528-874
and 450-793. The marker linked to Lr28 was found in two (18,2%) lines
(451-794 and 474-818). The marker linked to Lr34 was found in four
(36,4%) RIL, including 513-857, 511-855, 510-854 and 501-845.

Discussion. As a result of the studies, leaf rust resistance in recombinant
inbred wheat lines and their diversity in Lr genes were characterized. Leaf
rust is one of the major problems for spring and winter wheat in Russia
and Central Asia, including Kazakhstan (Morgounov et all, 2007; Rsaliev
et all, 2011; Gultyaeva et all, 2018; Morgounov et all, 2020), and Ptr
populations are diverse and highly virulent (Kokhmetova et all, 2021d).
The evaluation of the adult plant resistance of the RIL Almaly/Anza in the
field to leaf rust made it possible to rank the studied genotypes according
to the level of resistance. It was found that the frequency of occurrence of
resistant wheat samples (groups R, MR) was 50.8% (104 genotypes), and
those susceptible to leaf rust (groups MS, S) - 49.2% (101 genotypes), i.e.,
the ratio of the group of disease-resistant to susceptible genotypes was
approximately the same number.

In previous studies, the sources of Lr resistance genes (Lr19, Lr26,
Lr37, Lr34, Lrl, Lr26, Lr34, Lr10, Lr37, Lr19, and Lr68 genes) were
identified in winter wheat breeding material (Kokhmetova et all, 2021d;
Yessenbekova et all, 2014). In this research, molecular screening of wheat
entries showed differences in the frequencies of three important Lr genes.
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In this study among the 11 entries, 5 carried resistance gene Lrl, 2 had
Lr28 and Lr34 was found in 4 wheat lines.

Recent studies in Kazakhstan have shown that with the advent of new
virulent races of the pathogen, many Lr genes have become ineffective
(Kokhmetova et all, 2021d). Therefore, new knowledge about the mechani-
sms and genetic bases of resistance to this dangerous disease for Kazakhstan
is needed. This study identified some wheat genotypes highly resistant to
leaf rust that may contribute to the improvement of leaf rust resistance.
Phenotyping data of the Kazakh mapping population of RIL Almaly/Anza
for resistance to leaf rust obtained in this research will become the basis
for subsequent genotyping and QTL mapping of the wheat RIL population.

Conclusion. The results of field phytopathological screening of 205
RIL Almaly/Anza to Puccinia triticina in field conditions allowed ranking
the studied material according to the level of resistance. It was found that
the frequency of occurrence of resistant wheat samples was 50.8% and
those susceptible to leaf rust 49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number.
Based on the results of molecular screening among the entries studied, 5
carried Lrl, 2 had Lr28 and Lr34 resistance gene was found in 4 wheat
lines. Phenotyping data of the Kazakh mapping population of RIL Almaly/
Anza for resistance to leaf rust will become the basis for subsequent
genotyping and QTL mapping of this population.
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I'MAPOBUOHT TYHBAJIAPBIH KOJIJAHY APKbIJIbI
APAKTBIH BUOJIOI'UAJIBIK BEJICEHAIJIII'TH APTTBIPY

Annorauusi. Kazipri 3amMmanayu Koramja JUKep — apak CyChIHAAp, 9Ci-
pece apak, CHUPTTIK CyCBHIHAApP CHSIKTHI ©T€ TaHBIMAaJl JKOHE CYPaHBICKA
ne. COHIBIKTaH KaKChl CIUPTTIK CyCHIHAAP/bI OHIIPY JACHCAYIBIK Kayill-
CI3/IT1HIH MaHBI3/Ibl )KOHE ©3€KTi acnekTiiaepiniH O0ipi 6onbin Typ. KarTse
0OCEeKeJIeCTIK JKaFJalblHa OHIIPYIIJIEP TEXHOJOTHSIIBIK IPOIECTEP/Ii
KAKCAPTYIBIH 9P TYPJII HYCKaJApbIH Maiijaiana OTBIPHII, 63 OHIMAEPIHIH
camachblH JKaKcapTyfa YMTBUIa/bl, OUTKEHI OHIMHIH J>KOFapbl carachbl
MEH Kayilci3Airi KOCIMOPBIHHBIH THIMAI KYMBIC 1CTE€YiHIH HETi3r1 Kpu-
Tepuisiepi  Oosbin  TaObwianbl. OchlFaH OalIaHBICTBI JIUKEp — apak
OHJIIpici aNabIHAa OHIMACPIIH OWOJIOTHSUIBIK OCJIICeHIIUIIKTI apTTHIpY,
YABUIBIFBIH TOMEHJIETY, KayilCI3AIriH apTThIPy, CIHUPTTIK CYCBHIHIAAPIBIH
TYPaKTBUIBIFBIH JKOFapjary Moceneci Typ. YCHIHBUIFaH 3epTTeyiiepie
THIPOOMOHTTAP/IBIH TYHOAIAPBIH KOJJIAaHY apKbUIBl apaKThIH (YHKIHO-
HAJIJBIK KaCHETTEpiH apTThIpy MYMKiHIIri 3eprrenmi. TyHOamap, TeHi3
meli — 30CTepa; MHUAMSAAH aJbIHFAH KBIMIKBIT THIAPOIH3ATHI, KACBLI
OanapIpiap — yJibBa; KbI3bUI O ibipiiap — puinodopiaapaaH qaibIHIaIFaH.
Tynbanap cypelniTayFa Kejeci caHAbIK KaTblHACTa SHTI3U1: Oanasipiap,
TeHi3 mentepi — 2%, muaus ruaponuszarel — 0,5%. Apak eHiMIIepiHiH
camachl 3epTTENETiH epITIHAIACT] anbIeTUATEP/iH, CUBYII MalIapbIHbIH,
Kypaeni ahupiaepai KoHe METHI CHUPTIHIH MeJIIepiHe OaiIaHbICThI
aHbIKTaNaabpl. Tanmay HOTHIKENepl ajbIHFaH CYCHIHAAPABIH OapiblK TYp-
JEpiHiH XUMHUSIBIK KOPCETKIIITEPi KAJBINTHI XKoHE apHaWbl apaKTapbIH
KOJIJIaHBICTAaFbl MEMJICKETTIK CTaHJIapPTKa ColiKec KeJeTiHiH KepceTTi. Opi
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Kapaii n1aiiblHaaIFal eHiMAepe OMOJIOTHSUIIBIK KACHETTePiH aHBIKTAY YIIiH
KaJIBIIMUAIIH, TEeMIPAIH KYpaMblH, IOPYMEHIEPAIH, MOJHUCaXapUATEePIiH
OOJTyBIH, IEKTUH MEH aKYBI3JIBIK 3aTTapAblH KypaMbl 3€pTTENi. AJBIH-
FaH HOTIDKEJIEp TUAPOOMOHTTApIaH TYHOAIap Akl KOJIIaHy XKOFapbl OM0JI0-
TUSUTBIK O€NICeHILTIT Oap apak amyFa MYMKIHJIIK Oepe/ii JereH KOPBhITIHIbI
)acayra 00abl.

Tyiiin ce3nep: apak, ruApoOHUOHT, TYPaKTbUIbIK, TYHOA, OMOIOTUAIIBIK
Oencenipl Kocnanap.
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MOBBINIEHUE BUOJIOTUTYECKOMW AKTUBHOCTH BOJKH
ITPU IPUMEHEHNHU HACTOEB I'MIPOBMOHTOB

AHHoOTauusi. B coBpemMeHHOM O00IIECTBE CIHUPTHHIC HAMUTKH, TaKUE
KaK BOJIKA, JIMKEPO-BOJIOUHBIC U3MIEIUS SBJISIOTCS JTOCTATOYHO MOIYJISIp-
HBIMU ¥ BOCTPeOOBaHHBIMU MIPOAyKTaMu. [1oaTOMY mpou3BoaCTBO 100PO-
Ka4eCTBEHHBIX CIHUPTHBIX HAMMUTKOB OTHOCHUTCS K YHUCIY aKTyaJbHBIX U
BOKHEHIIINX aCIEKTOB OE€30MacHOCTU 370pPOBbS. B yCIOBHUSAX KECTKOU
KOHKYPELIMH TPOU3BOJICTBEHHUKN CTPEMSATCS K IOBBIIICHUIO KadueCTBA
BBIITYCKa€MOW MPOAYKLHMH, HCIOJb3Yys pa3iWyHble BapUaHThl COBEp-
IIEHCTBOBAHHUS TEXHOJIOTHYECKHUX MPOIECCOB, TAK KaK BBICOKOE Ka4eCTBO
1 0€30MacHOCTh MPOU3BOAUMOMN MPOAYKIIUU SBIISIOTCS OCHOBHBIMHU KpH-
TepussMu 3P(HEKTUBHON pabOTHI MpeanpusITHs. B cBsi3m ¢ 3TUM Tiepen
MIPOU3BOICTBOM CTOUT BOTIPOC O MOBBIIICHUH OUOJIOTUYECKOM AKTUBHOCTH,
CHUKEHHUS TOKCUYHOCTH, TIOBBIIICHUS O€30MacHOCTH, YBEIMYCHHS
CTaOUJIBHOCTU CIUPTHBIX HAMMUTKOB. B mpencTaBieHHBIX HCCIEIOBaHUAX
M3y4eHa BO3MOXXHOCTH MOBBIMICHHS (YHKIIMOHATBHBIX CBOWCTB BOIKH
C MPUMEHEHHWEM HACTOEB THAPOOMOHTOB: TPaBbl MOPCKOH - 30CTEpHI;
KHCIIOTHOTO THUAPOIHM3aTa U3 MUIUN; 3€IeHOH BOJOPOCIU - YIBBBI;
KpacHO# Bogopociu - ¢uimodopsl. HacTon BBOIMINCH B COPTUPOBKY B
CIEAYIONIEM KOJIMYECTBEHHOM COOTHOILICHUH: BOJOPOCIIH, MOPCKas TpaBa
—2%, rugponuszaT MuauiHeiil - 0,5%. KadecTBO BOJOUHBIX H3AEIHI
OTpPENENsIeTC OTHOCUTEIBHO COJIEpkKAHUS alIbJIETUOB, CHBYIIHBIX
Mace, CJIOKHBIX 3UPOB U METHUIIOBOTO CITUPTA B UCCIIETyEMOM PAaCcTBOPE.
Pe3ynbraThl aHaIM3a CBUIETEIHCTBYIOT O TOM, YTO XUMUYECKUE TOKA3aTEIN
BCEX BUJIOB MMOJYYEHHBIX HATUTKOB HAXOASATCS B HOPME U COOTBETCTBYIOT
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neiictByromiemy 'OCTy mis Bomok ocoObix. Jlasee B pa3paboTaHHBIX
W3JICTUAX JUIS YCTAHOBJICHUS OHMOJIOTHYCCKHX CBOWCTB M3y4Yalld COJEP-
KaHUE KaJbIUs, Kelie3a, HAIMYME BUTAMHHOB, IMOJIMCAaXapUIOB, COAEP-
KaHUE TICKTUHOBBIX M OCNKOBBIX BellecTB. llomydeHHBIE pe3yabTaThl
MO3BOJISIIOT CJENaTh BBIBOJ O TOM, 4YTO MCIIOJIB30BAaHHE HACTOEB W3
TUAPOOMOHTOB, MO3BOJISICT MOJYYNUTh BOJKY C BBICOKOW OMOJOTHYECKON
AKTUBHOCTBIO.

KioueBbie cjioBa: Bojaka, TUAPOOMOHT,CTAOMIBHOCTD, HACTOU, OHO-
JIOTMYE€CKH aKTHBHEIC JOOABKH.

A. Nurdauletova*, G.I. Baigaziev, N.B. Batyrbaeva

Almaty Technological University, Almaty, Kazakhstan.
E-mail: arailym.nurdauletova@mail.ru

INCREASING THE BIOLOGICAL ACTIVITY OF VODKA WITH
THE APPLICATION OF HYDROBIONTS INFUSIONS

Abstract. In modern society, alcoholic beverages such as vodka,
alcoholic beverages, are quite popular and in demand products. Therefore,
the production of benign alcoholic beverages is one of the most important
and relevant aspects of health safety. In the conditions of fierce competition,
manufacturers strive to improve the quality of their products, using various
options for improving technological processes, since the high quality
and safety of products are the main criteria for the effective operation of
the enterprise. In this regard, the production is faced with the issue of
increasing biological activity, reducing toxicity, increasing safety, and
increasing the stability of alcoholic beverages. In the presented studies, the
possibility of increasing the functional properties of vodka with the use of
infusions of hydrobionts was studied: sea grass - zostera; acid hydrolyzate
from mussels; green algae - ulva; red algae - phyllophores. Infusions
were introduced into sorting in the following quantitative ratio: algae, sea
grass - 2%, mussel hydrolyzate - 0.5%. The quality of vodka products is
determined in relation to the content of aldehydes, fusel oils, esters and
methyl alcohol in the test solution. The results of the analysis indicate
that the chemical indicators of all types of drinks obtained are normal
and correspond to the current document for special vodkas. Further, in
the developed products, to establish the biological properties, we studied
the content of calcium, iron, the presence of vitamins, polysaccharides,
the content of pectin and protein substances. The results obtained allow
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us to conclude that the use of infusions from aquatic organisms makes it
possible to obtain vodka with high biological activity.

Key words: vodka, hydrobiont, stability, infusions, biologically active
additives.

Kipicne. [mki TyThIHY HapbIFbIH/Ia YCHIHBUIATBIH OHIMIEPIIH KEH
ACCOPTHMEHTIH €CKepe OTBIPBIN, AJKOTOJBIIK IIMIMIIKTepAl OHIIPYIiH
3aMaHay¥ JKaFIaibIH/a )KeKe TEXHOJIOTUSUIIBIK OTIEpalisUIapMEeH KOca jKall-
bl OapJBIK MPOLECTI KEeTULAIPYIiH MaHbI3AEl peni 6ap (Barabdos, 2001;
Prentice, 2016).

JlocTypimi  TEXHOJNOTHSUTBIK OICTep/l KOJJIaHy Oapiiblk Kesle ne (u3u-
KaJIBIK-XUMUSUTBIK, KOHE OPTaHOJNENTUKAIBIK KOPCETKIIITEpre, KOIAaHbICTaFbl
HOPMATHUBTIK Ky)KaTTapra colikec JaibIH OHIM allyFa MyMKIHZIK Oepe OepMerii.

AJIKOTOIBIIK 1MIIMJIIK OHIMJEPIHIH camacklH >KOFapbuiaTyaa KaObLI-
JaHFaH [apayapIblH TEHICHIUACH! CYIIBI-CIIUPTTI KOCTIAIAPIALI OHACY/IIH
kKaHa OJICTEPiH, OPTYPIi UHTEPIAUCHTTEPACH NalibIHAAIFaH CyChIHIaPAbIH
OPraHOJICTITUKAJIBIK CallaChIH JKaKCapTy YIIiH KOJJIaHy, CyChIHFa KPHUCTA
Ta3aJIbIK, MOJIIIPIIK XKOHE T.0. Oepy YIIIH KaHa CY3TiuIepil KojgaHyFa
OarpITTanran (Adbpamona, 2016; Nose, 2021).

CoHFBI yakKbITTa apak AalbIHAy YIIiH OMOJOTHSIIBIK OENCeHIII KacHheT-
Tepi Gap opTypJii KOMIOHEHTTEpl MaiijanaHy Jgamy YcTiHzae. Jlukep-apak
OHIMJICPIH OHJIIPYTre YCHIHBUIATBIH TaFaMBIK KOCHAJIAPAbIH aCCOPTHMEHTI
TYPaKTHI 1aMy/ia OOJFaH/IBIKTaH, FAIBIM/IAP KOFaphI Cartalibl apak yKacay TeX-
HOJIOTHSICBIH/IA YKaHAa KOMIIOHEHTTEp/l HaijanaHy MYMKIHAIKTEpl Typajibl
Kyheni Typuae 3eprreyiep xyprizyne (Ilomsiko, 2017; Abpamosa, 2018;
[TonsikoB, 2018). OkiHimKe opaild, KCHIHEH KOJIJIAHBLIATHIH OCJICEHIIPUITeH
KOMIPMEH OHJEY COpPOEHTTIH COpOUMSUIBIK KaOLIETiHIH JKETKUTIKCI3AiriHe
OaliIaHBICTBI  KOPCETUITEH KOMIIOHEHTTEpJi IIaFbIH KOHIIEHTpAIHsIa
KOCyFa MYMKIHIIK Oepesi. HoTrmxkecinae CyChbIHHBIH OMOIOTUSUIIBIK OeNCeH/ Tl
3arTapMeH OalbIThITYbIHA KO JKeTKi3umeiai (ITomsikos, 2014).

XKorapeina alTeUTFaHIAPIBIH HETi3iHAE OYTiHTT KYHI KOJJIaHBUIATBIH
TEXHOJOTHSUIBIK OMICTePiH KETULAIPIIMETEHIITIH KOHE KOJJIaHBICTAFbI
MemCT-Kka coiikec KeJeTiH, COH/Iai-aK Ka3ipri 3aMaHFbl OaFbITTaFbl apak
ajyqa JalblH CYCHIH ajlyFa MYMKIHIIK O€peTiH )aHa dMICTepi d3ipiey
KKETTUIIr Typaiel OoJDKaM »kacayra Oomaabl. by Makana apak eH[Ii-
piciHIIe CYCHIHHBIH CcamachblHa 9cep eTeTiH (akTopiap, KYpeTiH Mpo-
1eccTepi 3epTTey, COHBIMEH Karap OMOJOTHSIIBIK OCJICEHAUTIT HKOFaphbl
AJIKOTOJIBAIK CyChIHAAPIBIH aCCOPTUMEHTIH KEHEUTYTe MYMKIH/IIK OepeTiH
’KaHa MIMKI3aTThIH TYPIH KOJAAHBIN apaK TEXHOJOTHUSICHIH )KacayFa apHall-
FaH.
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bencenni copbeHTIeH OHIEITeH HEMECe OHACIMETreHiHe KapamMacTaH,
Tasza CyJIbI-CIIUPT KOCIMACHIH >KH1 KOJIIaHy aJiaM ar3achl YIIiH *KarbIMChI3
cajjapra oKelyl MYMKIH eKeHJIri gaycei3. OceiFan OailmaHbICThl OYTiHT1
KYHI OHJIpYIIiHIH MiHAeTI Ouonorusuiblk Oencenni xocnanapiabsl (bBBK)
naijagaHa OTBIPBIN, STUI CHUPTIHIH MeTaboiIM3Mi OHIMJAEPIHIH YIIbl
ocepiH TOMEHJETEeTIH TeXHOJIOTUSHBI AaiibiHnay Oombin Tadsiiaasl. BEK
— IaiiblH apaKThIH CcalachlH HET13[IeHTIH 3aTTap/Abl Koca anFaHjaa, oipHele
KY3AETEH 9pTYPIIl KOCBUIBICTAP Ibl KAMTUTBIH KOIT KOMIIOHEHTT1 Kocmanap.
TaramMIbIK Kocmajap peTiH/Ie OPTaHHKaJIbIK KBIIIKbULIAPABI, KeMipcy
KeILlIeHEPiH, KbIIIKBUIIAP/IbI, ©CIM/IIK IIUKI3aThIH KOJIAaHyFa 00 Ibl.

Kocnanap GencenaipiiireH KeMipMeH OHJAEyre ACHiH e, OJaH KeiiH
ne enrizineni. Kocnamapapl eHrizy KoJJaHbUIATHIH IIMKI3aTTapbIH TYH-
Oanapsl HeMece CipiHAl TYPiHJE iICKe achIpblIaabl. ApaKTap/IbIH KypamM/ac
OeJIKTepiH MYKUST TaHAay - OyJI apaKTapAblH canachlHa 1a, Kayinci3airine
ne acep eretin kypaeni macene (ITomskos, 2018; [lluaTacosa, 2015).

Apak eHIIpy TEXHOJOTUSACHIHBIH KaHAa OarbIThl — OJNIAPJBIH CarachblH
XKaKcapTy YIIIH THAPOOMOHTTapAbl KoujaaHy. ['mapoOuoHTTapasiH Oipe-
reil KypaMbl MeH OHWOJIOTHSUIBIK O€JICeHAl 3aTTapblH OOJybl OJapiAbl
KOJIIaHY/IbIH KEH ayKbIMBbIH aHbIKTaiiabl. byn Taram eHimzaepin ¢usuo-
JOTUSIIBIK OeJiceH/i 3aTTapMeH OalbITy YIIIH MEepCleKTUBAJbl IIHUKi3aT
Oonpin TabbutaAbl. KypambiHAa HOpyMEHAEPIiH, MaKpo KoHE MHUKPO
ANIEMEHTTEP/I1H OYKiJI KeIIeH1 Oap TaOUFH IIMKI3aT, YKOJIOTUSJIBIK TYPFbIIaH
Kayilci3 >KOHEe KAacHeTTEepiH e3repTIecTeH TaraMMEH yiieciMai 0oiaabl
(ITorumyx, 2007; Averina, 2011).

3eprreynin HbICaHAapbl MeH dAicTepi. XKyMbicTa 3epTTey HBICAHbI
peTiHae KONAaHbUIIbL:

«Bpimnen Groupy JMKep apak 3aybIThIHAH aJIbIHFAH Kac KOHbSIK CIIUPTI;

* «Tanrap cnupti» XKILIC eHaipeTiH eH KOFapbl Ta3aJIbIKTAFbI (ACTHIK)
TaraM/JIbIK 3TUJ CIHUPTI;

* «Tapa3 ciupti» XKILC eHaipeTiH eH )oFaphl Ta3apThlIFaH (Meacca)
TaraM/JIbIK STUJ CIHPTI;

* TexHuKaIbIK COIUPT.

DKCHEepUMEHT JKYPTri3yle >KYMCapThUIFaH Cy; KIMHONTUIONUT; BAY
MapKaybl OCJICeHIIpUIreH KeMip; OCHTOHUT; MaJIbITOPCKUT; Oanaplipiap-
yapBa; Oanabipnap-¢umiodopanap; TEHI3 MIeNTepl - 30CTep; MUIUS
TUAPOIU3ATHI KOJIAAHBLIABI.

OkcnepumeHTTik 3eprreyinep JKIIC «Bemmnen Group» nmkep apak
3ayBITBIHBIH 0a3achiHla «TeXHOXMMMSUIBIK OaKpliay» 3epTXaHachlHJIa
KYPTi31IIi.
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Kanpumiinig KypaMblH aHBIKTAy. OJIC KAHBIKKAH aMMOHUN OKCaaThl-
HBIH OCEpIHEH 3epTTENETIH EpITIHIICH KaJblIMi HOHIApPBIH TyHOara
TycCipim, KeiiH TyHOaHbl Cyiab(arT KbIIIKBUIBIHAA €pITyre HETi3IelreH.
ATbIHFaH epITIHI KaJIui epMaHraHaTbIMEH TUTPIICHEI].

Koc BaneHTTI TemipiaiH KypaMmblH aHBIKTay. Temipiai aHbIKTay oici
Fe-HBIH KBI3BUT KaH TY3bIMEH (KallMii TeKcannaHo(peppaTbIMeH) KBIIIKBLT
opTajga OpPEeKeTTeCyiHE HETI3/ICITeH, HOTIKECIHAE allblK KOK TYCTi
(TypOyneBa cuHb) Kypaeni Ty3 Ty3uneai. Tyc KapKbIHABUIBIFBI TEMIipIiH
KypaMmbIHa KaparaHja MpOIOPIHOHAJIBI.

3eprTey HITHKegepi. benrim TexHomorusap yuiiH OeidiMuenreH
’KOHE KOCBIMIIIA KYPBUIFBIIAP/IBI 931pJieyli KaXKeT eTIEHTIH PelenT Kacay
MaKcaTbIH/Ia KeJIeCi 9/1icTep YChIHBLIAIBI.

I'uGpoOuonT TyHOanapeiH any 14 kyn 6oiibl 20-22°C temnepatypana
KYpFaK IHKI3aTThl 65 Kkon.% Kyuii Oap cynbl-cnupT epiTiHaiciMeH 6%
KOHIICHTpaIusAa Oip pETTIK SKCTPAKIUSIAY apKbLIbI )KY3€re aChIPbLI/IBL.

[ukizaT periHae KeJeci TUAPOOMOHTTAp MalJalaHbUIABL: TEHI3
IIeNTEPl - 30CTEP; MHUIUSAIAH aJIbIHFAH KBIIIKBUT THAPOJIU3ATHI;KACHLI
OanawIpiap - yJIbBa; KbI3bUI TE€HI3 OaIABIPHI - Ghuiiiodopa.

TyHaBpIpynan KeiiH CylbI-CIIUPTTIK (PPaKIHUSIHBI XKOHE YKCTPAKIUSIIAH-
FaH IIUKI3aTThl OeJIiN ILIbIFapajbl, ojlap KoJere jkaparyra xibepiieni.
AnbpIHFaH TYHOA TEXHOJIOTHSIIBIK KQXKETTUTIKTEpTe nai1aaaHblUIaIbl.

bbK maiinanany apkplibl apak ©HIIPICIHAET1 HEeri3ri KeMIIIiK Joc-
TYpAl TEXHOJOTHSIMEH KaMmMTaMachl3 eTiAreH OeJCeHAIpIATreH KeMipai
OHJICy JalblH OHIMHIH camaiblK CUMaTTaMajapblH TOMEHJIETEeTIH MHTpe-
JTUCHTTEPMEH CHTI3UIreH OapiblK JKaFbIMCBI3 KOMIIOHEHTTEP/i aJjIblIl
TacTaMaiapl. OHAIpYIIire TaraMJABIK KOCHajapJsl a3 MeJIIepae >KOHE
ATaHOJIJIBIH BIIABIPAY OHIMJIEPIHIH aJaM ar3achlHAa TEPIC 9CEpiH KyMcap-
TaThIH 3aTTApAbIH TOMEH KOHILEHTPALUSCHIHBIH HOTHXKECIHE KOJJaHyFa
He MokOypueiai. OcblfaH OalIaHBICTBI MHTPEIUCHTTEPMl aJJbIH ajia
€HT131M, CYphINTay/bl KIMHONTHIONHTIICH TONTHIPBUIFAaH KOJIOHKA aPKBLITBI
Ta3apTy YCHIHBUIIBL.

OcChIHBIH HETI3iHJE apHaibl apakrap KJIachlHA JKaTKbI3yFa OOJaThiH
KYIITI CYCBIH aJIbIHJIBI )KOHE OJ1 OCBl OHIM TYpiHe KonaanbiareiH MemCT-
TBIH OapJIbIK TajlalTapblHA COMKEC Kee/l.

XKorapel momaik peHTHHT1 Oap CyChIH ajy YIIiH €HTi31UIreH HWHIrpe-
JTUEHTTEP/IIH MOJIIEPIiK KaThIHACHIH TaHAay OPraHOJENTUKAIIBIK KOIMEH
KYPTi31IIi.

TynOa cypslnTayra Kejaeci MeJIepIiK KaTblHacTa SHI131I11:

Bbanneipnap, Teni3 memnrepi - 2%.

Munus ruaponuzarsi - 0,5%.
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AJbIHFaH epITIHAUIEPIIH TyCl J>KeHUT cabaHHAH aKNIbUl IIaMFa
neitin e3repai. Cy-cnHpT KOCHACHIH KIWHONTHIOIUTIICH TOJTHIPBUIFAH
KOJIOHKaJ1a OHJICY TYCCi3 JalbIH OHIM/II aJlyFa MYMKIHJIIK Oepei.

Apak eHIMJIEpiHIH camachkl 3epTTENETIH ePITIHAIACT] aNnbAeTUATEPIiH,
CUBYIIl MallapbIHBIH, Kypaeni >(QUpiepliH KoHE METHJ CHUPTIHIH
MeJIiepine OalaHbICThl aHbIKTanaAs! (1 kecte) .

1 xkecTe — ApakTapablH QU3UKATBIK-XUMHUSITBIK KOPCETKIMITEP1
T'uapoOuoHT Typi MaccaibiK KOHIEHTPALHSI, MI/IM MeTui CIupTiHIH

Anpreruarep Cusym Kypnemni KerieM yaieci, Keil. %
Maiiapel | adupiep
3ocrepa 4,96 5,51 11.02 0,01
VibBa 7,68 6,32 12,71 0,015
Odmwtodopa 5,74 4,89 12,62 0,015
Munns rugponusarsl | 5,03 5,25 12,92 0,01

3eprreydiH Keleci Ke3eHIHJe YCBIHBUIFAH apaKTaplblH TaFaMIIbIK
KYHIBUIBIFBIHA TUIPOOMOHT EPITIHAIEPIHIH dcepi 3epTTe/i.

Kanabumii meamepi. ['uapoOHOHTTIH, COHBIH imIiHAE OanabIpaapablH
KYpaMbIH/Ia KaJbIIUH, €Kl dKOHE YII BaJEHTTI TeMIp JKOHE T.0. COJ MSAKTHI
OPTYPITi MEKPO3JIEMEHTTEP O0NaThIHBI OeT1Ii.

Kanpumii opTypmi mporecrepae Ty3uTy MpoIecTepiHe KaTbhICAIbL:
Oipkatap QepMeHTTepAiH OelceHaipinyi, jkacyma MeMOpaHaChIHBIH
OTKI3TIMITITIH PETTEyIe KOHE T.0. MaHBI3bI poll arkapaasl. CoHai-akK o
KYPEK )KYMBICHIH PETTEYTE )KOHE )KYHKE HMITYJIbCTapbIH OepyTe KaThICaIbl,
KaH KBICBIMBIHBIH TOMEHIeyTe KoMekTece . Kanpiuii KypaMmbl OoMbIHIIA
apakTap/AblH Tajlgaysl 1-CypeTTe KopCeTiITreH.

3ocTepa yAbBa dunnodopa MUAUN

1 cyper. ['mapoOnoHT 30CcTep MEH yabBa TYHOAIApHI KOCBUIFaH apaKTapaarsl
KaNBIUHATIH Meiepi (Mr/am?)
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Temip meJimepi. Onedu aepexkTepai Tanaayaa, TeMip-CyCbIHHBIH TY-
PaKTBUIBIFBIHA, OHBIH TYC1 MEH MOJIAIPJIriHe >kKayanThl OOJyMeH Karap,
aJlaM aF3achlH/Ia MAHBI3/IbI KbI3METTEPAl /1€ aTKapaTbIHbl OenTiii OO
Atan aiiTKaHJa, UMMYH/IBIK )KYHEHI KOJIalUThIH KONTETeH (hepMEHTTEP IiH
OenceHIuIirine xayan oepei.

Eki >xoHE yII BaJICHTTI TEMIPJl aHBIKTAY- KbI3BIFYIIBUIBIK TYIBIPAIbI.
XKypri3inreH XUMHUSIIBIK TaTAayTapAblH HOTHKECIHE aJIbIHFaH MAJTIMETTEp
OH/JICIIM, 2-KeCTe/le KOPCEeTUIreH.

2 KecTe — ApaKTarbl €Ki KOHE YIII BaJCHTTI TeMipaiH (Mr/am®) Mesmepi

Mumnepain I'uapoOuoHT TYpi, Mr/am’

3ocrep VYnbBa dunnodopa Munus
Exi BasleHTTI TEMip 6.0 2.5 4.7 ,1
Y1 BaJIeHTTI TeMip 2.2 0ip 2.9 0,9

Jlopymenaepain MeJimepi. /lopymennep — agaMm ar3achlHbIH OapIbIK
MYyIIeJIepl MEH JKyHeIepiHiH KalbIIIThI )KYMBIC 1CTEY1 YIIIIH Ka)KeTT1 3aTTap.
®epmeHTTEp, KOQEPMEHTTEPMEH Karap, IOpyMEHIEp MeToOOIu3M MeH
OMOXMMHUSJIBIK IIPOLECTEP/ll peTTeyre KaTbicaasl. JJopymMeHaep TaMaKThiH
MUKpPO ©HIMJIEp1 PETiH/I€ KapacThIpbUIa/bl, OTKEH1 aKybl3, Maid, KeMipcy
JKOHE Cy CHUSKTHI 3aTTapMEH CaJIbICTBIPFaHa aJjaM aF3achl CabICTHIPMAJIbI
TYpZE a3 MeJlIep/ae naiganiaHasl.

By xymbicta C nopymennepinin menmepine xone A, E, P, B, B,
TOpYMEHJIEpiHIH camachblHa aHBIKTAY XKYPri3iiji.

C nmopymeHi — cTpeccke Kapchl TOpMOHAAp MEH UHTEPPEPOH OHIpiciHE
BIKITAJI €TETIH KYIITI aHTHOKCH/IAHT.

Conrnl nepekrepre coiikec C nopymeni E nopyMeHiMeH cuHeprusmre
ne. E mopymeni xacyma meMOpaHanapbIiHAaFel KayinTi 00C pagukanaap
YIIIH «Ty3aK» 00ibin Tadbuiaasl, ax C 19pyMeH1 CUSKTbI, OMOJOTHSIIBIK
CYMBIKTBIKTapaarsl 0oc pagukanaapra C nopymeHi malybul skacaiipl. by
TOPYMEHJIEp AaHTUOKCUAAHTTHIK OEJICEHAUIIK CIIEKTPIH ©3apa apTThIpabl.

I'uapoOHOHT CHIFBIHABIIAPEI KOCBUIFAH apaKTapAblH KypaMblHIA JI9PY-
MeHAepAiH O0TybIHA )KYPTi3UIreH 3epTTey KYMbICTapbIHAH aJIbIHFaH HOTH-
xKesep 3-KecTene KeNTipimi.

3 kecte — ApakTapIblH KYpaMbIHIAFbl TOPYMEHIACPAIH MoIIepi

Jopymennepaiiy ataybl, mr/ 100 mut 3ocrep | Viara | umtodopa | Mununs
C nmopymeHi, (acKOpOWH KBIITKBLITHI) 2.56 1.21 |3.12 0,9
A nopymeHi (peTHHOI) - - 0,51 3.72
E nmopymeHi (Toxodepoa) 3.70 1.26 [2.02 1.76
P nopymeni (uutpuH) 2.05 1.79 |1.25 2.58
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B, mopymeni (pu6ogasun) 2.36 0,46 (0,39 1.82
B, mopymeni (mupuIoKcHH) 4.19 1.98 [0,89 1.55

IlexTunai 3arrapablH KypaMbl. O1e0U JepeKTepieH T'MAPOOHOHT-
THIH TEKTHH TEKTeC 3arTapra Oall ekeHiiri Oenriii, ojap e3 Ke3erinue
NEKTUH CUSAKTBI KaCHETTepre ue, sSIFHU KOPEKTIK 3aTTap/blH, COHBIH 1ILIiH-
Je KeMipcylap/blH CiHyiH Oasymaraapl. COHIai-aKk MeTaijgap MEH TOK-
CHHJIEP/Ii ’KOIOFa BIKIAJ e€TeMdl, COyJIelliK TepausSHbIH KaHama dcepliepin
a3 aliTa/pl )KOHE XOJIECTePUH JCHICHiH TOMECHICTE/I].

I'mapoOuoHTTap — MEKTUH TApi3[i 3aTTap HEri3iHeH MpOoypeaHuaTep
HeMece TIeTepolioyincaxapuarep Oosbll TAaOBUIATBIH aJIbIUH KBIIIKbLI-
JTapbIMEH YCHIHBLIFaH.

[lexTuHTe YKCac 3aTTapAblH MEKTHHIE KaparaH/a apThIKIIBUIBIFbI-01ap
THJIPOJIN3AEe METHJI CHUPTIHE JEWIH bIAbIpamMaiiibl, Oy onapiablH Kypbl-
JbIMbIHA OaliIaHBICTHI.

ApaxTap/IbIH KypaMbIH/IaFbl IEKTHHI1 3aTTap bl aHBIKTAYFa XKYPri3ijareH
XUMUSITBIK TaJIIaYJIapIbIH HOTHKENIEPl OJIapablH 0ap eKeHIITH KopceTel,
OJ1 MAJIIMETTEP1 2-cyperTe Oalikayra 60mabl.
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1-30cTepa, 2-ynbBa, 3-¢punnodopa, 4- MuausIap
Cypert 2. ['napoOHOHT TYHOACHIH KOCY apKbUIbI aJIbIHFaH apaKTapAarbl HeKTHHIIK
3aTTap/bIH Meuepi (Mr/am?)

AKRYBI3IBIK 3aTTapAbIH Kypambl. EH ipi jkaHyapnapiaH eH KillIKeH-
Taii MUKpOOKa JCHIHT1 Ke3 KEITeH Tipi OpraHu3M aKybI3IapAaH TYPaIbl.
AKybI31ap KYPBUIBIMABIK XUMUSIIBIK OIpITIKTEp HeMece «KYPBUIBIC Kip-
mimTepi» OOMBIN TaOBIIATHIH AMUHKBIIIKBULIAPBIH Kypaiiapl. Af3a yIIiH
AMUHKBIIIKBULIAPBIHBIH MaHBI3IBUIBIFBI  aKyBI3IAPIbIH OapiIbIK ©MipIIiK
IpoLecTep/ie aTKapaTblH OpacaH 30p PeJiIMEH aHbIKTalaJbl. AKybI3ap-
JBIH QPTYPIi Typiiepi Tipi MHKPOOPTaHU3MAEPET1 OapibIK MPOIEeCTepre
KaThICAJIbI.
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bi3 ruapoOHoHTTapABIH KYpaMbIH/a aKybI3 3aTTap 0ap jAen ecenteimis,
ochl Oomkamra O6aiIaHbICThI 01311 KbI3BIKTBIPATHIH 3aTTap TOOBIH aHBIKTAY
YIIiH apak yJIriiepine Tannay xKypriziiai. 3epTTey HOTHKenepi onaenin 3
CypeTTe KOPCETIITEeH.

60 -

=1
50 - 7 -
40 - S
30 - ma

20

10

0 :
1-30cTepa, 2-ynbBa, 3-pumiodopa, 4- Muaus
Cypert 3. 3epTTeserin yiriaepaeri akybl3/bIK 3aTTapAblH MoJmepi (Mr/am?®)

Moaucaxapuarepain Kypambl. [UIpOOHMOHT mMoONHCaXxapuATEPIHIH
KypaMmbl alTapiblKTah optypii Oonbin  keneni. llomucaxapuarep
rUAPOQUIBIIK KACHETTEpPre He IKOHE OWOJOTHSIIBIK OCICCHIUTIKTIH
JKETKITIKTI KeH CIIEKTPIMEH cunarTanaasl. KapparuHuH TymMay BUPYCTapbIH
TeXenai. Arap, arapou], KappardH >XoHE Cylb(aTTaifaH JIaMHUHApUH
KAaHHBIH YIO YaKbITBIH a3aiTaThIH aHTUKOATYJISTHTTHIK (PaKTOp KOpceTei.

Byn skyMmpIcTa MONMCAXapuUATEPIiH >KAIIbl MOJIIEPl aHBIKTAJIBI.
ATBIHFaH HOTIKEJEP 4-CypeTTe KOPCETIITeH.
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1-30ctepa, 2-ynbBa, 3-bumiodopa, 4-Muaus
4 cypert. ['uapoOUOHT TyHOACKI KOCBUIFAH apak YJTJICPIHICTI MOJNCaXapUATePIiH
medmiepi (Mr/am?)
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Tankplaay. 1 kectene KENTIpUITeH Tajjaay HOTHIKEIEpi alblHFaH Cy-
CBIHAAPABIH OapibIK TYPJEPIHIH XUMHUSIIBIK KOPCETKIIITEPl KaJIBIITHI
KOHE apHaiiel apakrap yiriH Koinaneictarel MeMCT-ka colikec KeneTiHiH
KepceTe/i.

1-cypeTTe KaJabIUAIiH €H )KOFaphl MOJIIEpi 30cTepa xkoHe puimoduopa
TyHOasapbl KOCBUIFaH apakTa TaOBLIFaHBIH KOPCETEe/l, KaJIFaH eKeyiHAe
3epTTEJCTIH 3aTTHIH MOJIIIEPI a3/1all TOMEH. 3epTTENTeH 2 KeCTE HOTHKEIepi
€Ki J)KOHE YIII BAJICHTTI TEMIpAiH €H Kol Meepi 30cTepa xoHe ¢pumuiodopa
TyHOaIapbl KOCBUIFAH CYChIHAAPABIH KypPaMbIH/Ia €KSHIIT1 aHBIKTaJIIbI.

3-kecrene mwuiodopanan TyHOa kacay apKbUIbl aJbIHFaH apaKThIH
nopymeHaepre 0ail ekeHIIri kepyre 0onaabl. 2-CypeTTe apakTapia MeK-
THUHJIIK 3aTTapAblH 0ap eKeH/IT KOpCeTUIreH, aTan alTKaHaa,eH Kol MeJI-
mepzae 3ocrep tyHoOaceHaa (87,1 mr/aM®), MUAKMS THAPOIU3ATHIH KOCKAH
eHiMme eH a3 mourepi (12,2 mr/am?) TabbLIraH.

3-cypeTTe 3epTTeNreH YJITUIEePAiH aKybI3[bIK 3aTTapra 0all exeHmiri
KOPCETINTeH XOHE MUIUs THAPOIHU3AThl KOCBUIFAH HYCKAJla €H KOFapbl
KOPCETKINI TIPKEITeH. 4-CypeTTeH IMOJMCaxapuATepAiH €H KOl MeJiepi
30CTep koHE Puiutodop TyHOACH KOCBUIFaH YATIIEpAE, all €H a3bl yJIbBa
TyHOAachI Oap yirine 60NIaThIHBIH KOpyTe O0Iabl.

AnbIHFaH MAJIIMETTepAl Tajnaay OapbIChiHAA MMAPOOMOHT TYHOATaphIH
KOJIJIAaHBIIN, COHJAH-aK KIMHONTHJIOJUTIICH CYPBINTAyIbl OHJCY OHOJI0-
TUSJIBIK OCJICeHIUTIT] JKOFaphl apak ajlyFa MYMKIHJIK O€peTiHIH alTyra
Oomael.

KopbIThIHABI. ApaK — CyAbl CIUPTIICH apasiacTHIPHII, dpi Kapai oapabl
Oencenii copOeHT KabaTbIMEH OHJIeYy apKbUIbI aIbIHATHIH OHIM.

ApakThiH (U3HKAIBIK-XUMHSJIBIK KOPCETKIMTEPIHIH 63Tepyl CYyCBHIH]IBI
OHIIPY/IiH OapibIK Ke3eHIHIe O0IaIbl.

ATbIHFaH MOJIMETTep HETi3iHAe IMIMKI3aTThIH NEepCIEeKTUBAIBIK TYpi
— THJIPOOMOHTTAP/IBI NaliiaiaHa OTBIPHIN, apakK aJXyIblH TEXHOJIOTHSIIBIK
MPOIIECIHIH CXeMAacChl YCHIHBUIIABL. [ MIpoOMOHTTap OMOIOTHUSIIBIK OSICeH T
3aTTapAblH TaChIMAJIAYIIBICKI OOJIBIT TaOblIanbl. JlaliblH CyCHIHHBIH
KYpaMbIHIa TOPYMEHJIEpP, MHKPOIJIEMEHTTEp, aKybl3, MEKTHUH 3aTTapbl
YKOHE MOJINCAXAPUITEPIIH MOJIIIEpl aHBIKTAJIbI.

¥ CBIHBUIBIT OTBIPFaH TEXHOJIOTHS THJIOOMOHT TYHOAIAPBIH aJIbII OJIap-
JIbI TEXHOJIOTHUSIIBIK TTPOIIECTE KOJMIAHYIbI KApacThIpaabl. TeXHOIOTUSITBIK
MIPOIIECTIH HOTHXKECIHJIE aJbIHFaH CXeMa MeTa0oJIu3M OHIMJEPiHIH agaMm
ar3achlHa KepiocepiH a3ailTyra MYMKIH/IK OepeTiH OMOIOTUSIIBIK OeIceH Al
KacueTTepi 6ap apak eHAIPYAl KapacThIpabl.
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SELECTION OF THE OPTIMAL RATIO OF COMBINATION OF
MILK RAW MATERIALS DESIGNED FOR OBTAINING A SOUR
MILK PRODUCT

Abstract. By its unique composition, mare’s milk can be considered as
a promising source of raw materials for the production of specialized dairy
products intended for baby food, the elderly, sick, pregnant and lactating
women. Until recently, the expansion of the range of dairy products from
mare’s milk was restrained by such factors as a lower protein content and at
the same time a higher albumin content in comparison with other types of
milk, which influenced the rheological properties of its processing products.

One of the ways to improve these properties is to combine mare’s milk,
for example, with cow’s milk, which will allow, on the one hand, to produce
processed products on an industrial scale, on the other hand, to increase
their biological and nutritional value by enriching them in the process of
their manufacture with various herbal and mineral additives that increase
viscosity and thickening of combined milk raw materials.

This article presents the results of combining mare’s milk in ratios of 5,
10, 15 and 20% to the amount of milk of a cow farm SPK “Otyrar sut-et”
of the Otyrar district of the Turkestan region, which were examined for
physical, chemical and organoleptic indicators according to the current
regulatory documents in accredited testing laboratories with a comparative
analysis of all indicators that determine the quality of dairy raw materials.

Evaluation of the organoleptic and physicochemical composition of the
combined samples showed that the most optimal is the ratio of 15% mixing
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of mare’s milk (sample No. 3) with cow’s milk, which makes it possible
in the future to use it to obtain a fermented milk product with the planned
nutritional and taste properties.

Key words: mare’s milk, cow’s milk, dairy raw materials, combination,
ratio, evaluation, quality indicators, nutritional and biological value,
fermented milk product, dairy products.
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KBIIIKBLJI CYT OHIMJIEPIH AJIY YIIIH TAFAWBIHIAJIFAH
CYT IHUKI3ATBIH KYPAMJIACTBIPYIBIH THIM/II
KATBIHACBIH TAHJIAY

AHHoTaumsi. bue cyTiHiH Oipereil KypaMbIHBIH apKachlHIa CYTTi Oa-
Jajap TaMarblHA, KapTTapfa, HayKacTapra, *KYKTI )KOHE Oajia eMi3eTiH
olfenepre apHajlfaH MaMaHJAHABIPBUIFAH CYT OHIMIEPIH OHAIpY YIIiH
IIMKI3aTTHIH MEePCIEKTUBANBI KO31 peTiHe KapacTeipyra O6omaapl. COHFBI
yakKbITKa AeiiiH Oue CYTIHeH CYT OHIMJEpiHIH acCOPTUMEHTIHIH KEHEHl
aKybI3JIBIH TOMEH MOJIIIEP1 )KOHE COHBIMEH Oipre CYTTiH Oacka TypiiepiMeH
CaJBICTBIPFaHA aJbOyMHUHHIH JKOFaphl MOJIIEPl CUSKTHI (haKTopIapMeH
HIEKTeN i, OYJ1 OHBI KaliTa OHJCY OHIMIEPIHIH PEOTOTHsUIBIK KACUETTEepiHe
acep errTi.

by kacuertepai xakcapTyablH Oip ofici — OWe CYTiH, MBICAJIbI, CHBIP
cyTiMeH OipikTipy, Oy Oip KarbIHAaH OHEPKICINTIK KOJIeMJe OHJEITeH
OHIMIEP/Il OHIpYTe, EKIHII )KaFbIHAH, OalbITy apKbUIBI OJIAPBIH OHOIIO-
TUSUIBIK JKOHE TaFaMJIbIK KYHIBUIBIFBIH apTThIpyFa MYMKIHIIK Oepeni.
oJlap/ibl OHIPY Ke31H/€ TYTKBIPJIBIK [eH KaJbIHAAyAbl apTThIPAThIH TYPIl
OCIMJIIK KOHE MUHEPaJIIbI KOCTajap KOJJaHbLIaAbl apaiac CYT IHKI3aThI.

byn makanaga Typkicran o6xasicel Oteipap aymanbsl «Otbeipap Cyt-
e™» OKK cublp ¢epmacsl cytinin memnmepine 5, 10, 15 xone 20% apa-
KaThIHACBIHIAFBI OMe CYTIH OIpIKTIpY HOTHIXKEJEP1 YCHIHBUIFAaH, oJIap Oap-
JBIK KOPCETKIMITEPi CaBICTBIPMANIBl TAJayMeH aKKPEAUTTEITSH ChI-
HaK 3epTXaHajapblHIaFbl KOJIIAHBICTAFhl HOPMATUBTIK KY)KaTTapra Cou-
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KeC (UBHMKAIBIK-XUMHUSIIBIK JKOHE OPraHOJCHTHKAIBIK KOpPCETKIITepre
3€pPTTEITeH, CYT IINKI3aThIHBIH CallachlH aHBIKTAMTBI.

Apanac YJTIIEpIiH OPraHOJENTUKAIBIK JKOHE (DHU3UKA-XUMUSIIBIK
KypamblH Oarayiay Oue cyTiH (Ne3 yiri) cublp CyTIMEH apanacThIpyIbIH
15% xaTblHachl €H OHTAWJbI OOJBIN TaOBUIATBIHIBIFBIH KOPCETTi, OV
OHBI OoJamrakra >KocrmapilaHFaH KOPEKTIK XKoHE JOMJIK Kacuertepi Oap
KBIIIKBLI CYT OHIMIH aly YIIIH Maiatanyra MyMKIiHIIK Oepeti.

Tyiiin ce3aep: Oue cyTi, CUBIP CYTi, CYT IIUKI3aThI, YiJIeCiMi, KAaTbIHACHI,
Oaracel, carna KepCeTKIITepi, TAaFaMIbIK XKOHE OUOJOTHSUIIBIK KYHIBUIBIFHI,
KBIIIKBUI CYT OHIMI, CYT OHIMJIEPI.
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BbIBOP OITUMAJIBHOT'O COOTHOIIEHUA
KOMBHUHUPOBAHUA MOJIOYHOI'O CbIPbAI,
HNPEAHASHAYEHHOI'O J1JIA ITIOJTYYEHUA
KNCJIOMOJIOYHOTI'O ITPOAYKTA

AnHoTanmusi. KoObUIbe MOJIOKO IO CBOEMY YHUKAJILHOMY COCTaBY MO-
KET pacCMaTPUBATHCS B KAUECTBE IMEPCIIEKTUBHOTO CHIPHEBOTO MCTOYHHK
JUTsI TIPOM3BOJICTBA CIICIIMAIU3UPOBAHHBIX MOJOYHBIX MPOIYKTOB, MPE.-
Ha3HAYCHHBIX VIS JACTCKOTO MUTAHMS, JIUII OKKIIOT0 BO3pacTa, OOJbHBIX,
OCpEeMEHHBIX W KOPMSIIUX KCHINMH. PacmumpeHue accoOpTHMEHTa MO-
JIOYHBIX MPOIYKTOB W3 KOOBUIBETO MOJIOKA O TOCIIECIHEr0 BpPEMCHH
CIEPKUBAIIOCh TAKUMU (haKTOpaMu, Kak 0ojiee HU3KOE Cofiep>KaHue Oenka
U B TOXKE BPEMsl TIOBBIIICHHOE COACPKAHKUE albOyMHHA 10 CPABHEHUIO C
JIPYTUMHU BHJIAMH MOJIOKA, YTO OKAa3bIBAJI0 BIIMSHUE HA PEOJIOTHYCCKHUE
CBOMCTBA MTPOYKTOB €T0 MEPEepadOTKH.

OpHuM U3 MyTeH yIydIIeHHUs] dTUX CBONCTB SIBISETCS KOMOWHUPOBA-
HHE KOOBUIHErO MOJIOKA, HAIPUMEP ¢ KOPOBBHM MOJIOKOM, YTO ITO3BOJIUT
C OJTHOM CTOPOHBI MPOU3BOAUTH MPOAYKTHI IepepabOTKH B IMPOMBIIILICH-
HBIX MaciiTabax, ¢ Ipyrod, YBeIUIUTh WX OMOJOTHUYECKYIO U IHUIIEBYIO
[IEHHOCTD IMyTeM 00OTaIIeHHs B MIPOIIECCE UX U3TOTOBJICHHS Pa3THUYHBIMU
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PACTUTEIbHBIMU U MUHEPAIbHBIMU J00aBKaMU, OBBIIIAIOIINX BSI3KOCTh
U 3arycTeHrne KOMOMHUPOBAHHOTO MOJIOUHOTO CBIPbS.

B nanHO#1 cTaThe IpUBEACHBI PE3yIbTaThl KOMOMHUPOBAHUS KOOBLITHETO
MoJIoKa B cooTHomeHusx 5,10,15 u 20% x xoau4ecTBy MOJI0OKa KOPOBBETO
dbepmepckoro xo3siictBa CIIK «Otbipap cyT-et» OTbIpapckoro paioHa
TypkecTaHckol 0051acTH, KOTOpbIE OBUIM MCCCIIEAOBaHbI Ha (PU3UKO-XH-
MHUYECKHE W OPraHOJICNTUYECKHE TMOKA3aTeNH M0 JEeUCTBYIOIIUM HOpMa-
TUBHBIM JIOKYMEHTaM B aKKPEIUTOBAHHBIX UCIIBITATEIIbHBIX JIA00PATOPHSIX
C IPOBEJIEHUEM COIOCTABUTEIHHOTO aHANIh3a BCEX MOKa3aresei, KOTopbie
OTNPENEISIOT KaYeCTBO MOJIOUHOT'O CBHIPbSL.

OneHka OpraHoOJIENTHYECKOTO U (PU3UKO-XMMHUECKOTO COCTaBa KOM-
OMHUPOBAHHBIX 00PA3IOB MMOKAa3aia, YTO HanboIee ONTUMATbHBIM SBIISET-
csi cooTHomeHue 15% cmemenust koObuTbero Mosioka (o6paszen Ne3) c
KOPOBBHM, YTO MO3BOJISET B IEPCIEKTUBE HCIOIB30BATh €r0 AJIs MOoJyue-
HUS KHCJIIOMOJIOYHOTO TIPOAYKTA C 3aIUIAaHUPOBAHHBIMH IHINECBBIMH U
BKYCOBBIMHU CBOMCTBaMH.

KiioueBble ciioBa: MOJOKO KOOBUIBE, MOJIOKO KOPOBBE, MOJIOUYHOE
ChIpb€, KOMOMHUPOBAHUE, COOTHOIIEHHUE, OIIEHKA, MMOKa3aTeI KauecTBa,
MUIIeBasi ¥ OMOJIOTUYECKask IIEHHOCTh, KUCJIOMOJIOUYHBINA MPOIYKT, MOJIOY-
HBIE TIPOAYKTHI.

BBenenmne. IloBpiienne kauecTBa xu3HU HaceneHus KazaxcraHa Ha-
MPSIMYIO CBSI3aHBI C BOITPOCAMU COXPAHEHUS 3I0POBbS U MPOJICHUS )KU3HU
JO/IeH, KOTOpBhIE 00ECHEUYMBAIOTCA IMyTEM aJeKBAaTHOTO, OHWOJIOTHYECKH
MOJIHOIEHHOTO TMUTAaHMS JJISI BCEX BO3PACTHBIX M COLMANBbHBIX TPYIII
rpax/jaad. BaxHeWIInM YyCIOBHEM pPEUICHHUS ATOM aKTyaJlbHOW 3aJa4yu
SBIISIETCS. CO3JaHME MPOAYKTOB CIELHUAIN3UPOBAHHOIO Ha3HAYEHUS,
KOTOpBIEC MMOMOTYT HE TOJBKO YAOBIETBOPATH (HU3UOIOTHUUECKUE MOTPEO-
HOCTH YeJIOBEKa B MUILEBBIX BEIIECTBAX M SHEPTHH, HO U BBIMOIHATH IIPO-
¢bunaktuyeckue u gedeoHpie Gynkuu (AmMOposeud, 2005:30. AceHona,
2013:313). B cocraB Tpymnmbl NHUIIEBHIX MPOIYKTOB (YHKIIMOHAIHHOTO
MUTAaHUS BXOMAT U Je4eOHO-TPO(DUIAKTUUECKUE MPOIYKThI BUA KUCIO-
MOJIOYHBIX, 00OTAIIEeHHBIE MOJIOYHOKUCIBIMA MUKPOOPTaHU3MaMH, KOTO-
pble BOCCTAHABIMBAIOT OajaHC MUKPO(DIOPHI B KUIIEYHHKE, MOMOTAIOT
IepeBapuBaTh MOJIOUHBIN caxap, OKa3bIBalOT aHTarOHUCTUYECKOE JIEHUCT-
BHE Ha MATOTCHHYI0 MUKPOMIOpYy M HEHUTPATU3yIOT TOKCUHBI, a TaKKe
BbIPa0ATHIBAIOT BaKHEWIIINE ISl OpraHU3Ma YeJIOBEKa BUTAMUHBI, HAIIPHU-
Mep, rpynimsl B, B Tom yucie gonueByro kuciaoty ( Aapxamona, 2014:65,
[[TamOynoBa, 2018:82).

Kucnomonounbsle MpOAyKThl UTPAIOT BAXKHYIO POJIb B MUTAHUM JIIOJEH,
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0COOGHHO JeTeH, JHI[ MOXKHUJIOro Bo3pacTa W OonbHBIX. Jluernueckue
CBOMCTBA KMCJIOMOJIOYHBIX NMPOIYKTOB 3aKJII0YAIOTCS B TOM, YTO OHH yJIyd-
maroT 0OMEH BEIIECTB, CTUMYJIHPYIOT BBIACICHHUE JKETYIOYHOTO COKa U
B030y:k1atoT anmneTuT. Hanudue B uX cocTaBe MUKPOOPTaHU3MOB, CIIOCO0-
HBIX MPUKUBATHCSA B KUIIEYHUKE U MOAABISATh THUIOCTHYIO MUKPOGIOPY,
MPUBOJIUT K TOPMOKEHUIO THUJIOCTHBIX IIPOLIECCOB U MPEKpaIEeHNI0 00pa-
30BaHUS SJOBHUTHIX MPOAYKTOB pacrajga Oeika, MOCTYHAaloMIMX B KPOBb
yenoeka (['opbatosa, 2021:336). K onHOMY M3 OCHOBHBIX BHUJIOB MOJIOKA,
MPUMEHSAEMOr0 B KaueCTBE CBIPbS JUIsl MPOU3BOACTBA KHUCIOMOJIOYHBIX
MPOJYKTOB, OTHECEHO MOJIOKO KOpPOBBE, OJIHAKO B €ro COCTaB BXOJUT
JaKTO3a, KOTOpas /il HEKOTOPBIX JIOAEH B Mpolecce YmnoTpeOsieHus
CO3J1aeT OIpeJIeJICHHbIC TPYAHOCTH B CBSI3U C OTCYTCTBHEM Yy HHX ITHIIE-
BapUTEIBHOTO (PePMEHTA JIAKTA3bI, POJIb KOTOPOTO, 3aKII0YAETCs B IIepeBa-
pUBaHUM MOJIOUHOTO caxapa (JaKTo3bl), COJEP)KAILIErocsi B IEIbHOM
Monoke (BumneBa, 2012:67). [Ins cHuXEHUS PUCKOB BO3HHUKHOBEHUS
HENEPEHOCUMOCTH HEKOTOPHIMH JIIOABMH JIAKTO3bl, B HACTOSIIEE BpeMs
CYILLECTBYIOT MOJIOYHBIEC MPOAYKTHI, B KOTOPBIX OTCYTCTBYET JaKT03a, UIU
ee colepaHue CHMKEHO 0 MUHUMAJbHBIX KOJIMYECTB, JUOO HCIOJb-
30BaTh MOJIOYHOE CHIPbE, HAIPUMeEp, KOOBLIbE MOJIOKO, B KOTOPOM, Hec-
MOTpsiI Ha JOCTATOYHO BBICOKOE COJEp)KaHHE JAaKTO3bl, OHA HAXOIUTCS
B JIETKO pacuieruisieMoil ¢gopme, Omaromapss HAJIMYUIO COMYTCTBYIOIIMX
(dbepmenToB. Takke OTCYTCTBHE JIAKTO3BI (MOJIOYHOTO caxapa) B MOJIOKE,
KOTOPOE B KaYECTBE CHIPhs MPUMEHSETCS JUIsI M3TOTOBICHUS Psiia MOJIOY-
HBIX MPOAYKTOB, OTPHUIATEIHHO CKAXKETCS HAa CaMOW TEXHOJIOTHH WX
MOJIy4eHU S, TaK Kak OMOXMMHYECKHE MTPOLIECChI OPOKEHUS, KOTOPBIE T0JIK-
HbI BBI3BIBATH MHUKPOOPraHU3MbI OaKTepUaJIbHBIX 3aKBACOK 0€3 Halu4us
WA HEOOJIBIIOTO KOJIMYECTBA MOJIOYHOTO CaXxapa HE MOTYT IIPOUCXOIUTH,
7100 KauecTBO KHMCIOMOJIOUHBIX MPOAYKTOB HE Oy/leT COOTBETCTBOBATH
TpeOyeMbIM HOpMaM U XapaKTEPUCTHUKAMU MUIIEBOTO MPOJYKTA MO TaKUM
rnapameTpam Kak, KOHCUCTEHIUs, BKyC U 3amax. [|jis aToro npumensercs
CHO0CO0 CHIKEHUS JTAKTO3bl B HCXOJHOM MOJIOKE ITyTEeM KOMOMHHPOBAHUS
HECKOJIBKMX BHJIOB MOJIOKA, CHI)Kasg BECOBBIE COOTHOILICHHUS MEXIY
HUMH C BBIOOpPOM Hanboliee ONTUMATIBFHOTO COCTaBa, KaK MO COAEPIKAHHIO
MOJIOYHOI'O caxapa, TaK U COAEpk aHUs KUpa, KUCIOTHOCTH, OelKa u Jap.
(Axynun, 2017:235).

HeoOxomumo ormetuts, uto B PecnyOnuke Kazaxcran, kpome Tpaau-
LUOHHBIX UCTOYHUKOB CBHIPbS JIJISl MPOU3BOACTBA MOJOYHBIX MPOAYKTOB,
TaKue Kak KOpOBbE MOJIOKO, UMEETCsI ChIpbeBasi 6a3a, CBsI3aHHasl C HAI[UO-
HAJIBHBIMU BHUJAMHU MOJIOYHOTO CBIPhS — OBEYBE, KOOBLIbE M BEPOIIOKBE
MOJIOKa, KOTOPBIE 110 CBOMM JIe4YeOHBIM CBOMCTBAM HAMHOTO IPEBOCXOIAT
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MOJIOYHBIE MPOAYKTHI, BEIpabaThiBaeMble U3 KOPOBBETO MOJIOKa (AHalu-
THYeckas ciayx0a PeiitunroBoro Arenrctsa, 2011: 41). B cBsizu ¢ atum
HaIIU UCCJIEI0BaHUSI HAIIPABJIEHbl HA KOMOMHUPOBAHHUE MOJIOKA OT pa3jivy-
HBIX CEJIbCKOX03iCTBEHHBIX KUBOTHBIX, B YACTHOCTU MOJIOKA KOPOBBETO
1 KOOBUTHETO JJIsl MOBBIIICHUS JICYEOHBIX U MPO(QUIAKTUUECKUX CBOMCTB
HCXOJIHOTO CBIPbSI, UCTIOIB3YEMOTO B IalIbHEHUIIEM ISl TOJTYUYEHHUs KUCIIO-
MOJIOYHOI'O MPOAYKTa U OHMOTEXHOJOTMYECKHX IMOKa3aTeseil MpoleccoB
€r0 U3rOTOBJICHUS.

Hcnonb3oBanue KOOBUIBETO MOJIOKa OOYCJIOBIEHO €ro COCTAaBOM Kak
MCTOYHUKA MPUPOAHBIX OMOJIOTMYECKH aKTHUBHBIX BemiecTB. MMeroTcs
pe3yabTaThl MCCIEAOBAHUN Ka3aXCTAHCKHX YYEHBIX KOOBUIBETO MOJIOKA
dbepMepckux X03gMCTB AJMAaTHHCKOW OOJIAaCTH, KOTOpbIE MOKa3ajiu
BBICOKO€ COZIEp>KaHHUE TMOJMHACKIIIEHHBIX JKUPHBIX KUCJIOT U BUTAaMHUHA
C, NpUCYTCTBYIOT B JIOCTaTOYHO BBICOKOM KOJHWYECTBE BUTaAMUHBI A, ]I,
E, B, B, ,MukposnemenTs! Kanbuuid, hocdop, marunii (AAxynnn,2017:238,
Kanapeiikun, 2015:467). Otu pesynpTarbl CBUIETEILCTBYIOT O TOM,
YTO MPUMEHEHHE KOOBUIBEro MOJIOKA ISl KOMOMHUPOBAHUS C MOJOKOM
KOPOBBHM, IO3BOJUT MOBBICUTH OMOJOTHYECKYIO U IMHUIIEBYI IIEHHOCTh
MPOAYKTOB MEepepabOTKH TAKOTO MOJIOYHOTO CHIPHSI.

Marepuajbl U MeToabl. J{ns wccienoBaHuss ObUTM B3STHI 2 BUIA
MOJIOKa — KOPOBbE U KOoObLIbE, Pepmepckoro xozsiictBa CIIK «OTtbipap
CyT-eT», pacmnojiokeHHoro B OTbeIipapckoMm paitfone TypkectaHckoi 00-
nactu. Mcxonubeie 00pa3mpl OBUTH MCCIETOBAHBI HAa (DU3UKO-XHUMHUYECKHE
U OpraHojieNTHYecKue rnokaszarenu. OpraHoyienTHYeCKue — BKYC, IBET,
3amax W KOHCUCTeHIUS. DU3MKO-XUMUYECKHE — O€NOoK, KHUp, CyXo
o0b6e3xupeHHpd MosouHbld ocTaTtok (COMO), MI0THOCTh, KUCTOTHOCTb,
BA3KOCTh, pH cpenpl, TeMneparypa, akTUBHOCTb BOJIBI.

OpranonenTuueckue M (U3NKO-XUMHUYECKUE IOKa3aTelu ONpeaess-
auch ansg moisioka kopoBbero no I'OCT 31449-2013 Monoxko kopogve
cvipoe. Texuumueckue ycnoBus, mMojioko koObuthe o CT PK 1005-98.
Monoxo koObuibe. TpeboBanus npu 3akynkax (I'OCT 31449, 2013:17, CT
PK 1005, 98: 9).

KomOunupoBanue (cmemuBaHuE) NPOBOAMIN B COOTHOIICHHH 35,
10,15, 20% ot ucxogHoro oobema KakJoro oopasiia MOJIOUYHOTO CHIPhS, B
KOTOPOM, OCHOBOH, CITY)KHJIO MOJIOKO KOPOBbE, K KOTOPOMY J00aBISLIIOCH
MOJIOKO KOObLIBe. OOBeM 00pa3110B KOMOMHUPOBAHHOTO MOJIOKA:

[IpoGa Nel 5 % - 950 M monoka kopoBbero u 50 M1 KOOBLIBETO

[Ipo6a Ne2 10% - 900 mu monoka kopoBbero u 100 M KOObLIbETO

[Ipo6a Ne 3 15% - 850mn monoka kopoBbero u 150 Mt KOOBUTBETO

ITpo6a Ne 4 20% - 800mi1 monioka kopoBbero u 200 M1 KOOBLITBEEro
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MeTon OopraHoOJENTUYECKOM OIICHKHU 3armaxa M BKyca MPOBOJIMIICS II0
I'OCT 28283-89: Obutn mpuBJICUYCHBI 3 4YEIOBEKAa, KOTOPHIE CPAaBHUBAIIU
uccieayeMble 00pasibl KOMOMHUPOBAHHBIX P00 ¢ mpobaMu Mojoka 6e3
nopokoB 3amaxa u Bkyca ('OCT 28283-89). Ouenka mpoBoamiIach mo 5
OannpHOM cxeMe, koTopas npenacrasiena B Tadbmune 1 (TOCT 28283-89).

Tabnuma 1. OueHodHbIe OaJUTBI OPraHOJETITUYSCKUX IMOKA3aTeIICH

3amax u BKyC Ornenka Monoka | bammsr
UuCTbIN, NPUATHBIN, CJIETKA CJIaJKOBAThIN OTiIM4HO 5
HenocTarouHo BbIpaXEHHBIH, TyCTOM Xopouee 4
Crna0b1if KOPMOBOH, cTTaObIi OKMCIICHHBIH, CTA0bIi XJIEBHBIH, | YIOBIETBO- 3
c1a0bIil TUTIOMU3HBIN, C1a0bIi HEYMCTHII PHUTENBHO
BerIpaxxeHHBIN KOPMOBOI, B T.4. JIyKa, YECHOKA, NONBIHU U 1p. |Ilmoxoe 2

TpaB, MPUIAFOIINX MOJIOKY TOPBKHUH BKYC, XJICBHBIH, COJICHBIH,
OKHCJICHHBIHN, TUTOIM3HBIN, 3aTXJIBIA

T'opbKuii, TPOTOPKIIBIN, TJIECHEBENBIN, THIJIOCTHBIH; 3amax IInoxoe 1
1 BKYC HE(TEIIPOIYKTOB, JIEKapPCTBEHHBIX, MOOIIIHX,
Je3MH(UINPYIONINX CPEACTB U IP. XUMHUKATOB

DKcrepTaM# Ha 0CHOBAaHUH OAJITBHOM OIEHKH O OPMIISIICS SKCTIEPTHBIN
JUCT, popMa KOTOPOTO MPEACTaBICHA HIKE:
DKCIEPTHBIN JINCT
JlaTa OoLleHKH
damuinug dKcnepra
Homep npo6si | 3anax u BKyc Mosioka |  Onenka B Oayntax (1o nsaTuOauIbHOM 1IKaje)

[To pu3MKO-XMMHUYECKUM IOKa3aTeNsIM B HCCIEIyEeMBbIX KOMOMHUPO-
BaHHBIX oOpasmax onpeneneHsl coaepkanue xupa mo 'OCT 5867-90,
coneprkanne maccoBoi gonu 6enka o 'OCT 25179-2014, maccoBas nomus
COMO 1no I'OCT 3626-73, nnoraocts o 'OCT 3625-84, turpyemas
kuciaotHocts o I'OCT 3624-92, temneparypa 3amep3anusa no ['OCT
25101-2015 (I'OCT 31449, 2013:5).

Taxoxe OblTa ompesesneHa BsI3KOCTh MCCIETYyEeMbBIX 00pas3IoB, KOTOpas
3aBUCHUT OT MAaCCOBOH JIOJIM CYXHX BEIIECTB, a TAKXKE COACPKAHUS OCIIKOB,
KUPOB U UX arperaTHsIx (as.

B uccrenyembix oOpasuax Obuia ompejerneHa aKTUBHOCTh BOABI AW
Kak (hakTop, BIMSIONMNA Ha METabOIM3M MHKPOOPTaHH3MOB, KOTOpPbHIS
MPUCYTCTBYIOT B MOJIOYHOM CBIPbE€ U OT IMOPOTOBOIO 3HAYEHHSI KOTOPOTO,
3aMeJUISIOTCS. WK TIPEKpalarTces npoiecchl ux pocra (Parbsinos,2011:
61).
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B Tabmuie 2 npuBeneHbl pe3yibTaThl aHAIU30B (PU3UYECKUX U XUMHU-
YEeCKHX IMOKa3aTelield CoCTaBa KOPOBHETO U KOOBUTHETO MOJIOKA TI0 OT/IEIIb-
HOCTH ¥ UX KOMOMHAIHUI.

Ta6m/1ua 2. PGSYJ'ILT&TLI AdHAaJIN30B (1)I/I3I/I‘leCKI/IX U XUMHUUYCCKUX
MoKa3aTejiel cocTaBa KOPOBbETO, KOOBLIILETO0 MOJIOKA M X KOMOWHAITUHT
Bux monoka

[Tokazaremnu Kopogse | Koobuise | Obpasers | Odpaserr | Oopasery | Odpaszerr
Nel No2 Ne3 No4

MaccoBas fons Oenka, % 2,76 3,01 2,61 2,70 2,68 2,79
MaccoBas 107 xxupa, % 3,27 0,93 2,90 2,80 2,63 2,26
COMO, % 7,68 8,37 7,22 7,45 7,42 7,73
I110THOCTD, KI/M? 1027,47 | 1031,27 | 1025,87 | 1026,80 | 1026,79 | 1028,16
Temmeparypa 3amepzanmst, °C | -0,428 | -0,529 | -0,469 | -0,483 | -0,482 | -0,500
Tutpyemast KHCIOTHOCTB, °T 16 17 16 15 16 16
pH 6,69 6,41 6,43 6,39 6,40 6,37
Bsi3kocTh 0,00156 | 0,00159 | 0,00162 | 0,00165 | 0,00168 | 0,00171
AXTUBHOCTD BOABI, AW 0.998 0,996 0,994 0.993 0,992 0,973

Pesyabrarbl u o0cy:xkaenue. KomOuHamms AByX BHUIOB MOJOYHOTO
CBIPHSI TO3BOJISIET 10 OPTaHOJIENTUYECKUM ITOKA3aTeIIsIM BEIOpATh Hanboee
MPUSATHBI BKYC MOJIOYHOTO CHIPBS, H3 KOTOPOTO OyIeT MPOU3BOAUTHCS
TOTOBBIM KUCIOMOJIOYHBIN MpoayKT. Hanbomnee moaXoasSIMMu 1Mo pe3yiib-
TaTram SKCIIEPTHOM OLIEHKH BHIOpaHbl 00pa3ibl Ne 2 u Ne 3.

Ha ocHoBe pe3ynbTaToB HCTIBITAHUN (DU3UKO-XUMUUECKHUX TTOKa3aTeIe
COCTaBa KOPOBBETO W KOOBLILETO MOJIOKA, a TaKKe WX KOMOWHAIMH —
obpasubl Nel,2,3 u 4, ObuT MpPOBENEH WX CPABHUTEIBHBIN aHAIU3 IO
MOKa3aresnsM, MPUBEIECHHBIX B TaOIHIlE 2.

Ha pucynke 1 — cpaBHUTENbHBIN aHalW3 MO MAccoBOM goje Oenka u
KUpa.
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Puc. 1. CpaBHUTENbHBIN aHATN3 MAacCCOBOH 0K OeNka U JKupa
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Coneprxanue MaccoBOi J0iM Oenka B KOOBUILEM MOJOKE BBIIIE, YEM
B KOpPOBhEM, Hambojee BBICOKOE cojepkaHue Oenka cpeau oOpas3ioB
KOMOMHHMPOBAHUS JIByX BHJIOB MOJIoKa y oOpasma Ne 4. [To comepikanuio
MacCOBOH JOJM KHpa B KOPOBHEM MOJIOKE BBIIIE, Y€M Yy KOOBLIBEro
mpakTuyecku B 3 pasza. B oOpasmax KOMOMHHPOBAHHOTO MOJIOUHOTO
ChIpbs HauboJiee BHICOKOE coziepkaHue y oopasua Nel, HemMHOTO ycTynaer
oOpasen 3 u 2, HaMUMeHee HU3Koe cozepxkaHue y oopasua Ned.

Ha pucynke 2 mpuBeIeH CpaBHHUTENBHBIH aHalW3 IO TOKa3aTelsMm
COMO u MI0OTHOCTH.
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Puc.2. CpaBuurtenbHbiii aHanu3 no nokasareasiMm COMO u mioTHOCTH

Kak BunHo u3 pucynka 2, nokazarenb COMO B KOOBUIBEM MOIIOKE
BbIIIE, YEM B KOPOBHEM IOYTH B 2 pasza, Hanbojee BHICOKOE CO/IepKaHUE
COMO B o6pa3sne Ned, noutu oguHakoBoe COMO B oOpasuax Ne3 u 4 u
HanMeHee Hu3kui mokazarenb COMO y ob6pasma Nel.

[TokazaTenp MIOTHOCTH y KOOBLIIBETO MOJIOKA B 2 pa3a BhIIIIE, YEM Y KOPO-
BbEro, HanboJiee BBICOKAs IUIOTHOCTh y oOpasua Ned, omauHakoBasi IUIOT-
HOCTBh y 00pa3noB Ne 2 n3. Hanmenee HU3Kast IIIOTHOCTH y oOpasma Ne 1.

Ha pucynke 3, mpuBeleH CpaBHUTEIBHBINH aHAIW3 1O TEMIIepaType
3aMep3aHus U TUTPYEMOCTH
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Puc. 3. CpaBHUTENbHBIN aHATU3 [0 NTOKA3aTENsIM TEMIIEPaTyphl 3aMep3aHus U
TUTPYEMOCTH

Temneparypa 3amep3anus y KOObUIBETO MOJIOKA BhIIIIE, YEM Y KOPOBBETO.
Bce o0pas3iipl KoOMOMHMPOBaHUS 110 TEMIIEPATYpE 3aMep3aHus JISKAT Mpak-
TUYECKHU B OJIMHAKOBBIX MpEeax.

[TokazaTesb THTPYEMOCTH y KOOBUIBETO MOJIOKA BBIIIE, YEM Y KOPOBBETO,
OJIMHAaKOBbIE 3HaueHus y 00pa3noB Ne 1,3 u 4. Haumenee Huskuii y oopasua
Ne 2.

Ha pucynke 4, npuBeneHbl pe3yiabTaTbl CPAaBHUTEIBHOIO aHaJIM3a
nokasareneil pH cpensl u Ba3kocTu. Kak BUIHO U3 pucyHKa 4, IOKa3aresb
pH cpensl Bhilie B 2 pa3a y KOPOBBETO MOJIOKA, YEM Y KOOBUIBETO, U
IIPAKTHYECKH OIMHAKOBBI JJ1s1 BCEX 00pa3110B KOMOMHUPOBAHUS MOJIOYHOIO
ceIpbsi. BsiskocTh Hanbosee Bricoka y oOpasma Ne4.,
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Puc.4. CpaBHUTENBHBI aHATU3 IO MoKazaTensM pH cpeas U BI3KOCTH

Ha PUCYHKC 5 IMPUBCACHBI PC3YJIbTAThl CPABHUTCIBHOI'O aHaJIn3a I10
IIOKa3aTcJIf0 aKTUBHOCTH BOJHI.
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Puc. 5. CpaBHUTENBHBIN aHATU3 110 TIOKA3aTETI0 aKTHBHOCTH BOJIBI

AKTUBHOCTD BOABI CHUKACTCA B 3aBUCUMOCTU OT NPOLCHTHOTO COLCP-
*KaHMsI KOMOMHUPOBAHUS MOJIOYHOTO ChIpbs. HanMeHee Hu3Kast akTHBHOCTh
BOZIBI Y 00pasiia No4.

3akiaouenue. Pe3ynbrarel HccienoBaHWN MO  KOMOMHHPOBAHUIO
KOPOBBETO MOJIOKa C KOOBUIBUM C OIICHKOH OpPraHOJENTHYECKOTO U
(U3UKO-XUMUYECKOTO COCTaBa IMOKa3ajld, YTO HAauOoJiee ONTUMAIbHBIM
aBIsieTcsl cooTHomeHue 15% cmemienust koObUIbero Mojoka (oOpaser
No3) ¢ KOpoBBUM, UYTO TO3BOJISIET B MEPCIEKTUBE MCIOIB30BaTh €ro JJIst
MOJIYUYCHH S KUCJIOMOJIOYHOTO NPOAYKTA C 3allJITaHUPOBAHHBIMU IMTAIIICBBIMU
Y BKYCOBBIMHU CBOMCTBaMH.
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HNCCIEJOBAHUE KAYECTBA COKA-CAMOTEKA OBJIEIIUXHU
JJIsA IPUMEHEHMUWSA B ITPOU3BOJCTBE HAIIUTKOB

AHHoTanus. [Tpon3BoacTBO 6€3aIKOTOJBHBIX HAIUTKOB B HACTOSILEE
BpEMS SIBIIAETCS OJHOW W3 JIMIMPYIOLIUX OTPACIECH MHUILEBON MPOMBIII-
JeHHocTU. HanuTku — HeoThemileMasl 4acTh palliOHA MHUTAHUS YEJIOBEKa,
MO3BOJISAIONIME TIOAIEP)KUBATh HE TOJIBKO BOJHO-COJIEBOM OaiiaHC B Opra-
HU3ME, HO W JOMNOJHATH OPraHW3M HE3aAMEHUMBIMH aMUHOKHCIOTAMH,
BUTaMUHAMH, MaKpO- U MHKPOIJIEMEHTaMU. 3aBOJbl 10 IMPOU3BOJCTBY
0€3aJIKOrOJIbHBIX HAIMMTKOB MOCTOSIHHO PACIIMPSIIOT aCCOPTUMEHT BBIITYC-
KaeMoM MPOAYKIMHU IPUMEHSSI HATypPabHOE ChIPbE, COBEPILIEHCTBYS TEXHO-
JIOTUYECKUH MPOLECC MPOU3BOACTBA, UCIOJIBb3Ysl HETPAJULHUOHHBIE BHJIbI
CBIpBS, 00JIaat0IINE TOBBIIIEHHON MUIIEBOM [IEHHOCTHIO.

B naHHOU cTarbe pacCMOTPEHA BO3MOXKHOCTBH IIPUMEHEHUsI COKA-CaMO-
TeKa TUKOpACTyIIeH 0OJenuXy B TEXHOJIOTUU MPOU3BOACTBA (PPYKTOBBIX
HanuTKoB. CoK-caMOTeK 00pasyercs B rpoliecce coopa u TpaHCIOPTUPOBKU
arox obnenuxu, odnagaer (yHKIMOHATIBHBIME CBOMcTBaMu. MccienoBaHo
BIMSHUE TEIUIOBOW OOpabOTKM Ha KHCIOTHOCTh M COAEP)KaHUE CYXHX
BEIIECTB B MOJIYYCHHOM MOIYIPOAYKTE. YCTAaHOBIEHO, 4TO 3()()EeKTUBHBIM
sBisieTcsi oopaborka mpu Temreparype 90°C B teueHun 20 MuH, TpH
9TOM TUTpyeMas KMCIOTHOCTh COKa-caMOTeKa CTaOMIM3UPYETCs, a COAep-
KaHUE PACBOPUMBIX CYXMX BEIECTB B IIPOLIECCE XPAHEHMsI MEHSIOTCS
HE 3HAYUTENHHO, OPraHOJENTUYECKUE XapaKTePUCTUKH OCTaloTCsi 0e3
n3MeHeHus. Tem caMbIM JOKa3aHa BO3MOXKHOCTh NPHUMEHEHUS COKa-
caMoTeKa KaK MOIyIPOYKTa JJIsl IPOU3BOACTBA OE3aJIKOTOJIbHBIX HAITUTKOB.
Ha cnenyromeM srtane ucciieqoBaHUs U3ydeHa IHINEBAsl LICHHOCTb COKa-
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camMoOTeKa JIJIsl YCTaHOBJIEHUS (YHKIIMOHAIBHBIX CBOWCTB IMOJYIPOAYKTA.
[Tomy4yeHHBIE pe3yNbTaThl MO3BOJSIOT CIENaTh BBIBOJ O TOM, YTO B COKE
00JICTINXY cOoIepIKaTCS MaKpO-, MUKPOIJIEMEHTEHI, B IPE00IIaIaI0IeM KOJIH-
uecte umerorcs Butamunbl C u D,. Bee pesysbrarel yKasblBaloT Ha TO, YTO
COK-CaMOTEK M3 00JemuXu 0oraT OMOJOIHYECKH aKTHBHBIMH BEILECTBAMH
U SBIISCTCS XOPOIIMM CHIPhEM IS TMPOW3BOACTBA HAIUTKOB Tpodu-
JIAKTUYCCKOT'O HA3HAYCHUA.

KiroueBble cjioBa: 0e3aJIKOTOIbHEBIE HAIIUTKH, O0JIENNXa, COK-CAMOTEK,
TerioBas o0paboTKa, KUCIOTHOCTh, CyXH€ BELIECTBA, (DyHKIMOHAILHBIC
CBOIICTBA.

HLI. YnabmanoteroB*, A.K. Kekutaena

AJMaThbl TEXHOJIOTHSUTBIK YHUBEpcHUTET1, AnMathl, KasakcraH.
E-mail: shalkarrr777@mail.ru

CYCBIHJIAP OHIIPICIHJE KOJIAHY YIITH
LIIBIPFAHAKTAH O3JIT'THEH AKKAH HIBIPLIHHBIH
CATIACBIH 3EPTTEY

AHHOTauUs. AJIKOTOJIbCI3 CYCBIHIAp OHIpICI Ka3ipri yakbITTa Tamak
OHEPKICIOIHIH JKETEKI canalapblHbIH O1pi O0mbIn Tabbu1aabl. CychiHAAp
aJ1aM ar3achIHBIH KypamMzac 0esiri 60k TabbuIaabl, O Cy-Ty3 TeHIepiMiH
cakKTayfra FaHa eMecC, COHBIMEH Oipre ar3aHbl MAHBI3bl AaMUHKBIIIKBUIIAPHI-
MEH, BUTAMHHJIIEPMEH, MaKpO YXOHE MHUKPOAIEMEHTTEPMEH TOJBIKTHIPYFa
MYMKIHAIK Oepemi. AJIKOTOJIbCI3 CYChIHAAp IMIBIFAPATHIH 3aybITTap TaOUFU
IIMKI3aTThI MaiajJaHa OTBHIPBIN, OHIM aCCOPTHMEHTIH yJIaibl KEHEWTyse,
OH/IIPIC MPOIIECIH XKETUIIPY/IE, TAFAMABIK KYHIBLIBIFBI dKOFAPBI ITUKI3aTTHIH
JOCTYPIIi eMeC TYpIIepiH naiaaianya.

byn makanana jxabaiibl ©CETIH IIBIPFAHAKTHIH ©3/ITHEH aKKaH IIBIPHI-
HBIH )KEMIC CYCBIHAAPBIH OHIPY TEXHOJIOTHICHIH/IA Maiilaany MyMKIHIIT1
KAapacThIpbUIaAbl. O3MiriHeH akKKaH IIBIPbIH IIBIPFAHAK IKUJACKTEePIH
KMHAY JKOHE TachIMaylay Ke3iHJe maiiia 0osajbl jkoHe (DYHKIIMOHAJIBIK
KacueTTepre ue. AJBIHFAaH apajblK OHIMIET1 KbIIIKBUIABIK IIeH KYPFakK 3at-
TBHIH MOJIIIIEPiHE TEPMUSIIBIK OHICYiH ocepi 3epTTeni. 90°C remmepaTypana
20 MHUHYT iOIHAE OHACY THIMAl €KeH1 aHBIKTalAbl, Oy peTTe ©3IiriHeH
aKKaH WIBIPIHHBIH TUTPJICHETIH KBIIIKBULIBIFBI TYpaKTaNabl, all epPUTIH
KYpFaK 3aTTap/blH MeJIIIepl cakTay Ke3iHJe alTapibIKTail e3repmeiini,
OpPTraHOJICTITUKANIBIK ~ KOPCETKIMTEepl e3repicci3  Kamanel. OchLiaiiima,
QJIKOTOJIbCI3 CYCBIHAAPIBl OHAIPY YIIIH apajiblK ©HIM PETIHAE ©37iriHeH
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aKKaH MIBIPBIHIBI MaiianaHy MYMKIHIITT JoNeAeH . 3epTTeyliH Keneci
Ke3€HIH/IE apaJibIK OHIMHIH (YHKIMOHAIABIK KAaCHUETTEPIH OpHATY YIIIH
©3JIiriHEeH aKKaH IIBIPBIHHBIH TaFraMIbIK KYHJBUIBIFBI 3€PTTENII. AJBIHFAH
HOTIDKETIEpJie MIBIPFAaHAK MIBIPHIHBIHAA MaKpO, MHUKPORJIEMEHTTEp Oap,
6aceiv Memmmepae C xone D, BuTamunzepi 6ap AereH KOPBITHIH/IBI KacayFa
MYMKIHAIK Oepesii. bapiblk HOTHKeNep mbIpFaHaFbIHAH AJIBIHFAH ©3/1IrHEeH
aKKaH IIBIPBIHHBIH OMOJIOTHSUIBIK OeJICeH i 3aTTapra Oail eKeHIITiH JKoHe
NpOoUIAKTUKAIBIK CYCBIHAAPABl OHJIIPY VIIIH KaKChl IIUKI3aT EKEeHIH
KepceTesi.

Tyiiin ce3mep: ajaKoroiabCi3 CyChIHIAP, HIBIPFAHAK, ©3/IMHEH aKKaH
IIBIPBIH, JKBUTYMEH OH/ICY, KBIIIKBUIIBUIBIK, KYPFaK 3aTTap, (QyHKIINOHAIIBI
KacHueTTep.

Sh.G. Chilmanbetov*, A.K. Kekilbaeva

Almaty Technological University, Almaty, Kazakhstan.
E-mail: shalkarrr777@mail.ru

RESEARCH OF THE QUALITY OF SEA BUCKTHORN JUICE
FOR APPLICATION IN THE PRODUCTION OF BEVERAGES

Abstract. The production of soft drinks is currently one of the leading
sectors of the food industry. Drinks are an integral part of the human diet,
allowing to maintain not only the water-salt balance in the body, but also
to supplement the body with essential amino acids, vitamins, macro- and
microelements. Plants for the production of soft drinks are constantly
expanding the range of products by using natural raw materials, improving
the technological process of production, using non-traditional types of raw
materials with increased nutritional value.

This article discusses the possibility of using gravity-flowing wild-
growing sea buckthorn juice in the technology of production of fruit
drinks. Gravity juice is formed during the collection and transportation
of sea buckthorn berries and has functional properties. The effect of heat
treatment on acidity and dry matter content in the obtained intermediate
product has been investigated. It was found that treatment at a temperature
of 90°C for 20 minutes is effective, while the titratable acidity of the gravity
juice is stabilized, and the content of soluble solids during storage does not
change significantly, the organoleptic characteristics remain unchanged.
Thus, the possibility of using self-brew juice as an intermediate product
for the production of non-alcoholic beverages has been proved. At the next
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stage of the study, the nutritional value of the gravity juice was studied to
establish the functional properties of the intermediate product. The results
obtained allow us to conclude that sea buckthorn juice contains macro-,
microelements, in the predominant amount there are vitamins C and D2.
All the results indicate that the gravity juice from sea buckthorn is rich in
biologically active substances and is a good raw material for the production
of preventive drinks.

Key words: soft drinks, sea buckthorn, gravity juice, heat treatment,
acidity, dry substances, functional properties.

Beenenme. /[nsi cTraOuibHO MOCTYNATEIBHOTO Pa3BUTHSI OTEUECTBEH-
HOTO IIPOU3BOJCTBA BBICOKOKAUYECTBEHHBIX O€3aJIKOTOJIBHBIX HAIUTKOB
HE00XOIMMO TOCTOSIHHOE Pa3BUTUE U COBEPIICHCTBOBAHNE TEXHOJIOTHIA 110
CO3/IaHHI0 HAIUTKOB Ha HaTypajabHOU ocHOBe (Puionosa, 2003).

Hctopudecku BBISIBICHBI TNPHOPUTETHBIC HANPABICHUS, aAKTHBHO
BIMAIONIME Ha JAaHHBIA mporecc: (GOpMUPOBAHUE CHIPHEBOM 0a3bl MyTeM
paciupeHusi acCOPTUMEHTa PACTUTEIBHOTO ChIPbs, MPOBEACHUE HCCIe-
JIOBaHMI, HAIIPABJIEHHBIX HA BO3MOKHOCTb KOMIUIEKCHOTO €r0 MPUMEHEHHUS,
WCII0JIb30BAaHUE HETPATUIIMOHHBIX ero BUuoB (DPunonosa, 2007; [Textepena,
2005; Vicente et all, 2022). UccrnenoBanus, HarpaBieHHbIE Ha Pa3pabOTKy
3G (dEeKTUBHBIX TEXHOJOTHH 10 mepepaboTKe pacTUTENbHOTO ChIPbS,
o0ecreurBaIIUX MaKCUMalbHOE OO0OrallleHHEe I0JIy4aeMbIX HAlHUTKOB
MPUPOAHBIMA SKCTPAKTUBHBIMH BEIIECTBAMH; pa3padOTKa TEXHOIOTHUH
[0 CO3[aHMIO0 KOHIIGHTPATOB HAa OCHOBE 3KCTPAKTOB PA3JIUYHBIX (hopm
(Cxopocmnenona, 2021).

TpaauunoHHO /Ui CO3AaHMSI HAUTKOB C MPUCYLIUM UM HAllMOHAJIbHBIM
KOJIOPDHUTOM B PETMOHAX MPUMEHSIOT MECTHOE pacTUTENbHOE Chiphe. OHO
paccMaTpUBaeTCsl KaK HOCUTENb OMOJOTMYECKH AaKTHBHBIX COEAMHEHHH,
KOTOpbIE Ja)ke€ B MHUHUMAJIbHOM KOJIMYECTBE OKa3bIBAIOT OIPEEICHHOE
BO3/IeiicTBHE Ha OpraHu3M uesoBeka. K Ononornyecku akTHBHBIM BELIIECTBAM
OTHOCAT BUTAMHHBI, TOJH(EHOIBHBIE COCAMHEHUS, AMHUHOKHCIIOTHI,
O€JKHU, MaKpo- ¥ MHUKPOAJIEMEHTHI, 3(pUpHbIe Macia, KapOTHHOHUIBI U Ap.
(Mapunesnko, 2019).

PacturenbHOe ChIpbE, HCHOIB3yeMOE B O€3aJIKOTOJIBHOW OTpPaciiu,
JOJDKHO  YIOBJIETBOPATH CIEAYIONIMM TPeOOBaHUSAM: OBITH JOCTYITHBIM
JUIL UCIIONb30BAaHUSA, HE 00NagaTh TOKCHMYHOCTBIO, HWMETh HpPUSTHBIC
OpraHoJIEITUYECKUE XapaKTepUCTHKU. COIIacHO MPOBEACHHOMY IUTEpa-
TypHOMY 0030py, TakuM TpeOOBaHUSM OTBEUAIOT STOJIbI OOJETUXH,
[IPOM3pacTalOIMe B pa3HbIX PErMOHax Hamed pecrnyonuku. OOnenuxa —
[IEHHOE TOJIMBUTAMUHHOE DPACTEHHE, OJHAKO HEJOCTATOYHOE H3yYeHHOE
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B KauecTBe ChIPhs AJisl epepaboTku. B mocnennue rofpl MOsIBUINCH KOM-
IUIEKCHBIE Pa3pabOTKH MO MCHOIB30BAHUIO IJIOAOB OONEMUXH, HO IO CHX
Mop 0OJENMXOBBIN COK, B CUITY CBOEH Creu(UIHOCTH, HA UCTIONB3YETCs B
MIOJTHOM Mepe, XOTS SBJISIETCS] OCHOBHBIM IIPOIYKTOM MpHU NepepaboTKe I10-
noB (Canuna, 2013; Ahmed M. Saad, 2021; Tkacz, 2021; Markkinen, 2019).

[Ipenmpusitust nepepabaThIBalONIME TUIOABI OOJENUXU CHEIHATU3U-
pPYIOTCS B OCHOBHOM Ha MOJy4eHHH 00nenuxoBoro macia. Cok-caMOTeK,
Ha J0MI0 KoToporo mpuxoautcs 70% macchl ypoxasi CIy>KUT B OCHOBHOM
OTXOJIOM TMPOU3BOJICTBA, XOTS CONEPKUT 3HAUNUTEIHHOE KOIMYECTBO S0I04-
HOM KHCJOTBI, caxapoB, BUTAMHUHOB U JPYTUX OHOJIOTHYECKH aKTUBHBIX
BEIIECTB U MOXET ObITh MepepaboTaH B MOITYIMPOAYKT /Ui O€3aTKOTOIbHON
npomeinuieHHocty (Uymuues, 2009; Kapmrok, 2012).

B cBsi3u ¢ BbIIIECKA3aHHBIM, LIE€TBI0 UCCIIECOBAHUS SBIISECTCS U3yUEHUE
OCHOBHBIX TIOKa3aTelel KadecTBa CBOOOJHO BBIIEIHMBIIETOCS COKa
o0JIeTIMXH B MPOIIECCe XPAaHEHHUSI, U3YyUEHHUE €r0 XUMUYECKOTO COCTaBa, [
YCTaHOBJICHUS (PYHKIIMOHAIBHBIX CBOMCTB U UCIIOJIb30BaHUS KAK OCHOBHOTO
MONYTPOAYKTA JJIsl IPOU3BOJCTBA (PPYKTOBBIX COKOB Ha €r0 OCHOBE.

O0bexThI U MeTOABI UccienoBaHusi. OObEKTaMH UCCIIETOBAHUS SBIIS-
JUCHh STOABI TUKOpACTyIIed obnmenuxu copra AJTaiickas M COK-CaMo-
TeK Ha ero ocHoBe. MccienoBaHusi BIMSIHHSI TEIUIOBOM 00pabOTKU Ha
TUTPYEMYIO KHUCIOTHOCTh W HM3MEHEHHS COAEPKAHUS CyXUX BEIECTB
MPOBOAMINCH B ydeOHOW mabopatopuu «TexHonoruss OpOAMIBHBIX
MIPOM3BOACTB W BUHOAENUs» Kadenpsl «TexHomorus xjaeOONpOayKTOB U
nepepadaThIBAIONIMX MPOU3BOJACTB» AJMATHHCKOTO TEXHOJIOTHYECKOTO
yHHUBepcuTeTa. M3yueHue nuiieBoi HEeHHOCTH COKa-caMOTeKa MPOBOAMIUCH
B AKKpPEAUTOBAHHOW Hay4YHO-UCCIENoBaTeNbCcKol snadopatopun «llume-
Basg 0€30MacCHOCTH» METOIOM BBICOKOAI(D()EKTUBHON KUAKOCTHOM Xpoma-
torpadun. Coneprkanue BATAMUHOB Hcciieqoau mo M-04-41-2005 [2006].
Omnpenenenne MuHepaibHOTrO cocrana nposeaeHsl cormacHo CT PK 'OCT
P 51309-2003 Ha aroMHO- aOCOPOIIMOHHOM CIIEKTPOMETPE MojaeIn nov AA
350 (I'epmanms) [2003].

PesyabTaThl HcciaenoBanus. Cok-caMOTEK MPENCTaBIsieT cOOOM COK,
BBITEKAIONINI M3 IUIOJOB C MEXaHMYECKH TPAaBMUPOBAHHOM KOXHUIEH B
MEePUO/l PYYHOTrOo cOOpa, TPAHCIOPTUPOBAHMUS K MECTY MepepadoTKu U
KpaTKOCPOYHOTO XpaHeHusl (2 cyTok). B TaHHOM cOoke IMeeTCst MSKOTb SITOJIbI,
B COCTaB KOTOPOH BXOJSAT KapOTHHOHUIBI M BOJOPACTBOPHUMBIE BEIIECTBA.
Cok OoraT MUHepaIbHBIMU BEUIECTBAMH, KUCIOTaMH, MOIU(PEHOIbHBIMU
coequHeHUSAMHU. OTHUM U3 (PAKTOPOB, BIMSIONIMM HA BBIJIEICHHUE TaKOTO
coka, siBisieTcst (u3MYecKuil (akTop - TPAHCIOPTUPOBAHUE ILIOJJOBOTO
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CBIPBS 0 MyHKTa MEPBUYHON NepepaboTKu. YeM AMHHEe TIeY0 JO0CTaBKU
coOpaHHBIX IJIOJIOB, TEM OOJIBIIIE MOTEPH CBOOOIHO BBIICIUBIIETOCS COKa.

Ha mnepBoM »sTame uccienoBaHO BIMSHHUE TEIUIOBOM 0OpabOTKM Ha
KaueCcTBO COKa U €ro coXpaHHOCTh. KauecTBO coka B mpoliecce XpaHeHUs
M3y4aoch MO COEPIKAHUIO B HEM HKCTPAKTUBHBIX BEIIECTB U KUCIOTHOCTH,
OLICHHUBAJIUCh OPTaHOJICNITUYECKHUE TTOKA3aTeNu: I[BET, BKYC, apoMar.

Cox mccae0BaIy B EPUOJ] TEXHUIECKOH 3PEIOCTH IIJI0I0B OOJeTIHXH.

D¢ hexkTUBHOCTH TEIIOBOM 00padOTKU COKA-CaMOTEKa, C IIeIIBI0 MPEI0T-
BpallleHus cOpakuBaHUs, OLICHUBANU B Mpolecce xpaHeHus. Mccrnenoa-
HUSL OCHOBaHbl Ha M3YYEHUM H3MEHEHHS KHUCIOTHOCTH M CYXUX BOJO-
PacTBOPUMBIX BEIIECTB B COKE-CAMOTEKE B MIPOIECCE XPAHCHHUS.

TemoByro 00pabOTKy COKa-caMOTeKa OOJITIMXH MPOBOAUIHN MPH TEM-
neparype 90 °C, Bpems obpabotku - 5, 10, 15 u 20 mun. U3mepenus
TUTPYEMOW KUCIOTHOCTH IPOBOAMINUCH Ha 1, 2, 4, 6, 8, 10, 30, 50, 70 u 90
cyTku (puc. 1).
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Pucynok 1. Briusaue TemmoBoit 06padotku mpu Temmeparype 90°C Ha THTpyeMyIO
KHCJIOTHOCTH COKa B ITPOIIECCE XPaHECHHS

W3MeHeHne conmepikaHus CYyXHX BOJOPACTBOPHMBIX BEIICCTB ITPOBOJIH-
muceb Ha 1, 2,4, 6, 8, 10, 30, 50, 70 u 90 cytku (puc. 2).

Cyxue BOJOpPAaCTBOPUMBIEC BEILIECTBA COKA MPEACTABICHBI B OCHOBHOM
YIJICBOJAMH, KOTOpPhIE B TPUCYTCTBHM OPraHUYECKUX KHCIOT M IOJ
JCHCTBUEM TEMIIEpaTyp MOABEPralOTCs KUCIOTHOMY ruaponu3y. Caxaposa
B BOJIHBIX PaCTBOPAX IOJI BIUSHUEM KHUCIIOT MPUCOCIUHSIET MOJICKYITY BOIBI
U pacHICIUISETCS Ha PaBHBIE KOJIMYECTBA TIIIOKO3bI U (GPYKTO3bI (MHBEPCHUS
caxapo3bl). DTUM, Ha HaIl B3NS, OOBSICHICTCS CHIDKCHUC COICPIKAHHS
CYXHX BEIICCTB IPU HAIPEBaHUH.
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11,5

CONEPHAHME CYXHX BOAOPACTBOPUMBIX BeLLecTs, %
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Pucynok 2. Brusaue TemioBoit o6padotku npu temmepatype 90°C Ha comepkaHue CyXux
BOJIOPACTBOPHMBIX BEIIECTB B CBOOOHO BBIICIUBILEMCS COKE B IIPOLIECCE XPAHEHUS

Ha cnenyromemM sTarne HpOBOIMINCH HCCIEIOBAHUS OMOXMMHUYECKOTO
COKa-caMOTeKa, IOJBEPTHYTOM TEIIOBOW 00paboTKe NpH TemIiepaType
90°C B Teuenue 20 MuH U B He 00paOOTaHHOM COKE.

OO030p nHUTEpaTypHBIX MAHHBIX TOKA3bIBACT, YTO OOJEMHMXa SBISCTCS
CBIPbEM BBICOKOW MHIIEBOI IEHHOCTH, 00JIaIal0IIIM MPOPHIAKTHIECKUMHU
U JIe4eOHBIMU CBOWCTBaMU. B Hell cOmepKHUTCS 3HAUNTEIbHOE KOJIMIECTBO
BEIIECTB, O0JIAIAIOIMNX KOHCEPBUPYIOMUMH W (PUTOHIIMIHBIMUA CBOWCTBA-
MHU: OpraHMYEeCKHE KHCIOTHI (sg0/104Hast, COpOMHOBas, acCKOPOWHOBAs),
nonu(eHoIbl (KaTeXUHBI, JIEHKOAHTOIUAHBI, aHTOI[MAHBI), aMHHOKHCIIOTHI,
BUTaMUHBI. B 9TO¥ CBSA31 CBOOOIHO BHIACTMBIIHMICS COK U3 IIOIOB OOJIETINX U
ABJIACTCA TICPCIICKTUBHBIM 00BEKTOM OHMOXHUMHYECKUX HCCHeﬂOBaHHﬁ,
UMEIOLIMM 3HAYCHHE JUTS IPOU3BOJICTBA HAITUTKOB HA €T0 OCHOBE.

Pe3yneraThl IpOBEAEHHBIX HCCIIEIOBAHUI IO N3YYSHUIO U3MEHEHHS CO-
TepkaHus MUKPOAJIEMEHTOB B 00pa00TaHHOM COKE MPUBEICHBI B Ta0HIIE 1.

Taonuua 1 - [Tumesas LEHHOCTh COKA U3 IUIOAOB OOJIENIUXHU

HaumenoBanmne Cok, e moaBepruyThiii | Cok, 00paboTaHHBII IPH TeMIepaType
TTOKa3aTess TEIUIOBOH 00paboTKe 90 0C B Teuenne 20 MuH
MakpoasieMeHTbI

Kanpmuii 13,05 13,05
dochop 6,62 15,86
Marnuii 26,33 103,7
Kannit 0,55 0,46

Harpuii 0,24 16,88
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MUKpPOITIEMEHTHI
Keneso 2,63 7,13
Menb 2,70 5,66
Huak 5,60 6,19
Mapraunen 1,20 2,26
Kobaner 1,11 0,003
BUTaAMUHBI

E 0,5 0,5
D2 57,4 63,4
C 112,2 135,1
B2 1,0 0,9
Bl 2,44 3,88
PP 33,1 27,1
B9 223 12,3

Oo6cy:xnenue. Coneprkannue OpraHMuECKUX KUCIOT B 00pa3iiax, OMucaH-
HBIX Ha pucyHKe |, HarpeBaembIX B TeueHue 5, 10 u 15 muH B nponecce
XpaHeHus, BO3pOCio B cpenHeM Ha 4,9 I/ Mo OTHOIIEHHIO K MCXOIHOMY
cofiepaHuto. POCT KHCIOTHOCTH CBUAETEIBCTBYET O TOM, YTO IPOLECC
OpO’KeHUS B COKE HE OCTAHOBJICH, 3a UCKIIIOUEHHEM 00pasiia, HarpeBaeMoro
B TeueHre 20 MUH, B KOTOPOM POCT KHCJIOTHOCTU B TE€UEHHUE BCEro CpoKa
xpanenus - 90 cyTtok - cocraswi 0,1 /.

B o6pasiax coka, moABEpPrHYTHIX TETIOBOM 00pabOTKe NP TEMIIepaType
90°C B Teuenue 5, 10 u 15 MuH, TUTpyeMass KUCIOTHOCTbh YBEJIMYMIACH
B cpenHeMm Ha 18% mo cpaBHeHUIO ¢ 00pa3ioM, 00pabOTaHHOM TIpHU TOU
e temnepatype B TedueHue 20 muH. COK MMen OpaH)KEeBbIM LIBET U BKYC,
COOTBETCTBYIOIIMHU TUIOaM OOJICTINXH.

N3 pucynka 2 BHUIHO, YTO B COKe, 00paboTaHHOM B TeueHHe 20 MUH
npu temneparype 90°C, conepkaHue CyXHX BOJOPACTBOPUMBIX BELIECTB
cam3mwioch numb Ha 0,2% 1o cpaBHeHHIO ¢ HEOOpPaOOTaHHBIM COKOM.
AHanu3upys NOJIy4YEHHbIE JaHHbIE, MOXHO CIEJIaTh BBIBOJ, YTO TEILIOBas
o0paboTka CBOOOIHO BBIJIECTUBIIErOcsS coka mpu Temmeparype 90°C B
tedyeHue 20 MUH, MO3BOJSIET CTAOWIM3UPOBATH TUTPYEMYIO KHUCIOTHOCTD
COKa M COIEp)KaHHWE CYXHX BOJOPAaCTBOPHUMBIX BEUIECTB B IpoIEcce
XpaHeHus1 6e3 yXyIIIeHUs! OPTaHOJIETITHIECKHUX TTOKa3aTeNeH.

[Tomyuyennsie B pe3ynbTaTe MPOBEACHHBIX HCCICIOBAaHUM JaHHbIE,
OTpakeHHbIE B Taluuue 1 MO3BONIAIOT CAENaTh BBIBOJ O TOM, YTO COK M3
WIof0B obnenuxu Ooratr marnueM, Butamunamu C, D, u xapotunom. B
3HAUUTENbHBIX KOJIMYECTBAX CONEPKHUTCS MEIb, LIMHK, HATPHUM, KaJIbIIHM,
docdop, Buramunsl PP u By, 4To 1m03BOIISET MCTIONB30BATh TAKOH COK B
Ka4yeCTBE ChIpbs, OOraroro OMOJIOTMYECKH AKTUBHBIMH BEIIECTBAMHU IS
MIPOM3BOACTBA HAMMUTKOB MPOQPHUIAKTUYECKOTO HA3HAYCHHUS.
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3akarouenune. 1110161 00IEIUXH - HCTOYHUK OMOJIOTHMYECKH aKTHBHBIX
BEILIECTB, OCOOCHHO MAaKpO- U MHUKPOAJIEMEHTOB, KOTOPBIE CONIEpKATCS B
JIETKOyCBOsSIeMO# (popMe M B ONTUMANbHBIX JI YEJIOBEYECKOTO OpraHmu3Ma
cooTHOUIEHUsIX. OHM MOTYT 00€CTIEUUTh MTOJOBUHY CYTOYHON OTPEOHOCTH
4yeJI0BeKa B BUTAMUHAX U MUKPOSJIEMEHTAaX, a TAKKe SABJISIIOTCS MPEKPACHBIM
CBIPbEM JIJI51 TUIICBOM MPOMBIIIIICHHOCTH.

B pesynbraTe nccienoBaTenbckoil paboThl MOKHO CIENaTh CIEAYIONINE
BBIBOJIBI:

1. YcranoBneHo, 4To TemioBasi 00paboTka coka npu temmeparypax 90°C
B TeueHue 20 MUH MO3BOJISIET CHU3UTH (PEPMEHTATUBHYIO aKTUBHOCTh COKa-
camoteka rnpu xpaneHuu. Cok, 00pabOTaHHBIN TAKUM CITIOCOOOM, COXpaHsET
CBOM (PU3UKO-XUMHUYCCKUE U OPTraHOJICTITHYSCKHE MTOKA3aTEIN MPAKTHICCKU
HEU3MEHHBIMU B TeueHue 90 cyTok.

2. YCTaHOBJICHO, YTO COK-CAMOTEK M3 IIOAOB 00JIEIUXU OOraT MarHuem,
sutamMuHamu C, D, ¥ KapoTHHOM. B 3HaUMTENBHBIX KOJIMYECTBAX COAECPIKUTCSA
Me/Ib, IIWHK, HATPUH, Kablui, pocdop, Buramuusl PP u B,, uro mossossier
HCIIOJIB30BaTh €0 B KAYE€CTBE ChIPhs, OOraToro OMOJIOrHYCCKH aKTHBHBIMU
BEIIECTBAMHU JISl IPOU3BOJICTBA PPYKTOBBIX HATMTKOB MPO(HIAKTHIECCKOTO
Ha3HAYCHHUSL.
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DETERMINATION OF THE PARAMETERS OF CAPTURE
CENTERS OF THERMALLY STIMULATED LUMINESCENCE
IN KBr AND KCI CRYSTALS

Abstract. Thermoluminescence (TL) spectroscopy is the most appro-
priate method to determine trap levels in the band gaps of crystals. The
trap levels have a significant influence on the durability of luminescence.
The trap levels contain charge carriers and prevent their recombination to
luminescence center; as a result, luminescence is delayed. The depth of the
traps can be determined by using the temperature corresponding to the TL
curves.

The article presents the results of registration of thermally stimulated
luminescence of KCI, KBr crystals and calculation of the activation energy
of thermally stimulated luminescence. The measurements were carried out
at temperatures from 10 to 325 K. As a result, the temperature dependences
of the intensity were obtained. The calculations were carried out according
to the Lushchik method using the MathCad computer program. In the spectra
of KBr crystal there are two main bands, the first band at a temperature of
about 40 K, corresponding to the luminescence of self-trapped excitons,
and second band - 170 K, corresponds to the freezing of radiation staining
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in the temperature range, when the holes lose mobility. In the curved
thermostimulated luminescence of KCl crystal, the basic maximums are 33
K, 50 K, 65 K, 230 K, that correspond to the recombination of tunneling
electrons and spatially separated F- and H-centers.

Key words: alkali halide crystals, crystal KBr, crystal KCl, activation
energy, Lushchik equation, luminescence.
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KBr ’KOHE KCI KPUCTAJIZAPBIH/AT'BI
TEPMOCTUMVVJIBAEHTI'EH JIIOMUWHECHEHIIUAHBIH
KAPMAY OPTAJIBIKTAPBIHBIH ITAPAMETPJIEPIH AHBIKTAY

Annoranus. TepmomtomuHecteHTTi (TL) ciekTpockonust — OyJ1 Kpuc-
TalJapblH THIUBIM CAIBIHFAH alMaKTapbIHIAFbl TY3aKTApAbIH JICHICHiH
aHBIKTAyAbIH €H KOJNainbl omici. Ty3aKThH ACHredi IJIOMHHECIICHIIHS
Y3aKThIFbIHA alTapibIKTal ocep eremi. Ty3ak JeHreusepi 3aps/] TacbiMall-
JaymbIapad Typajbl )KOHE OJIap/IbIH JIFOMHHECIEHIUS OPTAJBIFbIHA Pe-
KOMOMHALIMSCHIHA 5KOJT OepMEHi/Ii; HOTHKECIHAE JIIOMUHECLISHITHS KelIeyi-
neimi. Ty3akTapaelH TEpPEeHOITiH TEPMOIIOMUHECICHIIMS KUCHIKTApbIHA
COMKeC KeJIETIH TeMIIepaTypaHbl KOJIaHa OTHIPBIN aHBIKTAayFa 00JIaIbl.

Makanaga KCIl, KBr kpucranmapblHblH TEPMOCTHUMYJIBJICHTEH JIFOMH-
HECIICHIUSACHIH TIpKEy MKOHE TEPMOCTHMYJIBJICHTCH JIFOMUHECIICHITUS-
HBIH aKTHBTCHY JHEPIUSICBIH €CENTEy HOTIKEIepl YChIHBUIFaH. Omey
10-man 325 K-re peiiinri temmeparypajia >KYpri3uiai, HOTHXKECIHIE Kap-
KBIH/IBUIBIKTBIH ~ TeMIIepaTypaiblK Toyenauriri aneiHabl.  Ecenreynep
Mathcad xommbroTepmik O6armapiaMachlH KOJJlaHa OTHIPHI, JIymuk oici
OoibiHIIa XKYpri3inai. KBr kpucrassl ciekTpiepine eKi Heri3ri )koak oap,
Oipinmi sxomak mamameHn 40 K, o e37iriHeH KapMaliFaH SKCUTOHIAPIbIH
JIFOMHUHECIICHITUSIChIHA COMKeC KeJle i, ajl eKinmIi xojak - 170 K, kemTikTep
KO3FaJIFBIIITHIFBIH JKOFAITKAH Ke3/Ie TeMIlepaTypa Juarma3oHblHIa pajina-
USIBIK OOSTy[BIH TOKTAy TemmeparypacbiHa coiikec keneni. KCI kpuc-
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TaJbIHBIH KHUCBIFBIHAA TEPMOCTHMYJIBJICHICH JIFOMUHECICHIIMSICHIHBIH
nerizri makcumymaap 33 K, 50 K, 65 K, 230 K coiikec, Oys1 TyHHEIbACTCH
AJIEKTPOHAAPBIHBIH )KOHE KeHICTiKTe OoliHTeH F- xoHe H-opTanbIkTapbIiHbIH
PEKOMOUMHAIUSACHIHA COMKEC KEee/I.

Tyiiin ce3ugep: cintini ramouArsl Kpuctamnaap, KBr kpucransr, KCl
KPHUCTAJIbI, aKTUBTCHIIPY YHEPTHUACHI, JIyIIUK TeHAeY1, TIOMUHECIICHIINS.
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OIIPEJEJEHUE MAPAMETPOB HEHTPOB 3AXBATA
TEPMOCTHUMYJINPOBAHHOM JJIOMUHECIEHIIUU B
KPUCTAJIJIAX KBr 1 KC1

Annorauus. Tepmomomunecuentas (TJI) cnexkTpockonusi siBIS€TCS
HauboJiee MOAXOAIIUM METOOM Ui ONpEesICHUs] YPOBHEH JIOBYIIEK B
3alpEeIlIeHHbIX 30HAaX KPHUCTAIOB. YPOBHH JIOBYIIEK OKAa3bIBAIOT 3HAUM-
TEJIbHOE BIUSHHUE HA JUIUTEIIBHOCTH JIIOMUHECLEHIIMU. YPOBHM JIOBYILIEK
coJIeprKaT HOCUTENIEH 3apsiia U MPEMSTCTBYIOT UX pEeKOMOMHALINY C LIEHTPOM
JIOMHUHECIICHIIMU; B pe3yJbTaTe JIIOMUHECHEHIMS HE 3aTyxaer. [nmyOunHy
JIOBYILIEK MOKHO OIIPENIENIUTh, UCIIOIb3Ys TEMIIEPATY Py, COOTBETCTBYIOILYIO
KPHUBBIM TEPMOIOMHUHECLEHIINH.

B crarbe mnpexacraBiieHbl pe3ynbTaThl PErvMCTpallid TEPMOCTUMYIIU-
poBanHoi soMuHecueHuu kpucramuioB KCl, KBr u pacuera snepruun
aKTUBAllMM TE€PMOCTUMYJIMPOBAHHOW JIOMUHECUEHIMU. M3mepenus mpo-
BoMWIHCH Tipu Temmeparypax oT 10 go 325 K. B pe3ynwsrare Obutd moy-
YeHbl TEMIEPATypHbIE 3aBUCUMOCTH WHTEHCHUBHOCTU. Pacuersl mpoBo-
JWIACHh 10 Merony Jlylmka ¢ KCIOIb30BaHMEM KOMIIBIOTEPHOM IIpOT-
pammbl MathCad. B cnekrpax kpucramia KBr ecte aBe OCHOBHBIC
MOJIOCHI, IIepBas nojoca npu temneparype okoino 40 K, coorBercTByromas
JIIOMUHECLIEHIIUY aBTOJIOKAJIM30BaHHBIX 3KCUTOHOB, W BTOpas Iojoca -
170 K, cooTBETCTBYET 3aMOpPaKUBAHUIO PAaJUALMOHHOIO OKpallMBAHUS B
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TeMIEPaTypPHOM AHana3zoHe, KOrjaa JIbIpKU TEPAIOT TOABUKHOCTb. B KprBOit
TEPMOCTUMYJIMPOBaHHOW JroMuHecneHun kpuctamuia KCl ocHoBHBIE
MakcumMymbl cooTBeTCTBYIOT 33 K, 50 K, 65 K, 230 K, yto cooTrBeTCTBYET
PEKOMOMHAIIMN TYHHEIHPYIOMINX AJIEKTPOHOB U MPOCTPAHCTBEHHO pas-
nenennsbix F- u H-uenTpos.

KaroueBble cjioBa: 1IeJI0YHOTaJOUIHbIE KpUcTauibl, Kpuctami KBr,
kpuctamt KCl, aaeprus akruBanuu, ypaBaenue JIymuka, TIOMUHE CIICHITHS.

Introduction. With thermally stimulated luminescence (TSL), the
energy of external ionizing radiation accumulated in the crystal is converted
into the energy of light quanta (photons) under the action of thermal
excitation, i.e. heating of the crystal (Lushchik et all, 1989). Irradiation of
crystals with light in the ultraviolet or vacuum ultraviolet ranges, X-rays or
gamma rays, corpuscular radiation can lead to light storage, that is, to the
observation of TSL of irradiated crystals. Under the influence of ionizing
radiation, centers are created due to the capture of electrons or holes by
the corresponding traps. After the cessation of external irradiation, when
the crystal is heated, the electron localized in the trap can pass into the
conduction band. As a result of migration through the crystal, such a band
electron can be captured by a hole localized at the center and recombine
with it (transition 2) (Lisitcyn, 2000, Song et all, 1989, Aimaganbetova et
all, 2016). The energy released as a result of recombination is released in
the form of luminescence. This is the thermally stimulated luminescence
of the crystal. In order for the electron to be released from the trap, some
activation energy is needed. It is also a potential barrier for an electron to
enter the conduction band.

Thermoluminescence (TL) spectroscopy is the most appropriate method
to determine trap levels in the band gaps of crystals. The trap levels have
a significant influence on the durability of luminescence. The trap levels
contain charge carriers and prevent their recombination to luminescence
center; as a result, luminescence is delayed. The depth of the traps can be
determined by using the temperature corresponding to the TL curves.

In the present work, we used the activation energy upon the release
of electrons from the traps of KBr and KCI crystals. These crystals are
representatives of alkali halide crystals (Shunkeyev et all, 2016, Lushchik
et all, 2018).

Alkali halide crystals are widely used in solid state electronics, optics,
instrumentation. The use of alkali halide crystals in a wide range of
transparent optical spectral areas, as well as the presence of broadband
luminescence and staining in the centers and high quantum emissions,
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lasers in these media with passive laser impurities and modified neodymium
lasers were identified.

In addition, these crystals have been found to have a high level of stability
when exposed to powerful laser beams, and their long-term storage at room
temperature has aroused interest among scientists.

Research materials and methods. Thermostimulated luminescence
of KBr and KCI crystals was measured at the University of Nicolaus
Copernicus in Toruni (Poland) at a radioluminescence measurement at a
temperature range of 10-325 K (Lushchik et all, 2018, Shunkeyev et all,
2018).

Crystals KBr and KCI were subjected to pre-exposure measurements,
measured the spectrum of X-ray luminescence at room temperature, and
then recorded the spectra of X-ray luminescence at room temperature with
a step of 10 K.

When measuring the spectra of thermimulated luminescence, we observe
the intensity of the substance when heated, that is, when the substance is
heated below its temperature. At the same time, we lowered the temperature
from 325 K to 10 K smoothly, and then recorded the spectra when the
temperature rose to 10 K. When measuring the spectra of thermostimulated
luminescence, the rate of heating of the crystal was set. The results were
obtained in the form of dependence on the intensity of the emission over
time of heating, as well as the degree of curvature of the heating rate
(Bryukvina et all, 2018, Popov et all, 2016, Aluker et all, 1979, Kuzovkov
et all, 2016).

There are several methods for determining the parameters of the centers
of capture. Part of the method uses separate elements of the TSL curve,
others - all curved, and have in touch with this different degree of accuracy.
The Lushchik method was used to measure the activation energy. The
Lushchik method uses the falling high-temperature part of the TSL peak.

Intense maxima are observed in TL curves during crystal heating (Fig.3).
The electrons have enough energy to leave the traps when the crystal is
heated and the electrons that leave the traps return to the luminescene
centers; consequently, recombination radiation occurs. When a formula
that does not depend on the kinetic level is used, the simplest and most
convenient way to find the activation energy is Lustsik’s method:

E:k'TmJ
o

where T _ is the absolute temperature for maximum intensity, k- Boltsman
constant, ¢ - the halfwidth of the peak from the site of higher temperatures.
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Results. Measurement of spectra of thermostimulated luminescence of
KBrandKClecrystalsatalinearrise temperature of 0.13 K/s after the predicted
yield and exposure at fixed temperatures was carried out at a temperature of
10to 325 degrees Celsius. The curvature kinetics of the heating of the crystals
and the dependence of the intensity of thermostimulated luminescence of
the crystals on the heating time were obtained. To calculate the activation
energy of thermostimulated luminescence, we processed graphs in such a
way that curved dependence of the intensity of thermimulated luminescence
from temperature was obtained (Fig. 1).
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Figure 1. Curve of the dependence of the intensity of thermostimulated luminescence on
the temperature of KBr crystal

The following figure shows the curvature dependence of the intensity
of thermostimulated luminescence on the KCI crystal from overheating
temperatures.
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Figure 2. Curved dependence of the intensity of thermostimulated luminescence of the
crystal KCI from temperature
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Discussion. From the plot of KBr crystal you can notice two main
bands, the first band at a temperature of about 40 K, corresponding to the
luminescence of self-trapped excitons, which has a high probability of the
transition of the majority of excitons in self-trapped state. A temperature
of about 170 K corresponds to the freezing of radiation staining in the
temperature range, when the holes lose mobility. The glow appears due to
the recombination of electrons with self-trapped holes.

When calculating the activation energy of thermostimulated lumines-
cence, we use the program «Mathcady.

The table below shows the values of the parameters when calculating the
activation energy of thermostimulated luminescence.

When T (K) — maxima, T (K) — temperature on the half width
from one site, T,(K) - temperature on the half width from another site,
om - T(K)- T (K), € -activation energy.

Table 1. The values of the parameters of thermostimulated
luminescence of the crystal KBr.

Ne T_(K) T,(K) T,(K) 8 € (V)
1 42 40 43 3 5%10°2

2 45 44 47 3 0,1*10?

3 166 140 180 40 0,04*10?

4 190 180 210 30 10%10?

In the curved thermostimulated luminescence of KCI crystal, the basic
maximums are 33 K, 50 K, 65 K, 230 K.

The ignition of self-trapped holes in the KCl crystal begins at 33 K, up
to 37 K the ignition is accompanied by luminescence.

Peaks at 25 K, 50 K and 70 K are associated with the tunneling of
electrons from loosely connected traps of electron color centers (F - and
H-centers).

Attemperatures above 230 K in KCl crystal, the process of recombination
of spatially separated F- and H-centers occurs. With further increase in
temperature STE with the structure (F,H )nn can increase the possibility
of bounce diffusion on by the crystal (Shunkeyev et all, 2017, Heller et all,
2018, Kantorski et all, 2016).

Table 2. Parameters of thermimulated luminescence in KCI crystal.

Ne Tm (K) T (K) T,(K) Om € (V)
1 44 43 46 3 5%102
2 48 46 51 5 4*102
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3 55 52 60 8 3*107
220 100 235 135 3*107

Conclusion. The research based on this article was to study the
properties of thermal luminescence in alkali halide crystals and determine
their activation energy using the Mathcad program. In the course of the
work, two different crystals were considered on the basis of research. In
the study of KCI and KBr crystals, it was considered that their activation
energy can be determined by the Lushchik equation, and the general basic
necessary conditions were considered. During the research of this article, it
was observed that the process of temperature luminescence is determined
by the peaks depending on the intensity and temperature of the crystal
under consideration. All research methods and results of the work were
determined based on the results of a study conducted at the University of
Nicolaus Copernicus in Torun (Poland).
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SHIFTED NONLOCAL NONLINEAR SCHRODINGER
AND MAXWELL-BLOCH EQUATION: DARBOUX
TRANSFORMATION AND SOLUTION

Abstract. Integrable equations are used extensively as sample for
explaining physical phenomena in many aspects of science such as plasma
physics, fluid mechanics, solid state physics, optical fibers, chemical
physics. At present, many theoretical works concentrate more on the
practical feasibility of integrable equations. One such significant practically
implementable system is the coupled system of the nonlinear Schrodinger
(NLS) and Maxwell-Bloch (MB) equations.

In this work, motivated by the ideas of Musslimani and Ablowitz, shifted
nonlocal nonlinear Schrodinger and Maxwell-Bloch equations (NLS-
MB) were defined. Lax pair formulation for complex reverse time shifted
nonlocal NLS-MB equation was presented. Detailed proof of the Darboux
transformation was given. Solution for nonlocal nonlinear Schrodinger and
Maxwell-Bloch equation was derived.

The idea of the method of nonlocal symmetry is establishing the
relationship between local equations and the corresponding nonlocal
equations, choosing the corresponding symmetry in order to study their
properties and solutions. From the forms of symmetry, there are various
differences in the coupling of the time and space between these nonlocal
and local equations. Consequently, new physical phenomena may appear,
and new physical applications can be created. In addition, having a Lax
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representation, one can get similar types of N-order solutions with a spectral
parameter.

Key words: shifted nonlocality, nonlinear Schrodinger and Maxwell-
Bloch equation, Darboux transformation, solution.
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bIFBICKAH JIOKAJI/IBI EMEC CbI3bIKCbI3 INIPEIUHI'EP
/KIOHE MAKCBEJLJI-BJIOX TEHAEYI: JAPBY TYPIEHAIPYI
ZKOHE HIELIIMI

AHHoTaumsa. VuTterpangaHatelH TeHzaeylep (usuka KyObUIBICTApbIH
1a3Ma GU3HKACHl, CYHBIK MEXaHHUKA, KATThI PU3HKA, ONTHKAJIBIK TAJIIIBIKTAP,
XUMUSUTBIK (PH3UKa CUSKTHI FEUIBIMHBIH KOTITETSH aCTIEKTUIEPIHE TYCIHIIPY
YIIIH MBICall peTiHJe KeHIHEeH KojaaHblIaabl. Kas3ipri yakpITTa KenTereH
TEOPUSUIBIK JKYMBICTap HMHTETpallaHaThlH TEeHJAEYJIepiH MPAKTUKAJIBIK
MYMKIiHiriHe Ko0ipek koH 6eei. OcbIHaali MaHBI3IBI iC )KY31HE )KYy3ere
acwIpbUIaThIH XyHenepain Oipi-lpenunrep (NLS) xone MakcBemi-0ypre
(MB) CBI3BIKTBIK €MeC TeHJIeylep Kyieci.

Mycnumanu MeH AOJOBUIL HIEssIapblHA HETI3IeNTeH OYJI >KYMBICTa
penunarep men MakcBemt-binoxteiH  (NLS-MB)  skeprimikti  emec
CBI3BIKTBI €MeC TEHJEYNIepi aHBIKTANbl. YaKBITTBIH Kepi BIFBICYBIMEH
Kypaeni xkeprinikrti emec NLS-MB tenneyine apuanran Jlakc xyObIHBIH
TYXKBIPBIMBI YCHIHBULBL. JlapOyablH KalTa KYPBUTYBIHBIH €T)KeH-Ter ke
noneni Oepinai. Ilpenuarep mMeH MakcBemi-baoXThIH JKEPriTiKTI emec
CBI3BIKTBI €MeC TeHJCYiHIH MIEIIMi aJbIHIbI.

JKeprismikTi eMec CHMMETPHUsS OMICIHIH HICSACHI KEPTUIKTI TEHJAEYJIep
MEH THICT1 XKEPTUIIKTI eMec TeHICYJIep apachlHIaFrbl KaThIHACTHI OpPHATY,
oJIapAbIH KaCHETTEPi MEH MIEIIIMIEPiH 3epPTTeY YIIiH THICTI CHMMETPHSHBI
Tagaay Oonbin TalbuIaabl. CummeTpus (GopmanapblHa CYHEHE OTBIPHII,
KEPriUTIKTI eMec JKOHE JKEPrilikTi TeHIEYJlep apachblHIa YakKbIT IeH
KEHICTIKTIH OalIaHBICBIHIA SPTYPIIi albIpMaIiblIbIKTap 6ap. COHIOBIKTaH
*KaHa (U3MKaIbIK KyObUIbICTap Maijga Oodybl MYMKIH JKOHE JKaHa
(u3MKaIbIK KOCBIMIIANIAP KYPBUTYbl MYMKiH. COHBIMEH KaTap, 9JICi3 uaesFa
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re 0oJia OTBIPHIN, CIEKTPIIK mapameTpi 6ap N-peTTi memiMaepaiH yKcac
TYpJIEpiH airyFa O00Iabl.

Tyiiin ce3ep: bIFBICKaH JIOKAIb 1 eMecTik, Llpenunrep men MakcBes-
BnoXThIH CBI3BIKTHI eMec TeHaeyi, lapOy TypiaeHaipyi, MWemrim.
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CMEIIEHHOE HEJIOKAJIbHOE HEJTMHEMHOE YPABHEHUE
INPEJUHT'EPA 1 MAKCBEJUIA-BJIOXA: IIPEOBPA3OBAHUE
JAPBY U PEHIEHUE

AHHOTanms. VHTerpupyemble ypaBHEHMsS WIMPOKO MCIOIb3YHOTCS
B KadecTBe oOpa3ua s OObsACHEHUS (U3NYECKUX SBICHHH BO MHOI'MX
00JacTsaX HayKH, TAKUX KakK (hU3MKa IJIa3Mbl, MEXaHUKA KUJIKOCTH, PU3UKA
TBEPAOIO TeJla, ONTHYECKUE BOJIOKHA, XUMUYecKas (pusuka. B Hacrosiee
BpeMsi MHOTHE TEOpETHYECKHE paboThl OONbIIE COCPEIOTOYECHBI Ha
IIPAKTUYECKON peann3allid UHTErpUPyeMbIX ypaBHeHUNH. OQHON U3 Takux
BAXKHBIX ITPAKTHUUYECKH PEAIN3YEMbIX CUCTEM SIBJISIETCS CBSI3aHHAs CCTEMa
HenuHeHbix ypaBHeHuil Llpénunrepa (HYI) u ypaBuenuii Maxkcsena-
bnoxa (MB).

B st0ii paboTte, B1OXHOBIEHHbIE UaeIMU MyciauManu u AOIOBULA, MBI
YCHEIHO MOMY4YWJIU CIABUHYTbIE HEJIOKaJIbHbIC HEJIMHEHHbIE ypaBHEHUS
lIpenunrepa u Maxkcpema-bnoxa (HYII-MB). beina npencrasiena
¢dopmynupoBka napsl Jlakca ans HenokaiabHoro ypaBuenus HYII-Mb B
KOTOPOM CMELIEHHAasl HEJIOKAJIbHOCTh COCTOMT M3 00PaTHOTO MOJIsl BpeMEHU
B HEJIMHEHHBIX wieHax. JJaHo mogpoOHoe 10Ka3aTenbCTBO NpeoOpa3oBaHus
HapOy st aToro ypaBHeHus. Ero pemeHue ObLIO MOTYyYEHO C TOMOIIBIO
npeobpazoBanus [lapOy.

Wnest MeTona HEeJIOKaIbHON CHMMETPUHU 3aKJIIOYAETCsl B YCTAHOBJICHUU
B3aMMOCBSA3H MEXAY JIOKAJIbHBIMU YPAaBHEHUSIMHU U COOTBETCTBYIOIIMMU
HEJOKAJIbHBIMU YPABHEHUSIMHU, BbIOMPAsi COOTBETCTBYIOIIYIO CUMMETPHIO
JUI U3yYEHUS UX CBOMCTB U peuieHuid. M3 popm cuMMeTpuu CymecTByoT
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MHOTHE pa3lIM4Ms B CBSI3W BPEMECHHM W IPOCTPAHCTBA MEXIY ITUMHU
HEJIOKAJTbHBIMU ¥ JIOKAJIGHBIMH YPaBHEHUSIMH, MOTYT TOSIBHTHCS HOBBIC
(1)I/I3I/I‘-IGCKI/IC SABJICHHA, WU MOTI'YT OBITH CO31aHbl HOBBIC (1)I/I3I/I‘~I€CKI/IC
IPWIOKEHUA. A Takxke, UMesl npejcrasiaeHue Jlakca, MOXHO MOIY4YUTh
aHAJIOTUYHBIC TUITBI pellieHU i N-r0 MopsiIka co CIICKTPaIbHbIM [TAPAMETPOM.

KiroueBbie ci10Ba: CIBUHYTast HEIOKAIBHOCTH, ypaBHeHwust LI penuarepa
u Makcgesia-bioxa, npeo6pazoBanue [lapOy, pemienue.

Introduction. Nonlinear integrable equations play a considerable
role in physics and exist in all fields of scientific investigation. This
is partly by reason of the search for realistic form and solutions with
physical importance, as well as their sophisticated mathematical structure.
There are many nonlinear integrable equations applied to the elasticity,
electromagnetism, mechanics of fluids, lattice dynamics. (Shaikhova, et
all, 2018; Yesmakhanova, et all, 2016). For instance, propagating of optical
soliton in erbium doped fiber is governed with the nonlinear Schrodinger-
Maxwell-Bloch (NLS-MB) equation (Ablowitz, et all, 1981; Porsezian, et
all, 1995). In optical fibres, two types of solitons are eventual. One defined
by the NLS equation which is a balance between the group speed dispersion
and the self-phase modulation due to the Kerr nonlinearity. The other
possible soliton is through the existence of two-level resonance medium
in the fibre core. This is governed by the MB equations. Maxwell-Bloch
systems determine the nonlinear resonant interactions between an active
optical medium and coherent light (Porsezian, et all, 2000). These systems
indicate interesting optical phenomena, such as self-induced transparency,
superfluorescence, and slow light spontaneous radiation processes, (McCall,
et all, 1969). The nonlinear Schrodinger (NLS) equation arises as a physical
model in waves on water, condensates of Bose-Einstein, optics, plasmas,
and different other aspects. In fact, it was shown that the NLS equation
is a universal model for the cover of a weakly nonlinear dispersive wave
train’s evolution (Polder, et all, 1979). In some modes, NLS-type equations,
MB systems are completely integrable, with the existence of a Lax pair
and with an infinitely dimensional Hamiltonian structure. As a result, many
analytical methods can be applied to research their solutions.

Research materials and methods. At the end of the last century, it was
believed that most of the physically important nonlinear integrable equations
were open. Therefore, researchers showed great interest in finding special
solutions and important mathematical analysis. In 2013, Ablowitz and
Musslimani introduced the nonlocal nonlinear Schrédinger equation and
obtained its exact solutions using the inverse scattering method (Benney,
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et all, 1967). After that, for this equation and other equations, many works
were performed (Gurses, et all, 2018; Fokas, et all, 2016; Ablowitz, et all,
2016; Gerdjikov, et all, 2017; Giirses, et all, 2022). The idea of Ablowitz
and Musslimani was that in a nonlinear integrable evolution equation, a
nonlocal non-linear term, for example, q*(x,t) is replaced by q*(— x, —t),
q* (= x,t), and g*(x,— t). New nonlocal reductions so called shifted nonlocal
reductions were discovered recently by Ablowitz and Musslimani [16]:
r(x,t) = 8q(xo — x,t), r(x,t) = 8q(xo —x,ty — 1), r(x,t) = 6q(x,—t +ty),
r(x,t) = 8q(x, —t + tg), r(x ) = 8q(xo — x,to — t). When arbitrary real constant
parameters x, and t, are equal to 0, these shifted nonlocal equations return
to their usual nonlocal forms.

Applying the idea of Ablowitz and Musslimani for NLS-MB equations,
we have obtained the following nonlocal equations: under reduction
r(x,t) = 6q(x, —t + ty) real reverse time shifted nonlocal NLS-MB,
under reduction r(x,t) =8q(—x+x,, —t+t,) real reverse space-time
shifted nonlocal NLS-MB, under reduction r(x,t) = 8q(—x+X,,t)
complex reverse space shifted nonlocal NLS-MB, under reduction
r(x,t) = 8q(—x+xg,t) complex reverse time shifted nonlocal NLS-
MB, under reduction r(x,t) = 6q(—x+x,, —t + t;) complex reverse
space-time shifted nonlocal NLS-MB equations.

The purpose of the article is to present several new integrable nonlocal
reductions for the nonlinear Schréodinger and Maxwell-Bloch equations. In
contrast to their standard PT-symmetric and inverse space-time nonlocal
symmetries, we will find shifted space or time or space-time nonlocal
symmetries. Solution for the complex reverse time shifted nonlocal NLS-
MB equations using Darboux transformation will be obtained below.

This article consists of four main sections. In the first section Lax
representation of the integrable NLS-MB equations will be introduced.
Then all possible shifted nonlocal equations derivable from the NLS-
MB equations will be presented in section 2. In section 3 we will give
the detailed proof of the Darboux transformation for complex reverse
time shifted nonlocal NLS-MB equations and derive a solution based on
obtained Darboux transformation. Last section devoted to discussion and
conclusion.

In this article, we will focus on integrable nonlinear NLS-MB equation.
The NLS-MB equations are written as (Maimistov, et all, 1983; Hasegawa,
et all, 1973):

006 1) = i [7 0 (60 + T DR O] + 2p(x 0, (1)
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r (6, 8) = =18 [5 73 (2, £) + q (2, T2 (2, 0] + 26k (2, £). (2)

px(x,t) = —2iwp(x,t) + 2n(x, t)q(x, 1), (3)

k,.(x,t) = =2idwk(x,t) + 26n(x, t)r(x, t), (4)

Me(x,t) = —q(x, Ok (x, t) — p(x, O)r(x, 0), (5)
where:

q — the complex field envelope;

p — measure of polarization of the resonant medium;

1 — inverse population between two levels of wave functions of two
energy levels of resonant atoms;

w — the real constant parameter, it corresponds to the frequency;

* — is the complex conjugate.

The equations of soliton have many special properties (Ablowitz, et all,
1981), their most fundamental property is that all of them can be represented
by the conditions of the integrability of a pair of linear eigenvalue problem
as expressed below

v, =UY, (6)
llUt = Vllua (7)
where U and V are the Lax pairs of NLS-MB equations and have the form:
_ _9in 2 1
V= =2i002 + 2Us + Vo +——V_1.  (®

here A — the complex eigenvalue parameter constant, the matrices U, and
V, are given by

o= (—r((;c, t) W(c)’ t))’ )

_ (9 )1 (x,t) qx(x, 1) _
Vo = l( () —qCx, Or(x, t)) = iq(x,t)r(x,t)o; +

Cleo 5%

113



ISSN 2224-5227 2.2022

Vo= ( nx,t)  —px, t)), (11)
-1 —
—k(x,t) —n(x,t)
In the next section all possible shifted nonlocal equations derivable from
the NLS-MB equations will be presented.

2. Shifted nonlocal NLS-MB equations
1) r(x,t)=6q(x,—t+t ), k(x,t)=6p(x,—t+t,), §,t ER.

Real reverse time shifted nonlocal NLS-MB equations are

q,(x,t)—iq_(x,t)—2p(x,t)—2iq*(x,t)6q(x,—t+t,)=0, (12)
—68q,(x,—t+t))+idq _(x,—t+t)+26p(x,—t+t)—2iq(x,t)
(6q(x,—t+t,))*=0, (13)
ip (x,t)+2wp(x,t)—2inq(x,t)=0, (14)
i6p (x,—t+t)—2wdp(x,—t+t,)—2indq(x,—t+t )=0, (15)
in +ip(x,t)6q(x,—t+t )+iq(x,t)6p(x,—t+t,)=0. (16)

D) r(ot)=6q(—x+x,—t+t) , k(xt)=6p(—x+x,—t+t ),
8,x,t,ER.

Real reverse space-time shifted nonlocal NLS-MB equations are
q,(x,t)—iq_(x,t)—2p(x,t)—2iq*(x,t)5q(—x+x,—t+t )=0,  (17)
—6q,(—x+x,—t+t )+idq (—x+x,—t+t )+

26p(—x+x,—t+t ) —2iq(xt) 6°q*(—x+x,—t+t,)=0, (18)
ip (x,t)+2wp(x,t)—2inq(x,t)=0, (19)
i6p (—x+x,—t+t)—2wop(x—x+x,—t+t )—

2indq(—x+x,—t+t,)=0, (20)

in +ip(x,t)6q(—x+x,—t+t ) +iq(x,t)dp(—x+x,—t+t )=0. (21)
D) r(t)=6q(—x+x,t) , k(x,t)=6p(—x+x,t), 6,x,ER.

Complex reverse space shifted nonlocal NLS-MB equations are

q,(x,t)—iq_(x,t)—2p(x,t)—2iq*(x,t)6q(—x+x,t)=0, (22)
—68q,(—x+x,t)+idq (—x+x,t)+26p(—x+x,t)—2iq(x,t)
8°q*(—x+x,t)=0, (23)
ip (x,t)+2wp(x,t)—2inq(x,t)=0, (24)
16p (—x+x,t)—2wbp(—x+x,t)—2indq(—x+x,t)=0, (25)
in +ip(x,t)6q(—x+x,t)+iq(x,t)dp(—x+x,t)=0. (26)

) r(xt)=6q(—x+x,—t+t)) , k(xt)=6p(—x+x,t+t ), 6,t ER.
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Complex reverse time shifted nonlocal NLS-MB equations are
q,(x,t)—iq_(x,t)—2p(xt)—2iq*(x,t)6q(—x+x,—t+t)=0,  (27)
—68q,(—x+x,—t+t ) +i6q*(—x+x,—t+t ) +26p(—x+x,—

t+t,)—2iq(x,t) §°q*(—x+x,—t+t,)=0, (28)
ip (x,t)+2wp(x,t)—2inq(x,t)=0, (29)
i6p (—x+x,—t+t)—2wép(—x+x,—t+t )—

2indq(—x+x,—t+t), (30)
in +ip(x,t)6q(—x+x,—t+t ) +iq(x,t)

6p(—x+x,—t+t )=0. (31)

1) r(x,t)=6q(—x+x0,—t+t0) , k(x,t)=6ﬁ(—x+x0,t+t0), 6,tOE]R.

Complex reverse space-time shifted nonlocal NLS-MB equations are
q,(x,t)—iq_(x,t)—2p(x,t)—2iq*(x,t)5q(—x+x,—t+t )=0,  (32)
—6q,(—x+x,—t+t )+idq (—x+x,—t+t)+26p(—x+x,

—t+t,)—2iq(x,t) 6°q*(—x+x,—t+t,)=0 (33)
ip (x,t)+2wp(x,t)—2inq(x,t)=0, (34)
i6p (—x+x,—t+t)—2wép(—x+x,—t+t )—

2indq(—x+x,—t+t,), (35)

in +ip(x,t)6q(—x+x,—t+t ) +iq(x,t)dp(—x+x,—t+t )=0. (36)

In this section, all possible shifted nonlocal reductions of NLS-MB
equations were obtained. Now, in the next section, we will show how to
construct Darboux transformation and find solution of equations (27) — (31).

3. Darboux transformation for complex reverse time shifted nonlocal
NLS-MB equation

There are some methods for constructing solutions of integrable systems,
such as the inverse scattering transformation method, the Hirota bilinear
transformation method, The Backlund and Darboux transformation (DT)
methods (He, et all, 2002) the Fokas approach, the long-time asymptotic
approach, and so on. Among them, the Darboux transformation is the most
effective method for finding explicit solutions to integrable equations. DT
has a unique advantage that in solving integrable equations their solutions
are built using a purely algebraic procedure.

Results. In this section, we will give the Darboux transformation for
complex reverse time shifted nonlocal NLS-MB equation (27) — (31).
Equations (1) - (2) are yielded by the integrability condition of the following
spectral equations
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Yx=U 3, (37
Y=V, (38)
where
Ul = _1/10'3 + U015 Vl = _21:0'3/12 + ZAU()l + V01 + ﬁv_()lﬁ (39)
_ 0 q(x,t) 40
Uor = <—6q(x,—t +t) O ) “0)
_ Q(x: t)5‘7(xz —t+ tO) Qx(x: t) — — _
Vor = l( 8,06, —t +t))  —q(x,£)8q(x, —t + to)) =10, D8q(x, —t +
0 Qx(x: t) 41
fo)os + (—qu(x, —t+ty) 0 ) 41
_ n -p(x, )\ 42
Vo1 = (—5ﬁ(x, —t+ty) -n ) (42)

We consider the following transformation of equations (27) — (31):

Y'=TY=(AI-M). (43)

The functions Y and Y’ are solutions to the system. Now, spectral problem
(37) - (38) is converted into new one and assume that the new function v’
satisfies the equations:

Yx'=U1"Y/, (44)
Yt'=v1y', (45)
myp My

where M= ( ) The relation between g,p,n and new solutions

21 Ma2
q',p'm' which is called Darboux transformation can be got by using following

equations:
T +TU=U'T, (46)
T+TV=V'T. (47)
From equation (46) we have:

20: Mx=U', M—MU,, 48)

A1 U, =U, +i[Ma,]. (49)
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By direct computation based on above identity (49), we can obtain a
relation between potential functions g’ and g:

q'=q(x,t)—2im_, (50)
89 '=6q(x,~t+t)—2im,,, (51)
and M should have a condition m = m,,. Comparing the coefficient of

A'(i=0,1,2) of the two sides of equation (20) as we did before with equation
(14), we have

M =iV —iV'_ +V' M=MV,, (52)
A 2U' M —2MU =V’ —V,, (53)
222 4[M, ]+U,~U' =0, (54)
1 / _
V=@MV (@I (55)
—lWg

Thus, from the above identities, after simplifications, several important
equations (48) — (55) were obtained that lead to Darboux transformations
for complex reverse time shifted nonlocal NLS-MB equations later. Now,
in order to determine the values of p’, 6p’and n’ we put into equation (55)
values of S,V_ ,V'_ and get
p'(x,t) = 217(m11+w)m12—Sﬁ(x,—z-to)mfz+p(x,t)(m11+w)2) (56)

1

—21(Mo2+®)My1 +8P(X,—t+t0) (Myr+w)?—p(x,t)m3,

5 (x, —t + to) = .

. (37)

T],(X t) — (Mg +w)(Myz+)+myamyq|-plx,~t+to)myz(Myp+w)+p(x,t) (Mg tw)myy (58)
) Al

where A =(m, +w)(m,,+w)—-m, m,..

The main step is to find the exact value of M expressed by solving
equations (6) and (7):

A 0

M=H(0 1,

)H-l = HAH-. (59)
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. (',Ul(ﬂl,x t) ¥i(4yx, t)) (60)
Yo(A,x,t) Wo(A2,x,t)

where detH+0. Taking account M- symmetric forms (iv) and relations

m,,=—ém, and m =-m,, we get A2=A1. So for the matrix M we have

Yo(A5x,t) Y14y x,t)

Thus, we can obtain an explicit expression for components of the matrix
M with the following values:

myq = (/1177[’1 1'»01 10, —t+t) + 5/T1¢2,11/;2,1(x» —t+ to))’
(5(/11 - i1)l/)1,11/jz,1(x: —t+ to))’ (62)
((/11 - /11)1/J1 1(x, =t + tp)P, 1)

- _ _
My =7 (/111.01,11/)1,1(95» —t+to) + 64195121 (x, —t + to)),

where A=y, (x,), ,(x,—t+t ) +5Y, (x,O), (x,—t+t)).

Discussion. Thus, we replacing equations (59) — (62) again to equations
(50) and (55) and obtain the following Darboux transformations for for
complex reverse time shifted nonlocal NLS-MB equations (27) — (31):

@0 = qlxp) - 2T EPuE Tt (g

n'(x,t) = %[(dﬁ 106, P11 (6, —t + tg) — 81 (x, )Py (x, —t + to))z +

+26 </1 >¢1 106, P41 (o, )P, 1 (x, —t + to)]
1

Zl?z [( _> Y11 (0 )Py (x, —t +t) =6 (1 - _> W21 (6,034

X (x, =t + t) 11 (x, =t + tIPy 1 (x, ) — —5p(x,A2t * to) [8 (1 - %) X
1
_ A _
X P10, 11 (x, —t +t) — (1 - ;1_1> Y1 (X, P, (x, —t + to)] X
1
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X 11 1(x, O, 1 (x, —t + ), (64)

, _2n A _
p'(x,t) = e [5 (Z_ - 1) Y110, Py 1 (x, —t + tp) +

1

X Py (%, t)ll_fz,1(x: —t+ty)+

(111/)1,1(35' OP11(x, —t + to) + 5111/’2,1(35: P, (x, —t + to))z

A _
+ <1 - Z_1> Y1 (x, P51 (x, —t + t5)
1
14
i

_ ~ —\2
_ 5p(x, _t + to) (AI - Al)
42 Ay

Wi OP2,(x, —t +t,) (65

where 21 = A4 + w- So, these equations (63) — (65) are new “seed”
solution of complex reverse time shifted nonlocal nonlocal nonlinear
Schrodinger and Maxwell-Bloch equation wich was found successfully
based on the Darboux transformation.

In this section, Darboux transformation of shifted nonlocal NLS-MB
equations where the nonlocality consists of complex reverse time fields was
obtained. We applied the Darboux transformation which is a powerful tool to
solve integrable equations. This is is the most direct and important approach
in many areas of mathematical physics. By constructing the Darboux
transformation, we derived solutions. It can be used to find explicit and exact
solutions of shifted nonlocal NLS-MB equations, including rogue waves,
breathers, solitons, and so on.

Conclusion. In this article, we have proposed and studied shifted nonlocal
NLS-MB equations, which can be derived from a reduction of the usual NLS-
MB system. Firstly, we have presented Lax pair formulation for this equation.
Secondly, we have obtained all consistent shifted nonlocal reductions of
NLS-MB equations. Several new reductions of symmetry into known NLS-
MB equations have been proposed, each of which leads to a new type of
shifted PT-symmetric or a reverse space-time shifted nonlocal NLS-MB
equations. In particular, real reverse time, real reverse space-time, complex
reverse space, complex reverse time, complex reverse space-time shifted
nonlocal NLS-MB equations were derived. This is not typical for integrable
systems that nonlocality occurs surprisingly simply, but looks completely
different. Because it correlates the values of the function at the point (x,t) in
the space-time domain (in general) to its function values at its corresponding
shifted and mirror reflected space-time point (—x+x0,—t+t0). Thirdly, we
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have established Darboux transformation for complex reverse time shifted
nonlocal NLS-MB equations. Fourthly, we have constructed solution for
shifted nonlocal nonlinear Schrodinger and Maxwell-Bloch equations,
which possess much abundant structure than those of the usual NLS-MB
system.

Using our approach one can also find N-soliton solutions of these
equations via Darboux transformation. By different methods like inverse
scattering transformation and Hirota bilinear transformation method, and
so forth, one can give different solutions for the shifted nonlocal nonlinear
equations.
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ITPOBEJEHUE CKPUHUHI'OBbBIX PACYHETOB
KPUCTAJNJIUYECKOMN CTPYKTYPHI ZnO U U3YYEHUE
INPUMEHEHUAA B IEPOBCKUTHbBIX COJTHEYHBIX
IJIEMEHTAX

AnHoTanusa. OpraHuko-HEOPTaHWYECKUE TUOPUIHBIC MEPOBCKUTHBIC
COJIHEYHBIE DJIEMEHTHI C MX 3HAYUTEIbHBIMH JIOCTH)KEHUSMH B 00JIaCTH
SKOHOMUYHOI'O IpOLecCa M3TOTOBJIEHUS U BBICOKOM 3(PPEeKTUBHOCTH
IpeoOpa3oBaHMsl MOIIHOCTH IPEB30OLUIM PAd TPaJULHOHHBIX (OTO-
ANIEKTPUYECKUX TEXHOJOTHH, TaKMX KaK MHOTOKpHCTauIndeckue Si
u CIGS. Mexnay TteMm, HexenarelbHas SKCIUTyaTallUOHHAs CTaOMIIb-
HOCTb MEPOBCKUTOBBIX COJIHEUHBIX JIEMEHTOB 33/I€PKUBAET UX KOMMEp-
LUAJIU3ALHI0, TOCKOJIbKY II€POBCKMTOBBIE COJHEUHBIE IEMEHTHI MOJBEP-
raloTcs JIerpajaliu PeieTKH U TePSIOT CIIOCOOHOCTh COOMPATh SHEPTHUI0
IIPU CTOJIKHOBEHUHM C KPUTHYECKHUMH (PaKTOpaMH OKpY’KAIOLIeH Ccpensl,
TaKMMM KakK BBICOKAas BJIAXXHOCTb, TaK MU cuibHOEe oOiydeHue. Coot-
BETCTBEHHO, IMOBBIIIEHHE CTA0MJIBHOCTH Pa0OThl CTAHOBUTCS OJHUM M3
pemaonmmx (HakTopoB, OMPEACIAIONUX CISIYIONIYI0 BOJHY Ppa3BHTHUS
MIEPOBCKUTOBBIX COJHEYHBIX 3JeMEHTOB. CTaOMIBHOCTb M JKeJIaTelbHOe
KpPHUCTaAJI1000pa30BaHKE MEPOBCKUTHBIX MOIYIPOBOJHUKOB UMEIOT M1E€PBO-
CTEIIEHHOE 3HaueHue A1 oOecledyeHus ycrexa IHEepOBCKUTOB B (oTo-
AIEKTPUYECKON TEXHOJIOTHUHU.

HecmoTpst Ha ynydlleHHblE CBOICTBA U CTPYKTypy Kpuctamia ZnO,
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€ro MPaKTUYECKOe MPUMEHEHHE B OUUCTKE OMOTOIIMBBI M MEPOBCKUTHBIX
COJHEYHBIX DJJIEMEHTAaX IO-NpeKHEeMYy ClokHO. OcHOBHas mnpoliema
CBf3aHa C OTCYTCTBHEM OOJBIION IuIOUIaAM MoOBepxHOCTH At ZnO,
94TOOBI 00ECIIEYUTh BHICOKYIO MTOPUCTOCTD U YITYUIIEHHYIO IIEPOXOBATOCTh
IIOBEPXHOCTH, YTO IO3BOJIT HaM INPOHUKHYTb B JJIEKTPOIUT. B cBs3u
C OTUM CYILIECTBYET HECKOJBKO PACYETHBIX pabOT IO MEPBBIM IPUH-
LUTIAM JIJI ONPEACNICHUs] KPUCTAIIMYECKUX CBOMCTB ZnO M CBSI3M HX
C OKCIEPUMEHTAIbHBIMH CBOMCTBaMU il pa3pabOTKu ero (oTodJeK-
TPUYECKUX XapaKTEPUCTHUK. /[Be Ba)kHbIE KPUCTAJUIMUECKUE CTPYKTYpPBI
Zn0O BKJIIOYas T€KCOTaHAJIBHYIO U TPAaHELIEHTPUPOBAHHYO, ObIIIN BEIOpaHBI
B KaQYEeCTBE BBIUMCIIUTEIHHON MOJICNN B HaIIel paboTe. 31eCh METOI0JIOTHS
9TOM pa60T51 B OCHOBHOM OCHOBA4HAa Ha OITHMHU3AlUHA TCOMCTpUHU IJIA
Haubosiee CTaOWJIBHBIX KPUCTAIIMYECKHX CTPYKTyp ZnO. 3arem Obuin
BHU3YyaJIU3UPOBAHBl ONTHMHM3UPOBAHHBIE CTPYKTYPBl KPHCTAIMYECKON
CTpyKTypbl ZnO U J1eTaJbHO IPOAHAIU3UPOBAHbI €r0 YHEPTUU U JIpyrue
Ba’KHBIC KBAHTOBO-XUMHUYCCKUC TAPaAMCTPBhI.

KuaroueBble cioBa: ZnO; kpucTtaminueckas CTPyKTypa, OMOTOIIUBBL,
IIEPOBCKUT, KBAHTOBO-XUMUYECKHUN pacUer.
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INEPOBCKHUTTIK KYH 3JIEMEHTTEPIHIAE KOJIIAHYT'A
APHAJIT'AH ZNO KPUCTAJIAbI K¥PbIUIBIMBIH ECEIITEY
CKPUHUHI'T

AnHoTanus. OpraHuKaJIbIK-0eHOpraHUKaIbIK THOPUITI TIEPOBCKUTTIK
KYH Oartapesiapbl YHEMII OHAIPIC MPOLECIHAE >KOHE >KOFapbl KyaTThl
KOHBEpCHsUIAy THIMIUTITIHIE aWTapibIKTall JKETICTIKTepre ue, COHBIH
iminge ken kpuctangsl Si xkoHe CIGS cusSKTHI 1ocTYpiti (OTOINEKTPIIIK
TeXHoJIOTusIapAaH acwlll Tyceal. CoHbIMEH Karap, MEpPOBCKHUTTIK KYH
SNIEMEHTTEPIHIH KaXETCi3 AKCILTyaTallMsUIBIK TYPAKTBUIBIFBl  OJapJIbIH
KOMMEPUHSIAHYbIH KEUIKTIpei, OMTKeHI TEPOBCKUTTIK KYH JIEMEHTTepl
TOPABIH TO3YbIHA YIIBIPAWIbI >KOHE JKOFapbl BUIFANABUIBIK TEH KYIUTI
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COyJIeJIeHy CHUSKTbl KOpLIaraH opra (axkTopiapblHa Tam OOJIFaH KesJe
SHEPrHs )KUHAY KaO1JIeTiH KOoFanTa bl THICIHIIIE, )KYMBIC TYPAKThUIBIFBIHBIH
apTybl MEPOBCKHUTTIK KYH 3JEMEHTTEPiHIH JAMYBIHBIH KEJIeCi TOIKBIHBIH
aHBIKTAUTBIH ey GakTopaapAasiH 0ipi 6osbin TadblIankl. [TepoBckuT-
TIK JKapThlIall OTKI3riITepliH TYPaKTbUIbIFBI MEH KajaraH Kpucramn
TY3UIyl TIEPOBCKUTTEPMAIH (POTOAIEKTPIIK TEXHOJIOTHUSAAFHI COTTLUIITTH
KaMTaMachI3 €Ty YIIiH 6T¢ MaHBI3/IbI.

ZnO KpuCTaJIBIHBIH KACHETI MEH KYpPbUIBIMBIHBIH JKaKCapFaHbIHA Kapa-
MmacTaH, Perovscite KyH OarapesichlHAa, *KOHE 1€ OMOOTBIH/BI Ta3apTyna
ZnO mpakTUKAIBIK KOJIIaHy o1l e KublH. Heri3ri mocene aJIeKTpOIUTTIH
eHyiHEe MYMKIHJIK OepeTiH >KOrapbl KEYEKTUTIKTI KOHE >KaKCapThUIFaH
0eTTiH Kenip-OyJIbIpIbIFbIH KaMTaMachl3 €Ty YuiH ZnO YIIiH KOFapbl
OeTiHiH OonmaybiHa OaitnanbicThl. OcbIiFaH O0ailianbICThl, ZnO KPUCTAIIBIK
KaCHUETTEpIH aHBIKTAy >KOHE OHBIH (POTOAICKTPIIIK OHIMIUIITIH JaMBITy
YIIIH OHBI TOXKIpUOETIK KacHeTTepMeH OaiIaHBICTBIPY YIIIH aJFaIIKbI
MPUHLUITI €CEeNTey )KYMBICTAphI a3. Bi3/1iH ®KYMBICHIMBI3/Ia €CENTEY MO
perinae ZnO exki MaHbI3bl KPUCTAIIBIK KYPBUIBIMBI TaHAAJAbI, OHBIH
1IITH/Ie TEKCOTOHAJIB/I1 JKOHE JIe IIEHTPJICHTeH Ky0. MyH1a Oyt )KYMBICTBIH
onmicremeci HeriziHeH ZnO eH TYpaKThl KPUCTAIIBIK KYPBUIBIMIAPbIHBIH
TeOMETPUSCHIH OHTainanabIpyra HerizgenreH. Conman kedin ZnO kpuc-
TaJ/IbIK KYPBUIBIMBIHBIH OHTAMIaHABIPbUIFAH KYPBUIBIMJIAPbI BU3YyallJIbl
TYpZI€ KOPCETUTIN, OHBIH SHEPrusiapbl )oHe 0acka MaHBI3Ibl KBAHTTHIK
XUMHSIIBIK TTapaMeTpIiep erKen-Ter ke TalqaH/bl.

Tyiiin ce3nep: ZnO, KpUCTAIIBIK KYPBUIbIM, OMOOTBIH, MEPOBCKUT,
KBAHTTBIK XUMUSIIBIK €CENTEY.
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COMPUTATIONAL SCREENING OF ZnO CRYSTAL
STRUCTURE FOR THE PEROVSCITE SOLAR CELL
APPLICATION

Abstract. Organic-inorganic hybrid perovskite solar cells with their
significant achievements in the field of economical manufacturing process

124



Reports of the Academy of Sciences of the Republic of Kazakhstan

and high efficiency of power conversion have surpassed a number of
traditional photovoltaic technologies, such as multicrystalline Si and
CIGS. Meanwhile, the undesirable operational stability of perovskite solar
cells delays their commercialization, since perovskite solar cells undergo
lattice degradation and lose their ability to collect energy when faced with
critical environmental factors such as high humidity and strong irradiation.
Accordingly, increasing the stability of operation becomes one of the
decisive factors determining the next wave of development of perovskite
solar cells. The stability and desirable crystallization of perovskite
semiconductors are of paramount importance to ensure the success of
perovskites in photovoltaic technology.

Despite the improved properties and structure of the ZnO crystal, its
practical application in the purification of biofuels and perovskite solar cells
is still difficult. The main problem is the lack of a large surface area for ZnO
to provide high porosity and improved surface roughness, which will allow
us to penetrate the electrolyte. In this regard, there are several computational
works on the first principles to determine the crystalline properties of ZnO
and their connection with experimental properties for the development of
its photovoltaic characteristics. Two important crystal structures of ZnO,
including hexoganal and face-centered, were chosen as a computational
model in our work. Here, the methodology of this work is mainly based
on geometry optimization for the most stable ZnO crystal structures. Then
optimized structures of the crystal structure of ZnO were visualized and its
energies and other important quantum chemical parameters were analyzed
in detail.

Key words: ZnO, crystal structure, biofuel, perovskite, quantum che-
mical calculation.

BBenenne. Oxcua LMHKA TMpeacTaBiseT co00l HeopraHuyeckoe
COeIMHEHHUE, UMEIoIee XUMHIeCcKyto hopmyiy ZnO. ZnO — npakTHYeCKui
HEpPaCTBOPUMBIH B BOJIC, KPUCTAJUTU3YETCS B TEKCArOHAIBLHOM 1 KyOUUueCcKou
dopme (3bipsiHOB, 2006: 94). Crpykrypa ZnO O0OBIYHO ONHUCHIBACTCS
KaK cocrosimiasi M3 psga 4YepeayIolIUXCs IJIOCKOCTEH, COCTOSUIUX U3
TETPAdIPHUECKH KOOPIAUHUPOBAHHBIX HOHOB O u Zn?** (Jlpo3moB u ap.
2019: 814) c momepeMeHHO YJIOXKEHHBIX BIOJbL OCel ¢ 0e3 IEeHTPaITbHON
cummerpuu (ITasmox u ap. 2021: 120). ZnO nonynpoBogHuk rpymnimst 11 —
VI ¢ mmpoxoit 3anpenieHHoi 30H0# okoino 3,33 5B (Kanskun u ap. 2015:
162). ZnO o0nagaeT MHOTMMH YHUKaJIbHBIMA CBOMCTBAMHU, TAKUMH Kak
SKCUTOHHOE H3JIy4€HHME NpPU KOMHATHON TeMIepaType WM Jake BBIIIE,
ONTUYECKAsl MPO3PAYHOCTh B BUIUMOM JIMANA30HE, BHICOKOE OTHOLIEHUE
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MOBEPXHOCTHU K 00beMy U 3(h(PeKT KBaHTOBOTO OrpaHuueHus. B ocHOBHOM
U3BECTHO, YTO ZnO KpUCTAJUIM3YETCs KaK MOJYNPOBOJHUK N-THUIIA, TOTA
KaK CUHTE3 P-THIA SBJSETCS CIOKHOM 3a1aueii (Adpamiosa, 2016).

ZnO 7nerko CHUHTE3UPYEMBIH, NPUMEHSIOTCS KaK XMMHMUYECKHE, TaK U
(bu3nuecKue METOMbI 7Sl IPOU3BOACTBA MPEBOCXOIHBIX AMUTAKCHATHHBIX
wieHok. Hauboinee yacTo ucnosib3yeMble METO/IbI BhIpAIMBAHUS AIIUTAK-
CHAJIbHBIX IUIEHOK ZnO BKIIOYAIOT 3JEKTPOOCAKICHUE, TUPOJIU3 PacIbl-
JIEHUEM, 30J1b-Teb nporecc (Maitopos u ap. 2007:899), mocienoBaTenbHY O
HMOHHO-CJOeByI0 ancopbiuio u peakuuto (SILAR), BY-pacnbuienue
(EropoBa u ap. 2020:1842), ocaxaenue B xumudeckord Banue (CBD),
HeHTpU(yTrupoBaHue, 3IEKTPOHHO-ITy4eBYI0 anuTakcuio (Jlsmenko, 2020),
JIa3epHYI0 MUTAKCUIO. UCTIAPEHUE U HOHHO-TyueBoe pacibuieHue (I1asnos
u ap. 2021: 76).

DOTOINEKTPUYECKOE TTPUMEHEHHE HAHOCTPYKTYp ZnO TpedyeT 00ib-
LIOM IUIOIIAJM BHYTPEHHEH MOBEPXHOCTH C IMOPUCTON M BBICOKOM LIEPO-
XOBaTOCTHIO TIOBEPXHOCTH IJisi 00eCredeHus] XOPOIIer0 MPOHUKHOBEHUS
anektponuta (KoporkoB m ap. 2021:34). Xumudeckue METOABI OYEHB
MPOCThI, HAAEXKHbI M HSKOHOMHUYHBI I CHHTE3a BBICOKOKAYECTBEH-
HBIX JJIEKTPOJOB JJisi (POTORICKTPUUYECKUX NPUMEHECHH. B dacTHOCTH,
METO/I XUMHUYECKOTO OCAXJCHUsS B BaHHE MOAXOAUT I MOJYyYEHUS
wieHoK ZnO OoNbIIoH MIomaau ¢ UHTEPECHBIMH CBOWCTBaMHU i (HOTO-
ANIEKTPOXUMUYECKUX COJHEUHBIX AJIEMEHTOB. DTOT METOJ MOIXOIUT JJIst
BBIpAIIMBAHUSI HAHOCTPYKTYp Zn(O Ha MHOTHUX TMOJJIOKKAX, BKIIIOUYas
MHUKPOCKOITHOE CTEKJIO M HeprkaBerollyto ctaib (I'ypun u ap. 2019: 111).

B HEKOTOPBIX MPUITOKEHHIX, TAKUX KaK ONTOIEKTPOHUKA, ZnO MOXKHO
UCIIOJIb30BaTh B KAa4eCTBE JOIMOJIHEHUS WU aJlbT€PHATHBBI HEKOTOPHIM
MIOJIyIIPOBOJIHUKAM, TakUM Kak GaN, u Bo BceM MUpE MPOBOISATCS HCClIe-
JIOBaHUA IJis NaJIbHEHIIEro yiaydlieHus cBOMCTB noiaynpoBoanuka (Ilomo-
xeHneB, 2010). M3BecTHbI HCCIENOBaHHMS MO KOHTPOJIO HEMpeIHaMe-
PEHHYIO MPOBOAMMOCTH N-TUIIA U JOCTUYb IPOBOJAUMOCTHU P-TUIIA — TaKUe
U3BECTHBIE TEMBI UCCiel0BaHul. J[pyrue moaxonpl, Takue Kak pacueThl U3
MEPBBIX MPUHIIUIIOB, OCHOBAHHBIE Ha TEOpHH (YHKIMOHANA IJIOTHOCTH
(DFT), HOCAT TeopeTuueckuili xapakTep M, TEM HE MEHee, MOJEe3HbI IS
1yOOKOTO TOHUMAaHUS POIU COOCTBEHHBIX TOYCUHBIX 1E(PEKTOB U MPUMECEH
B HENpEeAHAMEPEHHON MpoBOAMMOCTH n-tTuna B Zn0O. AxuentopHoe
nerupoBanue B ZnO, KOTOpoe MpUBEIET K CTAaOUIBLHOMY p-THILY, €IIe
HegoctarouHo u3ydyeHo (I'pemenok u ap. 2009: 59).

bruio oTrMeueHo, uto mupokoe npumeHeHue ZnO B BIEKTPOHHBIX
YCTPOHCTBAaX OrPaHUYMUBAETCSI OTCYTCTBUEM HAJIEKAIIETO KOHTPOJIS 33 €T0
ANEKTPONPOBOAHOCTHI0. KOHTpOIMpoBaTh NpoBOAUMOCTh B ZnO MOXHO ¢
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MOMOILBIO CO3JaHUs 3alpelleHHON 30Hbl. BBeneHne MaibIX KOHLIEHTpA-
Ui COOCTBEHHBIX TOYEUHBIX JA€(PEKTOB U MPUMECEH MOKET CYIECTBEHHO
BIIUSITH Ha DJICKTPUICCKUE, CTPYKTYPHBIC, ONTHIECCKUE U MOP(DOIOTHIECKUE
CBOWCTBA MOJIYIPOBOAHMKOB. TakuMm 00pa3oM, NOHHMaHHE pPOJIHU COO-
CTBEHHBIX TOYEUYHBIX J1e(PeKTOB (TO €CTh BaKaHCHH, MEXIOY3IUil U
AHTUY3JIOB) M BKJIIOUCHHSI TMPUMECEH (JIECTHMpOBaHMS) SIBISETCS KIIOUOM
K YIPaBICHUIO MTPOBOAMMOCTHIO B ZnO, 4TO (PaKTUUECKUU H3MEHSET
IIUPUHY 3aMPELIEHHON 30HbI, TEM CaMbIM YIIy4llasi €r0 XapaKTepUCTUKU
(Maponuyk u ap. 2019:105).

Hamu moka3ansl ncciegoBaHue KPUCTAIITHYECKON CTPYKTYPHI B (pa3oBOM
crabmibHOCTH ZnO ¥ MX MPUMEHEHUEe NSl (POTOIIEKTPUIESCKOTO TOJISI C
HCIIONb30BAHMEM KBAaHTOBO-XMMHUYECKOTO pacueta. Hamm peanusyercs
KBaHTOBO-XMMHUYECKHII METOA pacuera MporpaMMHOro obecrneueHus
VASP u Hyperchem. IlpuBeneHsl wucciienoBaHUs ONTUMHU3UPOBAHHBIX
KPUCTAJUTMYECKUX CTPYKTYp, TOJTHBIC SHEPTHH U (Pa3oBas CTAOMIBLHOCTH
JUIsl HEOpraHuyeckoro coequuenust ZnO.

Metoabsl u matepuasbl. Pacdyetst DFT ObLIM BBIMOTHEHBI METOIOM
IICEBIOIIOTEHIIMAJILHON IIJIOCKOW BOJIHEI ¢ HCIOJIL30BaHHeM konma VASP.
Hamu Obutn MCTIONB30BaHbl CIIMH-TIONSPU30BAHHBIN TpUOImKkenue 0000-
meaHoro rpaauenta (GGA), peanuzoBannoe Perdew, Burke u Ernzerhof
TUIsl 0OMEHHO-KOPPEISIIMOHHOTO (DyHKIIMOHANa sHeprun. K — paccrosnue,
mapamerp Obln ycranosneH Ha 0,2 A~ ' Jlng MCKIIOYeHMS OIIMOKH
[lynesi, mapameTpbl pemieTku a ontumuzanuioo noszunuit atromoB (ISIF
= 2). MakcumanpHas cuia mocie ontumusanuu cocrasuia menee 0,05
5B/A. Bce pacyeTsl IpOM3BOIMINCH C MOMOIIBI0 MPOrPAMMHOIO MAKETa
SIMAN, VASP u HyperChem koTopbie MO3BOJISIOT BBITIOJHITH PACYCThI B
BBICOKOITPOU3BOIUTEIBHBIM CITIOCO00M (AKceHOB 1 1p. 2018: 449).

dazoBas cTabmibHOCTh KpucTauioB ZnO. Kak yka3piBanoch BhILIE, B
3TOM paszenie ObLIU MPOUJUIIOCTPUPOBAHBI KBAHTOBO-XMMUYECKHE CBOM-
CTBa, TAKHE KaK ONTUMU3UPOBAHHBIE KPUCTAIUINYECKUE CTPYKTYPBI, JHEP-
ruu u apyrue. OnTUMH3UPOBAHHAS CTPYKTypa T€KCAaroHaJbHBIX U TpaHe-
[EHTPUPOBAHHBIX KyOHUeCcKuX KpucTaoB ZnO moka3zaHa Ha puCyHKe 1.

A) B) .

Pucynoxk 1. OnTUMHU3UPOBAHHBIE CTPYKTYPHI A7 A) reKcaroHaiabHON
u B) rpaneuentpupoBanHoii kyonueckoi stueiiku ZnO (VASP).
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A) _JipE:-18.534 eV, V: 49.178 A%, B: 140.395 GPa B) Bst; E: -8.966 eV, V: 20.439 A’, B: 178.007 GPa
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Pucynoxk 2. OHepruu 11 ONTUMHU3HPOBAHHBIX CTPYKTYP TeKCaroHaIbHOH (A) 1
rpaHeleHTPUPOBaHHON KyOnueckol (B) stueiiku Ha ocHOBe ZnO.

OHepruy ONTUMU3ALMHU JIJIs TEKCATOHAJIBHBIX U IPAHELICHTPUPOBAHHBIX
KyOonueckux KpuctamioB ZnO nokaszaHbl Ha pucyHke 2. OTcroa Mbl MOKEM
OTMETUTh, YTO 3HAYEHHE SHEPIHM Il ONTHUMHM3UPOBAHHON CTPYKTYpbI
rekcaroHajbHoro kpucramia ZnO cocrasiuser -18.53 3B. Kpome toro, msl
TaK)K€ MOYKEM OTMETUTh, YTO 3HAYEHUE DHEPIUM JUIsl ONTUMU3UPOBAHHOU
CTPYKTYpbl TpaHEleHTPUPOBAaHHOW KyOmueckoro kpucrtamia ZnO coc-
TaByseT -8.96 3B.

®azoBas cTabMIBLHOCTL KpHCTAILIOB Sb,Se,. Kak ykaswiBanoch BhbIIIE,
B 3TOM paszjene ObuUIM HPOWIIIOCTPUPOBAHBl KBAaHTOBO-XMMHUYECKHE
CBOICTBa, TaKHe KaK ONTUMHU3UPOBaHHBIE KPUCTAINYECKHE CTPYKTYDBHI,
SHEPrUu U ApyTHE.

Copk éé“’
wl, Y

Pucynok 3. OnTuMH3HpOBaHHBIE CTPYKTYPHI JUIsl A) reKcaroHajibHOW U B)
TpaHeleHTPUPOBaHHON KyOuuecKkol suelikn Sb,Se..

OnTruMHU3MpOBaHHASL CTPYKTypa TE€KCAarOHAJIBHBIX M TPAHELEHTPUPO-
BaHHBIX KyOU4ECKHMX KpHCTa/IoB Sb,Se, mokazana Ha pucyHnke 3.

£ k) sj: E: -80.059 eV, V: 597.430 A’, B: 52.496 GPa B) s): E: -78.161 eV, V: 738.172 X', B: 38.603 GPa
=715
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-77.0
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energy

=775
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-80.0
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Pucynox 4. DHepruu ist ONTUMU3UPOBAHHBIX CTPYKTYP T€KCaroHAJIBHOU 1
rpaHelEeHTPUPOBAHHON KyOuueckol sueiiku Ha ocHoBe Sb_Se..
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DHepruu ONTUMHU3ALMH JJIS TeKCAaroOHAJbHBIX M TpPaHEIECHTPUPOBAH-
HBIX KyOHueCcKux KpucTaios Sb,Se, nokasansl Ha pucyHke 4. Otcrona Mbl
MOXEM OTMCTUTDL, UTO 3HAYCHUC DHCPIrUun IJIsI OIITUMU3UPOBAHHOU CTPYK-
Typbl I'€KCaroHaabHoro kpucrauia Sb,Se, cocrasmser 80.05- 5B. Kpome
TOTO, MBI TaK)K€ MOXXEM OTMETUTh, YTO 3HAUEHHUE DHEPTUH JUIsl ONTHUMH-
3UPOBAHHOM CTPYKTYpbl TPAaHELEHTPUPOBAHHON KyOMYECKOro KpHucTasia
Sb,Se, cocrapnser -78.16 5B.

A) B)

PucyHnok 5. OnTuMu3npoBaHHBIE CTPYKTYPHI U151 A) rekcaroHanbHol u B)
rpaHeneHTprpoBaHHOI KyOndeckoi stuerikn ZnO (HyperChem).

Mopaens ZnO paccMaTpuBaeTcs C UICKa)KEHUEM U MOJSPHOCTHIO FeKcora-
HaJbHOM M rpaHelieHTpUpPOBaHHONW KyOuueckoil Mmonekyn ZnO. s s3Toro
MOBEJICHUSI CTPYKTYpHasi ONTUMHU3aLus, Moka3zaHHass Ha Pucynke 1 (A)
JUI LIECTUYT0JIbHOTO Tuna, (B) 11 rpaHelieHTpupoBaHHOIO KyOUYeCKOro
TUIA.

Pucynox 6. MonekynsipHas JeKTpocTaTuueckas kapra Juisi A) rekcaroHaiabHoU 1 B)
rpaHeleHTprpoBaHHoOIl KyOnueckoi stueriku ZnO (HyperChem).

MornekynspHas >JI€KTpoCTaTHYecKas KapTa JUlsi T'eKCOTaHalIbHOH u
IPaHELEHTPUPOBAHHOM CTPYKTYp ZnO nokaszaHa Ha pucyHke 6A, u 6B.
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Pucynox 7. Beicmas 3aHsATast MOJIEKy sipHAs opOUTais U A) reKcaroHajapHOU U B)
rpaHeleHTprpoBaHHoIl KyOnueckoi stueriku ZnO (HyperChem).

A)

Pucynoxk 8. Camast HIKHSISI He3aHsTasi MOJICKYJIsSIpHasi OpOUTainb A) reKkcaroHajabHOU u B)
rpaHeneHTprpoBaHHO KyOndeckoit stuerikn ZnO (HyperChem).

Camas BbICOKasi 3aHATas MOJICKYJSIpHAas OpOUTanb M camas HHU3Kas
He3aHsATas MOJIEKYJIspHas OpOMTalb Il IeKCOraHaJbHOW W I'paHEIeHT-
pupoBaHHOU CTPYKTYp ZnO moKa3aHbl HA pUCYHKaX 7 U 8.

Oocyxnenue. B Hameld pabore monpoOHO ObUIM HM3YYHEHBI ONTH-
MHU3HUPOBAaHHBIE CTPYKTYPhl U SHEPIUH JUIsl KPUCTAJUIMYECKON CTPYKTYpPBI
Zn0, KaK 3TO BUHO Ha pucyHKax 1 u 2. I3 pucyHka 2 Mbl MO’KEM OTMETHUTb,
YTO TeKCaroHaJbHas CTPyKTypa kpucramia ZnO Oojiee crabuibHa, 4eM
IpaHeleHTpUpOBaHHAs KyOuueckas cTpykTypa. ZnO.

B nameii Bropoii pa6ore MbI MOJPOOHO U3YyUMUIIU ONTUMH3UPOBAHHbBIE
CTPYKTYPBl M DHEPIUM JUIi KPHMCTAJUIMYECKOH CTpyKTyphl Sb Se,, kax
3TO BUJHO Ha pucyHkax 3 u 4. M3 pucyHka 3 Mbl MOXXEM OTMETHUTh, YTO
reKcaroHajbHas CTPyKTypa kpucramia Sb,Se, Oonee crabuibHa, 4em
IPaHELEHTPUPOBaHHas KyOuueckas cTpykrypa. Sb,Se..

3akuroyenune. Kpucrammmdeckue coiictea ZnO u Sb Se, Obuin nox-
poOHO HcclieoBaHbl. Pe3yabTaT KOMIBIOTEPHOTO MCCIIEAOBAHUS MTOKa3al,
4TO TpaHCICHTPUPOBAHHAS KyOWueckas CTpykKrypa Kpuctamia ZnO
Oosee crabmiibHA, YeM TeKCaroHajbHas CTpyKTypa kKpuctamia ZnO. DT1o
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WUTIOCTPUPYET BO3MOXKHYIO (a30ByI0 HecTabunpHOCTh ZnO u3-3a rpaHe-
LHEHTPUPOBAHHOM KyONYEeCKOM KPUCTAIITHUYECKON CTPYKTYPHI.

Pe3ynbraT KOMIBIOTEPHOIO MCCIIEIOBAaHUS MOKa3ajl, YTO IPaHEleHTPHU-
poBaHHas KyOu4veckas CTpyKTypa kpucramia Sb, Se, Oosee crabuibHa,
YeM IEKCaroHajibHas CTPYKTypa Kpucramia Sb,Se.. DTO MILTIOCTpUPYET
BO3MOXKHYIO (a30By10 HECTaOMILHOCTE Sb,Se, M3-3a rpaHelleHTPUPOBAHHOM
KyOMYeCKOM KPUCTAIITUYECKON CTPYKTYPBI. ITO UCCIIEIOBAHUE MOXKET ObITh
MOJIE3HBIM ISl pa3pabOTKH JTydIlero Marepuana s (poToraabBaHUYECKIX
IIPUMEHECHUM.

bnazooapnocmes. /[lannoe uccrnedosanue 0v110 NPOGUHAHCUPOBAHO
Komumemom nayku Munucmepcmea obpasoeanus u nayku Pecnybnuxu
Kazaxcman no npocpamme Ne AP09260940 « Onmumuzayusi cmpykmypol
MOHKUX NJIEHOK Ol U320MOBIeHUsL COTHEUHbIX 2NeMeHmMO8 Ha 2UOKOU N0O-
JLOJCKEY.
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NEW DATA ON SEA CURRENTS IN THE MIDDLE CASPIAN
SEA IN THE SECTION OF AKTAU-PK “KURYK” AND THEIR
VARIABILITY DEPENDING ON CLIMATIC CONDITIONS

Abstract. The article presents the results of direct dimensions of the sea
current and thermohaline structure of the middle Caspian, at the section of
Aktau — Kuryk ferry complex.

The results have been received for the first time in 30 years and are
new and published for the first time. The research was done by Institute
of Oceanology RAS (I0 RAS) together with NJSC Caspian University of
Technology and Engineering named after Sh. Essenov in 2020. The works
were done from catamaran board. Weather conditions were estimated by
portative meteorological station GILL GMX 500. On the 13 sea stations
muddiness and chlorophyll fluorescence were measured by SBE Sea Cat 19
plus, and thermohaline parameters by oceonographical sonde YSI 6600 as
a part of flowing sounding system. Anchored stations were equipped with
current speed recorders Lowell TCM-1 Tilt Current Meter, DST centi T
thermistors of Star-Oddi firms and Sea Horse benthal water current gauges.
Measurement of sea current was done with acoustic dopler current gauge
(ADCP «RDI Work Horse 600 kHz»), hung from catamaran board.

Coastal upwelling in Peschanyi region can occur not only due to onshore
wind, but due to strong offshore wind of northwest rhumb, from coastal
area of the cape in Kuryk ferry region which is aligned with the conclusions
of the previous works. Since direct measurement of the current and
thermohaline structure in the region was done in 1990s, the research was
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performed to fill up the gaps. We hope that the received results will become
the beginning for organization of systematic oceonographical researches
performed earlier in 2010s at the regional level.

Key words. Caspian Sea, ferry complex, hydrophisical mode, sea
current, direct measurement, upwelling, Peschanyi cape.
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AKTAY KEHTI - «kKYPBIK» OK KHMACBIHJIAFBI OPTA
KACIIMUAETT TEHI3 AFBICTAPBI TYPAJIBI ’)KAHA JTEPEKTEP
KOHE KJIMMATTBIK ) KAFJTAUJAPFA BAUJAHBICTHI
OJIAPIBIH O3IEPTIHITITT

AnHoTtanus. Makanana opra Kacriuiinig Akray KeHTi KUMachl — Kypbik
MapoOMJIbIK KEIICHIHJEeT1 TEHI3 arbICTapbl MEH TEPMOXAIMH KYPBUIBIMBIH
TiKeJel eJIey HOTHXKeNIepl KeNTipiiareH.

Hotmwxkenep 30 xpuiga anFamn peT kaHa OOJIbINT TaObLUIA bl JKOHE aJIFalll
peT xkapusutanael. 3eprreyiepai PFA okeanonorust unctutytol (PFA MO)
2020 x. II. Ecenos atsingarsl Kacniuil TexHonorusnap »xoHe HHXKUHUPUHT
yuuBepcureri KEAK-nen Oiprnecin xyprizai. Karamapan OopTbiHan
KYMBICTap KYyprizinmi. Aya paiisl xxarnainapsl gill GMX 500 nopraTusTi
METEeOCTaHIUSCBIMEH OaranaHazbl. 13-xoHe TeHi3 cranuusiapeiaaa SBE
Sea cat 19 plus 3001bIHBIH KOMETIMEH XJI0PO(OUIIIIIH TIOMUHECLICHIUSATIAPbI
xkoHe YSI 6600 MYXWUTTBIK 30HJBIHBIH aFbIHIBI 30H7 JKyheci Oap
TepMOXaJIMH MapaMeTpiepi enmenenal. 3okip cranmusiapsl Lowell TCM-
1 Tilt Current Meter arbic ®bUIAAMABIFBIH TipkeymiiiepmeHn, DST centi
T Tepmuctopnapeimen, star-Oddi ¢pupmacsiMeH koHE TEHI3 TEHI3iHIH Cy
arbICBIHBIH TOMEHT1 OJIIIETIITEePIMEH KaOabIKTaFaH. TeHI3 arbICTapbliH
eJIllIey KaTaMapaH OOpPTHIHAH UIIHTeH aKyCTHKAJBbIK OIUICPIIK aFbIC
enmeriminig (ADCP «RDI Work Horse 600 kHz») kemeriMer xypri3uii.

KyMmaer myiiic aymaHbIHIAFbl Karalay amBEUIMHIT TEK KaraayJarbl
KEIJIH 9CepiHEeH FaHa eMec, COHbIMEH KaTap COJTYCTIK-0aThic pyMOaHBIH
KarTel OypkacelH canjgapeiHaH, Kypseik I[IK opHamackan alMakTarbl
)Karajay aiiMarplHaH Ja maiaa 0oiysl MYMKiH, OYJ1 epTe >KYMBICTap/IbIH
KOPBITBIHABUTAPBIHA COMKEC Kenei. 3epTTey aliMarblHIaFbl aFbIMAap MEH
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TEPMOXAJIMH KYPBUIBIMBIH Tikenel enmey 1990 >KblUibl Kypri3ijreHine
CYW€HE OTBIPHII, OJKBUIBIKTBIH OPHBIH TOJITHIPY YIIIH 3€pPTTEYNep >KYpri-
311, AJNBIHFaH HOTHKEJIEp aliMaKTHIK JICHreH/e KYHeal MyXUTTBIK 3epT-
TeyJepi YMbIMAACTRIPYIbIH OacTamMackl 00JIaabl Ien YMITTEHEMI3.

Tyiiin ce3nep: Kacnuii TeHi31, mapom KemeH1, TuApo(PU3UKaIBIK PEXKIM,
TEHI3 aFbIHIAPbI, TIKEJIEH eeynep, anBeutiHr, Kymabr myiiic.
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HOBBIE JIAHHBIE O MOPCKHUX TEUEHUSIX B CPEJHEM
KACIIMM HA PA3PE3E n. AKTAY-IIK «KYPBIK» M1 UX
M3MEHYUBOCTH B 3ABUCUMOCTHU OT KJIUMATUYECKHUX
YCJIOBUM

AHHoTaums. B crarbe mnpuBeleHbl pe3yabTaThl MPSMbIX H3MEpPEHU
MOPCKHX TE€YEHUW U TepMOXaJIMHHOU CcTpyKTyphl Cpeanero Kacnus, Ha
paszpese . AKTay — mapoMHbIN KoMIuieke Kypbik.

Pesynabrarel monyudensl BnepBbie 3a 30 JieT, SBISIOTCS HOBBIMH U
nyOnuKyroTcs  BOepBbie. MccnemoBaHus — BBITIONHEHB  MHCTHTYyTOM
okeanonorud PAH (MO PAH) coBmectHo ¢ HAO Kacniuiickuii yHUBEpCUTET
texnosioruit u uwxkuHUpUHTa UM. [II. EcenoBa 2020 r. PaboTsr Benuck ¢
O6opra karamapana. lloromHeie ycIOBHS OLIEHEHBI TOPTATUBHOW METEO-
craniueit GILL GMX 500. Ha 13-u MOpckMX CTaHUUSAX, HU3MEPEHBI
MyTHOCTH, (pryopecueHnn xjopoduimia ¢ nomoinsio 301a SBE Sea Cat
19 plus, 1 TepMoXanMHHBIE MTAPAMETPHI C IMOILBIO OKEAaHOIPaPUUIECKOTO
3oH7a Y SI 6600 B cocTaBe MpOTOYHOM 30HIUPYIOLIEH CUCTEMBI. 3asKOPEH-
HbIC CTaHIMW OCHAIAIKNCH perucTparopamu ckopoctu teueHuit Lowell
TCM-1 Tilt Current Meter, repmuctopamu DST centi T, pupmsr Star-Oddi
YU MPUJOHHBIMU HM3MEpHUTEISIMH TedeHuid Bonbl Sea Horse. M3mepenus
MOPCKUX T€UEHUN BBIIOIHSIIM C TIOMOIIbIO AKyCTUYECKOTO JOIIEPOBCKOTO
u3meputens reaenuii (ADCP «RDI Work Horse 600 kHz»), BriBeminBaemMoro
c 6opra karamapaHa.

[IpuGpexxHbIii anBeJUTMHT B paiioHe M. [lecyaHblii MOXXET BO3HHKATh
HE TOJIBKO M3-3a BJOJIb OEPEroBbIX BETPOB, HO U M3-3a CUJIbHBIX CTOHHBIX
BETPOB CEBEPO-3aMagHOr0 pymOa, ¢ MPUOPEKHON 30HBI MbICa B paiioHE
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pacnonoxenust [1K «Kypbik», 4To cornacyercs ¢ BHIBOJIaMU PAHHHUX PadoT.
Hexons u3 Toro, 4To npsiMble U3MEPEHNs TEUEHU U TEPMOXAJIMHHON CTPYK-
Typbl B paliOHE MCCIEOBaHMM BHINONHSUIMCH B 1990 rr, mccnenoBanus
BBITIOJIHEHBI [IJIs BOCIONHEHUs1 mpobena. HameeMmcsi, 4To MoOgydeHHBIE
pe3yNbTaThl CTAaHYT HAYAJIOM JIJIs1 OpTaHU3alUU IPOBOAUMBIX paHee, CUCTe-
MaTUYECKUX OKEaHOJOTHUYECKUX UCCIEAOBAaHUN HA PETHOHAILHOM YPOBHE.

KuoueBnble cioBa: Kacriniickoe Mope, MapoOMHBIN KOMIUIEKC, THIAPOH-
3UYECKHUI PEKUM, MOPCKUE TEUCHUSI, TPSIMbIE U3MEPEHUSI, alIBEJUTUHT, MbIC
ITecuansbrii.

Introduction. The Caspian Sea is the largest closed waters in the world
located in Eurasia. Duration of the onshore line is 5970 km, 2320 km of
which relate to Kazakhstan, including 1399.5 km of Mangistau oblast.
The Caspian Sea was one of the most studied seas, the problems of which
are published in many works [Tuzhilkin, 2008: 14; Kosarev, 2005: 60].
However, there are also regions with insufficient level of study and data
coverage of nature observation. This relates to the sharp reduction in the
recent years of the researches at the regional level which were performed
in 2008-2010. The regions with insufficient study in all directions are
Peschanyi cape region, in the onshore of which a new port was put into
operation. This is multimodal transportation hub — Kuryk ferry complex
which is an important chain for entry to the Europe via the Caspian Sea
through Azerbaijan.

Activation of oil production and growth of goods transportation requires
the most serious attention to eco-safety issues, at the new port aquatorium
and especially at the onshore zone of Peschanyi cape, and middle part of the
Caspian Sea. The eastern shore of the middle Caspian is located at the border
with large climate (modest and subtropical) regions as well as barometric
circulation (North Atlantic and North Asian) regions. Such location of this
region defines high intensity of the changeability of its meteorological
conditions in different range of scale (synoptic, seasonal, intraannual).

The article presents information received as a result of the expedition
conducted by Institute of Oceonology named after P.P. Shirshov guided
by RAS together with NJSC Caspian University of Technology and
Engineering named after Sh.Essenov.

The aim of the work is to study the principle of mesoscale spatial
structure and synoptic variability of hydrophysical and thermohaline space.

Methods of study. Sea dimensions was performed with the help of rented
catamaran «Endeavor» during October 27 to 29, 2020, at the section from
Aktau to the South, Peschanyi cape, and to the East, Kuryk ferry complex
and Sarzha (fig. 1, a). The section consists of 13 stations (fig. 1, b).
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The methods and equipment applied in the work meet modern
requirements and can ensure the set tasks. In order to study the sea part of
Peschanyi cape, modern measurement methods and tools of ocean study in-
situ were used, which means directly in the sea environment during natural
research [Bordovskiy, 1992: 110].

The peculiarity of the methods and tool used in the work — availability
in real-time scale (on-line) which gives information about all the processes
in the sea.

Figure 1. Middle Caspian Sea work region, in Mangistau oblast
a) cataraman «Endeavor»; b) right — map-scheme of work region

Hydrometeorological condition at the Caspian Sea was estimated with
the help of automated portable meteorological station GILL GMX 500,
established at Peschanyi cape, (st. 2708), at Sm height, over the sea level.
The station worked from October 26 to 29, 2020.

Wind direction and speed were measured as well as atmospheric pressure
and relative air humidity. Discretion of changes was 1 second.

Hydrophysical changes. During expedition, hydrophysical changes at
13 stations include muddiness measurement from the sea surface to the
bottom, chlorophyll fluorescence with the help of SBE Sea Cat 19 plus
zonde. At the transfers between the stations there were measurement of
thermohaline characteristics of the surface layer along the ship track with
the help of flow sound system. The system consists of:

- a pump supplying sea water with 1 l/s capacity,

- special container of 30 litres capacity,

- oceonographical zonde Y SI 6600.

Flow system allowed to register the values of temperature and salinity of
the sea water with high spatial resolution (around 50m).

Anchored sea stations established at the observation points were
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equipped by speed and flow gauges Lowell TCM-1 Tilt Current Meter [7],
for determination of true direction with respect to dip pole. Also, at the point
2708 (Peschanyi cape) the anchored station was established with thermally
sensible resistor DST centi T of Star-Oddi firm, as well as with benthal
measurement of the flow of the sea water Sea Horse [Sheremet, 2010: 11].

7]. Speed and direction of the water flow at the anchored station were
measured with 16 Hz frequency for 60 seconds, through each 2 minutes.
Values of the temperature were fixed with 2-minute discretion.

In order to measure the current, the flow gauge was used (ADCP «RDI
Work Horse 600 kHz»). The tool was hung from catamaran board and held
in the surface layer for 10 minutes. Speed and direction of the water flow
were measured by established 1m cell size, vertically. The received data
were averaged by time.

Results and discussion. Variability of meteorological conditions
during work performance. As per the meteorological station data GILL
GMX 500, during expedition in the work region the act of northern-eastern
winds was observed with maximum speed in the evening up to 9.0 m/s.
Average speed of with during observations was 3.1 m/s. (fig. 2, a).

In the afternoon of October 26 act of south-eastern wind was observed
(SE — 1.8 m/s) and western, on October 27 (NE — 3.4 m/s), October 28 (NE
—5.9 m/s) and October 29 as well (NE — 5.1 m/s). During evening time only
on October 27 wind speed increase was fixed up to 7.3 m/s.

Figure 2. Results of measurements performed by meteorological station GILL GMX500
averaged by 5-minute intervals: a — vector diagram of wind speed, m/s;

¢ — atmospheric pressure variability schedule; d — relative humidity variability schedule

Such variability of wind speeds and frequency, in general, is agreed
with reanalysis database (RDB) NCEP/NCAP (USA). This RDB contains
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meteorological space on the Caspian Sea from 1948 up to date [8].
Atmospheric pressure varied from 1005.8 hPa to 1010 hPa. It should be
noted that 1 hectopascal [hPa] = 0.750063755419211 mm Hg, 1 mm Hg
= 1.33 hPa. Decrease of pressure helped to increase waves in the onshore
zone of the work region. Comparison of received meteorological data at
the separate stations of the section, with Kazgidromet data and reanalysis
[Kalnay, et all, 1996: 440], showed that:

- universal relation should not be applied at the Caspian Sea water area
for correction of reanalysis of data base of NCEP/NCAP, due to variability
of the climate condition.

This is related to the difference from amendments for Black and Baltyisk
seas [Bukhanovskiy, et all, 2009: 75; Bukhanovskiy, et all, 2003: 37], for
the Caspian Sea this approach will be very roughly average.

Thermahaline structure of waters in the research region. Vertical
distribution of water temperature, its salinity, and chlorophyll fluorescence,
dissolved oxygen, muddiness in the work region presented in the fig. 3, on
the left.

Fig. 3, right, on the map scheme of the station the following is indicated:
Karakol lake, saline basin and facilities.

Vertical distribution of values of water salinity. In the waters of the
work region local maximums of salinity occurred (increase to 0.2-0.3 psu,
relative bottom and surface layers). Moreover, the most expressed maximum
salinity is noted at st. 2708 (extremity of Peschanyi cape), comforming with
muddiness peak (fig.3, b). Increase in water salinity up to 12.0 psu, related
to intensive water evaporation and further wind mixing. This agrees with
the conclusions of Kossarev [Kossarev, et all, 1992: 117], about the fact
that water rise occurs mainly from the lower border of seasonal thermocline
(20-40 m), causing the occurrence on the seas surface near the water onshore
of deep-water mass. 1 psu (practical salinity units) = 1%eo.

Vertical distribution of chlorophyll and oxygen concentration. More
cold areas of the waters between st. 2707 and 2712, accompanying by
maximum concentration of chlorophyll (fig. 3,¢) and dissolved oxygen (fig.
3,d). Thus, concentration of chlorophyll at st. 2707 was 1.5 mg/m® and 1.48
mg/m? at st. 2712. Minimum concentration of chlorophyll is noted at the
upper layer of water at st. 2708 at Peschanyi cape and was 0.5 mg/m?,
that it is mainly related to intensive water circulation at the cape extremity.
Relatively high concentration of dissolved oxygen was noted at stations
2708 (1008.5 kg/m?) and at st. 2712 (1008.3 kg/m?). Less — (1007.5 kg/m?)
at the upper layer of Peschanyi cape (st. 2708).

As shown in [Klenova, et all, 1962: 12], this is related to the fact that
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vertical circulation goes more intensive in the middle Caspian Sea, which is
confirmed with less variations as well in oxygen content both on the surface
and on the bottom. Range of variations of dissolved oxygen from 1007.5 to
1008.5 kg/m’ from the water surface to the bottom, agreed with the results
of the early works.

Vertical distribution of muddiness value. The region between stations
2707 and 2709 (extremity arc of Peschanyi cape), was charaterised
by increased water muddiness along the column (fig. 3, ). Maximum
muddiness is noted in the middle water layer between the stations 2705 and
2706, and was 2.0 units of NTU and 1.5 units of NTU on the surface layer.
Maximum water muddiness on these stations coincided with the region of
maximum warming at the station 2705.

Here — NTU - nephelometric turbidity units.

EIEE B

Figure 3. Vertical distribution of temperature, salinity, chlorophyll concentration,
dissolved oxygen and muddiness at the section Aktau - Kuryk (on the lelft);
Map-scheme of the sea stations, and Karakol lake, saline lands and facilities on the lands

(on the right)

Many of researchers, starting with N. Knipovich, relate formation of
this anomaly with act of prevailing north-western winds [Ginzburg, et all,
2005: 12], which is in general agreed with the results of our researches. In
the work of [Agatov, et all, 2019: 70], A. Agatov and others, upwelling is
noted in Peschanyi cape which is formed under the influence of two counter
flows. The first counter flow is the flow of transformed Volga waters getting
through the northern part. The second flow is the flow of south-caspian
waters. Onshore upwelling in the Peschanyi cape region can occur not
only due to along-shore winds, but due to strong offshore wind of north-
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western rhumb, with onshore area which agrees with conclusions in the
work [Pakhomova, et all, 1972: 73; Arkhipkin, 1996: 101].

Variability of sea flow. The results of measurement received on the
anchored stations and map-scheme of their location shown on figure. 4.
On the station Ne2 located near station 2706 (saline lands) development of
along-shore flows directed mainly to the south, south-west was fixed with
the speeds from 1 sm/s to 13 sm/s, (fig. 4,b).
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Figure 4. The results of measurement (on the left) on the anchored stations (on the right)

a) Vector diagram of wind speed and direction; b) vector diagram of bottom flows at st.

Ne2; c¢) same as on st. Ned; d) indices of temperature gauges in the bottom water layer at
st. NeNe 1,2,3,4 and 5.

On the station Ne4, in the South part of Peschanyis cape, development
of bottom flows was fixed directed mainly to the North, North-East with
speeds up to 7 sm/s (fig.6, c).

These data show the development on the flows counter to each other in
the bottom layer, bordered by the cape which is clear on the vector diagram
on st. Ne4.

Moreover, data received on the station Ned4, show the presence of water
masses movement to the shore in the bottom layer, which may indicate the
process of “upwelling” which in general agrees with CTD-profiling data.
Data from thermistor located on the bottom layer at the anchored station
Nel (fig.6, d), significantly differ from the indices of the station gauges
located to the south from the stations Ne 2 and Ne 3.

Conclusion. Based on the mentioned material, the following conclusions
were formed. Variability of the environmental conditions in the work region
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agrees with data from Kazgidromet and reanalysis database (RDB) NCEP/
NCAP (USA) [8], which contain meteorological spaces on the Caspian Sea
from 1948 up to date.

It was established that on the eastern part of water basin of the middle
Caspian Sea, the universal relation should not be applied for correction
of reanalysis database of NCEP/NCAP. Other than the difference from
amendments for Black and Baltyisk seas [9,10], for the Caspian Sea this
approach will be roughly average.

Increase of salinity of water up to 12.0 psu is related to intensive water
evaporation and further wind mixing. This agrees with the conclusion of
Kossarev in the [12].

It is established that rise at the sea shore from the lower border of seasonal
thermocline (20-49 m) deeper waters from T=10-12°C, leads to increase of
salinity S=12.7-12.9%o [12].

Colder waters at the section differed from maximum chlorophyll concen-
tration and dissolved oxygen. High concentration of dissolved oxygen noted
on the stations 2708 (1008.5 kg/m?®) and on the station 2712 (1008.3 kg/
m?). Less - (1007.5 kg/m?®) in the upper layer at the cape (st. 2708). Range
of variations of oxygen with values from 1007.5 to 1008.5 kg/m? from the
waters surface to the bottom agrees with the results of the work [12].

Maximum muddiness was noted in the middle layer of waters between
st. 2705 and 2706, was 2.0 units of NTU and agreed with the region of
maximum warming (23°C) at st. 2705 (saline lands).

Many of researchers, starting with N. Knipovich, relate formation of
this anomaly with act of prevailing north-western winds [14], which is in
general agreed with the results of our researches. In the work of [15], A.
Agatov and others, upwelling is noted in Peschanyi cape which is formed
under the influence of two counter flows. The first counter flow is the flow
of transformed Volga waters getting through the northern part. The second
flow is the flow of south-caspian waters.

Coastal upwelling in Peschanyi region can occur not only due to onshore
wind, but due to strong offshore wind of northwest rhumb, from coastal
area of the cape in Kuryk ferry region which is aligned with the conclusions
of the previous works [16,17].

Vector diagram of the flows of anchored st. Ne4 (Kuryk FC) show the
presence of water masses movement to the shore in the bottom layer, which
may indicate the process of “upwelling” which in general agrees with CTD-
profiling data.

The authors thank the colleagues from Oceonology Institute named
after P.P. Shirshova RAS represented by P.O. Zavyalov for the support in
arranging and performing the marine expedition.
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We hope that the received results will become the beginning for
arrangement of systematice oceonological researches performed earlier in
2010 on the regional level.
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ASSESMENT OF THE EFFECT OF ELECTROMAGNETIC
RADIATION FROM CELL PHONES ON HYDROBIONTS BY
BIOTESTING

Abstract. The article considers the problem of the influence of electro-
magnetic radiation on living organism, generated by cellular communication.

Over the last decades, due to the increase in technogenic processes and
their influence on the Earth’s electromagnetic field, the topic of the impact
of electromagnetic radiation on living things has been increasingly studied.
Modern technologies have become a source of electromagnetic pollution
generated electromagnetic fields. It is still unclear if the electromagnetic
radiation has a negative effect on living organisms as there is not enough
evidenceto proveit. This is despite the fact that low frequency electromagnetic
fields have been classified as potentially carcinogenic. The World Health
Organization (WHO) puts the problem of global electromagnetic pollution
of the environment on the priority of humanity. In many countries, cellular
communication occupies a special place among anthropogenic sources of
electromagnetic radiation.

The use of mobile phones is continually increasing throughout the world.
A cell phone is a small-sized transceiver operating in the 900/1800 MHz
range, which refers to damaging environmental factors. The impact of
radiation caused electromagnetic waves of cell phones on the abundance
of Daphnia magna was investigated. Radiation effects are clearly evident
in the study with Samsung Galaxy J 7 and Vivo V 20 cell phones. Based
on the results of the growth dynamics of daphnia, the effect of cell phone
frequencies on the number of hydrobionts was observed, and the number
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of crustaceans reached 31 under the influence of Samsung Galaxy J 7 and
44.3 under the impact of Vivo V 20 respectively, there was a decrease in the
number of crustaceans of 50.3% and 28.9% below the control results.

Key words: electromagnetic radiation, electromagnetic fields, cell phone,
Daphnia culture, hydrobionts.
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BUOTECTUIEY 9AICIMEH ¥4JIbl TEJIE®@OHJAPIABIH
IAJNIEKTPOMATHUTTIK COVJIEJIEHYIHIH
I'MIAPOBUOHTTAPFA OCEPIH BAT AJIAY

AHHOTanusi. Makanania ysiibl OaiylaHbIC HOTHIKECIH/IE Maiia 0oJIaThiH
ANEKTPOMArHUTTIK COYJICIICHY/IH TIpl OPTaHU3MI€ dCePi KapacThIPhLIAIbI.

CoHFBI OHXBUIABIKTAP/Ia TEXHOTCHIIK MPOIECTEPAIH KYIICIOIHE KOHE
OJIapJIbIH JKEP/iH MIEKTPOMATHUTTIK ©piCiHEe acep €Tyl AEeKTPOMArHUTTIK
COyJIeJNIEHYNIH Tipl 3aTTapra acep €Ty TaKbIphIObI KeOipeKk 3epTTelnyne.
Kaszipri 3amManfbl TEXHOJIOTHSIIAP SJEKTPOMArHUTTIK ©PICTEP TYIbIPAThIH
AIEKTPOMATHUTTIK JaCTaHYABIH KO31HE alHaJbl. DIEKTPOMATHHUTTIK
COyJICNICHYIIH Tipi OpraHu3Maepre Tepic acep eTeTiHi omi Oenricis, euT-
KEH1 OHBI paCTAWTHIH JAJICINIICP )KETKUTIKCI3. ByJI TOMEH KUIIIKTI 3JIeKTPO-
MAarHMTTIK ©pICTEP BIKTUMAaJ KaHIIEPOTEH[I JeN XKIKTeJreH Oojca na.
Jynuexysimk neHcaynslk cakray yibiMbl (JJACY¥) Famamasik snexTpo-
MarHuTTIK KOpIIaFaH OPTaHBIH JIACTAHY MOCEJECIH aJaM3aTThiH 0achIM-
IBIFBIHA KOsiIbl. KemnrTereH enepze ysibl OaislaHbIC AJIEKTPOMArHUTTIK
COyJIeTICHY/IIH aHTPOTIOTEHIIK KO3/EPiHIH apachliH/a €PEKIIe OPhIH alaibl.

¥Ysnel TenedoHAapapl Nakganany OyKUT aiieMze YHeMi ecim Kelemi.
¥ 1161 TeneQoH — Oy KOpIIaraH OpTaHbIH 3USH]IBI (paKkTOpiIapblHA KAThIC-
61 900/1800 MI'm nmama3oHBIHIA YXYMBIC ICTEWTIH IIAFrblH TrabapuUTTi
KaObUTIAFbI. YUl TelNeQOHIAPIbIH dJIEKTPOMATHUTTIK TOJKBIHIAPHI-
HaH TybIHAAraH coyienenyniH Daphnia magna caHbsiHa ocepi 3epTTEINIi.
Pannanusasiy ocepi Samsung Galaxy J 7 sxone Vivo V 20 ysnsl TeneoH-
JapbIMEH 3epTTeyle ailKbiH KopiHeai. ladHUSHBIH 6Ccy JMHAMUKACHIHBIH
HOTIOKeNIepl OOWBIHIIA YSUIBI TeleOH KUUIIKTEPIHIH THAPOOHOHTTAP
caHbIHa ocepi Oaikanapl, an masH Topizauiep Cansl Samsung Galaxy J
7 acepinen 31-re xxone Vivo V 20 ocepineH 44,3-ke KeTTi, COUKeCiHIIe
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IasiH TOPi3Aiiep CaHbIHBIH Oakbuiay HOTHKenepineH 50,3% xone 28,9% -
Fa TOMEHJIey1 OalKaIbl.

TyiiiH ce3aep: IEKTPOMArHUTTIK COYIICIICHY, JJIEKTPOMArHUTTIK epic-
Tep, ysuibl TenedoH, n1apHus MoICHUET], THAPOOUOHTTAP.

N.T. CyaranraaueBa*, P.P. beiicenoBa

EBpasuiickuii yausepcurer umenu JI.H. I'ymunesa,
Hyp-Cynran, Kazaxcran.
E-mail: in211187@mail.ru

OIIEHKA BJIUSHHUSA JIEKTPOMATHUTHBIX U3JIYUYEHUM
COTOBBIX TEJIE®@OHOB HA THIPOBMOHTBI METOJIOM
BUOTECTUPOBAHMUA

AHHOTanus. B cTarbe paccMaTpuBarOTCs aKTyallbHBIE BOMIPOCHI, Kacaro-
IIMeCs MPOOJIEMbI BITUSHUS JICKTPOMArHUTHBIX U3JTy4YCHUH Ha )KHUBOK opra-
HU3M, TCHEPHPYEMBIX COTOBOH CBSI3BIO.

3a mocieaHue rofpl, U3-3a BO3PACTAHUSI TEXHOTCHHBIX MPOIIECCOB U MX
BIUSHUS Ha DJIEKTPOMArHUTHBIM (OH 3emiid, BCce yalle HM3ydaeTcs TeMa
BJIMSIHUSL DJIEKTPOMArHUTHOTO M3JTyYCHHs Ha XHMBbIe opraHu3mbl. CoBpe-
MEHHBIE TEXHOJIOTHH CTAJIM UCTOYHHKAMHU DJIEKTPOMAarHUTHOTO 3arpsi3rHe-
HUS OT TCHEPUPYEMBIX JIEKTPOMArHUTHBI3 ITOJIeH. BIMsHIE 27IeKTPOMaHHT-
HBIX W3IyYEHUH OCTAeTCs MO BOIPOCOM, TaK KaK HET YETKUX U OKOHYA-
TEJIBHBIX JTOKA3aTEeJIbCTB €r0 HEraTHBHOTO BIIMSHUS HA KHBBIC OPTaHU3MBI.
DTO HECMOTPS Ha TO, YTO JICKTPOMArHUTHBIE MOJISI HU3KOW 9acTOThI ObLTH
KJIAaCCU(UITUPOBAHBI KaK TIOTEHIIMAIBHO KaHIIEpOTreHHbIC. BcemupHas opra-
Hu3anus 3apaBooxpanenus (BO3) cuutaet nmpobiemy riiodambHOTO AIEKTPO-
MarHUTHOTO 3arpsi3HEHUS] OKPYKAIOIICH CPE/Ibl B YHCIIC TIPUOPUTETHBIX IS
JenoBeyecTBa. Bo MHOTMX CTpaHax Cpeay aHTPOIIOT€HHBIX HCTOYHHKOB
AIIEKTPOMArHUTHBIX U3ITy9eHUI 0CO00€ MECTO 3aHMMAET COTOBAs CBS3b.

Hcnonp3oBaHue MOOWIBHBIX TeIe(OHOB IMOCTOSHHO PAcTeT BO BCEM
mupe. CoToBBIH TenedOH MpecTaBiIsIeT co00i MaorabapuTHBIN PUEMO-
nepeaaryuk, padoraromuii B quanazone 900/1800 MI 11, KoTopbliit OTHOCHTCS
K TIOBpeXJaImuM (GakTopaMm BHEIIHEW cpeapl. VcciemoBaHO BIUSHUE
AIIEKTPOMArHUTHOTO HW3IyYEHHUS COTOBBIX Tele(OHOB HA YHCICHHOCTh
Daphnia magna. D ¢eKxThl U3Ty4eHUST Y€TKO BhIPAXKEHBI B UCCIICTOBAHUN
0T BO3/IEUCTBUEM COTOBBIX TenedoHoB Samsung Galaxy J 7 u Vivo V 20.
Onwupasich, Ha Pe3yIBTaThl pOCTa TUHAMUKY JTadHUI HAOTIOMASTCS BIUSIHUE
9acTOT COTOBBIX TeJIe(OHOB Ha IMOKA3aTeld KOJIMYECTBA THUAPOOMOHTOB,
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4HCII0 KOTophix ObL10 31 mox aeiictBueM tenedona Samsung Galaxy J 7 u
44,3 nipu Vivo V 20, COOTBETCTBEHHO ITPOU30IIIIO0 YMEHBIIICHUE KOJIMYECTBA
paukoB Ha 50,3% u 28,9% HMKE KOHTPOJIbHBIX PE3yJbTAaTOB.

KutroueBble ¢JI0Ba: 3JIEKTPOMArHUTHBIE U3JTyYEHHUS], SJIEKTPOMArHUTHbIE
T0JIs, COTOBBIN TenedoH, KynbTypa fadHui, TuApOOUOHTHI.

Introduction. Living organisms, both plants and animals, exist under the
constant influence of the environment through environmental factors (Streimikiene,
2015). Sustainable development of each country affects the well-being and human
health, which depends on the state of the environment, the quality of food and
drinking water (Tussupova, et all, 2015; Ishchenko, et all, 2018).

Physical pollution is taking on an ever-increasing role in the overall flow of
negative anthropogenic impacts on the biosphere (Gubceac, et all, 2015). This
happens because of a change in the physical parameters of the environment
from the natural background. In recent times, the electromagnetic pollution
(EMP) of the environment has been rapidly increasing (Redlarski, et all, 2015).

Theecological significance of electromagnetic fields (EMF) is dramatically
increasing in the modern world and is becoming the subject of special study
(Zmyslony, 2008). In 1995, the World Health Organization (WHO) coined the
official term “global electromagnetic pollution of the environment.” WHO
pays special attention to the problem of negative effects of electromagnetic
fields. WHO has included the electromagnetic pollution as one of the main
environmental issues among the priority problems of mankind (IARC
WHO, 2011). In recent decades, many researchers studied the impact of an
environmentally unfavorable environment on the development and overall
capability of the human body. It should be noted that negative factors of
anthropogenic impact contribute to a decrease in health resources at the
individual and population levels. As it has been argued by some researchers
consider data that each ecological situation contributes to the formation of a
certain phenotype (Genius, 2008).

Studies regarding the impact of electromagnetic fields on human health
are of considerable interest. It must be underlined that the negative factors
of anthropogenic impact contribute to a decrease in health resources at the
individual and population levels. Among the sources of technology-related
impact of electromagnetic radiation on the population, the most common
are cell phones (Wall, et all, 2019; Kolbasin, et all, 2013; Okur, et all, 2021;
Strode, et all, 2017; Panagopoulos, et all, 2004).

V. Krylov in his studies used the developing parthenogenetic eggs of
Daphnia magna as a test system to assess the impact of a number of low-
frequency electromagnetic fields with a density of 75 uT. Two blocks of EMF
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acting frequencies were found in the studied series — 45, 110, and 175Hz,
and 435 and 500Hz. The developing parthenogenetic eggs of Daphnia magna
exposed to EMF with the indicated parameters showed an accelerated rate
of embryonic development. Females that developed from open eggs showed
productivity deterioration in the first brood (Krylov, 2010).

In the research of E. I. Sarapultseva and her colleagues the maximum
permissible level of low-intensity electromagnetic radiation at the cellular
frequency (1 GHz) was evaluated through changes in the motor activity of
Spirostomum Ambiguum. The reduction of spontaneous motor activity was
revealed. The authors' data indicates the ecological hazard of low-intensity
MW radiation of non-thermal power from electromagnetic influence of
mobile communication (Sarapultseva, et all, 2009).

In experiment B. Partsvania and his co-authors revealed that during
exposure to an EMF of a cell phone, some brain cells in areas with a maximum
specific absorption rate absorb over energy than allowed by existing
principles. The authors set a goal to study the impact of electromagnetic wave
on the excitability of memory in individual neurons. They used a transverse
electromagnetic cell to assess the EMF effect on individual neurons in a
mollusk. In the experiment, the electrophysiology of neurons was examined
using standard microelectrode techniques. In the course of studies of these
authors, the results showed that the neurons are able to store information,
which impairs acute exposure to electromagnetic radiation at high specific
absorption rate values (Partsvania, et all, 2013).

Papoyan G.K. and his colleagues conducted a study describing the effect
of exposure to low-intensity electromagnetic fields with a frequency of 30
MHz on Daphnia magna Straus crustaceans. The irradiation affected the
quality of the born offspring, leading to the appearance of specimens with
defects of swim antennae, carapace, tail needle and visual apparatus in the
offspring of all generations (Papoyan, et all, 2017).

Despite the fact that there are different studies in the direction of the
influence of EMF on living organisms, the possible biological and
environmental consequences of EMF exposure have yet to be investigated,
and biotesting using hydrobionts can serve to assess such consequences. In
recent years, attention has been drawn to experiments on aquatic organisms
for the assessment of this physical factor. Currently, much attention is paid to
risk assessments and biological effects of electromagnetic radiation in biota.
Daphnia are one of the most used test objects when studying the influence of
external environmental factors on aquatic organisms, especially in studies.

Among the sources of technogenic impact of electromagnetic radiation
on living organisms, cellular phones need to be singled out (Lifanova, et
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all, 2021). A cellular phone is a small-sized transceiver operating in the
900/1800 MHz range. It is classified as an open source of electromagnetic
radiation. Such phones currently have a large set of features and capabilities
for data transmission (Schuz, et all, 2006). There will always be debates
about the harm or harmlessness of cell phones, and they are based on a
huge number of experimental and theoretical studies published in leading
scientific international publications. Thus, in this work, the main objective
was to study effect of the electromagnetic radiation of cell phones Samsung
Galaxy J7 and Vivo V20 on the growth of Daphnia magna. The choice of
these models of phones is due to their affordability and widespread among
the population.

Research materials and methods. It is advisable to study the effect of
ultra-low doses of various substances on biological objects using a test object
such as daphnia. The experiments were tested on crustaceans that include small
planktonic animals from Daphnia magna group. The crustaceans of the species
Daphnia magna are larger and their use in experiments is preferable. Daphnia
have a short life cycle, which allows getting several generations in a short time.

Cell phones Samsung Galaxy J7 and Vivo V20 were used as a radiation
source. Irradiation with cell phones was carried out from the upper side of
the experimental glasses with crustaceans.

Experiments with daphnia must be carried out in a room free of chemical
volatile substances.

The experiments were carried out according to standard methods (Mele-
hova, et all, 2007). In the experiments it was used crustaceans Daphnia magna
grown at a laboratory under standard conditions. 200 ml of non-chlorinated
water was poured separately in 3 beakers with a capacity of 500 ml. at a
temperature of 21£2°C. From the beginning of this experiment, 4 specimens
of a mature daphnia species were placed in each container. Each beaker was
placed in a separate room, where they were influenced by cell phones.

During the experiment, a suspension of green algae (Chlorella sp.) was
used as feed. Feeding was carried out on the days of recording the results.
During the experiment, the solution was not changed, only on the 10th day
the water was topped up to the initial value.

In the experiment, to identify the effects of radiation, observations were
made over the control group, as well as under the influence of Samsung
Galaxy J7 and Vivo V20 cell phones. Daphnia were divided into 3 groups:
the control group (n=4) was not irradiated, while the second group (n=4)
was irradiated with a Samsung Galaxy J7 cell phone and the third group
(n=4) was irradiated with Vivo V 20 (Table 1). During the study 3 recurrence
were made, the control group did not receive any dose of electromagnetic
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radiation, the second group was exposed to the ringing of a Samsung Galaxy
J7 cell phone for 10 minutes, every 10 minutes; the third group consisted of
daphnia, which were exposed to the ringing of the Vivo V 0 cell phone for
10 minutes, every 10 minutes. The total irradiation time of crustaceans was
3 hours in a silent mode (Sultangaliyeva, et all, 2020).

The experiment took 21 days. From the third day, the results of changes
in the number of crustaceans were recorded.

Table 1 - The scheme of the experiments

Groups Control Under the irradiation | Under the irradiation

group of Samsung Galaxy J7 of Vivo V20

Number of experiments 3 3 3

Number of Daphnia magna 4 4 4

Duration, hours 3 hours 3 hours 3 hours

Exposure 10 minutes 10 minutes 10 minutes

Break 10 minutes 10 minutes 10 minutes

Mode silent silent silent

Results and Discussion. The results of the survey revealed that under
the conditions of this experiment, changes in growth occurred in all groups.
During the work, it was found that when exposed to electromagnetic waves
from mobile phones Samsung Galaxy J7 and Vivo V20, the development of
daphnia does not result in a decrease in their survival.

The experiment showed that large crustaceans, compared with the
control group, demonstrated changes in the abundance on the 15th day after
exposure to the Vivo V20 phone, and on the 17th day after irradiation with
the Samsung Galaxy J7 phone, the difference of a delay of 2 days did not
affect the total amount on the 21st day. Thus, during the study, the following

values were obtained (Figure 1).
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Figure 1 - Change in the number of large individuals of Daphnia after irradiation with
Samsung Galaxy J7 and Vivo V20 phones
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The observed values are changes in the growth of daphnia. At the beginning
of the experiment, large crustaceans remained in number, but on the 15th
day under the influence of the Vivo V20 cell phone there was an increase.
The same happened on the 17th day under the influence of the Samsung
Galaxy J7 phone. This indicates that electromagnetic fields contribute to a
change in the population of aquatic organisms.

Further in the work, the investigation was held on how the number of
young daphnia changes due to the exposure to electromagnetic of cellular
radiation communication. Irradiation of young crustaceans under the
conditions of this experiment has little effect on their amount: the decrease
in growth is higher when exposed to the Samsung Galaxy J7 phone from the
control level, and when irradiated with the Vivo V20 model, the decrease
was even less. Data on the effect of irradiation on the fertility of daphnia
during 21 days of observation is presented in Figure 2.
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Figure 2 - Growth of young Daphnia under the influence of Samsung Galaxy J7 and Vivo
V20 cell phones

According to the data of the experiment it was found that under the
influence of the Samsung Galaxy J7 on day 3 the numbers of specimens
were reduced by 33%, and on day 21 the number decreased to 41.2%, with
a strong reduction of 63% on day 13. Similarly, under the influence of Vivo
V20, on the day 3 the number of crustaceans decreased by 66.7%, and on the
day 21 the reduction amounted to 29.5%. It was noted that number of young
crustaceans affected by the Samsung Galaxy J7 grew slower in comparison
with the control group and the group influenced by Vivo V20. During the
experiment it was found that under the impact of the Samsung Galaxy J7 on
days 2-21 number of daphnia increased, yet in the group affected by Vivo
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V20 the number was higher, but both groups showed a lower result than the
control group.

On each observed day, there was an increase in quantity influenced by
EMR transmitted by cell phones. The possible reason of difference between
numbers of daphnia is the varied frequencies of electromagnetic radiation.
Data on the population dynamics of D. magna is given in Table 2.

Table 2- The amount of Daphnia magna in an EMF study exposed to
Samsung Galaxy J7 and Vivo V20 cell phones

Age of the irradiated Control Under the irradiation | Under the irradiation of

crustaceans group of Samsung Galaxy J7 Vivo V20

1 day old 4 4 4

3 day old 12,34+0,24 8,340,24 4,6+0,44*

5 day old 18,3+0,24 11,640,24* 13,3+0,24*

7 day old 29+0,41 15,3+0,24* 21,3+0,24*

9 day old 37,3+0,24 24,6+0,82* 30+0,41%*

11 day old 41,6+0,47 25,6+0,47* 33,6+0,24*
13 day old 45,3+0,24 26,3+0,24* 35,6+0,47*
15 day old 48,3+0,24 26,6+0,47* 39,3+0,47*
17 day old 54,6+0,5 27,3+0,24* 40,6+0,62*
19 day old 56,6+0,24 28,3+0,41%* 41,6+0,47*
21 day old 62,3+0,68 31+0,41% 44,3+0,47*
Note - * - p<0,05; ** - p<0,01; *** - p< 0,001 compared with control species

The increase of the quantity of 3 days old crustaceans amounted to 4.3
under the impact of the Samsung Galaxy J7, while under the influence of
the Vivo V20 it was 0.6. On day 5, the increase reached 3.3 when exposed
to the Samsung Galaxy J7 and 8.7 when exposed to the Vivo V20. The
highest growth of daphnia number was on the 9th day, reaching 9.3 under
the influence of Samsung Galaxy J7, while staying 8.7 under the influence
of Vivo V20. At 21 days the increase in population of daphnia influenced by
these models of cell phones was 2.7. The results of the fecundity indices on
the 3rd day showed decrease by 4 in the group influenced by the Samsung
Galaxy J7 in comparison to control group, and by 7.7 in group affected by
Vivo V20. On the 21st day, the fecundity results between the control group
and the 2nd group, exposed to Samsung Galaxy J7, amounted to 31.3 and 18
between the control and 3rd group, exposed to Vivo V20.

These results show that electromagnetic radiation has an effect on the
population of Daphnia magna. The results of the study showed that cellular
devices had a significant effect on the number of crustaceans Daphnia
magna. The only minor exception was the group, which was exposed to the
Samsung Galaxy J7, on day 3.
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Conclusions. The literature references show that electromagnetic radiation
is manifested when certain parameters of radiation and the physiological
state of living objects coincide, which determines its sensitivity to the action
of radiation. According to our results, it can be noted that the experiments
with daphnia showed the impact electromagnetic radiation make and that the
number of daphnia continued to grow under the influence of Samsung Galaxy
J7 and Vivo V20 cell phones, though less than in the control group. Based
on the results of the growth dynamics of daphnia over 21 days, the effect of
cell phone frequencies on the number of hydrobionts was observed, and the
number of crustaceans reached 31 under the influence of Samsung Galaxy J7
and 44.3 under the impact of Vivo V20 respectively, there was a decrease in
the number of crustaceans of 50.3% and 28.9% below the control results. At
the same time, the number of daphnia increased slower under the influence
of Samsung Galaxy J7 than when exposed to Vivo V20, this is likely due
to the specific absorption coefficient of electromagnetic energy. Irradiation
of daphnia with cell phones of these models slightly reduces the fecundity
of the crustaceans and does not have a significant effect on their survival at
all stages of development. On the whole, the experiment indicates that the
effect of electromagnetic radiation on the growth of daphnia number cannot
be ignored, since it has a negative effect on the number of hydrobionts.
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IHAMATH
AHIAPEA JEOHUJTOBUYA KYHULIBIHA

19 ssuBaps 2022 1. Ha 86 TOLy )KU3HU CKOHYAJICSI U3BECTHBIN YUEHBIH, YJIEH
HannoHansHOTro KOMUTETA 110 TEOPETUUECKON U IPUKIIAHON MexaHuke PO
npodeccop Anapeit Jleonunosuu KyHuipH.

Kynuupin A.JL. poguiics 26 nrons 1936 1. 8 Caparose. Tam jxe nmpouuiy ero
nerckue roapl. [Tana 6601 BpauoM. OH norud Ha gpponTe. Bee 3a00ThI 0 chiHe
Jery Ha miedn MaMbl. Pox KyHUIBIHBIX n3BeCTeH ¢ kKoHLA 18-ro Beka. Kupa
BnagumupoBHa noompsiia TATY CblHA K 3HAHUSM U CIIOPTY, BOCIIUTHIBAJIA
BBICOKOMOPSIOYHOTO  FOHOIIY,  OTIMYAIOLIEroCs  MCKIIOYUTEIbHON
yecTHOCTHI0. [IIkomy AHapeli 3akoHYMII ¢ 30J10TOM Menainpio Ha CaxainuHe,
Kylda ero Mama yesxaina paborarb. MHTepec k moneram mpuBen AHIpes
KyHuupiHa B MOCKOBCKUI aBHALlMOHHBIM MHCTUTYT, KyJa OH MOCTYIHJI
B1954 .

ITpuoputeTHOI B 00IIECTBE B TO BpeMsl ObLIa KOCMHYECKasi TEMaTHKA.
Jly4mux BBIYCKHHUKOB By30B pactpeneisuin B coorsercTBytomme OKb. Tak
B 1960 1. A.JI. KyHuipiH Hauan paboTaTh CHENHMAIMCTOM 110 TPACKTOPUIM
CIyTHUKOB M JPYI'MX KOCMHMYECKHMX ammaparoB. MHTepec Kk MpoekTy
camoJIeTa, JIETAIOIIEro Ha BHICOTE OJMIKHEr0 KOCMOCA, IMTPUBETT €r0 K MBICITH
0 He0OXOIMMOCTH AalibHEeHIIeH TeOpeTHUECKOM OATOTOBKU B aCIIMPAHTYpE.
Acnupantypy Kynuusin A.JL. npoxonun nox pykosoactsoM [.B. Kamenkosa
— pextopa MAMU, oxnHoro u3 opranuzatopoB KazaHCKOro aBHaniMOHHOTO
nHctutyTa. Kamenkos I'B. cymiecTBEHHO pa3BUII TEOPUIO yCTOHYMBOCTHU
JlsanyHoBa B kputndeckux ciaydasx. IIpu 3Tom 3a pamkamu paccMOTpeHHs
OCTQJINCh CIIy4al BHYTPEHHEIO PE30HAHCA — HAJIM4YUA LEIOYHUCIECHHOIO
COOTHOUIEHMSI MEXKIY 4aCTOTAMH JIMHEWHON CUCTEMBI.

Hayunsle untepecsl A.JI. KyHunpiHa Ha MHOTO JIET CTajau CBS3aHbI C
Teopuell BHYTPEHHETO PE30HAHCA U €€ IPUIIOKEHUSIMH B 337a4aX MEXaHUKH.
B 70-x rogax mpomuioro Beka HayajloCh MHTEHCHBHOE M3YYEHHME CHCTEM,
KOTOpbIE CO BpeMeHH co3znaHus A.M. JIAnmyHOBBIM T€OpUU yCTOHYHMBOCTHU
BBI3bIBAIM IPUHLUIIMAIBHBIE TPYAHOCTU. TeM HE MEHee, TaKhe CUCTEMBI
UMEIOT BaXHOE 3HAYeHHWE B OOBSICHEHUH PE30HAHCHBIX 3(PPEKTOB,
BCTPEUAIOLIUXCS KaK B IPUPOAE, TaK M B MATeMaTHYECKUX MOJIEISX.
Kynunpsin AJL. momyumn pesynasraTsl JUlsi HaubOosiee BaXKHBIX CIIydaeB
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pEe30HaHCa HU3IIMX MOPSAJKOB JJI1 aBTOHOMHBIX U HEPUOANYECKUX CHCTEM
obmiero Buaa. lccrienoBanus moabITOXeHbI B MOHOTpaduu «HekoTopbie
3a/laud yCTOMYMBOCTU HEJIMHEHWHBIX PE30HAHCHBIX CHUCTEM» (COBMECTHO
¢ TamumossiM JI.T.) u 0030pe «YCTONYMBOCTh B PE30HAHCHBIX CIy4asx»
(coBmectHO ¢ MapkeeBbiM A.I1.). Cerogus B HayuHoMm Mupe ums KyHuiipina
AJL cBs3BIBAIOT C Pa3pabOTKOM TEOPUHM YCTOMYUBOCTH PE3OHAHCHBIX
cucteM o01ero (HeraMmJIBTOHOBOTO) BU/IA.

UccnenoBanust Kynunbsina A.JL. Bcerma ObUIM CBA3aHBI ¢ HEOECHOMH
MEXaHUKOM M KOCMOHAaBTUKOM. Ero paboTel 1O reocralnoHapHOMY
CIYTHUKY, TpPEyroJbHBIM TOYKAM JHOpaly HEOTpaHUYEHHOW 3a7a4uu
Tpex Tej, cTaOWIN3aluu CIYyTHHUKA B KOJUIMHEAPHBIX TOYKAaX TUOpanuu B
cucteMe 3emuis-JIyHa, TBU)KEHHIO Tejla B IPABUTALMOHHO-PENYJIbCUBHOM
nonie (dororpaBUTAIIMOHHAs 3a/laya TpeX TeJ) XOPOIIO H3BECTHHI B
HayyHOM Mmupe. B HeorpannuenHoi 3anade tpex Tena KyHuubiHbiM A.JL
JlaHa TeoMeTpUYecKas WHTEPIIPETAIHs JIsl TPEYTOJIbHBIX TOYEK JIMOpaluu
B HEJIMHEHHON MOCTAHOBKE M IOJYYEHBI PE3yJbTaTbl M0 YCTOMYHUBOCTH.
B ¢dotorpaButaninoHHoOi KpyroBoil 3ajade Tpex Teld ¢ OJHUM U ABYMS
U3IyYaloluMu TedamMu uM (coBmecTHO ¢ TypembaeBbiM A.T.) ymamock
OIHCATh BCE yCTONYMBBIE MHOXKECTBA TOUEK IUOpanuu. B 3Be31H0M TuHAMuKe
OH TIPEJJIOKUI MOJEIb, KOTOPAsl BIIOCJIEACTBUU MO3BOJIMIIA MIPEICKA3bIBATH
CYLIECTBOBAHME TUTAHTCKUX OOJAUHBIX CKOMUIEHWH Mukpouactui. A.JL.
KynuipiH OblT TpU3HAHHBIM ABTOPUTETOM 1O (DOTOrpaBUTALMOHHON
HebecHoit mexaHuke. Ero o630p mo (oTrorpaBUTAllMOHHOM 3aJadye Tpex
ten (coBmectHo ¢ [lomsaxoBoit E.H.) He TepsieT akTyaabHOCTH M TIOHBIHE.
PaGorer A.Jl. KyHunbiHa OTIMYAIOT SCHOCTh IIOCTAHOBKU 3a/1auH,
aHAJIUTUYECKas IIyOMHA U U3ALIECTBO TEOMETPHUECKON HHTEPIPETAIUH.

On aBrop u coaBrop Oonee 100 pabot, Bkiarouas 3 MoOHOrpaduwu.
B 1966 r. Kynuupia A.JL.. 6bu1 npuriamies npod. lesuenko K.H. 8 MUDOU
Ha Kadeapy, e Ha4alu TOTOBUTH CIIEIIMATMCTOB 10 KOCMUYECKOW TEMATHKe.
31ech BO BCEH MOJHOTE MPOSBWICS MEAAaroru4eckuid TtajgaHT AHapes
Jleonnnosuua, ysnekmuii Haykoii Mensenesa C.B., Kpacunsaukosa I1.C.,
[lepexoruna A.A., Txait B.H. — crynenToB crapmux KypcoB. B 3to xe
BpeMsi KaHIUAATCKYIO OuccepTanuio 3amutui Meip3abekoB T.—mepBblit
yuenuk u3 Kazaxcrana. B 1977 r. AJL. KynunsiH BepHyics B ajibMa-
MaTep Ha Kadeapy TEeOpeTHUYECKOM MEXaHMKH, rae padotan mnpodeccopom
0 yxoja Ha mneHcuwo. JJokTopckyr aucceprauuio oH 3amutui B 1980
r. 3Banue mpocdeccopa emy mpucBoeHo B 1983r. B 2006 r. u3bpan B
HaunoHanbHbIi KOMUTET IO TEOPETUYECKON U MPUKIAIHON MexaHuke PD.
Ounnan MAW B r. JIeHMHCK NpHUBIEKAeT TaJaHTIMBYIO MOJIONEKb M3
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Kazaxcrana. B pesynbrare A.JI. KyHUIIBIHBIM CO31aHa Hay4dHas IIKOJIA B
Kazaxcrane. Beero non pykoBonctsom A.JI. Kynuneina B MAU 3ammtunuce
8 yuenbix u3 Kazaxcrana. Bugnseiii npeacraBurens mkonbl Tamumos JLT.
CTal JOKTOpOM Hayk, nmpodeccopom, akagemukoM HAH PK (ckonuancs B
2021 r). B crynenueckue roast A.JI. KyHuIisiH ObU1 U3BECTEH KaK YEMITHOH
MockBbl 1o mTanre, ceiuac B youtube https://youtu.be/WJh7Nrwqq68
CIIyIIAIOT TECHIO Ha ero ctuxu. OH T00MIT eCHHU, HaBESHHBIC IIUPOKUMU
npoctopamu Boury, nen pomanckl. OH NOMIO0MIT Ka3aXCKYIO KYJIBTYPY.

I1.C. KpacunsaukoB (mpodeccop MAU), A.Il. MapkeeB (mpodeccop
M®THN), C.B. Mensenes (mpodeccop MAUN), E.H. Ilonsixosa (mpodeccop
CIIoI'Y), B.H. Txaii (raBusii Hayunbli coTpyaauk UITY PAH, npodeccop),
A.A. Tlepexorun (npodeccop MAU), A.C. Myparos (mpocdeccop FOKVY),
A.T. TypembaeB (npodeccop KY um. KopkbiTr Arta), A.A. Tyskbaen
(nmpodeccop KY nm. KopkeiT ATa).
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