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«MEYTA» CAYOA OPTAJIbIFbIHA ABTOMATTbI ©PTKE KAPCbl KOPFAY[bI
KONAAHYAObIH KAXETTININNH HErM3AEY

AHOamna: Makanada Cemeli KanacbiHbiH «Meuyma» cayda opmarbifbiHa KambICmbl
3ammap MeH mamepuandapObiH (hUUKO-XUMUSITIbIK XXOHe epm Kayirni KacuemmepiHe curnammama
bepinzeH. HbicaHOarbl epm ceHOipydiH asmomammbl KOHObLIPFbICHIH XXobanay oHe OHOafbl
asmomammbl epmmeH Kopfay MEXHUKarnblK KypandapbiHbiH xafdalibl KapacmblpbiiraH. ©pm
asmomamukachl KypandapbiH KeH Keriemde uzepy epmmiH Kayinmi ¢pakmopriapbiHaH adam eMipiH
Kopran Kanyra kenindik bepedi, mabbicmbl epmmi ceHOipydiH ceHimOinieiH apmmbipadsbl, ipi epmke
aliHanbein Kemrney MyMKiHOieiH myrbi3adbl, Mamepuanlbl KYHObIIbIKMapobl  cakmayobl
Kammamachi3 emedi. HbicaHHbIH epmKe KapcCbl KeH KeremOe asmomamusayusnaHybl «adamchbl3
MexHOo2usIHbIH» Mnaubi3biH KeH KenemOe apmmbipadsl. Cayla yUiHIH Kayinci3oikke xemy
)KondapblH, SiFHU eH anlbiIMeH FumMapammbiH OypbiC KOHCMPYyKmuemi-xocnapsibl Wewimi, Wby
X)ondapblH KamMmamachsia emy, asmomammal 0abbin xyleci MeH epm ceHIpy XyUeciHiH keH mypde
eHeizinyi, epm ceHdipy xoHe Kewipy 6olbiHWa epm beniMmOepiHiH xxedes XyMbICbl, epm Kayirncizoik
JardalblHa OKIMWIMIKMIH KayarnmblfbIfbiHbIH XXOfapbiiaybl XoHe adamOapObiH ©Mipi MeH
OeHcayrbifbiHa XayanmbifbifblH XOfapriamy, epm CeHJOipy KypandapbiH Oypbic maHOaydbl
Kapacmabipa ombIpbif, asmomMammbl epmKe KapcCbl Kopray KypandapbiH keH kernemde uzepyoi
Kaxxem emy myparibl YCbIHbIC Xacanobl. «MeuyTa» cayaa opTanbifbiHbIH cayda 3angapbliH, 6acka ga
Genmenepai MymkiH GonaTtblH epTTeH Kopfayga CyMeH epT CeHAIpeTiH aBTOMAaTTbl KOHAbIPFbI
YCbIHbINAbI.

TytiH ce30ep: asmomammbl 6pmKe KapcCbl Kopray, xobanay,; HbiCaHHbIH epm Kayincisoiei,
epmmi ceHOipyOiH ceHimdirniei, epm ceHOIpy KOHObIPFbIIapbI.

©pT aBTOMATUKACKI KypangapblH €Hri3y XeHe nanganaHy Mon WbIFbiHAbI KXXET eTedi, OHbI
KonaaHy KaxeTTinik Moceneci ken xarganaa TepeH SKOHOMUKarblk Macene 6onbin Tabblnagbl XKoHe
OHbI LUeLLY YLUiH YNIKEH YMbIMAACTbIPYLUbINbIK XXOHE 3epTTey KYMbICTapbIH XYPridy Kepek.

Kasipri yakbiTta KasakctaH PecnybnumkacbiHbIH 6pTKe KapcChl KbI3METIiHAE aBTOMAaTThbl OPTTEH
KopfFay KypangapblHblH TYpriepiH TaHday XeHe KonpaHy KaxkeTTiri Herisinge eki agic kongaHagbl:
HOpPMaTUBTI XoHe ecenTey-rpadukansik [1].

Hopmamuemi odic. ABTOMaTTbl ©pPTTEH KOpfay KypangapblHblH HerisiHeH HOpMaTuBTI
akTinepmeH, GynpbIKTapMeH, BeAOMCTBOSbLIK HOpManapfa coenkec 6ackapbinaTblH YNKEH ©HLOIPICTIK
Genmenep, TypfblH YWANEp, MUHUCTPRIKTEP MEH BeAOMOCTBanapAblH KOFamAblK >KOHEe SKiMLUIMiK
fumapaTTapbl uemgeHeqi. bisgiH kargarga «MeuTta» cayda opTanbifblHbIH cayda 3angapbiHa
aBTOMaTThl 6PTKE Kapchbl KOHAbIpFbinapabl opHanacTeipy KP KHXE 2.02.15-2003 cankec xacanagpl

[1].

ABTOMaTTbl ©PTKE KapCbl KOHABIPFbIHbIH HOpMajda KepceTinreHaew KongaHybliH Tanan
eTeTiHAIKTEeH, bepinreH xarganra TMiMAi KOHAbIPFbIHBI TAHAANMbI3.

Ecenmey-epacpukarnbik a0ic eTe KeH TaparaH. OAiCTiH, Heri3i MblHagan >kongaH Typagbl:

1 lwki >x8He CcbIpTKbl hpakTopnapabl eckepe OTbipbin GenMeHiH >xannbl epT KayniH
aHblKTalMbI3 Oxan:

Ooican = kMVkOanpok06 _ 25:08-2-1,2 _
k 2.2.12

oican’ pn

18

(1)

MyHAOafbl,
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Kmyv — Xannbl epT KyLWiH (MaccarblK) lWamacblH eckepeTiH KO3 ULMEHT;

Mv; Kopn — ©pTTiH Tapany kayni 6oWblHWa KopfanaTblH HblCaH TOObIH ecKkepeTiH
KO3 DULMNEHT;

Kos — akplH epT 6eniMiieciHe apakallbIKTbIKTbl eCKepeTiH KO PULMEHT;

Kxan — KOPFanaTblH FUMapaTTbIH, OTKa Te3iMAINIK gapeXKeciH eckepeTiH KO3 PULIMEHT;

Kpn — KOpFanaTbIH HbicaHga epTTiH nanga 6ony kayni ToyekeniH eckepeTiH KoadhuUMEHT.

2 KopfranaTblH 6enmeHiH eH MaHbI3abl iWKi dakTopiapbiH XXeHe KyHObl KOPCETKILWiIH eckepe
OTbIPbIN 6PT KayniH aHbikTanmbI3 O;:
Oi=k,  kk =1512.-275=495

n.m

(2)

MYHOafbI,

Knr — XKanblH, XXOFapfbl TemnepaTypa CUAKTbl epTTiH KayinTi dakToprapbiHblH acep eTy
kayniH eckepeTiH KOAPULMEHT;

Ki — YbITTbl >XaHy eHiMAepiHiH >XeHe TYTiHHIH agampapra KayinTi acepiH eckepeTiH
KoahpuumeHT;

Kc — KOHObIpFbIap MeH maTepuangapabl Koca OTblpbin fFUMapaTTbiH Xobanblk XaHe Tene-
TeHAik 6aFacblH eckepeTiH 6aranbik (KyHAbIbIK) KO3 MULNEHTI.

Erep oe mblHa arganaa, LWeLinreH ecenTid WweLliMi anbTepHaTUBTI 6onca, Kananbik epTke
Kapcbl 6ernimM KOpFanTbiH HbICaH YLUiH aBTOMATTbl 6pT KOHAbIPFbICbIHA GannaHbICTbl canbiCTbipMarnb!
akbIpfbl LWELWiM Te3 XoHe Aep KesiHae epTke Kapcbl GeniMLUeHiH xeTyiHe Tayenai kabbingaHaabl
(6yn xaFganaa epTTeH KeneTiH WbIFbIH MUHUManbAi).

ABTOMaTbl ©pPT COHAIPY KOHAbIPFbICLIHbIH, XYMbIC iCTey npuHuuni. MyHga aBTOMaTThl Cy
Kabblnaarbllika Cy KyMbINbIMN OHbIH, YWTeH Gip GeniriHe komMnpeccop apkbibl aya TONTbipbinaabl,
COHAbIKTaH Oykin KyOblp GOMbIMEH CNPUHKNEPNi LWallblpaTKblKka AEeWiH XOFapfbl KbiCbiMaa cy
Typaabl. ©pT 6onFaH xafganga con xepaeri konoda »apbifbin epT OlarbliHa LWaLlblpaTKbILL apKbiSbl
cy Gepinegi.

Benrini 6ip yakblTTaH KeWiH aBTOMaTTbl Cy KabbingafbllTarbl KbiCbIM asasgbl da, cy
KopekTeHaiprin asTomaTTbl H6ackapy wkadpblHa curHan 6epinin, ogaH Gackapy >kaHe OGakbinay
wkadbiHa curHan 6epineai. On aBTomMaTTbl TYpAE HETi3ri KOPEKTEHAIPrill COPFbILITHI iCKe Kocaabl,
KOpeKTeHAIpriLl COpFbILL HETI3ri KyObIp Ke3i apKbifibl pe3epByapAaH Cyabl anbin Herisri Kydbip apKbinbl
epT owarbiHa 6epesi.

benricia Oip cebGenTepmMeH Heri3ri Copfblll iCKe KOCbINIMaW KanfFaH >afganga OipHelue
CEeKyHATaH KeWiH CaKTblK KOCbIMLIA COpPFbIL iCke Kocbliaabl. KocbiMLla COpFbil HETI3ri KybbIp Ke3si
apKbinbl pesepByapaaH cyabl anbin WwallbipaTKbilW apKbinbl epT owarbiHa 6epeai. PesepByapaarbl
Cy OeHreni ToMmeHaereH xarganga KanblTkbl TOMEH TycCin opTanblk Cy Kybblpbl apKblfbl pe3epByapra
Cy y3iniccis kenin Typagbl.

OpT 6eLLKEH COH CNPUHKNEPSi aBTOMAaTTbl 6pT COHAIPY KOHAIPFBLICHIH KE3EKLUI XaFganra Koo
YLLiH, KyOblpaarbl Cy AeHreniH TeMeHaeTin CNpUHKNepni WallbipaTkeIWThl anbipbactangbl. Kybbipab
XoHe aBToMaTbl Cy KabbingafbllTbl CyMEH TOMTblpyFa apHarnfFaH Copfbill  KOMEriMeH,
KopeKkTeHAaipriwTiH ywTteH Gip Geniri komnpeccop apkbinbl ayaMeH TONThbipbinaabl. PesepByapra
Heri3ri Kybblp apkbinbl 6enrini geHrenre geniH cy ToNTbipbiaabl Aa, KOHObIPFbI Ke3eKLWi Xarganra
konbinagsl [2].

©OpT ceHpipy KypanpapblH Herizgey. «Medta» cayda opTanbifbl Tayap-maTepuangbik
KyHObINbIKTapAbl  KoMManapb! »xobanaHblnyblHbIH, KypAeniriMeH, Kipy, LWbIFy XonaapblHbIH XoHe
Tepese OWbIKTapblHbIH a3 caHbIMEH, afjamMaapAblH >XaHe Tayap-maTtepuangblk KyHAbINbIKTapablH,
KenTirimeH, Typni dusnka-xmmMuanblk cunaTtapbl 6ap, )XaHybl MEH TEPMUSNBIK biablpaybl XKapbinbIC,
TYTIHHIH WHTEHCMBTI Typae namga ©Gonybl, ynbl 3aTtTapablH  OeniHiyMeH katap >KypeTiH
MaTtepuangapblid, 60onybiMeH cunaTTanagbl.

KopfanaTblH HbICaHHbIH epeklueniktepiH, «Me4yta» cayda opTanbifblHa KapanTbiH 3aTTap
MeH MaTtepuangapiblH, epT Kayni XaHe (U3NKO-XUMUANbIK KacueTTepiH eckepe OTbipbin, epT
ceHfipy Kypanbl peTiHAE Cy XaHe CyInbl epiTiHAainep anbiHagbl.

OpTypni 3aTTap MeH MatepuangapablH XXaHybIMeH GannaHbICTbl, Cy 6Te KeH TaparnfaH epT
ceHaipy kKypanbl 6onbin Tabbinagbl. CyablH epT ceHAipy Kypanbl peTiHAeri KacueTiH KepceTeTiH
Heri3ri hakTopnapabl atacak: ap3aH4blIbIfbl, XbIfy CbIMbIMObIIbIFbIHBIH XETKINIKTi X)XoFapbl 6onybl,
XofFapbl xabblk 6ynaHy Xbifybl, KenTereH 3aTtrap MeH maTepuangapra kaparaHga XUMUSNbIK
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OevtapanTbinbifbl. CyablH epT COHAIPY Kyparbl peTiHAE eH, HETi3ri EeTKIMKCi3 KacneTi OHbIH KOFapfbl
ANEKTP OTKI3riWTiri (acipece cyFa OHblH ©PT COHAIPFITIK >XoHEe SKChnyTauussblK KacUeTiH
apTbipaTblH KOCbIHABINAPAbL! KOCKaHHAH KeNiH), TOMEHTi CynaHabIpFbIlThIK KabineTiHiH 6onybl.

Cy Tmimai CybITKbIW areHT 6onbin Tabbinaapbl, AFHW XXaHfFaH HblICAHHbIH, KepLUi HblCaHAapbIH
Kopfay YLUIH KeHiHeH konaaHbinagbl. CyablH eH TMiMai epT CeHAipy KacueTi OHbl TO3aH4aTbIMN XaHe
eTe To3aHaaTbin 6epreHae aptagbl. CoHFbl XblfAapbl CyAbl TAMLbICbIHBIH opTaLua gnameTpi 50 MKv
XKaKblH a3po30nbAi To3aHaaTy KeHiHeH kongaHaapbl. Cy ocbiFaH 6annaHbICTbl CyMbiKTap MEH rasgap
apacblHAarbl apanblK Xargangbl anagbl ga, Cymblk Ta, ra3 Topisdi e epT ceHaipy KypangapbiHbiH
KbI3MeTiH aTkapagbl. CyablH aspo30nbablk opTanbifbl KbI3AbIPY KOMbl apKblfbl, 6onmaca apHambl
TOo3aHAaTKbILWTAap apKblnbl KbicbiMAa KaHblkkaH ras (CO; cy epiTiHaiciHae) apkbinbl xeTeai [3].

©OpTTEeH KopFrayaa aBTOMAaTThIK XKyMeHi TaHpgay. CyMeH epT ceHAipy KoHAbIpFbinapbl 6i3giH
Pecnybnukambiaga ga, wet engepae ae keniHeH Tapanfad. Onap kapananbiM KypblUTbICbIMEH XoHE
KbIBMET KepCeTy bIHFannbINbIFbIMEH 6Te ThiMAi. Byn KoHAbIpFbIIapabl y3akK yakblT aKcnnytaumnanay
ToXxipnbeci KepceTkeHiHaen, onap epTke KapCbl KOpFayablH €H CEeHIMAI XaHe TUiMAI TeXHUKanbIK
Kypangapbl ©onbin  Tabbuiagbl. Onap epT ceHAaipeTiH aBTOMaTTbl  KOHAbIPFbIIapbiIMEH
XapakTaHgdblpbifiFaH HbicaHgapda namga 6onFaH  eptTepdiH,  96%-blH  CoHAOipyde koHe
nokanusauunsanayga tvimai 6onbein TabbinfaH.

>Kymbic icTey npuHUMNiHE GannaHbICTbl CYMEH epT COHAIPY KOHAbIPFbICHI Cy LlallaTblH
TYTIKTi >xoHe apeHyepni 6onkin ekire GeniHeni [4].

Cy wawaTblH TYTIKTI KOHAObIPFbINAP >KEPrinikTi ceHAaipy KesiHae kongaHbinagbl XaHe
Genmvene To3aHOaTbi/IFaH CyMeH epTTepAi Nnokanusaumsinay ywiH kKongaHbinagbl. HbicaHHbIH
Temnepartyparnblk XafganbiHa Tayengi onap yw Typre GeniHeg;:

— CYMEH icTeunTiH, Gapnblk Xyne KyOblpnapbl >Xbil GOMbl CyMEH TOnbiN Typybl Kepek; aya
Temnepatypacskl 5°C TeMeH emec XbInbITbiNaTbliH 6enmMenepae KongaHbinagsl;

— ayaMeH iCTenTiH, 6akpinay-xibepriw opTanbifbiHa OeWiH Kybblpnap CyMeH TONTbIPbISybl KEPEK, arn
Ke3eKkwWi pexumae TypraH karfFaH xyne Gaprblk Kes3ge KbICblFaH ayameH TONTbipbinFaH Gonybl
Kepek; TeynikTik opTawa TemnepaTypacbl 8°C TemMeH XbinbITbiNManWTbiH Genvenepae, XbinbiTy
Ke3eHiHiH y3aKTbinblfbl 240 KyHre co3binaTbiH ayfaHaapia KongaHbinagsbl;

— aya-CyMeH ICTEWTiH, Xbll Me3ringepiHiH, Xbifbl Ke3iHOE CYMEH, an cankblH Ke3iHOe — ayamMeH
ictenai.

ConfblKTaH epT ceHgipri Kypan peTiHge cyabl TaHgangbl, cebebi 6yn  Typanbl
Herisgemenep >Xofapblda KapacTbipbiniFaH. Opbip 3aT (MaTepwan) ywiH GipHewe epT ceHaipy
Kyparnbl YCbIHbIIATbIHOBIKTAH, KOpfFanaTblH HbICAHHbIH 6pT KayniH Tangay ecebiHeH, ©enmeHiH
MUKPOKNMMATbIH, KOHCTPYKTUBTIAIMH, Kenemai-Kocnapnay >XoeHe KOMMYHUKATWUBTIK LieLiMaepiH
eckepe OTbIpbIN TaHAayAbl CyFa TOKTaTaMbl3, @TKEHi Byn epT ceHAipy Kypanbl eH TriMmai 6onbin
ecenTeneni.

©OpT ceHaipy aaiciH TaHAayabl MyMKIH BonaTtbliH cMnatneHd, epTTiH AamMy XblngaMmabiFbIMeH
XXOHe anblHFaH epT ceHAipy Kypanbl ecebiHeH xyprisineai. bisgiH xarganbimbiaga aygaH 6onbiHWa
ceHgipy agici eH Tmimai 6onbin ecenteneq,.

AnblHFaH ceHAIpy 84icCi XXeHe epT CoHAIPY KypanblHbIH TyprepiHe 6arnaHbICTbl XXaHEe OpPTTIH
AaMmyblHbIH MYMKIH 6onaTbiH XbingamabifblH TaH4am oTbipbIn, CYMEH epT CeHAIpyaiH Cy wWwallaTbiH
TYTIKTi KOHABIPFbICHI KONAaHbinaabl. KopranatblH 66nMeHiH, KOHCTPYKTUBTI epeKLIENiKTEPIH eckepe
OTbIPbIN, KOHAbIPFLIW peTiHae QNI TunTi TyTiHAOI Xabapnarbil TaHaangbl.

>Korapblga kenTipinreH dakTinepai Tangan oTbipbin, Keneci KopbITbIHAbI XKacay KMblH eMec,
epTKe KapCbl KOpfaydblH Aamy KapKblHbl ©pTTiH MaTepuangpblk KayniHiH Aamy KapKblHbIHAH, SFHU
XaHa OymbiMaapAdblH, KOHAbIPFbINaApAblH, MaluMHanap MeH TexHomnorusnapgplH kacany
MYMKiHAIriHEH kanbin kenegi. OcbiFaH kapan, Nnanga 6onatblH epTTEPAIH CaHbIMEH, OnapAaH KeneTiH
WbIFbIH TEHAEHUMACHI Aa apTagbl. byn TeHaeHumMaHbl 6acy yuwiH Ken Menwepae agamablk XoHe
MaTepuangblk pecypcrtap (OHbIH ilWiHAe epT aBToMaTUKachl Kypanaapbl CUAKTbI) Xymcanagbl. byn
TEeHOEHUMsAHbl TypakTaHablpyFa, Kkepek 6Gonca asanTtyra Gonagbl, erep e, epT KayinTiniriH
OakblnanTblH epTTEeH KoprayablH Gapnblk geHrennepi ymbiMgacTbipbifiFaH Kynge Oonca, aTan
anTKaHOa: fbiNbIMU-3ePTTeY HaTWXKenepi, Taxipubenik-kOHCTPYKTOPIbIK HaTWXenep, Toxipnbenik
eHaipictep. OCbIHbIH KOMEriHiH HaTWXeciHaAe Aep Ke3iHae noTeHumandbl epT Kayni HaTUXKEeCiH
aHblKTayfa, Kayin kesgepiH o ic-lapanapblH kypridyre 6onagbl. Tek ocbiHOan Xafganga faHa
angablH any KblaMeTi TonblK keniemae Gakbinay xacayfa, epTTEH KOpfay LuapanapblH XakcapTyfa
MYMKIHAIK anagbl.
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KopbITbIHAbI:

— «MeuTa» cayna opTtanbifblHbIH cayaa 3angapbiH, 6acka aa 6enmenepai MmymkiH 6onaTtbiH
OpPTTEH KOopFayga CyMeH epT CeHAIpeTiH aBTOMaTTbl KOHAbIPFbl YCbIHbINALI. AnblHFAH HblcaHAda
epTTEH caKTay aBTOMaTTbl KypangapblH KongaHy KaXeTTiriH HakTbllay YWiH eki a4ic anblHAbl:
HopmaTuBTi, aFHKU KP TeppuTtopusicbiHOa KonAaHbiNnaTblH HOPMATUBTIK Ky)KaTTapra COMKEC XXoHe
ecenTtey — rpadukanblk, eHAenin >xacanfaH.

— OpTTEeH cakTay aBTOMaTTbl KypangapblH KapacTblpblfbin OTbIpFaH HbiCaH4a KongaHbiny
KaXKeTTiniri genengexai.

— BenmeHiH MUKPOKNMMATTLIK XXeHe epT Kayni XXaraanblH )XaHe epT CeHAipy Kypanaapbl TypiH
TaHOay MeH CeHAipy oficTepiH eckepe OTbIpbin, CyMeH epT CeHAipyAdiH Ccy wawaTtblH TYTIKTI
KOHAbIPFbICbIH NanganaHyabl YCbIHbINAbI.
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OBOCHOBAHME HEOBXOAUMOCTU NMPUMEHEHUA ABTOMATUYECKON
NMPOTUBOMNOXAPHOU 3ALLUNTBI TOPITOBOIO LIEHTPA «MEYTA»

B cmambe OaHa xapakmepucmuka @bU3UKO-XUMUYECKUX U [0XapoornacHbIX ceolicme
eewiecme U Mamepuasios, OMHOCAWUXCA K mopaoeoMy ueHmpy «Meuma» e. Cemed.
lNpedycmompeHOo npoekmuposaHuUe asmomamu4ecKol ycmaHOBKU foxapomyuieHuss Ha obbekme
U cocmosiHue 8 Hel mexHuU4Yeckux cpedcme asmomamu4yeckol MpomueornoXxapHoU 3awumel.
ObwupHoe oceoeHue cpedcme noxxapHoU asmomMamuKu 2apaHmupyem 3auumy Xu3HU Jyesiogeka
Oom onacHbIX (hbakmopo8 roxapa, nosbiwaem HadexXHOCMb YCrewHo20 10XapomyweHus,
co3d0aem B03MOXHOCMb He repepacmu 8 KpynHbIU roxap, obecriedueaem COXpaHHOCMb
MamepuasibHbIX yeHHocmel. MacwmabHas npomueornoxapHasi asmomamu3ayusi obbekma 8
bonbwux macwmabax ysenu4dusaem rpoueHm «becrnunomHbix mexHosnoauli». Nymu docmuxeHus
6e3onacHocmu mopeogo2o Ooma, Mo ecmb, fpexoe 8ceeo, MpPasusibHOe KOHCMPYKMUBHO-
nnaHogoe peweHue 30aHus, obecriedeHue 8bIXx0008, WUPOKOe BHEOpeHUe cucmem
asmomamuydecKkol cuaHanu3dayuu u rnoxapomyuweHusi, onepamusHasi paboma rnoxapHbix Yacmeu
M0 MyweHUr U 3gaKyayuu, rnosbiueHHass omeemcmeeHHOCMb adMuHuUcCmpayuu 3a cocmosiHue
noxapHou b6e3ornacHocmu U Mo8bIWEHUe OMmeemcmeeHHOCMU 3a XU3Hb U 300posbe oded,
rpasusibHoe Ucrionb308aHue cpedcme rnoxapomyuweHusi paccMampueasi 8b160p, 6bir10 8bI08UHYMO
rnpednoxeHue 0 Heobxodumocmu  WUPOKO20 0OCBOEHUsS cpedcme  asmomamu4yeckol
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npomugonoxapHoU 3awumsl. s 803MOXHOU MpomueornoXapHoU 3aujumbl mop208biX 3anos
mopeogoeo ueHmpa» Meuma, dpyaux nomeuweHul bbina ripedycMmompeHa asmomamu4decKkasl
ycmaHoeka rnoxapomyuweHusi 000U.

Knrouyeeble crnoea: asmomamu4veckasi rpomueorioXapHas 3awuma, roxapHasi
bes3onacHocmb obbeKkma, HaleXXHOCMb MYyLUEHUS rioxapa, yCmaHO8KU MoXXapomyuweHUs.

L. Bakirova’, Zh. Kabysheva
Shakarim University of Semey,

071412, Republic of Kazakhstan, Semey, 20 A Glinka Street
“e-mail: bakirova2010@mail.ru

JUSTIFICATION OF THE NEED TO USE AUTOMATIC FIRE PROTECTION
OF THE SHOPPING CENTER «DREAM»

The article describes the physico-chemical and fire-hazardous properties of substances and
materials related to the shopping center «Dream» in Semey. It is planned to design an automatic fire
extinguishing installation at the facility and the state of the technical means of automatic fire
protection in it. Extensive development of fire automation means guarantees the protection of
people's lives from fire hazards, increases the reliability of successful fire extinguishing, creates an
opportunity not to turn into a large fire, ensures the safety of material values. Large-scale fire-fighting
automation of the facility on a large scale increases the percentage of «unmanned technologies».
Considering the ways to achieve the safety of the trading house, that is, first of all, the correct design
and planning solution of the building, the provision of exits, the widespread introduction of automatic
alarm and fire extinguishing systems, the operational work of fire departments for extinguishing and
evacuation, the increased responsibility of the administration for the state of fire safety and increased
responsibility for the life and health of people, a proposal was put forward on the need for wide
development of means of protection.

Key words: automatic fire protection, fire safety of the facility, fire extinguishing reliability,
fire extinguishing installations.
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MUKPOBUOJTIOMMYECKUE UCCNEQOBAHUA CbIPbA N KOMBUKOPMOB
AnsA UEHHbIX BUAOB Pblb

AHHOmMauus: B mamepuanax cmambu ripugedeHo enusiHue memoda 3kempyduposaHus Ha
caHUmapHoe COCmMosiHUe 20moe0o20 KOMOUKOPMa, a makxe uccriedosaHusi KOIu4eCmeeHH020 U
Ka4ecmeeHH020 cocmasa MUKPOQIIOPbI CbiPbsi pacmumesibHO20 U XXUBOMHO20 MPOUCXOXOeHUSs
UCIo/1b308aHHO20 Mpu 8bipabomke KOMOUKOPMO8 O5isi UEHHbIX 8U008 pbib (Hechpumosbili OKyHb,
wyka, cydak). Kombukopma ebipabomatbl bbinu 8 ycrosusix 3aeoda TOO «Golden Fish.kzy,
uccnedosaHue rnposodunocb 8 Kaszaxckom HUW  nepepabameigaroweli U  nuuesol
npombiwneHHocmu 2. Anmamsbl. [lposedeHbl uccriedogaHusi M0 B8bISIGNIEHUK Mamo2eHHOU
MUKpoghsiopbl 8 4 obpasuax cbipbsi (PbIbBHOU MyKe, MSICOKOCMHOU MyKe, ruieHuue, paricoeom
wpome) u 8 3 obpasuax akcmpyOuposaHHbIX KOMOUKOPMO8 (KoMOUuKopM Orisi HEGhpUMOB020 OKYHS,
0na wyku u 0ns cydaka). AHanu3 rnepeyqucrieHHbIx 06beKmMoe Cbipbs okasars, 4mo ObHapyXeHHoe
obwiee MUKPOBHOE YUCIIO Mamoe2eHHbIX MUKPOOP2aHU3MO8 U YC/I08HO-MamoO2EHHbIX He
npesbiwarom donycmumMbix rnokasamerel. AHanu3 3 obpa3uos 20mogozo Kombukopma rokasarl,
umo obpasubl nocre aKempyouposaHusi cmepursibHbl U pe3ybmambsl uccriedosaHuli caHUmMapHO20
COCMOSIHUSI 3KCrepuMeHmarsibHbIX 3KCmpyOupo8aHHbIX KOpMoe8 Onsi pblb, ceudemernbcmeyrom o
mom, 4mo mepmoobpabomka rpumMeHsiemass 8 rpouecce rnpousgodcmea, obecrieqyugaem
6e3onacHocmb  KOMOUKOPMO8 8  OMHOWEHUU  yYCMaHOBIEHHO20  MUKPOBUOI02Uu4ecKo20
cmaHOapma u coomeemcmeyruwue mpebosaHus K Kadecmey UcCronb308aHusi OaHHbIX
KoMbuKopMmOo8 Or1s ebipawjusaHusi pbib.

Knroyeeble cnoea: ueHHbie 8udbl pbib, MPOOYKUUOHHbLIU KOMOUKOPM, 3KcmpydouposaHue,
namozaeHHble bakmepuu, MUKpoghiopa, mexHo102usl.

UcTtouyHnk PuHaHcupoBaHus: ViccnegosaHne dpmHaHcmpyeTca MUHUCTEPCTBOM 3KOMOruu,
reoniormm n npupogHbIx pecypcoB Pecnybnukm KaszaxctaH (MpaHT Ne BR10264236).

BBepgeHue

B cBs3u ¢ Tem, 4To B KasaxcraHe yBenuuMnochb BblpalluMBaHWe pbibbl B MHAYCTpUAnbHbIX
yCnoBusiX, NOTPeOGHOCTb B MPOM3BOACTBE OTEYECTBEHHbLIX KOMOMKOPMOB 3Ha4YUTENBbHO Bbipocna. B
Hallen cTpaHe npobnema HegocTaTka U UCMOSb30BAHNSA TOTO UIM MHOMO KOMBUKOPMOBOTO CbIpbS
ANa npomn3BoacTBa KOMOUKOPMOB Ans pblb Obina Bcerga akTyanbHOW, YTO M nocnocobcTBoBano
MOUCKY 3aMeHbl HETPAAMNLMOHHbIX €€ 3aMeHUTENEN.

B pesynbtate 6bin npoBedeH TwaATENbHbIA MOHUTOPUHT HETPAOULMOHHOIO Chbipbs AN1S
NCMonb30BaHUSA B NMPON3BOACTBE KOPMOB AM1K LIEHHbLIX BUAOB pblb. C pa3BUTUEM HOBbLIX TEXHOMOMUIA
CTano BO3MOXHbIM MCMOMb30BaTb HOBbIE KOMMNOHEHTbI HETPAANLIMOHHOIO Cbipbs (BTOPUYHOE Chipbe
n oTxoabl nepepabaTbiBaloOWMX MNPOM3BOACTB), B CBSA3M C YEM BO3HMKIA HeoOXoaAMMOCTb B
pa3paboTke HOBbIX peLenTyp KOPMOB ANs LieHHbIX BMAoB pbib [2,3].

Hu oguH OTAenbHO CKapMNMBaeMblA KOPM He MOXeT YAOBNEeTBOPUTL huanonornyeckme
notpebHocTn pbib, HO Korada OHW BblGpaHbl B Ka4ecTBe KOPMOBOW CMecu (KOMBuKopMa), MOXHO
nobutbcsa cbanaHcMpoBaHHOroO paunoHa. Ceipbe Ansi Npon3BoACTBa KOMOUKOPMOB A1 LIEHHbIX BUOOB
pbI6 AOMKHO ObITb BbICOKOOENKOBBIM U NTErKOYCBOSIEMbIM, MOCKOSIbKY KOMOMKOPM ANs 9TUX BUAOB pblb
OOIMKeH OblTb BbICOKOOEMNKOBLIM M BbICOKOKANOPUIHBLIM. BbIflo YCTAHOBMEHO, YTO TakMM ChIpbeM
SABNAOTCS pasfinyHble U30MSTbl M KOHLEHTpaTbl, NULLEBbIE MNPOAYKTbI U XMbIXW, MLEHUYHas W
KYKypy3Has KrnenkosuHa [4].
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Kopma XWBOTHOrO M MUKPOBUANbHOIO MPOUCXOXAEHUS OTNMYAKTCA OT APYrnMxX KOPMOB
BbICOKMM CcOAEepXaHMeM TMpoTenMHa W MUHepanbHbIX BelecTB W obnagawT Hanbonblien
nUTaTeNbHON LIEHHOCTLIO. [N BbipallmMBaHUA LIEHHbIX NOpoa pblid B OCHOBHOM MCMOMb3YHT KOpMa
XMBOTHOIO MPOUCXOXAEHMSA: pblbHasi MyKa, MyKa MOJIIIIOCKOB W pakooGpasHblX; MOOOYHbIe
NPoAyKTbl NepepaboTkn MsAca U NTULbI — MSICHas, MACOKOCTHas, KpOBSHas!, KOCTHasA, MsconepbeBas
MyKa; MNpOAyKTbl nepepaboTkM MoOfoka — obpaT, CbIBOPOTKA, Naxrta; MNpOAyKTbl LUEMKOBOro
Npon3BOACTBA — MyKa M3 KyKOMKM TYyTOBOrO LIenkonpsiaa v ap.

K HanbBonee ycBavBaeMbIM MCTOYHUKOM MUTaTENbHbIX BELWECTB Cpean OpYrmx KOMMOHEHTOB
KOpMa 458 LeHHbIX BUOOB pbl6 MOXXHO OTHECTU pbiGHYI0 MyKy. B Hem cogepxutcs He meHee 55%
npoTenmHa n Habop He3aMeHMMbIX aMUHOKUCTIOT (NIN3NH, METUOHMH, TpUnTodaH, BanuH 1 ap.). Tak
Xe copepXaHue B pPbiOHOM MyKe HEHACbILWEHHbIX >XMPHbIX KUCIOT obecnevvMBaeT OpraHuam
3Heprmen. Bce ewe He HawmMocb anbTepHaTMBa pbIGHOM MyKe, COOTBETCTBYIOLLEN e€e
aMMHOKMCNOTHOMY cocTaBy. [lpu geduunte MOXHO 3aMeHUTb KOMOWHMPOBAHMEM B KOpMe
noaxogswmMx WUCTOYHMKOB 6enka, CMecbid CrOXKHOW CMecbid GenkoB  pacTUTENbHOro
NPOUCXOXOEHNS.

B msicokocTHOM Myke coaepxutcs okono 50% npoTenHa C BbICOKMM COAEPKaHMEM aMUHOKUCHOT
TaKWX Kak rMCTUAMH U aprMHUH. Tak Kak MACOKOCTHasi Myka BblpabaTtbiBaeTcs He Bcerga no FOCTy u
NnoaToMy cogepxaHue xupa goxoaut 0o 25%. B MSACOKOCTHOM Myke COoOepXUTCa npenenbHble
XMPHbIE KUCNOTbI, KOTOPbIE HE OTBEYalT PU3nonormieckum TpeboBaHnsM pblb. V3-3a 3TOro B KOpm
Ansi pbl6 MACOKOCTHYO MyKy MOXHO Oo6aBuTb He Gonbwe 10%, perynupys ee cogepxaHve npu
9KCTPYAMPOBaHMM KOPMa B 3aBMCMMOCTU OT COAEPXKaHWUs Xupa. Tak Kak )up ObICTpOo okucnsieTcs,
CPOK XpaHeHMs B 06bIYHbIX CKNagax MACOKOCTHOM MyKM O 2 MecC.

Kopma, umetoLme B CBOeM COCTaBe pacTUTENbHOE U XXMBOTHOE Cbipbe MOXHO MCMOMb30BaTh
ANa KopMneHus pbld TONMbKO Torga, Korga OHW COOTBETCTBYHOT MO CBOMM KaA4ye€CTBEHHBLIM U
KONnu4yecTBeHHbIM rnokasdaTtenam TpeboBaHuam OCT, BeTepuHapHO-CaHUTApPHbIM TpeboBaHMAM,
TeXHU4YecKoMy pernameHTy o 6e3onacHOCTM KOPMOB M KOPMOBbIX JoGaBok. B kopma ansa pbl6
BXOAOAT CbIpbEBbIE KOMMOHEHThLI KaK pacTUTENbHOMO (NWeHuua, S4MeHb, pUC, KYKypy3a, 1 LpOT U
XMbIX MOACONHEYHbIN, LPOT U XXMbIX COEBbIV, 3€PHOBbIE KNENKOBWHA, 3apoabiLl, IMOTEH 1 Ap.), TakK
N )KMBOTHOMO MPOUCXOXOEHNS (MACHaa U MACOKOCTHast MyKa, KpoBsiHas Myka, pblibHast Myka v ap.).
OTO cbipbe M fABNsieTCA, B NEpPBY ovepenb, UCTOYHUKOM MUKPOBMONOrMyeckoro 3arpsi3HeHust
KopMmoB. B cBA3n C 3TMM npu OOHapYy>XeHUU MUKPOOMONOrMYEecKoro 3arpsi3HEHWUst B Cbipbe U
KomOuMKopMax OHM nognexaTr obessapaxuBaHuto. [Onsa obes3zapaxuBaHus Cbipbsi U KOPMOB
NPUMEHSIOT  pasnuuyHble  cnocobbl  TennoBow obpaboTku:  BnarotennoByt  06paboTky,
MUKPOHM3aUMI0, IKCTPYAMPOBaHME, rpaHyIMpoBaHne Unn BHeCeHne oyHrmumnaoB.

B koMnoHeHTax KOMOWKOpPMa >XMBOTHOIO MPOUCXOXAEHUS (MSCOKOCTHOW MyKe, KOCTHOM,
MSICHOW, pbIGHON 1 Ap.) MOXET coaepXaTb BpeaHble MeTabonunTbl, KOTOPbIE OCTaNUCb B OpraHu3mMe
XMBOTHOrO, MCMONMb30BaHHOrO Ans ero npoussoactea. CornacHo EAuHbIM - BeTepUHAPHbLIM
(BeTEPMHApPHO-CaAHWUTapPHbLIM) TpeboBaHMSIM, NPEAbABNAEMbIM K KOPMaM U KOPMOBbIM Jo6aBkam,
yTBepxgaemMmbiM PeuweHnem Komuccum EBpasminckoro 9KOHOMWYECKOrO COH3a; TeXHUYECKOMY
pernameHTy «TpeboBaHus kK 6E30MNacHOCTN KOPMOB U KOPMOBbLIX 00aBOK» B MyKE MACOKOCTHOW,
MSICHOW, KPOBSIHOM, KOCTHOW M M3 rMapONu3vpoBaHHOINO nepa AornyckaeTcs Hanuuve obluen
GakTtepumanbHO 06CeMEHEHHOCTH, BblpaXkeHHOe MUKPOOHbIM yncnom (OMY), KOE/r — He Gonee
5x10°. [lo BbllleykasaHHbIM TpeboBaHMAM KOpMa W KOpMOBble [00aBKM >KMBOTHOIO
NPOMCXOXAOEHNS He [OOSKHbl codepxaTb canbMoHenn, O0TynuHMYecKoro TOKcuHa (ans
KOHCEPBUPOBAHHbLIX KOPMOB BRaXxHOCTblo Oonee 14%), 3aHTeponaToreHHyr u aHadpoObHyto
Mukpocpnopy. B EAMHbIX  BeTepuHapHbiX  (BETEpPUHAPHO-CaHUTapHbIX)  TpeboBaHusX,
npeabaBnsemMbiX K KOpMaM U KOpMoBbIM AgobaBkam, NponucaHo, YTo B MpoLecce Npov3BoACTBa
KOPMOB M KOPMOBbIX 400aBOK UCMOMNb3yeMOe Cbipbe AOIMKHO ObiTb 06paboTaHo Npu Temnepartype
He Hwke nntoc 110 rpagycoB Lienbcus, He meHee 20 MUHYT Npu AaBneHuu, He meHee 3 6ap, unu
AOMKHO  OblITb  0BpaboTaHo cornacHO  anbTepHaTUMBHOWM  cuctemMe  TepmoobpaboTku,
obecneumnBarowlen cooTBeTcTBylOWME TpeboBaHma kK  ©e3onacHOCTM B OTHOLUEHUU
YCTAHOBMNEHHOro MuKpobuonormyeckoro ctaHgapta (EguHble BeTepuHapHbie (BeTepuHapHO-
caHuTapHble) TpeboBaHus, 2010).

Mukpodpnopa 3epHa W pacTuTernbHbIX NPOAYKTOB ero nepepaboTkM umeeT pasnuyHoe
npovcxoxaeHne. Ha noBepxHOCTM pacTeHUn B nofe JOMUHUPYIOT rpamoTpuuaTtenbHble 6akTepuu,
cpeam KOTOpbIX 3HAYUTENbHYHO OO0 COCTaBNAT NpeacTaBUTenn anMPUTHLIX MUKPOOPraHM3MoB
pogoB: Pseudomonas, Xanthomonas, Erwinia, Flavobacterium, pexe BcTpevatoTcH
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KopunHenodobHble Gaktepun. CoBceM Mano cpegu annuTtHOM MUKpodriopbl nNpencraBuTenen
CnopoBbLIX ©OakTepuin, akTMHOMMLETOB, rpuboB, gpoxoken. OpHako, WX [JONs  3HAYUTENBHO
BO3pacTaeT BO Bpemsa yOOpKM, TPAHCMOPTUPOBKN N XPaHEHMS 3/1aKOB.

Takke, cnopoobpasyoLmne MMKPOOpraHU3Mbl PpacTUTENBbHOrO Chipbs NPeACcTaBnsaloT cobomn
ONacHOCTb A5 FPaHyNIMPOBaHHbIX N SKCTPYAMPOBAHHbBIX KOPMOB (00paboTaHHbLIX TEPMUYECKUN) U3-
3a TOro, Y4TO MX CNOPbl MOTYT BblAEPXMNBaTb KpaTKOBPEMEHHOE BO3AENCTBME BbICOKOM TemMMnepaTypbl
N 0aBneHusi, 0CTaBaTbCs XXM3HECNOCOOHBIMU 1 NpopacTaTh B y)XKe rOTOBOM KOpMe, Npy Maneunem
HapyLLIEeHUN YCNOBUN N PEXMMOB XpaHeHus (BnaxHocTb 20% u t 35-50°C).

B cBA3n ¢ aTuM, uenbto gaHHoM paboTbl ABNANOCH onpeaeneHe BUsSHUSA KONM4yecTBEHHOIo
N Ka4eCTBEHHOro cocTtaBa MMKPOMOpbI CbiPbsl, UICNOMB30BAHHOMO NPU BblIpaboTKe NPOAYKUNOHHBLIX
KOMOMKOPMOB ANS LUEHHbIX BUAOB pbib, a Takke MeToda 3KCTPYAUPOBAHWUS HA CPOKU XpaHEHUs,
KayecTBO M 6e30nacHOCTb roTOBOro koMbukopma. [Ana 4OCTMKEHUA NOCTaBNEHHOW Lienu pellannce
crneaylowme 3agayn: onpeaeneHme CaHUTapHOro COCTOSIHUS CbiPbsi XKMBOTHOIO M pacTUTENbHOro
NPOVCXOXOEHNS, UCNONb30BAHHOrO Npu BblpaboTKe KOMOMKOPMOB U onpegerieHne CaHuTapHOro
COCTOSIHUSA FOTOBOro KOMBUKOPMa ANS LeHHbIX BUAOB pbIb.

MeToabl uccnegoBaHus

SkcnepumeHTanbHble paboTbl npoBoaunmck Ha 6ase TOO «KasHUW nepepabaThiBatoLLEen 1
NULLEBON MpoMbiwrieHHocTM». O6bekTamn mnccrnegoBaHnin Obii KOMMOHEHTLI BblOpaHHble Ans
BbIpaboTKM NPOOYKUMOHHBLIX KOMOWKOPMOB AN LEHHbIX BMOOB pbld: pbibHas mMyka «Capusi»
(npousBoactBo Poccus), msicokocTHas Myka «Capua» (npousBogctBo Poccus), nweHuua,
pancoBbI LWPOT M BblpaboTaHHblE SKCTPYANPOBaHHbIE NPOAYKLMOHHbIE KOMOUKOPMa ANs LEeHHbIX
BUOoOB pblb (koMOMKOpM O5st HEOPUTOBOIO OKYHSI, AN LWYKN 1 ONsi cygaka).

B pabote ncnonb3oBanacbk Metoauka, nanoxeHHasa B FOCT ISO 7218-2015,FOCT 10444.15-
94, TOCT 10444.12.-94 c wucnonb3oBaHWEM MUTaATENMbHbLIX Cpen MSCO-NEeNTOHHbIA arap
(MMA)+cycno-arap (CA), MPC, a Takke Metoga MeMOpaHHOM unbTpauunu M KapTOHHbIX
nuTaTenbHbIX NOAJIOXKEK C CENEKTUBHBIMKU NuTaTtensHbiMn cpegamm Standard TTC n Endo (dumpmbl
«Sartorius», lepmanus).

MunKpOBMONOrMYECKyro OLIEHKY CaHWUTapHOro COCTosiHMSA o6pas3uoB Kopma Ans pbib
nposogunu cornacHo MOCT 31878-2012, TOCT 31659-2012 (ISO 6579:2002), FOCT 32011-2013
(ISO 16654:2001), TOCT 10444.7-86, ncnonb3ya nutatensHole cpeabl MIMA, CA, MPC, 3Hgo,
XPOMOr€EHHbIV arap, Ne4eHOYHO-XXENTOYHbIN arap.

MccnepoBaHnsa No BLISABNEHUIO MATOreHHOM MMKpodnopbl NpoBoaunn B 4 obpasuax chlipbs
(pbIBHOM MyKe, MACOKOCTHOW MYyKe, NLIeHMLEe, pancoBOM LWPOoTe) 1 B 3 obpasLiax aKCTPYAMPOBaAHHbIX
KOMOMKOPMOB (KOMBUKOPM AN HE(PUTOBOIo OKYyHS, ANS LYK U AN cyaaka).

Bce pesynbtatbl 6binM CpeaHMMM U3 TpeX HEe3aBUCUMMbIX 3SKCMEPUMEHTOB C Tpems
napannenbHbiMu noBTopeHuamMu (n=9). 1N oueHKM pe3ynbTaToB UCMONb30BannCb CTaH4apTHbIE
ctatuctudeckne metoabl B Excel (Microsoft® Office 2010). Pasnuuna cuntanucbe 4OCTOBEPHbBIMUA
npu p<0,05.

PesynbTaTbl uccneaoBaHun

lMpoBeaeHbl nccnegoBaHMs No BbiSIBIEHWIO NAaTOreHHON MUKpodhropkl B 4 o6pasuax Cbipbsi
(pbIbHOM Myke «Capusi» (Poccus), msicokocTHon myke «Capwusi» (Poccus), nweHuue, pancoBomM
LLUPOTE) NCMONb3yeMOoro npu BbipaboTke KOMBMKOPMOB ANs LEeHHbIX BUAoB (Tabn. 1, 2).

Tabnvua 1 — MccnegoBaHne KOMMNOHEHTOB KOMOMKOPMOB And pbl® Ha BhbisiBNEHUE obLien
MUKPOIIOPLI, B TOM YNCIIE NATOrEHOB

KMA®AM KOE ea/r
B TOM yumcrne
HaumeHoBaHue MOMoYHO- | cnopoobpa- MuULenmanbHble
comnonerTog | O0UEE HMCno KUCnble aylowme Fpoxokn rpubbl
OakTepum OakTepum

PbiGHast Myka 8x10* - 8x10* - -
MscokocTHas 4,3x10° - 3,3x10° - 1x10°
MyKa
MweHuua 1,94x10° - 1,9x10° 3x10° 1x10°3
PancoBbii WpoT 2,1x10° - 2,1x10° - -

Tabnuua 2 — WccnepoBaHue KOMMOHEHTOB KOMOMKOPMOB [Afisi pblb Ha CcaHuTapHoe
COCTOsiHWE, B TOM YMCIie NaToreHoB
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PbibHas Mmyka 1,4x 10° 8x10* | 6x10* | - - - - - -
MsicokocTHas
3,6x10° 3,3x10°% | 3x10* | - - - - - -
MyKa
MuweHnua 1,9x10° 1,9x10° - - - - - - -
PancoBbIi LWpOT 2,1x10° 2,1x10° - - - - - - -

[ns npoBegeHus nccrnegosaHmi 6bina otobpaHa npoba puibHON Mykn «Capusi», B 1 1. 9TOro
NPOAYyKTa KONmM4ecTBo Me30huUIbHbIX adPOBHbIX U dhaKynbTaTUBHO-aHa3POOHbIX MUKPOOPraHM3mMoB
coctaensno 8x10* KOE/r, yto He npeBblllaeT YyCTaHOBIEHHble TpeGoBaHMSA K rokasaTenio u
KOCBEHHO CBMAETENbCTBYET O BbICOKOM KayeCTBE BblMyCKaeMOoro Kopma.

Mccnegyemble npoObl  pbIGHOWM  MyKM UMENW  CNegyolWmn  MUKPOOHBIN  Mensax:
cnopoobpasytowme Gakrepum poga Bacillus n ycnosHo-natoreHHble Gaktepum Escherichiacoli.
O6HapyxeHHoe o6Liee MUKpOOHOE 4mMcno, B TOM YMCNE YCNOBHO-MATOMEHHbIX U MaTOreHHbIX
MUKpoOopraHnamoB cocTasnseT 1,4x10%KOE/r, 4To He npeBbillaeT A4oNyCTUMbIN nokasaTtens (5x10°
KOE/r). Bcnegcteue uyero, wuccriegyembli obpasel, pblOHOM MyKU SBMASIETCA KayeCTBEHHbIM
NPOAYKTOM N OTBEYaeT CaHUTapHbIM TpeboBaHMSIM, NPeaAbABASEMbIM K JaHHOMY BMAY NPOAYKUMK
(pwnc. 1).

Cpena MIIA+ CA, passegenne 104 Cpenxa Dujo, pazsenenne 10+

PucyHok 1 — ViccnepoBaHme caHUTapHOro COCTOSAHUA pblGHON Mykn « Capusa»

Mukpobuosnormyeckoe nccnegoBaHme MACOKOCTHON MyKUM, npoBoaumMoe Ha cpegax MIMA n CA
BbISIBUSIO 3HA4YMTENbHOE coAepXaHue Me30(UIbHbIX adpobHbIX U dhaKynbTaTUBHO-aHA3POOHbIX
MUKPOOPraHn3mMoB — MOSIOYHOKUCNbIX BGakTepun, cnopoobpasytowmx 6aktepui poga Bacillus, a
Takke muuenunanbHbiX rpuboB. OgHaKO MX KONMMYECTBO HE MPEBLICUMIIO OOMYCTUMbIE HOPMbI Y
coctaBuno 4,3x10°KOE/r. C ncnonb3oBaHnem metoaa MembpaHHON unbTpaumMmn U nutaTenbHbIX
NoAanoXek co cpefon OHAO B MSCOKOCTHOM MyKe BbISIBIEHO Hanuume HebonbLIoro KonmyecTtsa
YCIOBHO-NAaTOreHHbIX M1kpoopraHnamos Escherichiacoli - 3x10* KOE/r (puc. 2).

Cpena MHAS paseesenne 107 Cpena CA; passenenie10- Cpena Dujto, paspenenne 104

N |

PucyHok 2 — ccnepoBaHme caHUTapHOrO COCTOSIHUS MSICOKOCTHOM MYKK
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YCNoBHO-NATOreHHbIE M MaToreHHble MukpoopraHuambl (Salmonella typhimurium, Proteus
mirabilis, Staphylococcus aureus, Enterobacter aerogenes, Klebsiella pneumoniae, Enterococcus
faecalis), a Takke MonoyHoucnble GakTepum N OPOXOKU C MPUMEHEHWEM BbilLeyKa3aHHbIX
CeneKTUBHbIX NUTaTeNbHbIX Cpea B 06pasue MACOKOCTHON MYKN HE BbISBIEHbI (pUC. 2).

Tawke ObINO UCCNefoBaHO CaHUTapHOE COCTOsiHME 00pasuoB CbhipbA  PACTUTENBHOTO
NMPOUCXOXKOEHMSA — MLUEHWLIBbI U PancoBOro wpoTa.

B o6pasue nweHuubl 6bi10 0OGHAPYKEHO 3HaYUTENbHOE KOMMYECTBO CnopoobpasyroLmnx
Oaktepun poga Bacillus n He3HauMTeNnbHOE KONMMYECTBO OPOXCKEW U MUUEnuanbHbiX rpubos.
YCNOBHO-NATOreHHbIX M NATOreHHbIX MUKpoopraHnamoB (Escherichia coli, Salmonella typhimurium,
Proteus mirabilis, Staphylococcus aureus, Enterobacter aerogenes, Klebsiella pneumoniae,
Enterococcus faecalis) Ha cenekTMBHbIX cpeaax obHapyXeHo He 6bino (puc. 3).

Cpena StandardEEC, pazsenenne 104 Cpena CA, passenenne 103

PucyHok 3 — NccnepoBaHne caHUTapHOrO COCTOSIHUA MUEHMULbI

B pancoBom wpoTte Oblo OOHapyXeHO 3Ha4MTEeNbHOE KONMYECTBO CMopooGpasyroLmx
Gaktepun poga Bacillus. YcnoBHO-NaToreHHbIX M MNaTOreHHbIX MUKpoopraHuamMoB (Salmonella
typhimurium, Escherichia coli, Proteus mirabilis, Staphylococcus aureus, Klebsiella pneumoniae,
Enterobacter aerogenes, Enterococcus faecalis), a Takke myuenunanbHbIX FpnboB, MOJTOYHOKUCTILIX
BakTepun, OpoXOKeN Ha CeNEKTUBHBIX cpedax obHapyxeHo He 6bino (puc. 4).

Cpena MIIA+CAT
Pt

V4

PucyHok 4 — NccnepoBaHne caHUTapHOro COCTOSIHUSA pancoBOro LWpoTa

HeobxoanMmo OTMETUTb, YTO WCCrefoBaHHble KOMMOHEHTbl OblfM MCMOMb30BaHbl Mpu
BblpaboTKe MOMHOPALNOHHOIO KOMOMKOPMOB ANSA LEHHbIX BUAOB pbl6 METOAOM 3KCTPYANPOBAHUS.
Bbinn nNpoBedeHbl UCCNeoBaHUA Ha BbIsIBIEHME NATOreHHOW Mukpodoriopbl B obpasuax
NOSIHOPALMOHHOIrO KOMOMKOPMOB.

MukpoBnonornyeckyro oLeHKy CaHMTapHOro COCTOSHUSA 0Bpa3uoB NPOAYKLMOHHOIO KopMa
ANSA LEeHHbIX BUAO0B pblb (KOMOBUKOPM Ans HePUTOBOIO OKYHS, AN LYK 1 AN cygaka) npoBogaunu
cornacHo geunctaytowmum NOCTam.

Bbino npoBegeHo wccrnefoBaHWE CaHMTAPHOrO COCTOAHMSA 3 o6pasuoB NPOAYKUMOHHBIX
KOMOBUKOPMOB 4119 LeHHbIX (HE(PPUTOBBIN OKYHb, LLyKa, CyAaK) BUAOB pbib nocre ux Nnpon3BOACTBa
mMeTogom akcTpyanposaHus Ha TOO «GoldenFish.kz» (Tabn. 3, puc. 5-8).
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Tabnuua 3 — WccnepgoBaHue kOpMoB st pbld Ha BbisiBrieHMe obLien, B TOM 4ucne
naToreHHon MUKpodnopbI

g KMA®AHM, KOE/F, B T.u. E _
I —~ = . '
o1 63 3 . 2 & S o) 8
® Xe) S = QoS s 5 _ =2 =~ = g £
=S S 3 © = 2 X 3 = O O [} = 3
18' 3 2 a Q3 Q. 3 F“ a = 2 = c 5 Z
o) Py e e 95 2 1) S = e o O o 53
ol 3} T X Qz x a c a = < £ =
2 £s| o8 2 a8 =1 e - C A @ 2
e’ 8 &) S = w « O
o = = 0
NPOAYKUMOHHbIN
KOMOUKopM A5is 0 He o6H. | He 06H. | He 06H. | He 06H. | He 06H. | He 06bH. | He 0bH. | He o6H.
HePUTOBOIO OKYHS!
MPOAYKUNOHHBIN 0 He o6H. | He o6bH. | He 06H. | He o6bH. | He 06H. | He o6bH. | He oGH. | He o6H.
KOMOMKOPM NSt LYKK
MPOAYKUNOHHBIN 0 He o6bH. | He 06bH. | He 06H. | He 06H | He 06H. | He 06H. | He 06H. | He 00OH.
KOMBUKOPM AN1a cyfaka

PucyHok 5 — NccnegoBaHue Ha BbisiBNeHWe obLwen MMkpodnopbl, B TOM YMUCNE OPOXOKEN U
nrecHeBbIX rpMBOB B KOpMax Ans pbib Ha nuTaTensHon cpeae MIMA+CA, passegeHue 10

PucyHok 6 — ccnegoBaHue Ha BbISIBIIEHWE KONMYECTBA MOMOYHOKMCHIbIX DakTepuii B KopMax ans
pbl6 Ha nuTaTtenbHol cpeae MPC arap, passeaeHve 10+

Ob6pazen 1 P Obpazen 3

PucyHok 7 — NccnepoBaHue Ha BbiBreHME 6akTepui rpynnbl KUWEYHOW Nanoykn (Kkonmdopm),
naToreHHown E.coli, canbMoHenn B kopmMax 4ns pblb Ha nuTaTenbHom cpene OHO0, pa3eeneHme 10
1
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Obpazen 1

PucyHok 8 — MiccnegoBaHue Ha BbisiBrieHne C. botulinum B kopmax ans poio
Ha Ne4YeHOYHO-XEeNToYHOM arape, passeaeHue 101

MNMokasaHo, 4To BCce 3 uccnegyemblx 06pa3yoB NPOAYKUMOHHBIX KOMOUKOPMOB ONS LEHHbIX
BMAOB pblO (HEPUTOBBIN OKYHb, LLIyKa, CyAaK) Nocne ux NponM3BOACTBa METOAOM SKCTPYyANUPOBaHMS
ObINM CTepUnbHbI U He cogepXkanu 6akTepui U3 rpynnbl Me30UNbHbIX adPOOHbIX N haKyNbTaTUBHO
aHa3pOBHbIX MMKPOOPraHM3moB (cnopoobpasytowmx 6GakTepu, MONOYHOKUCHLIX BGakTepun,
APOXOKEN, MNECHEBbLIX TPUOOB), @ Takke YCNOBHO-NATOrEHHbIX MUKPOOPraHM3MOB — CarlbMOHEN,
natoreHHomn E.coli, C. botulinum, a Takke aHaspobHas MUKpodnopsbl.

Takum o06pasom, pesynbTaTbl NPOBEAEHHbIX WUCCReOBaHWA CaHUTAPHOTO COCTOSHUS 3
00pa3suoB NPOAYKLUMNOHHBIX KOMOMKOPMOB ANA LEHHbIX (HEPUTOBbLIN OKYHb, LLIYKa, CydaK) nocrne nx
Npou3BoACTBAa METOAOM 3KCTPYAMPOBAHWS, CBUAETENBbCTBYIOT O TOM, 4YTO MNPUMEHsieMasl B
npouecce nNpPOM3BOACTBAa KOPMOB TepmoobpaboTka WCNonbL3yeMoro Cchbipbs obecneuynBaet
cooTBeTCTBylOWME TpeboBaHMA K kayecTBy W 6e3onacHOCTM KOMOMKOPMOB B OTHOLUEHUM
YCT@HOBITEHHOrO MUKPODMOMOrM4EecKoro ctaHgapTa M WUCMONb30BaHUSA AAHHOW MpoAyKuMu Anis
BblpalLMBaHuNs pblb.

3akntoyeHue

[Ansi nonyyYeHus KavyecTBEHHbIX M 6e3onacHbiXx KOPMOB AN pblb BaxHO nopdupatb
Ge3onacHble CblpbeBblE KOMMOHEHTbI, CTPOro cobniogatb YCroBUS WX XPaHEHWUsl, TEXHOMOruio
Npou3BOACTBa KOPMOB, YCMOBUSI XPaHEHUSA UM TPaHCNOPTUPOBKM YKe FOTOBbIX KOPMOB. OueHUTb
6e30nacHOCTb CbipbS U KOPMOB Ha pPasfu4yHbIX 3Tanax npoOM3BOACTBEHHOM LEnu nomoraet
MUKPOBMONOrM4EeCKnii aHanm3 nx CaHUTapPHOro COCTOSIHUSI.

MNpoBeoeHO wuccnegoBaHME CaHUTApHOrO  cocTosiHua 3 obpasuoB  NPOAYKUMOHHbIX
KOMBUKOPMOB ANS LIEHHbIX (HE(PPUTOBBIN OKYHb, LLIYKa, CyAaK) BUOOB pblb. YCTaHOBNEHO, 4TO BCe 3
nccnegyembix 06pasuoB NPOAYKUMOHHBIX KOMOUKOPMOB A1 pblO NOCHe MX MPON3BOACTBA METOAOM
9KCTPYAUPOBaHMSA Obiny CTEPUNBHBLI U HE coaepany 6akTepuin ua rpynnbl Me30MunbHbIX adPO6HbIX
1 hbakynbTaTMBHO aHa3POBHbLIX MUKPOOPraHnM3moB (cnopoobpasytowmnx 6akTepumn, MOSTOYHOKUCTTbIX
GakTepun, OpPOXOKEW, NnecHeBbiX rpvbOB), a TakkKe YCMNOBHO-MATOrEHHbIX MWKPOOPraHM3MOB —
canbmoHenn, natoreHHon E.coli, C. botulinum, a Takke aHaspobHOM MUKpOopbI.

Takum obpasom, pedynbTaTbl UCCEJOBaHUA CAHUTAPHOrO COCTOSIHUA SKCNEPUMEHTarnbHbIX
SKCTPYOUPOBAHHbLIX KOPMOB AN pblb, CBMAETENbCTBYIOT O TOM, YTO MPUMEHsieMas B npouecce
npousBoacTBa TepmoobpaboTka mMpuMeHsiemas B rnpouecce npou3BoAcTBa, obecneymBaet
6e3onacHOCTb KOMOMKOPMOB B OTHOLLUEHUWN YCTAHOBIEHHOTO MUKPOOMONMOrMYecKoro ctaHgapTa u
COOTBETCTBYOLWME TpeboBaHUA K KavyecTBY WCMONb30BaHWS [OaHHbIX KOMOWKOPMOB Anis
BblpalLMBaHNS pblb.
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BAFAJIbl BANBIKTAPFA APHAJIFAH K¥PAMA XXEMAI XXOHE OHbIH LUMKISATTAPbIH
MUKPOBUNOIOIUAIbIK 3EPTTEY

Makana mamepuandapbiHOa akcmpydmay o0iciHiH OalibiH Kypama XeMHiH caHumaprbiK
JxardalibiHa acepi, coHOal-aK bararbl banbik mypriepiHe (Hechpum anabyrackl, LIOPMaH, KOKCEPKe)
Kypama xem ©HOIpy ke3iHOe nalidanaHbiniFaH 6cCiMOIK JXXoHe XaHyap MmeKmec wukizam
MUKpOQiopacbiHbiH CaHObIK XXoHe canalblK KypaMbiH 3epmmey KenmipineeH. Kypama xem
"Golden" XKLLUC 3aybimbiHbiH xaFdalibiH0a eHOipindi Fish.kz" 3epmmey Anmambl KanacbiHOarbl
Kasak kalima eHOey xoHe mamak eHepkocibi F3U-0e xypeaisindi. NamoeeHdik MUKpPOGIOpaHbI
wukisammeid 4 yneiciHde (barnbik YHbl, em XoHe cyleK YyHbl, budal, parc YHbl) XoHe
aKkcmpyOmarnraH Kypama XemHiH 3 yneaiciHOe (Hegpum anabyracbkiHa, WopmaHra XoHe yornnuae
apHanfaH Kypama Xem) aHbikmay 6olbiHwa 3epmmeynep Xypaisindi. AmanraH wWukizam
obbekminepiH manday namozeHoiK MUKpOOp2aHuU3moep MEH ornopmyHUCMiK
MUKpoopzaaHusmOepliH  aHbiKmarnfaH  Xanrnbl — MUKpObmMbIK  caHbl  pykcam  emifeeH
KepcemkiwmepOeH acnalmbiHbiH Kepcemmi. [alblH Kypama XeMHiH 3 ynaiciH manday
akecmpyOmaydaH KeliHai ynainepdiH cmepunb0i eKeHiH XeHe aKcriepuMeHmmik akcmpyomarraH
barnbiK XeMiHIH caHumaprbiK xarlalibiH 3epmmey HemuxxenepiH kepcemmi, eHAipic npoyeciHoe
KondaHblnamblH WUKi3ammbel mepMusisbiKk eHOey bernzineHzeH MUKpobUoioausribiKk cmaHdapmka
)XOHe ocbl eHiMOI barbiK ecipy ywiH natdanaHyra KambIiCMbl Kypama >XeMHiH canacbl MeH
KayinciadieiHe muicmi mananmapdbl Kammamachi3 ememiHdigiH kepcemedi.

TytiH ce30ep: b6ararnbi 6anbik mypnepi, eHOIipicmik Kypama xxem, akcmpyomay, namoaeHoiK
b6akmepusinap, MUKpogbriopa, mexHos102usl.
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MICROBIOLOGICAL STUDIES OF RAW MATERIALS AND COMPOUND FEEDS
FOR VALUABLE FISH SPECIES

The article presents the influence of the extrusion method on the sanitary condition of the
finished compound feed, as well as studies of the quantitative and qualitative composition of the
microflora of raw materials of plant and animal origin used in the production of compound feeds for
valuable fish species (jade perch, pike, walleye). Compound feeds were developed in the conditions
of the Golden LLP plant Fish.kz", the study was conducted at the Kazakh Research Institute of
Processing and Food Industry in Almaty. Studies have been conducted to identify pathogenic
microflora in 4 samples of raw materials (fish meal, meat and bone meal, wheat, rapeseed meal)
and in 3 samples of extruded compound feeds (compound feed for jade perch, pike and walleye).
The analysis of the listed raw materials objects showed that the detected total microbial number of
pathogenic microorganisms and conditionally pathogenic do not exceed acceptable indicators. The
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analysis of 3 samples of finished compound feed showed that the samples after extrusion are sterile
and the results of studies of the sanitary condition of experimental extruded fish feeds indicate that
the heat treatment of the raw materials used in the production process ensures appropriate
requirements for the quality and safety of compound feeds in relation to the established
microbiological standard and the use of these products for fish cultivation.

Key words: valuable fish species, production feed, extrusion, pathogenic bacteria,
microflora, technology.

Source of Funding: The study is funded by the Ministry of Ecology, Geology and Natural
Resources of the Republic of Kazakhstan (Grant no. BR10264236).

CBepgeHus 06 aBTOpax

Marzam MyxTapoBuy [latcaeB — Hay4yHbIl COTpyaHWMK nabopatopum «TexHonornm
3epHONPOAYKTOB M KOMOBukopmoB»;  Kasaxckmi  HaydHO-UccneaoBaTeNbCKUA — UHCTUTYT
nepepabaTbiBaloWen U NMWEBON NpOoMbIWeHHOCTN, Pecnybnunka KasaxcraH; e-mail: magzam-
97@mail.ru. ORCID: 0000-0003-1071-064X.

BaneHTnHa WMBaHoBHa CwugopoBa — BeaywMi Hay4YHbI COTPYyOHMK nabopatopun
«TexHonormm 3epHONPOAYKTOB M KOMOMKOPMOBY; Kasaxckunin Hay4yHO-UccnenoBaTeNbCKUN UHCTUTYT
nepepabaTbiBalOWen U NUWEBON npomMblwnieHHocTn, Pecnybnuka KasaxcTtaH; e-mail: sid-
valentina@mail.ru. ORCID: 0000-0001-6244-0691.

Hapexpa WBaHoBHa flHBapeBa — BeaylWWil HayyHbIA COTPYAHMK nabopartopumn
«TexHonormm 3epHONPOAYKTOB M KOMOMKOPMOBY; Kasaxckunin Hay4yHO-UccnegoBaTeNbCKUM UHCTUTYT
nepepabaTbiBalOWen W NUWEBOM NpoMmblweHHocTn, Pecnybnuka KasaxcrtaH; e-mail:
nadya.yanvareva@mail.ru. ORCID: 0000-0001-8393-7947.

AHHa YuxaeBa — BedywMn HayyHbIl  COTPyAHWMK nabopatopum  «TexHonoruu
3EpHOMPOAYKTOB M koMOumkopmoB»;  KasaxCckMi  Hay4yHO-UCCNEeOOBaTENIbCKUA  MHCTUTYT
nepepabaTbiBalOWE M NULLEBON NpoMbilwneHHocT, Pecnybnuka KasaxcTtaH; e-mail: anna-
chizhaeva@mail.ru. ORCID: 0000-0001-6081-0273

Mansa XymapgunoBa bBekTypcyHOBa — cCTapwui HayyHbIn COTPyaHUK nabopaTtopum
«TexHonormm 3epHoONpPOAYKTOB M KOMOMKOPMOBY; Kazaxckuii Hay4YHO-1ccrnegoBaTensCKUn NHCTUTYT
nepepabaTbiBalollen M MNUWEBON MNpPOMbIWNEHHOCTH, Pecnybnuka KasaxcTtaH; e-mail:
bek _maya@mail.ru. ORCID: 0000-0002-5105-4864.

HypxaH OcnaHOB — Hay4yHbI COTPYAHMK nabopaTtopumn «TEeXHONOrmm 3epHONPOLYKTOB U
KOMOMKOpMOBY»; Kasaxckmin Hay4HO-UCCregoBaTenbCKMid  MHCTUTYT nepepabaTtbiBatoen n
nuLLeBoON npomblwneHHocTn, Pecnybnuka KasaxcraH; e-mail: nurospanov.1969@mail.ru. ORCID:
0000-0002-5031-0029.

ABToOpnap Typansi manimeTTep

Mar3am MyxtapoBu4 lNMaTtcaeB — «ACTbIK 6HIMAEPI MEH Man a3blfbiHbIH, TEXHOMNOrNsANapbI»
nabopaTopUACHIHbIH, FbINIBIMU KbIBMETKEpI; Kasak kariTa eHaey oHe Taram eHepKacinTepi FbinbiMu
3epTTey opTanbifbl, KazakctaH; e-mail: magzam-97@mail.ru. ORCID: 0000-0003-1071-064X.

BaneHtnHa WBaHoBHa CupopoBa — «ACTblK ©HiMgepi MeH Man  asblfblHbIH
TexHonornsanapbl» nabopaTtopuAChIHbIH XEeTEKLWi FbifbiIMM Kbi3METKepi; Kasak kanta eHaey >kaHe
TaraM eHepKacinTepi fblNbiMKM 3epTTey opTanbifbl, KasakctaH; e-mail: sid-valentina@mail.ru.
ORCID: 0000-0001-6244-0691.

Hapexpa UBaHoBHa flHBapeBa — «ACTbIK @HIMAEPi MeH Mar asblfbIHbIH TEXHONOrManapbl»
nabopaTopusChIHbIH XXeTeKLWi FbifbIMU Kbi3MeTKepi; Kasak kanTta eHaey xaHe TaFam eHepkacinTepi
FbINbIMK 3epTTey opTanblfbl, KaszakctaH; e-mail: nadya.yanvareva@mail.ru. ORCID: 0000-0001-
8393-7947.

AHHa YuxaeBa — «ACTblK ©HIMOepi MeH Man asblfblHblH, TeXHOoNornanapb»
nabopaTopusAChIHbIH XXeTeKLWi FbifbIMU Kbi3MeTKepi; Kasak kanTta eHaey xxaHe TaFam eHepkacinTepi
FbINbIMU 3epTTey opTanbifbl, KasakctaH; e-mail: anna_chizhaeva@mail.ru. ORCID: 0000-0001-
6081-0273

Mana XymapgunoBa bBektypcyHoBa — «ACTblK ©HiMAepi MeH Man asblfblHbIH,
TexHorornsanapbl» nabopaTtopuAChIHbIH XeTeKLWi FbifibiIMU Kbi3MeTKepi; Kasak kanta eHaey >xaHe
TaraM eHepkacinTepi fbifbiMK 3epTTey opTanbifbl, KasakcTaH; e-mail: bek_maya@mail.ru. ORCID:
0000-0002-5105-4864.

ISSN: 2788-7995 Becrruk yHusepcurera [llakapuma. Texauueckue Hayku Ne 4(8) 2022 19


https://orcid.org/0000-0001-6244-0691
https://orcid.org/0000-0001-8393-7947
mailto:anna-chizhaeva@mail.ru
mailto:anna-chizhaeva@mail.ru
https://orcid.org/0000-0002-5031-0029
https://orcid.org/0000-0001-6244-0691
https://orcid.org/0000-0001-8393-7947
https://orcid.org/0000-0001-8393-7947

HypxaH OcnaHoB — «ACTblK ©HiMaepi MeH Man asbifblHblH TeXHONornsanapbi»
nabopaTopUACHIHbIH, FbINIbIMK KbIBMETKEPI; Kasak kanTa engey aHe Taram eHepKacinTepi FblfbiMn
3epTTey opTanbifbl, KazakctaH; e-mail: nurospanov.1969@mail.ru. ORCID: 0000-0002-5031-0029.

Information about the authors

Magzam Mukhtarovich Patsaev — researcher of the laboratory "Technologies of grain
products and compound feeds"; Kazakh Research Institute of Processing and Food Industry,
Republic of Kazakhstan; e-mail: magzam-97@mail.ru. ORCID: 0000-0003-1071-064X

Valentina lvanovna Sidorova — Leading researcher of the laboratory "Technologies of grain
products and compound feeds"; Kazakh Research Institute processing and food industry, Republic
of Kazakhstan; e-mail: sid-valentina@mail.ru. ORCID: 0000-0001-6244-0691.

Nadezhda Ivanovna Yanvareva — Leading researcher of the laboratory "Technologies of
grain products and compound Feeds"; Kazakh Research Institute of Processing and Food Industry,
Republic of Kazakhstan; e-mail: nadya.yanvareva@mail.ru. ORCID: 0000-0001-8393-7947.

Anna Chizhaeva — Leading researcher of the laboratory "Technologies of grain products and
compound Feeds"; Kazakh Research Institute processing and food industry, Republic of
Kazakhstan; e-mail: anna_chizhaeva@mail.ru. ORCID: 0000-0001-6081-0273.

Maya Zhumadilova Bektursunova — Senior researcher at the laboratory "Technologies of
Grain products and compound Feeds"; Kazakh Research Institute of Processing and Food Industry,
Republic of Kazakhstan; e-mail: bek_maya@mail.ru. ORCID: 0000-0002-5105-4864.

Nurzhan Ospanov — researcher of the laboratory "Technologies of grain products and
compound feeds"; Kazakh Research Institute Institute of Processing and Food Industry, Republic of
Kazakhstan; e-mail: nurospanov.1969@mail.ru. ORCID: 0000-0002-5031-0029.

Mamepuan nocmynun 8 pedakuyuro 06.09.2022 2.

DOI: 10.53360/2788-7995-2022-4(8)-3
MPHTW 65.59.29

A. Kakimov?!, A. Suychinov?, Zh. Yessimbekov?, B. Kabdylzhar?, D. Akimova®
1Shakarim University of Semey,
071412, Republic of Kazakhstan, Semey, 20 A Glinka Street
2Kazakh Research Institute of Processing and Food Industry (Semey Branch)
071412, Republic of Kazakhstan, Semey, 29 Baitursynov Street
*e-mail: akdilife@mail.ru

STUDY OF CHANGES IN THE WATER-BINDING, WATER-HOLDING AND FAT-HOLDING
CAPACITY OF MEAT CUTLETS WITH DIFFERENT CONTENT OF BEEF RUMEN
AND BEETROOT

Annotation: Beef rumen (up to 20%) and beet (up to 30%) were additionally added instead
of minced beef in the recipe of meat cutlets. Studies showed that the water-binding capacity in
variants 3 and 4 is significantly higher than that of variants 1 and 2 (P<0.05). Indicators of water-
holding (WHC) and fat-holding capacity (FHC) in minced meat cutlets without adding rumen and
beets were 61.63% and 62.69%, while with adding 20% of the rumen and 20% of beets (Variant 3)
these indicators increased to 69.41% (P<0.05) and 66.82%. The pH analysis is characterized by an
increase in values when replacing meat with rumen and beets. A significant decrease in the limiting
shear stress was observed in variant 4, when 30% of beet and 20% of rumen were added, with the
meaning of 442.84 Pa. The most optimal amount of added ingredients is between 10 and 20% of
both the rumen and the beets.

Key words: moisture; bond; minced systems; rumen; fat holding capacity.

Introduction

At the processing and manufacture of meat products, a significant role is given to the control
of functional-technological, structural-mechanical, and physicochemical indicators of minced meat
along with food value and safety of meat and ingredients [1]. The functional and technological
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indicators express the quality of meat raw materials, define its behavior at processing and storage,
providing technological and consumer properties of finished products. In the process of heat
treatment, the physical-chemical and colloidal-chemical changes occur, as a result of which the
portion of water and fat bound in raw minced meat is separated in the form of mass loss. The amount
of water and fat retained in minced meat characterizes its moisture-holding and fat-holding ability

[2].

Water-binding capacity (WBC), water-holding capacity (WHC), and fat-holding capacity
(FHC) are the most important, functional characteristics that determine the quality of minced meat
and determine the organoleptic, structural, and mechanical indicators, as well as the yield of ready
products [3]. Water-binding capacity (WBC) characterizes the ability of meat to absorb and retain
water in the process of salting and massaging. This phenomenon occurs due to the ability of meat
proteins to form hydrate shells, due to retention of water molecules by hydrogen bonds and
electrostatic interactions [4].

The water holding capacity (WHC) of meat is the most important indicator for meat products
that undergo heat treatment. This indicator shows the ability of minced meat to retain moisture in the
heating process, which primarily affects the yield of the finished product. It should be noted that the
WHC is associated with the formation of hydrocolloids such as gels [5]. A high role is played by
collagen protein, which in the process of heat treatment turns into gelatin, capable of forming a gel.
Therefore, the destruction of collagen can harm the level of WHC. The fat retention strength of the
meat emulsion is characterized by its fat holding capacity. The degree of change of functional and
technological properties depends on the processing intensity of meat (fine grinding, massaging) and
ingredients added to the minced meat composition (dietary fibers, emulsifiers, structural agents) [6].

As components that improve the structural and mechanical characteristics of minced meat
can be used isolated animals and plant proteins, gum, carrageenan, other polysaccharides and
dietary fiber, antioxidants, and food phosphates. These components may also include food raw
materials and non-meat products, such as dried milk whey, and egg products [7, 8].

The purpose of this work is to study the changes in the water-binding, water-holding, and fat-
holding capacity and pH of meat cutlets with the addition of different amounts of beef rumen and
beetroot.

Materials and Methods

Beef, beef rumen and table beet were purchased from the specialized meat and vegetable
department of the market in Semey city, Kazakhstan.

The meat of the back and loin carcass of cattle is washed and chopped on a meat grinder.
At the same time, the rumen is cleaned, blanched, and cut into small pieces for grinding on a meat
grinder. The table beetroot is boiled for 40 minutes and grated. Then the ingredients (Table 1) are
mixed on a mixing machine adding eggs, vegetable oil, salt, and spices according to the recipe.
Then, the cutlets are formed, panned, and cooked at a temperature of 100-110 ° C for 15-20 minutes.

Table 1 — Cutlets formulation, %

Variants of cutlets
Ingredients 1 2 3 4

Minced beef 85.00 65.00 45.00 35.00
Beef rumen 0 10.00 20.00 20.00
Beetroot boiled 0.00 10.00 20.00 30.00
Egg 6.00 6.00 6.00 6.00
Vegetable oll 5.00 5.00 5.00 5.00
Bread crumb 3.00 3.00 3.00 3.00
Salt 0.40 0.40 0.40 0.40
Black pepper 0.10 0.10 0.10 0.10

Laboratory Methods

Determination of water binding capacity

It was carried out using by means of pressing. Stuffing weighing 0.3 g was placed on a
polythene circle with a diameter of 15-20 mm, then it was transferred to an ashless filter that was
placed on a glass or plexiglass plate. The minced meat was covered with the same plate as the
lower one. Then the load of 1 kg was loaded on it and kept for 10 minutes. After that, removed the
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load and the bottom plate. Then outlined the contour of the spot around the compressed meat. The
outer contour was drawn when the filter paper dried out in the air. The area of the spots formed by
compressed meat and adsorbed moisture was measured with a planimeter. The size of the wet spot
(external) was calculated by the difference between the total spot area and the area of the spot
formed by the meat. It was determined experimentally that 1 cm? of the wet spot area of filtrate
corresponds to 8.4 mg of moisture [9].

The mass fraction of bound moisture, % in the sample was calculated by formulas:

X1=(M — 8,4S)-100/mo,
X2=(M — 8,4S)-100/M,

where X; —a mass fraction of bound moisture in minced meat, % to meat weight;
X2 — mass fraction of bound moisture in minced meat, % to total moisture;

M — total moisture mass in minced meat, mg;

S — wet spot area, cm?;

mo — meat weight, mg.

Determination of water holding capacity

When determining the water holding capacity, the sample of thoroughly ground meat
weighing 4-6 g was evenly spread with a glass stick on the inner surface of the wide part of the
butyrometer. It was tightly closed with a cap and placed narrowly down on a water bath at boiling
point for 15 minutes, after which the mass of the released moisture was determined by the number
of divisions on the scale of the butyrometer [10]. The calculation was based on formulas:

The water-holdingWater-holding capacity of minced meat (%):

WHC =W - WPC,
The water-producingWater-producing capacity of minced meat (%):
WPC=a-n-m*-100,

where W — total mass fraction of moisture in a sample of minced meat, %;
a — measuring sensitivity of the butyrometer; a = 0,01 cm3;

n — the number of divisions on the scale of the butyrometer;

m — hinge weight, g.

Determination of fat-holding capacity

To determine the fat holding capacity, the moisture-producing capacity was calculated
beforehand, and the weight of minced meat remaining in the fat was measured with an accuracy of
1 0.0001 g. Minced meat was placed in a weighing cup and dried to a constant weight at 150 °C for
1.5 hours. After drying, a sample weight (2,000+£0,0002) g was taken, placed in a porcelain mortar,
where 2.5 g of fine calcined sand and 6 g (4.3 cm3) a-monobromonnaphthalene (liquid) were added.
All this was thoroughly rubbed for 4 minutes and filtered through a folded paper filter. Then 3-4 drops
of the obtained solution were uniformly spread with a glass rod on the lower prism of the
refractometer. The prisms were closed and fastened with a screw. The light beam was focused with
the help of a mirror on the prism of the refractometer, installing the visual tube so that the crossing
threads (aliad) could be clearly visible. The aliad was shifted until the border between the illuminated
and dark parts coincided with the point of intersection of the threads, the refractive index of a-
monobromonnaphthalene was counted [10, p.26].

The measurement was repeated at least 3 times, using the average data in the calculation.

The fat-holding capacity of meat (%) was calculated using a formula:

FHC=gl-gz‘l

where g: — a mass fraction of fat in a sample after heat treatment, %;
g2 — a mass fraction of fat in a sample before heat treatment, %;
Mass fraction of fat in the sample (%):

_ (104 “a-(ng —ny)
m
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where a — coefficient characterizing the mass fraction of fat in the solvent, the numerical value of
which changes the refractive index by 104%;
ni; N2 — indexes of refraction of pure solvent and the tested solution, respectively;
m1l —a mass of 4.3 cm3 a -monobromonaphthalene, g;
m — a mass of the minced meat sample, g.

The coefficient a was determined experimentally by comparing the results of fat mass fraction
determination by Soxhlet and refractometric methods. The calculation was made by the formula:

_ Y
“=710% An

_m-100
9gr = m,

where gf — mass fraction of fat in filtrate, %;

An — the difference between the values of pure solvent and test filtrate;
m — a mass of fat in the sample, determined in the Soxhlet apparatus, g;
ms — solvent mass, g.

Determination of pH

The active acidity (pH) was determined by the potentiometric method on the pH-meter-340
device, by immersion of two electrodes into the solution with recording of pH value on the device
scale. The solution (water extraction) was prepared from the grinded product with water (in a ratio
of 1:10). pH was measured after infusion for 30 minutes at 20 °C [11].

Determination of yield stress

To determine the vyield stress of the product we used an automatic universal device
"Strucrometer" designed by the research and production company "Radius" of the Russian
Federation, corresponding to TU 2011-011-17326295-01, using a computer program package
(Structurometer, 2001). For each tested sample 3-4 measurements were taken. The angle value 2a
at the tip of the cone, the constant of the cone K (m/kg), the force produced by the device P (g), and
the depth of the cone h (m) are recorded [12].

Measurement and calculation of the yield stress.

For each sample, the yield stress 60 (Pa) values are calculated with a fixed immersion
duration by the following formula:

m

60:Kh2

where: K — constant of the cone,
T — the weight of the cone and all movable parts, kg,
h — immersion depth of the cone, m.

Considering that the device "Strucrometer” instead of the mass of the cone and all movable
parts gives the value of loading in grams, and the depth of the cone immersion in millimeters,
respectively, for the convenience of calculations the formula is converted into the following
dependence:

P-9,81-103
o= R T
where: P — a force generated by the device, r.

Accordingly, the constant of the cone with an angle at the apex equal to a is calculated by
formula as below:

o
cos?—
K= 2

24
T tan—
2

where a — cone angle (a=45° or a=60°).
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The average arithmetic value of the yield stress for each of the variants of the investigated
samples is determined by the formula:

where i — number of measurements.

Description of the Experiment

Meat cutlets preparation

The meat of the back and loin carcass of cattle are washed and chopped on a meat grinder.
At the same time, the rumen is cleaned, blanched, and cut into small pieces for grinding on a meat
grinder. The table beetroot is boiled for 40 minutes and grated. Then the ingredients (Table 1) are
mixed on a mixing machine adding eggs, vegetable oil, salt, and spices according to the recipe.
Then, the cutlets are formed (Figure 1), panned, and cooked at a temperature of 100 — 110 °C for
15-20 minutes.

Figure 1 — Meat cutlets before cookig

Statistical Analysis

The results of measurements were analyzed using Excel-2007 and Statistica 12 PL software
(StatSoft, Inc., Tulsa, OK, USA). The differences between meat samples with different recipes were
evaluated using a one-way ANOVA. P-value <0.05 was considered statistically significant.

Results and Discussion

The high nutritional value of collagen-containing by-products, in particular rumen, indicates
the possibility of its wider use in the production of meat products. The rumen contains 17.1 g of total
protein (which is comparable to 2nd grade beef), 10.5 g of which is collagen. In terms of amino acid
composition rumen contains the full set of essential amino acids, but in less quantity than beef of the
first grade [13].

In the process of mixing of minced meat the addition of ground beef rumen and table beet
leads to changes in the chemical composition and functional and technological characteristics of the
minced meat. The specific characteristic of beef rumen is the high content of collagen. The high
functional and technological characteristics of collagen provide broad prospects for the development
of new technologies to replace the main raw materials and obtain high quality products at the same
time [14].

A balanced combination of meat and plant ingredients will allow to obtain meat products with
high macro- and micronutrient content for use as the basis for the production of foods for traditional
and functional nutrition. Table beet contains dietary fiber, which is able to retain moisture due to the
presence of biopolymers. The major part of beet fiber solids are fiber, lignin, pectin and cellulose
[15].

In the production of meat products dietary fibers can be used as stabilizing systems to
achieve the given rheological and sensory characteristics, increasing the shelf life of the product,
improving the biological and nutritional value and therapeutic and prophylactic properties [16, 17].

The chemical composition of variants of cutlets with the addition of rumen and beet varies
significantly in carbohydrate and protein contents (Table 2). Thus, because of the high content of
carbohydrates in the beet, their quantity in variants 2, 3, and 4 significantly exceeds (P<0.001) the
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control sample of cutlets. The increase in the proportion of fat is explained by the addition of beef
rumen, which contained up to 9% of fat. The content of moisture and ash in different variants of
cutlets varies not significantly. One of the most important indicators of raw minced meat is its water-
binding capacity (WBC). The WBC of minced meat cutlets in variants 3 and 4 is significantly
increased (P<0.05) compared to variants 1 and 2. This trend is caused by an increase in the
composition of hydrophilic substances (carbohydrates, dietary fiber, pectin, collagen), which can
hold moisture. Moreover, beef provides a high water-binding capacity, contains a large number of
pigments, which determines the color of the product [18].

Table 2 — Chemical composition of meat cutlets, %

Variants Moisture Protein Fat Ash Carbohydrate
Variant 1 71,631£1,68 17,8910,58 7,93+£0.18 1,20+0.02 1,36+0.02
Variant 2 71,20+1,46 16,3510,27 8,37+0.27 1,05+0.03 3,03+£0.05**
Variant 3 72,09+£2,77 14,16x0,42* 8,81+0.13* 1,11+0.02 3,82+0.11**
Variant 4 73,20+2,01 12,50+0,31** 8,57+0.19* 1,12+0.02 4,62+0.11**

*P<0.01; **P<0.001

Water and fat are antagonists, affecting the stability of the minced meat system before and
during heat treatment [19]. The increase in water-binding capacity is caused by the content of pectin
substances in the beet. Food fibers contained in plant raw materials, have a variety of functions in
the human body: mechanical, bind water (swell), sorbing mineral and low-molecular substances, bile
acids, absorb toxic substances and remove them from the body, activate the secretory activity of the
intestine, prolong the digestive process, leveling the intake of sugar in the blood [20].

In the minced meat composition, the binding water and fat fraction determine the water-
holding and fat-holding capacity. Indicators of WHC and FHC also significantly increase in variants
3 and 4 (Table 3, Figure 2).
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Figure 2 — Water-binding, water-holding and fat-holding capacity of different variants
of meat cutlets

Table 3 — Functional and technological properties of meat cutlets

Indicator Variant 1 Variant 2 Variant 3 Variant 4
WBC, % 69,50+2,18 72,71+1,96 78,43+1,93* | 78,88+2,07*
WHC, % 61,6312.03 64,52+1.52 69,41+2.23* | 69,44+1.62**
FHC, % 62,69+1.42 64,41+1.28 66,82+1.62 66,12+1.89

*P<0.05; P<0.01

Thus, if in minced meat cutlets without adding a rumen and beet WHC and FHC were 61.63%
and 62.69%, then with the addition of 20% of the rumen and 20% of beet (Variant 3), these indicators
rose to 69.41% (P<0.05) and 66.82%. However, when adding 30% of the beet and 20% of the rumen
in the recipe of minced meat (Variant 4), the WHC and FHC not significantly changed compared to
the indicators of Variant 3. The addition of beef rumen and beet significantly increased the pH of
meat cutlets in variants 3 and 4 (P<0.05) (Figure 3).
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Figure 3 — pH of different variants of meat cutlets

In work [21] it is pointed out that replacing up to 35% of minced pork and beef with a collagen-
type additive increases the WHC up to 96.0-99.9%. With the increasing mass content of collagen
semi-finished product in model minced meat, the growth of FHC is observed, and substitution of
meat for collagen-type additive more specifically affects the increase of FHC of minced meat based
on pork.

The work [22] studied the functional and technological properties of cutlets with the addition
of topinambur paste to the formulation. The conducted studies showed that the use of topinambur
paste in the amount from 10% to 20% improves water-binding capacity. The paste, being mixed in
minced meat at the stage of its preparation in the liquid phase, seems to increase the ionic strength
of the solution, increases the solubility of protein substances. The concentration of hydrogen ions in
muscle tissue determines the water-binding capacity of the meat, affecting the yield of the finished
product, weight loss during processing and storage, as well as the stability of the product against the
rotten microbes [23].

Minced meat belongs to the plastic-viscous bodies, so its structure and rheological properties
are best characterized by the value of the yield stress and plasticity [24]. The structural and
mechanical properties of minced meat are strongly influenced by the ratio between water, lipids, and
proteins [25].

The yield stress of minced meat cutlets was reduced when the meat was replaced with rumen
and beet. In this case, a significant decrease in the yield stress was observed in variant 4 with the
addition of 30% beets and 20% of the rumen, the value of which was 442.84 Pa (Figure 4).
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Figure 4 — Yield stress change of minced meat of different variants of meat cutlets

ield stress, Pa
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This can be explained by an increase in moisture content in minced meat, which by filling the
layers of the structure of minced meat leads to a decrease in shear properties.

Conclusion

The addition of 20% grinded rumen and 30% of beet significantly increases the water-binding,
water holding and fat-holding capacity of meat cutlets. The studies revealed that the addition of up
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to 10% of the rumen and beet have no significant impact on the functional and technological
properties and pH of meat cutlets. A significant reduction of yield stress was recorded in minced
meat systems with the content of up to 20% of the beef rumen and 30% of the beet.

This research has been funded by the Ministry of Agriculture of the Republic of Kazakhstan
(BR10764970).

References
1. Gombozhapova N.I., Bazhenova B.A., Leskova S.Y., Badmaeva T.M., Danilov A.M. Influence of
the new multicomponent brine on the quality characteristics of the boiled horse meat product / Foods
and Raw Materials. — 2017. — Ne 5(1). — p. 11-19.
2. Yessimbekov Z., Kakimov A., Caporaso N., Suychinov A., Kabdylzhar B., Shariati M.A.,
Baikadamova A., Dominguez R., Lorenzo J.M. Use of meat-bone paste to develop calcium-enriched
liver paté / Foods. — 2021. — Ne 10(9). — P. 2042.
3. Rogov |.A., Zharinov A.l., Tekutieva L.A., Shepel T.A. Biotechnology of meat and meat products
/ Moscow: DelLi Print. — 2009.
4. Serdaroglu M., Nacak B., Karabiyikoglu M., Keser G. Effects of partial beef fat replacement with
gelled emulsion on functional and quality properties of model system meat emulsions / Korean
journal for food science of animal resources. — 2016. — Ne 36(6). — p. 744-751.
5. Nesterenko A.A. Technology of fermented sausages using electromagnetic influence on meat and
starting cultures / Scientific journal "New Technologies". — 2013. — Ne 1. — p. 36-39.
6. Goncharov G.l., Strashinsky .M. Influence of phosphates on functional and technological
properties of minced meat / Meat Industry. — 2005. — Ne 10. — p. 42-43.
7. Normah I., Nur Syuhadah M.Z. Comparative study on the physicochemical characteristics of
chicken sausage incorporated with sutchi catfish (Pangasius hypophthalmus) gelatin, carrageenan
and pectin / Food Research. — 2019. — Ne 3(5). — p. 477-483.
8. Ruther B.L., Dickson J.S., Prusa K.J., Tarté R., Sebranek J.G. Effects of processing method and
nonmeat binding ingredients on batter stability, yield and texture of frankfurters / Journal of Food
Processing and Preservation. — 2020. — Ne 8(44). — p.14626.
9. Antipova L.V., Glotova I.A., Rogov I.A. Meat and meat products research methods / Moscow:
Kolos. — 2001.
10. Salavatulina P.M., Aliev S.A., Lyubchenko V.I. New methods for determination of basic functional
properties of minced meat / The USSR meat industry. — 1983. — Ne 9. — p.26-27.
11. ST RK ISO 2917-2009. 2010. Meat and meat products. Determination of pH. Control method.
Astana, Kazakhstan: Gosstandart.
12. Kakimov A., Yessimbekov Z., Bepeyeva A., Kabulov B., Kakimova Z. Consistency cone
penetrometry for food products / Pakistan Journal of Nutrition. — 2015. — Ne 11(14). — p. 837-840.
13. Zinina O., Merenkova S., Tazeddinova D., Rebezov M., Stuart M., Okuskhanova E.,
Yessimbekov Z., Baryshnikova N. Enrichment of meat products with dietary fibers: A review /
Agronomy Research. — 2019. — Ne 4(17). — p. 1808-1822.
14. Lynch S.A., Mullen A.M., O'Neill E., Drummond L., Alvarez C. Opportunities and perspectives
for utilisation of co-products in the meat industry / Meat Science. — 2018. — Ne 144. — p. 62-73.
15. Rebezov M., Tokhtarov Z., Tretyak L., Kenijz N., Gayvas A., Konovalov S., Rybchenko T.,
Ermolaev V., Belyakov A. Role of beetroot as a dietary supplement in food products: Review / Plant
Cell Biotechnology and Molecular Biology. — 2020. — Ne 57-58(21). — p. 8-16.
16. Biswas A.K., Kumar V., Bhosle S., Sahoo J., Chatli M.K. Dietary fibers as functional ingredients
in meat products and their role in human health / International Journal of Livestock Production, 2011.
— Ne 4(2). — p. 45-54.
17. Bitueva E.B., Biltrikova T.V. Influence of the radish homogenate on the functional and
technological properties of model minced meat / Theory and practice of meat processing. — 2016. —
Ne 4(1). — p. 57-64.
18. Mikhaleva E.V., Mikhaleva Yu.A. Modeling of chopped meat using vegetable mixes / Ural
Agricultural Bulletin. — 2017. — Ne 165(11). — p. 32-36.
19. Bao Y., Ertbjerg P. Effects of protein oxidation on the texture and water-holding of meat: a review
/ Critical reviews in food science and nutrition. — 2019. — Ne 22(59). — p. 3564-3578.

ISSN: 2788-7995 Becrruk yHusepcurera [llakapuma. Texauueckue Hayku Ne 4(8) 2022 27



20. Zhang D., Li H., Emara A.M., Wang Z., Chen X., He Z. Study on the mechanism of KCI
replacement of NaCl on the water retention of salted pork / Food Chemistry. — 2020. — Ne 332. — p.
127414.

21. Patent 2189156 Russia. Method of preparation of minced meat for production of health care and
preventive products / L.V. Antipova, |.A. Glotova, A.N. Kuznetsov. — Publ. 20.09.2002.

22. Patent 2502345, Russia. Chopped meat products / T.N. Safronova, L.G. Ermosh, I.P.
Berezovikova. — Publ. 27.12.2013.

23. Zuo H., Han L., Yu Q., Niu K., Zhao S., Shi H. Proteome changes on water-holding capacity of
yak longissimus lumborum during postmortem aging / Meat science. — 2016. — Ne 11(121). — p. 409-
4109.

24. Kabulov B., Mustafayeva A., Kuderinova N., Kassymov S., Khayrullin M., Pavlov A., Ermolaev
V., Kuzmina A., Vorobeva A. Effect of mechanical processing of minced meat on the change of yield
stress / International Journal of Mechanical and Production Engineering Research and
Development. — 2019. — Ne 5(9). — p. 333-342.

25. Merenkova S., Zinina O., Loretz O., Neverova O., Sharaviev P. Effect of transglutaminase and
bacterial concentrates on the development of functional and technological properties of minced meat
/ Polish Journal of Food and Nutrition Sciences. — 2019. — Ne 4(69). — p. 387-395.

A K. Kakumos?, A K. CynunHos?, X.C. Ecumbekor?, B.K. Kabgbimkap?, [1.A. Akumosa'’
1Cemelt kanacblHbIH LLskepiMm aTbiHAaFbI YHUBEPCUTETI,
071412, KasakctaH Pecnybnukacol, Cemen K., MnHkKM Kk-ci, 20 A
2«Kazak KaliTa eHaey XeHe TaFaM eHepKacinTepi FblNbIMU-3epTTey MHCTUTYTbI» XKLLUC,
Cement omnmansl
071412, Kazakctan Pecnybnukacel, Cemen k., BantypcbliHOB keLueci, 29
*e-mail: akdilife@mail.ru

CUbIP KAPbIH ETI MEH KbI3bIJILLAHbLIH SPTYPJ1I KOCMAJIAPbI KOCbIJif AH
ET KOTNETTEPIHIH bIJ1IFAJ1 BAUITAHBICTbIPY, bIJTFAIT XKOHE MAUbI ¥CTAY
KABIJNIETIH 3EPTTEY

Em xkomnemmepiHiH peuernmypacbiHa cublp emi hapuibiHbIH OpHbIHA KOCbIMWa cubip
KapbiH emi (20% OdeliiH) xoHe Kbisbinwa (30% JdeliH) Kocblndbl. 3epmmeynep kepcemkeHoel, 3
XoHe 4 Hyckanapdarbl cyObl balinaHbicmbipy KabinemiHiH 1 XoHe 2 Hyckanapfa KaparaHOa
Jofapblnbifbl  ceHiMOi  (p<0,05). KapbiH emi MeH Kbi3bliwaHbl Kocrnad mapmeliraH em
KomnemmepiHiH biriFan ycmay (bITK) xeHe mal ycmay KkabinemiriH (MTK) kepcemkiwmepi 61,63%
XoHe 62,69% kypadbl, an 20% kKapbiH emi meH 20% Kbi3bliwaHbl KockaHOa (3-Hycka) 6yn
kepcemkiwmep 69,41% (p<0,05) xoHe 66,82% OeliH ecmi. pH mandaybl KapbiH emi MeH
Kbi3bliwara aybicmbipy Ke3iHO0e MaHOepdiH xofapbinaybiMeH curnammanadel. LUekmi biFbicy
KepHeyiHiH atmaprbikmal memeHOeyi 4-Hyckada b6alikandbi, ofaH 30% Kbisbinwa meH 20%
ycakmarnraH em Kocbinlbl, byn 442,84 [Na. KocbinFraH uHepedueHmmepdiH eH oHmadisisl Menuepi
10-HaH 20% OedliHai KapbIH emi MeH Kbi3bliuwaHbl Kypalosbl.

TytiH ce3dep: binran; balnaHbic; hapw Xxylenepi; KapbiH emi; Mallbl ycmay.
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071412, Pecnybnuka KasaxctaH, r. Cemen, yn. muHkn, 20 A
2Cemeiickuii ounman TOO «Kazaxckuii Hay4HO-UccnenoBaTeNbCKUn UHCTUTYT
nepepabaTbiBatoLLen U NULLEBON MPOMbILLUIEHHOCTM»
071412, Pecnybnuka KasaxctaH, Cemen, yn. bantypcbiHoBa, 29
*e-mail; akdilife@mail.ru

MCCHED,OBAHMEUBOD,OCBFBbIBAIOLI.I,EI;1, BOOOYOEPXAIOLLEW U
XUPOYLOEPXAILEW CMMOCOBHOCTU MACHbIX KOTJNET C PA3JINYHbIM
COAEPXAHMEM NroBAXbEIO PYBLUA U CBEKIIbI

B peuernmypy MsICHbIX Kom/em 8Mecmo 208sXXbe20 ¢hapwa 0ornormHuUmernbHo 0obaessnu
eosskul pybeuy (0o 20%) u ceekny (0o 30%). NccnedosaHusi nokasasnu, 4mo 8000cCes3blearousast
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criocobHocmb 8 eapuaHmax 3 u 4 docmoeepHo ebiuie, Yyem 8 eapuaHmax 1 u 2 (P<0,05).
lNokasamenu enazoydepxusarowel (BXKC) u xupoydepxusarouwieli cnocobHocmu (XKXKC) komnem
U3 MsICHo20 (hapwa 6e3 dobasneHuss pybua u ceeknbl cocmasunu 61,63 % u 62,69 %, a ¢
0obaerneHuem 20 % pybua u 20 % ceekrbl (6apuaHm 3) amu riokasamesiu ysesu4dunuck 00 69,41%
(P<0,05) u 66,82%. AHanus pH xapakmepu3yemcsi ygeniudeHUeM 3HadyeHul rpu 3ameHe Mmsca
pybuom u ceeknol. 3HadyumernibHoe CHUXeHUe npedesibHo20 HanpsixxeHus1 cosuea Habmodanoce 8
sapuaHme 4 npu dobasneHuu 30 % ceekribl u 20 % pybua, ymo cocmaerisiem 442,84 lNa. Haubornee
onmumarsibHoe Korudecmeo 0obasrnsieMbix uHzpedueHmos cocmassnsem om 10 do 20 % pybey u
ceekrna.

Knrouyeeblie crnioega: enaza; ce643b;, (hbapwesbie cucmembl; pybeu; crnocobHocmb
yoepxxueama Xup.
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BUOAN OOHOEPIHAEN AMUNAS3A X9HE CYBTUNTU3UH MHTMBUTOPJAPbIHbIH
BENCEHAINIKTEPIH AHBIKTAY

AHOamna: byn makanada mbiHbIWMbIK Kytdeeai budal doHOepiHiH eckiHOepiHOeai amunasa
uHeubumopsiHbiH  b6ernceHdiniai  xeHe epmypni 6udal copmmapbiHOarbl  Cybmunu3uH
UH2ubUMOPbIHbIH CaHObIK KypaMbiHbIH alibipMauwblibifbl Kapacmbipbliadbl. 3epmmey XYyMbiCbl
oCbl makbIpbin asicbiHOarbl OomaHObIK XoHe wemernodik MakananaplObl Heaisee ajia Omblpbir
Jxacanobl. [JoHOi OakbindapdbiH doHOepi npomeasanap MeH amunasanapobiH eapmypsrii 6e10KmbIK
uHaubumopnapelH cuHme3sden, xuHakmayra Kabinemi 6ap. Haubumopnap pumonamozeHOepOiH
eCiMOiKkke 3UsiH mueidyiH anobiH arnyobiH muiMOi MmexaHu3mi 6osbin mabbinadbl, cebebi
uHeubumopObiH chumornamozeH eudporsa3sanapbiHbiH 6ernceHOinieiH mexed any kKacuemi 6ap.
lNamoeeH MuKpoopzaaHU3MHIH hepMeHMIH UHaKmueupriey apkbiibl ©CIMOIKMIH mypakmbisibifbiH
XXoHe me3iMOirnik KacuemmepiH Xofapbliamyra MyMKiHOIK 6epedi. UHaubumoprnap HeaisiHeH
eciMOikmiH 3akbiMOaHy Ke3iHOe XoHe rnamoz2eHOep MeH XoHOIKmepae KapChbl mypa anambiH
yHKUyusicbl bap eKkeHi aHbikmanfaH. Kasipai yakeimma cepuHOi npomeuHa3anapOobiH
UHeubumopnapbl mepeHipek 3epmmernzeH 6osbin caHanadbl. AMunasa uHaubumopnapbl XeHiHoe
canbicmbipmarbsl mypde aknapam asbipak. XeHe 3epmmeywinepdiH eme YIiKeH Kbi3bifyUblbIfbIH
myfbi3fraH os1-6ughyHKUUUOHaNOb! uHaubumop. SrHu 6ip-bipiHe 6alnaHbicbl 0K eckKiHOepdeai a-
amurnasaHbl XeHe cepuHdi npomeasa cybmunusuHdi uHaubumopsnayra Kacuemi 6ap.
WHaubumopOdbiH 3epmmeydiH Kbi3bIFyWblfbiFbl  apmyObiH 6acmbl Maceneci osiapdbl  aypy
KO30bIpfbllumapbl MeH 3USIHKEC JXoHOikmepee KapcCbl Kypec Ke3iH0e natidanaHy XeHe
namoeeHdepae me3imoinik Kacuemi apmkaH mpaHcaeHOi ecimOikmepdi any.

Tyltin ce30ep: uHaubumop, 6ugyHKyuoHandbl uHaubumop, amurnasa,cybmusu3uH,
nnamoeeH, budad.

Kipicne

[enai gakeingapaa 6enokteik Taburatel 6ap apTypi MHrMGMTOpnap 6onaabl. OnapabiH kebici
OakTepusinapablH, KOHAIKTEPAIH >XOHEe CYTKOPEKTINepdiH 9K30reHdi a-amunasanapbiHa Kapcbl
BenceHainik TaHubiTagbl. WHrMbutopnap TOObIH ©CiMAIKTIH KOpFaHblW (OYHKUMACLIH aTkapaTbiH
KOMMOHEHTTep KaTapblHa XaTkbi3aabl [1].

Xofapblga atan eTkeH OudyHKUMoOHandbl WHMMOUTOP  eciMAiKTi  MUKPOOTLIK >kKaHe
caHblpayKynaK naTtoreHaepiHeH Kopfayfa xaHe abuoTuKkanblk CTpeccTepre Kapcbl Typy KesiHae
KblameT aTkapagpbl [2]. BudyHkumoHangbl MHIMOUTOP eH, anfFaw apna AsHiHae TabblinfaH, KeniH
OGuaan, Kypiw cusakTbl A9HAI Aakbingapaa Aa 6ap ekeHi aHbiktanfaH [3]. Kasipri yakbitTa 6enoKTbIk
KypbInbIiMbl X8He GenceHainirHii, peTTenyi Tepexipek 3eptrenin xatbip. byn nHrmbutop Tek kaHa
KOpFaHbIW OYHKLMACBIH EMEC, COHbIMEH KOCa 6cCin Kene aTkaH Ouaan OsHiHAEeri a-amMmmnasaHblH
apTblk 6enceHainirin TemeHgete anagbl. CoHbIH apkacbliHAA YHHbIH canacblH apTTbipyFa MyMKIHAIK
6ap [4].

3epTTey aaicTepi MeH HbicaHAapbl

3epTTey HbicaHAapbl. 3epTTey HbiCaHOapbl peTiHAe ThIHbIWTBIK Kynaeri Tytac Guaawn

AsHaepi, apTypni 6uganm coptTapbiHbiH (Triticum aestivum L.) sHgocnepmaepi MeH eckiHaepi
namnganadbinabl.
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a-amunasaHbl Genin any XoHe Tasanay. TbiHbIWTbLIK Kyrhageri 6ugam psHaepi Netpu
TabakwanapbliHa OTbIpFbi3binabl. KyH calbiH cyapy xeHe 3akbiMaaHy Genrinepi 6ankanraH 6ugan
O9HAOEPIH anbin Tactay >XyMbICTapbl XXYPridingi. 4-KyHi ecin LWbIKkaH eckiHaep 6enek anbliHbIn
Tactansin, Guaan gsHOoepi romoreHnsauuananabl. KeriHHeH ycTiHe 1:3 kaTblHacbiHAA KypambiHaa 5
MM CaCl, 6ap 0,05 M HaTpun-aueTaT Oydepi Kocbinabl. 1 caFraTt TOHA3bITKbILITA CybITbIfiFaHHAH
KewiH, 15 MnHyT 6omnbl 3000 anH/MUH LeHTpudyranaHabi.

MHrmoutopabl 6enin any xaHe Tasanay. Op CoOpTTaH anbiHFaH 5 r. kyprak dugan gsHgepi
1-2 MUMHYT KenemiHge 3epTxaHanblk AuipMeHMeH yHTakTangbl. KeniH cTynka KemerimeH
romoreHmsaumsinadgbl. 5 r. yHra 20 mn pH=5.0-re TeH 1 MM HaTpun-auetat Gydepi Kocbinabl.
[anbiH ynri TyHObIPY MakcaTbliHOa 2 cafaTka TOHA3bITKbILKA Konbinabl. KeniH ynri ueHTpudyragaH
eTKi3inai.

TasanblfblH cakTtay MakcatblHga ynrinep Pd 6aranHanapgadH etkisingi. KongadbinFanH —
kypambiHaa 1 MM CacCl, 6ap 0,05 M Tris 6ydepi.

o-amunasaHblH O6enceHAiniriH aHbiKTay. O-amunasaHblH, 6encenginiri nog-kpaxman agici
apkpinbl aHblkTanabl. CybcTpaT peTiHAe Kpaxman KongaHblngpl.

Kpaxmanfa guctungeHreH cy kocbinbin 30°C-ka AeniH Kbi3oblpbUibifi, 9P CblHAyblkka 1mn
Kynbinabl. Taxipnbe cbiHayblkTapbiHa apTyphni 5, 10,15, 20,30 mkn kenemiHaeri amvnasa pepMeHTi
kocbinabl. MHkyGauma-6enve temnepatypacbiHga 10 myuHyT. Apbl kapan 100 MKn o4 epiTiHAici
(0,005% J./ 0,05% KJ) kocbingbl. Cnektpodotometpae 320 HM Y3bIHAOBIKTA OriWEeY XyMbICTapbl
»acangbl.

o-aMmunasa MHIMOUTOPbIHbIH 6enceHAainirid aHbiKTay. 1:1 KaTblHacbiHOAA NHTIMOUTOP MEH a-
amunnasa opekeTtTecTipingi. CybctpaT peTiHae op ynrire 1 Mn Kpaxman nangananbingsl. 10
MUHYTTbIK MHKyOaumsigaH kenin 100 mkn nog epitiHgici (0,005% J./ 0,05% KJ) kocbingbl. JanbiH
ynrinep optypni yakbit (5,10,15,20 muH) apanbifbiHga 37°C-ta  mHKybauusnanabl. Keni
cnektpodotomeTpae 320 HM y3blHAbIKTA esiey Xypisingi.

40 ©6mpan copTTapblHAaFrbl CYyOTUNU3NH MHIMOUTOPLIHbLIH GenceHAiniriH aHbIKTay.
Cy6TununanH MHrMbuUTopbIHBIH 6encenainiriH aHbIKTay yLwiH GipiHLWi ke3ekTe epiTiHainepai ganbiHaay
xypai (8p 10 copt ywiH). Cybtnnuaumd: 50 mkr/mn kaTtbiHacbiHga any yuwid 0,1 r. Kyprak/Tasa
cybtnnusmHre 1,9 mn kenemiHge guctungeHreH cy kocbingbl. Cybectpat petiHae remornobuH
nanganadbingbl. F'emornobuH gansiHgay:0,025 r. kyprak remornobudre 5 mn 0,05 M Tris 6ydepi
Kocbinabl.

Ynrinepai aganbiHgay. bakbinay petiHae MHrMbUTop KocbinMaraH ynrinep navganadbingbl: 50
Mkn cybtmnmnsmire 0,3 mn guct.cy xoaHe 0,05 M Tris 6ydepi kocbingel. 0,5 mn remornobuH
epiTiHAiCIH KockaHHaH keniH 2 caraTka t=37°C-Ta uHkybaumanargbl. Kein 1 mn 10% YXCK (ywxnop
cipke KbllwKbinbl) Kocbinbin, 3000 anH/MuH ueHTpudyranaHabl. [avibiH 6onfFaH CoH CyOTUNU3nNH
6enceHainiri 280 HM TONKbIH Y3bIHAbIFbIHAA CNEKTPOOTOMETPAE erLeH ;.

CyOTvnusnH uHrMbuTopbIHbIH, 6enceHainirin adbikTay: 1:4 kaTblHacbiHAa, sFHM 50 MKn
cyoutunuamH  epitingicive 200 Mkn  uHrMGuTOop  Kocbinbin, 10 MWHYT OGoKbiHA Genwe
TemnepartypacbiHaa uHkybaumsnaugbl. KeniH 3 mn guct.cy, 0,05 M Tris 6ydepi xoHe 0,5 mn
remornobuH epiTiHginepiH KOCkaHHaH keniH 2 caratka 37°C-Ta uHkybaumsanaHabl. KeniH 1 mn 10%
YXCK (ywxnop cipke KblwKbibl) kocbinbin, 3000 anH/MyH ueHTpudyranaHabl. JanbiH 6onFaH coH
cy6TnnunamH 6enceHainiri 280 HM TONKbIH y3bIHAbIFbIHAA CNEKTPOOTOMETPAE OnLEH,.

HaTtuxenep meH onapabl Tankbinay

a-amunasaHbliH GenceHginirin aHbikTay. >XyMbICTbiH anfawkbl GeniriHaeri miHOoeT o-
amunasaHblH, ©enceHainiriH >xeHe OfaH KOHLEHTpauusl e3repyiHiH, XoHe WHKyOaunsAHbIH YyaKbIT
e3repiciHiH acepi 6akpinaHabl. 3epTTey XyMbICbl 4 KyH 6OMbI 6CipinreH ThiHbILWTbIK KyniHaeri buaan
asHaepiHe xypisingi. PepmMeHT KOHUEHTpaunackl kebenreH canbiH, OHbIH BenceHainiri apta TycCTi
(kecte 1).

Kecte 1 — KoHueHTpauus e3srepiciHiH acepiH 6Gakpinay ywiH 37°C-ta 5,10,15,20 mkn
Kenemingeri depmeHTi 6ap ynrinepre Tangay Xyprisingi

Bakpinay a-amunasa a-amunasa a-amunasa a-amunasa a-amunasa
6enc/6ipn 5 MKI1 10 MKr1 15 MKI1 20 MK 25 MKI1
M\ ' 6enc/6Gipn. 6enc/Gipn. 6enc/Gipn. 6enc/Gipn. 6enc/Gipn.
Mn\mr MI\mr M\mr M\mr MI\mr
1,558 0,945 0,79 0,38 0,2 0,176
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o-ammnasa WHrMbUTOpbIHbIH, Gencenginirii - aHblKTay yWiH o-amunasa MeH WHIMbutop
apeKkeTTecCTipinai, COHbIMEH Koca 6enceHainikke MHKyGaLums yakblTbiHbIH Aa acepi 6akbinaHgbl.

Kecte 2 — WHKyGauusaHbIH, yakbIT e3repiciHiH acepiH Gakbinay 30°-ta 5,10,15,20 MuHyT
WHKyGaumsinaHnFaH ynrinepre tangay xyprisingi

6'2?:3‘7;-;5‘}_/' NHkyBaumsa 5 muH | NHkyBaumua 10 muH | UHky6aumsa 15 muH MZ‘%’?&":‘_‘MH
p1. 6enc/6ipn. ma/mr | 6enc/6ipn. mn/mr 6enc/6ipn. mn/mr .
mn/mr 6enc/6ipn. mn/mr
0,042 0,103 0,733 0,966 0,993

40 oupan copTTapbiHAaFbl CYOTUIM3MH MHIMOUTOPbIHbLIH O0enceHAainiriH aHbikTay. 40
ounpan copTTapblHAafbI cy6TMNn3mnH WHMMOUTOPbIHBIH ©enceHainiriniH copTaparnblk
anblpMaLbIbIiFbIH - Oakbinay ywiH Toxipnbe xacangbl. CybGcetpaTt-remornobuH. depmeHT neH
WHIMOMTOP KOHUEHTpauusicbl 1:4 kaTblHacbliHgan ©ongbl. WHrmbupney popexeci cyoTMRM3MH
GenceHainiriHiH, TeMeHaeyiHiH KepiHiCi apkbinbl aHbikTangbl. HaTwxe nanmbi3gblk KepceTkineH
KepceTingi.

Kecte 3 — EH xorapfbl 6encenginikti LlennHHasa 50 copTbl kepceTce (97%-ablK nHrnbumpney),
eH, TemeHri kepceTkiwTi Omck 30 copTbl (58%-AblK MHIMOMpPRey) KepceTTi.

Ne Buaan copTTapsbl Cyb6TunusuHai uiruoupneyi, %
1 2 3
1 PocwnHka 3 63
2 LlenvHHas 21 75
3 [ocTbik 87
4 CeeTnaHka 88
5 Akmona 2 83
6 Akmona 3 91
7 LlenunHasa 3C 88
8 BaraHckas 95 90
9 Owmck 35 88
10 LlenvHHas 60 76
11 LWoptanguHckas 2007 86
12 Kapabanbik 98 66
13 Owmck 33 77
14 Muwmnmckaa 88 96
15 Muwmnmckaa 90 95
16 LlenvHHas 50 97
17 WopTtaHanHckas 25 92
18 Ypan-Cubupckas 92
19 AcTtana 72
20 LlenvHHas 90 63
21 Bawntepek 61
22 LlenuHHas-KO6uneriHas 62
23 Owmck 30 58
24 LopTanauHckas-KO6uneHas 80
25 LWopTtaHanHckasa 125 89
1 2 3
26 LWopTaHanHckas 95 87
27 Kapabanbik 90 81
28 Ansbugym 32 85
29 Capartosckas 70 88
30 CapartoBckas 73 73
31 KeHxeranm 59
32 ConTtycTuk 66
33 Axkmona 40 74
34 KaparaHga 22 81
35 Achbin-cana 86
36 Owmckas 36 76
37 Mwwnmckas 98 85
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1 2 3
38 Jlot 91 77
39 JlioT 268 68
40 CapatoBckas 29 94

KopbITbIHADI

ThIHBIWTLIK Kyaeri Ongam gsHaepiHaeri a-amunasa MHrIMoMTopbIHbIH 6enceHainiri xxeHe ofaH
NMHKYOaumsi yaKbITbIHbIH, ©3repici XeHe KOHUEeHTpauus e3arepiciHiH acepi 3epTttengi. depmeHT
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ONPEOQENEHUE AKTUBHOCTU UHTMBUTOPOB AMUIIA3bI U CYBTUITU3UHA
B 3EPHAX NWEHULUbI

B amoli cmambe paccmampugaemcsi akmusHOCmb UHaubumopa amurnasbl 8 rpopocmkax
3epeH MuieHUybl 8 COCMOSIHUU MOKOS U pasHuua 8 KOu4YecmeeHHOM cocmase uHeubumopa
cybmurnusuHa y pasnuyHbIx copmos nuweHuubl. Miccnedosamernbckas paboma bbisia cocmasneHa
Ha OCHO8e omeYyecmeeHHbIX U 3apybexHbix cmamel 8 pamkax 0aHHOU meMbl. 3epHa 3/1aKos
obnadarom crnocobHOCMbIO CUHME3UPO8amb U HaKarsaueams passudHslie 6ernkosebie uHaubumopsi
npomeas u amunas. MlHaubumopsb! s6815l0mcs 3¢hheKmuUeHbIM MexaHU3MoOM rpedomepauleHust
rnospexoeHuss pacmeHuli ¢humornamoeaeHamMu, MOCKObKY uHaubumop obnadaem ceolcmeom
uHeubupoeamb akmueHocmb eudposnas umonamoezeHos. [lamozeH no3gonsem Mno8biCUMb
ycmoudueocmb pacmeHusl U ceolicmea ycmodyueocmu 3a cyem UHakmuesauyuu cbepmeHma
MuKpoopaaHu3ma. bbino obHapyxeHo, 4mo uHaubumopbl 8 OCHO8HOM Odelicmsyom, koz20a
pacmeHue nospex0eHo U MOoXem npomueocmosmb fnamo2eHaM U HacekoMmbiM. B Hacmoswee
spems UHaubumopb! CEPUHOBLIX NpoemeuHas cdumaromcs bonee usydyeHHbiMU. OMHOCUMEbHO
Masno uHgopmayuu 06 uHeubumopax amunasbl. VI umeHHO 6ubyHKUUOHaMbHbIU UH2ubumop
8bli38asl O4eHb bonbwol uHmepec y uccriedogamenel. To ecmb OH obrnadaem ceolicmeom
uHeubuposampb a-amunasy U cybmunusuH CepuHO80OU Mpomeasbl 8 HEeC8s3aHHbIX pPOocmKax.
OcHoeHol npobniemoli ygenuyeHuss uHmepeca K uccriedogaHusiM uHeubumopa sernsemcs ux
ucrionib3o8aHue rnpu 6opbbe ¢ 6051e3HEeM8OPHLIMU MUKPOOp2aHU3MaMu U HaceKkoMbIMU-
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gpedumenamMu U MOJlydeHUE  MPaHC2EHHbIX  pacmeHul, obnadarwux  noebieHHOU
ycmou4u8ocmbio K rnamozaeHam.

Knroyeebie cnoga: uHaubumop, bugyHKyUOHaNbHbIU UH2ubumop,amuiasa, cybmususuH,
rnamoeeH, rnueHuua.
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"e-mail: zhansayasssl@gmail.com

DETERMINATION OF THE ACTIVITY OF AMYLASE AND SUBTILIZINE INHIBITORS
IN WHEAT GRAINS

This article discusses the activity of the amylase inhibitor in the sprouts of wheat grains in the
resting state and the difference in the quantitative content of the subtilisin inhibitor in different wheat
varieties. The research work was developed on the basis of domestic and foreign articles on this
topic. Grains of cereals have the ability to synthesize and accumulate various protein inhibitors of
proteases and amylases. Inhibitors are an effective mechanism for preventing phytopathogens from
harming the plant, as the inhibitor has the ability to inhibit the activity of phytopathogen hydrolases.
The pathogen allows you to increase the stability and endurance properties of the plant by
inactivating the enzyme of the microorganism. Inhibitors have been found to have a function mainly
in the case of plant damage and to be able to resist pathogens and insects. Serine proeteinase
inhibitors are currently considered to have been studied in more depth. There is relatively little
information about amylase inhibitors. And of great interest to researchers, it is he who is a
bifunctional inhibitor. That is, it has the property of inhibiting a-amylase and serine protease subtilisin
in unrelated sprouts. The main problem of the study of inhibitors is their use in the fight against
pathogens and pest insects and obtaining transgenic plants with increased resistance to pathogens.

Key words: inhibitor, bifunctional inhibitor,amylase, subtilisin, pathogen, wheat.
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OLEHKA ®YHKUMOHAINBbHO-TEXHOJIOM'MYECKUX CBOIZICTB BEJNIKOBOI'O U3OJIATA
PANCA COPTA CUBUPCKNU

AHHOMauyus: B kayuecmee asilbmepHamug8HO20 UCMOYHUKa pacmumesibHo20 6esika ocobbil
UHmMepec npedcmaesrnsirom omxo0b! repepabomku Mac/u4YHbIX Kyribmyp cemeticmea Brassicaea. B
cmamee npedcmassieHbl  pe3yribmambl  uccriedoeaHusi  OyHKUUOHAaIbHO-MEXHOI02UYECKUX
ceolicme berikogoeo u3orsma U3 paricogoeo xmbixa copma Cubupckul. Bbbinu onpedenetsbi:
sodoces3bigarowas u sodoydepxkusarowias crnocobHocmu, Xxupoydepxxuearoujasi crnocobHOCMBb,
amynbaupyrowas crnocobHocms u cmabunbHoCcmb aMyrnbcuu. Takxe bbirio uccrnedoeaHo 8rusiHUe
pH cpedbl Ha neHoobpasosaHue u cmabunbHocmb reHbl 6esIKkogo20 u3onsma parica. B
pesynbmame uccredogaHusi 6b1710 ycmaHoeieHo, Ymo rpu audpomoldyrne 1:3 paricoebili u3onasm
obnadaem MmakcumarnbHbIMU MOoKalamenamu eodocesisblearowjeli U  eodoydepxusarouel
criocobHocmed. [lpu OdobasneHuu 1 c¢m® macna Ha 1 2 parncoso2o u3ofsma 2o
Xupoydepxuearowiasi criocobHocme cocmasuna 100%, darnee CHUXasicb MO Mepe yeeriudeHus
Konuyecmea Oobaesnsiemo2o macna. [Npu nposedeHuu akcriepumeHma O6bi10 8bISI8/IEHO, YMO
paricosbill usonsm obrnadaem 8bICOKOU aMmyrbaupyrouwlel crnocobHocmbio U cmaburbHOCMbHO
amynbcuu. B pesynbmame nposedeHHO20 uccriedo8aHuUsl yCmaHO8/IeHO, YmMO CHUXeHue pH 0o 2
rnpueodum K yeenu4veHuro neHoemkocmu (Ha 30%) u cmabusibHocmu reHs! (Ha 50 %) no cpasHeHUuo
¢ pH 10. U3 nony4eHHbIX pe3yrnbmamoes credyem, 4mo parcosbil u3ossim criocobeH noebicuma
g8odocss3bligarowyyto, 8000yOdepKUBarOLWYIO, XXUpOoydepusarowyro, aMynbaupyowyto crnocobHocmu
MSCHbIX cucmem. Takum obpa3om, ycmaHOo8/1eHo, Ymo b6esikosbili U30sIim U3 paricogoeo XMbixa
copma Cubupckul moxem ripedcmassisimb UHMepec 8 Ka4ecmee asibmepHamuebl coegomy beriKy,
u sienisiemcs nepcrekmueHoU mexHoroaudeckol 0obaskol Orsi MPUMEHEHUS 8 MSICHbIX MPpodyKmax.

Knrouesnbie csioea: pancoBbIi XXMbIX, 6EMKOBbIN M30NAT, (PYHKLMOHANBHO-TEXHOMNOMMYECKNe
ceoricTBa 6enkos

BBepneHune

PactutenbHasa gueta W, B YacCTHOCTW, pacTuTenbHble Oenku npeaHasHaveHbl Ans
yAOBNETBOPEHUSA NOTPEOHOCTEN pacTyLlero HaceneHus B NUTaHUM U OOHOBPEMEHHO CHWDKEHUS
HeraTMBHOro BO34ENCTBMS NPOU3BOACTBA MNPOAYKTOB MNUTAHMA Ha OKpyxarwwy cpegy [1].
BkntoueHne B peuenT pactuTenbHbiXx Ao6aBok oboraliaeT NpogykTbl Genkamu, BUTaMUHAMKU U
MuHepanamu. Takke OH NO3BOMSIET 3HAYMUTENBHO CHU3UTL KanopuUMHOCTL NpoaykTa. [JobasneHue
£06aBOK B MSICHbIE M34eNnsA NO3BOMSET YNyYLWNTb BKYCOBbIE Ka4yecTBa BapeHbIX kKonbac, NoBbICUTb
UX YHKUMOHAmNbHbIE CBOWCTBA, ynyywuTb U3MKO-XMMUYECKUE CBOWCTBA, pacLunputb
accopTMMEHT BapeHbIx konbac [2].

lMepcnekTMBHBIM HanpaBfieHNEM Pa3BUTUSA CENbCKOrO XO35IMCTBA SABMNSETCA pacluinpeHve
MOCEBHbIX MoWaaen nog MacnuyHble KynbTypbl, @ Tak Kak B COBPEMEHHOM MPOU3BOACTBE OAHUM
N3 rnMaBHbIX METOAOB MPOM3BOACTBA PaCTUTENBHOrO Macna siBnsieTca cnocob npeccosaHus [3],
obpas3oBaBLUMICA MNOCre OTAENEeHWss Macra >XMbIX SIBNAETCA MNEePCneKkTUBHbIM CbipbeM Anis
AanbHenwen nepepaboTku.

Mpn noucke HOBbLIX UCTOYHMKOB HeNKoB ocoboe BHUMaHWe crnefyet yaenaTb MacinyHbIM
KynbTypam cemenctBa Brassicaea, BKMYaloLWmMM copTa parnca, NOCKOfbKY OHW cogepxat
nuTaTenbHO LEeHHble 6enku, KoTopble NOoTeHuuanbHO MOryT ObiTb MCMOMb30BaHbl B NULLY, HO B
HacToswee Bpemsa peako unm BoobLe He MCMonb3ytTCA B Ka4ecTBE MULLEBbLIX KOMMOHEHTOB. B
uenom, Genkm panca obrnagalT MNOMe3HOW nUTaTeNbHOW LIEHHOCTbIO M (PYHKUMOHAIbHbIMU
CBOMCTBaAMW W, KaK CYUMTAETCH, UrpaloT BaXKHyl pofb, Kak B MULLEBOM, TaKk U B HEMULLEBOM U
HEKOPMOBOM NpuUMeHeHun [1].
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M3BecTHbl uccnegoBaHUa O MNUWLEBOM MPUMEHEHUW u3onaTa pancoBoro Genka B
npounssoAcTee 6earntoTeHoBOro Tecta [4]. MimeeTcs mMHopMaumsa O noTeHuuane KOoHueHTpaTta
pancoBoro 6enka B Ka4yecTBe anbTepHaTUBbl pacTUTENbHOMY Oenky Ans MSACHbIX aHanoros.
PesynbTatbl 3TOro mccnegoBaHuMs NPOAEMOHCTPMPOBAnM MOTEHUMan KOHUEHTPaToB parncoBOro
Genka Ons CTPYKTYpUPOBaHWS, YTO SBMNSETCS LIAroM K ero KOMMepYeCKOMY MCMOSib30BaHUIO B
Ka4yeCcTBe 3KONIOMMYECKN YCTOMUYNBOIO MSICHOro aHarnora [5].

Takum o6pasom, uccnegoBaHue pancoBoro 6enka, kak MNepcneKkTMBHOrO MHrpeaneHTta
NULLEBbBIX CUCTEM NPEeACTaBnseTCa akTyanbHOW 3ajaden.

Llenbto gaHHoOW paboTbl siBNsinacb oOueHKa YHKLUWMOHAINbHO-TEXHONOMMYECKNX CBOWCTB
GenkoBoro m3onaTa panca copta Cubupckui, ans oueHKM BO3MOXHOCTU €ro NpUMEeHeHust ero B
MSICHbIX NPOAYKTaXx.

YcnoBusi n meToabl uccnenoBaHus

Ona wuccnepoBaHna 6binn  BbiOpaHbl ceMeHa spoBoro panca copta Cubupckun,
npounspacTtatowiero B xosanctee OO0 «OlNX ConsiHckoe». X035MCTBO pacnofioxkeHo B KaHckomn
NecoCcTenHoOM 30He. YOOpPKy CeEMsIH OCYLLECTBASANN Ha CTaguu NonHowm crnenoctu 3epHa (101-110
AeHb oT BcxogoB) B 2021 r. PancoBbii XXMbIx OblT NONy4YeH MeTO40M OAHOKPaTHOroO NPeCcCoBaHMS.

MonyyeHne 6enkoBOro n3onsita NPoBoOAUNM No MmeToaunke [6].

PYHKUNOHANBbHO-TEXHOMNOIMYECKNE XapaKTEPUCTMKN pancoBOro n3ondra onpeaensanncb no
cTaHdapTHbIM MeToamkamu [7,8].

PesynbTaTbl U 06CcyxaeHune

PesynbTaThl nokasatenen BCC n BYC npeacTtaBneHbl Ha pucyHke 1.
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PucyHok 1 — BCC n BYC 6enkoBoro nsonsata panca npu pasnmyHom ruapomoayrne

Kak BMOHO M3 nonydeHHbIX pe3ynbTaTtoB, npu AobaBneHMn BoAbl K OenkoBOMYy M30NATY
panca B cooTHoweHnn 1:1 n 1:2 Habnoganock NOMHOE NornoLleHne xmakoctu. MNMpn ganbHenwem
pas3BefeHUN KONMMYECTBO OTAENMBLUENCA XUOKOCTU YBENMYMBAroChb, CHMXas MnokasaTenu Kak
BNarocBsa3bIBaloLLEN, TaKk U BOOOYAEPKUBAIOLLMA CNOCOBHOCTEN.

BaxHoe 3HayeHve npu hOPMUPOBAHUN MSCHBLIX NPOAYKTOB MMEET XMpOoyAepKmBatoLas
crnocobHoctb (PKYC) mogenupyembix daplien, kKotopas 3aBUCUT OT Hanuuus B OenkoBbiX
Morekynax ruapodobHbIX rpynmn.

PesynbTaTbl MccnegoBaHus XUpoyaepXmBatoLLen cnocobHocTn 6enkoBoro nsonsra panca
npeacraBneHbl HA PUCYHKe 2.
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PucyHok 2 — XKupoyaepxuBatoLas cnocobHocTb GenkoBoro n3onsTta parca
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Mpn pobaBneHnn macna K pancoBoMy U3ONATY B COOTHOWweEHMM 1:1 Habnoganock NofnHoe
nornowieHne xumposon asbl, ganbHenwee pobaeneHne >xkMpoBol ¢asbl  CHWXKAMO
XNpOyaepKMBaOLLYIO CNOCOBHOCTb M3onATa.

[nsa oueHKn NOBEPXHOCTHO-aKTUBHbIX CBONCTB 6EMKOBOro n3onaTa parca obino nposegeHo
nccnegoBaHue amynbrupyowmin cnocobHoctn (3C) n ctabunbHOCTM aMynbcun (puc. 3).
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PucyHok 3 — Smynbrupytowiasi CnocobHOCTbL U CTAabMIBHOCTM 3MyIbCMM DEMNKOBOro U3onsiTa panca

AHanmampys pUCYHOK 3 MOXHO caenatb BbiBO4 O TOM, 4TO GenkoBbI M30MAT panca
XapakTepu3yeTcs [OCTaTOMHO BbICOKMMM MNOKa3aTensMn 3SMyNbrMpylowen CcnocobHOCTn U
ctabunbHocTblo  amynbcun  (79,8% wn 56,8% COOTBETCTBEHHO), 4TO AaeT BO3MOXHOCTb
pEKOMeHAO0BaTb AaHHbIA NPOAYKT ANA pa3paboTKM 3MYNbCUOHHbLIX MPOAYKTOB.

[anee npoBoaunu OUEHKY NeHoobpasylolen cnocobHocTn 6enkoBOro u3onsTta parca
(pucyHok 4).

B pesynbTarte npoBeAeHHOro nccneaoBaHUs yCTaHOBIEHO, YTO CHWKeHne pH ao 2 npusogut
K yBenuyeHuto neHoemkoctn (Ha 30%) n ctabunbHoctn neHbl (Ha 50 %) no cpasHeHuio ¢ pH 10.
Takum obpasom, 6enkoBble pancoBble N30NATbI ABNATCA NPEeANOYTUTENBHBIMA B UCTMONb30BaHNM
ANA nony4YyeHnsa neHoobpasHbIX MAcC C BbICOKON KUCMOTHOCTLIO.
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PucyHok 4 — NameHeHre neHoobpasoBaHMsa 1 cTabunbHOCTM NeHbl 6enkoBoro n3onsTa panca B
3asucumocTu ot pH cpeabl

3akntoyeHue

PeaynbTaTbl NpoBEOEHHbIX MCCReaoBaHUA [aloT OCHOBaHWE paccMaTtpuBaTb OenkoBbiv
n3onat panca copta CMGMpckuin B kKa4ecTBe TEXHOMNOMMYECKOrO MHrpeaneHTa Anst MOAennpoBaHus
MSACHbIX  cpapLuen. PancoBbli n3onat  cnocobeH NOBbLICUTb BOLOCBA3bIBAIOLLYIO,
BOOOYAEPKUBAIOLLYIO, XXUPOYAEPKMNBAIOLLYHO, 3MYNbIMPYOLLYH0 CMOCOBHOCTM MACHBIX CUCTEM.

BnaropapHocTtu. PesynbtaTthl nonydeHbl npu duHaHcoBon nopaepxke MwuHucTepcTsa
Haykm u Bbiclero obpasoBaHusa Poccuiickon Pepepaumm B paMKax BbINOMHEHUS Hay4YHbIX
nccnegoBaHunm m paspaboTok no npoekty «Co3gaHMe KOMMMEKCHOrO BbICOKOTEXHOMOMMYHOMO
Npov3BOACTBA PacCTUTENbHOrO MAacrIMYHOrO ChipbS M NMPOAYKTOB ero nepepaboTku B YCNOBUSX
Cnbunpun».
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CIBIPJIIK C¥Pblbbl PAMNCbIHbIH AKYbI3Abl U30NATbIHbIH
OYHKUMOHANABLIK-TEXHONOINAJNbIK KACUETTEPIH BAFAJIAY

Ocimiik aKybI3biHbIH 6anama ke3i pemiHde Brassicaceae myKbimOachiHa xamambiH Malribl
OaKbirndapOb! Kalima eHOey KarndblKmapbl epekwe Kbi3blfyuwblrbik myodbipadsl. Makanada Cibipnik
Cypblbbl  parnc KyHXapacbiHbiH aKybl30bl U30SSMbIHbIH  QQYHKUUOHAas10bIK-mexHOI02usbIK
KacuemmepiH 3epmmey Hemuxxesiepi ycbiHbiFaH. Cy 6alinaHbiCmbIpFbill XXOHE Cyycmarbiul
kabinemmepi, malycmarbiw Kabinemi, amynbaupneaiw Kabinemi xoHe aMyrnbCcusi mypakmaiibifbl
aHbiKkmarnraH 6osambiH. CoHbIMeH Kamap, pPH opmacskiHbIH pancmbiH aKybl30bl U30SISMbIHbIH
kebikmeHyiHe xoHe KebizgiHiH mypaKkmbibifblHa ocepi 3epmmernzeH. 3epmmey HomuxeciHde
audpomodyni 1:3 kesiHde parc usonsamsi cy balinaHbICMbIPFbIl XoHe cyycmarbiw KabinemmepiHiH
Makcumarnodbl KepcemkiuumepiHe ue 6osameiHbl aHbiKmarnfad. 1 e parnc usonsmeiHa 1 cm3 mal
KockaH Kke30e OHbIH matlycmarbiu Kabinemi 100% Kypaldbl, KeliiH KocblriambIH MalldblH Mernuepi
yrnrFaliFaH calibiH memeHdOen Keneodi. SKcrepuMeHm xacaraH ke3de paric U305simbIHbIH )XOfapbl
amynbeupneagiw Kabinemi xxeHe amyibcus mypakmabinbifbl 6ap 6onfFaHbl alikbiHdandel. XKypeaisinzeH
3epmmey HemuxeciHOe pH 10-meH canbicmbipraHda pH 2-ze OeliiH memeHOeyi Koebik
cbllibiMObinbirbiHbiH - (30%-Fa)  ynraobiHa XoHe KebikmiH (50%) mypakmbinbiFbiHa —oKerl
COKmMbIpamelHbl aHbikmariraH. Ocblnalwa, Cibipnik cypblbbl parnc KyHXapachkiHblH aKybl30bl
u3015iMbl COSMbIK akKybli3biHbIH banamacbkl pemiHOe Kbi3bifyulblriblK myOblpybl MYMKIH XoHe em
©HiMOepiHOe KondaHy ywWiH repcriekmusaribiK mexHono2usbik kocra 6onbin mabbinadsbi.

TyliH ce30ep: paric KyHxXapachl, aKybi30bl U3075m, akKybli30apObiH QOYyHKUUOHaObIK-
MeXxHOo102UsIbIK Kacuemmepi.

Ya. Smolnikova’, A. Kolomeitsev, O. Stutko, D. Broshko
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660049, Russian Federation, Krasnoyarsk, 90 Mira Avenue,
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EVALUATION OF FUNCTIONAL AND TECHNOLOGICAL PROPERTIES OF PROTEIN
ISOLATE OF RAPESEED OF THE SIBERIAN VARIETY

As an alternative source of vegetable protein, waste from the processing of oilseeds of the
Brassicaceae family is of particular interest. The article presents the results of a study of the
functional and technological properties of a protein isolate from rapeseed cake of the Siberian
variety. The following were determined: water-binding and water-retaining abilities, fat-retaining
ability, emulsifying ability and stability of the emulsion. The influence of the pH of the medium on the
foaming and stability of the foam of the protein isolate of rapeseed was also investigated. As a result
of the study, it was found that with a hydromodule of 1:3, rapeseed isolate has the maximum
indicators of water-binding and water-retaining abilities. When adding 1 cm3 of oil per 1 g of rapeseed
isolate, its fat-holding capacity was 100%, further decreasing as the amount of oil added increases.
During the experiment, it was revealed that rapeseed isolate has a high emulsifying ability and
emulsion stability. As a result of the study, it was found that a decrease in pH to 2 leads to an increase
in foam capacity (by 30%) and foam stability (by 50%) compared to pH 10. It follows from the results
obtained that rapeseed isolate is able to increase the water-binding, moisture-retaining, fat-retaining,
emulsifying abilities of meat systems. Thus, it has been established that protein isolate from
rapeseed cake of the Siberian variety may be of interest as an alternative to soy protein, and is a
promising technological additive for use in meat products.

Key words: rapeseed cake, protein isolate, functional and technological properties of
proteins
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"e-mail: beccasimova@mail.ru
FblNIbIMU XXOBANAP S3IPNEYAEIN STEM TEXHONOIN A

AHOamna:. Makanada STEM 6inim 6epyliH MaHbI30bINbifbl MeH 08cmyprii fbiflbIMU
OKbimydaH HeciMeH epekuweneHemiHi 6asHOanadbl, COHbIMEH Kamap biniM anywbinap fbiibIMU
adicmi Kalda xoHe Kanalwa KondaHyra 6onamebiHbifbl Xalsbl aknapam 6epinedi. Arduino
KOHMPOIeprepiHiH KeMeaiMeH 31IEKMPOHUKA XOHE KypbinFbiiapObl backapy canackiHOarbl biflim
bepyze Kambicmbl STEM xobacbkiHbiH MyMKiHOiKmepi Kapacmbipbiiadbl. STEM xobanapbiHbIH
adicmepiH Xy3eze acblpyObl Autodesk komnaHusceiHbiH TinkerCad eupmyarnObl opmachkiHbIH
MYMKIHOIKMepi MeH KypbiribiMbl, COHbIMEH kamap TinkerCad eupmyandbi opmackiH KOOaHbIr
371IEKMPOHObIK Kypbinfbliapdsl bardapnamarnay, Modernbdey xoHe Kypacmbipy xoHe Arduino UNO
KOHmpornnepimeH  6adnaHbicmbipy  Mbicasibl  Kenmipinedi.  [leGazoemep  ywiH STEM
MEeXHOJI02UsICbIH  KosidaHa OmbIpbIfl OKbiMyOblH apmbiKWbibikmapb! 6asHdanadbl, COHbIMEH
Kamap 6iniM anywblnapMeH XypeaidineeH 6akbinay XoHe SKcriepuMeHm HomuxeciHde Arduino
nnameopmacbiHOa 3IeKMPOHUKa XXKoHe mexHUKarbIK Xylenepdi backapy canacbiHOarb! 6irim 6epy
STEM-xobanapsbiH icke acbipyda aHbikmarsFraH bipkamap meHOeuusinap kepcemineoi.

TinkerCad calimbiHbiH KemeziMeH andbiH-ana KypacmbipyObiH apKacbiHOa binim anywbinap
andbiMeH moOenbldi XXUHar, OHbIH XYMbIC KabinemminieiH mekcepy MywMmkiHOigiHe ue 6osiadbl.
TekcepydeH KeliH 6iniM anywbsl Hakmbl paduosnemeHmmepde misbekmi KypacmbipyObl 6acmarn
kemedi. CalmmbiH MyMKIHOIKmepiH naddanaHa ombipbil, STEAM mexHOno2usiCbiHbIH
masanmapbl KamMmabiriaobl XoHe 63 bemiHwe oKbimy MeH Kamenepoi i30eydi Xy3eze acbipy Xy3eae
acaosl.

Tytin ce3dep: STEM, Arduino, 6inim 6epy pobomomexHukachl, supmyandbl opma, Kaciou
6inim, Kocbimwa 6inim, xoba, TinkerCad.

STEM 6inim 6epy — Gyn nepcnekTmuBarnbl MHHOBaUMANbIK GiniMm 6epy TexHonormsanapbl MeH
aficTepiH eHridyre 6annaHbICTbl fbiNbiMAarbl xaHa 6afbiT. STEM: S — (science) fbinbiM, T —
(technology) TexHonorus, E — (engineering) nHxeHepus, M — (mathematics) matemaTuka, Hemece:
XapaTbINbICTaHy FblNibIMAapbl, TEXHOMOMMS, UHXEHEPUs, MaTemaTtuka. bip ce3beH aniTkanga, kasipri
anemMae eH Ken cypaHbicka ne 6onbin oTbipraH naHaep. byriHri Tanga STEM TexHONoOrnsaHbIH Aamybl
anemgaik 6inim 6epygaeri 6acTbl TeHaeHUMANapAbIH Gipi 60nbiN OTbipFaHbl TaHKaNapnblk eMec.

HoacTtypni fbinbiMu  OKbITyFa kapaFaHga STEM-TexHonornsinapbiIMeH OKbITy HeciMeH
epekweneHeni? STEM — 6yn apanac oKy opTtacbiH 6ingipedi »kaHe 6iniM anywbinapra fbinbiMy
dAiCTi KyHOEenikTi emipre kanaw kongaHyfa OonaTbiHAbIFbIH kepceTedi. STEM — OGyn 6inim
anywbinapgpiy, cabak yakblTbiHOA XXaHe cabakTaH ThbiC ic-epekeTTepiHgeri xxobanapabl icke acblipy
OarbiTTapbiHbIH Oipi. Bonawak — STEM TexHonorusaceiHga, an STEM TexHonornsicbiHbiH Gonaluarbl
— ©3 b6inimimeH 6iniMm anywbinapablH KOKKMWEriH LUEKCi3 KeHerWTe anaTtblH XaHa dopmaTTarbl
neparorrepge. STEM-xobanapabl MakcaTTbl MNpakTUKanblKk MiHAeTTepdi wewwyre OarbiTTanfaH
kocbimMLia 6Ginim 6epy xxyneciHae kongany aca tmimgai [1].

STEM xo6anay apkpbinbl OKy KbI3METiHIH keneci kypamaac 6enikrepiH axblpaTyra 6onagp! [2]:
e VHdOpMmaTUKa, PU3NKa, MaTemaTtuka, 3NeKTpPoHMKa, poboToTexHMKa xaHe Gacka ga oKy
nangepiHeH Ginimgi xxannoinay XeHe UHTerpaunsanay;
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)o6a KaTbICyLWbINapbIHbIH, TaNCbipMaHbl 63 GETiHLIE KOob;

GekiTinreH xocnapfra CoMKec XXYMbICTapAbl XXocnapnay XaHe opblHAay;

KOMaHZaga XymbiC icTey;

TON iWiHAe penaep MeH Xeke Tancbipmanapabl 63 6eTiHwe eny;

)obameH XymbiC 6apbiCbiHAa TUIMAI KapbiM-KaTbIHAC XXacayfa YUPeEHYy;

aHbIKTanfaH mepsimae TYNKINIKTI HOTUXKere KON XeTkidy MeH HakTbl MiHOeTTep GombliHWwa
XYMbIC aTKapy.

STEM >xobanapblH KongaHa OTbIpbiN OKbITYAblH, KONnTereH apTblKWbINbIKTapbiHbiH Oipi-
neHapanblk oKy GargapnamanapbiH kongaHy. STEM xobackbl Tvimgi 6onybl ywiH on apTypni
anemeHTTepai OipikTipyre Herisgenyi kepek. byn 6iniMm anywbinapFa oKy npoueciHge naHaepain
e3apa bannaHbICbIH TyCiHyre MyMKiHAIK 6epefi, eH 6acTbicbl «MeH MyHbl He yuwiH 6inyiMm kepek?»
XoHe «MeH OHbl Kariaa KongaHambIH?» LereH cypakTtapra xayan 6epyre kemekrteceai.

STEM xobackiHa HerizgenreH okbITy Gargapnamack! 6iniM anylwbiiapra MaceneHi Tepen
XXOHe >KaH-XakTbl 3epTreyre MyMkiHAIK Oepegi. benrini 6ip macene yuwiH >kobaHbl apTypni
LewiMaepai x)acanTblH OKyLblnapablH OipHele To6bl a3ipnenai. *Kobanay kbiameTi 6iniMm anyLbira
3epTTeyai »kocnapnay, ymbIMOAcTbIpy >XOHE XKYpridy Ky3blpeTTepiH wurepyre MyMKiHAK Oepepgi.
CoHbImeH kaTap, 6yn ky3bipettep STEM »xobacblIH icke acbipyabiH 6aprbik ke3eHaepiHae anbiHagbl
XeHe KonaaHbinagbl: xkobanay, npotoTunTey, TecTtiney, 6aranay xxaHe MacerneHi wewyai nbicbikTay
kesinge [3].

STEM xobanapblHblH, aaicTepiH »xy3ere acbipyabl Autodesk komnanusicbiHbiH, TinkerCad
BUpTyanabl OpTacbiH NarganaHy MbicanbiHOa KapacTbhipyra 6onagpl [4].

Tinkercad anekTpoHablk pecypcbl 2011 Xbinbl Kypbinabl, on 6actankbiga ocbl NnatgopMaHbl
navganadylwbinapFa »obanblKk >XYMbICTbIH HaTwkenepimeH 6Genicyre MyMkiHAIK GepeTiH 3D-
xobanay yuwiH Be6-nnatcdopma peTiHae opHanactbipbingbl. 2017 xbinbl TinkerCad Arduino
nnatdopMacbiHaarbl XXynenepai asipneyulinepre xaHa aneKkTpoHAbIK cxemanapapbl xobanay xeHe
Gargapnamanay npouecTepiH kamTamacbli3 eTe anaTblH MaHbi34bl XXeHe KyaTTbl Kypangapfa ve
oonapl.

TinkerCad myMKiHAIKTEpAiH TyTac KeleHiHe ne, onapablH iwiHae [5]:

* kpoccnnaTdopmarnbifblK, KE3 KefnreH onepauusanbik Xyneae XymbIC icTey MyMKiHAIN —
XYMbIC YLiH Tek 6pay3ep xoHe VIHTEpHET XeniciHe TypaKTbl KOJ XEeTKi3y KaXeT;

* QMEeKTPOHAbIK cxemanapabl ke30eH LWonbiN KypyFa MyMKIHOIK OepeTiH rpadukanbik
penakTop;

* KenTereH TaHbIMarn aMekTPOHAbl KOMMOHEHTTEPAiH XnHaK Mmogeni;

* ONEKTPOHAbIK CXemanapiblH CUMYNATOPbl, CbIPTKbl acep eTeTiH AaTyukTep MeH
KypangapablH, cuMynaToprapsl;

* MOPT MOHUTOPBbI XaHe Kagamablk 6antay MyMkiHAiri 6ap Arduino KipikTipinreH pegakTopsl;

* cbi3banapsbl xaHe koaTapbl 6ap gavbiH Arduino xxobanapsl;

* Arduino KoablHbIH KEPHEKI pefaKkTopbl.

TinkerCad pecypc cantblHaa Heriri yw 6enim 6ap [4]:

1. Vgesanapabl Kypy, »xobanay »XoHe LWbIHAbIKKa anHanablpy: 0y HbicaHaapabl Keninipek 3D 6acbin
WbIFapyFa MyMKiHAIK 6epeTiH 3D HbicaHgapblH Kypy Gargapnamachi.

2. OnekTpoHAbIK KypbinFbinapabl 6argapnamanay, MoaenbAey XoHe KypacTblpy: Takragafbl
ANEKTPOHObl Cxemanapdbl MOAEnbAey XoHe MOHTaxgay ofici, COHblH iwiHge Arduino UNO
KOHTpONnepiH Konaaxy.

3. Koartbl xxobanay: Scratch 6argapnamanay optacbiHga obbekTinepai Mogenbaey.

STEM — xobanay cabakrapblH ©TKi3y4iH XOfapblga cunatTanfaH agictepi yHMBepcuteTTe
«MexaTpoHuKagarbl aknapaTTblK KypblFbifiap MEH Xyrenep», konnemkae « MmkpocxemaTexHuka»
XoHe KocbiMwa 6iniM ynbiMbiHAa «PagnoanekTpoHuka» MeH «>Kac Gargapnamalubl» yripmenepi
cabakTapbiHAa KongaHblingsl. KongaHbiny HoTUXXeCiHAE Keneci AMaakTMKanbik MiHgeTTep wewingi:

® OKY NPOLLECIHIH Y34iKci3airiH kamTamacbI3 eTy;

¢ OKy MaTepuanblH 6agHgayna cabakTacTbIKThbl XKy3ere acblpy;

e TEOPMS MEH NPaKTUKaHbIH GipniriH KaMTamachbI3 eTy.

CxemaHbl mogenbaey ywid TinkerCad »xobanay opTacbkliH KongaHa OTbIpbin, KeNeci NpakTukanbik
Macenenepai ic xysiHge wewwyre 6onagbl:

e acnanbl MOHTaX XeHe MakeT TaKTacblH KorAaHa oTblpbIf, CXeMaHbl MoAenbaey;

e Scratch TiniHoe Hemece C++ TiniHae Arduino koHTponnepi ywiH 6argapnama xacay.
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OcbiHgan 6Gip xob6aHblH, Mbicanbl peTiHge “llafblH KbI3MET KepceTy HblCaHblHa KenyLuiHi
kapcobl any mexaHmamin TinkerCad optacbiHga mogenbaey” TakblpblOblHAAFbI XKYMbIC.

>KobaHblH aTkapaTbIH KbI3METi:
1. WafblH KbI3MET KepceTy HbiCaHblHA afaM >XakblHAafaH YyakbiTTa ecik aBToOMaTTbl Typae
alwbinagbl, agam ilke eHreH keage xaboinagbl (6yn apekettepai ArduinoUNOR3, ynbTpagblObICThIK
AaTyvK XXeHEe MUKPOCEPBONPMBOA aTkapaabl).
2. Apam HbicaHfa XakblHOaraHaa HblCaHHbIH iWiHAaeri akpaHaa “Afam aHblKTanabl” gereH »aasy, an
agam iwke eHreH ke3ge “Kow KkengiHis!” gereH cesgep »xasbiiagbl (Oyn  opekeTTepai
ArduinoUNOR3, ynbTpagblObICThIK AaT4mK xaHe CK — akpaH, naToHUMOMETP, pPe3nCTp atkapagbl).
3. Ecik awbinfaH yakbITTa caTywbl HeMece Kbl3aMeT kepceTywire 6enri peTtiHge AblObiC
weifapbinaabl (6yn kbidameTi Arduino UNO R3, ynbTpaabiObICTbIK AATYMK XKOHE Nbe303NEMEHT
aTkapagpl).

HavibiHganFaH >xobaHblH Tisberi 1-cypeTTerigen an xobaga KongaHbifaH KOMMOHEHTTep 2-
cypeTtTerigen 6ongbl.

= _

?s

. M} ﬁ_ju.

;

CypeTt 1 — XKob6aHblIH Ti3beri

Hma Konuyecteo KomnoHeHT

ul 1 Arduino Uno R3

u2 1 HKK-3kpan (16 x 2)

Rpot3 1 250 ko MoTeHunomMeTp

R1 1 220 0 PeaucTop

DIST1 1 YNbeTpa3ByKOBOW AATUMK PAaCCTOAHMA

SERVO1 1 MosuunoHHbId MUkpocepsonpreoa

PIEZO1 1 MNbesoanemMeHT

CypeTt 2 — XXobaga KkongaHblfiFaH KOMMOHEHTTEP

HanbiHganfaH xobaHblH 6argapnamarnblk kogbl:
#include <LiquidCrystal.h>;
#include <Servo.h>;
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Servo myServo;
LiquidCrystallcd(12, 11, 5, 4, 3, 2);
int trig=9;

int echo=8;

int buzzer=10;

void setup() {

pinMode(trig, OUTPUT);
pinMode(echo, INPUT);
myServo.attach(6);
pinMode(buzzer, OUTPUT);

}

void loop() {

int duration, cm;

digitalWrite(trig, LOW);

delayMicroseconds(2);

digitalWrite(trig, HIGH);

delayMicroseconds(10);

digitalWrite(trig, LOW);

duration=pulseln(echo, HIGH);
cm=duration/58.2;

if (cm>20) {

myServo.write(0);

noTone(buzzer);

Icd.clear();

delay(300);}

if (cm>=5 && cm<=20)

{
myServo.write(100);
Icd.clear();
Icd.setCursor(0, 1);
lcd.print ("Human Detected");
delay(300);
tone(buzzer,300,450); }
if (cm<5) {
myServo.write(-100);
Icd.clear();
Icd.setCursor(0,1);
lcd.print("Welcom!");
noTone(buzzer);
delay(300); }

}

Binim anyweinapmeH xyprisinreH 6Gakbinay >XaHe 3KCNepuMEHT HaTuxeciHge Arduino
nnatdopmMacbiHaa 3MEKTPOHUKA XaHEe TeXHUKanbIK xynenepai 6ackapy canacbiHgarbl Binim 6epy
STEM — xobanapblH icke acbipyaa bipkatap TpeHaTep GenrineHai:

. HakTel obbekTinepai moaenbaey pafablnapbliH YUAPEHyre XoHe [AambiTyFa apHarnfaH
BUpPTyanabl OKbITY KypangapblH 3MEKTPOHAbLIK CXeManapMeEH XXoHE KYPbIFbiNapMeH XyMbIC icTey
apicTepiH nrepyaid, 6acrtankbl ke3eHiHae KongaHFaH XKeH.

. BupTyangbl opTaga HakTbl Kypbinfbinapgbl  angblH-ana  Mogenbgen  anbin  HakTbl
KOHCTpYKTOpriapabl KorgaHa oOTbipbIin, OCbl Kypbinfbinapabl KeMiHHEH >Xy3ere acblpy aficTtemenik
TYPFblOaH OpbIHAbI.

. BupTyangbl 3epTxaHanblk XXyMbiCTapAbl KONA4aHy KalbIKTbIKTAH OKbITY XXafdambiHaa OKy
MaTtepuanblH urepy AeHreniH apTTbipagbl.
. TinkerCad BupTyangbl opTacbiHaa MOAenbAey NpakTUKasnbIK XKyMblCTapAbl OpblHAAY Ke3iHae

Oinim anywbinapgbliH, MaTepuangbl Urepy yakbiTblH KbiCKapTyFa >xaHe onapablH 6inim canacbiH
apTTbipynapbiHa MyKiHAIK 6epegi.
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STEM TEXHONOI'U B PA3PABOTKE HAYYHbIX MPOEKTOB

B cmambe pacckasbigaemcsi o eaxHocmu u yem STEM-obpa3osaHue omiuvyaemcsi om
mpaduyuoHHO20 Hay4yHo20 0by4eHusi, a makxke daemcsi uHgopmayus O mom, 20e U Kak
obyyarowuecss Mo2ym rnpumMeHsIme Hay4HbIU Memo0. Paccmampugatomcsi B03MOXHOCMU MPoeKkma
STEM, cesizaHHble ¢ 0by4yeHuem 6 obnacmu 37eKMPOHUKU U yrpaesieHuss ycmpolcmeamu C
nomMowbto KoHmposnnepos Arduino. [Npusodsimcs 803MOXHOCMU U CcmpyKkmypa eupmyarnbHoU
cpedbl Autodesk TinkerCad Ons peanu3ayuu memodos npoekmoe STEM, a makxe npumep
npoepamMmuposaHusi, Modesiupo8aHusi U COOPKU 3MNEKMPOHHbIX yCcmpolcme C UCno/b308aHUEM
supmyarneHol cpedbl TinkerCad u cessu ¢ koHmposnnepom Arduino UNO. [ns nedazozos
usnaesaromcesi rnpeuMywiecmea obydyeHuUsi C ucronb3ogaHueM mexHonocuu STEM, a makxe
OemoHcmpupyemcs pssd meHAeHUl, 8bISI8NIEHHbIX 8 pe3yribmame rpogedeHHbIX C 0bydHarouuMUCs
HabnodeHul U aKcrepumMeHmos 8 peanusayuu obpasosamersnbHbix STEM-npoekmos e obracmu
SMIEKMPOHUKU U yripaerieHUsi mexHuU4eckumMu cucmemamu Ha niamegpopme Arduino.

bnazodapsi npedsapumernibHol cbopke ¢ mnomowbto catima TinkerCad, mo3eonum
obyyarowucs cHadana cobpambs MmoOesnib U rpoeepumsb ee Ha pabomocriocobHocmb. [locne
rnposepku, obyyarowulicss Moxxem rnipucmyrnams K cbopke yenu Ha Hacmosiwux paduosrieMeHmax.
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Hcnonb3ys 03MoXXHOCMU catima, rnokpbsigaromces mpebosaHus mexHosioeuu STEM u nosensemcs
B803MOXHOCMb peasiu308ame CaMOCMOSIMesibHoe 0by4YeHUe U MOUCK OWUOOK.

Knroyeenie cnoea: STEM, Arduino, obpazoeamersibHas pobomomexHuka, supmyasbHas
cpeda, npogheccuoHarnbHoe obpasoeaHue, dornosHUMesnbHoe obpasosaHue, npoekm, TinkerCad.
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STEM TECHNOLOGIES IN THE DEVELOPMENT OF SCIENTIFIC PROJECTS

The article describes the importance and how STEM education differs from traditional
scientific education, and also provides information about where and how students can apply the
scientific method. The possibilities of the STEM project related to training in the field of electronics
and device management using Arduino controllers are considered. The possibilities and structure of
the Autodesk TinkerCad virtual environment for implementing STEM project methods are given, as
well as an example of programming, modeling and assembling electronic devices using the
TinkerCad virtual environment and communication with the Arduino UNO controller. For teachers,
the advantages of learning using STEM technology are outlined, as well as a number of trends
identified as a result of observations and experiments conducted with students in the implementation
of educational STEM projects in the field of electronics and control of technical systems on the
Arduino platform are demonstrated.

Thanks to the preliminary assembly with the help of the TinkerCad site, will allow the student
to first assemble the model and test it for functionality. After verification, the learner can begin to
assemble the circuit on real radio elements. Using the capabilities of the site, the requirements of
STEM technology are covered and there is an opportunity to implement self-learning and search for
errors.

Key words: STEM, Arduino, educational robotics, virtual environment, vocational education,
additional education, project, TinkerCad.
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CWHTE3 U CBOMCTBA KPUOTENEW HA OCHOBE I'ENJTAHA

AHHOmMauyus: Kpuozesnb — amo pa3HO8UOHOCMb KPUO2EHHO20 MOfIUMepPHO20 Mamepuarna,
KOmopbIl cocmoum U3 MmpexMepHbIX 2UubKUX MOIUMEPHbIX CMPYKMYyp, MOMyYeHHbIX MemoOoM
3amMopakueaHus-ommaueaHusi. B daHHol pabome memodom UOHOMPOHO20 2esieobpa3oeaHusi 8
npucymcmeuu NaCl u CaCl, nony4yeHbl Kpuozesiu Ha OCHOB8e MpuUpoOHO20 rosiuMepa eesisiaHa.
UccnedosaHbl ceolicmea MoslydeHHbIX Kpuozesnel — Mopghorio2udeckue XxapakmepucmuKu,
KuHemuka HabyxaHusi, MexaHu4yeckue cgolicmea u cmpykmypa aenel. [Nokazamernu ckaHupyrowel
3/1EKMPOHHOU MUKPOCKONUU AeMOHCMPUPYOM nopucmyro Mampuyy, ¢ cucmemol coobuarouuxcsi
nop. Habrodaemcsi ysenudeHue Kosudecmea Mop C POCMOM KOHUeHmpauyuu eesiniaHa.
OnpedeneHbl cpedHue Ouamempbl op Kpuozeneu. PaccyumaHa cmerneHb HabyxaHusi
Kpuoeeneesbix 0bpasyos. bonee 6bicOKUe 3Ha4yeHUsi cmerneHu HabyxaHus 18,2 u 19,4 e/2
Habrodatomcesi y Kpuoeened, rnosyYeHHbIX npu bosiee 8bICOKOUKOHUeHmpauyuu 2ennaHa —2 %.
Pe3ynbmamabi uccredogaHusi MexaHU4ecKol MpoYHOCMU Kpuozesiel rokasbiearom yeeruvyeHue
Modyns KOHea ¢ pocmom KOHUeHmpauyuu 2esifiaHa, a makxe omcymcemaeue paspyweHus daxe npu
docmuxxeHuu 99% cmeneHu cxxamusi obpa3suos. MexaHu4yeckue ceolicmea Kpuozeseu S6/s[omces
O0HUM U3 npeumyujecme O0aHHO20 murna mamepuasos, mak Kak OHU obradatom ceolcmeom
MHO20KpamHo u obpamumo ucCrfbimbi8ambs 8HEWHee MexaHu4deckoe gosdelicmeue. Xumu4deckas
CMpyKkmypa CUHMe3UpoB8aHHbIX Kpuozenel Ha OcHoge eesiniaHa dokazaHa memodom UK-Oypbe
crnekmpockonuu. B UK-cnekmpax kpuozenesbix obpa3uos obHapyXeHbl Xxapakmepucmu4ecKkue
nuku deghopmMayUOHHbIX U 8aneHMHbIX KonebaHuli (yHKUUOHasbHbIX 2pyrr, Komopble 8xodsim 8
cocmas 2ennaHa.

Knrouyeenle cnosa: buornionumep, Kpuozesib, 2udpoeerib, 2effiaH, 2ereobpasosaHue.

BBepeHue
B nocnegHue pecatnnetna npuctanbHOE BHUMAaHWE B XMMWUW MOSIMMEPOB BbI3bIBAKOT
Kpuorenu Ha OCHOBe MpUPOAHbLIX NonuMmepoB. [lockoribKy MpUPOAHbIE MNONUMEpPH! SABMSTCA
©1MOCOBMECTMMbBIMUN, HETOKCUYHbIMK, BUopasnaraeMbiM/ BELLLECTBAMM, OHM LUMPOKO MCMOSb3yeTcs
B TakuX OTpacrsix Kak buoMeanumnHCKas, TKaHeBasa MHXEHEPUS, pereHepaTMBHas MeguumHa n T.4.

[1].
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Kpuorenn obpasytoTcsi B pesynbTaTte KPMOreHHon obpaboTkuM HM3KOMOMEKYNSAPHbIX WUn
BbICOKOMOJIEKYNSAPHBIX NPeAWeCTBEHHUKOB U KONnoumaHblX cucteMm. [MaBHbIM yCrOBUEM
hopMUPOBaHUA Kpuorenen SBASETCS KpUCTannm3auus OCHOBHOW 4YacTW HWU3KOMOMEKYNsipHOW
XMOKOCTW, KOTOpas NpUCYTCTBYET B NepBOHaYanbHoOM cucteme [2].

B ocHOBHOM Kpuorenu cuHTesmpyoTcs npy TemnepaTtype oT -5 go -20 °C. PacTtBop, kOoTopbIi
COOAEPXUT reneBble MNpeAlwecTBEHHUKN (MOHOMEpbI, ClUMBaKOWMe BellecTBa, WHMLUMAaTOPbI)
3amopaxueatoT. [1pouecc 3aMopo3ku NPUBOANT K 0Bpa3oBaHMIO He3aMep3LLen XXnaKon Mnkpodasbl
N KpucTanmnoB pacTteoputens. B pesynbrare obpasyetcs MNOMHbIA 3aMOPOXKEHHbIA Kapkac u3
B3aMMOCBSA3aHHbIX KpUcTanmnoB nbaa. [locne oTTamBaHusA nonydaeTcsa maTtpuua, cogepxallas
HenpepbIBHYID  B3aMMOCBA3AHHYI0O  MakpomnopucTyto nonumepHyto cetky [3]. [pu  kaxgoun
crneayoLLen NOBTOPHON 3aMOPO3Ke CBA3WN B 3TOM MaTpuLe CTaHOBATCS npovHee. Popma n pasmep
KpUCTansoB fibda onpeaensioT opmy 1 pasmep obpasyromxcsa nop [3-6].

OAHMM 13 NepCneKTUBHBLIX NOSIMMEPOB ANA MOMYyYEeHUs Kpuorenen aBnNAeTCs rennax.

"ennaH npeactaenseT cobon BHEKNETOYHbIN BakTepranbHbii nonucaxapua. CTPYKTYpHO OH
COCTOUT N3 TeTpacaxapugos, ns asyx B-D-rnokoabl, ognH B-D-rniokypoHaT 1 0gHOW a-L-pamMHO3bl
[7]. TennaH sBnseTca TepPMOYYBCTBUTENbHbLIM, HETOKCUYHbIM, MMAacTU4HBIM U obnagaet
CMoCcOOHOCTBLIO BblAEpPXKMBaTb TEMSIOBOE WM KUCMOTHOE BO3OENCTBME B MPOLECCE M3roTOBIEHUS
mMaTepuana. Ewe ogHuM npenmyLLecTBOM rennaHa sABnseTcsa ero AelwesnsHa u JOCTYNHOCTbL[8].

Llenbto gaHHon paboTbl siBNSeTcs pa3paboTka MeToOoB CUHTE3a Kpuorenem Ha OCHOBE
rennaHa n nsyyeHume nx omsnKo-XMMmMYeCKNX CBONCTB.

JKcnepuMeHTanbHas 4acTb

Mamepuarnb! u Memodki uccriedosaHust
1. TennaH c¢ wmonekynapHon maccon 700 000, npoussogctBa Zhejiang DSM  Zhongken

Biotechnology Co., Ltd. (China) ncnonssosanu 6e3 gononHUTENbHOM O4NCTKK (puc. 1)

PucyHok 1

2. NaCl yga ncnonb3oBanu 6e3 gONONMHUTENBHOW OYUCTKM
3. CaClypa ncnonb3oBanu 6e3 AOMONHUTENTbHOW OYNUCTKU

CuHme3s kpuoeenel

CuHTE3 Kpuorernemn ocyLLecTBNANNM METOAOM MOHOTPOMNHOro reneobpasosaHus. [9] BogHble
pacTtBopbl rennaHa ¢ koHueHTpaumamum 1%, 1,5%, 2% HarpeBanu Ha BoAsHOW OaHe npwu
Temnepatype 80°C B TeyeHune 30 MuH, 3aTem goGaensanu no 1 mn 0,1M pacteopa NaCl B kayecTBe
reneobpasoBaTens. MNony4yeHHyl0 CMecb 3aMopaxkvBanu npu Temnepatype -12°C B TeyeHve 20
MWH, MOCne 4ero nogsepranu pasMoOpoO3Ke MpuM KOMHATHOW TemnepaTtype. [lpoueaypy
3amMopaxuBaHus-oTTaneaHmsa nostopsnn 10 pas. CdopmupoBaslUMECs Kpyorenu paspesany Ha
TOHKWE MMNAaCTUHKN TOMWMHOM B 2-3 MM UM BbICyLUMBaNM OO MOCTOAHHOW MacCbl C MOMOLLbO
nnodunsHon cywmnkn JED-320 (JEOL, Anonusa). lMonyyveHHble obpasubl mcrnonb3oBanu Ans
JanbHenLmnx nccrnegoBaHun.

CuHTes kpuorenen ¢ ucnono3oBaHnem CaCly, B kadyecTBe reneobpasoBartensi, NpOBOAWN
aHanorn4yHo.

Kunemuka HabyxaHusi

O6pasey Kpuorens, B3BELLEHHbIN HA aHanNUTUYECKMX BeCcax, MOMeLlanu B CTakaH ¢ BOAOW U
onpegenanu Maccy obpasua 4depe3 5, 10, 15 u 30 cekyHa. CteneHb HabyxaHusa Kpuorens
onpegenanu no popmyrne:
my —mg

a =
my
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roe m:— Macca kpuorens nocne HabyxaHusi, Mr; Mo — NepBOHaYanbHasi Macca rens, Mr.

OnipederneHue mopghoroauu Kpuozesneu

lMopucTocTb Kpuorenem mayyvanum C MOMOLLBbI CKaAHMPYHOLLEN 3NEeKTPOHHOW MUKPOCKOMUK
(COM) Ha npubope JSM-6390 LV (AnoHwus). MNepen nccneposaHvem CTPYKTYPbl Kpuorenem Ha
NoBEPXHOCTL 0OOpasua NPoBOAUIIM HaMbINEHNE SNEKTPONPOBOASALLEN NIIEHKM U3 MEOU C MOMOLLbIO
Hanbinswowen yctaHoskn JEE — 420 (JEOL, AnoHns)

Mnowanb Nop Kpuorenen paccyntbiBany nyteMm o6paboTkm MmukpodpoTorpacdmin ¢ NOMOLLbHO
nporpammbl Imaged (paspabotumk National Institutes of Health, CLUA) ¢ oTKpbITbIM MCXOOHbLIM
KOOOM, KOTOopas npegHasHaveHa ans aHanmaa u o06paboTky n3obpaxeHnn.

OnpederneHue mMexaHU4YeCcKuUx ceolicme

MexaHun4eckue CBOWCTBaA Kpuorenenm wuccrnegosann ¢ nNomowbkd  AHanusaTtopa
TekcTypbl/MexaHnyeckux cBomctB TAXT plus Stable Micro Systems (AHrnus). O6pasey
Kpuorens umnuHapuyeckon popMbl, BbICOTOM OKOMO 3 MM yCTaHaBnvBanum Ha CTonuke npubopa u
ckumanu Hacagkon P/10 (nnowaab KoHTakta 78 mm, anameTtp 10 mm) co ckopocTbio 0,1 Mm/cek.
Mogynb KOHra onpegensnu no TaHreHcy yria HakfoHa KacaTenbHOM K HayarbHOMY OTPE3KY KPMBOM
3aBUCMMOCTM NMPUNOXEHHOrO AaBNeHns oT cteneHn cxartms [10].

UK-crnipekmpbi Kpuozenel cHumanu Ha UK-®dypbe cnekmpomemp Carry 660 Agilent
(CLUA).

Pe3ynbmambi u o6¢cyxo0eHusi
Ha pucyHke 2 npegcraBneHbl ooTtorpadum Kpuorens

PucyHok 2 — Kprorenb Ha ocHOBe rennaHa

Xvmunyeckaas  CTpyKTypa Kpuorenenm 6Obina noatBepxaeHa wmetogom  UK-®ypbe
cnekTpockonuu (puc. 3).

0,040
0,035 ]
0,030;
0,025 ]
0,020;
0,015 ]

0,010

CNeKTpkl nornoweHns

0,005

0,000

-0,005 T T T T T T T 1
4500 4000 3500 3000 2500 2000 1500 1000  &00

ONUHA BOMHLL, CM™

PucyHok 3 — UK-cnekTpbl Kpuorens rennaxHa

B WK-cnektpax kpuoreneBbix 006pa3LoB OOHapy)XeHbl XapaKTepUCTUYECKME MUKK
byHKUMOHamNbHbIX rpynn, KoTopble BXOAAT B cocTaB rennaHa. Ha WK-cnektpax wumetotcs

crieaytoLme nonock nornotlerusi: & (CH,-CO-) = 1317cem?, v(O-H) = 1415¢cm, §(C-0) = 1236cm

1 v(COO ) = 1625 cm™ cOOTBETCTBYHIOLLIME TMAPOKCUITBHOM U KAPBOKCUITBLHOM rpynnam
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Tan6buua 1 — Pacwmndposka NK-cnektpos

Monockl nornoLeHnano Nonockl nornoweHnsa Ha
DyHKUMOHaNbHbIE rPynnbl nuTepatypHoMy . CrNekTpe  Kpuorens
UCTOYHMKY [11], c™ rennaHa, cm-1
BogopogHble cesizn O-H 3650-3200 3440
Kap6okcmnar-aHnoH COO 1650-1550 1625
O-H 1440-1395 1415
CH, - CO- 1360-1355 1317
C-O0 1320-1210 1236
[MepBUYHbIE CNUPTLI 1075-1000 1039

bbina wu3ydeHa Mopdonormdeckaa xapaktepuctuka kpuorenew. Ha  pucyHke 4
npegctaeneHol COM wu3obpaxeHust kpuorenew rennaHa. Kak BMOHO M3 pUCYHKA, Kpuorenm
npeacTaBnsaioT cobon MakponmopucTyo cuctemy, ¢ coobuialowmmuca nopamu. Habniopaetcs
yBernmyeHne Konnm4ecTsa nop C POCTOM KOHLEHTPaLMI rennaxHa.

15kV X500  50pm 15kV X500  50pm

15kV X500 50pm 0001 1067 25Pa 15kV X500 S0um 0001 1077 30Pa

7

15kV X500 50um 0001 1167 25Pa 15kV X500 50pm 0001 1075 30Pa

a b
PucyHok 4 — COM-nsobpaxkeHuns Kpuorenemn Ha OCHOBE rennaHa

MpeacTtaBmB, YTO Kaxaas nopa ABMNSETCH OKPY)KHOCTbIO, Hamu Gbiny paccumTaHbl cpeaHee
3HayeHne AMaMeTpOoB Mop U UX pacnpeaeneHve no pasmepam.
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(I NaCl I NaC

I C-Cl

=)

aons nop, %

aons nop, %

nons nop, %

4

40 60 80

avameTp nop, MKM 40 60 80
AanamMmeTp nop, MKM

40 60 80
anameTp rnop, MKm
PucyHok 5 — PacnpegeneHune nop Kpuorenemn Ha OCHOBE refifiaHa no pasmepam:

1 - 1% rennan, 2 — 1,5% rennaH, 3 — 2% rennaH

Kak BMOHO M3 puCyHKa 5, Yy KpuoOrenen rennaHa npu UCMNOMb30BaHMM B KadecTse
reneobpasoBatenss NaCl, Habntogaetca pocT KonvMyecTBa MNOP C ManeHbkuMm AnaMeTpoM.
Ho6aenenune CacCl; kak reneobpasoBatensi NPUBOAMUT K YMEHbLUEHMIO KONNYECTBa NOP ManeHbKoro
anameTtpa. 3HayeHnss cpeQHMX pasMepoB Nop Kpuorenen ykasaHbl B Tabnuvue 2.

Tabnuua 2 — 3Ha4YeHnst cpegHUX pasMepoB Nop

o CpegHui pasmep nop Kpuorenemn
KoHueHTpauumsa rennaHa, % NaCl CaCl,
1 68,7 69,7
15 48,8 63,6
2 36,9 49,7

Bbbina nccnegoeaHa knHetuka HabyxaHnust kpuorens (puc. 6). Kak BugHO M3 pucyHka, npwm
NOrpy>XeHUn Kpuorens rennaHa B BOAY, 3Ha4YeHnsa cteneHn HabyxaHusa a cHavyana yBenumumBaroTca
0o 19,4 r/r, 3aTemM ¢ Te4eHMeM BpeMeHN NOCTeNneHHOo cHmkatoTes Ao 13,8 r/r. 3TO MOXXHO OO BACHUTL
TeM, YTO NPOUCXOOUT NPOLLeCC pacTBoOpeHus kpuorens. bonblime 3HayeHus cteneHn HabyxaHus
CBMOETENBLCTBYIOT O BO3OENCTBMM MOHOMEHHON COCTaBASIOLLEN reninaHa Ha JaHHbIN Npolecc, T.e.
nobaBrneHne OONOMHUTENBHOMO KONMYeCcTBa BOAbl, B CUCTEMY HaOyXWero rennaHa npuMBoguT K
anccoumaumn kapbokcunbHbIX rpynn rennaHa. CTouT oTMeTuTb, YTO Bonee BbICOKME 3HaYeHUs
cTeneHn HabyxaHusa 18,2 n 19,4 r/r HabnogalTCca y Kpuorenen, Nony4YeHHbIX npy 6onee BbICOKON
KOHUeHTpauun rennaHa — 2 %

—— Gel 1% +NaCl
|—#— Gel 1,5%+NaCl
- - Gel2% +NaCl
20 4 —w— Gel 1% +CaCl,
|4 Gel1,5%+Cacl,
—4— Gel2% +CaCl,

2 T T T T T T
5 10 15 20 25 30

BpeMSl, CeK
PucyHok — 6 3aBMCUMOCTb CTeNeHn HabyxaHust Kpuorenen Ha OCHOBe refnnaHa oT BpeMeHU

ISSN: 2788-7995 Becrruk yHusepcurera [llakapuma. Texauueckue Hayku Ne 4(8) 2022 51



MexaHuyeckne CBOMCTBA Kpuorenewm sBAOTCA OAHMM U3 NPEVMYLLECTB AaHHOro Tuna
MaTepuanos, T.K. OHM obnagatoT CBOMCTBOM MHOrOKpaTHO M obpaTvMO MWCMbITbiBaTb BHELUHEE
MexaHn4yeckoe BO3LencTBue.

Ana kaxxgoro kpuorenesoro obpasua 6bin paccunTaH MexaHUYeckuii npegern NPoYHOCTM Ha
cXKatme C y4eTOM MakCuMaribHO MPUIOXEHHOW Harpys3ku, Mpyv KOTOPOW MNpoucxXoaun npouecc
paspyleHus kpuorensi. MakcumanbHas Harpyska npu cxaTum kpuorenen coctasuna 10 kr. Ha
pucyHke 6 npeacTaBneH MexaHU4eckuin aHanms Kpuorenemn rennaxHa.

—=—NaCl
—+— CaCl,

160

=
S
1

120

Mopayns FOura, I1a

I3
S
1

80

KOJIMYECTBO I'CJIJIaHa, %

Pl/lcyHOK 7 — 3aBMCUMOCTb mMoayns FOHra Kpmorenelh OT KOInn4yecTBa resrnaHa

Kak BugHO 13 pucyHka 7 3HadeHuna moayns FOHra ansa kpuorenen ¢ NaCl nuHeHo 3aBucat
OT KonunyecTBa rennada. [lna kpuorenewn rennaxa ¢ ncnons3osaHnem CaCl, nuHenHomn 3aBMcMMocTm
He Habniogaetcda. Pesynbratbl onpedeneHns MexaHM4Yeckol MPOYHOCTM Kpuorenem nokasanm
OTCYTCTBUE paspyLleHns aaxe npu goctmxkeHnn 99% creneHn cxatna obpasyos.

3akno4eHune
1. MeToOOM MOHOTPOMHOrO reneobpasoBaHNss MOSTyYeHbl KPUOrenm Ha OCHOBE NPUPOAHOro
nonumepa rennada. Xumudeckass CTpykTypa Kpuorenem pfokasaHa wmetogom WK-dypbe
CMEeKTPOCKONUM
2. WccneposaHa mopdhonormdeckas CTpykTypa MonyyYeHHbix Kpuorenen. OnpegeneHbl cpegHue
anameTpbl Mop Kpuorenen rennaHa. PesynbtaTbl nokasanu, 4TO AaHHble Kpuorenu uMetoT
NMOPUCTYIO CTPYKTYPY C cucTemon coobLuatomxca nop. CpegHun guameTp nop Kpuorenen rennadHa
¢ ncnone3oBaHnem NaCl B kavyecTBe reneobpasopartens paseH 68,7, 48,7 n 36,9 mkm. CpegHun
AnamMeTp nop Kpuorenen rennaHa ¢ ucrnons3oeannem CacCl, paeeH 69,7, 63,6 n 49,7 Mkm.
3. PesynbTathl MccrneaoBaHUs MEXaHUYECKOW NMPOYHOCTU KpUoremnen nokasbiBatoT 3HAYUTENbHYIO
NPOYHOCTb CUHTE3NPOBAHHOIO KPUOrensi.
lMony4yeHHble pesyrnbTaTbl NPeACTaBNAAT UHTEPEC AN AanbHENLero nsy4yeHusi CBOMCTB Kpuorenem

NPUPOAHBIX NMONTMMEPOB.
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FENNAH HETISIHOEN KPUOTENbAEPAIH CUHTES3I 2KOHE KACUETTEPI

Kpuozenb — my3damy-epimy apKbifibl anbiHFaH yw enuemoi ukemOi nonumeprsii
KypblnbiMOapOaH mypamabiH KpuoaeHOi nosiumepsni mamepuandbsiH 6ip mypi. byn xymeicma NaCl
xXoHe CaCl, KambicybIMeH UOHOMponmsl 2enbdey odiciMeH eennaHHbIH maburu rnonumepi
HeeidiHOe Kpuoeenblep arbiHObI. ArbiHFaH Kpuozenb0epdiH Kacuemmepi — MopOno2usifibiK
cunammamajiapbl, iCiHy KUuHemukacbl, 2e/ib0epOiH MexaHuKarblK Kacuemmepi MeH KypbliibIMbl
3epmmendi. CkaHepreywi 31eKmpoHObl MUKPOCKOMUSIHbIH Kepcemkilumepi Keyekmi MampuyaHbl
Kepcemedi, 6alnaHbicambiH Keyekmep xyldeci 6ap. [lennaH KOHUEHMpPaUUsICbIHbIH
JKOFapblriaybIMeH Keyekmep caHbiHbIH ecyi 6alikanadbl. Kpuoeenb mecikmepiHiH opmawia
Ouamempnepi aHbikmanobl. Kpuozenb yneinepiHid iciHy depexeci ecenmenezeH. [ennaH — 2%
JKOFapbl KOHUeHmpauuscelHOa anbiHFaH kpuozenbdepde 18,2 xoHe 19,4 a/2 iciHy OspexeciHiH
JKorapbl MoHOepi balikanadbl. KpuozenbdepdiH MmexaHuKarblK bepikmizaiH 3epmmey Homuxxernepi
eeniaH  KOHUEHmMpauusiCbiHbIH  XofFapbinaybiMeH FOHe ModyniHiH  yriFarobiH, CcoHOal-aK
CblHamanapobiH Cbifblly KoaghgbuuyueHmiHiH 99%-Ha xemkeHOe Oe CbIHyObiH 60nmaybiH
kepcemedi. KpuozenbdepdiH MexaHuKasnblK Kacuemmepi mamepuandapObiH OCbl MypiHIH
apmabIiKWbIbiKmapbiHbiH 6ipi 605bin mabeinadel, elimkeHi onap bipHewe pem xoHe KalumbIMObl
CbIpMKbl MexaHukarsnblKk ocepee ue. CuHmeslernzeH 2aennaH HeaisiHOeai KpuozeboepdiH
XUMUSINIBIK — KypblrbiMbl - IK-@ypbe  cniekmpockonusicbl  apkblnbl - 0anendeHeeH. Kpuozerb
yreinepidiH UK cniekmpriepiHOe eesfinaHHbIH KypaMbiHa KipemiH QyHKuuoHanoblKk mornmapdbiH
OehopmauusinbIK XoHe sarieHmMmik mepbersicmepiHiH cunammamarbiK WeiHOapb! aHbIKMarnobl.

TytiH ce3dep: buononumep, Kpuozesb, 2udpoeesib, 2enaH, 2efboey.
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SYNTHESIS AND PROPERTIES OF CRYOGELS BASED ON GELLAN

Cryogel is a kind of cryogenic polymer material that consists of three-dimensional flexible
polymer structures obtained by freezing-thawing. In this work, cryogels based on the natural
polymer gellan were obtained by ionotropic gelation in the presence of NaCl and CaCl2. The
properties of the obtained cryogels — morphological characteristics, swelling kinetics, mechanical
properties and structure of the gels — are investigated. The indicators of scanning electron
microscopy demonstrate a porous matrix with a system of communicating pores. There is an
increase in the number of pores with an increase in the concentration of gellan. The average pore
diameters of cryogels have been determined. The degree of swelling of cryogels samples is
calculated. Higher values of the swelling degree of 18.2 and 19.4 g /g are observed in cryogels
obtained at a higher concentration of gellan — 2%. The results of the study of the mechanical
strength of cryogels show an increase in the Young's Modulus with an increase in the concentration
of gellan, as well as the absence of destruction even when 99% of the compression ratio of the
samples is reached. The mechanical properties of cryogels are one of the advantages of this type
of materials, since they have the property of repeatedly and reversibly experiencing external
mechanical effects. The chemical structure of the synthesized cryogels based on gellan is proved
by the method of FTIR spectroscopy. In the IR spectra of cryogel samples, characteristic peaks of
deformation and valence vibrations of functional groups that are part of the gellan were detected.

Key words: biopolymer, cryogel, hydrogel, gellan, gelation.
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BNOKYEWH TEXHOJIOIMMACHIH XXOHE OHbIH BUTIM BEPYAEI SJIEYETTI
KONAAHbINYbIH 3EPTTEY

AHOamna: bnok4elH — 6UMKOUH CuUsIKmbl —KpurimoeasomanapObl xacay YWiH
KonOaHblnambiH Heeidai mexHonoausi. briokyeliH — Oyn opmarnbiKcbi30aHObIpy, Kalarasnay,
e32epmelimiHOIK XoHe eantomarbiKk Kacuemmep byHKUUSIapbiH Kypy YWiH KpurnmozapahussbiK
adicmep MeH yrecmipinieeH KOHCEHCYC an2opummOepiH KosidaHambiH, yraecmipinzeH misisnim
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mexHonoausicel. OHbIH 8anomarsblKk Kacuemmepi KernmezeH UHHosauusinbik binim  bepy
KocbIMwarnapbiH icke Kocyra MyMkiHOIk 6epedi. briok4yelH aKknapam anmacy Ke3iH cakmay ywiH
KondaHblnambiH KoMrbomepnepdiH mapamaliriFaH Xesici.

TepmiHwi eHepkacinmik pegonoyus ascbiHOa 6y KO3FanmkbilWbl, 3N1€KMP Kyambl XoHe
aKnapammalK mexHosioeusnap ounan mabbiiraHHaH 6epi, 6r10K4eliH mexHOI02usiChl KapxKbl, COM
Xyleci xeHe cayda cussKmbl KerimezeH cananapda KordaHbinObl. briok4elH MmexHOI02usIChl
KerimezeH enidep, MeKkemersnep, KocCinopbiHOap MeH 3epmmeywinep YWwiH 63eKmi makbipbirka
aliHanyda. ArbivMOarbl Makarna OrioKYelHHIH eneyemmi 6inim 6epy kondaHbanapbiHa Ha3ap
aydapdbl xoHe kelbip binim bepy macenenepiH wewy ywiH 650Kk4YelH MEeXHO02UsICbIH Kanau
natidanaHyra 6onamsiHbIH 3epmme0di. briok4yelH mexHonoausickl bykin dekodmayobl myxbipbiMoad
anadbl. byn wmakan andbimMeH 6HOKYeUH MEeXHOI0_USICbIHbIH — ePEeKWENiKmepiH  MeH
apmbIiKWhbibiKkmapel, codaH KeliH 6inivm 6epy0diH kelbip 3amaHayu O6r10K4YelH KocCbkiMuaapbl
Kapacmsipadbl. briokdelH mexHOno2usicbiH KonndaHyOblH Kelbip UHHO8aUUSbIK KOocbiMwarapbl
YCbIHbINObI, COHbIMEH Kamap 6iniM 6epy ywiH 61510KYelH mexHOI02USICbIH KosidaHyObIH
apmbIKWbIIbIKMapb! MeH KUbIHObIKMapb! marsikKbliaHOobI.

TyliH ce30ep: brokyelH, 6inim 6epydi baranay,mpaH3akuyusi,oKy OusaliHbl, OKbimy 6yn
mabeic.

Kipicne. bnokuyeiiH — 2008 xbinbl Catowmn HakaMoTo yCbiHFAH MblHOafFaH TywiHaepae
©3repMeWTIH, YNecTipinreH Ti3iniMAepAi Xypridy apkbiiibl GUTKOMH KPpUNTOBaNOTACbIH Xacay YLUiH
KongaHbinaTtblH Herisri TexHonorusa [1]. Byn Oy Ko3fanTKbllbl, 3MEKTp >eHe aknapaTTblk
TexHonorusnap ownan TadbiFraHHaH ©epi TepTiHLWI eHepKacinTik peBonoUnsaHbIH Oeniri peTiHae
KapacTtblpbinagbl. byn peBonouuanblk  TexHonorvs 21  facblpgarbl  YATThK  Gackapyra,
MHCTUTYUMOHaNAbIK yHKUMsiNapra, ickepnik onepauusinapra, GiniMre xxaHe KyHOENIKTi emMipimisre
anTapnbikTan acep etefi. OHbIH Ka3ipri «aknapar anmacy MHTEPHETIHEH» «KYHAObINbIKTap anmacy
WHTEPHETIHE» anHanablpy MyMKiHAIri 6ap. BnokyenH TexHonorvsacbl cayga, eHepKkacin aHe 6inim
Oepy pexumaepiHae TeHKepic acamabl >xoHe >ahaHablk aykbimga O6inimMre HerizgenreH
3KOHOMMUKaHbIH KapKblHAbI AaMyblHa biknan eTeni. brokyenH xeniciHae opbliHAanatblH Gapnbik
TpaH3aKuMsaniap YLiH e3repMenTiHAIr, allblKTbIFbl XXOHE CEeHiMAiNiri apkacbiHga Oy MHHOBaUMAIbIK
TEXHONOMUsAHbIH KenTereH aneyeTTi kongaHbanapbl 6ap. OdblH narga GonybliHbIH GacTankpl
KeseHaepiHae 6rokdYenH TeXHONOrMsaCbiHa Ken Hasap aydapblinmagbl. Ananga, GUTKOuH, Xbingap
OoNnbl Kayinci3 aHe TypakTbl XXYMbIC iCTen Kene >XaTKaHAblKTaH, KOoFaM OCbl ©HepTabbICTbIH
apTblHOAFbl TEXHONOTMSHBIH, TEK KpUMNTOBamnTara faHa eMeC, COHbIMEH Katap kKentereH Oacka
cananapfa fa kongaHygafbl opacaH 30p aneyeTiH TycCiHgi. bnokyenH TexHonorusicbl kenTereH
engep, Mekemernep, KacinopblHgap MeH 3epTTeyLinep YLiH 63eKTi Takblpbinka anHanyga [2].

Kasipri yakblTTa 6riok4yenH TexHonoruscel Bitcoin, Ethereum, Zcash (Zerocash) xaHe T.6.
KaMTUTbIH KapXbl canacbliHOafbl KpUnTOBanioTanap CusikTbl 9pTypni cananapga KorngaHbiniagbl.
BUTKOMH — BGNOKYENH TEXHOMNOIMSACbIHA HEri3aenreH anekTPoHObIK KONIMa-Kos aklwaHbIH BipiHLi TeH
aspexeni Tenem xernici. brok4enH TeXHONOrMACbIHbIH MaHbI3abl epeKLenikTepiHiH 6ipi - 6erniHreH
Onok4YenH >xeniciHgeri KaHwa TyWiH KOHCEHCYCTbl cakTamabl xoHe Bitcoin GrnokyenH >kenici xaw
Herizingeri Proof-of-Work (PoW) GeniHreH koHceHCcyc anropuTMiH Kabbingangbl. Ethereum — 6yn
proof-of-stake (kaTbiCygblH Aoneni) KOHCEHCYC anropuTMiH KorngaHa oTbipbin, akbinabl
KenicimwapTTapablH PyHKUMOHanabiFbl 6ap GroKYenHre HerisgenreH xannbiFa Ko XXeTiMai, awblk
bacrtankel ecentey nnatdopmacel. Zcash — 6yn Bitcoin-re ykcac optanblKkTaHAbIpblIMaraH alublk
GacTtankbl KpunToBantoTa. [ereHmeH, on Hengik Ginimai AsnengenTiH KOHCEHCYC anropuTMiH
naviganaHy apkbiibl TpaH3akunanapAablH KynuAnbinbiFbl MEH TaH4amMarbl albIKTbIFbIH KAMTaMachi3
eTeni. Zcash Tenemaepi xannblfa Kon xeTiMai 6nokyenHae xapuanaHagel, 6ipak xidepywi, anyLbl
XOHe TpaH3akums comacbl Kynus OGonbin kanagbl. CoOHbIMEH katap, Kenbip ynbiMgap MeH
KocinopbiHAap Onok4enH TexXHonornscbiHa HerizgenreH opTanbiKTaHObIpbIIMaraH
nnatcopmanapabl xacayra Toipbicagbl. Mbeicanel, Arcade City, «Uber Killer» gen artanaTblH,
Ethereum MopgeniH, COHbIH iWiHAE CONKECTEHAIPY XaHe penyTauusa xymenepiH BipikTipreH pena-
LWepuHrTiKk komnanuna. Ubiquity — 6yn 6nokyeriH nnatgopmackiHAa xacarnfaH xasbanapabl kayincia
a3yl XoHe kadaranaybl YCbIHATbIH CaHAbIK XbIMKbIMANTBIH MYMiKTI 6ackapy KOMNaHUACHI.

MenoHu CBOH GfOKYENH KocbiMLLAnapbiH a3ipneyai yw keseHre 6enyre 6onaTblHObIFbIH
atan oTTi: briokdenH 1.0, 2.0 xaHe 3.0. briokyenH 1.0 — Byn KoriMa-Kosn akKlamMeH TEH-TEHIMEH Tenem
XKymeci peTiHge KpunToBantoTanapgbl eHridy. bnokyenH 2.0 — Oyn  kapanavbiM - akwa
onepauusnapbiHa, COHbIH, ilWiHAE akuuanapfa, obnuraumanapra, Hecmenepre, 3uSTKEPIiK MEHLLIKKe
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XoHe akbingbl 6annaHbiCTapFa KaparaHga keH 6rokdenH kocbiMwanapbl. bnokyenH 3.0 BantoTa,
KapXbl X8HE HapblkTapdaH TbIC, MbICanbl, MeMNeKeTTik Gackapy, AeHcaynblk cakTay, fbiibiM,
cayaTTblNblK, MO4EHMET XaHe eHep cananapblHaa 6nokyeriH KocbiMLanapbiH a3ipnengi [3].

BypblH anTbinFaH KarMaara calkec, kasipri 6nokyerH kocbiMiianapbl ani ge 1.0 xoHe 2.0
caTtbicbiHAa. KenTtereH agamgap 61ok4enH TEXHOMOMMACBIH KongaHyablH, aneyeTTi KocbiMwanapblH
anTnaranga, «GrnokyYenH» TepMuHi Typanbl 6inmengi. 3epTreywinep 6rok4enHgi KOMMEPLUNANbIK
canaga KongaHyabl TarnkblnaraHbiMeH, OipHewe 3epTreynep OnokyYemH TexHONMoruscbiH 6inim
Oepyne kananm kongaHyra 6onaTbiHbiHa OafFbiTTanfFaH.

Ocbl MakanaHblH, kanFaH Geniringe «TapaTbifiFaH Ti3iniMy», «BrnoKYenH XoHe Ti30ek» XaHe
«TEKCEPY MeXaHU3Mi» CUAKTbI BNOKYENH TEXHOMOMMACBIHLIH, MaHbI3abl TEPMUHAEPI TanKbinaHaabl.
Temenge 6inim 6epyae 6NOKYENH TEXHONMOMMACBIH KONAAHYAbIH TOPT MHHOBALMASbIK KOCbIMLIAChI
XeHe onapablH apTbIKWbINbIKTapbl KENTIpinreH [4].

opebueTke wony. bnokyenH gereHimis He? BnokyenH TEXHONOMMSACH! TapaTbififaH Tidinim
TexHonoruscol peTiHge ae 6enrini. byn kaTbicywbinapFa TpaH3akumsa 6oMblHLWA ecen anbipbiCyabl
KamTamMacbI3 eTyre, TpaH3aKUUsIHbI XKy3ere acblpyFra XaHe aKTUBTEPAI TOMEH LUbIFbIHOAapMeH bepyre
MYMKiHAIK 6epeni. KpuntoBantoTanblk 6510k4enH TpaH3aKUMSAChIHbIH, LUIAMaMeH afblHbIH Kenecigemn
kepyre 6onagbl. A nangananywsbicbl B nangananyLwbiCbiMeH TpaH3aKUNSAHbI TEH-TEHIMEH BNOKYenH
xenici apkbinbl 6actangbl (1 cypeT). XKeke TynfaHbl Kpyntorpadusanbik pactay (awblk KinT xaHe
Xabblk XKyn) xenige A nanganaHywbicbl MeH B nampganaHywbiCbiH Gipere CoMKecTeHaipy VLUiH
kongaHbinagbl. CogaH KeliH TpaH3akumst OroKYenH KeniCiHiH >kag nynbliHa TpaH3aKUWSHbIH,
pacTanyblH KyTy YwWiH xibepineai. XXaHa 6nok makyngaHfaH TyriHaepain 6enrini 6ip caHbiH any
apKpinbl acanagpl; Oy KOHCEHCYcka KO eTkidy Aen atanagbl. KOHCeHcycka Komn »XeTKi3reHHeH
KeriH Oykin OGnok4enH eniciHoe »xaHa «Onok» namoa Gonagbl kXeHe opbip TyWiH OMNOK4YerH
KiTabblHbIH, TWICTi KellipMeciH aHapTagbl. byn 6Gnokta ocbl yakbIT iwiHae 6GonFaH Gapnblk
TpaH3akumanap 6ap. On caHagblk konTaHba apkbibl xenigeri 6actankbl 65iokka 6annaHFaH.

TpaH3aKIILA 0CEI TPAHIAKLIAHEL fmox wenizeri apdip, DA R RHEL
CYpaaaghbl EoHE KEpCETETIH 0ok T T T BT TS T IpaAHARITHAHD
AVTEHTHI- EACATATEL TYHIHTE EI0epLIeT PacTamIb!

EANNATAHATEL l

e 5 — | —

TpaH3aKINA EAHAPTY el Gaow: Gap TYIiHIED ATETTE
AAKTAITBI DOHBIANIA DI0KY EHHTE KPHNTOE ATHTaIa
TAPATBLTATEI KOCBLTATEI wlProof of W VILLH

ChIAKBI ATATEI

1 cypeT — TpaH3akuusaHbIH 6N1OKYEenHre Tycyi

KoHceHcyc Ke3eHiHe KOHCEHCYC anropuUTMIiH KOondaHy apkblfbl KON xeTkidinegi. byn npouecc
MaWHWHI gen aTanagbl. ATan anTkanaa, TeH-TEHIMEH Xeni TapaTblFaH TidiNiMHIH aFbiMaarbl KyriHe
KaTbICTbl KOHCEHCYCKa KoM eTkidefi. ©Opbip TyniH KeHenTimaepai kabbingay apkbinbl xapamabl
Oonoktapabl kabbingay ywiH CPU KkyaTbl apkbinbl gaybic 6epe anagbl HeMece KeHenTimaepai
kabbingamay apkbinibl XKapamcbl3 6rokTapabl kabbingamanabl. Kes kenreH KaxeTTi epexxenep MeH
bIHTaNaH4bIpynap OCbl KOHCEHCYC MEXaHU3Mi apKblfibl XKy3ere acblpblilybl MyMKiH. Brioktafbl apbip
TpaH3akumsa 6enrini 6ip yakpIT 6enriciveH 6enrineHeqi. Eki 6nok yakbIT 6enriciveH ae 6annaHbICKaH.
Hemek, 6nokyenHaeri gepekTep yakblT KacueTiHe e XaHe Ti30eKTiH y3blHAbIFbI Y3A4iKCi3 eceqi. byn
Gnok4erH yakbIT 6enrici KbI3MeTiH )Ky3ere acblpaTblH TapaTblfiFaH Hycka ekeHiH 6ingipeai. bnokyenH
MaHpbI3abl KpunTorpadumanbik agepektep TidberiH Kypy YLWiH apHamnbl XabaplKTbl NavganaHagbl, an
SHA-256 xaw dyHKUMSCHl YLWiHWI Tapantafbl Aepektepai OypmanayblH Gongbipmay  YLliH
kongaubinagbl [5]. AknapaTtTbiH €H a3 MernwepiH e3repTyre TbipbICy KOnAaHbICTafFbl TidbekTepai
Oy3aabl. Kbickawa antkaHga, 6nokyenH Oyn opTanblKTaHAbIPbIIMaraH XaHe CeHiMAai undpnbik
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koFramgblK Tisinlim. OHga Gapnblk KaTbICyLbIIap KON4anTblH YAECTIPINreH agictep MeH KenicinreH
anroputMaep Kongadbinagbl.

brnokyeliH, TapaTbififaH KOCbiMLLAnapfa HerisgenreH MHTepHeT-UHAPaKYpPbINbIMHBIH, XaHa
TYpi FaHa eMec, COHbIMEH KaTap XeTKi3inim TidberiHiH xxaHa Typi. HerisiHeH, GrnokyenH — 6yn aknapaTt
anmacy KesiH cakTay YLUiH KorgaHblinaTbiH KOMMAbOTEPEpAiH TapaTbinFaH xerici. Op0ip TyniH 6TkeH
TpaH3aKkuusnap perucTpriepiHib, TomMbIK XUbIHTbLIFBIH CakTan OTbIpbIM, aknapaTTbiH, Kayincisgiri MeH
penairiH cakrangbl. ManHep »kaHa Onok )acafanga, on GrokTarbl Gapnblk TpaH3akuMsanapabl
OipiHWi Gonbin Tekcepedi *oHe X3l (YHKUUSCHIH KongaHa oTbipbin, angbiH-ana 6enrineHreH
epexere coukec keneTiH OnoK ywiH caHablk KonTaHba »kacay apkblibl MaTeMaTtuKkanblk ecenTi
weweni. XKaHagaH KypbinFaH 6nok 6ykin 6rnokyenH xenicinae TapaTtbinaabl, 6yn 6apnbik TyniHaepre
Gipaen TonbIK TisiniMai Xyprizyre MymkiHAik 6epegai.

KoHCeHCyC MexaHu3MiHe YL Herisri Tekcepy MexaHu3Mi apkbinbl KON XeTkidinedi. Bitcoin
proof-of-work gen atanaTtbiH Tekcepy MexaHu3miH kongaHagbl. ManHepnep — 6yn 6110KYEeNHHIH TeH-
TEeHIMeH XeniciHae XyMbIC iCTenTiH TyniHgep. OnapabliH MiHAeTi Gip 6nokka eHrisinreH Gaprnblk
TpaH3aKumanapabl TEKCEPY XOHE XL OYHKLMSACHI apKbiibl CaHObIK KonTaHOaHbIH MaTeMaTmKanblk
MaceneciH weuwy. ManHepnep Oip-6ipimeH 6acekeneceqi »xaHe Gipey MoCeneHi WELIKEHHEH KeWiH
wewim 6acka manHep TyniHaepiHe 6epineai. >KeHimnas manHep cbinakbl peTiHae kocbiMLa Bitcoins
anagbl. backa marHepnep XyMbICTbiH AoneniH kabbingan, O6nokvyerH XeniciHe »xaHa Onok
kocblnagbl. Ethereum gamyablH TepT Ke3eHiHe ne, CoHbIH, iwiHae Frontier, Homestead, Metropolis
XaHe Serenity. Anfawkel yw kesenge proof-of-work Tekcepy mexaHuami, an TepTiHLWi ke3eHae proof-
of-stake konpaHbinagbl [6]. YnecTti genengey KyanaHablpylwblgaH KpMnToBantoTaHbiH 6enrini 6ip
MeriepiHe wuenik eTydi kepcetydi Tanan etedi. «Hengik OinimniH geneni» — 6yn Zcash-te
KongaHbIaTblH KOHCEHCYC MeXaHW3Mi, On 63 narganaHylbinapbl YWiH KakCbl KYNUANbINbIKTb
kamTamacbl3 eTte anagbl. backa Tekcepy MexaHusmaepiMeH canbiCTbipFfaHaa, Hengik OiniMHiH
aaneni pyHKuMoHanaplnblk NeH TUIMAINIK TYPFbICbIHAH XXakcapabl.

Bnok4yenH TeXHONOrUACbLIH KOonAaaHy aaicTtepi. TexHukanblk TyprblaaH anfaHga, 6nokyenH
TEXHONOMMACLIHLIH, TOPT epekweniri 6ap: opTanbiKkcbi3gaHablpy, Oakbinay, e3repMenTiHAIK KaHe
BarnTa KacmeTTepi.

OpTanbikCcbi3gaHablpy TapaTtblifaH >KYWEHiH KypblbiMblHA HerisgenreH GnokvyenHaeri
OepekTepai Tekcepy, caktay, KbI3MeT kepceTy xaHe bepy npouecTepiH 6ingipeai. byn Kypbineimaa
TapaTbififaH TyWiHAep apacbiHAafbl CEHIM opTanbIKTaHAbIpbIffaH yubiMaap eMec, MatemaTuKanblk
aaicTep apKbinbl Kypbinagbl.

Bbakbinay MyMkiHAiri 6nokdenHgeri 6apnblk TpaH3akunanapgblH XPOHOMOMNANbIK peTneH
peTTenreHidH xoaHe ONOKTbiH Kpuntorpadusanblk Xaw GYHKUMACH apKbinbl €Ki kepli ©nokneH
OarinaHbicbiH 6ingipeai. CongbiKTaH opbip TpaH3akuus X3l KiNTTepiMeH GannaHbICTbIpbIFaH OMokK
aknapaTblH Tekcepy apkbibl 6akbinaHagbl.

BbriokyenH TexHOMNOrnAcbiHbIH ©e3repmMenTiH eki cebebi Gap. bip xafblHaH, 6apnblk
TpaH3akuusnap angbiHFbl ONokka cinTeme acanTblH Bip X3l KinTi »koHe Keneci 6nokka HYCKaNTbIH
Oip xow kinTi Gap GnokTapga caktanagbl. Kes KenreH TpaH3akuusara apanacy opTyphni xaw
MOHAEpiHE aKenepni XXeHe ocbinaniia 4an CoNn TeKcepy anropuTMiH opbiHAanTbIH Bapnblk Gacka
TYWiHAep aHbiKTangpbl. EkiHWi xafbiHaH, 6riokyenH MblHAaraH TYMiHOEPAE cakTanfFaH XannbiFa Kon
XeTimai Tisinim >xxaHe BapnbIK Ti3iniMaep HaKTbl YakbIT peXUMIHAE CUHXPOHAAYAb! XanfacTbipaabl.
CorTi 6y3y ywWiH xenige cakranfaH TisinimaepaiH 51% - oaH actamblH ©3repTy KaxeT 6onagpl.

BriokdyenH TexHonormackl MeH kpuntoBantotTa 6eniHéengi, aFHN kes-kenreH OfoKYenH Xxenici
Genrini 6ip KpunToBaniTa KacueTiHe ue. Bnok4yerH TEXHOMOMUSACHIHbIH MOHI  «HYKTE-HYKTE»
TpaH3aKuMsnapbiHAa XKaTblp, an yLWiHwWi Tapan kaTbicnangbl, SsFHU 6apnbik TpaH3akunanap yLiHLi
TyNFanapablH KaTbICybliH KaXeT eTnengi. Atan antkanga, Bitcoin-ge Bantota 6asackl 21 MUANUOH
MakcMmarngbl MOHre OpHaTbifiFaH, COHAbIKTAH caHAblk BantoTaHbl Kypy Oenrini 6ip ManHWHC
anropuTMiH KongaHa oTbIpbIn Xacanagbl XXoHe anAblH-ana aHblKTanfaH hopMynameH LekTeneai.
Ocbinanwa, nHpnaums, Kkynasipay xoHe 1.6. npobnemanapbl 6onmanabl. bnokyenH 2.0 xaHe 3.0
KoCbIMLUIanapbiH4a MEMIEKETTIK KbI3MeT, Binim 6epy xaHe KapXKblfblK KbI3MET CUSKTbl 6acka KblamMeT
TYPREpiHiH yNnecimi ocbl KaPXbINblKk EMEC KbI3MET TypriepiHe BantoTa kacueTiH bepe anagpl.

Brnok4yenH TeEXHONMOrUACLIHbIH apThIKWbLIbIKTapbl. )Kofapblga atanfaH TepT TEXHUKaNbIK
cunatTamara CyrWeHe oTbipbin, onapgbl OOnk4YenH TEXHOMNOrUACLIMEH KongaHydblH Kenbip
apThIKWbIbIKTapbl Kenecigen cunatrtanfsaH [7].

CeHimainik: 6nok4erH >xeniciHiH opTanbiKTaHAblpblIMaraH cunaTbl Oaprblk TpaH3aKuus
XasbanapblHblH, OepeKkKopnapbiH Tek OipHelue akkpeguTTenreH Mekemernep KonganTbiH Xabblk
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XXaHe opTanblKTaHabIpbITFaH TisiniMaepaeH oHaaraH MblH TYWiHAEP KONAAUTbIH allblK TapaTbiiFaH
Tisinimgepre eareprtedi. bip TyMiHHIH icTeH WbIFybl BYKiN XeniHiH XXyMblCbiHa acep eTnengi. byn Gip
COTCi3aiK HyKTeciH bonabipManpbl XaHe BroKYenH TeXHOMNOrUSCbIHA Heri3aenreH KocbiMLlanapabiH
YKOFapbl CeHiMAiniriH kKamTamachi3 eTeai.

CeHim: Orok4yenH kenici Age ceHiMAinikTi opTanblKkTaHablpblIMaraH eTtedi. BantoTta
WblFapaTblH oOpTasblk YKIMETTEp MEH KOMMepuusnblk OGaHKTep cusikTbl ©0i3  KabblnganTbiH
opTanbiKTaHObIPbINFAH CEHIMHEH airblpMallbifbifbl, ONOKYENH Xerici opTanblKTaHAblpblIMaraH
Tisinimgepi 6ap XaHa CeHiM TacbimMangaywbinapbl peTiHOge opekeT eTeni. byn Tisinimgep
OypmanaHygaH KopfranfaH TyriHOep XKerici apacbliHga opTak NanganaHbinagbl.

Kayincisgik: 6nokyenH xenici anHbiManbl y3bIHAbIKTbIH, KipiC )KOSbIH KabblNAanTbIH )XoHe OHbI
GekiTinreH y3blHAbIKTbIH ekinik TidberiHe TypnenaipeTiH MatemMaTukanblk yHKUMa Gornbin
TabbinartbiH, Bip XakTbl X3wW (YHKUMACHIH NanganaHagbl. LLbiFy gepekTepiHii Kipic gepekrepiHe
elkKaHaan KaTbICbl XXOK. Byn npouecTi KanmnblHa KenTipy KUbIH, ®NTKEHi TeK LUbIFbIC AepeKTepiH
eckepe OTbIpbIn, KipiCTi aHblKTay MyMKiH emec. COHbIMEH KaTap, XaHafaH KypbinFaH 610K yakbITTbIH
CbI3bIKTbIK Ti3beriHe KaTtaH calkec kenegi.

Tuimainik: 6apnblKk gepekTep angblH ana OenrineHreH npoueaypanap apkbilibl aBTOMaTThbI
Typaoe eHaenedi. Ocbinaniia, ONOKYEWH TEXHOMOrnsiCbl eHOEK LibiFbIHAAPbIH anTapnbiKTan
TeMeHAETIN KaHa Konman, TMiMAiNikTi ge apTTelipa anagbl. bnokdyenH 1.0 caHablk BantoTachl YLWiH
TapaTtbUraH TisinimMai aBTOMaTTaHObIPy HErisiHeH ecenTeynepai aBToMaTtTaHablpy 6onbin
Tabbinagbl. bnokyerH TexHonormsicbl KaTbiCyllbl Aengangap CaHblH asanTy, COHAaun-ak Kenicy
NPOLECIH XeaenaeTy aHe TUiMAINIriH apTTeipy apkbinbl 6enrini 6ip KapXbinblK TpaH3akumsnap
OoVibiHLWA KNUPWHT NEH ecenTeyrnepai xxegengeTe anaasbl.

Brnok4yerH TeXHONOrMACbIH KongaHaTbliH 6iniM 6epy KocbiMwanapbl. binim 6epygeri
Gnok4erH KocbiMwanapbiH ycbiHy. Kasipri yakblTTa kenbip yHuBepcuteTTep MeH MHCTUTYTTap Ginim
Oepynoe O6nok4yerH TEXHOMOIMMUSICbIH KongaHadbl XOHEe onapAblH Kemnuwifiri OHbl akageMusIibIK
napexenepai backapyabl Kongay XaHe oKy HOTUXKENepiH KopbITbiHALI Oaranay yuwiH narganaHagpl

[8].

briokdenH TexHonoruAcbl Oykin gekogtayabl TyKblpbiMgan anagbl. Pecmun  OKbITy
KOHTEKCTiHAE OyI1 OKyAblH Ma3MyHbl MEH HOTWKENEPIH, COHAAN-aK CTyaeHTTepaiH XeTICTiKTepi MeH
akageMuanblk ceptudukatTapdbl kamtuabl. KeniHHeH GenpecMmn OKbITy KOHTEKCTiHAEe 3epTTey
ToxXipubeci, garabinapbl, OHNaANH OKbITY Taxipnbeci, coHgan-ak xxeke Myaoaenep Typanbl aknapaT
eHrisineai. byn gepektepai Kayincia cakrayra xxaHe OnokyenH XeniciHae TWICTi TecingaepMeH Kon
xetimai etyre 6onagbl. Kenbip yHumepcutettep MOOC nnaTtdopmanapbiHaH —anblHFaH
CTyOeHTTepaiH, ceptudumkaTTapbliH 0ackapy YLWiH OMOKYEenH TEXHOMOMMACLIH KorgaHagbl. Sony
Global Education gspexe Typanbl aknapaTtTbl Cakray XoHe Gackapy Kbl3MeTTepiH YCbIHY YLUiH
xahangblk 6aranay nnatdopmMachiH Kypy YLUiH 61TOKYEeliH TEXHONOMMSACKHIH NanganaHasbl.

CoHbiMeH kaTap, Maccadvycetc TexHonorusanslk MHCTUTYThI (MIT) xeHe Learning Machine
Gipnecin 6nok4YeiH TEXHONOMMACBLIHA HeridaenreH OHNamH OKbITYAbIH caHAblK 6enriciH xacaabl. MIT
Media Lab xobGanapbiHa kaTbiCkaH XoHe OaranaydaH ©TKeH CTyaeHTTep OnokvenH xeniciHaoe
cakTanaTtblH cepTudmnkat anagbl. brokyenH Tisinimi 6inim 6epy aknapaTtbiHbIH, BapnblK TyprepiH
Giperen nanganaHyLbl nAEHTUUKATOPbIMEH CoNKecTeHAipe anaabl. byfaH CbiHbINTafbl OKy MiHE3-
KyJ1Kbl, MMKpOakageMusanblk xoba Taxipmbeci, makpobinim 6epy xaHe T. 6. Kipeai.

BriokdenH TexHONOrmacChbl anaskTblKTbiH TeMeHAeyiHe blknan eTefi. bypblH gunnomablk
anasiKTbIKTbIH, KenTereH >xargannapbl 6onfaH. [lereHmMeH, MyHbl Kasip CTYAEHTTIK AspexeHi bepy
XoHe backapy kesiHge OGnokyenHai namganadHy apkbelnbl 6onabipmayfa 6onagbl. NanganaHyuwbl
naeHTndmkaTopnapbiMeH CanbICTbipblIiFaH XaHe OnokyenHae cakranfaH AepekTepai aneMHiH
TYKNIp-TYKMipIHEH KenreH mManHeprep Tekcepeni aHe konganabl. TapaTbifiFaH 6rokK4YenH Tisinimi
©3repMeuTiH xaHe ceHimgi. Ocbinania, CeHiMAainik kamTamachi3 eTinegi, 6yn anaskTblk AopexXeciH
anTapnbiKTan TemeHaeTen.

briokdenHgi «aneyetTi xoeHe BantoTanblk TpaHchopmauma baHki» peTiHOoe narganaHyra
bonagbl. Atan anTkaHaa, 6nokYenH TeEXHONOMNACHI NanaanaHyLwbinapablH oKy Texipnbeci Typansl
TONbIK aknapaTTbl Xa3agbl XoaHe onapAblH 6iniMi MeH AafgbinapbiHbH AaMyblH Gakblnangbl.
OnapablH, 6apnbiFblH CaHAbIK BantoTara anHangplpyfFa xeHe BipkaTap >kaH-XakTbl CTaHOapTTapfra
coukec B6rok4enH xeniciHge cakrayra 6onagbi.

Binim 6epyae 6noK4YenH TeXHONMOMUACbLIH KONAaHyAblH biIKTUMan macenenepi. binim
Gepyne 6noKYEeNH TEXHONOMMACHIH KONAaHyAblH bIKTUMan KeMLiniktepi 6ap eKeHiH XXoKKa LbiFapyra
oonmangbl.
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Kypaeni xyne peTiHOe OKbITyOblH Kenbip Typnepi MeH OKy HaTWXKenepiH, OKbITyliblniap
cybbeKkTUBTI TypAe KapacTblpybl Kepek, Mbicarnbl, 3CCe XOHe CblHbINTafbl npe3eHTauusanap.
AJamHbIH apanacyblHCbI3 angblH ana OGargapnamanaHfaH akbingbl KeniciMwapT apKbifibl OKy
apeKeTiHiH Oyn TypiH GaFanay eTe KublIH.

Erep mektentepge Ginim 6epy GrOKYenH XyWeci eHrisince, okywbinapgblH, 6apnbik Ginim
Oepy pgOepektepi 6rokdenH peructpnepiHe OipikTipineTiH egi. BnokyenH TEexXHONOrMSACHIHbIH
©3repMenTIHAIM eKi XXy3ai Kbinblw peTiHae apekeT eTeqi. On kenbip okywbinap ywiH 3aHabl cebentep
OovibiHWa 6inim Typanbl )a3baHbl e3repTy MyMKIHAIMH X0s4bl.

CoHbiMeH kaTap, Oinim Oepyge OnokverHai namganaHy YWiH KenTereH TexHUKanbIK
Macenenep Hemece kKefeprinep xomblnMmangbl. Meicanel, Proof-of-Work knaccukanbelk KOHCEHCYC
MEeXaHU3Mi 3HEeprusaHbl XyMcanabl XoHe CeKyHOblHa TpaH3akuuanap caHbl OOMbIHLA eHiMAiniri
TeMeH, 6yn KocbiMLa WbIFbIHAAPAbI KAXET eTefi )XoHe OHbl MeKkTenTepAe KongaHyabl KnbliHaaTagbl.

KopbITbiHAbI. BnokyenH — Oyn opTanblKCcbi3gaHabIpy, Kagaranay, e3repMenTiHaIK XXKoHe
BantoTanblKk kacueTTep yHKUMSNapbiH Kypy YLWiH KpunTorpaduansik agictep MeH ynecTipinreH
KOHCEHCYC anropuTMAepiH KongaHaTblH YNecCTipinreH TidiniMm TexHonorndacbl. OHbIH BanoTanblk
KacueTTepi kenTereH MHHoBaUMANbIK Ginlim 6epy KocbiMLIanapbIH iCke KocyFa MyMKiHAIK 6epeai. On
pecmu xeHe GerpecMn OKy opTacbiHAa npouecTep MeH HaTwkenepai koca anfaHga, 6inim G6epy
KbI3MeTi Typanbl >xasbanapgblH TOSblK, CEHIMAI XUbIHTbIFbIH cakTanm anagbl. On coHgan-ak
MyFaniMaepaiH, OKbITYWbINbIK MiHE3-KYNKbl MEH ynrepiMiH >Xasa anafpbl, ocblianiia OKbITyabl
Garanayra Heri3 6onagpbl. bip ce3beH anTkaHaa, oKyLbINap YLWiH Ae, MyFanimaep yLwiH ge 6nokyenH
oKy OargapnamanapblH asiprieyae, MiHe3-kynblK >ka3banapblHoa >XeHe Tangayga, coHaam-ak
KanbinTacTblpyLwbl 6aranayaa KongaHyablH YIKEH aneyeTiHe ue.

21 racblpgarbl Kayinciagik, KynuanbinblK, CEHIM XaHe TeHAIKTI Xy3ere acblpyabl, 6nokyenH
TEXHONOMNACHI apKbinbl XXy3ere acblpyFa 6onagbl. Kayincisgik, KyHabl kKacuetTep MeH aknapatThbl
kopray. Kasipri yakbiTTa kenbip agamaapablid, MeHLiri 6ap, 6ipak onap, mMmbicarnbl, 3UATKEPIK MEHLLUIK
Typanbl gaynapda MeHLiK KYKbifblH ganengen anmanabl. byn 6ackanapmMeH KakTbiFbiCka 9Kenyi
MYMKiH. BNok4enH TeXHONOrNSICbIH KacMeTTepAi pacTay YLWiH Aepekkopaarbl )asbanapabl Tekcepy
apkpinbl nanganadyra 6onagbl. AusanH cbidbanapbl, KOpPNopaTMBTIK Xocnapray CUsikTbl kenbip
iCKepniK aknapaTTbl GHEPKACINTIK ThIHLWbIIAP Ypriaybl MyMKiH. BrIOK4enH TeXHONMOrMsCbIH 6N1oK4YenH
XeniciHe aepekTepadi kady apkblibl OCbl OM3HEC KyHAbINbIKTapblH KOpfay YLWiH nanganadyra
Oonagbl. BriokyenH TexHonornacbl MyfFaniMaepdiH OKy Au3arHbiH 6ackin anygaH Koprangbl,
ocblnania 3nATKepslik MeHLUIKTI KopFay KayinciagiriH apTTelipaabl.

Kynusinbinblk apbip TyWiH HakTbl XXeke TyfFaHbl Kocnaranga, Gaprblk aknapaTTbl Koca
anfFaHga, TonblKTan caktangbl. Kynuanbinblk MakcaTblHOa NanganadywbinapgbiH,  6apnbik
CoMKEeCTEHAIpYy OepeKTepi, CoMKeCcTeHAipy HemiprepiMeH ycCbiHbiIFaH. byn agereHimia, 6nokyenH
TEXHOMNOrUsIChI TPENAEPAIH KeKe eMipiH Kopranabl, eNTKeHi 6acka ewkiMae Xeke KinT Gonmangpl.
Binim Gepy cueHapuniHae GnokyenHae xasbinFaH 6apnblk oKy Taxipnbeci Typanbl aknapaTTbl TeK
nanganaHyLblHbIH, Biperen xeke KinTi apkbinbl anyfa 6onagel. backanapbl Kon XeTiMai eMec, SFHU
6Gnok4erH NnanganaHyLwbinapbiHbIH, KYMUANbINbIFbIHA XaKebl Keningik 6epineai.

TeHaik Onok4enH >xeniciHaeri opkiMHIH TeH KyKblKTapbl MeH MyMKiHAIKTepiH 6ingipeani.
BrnokyerH TeXHOMOrMACbIHbIH albIKTbIFbI, LleKapanapbl MeH pykcaTTapbliHbiH Gonmaybl apkimre
OHbIMEH KYpbIIiFaH TEXHONOrMss MEH XXenire TeH KON XeTiMAiNikTi kamTamacbi3d eTte anagbl. Kes
KenreH agam Onok4yerH XXeniciHoe OneKTPOoHAblK oMUsiHFa OTiHil Oepe anagbl. brnokveinH
TEXHOMNOMMACKHIH NanganaHywbinap ywiH ewkangan wekteynep kormangbl. bapnbik mektenTep,
MyFaniMaep MeH OKyLbInap OHbl KYHAENIKTI KongaHa anaabl, ocbinanwa éunikke aereH keskapacTbl
oongbipmanabl.
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WU3YYEHWUE TEXHONOIMMN BNOKYENH U EE NOTEHLUUAIIBHOIO MPUMEHEHUSA
B OBPA3OBAHUA

GriokyeliH — amo 6a3oeasi mexHosoaus, ucronb3yemas 0rs co30aHus Kpurnmosasrom,
makux Kak 6umkolH. bnokyeliH-amo mexHosioeusi pacrnpedernieHHo20 peecmpa, Komopasi
ucronib3yem Kpurimozpaghudeckue memoodbl U an2opummbl pacrnpederieHHo20 KOHCeHcyca Onsi
co30aHus hyHKyul GeyeHmparnu3sayuu, omcrexueaHus, HeusMeHHoOCmu u ceolicme gasntomsl. E2o
sasllomHbIle ceolicmea Mo360JIom 3aryckamb MHOXECmE0 UHHOBAUUOHHbIX 0bpa3osameribHbIX
npusnoxeHud. brokyelH — amo pacrnpedesieHHass cemb KOMIMbIOMepos, UCMOb3yeMblx Ors
XpaHeHusi UcmoYyHuUka obmeHa uHghopmayued.

C momeHma usobpemeHusi napogo2o Osuzameris, afekmpudyecmea U UHGHOPMaUUOHHbIX
mexHonoaulti 8 pamkax 4emeepmol MPOMbILUIEHHOU PesoIIouUU mexHooaus briokyelHa
ucrnosib3o8asnacb 80 MHO2uX obriacmsx, makux Kak gouHaHCbl, cyOebHas cucmema u mopaoersisi.
TexHonoeusi briokyeliH cmaHosumcs akmyasibHolU memol Orisi MHO2UX CmpaH, y4pexaoeHud,
npednpusmul u uccriedoeamerned. B mekywem OOKyMEHME OCHOBHOE 8HUMaHUe ydessisiocb e20
nomeHyuarnbHbIM 06pa3oeamersibHbIM MPUSIOXKEHUSIM U U3y4arioCb, KakK MOXHO UCM0/b308amb
mexHosioauro briokyeliHa Ond peweHuUs HeKomopbix obpa3ogameribHbiX npobnem. TexHonoaus
Griokuelin moxem cgopmynupogams ece 0OekoduposaHue. B amol cmambe cHa4vana
paccmampusaromcsi 0cobeHHocmu U fnpeumyuwecmea mexHosoauu briokyelH, a 3amem
HeKomopble CO8PeMEHHble 0bpa3osamersibHble MpuioxeHuUs b6rokdelHa. bbinu npednoxeHsbl
HeKomopble UHHOBAUUOHHbIEe MpuUsioxeHuUs 07151 UCrofib308aHUsi mexHono2uu briokyelH, a makxe
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obcyxdeHbl npeumyuwjecmea U pobrieMbl  UCMOMAb308aHUS MexHosoauu  6s0k4elH Ons
obpasosaHusi.

Knroyeenle cnoega: briokyelH, ouyeHKka o0bpa3oeaHusi, mpaH3akyus, dusalH oby4YeHus,
obyyeHue — 3apabomox.
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STUDY OF BLOCKCHAIN TECHNOLOGY AND ITS POTENTIAL APPLICATION
IN EDUCATION

Blockchain is the basic technology used to create cryptocurrencies such as bitcoin.
Blockchain is a distributed ledger technology that uses cryptographic methods and distributed
consensus algorithms to create functions of decentralization, tracking, immutability and currency
properties. Its currency properties allow you to launch many innovative educational applications.
Blockchain is a distributed network of computers used to store the source of information exchange.

Since the invention of the steam engine, electricity, and information technology as part of the
Fourth Industrial Revolution, blockchain technology has been used in many areas such as finance,
the judiciary, and commerce. Blockchain technology is becoming an urgent topic for many countries,
institutions, enterprises and researchers. The current paper focused on its potential educational
applications and explored how blockchain technology could be used to solve some educational
problems. Blockchain technology can formulate all decoding. This article first discusses the features
and benefits of blockchain technology, and then some modern educational applications of
blockchain. Some innovative applications for the use of Blockchain technology were proposed, and
the advantages and problems of using blockchain technology for education were discussed.

Key words: Blockchain, education assessment, transaction, learning design, learning is
earning.
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Ma3MyHAbl [0on KepCeTyi Kepek, Kbicka XXoHe HakTbl 6onybl Kepek. TakblipbinTafbl cesgepai
KblCkapTyFa »on 6epinmengi.

e AHHOTaUMA — 3epTTeyAiH Heri3ri MaHiHIH, 3epTTey oaicTepi MeH OOBbeKTiNepiHiH Kbickalua
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AYbIP METAJNIOAPObIH BUOTEOXUMUATBIK MUTPALIUACHI XKOHE XXUHAKTAJTYbI

AHHOmMauus: Makanada 3epmmey Homuxxenepi KenmipineeH.... ...
TyliH ce30ep: KopwaraH opma, buonoe, maburam,.........

Kipicne

JlaHngwadT  KOMMOHEHTTEpiHIH  buoreoxmmusanblk  KacueTTepiH KanbintacTeipyaa
aTMocdyeparnblk, Cy xaHe buoreHaik kewi-koH MaHbI3abl pen aTkapagbl. bapnbik Taburn cynapabiy,
iWiHOe KayblH-WlalblHAA anTapnblkTanm e3srepictep Oavkanagbl. Kapgafbl 3neMeHTTepAaiH
LIOFbIPNaHybl aya TemnepartypacbiHa, NlacTaHy Ke3iHe KaTbICTbl Xen O6afblTbiHbIH OafbITbiHA, OAaH
KalbIKTbIFbIHA, Xep OepepiHe GannaHbicTbl [1]. YKayblH-LWALWbIHHBIH, XUMUANbIK KypaMblHOAfFbI
anbipMallbINbIKTap aya MaccanapbiHblH KypAeni KosfanbiCTapblHa 6GannaHbiCTbl. 1-cypeTTe cy
KovmarnapbiHbIH My3blHAafbl ayblp MeTangapAblH Kypambl KOPCETINTEH.

Cu; 21 5 o

Ba; 17 sr; 25

1-cypeT — MocKBOpeLKniA XXYWECIHIH Cy KoMMarnapblHbliH My3blHAA ayblp MeTanaap KypamMblHbIH
Tapanybl

3epTTey HaTUXenepi

XKaHb6bip cynapbl Kypambl 6GonbiHWa cynbdaTTbli-OukapboHaTTbl- X8He CcynbdaTTbl-
xnopugri-kanbumini.  ATMocepaga  WaHHbIH - LWOFbIPfiaHyblHa — GarnaHbICTbl  onapablH,
MUHepangaHybl >xofapbl. JlaHgwadTTblH aygaH OipniriHe >kayblH-LallblHFA ecenTenreH ayblp
MeTangapabiH 6acbiMabinbiFbl KAPMEH canbiCTbipFaHaa xanbbipaa (Sr, Pb, Cr, Zn, Ni) aHbikTanabl
(1-kecTte).
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1-KkecTe — Kap MeH »aHbblpAarbl ayblp MeTangapablH Kypambl, Kr/ ra

Ne Ayblp MeTangap Kap XKayblH

1 Pb 0,5x10°® 0,2x10*

2 Cr 0,4x10® 1,6x103

3 \Y 8,56x10° -
Eckepmne *
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BIOGEOCHEMICAL MIGRATION AND ACCUMULATION HEAVY METALS

This article discusses the characteristics of the development of eco-geochemical changes in
the biosphere. Analyzed discretely, and in particular the relationship of environmental, geochemical
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and ecological changes. We present the laws of development of ecological-geochemical changes in
the biosphere......
Key words:.....
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BUOINEOXUMUYECKAA MUTPALIUA N AKKYMYNALIUA
TAXEJbIX METANJOB

AHHOMauus: B cmamee npusedeHbl pe3yribmameal Uccied008aHUs. ... ...
Knrouyeenle cnoea: cpeda, buosnoe, npupoda,.........

BBegeHune

B dopmunpoBaHum GUOreoxmMmnyeckmx CBOMCTB KOMMOHEHTOB NnaHawadta BaXHYK posb
urpaet artmocdepHas, BogHaa n 6GuoreHHaa murpauunda. M3 Bcex npupogHbIX Bog Hambonee
3aMeTHble M3MeHeHNst HabnaaTca B aTMOCepHbIX ocagkax. KoHUeHTpaumsa aNemMeHToB B CHere
3aBUCUT OT TemnepaTtypbl BO34yxa, HanpaBrneHusi po3bl BETPOB MO OTHOLUEHUIO K WUCTOYHUKY
3arps3HeHusl, yaaneHHoCTu OT Hero, penbeda MecTHocTu [1]. Pasnuuuna xmmmnyeckoro cocrtaBa
aTMOCepHbIX OCaAKOB 0BYCOBIEHbI CIOXHBIMU NepeMeLLeHNAMM BO3OYLLUHbIX Macc. Ha pucyHke
1 oToBpaxeHo coaepkaHne TEXKeNbIX MeTannoB BO fNbAy BOOOXPAHUINLL.

Cu; 21 _ Zn; 5 Mo; 8

Ba; 17 Sr: 25

PucyHok 1 — PacnpegeneHue cogepXkaHust TsKenbiX MeTannoB BO b4y BOAOXPAHUINLL,
MockBOpeLIKO CUCTEMbI

MeToabl uccnegoBaHus

Pe3ynbTaTbl nccneaoBaHun

[oxaeBble BoAbl MO COCTaBy CynbaTHO-rMApokapboHaTHO- K CynbaTHO-XNOPUAHO-
Kanbuunesble. MnHepanusauus mx Bbllle 3a CYET KOHLEHTpaumm B atmocdepe nbinn. BoisBneHo
npeobnagaHne TsHKEMbIX METanfoB, PacCYMTaHHbIX MPW BbINA4EHUM HA eauHWULY nowanu
nangwadTa, B goxae (Sr, Pb, Cr, Zn, Ni) no cpaBHeHuto co cHerom (tabn. 1).
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Tabnuua 1 — CogepxaHue TshKenblX MeTannoB B CHere u goxge, Kr/ira

Ne Taxenble meTannbl CHer Hoxab

1 Pb 0,5x10¢ 0,2x10*

2 Cr 0,4x10° 1,6x10°

3 \Y% 8,5x10° -
lMpumeyaHue: *

O6cyxaeHne Hay4YHbIX pe3ynbTaToB

Cnucok nutepatypbl
1. KypmykoB A.A. AHIMONPOTEKTOPHas W ruvnonunuaemMumyeckas akTUBHOCTb JleyOMU3MHA. —
Anmartbl: bacray, 2007. — 148 c.
2. Xpyctanesa M.A. Bbuoreoxmmmuyeckas Murpauusa n akkymynsuums TsDKenbiX MeTansioB B
KOMMOHEHTaX MPUPOAHBIX W aHTPOMOreHHbix naHgwadToB // COOPHMK HayyHbIX TPyAoB 3-m
MexayHapogHon Hay4yHoun koHdepeHuun: Tom 1. — r. Cemeinr: N3g-so CI'Y nm. WWakapuma, 2012. —
C. 368-373.
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BIOGEOCHEMICAL MIGRATION AND ACCUMULATION HEAVY METALS

This article discusses the characteristics of the development of eco-geochemical changes in
the biosphere. Analyzed discretely, and in particular the relationship of environmental, geochemical
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and ecological changes. We present the laws of development of ecological-geochemical changes in
the biosphere......
Key words:.....
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— Conditions and methods of research;
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— Discussion of scientific results;
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* Funding information (in the presence).
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— the design of the literature should be carried out in accordance with the requirements of
GOST 7.1-2003 “Bibliographic record. Bibliographic description. General requirements and rules for
drafting”;
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After the submission of the article by the author, the editors of the journal review the
submitted work within two weeks in order to check its compliance with the requirements (anti-
plagiarism, design, review, etc.).

In case of a positive decision of the editorial board of the journal to accept the article, the
authors are sent a corresponding message to pay for the publication.

In case of non-compliance of the article with the requirements of the journal, the authors will
be notified by e-mail.

The editorial board of the journal independently sends the received work for review.
The journal uses double-blind review, that is, it is confidential.

The editorial board of the journal checks the article for borrowings (licensed software is
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BIOGEOCHEMICAL MIGRATION AND ACCUMULATION
HEAVY METALS

Annotation: The article presents the results of the study.......
Key words: environment, biologist, nature, .........

Introduction

Atmospheric, water, and biogenic migration plays an important role in the formation of the
biogeochemical properties of landscape components. Of all natural waters, the most noticeable
changes are observed in precipitation. The concentration of elements in the snow depends on the
air temperature, the direction of the wind rose in relation to the source of pollution, the distance from
it, and the terrain [1]. Differences in the chemical composition of precipitation are due to complex
movements of air masses. Figure 1 shows the content of heavy metals in the ice of reservoirs.

;5

Cu; 21 - ’ Mo; 8 .
T % Ag'4

Ni; 4
Ba; 17 Sr; 25
Figure 1 — Distribution of heavy metals in the ice of reservoirs of the Moskvoretskaya system

Research methods

Research results

Rain waters are sulfate-bicarbonate- and sulfate-chloride-calcium in composition. Their
mineralization is higher due to the concentration of dust in the atmosphere. The predominance of
heavy metals calculated for precipitation per unit area of the landscape was revealed in rain (Sr, Pb,
Cr, Zn, Ni) compared to snow (Table 1).

Table 1 — Content of heavy metals in snow and rain, kg/ha

Ne Heavy Metals Snow Rain

1 Pb 0,5x10° 0,2x10*

2 Cr 0,4x10° 1,6x103

3 V 8,5x10° -
Note: *

Discussion of scientific results
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