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7KypHaJj BK/IIOUYEH B NlepeveHb U3IaHNi, peKOMEHI0BAHHBbIX BhiciIell aTTecTallmOHHON KoMHccHeil
MuHucTepcTBa HAYKHU U Bbicliero oopasosanusi Poccuiickoiit ®egepaumnn
JJIS1 Oy OJIMKOBAHMSA JUCCEPTALIMOHHBIX MCCJIEI0BAHMIA

IMucemo o [epeune perieH3UpyeMbIX Hay4dHbIX u3nanuii ot 28.12.2018 r. (https://goo-gl.ru/4XHR)

Marepuainsl xKypHaia pa3MeIlatoTCs B
BJ PUHII, B AGRIS- Bei6opouto, IBC Jlaus, IBC IPRbooks, b KubepJlenunka, Bl BAHUTU PAH,
HHUC Coumoner, B/ Directory of Open Access Journals (DOAJ), B/I Open Access scholarly Resources (ROAD),
The European Library (TEL), BA AcademicKeys, Research Bible, BJI EBSCO Publishing, Academic Keys

CooTBeTcTBHE PyOpHK/pa3enoB ;xypHaaa Becruuk BI'YUT
HomeHkJaType HAyYHBIX CIIEHUAJbHOCTEH, 0 KOTOPBIM NPUCYKAAIOTCH YUeHbIe CTeNneH .

1.1 IIpoueccel U anmapaThl MUIIEBBIX NIPOU3BO/ICTB
4.3.1. TexHOMOTHH, MAIIMHBI 1 000PYIOBAHUE VIS aTPOTIPOMBIIIUICHHOTO KOMIDIEKCA (TEXHUYECKIEC HAYKH)

1.2 IInmeBast 6UOTEXHOJIOTHS
4.3.3. IlumieBble cUCTEMBI (TEXHUYECKHE HAYKH)
4.3.5. BHOTEeXHOIOT s TPOIYKTOB IIUTaHUS 1 OMOJIOTUYECKH aKTHBHBIX BEIIECTB (TEXHUUECKHE HAYKH)
2. Xumuyeckast TEXHOJIOTHsI
2.6.7. TexHOIOTHSI HEOPTAaHUYECKHX BEIIECTB (TEXHUYECKHE HAYKH)
2.6.7. TexHOIOTHS HEOPTAaHWYECKUX BEUIECTB (XUMHUYECKHE HAYKH)
2.6.10. TexHONIOTHSI OPraHUYECKHUX BEIIECTB (XMMUYECKHE HAYKH)
2.6.10. TexHONOTHS OPTaHIMYCCKUX BEIIECTB (TEXHUYECKUE HAYKH)
2.6.11. TexHomorus u nepepadOTKa CHHTETHYECKIX M MIPUPOJHBIX MOTMMEPOB U KOMITO3UTOB (XUMUYECKHAE HAYKH)
2.6.11. TexHomorus u nepepadOTKa CHHTETHYSCKUX U MIPUPOTHBIX TMOTMMEPOB M KOMITO3UTOB (TEXHUIECKUE HAYKH)
2.6.12. XuMmudeckast TEXHOJIOTHS TOIUIMBA U BEICOKOYHEPT€THYECKHUX BEIIECTB (TEXHUYECKHE HAYKH)
2.6.13. TIporeccs 1 anmapaThl XAMUYECKUX TEXHOJIOTUH (TEXHUIECKUE HAYKH)
2.6.13. TIporeccsl U anmapaThl XAMUYECKUX TEXHOJIOTHH ((DHU3MKOMATEeMaTHUECKHE HAYKH)

PEJAKIIMOHHBII COBET KYPHAJIA

Mpencenareasn (I'1aBHbIH peaakTop):
KOPHEEBA OJIbI'A CEPI'EEBHA noktop OHolOrHYeckux Hayk, mpodeccop, 3aciyKeHHbIH pabOTHHK BbICIICH mIKonel PO,

BpHO peKTopa, 3aB. Kadeapodl OHOXMMHH MW OHOTEXHOJIOTHH, BOpPOHEXKCKHIl TOCYyIapCTBEHHBIH YHHBEPCHTET HHKEHEPHBIX
texnosoruii (Boponex, Poccus) ORCID: 0000-0002-2863-0771

PEJAKIIMOHHAS KOJUJIETUA PYBPUK

IIpouecchl H annmapaTsl NHUIEBHIX IIPOH3BOACTB

OCTPUKOB AJIEKCAH/JP HUKOJIAEBHY (111. pen.) TOKTOp TeXHMYECKUX HayK, mpodeccop, 3aciayKeHHbIH JesTens Hayku PO,
3aB. Kadeapoit TEXHOIOTHH XKHUPOB, IIPOLIECCOB U alllapaToB XMMHYECKUX Y IUIIEBBIX IPOU3BOACTB, BopoHexckuii rocyaapcTBeHHBIN
YHHUBEPCUTET HHXEHEPHBIX TexHonoruil (Boponex, Poccus)

AJIEKCEEB TEHHAJIMI BAJIEHTUHOBHMY [0KTOp TeXHMYECKHX HAyK, mHpoeccop, HOUETHBIA pPabOTHHK —BBICLIErO
npodeccroHanbpHOro obpasosanus PO, npodeccop daxynpTera OHOTEXHOIOTHI, HAYIHbBINH PyKOBOAHUTENs 00pa30BaTeIbHON MPOTrpaMMBI
«[Iponecckl M ammapaThl MHUINEBBIX NPOM3BOACTBY, CaHKT-IleTepOyprckmii HaIMOHANBHBIM HccIenoBaTeNnbekuil yHuBepeurter UTMO
(r. Cankr-IletepOypr, Poccus) ORCID- 0000-0002-2867-108X

AHTHUIIOB CEPTEM TUXOHOBHY [0KTOp TEXHUUYECKHX HAYK, IPODECCOp, MOUYETHEIH PabOTHHK BEICIIEro MpohecCHOHATBHOTO
obpazoBanust PO, 3aciyxennsiii m3o0perarens PO, mpodeccop kadeapsl MamvH W anmapaToB MUIIEBBIX MPOM3BOACTB, BopoHekCKuit
TOCYIapCTBEHHBI YHUBEPCHTET MHKEHEPHBIX TexHonorni (Boponex, Poccust) ORCID: 0000-0002-8932-5922

AXMEJIOB MATOME/Jl DMUHOBHY 1okTOp TEXHHYECKUX HayK, Ipodeccop, 3aB. Kadeapoil TOBAPOBEACHHUS U IKCIIEPTH3bI,
JlarectaHckuii rocy1apCTBEHHBIN TeXHUUECKUH yHUBepcuteT (Maxaukana, Poccus)

BPEJAXUH CEPTEfl AJIEKCEEBHY [0KTOp TeXHMYeCKMX Hayk, mpodeccop, Kadempa NpONECCHl M  AammapaThbi
nepepadaTHBAIONX MPOU3BOACTB, Pocchifckmii rocy1apCTBEHHBIH arpapHBIil YHUBEpCHTET - MOCKOBCKasl CETbCKOXO3SHCTBEHHAS
akanemus uM. K.A. Tumupszesa (Mocksa, Poccust)

BACHJIEHKO BUTAJIMIA HUKOJAEBHY [0KTOp TeXHHYECKHX HayK, mpodeccop, MpopeKTop o yueGHOi paboTe, 3aB. Kadeapoit
MAlIVH U alapaToB MMUIIEBBIX POU3BOACTB, BOpOHEXCKHII roCy TapCTBEHHBIH YHUBEPCUTET HHXKEHEPHBIX TexHonorui (Boponesx, Poccust)
ORCID: 0000-0002-1547-9814

BHUHYEHIIO CTOPHEJIJIM npodeccop, npodeccop kaheapsl anekTpornky, Yuusepcuret JI' Akynna (Axsuia, Vtanus)
JPAHHUKOB AJEKCEN BUKTOPOBHY 10oKTOp TeXHHYECKHX HAYK, JOLEHT, Mpodeccop Kadeapsl MAIIMH M AmIapaToB
IUIIEBBIX HPOU3BOACTB, JCKaH (aKyiIbTeTa INUIIEBEIX MAallMH M aBTOMAaTOB, BOpPOHEXCKHII TOCyHapCTBEHHBIN YHHBEPCUTET
WHXEeHepHBIX TexHoioruii (Boponex, Poccns)

MAKCHUMEHKO IOPHIl AJIEKCAHIPOBUY [0KTOp TEXHHMUECKMX HAYK, mpodeccop, MPOPEKTOp MO HayuHo# paGore H
MHHOBALMSAM, 3aBEAYIOIHI Kadeapbl TEXHOJIOTHYECKUE MALlIMHbBI U 000pYyI0BaHHE, ACTPaXxaHCKUH IOCYAapCTBEHHBIN TEXHUYECKUN
yHHUBepcuTeT (AcTpaxanb, Poccus)
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INAH®WJIOB BUKTOP AJIEKCAH/IPOBHY noxTop TexHUYECKHX Hayk, podeccop, akanemuk PAH, 3aciysxeHHbli festens Hayku PO,
HOYETHBI PabOTHHK BBICLIErO MpoghecCHOHATBHOrO obpasoBanust PD, npodeccop xadeapsl NpoLECCOB M anmapatoB NepepadaThIBalOLIMX
MPOHU3BOJICTB, Poccuiickuii rocymapcTBeHHbIH arpapHbiid yHuBepeuteT — MCXA nmernn KA. Tummpsizea (Mocksa, Poccust)

MPEUC BJIAJUMHP BUKTOPOBHUY 10KTOp TEXHHYECKHX HayK, Hpodeccop, 3aB. Kadeapoi TeXHOIOIMYECKHEe CHCTEMBI IHILEBbIX,
noJMrpadgpUIecKrX U yakoBOYHBIX NPor3BoaCTB TyIbCkuii rocynapcTBeHHbIH yHUBepeuTeT, [Tonmrexanyeckuit nacrutyt, (Tyma, Poccust)

YEPTOB EBI'EHUIM JIMUTPUEBUY 10KTOp TEXHHUECKHX HAYK, MPO(eccop, COBETHHK NP peKTopaTe, 3aB. Kadempoil
TEXHUYECKON MEXaHMKH, IOYETHBIH pabOTHHK BBICIIETo HpodeccHoHansHoro obpasoBanus PO, BopoHexckuil rocynapcTBeHHBII
YHHUBEPCUTET HHXKEHEPHBIX TexHooruil (Boponex, Poccust)

HIEBIOB AJIEKCAHJIP AHATOJIBEBHUY nokTop TeXHHYECKUX HayK, podeccop, 3aciy keHHbII n3o0peTatens PO, npodeccop
Kadenpsl oOmenpodeccuoHaNbHBIX JUCIUIUINH, BoeHHO-Bo3mymHas axajgemus uMenn npodeccopa H.E. JKykosckoro wu
10.A. I'arapuna (Boponex, Poccus)

IIumenass GHOTEXHOAOTHS

ATA®OHOB TEHHAJINI BSYECJIABOBHY 10KTOp TEXHIYECKHX HAYK, TIPOdECcop, 3aB. Kadyenpoit TeXHONOTHH GPOIITEHBIX 1
CaxapuCThIX IPOM3BOJCTB, BOpoHeKCKuii rocy 1apCTBEHHbIH YHUBEPCUTET MH)KEHEPHBIX TexHosorui (Boponesx, Poccus)

AKCEHOBA JIAPUCA MUXAMJIOBHA [0KTOp TEXHIHUECKHX HAyK, mpodeccop, akageMuk PAH, TIaBHEIH HAYYHBIH COTPYIHAK
BHUU konnurepckoii mpomsinuieHHocty (Mocksa, Pocens)

AMMPOBA 2JIJIM nokTop HayK, OCHOBATENb M reHepaIbHbIi tupektop Succurro Inc. (JIa-Meca, CIIIA) ORCID: 0000-0002-9377-3875
AHTHUITIOBA JIIOJIMUJIA BACUJIBEBHA (T11. pef1.) TOKTOp TeXHHYECKUX HayK, Ipodeccop, 3acilyKeHHbIN nesTenb Hayku PO,
npodeccop Kadeapsl TEXHOJIOTHHM MPOAYKTOB >KUBOTHOTO TIPOHCXOXACHUS, BopoHeXcKuil rocylapCTBEHHBIH yHUBEPCHUTET
HHXEHEepHBIX TexHoorui (Boponex, Poccnst) ORCID: 0000-0002-1416-0297

BPEHY AHI[PEI71 AJIEKCAHJAPOBHMY kaumunat TeXHIIeCKUX HAYK, TOLECHT, IeKaH HH)KEHEPHO-TEXHOIOTMYECKOTO (aKyIbTeTa
yupexxaeHus oopazoBaHus, benopycckuii rocy1apcTBEHHOTO arpapHbIid TeXHUYeckui yauBepcureT (MuHck, Bemapycs)

ORCID: 0000-0001-6604-9366

BAWIBXABKYMAP T'ABAJIH 10KTOp HayK, MOCTAOKTOPAHT, (JapMaKoJIOTHs, OTICICHNE BHYTPEHHEH MeTHIIMHEI, MeTHIMHCKHI
koiwtepk (uanuanatu, CIITA) ORCID: 0000-0002-7917-4913

BUKTOPOBA EJIEHA ITABJIOBHA nokTop TeXHHYECKHX HayK, IIpogeccop, 3aMEeCTUTENb JUPEKTOpa 110 HayJIHOH W MHHOBAIMOHHON
nesitenbHOCTH, CeBepo-KaBkasckuii (henepanbHblil Hay4YHBIH LIEHTp Cal0BOJACTBA, BUHOIPAapCTBa, BUHOACIHs, KpacHomapckuii Hay4HO-
HCCIIeIOBATENBCKUI HHCTUTYT XpaHEeHH U NepepaboTKU celbCKoX03sicTBeHHOM npoaykuun (KpacHonap, Poceust)

TI'OJIYBEBA JIIOBOBb BJAJIMMHPOBHA noktop TexHHYECKHX Hayk, mpodeccop, 3acimy<eHHBbIH pabOTHHK BbICIIei mIKoib PO,
npodeccop Kadeapsl TEXHONIOTHHM MPOAYKTOB >KUBOTHOTO TIPOHCXOXACHUS, BOpOHEKCKHH TocyJapCTBEHHBIH YHHUBEPCHUTET
WHXEHEPHBIX TexHonorui (Boponex, Poccst)

JOHYEHKO JIOJMHNJIA BJJAJJMMHUPOBHA noxrop TeXHHYeCKHX Hayk, mpodeccop, mpodeccop BAK, npodeccop kabenpst
TEXHOJIOTHM XpaHEHHsS W MepepadOoTKH PacTeHHEeBOMUecKoil mpomykiuu, KyOaHcknil rocymapCTBEHHBIN arpapHbIH yHUBEPCHUTET
umenn N.T. Tpyoununa (Kpacxonap, Poccus)

MN3TAEB AYEJIBEK nokTop TeXHHYECKHX Hayk, podeccop, npodeccop kadeapbl TEXHOIOTHH XJ1e00IpoIyKTOB H NepepadaThIBAIONINX
npou3BoACTB, nupekrop HUU nuineBbix TexHonoruit, Anmatunckuii TexHonornueckuii YuusepcuteT (Anmatbl, Kazaxcran)
MOPJIAHOB JIMHKO I'EOPI'AEB 10KTOp HayK, TOLUEHT Kaeaphl MACHbIE H PhIGHBIE TEXHOTOTHH, Y HHBEPCHTET HHIEBBIX TEXHOIOTHil
(ITroBmuB, Bonrapust) ORCID: 0000-0002-9300-6588

KAYAHOBA MMHPOCJIABA noxrop Hayk, mpodeccop Kadenpsl IUIOAOBOJICTBA, BHHOIpafapcTBa W dKonoruy, CroBamkwit
cenbcKoXo3sicTBeHHbIN yHuBepcuteT (Hurtpa, CroBakust), OTaen OMOSHEPreTHKH M IHIIEBBIX TeXHOJOrHH, JKemryBckuil yHUBepcUTET
(Keys, Iombina) ORCID: 0000-0002-4460-0222

KYJBHEBA HAJIEJK/JIA T'PUT'OPBEBHA nokTop TeXHHUeCKHX Hayk, npodeccop, npodeccop kadeapbl TEXHOIOTUH OPOIMIBHBIX H
CaxapuCThIX IPOM3BOJICTB, BOpOHEKCKHMIT rOCy TapCTBEHHBIH YHUBEPCUTET MHXKEHEPHBIX TexHOoJorui (Boponesxk, Poccrst)

JIMCULIBIH AHJPE BOPUCOBHUY 1oKTOp TeXHMUECKHMX Hayk, mpodeccop, akagemuk PAH, maypear I'ocymapcTBeHHO#
npemuu P®, mupekrop @PI'BHY "BHUHNMII um. B.M. I'opbaroa" (Mocksa, Poccust)

MATI'OMEJOB I'ABUBEI' OMAPOBUY 10KTOp TeXHUYECKUX HayK, Mpodeccop, MOYeTHBIH pabOTHUK BBICIIETO MPO(ECcCHOHAIBHOIO
ob6pazoBanus PO, 3aB. kadenapoii TeXHOIOrnH XJIe00MeKapHOro, KOHIUTEPCKOr0, MAKapOHHOTO U 3epPHOINePepadaThIBAIONIETO POU3BO/ICTB,
Boponekckuii rocytapcTBeHHBIH YHUBEPCHTET HEKEHEPHBIX TexHomnorni (BopoHesx, Poccris)

MACJIOB AJIEKCAH/JP nokTop MEAMIIMHCKUX HayK, IOLEHT Kadeapsl TeHeTHKH, MeTuunHCKIHA KoJuteK Anp0epTa DWHIITeHHA
(Hpto-Hopx, CIIIA) ORCID: 0000- 0001-5402-8891

MBAPI'A MAHI'A JTX)KO3E® APCEH wMmaructp arpoHOMHH, Hay4HBI COTPYAHHK KadeIpbl MHUKPOOHOIOTHH W BHPYCOJIOTHH,
Poccuiickuit yauBepcuteT apyx051 Haponos (Mocksa, Poccust) ORCID: 0000-0001-9626-9247

MHUPOHECKY MOHUMKA nokrop Hayk, AOLEHT, (aKyIbTeT CEIbCKOXO3SHCTBEHHBIX HAyK, MUIIEBON MPOMBIIUICHHOCTH U OXPaHBI
OKpyKarome cpensl, YauBepcurer «JIyawman braray (Cnbuy, Pymsmmst) ORCID: 0000-0002-0515-475X

OCIIAHOB ABJIBIMAHAII ABYBAKHPOBUY axanemuk KasHAEH, noktop TexHHYecKMX Hayk, Mpogeccop, PyKOBOIHTENb
y4eOHOTr0 Hay4JHO-TIpou3BocTBeHHOTO LleHTpa «TexHomorus nepepadaThIBaONMX POU3BOACTBY, Ka3zaxckuii HAMOHABHBIN arpapHBIil
yausepcureT (Anmarsl, Kazaxcran) ORCID: 0000-0002-3813-603X

IMAHJA BAHJIAHA nokrop Hayk, IOIEHT Kadenps! (apmaxonoruy, Bemymmii dapmanesriaeckuii xomiemk M. K. M. KynnHann
(Mywm6aii, Muaaust) ORCID: 0000-0002-7016-7813

IETPOB AHJIPEIl HAKOJIAEBHY nokTop TeXHHYECKHX Hayk, mpodeccop, akamemuk PAH, mupexrop ®I'BHY BHHU
Texnonoruu xoncepsupoBanus (Buanoe, Mockockast 0011., Poccust)

POJUOHOBA HATAJIbS CEPTEEBHA nokrop TexHHYEeCKUX HayK, mpodeccop, mpodeccop kadeapsl cepBruca U peCTOPaHHOTO
OusHeca, JekaH (aKyinbTeTa SKOHOMHKU M YIIpaBlieHUs, BOpOHEXCKHUI TocyJapCTBEHHbBIH YHHBEPCUTET WHKEHEPHBIX TEXHOJIOTHUIt
(Boponex, Poccust) ORCID: 0000-0002-6940-7998
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CYHIAPPAJIKAH IIPUS maructp Hayk, TOKTOp HayK, JOLUEHT Kadeapbl €CTECTBEHHBIX HayK U OHOXUMUHM, Koyutemx CBATOro
KcaBsepa, Yausepcuter Mymbau (Mym6au, Uuans)

XATKO 3YPET HYPBHUEBHA 10KTOp TEeXHHYECKHX HayK, HAOLEHT, 3aB. KadeApoil TeXHOJIOTWH MIPOU3BOJCTBA U IEepepabOTKH
CeIIbCKOXO03sHICTBEHHOM IpoayKIny, MalKOICKUH rocyAapCTBEHHBIN TeXHOJIOTHYeCKHuil yHuBepcute, (Maiikom, Poccs)

ICPA KAITAHOI'JIY 1oKkTOp HaykK, AOLECHT KadeIpbl MUILEBOH HHXeHepuH, CTaMOyIbCKHII TEXHHUYECKUH YHHBEPCHTET
(CTaMGyJI, Typuust) ORCID: 0000-0003-0335-9433

XHumMHu4YecKass TEXHOAOTHSA

KAPMAHOBA OJIbI'A BUKTOPOBHA (r11. pef.) TOKTOp TEXHHYECKUX HaYK, Tpodeccop, 3aB. Kadeapoil XUMHH 1 XUMHYECKOIt
TEXHOJIOTHU OPTaHWYECKHX COSJMHEHHH U mepepaboTKH MONUMEpoB, BOpOHEKCKHI rOCYapCTBEHHBIN YHUBEPCUTET WHIKEHEPHBIX
texHosnoruit (Boponex, Poccus)

BUTIOKOB BUTAJIMIA KCEHO®OHTOBHUY 10KTOp TEeXHHYECKHX HayK, TPo(eccop, 3aciyKeHHBIH meATens Hayku PD,
COBETHHK IIpH peKropate, Ipodeccop kadenpsl MHGOPMAIMOHHBIX U YIPABISIONIMX CHCTEM, BOPOHEKCKHH TrocylapCTBEHHBII
YHHUBEPCHTET HH)KEHEPHBIX TexHosoruii (Boponex, Poccnst)

BAHUEB MAPAT ABIYPAXMAHOBMUY 10KTOp TEXHUYECKUX HAYK, AOLECHT, 3aB. KaQeapoil XUMHUS U TEXHOJIOTHS IePepadOTKH
3JIaCTOMEPOB, Bonrorpaickuii rocylapcTBEHHBIH TEXHHYECKMH YHHMBEpPCHUTET, Kadenpa XUMHA M TEXHOJOTHS IepepaboTKH
anactomepoB (Bonrorpan, Poccust)

JOPMEKIINH OJIEI' BOPUCOBHY nokTop TeXHUYECKHX Hayk, mpodeccop, naypeat [Ipemun HarmonansHOM akageMun HayK
benapycu, oTinuHEK HaponHoro odpaszoBanus Pecriyonuiku Benapyck, mpopekTop mo Hay4HO#H padote, 3aB. Kadeapoil TEXHOJIOTUH
HEOPraHWYECKHX BELIECTB M 0OIIell XMMHYecKoil TexHonoruu, YupexkaeHue obpasoBanHus "bemopycckuil rocymap-cTBEHHBII
TexHonorndeckuit yausepceuter" (MuHck, bemapycs)

KYUMEHKO TATbSIHA AHATOJIBEBHA noxrop xumuueckux Hayk, npodeccop, npodeccop PAH, 3aB. kadenpoit pusnueckoil u
AQHAIUTUYECKOH X1MHHU, BopoHeXCcKuil rocyapcTBEHHBIN YHUBEPCUTET HHXKEHEPHBIX TexHosorui (Boponex, Poccust)

JIOCOBA JIOMUJIA POMYAJIBJJOBHA 1okTOp TeXHHYECKHX HayK, mpodeccop, 3aB. KadeApoil XUMHHA U TEXHOJIOTHH
nepepaboTku dmactomepoB umeHn .. KomeneBa, MockoBckuii TexHonmormdeckuii yHuBepcuter MUPDA, MockoBCkuit
TOCYTapCTBEHHBII YHUBEPCUTET TOHKUX XUMUYECKUX TexHonornid uM. M.B. JlomoHocoBa (Mocksa, Poccusi)

MOKIINHA HAJEXJIA SIKOBJIEBHA noktop XMMHUYeCKHX HayK, JOLEHT, mpodeccop kadeapsl Gu3NKu U XUMUH, BoeHHO-
Bo3ayIIHas akagemus uMenu npodeccopa H.E. XKykosckoro u FO.A. I'arapuna (Boponex, Poccuss) ORCID: 0000-0001-8409-024X
HUKYJIAH CEPTEIl CABBOBHY 110KTOp TeXHHUECKHX HAyK, Tipodeccop, Tpodeccop Kadyeapsl TEXHONOTHE OpTaHHIeCKOr0 CHHTE3a
1 BBICOKOMOJICKYJIIPHBIX COSIMHEHHUH, BopoHe)XCKuii rocy1apcTBEHHBIH YHUBEPCHTET HHXKEHEpHBIX TexHoorni (Boporex, Poccrst)
MPOKOIMYYK HUKOJIAH POMAHOBHUY 10KTOp XHMHYECKHX HAyK, TMpoQeccop, HIeH-KOpPpectoHaeHT HarmonansHoi
akajJeMun Hayk bemapycu, 3aB. kKadeapoil TEXHOJIOTMHM HE(PTEXHMHUYECKOTO CHHTE3a M INEpepabOTKH NOIMMEPOB, YUpexkICHHE
obpazoBanus "benopycckuii rocyaapcTBEHHBINH TeXHOIOrHUecknid yauBepeuret" (MuHCk, berapycs)

ITYTAYEBA NTHHA HUKOJIAEBHA 1okTOp TeXHMYECKHX HayK, JOLEHT, podeccop Kadempbl HHKEHEPHOM SKOMOrHH, JIeKaH (aKyssTera
9KOJIOTMY M XUMHYECKOH TEXHOJIOTHH, BOpOHEXCKUIA TOCy 1apCTBEHHBIM YHUBEPCUTET MHKEHEPHBIX TexHomoruii (Boponesk, Poccs)
CYXAHOB ITABEJI TUXOHOBHY nokTop XUMHYECKHX HayK, IPO(eccop, COBETHUK IPH PEKTOpaTe MO HAyIHO-METOINIECKOI
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CxopocTh TEeMIIEPATYPHOI'0 MPUPOCTA BO BHYTPEHHHUX CJIOSIX MACHBIX
U3/ PU TePpMO00pPadoTKe B MAPOBO3AYIIHBIX Cpeaax
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Benopycckuii rocytapcTBeHHBIH YHUBEPCUTET IMUIIEBBIX U XUMUYECKUX TexHoJorui, np-t Imuara, 3, r. Morunes, 212027,
Pecniy6mmika benapych

AnHoTtanus. [IpoBeeHs! nccneoBaHus 0 U3YUYSHUIO CKOPOCTH TEMIIEPATypPHOI0 IPHPOCTA B HOAKOPKOBOM M LIEHTPAILHOM CJIOSIX M3/ENHUH
U3 MSICHOTO ChIPbS C Pa3INYHBIM COOTHOIICHHEM BJIKHOCTH/KUPHOCTH NP HarpPEBaHHWH B MApOBO3IYLIHBIX cpefax. B kauecTBe 0OBEKTOB
HCCcIen0BaHui BbIOpaHbl KypuHOe (uie 0e3 Koxku (BIaxHbIi 00e3xupeHHsiil oopasen (nanee BOO), Bnaxuocts — 74,5 %, sxupHocts — 1,4
%) M MSICO JIOMATOYHOM YaCTH CBHHOM TyIuH (MaJOBIaXHBIN XHPHBIA o0pasen (manee MXKO), Braxuocts — 55,1 %, sxuprocts — 29,4 %).
N3nenust (GopMoBaauch B BUIC OAHOMCPHBIX LIIMHApPA M IUIACTHHBL HarpeBaHue OCYyIIECTBISUIOCh B CPEie CYXOro BO3AyXa H
IapOBO3MYIIHOW cMecH BiaroconepxanueM 80-85 % npu Temmeparypax temnoHocutens 160-240 °C. 3aMepbl OCYIIECTBILUINCH B
MTOIKOPKOBOM cJioe (BEepXHHI BIaXHBIH) U B LEHTPE (BHYTPCHHUI BaxkHbIi). OmnpeneneHbl 001me CKOPOCTH TEMIIEPATYPHOTO MIPUPOCTa B
UCCIIEyeMBbIX CIIOSIX, OIMCAaHbl HAOII0AaeMble 3aKOHOMEPHOCTH. J1st Goee MOIHOro ONMUCAHuUS MPOLECC pa3/IeIHIn Ha IEPUOABI pa3orpesa
U JIOBEACHHUsS 10 OTOBHOCTH; BHIODAaH BapHaHT Pa3fielCHMS MO TEMIly HArpeBaHUs, KOTOPOE OCYLICCTBICHO IO pPe3yJbTaTaM aHAIIM3a
M3MEHEHHH W30BITOYHOM TemIleparypbl BO BpeMeHH. J[yisi aHanu3a MPEACTAaBICHHBIX JaHHBIX PACCUMTBHIBAIM COOTHOLICHHS CKOPOCTEH
TEeMIePaTypPHOTO MPUPOCTAa B 3aBHCUMOCTH OT BUJAQ TEIUIOHOCUTENs U oOpasua. [lokazaHo, 4TO CKOPOCTh TEMIIEPATYPHOTO MPUPOCTa
YBEJIMYUBACTCS. NIPH TIOBBILICHUH TEMIIEPATyphbl TEILIOHOCUTEINST Ha 00ouX nepuojax oO0pabdOTKM AJIsi BCeX HCCieayeMbIx BapuaHToB. Ha
Ha4aJIbHOM 3Tame 0ojee BBICOKast CKOPOCTh TEMIIEPATyPHOTO IIPUPOCTa HAOMIONAeTCs IPH HATPEBaHUK B IIAPOBO3IYIIHOM CMECH (CBSI3aHO C
npeobiaaaroneli TeIooTAauel 3a CHeT KOH/ICHCAINH ), B OCHOBHOM JTalle — B BO3AYLIHOH (CBSA3aHO ¢ Ipeodiiaialomieil TermnooTaaueii 3a cuer
KOHBEKLMHM). J{11s MOJKOPKOBOIO €/10s Ha Ha4YAJILHOM 3Tare 0oJiee BHICOKUIT TeMIepaTypHsblil mpupoct Hadmoaaerces 1t MXKO, B 0cHOBHOM
atane — it BOO (cBs3aHO ¢ McnapUTeNbHON CIOCOOHOCTBIO MaTepuaia). st eHTpa Gosee BHICOKMIT prpocT Habmopaercs it BOO B
oboux neprosax (cBsi3aHo ¢ TopMo3smuM dhdexrom sxuposoro pacmiasa MXKO).

KimoueBble cjioBa: CKOpPOCTh HarpeBaHus, TCMHepaTypHLIﬁ IIpUPOCT, MACHBIC U3/CIINS, TCpMOO6p360TKa, 3alICKaHuc.

The rate of temperature increase in the inner layers of meat products
during heat treatment in steam-air environments

Marina N. Smagina*  m.n.smagina@mail.ru 0009-0006-8762-4730
Denis A. Smagin ' denis _smagin@mail.ru 0009-0004-2974-5580

1 Belarusian State University of Food and Chemical Technologies, Schmidt Ave., 3, Mogilev, 212027, Republic of Belarus

Abstract. Studies have been conducted to study the rate of temperature increase in the subcortical and central layers of meat products with
a different ratio of moisture/fat content when heated in steam-air environments. Skinless chicken fillet (wet fat- free sample) was selected
as the objects of research SBI, humidity — 74.5%, fat content — 1.4%) and the meat of the shoulder part of the pork carcass (low-moisture,
greasy sample), humidity — 55.1%, fat content - 29.4%). The products were molded in the form of a one-dimensional cylinder and plate.
Heating was carried out in an environment of dry air and a vapor—air mixture with a moisture content of 80-85% at coolant temperatures
of 160 ... 240 °C. Measurements were carried out in the subcortical layer (upper moist) and in the center (inner moist). The general rates
of temperature increase in the studied layers are determined, the observed patterns are described. For a more complete description, the
process was divided into periods of heating and bringing to readiness; a variant of separation by heating rate was selected, which was
carried out based on the results of an analysis of changes in excess temperature over time. To analyze the presented data, the ratios of the
rates of temperature increase were calculated depending on the type of coolant and the sample. It is shown that the rate of temperature
increase increases with an increase in the temperature of the coolant at both treatment periods for all the studied variants. At the initial
stage, a higher rate of temperature increase is observed when heated in a vapor—air mixture (due to the predominant heat transfer due to
condensation), at the main stage - in the air (due to the predominant heat transfer due to convection). For the subcortical layer, at the initial
stage, a higher temperature increase is observed for the low-moisture, greasy sample, at the main stage — for the wet fat- free sample (due
to the evaporative capacity of the material). For the center, a higher increase is observed for the wet fat- free sample in both periods (due
to the inhibitory effect of the fat melt of the low-moisture, greasy sample).

Keywords: heating rate, temperature increase, meat products, heat treatment, baking.
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BBenenue

Xapka (3amexanue) — crmocod TEMIOBOM
00pa0OTKH TMUIIEBHIX TPOAYKTOB IPH HEMOCpe.-
CTBEHHOM CONPUKOCHOBEHHH UX C TPEIOIIEeH cpenoit
npu TeMmreparype, obecniedrBarolieii oopasoBaHue
Ha TIOBEPXHOCTH KOpOYKH. IIpmHIMNuampHeIM
OTIIMYMEM JKapPOUHBIX OIEPaLnii ABIISETCS CPAaBHH-
TENBHO <OKECTKOE» TEPMHUYECKOE BO3JEHCTBHE
Ha IOBEPXHOCTHBIM CJOH, XapaKTepU3yroUleecs
«TIeperpeBoM» BHEILIHEH 000JI0UKH, OCYILIIECTBIISIEMOE
MIpH TEMIIepaTypax IPeroIeii cpeibl, 3SHAYUTETHHO
MIPEBBIIAIONIEH TeMIepaTypy KUIIEHUS BOJBI IIpU
aTMOC(EPHOM JaBICHHH.

MsicHOM MPOAYKT B XOJ€ TEXHOJOTUYECKHUX
omepanuii Kapkd M 3aleKaHuid He OJHOPOJEH;
B Macce BBIIESAIOT NOBEPXHOCTh, KOPKOBBIH, MOA-
KOPKOBBIH, iepu(epuiiHbIe 1 EHTPAIbHBIN CIIOH.
IloBepXHOCTBH HEMOCPENCTBEHHO YYaCTBYET BO BHEIII-
HEM TEeII000MEHE C TPEIOIIEeH CPEeIoif; TeMIrepaTypa
MOBEPXHOCTH ONPEACIIAETCA KOIMYECTBOM TEIIOTHI,
MOJBOJAMMOM OT TpEIolle cpelbl U OTBOJIUMOMU
B KOpKy. KOpKOBBIi1 cioii MoydaeT TeIIoTy OT Mo-
BEPXHOCTH, PACCEUBAET U IEPEAACT HA HIDKEIIEKALME
CJIOH; XapaKTEPU3yeTCsl OTVINYHON OT BHYTPEHHUX
CIIOEB CTPYKTYpPOH, KpailHe HU3KOM BIAXKHOCTBIO U
TEIUIOU3NUECKUMH  XapaKTEPUCTHKAMH, OIM3KUMH
K cyxomy marepuany. IloakopkoBblil cioi npen-
CTaBIsIeT COOOH MPOMEXKYTOUYHBIM CIIOH MEXIy
KOPKOH M OCHOBHBIM IPOAYKTOM C KOHEYHOM
TeMIepaTypoil OJIM3KOH K TeMmmepaTrype KUIEeHHUs
cBoOoTHOM Biary. Jlaee pacmonaratorcs nepude-
pUITHBIE CTION C TIOCTETIEHHO NMOHMKAIOLIEHCs TEM-
nepatypoil. lleHTpanpHbIil ClION XapaKkTepusyercs
HauUMEHBIIEH TeMIEepaTypou, BEIMYUHA KOTOPOH
OTIpe/IeTISIeT CTENeHb KYJIMHAPHONH TOTOBHOCTH.

CkopocTh IpHUpocTa TeMIEPATyphl OJKOP-
KOBOTO CJI0s1 (BEpXHUIA BIXHbIH) 1 1IeHTpa (BHYT-
PECHHHH BJIa)KHBIN) 3HAYUTEIILHO PA3INYACTCS KaK
B LIEJIOM IO IPOLECCY, TaK U Ha OTIEIbHBIX €r0
sTanax. JIaHHbIE pasiIMuusl ONPENCISIOT PasIMUHYIO
MHTEHCUBHOCTh M TIyOMHY IPOTEKaHHs (U3UKO-
XMMHUYECKUX NPeoOpa3oBaHnii HyTPUEHTOB U Mac-
COOOMEHHBIX NPEBPAILLCHUH, CTETIEHb W3MEHEHUS
TETIOPU3NUECKUX M PEOJIOTUUECKUX XaPaKTEPUCTHK
OMoJIoruuecKoro Marepuana u T. 1.

B HayuHoOI IMTEpaType NPUBEACHBI PA3JINYHbIC
BapHAaHTHI ONKCAHUs MPOLECCA HATPEBAHMSI MACO-
npoayktoB [1-19]. Omnako, o6oO6miarommx wuc-
CJIeI0BAaHUN 110 BIMSIHUIO HyTPHEHTHOTO COCTaBa,
CTepeOMEeTpHUYECKOM (POPMBI M3/IEIHS, BUJIA TEILIO-
HOCHUTEIS], TEMIIEPATYPHOrO pEKUMa Ha CKOPOCTb
MpHUpOCTa TEMIIEPATypbl B OCHOBHBIX BIIA)KHBIX
CJIOSIX HE POBOJUIIOCH.

Lenap uccienoBanusi — M3y4uTh OCOOCHHO-
CTH CKOPOCTH NPHPOCTa TEMIEPATYPBI B MTOJKOPKO-
BOM M IIEHTPAJIBLHOM CJIOSIX M3ETMH KaHOHHYECKHX
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(OpM U3 MSICHOTO CBIPbS C PA3ITUYHBIM COOTHOIIIC-
HHEM BJIQXKHOCTB/’KUPHOCTD Ha PA3IHYHBIX dTAMax
HarpeBaHus MIPH TepMo0OPadbOTKEe B TTAPOBO3IYTITHBIX
cpelax pa3inyHON BIaKHOCTH.

MaTepI/IaJ'[I)I U METOAbI

B kadecTBe 00BEKTOB HCCIENOBAHHUS OBLTH
BbIOpaHbI ABa 00pas3la M3METbYEHHOTO MSICHOTO
CBIPbSl PA3JMYHBIX IO COOTHOIICHHWIO BIIArO- MU
KUPOCOJIEPKAHUIO: | — BIaXKHBIN 00€3KUPEHHBIN
obpazer; (KypuHOe (uiie 6€3 KOXH, BIAKHOCTH —
74,5%, sxkupHocTh — 1,4%), 2 — MagOBIAKHBIH
JKUPHBIA 00paser (JomaroyHas 4acTh CBUHHHBI,
BIAXHOCTH — 55,1%, supHOCTE — 29,4%).

OO6pa3iel HOpMOBAUCH B BHIC KaHOHHYE-
CKHX TeJl: OJHOMEpHas IUIACTHHA C pa3MepaMu
axbxh = 160x160x32 MM © OTHOMEDPHBINA IIH-
muHAp ¢ pasMepamu dxH = 60x320 mm. s atoro
MPUMEHSJIM  CICIMANIbHBIC KacCEeThl, KOTOPBIC
o0ecneunBaroT MpsIMON KOHTAKT TIOBEPXHOCTH U3-
JIeIAS
C TperoLIen Cpenoi.

Jliis onpeeneHust TeMIepaTypbl BO BHYTPEH-
HUX CITOSIX M3 (ITOIKOPKOBBIN M IICHTPATHHBIHN)
UCIIOJIL30BAIM HAOOp TEPMODIIEKTPUIECKUX Ipe-
obpazomareneii TXA(K)— 1199/52/2/1500/0,5
C IMaMeTpoM TepMO3JIeKTpoaoB 0,5 MM B KpeMHe-
3€MHOH OIIETKE.

[MoaroroeneHHbie 0Opa3Ibl MOABEPTATH TE-
JIOBOW 00pabOTKe B MapOKOHBEKIIOHHOM aIlapare
B Cpelleé HarpeToro BO3JyXa M IapOBO3TYITHOW
cmecu BraxHocTu 80-85% B nuamazone Temmepa-
Typ 160-240 °C 10 AOCTHXKEHUS TEeMIEpaTyphl
B LieHTpe 3aroToBku 85 °C.

Pe3yJ’[I)TaTbI H 06cy>R)1eHne

B xone 3anekaHusi B MACONPOAYKTaX Bblle-
JSIFOTCSL BEPXHUM M BHYTPEHHHMH ciiou. BepxHuit
CJION TpeACTaBlIeH KOPKOW, KOTOpas BBIMOJHSET
POJIb TETJIONEPENAIOIIEH CTEHKH MEXY IPEIOLIei
Cpefol U TEIIOBOCIPUHUMAIOIIMMY BHYTPEHHUMU
CIIOSIMH; TIPH 3TOM KOpKa SIBJISETCS MPaKTHUECKU
CYXUM BEIECTBOM, a BHYTPEHHHE CJIOM — BIIAXKHBIM
MarepuasioM. [Ipupoct Temmneparyp BHYTPEHHHUX
CIIOEB OMpeJenseTcss CHeru(uKod HarpeBaHUs
TIOJIKOPKOBOT'O ¥ [IGHTPAITBLHOTO CJIOEB, IiepudepriiHbie
CJIOM 3aHMMAIOT IIPOMEKYTOUHOE MoJiokeHue. [1o-
3TOMYy TEMIIEpaTypHbIE 3aMephl OCYIIECTBISUIN
JUTSL TIOJKOPKOBOTO M LIEHTpajibHOro cioeB. Cko-
pOCTh TEMIIEPATypHOTO MPHUPOCTa OMpEAEAnach
B BHUJIC OTHOIIEHHS MPHPOCTa TEMIEpaTypsl Ot K
COOTBETCTBYIOIIIEMY BPEMEHHOMY IIPOMEXYTKY OFT.
Pacuer o01ieli ckopoCTH TEMITepaTypHOTO MPUPOCTa
MOJIKOPKOBOI'O U LIEHTPAJILHOT'O CIIOEB UCCIIETY EMbIX
W3MIeTUi ipuBeIeH B Tabmie 1.
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OO01mast CKOPOCTh TEMIIEPATyPHOTO MPUPOCTA UCCIIEAYEMbIX CIOCB

The total rate of temperature increase of the studied layers

Tab6bnuma 1.

Table 1.

CKOpOCTh TEMITEPATYPHOTO IpupocTa Ot / ot , °C/vun
B Temneparypa . Rate of temperature increase, C / min &t/07 ©
1 MaTepuaa rperotiieti cpener, “C. IOAKOPKOBBIN cJioH | subcortical layer CHTpaJILHBIN C1I0H | central layer
Type of material Temperatuge o?tgg heating AKOD | Tperoman cpgﬂa I I-leatinguenvi[;onment | Yy
medium, HAIPETHI BO3AYX | IIAPOBO3AYIIHAS CMECh | HATPETBIM BO3AYX | IAPOBO3IYILHAS CMECH
heated air steam-air mixture | heated air | steam-air mixture
Dopma — imnap /mactura | Shape — cylinder/plate

T ————— 160 2437225 2571243 2,02/187 2147202
200 2817264 295/281 2347122 2467234
Wet fat-free minced meat 240 317281 327730 25872.34 372135
MatoB b Rt papu 160 1,8771,83 1,89/1,87 1567153 1,58/1,56
200 236/23 241237 197/192 20/197
Low-moisture greasy mince 240 2.021257 2.7121261 2271214 2271217

CKOpOCTh TEeMITepaTypHOTO MPHUPOCTa YBEIH-
YHBaeTCs IPU TMOBBIIICHUH TEMIIEPATyphl Tperoreit
Cpenpl sl BCEX MCCIEIOBAHHBIX BapuaHTOB. Jliis
TIApPOBO3TYIITHON CMECH XapaKTepHa HECKOJIBKO OoIree
BBICOKas MHTEHCHUBHOCTh IPOTEKaHMs IpoIiecca,
CHIDKAIOLIAsiCs 10 Mepe pocTa TeMIepaTypsl. Ma-
JIOBJIAYKHBIN >KMPHBII MaTepHall XapaKTepu3yercs
MEHBIIEH CKOPOCTBIO IPUPOCTA, YEM BIIAKHBII
obekupeHHbI. M3menmuss B (opme IUTaCTHHBI
HarpeBaloTCs MeJIeHHee, 4eM B (hopMe IUITMHIpA.

Jns Oonee moiHOro omnwvcaHus HaOIIOIAEMOM
KapTUHBI OTIPEJIEIISITN CKOPOCTH TEMITEPaTYPHOTO TIPH-
pOCTa pa3aenbHO IS IEPHO/Ia pa3orpeBa (HAUATBHBIHN)
Y TIEPHOAIA IOBEICHHS 10 TOTOBHOCTH (OCHOBHOH).

[poriecc HarpeBaHUsT MSACOMPOIYKTOB MOJKET
OBITh pa3iesyieH o IPHHIUITY OKOHYAHHUS IPOTEKaHUs
(PU3UKO-XUMUYECKHUX PEAKINi SHIOTEPMUIECKOTO
xapaktepa 1mo oowremy moiydadpukara. Hagans-
HBIH TIEpUOJI B JAHHOM BapHaHTE 3aKaHUMBAETCS
TIPH JOCTIKEHNU 00beMHOU Temmeparypsl 60 °C,
MPU KOTOPOM 3aBEPIIAIOTCS TIPOIECCHI AeHATYPaIi
0eNIKOB U MJIaBJIEHUS JKHpa.

Taxxke mporiecc HarpeBaHHUsl MACOIPOAYKTOB
MOYKHO Pa3JIeJHTh M0 TPHUHIUITY AOCTIDKEHUS B 3a-
JAHHOM cJI0€ (PpOHTA TEMITEPaTyPHBIX BO3MYIIICHHH.
HavanbHb1ii iepros1 B JaHHOM BapHaHTE 3aKaHINBACTCS
C Ha4YaJIOM TEMITEPaTyPHOTO POCTa B IEHTPE M3IEIHSI.
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OpHako, HAaHHBIE MOAXOIbl HMMEIOT PsiX
HEIOCTAaTKOB JJISl pEelIeHHs MOCTaBJICHHOMN 3a1aqn.
B nepBom cityuae 0CHOBHO 3Tar Oy 1eT O4eHb MaJ 110 OT-
HOIIICHHIO K HaYaIbHOMY ¥ Hed((EKTHBEH TS OLICHKH
TeMIepaTypHoro npupocta. [Ipu 3Tom KpuBast Harpe-
BaHMS LICHTPA Ha HAYaJIbHOM 3Tarie OyIeT UMETh CIIOX-
HYIO KOH(DHTYpaIuio, a TIOJKOPKOBBIN CJIOM Mporpe-
€Tcs 10 IOCTOSIHHOM TeMrieparypbl. Bo BropoM ciryuae
HaYaJIbHBIN dTan OyIeT KpaifHe MaJl IO OTHOIICHHIO K
OCHOBHOMY, a KpHBasi HATPEBAHMS [IEHTPA B OCHOBHOM
sTane OyJeT UMETh CIIOKHYIO KOH(PUTYPALHIO.

3ameyeHHbIe MSCHBIE W3METHS B XOJE TEIUIO-
BOHM 00pabOTKK KiIacCH(ULIMPYIOTCS KaK MacCHBHBIE
tena [20]. HarpeBanue MaccuUBHBIX Tel B cpene
C MOCTOSTHHOM TeMIIEpaTypoil XapaKTepU3yeTcsl TEM-
MIOM HarpeBaHusl. TeMI HarpeBaHus MPeICTaBIsCT
co0oi BelInMuuHY, 0OpaTHYIO BPEMEHH, 3a KOTOpOe
NPOJYKT HAarpescs Obl JI0 3aIaHHOM TeMITepaTyphl,
eciy Obl HarpeBaHHUe MPOUCXOAMIIO C OCTOSHHON
CKOPOCTBIO, PAaBHOM CKOPOCTH IPOTPEBa B HAYATIBHBIN
MOMEHT. Takum o0Opa3oM, MpoIecc HarpeBaHUs
MSICONPOIYKTOB 1IeJIecO00pa3HO pa3ienaTh Ha Ie-
PHOABI, UCXOJS U3 BEIWYMHBI TEMIIa HaTrpEeBaHUSL.
Jns ompeneneHust TeMIla HarpeBaHUs CTPOWIIH
rpadryecKue 3aBUCUMOCTH W3MEHEHHsI M30bITOUHOM
temrepatypsl (t,-t) Bo BpemeHu B mosysorapud-
MHYECKUX KoopanHaTax (pucyHku 1-8).
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Pucynok 1. M3MeHeHue W30BITOYHON TEMIIEPATYpPhl CIOCB U3/IEIUI BO BPEMEHH ISl BIAXKHOTO 00€3)KUPEHHOTO (apiia B
(dhopMe 0JHOMEPHOTO IMIMHAPA B CPeJe TOPSIEro BO3MyXa a — MOJKOPKOBBIN Ciloi; b — tieHTpanbHeiil cioit; ml160, m200,
1240 (1160, 1200, 1240) — n3MeHeHne TeMIepaTyphl B ITOJKOPKOBOM (LIEHTPAJILHOM) cj10e 00pasiia Ipu TeMIeparype rpe-

owieii cpeapl cootBercTBeHHO 160, 200 1 240 °C

Figure 1. Change in excess temperature of product layers over time for moist low-fat minced meat in the form of a one-dimensional
cylinder in a hot air environment: a — subcortical layer; b — central layer; 160, 1200, 1240 (11160, 11200, 11240) — temperature change
in the subcortical (central) layer of the sample at the temperature of the heating medium, respectively, 160, 200 and 240° C
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Pucynok 2. M3MeHeHne U30BITOUHOI TeMIepaTyphl CJI0EB M3JEIMi BO BPEMEHH IS BIAXKHOTO 00e3KUpEHHOro (hapiia B
(dopMe OTHOMEPHOTO HIIMHIpPA B TTAPOBO3AYIIHOM cpejie: & — MOAKOPKOBBIN ciioif; b — menTpansHeiii cinoif; m160, m200,
m240 (160, 1200, 11240) — U3MEHEHHE TEMIIepaTypbl B MOJAKOPKOBOM (LIEHTPAILHOM) ClIoe 00pasiia MpH TeMIIepaType
rperorei cpensl coorBercTBeHHO 160, 200 1 240 °C

Figure 2. Change in excess temperature of product layers over time for moist low-fat minced meat in the form of a one-dimensional
cylinder in a vapor-air environment: a —subcortical layer; b — central layer; 160, 1200, m240 (11160, 11200, 11240) — temperature change
in the subcortical (central) layer of the sample at the temperature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynox 3. M3MeHeHHe M30BITOUHOM TeMIepaTyphl CJIOEB M3AENUI BO BPEMEHH JUIS MaJOBIAXXHOTO JKUPHOTO dapiia B
(bopMe OJJHOMEPHOTO HUIIMHJIPA B CPEJIe TOPSUEro BO3AyXa: a — MOJKOPKOBBIN CJI0ii; b — tenrpanbusiit cioi; 1160, 1200,
1n240 (u160, 1200, 1240) — U3MEHEHUEe TeMIepaTypbl B MOJAKOPKOBOM (LIEHTPAJILHOM) ciioe o0pasua IpH TeMmIeparype
rperomieit cpeast coorBercTBeHHO 160, 200 1 240 °C

Figure 3. Change in excess temperature of product layers over time for low-moisture fatty minced meat in the form of a one-dimensional
cylinder in a hot air environment: a — subcortical layer; b — central layer; 160, 1200, 1240 (11160, 11200, 11240) — temperature change
in the subcortical (central) layer of the sample at the temperature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynok 4. M3mMeHeHUe M30BITOYHON TeMIepaTyphl CIOEB M3/ACIUIl BO BPEMEHH U MAJIOBI&XHOTO YKUPHOTO (apiia B
(dhopMe 0THOMEPHOTO MIIIMHIpPA B TTAPOBO3AYIIHOMN cpee: & — MOAKOPKOBBIN ciioit; b — menTpanbuseiii cioit; 1160, m200,
1n240 (1160, 1200, 11240) — U3MEHEHHE TEMIEepaTypbl B MOJAKOPKOBOM (LIEHTPAIBLHOM) clioe o0paslia MpH TeMIIEpaType
rperolieit cpepl coorBeTcTBeHHO 160, 200 1 240 °C

Figure 4. Change in excess temperature of product layers over time for low-moisture fatty minced meat in the form of a one-dimensional
cylinder in a vapor-air environment: a— subcortical layer; b — central layer; 160, 1200, 1240 (11160, 11200, 11240) — temperature change
in the subcortical (central) layer of the sample at the tem-perature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynok 5. M3MeHeHune U30BITOUHOI TeMIepaTyphl CJI0EB M3JEIMi BO BPEMEHH IS BIaXKHOTO 00€3KUPEHHOro (hapiia B
(bopMe 0THOMEPHOI TUIACTHHBI B CPEJie rOpsiYero Bo3ayxa: a — MOAKOPKOBBIH Clloif; b — neHTpanbHblii cioi; 1160, 1200,
1n240 (160, 1200, 1240) — U3MeHEeHUe TeMIIepaTyphl B IOJAKOPKOBOM (LIEHTpAJILHOM) ciioe o0Opasua IpH TemIeparype
rperomieit cpeast coorsercTBeHHO 160, 200 1 240 °C

Figure 5. Change in excess temperature of product layers over time for wet fat-free minced meat in the form of a one-dimensional
plate in a hot air environment: a — subcortical layer; b — central layer; 1160, n1200, 1240 (11160, 11200, 1240) — temperature change
in the subcortical (central) layer of the sample at the temperature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynok 6. M3MeHeHre W30BITOYHOI TeMIepaTyphl CIOEB H3JETIHi BO BPEMEHH JUISl BIIaXKHOTO 00e3KUpeHHOTo (apiia B
(hopme 0JHOMEPHOH TUTACTHHBI B TAPOBO3IYIITHOM Cpeie: & — MOAKOPKOBBIi ¢i10#t; b — enTpanbHsii cioit; 160, m200, 1240

(160, 1200, 1240) — n3MeHEeHHEe TeMIEPaTyphl B MOAKOPKOBOM (LIEHTPaIbHOM) cioe o0pasiia Ipu TeMIepaType Iperoiei
cpensl cootBeTcTBeHHO 160, 200 1 240 °C

Figure 6. Change in excess temperature of product layers over time for moist low-fat minced meat in the form of a one-dimensional
plate in a vapor-air environment: a — subcortical layer; b — central layer; 1160, n1200, 1240 (11160, 1200, 11240) — temperature change
in the subcortical (central) layer of the sample at the tem-perature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynok 7. M3MeHeHUe M30LITOUHOM TemImepaTypbl CIOEB U3AENUI BO BPEMEHU Ul MAJIOBIAXXHOIO KUPHOTO ¢apiia B
(dhopmMe 0JHOMEPHO TUIACTHHBI B CPE/IE TOPSAUEro BO3AyXa: & — MOAKOPKOBBIA Cioit; b — menrpanbmbrit cinoit; ml160, m200,
1240 (1160, 1200, 11240) — U3MEHEHUE TEMIEepaTypbl B MOJAKOPKOBOM (LIEHTPAIBLHOM) clioe o0paslia MpH TeMIIEpaType
rperolieit cpepl coorBeTcTBeHHO 160, 200 1 240 °C

Figure 7. Change in excess temperature of product layers over time for low-moisture fatty minced meat in the form of a one-dimensional
plate in a hot air environment: a — subcortical layer; b — central layer; 160, m200, 1240 (11160, 11200, 1240) — temperature change
in the subcortical (central) layer of the sample at the tem-perature of the heating medium, respectively, 160, 200 and 240 °C
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Pucynok 8. M3MeHeHUe M30BITOYHOM TeMIIEpaTyphl CIOEB M3ACIUI BO BPEMEHH JUII MaJIOBJIaXHOTO YKUPHOTO (apiia B
(hopme 0JTHOMEPHOH TUIACTHHBI B IIAPOBO3IYIITHOM Cpeie: & — MOAKOPKOBBIH ¢i10#t; b — enTpanbHslii cinoif; 160, m200, 1240
(1160, 1200, 11240) — ©3MEHEHHE TEMIIEPATYPhI B IOAKOPKOBOM (LIEHTPAIBLHOM) ciIoe 00pasiia Mpy TeMIIepaType rperoiiei
cpensl cooTBeTcTBeHHO 160, 200 11 240 °C

Figure 8. Change in excess temperature of product layers over time for low-moisture fatty minced meat in the form of a one-dimensional
plate in a vapor-air environment: a — subcortical layer; b — central layer; 160, m200, 11240 (11160, 1200, 112240) — temperature change
in the subcortical (central) layer of the sample at the tem-perature of the heating medium, respectively, 160, 200 and 240 °C

W3 pucynkoB 1-8 BuaHO, uto uepe3 10 Mun
1ociie Havajia TepMooOpaboTku rpaduKu U3MeHe-
aust 1g(t,-t) BO BpeMeHHU aJIs BCEX HCCIEIYEMBIX
BapUaHTOB BBIPAXKAIOTCS MPSIMBIMH  JIHHUSIMH.
OTO CBUAETENBCTBYET O HACTYIUICHHH DPEXHMA,
Opyd  KOTOPOM BENMYMHA TEeMIla HarpeBaHU

B HCCJIEJTyeMOM TOUKE Tela 0CTaeTCs IOCTOSHHOM.
COOTBETCTBEHHO MPOAOLKUTENBHOCTh HAYaIbHOTO
neproaa npuHUMaeM paBHyio 10 muH. CKOpPOCTBH
TEMIEPaTypHOro IMPHPOCTa BHYTPU H3AETUS IO
nepuoJaM npeacTaBieHa B Tabnume 2.

CKOpOCTB TEMIICPATYPHOI'O MTPUPOCTA IO IEPpUOaAaM

Tabauna 2.

Table 2.

The rate of temperature increase by periods

CkopocTs TemmepaTypHoro npupocra ot/dz , °C/mun
Rate of temperature increase, C / min ot/o7 °

Temmeparypa rpetoueit Hauasnpusrit oTan OCHOBHO¥ 3Tan
Bux Marepuaia cpenel, “C Initial stage Main stage
Type of material Temperature of ﬂo‘e I'petowas cpea | Heating environment
heating medium, °C HATpEThIN MApOBO3YIIHAS HarpeThIi MapOBO3YIIHASL
BO3IYX CMECh BO3IYX CMECh
heated air steam-air mixture heated air steam-air mixture
dopMa — IHIMHADP, TOAKOPKOBLIN ¢liol / eHTpanbHelii cioii | Shape — subcortical layer / central layer
BiaxcHpl1ii 160 325/11 6,3/155 2,09/2,37 1,05/2,35
00e3KUpeHHbIH Gapim 200 4,0/1,35 6,7/1,85 2,23/2,79 1,1/2,76
Vet fat-free minced 240 45/1,65 6,95 /2,2 2.34/3,1 1,14/3,02
ManoBiaKHbIH 160 3,85/0,65 6,9 /1,05 1,34/1,8 0,55/1,72
KUPHbIH (hapr 200 455/0,85 7,25/1,3 1,57/2,38 0,62 /2,25
'-OW'm?T'fiﬁéf greasy 240 50/1,05 7,4/1,55 1,72 /2,83 0,67/2,61
dopma — IIacTHHA, MOJKOPKOBLIH CII0¥ / IeHTpansHbii cioii | Form — plate, subcortical layer / central layer

Baxxuesrit 160 3,5/1,15 6,75/1,85 1,75/2,12 0,83/2,09
o6e3KupeHHbIH dapim 200 4,45 /1,45 70/21 1,81/2,51 0,86 /2,45
Wet fat-free minced 240 485/18 715124 1,86 /2,61 0,88/ 2,55
MaioBIaKHBbIH 160 3,95/0,95 7,15/1,.3 1,28/1,68 0,49/1,64
KMPHBIA (apm 200 475/1,2 745/15 1,44/2,19 0,53/2,13
'-0""'”‘?];?;%(: greasy 240 51/15 76/17 1,541 2,44 0,55/2,39

N3 Ttabmuiel 2 crnemyer,

49TO CKOpPOCTh

Jl14 aHanv3a mpeACTaBIeHHbIX JaHHBIX pacCiu-

TEMIEPAaTypHOTO MPHUPOCTA YBEIMUYUBACTCS MpPH
YBEJIMYEHNH TEMIIEPaTyphI TPEIOLIeH Cpeibl Ha 000HX

mepuoiax 00padoTKH.

THIBAJIM COOTHOIICHUS CKOPOCTEH TEMIIEpaTypHOro
MPUPOCTA B 3aBUCHMOCTH OT BHJA TEIIOOOMEHHOU
Cpebl ¥ IIPUMEHSEMOro obpasia (Tadmipl 3-6).
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Tabnuna 3.

COOTHOIIICHHSI CKOPOCTEH TEMIEPATYPHOT0 MPUPOCTA B TIOAKOPKOBOM CJIOE B 3aBUCHMOCTH OT BHIA
TETIIO00OMEHHOM Cpeb

Table 3.
The ratio of the rates of temperature increase in the subcortical layer depending on the type of heat exchange medium
Bun marepuana Temmepatypa rperomieii cpeast, “C (8(/ 8‘[) ' / (8’[/ 81’)
Type of material Temperature of the heating medium, °C - —
HavanpHbiii aTan OCHOBHOI1 Tan
Initial stage Main stage
dopma — HWIMHAP / IIACTHHA Shape — cylinder/plate
. . 160 1,93/1,92 0,5/0,47
Bnaxxuslit 06e3xupeHHbIH (apir

Wet fat-free minced meat 200 167/1,55 0,49/0,47
240 1,54/1,47 0,48/0,46
MaJtoBnaKHbIH )KHUPHBIHA hapiir 160 1,79/1,79 0,41/0,38
p : 200 1,59/1,56 0,39/0,37
Low-moisture greasy mince 240 1487147 0.3870.36

n.—6.CM. v v
(8'{/ 62’) — CKOPOCTh TEMITEPaTyPHOTO IPUPOCTA MPpU 00pabOTKEe B MAPOBO3AYIIIHOW CMECH BEICOKOW BJIAYKHOCTH;

(at/ar)”"“‘ — CKOPOCTB TEMITEpaTypHOTO IIPUPOCTa IpH 00pabOTKe B cpeie HarpeToro Bo3ayxa

W3 Tabmuipt 3 ciieyer, 4To CKOPOCTh TeM-
MepaTypHOrO MPUPOCTa MOJAKOPKOBOTO CJIOS ITPH
00pab0OTKe B MapOBO3IYIIHOW CMECH BBICOKOU
BIIQXKHOCTH UMEET CIICAYIONUE OTIUYHS M0 CPaB-
HEHUI0 ¢ 00pabOTKOW B HAarPETOM BO3IyXeE:

e JUIA MWIHHIPWYIECKUX U3ENUN U3 BIaXK-
HOTO 00e3)KUpeHHOTO (apia Ha HaYaTbHOM dTaIe
Boiie B 1,54-1,93 pa3a; B OCHOBHOM IEpUOIE —
Huxe B 2,0-2,08 pasa;

e Ul IWIMHAPHYECKUX W3IEIHH W3 Ma-
JIOBJIQYKHOTO JKUPHOTO (hapia Ha HAYaIbHOM JTare
Beiie B 1,48-1,79 pasza; B OCHOBHOM IEpUOJIE —
Huxe B 2,43-2,63 pa3a;

e s m3nenuit B (GopMe IUTACTHHBI U3
BIIQXKHOTO 00E3)KUPEHHOTO (hapiia Ha HAYaTHbHOM
srane Beime B 1,47-1,9 pa3a; B OCHOBHOM TI€pH-
onae — Hke B 2,12-2,17 pa3za;

e IS M3Aenuil B opMe IIIaCTHHBI U3 Ma-
JIOBJIQYKHOTO YKUPHOTO (papIiia Ha HAYaJILHOM JTare
Boilie B 1,47—1,79 paza; B OCHOBHOM IEpPUOJIE —
Huxe B 2,63-2,77 pasa;

® COOTHOUICHUS CKOPOCTEH TeMIepaTyp-

Horo mpupocra (ot/or)" " / (et/or)"™" ymens-

HIAIOTCSI C POCTOM TEMITEPATYPhI IPErOIei cpebl
KaK Ha Ha4aJbHOM, TaK U B OCHOBHOM 3Tare AJs
000mx BapuaHTOB (hapiei.

Tabauna 4.

CoOOTHOIIIEHUS CKOPOCTH TEMIIEPATYPHOTO MPUPOCTA BO BPEMEHH B IEHTPAIBHOM CIIO€ B 3aBUCUMOCTHU OT
BHJIa TETUIOOOMEHHON CpeIbI

Table 4.

The ratio of the rate of temperature increase over time in the central layer, depending on the type of heat
exchange medium

Temnepatypa
rpetouieit cpenst, °C
Temperature of the

Bun marepuana
Type of material

(at/or)" " [(at/or)"

heating medium, °C Haqa_n_I,HHI?I JTan OCH01_3H0171 JTan

Initial stage Main stage
®dopma — mumeap / mractuaa | Shape — cylinder/plate

BraxHsIit 06e3KupeHHbIN (aprr 160 14/16 0,99/0,98
: 200 137/1,44 0,98/0,97
Wet fat-free minced meat 240 133/133 0.97 7007
MaioBnaKHbIH KHUPHBIHA (apIir 160 161/1,36 0,95/0,97
Low-moisture greasy mince égg 123 ; 1% 88‘21 ; 83;

N3 tabnuipl 4 cnemyeT, 9TO CKOPOCTh TEM-
MEPaTypHOr0 MPUPOCTA IEHTPATHHOTO CJIOS TPH
00paboTKe B MApOBO3AYIIHOM CMECH BBICOKOMN
BJIXXHOCTH MIMEET CICIYIONINE OTIUYHUS 10 CPaB-
HEHUIO ¢ 00pabOTKOI B HATPETOM BO3JIyXE:
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e IS IUIHHIPUIECKUX U3ICITHH U3 BIIaXK-
HOT'0 00€3KUPEHHOTO (hapilia Ha HaYaJILHOM 3Tare
Boimie B 1,33—-1,4 pasza; B OCHOBHOM MEpUOIEC —
Huxe B 1,01-1,03 pa3a;
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e IS IMIMHIPUYECKUX HW3ICTUH U3 Ma-
JIOBJIQYKHOT'O KUPHOTO (papIira Ha HAYaJIbHOM JTare
Beiie B 1,42—1,61 pa3a; B OCHOBHOM TEPHOJIEC —
Huwxke B 1,05-1,08 paza;

e g wm3ienauwii B (opMe IUIACTUHBI W3
BIIQXKHOTO 00E3)KUPEHHOTO (hapina Ha HAYaTbHOM
stane Boie B 1,33—1,6 paza; B OCHOBHOM IepH-
one — amwke B 1,02—1,03 pa3za;

e I M3Aenuil B popMe IUIAaCTHHBI U3 Ma-
JIOBJTAYKHOTO KUPHOTO (hapilia Ha Ha4aTbHOM dTarre
Boilie B 1,17-1,36 paza; B OCHOBHOM MEpPUO/IE —
Huwxke B 1,03 pa3a;

® COOTHOIICHUS CKOPOCTEH TeMIepaTyp-

Horo mpupocra (ot/or) " / (et/or)"™" ymens-

LIAIOTCSL C POCTOM TEMIIEPATYPhI IPEIOIIEH Cpebl
KAaK Ha HAa4aJIbHOM, TaK U B OCHOBHOM 3Tarie JJist
00oux BapuaHTOB (hapimei.

Bonee BbicOKas CKOPOCTh TeMIIEPaTypPHOTO
MPUPOCTA TPU HCIOIB30BAHUU MapOBO3IYIIHOMN
CMECH BBICOKOH BIQXKHOCTH Ha HA4YaJIbHOM HTame
OOBSICHAETCS. 3HAUNTEILHON TEIUIOOTHAaYEl OT KOH-
JIEHCHUPYIOIIETOCsl BOASHOTO TMapa MpH TEMIIepary-
pax TOBEPXHOCTH MPOAYKTa HIXKE TEeMIIePaTyphl
HaChIIMIeHNUs BOAsSHOTO Tapa. Ilap oTmaer 1uieHke
KOHJICHCAaTa W 4epe3 Hee M3JCIHI0 TeIUIoTy ¢a3o-
BOT'O TIEPEX0/1a ¥ TEIUIOTY neperpesa. Kpome toro,
KOHBEKTHUBHON TEIUIOOTIAYEN K IICHKE ITOIBOUTCS
4acTh TEIUIOTHl HECKOHJEHCHPOBABILErOCs mapa.
Benmmunna xosddunuenTa TemmooTnaund 3HAYH-
TENFHO TIPEBbIMIAaeT KOAPQUIIMEHT TeTIO0TAAYN OT
HarpeTroro cyxoro Bosayxa. C T€UeHHEM BpPEMEHU
CpenHsisi Temmeparypa IO MOBEPXHOCTH W3JENUs
MpHOIIKACTCS K TEMIEpaType HACBHIIICHUS BOJIS-
HOTO mapa. VIHTEeHCHMBHOCTb MPOTpeBa H3ACTUH,
00pabaThIBAGMBIX B IMAPOBO3YIIHON cpeiie, 3amMe]l-
JsleTcsl TI0 CPaBHEHHIO ¢ 0OpabOTKON B HArpeToM

post@uestnik-vsuet.ru

Bo3nyxe. [locTeneHHo TeMmneparypa MOBEPXHOCTH
MPEBBIIIAET TEMIIEPaTypy HACHIIICHUS BOISHOTO
napa. KonneHncanus npekpamiaercst ¥ IpoUcX0oIuT
MpolecC TEIIOOTAAa4YX 32 CYeT CBOOOIHON KOHBEK-
IIUH, B TO BpeMs Kak MPHU HATPEBaHUHU B BO3IYIITHON
cpeme TeMIeparypa IOBEPXHOCTH IIPOJIOJIKAET
pacTd € TOCTOSIHHOM CKOpocThro. IloBbllIeHHE
TEMIIepaTyphl U3AEIUs U MOCIEAYIOIINI nepexo
OT TIpeoOamaromell TeIIO0TIaYl KOHICHCAITUEH
K KOHBEKTHBHO-PAINallMOHHON TEIJIO0TAAu€e MpU-
BOOUT K IIOCTETICHHOMY CHUXEHHUIO CKOPOCTH
HarpeBaHus. [Ipy >TOM MHTEHCHUBHOCTH MAJCHUS
BO3pACTaeT C POCTOM TEMIEPATYPHl CPEAbl U IS
TIAPOBO3IYIIIHOM CPE/IbI 00JIee BEICOKAs 110 CPABHEHUO
C HarpeThIM BO3YyXOM.

B ocHOBHOM mepmojie CKOpOCTH TeMIlepa-
TYpHOTO TIPUPOCTa XapaKTepu3yeTcs 00jee BBICO-
KUMH 3HAYSHUSAMHU IS U3IETHA, 00paboTaHHBIX
B HarpeToM Bo3nayxe. JaHHBIA GakT MOXKET OBITh
0O0BSICHEH BBICOKOW TeMIIEpaTypoil MOBEPXHOCTU
K MOMEHTY HaCTyIUICHHUS] OCHOBHOTO MEPUOJA JIst
MapoBO3AYIIHON cpenbl. OnpeneneHHoe BIUSHUE
OKa3bIBaeT U HEKOTOPOE IMaJeHHE BEIUYUHBI Tell-
JIOBOTO MOTOKa MPH KOHBEKTUBHOU TEILIOOTAAYE
B MAPOBO3AYIIHON Cpelle IO CPAaBHEHUIO ¢ Harpe-
BaHHEM B CYXOM BO3ayxe (meperperbiii BOISHOI
map 1o CpaBHEHUIO C BO3/TyXOM 00JiajaeT OoJbIen
TEMJIOEMKOCTbIO, HO MEHBIIEH TEmIONPOBOAHO-
CTBIO Y TUIOTHOCTHIO, UYTO 00yCIIaBIMBAET MEHBIIIEE
3HaUeHue K03 (PHITMEHTa TEIUTOOTIAYHN).

Taxum 006pa3oM, BBICOKasi CKOPOCTh TEMIIe-
paTypHOro MPUPOCTAa HA HayalbHOM 3Tame ajs
MapoOBO3AYLIHON CpeJbl BHICOKON BJIAYKHOCTHU HU-
BEJIMPYETCs MOCIE NEPexoia B OCHOBHOM IEPUOJIE
K TIpeo0JIa/jarolieil TeIooTIade 3a CUeT KOHBEKIIUH.

Tabnuma 5.
COOTHOIIIEHUS] CKOPOCTH TEMIIEPATYPHOTO MIPUPOCTA B TIOJJKOPKOBOM CJIO€ B 3aBUCMMOCTH OT Buja (hapiia
Table 5.
The ratio of the rate of temperature increase in the subcortical layer, depending on the type of minced meat
Temnepatypa rpetoreii cpespl, °C (&/81)'11‘7&7%@‘(/}' /(at/ar)“”ﬁ”"”‘
Brn Tenoobmentoi cpent Temperature of the heating medium
Type of heat exchange medium P o g ' = =
C HavanpHeli oTan OCHOBHOI/I JTarl
Initial stage Main stage
®opma — nwimHAp / miactuia | Shape — cylinder/plate
HarpeTsrii Bo3yx 160 1,18/1,12 0,64/0,73
. 200 1,13/1,06 0,7/0,79
Heated air 240 111/1,05 0,73/0,82
IMapoBo3ayIIHas cMeCh BBICOKOA 160 1,09/1,06 0,52/0,59
BJIQ)KHOCTH 200 1,08/1,06 0,56/0,61
Steam-air mixture of high humidity 240 1,06 /1,05 0,58 /0,62

61.00e3.¢h.
(8’[/87) — CKOPOCTBb TEMIIEPATYPHOT'O IPHUPOCTA B U3ACTIUAX U3 BJIAJKHOTO 0663)I(I/IpeHHOFO (bapma;

M.—8.20cup .p.
(6’[/ ot ) — CKOPOCTBH TEMIIEPATyPHOTO MPHPOCTA B U3ACIHAX U3 MAJOBIAKHOTO )KUPHOTO (hapIia
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W3 tabnumpl 5 ciaemyeT, 9TO CKOPOCTh TEM-
MEPaTypHOTO MPHUPOCTa MOJKOPKOBOTO CJOs TpPHU
00paboTKe M3IEIHA W3 MAJOBIAXHOTO JKHPHOTO
(hapia UMeeT CIIeIyOIINE OTIUYHS 10 CPABHEHUIO
¢ 00paboTKO¥ M3AeINi U3 BIAKHOTO 00€3KUPEH-
HOTO apiia:

® Ui UWIMHIPHYECKUX H3JACIHMA MpU 00-
paboTKe B Cpejie HarpeToro Bo3Ayxa Ha HA9aJIbHOM
stane Boie B 1,11-1,18 pa3a u HUXe B OCHOBHOM
B 1,36—1,56 pa3za;

e IS MWIMHAPUYIECKUX U3JEIUA Tpu 00-
paboTKe B cpelie MapoBO3AYITHON CMECH BBICOKOM
BJIA)KHOCTH Ha HaJaJIbHOM 3Tame Bpimie B 1,00—
1,09 paza u Hixe B OCHOBHOM B 1,72—1,92 pa3za;

post@vestnik-vsuet.ru

e IS m3nenuit B (hOopMe IUTACTHHEI, TIPH
00paboTKe B Cpefie HarpeToro Bo3/yXa, Ha HA4albHOM
stane Boile B 1,05-1,12 pa3a u HIXKEe B OCHOBHOM
B 1,21-1,37 paza;

e IS M3eNui B popMe IIacTHHBI IpH 00-
paboTKe B cpele MapoBO3AYITHOW CMECH BBICOKOMH
BJIA)KHOCTH Ha Ha4JaJIbHOM 3Tare Bpimie B 1,05—
1,06 pa3a u Huxe B ocHOBHOM B 1,61-1,69 pa3a;

® COOTHOIIIEHUSI CKOPOCTH TEMITEPaTypHOTO
npupocta (ot/or)" " 8 / (ot/ 87)(’ C pocToM

TeMIIePaTypbI TPErOIIeH Cpe/ibl Ha HAYalIbHOM JTare
YMEHBIIAIOTCSI, 8 B OCHOBHOM JTaIle BO3PACTAIOT JIIs
000X BapHAaHTOB TEIJIOOOMEHHBIX Cpel.

Tabauna 6.

CooTHomIeHHS CKOPOCTH TEMIICPATYPHOI'0 IPUPOCTA B ICHTPAJIILHOM CJIOC B 3aBUCUMOCTHU OT BHa (bapma

Table 6.

The ratio of the rate of temperature increase in the central layer, depending on the type of minced meat

Temnepatypa

Bun tennooOMeHHOMH cpeibl rpetorueii cpenst, °C

(a/ar)—"-—m.w{‘uﬁfﬁ- /(at/az_)&lﬂﬁes.(/;.

Type of heat exchange medium Temperature of the HauanbHb1i 510 OcCHOBHOI dTar
heating medium, °C Initial stage Main stage
®dopma — mmHp / wiactuaa | Shape — cylinder/plate
Harpersiii Bo3yx 160 0,59/0,82 0,75/0,79
Heated air Yy 200 0,62/0,82 0,85/0,87
240 0,63/0,83 0,91/0,93
ITapoBo3ayIIHAast cMeCh BBICOKOI 160 0,67/0,7 0,73/0,78
BIIAKHOCTH 200 0,7/0,71 0,81/0,86
Steam-air mixture of high humidity 240 0,7/0,71 0,86/0,93

W3 Tabmuipt 6 ciiegyeT, 4To CKOPOCTh TeM-
MepaTypHOro MPHUPOCTA ICHTPATHLHOTO CIIOS MIPHU
00paboTKe W3AENUil U3 MAaJIOBIAYKHOTO >KUPHOTO
(hapiiia UMeeT CIICIYOIINE OTIUYHS 10 CPABHEHUIO
¢ 00paboTKOM M3EeNnii U3 BIAXKHOTO 00€3KUPEH-
HOro (apuia:

® Ui NWIMHIPUYECKUX H3JACIHMA MpU 00-
paboTKe B cpejie HarpeToro Bo3Ayxa Ha HAYaIbHOM
stane Huxe B 1,58—1,69 pa3a u HHXKe B OCHOBHOM
B 1,1-1,33 pasa;

e Ul MWIMHAPIYICCKUX W3JICINA TIpH 00pa-
0O0TKE B Cpejie MapOBO3YIIHON CMECH BBICOKOM BIIaXK-
HOCTH Ha HavaJhbHOM dTane Hmke B 1,42—-1,49 paza
Y HIDKE B OCHOBHOM B 1,16—1,37 pa3a;

e JUIs M3/IETNI B pOpMeE TUTACTUHBI TTPH 00-
paboTKe B Cpelie HAarPeTOro BO3/Ayxa Ha Ha4aJlbHOM
stane Huwxke B 1,2—1,22 paza U HUXKE B OCHOBHOM
B 1,07-1,26 pa3za;

e JuIs u3aenui B JopMe TIIaCTHHBI IPH 00pa-
0oTKe B Cpeie MapoBO3IYIIHONH CMECH BBICOKOH BIIaXK-
HOCTH Ha HayalbHOM 3Tane Hwke B 1,4—1,43 paza
1 HIOKE B ocHOBHOM B 1,07—1,28 pa3a;

® COOTHOIICHHUS CKOPOCTH TeMIIepaTyp-

HOT'O TPHPOCTA (at/az_)uw.—m.mup-d)-/(aﬁt/ar)eﬂ.oﬁe&([).

BO3pACTalOT C POCTOM TEeMIIepaTypsl Tperoleii
Cpebl KaK Ha HAa4aJIbHOM, TaK U B OCHOBHOM 3TaIe
IUTsE 000MX BapuaHTOB Qapiueii.
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Huzkast CKOpoCTh TeMITepaTypHOTO IPUPOCTA
B IMOJKOPKOBOM CJIO€ Ha HAyaJlbHOM JTame s
M3IENMH W3 BJIAXHOTO OO0E3KUpEHHOro Qapiia
MOXET OBITh OOBSICHEHA BIMSIHUEM HYTPUCHTHOTO
cocTaBa. Bricokas BIIaXXHOCTb M HU3Kasl J)KUPHOCTh
00yCIaBIMBalOT aKTHBHBIC MPOLECCHl O JIBHXKE-
HUIO BJIard, OXJIaXKAAI0IINE TTOBEPXHOCTHBIE CIIOH.
B cBoto ouepep HU3Kasl BIaXKHOCTH BKYTIE CO 3Ha-
YUTEIIBHBIM KOJIMYECTBOM PACIUIaBICHHOTO >KUPa
TOPMO3UT Ipouecchl Auddy3uu BIaru U, Kak pe-
3yJIBTaT, IPUBOHUT K O0jiee ObICTPOMY HarpeBaHHIO
MOBEPXHOCTHBIX CIIOEB W3-32 MEHBLIET0 OTBOJA
TEIJIOTHI BO BHYTPEHHHE CJIOH.

B ocHOBHOM nieprozie CKOPOCTb TEMIIEpATyp-
HOT'O TMPHUPOCTA TMOJKOPKOBOTO CJIOSI CTAHOBHTCS
Ooee 3HAYUTETBHOM /TS BIAXKHOTO 00€3KUPEHHOTO
¢apma. 910 MOXKET OBITh OOBSICHEHO BEICOKHM 3HA-
YEHHUEM TEMIIEPATYPhl MOBEPXHOCTHBIX CIOEB JUIS
MAaJIOBJIQKHOT'O KHUPHOTO (haplia K KOHIy Hadallb-
HOT'O MepHoJa, TOPMO3AUM 3G HEeKTOM paciuiaBa
’KHpa U CHWKEHUEM UCTIAPUTENBEHON CITOCOOHOCTH
MOBEPXHOCTHBIX CJIOEB IOCIIe Havyaia KopkooOpa-
30BaHMs. TOJNIIMHA KOPKH sIBIsieTcsl (DyHKIMEH
BpPEMEHHU; IIPH 3TOM II0 Mepe MporpeBa Marepuana
YMEHBIIAIOTCS SIBJICHUS, BBI3bIBAEMbIE TEPMOBIIA-
TONPOBOJHOCTBIO, OHHU TakXe MPeJoTBPaIIaloT
nepeMelICHUE BIIaru K IIOBEPXHOCTH.
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Hns meHTpanpHOro ciiog 0Oonee BBICOKas 3akia0uenne
CKOpOCTb TEMIICPATYPHOTO HPUPOCTa XApaKTEPHA B pesynbrare npoBeJeHHBIX UCCIIEJ0BaHUI
JUTSL BI&KHOTO 00€3KMPEHHOTO (apliia Kak B HA4aJlb- OIpeeNIeHbl CKOPOCTH TEMIIEPATYPHOT'O IPUPOCTA
HOM, TaK M B OCHOBHOM Iepro/e Harpesanus. Cys B MOJKOPKOBOM M LEHTPAJIBHOM CIOSX HW3JIEIUI
M0 BCEMY, BBICOKAs BJIAJKHOCTb IPHU OTCYTCTBUU MSICHBIX q)apmeﬁ, pasnuyarIuUxcs Mpo COOTHO-
OrpaHUYHTEIIA B BHUAC PACIUIABJICHHOTO KHpa IICHHUIO JKUPHOCTH / BIIa)KHOCTh U BBITOJHEHHBIX
obOecrnieunBaeT 0oJiee aKTHBHBINA MPOrPEB B OTIIH- B BHUJIC OJHOMEPHBIX TeJ, MPH TePMOOOpPabOTKe
YHe OT MaJIOBJIa)KHOTO KHUPHOTO (hapiia, HECMOTPS B IIApOBO3AYIIHEIX cpeaax. [IpuBeneHa oopaboTka
Ha 0oJiee BBICOKOE 3Hau€HHE NPEeAeTIbHOM TemIie- MOJTyYeHHBIX JAHHBIX JUIS Tpollecca B IENOM U
paTypbl TOAKOPKOBOTO CJIO0S TIOCTEIHETO. OTJIENIBHBIX IIEPUOJIOB.
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Bimsinue pa3iMYHbIX TEMIIEPATYPHBIX BO3ACHCTBUA HA MUKPOCTPYKTYPY
KYKYPY3HOI'0 KPaxmMaJjia B COCTABE MACHOI'0 NPOAYKTA
Hanexna I'. Uepenanosa *  ncherepanova@rambler.ru 0000-0001-7484-9021

Enena A. TlpocekoBa ' proseka2004@yandex.ru 0000-0003-1819-0618
Amnna D. Cemax ' semakg@gmail.com 0000-0002-1986-4284
Mapk I'. MusuHoB ' mizmarkus@gmail.com 0009-0002-6590-0969
Ammca A. Arapkosa ' agarkova-vasilisa@mail.ru 0009-0003-2696-2320

1 Poccwuiickuii rocynapctBeHHblid arpapsbii yHuBepeuter — MCXA nmenn KA. Tumupsizea, Tumupsizeckas yi1., 49, r. Mocksa, 127434, Poccust
AnHoTtanusi. CTaTbsl OCBSIIECHA ONPEACNICHUIO BIMSHHS PA3IMYHBIX PEKUMOB TEMIIEPaTypHOH 00padOTKM B TEUEHHE PA3HBIX BPEMEHHBIX
HNPOMEXYTKOB Ha THCTOJIOTHYECKYIO CTPYKTYPY KYKYpYy3HOro Kpaxmaja B COCTaBe MSCHOro (apiua. Y CTaHOBJICHO, 4TO 0€3 TeMrepaTypHOl
00paboTKK M3MEHEeHUIT MOP(OIOruK KpaXMalibHBIX 3€pEH B COCTaBE CHIPOro (apiua He npoucxoaut. Tepmuueckas oOpaboTka B BOAE MpH
80 °C B Teuenue 5, 10, 20 u 40 MUHYT IPHBOAUT K YBEIMYCHHIO pa3Mepa 3epHA KpaxMmaina, IPOHCXOIUT HabyXaHHe, pacragacTcs IIa3oK 1
TepsieTcs n3HavaubHas popma. 3epHa NOCTENEHHO CIIUIAIOTCS U CIMBatoTCA BMecTe. OCHOBHBIE M3MEHEHUsI CTPYKTYPBI Kpaxmalia IPOUCXOAIT
3a nepsble 10 MuHYT. B mepBble 5 MUHYT €llle COXPaHAETCS MHOIOYroibHas (opMa M INIa30K B OONBIIMHCTBE 3€PEH, CPEAHHH pazMmep
JIOCTOBEpPHO yBenuuusaercs B 2,6 pasa. Jlo 10 MunyT 00paboTKH, A€CTPYKTHBHBIE H3MEHEHHS HAPAcTaloT, Jajlee UX UHTEHCUBHOCTD ILJIABHO
cuimkaercst. B 20 munyT HaOmoaercs nonHas kiaectepuszanus. Yepes 40 MuHYT 00pabOTKH JalbHEHIINX U3MEHEHUH B CTPYKTYpe Kpaxmaia
He oOHapyxuBaetTcs. M3MeHeHus B CTpykType kpaxmana mpu temmeparype 100 °C He ormimuaroTcs oT Tex, uto npoucxomst mpu 80 °C.
Habyxanue u knericTepusaiysi 3epHa IPOUCXOUT 3HAYUTENILHO OBICTpEE, B MEPBbIe 5 MUHYT. 3aMopakiBaHue npu Temmeparype -18 °C B
Te4eHHne 3 CyTOK Malio BIMseT Ha MOP(HOJIOrHuecKre MPU3HAKA KyKypy3HOro kpaxmana. [lmurensHoe 3amopaxkuBanue B TeueHue 90 nHei
NPUBOJUT K HE3HAYUTEIEHBIM MOP(OIOrHUECKUM U3MEHEHHUSAM. Y CTAaHOBJIEHO HCKaXKeHHE ()OPMBI 3ePEeH, YIJIbl CTAHOBSITCS JIyUllle BHIPAXKEHBI,
pa3Mep KpaxMaJlbHbIX 36peH HEOCTOBEPHO YMEHBIAETCSA. DTO CBS3aHO C YMEHBIIEHHEM BJIard U pa3pyIIeHUEM MUKPOCTPYKTYpbI Kpaxmaia.
B pesynbrarte paboTs! cieinaHbl MUKpodoTorpaduu U IPOBEIEHO OIKUCaHuEe MOP(HOIOTHYECKOr0 CTPOCHHS 3ePeH KyKypy3HOr0 KpaxMala IpH
pa3HBIX TEMIIEpaTYPHBIX pexumax o0pabotku. Mukpodororpadun ucciaenyemMbix oOpa3LoB U OMMCAHUE MUKPOCTPYKTYPbI KpaxMallbHbIX
3€peH MOTYT OBbITh HUCIOJIB30BAHBI JUI WICHTU(GUKAINYE KYKYpY3HOIO KpaxMmaya U MHIMKALUU TEMIICPATypPHBIX PEKUMOB 00pabOTKH HpH
NPOBEJICHUH OLICHKH Ka4eCTBA MSICHBIX POYKTOB.

KmloueBble c10Ba: KyKypy3HbI Kpaxmall, THCTOJIOTHYECKAas CTPYKTypa, TEMIIEPaTypHbI PpEXHUM, TEXHOJIOIMYECKHE I1apaMeTpbl,
MSICOIIPOYKTBI, YIIIEBOJHbIC TOOABKH, KpaXMalbHbIE 3¢pHA, MUKPOCTPYKTYPHBIH aHAJIN3, OLEHKA KaueCcTBa, SKCIEpTH3a.

The influence of various temperature effects on the microstructure
of corn starch in the composition of the meat product
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Abstract. The article is devoted to determining the influence of various temperature regimes during different time intervals on the histological
structure of corn starch in minced meat. It has been established that without heat treatment, changes in the morphology of starch grains in the
composition of raw minced meat do not occur. Heat treatment in water at 80 °C for 5, 10, 20- and 40-minutes leads to an increase in the granule
size of starch, swelling occurs, the hilum (core of grain) disintegrates and the original shape is lost. The granules gradually stick together and
merge together. The main changes in the structure of starch occur in the first 10 minutes. In the first 5 minutes, the polygonal shape and the
hilum (core of grain) are still preserved in most granules, the average size significantly increases by 2.6 times. Up to 10 minutes of treatment,
destructive changes increase, then their intensity gradually decreases. In 20 minutes, complete gelatinization is observed. After 40 minutes of
treatment, no further changes in the starch structure are detected. Changes in starch structure at 100 °C are not different from those at 80 °C.
Swelling and gelatinization of grain occurs much faster, in the first 5 minutes. Freezing at -18 °C for 3 days has little effect on the morphological
characteristics of corn starch. Long-term freezing for 90 days leads to minor morphological changes. A distortion of the shape of the granules
was established, the corners become better expressed, the size of the starch granules unreliably decreases. This is due to a decrease in moisture
and the destruction of the starch microstructure. As a result of the work, microphotographs were taken and a description of the morphological
structure of corn starch granules was made under different temperature conditions of processing. Microphotographs of the studied samples and
a description of the microstructure of starch granules can be used to identify corn starch and indicate the temperature regimes of processing
when assessing the quality of meat products.

Keywords: corn starch, histological structure, temperature regime, technological parameters, meat products, carbohydrate additives, starch
grains, starch granules, microstructural analysis, quality assessment, expertise.
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BBenenune

BaxxHocTe M HEOOXOOMMOCTH BETEPHHAPHO-
CaHWUTAPHON 3KCIEPTU3bI MMHUILEBBIX IPOLYKTOB Oblia
HEOJHOKPATHO JIOKa3aHa Pa3IMYHbIMH UCCIICIOBAHNU-
sivt [1]. B HEKOTOPBIX 0GIIACTAX MACHOM IIPOMBIIII-
JICHHOCTH A0J1s1 (hanbcupUKaLUU MOXKET JOCTHTaTh
B oTAenbHBIX cinydasx 88-100% [2]. K naubonee
YacThIM HECOOTBETCTBUSIM PETJIAMEHTY OTHOCSTCS
MOBBIILICHHOE COJIEPKAHKE BOABI M 3HAYUTENBHOE
YMEHBIIIEHHE CKeNIETHOM MycKynatypsl [3]. Kpome
TOT0, YacTO B COCTaBe MepepabOTaHHOTO MSICHOTO
MPOIYKTa BCTPEYAIOTCS TaKWE >KMBOTHBIE KOMIIO-
HEHTBI, KaK XS, KOCT! [4], coemMHuTeNbHAS TKaHB,
(bparMeHThl BHyTpeHHUX OopraHoB [5]. st ymeHb-
LIEHUS! c€0eCTOMMOCTH NMPOAYKIIMH U MAaCKUPOBKU
HEKA4YEeCTBEHHOTO CBIPbS MOTYT HCIIOJIb30BaThCA
HE3asIBIICHHBIEC HA 3THKETKE KOMIIOHEHThI PACTUTEIb-
HOTO ¥ JKMBOTHOIO IIPOMCXOKACHHS, TaKUE Kak
Kpaxmali, KameJib, cost U apyrue [6]. Yarie Bcero Ha
YPOBHE MOTpEOHUTENs] M TPH OPraHOJICITUYECKOM
OlICHKE Takue (ambcupuKaluy He OOHApYKHBa-
fotcst [7]. CylecTByeT KOMITIEKC HCCIIIOBAHHIA,
MO3BOJISIFOINI BBISIBUTH BCE 3TH Hapymenus. On-
HUM H3 TakuX S(PQEKTHUBHBIX METOMOB SIBISETCS
THCTOJIOTHYECKHH METO/, PH MOMOIIN KOTOPOTO
MOXKHO OIPENENUTh CTPYKTYPY MSICHOTO TPOIYKTA,
COCTOSIHUE MBIIICYHOW TKAaHU, CBEKECTh M HAJIH-
ure 106aBokK [8, 9].

Kpaxman siBisieTcss o1HOM U3 caMbIX MOMYy-
JISIPHBIX J00aBOK B HHILIEBOM MPOMBIIIJICHHOCTH.
B Poccun wamie Bcero ucnonb3yeTcs Ba BUAA:
kaprodenbHbIi U KyKypy3HbIid. [1o 7aHHBIM HccTe-
noBaHuii 83% MUPOBOro NMPOU3BOACTBA MPHUXO-
JMTCSI Ha KyKypy3Hbii kpaxman [10]. TToatomy,
HECMOTPS Ha TO YTO KapTodeib 3HAYUTEIBHO Ooree
JICIIEBOE CHIPhE B HAIllEM PETHOHE, KYKYPY3HBIH
KpaxMmall pacnpocTpaHeH W ans dambcudukaniu
WCTIONB3YETCsl 3HAUUTEIIHHO Yallle.

Bce kpaxmaisl 001a1al0T IOX0XKHMHU XapakTe-
PHCTUKAaMH — 3TO BIAroy/Iep>KUBAOIIasi CHOCOOHOCTb,
CIOCOOHOCTh  aKKyMYJIHPOBAaTh apoMaThiyecKue
COCAMHEHHS M YJIy4dllaTh CTPYKTYPY KOHEYHOIO
npoaykTa. 3€pHa KpaxMana (OpMHUPYIOTCS U3 IBYX
MOJIMCAaXapHI0B: aMHUJIO3bI M aMHUJIONIEKTHHA. AMU-
71032 TpEACTaBIsIeT coO0il JIMHEHHBIN MoIuMep,
B3aMMOJEHCTBYA ¢ IUnuaaMu, GocdopunupoBan-
HBIMH OCTaTKaMH W IPYTUMH BELIECTBaMH, c1a00
B3aMIMOJICHCTBYET C BOJIOM Y MHTUOUPYET MPOIIECC
HaOyxaHus [11]. AMUIONEKTHH SIBISETCS MaKpo-
MOJIEKYJIOH C Pa3BETBIECHHON CTPYKTypoul, u
WMEHHO OH, B3aUMOJICHCTBYS C MOJIEKYJIaMHU BOJIBL,
oOecrnieunBaeT Ha0yxaHHe U BA3KOCTh MPH Harpe-
BaHMH. 3epHA Kpaxmajia 00pa30oBaHbI YePEyFOIIIH-
MUCSI TUTACTUHKAMH, COCTOSIIIIUMU U3 aMOpP(HOTO
KOMITOHEHTa (pa3BETBJICHUS AaMIIIONIEKTHHA) |
KPUCTATMUECKOTO (COAEPIKUT TOJILKO JINHEHHBIC
nenu). Onu 00pasyroT Konbla pocra [12]. Buytpu
KpaxMaJIbHOTO 3€pHa pacroyiaraeTcs TIJa30K
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(BOpoTa), KOTOPHIH SIBIISIETCS LIEHTPOM KPHCTAILIN-
3anuu. [loBepXHOCTH KpaxMajabHOIO 3€pHa IIOo-
KpBITa IOPaMH, a BHYTPU 3€PHO MPOHHU3aHO KaHa-
JIaMH, KOTOpbIe ChOPMHUPOBAHBI KOHIIAMH MOJIEKYJT
amMII03bl ¥ ammiIonekTuHa [13]. Dto umeeT Bax-
HOE€ TEXHOJIOTHUECKOEe 3HAaYEeHHUE, TaK KaK pasyiny-
HBIE pPeareHThl MOT'YT IPOHUKAaThb U B3auMOJEHi-
CTBOBaTh CO CTPYKTYPHBIMH KOMIIOHEHTaMH 3€pHA,
HanpuMep, IIPU Pa3HBIX BUAAX MOAUDUKAIIH.

AMuII03a 1 aMWIONIEKTUH B XOJIOAHOM BOJE
HE AT UCTUHHOTO pactBopa. Ilpu HarpeBanun
HAYMHAIOT Pa3pyLIaThCsl MEXMOJICKYILIPHBIE CBSI3H,
IpaHyJIbl THAPATHPYIOTCS U HaOyxatroT. Jlanee mpo-
UCXOIUT Pa3yHoOpsIOYMBAHNE KPUCTAJITMIECKUX
CTPYKTYp ¥ 00pa3yeT KiercTep (BI3KUIM KOJUIOMTHBIN
pactBop) [14]. CooTHOIIEHHE JaHHBIX TONHCAXa-
pHUIOB ompenenseT QyHKIMOHANbHBIE U (DU3HKO-
XMMHYECKHE CBOMCTBa Kpaxmaina. VccnenoBanus
TMOKa3aJIM, YTO COOTHOILEHUE aMUJIO3bl 1 aMUJIOMEK-
THHA, a TAKXKE CTPYKTYypa TOp, 3aBUCST OT CHIPHEBOIO
HUCTOYHHKA, CENICKIMUA U apyrux (akropor [15].
Ha mopdonoruro kpaxManbHbIX 3¢peH MOTYT BJIH-
ATh YCJIOBHS BBIPAIINBAHUS, TaKHE KAaK YPOBEHb
asora B mouse [16].

HekoTtopsle aBTOPHI BBIIEIAIOT 4 BUA Kpax-
MaJbHBIX 3epeH [17]: kpymHbIe — Gojiece 25 MKM,
cpennue — ot 10 1o 25 MKM, MalieHbKHE — OT 5 110
10 MKM, ¥ OYeHb MaJIcCHBKHE — MCHBIIEC 5 MKM.
Jpyrue aBTopbl KiIacCU(PUIMPYIOT Ha rpymisl [14]:
kpymHo3epHHCTHIE (10-120 MKM), — cpeTHe3epHICThIE
(5-30) mkm, — menko3zepuucteie (1-10 mMkwm), —
¢ dbumoabHOM AuctiepcHOCTHIO (2-5 1 10-50 MkMm).

B niporiecce npon3BoACTBa MACHAS IPOLYKLIUS
MOJIBEPTaeTcsl Pa3IMuHbIM TEPMHUYECKUM BO3JICH-
CTBHSIM: 3aMOPaXHBAHUIO, MACTEPHU3ALUU, BapKe
npu Ttemneparype Beime 100 °C CranoBuTcs
B2)XHO TIOHUMATh, KaK W3MEHsSEeTCs MOPQOIOTHs
KpaxMaJIbHOTO 3€pHa MpH MOAOOHBIX BO3JCH-
CTBHSIX. OTH HM3MEHEHHsS BHJOCHEIU(UYHBL,
a TaKKe CHJIBHO 3aBUCAT OT JUIMTENBHOCTH H
xapakrepa TepMooOpadOTKH.

HccnenoBanve BIHSHUS TEPMHUYECKOH 00-
pabOTKM Ha KYKYpY3HbIH KpaxMai B BOASHOM WIH
COJISTHOM pacTBOpE MOKa3aio HaOyxaHue Kpaxmaia,
MOTEPI0 M3HAYAIBHOH (POPMBI 3EpEH, MOCTENEHHOE
WCYE3HOBEHHE TJ1a3Ka, CIMIIaHUE OTIETBbHBIX 3€peH
BMecte. Jlamee mpoucXoquiio (QOpMUpOBaHHE
KJICICTEpPHON Macchl B MECTaX CKOIUIEHUH 3EpeH
WY TIOJTHOE UX PACTBOPEHHUE TaM, TJie 3EpHa ObUIH
otaaneHs! apyr ot apyra [20]. [lonumanue B3au-
MOCBSI3M TEeMIIEpaTypHOHl 00pabOTKM € MHKpO-
CTPYKTYpOil KyKypy3HOIO Kpaxmana TO3BOJIHUT
ONTUMAJILHO MOAOUPATh BUJ 3TOTO MPOAYKTA IS
Pa3HBIX TEXHOJOTHYECKHUX TIPOIECCOB MSICHOTO
MPOU3BOJICTBA. A TaKKe MOXET CITY)KUTh MH]HKA-
TOPOM COOJIIOZACHUSI TEMIEPaTypHBIX PEKUMOB
TEPMHUUIECKOI 00pabOTKN MICHBIX W3IEIHN.
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HenoctatouHOCTs HaHHBIX 00 H3MEHCHUSIX
CTPYKTYPBI 3€pEH KYKYpY3HOT'0 Kpaxmaia B COCTaBEe
MSCHBIX TTPOJYKTOB MPU Pa3IMYHBIX TEMIIEPaTyp-
HBIX BO3JICHCTBUSAX OIPEACIsCT aKTyaJIbHOCTh
JAHHBIX KCCIICIOBAHMIA.

Heas padorbl — ompeneleHue BIUSHUS
Pa3TMYHON TeMITepaTypHO 00pabOTKH B TEUEHHE
Pa3HBIX BPEMEHHBIX TIPOMEKYTKOB Ha THCTOJOTH-
YEeCKYyI0 CTPYKTYPY KyKypy3HOTO Kpaxmala B CO-
cTaBe MSCHOTO (papira, a Tak)Ke W3ydeHHE ero T'-
CTOJIOTHYECKO# CTPYKTYPHI.

Marepuajibl 1 MeTOAbI

Jns vccnenoBaHWA OBITM B3SITHI 0OpasIbl
KYKypy3HOTO Kpaxmalia OT TPeX pa3iIU9HbIX Mpo-
HU3BOJUTENIEN, U3 pa3sHBIX TOProBbIX Touek. Kak
CyOCTpaT [UIsl M3TOTOBIICHHUS MPEMAPATOB UCTIONb-
30Basicst ¢api U3 KypuHou rpyaku. dapmr usro-
TaBJIMBAJICS M3 TIPYAHON MBIIIIBI OXJIAXKICHHON
TYIIKW KypUIIBL. 3aTeM, U3 HETO ObLTH CPOPMHUPO-
BaHBI 00pasiel ¢ Maccoit 10 r. O6pasus! rpymnms! 1
HE COoJepKanu Kpaxmai. B ocranbHble 00pasiibl
KypUHOT'O (hapiiia BMEIMBAJICS KYKYpPYy3HbIH Kpaxma
B KOJIMYECTBE 2 T Ha 00pasell.

O6pa3sipl rpymsl 2 TEpMUYECKH He 0Opada-
ThIBaJlach, 00pa3ubl rpynmn 3 — 6 MoJABEprainch
nacrepusanud B Boje mpu Temmeparype 80 °C
B TEUEHHE pa3Horo BpeMeHu. [ pymnma 3 oOpabatsi-
Bajach B TeueHWe 5 MuH., rpynmna 4 — 10 muH.,
rpyrma 5 — 20 MuH. 1 rpymma 6 — 40 munyT. OOpasis!
rpyrn 7 u 8 moaBeprajiuchk TepMooOpadboTKe B BOJIE
nipu Temneparype 100°C I'pymma 7 — B TedeHue 5 MuH.,
arpymmna 8 — 20 MUHYT.

3amMopo3ka 00pa3IoB MPOBOAMIACH B OBITO-
BOM XOJIoJIMIIbHUKE TIpH -18 °C. OOpasipl rpymiisl
9 xpanunmck 3 cyTok, a rpynmsl 10 — Tpu Mecsa.

Jaee 00Opa3ibl PUKCHPOBAINCH B IECSTUTIPO-
LIEHTHOM HelTpasbHOM (opmanuHe, [ 'ncronormye-
CKF€ TIpeTiapaThl ObUTH H3TOTOBJIEHBI 110 CTaHIAPTHOM
Mmetomauke, onucanHoii B «I'OCT 31500-2012
Msco u MsAcCHble OPOAYKTHL. ['HcTONOrMYecKuit
METOJl OTpEeAENCHNUs] PACTUTEIbHBIX YTIIEPOIHBIX
J00aBOK», OKPAIIIEHBI TeMAaTOKCHUITTHOM U S03UHOM.

MUKpOCKOTIUPOBAaHUE  THCTOJIOTUYECKUX
00pas3IoB MPOU3BOAUIIOCH C TIOMOIIBIO CBETOBOTO
MuKpockona, npu yeenudeHuu B 400 pa3. s
MopdomeTprudeckux usMepeHudt mo 10 momsam
3peHHsl OT TPYNIBI CAETaHbl MHKpodoTorpaduu
C UCIIOJIb30BaHUEM OKyJisipa ¢ JuHenkou. [Ipous-
BoAMIACk (poTocheMKa ISl MOTydeHHsT 0030PHBIX
npenapaTtoB. Ha mpenapaTax oueHuBanach Gopma
U MUKPOCTPYKTYpa 3€peH KYKypy3HOIro Kpaxmasa
W U3MEHEHHSI 3THX [apaMeTPOB MPH Pa3HbIX BapH-
aHTaxX TePMUYECKON 00pabOTKH.

Jiist u3MepeHusi OTHOCUTENNBHBIX 3HAYEHUH
JpiameTpa 3EpeH MCTIOB30BaIach mporpamMma Imegel.
OTHOCHUTENbHBIE 3HAYCHHS OBUIM TIEPEBEICHBI
B a0COITIOTHBIE ITPH MTOMOIIH 00BEKT MUKPOMETPA.
JlaHHbIe cTaTUCTHYECKH 00pabOTaHbI IPU TIOMOIIIH
mporpamMmsl Excel.
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Pe3yabTaThl U 00CyKIEHHE

HUccnenoBanne obpasnos rpymmsl 1, coaep-
JKaIX TOJBKO (apir, OBUIO MPOBEICHO C IETBI0
ompezeNneHusl CTPYKTYPHBIX ocobeHHocTel (hoHa
BCEX MpEnapaToB A JIydyllled HICHTU(UKALMH
KpaxMallbHbIX 3€peH.

HccnenoBanusi THCTONIOTMUYECKHUX MPETIApaToB
TPYIIIBL 2, HE TIO/IBEPTaBLINXCS TEPMHIECKOI 00pa-
00TKe, NIEMOHCTPUPYIOT KapTHHY HAaTHBHBIX 3EpeH
KyKypy3HOro kpaxmana (pucyHok 1). ITo cBoum
MOPQOIOTHYECKUM XapaKTEePUCTHKAM OHU  HWJICH-
THYHBI THITMYHBIM 3€pHaM JaHHOTO OOTAHUYECKOTO
BUJA. 3epHa Kpaxmaja clierka yrioBaTble, UMEIOT
OKpyTIyI0 (hopMy, c11abo OKpaIIeHbl, PO3PavHBIE.
B neHTpe oTAEIBHO B3ATHIX 3¢PEH 3aMETHBI BOPOTa
(rma3kn) — HeOOMBITHE TEMHBIE MTATHA, OT KOTOPHIX
[0 BCEH IUIOLIAAW 3€pHa PagHalbHO PacxXomsTcs
JMHMM. 3EpHA pacHosararoTcs OOJIBIIMMH IPYIIIAMY,
U3peKa MOMNaJaroTCs OAUHOYHBIE.

YcTaHOBIEHO, YTO CpedHuil pasmep 3EpeH
B 3TOH TPYIIE COCTABII 8,5 MKM, MaKCUMAJIbHBIA —
14,4 mMxMm, MuHEMaTBHBIA — 4,4 MM (Tabimia 1).
MUKpOCTPYKTYpHBII aHAIU3 OKA3bIBAET, YTO KY-
Kypy3HBIIl Kpaxmall OTIMYaeTcs HEOTHOPOIHO-
cThi0 3epeH (pucyHok 2). [IpeoOmanaroT 3epHa
cpelHero pasmepa, ot 7 10 12 MKM, UX JIOJIs COCTa-
Buna 59%. Ha nmomo kpymHbIx mpuxoautest 15%,
a Menkux — 26%. OTu TaHHBIE TIOATBEPKIAIOT paHee
npoBeIeHHbIe nccienosanms. [18, 19].

OO0pa3pl rpyIsl 3 JEMOHCTPUPYET CEPbE3-
HBIE M3MEHEHHs, KOTOpble BO3HUKAIOT B 3EpHaX
Kpaxmasa IoJi BO3/IEHCTBHEM TEMIIEpaTyphl B Te-
yeHue 5 munHyT. [Ipexnae Bcero, cpenHuil pazmep
3€peH CTaTUCTUYECKU 3HAYMMO yBeJIHuwics B 2,6
pa3a 1o CpaBHEHUIO C TPYIIION 2, u cocTaBui 22,7
MKM. MakcuMamnbpHBIN TuameTp yBennyuics B 4,1
pa3a, MuHUManeHBIA B 1,8 pasa. Menkue 3epHa
He uaeHTuduuupoBainch, a 95% ObUTH KpPYIHBIE.
Kneiictrepuzalus KyKypy3HOTo KpaxMaia HaunHa-
ercsi ¢ 70 °C[20]. Bosee Menkue 3epHa HAYNHAIOT
HaOyxaTh | KIelicTepru30BaThes ObicTpee, pu 00-
Jee HHU3KO# Temmeparype, 4eM KpymHbie [13].
B namem uccnenoBanuu npu temneparype 80 °C
HabmronaeTcs mogoOHasi KapTuHa — UCUYe3aloT Ma-
JICHbKHE TpaHyNbl, MOTOM BCE TPaHyJbl CTaHO-
BATCS KPYIIHBIMH B IIpOLiEcce THApaTauyy 1 Haly-
xaHus. Haumnaer wu3MeHsATbCS W Mopdonorus
KpaxmanpHOro 3epHa. OHH cTaHOBATCS OoOnee
OKpYTJIBIMH, & TIOTOM OBaJIbHBIMH M HEPOBHBIMH.
'ma3ok MOYTH TOJHOCTHIO HCYE3aeT W CTaHO-
BUThCS MPAKTHYECKH He3aMeTHBIM. Camu ke 3épHa
Hayald CJIMIAThCS BMECTE, a B Ooyiee KPYITHBIX
CKOTUICHHSIX CIIMBATHCS B OJJHY Maccy. OHaKo 3TH
W3MEHEHHUs] ObUTH HE3HAYUTEIbHBI M TO3BOJIMIH
npoBectd Mopdomerpuueckue uamepenus. Takas
JUHAMUKA W3MEHEHHWH IOJTBEPKIACTCS U JIpy-
rumu uccienoBanusmu. [20].
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Pucynox 1. Mopdosnornyeckoe cTpoeHHe KpaxMalbHbIX 3€peH MPU Pa3IMuHbIX TEMIEPaTypHbIX peKHUMax 00paboTKH
(yBenmmuenune B 400 pas, okpamiMBaHHe I'€MaTOKCHJIMHOM W 303MHOM): A — rpymma 2; B — rpynna 3; C — rpynmna 4;
D —rpynma 5; E — rpynna 6; F — rpynma 7; G — rpynma 8; H — rpynma 9; I — rpynma 10; 1 — 3epHa kpaxmaina

Figure 1. Morphological structure of starch grains at different temperature conditions of processing (400x magnification,
hematoxylin and eosin staining): A — group 2; B — group 3; C — group 4; D — group 5; E — group 6; F — group 7; G — group 8;
H —group 9; | — group 10; 1 — starch grains.
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Pucynok 2. CooTHOIIIEHHE pa3MEPOB 3epeH KYKYPY3HOTO KpaxMalia Ipy Pa3HBIX PeKHMax TeMIepaTypHoit oopadoTku, %
Figure 2. The ratio of grain sizes of corn starch under different modes of thermal treatment, %
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B oOpasuax rpymnmnst 4 3aMeTHBI 60Jiee cepbes-
Hble JECTPYKTUBHBIC MpU3HAKU. [lonee maiuTenbHas
ruzparanys B TeueHue 10 MuHyT npu reMneparype
80 °C nokasbIBaeT, YTO pa3BOpaunBaHHE U IpyTrue
MOpGOIOrHYecKre H3MEHEHNS 3aTParkBaioT YKe BCe
3epHa. OHu HaOyxaroT emé Oobine, ctaB B 3-4 pasza
OoublIe H3HAYaIbHBIX pa3MepoB. IIpu aTom okpyT-
nast ¢opMma 3epHa HCKa3Wiach, MPEBPATHBIINCH
B IIOJIHOCTBIO aMOp(]HYI0, Hcye3 IIa3ok. Takxe 3a-
METHO YYaCTHJIUCh CIMSHUS 3epeH. Mopdonorus
TpaHyJ ONpPEeNeIsIach C TPYIOM.

K 20 mMunyTaM mactepusaniuu MPOUCXOIHT
MoJiHas KJiencTepusanus 3epeH kpaxmana. Pegkue
OTJENIbHBIE 3EPHA, TI0 OTHOLICHHIO K TIePBOHAYANIEHBIM
pasMmepam, yBeIMUYWIUCH MpuMepHo B 4,5 pa3za.
dopMa 3epeH HapylaeTcs, OHH CKJIEHBAIOTCS
B enuMHyr Maccy. Hekortopsle oTnenbHbIE 3€pHa
MOJTHOCTBIO YTPATHIIM CBOIO CTPYKTYpYy M pacrma-
nuck. JanpHedmas nmactepuzauus A0 40 MUHYT
Mopdorornueckux n3MeHeHnid He BbI3biBaeT. O0-
pasIBl TPYIIL 5 1 6 He UMEIOT CEPhE3HBIX Pa3IHIUA
MEXTy COOOH.

Ha o6pa3te rpynmsl 7 BUAHO, 9TO TepMUYe-
ckas oopadoTka npu 100 °C npuUBOIUT K HAMHOTO
Oonee ObICTPBIM U Oo0Jiee CHUIIBHBIM JIECTPYKTHB-
HBIM TPOIIecCaM, IO CPaBHEHHIO C 00pabOTKOM Ipu
80 °C. Te Mopdosornyeckue U3MEHEHHs, KOTOpPhIC
MPY MACTepPU3aUK TPOUCXOMAT C KPaxMaJloM yepes
20 MuHYT 00pabOTKH, IPU BapKe HACTYNAIOT YK€
Ha maToii MuHyTe. Uepe3 5 MHHYT 00pabOTKH
3épHA Kpaxmala MOJHOCTBIO yTPAYMBAIOT KaKyFo-
0o GpopMy, HepecTaeT NpOCMaTPUBATHCS II1A30K,
MOBCEMECTHO HAYMHAIOT CIUNAThCS 3€pHA, a MX
pasMep mpeBbIlIaeT B 3 pa3a nepBOHAYAIIBHBIMH.

B oOpasiax rpyIisl 8 IpOUCXOIUT MOJIHAS
noteps (GopMbl 3epHa, I1a3Ka, emie 6oyiee CUIbHOE
HaOyxaHHe U CIUSHHUE 3EPEH B €OUHYIO KIeHCTep-
HYIO Maccy.

HccnenoBanust BIUSHUSL HU3KHX TEMIIEpaTyp
Ha KyKypY3HBIH Kpaxmall IoKa3ajlud He3HauUuTeIIb-
HBIC UBMCHCHUA B €T0 CTPOCHUMU. CTaTUCTUYECKHU
3HAYUMBIX OTJIMYUM B CpPEJHEM JUaMETpE 3EPEH
Kpaxmaia pu 3aMopo3ke 00pa3ioB rpynmst 9 u 10

post@vestniR-vsuet.ru

M0 CpaBHEHHUIO ¢ 00pa3laMu rpymiisl 2 He 00Hapy-
’KeHO. 3€pHa HMEIOT BCIO TY )K€ XOPOIIO BUANMYIO
yrioBatyio (opMy, 3aMeTeH TIi1a30K. EauHcTBeH-
HBIM 3aMETHBIM U3MEHEHUEM 3€pEH, KpoMe He3Ha-
YUTEBHOTO YMEHBIICHHS IUaMeTpa CTAHOBATCS
Ooree sSipKO BeIpakeHHBIE Yriibl. OOIIas TeHACH-
sl pacrpesieieHus] pPa3MepoB 3epeH TOXKE coXpa-
Hsiercs. [IpeobnamaroT 3epHa cpegHEro pasmepa.
3ameTHa TEHACHINS YBEITWICHHS TOIH MaJICHBKIX
3epeH B 1,2 pa3a 11 yMEHBIIIEHHS KOIMYECTBA OONBITHX
3epeH B 1,5 paza.

CTaTUCTHYECKH  3HAUUMBIX  OTJIMYHH
B rpymne 10 mo cpaBHeHHO ¢ Tpymmoi 9 u 2 He 00-
HapykeHo. CoXpaHWIICS KakK TJa30K, TaK U IBET,
U OCTajJbHBIE XapakTepHble MOpQOJIOrHYECKHE
npu3Haky. HecMoTpst Ha GoJbIiiee BpeMs 3aMOpPO3KH,
3aMETHO JIMIIb HE3HAYMTEIbHOE YMEHBILCHHE pPa3-
Mepa OTAENBHBIX 3EPEH, a Takke (opMa OTAEIbHBIX
CIMHUI] CTaja HAIOMUHATH MHOTOYTOJIbHUKH
¢ 3a0CcTpéHHbIMU yriamMu. CpelHU IuaMeTp 3epHa
MpOoI0JBKaeT CHIKAThCS — 8,4 MkM. COOTHOIIIEHHE
U3MEHWIOCH B CTOPOHY YBEIMUCHHS KOJIMYECTBA
cpennux 3epeH no0 64%, a KOMTUYECTBO MajbIX,
a 0cOOEHHO OOJIBIINX, YMEHBIIWIOCH. ClenyeT OT-
METHTB, YTO B MPOIECCE 3aMOPO3KH 3HAYUTEIHLHO
YMEHBIIAETCS KOINYECTBO KPYIHBIX 3€pEH H YBe-
JIMYUBACTCA KOJIMYCCTBO CPEAHUX, B TO BPpEMS KakK
COOTHOIICHHUEC MAJICHBKUX 3C€PCH IPU NJIUTCIbHOM
3aMOpa)XMBaHWHU TPAKTUYECKH HE MEHSETCSA. DTO
MOXeT OBITh CBSI3aHO C ()ePMEHTATHBHBIM pa3py-
IIEHWEM B TPOIECCE XPAHEHUS M COrliacyercs
C JAaHHBIMH, ITOJTYYECHHBIMH NIPU BO3/ICHCTBIH HU3-
kumu temneparypamu (0—4 °C) B TeueHue -
TEJBHOTO BPEMEHHM Ha KapTo(eNbHBIH Kpaxmal.
B stux HNCCIICOOBAHUAX 6LIJ'IO IIOKa3aHbl CHUXKCHUC
coZIeprKaHus Kpaxmalia, HepaBHOMepHas nedopma-
IUs 3epeH M yBEJIIMYEHHE BHYTPEHHHUX ITOJOCTEN
Y KaHaJIOB B KpaxMaJbHOM 3epHe [21]. VMeHbIe-
HHE pa3Mepa M OOJBLIYIO YIJIOBATOCTH (POPMBI
MO>KHO OOBSICHATH YMEHBIIICHHIEM KOJIMYEeCTBa BIIaru
B 00pasiie, KOTOPOe MPOUCXOAUT MPU BEIMOPAXKH-
BaHWUU ITPOAYKTA.

Tabnuma 1.
Pa3Mmep 3epeH KyKypy3HOTO Kpaxmalia Py Ppa3HBIX TeMIIEPaTypPHBIX BO3ICUCTBHIX, MKM
Table 1.
Grain size of corn starch under different temperature effects, pum
I'pymma | Group MaxkcumasbHbIH Maximum MuHHUManbHbIH Minimum Cpennuii Average
JTMaMETP diameter JTMAMETP diameter JIMaMETP diameter
2 144 4.4 8,5+0,12
3 58,1 7,9 22,7 £0,39 ***
9 17,7 3,4 8,5+0,14
10 16,5 2,7 8,4+0,11
pa3HuIIa [0 CPaBHEHUIO ¢ Tpymioii 2 gnoctoBepHa*** — P < 0,001
the difference compared to the group 2 is significant: *** —at P <0.001

32



Yepenanoea H.T. u dp. Becmuux BTYHIIL, 2023, IIT. 85, Ne. 3, C. 28-35

3akiaouenue

Hamu uccnenoBanust moxasany, 4To 3epHa
KyKypY3HOT0 Kpaxmaria B ¢aplie, Ipx OTCyTCTBHH
TEPMUYECKO 00pabOTKH, TIOTHOCTHIO COOTBETCTBYIOT
MOPQOJIOTHYECKUM TMPU3HAKAM, XapaKTepHbIM ISt
3TOT0 BHZA, UMEIOT OKPYIJIYIO, ClIerKa yIIoBaTylo
¢dopmy. B nentpe pacnonaraetcs riazox. CpegHuit
pa3mMep 3epHa okoiro 8,5 mxM. [IpeobmagaroT 3epHa
CpEIHEro pa3Mmepa.

OcHOBHbIC U3MEHEHMs], CB3aHHbIE C HArpe-
BanueM mpu 80 °C, B Kpaxmaje NPOUCXOAAT
3a mepBble 10 MUHYT. Y KyKypy3HOTO Kpaxmaia
JOCTaTOYHO BBICOKAsi TEMIIEpaTypa KiehHcTepusa-
un — 70 °C, mo3sToMy B TIEpBBIC 5 MHHYT B 0OJIb-
LIMHCTBE 3€peH elle COXPaHSIETCsS MHOTOYTOJIbHAs
(hopma u rnazok. CpenHuil pa3mep 3epeH yBeTuIH-
BaeTcs 10 22,7 MKM, UX YHCIO gocturaer 95%.
K 10 muayTaM nmecTpyKTHBHBIC M3MEHEHHS Hapac-
TaroT, Jjajlee MX WHTCHCHUBHOCTH TIJIABHO CHIKAETCSI.
[Ipu moctkennu 20 MUHYT HACTYIAET KIIECTEpU3a-
nust. XapakTep U3MEHEHUI COCTOUT B TOM, YTO 3EpHA
YBEIUYUBAIOTCS B pa3Mepe, y HHUX paclafaercs
TTIA30K, TepsIeTCs u3HaYanbHas hopMma, a caMH OHH,
MOCTETNIEHHO, CIMIAIOTCS M CIMBAIOTCS BMECTE.
[Ipu macrepuzanuu npu 80 °C Gonee 20 MuUHYT
KaKUX-TH0O0 CYIIECTBEHHBIX H3MEHeHH MopdoIro-
T'HH 3€PEH HE IPOUCXOIMNT.
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XapakTep M3MEHEHUH B CTPYKType Kpax-
Maja Ipu TepMudeckoit oopadorke 100 °C meot-
JUYIUM OT TeX, uTo mpoucxonst mpu 80 °C. OmHako
W3MEHEHHUS] HACTYMaloT 3HAYUTENBHO ObICTpee,
3a repBbIe 5 MUHYT, U K 10 MuHyTaM MopdoIorus
KpaxMaJIbHBIX 3epeH HEe IPOCMATPUBAETCHL.

3aMopakuBaHHE MPAKTHYECKH HE MEHSET
Mopdoorudeckue npusHaku 3epHa. OnHako, npu
JUIATETIEHOM BO3JEHCTBHHM OTPHIIATENBHBIX TEMITEpa-
TYp 3aMETHO HCKakeHHe (OpMBI 3epeH B CTOPOHY
OoJibllle YTIOBAaTOCTH, YTO CBSI3aHO C YMEHBIIIE-
HHEM COJIep)KaHHs BJIard U HEpaBHOMEPHBIM (ep-
MEHTATUBHBIM pa3pyLIEeHHEM CTPYKTYPHI Kpax-
MaJILHOTO 3€pHa B Pe3yJIbTaTe 3aMOPO3KH.

B pesynbrate paboThl caeaanbl MUKpO(dOoTo-
rpadud W TPOBENEHO OMKCaHWe Mopdoornye-
CKOT0 CTPOCHHSI 3ePEH KYKYPY3HOTO KpaxMaia mpu
pasHBIX TEMIEpPaTypHBIX PEeKUMax O0O0pabOTKH.
MuxkpodoTorpadhun ucCCIeAyeMBbIX 00pa3loB |
OIMMCAaHNE MUKPOCTPYKTYPHI KPaxMaJbHBIX 3€peH
MOTYT 6BITL HUCIIOJIB30BaHbl AJIs1 I/II[CHTI/I(bI/IKaHI/H/I
KyKypy3HOTO Kpaxmaja W WHIUKAalUuH TeMIepa-
TYpHBIX PEXHMOB OOpa0OTKH TPH TMPOBEIECHUHU
OIICHKHM Ka4€CTBA MACHBIX ITPOJYKTOB.

Jlureparypa

1 Semak A.E., Kazakova E.V., Cherepanova N.G. et al. Improving the Quality of Evaluation of Meat Products //
Entomology and Applied Science Letters. 2021. V. 8. Ne. 2. P. 78-84. doi: 10.51847/CUMJASGUCH

2 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa // Tolooebehdasht

Journal. 2019. V.18(2). P. 57-69. doi: 10.18502/thj.v18i2.1264

3 Casoctuna T.B., Mwkepnkuna A.C., CaBoctuna JI.A. u ap. ['nctoMopdonornueckas XxapakTepucTrKa papiieii pa3HbIX
nsrorosureneii // Uzsectrst OpeHOYPrCKOro rocyIapcTBEHHOTO arpapHoro yuusepcurera. 2022, Ne 2 (94). C. 250-257.

4 Moghtaderi A., Raji A., Khanzadi S., Nabipour A. Application of histological method for detection of unauthorized
tissues in meat sausage // Veterinary research forum: an international quarterly journal. 2019. Ne 10(4). P. 357-360. doi:

10.30466/vrf.2018.89154.2160

5 Darban Maghami N., Nabipour A., Mohsenzadeh M., Torabi M. Histological and stereological approaches for
detection of tissues and fraud in some meat products // Veterinary research forum: an international quarterly journal. 2022.

Ne 13(1). P. 47-53. doi: 10.30466/vrf.2020.115238.2742

6 Guelmamene R., Bennoune O., Elgroud R. Histological techniques for quality control of meat and meat products — A
mini-review // Journal of Nutrition and Human Health. 2018. Ne 2(2). P. 24-29. doi: 10.35841/nutrition-human-health.2.2.24-30

7 Mellett F. Quality characteristics of low fat ostrich meat patties formulated with either pork lard or modified corn
starch, soya isolate and water // Meat science. 2003. Ne 65. P. 869-875. doi: 10.1016/S0309-1740(02)00293-0

8 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa // The Journal of

Tolooebehdasht. 2019. Ne 18. P. 57—69.

9 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa // The Journal of
Tolooebehdasht. 2019. Ne 18 (2). P. 57-69. doi: 10.18502/thj.v18i2.1264

10 Hukutiaa E.B. M3MeHeHUsT MUKPOCTPYKTYpHl KapToGeIbHOro Kpaxmana npu MoAudukanuy OakTepHaabHOU
ammutasoit Bacillussubtilis B 3aBucumoctu ot koHueHTpaimu ¢pepmenta // Bectauk TexHonoruueckoro yuusepcurera. 2016.

T.19.Ne 7. C. 133-136.

11 Khatefov E.B., Goldstein V.G., Krivandin A.V., Wasserman L.A. Main Characteristics of Processed Grain Starch
Products and Physicochemical Features of the Starches from Maize (Zea mays L.) with Different Genotypes // Polymers. 2023.

Ne 15(8). P. 1976. doi: 10.3390/polym15081976

12 O’Neill E.C., Field R.A. Underpinning starch biology with in vitro studies on carbohydrate-active enzymes and
biosynthetic glycomaterials // Frontiers in Bioengineering and Biotechnology. 2015. Ne 3. P.136.

13 Cornejo-Ramirez Y.1., Martinez-Cruz O., Del Toro-Sanchez C.L., Wong-Corral F.J. et al. The structural characteristics of
starches and their functional properties // CyTA — Journal of Food. 2018. Ne 16(1). P.1003-1017. doi: 10.1080/19476337.2018.1518343



Cherepanova N.G. et al. Proceedings of VSUET, 2023, vol. 85, no. 3, pp. 28-35 post@vestniR-vsuet.ru

14 XBoitss C.U., Jlanmmua B.A., KopemkoB B.H. Mcnonp3oBanue Kpaxmaia B MSCHOW HPOMBINUIEHHOCTH //
VHHOBAIIMOHHBIE MIPOIIECCHI B MUIICBBIX TEXHOJIOTHX: Hayka 1 npaktuka. 2019. C. 376-383.

15 Nishizawa T., Roy T.S., Nara K., Rahman M.M. et al. Physical and physiological traits of tubers and their starch-granule sizes
of local potato cultivars in Bangladesh // Acta Horticulturae. 2021. Ne 1326. P.239-246. doi: 10.17660/ActaHortic.2021.1326.32

16 Zhao F., Jing L., Wang D. et al. Grain and starch granule morphology in superior and inferior kernels of maize in
response to nitrogen // Scientific reports. 2018. Ne 8(1). P.6343. doi: 10.1038/s41598-018-23977

17 Lindeboom N., Chang P.R., Tyler R.T. Analytical, Biochemical and Physicochemical Aspects of Starch Granule Size,
with Emphasis on Small Granule Starches: A Review // Starch-starke. 2004. V. 56. P. 89-99. doi: 10.1002/star.200300218

18 MusunoB M.I'., Uepenanosa H.I'., ArapkoBa A.A. V3MeHeHHE CTPYKTYphl KYKYpPY3HOIO Kpaxmajla B COCTaBe
MSICHOTO MpOJYKTa NPH TepMHYECKoi obpaborke // HaydHO-mpakTHUeCKHe IOCTHKEHHS MOJIOJBIX YYEHBIX KaK OCHOBa
paszsutus AIIK B ycnoBHsSX HWHTEHCH(DHKAIMM TPOU3BOJCTBA W TEXHOTGHHOTO TIIpecca: MaTepuanbl HanuoHanbHOM
CTYJICHYECKOH Hay4dHO-TIpaKTHYecKOi KoH(epeHIMH, Pss3anp, 15 wmapra 2023 roma. PssaHckuil rocynapcTBEHHBIH
arporexHojorundeckuii yuusepcuret uM. [1.A. Kocteruesa, 2023. C. 196-203.

19 Xgoutst C.1., [Tuenkuna B.A. ['ucronorndeckne 0cOOEHHOCTH KPaXMAJIOB M UX BBISBJICHHC B MSICHBIX MPOJyKTax //
Msicubie Texuosorud. 2011, Ne 11(107). C. 46-49.

20 ITuenkuna B.A., Xeeurss C.J1. MUKpOCTpYKTypa Kpaxmana 1 0COOCHHOCTH €ro BBISIBICHHS B MSICHBIX IPOAYyKTax //
I'mybokas mepepaboTka 3epHa Ui MPOM3BOJCTBA KpaxMaia, ero MOAW(GHKANMHA M CaXapUCTHIX HPOIYKTOB. TeHIeHIUH
Pa3BUTHS TPOU3BOJICTBA U MOTPEOJICHHS: TPYAbl MeXTyHApOIHOW HAYYHO-TIpaKkTHYecKoi koHpepenimu: k 80-neturo BHUN
kpaxmanonponykros Poccensxozakagemun. OOO "HUIIKI] Bocxon-A", 2013. C. 233-237.

21 Taufique T., Nishizawa T., Roy T.S., Meiko K. et al. Histological and physiological changes of potato starch derived
from seed and TPS (true potato seed) grown tubers under different cold storage duration // Advances in Horticultural Science.
2021. Ne 35(4). P. 371-381. doi: 10.36253/ahsc-11517

References

1 Semak A.E., Kazakova E.V., Cherepanova N.G. et al. Improving the Quality of Evaluation of Meat Products.
Entomology and Applied Science Letters. 2021. vol. 8. no. 2. pp. 78-84. doi: 10.51847/CUMJASGUCH

2 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa. Tolooebehdasht
Journal. 2019. vol. 18(2). pp. 57—69. doi: 10.18502/thj.v18i2.1264

3 Savostina T.V., Mizhevikina A.S., Savostina D.A. and others. Histomorphological characteristics of minced meat
from different manufacturers. News of the Orenburg State Agrarian University. 2022. no. 2 (94). pp. 250-257. (in Russian).

4 Moghtaderi A., Raji A., Khanzadi S., Nabipour A. Application of histological method for detection of unauthorized
tissues in meat sausage. Veterinary research forum: an international quarterly journal. 2019. no. 10(4). pp. 357-360.
doi: 10.30466/vrf.2018.89154.2160

5 Darban Maghami N., Nabipour A., Mohsenzadeh M., Torabi M. Histological and stereological approaches for
detection of tissues and fraud in some meat products. Veterinary research forum: an international quarterly journal. 2022.
no. 13(1). pp. 47-53. doi: 10.30466/vrf.2020.115238.2742

6 Guelmamene R., Bennoune O., Elgroud R. Histological techniques for quality control of meat and meat products —
A mini-review. Journal of Nutrition and Human Health. 2018. no. 2(2). pp. 24-29. doi: 10.35841/nutrition-human-
health.2.2.24-30

7 Mellett F. Quality characteristics of low fat ostrich meat patties formulated with either pork lard or modified corn
starch, soya isolate and water. Meat science. 2003. no. 65. pp. 869-875. doi: 10.1016/S0309-1740(02)00293-0

8 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa. The Journal of
Tolooebehdasht. 2019. no. 18. pp. 57-69.

9 Sadeghinezhad J., Morovvati H., Yekta Z., Fattahi K. et al. Evaluation of the Histological Method in Quantitative
Detection of Unauthorized Tissues (chicken skin and bone) in Reconstructed Kabab Loghme and Kielbasa. The Journal of
Tolooebehdasht. 2019. no. 18 (2). pp. 57-69. doi: 10.18502/tbj.v18i2.1264

10 Nikitina E.V. Changes in the microstructure of potato starch when modified by bacterial amylase Bacillus subtilis
depending on the concentration of the enzyme // Bulletin of the University of Technology. 2016. vol. 19. no. 7. pp. 133-136.
(in Russian).

11 Khatefov E.B., Goldstein V.G., Krivandin A.V., Wasserman L.A. Main Characteristics of Processed Grain Starch
Products and Physicochemical Features of the Starches from Maize (Zea mays L.) with Different Genotypes. Polymers. 2023.
no. 15(8). pp. 1976. doi: 10.3390/polym15081976

12 O’Neill E.C., Field R.A. Underpinning starch biology with in vitro studies on carbohydrate-active enzymes and
biosynthetic glycomaterials. Frontiers in Bioengineering and Biotechnology. 2015. no. 3. pp. 136.

13 Cornejo-Ramirez Y.1., Martinez-Cruz O., Del Toro-Sanchez C.L., Wong-Corral F.J. et al. The structural characteristics of
starches and their functional properties. CyTA — Journal of Food. 2018. no. 16(1). pp. 1003-1017. doi: 10.1080/19476337.2018.1518343

14 Khvylya S.1., Lapshin V.A., Koreshkov V.N. The use of starch in the meat industry. Innovative processes in food
technologies: science and practice. 2019. pp. 376-383. (in Russian).

15 Nishizawa T., Roy T.S., Nara K., Rahman M.M. et al. Physical and physiological traits of tubers and their starch-granule
sizes of local potato cultivars in Bangladesh. Acta Horticulturae. 2021. no. 1326. pp. 239-246. doi: 10.17660/ActaHortic.2021.1326.32

16 Zhao F., Jing L., Wang D. et al. Grain and starch granule morphology in superior and inferior kernels of maize in
response to nitrogen. Scientific reports. 2018. no. 8(1). pp. 6343. doi: 10.1038/s41598-018-23977

17 Lindeboom N., Chang P.R., Tyler R.T. Analytical, Biochemical and Physicochemical Aspects of Starch Granule Size,
with Emphasis on Small Granule Starches: A Review. Starch-starke. 2004. vol. 56. pp. 89-99. doi: 10.1002/star.200300218

34



Yepenanoea H.T. u dp. Becmuux BTYHIIL, 2023, IIT. 85, Ne. 3, C. 28-35 post@vestniR-vsuet.ri

18 Mizinov M.G., Cherepanova N.G., Agarkova A.A. Change in the structure of corn starch in the composition of a
meat product during heat treatment. Scientific and practical achievements of young scientists as the basis for the development
of the agro-industrial complex in conditions of intensified production and technogenic pressure: materials of the National
Student Scientific and Practical Conference, Ryazan, March 15, 2023. Ryazan State Agrotechnological University named after.

P.A. Kostycheva, 2023. pp. 196-203. (in Russian).

19 Khvylya S.1I., Pchelkina V.A. Histological features of starches and their identification in meat products. Meat

technologies. 2011. no. 11(107). pp. 46-49. (in Russian).

20 Pchelkina V.A., Khvylya S.I. Microstructure of starch and features of its detection in meat products. Deep processing of
grain for the production of starch, its modifications and sugar products. Trends in the development of production and consumption:
proceedings of the International Scientific and Practical Conference: to the 80th anniversary of the All-Russian Research Institute of
Starch Products of the Russian Agricultural Academy. LLC "NIPCTs Voskhod-A", 2013. pp. 233-237. (in Russian).

21 Taufique T., Nishizawa T., Roy T.S., Meiko K. et al. Histological and physiological changes of potato starch derived
from seed and TPS (true potato seed) grown tubers under different cold storage duration. Advances in Horticultural Science.

2021. no. 35(4). pp. 371-381. doi: 10.36253/ahsc 11517

Caenenns 00 aBTopax
Hapexna I'. YepenanoBa crapmmii mpernojaBareis, Kadenapa
MOp(OJIOTUHU U BETEPUHAPHO-CAHUTAPHOM dKCTIEpTU3bI, Poccuii-
cKuil rocynapcTBeHHbIH arpapHblii yHuBepcureT — MCXA
nmenn K.A.TumupsizeBa, TumupsizeBckas yi., 49, r. Mocksa,
127434, Poccus, ncherepanova@rambler.ru
https://orcid.org/0000-0001-7484-9021
Enena A. IIpocekoBa k.0.H., TO1eHT, kadeapa MopGoJIoruu u
BETEPUHAPHO-CAHUTAPHOM sKcnepTusbl, Poccuiickuii rocynap-
CTBEeHHBII arpapHbiii yHuBepcuteT — MCXA nmenn K.A.Tumu-
psazeBa, TumupsizeBckas yi., 49, r. Mocksa, 127434, Poccus,
proseka2004@yandex.ru
https://orcid.org/0000-0003-1819-0618

Anna J. Cemak K.c-X.H., IOLCHT, Kadeapa MOpOJIOTHH U BETe-
pUHapHO-CaHUTapHOH dKcnepTussl, Poccuiickuil rocynapcreen-
Hbl arpapHblil yHuBepcuTeT — MCXA umenu K. A. Tumupssesa,
TumupsizeBckas  yn., 49, r. Mocksa, 127434, Poccus,
semakq@gmail.com

https://orcid.org/0000-0002-1986-4284
Mapk I'. Mu3unoB ctyzneHt, kadeapa MOpQoIorun 1 BETepH-
HapHO-CAHUTApHOM »KcnepTu3bl, Poccuiickuii rocynapcrBeH-
HbIi arpapsbiii yHuBepcuteT — MCXA umenu K.A.Tumups-
3eBa, Tumupszesckas yia., 49, r. Mocksa, 127434, Poccus,
mizmarkus@gmail.com

https://orcid.org/0009-0002-6590-0969
Anmca A. ArapkoBa acnupaHT Kadeapsl YacTHOW 300TEXHHH,
kadenpa 4acTHOW 300TexHUH, Poccuiickuit rocynapcTBeHHbIH
arpapHblii yHuBepcuter — MCXA umenu K.A.Tumupssesa,
TumupsizeBckas yi., 49, r. Mocksa, 127434, Poccus, agarkova-
vasilisa@mail.ru

https://orcid.org/0009-0003-2696-2320

BkJjajn aBTopoB

Bce aBTOPHI B paBHOﬁ CTCIICHU IIpUHHUMAJIA Yy4aCTUE B HallMCaHUU
PYKOIIMCH U HECYT OTBETCTBCHHOCTH 3a IlJIaruat

KondumkT narepecon
ABTOpBI 3asIBJISIOT 00 OTCYTCTBHH KOH(IIMKTa HHTEPECOB.

Information about authors
Nadezda G. Cherepanova senior lecturer, morphology and vet-
erinary and sanitary examination departments, Russian State
Agrarian University-Moscow Timiryazev Agricultural Academy,
Timiryazevskaya street, 49, Moscow, 127550, Russian Federaton,
ncherepanova@rambler.ru
https://orcid.org/0000-0001-7484-9021
Elena A. Prosekova Cand. Sci. (Biol.), associate professor, mor-
phology and veterinary and sanitary examination departments,
Russian State Agrarian University-Moscow Timiryazev Agricul-
tural Academy, Timiryazevskaya street, 49, Moscow, 127550,
Russian Federaton), proseka2004@yandex.ru
https://orcid.org/0000-0003-1819-0618
Anna E. Semak Cand. Sci. (Agric.), associate professor, morphol-
ogy and veterinary and sanitary examination departments, Russian
State Agrarian University-Moscow Timiryazev Agricultural
Academy, Timiryazevskaya street, 49, Moscow, 127550, Russian
Federaton, semakg@gmail.com
https://orcid.org/0000-0002-1986-4284
Mark G. Mizinov student, morphology and veterinary and sanitary
examinatio departments, Russian State Agrarian University-Moscow
Timiryazev Agricultural Academy, Timiryazevskaya street, 49, Mos-
cow, 127550, Russian Federaton, mizmarkus@gmail.com
https://orcid.org/0009-0002-6590-0969

Alisa A. Agarkova graduate student in the department of special
animal husbandry, special animal husbandry department, Russian
State Agrarian University-Moscow Timiryazev Agricultural
Academy, Timiryazevskaya street, 49, Moscow, 127550, Russian
Federaton, agarkova-vasilisa@mail.ru
https://orcid.org/0009-0003-2696-2320

Contribution
All authors equally participated in the writing of the manuscript and
are responsible for plagiarism
Conflict of interest
The authors declare no conflict of interest.

Moctynuaa 10/07/2023

IMocue pexaxmun 03/08/2023

Ipunsita B neuats 28/08/2023

Received 10/07/2023

Accepted in revised 03/08/2023

Accepted 28/08/2023

35



Becmuux BTYHII/ Proceedings of VSUET ISSN 2226-910X E-ISSN 2310-1202
DOI: http://doi.org/10.20914/2310-1202-2023-3-36-41 OpurunanbHas cratbs/Research article
YAK 631.171 Open Access  Available online at vestnik-vsuet.ru

AHAJIU3 aKTyaJIbHbIX METOA0B MOBbILICHHUS HAAEKHOCTH PYJIeBOI0
YIPaBJICHUS CEJIbCKOX0351iICTBEHHOI0 TPAHCIIOPTA
NpH nepeaBHKEHNH N0 1e(h)opMUPYyeMOMY I'PYHTY

1

Muxann B. CembiHuH glamsonic@ya.ru
Muxawmi FO. Kocrenko *  kostenko.mihail2016@ya.ru

1 Psi3aHckuii rocyapcTBEHHBIN arporexHosornueckuii yauepenter umenn [1.A. Kocteruesa, yi. Kocteiuera, 1, r. Psszanb, 390044, Poccust

AHHOTanus. JlaHHas CTaThs IOCBSIICHA AHAIN3Y AaKTyalbHBIX METOJOB MOBBIMICHUS HAAEXKHOCTH PYJIEBOTO YIIPABICHUSI
CEIIbCKOXO03SHCTBEHHOTO TPAHCIIOPTA IPH NEPEeIBIDKEHUH M0 JedopMupyeMoMy TpyHTY. Llens TaHHOH cTaThy — IMIPOBECTH aHAIN3
CYLIECTBYIOIIUX METOJOB, HAIIPABICHHBIX Ha MOBBIIICHUE HAJIEXKHOCTH PYJIEBOTO YIIPABICHUs CEIbCKOXO35ICTBEHHOIO TPaHCIOPTa
TIpY epeBIKEHNH 0 lepopMupyeMoMy TpyHTY. B CBSI3M ¢ TeM, 4TO HCIIOIb30BaHUE TPAHCIIOPTHBIX CPENICTB B CEITHCKOM XO3SIHCTBE
Ha 1e(OpPMHUPYEMOM TPYHTE MMEET BBICOKYIO aKTYaJbHOCTh, CYILECTBYET HEOOXOIMMOCTh B pa3pabOTKe METOJIOB, KOTOPBIE MOTYT
MOBBICUTH HAJIS)KHOCTb PYJICBOTO YNPABICHUS U YMEHBLIUTh BEPOSITHOCTh aBapUIHBIX cUTyauuil. IToroM TaHHOH cTaTbU sIBISETCA
paccMOTpeHHe Pa3INYHbIX ITOJX0J0B U METOJOB, KOTOPHIE TOMOTal0T PEMINTh JAHHYIO MPo0IeMy, CTaThs HAallpaBJIeHa Ha TO, YTOOBI
0000IINTh OMBIT U 3HAHUS B JAHHOH 0OJACTH M NMPEIIOKUTh PEKOMEHIALNH JUIS yIIydIIeHHsS HaJSKHOCTH PYJIEBOTO YIpPaBICHUS
CEIIbCKOXO03SHCTBEHHOT0 TPAHCIOPTA PH NTEPEIBIDKEHUH 0 1e(OpMHUPYyEMOMY TPYHTY. B cTaThe paccMOTpPEHBI Clle Iy IOIIHe METO B
yIIydIIeHHe KadecTBa MaTepHaloB M AeTanei, pa3paboTka ONTHMAIBHOW T'€OMETPUH IMApOBOTO Majblia, UCIOIb30BAHHE CHCTEM
ABTOMATHYECKO pEeryJupoBKH, IPUMEHEHHE HOBBIX TEXHOJOTMH KoHumenmuu «Precision Agriculture» U sKCINTyaTanoHHAs
CaMOJIMarHOCTHKA C PETYISIPHBIM TEXHUUECKUM oOCIyknBaHHeM. BriGop Oojee MPOYHBIX U ONTOBEYHBIX MaTepHAOB, YCTAHOBKA
CHCTEMBl aBTOMATHYECKOI pEryJIHpOBKH IOIBECKH, a TAaK)KE MPOBEICHUE PEryIIPHOI0 TEXHHYECKOTO OOCIY)KUBAHUS ITO3BOJIST
YBEIMYUTh HAIEKHOCTh M CPOK IKCILUTyaTallMd PYJIEBOro oOOpynoBaHMS Ha JeopMUpyeMOM TpyHTE, a UCIOJIb30BaHHE HOBBIX
TEXHOJIOTHH, TaKMX KaK MaIIMHHOEe OOy4deHHe W UCKYCCTBEHHBI WHTEIUIEKT, TIO3BOJIUT IIOBBICUTH  O€30MacHOCTh
CEIIbCKOXO3SHCTBEHHBIX MAaIIMH. ABTOpP CTaThl BHOCHT HOBH3HY B M3y4YEHHE IOBBIIICHUS HAJEKHOCTH PYyJIEBOTO YHMPaBICHUS
CEeIIbCKOXO03SHCTBEHHOTO TPAHCIIOPTa IPH MEPEeIBIKEHHN II0 AehOpMUpYyeMOMy TPyHTY, oOpamas BHHMaHHE Ha IPHMCHEHHE
COBPEMEHHBIX TEXHOJOTHI M METOJOB, TAaKMX KaK HCIIOIHb30BAHHE CHCTEM aBTOMAaTHIECKOH PETYyJIHUPOBKU W IPHMCHEHHE HOBBIX
texHosornii. Taroke aBTOp oOpamaer BHUMaHWE Ha HEOOXOIMMOCTH PETYISIPHOTO TEXHHYECKOTo OOCIY)KHBAaHUS U 3aMEHBI
H3HOIICHHBIX JeTaNeil At noanepxkanus 3G heKTHBHOCTH M 6€301aCHOCTH pabOoTHI PYJICBOTO 000PYIOBAHUSL.

KirioueBble ¢J10Ba: Ha/IS)KHOCTh, PYJIEBOE YIPABICHUE, CEIbCKOXO3SHCTBEHHBIH TPaHCIIOPT, Ae(OPMHUPYEMBIil TPYHT, TEXHHUECKOES
00CITy>KUBaHHE, yCIOBHS SKCIUTyaTalllH, HH)KEHEPHBIC PEIICHNS, yCTOMINBOCTD EPEABIKEHHS.

Analysis of current methods for improving the reliability of steering
systems in agricultural transport when moving on deformable soils

Mikhail V. Semynin *  glamsonic@ya.ru

Mikhail Yu. Kostenko *  kostenko.mihail2016@ya.ru

1 Ryazan State Agrotechnological University named after P.A. Kostychev, st. Kostycheva, 1, Ryazan, 390044, Russia

Abstract. This article is dedicated to the analysis of current methods aimed at improving the reliability of steering control in agricultural
transport when operating on deformable soil. Objective of this paper is to analyze existing methods aimed at enhancing the reliability
of steering control in agricultural transport on deformable terrain. Given the high relevance of the use of vehicles in agriculture on such
ground conditions, there is a need to develop methods that can improve steering reliability and reduce the likelihood of accidents. The
outcome of this article is a consideration of various approaches and methods that help address this issue; the paper aims to consolidate
experience and knowledge in this field and offer recommendations for enhancing the steering control reliability of agricultural transport
when operating on deformable soil. The methods examined in this paper include improving the quality of materials and components,
developing optimal ball joint geometry, using automatic adjustment systems, applying new «Precision Agriculture» technology
concepts, and implementing operational self-diagnostics with regular technical maintenance. Selection of stronger and more durable
materials, the installation of automatic suspension adjustment systems, and regular technical maintenance will increase the reliability
and lifespan of steering equipment on deformable soil. The use of new technologies, such as machine learning and artificial intelligence,
will enhance the safety of agricultural machines. The author brings novelty to the study of enhancing steering control reliability in
agricultural transport on deformable soil by focusing on the application of modern technologies and methods, such as the use of
automatic adjustment systems and the implementation of new technologies. Moreover, the author emphasizes the need for regular
technical maintenance and replacement of worn parts to maintain the efficiency and safety of the steering equipment's operation.
Keywords: reliability, steering, agricultural transport, deformable soil, maintenance, operating conditions, engineering solutions,
stability of movement.
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BBenenue

[IpoGiiemMa HHU3KOW HAIEKHOCTH PYIIEBOTO
YIIPaBIICHUS CEJIbCKOXO3IUCTBEHHOTO TPAHCIIOPTa
MIPH TIEPEABIKEHUH IO JS(POPMUPYEMOMY TPYHTY
MMEET BBICOKYIO aKTyaJbHOCTb U SIBJISIETCSl CEpbEe3-
HBIM BBI30BOM JJIs CEIbCKOXO35IMICTBEHHBIX PEAIPU-
atiid 1 epmepoB. B ycroBusx, korma HEOOXOAUMO
mepeMeniaTh Tpy3bl M 000OpyJAOBaHHE IIO TOJSIM
C MATKUM TPYHTOM, PYJIEBOE YINPABIECHUE TPAaHC-
MOPTHBIMU CPEJICTBAMU HCIIBITHIBAET TOBBIIIECH-
HYIO Harpy3Ky, 4TO MPUBOJUT K CHMXKEHHUIO €ro
HAJICKHOCTU U YBEIMUCHUIO BEPOSITHOCTH aBapUIHBIX
cutyarmii. OHOM U3 TTIaBHBIX TPUYHH MTOBPEKIS-
HUH pyJIeBOro 000pya0BaHUS TPU MEPEIBUKCHUN
Ha AepOPMUPYEMOM TPYHTE SBISCTCS HAIMIHE
Ha MyTU NPENATCTBUN, TAKUX KaK KaMHH, BETKH,
KOPHHU JIEPEBBEB U IPYTHe 0OBEKTHI, KOTOPBIE MO-
TYT TMOBPEIUTH JETaIN PYyJIEBOro 000pYIOBaHWS.
Kpowme Toro, npu ABMKEHUH IO JePOPMUPYEMOMY
TPYHTY KoJieca TPaHCIIOPTHOTO CPEJICTBA 3aTsATHMBA-
FOTCSl B HETO, YTO MPHUBOAUT K O0JIee MHTEHCUBHOMY
TPEHUIO W BUOpAIMHU PYJIEBOTO 00OPYAOBaHUS. DTO
MOYET MPUBECTH K PAaHHEMY H3HOCY U MOJOMKaM
JieTaneil, 4to yXyAmaeT paboTy TPaHCIOPTHOTO
CpeIcTBa M MOXKET IOBJICYh 3a COOOM JOIOJIHHU-
TEJbHBIE 3aTPAThl HA PEMOHT. [l peneHus 3Ton
Mpo0OsIeMbl HEOOXOAUMO MIPUHUMATH MEPBI TIO T10-
BBIIICHUIO HAJIEKHOCTH PYJEBOTO YIPaBICHUS
MIPH TIEPEABIKCHUH T10 JIhOPMUPYEMOMY TPYHTY.

eab cTaTbM — NPOBECTH aHAJIU3 CYLIECTBY-
IOIIMX METOJIOB, HAIPABJIEHHBIX HAa MOBBIIICHUE
HAaJIe)KHOCTU PYJEBOTO YIPABICHHS CEIBCKOXO-
3SICTBEHHOrO TPAHCIIOPTa MPU NEPEIBUKEHUU 1O

neQopMUpyeMOMY TPYHTY.
OO0LEeKTLI H METO/AbI

OOBEKT — HAJIKHOCTD PYJICBOTO YIIPABICHUS
TPY30BOT0 CEJIbCKOXO3SIMCTBEHHOTO aBTOTPAHCIIOPTA.

B craTbe UCTIONB3YrOTCSI CIIETYIOIINE METOIBI:
aHaN3 CYIIECTBYIOIINX HAYYHBIX M TEXHHUECKUX
MyOJIMKAIM, UCCIIEIOBAaHNI U TATCHTOB, CBSI3aHHBIX
¢ IpoOJIeMOl HAIGKHOCTH PYJICBOTO YIPABJICHUS
Ha 1e(hOpPMUPYEMOM TPYHTE, UCIIBITAHMSI, BKJIFOYA-
IOIIME TECTHPOBAHUE PA3IIUYHBIX PYJIEBBIX CUCTEM
W YCTPOWCTB Ha pasHbIX THIAX JeHOPMHPYEMOTO
rpyHTa, 00paboTKa MONYYECHHBIX JaHHBIX, MO3BO-
JISIONIAs BBISSBUTh CTATUCTUYECKH 3HAYUMBIE Pa3-
JIMYUST MEXIYy Pa3HBIMH METOAAMU YIPaBICHHS
Y OLICHUTH UX dPPEKTHBHOCTb.

B crarbe paccMOTpeHbI CIEAYIOIINE METOIBL:
yIIydIlicHHE KauyecTBa MaTepHAJIOB U JicTaliel, pas-
paboTka ONTUMAJBHONH T'€OMETPUU IIAPOBOTO
Majblia, UCIOJIL30BaHUE CHCTEM aBTOMATHYECKOM
PETyJIMPOBKH, MPUMEHEHUE HOBBIX TEXHOJIOTHI
koHIenmuu «Precision Agriculture» u skcruryara-
IIHOHHAST CaMOIMArHOCTHKA C PErYIIIPHBIM TEXHHUYE-
CKUM 00CITy)KHBaHUEM.
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N3ydenne MeTomOB MOBHIMICHUS HAJEKHOCTH
PYJIEBOTO YIPABICHUA CEIbCKOXO3SIHCTBEHHOTO
TpaHCIIOPTa TPU TIEPEABIKEHUH 10 AedopMUpye-
MOMY TPYHTY TIOKa3ajo0, 9YTO OJTHAM U3 TIePCIEKTHB-
HBIX HalpaBJICHUI SIBISIETCS MPUMEHEHHE CHUCTEM
AKCIUTyaTallUOHHOM CaMOJUarHOCTUKU. OJTU CH-
CTeMBl MOTYT 3HAYHUTENHHO CHHU3HUTH KOJIUYECTBO
OTKa30B U TIOBBICHTH OOIINI YPOBEHB HAJIS)KHOCTH
TEXHUKH. Pe3ynbTaTel Hay4YHO-HMCCIIEA0BATEIECKIX
paboT, MpoBeIEHHBIX B OTOH 00JacTH, MOKa3bl-
BalOT, YTO CHCTEMBI OOPTOBON THATHOCTHKH MOTYT
OBITE pa3paboTaHbl 1T MOHUTOpPUHTA (DYHKITHO-
HUPOBAHUS PYJIEBOTO YIIPABICHUS IPy30BBIX aBTO-
MOOWIIEH, a Takke AT 00eCIIeUeHUs OTIepaTUBHOM
JUaTHOCTUKM M YCTpaHEHHUs HeHCIIPaBHOCTEH.
[TpuHIUTIBL 1 ANMTOPUTMBI (PYHKIIMOHUPOBAHUS CH-
CTEeM CaMOJWArHOCTHKH JOJDKHBI 00ecrednBaTh
HAJIeKHOCTh PabOTHl CUCTEMBI W UCKIIOYATh BO3-
MO’KHOCTb TIOTEPH MHPOPMAIIUN BHYTPH CHCTEMBL.

Pesikun M.M. [1] paspaboran cucremy
AKCIUTYaTallMOHHON CaMOJUArHOCTUKH ISl TIOBBI-
IIeHUS HaJEeKHOCTH TPY30BBIX aBTOMOOWIIEH.
Cucrema BKIIIOYaeT B ce0si MOHUTOPHHT ()YHKIINO-
HUPOBAHHSA aBTOMOOWIISA, CTPYKTypy OOpTOBOIt
CHCTEMBl CaMOAMAarHOCTUKH, a TAKXKe MPUHLIUIIBI
U alropuTMEI GyHKIIMOHUpOBaHwus. MccnenoBanre
MOKa3aio, YTO CHCTEMa BIMSAET HA yMEHBIICHHE
KOJIMYECTBa OTKAa30B U MOBBIIIEHHE HAJEKHOCTU
TPY30BBIX aBTOMOOWIIEH.

PyneBoe yripaBiieHHe B CEJIbCKOXO3SIMCTBEHHOM
TPaHCIIOPTE MPH MEPEIBUKEHUU 10 AePOpPMHPY-
€MOMY TPYHTY HMEET BBICOKYIO Ba)KHOCTH JIJIS
obecrieueHUs1 0E30MaCHOCTH U KOM(OpPTA BOJMTEIIS.
PyneBoii mpuBoj rpy30BBIX aBTOMOOHIIEH OTIMYAETCSI
OT JIETKOBBIX aBTOMOOWJICH HAIMYHUEM TPOJIOTBHOMN
PYJIEBOH TATH. Y CHIIME IEPELACTCS YEPES HECKOIBKO
AIIEMEHTOB, BKJIFOUAs phIYary MOMEepeyHo pyJIeBOH
TATU U NIPOJOJIBHON pyneBoi Tsaru. IlapHups! co-
€JMHEHUH TST MapHUPHBIE W 3alUIIEHBI OT IMoTa-
JTaHWs TPA3H. B momepedHbIx TiIrax NCHoIb3yI0TCs
9KCLEHTPHUKOBBIE BKIIA/IBIIIH, YCTPAHSIOIIUE 3a30Pbl
P U3HOCE COUIeHEeHUH. PerymupoBka JITuHBI TST
OCYIIECTBIISIETCS 32 CYET NPABOW U JICBOW pe3bObI
Ha KOHIIaX MOTEPEYHOH TATH M HAKOHEUHUKAX.

OpHako, M3HAIIMBAHWE BEPXHETO M HIDKHETO
HIaPHUPOB PYJIEBOTO Baja, a TAKKE KOPPO3us Ha
WTOJIKaX KPECTOBHHBI MOTYT CYIIIECTBEHHO CHHU3WTH
HaJIeKHOCTh pyJeBoro npusoja. Cpennuil pecypce
HIDKHUX 1mapHupoB coctasisier 130 000 kM,
a pecypc Bana-cexropa — 350 000 km. Mronpuatsie
MOJIIUITHAKA KPECTOBHHBI MOTYT W3HAIIMBATHCS
CO BpEMEHEM, €CJIM B MEXaHH3M IIOIajaeT Biara
u cMaska BeIMbIBaeTcs. Crmeak JI.A. [2] mposen
00K aHaU3 JONTOBEYHOCTH PYJIEBOIO YIpaB-
JIEHUSI B TPY30BBIX aBTOMOOWIAX MAJOTO Kiacca
U TIPUILEN K BBIBOY, YTO BEPXHUH IIAPHUP UMEET
BBICOKHW PEcypc, YTO TOBOPHT O €r0 BBICOKOM
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KauecTBe 1 HaaekHOCTH. OJTHAKO, HIDKHUE TIAPHUPHI
HMMEIOT OTPaHUYEHHBIN PeCypC, KOTOPBIA COCTaBIIAET
npumepHo 130000 kM, yTO TpedyeT peryisipHOR
MIPOBEPKHU U 3aMeHBI pu HeoOxomumocTu. Kpome
TOT0, UTOJIbYATHIC MOIIMITHUKA KPECTOBHHBI TAKKE
MOTYT CTaTh MPUYMHOM MMOJIOMKH PYJIEBOTO Baia,
€CJIM BHYTpPb MEXaHM3Ma IIOTaIeT Biara, 4To MpH-
BEJIET K BHIMBIBAHHIO CMa3K{ H KOPPO3UHU HTOJIOK.

Jns obecrieyennss 0€30MACHOCTH U JIOJITO-
BEYHOCTH PYyJIEBOTO Bajia HEOOXOIUMO ITPOBOANTH
peryJsipHOe TEXHHYECKoe OOCITy>KMBAHHE W 3aMEHY
M3HOLIEHHBIX JeTanel. B ¢Bs3u ¢ 3THM, HEOOXOAUMO
MOCTOSIHHO CJIEIUTH 32 COCTOSIHIEM PYJIEBOTO Baja
Y €r0 KOMITOHEHTOB.

Kopryc Mexanusma, BUHT C IIapUKOBOM Tai-
KOW M COIIKa SIBISIIOTCS OCHOBHBIMH KOMITOHEHTAMH
PYJIEBOH CHCTEMBI, KOTOPBIE 00ECTICUNBAIOT CTAOIITH-
HOCTh M 0€30IaCHOCTh YIIPABIICHHUS ABTOMOOHIIEM.
o pe3ynbTaTam UCCIeAOBaHUI, ITH AETATH IIPAK-
THYECKH He W3HAIMBAIOTCI W HMEIOT pecypc,
COOTBETCTBYIOIIUN PECYPCY aBTOMOOWJIS B IIEJIOM.
OpnHako, Ipyrre KOMITOHEHTHI, TaKHe KaK BaJI-CEKTOp,
MOJIBEP’KEHBI M3HOCY B MPOIECCE IKCIUTyaTaIliH.
CpenHuil pecypc Bana-CeKTopa HUCCIEAYEMBbIX aB-
tomobmneit cocraBun 350000 kM. DTO TOCTATOUHO
00JIBI110i1 pecypc, 0IHAKO B MPOLECCE IKCILTyaTalluK
MOTYT BO3HUKATh DPAa3JIMYHBIE MPOOJIEMEI, TaKWe
KaK M3HOC, CMSATHE M BBIKpAIIMBAHUE IIJIMIIEBBIX
MOBEPXHOCTEH Balla-CEKTOPA, a TAKXKE BBIPaOOTKA
B MECTaxX pabOTHI yINIOTHUTEIBHBIX KOJIEI.

B pesynbrate Mo)keT MpOM30MTH yXy/lIeHHe
KauecTBa YIpaBJICHUS aBTOMOOMJIEM U MOBBIIICHUC
pucka aBapuiHbIX cutyauuil. [Toatomy, peryssipHoe
TEXHUYECKOE 00CITy)KMBAHHUE M 3aMEHA M3HOIICHHBIX
JieTalei IBISAI0TCS BAXKHBIMU MepaMu IS TIOJIAep-
kaHus 3(G(EKTUBHOCTU U 0€30MaCHOCTH Pa0OTHhI
PYJIEBOH CUCTEMBI.

Hayuno-uccrnenoBarensckass pabora Tepe-
menko E.C., Mypra U.A., ®aneesa /I.1O., [1laba-
auna JI.B. [3] cpaBHHMBana pasiudHble CIIOCOOBI
PETyIHPOBaHUS PEAKTUBHOTO JIEHCTBHS PYJIEBOTO
YIIpaBJieHUs] aBTOMOOMIICH MHOTOLIETIEBOTO Ha3Have-
Husl. VI3MeHeHne peakTUBHOTO ACHCTBUSI MOKET IIPH-
BECTH K YBEJIMYECHHIO YCUITHS Ha PyJIEBOM KOJIECE, UTO
YCIIOXKHSIET YIIpaBJIeHHE TPAHCIIOPTHBIM CPEJICTBOM.

Jlitst pernieHust 3ToM MpobIIeMbl OBUTH paspa-
0OTaHBI CUCTEMBI ABTOMAaTUYE€CKOH PEryJMPOBKH,
KOTOpBIE ITO3BOJISIOT KOMIIEHCHPOBaTh HEPOBHOCTH
JIOPOTH Y U3MEHEHHMsI Beca Ipy3a, obierdas paboty
MeXaHW3Ma pyJieBoro yrpapieHus. OTHaKO, OMBIT
MOKa3aJl, 9TO N3MEHEHHE PEaKTHUBHOTO ICHCTBUS
MyTeM peryJMpoOBaHUs pacxoja Hacoca MOXKET
MPUBECTH K HEIMHEHHOW 3aBUCHMOCTH YCHIIHSA
Ha pyJIeBOM KoJlece OT pacxofla Hacoca, 4YTO
YCIOXHSAET BBIPA0OTKY aITOPUTMAa YIpPaBICHUS
yCHIINEM Ha PYJIEBOM KOJIeC€ B 3aBUCHMOCTH OT
MOMEHTa CONPOTUBIIEHUS TOBOPOTY Kosiec. [Toatomy
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JUTSL TOCTHKEHUs OoJiee AP (PEKTUBHOTO ¥ TOYHOTO
VIIPaBJICHUSI TPAHCTIOPTHBIM CPEJICTBOM Ha nedop-
MHUPYEMOM TPYHTEC HEOOXOJMMO YYHTHIBATh HE
TOJILKO M3MEHEHHE PEaKTHBHOTO JCHCTBUS, HO U
KOHCTPYKTHUBHBIC OCOOCHHOCTH CHCTEMbI PYJICBOTO
yIpaBieHHS U €€ KOMIIOHCHTOB.

Hccnenosanme Iopenosa B.A. [4] BeIsBHIO,
YTO JJIs1 PEIICHHS 3TOM 33724l HEOOXOAUMO YUUThI-
BaTh MHOXECTBO (haKTOPOB, BKIIFOYAs KOHCTPYK-
THBHBIE OCOOEHHOCTH TPAHCIOPTHBIX CPEACTB
Y CBOWCTBA I'PyHTA.

B 3TOM KOHTEKCTE YHCIIEHHOE MOICITHPOBAHHIE
MPSAMOJIMHENHOTO IBU)KEHUS! KOJIECHON TEXHUKH IO
0€310pOKBIO SIBIIIETCS BaKHBIM WHCTPYMEHTOM,
MO3BOJIAIONIMM Pa3padOTYMKaM Ha CTaIUHU MPOCK-
TUPOBaHUS KOJECHON TEXHUKH OLEHUTH €€ TPOXO-
JIIUMOCTH M OTIPEACIIUTh ONTUMAIbHBIC TapaMeTPhI
TPAHCMHUCCUHU U YIPABJICHHUS YIS Pa3IMUHBIX YCIIO-
BUI DJKCIUTyaralmu. B pesynbrarte ucclienoBaHUs
OBIT pa3paboTaH METOI MPOTHO3UPOBAHUS OTIOP-
HOW TPOXOJUMOCTH KOJIECHBIX TPAHCIIOPTHBIX
CpencTB 10 AeGopMUpPyeMOMY TPYHTY, KOTOPBIi
MOJKET OBITh MCIIOJIb30BAaH B Pa3UYHBIX 3ajadax
MPOEKTUPOBAHUS KOJIECHON TEXHUKH U TIO3BOJISIET
VUIUTHIBATh MHOTHE Ba)KHBIC (DaKTOPHI, BIUSIIONINE
Ha €€ MPOXOJAUMOCTh. Pe3ynbTaThl UCCIIeOBaHUS
MOMYEPKUBAIOT IPPEKTUBHOCTh METONa | €ro
BaYXHOCTh JIJIS1 IPOMBIIIIJICHHOCTH.

OnHOM W3 KIIOYEBBIX IMPOOJIEM  SIBIISCTCS
W3HOC IIAPOBBIX COEAMHEHWH, KOTOPHIE HCIIBITHI-
BalOT 3HAYUTEIbHBIC HArpy3Kd U HaXONUATCS B
HaNPsHKEHHO-1e()OPMUPOBAaHHOM COCTOSIHUM. J1Jist
peleHust 3TOM MPOoOJIIEMbl MOXHO HCIOJIb30BaTh
pa3IMyYHbIC METOIbI MOJICPHU3AIINH JACTAIH [IAPO-
BOTO IIapHHUpPA PYJIEBOTO MPUBOJA, YTO TTO3BOJIUAT
MOBBICUTH CTAOMJIBHOCTH PYJICBOIO YIIPABICHUS U
CHH3WTH U3HOC IAPOBBIX coequHeHui [5]. OnHum
W3 TaKUX METOJOB, MOXET OBITh, BBIOOp Oojee
MPOYHBIX U JIOJITOBEYHBIX MATEPHAJIOB JUIsl H3TOTOB-
JICHUsl TIapOBBIX U APYTHX JeTallell MeXaHh3Ma,
a TAKXKE ONTHMH3ALMS [C€OMETPUH IIAPOBOI OIOPHI.
Kpome Toro, MOXKHO MCIIOJIE30BaTh CUCTEMBI aBTOMa-
THYECKON PEryJIMPOBKH IOJBECKH, JKCILIyaTallHOH-
HYIO CaMOJIMarHOCTHKY U PETYJIIPHOE TEXHHYECKOES
oOciyxuBaHue Tt obecrieueHns: 0e30MacHOCTH U
a¢dexTuBHOCTH PabOTHl PYJIEBOTO YIPABICHHUS.
BHenpeHue HOBBIX TEXHOJIOTHIA, TAKMX KaK MAIllMH-
HOe OOydYeHHE U MCKYCCTBEHHBI HHTEIUIEKT, TaKKe
MOXET CIOCOOCTBOBATh YJIYHIIEHUIO TMpoIecca
YIIpaBIICHUS ¥ TIOBBIIIIEHUIO O€30MacHOCTH CEITCKO-
XO3SHCTBECHHBIX MAIIIMH Ha 1e(hOPMUAPYEMOM TPYHTE.

Pe3yabTathl u 00cy:x1eHue

[lanee B TabmuLe NpeACTaBIeH aHAIU3 BbISAB-
JIEHHBIX METOZIOB TOBBILLIEHUS] HAE)KHOCTH PYJIEBOIO
YIPaBJICHUs CEIBCKOXO3IHCTBEHHOIO TPaHCIIOPTA
TIpY TIepeIBMYKEHUH 110 Ae(popMupyeMomMy TpyHTY.
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Tabnuua 1.

AHanu3 akTyalbHBIX METOJIOB ITOBBILICHUS HAIEXKHOCTH PYJIEBOT0O YIIPABIEHUS CENbCKOX03IUCTBEHHOTIO
TpaHCIOpTa MIPH NEPESABIKEHUN 110 Te(POPMUPYEMOMY TPYHTY

Table 1.

Analysis of actual methods of increasing reliability of steering control of agricultural transport when moving

on deformable soil

MeTtoxn
Method

XapakrepucTuka
Characteristics

ViyuiieHnue kauecTBa
MaTepHajoB U JeTanei
Improving material and part
quality

BBIGOp botee MPOYHBIX U JOJTOBEYHBIX MaTCpUATIOB IJid U3IOTOBJICHUS IIAPOBBIX U APYIUX
Z[eTaJ'Ieﬁ MEXaHHU3Ma, UCITOJIb30BAHHUEC KAUYCCTBCHHBIX ITOAIIHMITHUKOB, yHJTOTHI/ITeHeﬁ H Apyrux
KOMITOHCHTOB, YTO IMO3BOJIUT YBCJIUYUTL HAJIC)KKHOCTH U CPOK SKCILTyaTalluu pyJIEBOTO
obopynoBaHus Ha AehOPMHUPYEMOM TPYHTE, T1Ie KOJIeca TPAHCIIOPTA UCTIBITHIBAIOT OOJIBIIHE
Harpy3ku 1 BUOpaLu.

Selection of stronger and more durable materials for manufacturing of ball and other parts of the
mechanism, use of quality bearings, seals and other components, which will increase reliability
and service life of steering equipment on deformable ground, where transport wheels experience
high loads and vibrations.

PazpaboTka onTumManbHOM
TEOMETPHH LIIAPOBOTO MaIbla
Development of optimum ball
pin geometry

AHanmu3 KOHCTPYKIUH MEXaHU3Ma U OTpeielieHne Hanboiee 3(pPEeKTUBHON T€OMETPHH IApOBOI
JUIS yIIy4IICHHS KayeCTBa PyJICBOIO YIIPaBJICHHUS.

Analyzing the mechanism design and determining the most effective ball geometry to improve
steering quality.

YcTraHOBKa CUCTEMBI aBTOMATHICCKOM PETYJIMPOBKHU IMMOABECKH, KOTOPAas 6yueT KOMIICHCUPOBATh

Hcnons3oBanue cuCTEM
ABTOMAaTH4ECKOMN
peryanpoBKu

Use of automatic adjustment
systems

HEPOBHOCTH IOPOTHU M U3MEHEHUS Beca Ipy3a, oojerdast paboTy MexaHH3Ma PyJICBOTO
yIpaBIeHHUA. DTO MMO3BOJIUT YMECHBIIUTH HATPY3Ky Ha pyjeBoe 000pyAOBaHUE, CHU3UTh
TpeOyeMble yCWINS Ha PyJIEBOM KOJEeCe U MOBBICUTh TOYHOCTh YIPABICHHS TPAHCIIOPTHBIM
CpeACTBOM Ha AeHOPMHUPYEMOM TPYHTE.

Installing an automatic suspension adjustment system that will compensate for road irregularities
and changes in the weight of the load, facilitating the steering mechanism. This will reduce the
load on the steering equipment, reduce the required steering wheel forces and improve the
accuracy of vehicle control on deformable ground.

[IpumeHeHne HOBBIX
TEXHOJIOTHI KOHLCTIIHNHN
«Precision Agriculture»
Application of new
technologies of the "Precision
Agriculture” concept

Hcnons3oBaHue COBPEMECHHBIX TeXHOHOFI/Iﬁ, TaKHUX KaK MalllUHHOC 06y‘I€HI/IC u I/ICKyCCTBCHHHﬁ
UHTCJUICKT, AJI YIYyHIICHU IIPOIECCa YIIPABICHU U MOBBIIICHUA 0e30IMacHOCTH
CEIIBbCKOXO03SMCTBEHHBIX MAIlIMH.
Utilizing modern technologies such as machine learning and artificial intelligence to improve the
steering process and increase the safety of agricultural vehicles.

OKcIuTyaTallMOHHAS
CaMOJMarHoCTHKa,
perynsipHOe TEXHUYECKOE
o0cIry>)KuBaHUE
Operational self-diagnosis,
regular maintenance

paboTHL.

TIpoBeeHre PeryiIspHOro TEXHUYECKOTO 00CIyKHBaHUsI MEXaHH3Ma PYJIEBOTO YIIPaBICHUS
1 3aMeHa W3HOUICHHBIX JeTaleil, 9TOOBI COXPaHUTh ero 3P PEeKTUBHOCTH U 0€30MaCHOCTh

Performing regular maintenance on the steering mechanism and replacing worn parts to keep it
running efficiently and safely.

s 6onee >pPeKTHBHOHN 3aIUTHI PYJIEBOTO
o0opynoBaHus Ha JIepOPMHUPYEMOM TPYHTE TaKKe
MOYKHO MCIOJIB30BaTh CIELUAIbHBIE YCTPOHCTBA,
TaKue Kak JIOTOJIHUTENbHBIC 3alllUTHBIC LIUTKH,
KOTOpBIE 3alUINAIOT PYJEBbIE AETaIH OT MOBpe-
KICHUH TIPU MPOXOXKIACHUU Yepe3 IMPEIsTCTBHS.
Taxoke MOYKHO yCTaHOBUTH CHCTEMbI MOHUTOPUHTA
COCTOSIHUS PYJIEBOTO 000pPYIOBaHHS, KOTOpPhIE TI03-
BOJITIOT OTIEPAaTUBHO OOHAPYKUBATH JIFOOBIC HEWC-
MPaBHOCTHU U MIPUHUMATH MEPHI TI0 UX YCTPaHEHHIO.

Kpome Toro, Ba)xHO perysispHO NPOU3BO-
JIUTh TEXHUYECKOE 0OCIYKUBAHUE TPAHCIIOPTHBIX
CPEACTB M 3aMEHSTH U3HOUICHHBIE JETaIH, YTOOBI
NPEAOTBPATHTh BO3MOXKHBIE IOJIOMKH M HOBpE-
JKACHUS PYJIEBOTO 000PYIOBAHHUS.

Konmenmmst «Precision Agriculture» (TowHOe
CENBCKOE XO3SICTBO) TPEAIoNaracT MCIOJIb30BaHHe
MIEPEIOBBIX TEXHOJOTHHA U METOOB IS yBEINYE-
HUS 3 (PEKTUBHOCTH MPOU3BOACTBA U TIOBBITIICHHUS
HaJISKHOCTH CEIIbCKOXO3SIMCTBEHHOM TeXHUKH [6].
OTa KOHUEMIHA BKIIOYaeT B ce0sl UCTIOIb30BaHNE
COBpEMEHHBIX HMH()OPMAIMOHHBIX TEXHOJOTHA,
JIATINKOB, CHCTEM HABHUTAIINHY U JPYTUX HHCTPYMEHTOB

39

JUISl TOYHOTO KOHTPOJISL U YIPABJIEHUST NpOLecCaMu
CEJIBCKOTO XO0351ICTBa, BKIIIOYAs IIOCEB, YXOJ 3a pac-
TEHHSAMH M KUBOTHBIMH, YOOPKY ypOXKasi U TpaHC-
MOPTHUPOBKY CETBCKOXO3SHCTBEHHOMN NMPOIYKIUH.

Heonnopoanoe pacnpeneneHue Harpy3ku Ha
KoJleca IpH IBMKEHHH TI0 JIeopMUpyeMOMY TPYHTY
MOYET NPUBECTH K HEPABHOMEPHOMY M3HOCY IIIHH,
aTaKke K ehopMaIii UX MOBEPXHOCTH. JTO MOXKET
MPUBECTH K HEYCTOWYMBOCTH [BMKCHHSA, TIOTEpPE
CHEIUIEHUS] C JIOPOTOH U MOBBIIEHHOMY PHCKY
aBapuiHbIX curyauuid. 1losTroMy mpu mpoexTupoBa-
HHUW PYJICBOTO YTIPABJICHUS CEIbCKOXO3STHCTBEHHOTO
TpaHCIIOpPTa HEOOXOJMMO YYHUTHIBATH OCOOEHHO-
CTH NEPEABIDKEHUS 10 JePOPMUPYEMOMY TPYHTY
u oOecrieunBaTh paBHOMEPHOE paclpeieicHre
Harpy3KH Ha KoJjeca.

HccnenoBatenu Rosca, R., Carlescu, P.,
Tenu, 1., u Vlahidis, V. [7] B cBoeii ctathe «Yiyu-
LICHUE MOJEHU TACOBOTO MEXaHU3Ma ISl B3aUMO-
JIEUCTBUS MEX]Y CEJIbCKOXO3IUCTBEHHONW IIMHOMN
Y TIOYBOWH» YIOMHHAIOT, YTO MIEPBBIM YUEHBIM, KO-
TOPBIA CUCTEMATHUUYECKH HCCIEAOBAN B3aUMOJECH-
CTBHE MEXIy MOYBOH U KOJIECOM IPHU IMOMOIIU
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9KCTIIEPUMEHTAJIBHOTO aHaIN3a U TEOPETHYECKOTrO
MOJACTUPOBaHMs, ObT bekkep. DTH dKCIIepuMeH-
TaJbHbBIE WCCIEIOBAHNS TOCTYX UM OCHOBOM IS
Pa3BUTHSI IMITUPUUECKUX MOJIEeTeN, KOTOPbIE MOTYT
OBITH HCIOJIB30BAHBI AJIsI OLICHKH [TPOU3BOANUTENBHO-
CTH KOJIECHBIX TPAHCTIOPTHBIX CPE/ICTB Ha AeOopMu-
poBaHHOM rpyHTe. [mmore3a o gedpopmupyeMom
TIOTIEPEYHOM CEUEHHH ILIHMHBI MpUBEia K M3MEHEHHIO
PE3yIbTATOB OTHOCHUTENIFHO I€OMETPUH KOHTAKTa
ITUHBI C 3eMJIEH, a TaKXke CHIIBI B 3(PPEKTUBHOCTH
TATH. AHaJN3 COOTBETCTBUS PE3YyJIbTATOB IT0Ka3al,
YTO IIeJb WCCIIEAOBaHMSA ObUIa JOCTUTHYTa IIO
KpaliHell Mepe B OTHOUIEHUM CKOJIBKEHHUS KoJjieca
B PEKOMEHJOBAaHHBIX Tpejenax UIsl CeIbCKOXO-
3aiicTBeHHBIX omnepauid (0-30 %). Koaddumuent

post@uestnik-vsuet.ru
[TupcoHa mist CUIBI TATH CJIErKa yMEHBIIMICS,
OJTHaKO TPOLEHT TaHHBIX MOJENH, MOIaJafolnX
B mipefientsl 95 % NOoBepUTENFHOIO MHTEpBaIa IKCIIe-
PUMEHTAIBHBIX JaHHBIX, 3HAYUTEIILHO YBETMUMIICS.

3akioueHne

Br160p mpaBUIBEHBIX METOIOB TOBBIIICHUS
HAJKHOCTHU PYJIEBOr0 YIPaBiICHUS MOKET 3HaYU-
TETHHO YIYUIIHTh pad0Ty CEIbCKOXO03IHCTBEHHON
TeXHUKA Ha NehOpMUPYEMOM TPYHTE, CHHU3UTH
M3HOC U TIOBBICUTH 0€30macHOCTh. PekoMeHyeTcst
UCIIOJIb30BAaTh BCE MPEAI0KEHHbBIE METOAbI BMECTE
JUTSE MAKCUMATBHON 3 (EKTUBHOCTH U JIOJITOBEY-
HOCTH PYJIEBOTO YIIPABIIECHHS TPAHCIIOPTA.

Jlutepartypa

1 Pesaxun M.M., Kocan A.A., 'onosun C.U. [loBbIIeHHE SKCIUTyaTallMOHHON HAAEKHOCTH TEXHUUECKUX CHCTEM KaK
aCTeKT CTPaTerHH pecypcocOepekeHUs] MOOWIBHBIX HSHEPreTHUSCKHX CpPEACTB arpolpOMBIIIICHHOTO KoMIuiekca //

ArpotexHuka u sHeproodecnedenue. 2017. Ne. 4 (17). C. 115-121-

2 CnuBak [[.A., TTonyskro M.B. OO1uii aHaiu3 JOJTOBEYHOCTH PYJICBOTO YIPABICHUS B TPY30BBIX aBTOMOOHIISAX
Majioro kiacca // Monomo#t yuensriit. 2021. Ne 18 (360). C. 112-117. URL.: https://moluch.ru/archive/360/80620/

3 Tepemenko E.C., Mypor U.A., ®anees [1.10., [lladamuu /I.B. K Bonpocy o noBsImeHn# 3pGEeKTHBHOCTH PYJICBOTO
yIpaBIeHUsI aBTOMOOMIIEH MHOTOIIe7IeBOro HazHaueHus // OMckuii Hayunslii BectHUK. 2013. T. 118. Ne 2. C. 164-168.

4 Topeno B.A. Pe3ynbpTaThl 4MCIEHHOIO MOAEIMPOBAHUS INPSIMOJIMHEHHOTO JBUXEHHUS JIBYX3BEHHOT'O KOJECHOTO
TPaHCIOPTHOT'O KOMILIEeKca 1o aedopmupyeMomMy rpyHty // Hayka u oOpazoBanue. 2012. Ne 01.

5 CembiauH M.B., Kocrenko M.IO. K Bonpocy cHmXeHHs W3HOCA IIAPOBBIX COEIUHEHUI TPAaHCIIOPTHBIX CPEACTB
CEIIbCKOXO03sICTBEHHOI0 Ha3HaueHus // ArpapHslii BecTHUK BepxHeBoikbs. 2022. Ne 4(41). C. 96-102.

6 Aby G.R., Issa S.F. Safety of automated agricultural machineries: a systematic literature review // Safety. 2023. V. 9.

Ne. 1. P. 13. doi: 10.3390/safety9010013

7 Rosca R.; Carlescu P.; Tenu I.; Vlahidis V. The Improvement of a Traction Model for Agricultural Tire-Soil
Interaction // Agriculture. 2022. V. 12. Ne 12. P. 2035. doi: 10.3390/agriculture12122035

8 ®omuués E.B., PeBaxun M.M. [luarHoCTUpOBaHUE KaK CIOCOO MOTydeHus: HGOPMAUM O TEXHUYECKOM COCTOSIHHU
CeIbCKOXO3HCTBEHHBIX MAIIIMH ¥ TIOBBILICHHS X HAAE&KHOCTH // ArpoTexHuka 1 sHeproodecreuenue. 2014. Ne. 1 (1). C. 356-361.

9 Vcnenckuit NM.A., HOxun, U.A., Pabuuxos JI.C., IlonoB A.C. u ap. TeHgeHIMM HEPCIEKTUBHOIO Pa3BUTUS
CEJIbCKOXO3SIMCTBEHHOr0 TpaHcrnopra // TlonmuTeMaTHUeCKU CeTeBOM 3JEKTPOHHBINH HayuHbi JxypHanm KyOGaHckoro
roCyJJapCTBEHHOT0 arpapHoro yausepcutera. 2014. Ne. 101. C. 2060-2075.

10SiJ., Niu'Y., LuJ., Zhang H. et al. High-precision estimation of steering angle of agricultural tractors using GPS and
low-accuracy MEMS // |EEE Transactions on Vehicular Technology. 2019. V. 68. Ne. 12. P. 11738-11745.

doi: 10.1109/TVT.2019.2949298

11LiuH., YanS., Shen Y., Li C. et al. Model predictive control system based on direct yaw moment control for 4WID self-
steering agriculture vehicle // International Journal of Agricultural and Biological Engineering. 2021. V. 14. Ne. 2. P. 175-181.

12 Gat G., Gan-Mor S., Degani A. Stable and robust vehicle steering control using an overhead guide in greenhouse
tasks // Computers and Electronics in Agriculture. 2016. V. 121. P. 234-244. doi: 10.1016/j.compag.2015.12.019

13QiuQ.,FanZ., Meng Z., Zhang Q. et al. Extended Ackerman Steering Principle for the coordinated movement control
of a four wheel drive agricultural mobile robot // Computers and Electronics in Agriculture. 2018. V. 152. P. 40-50.

doi: 10.1016/j.compag.2018.06.036

14 Liu Z., Zheng W., Wang N., Lyu Z. et al. Trajectory tracking control of agricultural vehicles based on disturbance
test // International Journal of Agricultural and Biological Engineering. 2020. V. 13. Ne. 2. P. 138-145.

15 Zardin B., Borghi M., Gherardini F., Zanasi N. Modelling and simulation of a hydrostatic steering system for
agricultural tractors // Energies. 2018. V. 11. Ne. 1. P. 230. doi: 10.3390/en11010230

16 Oksanen T., Backman J. Guidance system for agricultural tractor with four wheel steering // IFAC Proceedings
Volumes. 2013. V. 46. Ne. 4. P. 124-129. doi: 10.3182/20130327-3-JP-3017.00030

17 Mousazadeh H. A technical review on navigation systems of agricultural autonomous off-road vehicles // Journal of
Terramechanics. 2013. V. 50. Ne. 3. P. 211-232. doi: 10.1016/j.jterra.2013.03.004

18 Hu J., Gao L., Bai X., Li T. et al. Review of research on automatic guidance of agricultural vehicles // Transactions
of the Chinese Society of Agricultural Engineering. 2015. V. 31. Ne. 10. P. 1-10.

19Li S., XuH.,Ji Y., Cao R. et al. Development of a following agricultural machinery automatic navigation system //
Computers and Electronics in Agriculture. 2019. V. 158. P. 335-344. doi: 10.1016/j.compag.2019.02.019

20 Man Z., Yuhan J., Shichao L., Ruyue C.A.O. et al. Research progress of agricultural machinery navigation technology
/I Nongye Jixie Xuebao/Transactions of the Chinese Society of Agricultural Machinery. 2020. V. 51. Ne. 4.



Pamurus H.0. u Op. Becmmux BTYHII, 2023, IIL. 85, Ne. 3, C. 36-41 post@vestniR-vsuet.ru

References

1 Revyakin M.M., Zhosan A.A., Golovin S.1. Increasing the operational reliability of technical systems as an aspect of
the resource-saving strategy for mobile energy means of the agro-industrial complex. Agricultural technology and energy
supply. 2017. no. 4 (17). pp. 115-121. (in Russian).

2 Spivak D.A., Poluektov M.V. General analysis of the durability of steering in small class trucks. Young scientist.
2021. no. 18 (360). pp. 112-117. Available at: https://moluch.ru/archive/360/80620/ (in Russian).

3 Tereshchenko E.S., Murog I.A., Fadeev D.Yu., Shabalin D.V. On the issue of increasing the efficiency of steering
control of multi-purpose vehicles. Omsk Scientific Bulletin. 2013. vol. 118. no. 2. pp. 164-168. (in Russian).

4 Gorelov V.A. Results of numerical modeling of rectilinear motion of a two-link wheeled transport complex on
deformable soil. Science and Education. 2012. no. 01. (in Russian).

5 Semynin M.V., Kostenko M.Yu. On the issue of reducing wear of ball joints of agricultural vehicles. Agrarian
Bulletin of the Verkhnevolzhye. 2022. no. 4(41). pp. 96-102. (in Russian).

6 Aby G.R, Issa S.F. Safety of automated agricultural machineries: a systematic literature review. Safety. 2023. vol. 9.
no. 1. pp. 13. doi: 10.3390/safety9010013

7 Rosca R.; Carlescu P.; Tenu I.; Vlahidis V. The Improvement of a Traction Model for Agricultural Tire-Soil
Interaction. Agriculture. 2022. vol. 12. no. 12. pp. 2035. doi: 10.3390/agriculture12122035

8 Fomichev E.V., Revyakin M.M. Diagnostics as a way to obtain information about the technical condition of agricultural
machines and increase their reliability. Agricultural technology and energy supply. 2014. no. 1(1). pp. 356-361. (in Russian).

9 Uspensky I.A., Yukhin, ILA., Ryabchikov D.S., Popov A.S. et al. Trends in the future development of agricultural
transport. Polythematic network electronic scientific journal of the Kuban State Agrarian University. 2014. no. 101. pp. 2060-2075.
(in Russian).

10SiJ., Niu'Y., LuJ., Zhang H. et al. High-precision estimation of steering angle of agricultural tractors using GPS and
low-accuracy MEMS. IEEE Transactions on Vehicular Technology. 2019. vol. 68. no. 12. pp. 11738-11745.
doi: 10.1109/TVT.2019.2949298

11LiuH., Yan S, Shen Y., Li C. et al. Model predictive control system based on direct yaw moment control for 4WID self-
steering agriculture vehicle. International Journal of Agricultural and Biological Engineering. 2021. vol. 14. no. 2. pp. 175-181.

12 Gat G., Gan-Mor S., Degani A. Stable and robust vehicle steering control using an overhead guide in greenhouse
tasks. Computers and Electronics in Agriculture. 2016. vol. 121. pp. 234-244. doi: 10.1016/j.compag.2015.12.019

13QiuQ.,FanZ., Meng Z., Zhang Q. et al. Extended Ackerman Steering Principle for the coordinated movement control
of a four wheel drive agricultural mobile robot. Computers and Electronics in Agriculture. 2018. vol. 152. pp. 40-50.
doi: 10.1016/j.compag.2018.06.036

14 Liu Z., Zheng W., Wang N., Lyu Z. et al. Trajectory tracking control of agricultural vehicles based on disturbance
test. International Journal of Agricultural and Biological Engineering. 2020. vol. 13. no. 2. pp. 138-145.

15 Zardin B., Borghi M., Gherardini F., Zanasi N. Modelling and simulation of a hydrostatic steering system for
agricultural tractors. Energies. 2018. vol. 11. no. 1. pp. 230. doi: 10.3390/en11010230

16 Oksanen T., Backman J. Guidance system for agricultural tractor with four wheel steering. IFAC Proceedings
Volumes. 2013. vol. 46. no. 4. pp. 124-129. doi: 10.3182/20130327-3-JP-3017.00030

17 Mousazadeh H. A technical review on navigation systems of agricultural autonomous off-road vehicles. Journal of
Terramechanics. 2013. vol. 50. no. 3. pp. 211-232. doi: 10.1016/j.jterra.2013.03.004

18HuJ., Gao L., Bai X., Li T. et al. Review of research on automatic guidance of agricultural vehicles. Transactions of
the Chinese Society of Agricultural Engineering. 2015. vol. 31. no. 10. pp. 1-10.

19Li S., Xu H., Ji Y., Cao R. et al. Development of a following agricultural machinery automatic navigation system.
Computers and Electronics in Agriculture. 2019. vol. 158. pp. 335-344. doi: 10.1016/j.compag.2019.02.019

20Man Z., Yuhan J., Shichao L., Ruyue C.A.O. et al. Research progress of agricultural machinery navigation
technology. Nongye Jixie Xuebao/Transactions of the Chinese Society of Agricultural Machinery. 2020. vol. 51. no. 4.

Cgeenus 06 aBTopax Information about authors

Muxaui B. Cempbinun acnupanr, kadeapa texdonorun Metauios  Mikhail V. Semynin graduate student, metal technology and ma-
Y peMOHTa MaIliiH, Psi3aHCKuiA rocy rapcTBeHHbIH arporexHoiori- — chine repair department, Ryazan State Agrotechnological University
yeckuil yauBepcutet umenn [1.A. Kocreruesa, yir. KocterueBa, 1,  named after P.A. Kostychev, st. Kostycheva, 1, Ryazan, 390044,
r. Pszanb, 390044, Poccus, glamsonic@ya.ru Russia, glamsonic@ya.ru
https://orcid.org/ https://orcid.org/

Muxana FO. Kocrenko 1.7.H., npodeccop, kadenpa rexnororun  Mikhail Yu. Kostenko Dr. Sci. (Engin.), professor, metal tech-
METaJJIOB ¥ PEMOHTA MAIIIMH, Ps3aHCKHIT rocyapcTBenHbii arpotex-  nology and machine repair department, Ryazan State Agrotechno-
HoJornyeckuii yrnsepenrer nvenn ILA. Kocrbruesa, yir. Kocreuesa, 1, logical University named after P.A. Kostychev, st. Kostycheva, 1,

r. Psizann, 390044, Poccus, kostenko.mihail2016@ya.ru Ryazan, 390044, Russia, kostenko.mihail2016@ya.ru
https://orcid.org/ https://orcid.org/
BkJ1aji aBTOPOB Contribution
Bce aBTopsI B paBHO# creneHn npuHuMann yuactue B Harmcanuum  All authors are equally involved in the writing of the manuscript and
PYKOIIHCH U HECYT OTBETCTBEHHOCTb 32 IIJIaruar are responsible for plagiarism
KounduukTt nutepecon Conflict of interest
ABTOPBI 3asBJIAIOT 00 OTCYTCTBUM KOH(MIIMKTA HHTEPECOB. The authors declare no conflict of interest.
Moctynuaa 08/07/2023 Mocae pexaxuuu 04/08/2023 Ipunsta B meuarn 25/08/2023
Received 08/07/2023 Accepted in revised 04/08/2023 Accepted 25/08/2023

41



Becmuuk BTYIHIIL/ Proceedings of VSUET ISSN 2226-910X E-ISSN 2310-1202
DOI: http://doi.org/10.20914/2310-1202-2023-3-42-47 OpurunanbHas cratbs/Research article
YK 664.723 Open Access  Available online at vestnik-vsuet.ru

Pa3padoTka TeXHOJO0THU HEHTPOOEKHOI0 IIeJTyLIeHHsI CEMSAH
3€PHOBBIX KYJbTYP
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1 KpacHosipckuii rocyJapCTBEHHBIH arpapHblil yHUBEpCHTET, Ip-T Mupa, 90, r. KpacHospck, 660049, Poccus

AnHoTanus. Pabouast omeparus OIeTylIeHHE 3¢pHA MIICHUIBI SBJISCTCS OCHOBHOHM JIJIsl TOBBINICHWS IIGHHOCTH 3€pHA IpH
MPOM3BOACTBE MYKH, T.K. IPH IMepepaboTKe 3epHa B MyKy MyKa BBICIIETO M MEPBOTO COPTOB HCIOJIB3YETCSI B OCHOBHOM TOJIBKO
3HJIOCTIEPM, a IUIOIOBBIC U CEMEHHBIC 000IOUKH, ATEHPOHOBBII U Cy0aIeHpPOHOBBIN CIIOH, 3aPOIBIII YXOIAT B OTPYOH, CIICIOBATEIILHO
U3 MykH yxoaut 60-90% ButaMuHOB rpymmsl B, rpymnmsl E, donneBoit KucmoThl, HUAIMHA, a Takke O0JIbIIast TpyIia MUKPO3IEMEHTOB
COCPEIOTOYECHHBIX B AICHPOHOBOM U cyOaneiipoHOBOM cliosix W 3apozpime. CoBpeMeHHbIE MYKOMOJIBHBIC MPOHM3BOACTBA HE
OCYIIECTBIAIOT 3P PEKTUBHOTO Tpoliecca MIETyIIeHUs 3epHa MIICHUIIBI, IPH KOTOPOM YAAIBSUIHCH OBl TOJIBKO IUIOIOBEIC W CEMEHHBIE
000JI09KH, 8 BEICOKOIICHHBIE AJICHPOHOBEI 1 Cy0OalleiipOHOBEII CJIOH, 3apOIBIII U SHAOCTIEPM OBLIH OBI TOTHOCTHIO OCTABICHBI B MyKE.
B cratee mpepcTaBieHBI MaTepHANBl O pPa3pabOTKE TEXHOJIOTHH IICHTPOOECKHOTO MICHYIICHHS CEMSH 3CPHOBBIX KYIbTYp
0azupyromieiicss Ha HOBOW KOHCTPYKIUH IIEHTPOOCIKHOTO INENYNIWTENs, aBTOPCKUE IpaBa Ha KOTOPBIA 3alIMIICHBI MATCHTOM
Poccuiickoit ®enepanun Ha nose3nyto moaenb Nel 14622 «LlentpoOexHblil menymuTenby. HoBoi TeXHUUeCKOoH 3a1aueid peieHHoN
B KOHCTPYKIIMHU 3alIATCHTOBAHHOTO IICHTPOOESIKHOTO IIENTYIITHTEINS ABISICTCS BBIMOJHCHHE pab0oUuero KopIyca OBaIbHBIM, BHYTPCHHSIS
MOBEPXHOCTh KOTOPOTO (YTYpHpPOBaHA 3JIaCTHYHBIM MaTEpUalIOM, a PaclojOKeHHas BHYTPH OBAJbHOIO KOpITyca I'MOKas Kamepa
YCTaHABIUBAETCS HA MPUBOJHOM BaJly M Ha Hapy»XKHOM MOBEPXHOCTH TAaKKe MOKPHITA QYTypHPOBAHHBIM >JIACTUYHBIM MATEPHATIOM.
Jns obecriedueHns 3(pGEeKTHBHOCTH TIpolecca IISNyIIeHNs 3¢pHA B pa3pabOTaHHOW KOHCTPYKIIMH YCTaHABIUBACTCS HEOOXOIMMBIN
pabouwuii 3a30p, 3a CUET U3MEHEHHS YMclia 000POTOB 3JIEKTPOABUTATENS U KaTHOPOBaHHOE 3€PHO, pa3leieHHOe Ha (PaKIUH, IOCTe
MOWKH W OTBOJAXXHBAHUS MOCTYIACT HA MICTYIICHHE, IIPH KOTOPOM YAAISIOTCS TOJIBKO TUIONOBBIC U CEMEHHBIC 000704kH. Takum
o0pazom, pa3paboTaHHOE HOBOE TEXHOJIOTHIECKOE 000y I0BaHIE 00CCIIeUBACT MOBbICHHE 3()(HEKTHBHOCTH MPOIIecca MICTyICHAS
B 90-92% 3a cyeT CHIDKCHHs MOTEPh AICHPOHOBOTO M CyOaleipOHOBOTO CIIOEB, 3apOMbIIa M YacTH JHIOCIEPMa, a TaKKe
YBEIUYMBACTCS BBIXOT IIETTBHOTO HEAPOOJICHOTO 3epHA.

Knaiwuessle cioBa: mienymenne, 000pyJ0BaHHE, TEXHOJOTHS, MATEHT, 3PPEKTUBHOCTD.

Development of technology for centrifugal hulling of grain seeds
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Anatoly A. Maltsev ' tolik. mal1999@gmail.com 0000-0003-4603-2115

1 Krasnoyarsk State Agrarian University, Mira Ave., 90, Krasnoyarsk, 660049, Russia

Abstract. The working operation of peeling wheat grain is the main one to increase the value of grain in the production of flour,
because when processing grain into flour, flour of the highest and first grades is mainly used only endosperm, and fruit and seed shells,
aleurone and subaleiron layers, the embryo go into bran, therefore 60-90% of B vitamins, groups of E, folic acid, niacin, as well as a
large group of trace elements concentrated in the aleurone and subaleurone layers and the embryo. Modern flour mills do not carry out
an effective wheat grain peeling process, in which only the fruit and seed shells would be removed, and the high-value aleurone and
subaleiron layers, the embryo and endosperm would be completely left in the flour. The article presents materials on the development
of technology for centrifugal peeling of grain seeds based on a new design of a centrifugal husker, the copyright of which is protected
by the patent of the Russian Federation for utility model No. 114622 "Centrifugal husker". A new technical task solved in the design
of the patented centrifugal husker is to make the working body oval, the inner surface of which is lined with elastic material, and the
flexible chamber located inside the oval body is mounted on the drive shaft and on the outer surface is also covered with a textured
elastic material. To ensure the efficiency of the grain peeling process, the necessary working gap is established in the developed design,
due to the change in the number of revolutions of the electric motor and the calibrated grain divided into fractions, after washing and
cooling, goes to peeling, in which only the fruit and seed shells are removed. Thus, the developed new technological equipment provides
an increase in the efficiency of the peeling process by 90-92% by reducing the losses of the aleurone and subaleurone layers, the embryo
and part of the endosperm, and also increases the yield of whole unbroken grain.

Keywords: peeling, equipment, technology, patent, efficiency..

JIsst IMTHPOBAHUST For citation
Mankesnu W.B., Heesopos B.H., Tewpmmu B.H., MamsueB A.A. Matskevich 1V. Nevzorov V.N. Teplyashin V.N. Maltsev AA.
Pa3paboTka TEXHOIOTHH EHTPOOEKHOro ImenymieHus: cemsin 3epHoBbix  Development of technology for centrifugal hulling of grain seeds. Vestnik
kyneryp //  Bectunk BI'YUT. 2023. T.85. Ne3. C.42-47. VGUIT [Proceedings of VSUET]. 2023. vol. 85. no. 3. pp. 42-47.

doi:10.20914/2310-1202-2023-3-42-47 (in Russian). doi:10.20914/2310-1202-2023-3-42-47
This is an open access article distributed under the terms of the
© 2023, Mankesuu U.B. u 1p. / Matskevich V. et al. Creative Commons Attribution 4.0 International License

42



Mayxesun H.B. u op. Becmuux BTYHIIL, 2023, IIL. 85, Ne. 3, C. 42-47

BBenenue

CoBpeMeHHast xjeOomeKkapHass TIPOMBIII-
JICHHOCTh AaKTHBHO BHEJAPSIET B MPOU3BOJICTBO
xJe0oTneKapHbIe M3CIHS TOBBIICHHOW THIECBON
LHEHHOCTH, HA OCHOBE 3€pPHOBBIX KYJIBTYp, YTO
COOTBETCTBYET COBPEMEHHBIM TPEOOBAaHUSAM HYT-
PULMOJIOTHUH — HAYKU O palluOHAJIBHOM INHUTAaHUHN
1 310poBoii e [2].

VY CTaHOBIEHO, YTO COPTOBOM IOMOJI 3€pHa
MIICHAIBI B MYKY BBICIIETO U IIEPBOTO COPTOB
OCYILIECTBIISIETCS. B OCHOBHOM M3 BHYTPEHHEH dYacTu
3epHa (PHIOOCTIEPM), B TO BpPeMsS KaK OCTAJIbHBIE
HE MEHee TMOJIe3HbIE YacTH 3€pHa YAAISIOTCS
Ha CTaJNH MIeTYIIeHUS B OTXOMBI, TaK KaK 00opy-
JOBaHUEC, UCIIOJIE3YEMOC ITPU BBIITOJIHCHHUN IlaHHOfI
paboueii omeparuy UMeeT pabodre OpraHbl I0-
KpbIThIE abpasuBoM. [IpumeneHue aOpa3HBHBIX
pabodnx OpraHoB MpH UIETyIIEHHUH TMPUBOIUT
K aKTUBHOMY YJAQJICHHUIO IUIOJOBOM W CEMEHHOM
00010UYeK, aNeHpPOHOBOTO W CyOaleHPOHOBOTO
CJIOEB, 3apOJbIIIa U YacTH dHIOCIIEpMa B OTPYOH,
4ro cocraBiier 10 40% ot Macchl 3epHa [5-7], kpome
TOrO, B CBOeH pabote AHmcuMoB A.B. paccmarpu-
BaeT HEOOXOMMMOCTh W3MEHEHHsS HHTEHCHBHOCTH
BO3JCHCTBHA PabdOYMX OpraHOB Ha Pa3HOCOPTHOE
oOpabaTbIBacéMOe CBIPhE C IIETTHI0 CHIDKEHUS TIOTEePh
9HJIOCTIEpMa NPH HIeTyIneHnd [1].

BrimonHeHHBIE HAYYHO-HCCIIEIOBATENBCKIE
paboTHI 110 pa3paboTKe HOBOHM TEXHOJOTHH IIEHTPO-
0eKHOTO IISNTYIICHUS 3epHa M COBEPIICHCTBOBAHHIO
KOHCTPYKLMH IIETYINWIbHBIX MAIllMH U YCTPOMCTB,
MO3BOJIMIIM  TI0100paTh HOBBIE KOHCTPYKLMOHHBIC
MaTepHuanbl B BUJIE QyTypHUPOBAHHBIX ITACTUIHBIX
MaTepUANIOB I B3aUMOJICUCTBUSl TIOBEPXHOCTH
1 3€pHa IpH MICITYHTICHUH, & TAK)KE BHCCTH U3MCHEC-
HUSl B TEXHOJIOTHIO TOJATOTOBKU 3€PHA MIICHUIIBI
K mporeccy menymenus [3, 8, 10, 11-20].

Heas ucciaenoBanusi — pazpadoTKa HOBOTO
TEXHOJIOTHYECKOTO 000pY/JI0BaHUS M TEXHOJIOTHH
HEHTPOOEKHOTO ILENYIICHNUs CEMSIH 3€pHOBBIX
KYJIBTYD.

Jis nocTHKEeHUsT TOCTaBJICHHOM IIeNU pe-
HIAJIACH CIIEYIOIIUE 3aJauu:

1. IlpoBecTn wHcclienOBaHMS CYLECTBYIOLIHMX
KOHCTPYKIIMIA TEXHOJOTHYECKOTO 000pYyI0BaHUS,
W pa3paboTaTh HOBOE TEXHHUYECKOE pEIICHHE
pecypcocbeperaronieil menymuiIbHOH MAaIIdHBL
C 3aIUTOU aBTOPCKHUX IPaB;

2. Pa3paboTaTh TEXHOJOTHIO ILETyIICHHS
CEMAH 3C€pPHOBBIX KYJIBTYP C UCIIOJIB30BAHUEM
HOBOM KOHCTPYKIMH MIETYIIWIbHOW MAIIMHBI U
MMOCTPOUTH CXEMY ITOCIIE0BATEINBHOCTH BBITIOTHE-
HUS TEXHOJIOTHYECKUX OTIEpaIlnii PH Ty IICHHN
CEMSIH 3€PHOBBIX KYJBTYD.

3. OmpenenuTh OCHOBHBIE TEXHOJIOTHUECKHE
napamMeTphl BBITIOJHEHHs paboyux ornepanuid npu
MISTYIIEHUH CEMSH 3€PHOBBIX KYIBTYP.
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MarepuaJibl 1 MeTOAbI

[laTenTHBIE WCCIIEAOBAaHUS TPOBOIIIINCH
B cooTBeTcTBUM C TpeboBanmsmu ['OCTP 15.011-
2022 «Cucrema pa3pabOTKH U IOCTAHOBKH MPOIYK-
MM Ha MPOU3BOACTBO. [laTeHTHBIE HCCIIeNOBaHUSL.
CopneprkaHne ¥ TOPSAIOK TpoBemeHus» [1], mo poc-
CHICKHM U 3apyOeKHbIM HH(OPMAIIMOHHBIM Oa3aMm.

B mpomiecce nccenoBaHus aHAM3UPOBAIMCH
COBpPEMEHHBIE TEXHIMYECKUE PEeIeHNs HallpaBJICHHBIE
JUTSI 3aMEHBI a0pa3MBHOTO HHCTPYMEHTA IIeyIie-
HUsI 3epHa Ha HOBBIE MaTepHalibl, TO3BOJISIOINE
COXPaHSATH MOJIE3HYFO MacCCy 3epHA ITPH IIETyIICHNH.

BrInonHeHHBIE TATEHTHBIE HCCIIEAOBaHMUS
MO3BOJIMIIA OMPEJENIUTh OCHOBHBIE HAIPABICHUS
MOZACPHH3AIMY [ETYIIMIBHBIX MalliH, Ha OCHOBA-
HUH 49ero ObLT MoJ00paH MPOTOTHI, U pa3paboTaHa
HOPMATUBHO-TEXHUYECKasl TOKYMEHTAIUs Ha pa3-
paboTaHHYIO HOBYIO KOHCTPYKIIHIO ISy IIHIEHOM
MAIllUHBI, KOTOpasi MOJIyYyusia 3alliTy aBTOPCKHX
IpaB TAaTEHTOM Ha IMOJIe3HYI0 Mojeias Ne 214682
«I1eHTpOOEIKHBIHN MICTYIIUTEND s 3epHa» [9].

Pe3yabTarbl

ITo pe3ysbraram BBITOTHEHHBIX UCCIIEIOBAHUH,
aHaIM3a CYIIECTBYIOIIMX KOHCTPYKIMU CEpUIHOIO
000pyIOBaHUS IS MISNTYIIIEHUsT 36PHOBBIX KYJIBTYD,
N3YyUCHHA UX KOHCTPYKTHBHBLIX HEAOCTATKOB U UX
BIIMSIHHSI HA KQ9eCTBO MISTYIIEHHOTO 3epHa, ObLia
paspaboTaHa HOBasi KOHCTPYKIMS IIETyIIUTENS,
KHHEMaTH4YecKas cxemMa KOTOPOIo Ipe/CTaBjeHa
Ha pucyHke 1.

Pucynok 1. Kunemarndeckast cxema LEHTPOOEKHOTO
HIeTyUIIUTENs 3epHa

Figurel.Kinematic diagram of a centrifugal grain huller
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LleHTpOOSKHBIH IISTYIIUTENb 3¢PHA COCTOUT
W3 cHCTeMbl ympasieHuss 1 paboroil mpuBoma 2
pabGouero Bajma 3 C 3aKPEIUICHHBIM ITOAAIOLINM
ITHEKOM 4 pa3MeIIeHHBIM B OYHKEpe 5, KOTOPHIH
B CBOIO OU€pe/Ib YCTAHOBIICH Ha KOPITYCE My IIH-
tesst 6. BHyTpH xopmyca menymmurens 6 Ha pabo-
yeM Baly 3 ycTaHOBJIEHa TMOKas MIeTylIHIbHAs
Kamepa 7 ¢ pa3MEIICHHBIMH MOJBIKHBIMHU LIa-
pamu 8, TIpu TOM THOKas IIeTyIIHIbHAsS Kamepa 7
o0pa3yeT ¢ BHYTpEHHEH 4acThl0 KOpIlyca IIenly-
et 6 padounit 3a3op 9. B HibkHElH yacT Kop-
MyC MIENYIUTENs 6 UMEeT BBIXOJHOE OTBEpCTHE
10 c acnupaumnoHHbIM maTpyOkoMm 11, B koTopom
YCTAHOBJICH BEHTWIATOp 12, myIs pa3mesieHus
Gbpakuuil menyneHns Ha NIeTyIEeHHOE 3€pHO, OT-
BOJISIIICECS] B MPHEMHYIO €MKOCTh 13, U JeTydux
MPO/IYKTOB HIETYILIEHHsI OTBOAMMBIX 1O aTpyOKy 14
B IPUEMHYIO €MKOCTh 15.

i BRIMONHEHHST pabouel omeparyy Iery-
IIIeHUE 3epHa, OepeTcsl yBIKHEHHOE KATHOPOBAaHHOE
3epHO meHHIBL. Onpenensercs CpeHuil JUaMeTp
B [IAPTHHU 3epHA MPOLIEALIEH KATMOPOBKY, U C TIOMO-
IIBIO CHCTEMBI ynpasienus 1 3amyckaercst B paboTy
MIPUBOJ 2 W 3aaeTCs HeoOXoAmMas JacToTa Bpa-
IIIEHUS BaJia MpUBoAa 2 M pabodero Bana 3. 3a cueT
YCTaHOBKM Ha pabodyeM Bally THOKOW IIeNyIIHIBHON
KaMmepbl / ¢ pa3MElIeHHBIMH ITOJIBUKHBIMU LIapaMu 8
Y CO3JIaHHOW IICHTPOOCIKHON CHIION IOJBIIKHBIC
mIapsl 8 B THOKO# MIeNyIIMITHHON Kamepe 7 TIoTHAMa-
I0TCs1 Ha ONPEAEICHHYIO BBICOTY M CO3At0T paboumii
3a30p 9 Mex Iy THOKOW HITYIIWIEHON KaMepoid 7
u koprmycoM menymmrens 6. [locne ycraHoBku
pabouero 3a3opa 9 B OyHkep 5 3arpyskaercst 3epHO
MIIEHHULB! ¥ MOAAIOIINM ITHEKOM 4 OHO IOJaeTcs
B pabouwnii 3a30p 9 s menymeHws.

3epHO MIIEHWIBI TpoIIesmee padounit
3az0p 9 uepes BeIxogHOE oTBepcTre 10 moctymnaer
B aCNMpalMoHHBIN naTpyOok 11, rie 3a cuer moroka
BO3IyXa 00pPa30BaHHOTO BEHTHIIATOpOM 12 meryume
MIPOJIYKTHI MIETYIISHUS YAAISIOTCS 1o marpyoky 14
B IIPUEMHYIO eMKOCTH 15, a 11eibHoe 3epHO TocTynaeT
B TIPUEMHYIO eMKOCTh 13.

[IpoBens aHaaM3 LENBHOTO 3€PHA MIIEHUIIBI
MOCTYIHUBILETO B IPUEMHYIO €MKOCTh 13, mpous-
BOJIUTCS OLIGHKA KauyecTBa LIETYLICHUs 3epHa, U
NPY HE MOJTHOM YJAJICHUH TUIOJIOBBIX U CEMEHHBIX
000J104€eK, CHCTEMOH yrpasieHust 1 u mpuBojom 2
YBEJIMYMBACTCS YACTOTA BpalleHus pabodero Bajia 3,
3a CUET Yero MPOUCXOAUT TMOIBbEM HOABIKHBIX IIIa-
poB 8 1o cTeHKaM THOKO# MIeNyIIIbHON KaMephl 7
1 paboumii 3a3op 9 ymenbimaercs. [locine ymeHbie-
HHS1 3230pa MPOBOJIUTCS TIOBTOPHBIN aHAITM3 KavyecTBa
HIeTYILICHUsI, TPU HEOOXOJUMOCTH MPOU3BOAMUTCS
JanpHeWIas peryiMpoBka pabodero 3a3opa.
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AHanmu3 TEXHUYECKUX TPU3HAKOB IIEHTPO-
OEKHOTrO WIETYyIIUTENs, KHHEMAaTH4ecKasi cxema
KOTOpOTo, PHBEACHA Ha PUCYHKE |, OKa3aj, 4yTo
Hapy>KHBIH KOPITYC BBIOJIHACTCS OBaJIbHBIM, @ €T
BHYTPEHHSISI TIOBEPXHOCTH (PyTypHpOBaHa THOKUM
JNACTHYHBIM MaTepUalioOM KOTOPHIA B Tpolecce
paloThI IIETYIIUTENS B3aUMOACHCTBYET C 36PHOM
1 00pasyeT ¢ IpyruM GpyTypupOBaHHBIM 3JIacTHY-
HBIM MaTepuanoM, HAHECEHHBIM Ha HapyKHYIO
MMOBEPXHOCTH BPAIAIOMICHCS THOKOW KaMephl, TeEM
caMbIM co3faBas pabouuii 3a30p B LIETyLIMTENE
JUIS IPOXOJa 3epHa.

Takum 00pa3om, Ha 3epHO B paboyem 3a3ope
OKa3bIBAETCS BO3ZEHCTBIE THOKOI Kamepoil pyTypu-
POBaHHOM 31aCTHMYHBIM MAaTEpHAIOM, OHO XOPOILLO
OYHMIIIAETCSI OT IUIOAOBBIX U CEMEHHBIX 000JI0UeK, HE
JpOOHUTCS ¥ HE 00pa3yeT OOJIBIION 00bEM MYUKH,
KakK IIPY UCTIONB30BAaHNH a0pa3HBHOTO MaTepuala.

Ilo pesynpraTtam aHain3a IOCIEAOBATEIIBHO-
CTH pabovrx omepaurii B MAIIMHE LEHTPOOEKHOTO
HIeTyIeHus 3epHa, Obljia pa3padoTaHa TEXHOIOTU-
Yyeckas cxeMa [EHTPOOEKHOTO HISTYIICHUS 3epHa,
IpeACTaBICHHAsl Ha PUCYHKE 2.

AHanmu3 1ocien0BaTeIbHOCTH BBIMOJIHEHHS
paboumx omepanuii MENTyIICHHUs 3€PHA MPECTaB-
JIEHHBIX HA PUCYHKE 2, TIOKA3aJ], 4TO IS KaXIou
paboueii orepanuu HeoOXonuMa pazpaboTka Tex-
HOJIOTMYECKHX MapaMeTpoB MPH NPOCKTUPOBAHUN
OTBITHOTO oOpa3siia.

Hcxonst M3 peIBapUTEEHOTO aHAIN3a TEeX-
HOJIOTMYECKOT0 TMpolecca, ObIJI0 YCTaHOBIEHO,
YTO OYHMCTKAa 3€pHa OT COPHBIX INPHMECEH OCy-
HIECTBIISICTCS HA BUOPAIIMOHHBIX CHTaX B TCUCHHE
3040 muHYT, KaduOpOBKa IEIUT 3€PHO HA TPU
(bpakiuu, Ui yCIOBUI IIENyIIeHHs 3epHa copTa
HoBocubupckas 15, mpu uem B mepBoil Gpakiun
auaMeTp 3epHa coctasiusier 4,5-4,0 MM, B BTOpoi
4,0-3, MM, B TpeTbelt 3,5-2,5 MM, Tipu yeMm meny-
HICHUE TIPOU3BOJUTCS JJIsl IEPBOM  (pakinu —
1200 o6/mun; BToOpoil ¢pakiuu 1400 o6/muH,
a g Tpetbert 1600 00/MuH.

[lpn BBIMONHEHWH BBIICHEPEUNCICHHBIX
napamMeTpoB IEHTPOOSIKHOTO IIENYIICHHS 3EpHA
MIIEHULBl JOCTUIAeTCsl COXPaHEHHE LIEJIOCTHOCTH
mrenynieHHoro 3epua 90-92%, npu yem ycTaHOB-
JIEHO, 4TO ApOOJICHNE IPOUCXOIUT TOW YacTH 3epHa,
KOTOPOE MMEET MHUKPOTPEIINHBI, TTOJTyYCHHBIE B TIe-
proa 0OMOJIOTa KOJIOCKEB, OYMCTKH M KATUOPOBAHMSL.
Beixon Hu3koro mporeHta Mydkud 4-6% ot maccel
HICNYIIEHHOTO 3epHa TonaTBepxkaaeT 3(dexTus-
HOCTB pa3pa0dO0TaHHOW TEXHOJIOTHH IIEHTPOOCIKHOTO
HIETyIICHHs], 32 CYET COXPaHEHHS aICHPOHOBOTO U
cy0asnelpoHOBOTO CJI0EB, 3apObILIa U SHAOCIIEPMA.
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| 3epuo nmennne! / Wheat grain
Oumcrxa o1 co:m.m npuMeceii / L Copasle npuMecH /
Cleaning from weeds Mineral and weed impurities
‘ KamiOpoexka sepHa nmeﬂiuu {Wheat grain sizing ‘
Kpynras ¢paxuns / Major faction ‘ | Cpegusas dpaxmua / Middle faction ‘ ‘ Menkas ipa.xcunz /Small fraction

!

Motixa 3epHa H OTBOMKHBAHHE /
‘Washing and moistening grain

Mofixa sepHa ¥ OTBOTLKHBAHHE /
Washing and moistening grain

Mofixa sepHa ¥ OTBOILKHMBAHEE /
Washing and moistening grain

i

¥

¥

Onpegenenne cpegHero JHaMeTpa
3epHa nmesnns / Determination of
the average diameter of wheat grain

Onpegenenne cpegHero JHaMeTpa
3epHa nmexHnsl / Determination of
the average diameter of wheat grain

Onpegenense cpeqHero IHaMeTpa
3epHa nmexnns / Determination of
the average diameter of wheat grain

! ' '

‘ Brox ynpaenenns mcra o0opotoe npreoga / Drive speed control unit |
1 ' ! ] !

Veranoexa pabo=ero zazopa VeraHoEKA pabodero 2a3opa Veranopxka pabodero zazopa
12 kpynmoi bpasxmun / A cpegHed dpaxusn / s Menxo dpaxumnm /
Setting the working gap fora Setting the working gap for Setting the working gap for

coarse fraction the middle fraction fines

! + ]

IMenymerne / Peeling ‘ | Ilenymenne / Peeling ‘ | IlMenymenne / Peeling

! ' '

KoHTpoms KadecTRa MeTyIeHns / KoHTpoms xagZecTEa meTymenHa KoHTpoms xagecTea meTymesus
Peeling quality control / Peeling quality control / Peeling quality control

) ) )

Pazgenenne nponykIos Pazgenenne npogykTos PasgencHHe IPOSYKTOE
menymesns / Separation of wenymenns / Separation of menymesnns / Separation of
peeling products peeling products peeling products

lenymennoe sepaO lenyxa / lleavmennoe sepHEO Ileayxa lenvimensoe sepHo lemvxa
/Hulled grain Husk /Hulled grain /Husk /Hulled grain /Husk

Pucynok 2. TexHonoruueckas cxema mpoiecca meayIeHus 3epHa

Figure 2. Technological diagram of the grain peeling process

3akimouenue MIIEHUIIBI, a BHIMOJHEHHBIC 3KCIEPUMEHTAIbLHBIC
WCCIICZIOBAHUSI TIO3BOJIMIINA TIPOU3BECTH KATUOPOBKY
3epHa IIICHUIBI Ha TPU (Qpakuuu C AUaAMETPOM
nepBoit hpaxiun 4,5-4,0 MM, BTOopoit 4,0-3,5 MM,
u nepBoit 3,5-2,5 mm.

Jis menynieHusl 3epHa Kaxaol Qpaxnun
IKCTIEPUMEHTAILHO OBLTH OTIPE/IENICHBI TEXHOJIOTHYe-
CKHE TIapaMeTpbl 00OPOTOB AIICKTPOJIBHUTATEIS IS
pecypcocbeperatoniero menyneHus, 3pQexTus-
HOCTH HOBOTO TEXHOJIOTHYECKOT0 ITPOIIecca Mely-
nIeHust 00ecreYnBaeT UeJIOCTHOCTD HIETYIEHHOTO
3epHa Ha 90-92%.

B pesynbrare mcciaemoBaHui 1O HAYYHBIM
IIOMCKOBBIM CHUCTEMAM, 6I)IJ'H/I OIMpeaACICHbI HAYYHBIC
Pa3pabOTKN TEXHUYECKUX PELICHUH, IS IIETyIICHHUST
3€pHa, MO3BOJIUBHIUEC IPEHAJIONKUTE TEXHUYCCKYIO
HOBH3HY HOBOW KOHCTPYKIUH ULEHTPOOEKHOTO
MISNYIUTENs 3€pHA U MOJIYYHUTH 3allUTy aBTOP-
CKUX TIpaB B BHJIe naTreHTa P® Ha mosie3Hyo Mo-
nenb Ne 214682.

Ha 6a3e HOBO#H KOHCTPYKIIMU IIEHTPOOSIKHOTO
menymurens Obuta pa3paboTaHa cxeMa pecypco-
cOeperaromeii TEXHOJOTHH IIENyIIeHUs 3epHa
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Reliability of Veterinarians routine Cattle meat inspection tool
on Specific identification of Cysticerci in bovine muscle tissue
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Abstract. Cysticercus bovis and macroscopic Sarocysts detected from bovine carcasses look similar and specific identification of each
of these cysts is important for addressing proper preventive, and control measures of tCysticercosis and Sarcocystosis
diseases.Therefore, it is sometimes a challenge for Vets to distinguish these two species of parasites during their daily routine meat
inspection using traditional methods. Cysticerci and Sarcocysts are responsible of Bovine Cysticercosis and Cattle Sarcocystosis
respectively. These Veterinarians can sometimes make errors in identification of these two parasitic species from Cattle meat muscle
tissues. The study was conducted from Abattoir in Russian Federation with intention of the problem addressed confirmation. During
laboratory experimental examination, it was confirmed that out of 20 cattle muscles tissues tested to contain cysticerci parasites, 5 out
of them were Sarcocysts. Therefore, it is obvious for veterinarians to make errors during their routine cattle meat inspection due to the
morphological behaviour of these organisms

Keywords: cestode parasites, cysticercus bovis, foodborne parasites, protozoa, sarcocystis spp. taenia saginata.

Introduction Bovine cysticercosis(Assefa and Bihon, 2019),
Bovine cysticercosis is a Cattle disease @s caused 'by cysticercus bo_vis, larval form, which
caused by the intermediate (larval) stage of Taenia is hosted in Cattle muscle tissues but humans have
Saginata called Cysticercus bovis. Taenia Saginata risk of hosting the adult form of this cestode parasite
(Macrelli et al., 2020) is the human beef tapeworm “Taenia Saginata” in the small intestine(Lopes et al.,
(El-Sayad et al., 2021). Cysticercus bovis parasitizes 2011), when they eat poorly heat-treated beef (Leal
the intermuscular connective tissue of striated muscles. Filho et al., 2022). Despite the fact that Cysticercosis
Bovine cysticercosis has been reported in Russia, and Sarcocystosis are caused by completely different
Benin, Cameroon, Central African Republic, Chad, types of parasites, they may have negative effect on
Democratic Republic of Congo, Ghana, Guinea, Mali, Cattle as well on Humans (Dubey, 2015). From
Niger, Nigeria, Senegal, etc. (Uchendu et al., 2021). Cysticercus and Sarcocystis spp, Figure 1 illustrates
Bovine sarcocystosis is either zoonotic or all possible steps and sources of negative effects
not and it is caused by single-celled protozoa, Sar- faced by humans and Cattle.
cocystis Species including: S.hominis, S. heydorni,
S. cruzi, S. rommeli, S. hirsuta and S. bovifelis.
Sarcocystosis has a worldwide distribution, espe- f </

cially where livestock are raised (Rosenthal, 2021).
The pathogen forms a tissue cyst inside the muscle
fiber of the striated muscle. The presence of mac-
roscopic sarcocysts can cause cattle meat culling.
Microscopically, the cysts are divided by septa into
chambers that contain thousands of banana-shaped
bradysoites. Sarcocystosis, cause significant eco-
nomic losses, including death and forced slaughter
of animals, loss of offspring, and a decrease in the
quality and nutritional value of meat. In the Rus-
sian Federation, sarcocystosis is registered in 85 %
of cattle and sheep, 5 % of pigs, 35 % of horses

attle

Figure 1. Flow Chart showing the effect of cysticercosis
and Sarcocystosis on Infected Cattle as well as on Humans.

(Novak and Novak, 2020). This disease of many Sarcocysts and Cysticerci identified in the bovine muscle
animal species is widespread in many countries tissues are all responsible of zoonotic diseases that can be
(Fayer et al., 2015). transmitted between cattle
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Objective

The objective is to conduct morphological
study of the 20 bovine meat samples reported by
Vets to host only cysticerci and identify if Sarco-
cysts may be misnamed Cysticerci. The extracted
information may also reveal tentative prevalence of
these two species in Russian Federation

Material and methods

According to the informations given from
food markets and Auchan stores chain in Russia,
the meat tested by vets during their routine examina-
tion were collected from 875 infected slaughtered
cattle carcasses(Ahmed et al., 2016) in Russian Fed-
eration and 20 were tested cysterci positive. These
20 cases that were reported to be infected by Cys-
tercus bovis were objects of our Laboratory study.
The 20 samples were in total bovine meat muscle
tissues putatively infected by cysticerci parasites.
During Laboratory examination, tissue cysts were
allocated layer-by-layer cutting of the muscles,
followed by examination of the internal content.
The cysts were cut with a razor blade. necessary
smears-prints were made, fixed and stained according
to Romanovsky-Giemsa, microscoped.

15 cases were found to be muscle inclusions of
gray color, oval shape and length from 1.5 to 2.0 cm.
Covered by the connective tissue capsule of the
host. After dissection of each of the 15 host capsules,
a translucent oval-shaped bubble of about 1.0 cm in
length, containing a transparent liquid was found
inside. This was real cysticercus bovis. On the
inner shell of the cysticercus there was a scolex,
in which no hooks were found under microscopy.

5 cases were observed to be light gray in color,
oval in shape, and were about 1.5 cm long. When the
host capsule was cut with a razor blade, a clear or
slightly cloudy liquid was found inside the cyst. In
these cases, a smear was made on the slide and painted
according to Romanovsky-Giemsa. Under microscopy
with magnification of X400 or X800, banana-shaped
structures were observed. This fact indicated that the
studied cysts were formed by Sarcocysts.

Figure 2. Cyst isolated from bovine meat before
observation under microscopy
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Results and discussion

On the basis of Study examination results il-
lustrated by Figure 2, the morphological study of
20 samples that were reported by Veterinarians to
host only cysterci, we found several inconsistencies.
15 cases were found to be real cysticerci larvae. Ac-
cording to our observations, the banana-like struc-
tures (endozoites) that were found preserved inside
of each of the 50 cysts with different forms of liquid
content (transparent, cloudy, different consistency),
indicated that these 5 cases, were Sarcocysts.

Thus, a thorough study of 20 carcasses that
were reported positive for C. bovis during routine vet-
erinary examination revealed errors in 25 % of cases.

Table 1.
Results from Microscopy examination
with a sample size of 20 cases reported putatively
to be cysticerci only.s

S/N Cyst name Number Of Cases found
1 Cysticercus bovis
2 Cattle Sarcocyst 5
Sample size 20

]l =2

Figure 3. lllustration of the results found after thorough
micropy examination determine 15 cysticerci and 5
Sarcocysts

Conclusion

Cysticercosis and Sarcocystosis diseases are
threat to cattle as well to human beings. These infec-
tions can be responsible of loss of weight, abortion
and death of bovines and consequently cause loss of
farmer’s economy, and reduced meat which are
served to human as important food. Furthermore, due
to the ability of these diseases to be transmitted to hu-
man they are known to threaten human health owing
to infection in Cattle. Therefore, specific identication
of cysticerci from sarcocysts will help in proper
threatment of the above-mentioned diseases.

The identification of Cysticercus bovis from
Sarcocystis spp. In routine apparent meat inspec-
tion by Veterinarians is not trustworthy. Out
of 20 cases reported by Veterinarians to host puta-
tively only cysticerci it was found that 5 cases
of them were Sarcocysts. Thus, the error was found
to be 25 %. These data are not enough to confirm
whether it can be taken as a serious issue in Russian
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HangexHoCTh pYyTMHHOIO MHCTPYMEHTA BeTEPUHAPHBIX Bpaue 11
KOHTPOJISI MSICA KPYITHOI'0 POraToro CKora no cneuuguyeckoi
HICHTH(PUKAINMN HUCTHIECPKOB B MbIIICYHOW TKAHU

AnHoTamms. [{UCTHIIEPKH W MaKpOCKOMUYECKHE CApKOLMCTBI, OOHAPY)KCHHbIE B TYILIAX KPYIMHOrO POraToro CKOTa, BBITJISIISAT
OJIMHAKOBO, U crieni(uyecKkast naeHTH(HUKAIMS KaXKIO0H 13 3THX HUCT BAYKHA TS IPUHATHSL HAUTSKAIINX Mep TPOPUIAKTHKA U G0PHOBI
C [MCTULIEPKO30M M CapKOIMCTO30M. [109TOMY ISl BETEpUHAPHBIX Bpadeil HHOT/A MPEICTAaBISeT TPYJHOCTh PA3NdaTh 3TH [(Ba BUA
TAPA3UTOB TIPH EKETHEBHOM OCMOTPE Msica TPAIUIIMOHHBIMHE METOAaMu. [[MCTUIIEpKH M CapKOIMCTHI OTBETCTBEHHBI 32 IHCTHIICPKO3
KPYITHOTO POTaTOro CKOTa W CapKOIFCTO3 KPYITHOTO POraToro CKOTa COOTBETCTBEHHO. BeTeprHAphl HHOTIA JAOITYCKAIOT ONIMOKH TPH
WICHTU(DUKAIIMN 3TUX IBYX BHIOB MApa3WTOB B MBINICUHBIX TKAHAX MsCa KPYIMHOT'O POraTtoro ckota. MccienoBanue MpoOBOAMIOCH Ha
ckoToboiiHe B Poccuiickoit demepalivu ¢ Helbio MOATBEPKACHHSA aKTyalIbHOCTH MPOOIeMbl. B Xo/1e 1a60paTopHO-3KCIIEpHMEHTATBHOTO
HCCIIeIOBaHKs OBUIO YCTaHOBJIEHO, 4TO U3 20 MCCIIEIOBAHHBIX MBIILICYHBIX TKaHEil KPYIHOTO POraToro CKoTa, COepIKaIliX Mapa3uToB
LUCTULIEPKOB, 5 M3 HUX OKA3allCh CapKoOLUCTaMH. TakuM oOpa3oM, OYEeBHIHA BO3MOXKHOCTH OIIMOOK BETEPHHAPHBIX Bpadeil mpu
MIPOBEICHUH PYTHHHOIO OCMOTpa Msica KPYITHOTO POraTOro CKOTa, CBI3aHHBIX ¢ MOP(OIOTHYECKIM MOBEACHHEM ITHX OPraHH3MOB

KuroueBble cj10Ba: IIECTOIHBIC MMAPA3HTHI, cysticercus bovis, mapa3uThl MHIIEBOTO MPOUCXOXKICHUS, MPOCTEHIe, sarcocystis spp.
taenia saginata.

Hoxozed Pyraranupa aciupant, kadenpa BeTepuHapHoil Meau-  Mrops Imamasaun 1.Bet.H., ipodieccop, kKaheapa BeTepUHAPHOIH

1MHbI, Poccniicknii GMOTEXHONOTHYIECKUI YHUBEPCUTET, Yl Tana-  memuumnbl, Poccuifckuii GHOTEXHONOTMYECKMH YHMBEPCHTET,

muxuHa, 33, Mocksa, 109029, Poccus, rutaganirajoseph@yahoo.com  yi. Tanamixuna, 33, Mocksa, 109029, Poccnst, glamazdin@ya.ru
https://orcid.org/0000-0001-5939-8365 https://orcid.org/0000-0001-7119-906X

51



Becmuux BTYHII/ Proceedings of VSUET ISSN 2226-910X E-ISSN 2310-1202
DOI: http://doi.org/10.20914/2310-1202-2023-3-52-59 O0630pHas crathst/Review article
YJIK 621.929.6 Open Access  Available online at vestnik-vsuet.ru

0030p KOHCTPYKIMIA OapadaHHBIX CMeCUTeJIeH, MOAABJISIIOIINX
cerperanuio CbImy4mx cMecen

Hmutpuit M. boponynun ' borodulin@rgau-msha.ru 0000-0003-3035-0354
Jmutpuii B. CyxopykoB ?  pioner_dias@mail.ru 0000-0001-7995-3813
Onus I1. CyBopoBa 2 yulia-suvorova-1998@mail.ru

1 Poccuiickuii rocynapcTBeHHbIH arpapHbii ynusepcuter MCXA nvenu KA. Tumupsizesa, yiu. TumupsizeBckas, 49, r. Mocksa, 127434, Poccust
2 KeMepoBCKuii rocy1apCTBEHHbI YHUBEpCHTET, yiI. KpacHast, 6, r. Kemeposo, 650043, Poccust

AnnoTtanust. [Iporiecc cMemmBaHus MPUMEHSETCS B PA3JIMYHBIX 00IACTIX HPOU3BOJCTBA, ISl M3TOTOBJICHHS PAa3HBIX BUIOB CMeceil, Takux
KaK CeJIbCKOXO3SHCTBEHHBIE CMECH, CYCIIEH3MH, KOCTHbIE LIEMEHTBI U ipyrue. JJaHHbIH npolece NpeacTaBiseT U3 ceds nepeMeleHIe YacTHI
KOMIIOHEHTOB CBIIIy4ero MaTepuajga B IPOCTPAHCTBE CMEIIMBAaeMOro oObema. Jlas NpHUBENEHUs KOMIIOHEHTOB CMECH B JIBHXKECHHE
HNPUMEHSIOTCS] CMECUTEIN Pa3IMYHbIX THUIOB. OJJHUM M3 CaMbIX PACIPOCTPAHEHHBIX THIIOB CMECHUTEJNEH SIBIAI0TCS OapaOaHHbIE CMECHTEIH.
OcHOBHOI 3ajayell, ¢ KOTOpPOH HEOOXOJUMO CHPABUTCS IPU Pa3pabOTKE KOHCTPYKLHM CMECHUTENs, SIBISAETCS YMEHBIIEHUM Cerperaiu,
BO3HHUKAIOIIEH MPU CMELIMBAaHUH BYX U 00Jiee KOMIIOHEHTOB cMecH. Cerperanust CBsi3aHa ¢ pa3IMYHBIMU 3HAYSHUSMH Pa3MEPOB U IUIOTHOCTH
YaCTUI PA3IMUHBIX cMeceid. OOBEKTOM MCCIIEN0BaHMS SIBIAIOTCS KOHCTPYKIMHU OapaOaHHBIX CMECHTENeH, pa3paboTaHHbIE B IOCIEIHEE
necsituiietue. Bee paccMOTpeHHbIE KOHCTPYKUMH pa3OMTHI HAa TPU TPYIMIbl Pa3slHYAIOIMMUCA [O METOAY IMOJABJICHMSI CEerperauu.
IIpenmerom HccnenoBaHus SIBISIOTCS KOHCTPYKTHBHbIE OCOOCHHOCTH IAaHHBIX CMECHUTENeH, CPeIr KOTOPBIX BBIABISIOTCS HELOCTATKH MX
UCIHONb30BaHNA. Pe3yinbratamMu paGoThl CTaNo OHpeAelcHHe Oolee MOAXOJAIIEIO METOZa IMOJAABICHHE CErperaluy, KOTOPHIM SBIISETCS
UCIIOJIb30BAHUE JIOTIOJTHUTEIBHBIX IEPEMEIIHBAIOIIMX YIEMEHTOB B LIEHTPE Cerperaluy CMeCH, U Ha OCHOBE JAHHOT'O MEeTO/1a pa3paboTKa JByX
HOBBIX KOHCTpYKIUi 6apabaHHBIX cMecuteneil. I1epBblii cMECUTENb ¢ HCIIOIb30BAHHEM CEKIIMOHHBIX PaJHalbHBIX pa3/enuTeieil, KOTopble
MO3BOJISIIOT TIOJIBEPraTh CMECh MHOT'OKPAaTHOMY pa3JeNICHHIO U CMEILICHHIO, YTO M CHIDKAeT Cerperaunuio cMecd. Bropoii paspaboTaHHbIi
CMECHTENb C NPUMEHEHHEM LIEHTpaJbHOro OapabaHa, KOTOPBIA 110 MUMO TOrO, YTO HPOAJEBACT BpeMs HaXOXAEHHs cMecH B OapabaHe,
M03BOJISIET CO3/1aBATh CKPEIMBAIOLINECS M PELUPKYIISIIIMOHHBIE TOTOKH MaTepuaa, YTO HOIABJISIeT NOSBICHHE CEerperaium.

KiroueBble cj10Ba: mpoLece CMEIIMBAHMS, ChIITy4asi CMeCh, OapabaHHbI CMECHTENb, Cerperauus, KOHCTPYKTHBHbBIE OCOOCHHOCTH.

Overview of drum mixer designs suppressing segregation of bulk mixture
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Abstract. The mixing process is used in various areas of production to produce different types of bulk mixtures. These include agricultural
mixtures, semi-finished products, bone cements and others. This process is the movement of particles of bulk material components in the space
of the working capacity. Mixers of various types are used to set the components of the mixture in motion. One of the most common types of
mixers are drum mixers. The main challenge that must be addressed when developing a mixer design is to reduce the segregation that occurs
when mixing two or more components of a mixture. Segregation is associated with different particle sizes and densities of the various
components. The object of the study is the designs of drum mixers developed in the last decade. All considered designs are divided into three
groups, differing in the method of eliminating segregation. The subject of the study is the design features of these mixers. The results of the
work were the determination of the most suitable method for eliminating segregation - the use of additional mixing elements in the center of
segregation of the mixture, and based on this method, the development of two new designs of drum mixers. The first mixer with sectional
radial separators allows you to repeatedly separate the mixture and move the particles of its components relative to each other. This allows you
to reduce the degree of segregation of the mixture. The second mixer developed not only extends the residence time of the mixture particles in
the drum, but also allows for the creation of crossing and recirculating flows of material. This also helps reduce or prevent segregation.

Keywords: mixing process, bulk mixture, drum mixer, segregation, design features.

BBenenue MIPH MOJIyYCHHUH CYCTICH3UI U AMYJIbCUN, OTHOPOI-
HBIX CMeCEl ChIIyYUX MaTepuaioB, IPOU3BOACTBE
XUMAYIECKHUX J00aBOK, TPOU3BOJCTBE KOMOMKOPMOB
Y yJI00OpEeHUH, CTPOUTENBHBIX CMECEH M KOMIIO3H-
LUOHHBIX MATEpUAJOB, a TAKXE MPHU MOIYyUYECHUHU
KOCTHBIX IIeMeHTOB, BAJ[OB U JeKapCTBEHHBIX
MpenapaTos.
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Cam nporiecc cMEIIMBaHMsI MOYKHO TIPEJICTa-
BHTH, KaK TEpEeMeIIeHne YacTHIl ABYX H Ooiee
KOMIIOHEHTOB CHIy4Yero Marepuajia B IpOCTpaH-
CTBE BCETO CMEIIMBAEMOro 00beMa, pU 3TOM Ipe-
CIIeAyeTCs 1elb OIY4YEeHUs] OTHOPOAHOM MO PSIY
CBOI>‘ICTB, TAaKNX KaK COCTaB U (1)I/I3I/IKO'MCXEIHI/I‘16CKI/IC,
cpenpl. g nocTrKeHus: 3TOM e UCIOb3YeTCst
UMITYJIbC, KOTOPBIA TIepenaeTcsi KOMIIOHEHTaM
CBIITy4Yel CMECHM MEXaHMYECKOW Memankou. s
MOJYYEeHUH TaKoro THIIA CMECeH HCIOIb3YIOT
CMECHTEIN PA3JTMYHBIX THITOB: OapabaHHBIe, IIEHTPO-
OexHble, YepBsYHO-JonacTHeie. OmHUM U3 Oolee
paclpOCTPaHEHHBIX TUIIOB CMECUTENEN ABIISIOTCS
OapabaHHBIC CMECHUTEIIH.

TpamunmnoHHOE YCTPOWCTBO OapabaHHOTO
cMecuTenst mokasaHo B pabore [1]. OcHOBHBIMH
€ro 3JICMCHTaMU SABJIAIOTCA: HI/IHI/IHI[pI/I‘-ICCKI/Iﬁ Oa-
pabaH, KaMephl 3arpy3KH U BBITPY3KH, K KOTOPBIM
MIPUCOEINHEHB MATPYOKN 3arpy3KH W BBITPY3KH.
3arpyxaeMasi CMeChb TOMAaAaeT BO BPAINAIOIIHIACS
OapabaH U B peXUMe IepeKaTa MPOUCXOJIUT ee
nepeMenBanue, IOCle 4Yero MPOUCXOIHUT €ro
BEITPY3Ka M3 CMECHUTEIIS.

Hecmotpst Ha mmpokoe pacmpocTpaHeHue
OapabaHHBIX CMECHUTENIEeH, ammaparbl C TPaIULHOH-
HBIM THUIIOM KOHCTPYKOHWH B 3HAYUTEIIGHON CTENEeH!
OrpaHUYEHBI B 00JIACTH UCIIOIB30BaHMS. JTO CBS3aHO
CO CPaBHUTEIBHO HU3KOW OAHOPOAHOCTBIO CMECH,
HOquaeMOﬁ Ipyu CMCIIMBAHWUH KOMIIOHEHTOB, OTJIN-
YarouIuxcs 1o pasMepam 4aCTull U UX IIJIOTHOCTH.

[Ipu UMpPKyNSAIUE CHITy4Yeld CMeCH BHYTPH
Bpaufamomieiicss padboyeil kKaMepbl IPOSBISETCS €€
cerperamusi, 4To MPUBOJUT K HU3KOW OZHOPOHO-
CTH UTOTOBOU cMecu. Kak mpaBmiio B CMECUTEIAX
0apabaHHOTO THIIA CeTperars MOSIBIISETCS B CBS3H
C HAXOXXICHHEeM Oojiee MENKUX, WM IDIOTHBIX,
YacTHUI[ CMECH B IICHTPE IMUPKYJISAIMH. MeXaHnu3m
cerperaydyd COCTOUT B TOM, 4YTO Ooiiee Melkue
WJIW TUIOTHBIC YaCTUIbI, TIPOHUKAIOT CKBO3b OoJtee
KpPYIIHbIE YacTHIbl, KaK CKBO3b CHUTO, IOMajaas
B IIEHTP IUPKYJISALIUU. B HIKHE xe obnactu cMme-
CHUTENsI IMOJIOKECHUE YaCTUI[ OTHOCHTENBHO JpPyT
Jpyra npakTU4eCKU HEe MEHSETCA.

Jannas npoOiieMa MPUBOIUT K pa3paboTke
HOBBIX KOHCTPYKIIHMI CMECUTEIICH, HAIIPABICHHBIX,
B OCHOBHOM, Ha MOJABJICHHE CETPEralul CMECH.
Nmenno Ooprba c cerperanmeii sBISETCS OCHOBHOM
3a7aveil pu pa3pabOTKe HOBBIX BHJIOB CMECHUTEIEH.
B nannolt paboTe nmpoaHaM3upyeM KOHCTPYKIIMU
OapabaHHBIX CMecHTeNel, pa3pabOoTaHHBIX B IIO-
crennee aecsatmerne. Kimaccudukars 6apabaHHbIX
CMECHTETIeH, MMOAaBISIONINX SIBICHIE CeTperaiuH,
MPEJICTaBJICHBI HA pUCYHKE 1.
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Pucynok 1. Kiaccudukanus 6apabaHHBIX CMeCHUTEIEH,
MOJAABJIAONINX SABJICHUC CCTperalinun

Figure 1. Classification of drum mixers suppressing the
phenomenon of segregation

O0BEKTBI U METOABI

OOBEKTOM HCCIENOBAHUS SIBIISIFOTCS  KOH-
CTPYKLMH OapabaHHBIX cMecHTeNeH, pa3paboTaHHbIe
B mocnenHee necsatmineTne. llpeamerom wnccnemno-
BaHUA ABJIAIOTCA KOHCTPYKTHUBHBIC 0CO0EHHOCTH
JTAHHBIX CMECHUTEIIEH, CpeIr KOTOPBIX OY/IEM BBISIB-
JIATh HEJOCTATKU UX HMCITOJIB30BaHUS.

Jlns Havanma paccMOTPUM KOHCTPYKIIHH,
B KOTOPBIX DPEaM30BaH METOJ paclpeeieHHON
MOJIa4y KOMIIOHEHTOB. JIaHHBI BapUaHT MO3BOJISIET
pacipenenuTh KIIYeBOW KOMITOHEHT B 00JIacTh
0OpyIIEHHSI OCHOBHOTO KOMITOHEHTA, YTO MPUBOAUT
K Ooyiee OBICTPOMY TOCTHIXKEHHIO OIHOPOJIHOCTH
WTOrOBOM CMECH.

IlepBbIM cMecuTeNeM TaKOro TUMa Oyaer
amnmapar, MpeacTas B [2], OH MO3BOJSET pPaBHO-
MCpHO IMoJaTh KJIFOUE€BOIl KOMITOHEHT B ITOTOK OC-
HOBHOM cMecH. KOHCTpYKITHS TaHHOTO CMECUTEs
npejicTaBlIcHa HA PUCYHKE 2.

i
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PucyHnok 2. bapabanubliii cMecuTenpb ¢ nephopupoBaH-
HBIMH TpyOamu

Figure 2. Drum mixer with perforated pipes

OCHOBHOI1 KOMITOHEHT, B Ka4ecTBE KOTOPOTO
BBICTYIIA€T CMECh A, HaXOISIIUICS B IO3UPYIOIIEM
YCTPOHCTBE 6, TIOCTyIaeT B KOPITyC cMecHTerst 1 gepes
natpyook 2. Kirodebie kommoneHThl cmecu B u C,
HaXOJISAITHECS B MO3UPYIOIMINX yCTpoiicTBax 7 u 8
COOTBETCTBCHHO, IMOCTYHAIOT 4Yepe3 MmaTrpyoku 3
14 W IOCTYIawT B nepdopupoBaHHBIE TPYOBI 9
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n 10, koTopble TPHUBOISAT B IBIKCHHUE ITPUBOJIBI
Bpamenust 11 u 12. Tlpoxoxms uepe3 oTBepcTus
B JAHHBIX TPy0ax OHH MOCTYIIAIOT HA TIOBEPXHOCTh
oOpalleHus] CMECH.

['maBHBIM HETOCTATKOM JTaHHOTO CMECHUTENS
SBJISICTCS CIIOKHOCTH TPU M3TOTOBJICHUH TeppOpH-
poBaHHBIX Tpy0. [loMrMo 3TOTO, BRICOKAS METAJLIO-
€MKOCTh, a TaKXKe HEOOXOAMMOCTh HCIIOJIb30BAHHS
JTOTIOJTHUTENBHBIX TPUBOJIOB, IPUBOAAT K yCIIOXK-
HCHUIO MPUMCHCHUA I[aHHOI\/'I KOHCTPYKIIUU.

Crenyrommuii MeToa 0OphOBI ¢ cerperauei,
KOTOpBI paccMOTpUM B JJaHHOW pabote, Oyzer
MIpUMEHEHNE pabodeil KaMepsl CIIOKHOU (hOPMEL.
B cmecuTensax ¢ KOpITyCOM, BBIIIOJIHCHHBIM B BUIC
CJIOKHBIX T€OMETPHUIECKUX TEJ, YaCTHIIbI, HAXOMIsI-
myecss BHYTPH, COBEpUIAIOT HE HaIpaBIeHHOE
JIBUKEHHE, a XaOTHYECKOe, YTO MO3BOJSET pas-
OuTh nEeHTp cerperauvu. llpuMeHeHHe TaHHOTO
METO/Ia TIpeicTaBieHo B pabdore [3]. KoncTpykuums
cMecuTeNs MoKa3aHa Ha PUCYHKe 3.

M 2R

i s

Pucynoxk 3. Cmecurens ¢ 6apabaHoM clI0XXHOH GOPMBI
Figure 3. Mixer with a drum of complex shape

Best KOHCTpYKIMSI CMECHTENsl 3aKpericHa
Ha CTaHWHE 1, TpeacTaBICHHON B BHIE CBapHOI
pambl. Cmech 3arpyxaercs B Oapaban 5 uepes
cpenctBo st 3arpy3ku 8. bapabGan cmecurens
UMEET yCJIOBHO KOHHYECKYI0 (popMy, COCTOUT M3
CeKIMI W MOJCEKIWH U 00pa3oBaH JIOMaHBIMH
BUHTOBBIMU JIMHUAMHU. BHyTpHu 0apabana, mo Bcei
€ro JUIMHe, CMOHTHUPOBaHA KOHHYECKas MPYXKHHA
10 c BuTKamu, HaMpaBJCHBI MPOTHB JBUKECHHUS
cMmecurelsi. B nBmkenne qaHHBI cMecuTeNs Mpu-
BOJIUT TPHUBOA TJIABHOTO JBIDKEHHS, B KOTOPBIN
BXOJISIT DJIEKTPOABUTATENb 2, PEIYKTOP 3 U YETHI-
PEX POJIMKOBBIX OMOPHI 4, HA KOTOPBIE OMHUPAIOTCS
00oma 6 u 7. 3a cuer ciioxHOU popmbl OapabaHa
HaJIMYMsL IPY>KUHA KOMIIOHEHTBI CMECH, HETIPEPBIBHO
3arpyxaeMble B Oapa0aH, COBEpIIAIOT CIIOKHOE
Xa0THYHOE JIBWKEHHUE, 3a CUET Yero MOBBIMIACTCS
MHTCHCUBHOCTh B3aWMOJCHCTBUSI YaCTHI[ M CHHU-
JKaeTCsl 3HAYCHUE CErPeTallii CMECH.

Ocobennoctu Qopmbl OapabaHa ITaHHOTO
CMecuTelNsl TPUBOIAT K pSAYy MHHYCOB JaHHON
KOHCTPYKUMH. [TTaBHBIM M3 HHX SBJISETCS CIIOXK-
HOCTh U3TOTOBJICHHS caMoro OapabaHa, TaKKe BBICO-
KHE METaIIOEMKOCTh M HEProeMKocTh. [Tomumo
3TOrO, TpeOyeTCs NOMONHHUTEIbHAS [ITyMOU3OJISIHS
Y BUOPOM3OJISALIHSL.
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[Momumo mnpumeHeHuss pabodeli KamMepbl
CIIOHOU (POPMBI, CIIOKHOE XaOTHYECKOES JBHKCHHUC
YaCTHUI[ MOXKHO JOOUTHCS C MOMOIIBIO CIIOXKHOTO
JIBUKCHUSI CMECUTEIILHOTO OapabaHa, BO3MOKHOTO
IIPH UCIIOJIL30BAaHUE IIPOCTPAHCTBEHHBIX HIAPHUPHBIX
MEXaHU3MOB. Peanmzamus takoro MeTosia 60pbObI
¢ cerperartuieit mpeacrasieH B pabore [8]. Korctpyk-
IHsl TAHHOTO CMECHTEITs TOKa3aHa Ha PUCYHKeE 4.
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Pucynox 4. bapabaHHBIN CMECUTENH C KPUBOLITUIIAMHA
Figure 4. Drum mixer with cranks

JlaHHas KOHCTPYKLUS TaKkKe, KaK ¥ IpeIbLIy-
masi, 3aKpelvieHa Ha CTaHUHE 8, IpecTaBIeHHON
B BUJIE ABYX MOTOP-PEAyKTOpPOB 7. MoTOp-penyKTop
coeauHeH ¢ 6apabaHOM 3 KpHBOIIMIAMHU: MIPOMeE-
KyTO4YHBIMH 2 U 4, 11 oniopHbIMH 1 1 5. Beck 00beM
CMECH MOCTYIAET B CMECUTENb OTHOBPEMEHHO, Jajiee
BBIOMPAETCS 3aKOH JIBIKEHUS OapabaHa: BOZMOXKHO
BKIIIOUUTh KaK OIMH MOTOP-PEIyKTOp, TaK H 2.
[Tpu paboTe 0JHOTO MOTOP-PEAYKTOpa ABHIKEHUE
OT ONIOPHOTO KPHBOIINIIA Yepe3 MEPBBI MPOMEXY-
TOYHBIN KPUBOIIHIT 1 6apabaH mepeaaeTcss BTOPOMY
MPOMEKYTOYHOMY KPHUBOIIHUILY, OCh BPAIIEHHUS KO-
TOPOTO HETMOABI)XHA. BrirtoueHne B paboTy ABYX
MOTOP-PELYKTOPOB I0O3BOJISIET O0ECIIEUUTh CIIOKHOE
INPOCTPAHCTBEHHOE JBIDKEHHE OapabaHa C HEpaB-
HOMEPHOW CKOPOCTBIO TI0 CTPOTO ONpPENeIICHHOMY
3aKOHY, 4TO TI03BOJISIET Pa3pyLLMTh LIEHTP Cerperauuu
ChIIy4Yel CMECH.

OCHOBHBIM HEIOCTATKOM JJaHHOT'O arapara
JUISL CMEIIMBAHYSA SIBIISIETCS CIIOAKHOCTD M3TOTOBJICHUS
KOHCTpYKIMH Oapabana.

Bapabannble cMmecrTeny, B KOTOPBIX peains3o-
BaHbI TIEpPBBIE JIBE€ MOJIENM OOpHOBI € cerperamue,
UMEIOT BBICOKYIO METaNIOEMKOCTh M TPYIHOCTb
MIPU M3TOTOBJICHUH OT/AEIBHBIX YacTell ammapara.
ITosromy HauOosnee pacpoCTpaHEHHBIM UL peajn3a-
LMK METOJIOM SIBJIIETCSI YCTAHOBKA JOIOIHHUTENBHBIX
HEePEeMEIMBAOIINX JIEMEHTOB B LIEHTPE CErperaluu
cMecu. PaccMOTpuM psii TaKMX CMECHTENEH.

[t Hayana paccMOTPHUM CMECHTENb C HCIIOIb-
30BaHMEM CHMPAJIBHBIX HANpapisomuid. Onucanue
JaHHOTO armapara MpeACTaBIeHo B padote [4].
Ha pucynke 5 mokasan oOwmmii BUA JaHHOH KOH-
CTPYKLIUH.
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Pucynox 5. bapaGaHHbII cMecHTENs CO CIHPATEHBIMU
HaIpaBJISIOLIIMH

Figure 5. Drum mixer with spiral guides

CMech TOCTyIIaeT BO BpaIaromuiics Oapa-
Oan 1 uepe3 3arpy3ouHblii maTpyOoK 3 mpu 3TOM
pa3nenssich Ha JIBa MAaTOKa: MEPBBIA MOTOK CHITYYHX
MaTepHaioB UJIET BIOJb BHYTPEHHEH MOBEPXHOCTH
CMeCHUTENbHOT0 6apabaHa, a BTOPOi IOTOK MOMagaeT
Ha MOBEPXHOCTh CIHMPAIBHON HANpaBIsIOMIEeH 2.
3a cyer CnMpalbHBIX HAIPABISIONINX BTOPOH TOTOK
repeMentaeTcsl B MPOTHBOIIOIOKHOM, OTHOCUTEIBLHO
MIEPBOTO IMOTOKA, HATIPABJIEHUH, YTO 00ECIIEYHBAET
YaCTUYHYIO pelupKysanuio cmecu. OTcrynas oT
MOBEPXHOCTH CIIUPATILHON HaIPaBJISAIOIIEH BTOPO
MOTOK cMeIuBaeTcs ¢ nepBbiM. OOIIKi MOTOK Te-
peMemaeTcs Mo BHYTPEHHEH TOBEPXHOCTH CMECH-
TEeTHHOT0 OapabaHa U peHUPKYIUPYETCS, IPHU ITOM
MOCTENEHHO Pa3/Ieisisch Ha JIBa TIOTOKA, KOTOPHIE
MOBTOPHO TMPOXOJAT MpPOIECC CMEIIMBAaHUSA Ha
KOKJIOM mocnenyromeil cnupaibHOW HaIpaBiisiio-
mei. Cmech, KOTOpas SIBISETCS OJHOPOTHON
0 COCTaBY, MMPOXOUT BCIO JUIMHY CMECUTEIHFHOTO
Oapabana W, B KOHEYHOM HTOTE, BBITPY)KACTCS
yepe3 naTpyOoK pa3rpy3ku 4.

B umcrne HeocraTkoB 6apabaHHOTO CMECHTEIIST
OTMEYaeTCsl TOJITHH MK CMEIIeHHs, KOTOPhIA MO-
JKET 3aTATUBATBHCSA Ha HECKOJIBKO YacoB. JTO MOXKET
OKazaTh HETraTMBHOE BIMSHUE Ha IIPOU3BOJIUTENb-
HOCTb pa0O0TBI, 0COOEHHO €CiM TPeOyeTCsl CMEINBATD
Oonbirie 00BEMBI MATEPHUATIOB WJIH €CITH CMECHTEITh
WCIOJB3yeTCd B JUIMTEIIBHOM peXHMe. A Takke
HEBBICOKAsT BHYTPEHHSSI PEIUPKYJISALUS CHITYyYUX
MaTepHalioB MpHU WX cooTHomeHuu 10 1:40, 9ro
CMOCOOCTBYET HEIOCTATOYHOH IPOJIOIKUATEITEHOCTH
HaXO0KJIEHHUs 4acTUIl MaTepHaja BHyTpH amnmapara.

CrnenytommM  paccMOTpuM — OapaOaHHBIN
cMecuTenb ¢ [-00pa3HbIMH JIOTIACTSIMH, OMMCAHHBIH
B pabore [5]. KoHCTpyKIlMsi JaHHOTO armapara
MoKa3aHa Ha PUCYHKE 6.

Cyxasg cMech TOMNaaaeT B ammapar depes
3arpy304HbIH TaTpyOoK 6, pa3aessisich Ha JiBa IMo-
TOKa, OJUH M3 KOTOPBIX NPOJOJDKACT IBIIKEHHE
BJIOJIb OcU OapabaHa, a [pyroi nomaaaer Ha [-00-
pasubie nomactu 4. BrocnenctBuu, mpu pabote
Oapabana, BTOpast cMech cchImaercs ¢ [-00pa3HbIx
jJonacTted mnonajgas K nepBodl cmecu. Ilomumo
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3TOTO, KOHCTPYKIIUS CMECHTENs TO3BOJISIET Bpa-
1IaTh JOMACTH OTHOCUTEIBHO JPYT APYTra, 4TO M03-
BOJISIET W3MEHATH IBIDKEHUE CMECH B Oapabame.
Tak cnupaneBUAHBIA NOPSAOK JIONACTENW MPHUBO-
AT K 00bEeMHON BHYTPEHHEH ITUPKYJIISAIINNA CMECH,
IIpU 3TOM CIJIa’)KMBasd BXOJHBIC ITyJIbCalluU UCXOMI-
HBIX KOMITOHEHTOB. [1laxMaTHBIN K€ MOPAIOK IIPH-
BOJAM K MHOTOKPAaTHOMY HAJIOXEHHUIO pasiense-
MBIX ITOTOKOB, YTO OJarompHsITCTBYeT 0OIeMy
YCpEeIHEHHUIO KauecTBa cMecu. ['oToBast cMech BBI-
Tpy’KaeTcs uepe3 pa3rpy309HbId naTpyOoK.

3

Pucynok 6. bapabanHselii cmecurens ¢ ['-00pa3HbIMU
JIONACTAMH

Figure 6. Drum mixer with L-shaped blades

OnHMM 13 OCHOBHBIX HEIOCTATKOB JAHHOTO
CMECUTEJIS SIBJIETCA I0Iy4E€HHE CMECH 3alaHHOTO
KauyecTBa BCIIEACTBUE MAJIOW MPOAOIKUTENIBHOCTH
MpeOBIBaHNS MaTepraia BHyTPH armapara.

[anee npoananusupyeM anmapar s CMELIH-
BAHMS, TIPE/ICTABIICHHBII B padoTe [6]. KOHCTPYKTHB-
HBIE 0COOCHHOCTH 3TOTO amnmapaTa IpeACTaBIeHbI
Ha PUCYHKE /.

N

: WHrL[' ‘i

ke AL, 3 4 N,
Pucynok 7. bapabanHblii cMmecuTesb ¢ Tudrepamu
Figure 7. Drum mixer with lifters

Cyxas cmech mocrynaer B OapabaH yepes
3arpy304HbIH MaTpyOOK 5, mocie 4ero momajaer
Ha mudTepsl 2. [lpu Bpamenuu 6apadbana udrepst
MOJHMMAIOT CMECh BBEpX, IOCIIE Yero OHa CChIIla-
€TCsl ¢ HUX, I0Nazasi B OJIOK CMECHUTEIIbHBIX 3JIEMEH-
TOB 8, YCTaHOBJICHHBIN Ha IITaHTe 7 U COCTOSIIIMIMA
U3 CMECHUTEIBHBIX 3JEMEHTOB 9, BBIIOIHEHHBIX
U3 paBHOMOJIOYHOTO yroyka. [Ipoxozs uepes cme-
CHUTEINIbHBIC 3JIEMEHTH], pa3MEIECHHBIE YIJIOM BBEpX
B IIAXMATHOM TIOPSIIKE, KOMIIOHEHTBI CMECH TTOJTY-
Yar0T HHTEHCUBHOE MONIEPEYHOE NIepEeMELINBAHUE.
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K Henocratkam qaHHOro 6GapabaHHOTO CMe-
CHTEIISl OTHOCHTCS CIIOKHOCTBH IPU U3TOTOBIICHUH
OJI0Ka CMECHTEIBHBIX 3JIEMEHTOB, a TaKXKE €ro
BBICOKAsI METaJUIOEMKOCTb.

Eme omanM u3 MetonoB OOpwOBI C cerpera-
IMeH SBISIETCS MCIIOJIB30BaHMs NIep(OPUPOBAHHBIX
joracTeil BHyTpu OapabaHa, Ka IOKa3aHO B pa-
6ote [7]. BHyTpeHHIsI KOHCTPYKIHsI 6apabaHHOTO
CMECHTEJIs IPECTAaBIICHA HA PUCYHKE 8.
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Pucynok 8. Bapabanublii cMecurens ¢ nephopupoBaH-
HBIMH JIOTTACTSIMU

Figure 8. Drum mixer with perforated blades

CMmech MoCTymaeT B MWINHAPUIECKUN Oapa-
6an 1. IIpu Bpamenun OapabaHa nepeKpernBaio-
mmecs nephoprupoBanHsie nieperopoaku 8, 9 u 10
3aXBaTHIBAIOT CHITy4yIO0 CMECHh CO CTEHOK KOpITyca
Y MOJIHUMAIOT €€ B BEPXHIOIO YacThb KOpITyca, n3Me-
HSISl TIPY 3TOM TPAEKTOPHUIO U CKOPOCTh JBHKEHHS
MMOTOKOB CMECH, YTO MPUBOAUT K MHTEHCHBHOMY
CMEIIMBAHMIO KOMIIOHEHTOB. YCKOpEHHE Ipolecca
CMEILIMBAaHUS CBhITy4Yel CMEcH, CKIIOHHON K 00pa3oBa-
HUIO KOMKOB, TIPOMCXOJIUT C IIOMOIIBIO MEJSIIUX
Ten 12, mpeacTaBIeHHBIX B BHUJIE IIAPOB, YTO 3HA-
YUTEJILHO YMEHBIIAET BpeMsl padOThI CMECUTEIIS U,
3a CYeT U3MENbYeHHNS] KOMITIOHEHTOB CMECH, yBEITNUH-
BAETCS OJJHOPOJHOCTH MTOTOBOW cMecH. M3MeHeHune
KOJIMYEeCTBa Nep(HOPUPOBAHHBIX JIOMIACTEH, (POPMBI
JIOTIACTeH, PACTIOJIOKEHHUS M Pa3MEPOB OTBEPCTHIA
B HUX, TIO3BOJISIET JI KaXJ0M KOHKPETHOU cMecu
noJo0paTh ONTUMAJIbHBIC YCIOBUS CMEIIMBAHMSL.

Ho necmoTpst Ha 3¢)(eKTHBHOCTH JaHHOTO
CMECHTENsl OH TaK K€ MMEEeT W PAJl HEeJOCTaTKOB.
Haubomnee Beckue U3 HIX 3TO BRICOKASI METAIITOEM-
KOCTb U HEOOXOAMMOCTh B TIOCJICACTBUH OTACIATH
[Iaphl OT MTPUTOTOBJICHHOW CMECH.

[locmegarM paccMOTpPUM  JIByXKaMepHBIH
OapabaHHO-TIONIACTHOW CMECUTENb, MPECTaBIICH-
HbII B padote [9]. [laHHBIN anmapat OTHOCHTCS U
K CMECHUTENSIM C U3MEHSIEMON KaMepo, a UMEHHO
€ KaMepoil U3 IaCTUYHOTO MaTepuana, i K CMECH-
TESIM C AOMOJHUTEIbHBIMU TEPEMEINBAIOLITIMHU
3JIEMEHTaMH, a2 UMEHHO JionacTssMu. KoHCcTpyKus
CMECHTETIS MpeICTaBIeHa Ha pUCYHKe 9.
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Pucynok 9. Cxema nByxxamepHoro ©OapabaHHO-
JIOTIACTHOTO CMECHUTEIIS CHIIIYYHX MaTePHUAIOB

Figure 9. Diagram of a two-chamber drum-blade mixer
of bulk materials

CMerBaeMble KOMIIOHEHTHI Yepe3 TaTpyOoK
3arpy3kd 12 mOCTymaroT B TOPOOOpa3Hyro 3ia-
ctauHyto kamepy 1. [locie BKJIrOUeHHs MPHUBOJA
KaMepa HaYMHAET BPAIAThCS, IPHBOIS KOMITIOHEHTHI
CMeCH B JIBIDKEHHE. J[BIDKEHHE CMECH TPOHUCXOIHUT
MyTeM I0IbeMa 1 TIOCIIEAYIOIIEro 0OpyLeH s MaTe-
puana. CamMO CMeIMBaHHE TMPOUCXOIUT B IIEHTPE
oOpylIeHusT W NpH B3aMMOJEHCTBUU MaTepualia
C JIOTIACTsIMHU 6, KOTOpbIE COCMUHSIOT Kamephl 1 u 2.
B Oapa®ane HaxoaWTCs Ba THIIA JIONIACTEH, Te
JIOTAaCTH, KOTOpPBIE OTOTHYTHI BHYTPb KaMmepsl 1
3axBaTbIBAIOT B HEH MOTOK MaTepuasia W Halpas-
JSIIOT B Kamepy 2, Te K€ JIOMAcTH, YTO OTOTHYTHI
B Kamepy 2, Hao0OpoT MepeMeniaroT MOTOK B Ka-
Mepy 1, obecrieumBasi TeM CaMBIM ITUPKYJISITHIO
CBIIyYero MaTepuajla B IIPOJOJIBHOM CEUCHUH
cmecurelnsi. ['0ToBasi cMech BBITPY)KAeTCsl depes
narpyook 14 B Oynkep 15.

OCHOBHOH HEIOCTATOK JaHHOTO CMECHTEJIS
3aKJIF0YaeTCsl B AJIACTHMYHBIX KaMepax, a MMEHHO
B U3HAIIMBAEMOCTH MaTepualla, U3 KOTOPOTO OHU
M3TOTOBJICHBI. BCJIC/ICTBHE YETO, TIPH PETyJISIPHOM
UCIIOJb30BAaHUY JIAHHOTO arapara, IOSBIISETCS
HEOOXOJMMOCTb YacTOH 3aMEHBI 3TOTO AJIEMEHTA
CMECHUTeIsI.

Pe3yabTarhbl

[Ipoananu3upoBaB CyLIECTBYIOLIME KOH-
CTPYKITMH OapabaHHBIX CMECHUTENeH, OBLIN BBISB-
JIeHbl 00IIMe HEeOOCTaTKH KaXIOoW U3 KaTeropuu
cMecutenei. [{ns cmecureneil ¢ pacnpeneneHHON
nojayel KOMIIOHEHTOB 3THM HEIOCTATKOM SIBJISI-
€TCsl CJIIOKHOCTh NMPHU HM3TOTOBJIECHHH 3JIEMEHTOB,
CBA3aHHBIX C MOJadyell KOMIIOHEHTOB CMECH.
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CwMmecurenu ¢ JONOJIHUTENBHBIME HEPEMELIHBAIO-
IIMMH 3JIEMEHTAaMH UMEIOT BBICOKYIO METaJIOEM-
KOCTh M HHU3KOC 3HAYCHUE BPEMEHU IpPEObIBaHUS
CMecH B amnmapare. Y CMECHUTENIeN ¢ M3MEHsAeMOn
pabouell KaMepoil OCHOBHBIMH HEIOCTaTKaMH
ABJSIFOTCS  CJIOKHOCTh HPU HM3TOTOBJICHUM WIN
W3HAIIMBAEMOCTb, €CJIM Peub UAET 00 AJIeMEHTax
13 THOKUX MaTepPHAaJIOB.

VYurs naHHBIE HEIOCTaTKH, ObUla BHIOpaHa
KaTeropysi CMECHUTeNEeH, a MMEHHO HCIIOJIb30BaHNE
JIOTIOJTHUTENIbHBIX NEePEMENINBAIOIINX 3JIEMEHTOB
B LIEHTPE CErperalyy CMeCH, Ha OCHOBaHUH KOTOPOH
ObLTH pa3paboTaHbl 2 HOBBIX KOHCTPYKIWK OapabaH-
HeIX cMecutenedl. [Ipu ux paspaboTke OCHOBHOI
3agaveii ObIJIO yBeIMYEeHUE BPeMEHH NpeObIBaHUS
cMecn BHyTpu Oapabana. Ha obe koHCTpyKImm
MOJaHbI 3aBKH Ha MATEHT.

BHyTpeHHsI KOHCTPYKIMS IEPBOTO anmapara
JUTSL CMEIIMBaHMS MpeAcTaBlieHa Ha pucynke 10.

Pucynok 10. BapabanHbIii cMecHUTENb C CEKIIMOHHBIMU
paIHaIBbHBEIMU Pa3AeIUTENIIMA

Figure 10. Drum mixer with sectional radial separators

Martepuai cyxoii cMecH Ionajiaet 4epes 3arpy-
30YHOE YCTPOWCTBO 5 B CMeCHTEIbHBIN OapabaH 1,
BHYTPH KOTOPOTO pazzessiercs Ha ase yacTu. OnHa
YacTh MMOTOKA MaTepualia MPOXOAUT Yepe3 BBIPE3bl
3 MeXy CEeKIIMOHHBIMU pa/InaIbHBIMH pa3IenTe-
JSIMH 2, a Apyras d4acTb 3aJIepXKHBAeTCsl Tepen
HUMH, HaKaIUIMBasCh N0 JTOCTHIKEHUS BEPXHETO
Kpasl pasfenuTess. OTO TMO3BOJSIET YBEJIUYUTH
BpeMs HaXOXXJIEHHsI MaTepualia BHyTpu OapabaHa.
Coliinist ¢ MOBEPXHOCTH CEKIMOHHOTO PaguaibHOro
paszmenuTens, NOTOK HAaKJIaIbIBaeTCs Ha MEpPBBIN
MOTOK MaTepuajia, TIOclie 4Yero MpPOUCXOIHT
UX CMELIMBAHUE NPU MPOAOJIHLHOM IEpPEMELICHUN
M0 BHYTPEHHEH MOBEPXHOCTH pabodero Oapabana.
Janpie 3TOT NMOTOK MOMAAaeT Ha CIeoyIOMN
CeKIIPIOHHBIﬁ pa3aciuTeiib, 4TO MNPUBOJUT K I10-
BTOPHOMY Da3[eJICHHIO TOTOKa Ha IBE YacTH.
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IIpoiias mo Beelt myMHe cMecuTenbHOro OapabaHa,
MOTOK ITOJIBEPraeTCsi MHOTOKPATHOMY pa3JIeIICHUIO
W HAJIOXKEHUIO €r0 CIIOEB JIPYT Ha JPyTa, YTO CHOCO0-
CTBYET YBEIMUCHUIO HAKOIMUTEIBHOU CIIOCOOHOCTH
W YIIy4IICHUIO KadecTBa cMecu. PasMep BBIpe3oB
3aBUCHT OT TEXHOJOTHMUECKUX apaMeTPOB PabOThI
anmapara W HaxomuTcs B quamaszone 0,5-1 nua-
METpa OTBEPCTHUS. DTO MO3BOJISET MOJy4aTh CMECh
3aJJAHHOTO KauyecTBa. PacronoxeHue, pasmep U
KOJIMYECTBO CEKIMOHHBIX pPa3IeIUTeNCH MOXKET
U3MeHATCs. Pa3nnyHoe 3HaueHHs NAHHBIX Mapa-
METPOB MO3BOJISIET MOA00pPaTh ONTHUMAJBHBIC Ma-
paMeTphl IS CMEIIMBAHUS KOHKPETHOTO Habopa
CBIITyYUX KOMIIOHEHTOB, MPHUBOJSA K IOJYYCHHUIO
0oJlee KAUCCTBEHHOM CMECH.

Cxema BTOpOro 0Oapa0aHHOTO CMECHUTENsS
MpecTaBlieHa Ha pucyHKe 11.

N

Pucynok 11. BapaGaHHBIH CMECHTENb C IEHTPATLHBIM
bapabanoM

Figure 11. Drum mixer with central drum

UYepes ycTpoiicTBO 3arpy3kH 6 ChIITy4YHe MaTe-
pHAITBI TTOJIAIOTCST BO BPAIAIONIMNACS HA POJIUKAX 2
COBMECTHO ¢ OapabanoM 1 munmuHap 3, U, pacTekasch
0 €r0 TTOBEPXHOCTH OOIMINH TTOTOK CMEIIMBAEMBIX
MaTepHaloB IEIUTCS Ha ABa MOTOKa, OIUH U3 KO-
TOPBIX MPOAOIIKAET ABIKEHHE BHYTPH [HUINHIIPA,
a BTOPOM BBICHINAETCS Yepe3 CIHUPaIbHBIA BBIPE3.
OO6pazoBagiIrecs MOTOKH ITUPKYJIHPYIOT OTHOBPE-
MEHHO KaK B IPOJOJBHOM, TaK W B IONEPEUHOM
HaNpaBJICHUH, CO37aBasi CKPEIIMBAIOIINECS U
PEUUPKYJISILIMOHHBIE TTOTOKH, OTHOCHUTEIBHO OCH
OapabaHa, Ipy 3TOM CMEIINBAsICh B OOIIHIA TOTOK,
JIBIDKYIIHICS BAoML Oapabana 1. IloTok matepuana,
HaXOJSLIUICS B MOJOCTH MEXAY LUMIMHAPOM 3 U
GapabanoM 1 momagaeT Ha MIACTUHBI-BOPOIIHATENH 4,
Y MIOJHUMASACh HA HUX BBEPX CCHINAIOTCA Ha IMO-
BEPXHOCTb IIMJIMHJPA 5, YaCTUYHO Tonanas yepes3
CHHpanbHBII BBIpE3 BHYTpb Hero. ['oToBas cMmech
BBIBOJUTCS U3 LIWJIMHApaA Ha KoHBeWep. [Ipensoxen-
HOE KOHCTPYKTUBHOE PEILECHHE MO3BOJISICT YBEIUUHUTh
BPEMs HaXOXJCHUA YaCTUI] BHYTPHU aIlriapara.
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3akmouenue B pabore mnpoaHanM3MpOBaHBl CYLIECTBYIOLIHE

B nacrosimee Bpemst OapabaHHbIE cCMECUTEIH KOHCTPYKLUM CMECHUTENIEH, BBIIBICHBI HX HEAO-

HUMEIOT IIUPOKOE MPUMCHEHHUS B PA3IMYHBIX 00J1a- CTaTKu U, € y1IETOM 3THX HEJOCTaTKOB, MpEUIO-

CTAX NPOMBIIUIEHHOCTH. Pa3Hble cMecu TpeOyroT JKCHBI IBC HOBBIX CXEMBI BHYTPEHHETO yCTPOUCTBA
OT HUX ONPEIEICHHBIX Ka4deCTB, YTO IPHBOIUT OapabaHHbIX CMECHTEIIEH.

K He0OXOMMOCTH Pa3padOTKH HOBBIX alapaToB.
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AnHoTanus. B npouecce MccnenoBaHni pacCMOTPEHbI BOIPOCH KOMOMHHUPOBAHHs TOILIMX BHIOB PHIO € HPOAYKTAMH )KHBOTHOIO U PAaCTHTEIHLHOIO
MPOUCXOKJCHHS, B3AUMHO JIOTIOJIHSIOIINE AMHHOKHCIIOTHBII COCTaB FOTOBOTO MPOJYKTA, KOTOPBIi OTBEYAaET XMMUYECKOMY COCTaBY CyTOYHOTO PAllOHA
OCHOBHOT'O BapHaHTA AMETHI, HA3HAYAEMOH MPH JICYCHHH HEHH(EKIIMOHHBIX 3a00CBaHNMI, B YACTHOCTH CaxapHOro amabera BToporo Tuma. OCHOBHBIM
CBIPBEM JUISl H3TOTOBIICHHS Cy(ie, OMIIeTa U 3alleKaHKH ObLIa CBEXKEMOPOXKeHas pbiba MUHTal ¢ 106aBKaMH IOPOIIKOB PACTUTEIEHOTO IIPOUCXOKIACHHS:
CyOIMMHUPOBAHHBIE YKPOII, ETPYIIKA W MAIPUKa, a B KAYECTBE PACTHTEIBHOIO M KUBOTHOT'O CBIPbSI HCIOJB30BAIN JIyK, OPAHKEBasi H XKe/Tas MOPKOBb,
MOJIOKO, CJIMBOYHOE Macio M Sino KypuHoe. Jliis TeruioBod 0oO0paGOTKM BBIOpaHbI INAIAIIME CIOCOOBI U PEXKUMBI TEPMOOOPAOOTKHU: 3aleKaHHe
B [IAPOKOHBEKTOMATE HA PSKUME «IIap» U «kap». Ha OCHOBaHHM MOIEIMPOBAHMSI KOMIIOHEHTOB PELEHTYPHI C y4ETOM HX OHOJIOTMYECKON HEHHOCTH
MOJly4CHbI HOBBIC BKYCOBBIE KaueCTBa Cyduie, 3alleKaHKH M OMIIeTa, (DapIIMpOBAHHOIO C JOOABICHHEM IIOPOIIKOOOpPa3HBIX J00ABOK M OBOLICH,
BBITOJHSIOIIMX JOHOIHUTEIBHYIO CTPYKTYPHPYIOLLYIO poib. B kauecTBe KOHTpOJIst GbLH cyduie, OMIIET H 3alleKaHKa, IIPHTOTOBICHHBIC 110 TPAJ{ULHOHHOM
peLenType, UMeIoLIeiicss B HOPMATUBHO# J10KyMEHTALMH. BBIBIICHBI 3aBHCHMOCTH CBIPBIX M TEPMOOOPAOOTAHHBIX HPOLYKTOB U HX BIHSHHE HA CTPYKTYPY
cytdue uomiera. IlomydeHbl CEHCOpHbBIC XapaKTEPUCTHKM HOBBIX OJIO[ C y4eTOM OOpabOTKHM B MapOKOHBEKTOMATE. YCTAHOBJICHBI MapaMeTpbl
TEXHOJOTHYECKHUX IPOLECCOB NPH 3allCKaHWM Ha peXUMe «map» u «kap» npu temmneparype 180-200 °C. BbIsBiaeHbI 3aBUCHUMOCTH MOJIOKA, SIHIL
U CIIMBOYHOTO MAc/a OT CBSI3YIOIIMX KOMIIOHEHTOB PELeNTypbl — MyKH PHCOBOII U MOPOIIKOOOPA3HBIX PACTHTEIBHBIX 100aBOK. OGOCHOBAHBI (DAKTOPEIL,
KOTOpBIE SIBJISIIOTCS OCHOBOIOJIAraloIMMH IIPH HM3TOTOBICHHH HPOAYKTOB, IpelHa3HadeHHbIX st querst OBJI (mmaGernueckast). IlomydeHHBbIH
MOJIEJIBHBIX COCTaB peuentyp cydue pioHoe, «PbiOa, 3ameueHHas MO SUYHO-MOJOYHBIM COYCOM» H OMIIET, (apIIMpOBaHHBIN «YIIbIOKa» OTBedyaer
TpeOOBaHHIM, HOPMATUBHOM JOKYMEHTALMH X HOTPEOUTEICKUM MPEAIOYTCHHSIM.
KiroueBble cj10Ba: PHIOHBII MOZEIBHBIN (apu, cydite, oMIIeT, 3aeKaHKa, 10Ka3aTe/n Ka4ecTBa.
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Abstract. In the process of research the questions of combining lean fish species with products of animal and vegetable origin, mutually complementing
the amino acid composition of the finished product, which meets the chemical composition of the daily ration of the main variant of the diet prescribed
in the treatment of non-infectious diseases, in particular type 2 diabetes mellitus, were considered. The main raw material for making soufflé, omelet
and casserole was fresh-frozen pollock fish with additives of vegetable powders: freeze-dried dill, parsley and paprika, and onion, orange and yellow
carrots, milk, butter and chicken egg were used as vegetable and animal raw materials. For heat treatment we chose gentle methods and modes of heat
treatment: baking in a combi steamer on the mode "steam" and "heat". On the basis of modeling of the recipe components taking into account their
biological value, new taste qualities of soufflé, casserole and omelet stuffed with the addition of powdered additives and vegetables that perform an
additional structuring role were obtained. As a control were soufflé, omelette and casserole prepared according to the traditional recipe available in the
regulatory documentation. Dependencies of raw and heat-treated products and their influence on the structure of soufflé and omelette were revealed.
Sensory characteristics of new dishes taking into account the processing in a combi steamer are obtained. The parameters of technological processes at
baking on a mode "steam" and "heat" at temperature 180-200 °C are established. The dependences of milk, eggs and butter on the binder components
of the formulation - rice flour and powdered vegetable additives have been revealed. The factors that are fundamental in the manufacture of products
intended for the OVD (diabetic) diet are substantiated. The obtained model composition of the formulations of fish soufflé, "Fish baked under egg and
milk sauce" and omelet stuffed "Smile" meets the requirements, regulatory documentation and consumer preferences.

Keywords: culinary products, poultry, children's nutrition, food safety, consumer properties.
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BBenenue

O3nopoBneHre HalUWM, TOBBIMLICHHE TPYIO-
CIOCOOHOCTH HACENEHUS, €r0 CpelHed MpOIOIIKHU-
TENBHOCTH KU3HU BO3MOYKHO JIMIIb ITyTeM [Ty OOKOM
TpaHC(OPMALIMK CUCTEMBI TPOJOBOJILCTBEHHOT'O
o0ecrieyeHusi, MEPBBIM LIArOM K KOTOPOW MOXKET
MOCIYKUTh KOPPEKTHPOBKa JIOKTPUHBI TMPOJI0-
BOJILCTBEHHOW 0€30MacHOCTH B CTOPOHY TpaHC-
¢dopmaru ee B JIOKTpUHY TIPOJOBOILCTBEHHOMN
3¢ (eKTUBHOCTH, OCHOBHAS 3aj]adya KOTOPOM — He
MPOCTO OOECTIEYNTh YAOBICTBOPEHUE MMOTPEOHOCTH
HACEIIEHUS CTPaHbl B OTEYECTBEHHBIX MPOIYKTaX,
HO B MPOJYKTaX C BBICOKOW MHUIIEBON LIEHHOCTHIO
1 OMoJ0rN4YecKoi 3¢ HPeKTHBHOCTEIO.

OmHako, celdac MPOM3BOAUTCS OOJBITHHCTBO
TIPOITYKTOB IO MHHOBAITMOHHBIM OE30TXOHBIM TEXHO-
JIOTHISIM, KOTOPBIE BKIFOYAeT TOOOYHBIE KOMIIOHEHTEI,
BIMSIFOIIMIE Ha 3/I0POBBE HYENIOBEKA W OKPYIKAIOIIYIO
cpeny. TpaauIiMOHHO BO3JIEMCTBUE HA OKPYKAOIILY IO
Cpemy pa3Aersuioch MEXIY Pa3IMdHBIMA JIOTUCTHYC-
CKMMH TPOIIECCAMH B COOTBETCTBHH C 0Ojee WiH
MeHee TTPOU3BOJIBHBIM KO3 (MHUITHEHTOM pacipeie-
JeHrs. B cooTBETCTBUM € HOBBIMH TPEOOBAHUSAMHU
ISO u pexomenparusavmu SETAC 1o BO3MOKHOCTH
ciemyeT m30eraTh MOMOOHBIE MPOIECCHI: 00pa3o-
BaHHE MYTareHHBIX W KAaHIIEPOTeHHBIX BEUIECTB
Kak B IpOIlecCe HM3TOTOBIICHHS, TaK M XpaHEHUs
MPOJIYKTOB MUTaHMs. BBUIO pacipocTpaHeHO MHe-
HHE, 4TO W30eKaTh JaHHBIE MPOLECCH BO3ZMOXKHO
MyTEeM PACHIMPEHUS] CHCTEMBI IPOU3BOJICTBA-
noTpeOIeHHs, U3TOTOBIICHHUS KOMITO3UTOB, cMecei
W3 BOCCTaHOBJICHHOTO CHIPbSI 1 MATEPHAIIOB (HAIIPH-
Mep, CyXHe CMeCH ISl IETCKOTO M AMETHYECKOTO
nutanus). [I0cKobKy COOTBETCTBYIOIINE 3aMEHBI
CUUTAITUCH CIUIIKOM CIIOXHBIMH, TPYIHBIMHU JIS
oTpeJieNieHHsT ¥ WHOTIa BKIIFOYAIH OSCKOHEUHBIE
perpeccun B Ipolecce KyMaXHUPOBaHUS HIU CO-
CTaBJICHUS] TIOMOJIBHBIX W MHBIX TMApTHH CBIPHS,
TO 3TH TpeJroiaraeMble MpoOIeMbl MOTYT OBITH
peIIeHbI TyTeM MPUMEHEHHSI CTPOTOM MPOLELyphI
BBISIBJICHHS 3aTPOHYTHIX MPOIIECCOB, paHee pa3pado-
TaHHOM W NPEACTaBICHHOM HOPMAaTUBHOM JOKYMEH-
TalMW 1 3aKOHOJATENBHBIX aKTOB. B cratncTuueckux
0630pax NATION moka3zaHo, 4To MUTaHHE OKA3bIBACT
B)XHYIO POJIb HA KU3HEIEATECILHOCT HACEIICHHS.
Taxk, HaunHas ¢ 2015 roga B pa3iauuHBIX CTpaHax
Habmroaetcst poct 6,7% (4,5-12,1%) neungexiu-
OHHBIX 3a00JIeBaHMH B IIMPOKOM BO3PACcTHOW Jxarna-
30He oT 20 10 79 ner nokymenre. [Iporuos pa3surus
HerH(eKIMOHHBIX 3abomeBanmnii k 2040 roxa npemy-
CMaTpHBaeT MocTeneHHoe yenmdaenue 10 7,8% (5,2—
14,9%). HccrnenoBaHusi B TaHHOM HAaIpaBJICHUU
MO3BOJISIIOT TaKXKe MPEATIONIOKUTE UCTIOIh30BAHNE
BBICOKOI()()EKTUBHBIX ~TEXHOJOTHH, TTO3BOJISIOIINX
m30eKaTh paCHIMPEHHs] CUCTEMBl MOCIHPOBAHUS
TeHHO-MOAV(UIIUPOBAHHBIX TIPOIYKTOB, BBI3BIBAIO-
X MyTtareHHble 3¢ ¢ekTsl. OOIEen3BeCTHb CI0XK-
HbIE TIPOOJIEMBI, BO3HUKAIOIINE TIPH TIepepadboTke
CEITbCKOXO3SMCTBEHHBIX MM TIPOMBIIIIEHHBIX BTO-
PHYHBIX PECYPCOB (CBIPHSI, OTXOMIOB TIPOM3BOJICTBA),
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MCTIOJIh3yEeMbIX B Ka4eCTBEe KOpMa (HalpuMep, par-
COBBIH KMBIX, KOTOPBIM 3aMEHSIET POU3BOACTBO CO-
eBBIX 0000B, B KOTOPOM OTISITh )K€ HCIIOIB3YETCS
Macjo B KadecTBe MOOOYHOTO TPOIYKTA) WIIH
ymnoOpeHus (HarpuMep, OPTaHUICCKIE YIOOPEHS —
MOOOYHBIE TPOAYKTHI OT KHU3HENESATENFHOCTH K-
BOTHBIX ), M HAKOHEII ITOCJICHEE 3BEHO TEXHOJIOI e~
CKOM 11err — KopoBa (MsICO, MOJIOKO, MAaclio u T. 11.),
YTO J1aeT BO3MOXKHOCTB MOJTYYUTh KAUeCTBEHHBIE TIPO-
JYKThI TIATaHWS. A Taroke BTOPHUHBIC (DYHKIMH Jiec-
HOTO XO3SICTBA M CETILCKOTO XO3SHCTBa (Hampumep,
TIOAJIEpKAHHE JTOXOJIOB B CEIBCKOM MECTHOCTH, Oia-
TOYCTPOUCTBO, TIOIIIEpKaHNe JaHAMAa(TOB IS OT-
npixa) [1]. Bee cymiecTByroIie 3K0JIOTHYECKUE U
COILMAJbHBIC MPOOJIEMbI TECHO TIEPEIUICTEHBI, II0-
3TOMY HEOOXOIMMO pa3paboTaTh CTaHAPThI IUTAHMS,
€IUHBIC B PA3JIMUHBIX CTPAHAX MHPA, MO3BOJISIOIINEC
1IETIeCO00Pa3HO  HCIOJIB30BaTh CBHIPHEBBIC PECYPCHI
Y PEryJIMPOBaTh BOMPOCHI 3IPABOOXPAHCHUS, MPETISIT-
CTBOBATh Pa3BUTHIO HEMH()EKIIMOHHBIX 3200JICBaHUIA.

[lepecMOTp yKa3aHHBIX KIFOUYEBBIX TPOOIIEM
MUBWIM3AIMYA HAdajics C OMpoca, Pa30oCIaHHOTO
B HalmoHanbHEIe KomuTeThl |DF, B Xo1e koToporo
OBUIM TOJTyYEHBI IIEHHBIE OT3BIBBI ITOJIb30BATENICH
crannapra. [IpoBeneHHast paboTa BKIIOYaia 3HA-
YUTEJIbHBIC YCUIIUS B COTPYAHHYECTBE U JUAJIOTE,
HO TT03BOJIMJIA TIPUHTH K COaTaHCUPOBAaHHOMY COIJIa-
crto. CyIleCTBYIOT Pa3jIMUHbIC METO/Ib U HICTOUYHHUKH
JUTSE OTIPEICIICHUS. BBIOPOCOB, 3arps3HCHHN BOJIbI
1 BO3/yXa, BUPYCHBIX MH(EKIHI, KOTOPHIC KJac-
CU(UIMPYIOTCS B 3aBUCHMOCTH  OT UX TOYHOCTH |
neramuzanuy. CaMplid IpOCTOW MOAXOJ ONMCHIBA-
eTCsl Pa3NIMYHBIMUA YPOBHSAMHU W WHAWBUTYaJTbHBIMHU
naHHBIMH. Ha mepBoe MecTo B MUpPE BBIXOIAT
Takue 3a00JICBaHUs IUBIIN3AIUH, KaK CEpJICYHO-
COCYAMCThIC, TUA0OET BTOPOTO THIIA, OHKOJIOTHS,
OXXUpEHUE, HapyIlieHre 0OMEHa BEIECTB.

B coBpemennoM Mupe caxapHblii guader
COCTaBJISICT OCHOBHYH) TPHYMHY CMEPTHOCTHU
HACEJICHUS,, HO Ha PHUCK €ro pa3BUTUS MOXHO
TIOBJIUSITh 33 CYET KOPPEKIIMH CPENOBBIX (HakTOpOB,
B TOM 4YHCJI€ NMUTaHUSA. B 4acTHOCTH, NPOTEKTUBHBIN
3¢ (}exT oka3pIBacT PHEPTETHUCCKH CcOaTaHCHPO-
BaHHAs JMeTa — KaK MPOQPHIAKTHKA CaXxapHOIro
nrabera 2 Tura, MPaBWIBLHBIA OANaHC W KOJIMYECTBO
MPOCTBIX CaXapoB.

Hecmorpst  Ha kaxkymieecss  HeOOIBIITUM
yMEHbIIIEHHE PHCKa, TIPH KOJIOCCATbHON paclpo-
CTPaHEHHOCTH caxapHoro auabera 2 THIIA TaKoe
CHI)KEHHE 3a00JIeBa€MOCTH CIIOCOOHO cOepeub
3HAYMMOE KOJIUYECTBO ku3He [1-3].

Priba B oTnMuMe OT Msca CEIIbCKOXO35M-
CTBEHHBIX YKHUBOTHBIX MPAKTUYECCKH HE COICPKHT
COETMHUTENIFHON TKaHU. PpIOHBIE Oenku B TpU pasa
ObICTpee TEPEBAPUBAIOTCS B HKETyIOYHO-KHIIICTHOM
TpakTe. 13 umeromuxcsa 20 3aMEHUMBIX U HE3aMme-
HUMBIX aMHHOKHCIIOT TI0 CPAaBHEHUIO C IPYTHMH
MTUIIEBBIMH MTPOAYKTaMHU PHIOHBIE IPOTYKTHI 3aHH-
MaloT JIUANPYIOIIee TON0XKEeHne. BaxHyio poib
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B OpPraHU3Me BBITNOJHIIOT TIMIHMH U TaypuH [4].
BonpHBIM A1MabeToM PEKOMEHIOBAaHO MOTpedIe-
HHE apTUHUHA, KOTOPbI OyIeT crmocoOCTBOBATH
CHIDKCHHIO MMOOOYHBIX BO3ACHCTBUH Ha OpraHU3M
U OCJIOKHEHHUIT [5].

Hus 6onmbHbIx auaberoMm | u Il Tuma peko-
MEHJIyeTCsl YHOTpeOsTh PHIOY KXHUPHBIX COPTOB,
KOTOpasi 6oraTa MKO3aleHTaCHOBON M JOKO3areK-
caenosoii kucioramu (DIIK + JIT'K) [6, 7].

MogempoBaHu€e IPOAYKTOB M KOHCTPYHPOBa-
HHC PAMOHOB C LEJICBBIM HYTPUCHTHBIM COCTAaBOM
Ul TOTpeOuTeNnel Ha OCHOBE MX TCHETHYECKHX
MIPEPACTIONIOKEHHOCTEN SBJISIETCS BAXKHOM 3aaueit
B HAacToALIee BpeMsl.

deap padoThl MOJETUPOBAHUE PELENTYP
CHELNAIN3UPOBAHHBIX PHIOHBIX MPOAYKTOB Ha OC-
HOBE MHIIEBOM LIEHHOCTH M COUYETAEMOCTH CHIPbSL.

MatepuaJbl 1 METOABI

AMUHOKHCIIOTHBIA COCTaB MPOIYKTOB YKUBOT-
HOT'O Y PaCTUTEILHOTO TPOUCXOXKICHHUS TIPOAHAT3H-
POBaH Ha OCHOBE CHPaBOYHBIX TabmmIL. VccrenoBanus
MIPOBOJIMIIM  C MCTIOIB30BAaHUEM COBPEMEHHBIX H
YCTaHOBJIEHHBIX MeTOAMK [8]. J{ist anamm3a mostyueH-
HOM MH(OpPMAIMH MCHOJIB30BaH METO]| KiIacTepr3a-
MM MHOTOMEPHBIX 00BeKTOB [ 19]. Bee uccemyemMbre
0o0pasIpl TOTOBWIIMCH B NMAPOKOHBEKTOMATe Ha pe-
KUME «I1apy, «Kapy, MapaMeTpPhl TEXHOIOTHIECKHX
MPOIIECCOB MPY 3aNIeKaHUH PETHCTPHPOBAIUCH TIPU
temrneparype 180-200 °C mo AOCTHKEHHIO B TOJIILE
npoaykra 80 °C. OObeKTaMu UCCIICIOBAHUH SIBIIS-
JIOCh CBHIPhE W MPOAYKTHI, IPEIHA3HAUCHHBIC IS
muerbl OB/l (mnaberuueckas). MoielibHbIC COCTaBbI
penentyp cydie peidoHOe, «PbI0a, 3anieueHHas Mo/
SIMYHO-MOJIOYHBIM COYCOM» U OMJIET, (hapiiupo-
BaHHBIN «YIBIOKa» OTBEYATH TpeOOBAaHUSIM, HOP-
MAaTUBHOH JOKYMEHTallUd U MOTPEOUTEIIbCKIM
npeanourenusam — TY 10.20.25-040-35749547-2020
Pri6ubIe IOy padprkatel u Canllun 2.3/2.4.3590-20.
OnTtumansHble KoHIeHTpanud bAJl ot 1 10 2%.

OpraHoJenTUYecKyr0 OIEHKY IPOBOIMIN
MpOo(UIIBHEIM METOJIOM IO pa3padOTaHHON CHCTEME
JIECKPUIITOPOB, KOTOpBIE BKIIOYAIOT: apoMar,
TOKTUJIBHOCTb, LEIOCTHOCTh CTPYKTYpBI, COY-
HOCTh. [IuIIEBYI0 W SHEPreTHYECKYIO0 LIEHHOCTh
00pas3IoB XapaKTepPH30BaIN PACUCTHBIM METOIOM
IO CIIPABOYHBIM Ta0JIMI[AM COJICPIKAHUSI OCHOBHBIX

post@uvestniR-vsuet.ri
MULIEBBIX BELIECTB U SHEPreTUYECKON LIEHHOCTH
MULIEBBIX TPOIYKTOB.

B cratbe ucnonbp30BaHbl HOPMATUBHBIE JIOKY-
MEHTBHI, IO3BOJIIOIINE OLICHUTH Ka4eCTBO M3TOTOBIIS-
€MOii TIPOJIYKIIUKM ¥ OPraHHU3aIhI0 ¢ MOTPEOJICHUS:
I'OCT P MCO 22000 2019 ('OCT 2019 rona).

Pe3y.]'[]>TaTbI H 06cym¢1e}me

BcemupHast opraHusais 31paBoOXpaHeHHs 1
WuctutyT murarmst PAH pa3paborainn oCHOBHEIE
TpeOOBaHUS K COATAaHCHPOBAHHOMY ITHTAHUIO H €TO
KoMIOHeHTaM. [Ipu WMCHONB30BaHUM MOPCKHUX
OMopecypcoB NPUHIMITHATLHON 3a7aueil ABIsIeTCs
pa3paboTka HOBBIX TEXHOJIOTUH pa3/ie]IeHHus opra-
HUYECKUX KOMIIOHEHTOB, YTO CBSI3aHO C TOIy4Ye-
HUEM HOBBIX BHJIOB PBIOOTIPOTYKTOB, OTBEYAIOIIUX
OTPE/ICIICHHBIM OUOJIOTUYECKUM, MEAUIIMHCKUM
U TEXHOJOTrH4YecKuM HopMaM. [IpoxyKThl nuTaHMs
U ChIPbE€, OCHOBHON XMMHUYECKHUI COCTaB 1I€JION U
MOTPOIICHOU PBIOKI, Pe3YJILTATHI (DPAKITUNOHIPOBAHIS
Oenka, TOJydYeHHBIE B Pe3yJIbTaTé MHOTOKPATHOTO
JKCTParupoBaHus, HEOOXOIUMO YUHUTHIBATH IPHU
MOJIETMPOBAHNN TUETHUECKUX MPOIyKTOB. Takke
MpH TIONYYEHWH TUIPOJIM3aTOB PEKOMEHIYETCs
TUAPOM30BATE (apil U3 MEeTLHON PHIOK.

BbazoBoii cocraBmsromeil 6eIKOBOrO IMpo-
JIyKTa, PEKOMEHyEeMOr0 sl OCHOBHOTO BapUaHTa
nuetsl quabetndeckoit (OB/) ABASIOTCS aMHHO-
KUCIIOTBI MBIIIEYHBIX OenKoB pbIObI [4]. [TosTomy
BXKHBIM SIBJISICTCS CO3/IAHUE MPOIYKTA C BEICOKUM
COJICp)KaHUEM TIOJHOICHHBIX PBIOHBIX OCJIKOB,
a TaK)Ke HACBIIEHHBIX OMera-3, oMmera-6, omera-9
SKUPHBIX KUCIIOT, 00IaJaf0X aHTHOKCUIAHTHBIMU
cBoiictamu [9]. Kpome Toro, psiioM aBTOpOB, IpU
CO3/IaHMH CIEIHATN3NPOBAHHBIX MPOILYKTOB, COMIEP-
JKaIMX HATypaJbHBIC SKCTPAKTHI, PEKOMCHIOBAHBI
WHTEpPECHbIe KOMIIO3MIMK KaK II0 BKYCOBOH TramMe,
TaKk W 1o (GyHKIMOHAIBHBIM cBoiicTBam [10, 11].
Ha aroif 3akoHO#aTenbHON 0a3e BBITOTHEHBI pe-
HENTYpPbl, BXOAAIINE B PAIlIOHBI MUTAHHUSA, B TOM
yucne u OB/] nns nnaGeTnkos.

OCHOBBIBasICh Ha PEKOMEHIAIMSIX JUETOIIOTOB
MIPOBEJICH CPABHUTEIILHBIN aHAIN3 AMUHOKUCIOTHOTO
COCTaBa IMPOIYKTOB >KUBOTHOTO M PacTUTEIHHOIO
MIPOUCXOXKJCHHS, TO3BOJIAIOMINN MOJIEIUPOBATH
KOMITOHEHTBI PEIEeNTYPhl B COOTBETCTBUH C UX
(GyHKIMOHAIBHBIM Ha3HaueHueM (Tabiuma 1).

Tabnuua 1.
CpaBHUTEJIbHBIN aHATN3 aMHHOKHCIOTHOT'O COCTaBa OEJIKOB MHUILEBBIX MPOIYKTOB, I/100r
Table 1.
Comparative analysis of the amino acid composition of food proteins, g/100g
T'oBsinuna | Beef Mopxkoss | Carrot Puc | Rice
HaI/IIKIIE;I:]?: %};I/;er.nallr\.]/[g};g:g/lsCHOT lT:LIIsGha coaepiKaHue OTKJIOHCHHC coAepiKaHUue OTKJIOHCHHUC coACpKaHue OTKJIOHCHHUC
content deviation content deviation content deviation
1 2 3 4 5 6 7 8

Aprunud | Arginine 2,14 1,04 -1,1 0,091 -2,049 0,551 -1,589

Bayun | Valine 2,46 1,03 -1,43 0,069 -2,391 0,403 -2,059

T'uctuaud | Histidine 1,76 0,71 -1,05 0,040 -1,720 0,155 -1,605

Wsoneiiuud | Isoleucine 1,88 0,78 -0,1 0,077 -1,803 0,285 -1,595

Jleiirun | Leucine 3,42 1,48 -1,94 0,102 -3,318 0,546 -2,874
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Ipomomkenue Tabmuip 1 | Continuation of Table 1

1 2 3 4 5 6 7 8
JIusun | Lysine 4,04 1,59 -2,45 0,101 -3,939 0,239 -3,801
Mertuonus | Methionine 1,1 0,45 -0,65 0,020 -1,080 0,155 -0,945
Iucrenn | Cysteine 0,52 0,7 +0,18 0,083 +0,310 0,135 -0,385
Tpeonun | Threonine 2,26 0,8 -1,46 0,191 -2,069 0,236 -2,024
Tpunrodan | Tryptophan 0,44 0,21 -0,23 0,012 -0,428 0,077 -0,363
®enmnananud | Phenylalanine | 1,92 0,8 -1,12 0,061 -1,859 0,353 -1,567
Tuposun | Tyrosine 0,96 1,45 +0,49 0,043 -0,917 0,221 -0,739
Auanud | Alanine 2,66 1,09 -1,57 0,113 -2,547 0,383 -2,277
ACHapaFI/IHOBaSI KHCJIOTa
Aspartic acid 4,94 1,77 -3,87 0,190 -4,750 0,621 -4,319
T'munums | Glycine 2,66 0,94 -1,72 0,047 -2,613 0,301 -2,359
rHyTaMI/IHOBaﬂ KHCJIOTa
Glutamic acid 5,6 3,07 -2,53 0,366 -5,234 1,288 -4,312
Iposun | Proline 1,44 0,69 -0,75 0,054 -1,386 0,311 -1,129
Cepun | Serine 1,84 0,78 -1,06 0,054 -1,786 0,347 -1,493

[IpencraBnenHsie B Tabnuue | gaHHBIE Xa-
paKTepU3yIOT PHIOY Kak Hauboliee MIpUEMIIEMOE
CBIpDBE [IJIS CO3JAaHMsI Ha ero 0aze JUeTHYEeCKUX
MPOJYKTOB. Y CTAHOBIIEHO TaKKe, YTO yMOTpeOsieHne
B MUTAHUW HATYPAJIbHBIX IMPOJIYKTOB HUMEET PSII
npenmMytecTB. Kak mpaBwiio, B COCTaB STHX TPOIYK-
TOB MTOMUMO OEJTKOBBIX BEUIECTB BXOAAT BUTAMHHBI,
MUHEpaJIbHbIE COJIM, OPTaHUYECKHUE KUCIIOTHI, H-
IIeBbIE BOJOKHA W JIPYTHe IEHHBIE KOMITOHEHTBI,
MpuYeM HaxXoAsATCd OHHM B BUJAE TPUPOIHBIX

COeAMHEHHH, B TOH (hopMme, KoTopast JIydllle yCBau-
BaeTcs opranusmowm [4, 9].

B pesynbpTare paboTh! IPOBEAECHB! KOMILIEKC-
HBIE HCCIIEJIOBAaHUS TEXHOJOTHYECKUX —OIeparyi
MPOM3BOZICTBA PHIOHOTO MOy habprKaTa, HalpaBicH-
HbIE Ha ONTHMM3ALMIO0 CTPYKTYPHO-MEXaHHMIECKUX
CBOMCTB, TEXHOJIOTMYECKUX MPHEMOB 0OpabOTKH
CBIPbSl U KYJIMHAPHOW TOTOBHOCTH, MOJICIMPOBAHHIO
peuentyp, IpuBelIeHbI B TadIHLe 2.

Tabnuna 2.
Peuentyps! peIOHBIX KynUHAPHBIX u3nenuii ¢ BAJ|
Table 2.
Recipes for fish culinary products with dietary supplements
Pri0a, 3areyeHHas o[ sHuyHo- 0 .
Cydae psioHOE MOJIOYHBIM COYCOM MIeT, (apIHpORAHHE
Y(IIC LI . : Y . Y ab10Kay
Chipbe Fish soufflé Fish baked with egg and milk Stuff « .
Raw material sauce uffed omelet «Smiley
bpyrro, r | Herro, r bpyrro, r Herto, T bpyrro, r Herto, r
Gross, g Netto, g Gross, g Netto, g Gross, g Netto, g
Mutnraii | Pollock 54 35 74 37 15 10
Siino | Egg 13mir.|psc. 12 120 wrr. | psc. 2 2 . | psc. 80
Moioxko | Milk 20 20 6 6 30 30
Myxka pucosas | Rice flour 2 2 1 1 — —
Cous | Salt 0,6 0,6 1 1 0,6 0,6
Macio ciusognoe | Butter 3 3 1 1 4 4
Yxpon | Dill 1 1 — — — —
Macno pacturensroe | Vegetable oil - - 1 1 — —
JIyk pemuaTsrii | Onion - - 7 6 - -
I[Terpyuika | Parsley — - 1 1 - —
Mopkoss | Carrot — — - — 8,7 7
Ianpuka | Paprika - - - - 2 2
Beixon | Output 50 50 150

Bce paspaboraHHble wH3/enMs  3areKaiu
B ITAPOKOHBEKTOMATE HA PEXKHUME «Iap» U «Kap»
IO TIOSIBJICHHSI HA TIOBEPXHOCTH PyMSHOM KOPOUKH.
OpranonenTuyeckasi OLEHKA H3AEIUIl COOTBET-
CTBOBaJa 3ale4yeHHBbIM JHETHUYECKUM OJrogam
C BBIP@KEHHOM BKYCO-apOMAaTHYECKOH TraMMOil.
KonmerTparmsi  TIOpOIIKOOOpa3HBIX  yKpOIa, TIeT-
PYIIKHA ¥ TIAPHKY cocTaBmia 1-2%. AHaimm3 Moy deH-
HBIX JIAHHBIX TOKa3bIBAeT, YTO TEIUIOBas 00paboTKa
MPUBOJNUT K YIUIOTHEHUIO MAaCCHI, XapaKTepHOU
JUTSI 3aII€YSHHBIX U3JIEIUN.

[MumieBas 1eHHOCTH pa3pabOTaHHBIX OJIIOJ
npuBeJieHa B TabmuIe 3.
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Taxum 006pa3oM, TEOPETHIECKH 000CHOBAHO
Y OKCTIEPUMEHTAJIBHO TOATBEPXKACHA BO3MOX-
HOCTb HCIOJIb30BaHMA (Hiie MUHTAs B COYETAHUU
C MOJIOYHBIMH TIPOTYyKTaMH, CIIMBOYHBIM MAacilOM,
OBOIIAMH M CyXHUMH PacTUTEIbHBIMA KOMIIOHEH-
TaMH B TEXHOJIOTMH HOBBIX AUETHYECKHUX ONIOL.

MeronoM moadopa KOMITOHEHTOB OBLITH
BBIOpaHBI MEPCIIeKTHBHBIE MHIPEANEHTHI I o0ora-
IIEHNS TPAJULIMOHHBIX PELENTyp. Y CTaHOBIEHO, YTO
B KQ4ECTBE PAIMOHAIBHOIO ChIPbsi NPUMEHUMBI
MyKa pHCOBas, MOPOIIKOOOpa3HbIe YKPOI, ManpuKa
u nerpymka [9, 11, 14, 15].
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Tabnuna 3.

[TummeBas 1MeHHOCTh PHIOHBIX KYJTWHAPHBIX m3Aenuii ¢ BA /]

Table 3.

Nutritional value of fish culinary products with dietary supplements

TMokasareis Cyde pribroe Pr16a, 3aneuennas Owmutet, apupoBaHHbIH
Indicator Fish soufflé MO/ SIMYHO-MOJIOYHBIM COYCOM «YbI0Ka» .
Fish baked with egg and milk sauce Stuffed omelet «Smile»

Kanopwuiinocts, kkai | Caloricity, kcal 84,76 146 245,34
Benku, r | Proteins, g 7,87 6,5 11,44
Kupsl, | Fats, g 4,83 2,59 21,04
Vrnesoasl, r | Carbohydrates, g 2,43 1,54 2,55
Buramun A, mr | Vitamin A, mg 3,57 3,72 0,34
Buramuu B, mr | Vitamin By, mg 0,06 0,05 0,07
Buramun, mr | Vitamin Bz, mg 0,13 0,06 0,42
Buramun C, mr | Vitamin C, mg 0,44 0,86 0,53
Butamun PP, mr | Vitamin PP, mg 0,52 0,52 0,2

Harpuii, mr | Sodium, mg 272,61 486,18 128,13
Kauuii, mr | Potassium, mg 195,94 178,94 173
Kanpimii, mr | Calcium, mg 33,7 15,06 95,29
Maruuii, mr | Magnesium, mg 23,95 22,7 15,02

Docdop, mr | Dochop, Mr 127,72 103,44 191,96
XKemneso, mr | Iron, mg 0,64 0,45 2,08

MeTooM KOMITBIOTEPHOTO MOJIENTMPOBAHHS H
TJIAHUPOBAHMS PELIENTYp IONyYeHbl ONTHMAaJIbHbBIE
3HAYEHUsI, KOTOPbIE COOTBETCTBYIOT PEOJIOTHYe-
CKHM TI0Ka3aTeIsIM PBIOHOH MacChl M OCTATbHBIM
KOMITOHEHTaM PELENITYPbI, YTO MO3BOJISET JOBOAUTD
JI0 TOTOBHOCTH B IPOMBILIICHHBIX YCIOBHAX M TOP-
[IHOHMPOBATH TOTOBYIO MPOAYKIMIO. JTa TEXHOJIOTHSI
JIaCT BO3MOXHOCTh MCIOJIB30BaTh pa3paboTaHHbIE
noiy¢$abpuKaTel BHICOKOH CTENEHHM TOTOBHOCTH,
a TaKKe NPUMEHSITh WX Ul IMTaHWUs MAlUEHTOB,
ymotpeostronux auety OB/l

VYCTaHOBICHO, TIO OPraHoOJIENTUYECKUM U
MHUKPOOHOJIOTMYECKUM IT0Ka3aTessiM cyduie, 3are-
KaHKa ¥ OMJIET C PBIOHBIMH TpojayKTamu ¥ BAJ|
cootBerctBytoT TY 10.20.25-040-35749547-2020
Pri6HBIE Oy haOpHUKaThI.

3akiouenne

MogenupoBaHue pelenTyp Ha OCHOBE CBOMCTB
MHILIEBBIX MPOAYKTOB, OCOOEHHOCTEH XUMUYECKOTO
COCTaBa M NMPOMU3BOJICTBEHHBIX YCIOBUM HM3rOTOBIIE-
HUS NPOIYKIMH MO3BOJISIET C HAYYHON TOYKH 3PEHUS
BBITIOJTHATH TIOCTaBJIEHHBIE 337adi M 00ECIeYnTh
norpedurenell KauecTBEHHON U (yHKUHMOHAIEHON
npoxykuueit. Pazpaborannsie cydie, 3anekanka u
OMJIET Ha OCHOBE PHIOHOTO CHIPBS M HATIOJTHUTEIEH
MOTYT OBITh PEKOMEHIOBAHBI ISl COCTABICHUS
parmona o OB/ln. Ilo uarpenveHTHOMY cocTaBy
HOBBIE PELENTYphl MaKCUMAaIbHO OyayT mpuOiv-
JKaThcsl K KOHTPOJIBHOMY 00pasily, a Mo MHUIIEBON U
SHEPreTHYECKOH HEHHOCTH COOTBETCTBYET (YHK-
LOHAJIBHBIM PHIOHBIM HPOIYKTaM.
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KoanuecTBo l'lOBpe)KIléHHOFO KpaxmaJja B MYKE ﬂaﬁopaTopﬂoro n
IMPOU3BOACTBCHHOI'O IOMOJIOB

Enena I1. Menemkuna *  e.meleshkina@fncps.ru 0000-0003-1339-7150
Ceemana H. Komomuerr ' s.kolomiets@fncps.ru 0000-0002-3130-2285
Haranes C. )KunpoBa *  n.zhiltsova@fncps.ru 0000-0002-3436-6049

Bcepoccuiickuit HayuHO-HUCCIEA0BATEIbCKUI HHCTUTYT 3epHA M IPOAYKTOB ero nepepaborku — ¢punnan ®IBHY «OHII numieBsix
cucreM uM. B.M. 'opbatoBa» PAH, Mocksa, Poccust

AHHoTanusl. BBugy pasHoro moaxosa K pocCHICKOMY M €BPOIEHCKOMY MYKOMOJIBHOMY Iporeccy B PoccuM KOIMYECTBO MOBPEXIEHHOIO
kpaxmana (I1K) Ha MyKOMOJBHBIX MPEANPUATHSIX KOHTPOIMPYIOT penko. /laHHbBIH BOMPOC HyXKJAeTCs BO BCECTOPOHHEM HM3YYEHHH, TaK Kak
HOKa3aTesb HOBPEXKAEHHOT0 Kpaxmaia UMeeT OO0JbIIoe 3HAUYCHHE: ero OLEHKA O3BOJISET OIPEIEITh LEeIeBOe Ha3HAueHHE MyKH (XJie0oneyeHue,
KOHJIUTEPCKOE Y MaKapOHHOE MPOM3BOACTBO). OCYIIECTBIATh YIIPaBIEHUE MYKOMOJIBHBIM IIPOLIECCOM B YaCTH KOHTPOJISE pabOThI MEJIbHUYHBIX
BAJIKOB IIPH Pa3MoJle, a MIMEHHO IPOBEPSTh MX NapalIeNbHOCTh H U3HOC, ONTHMH3UPOBATh 3a30p U AaBieHHue. MyKy C BBICOKMM COZEPIKAHUEM
MOBPEXIEHHOTO Kpaxmaia He 11eJIeCO00pa3HO MCIIONb30BATh JUIS TOH JKe IENH, YTO U MyKY C HU3KHM COZIep)KaHHEeM MOBPEXIEHHOTO Kpaxmala.
Taroke olLieHKa IoKa3arens MOBPEKIEHHOrO Kpaxmalla MO3BOJSET YJIydllaTh BBIXOJ TecTa IyTEM MOAOOpa ONTHMAIBHOrO Kod(duimeHTa
BOJIOIIOIJIOTUTENBHOM CIIOCOOHOCTH (BOJOIMOIVIONIEHNST), ONTUMH3UPOBATh 00BEM, IBET M CPOK XPAHCHMS FOTOBOM Myd4HOW npomyknuu. Ha
HA4YaJILHOM 3Tale LieJb HUCCIEI0BAaHMUs 3aK/II0Yanach B BBIBJICHUHM CBSI3M MEXIY KOJIMYECTBOM IOBPEKIEHHOTO Kpaxmaia M MOKa3aTessIMH
KayecTBa MYKH, a TAKKE PEOJIOTMYECKMMU CBOMCTBAMHU TECTa M3 MYKH J1abOpaTOpHOro, U MPOU3BOJCTBEHHOIO IOMOJIA U JUISl JajbHEeHIero
YTOUHEHHUSI YPOBHS MOBPEXIEHHOIO Kpaxmana Ha OOJNBIIOM KOJIMYECTBE OOpa3LOB MYKH Pa3HOTO KauecTBa MO €€ LENEeBOMY Ha3HAUEHMIO.
Hmeromuecs JurepaTypHble JaHHBIE IO 3TOMY BOIPOCY IpOTHBOpeuMBBI. KomMuecTBO MOBPEXAEHHOrO Kpaxmala B MyKe ONpPENessid Ha
aHANM3aTOpE MOBPEKAEHHOTO Kpaxmasa. Takxke ObUIN ONpe/ieIeHbl: KOJIUYECTBO U KaUeCTBO KICHKOBHHBI, YUCIIO MAJICHHS], YCTOHYMBOCTh TECTa,
pazxikeHue, Boponoraomerue 20-Tu npod MIIEHMYHOH MyKH Ja00paTOpPHOrO M MPOU3BOACTBEHHOrO IOMOJIOB. Pe3yibTaThl HCCIen0BaHuUs
MOKAa3aJIx, YTO B MyKe POM3BOJICTBEHHOI'O [TOMOJIa KOJIMYECTBO MOBPEKAEHHOI0 Kpaxmaa Baliie, U cocraBuiio 20-27 UCD (B cpennem 24 UCD)
nporuB 15-21 (B cpemuem 18 UCD) B Myke nabopatopHOro momoina. KoppensiMOHHAs 3aBHCUMOCTb BBIIBICHA TOJNBKO y MYKH
MIPOM3BOJICTBEHHOI0 [OMOJIa MEX/y MOBPEXKAEHHBIM KpaxmanoM U uucioMm nanenus (0,632), pazxikenueMm (0,781) m BomomoriomeHnem
(0,690). B Myke NpOU3BOJICTBEHHOIO IIOMOJA C YBEIMYEHHEM KOJIMYECTBAa MOBPEXKAEHHOIO Kpaxmalla IIPOUCXOJMIIO yBEIMYEHUE
BOJIONOIJIOILEHHS U Pa3KIKEHHs TECTA, UTO COITIACyeTCsl C JIMTEPATyPHBIMH JaHHBIMU, YETKOTO YMEHBIIEHUS! YCTOHYMBOCTH TECTA OTMEYEHO HE
6bU10. B MyKe J1a00paTopHOTO IIOMOJIA 3aBUCHMOCTH MEKITY OKa3aTeISIMH HECYIIIECTBCHHBL.

KiroueBble cJj10Ba: MOBPSXKAEHHBIN KpaxMmai, MyKa, Ja0OpaTOpHbBIH IOMOJI, MPOM3BOJCTBEHHBIH MOMOJI, KJICWKOBHHA, YHCIO MaJCHUS,
peoJIoruuecKre CBOMCTBA TECTA

Amount of damaged starch in laboratory and production grinding flour

Elena P. Meleshkina *  e.meleshkina@fncps.ru 0000-0003-1339-7150
Svetlana N. Kolomiets ! s.kolomiets@fncps.ru 0000-0002-3130-2285

Natalya S. Zhiltsova ' n.zhiltsova@fncps.ru 0000-0002-3436-6049

All-Russian Scientific and Research Institute for Grain and Products of its Processing - Branch of V.M. Gorbatov Federal Research

Center for Food Systems of RAS, Moscow, Russia
Abstract. Due to the different approach to the Russian and European flour milling process in Russia, the amount of damaged starch (SC) at flour
mills is rarely controlled. This issue needs a comprehensive study, since the indicator of damaged starch is of great importance: its assessment
allows determining the intended purpose of flour (bread baking, confectionery and pasta production). Manage the flour-grinding process in terms
of monitoring the operation of the mill rolls during grinding, namely, checking their parallelism and wear, optimizing the gap and pressure. Flour
with a high content of damaged starch should not be used for the same purpose as flour with a low content of damaged starch. Also, the assessment
of the damaged starch index allows improving the dough yield by selecting the optimal water absorption coefficient (water absorption), optimizing
the volume, color and shelf life of the finished flour products. At the initial stage, the purpose of the study was to identify the relationship between
the amount of damaged starch and flour quality indicators, as well as the rheological properties of dough from laboratory flour and industrial
grinding, and to further clarify the level of damaged starch on a large number of samples of flour of different quality according to its intended
purpose. The available literature data on this issue are contradictory. The amount of damaged starch in flour was determined on a damaged starch
analyzer. The following were also determined: the quantity and quality of gluten, the falling number, dough stability, liquefaction, water absorption
of 20 samples of wheat flour of laboratory and industrial grinding. The results of the study showed that the amount of damaged starch in industrial
milled flour was higher, and amounted to 20-27 UCD (average 24 UCD) versus 15-21 (average 18 UCD) in laboratory milled flour. A correlation
was found only in industrial milling flour between damaged starch and the falling number (0.632), liquefaction (0.781) and water absorption
(0.690). In industrial flour, with an increase in the amount of damaged starch, there was an increase in water absorption and liquefaction of the
dough, which is consistent with the literature data; there was no clear decrease in dough stability. In the flour of laboratory grinding, the dependences
between the indicators are insignificant.

Keywords: damaged starch, flour, laboratory grinding, industrial grinding, gluten, falling number, rheological properties of dough
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BBenenue

Kpaxman (CsH100s)N — ocHOBHOI# 3amacHoM
YTIIEBOJT pACTEHHI, COCTOSAIINHA U3 ABYX THIIOB I10-
JMCaxapuaoB — JUHEWHOW amuio3bl (0T TIped.
amylon — kpaxMai) u pa3BeTBIEHHOTO AMHJIOTICK-
THHA (OT Tped. amylon — kpaxmai, péktes — cou-
THI{, CIIIOYEHHBIN ). OOpa3yeTcs B XJI0poIiacTax u
aMIJIOIUTACTaX, OTKIIAIbIBACTCS B KJIETKaX B BHIE
KpaxMallbHbIX 3€peH, GopMa U pa3Mepbl KOTOPHIX
crenu(puIHBl TS OMpPENeNEHHBIX BUIOB pacTe-
uuii [1]. Kpaxman sBnsiercs Hambonee pacmpo-
CTpaHEHHBIM YTJIEBOJIOM B PallMOHE YeJOBEKa U
COJICPYKUTCS] BO MHOTUX OCHOBHBIX MPOAYKTaX TH-
TaHus. [ TaBHBIMI HCTOYHWKAMHU KpaxMalia B MUpe
SIBIISIIOTCS. 3€PHOBBIE KYJNBTYphI: PUC, MIICHUIIA,
KyKypy3a; pa3IuHble KOPHEIUIOABI, B TOM UYHUCIIE
KapTo(enp, a Takke MaHUOK. [ paHyJBl Kpaxmaina
UMEIOT pa3NuyHylo (OpMy TaKylO KaK OBalbHas,
cepuueckas, TMH30BUIHAS U YTIIOBaTasl, a MX pac-
MIpe/IeNieHHe 10 pa3MepaM MOXKET OBITh OHO-, IBYX-
WM TONMMOATbHEM [16]. Bum KpaxMasibHbIX 3épeH
TOJI MUKPOCKOITIOM TIpeJICTaBJieH Ha pucyHke 1.

[Tmennaras myka comepxut 75-80% kpax-
Mmana [1], ero cocTrosHHE M CBOWCTBA YACTUYHO
BJIMAIOT Ha XapaKTEPUCTUKU TeCTa M KadecTBO
roToBbIX u3Aenuil. KoinuecTBo MOBpExIEHHOTO
KpaxMaja B MyKe MMeeT OOJbIoe 3HaYeHHe, TaK
KaK OTpa)kaeT KaK COCTOSHHE PHJOCIEepMa 3€pHa,
TaK ¥ CTENEeHb MEXaHUYECKOTO BO3ICUCTBHS Ba-
KOB MeIBHHUITH [2, 3, 5, 10, 22]. U3mepenre 3T0r0
KOJIMYECTBA TIO3BOJISIET CBOEBPEMEHHO 3aMEHATH
BaJIbLbl MEJIBLHULIBI, 5KOHOMHTB 3JICKTPOIHEPTHIO,
KOHTPOJIMPOBATh Ka4eCTBO M BOJIOTIOITIOTUTENIBHYIO
CIOCOOHOCTh MyKH [2].

[oBpexxa€HHbIN Kpaxman SBISIETCS BayKHBIM
napamMeTpoM JUIsSl OLIEHKH KaueCTBa MYKH, UCIIOJIb-
3yeMo B MPOU3BOCTBE XJIe000YIOUHOM U KOH/IH-
Tepckoit mpoaykiuu. CTeneHb MeXaHHYECKOTro
MOBPEXKICHUST KpaXMaJbHBIX 3€PEH B CIIEJACTBUU
UX YMEHBIIEHHOTO pa3Mepa, OKa3bIBaeT OObLIoe
BIMSHME Ha PEOJIOTHIO TecTa, 4eM OOJIbllle OHHU
MEXaHHYECKH MTOBPEXKICHBI, YeM OOJIbIIIE TIOMIA b
WX TIOBEPXHOCTH, U TeM OOJbIle aIcopOoupyercs
Boza [16], (pucyHok 2). KoanuecTBo pa3pyiieHHOro
KpaxMalila B POCCUICKOW MYKE MOXET JOCTUraTh
25-40 UCD, B eBpoOIeiicKoii MyKe 3TH JaHHBIE HE
npessimatot 10-17 UCD [8, 11, 12]. Hopmoii conep-
JKaHWS TIOBPEXKIEHHOTO Kpaxmalia B TIIEHUYHON
MyKe 3016HOCTBIO 0,55%), 4TO COOTBETCTBYET MyKe
Beiciero copra — 14-20 UCD wm 5-9%. [l myku
¢ 30apHOCTRIO Oosee 0,65%, 4TO COOTBETCTBYET
Mmyke 1-ro copra, — 21-24 UCD [14].
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[ToBpexa€HHBIM Kpaxmal MOTrJOIAET B
4 paza OoJbIe BOJBI, YeM HETIOBPEXK IEHHBII Kpax-
MaJi, KOTOPBIH morIomnaeT ToJibko okoro 40% co6-
CTBEHHOTO Beca [4, 5, 10]. YBenuueHue coaepxkanus
MOBPSXKIEHHOIO KpaxMmajla B MyKe NPUBOAUT
K YBEJIMYCHUIO BOJOTIOTIIONIECHMSI, TpruMepHO 0,5%
TUJpaTalyy Ha Kaxaeii gonoaautensabiii UCD —
enunuiy usmepenus Llonen-/ro0ya. Ympyro-sna-
CTUYHBIE CBOMCTBA TECTA XapaKTEepHBIE IS JIUITKOTO
TECTa, BEICOKUI YPOBEHb IOTJIOMIEHHSI BOJBL, Oojiee
JUTUTENLHBIA TIEPUOJT TIPEABAPUTEIBHON PACCTOMKH,
MOTEMHEBIIAsi KOpKa XJieba ¢ KpacHOBATHIM OTTEH-
KOM — 3TO HEKOTOpbIE U3 Pe3yJIbTaTOB BIMAHUS IO-
BpekAEHHOTO Kpaxmaia [4, 6, 10, 12, 15, 17-18, 20].

Obecnieyenne Oananca o0ObEMa BOIBI NPH
3aMece cojaepKaHueM Oelka B MyKe, 00bEMOM
MOBPEXIEHHOTO KpaxMaia M aKTHBHOCTBIO anbda-
aMUIIa3bl — 3aJI0T BRIPAOOTKH MYYHOH MPOIYKIIHA
BBICOKOTO KayecTBa. OTH 3HAYCHUS OTIUYAIOTCS
B 3aBHCHMOCTH OT CIIOCOOOB TPHTOTOBJICHUS XJicOa:
TIPH YCKOPEHHBIX TEXHOJIOTHSIX IIPUTOTOBJIEHHUS XJie0a
BIIMSTHHE TTOBPEKAEHHOTO KpaxMaia MEHBIIE, 9eM
NpU TPAJAUIUOHHBIX, ATUTENbHBIX [6]. TIpu Heco-
OmoneHun OanaHca MEXAy BOJOIOTJIONICHHEM U
CTaOMIIGHOCTBIO TECTa MOTYT TIOSIBUTHCS CIIEAYFOIINE
MpoOJIeMBl: TIpH JePUIINTe BOMOIOTIIOMICHNS HE
OyIeT JOCTUTHYT AOCTAaTOYHBIN 00BEM MPOIYKTa,
npyd HM30BITOYHOM BOJIOMOTJIOMICHUH BO3MOXKHA
HECTaOMIIBHOCTh PEOJIOTHYECKUX CBOWMCTB TecTa
B YAaCTH COOTHOIIICHUS yIPYTO-3TaCTUIHBIX XapaK-
TEPUCTHK, TaK)Ke BO3MOXHBI 00Jiee HHTCHCUBHOE
OpoxeHne, M3MEHEHHBIN OKpac KOpPKH XJeoa,
pasIoMbl M KPOIIKOBATOCTh TOTOBOTO II€YEHBS,
COKpallleHHEe CpoKa T'OAHOCTH FOTOBOTO MYYHOI'O
npoaykra [7, 10, 13, 21]. Jns Mykd ¢ O4eHb
MEJIKOW KPYIHOCTBIO XapakTepHa ¢apruHOTrpaMmMa
C KOPOTKHUM BpeMeHeM ([0 2 MHUH) 00pa3oBaHUs
TecTa (Pe3KUM MOABbEM KPUBOW) U HU3KOM YCTOM-
YUBOCTBIO TecTa (MeHee 9 MHUH), YTO TOBOPHT
0 TIOHIKEHHOH BSI3KOCTH TE€CTa M CHIIBHOM €ro
Pa3KIKEHUH, U, CIIeI0BATENIbHO, O HU3KHX PEOJIO-
TUYECKHUX CBOWCTBaX TeCTa M XJICOOINEKapHBIX
cBoiicTBax MykH [8]. Takxke B MyKe TOHKOTO IOMOJIa
HaOmoaeTca yBeJIMYeHNne KOJIMYECTBa paspyIleH-
HOTO Kpaxmalia, KOTOPBIH JOCTYIEH sl BO3JEH-
CTBUS aMUJIa3 U APOxkei. B cBs3u ¢ 3Tum OoJibiioe
3HaYeHHE JUIs XJ1eO0NEKOB NMEET OMpeIesieHHE MOKa-
3arerst uncna nafaernst (UIT). JIis moBwImeHus moka-
3arens YII mis TopmokeHus miporiecca OpoxeHHs
B TOTOBYIO MYKY BHOCST JOOABKH, KaK IMPABUIIO, 3TO
WHTAOWTOPHI 3epHOBBIX amria3. J{ist camkenus UIT
B MYyKY JI00aBJISIFOT CONOIOBBIC amMuinasbl [19].

W3 ananmza nutepaTypsl YCTaHOBICHB HOPMBI
YPOBHSI TOBPEXIEHHOTO Kpaxmana IO LEeeBOMY
Ha3HAYCHUIO, KOTOPhIC TIPUBEACHBI B Ta0mIe 1.
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Tabnuna 1.
YpoBeHb MOBPEXIEHHOTO KpaxMala 1o [eJIeBOMY
Ha3HAYCHUIO MYKH [3, 4, 6, 8]
Table 1.
The level of damaged starch according to the
intended purpose of flour [3, 4, 6, 8]

IeneBoe HazHauenue myku | Purpose of flour UCD
Dpaniysckuil Tai xjieda (Garer) (17-19) [4]
French type of bread (baguette) (16-20) [6]
(19-24) 3]
dopmogoii xie6 | shaped bread (19-21) [4]
(19-23) [6]
ITnockuii xi1e6 | flat bread (17-20) [3]
Ulenéuka | Cake (21-24) [4]
[Meuenne GucksuThl | biscuit cookies (14-16) [4, 6]
Kpexep | Cracker (16-19) [3]
Ulamma | Noodles (15-18) [3]

IMpu 25-40 UCD pesko cokpamiaeTcst MeXCepBHCHBIN
HHTEpBaJ pabOTHI BAJIOB U UX CPOK ¢y O0bl. KauecTBO
HPOAYKIMH Pe3Ko cHimkaercs [8].

At 25-40 UCD, the service interval of the shafts and their service
life are sharply reduced. Product quality is drastically reduced [8].

MatepuaJjbl M1 METOABI

B pabore uccaenosanu 20 00pa3uoB MyKu
71a00paTOpHOrO M MPOU3BOJICTBEHHOI'O MOMOJIOB.
JlaGopaTopHbIe TOMOJIBEI TIPOBOIWIN Ha Jiabopa-
TopHOi MenbHue MJIY 202 Bronep ¢ BbIX0a0M
Myku 70% (£2%). OnpeaensiTy moKa3aTen: KOJ1-
YeCTBO MOBpexAEHHOT0 Kpaxmana — 1o ['OCT ISO
17715-2015 «Myka 13 MSITKOU MIICHUIIBL. AMIIEPO-
METPUUECKUIM METOJ| ONpEENEHHsI TOBPEXKIEHHOTO
kpaxmaay [9]. TIpuHIMIT H3MEPEHHsT Ha AaHATTN3aTOPE
KOJIMYECTBA MOBPEXAEHHOTO Kpaxmaja OCHOBAaH
Ha MOTJIOIIEHNH MOJIEKYJT HOoAM1a KaJlusl B IepeMe-
IIaHHOM CYCHEH3MU MOJIEKYJIaMHU HOBPEXAEHHOTO
Kpaxmaiia (pUcyHoK 3).

Peonoruueckue cBoiicTBa TeCTa ONpEAEIsIIN
Ha ¢apunorpadge— no I'OCT ISO 5530-1-2013
«Myka nuieHnyHas. dusndyeckue xapakTepUCTHKU
tecta. OnpeeneHne BOJONOTIOUIEHUS U PEOJIOTH-
YEeCKHUX CBOMCTB ¢ mpuMeHeHueM (apuHorpaday.
B Tabnuie 2 npexncraBieHsl OKa3aTeNld KOJIMIecTBa
MOBPEXIEHHOTO KpaxMaia B MyKe M PEOJIOTHYe-
CKHX CBOMCTB TecTa.

Pe3y.]'[bTaT])I /1 oﬁcymz]elme

AHanu3 TMOJyYeHHBIX JaHHBIX (Tabiuma 2)
CBHJIETENBCTBYET, YTO MyKa JJA0OPaTOPHOTO TTIOMOJIa
XapaKTepU30BaIach B CPETHEM ITOHIKEHHBIMH TTOKa-
3aTeNSIMA:  BOAOIOTJIOTUTEIBHONH — CIIOCOOHOCTBIO —
B cpenHeM Ha 5,3% 1o cpaBHEHHIO C BOAOIOIIIO-
IIEHHEM MYKH ITPOM3BOCTBEHHOT0 IOMOJIA, KOJIH-
YeCTBOM pa3pyLIEHHOIO KpaxMana— B CpeAHEM
Ha 6 equHHAL UCD 1o cpaBHEHUIO C MyKOH NPOH3-
BOJICTBEHHOT'O IIOMOJIA, YTO yKa3bIBaeT Ha Oosiee
KpyIHBIA TIOMOJI MyKH. JlaHHBIE POU3BOJICTBEH-
HOT'O TIOMOJIa YKa3bIBalOT Ha YPE3MEPHO H3MEINb-
4EHHOE CBIPBE.

69

post@vestnik-vsuet.ru

1 — kapmoghensHbill Kpaxmar,
2 — WeHUYHbIT Kpaxman,

3 — oecsaHbIll Kpaxmar;

4 — KyKypYy3HBIl Kpaxmarn;

5 — pucosslii Kpaxmarn

Pucynox 1. Bun
MHUKpOCKoToM [23]

Figure 1. View of starch grains under a microscope [23]

KpaxXMaJIbHbIX 3épeH nmon

Pucynok 2. Bua kpaxmambHOTO 3epHa: HEIOBPEX-
JEHHOTO M TIOBPEXAEHHOTO [24]

Figure 2. Type of starch grain: intact and damaged [24]

TenepupoBanie
WOHOB oaa

KonuuecTso 3nekTpuuectaa
ANIA 3MeKTPONW3a BCero Hopa
/ & pacTeope (Im)

Brecenue My

Konuuecrso snexTpuuectea
uepes 180 C nocne BHeceHun
myKm (Ir

Bpems, ¢

Hauarno skcnepumenTa npu
Temneparype pacraopa 35°C

Pucynok 3. TlpuHuMN wu3MepeHHs Ha aHaIU3aTope
KOJINYECTBA MOBPEXKAEHHOTO Kpaxmala

Figure 3. Type of starch grain: intact and damaged

Pacuér napHoi TMHENHOH CBSI3U MEXY ITOKa-
3aTesIMH KOJIMYECTBA MOBPEKAEHHOTO Kpaxmasa B
MyKe W KOJMYECTBOM W KaueCTBOM KJICHKOBWHBI,
YHCIIOM MAaJICHUS, PEOJIOTMYECKUMH MTOKA3aTeIIsIMU
(YycTOMYMBOCTB TECTA, pa3KWKEHUE U BOJOIOTIIO-
IIeHre) TpeJcTaBiIeH B Tabmuie 3 W BBIABUI
CIeAyrommee: TPH CTaTUCTHIECKOW o00paboTke
JKCIIEPUMEHTAIILHBIX JIaHHBIX METOJIOM KOppeJs-
IUOHHOTO aHaJIM3a YCTAaHOBJIECHBI 3HAYMMBIC 3aBU-
CUMOCTH TI0 MYyKe IPOW3BOACTBEHHOTO MOMOJIA
OT coJiep KaHusl KpaxMaa TaKuX MoKazaTeleil KaKk
yncio nagenust (0,632), pazximkenue tecta (0,781) n
Bogormoromienue (0,690).

[To Myke mabopaTopHOTO TTOMOJIA HAJIHYNE
TECHBIX CBsI3eH MEX/y NTaHHBIMH ITOKa3aTeISIMH HE
YCTaHOBJICHO.
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Tabnumna 2.

Tlokazarenn Koau4yecTBa HOBpC)K,Z[éHHOI‘O KpaxMmalia, KOJIM4E€CTBa U Ka4€CTBa KHCP'IKOBHHLI, YHUCJIO MaJACHUA U
PEOJOTHYCCKHUE MMOKA3aTCIN TECTA B MYKC J1a60paTopHoro 1 IpOU3BOACTBEHHOT'O ITOMOJIOB

Table 2.

Indicators of the amount of damaged starch, the quantity and quality of gluten, the number of falls and the
rheological parameters of the dough in the flour of laboratory and industrial grinding

Komnuectso KayecTBO KICHKOBHHBI Yucio Y CTORIHBOCTS Pazximkenue Bomo-
udp npodst “UCD KJICHKOBUHBI, %0 Gluten quality, MaJIeHus, C cera tecra, EB ronioneHue, %
sample code Gluten en. MK rpymnma Fall- S¥abﬁi tyMﬁﬁ n Degree Water
quantity, % | units IDK group number, s ’ ligefication EV | absorption, %
Myka s1a6opaTopHoro nomoua | Laboratory ground flour
1621 15 335 67 | xoporas 502 115 105 64,7
6-21 15 232 4 I ynosx. 470 8,0 60 57,0
KperKast
821 16 231 45 Il ynosn. 447 105 75 58,8
KpemKast
4-21 17 33,3 58 | xoporast 414 15,0 80 61,2
10-21 17 34,0 83 Il ynon. 357 55 170 637
crnabast
17-21 18 251 30 !l yzosa. 212 125 120 59,6
KpeIKast
28-21 19 274 62 | xopomast 429 11,0 60 58,9
321 20 247 42 'l yros. 416 85 90 56,5
KpemKast
30-21 21 29,7 66 | xopomast 415 125 70 59,4
221 21 283 51 Il ynosa. 412 105 70 616
KpenKas
CpenHee 3HaUeHHE
Mean 18 28,2 55 407 10,5 90 60,1
Myka npoussojacrBeHHoro nomoJia | Flour of production grinding
193 20 28,0 60 | xoporas 351 10,0 75 63,6
184 2 226 44 Il ynosx. 290 105 91 635
KpeIKast
194 23 255 53 | xopomast 306 10,5 80 66,7
188 23 26,7 57 | xoporas 294 5,0 76 64,3
186 23 24,7 50 Il ynosx. 294 60 84 63,2
Kpenkast
152 24 25,1 54 | xoporast 270 10,5 90 66,4
196 24 27,4 58 | xoporas 335 6,5 70 66,6
189 25 29,7 50 I ynos. 285 8,0 102 67,3
Kpenkast
187 2 27,6 40 II'ynosn. 280 10,0 120 66,2
KperKas
185 27 26,9 46 Il ynos. 282 8,0 120 66,4
Kpenkast
Cpem{ee 3HAYCHHUEC
Mean 24 26,4 51 299 8,5 91 65,4
* UCD — eapHHIA TTIOBPESXKAEHHOTO Kpaxmalia ¢ y4EToM BIaKHOCTH M OelTka
* UCD — unit of damaged starch, taking into account moisture and protein
TabOnuma 3.

KoahdunueHTsr Koppensiui Mex 1y MoKa3aTeJIMA KOJIMYeCTBA M KauecTBa KICHKOBUHBI, YMCIIOM TIaJICHUS,
PEOTOTHIECKUMH TIOKA3aTEISIMU TeCTa U KOJIMIECTBOM IMOBPEXKIEHHOTO KpaxMala B MyKe J1a0OpaTOPHOTO U

MIPOU3BOICTBEHHOT'O TIOMOJIOB (3HAYMMBIH KodumeHT koppeisiuuu 0,576 u doee)

Table 3.

Correlation coefficients between indicators of quantity and quality of gluten, falling number, rheological
indicators of dough and the amount of damaged starch in flour of laboratory and industrial grinding
(significant correlation coefficient of 0.576 and more)

KomnuectBo KavecTBo KiielikoBuHBI, ex. MK Yucao VY cTOHUYMBOCTE Pasxwkenne Bono-
ITokazarenu o o . tecta, EB moruorienue, %
|ndicat0r5 I;HEI/IKOBI/IHE.:I, A()J I|<a‘{eCTBO Il.(ﬂel/IK(?Bl/IHbl l':laﬂeﬂl/lﬂ, C TeC:lii.i, MI/I}-{ Degl’ee Water
Gluten quantity, % Gluten quality, units IDK Fall-number, s | Stability, min liqefication EV | absorption, %
Myka JaGopaTtopnoro momoJa | Laboratory ground flour
*UCD | -0,052 | -0,011 | 0267 | 0137 ] -0,207 | -0,229
Myka npousBoacTBennoro nomoua | Flour of production grinding
*UCD | 0,298 | -0,570 | 0632 | -0132 | 0,781 [ 0,690
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3akaouenne

CpaBHUTEIbHBINA aHAJIN3 JIBYX BHJIOB MYKH
(JtabopaTOPHOTO ¥ MPOU3BOICTBEHHOTO TIOMOJIOB)
MOKa3aJ, 4YTO MyKa IMPOU3BOJCTBEHHOTO IMOMOJIA
COJIeprKalia TOBBIIICHHOE KOJIMYECTBO MOBPEKIEH-
HOT'O KpaxmaJia, 4TO COIJIacyeTcs C JIUTEPaTyPHBIMU
JTAHHBIMU. Y BceX Mpo0 MYKH MPOU3BOACTBEHHOTO
nomoJia nokasarens UCD 6bu1 cBbllie 19 enunuir,
MO I[EJICBOMY HAa3HAYCHUIO TAKYI0 MYKY HCIIOJIb-
3YIOT IS TPOU3BOACTBa GOopMOBOTO Xsieba. Myka
7a00paTOPHOTO TIOMOJa MMella Oojiee ITHPOKUIN
npenen 3HadeHwit mokasatens UCD, Tpu mpoOs
(16-21, 6-21 u 8-21) u3 10-Tu ©UMeENTH KOJTMIECTBO
MoBpexAEHHOro Kpaxmaina ot 15 go 16 UCD, uto
TOBOPUT O BO3MOKHOCTH HCIIONB30BaHMS ATUX MPOO
Ha M3TOTOBJICHHE TICUEHbBS, B TOM YHCIIE KPEKepa;
yeTbIpe 1poos! co 3HadenneM UCD ot 17 no 19 —
Ha W3rOTOBJICHHE (DPaHITy3CKOTrO THIa xyeda (barer)

post@vestnik-vsuet.ru

1 JIAIIITA | TPH IpoObI Myku co 3HadeHneM UCD
cBhie 20 enuHUI — Ha U3rOTOBJIeHHE (POPMOBOTO
xneba. T.e. Myka 1abopaTOpHOTO TIOMOJa UMEET
0oJiee MMPOKOE IeJIeBOE Ha3HAYCHHE.

YBenuueHne KOJMYECTBa IMOBPEXKIEHHOTO
Kpaxmaya MPUBOAUT K YBEINYECHHUIO BOJOMOTIIOLIC-
HUA; CHUXKXCHUIO yCTOI\/'I‘II/IBOCTI/I TECTa, YBEJIMYCHUIO
pazkwkenns. IloBpexnEHHbIA Kpaxmail BO3JEH-
CTBYeT Ha BECh TEXHOJIOTUUECKHI IIPOLIECC, YTO OYEHb
Ba)KHO TIPY TIPOM3BOJICTBE XJieOa.

Pabota 1o u3y4eHnIo KOIM4YecTBa MOBPEKIEH-
HOTO Kpaxmajga B MyKe HY)KIAeTCsi B JJIbHEUIIE
mpopaboTKe Ha OOJIBITIEM KOJHYECTBE MPOO MYKH
C IIMPOKUM JTUAITa30HOM KayecTBa JJIsl YCTAaHOBJIE-
HUA YTO‘{HéHHI)IX €ro HOpM I10 LEJICBOMY HUCIIOJIB30-
BAaHHUIO, T. K. JAHHBIX HCAOCTAaTOYHO, a UMCIOIIHECS
JIaHHbIE HECKOJTLKO Pa3HsTCs, TaHHbIN Bonpoc B Poc-
CHU B HACTOSIIIIEE BpEeMs U3y4eH HEIOCTATOYHO.
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AHHOTauMﬂ. HPOHCCC TIPUTOTOBJICHUS TECTA — OAUH U3 CaMbIX CIIOKHBIX B TEXHOJIOTUH IPOU3BOICTBA xeba. HCpeMCH_II/IBaHI/IC MYKH C )KUJIAKUMHA KOMIIOHEHTaMHA
(BOﬂOf[, BOJOHBIMHU paCTBOpaMH) TIPEeACTaBISACT COGOﬁ CIIOKHBIN TIpoecc IMOBEPXHOCTHOT'O B3aHMOH€ﬁCTBHﬂ, CBSI3aHHBIN C Ipeoa0JICHUEM HOBCPXHOCTHOﬁ
OHEPIruMu Ha rpaHuIe BSBHMOHeﬁCTBHﬂ (1)33. NHTEeHCHBHOCTH 06pa301sam/m OHHOpOﬂHOﬁ CMECH MYKH U XKUJIKHUX KOMIIOHECHTOB, B IIOCICAYIOIIEM IIpEBpalnacMas
B TECTO, ONIPEALCIIACT €ro CTPYKTYPHO-MEXaHUYCCKUE CBOMCTBA. ]_[eI]L pa60TLI — TEOPETHIECCKOC 000CHOBaHKE 1 OKCIIEPUMECHTAJIBHOC MMOATBECPIKACHUEC BIIUSHUSA
NPE/IBAPUTENBHOM MEXaHHYECKON 00pabOTKH KHAKHX KOMIIOHEHTOB Ha IIPOLIECC MEPEMEIIMBAHMUS TECTA U CTPYKTYPOOOpa30BaHHE BOIHOAMCIIEPCHON CUCTEMBI.
TIpoBeneH TeOpeTHYECKHl aHAIN3 TIPOLIECCa aAre3HOHHOTO B3aUMOCHCTBYS CHIIYYero Marepyala ¢ sKuAKOCTbI0. [Ioka3aHo, 4To MOBEPXHOCTHYIO SHEPrHio Ha
rpaHuie B3auMoieicTBus ¢ (a3 HeOOXOAUMO CHIKATh. DKCIEPUMEHTAIBHO YCTAHOBJICHO, YTO MEXaHMYECKOE BO3ACHCTBHE HA BOAY M BOIHBIC PacTBOPBI
CHIDKAeT IOBEpPXHOCTHOe HarskeHne Ha 20-30 %. YCTaHOBIEHO, YTO NpH HEPEMELIMBAHMM MYKM M JKHIKHX KOMIIOHEHTOB TECTa IIpeJBapuUTelbHAs
MCXaHHUYCCKast 06pa60TKa aacTt 3¢)q)CKT YIryqnIeHust CMa1uBaHU, ITIOBBIIICHUSA 3JTACTUTHOCTH U COKPAIICHUSI BDEMCHHU CprKTypOO6paSOBaHI/I$[ B TCCTC. yI[CJ'ILHaS[
MOIIHOCTH IIPH 3aMece cHivkaerest Ha 15-20 %. IIpu momormu cpencts peomerpun («Rheotest», Ctpykrypomerp CT-2, koHmdeckuii miacromerp Pebunmepa)
MOKA3aHO YIIy4LICHHE CTPYKTYPHO-MEXaHUYECKHX CBOMCTB TECTa: NMOBBIIICHNE MPEASILHOrO HaNpshKeHUs caBura Ha 20-25 %, cHikenue aaresuu Ha 30-40 9%,
BO3pAacTaHHE YNPYrHX CBOMCTB mocie 3ameca 10 10 %, MOBBIICHHE BOJIOCBS3BIBAIOIICH CIHOCOOHOCTH. VccienoBaHusi NPOBOJMINCE Ha J1a0OPATOPHOM
000pYy/I0BaHUH ¥ B IPOM3BOACTBEHHBIX YCIOBHAX Ha npeanpusatusix OAO «KemepoBoxyieo».

KiioueBbie ciioBa: NIepeMeIInBaHue, OTHOPOAHAsSL CMEChH, C'[‘pyKTypOO6paSOBaHP[C, MEXaHOAKTHUBAIMs, BOAHBIEC PAaCTBOPEI, IIOBEPXHOCTHAS SHEPIus, aare3usi,
BA3KOCTD, IIPEACIBHOC HAIPSHKEHUE CABUTA, IIOBEPXHOCTHOC HATAXKCHHUEC.
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Abstract. The process of dough preparation is one of the most complex in bread production technology. Stirring of flour with liquid components (water, aqueous
solutions) is a complex process of surface interaction associated with overcoming the surface energy at the interface between phases. The intensity of formation of a
homogeneous mixture of flour and liquid components, subsequently transformed into dough, determines its structural and mechanical properties. The aim of the work
is theoretical substantiation and experimental confirmation of the influence of preliminary mechanical treatment of liquid components on the process of dough mixing
and structure formation of water disperse system. Theoretical analysis of the process of adhesive interaction of bulk material with liquid has been carried out. It is
shown that the surface energy at the boundary of interaction with phases should be reduced. It is experimentally established that mechanical action on water and aqueous
solutions reduces surface tension by 20-30 %. It is established that at mixing of flour and liquid components of dough the preliminary mechanical treatment gives the
effect of improvement of wetting, increase of elasticity and reduction of time of structure formation in dough. The specific power during kneading is reduced by 15-20
%. With the help of rheometry means (“"Rheotest", Structurometer ST 2, conical Rebinder plastometer) improvement of structural and mechanical properties of the
dough is shown: increase of ultimate shear stress by 20-25 %, decrease of adhesion by 30-40 %, increase of elastic properties after kneading up to 10 %, increase of
water-binding capacity. The studies were carried out on laboratory equipment and in production conditions at the enterprises of JSC "Kemerovokhleb™.

Keywords: mixing, homogeneous mixture, structure formation, mechanoactivation, aqueous solutions, surface energy, adhesion, viscosity, ultimate shear stress,
surface tension.

Beenenne B nHacrosmiee BpeMst BcE OoubIiee 3HaYCHUE
Xie6 B Poccuu — 3T0 He MPOCTO MPOLYKT npuobpeTaeT wuaes «OEpeXIIMBOTO MPOU3BOJ-
MUTaHUA, XJ1e0 CTal 4acThi0 MICHTHYHOCTU POC- CTBa», chopmyauposannas eme I'enpu Gopaom n
CHISTH, OTIPEIEIISAIONIEeH KauecTBO Ku3HU. Tpauimn pasBuTast COTpYAHUKOM Komnanuu Toyota Taiutu
TIPOM3BOJICTBA XJ1e6a 0OOCHOBAHBI TPEOOBAHUAMU Ono (paboran B komnanuu ¢ 1943 roza). Baxneii-
K TOCTOSTHCTBY Ka4€CTBa FOTOBBIX M3/ICIHH, CTaOMIb- 1ast XapakTepHas 4epTa «OepexkIMBOro MpON3BOJ-
HOCTH €ro MOTPEeOUTEILCKUX CBOIMCTB, 00YCIIOBIICHHBIX CTBa» — CHIDKCHME CTOMMOCTH IIPOM3BOJICTBA NIPU
MHUIICBBIMKA TIPSINOYTCHUSIMH YEIOBEKAa M HAIlHO- COXpaHCHMM CTOMMOCTH M KadeCTBd IPOIAYKTa
HATGHBIMHA OCOOCHHOCTSIMH TTOTPEOICHUSL. JUIsL IOTPeOUTEIS.
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IIponecc mpuroToBIEHUS TECTa — ONUH U3
CaMBIX CJIO)KHBIX B TEXHOJOTMH MPOU3BOJICTBA
x11e0a. [lepemermBanme MyKH, yIIebHas IIOBEPXHOCTD
KoTopoit cocrapisier 280-350 MY/KT, C SKUIKHAMH KOM-
MOHEHTaMH (BOZIOM, BOIHBIMH PAaCTBOPaMH), KOTJa
KOJIMYECTBO BHOCHMOM BJIard COCTAaBISIET MEHee
700 M1 Ha 1 Kr MyKH, IPEACTaBISIET COOOH CIOXK-
HBIH TIPOIIECC MOBEPXHOCTHOTO B3aUMOACHCTBUS,
CBSI3aHHBIM C MPEOJOJICHMEM TOBEPXHOCTHOU
SHEPrHM Ha TpaHMLE B3aumojeictBus ¢a3. Un-
TEHCUBHOCTh 00pa30BaHMA OJHOPOIHOH CMecHu
MYK{ H JKHJIKAX KOMIIOHEHTOB, B IOCJEIyIOIIEM
MpeBparaeMasi B TECTO, ONPEAENISAET €ro CTPYKTYPHO-
MexaHudeckue cBoicTBa. MccaemoBarensmu
(1.B. MarBeeBa, JL.IO. JlaBpoa, H.B. Coxoun,
E.10. Eropoga, E.U. [Tonomapesa u apyrue) [1-6]
W3y4yalloch BIHMAHUE [00aBOK Ha CTPYKTYypHO-
MEXaHMYECKHE CBOMCTBA TecTa U KayecTBO xJeda.
[IpuMeHsI TOBEPXHOCTHO-aKTUBHBIE BEIIECTBA
(ITAB), xoTOpbIe BIMSAIM Ha MpoIlecc NepeMelIn-
BaHHS W 00pa30BaHHs OTHOPOMHOHN cMmecH. TecTo
¢ n00aBKaMHU OTIMYAETCS YIydIIeHHBIMH aedop-
MAaI[MOHHBIMU XapaKTePUCTHUKAMH (3JIaCTUYHOCTbD,
ra3oyepXKHuBarolias ClloCOOHOCTh U IIp.), HO KO-
HOMMYECKH HE BBITOAHBI M MOTYT HCIIOIb30BATHCS
MPEUMYIIIECTBEHHO /IS CIIEMAIBHBIX BUIOB ITPOTYK-
. B kauectBe ymydmmTeneil Tecra NpHUMEHSIIH
(hepMeHTBI, KOTOPbIE BO3AEHCTBOBAIN HA OEITKOBO-
YTJIEBOMHBIA KOMIDIEKC TECTa, YTO TOBBINAJIO HE
TOJIBKO TIMINEBBIE, HO M CTPYKTypHO-MEXaHUYECKHE
nokaszaread. COBpPEMEHHBIM HAlpaBICHUEM MOYHO
CUHUTATh ANIEKTPOAKTHBUPOBAHNE BOJHBIX PACTBOPOB.

OnHaKo BBIICTIEPEUUCIICHHBIE METOBI MO0
M3MEHSIOT COCTaB MPOAYKTA, JTHOO U3MEHSIOT ero
TPagULMOHHOE KauyecTBO. BiusiHME mpenBapuTemb-
HBIX MEXaHWYECKMX BO3ACHCTBHI Ha KOMITOHEHTHI
TecTa U, B MEPBYIO OYepeb, HA BOAHBIE PaCTBOPSI,
nepe] MX MEXaHWYECKHM COEIMHEHHEM C MYKOM,
W3y4eHO, Ha Halll B3I, HEAOCTATOYHO.

B HaydHO-TEXHUYECKOH nUTEpaType IMIU-
POKO OCBEILEHBI OCOOCHHOCTH IpoLiecca MEXaHo-
XAMHYECKOH aKTHBAaIUH TBEpAO(a3HBIX THCIEPCHBIX
cucteM [7—10]. AxTHBaIMs BBIpAXKACTCs B 3HAYHU-
TEJIbHOM TOBBILIEHUH KMHETHKH MacCOOOMEHHBIX
MPOLIECCOB HA IPaHuIle B3auMoencTBus a3z, oco-
6ernno B cucremax T-XK. [Iponcxoaut yckopenme
MPOIIECCOB aJCOPOLINH, PACTBOPEHNUS, IKCTPAKIINU
n npounx. CyIIHOCTE MEXaHOAKTUBALIMY TBEPIBIX TET
3aKIII0YaeTcs B pa3pbiBe HEKOTOPOTO KOJIWYECTBA
MEKMOJIEKYJISIPHBIX CBs3el Kak BHYTpH MaTepHaia,
TaK ¥ Ha €T0 MOBEPXHOCTH MPU 00pPa30BaHUM HOBOU
MOBEPXHOCTH NPH Pa3pyLICHUH (MK 00pa30BaHUU
TpEUIvH), CBUTE B 00BEME MaTepuana, AeopMarii
MOBEPXHOCTH (KaK YIPYIHX, TaK U INIACTUYECKUX ),
TPEHUH O TIOBEPXHOCTH TeN U npouee. [ maTtepua-
JIOB, OTHOCSIIUXCS K HEHBIOTOHOBCKUM JKUIKOCTSIM

post@vestnik-vsuet.ru

Y TIPOSIBIISTIOIIMM THKCOTPOIIHIO (00paTnuMyro U He-
00paTUMy0) TIPH CABUTE B MX CJIOSIX TAKKE MOYXKHO
NPUMEHUTh TEPMHUH «MEXaHOXUMHUECKasl aKTHBa-
LHs», TOCKOJBKY YCKOPSIIOTCS MaccOOOMEHHBIE
npotiecchl B Takux cpenax [11-13]. M3BecTHO Takke,
YTO BpeMs, KOTJla MaTepruasl MeXaHOaKTUBHPOBaH,
OrpaHNYEHO M 3aBUCHUT OT MHOTHX (DaKTOPOB.

B nocnennee Bpemst uccaeaoBaTeny 0OpaTuiIu
BHUMaHHE Ha XapaKTepHbIC W3MEHEHUS CTPYKTYPHI
BOZIBI 1 BOAHBIX PACTBOPOB I10]] BO3ACHCTBHEM MEXa-
HUYECKHUX BO3JICHUCTBUIA — TepemernnBanms [14-17].
N3yyanuch U3MEHEHHsI B CTPYKTYpPE JTUCTHILIIHPO-
BaHHO# BogsL [18, 19] cycrneHsuii ¢ 1eMEHTHBIM
BSDKYLIUM, [20] SMYIJIbCHU TEXHOJIOTHYECKHX HKUIKO-
creit u OypoBbIX pactBopoB [21, 22] u np. TIporecc
B3aUMOJCHCTBHS MEXaHOAKTUBUPOBAHHOW BOIBI U
CBITYYero MaTepHalia, a TakXKe BIHsSHHE TpeIBapH-
TEIBHOM MEXaHWYECKOW IOATOTOBKH BOIBI U €€
PacTBOPOB, Ha HaIIl B3IJIsI, H3yYEHBI HEJIOCTATOMHO.

Lens padoTsl — TEOpEeTHUECKOE 0OOCHOBAHUE
U DKCIIEPUMEHTAIBHOE IOJTBEPKICHUE BIHSIHUS
TIPEABAPUTEIILHON MEXaHMIECKOH 00pabOTKH KUIKUX
KOMITOHEHTOB Ha IPOIIECC MEepeMEIIMBaHUs TecTa U
CTPYKTYpOOOpa30BaHHE BOIHOIHCIIEPCHON CUCTEMBL.

MeToabl

B ananuTHueckoii 4acTH MpoBeAEHbI TEOPETH-
YecKHe HCCIENOBAaHUS IIPOLEcca ITOBEPXHOCTHBIX
KOHTAKTOB «KHIKOCTh-TBEpIOE (CBHITyYee) TEIO»
C IPUMEHEHNEM OCHOBHBIX YpaBHEHHI TEPMOIMHA-
MUKH. [Iporiecc MOBEpXHOCTHOTO B3aMMOJICHCTBHS
omHChIBaeT paBeHcTBO fOHTa:

O7 =Opy +05C08Q , JIx 1)
IJie G; — IOBEpXHOCTHAsI 3HEPT sl TBEP/IOro Tena, JIK;
G, — IIOBEPXHOCTHAsl 3HEPrus >XUAKOCTH, JIK;
Gy — TOBEPXHOCTHAs SHeprus Ha MexdazHon
rpanune T-JK, JIx; COS @ — KOCHHYC BHIWMOIO
yTa cMaunBaHusl. PaboTy MOBEpXHOCTHOTO B3aUMO-

nevictBust (anre3usi) Ha rpanune T-)K mokaspiBaeT
ypaBHenue Jlrompe:

W, =065 + 0y — Oy, JIK 2

rre W, —pabora aare3uu B oOpaTtiMoM riporiecce, k.
Cootromenue (1) u (2) maetr 3aBUCUMOCTH
JUTst pabOTHI a/Ire3UH:

W, =0, (1+ cosg), Ix (3)

VY nensHas odoparumas pabora koresun W, :

W, = 20, , x 4)
OrtHomenue paboT aAre3uy 1 KOre3uu

W, /W, =(cosp+1)/2, (5)

OTKY/1a CIITy€eT, YTO CTPEMIICHHUE K HYJIIO 00SCTICHUT
MaKCHMallbHOC CMauWBaHWE, a 3HAYCHUS DHEPIH
W, u W, IOKHBI CTPEMUTBCS IPYT K APYTY.
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Pasuuna mexny W, u W, naer xoaddu-
IUEHT pacTeKaHus S:

S=W, -W, =0, (COS(p+1)2(7}Kr, Tk (6)

OHeprust B3aMMOACHCTBYS Ha TPaHULIE «TBEP-
JIO€ TEJO — SKUIKOCTDY WIITIOCTPUPYETCS PUCYHKOM 1.

daza 2 "
=)

1
Tonmuua cnog

Pucynox 1. CrymeHnue »Hepruu Ha TPaHHIE B3aUMO-
JEUCTBUSL «TBEPIOE TEJIO — HKUAKOCTH»

Figure 1. Energy densification at the boundary of solid-
liquid interaction

W3 BBIIIEU3NOKEHHOIO CIIEAYET, YTO TIOBEPX-
HOCTHYIO 3HEPIHMIO B3aUMOJEHCTBUS Gy HEOOXO-

JTUMO CHIDKATH KaKUM-THOO CITIOCOOOM U TIPH STOM:
Ot > O » »Z[)K (7)

Ecnu xe cuibl OTTaNKMBaHUSA Ha MOBEPXHO-
CTU B3aUMOJIEUCTBUSI «CyOCTpaT—a/ire3uns» BBICOKH,
TO MPOCTEHUIIMM COCOOOM MOKET OBITH HOBBILIE-
HUE MEXaHWYECKOW »JHEPruH IepeMeIInBaHus
KOMIIOHEHTOB JUIsI peo1oyieHus 3Tux cuil. Ho ects
Opyrod TOAXOJ — CHIDKEHHE ITOBEPXHOCTHOU
SHEPIruM XXKUIKOCTH MexaHoakTuBanuen. Mccneno-
BaTeJIIMHU MTOKa3aHo, 4TO JIF000€ BHEIIHEE BO3CH-
CTBHE Ha JXUAKOCTh NPUBOAHT K H3MEHEHHUIO
ee cBoicTB. CIBUT B CIIOSIX JKHUAKOCTH TMPHUBOAWT
K pa3pyLIEHUIO BHYTPEHHUX CBSA3EH, HAKOIUICHUIO
BHYTPCHHEW 53Hepruu. TakoW IpoLecC MOMKHO
UACHTH()UIUPOBAT KaK MEXaHOAKTHBALIMIO, IO-
CKOJIBKY TTPOUCXO/INT U3MEHEHHNE KaK BHYTPEHHEN
SHEPTUH B AUCIIEPCHOM CHCTEME, TaK U TOBEPXHOCT-
Horo HaTspkeHus Ha rpanute JK-I'. Takum oOpazom,
9HEPTUs aKTWUBALWW J>KHIKOCTH — 3TO JHEPTHUs,
3aTpadcHHas Ha CIIBUTOBBIC JIeOpMaIK B HEH.

OCHOBBIBasICh Ha 3TOM IPEATNON0KEHUH,
MOYKHO 3aIHCaTh:

E,=E-E, Tx (8)

rne E, — dHeprusi MEXaHOaKTUBALMU KUIKOCTH, JIx;
Eo— BHYTpeHHSIS1 SHEPTHst A0 MeXaHOaKTUBaLuH, JIxk;
E — BHYTpeHHsIS1 SHEPTHS MEXaHOAKTUBUPOBAHHOM
JKUAIKOCTH, JIXK.

PaccMmoTpumM cABUTOBOE TEUEHHE KUIKOCTH
C TIOCTOSTHHOW (HBIOTOHOBCKOM) BS3KOCTHIO. JIu-
HEWHBIM 3aKOH BSI3KOro TeueHuss HphroToHa MOXKHO
3amnucaTh B BUJIE
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dF:nﬂds, 9)
dx

rae dF — cra BHYTpEHHEro TPeHH s Ha SJIEeMEHTapHON
wiomaake, H; n— ko3hduimeHT auHaMUYecKon
Bs3koctH, Ilaxc; dv/dX — rpagweHT ckopocTH
JBIDKCHHS CIIOCB B HAMPABJICHWH, MEPICHIUKY-
JIIPHOM K TTOBEPXHOCTH CJIOEB (CKOPOCTDH CIIBHTA);
dS — mTomak HIEMEHTapHOM MIOMAIKH, M,

[pencraBiM depe3 KHHEMATIIECKYTO BI3KOCTh
CUJIYy BHYTPEHHETO TPEHUS B KUIKOCTH:

A B CO PPN C) ISR
p dx dx
Tjie p — WIOTHOCTh BENIECTBA, KI/M°; v — KO u-
IIMEHT KUHEMATHYECKOH BS3KOCTH, M2/C.
B tepmommHamuueckoM actiekte Kod(huim-
SHT BSI3KOCTH €CTh Mepa JAUCCUTIALN MEXaHUYECKON
SHEPTUH WK Mepa PacCesHUS B TEIUIO MEXaHUYECKON
SHEPIUU JBIDKYIICHCS KHUIKOCTH. DTy SHEPIHUI0
MOYKHO TPaKTOBaTh Kak pabOTy MeXaHOAKTHUBALIUU
KHIKOCTH, IPEACTABUM €€ BBIPaKCHUEM:

dFR
— =1d(“)d5=vmds, T (11)
0] p owdXx wdXx

ma

T/Ie ® — YTII0Bas CKOPOCTH BPAIIEHUS MEXaHOAKTH-
BaTopa, ¢t
OnpeneneHre yAensHOW 00paTUMOi padoThI

xoresun W, (Beipaxenue 4) u (11) maroT B coBo-

KYITHOCTH MAaTeMaTHYEeCKYI) MOJICIb
MEXaHOAKTHBAIIUH BOIbL.

Pabora dA 1m0 W3MEHEHHIO MOBEPXHOCTH
KOT€3MOHHOTO B3aHMMO/ICHCTBHUS B )UAKOCTH Ha S
COBEpIIACTCS 3@ CYET U3MEHEHHS OTCHIUATbHOM
sneprud dWps:

paboThI

dA= dW, = o, dS, (12)

Taxum o0paszom, pabora, 3aTpaunBaeMast Ha
nepeMeIInBanre, TOKISCTBeHHa paboTe MexaHo-
AKTHBALIUH U 110 CBOEH MPHUPO/IE ABIAETCS pabOTON
TIPEOJIOJICHHS CHIT KOTE€3UH B MaTepraie (BbIpaxeHue 4).

B skcniepumeHTanbHON YacTy paboThI MCIIOINb-
30BaIUCH CIIEAYIONINE MaTeprasbl: MyKa MIIEHUIHAs
nepBoro copra ¢ nokazarensmu o I'OCT 26574—
2017; Boga mutheBas o CaunlluH 2.1.4.107-01.

JInsg  sKcnepruMEHTaNbHBIX HCCIEIOBaHUN
npuUMeHsIMCh: cTpykrypomerp CT-2, ananusarop
BrnaxkHoctd MX-50, mpubop u3MepeHus BA3KOCTH
«Peorect», KOHMYECKHUN TIacToMeTp Pebunmepa,
METO/J] KalMJUTSIPHOTO MTOJHATHUS TS ONpeIeIeHus
MOBEPXHOCTHOTO HATSKEHUS )KUIKOCTHU C HCIIONb-
30BaHueM Kanwuigapa nuametpom 0,6 mm. [lepeme-
[IMBaHWE BOJHBIX PACTBOPOB M TECTa IMPOBOIMIN
B DKCHEPUMEHTAILHON YCTAaHOBKE, BKIIIOUAIOIIEH
MuKcep 0pIToBOM GemluX ¢ mponeccHol eMKOCTBIO
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3 UTpa U JUCKPETHBIM MEPEKITIOUEHUEM CKOPOCTEH
Bpali€HusA MCEHIAJIKU. B kauecTBe Memaiku JJIs
BOJIHBIX DPAacTBOPOB HCIIOJIE30BAIH BEHYHKOBYIO
HacaJKy, IpUMeHseMyto Ui B3ouBanus. [Ipu nepe-
MCIIMBAHUU TECTA IMPUMCHAIN AKOPHYIO MCIIAIIKY
C IUIAaHETAaPHBIM ABUKCHUCM. MOHIHOCTI) nepeme-
IIMBAHUS PETHCTPUPOBATIACH BATTMETPOM H TOKa-
3aHHUS KOTOPOTO (PUKCHPOBAJINCH BUAEOCHEMKON 1
0hOpMITSITICH B TAOITHIIAX.

PesyabTaTel 1 00cyxnenne

IpoBenena cepust HIKCIIEPAMEHTOB TIO U3YUe-
HUIO BIIMSIHUS TIEPEMEIBaHNs Ha TIOBEPXHOCTHYIO
SHEPruI0 BOABI U BOAHBIX pacTBOpoB. Ilomyuanu
3aBHCHUMOCTH ITAPaMETPOB OT BPEMEHH ITepeMeIBa-
HUS BOJBI M MPU Pa3HOM 4acTOTe MepeMeIUBaHHs
(100 1 180 060pOTOB B MUHYTY).
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B nauane nepememrBaHus BBICOTA MOAbEMA
BOJBI B Kanmwuisipe (PUCYHOK 2) B INPOMEXKYTKE
BpemeHHu J0 600 cCeKyHJ YMEHBIIAeTcCs, a 3aTeM
NEepexXoIuT B HECTaOMIIbHYIO 00nacTh. CHIKEHHE
BBICOTBHI TIOJIbeMa BOZBI B KaIWILISPE — TIPSMOE
TIOATBEPIKICHNE TAZ€HNs TTOBEPXHOCTHON SHEPIUH
BO/IbI B niepBhle 10 MUHYT nporecca (PUCYHOK 2 a)
Ha 30-40%. 3aTeM MPOMCXOIUT HECTAOWIILHBIN POCT
BBICOTHI CTOJI0A JKUAKOCTH, YTO CBSA3aHO C M3MEHE-
HUEM €€ CTPYKTYphl. 3aMeTHa pa3HHIA MOBEpPX-
HOCTHBIX DHEPIHil BOJbI JUCTUIIMPOBAHHON U
NIUTHEBOI OyTHIMpoBaHHO! («bepmoBckast TacyKHasD
CBUAETENBCTBO O TOCYNaPCTBEHHON peructpaiuu
Ne RU.42.21.01.006.E.000032.04.11 ot 21 anpens
2011). IepemermmBanye BOABI, CONEpPIKAIICH HOHBI,
COCTaB KOTOPBIX OMNpENEeNsieTCs] MECTOM IIPOHC-
XOXKACHUS, CHU)KAET TMOBEPXHOCTHOE HATSKEHHE
3HAYUTEIHHO OBICTpEE.
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Pucyrok 2. 3aBucumMoctu BbIcOTHI (M) cT0102 BoIb! B Karmmunsipe 0,6 MM OT BPEMEHH MepeMeIInBanus: () — IepeMenInBaHme
JUCTHJUIMPOBAHHON BoABI TIpH 9actote 100 munt; (b) — mepeMeImmBanye MUTHEBOH OyTWIMPOBAHHOM BOIBI IIPH YaCTOTE
100 mur?; (C) — 3aBHCMMOCTB BBICOTBI TIOIEMA BOJIBI B KATTMIUTAPE OT €€ TEMIIEPATYPHI TIPU TIEPEMEINBAHIH, MM

Figure 2. Dependences of height (h) of water column in 0.6 mm capillary on stirring time: (a) - stirring of distilled water
at frequency 100 min-1; (b) - stirring of drinking bottled water at frequency 100 min-1; (c) - dependence of height of
water rise in capillary on its temperature during stirring, mm

Ha rpaduxe (prucyHOk 2 B) moka3aHa 3aBHCH-
MOCTB BBICOTHI CTOJIOA B KaITWILISIPE OT TEMIIEPATYPhI
BOJIbI, M3MEHSIOLIEHCS NpH nepememBanny. Kak
BUJHO, JJIS MEXaHOAKTHUBHPOBAHHOMN BOJBI MTOHH-
JKEHHE TeMIepaTyphl He aeT 3P (EKT MoBbIIICHHS
MOBEPXHOCTHOrO HaTshkeHus. Kak monro coxpans-
€TCsl TIOHW)KCHHAsI TIOBEPXHOCTHAS YHEPTHUS BOJBI
M0CJIe MEXaHWYEeCKOM aKTHBALMK MTOKa3bIBACT Ipa-
¢uk Ha pucyHke 3. 1 JUCTHITMPOBAHHON BOBI
JIOCTaTOYHO OJIHOM MHUHYTHI JUJIsl BOCCTAHOBJICHUS
CBOMCTB, XapaKTEPHBIX COCTOSHHUIO MOKOS.

Craemnan BBIBOJI, YTO MCIIONB30BATh MEXaHO-
aKTHBHPOBAHHYIO BOAY JJIsl TEXHOJIOTHYECKUX TPO-
IIECCOB HYKHO B TeueHue Oommkaimmx 60 c. Bpems,
JIOCTaTOYHOE JUIs MeXaHOoaKTHBamu — 1o 120 c.

HccnenoBanuch MOBEPXHOCTHBIE CBOWCTBA
PacTBOPOB BOJBI, IPUMEHIEMBIX IIPU 3aMece TecTa
B Npou3BozcTBe. [Jig cocTaBIeHus pacTBOPOB HC-
MOJIb30BAINCH COOTHOIIEHHUS, COOTBETCTBYIOIINE
xJ1e00TneKapHOMY TECTY IS TIPOM3BOJCTBA XJieba
«KemepoBckuii».
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Pucynok 3. 3aBUCHMOCTH BBICOTHI CTOJN0A BOJBI
TUCTHUTUPOBAaHHOW B Kammwuiipe 0,6 MM OT BpeMEHH
MI0CJIE MEXaHOAKTHBAIIMH B COCTOSHUH TOKOS

Figure 3. Dependence of distilled water column height

in a 0.6 mm capillary on time after mechanoactivation
in the resting state
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Ha pucyske 4a npencraBieHbl pe3yabTaThl
U3MepeHnii BEICOTHI mombema pactBopa NaCl
B Kanwuisipe nuamerpom 0,6 mM. IToBepxHOCTHOE
HaTsDKEHUE JUIsl pacTBOpa COJM MajaeT 3HadH-
TEJILHO OBICTpEe IO CPaBHEHUIO C BOJOW TUCTUII-
JMpoBaHHOK. MuHMMyM nocturaercs gepe3 120-180 ¢
nepeMemBanud. A depe3 120 ¢ moBepxHOCTHas
sHeprus cHuxaercs yxe Ha 30%.

HccnenoBaii MOBEPXHOCTHBIE CBOMCTBA
1%-ro pacTBOpa MyKH NpH MEpeMELIMBAHUH.
Pe3ynpTaThl M3MEepeHNH MMOKa3aHbl HAa pUCYHKe 40.
Bricora cTonba pacTBOpa B Kanwjuiipe B Havale
npoliecca pe3ko najaeT, CHIKasCh B nepBbie 60 ¢
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Ha 40%, 3aTeM HEMHOT'O YBEJIMYMBACTCS, HO COXpa-
HSICT TOHIKEHHOE 3HaucHHe. [10BbIICHHE KOHIICH-
Tpalyyd MyKd B BOje He Jano 3(ekra CHIKCHHs
HOBEPXHOCTHOTO HaTshkeHus. Ho mpu yBenmuueHHn
BPEMCHHU MEPEMELINBAHHUS TIOBEPXHOCTHAST SHEPTHs
pocina B Gonbliei mepe, dem st 1%-ro pactBopa.

B mpakTuke mpu 3amece TecTa MPUMEHSIOT
TIO/ITOTOBJICHHBIE COJIEBBIE PACTBOPBL B CBsi3H ¢ 9THM
OBbLIH TPOBEICHBI IKCIEPUMEHTBI [0 H3MEPEHUIO
HNOBEPXHOCTHOW HSHEPrHM MpU IePeMEIIUBAHUH
3,3%-ro pactBopa NaCl ¢ 1% myku. Pe3ynbrars
Hpe/CTaBICHbI HA PUCYHKE 4B.
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Pucynok 4. 3aBHCHMOCTH BBICOTHI MOJbEMa BOJAHBIX PACTBOPOB B Kamwyuwsipe auametpoM 0,6 MM OT BpeMEHH
nepemeruBanus: (a) — pactBop 3,3% NaCl; (b) — BogHO-MyuHas cycrieH3us ¢ KoHUEHTparueid Mmyku 1%; (C) — BoaHbIi

COJIIHO-MYYHOU PAacTBOP B YKa3aHHON KOHLIEHTPAaLUU

Figure 4. Dependences of the height of rise of aqueous solutions in a capillary with a diameter of 0.6 mm on the mixing
time: (a) - solution of 3.3% NacCl; (b) - water-flour suspension with flour concentration of 1%; (c) - aqueous salt-flour

solution in the specified concentration

MuHMMaNbHOE 3HA4YCHUE BBICOTHI CTOJIOA
pacTBopa B Kaluusipe COOTBETCTBOBAIO BPEMEHU
nepemenBanns 60—100 c. CHIKeHHE TOBEPXHOCT-
HOH DHEPTUH pacTBoOpa COCTaBmUio okojo 20%.

B nabGopaTopHBIX HCCIIEIOBAaHHAX MyKa H
BOJIa TIEPEMEIIIUBAIMCH B COOTHOIICHHUH, TPHHSITOM
Ul XJ1e0O0MeKapHOro TEecTa, COOTBETCTBYIOLIETO
TexHoJoruu xijebda ¢opmoBoro «KemepoBckuiiy»
W3 MIICHUYHOW MYKH MEPBOTO COPTa, IPOU3BO/IU-
Moro OezomapHbiM crocoboM. [Ipm  3amece
UCIIOJIB30BAJIMCh MYyKa MIICHUYHAs IIEPBOrO COpTa
W BOJa BoxOMpoBojxHas. BreiOpana mocrosiHHAS
CKOpOCTh BpaineHus memaiku 100 06/mMuH. Mexa-
HOAKTHUBALXs BOJBI IPOU3BOANIACE B EMKOCTH AJIS
3amMeca rpu uncie 06opotoB Memranku 100 06/mMuH
B Teuenue 100 c. I'paduku 3aBucumocTel mpea-
CTaBJIEHBI HA PUCYHKE 5.
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1 cMecn ¢ MeXaHOAKTUBUPOBAaHHOW BOZOU
MOIITHOCTH B HAYAJILHOM JTarle He Ta/1aeT, aKTHBHO
MPOSBISIETCA MOBEPXHOCTHOE  B3aUMOJENCTBHE
BOJBI ¢ yactuamu Myku u ¢ 30 ¢ o 50 ¢ npowuc-
XOJUT crabwiu3aiusi. MOIIHOCTh HE pacTer,
HaAOII0ZaeTCs MOBBIIIEHHAS AJIACTHYHOCTD CMECH.
JlanbHeilee nepeMelnBaHie He IPUBOANT K CHHU-
YKEHHIO MOIIHOCTH, YTO CBHIETEIBCTBYET O CHOPMHU-
POBAaHHOCTH KapKACHOW KJIEHKOBHHHOW CTPYKTYpPbI
TECTa M €T0 MOBBIIIEHHON ATacTHIHOCTH. OUeBHIHO,
YTO 3aMEC TECTA C MEXAHOAKTUBHPOBAHHOM BOIOM
Hazo 3akaHunBaTh yepe3 50-60 c. [lepememmBanu
MYKY C IIpeABAPUTENHHO MOATOTOBICHHON BOJHO-
muctiepcHoi 1%-1 cMechio MyKH | BOJBL. B Havaib-
HOU CTaJuM 3aMeca MOIITHOCTh BO3pacTacT HE3HAUH-
TEeNbHO, KpHBas Ha rpaduke BBIXOJUT Ha IUIATO.
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Pucynok 5. 3aBucuMocTH yOenmpHOW MOITHOCTH Ha
nepeMenmBanue OT BpPEMCHU I KOHTPOJIBHOTO
obpasma (Nyza-x), oOpasna ¢ MeXaHOAKTHBHPOBAHHON
Bomoit (Nyn-Bog-m-a) m oOpas3ma ¢ MEXaHOAKTHBH-
poBaHHOU My4HOI1 cycrien3ueit (Nya-cyc. m)

Figure 5. Time dependences of specific stirring power
for control sample (Nud-k), sample with mechanically
activated water (Nud-water-m-a) and sample with
mechanically activated flour suspension (Nud-susp. m)

3areM MOIIHOCTh Ha IepeMelldBaHue
HECKOJIBKO MPEBBIIIAET MOIIHOCTh NpPH 3aMece
C MEXaHOAKTHBHPOBAHHON BOIOW, YTO TOBOPHUT
0 (opmupoBaHnK Ooj1ee MPOYHON CTPYKTYPHI TECTa,
MIPH 3TOM TMOBBIIICHHAS 3JIACTUYHOCTH COXpaHi-
eTcs, paspylieHHs CTPYKTYpPbl HE HaOIIOIaeTCs.
MoIHOCTh MepeMEIINBaHUS HIKE KOHTPOJIbHOU
Ha 30-40%. Ananu3 rpadrka roBOPUT O TOM, YTO
3aMec 0JDKEH OBbITh OcTaHOBIEH uepes 40 c.

OneHuBaJIn KaueCTBO TECTa I1OCIIE 3aMeca.
IIpenensnoe wHanpsbkenune ciasura (IIHC) Tecrta
U3MEpPsUIN KOHMUYECKUM IUIaCTOMETPOM M PaccdH-
THIBAJIM IO M3BECTHOM MeToamke. MccnenoBanue
I[NTHC npoBoauim cpa3y e Mocie 3aMeca 1 4epe3
BpPEMEHHO mpoMexyTok B 600 cexyH.

AHanu3 pe3ynpTaToB IKCIEpUMEHTa (pucy-
HOK 6) TOATBepKAaeT (PaKT MOBBILIECHUS CTPYK-
TYpHOH INPOYHOCTH TECTa 3KCIIEPUMEHTAIBHOTO.
[Tpuuem mis sxcnepumeHTanbHOTO obpasma [THC
CO BpPEMEHEM CHIDKAETCS, YTO MOXXHO OOBSICHHTH
penakcalyen HanpsbkeHu Bo BpeMeHH. /s koH-
TposbHOro xe oopasna [THC cpazy ke nmocie 3ameca
ObUI HIDKE TOYTH B JIBA pasa, a 3aTeM LUIO ero
HapacTaHue, npuuem uepe3 600 cexyH[ pa3HULla B
ITHC cocrasmna He 6osee 20%. D10 TOBOPHUT O TOM,
YTO CTPYKTypa TecTa popMupoBaiach B COCTOSIHUU
MOKOS TOCJe TMEpPEMEIINBAaHUsI, YTO TOBOPUT O
HEOOXOJMMOCTH CBOEBPEMEHHOTO MPEKPaIeHUs
MEXaHHMYECKOT'O BO3JECHCTBUS HA CMECh.
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Pucynok 6. Pe3ynbrarel u3MepeHuii MpeieibHOrO Harpsi-
JKEHUsI CIIBUTA G, (I1a) Tecta cpasy mocsie 3ameca u yepe3 600
¢ mocJte 3ameca (K — koHTponb; O — OIBITHBIH 3aMec)

Figure 6. Measurement results of shear stress o, (Pa) of

dough immediately after kneading and 600 s after
kneading (K - control; Op - experimental kneading)

Pesynbratel  9KCIEpuMeHTa  (PUCYHOK 6)
MO3BOJISIIOT CAEAaTh BBIBOA O TOM, YTO MPH KOH-
TPOJILHOM TEPEMEIINBAaHUU CTPYKTypa TecTa He
chopMHpOBaANAch B MOJIHON Mepe U CO BPEMEHEM
nporcxoaut eé ynpouynenue (yBenmuenue [THC
3a Bpems Habmomenuit 1o 20%). B nmpobe skcrre-
pumenTtainpHOoro obpasma ITHC cpasy sxe mocie
3aMeca MPEBHILAN0 KOHTPOJBHBIN B /Ba pas3a U
IpU OTIEKKE HECKONBKO CHIXKAJIOCh, YTO CBHUJIE-
TENBCTBYET O MPOTEKAHUH PeSlaKCcalliy HaPsDKEHUH
1ocjie CABUIOBBIX JiehopMaIMii B IpoLecce 3amMeca.
B mnpobe »skcnepumentamsHoro obpasma I[THC
cpazy e MOCJIe 3aMeca MPEBhIIaNo KOHTPOJILHBIN
B [IBa pasa U MpPHU OTIEKKE HECKOIBKO CHU3HIIOCH,
YTO CBUJICTENLCTBYET O MPOTEKAHUH peJIaKCaIlin
HanpsbkeHuit mocie aedopmanun. CienoBaTelbHO,
OenKoBBIN Kapkac Tecta ynpouHsiercs. Ha cTpyk-
typomerpe CT-2 m3ydanm anresmio Tecta u pe-
JIAKCAIlMI0 HampshKeHUW B TecTe (PUCYHKU 7 u §)
MIOKa3aJI0 CHIPKCHHE a[re3uH Y MOBBILIEHHE MOILYJIS
ynpyroctu a0 20%.
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PucyHok 7. 3aBICHMOCTH TaHTEHINAIIFHOTO YCHIIHS a/IT€3UH
KOHTPOJBHOTO (1) 1 SKCTIepUMEHTaNBHOTO (2) 00pasoB

Figure 7. Dependences of tangential adhesion force
of control (1) and experimental (2) samples
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Pucynok 8. 3aBucuMoOCTH pelakcanuyl HarpshKeHUi
B TECTE KOHTPOJIBHOTO U HKCIIEPHUMEHTAILHOTO 00pa3IoB

Figure 8. Dependences of stress relaxation in the test
of control and experimental specimens

HccenenoBanoch BAUSHIE MEXaHOAKTUBALIAN
BOJIBI Ha BOJIOCBS3BIBAIONIYIO criocoOHOCThH (BCC)
tecta. OOpasiipl OABEPraay BHICYIINBAHUIO C TEM-
neparypoii (103°+2). DxciepruMeHTbI IPOBOMIUCH
C MOMOILBIO aHAM3aTopa BiakHoctn MX-50.

BeicymmBanue 00pa3iioB MPOU3BOIUIOCH
HEIOCPEACTBEHHO IMOC/IEe 3aMeca U [0 UCTCUCHHH
45 munyt (pucyHok 9). [TocTpoeHsl rpaduku Ku-
Hetuku cymku dW/dt = f(dW) (pucynok 10). Ycra-
HOBJICHO, YTO MEXAHOAKTHBAIMSA BOJBI TEpe]
MEPEMEIIMBAHUEM TIOBBINIACT BJIArOCBA3BIBAIOIILYFO
cniocobHocTh Ha 10-12%, npuuem BCC, Haxons-
merocs B Iokoe mociie 3ameca Ha 7—10% Brlmie
OCJIE BBIICPIKKH TECTA.

as faa 2ma.
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Pucynok 9. 3aBucHMOCTH BiaroynajieHus NMpU CyIIKe
TecTa ¢ Temneparypoit 103°: 1 n.a. u 2 H.a. — 11 TecTa
C HEaKTHBHPOBAHHON BOJON HETOCPEACTBEHHO IIOCIIE
3ameca 1 uepes 45 MUHYT; la. u 2a. — ¢ aKTUBUPOBAHHOM
BOJIOM U C HHTEpPBAIOM BpeMeHH B 45 MUH

Figure 9. Dependences of moisture removal during dough
drying at 1030: 1a. and 2a. - for dough with unactivated
water immediately after kneading and after 45 min;
la. and 2a. - with activated water and at 45 min intervals
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Pucynok 10. KnHeruka cymku Tecta NIIEHUIHOTO TPH
temrepatype 103°: 1 H.a. u 2 H.a. — 17151 TeCTa C HEAKTH-
BUPOBaHHOU BOJOM HEMOCPEICTBEHHO IIOCIIE 3aMeca U
yepe3 45 muH.; 1 a. U 2 a. — ¢ aKTUBUPOBAHHOU BOJAOH U
C UHTEPBAJIOM BpeMeHH B 45 MUH

Figure 10. Drying kinetics of wheat dough at 103o0:
1 na. and 2 n.a. - for dough with unactivated water
immediately after kneading and after 45 min; 1 a. and 2 a. -
with activated water and at 45 min intervals.

HccnenoBanus nepeMeInBaHus B IIPOU3-
BOJICTBEHHBIX YCIOBHSIX POBOAMIIFICH HA TECTOME-
CHJILBHOM 000pynoBaHuu 1-ro u 4-ro x1e003aBo10B
000 «Ky3zbaccxiie0» B TEXHOIOTUIECKUAX JTMHUIX
npousBozacTBa xjeba «KemepoBckuil» M Cymku
«KemepoBckas». Pesynbrarel m3MepeHus 3arpar
MOIIHOCTH NPH NEPEMELINBAHUH TECTA B TECTOME-
cwnpHOM MammHe ['4-MTM-330-01 mpencraBieHs
Ha pucynke 11.

[pakTryeckn cpazy MOIIHOCTH MepeMeElInBa-
HHA B 3KCIIEPUMEHTAILHOM 3aMECE CTaJla IPEBBIIATH
MOIIHOCTh TIPH KOHTPOJIBHOM 3aMece. JTO TOBOPUT
0 3HAYUTENBHOM OINEPEKEHUH POPMUPOBAHHS OJI-
HOPOJIHOW CTPYKTYPHI TECTA U Hadaia THAPOIUTH-
YeCKOr'0 B3aMMOJAEHUCTBUS BOJBI M YacTUI[ MYKH.
Vixe ociie 120 ¢ MOIITHOCTH TTepeMeBaHus CTa0w-
m3upoBaiack. A 1o ucredeHuu 240 ¢ mpou3oIIo
3HAYNTEIHHOE HapacTaHHe MOIIHOCTH Oojiee d4eM
Ha 1,5 kBT, 4TO MO’XHO OOBSCHUTH BO3POCIIICH ITPOY-
HOCTBIO KJIEMKOBMHHOTO Kapkaca Tecta. B KoH-
TPOJILHOM IIEPEMELINBAHNYU TPEThS CTAIMs 3aMeca
Hactynmia nocie 300 ¢, u mocne 500 ¢ MomHOCTh
TMepEeMEILINBaHus CTajla Ma/laTh, YTO TOBOPUT O HAaYaJle
pa3pylIeHns KIEHKOBUHHOIO KapKaca.

HUccnenoBanust Tecta Ha nproope «Rheotest»
(pucyHOK 12) mokaszaso, 9To MpH CABUTOBOM TCUCHHUH
HanpsDKEHKS B SKCIIEPUMEHTAIIBHOM 00pasLie MPEeBbI-
maroT Ha 20% HanpspKeHHUsT KOHTPOIBHOTO 00pasia.

Ilo pesynpTataM MOXHO CIENaTh BBIBOJ,
YTO TIpeABapUTENbHAS MEXaHOAKTHBALHS BOJIBI
TIOBBIIIAET 31ACTUYHOCTh TeCTa MPH NepEMEIIMBaHHY,
MOIITHOCTh TIPH 3TOM CcHIDKaercs 1o 20% 3a cuer
CHIDKEHUS YAEIBbHON MOIIIHOCTH Ha IIEpEMEILINBAHUE
Y COKpAILIEHHs BpeMEHH IIpoliecca.

Omnpenenenue BAMSHUS MEXaHOAKTHUBAILIUU
BOJIBI Ha CBOMCTBa MAaJIOBJIAKHOI'O TecTa IPOBE-
JIEHBI B TECTOMECHIbHON Maminiae TM-63 Ha 4-M
xyebo3aBoge r. KemepoBo B TMHMN NPOU3BOACTBA
cymku «KemepoBckas». PesynbraTsl npeacTaBiieHbl
Ha pucyHke 13.
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Habmogaercs 3aMeTHOE CHIKEHHE MOIITHOCTH Mexanudeckoro Bozaeiicteus. M3mepsimu ITHC Tecta
nepeMeIIMBanus 1Jis1 00pa3iia ¢ MeXaHOAKTHBHPO- mocJyie 3ameca (PUCYHOK 14) KOHHYECKUM IIIacTo-
BaHHOW BONOH. A mociie mepecedeHus rpadukoB MeTpoM PeOuHmepa. YcraHOBIEHO, YTO CTPYKTypa
COIIPOTHBIICHUE TICPEMEIIMBAHUIO HAUYMHACT Hapac- IKCIIEPUMEHTATIBHOTO 00pasiia (hOpMUPYETCs JTydllie
TaTh. ITO TOBOPUT O CHOPMHUPOBAHHOCTH CTPYKTYPHI Y TIPY MEHBIITUX 3aTpaTax SHEPTUH, a IMPOYHOCTD ¢
TeCTa W HEOOXOAWMOCTH TPEKpPaTHTh IIpoIecc BBIIIIE, Y€M Y KOHTPOJILHOTO 00pasia, Ha 20%.

8
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PrcyHok 11. 3aBHCHMOCTH MOIIHOCTH Ha TiepeMenmBanue Pucynok 12. 3aBucumoctd Hampspkenus t (I1a) casuroeoro
TECTa KOHTPOJILHOTO M OKCIEPUMEHTAILHOTO 00pPa3oB B TeueHHs OT CKOPOCTH capura ¥ (c'h) uist TecTa KOHTPOIBHOTO
TecToMecTbHOM Mariae ['4-MTM-330-01 (63 MA) 1 SKCIIepUMEHTATBHOTO 06pastia (¢ MA)

Figure 11. Power dependences for dough mixing of controland rjgyre 12, Dependences of shear flow stress t (Pa) on shear
experimental samples in the dough mixer G4 MTM 330-01 416 (s1) for the test of control (without MA) and experimental

sample (with MA)
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Pucynox 13. 3aBucumoctu momnoctit W (BT) ot Bpemenn Pucynok 14. 3aBucrMOCTH M3MEHEHHMSI NPEETBHOTO HAIpsi-
t (c) npu nepemenmBanun Tecta cymku «Kemeposckas»  xenus casura (ITHC) Tecta cymiku «KemepoBckas» mocie

Figure 13. Dependences of power W (W) on time t (c) TCPCMCIIMBAHM BO BpEMCHH
during mixing of "Kemerovskaya" drying dough Figure 14. Dependences of change of shear stress limit (SST)
of "Kemerovskaya" drying dough after mixing in time

3akia0ueHue OKCIEPUMEHTAIBHO YCTAHOBJICHO CHIDKECHHE
AHaAJIUTUYECKU YCTAHOBJIEHO, YTO Ba)KHEHIIEH TIOBEPXHOCTHOM SHEPIHM BOJIBI M BOJHBIX PACTBOPOB
CTaJIuell epeMellIMBaHNs TECTa SBJISIETCS HaYaJIbHasl, (NaCl 3,3%, myka 1%) no 20% npu nepemerBaHuH.
Korja nporcXoauT CMayrMBaHUE OBEPXHOCTH YaCTHI] IToxazaHo, 4TO AJIT MEXaHOAKTUBALIUH BOJBI
MYKH BOJTHBIMH pacTBopamu. Ilokazana HeoOXomu- M BOJHBIX PACTBOPOB B HCCIICTOBAHHOM 1HAIa30HC
MOCTb CHYDKEHHSI TOBEPXHOCTHOM DHEPIUM BOIHBIX ckopocreil noctatouno 60-120 °C.
PacTBOPOB Iepel X MEPEMENIMBAHUEM C MYKOH, [TokazaHo BIMsAHKME MEXaHOAKTUBAIIMHU BOJI-
CIICJIaH BBIBOJ O TOXKIECTBEHHOCTH PabOTHI KOre- HBIX pacTBOPOB Ha KaueCTBO TECTa: CTPYKTYPOOO-
3UH B )KUJIKOCTH paboTe € MeXaHOAKTHBAIIWH, U T10- pa3zoBaHUE MMPOUCXOAUT OBICTPEE, TECTO MPOSBISET
JIy4eHBI BBIPAXKEHUS 1T €€ OIpe/IeICHUSI. MOBBIIICHHYIO 3JACTUYHOCTH IMPH 3aMece, MOcCie

3aMeCa MNpCACIIbHOC HAIPSAXKCHUC CABUI'a TCCTa
81
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yBenmunBaercst 10 20%, BI3KOCTh TECTa MOBBINIACTCS
1o 20%, Momyh YIPYTOCTH TEeCTa MOBBICHIICS OoJiee
yem Ha 20%, aare3us Tecta yMeHbImiach Ha 20%,
BJIaroyIep>KUBAOLIass CIIOCOOHOCTh MOBBIIIAETCS
Ha 10-12%. Ilpu 3amece Tyroro MaoBIa)KHOTO
Tecta Juis cymku «KemepoBckas» B Hadaje mepe-
MEIIUBaHUs MOINHOCTL CHIDKaeTca Ha 15-20%,

post@uestnik-vsuet.ru

a mpeieNTbHOe HATPsDKEHNE CIBHTA MTOCIIE TIepeMelId-
BaHUs U BBICTOMKM B TedeHue 20 MUHYT MPEBbIIIAET
KOHTPOJIbHBIH Ha 20—-25%.

PexomeH10BaHO IPUMEHSTD MIPEABAPUTENHHYIO
MEXaHOAKTHBAIIMIO BOIHBIX PAacTBOPOB B TIPO-
MBIIIUIEHHOCTH B TIPOIlecce MOJTOTOBKH K 3aMECy
U OIapsbl, U TecTa.
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AHHoTanusi. B cratbe paccMOTpeHbI BOIPOCHI MOTPEOIICHUS BOJIBI IIPH [IPOU3BOCTBE 3THIOBOTO CIHUPTA U3 36PHOBOTO ChIpbs. [IprBeieHbI
IaHHBIC O e¢ MOTPEOHOCTH HA TEXHOJOTHYECKHE HY)KABI (UL IPUTOTOBJICHMS 3aMeca), B KAYeCTBE XIAJarcHTa, Ui MapooOpa3OBaHMS,
Ha X03sIHCTBEHHO-OBITOBBIC HYXAbI. [I0Ka3aHO, YTO BOAA B YACITPHOM HCUYHMCICHUH SIBISCTCS CaMbIM OOBEMHBIM CBIPHEBBIM pecypcoM (0o
1600 M%/1000 mekamuTpOB), HO MPU 3TOM MPAKTUYECKH HE PACXOIYeTCsl B KaUeCTBE peareHTa Ha TEXHONOTHYecKue Henu. [IpoBe/ieH aHamus
BAapUAHTOB MHOTOKPATHOTO MCIIONB30BaHHUA BOJbI H MOKA3aHA BO3MOKHOCTh COKpalleHus ee pacxoza g0 200 M3/1000 mexanutpos, 3a cyer
MHOTOKPATHOTO HCIIOJIb30BAHHS OXJIQKIAIOMICH BOJbI, IyTeM BHEIPECHHSI CHCTEMBI 0O0OPOTHOTO BOZOCHAGKEHHS, MOCTOSHHON [IUPKYIISALUNA
BOJIbI Yepe3 TpaJfpHH, IJie MPOHCXOAUT ee oxJaxacHHe. OTMEYaeTCsl TAKKe BO3MOXKHOCTH IMMOJHOIO HMCKJIIOYEHHS! BOJBI B IPOIECCax
OXJIOXK/ICHUSL IyTeM MPUMEHEHHS «CyXHX» rpaiupes. [Ipu 3TOM HUPKyISUUS XJIajareHrta (Hampumep, STHUIICHIJIMKONS) OCYIIECTBISIETCS
B 3aMKHYTOM IMKJIe. Takke II0Ka3aHa aKTyalbHOCTh WCIIOJB30BAHMS OJHOTO IOTOKA BOABI [UISI IIOCIEHOBATEIBHOTO OXIIAXKICHHUS
MOJYIPOJIYKTOB: OpoJsiliiee M OCaXapeHHOE Cycjio, pa3BapeHHas Macca C MpUMeHeHHeM J()(EKTHBHBIX TEIIOOOMEHHBIX AarmnapaToB
CIUPAIBHOrO, IUIACTUHYATOr0 THNA. I[IpUBEJEH MNpUMEp COKPAIICHMS] pacxojia BOIBI JUIS IAPOOOPa30BaHMS IYyTEM IOBTOPHOTO
UCIIOIb30BaHUS YCJIOBHO YHCTOrO» KOHJEHCATa mapa, o0pa3yeMoro B CHCTEMax «IJIyXOro» Harpesa mojynpoaykrtoB. I[IpoBexen aHann3
COKpAIIeHIs MOTPEGIICHHST BOABI TS MPUTOTOBIICHHS 3aMeca 3a CUeT [epepabOTKH CHIPhSI B YCIOBHUSIX BEICOKMX KOHIICHTPAIUIA U TOBTOPHOTO
ucnonp3oBanus ¢QuiupTpara Oapasl. [loMHMO SKOHOMHM TEmJIO — SHEPrOpPecypcoB 3TO CHIKAET 00BeMbl o00OpazyeMoi Oap/bl
Y ITPOU3BOICTBEHHBIX CTOKOB. Kak ClieICTBHE YMEHBIIAIOTCS 3aTPaThl HA UX TepepaboTKy ¥ OYUCTKY. [IpeyioKeH epeueHb MeponpHsThi,
KOTOPBI MTO3BOJIMT CHU3UTH BogonoTpedeHne B 10 u 6osiee pa3 U MOBBICUT b PEHTA0EIbHOCTh IPON3BOCTBA cITUpTa Ha 2—2,5%.

Kiwuesble ciioBa: Bononome6ne}me, XJ1aJarcHr, 060p0THO€ BO,HOCHa6)KeHI/Ie, KOHICHCAT, MHOTOKPATHOE MCIIOJIb30BAHUE, TEXHOJIOTMYCCKHE TPATHI.
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Abstract. The article deals with the issues of water consumption in the production of ethyl alcohol from grain raw materials. The data on its
demand for technological needs (for preparing a batch), as a refrigerant, for steam generation, for household needs are given. It is shown that
water in specific terms is the most voluminous raw material resource (up to 1600 m3/1000 decaliters), but at the same time it is practically not
consumed as a reagent for technological purposes. The analysis of options for the reuse of water was carried out and the possibility of reducing
its consumption to 200 m3/1000 decaliters was shown, due to the repeated use of cooling water, by introducing a circulating water supply
system, constant circulation of water through the cooling towers, where it is cooled. It is also noted the possibility of complete exclusion of
water in the cooling processes through the use of "dry" cooling towers. In this case, the circulation of the refrigerant (for example, ethylene
glycol) is carried out in a closed cycle. The relevance of using a single water flow for sequential cooling of semi-products is also shown:
fermenting and saccharified wort, boiled mass using efficient heat exchangers of a spiral, plate type. An example is given of reducing water
consumption for steam generation by reusing "conditionally clean" steam condensate formed in systems of "dull" heating of semi-finished
products. An analysis was made of reducing the consumption of water for the preparation of the mixture due to the processing of raw materials
in conditions of high concentrations and the reuse of the stillage filtrate. In addition to saving heat and energy resources, this reduces the
volumes of formed stillage and industrial effluents. As a result, the costs of their processing and purification are reduced. A list of measures
has been proposed that will reduce water consumption by 10 or more times and increase the profitability of alcohol production by 2—2.5%.

Keywords: water consumption, refrigerant, recycled water supply, condensate, multiple uses, technological expenses.
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BBenenue

U3 Bcex ChIphEBBIX PECYpPCOB, UCTIONB3YEMBIX
JUTS IPOBEJICHHUSI  TEXHOJIOTMYECKUX —IPOIECCOB
nepepabOTKH 3epHa Ha CIHPT, BOJA SIBISIETCS OC-
HOBHBIM COCTABJISIIOIIIMM MaTEPUAILHBIX TOTOKOB.
OcHOBHOE ee¢ mpenHa3HayeHHe — obOecreyeHne
YCIOBUH ISl BeJIeHUs] OMOKATaTUTHYECKUX MPO-
IIECCOB: PaCTBOPEHHE Kpaxmaiya, ero QepmeHTa-
TUBHBINA THAPOIIN3, IPOFNOKETEHEPAIHsl, OpoKeHHe.
Ha »ti menmu, B mepecuere Ha 1 000 man crmpra,
Tpebyercs 70—90 M BOJIBI, UTO COCTABIISET TIOPSIKA
10% ot ee oOrero moTpedacHMsL.

OcroBHoe ee konudecTBo 950—-1600 m> mpu-
MEHseTCS B Ka4eCTBE XJIaJareHTa IS OXJIAKICHUS
MOJYTIPOTYKTOB CIIUPTOBOTO TPOHM3BOJICTBA: Pa3Ba-
peHHas Macca, ocaxapeHHOe W Opojsiuee Cyclo,
B TIpolieccax OparopekTu(UKanyu, Npu mepepa-
OoTke Oapabl Ha CTaguM BaKyyM-yIapUBaHUsL.
Kpome Ttoro, Boma wucmonb3yeTcsi B KOTEJIbHOM
1u1st momydenus mapa (mo 100 /1000 man crimpra),
Ha MOWKY U Je3uH(eKnno o00opyaoBaHUs, XO03.
ObITOBBIC HYXbI [1-3].

Bo BHUWUIIBT co3mansl HOpMaTUBHBIE
JOKYMEHTEHI [4, 5] permaMeHTHpYIOLHe TOTPeOIeHIEe
BOJIBI HA PA3NIMYHBIX CTAJUSX CIHUPTOBOIO MPOU3-
BOJICTBA U KOJIMYECTBO 00pa3yeMbIX KHUAKHUX CTOKOB,
TpeOYIOIMX OYHMCTKH, OJHAKO, B CHIY pa3BUTHSA
TEXHOJIOTHI 1 000pyAOBaHMs B 00J1aCTH pecypco-
cOepekeHnsI, HEKOTOPHIE TOJIOKEHHUS YKa3aHHBIX
JIOKYMEHTOB W TpeOyIOT akTyalu3anuu. B craTbe
MPUBOAMTCS 000OIICHHBIN aHAITM3 BOIOTIOTPEOICHHS
C YYETOM COBPEMEHHBIX (MHHOBAIIMOHHBIX) HCCIe-
JIOBaHMii, 00eCIICUNBAIOIINX €€ COKpalleHHE.

KauecTBO BOIBI U1 TEXHOIIOTUYECKUX, TTH-
THEBBIX U XO3SHCTBEHHO-OBITOBBIX HYXI, TOJDKHO
cootBercTBoBaTh TpedoBanmsiv Canl TuH 2.1.3684-21 [6].
[MoTpebneHne BOABI CIUPT3aBOJAAMH OCYIIECTBIISI-
€TCcsl B OCHOBHOM U3 TOBEPXHOCTHBIX M TIOJ3EMHBIX
WUCTOYHHUKOB. Bo/la W3 KOMMYHAaJbHBIX CETEeH HC-
MOJBb3YETCS JIMIh HEOONBIINM YHCIOM 3aBOJIOB,
B CBSI3U C YAAICHHOCTHIO OOJBIIMHCTBA CITUPTOBBIX
MPOU3BOJICTB OT KPYIHBIX HACEIECHHBIX TYHKTOB U
JIUIIb B HE3HAYUTEILHBIX KOJIMYECTBAX (HAIPUMEP
JUTSt XO30BITOBBIX HY’KM), TaK Kak IPU CYIIECTBYIO-
nmx Tapudax Ha BoJONOTpeOICHHE U BOJIOOTBEIC-
HUE 3aTPaThl CIUPT3aBOJIOB HA BOJIY COCTABHIIH OBl
nopsizka 100 pyOsieit 3a 1 nai, yTo 3KBUBAJICHTHO
20% cebecToumoctu crimpta [7].

AHanM3 CTPYKTYpPHI BOJOTIOTPEONIEHUS Ha
CIIUPT3aBOAAX IOKa3aj, YTO HCIOJIB30BAaHHE CO-
BPEMEHHBIX TEXHOJOTHHA W 000pyAOBaHUS TMO3BO-
JSIeT MaKCUMAIIbHO COKPaTHTh BOJOMOTpeOJIeHHE
C OTHOBPEMEHHBIM CHIKEHHEM KOJTMYECTBA YKUIKUX
MPOU3BOJICTBEHHBIX CTOKOB [8].
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CHwxeHre ToTpeOIeHusT BOABI Ha CIIUPTOBBIX
3aBOZIaX MOJXKET OBITh JOCTHUTHYTO HECKOJbKUMU
criocobamu. Bo-TMepBhIX, 3a CUET COKPAIICHHS IMO-
TpeOIIeHNS TEXHOJIOTUIECKOM BOBI (JIJISI IIPUTOTOBIIC-
HUSl 3aMeca) IMyTeM TMepepabOTKU ChIPbS TpHU
MOBBINICHHBIX KOHIICHTPAIMSIX W MHOTOKPATHOTO
MMOBTOPHOI'O KCIIOJIb30BAHUS JKUJIKUX TOTOKOB
(¢unbrpara Gapapl, KUCIOrO KOHAEHCATa C BaKyyM-
BBIIAPHO YCTAaHOBKH) B3aMeH cBexel Boapl [9-11].
Tak MOBBIIICHHE KOHIICHTPAIMH Cyclia (PACTBOPUMBIX
cyxux BemecTB) ¢ 16-18% mo 22-24% 3a cuer
CHUXKCHHSI THIPOMOIYJISL TO3BOJUT COKPATUTH
20—-25% Boap! A IPUTOTOBIICHUS 3aMeca.

Metoauka

B xone paboThl MPOBOAMIM aHANU3 CyIe-
CTBYIOIIIEH HOPMATHBHOM 0a3bl, perimaMeHTHPYIOIeH
MPOM3BOACTBO CIHPTA, aHAJTH3UPOBAIK (paKkTHye-
CKoe moTpebsieHre BOIBI Ha ICHCTBYIOMNX Hpea-
NPUATHIX OTPACIH B MepecueTe Ha MPOU3BOJCTBO
1000 pman crnupra. OGo3peBann COBpPEMEHHBIE
TEXHOJIOTHH pecypcocOeperaronieiil TeXHOJIOTHH
JUTSL TIOJTyYeHUs] KOMIUTIEKCa peKOMEHAalui 1Mo pa-
IHOHATFHOMY MCIIOJIb30BAHUIO BOJHBIX PECYPCOB,
KOTOPBIC MOTCHIUMAJIBHO MOTYT CHU3UTH BOJOIIO-
Tpebnenue no 10 pas.

Pe3y.]'l])TaTbI H oﬁcymz]elme

Bo BHUUIIBT c uenbto NOBTOPHOrO HC-
MOJIb30BAHMS KHUIKUX Cpe ObUTH MPOBEAEHBI HC-
crnenoBanus [12-15] B KOTOPBIX B KAYECTBE YKHUAKOU
¢da3pl Ha CTaguM TOJNYyYEHHS 3EPHOBOTO 3amMeca
ucnons3oBanu 20% ¢unerpara 6apast u g0 80%
KOHJIeHCaTa, 00pa3yeMoro MpH BaKyyM-BbINAapUBAHUH
¢uneTpaTta OGapabl. [lomydeHHBIE pe3yNbTaTHI IO
BBIXOAY CITUPTa, 00pa30BaHUIO MIPUMeECEH B Opakke,
MOKa3aJIM EPCTICKTUBHOCTH TAKOTO NpHEMa.

[IpumepoM 3aMKHYTOro BOIOOOECHIEUCHHMS
Tak)Ke MOKET OBITh TexHoyorust «broctrm» [16],
paspaboranHas kommnanueit Chematur (LLIBeuus).
Ee ocobennocts — mpaxtudaecku 100%-51 mpKyisimmst
KHUIKOH (a3l OCHOBHOTO HPOJIYKTOBOTO IOTOKA
Ha BCeX CTaiusx mpousBoncTBa. Haganom smmsiercs
MOJy4YEeHHE BOJHO-3€pHOBOTO 3aMeca, 3aTeM OHa
Yy4acTBYET B IPOLIECCAaX BOAHO-TEIIOBOH (hepMeH-
TaTUBHOW 00OpabOTKM W TMOCie OTTOHKH CIHPTA,
B BUJIC TOHKOTO (QuibTpara Oapibl, BO3BpalaeTcs
Ha FOJIOBHYIO CTaJMI0 NPOM3BOACTBA. B maHHOM
TEXHOJIOTHH TPEAyCMOTPEH COKPAILCHHBIH CPOK
OposkeHHs1, 0OeCIeUMBAIOIMH MUHUMAIBLHOE HAKOII-
nieHre MoOOYHBIX mpuMecei. OcTaTodHble HECOpo-
JKCHHBIE YTJICBOJIBI BO3BPAILAIOTCS C (QUIIBTPATOM
Oapzbl Ha TOBTOPHYIO MEPEPaAdOTKY.

JlONONHUTENBEHBIM NIPUMEPOM TTOBTOPHOTO
WCTIONIb30BAaHUSI TEXHOJIOTMYECKON BOJBI SIBISIETCS
TIPIMEHEHINE BOTHO-CITPTOBOM YKHAIKOCTH, 00pa3yeMOi
TOCJIE  CIIUPTOJIOBYIIKK ISl 3aMI0JIACKUBAHUSL Opo-
JWJIBHBIX YaHOB B3aMEH BOABI IIPU MX OCBOOOKIICHUH
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oT 3penioit Opaxkku. [ToMIMO SKOHOMHHM YUCTOM BOJIBI
3TO UCKITIOYAET pa30aBiIcHIE OpaXKKH M COKPAIIAST
3aTpaThl apa Ha ee MEPEroHKy.

Kak yxe oTmeudanoch, OCHOBHOE KOJHUYE-
CTBO BOZBI, HEOOXOAMMOE CIHPTOBBIM 3aBOAAM,
UCTIONIL3YETCSl  JUISl OXJIKICHUSL W KOHJICHCAIUU
MPOAYKTOBBIX IIOTOKOA Ha Pa3jMYHBIX dTamax
TEXHOJIOTHYECKOTo Tporiecca. Tak, B mepecyere Ha
1000 man cnmprta IS OXJIKICHUS pa3BapeHHOM
Macchl 1o HopmatusaM Tpedyercs 150-300 m° Bojbl,
IUISL OXJTKIEHUS OpoamibHBIX 9aHoB 600—-800 M,
Ha 6propextudukamuio g0 500 M3, Ha Bakyym-
ynapusanue GpunsTpata 6apast 10 1000 M. Cospe-
MEHHOE TemI000MEHHOE 000pYAOBaHHE, a TAKKe
COBpPEMEHHBIE CHCTEMbI OXJIAXICHUS H perup-

post@uestnik-vsuet.ru
KYJISIUH XJIaJareHTa Mo3BOJSIOT CHU3UTh Pacxo[
BOABI 1A oxynaxaeHus B 10 u 6omnee pas. Taxue
CHCTEMBI O0OECIICUMBAIOT TIOCTOSIHHYIO LUPKYJISILIHIO
BOZBI B CHCTEMAaX OXJIKICHHS C ITOANMTKOH, KOM-
HIEHCHPYIOIIEH e¢ YaCTUYHOE WCIApeHHe B KOJIMYe-
cTBax, He npeBbimatonmx 5S—10% ot ob1ero moToka.

Taxke B CIUPTOBOM TPOHM3BOJICTBE CYIIE-
CTBYET TEXHUYECKasi BO3MOKHOCTb 3HAUUTEEHOTO
CHIKEHHS BOJIONIOTPEOIICHHS B KOTEIILHOM Ha IIPO-
M3BOZCTBO Mapa. JlocTuraercs 3To mmyTeM Bo3BpaTa
B KOTEJIBHYI0 «YUCTOTO» KOHAEHcaTa mapa, oopa-
3yeMOT0 B CHCTEMaXx «TJIyX0ro» Harpesa Ioiynpo-
nykToB. OCOOEHHO 3TO aKTyaJbHO B Ipoleccax
OparopekTudukanmy 1 nepepadoTku Oapapl B Cyxue
HPOIYKTHI (PUCYHOK 1).

Recycling stillage

Bo;[a TexHoIOrMYeCKas BoJa
3epH0 Process water
TEXHHYecKast .
g Grain OtpaboranHas Boja
Technical water Waste water
OxJTaK IcH Ha st BOJa
Cooled water
Map
vy A\ 4 Steam
IToaroroBka u cOpaKMBaHUE | _ HucTtii kouzeHcar
< Pure condensate
3EPHOBOTO CBIPBA xnstpe Sapms
Preparation and fermentation of Filtrate stillage
grain raw materials
o2
\ 4
a
—> KO.TCJ'ILHaﬂ ) Bpal“OpeKTI/I.(PI/IKE.iHI/ISI - < prflL[I/IpHSI
Boiler room Bragorectification Cooling tower
Cnupr
Alcohol
\ 4
< <
> [Tepepaborka Gapab

Cyxas 6apna
Dry stillage

Pucynok 1. Cxema 060poTHOT0 BO1oCHA0KEHHS CIIUPTOBOTO MPOU3BOJICTBA
Figure 1. Scheme of recycling water supply of alcohol production

Tak, Ha cTamuu OparopekTudukaniy Tpedy-
ercs g0 70 T mapa Ha 1000 man cniipra, a B mporiecce
cymiku 110 50 T octporo napa. BHeapenue sHeprocoe-
pEralomMX TEXHOJOTHH TaKKe IMO3BOJSIET CHHU3UTH
pacxon mapa Ha Mpou3BojacTBO crupTta [17, 18].
CoBpeMeHHbIe «MArkue» cxeMmbl TEeIUIoBoi o0pa-
00TKH 3aMecoB MOTPeOIsII0T 7—8 Kr nmapa Ha 1 man
criupTta BMecTO 20—22 KI MO «KECTKUM» CXeMam
pazBapuBaHmsL. DHeprocoeperatormme bPY, B KOTOpBIX
KOJIOHHBI pa0OTalOT IO pa3HBIM [aBJICHUEM,
a Tap UCIOJB3YETCs OCNIeIOBATENHHO B HECKOJIBKIX
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KOJIOHHaX MoTpeOsiroT 28-35 Kr mapa Ha 1 jai crmpra
BMecTo 6070 Kr B «KJtaccuueckrxy ammaparax [19, 20].

PaccMoTpeHHbIe crtocoObl COKpaIeHHsT BOIO-
NMOTPeOJICHUsT HA PA3JIMUHBIX CTAAMAX TTOJYYCHHS
CIHMPTa MOTYT OBITh, 0€3 3HAYNTEIIHHBIX MHBECTHIIIIH,
peanu30BaHbl Ha JACHCTBYIOMIMX CIMPT3aBOJaX
C OJTHOBPEMCHHBIM CHH)KCHHEM KOJUYECTBA IPO-
W3BOJACTBEHHBIX CTOKOB, TPEOYIOIIMX OYHCTKH.
B tabnume 1 mpuBencHB! yCpeaHEHHBIC TaHHBIC
BOJIOTIOTPEOJICHUS TIPH TPSIMOTOYHOH U 000pOT-
HOH cXxeMax.
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Tabnuna 1.

[oTpebaenHne BObI IPH NPOM3BOACTBE crupTa, M7/ 1000 nan

Table 1.

Water consumption in the production of alcohol, m3/1000 decaliters

Bogonorpebaenue | Water consumption
Ha3nauenue
Purpose Hpsimoroynoe OGoportoe
Direct-flow Negotiable
Cnupmosoe npouzeodcmso | Alcohol production
Ha TeXHOJIOrHYecKre 1eNu: MolyueHure 3ameca, npombiBka CO2, U T. 1. | 906 4043
For technological purposes: mixing, washing with CO», etc.
Korenpnas | Boiler room 70+4 30£3
Ha oxnaxnenue | For cooling:
— pasBapeHHOIi Macchl, ocaxaperHoro cycia | boiled mass, saccharified wort 225+6 6017
— IposoKereHepannn, OposkeHus | yeast generation, fermentation 650+18
— oparopexrudukanuu | bragorectification 400+11
Moiika, ne3undekuus obopynosaunus | Washing, disinfection of equipment 2244 2043
IMurseBas u x03. 6pITOBBIE HY X161 | Drinking and household needs 8+1 8+1
Hroro | Total: 1455450 158+18
Iepepabomxka 6apowt | Recycling stillage
KonpeHcarus napoB IIpy BakyyM BelapuBanuu Gapsl | Vapor condensation during 900221 4545
vacuum evaporation of stillage
Moiika, ne3undekiys o6opyaoBanus, Xo3. 6erToBble Hy )bl | Washing, disinfection 241 241
of equipment, household needs
Hroro | Total: 902+22 47+6

3ak/ouyeHne

Beliieonucantble  IPUMEPhI M MPUBEICHHBIC
JTAaHHBIC CBHJICTEILCTBYIOT O BO3MOXKHOCTH TIepe-
pabOTKH 3epHa Ha CIHUPT C MUHUMAIBHBIM BOJIOIIO-
TpeOnenueM. [ 3Toro HeoOXoauMa peajr3amys
CIENYIOIIUX MEPOIPUATHN:

e riepepaboOTKa ChIPbsS IPHU IOBBIIIEHHBIX
KOHIICHTPAIIHSIX, YTO JJOCTUTAETCS THAPOMOJIYJIEM
(cooTHOIIEHNEM 3epHO/0/1a) He BbIe, YyeM «1/2,5»,
[IPH 3TOM KOHIICHTPAIIKS CIIUPTA B 3pEJIOi Opakke
IokHa OBITE HEe MeHee 12% 00.;

® [IPUMEHEHHE HU3KOTEMITEPATYPHBIX PEKHUMOB
BOJIHO-TEIIOBOW 0OPabOTKH CHIPbS;

® (TITyXO0i» 000rpeB OpaskKHBIX KOJIOHH C PEKY-
TIepaIye Terwia B Iporieccax OparopeKTU(HIKAITIN;

® [IOBTOPHOE HCIIOJIb30BAHKE KUIAKUX CTOKOB:
(punbTpaT M KOHJEHCAT Oappbl, JIIOTEPHAS BOAA,
BOJIHOCIIMPTOBAsE KHUJIKOCTh IIOCJIE CIHPTOJIO-
BYIIKH, U T. 11.);

© 000pOTHOE BOJIOCHAOKEHNE YCIIOBHO YHCTON
OXJIQKTAFOIIEH BOJIBI C UCIIOJIb30BaHUEM IPaIUPEH;

. TIOCJIC/IOBATEIILHOE WCIIONL30BAHUE BOJIBI B
TpoIeccaX OXJIAKIAEHUS: OPOYKeHUsI, OCaxapUBaHUSL;

® [IOBTOPHOE  HCIOJB30BAaHUE «YHCTOTO»
KOHJICHCaTa Iapa, 00pa3yeMoro B IPOLecCcax «TyXOro
oOorpeBay mpu OparopekTH(QUKANH, BaKyyM-
yIapuBaHUY U CYIIKH OapIsl U p.;

® [IPUMCHCHUE TEINIOOOMEHHBIX arrapaToB
C BBICOKUM  KO3((HUIMEHTOM  TeIulonepeaayu:
CITUpaJIbHBIC, IIJIACTUHYATBIC,

® aBTOMATU3ALUsA KOHTYPOB PEryJIMPOBAHUS
TeMIIepaTyphbl, pacxoa BOJbl, aBICHHS, H T. J.;

® IIPUMEHEHHUS «CYXUX» TPaJIUPEH C UCIOJIb-
30BaHHEM B KAUECTBE XJIAIareHTa — STUJICHTJIMKOJIL.

BHenpenne BbIlIeyKa3aHHBIX MEPONPHUSTHI
Mo3BOJIsIET MakcuMalibHO (B 10 1 Gosee pa3) MUHU-
MH3HMpOBaTh MNOTpeOIeHHe BOJIBI W3 BHEIIHHX
HNCTOYHHKOB, COKPATUTHL MPOU3BOJACTBCHHBIC CTOKH.
DTO B CBOIO OYEpE/Ib CHIKACT IKCILTyaTallnOHHbBIE
3aTparbl, KOTOPLIC IPU ONTHUMAJIBHOM BapUaHTC
B Ce0ECTOMMOCTH ~ CIIUPTAa MOTYT  COCTaBJISTH
ue 6oiee 2,0-2,5%.
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Hayuno-uccrienoBarensckas pabora mpoBecHa
3a CYeT CPEeNCTB CYOCHAMM Ha BBIMOJHEHHE TOCYAap-
cTBeHHOTO 3a1auus (Tema Ne FGMF-2022-0006).
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OCc00eHHOCTH OPraHU3ANUN PANMOHAJIBLHOIO MUTAHUSA CTY/ICHTOB
IPH 3aHATHAX MACCOBOH (PU3MYECKON KYJbTYPOU U CIOPTOM

Bukrop A. INutkun ? irvik25@mail.ru 0000-0001-6356-6501
Anna E. CuMmoHoBa ! annasimonova06@gmail.com

1 KyG6aHckuii rocyJapCTBEHHBIH TEXHOJIOTHYECKUI YHUBEPCHUTET, yiI. MockoBekad, 2, r. KpacHomap, 350072, Poccust

AnHoTanus. B 1aHHOI cTaThe nccnexyeTcs npoodieMa NpaBHIbHOTO IUTAHUS B )KU3HU COBPEMEHHOTO CTYZEHTa BEIYINero akTHBHBIM 00pa3 )KU3HU.
Ora npobiieMa 0COOEHHO aKTyasbHa B HACTOSILEE BPEMS], BE/Ib COBPEMEHHBIN CTYJICHT CTall ele 00Jiee LeNeyCTPEMIICHHBIM U aKTUBHBIM. A 3TO 3HAYMT,
YTO Ha JAHHBI MOMEHT IIPaBIJILHOE ITHTaHUE MOJOJEKHU SBISICTCS BaKHEUIIel mpoOiIeMoii, KOTOpyI0 HEOOXOIMMO pemars. PaccMoTpuM OCHOBBI
MUTAaHUS TIPH 3aHATHAX (DU3UYECKOH KyJbTYPOH M CIIOPTOM, a TaKkKe I[POAHAIM3UPYeM TPeOOBAHMSI K MUTAHHIO CTYACHTOB, 3aHUMAIOIIUXCS
(u3nuecKkoil KyIbTypoil i ciopToM. B crathe Takke 060cHOBaHAa HEOOXOAUMOCTE COATAHCHPOBAHHOTO IINTAHUS IIPH 3aHATHAX CIIOPTOM, U PACKPBITEI
0COOCHHOCTH OpPraHHM3al[M{ PALHOHA, B 3aBHCHMMOCTU OT HHTEHCHBHOCTH ()M3M4ECKOil Harpy3ku. Ha ocHOBe OLieHMBaHHS 4acTOTBI MOTPEOICHUs
JKU3HCHHO-HEOOXOIMMBIX MPOAYKTOB IHUTAHHs, aHAIM3HUpyeTcs paiuoH cryaeHtoB KyO6I'TY. B nccnemoBanun npuusiu ydactue 60 CTyACHTOB
B Bo3pacte oT 20 1o 22 ner. Bpumn mosdydeHb! ciefylolue pe3yiabTaThl: MUTaHHE OOJBIIMHCTBA CTYICHTOB HEPALMOHAIBHO, C HEJOCTATOYHBIM
noTpebIeHneM 310pOBOil MUIM. B GOIBIIMHCTBE Cly4aeB MONB3YIOTCS HOMYJISIPHOCTBIO MPOLYKTHI OBICTPOro nutaHusi. [IpoBeIeHHOE HCCIICI0BaHIE
B3aMMOCBSI3M MEXIy IHTaHHEM, PabOTOCIIOCOOHOCTBIO M OCOOCHHOCTSAMM 00pa3a JKM3HM CTYICHTOB YOEXIaeT HAac B TOM, YTO HApYIICHUS
0COoOEHHOCTEll 30POBOr0 MHUTAHHUS HETaTHBHO CKAa3bIBACTCS HA CTEHEHM PabOTOCIOCOOHOCTH M yBEINYMBAET BEPOSTHOCTDH IIOSBICHUS BPEIHBIX
IIpUBEIYEK. Bee 3TO TOBOPHT 0 HU3KOH KyJIbType NPaBHILHOTO MHTAHHS M HEOOXOAUMOCTH IIPOBEACHNUSI CHEHAIBHBIX MEPOIPUSITHH, OCBEINAIOIIIX
JaHHBIH Bompoc. [IpaBUibHOE NUTaHHE SBISETCS HEOTHEMIIEMOH YacThIO 370POBOTO 00pa3a >KM3HH, U OCOOCHHO BaXKHO JUIS JIFOACH, BEMyIIHX
aKTUBHBIH 00pa3 JKM3HH U 3aHHMAIONIUXCS CIOPTOM. HecoOmomeHne MpaBHIBHOIO PEXXMMA MHTAHHS MOXKET IPUBECTH K CHIDKCHUIO (QU3HYECKOH
BBIHOCJIMBOCTH, OCJIa0JICHHIO UIMMYHHO# CHCTEMBI H laXKe TPaBMaM BO BPEMsi TPCHHPOBOK. Ba)KHO MOHMMATh, YTO KayK[blii CIIOPTCMEH HMEET CBOU
VHJUBHUyalbHbIe NOTPEOHOCTH B IIUTaHUM, 3aBHCSIIUE OT ero (DH3MOJIOTHYECKHX OCOOCHHOCTEH, BHJA CIOPTA, YPOBHS TPEHHPOBOK M APYTHX
¢axropos. [loaToMy HeoOXoaumo pa3paboTaTh MHIMBHIYaJbHBIH PAlMOH HMHTAHWS, YYUTHIBas BCe OTH (akTopbl. JIsi CIOPTCMEHOB-CTYIECHTOB
0COOEHHO Ba)KHO COONIOATH MPABHJIBHBII PEXUM MMHTAHMS, YTOOBI MOMIEPKUBATH CBOH YMCTBEHHBIH U (DM3MYECKUH TOHYC U ZOCTUraTh BBICOKHX
pe3yJIbTaToOB Kak B yuebe, Tak U B criopre. J{yist 9Toro HeoOX0AMMO yIENUTh JODKHOE BHUMAHUE COCTABY IHILH, BHIOOPY IPOLYKTOB U PEXKUMY IIpUeMa
. Kpome Toro, BaXXHO MOMHHTH O HEOOXOAMMOCTH YHOTPEOICHNS TOCTATOYHOIO KOJIMYECTBA BOJBI, MOCKOJIBKY CIIOPTCMEHBI TEPSIOT MHOTO
JKMAKOCTH BO BPeMs TPEHUPOBOK, ¥ AS(UIUT BOABI MOXKET IPUBECTH K JETHAPATALNH, CHIKCHUIO (PM3UYECKOIl BBIHOCIUBOCTH H APYTHM IpoOiIeMam
co 310poBbeM. Hallre ncciiejoBaHue ONpeieniio PexXUM THTAHUsI CHOPTCMEHOB-CTYJCHTOB Ha OCHOBE JIAHHBIX, IIOJYYCHHBIX U3 OHPOCa.

KiaroueBble ciioBa: nuTaHue, CnopT, (i)PBP]‘-[eCKaH KyJbpTYpa, CTyACHT, 66J’[KI/I, JKUPBI, YIJII€BOAbI, pallMOH ITUTAHU.
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Abstract. This article explores the problem of proper nutrition in the life of a modern student leading an active lifestyle. This problem is especially relevant at
the present time, because the modern student has become even more purposeful and active. And this means that at the moment, proper nutrition of young people
is the most important problem that needs to be addressed. Consider the basics of nutrition in physical education and sports, and analyze the nutritional requirements
of students involved in physical education and sports. The article also substantiates the need for a balanced diet when playing sports, and reveals the features of
the organization of the diet, depending on the intensity of physical activity. Based on the assessment of the frequency of consumption of vital foodstuffs, the diet
of KubGTU students is analyzed. The study involved 60 students aged 20 to 22 years. The following results were obtained: the nutrition of the majority of students
is irrational, with insufficient consumption of healthy food. In most cases, fast food products are popular. The conducted study of the relationship between
nutrition, working capacity and lifestyle characteristics of students convinces us that violations of healthy eating habits negatively affect the degree of working
capacity and increase the likelihood of bad habits. All this indicates a low culture of proper nutrition and the need for special events that highlight this issue. Proper
nutrition is an integral part of a healthy lifestyle, and is especially important for people who lead an active lifestyle and play sports. Failure to follow a proper diet
can lead to reduced physical endurance, a weakened immune system, and even injury during exercise. It is important to understand that each athlete has their own
individual nutritional needs, depending on their physiological characteristics, sport, training level and other factors. Therefore, it is necessary to develop an
individual diet, taking into account all these factors. For student athletes, it is especially important to follow the right diet in order to maintain their mental and
physical tone and achieve high results both in school and in sports. To do this, it is necessary to pay due attention to the composition of food, the choice of products
and the mode of eating. In addition, it is important to remember to drink enough water, as athletes lose a lot of fluid during training, and water deficiency can lead
to dehydration, reduced physical endurance and other health problems. Our study determined the diet of student athletes based on data obtained from the survey.

Keywords: nutrition, sports, physical culture, student, proteins, fats, carbohydrates, diet.
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BBenenue

[paBunbHOE IMTaHKE SBIAETCS HEOTHEMIIEMOM
YacThI0 JKU3HU JIIOOOTO CTYJEHTa BEAYIIEro
aKTUBHBIA 00pa3 xu3Hu. Kaxaprii yeiaoBek 3aHH-
Maronuiics (GpU3MUECKUMHU Harpy3Kamu, yaesser
0c000e BHUMaHHUE CBOEMY €KEJIHEBHOMY PalOHY
Y TIOJJICP)KAaHHUIO 3I0POBbS BO BPEMs TPEHHUPOBOK.
B peanbHBIX yCIOBHSX MOATOTOBKU OOJIBIIUHCTBY
CIIOPTCMEHOB, OCOOCHHO CTYACHTaM MPUXOIUTCS
CaMOCTOSITeIILHO BBICTPaUBaTh PAIlMOH U YCTaHaB-
TUBaTh TpapuK TpuéMa MHUIIA B COOTBETCTBHUH
¢ Tpa)KOM TPEHUPOBOK U yueObl. OOBsiCHEHUE
O0COOCHHOCTEW palnyoHa MHUTAaHUS NP aKTUBHBIX
TPEHUPOBKAX IMO3BOJISIET OOOCHOBATH HEOOXOMMBIC
1 IPOPUIAKTUIECKIE MEPOTIPUSATHS, YTO TIOBBICHT
YPOBEHb MTOHUMAaHUSI BaXXHOCTH CBOETO 3]I0POBbS
cpemm cTyaenTos [1, 3, 4].

[Nuranue Tarxke ABISETCS BKHBIM (haKTOPOM
MTOBBIIICHUS PabOTOCTIOCOOHOCTH CIIOPTCMEHOB,
YCTOWYMBOCTH WX OPraHu3Ma K 3KCTPEMaJIbHBIM
BO3JICHCTBISAM, aJalTallii K Pa3IUYHBIM YCIOBHSIM
BHEIIHEU CPEIbl, CIIYKHUT COXPAHESHHUIO U YKPEILIe-
HUIO 3/I0POBBSI HA BCEX dTalax KPYTIOTOAMIHOU
TpenupoBku [6, 18]. KpaitHe BakHO TIpu 3TOM
CHaOkeHre OpraHn3Ma HeoOXOTUMBIM KOJTMIECTBOM
JHEPTUHU, COOTBETCTBYIOIIUM €€ pacxoJOBaHUIO
B IIporiecce y4eOHOW W OCOOEHHO CIOPTHUBHOM
paboThl. DHEPrOTPATHI B ATUX YCIOBUAX 3aBUCHT
OT XapakTepa, UHTEHCHBHOCTH W 00BbEMa (DH3MYECKUX
Harpy30K, OT YPOBHS MacTEpPCTBA CTy/ICHTa-CIIOPTCMEHA,
OT €ro aHTPOIOMETPHYECKHX XapaKTEePUCTHK
ut. A. [5, 12]. Tlo muenuto mpenogasareseii ¢us-
KyJbTypbl W TpeHepoB: «llomHoUEeHHBIH paruoH
SIBJISICTCS KJIFOUOM K CIIOPTUBHOMY POCTY U JIOCTH-
JKEHHSIM, KpOMe TOTO, OH obOecriednBaeT OBICTpOe
BOCCTAHOBJICHHUE CHJI CIIOPTCMEHA W NPEJOTBpa-
IIaeT pa3BUTHE MHOTHX 3a00JIeBaHUH, CBS3aHHBIX
C MCTOILICHHEM OpraHu3Ma TpeHupoBkamm» [2, 20].
OO0bsacHeHne 0COOCHHOCTEH paloHa IMUTAaHUS TIPH
aKTUBHBIX TPEHUPOBKAX MO3BOJSET 0OOCHOBATH
HEOOXOMMBIE W MPOQPUIAKTHYECKAE MEPOIPHATHSI,
YTO MOBBICUT YPOBEHb MOHUMAHUSI B&YKHOCTH CBOCTO
30pPOBBS cpenu cTyaeHToB [3, 11, 19].

Henn pabdoTsl — HcciaeI0BaHUE CIISITUPUKH
MUTaHUS CTYJICHTOB U YCTaHOBJICHHE CBs3U Pabo-
TOCIIOCOOHOCTH ¢ 00Pa30M JKU3HH U MOJICPIKAHUE
3II0POBbSl CTYJICHTOB BEAYILIMX aKTHBHBIA 00pa3
YKU3HHU C TOMOIIIBIO TIOJIHOLICHHOTO PAIMOHA ITUTaHHSI,
YUUTBIBasE OCOOSCHHOCTH OpraHM3Ma IPY WHIBUITY-
ATBHBIX 3a00JIEBaHUSAX W HETIEPEHOCHMOCTH TIHIIIH.
Taxxe onucarh JIEMEHTHI IPAaBUIBHOTO TUTAHUS:
HX COCTaB, YHUKAJIBLHOCTh M KaK OHU BJIUSIOT TPU
(U3MYECKUX HArpy3Kax Ha 370pPOBbE YeIOBeKa.

MaTepI/Ia.]'II)I U ME€TOAbI

B mocnenuue roasl 00IEeCTBO BCe OOUIbIIE
obpaIaeT BHUMaHHWE Ha 3[0POBBIA 00pa3 JKU3HU
CTYJEHTOB, TaK KaK BO3HHKAeT 03a00YEHHOCTH
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0 MMOBOJIy 3/IOPOBbSI BBIMYCKAEMBIX BBICIIMMU
y4eOHBIMHU 3aBEJIEHUSIMH CIEIHAINCTOB. JTO CBS-
3aHO € POCTOM 3a00JIeBa€MOCTH B IIpOIecCce Mpo-
(heCCHOHAIIEHOW TMOATOTOBKM U TIOCIETYIOIIUM
CHIXKeHHeM pabotocrnocoOHocTH. OHAKO BaXKHO
MOHUMATh, YTO 3JIOPOBBIA 00pa3 KU3HU HE SBIISI-
eTCsl OTACNBbHON (POpMOI JKM3HH, a IPECTABISAET
co00¥f pe3yiapTaT CIOXKHOTO B3aUMOJCHCTBHS
Pa3IMYHBIX COIMAIBHBIX, CPEIOBBIX, BHEITHUX H
BHYTPEHHUX (haKTOPOB, BKItOUYAs OMOJIOTHIECKHUE.
310poBBE JTFOOOTO YeloBEeKa — €CTh Pe3ysbTar

CJIOKHOTO B3aUMOJICHCTBUS COLMATIBHBIX, CPEIOBBIX,
BHEIITHUX W BHYTPEHHNX W OMOJIOTHUECKUX (DaKTOPOB.
CuuTtaercs, 4TO BKJIaJ Pa3InYHBIX BIUSHUHA B CO-
CTOSIHUE 370POBbS CJIECYOLIUIA:

* HacueacTBeHHOCTh — 30%;

* okpyxaromas cpena — 15%;

*  YPOBEHb MEIUIMHCKOM oMot — 15%;

* 00pa3 xu3an — 60%.

* uenoseueckuid dakrop — 30% (pusnye-
cKoe 310poBbe — 15%, neuxudeckoe 3n0posbe — 10%);

e okojorumdeckuit axrop — 25% (9K30-
skosorust — 10%, sumoskonorus — 15%);

* COLMANBHO-TIEJATOTUYECKUI (haKTOp —
40% (00Opa3 xu3HH: MaTepHalIbHbIC YCIIOBHUS TPY1a
u ObiTa — 15%), noBepeHue, pesxuM U 00pa3 KHU3HU,
BBIPa0OTaHHbIC IPUBBIYKH — 25%);

* wmeauuuHCKU# pakrop — 10%

Axanemux W.I1. IlaBnoB cunTaj, 4To IMHATa-
HHE — 3TO HACTOsIIEeE UCKYCCTBO, KOTOpOe TpeOyeT
COOIIO/IEHNST OTIPEICIICHHBIX TPaBHII, YCTAHOBIICHHBIX
¢usnonorueii M HapogHOW MyjapocThio. Hempa-
BUJIBHBIN PallMOH, HENPaBUJIBHBINA BHIOOpP U cOYe-
TaHUe TPOAYKTOB, a TAK)KE HEMPABWIBHBINA NPHEM
MM MOTYT BBI3bIBATh MHOIME 3a00JICBAHMS, TAKHUE
KaK s13BeHHAsi 00JIe3Hb, TACTPUTHI, SIHTEPOKOJIUTHI,
MAHKPEaTUTHI, HEKOTOPhIe ()OPMBI TeNaTuTa, are-
pocKIIepo3, ullleMudeckast 00JIe3Hb cep/ia u T. 1.,
a TaKKe II0X0e caMovyBCTBHE 1 OecconHuity [9].

[MosromMy, yMeHHE THUTATBCA CUYUTACTCH
HACTOSIIEH HayKOH, KOTOPYH HEOOXOANMO H3Y-
4yaTh U BOCIUTHIBATH C JICTCTBA. BakHO mpomarax-
JIUPOBATh KyJIbTYpy MHUTAHUS U 3aHATHS CIIOPTOM
HE TOJIBKO B BBICHIMX YYE€OHBIX 3aBEJCHHSX, HO H
B JICTCKMX Cajax, IIKOJaX, Ha IPOM3BOJICTBE U B
JIPYTHUX YIPSKICHUSX, YTOOBI CIECIaTh UX 3HAHUSIMHU
HEOOXOAMMBIMH JIS 3IOPOBOIO  00pas3a KHU3HH.
Koneunoii nenpio 310poBoro odpasza »KU3HH SIBIIS-
eTCsl MPOJUICHHE KU3HH YesioBeka [21].

JInsi OpHEHTUPOBOYHOTO TIPEACTABICHHS O
CpPeIHNX BEIMYMHAX YHEPrOTPAT CTYACHTOB B TIPO-
1ecce 3aHATHH PU3NIECKON KYJIBTYPOH B CITOPTOM
B Tabymna 1 npruBOIUTCS YCIIOBHOE PACIIPE/ICIICHUE
JTAHHOTO KOHTWHTEHTAa Ha YeThIpe TPYMIbI, OTIH-
YaloIIKecs Pa3HbIM YPOBHEM IHEPTOTpaT.
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Tabonuna 1.
Cpemaue BETMYUHEI SJHEPTOTPaT CTYIACHTOB-CIIOPTCMEHOB, KKaJI B CYTKH
Table 1.
Average energy consumption of student-athletes, kcal per day
Oomue OHeprorpaTsl
I'pymmst SHEProTPaThl TPYIIIILI Energy consumption
Groups Group's total energy Myxuuabl | JKeHIIUHBI
consumption Men Women

CTyneHTbl, 3aHUMarouecs GU3M4eCKMM BOCIIMTAHHEM I10 BY30BCKOH IpOrpaMme. - » u
Students involved in physical education under the university program. 2800-3000 3000-3200 | 2800-3000
CTyﬂeHTbl-CHOpTCMeHbI, 3aHUMAIOLIHUECH B OTACJICHUAX CIIOPTUBHOI'O. COBEPUICHCTBOBAHUA
Student-athletes engaged in sports improvement departments. 4200-4000 3500-4000 | 3200-3500
CTyZ[eHTBI-CHOpTCMeHLI CTapInx paspsa0B, 3aHUMAOIIACCA B OTACICHUAX CIIOPTUBHOTO
COBEpILICHCTBOBAHNS, @ TAKXKE CTYJICHTHI BY30B (DU3KYJIBTYPHOTO MPOQUIISL. .
Students-athletes of the senior categories, engaged in the departments of sports 3500-4500 4000-4500 | 3500-4000
improvement, as well as students of universities of physical education
(CTyIeHTBI-CIIOPTCMEHBI CTAPIINX Pa3psI0B, 3aHUMAIOIIUECS B 00bEANHEHHBIX
(Me)KBySOBCKI/IX) yl{eGme OTACICHUAX 110 CIIOPTUBHOMY COBEPLICHCTBOBAHUIO. | .
Student-athletes of the senior levels, engaged in the united (interuniversity) educational 4500-6000 5000-6000 | 4500-5000
departments for sports improvement.

Pazymeercs, B paMkax Ka)IOW TPYIIIBI SHEP-
TOTpaThl MOTYT OBITH U OOJIee BBICOKUMH, OCOOEHHO
y TIpEZICTaBUTENEH OTIENBHBIX BUIOB CIOPTA, B 3aBH-
CHMOCTH OT 00hEMa W MHTEHCHBHOCTH BBITIONTHAEMOMN
paboThl, MEPHOAOB CIIOPTUBHOUN AESITEIHHOCTH,
a TaK)K€ B YCJIOBUAX HCKIIOUUTEIBHO HAMPSKEH-
HOTO TPEHUPOBOYHOTO pexkuMa. COBEpPIIIEHHO OUe-
BHJIHO, YTO KaJOPUHHOCTH PAIMOHOB CTYIICHTOB,
OTHECEHHBIX K PACCMOTPEHHBIM BBIIIE TPYIIIaM,
JIOJDKHAa COOTBETCTBOBAThH 3aTpaTaM WX SHEPTHH.
C o0rieil KaJIOpUITHOCTBIO PAIIMOHOB TECHO CBSI3aHA
Y IOTPEOHOCTh B OCHOBHBIX MUIIEBBIX BEIIECTBAX.
OHa paccuuThIBaeTCs € y4ETOM TMPOIEHTA KaJo-
pUHHOCTH, 00€CTIeunBaeMON KaXKIbIM ITHINECBHIM
BEIIIECTBOM B 00IIeil KamopuitHOCcTH parwioHa. [Ipu
3TOM ONTUMAJTFHOE ITPOLIEHTHOE COOTHOIIIEHHE MEKITY
OellkaMu, JKMpaMH W YTJIEBOJAAMHU JOJDKHO OBITh
cremyromum:  14:30:56. Takoe cooTHOIIEHUE Tpa-
BUJIBHOE TP KaJIOPUHHOCTH panroHa 10 4500 kkai,
npu Ooyiee BBHICOKOW KaJIOPUHHOCTH IO Oenka
B KaJIOPUIHOM OOECIIeYeHIH PallioHa CHUKAETCS:
npu kanopuitHoctTn 4500 kkam— mo 13,5%,
5000 kkan — o 13%, 6000 kkan — no 12%. OOycnoB-
JICHO 3TO TEM, YTO MPH YPE3MEPHOM IMOTPEOICHUU
OCIKOB B CBS3U C POCTOM pacxojia DSHEPTUU U,

ClIeI0BaTeIbHO, OOIIEH KaJOPUHHOCTH THUTAHUS
BO3MOYKHO HETOJHOE UX YCBOEHHUE, YTO TIPUBOTUT
K YCUJICHHUIO TIPOIIECCOB THUEHUS B KUILIEYHUKE U,
KpOME TOTO, K BO3HHKHOBCHHIO SK30T€HHOTO HMOa-
JIaHCa aMUHOKUCTIOT. Hapsiny ¢ 311 nmpolieHT Kanopuii-
HOCTH, 00eCIeurBaeMbIii YIIIEBOIaMHU, BO3pacTaeT
Io 57-58, xorga kak moTpebiieHre Kupa ocTaéTcs
MPEeKHUM. B TO ke Bpemst Tipy 00eCIiedeHH CKOPO-
CTHM HapalluBaHUsl MBIIIEYHON MAcChl U YBEINYCHUS
CHJIBI conlepyKaHue OCIKOB B MIUTAHWH CTYICHTOB-
CIIOPTCMEHOB HEOOXOIMMO TOBBICUTh 10 16%
0 KajnopuiiHocTd. Ha OCHOBaHMM NPUBENEHHBIX
BEJIMYMH PACCUUTHIBACTCS DHEPreTUIECKas IIEHHOCTh
Ka)KIIOTO 13 TIMITIEBBIX BEIIECTB B PAIFIOHE, U C TIOMO-
IO YTOYHEHHBIX SHEPTEeTUUECKHX KO3((HUIMEHTOB
(st 6enkoB — 4,00 kkan/r, st xupoB — 9,00 KkaT,
Jutst yraeBooB — 4,00 KKa/T) JIETKO BBIYHCIISETCS
COepKaHNUE OCHOBHBIX HWHTPEAUCHTOB IHIIH
B BeCOBBIX eamHMIax. [loTpeOHOCTH CTYyIEHTOB,
3aHAMAIOMIMXCS (PM3UYECKON KyJIBTYPOH W CIIOPTOM
B SHEPrUU U OCHOBHBIX BEIIECTBAX B 3aBUCUMOCTH
OT PHEProTPaT NPUBOAATCS B Tabuuie 2. B Hel ke
OTpaXKEHBI ¥ KOJIMYECTBCHHBIC COOTHOIICHUS MEXKITY
Pa3HBIMU TIO IPOUCXOXKICHUIO ¥ COCTaBY OEIKaMH,
JKUpaMu | yTIIeBOJaMHU.

Tabnuna 2.
HOTpe6HOCTI> B OCHOBHBIX NMIICBBIX BECUICCTBAX U SHCPIUU
Table 2.
Requwements for essential nutrients and energy
benxwu, rp. Kupsr, Tp. ymceB%mF]I’ P
Proteins, gr. Fats, gr. arbony Iomucaxapuast
. drates, gr. ;
KanopuiHoCTh, KKal T KTBO TG Polysaccharides
Calorie content, kcal p p
Bcero Animals Bcero Animals Bcero
Total PacturenbHbIe Total PacturenbHbIe Total MoHo [lucaxapust
Vegetable Vegetable Mono Disaccharides

2800 98 61/38 93 70/23 418 279/139
3000 102 63/42 100 75/25 447 298/149
3200 112 67/45 98 74124 480 320/160
3500 122 72/50 117 88/29 522 348174
4000 140 84/56 133 100/33 597 398/199
4500 151 90/61 150 13/37 674 450/224
5000 162 97/65 169 127/42 722 515/257
5500 179 107/72 183 137/46 836 558/278
6000 180 108/72 200 150/50 898 599/299
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Tak, XOpoIIo W3BECTHO, YTO IS ONTUMAITh-
HOTrO O0ECITICUCHHUSI OpraHMu3Ma B3pOCIIOr0 YeloBeKa
0€eJIKOM HEOOXOAMMO, YTOOBI >KUBOTHBIH O€I0K
cocraBysul He MeHee 50% OT 00IIero KoJIn4yecTna
Oenka B parone. OHAKO, YYUTHIBAst BO3PACT CTY-
JIEHTOB, COOTBETCTBYIOIIHNNA TIEPHOY 3aBEPIICHUS
UX pocTa ¥ PU3NIEcKOTo POPMHUPOBAHHUS, & TAKKE
3HAYUTENBHBIE (PIBUUIECKUEC W HEPBHO-TICHXUIECKHC
HaNPsDKEHYsI, 00YCIOBJICHHBIE BIUSHAEM yIeOHBIX
Y CIIOPTUBHBIX HAarpy30K, KOJHYECTBO Oelka
JKUBOTHOTO MPOUCXOXKICHUS 11€JIeCO00pa3HO yBe-
mauTh 10 55-60% ot obmiero xommdecTBa Oenka
B parrone [5, 13].

B mutaHMM CTYIEHTOB-CIIOPTCMEHOB CiEmyeT
o0patuth 0c000€ BHUMaHHE Ha OMOJIOTHYECKYIO
[EHHOCTH KHUPa, KOTOpas OMPEAEISETCS HE TOIBKO
€ro BBICOKOW KaJOPUMHOCTBIO, HO W HAIUYHUEM
OT/IENBHBIX MOTWHEHACHIIIEHHBIX JKUPHBIX KHCIOT
(raBHBIM 00pa30M B COCTaBE PACTHTENBHBIX JKHUPOB),
KOTOpBIE HE MOTYT OBITh CHHTE3MPOBAHBI OPTaHU3MOM.
Cunraercs 1enecoo0pa3HbIM BKIIOUATh B PALlMOH
CTyAEHTOB-criopTcMeHOB 20—25% pacTUTeIhHBIX
Macel1 0T 00IIEero KOJIMYECTBA KUPA.

Hapsimy ¢ aTuM yrieBopHas 4acTh paryioHa
JIOJDKHA COCTOSITh Ha JIBE TPETU U3 Kpaxmama
B BHJIE TIOJIMCAXapHU/IOB, COAEPIKAIIUXCA B OOIBIIOM
KOJIMYECTBE B KpyTMax, X1eO00yJIOUHBIX U MaKapOH-
HBIX W3JENUAX, KapTodene U Ipyrux MpOayKTax,
Y Ha TPETh U3 MPOCTHIX CaXapOB — MOHO- U JIFICAXapH-
JIOB, TIPE/ICTABIICHHBIX OOBIYHBIM CaXxapoM, BapEHbEM,
TJIFOKO30M, METOM, KOHAUTEPCKUMU U3JIENIMSAMU U TIP.
[Ipu TakoMm pacmpezneneHHn CO3AAOTCI Hauboee
OJIarompUATHBIE YCIOBHS JJIS  HCIOJIb30BAHUS
yrieBoi0B [4, 6].

Hemanmoe wmecTo B OUTaHUM CTYJIEHTOB
CIIOPTCMEHOB 3aHMMAlOT BUTaMHHBIL. Hambonee
HEOOXOAMMBIMHU CJICJIyET CUUTATh BUTAMHHBI A, E,
B1, B2, B6, PP, C u P. OHu urpaiot BasxHy10 pOjb
B HOPMAJTU3aI[1K OOMEHHBIX MPOLIECCOB MpH (hu3mde-
CKMX Harpy3kax, akTHBHO BIIMSIIOT Ha YMCTBEHHYIO
U CIIOPTUBHYI PabOTOCIOCOOHOCTh, OKa3bIBAIOT
OJlaronpHUATHOE BO3JEHCTBHE Ha OPTraHU3M B Iie-
soM. VX xonmngecTBo mpu 00ecTieueHUH MHTAHU
CTYJICHTOB CIIOPTCMEHOB, HEOOXOIUMO PACCUUTHI-
BaTh C y4€ToM »3HeproTpar. Pe3ynpTaThl Hammx
MHOTOJISTHMX  WCCIICIOBAHWUN  TOKa3aid, 4YTO
B IIUTAHUU CTYICHTOB-CIIOPTCMEHOB HEOOXOINMO
PYKOBOJACTBOBAThCSI  CJICAYIOIUMH BUTAMHHHO-
KaJIOpUHHBIMU Kod(duimeHTamMn: BUTaMUHA A —
0,75 mr, Buramuna E — 5,0 mr, Butamuaa B1 — 0,65 mr,
ButamuHa B2 — 0,65 wmr, ButammuHa B6 — 1,2 wmr,
putamuHa PP — 11,0 mr, Buramuna C — 40,0 mr
Ha kaxasie 1000 kanopuit.

YcTaHOBICHA Takke OPHEHTUPOBOYHAS
moTpeOHOCTh B BUTamMuHe P (B BUae mypuHAa),
cocraBistomas 50 wmr B aeHb. Ha ocHoBanuu
CyTOYHOW TOTPEOHOCTH B KAJIOpHUAX U pa3pado-
TaHHBIX BUTAMUHHO-KAJIOPUIHBIX KOA(PQPUITUSHTOB
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JIETKO PacCcYUTaTh CYTOYHBIE HOPMBI BUTAMHHOB
st cryaerTos I, I u IV rpynm, otnugarommxcs
pa3HBIM ypOBHEM 3Heprotpart (cM. Tabnuna 1).

MuHepaibHbIE BEIECTBA B PALIMOHE CTYIEHTOB-
CIIOPTCMEHOB IPEJICTABIISIIOT MHTEPEC C TOUKHU 3PCHUS
MOJ/ICPIKAHUST KUCIIOTHO-IIEIOYHOTO PAaBHOBECHS
B OpraHM3Me W JIy4lledl BO30YIMMOCTH HEPBHOMH
W MBIIIEYHON TKaHHW, aJanTaldd K KHCIOPOTHON
HEIOCTATOYHOCTH, NOBBIILIEHUS CHIBI U BBIHOCIIH-
BOCTH U T. 1.

MuHepasbHbIE BELIECTBA SIBIAIOTCS OJHUM
U3 KJIIOYEBBIX DJIEMEHTOB, HEOOXOAUMBIX ISl TTO/I-
JepKaHUs >KU3HEAEATeNbHOCTH opranu3Ma. OHu
Y4acTBYIOT B MHOKECTBE IPOLIECCOB, HAYMHAS OT
TIOJIEpKaHKsl CTPYKTYPBI KOCTEH | 3yOOB, M 3aKaH-
YMBasi y4acTHEM B METa0ONM3ME U SHEPTreTHYECKUX
npolieccax opranusma. Hekotopele MUHepaibHbIC
BEILIECTBA, TAKME KaK KaJIbIHi, Pochop U MarHui,
SIBJSTFOTCS CTPOUTEIBHBIMU OJIOKaMH KOCTEH 1 3y00B,
a TakKe YYacTBYIOT B PETyJIALMH HEPBHOH CHCTEMBI
Y MBILLICYHBIX COKparieHui. JXKene30 U UuHK SBIA-
IOTCSI KJIFOYEBBIMH 3JIEMEHTaMH, HEOOXOIMMbIMU
IUIst O0pa30oBaHUsl TEMOTJIOOMHA W SPUTPOILUTOB,
KOTOpbIE HECYT KHCIIOpPOJ IO BCEMY OpPIaHU3MY.
HekoTopble MUHEpabHbIE BENIECTBA TAKKE WUIPAIOT
BO)XHYIO POJb B METa0ONM3ME M SHEPreTHUECKUX
npoueccax opranusma. Hanpumep, xanuii, HaTpuit
Y XJIOp SIBISIIOTCS DJIEKTPOJIUTAMH, KOTOPbIE MOMO-
TaloT MOAJEPKUBATh OalaHC BOIBI U 3JIEKTPOJIUTOB
B OpraHu3Me, peryJHpyIOT KpPOBSIHOE JaBJICHHE
Y YYacTBYIOT B Iepellau€ HEPBHBIX HMITYJIECOB.
HenmocraTtok MuHEpaJbHBIX BEHIECTB MOXKET MPH-
BECTH K Pa3JIMUHBIM NPoOJIeMaM CO 3I0POBbEM, TAKUM
KaK OCTEONopo3, aHeMus, AeHUIUT BUTAMHUHOB,
HapylieHue paboThl CEpICUHO-COCYAUCTON M HEpB-
HOM CHCTEMBI, a TaKXKe 3aMeJjiecHre MeTabonu3Ma U
CHIPKEHHE MMMYHHOM 3aIluThl opranmsma. Iloaromy
B)XHO YJENSTh BHUMAaHHE COCTAaBY IUTAHUS, YTOOBI
00ecnevnTh 10CTaTOYHOE KOJIMYECTBO MUHEpallb-
HBIX BEIIECTB, HEOOXOJUMBIX JUIs TOJICPKAHUS
3I0pOBbSl M ONTHMAJIBHOW PabOTOCHOCOOHOCTH
opraHusma. ¥ CTyAEHTOB-CIIOPTCMEHOB NOTPEeOHOCTD
B KaJIMM W HAaTpuM Jo/bkHA ObITh Ha 20-25%,
B Kanbinn — Ha 20-40%, B xxene3e (rIaBHBIM 00-
paszom y xennuH) — Ha 30%, B hocdope u marann
no4ty B 1,5 pasa Bblle, 4eM 3TO OIpEneNIeHO A
HE 3aHUMAIOLIUXCS CIIOPTOM JIIOACH.

Boinbiioe 3naueHue It CTYJICHTOB CIIOPTC-
MEHOB HMEET TaKXe BHIOOP aleKBaTHBIX (HopM
nuTaHusl (MPOJYKTOB, TMHUIIEBBIX BEIIECTB W MX
KOMOMHAIMI) 1 NPUEMOB THIIH, MPUXOSIIUXCS
Ha NePUOJIbl MHTEHCUBHBIX Harpy30K, MOATOTOBKU
K COPCBHOBAHUSAM W BOCCTAHOBHUTEIBHBIN TTIEPHOI.
Hanpumep, paboTa ¢ MakCUMaIbHOM 1 CyOMaK-CH-
MaJIbHOH MOIITHOCTBIO IIPH HEIOCTATOYHOM KHCIIO-
ponHOM oOecriedeHur opraHu3Ma (CIIPHHTEPHI,
TIPBITYHEI B [JTHHY, 0ACKETOOJMCTHI, XOKKEHUCTHI H JIP.)



Pitkin V. A. et al. Proceedings of VSUET, 2023, vol. 85, no. 3, pp. 90-97

BBI3BIBAET HEOOXOJMMOCTh YBEIWYEHHUS B IHUILE
YIJIIEBOMOB 3a CUET CHUXKEHUSI KOJIMYECTBA KUPA
U IONOJHUTENbHOrO npuéma BuTamMuHOB C, B,
B2, B12, B15.

Emé ogun mpumep TOro, Kak ajeKBaTHOE
MIUTaHUE MOYKET TIOBBICHTH PE3YJIBTaThl CIOPTCMEHOB-
CTYJEHTOB, CBA3aH C WHTEHCHBHBIMH CHIIOBBIMU
TpeHupoBKamu. [Ipy TMHAMHUYECKNX WM CTaTHYECKHX
YCHITHSIX, COTIPOBOXKAAIOLINXCS HATPSHKEHUEM MBI
Y pa3BUTHEM CWIBI (TUMHACTBI, TSDKEJIOATIETHI,
JIETKOATIIETH METATeNH, OOPLIBI U JIP.) IS YCTICIHOMH
TPEHUPOBKHU U YJIyUIIEHHUS PE3yJbTaTOB HEOOXO-
JIUMO YBEIHYUBATh MOTpeOIeHne OETKOBON MUTIIH
IUIS IOAJIEPKAHUST U pOCTa MBILIEYHOH Macchl,
a TaKkXKe YIJIEBOJOB JUIsI SHEPTeTHYECKOT0 cHa0Xe-
Hus opranusma. IloMHMO 3TOro, BaXKHO TaKxe
KOHTPOJIUPOBATh IPUEM >KUPOB, YTOOBI HE JOIY-
CTUTHh WX M30BITKAa B OpraHm3Me. Takxe HE0OXo-
IUMO YHOTPEONATh B JOCTAaTOYHOM KOJIHYECTBE
MPOAYKTHI, coJiepKaliue BuTaMuHbl rpynmsl E u B.
OmnpeneneHHblil 0alaHC NHUTATEIbHBIX BEIICCTB
B IIMIIE W KOHTPOJIUPYEMBI MPHEM IHIIH MOTYT
MIOMOYb CIIOPTCMEHAM-CTYAEHTaM JOCTHYb JIyYIINX
pe3yNbTaTOB B CIIOPTE U MOBBICUTH CBOIO PabOTO-
CITOCOOHOCTH B yuebe.

Bennko 3HaueHNe pallMOHAIBHOTO MUTAHUS
U JUTS IOJNEP)KaHU ONTHMAIBHOTO Beca CTyZIEHTa-
CIIOPTCMEHA. XOpOIlIO M3BECTHO, YTO KakK MOTeps
Beca, TaK WM MpuOaBKa €ro CBEpX CBOHCTBEHHOTO
Ka)XKI0My CIIOPTCMEHY TaK Ha3pIBaeéMOTro pabodero
BECAa, XapaKTEPHOI'O JUIsl COCTOSHUS CIIOPTUBHOM
(OpMBI, OTpULIATETIEHO CKAa3bIBACTCSI HA pe3yJIbTaTax
y4acTusi B cOpeBHOBaHUAX. OJHAKO Mporpamma
KOHTPOJIA Beca Tena TpeOyeT OT COpPTCMEHa He
TOJIBKO U3BECTHBIX OTPAHIYEHHUN F BOJICBBIX YCHIIM,
HO U CHEIHAIBHBIX OCHOB PAIMOHAIBHOTO TIUTAHMS.

OCHOBBI  PallMOHATBFHOTO THTAHUS IS
CTYJIEHTOB-CIIOPTCMEHOB BKIIOYAIOT B ceds He-
CKOJIBKO KJTFOUEBBIX acCIEeKTOB. Bo-TiepBBIX, CTyIEHT-
CHOPTCMEH JIOJIKEH TMOJIy4aTh JOCTATOYHOE KOJH-
9YeCTBO OENIKOB, TAK KaK OHH SIBIISIIOTCSI OCHOBHBIM
CTPOUTENBHBIM MaTepPHUaJiOM MBI U HEOOXOIUMBI
JUTSI ©X POCTa M BOCCTAHOBJIEHHUS IOCIIE TPEHUPO-
BOK. BO-BTOpBIX, Ba)KHO 00€CTIeUMBaTh OPTaHU3M
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SHEepruer, KOoTopas MONydaeTcs M3 YTIIEBOJOB.
OHU SABJISAIOTCS UCTOYHUKOM OBICTPOH IHEPTUU U
HEOOXOAMMBI ISl TOJICPKAHUS YPOBHS TIIFOKO3BI
B KpOBH. B-TpeTbux, IuIs MpaBUIIBHOW paOOTHI
opraHu3Ma He0OX0IUMO TTIOTPEOIIATH JOCTATOUHOE
KOJIMYECTBO KHMPOB, BKIIOYAs IIOJIE3HBIE HEHACHI-
IIeHHBIE JKUPbI, KOTOPbIe BaXXHBI Il OOMEeHa Be-
IIECTB ¥ CHHTE3a TOPMOHOB. B-4eTBepThIX, cleayer
YIOTPEONIATh TOCTATOYHOE KOJIMYECTBO BUTAMUHOB
Y MUHEPAJIOB, KOTOPBIE WIPAIOT BAXKHYIO POJIb
B PETYJHIMN  METa0OJMIECKNX TIPOLIECCOB B Opra-
HIMe. HakoHerr, BaXKHO CIIEIUTh 32 PEXKIMOM TIpHeMa
MUIIA, 9TOOBI O0ECTIeYNTh OpPTaHW3M IHTATENb-
HBIMH BEIIECTBAMH B HY>KHOE BPEMs U B HY)KHOM
KOJIMYECTBEC. PaHI/IOHaJ'IBHOe IIUTaHHUEC OOJDKHO 61)ITI)
aalITUPOBAHO K MHAWBUAYAJIbHBIM HOTpe6HOCT$IM
KaXxaoro CrioprcMeHa, y4uTbiBas €ro BuU/ CIiopTa,
(bu3IYecKre Harpy3Ku, PEXKIM TPEHHUPOBOK U 00ITIee
COCTOSIHHE 3JIOPOBBSI.

CyliecTBeHHBIH WHTEpPEC IS CTYICHTOB
CIIOPTCMEHOB TPHOOpeTaeT pa3padoTKa MPUHIIUIIOB
WHAUBUAyAIW3alUKd NUTaHus. [[puHIMObI UHIUBU-
AYyaJIbHOI'O IMUTaHUA ABJISAIOTCSA Ba)XHOU COCTaBIISI-
IOl JUTS TOCTIDKEHUSI HAWITy4IInX Pe3yJIbTaToB
B CITOPTE | OOMIeH MOIICPKKH 3M0pOBbi. OHH
3aKITIOYAIOTCS B yU€Te WH/MBUIYAIBHBIX OCOOCHHO-
CTE KaXIIOrO YeNIOBeKa, TAKMX KaK BO3PACT, IOJI,
YPOBC€Hb aKTUBHOCTH, COCTOAHUE 300POBbA U T. 1.
OcHoBoM UHIWBUAYAJIBHOI'O IHUTAHUA SABJISCTCA
MIPaBUIIBHOE pacrpeieNieHne OelIKoB, JKUPOB U yTIIe-
BOJIOB B paIlMiOHE, a TaK)Ke BKIIIOYEHHE HEeoOXOmu-
MBIX BUTAMHHOB, MHHEPAIOB M MHUKPOAIJIEMEHTOB.
KpOMe TOr'0, B MHAUBHUAYAJIbHOM IMMTAaHWW YUWTbIBA-
€TCSl TAKXKE CYTOUHBIH PEXKUM, PEXKUM TPESHUPOBOK
1 CHa, a TaK)Ke BO3MOJKHBIC MPOOJIEMBI CO 310pPO-
BbEM W UH/VBHIyaJbHBIE MPEIINOYTCHHS B ITHIIIE.
Bce atu pakTOpHI MO3BOISIOT CO3/1aTh ONITUMAITb-
HBI PAIMOH, YIOBJICTBOPSIONUI NOTPeOHOCTH
Ka)KJI0TO YEeJIOBEKA U CIIOCOOCTBYIOIINI JJOCTHIKSHHEO
JIydlX pe3yJibTaTOB B CIIOPTEC U MOAACPIKAHUIO
310poBbst. C yu4€TOM OTMEYCHHBIX OCOOCHHOCTEH
TIPH COCTABJICHWU MEHIO JIJISl CIIOPTCMEHA I[EJIeCO-
00pa3HO MCIONB30BaTh MPOAYKTHI IIECTH OCHOBHBIX
rpymn (tabnuua 3).

Tabnuma 3.

OCHOBHbIE TPYIIBI TPOJAYKTOB MUTAHUS

Table 3.

Main food groups

I'pynmbr ITpoxykTel nUTaHKS Yacrora ynotpeOneHus B TeYEHUH JHS
Groups Food Frequency of use during the day
1 Mouoko 1 mosounsie npoayktsl | Milk and dairy products 3-4 pasza | 3-4 times

Meat, fish, poultry and products prepared incl.

2 Msico, ppI0a, NTHLA U TPOAYKTHI, IPUTOTOBJIEHHBIE U3 HUX

3 paza |3 times

Myka, x1e600y104HbIe U3AEINS, KPYTIbl, Caxap, MaKapoOHHbBIC U KOH,. U3AEIHs,
kaprodens | Flour, baked goods, cereals, sugar, pasta and confectionery, potatoes

34 pasa | 3-4 times

XKupsi | Fats

3-4 pasza | 3-4 times

Osom | Vegetables

3 pasa | 3 times

o0~ W

Opykrsl u srogsl | Fruits and berries

3 paza | 3 times
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Ocoboe BHUMaHME CIleyeT OoOpaTHTh Ha
CpeIHeCyTOUHBIH Habop mpoaykToB. Ha Hero MoxHO
OPHEHTHPOBATHCS TP COCTABJICHNH PAIIOHOB ITUTA-
HUSL /IS CTyJICHTOB CIIOPTCMEHOB, MPEABAPUTEIHHO
OLICHMB 3aTpaThl WX dHepruu. Hampumep, ecmu
o011ast KaIOPUIHHOCTh TAKOTO PallHOHA COCTABJISIET
3500 kkan npu copepkanuu 122 r. 6enkos, 117 .
JKUPOB 1 522 YTIICBOAOB, TO OH BKJTFOYAET (B rpaMMax
PBIHOYHOTO MPOIYKTA):

1. Msico u msaconpoaykTsl — 250 .

2. Pr16a n perdbonpoaykTsr — 100 T.

3. TBopor — 75 .

4. MonouHsle MPOAYKTH (MOJIOKO, Kedup,
psoxenka u ap.) — 400 r.

5. Macno ciuBo4yHOe — 95 T.

6. Cerp—30T.

7. Sitna — 1 . — 50 .

8. Macno pacrurensHoe — 15 T.

9. Cmerana—10r.

10. Kpymns! (Bce Buasi) — 8090 T.

11. Kaprodens — 400 r.

12. OBomm — 400 .

13. ®pykrer — 200 r. 1 Gosnee.

14. Coku — 200 r. u Gonee.

15. Cyxodpykrst — 20 r.

16. Caxap, mM&xn, KOH(QETHI, KOHAUTEPCKHUE
m3nemusa — 100 r.

17. Xne6 (uépwubiit u 6emnbrit) — 200/200 .

HexoTopble 13 KOMIIOHEHTOB Ha0Opa SBIISIOTCS
0000IIEHHBIMY TIPEICTABUTEIIIMH OJTHOUMEHHOMN
TPYIIIBI TIPOIYKTOB: MSICO — BCE MSCOIPOIYKTHI, T. €.
TOBS/IMHA, CBHHMHA, Koj0aca, MTHI, CYONpOIYKTbHI
U JIp., OBOILIIM — BCE BH/IBI OBOILEHT; KPYIIBI — BCE BHIBI
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Kpyn U T. 1. O4eHb BaXXKHO, YTOOBI ACCOPTUMEHT
9THX MPOAYKTOB BHYTPH KaXXIOW TPYIIbI OBLT
MO BO3MOXKHOCTH Ooliee pa3HOOOpasHbIM. PasHo-
o0pa3HOe MHUTaHUE SBJSACTCS BaKHBIM aCIEKTOM
37I0POBOTO 00pa3a JKU3HHU W MUTAHUSI, OCOOCHHO JIIst
CTYJICHTOB-CIIOPTCMEHOB, KOTOPBIC HCIIBITHIBAIOT
MOBBIINICHHYIO MOTPEOHOCTh B MUTATENBHBIX BEIlC-
cTBax. PazHOOOpa3HbIe MPOILYKThI COJCPIKAT pa3iny-
HbIC BUTAMHHBI, MUHEPAJIBI U IPYTHe MUTATEIbHbIC
BEIIIECTBA, KOTOPhIe HEOOXOAUMBI JUIS TIOJUICPIKaHHS
300pOBbsl U pusuyeckoii ¢opmbel. Kpome Toro,
pazHOOOpa3HOEe TMHTAHHWE MOMOTaeT MPEIOTBPATUTH
JNeUIUT KaKUX-TMO0O IHUTATSIbHBIX BEIIECTB,
KOTOPBI MOET BO3HHUKHYTh IMPH OTPaHHYCHUU
MOTPEOJICHHSI OTPEJICTICHHBIX MPOayKTOB. Hakowerr,
pasHoOOpa3HOe MUTAHWE MOXKET MPEJOTBPATHTH
MPUBBIKAHUE K OJJHOOOPA3HOMN MUIIE, YTO MOXKET
MPUBECTH K YTOMIICHUIO OT IMUIIEBHIX MPOIYKTOB U
HEJIOCTAaTKy SHEpruu B opraHusMme. [lostomy, mms
JOCTYDKEHHS HAMTYYIINX Pe3yIbTaTOB, CTYICHThI-
CIIOPTCMEHBI JIOJDKHBI CIICANUTH 32 TEM, YTOOBI UX
paroH ObLT MAaKCHMAJIEHO Pa3HOOOPa3HbBIM U IT0JI-
HOIIGHHBIM. [Ipu cocTaBieHUM palioHa U BEIOOpE
NPOIYKTOB JJIsl CTYICHTOB-CIIOPTCMEHOB HEO0XO0-
JIUMO YYHTBHIBaTh TAKKE HEOJIMHAKOBYIO CKOPOCTh
9BaKyallMM MPOJYKTOB M3 KEIyJKa B KUIICYHUK
(Tabmuria 4). 910 0COOEHHO BAXKHO YIS COOITFOICHHS
NPaBWIBHBIX WHTEPBAJOB BPEMEHU MEXIY MpHE-
MaMm¥ THUINK, HA4YajJOM TPEHUPOBOYHBIX 3aHSITUN
W COPEBHOBAHU, TIPY MHOTOKPATHBIX TPEHUPOBKAX,
KOTJla YCBOCHHME OOJIBIIUX KOJUYECTB MHINU
B 3—4 npuéma 3aTpyTHEHO.

Tabnumna 4.
ITpoomKNUTENEHOCTD 3aIePIKKH THUIIEBBIX TPOAYKTOB B xkemyake (rmopiuu 150-250 1.)
Table 4.
The duration of food retention in the stomach (servings 150-250 g)
1-2 4. 2-3 4. 344 454
1-2 hours 2-3 hours 3-4 hours 4-5 hours

Bona, yaii, kakao, kode 6e3
MpUMeceii, MOJIOKO, OYJIbOH,
AiIa BCMATKY.
Water, tea, cocoa, coffee
without impurities, milk,

Kode, kakao ¢ MOJIOKOM, CITUBKaMH,
siiIa B KPYTYIO, pbiba OTBapHasi,
TEJISITUHA OTBAapHas, CBEXasi BULLIHA.
Coffee, cocoa with milk, cream, hard-
boiled eggs, boiled fish, boiled veal,

YKapenHnas xypuua, ropsauHa,
xJ1e0, 10JI0KH, pUC, OTBAPHOM
KapTodeltb, Karmycra.
Fried chicken, beef, bread,
apples, rice, boiled potatoes,

XKapxkoe (Msco, 11ub), cenenka,
ITIOPE TOPOXOBOEC, TYIICHHBIE
60051, )K1p OGapaHUii U CBUHOI.
Roast (meat, game), herring,
mashed peas, stewed beans,

broth, soft-boiled eggs. fresh cherries.

cabbage. mutton and pork fat.

VY CTyzeHTOB — MpeAcTaBUTENEN BUAOB CIIOPTA,
CBSI3aHHBIX C JUTUTEIFHBIMU (PU3HUECKUMU HATPy3-
KaMH Ha BBIHOCJIIMBOCTb, OT MOMCHTA OCHOBHOI'O
npuéMa THIIH JI0 TPEHUPOBKH JOJDKHO MTPOXOAHNTH
He MeHee 1,52 4., a y npe/icTaBuTeNeH BUIOB CIIOPTA,
OTHOCSIIUXCSI K CKOPOCTHO-CHIIOBBIM, OKOJIO 3 .
B nepuon copeBHOBaHUI OCIEAHUHN PUEM MTUILNA
nenecooOpaseH 3a 3-4 1 1o crapra. brarogaps stomy
yCTpaHseTCsl OTPHIATEIbHOE BIMSHIE TPEICTapTO-
BBIX SMOILIMH Ha MUIIEBapeHHe, KOTOPOE OCYILECTB-
JSeT TOATOTOBKY oOpraHmsMa K pabote [15,16].
BricTynaTh Ha COpEeBHOBAaHHUAX HATOLIAK KpaiiHe
HEJOMYCTUMO, TaK KaK OpraHW3M He MOoJydaer
HEO0OXOIMMOE KOJMYECTBO JHEPIHH, HEOOXOIUMOMH

95

JUIsl 00ECTICUEHHUS BRICOKOM (DU3MYECKOI aKTUBHOCTH.
OTO MOXET TPHBECTH K OBICTPOMY HCTOIICHUIO
3armacoB TJIMKOT€HA W CHIDKEHUIO YPOBHSI caxapa
B KPOBU, YTO B CBOIO OYEpEIb MOXXET BbI3BATh
Cepbe3HbIE MPOOJIeMbI CO 310poBheM. Kpome Toro,
OTCYTCTBUE NHTAHUS MEPEN COPEBHOBAHUEM MOKET
CHM3UTH KOHIICHTPAITHIO, TTOBJIMATH Ha KOOPMHAIIIO
JBIKEHUHN, YBEIMYUTh PUCK MOJYYCHHS] TPABMBI
1 CHU3HUTH CIIOCOOHOCTH K OBICTPOMY BOCCTaHOB-
JEeHUI0 Tocie copeBHoBaHUA. [loaToMy BakHO
MMATAThCSA TPABWIBLHO W PETYyJSIPHO, OCOOCHHO
B [IEPUOJIbI MHTCHCHUBHBIX TPEHUPOBOK U TEpen
COPEBHOBAHUSIMU.
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Kpowme Toro, pactipenenenue panyoHa JOJIDKHO
CTPOTO COTJIACOBBIBATECS C PEKUMOM TPEHHPOBOK
Y COpEeBHOBaHMH. B miepro/] yueOHBIX 3aHATHIA B By3e
npyu OOBIYHBIX BEYEPHUX TPEHHPOBKAX MOXKHO
npHAepKUBaThca 3—4-pazoBoro nutanus. Ha TpeHu-
POBOUHBIX COOpax peKOMeHayercst 4-5— KpaTHBIHA
MPUEM MHUILU B ACHb.

3ak/oyeHne

OCOOEHHOCTH TPEHUPOBOK U COBPEMEHHOTO
00pasa )XKM3HU CTYACHTOB 3aCTaBJISIOT MOJHUMATh
BOTIPOC O HEOOXOJMMOCTH COYETaHHS HEOOIBITIX
00BEMOB OMOJIOrHNYECKH TOJIHOLIEHHOM UL C BbI-
COKOM €€ KaJopuiHOCThI0. Crneluain3upoBaHHOE
IMATAHNUC CTYACHTOB-CIIOPTCMCHOB C UCIIOJIb30BAHUEM
MIPOIYKTOB ITOBHIIICHHONW OHOJIOTHISCKON [IEHHOCTH
OKa3bIBACT HAIIPABJICHHOC BJIMAHUEC Ha 06MGH BC-
IIECTB B OpraHM3Me KaK BO BpeMS BBITIOJHEHHS
(U3NUECKUX HArpy30K, TaK W B IEpHOJ OTAbIXa
MeXIy HUMH W Iocie HUX. bmaromaps stomy
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CO3JIal0TCS JIYUIIUE YCIOBUS AJIS IACTUYECKOT0 U
SHEPTETHYECKOT0 00ECTICYEHHsT MBIIIICYHON JesTeNb-
HocTu. OTHAKO B K&K/IOM KOHKPETHOM CITydae puMe-
HEHHE TPOJYKTOB MOBBIINIEHHOW OWOIOTHYECKON
LIEHHOCTH ONpeAeIIsieTCs 3a/layaMi TPEHUPOBKU U
BBICTYIJICHUSI HA COPEBHOBAHUSAX, CIYXKUT LEISIM
KOPPEKTUPOBKK pallMOHA W OCYUIECTBISETCS MpPU
CTPOrOM KOHTpOJIE CO CTOPOHBI Bpaya M JUETOJIOTra.
TakoBBI CBEJIEHUS U COBPEMEHHBIE ITPEACTABICHUSA
00 OCHOBHBIX TPEOOBAHUSIX K IIOCTPOSHHUIO MTUTaHUS
CTYJIEHTOB CIIOPTCMEHOB. TOYHOE UX BBINOJIHEHUE
noBbITaeT 3 HEeKTUBHOCTh TPEHUPOBKHU, COPEBHO-
BaTEIHLHON W YU4eOHOU MESITENFHOCTH CTYIICHTOB,
OTBEYAET HMHTEpPECaM COXPAHECHMSI U YKPEIUICHUS
3I0pOBbS pacCMaTpUBAEMOI0 KOHTUHTEHTA.

Heo0OxoaumMo TOMHUTH, YTO NPaBUIBHOE
1 cOalaHCHPOBAaHHOE TMHTAaHKUE 000IAeTCS 3HAYH-
TEIBHO JICUIEBIIE M ITO3BOJIMT JOCTHYG KeIaeMBIX
pe3ynbTartos [17].
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MHorokpurtepuajgbHas onTumusanus npoueccoB Cook& Chill
JJIS CeTeBbIX NPeANPUATHI MTATAHUS

Anekcannp E. Epemun ' ae_eremin@yahoo.com
Mapuna A. bensseea 2 belyaeva.ma@rea.ru

1 Food Consulting Group, Mocksa, Poccus

2 Poccuiickuii sxonomuueckuii yausepcuter uM. I'.B.Ilnexanosa, CtpeMsinublii nepeyiok, 36, 117997, Mocksa, Poccust

AuHoTauusi. B craree npuBesenbl WHHOBalMoHHbIE TexHonorud COOK&Chill, omucanbl 3Tambl TEXHONOIHYECKOTO IMPOM3BOJCTBA
npoaykimu. OCOGEHHOCTH TEXHOJIOTUYECKHUX MPOIECCOB B HHIYCTPUH MTUTAHUS 3TO T€ KIIFOYEBBIEC APAMETPHI, OT KOTOPBIX 3aBUCHT, KaKHe
KJIacChl U BHIBI POOOTH3MPOBAHHOTO M ABTOMATH3UPOBAHHOTO TEIUIOBOrO OGOpPYAOBAaHHS HEOOXOOMMO IPUMEHSTh HAa KOHKPETHOW TOUYKE
[HUTaHUs, B KOHKPETHOM FOPSYEM II€XE, YTOOBI MOBBICHTH YKOHOMHUYECKYIO 3P ()EKTUBHOCTh €ro HCIOIB30BAHMUs, OCBOOOIUTE OT PYyYHOTO
TpyZAa paGOTHHKOB M OOJETYHTH IKCILTYaTalHi0, 00CCIICINTh BRICOKHN YPOBEHb aBTOMATH3AINK TPY/IA, OKa3aHa ONTHMU3AIHS [POLECCOB
Cook and Chill csi3ana ¢ GoNBIINM KOJIMYECTBOM KPUTEPUEB BHIOOPA dPHEKTUBHON BEPCUH MM BAPHAHTA, KOTOPHIH BKIKOYAET KPUTEPHYM
MHHHMAIBHON MOTPENIHOCTH OT CTAHAAPTHOTO COCTaBa PELENTYp, HAO0pa AMUHOKHUCIIOT B IPOAYKTaX, JKUPHOKHUCIOTHOTO COCTABa; HAIMINC
BUTAMMHOB; HAJIMYME MHUKPOJIEMEHTOB, a TAKXKE Mepy NMEPEBAPUMOCTH TUIIH, OHOJOTHIECKOM, MUTATENHLHON U S9HEPTETHUECKOM IIEHHOCTH
wiu kasopuitHoctn mpoxykra. COok&Chill B manHOM KiTFOYe COOTBETCTBYET B IOJHOM Mepe BCEM KPHTEPHSIM U MOKA3aTelsIM, MTO3BOJISS
palMOHAIBHO YNPABISATh LIEHOOOpA30BaHHEM IMPOAYKTA 3a CUET CHIDKCHHsS 3aTpaT Ha MPOM3BOJACTBO Oiroga. D(P(GEeKTHBHOCTh METOnA
anpoOUpOBaHa MUPOBBIM OIBITOM U nipakTukoit. TexHomorus Cook and Chill 1aer Bo3MOKHOCTB TIOBBICHTE BBIXOJI IIAPTHIA B HECKOIBKO pas.
TexHOJIOrHs PUrOTOBICHHUH OO He TpeOyeT HUKaKHX HOBIIECTB M TPAHC(HOPMALIMH PELENITYP H MOTYT ObITh HCIIOJIb30BaHbI CTAHIAPTHBIC
HOPMaTHUBHO-TeXHONOTHIeCKHe JoKkyMeHThl. Texuomoruro Cook and Chill MoxHO 3dhexkTHBHO NPUMEHATH HA MPEANPUSITHIX C PasHBIM
ACCOPTUMEHTHBIM COCTAQBOM H BBIITYCKAEMOM MPOIYKLHH, A0 CaMOT0O LIMPOKOro, U JT000i MOIHOCTH. [laHHAS TEXHOIOTUs NPEAIONaraeT
NPUMEHEHNE THUIOBOTO alMapaToB M YCTPOMCTB, TakKMX Kak mapokoHBekromar, CBU- u MK-meun, cHCTEMBI MHTEHCHBHOTO OXJIAKICHHS
BozayiiHoro tuna (blast-chiller) win Bonsroro tuma (tumbler-chiller wiu turbojet-chiller).

Kurouessle cioBa: ontumusanus, Cook and Chill, kpurepun, HHHOBaIIMOHHBIE TEXHOIOTHH.

Multi-criteria optimization of Cook&Chill processes for network
catering establishments

Alexander E. Eremin *  ae_eremin@yahoo.com

Marina A. Belyaeva ?  belyaeva.ma@rea.ru

1 Food Consulting Group, Moscow, Russia

2 Russian University of Economics. G.V.Plekhanov, 36, Stremyanny Pereulok, 117997, Moscow, Russia

Abstract. The article presents innovative Cook&Chill technologies, describes the stages of technological production of products. The nature
of the technological processes of a catering company is the main factor that determines which types of automated thermal equipment should
be used at this enterprise in order to ensure high economic efficiency of its use, facilitate the work of workers engaged in its operation, increase
the level of labor automation, the optimization of Cook and Chill processes is shown to be associated with a variety of criteria for choosing the
optimal option includes criteria for min deviations from the reference structures: amino acid composition of the product; fatty acid composition;
vitamin content; composition of trace elements, as well as criteria for food digestibility, nutritional, biological and energy value of the product.
Cook&Chill meets absolutely all the requirements in this regard, allowing you to rationally manage the cost of the product by reducing the
cost of producing a dish. The effectiveness of the method has been proven by practical world experience. Cook and Chill technology allows
you to increase the yield of batches by three or four times. When preparing dishes, no changes in recipes are required and the current
technological standards can be used. Cook and Chill technology can be effectively applied at enterprises with any range of products, up to the
widest, and of any capacity. This technology provides for the use of fairly familiar pieces of equipment, such as a convector or microwave
oven, air-type intensive cooling systems (blast-chiller) or water-type (tumbler-chiller or turbojet-chiller).

Keywords: optimization, Cook and Chill, criteria, innovative technologies.

Benenune XapaxkTep TEXHOJIOTHYECKHX IPOLIECCOB
NPEeINPUSTHI TMTAHUS ONPEIEISCTCS KITIOYEBBIMH
(axkTopaMu M MOKa3aTeNIMH, OT KOTOPOTO KOppe-
JHUPYIOT KaKHe-TMOO0 THITbI aBTOMAaTH3UPOBAHHOIO
TEIIIOBOTO 000PY10BaHHS BO3MOKHOTO UCTIOJIB30-
BaHHs HAa KOHKPETHOM MPEIPUATHH, YTOOBI BEIpada-
TBIBAaTh CaMbIi BEICOKHI SKOHOMUUYECKHH 3 EKT ero
NPUMEHEHUSI, OCBOOOMTh PYYHOH TPYJ, a TaKxKe

BHespeHrne TEXHONOTMYECKMX WHHOBAIMH
B MHIYCTPHUU TUTAHUSA W peanu3alys HaydHO-
TEXHHYECKOTO Tporpecca TpanchopMupyer (GhyHKIMO-
HATBHOCTh H JISATEIIHOCTh KOMITAHHH, CIIOCOOCTBYET
BBICBOOOKIICHHIO PYYHOTO TPy TP aBTOMATH3AIINN
1 poOOTH3aIMK, OOJICTYCHUIO TSDKEJIBIX U TPYJIO-

EMKHX MPOM3BOLCTBEHHBIX MPOLECCOB U MaTepu- 00JIErIUTh TPyl PAGOTHHKOB, y4aCTBYIOLUX B €0
aJIbHBIX TIOTOKOB M YJYYINICHUIO yCJIOBHH TpyJa 00CITyXMBaHUN W SKCIUTyaTalllH, TOJHATh YPOBEHb
00CITy)KMBAIOLIETO TIEPCOHATA. poboTu3anuu U aBTomaru3anuu tpyaa [1, 2].
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Baenpenne HOBBIX COBPEMEHHBIX TEXHOJIOTHH,
B yactHocTy Texuosorui COok&Chill, BemyT k co3ma-
HUIO W DKCIUTyaTallid HOBOTO HMHHOBAI[HOHHOTO
obopynosanus. [Iporiecce ero BHEAPEHUS Ha TIPE/I-
MMPUATHUAX TUTAHUA PCATU3YCTCA B ABYX aCIICKTaX:
KOHCTPYHPOBAaHHE MAIIUH U IPOCKTUPOBAHUE
ABTOMATOB, K KOTOPBIM MPEIBSIBISIOTCS HE00X0-
JUMBIe TpeOOBaHUS B OMPEICIICHHBIX MOJ0XKEHUIX
MHHUMAJIbHBIE PacXo/ibl B pabouei cpese u CpescTB
Ha MX OOCTy>KMBAaHHE,; YCTAHOBJICHHE TaKUX CHCTEM
00CITy)KHBaHUS TOPTOBO-TEXHOJIOTHYECKOTO 000-
pyaoBaHus, KOTOPBIC 6BIJ'II/I 6I)I OIITUMAJIBHBI JIA
KOHKPETHBIX YCJIOBUN KCILTYaTALHH.

C TEXHHKO-TEXHOJIIOTHUECKUX U DKOHOMH-
YECKUX HOSI/IHI/Iﬁ MOYHO YTBEPXAAaTh TaKXE U O
MOJICKYJIIPHON KyXHE — PE3yJIbTaTOM COBPEMEHHBIX
HAYYHBIX JOCTI)KCHHH W pa3paboTOK, KOTOpOU
BHEJIPSICTCS B TIHIIEBBIC TEXHOJIOTHH U HH]Y CTPHIO
IMUTaHud, MOXXHO KOMMEPIUAIU3UPOBATE B Kadec-
CTBE WHTCIUICKTYalbHON COOCTBEHHOCTH, CO3JIaB
MAaTeHThl; W3yuYeHHe KOPPENsIMH B Ipoleccax,
IMPOUCXOJAIINX Ha XUMHYECKOM, MEXaHUYCCKOM
YPOBHSX, TEPMHUYECKOTO M KPUOTEHHOTO BO3JCH-
CTBHS Ha CBIPbE U MTPOAYKTHI, & TAKIKE J00ABICHUE
BCEBO3MOXKHBIX HHHOBAIIMOHHBIX HHIPEJIUCHTOB
B penentypy u (JOpMUPOBaHUE MPOCKTHPOBAHUE
MPOIYKTOB MUTAHUS C 3aJaHHBIMUA CBOHCTBAMHU.

VHHOBAIMOHHBIE CTOCOOBI U METOIBI, IPHUME-
HAEMBIE B TEXHOJIOTUAX IMPUTOTOBJICHUA HHIlIeBOﬁ
NPOIYKIMU ¥ KYJIMHAPHBIX OJIOA:

1. 'HHOBAIIMOHHBIC TEXHOJIOTHH W UHIPE-
JIMEHTHI CTPYKTYPHPYEM Ha Takue Kak SOouse-vide,
vacum&MAP, cook&hold, cook&chill, aroma-cui-
sine, accelerated cooking, nitro — cooking, in-cooking.

2. IHHOBaIlMOHHBIE METOJ(bl TOBBIIICHUS
MPOJAOJIKUTEILHOCTH XpaHEeHUs Npoaykuuu. Tep-
MOJIMHAMHYECKUE, PEOJIOTHYCCKUE, XUMHUYCCKUC
U QU3HYECKHE MPOIIECChI, KHHETUISCKUE U MUKPO-
OHMOJIOrMYECKUE IMPOLECCHl THHEHUS MPOIYKTOB,
YCTaHOBJICHUE TeMIIepaTypbl 00pabOTKH, XPaHCHUSI,
OXJTaXKICHHS.

3. OnpeneneHue akKTUBHOCTH BOJIbI M KOH-
TPOJIb HAJ U3MEHCHUEM BJIArOCOACPIKAHUS THIIIE-
BBIX MPOAYKTOB.

4. TIpUHIMITBI MOJICTUPOBAHHS WJIH MPOCK-
THPOBaHUE TAKMX IOKa3aTeei Kak I[BET, 3amax,
TEKCTypa, CTPYKTYPHO-MEXaHUUECKUE, PEOJIOTHYC-
CKHe CBOWCTBA, pelenTypa, UHIPETUCHTHBII COCTaB.

5. CoBpeMeHHBIE METOTBI ¥ CIIOCOOBI MEXaHH-
YECKOr0 BO3JEHCTBYS HA IIPOIYKThI UTAHUS, TaKHUE
KaK TEHICPa3WHT, IMPUIICBAHNE HATypPaTbHBIMH
MapuHaIaMH MSICHOM MPOIYKIIVH U MTHIIBI.

6. CoBpeMEHHBIC CIIOCOOBI TEIJIOBBIX IPO-
neccoB 0OpabOTKM TPONYKTOB NHUTAHUS, TaKue
TexHoJIoruu Kak sous-vide; capkold; cook&hold;
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CoBpeMeHHBIN ropsiuuid Lex NpeanpUsITHil
MUTaHUSI — 3TO WHHOBAIlMOHHBIA KOHCTPYKTOP
C MalllMHAMH, aBTOMAaTaMH, YHHUBEPCAIbHBIMU
NPUBOJIAMH, TICYaMH U YCTPOWUCTBAMH, B KOTOPBIX
PEATN3YIOT TEIUIOBBIE MPOIECCHI, K IPHMEPY, BapKy
MoJl JaBJeHWEM U B BakKyyMe, OecOoiiepHbIe
NapoBapbl — MOTYT ObITh SKOHOMHYECKH BBIT'OTHON
3aMEHON TMAapOKOHBEKTOMAaTaM, KOTJBI C IapOBBIMU
pyOarikamu, akCUIMPOBaHHOE IPUTOTOBJICHHE ITHIIIY,
HU3KOTEMITEpaTypHbIC TaHKEePBI, 00paboTKa B BaKy-
YMHBIX TIaKeTax, Bapka B repMETHYHBIX IaKeTax,
HOBBIE BUIBI OTIPOKH/IBIBAIOIINXCS CKOBOPOI U JKapKa
Ha aHTHIIPUTAPHBIX OJTHOPA30BBIX MOKPBITHSIX.

7. HoBble CrmocoOBI OXJTAXKIACHUS 10Ty (hadpr-
KaToB M TOTOBOM MPOIYKIHH, Takue Kak COOK&chill,
MOTYT MIPOXOANTH B OJHOCTAIMIHBIX U JBYXCTa -
HBIX OJacT — 4ymiuiepax, CKOPOCTHOE OXJIaXKICHHE
MIPOUCXO/IUT B JIEJITHOU BOJIE, HOBbIE OMO-IIIOKEPHI,
HeHTpU(YyTUPOBaHNWE HAIMUTKOB U MOPCOB, HOBBIE
CpeIHeTeMITepaTypHbIE TEXHOJIOTHH.

8. KHOBBIM crocobam XuUMHYECKOW 00pa-
OOTKHM TIPOIYKTOB MUTAHUS MOYKHO OTHECTH apoMa —
KyXHSI, HUTPO — KyXHsl, IPUMECHEHHE XUMHUECKIX
areHToB, OMOIOTMYECKUX J00aBOK.

0. TexHONOTUN  TIOBBIMIEHHUSI  MPOIOTIKU-
TETLHOCTH XpaHeHUs 1Moy (padbpuKkaToB U TOTOBOMH
npoxykiuu: TexHoiorus MAP, BakyyMupoBaHue
B YIIAKOBKY, BapKa B [IaKeTax, yIaKoBKa B repMme-
THUYHBIE TacTPOEMKOCTH, HCIOJB30BAaHUE TIpolecca
YCIIOBHOW MacTepu3aiyyi, aBToMaTuieckoe ¢aco-
BaHHE CaJlaToOB, 00EPTHIBAHHUE B CTPETU-TUICHKY H TIP.

10. CiocoOBl  OpraHM3anuy  CHEeIHaTbHBIX
BHJIOB 0OCITYKUBaHUS, TAKHE KaK BBIE3JHOE OOCITYKH-
BaHME M KEHTEPHHT C HCroyb3oBanmeM COok&hold,
cook&serve, cook&chill, cook&rethermize wu
HIMPOKOTO apceHala BCEBO3MOMKHBIX YCTPOWCTB
(TOTOTOBKA, IPUTOTOBJIEHNE HA MECTaX MPOBEICHHUS
MEPONPUATHH, pETeHEPUPOBAHUE H T. II.).

11. Mcnionp30BaHWEe HOBBIX BHIOB CHIPHS,
Hay4HbIe pa3paboTKu, T1abopaTopHble MPOPAOOTKU
HOBOTO KJIACCa M THIIA CHIPbS (MEJIaHK, TTOPOIIKH,
CMecH, 3aMOpo3Ka, CyOnmManus), HOBOE ChIpbe
B XJIeOOTIEUCHNU W KOHJIUTEPCKOM TMPOU3BOJICTBE:
KOH/INTEPCKHE CMECH, JPOXIKH, TOOABKH, KpacH-
TEJIN, SMYJBraToOPHL.

10. YrpasneHue kaueCTBEeHHBIMH ITOKa3aTe-
JSIMH TOTOBOM MPOAYKIWH, TOHATHE KadyecTBa U
MEHE/PKMEHTa KauecTBa, TEXHOJIOTHH Opakepaxa,
BBEIOOPOYHBIA M MOTOYHBIH KOHTPOJB C UCTIOJIB30-
BaHUEM ]IS TOTO TpoIlecca pa3IuIHbIE METOIbI
aBTOMAaTH3aLMK U POOOTH3ALMH, a TAKKE BHEIPEHHUE
IUQPOBH3AIUHN 1 HHPOPMAITHOHHBIX TEXHOJIOTHH,
MPOTPAMMHBIX M TEXHUUESCKHX PELICHUH IS OTCiIe-
KMBaHMUS Ka9eCTBEHHBIX TOKa3aTeleil MpOIyKIMH H
TEXHOJIOTUYECKUX TPOIIECCOB MPOU3BOJICTBA 1O OITH-
MaJbHBIM TIapaMeTpaM, TPH KOTOPBIX TOTOBask MPO-
JOYKIUsI IMEET BHICOKHE Ka4yeCTBEHHBIE TIOKa3aTeNH.
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Konnermmmss HACCP, ctangapThl MeHEIK-
MeHTa kadectBa 1SO 9001, mocratouHo TIyOOKO
MPOPa0OTaHHBIN TEXHUKO-TEXHOJIOTUIECKUN aCIIeKT
MPUBOJIUT K YIIPABJICHUIO KAYECTBOM U TIOBBIIICHHUIO
KOHKYPEHTOCITOCOOHOCTH TOYCK ITUTAHUS.

Cook and Chill (B mepeBoze o3HagaeT mnpu-
TOTOBJICHUE U OXJIAXKICHHE (aHT.)) — COUYETAIOIINI
MPOIECCHI IPUTOTOBIIEHUS OTPOMHOE YHCIIO OJIHO]T
Y X MHTCHCUBHOIO OXJIaKAeHus. [IpomyKTel muTa-
HUS Y TIMIIA, TIPOLIEIas TEPMUUESCKYI0 00paboTKYy,
HE 3aMOPXUBACTCS, a MOABEPracTCcs OXJIAKICHHIO
mo +1... + 4 rpamycoB. Bpennas mukpodiopa He
YCIIEBACT Pa3BUTHCS, TIOITOMY €CTh HEOOXOIUMOCTh
WHTEHCHBHO OXJIQXJIAaTh. XpaHCHHE MPOIYKTOB
B TAKMX TEMIICPATYPHBIX YCIIOBUSIX MPOJUICBACT CPOK
UX TOJTHOCTH JI0 5 CYTOK MUHHMYM, & B OTJICIBHBIX
ciaydasx 1o 21 CyToK 70 1mogadu Ha CTOJ.

HcToku  BBIIEYKA3aHHBIX  KyJIUHAPHBIX
TEXHOJIOTUI HaxonaTcs B ['epmaHuy, elie B KOHLE
70-x-80-€e roapl ObUIN CAEIAHBI HOMBITKA UCIIOIB30-
BaTh WX B FOCYJapCTBEHHBIX Jiazaperax. [IpenHa-
3HAYCHUE ITHX TEXHOJOTHI — TOTOBKA OIPOMHBIX
3aMacoB OXJIAXKJACHHOM TMHIIH, KOTOPHIC HCIIONb-
3YIOT 1O Mepe HEOOXOJIUMOCTH B yCTAaHOBICHHOM
BpPEMEHHOM Juanasone [3,4].

HanpasneHve pa3sBUTHS WHHOBAI[MOHHBIX
texuonoruit COOk&Chill — 310 cokparenve 3arpar
0 BPEMEHH, 10 PACXO/1Y IEKTPOIHEPTHH, 10 TPY-
JIOBBIM pecypcam, IaeT BO3MOXKHOCTH I'PAMOTHO
W ONTHMAJILHO YIPABJIATH IEHOOOPA30BAHUEM KY-
JUHAPHOW TMPOAYKIMEH 3a CYeT MOHIKCHHS
M3JCP)KEK Ha MPOM3BOACTBO OmtoA. DQQeKTus-
HOCTB JIAHHOTO METO/1a TIOJITBEPKICHA MUPOBBIMU
MPUHIIMIIAMH U OTIBITOM.

KitroueBbie CTyneH! TEXHOJIOTHH MPUTOTOB-
nenus criocooom Cook and Chill:

e [IpuoOpeTeHue W XpaHEHHE CBHIPbS.
TpeOGoBaHUE K CHIPBIO U MPOTYKTaM 3aKIFOYAOTCS
B BBICOKOM KaueCTBE, ITPU 0053aTeIbHOM HATUYUU
HEOOXOIMMBIX HOPMATUBHO-TEXHHYECKUX U COIPO-
BOJMTE/IbHBIX MaTepUaIoB. VICXOMHOE TIOCTYIIHBIIIEE
CBIPhE Ha MPEANPHATHSI 00SCIICUNBACTCS ONTHMANb-
HBIMU YCJIOBUSIMU XPAHCHHS, UMEHHO B CKJIAJICKUX
nomenieHusix, cornacio CHUIL, umerorue B coctaBe
OXJIAXKJIAEMbIC, MOPO3WIBHBIC U HEOXJIAXKIIAEMbIC
KJIaI0BbIC TIPU YCJIOBUM pPEaM3allii CAHUTAPHBIX
HOPM | TIPaBUJI, TEXHOJIOTHYECKUX PEXKUMOB, CPOKOB
peaM3aiiy U TOBAPHOM COMPHUKOCHOBEHHH.

o DopMUpPOBaHKUE U MOATOTOBKA [IPOTYKTOB,
MPOM3BOACTBO MOJTy(paOprkaToB u moiydaOprKaToB
BBICOKOW CTENEHW TOTOBHOCTU. MexaHMueckas
KyJMHapHas o0paboTKa ChIpbsl W MONy(aOpUKaToB,
COTJIACHO TPEOOBAHUSAM K OpraHU3aIuH IIPOIIECCOB
Ha MPEANPUITHAX MTUTAHUS MTPOBOJUTCS B 3ar0TO-
BOYHBIX I[€XaX, & UMCHHO B OBOIIHBIX, MSCHBIX,
PBIOHBIX, MITUIICTOJLEBBIX 1[€XaX, B KOTOPBIX BECh
MIPOU3BOICTBEHHBIN ITUKJI U MTPOIIECC OPraHM30BaH
B COOTBETCTBHHU C TEXHOJOTHUYECKUM ITPOIECCOM U

100

post@uestnik-vsuet.ru

C COOJTIOZIEHNEM BCEX CAHUTAPHO-TUTHEHNYECKHX HOPM
U npaBWil. B ciiydae oTCyTCTBHS JIOKaJBbHBIX LIEXOB
OpraHM3yIOT OTIETbHBIE padoune MecTa, X pa3Me-
IIEHUE HE IOJDKHO JIOMYCTHTh MepeceueHre OTOKOB
CBIpPBsI, Oy (abpUKATOB ¥ TOTOBOM MPOTYKIIUH.

Bosnpioit nHTEpEC BHI3BIBAET IPOU3BOICTBO
nonydalOpukaroB u3 wMsca. Kyckm wsca He
JOJDKHBI MPEBBILATh 2,5 KI. W TOJIIUHA JOJKHA
ObITH He Oojiee 6 cM.

3aMOpOKEHHBIE TPOMYKTHI TPU HCIIOIB30-
BAaHMM 3TOW TEXHOJOTWUH IOJBEPraioT MpOLEcCy
OTTaMBaHUsl B XOJOAWIBHUKE, €CIH TPOBOIHTH
MPOIIeCC Pa3MOPaKUBAHMS IPH KOMHATHOW TeMITe-
paType Win B MUKPOBOJHOBOM I1€4H, TO IIPU TAKUX
croco0ax MmoJIBEPraeT ChIphe BO3JICHCTBUIO TEMITE-
partyp, Ipy 3TOM MO>KET POU30UTH POCT OaKTepuit
U IPOAYKT MOXET Pa3MOPO3UTHCS HEPAaBHOMEPHO,
OCTaBJISIs MECTa XOJIOAHbIC YYaCTKH BHYTpPH, UTO
MOXET MPHUBECTH K HE PAaBHOMEPHOMY pacipene-
JICHUIO TEMIIEPaTypbl U HEKAYeCTBEHHOMY TOTO-
BOMY MPOAYKTY.

3. TexHOMIOTHSI IPUTOTOBJICHUS IIPU TEMIIE-
patype 90, 150 °C., mpennosnaraeT HCHOIb30BaHHE
MIAPOKOHBEKTOMATA, & TAKXKE MOXKET OBITh MPUMEHEH
TPaJMIMOHHBINA BHJI TEIUIOBOTO 000PYI0BaHHUE.

Texnonorust Cook and Chill coco6erByer
YBEJIMYEHHUIO BBIXOAA MAapTUil B HECKOJIBKO pas,
NpU 5TOM HET HEOOXOIMMOCTH H3MEHSThH pelerl-
TYpPY M MOTYT OBITb MCIOJIB30BaHbI JCHCTBYIOLINE
HOPMATUBHO — TEXHOJIOTUYECKUE CTAHAPTHI.

[Ipu TemnepatypHoM Bo3zeicTBuH 0T 90 10
160 °C, He3aBHCHMO OT TOTO, KaKyI MPOYKIHIO
NPOM3BOJMM HEOOXOAMMO, 4YTOOBI TeMmIeparypa
BHYTpH npoaykTa gocturia 70-80 °C u coxpansiach
Ha 9TOM YPOBHE MUHUMYM JIBE MUHYTHI JISI pa3py1iie-
HUsl OOJIE3HETBOPHBIX OaKTEpUii M MUKPOOPraHM3-
MOB, KOTOpbIE MOTYT IPHUCYTCTBOBATb B IIPOIYKTE.
TemriepaTypy BHYTPHU MPOAYKTa KOHTPOJIHPYIOT
TEPMOMETPOM WIIM TEMIIEPATYPHBIM IIIyTIOM.

OxJaxIeHne wiv KOMOMHUPOBAHHEIA CII0CO0
OXJIAXK/ICHHE U 3aMOPO3Ka

5. Ilpouecc oxmaxaeHuss HEOOXOIUMO OCY-
mecTBIATh depe3 30 MHHYT TOCie 3aBepIICHHUs
TEIJIOBOM 00pabOTKM KyJIMHApHOW MPOAYKIHH.
ITpu wucnone3oBanun cucrembr Cook and Chill
HE0OXOIMMO JISTIUTH THIILY Ha MOPLHHU JI0 WM 10CTIe
oxnaxaeHus. Ipu nmpeaBapuTenbHON NOATOTOBKE
nepeJ1 OXJIaXICHHEM HUCTONB3YIOT TaCTPOEMKOCTH
riryOunoit He 6onee 40—-65 MM, pazmMepom 265 nin
325 na 530 MM (Tipu OXITAXKIIeHNH 0e3 TIPEBapHTENb-
HOTO TIOPLIIOHUPOBAHKS), & TAKOKE TTOKPHIBAIOT THIILY
TUTEHKOH Wi (poITbro# (Iociie MOPIUOHUPOBAHMS).

IToaroroBieHHY0 IPOIYKIUIO OJBEPIAIOT
WHTCHCHUBHOMY OXJIXKICHHIO (WM IIOKOBOW 3a-
Mopo3ke). beicTpoe oxmaxneHue — 3TO Ipolecc
CHIDKCHUSI TEeMIIEpaTypbl B IEHTPE INPOIYKTa
¢ +65 no +4 °C B teuenue 90 munyt. [Ipoaykry
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o0ecneunBalOT CPOK XpPaHEHHUS MPH TeMIIepaType
2-3°C 10 6 nHelt u OyneT JAOBEICH 10 TEMIICpa-
Typbl ioTpebienus +65 °C B TedeHue yaca nepes
cepBupoBkoil. [llokoBasi 3amMopo3ka — TIpoliecc
CHIDKCHHSI TEeMIIEpaTypbl B IEHTPE NPOAYKTa
oT +65 mo -18 °C B Teuenue 240 munyTt. TakoMmy
MPOAYKTY 00ECTIEYNBAIOT XPAaHEHUE TIPU TEMITEpa-
type -20 °C o 8—12 mecsies.

e OOecreueHue mepegadyd M TPAHCIIOP-
TUPOBKH TOTOBOW TPOIYKIUU OCYIIECTBISETCS
B pedprxepaTopax U Ha U30TEPMUUECKOM TpaHC-
nopTe: OXJIKACHHAs MPOIYKIMH — IIPU TeMIIepa-
Type +2 °C, 3amoposkennas — npu — 20 °C. IIponon-
KHUTEIPHOCTh TPAHCIIOPTHPOBKH BXOAUT B 00IIIee
BpeMsl XpaHEHHS OXJIAKICHHOW W OBICTPO3aMOpO-
KEHHOW MTPOTyKIINH.

e Ilpomecc paszorpeBa (pereHepaiun).
Perenepanuio MpOAYKIMH MOXHO TPOBOJHTH
B IIAPOKOHBEKTOMATax A0 Temmeparypsl +65 °C
BHYTpH IPOAYKTa. B yclnoBUsAX HU3KOTEMIIEpaTypHOU
KOHBEKIMHU B nuana3oHe temmeparypsl 70-80 °C,
BJIQXHOCTh NHpU 3TOM JobkHa ObiTh 60-90 %
MOYKHO MPOBOJIUTH PAa30TIPEB MPOAYKIIHH.

e Ilocine pereHepanuu, B 3aBUCUMOCTH
oT (OpMBI U BHJIa TOTOBOH MPOAYKLUUH B KOTOPOH
OCYIIIECTBIISUICS TPOLECC OXJIAXACHUE, TMPOU3BO-
JIUTCS TIOPLUHOHUPOBAHKE, MOJIHASI WIIM YACTUYHAS
CEPBHUPOBKA U peasTn3alusl.

Texuomoruro Cook and Chill moxno mocra-
TOYHO 3P ()EKTHBHO HCTIONB30BATH HA MPE/IPHUSTHSIX,
UMEIOLMH JTI000H acCOPTHUMEHT BBITYCKaeMOH
MPOAYKIWH, JlaHHas TEXHOJIOTHS TpeaycMaTpruBacT
WCIIOJIb30BaHUE JIOCTATOYHO TPaJULMOHHBIX BHIOB
000pyI0BaHMS, TAKUX KaK MAPOKOHBEKTOMAT WU
MHKPOBOJIHOBAs TI€4b, a TAKXKE CHCTEMbl MHTCHCHB-
Horo oxyaxenust BosaymHoro Tuma (blast-chiller)
wi BojsiHoro tuna (tumbler-chiller wiu turbojet-
chiller). Bce GacT-uniuiepsl AeATCs Ha J1Ba BUA:

® U1 OXJIKACHUS NMPOIYKTOB IO TEMIIe-
patypsi ot 0 110 -2 °C UCTIONB3YIOT MOHOIMKIIHYHBIE;

® Ul OXJIKAEHUS IPOLYKTa JI0 TeMIepa-
Typsl 0T 0 110 -2 °C u ganbpHeHIIeH 3aMOPO3KH 10
Temreparypsl -18 °C HCMoNB3YIOT IBYXIUKIHYHEIE.

B unnnepe ycraHOBIEH TEPMUYECKUH IIYTI,
C MIOMOIIBI0 KOTOPOTO MOXKHO KOHTPOJHPOBATH
JIEHCTBUTEIBHYIO TEMIIEPaTypy BHYTPU MPOIYKTa
B rieprof oxnaxkaeHus. Lyn nmomemaror Ha Ty TiTy-
OuHYy BTIPOAYKT Ha KOTOPOM HEOOXOIMMO OCYILe-
CTBHTB 3aMep Temreparypsi [3,4].

Js nporecca oXJIaAeHUS B ONacT-4uiiepax
MOIKHO ITPUMEHSTH HEPKABEIOIUE TACTPOSMKOCTH
GN. CranpaptHbie rabapuThl TaCTPOHOMHYECKHX
€MKOCTell OueHb MOIXOSIIAS Tapa 11 ”HTEHCUBHOTO
OXJIXKACHUS, TaK M AJIs IPOLIECCcOB AepocTayu 1
pereHepauuy B napokoHBekToMaTax. IIpomeccs
Je(pocTalyy U pereHepati MOYKHO Pean30BbIBATH
C IIPUMEHEHUEM CaMOI'0 Pa3JInYHOro 000pyaOBa-
HUSI, ONBIT JOKa3bIBAaeT, YTO Ooyiee MpHEMIIEMBII
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BapHaHT — TO OCYIIECTBISATh MPOIECCH B Mapo-
KOHBCKTOMATAax, IOTOMY 4YTO IIPOU3BOJAUTEIIL 9KOHO-
MUT BpEMEHHBIE TI0Ka3aTelll 33 CYeT MUHUMH3AIIUH
(GYHKLUI BEITPY3KU U 3arpy3KH.

Onmumusayus tiporieccoB Cook and Chill
CBsI3aHA C OOJBIIMM KOJMYECTBOM KPHTEPHEB BbI-
Oopa ONTHUMAIBHBIX MOTU(MHUKAIIMN ¥ BKIFOYAET
KPUTEPHH MUHUMAJIBHOTO OTKJIOHEHHS OT 3TAJIOHHOTO
cocTaBa: aMHUHOKHCIIOTHOTO COCTaBa NPOIYKTa;
JKUPOKHCIOTHOTO COCTaBa; COJIEPKAHUE BHTAMH-
HOB; COCTaBa MUKPORJIEMEHTOB, a TAK)KE KPUTEPUU
MEePeBaprUMOCTH TIHINH, MHUIIEBOH, OWoIorHYe-
CKOM, SJHEPreTHYECKON IEHHOCTH U KaJJOPUMHOCTHU
npoxaykra [1, 2].

MeToabl

Bonemioe xonuuectBo Kpurepues x; K = |,
N MOXHO JIOMOJHHUTH JAPYTHMH IOKa3aTeIsIMU
¥ OLICHKAMH KavecTBa MpOAyKToB. Kaxplii pe-
HENTypPHBIA BapuaHT (AJbTEPHATHBA) U MPOIECC
MO>KHO OTHUCATh JAHHBIMH, TEXHOJIOTHS IPOIIECCOB
Cook and Chill cocrout u3 mectu 3Tamnos.

[TapeTo-onTuManbHOE MHOKECTBA PEIICHUN
JUTs1 YCTAaHOBJICHHOT'O COCTaBa HAaYaJIbHBIX KOMITOHEH-
TOB M MPOLIECCOB 3TANOB PEATH3AIMH TEXHOJIOTUH
Cook and Chill coorBeTcTBYeT 3KCTpEMaIbHOMY
3HAYECHHUIO OJHOTO W3 KPHTEPHEB MpPHU 3aJaHHBIX
OrpaHHYEHHSIX.

Pemraroriiee  mpaBHIIO  CTPYKTYPHPOBaHHMS
MHOXKECTBA alIbTEPHATHB U BBIOOpA HaMITydYIIeiH
QIBTEPHATHUBBI 110 KAKIOMY JTally peaau3aluu
texuosoruu Cook and Chill onpenensiercs BBese-
HHUEM "B3BelIeHHOr0" (pyHKIMOHAa KayecTBa.

I[Tpu BBIOOpE HA KAXKIOM dTaIle pean3aIiin
texrosorud Cook and Chill — sto coxpanenue
B MaKCUMAJIbHOM KOJIMYECTBE KOMIIOHEHTOB IIH-
IIEBOM ¥ OMOJIOTMYECKOH IIEHHOCTH THILEBBIX
IPOYKTOB, MOYKHO PACCMOTPETh Ha TIPUMEpPE MsiC-
HOH NPOAYKLIMH.

1. Kpurepmit 3¢ ¢heKTHBHOCTH 110 KOJIHYe-
CTBEHHOMY COCTaBY OEJIKOB, YKHPOB, BJIard B IOJIHU-
KOMITOHEHTHOM T€TEPOreHHOM MPOJIYKTE, C yIETOM
TEXHOJIOTHYCCKUX 3TAlOB PEATH3AlMH TEXHOJIOTUU
Cook and Chill (ot #cxoaHOTO CHIPBS 10 TOTOBO

KyJIMHapHOHN MPOJYKIMH) OT 3TAIOHHOTO:
2

n m m
P(b)=>"| Dbix? =>"byx; | ->min (1)
i=1 \_j=1 j=1
rae b%— macca i-ro aneMeHTa XMMHYECKOTrO CoCTaBa
OeriKa, JKHUpa, BIark B J-M PELCITYPHOM HHTPEIUCHTE
STaNlOHHOTO 3HAYEHHS; X' — Macca i-T0 KOMIIOHEHTA
10 HOpMaM 3aKJIaJKi perentypsl; bj— macca i-ro
3JIEMEHTa XMMHYECKOTO cocTaBa: Oeyka, Kupa,
BJIaTU B J-M PEENTYPHOM KOMIIOHEHTE B TOTOBOM
HPOAYKTE, MPOIIEAIIETO BCE JTAlbl TEXHOIOTUH
Cook and Chill; xj— macca j-ro uHrpenueHTa
pEeLenTyphl MOCIe TPOXOXKICHHS BCEX OSTAINOB
texuosorun Cook and Chill.
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2. Kpurepuit 3¢ pexTHBHOCTH comep KaHms
MacCOBOM JTOJTH aMUHO- U KUPHBIX KHCIIOT:

m m

0 0 0
D mag-bl-x? > may-b; X
=1

n n n
=2 | = '
- m m

—>min; (2)

i=12
rae ma‘k, Mag — Macca K-ro KOMIIOHEHTa B i-M 3J1e-
MEHTE XHMHYECKOr0 COCTaBa 3TAIOHHBIX ITOKa3aTe-
Jieit ¥ TpoIIe/ve Bee dTanbl TexHomorun Cook and
Chill; b, bjj — macca i-eo amemenTa XMUMUIECKOTO
coctaBa (OeiKa, JKUpA.) B j-M PEIENTYPHOM KOM-
MOHEHTE ATAJOHHBIX IOKa3aTeNel W MPOIIE/IIIne
Bce atansl Texnonornu Cook and Chill; a%i, axi —
macca K-ro KOMITOHEHTa B i-M 3JIEMEHTE XHMHYECKOTO
coctaBa Bce srarbl TexHonmoruu Cook and Chill.

3. Kpurepuii onTUMHU3AIMK  COJEPIKAHMS

BUTaMHHOB, yFHeBOILOB B MHOI'OKOMITIOHCHTHOM
MMPOAYKTE OT 3TAJIOHHOT'O IIOKAa3aTCJIA:
R(mv)=
2

m 0 0 m

2 MY X)) my, X 3)

— - _
= ! S —>min

m m

n
TS
j=1 j=1 i

e :mv%;, MVij — yensHoe conepxkanue K-ro ame-
MEHTa XHMHYECKOI'O COCTaBa B |-M MCXOJHOM
MUIIEBOM TPOJYKTE W MOCHE MPOXOXKICHHUS BCEX
sranoB TexHosoruu Cook and Chill, on, Xj — Mac-
coBas JIONA j-20 KOMIIOHEHTA HMCXOIHOM perer-
TYpHI MTHIIEBOTO MPOAYKTA M ITOCTE TIPOXOKICHHS
Bcex sranos Cook and Chill.

4. Kpurepuii 3¢ QEeKTUBHOCTH IO Macce
OT DTAJIOHA COJICPIKAHMS MHHEPATbHBIX BEIICCTB,
C yYETOM MEXaHHYECKHUX M TEIUIOBBIX TOTEPh
Ha Beex sranax rexnonornu Cook and Chill:

P(M)=

i
2

(4)

n
k=1

i=123.

rae b%;, bk — macca k-ro snemenra xummuyeckoro
COCTaBa B J-OM PEIENTYPHOM KOMIIOHEHTE MOjIe-
JUPYEMOT0 HCXOJHOTO IHIIEBOrO MPOIYKTa WU
Hocjae MPOXOXKICHHS BCEX 3TAllOB TEXHOJOTUH
Cook and Chill; x;° — macca i-ro smemenra 6uomno-
THYECKOM 3HAYUMOCTH JI0 TIPOXOXK/ICHHS BCEX ITa-
noB Texuonorun Cook and Chill; x; — macca j-ro
MHTPE/IMEHTA PELETITY PHOM KOMITO3UIIUH TTOCIIE TIPO-
XOXIeHUs Beex aTanoB TexHosorun Cook and Chill.
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HWcxomasiit nuana3oH GpaxTopoB 1 MOKa3aTeNnei:

— Macca j-ro UHIPeIMeHTa PelenTyPHON
KOMIIO3ULIUU!

X; = (T.t, F..) i=1m; (5)
— Macca i'rO KOMIIOHCHTA XUMHYCCKOI'O
COoCTaBa

Sbx, =¢(T.t,d, q..) i= 14 (6)
j=t

— wMacca K-ro uHrpesueHTa B i-M dJeMeHTe
XUMHYECKOTO COCTaBa:

2 m
> Dabx =g (T.t.d,q..);k=1m; (7)
-1 j=1
C Yy4Y€TOM BO3ZIeI\/lICTBI/ISI BCEX TCEXHOJOI'MYCCKUX
(aKkTOpOB TOCIIE MPOXOXKIACHHS BCEX ITAMOB TEX-
monoruu Cook and Chill (maunHast ot ncxomHOrO
CBIPBS M 3aKaHYMBasi TOTOBBIM MPOYKTOM).

Pe3y.]'[]>TaTbI H 06cy>K)1eHMe

Mnozoxkpumepuanvras onmumuzayus npo-
yeccos Beex aranos Texuoiaorud Cook and Chill
0 KPUTEPHSM ITHIIIEBOM U OHOJIOTHYECKON [IEHHOCTH
3aKJII0YAeTCs B pa3paboTKe MOJIEIH M0 3aJaHHBIM
napaMeTpaM aJIeKBaTHOCTH M KayecTBa, BHIOOPY
HCXOJIHBIX MHTPEAUEHTOB B PELENTYPE U ONTUMH-
saiust iporieccoB Cook and Chill, BeisiBieHrem
BCEX ONTUMAJIbHBIX PEKUMHBIX MApPAMETPOB, IPH
KOTOPBIX TOTOBBIN MPOAYKT COXPAHAET B HAMOOIIb-
[IEM KOJMYECTBE KAJIOPHMUHOCTh W MHUTATEIbHBIC
KOMIIOHEHTBHL.

JIst 5TOTO COCTaBJISIETCS TTapaMeTpuIecKast
MOJIENIb TIPOIIECCOB M MCXOJHbIE JIaHHbIE IHIIIE-
BOT'O MPOJIYKTa, YIUTHIBAIOLIAS:

— IPENJIOKEHHBI XUMUYECKUH COCTaB
(Oenox, xup, Biara, yriaeBoJsl U T. JI.); MacCOBBIE
JIOJIM OCHOBHBIX IPOAYKTOB, BXOJAIINE B PELEI-
TYpPHBII COCTaB;

— PpELENTYpHbIE 1 KOMIIOHEHTHBIE TIPOIIOp-
K (haKTOpOB OMOJIOTMYECKON HEHHOCTH MPOIYKTa
(AMHMHO- Y KMPOKHCIIOTHBIN COCTaBbl) 10 PA3IHIHBIM
OLIEHMBAHMAM Ka4ECTBEHHBIX ITOKA3ATEIEH.

MHorokputepraibHas ONTUMM3ALUS IPOBO-
JIUTCSL TIPY Pa3JIMUHBIX BAPUAHTAX U OIPAHUUECHUSIX
T0 AMHMHO- ¥ )KUPHOKHCIIOTHOMY COCTaBY, BUTAMHUHAM
Y MUHEPAJIBHBIM BEIIECTBAaM, 10 TEMIEPATypPHBIM
U IPYTHM TapaMeTpam Mpolecca, KOTOPbIe UMEIOT
KOJIOCCAIbHOE BJIMSIHUE Ha TOTOBBIM MPOYKT.

[1py 3TOM yYUTHIBAETCA CHIEIM(PUKA KaXKIOro
srana rexnosornu Cook and Chill.

B BbIGOpE caMOro ONTUMAJIBHOTO BapHaHTa
HpOoIIeCcca, BKIKOYAIOIIET0 MHOKECTBA JIOKAIBHO —
ONTUMAJILHBIX AlIETEPHATUB, UCTIONB3YETCS KPUTEPUIA
OLICHHWBAHUs KadyC€CTBCHHBIX, OpFaHOHeHTI/I‘IeCKHX
U (PU3UKO-XUMHUYECKHM [IOKAa3aTeIsIM
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MOJIMKOMIIOHEHTHOTO TETEPOT€HHOTO IPOJYKTa,
OLICHUBAEMOE KPUTEPUSIMH MHOIOMEPHOU CyMMOI
B3BELICHHBIX HOPMHUPOBAHHBIX OTKJIIOHEHUH Iapa-
METPOB COCTOSHUSA OT ATAJOHHBIX MOKa3aTeIeH:

m n x% — X. 2
- 1= b |21 8
Q=223 120 5 ®

i=1 j=1
0
ij?
i-if TPYIIIBI TTOKA3aTeNei 3TajloHa U MOCIIE POXOXK-
IeHns Beex dramos Texnojorun Cook and Chill;
AX; — 1OTlyCTUMOE OTKJIOHEHHE TIapaMeTpa OT Ke-

rae X, X; — 3HaYeHHe NapameTpoB j-ro dakropa

JaeMoro 3HaueHusi; Djj— BecoBoil koaddunmeHt
OTKJIOHEHHs |-ro (hakTopa i-if Tpynmsl; @ — Ko3¢-
(HUIMEHT 3HAYNMOCTH i-0# TPYIIIEI PaKTOPOB.

IIpu ycnoBum BbIXo/a napaMeTpa 3a yCTaHOB-
JICHHBI MHTEPBAJI WM CYILICCTBOBAHUHU MapaMeTPOB
KOHKPETHOW Tpymmbl Mokaszatenedt Q ¢yHKImoHAT
KadyecTBa MEPEeXOJMT B HyJIEBOe cocTosHue. [Ipu
BBISIBJICHUH (PAKTOPOB, BIMAIONIMX HA HOPMATHB-
HBIC BEJMYMHBI (DYHKIIMOHAT HM3MEHSETCS, MPH
MaKCHMAaJIbHOM TOXJIECTBEHHOCTH IOJy4aeMbIX
3HAYCHHH CO CTAHAAPTHBIMH IMPHHATO (PUKCHPO-
BaTh Hauboiee mydmee kadectBo 1o 0 — mpu 1o-
CTIDKCHUW CTeNeHn KavecTBa. OTpUIaTeNbHBIC
3Ha4YeHHs (PyHKIIMOHAJIA, BBIXOJ 32 TPAHHUIIBI 30HBI
OTIpE/ICTICHHS Ka4eCTBa, IPOIYKTY MPUCBAMBACTCS
TUTOXOM MM OTPHUIIATEIIbHBIN MOKa3aTellh KauecTRa.

Takum 00pa3oM, ONTHUMATBHBIA BapHAHT
mporecca CTYIMEHEH MPOX0KICHUS MaKCHMaIbHO
OTBEYAOIINH 10 3apaHee YCTAaHOBJICHHBIM CBOMCTBAM
U XapaKTEePUCTHKAaM COOTBETCTBYET HAHOOIbILIEMY
3HayeHH0 (QyHKIHoHana Q kauecTBa. DyHKINO-
HaJla KayecTBa MPOEKTUPYEMOTO MPOAYKTa, MPO-
menmero sece sransl Texuonorun Cook and Chill
rpamgyupyercs ot 1 mo 0, 3amaercst mrkanma eia-
TEIBHOCTH, TI0 KOTOPOU MOXHO OIPEACISITh 100
SKCIIEPUMEHTAITBHBIM (DAKTOPHBIM ITyTEM, JIUOO TPEKO-
JIATUHCKUMH KBAJIPaTaMH WJIM OL[CHUBAHUEM SKCIIep-
TaMH KJTFOYEBBIX AJIbTEPHATHB, IPayupPOBAHHE MOYKHO
npencraputhb : 1-0,8 — omauuno; 0,8-0,5— xopowio;
0,5-0,2 — yooeremeopumenvro, 0,2-0— nroxo, npu
OMPUYAMETLHOM Pe3YTIbmame (DYHKYUOHANA Kade-
CMBa NPOOYKM HenpueooeH K YnompeOdieHuro.

3akioueHne

Texnonorust Cook and Chill — s3to noBenenue
NUIIEBONW MPOLYKIUHM IO COCTOSIHUS TOTOBHOCTH,
KOTOPOE XapaKkTepH3yETCsl ONpPEIEIEHHBIMUA Opra-
HOJIENITHYECKHMX [TOKa3aTesIell TOTOBON MPOXYKIIUU
(KOHCHCTEHIIWS, BKYC, 3amax, I[BET, apoMar), Ipu
3TOM TEMIEpaTypa TOTOBHOCTH JOJKHA OBITH
OTpa)keHa B HOPMAaTHUBHBIX JJOKYMEHTaX (TaKHUX KaK
COOPHMK PELIENTY P, TEXHUKO-TEXHOJIOTMYECKHE KapThl,
KaJIbKYJISALIUOHHBIE KAPThl, TEXHUYECKHE YCIOBHSI
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u uHCcTpyKuH, 'OCTs1, OCTHI 1 T. 1.), MHIIEBOI
1 OMOJIOTHYECKON IEHHOCTBIO, KOTOpasi 3aBHUCHT
OT NPOXOASIINX KOAryJSIIHOHHBIX, (PU3HKO-XUMUYe-
CKUX TMPOIIECCOB, JICHATYPAIMOHHBIX MPOIECCOB
0CJIKOB, JKUPOB, YIJICBOJOB, BUTAMUHOB U JPYTHMHU
OIIUH (haKTOpaMu.

JInis IpaBUIILHOTO  OCYINECTBICHUS — BCEX
3TAIOB TEXHOJOTMH TEXHOJIOTMYECKOTO Mpolecca
1 000CHOBaHHS TAPAMETPOB, KAUECTBEHHBIX M KOJIH-
YECTBEHHBIX XapPAaKTEPUCTHK B TOTOBOW MPOIYKIIUH,
OTPENIENAIONINX TEMIIepaTypy B KaMepe W B FOTO-
BOM MPOAYKTE, B COOTBETCTBHH C TEXHHYECKHMH
YCIIOBUSIMH, YyKa3aHHbIE TIeYd IeJecooOpa3Ho
HCIIOJIb30BATh HA MPEANPHITUAK TUTAHUSL.

KonkyprpoBate Ha pblHKE U 3QPEKTHBHO
paboTaTh MPEANPHUITUSM MUTAHUS CIIOCOOCTBYET
BHEJIPCHHE HWHHOBAIIMOHHBIX TEXHUYECKHX U
TEXHOJOTHYECKHUX PEIICHUN KaK OTEYEeCTBCHHBIX U
3apyOEKHBIX YUCHBIX.

WuHoBanmoHHbIE pa3pabOTKH, NPOBEICHHEIC
Ha OCHOBE JKCIIEPHMEHTAIBHBIX HCCIEIOBAHUN U
TUIAHUPOBAHHOTO 3KCIIEPUMEHTA, KOHCTPYKTHBHBIH
pacyet 000pyI0BaHUsI TTO3BOJISIOT pa3padaTbiBaTh
aKTyalbHbIC TIPOCKTHBIE PEIICHUs U (HOPMUPOBATH
PEKOMEHJIAIIMK  TI0 OPTraHHU3alul  ONTUMATbHBIX
MPOLIECCOB.

OO1IeCTBEHHOE MUTAHUE — 3TO TOT CEKTOP
WM CETMEHT, TJe 0e3 BHEAPCHUS WHHOBAIUA U
COBPEMEHHBIX TEXHOJIOTHIH MOXKHO TIOTEPSTh KOH-
KypEHTOCIIOCOOHOCTb,  TIO3TOMY  HEOOXOJMMO
BHEZIPSITH HOBellee 000pyAOBaHUE MO pealu3a-
UM 3THX TEXHOJIOTH, TepelOBbIC yCTPOMCTBA,
a TakKe COBPEMEHHBIE METOABI YIpaBJICHUS U
aBTOMAaTH3alusl OM3HEC-TIPOLIECCOB.

basucHble OpHEHTHPBI PA3BUTHS HHHOBAIWH
B MHJyCTPHU TWTAHWU — WHHOBAIMH B TEXHOJIOTHU
NPOM3BOACTBA MPOAYKIUH, IPUMEHEHHUE POOOTO-
TEXHUYECKUX  CHCTEM, aBTOMATH3HPOBAHHBIX
YCTPOMCTB M MalllMH., a TAaK)K€ HOBBIX CIOCOOOB
00pabOTKKM TPOAYKIIMH, JAFOT BO3MOXKHOCTH MHHU-
MH3UPOBATh BPEMEHHBIE 3aTpaThl Ha IPUTOTOBJICHUE
NPOJYKIMU OOIIECTBEHHOT'O MUTAHUS U MOBBICHTh
3¢ pekTUBHOCTH pabOTHI MPOU3BOJICTBA, OJHUM U3
KoTopbIX sBisirorcs TexHosoruu Cook and Chill.

EcTh CBOM IUTFOCHI ¥ MUHYCBI TP OpraHU3aIH
MPOU3BOJICTBEHHBIX MPOIIECCOB B OCHOBE KOTOPBIX
MOJIOKEHBI TIEPEJIOBBIC TEXHOJOTHH 00paboTKU
MPOJYKTOB HA BHICOKOMPOU3BOIUTEIBHBIX MAIIIU-
HaX, YCTPOUCTBAX MPU CTPOTOM COOJFOJICHHN BCEX
CaHHUTApHBIX HOPMAax M KOHTpOJE 3a Ka4eCTBCH-
HBIMH TOKa3aTeJIIMU BBITyCKAaEMOW MPOAYKIUHU
CTAHOBSITCA WHTCHCUPHUIUPYIOMUM  (HAKTOPOM
TEXHOJIOTHYECKHX IPOIECCOB W CTAHOBUTHCS Ta-
PaHTOM YCHEIIHOW KOMMEPUYECKOH AesITeIbHOCTH
B PECTOpaHHOM OHU3HEce.
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HOZIﬁOp MYJIbTUIH3UMHOI'0 KOMILJICKCA IJI CHHKCHUA COACPKAHNA
AHTUIINTATEJIbHBIX BEIIECTB B 3€JIEHOM Macce aMapaHTa
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1 BopoHeKCKHI rOCYIapCTBEHHBIN YHUBEPCUTET HHXKCHEPHBIX TEXHOJIOTHH, p-T PeBomonny, 19, r. Boponex, 394036, Poccust
AHHOTanMs. B mocrenHre roapl OCTPO CTOHUT BOMPOC YCOBEPIICHCTBOBAHUS KOPMOBOW 0a3bl ITHIIEBOCTBA C LENIBIO MOBBIICHUS
MIPOYKTHBHOCTH U YCTOWYMBOCTH K OakTepranbHbIM HHpeKImsaM. OHON U3 IePCIIeKTHBHBIX KOPMOBBIX KYJIBTYP SIBIISICTCS aMapaHT,
HUMEIOIINH YHUKATBHBIAH XUMHYIECKHI COCTaB OOraThlil MUTATEIBHBIME BEIIECTBAMHE, B 0COOCHHOCTH OestkoM. OTHAKO Hapsy € 9THM
pacxomsaTCs MHEHHs O COIEp)KaHHM AaHTUIMTATEIbHBIX BEUIECTB B ero cocrase. Llenb paboOThI — OmpeaereHre COIAepIKaHUs
AQHTHUIUTATEIbHBIX BEIIECTB, a TAKXKe MoJA00p MYJIBTHIH3MMHOTO KOMIDIEKCa U MX CHIDKeHHS. OOBEKTOM H3y4deHHs SBIIACh
3eeHas Macca amapanTa copta ['uranT (yposkait 2022 r.). B paboTe mpuMeHsUIH 00IICIPUHSITHIC METOABI HCCIICIOBAHUS XHMUIECKOTO
COCTaBa W COAEPXKAHHs AHTUIMTATEIBHBIX BemecTB. [10460p GepMEHTATHBHOIO KOMIUIEKCA OCYLIECTBISUIM IyTEM IIPOBEICHHUS
OMOKOHBEpCHHU 3eJeHOl Macchl amapara. [IpoBeneHHe OMOKOHBEPCHH 3€IE€HOH Macchl amMapaHTa (pepMEHTaTHBHBIM KOMIUICKCOM
KEM3AUM® mmoc P cyxoii B kommuectse 0,5 Mr/r coipbst, pu pH 6,5 u temmeparype 40 °C B TeueHHe 3 4 CHOCOGCTBOBAIIO
CHIDKCHHUIO (DUTHHOBOM KHMCIOTHI U ee cosield Ha 90%.

KuioueBble ciioBa: aHTHIIHTATENIBHBIC BEIIECTBA, (UTHHOBAS KMCIIOTA, TAHWHBI, HATPATHI, HUTPHUTHI, IIaBeJIeBas KHCI0Ta, CAIOHHHEI,
MYJIbTHIH3UMHBINA KOMILIEKC.
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B Tepecuere Ha abCONIOTHO CyXO#l Bec coiep-
xKutcs, %: ceiporo mporenHa 15,6—16,75 (B au-
cthax 1o 30), xxupa—2,4-2,8, kerdatku — 16,0-21,7,
kanpiust 2,1-2,6, docdopa 0,2-0,21, xapoTuHa
160-200 mr [2, 3, 14]. BriroueHue aMmapaHTa B COCTaB
pallMiOHOB ITUIBI OKAa3bIBACT IOJIOKUTEIEHOEC
BIUSHME HA MPOJAYKTUBHOCTb, COXPAaHHOCTb U
¢dusmnonornueckoe cocrostuue. Beimrakamok A.C.,
Xupyr C.C. yCcTaHOBWIM, UYTO YNOTpeOIeHHe

BBenenune

B mocnemHue roiel ocTpo CTOUT BOMPOC
YCOBEPIIICHCTBOBAaHHSI KOPMOBO# 0a3bl IITHIICBOJICTBA
C LIEJIBIO MOBBIIIICHUS TPOAYKTUBHOCTU U YCTOMYHMBO-
CTH K OaktepuanbHbiM HHpexnusm [1,11,19,20].
OnHO#l W3 MEpPCHEKTUBHBIX KOPMOBBIX KYJIBTYP
SIBJISIETCSI aMapaHT, UMEIOLIUNA YHUKAJIbHBIM XUMHU-
geckuii coctaB [16]. B 3emenoii macce amapaHTa
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(bI/ITOMaCCLI amMapaHTa B YUCTOM BH/EC BBI3BIBACT
HEKOTOPOE YXYAIIEHHE cocTosHus mTu [4, 5].
DTO MOXET OBITh BBI3BAHO IMPEBBIIICHUEM YPOBHS
KJIETYATKH, W30BITOYHBIM COJEpXKAaHWEM HEKOTO-
PBIX aMHUHOKHCIIOT B COCTaBE paIlMOHA WU IPH-
CYTCTBHEM aHTHITUTATEIHHBIX BEIIECTB B COCTABE
pacrenus. OHaKO, Ha CETOHSIIHUN JeHb HHPOP-
MaIys O COJIePKaHUHM aHTHIIUTATEIFHBIX BEIIECTB
B 3€JICHON Macce amapaHTa NpPOTHBOPEUUBA.
W3BecTHBI pa3iyHble CIOCOObI IECTPYKLIMN aHTUIIH-
TaTeNIbHBIX BEIIECTB: MPOLIECCHl Marlepaluy, BOIHO-
Y BOAHO-CIIUPTOBOM 00pabOTKH, B TOM YHCIE
ONaHIIMPOBAHUS, SKCTPAKIMN YTIICBOJOPOIAMH, WITH
BBEJICHUS HAIIOJHUTENEH, HEUTPaIu3yloUMX HX
HeratuBHOe jeicTre [6]. OmHaKo OHUM U3 TPHO-
PUTETHBIX HAIIPABJICHUI B IPOU3BOJACTBE KOPMOBBIX
I00aBOK SIBIISIETCS OMOKOHBEPCHUS PaCTHUTEIHHOTO
CBIPBSI C IOMOIIBIO (PePMEHTATUBHOTO THAPOIIU3A.

ean padoThl — MOAO0P MYIBTHIH3UMHOTO
KOMIUIEKCAa I TOJNyYeHHUS BBICOKOOEIKOBOU
KOPMOBOU J100aBKHM M3 3€JIEHOW Macchl aMapaHTa
C MaKCHUMaJIbHO CHI)KEHHBIM COJIEpKAaHHEM aHTH-
MUTATEIbHBIX BEIECTB.

MaTepI/IaJ'II)I U ME€TOAbI

OO0BEKTOM MCCIIEeJOBAHNS SBISUIACH 3eJIeHas
Macca amapanrta copra «lmramt» (Amaranthus
hypochondriacus), yposxkait 2022 r.

XYWMHUYECKHH COCTaB 3€JIEHOM Macchl aMa-
paHTa ONpeAeIsuIn: COlepKaHue IePBOHAYAIBHOM
Bnaru metojoM BeicymuBanus, [OCT 1396.3-92;
celpoii 301bl, ['OCT 26226-95; ceiporo nmpoTenHa
MeroaoM Keenpaans, 'OCT 13496.15-94; ceiporo
JKUpa dKCTparupoBanueM OeH3nHoM 1o Cokcery,
I'OCT 13496.95; ceipoit knetuatku 1o I 'ennedepry
u lllromany (Mogupukamus), TOCT 1396.2-91,
0€3a30TUCTUCTBIE DKCTPAKTUBHBIC  BEIIESCTBA —
pacdETHBIM METOJOM.

[ToaroToBKy mpo0 IS OTIPEIEICHHS] aHTH-
MUTATEIbHBIX BELICCTB MPOBOAUIN ITyTEM IPHUIO-
TOBJICHUSI BBITSDKEK HCIIOJIB3YSl 3CIICHYI0 YacTh
amapadta. HamemHyro dYacTh amapaHTa TpenBapH-
TEJTFHO M3MENBYaIIN JI0 pa3MepoB 2—3 MM. B3pemmBamm
50 r. oOpasia, THIATEIHHO TMEPETUPATH B CTYIKE
C KBapIIEBBIM TIECKOM, KOJIMYECTBEHHO TEPEHOCHITH

post@vestnik-vsuet.ru

B kon6y Ha 500 cM®, 3amuBami 450 cm® ucTHIIPO-
BaHHOW BOJBI W HACTAMBAIM B TeueHWE 24 9 mpu
temrrepatype 25 °C. TlomydeHHyI0 cMech (QHIBTPO-
BaJTM ¥ MICTIOJTBG30BAITH JJTSI OTIPEJIETICHIS COMIePKaHus
AHTUIHATATENIHHBIX  BEIIECTB: KOJIMYECTBO HHUTPATOB
B coorBerctBun ¢ [OCT 13496.19-2015, maseine-
Boi kuciotel — MY 1808-77, tauunoB — I'OCT
19885-74. Copepxanne (pUTaTOB KOHTPOIUPOBAIU
cortacHo Mertoauke, omucaHHou B Ilatente PO
2018102663, wunrudbutopsl TtpuncuHa— I['OCT
33427-2015, camoHHMHBI — COIJIACHO METOIHMKE,
onucanHoi B [latente PD 2413951, nutpatsl u
autparel — [OCT 13496,19-2015.

st hepMEHTATUBHOTO THAPOIIM3Aa OBLITH
UCIIOJIb30BaHbI KOMMEPUYECKH JIOCTYITHBIE Ipera-
patbl, obmamaronue GUTa3HONH aKTHBHOCTBIO:

1. DUIBECT® - P (®-1) - mono(ocharas-
HBIH TIpemapar, ¢ urazHoi aktaBHOCTRIO 10000 exyT.
CoxpaHseT aKTHBHOCTb B TeUEHHUE 4 4YaCOB aKTUB-
HOCTh B uarno3one pH 3,0-7,0.

2. ®UJBECT® - WP 20000 (M3II-1) -
(hepMEHTHBIH KOMIUIEKC, UMEIONTHIA KCUIIaHA3HYIO
aktuBHOCTH He MeHee 20000 ex/r, B-TrokaHa3HyO -
He menee 7000 ex/r, purasnyro - He menee 10000 ex/r.
[pousBoaurens komnanus «Cuoouohapm».

3. «Cangaitz 10 000 L duraza» (P-2) - mo-
HoocdaTazHbli npenapar, ¢ puTa3HONH aKTaBHOCTHIO
He meHee 10 000 OE/r. Ilpon3BoanTens KOMITaHUSA
«Wuhan Sunhy Biology».

4. Arpodur 5000 (dD-3) — MoHODOChHaTa3HBII
npernapar, ¢purasHas akTuBHOCTh He MeHee 5000 em/T.
[IpoussoauTesns KoMIanus « ArpopepMenT».

5. KEM3AUM® mttoc P cyxoii (MOI1-2) —
MYJIBTOH3UMHBIN TIperapar, MposBIIseT KCUIlaHa3HYTo,
Oera-TyIOKaHa3HAIO, LEJUTIONAa3Hyl0 aKTHBHOCTH,
aMUJIa3HYI0, IPOTEa3HyI0 U (PUTA3HYIO aKTUBHOCTH.
[TpousBoaurens kommanus «KEMIN».

Pe3yabTathl u 00cy:KI1eHue

B xone umccrnemoBanuii ycTaHoBieHO (Tad-
muma 1), 9To 3enmeHas Macca aMapaHTa OoraTa
MUTAaTEIbHBIMU BEILIECTBAMH, OTIINYAECTCS BBICOKHM
collepkaHreM ceiporo mpotenHa 14,89%, ceipoii
knetyatku 23,10%.

Ta6bnuma 1.
XUMHUUYECKHUM cOCTaB 3€JIEHOM MacCchl aMapaHTa
Table 1.
Chemical composition of the green mass of amaranth
Iloxazatens Conep:xanue, % INokazarens Conepxxanue, %
Indicator Content, % Indicator Content, %
T'urposnara | Hygro moisture 4,80 Ceipas 3o0ma | Crude ash 11,15
OG6uwmii asor | Total nitrogen 2,39 Kanpuuii, mr | Calcium, mg 1660,00
Caipoii mporens | Crude protein 14,89 ®dochop, mr | Phosphorus, mg 450,00
Coipoii xwup | Crude fat 4,33 PuGodaasun, mr | Riboflavin B 2, mg 2,00
Cripas kneryarka | Crude fiber 23,10 Buramun C, mr | Vitamin C, mg 4,20
BesazorucTucteie OKCTPAKTUBHBIC B-Ba | . .
Nitrogen-free extractive substances 4362 Buramun E, mr | Vitamin E, mg 1.19
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OJHaKO KpOMeE MHUTATEIbHBIX KOMIIOHEHTOB
B aMapaHTe COEP)KaTcsl aHTHITUTATEIIbHBIC BEIIECTBRA,
HaKaITMBAIOIMECS B IEPHOJ] POCTa M Pa3sBUTHS pac-
terws [15]. ITo nurepaTypHBIM JaHHBIM B (DHTOMACCE
aMapaHTa COJIEPIKaTCs TAHUHBI, (PUTHHOBAsT KHMCJIOTa,
HUHTHOUTOPBI TPHUIICHHA, HUTPAThl M CAIOHHHBI,
KOTOpbI€ YXYALIAIOT TepeBapHBAEMOCTh KOPMa,
CHIDKAIOT €r0 KOHBEPCHIO, MPOTYKTUBHOCTD IITHIIBI U
Ka4yecTBo npoykimu [6, 7, 12, 13, 17]. B cB3u ¢ 3TuM,
HaMH ObLI H3y4eH COCTAB aHTHUIIMTATEIbHBIX
BEIIECTB 3eJIEHOM YacTH amapaHTa. B xoje Hammx
HCCIIeIOBaHN yCcTaHOBJIeHO (Tabimia 2), ITo B 3e-
JIEHOM Macce aMapaHTa IPUCYTCTBYIOT: IaBesieBas
KHCIIOTA, TAHUHBI, HUTPAThl ¥ (PUTATHI, HHTHOUTOPBI
TPMIICHHA M CAlTOHUHBI OTCYTCTBYIOT.

Tabnuna 2.
Coz[epmaHHe AHTUIINTATCJIbHBIX BCIICCTB
B (puTOMacce aMmapaHTa
Table 2.
The content of anti-nutritional substances
in the green mass of amaranth

AHTUIIUTATENBHBIN Konmuectsennoe
KOMIIOHEHT coxepxanme, mr/100 T.

Anti-nutritional substance | Quantitative content, mg/100 g
II{aBeneBas k-Ta 79
Oxalic acid
Taununsl | Tannins 75
(DI/ITI_/IHOB.‘EIH KHCIIOTa 156
Phytic acid
Hutpartsi | Nitrates 74
MHruGuTOpHI TPUIICHHA 0
Trypsin inhibitors
Canonussl | Saponins 0

AHanu3 aHTUITUTATATEIBHBIX KOMIIOHEHTOB
3eJIEHOM MacChl aMapaHTa MOKa3all, 9To COoAepIKa-
Hue (PUTHHOBOW KHCIIOTHI M €€ COJIeH B amapaHTe
B 1,5-2 pasa BrIlle, 4eM B YeueBHUIlE, KOPMOBBIX
000ax ¥ MIIEHWIE, HO HIDKE 1O CPABHEHHIO C COCH,
¢daconpro  u ronuHOM. KOJNMYECTBO TaHUHOB,
IIaBEICBOM KUCIIOTHI 1 HUTPATOB HE 3HAYUTEIILHO.
ConeprkaHue IABEIeBOM KUCIOTHI B IJAHHOM COpTE
amapaHTa B 6—7 pa3 HIDKe, 4YeM B 3€JICHOW Macce
Buku (0,50-0,8%) u B 12 pa3 — osca (1%). [8, 18]
Kpome Toro, Hambosnee 3¢hheKTHBHBINA cIoco0 ee
BBIJIEJIEHNS, TT0O3BOISIOIIMI U3BJIe4Ub 83% KHCIOTHI
MpelyCMaTpUBaET ABYKPATHYIO 00pabOTKy pacTH-
TenbHOTO chipbs CBU-3Heprueil B Teuenne 5 MuH
C MHTEPBAJIOM B 3 MHH, C IMOCJICAYIOIICH IKCTPaK-
UU{ TUCTUIUIMPOBAHHOM BOJOM IpH TeMIlepaType
70-80 °C B teuenue 10 muH. UTO MOXKET crioco0-
CTBOBaTh CHIDKCHHIO THTATEIHLHON I[IEHHOCTH
3eTIeHONM Macchl aMmapaHTa 3a CYeT pa3pylIeHHS
BUTAaMHHOB. KOIIMYeCTBO TAHWHOB M HUTPATOB HE
MPEBBINIACT MPEICTBHO JIOMYCTUMBIC KOHIICHTPAIIUH
500 mr/ 100 r. 1 200 mr / 100 1. COOTBETCTBEHHO.
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[Mostomy paspabaTeiBaTh CIOCOOBI MX YAAICHHS H3
amapaHTa He IIeNiecOO0pa3Ho, KpOMe TOTO TIPUCYT-
CTBHE TAaHWHOB B HEOOJIBIIIOM KOJMYECTBE B KOpMax
HPENSTCTBYET Pa3BUTHIO TUMIIAHHUH.

HawnbGonee s>ddexTrBHBIM criocoOoM IecTpykK-
1wy QuUTaToB sIBIISIeTCs (pepMeHTaTHBHAS 00paboTKa.
IIpu neficTBum QuUTa3bl CHIKAETCS KOHIIEHTPALIUS
CBOOOTHOW (HUTHHOBOW KHCIOTHI W €€ HU3IINX
¢docoatnbx 3¢upoB — annoHoB U ds.4, 0ka3bIBaIoO-
HIMX HETaTHBHOE BIUSIHHE HA MHIIEBAPEHUE U BCa-
ChIBaHME IUTATENHLHBIX BellecTB. M3BecTHO, YTO
¢uTaThl B KOPMax MPUCYTCTBYIOT HE B UHCTOM BHJIE,
a B BUe II00YJ, BKIIOYAIOIIUX Kpaxmai U Ipo-
TEHH, KOTOPbIE OrPaHMYHMBAIOT JNEHCTBUE (PHUTA3.
Pacmrerienne 1100y mpoTeasamu ¥ KapOOTrHapazaMu
MOXET o0Jierdarh AOCTYIHOCTH (prTa3 K cyocTparty,
noseimas 3¢dextuBHOCTy HX aeictBus [9,10].
B cBsi3u ¢ 3TUM OBLT MPOBEAEH AKCIIEPUMEHT OIIpe-
Jernennst 3Q(PEKTHBHOCTH BIMSHUS MPOMBIIIIICHHBIX
(hepMEHTHBIX MperaparoB (Tabmmia 3) Ha JECTPYKIIHIO
(UTHHOBOM KHCIIOTEHI.

CBeXXECKOIICHHYIO MacCy aMapaHTa M3MeTbYaI
Ha HOXKEBOM MEJIbHMIIC JI0 pa3Mepa 4acTuil 1—2 Mwm,
CMEITUBAIHN C ITATPATHBEIM OydepoM B COOTHOIIIE-
Huu 1:10. @epMeHTATUBHBINA THAPOIN3 OCYILECTB-
st ripu Temneparype 30 + 1 °C, pH 4,5 B Teuenne
60 muH. KoHuenTparms GepMeHTHOTO mpenapara
B K&XI0M oOpasue cocrasimsuia 0,1 MI/r ceipbs.
B niporniecce ruponu3a KOHTPOIMPOBAIH OCTATOYHOE
cojepkaHue GUTHHOBON KHCIIOTHI.

Tabnuma 3.
Brusiaue hepMeHTHBIX npenapaToB GpuTasbl
Ha CTCIICHb ACCTPYKIUHN (I)I/ITI/IHOBOP'I KHCJIOThI
U €€ COJIEH B 3€JICHOM Macce aMapaHTa
Table 3.
The effect of enzyme preparations of phytase
on the degree of destruction of phytic acid and
its salts in the green mass of amaranth

OcraroyHoe COACPIKAHUC
(UTHHOBOM KHUCIIOTHI U
ee coueit, %

OT MAaKCHUMAJIBHOT'O
Residual content
of phytic acid and its salts,
% of the maximum

DepMEHTHBIN NpenapaT
Enzyme preparation

UJIBECT® — P — 10000 (d-1)

IFEEDBEST® — P — 10000 83,96
OUIBECT® — WP 20000 (MDI1-1) 73.72
FEEDBEST ® — WP 20000 '
«Candaiiz 10 000 L puraza» (P-2) 83.33
«Sanfayz 10 000 L phytase» '
[Arpodpur 5000 (d-3)

IAgrofit 5000 91,02
KEM3AM® mutroc P cyxoit

(MDII-2) 64,7

KEMZYME ® plus P dry
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Bce nccrnenyemsie hepMeHTHBIE TTpemapaThl
NpPOSIBISUIM  aKTMBHOCTh B OTHOILICHWW (PUTATOB
3eNIeHON Macchl amapaHT. HambombIe cHUXEHUE
KOJIIIecTBa (PUTATOB HAOIFO AN TIPY UCTIONTH30BAHIHI
MYJIBTHIH3UMHBIX TipenapatoB MOII-1 u MDII-2,
coJlepKallluX HE TOIBKO (QHTa3y, HO M KCHJIaHAa3y,
B-rmrokaHaly, HapyIIaroNIUX IIEIOCTHOCTH 000-
JIOYEK KIETOK, MPEMSITCTBYIOMINX JOCTYMHOCTH
THIIPOJIa3 K MUATATENbHBIM BEIECTBAM IUTO-
IIa3Mel, B TOM 4nciie W ¢putaroB. Hanbonbiee
BIIMSIHUE HA CHIDKEHHE (UTATOB B 3€JIEHOM Macce
aMmapanta mposBIsT MOII-2, HOMOTHUTETHHO
coiepxamuid (epMEHTHl TpOTea’y | aMHiIasy,
CIOCOOCTBYIOIIHE PA3PYLICHUIO KOMILICKCOB (DUTATOB
C KpaxMaJioM H IMPOTEHHOM.

Ha s¢¢dextuBrocTs nefictBust pepmeHTOB
3HAYMTENBHOE BIMSHUE OKa3bIBalOT pH, TemmepaTypa
Y JI03MPOBKa IIPerapaTos.

Uzyuenne BnusiHuA no3upoBku MOII-2
Ha CHIDKEHHE COjepKaHuss (QUTHHOBON KHCIOTHI

100

——0,1 mi/T

—{1+0,2 my/r
80 - —A— 0.3 mui/T

i —X=0,4 Mi/T

1 —X— 0,5 mu/T

] 0,6 my/T

IL

20

Pucynox 1. BnusHMe H03UPOBKH MYJIbTU(GEPMEHTHOTO
npenapara MOII-2 Ha conepkaHue QUTHHOBOM KHUCIIOTHI
B 3eJeHOl Macce amapanTa: @ — copepxanue ¢puraTos, %
OT MaKCUMaJIBHOTO; T — IMPOJODKUTEIBHOCTD THIIPOJIN3a,
4, N — J03UPOBKA (PEPMEHTHBIX MTPENapaToB, MI/T

Figure 1. The effect of the dosage of the multi-enzyme
preparation MEP-2 on the content of phytic acid in the
green mass of amaranth: P — the content of phytates, % of
the maximum,; t — duration of hydrolysis, h, n — dosage of
enzyme preparations, mg/g
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(pucyHok 1) mokasano, 9T0 BHECEHHE MYJIBTH-H-
3UMHOTO KoMmIuiekca B Koiaumdectse 0,5-0,6 mr/v
B PEAKLHOHHYIO CMECh IO3BOJIUT TOJHOCTBIO Yaa-
THTH (PUTHHOBYIO KHCIIOTY B TEUSHHUE 5 U THAPOIIH3A.

Uzyuenne Brnusaus pH Ha 3¢ dexkTHBHOCTD
JIercTBUS (QUTa3bl (PUCYHOK 2) MPOBOAWINA MpPH
ONTUMAIBHOHN TO3UPOBKE MYIBTHIH3UMHOTO Ipe-
nmapata 0,5 Mr/t ceipbs mpu temmepatype 30 °C
B TeueHue 1 4. YCTaHOBIIEHO, 4TO (PepMEHT MPOSBILIET
BBICOKYIO CITIOCOOHOCTB K JIECTPYKITUN (PUTHHOBOU
KHCJIOTHI BO BCEM HCCIIEIyeMOM nuamna3one pH,
HO Hanbobmee dhdexTnBHA 00padOTKa 3EIICHOM
Macchl amapanTa ipu pH 6,5.

Br160op onTHManbHBIX PEKUMOB THAPOIU3A
(hUTaTOB 3€NIEHON MAcChl aMapaHTa MYJIBTHIH3IMHBIM
KOMIIEKCOM (PUCYHOK 3) 1oKa3aj, YTo HanOobIliee
CHIDKeHUE (DUTATOB HAOIIONACTCS TPU JIO3UPOBKE
MDOII-2 0,5-0,6 Mr/r ceiphs, Temmeparype 45 °C,
pH 6,5 B Teuenne 3—4 4. OnHaKO, 1T COXpaHEHUS
LEHHBIX KOMIIOHEHTOB 3€JICHHOH Macchl aMapaHTa
HarpeBath ee Bhliiie 40 °C He peKOMEHIYIOT.

65
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Pucynok 2. Bmmsuue pH Ha comepxanue (GUTHHOBOH
KHCIIOTBI W ee coyedl B mpouecce (QepMeHTaTHBHON
00paboTku 3eneHoi Macchl amapanTa: @ — conepkanne
¢uratoB, % OT MaKCUMaIbHOTO

Figure 2. The effect of pH on the content of phytic acid
and its salts in the process of enzymatic treatment
of amaranth green mass: P is the content of phytates, %
of the maximum
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Figure 3. Dynamics of hydrolysis of phytates of ama-
ranth green mass by multienzyme preparation MEP-2 at
a dosage of 0.5 mg/g of raw materials: P — phytate con-
tent, % of maximum; t— duration of hydrolysis, min,
t — hydrolysis temperature, °C

Taxum 006pa3oM, A1 CHUKEHHSI KOJIMYEeCTBa
(UTHHOBOW KUCIIOTHI U €€ COJIeH B 3eJIEHOW Macce

post@uestnik-vsuet.ru

amapaHTa (pepMeHTaTUBHYIO 00pabOTKy HE0O0XO0-
JUMO HPOBOAMTH MYJIBTHIH3UMHBIM KOMIUIEKCOM
KEM3AUM® mmoc P cyxoit (MDII-2) B Kosmde-
ctBe 0,5 Mr/r celpbs, ipu pH 6,5 u Temneparype
40 °C Teuenue 3 4, 4TO MO3BOJIUT CHU3UTH COJIEP-
xanue ¢purtatos Ha 90%.

3akjoueHne

YCTaHOBIEHO, YTO B 3€JE€HOM Macce aMapaHTa
NPUCYTCTBYIOT: IIaBesnesast kuciaota (79mr/ 100 1.),
tanuHbI (75 mr/ 100 r.), autpats (74 mr/ 100 1.) n
¢durater (156 mr/ 100 1.), ”THTHOUTOPHI TPUTICHHA H
CarmoHUHBI OTCYTCTBYIOT. Hambosee 3hhekTHBHBIM
croco0oM AecTpyKIuH GUTaToB sBIsIETCS hepMeH-
TatuBHas 00paboTka. Hanbobiiiee BIMSHIE HA CHU-
JKeHre (PUTATOB B 3€JIEHOW Macce aMapaHTa OKa3all
depmenTaTiBHbIT Kommieke KEM3AMM® mtoc
P cyxoii, TONOJHUTENBHO COMEPKATHN (ePMEHTHI
NpOTeasy U aMuiIasy, CloCOOCTBYIOIIME PA3PYLLEHHIO
KOMIIJIEKCOB (PUTATOB C KPaxMajoM U MIPOTCHHOM.
OepMEeHTaTUBHYIO 00pabOTKy MYJIbTUIH3UMHBIM
KOMILIEKCOM HEOOXOMMO TPOBOJUTH B KOJIMYECTBE
0,5 mr/r ceipps, ipu pH 6,5 u Temnepatype 40 °C
B TedeHUe 3 4, YTO MO3BOJISET CHU3UThH COACP)KaHHUE
¢duraTor Ha 90%.
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ChbIpKH TBOPOXKHBIE IVIA3MPOBAHHBbIC PYHKIMOHAJIBHOI0 HA3HAYCHUS

Omnbra U. JonmatoBa ! olgadolmatova@rambler.ru 0000-0002-4450-8856
Esrenuit A. KpuBoOokoB * evgeniy.krivobokov.01@mail.ru

1 Boponexxckuii rocyJapcTBEHHbIN YHUBEPCUTET MHKEHEPHBIX TEXHOJIOrHH, Np-T PeBoutonuy, 19, r. Boponex, 394036, Poccus

AHHoTanusi. YpOeu — TpaJuIMOHHOE KaBKa3CKoe OJIF0JI0, 3rOTaBIMBAEMOE U3 MACIHYHBIX CEMSH (KOHOIUIH, JIbHA, THIKBBI) U OPEXOB,
OOBIYHO C 100ABJICHUEM PACTHTEIBHOTO WM TOIUICHOTO CIIMBOYHOTO Macia, caxapa 1 Ména. Cero/Hs ypOed nepexuBaeT BTOPOE POXKACHHUE.
OTOT HaTypalbHBIA MPOJYKT IO IPaBy OTHOCAT K cynepdyny. B npHAHOM ypOeue comepXUTcst OONBIIOE KOIUYECTBO XKUPOB, OCIKOB U
HE3HAUMTEIbHOE KOJIMYECTBO YIIeBOAOB. [IpOJyKT MOXHO ynoTpeOusaTh B HHILY HNPH HU3KOYIVIEBOJHOH auere. YpOed JIbHSHOH MMeer
MIOBBIIICHHYIO MAaCCOBYIO JOJIIO JINHOJICBOHM M JIMHOJIEHOBBIX KHCIIOT, OOoraT BUTaMHUHAMK U MUHepaidaMu. OOBEKTOM HCCIIEOBaHHUS SBIISCTCS
CBIPOK TBOPOJKHBIH IIa3UPOBAHHbIH C ypOedeM U3 30JI0TUCTOrO JIbHA U aOPUKOCOBOT0 JUKEMa, ChIphbE JUIS €0 MPOU3BOACTBA. B xo1e Hay4yHOH
paboThl 1MOJOOPAaHO ONTUMAJILHOE COOTHOLIEHHE KOMIIOHEHTOB HAYMHKH, TBOPOXHOH OCHOBbI M Tmasypu. IIpousBenena BbipaboTka
TBOPOIKHBIX IIA3UPOBAHHBIX CHIPKOB, C(HOPMHUPOBAHHBIX B (POPME LIUIIMHAPA CO CTEPIKHEBON HAYMHKOMW 1O LIeHTpY. [IpoBeieHbI HcceJ0BaH s
MPOJYKTa IO OPraHOJEHNTHYECKUM, (DU3MKO-XMMUYECKUM H MHUKPOOMOJOTHYECKMM IOKa3aTelsiM. B kadecTBe oOpasua cpaBHEHHS
(KOHTPOJIBHOT0) HCCJIEIOBAIM CHIPOK TBOPOXKHBIH IJIA3MPOBAHHBI C BAaHWIMHOM, BBIPAOOTAHHBIH MO TPAJULHOHHON TEXHOJIOTUH.
YcraHoBI€Ha NMOHW)KEHHAs KaJOPUHHOCTh ChIpKa TBOPOXKHOT'O IJIa3UPOBAHHOIO € ypOeueM M aOpHKOCOBBIM [DKEMOM I10 CPaBHEHUIO C
KOHTPOJIBHBIM 00pa3ioM. Tak Kak B COCTaBe ChIpKa MPUCYTCTBYIOT PELEHITYPHbIE KOMIIOHSHTBI, CLIOCOOHBIE CBSA3bIBATh BIIArY, IOMOJHUTEIEHO
OIIpeIeIIsUTH BIIArOyIepKUBAOLILYI0 CIIOCOOHOCTh rpaBUMETpHYecKHM MeTooM 1o ['pay-Xamma B monudukanuu A.A. Anexceesa. Halinena
BBICOKAsl BJIATOYAEP KUBAIOIIAs CIIOCOOHOCTh MPOAYKTA, YTO MO3BOJISET CHIPKY COXPAHATh CTAOMIBHYIO ()OpPMY Ha BCEM CPOKE XpaHEHHMS U
YBEJIMYUTb CPOK €ro ToAHOCTU Ha 25 Y.

KaioueBblie ci10Ba: ChIpKH IJ1a3MpOBaHHBIC, DYHKIMOHAIBHBIN IPOAYKT, YpOeU, TBOPOKHBII MPOIYKT, cynepdy.

Glazed curd curds of functional purpose

Olga I. Dolmatova ' olgadolmatova@rambler.ru 0000-0002-4450-8856
Evgeny A. Krivobokov ! evgeniy.krivobokov.01@mail.ru
1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia
Abstract. Urbech is a traditional Caucasian dish made from oilseeds (hemp, flax, pumpkin) or nuts, usually with the addition of vegetable or
melted butter, sugar and honey. Today, Urbech is experiencing a rebirth. This natural product is rightfully referred to as superfood. Flax urbech
contains a large amount of fats, proteins and a small amount of carbohydrates. The product can be eaten with a low-carb diet. Flaxseed urbech
has an increased mass fraction of linoleic and linolenic acids, is rich in vitamins and minerals. The object of the study is glazed cottage cheese
with golden flax and apricot jam, raw materials for its production. In the course of scientific work, the optimal ratio of the components of the
filling, curd base and glaze was selected. The production of glazed curd curds formed in the form of a cylinder with a core filling in the center
was carried out. Studies of the product on organoleptic, physico-chemical and microbiological parameters were carried out. As a comparison
sample (control), glazed curd cheese with vanilla, developed according to traditional technology, was studied. The reduced caloric content of
glazed curd cheese with urbech and apricot jam was established in comparison with the control sample. Since the composition of the cheese
contains prescription components capable of binding moisture, the moisture-retaining ability was additionally determined by the Grau-Hamm
gravimetric method in the modification of A.A. Alekseev. A high moisture-retaining ability of the product was found, which allows the cheese
to maintain a stable shape throughout the entire shelf life and increase its shelf life by 25%.
Keywords: glazed cheese curds, functional product, urbech, curd product, superfood.

OTHOCAT K cynepdyy (T. €. K MPOLYKTaM ¢ BBICO-

BBenenue
KO¥ KOHIIEHTpaIuei moIe3HbIX BeecTs). boraras
VYpbeu — TpauIMOHHOE KaBKa3CKoe 011010, 0eIIKOM, HEHACHIIIIEHHBIMU KUPHBIMH KUCIIOTAMH,
M3rOTaBIMBACMOE W3 MACIMYHBIX CeMSH (KOHOILIH, BATAMHHAMH M MUHCPATBHBIMA BELICCTBAMH I1ACTa
JIbHA, THIKBBI) HIIM OPEXOB, OOBIMHO C 100aBIICHHCM TIOJTB3YETCs 3aCITy>KEHHOH JIFOOOBBIO Y TTOKIIOHHUKOB
PacCTUTENLHOTO WM TOIUICHOTO CJIMBOYHOIO MAcCia, 370pOBOTO [IUTAHHSL.
caxapa 1 Mejia. Buerre ypbed BBINISUT KaK rycrast CoBpeMeHHBIH PHIHOK ypOedeii pa3BUBaeTCs
MAaCJISTHUCTA 11acTa, KOTOPYI0 MOYKHO HaMa3bIBaTh CTpeMHUTE/IbHBIME TeMraMu. OJHAKO, C TaKHM
Ha xJ1e0, MaKaTh B Hee JICMEKH, B 00ee KUIKOH crendUIECKUM [POLYKTOM 3HAKOMbBI HEMHOTHE
KOHCHCTCHI[UM HUCIOJIb30BaTh B KAYECTBE COYcCa. oz, TIpoBeIeH Bl onpoc rokasal, 4o Gomee 70%
Bonpmias momynspHOCTh MPOJIyKTa B HacToOsIIee He 3HAIOT YTO Takoe ypoed (pucyrok 1) [2, 3].

BpeMst OOBSICHSETCS €ro MUTATEILHBIMU CBOMCTBAMH
Y BBICOKO OMOJIOTMYECKO# IIEHHOCTHIO [1, 2].
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Pucynox 1. Ilorpebnenne ypbewua HacemeHuem, %:
1 - Hukorma He cipImanm 00 ypOede; 2 — CIBIIIATH
00 ypbeue; 3 — mpoboBanm ypoed XoTs ObI OTHAXKITBI

Figure 1. Consumption of urbech by the population, %:

1 - have never heard of urbech; 2 - have heard of
urbech; 3 — have tried urbech at least once
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Pucynok 2. PacnpesiesieHre KUPHBIX KHUCJIOT B TPYIIIaX 10O
Macce B ypbede, T/ 100 r. mpomykra: | — HACHIIICHHBIC,
2 — MOHOHCHACBIIIICHHBIC, 3 — INOJIMHCHACHBIIIICHHBIC

Figure 2. Distribution of fatty acids in groups by weight

in urbech, g/ 100 g of product: 1 - saturated;
2 — monounsaturated; 3 — poly-saturated

N
(6]

29 012
2,010

o

(&)

o

7,359 ]
_ 5,903
2,165

08%05@01@5’5’,0920%9102 0,067 030 TC'OW

12345678 910111213141516
XKupnsie kucnotsl | Fatty acid

ol
o

Macca, r/100 r mpoxykra
Weight, ¢ LlOO g_‘of pr'g)duct

Ny

o

Pucynok 4. Konu4ecTBo *KHUPHBIX KUCIOT B ypbeue, T/
100 r. mpomykTa: 1—MHpUCTHHOBas; 2 — IEHTAEKaHOBAs;
3 — mabMHUTHHOBAS, 4 — MapraprHOBas; 5 — CTEpanHOBA,
6 — apaxuHOBasi; 7 — OereHoBas;, & — JIMTHOIICPUHOBAS;
9 — manemuTONIEHOBAs; 10 — onennoBast; 11 — ragonenHo-
Bas; 12 —opykoBas; 13 —HepBoHOBas; 14 — nuHONEBaS;
15 — nunonenoBas; 16 — siiko3aaueHOBas

Figure 4. The amount of fatty acids in the urine, g / 100 g of
the product: 1 —myristic; 2 — pentadecanoic; 3 — palmitic;
4 —margarine; 5 —steraic; 6 —arachin; 7 — begenic;
8 — lignocerine; 9 — palmitoleic; 10 — olei-new; 11 — gadoleic;
12 —erucic; 13 —non-silicone; 14 —linoleic; 15— linolenic;
16 — eicosadiene

post@uestnik-vsuet.ru

B npHSIHOM ypOeue comepxutcs OoJbIloe
KOJINYECTBO JKHPOB, OEJIKOB M HE3HAUYUTEIbHOE
KOJIMYECTBO YTJIEBOJOB. [IpOAYKT MOXHO YIIO-
TpeOJIATh B MUILY NpPU HU3KOYTJIIEBOIHOU AHUETE.
JleH siBIsSieTCS MCTOYHHKOM IOJHMHEHACHIIIEHHBIX
JKUPHBIX KHCJIOT. YpOed JbHSHOW MMEET IOBBI-
HIEHHYI0 MAacCOBYIO JIOJIIO JIMHOJICBOM M JIMHOJIE-
HOBBIX KUCIOT (pUCYHOK 2, 3), 6oraT BUTAMUHAMH
u munepanamu (pucynok 4, 5) [4, 5].
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Pucynox 3. MacoBasi 1ojs BHTAaMHHOB B ypOeue u3
30JI0THCTOTO

npHa, %  CcyTouHOM HOpMBL: 1 — By

2 —xomuH; 3 — Bs; 4 — B, 5 — Bg; 6 — PP

Figure 3. Mass fraction of vitamins in golden flax urbe, %

of daily value: 1-B1; 2-choline; 3-B5; 4-B6;

5-B9; 6-PP
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PI/ICYHOK 5. MacoBas A0Js1 MHUHCPAJIbHBIX BCHICCTB B
ypbede U3 30JO0THCTOTO JIbHA, % CYTOYHOW HOPMBI:
1—xammit; 2 —xampimit; 3 —wmaramit; 4 — docdop;
5 —xene30; 6 — Mapranerr; 7 — Mesib; 8 — ceneH; 9 — MUHK
Figure 5. Mass fraction of mineral substances in golden
flax urbech, % of daily value: 1 — potassium; 2 — calcium;
3 — magnesium; 4 — phosphorus; 5 — iron; 6 — manganese;
7 — copper; 8 — selenium; 9 — zinc
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JlaHHBIX TIO pe3ysbTaTaM HAyYHBIX HCCIIEIO-
BaHMH TI0 ypOeuy W MPOIyKTaM, U3rOTOBJICHHBIM Ha
€ro OCHOBE Maji0. Y pOed CITyKUT CHIPBEM IS ITPH-
TOTOBJICHUSI PA3IMYHBIX MYYHBIX KOHJIUTEPCKUX
n3zenuid. 113 Hero roToBsIT CIMBOYHBINA COYC K MSICHBIM
W3CIHSM, 3aKYCKY «XyMYC», KOH(DETHI, 0aTOHUMKH.

W3BecTHBI BapHaHTHl MCHONB30BaHUS ypOeda
B Ka4eCTBE PEIENTypHOT0 WHTPeIneHTa TpH TPo-
W3BOJICTBE MPSHUKOB, B KOTOPHIX MTPOBOIUTCS 3a-
MeHa Maprapusa Ha ypoed B 100% cooTHoIIEHHH,
MPH 3TOM TOHWKAETCS KaJTOPHHHOCTH TOTOBOTO
nponaykra [6].

B ™MonodHO# oOTpaciu u3BecTEH Crocod
MOJTyYeHHs] TBOPOXKHBIX TIJIA3MPOBAHHBIX CHIPKOB
C UCIOJb30BaHUEM B KaueCcTBe (PyHKIIMOHATHLHOTO
HATIOJTHUTENS MEAOBO-IbHIHONW MAacChl, BBOJUMOU
Ha ctaguu popmoBanus. [lomydeHHBIC TBOPOIKHEBIE
TJIa3UPOBAHHBIC CBHIPKU OO0JIAJAI0T TMMOHMKEHHOU
KaJIOPHHHOCTHIO0, TIOBBINIEHHONW (DH3HOJIOTHIECKOM
[IEHHOCTHI0, COATAHCHPOBAHHBIM JKUPHO-KHCIIOTHBIM
COCTaBOM, a TaKXe YIy4IIEHHBIMU OPTaHOJIEITH-
yeCKMMH cBoiicTBamu [4, 5].

MaTepI/IaJ'II)I U ME€TOAbI

OOBEKTOM HCCIIEOBAHUS SBISETCS CBHIPOK
TBOPOXKHBIH TJIa3UPOBaHHBIN C ypOeuem H3 30J10-
TUCTOTO JIbHA U aOPHKOCOBOTO JIXKEMa, ChIPbE IS
ero mpomsBoacTBa. OLEHKY KadecTBa TOTOBOTO
MPOAYKTa TPOBOIWIA MO OPTaHOJETITUIECKHUM,
(OUBUKO-XUMUYIECKAM W MHKPOOHOIOTHUECKUM
mokasatensm ([OCT P HMCO 22935-3-2011,
I'OCT 5867, 'OCT P 54669, I'OCT P 54668,
I'OCT P 54667, 'OCT 33566), BnaroyaepKUBaroIyIo
criocoOHOCTh (BYC) rpaBUMETpHYECKUM METOIOM
o I'pay-Xamma B Moandukannu A.A. AJekceesa.

Pe3yabTaThl u 00cy:x1eHue

TBOpOXKHBIE MTPOIYKTHI MONB3YIOTCS CIIPOCOM
y Hacesnenus [7/-9]. [ns npuganust um QyHKIIHO-
HaJIbHBIX CBOMCTB M3BECTHBI Pa3JIMUHbIC BAPHAHTHI
criocoba ux npurotosieHus [10-16].

VYpb6eu U3 30I0THCTOTO JIbHA MPEACTABISIET
co0O0¥ IIOTHYIO, TATYUYIO U IYCTYIO Maccy OTHOPOI-
HOW KOHCHCTEHIIMH, 30JI0THCTOTO IIBETa, C apOMaTOM
U BKycoM ceMsiH JibHa. OH COJIEPKHUT B CBOEM
cocrase, I'/ 100 1. mpoxykra: 6enxu — 20; xupsl — 39,
yraeBonsl — 19.

post@vestnik-vsuet.ru

YpOeu U3 30J0THUCTOTO JbHA OONagaeT pi-
JIOM TIOJIO’KUTEIIBHBIX CBOMCTB:

o ynyumaet paboty KKT, mo3ra, HepBHOH
CHCTEMBI;

® CHIKA€T YPOBEHb XOJECTEPHHA B KPOBHU,
HOpMAaJIM3yeT apTepHaIbHOE JaBICHHUE;

® CHI)KAeT YPOBEHb caxapa B KPOBH;

® 00JaJaeT aHTHOKCHIAHTHON aKTHBHOCTBIO.

AOGPUKOCOBBIN JHKEM COACPKUT KaJIMi, IIUHK,
NEKTHHBI, KaJbLIWH, KIETUYATKY, KeJe30, KAPOTHH U
JIpyTHe Toje3Hble BemecTBa. [IpoaykT akTMBH3NpyeT
paboTy Mo3ra, IIOMOTaeT CIPABIAITHECS CO CTPECCAMH,
yIIy4dlIaeT UMMYHUTET W 3peHue. OH Onarompu-
STHO BJIMSIET HA COCTOSIHHE COCYJIOB, BBIBOIUT U3
OpraHu3Ma TOKCUHBI.

B xome HaydHO# pabOTHI MOAOOPAHO OITH-
MaJIbHO€ COOTHOILICHHE KOMIIOHEHTOB HAYMHKH,
TBOPOXXHOI OCHOBBI W Tinasypu. IIpomsBenena
BBIpa0OTKa TBOPOXKHBIX TJIA3MPOBAHHBIX CHIPKOB,
c(hOopMHUPOBAaHHBIX B ()OpME LUIUHIPA CO CTEPXK-
HEBOW HAYMHKOU 110 LEHTPY (PUCYHOK 6).

Pucynox 6. BHemmHwmii Bua CBIpKa TBOPOXKHOTO
rasupoBaHHoro (B paspese)

Figure 6. Appearance of glazed curd cheese (in section)

CocTaB roTOBOTO MPOAYKTA BIUSAET HA €r0
mokasarenu kauectsa [17-20].

IIpoBenens! uccnenoBaHUs NPOLYKTa IO
OpPraHOJECNTHYECKUM, (DU3UKO-XMMHUYECKUM U
MHUKPOOMOJIOTHYECKUM TOKa3aTesiM. B kadecTse
oOpasiia cpaBHEHHUs (KOHTPOJIBHOTO) UCCIICI0BAIH
CBIPOK TBOPO>KHBIH INIa3UPOBAHHBIN ¢ BAHWIINHOM,
BBIpa0OTaHHBIA 1O TPaAWIUOHHONH TEXHOJIOTUU
(tabmuma 1).

Tak kak B cocTaBe ChIpKa MPHUCYTCTBYIOT
pelenTypHble KOMIIOHEHTBI, CIIOCOOHBIC CBSI3BIBATH
BJIary, JOTIOJHHUTENBHO OIPEACIsUIN BIAroyaep-
x)uBarorryio crmocoobrocts (BYC) rpaBumerpude-
cknuM MetonioM 1o ['pay-Xamma B Moaupuxanmn
A.A. Anekceesa (Tabnuia 2).

Tabnuma 1.

[TokazaTenn kadecTBa TBOPOKHBIX TTIA3UPOBAHHBIX CHIPKOB

Table 1.

Indicators of the quality of glazed curd cheeses

ITokazarens Xapakrepuctuka | Characteristic
Indicator nccineayeMslii oopasen | the test sample KOHTPOJIbHBIHM 0o6paszel | control sample
1 2 3

Buemnwmii Bug
Appearance

(DopMa — HAJIMHAPUYCCKasl, HCHapylICHHAsA.
IloBepXHOCTB IPOLYKTa paBHOMEPHO MOKPHITA
TJ1a3ypbro, rjiajakasi, 6JIGCT$IH18.$I, HC JIUITHCT K
ymakoBke | The shape is cylindrical, undisturbed. | mumaer x ynakoske | The shape is cylindrical,
The surface of the product is evenly coated with
glaze, smooth, shiny, does not stick to the
package

dopma — NUIMHAPUYECKas, HeHapyLIeHHasl.
IloBepxHOCTB IPOLYKTa pABHOMEPHO
MIOKPBITA [JIa3ypPblo, TIaaKasi, OjecTsmas, He

undisturbed. The surface of the product is
evenly coated with glaze, smooth, shiny, does
not stick to the package
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Iponomxenue Tadbnuiet 2 | Continuation of table 2
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2

3

Bkyc u 3anax
Taste and smell

Jl71s1 TBOPO’XKHOM Macchl — YUCTBIH,
KHCJIOMOJIOYHBIHN, CIaIKUM, C 3a11axoM
BaHWINHA, CO BKYCOM ypOeua u abpuKocoBOTro
Jokema. Jlis rinasypu — claakuii, co BKYyCOM U
3amaxoM Kakao-mopouika | For the curd mass —
pure, fermented milk, sweet, with the smell of
vanilla, with the taste of urbech and apricot jam.
For the glaze — sweet, with the taste and smell of
cocoa powder

J171 TBOPOKHOM MacChl — YMCTBIH,
KHUCJIOMOJIOYHBIN, CIIAAKHHI, C 3aI1aXoM
BaHWIMHA. [{11s1 rna3ypu — ciaankui, co

BKYCOM H 3amaxoM Kakao-mopoiika | For the

curd mass — pure, sour-milk, sweet, with the

smell of vanillin. For the glaze — sweet, with
the taste and smell of cocoa powder

Koncucrenuus
Consistency

O)IHOpO)IHaSI, B MEPY IUIOTHAsA C HAJTMIUEM
CCMJsH JIbHA. Fnasypb — TBE€pAasA, OAHOpOAHAA,
He kpomamascs | Homogeneous, moderately
dense with the presence of flax seeds. Glaze —
solid, homogeneous, not crumbling

He)KHaH, OJHOpOJHas, B MEPY IJIOTHAA.
Fna3ypb — CJIErKa 1JjiaCTu4Has, OqJHopoaHas,
He kpomamiascs | Gentle, homogeneous,
moderately dense. Glaze — slightly plastic,
homogeneous, not crumbling

Jlst TBOpOXKHOM Macchl — Oenbrit. J{s
Ha4YMHKH — CBETJIO-KOPUYHEBBIH C

[ TBOpOKHOM Macchl — Genbiit. s

LBer BKpAIUICHUSIMU CeMSIH JibHA. J{J1s1 rina3ypu — ~ ) o
Color TeMHO-KopuuHeBbli | For the curd mass — white. mr?]?a)gs)li eriltvém'):é?ﬁ:zq}lg;zwi ld';ﬁ: g:%vcvl#]rd
For the filling — light brown with flaxseed ' 9
inclusions. For the glaze — dark brown
M/ xupa, %
MFof fat, % 15,2 24
M/ Genka, %
MFof protein, % 108 82
M/1 Bnaru, %
MFof moisture, % 38,4 41,6
M/ yrneBozos,

B TOM YHCIIE caXxapo3sl, % 25,3 26,7
MFof carbohydrates, 8,0 24,9
including sucrose, %

Turpyemas KucioTHOCTb, °T
Titrated acidity 160 160
®docparaza _ B
Phosphatase
DHepreTuyeckas
LIEHHOCTD, KKaJI 281,2 355,6
Energy value, kcal
TaGanua 2 [Noka3zaTenb BIaroyaepKuBaroIiel crocoo-

Nzydenne Bnaroyaep kuBaromieii criocoOHOCTH
CBIPKOB TBOPOKHBIX TJIA3UPOBAHHBIX MTPHU
XpaHEHUU

Table 2.

The study of the moisture-retaining ability of
cottage cheese curds during storage

C BrnaroynepsxuBatoriast CII0COOHOCTE, %
poK Moisture-retaining ability, %
XpaHEHUs, CyT
Shelf life, days obpaser KOHTpOIIb
sample control
0 65,27 52,36
1 65,27 50,00
2 65,25 47,81
3 65,24 45,00
4 65,24 43,91
5 65,24 42,00
6 65,23 40,00
7 65,23 35,90
8 65,23 31,00
9 65,22 27,85
10 65,22 26,00
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HOCTH B HCCIIEIyeMOM OO0pasile Ha MPOTSIKEHUU
BCETO CpOKa TOAHOCTH ObUT cTaOWiIeH, Toraa Kak
AQHAIOTWYHBIN TTOKa3aTellb B KOHTPOJIBHOM 00pasIie
CHU3WIICA B 2 paza.

IIpn xpaHeHMH NPOLYKTOB KOHTPOJIBHBIH
oOpazery Ha 8-¢ CYTKM CUYMTQJIN HCIOPYECHHBIM:
TUTpyeMasi KUCJIOTHOCTh IPEBBICHIIA MOKA3aTellb
220 °T. Ha ocHOBaHUH AaHHBIX JTa0OPaTOPHBIX HC-
CIIEJOBAaHUN YCTAaHOBJIEH CPOK I'OJHOCTH CBHIPKOB
TBOPOKHBIX TJIa3UPOBAaHHBIX C ypOeueM U adpuKo-
COBBIM JiskeMOM — 10 cyT.

3akiouyenmne

ITpousBeneHa BhIpabOTKA TBOPOXKHBIX TJa-
3UPOBaHHBIX CHIPKOB, COPMUPOBAHHBIX B (hopMe
HUITHHIPA CO CTEPKHEBON HAYMHKOW M3 ypOeua u
a0pUKOCOBOTO JDKEMa MO ILEHTPY. YCTaHOBJICHA
TIOHIKEHHAS KAJIOPUIHOCTH TOTOBOTO IPOIYKTA IO
CPaBHEHUIO C KOHTPOJBbHBIM OOpa3sioM. Hailinena
BBICOKasl BJIAroyJep KUBArOIas CIIOCOOHOCTh, YTO
MO3BOJISIET CHIPKY COXPaHSATh CTa0UIBHYIO GOopMy
Ha BCEM CPOKE XPAHCHHS M YBEIUYHUTh CPOK €ro
rogHocTty Ha 25%.
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AHHoOTanusi. MyyHble KOHAWTEPCKME W3 IpPUBIEKATENbHbI JUIS IOKynaTesned U npousBoguteneil. MHIEKC NPOMBILUIEHHOTO
npousBozacTBa PD, B ToM uncne «IIpon3BoacTBo xie000yI0UHBIX M MyYHBIX KOHIUTEPCKUX U3lenuii», Ha Mail 2023 r. coctaBuin 107,7%
10 CPaBHEHMIO C aHAIOrM4YHbIM TnepuopoM 2022r. Ilpu oueHKe IpOoAyKTa HEOOXOAMMO Y4YMTHIBATh IIOTPEOUTENILCKHE CBOWCTBA
U FMTHeHUYecKue HOpMbL. OCHOBHBIE TPYHNBl MYYHBIX KOHIMTEPCKHX W3JENHMH — pa3BecHbIe H yIakoBaHHble. ExuHOoro meroxa
CerMEHTHPOBaHMs pblHKa HET. CEerMEeHTHpOBaHME IENUTCS MO reorpaguueckoMmy M aemorpaduueckomy (moj, BO3pacT, pasMmep CeMbH,
YPOBEHb JIOXOJOB M Jp.) npuHIMNaMm. Bce Gombuinili nHTEpec mpuOOpETaOT My4HbIE KOHIMTEPCKUE H3JEIMs C HOBBIIIEHHONW MMILEBOH
1 OMOJIOrNYeCKON IIEHHOCTBIO, (DYHKIIMOHAIEHOTO HAa3HAYCHHs, a Takke oOoramieHHbie. Llens paboThl — uccienoBaHue NOTPEOUTENBCKOTO
PBIHKA [IECOYHOT0 NeueHbs B PecryOunke Anpires: aHann3 acCOPTUMEHTA M IOKYIATeNbCKUX NpeanoureHuil. MccnenoBan norpeOuTenbckuii
PBIHOK [IECOYHOTO NeueHbs B PecryOnuke Anpirest, poaHaIM3upOBaHbl aCCOPTUMEHT M MOKYIATeIbCKHUE MPEANOYTEHHS. Y CTAHOBJICHO, YTO
OTEUYECTBEHHAs! IIPOMBILITIEHHOCTb BbIPAOATHIBACT JIMIIL HEOOJIBIIOE YUCIO HAMMEHOBAHUH JTMETHYECKUX MYUYHBIX KOHAUTEPCKUX M3]ENHii,
BKJIIOYAIONINX IIeYeHbe. TpeTh nmorpebutencii B pecryomuke (31%) ynoTpeOIsIOT eYeHbe eXCIHEBHO, B OCHOBHOM, YIOBICTBOPEHEI €T0
accoptuMeHTOM (82%), mecoyHoe mneveHbe NpeanodnuTaoT 22%, Gonee monoBuHbl (62%) BHIOMpAIOT meueHbe 6e3 100aBOK U pa3BECHOE.
Wudopmanueii o nedeHbe HUHTEPECYIOTCS [BE TpeTH norpedutencit. OpHako (yHKIMOHAJIBHON HANpaBICHHOCTHIO MPOAYKTA MEYCHbBS
HMHTEpPECYeTCsl IPUMEPHO IIAATast YaCTh, YTO MOATBEPKIAET HEOOXOIMMOCTh Pa3BUTHS ACCOPTUMEHTA MYUHbBIX KOHIUTEPCKUX M3/CIUil B 9TOM
HAaIpaBJIeHUH U POPMHUPOBAHUS IOTPEOMTEILCKOrO CIpoca Ha 3Ty Hpoaykuuio. B pecrybmuke umeercss xopomias cbipbeBas 0asa
JUISL TIOJTyYEeHHsT HEeTPAJULMOHHBIX MCTOYHUKOB CBHIPbs, Halmpumep, Myka U3 0esoil NmuIueBOil KyKypy3bl «Ajbireiickasy, pazpaboTaHHON
B 'HY «Anpirelickuii Hay4yHO-HCCIEI0BATEIbCKHUM HMHCTUTYT CEIbCKOTO XO3sCTBa», HCIIOJIB30BAaHHE KOTOPOH B MYYHBIX KOMIIO3UIMIX
HO3BOJIUT [10J1y4YaTh IECOUHOE N1€UEHbsI (PYHKIIHMOHAILHOIO Ha3HAYECHHS (HAaIpuMep, OE3rII0TEHOBOE, C HU3KUM COJEpKaHUEM INIIOTEHa U Ip.).

KiroueBble cjioBa: 1mecouyHoe TICYCHBE, 1'IOTp66HTGHI>CKI/Iﬁ PBIHOK, aHKCTUPOBAHHUC, IIPOU3BOAUTEIIN, peaTIM3allsl, IIPEATNIOUTCHIS, CCTMCHTUPOBAHHNC.
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Abstract. Flour confectionery products are attractive to buyers and producers. The index of industrial production of the Russian Federation, including
"Production of bakery and flour confectionery products”, as of May 2023 amounted to 107.7% compared to the same period in 2022. When evaluating
the product, it is necessary to take into account consumer properties and hygienic standards. The main groups of flour confectionery products are
weighted and packaged. There is no single method of market segmentation. Segmentation is divided according to geographical and demographic
(gender, age, family size, income level, etc.) principles. Flour confectionery products with increased nutritional and biological value, functional purpose,
as well as enriched are gaining more and more interest. The aim of the work is to study the consumer market of sand cookies in the Republic of Adygea:
analysis of assortment and consumer preferences. The consumer market of shortbread cookies in the Republic of Adygea is studied, assortment and
consumer preferences are analyzed. It is established that the domestic industry produces only a small number of names of dietary flour confectionery
products including cookies. One third of consumers in the country (31%) use cookies daily, mostly satisfied with their assortment (82%), 22% prefer
sandy cookies, more than half (62%) choose cookies without additives and weighted cookies. Two thirds of consumers are interested in information
about cookies. However, about one fifth of cookies are interested in the functional orientation of the product, which confirms the need to develop the
assortment of flour confectionery products in this direction and the formation of consumer demand for these products. In the republic there is a good
raw material base for obtaining non-traditional sources of raw materials, for example, flour from white edible corn "Adygeyskaya", developed in the
State Scientific and Research Institution "Adygeysky Research Institute of Agriculture”, the use of which in flour compositions will allow to obtain
sand cookies of functional purpose (for example, gluten-free, low-gluten, etc.).

Keywords: shortbread cookies, consumer market, survey, manufacturers, sales, preferences, segmentation.
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BBenenue

Bricokuii crnpoc, Oorarblii acCOpTHMEHT,
MpOCTasi perentypa — 3TH QaKTOpbl ASTAIOT Myd-
HBbIe KOHAWTEPCKHUE W3IENNs MPUBJIEKATEIbHBIMA
HE TOJIBKO JUTSA TIOKyTaTeNel, HO U ISl IPOU3BOIH-
Tenelt. Haeke npoMBIILIEHHOTO Por3BoaAcTBa PO,
B ToM umcie «I[Ipom3BoacTBo XIe000yITOUHBIX U
MYYHBIX KOHINTEPCKUAX U3AENui», Ha Mai 2023 T.
coctaBui 107,7% 10 CpaBHEHHIO C aHAIOTHYHBIM
nepuogom 2022 r. [1].

KauecTBOo mpoaykunu HampsMyr0 3aBHCHT
OT UHTPEIUCHTOB, KOTOPBIE HCIIOIB30BAINUCH IS
€€ M3roToBIeHUS. J[JIsI OIEHKU TpOayKTa HYXKHO
YUHUTHIBATh JIBa KJIFOYEBHIX TpPeOOBaHUS K Kade-
CTBY: MOTPEOUTEITHCKHNE CBOUCTB M TUTUEHUIECCKUE
HOpMBL. [ledyeHbe U ApyTHe CyXue MydHbIe KOHIH-
TEPCKHUE U3IEIHS JJOJDKHBI XPaHUTHCS B TIPOXIIATHOM
nomeniennu (He 6onee +18 °C) u ¢ mokazarensiMu
OTHOCHUTEIbHOU BiakHOCTH 70—75%.

OCHOBHBIE TPYMITBI MYYHBIX KOHIUTEPCKUX
W3JIENNAN — pa3BecHbIE U YMAKOBaHHBIE, KOTOPHIE
3HAUUTEIHHO Pa3INYal0TCs MO IEHe: YITaKoBaHHAs
MPOAYKIHS CTOUT B CPETHEM BIIBOE JIOPOKE, YeM
aHaJloru4Hasi pa3BecHasi. Pa3BecHoe medeHne Oolnee
COCPEIOTOYCHHO Ha PETHOHATBHBIX PHIHKAX, HAOIFO-
JIaeTCs €KETOAHBIN POCT ero noTpedaeHus.

EnuHOTO METONMA CErMEHTHUpPOBAHUS PHIHKA
HeT. CerMeHTHpOBaHNe IETIUTCS TI0 TeorpaduIecKoMy
u gemorpadudeckoMy (I0JI, BO3pacT, pa3Mep CEMbH,
YpOBEHb JIOXO0B U Jp.) npunnunam. [Icuxorpadu-
YeCcKOe CErMEHTHPOBAaHHUE MOKyTIaTeel perycMar-
pUBaeT paselieHne Ha IPYNIbl 10 CIETYIOMIHM
KpUTEPHUSM: OOIIECTBEHHBIN Ki1acc, 00pasa KU3HU
WM XapaKTEePUCTUKA JIMYHOCTH.

Bce Gompmmii mHTEpEC MPHOOPETAtOT My4JHbIE
KOHJIUTEPCKUE U3AENUS C MOBBIIIEHHON MHUILEBOU
1 OMOJIOrMYeCKO# 1IeHHOCTRIO [2], hyHKIMOHAD-
HOTO HasHadeHws [3], a Takxke 0OOraleHHbIE, B TOM
YUCJIE TEYEHbE, U3 CMECH MIIEHUYHOU, HyTOBOM,
JBHSHON Myku [4], C Kykypy3HOH MyKoii [5],
C IIMTPYCOBBIM MEKTHHOM [6], C 3KCTPaKTOM KOXYPBI
KPACHOT'O BHOTPAJia ¥ OBCSHOTO 3 — TToKaHa [7] u zip.
[Ipu pa3paboTke MPOJYKTOB 3I0POBOTO MUTAHUS
0oJpIIOE BHUMAaHHE TaKe YJIEeNieTcss KyKypyse
Oeroit 3y0UaTol, TEXHOJOTHYECKIM CIIoco0am ee
06paboTku [8, 9], HCMONB30BaHME MIIIEHHYHON
Y Pa3lIUYHBIX BUJOB KYKYPY3HOW MYKH BEHETCS
WCXOJs U3 CPABHUTEIBHOTO aHaJK3a COAEp KaHUs
MUHEPATBHBIX BEIIECTB, COCTaBa CBOOOIHBIX (DeHOITh-
HBIX KHUCJIOT U aHTHOKCUIaHTHOH aktrBHOCTH [10].

Heab paboThI — Uccie0BaHNE TTIOTPEOUTEITh-
CKOTO pBIHKAa TECOYHOTrO TIeueHbsi B PecmyOmmke
AnpITesi: aHaNM3 acCOPTHMEHTA M MOKYTATEIbCKUX
MPEANOYTCHUM.
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MarepuaJibl H METOABI

Hamu paspabortana aHkeTa HCCIeTOBaHUS
MOTPEOUTENIBCKOTO CIPOCa Ha MYYHBIC KOHIUTEP-
ckre m3zenus. B ompoce mo memorpadudeckomy
npuHuuny npuHuMmanu ydactue 1000 mokymnare-
JIeH pa3NUYHBIX IO BO3pAacTy W YPOBHIO J0XO[a,
poay 3aHATHH, OOpa30BaHUIO, HMHTEHCUBHOCTHU
MOTpeOIeHHSI, OTHOIIICHHUIO K TOBApY.

PesyabTathl

OTtedecTBEeHHAs POMBIIIIEHHOCTh BhIpada-
THIBA€T JIUIIb HEOOJBIIOE YWUCIO HAMMEHOBAHHMA
AUCTUYCCKUX MYUYHBIX KOHAWUTCPCKHUX I/I3IleHI/II\/'I,
BKJIIOYAIOIINX MEYCHbE.

[lpoBeneH aHanmM3 accopTUMEHTa | MOTPEOH-
TEJBCKUI CIPOC TECOYHOTO TIeYeHbs (PYHKIMOHAIBHOTO
Ha3HAuUCHHMS, pean3yeMoro B PeciyOmnvke Anbirest.
Iledense mecodyHOe, peann3yeMoe B pecIyOinKe
mpeacTaBiieHo B Tabmure 1.

Tabauna 1.
Ileuyenne MMECOYHOC, pCAIN3yeMOC
B PecrryOnmke Anmpirest
Table 1.
Shortbread cookies sold
in the Republic of Adygeya

[IpousBoaurens

HaumenoBanue
[Teuenne necouHoe «CnuBoOYHOE»
[leueHbe necouyHoe xpycrsiee
C KapaMeJblo
[leuense cro0HOE C KyHXKYTOM
[Meuense cnobHoe «Kypabbe»
Ieuense cnobuoe «Ilecounoe
KJIACCHUUYECKOE» C CaXxapHOU Myapoii
INeuense c100HOE «MaIMHOBKA)

TM «EpomonnHo»

Konmgurepckas

P [Teuenne necounoe «duanka
KOMITaHHS

TBOPOXKHAS»

«Kapnasam»
WII 3akuHsaH I"aTa necouynas
«Crmactenay, ITeyeHbe necoynoe «BaoxHoBeHUE
r. Maiikon [leuenpe «Pomarmikay

Jlnarpamma moTpeOieHHsT TIeYeHBsI 110 TTOTpe-
OUTENHLCKUM NPEATIOUTEHBSIM [IOKa3aHa Ha pUcyHKe 1.
JuarpamMma yIOBIETBOPEHHOCTH ACCOPTUMEHTOM
neveHbs B I. Maiikon Ha pucyHke 2. /lmarpamma
PETYISPHOCTH YNOTpeOJICHHs TMeYeHbsl MoKa3aHa
Ha pucyHke 3. JlnarpamMma npeanovTeHus HaYuHKH
B IleYeHbe TpEZICTaBlieHa Ha pucyHke 4. J[narpamma
NoTpeONIeHNs TIeYeHbsI (PYHKIMOHAILHOTO Ha3Have-
HHMS [TOKa3aHa Ha pUCYHKe 5. J[narpamMma oTHOIEHHS
K IIEYEHBIO € 100aBKaMH II0Ka3aHa Ha PUCYHKeE 6.
JuarpamMma o BeIOOpE YIAKOBKHM JJIS IEYCHBS
NoKa3aHa Ha pucyHke 7. Jluarpamma o3HaKOMIJICHHS
¢ uH(popManueil Ha ymakoBKE IIE€YEHbs MOKa3aHa
Ha pHCYHKe 8.
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7%
5% ‘ 18%
26%
62%
82%
= buckeutHoe * Ilecounoe = CaxapHoe ® Kpekep = YV 10BICTBOPEHBI 3aTpyAHAIOTCS OTBETUTh

Pucynok 1. /luarpamma notpeOiieHus me4eHbs o noTpe- PucyHok 2. /lmarpamMma yJnoOBJI€TBOPEHHOCTH aCCOPTH-
OUTEHCKUM MPEIOYTEHBSIM MEHTOM TI€YeHbs B I'. Maiikor

Figure 1. Chart of cookie consumption by consumer Figure 2. Diagram of satisfaction with the assortment of

preferences cookies in Maykop
8% 10%
13% 31%
25%
18%
0

48% 10%
= Kax/1plii IeHb Pa3 B Haemno = Jlxem Bapenas crymenka
® OueHb pesKo = 3aTpy/AHAIOTCS] OTBETUTH = KapamespHast HAUMHKA = Kpem

Pucynok 3. JluarpaMma peryisipHOCTH YIIOTpeONieHus iedeHbst  PrcyHOK 4. JlparpamMma npeInodTeHust HAYHMHKY B TICYCHBE
Figure 3. Chart of regularity of cookie consumption Figure 4. Cookie filling preference chart

22% 5%

32%

15%
63%

= Ynotpebustor * He ynorpedmnsor = 3aTpyaHsAIOTCS OTBETHTh ® OtpunarensHo * [lonoxuTensHo * 3aTpyAHSIOTCS OTBETHTh
Pucynox 5. Jluarpamma motpeGiieHuss TmedeHbs PucyHOK 6. J[uarpaMma OTHOIICHHS K EYEHBIO C I00aBKaMi

(pyHKIMOHANILHOTO HA3HAYCHHS Figure 6. Diagram of the relationship to liver with
Figure 5. Consumption chart for functional cookies supplements

42% 42%

58%

58%

= YuraroT nHGOpMAIKIO Ha YIaKOBKE
® YakoBaHHOE Ha IMPOU3BOJICTBE B ¢acoBannoM Buae .
He untepecyrorcs nundopmanueit
Pucynok 8. JlnarpamMa o3HaKOMJIEHUs ¢ HHpOpMALUER
Pucynok 7. JIluarpamma o BbIOOpE yIIaKOBKH ISl TICYCHBS y Huarp (bopmar

. . R ) ) Ha YIIaKOBKE MEYCHbA
Figure 7. Diagram on choosing packaging for cookies Figure 8. Diagram of information on cookie packaging
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O0cy:xneHue

AHam3 TIOJyYEeHHBIX Pe3yJIbTaTOB HCCIIE0Ba-
HHA ITOKa3bIBAET, YTO B T. Matikorie 82% MmpoIeHHbIX
YIOBJICTBOPEHBI ACCOPTUMEHTOM IeuYeHbs, a 18%
3aTpyJHAIOTCSA OTBETUTH Ha 3TOT Borpoc. [1o norpedu-
TEJIbCKUM MPEINOYTEeHUAM OWUCKBUTHOE IEUCHBE
BbIOpas — 62% ONpOIIEHHBIX, MECOYHOE Iede-
Hbe — 26%, caxapHoe reyeHbe — 5%, a kpekep — 7%.

U3 onpomennbix 31% — ynotpeOnsioT mne-
YeHbE KaXIbll NeHb, 48% — pa3 B Henento, 13% —
NpUOOPETAIOT OYEHB peaKo, 1 8% — 3aTpyIHSIOTCS
OTBETHTb.

[leuenbe ¢ HaunHKOH BHIOHpPAIOT 63% ompo-
MIEHHBIX, B TOM YHCIIE C: JDKeMOM — 25%, BapeHOI
crymenkoi — 10%, kapamenbHON HauvHkoi — 18%,
kpemom — 10%.

Ilecounoe medyeHbe (YHKIHOHANBHOTO
Ha3Ha4YeHUs BbIOMparoT 22% onpomeHHbIx, 15% —
HE BBIOMPAIOT Takoe medeHse, a 63% — 3aTpyaus-
IOTCSI OTBETHUTb.

K mneuensio c gobaBkamu (Mak, KyHXYT,
OpeXu W Ap.) PECHOHAEHTHI OTHOCATCS: OTpHIA-
TenbHO — 63%, MosnoXuTensHo — 32%, 3aTpyHs-
I0TCSl OTBETUTH — S5%.

[leuenbe, ymakoBaHHOE Ha IIPOU3BOJCTBE,
npeanounTaotT — 42% omnpouieHHbIX, a 58% —
B (hacoBaHHOM BHIIE.

Wudopmaryio Ha yriakoBKe MEUCHbS] YUTAIOT
72%, He nHTEpecyroTcst nHpopManuei — 28%.

3akiIouYeHne

Ceropast Bce OoIblle MPeANpUATHIA, 3aHUMa-
FOIITUXCST BBITYCKOM HEZIOPOTHX M ITPHUBJICKATEITHHBIX

post@uestnik-vsuet.ru

KOHKYPEHIIHS MEXIy NPEANpUATHSIME TTO3BOJISIET
HaChITUTh PBIHOK JAaHHOM MPOAYKIUHU. Takux
npennpuaruit 6omee 500.

HccnenoBan moTpeOUTENBECKUN PBIHOK TECOY-
HOTO TIeYeHbs B PectryOrmke Apirest, mpoaHATU3UpPO-
BaHBI ACCOPTUMEHT M TIOKYTIATEIIbCKHE MPEIIOYTCHIIS.

YCTaHOBIIEHO, YTO OTEUECTBEHHAS MPOMBIII-
JICHHOCTh BBIPA0ATHIBACT JIMIIL HEOOJBIIOE YUCIIO
HAaUMEHOBAHUN TUETUYECKUX MYUHBIX KOHAUTEP-
CKHX W3JIENNi, BKIIIOYAOIUX TleueHbe. Tperb morpe-
oureneii B pecrryommke (31%) ynoTpeOsItoT reueHse
©XKeTHEBHO, B OCHOBHOM, YIOBJIETBOPEHBI €T0 accop-
TUMEHTOM (82%), TIECOYHOE TIeYEHbE MPEATIOYUTAIOT
22%, 6onee nojaoBUHBI (62%) BEIOUPAIOT TICUCHBE
0e3 nobaBok u pazBecHoe. MHpopmarueli o riedeHse
WHTEPECYIOTCS JBE TPETH MOTpeOUTENICH.

Omnako (QYHKITMOHAEHON HaIpaBICHHO-
CTBIO TI€YCHBSI HMHTEPECYEeTCS TPHUMEPHO IATas
qacThb (22%), 94TO TMOATBEpKAaeT HEOOXOIUMOCTh
Pa3BUTHS aCCOPTUMEHTAa MYUYHBIX KOHAMTEPCKHUX
U3JICNIMHA B 3TOM HAIpaBJICHUU | (HOpPMHPOBAHUS
MOTPEOUTENBCKOTO CIIPOCa HA ATy TPOAYKIIHIO.
B peciryOmke mMeetcst Xoporas ChIpbeBas 0a3a st
TIOTyYeHHUs HETPAJUITOHHBIX HCTOYHHKOB CHIPHS
JUIS MCTIONB30BaHUS. B KA4eCTBE (DYHKIIMOHAIIEHOTO
UMHTpEMEHTa TpU MPOU3BOJACTBE, B TOM YHCIIE,
MECOYHOr0 TieueHbs. OTHUM U3 TaKUX MEPCICKTHUB-
HBIX FCTOYHHWKOB CBHIPhsI SBIISICTCS MyKa W3 OeJoi
MIUIIEBOH KyKYpY3bl «AJBITeHCKasD, pa3paboTaHHOM
BI'HY «AgpIrelickuii  Hay4HO-HCCIEIOBATEIbCKUI
HUHCTUTYT CEIBCKOT0 XO3SHCTBaY, UCIIOJIb30BAHUE
KOTOpPOH B MYYHBIX KOMIIO3HUIIUSIX TIO3BOJIUT
MOJIy4aTh MECOYHOE TMEUCHbS (DYHKIMOHAIBHOTO
Ha3HA4YCHUS (HAIprMep, OC3TIIIOTCHOBOE, C HU3KAM

MYYHBIX KOHJAMTEPCKUX u3aenuil. Bblcokas coJiep>KaHUEM TJII0TeHa U 1p.).
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HccnenoBanue nokasareied Ka4yecrBa CMETAHHbBIX IPOAYKTOB,
000raleHHBIX IKCTPAKTAMH YAl HbIX HAIIMTKOB
0000-0002-4450-8856

Omera M. JlonmatoBa  *  olgadolmatova@rambler.ru

Taresana 0. I'neboBckass ' tataglebovskayal8l@gmail.com

1 BopoHEKCKHi TOCYIapCTBEHHBI YHUBEPCUTET WHKEHEPHBIX TEXHOJOTHHU, 1p-T PeBomonmu, 19, r. Boporex, 394036, Poccust

Annoranus. CHIKEHHE JIOXOJI0B HaceJIeHHs Ha (JoHe pocTa [IeH Ha IMPOAYKTHI IIMTAHMS IPUBENIO K YMEHBIICHHUIO UX cipoca. Cpenu
KHCJIOMOJIOYHBIX IIPOJYKTOB HalMEHbIIEe OTKJIOHEHUE IOKYNIAaTeIbHOI0 CIPOca MOXKHO OTMETUTh Y cMeTaHbl. [IoHM3UTh CTOMMOCTh
STOH JIMHEWKH MPOIYKTa MOXKHO 3a CUET BBIIIyCKa CMETaHHBIX NPOAyKTOB. [IpuMeHeHne pacTUTENbHBIX PELENTyPHBIX KOMIIOHEHTOB
B CMETaHHBIX MPOAYKTaX IO3BOJSIET PACIIUPUTh HMX ACCOPTUMEHT, CKOPPEKTHPOBaTh CBOICTBA, NpHIATh (yHKIHOHAIBHYIO
HaIpaBJICHHOCTb. YaliHbIe SKCTPAKTHI UCITIOJIB3YIOT B KAYECTBE HATYPaIbHBIX KPaCUTEJICH M apOMaTH3aTOPOB, CTPYKTYpPOOOpa3yrOLIHX
n00aBOK. buonornyeckn akTHBHBIE BEIIECTBA YAHHOTO CHIPbS W HPOAYKTOB €ro IepepabOTKH IMPOSBILSIIOT Pa3IdYHbIC BHIbI
(U3HONIOTMYECKOH  aKTUBHOCTH:  AQHTHOKCHAAHTHOE,  IPOTHBOBOCHAJIMTEIBHOE,  AHTHCENTHYECKOE,  CIa3MOJUTHYECKOE,
cocylocyuBaroliee AeicTBre U ap. [ IpuaaHus CMETaHHBIM NPOAYKTaM IMPUATHOM OKpacKU U yJIyUIICHHBIX BKYCOBBIX CBOICTB,
IpPEACTaBIIICT UHTEpEC MCIOIb30BaHUE AKCTPAKTOB 3€JCHOr0 4Yas M vaiHOro HamuTKa Kapkane. IIpoBeneHbl uccienoBaHUs
MOJIY4YEHHBIX CMETAaHHBIX MNPOAYKTOB. MaccoByI0 JOJII0O BHOCHUMBIX 3KCTPAaKTOB OIpEACISIM IyTeM OLIEHKHM CYyMMapHOTO
K03 HIMeHTa 3HAUMMOCTH T10 CJIETYIOIINM TT0Ka3aTessIM: TapMOHUYHOCTh BKyCa; KOHCHCTEHIIMS; LIBET. Y CTAHOBJICHA ONTHMAJIbHAS
JIO3UPOBKA 3KCTPAKTOB 3€JICHOr0 Yas U yaifHoro Hamutka kapkazae — 10 %. B coctaB cMeTaHHBIX IPOAYKTOB IONIOJHUTEIBHO BHOCUIN
BKYCOBBIC KOMIIOHEHTHI (CMeCh KOpHIBI M caxapa), crabuiamsatop. IIpomykTel XpaHwin mpu Temmeparype 4+2 °C, usyyanu
OpraHoJIeNTHYeCKHe, PU3NKO-XUMUUECKUE ¥ MUKPOOHOJIOrnUeCKHe MOKa3aTel MOCIeAHUX. [IpoBeeHbl HCCIeI0BaHMsT BI3KOCTH B
KOHTPOJIBHOM U HCCIIEAYEMbIX 00pa3iax. ¥ CTaHOBIIEHO, YTO 00Pa3Ibl CMETAHHBIX NIPOJYKTOB UMEIOT BBICOKHUH TTOKa3aTeNb BSI3KOCTH,
XOpOIIO BOCCTAHABIUBAIOT CTPYKTypy Iociie mepemeninBaHus. CMeTaHHbIE MPOTYKTHI C HKCTPAKTaMM YaWHBIX HANMUTKOB MOXKHO
HOTPEOIISATH B ITHUITY KaK CAMOCTOSATEIbHBIN MIPOAYKT, & TAKXKe KaK PEUEeNTYPHbIH HHIPEIUEHT JUIsl BBINEUHbBIX H3EIUIL.

KiioueBble cj10Ba: cMETaHHBIN MIPOAYKT, JaifHbIe HAIIUTKH, [IOKA3aTCJIU Ka4€CTBA, DKCTPAKTHI, 3€JICHBIN LIaI‘/II, Kapkazae.

Study of quality indicators of sour cream products enriched with ex-
tracts of tea drinks

Olga I. Dolmatova ' olgadolmatova@rambler.ru

Tatiana Yu. Glebovskaya !  tataglebovskayal81@gmail.com
1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia
Abstract. The decline in household income against the backdrop of rising food prices has led to a decrease in their demand. Among
fermented milk products, the smallest deviation in purchasing demand can be noted for sour cream. It is possible to reduce the cost of
this product line by producing sour cream products. The use of herbal prescription components in sour cream products allows you to
expand their range, adjust properties, and give a functional focus. Tea extracts are used as natural dyes and flavors, structure-forming
additives. Biologically active substances of tea raw materials and products of its processing exhibit various types of physiological
activity: antioxidant, anti-inflammatory, antiseptic, antispasmodic, vasoconstrictive action, etc. To give sour cream products a pleasant
color and improved taste properties, it is of interest to use extracts of green tea and hibiscus tea drink. Studies of the obtained sour
cream products have been carried out. The mass fraction of the introduced extracts was determined by evaluating the total significance
coefficient for the following indicators: harmony of taste; consistency; color. The optimal dosage of green tea extracts and hibiscus tea
drink is 10%. Flavor components (a mixture of cinnamon and sugar), a stabilizer were additionally added to the composition of sour
cream products. The products were stored at a temperature of 4+2 °C, the organoleptic, physicochemical and microbiological
parameters of the latter were studied. Viscosity studies were carried out in the control and test samples. It has been established that the
samples of sour cream products have a high viscosity index, well restore the structure after mixing. Sour cream products with extracts
of tea drinks can be consumed as an independent product, as well as a prescription ingredient for baked goods.
Keywords: sour cream product, tea drinks, quality indicators, extracts, green tea, hibiscus.
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CHmKXeHHEe TOXO0/I0B HaceIeHus Ha GoHe po-
TOJIBKO y MOJIOKA MacTepu30BaHHOrO (Tabmmma 1) [1].

CTa LIEH Ha MPOAYKTHI IUTAHUS IPUBEJIO K YMEHb-
meHnto ux cnpoca. Ilo ganHbM «Co0103MOIOKO»

Jiis uuTUpOBaHus
HonamaroBa O.U., T'mebosckas T.IO. HccnemoBanue mokaszarenei
KauecTBa CMETAHHBIX MPOJYKTOB, OOOTAIEHHBIX YKCTPAKTAMH YailHBIX
manutkoB // Bectuuk BI'YUT. 2023. T.85. Ne3. C.125-130.
doi:10.20914/2310-1202-2023-3-125-130

For citation
Dolmatova O.1., Glebovskaya T.Yu. Study of quality indicators of sour
cream products enriched with ex-tracts of tea drinks. Vestnik VGUIT
[Proceedings of VSUET]. 2023. vol. 85. no. 3. pp. 125-130. (in Russian).
doi:10.20914/2310-1202-2023-3-125-130

© 2023, donmatosa O.U. u ap. / Dolmatova O.1. et al.

This is an open access article distributed under the terms of the
Creative Commons Attribution 4.0 International License

125



Dolmatova O.1. et al. Proceedings of VSUET, 2023, vol. 85, no. 3, pp. 125-130

Tabonuna 1.
JnHaMuKka npoaax MOJIOUHOU IIPOLYKLUU
3a 1-e momyronue 2022 r. B Poccun
Table 1.
Dynamics of sales of dairy products
for the 1st half of 2022 in Russia

Jenexxnoe Harypanbnoe
BBIpaKeHHE, % | BoIpakenue, %
Tponyxr | Product |pMonetary |rl)\/lonetary
expression, % expression, %
Horyptel nuTHEBBIE
| drinking yoghurts 55 -11.1
HorypTsl 10)XKKOBBIE
| Spoon yogurts 1.4 -16,7
ChIpku
IJIa3UPOBAHHEIC | 14,4 -10,6
Curds glazed
I'ycTble TBOpOXKHBIE
neceptst | Thick
cottage cheese 0.6 -17.2
desserts
I'panynupoBaHHbII
tBopor | Granulated -1,5 -10,7
cottage cheese
Mouoko
MacTepH30BAHHOE | 21,2 0,8
Pasteurized milk
Macio CIIHBOYHOE B
MmaprapuH | Butter 20,4 -2,3
and margarine
Cwmerana | Sour
cream 18,0 -1,9
YmakoBaHHBIN
tBopor | packaged 10,3 -5,0
cottage cheese
Kedwup | Kefir 12,2 -3,7
Cpenu KHUCJIOMOJIOYHBIX MPOAYKTOB

HaMMEHbIIee OTKJIOHEHHE ITOKYIATeIbHOrO CIpoca
MOYKHO OTMETUTh y CMeTaHbl. [IOHH3UTh CTOMMOCTh
9TOH JIMHEHKH MOYKHO 3a CUET BBITyCKa CMETaHHBIX
npoaykToB. [IprMeHeHHe PacTUTEIBHBIX PELCTTYp-
HBIX KOMIIOHEHTOB TIPU IPOHM3BOJICTBE TOCICIHUX
NO3BOJISIET PACIIMPHTH UX aCCOPTHMEHT, CKOPPEK-
THPOBATh CBOMCTBA, MPHUIATh (YHKIMOHAIBHYIO
HanpaBJIeHHOCTS [2, 3].

M3BeCTHBI CIIOCOOBI TTOJTyYEHUsI SKCTPAKTOB
Pa3IMYHBIX BUIOB Yasi M MPOU3BOJCTBA KHCIOMO-
JIOYHBIX TPOAYKTOB Ha X ocHOBe [4-9].

YaiiHble SKCTPAKTHI UCIIOJIB3YIOT B KAUECTBE
HATypaJbHBIX KpacUTENIeil M apoMaTU3aTopoB,
CTPYKTYpooOpasyronmx 100aBok. bruonornuecku
AKTHBHBIC BEIIECTBA YalHOTO ChIPbS U MPOTYKTOB
ero mnepepabOTKU TPOSBISIOT Pa3IHUYHbIC BUJBI
(M3HOITOTNYECKON aKTUBHOCTH: AHTHOKCHIAHTHOE,
HPOTHBOBOCIATMTEIILHOE, AHTUCETITHYECKOE, CIIa3MO-
JIMTUYECKOE, COCYI0CYKHBAIOIIEe ICHCTBHIE U JIP.

EcrecTBeHHast 3alMTHAs CHCTEMa YeI0BeKa
HYXJa€TCs B IIOCTOSSHHOM MOCTYIJICHHH B Opra-
HHM3M aHTHOKCHJIAHTHBIX BEIllleCTB. B cBsi3H ¢ 3TUM
aKTyaJIbHBI UCCIICOBAHUS, HAIIPABICHHBIE HA pa3-
pabOTKy MPOAYKTOB, COCTaB KOTOPHIX OOOraIieH
AQHTUOKCHJAHTaMHU. VICCIETOBaHMUSAMH  yUYCHBIX
YCTaHOBJICHA 3HAYMTENbHAs MaccoBas OIS
AQHTUOKCHJAHTOB B YaemoJ00HBIX HANUTKaX |
pa3MYHBIX copTax yas (pucynok 1) [10].
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Pucynox 1. CymmapHoe conepkaHue aHTHOKCHIAHTOB
B YaeToJ00HBIX HANIMTKAX U Pa3IMYHbBIX cOpTax yas: 1 —
3eJIeHBIN Yail; 2 — yepHbIil uail; 3 — mare; 4 — uBaH-yaii;
5 — poiibymr; 6 — kapkaae
Figure 1. The total content of antioxidants in tea-like
drinks and different types of tea: 1 — green tea; 2 — black
tea; 3 — mate; 4 — Ivan tea; 5 — rooibos; 6 — hibiscus

Jls mpumannst CMETaHHBIM TIPOYKTaM TpH-
SITHOW OKpAacKW U YJIy4IIEHHBIX BKYCOBBIX CBOWCTB,
MPE/CTaBIsIET MHTEPEC MCIOJIb30BaHUE SKCTPAKTOB
3€JICHOTO Yast ¥ YalfHOTO HAITUTKA KapKaJe.

HccnenoBannsamMu y4EHBIX TIO SKCTParkupoBa-
HUIO PA3JIMYHBIX BUJIOB Yasi YCTAHOBJICH MX OOTaThIi
COCTaB M ONTUMAJIbHBIEC YCIOBUS MOTYYeHUs. 3elie-
HBII 4Yall SKCTparupyrT Maccoll HaBeckd 1,5 T
Ha 100 M1 nuTheBO BoIbI Ipu TemmepaType 70 °C
1 BpeMeHH dKcTpakuuu 30 MUH. AHTHOKCHIAHTHAs
aKTHUBHOCTb SKCTPAKTa 3€JICHOTO 4Yasl COCTaBJSET
~0,20 mr/mi [7].

Kapkage pexomMeHIOBaHO 3KCTparupoBaTh
npu Temmepatype 80 °C B teueHun 30 MUH npu
COOTHOIIEHHH CHIPhEBOTO cocTaBa W Boubsl 1:10.
[Toy4geHHBIA SKCTPAKT MMEET TEMHO-OOPIOBBIH
LBET, BBIPAKCHHYIO TEPIKOCTh U YMEPEHHYIO
KHCJIOTHOCTh, MAacCCOBYIO JIOJIO CYXHX Be-
miecTs, % — 5,3; mekTMHOBBIX Bemects, % — 0,11;
anrormanos, Mr/100 r. — 960, 6GoraTelii MEUHEpATh-
HBIH cocTaB (pucyHok 2) [9, 11].

140
120 ]
100 H

80
> 60 |-
40 +

jqiinls
O L l —

1 2 3 4 5 6 7
MunepaibHbiii anemenT | Mineral element

Maccosas goirst, mr/100
r | Mass fraction, mg/100

Pucynok 2. MuHepanbHBIA COCTaB 3KCTPAKTa YalHHOTO
HaIWTKa Kapkane: | — kanwif; 2 — HaTpui; 3 — KalpLui;
4 — marnwmii; 5 — xene3o; 6 — mapraserr; 7 — IUHK
Figure 2. Mineral composition of hibiscus tea extract:
1 — potassium; 2 — sodium; 3 — calcium; 4 — magnesium;
5 —iron; 6 — manganese; 7 — zinc
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MaTepI/IaJ'ILI U ME€TOAbI

OOBEKTHI UCCIIEI0BAHMS: CMETaHa, CMETaHHBII
npoaykT. OIeHKy KadecTBa TOTOBOTO IPOIYKTa
MIPOBOJIMIM B COOTBETCTBUM C TpeOoBaHUsMU TP
TC 033/2013, TOCT 31452.

Pe3yabTathl u 00cy:xneHue

Ha kadenpe TexHONIOTHU MPOLYKTOB KH-
BoTHOTO mIpoucxoxaeHuss PI'bOY BO «BI'YUT»
HPOBE/ICHBI HCCIIEIOBAHNS CMETaHHBIX ITPOTYKTOB
C OKCTpaKTaMH 3€JICHOTO 4asi M Kapkajne. MaccoByio
JOJI0 BHOCHUMBIX 3KCTPAKTOB ONPENCISUIN IIyTeM
OLIEHKH CyMMapHOro koadduienta 3Ha4MMOCTH
MO CIEAYIOLIMM TI0Ka3aTessiM CMETaHHOTO MPOAYKTa:
TapMOHUYHOCTh BKYCa; KOHCHCTSHIHS;, [IBET. Y CTa-
HOBJICHA ONTHMaJbHAas IO3UPOBKA OSKCTPAKTOB
3€JICHOTO Yas U JaiHoTo HamuTKa kapkane — 10 %.

post@vestnik-vsuet.ru

B cocTaB cMeTaHHBIX NIPOAYKTOB JOIMOJIHH-
TEJIbHO BHOCWJIM BKYCOBBIE KOMIIOHEHTHI (CMeECh
KOpuIlBl M caxapa), crabuimzatop. IIpoBeneHs
BEIPAa0OTKHA CMETaHbl (KOHTPOJIBHBIH 0Opaselr) —
obOpaszer Ne 1 1 cMeTaHHBIX MPOYKTOB: C 3KCTPAKTOM
3ereHoro vasi — o0pazert Ne 2; ¢ 3KCTpakToM YaifHOTO
HanMTKa Kapkaje — oopasen Ne 3 (pucynok 3).

CBeXenpuroToBIeHHbIE 00pa3Ibl CMETAaHBI
W CMETaHHBIX TPOJYKTOB MMENH CIEYIONIHE TM0-
Ka3aTellu KauecTBa (Tabmumna 2).

IIpomykTel XpaHWIM IIpU TeMIepaType
4+ 2°C, uzyyanu oprasoiienTuieckue, Hu3nKo-
XUMHAYECKHEe M MUKPOOHOJIOTHUECKHE MTOKA3aTeIH
nocineqHuX. V3MeHeHHe moKazaTensl THTPYEeMOH
KHCJIOTHOCTH JUTS BCEX HCCIEyEMBIX 00pa3ioB
MIPEJICTABIIEHO HA PUCYHKE 4.

%

©

Pucynok 3. ®0T0 cMeTaHbI U CMETaHHBIX IPOAYKTOB: (&) cMeTaHa; (D) cMeTaHHBIH MPOAYKT C SKCTPAKTOM 3€JICHOTO Yast;
(C) cMeTaHHBII IPOLYKT C IKCTPAKTOM YaiiHOrO HAIUTKA KapKae

Figure 3. Photo of sour cream and sour cream products: (a) sour cream; (b) sour cream product with green tea extract;

(c) sour cream product with carcade tea extract

Tabauna 2.

IToka3aTenu kauecTBa CMETAaHBI 1 CMETAHHBIX IMPOAYKTOB

Table 2.

Quality indicators of sour cream and sour cream products

CMETaHHbIA MPOAYKT

CMETaHHBIH IPOTYKT <
C 9KCTPAKTOM 4aiiHOTO

TMoxkaszatens | Indicator

cMerasa | sour cream

C DKCTPAKTOM 3€JICHOI'O Yas |
sour cream product with green
tea extract

HAIMTKA KapKaje |
sour cream product with
hibiscus tea extract

Buemuuii Bug n
KOHCHCTEHIIHS |
Appearance and texture

O}lHOpOJI[HaSI rycras Macca
C IIISTHIIEBOM MOBEPXHOCTBIO |
Homogeneous dense mass
with a glossy surface

OJIHOPOJIHaH rycras mMacca
C IIISTHIIEBOM MTOBEPXHOCTBIO |
Homogeneous dense mass
with a glossy surface

OJI[HOpO)Z[HaSI rycras Macca
C IJISIHIICBO# TOBEPXHOCTHIO |
Homogeneous dense mass
with a glossy surface

Bkyc n 3amax |
Taste and smell

YMCTBINA, KHCIOMOJIOYHBIH,
0€e3 MOCTOPOHHUX MPUBKYCOB
u 3amaxoB | Clean, fermented

milk, without foreign tastes

and odors

KucmoMonouHbIi, clIaakuii
C IPUBKYCOM 3€JI€HOI0 Yas U
kopwuis | Sour-milk, sweet
with a hint of green tea and
cinnamon

KuciroMomouHbIi, citaaKui
C IIPUBKYCOM KapKaze u
kopuiis | Sour-milk, sweet
with a touch of hibiscus and
cinnamon

Iser | Color

benblii ¢ kpeMOBBIM
orrerkoM | Creamy white

Bexesbrii | Beige

Po3sossrii | Pink

MaccoBast goist xupa, % |

Mass fraction of fat, % 20 20 20
Maccogast moist 6enka, % |
Mass fraction of protein, % 25 25 25
Kucnoraocts, °T | Acidity, °T 62 60 65

3
KMA®AHM, KOE/(em?) 1 | 1x107 1x107 1x107

QMAFANM, CFU/(cm3) g
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Pucynox 4. VI3sMeHeHHe TUTPYEMOH KHCIOTHOCTH CMETaHBI M CMETaHHBIX IIPOIYKTOB IIPH XpaHESHUH
Figure 4.Change in titratable acidity of sour cream and sour cream products during storage

B cBexxeBBIpab0OTaHHBIX 00pa3iax MpOIyKTOB
MOKa3arellb THUTPYEMOW KHCIOTHOCTH COCTaBHUJI
ot 60 1o 65 °T. Ilpu xpaHeHUN TUTpyeMast KUCIIOT-
HOCTh HapacTayia BbIIIE B CMETaHHOM IPOIYKTE
C OKCTPAaKTOM 4YallHOTO HANHWTKa KapKajae | Ha
12 cyTKu XpaHEHUs TOCTHUIIIA MPEEILHOTO MoKa3a-
Hus 100 °T. Haumenbinme noka3aTesid KUCIOTHOCTH
OTMEYEHBl B CMETaHHOM IMPOIYKTE C 3KCTPAKTOM

Bsizkocts, MIlasc
Viscosity, MPass

o B N W b~ OO N
I

1 2 3 4 5 6

B Henapywennsiii crycrok | Undisturbed clot
Iepemeruannsiii crycrok | Mixed clot
B BoccraHoBieHHbI# cryctok | Recovered clot

Pucynox 3. H3MmeHeHue BSI3KOCTH B CMETaHe U
CMETAHHBIX NPOAYKTaX INpH XpaHEHUH: | — cMmeTaHa
CBEXXEIIPUTOTOBJICHHASA; 2 — CMETaHa B KOHIIE CpOKa
TOJHOCTH; 3 — CMETaHHBIM HPOAYKT C DKCTPAKTOM
3€JICHOTO Yasi CBEXKEMPUTOTOBJICHHBIN; 4 — CMETaHHBII
IPOLYKT C 3KCTPAKTOM 3€JICHOr0 4asi B KOHLE CPOKa
FOJHOCTH; 5 — CMETaHHbId HIPOAYKT € HKCTPAKTOM
4allHOr0 HaNWTKa KapKaJe CBEKECIPUTOTOBICHHBIN;
6 — cMeTaHHBI TPOJYKT C SKCTPAKTOM YaifHOrO HAIUTKA
KapKaJe B KOHIIE CPOKa M'OJHOCTH

Figure 3. Viscosity change in sour cream and sour cream
products during storage: 1-— freshly prepared sour
cream; 2 — sour cream at the end of the expiration date;
3 — freshly prepared sour cream product with green tea
extract; 4 — sour cream product with green tea extract at
the end of the expiration date; 5 — freshly prepared sour
cream product with hibiscus tea extract; 6 — sour cream
product with hibiscus tea extract at the end of the
expiration date
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3€JICHOTO Yasi, B KOTOPOM IpeJieNl THTPYEMOH KHc-
JIOTHOCTH OTMEYeH Ha 14 cyTKu XpaHeHus.
[TpoBeneHs! HccneoBaHMs BA3KOCTH B KOH-
TPOJILHOM M HCCIIEyeMbIX 00pa3iax (pUCYHOK 5).
YcTaHoBNIEHO, YTO 00pasibl CMETAHHBIX MPOIYKTOB
MMEIOT BBICOKUH MOKAa3aTeslb BA3KOCTH, XOPOLIO
BOCCTaHABIIMBAIOT CTPYKTYPY TOCIIE EPEMEILINBAHIS.

PesynbraTel BnaroyaepKuBaromei cnocob-
HOCTH TIPEACTABIICHBI B Ta0nwie 3. YYUTHIBa,
YTO OTCTOM CBIBOPOTKH B CMETaHE HE JOJIKECH
npeBbIaTte 3 %, BCe HCCIEAyeMbIe IPOIYKTHI
YJOBJIETBOPSIIOT 3TOMY IOKa3areyto. BHOCHUMBIM
B COCTaB CMETAaHHBIX MPOJIYKTOB CTa0WIIN3aTOP
CIOCOOCTBYET YIYUIICHUIO PEOJIOTHYECKUX TTOKa-
3aTeJIed MOCIEIHNX.

Tabnuma 3.
Bﬂaroy/:[epmHBanmaﬁ CII0OCOOHOCTH CMETAHbI
" CMCTAHHBIX ITPOAYKTOB
Table 3.
Water holding capacity of sour cream and sour
cream products

KonndecTBo BBIIEIUBIIENCS
Obpazen
Sample CbIBOpOTKPl, M1
The amount of released serum, ml
1 0,1
2 0,2
3 0,3

3akiIioueHne

[Tomy4yeHnsie cMeTaHHBIC MPOIYKTHI C DKC-
TpaKTaMH YalHBIX HAITUTKOB 00J1a1al0T BHICOKMMH
MOKa3aTeNIsIMU Ka4eCTBa, YIIyqIICHHBIMU PEOJIOTH-
YECKUMHU CBOHCTBAMH, PEKOMEHIOBAHBI K TIOTpebIIe-
HUIO B Iy KaK CaMOCTOSITENILHBIN MPOIYKT WU
peLeNTyPHBIA HHIPETUESHT IJIS BBHITIEYHBIX M3IEITHH.
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3a0os1eBaHUS NUIEBOr0 MPOUCXOKIEHN S, BbI3BAHHbIE TKAHEBBIMU
NApasUTHYECKUMHU MPOCTEHIITMMH
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AHHOTanusi. 300HO3HbIC WH(EKLUH, BBI3bIBAEMbIC BUAAMH Sarcocystis, W3BECTHbIE KaK CapKOLMCTO3 KHUILIEYHHKA, SBISFOTCS MPHUMEPOM
3a00JIeBaHMI MHIIEBOTO MTPOUCXOXKACHHS, BO3HUKAIOIINX [IPU yIIOTPEOJICHNH 3apakeHHOro Msica. B kayecTBe eTMHCTBEHHOTO BO3OYAMTENS
CapKOIMCTO3a KUILIEYHUKA YeNIOBeKa ObUTH 3apEeruCTPUPOBAHbI 300HO3HBIE TAPA3UTHI Sarcocystis, B 4aCTHOCTH, OOMTAIOIINE B MSICE KPYITHOTO
poraroro ckota u cBuHEil. CUMITOMaMU 3TOH MH(EKUUHU SBISIFOTCS TOLIHOTA, AUapesi, pBOTa M 0ONU B KHUBOTE. ['OBOPS O 300HO3HBIX
napasuTax, Hellb3sl HE YHNOMSHYTh O XM3HEHHOM LIMKJIE Mapa3uTa, O JKUBOTHBIX, BBICTYMAIOIIUX B POJIM €CTECTBEHHBIX IPOMEKYTOYHBIX
XO035€B, M O YEJIOBEKE, KOTOPBIN SIBJISCTCS €CTECTBCHHBIM OKOHYATEIBHBIM XO3SMHOM Mapasurta. YToObl 00e30macuTh noTpeduTeseil msca
KPYIIHOTO POraTtoro CKOTa M CBUHEIi, MPaBUTENbCTBO PyaH/pl, NeHCTBYs yepe3 YnpapieHHEe 10 MHCIEKIUH, KOHKYPEHIIUH H 3allUTe IpaB
notpeduteneit (RICA), 3anpernio npoaaxy Msca, KOTOpoe Mepe]] MPoAaxen He OXJIaKAAI0Ch B TeUCHHE HE MeHee 24 4acoB U HE JOCTHUIIIO
Temrmepatypbl oT 2 10 4°C, 4ToOBl NPEeNOTBPAaTHTh IEpeadyy 300HO3HBIX M TPAHCMHCCHBHBIX 3a0osieBaHuil. [lo JaHHBIM pa3iIHMYHBIX
JIUTEPATYPHBIX HCTOYHUKOB, KHU3HECTIOCOOHOCTh CapKOIMCT 300HO3HBIX KHMBOTHBIX COXPAHIETCS B 3TOM JMANa30HE TEMIIEpaTyp B TEUCHHE
24 qacoB. YUUThIBas, YTO PaCIPOCTPAHEHHOCTh KOKIIH/M03a cBUHEN B Pyanne cocraBmia 55,8%, K KOKIMIAUAM MOTYT OTHOCHUTBCS HE TOJIBKO
BU/IbI Sarcocystis. Y CTaHOBJICHHOE MTPAaBUIIO, BO3MOXHO, HE CIIOCOOCTBYET MPOGHIAKTHKE 3apayKeHHUs 300HO3HBIM Mapa3uToM Sarcocystis, HO
SIBJIACTCSl TPOPMIAKTUYECKAM PELICHHEM JUIsi MHOTHX JAPYrHX 300HO3HBIX Iapa3UTOB M IATOr€HOB. M3-3a OTCYTCTBHS OTYETOB 00
KCCIIEIOBAHMSIX 300HO3HOTO capKouucTuca B Pyanne, 3Hanus 06 3THX mapas3urtax B CTpaHe orpaHmveHbl. HeqocTatok uHGOpPMAIMHA MOXKET
00OBSCHHUTB, IOYEMY MEPbI MPO(PUITAKTHKH U KOHTPOJIS, IPUHUMAEMbIE 7151 00pHObI C 300HO3HBIMH TATOT€HHBIMUA HH(EKLUSIMHU, HE TTO3BOJISIOT
aJIeKBaTHO pelIaTh Mpo0iieMy 300HO3HBIX CapKoOUMCT. HecMoTpss Ha TO, YTO 3apaKeHHOCTh MAapasHTOM, IO WMEIOIIMMCS JIaHHBIM,
HE3HAYHUTENIbHA, OH MOXKET BBI3bIBATh CHIDKCHHUE JOCTYITHOCTH NPOJYKTOB IIUTAHHUS JUIS YEIOBEKa B CHCTEME ITPOM3BOACTBA MPOIOBOIBCTBUS
M3-3a2 CIIOCOOHOCTU 3a00JIeBaHMs MEPeaBaThCsl OT YEeNIOBEKa KPYIHOMY POraToMy CKOTY M CBMHHHE. MSICO 9THX >KMBOTHBIX B Pyanne
NPECTHKHO MOAACTCS B MHUILLY JIFOISM.

KiroueBble cj10Ba: aHTUMHUKPOOHAsT aKTHBHOCTh, IMHUINA M MapasuThl, KHUIICYHBIA CapKOIKMCTO3 4YeJIOBEeKa, IMPOCTEHIINE, 300HO3HAsS
[apa3uToJIOr s, 300HO3HBIC BBl CAPKOLIMCTHCOB.

Foodborne illnesses caused by tissue parasitic protozoa
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Abstract. Zoonotic infections caused by Sarcocystis species, known as intestinal sarcocystosis, are an example of foodborne illnesses that
occur due to the consumption of contaminated meat. Zoonotic Sarcocystis parasites, specifically those hosted in cattle and swine meat, have
been reported as the sole causative agents of human intestinal sarcocystosis. The infection’s symptoms include nausea, diarrhea, vomiting, and
abdominal pain. Talking about zoonotic parasites goes hand in hand with discussing the parasite life cycle, animals that act as natural
intermediate hosts, and humans who act as the natural definitive host for the parasite. To safeguard cattle and swine meat consumers, the
government of Rwanda, through the Rwanda Inspectorate, Competition, and Consumer Protection Authority (RICA), has banned the sale of
meat that has not been refrigerated for at least 24 hours and reached a temperature between 2°C and 4°C before sale in order to prevent the
transmission of zoonotic and transmissible diseases. Based on various literature reports, zoonotic sarcocyst viability remains intact in this range
of temperatures for a period of 24 hours. Given that the prevalence of swine coccidia in Rwanda was reported to be 55.8%, Coccidia may not
only include Sarcocystis species. The established rule may not be contributing to the prevention of zoonotic sarcocystis parasite infection but
it is a preventive solution for many other zoonotic parasites and pathogens. Due to the lack of research reports on zoonotic sarcocystis in
Rwanda, there is limited knowledge about these parasites in the country. This lack of information may explain why the prevention and control
measures taken to address zoonotic pathogen infection do not adequately address the issue of zoonotic sarcocysts. Though the parasite infection
was reported to be negligible, it may induce reduced human food availability in the food production system due to the ability of the disease to
be transmitted from humans to cattle and pork. These later animals' meat is prestigiously served as human food in Rwanda.

Keywords: antimicrobial activity, food and parasites, human intestinal sarcocystosis, protozoa, zoonotic parasitology, zoonotic sarcocystis species.

Introduction act as natural intermediate hosts, while carnivores

Since their initial description in 1843, over and omnivores act as natural definitive hosts.

200 species of Sarcocystis have been identified so far. Humans and reptiles are aberrant intermediate

Sarcocystis species organisms require two hosts hosts for S. nesbitti, which is responsible for mus-

(an intermediate host and a definitive host) cular Sarcocystosis in humans. S. nesbitti has its

to complete their life cycle. Apparently, herbivores definitive host in reptiles, especially snakes [4, 13].
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Six Sarcocystis species, including S. cruzi, S. hominis,
S. heydorni, S. bovifelis, S. hirsuta, and S. rommeli,
are specific to cattle and have bovines as their
intermediate hosts, with various definitive hosts.
All six of them are responsible for the disease
known as cattle sarcocystosis [10]. Two (S. hominis
and S. heydorni) [3] of the six have zoonotic poten-
tial, and they can infect humans [2, 15, 17, 19].
S. suihominis can also infect humans, but it is pri-
marily associated with pork [4]. Zoonoses are
known to cause severe, acute, or chronic infections
in humans. These infections may cause enteritis [14]
infection acquired by ingesting sarcocysts transmitted
by pork meat is more severe than the infection ac-
quired by ingesting sarcocysts from cattle meat [4].
These zoonotic Sarcocystis species infect humans
when diseased undercooked or raw Cattle or pork
meat are consumed by humans. Though many
other Sarcocystis species may infect humans but
only three species (S.hominis, S.heydorni, and
S.suihominis) are known to cause Intestinal Sarco-
cystosis which may cause enteritis in humans who
are natural definitive hosts for these parasites [14].
Diarrhea and abdominal pain were among con-
sistent symptoms of the infection [3]. Sexual stages
of the parasites which mate and produce oocyst in
human intestine, excrete these oocysts containing
sporocysts in human feces. Zoonotic Sarcocystis
species belong to the genus of Sarcocystis, and to
the sub-Kingdom of Protozoa. Sporocysts of S.sui-
hominis are larger in size compared to those of
S.hominis and S.heydorni [4]. The sporocysts of
these three species are morphologically identical,
they only differ in size and shape. Ingestion
of sporocysts of the above-mentioned three zoono-
tic sarcocystis species from feces-contaminated
feed, water, and the environment is the only route
to spreading the disease and keeps the parasites cir-
culating between humans and herbivorous animals
(cattle and pork). In Rwanda and Africa in general,
bovine meat and pork meat are served as prestig-
ious human foods. Rules and regulations require
the condemnation of infected parts of cattle or pig
meat. In Rwanda, swine coccidia contribute to in-
testinal sarcocystosis by about 55.8% [16].

Objective

This article provides a review of the status
and prevalence of cattle sarcocystis infection
in Africa and Europe and provides important infor-
mation associated with foodborne illnesses induced
by the consumption of contaminated cattle and
swine meat. It will also rely on the source to repro-
duce information on zoonotic infection prevention
and control in Rwanda and parasite infection
prevention and control measures in general.
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Material and methods

References that were used include interna-
tional English databases such as the National
Center for Biotechnology Information (NCBI),
Sciencedirect.com, Google Scholar, Web of Sci-
ences, Wiley, Elsevier, and FoodSafetyAfrica.net
(Source: https://www.foodsafetyafrica.net/rwanda-
moves-to-improve-meat-safety-bans-sale-of-unre-
frigerated-meat/).

Prevention and control

Anti-inflammatory drugs are currently avail-
able, which may help alleviate the symptoms of in-
testinal sarcocystosis. However, there is currently
no vaccine or confirmed effective antiparasitic
drug available. The most effective method for
preventing and controlling intestinal sarcocystosis
is to ensure that cattle or pork meat is cooked thor-
oughly for a minimum of 5 minutes at a temperature
of 100°C. This process will effectively eliminate
bradyzoites present in sarcocysts [14]. It is also
advisable for farmers to ensure that the feed and
water provided to cattle and pigs are free from
sporocysts. Boiling water above 70°C for at least
1 minute or freezing the feed at -20°C for less than
an hour will kill sporocysts [6, 14]. Feed can also
be subjected to a pH of 10.0 for 4 days, in addition
to being treated with salt for at least one day [6].
However, the parasite survived by being exposed
to temperatures between 0 and 4°C and acidic con-
ditions (pH 3.0 and 5.0) for more than 7 days while
still retaining the diarrhea toxin [6].

Rwanda has implemented a ban on the
sale of meat that has not been refrigerated for at
least 24 hours and does not reach a temperature
between 2 and 4°C prior to sale. This measure
aims to prevent the transmission of zoonotic and
transmissible diseases and protect consumer health
by reducing the risk of contracting foodborne
illnesses from meat. The ban is in accordance
with legislation issued in May 2022, which aims
to regulate meat enterprises in Rwanda (source:
https://www.foodsafetyafrica.net/rwanda-moves-to-
improve-meat-safety-bans-sale-of-unrefrigerated-
meat/). Infective sarcocysts of zoonotic Sarcocystis
species cause zoonotic Sarcocystis infection
in humans, known as human intestinal sarcocysto-
sis. These species include Sarcocystis hominis
and Sarcocystis heydorni, which naturally infect
cattle muscle tissues, and Sarcocystis suihominis,
which naturally infects swine muscle tissues.
According to a report by Honda and colleagues,
these parasites lose their viability when frozen
at -20°C for less than an hour.
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Figure 1. Rwandan cattle grazing in the pasture

Results and discussion

Zoonotic Sarcocystis species infection in hu-
man is caused by infective sarcocysts of zoonotic
sarcocystis species ingested when undercooked
infected bovine and swine meat muscle tissues are
consumed. The parasite do not involve multiplica-
tion, from each bradyzoite within a sarcocyst,
a male or a female stage are required for the devel-
opment of the parasite in the human intestine [4].
Zoonotic Sarcocystis species have been reported to
be food poisoning agent inducing gastro-intestinal
Symptoms within 24 hours including nausea, vom-
iting, abdominal pain, and diarrhea [6]. Though
Sarcocystis spp infection in human effect on public
health was reported negligible, but it is more severe
on vulnerable persons. The symptom severity
depends on the amount of sarcocystis species in-
gested [14]. Zoonotic Sarcocystis species circulate
between intermediate hosts and definitive hosts.
Asexual reproduction of the parasite occurs
in intermediate hosts whereas sexual reproduction
occurs in definitive host. Sarcocystis hominis
and S.heydorni are known to circulate between
Cattle and humans to complete their life-cycle
whereas S.suihominis is known to circulate between
swine and Humans.

Table 1.
Zoonotic sarcocystis species and their hosts

Species Intermediate host | Definitive host
S.hominis Cattle Human
S.heydorni Cattle Human
S.suihominis Pork Human

Spreading of Intestinal Sarcocystosis is mostly
promoted by those who have a habit of consuming
raw or undercooked meat and sometimes reside
where human feces contaminate pastures. Sporo-
cysts remain viable for many days in the pasture
due to the sarcocystis parasite adaptation to the
harsh environmental conditions. Once intermediate
hosts graze and acquire infections, the infection in
intermediate host induces abortion, weight loss,
even death which can reduce cattle or swine food
based in the food production system.

post@vestnik-vsuet.ru

Figure 2. Cattle meat before subjecting to 2—4°C

133

Figure 1 depicts the prevalence of sarcocys-
tosis in cattle, as documented by various authors
in their published scientific articles. In Egypt,
the reported prevalence of sarcocystosis in cattle
was 98.9% [9]. The reported prevalence of sarcocys-
tosis in cattle in Russia was 85% [8]. The reported
prevalence of sarcocystosis in cattle in Ethiopia was
82% [20]. The reported prevalence of sarcocystosis
in cattle in Italy was 78.1%. The reported preva-
lence of sarcocystosis in cattle in the Netherlands
was 76.9% [5]. The reported prevalence of sarcocysto-
sis in cattle in Tunisia was 70.6% [1]. he reported
prevalence of sarcocystosis in cattle in Germany
was 69.6% [12]. The reported prevalence of sarcocys-
tosis in cattle in Hungary was 66% [7]. The reported
prevalence of coccidia in Rwanda was 55.8% [16].
However, there is insufficient data to determine the
prevalence of sarcocystis infection in cattle in Rwanda.
Coccidia may not only include Sarcocystis species.
There have not been many reports on Sarcocystis
species in Rwanda so far. From the observation,
it is evident that intestinal sarcocystosis can also
affect developed countries. Cases of cattle sarco-
cystosis have been detected in those countries.
Thus, the spread of intestinal sarcocystosis could
have a significant impact on public health. It can
weaken the human immune system, cause discomfort,
and reduce food production.
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Figure 3. Prevalence of Cattle Sarcocystis infection
in selected African and European countries
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Figure 4. Phylogenetic tree for Sarcocystis hominis
identification

This tree was constructed based on 13 sequences
producing significant alignments.

Conclusion

According to the information reported in the
literature, the viability of zoonotic sarcocysts remains
intact when subjected to temperatures ranging from
0 to 4°C [6]. The Rwanda Inspectorate, Competition
and Consumer Protection Authority (RICA), which
is the nation's primary consumer rights watchdog,
advises maintaining frozen temperatures between
2 and 4°C. According to the literature, the rule
may reduce the risk of zoonotic diseases other than
intestinal sarcocystosis. Therefore, more specific
research on zoonotic Sarcocystis species in cattle
and swine is recommended.
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The Food and Agriculture Organization of
the United Nations (FAO) and the World Health
Organization (WHO) would not overlook human
intestinal sarcocystosis, as its impact is severe on
vulnerable individuals. Therefore, more studies are
needed to gain insight into the parasite and develop
more sophisticated systems to prevent and control
the spread of the infection. Though foodborne
iliness from meat prevention and control are taken
seriously in African countries, zoonotic sarcocystis
infection is neglected, and there is limited research
and reporting on this parasite in these countries.
Therefore, more specific research on zoonotic
sarcocysts is recommended.

Molecular methods are essential for detecting
and diagnosing zoonotic Sarcocystis species. Due
to cross-species transmission, the disease may de-
crease food availability in the food production system.
It can cause abortion in cattle and pigs, stunted
growth, weight loss, condemnation of infected meat
tissue upon slaughter, and even death. Molecular and
microscopic research methods should be implemented
in meat processing plants and slaughterhouses.
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HccienoBanue MacCKMPOBaHNs TOPHLKOI0 BKyca MpH pa3padoTke
(P)YHKIMOHAJBHBIX HAMMTKOB HA OCHOBE CeJATHBHOTO cOopa

Jlunus B. Bepketosa ' lidia.berketova@ya.ru “ 0000-0002-1798-6131

1 Poccwuiickuii sxoHOMHuYeckuii yausepcuteT nMeHu I.B. Tlnexanosa, CTpeMsiHHBIHN nepeyaok, a. 36, 117997, Mocksa, Poccust

AHnHOTanms. B craThe paccMOTpeHa BO3MOXKHOCTh MAaCKMPOBAHUsI FOPHKOT0 BKyca IpH pa3paboTKu (YHKIMOHATBHOI'O HAIIUTKA Ha OCHOBE
CeJaTHBHOro cOOpa U COKOB: BUHOTPATHOTO M BUIIIHEBOT'O, HCIIOIb3YEMbIX B KAUECTBE MACKUPYIOIIMX areHTOB. BbUTH IPOBEIeHbI CEHCOPHBIE
UcCcIeoBaHus 10 (HOPMUPOBAHUIO PELENTYPbl NPEAIOKSHHBIX HAMMTKOB. [Ipu mpoBeaeHUH HCCIeIoBaHUs PECIOHASHTaM IpeIaraioch
IIPOAHAIM3NPOBATh O0pa3lbl C BUIIHEBHIM M BHHOTPAJHBIM COKaMH 0Oe3 100aBleHHS caxapa C IOCIEOBATEIFHO YMEHBIIAONMIEHCS
KOHIIEHTpalMei cenatuBHoro cobopa ot 25 no 5%, 3areM o0pasubl ¢ 10OABICHUEM caxapa M OTBETHUTb Ha BOIPOC, NMPUCYTCTBYET JH
HETIPUATHBIA TOPhKUIT BKYC M TPaBsHOM apoMaT M Ha KakoM 00paslie IepecTaeT OIlyIaThCcs TOpbKuil BKyc. [lomyueHHbIe faHHbBIE TOKA3aIH,
4TO 100aBIEHHE caxapa B HAIUTKU U3MEHSET IIOPOTH BOCHPHATHS BKYCa B CTOPOHY YBEIMUYEHHs] KOHLEHTPALMK OTBapa CEaTUBHOIO cOopa.
Be3 nobasnenust caxapa roppKHil BKyC IepecTaeT OllymaThest Ipu 15% (QyHKIHOHANBHO# 100aBKH C UCIIONB30BAaHUEM BUHOTPAJIHOTO COKA H
mpu 20% ¢ ucnonp30BaHueM BUIIHEBOTo coka. C no0aBineHHeM caxapa TOpbKUil BKyC mepectaBai ourymarbes npu 20% (GyHKIHOHAIBHON
J100aBKH C BHHOTPAJHBIM COKOM M 25% - ¢ BHIIIHEBBIM COKOM. BBUIM MPOBEJCHBI HCCIICTOBAHUS 110 BBISBICHUIO aCCOLMATUBHOIO psijaa:
OTHOCHUTEJIBHO TOT0, ¢ KAKUM (hpyKTOM/SITOI0H acCOLMUPYETCsl apoMar HalUTKa B 1esioM. [Ipu aHanu3e moiny4eHHbIX pe3ybTaToB BBISIBICHO,
YTO PECIIOHJCHTHl TOYHO AaCCOLMUPOBAIM OOpa3lbl psiila C BHIIHEBBIM COKOM C BHUINHEBBIM apomartoM (88%), mpu ucrnoiab3oBaHHU
BHUHOTPaHOTO coka 31% pEecroHeHTOB aCCOLMMPOBAIN C apoOMaToM KIyOHHMKH U 25% c apoMaroM KIIOKBBL. B pesynbrare moBeneHHOTo
UCCIIEJOBAaHHSI MOXKHO C/IENIaTh BBIBOJ O TOM, YTO IPH pa3paboTKe PyHKIMOHAIFHOIO HAIMTKA, 000rallieHHOTO CeaTHBHBIM COOPOM MOXKHO
HCIIOJIb30BATh BUIIHEBBIH U BUHOTPAIHbIH COKH C KOHLEHTpanuel GpyHKIMOHAIBHOTO HHrpenueHTa 5 — 20% ¢ qUCKPEeTHOCThIO JOOaBIECHHS
5% B Ka)KZIOM BKYCOBOM JIHarla30He.

KaioueBble c10Ba: MacKMpOBaHKE, TOPBKUIT BKYC, (YHKIIMOHAIBHBII HAIIUTOK, CEATHUBHBIN COOp, COKH.

Investigation of bitter taste masking in the development of functional
beverages based on sedative collection

Lidia V. Berketova ! lidia.berketova@ya.ru 0000-0002-1798-6131

1 Plekhanov Russian University of Economics Stremyanny lane 36, Moscow, 117997, Russia

Abstract. The article considers the possibility of masking bitter taste in the development of a functional drink based on sedative collection and
juices: grape and cherry, used as masking agents. Sensory studies were conducted on the formulation of the proposed beverages. In the study,
respondents were asked to analyze samples with cherry and grape juices without added sugar with successively decreasing concentrations of
sedative levy from 25 to 5%, then samples with added sugar and answer the question whether an unpleasant bitter taste and herbal aroma were
present and at which sample the bitter taste ceased to be felt. The findings showed that the addition of sugar to the beverages altered the taste
perception thresholds in the direction of increasing the concentration of the sedative collection decoction. Without the addition of sugar, the
bitter taste ceases to be perceived at 15% of the functional additive using grape juice and at 20% using cherry juice. With the addition of sugar,
the bitter taste was no longer felt at 20% of the functional additive with grape juice and 25% with cherry juice. Studies were conducted to
identify the associative series: regarding with which fruit/berry the flavor of the beverage in general is associated. When analyzing the obtained
results it was revealed that respondents accurately associated the samples of the row with cherry juice with cherry aroma (88%), when using
grape juice 31% of respondents associated with strawberry aroma and 25% with cranberry aroma. As a result of the behavioral study it can be
concluded that when developing a functional drink enriched with sedative collection it is possible to use cherry and grape juices with the
concentration of functional ingredient 5 - 20% with the discretion of adding 5% in each flavor range

Keywords: masking, bitter taste, functional beverage, sedative collection, juices.

U3-32 CYIIECTBEHHOTO CHIDKCHUS BHUMaHHE |
paboTtocnocobHOCTH YenoBeKka. BpaueOnas craTu-
CTHKa CBUJIETEIILCTBYET, UTO 0K0.10 45% 63pocavix
modell  cmpaoaom Om  6CEGO3MOJICHLIX  pdc-
cmpoticms cha, a or 10 mo 23% uHyxagarTCs
B MEIMIIMHCKOM momornu [1].

PazButne (QyHKOMOHANBHBIX MPOAYKTOB
NHTaHMS, KaK aJIbTePHATHBA JIEKAPCTBEHHBIM ITpeTia-
param, mpruoOpeTaeT Bce OOJBIIYIO MOMYIISIPHOCTb.
Kak oTMeuanoch B paHHUX HCCIIEIOBaHUAX Oe3al-
KOTOJIbHBIE HAIIUTKH U COKH, 0OOTaIlleHHbIE MHUK-
POHYTPHEHTAaMH — BHTAMHUHAMH, MHHEPAIbHBIMU

BBenenue

B coBpemenHOoM 0O011ecTBE HapsAy C pa3BU-
THEM HAy4HO-TEXHHUYECKOTO Iporpecca, HHGOpMa-
IIMOHHBIX TEXHOJIIOTHHA U APYTHX OJar IMBHIIN3AINH,
Pa3BUBAIOTCS U pa3IU4HbIe 3200I€BaHMs, KOTOpPbIE
9TH «Onara UUBUIM3ALMNY TPUHOCAT YEIOBEUYECTBY.
OnHoll 13 OOIIEMHPOBBIX MPOOJIEM COBPEMEHHOCTH
SBJIIETCSl HApYIICHHs CHA, BBI3BaHHBIE pPa3JInd-
HBIMH TNPUYMHAMH, NPHUBOASIIME K CHIKEHHUIO
SMOLMOHAJIBHOTO YPOBHS KH3HH, K HECUACTHBIM
CITy4asiM, HEe TOJIBKO Ha MPOM3BOZCTBE, HO U B OBITY,
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BELIECTBAMH, IIPO- U IPEOUOTUKAMH, PACTUTEIIBHBIMU
IKCTPaKTaMH, TIperaparaMi Ha OCHOBE (heHOJBHBIX
COCZIMHEHUH U Ip., SIBJISIOTCS. OMHUMH M3 CaMbIX IH-
HaMHUYHO Pa3BHBAIOLIMXCS MPOIYKTOB B CETMEHTE
POCCHIICKOTO pBIHKAa HANUTKOB C 3aJaHHBIMU
cBoiictBamu [2, 3]. [ToaToMy B HacTosiliee Bpems
paccMaTpuBaeTcsi BO3MOXKHOCTh HCIIOJIb30BaHMS
Pas3In4HBIX HYTPULEBTUKOB C BBICOKUM COIEpXKa-
HueM Ownonorndeckn akTHBHBIX BemlecTB (BAB),
KOTOpble MOTYT OBITb NPUMEHEHBl B KadeCTBE
(YHKIMOHAIBHOTO MHI'PEANEHTA AJIsl HAIIUTKA.

HarypanbHbele (pyKTOBBIE COKH, Hapsamy
C KUCIIOMOJIOYHBIMH HalUTKaMH, MHHEPATbHBIMU
BOJAMM M HAIIUTKaM{ HA PAacTUTEIBHOM OCHOBE
CUUTAIOTCS OJHUMHU W3 TOJE3HBIX IJISi 3J0POBBS
HaIUTKOB, OJHAKO JIIOJH, 3a00TSILIMECS O CBOEM
3I0POBbE, XOTAT OousblIero. MapKeTHHTOBBIE
UCCIIEIOBAHUS [IOKA3aJIH, YTO MOTPEOUTENH Tpe-
MOYHTAIOT HOBBIE COYETaHUs OBOIIEH, PPYKTOB U
JIEKapCTBEHHBIX PACTEHUH C AOMOJHUTEIbHBIMU
HOJIE3HBIMH CBOiicTBaMu [4].

OnHoit u3 mpobiaemM npu pa3paboTke QyHK-
UOHAIBHBIX U CIIEIHATH3UPOBAHHBIX MPOIYKTOB
ABJISIETCSl MX CEHCOPHBIE CBOICTBA: OTMEUEHO, YTO
JAHHBIA CETMEHT MPOJYKIUH MOXKET UMETh BKYC,
3amax, (uerBOp, OTIWYHBIA OT CTaHOAPTHBIX
rmoKasaresieil. DToi TeMe yaemsieTcsl Bce Oobiiee
BHUMaHue [3]. PaspabareiBaroTcss — pa3nuuHbIe
BKYCOBbIE JI00aBKH IS MacKUPOBAHUS BKYCOB
HYKJICO3UJIOB, B YACTHOCTH YPHUIHHA, HUTUANHA U
WX MPOU3BOJHBIX. B KauecTBe MacKupyromero BKyca
areHTa NpeaIoyKeHbl KOMIIOHEHTBI U3 TPYIIIIBI MOH-
caxapu/IoB: TAIAKTOMAHHAHBI U3 CEMSTH MaKUTHHKA,
ryapoBas Kamenb, KaMellb Tapbl, KaMeIb IUIOJ0B
POXKOBOTO JiepeBa U KaMelb KACCHHU; Kapparu-
HaHa [5]. Pa3paboTaHbl KOMIO3UIMU Ul apoMa-
TU3AIMA HATHMTKOB, MO3BOJISIOIINX MAacCKUPOBATh
He MPHATHBIA BKyC W 3amax. Hampumep, npemiosxeHa
KOMITO3UIIHS, COJICpIKalias B CBOEM COCTaBe po3y,
JOyIIHIY OOBIYHYIO, JIAaBaHIWH, Man(eil MycKaTHbIH,
TOJIBIHB JIMMOHHY0, 9a0pel], ThICSUSTMCTHUK O0bIK-
HOBEHHBII1 [6]. B KauyecTBe MacKHpYIOIIEro arcHTa
UCIIOJIL3YETCSl KOMITO3UIIHS, COCTOSIIIAS U3 HEoTec-
NepuAnHa JUTHAPOXaIKOH M IHKJIOJICKCTPHHA,
KOTOpYIO JIOOABJISIOT K BEHICCTBY HMMEIOIINI
HENPHUATHBIA BKYC B KonuuecTBe, 3()(HEeKTHBHOM
JUIs MacKUpoBaHusi BKyca [7]. B KOHIHTEpCKHX
KOMITO3UIIMAX, KOTOpPBIE COJAEP)KAT BEIIECTBO
C TOPHKHM BKYCOM BHecsT BUTamuHa E kak 100aBKy,
YMEHBIIIAroIIeH TopbKHii BKyC [8].

Jnst OJIOKMpOBaHHS TOPEYH Ha BKYCOBBIX
peuenTtopax u / uix MaCKUPOBaHHs TOPHKOTO TPH-
BKyCa B IPOAYKTaX, MOTYT OBITh HCIIOJIb30BaHbI
WHTPEIUEHTHI, KOTOPbIe B3aUMOJICHCTBYIOT C peLel-
topamu ropeun (T2R wm TAS2R) s nmogasnenust
ropeud. TakuM coeITMHEHUEM MOXKET OBbITh aJJeHO-
suaMoHO(pochaTr (AMD), KOTOpHI BBOJIUTCS
B COCTaB MPOIyKTa Win HanuTKa [9].

137

post@vestnik-vsuet.ru

[IpensoxxeH HaMUTOK, COACPKAIIUNA B CBOEM
COCTaBE HEKAJIOPUMHBIH ITOACIACTUTEND HA OCHOBE
CTCBHUOITIMKO31 14, KOTOpBIﬁ HUMECT MCTATNIMYECKOC
MOCJIEBKYCHE, U aHUCOBYIO KHCIOTYy B KadeCTBE
areHTa Juisi MaCKUPOBaHUS JAHHOTO METAJUTHIECKOTO
MOCJIEBKYCHSI, KOTOPBIM BBI3BIBAETCS HEKATIOPUHHBIM
HO/ICIIACTUTENIEM Ha OCHOBE cTeBroriko3ua [10].

Pa3paboTan TpoAyKT THIA HAIMTKA, KOTOPHIA
COZIEPKUT CTEBUOIIIMKO3MI, BEIOPAHHBIA U3 TPYIIIHI
BEIIECTB, BKIIOYAIOIICH: pebayquo3un A, peday -
o3un B, pebaymnozun C, pebayanosun D, pedayawo-
3un E u cMmech MoOBIX U3 HUX U STOJHYIO IMyJIBITY
B KOJIMYECTBE, JIOCTATOYHOM JUII MACKHUPOBAHUS
W/WITH CBelIeHUS] HA HET W/WIN CMSTYeHUs W/uin
ociabJaeHusl TOPbKOTo/METaIIMYECKOro BKyca M
TOPBHKOro / METAJUTHYECKOTO MOCIEBKYCHUSI CTEBHO-
TTIHKO3Ua. VI3BECTHO, YTO BBIICTIEPEUHCIICHHBIE
BeIIIECTBA UMEIOT Pa3IMYHYI0 HHTEHCHBHOCTD B TOPb-
KOM U METAUIMYECKOM BKycax U HocieBkycun [11].

M3BecTeH npuMep UCIOIb30BAHUS YaiHOTO
OKCTpaKTa JJIsl OCIA0JCHUs] HENpUATHOTO BKyca
HEKJIOPUIHOT0 NozicIacTuTeNs. B kauecTBe YaHbIX
9KCTPAKTOB HCIOJNB3YIOTCS 3KCTPAKTHI YEPHOTO Yasi,
NoJTy(hepMEHTUPOBAHHOTO Yasi (YIIyHT'), 3eJICHOTO Yasi,
0eJ10ro Yasi, TpPaBsIHOTO Yasi M LUTPYCOBOro Yas [12].

Pa3paboTtan cmoco0 mepepaboTKu Jiekap-
CTBEHHBIX TPaB C TOPHKUM BKYCOM B KOMITO3HIIHIO
U3 JIEKApPCTBEHHBIX TPAB C MACKUPOBAHHOM rOpEYbLo,
obnajaromieil renaTonpoTeKTOPHBIMU  CBOMCTBAMH.
Kommosums BKirogaer cieyronme Tpasbl: Picrorhiza
kurroa, Andrographis paniculata, Phyllanthus
niruri, Eclipta alba, Solarium nigrum, Tinospora
cordifolia, Boerhaavia diffusa, Piper longum,
Zingiber officinale, Bacopa monneiri. B xauectse
AQHTHOKCHJAHTOB BHOCSTCS COCAMHEHHS W3 Npel-
JIO)KEHHOTO Psifia: METaOUCYIILPUT HATPUS, CYIbPUT
HaTpusl, ONCYIBGUT HATPUA, THOCYIb(hAT HATPHUSA,
acCKOpOMHOBAs KUCIIOTA M JIMMOHHAs Kucyiorta [13].

Hean padoTsl — HM3yuYCHUE BO3MOXKHOCTHU
MacKHpOBaHHUs TOPBKOTO BKYyCa, KOTOPBIM JaeT
CeaTUBHBIN cOOp MpH pa3padboTke (HyHKIIMOHAIb-
HBIX HAIUTKOB, COKAMH W3 SITOJ] M HATYypPaJIbHBIM
MOJICTIACTUTEIIEM Caxapo30ii; orpejeNeHne mopo-
roB MaCKUpPOBaHUA I'OPBKOIr'0 BKYCa U BBIABJICHHUC
NOTPEOUTENBECKUX MPEANOYTCHUH.

MarepuaJjbl 4 MeTObI

[Tpu npoBeseHNH HcCIeOBaHMS HCTIONB30-
BaJMCh METOJBl CEHCOPHOTO aHajh3a COTJIACHO
I'OCT 1SO 39722014 «OpraHonenTiHyeckuii aHau3.
Merononorusi. Meton uccleqOBaHUSI BKYCOBOM
gyBcTBUTENRHOCTIY, ' OCT 1SO 4121-2016 «Opra-
HOJIENITUYECKUN aHanu3. PykoBomsiuume ykasaHus
O MPUMEHEHUFO NIKAJT KOJITYECTBEHHBIX XapaKTepH-
ctux», [OCT SO 4121-2016 «OpraHonenTaaecKuii
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aHanm3. PykoBoasmume ykazaHus MO MPUMEHEHHIO
IIKaT KOJIMYEeCTBEHHBIX XapakTepuctik», [[OCT 1SO
6658-2016 «OpranonenTiuueckuii aHamm3. Meromo-
sorust. Ooriee pykopozcteoy, 'OCT 1SO 8587-2015
«Opra”onenTuyeckuii  aHanu3. MeToI0JIOTHS.
Pamxuposanne» u ['OCT ISO 11136-2017 «Me-
Tonosorusa. Ob1ee pyKOBOACTBO 10 MPOBEACHUIO
TeIOHNYECKUX UCIBITAHUHN NOTPEOUTENIIMU B KOH-
TPOJIUPYEMOH 30HEM.

B uccnenoanumn npuHsuim yvyactue 77 pe-
CIIOHJIEHTOB B Bo3pacte oT 20 o 23 ner.

[Nomy4eHHble pe3ysbTaThl YUUTHIBAINUCH NPH
COCTABJICHUH JETYCTALOHHOTO JIUCTA TI0 CIIEAYOIIIM
KaTeropusiM: JECKPUIITOPHl MACKUPOBKH JieKap-
CTBEHHOTO 3amaxa (CIaJKui 3amax; FOpbKuil 3amax;
KHCNBIA 3amax; (pPYKTOBBIA (STOJHBIN) 3amax;
JIEKapCTBEHHBIE TPABbI) M OLIEHKA TOTPEOUTEIBCKUX
HpPEANnoYTeHUH (0OUeHb HPABUTCS; HPABUTCS; €ILE;
HE HPaBUTCS; OUYeHb He HpaBuTCs). O1eHKa mpoBo-
OwiIaces mo OamwibHOM cucreMe M B% OT 4wmcia
OTIPOMICHHBIX MO TeAOHUCTUUECKON IIIKae.

Pe3yabTarhbl

Bbulo TpOBeNEHO HCCIICIOBAaHHE IO BO3-
MOXHOCTH MAaCKHPOBAaHHS TOPBKOIO BKyca MpH
pa3paboTke (YHKIMOHAIBHOTO HAIUTKa Ha OC-
HOBE cemaTHUBHBIX cOopoB Ne 2 m Ne 3 koMmaHWH
"®utoceman". OOpas3Ibl COKOCOAEPIKALINX IPO-
JIYKTOB Ha OCHOBE aIleJIbCHHOBOI'O U KITFOKBEHHOT'O
COKOB TOTOBWJIUCh C KOHIICHTpAIIUCH pacTUTENb-
HBIX 3KCcTpakToB OoT 10 10 50% ¢ AMCKPETHOCTHIO
nobaBieHns 5% B KakJOM BKYCOBOM JHaIia3oHe.
brui ipoBeieHb! pacyeThl COeAMHEHUS AaKTHBHBIX
BEIIECTB B (DYHKIIMOHAILHOM HAMUTKE MPH Pa3-
JIMYHBIX KOHIICHTPAIMSAX JI00ABICHHOIO 3KCTPAKTa.
[lokazaHo, YTO CyTOYHAsh HOpPMa COJAEPIKAHUS
JIEHCTBYIONINX BEIIECTB B OTBAape JOCTHUTAETCS
npu  62,5%-HOM COeAMHEHWH PaCTUTEIHHOTO
9KCTpaKTa B TOTOBOM HamuTke. OIHOBPEMEHHO
MPOBEJICHA OPTaHOJICTITUYECKAsT OIICHKA MOTPeOU-
TEIILCKUX CBOWCTB IKCIIEPUMEHTAIBHBIX 00pa3IoB.
Pe3ynbTaThl OIEHHBANNCH 110 HAIMYHUIO TOPEYH U
JIEKapCTBEHHOTO BKyca. VccreoBanus mokasai,
YTO IPH KOHIEHTPAIMK (DYHKIIMOHAIBHOTO HHIPE/IH-
enra ot 50% 1o 40% (c KIFOKBEeHHBIM coKOM) 1 35%
(C aneIbCHHOBBIM COKOM) BKYC OIEHHBACTCS Kak
TOPBKUIA; TIPU CHW)KEHHH KOHICHTPAIH (HYHKIHO-
HaJIBHBIX J00aBOK 1 TpaBsiHOTO cbopa ot 25% mo 15%
HAOJIFOIACTCSl YMEHBIIICHHE MHTCHCUBHOCTH TOPEYH,
a TPHU COCAMHCHUM (PYHKIIMOHAJIBLHOTO HMHIPEIH-
enta 10% ropbkuii BKyC He OmIyIIaeTcs BooOrie.
[pu onpeneneHuy MOTPEOUTETBCKHUX TPEIAIOYTSCHUI
PECTIOHACHTHI Jalli HanOoJiee IMOJIOKUTEIBHbIE
OIICHKA 00pa3laM HamuTKa C anelbCHHOBBIM
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COKOM ¢ KoHIeHTpanuel coopa 20, 15 u 10% u
KITIOKBEHHBIM COKOM C KOHIIEHTpanued coopa
15 u 10% [14-20].

[lpu aHaiM3e NOMYYCHHBIX PE3YJIbTATOB
MIEPBOTO MCCJICIOBAHUS MOXKHO CJIeTaTh BBIBOJ O
Heleaecoo0pasHOCTH BHECEHUS (PYHKIMOHATBEHON
JI00aBKH — CeJaTHBHOTO cOOpa — B KOJHYECTBE
Beitie 30%. [ToaToMy mpu maiapHEHIIEM HCCIeno-
BaHWH OBLTN BBIOpPAHBI KOHIICHTPAIMH (DYHKITHO-
HaJBHOTO WHTpeauenta — 5, 10, 15, 20 u 25% u
JIPyTHe COKOBBIC KOMIIOHCHTBHI: BHHOTPAIHBIN H
BUIIIHEBBII COKHU.

B nmaHHOM wucclieoBaHWM HM3ydalioch BOC-
MPHUSATHE TTOPOTOBBIX KOHIIEHTPALUH CeIaTHBHOIO
cOopa Kak B HamuTKax Oe3 J00aBJieHUs, TaK U
¢ mobapieHrneM caxapa. PecrionneHTaM mpejiara-
nock 20 oOpasmoB: mo 10 00pa3noB Kaxaoro
BKyca— 5 ¢ caxapoM u 5 0e3 caxapa. Bee uccienye-
MbI€ 00pa3Lbl KOJUPOBAIUCH TPEX3HAYHBIM KOJIOM.
Conepxanue (yHKIIMOHAILHOM JOOABKU U caxapa
MpHUBEIeHBI B Ta0uie 1.

Tabauna 1.
ConeprkaHue ceTaTHBHOTO cOopa U caxapa
B 00pa3max HaIUTKOB
Table 1.
Sedative levy and sugar content
in beverage samples

Konuenrparus KonuenTpanus caxapa
(bYHKIMOHATBEHOTO
B o0Opasiie HanmuTKa, %
Ob6pasen UHrpeaueHTa, % .
- Concentration
Sample Functional .
. - of sugar in the
ingredient beverage sample, %

concentration, % g ple, 7

Bunorpausiii cok | Grape juice
155 25 10
157 20 8
191 15 4
679 10 2
288 5 1

Bumaessiii cok | Cherry juice
650 25 10
307 20 8
129 15 4
372 10 2
875 5 1

Cuavaia peCIIOHACHTaM npeaiarajioCb

MpoaHaIM3UPOBaTh 00pasiibl 0e3 caxapa ¢ Mocie-
JIOBATEIbHO YMEHBIIAIOMICHCS KOHICHTPAIUCH
cempatuBHOTO cbopa ot 25 1o 5% c BUHOTpaTHBIM
M BHILNHEBLIM COKAMH COOTBETCTBEHHO, 3aTeM 00-
paslibl ¢ 100aBIEHHEM caxapa U OTBETUTh Ha BOIIPOC,
MPUCYTCTBYET JIM HEHPUATHBIA TOPHKHU BKYC U
TpaBsSHOW apoMarT M Ha KakoM HoMepe oOpasiia
nepecTaeT ONLyaThCs TOPbKHA BKyC. Pe3yabpraTsl
TIePBOT'O VICCIICIOBAHYS MPEICTABIICHBI B TAOIHIIE 2.
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Tabnuua 2.

OmnpeneneHne KOHIEHTPALUK HAMMUTKA PU KOTOPOIl OTCYTCTBYET FOPHKUII BKYC U TPaBsHON apoMat B o0pa3iax

Table 2.

Determination of beverage concentration at which there is no bitter taste and herbal flavor in samples

Be3 noGasnenus caxapa | No added sugar C no6asnenneM caxapa | With added sugar
K % oT o01ero uncia Konuenrparnus % oT ob11ero uncia
OHIICHTPAILIHS . N
OIPOIIEHHBIX, TOPHKHI (YHKIIMOHATIBHOTO OIPOIIEHHBIX, TOPHKHIA
Ob6pasen (byHKHHOHaHLHg/rO BKYC HE OIIyIIaeTCst OO0pazenr | mHTpenueHTa/ caxapa, % BKYC HE OIIyIIaeTCs
Sample g’;ﬁz?ﬂggi{)aﬁ of % of the total number of | Sample Concentration % of the total number
functional ingredient, % respondents, the bitter ~ of functional of respondents, the bitter
' taste is not felt ingredient/sugar, % taste is not felt
Bunorpaanslii cok | Grape juice Bunorpaanslii cok | Grape juice
558 25 - 155 25/10 4
756 20 - 157 20/8 17
942 15 25 191 15/4 32
916 10 33 679 10/2 22
109 5 42 288 5/1 25
Bumnessiii cok | Cherry juice Bumnessii cok | Cherry juice
158 25 - 650 25/10 10
761 20 12 307 20/8 15
991 15 19 129 15/4 30
320 10 26 372 10/2 21
542 5 43 875 5/1 24

Kak BUHO M3 NOJTyYEHHBIX JAHHBIX, T00aBIIe-
HIE caxapa B HAITUTKU WU3MEHSET TOPOTH BOCTIPUSTHS
BKyCa B CTOPOHY yBEINYEHUs KOHIIEHTPALUU OTBapa
cematrBHOTO cOopa. be3 mobapneHys caxapa TOPBKHi
BKYC IIepecTaeT OoIymarhest npu 15% ¢yHKIpoHab-
HOM MTOOaBKH TIPH HWCIIOJb30BaHUM BHUHOTPAJTHOTO
coka 1 ipu 20% ¢ UCIoNTb30BaHUEM BHUIITHEBOTO COKA.
C nmobaBieHneM caxapa TOpbKHH BKYC TepecTal
omymathes npu 20% ¢GyHKIMOHAIBLHOW 00aBKU
C BUHOTPAJTHBIM COKOM 1 25% — C BUIITHEBBIM COKOM.
OCHOBHOI BKYyC HaIlUTKa IOCJIEC WCUYC3HOBECHHS

HETIPUSITHOTO TOPHKOTO TPHBKYCa ObUT MPHU3HAH KaK
CITaJIKUHA TIPY UCTIONB30BAHNH ABYX BHJIOB COKA.

[lpu ompeneneHuu TOCTOPOHHETO JICKap-
CTBEHHOT0 apoMaTa B 00pasIax Takke Oblia HCIOJh-
30BaHa 10-Tu OayulbHas IIKaja WHTCHCUBHOCTHU
apomata. «0» COOTBETCTBOBAJN OTCYTCTBHIO IaH-
HOTO AeckpunTopa, «10» cOOTBETCTBOBAIO SIPKO
BEIP2XCHHOMY 3HAYEHHUIO JaHHOTO JECKPUIITOpA.
[pu ompeseneHM MaCKMPOBAHUS JICKAPCTBEHHOTO
apoMara ObUIA BBISBJICHBI CIIEAYIOIHE Pe3yJIbTaThl,
MpeJICTaBJICHHBIC B Ta0MIIE 3.

TabOnuua 3.

HccnenoBanue MacKHPOBaHUS JICKAPCTBEHHOTO apoMaTa (B 6auiax)

Table 3.

Study of masking of medicinal flavor (in points)

OpyKTOBBIIT (ITOTHBIH)

HeKapCTBeHHHe TpaBblL

O6pazen | Crankuii apomar | I'opbkuit apomar | Kucnblii apomar apomar apomar
Sample Sweet flavor Bitter flavor Sour flavor Fruity (berry) flavor Medicinal herbs flavor
Bunorpaamslii cok 6e3 nobasnenus caxapa | Grape juice without added sugar
558 1,8 7,0 4,5 1,0 6,4
756 2,6 6,6 3,0 2,1 57
942 3,7 5,6 4,8 2,3 4,0
916 49 4,1 33 4,9 35
109 4,7 2,7 3,5 6,0 1,8
BunHorpaaHslii cok ¢ mo6aBieHHBIM caxapoM | Grape juice with added sugar
155 2,8 6,4 3,0 3.2 59
157 3,1 4,0 3,6 4,1 51
191 4,2 3,5 4,8 4,8 4,0
679 4,8 2,8 51 4,8 3,2
288 6,6 1,0 5,0 54 3,6
Bumnesslii cok 6e3 nobasnenus caxapa | Cherry juice without added sugar
158 2,2 5,8 3,6 2,4 6,2
761 33 5,8 3,6 2,3 5,7
991 4,0 5,0 4,1 3,1 4,9
320 4,5 4,8 49 3.8 4,7
542 6,1 35 5,6 6,3 35
Buinnessiii cok ¢ qobasinennbM caxapoM | Cherry juice with added sugar
650 3,7 5,0 3,0 , 7,0
307 4,1 4,8 4,7 5,0 5,8
129 53 4,6 4,9 4,7 5,6
372 5,9 3,6 5,5 5,1 4,8
875 8,0 14 6,0 7,8 4,2
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Kak BupHO W3 TpencCTaBICHHBIX aHHBIX
HanboJjee ONTHUMAIBHBIM I10 COUYETAHUIO apOMAaTOB
aBIsitoTcss 00pa3ipl NeNe B nuHElKe ¢ BUHOTpa-
HBIM COKOM — Ne 916 u Ne 109 — Ge3 moOasieHUs
caxapa u Ne 679 u Ne 288 ¢ mobaBneHneM caxapa.
B nmHeiike 00pa3oB ¢ BUIIHEBBIM COKOM HamOoree
ONTUMAITBHBIM TI0 COYETaHHIO apOMaTOB OKAa3aJIvCh
o0pasubl Ne 320 1 542 — 6e3 nobaBneHus caxapa u
Ne 372 u 875 — ¢ nobaBneHreM caxapa.

Tarxoke ObUTH MPOBEIEHBI UCCIIEIOBAHUS T10
BBISIBIICHUIO aCCOIMATHBHOTO PSAJIa: OTHOCUTEIHHO
TOro, ¢ KakuM (PyKTOM/SITO0ON acCOLMUPYETCS
apoMar HamuTKa B LesoM. PecnonzmeHToM ObLI
NPENOCTaBIICH CIUCOK (PYKTOB U Arof. Pesymbrars
ompoca npuBeaeHb B TabmuIe Ne 4,

IIpyn aHanu3e mMONyYEHHBIX pPe3yIbTATOB
BUIHO, YTO PECIOHICHTH TOYHO aCCOLMUPOBAIU
00pa3upl psiAa ¢ BUIIHEBBIM COKOM C BHIIHEBBIM
apomaroM (88%), mpH UCTIONB30BaHUU BUHOTPAJI-
HOro coka 31% pecrnoHJeHTOB acCOLMUPOBAIN
¢ apoMaroM KiayOHHKH 1 25% ¢ apoMaTOM KITHOKBBIL

[Ipn uccnenoBaHnM MOTPEOUTENBCKUX TIPE-
MOYTEHUH PECHOHAEHTOM TaKKe MpelIarajoch
3allOJITHUTh AaHKETY paclpenenuB oO0pasUbl II0

post@uestnik-vsuet.ru

TeTOHNYECKON IIKalle «HPABUTCS — HE HPABUTCSI:
OYCHb HPABUTCS, HPABUTCS, BCE PABHO, HE HPABUTCH,
OueHb HE HpPaBUTCS. Pe3ynbTaThl HCCIIEIOBaHUS
MOTPEOUTENBCKUX TPEIANOYTCHUH TPECTaBICHBI
B TaOnume 5.

Tabauna 4.
Accornuanuu apoMara
Table 4.
Flavor associations

AcCOIMaTHUBHBIA apoMaT KonuuaectBo oTBeTOB, %
Associative flavor Number of answers, %
ApOMaT 06pa3u03 C BUHOT'paIHBIM COKOM
Flavor samples with grape juice

Jlecusie srogsl | Forest berries 12,5
Kiroxsa | Cranberry 25,0
Bpychuka | Lingonberries 6,0
Kny6uuka | Strawberries 31,0
Bunorpan | Grapes 12,5
Bunst | Cherry 7,0
Cwmopoauna | Currant 6,0

ApOMaT o6pa3u013 C BUIITHCBBIM COKOM
Flavor samples with cherry juice

UccnenoBanue moTpeOUTENBCKUX MPEATOYTEHUI

Jlecusie srogel | Forest berries 6,0
Bpycuuka | Lingonberries 6,0
Buiuns | Cherry 88,0
Tabnuna 5.
Table 5.

Consumer preference research

Ob6pa3zen OueHb HPaBUTCA Hpasurcs Bce paBHO He HpaButrcs OueHb HE HPaBUTCS
Sample Likeita lot Like it all the same Don't like it a lot Don't like it a lot Don't like it a lot
Bunorpaauslii cok 6e3 mobasienns caxapa | Grape juice without added sugar
558 - 4 14 39 43
756 7 14 14 51 14
942 11 14 36 35 4
916 18 36 25 21 -
109 32 40 21 7 -
Bunorpaaublii cok ¢ go6asaenHbiM caxapoM | Grape juice with added sugar

155 - 14 21 44 21
157 7 30 31 28 4
191 18 38 25 15 4
679 22 37 30 11

288 33 42 18 7 -

Bumnesslii cok 6e3 mobasnenus caxapa | Cherry juice without added sugar

158 - - 47 21
761 - 7 29 43 21
991 - 14 44 38 4
320 18 50 21 11

542 32 50 14 4

Bumnesslii cok ¢ n00asiaeHnsM caxapom | Cherry juice with added sugar

650 - - 40 39 21
307 - 18 29 39 14
129 11 29 32 28 -
372 21 36 36 7

875 39 43 11 7

Kaxk BUJHO U3 IMOJTYYCHHBIX aHATUTHYCCKUX 3akiIioueHne

JTAHHBIX, HAWOOJbIIIee IMPEANIOUTEHHE PECTIOHICHTHI
oTnam o0pasaM HamuTKa ¢ J00aBlieHHEM caxapa
Juisi 00pa3IloB C BHHOTpamHbiM cOkoM — Ne 191,
679, 288 u i 00pa3lOB C BUITHEBHIM COKOM —
Ne 372, 875; 6e3 nobaBieHus caxapa ¢ BUHOTPaJ-
HBEIM COKOM — Ne 916, 109, ¢ BUIIHEBBIM COKOM —
Ne 320 u 542.
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B pesynbrate npoBeeHHBIX HCCIICIOBAaHUI
OBLIa MpeayoXKeHa perenTypHas MOJAeIb COKOCO-
JIepIKaIlero CeJaTHBHOTO HamWTKa. B kauecTBe
HMCTOYHHMKA OWMOJOTHYECKH AaKTHUBHBIX BEIICCTB
MOKHO HCIIOJIb30BaTh COOPHI JICKAPCTBEHHBIX pac-
TEHUH, cofep)Kallue TpaBbl IyCTHIPHUKA, JBIHM,
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gabpena W IyIIWIBI, JUCThS MATH TEPEYHOM,
KOpPHHU BaJIepHaHbl W JIAKPUIIBI, MIUIIKHA XMEJs.
PesynpTaTel uccienoBaHUN TO3BOJISIIOT CHETIaTh
BBIBOJI O TOM, YTO TPHU Pa3pabOTKe (YHKIIMOHATb-
HOT'O HAITUTKAa, 00OTAIlEHHOI'O CeIAaTUBHBIM COOPOM
MOYKHO KCIIOJIb30BaTh BUIITHEBBIM U BUHOIPAJAHBIN
COKH C KOHIEHTpaIel (QyHKIIMOHATBHOTO HHTPE-
nmuenta 5-20% c muckpeTHOCTRIO AoOaBiIeHUI 5%

post@vestnik-vsuet.ru

B K&)XIOM BKYCOBOM JHiama3oHe. JIJisT BOCTIONMHEHUS
CyTO4YHOH HOpMBI ToTpedienus BAB HeoOxommumo
ynorpebuts 200 M HamWTKa C KOHICHTpAIUCH
25-30% axtuBHBIX Bemects B 100 MiI TOTOBOTO
Hanutka uwin 500 vt npu koHnentpamnuu 10-15%.
Jlanaple  (QYHKIMOHATBHBIE HAIUTKH COOTBET-
CTBYIOT TpeOOBaHMAM MOTpPeOUTENeH O CEHCOp-
HBIM TTOKa3aTelsIM.
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AHHOTanMs. [1J1 CHIXKEHUS 3HEPro3aTpar U MpOJOKUTENbHOCTH BBIMEUKH COMBHBIX 0€3APOAIKEBBIX XJI€000YTOUHBIX H3AETHH,
TIOBBIMICHNST MX KadecTBa, aKTyalbHBIM SBISIETCS NpUMEHEHHE 3(Q(EKTUBHBIX HCTOYHUKOB ITOJBOJA JIHEPIHMH K TECTOBBIM
3arotoBkaM. [ paBHOMEpHOTO IPOrpeBa TECTOBBIX 3arOTOBOK IO BCeMy 00beMy HauOOJBLIMH HWHTEpEC MPEACTaBISCT HX
CBEPXBBICOKOTACTOTHBIM HarpeB MPHU BBIIIEUKE, YTO MO3BOJSAET MOBBICUTh 3KOHOMUIHOCTH MPOHU3BOACTBa. OJHUM N3 M3BECTHEIX
METOJI0B M3YUEHHS MpOIiecca BHIIIEUYKH COMBHOTO 0€3ApOXKIKEBOT0 GECKOPKOBOTO XJeba ObUT BEIOpaH METOJ MaTeMaTHIeCKOTO
MOJEIUPOBaHUs, OCHOBAaHHBIM Ha opManu3anuu MaTemaTudeckoit moaenu. [InanupoBaHue sKCriepuMeHTa SBIIETCS Hanbosee
5(¢(peKTUBHBIM B MOJIY4YeHHH MakcuMyMma uHQopMamuun o0 o00beKkTe MOISNIHPOBaHUS IIPH MHHHMAaJIbHOM oObeMe
SKCIIEpUMEHTANbHBIX HCCIeAOBaHUN. B naHHON paboTe paccMOTpeHO MOIEIHUPOBaHHE M ONTHUMH3ALUsA TEXHOJIOTHYECKUX
napametpoB CBU-Bbimeukn cOMBHOTO 0€31p0oXiKeBOro OECKOpKOBOro xieba ¢ TNPUMEHEHHEM SKCIePHMEHTAIBHO-
CTaTHCTUYECKUX METONOB. B kauecTBe OCHOBHBIX (haKTOPOB BBIOpAHBI Macca TECTOBOW 3aroTOBKH M MoIHOCTH CBY-BBIEeuky.
BhIxogHBIMH MapaMeTpaMu SBISUTUCH MPOJOIKUTENBFHOCTh BBIIIEUKH [0 TOTOBHOCTH, YIEK M BbIcOTa xjaeba. Ilo pesynbraram
LEHTPATBHOTO KOMIIO3UIIMOHHOTO POTaTabeNbHOTO INITAHUPOBAHUS HKCIEPHUMEHTa ITOCTPOCHBI MaTeMaTHIeCKHEe MOJENIN B BHAE
PErpecCHOHHBIX YPaBHEHHUH, a/IeKBaTHO OMHCHIBAIOIINE UCCIIeayeMble porecchl. CTaTucTHyeckas 00paboTKa 3KCIepUMEHTATbHBIX
JaHHBIX BbIMONHEHa 1Mo KpurepusiMm CrerosieHta, Koxpena m ®umepa (mpu moBepurenbHOM BepostHoct 0,95). IlpuBeneHa
MaTeMaTH4ecKas HWHTEpIpeTalusl perpecCHOHHBIX ypaBHeHWil. OnrtuMuzanuio mnapamerpoB CBU-Beimeukn CcOMBHBIX
0e3IpOXOKEBBIX XJICOOOYJIOUHBIX HM3ACIMH TNPOBOAMIM METOJOM HEONpeIeeHHbIX MHOXuTenel Jlarpamka. OmnpeneneHsl
ONITHMAaJIbHBIC 3HAYEHNSI OCHOBHBIX (JaKTOPOB AKCIIEPUMEHTA: Macca TECTOBOM 3arotoBku — 465 r; Mmomuocts CBU-BEImeukn — 865
Bt, - uro obecrneunBaeT HanMeHbINI ynek xieba — 1,2 % M MakcHMMalbHYIO BBICOTY XJieba — 78,5 MM NIpH MHUHHMAalIbHOI
MPOJOIDKUTEILHOCTH BBIIEUKH XJeba — 3,4 MUH.

KnroueBble cioBa: cOMBHON 0e3poxoKeBOH OECKOPKOBBIN XJie0, BBINEUKA, IUNIAHUPOBAHHE JKCIIEPUMEHTA, ONTUMM3AIMNSA, METOX
HEOTIpeIeIeHHbIX MHOXUTENeH Jlarpanxka.
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Abstract. In order to reduce energy consumption and baking time of churned yeast-free bakery products, to improve their quality, it is relevant
to use effective sources of energy supply to test blanks. For uniform heating of test blanks throughout the entire volume, their ultra-high-
frequency heating during baking is of the greatest interest, which makes it possible to increase the efficiency of production. One of the well-
known methods of studying the baking process of whipped, yeast-free, unskilled bread was the method of mathematical modeling based on
the formalization of a mathematical model. Experiment planning is the most effective in obtaining maximum information about the modeling
object with a minimum amount of experimental research. In this paper, the modeling and optimization of the technological parameters of
microwave baking of whipped yeast-free bread with the use of experimental statistical methods is considered. The mass of the dough piece
and the power of microwave baking were chosen as the main factors. The output parameters were the duration of baking until ready, the
package and the height of the bread. Based on the results of the central compositional rotatable planning of the experiment, mathematical
models in the form of regression equations are constructed that adequately describe the processes under study. Statistical processing of
experimental data was performed according to the criteria of Student, Kohren and Fisher (with a confidence probability of 0.95). The
mathematical interpretation of regression equations is given. Optimization of the parameters of microwave baking of churned yeast-free bakery
products was carried out by the method of indeterminate Lagrange multipliers. The optimal values of the main factors of the experiment were
determined: the mass of the test piece — 465 g; the power of microwave baking - 865 W, which ensures the smallest bread roll — 1.2% and the
maximum bread height - 78.5 mm with a minimum duration of baking bread — 3.4 min.

Keywords: churned yeast-free bread, baking, experiment planning, optimization, the method of indefinite Lagrange multipliers.

BBenenue MHUKpPOOHOIOTHYECKHE, OMOXUMHYECKHE U KOJUTOH/I-
B  Hacrosmee BpeMs IPHOPHTETHBIM HbIE MPOIECCHI, B OCHOBE KOTOPBIX JIEXKAT ¢buznye-
HAaIlpaBJIeHUEM TEeXHHUYECKOH MOJIMTHKH arpompo- CKHC ABICHHA — IIPOTPEBAHME TCCTOBOH 3arOTOBKH,
MBIIUIEHHOTO KOMILIEKCa SBJseTCA pa3paboTKa BH§FOO6M6H MEKIY TECTOM 1 IapOBO3JYIIHON Cpe-
CHCTEMBI TEPCIEKTUBHBIX MEp IO HACHIIIEHUIO A10H IICKApHOU KAMEpPBI, BHYTPCHHUU TCILIOMACCO-
BBICOKOKa4YECTBEHHOM MPOIYKIMEH B HU3KOM LIEHOBOM 00MeH Meskly MKHLIEM 1 KopKoii xneba [4]. 5
cerMenTe U 3G GeKTUBHOMN TeXHUKOHW. C 3TOH IETBI0 BBuy paBHOMEPHOCTH MPOrpeBa TECTOBOH
HEOO0XO0AMMO pa3pabaThiBaTh U BHEAPSATH HHHOBA- 3aTOTOBKU 110 BCEMY OOBEMY M OKOHOMHYHOCTH
IIUOHHBIE TEXHOJIOTUH U TEXHOJIOTUUECKoe 000py- JIaHHOTO MPOLECCa, MPH BBITEUKE COMBHOTO OE3POXK-
JOBaHHME JUISL BBITYCKA XJI€000YIOUHBIX M3NEIHii JKEBOr0 OECKOPKOBOTO XJieba HAHOOJBIIMN HHTEPEC
TIOBBIICHHOM MUINEBOI [IEHHOCTH U HU3KOH cebe- IPE/ICTABILSIET CBEPXBBICOKOYACTOTHBIH Harpes [5].
CTOMMOCTH. 7l BHEAPEHHUS yCKOpPEHHOH Oe3n- OnHuM W3 METONOB H3YHCHHs Ipoecca
POYNOKEBOIl TEXHOIOTUH XJ1€600YIOUHBIX H3NEIHii BBITICUKH XJ1e0a ABISIETCS METO MATEMAaTHYECKOTO
HauboJIee MPOOJIESMHOMN SBJISICTCS CTaIUs BBINICYKU MOAC/MPOBAHHKA, OCHOBHBIM  STAallOM = KOTOpOTo
C IO3UIMK BHICOKUX 3Heprosarpar [1]. ABJISICTCS (hOpMaIM3alis MaTeMaTHUECKOH MOJICIH.
AKTyanlbHBIM  SIBIISIETCS TIPHMEHEHHE 13- B nacrosmee Bpems cpopMupoBatHCh 1Ba noa-
(DeKTUBHBIX HCTOUHUKOB MOBOJA SHEPIUU K Te- X0J[a K TOCTPOCHHI0 MaTeMaTHYECKHX Mojeien
CTOBBIM 3arOTOBKaM AJISl CHIDKEHHSI SHEPro3arpar Tpomecca BhIICHKH [6].
U TPOJOJKUTEIIPHOCTH, TOBBIIICHUS KadecTBa ITepBbIii MOAXOM 3aKITFOYACTCS B MOCTPOCHUU
B TpOLEcCe BBHIMEUYKH COMBHBIX O€30pOKKEBBIX AETEPMUHUPOBAHHOU MOJIC/IH BBINICUKH HA OCHOBE
XI1e600YIOUHBIX H3IEIHiA. (byHIaMEHTaIBbHBIX TEOPETUYECKHIX 3aKOHOB TEIIO U
CyIIeCTBYIOT pa3IndHble MEXaHU3MBI MOJI- MaccooOMeHa B COMNPSDKEHHOW mocTtaHoBke. [lpu
BO/JIa WJIM TEHEPALIMU TEILIA, BBI3bIBAIOIIETO MHTEH- 3TOM MOTYT OBITH y4TeHbI (Da30BBIA TEpexon,
CUBHBII HArpeB BBIIEKAEMOM TECTOBOW 3arOTOBKHU: MEXaHH3MBbI KaIHJLIPHOMN, MOJICKYIAPHOIT TH(dy3ui,
CIoCco0BI (paanalnOHHO-KOHBEKTUBHEIE), TIPH KO- Tepmoanddy3un, MHOTOpa3HOEe TEYEHUE B MOPH-
TOPBIX TEIJIO K BBINEKAEMON TECTOBOW 3aroTOBKE CTOH cpesie (Boaa, map, yriekucnsii ras) [7-11].
TIOAIBOJIUTCS M3 BHE; CIOCOOBI (3IEKTPOKOHTAKTHBII; B psine ciayyaeB B MATeMAaTHIECKUX MOZACTSX YUH-
B DJIEKTPUYECKOM I10JI€ BBICOKOU U CBEPXBBICOKOMI THIBACTCS [IaBICHHC B Ta30BOM (ase M peororus
94acTOTHI; HHPPAKPACHOTO HATPEBA), IPH KOTOPHIX MAKHOI, M3MCHCHHC ICOMCTPHYCCKUX DPasMEpOB
TEIJIO BBIIEISIETCS. B MAacCe POrpeEBaEMOI TECTOBOU 3aroTOBKH B XOJC BBINCYKH, IBCT KOPKH, MOPH-
3aroToBkH [2, 3]; cnocoObl ¢ KOMOMHHUPOBAHHBIM CTOCTb 3arOTOBKH M Jpyrue napamerpsl [10-12].
HpPOrpeBOM (BBICOKOYACTOTHBINM ¢ HH(PPAKPACHBIM; Bropoit moaxom — 3KcnepuMEHTAIbHO-
B 3JIEKTPUYECKOM IMOJIE TOKOB BBICOKOW YacCTOTHI CTaTHCTHYECKHUH, UCTIONB3YFOIIMI KOHIICTIIUIO «4Ep-
¢ nH(ppakpacHbIM; HHOPAKPACHBIHA C IJIEKTPOKOH- HBIA AIMK» M HEe TpeOyromuil popManbHOro onu-
TaKTHBIM; HHPPAKPACHBIN C YIILTPA3BYKOM). CaHMs 3aKOHOMEPHOCTEH MPOTEKaHHs pealIbHBIX MPO-
[lpy npuMeHEeHHH WHTEHCHBHBIX (HU3UYe- LECCOB IIpY BbIEUke. Maremarnueckas MOZEINb
CKHX CIIOCOOOB MMOJBOJA TEIUIa K TECTOBBIM 3aro- B 9TOM CJIy4ae UMEET BUJ| PerPECCHOHHBIX 3aBUCUMO-
TOBKaM HEOOXOJWMO YYHTBHIBATh (POPMHUPOBAHHE CTeH, MONYYEHHBIX B pE3yJIbTare CTATUCTHYECKOM
BBICOKOT'O KauecTBa COMBHBIX O€3pOKKEBBIX 00pabOTKH IKCTIEPUMEHTATBHBIX JAHHBIX TACCUBHBIX
xJ1e000yIouHbIX K3aenui. Beimeuka sBiaseTcs WIN aKTHBHBIX 3KCIIEPUMEHTOB.
3aKIIFOUUTENBFHOM CTaauell MPUroTOBJICHUS XJeha, B n1abopaTopHOii mpakTHKe IpH UCCIEA0BAaHUH
B XOZE KOTOPOH OKOHYaTenbHO (opmupyercs TEXHOJIOTMYECKHX MPOLIECCOB MUIIEBBIX MPOH3BOJICTB
ero KkadecTBO. B mpoiiecce BBIICYKH BHYTPH Haubosee A(P(PEKTUBHBIMU SIBISIOTCS AKTUBHBIC
TECTOBOM 3arOTOBKH OJHOBPEMEHHO MPOTEKAIOT 9KCHEPUMEHTHI (IUIAHUPOBAHUE OSKCIEPUMEHTA),
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OCHOBHO# IIEJIbI0 KOTOPBIX SIBJISETCS MOJTy4CHHE
MakcuMyma uHpopMmaruu 00 00beKTe MOIEITHPO-
BaHMS NPH MHHUMAIBHOM OOBEME SKCIepHMEH-
TaJIbHBIX HccnenoBanuii [13].

[To pesynbTaTaM IUIQHHUPOBAHHS OKCIEPH-
MEHTa MaTeMaTH4ecKas MOJENb H3y4aeMOro Mpo-
1iecca MMeeT BUJI OJIMHOMA BTOpoii crernienn [13, 14]

y=b, +zn:bixi +zn:b“xf + Zn:bijxixj (D
i=1 i=1 i.j=1
i#]

rae Y — NpeacKa3aHHOE 3HAYEHHME BBIXOJHOTO
by —
perpeccronHble KOO(pGUIMEHTsI; X, — KOIMPOBaH-

HbIe 3Ha4YeHUsI (PAKTOPOB; I, ] — MHIEKCHI (HaKTOPOB;
N — 9ncio GakTopos.

napamerpa (pymxuus orkiuka); by, by, by,

post@vestnik-vsuet.ru

ean padoThl — HCCIEI0BAHUE B3aUMOICH-
CTBUSL OCHOBHBIX TEXHOJIOTUYECKHX (PaKTOPOB,
BIusrOIKUX Ha nporiecc CBY-Bhinmeuku COMBHOTO
0e31pOsOKEBOr0 OECKOPKOBOIo XJieba, MaTeMaTuye-
CKUMH METOJaMH IDUIaHHPOBAHUS OSKCIEPHMEHTa,
U TOUCK ONTHUMAIBHBIX IapaMeTpoB IIpoliecca
CBUY-BbInIeYKH.

PesyabTathl

B KauecTBe OCHOBHBIX (DaKTOPOB, BIHSFOIINX
Ha nporiecc CBY-BrIneukn cOMBHOTO Oe31posKoKe-
BOTO O€cKOpKOBOro xyeba, ObUIM BBIOpaHBI:
X1 — Macca TeCTOBOH 3arOTOBKH, T; X2 — MOIITHOCTb
CBUY-Beineukw, Bt (Tabnuia 1).

Tabanuna 1.

XapakTepUCTUKY TNTAHUPOBAHHS

Table 1.

Planning characteristics

3nauenus daxropos | Values of factors

. .- Macca TecToBoit MoruHocTh
VYcnosust manuposanus | Planning conditions
3arOTOBKH X1, T CBUY-BrInieuku x2, Bt
The mass of the test piece x1, g| Microwave baking power x2, W
OcHoBHo#i yposensb (0) | Main level (0) 350 700
HMurepsan BappupoBanus | Variation interval 100 200
Bepxuuii yposens (+1) | Upper level (+1) 450 900
Hwxauit yposens (-1) | Lower level (-1) 250 500
Bepxnsis «3Be3nHas» Touka (+1,41) | The upper "star" point (+1.41) 491 982
HwxHsis «3Be3aHas» Touka (-1,41) | The lower "star” point (-1.41) 209 418

Bce 3tu akTOpsl COBMECTHMBI U HEKOppe-
JUPOBAHHBI MEXAy coOoi. BriOop wuHTEpBanoB
u3MeHeHUsT (PaKTOpPOB OOYCJIOBICH TEXHOJIOTHYEC-
CKHMH yCIIOBHSIMH TIPOU3BOJICTBA COMBHOTO XJiea.
Momnocte CBY Menee 400 Bt He o0ecnieunBaeT
MPOTPEB M BBINICUKY XJieOa, TaK KaK TeMIieparypa
B IIEHTPE MSKHUIIA HE JOCTHTAeT TEMIIepaTyphl
98+1 °C. IIpu 3TOoM BBIOOP Macchl TECTOBO 3aro-
TOBKH OOOCHOBaH M3BECTHBIM pa3BecoM XJieha.

B xauecTBe BBIXOIHBIX TapaMETPOB UCIIOIb-
30BaJd: Y1 — IPOAOIKUTEILHOCTD BEITICUKH XJieha
JI0 €ero TOTOBHOCTH, MUH; Y — ymek xieoba, %0,
Y3 — I3MEHEHHE BBICOTHI XJIe0a ITOCTIC BBITCYKH, MM.

Bribop maHHBIX mapamMeTpoB 00OCHOBaH
TEM, YTO TOTOBHOCTb XJIe0a CYIST 0 IOCTUKCHUIO
TeMIepaTypsl B IieHTpe Msakuma — 98+1 °C, BeIxoz
xyieba CyIsT 1O €ro YIeKy, IMOPHCTOCTh Xiieha
OLICHMBAIOT I1I0 M3MCHEHMIO BBICOTHI TECTOBOMU
3arOTOBKH B IIPOIIECCE BHITICUKH H3ICIH.

MogpempoBanre ¥ ONTUMU3AINIO TTAPaMETPOB
CBY-BbIN€YKH MOPOBOAUIN HKCIEPUMEHTAIBHO-
CTaTHCTHYECKMMH METOIAMH B HECKOJTHKO 3TaroB [16].
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Ilepswiti 5man 3akinoyaics B MOCTPOSHHUH
MaTeMaTHYECKHX MOJIeNIeH, aJleKBaTHO OMMCHIBAIOLX
3aBUCHMOCTH BBIOPAHHBIX BBIXOJHBIX TApaMETPOB
oT m3y4aeMbiX (GakTopoB. C LENbI0 COKpaIIeHus
MPOAOJKUTENIEHOCTH IKCTIEPUMEHTAIIBHBIX HCCITe-
JIOBAaHUW W CHUKCHHUS 3aTPaT HA UX PCaIU3AIUI0
OBUI BBITIOJTHEH TOJIHBIH (PaKTOPHBIN SKCIIEPUMEHT
(TI®D) Tuma 2° B COOTBETCTBMM C MaTpHIEit
TuTaHupoBaHus (Tabmuina 2, onbITel 1—4). OnbITH
MPOBOAWIM B JIBYX KpPaTHOW MOBTOPHOCTH, JJIst
OILIGHKH BOCIIPOM3BOJMMOCTH OIBITOB B IIEHTpE
TuIaHa OBUTH pean30BaHbl 5 MapajielbHbIX OIbl-
ToB (Tabmuma 2, ombITel 9—13). Umciao ombITOB
B LEHTPE IJIaHA BBIOpAIU C YYETOM BO3MOXKHOTO
B JIJIbHEHIIIEM Tlepexo/ia K IIAHUPOBAHUIO BTOPOTO
nopsiika. J1Jist NCKITFoUeHUsI BIUSHUS. HEKOHTPOIHPY-
eMBIX TapaMeTpOB Ha Pe3YJbTAaThl AKCIIEPUMEHTA
MOPSIIOK OTBITOB PaHIOMU3UPOBAH ITOCPEIICTBOM
TaOJIMIBI CTy4YalHbIX uncen. B tabmuua 2 mpen-
CTaBJIEHBl CpeqHHE apu(MeTHdecKkne 3HAYCHUS
(GYHKIMA OTKJIMKA IO pe3ylibTaTaM JBYX Mapai-
JICNTEHBIX OIBITOB.
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Tabnuma 2.
Marpuna miaHupoBaHUs U pe3yiabTaThl IKCIIEPUMEHTA
Table 2.
Planning matrix and experiment results
KOI[I/IpOBaHHLIe 3HAYCHUA HaTypaJ'ILHLIe 3HAa4YCHHA (I)yHKL[I/ISI OTKJIMKa
OnbiT Coded values Natural values Response function
Experiment X1, T x2, BT Y1, MHH | Y2, % | Y3, MM
X1 X2 .
x1, 0 x2, W y1, min | y2, % | y3, mm
1 -1 -1 250 500 4,6 2,2 51,0
2 +1 -1 450 500 5,2 2,1 79,2
3 -1 +1 250 900 2,7 6,0 51,0
4 +1 +1 450 900 3,5 15 77,2
5 -141 0 209 700 3,0 5,15 53,4
6 +1,41 0 491 700 4,0 1,62 82,0
7 -141 0 350 418 6,2 1,42 63,5
8 0 -1,414 350 982 2,7 2,9 61,8
9 0 +1,41 350 700 4,0 1,95 63,5
10 0 0 350 700 41 2,31 63,0
11 0 0 350 700 3,8 2,0 63,8
12 0 0 350 700 3,9 2,1 62,9
13 0 0 350 700 4,0 2,0 63,1

[nan TI®D tuma 2° maeT BO3MOKHOCTD
paccuMTaTh OILIEHKY YeThIPEX perpecCHOHHBIX
ko3 dunreHToB ypaBHeHHS (1) ¥ TOCTPOUTH ypaB-
HeHHe TepBoro mopsaka. Kak wmssectno [14, 16],
CBOOOIHBIN uiieH Dy ypaBHEHUS perpeccuu sBIisi-
€TCs OLEHKON BBIXOJla MPOLECCa B LIEHTPAJIBHOU
TOYKE JKCIIEpUMEHTa, KOTopas CMeIlaHa C CyM-
MapHO# OIIeHKOW KBaJpaTHIHBIX 3(p(eKToB Bcex
¢dakropoB. Ecnu kBanmparnunsie 3pQexTsr OyayT
3HaYUMBI, TO W TPOTHO3HPYEMBIE pE3yJIbTAThI
OMBITOB B IIGHTPE IJIaHa 3KCIEpPUMEHTa OYyIyT
3HAYMMO OTJIUYATHCS OT MX IKCIIEPUMEHTATBHBIX
3HaueHui. llapaienbHble ONBITHI B LIEHTPE
TUTaHA JKCIIEPUMEHTA IMO3BOJISIOT, HE MPHUCTYIas
Jaxe K pacuety Bcex (kpome bo) oreHOK K03 du-
[UEHTOB YpaBHEHHSA, CYIUTh O BO3MOXKHOCTHU
OMMCaHUs U3yYaeMbIX 3aBUCHMOCTEH ypaBHEHHEM
MepBOro NopsaKa 6e3 BKIIOUEHHs B HErO KBajpa-
TUYHBIX YJICHOB.

Pacuersl  mokazamy, 9YTO  ypaBHEHHS
perpeccuu, MOJdy4yeHHble MO pe3ynbratam [P,
JTAIOT HEYJOBIETBOPUTEIFHOEC MAaTEMaTHYECKOE
ONMCaHue U HEOOXOAMMO MEPEeUTH K IUIaHUPOBa-
HUIO BTOPOTO TMOpSAKA, YTO IO3BOJSET YYeCTh
B PErPECCHOHHBIX YPaBHEHHSX OLECHKH KBaJpa-
TUYHBIX 3 (HEeKTOB PaKTOPOB.

J1J1s1 3TOTO B UCXOJHYIO MaTPHILy TUIAHHPOBA-
HUsI OBLTH BKITIOYEHBI OTTBITHI B «3BE3HBIX)» TOYKAX
(Tabmuma 2, ombITel 5—8). BHIOOp BEMYHHBI «3BE3I-
Horo» tureda + 1,41 06ycinoBieH HEOOXOIUMOCTHIO
nmonmydeHus  yHUQOpM-poTaTabenpbHOTO IIJIaHa,
o0ecreunBaronIero NoTy4eHHsl OIMHAKOBOH BENH-
YMHBl JAMCHEPCHM TpeACKazaHus Uil 000N
TOYKH B Tpeaeiax m3ydaemoi obmactu [17, 18].
OMBITH B «3BE3HBIX» TOUKAX PEaM30BaIIN B ABYX-
KpaTHOW TOBTOPHOCTH. B Tabmmuiia 2 npemacTaBicHbI
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cpenHue apudMeTHYecKre 3HaYeHus (QyHKIMU OT-
KITUKa B IBYX MapaJuIeIbHBIX OTBITaX.
Cratuctuyeckass 00paboTKa SKCIIEpPUMEH-
TaTbHBIX JAHHBIX 3aKII0Yaniach B BBIYHCICHHUH
OIIEHOK PETrPeCcCHOHHBIX KO3(h(PHUIIMEHTOB, TIPOBEPKE
WX 3HAYNMOCTH, OLIEHKE BOCIPOU3BOIMMOCTH OTIHITOB
U YCTaHOBJICHWM aJ€KBaTHOCTH IOJYyYEHHBIX pe-
rpecCHOHHBIX ypaBHenwii [16, 18]. TIpu atom ObLIH
WCTIOJIB30BaHbI CTaTUCTHIecKne Kputepun CThio-
nenta, Koxpena u ®@umiepa (Ipu 10BepUTENEHON
BepOATHOCTH p =0,95 U COOTBETCTBYIOILEM YHCIIE

creneHei cBodosl) [14, 15].

B pesynbrare cratuctuueckoi oOpaboTKu
pe3yJIbTaTOB IUIAHUPOBAHUS dKCIIepuMenTa (Tad-
Tvna 2) TONTy4YeHBI YPaBHEHUS PETPECCHH, aJICKBATHO
OIKCHIBAIOIINE 3aBUCUMOCTH (DYHKIMH OTKIIMKA
OT U3y4yaeMbIX (pakTopoB

§,=3,97+0,35X, —1,06X,, +

2 (@
+0,05X,X, —0,23X2 +0,23X
§,=2,08-119X,+0,66X, — @)
-1,1X,X, +0,68X2 +0,08X7
§, =63,57 +11,95X, — 0,66 X, W

~0,27X,X, +1,76 X2 —0,75X?2

rac Xi — KOJAMPOBAHHbBIC 3HAYCHUA (baKTOpOB, KOTO-

pbIe C y4ETOM YCJIOBHH TUTaHMpOBaHHs (Tabmuia 1)
CBSI3aHBI C HATYPaJIbHBIMHU 3HAYCHUSIMHU X| COOTHO-
HIEHUAMU

K - %=350. X2:x2—7oo_

5
Y100 200 ®)
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Bmopotui sman 3axmouaics B HHTEpIIpeTain
perpeccHOHHBIX ypaBHeHHH (2)—(4).

MaremaTtniyeckoe OIHCaHHE, IMONYYCHHOE
MO pe3ylibTaTtaM poTaTabebHOTO IIAHUPOBAHUS,
JaeT WHPOPMAITUIO O TIOBEPXHOCTH OTKIHKA, OJ1-
HaKO, MHTEPIPETAIHs PErPEeCCHOHHBIX YPABHEHUH
B Buae (2)—(4) 3arpynHeHa. B stoil cBsizm s
UICHTU(HKAIIMN BHJA MMOBEPXHOCTEH OTKIMKA M
NPUBEICHUS] PErPECCHOHHBIX YpaBHEHHH K KaHO-
HUYECKOH (opMe BOCIOIB3YyEeMCS CpEICTBaMHU
aHanuTH4yeckoi reomerpuu [19, 20].

[lpuBeneHne KBAJPAaTUYHOTO YPaBHECHUS
perpeccun Buma (1) x kaHoHWYeCcKo ¢opme 3a-
KIIIOYaeTcss B 3aMEHE CTapbhlX KOOPIAMHATHBIX
oceit X; u X, HOBBIMH OCSIMHU Z1 U Zp, TIEpEHOCE
HayaJlla KOOPJIUHAT B HOBYIO TOYKY (DaKTOPHOTO
MPOCTPAHCTBA U TMOBOPOTY KOOPAWHATHBIX OCeH
Ha HEKOTOpBIi yron ¢ [15, 20].

Ilocne kaHOHMUYECKUX HpeoOpa3oBaHUN pe-
rpeccuoHHbIe ypaBHeHus (2)—(4) nprodpeTarot Bus

§, =2,98+0,2327 —-0,2322; (6)
¥, =162+1,0127 —0,24Z7; @)
¥, =43,31+1,76Z; —0,75Z; . (8

I'pacdmueckas HHTEPIIPETALUS PETrPECCHOH-
HBIX ypaBHeHHH (2) — (4) B BUE TUHHIA PaBHOTO
ypoBHA mpencTtaBieHa Ha puc. 1-3. Buano, urto
BCE MOBEPXHOCTH OTKJIMKa UMEET BUJ THIIEpOOIH-
YecKHX IMapaboJouJoB C OCO0OH IeHTpaNIbHOU
TOYKON (TOYKOW MMHHMakca). B HampaBineHHH
OJTHOW M3 KaHOHWYECKUX OCel CyIIecTBYeT MUHH-
MYM, B HalpaBlieHHU JPYrod OCH — MaKCHMYM.
Ilpn sTOoM nByMepHBIE cedeHHsl runepOoIHde-
cKoro mapa0oionga KOOPAWHATHBIMU IIIOCKO-

cramu Y =h (rae h — npousBosnbHas nocTosHHAS)

HUMEIOT BUJI THIIEPOOJL.

Tam >xe Ha pucyHkax 1-3 mpejcraBieHbI
JIIByMEpHBIE Ce4YeHHs 00JacTh OJKCIepHMeHTa
B BUJE OKPYXKHOCTH paguycoM R =141, uenrp
KOTOPOM COBIMAJAeT ¢ IIEHTPOM DKCIEPUMEHTA.

Tpemuii sman 3aKII0OYaICs B ONPEACICHAN
ONTUMAJIBHBIX 3HAYEHUM MacChl TECTOBOM 3aro-
TOBKH ¥ MomHOCTH CBY-BBITICUKH, P KOTOPBIX
JIOCTUTAIOTCS JIKCTPEMYMBI (DYHKIIMH OTKJIHKA:
Y, > min, ¥, >min u §, -> max.

Bunno (pucynku 1-3), uTo onTHUMasbHbIE
3HaYEHUS BBIXOIHBIX TAPaMETPOB Y1, Y2 M Y3 TOCTH-
TaroTCsl B Pa3HbIX TOYKaxX (PaKTOPHOTO MPOCTpaH-

crBa. Tak, ¥ =2,49 wmun mpu X, =-111 u
X;=087; 97" =117 % npu X, =112 wu
X;=O,85; Y3 =84,21 mm mpu XI =141 u
X, =-0,077. OueBuano, He mpeCTaBIICTCS

BO3MOXXHBIM YCTaHOBHUTH ONTHMAJIbHBIC 3HAYCHUS
nepeMeHHBIX X1 U X2, JOCTABISIIOLINX SKCTPEMYM
TpeM napaMeTpaM ONTHUMU3AIMHU Y1, Y2 U Y3 OJHO-
BPEMEHHO.
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Prcyrok 1. J[ByMepHBIE CEUeHH s TIOBEPXHOCTH OTKIIMKA Y

Figure 1. Two-dimensional sections of the response
surface Y,
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PucyHok 2. JIBymepHBIe ceueHust TOBEPXHOCTH OTKIIMKA )72
Figure 2. Two-dimensional sections of the response
surface ¥,
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PucyHok 3. /IByMepHble ceueHust HOBEPXHOCTH OTKIIHKA )73
Figure 3. Two-dimensional sections of the response surface
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PaccmarpuBaeMasi 3ajaya  ONTHMH3ALUH
SBJIAETCS. MHOTOKPHUTEPHAIBLHOM C KOHQIUKTOM
MEXK/Ty ONTHMATLHBIMU 3HAYCHUSAMH TIEPEMEHHBIX
X1 ¥ Xz ¥ IO K&KJIOMy YaCTHOMY TapaMeTpy OITH-
musarmn. J{Jist ee perieHust BOCIONb3yeMCst METOZIOM
CBEPTHIBaHMS YACTHBIX KPUTEPHEB B 000OIICHHBII
aIIUTUBHEIN KpuTepuit F [21]

F=ad, ©)

rae | — MOPSAKOBBI HOMEpP YacTHOTO KPHUTEPHS
ONTUMH3alUU, N — KOIMYECTBO YACTHBIX KpPUTE-

pueB onTuMH3anuu, N=3); &, — BECOBOU KO-
¢puument (0<¢; <1) oTHOCHTENHHON BaKHOCTH

4acTHOTO KpuTepus Y, ; ¥, — HOpMUPOBAHHOE 3HA-
YeHHE YACTHOTO KPUTEPHS ONITUMHU3AIINH.

post@uestnik-vsuet.ru

ITocKOJIBKY yCTaHOBHUTH IPHOPUTET IO BaXK-
HOCTH A7 K&XKJOT'0 YaCTHOI'O KPUTEpUsI ONTUMU3a-
WX 3aTPYAHUTEIHHO, BECOBBIE KOA(DMUIMEHTHI «;
Ha3HaulMM MCXOAS W3 3HA4eHHH KO3(HIHECHTOB
OTHOCHTENHHOTO pa30poca YaCTHBIX KPUTEPHUCB.

Koaduimenr otHocurensHoro pasépoca o,
XapaKTepU3YIOIMIA KPYTU3HY IIOBEPXHOCTH OTKIIMKA,
JUTSI KaXKJIOTO YaCTHOTO KPUTEPHS ONITUMHU3AIIHI

(ymax ¢y min
5 — yi + yi

I A max

Yi

,i=1n (10)

Ay min

rne yimax v Y
HaVMEHbIIIee 3HAYCHUE I-TO YACTHOTO KPHTEpUS,
paccUYMTaHHBIE TI0 ypaBHEHMSIM (2) — (4) m1s obra-
CTH DKCriepuMenTa (Tabmura 3).

— COOTBETCTBCHHO, HauOoJIbIIEe U

Tabmuma 3.
Pacuer BecoBbIx K03(h(pruieHTOB
Table 3.
Calculation of weight coefficients
YacTHbll KpuTepHit Haunboneinee 3HaYeHe Haumenebliiee 3HaueHne .
_ max min Koaddurment Becogoii
ONTUMH3ALINY Yi YaCTHOTO KPUTEPHA Yi YaCTHOTO KpUTEPHA Yi .
. AR . OTHOCHUTEJIBHOTO pa3opoca o1|  Ko3(HIIHEHT o1
A particular optimization Highest value of a Smallest value of a Relati e ;
Lo : e . i elative spread coefficientd1 |  Weight factor o1
criterion yi particular criterion yi particular criterion yi
V1 5,65 2,49 0,559 0,316
Y2 6,04 1,17 0,806 0,457
Y2 84,21 50,36 0,399 0,226

BecoBsie koo pUIMEHTHI ¢; CBSI3aHBI C KO-

s GuIHEHTaAMH OTHOCUTEIILHOTO pazdpoca O, co-

OTHOIICHUEM

o

_ 1
a; =—

2.5

i=1

L i=1n.

(11)

Paccunrannbie 3HaYCHHS BECOBBIX K03 Pu-
[UCHTOB YaCTHBIX KPUTEPUEB ONTUMH3AIINH TIPE]I-
CTaBJIEHBI B Ta0mIa 5.

JIst TIpUBE/ICHHS. YACTHBIX KPHUTEPHEB Y,
K Ge3pazMepHOMY BUY Y, MCIIOJB30BaIld COOTHO-
menne ¥, =9, /y"™, i =1,n. B pesybrare HOp-
MUPOBKH ypaBHeHUS (2)—(4) IPUHUMAOT BU]]
¥, =0,702+0,0619X, —0,1876X, + (12)
+0,0088X, X, —0,0407X? —0,0407 X2’
¥, =0,345-0,1981X, +0,109X, —
—0,182X,X, +0,1139X? +0,013X?’
¥, =0,7549+0,1419X, —0,00783X, —
—0,0032X,X, +0,0209X? —0,0088X 2"

(13)
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Torma 0600IEHHBIN KpUTEPU ONTUMHU3A-
uuu F no dopme (9) onpeaenurcs kak cpegHe-
B3BEILIEHHAss CyMMa HOPMHPOBAHHBIX YaCTHBIX
kpurepues (12) — (14)

F =—0,2074+0,103X, +0,007431X,, +

) . .(15)
+0,0796X,X, —0,0344X ? —0,0208X 2

[pu dhopmupoBanum 0O0OIIIEHHOTO KPUTEPHS
onTHMU3anUK F U118 MUHUMHM3NPYEMBIX YaCTHBIX

kputepreB Y., i=1, 2, BecoBble KOdDPUIMEHTHI
¢!, TIPUHSATHI CO 3HAKOM «—»; IJIS MAaKCUMU3UPYe-
moro kputepus Y, , 1 =3, kooppumment ¢; npuHAT
CO 3HAKOM «1».

I'padmvecknii aHamM3 JWHAKA PaBHOTO
ypoBHsI 00001IeHHOT0 KpruTepusi ontumuzanun (15)
nokazai (puc. 4), uto MakcumyM GyHkuuu F pac-
HOJIOKEH Ha YAAJIeHUU OT 00JaCTH SKCIIEPUMEHTA,
TpaHMILIBI KOTOPOH ONPENeINIOTCs ypaBHEHUEM

X+ X2 =R?, (16)
9T0 B (PAKTOPHOM MPOCTPAHCTBE MPEACTABIICT

co001i cepy ¢ HEHTPOM B LIEHTPE IKCIIEPUMEHTA U
¢ paguycom R =1,41 [16].
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Pucynok 4. JIuHuUM paBHOTO YPOBHS OOOOIIEHHOTO
KpUTepHus onTuMu3anuu F

Figure 4. Lines of equal level of the generalized
optimization criterion F

B sTOM CBA3M, ONTUMM3aLMOHHAs 3ajada
CBOJWTCS K HAaXOXKIECHHWIO SKCTpeMyMa O0OOIIeH-
Horo kputepusi ontumuzanuu (15) F — max npu
HaJTMYUH orpanuyeHus (ypaBHeHus cBs3n) (16). s
pEIEeHNs TIOCTaBICHHON 3a1a4X yCIOBHOM ONTUMHU-
3aIMM BOCIIOJIB3yE€MCS METOJZIOM HEONpeeNIeHHBIX
muoxutenen Jlarparmka [22, 23], KOTOpbIiA T03BO-
JSIeT 3a1a4y Ha YCJIOBHBIM SKCTPEMYM CBECTH K 0e3-
YCJIOBHOH 3a/1a4e MOUCKa SKCTpeMyMa (DYHKIIHH.

Jiig 3TOTO COCTaBMM BCIOMOTATENBHYIO
¢ysxmuro Jlarpamxka F , mpeacTaBistoniyo coooi
aJIMTUBHYIO CBEPTKY ypaBHeHUs (15) u ypaBHEHUS
cBs3u (16), YMHOXKEHHOTO Ha HEOTPEACIICHHBII
MHOXwuTENb Jlarpamka A

post@vestnik-vsuet.ru
F =-0,2074 +0,103X, +0,007431X, +

+0,0796X,X, —0,0344X ? —
~0,0208X; + A( X} + X7 —R?).

(17)

HeoOxomumeIM  yciioBreM  0e3yclIOBHOTO
sKcTpeMyMa (pyHKuuu Jlarpanxa siBnsercs paBeH-
CTBO HYJIIO YaCTHBIX MPOU3BOIHBIX QyHKINH (17)
[0 BCEM HE3aBUCUMBIM MEpPEMEHHBIM X1, X2 U
HEOIPEeIeTICHHOMY MHOXHUTETIO A
STF =0,103+0,0796X, —

1
—0,0688.X, + 24X, =0;

&+ 0,007431+0,0796 X, —
oX

2

(18)

~0,0216.X, + 21X, =0;
oF

a=xf+x§—RZ:o.

Pemasi cucremy ypaBnenwii (18) oTHOCH-
TeJIbHOE TIepeMEHHbIX X1, Xo U MHOXxuTtens Jla-
rpamka A npu R =141, nonyyaem 3HadeHus A
¥ KOOPIMHATHI CTAlIMOHAPHBIX TOYEK (PaKTOPHOTO
IPOCTPAHCTBA Xl* u X; , B KOTOPBIX JOCTHTA€TCS
YCJIOBHBIA 3KCTPEMyM OOOOIIEHHOTO KPUTEPHS
ornrumusanuu F (15) (tabnuna 4). Herpyano yoe-
JIUTHCS, YTO KOOPAUHATHI KOKA0H 3KCTpeMaTbHOM
TOYKHM YJIOBJIETBOPSAIOT ypaBHeHMIO cBA3u (16).
Tam sxe B Tabmuia 4 TpeacTaBICHB 3HAYCHIUS
YACTHBIX KPHTEpHEB omTuMusarmu Y, , i=1n,

PacCYUTAHHBIX [0 YPAaBHEHHUSIM, COOTBETCTBEHHO,
(2)—(4) B cranoHapHBIX TOYKAX.

Tabnuna 4.
P€3YJ'II>T8.TBI OIITUMHU3aAlIUN
Table 4.
Optimization results
point X X; Py Fr §imn | 9% | fimm
1 -0,23 -1,395 0,016 -0,258 5,81 1,27 60,46
2 0,47 -1,332 0,037 -0,263 5,87 1,62 69,477
3 -1,265 0,629 0,094 -0,459 2,54 1,243 50,956
4 1,148 0,825 -0,039 -0,067 3,398 1,174 78,47

[IpoBepka 10CTATOUHOTO YCIOBHUS CYIIIECTBO-
BaHUS JKCTpeMyMa, TOKasaja, YTO CTAallMOHApHAs
TOYKa (PaKTOPHOTO MPOCTPAHCTBA ¢ KOOPIUHATAMHU

Xl* =1148 u X; =0,825 aBnstercs TOUKOH yCI0B-
HOTO0 MakcUMyMa OOOOIIEHHOTO0 KPUTEPHS OITHU-
vuszammu F-=-0,067 (Tabmuma 4).
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Ilepexoas OT KOAMPOBAHHBIX 3HAYEHUH
(aKTOpPOB K HATYPAITBHBIM C YYETOM XapaKTepH-
CTUK IUTaHHpoBaHus (Tabiuma 1), moxy4dum
ONTUMAJIbHBIE 3HAYE€HUS Macchl TECTOBOM 3aro-

TOBKU XI =464,8 t u momnocti CBY-BbIneyku
X, =865,0 Br, 0GecrieynBaronix MakcuMyM 0606-
IEHHOTO KPUTEPHSI ONTUMHU3ALIUH.
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3aki0ueHne OKcrepuMeHTaIbHBIE HCCIEA0BaHMS Ipoliecca
BBITICYKH COMBHOTO OE3APO}OKEBOrO OE3KOPKOBOTO
xyieba, MPOBEJCHHBIC B YCIOBUSIX JabOpaTOpUH
«PervoHanbHbIM Hay4YHO-UCCIIEIOBATEIBCKUH IICHTP
WHHOBALIMOHHOM TEXHOJOTUHU XJIEOONECUCHHS» Ha
0aze xiebozaBoga Ne 7 1. BopoHexa, monrsepmin
OINITUMAJIBHOCTD paCCUNTAHHBIX 1O HpG}Z[JIO)KGHHOﬁ
METO/UKE PEKUMOB BBIIIEUKH.

OnpeneneHbl ONTUMAIBHBIC 3HAYEHUS OC-
HOBHBIX (PAKTOPOB (MAacCy TECTOBOM 3arOTOBKH —
465 1., momHOCTE CBU-BRIIIEUKH — 865 BT), 06€ec-
MEYNBAOIINX HAUMEHbIIWH yrek xmeba — 1,2 %
U MaKCHMallbHYIO0 BBICOTY XJieba — 78,5 MM mpu
MUHUMAJILHOW — IPOJOJIKHUTEIBHOCTH  BBINCUKU
xaeba — 3,4 MuH.

Jlutepartypa

| Maromenos I'.0., XBocroB A.A., XKypasneB A.A. u gap. DopMupoBaHUE CTPYKTypbl MSKHUIIA COUBHOIO
6e3poxokeBoro xjeba npu nHTeHCUBHONH CBY-KOHBEKTHBHOM BhINeuke // TeXHHKAa U TEXHOJIOTHS MHUIIEBBIX MPOU3BOJICTB.
2022. T. 52 Ne 3. C. 426 — 438. doi: 10.21603/2074-9414-2022-3-2375.

2 Anexuna H.H., Tlonomapesa E.U., XKapkosa N.M., I'pebenmukoB A.B. OueHka (yHKIHOHAIBHBIX CBOKCTB M
THoKa3aTeneil 6e30MacHOCTH 3epHOBOTO XJieba ¢ aMapaHTOBOH MyKoH // TeXHHKa M TEXHOJIOTHS ITHIIEBBIX pon3BoacTs. 2021.
T.51. Ne 2. C. 323-332. doi: 10.21603/2074-9414-2021-2-323-332

3 Pyaues C./., IlleBuenko T.B., YcrunoBa 10.B., Kprok P.B. Texnonornueckue oCOOEHHOCTH M TEOPETHUECKOE
000CHOBaHHUE IPUMECHEHHSI MEXaHUYECKU aKTUBUPOBAHHOW BOJIBI B IPOU3BOJICTBE MYYHBIX M3zieiuii / TeXHUKa M TEXHOJIOTHUS
nuieBsix mpous3soacTs. 2021. T. 51. Ne 4. C. 768-778. doi: 10.21603/2074-9414-2021-4-768-778

4 Kynmmos b.A., HoBocénoB A.I'., UBamenko C.1O., I'ycapoB H.E. [Ipumenenne 31€KTpOKOHTAaKTHOTO HarpeBa B
xneboredeHun: 0030p // [lonzyHnockwii BectHuk. 2019. Ne. 1. C. 106-113.

5 Maromenos I'.0O., [Tnotaukosa N.B., Maromenos M.I"., Yenmrckmii B.JI. CanntapHO-TEXHONOTHYIECKHE MEPOIPHSTHS
TIPY IIPOU3BOJICTBE XJieba Oe3 mposiokedi // I'uruena u canutapust. 2019. Ne 98(7). C. 775-780. doi: 10.18821/0016-9900-2019-98-7

6 MaxkirokoB B.M. AHanu3 MeTO10B MOZIENIMPOBAHHS TIpOIIecca BhIIeUKH Xiieba // XnebompoaykTel. 2021. Ne 7. C. 26-32.
doi:10.32462/0235-2508-2021-30-7-26-32

7 Purlis E. Modeling convective drying of foods: A multiphase porous media model considering heat of sorption //
Journal of Food Engineering. 2019. V. 263. P. 132-146. doi: 10.1016/j.jfoodeng. 2019.05.028

8 Kutlu N., Pandiselvam R., Saka I., Kamiloglu A. et al. Impact of different microwave treatments on food texture //
Journal of Texture Stud. 2021. doi: 10.1111/jtxs.12635

9 Purlis E. Simple methods to predict the minimum baking time of bread // Food Control. 2019. V. 104. P. 217-223.
doi: 10.1016/j.foodcont. 2019.04.021

10 Bou-Orm R., Jury V., Boillereaux L., Le-Bail A. Microwave baking of bread; a review on the impact of formulation
and process on bread quality // Food Reviews International. 2021. doi: 10.1080/87559129.2021.1931299

11 Purlis E., Cevoli C., Fabbri A. Modeling volume change and deformation in food products/processes: An overview
/I Foods. 2021. V. 10(4). P. 778. doi: 10.3390/foods10040778

12 Wang M., Sun M., Zhang Y., Chen Y. et al. Effect of microwave irradiation-retrogradation treatment on the digestive
and physicochemical properties of starches with different crystallinity // Food Chemistry. 2019. V. 298. P. 125015.
doi: 10.1016/j.foodchem. 2019.125015

13 Housova J., Hoke K. Temperature profiles in dough products during microwave heating with susceptors // Czech J.
Food Sci. 2002. V. 20. Ne. 4. P. 151-160. doi: 10.17221/3526-CJFS

14 Bhatt K., Vaidya D., Kaushal M., Gupta A., Soni P. et al. Microwaves and radiowaves: In food processing and preservation //
International Journal of Current Microbiology and Applied Sciences. 2020. V. 9. Ne. 9. P. 118-131. doi: 10.20546/ ijcmas.2020.909.015

15 Guzik P., Kulawik P., Zajac M., Migdal W. Microwave applications in the food industry: an overview of recent
developments // Critical Reviews in Food Science and Nutrition. 2021. doi: 10.1080/10408398.2021.1922871

16 Thuengtung S., Ogawa Y. Comparative study of conventional steam cooking and microwave cooking on cooked pigmented
rice texture and their phenolic antioxidant // Food Scienceand Nutrition. 2020. V. 8. Ne. 2. P. 965-972. doi: 10.1002/ fsn3.1377

17 Vu K.D., Bazhenova S.I. Modeling the influence of input factors on foam concrete properties // Magazine of Civil
Engineering. 2021. Ne. 3 (103). P. 10311. doi: 10.34910/MCE.103.11

18 IpannukoB A.B., llleBuoB A.A., KBacor A.B., JIpitkuna JIL.U. u ap. MHOTO(MAKTOPHBIH CTATHCTHUECKHI aHAIN3
rpoliecca CMEIINBAHMUS MIPU MOIy4YEHHH KOPMOBO# 100aBKH Ha OCHOBE CBEKJIIOBHYHOTO sxoMa // BectHuk BI'YUT. 2020. T. 82.
Ne 1. C. 27-33. doi: 10.20914/2310-1202—-2020-1-27-33

19 GargA., Malafronte .L, Windhab E.J. Baking kinetics of laminated dough using convective and microwave heating
// Food and Bioproducts Processing. 2019. V. 115. P. 59-67. doi: 10.1016/j.fbp.2019.02.007

20 AxmeroBa @.X., Akumosa UM.A., Uurupésa O.}O. Meronuka npuBeJeHUs YpaBHEHHH KPUBBIX M MOBEPXHOCTEH
BTOPOTO TIOPsIKAa K KAHOHUYECKOMY BHY ¢ puMeHeHneM cpeabl MathCAD // HaydHO-MeTOANYECKHI 3IeKTPOHHBIH KypHAaI
«Konnenm». 2016. Ne 11. C. 151-161.

21 Koporuenko A.I'., Kymaruna E.A., CmopskoBa B.M. Bpeienue B MHOIOKpUTEpUalbHYIO onTuMuzanuio. H.
Hogropoa: Hmwxkeropoackuii rocynusepcutet, 2017. 55 c.

22 Hupnux A.M. MeTo/bl onTUMU3aLUU /s HHKeHepoB. M.-bepiun: JJupexr-Menua, 2015. 214 c.

23 Senkevich S., Bolshev V., llchenko E., Chakrabarti P. et al. Elastic Damping Mechanism Optimization by Indefinite
Lagrange Multipliers // IEEE Access. 2021. V. 9. P. 71784-71804. doi: 10.1109/ACCESS.2021.3078609

150



Tapamyxun A.C. u 0p. Becmnux BTYHII, 2023, II1. 85, Me. 3, C. 143-152 post@vestniR-vsuet.ru

References

1 Magomedov G.O., Khvostov A.A., Zhuravlev A.A. et al. Formation of the crumb structure of whipped yeast-free
bread during intensive microwave convective baking. Equipment and technology of food production. 2022. vol. 52 no. 3. pp. 426 — 438.
doi: 10.21603/2074-9414-2022-3-2375 (in Russian).

2 Alekhina N.N., Ponomareva E.l., Zharkova I.M., Grebenshchikov A.V. Assessment of functional properties and
safety indicators of grain bread with amaranth flour. Equipment and technology of food production. 2021. vol. 51. no. 2. pp. 323-332.
doi: 10.21603/2074-9414-2021-2-323-332 (in Russian).

3 Rudnev S.D., Shevchenko T.V., Ustinova Yu.V., Kryuk R.V. Technological features and theoretical justification for
the use of mechanically activated water in the production of flour products. Equipment and technology of food production.
2021. vol. 51. no. 4. pp. 768-778. doi: 10.21603/2074-9414-2021-4-768-778 (in Russian).

4 Kulishov B.A., Novoselov A.G., Ivashchenko S.Yu., Gusarov N.E. The use of electric contact heating in baking: a
review. Polzunovsky Bulletin. 2019. no. 1. pp. 106-113. (in Russian).

5 Magomedov G.O., Plotnikova 1.V., Magomedov M.G., Cheshinsky V.L. Sanitary and technological measures in the
production of bread without yeast. Hygiene and Sanitation. 2019. no. 98(7). pp. 775-780. doi: 10.18821/0016-9900-2019-98-7
(in Russian).

6 Maklyukov V.1. Analysis of methods for modeling the bread baking process. Bread products. 2021. no. 7. pp. 26-32.
doi:10.32462/0235-2508-2021-30-7-26-32 (in Russian).

7 Purlis E. Modeling convective drying of foods: A multiphase porous media model considering heat of sorption.
Journal of Food Engineering. 2019. vol. 263. pp. 132-146. doi: 10.1016/j.jfoodeng. 2019.05.028

& Kutlu N., Pandiselvam R., Saka I., Kamiloglu A. et al. Impact of different microwave treatments on food texture.
Journal of Texture Stud. 2021. doi: 10.1111/jtxs.12635

9 Purlis E. Simple methods to predict the minimum baking time of bread. Food Control. 2019. vol. 104. pp. 217-223.
doi: 10.1016/j.foodcont. 2019.04.021

10 Bou-Orm R., Jury V., Boillereaux L., Le-Bail A. Microwave baking of bread; a review on the impact of formulation
and process on bread quality. Food Reviews International. 2021. doi: 10.1080/87559129.2021.1931299

11 Purlis E., Cevoli C., Fabbri A. Modeling volume change and deformation in food products/processes: An overview.
Foods. 2021. vol. 10(4). pp. 778. doi: 10.3390/foods10040778

12Wang M., Sun M., Zhang Y., Chen Y. et al. Effect of microwave irradiation-retrogradation treatment on the digestive
and physicochemical properties of starches with different crystallinity. Food Chemistry. 2019. vol. 298. pp. 125015.
doi: 10.1016/j.foodchem. 2019.125015

13 Housova J., Hoke K. Temperature profiles in dough products during microwave heating with susceptors. Czech J.
Food Sci. 2002. vol. 20. no. 4. pp. 151-160. doi: 10.17221/3526-CJFS

14 Bhatt K., Vaidya D., Kaushal M., Gupta A., Soni P. et al. Microwaves and radiowaves: In food processing and
preservation. International Journal of Current Microbiology and Applied Sciences. 2020. vol. 9. no. 9. pp. 118-131.
doi: 10.20546/ ijcmas.2020.909.015

15 Guzik P., Kulawik P., Zajac M., Migdal W. Microwave applications in the food industry: an overview of recent
developments. Critical Reviews in Food Science and Nutrition. 2021. doi: 10.1080/10408398.2021.1922871

16 Thuengtung S., Ogawa Y. Comparative study of conventional steam cooking and microwave cooking on cooked pigmented
rice texture and their phenolic antioxidant. Food Scienceand Nutrition. 2020. vol. 8. no. 2. pp. 965-972. doi: 10.1002/ fsn3.1377

17 Vu K.D., Bazhenova S.I. Modeling the influence of input factors on foam concrete properties. Magazine of Civil
Engineering. 2021. no. 3 (103). pp. 10311. doi: 10.34910/MCE.103.11

18 Drannikov A.V., Shevtsov A.A., Kvasov A.V., Lytkina L.l. and others. Multifactor statistical analysis of the mixing
process when obtaining a feed additive based on beet pulp. Proceedings of VSUET. 2020. vol. 82. no. 1. pp. 27-33.
doi: 10.20914/2310-1202-2020-1-27-33 (in Russian).

19 GargA., Malafronte .L, Windhab E.J. Baking kinetics of laminated dough using convective and microwave heating.
Food and Bioproducts Processing. 2019. vol. 115. pp. 59-67. doi: 10.1016/j.fbp.2019.02.007

20 Akhmetova F.Kh., Akimova I.Ya., Chigireva O.Yu. Methodology for bringing equations of curves and second-order
surfaces to canonical form using the MathCAD environment. Scientific and methodological electronic journal “Concept”. 2016.
no. 11. pp. 151-161. (in Russian).

21 Korotchenko A.G., Kumagina E.A., Smoryakova V.M. Introduction to multi-objective optimization. N. Novgorod,
Nizhny Novgorod State University, 2017. 55 p. (in Russian).

22 Tsirlin A.M. Optimization methods for engineers. M.-Berlin, Direct-Media, 2015. 214 p. (in Russian).

23 Senkevich S., Bolshev V., lichenko E., Chakrabarti P. et al. Elastic Damping Mechanism Optimization by Indefinite
Lagrange Multipliers. IEEE Access. 2021. vol. 9. pp. 71784-71804. doi: 10.1109/ACCESS.2021.3078609

Caenennus 00 aBTopax Information about authors

Anexceii C. TapartyxuH acnupant, kadempa texuonmormu Aleksei S. Taratukhin graduate student, bakery technology,

xJ1e60MeKapHOT0, KOHIUTEPCKOT0, MaKapOHHOTO U 3epHOIIEpepa-
0aThIBAIOIIETO MPOMU3BOACTB, BOpoHEXCKHH rOCyIapCTBEHHBIN
YHUBEPCUTET MH)XCHEPHBIX TEXHOJIOrHi, np-T PeBomonnu, 19,
r. Boponex, 394036, Poccus, alexey4life@mail.ru
https://orcid.org/0000-0002-9880-9726

confectionery, pasta and grain processing industries department,
Voronezh State University of Engineering Technologies,
Revolution  Av., 19  Voronezh, 394036, Russia,
alexey4life@mail.ru

https://orcid.org/0000-0002-9880-9726

151



Taratukhin A.S. et al. Proceedings of VSUET, 2023, vol, 85, no. 3, pp. 143-152

I'azu6er O. Maromenos 1.T.H., mpodeccop, Kadeapa TeXHOIOTHH
XJ1e00TeKapHOro, KOHIUTEPCKOTO, MAaKapoOHHOTO M 3epHoIepepa-
0aTBIBAIOIIETO  TPOM3BOACTB, BOPOHEXKCKMH  TOCYIApCTBEHHBIN
YVHHBEPCUTET HWHKCHEPHBIX TeXHONOrHi, mp-T Peomronmu, 19,
r. Boponex, 394036, Poccusi, gazibeck.magomedov@ya.ru
https://orcid.org/0000-0002-7201-8387
AnartoJmii A. XBOCTOB 1.T.H., mpodeccop, Kadempa MpuKIIaIHONR
MaTeMaTUKA W MeEXaHHKH, BOpOHEeXCKHIl TIOCyIapCTBEHHBIN
TEXHUYECKHUI yHUBEpCUTET, MOCKOBCKHIT pocTiekT, 14, T. BopoHexk,
394026, Poccust, khvtol1974@ya.ru
https://orcid.org/0000-0002-3836-9407
Maromen I'. Maromenos 1.T.H., mpodeccop, kadenpa TeXHOIOTHH
XJIeOONEeKapHOTro, KOHIMTEPCKOro, MaKapoOHHOTO M 3epHorepepa-
0aThIBAIOILETO TPOU3BOJICTB, BOpPOHEKCKHI TrOCYyAapCTBEHHBII
YHHUBEPCUTET MH)KCHEPHBIX TEXHOJIOTHH, np-T PeBomormu, 19,
r. Boporesx, 394036, Poccust, mmg@inbox.ru
https://orcid.org/0000-0003-2494-4973

Aunekceii A. )KypaBiieB K.T.H., JOIICHT, Kadeapa MaTeMaTHKH,
Boenno-Bo3aymHas akagemst mvmerH nipodeccopa H.E. XKykockoro u
10.A. l'arapyna, yn. Crapsix Bombmesukos, 54 A, r. Boponex,
394064, Poccus, zhuraal@rambler.ru
https://orcid.org/0000-0002-2194-767X

HNnecca B. IliioTHHKOBa K.T.H., JOIEHT, Kadempa TEXHOIOTUH
XJ1e0ONEeKapHOTO, KOHIUTEPCKOrO, MaKapOHHOTO W 3epHOIepepa-
0aTBIBAIOIIETO TIPOM3BOACTB, BOpOHEXKCKHI TOCYIapCTBEHHBIH
YHHUBEPCUTET MHXCHEPHBIX TEXHOJOTWH, mp-T PeBomrommu, 19,
r. Boponex, 394036, Poccus, plotnikova_2506@mail.ru
https://orcid.org/0000-0001-5959-6652

Bxaan aBTopoB
Adnexceii C. TapaTyXuH poBEN SKCIIEPUMEHT, BBITIOIHUI PACUETHI,
Hamycall pyKOIHCh, KOPPEKTHPOBall €€ 10 MoJayd B PEeAaKIMIO U
HECET OTBETCTBEHHOCTH 3a IUIaruaT
I'azuder O. MaromMe10B KOHCYJILTHPOBAI B X0JI€ UCCIICIOBAHUS
AHaTtoJuii A. XBOCTOB KOHCYJIBTHPOBAJI B XO/I€ HCCIICIOBAHMS
Maromen I'. Marome0B Hamican pyKOIHCh, KOPPEKTUPOBAT €€ 10
MOJJaYM B PEAAKIHIO U HECET OTBETCTBEHHOCTh 3a IIaruar
Autexceii A. 7KypasJieB IpeUIoKuI METOJMKY TPOBEACHUS 3KCIEpHU-
MEHTa ¥ OpraHU30BaJl IPOM3BOICTBEHHBIE HCIIBITAHUS
Huecca B. IlnoTHHKoOBa mpoBelia 0030p JIUTEPATYPHBIX HCTOYHUKOB
0 UCCIIeAyeMOii podiieme

KondmkT naTepecon
ABTOpBI 3a9BIAIOT 00 OTCYTCTBHM KOH(MIIHMKTA HHTEPECOB.

post@uestnik-vsuet.ru

Gazibeg O. Magomedov Dr. Sci. (Engin.), professor, bakery
technology, confectionery, pasta and grain processing industries
department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
gazibeck.magomedov@ya.ru
https://orcid.org/0000-0002-7201-8387
Anatolii A. Khvostov Dr. Sci. (Engin.), professor, applied
mathematics and mechanics departmentf, \Voronezh state
technical University, Moskovsky Ave., 14 Voronezh, 394026,
Russia, khvtol1974@ya.ru
https://orcid.org/0000-0002-3836-9407
Magomed G. Magomedov Dr. Sci. (Engin.), professor, bakery
technology, confectionery, pasta and grain processing industries
department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
mmg@inbox.ru
https://orcid.org/0000-0003-2494-4973
Aleksei A. Zhuravlev Cand. Sci. (Engin.), associate professor,
Mathematics department, Air Force Academy ft. Professor
N.E. Zhukovsky and Y.A. Gagarin, Starykh Bol'shevikov
Str., 54A Voronezh, 394064, Russia, zhuraal@rambler.ru
https://orcid.org/0000-0002-2194-767X
Inessa V. Plotnikova Cand. Sci. (Engin.), associate professor,
Bakery technology, confectionery, pasta and grain processing
industries department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
plotnikova_2506@mail.ru
https://orcid.org/0000-0001-5959-6652

Contribution
Aleksei S. Taratukhin conducted an experiment, performed
computations, wrote the manuscript, correct it before filing in editing
and is responsible for plagiarism
Gazibeg O. Magomedov advised during the study
Anatolii A. Khvostov advised during the study
Magomed G. Magomedov wrote the manuscript, correct it before
filing in editing and is responsible for plagiarism
Aleksei A. Zhuravlev proposed a methodology for conducting the
experiment and organized production tests
Inessa V. Plotnikova conducted a review of the literature sources on
the problem under study

Conflict of interest
The authors declare no conflict of interest.

Moctynuaa 10/07/2023

Mocae pexaxuuu 03/08/2023

Ipunsita B neuars 01/09/2023

Received 10/07/2023

Accepted in revised 03/08/2023

Accepted 01/09/2023

152


https://orcid.org/

ISSN 2226-910X E-ISSN 2310-1202
OpurunanbHas crarbsi/Research article
Open Access  Available online at vestnik-vsuet.ru

Becmuuk BTYHIIL/ Proceedings of VSUET
DOI: http://doi.org/10.20914/2310-1202-2023-3-153-157
YK 664.857.3

I/ICCﬂeHOBaHI’Ie TEXHOJOI'MICCKHUX MMPOUECCOB U3BJICUYCHUS
IKCTPAKTHBHBIX BELIECTB U3 0CMO-00€3BOKEHHOH SITOIHOM MPOXYKIIUH
Haranbst A. 'puboBa ' natali-g@bk.ru 0000-0002-8440-5325

1 Poccuiickuii skoHOMUYeckuii yHuBepcuteT nMenn I'.B. [lnexanora, CTpeMsHHBIH nepeyiok, 36, r. Mocksa, 117997, Poccus
AnHoTtanust. [Iporiecc 9KCTparupoBaHUs W3 PACTHTEIBHOTO CBHIPbSl SIBISIETCS BaXKHBIM TEXHOJIOTMYECKUM pELICHHEM B MHIIEBOM
HPOMBILUICHHOCTH JUTS OJIYYECHHS 9KCTPAKTUBHBIX BELICCTB, KOTOPBIC 00JIaJal0T MHHEPAIbHBIMY BEIIECTBAMY, OPrAHHMYCCKHUMH KHCIOTaMH,
(heHOJIPHBIMU BElIECTBAMH, NMEKTHHAMH, caxapaMH W BHUTaMHHaMu. Ha mpouecc 3KCTparupoBaHHMs BIHSIOT OCHOBHBIE (haKTOPBI — pasMep
PACTUTENBHOTO CBIPbS, €r0 NPOAODKMTENBHOCTE W TeMIepaTypHble pexuMbl. CerMEeHTHpOBAaHHE HMEET 3HAYMMOe 3HA4YeHHe JIs
9KCTparupoBaHus. IIpaBUIIbHBIA BEIOOp pa3Mepa IO3BOJIAET JIy4lle COXPAHHUTh KICTOUHYIO CTPYKTYpPY SroJ, AuU((Y3HOHHBIE IIPOLECCHI
HPOTEKAIOT ONTUMAIBbHO d(P(PEKTUBHO, IKCTPArupOBaHUE 3aMEAJIACTCS, U TIOMYYCHHAs BBITSDKKA COAEPIKUT MEHBIIE MEXaHUYECKHUX puMecet
1 nerde oummmaercs. TpaIUIMOHHBIM CIIOCOOOM I SKCTPardpOBaHHS PACTUTENBHOIO CHIPhS SBISIOTCS BOLHO-CIUPTOBBIE PACTBOPEL, HO
U3BJICYCHHE BOJIOPACTBOPUMBIX BEIIECTB MPOMCXOJUT YACTUYHO, a KAK M3BECTHO B SITOJJHOM ChIPbE NPEUMYIIECTBEHHO HpeobialaioT
BHTaMHHEI, caxapa, ()eHOIbHBIC BemecTBa. Hanboaee NOCTYIHBIM U S3KOHOMUYHBIM CPEJICTBOM IS SKCTParHpOBAaHUS SABISCTCS Boja. Ilpu
9KCTParupoBaHUHU BOJIOW B KOHEUHOM IPOJYKTE NPUCYTCTBYIOT BOJOPACTBOPUMBIE BEILECTBA, U HET JKMPOPACTBOPUMBIX. DKCTPArupoBaHUE OCMO-
CYLIEHBIX SIT0JI MPOBOAMIOCH BOJHBIM PAacTBOPOM IIPH Pa3HBIX TEMIEPATypHBbIX pexumax ¢ quanazoHamu 30-40 °C, 50-60 °C u 70-80 °C. Jns
OIIpeieNIeH s TPOJI0JDKUTEIBHOCTH SKCTPArupOBaHHS OCMO-CYIIEHBIX SO/l PyKOBOACTBOBAIMCH BBIXOJIOM CYXHX BEILECTB. Y CTAHOBIICHO, YTO
HanOonbIKKA BBIXOA CyXuX BemecTB u3 3emisiHuku (10,17%), manunbl (8,74%) u yepHoit cmopoaunsl (11,43%) naGmionaercs npu
temneparype skcrparupoBanus 50-60 °C u 70-80 °C ¢ mponomkurenbHOCThI0 8 — 12 uyacoB. Bpemsi sKcTparupoBaHHs ONUCHIBAETCS
HOJMHOMUAJIBHBIMU YPaBHEHUSIMH PErpeccHu 2-oif CTeNeHH. BbIiBIEHO, yTo Hamboubliee comepskaHue BuTaMuHa C oTMedaeTcsl NpU
Temneparype ¢ nuanazonoMm 50-60 °C skcrparupoBanus 36,7 mr/100 r skcTpakra, a mpu temmeparype ¢ auanazonom 60—70 °C coneprxanue
acKOPOMHOBOI KHUCJIOThI YMeHbIIIoch Ha 40%.

KirroueBble ¢10Ba: SKCTPAarnpoBaHie, OCMOTHYECKH 00e3BOKEHHAs!, 3EMIITHUKA CaZI0BAsl, MATMHA, YePHAst CMOPOINHA, TEMIICPATyPHBII PEXKUM.

Study of technological processes of extractive substances extraction
from osmo-dehydrated berry products

Natalya A. Gribova ! natali-g@bk.ru *“ 0000-0002-8440-5325
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Abstract. The process of extraction from vegetable raw materials is an important technological solution in the food industry for obtaining
extractive substances that contain minerals, organic acids, phenolic substances, pectin’s, sugars and vitamins. The extraction process is
influenced by the main factors - the size of the plant material, its duration and temperature conditions. Segmentation is essential for extraction.
The correct choice of size allows you to better preserve the cellular structure of the berries, the diffusion processes proceed optimally efficiently,
the extraction slows down, and the resulting extract contains less mechanical impurities and is easier to clean. The traditional method for
extracting vegetable raw materials is water-alcohol solutions, but the extraction of water-soluble substances occurs partially, and as is known,
vitamins, sugars, and phenolic substances predominate in berry raw materials. The most accessible and economical means for extraction is
water. When extracted with water, the final product contains water-soluble substances and no fat-soluble substances. Extraction of osmo-dried
berries was carried out with an aqueous solution at different temperature conditions with ranges of 30—40 °C, 50-60 °C and 70-80 °C. To
determine the duration of extraction of osmo-dried berries, the yield of dry matter was used. It has been established that the highest yield of
dry matter from osmo-dried strawberries (10,17 %), raspberries (8,74 %) and black currants (11,43 %) is observed at an extraction temperature
of 50-60 °C and 70-80 °C. With a duration of 8 — 12 hours. The extraction time is described by polynomial regression equations of the 2nd
degree. It was revealed that the highest content of vitamin C is observed at a temperature in the range of 50-60 °C, extraction of 36,7 mg/100 g of
extract, and at a temperature in the range of 60—70 °C, the content of ascorbic acid decreased by 40 %.

Keywords: extraction, osmotically dehydrated, garden strawberry, raspberry, black currant, temperature regime.

TUIO/IOBO-STOJTHOTO CBHIPBSI CYIIECTBEHHO BUJIOM3ME-
HSIFOTCS, TI09TOMY B TEXHOJIOTHH ITHIIEBBIX MPOH3-
BO/ICTB HCIIONB3YIOT BBITSDKKH (9KCTPaKThi) [4, 5].

[Ipomecc 3KCTpakIuu MPEACTABISIET CO0O0
U30MPaTENIbHOE M3BJICUCHHE OTIIEIBHBIX KOMIIOHEH-
TOB U3 CJIOYKHOTO TI0 COCTABY ChIPbsi TP MOMOIIH
pacTBopuTes (3KcTpareHTa), 00J1a1aroIero n3om-
paTeNbHONW PaCTBOPUMOCTHIO. DKCTparupoBaHUe
B CUCTEME «TBEPJOC TEJO — KHUIKOCTB» — OJUH
U3 BAKHEHIIUX TEXHOJOTHYECKHX IPOIECCOB,
HaIISIIHMX [HPOKOE PACIIPOCTPAHCHUE B MUILEBON
npoMEIIIeHHocTH [1, 7, 8].

BBenenune

[TpoaykThl nepepabOTKH, a UMEHHO PaCTH-
TEIILHOE CBHIPbE SIBJISCTCSA ICHHBIM HCTOYHHUKOM
OPraHMYECKHX BELICCTB ¥ B MEIIUIIMHE UCTIONB3YEeTCs
B JiedeOHO-TIpodmnakTiaeckux nessix [1]. K takum
HPOJYKTaM IepepadOTKH OTHOCSTCS U OCMOTHYC-
CKH 00E3BOYKEHHBIC STOJbI, KOTOPHIC 00JIaaaroT
BUTaMHHAM{, MHHEPAJIbHBIMU U OHOJIOTHYECKU
aKTHUBHBIMHM BelecTBamu [2, 3].

B mporiecce AIMTENHOTO XpaHEHUs Kade-
CTBEHHBIC IMOKA3aTEeIH TMPOMAYKTOB MEpPepadOTKH
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Uexanu H.P. u mp. yTBEepKIar0T, 4TO B IO-
CllelTHME TOIBl B IOJXOJAaX K CO3JaHUIO HOBBIX
NpEnapaToB M3 PAaCTUTEIBHOTO CHIPhs, HAMETHIINCH
TEHJICHIIMM K pa3paboTke pecypcocOeperarommx
TEXHOJIOTHH, YTO 00CCIeUMBACTCS MPHUMEHEHHEM
Pa3IMYHBIX IKCTPAreHTOB, CXEM M PEKUMOB IKC-
TpPaKIMH, UCTIOJIb30BAHUEM aIllapaTyphbl, IO3BOJIS-
IOLLEH B 3HAYUTENILHON CTEIIEHU YBEJINYUTh BBIXOJ
IKCTPAaKTHBHBIX U JEHCTBYIOMIHX BemiecTs [9].

CopnepkaHie SKCTPAKTHBHBIX BEILECTB SIBIISI-
€TCs O/THOM U3 BAYKHBIX XapaKTEPUCTUK, KOTOPAs 1aeT
BO3MOKHOCTh YCTQHOBHTH KadeCTBO OSKCTPAKTa,
HOJTy9aeMOT0 U3 PaCTUTEIBEHOTO ChIphs. V3BecTHO,
YTO MPOIIECC U3BIECYCHUS SKCTPAKTUBHBIX BEIIECTB
3aBHCUT OT psiAsl (aKTOpPOB, TAKUX KaK pasMep
CBIPBSI, IPOIOJKUTEIBHOCTD SKCTPAKIIUK U TEMIIe-
parypa [1, 10, 11].

CerMeHTHpOBaHHE UMEET 3HAYMMOE 3HAUCHHE
JUTs OKCTparupoBaHusl. Kak MOKa3bIBalOT JIMTEpaTyp-
HbIC MCCIICIOBAHMs MPABUIBHBIA BHIOOp pa3Mepa
MO3BOJISIET JIy4Ille COXPAHUTh KICTOYHYIO CTPYK-
TypYy Arof, TuPQPy3nOHHBIE MPOLECCH MPOTEKAIOT
onTUMaNbHO 3(h(HEeKTUBHO, SKCTParHPOBaHUE 3aMe]T-
JIIETCSI, Y TIOJTyUCHHAS BBITSDKKA COJICPKUT MEHBIIIE
MEXaHHUYECKHX TIPUMECEH 1 JIeTde OUMIIACTCS.

W3BeCcTHO, YTO Ype3MEPHOE H3METbYCHHUE
ceipbs (0,1 cM) MPUBOAUT K CIIEKHMBAHUIO U3 UETO
CIIE/IyeT, YTO 3KCTpareHT (pacTBOPHUTEND) Yepes
TaKyl0 Maccy OyAeT HpPOXOAWTh OYEHb IUIOXO.
CMIIKOM MEJIKOe M3MelbueHue (Ppakuuu pe3ko
YBEIIMYMBACT KOJMYECTBO PA3OPBaHHBIX KJIETOK, YTO
NPHUBOJUT K BEIMBIBAaHUIO COIT TCTBYFOLIMX BEIIECTB,
3arpsI3HSIOLIMX BBITSKKY (OCNTKH, NEKTHHBI, MOJIH-
MEpbI U JIp.), B IKCTPAreHT MEPEXOIUT OOJIbIIOE
KOJIMYECTBO B3BemIeHHBIX wactuil [12-17]. B pe-
3yJIbTaTe BBITSDKKH MOJYYaIOTCS MyTHBIC, TPYIHO-
ocserisiembie [12, 18-21] u dpunbTpyembie, a npu
Oornee KpynTHOM H3MeTbYeHNH (CBBIIIE 1 cM) TIepexon
OMOJIOTMYECKH AKTUBHBIX BEIIECTB — AHTHOKCH-
JTAaHTOB OYJET HETOCTATOYHBIM.

TpaauIMOHHBIM CIOCOOOM IS SKCTParupo-
BaHHS PACTHTEIBLHOTO CHIPBSI SIBIISTFOTCS BOHO-CITHP-
TOBBIE PACTBOPBI, HO M3BJICUECHHE BOJIOPACTBOPUMBIX

12,5
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ManuHa | raspberry
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BEIIECTB MPOUCXOANT YaCTUYHO, a KAK MU3BECTHO
B SITOTHOM CBIPhE MPEUMYIIIECTBEHHO IMPeoOIanaroT
BUTaMUHBI, caxapa, ()eHOIbHBIE BEeIECTBA.

HaubGonee mOCTYmHBIM ¥ 3KOHOMUYHBIM
CPEICTBOM JIJIsl 3KCTPArupPOBaHUs SIBISAETCS BOJA.
IIpu skcTparupoBaHUM BOJOH B KOHEYHOM IPOJYKTE
MIPUCYTCTBYIOT BOJIOPACTBOPUMBIE BEIIECTBA, U HET
JKAPOPacTBOPUMBIX. [103TOMy B KauecTBe SKCTpareHTa
WCTIONB30BANI MTUTHEBYIO BOIY COOTBETCTBYIOIIAS
tpedoBarmsim TP EADC 044/2017.

Ha nepBom 3Tane mpon3BoAnIz 3KCTparupoBa-
HUE OCMO-CYIICHBIX STOJ[ 3€MJISTHUKH, MAaJUHBI,
YepHOW CMOPOJIMHBI BOAHBIM PaCTBOPOM TIPH Pa3HBIX
TeMIIepaTypHbIX pexumax c auanazoHamu ot 30 °C
mo 40°C, or50°C mo 60°C mor 70°C gmo
80 °C. 13BecTHO, UTO TP BHICOKOH TeMIepaType
(6oee 80 °C) yckopsieTcst mpoIecc IKCTParupoBa-
HUS, HO Takas TeMIepaTypa OTpULATebHO BIHUsET
Ha IIEHHBIE BEIIeCTBa dKCTpakTa. [loaToMy, OCHOB-
HBIM KpUTEPHEM TIPH OIIPEJICIICHUH OIITUMAITEHOTO
BPEMEHHU IKCTPAarupOBaHMsl ABIAETCS COXpaHEHHE
ACKOpOMHOBOM KHUCIIOTHI.

OcMo-cymieHbIe STOABI 3AMBATN BOIJHBIM
pacTBOpoM B cOOTHOmIeHMH 1:5, HactaWBaiau B
TeyeHre 12 4acoB, IEpUOTNICCKH TIEPEMEIIINBAIH.
Ilocne sKcTparupoBaHus OTIACISIIHN KHUIKYIO (aszy
(HacTo) OT AT/ M ONMPEACISIIA BHIXO/] IKCTPAKTA.

[nsa ompeneneHus TPOAOIKUTENBHOCTH
9KCTPAarupoOBaHMUs OCMO-CYIIEHBIX Sr0Jl pyKOBOJ-
CTBOBAJIUCH BBIXOZIOM CYXHX BEIIECTB U3 Tepepa-
OotaHHON mpOAyKIWU. M3MepeHus MPOBOIUIN
pedpaKTOMETPHUUECKIM METOIOM 4Yepe3 KaxIble
nBa yaca. OnTuManbHOE BpeMsl SKCTParupOBaHHS
OTIPEIETISUIA TI0 MAaKCHUMAaJIbHOMY BBIXOIY CYXHX
BeIeCTB (PUCYHOK 1).

Kak BHAZHO #3 TIONY4YEHHBIX JaHHBIX,
HanMOONBIINI BBIXOJ CYXHX BEIIECTB B MpoIiecce
3KcTparupoBanus u3 srox (9,74-12,45%) nabaro-
nmaercst pu temneparype 70-80 °C, mpoaomku-
TEIBHOCTh cOoCcTaBiseT B 1,3-1,6 pa3a MeHbllIe, UeM
[IPU MEHBIIUX TEMIIEPATYPHBIX PEKUMAX.

uepHas cmopoauna | black currant

PI/ICyHOK 1 Bnusaue MMPOAOJLKUTCIIBHOCTU OKCTpAarupoBaHus Ao Ha BbIXOJ SKCTPAKTUBHBIX BCHICCTB
Figure 1. The effect of the duration of extraction of berries on the yield of extractive substances
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OIMCBIBACTCSA
perpeccuu

Bpewms
MOJTMHOMHUATBHBIMH
2-0i1 CTCTIICHH:

— 7S 3EMJISIHUKH CaZloBOM (PUCYHOK 2):

9KCTparupoBaHus
YPaBHEHHUSAMHU

mpu Temreparype 30-40 °C ys3 = -0,3002
x?+3,117 x + 0,315 (R* = 0,992)

mpu Temmeparype 50-60 °C y, = -0,3054
x%+3,0915 x + 2,536 (R? = 0,99332)

npu temmeparype 70-80°C y; = -0,2161
x?+2,3236 x + 5,056 (R*=0,98911)

— 7S MaJNuHB! (PHCYHOK 3):

npu Temreparype 30-40°C ys;= -0,1436
x?+1,6784 x + 2,108 (R* = 0,9493)

mpu Temmeparype 50-60 °C y, = -0,1034
x>+ 1,3712 x + 4,389 (R? = 0,9318)

npu Ttemmeparype 70-80°C y; = -0,1034

x®+1,3712 x + 5,389 (R* = 0,9318)
— IS YepHOI CMOPOIUHEI (PUCYHOK 4):

npu Temmeparype 30-40 °C y; = -0,375 x* +
3,6893 x + 0,24 (R? = 0,9847)

npu Temmeparype 50-60 °C y, = -0,4087
x% +4,0795 x + 1,561 (R? = 0,9829)

npu Ttemmeparype 70-80°C y; = -0,3373
x*+ 3,351 x + 4,361 (R* = 0,9937)
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Pucynok 2. TIpupocT CyXuX BEHISCCTB B 3EMIITHHUKE
CazioBOM B MPOLIECCE IKCTpArupoBanus, %

Figure 2. The increase in dry matter in strawberries in
the process of extraction, %
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Pucynok 3. IlpupocT cyXux BEIIECTB B MajHHE B
npotiecce 3KcTparuposanusi, %

Figure 3. The increase in solids in raspberries during the
extraction process, %
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Pucynok 4. TIlpupoct cyxux BelecTB B YepHOM
CMOpOJIMHE B IpoIiecce IKCTparupoBanus, %

Figure 4. The increase in solids in blackcurrant during
the extraction process, %

Ha pucynke 5 npeicTaBieHsl TaHHBIE 110 W3-
MEHEHUIO coziepkaHnio BuTamuHa C B 3aBHCHMOCTH
OT TeMIIEPaTyPbl SKCTPAaruPOBAHHS.

HccnenoBanus mokasanu, 9To 3KCTPArHpo-
BaHne mpu Temmepatype 50—60 °C ormeuaeTcs
HauOonbiee conepkanue ButammHa C ot 25,9
no 90,2 mr/100 r skcrpakra. [Ipu Temmnepatype
ot 60 mo 70 °C coxmepxaHue acKOPOMHOBOU KHC-
JIOTHI YMEHbINUIOCH Ha 26,1 u 47,5%. 310 MOXHO
OOBSICHUTH TEM, YTO MpPU BBICOKOH TeMmIeparype
MIPOUCXOMIAT 3HAYUTENBHBIE TIOTEPH ACKOPOHHOBOM
KUCITOTHI U UCTIONTB30BATh JTAHHBIN MapameTp TeMrie-
paTypHOTO pEeKMMa HE PEKOMEHIYeTCs, HECMOTPS
HA BBISBJICHHBIA 3HAYUTENBHBIA BBIXOJ CYXUX
BEIIICCTB MPH DKCTPArUPOBAHUH.

70-80°C # ¥ ManuHa

50-60°C | ‘ 3eMJISIHUKA
# canoBas

30-40°C -‘ ‘ ‘ B yepHas
E— cmopomHa

0 20 40 60 80 100
mr/100 r | mg/100 g

Pucynoxk 5. Comepxanne BuramuHa C B 3aBHCHMOCTH
OT TEMIIEPATYPHOI'0 PEXUMa DKCTPArMpOBaHUA OCMO-
CYIICHBIX ATOJ

Figure 5. Vitamin C content depending on the
temperature regime of extraction of osmo-dried berries

3akioueHne

VYCTaHOBIEHO, 4YTO ONTUMAJIbHOE BpEMS
SKCTpParupoBaHUs II0 BBIXOJY CYXHX BELIECTB
(o1 20,82 mo 25,07%) ocMO-CyIIEHBIX STOA TPH
temrmiepatype ot 50 10 60 °C 1 BbICOKOE COXpaHeHHe
ButamuHa C 1o 20,8 u 36,4% cocraBmio § 4acos.
ITosryueHHsblil TEMIIEPATYPHBINM PEKUM UL IIPOLIECCA
SKCTParupoBaHusl SIBUJICS HauOosee LIafslyM, CIIo-
COOCTBYET COXPaHEHHIO TEPMOCTAOMILHBIX COCITIHE-
HHH, KOTOpBIE MO/IBEPAKEHBI OBICTPOMY Pa3pyIICHHUIO
npu OoJiee BEICOKUX TeMIIepaTypax.
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AHHOTanMsA. B ycnoBusax yxyamaromeics: 3K0JI0rn4eckoil 00CTaHOBKH, PaIHMOAKTUBHOTO 3arPsI3HEHUS B OPraHU3M YeJIOBEKa MOTYT
MOCTYNaTh BMECTE C MHIIEH paguoOHYKIHIbI — NPOAYKThI PaIHOAKTHUBHOTO Paclajia, KOTOPBIE B CBOIO OYEpPEIb MOTYT PaclafaThes
C UCITyCKaHWEM HMOHU3UPYIOIUX H3IydeHHH. OTOMy e IOJBEPIKEHBI JIOIHM, pabOTaIoIIUe C PaAuOaKTHBHBIMU BEIECTBAMHU
WM HaXOASIIUECS TMOJA BO3/ACHCTBHEM HOHU3HPYIOIUX O0OMydeHHil. B mMupe BeneTcs WHTEHCHUBHBIH MOHCK 3((HEKTUBHBIX
9KOJOTHYECKH 0e30IacCHBIX CHOCOOOB IMPOM3BOACTBA HOBBIX BHIOB IPOJYKTOB IUTAHMS 3alIUTHOTO, 030POBHTEIBHOTO, JTeIeOHO-
npodrakTHIecKoro HazHadeHus. [IpoayKThl (GYHKINOHATEHOTO Ha3HAYCHHS OYCHB IOIYJISPHEI B IOCIEIHEee BpeMs, TaK Kak JIIOAN
cTanu oOpamath OOJbIIe BHIMAHUS Ha CBOE 3[0POBBE U XOTST BKIIOYATH ITOJIC3HBIE MICMEHTH! B CBOH panuoH muTaHus. OmHuM U3
KOMITOHEHTOB, KOTOPBIE MOTYT OBITh MCIIOIB30BAHBI JUIS CO3MAHMS NMPOIYKTOB, SBIISETCS IMEKTHH CTOIOBOH CBEKIHI. IIekTHH — 3TO
BEIIIECTBO, KOTOPOE MOXKHO HaWTH BO MHOTHX ()pykTax U oBomax. OH HCHONB3YyeTCs B MPOIYKTaX IMUTAHUS B KAUECTBE 3aryCTUTEINS
u crabunmsatopa. IlekTnH oOnajaeT yHUKAJbHBIMH CBOWCTBAaMHM, Oiaromaps KOTOPBHIM IIPHBIEKAeT BHUMAHHE MPOU3BOAMTENCH
npoaykToB. OH cnocOOeH CBA3BIBATH BOAY M TBEPJbIC YACTHUIIL, IIPUAABAsl PA3IMIHBIM IIPOAYKTaM ONPEAEICHHYI0 KOHCHCTEHIIHIO.
Kpowme Toro, mekTHH Takxke 001a1aeT IEebIM PSIIOM MONE3HBIX CBOUCTB JUIS 3/10POBbs. B maHHON cTaThe MBI PACCMOTPUM IOy IEeHHE
MeKTHHA W3 CTOJNIOBOHM CBEKIBI Ha OXA pacTBOpe Kak IIEHHOTO HHTPEAMCHTA JUISA CO3MaHUS (YHKIHOHATIBHBIX IPOLYKTOB
M YITyUIICHNS] UX XapaKTePHCTHK.

KnioueBble cji0Ba: EKTHH, CTOIOBas cBEKIA, DXA pacTBOPHI, IPOAYKTH! (DYHKIIMOHAIBHOTO Ha3HAYEHHS, ICKTHHOBEHIEC BEIECTBA.

Obtaining pectin from table beets as a raw material
for functional products
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Abstract. Annotation. In conditions of deteriorating environmental conditions, radioactive contamination in the human body can enter
with food radionuclides - products of radioactive decay, which in turn can decay with the emission of ionizing radiation. People who
work with radioactive substances or are exposed to ionizing radiation are also susceptible. In the world there is an intensive search for
effective environmentally safe methods of production of new types of food products of protective, health-improving, therapeutic and
preventive purpose. Products of functional purpose are very popular recently, as people have started to pay more attention to their
health and want to include useful elements in their diet. One of the components that can be used to create products is table beet pectin.
Pectin is a substance that can be found in many fruits and vegetables. It is used in foods as a thickener and stabilizer. Pectin has unique
properties that make it attract the attention of food manufacturers. It is able to bind water and solids, giving various products a certain
consistency. In addition, pectin also has a number of health benefits. In this article, we will discuss the extraction of pectin from table
beets by ECA solution as a valuable ingredient for creating functional products and improving their characteristics.

Keywords: pectin, table beets, ECA solutions, functional products, pectic substances.
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BBenenue

3amaya oOecIeUeHUsT HACEJICHUS CTPaHbI
HEOOXOJAMMBIM KOJIIMYECTBOM OMOJIOTUYECKH I0JI-
HOIICHHBIX MPOAYKTOB MHUTAHUS MIJIs MacCOBOTO
MOTPEOJICHUSI SIBISICTCS OJHOW M3 TIEPBOOUCPEITHBIX
B pa3BUTHH NuIIeBHIX oTpacieii AIIK.

[lexTHHOBEIC BEIECTBA CBS3BIBAIOT HHUTPATEI,
pPagoOaKTHUBHBIE M TOKCHYHBIC METAJLIBI B HEpac-
TBOPUMBIE, 0€3BpEIHBIC KOMIUIEKCHI, KOTOPHIE HE
BCACBIBAIOTCA U BBIBOAATCA U3 OpraHu3Ma. Takum
00paszoM, MeKTHH 00JamgaeT CIIOCOOHOCTHIO OYH-
IaTh OPTaHU3M OT BPEIHBIX BEIECTB, HE HAPYyIIIas
MPU 3TOM OAKTEPUOJIOTMYECKHUI OaJlaHC OpraHM3Ma.
Kpome TOrO, MEKTHHOBBIE BemIeCTBA O0JIANAIOT
aHTUMHUKPOOHBIMH, POTHBOBOCHAIUTELHBIMH,
00BOJIAKMBAIOIIMMHU U 3allIATHBIMH CBOWCTBaMH.
[exTuHBI CIOCOOHBI POSBIISATH JICYCOHBIC U TIPO-
(uIaKTHYECKHE CBOWCTBA MPH psizie 3a00JIeBaHNH,
He ycrymnasi 110 3p(EeKTHBHOCTH HEKOTOPBIM JIeKap-
CTBEHHBIM TIperapaTam.

Komrmiekcoobpasyroriie CBOWCTBa MEKTHHOB
BBIJIBUTAIOT MX HA POJIb BOKHEHUIIETO MpoduIak-
THYECKOTO CPEJICTBA MPU yTPo3axX WHTOKCUKAIINH,
3arpsA3HEHUs TEPPUTOPUNA WIIU TOBBIIIEHHOW paau-
anuu. ITo pexomennanmu BO3, MeKTUHBI TOTKHBI
JTOTIOJTHUTENBHO TIPUMEHATHCS, KaK MpO(HIaKTH-
YECKOE CPEJICTBO B IKOJOTHYECKH 3arps3HEHHBIX
TEPPUTOPUSIX.

KomruiekcooOpasyrolue CBOCTBa MEKTHHOB
U3 CBEKIBI PAcCMaTPUBAIOTCS B KOHTEKCTE HX
MPUMEHEHHUS B MUIIEBBIX MPOAYKTax. B kxauecTe
3aryCTUTENEH ¥ CTaOMIM3aTOPOB MEKTHH U3 CBEKIIBI
MOXET OBITh HCIOJB30BaH ISl IPUTOTOBJICHUS
JOKEMOB, TIOBHJICN, KOH(ET, MUPOrOB U JAPYTUX
MPOIyKTOB. Hampumep, MeKTHH U3 CBEKITBI MOXKET
WCITOJIB30BAThCSl B KAUECTBE CTAOMIM3aTOpa IIPH
MIPOU3BOJICTBE MACIISTHBIX OMYJIBCHHA, TaKHX Kak
MailOHEe3 U cajJaTHBIN coyc.

Kpome Ttoro, mekTH H3 CBEKIBI MOXET
WCTIOJIb30BaThCAd B KadecTBe (DYHKIIMOHAIBHBIX
WHTPEUEHTOB JUIA YIIYYIIeHHS XapaKTEPUCTUK
MPOIYKTOB, TaKUX KaK TEKCTypa U BA3KOCTb.
Hanpumep, npu 1o0aBIeHUN MEKTUHA U3 CBEKIIBI
B KaueCTBE 3aryCTUTENS K MOJIOUHBIM MPOIYKTaM,
TakUM KakK HOTypT, MOXKHO IOBBICUTH BSI3KOCThb
U YIIyYIIUTh TEKCTYPY TPOAYKTA.

YuuthiBas OOJbINYH 3HAYUMOCTh MEKTUHA
JUTS TIMIEBOM, (PapMalleBTUUCCKON W MEITUIIUHCKON
MIPOMBITIUICHHOCTEH, C IEeNBI0 CHIDKCHUS 3aBUCH-
MOCTH 3KOHOMHUKH Poccnu OT IMIIOPTHBIX TOCTa-
BOK W BHEIPCHHUS WHHOBAITMOHHBIX TEXHOJIOTHI
mpoOjemMa TMPOW3BOACTBA TMEKTHHA IMPHOOpETaeT
Ype3BBRIYAlHY0 aKTyallbHOCTh. [IpogomkuTenpHas
OpHEHTalHs Ha UMIIOPTHBIC TIOCTaBKUA TEKTHHA
HETaTUBHO TOBJIHSAJIA HA Pa3BUTHE €ro MPOU3BOJI-
ctBa B Poccun. OpHOM M3 TIJMaBHBIX NPUYUH,
TOPMO3SIIIMX PA3BUTHE TPOU3BOACTBA IEKTHUHA,
SIBIIICTCS OTCYTCTBUE KOJIOTHYECKH OE30MMacHOM
TEXHOJIOTUM KOMIDICKCHOW Mepepab0OTKU BTOPHYHBIX
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CHIPBEBBIX pecypcoB. TpaauIimoHHAsT TEXHOIOTHS
MOJTyYeHMs TIEKTHHA 00JIaZiaeT PSIOM CYIIECTBEH-
HBIX HEJJOCTAaTKOB:

— TpuMeHeHHe B OONbIIMX  OOBeMax
XUMHYECKH arpecCHUBHBIX Cpell, TpeOyromee uX
JKOJIOTHYECKON pereHepald U 00yCIIOBIMBAIOIIES
BBICOKHE TPeOOBaHUS K KOPPO3UOHHOW CTOHKOCTH
OCHOBHOI'0O TEXHOJIOTUYECKOTO 000PYI0BAHMUS;

— HEeoOXOIUMOCTh HCIIONB30BAHUSA TOK-
CHUYHBIX, B3PBIBOOMACHBIX U JIETKOBOCIUIAMEHSIIO-
LIUXCSI pEareHTOB;

— JUINTEeIBHOCTh, MHOTOCTaIUHHOCTD U
TPYIOEMKOCTh TEXHOJIOTMUECKOTO MPOIIECCa;

— BBICOKasi CceOECTOMMOCTb  IIEJIEeBOrO
MPOJIYKTa;

— <(OKECTKHE»  YCJIOBHS  THIPOIU3a-
SKCTParupoBaHUsl, NPUBOIAIINE K AECTPYKUUU
MOJIEKYJI IEKTHHA ¥ CHIDKCHHIO €T0 KadecTBa.

3HauuTeNnpHas MOTPEOHOCTh B IEKTHHOBBIX
BEIIECTBAX OIpeersieT eIeco00pa3HOCTh H3yUeHHUS
UX pa3IMYHBIX HCTOYHUKOB. bonblioil uHTEpec
C TOYKH 3PEHHsS CHIPHS IS MOJYUCHHS TICKTHHA
MIPEACTARISIET CTOJIOBAsl CBEKJIA. JTa CENbCKOXO3sii-
CTBEHHAS KyJIbTypa OTIIMYAETCS BBICOKOW YPO)KaiHO-
CTBIO, CIIOCOOHOCTBIO K JUIUTENILHOMY XPaHEHHUIO,
BBEICOKHM COJIEp)KaHUEM TIEKTUHOBBIX BEIECTB.
B kauectBe chIpbsi A7 MOMYYEHUS IEKTUHA UCIONb-
30BaJld OTXKUMBI CTOJIOBOM CBEKJIBI, TIOTyYCHHEIE
MOCJIC U3BJICUEHUS U3 KOPHEIUIOJAOB COKA.

W3BiedeHne MEKTHHOBBIX BEIECTB M3 PacTH-
TENILHOTO CHIPbS IIPOU3BOMAT B MPOLIECCE THAPOIIN3a-
SKCTparupoBaHusd. PexxuM MpoBeieHUs 3TOU CTaJuu
BO MHOT'OM ONpeJIEsIeT BEIXO TOTOBOTO MPOIYKTa
M ero MoKa3aTenn KadecTBa. VccnenoBanns Obun
HaIpaBJICHbl HA U3YUYCHUE BIUSHUSA MHapaMeTpOB
TIPOBEICHUSI TIPOIIecCca TUAPOIN3a-IKCTPArHPOBAHIS
MEKTUHOBBIX BEIECTB U3 CTOJOBOW CBEKIIBI HA UX
BBIXOJ] C MCTOJIb30BAaHNEM B Ka9EeCTBE THUAPOIA3YIO-
IIETO areHTa 3JeKTPOXUMUYECKH aKTUBHPOBAHHOIO
(OXA) pactBopa. Dh(heKTUBHOCTD U TIPESUMYIIIECTBA
ucrnonb3oBaHusi OXA pacTBOPOB B CPaBHEHUHU
C KJTACCHYECKUMHU aHAJIOTaMU 000CHOBAHBI U JIOKa-
3aHbI psiioM aBTopoB [1, 2].

MeTepna.m,l H METObI

IlexkTHOBEIE BE€IICCTBA B KIICTOYHBIX CTCHKaX
pacTeHUH CBSI3BIBAIOTCS MEXKMOJICKYJISIPHBIMUA |
BOOOPOAHBIMH CBA3AMHU YE€PE3 TUAPOKCUIIBHBIC U
KapOOKCHITbHBIE TPYIITIBI, ITOCPEICTBOM MOCTHUKOB H3
IIOJIMBAJICHTHBIX METAJIIIOB I/I3(1)I/IpHBIMI/I CBS3SAMMU.
Ilenoykn TEKTUHOBBIX BEIIECTB CBS3BIBAIOTCS
C HEUTpaJbHBIMU TOJIMCaXapuJaMu  KJIETOYHOU
CTCHKH HJIH K€ MEeXIy co00ii, 00pasys ceTyaryio
CTPYKTYpy. UTOOBI BBIICTHTE IEKTHH, HEOOXOINMO
Pa3pylINTh 3TH CBSA3H B TAKUX yCIOBHIX, KOTOPHIC
He puBeNd OBl K MOHMKEHUIO MOJIEKYJSIPHOU
Macchl MakpoMmoJsiekyibl. Ilpu Temmnepartypax
Beiie 50 °C u monmxenuu pH or 2,5 mo 1,0 mpo-
UCXOJWUT 3HAYUTEIBHBIA THIPOJIN3 TIUKO3UIHBIX
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CBSI3€H, UTO MPUBOIUT K Pa3pbIBY MOIHUTAIAKTYPO-
HOBOHM LIEMOYKH M OTLICIUIEHHUIO OOKOBBIX Lierei
apa0aHOB U TaJlakTaHOB, TO €CTh MPOUCXOIUT Pe3-
KO€ YMEHBILICHHE MOJICKYJSIPHOTO Beca MEKTHHA,
a9TO BJIEYET 3a COOOH CHW)KEHHE >KEIHPYIOICH
cnocobHocTd. C 1Eenpl0 MOJTYYEHUS] BBICOKOTO
BBIX0/1a TIEKTHHOBBIX BEMIECTB MTPH MAKCUMAIEHOM
COXpAaHEHMH HX KayecTBa M JONOJIHUTEIHLHOTO
W3BIICYECHHS MTUIIEBBIX BOJIOKOH TPOIIECC THAPOITH3a-
9KCTPAarMpOBaHUsl MPOBOAMIM C UCIIOJIB30BAaHUEM
OXA Boapl, Kak Oosiee MATKOTO U 3QPEKTUBHOTO
THIIPOJIN3YIOIIETO areHTa.

B mpouecce wuccienoBaHuil onpenesnsiau
ONTUMAJIbHBIE PEXHUMBI MPOBEACHUS THAPOIH3A-
9KCTPAarupoOBaHMUs, TIPU 3TOM BAPbHPOBAII OCHOBHBIE
(baxTOphl, BIMAIOLIME Ha IIPOLECC: TEMIepaTypy
(40-90 °C), pH DXA pactBopa (2,0-5,0), mpoaomKu-
tenbHOCTh (30—120 MunyT), ruapomonyss (1:3-1:6).
B kauecTBe KOHTPOJIBHBIX HCIIONIB30BAIN 00pa3Lpl,
NOJy4aeMble [IPU TeX XKe MapaMeTpax C pUMeHe-
HHEM PacTBOPA COJISTHOM KUCIIOTHI.

Pe3y.]'[l)TaT])I 41 oﬁcymz]elme

Pe3ynmbTaTel 3KCIIEpEMEHTa TPHUBEACHBI Ha
pucysnkax 1-2 u B Tabnmure 1.

Kax BugHO U3 SKCIIEpUMEHTAIBHBIX JaHHBIX
npu ysenudeHuu pH ot 2,0 1o 3,5 BeIX0J NEKTHHA
MOBBIIIAETCS 0 MAaKCHMAJIBHOTO 3HAYEHUS NpHU
pH 3,5 u cocraBnser 9,64% k macce BO3MYIITHO
CyXOTo >KOMa TIPH HCTOJB30BaHNH DXA BOIBI U
6,56% mpu ucrons3oBanuu Boabl ¢ HCI. TIpuuem,
HauOoJiee 3aMETHO BBIXOJ TMOBBIIIACTCS B HHTEP-
Bae pH 2,0-3,0. CnenoBaTenbHO, MpPOBEICHUE
nporiecca npu pH menee 3,0 IPUBOIUT K ETIOTH-
MepH3aIlui TIEKTHHOBOW MOJIEKYJIBI, KOTOpas
BEIET K Pa3phIBy MOJUTATAKTYPOHOBOU IIENH HA
OoJiee KOPOTKME YYacTKH BIUIOTh JIO pa3pbiBa
Ha OT/ENbHBIE 3BEHBS U TIOJTYYSHHUS MOJIEKYIISPHO-
pacTBOPUMON  MOHOTANAKTYPOHOBOM  KHMCIIOTBI
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CsHoOsCOOH. B pesynbrate riry0OKOTO THUAPO-
JUTHYECKOTO pachaia MEeKTHUHOBOH MOJEKYIIbI
yXyAIIaeTcs KayeCTBO eKTHHA.

Hanpneitmee nossimienue pH ot 3,5 mo 5,0
CHIDKAeT BBIXOJ MEKTHHOBBIX BEIIECTB, TaK Kak
XUMHYECKH CBSI3aHHBIE TIEKTHHOBBIC BEIIECTBA TIPAK-
TUYECKH HE M3BJICKAIOTCS, a U3BJICKAIOTCS JIUIIIb CBSI-
3aHHBIE MEXaHUYECKH JINOO BOIOPOIHBIMH CBSI3SIMH.

[IpumeHeHue B KauecTBE THAPOIUIYIOLIETO
arenTa DXA Bonbl Oonee 3PQPeKTUBHO, TaK Kak
BBIXOJI HOBBIIIAETCS Ha 2—3%. DTO CBSA3aHO C TEM,
yro OXA pacTBOphl 00]aJAIOT TMOBBIIMICHHON
SKCTparupyromei cnocoOHOCTRIO, TaK KaK MPH UX
UCIIOJIb30BAaHUW KUCIIOTHBIH TUAPOIHN3 MPOTOIEK-
THHA TPOTEKAET MO/ ICUCTBUEM aKTHBHUPOBAHHBIX
MOJIEKYJI BOJIBI, 32 CYET MIPUCYTCTBHA B CPEJIE TH/-
POJIM3YIOIIErO areHTa akKTHBHBIX paaukaios HzO".

OnuH U3 BakHEHUMX (pakTopoB, 00YCIIOBIH-
BAIOIIMX BBIXOJ M (PU3MKO-XUMHYECKUE CBOMCTBA
TIeKTHHA, — TeMrieparypa mporecca. C ee MOBBIILICHUEM
MPU  THIAPOJIM3E-IKCTPAruipOBAaHUN B PACTUTEIEHOM
TKaHH YacTHYHO Pa3phIBAIOTCSI BOJOPOMIHBIC CBS3H
MEKITy aCCOLMUPOBAHHBIMH MOJIMMEPHBIMU MOJIEKY-
JIAMU TIPOTONIEKTHHA, COJIEBBIE CBSI3H C OEIKOBBIMHU
MOJICKYJIaMH;  YBEIIMYMBACTCS IPOHUIIAEMOCTh
PaCTHUTENBHBIX KIETOK.

Bb110 BBISIBIIEHO, UTO TIOKA3aTENb TEMIIEPATYPhI
SIBJISICTCS. BAXKHBIM TEXHOJIOTMYECKUM apaMeTpoM
BeJICHHS TIPOIIecca, C €ro MOMOIIBI0 MOYXKHO PEryIid-
pOBaTh BBIXOJ U Ka4eCTBO TIEKTHHOB. Y CTAaHOBJICHO,
9yTO TeMmmeparypa ruaponusa Hwke 70 °C Hera-
TUBHO BIIUSIET HA BBIXOJ| MEKTHHA, MPOILECC HIET
MEJJICHHO 1 HE TPOUCXO/IUT MOIHOCTHIO 32 60 MUHYT.
YBenuueHue temneparypsl rugpoiunsa ot 40 °C oo
70 °C moBhIIaeT BBHIXOJ MEKTHHA 10 MaKCUMyMa
npu npumeneHnn XA Bogs! (10,23%). T'umporms-
skcTparupoBanue Ha Bojie ¢ HCl naeT MakcuMasbHbIH
BBIXOJ mekTrHa mpu Temmeparype 80 °C (7,06%).
HanpHeiimee noBsimenue tTemmepaTtypsl 10 90 °C
MIPUBOANUT K TEPMHUUECKOMY Pa3JIOKESHHIO TEKTH-
HOBBIX BEIIECTB, X BBIXOJ YMCHBIIACTCS.
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Figure 1. Dependence of beet pectin yield on pH

CBEKJIBI OT TEMIIEPATYphI
Figure 2. Dependence of beet pectin yield on temperature
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[Ipn nccnenoBanny BIUSHAS TIPOJOIKHATEITh-
HOCTH THAPOJIM3a-IKCTPArupOBAHUS HA BBIXOJT TIEK-
TUHOBBIX BEIECTB YCTAHOBJICHO, YTO MU OOIICH
MPOAOJKUTENIEHOCTH TIporiecca MeHee 60 MHHYT
He o0ecrieynBaeTcd IOJIHOTa BBIXO/JAa TOTOBOTO
npojyKTa. MaKCUMAJIbHBIA BBIXOJ] TIEKTHHA HAOJIO-
JIaeTcsl TIPH AKCTParupoBaHUU B TedeHue 60 MUHYT U
cocrasisaeT 10,27% ¢ UCIIOIb30BaAHUEM B KAUECTBE
ruaposmyomero areata OXA pactBopa. Ilpu
MPOBEJCHUN TMpoIlecca Ha COJSHOW  KHUCIIOTE
TpeOyeTrcs Ooblree BpeMsl C IS0 JOCTHKEHUS
MaKCHMyMa BbIXOJa TOTOBOTO mpoaykra — 7,55%,
YTO TOBOPUT 00 MHTEHCU(UKAIMH TTpoliecca Ona-
rogapsi mpuMeHeHur0 OXA BOAbL. YBEIMUCHUE
MIPOJIOJDKUTENHFHOCTH  THAPOIIN3a-IKCTPAarNPOBAHUS
710 120 MUHYT IPUBOJUT K CHUYKEHHIO BBIX0/1a MEK-
THHA 10 7,94 1 5,61% npu NCTIOIE30BaHUN aKTUBHPO-
BaHHOW Y HEAKTUBUPOBAHHOW BOJIbl, COOTBETCTBEHHO.
DTO MPOUCXOIUT 3a CHET TEPMOOKHCIUTENHHO-
THJPOJIMTHYCCKON JICCTPYKIIMN M YBEIUYCHUS BSI3-
KOCTH, YTO YMEHBIIIAET IBIDKYIIYIO CHIIy Tpoliecca,
MOCKOJIBKY TIPH TPOJOJDKHUTENFHOCTH TIpoliecca
6onee 90 MHUHYT BCIIEACTBHE IepeMeEIINBAHUS
CBIPbSl HAYMHACTCS MEXaHWYECKOe pa3pylIeHHE
PacTUTENHHON TKAHH, YTO MPUBOAUT K 3arPsI3HEHUIO
MEKTUHOBOTO SKCTPAKTa KOJUIOMIHBIMU YaCTUIIAMU
CBIPBSI, & TAKXKE 3aTPYIHSIET MPOLECC pa3/eIeHuUs
CMECH TI0CIIe IKCTPArUPOBAHUSI.

BiusiHue 3Ha4eHM IMIPOMOIYJISI HA CTaIud
TUAPOJIN3a-IKCTPArUPOBAHNUS Ha BBIXOJ] TIEKTHHA
CBUJIETEIILCTBYET O TOM, UTO IPOLIECC LIETIeCO00pa3HO
BECTH Ipy pazBeneHnn 1:4—-1:5, Tak kak Habmomaercs
HauOonbmuit Beixoa nektuHa (10,33% mis DXA
u 7,34% nnst Boaer ¢ HCI). Camxenne MOIyst 10
3Ha4YeHHd |:3 HETeXHOJIOTHYHO, TaK KaK PeaKInOH-
Hasl Macca rycras, 3aTpyIHSeTCs IepeMenInBaHue,
KpOME TOTO, 3HAYMTEIbHO YMEHBIIACTCS BHIXOJl
MEKTUHA. YBEIWYEHUE TUIpOMOAyJs 1o 1:6 He
MIPUBOJNT K 3HAYUTEIHFHOMY M3MEHEHHUIO BBIXOJA
MEeKTUHa, XOTA OJTOT TMOKa3aTelb HECKOJBKO
YMEHBIIAETCSI, 3TO TAK KE BEJCT K 3HAYUTEITLHOMY
MTOBBINICHAIO PACcX0/ia XUMHUYECKUX pPEareHTOB U
9HEPrOEMKOCTH MTPOU3BOACTBA, IOSTOMY SIBIISIETCS
YKOHOMUYECKH HEPEHTAOCTHHBIM.

CornacHo BHIIIEU3I0KEHHOMY, PallHOHAIb-
HBIMH YCIIOBHSIMH TIPOIIECCa THAPOIIN3a-IKCTPari-
pOBaHUS MEKTHHA U3 OT)KMMOB CTOJOBOW CBEKIIBI
C TOYKH 3pEHHS BBIXOJa TOTOBOTO IMPOJYKTa
seistotest: pH = 3,5, remmieparypa 70 °C, mpomot-
KUTENBHOCTH 60 MUHYT, THApOMOAyds 1:4-1:5.
[exTHH, MOMyYEHHBIN IO TPEIIAracMOMY PEKHUMY,
aHAJIM3UPOBANIM C OIpENeIeHHEM KOJIUYeCTBa
cBobonubix (Kc,%), arepuduimponannbix (Ke,%)
n o6mux (Ko,%) kapOOKCUIBHBIX TPYIII, CTEICHN
3Tepu(UKAIIN 1 MaCCOBOH JOJH MOJIUTAIAKTypPO-
HOBO# KHCIIOTHI (Tabuma 1).
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Tabauna 1.
CBolicTBa IEKTHHA U3 CTOJIOBOI CBEKJIBI

Table 1.
Properties of beet pectin

CreneHp
sTepuHKaILUY,
Degree
of esterification, °
58,24

[TomuranakrypoHoBas
Kucnora, %
Polygalacturonic acid, %

77,02

Kc, %[Ke, %|Ko, %

7,86 |10,96]18,82

W3 TabmuIe1 BUAHO, YTO TTEKTHH, MOy ICHHBIH
M0 JaHHOH TEXHOJOTHH, O00JIalaeT BBICOKUM
KaueCTBOM, XapaKTEPU3YIOIIUM €0 KaK KOMILIEK-
coo0pazoBaTelb.

Ha ocHOoBe mnexkTHMHa CTOJIOBOM CBEKIIBI
BO3MOXHO TIOJIYYCHHE PAa3INYHBIX MPOIYKTOB
(YHKIIMOHAIEHOTO U MPO(HIAKTHYECKOTO Ha3HAYe-
HUSI: HallUTKOB, COYCOB, Imope. B HacTosmee Bpemst
pa3pabaThIBaOTCS PENenTyphl (PYHKIIMOHATBLHBIX
HaIllUTKOB, COJIEPXKAIUX IEKTHHOBBIE BEIIECTBA
CTOJIOBOI CBEKJIBL.

[omy4eHHbII TEKTHH MOXKET OBITH HCIOIB30-
BaH JJIsI CO3/IaHUSI LIMPOKOTO CIEKTPa MPOIYKTOB
¢yHKIIMOHAEHOTO Ha3HaueHus. OH OTIUYaeTcs
BBICOKOH CITOCOOHOCTBIO CBSI3BIBATH KHUAKOCTH U
00pa3oBEIBaTh Teleco0Opa3HyI0 MacCy, 4TO JeacT
€ro He3aMEHUMBIM KOMIIOHEHTOM B ITPOU3BOJICTBE
KOHOUTIOPOB M KeMoB. Kpome TOro, meKkTwH
WCTIONB3YETCS B KA9eCTBE 3aTyCTHTENS B MBUTBHBIX
TMIEHAX U IPYTUX KOCMETHUECKUX MPOIYKTaX, a TAKKe
B [IPOU3BOJICTBE MOPOKEHOIr0, € OH YIIy4YIlIaeT
KOHCHCTEHITHIO U CTPYKTYPY.

OnHUM U3 TIIABHBIX MPEUMYIIICCTB MOTyICHHUS
MEKTUHA U3 CTOJIOBOM CBEKIJIBI SIBIISIETCS €T0 HU3KAs
CTOMMOCTH TIO CPaBHEHHUIO C JIPYTUMH HWCTOYHH-
KamMu TekTuHa. Kpome TOro, cToioBas CBEKJa
SIBJISICTCSI OTHOCUTEIHHO HEJOPOTUM U JIOCTYITHBIM
MPOAYKTOM JUTsl MHOTUX PETHOHOB U CTPaH.

Takum o00pa3oM, MOIyICHHE IICKTHHA W3
CTOJIOBOM CBEKJIBI WMEET MHOXECTBO IIPEUMY-
IIECTB ¥ MOXKET OBITh IIUPOKO HCIOIH30BAHO
B IIPOM3BOJICTBE TPOAYKTOB (PYHKIIMOHAIHHOTO
Ha3HAYCHUS. JTO JICHIEBBIA U JOCTYIHBIA UCTOYHUK
MEKTUHA, KOTOPBIA 1a€T BO3MOXKHOCTh CO3AaBaTh
BBICOKOKa4E€CTBEHHBIE MPOYKTHI C YITyUIIEHHBIMA
TEKCTYpO#l U KOHCUCTeHIue [3, 4].

[exTuHBI CTONOBOY CBEKIIBI 00JIAIAIOT PSAIOM
MOJIE3HBIX CBOMCTB, KOTOPBIE MOTYT OKa3bIBaTh
MOJIOKUTENbHBIE A (EKTH Ha 3A0POBbE YETIOBEKA.
HexoTtopble U3 HUX BKJIFOUYAIOT B ceOsl:

— CHIDKCHHUE YPOBHS XOJIECTEPHHA B KPOBH.
IlexTHH criocoOeH CBS3BIBATH M BHIBOAWTH M3 Opra-
HU3Ma JIUIITHUN XOJIECTEPHH, YTO B CBOIO OYepenb
MOKET YIy4IIUTh (PyHKIMOHUPOBAHUE CEPACYHON
CHUCTEMBI W CHHU3HUTH PHUCK CEPJEYHO-COCYIUCTHIX
3a00JICBaHUIT;
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— TOJUIepKaHue 30POBOTO YPOBHS caxapa
B KpoBHU. [IeKTHH crocoOeH 3aMeUIsITh YCBOCHHUE
YIJIEBOJIOB, YTO IIO3BOJISIET COXPAHSATh CTAOMIIBHBIN
YPOBEHb caxapa B KpPOBH. OTO MOXET OBITh
0COOCHHO TIOJIC3HO IS JIFOJCH, KOTOphbIe CTpa-
JAal0T OT AMadeTa WM MPEeIPacIOIOKEHBI K JIaH-
HOMY 3a00JIeBaHHIO;

— colepXXaHue MHLIEBBIX BOJOKOH. Ilek-
THHBI CTOJIOBOM CBEKIJIBI, KaK IPaBHIIO, OOTaThI
NIMIIEBBIMHU BOJIOKHAMH, KOTOPBIE SIBJISIOTCSI HEOOXO-
JIUMBIMH JJ151 37J0POBbsI TTUILIEBAPUTENHHON CUCTEMBIL.
OHM MOTYT MOMOYb YIYYIIUTh YCBOCHHE IHIIH
Y TIPEJOTBPATUTE pa3iINdHbIE MPOOIEMBI MUIIIEBA-
PHUTENBHON CHCTEMBI;

post@uestnik-vsuet.ru
— NOAJEp>KaHHE 310POBbs KOXKU. IIexTuH
MOJKET MTOMOYb COXPAaHUTh 3I0POBbE KOXKH, YIIyd-
IIUTH €€ TEKCTYpy M yBlaxkHeHHe. OH MOXKET TaKke
MIOMOYb OCBETIUTHh ITUTMEHTHBIE MATHA W YMEHb-
IIUTH TITyOUHY MOPIIHH.

3akiroueHmne

Kommexkcoobpazyrompe cBOHCTBa MEKTUHOB
U3 CTOJIOBOM CBEKIJIBI MPEACTABISIIOT ILIUPOKUI
CIIEKTp IIPUMEHEHHH B IUILEBOM U JPYTHX OTPACIEIX,
a Takke HMMEIOT MOTEHUHWANl ISl MEIULMHCKOrO
HCIOJIb30BaHus. JlanbHelye UCCIeI0BaHus MOTYT
PacKpbITh emE OoJbIIe BO3MOKHOCTEH HCIIONIB30Ba-
HHA TIEKTUHOB U3 CBEKITBI B PA3IMYHBIX O0JIACTSIX.
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CoBpeMeHHBbIE ACTIEKThI HCCJIEA0BAHNS BIUSHUA (PU3HIECKHUX
BO3/1CHCTBHU HA CBOMCTBA NOJUMEPOB
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1 Poccuiickuit GMOTEXHOJIOTHUECKHI YHUBepcHuTeT, Bosokomamckoe mocee, 11, Mocksa, 125080, Poccust

AnHoTtanms. CTaTbsl MOCBSIICHA aHAIN3Y COBPEMEHHBIX ACMEKTOB (DH3MUECKOro BO3ICHCTBHS Ha MOJIMMEPHBIC MAaTEpHalbl H HX
Ka4eCTBEHHBIC XapaKTePUCTHUKU. B mporecce n3yveHus TUTepaTypbl ObUTH BBIACICHBI KaK MOJOKHTEIbHBIC, TAK U OTPUIATEIbHBIC
CTOPOHBI (PU3UYCCKOTO BO3JICUCTBHS Ha CTPYKTYPY, M Ka4eCcTBO IOJMMEPHBIX MaTepualioB. B kadecTBe (U3MUECKHX METOJIOB
BO3JICHCTBUSA OBLIM PACCMOTPEHBI: YIBTPAPHOICTOBOE OOIyUYCHHE, HOHH3HUPYIOIICE M MHKPOBOJIHOBBIC H3IIyYCHHUs, Ja3epHOC
BO3JCHCTBHE, MEXaHUUECKOE HATPyKeHHUE, TepMUieckast oOpaboTka u apyrue. OnucaH ONbIT NPUMEHEH s (PU3MYECKOT0 BO3ICHCTBHUS
JUTSL PACIIMPEHUS] 00JIACTH MPUMEHEHUSI IOJIMMEPOB, BKIIFOYAS! TOBBIIICHHE TPOYHOCTH, TEPMOCTOWKOCTH, YCTOUIUBOCTH K KOPPO3HUH
o JIp. 3aTPOHYTHI PHCKHU, KOTOPHIC MOTYT BO3HHKATh B PE3yJIbTATE BO3JCUCTBHS Ha PAa3IMYHbBIC CTPYKTYPHI OJTHMEPHBIX MaTCPUAIIOB,
B TOM YHCIIC IPUMEHSACMBIX JUIS yIIAaKOBKH MHIIEBHIX POIYKTOB. O003HAUCHA TEPCIICKTHBHOCTh U3YUCHUS BIIUSHIS MAUKPOBOJIHOBOTO
M3JTyYCHH, KaK BHIa QU3UUECKOTO BO3ACHCTBUS Ha MOJTUMEPBI, C IIENBI0O CHIDKCHHS HETaTHBHBIX MOCIICACTBHA. [laHHasI CTaThst MOYKET
ObITh TOJIE3HA CIICHUATICTAaM, 3aHUMAIOLIUMCS Pa3paboTKOW U MPOM3BOACTBOM IOTHMMEPHBIX MaTePHANIOB, a TAKXKE IS HAayIHBIX
HCCIIe0BaTeleH, 3aHUMAOIIUXCSI H3yIeHHeM (DH3HUIECKIX CBOMCTB MAaTEPHAIOB.

KarwoueBble cj10Ba: TOIMMEPBI, HOJMMEPHBIC MATEPHAITBI, MUKPOBOIHOBOE H3ITyUCHHUE, (PU3HUIECCKOE BO3ICHCTBHE, CBEPXBBICOKOUACTOTHOES
U3y 4YeHne, MOIU(HUKALIS TOITHMEPOB.
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on the properties of polymers
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Abstract. The article is devoted to the analysis of modern aspects of physical impact on polymer materials and their qualitative
characteristics. In the process of studying the literature, both positive and negative sides of physical impact on the structure and quality
of polymer materials were identified. The following physical methods of exposure were considered: ultraviolet irradiation, ionizing
and microwave radiation, laser exposure, mechanical loading, heat treatment and others. The experience of applying physical impact
to expand the field of application of polymers, including increasing strength, heat resistance, corrosion resistance, etc., is described.
The risks that may arise as a result of exposure to various structures of polymer materials, including those used for food packaging, are
touched upon. The prospects of studying the effect of microwave radiation as a type of physical impact on polymers in order to reduce
negative consequences are indicated. This article may be useful for specialists involved in the development and production of polymer
materials, as well as for scientific researchers studying the physical properties of materials.
Keywords: polymers, polymer materials, microwave radiation, physical impact, ultrahigh frequency radiation, modification of polymers.

nosioBuHe XX B. MOSBHJIMCH HOBBIE O0JIACTH XHUMHH
(7azepHast XUMUS, IUIa3MEHHAS U POTOXUMHUSI, XUMHS
BBICOKHX HaBlieHmi). B mocmemune 10— 15 jer
yxe B XXI B. K HUM NPUCOEIUHUIIOCH NEPCIEK-
TUBHOE HaIlpaBlieHHEe XUMHH, B KOTOPOH MCIOIb-
3yercsi cBepxBbicokodacToTHOe (CBY) m3nyyenue,
BO3HUKIIIEE Ha CThIKE (M3WKH M XUMHH. JaHHOE
HalpaBJeHHE BKIIOYaeT B ce0S XUMHYECKHE

BBenenue

BypHoe pa3BuTHE €CTECTBEHHBIX HayK,
Habiofaromeecss B IMOCIEIHHE JECSATUIETHS,
OCHOBAHO Ha 3HAYUTEIHLHOM PACHIUPEHUU TEXHU-
YECKUX BO3MOXHOCTEH HMCCICIOBAHUN U TECHOM
MEPeIUICTCHUU  JIOCTHIKCHUH XUMUH, (U3UKH,
Ouoyoruu W Jpyrux oO0JacTedl eCTeCTBO3HAHMS.
DT0 CcmocoOCTBOBAIO TOMY, YTO BO BTOPOHU
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MIPEBpAIICHHUS C yYaCTHEM TBEPIBIX AUIICKTPUKOB
Y XKHUIKOCTEH, CBSI3aHHBIE C MCTIONF30BaHUEM SHEPTUH
mukpoBoHoBoro (i CBY) moss [1].

Y cTaHOBJIEHO, YTO MUKPOBOJIHOBOE M3ITyYEHUE
CIOCOOHO B JIECSITKH M COTHU Pa3 YCKOPSITh MHOTHE
XUMHYECKHE PEAKIINH, BEI3BIBATH OBICTPHIN 00BEM-
HBIM HarpeB KUAKAX U TBEPIBIX 00pa3IoB, 3pdek-
TUBHO (OBICTPO M MOJHOCTHIO) YAANATH BJIAry H3
TBEPIBIX MpPENnapaToB, B TOM YHCIIE BBICOKOMIOPH-
CTBIX, MOAU(DUIMPOBATH CBOWCTBA PA3INYHBIX
copbenToB. Mcnonp3oanue sueprun CBY BMecTo
MPUMEHSIEMON B HacTosIIee BpeMs TEIIOBOU
JHEPTUH TEIUIOHOCHTENed B MPOMBIIUICHHBIX
YCTaHOBKAx IIO3BOJISIET 3HAYUTENHHO YIPOCTHTH
TEXHOJIOTHYECKUE CXEMBI, HCKIIOYUTh BCE MPO-
1IeCChl U YCTPOMCTBA, CBSI3aHHBIE C MOJATOTOBKOMU
TETUTOHOCHUTEIIS, 8 TaKK€ CHU3WUTH BPEIHBIE BHI-
6pocer B atMochepy [2]. JlaHHBIE TOT0KHUTETBHEIE
XapaKTEePUCTHKN 3TOTO METOZa MO3BOJIAIOT IIMPOKO
npuMeHaTs CBY m3nyueHue nmpH IpOU3BOACTBE
MOJTMMEPHBIX MaTepuanoB. OTpaHHYeHS UCTIONb-
3oBaHusa CBY-u3iyyeHus B TaKOM cllydae B OCHOB-
HOM CBSI3aHBI C OTCYTCTBHEM OOOpYJIOBaHUS IS
MPOMBIILIEHHOTO IPUMEHEHHUS. A TaKkKe Ha JaHHOM
JTare pa3BUTHS HAYKH MaJio U3yYEHHBIM SBISICTCS
Bompoc HeraTtuBHOro BiusHus CBY wuznydyenus
Ha MTOJUMEPHEIE MaTepHasl [3].

B cpaBaennu ¢ CBY nznyueHnem, mmpoko
W3y4YeH BOIIPOC BIMSHUS APYTHX METOAOB (prznye-
CKOT'O BO3JCHCTBUS Ha MOJIMMEPHBIC MaTepHAIIBI.
Cpenu Takux METO/I0B MOKHO BBIACIIUTh: MEXaHUIe-
CKOE, TEPMHUYECKOE, JIIEKTPHUECKOE, ONTHIECKOE H
panuaronHoe BoszaeicTeue [4]. Kaxaplii u3 aTix
METO/IOB MOXKET NMPHBECTH K W3MEHEHHUIO CTPYK-
Typsl U CBOMCTB MNOJMMEPOB, YTO MOXKET OBITH
MOJIE3HO B Pa3IMYHBIX 00JIaCTAX MPUMEHEHUS MU
JKe TOBJIeYb 332 COOOW HETaTUBHBIE TIOCIIEICTBUSI.

DnexTprudecKrue MeToabl (PU3NIECKOTO BO3-
JEHCTBUS BKIIOYAIOT B ce0s pa3IMyHbIe CIIOCOOBI
ANIEKTPUIECKON 00pabOTKH, TAKHE KaK SJIEKTPHYECKOE
noJie, 3NEKTPUUECKUH TOK, 3JIEKTPOCTATUYECKHUH
paspsa u T. 1. OHKM MOTYT IPUBECTH K U3MEHEHHIO
AIIEKTPUYECKUX CBONCTB TOJMMEPOB, MOTYT YyBe-
JUYUTh WX TPOBOAUMOCTD, ITUIICKTPHUECKYIO
MPOHUIAEMOCTH | T. 1. [5].

Onrtuveckne METOABI BKIIOYAIOT B ceOs
M3MEHEHHE CBETOBBIX CBOWMCTB TOJMMEPOB, TAKUX
KakK MpOo3pavyHOCTh, BET U T. . OHH MOTYT HC-
MOJBb30BaThCS  JUISL  YJIYYLICHUS OCTETHYECKHX
CBOWCTB TOJNHMMEPOB WM MAJsl CO3AaHUS HOBBIX
(YHKIIMOHAIEHBIX CBONCTB, TaKUX Kak (hOTOUYB-
CTBUTEILHOCTS [6].

JpyTroii pacripocTpaHeHHBIN MeTO I (hr3mUe-
CKOTO BO3JICHCTBHUS Ha TOJIUMEPHI — TEPMUIECKas
obpabotka. [Ipu Takom Buae 0OpabOTKM MOITMMEPOB
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MIPOUCXOANUT U3MEHEHHE UX MOJIEKYJIAPHOHN CTPyK-
TYpbl U MeXaHW4ecKuxX cBOICTB [7]. OcobeHHO 3TO
KacaeTcs TePMOIUIACTHYHBIX MOJIMMEPOB, KOTOPHIE
MOTYT OBITB TIepepadoTaHbl MHOTOKpaTHo. TepMu-
gyeckas o0paboTKa MOMKET OBITh MPOBEJCHA NpHU
BBICOKOW WJIM HU3KOM TEMIIEPATYPE B 3aBUCUMOCTHU
OT TpeOyeMbIX CBOICTB MaTepuana [8].

M3meHeHre CBOMCTB MOJMMEPOB C MOMOIIIBIO
paguanuy, BKIIOYas yabTpadHOIeTOBYIO, TaMMa- U
ANIEKTPOHHYIO 00Pa0O0TKY, TAKKe MO3BOIISIET TONyYaTh
TIOJIMMEPHI C HOBBIMU CBOWCTBAMH U yITYHIIIEHHBIMH
XapakTepucTuKaMu. HaHOCTpyKTypupoBaHHE II0-
JIUMEPOB, BKJIIOYasi HAHOYACTHUI[BI U HAHOBOJIOKHA,
TMO3BOJISIET YITyUIIIaTh UX MEXaHUYECKHUE, dICKTpUIe-
CKME M OIITHYecKHe CBoiicTBa [9]. Mommpukariys
MOBEPXHOCTH MOJMMEPOB, BKIIIOYAs IUIa3MEHHYIO
00paboTKy, 00pabOTKy J1a3epoM U XUMHUYECKYIO
(YHKIMOHAIN3AIINIO, TI03BOJISIET YIIyUIIaTh a/Ir €3HIO0,
BJIarOCTOMKOCTh U JIpyrue cBoiicTBa. M3mMeHeHue
MOP(QOIOTHUH MOTUMEPOB, BKIIIOYAS CYIIPAMOJIEKY-
JSIPHYIO CaMOOPTaHU3AIUI0 W MPOCTPAHCTBEHHOE
HaIpaBJIeHUE TOJIMMEPHBIX IEMei, I03BOISIeT
yJIyqliaTh UX ONTHYECKHUE, DIIEKTPHUECKUE U Me-
xaHuyeckue cBoictna [10].

Hcronp3yemslii  mporiecc  (pu3NIECKOTO
BO3/ICHCTBUSI HA TIONHUMEPHI TPEACTABISET COOOH
HArpeB B AJIIEKTPUYECKON MEYH MPH TeMIIepaType
Bbimie 1000 rpagycoB B TEUEHHUE HECKOIBKUX
JTHEH, 9TO JIeJlaeT ero HEBO3MOKHBIM B IIPOMBIIIUICH-
HBIX MacmrTabax. B cBs3u ¢ 3THM HcCHoNIb30BaHUE
MHKPOBOJIHOBOTO M3ITy4YeHHS B Ka4eCTBE MCTOYHHKA
HarpeBa SIBUJIOCH OOJIBIIINIM IIIaroM BIIEpE]] B CHHTE3e
yriaepoaHeix  Keeporeneid [11].  TlepBonauanbHO
MHUKDPOBOJIHOBBIH HarpeB NPUMEHSUICA B KaueCcTBE
MeTOJ[a CYIIKH TI0CJIe PeaKIfii CHHTEe3a YISl yae-
HUSI PaCTBOPHTENS, OCTABIIErocs BO BHYTpPEHHEH
CTPYKType Treins. B HacTosiee Bpems 3Ta TeXHOIO-
WSl KCTIOJTb3YETCsT TS BCETO Tpoliecca cuuTesa [12],
B pe3yJbTaTe 4ero BpeMs CHHTE3a COKpallaercs
¢ 5 mueit (HeOOXOIUMBIX JJIsI OOBIYHOTO HArpeBa)
J0 5 4acoB IpW HMCHOIB30BAHMHM MHKPOBOJHOBOH
TEXHOJIOTUH. DJTO JIeJlaeT MpoIiecC HaMHOTro Ooliee
9KOHOMHYECKH J(P(PEKTUBHBIM M JaeT BO3MOXK-
HOCTh CHHTE3UPOBaTh OpPraHMYECKUE KCEpPOTresn
B OONBIIMX MAacImTadax ¢ MOMOIIBIO MPOCTOH U
OBICTpOil TIpOIIeAYPHl. MHKPOBOIHOBOE YCTpPOH-
CTBO, WCIOJb3yeMOE /i CHHTE3a YIJIEPOJHBIX
KceporeJiel, mpecTaBisieT co00i MHOTOPEKUMHYTO
MHUKPOBOJTHOBYIO TIeub (;1abopaTopHas pa3paboTka
U KOHCTPYKIHUS) C MAarHETPOHOM MOIIHOCTHIO
1000 Bt Ha yacrore 2,45 I'T'u. OH Takke OCHaIICH
Tepmonapoii Tuma K, koTopas mo3BoiseT KOHTPO-
JUPOBATh U KOHTPOJIUPOBATH TeMIIEpaTypy ¢ Io-
Momwbto IIHM/[-peryiaropa, KOTOPbIA MOAKIOYEH
K TepMOIIape U PEeTyInpyeT KOIMYECTBO IMOaBae-
Mot mormaocTtH [13-15].
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BBeneHne  MHOTOCTEHHBIX — YTIICPOIHBIX
HaHoTpyOok (MYHT) u CBUY-momudukanms mo-
m3(GUPHOW MaTpuLbl BIMSET Ha IOKa3aTenu
MPOYHOCTH, MPOLECCH CTPYKTYpooOpa3oBaHus,
MOPQOJIOTHI0O U TEPMOCTOMKOCTH IMOJTUMEPHOTO
KOMITO3UTHOTO Mareprana [16-18]. Beenerne MYHT
B NOJMA(UPHYIO MATPUIly IOBBIIIAET MPOYHOCTH
KOMIIO3HTa, YTO, BEPOSITHO, CBSI3aHO C N3MEHEHUEM
CTPYKTYpPBl KOMIIO3UTA B PE3yJbTaTe XUMUYECKOTO
B3aUMOZCHCTBUSI (PyHKLIIOHAIBHBIX TPYIIIT Ha IOBEPX-
Hoctt MYHT c onuromepom, 4to MOATBEPKAAETCS
JaHHble TU(PEepeHIUaNIbHON CKaHUpYIOelH Ka-
nmopumetpun (JJCK). MukpoBomHOBas o6paboTka
noau3(GUPHONH MaTpullbl Ha CTaJuU OJMIOMEpa
WHUIMHUPOBAJa PEaKHIO OTBEPKICHUS; IPH 3TOM
HaOII01aI0Ch U3MEHEHHE XapaKTepa pa3pyLleHns
oOpasua ¢ o0pa3oBaHueM yriryOJIeHU, CBUACTEINb-
CTBYIOIIEE O CIIOCOOHOCTH KOMIIO3UTa MPOTHBO-
CTOSTH 00Opa3oBaHUI0 MUKpoTpemuH. OOpaboTka
MOJMMEPU30BaHHOTO Kommo3uTa B nojie CBY uz-
MEHMJIA €r0 CTPYKTYpY 3a CHET peaKCAIMOHHBIX
HPOLIECCOB, MOBBICHB POYHOCTHBIE MoKazaresy [19].

B pabote [20] wu3yuanace BO3MOXHOCTb
MOAM(HKAIMK SMOKCHIHOTO KOMIIO3UTa € TIOMO-
HIBI0 MHEKPOBOJTHOBOT'O U3JTyYEHHsI Ha CTa/IUH OJITO-
Mepa. OnTuMaTbHass MOIITHOCTE B BpeMst 00paOoTKH
NPUBENIN K YBEIWYECHUIO NMPOYHOCTH KOMIIO3MTA
Ha u3ru0 u pacTspkeHue Ha 26% u 29% cooTBet-
cTBeHHO. Ha ocHOBe pe3ynbTaToB, MOyYEHHBIX
Opd TOMOIIM CKAaHUPYIOUIETO 3JIEKTPOHHOTO
MHUKPOCKOIIA, HCCIEOBATENSIMH OBLIO OTMEUCHO
M3MEHEHHe CTPYKTypbl kommosuta. CBY-obpaboTka
npuBeia K YBEIMUYCHHUIO JOJNH IUIACTHYECKOTO
paspyLeHHs, KOTOPOE aBTOPHI CBA3BIBAIOT C 00pa-
30BaHHEM OoJiee TUIOTHOM TpeXMEpHON CIINTON
CTPYKTYpPbI BOKPYT 4acTull HarmoaHuTesst [21].

Hcnonp3oBaHne MUKPOBOJIHOBOTO H3ITYYCHUS
B KayecTBE METOJa HarpeBa HE TOJBKO 3HAYHU-
TEJIBHO COKpalaeT BpeMsl CHHTE3a M AETaeT €ro
MacLITabUPyeMbIM, HO U TTO3BOJISIET MOAM(DHUIIMPOBATD
PESKIM HarpeBa Kak METOJl YIPaBJICHHUs CBOHCTBAMH
nojy4aeMblx MatepuasoB. C oHOW CTOPOHBI, U3-
MCHEHHE TEMIIEPaTyphbl U / WM BPEMEHHU CHHTE3a
MOXET MPHUBECTH K TIOJYYEHHIO MAaTepHaloB
¢ apyrumu coiictBamu [22]. C apyroit CTOpoOHBI,
MHKPOBOJIHOBBII HArpeB TMO3BOJISIET CUHTE3UPOBATh
pazIMYHBIE KOJIMYECTBa 00pa3LoB MIPY PaBUIILHOM
BBIOOpE MOIIHOCTH MUKPOBOJTH [23]. HecMmoTpst Ha TO,
YTO 3TH TIEPEMEHHBIE MOXXHO HCIIOJB30BaTh JUIS
YIpaBJICHUS CBOMCTBAMH, UX 3HAYUMOCTb HE TaK
BEJIMKA, KaK Y XMMHYECKUX [EPEMEHHBIX, YTO SIBIIS-
eTcsl MPENMYILECTBOM /I MIPUMEHEHHs MpoLecca
B IIPOMBIIIUICHHBIX MaciTadbax. [1omo0Ho 00bIYHOMY
METOJly CHHTE3a, MUKPOBOJTHOBBIH HarpeB ITO3BOJISIET
MOIU(QUIUPOBATE XMMUYECKUE IapaMeTphl, 4YTO
BKJIIOYAET B ce0s1 KOHLIEHTPALIMIO BCEX UCIIONB3YEMBIX
peareHToB. OJHON W3 OCHOBHBIX XMMUYECKHUX IEepe-
MEHHBIX siBisieTcst pH pactBopa npekypcopa [24].
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CymiecTByeT MpakTHKa MPUMEHEHHUS MUKPO-
BOJIHOBOTI'O U3JIY4YCHUA IJId YJIYUYIICHUA DKCIUTya-
TaIMOHHBIX XapakTepUCTHK moiumepoB. Cpenn
BO3MOJKHBIX HanOoOJIee BaYKHOM SIBIISIETCS] KOHIIETIIHS
0 BO3MOXHOCTU Hcnonb3oBaHus CBU-uznyueHus
U1 MHUOUHAPOBAHUS IIEPECTPOEHUS CTPYKTYPBI
TIOJISIPHBIX TIOJMMEPOB C LIENIBIO TTOTyYEHHsT HE00XO0-
JIMMBIX B KOHKPETHOM Ciy4ae CBOMCTB. [IpoBonunack
obpaboTka [IBX-meHKn cBEpXBBICOKOYACTOTHBIM
W3Iy4YeHHeM ¢ yaenbHoi sHeprueit 205,8 k/x/kr,
C LIETBbI0 OTpE/CICHUs] MEXaHU3Ma TEePEeCTPOCHUS
ee CTpyKTyphl (pucyHOK 1). CpaBHUTENBHBIA aHAIH?3
CTPYKTYp IJICHOK ITOKa3aJl, YTO y HeoOpaboTaHHOU
CBY-mnyuennem [IBX-tutenkn mpeoOiagaer
amop¢Hasi crpykrypa (pucynok la, B). ITox BO3-
nercteueM CBY-msnyuenust B IIBX m3mensiercs
OpHUCHTalA 60KOBI)IX OTBETBJICHUI €T0 MaKpoMoO-
JIEKyJ, 9TO CIIOCOOCTBYET POCTY dYHCIA IIEHTPOB
KpucTaM3anuuu. B pesynbrare yMeHbLIACTCS
oOmrast Tuomaas aMoOppHBIX 00IacTeil CTPYKTYPHI
B II0JIb3y BHOBB OOpasyrolieiics KpucTauindeckon
¢azsl (pUCyHOK 106), 9TO CONMPOBOXKIAETCSA TIOBBI-
MIEHUEM CTCIICHU YHNOPAOOYECHHOCTHU B PACIIOJIO-
JKEHUU MaKpOMOJIEKYJ TojuMepa (pucyHOK 1r).
Monekynel IIBX HauuHAIOT nepecTpauBaThCS
B MapajUIebHbBIe CTPOYKH (PUCYHOK 1r), uTo sBIsieTcst
MPHU3HAKOM POCTa €T0 KPUCTALTMIHOCTH, obecIie-
YUBAIOIIETO YJIy4YlIeHHe (U3UKO-MEXaHUYECKUX
csoicts [IBX mienku [25].

: _l;| \ 5.‘
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PucyHok 1. M300paxenus ctpykrypsl [IBX-mieHku (% ¢ 106)
1 - amopdHas obnacth;, 2 — 001aCTh KPUCTALIH3ALINH;
a, B-0e3 CBY-00pabotky; 0, T — mocne CBY-06paboTku
(ynenbHast sueprus namydenns 205,8 kx/kr

Figure 1. Images of the PVC film structure (x « 106)
1 — amorphous region; 2 — crystallization region; a, ¢ —
without microwave treatment; b, d — after microwave
treatment (specific radiation energy 205.8 kJ/kg
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Takke CyIEeCTBYIOT paCUeTHBIE PE3YIILTATHI
PEHTTCHOBCKOW CHEKTPOCKOIMM MILTIOCTPHPYIOLINE,
YTO JOJISI KPHCTAIUTMYECKOH (ha3bl MOIMBHHUIIXIIO-
puna, oopaboranHoro yaenbHol sHeprueii CBU-
wmyuenns 205,8 k/[x/kr, nexur B uatepBase 85-88%,
YTO HEMHOT'O BBIIIE JOJIM KPUCTAIMYHOCTH HeoOpa-
GOTaHHOTO MOIMBHHILIXJIOpHA (PHCYHOK 2) [25].
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Pucynok 2. PeHTreHoBCckHe TU(PPAKTOrpaMMbl MOJIH-
BIJIXJIOpHIA C PA3InYHON 00pabOTKOW: a — STaloH,
0 — MOABEPTHYTOr0 BO3ACHCTBHIO SHepruu 102,5 kJ[x/KT,
B — 205,8 xJIx/kr, T — 540 xJ[x/KT

Figure 2. X—ray diffractograms of polyvyl chloride with
various treatments: a — standard, b — exposed to energy
102.5 kJ/kg, ¢ — 205.8 kJ/kg, g — 540 kJ/kg

[Ipu oKcrmmyatanmui MHOTHE — ITOJHMEPHI
MOTYT JeTpaupoBaTh M TEPATh CBOM CBOMCTBA.
JecTpyKuusi NOJIMMEPOB MOKET OBITH BBI3BaHA
MEXaHWYEeCKUMH BO3ACHCTBUAMU, yIbTpaduoieTo-
BbIM H3JIyYCHUEM, TEIIOBBIM BO3JICHCTBHEM H T. JI.
OTpunaresibHOE BIUSHHE MOXKET MPOSBIATHCS
B U3MEHEHHH MEXaHUYECKUX CBOICTB, TEPMOCTOMKO-
CTH, YCTOWYMBOCTU K XUMHUYECKUM BO3ICUCTBUAM U
JIPYTUX CBOMCTB, YTO MOXET MPHUBECTH K IMOTEpE
(GyHKIMOHAIBHOCTH MaTepraia [26]. duzndeckast
MoOIU(UKALUS TIOJIMMEPOB MOXKET IMPOUCXOAHTH
Ha Pa3HBIX CTAAWSIX MX JKM3HEHHOTO LIMKJIA: B TIPO-
Hecce CHHTE3a, BIMSHUE Ha NIepepaldoTKy, YIy4llIeHHe
CBOWCTB W IIpU dKCIUTyaTauy. B mporecce cruHTe3a
MOJUMEPBI MOTYT OBITH MOIU(DHUIIMPOBAHBI ITyTEM
JI00aBICHHS Pa3INYHBIX MOHOMEPOB, KaTajau3aro-
POB HMJIM HWHTMOWTOPOB, YTO MOXKET NPUBECTU
K U3MCHEHHIO UX CBOMCTB, TAKUX KaK MPOYHOCTH,
TEPMOCTOMKOCTh, YCTOMYMBOCTh K XUMUYECKUM
BO3JICHCTBUAM 1 T. 1. [27].

Mexanmndeckas 00pabOTKa SBIISETCS OTHIM
13 METONIOB (DF3UIECKOTO BO3ACHCTBYS HA TIOJIMEPBHI.
OHa MOXXET MPOBOJUTHCA B pa3HbIX (popMax, HAIpH-
Mep, pacTsDKeHHe, cKaTue, M3rud, yaap W T. 1.
B pesynbraTe MexaHWueckod 00pabOTKM MOJH-
MEPHBIX MaTepUaIIOB MOXET MPOUCXOJUTh H3Me-
HEHME WX CTPYKTYpHI U cBOicTB [28]. Hampumep,
MIPH PACTSHKEHUH TMOIUMEPHI MOTYT CTaHOBHTBHCS
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OoJiee IPOYHBIMH U YIIPYTHMH, a TakKe MprHoope-
TaTh HOBBIE CBOWCTBA, TAKHE KaK MaMsTh (hOPMBL.
B T0 e Bpems1, H3NHIIIHEe MEXaHMIECKOe HarpshKe-
HHE MOXKET TIPUBOJMTH K Pa3pyLICHHIO HOJUMEPOB
IIOJI BO3JEHCTBHEM BBICOKHX Temmeparyp. Ilpu
HarpeBaHUH MOJIUMEPOB JI0 BBICOKHX TEMIIEPATyp
MIPOUCXOMAT Pa3IHMYHBIE MPOIECCH], KOTOPBIE MO-
TYT NIPUBECTH K pa3pylieHHI0 Marepuana. OgHuM
U3 TaKHUX TPOLIECCOB SIBIISIETCS] TEPMHIIECKOE Pa3JIorKe-
HHe nonuMepa. [Ipr 3ToM BBICOKOTEMIEpaTypHbIC
MOJIEKYJIbl HAUMHAIOT PacTiaiaThcsl Ha 0oliee MeJIKne
(hparMeHThl, YTO IPUBOIUT K 0OPa30BAHHIO Ta30B
Y TIOHIDKEHUIO MOJIEKYJISIPHOM Macchl IMOJMMeEpa.
3T IpOLIECCHl MOTYT COMPOBOXIATHCS 00pa30BaHUEM
CBOOOJHBIX PaJUKAIOB, KOTOpPHIE CIIOCOOCTBYIOT
JIansHeleMy paspyuiennto Marepuana [29, 30].

TepMmuueckre METOJbl BKIIOYAIOT B cebs
HarpeBaHue, OXJIAXKICHHE, TepMOOOPabOTKY M T. 1.
HarpeBanue Tax:xe MOKET IPUBECTH K U3MEHEHHUIO
MOJIEKYJISIPHOH CTPYKTYpBI MOJUMEPOB, YTO MO-
JKET MPHUBECTH K YJIYYIICHHUIO WX CBOMCTB WIH
HA000pOT, K merpamanuu marepuaina [31]. Oxma-
JKJICHHE MOXKET MPUBECTH K N3MEHEHUIO TBEPAOCTH
1 XPYIIKOCTH MTOJTUMEPOB.

Taxoke BBICOKME TEMIIEPaTypbl MOTYT
MIPUBOANTD K M3MEHEHHUIO MOP(HOIIOTHUH TTOIUMEPA,
YTO B CBOIO OYepellb MOXKET BIHMATH HA €0 MeXa-
HUYecKue cBoicTBa. Hanpumep, npu HarpeBaHUU
NOJMATUIIEHA JI0 TEMIEPaTyp BBIIIE €ro TeMIepa-
TYpBI IUIABJICHHS IIPOUCXOIUT U3MEHEHHE KPUCTAI-
JMYECKOW CTPYKTYphl MarepHaja, YTO IMPUBOJHT
K YMEHBIICHHIO €0 IPOYHOCTH U yrnpyroctu [32].
B menoMm, BEICOKHE TeMTIEpaTypHI SIBISIOTCS OJTHUM
u3 HanboJiee ONacHbIX (aKTOPOB IS TOTMMEPHBIX
MaTepHaioB, U HEOOXOJUMO YYHTBHIBaTh UX BO3-
JielicTBHE TIpH BBIOOpE MaTepHaia v MPOeKTHPOBa-
HUU KOHCTpyKImi [33].

KpoMme TepMHuuecKoro pasiioKeHHs, MpH
BBICOKMX TeMIlepaTypax mpoucxomut auddyszus
pa3IMYHBIX BEMIECTB, KOTOPbIE MOTYT BCTYHaTh
B XMMHYECKUE PEaKIMH C MOJIMMEPOM U MPHBOIUTH
K ero paspymenuio. [Ipy HarpeBaHHH MOJMMATHIICHA
B TIPUCYTCTBHH KHCJIOPOJIa TIPOUCXOJUT OKUCIICHUE
MarepHaia, YTo MOXKET MPUBECTH K 00pa30BaHUIO
TPEIIUH U JajibHeieMy paspyienuto [34].

Ho B TOXE Bpemsi M3y4yeHO, YTO TepMHUYe-
ckast 00paboTKa MOXKET MPUBOAUTE K YBEITUIEHHUIO
KPUCTAUIMYHOCTH TIOJIMMEPOB, YTO MOBBIIIAET HX
NPOYHOCTh M KECTKOCTh. Takol Bua 00pabOTKH
TaK)Ke MOKHO TIPUMEHSTH JJIsi U3MEHEHUS (DOPMBI
TIOJIMMEPHBIX MaTepPHAIIOB U TSl (POPMOBKH H3ICIHIA
WY TIpUBENICHHUA UX B HYXHYIO popmy. JLi1st aTOrO
UCTIONB3YIOTCS CIICIMATbHBIE 000PYIOBaHUE, TaKUe
KaK 9KCTpyIepsl, mpecc-popmsl U npyrue. Ho B To
JKe BpeMsi, CITUIIIKOM BBICOKasl TEMIIEPAaTypa MOXKET
MPUBECTH K JIeTpaJalliy MOJMMEPHBIX MaTePUaIOB
1 YXYAIIEHUIO X CBOMCTB [35].
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MexaHu4ecKue MeTO 1l BO3ACHCTBUS BKIIIO-
YalT B ce0sl pa3UuHbIe CIIOCOOBI MEXaHHYECKON
00paboTKH, Takue Kak AedopManusi, pacTsLKeHHE,
n3ru6, cxxatue u T. 1. OHU MOTYT PUBECTH K U3ME-
HEHUIO (PU3MYECKUX CBOMCTB TOJMMEPOB, TaKUX
KaK MPOYHOCTb, YIIPYTOCTh, TBEPIOCTH U T. 11. Bimsaue
MEXaHHYECKHX METOJIOB BO3JICHCTBHS MOXET OBITh
KaK MOJIOKUTETBHBIM, TaK W OTPHIATEFHBIM, B 3aBU-
CHMOCTH OT TOTO, KaK HIMEHHO OHH TpUMeHstroTCst [36].

YnpTpaduonaeToBoe U3MyYCHUE MOXKET IIPH-
BOIUTh K HM3MCHCHHIO MEXaHHYECKHX CBOWCTB
MOJIMMEPOB, TAaKUX KaK MPOYHOCTh Ha Pa3pbiB U
ycranoctb Marepuaia [37]. {ns Toro uroOb! nzbe-
JKaTh HEXENaTelNbHBIX W3MEHCHHI B CBOMCTBaxX
MOJIMMEPHBIX MAaTepHajoB, 4YacTo MPUMEHSIOT
ynbTpaduoNeTocToiKue JA00aBKH, KOTOpHIC 3a-
HIMIIAIOT MATEPHUAIIbl OT JACHCTBUS yIbTpaduoie-
ToBBIX Iyueit [38]. Takxke MOKHO HCIIONB30BATh
cIienuaibHbIe METOIBI 00pa0O0TKY, HAIIpUMeED, Jia-
KHPOBaHUE, MOKPHITHE TUICHKON WM PUMEHEHUE
CTHENUATBEHBIX MOKPBITHIA.

MHOTOYHCIICHHBIE HCCIIEIOBAHMSI, CBU/ICTENb-
CTBYIOT OT TOM, YTO B pe3yJIbTaTe BO3ICHCTBUS MUK-
POBOJIH Ha YIIAKOBKY, COCTOSIIIY O U3 TIOJTHMEPHBIX
MaTepHaioB, IPOUCXOJAUT MUTPAIUS BPEIHBIX Be-
IIECTB B MUIIEBYIO Tpoaykimio [39]. Mcenemorano,
YTO MPUOPUTETHHIMH KOHTAMHHAHTAMH, B TaKOM
ciydae SIBISIIOTCS: W3 TIOJMITPOIMIICHA — AIeTOH,
METaHOJI, KaJMUH, Me/lb, HUKEIIb, CBUHEI] U LIUHK;
W3 TIOJIUCTHPOJIa — CBUHELl, HUKENb U XPOM; U3 TIO-
TUATHIICHTepedTanaTa — reKcaH, aleToH, OSH30I,
MUOKTWI(TANAT, TUOyTHI(dTANAT, JKEIE30, MEIb;
u3 MenaMuHa — (opManbAerun, W3 CHIMKOHA —
M30IIPOINAHOII, JKeJe30, LIMHK, Meb U XPOM; U3 Kepa-
MUKH — KaJIMHAH, Me/Ib, CBIHETT, [IMHK, ATFOMUHUIA, 00p.
Taxoke yCTaHOBJICHO, YTO IO BIMSIHIEM MHKPOBOJH
MPOUCXO/IUT YBEIMUYCHUE MHIPAIMA B MOJICIBHBIC
cpesibl OOJNBIIMHCTBA WCCICIOBAHHBIX METAILIOB:
xenesa, Hukens B 100% cinyuaes; menu — 72,2%,
oopa — 71,4%, cBunia — 69,2%, maprasnia — 66,6%,
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kagmus — 64,3%, amromunaus — 60%, nunka — 58,3% u
xpoma — 50% [34]. JlaHHBIe pe3yabTATBl CBHICTEIb-
CTBYIOT O HeraTuBHOM BozzeiictBun CBY-m3mydenns
Ha MOJIMMEPHBIE MaTepHallbl, HCIIOIb3yEeMbIE B Ka-
4eCTBE YIAKOBKH JJIs MUIEeBO# mpoaykitiu [40].

3akjoueHne

AHanmn3 HayYHO-TEXHHYECKOU JTUTEPaTypPhI
B 00JTaCTH N3yUeHHS BIMSHUSA (BH3HUSCKOTO BO3ICH-
CTBHSI Ha TIOJIMMEPHBIE MaTepUalIbl CBUJETENBCTBYET
0 HEOOXOIMMOCTH M B&YKHOCTH HCCIIEIOBAHNS CIICIIH-
()MKU HETaTUBHOTO BIIMSHUS TAaKUX BO3JICHCTBHIA.
HawuGonee Maso M3yueHHBIM SIBIISICTCS BOIPOC 0Oe3-
OMAaCHOCTH UCIIOb30BAHUSI MUKPOBOJIHOBOTO U3TY-
YEeHMsI, TaK KaK €CTh CBH/IETEIbCTBA, COOOIIAIONIIE
O BO3HUKHOBEHUHU BBICOKHX PHUCKOB MPHU JaHHOM
criocobe (usnyeckoro Bo3zaelicTBUsA. HakoruieH-
HBIH K HACTOSLIEMY BPEMEHU 3KCIIEPUMEHTAIIBHBII
MaTepuall TO3BOJWI NPUCTYINUTh K CO3JTAHUIO
TEOPETUUYECKUX OCHOB IJIsl ONpPEEIICHUSI CTETIEHU
Ba)KHOCTH HeratuBHOro BiausiHua CBU-u3nyyeHus
Ha MOJMMEpHbIE MaTepuaibl. B TeueHue nocnen-
HUX HECKOJBKUX JIET MOSBWINUCH HCCICAOBAHUS
TIOCBSIIICHHBIC TIPOOJIEME VXY IIIICHNST Ka9eCTBEHHBIX
NokKaszarejiel MOJIMMEPOB B pE3yJbTaTe OIpere-
JIEHHBIX BUJOB (PU3NIECKOTO BO3JACHCTBUS HA HUX.
OpHako, UCCIIEA0BAHMUS B 3TOM HAIPABICHUH HEJNb35
CUUTATh MOJTHBIMHU.

Tak, HAMCKYCCHOHHBIM OCTAaeTCi BOIIPOC
0 0e30MacHOCTH HCIIONb30BaHus u3nyyenus CBY-
JMana3oHa B NpoLiecce MPOU3BOJICTBA U AKCILTyarTa-
IIUH TIOJIMMEPHOM TIPOIYKIINH. DKCIICPUMEHTAIBHBIC
JIAaHHBIC TI0 HCCJIECIOBAHUIO MUTPALUU BPETHBIX
BELLECTB U3 MOJIUMEPHOH YMAKOBKUA HEMOCpEe.-
CTBCHHO B THINEBYIO MPOIYKIHIO TPUBOIITCS
B JTepaType peako. Hambonee n3ydena Murpamnyu
MOHOMEPOB, HAIPUMEP, BUHIWIXJIOPHUIA U HEKOTOPBIX
npyrux nobaBok w3 [IBX-marepmanoB, 9TO BBI-
3BaHO WX HIMPOKUM HCIIOIH30BAHHUEM B MHUIIEBOI
MIPOMBIIIUIEHHOCTH U yCTAHOBJICHUEM KaHILIEPOTCHHOM
ONacCHOCTU YKa3aHHOI'O MOHOMeEpA.
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I[I/IHZIMI/I‘ICCKI/IG CBOMCTBA 6yTaIlI/IeH-CTI/Ip0.]'II)HI)IX PE3UH
CO CJIONCTBIMHU CWJINKAaTaMHU

Aszar ®@. I'miemyTauHOB * azat@savrin.ru 0009-0000-9220-4091
Axmet A. AkmbipagoB *  akmyradow_2015@mail.ru 0000-0002-0678-9626
Bagum A. AHTOHOB b ks90.90@bk.ru 0009-0004-5965-0777
Mapat A. U6parumo ' ibragimovmarat2008@ya.ru "~ 0000-0002-3970-1475
Enena I'. 3unoBbeBa  *  zinelgen@mail.ru 0000-0002-5591-4446

1 KazaHckuii HallMOHAJIBHBIA HCCIIEI0BATENBCKUI TEXHOJIOTHYECKH yHUBepcHuTeT, Kapiaa Mapkca, 68, r. Kazans, 420015, Poccus

2 YyBarckuii rocynapcTBeHHbIH yHuBepeuTeT nMenn W. H. YibsHoBa, mp-t MockoBekuid, 15, r. Yebokcapsl, 428015, Poccust
AHHOTanus. B Hamem mcciie1oBaHUU MBI TIPOBEH MoIUQHKauio OyTaaneH-ctiupoibpHoro garekca CKC-30 APKM-15, ucrions3ys
pasHooOpa3Hble BapHaHTHl OEHTOHUTOBOH IIMHBL. Cpen HUX ObUIH OTE€UECTBEHHBII HATPUEBBIH OEHTOHUT, OTEYECTBECHHBI OCHTOHUT,
MPEABAPUTENIEHO 00pabOTaHHBIM MOBEPXHOCTHO-aKTHBHBIMU BeuiecTBamMH (IIAB), a Takxke OpraHOIJTIMHBL, CO3JaHHBIC HA OCHOBE
3apyOeKHBIX CIOMCTHIX CHJIMKATOB M TaKXe IOJBeprHyThie 00padoTke [TAB Ha sTame KoaryJsiiuy ¢ MOCIEAYIOMINM BhIJICICHHEM
Kaydyka. Jlanee, B paMKax Hallero HCCleJOBaHMUs, MBI IPOBEITH MTOPOOHOE CPABHUTEIFHOE H3yUYeHHE (U3HKO-MEXaHHYECKUX CBOMCTB
pe3WH, MPOW3BEICHHBIX C WCHOJIB30BAaHHEM MOANGUIMPOBAHHBIX OyTaJaHeH-CTHPONBHBIX KaydyKoB. PaccMOTpenn pe3HHBI,
CoziepXKaIlue pa3Hble BApUAHTH OEHTOHUTA, BKIIIOYAs KaK OT€UCCTBEHHOE IPOMCXOKACHNE, TaK X UMIIOPTHEIA. BEIT poBeieH aHamm3
JUHAMHYECKHX CBOMCTB 3THX PE3MH, BKJIIOYAsi MOMYJIb YIIPYTOCTH U TAaHT'€HC yIila MEXaHHIECKHUX MOTEPb, C HCIOIB30BaHNEM METO1a
TUHAMHYECKOro TepMoMexaHndyeckoro anaimmsza (JJTMA). B pesynprare nccnenoBaHus ObUIO YCTaHOBICHO, YTO OOpa3Ibl PE3HH,
cogepxarmue rauHy PT u Cloisite 30B, neMoHCTpUpOBallN CHIDKEHHE TAHT€HCAa MEXaHWUECKHX MoTepb Ha 20% B mpeaenax pabodnx
TeMIiepatyp. JTO CBUJIETEJILCTBYET O MOBBIIICHUH MEXaHUYECKUX CBOICTB PE3MHBI B Pa3HOOOPA3HBIX YCIOBHSX IKCILTyaTaluu. B
JIOTIOJTHEHHE, 00pa3lLbl Pe3dH, COJepIKalllie UMIIOPTHBIC CIOWUCTBIE CHJIMKAThl U oOpaboTtanHble [TAB, MposSBHINM HOBBILICHHYIO
MIPOYHOCTH KaK /0, TaK U IOCJIC TePMOOKUCIUTEIBHOTO cTapeHus npu 150°C. Ot pe3ynbTaThl HOAYEPKHUBAIOT BaXKHOCTH BEIOOpa
coctaBa cuiikatoB U [TAB nipu co3gaHuu pesuH ¢ yITydnIeHHBIMUA MEXaHHIeCKIMI CBOHCTBAMH U I0JITOBEYHOCTHIO0. BEIBOIBI TaHHOTO
HCCIIEJIOBAaHUST MMEIOT BaKHOE 3HA4YCHHE i1 MHAYCTPHH M HAyYHOTO COOOIIECTBA, MOAYEPKHBAs POJb IMPaBHIBHOTO BEIOOpa
OEHTOHHUTA U ero 00pabOTKU B CO3MAHUH PE3UH C ONTHMAILHBIMH XapAaKTEPUCTUKAMH ISl PA3THIHBIX IPHIOKCHUH

KnioueBble cioBa: OyTagueH-CTUPOIBGHBIE 31aCTOMEPHI, CIOHCTHIE CHIIMKATHI, MOAMGHKAIMS, (U3UKO-MEXaHHIECKHE CBOICTBa,
JUHAMHUYECKHE CBOMCTBA.
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Abstract. In our study, modification of SBR-1705 butadiene styrene latex using a variety of bentonite clay variants was carried out
Among them were domestic sodium bentonite, domestic bentonite pretreated with surfactants (surfactants), as well as organoclays
based on foreign layered silicates and also treated with surfactants at the coagulation stage with subsequent rubber release. Further,
within the framework of our study, we carried out a detailed comparative study of physical and mechanical properties of rubbers
produced using modified butadiene-styrene rubbers. We considered rubbers containing different variants of bentonite, including both
domestic origin and imported bentonite. The dynamic properties of these rubbers, including elastic modulus and mechanical loss angle
tangent, were analyzed using dynamic thermomechanical analysis (DTMA). The study found that the rubber samples containing PT
clay and Cloisite 30B showed a 20% reduction in mechanical loss tangent within the operating temperature range. This indicates an
improvement in the mechanical properties of the rubber under a variety of operating conditions. In addition, rubber samples containing
imported layered silicates and treated with surfactants exhibited increased strength both before and after thermo-oxidative aging at
150°C. These results emphasize the importance of silicate and surfactant composition selection in developing rubbers with improved
mechanical properties and durability. The findings of this study have important implications for industry and academia, emphasizing
the role of proper bentonite selection and processing in creating rubbers with optimal performance for a variety of applications
Keywords: butadiene styrene elastomers, layered silicates, modification, physical and mechanical properties, dynamic properties.
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BBenenue

Jlst oGecriedeHus mporpecca B pOCCHHCKOMH
IKOHOMHKE HEOOXOAUMO PACIIMPHUTh aCCOPTUMEHT
MOJMMEPHBIX MaTePHAJIOB C YHUKAIBHBIMU CBOW-
CTBaMH, KOTOPbIE OTCYTCTBYIOT B CYLIECTBYFOIIHX
KOMIIO3UTHBIX Matepuanax [1-5]. s moctmxke-
HUS 3TOHM e HEeIO0CTaTO4YHO MPOCTO CO3AaBaTh
HOBBIC TOJIMMEPBI; CEroJIHs HayKa COCpeloTayvH-
BacT BHUMaHUE HAa MOAU(DHUKALMH TPATHIUOHHBIX
MOJIMMEPOB C TEThI0 TPUAAHUS UM HEOOXOJMBIX
xapaktepucTuk [6-9].

MonuduKkarys MoIMMEPOB MOXKET BKIFOYAThH
B ce0s1 pa3HOOOpa3HbIe JOOABKH, KOTOPBIE BHICTY-
MAar0T B KA4YeCTBE HAMOJHUTENCH WM aKTHBHBIX
KOMITOHEHTOB. OJTHUM U3 WHTEPECHBIX HAIIPaBJICHHI
BOTOM OONACTH SBISIETCSI MCIIONB30BAHHE MOHTMO-
PUJUTOHUTOBBIX TVIMH, CJIOUCTBIX CHJIMKATOB, KOTOPHIC
MOTYT YIIyUIINTE CBOMcTBA Kayuaykos [10-12].

KpynHble MPOM3BOMUTENN ILIMH IO BCEMY
MUPY aKTHBHO BHEAPSIOT MOAH(DUIUPOBAHHBIE
Kay4dyKd U yIy4lIeHUs CIEMHBIX XapaKTePUCTHK
W CHW)KEHHUSI TOTeph Ha KaueHwe. byramueH-
cruponbhbie kKayuyku (BCK) urpaior kiroueByro
POJIb B CO3IaHUH TPOTEKTOPHBIX PE3UH, U TIOITOMY
ux Moau(dUKalKsg ¥ 3aMEHa Ha HEMOJIUPUIHPO-
BaHHble BCK sBisieTcsi akTyalbHOW JUIsl IMMHHOM
HPOMBIIIICHHOCTH.

CIONCTBIE CHITMKATBI YK€ 3apeKOMEHIOBAIH
ceOsi B KauecTBE HAIOJHUTENCH Ui IOJIMMe-
poB [13-16], Briroyas OyTaJuCH-CTUPOJIBHBIC
Kay4yKH, MOJy9YEeHHbIC KaK METOJIOM PacTBOPHOM,
TaK U SMYJIbCUOHHOW TTOJIMMEPU3AIIHH.

post@uestnik-vsuet.ru

Jns cozmanms koMImo3uiuidi Ha ocHoBe bCK
U TJIMHBI MOYKHO HCTIONB30BaTh POIIECC CMEIIMBAHUS
JlaTeKca KaydyKa C BOJHOW CYCIEH3WEH TJIUHBI,
3a KOTOpBIM cienyeT koarysiius [17—-20]. Uccie-
JIOBaHHUSA BO3JCHCTBHUS CIIOMCTBIX CHIJIMKATOB Ha
MeXaHHYECKHE W TEPMUYECKUE XapaKTePUCTUKU
OyTaMeH-CTUPOJILHBIX KaydyKOB MOKAa3alld, YTO HX
no0aBIIeHHEe CIIOCOOCTBYET COXpaHEHUIO (BHU3HUKO-
MEXaHHMYECKHX CBOWCTB IOCIIE TEPMOOKHCIUTEINb-
HOM mecTpykuuu [21].

OcHoOBHas TIENTh TAHHON pabOTHI 3aKITFOYACTCS
B NIPOBEJCHUN CPABHHUTEIBHOTO aHAIM3a (PH3UKO-
MEXaHWYECKUX W JUHAMUYECKHX CBOMCTB DPE3WH,
B KOTOPBIX HCIIONB3YIOTCSl OyTaaueH-CTUPOJIbHBIE
Kay4yKH ¢ ToOaBKaMU CIIOWCTHIX CHJIMKATOB, KaK OTe-
YECTBEHHOT'0, TaK 1 3apyOSIKHOTO MPOUCXOMKICHHSL.

MartepuaJibl 1 METOABI

B momonHeHue k paHee H3yYCHHBIM MaTEPH-
anam [21] 6sl1a MprMeHeHa OTeYeCTBEHHAS OEHTO-
HuTOBas rimHa: PecmyOnmka Tarapcran (PT),
JpoxokaHoBCkUM paiioH, ¢. ['opoauie: BHemHuit
BU/I — [TOPOLLIOK CBETJIO-CEPOTo 1iBeTa. MUHEpaTbHBII
coctaB: MMT wmenee 50%, ruapocmomga — 20-30%,
kaomuHHT — 10-20%. IIAB - [umerunOeH3u-
aMMOHUH XJIOPUA.

Beinenenue kayuyka U3 JIaTekca, IPUTrOTOB-
JIEHHE KOMITO3UIINH, BYJIKAHM3ALNSA W MCIIBITAHHS
PE3MH TaKKe MPOBOMIOCH TIO paHEe ONMUCAHHBIM
MeToaukam [21].

CocTaB pPE3MHOBBIX CMECEH NpeCTaBlIcH
B Tabimre 1.

Tabnuma 1.
CocraB pe3nHOBBIX cMecei [21]
Table 1.
Composition of rubber compounds [21]
Kowmrmonent | Component O6paser pesuns | Rubber sample
Beﬁéoggg I'nmuna
CozeprxaHue, Macc. 4. Konrpone | HY - - -
Content, wt. h. Control Bentonite Cloisite 10A | Cloisite 15A | Cloisite 30B CEaT%ggri?an
HYG 220 y
Kayuyk CKC-30 APKM-15
Rubber SBR-1705 100,0 100,0 100,0 100,0 100,0 100,0
Texunueckuii yrirepos | Technical carbon 50,0 45,0 45,0 45,0 45,0 45,0
Cnouctenii cuimkar | Layered silicate - 5 5 5 5
Oxcup nmnKa | Zinc oxide 5,0 5,0 5,0 5,0 5,0 5,0
Creapunosas kuciora | Stearic acid 15 15 15 15 15 15
Amnprakc | Altax 3,0 3,0 3,0 3,0 3,0 3,0
Cepa | Sulphur 2,0 2,0 2,0 2,0 2,0 2,0
Judenmnryannmun | Diphenylguanidine 0,3 0,3 0,3 0,3 0,3 0,3

IIpuMeuaHue: TIHHY TaTapCTaHCKOI'O MECTOPOKACHUS IPUMEHSITH TakKe B KOHLEeHTpauusx 2,5 u 10% mac. Ha 100 M.u. kaydyka.
Note: clay from Tatarstan deposit was also used in concentrations of 2.5 and 10 wt% per 100 m.h. of rubber

Hccnenoranue pe3uH METOZIOM JIMHAMUYECKOTO
MEXaHWYECKOr0 aHalin3a MPOBOJIWIA Ha MPUOOpe
IMHAMHAYECKOro MexaHmdeckoro aHaamsa DMA 242 C
¢upmbr NETZSCH. Pexxum ncnisiTaHus: HHTEPBAI
TeMIiepaTyp HarpeBa — oT koMHaTHOH 10 350 °C,
ckopocth HarpeBa — 3 °C/muH, cuina— 1 H, ua-
crora — 1 I'mL.
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Pe3yabTaThl M 00Cy:KIEHUS

CnoucThIi CHIIMKAT B Kay4yKe COCTaBIISLI
5% wmacc. Becy pe3uHBL. [TTMHY TaTtapcTaHCKOTO
MECTOPOXKIACHUA MMPUMCHAIN TAaK)KE€ B KOHLICHTpA-
musax 2,5 n 10% wmacc. ma 100 m.u. xaydayka. [Ipu
3TOM CHH3HWJIOCH COJIEPXKAaHHUE OCHOBHOTO HAIOJI-
HUTENS — TEXHUYECKOTO YIIIepoia.
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TTocse mpoBeACHMSI TECTUPOBAHYS, KaK BHIHO
U3 TPE/ICTABJICHHBIX JaHHBIX B TAOJHIE 2, MOYKHO
3aKJTIOYHTh, YTO (PU3HKO-MEXaHHMYECKUE CBOMCTBA
PE3MHOBBIX 00pAa3lOB, COJCPIKAIIMX CIOUCTBIC
CHITHKATHI U3 3apYOEIKHBIX MECTOPOXKICHHH, OCTa-
IOTCSI Ha YPOBHE XAapaKTEPUCTHK KOHTPOJILHOTO
obpasia. Oopaser; ¢ godaekoi Cloisite® 30B me-
MOHCTPHpPYET HauBBICIIYIO TPOYHOCTH. Kpome Toro,

post@vestnik-vsuet.ru

o6pasiipl, BKmouarorme B ceds Cloisite u rmuny PT,
007amaroT Oonee BBICOKOW TBEPIOCTBIO, YTO MOMKET
OBITH PE3YJIBTATOM BO3ACHUCTBHUS MOBEPXHOCTHO-
aKTUBHBIX BEIICCTB B MPOIIECCE BYJIKAHHU3AIMUU
pe3unbl [21]. Takike CTOUT OTMETHUTH, YTO 0Opas3ely
¢ nob6askoi riauael PT B kommuectBe 10% maccel
MPOSIBIISET MOBBIIICHHOE CONPOTHUBIICHNE Pa3PhIBY.

Tabmuua 2.
DuU3NKO-MEXaHNYECKHE TTOKa3aTeNn PE3UH CO CIOUCTBIMU CUIMKATaMHU [21]
Table 2.
Physical and mechanical parameters of rubbers with layered silicates [21]
Bbentonut I'muna T'muna 'muna
INoxazarens Kontpons | HYG 220 | Cloisite | Cloisite | Cloisite | Tatapcran 2,5% | Tarapcran 5% | Tarapcran 10%
Indicator Control | Bentonite 10A 15A 30B Clay Tatarstan | Clay Tatarstan | Clay Tatarstan

HYG 220 2,5% 5% 10%
VcnoBHast TIPOYHOCTB IIPH PACTSIKEHUH,
Mua | Conditional tensile strength, MPa 199 201 202 199 205 109 127 141
OTHOCHUTENBHOE Y/UTHHEHUE TIPU
paspsise, % | Relative elongation at break, % 306 403 373 293 303 183 %0 300
OcrarouyHoe yITHHEHHe T0Cie pa3pbisa, %
Residual elongation after rupture, % 8 9 6 8 4 4 4
Tsépnocrs, en. no Ilopy A
Hardness, Shore A units 81 82 8 8 91 % 8
DIIacTUYHOCTS 110 OTCKOKY, %
Bounce elasticity, % 32 34 28 30 34 24 39
Conporusrietue pasupy, kH/ 392 472 356 | 307 | 355 271 320 539
Tear resistance, KN/m

Hecmotpst Ha TO, YTO pe3yibTaThl MPOYHOCT-
HBIX HCIBITAHUH PE3WH C ITIMHAMH OTEYECTBEHHBIX
MECTOPOXKICHUI OKa3aIUCh TOpas3lo0 HWXKE, YEM Yy
3apyOexHbIXx (Tabnuia 2), TeM He MeHee, Y pe-
3uHbI ¢ NIMHOM PT npoucxoaut nossleHue npou-
HOCTHOTO TTOKa3aTelsl ¢ yBEIMYCHHEM KOHIIEHTpa-
IIUY TJIMHBL. TIOKa3bIBa€T HANOOJBINNE PE3yIbTaThI
CpeIu OTEeYeCTBEHHBIX 00Pa3IoB.

Pe3ynbraThl UcIBITAHUI, POBEACHHBIX 1TOCIE
BbIIepkku Tipu Temnepatype 150 °C, mpencras-
JIeHHBIE B Ta0nu1e 3, CBUACTEIBCTBYIOT O TOM, YTO
o0pasipl, ¢ Cloisite, Beigenstorcs: 6osiee BHICOKON
npouHocThio. [Ipu 310l Temneparype HaOmOmaeTCs
HHU3KOE YJUIMHEHHE 00pa3loB, UCKIIIOYast o0pasell
¢ HeOOpaObOTaHHBIM OCHTOHUTOM. JTO SIBICHHE,

BO3MOXHO, OOBSCHICTCS BO3ACHCTBHEM MOBEPX-
HOCTHO-aKTHBHBIX BEIIECTB CIIOUCTOTO CHJIMKATA,
KOTOPBIC CO3/IAI0T OTPaHUYCHUS B IIPOCTPAHCTBE
U3-32 TPUCYTCTBUS OOBEMHBIX 3aMECTUTENCH
B MOJICKYJIE TIOBEPXHOCTHO-aKTUBHOTO BEILIECTBA.

IToxoxmne TECThI, MMPOBCIACHHBIC JIA OTCUC-
CTBEHHOT0 0Opasia (Tabnuna 3), IEeMOHCTPHPYIOT, YTO
3HAYCHUS (PUBMUCCKUX XaPAKTEPUCTUK MPaKTHUC-
CKH HWJICHTHYHBI TEM, 4TO OOHAPYKCHBI B KOH-
TpoJbHOM 00pasiie. OCOOCHHO CTOUT OTMETHUTH,
yto o6paser ¢ 10% maccoBoii nodaskoii rnunel PT
BBIJIENACTCS 0OO0Jiee BBICOKAM OTHOCHUTEILHBIM
VIUTMHEHHUEM, TIPEBOCXO s naxxe oopaser ¢ Cloisite
0 3TOMY TTapamerpy.

Tabmuma 3.
DuU3NKO-MEXaHUYECKHE TIOKa3aTelIM PE3UH MOCIie TEPMOOKUCIUTEILHOTO cTapeHus mpu Temrneparype 150 °C
Table 3.
Physical and mechanical parameters of rubbers after thermo-oxidative aging at 150 °C
Benronur I'muna Tatapcran I'muna I'muna Tatapctan
INokazarens Konrpoms | HYG 220 | Cloisite | Cloisite | Cloisite 2,5% Tarapcran 5% 10%
Indicator Control | Bentonite | 10A 15A 30B Clay Tatarstan | Clay Tatarstan | Clay Tatarstan
HYG 220 2,5% 5% 10%
YcnoBHas IPOYHOCTB PH
pactsbkenny, Mma 51 44 8,2 8,2 8,9 56 31 43
Conditional tensile strength, MPa
OTHOCHUTENBHOE YUTHHEHNE
py paspbise, % 20 66 35 10 20 45 13 110
Relative elongation at break, %
OcrarouHoe YAIIMHEHUEC 110CTIC
paspeiBa, % 4 2 0 0 0 0 0 0
Residual elongation after rupture, %
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IIpn wuccnenoBaHMKM MOXYNS YNPYTOCTH
(pucynok 1, 2) ob6pasiios pesun merogom ITMA
JUTISL BCEX 00pa3IloB XapaKTepHa yOBIBAIOIIAs, TaKe
9KCTpeMajbHasi 3aBUCHMOCTb MOAYIISL YIPYTOCTH
OT TeMIepaTyphl: MOHKeHUe oT Hys a0 150 °C
C MOCIICAYIOIIUM YBEIMYEHHEM B MHTEpBajie ot 220—
240 °C, cBs3aHHOE C U3MCHEHUEM CTPYKTYPbI Pe3HHBI
(mosiBIIEHME XPYIKOCTH U MOCIIEAYOLIEe pa3pyle-
HHE) NpH YBEIUYCHUH TeMIepaTypbl. B Hadaie
HanboJiee BBICOKOE 3HAUEHHE MOJTYJISl YIIPYTOCTH Y
oOpa3sua pe3unsl ¢ riauHoil PT. [lpuyem ¢ yBennye-
HHEM €€ KOHIIEHTPal1 3Ha4eHHUe MOy yIpyro-
CTH B MHTEpBaje Temmeparyp ot Hyjs go 50 °C
BBINIIE, YeM y 00pa3loB C 3apyOeKHOH TIJIHHOM.

post@uestnik-vsuet.ru
Bospactanue »3TOoro mokaszatens HaOiogaeTcs
B nHTepBase Temiepatyp ot 200 go 350 °C.

B HayanpHBIE MOMEHT BpPEMEHH OOpPa3Ibl
PE3MHBI CO CIOUCTHIMH CHIIMKATaMH 3apyO0eXHOTO
MPOMU3BOACTBA UMEIOT Hanboee HU3KUE 3HAYCHUS
Moayist ynpyrocta (pucyHok 1, 2). CrnenyeT otme-
TUTh 0OOJee TUIaBHBIH XapakTep W3MEHEHHS
ux kpuBeIXx JITMA. DT0 MOXXeT OBITH CBSI3aHO
C BIUSIHHEM OOJbIIeH KOHIEHTPALUUH OCHOBHOTO
MUHepaia — MOHTMOPUJUIOHHTA, a TaKXkKe C MEHb-
LOIMM KOJIMYECTBOM Ipumeceil. B cBoro ouepenn
3TO OOBSACHSET OOJBIIYIO CTAOMIBHOCTH CBOWMCTB
NIPY BO3JICHCTBUH TEMIIEPATYPHI.

E'/MMNa
E/MPa

50 100 150 200 250 300
Temperature / Temneparypa /°C

Pucynox 1. Kpueeie JATMA  o0pasmoB  pe3uH
3aBUCHMOCTH MOJYJISl YIPYTOCTH OT TEMIIEPATYPhl NPH
yacrore: 1 — obpaser; 6e3 HamoaHHUTENs, 2 — oOpasel ¢
MAX GEL, 3 — o6paserr ¢ Cloisite® 10A, 4 — o6paser ¢
Cloisite® 15A, 5 — o6paser ¢ Cloisite® 30B

Figure 1. DTMA curves of rubber samples of elastic modulus
dependence on temperature at frequency: 1 — sample without
filler, 2 — sample with MAX GEL, 3 - sample with
Cloisite® 10A, 4 — sample with Cloisite® 15A, 5— sample

E'/ MlIa
E'/MPa

50 100 150 200 250 30

Temperature | Temmeparypa °C

Pucynok 2. Kpussie JITMA o00pa3noB peswH 3aBUCH-
MOCTH MOJYJIS YIIPYTOCTH OT TeMIIEpaTyphl MPU 4acToTe:
1— obpasenr Oe3 HamomauTemsI, 2— o00pasel] ¢ [IMHON
Tarapcran 2,5%, 3 — obpazer; ¢ rmHOi Tarapcran 5%,
4 — obpaser ¢ rmuHol Tatapctan 10%

Figure 2. DTMA curves of rubber samples of elastic
modulus dependence on temperature at frequency: 1 —sample
without filler, 2— sample with Tatarstan clay 2.5%,
3— sample with Tatarstan clay 5%, 4 — sample with

with Cloisite® 30B

M3yuenne TaHreHca yria MEXaHUIECKUX
MoTeph y 00pa3ioB Pe3nuH CO CIOMCTHIMU CHITHKA-
tamu (pucyHok 3, 4) mokasano, YTO BCE KPUBBIC
UMEIOT MOHOTOHHO YObIBaromuii xapakrep. [lpu
ATOM Y PE3UH C 3apyOEKHBIMHU CIIOUCTHIMH CHITH-
KaTtamMu OH Oonee pe3kuil. Haubounbmiee 3HaueHne
3TOTrO MOKa3aTels B HAaYaJIbHBIA MOMEHT BPEMEHU
HaOmogaercss y obpasua c¢ 6enronurom MAX
GEL, a manmensiiee — ¢ rmuaamu PT, B yacTHO-
cTH Tpu KoHIeHTpammu 2,5% wmacc. OOpas3isl
crmHoM PT uMeroT 0ollee HHM3KOE 3HAUYCHHE

Tatarstan clay 10%

176

MEXaHHYECKHX MOTEPh, BIUIOTH JO TEMIIEPATyp
100-150 °C. Hanee 3HaUY€HUS] CPAaBHUMBIL.

IIpu cpaBHeHMH OO0pa3LOB C OJUHAKOBOU
KOHLIEHTPALUEN CIOUCTOr0 CUIIMKaTa y TiuHbl PT
3HAYCHHE TAHI'CHCA MEXaHHYECKHX IMOTEPh HIDKE
B0tk J10 50 °C. B uHTepBane remmneparyp 75-100 °C
10 ATOMY TIOKa3aTelIl0 COMOCTAaBHUMbI 3HAYECHUS
obpasmos rimHoi PT 5% wmacc. u Cloisite® 30B.
DOT0 MOXXHO OOBSCHHUTH Oojiee pPaBHOMEPHBIM
UX paclpe/ieliecHHeM M He CIeIyeT HCKII0YaTh
u Binusinue [1AB.
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Tangent of loss angle
TaHIeHC YITIa IoTeph
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Temperature / Temnepatypa /°C
Pucynox 3. Kpumeeie JATMA  oOpasmoB  pe3uH

3aBHCHMOCTH TaHICHCA YINIA MOTEPh OT TEMIIEPATyPHI
mpu gactore 1 I'm: 1 — obpaser 6e3 CIIOMCTOro CHIINKATa,
2 — obpazerr c MAX GEL, 3 — o6pazerr ¢ Cloisite® 10A,
4 — o6pazerr ¢ Cloisite® 15A, 5 — obpazer ¢ Cloisite® 30B.

Figure 3. DTMA curves of rubber samples of loss angle
dependence on temperature at a frequency of 1 Hz:
1 — sample without layered silicate, 2 — sample with MAX
GEL, 3 - sample with Cloisite® 10A, 4 — sample with
Cloisite® 15A, 5 — sample with Cloisite® 30B

3ak/oyeHne

[IpoBenena wmomudukamss B TIpoIecce
koaryJsinuu narekca kayuyka CKC-30 APKM-15
CJIONCTHIMH CHJIMKATaMHd MOHTMOPHJIIOHUTOBOTO
THUIA OTEUYECTBECHHBIX U UMIIOPTHBIX MECTOPOXKICHUH,
HeoOpabOTaHHBIMIA ¥ 0OPaOOTaHHBIMH  PA3TNIHBIMA
[TAB. U3roToBieHbl U UCHBITAHBI PE3UHBI HA OC-
HOBE MOIU(DHUIIMPOBAHHBIX KAYIYKOB.

[poBeneHo cpaBHEHHE (HHBUKO-MEXaHUUECKHX
U JIMHAMUYECKHUX XapaKTEPUCTUK PE3UH, MOIU(H-
LUMPOBAHHBIX OTEYECTBECHHBIM U UMIIOPTHBIMU
CIOMCTBIME cryKaTamMu. OOpasibl pe3nH W3y4YeHBI
MerogoM JITMA. OOHapykeHO, d9TO 0Opa3Ibl
3apyOCXHBIX PE3UH CO CIIOUCTBIMH ~ CHUJIMKATaAMHU
uMeer 0oJiee BBICOKUE MTPOYHOCTHBIE CBOMCTBA 10
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Pucynox 4. Kpuesie JATMA  oOpasmoB  pe3uH
3aBHCHMOCTH TaHTEHCA YIJIa II0TePh OT TEMIIePaTyphl IPU
gacrote 1 ['m: 1 — obpazern 6e3 HanonHUTENS, 2 — 00pasen
¢ rmuHo# Tatapcran 2,5%, 3 — obpasen ¢ rimHOMN
Tarapctan 5%, 4 — o6pasen ¢ raunoi Tarapcran 10%.

Figure 4. DTMA curves of rubber samples of loss tangent
angle dependence on temperature at a frequency of 1 Hz:
1 — sample without filler, 2 — sample with Tatarstan clay
2.5%, 3 — sample with Tatarstan clay 5%, 4 — sample with
Tatarstan clay 10%

Y TI0CJI€ TEPMOOKHUCIUTEIbHOTO cTapenus. Hanbo-
Jice BBICOKHE 3HAYCHHS YCIIOBHOM MPOYHOCTHU IIPH
pacTshDKEHHMM  WMEeT  oOpaser], CcoepKamui
Cloisite 30B. ViyurieHue mokasarens CBS3aHO
C COCTAaBOM CIIOMCTHIX CHUIMKATOB. TeM He MeHee,
pesnna c rumHOM PT mpu xonunentpanuu 10%
Mo Kay4yKy MMeeT HauOoJiee BBICOKHME 3HAYCHUS
COTPOTHUBIICHHS Pa3IUpy U 00JIee BHICOKYHO OTHO-
CHUTEJBHOE YUIMHCHHUE.

C NOMOIIBI0 JIWHAMHYECKOTO MeXaHWde-
CKOT'0 aHaJIM3a YCTaHOBJICHO, YTO 00pa3iibl PE3UH,
conepxkamme riauHy PT u Cloisite 30B, umeror
amwxe Ha 20% 3HaYeHHs TaHTreHca MEXaHWYECKHX
MOTEPh B UHTEPBAJIC TEMIIEPATYP IKCILTyaTaIlUH.
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HccaenoBanne BJUSAHNSA YJIbTPA3BYKOBOI0 BO3/1€HCTBHS
HA PacTBOPHI NOJMMEPOB NMPHU MOJYUYeHUN OHopa3iaraeMpix
YIAKOBOYHbIX MATEPHAJIOB
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AunHotauusi. OHAM M3 BapUaHTOB YJYYIICHHS CTPYKTYpbl M CBOMCTB IUICHOK IIOJIy4aeMbIX K3 pPAcCTBOPOB IOJMUMEPOB SIBIISCTCS
YIIBTPa3BYKOBOE BO3/ICHCTBHE HA PACTBOPHI Pa3IMYHON XUMHUUECKON NpUpobl. Mcronp30BaHHE JAHHOTO BIUSHKS Ha PacTBOPBI IIOJIMMEPOB
C pa3HbIMH [100aBKAMHU W arcHTaMH, IO0Ka3alo He TOJbKO YJydlleHHE (H3MKO-MEXaHHYECKUX CBOMCTB, HO M aHTHOAKTEPHAIbHBIX, YTO
CMOCOOCTBOBAJIO YBEIMYECHHUIO CPOKA XPAHEHHUS MHUIIEBBIX MPOLYKTOB. OCHOBHBIMH KOMITIOHEHTaMH KOMIO3HILIHM HCCIIEMOBAHUS KOTOPBIX
NPEJICTaBJICHBl B HAYYHBIX CTAThAX SBJSUIMCH: MOJMBUHUIIOBBIA CIUPT, OCJIKH M IMYJUTYJaH, HX CMEUIMBAINA C PasIHYHbIMH JOOABKAMH U
areHTaMH, C Pa3sHOM UTMTEIBHOCTHIO BO3IAEHCTBHS YILTPa3ByKOBO# 0OpabOTKH pacTBOpPOB. MccieayemMple KOMITO3UIIME UMENH CIICIYIOIHe
COCTaBbI: MMOJMBHHHJIOBBIM CIHPT M TEMHUIEUIION03a C AaHTHOKCHIAHTHBIM AreHTOM 4Yas; IIOJMBHHUJIOBBIA CIHPT, HATPHIi-
KapOOKCHMETHIILEIUIIOI03a, HAHOYACTHUIIBI OKCH/IA IIMHKA, a TAKXKE MHOTOCIIONHbIE rpad)eHOBbIE HAHOIUIACTHHBI; MOJIMBUHHUIIOBBIA CIMPT U
XHUTO3aH; KOJUIareH phIObeil 4YelryH, MOJMBHHUIIOBBIA CIHUPT M copOaT Kanwus; SIMYHBIA Oelok; OeOK KWHOA M XHUTO3aH; OEJOK ropoxa;
THPOJIM3AT PUCOBOT0 O€JIKa U XUTO3aH; THAPOJIM3AT CBIBOPOTOYHOIO OEJIKa; BOJHBINA SKCTPAKT COM C ITYETHHBIM BOCKOM M 3()MPHOM MacjoM
TBO3/IMKH; OBCSHBINA OEJIOK C MyJUTYJJaHOM M HU3WHOM; MYyJUTyJIaH ¢ JOOABICHHEM HAaHOAMYJILCHH C d(HPHBIM MACIOM KOPHIBI; ITyJUTYJIAH U
Tperajiosa ¢ HachlllleHHeM nojudeHonamu 4das. HekoTopble M3rOTOBJIEHHbIE IUICHKA M3 JAHHBIX COCTABOB TECTHPOBAIMCH HA MHUIIEBBIX
NPOAYKTAX, TAKUX KaK KIyOHHKa, 10JI0KO, Tpylia U KeKChl. VICX0/1s U3 paCCMOTPEHHBIX HAYYHBIX JaHHBIX MOXHO CIENATh BBIBOJ, YTO JUIS
YIIy4IICHAS CBOMCTB IUICHOK M3 PACTBOPOB MOJMMEPOB HEOOXOMMMO ONTHMAIBHOE BPEMSI BO3ACHCTBHS YIbTPa3ByKa Ha PACTBOPBI, TaK Kak
GoJiee UTHTENBHOE YIBTPA3BYKOBOE BO3ICHCTBHE MOXET YXYIUIHTh (HH3UKO-MEXaHMIECKHE CBOMCTBA, a MMEHHO CHH3UTH HPOYHOCTH Ha
PacTsHKEHHE U YIUTMHEHUE TIPH PaspbiBe, B OTIHMYMH OT YMEPEHHOTO BO3IEHCTBHSI.

Kiwuessble ciioBa: YJAbTpa3ByK, paCTBOPHLI IIOJIUMEPOB, TIOJINBUHUJIOBBIH CIINpPT, 6PIOp3.3J'IaFaCMI>I€ MaTepualibl, 66.]'[01(, IIyJuryJiaH.

Investigation of the effect of ultrasonic exposure on polymer solutions
in the production of biodegradable packaging materials

Vladislav A. Astakhov *  astashik27v@mail.ru 0009-0002-5462-0646

Marina I. Gubanova '  gubanovami@mgupp.ru 0000-0003-3547-716X
1 Russian Biotechnological University, Volokolamsk highway,11, Moscow, 125080 Russia
Abstract. One of the options for improving the structure and properties of films obtained from polymer solutions is ultrasonic exposure to
solutions of various chemical nature. The use of this effect on polymer solutions with various additives and agents showed not only an
improvement in physical and mechanical properties, but also antibacterial properties, which contributed to an increase in the shelf life of food
products. The main components of the compositions whose studies are presented in scientific articles were: polyvinyl alcohol, proteins and
pullulan, they were mixed with various additives and agents, with different duration of exposure to ultrasonic treatment of solutions. The
studied compositions had the following compositions: polyvinyl alcohol and hemicellulose with an antioxidant agent of tea; polyvinyl alcohol,
sodium-carboxymethyl cellulose, zinc oxide nanoparticles, as well as multilayer graphene nanoplates; polyvinyl alcohol and chitosan; fish
scale collagen, polyvinyl alcohol and potassium sorbate; egg white; quinoa protein and chitosan; pea protein; rice protein hydrolysate and
chitosan; whey protein hydrolysate; aqueous soy extract with bee wax and essential oil of cloves; oat protein with pullulan and nizin; pullulan
with the addition of nanoemulsion with cinnamon essential oil; pullulan and trehalose with tea polyphenols saturation. Some of the films made
from these formulations were tested on food products such as strawberries, apples, pears and cupcakes. Based on the considered scientific data,
it can be concluded that in order to improve the properties of films from polymer solutions, it is necessary to have an optimal time of ultrasound
exposure to solutions, since longer ultrasonic exposure can worsen the physical and mechanical properties, namely, to reduce the tensile
strength and elongation at break, in contrast to moderate exposure.
Keywords: polymers, ultrasound, polyvinyl alcohol, protein, pullulan.

BBenenne HaOupaeT MOMYJISIPHOCTh B MHUIIEBOH OTPACIH.
TTonuMepHast yIIakoBKa OCTOSHHO UCTIONb- B OOJBIIMHCTBE Clly4aeB B COCTaB Ouopasiarae-
3yeTcsl B COBPEMEHHOMW KHM3HH. B muimeBom mpo- MOH YIAaKOBKM BXOAMT HECKOJIBKO IIOJMMEpOB,

a TaKxe 100aBKU, KOTOPbIE MOTYT YBEJIIMYUTh CPOK
TOJHOCTH TPOAYKTOB THTAaHUS TPHU XpaHEHUH
Y TPAHCTIIOPTUPOBKe. Takyl0 YMaKOBKY MOXHO

M3BOJICTBE B OCHOBHOM HCIIOJIB3YIOT YIAaKOBKY
U3 CUHTETHYECKHUX MOJUMEPOB, KOTOPYIO TPYJHO
nepepaborars. B pesynbrare yBennumBaercsi MOTOK

TUTACTUKA B OKEAHBI, KOTOPHI MOXET IPHBECTH JIOTIONHATD PA3IINYHBIMK arcHTaMH H 100aBKaMH,

K TI00aIIBHOI IIpoGIIeMe ¢ OKpyZKarowwei cpeoit [1]. BBIJICJICHHBIMH M3 OTXO0B IIPOU3BOJICTB IHILEBOM
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MOTYT YBEIUYHUTh CPOK XPAaHEHUS TMPOIYKTOB
MMUTaHWUSA, TEM CaMbIM TIpeBpamas OOBIYHYI0 Ono-
pasziaraemMyro yIakoBKy B aHTUMHKPOOHYIO, TaKas
YIIaKOBKa Ha3bIBAETCS AKTUBHOM yIaKOBKOM.

st M3rOTOBNEHMS YMAKOBKU IPUMEHSIIOT
MPUPOIHOE ChIPhE B BHJC Kpaxmaios [3], memtto-
710361, OETKOB M MOJOOHBIX IJIEHKOOOPa3yIOMINUX
BeriecTs [4]. TIpoM3BOACTBO aKTHBHON YIIaKOBKU
13 paCTBOPOB OMOTIOIMMEPOB C Pa3TMYHBIMU areH-
TaMu TpeOyeT XOPOIIETO CMEIIeHHS KOMIIOHEHTOB
¥ OTHOPOJHOCTH, YTO HE BCETJa MOKHO JOCTHYb
3a cuer (hU3MKO-MeXaHW4YecKoro BozziehcTBus. [lms
YIIyYIIEHUs] COBMEIIEHUSI KOMITOHEHTOB HCCIIENI0-
BaTeNM HAYajy HCIIONB30BATh YIBTPa3BYKOBYIO
00paboTKy pacTBOpOB, KOTOpasi yJIy4dllaeT OJHO-
POJTHOCTH CTPYKTYPHI JUIS U3TOTOBJICHUS TLJICHKH.
B mannom o0030pe paccMoTpuM  HHGOPMAIIHIO
0 BIMSIHUM YJbTpa3ByKa Ha CBOIICTBa pacTBOPOB
MOJIUMEPOB TPU M3TOTOBJICHUH YITAKOBKH U3 pac-
TUTENBHBIX ¥ CHHTETHYECKHUX OnopaziaraeMbIx
pacTBOPOB MOJIMMEPOB.

Hean padoTsl — 0000MUTE U IPOAHATU3H-
pOBaTh HaiiJIcHHbIE JaHHBIE W OIICHUThH BIUSHUE
VIIBTPa3BYKOBOH 00pabOTKH ITOJIMMEPHBIX PACTBOPOB.

MaTepna.nLl U ME€TOAbI

B 0030p ObLTH BKJIFOUEHBI CTAThU, MOHOTPA-
¢un, ormyOITMKOBaHHBIE HA aHTIIMHCKOM U PYyCCKOM
SA3BIKAaX JJIEKTPOHHBIX 0a3 maHHBIX ScienceDirect
Scopus, Web of Science, cyberleninka.ru
u elibrary.ru. ITouck ObUI OrpaHHYCH MEPUOIOM
¢ 2019 mo 2023 rox; B uenTpe BHHUMaHUs ObLIN
CTaThH, ONMYOJIMKOBAaHHBIC B HAYYHBIX XypHAJaX,
MPONIEIIAE TPOLENYPy PELEeH3UPOBaHUs, IOJ-
TBEPIKIAIOIIYIO €€ Ka4eCTBO.

PesyabTarhl

KowmmosutHple OwnopasmaraeMble IIICHKH,
W3TOTOBJICHHBIC (PM3HUKO-MEXaHMYECKUM MyTEM TIpH
MOMOIIIM  OOBIYHOTO CMEIICHHS KOMIIOHEHTOB,
He BCerJa UMEIOT OTHOPOIHYIO CTPYKTYpY. Takum
00pazoM, WCCIICIOBaHUE IIONYUCHHUS YIIAKOBKHU
Y3 TOJIUBUHUIOBOTO CIHUPTa M T€MUIICIUIIOIO3HI
C aHTUOKCH/IAaHTHBIM areHTOM 4Yasi, ITOKa3bIBaerT,
YTO BKIIIOYCHHMEC AHTHOKCHIAAHTHOI'O arcHra 4as
B KOMIIO3UTHBIC IUICHKH IIyTEM (1)I/I3I/I‘IGCKOFO
CMEUICHUSI MOKET MPUBECTH K TUIOXOM AUCTIEPCUU
AHTHOKCH/IAHTHOTO areHTa B MaTpHIle IUICHKU. Tak
KakKk B 6OJII)HII/IHCTBC CJIydacB, IIJICHKH, HU3rOTOB-
JICHHBIC U3 PACTUTEINILHBIX IJICHKOOOpa3oBaTeNei,
UMEIOT BS3KYHO CTPYKTYPY C MHOXKECTBOM MHKPO-
My3bIPBKOB. J{J11 OTHOPOJHON CTPYKTYPHI TJIEHKH
C AaHTUOKCHUIAHTOM 4Yasd MCIIOIb30BaAJIM YJILTPa3BYK,
KOTOPBIN BIUSUT HA MUKPOITY3bIPhKH, pa30uBasi UxX
Ha MEJIKHEe YaCTHIIbI, PeBpaIias Bce KOMIOHEHTHI
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B OJHOPOAHY!O Maccy. [Ipy momonm yipTpa3ByKoBOM
00pabOTKH, MHOKECTBEHHOE CKOIUIEHHE HCIIOJIb-
3y€MOro areHTa paclpelesIwIoch 110 BCEMy pac-
TBOPY IUICHKOOOPA3yIOIIETO COCTaBa, Oyaromaps
9TOMY, UCCIIEIOBaHNE NIOKA3aJI0, YTO IOBEPXHOCTH
00pa3uoB 00pabOTaHHBIX yJIBTPa3BYKOM B Tede-
HUH 45 MUHYT MTOTYYHITUCH TTIQJKHMHU C XOPOIIAM
MOBEPXHOCTHBIM CLIEIUIEHHEM U C MHUHAMAIIbHBIM
3HaYeHUEM LIEPOXOBATOCTH B Ipeaenax 22—24 um
(pucyHOK 1), B OTIIMUMH OT HEOOpaOOTAaHHEIX 0Opa3-
OB, YTO TMOKa3bIBACT IOJIOKHUTEIHLHOE BO3JICHCTBHE
Ha OJJTHOPOJHOCTh CTPYKTYPHI [5].

100
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0 45

Bpems 00paboTku yabTpa3sByKOM, MUH
OIBC/TMLY/TP 1%  EIIBC/TMIY/TP 10%

Ra, nm

Pucynok 1. BnusiHue ynpTpasBykoBoii 00paboTku Ha
mepoxoBaTocTh NOBEpXHOCTH: [IBC — monuBUHUIOBBIN
crupt; ML — remunenmonosza; TP — aHTHOKCHUIAHTHBIN
areHT Jas

Figure 1. The effect of ultrasonic treatment on a rough
surface: PVA — polyvinyl alcohol; HMC — hemicellulose;
TP — antioxidant agent of tea

JpyruMu mccaeIoBaTeIs MU [TPOBOAUIOCH
AHAJIOTUYHOE HCCJICIOBAHUE C M3TOTOBJICHHEM
KOMITO3UTHOMH IJICHKH. B KauecTBe mieHkooopaso-
BaTeNisl WKCIOJB30BAIM IOJIMBUHUJIOBBIA CIUPT
¢ nobaBJicHMEM AaHTHOKCHUAHTHOTO arcHTa dvas,
B Pa3HOM COOTHOIICHHH C BO3JCHCTBHEM YJIbTpa-
3BYKOBOH 00pabOTKM B BPEMEHHOM JHAaIla30HE
ot 0 mo 40 munyT. JlaHHBIE 00pA3IIBI MIJICHOK OBLTH
c/leNlaHbl METOJIOM JIUThsI HA JICHTY, PE3yJIbTaThl
HCCIIeTIOBAHUS TTOKA3aJId, 4To 00paboTKa yibTpa-
3BYKOM IOBBICHJIA OapbepHBbIC CBOWCTBA, HO IPHU
JUTHTENBHOM 00paboTke cBhIlie 30 MUHYT (U3UKO-
MEXaHMYECKHE CBOWCTBA CTajM yXY/IIAThCA,
a UMCHHO CHU3WJICS MPEJeNl MPOYHOCTH Ha PacTsi-
JKEHHE M yJUIMHEeHHE TIpH pa3pbise [6].

Kpome ucnosb3oBanus monn)eHOJIOB Yast
C MOJIMBUHWJIOBBIM CIIUPTOM, HcclienoBatenu Kurast
W3rOTOBWJIM  YIAKOBKY JUIS TIPOJIOJKUATEILHOTO
XpaHeHUsI KIyOHHKH, KOTOpas YBEJIUYUIA CPOK
XpaHEHUs, a TAKXKE CIIOCOOCTBOBAJIA YMEHBIICHUIO
MoTepr Beca 00pa3IoB KIyOHUKA. B qaHHOM 3KC-
MEPUMEHTE KOMITO3UTHBIC IJICHKH ObLTH C pa3HBIM
COCTaBOM B KOTOPBIA BXOJWJ TMOJHBUHUIOBBIA
CIIUPT, HATPHUI-KapOOKCUMETHIIIICIIIFOJI03a, HAHO-
YaCTUIBI OKCHJIA [IWHKA, a TAKKE MHOTOCIOWHBIC
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rpad)eHOBBIE HAHOIJIACTUHBI C 00pabOTKOM yIiIb-
Tpa3BykoM. Jlis oskcnepuMeHTa Opaiid  pasHbIe
COYeTaHUs] KOMIIOHEHTOB. B Xome NIpoBeneHHBIX
UCCIIeIOBaHUI OBLTO BBISBICHO, YTO J0OaBIICHUE
HAHOYACTHUI] OKCHIA IIMHKA U Tpa)eHOBBIX HAHOILIA-
CTHH B COCTaB NOJHMBUHHUIIOBOTO CITUPTA, HATPHIA-
KapOOKCHMETHUIIIIEILTIONO3b] YMEHBIIHIIO TIPOYHOCTh
HOJyYeHHOHN IUICHKU, HO YBEJIHYWIO €€ aHTHOaK-
TepraJbHbIe CBOMCTBA MPOTHB IPAMITOIOKUTEIBHBIX
Y TPAaMOTPHLATENFHBIX ~MAaTOTCHHBIX  MHIIEBBIX
Oaxrepuii. Hanbomnee a¢dexTnBHas ymakoBKa s
XpaHeHUs! KIIyOHUKHU TOJIYYHIIaCh CO CIEIYIOIINM
COCTaBOM: TOJUBUHWIOBBIA CIHUPT, HATPHii-
KapOOKCHMETHIILIEIITION03a, HAHOYACTHIIBI OKCHIA
IIMHKA, MHOTOCJIOWHBIE Tpad)eHOBbIC HAHOILIACTUHBI
B cootHomennu (7:3). JlaHHOEe HCCIIe0BaHNE
J0Ka3ajo, 4To 00paboTka MJICHKOOOPa3yIOIIX
PacTBOPOB NPH MOMOIIHN YJIbTPA3ByKa YIIYUIIHIO
MEXaHUYECKHEe CBOWCTBA IUICHKH [7].
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Pucynok 2. BrnustHue ynpTpa3BykoBOH 00pabOTKH Ha
npejaen npouyHoctu npu pactsokenuu: [IBC — nonuBu-
HunoBsli ciupt; XC — XUTO03aH

Figure 2. Effect of ultrasonic treatment on ultimate tensile
strength: PVA — polyvinyl alcohol; CS — chitosan

B kauectBe ruieHKOOOpa3oBaTesel ¢ noIuBu-
HUJIOBBIM CITMPTOM MOYKHO HCIIOJIB30BaTh KOJUIAreH
pBIOBE Yelryr, KOTOPBIN YITydIliaeT CBOWCTBA yIa-
KOBKH C yJITPa3ByKOBOH 00pabOTKOM, YTO MOKa3aJIH
uccnenosarenu Xue Liang, Shiyi Feng, Saeed Ahmed
u apyrue. OHU U3TOTOBWIIM KOMIIO3UTHYIO TJICHKY
Ha OCHOBE KOJUIar€Ha PHIObEl YellyH, MOJTUBHHU-
JIOBOTO CIIMPTa M copOaTa Kaius B POJIA aHTHOAK-
TepualbHOTO areHTa. [IpoaHanu3upoBaB JaHHEIE,
MOXKHO CZIeNaTh BBIBOJ, YTO J00aBJICHHE KOJUTareHa
PBIOBEH Yelryr CHU3MIIO CBETONPOITYCKaHHE KOM-
MO3UTHOH IJICHKH, B TO BpEMs, Kak copOar Kayus
HE OKa3all CYIECTBEHHOTO BIMSHUS Ha JaHHBIHA
mokasareib. Takke 00paboTka yIbTpa3ByKOM CHH-
3uiia MAPONPOHULIAEMOCTD, YJIy4IMIa HPOYHOCTH
Ha pa3pbiB M YUTMHCHHE MPU PaspbiBe (PUCYHOK 4).

post@uestnik-vsuet.ru

Tarxoke MOXXHO TIPHBECTH TPUMEP U3TOTOBIIE-
HUS IBYXCJIOWHOW TIJIGHKH Ha OCHOBE MOJIMBHHHIIO-
BOTO CIHPTA M XUTO3aHA JUISl YIIAKOBKH KITyOHUKH.
[TonMBYHWIOBEIN CIIMIPT M XUTO3aH Opaiy B pasHOM
COOTHOIIICHWH W C Pa3HBIM BpPEeMEHEM 00pabOTKH
ot 0-30 munyt. Hamnyummii s¢dexr momyumncs
npu o0paboTke B 25 MHUHYT, YTO MOKAa3bIBaeT,
TO YTO YBEJIHUEHUEC BPEMEHHU O0paOOTKU YJbTpa-
3BYKOM HE BCEr/ia yJNydYlllaeT KadecTBO IJICHKH.
O6paser; ¢ 25 MUHYTHOW yJIBTpa3ByKOBOW 0Opa-
OOTKOW TONMYYMJICS C OJMHOPOITHOW CTPYKTYpPOH,
TaKkKe JaHHBIA METOJ[ M3TOTOBJICHUS YBEITHUYMIT
npezen MPOYHOCTH MPH PACTSDKEHHU (PUCYHOK 2)
Y YMEHBLIMJ BA3KOCTH TOTOBOTO PacTBOpa IOJH-
MepoB (pHCYHOK 3), YTO TIO3BONIIET CO3/aTh
HaunboJiee TOHKOE MOKphITHE. biarogapst naHHOMY
CMEIIEHUIO0 KOMITOHEHTOB, Y IUIGHKH TIOSBHIIACH
aHTHOAKTEepHaIbHbIE CBOWCTBA, YTO XOPOIIO ITO-
BIIMSJIO HA DKCIIEPUMEHT C YBEITHMYECHUEM CpOKa
TOJHOCTU KITyOHHKH B IIEPHOJ HU3KOTEMIIEPATYP-
HOro xpaneHus [8].
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Pucynok 3. BnusHue yipTpa3ByKoOBOW 0O0pabOTKM Ha
BSA3KOCTb IUIEHKOOOpasyomero pactsopa: IIBC — nonusu-
HuI0BBIH cniupT; XC — XuTo3aH

Figure 3. Influence of ultrasonic treatment on the viscosity
of the film-forming solution: PVA — polyvinyl alcohol; CS,
chitosan

Kpome Toro, miieHka mposiBuia aHTUOAKTepUallb-
HBIE CBOMcTBa B OTHOWEHMU Escherichia coli u
Staphylococcus aureus. Tlmenka ¢ comep:KaHHEM
KoOJIIareHa phIObeil YelllyH, TTOJMBHHUIIOBOTO CIUPTa
u copOara xammst 9% c ynpTpa3BykoBoi 00paboTKO
B 45 MUHYT, MOKa3ajia JIy4Iiie II0Ka3aTel maponpo-
HHUIIAEMOCTH B OTJIMYUE OT aHAIOTHYHOW IUICHKU
oOpabaTsiBaeMoii ynbTpazBykoMm 60 MunyT. Takum
00pazomM, yBeIMYeHHE BpeMEHH OOpaOOTKU YIbTpa-
3BYKOM TIOBJICKJIO 3a COOOH YMEHBILECHHE Ipeesa
HNPOYHOCTH TPH PACTSDKCHUU M YJUIMHEHUE IpU
paspbiBe, a MapoNPOHUIAEMOCTh YBEINYMIIACH.
OTO NOKAa3bIBACT, YTO YBEJINYCHUE BPEMEHU 00pa-
OO0TKH MOXKET YXYALIUTh CBOWCTBA, N3-3a Pa3pbIBa
0ONBIIOr0 KOJMMYECTBA XMMHYECKUX CBSI3€H, 4YTO
MOBJIMSUIO Ha yXyHAIICHHE (hOPMUPOBAHHS CETYATOH
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CTPYKTYpBI IUIeHKH. [10JJ00HYIO MICHKY MOXHO HC-
T0JIb30BaTh B KAUeCTBE aHTHMUKPOOHOH YITaKOBKU
JUTS TUILEBBIX TPOAYKTOB [9].
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Pucynox 4. CBoiicTBa IJICHKH, MOJy4YEeHHON C HCTIONb-
30BaHUEM YJIBTPAa3BYKOBOW 00pPaOOTKH KOMIIO3MTHOU
IUIEHKH C COJlep)KaHHeM KoJulareHa phIObel uernyw,
MOJIMBUHUIIOBOTO CIIUPTa U copbata Kamus 9%
Figure 4. Properties of a film obtained using ultrasonic
treatment of a composite film containing fish scale
collagen, polyvinyl alcohol and potassium sorbate 9%

XopomuM MmIeHKoo0pa3oBaTeIeM SBISETCS
0emnok, B TaHHOM ciy4ae simuHbIi. Ha ero ocHoBe
W3TOTAaBIUBAIN TMHUIIEBbIE IUICHKH C YJIyYILIEeH-
HBIMH CBOWCTBaMH, KOTOpPBbIE MOIM(DUIIMPOBAIH
IPH IOMOIIM BBICOKOMHTEHCHBHOTO 3BYKOBOT'O H3-
nydenusi. CBOMCTBA INICHOK U3MEHIWIIMCH B JIYULIYIO
CTOPOHY, a UIMEHHO: TOBBICHJIACH TEPMHUYECKas
CTaOMJIBHOCTD, YBEINYMIOCH KOJMYECTBO THAPO-
(OOHBIX TPYIIT U MEKMOJICKYIISIPHBIX BOJIOPOIHBIX
CBSI3EH, aTaKKe W CIIMBKAa MexIy Oenkamu. B pe-
3yJIbTaTe IJIeHKa CTajla Hanbojee TMOKOM C JTyUITMU
¢dusnueckuMH KadecTBamH. JlaHHOE yIiTydIlieHue
CBOMCTB HabrOa10ch Tipu 10 MUHYTHO# 00paboTKe
BBICOKOMHTEHCHBHBIM ~ 3BYKOBBIM ~ H3JIy4EHHEM,
B OTIIMYKE OT OoJiee ATUTENbHOW 00pabOTKH, MpH
KOTOpO# yxyamranuch cBoiictra mienku [10]. Kak,
Y B HCCIJICIOBAaHUM C U3TOTOBJICHUEM IUICHKH U3
HOJIMBHHUIIOBOTO CITUPTA M XUTO3aHA, Ype3MEpHast
06paboTKa yXy/aIIaeT cBOMCTBa MIeHKH [8].

Kpome 0enkoB >KHBOTHOTO MTPOUCXOXKIICHHS
UCIIOJIB3YIOT PACTHTENbHBIE OSIIKU IS U3TOTOBJIE-
HUS OHMOpa3naraeMoro ynakoBOYHOTO MaTepHala.
KomOuHHpoBaHHOE BO3/EHCTBHE BHICOKOWHTEH-
CHBHOTO YJIbTpa3ByKa C BO3/IECHCTBHEM TPaHCTIIIO-
TaMUHA30# ¢ BKJIIIOYEHHEM HaHOYACTHUI] YITydIlaeT
OapbepHbIe M (U3UKO-MEXAaHUYECKHE CBOMCTBA
TMIHILEBBIX TJIEHOK Ha OCHOBE OeJlka KMHOA U XMTO3aHa.
JlaHHO€ KOMOMHMPOBAHHOE BO3ICHCTBUE YBEITHINIIO
TOJNIIMHY IUIGHKA ¥ IPOYHOCTh Ha PacTsDKEHHE,
YMEHBIIIMB MPOIEHT yinHenus [11].

OmHUM U3 BUAOB pPacTUTEIBHOTO Oenka
sBiseTcs Oenok ropoxa. KoTtoperi ObuT M3ydeH
AMEpUKAaHCKMMH YYEHBIMH W3 YHHBEPCHUTETa
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mrata ®nopuga. MccnenoBaTenu MCIONIB30BATU
M30JIAT TOPOXOBOTO OeiKa /sl H3TOTOBJICHHS TIJIe-
HOK Ha OeJIKOBOI OCHOBE MO BIUSHUEM BBICOKON
WHTCHCHBHOCTH YIIbTPa3ByKa. YYEHBIMH OBLIO
0OHapyXEHO, YTO yJIbTPa3BYK U3MEHSET CTPYKTYPY
0enKa, 4To BBI3bIBACT NOSIBIICHHE MHAPOGOOHBIX TPYIIIT
B OOJIbIIIEM KOJHYECTBE HA TIOBEPXHOCTH MPH CHH-
JKEHHH DIIEKTPOCTATHYECKOTO OTTAIKMBAHUSL. Takxke
YIBTPa3BYyK yJIydlIaeT CTPYKTYpy IUIEHKH ycCTpa-
HSISl TPEUIMHBI ¥ YMEHbIass OeIKOBBIE CKOTUICHUS
Ha ee MoBepXxHOcTU. KpoMme 3Toro, yibTpaszByKo-
Basi 00pab0TKa He MOBIHUSUIIA HA TONIUHY TUICHKH
U yAJIWHEHHWE TPHU pa3pbiBe. JTH CTPYKTypHBIC
WU3MEHEHUS! OBbLIM IMOJITBEPIKICHUEM YITyYIICHUS
CBOWCTB IUICHKU U3 M30JI5ITa TOPOXOBOro Oeka [12].

W3onsT ropoxoBoro Oenka MMeEET IUIOXYIO
PacTBOPUMOCTh Y SMyJIbTHpoBaHue. MccrenoBanus
MOKa3aJii, 4YTO MPU KOMOMHUPOBAHHOU 00paboTKe
yIBTPa3ByKOM W M3MeHeHue pH, pacTBOpHMOCTB
Y OMYJBTUPOBaHUE 3HAYUTENHHO YIyUIIaroTCs,
0COOEHHO TIPY MOIITHOCTH YJIETPa3BYKOBOH 00pa-
6otku 500 Br [13].

Kpome wuccremoBanuii m30iATOB  Oenka
TaK)Ke B KauecTBE DKCIEPUMEHTa MPOBOIMIKCH
UCCIIEIOBAHUSl C UCTONB30BaHUEM THUAPOIHM3aTa
PHUCOBOTO O€liKa, HO TaK KaK THAPOIU3AT PHCOBOTO
Oenka He criocoOeH 00pa30BEIBATE ITICHKY, B Kade-
cTBe Moau(puKaTOpa 00ABIISIIN XUTO3aH MO/ JICH-
CTBHEM YJIbTpa3ByKa. Pe3yibTaTsl nccienoBaHuit
MOKa3all XOpollee CMelNIeHHe KOMIIOHEHTOB
3a CUET YMEHBINCHHS pa3Mepa YacTHI] U BI3KOCTH
TUIEHKOOOPa3yIoMX pacTBOpoB. Takxke yBenndu-
JIOCh YIJIMHEHWE NPH pas3pbiBe. YIIbTPa3ByKOBas
00paboTKa yJIydIImia BOJOPOIHBIC CBSI3H U KOBa-
JICHTHBIC B3aMMOJICHCTBUS, 3a cUeT 4ero oOpaszo-
Bajach rieHka [14].

KombunanpoBanHast 00paboTKa yIbTpa3ByKOM
MHKPOOHOHM TPaHCTIIFOTAMHHA3bI CIIOCOOHA MOAU(H-
MPOBaTh CTPYKTYpPY KOHLEHTpaTa CHIBOPOTOYHOTO
Oenka. J[aHHBIE KOMOMHAIIMY TIOKA3aJIH, 9TO yIIb-
Tpa3ByKoBas 00paboTKa TUICHKOOOPAa3yIoNIuX
PacTBOPOB CHIBOPOTOYHOTO OeNka crnocoOCTBOBaia
YMEHBIICHUIO TapONPOHHIIAEMOCTH, TOJIIHMHBI
TUICHKW W YBEJIHMUYEHUIO0 YCTOMYMBOCTH K MEXaHH-
YECKUM BO3JICHCTBUSM, a IOOABJICHUE MHUKPOOHOI
TpPaHCIJIIOTAMUHA3bl B PacTBOPHI 00paboTaHHBIC
YJIBTPa3BYKOM HE IMOBJHSUIA Ha CBOHCTBA, KPOME
nx nsera. [IpoHuiaemocTs mieHok, 0OpaboTaH-
HBIX YJIBTPa3BYKOM, Oblila HHKE, YeM y IUICHOK,
oOpaboTaHHBIX TepMooOpaboTkoil. [lneHkn wu3
TepMOOOPabOTaHHBIX PACTBOPOB TTOKA3AITN JTyUIIIHE
MeXaHn49eckue cBoicTna [15].

VYibTpa3ByK 3a cueT aKycTHYecKoro sddexra
CrocoOE€H COBMECTHUTh BOJIHBIA 3KCTPAKT COH,
MYETUHBIA  BOCK ¥ 3(UPHOE MAaclio TBO3IUKH
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mpeBpalias JaHHbIE KOMIIOHCHTHI B IUICHKY, a B
JTATTbHEHINIEM B yIaKOBKY s iponykuun. Kak rmo-
Ka3bIBaIOT MPOBE/ICHHBIE NCCIIEIOBAHNS YIBTPA3BYK
VIYUIIHJI COBMEIICHHE KOMIIOHEHTOB, ITOBHICHB
OGapbepHble U MEXaHHMYECKHE CBOWCTBA IUICHKHU.
JlaHHas yrmakoBKa W3 3TOW IJICHKU TECTUPOBAJIach
Ha TIPOJOJKUTEIIFHOCTH CPOKa TOMHOCTH KEKCOB
W TI0Ka3ajla, 4TO 3Ta YMaKoBKa CIIOCOOHA coxpa-
HUTb BJIQYKHOCTD U BHEIIHUN BUI KEKCOB 10 6 qHEN
B YCIIOBUSIX OKpY»Katoltei cpezpl. KauecTBeHHBbIN TecT
TUTCHKH TTOKa3aJl, YTO IUICHKA Pa3jiaracrcsl B TCUCHUN
12 aHelt, 4TO AemaeT ee IKOJ0oru4Hoi [16].

OBCsHBIN 0€TTOK TaKXKe HCIOIB3YIOT B Kade-
CTBE IJICHKOOOpa3oBarTelneil BMecTe ¢ MyJLTyIaHOM
C UCIIOJI30BAHUEM BO3JICHCTBUSA YIBTPa3ByKa IS
YITyUILIEHHS PA3IMYHbIX CBOMCTB IJICHOK. Pe3ynbTarsl
HCCJENOBAHUNA C U3TOTOBJICHUEM TaKOM IUICHKU
TMOKa3aJId yMEHbIIeHne Koa(HUIMEeHTa TPOITy CKaHUsI
CBeTa, MPOHMUIIAEMOCTH BOJSHOTO Tapa M KUCIIO-
pona, a TaKKe YBEIUIeHIE OTHOPOTHOCTH. Kpome
9TOTO JAHHBIA COCTAaB M3MEHSUTH U 00BN HU3HH.
JloGaBneHre HU3MHA COMPOBOXKIATIOCH CHIKEHHEM
MPO3PAaYHOCTH W BIAXHOCTHU IUICHKH, a TaKkKe
YMEHBIIICHHEM OOITIETO CONEPKaHMUSI PACTBOPHUMBIX
BeIecTB. TeM caMbIM YIIbTpa3ByKOBas 00paboTKa
0 CPAaBHEHHIO ¢ OOBIYHBIM CMEIICHUEM TIOBIHUSIIA
HA JIaHHBIA COCTAB IUICHKU YBEIMYUB YIJIUHCHUC
TIPH pa3phIBE U MPO3PAYHOCTh, a TAKKE YCHIICHUE
MEXMOJIEKYIISIPHBIX CBS3el, TEM CaMbIM TIpeBpalnast
B OIHOPOJIHYIO TIOBEpXHOCTH [17].

B npyrom ucciemoBanuu 17t M3rOTOBICHUS
aHTHOAKTEepHaIbHON TUICHKH M3 MyJUTyJiaHa ObLia
no0aBieHa HAHOAMYJIbCHS 3(QHUPHOTO Maciia Ko-
pHIBl [IpH yIBTPa3ByKOBOW 00paboTke. 3a cyer
VIIBTPa3BYKOBOM AMYJIBIallid yIajoCh COBMECTHTH
HAHOAMYIECHIO Maclia C MyJUTyJIaHOM IIOJTyYWB
aHTUOAKTEPHATBHYI0 IUICHKY C YJYYIICHHBIMU
CBOHMCTBaMU. Y IbTPa3ByK 3HAUUTEIHLHO YMEHBIIIHI
pasMep Kameiah Macja U MPEeBPaTHi pacTBOP B OJI-
HOpPOIIHYIO CTpPYKTypy. llneHka, W3roToBieHHas
U3 JIAaHHBIX KOMITIOHEHTOB TI0Ka3aJia HANMEHBIITYIO
MapONPOHUIIAEMOCTh M MAKCUMAIBHOE yITUHCHUE
TIPH pa3pbIBe 3a CUET IUTACTH(HUITUPYIONETO Iei-
CTBHUS HaHOAMYJIbcuH [18].

post@uestnik-vsuet.ru

VakoBKa Ha OCHOBe myJurynada [19] ucrmsr-
THIBAJIACh HA CBEXKECPE3aHHBIX S0JI0KAX U rPYyIIax,
HO Y€ ¢ UHBIM cocTtaBoM. OHa M3TrOTaBIMBAIACh
U3 IyJUTyJIaHa U TPETaJIo3bl ¢ HACBIIICHHEM mofvde-
Hoslamu 4ad. [loj nelicTBUEM yJbTpa3ByKa JaHHBIN
COCTaB 3HAYUTCIIbHO YBCIWYHNII YAJIUMHCHUEC IIpU
paspbiBe, MPOYHOCTh Ha PACTSHKEHHE, a TaKKe
TIOBBICHIT OaphEePHBIC CBOMCTBA KOMITO3UTHOM TJICHKH
M0 OTHONICHHUIO K YIBTPaHOieTy, BOJAE U KHUCIIO-
pony. Kpome Toro, miueHka mokasaja XOpoOLIHe
aHTHOAKTepHadbHblE CBOWCTBA B OTHOUICHHU
Escherichia coli u Staphylococcus aureus. Takum
o0pazoM, yIbTpa3ByK okazancs 3h(OEeKTHBHBEIM
BO3CHCTBUEM JUIS YIy4IIECHNS] KAYECTBA YIIAKOBOY-
HBIX IUICHOK JUTSA MHIIEBHIX MPOAYKTOB C IIMPOKUM
criektpoM npumeneHus [20].

3akiouenune

VYIIBTpa3ByK yaydIIaeT CTPYKTYPY Pa3IHIHBIX
pacTBOpPOB OMOMOJIMMEPOB, BO3ACHCTBYS Ha MHUK-

POIY3BIPEKU pa30MBas MX, TEM CaMbIM YIIydIlas
CMeIICHHE KOMIIOHEHTOB C IOTIOJHUTEIbHBIMH aH-
THOKCHJAHTHBIMH W IIPOTHBOMUKPOOHBIMH areH-
tamu. [loaydeHHbIe TOKPBITUS CTAHOBSTCS Oojiee
3IIACTHYHBIMH, IPUOOPETAIOT OJHOPOIHYIO CTPYK-
TYpPY, YMEHBILACTCS MIEPOXOBATOCTH MOJYYESHHBIX
IUICHOK M3 PacTBOPOB OHOpasiaraeMbIX MOJIMMEPOB
PasIMUHON XUMHUYECKON IpUpO/bL. J[aHHbIE IUICHKH
UCXOAs W3 WCCIEIOBaHWH, IOKa3ald XOpOIIUe
PE3yJIbTaThl 10 MPOJOIKUTEIILHOCTH COXPAHCHUS
TOBAapHOTO BU/IA PA3TMYHBIX MPOJYKTOB IMUTAHHUS.
VbTpa3BykoBast 00paboTKa pacTBOPOB OHOMOIUME-
POB SIBJISICTCS TIEPCHICKTHBHBIM HAIPABICHUEM IS
PAa3BUTHS 110 UCCIICIOBAHKIO PA3IMYHBIX MaTEPHUAIIOB
B CBSI3KE C PAa3IMYHBIMU TPOTHBOMUKPOOHBIMH U
AQHTUOKCHJAHTHBIMU areHTaMu JIJIsi U3rOTOBJICHUSI
aKTHBHBIX YNAKOBOK. /laHHBIE YIAaKOBKH MOTYT
HE TOJILKO TIOMOYb COXPaHSATh JKOJIOTHMIO BCEi
IUTaHEeTHI, Oaronapsi cBoei OHopasiaraeMocTd M
9KOJIOTUYHOCTH, HO M TAK)KE YBEIUYMBATH CPOK
TOJJHOCTH TIPOJyKTOB IIPH XPAaHEHHH W TPAHCIIOPTHU-
poBke. MeTos ynbTpa3ByKoBOH 00pabOTKH aKTyalleH,
HOTOMY, 4TO 3aCYeT JAHHOTO BO3ACHCTBUS
Ha PacTBOPBI MOJMMEPOB, MOXKHO YIYYIIUTh HX
CBOICTBa M M3TOTOBHTH HOBYIO aKTUBHYIO MOJH-
(GULIHPOBaHHYIO YIIAKOBKY.
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1 Tam0O0BCKH# TOCYIapCTBEHHBIN TeXHUUYECKUI yHIBepcuTeT, CoBerckas, 106, Tam6os, 392000, Poccus

2 Boponexckuii pusman Poccuiickoro skoHoMideckoro yarupepeurera nmenn I'.B. ITiiexanosa, Kapia Mapkca, 67A, Boponex, 394030, Poccust
AnHoTtanusi. COBEpIICHCTBOBAHUE IPOLECCOB OYUCTKM OTXOJIOB IPOM3BOJACTBA CBS3aHO C PEIICHHEM OSKOJOTMYECKHX 3ajad,
MPEANOJIAraoIuX 3KOHOMHIO TOTPEOIIIEMbIX PECYPCOB OKPYIKAIOIIEH Cpelibl U COKpalleHne 00bEMa OTXO0A0B, pa3MellaeMbIX B Hell. 1 To u
JPYroe JOCTUTAETCS 32 CUET BHEAPEHUSI MAJIOOTXOAHBIX TEXHOJIOTUH C BO3MOXKHOCTBIO U3BJICUCHUS [ICHHBIX KOMIIOHCHTOB U MCIIOJIb30BaHMS
OYMILIEHHBIX BOJ B OOOPOTHOM LHKIIE, CPEIy KOTOPBIX JIEKTPO-MEMOpaHHbIE TEXHOJOTHMM 3aHHMAIOT JOCTOHHOEe MecTo. B pabote
paccMOTpeHa BO3MOXKHOCTh IPHUMEHEHHUsI 3JEKTPOMEMOPAHHOIO pas3leieHHs [P OYMCTKE TEXHOJOIMYECKHX pAacTBOPOB OYHMCTHBIX
coopyxenunit OO0 «PKC—Tam60B». B nensx u3ydeHus BIUSHUS TAPAMETPOB MPOBEICHUSI IPOIecca pa3IeieHHs Ha OCHOBHBIC KHHETHUECKHE
XapaKTEPUCTUKH TTPOBEACHBI IKCIIEPUMEHTAIIbHBIC UCCIICIOBAHUS YASIBHON MTPOU3BOANUTENBFHOCTH M KO3 GUIIMEHTa 3a/IepiKaHusi MeMOpaH
MI'A-95 u OIIMH-II npu pasmeleHMH TeXHONOTHYECKHX PacTBOPoB OT  (ochar—umonos POs* . [IpemnokeHs K HCIIONE30BAHHIO
KpHUTEpPHAIbHBIC 3aBUCUMOCTH pacyeTa yIeIbHON IPOM3BOIUTENHHOCTU U KOA(HLIMEeHTa 3a/iep KaHus IPU IIEKTPOMEMOPaHHOM Pa3AeIeHUH
TEXHOJIOTHUECKUX PAacTBOPOB, cozepkauux (ocdar—uonsl. [IpoBenen pacyer IKOHOMUUECKHUH 3()(HEKTHBHOCTH TEXHOJIOTHYECKON CXEMBI
ounctku crouHbIX Bog OO0 «PKC-TamM60B» ¢ HCHOIB30BAaHUEM 2JIEKTPOMEMOPAHHOrO arapaTa | OLEHeHa ee peHTabenbHOCTh. MHIeke
noxoaHoct cocraBut 1,703, To ecth Oonbmie 1, 4To cumTaeTcs peHTabeNabHBIM OH3HECOM. BhICOKHMI MOKasareiab M PEHTA0eIbHOCTH
npoxykuui. Cpok OKyIaeMOCTH IPOEKTA COCTABIISIET 2 To/ia, YTO CIIelyeT IPH3HATh XOPOIINM II0Ka3aTelIeM, TO €CTh Yepe3 2 ToJla BIOKCHHBIE
B IIPOCKT JICHEIKHBIC PECYpPChl BEPHYTCS B XO3SIMCTBEHHBIH 000pOT. PaccyMTaHHBIH CPOK OKYNAaeMOCTH MPENOJIOKHTEIBHO MOXKET OBITh
YMEHBIIICH, TaK KaK [IeHa KOHICHTpaTa HaMH HE MPOUH/ICKCUPOBAHA Ha BEJIMYNHY HHOISIIHH.

KunioueBble €J10Ba: TEXHOJIOTMYECKHE pacTBOpPEI, MCMGpaHa, KO3(1)(I)I/I[H/ICHT 3a/1C€prKaHus, yICIbHasA IPOU3BOAUTEIILHOCTD, 3HCKTpOMCM6paHHLH>’l arrapar.
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Abstract. Improving industrial waste treatment processes is associated with solving environmental problems that involve saving consumed
environmental resources and reducing the volume of waste disposed of in it. Both are achieved through the introduction of low-waste
technologies with the ability to extract valuable components and use purified water in the recycling cycle, among which electro-membrane
technologies occupy a worthy place. The paper considers the possibility of using electromembrane separation in the treatment of technological
solutions of treatment facilities of RKS-Tambov. In order to study the influence of the parameters of the separation process on the main kinetic
characteristics, experimental studies of the specific productivity and retention coefficient of MGA-95 and OPMN-P membranes were carried
out during the separation of technological solutions from PO43- phosphate ions. Criteria-based dependences for calculating the specific
productivity and retention coefficient in the electromembrane separation of process solutions containing phosphate ions are proposed for use.
The calculation of the economic efficiency of the technological scheme of wastewater treatment of RKS-Tambov using an electromembrane
apparatus was carried out and its profitability was assessed. The profitability index will be 1.703, that is, more than 1, which is considered a
profitable business. High rate and profitability of products. The payback period of the project is 2 years, which should be considered a good
indicator, that is, after 2 years, the monetary resources invested in the project will return to economic circulation. The calculated payback
period can presumably be reduced, since we have not indexed the price of the concentrate to inflation.

Keywords: process solutions, membrane, retention factor, specific productivity, electromembrane apparatus.
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BBenenue

CoBepIlIeHCTBOBAaHUE TIPOLIECCOB OYHCTKH
OTXOZ0B MPOM3BOACTBA CBSI3aHO C PEIICHHEM KO-
JOTUYECKHX 3aad, MPEIoarafouuXx SKOHOMUIO
HOTPEeONIIEMBIX PECYpPCOB OKPYIKAIOIIEH Cpebl
U coKpalieHue o0bEMa OTXOJIOB, pa3MelacMbIX
B Hell [1-3]. U To u apyroe nocruraercst 3a c4éT
BHEJPCHUSI MAaJIOOTXOJIHBIX TEXHOJIOTHH C BO3-
MOYKHOCTBIO H3BJICYCHUS IICHHBIX KOMITOHEHTOB
Y MCTIOJIb30BaHUsI OYMIICHHBIX BOA B 00OPOTHOM
LUKJIE, CpPeAM KOTOPBIX 3JEKTpoMeMOpaHHbIE
TEXHOJIOTHH 3aHUMAIOT JOCTOHHOE MecTo [4—6].

OcTaHOBUMCST TIOJPOOHO HAa HEKOTOPBIX
TPAZULMOHHBIX MEMOPaHHBIX METOJax pas3leeHHs
pPAacTBOPOB W NpOBEIeM KpAaTKUH aHaIW3 COBpe-
MEHHBIX ITyOJIHKaIni.

B cratbe [7] mpencraBneHbl JaHHBIC 110
HIIEKTPOXHUMHIECKUM M KHHETHIECKUM XapaKTepH-
CTUKaM TIPH HCCIIENOBAHUH BIIEKTPOMEMOPaHHOTO
nporecca ¢ NepPTOpUPOBAHHBIMU CYJIL(OKATHO-
HUTOBBIMH MeMOpaHamu Mapku M®-4CK c Bapbu-
pyloIieics yJIeNIbHON BIaroOeMKOCThIO U PA3INIHON
koHmenTpanueii pactopa NaCl. Otmeuaercs, uto
3¢} HeKTUBHOCTD UCTIONB30BAHMS B AJIEKTpOMeMOpaH-
HBIX TIpolieccax MOAM(UIMPOBAHHBIX HOHOOOMEH-
HBIX MeMOpaH JIOKa3aHa pe3yJibTaTaMh H3MEpeHHH
UX TPAHCIIOPTHBIX XapaKTEPUCTHK.

B cratbe [8] monyueHbl HOBbIE KOMITO3HIIH-
OHHBIC MaTepuallbl Ha OCHOBE KaTHOHOOOMEHHOU
memOpansl MK-40, MmoaudunupoBaHHOH TOHKHAM
croeM MeMOpansl M®-4CK ¢ nonmpoanHoii 2 u 5%
OKCHJIOM IiepHsi. TpaHCIIOPTHBIE XapaKTePUCTUKH
MOAU(HUITMPOBAHHOW MEMOPAHHI TIPH 3TOM BO3PACTAIOT
B pany Li* <Na"<K'<H"

B pabore [9] mpoBemeHbl wHcCIeIOBaHMS
ANEKTPOXMUMHIECKUX XapaKTEPUCTHK HOHOOOMEHHBIX
MeMOpaH, SBJISIOIIMMICS BaKHEUIINMH KHHETHYE-
CKMMH XapaKTEePUCTUKAMH, MOJy4aeMbIMH B PE3YJlb-
Tare W3MEPEHUI 3JIEKTPUYECKOTO COIMPOTHBIICHHSI.
3aBUCUMOCTH DJICKTPOCONPOTHUBIICHUS M YACIBHON
3JIEKTPONPOBOAHOCTH OT YMCNA U YACTOTHI IMepeMeH-
HOTO TOKa HCCIeNyeMbIX KarroHooOMeHHor MK-40
1 aHrnoHo0OMeHHOH MA-41 MeMOpaH COOTBETCTBEHHO
YKa3bIBalOT Ha BO3MOYKHOCTH pacdeTa SHepro3arpar
HPU MaTeMaTUYECKOM MOJIEITMPOBAHNN JJIEKTPO/IHa-
mu3a pactBopa NaCl ¢ yepeayronmMucs KaTHOHO-
00OMEHHBIMU U aHHOHOOOMEHHBIMU MeMOpaHaMHU.

B mrepatype [10] wuccnenoBan mpoiecc
JIEMUHEPAIT3allN PaCTBOPOB AJIKMJIAPOMATHYECKOM
AMUHOKHUCIIOTHI W XJIOPHAA HATPHS METOAMH 3JICK-
TpOAWANIN3a | SNEKTPOACOHN3AMHU. Y CTAHOBJICHO,
4yTo OOJNBIINE 3HAYCHUS CTENEHH 00ECCOIMBAHUS
JOCTUTAIOTCS ITPU UCTIOIB30BAHUHU TYPOYIIEHTHOTO
pPEeKUMa TEUCHUS KHUIKOCTH, HO TIOTEPH LIEIEBOTO
MPOIYKTa IPH 3TOM YBEITUIHBAIOTCS.
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Pa6ota [11] mocBsieHa pecypcocOepesKeHIIO
Y PEIICHNIO SKOJIOTHYECKHX MPOOIIeM IIPpH BOJOMIOI-
TOTOBKE B YCJIOBHSIX TAJIbBAHUYECKOTO MPOM3BOJCTBA
(mMHUKM HUKETHPOBaHUs). ABTOpaMH C HUCIIOJb30-
BaHHEM pa3pabOTaHHOW MPOrpaMMbl ITOKa3aHo,
YTO HAa YMEHBIIIEHUE PAacXoja TEXHHYECKOW BOJIBI
raJbBaHMYECKUX MPOU3BOJICTB BIHSIOT MPOTHUBO-
TOYHBIC MPOMBIBKM BMECTE C TAKMMH METOJaMU
OYUCTKH, KaK MEXaHW4yecKas (WIbTPAIHs, dJIeK-
TPOJMANIN3 C MCIIONB30BaHNEM aHHMOHOOOMEHHOM
U KaTHOHOOOMeHHO# MemOpaH Ralex AM(H) — PP,
Ralex CM(H) — PP), a takxe HOHOOOMEHHBIEC KO-
JIOHHBI C KAaTHOHUTAMH U anroHuTamu Purolite C150,
Purolite  A100Plus. IlpuBenmeHbl ONTHMAlbHbIC
PEKUMBI 3JEKTPOAHMAIN3a B MPOHM3BOACTBEHHBIX
YCIIOBUSIX TaAJIbBAHUYECKOTO I[eXa.

B pa6ote [12] mpuBemeHo, 4TO € poCcTOM
TUIOTHOCTH TOKa B MPOLECCE DIIEKTPOIUATUIHOTO
paszeneHusl pacTBOpa HUTpaTa aMMOHUS MTOTOKH
WOHOB COJIA MPOXOJAT Yepe3 MAaKCUMYM TIpH Ipe-
JenbHOM Toke. C pOCTOM ILIOTHOCTU TOKAa BBIIIE
3arpeenbHOro 3HaUYeHUs TOTOK MOHOB aMMOHHSA
yMeHblIaeTca. Ha yMeHbIIeHHe MOTOKa HUTpaT-
HMOHOB B «CBEPXIIPEEIIEHBIX TOKOBBIX PEXKHUMAaX»
OKa3bIBACT BIHMSHUE MEHSIOMIMNACSI COCTaB M
KaTaJIUTUYEeCKas aKTUBHOCTh (DYHKIMOHAIBHBIX
TPYIIIT aHHOHOOOMEHHOM MeMOpaHbI B OTHOIIICHHE
K TPOLIECCY AUCCOIMALIUN MOJIEKYJT BOJBI.

Agstopamu pabotsI [13] mpezcTaBieHb! pe3yiib-
TaThl UCCIICIOBAaHNA MOHOOOMEHHBIX M MEMOpPAHHBIX
METO/IOB KaK KOMILJIEKCHBIX METOZIOB OUHCTKH IIPUPOI-
HBIX TIO/I3EMHBIX BOJI C ITOBBIIIEHHBIM COZEp)KaHHEM
KaTHOHOB METaJUIOB (KeJie30, KAJIBIIUA, MarHuii).
N3yueHa cCeneKTHBHOCTh M NPOHUIAEMOCTh HaHO-
(UIBTPaMOHHBIX MEMOPAH MPH OYHUCTKE MOJIETTHHBIX
pacTBOPOB W peasibHBIX BOJI, MOKAa3aHO BIIMSHHE
COEIUHEHNH yKeJIe3a B UCXOIHOU BOE. Y CTAaHOBJIEHO
3aMETHOE CHIDKEHHE NPOHHUIIAEMOCTH MEMOpPaHBI
IIPH OYHCTKE HKEJIE30COAEPIKALNX TTOJ3EMHBIX BOJI.
[MpeacraBieHsl pPEeKOMEHJANMU IO KCIIONB30Ba-
HUIO HOHHOTO OOMEHA U HAHO(UJIBTPAILIUY B Kaye-
CTBE KOMITJIEKCHBIX METO/IOB OYMCTKH IMPUPOTHBIX
MOJI3€MHBIX BOJI.

Asropamu padoTsI [14] nccnenoBaHo BIMsHIE
pacxonma pereHTara Ha (hOPMHUPOBAHUE TOTOKOB
BOJIBI U XJIOPHMJIOB HATPHUsl, MarHusi W KaJblUs
MIPH WX MEPeHOoCe uYepe3 HaHOPWIBTPAIHOHHYIO
MemOpany Vontron VNF. YcraHoBneH pocT 3aaepxu-
BAIOIIEH CIIOCOOHOCTH MEMOpaHbI C MOBBILICHUEM
pacxojyia peTeHrara, Ipyu 3TOM TpaHCMEMOpPaHHBIH
MepeHoc KOMIIOHEHTOB pacTBopa B MeMOpaHe
Vontron VNF He ocraHaBimBaercs naxe mpu pado-
YeM JaBICHWH HIDKE OCMOTHYECKOTO, YTO SIBIISIETCS
MEPCIIEKTUBHBIM PE3yJIbTaTOM TIPH IMOBBIIICHUN
KayecTBa SHEProcOEeperarmIero pasieieHus u
BBIJICNICHHS COJIEH pa3HOBAJICHTHBIX METAJLJIOB.
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IIpoBeneHHBIN IUTEPATypHBIA aHaIU3 I10
BCECTOPOHHEMY HCCIICIOBAHUIO IIPOLIECCOB IIEKTPO-
MEeMOpPaHHOTO pa3zieNicHHs! PACTBOPOB HE BBISIBUII CH-
CTEMAaTUYECKUX JaHHBIX IO BIUSHHUIO OTAEIBbHBIX
KOMITOHEHTOB (MOHOB) Ha KHHETHYECKUE XapaKTe-
PUCTHKH MTOTOOHBIX CHCTEM.

Heap padorsl — uccienoBanne 3hHeKkTrB-
HOCTH 3JIEKTPOMEMOPAaHHOI'O pPa3leNeHHus TEXHO-
JIOTHYECKHX PAacTBOPOB OUYHCTHBIX COOPYKEHHU
000 «PKC — Tam60B».

MaTepna.nLl U ME€TOAbI

B Hacrosimiee BpeMs B CyIIECTBYIOLIEM
MOJIOXKEHUH CXEeMbl OYHMCTKH CTOYHBIX BOJ Ha
ouncTHBIX coopyxkeHusx «PKC — Tam0oB» ocamgok
C MEPBUYHBIX OTCTOHHMKOB W W30BITOUYHBIA HII
C BTOPUYHBIX OTCTOWHMKOB HE YAAISIETCS U3 CHCTEMBI
B HEOOXOAMMOM KoJtdectse. [Ipu 3ToM nmpoucxoaut
HaKOIUICHUE 3arpsi3HSIONINX BEIIECTB M OOJBIION
MPUPOCT GHOMACCHI MJIa, YTO MPUBOIUT K CHIKEHHIO
a¢pdexTHBHOCTH pa0OTHl MEPBHYHBIX W BTOPHYHBIX
OTCTOMHUKOB, MOBBIIIEHHON Harpy3kud Ha a3po-
TEHKH, BTOPHUYHOMY 3arpsi3HEHHIO CTOYHBIX BOJ
Y YXYIIIEHUIO XapaKTePHCTUK AaKTHBHOTO WA
(3arHMBaHNE, TOBBIIMIEHHBI BBIHOC, 00ECKUCIOPO-
JKMBaHUE OYUILEHHOH BOIBI), YTO CHIKAET KAYECTBO
OUYHCTKU CTOYHBIX BOJI.

[lepepaboTka CTOUHBIX BOJ B IpeIaraeMon
cXeMe MpeaycMaTpUBaeT HCII0JIb30BaHUE AIEKTPO-
MeMOpaHHOTO amnmapara. TpaiunuoHHAs cxema

post@vestnik-vsuet.ru

OUHMCTKH, HE MO3BOJSICT YTHIIM3UPOBATH OTXOIbI
B TOM BHJI€, KOTOPBIN MO3BOJISI ObI UX IPUMEHSTh
B TAJIGHEHIIIEM B TEXHOJIOTUYECKOM TIpOlLiecce, HalpH-
Mep, BOBJICKATh B XO3SIMCTBEHHBIH 00OPOT OUMITICH-
HYIO BOJIy W UCIOJIb30BaTh MJISI POMBIIILIEHHBIX
HYXXJlT KOHIIGHTpaT, TNOJYYEHHBI U3 OTXOJII0B
B pe3yJbTaTe UX MeMOpaHHOH 00paboTKH.

B Tabmume 1 mpencraB ycpemHEHHBI COCTaB
TEXHOJIOTHYECKHUX PACTBOPOB OUYHCTHBIX COOPYKEHHUI
«PKC-Tam60B». B nccnenoBaHuax HCIOIB30BAIN
MOJICTIbHBIC PacTBOPHI C KOHIIEHTparel ¢ocdarto
B quanaszone 6,0-52,0 r/m>.

HccnenoBanust BIMSHUSI  TPAHCMEMOPaHHOTO
JIABJICHUS W TUIOTHOCTH TOKA HAa U3MEHEHUE 3JICK-
TPOXUMHUYECKUX U KUHETHUECKUX XapaKTEPUCTUK
BBITNOHSJIUCH Ha SKCIIEPUMEHTAJIbHOW YCTaHOBKE,
npefcTaBIeHHoi B craThax [15-18]. Jlis onenkn
TIOTPEITHOCTH JIaHHBIX, MOMYYEHHBIX MPU AIIEKTPO-
MeMOpaHHOM pa3/IeieHHH HCCIIEyeMOro PacTBopa,
IKCTIEpUMEHTAIBHBIE UCCIeIOBaHMA ToBTOpsttH 10 pa3
NP BapbUPOBAHUU TPAHCMEMOPAHHOTO JIABJICHUS
Y IUIOTHOCTH TOKa. B pe3ynbrare cTaTHCTUYECKON
00pabOTKH MOJYyYEHHBIX JaHHBIX OTHOCHUTEILHOE
CTaHAApTHOE OTKJIOHEHHE He mpeBbimraino 0,1.

[acnopTHBIE XapaKTEPUCTUKHA HCCIIEyEMBIX
memOpan mapku MI'A-95I1 u OIIMH-II npuse-
JIeHB] B Ta0OJuIIE 2.

Tab6muma 1.
CocTaB TEXHOIOTHYECKUX pPacTBOpOB
Table 1.
Composition of technological solutions
Ioxazarens, Mr/ oM IlepBu4HEIA OTCTOMHHUK O6muit copoc | ITIK 1t BOIBI X035 CTBEHO-IIUTHEBOTO HA3HAYCHHS
Indicator, mg/ Primary sedimentation tank | Total discharge MAC for drinking and household water
Docdarsl | Phosphates 12,40 6,58 35
Xiopugsl | Chlorides 170,30 150,10 350
Cynbgartsl | Sulfates 65,70 85,15 500
XKeneso | Iron 3,15 0,54 0,3
Mens | Copper 0,015 0,005 0,1
Iluuk | Zinc 0,034 0,002 0,5
Huxens | Nickel 0,012 0,001 0,2
Hedrenpoayksl | Petroleum 2,85 0,070 0,3
Tabmnuma 2.
[MTacmopTHbIE XapakTepucTUKU MeMOpan mapkun MI'A-95IT u OTIMH-II [19]
Table 2.
Passport characteristics of MGA-95P and OPMN-P nanofiltration membranes [19]
Paboune XxapakTepuCTHKH MeEMOpaH
MuHuManbHas Kos¢pdurment N
Mapka MeMOpaHEI Pa60qe§/[ MPOM3BOJUTENBHOCTE 10 | 3axepxanus no 0,15% Pabounit H MaKCHMam’Ha]%
Membrane brand | 4855005 T I Bone, mpu T = 298 K, m¥/m?c | NaCl, ne menee Onoratima bl | T Mamibe:
P g Minimum water capacity, at | Retention coefficient of| P gp
pressure, MPa T = 298 K. milme:s 0.15% NaCl, not less range temperature, K
MI"A-95T11 4,0 2,22:10° 0,95 212 323
OIIMH-IT 1,6 2,77+10° 0,55

MemoOpanst Mapku MI"A-95T1 umeeT aKTHBHBIH
CJIOW W3 alerara LEJUTI0NIO3bl. B kauecTBe mopu-
CTOW TIOMIOKKH HCIOIB3YETCSA TOIUTIPOITHAIICH
WM TKaHbIN naBcaH. MemOpana mapku OIIMH-II
AMEET CEJICKTUBHBIN CJION M3 moanamMuaa. B xade-
CTBE TIOPUCTOM TOJJIOKKH HCIOJB3YeTCS HETKa-
HBIH MOJIUIPOIUIICH.
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Bri6op mnotHocTel Toka (5,2-22,5 A/m?)
00yCJIOBIEH TeM, 4YTO IOPHUCTHIC IOJIUMEPHBIE
MeMOpaHBI SBJISIOTCS ¢1a00 HOHU3UPOBAHHBIMH U
JOCTaTOYHO BHICOKO3(PPEKTUBHBI IPH pa3eliCHN
PacTBOPOB C MIbIMU IUIOTHOCTSMHU TOKA. BepxHsist
rpaHuIla BEIOpaHa HA OCHOBAHUN TCOPETHIECKUX U
NpeABAPUTENBHBIX IKCIIEPUMEHTATBHBIX HCCIeI0-
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BaHmi. [Ipu GoJbIIEM 3HAYCHHUH ILIOTHOCTH TOKA
MPOUCXOUT AETPajiallvisl aKTHBHOTO CJIOS TIOJIUMEp-
HOM MeMOpaHbI, YTO CHIDKAET MPOU3BOAUTEILHOCTD
Y KauyecTBO pasneneHus. IIpu IuioTHOCTH TOKa
MEHbIIIE HI)KHETO 3HAa4eHMs BIIUSHHE dJIEKTpUYe-
CKOT'0 HalpsDKEHHUS Ha MPOIIeCC 3IEKTpoMeMOpaH-
HOTO pas3fiefieH!s] He3HAYUTENIbHO, B CBSA3H C YeM
OCHOBHOM JIBIDKYILEM CHIION IIpolecca paslesieHus
SBIISIETCS] TPAHCMEMOpPaHHOE aBJICHHUE.

OCHOBHOM KHMHETHYECKOM XapaKTEepHUCTUKON
3NIEKTPOMEMOPAaHHOTO IpoLiecca SBISIETCS YASIbHbBIA
BBIXO/IHOM MOTOK, KOTOPBIM OMPEAEIISIICS 0 HIKE
NpUBEICHHO# 3aBucumocTu [16-18]:

\Y
J= ; 1)
F,-t
rae V— o0beM MOydeHHOTo IepMeaTa Ha MeM-
6pane, M°; F,, — pabouas miomaas MeMOpaHsl, M2

post@uestnik-vsuet.ru
T — BpeMs BBIMOTHEHUS DKCIIEPUMEHTATBHBIX
HCCIICTOBAaHUH, C.

3HaueHne kod(ddummeHTa 3amepKaHUA,
MTOJIYICHHOTO B TIIPOIIecCe DIEKTPOMEMOPaHHOTO
paszeneHus, onpeAeseTcs Mo Gopmye:

c
K=1-—"; 2
c

rae C , C  — KOHLEHTPALHs HOHOB B pa3eiiseMOM

ep
pacTBope U iepmeare.

Pe3yabTarhl U 00cyx/AeHHE
Ha pucynkax 1-3 mpencraBieHbI 3aBHCHMO-
CTH yJelbHOro MoToka MemOpaHn MIA-95I1 u
OIIMH-IT myst BogHOTO pacTBOpa Gocdar — HOHOB OT
TpaHCMEeMOPaHHOTO JaBJICHUS U TUIOTHOCTU TOKA.
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Pucynok 1. 3aBucumoctu yaenbHOro moroka memopansr OIIMH-IT (a) u MI'A-95I1 (6) oT TpaHCMeMOpaHHOTO
JaBJIEHMS] C MOCTOSHHOM ILIOTHOCTBIO ToKa i= 152 A/M? mpu 51eKTpOMEMOPaHHOM pa3JeieHHd MOJIEILHOrO

pactBopa ¢ochaT-HOHOB TPH pa3IMIHON KOHIICHTPAIHN

Figure 1. Dependences of the specific flux of the membrane OPMN-P (a) and MGA-95P (b) on the transmembrane
pressure with a constant current density i = 15.2 A/m? during electromembrane separation of a model solution of
phosphate ions at different concentrations
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Pucynok 2. 3aBucumoct yzeiapHoro noroka memopansl OTIMH-IT npukaronHoii(a) 1 npuanoHoit (0) OT MIOTHOCTH
Toka i = 15,2 A/M? ¢ MOCTOSAHHBIM TpaHCMeMOpaHHOM JaBieHud P = 2,0 MITa npu 31eKTpoMeMOPaHHOM pasjielleHuH
MOJZEIEHOro pacTBopa (ocar-nOHOB MPU pa3IMYHON KOHLECHTPALUH

Figure 2. Dependences of the specific flux of the OPMN-P membrane near the cathode (a) and near the anode (b) on
the current density i = 15.2 A/m? with a constant transmembrane pressure P = 2.0 MPa during electromembrane
separation of a model solution of phosphate ions at different concentrations

190



Abonocumos O.A. u dp. Becmuux BTYHIIL, 2023, III. 85, Ne. 3, C. 187-198

J-106,
M3/M2-c
3,5
25 =0 1/M3
' == |2 r/M3
=fr=75 r/M3
== 52 r/M3
15 + T T T )
5 10 20 25

lI?A/MZ
(@)

post@vestnik-vsuet.ru

J-106,
M3/p2-¢

3,5
e /M3
12 1/M3
5 1/M3
57 /M3

2,5

15

5 10 l|5 A2 20 25

(b)

Pucynok 3. 3aBUCUMOCTH yIeIbHOTO TOTOKa MeMOpansl MI'A-9511 nprkaToqHO¥(a) ¥ MPHaHOIHOM (0) OT MIIOTHOCTH
Toka i = 15,2 A/M? ¢ TOCTOSAHHBIM TpaHCMeMOpaHHOM Jaiennu P = 2,0 MIla npu 31eKTpoMeMOPaHHOM pasielleHHH
MOJIETBHOTO pacTBOpa GocthaT-nOHOB MPH PA3NUIHON KOHIICHTPALIUT

Figure 3. Dependences of the specific flux of the MGA-95P membrane near the cathode (a) and near the anode (b) on
the current density i = 15.2 A/m? with a constant transmembrane pressure P = 2.0 MPa during electromembrane
separation of a model solution of phosphate ions at different concentrations

3HaYCHHS SMITUPHUCCKUX KOI(PDHUITHIESHTOB
yYBEIMYEHWEM JaBIIEHUS BO3pAcTaeT BeIHYMHA
MPOHUIIAEMOCTH MEMOPAaH, TaK KaK yBEIINIHBAETCS
s¢dexTrBHAS IBIKYIIAs cumia mporecca [16].
Memb6pana OIIMH-IT umeeT OONBIIYIO BETHIUHY
YACITFHOTO TIOTOKa 110 cpaBHeHnIo ¢ MI'A-9511, uro
OOBSICHSIETCA PA3IMYHON TMOPHUCTOM CTPYKTYpOU
akTHBHOTO ciosi MemOpan [20]. B tex ciyuasx,
KoTJa MeMOpaHa He U3MEHsIET CBOEH CTPYKTYpHI
MOJ| ICHCTBUEM JIaBJICHUS, MPOHUIIAEMOCTD BOJBI
JMHEWHO BO3pacTaeT C yBenndeHueM 3(PQeKTHB-
HOU JBWKyIIel cvitbl. OTHAKO, PH MOBBIMIEHHBIX
JABJICHUSIX pEAIbHBIC TOJIMMEPHBIE MeMOpaHBI
HE COXPaHSIOT CBOIO MEPBOHAYAILHYIO CTPYKTYPY
W YIJIOTHSIIOTCA. B CBSI3M € 3TUM, HaYHMHAs C HEKO-
TOPOI BEIMYUHBI Pabouero JaBJICHHs, POHUIIAC-
MOCTb CHUKAETCSI ¥ TIPU OTIPEICTICHHBIX JIABJICHUSIX
jJocturaer MmakcuMmyma. llpu nansHeineM ysenu-
YeHUH JaBJICHHS IPOHUIIAEMOCTh CHIkaetcst [20].

AHanm3 3aBUCHMOCTH YJEIBHOTO TOTOKa
OT KOHILIEHTPAIMU TIOKa3aj, YTO YICIbHBIA MOTOK
yepe3 HccliefyeMble MeMOpaHbl HE3HAUYUTEIHHO
YMEHBIIAETCS C POCTOM KOHIIGHTPALUU JJISl BCEX
BeulecTB. [1o 3HAUEHMSIM KOHUEHTpAaLUUN Hccle-
OyEMBIX PAacTBOPOB MX MOKHO OTHECTH K pas-
OaBneHHBIM. IS TaKMX PAcCTBOPOB XapaKTEPHO
HE3HAUYMTENbHOE BIMSHHE POCTa KOHLEHTpaLUU
Ha MPOHHULIAEMOCTh MeMOpaH.

PaccMoTpeHne 3aBUCHMMOCTH — yAEIBHOTO
MOTOKA PACTBOPUTEIISI OT IJIOTHOCTH TOKa IMOKAa3aJo
HEOTHO3HAYHOE ITOBEICHNE KPUBBIX [ IPHKATOIHBIX
Y IpUaHOTHBIX MeMOpaH. JlaHHBIA (hakT MOXKHO
OOBSCHUTH PA3MYHBIMU BEIIMYMHAMH TPYIIT MOHOB
Pa3IMYHBIX 3apSA0B, BIUSIONINX HA IEPEHOC BOJIBI
Yyepes ucclielyeMble MeMOpaHbI.

Jis TeopeTHUecKoro pacdera yIeIbHOTO
MOTOKa PAaCTBOPUTENS HAMU OBLIO TPENTIOKEHO
ypaBHeHHue chenyromero Buaa [21]:

J :k(AP—(kl+imk2)C)exp(k3C”)exp(TAJ, 3)

rae Ki, Ko, k3, n, A— gucnoBbie kK03)PUITHCHTHI,
AP-niepenian TpancmMemMOpaHHOTO faBieHus, Mlla;
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C — xonuentpamus, kr/m®; T— Temmepatypa, K;
K-k0a(ppHIIHEHT BOAOIPOHUIIAEMOCTH MEMOPAHEL,
M/ ¢ - MIla; i-rmnoTHOCTh ToKa (A/M?).

B tabnume 3 mpemcraBiaeHBI 3HAYCHUS SM-
MUPUYECKUX K0I(DOUIIMEHTOB AT ypaBHEHHUS 3.

Ta6nuna 3.
3HavYeHUs SMIUPHUECKUX KOIPPUINEHTOB

Table 3.
Values of empirical coefficients

Membpana K

Membrane !
MTI'A-95
(mpuaHoHas) |
MGA 95
(anode)
MI'A-95
(mpuxatomHast) |
MGA 95
(near-cathode)
OIIMH-IT
(nmpuanoHas) |
OPMN P
(anode)
OIIMH-TT
(mpuxaTonHast) |
OPMN P
(near-cathode)

m ko ks n A

-1,43 | -0,39 | -113,36 | 2,93 9,29

-16,35 | 0,87 | -0,52 | 3,98 7,67

034 |-042| -56,61 | 1,68 |-0,13 |9,72

-107,63 | -0,28 | 252,03 | 1,88 | -0,15| 9,1

Ha pucynkax 4—6 npejicTaBiieHb 3aBUCUMOCTH
koa(dPunmenta 3agepxkanust Mmemopan MI'A-95I1
u OIIMH-IT ays BogrHOTO pacTtBopa docdar — HOHOB
OT TpaHCMEMOPaHHOTO AABJICHHS U TFIOTHOCTH TOKA.

Amnanu3 3aBUCMIMOCTH KO3(PULIEHTA 3a1epka-
HUSL OT FPaJIIeHTa JABJICHHS TOKa3aJl yBEJMYCHUE
Kod(phUIMEHTa 3aIepiKaHus C POCTOM JaBJICHUS.
C pocToMm aBieHus yBEIMYMBACTCS yCHUIINE HA aK-
THBHBI CIIOW MeMOpaHBI, KOTOpas B pe3yjbTare
nedopmaru yriotasercs [20, 21].

Taroke 0OTMEYEHO, YTO C POCTOM KOHIICHTPALIHH
pacTBOpoB AJisi Bcex MeMOpaH KoddQumeHTs
3a7iep)KaHusl HE3HAUUTEIBHO YMEHBIIAIOTCS, YTO
XapaKTepHO JUIS DJIEKTPOMEMOPaHHOTO  pa3/IeNeHUs
BeChbMa pa30aBJICHHBIX PACTBOPOB, K KOTOPHIM MOYKHO
OTHECTH HCCIIEyEeMBIE PACTBOPHIL.
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Pucynox 4. 3aBucumoctH Kod(QdHUIMEHTa 3alepKaHus MeMOpaHbI

OIMH-IT (a) u MIA-95I1 (6) or

TPaHCMEMOPAHHOTO JaBJIEHHS C OCTOSHHOM MIIOTHOCTRIO TOKA i = 15,2 A/M? Ipu 31eKTPOMEMOPaHHOM pa3icIeHUH
MO/JIENTBHOTO pacTBopa (ocdaT-noHOB NPH PA3IMYHON KOHLEHTPALN

Figure 4. Dependences of the retention coefficient of the membrane OPMN-P (a) and MGA-95P (b) on the
transmembrane pressure with a constant current density i = 15.2 A/m? during electromembrane separation of a model
solution of phosphate ions at different concentrations
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Pucynok 5. 3aBucumoctu xor¢¢unmenta 3aaepxanus Mmemopansr OIIMH-IT npukaToanHoii(a) u npuanogHoi (6) ot
IJIOTHOCTH TOKa | = 15,2 A/M? ¢ mocToAHHBIM TpaHcMeMOpaHHOM Aasjiennu P = 2,0 MIla npu snekTpoMeMOpaHHOM
paslieNieHn MOJIENILHOTO pacTBOpa Gocdar-nOHOB NMPH Pa3IMuHON KOHIICHTPALIUH

Figure 5. Dependences of the retention coefficient of the OPMN-P membrane near the cathode (a) and near the anode

(b) on the current density i = 15.2 A/m2 with a constant transmembrane pressure P = 2.0 MPa during electromembrane
separation of a model solution of phosphate ions at different concentrations

——6 /M3 = T1/M3
K —&— 12 r/m3 el 12 /M3
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Pucynok 6. 3aBucumoctu koddduipenta 3aaepxkanus Memopansl MI'A-95I1 npukaronHoii(a) u npuanoaHou (0) oT
IJIOTHOCTH TOKa | = 15,2 A/M? ¢ mocToAHHBIM TpaHcMeMOpaHHOM AapjieHnu P = 2,0 MIla npu snekTpoMeMOpaHHOM
paszieneHny MOJICIBHOTO pacTBopa (pochar-HOHOB MTPU PA3IUYHON KOHICHTPAIUU

Figure 6. Dependences of the retention coefficient of the MGA-95P membrane near the cathode (a) and near the anode
(b) on the current density i = 15.2 A/m2 with a constant transmembrane pressure P = 2.0 MPa during electromembrane
separation of a model solution of phosphate ions at different concentrations
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KoaddunmeHt 3anepixanns TakKe HAXOAUTCS
B JIMHEHHOMN 3aBUCHMOCTH OT INIOTHOCTH TOKA, OJTHAKO
OTMEYACTCs PA3NIMIHOE TIOBEICHNUE KPUBBIX KO3(h(U-
IUCHTA 3aCPrKaHnA I NIPUAaHOIHBIX W IMPUAHOAHBIX
MeMOpaH. J[aHHOE SBJICHHE BBI3BAHO «OJIOKMPOBKOM
TIOp TIPUKATO/THBIX MEMOpaH 3a CYET OTBOJIa OCHOBHOU
rpymmsl nonos [19,20].

st Teopermyeckoro pacuera Kodddunmenta
3aMICPIKAHNS  C HATOKCHHEM OJICKTPUUYECKOTO TOKa
OBLIO TIOIYYEHO BRIPAsKEHME CIENYIOIEro pumaa [22]:

-1
1+ 1 -1x
k K,

K=1- ’
k, JK i
x{l—exp{—zk—pmﬂ exp(—k;J)

Dk, in
rae ki, k2, ks— smmmprueckume x03()(OHUIHEHTE;
i — mmoTHOCTH Toka, A/M?, 7 — BBIXOJ MO TOKY;
D — kosdumment guddysun, m2/c.
B Tabnume 4 mpenacraBieHbl 3HAYCHUS
AMITPUIECKUX K03 PUIHIEHTOB 17151 ypaBHEHHS 4.

(4)

Tabnuma 4.
3HaYCeHUS SMITUPUICCKUX K0P PHUITUECHTOB
JUIsl ypaBHEHus 4

Table 4.
Values of empirical coefficients for equation 4
MeMb6pana k1 ka ks

MI'A-95 (npuanozHas) |
MGA 95 Eanode) 0,32 1,27 1,05
MTI'A-95 EnanaToz[Haﬂ) [ 0,24 1,23 1,02
MGA 95 (near-cathode)
OIIMH-II (mpuanoaHas) |
OPMN P (anode) 2,33 0,52 11,44
OIIMH-II (npukatopHasi) |
OPMN P (near-cathode) 2,24 0.27 1025

CpaBHEHHE KCIIEPUMEHTAITBHBIX M PACUETHBIX
3HaYeHU Kod(duimeHTa 3aaepKaHus MOKa3ajio
UX yJIOBJIETBOPUTEIHLHOE COBIAJICHUE.

st mpoBefeHUsT OLEHKU 3KOHOMUYECKOHN
3((HEKTUBHOCTH TPEIVIOKESHHOW —TEXHOJIOIMYECKON
cxeMbl ourcTkH cTo4HBIX Bo OO0 «PKC — Tam060B»
OBLIM MTPOBEJICHBI CIEAYIOUINE pacy€Thl Ha OCHOBE
JIAHHBIX TPEINPUATHS | IOJYYCHHBIX PE3yJIbTaTOBR
MO yJIENIFHOMY TIOTOKY U KO3 (UIMEeHTaM 3aj1ep-
’aHUs IEKTPOMEMOPaHHBIX MPOIIECCOB B IPOU3-
BOJICTBE Pa3JIeJICHHsI TPOMBIIIICHHBIX PACTBOPOB.

OTxombl TPOW3BOJCTBA HA MPEINPUATHH
OTIIPABJIAIOTCS B WIOBBIA pe3epByap, TO €CTh Cy-
IIECTBYIOIIAs CXeMa OYMCTKH MPEJICTaBIISIET COOOH
MEXaHHYECKYIO TEXHOJIOTHIO.

CebecToMMOCTb OYHCTKH MO AaHHBIM Hpea-
npusTus cocrasisier 215 py0./T.

3a Mecsll Ha NMPEANPHUITHA HAKATUTMBACTCS
4500 1. oTxozaa (ko3 duruent nepepoaa 0,7 ans

ocankoB) wm 3150 M. Tlpemmpustue paGoTaer
B 2 cMeHbl, 30 KaJeHIapHBIX JTHEH.
Pazpabotka TexHONOTMU  TEepepabOTKH

0CaJIKOBHA TIPEANPHATHH TPEIyCMaTPUBACT MOH-
TaX JIEKTPOMEMOPAHHOTO 000PYIOBAHUS, ITyCKO-
HaJIaiovIHbIe PabOTHI M BBOM OOBEKTA B SKCIUTYaTAITHIO,
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MOJTOTOBKY KaJpOB, YTO CYMMAapHO OIICHHUBAETCS
B 3,8 MiH. pyO. (TI0 MTAHHBIM aHAIHM3a PHIHKA MEM-
OpanHoro obopymoBanus B 2022 T. 1ieHBI Ha 000pyI0-
BaHHE OTCYCCTBCHHBIX MPOU3BOJHTENCH B CpeIHEM
o Poccimn  camkersr  Ha 10-15%).  [pormsBomuTens-
HOCTb 00OpYIOBaHMSI TIO AJIEKTPOMEMOPAHHOIH OYHCTKE
TexHoJornyeckux pactBopoB — 270-300 T./cyTKH.
Hcxons w3 pexxuMa paboThl MPEINPUSTHS, CPSTHUM
00BEM TIPOMBIILICHHBIX CTOKOB B CYTKH COCTABIISICT
150 1. [ToaTomMy 00Opy/I0BaHUE TAKOW POU3BOIHU-
TEJILHOCTH BITOJTHE 00ECTICYHT MPOLECC OYMCTKH.

Pacuér 3arpaT Ha OYUCTKY CTOYHBIX BOJ
000 «PKC-Tam60B» mpu 351€KTpOMEMOpaHHOU
texHostoruu (B renax 2022 r.):

1. 3arpars! Ha peareHTsI 47 pyO./T. U COCTaBSIT
B CPE/IHEM 33 MECHIL:

4500 x 47 = 211500 py®.
2. 3aTpaThl Ha SHEPTOHOCHUTEIH (B MECHIT):
B cMeny (4 X 37 kBt/uac X 12 gac. + 2 X
75kBT. /qac X 12 gac.)x4 = 14304 py0.
B Mecai: 14304 x 30 = 429120 py®.

3. Pacxoapl Ha omiaty TpyJa IEpCOHAa,
BKJIFOUasi MPEMHUHU, CTPAXOBbIC B3HOCHI U B3HOCHI
Ha CTPaXxOBaHHE OT HECUACTHBIX CJIy4aeB Ha Ipo-
W3BOJICTBE 32 MECHILL

[IpenycMoTpeH cienyromnuii mraT paboTHU-
KOB, OOCIY)KUBAIOIIMX 3JCKTPOOApOMEeMOpaHHOE
obopynosanue. 1 armmaparank (oxman 15000 p./mec.),
1 rexnomor (okmam 17000 p./mec.), 1 cmecaps
(oxmam 15000 p./mec.), 1 mactep (17000 p./mec.),
1 naGopant (17000 p./mec.).

Pacxonpl 1o 3TOM cTaThe 3a MeCsI| COCTa-
BaT: (15000 x 1 + 17000 x 1 + 15000 x 1 + 17000 x
1+ 17000 x 1) x 1,34*= 108540 pyo®.

*Tapudsl cTpaxoBeIXx B3HOCOB B 2022T.:
Ha MICHCUOHHOE cTpaxoBaHue — 22%; Ha 00s3a-
TENbHOE COIManbHOe cTpaxoBanue — 2,9%; Ha
00s13aTeIbHOe MEUITMHCKOE cTpaxoBaHue — 5,1%);
Ha CTPaXOBaHHME OT HECUACTHBIX CJIy4aeB Ha IpO-
usBozcte — 0,2% (xnmacc npeanpusitus — 1).

4. CromMOCTb TOJOBOTO OOCITYKMBaHUS
AIIEKTPOMEMOPAHHOTO anmapata (1o IJAHHBIM IOCTAB-
mKa 06opynoBanus) coctaBisiroT 72 000 py0. B ToxI.

3a mecsi 3arparbl cocrasar: 72 000 py6./
12 mec. = 6000 py0.

5. 3aTparhl Ha aMOPTHU3AIUI0 MEMOPAHHOTO
000pYI0BaHUS MPU CPOKE OKYMAEMOCTH, PABHBIM
3 rosia, B MecCsIIl COCTABSIT:

3080 000 py6./3 roma / 12 mec. = 85 555 py0.

6. [Ipon3BoacTBeHHas ce0ECTOMMOCTD OUHCTKH
TEXHOJIOTHYECKOTO PacTBOPa COCTABHUT B MECHLI

211500 + 429120 + 108540 + 6000 =

755 160 py6.

B pacwere mHalrT.
167,8 py06./1. (755160/45007).

B Tabmuue 5 mpuBeneHa cpaBHUTEIbHAS
OIICHKA TPATUITMOHHOW U IIIEKTPOMEMOPaHHOM
TEXHOJIOTUIA OYHCTKU TEXHOJIOTUUECKHX PacTBOPOB
Ha OO0 «PKC-Tamb0B».

OTXOI0B PaBHBI:
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CpaBHUTEIbHAS OIICHKA TPATUIIMOHHON H AIIEKTPOMEMOPaHHOH TEXHOJIOTHI OYHUCTKH
TexHoorndeckux pactBopoB Ha OO0 «PKC-Tam60B»

Table 5.

Comparative evaluation of traditional and electromembrane technologies for cleaning
technological solutions at RKS-Tambov

Tloxa3zarenu CyIlICCTBy}OIlIaﬂ TEXHOJIOIUsI OYUCTKHU l'[pezmaraeMas[ TEXHOJIOT'HUSI OUNCTKU
Indicators Existing treatment technology Proposed treatment technology
O0BEM NPOMBIILIEHHOTO PACTBOPA
Volume of industrial solution: 4500
—3a Mecsl, T | - per month, tons 4500 75
— B CMeHy, T | - per shift, tons 75 3800,00
KarmranbHble 3atpatsl, py0. | Capital expenditures, rub.
OKcIuTyaTanroHHbIe 3aTpathl: Operating costs:
—mna | T. pacTBOpa, py6T1p per 1 ton of solutlon rubles. 215,00 167,80
3 (DEKT OT OUHCTKH pacTBopa:
Effect from solution cleaning:
— 1 1. pactBopa, py0. | - 1 t of solution, rub.
— Ha BeCh 00BbEM OUMCTKH, ThIC. py0. - for the whole 20,00
volume of cleaning, thousand ru Y 195,50
Jns nanpHEnIero uCrnoyib30BaHusl OTXO0I0B CyMMa BbIIIATBL 32  CBEPXJIUMHUTHOE

npousBoactea OO0 «PKC-Tam060B» mpeanokeHo
e€ TpenBapuUTEIbHOS KOHIIEHTPUPOBaHUE (00€3BOKH-
BaHHE) MEMOPaHHBIM MPOLIECCOM, C UCIIOJIb30BaHUEM
CMEIUAIBHO Pa3pab0TaHHOTO AIEKTPOMEMOPAHHOTO
amnmapara.

Ha Tam60BCcKOM pBIHKE KOHIIEHTPAT CTOKOB
NooOHBIX pon3BozACcTB oueHnBaercs 1o 10 380 py6./T.
[TpuObuTe TpemnpusATHs OT peanu3anyu 1 T. CKOH-
LEHTPUPOBAHHOTO 0CA/IKA CTOYHBIX BOJ PacCUUTAEM
mo opMmyiie:

=Uop — (®)

e [1pi, — IPUOBLTH OT peanmm3army 1 T. KOHIICHTp-
ara, pyo.; L{orr—1ieHa peiHOouHas 3a 1 1., py0.; Cror—
noJTHas ce0ecTOMMOCTh 1 T. KOHIIGHTpaTa, pyo.

I1= 10380 — 6716 = 3664 py6.,

rae 6716 py0. — 3To ceOeCTONMOCTE KOHIIEHTPATA,
paccurTaHHas MO0 JAHHBIM MIPEATPHUITUS U UCXOS
U3 JICUCTBYIONIMX II€H Ha ChIPhE W MaTepHAaIbI,
TpeOyeMmble [uisi ero (KOHIEHTpaTa) nepepadoTKH.

Torna npuObLIb MPEANPHUSITUS OT pean3a-
UK BCeTo 00bEMa KOHLIEHTPATA 3a TOJ] COCTABUT:

= 3664 x 48,75 T. (0ObeM KOHIIEHTpaTa B Me-
csn) x12 mec. = 2143440 pyo.

Otxompt OO0 «PKC-TamboB» oTHOCSTCS
k1 kmaccy omacHOCTH, IO KOTOPBIM HOPMAaTUB
TUIATHl 33 pa3MEIIeHUEe OTXOJOB MPOHM3BOICTBA
u otpeOienus ycranosiuex 716,26 py0./T.

Pacuér cymMmbl mnartexxa 3a pa3MelleHue
OTXOZIOB: CyMMa IIaThl 3a pa3MeIIeHUEe OTXOAOB
(ITiz o7x py6.) B Tpeienax yCTaHOBJIEHHBIX JIAMHUTOB
HaXOJUTCS IO BBIPAKECHUIO:

n

I oy = ZH sm.orxM i orx K i orx Ko K or Kvpo (6)
i1

upu M, oy SM g ory -

P 1m. HOJT ’

IIpyn pa3smemeHnr OTXOXOB B IpaHHLAX
rOpOJIOB, HACEJIEHHBIX IIYHKTOB, BOOEMOB, pEKpe-
AIIMOHHBIX 30H U BOJOOXPAHHBIX TEPPUTOPHI IIPH-
MeHseTcst K03 duimeHT 5, MeHee 3 KM OT IpaHMII
BEIIIENIEPEYNCIEHHBIX 00BEKTOB KO3 urmeHT 3.
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pasmerienne otxonoB (I1cz orx py6.) HaXOmUTCS
o BBIpa)I(eHHIO'

H./I OTX szjI i OTX CJI i OTXK3 OTXKMHlDK/lOIIKMPO ' (7)

i=1
rae Kurneo — K03()QUITUEHT yIUTHIBAIOITHN HH(IIS-
muto B 2022 1. = 1,08; Kjom— DONMOIHUTEIbHBIN
ko3 urment = 1; Kypo — K0d3ddHUIEEHT MecTo-
pacronoxeHuss 00bekTa pasmerteHns orxonos = 0,3
(Tak KaKk OOBEKT pa3sMENIeHHs OTXOI0B PACIIOIOKEeH
Ha Tepputopun ropoaa); Ksorx— KodpduumeHt
SKOJIOTMYECKOM CHUTyalMu M 3KOJOTMYECKOH 3Ha-
YUMOCTH COCTOSIHMSI TIOYB B PacCMaTpUBacMOM
peruone = 2 (st L{UP); Hy ory — 6a30BbIil HOpMaTHB
IUTaThI 33 pa3MerrieHne 1 T. 0TX0I0B i-ro BHa B mpe-
JIeJiaX yCTaHOBJICHHBIX JINMUTOM, PyO./T.: M orx —
(hakTHYIEeCKOE KOJIMYECTBO pa3MENICHHBIX OTXO/I0B
i-ro BU/a B Tpeesiax yCTAaHOBJICHHBIX JIUMUTOM.
Mcri orx— TOAOBOM JIMMHUT Ha pa3MELLEHHE OTXOOB,
YCTAHOBJICHHBIHN 1J1s1 mpeanpusitus, pasex 0,762 T.

Paccunraem oOuryto cymmy TUiaTel 3a pas-

MCH_[eHI/Ie orxonoB ([Tory/OERT):
o= 0,762 x 716,26 X 1,08 x 1 X 0,3 X 2 =
353,67 py0.

YMeHbIlIeHHe CyMMBI TIIATHl 3a POU3BOJI-
CTBCHHBIC OTXOJbl IOCJEC BHEJPEHHS IIPOEKTA!
HKOHOMHSI B CyMMeE IUIATHI 3a Pa3MELICHUE OTXO-
108 (A411) vaxoautes o Gopmyie:

543 1IPOEKT
AT =115 — 11, (8)
rie Ior® — nnata 3a OTXO0JIbI IPH CYIIECTBYIOMEH
TexHonoruu ouucTku, pyo.; Hord K" - nnara

3a OTXO[IbI [IPU MEMOPaHHON TEXHOJIOTUH, PYO.

o maHHBIM TIpeMIPUATHS TIIaTA 32 pa3MeIlCHHe
OTXOJIOB COCTaBJIIET B cpemHeM 3a ron 1615,5 pyo®.

Torma sKOHOMUS 3a TOZ OT BHEAPECHUS MPO-
TPaMMBbI COCTABUT:

D =353,67 —1615,5 = -1261,83 py0.

Hcnonb3yst MOXOMHBIA MOJIXOA B pacuére
IKOHOMHYECKOH 3(D(PEKTUBHOCTH MPOEKTA IIEKTPO-
0apoMeMOpaHHON OYMCTKM BOJZ, Ha MPEATIPUSTHH,
paccanTaem:
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JIeHeXHBII NIOTOK 3a EPBBIA IOl pean3alyn
NpoeKTa HaAEM 1o popmyiie:

JT, = I 77 + AIT+ P

ETUH
v 11 r )

(9)

rae OpUOBUTE OT peanu3alii BCEro
oObeMa KOHIIeHTpaTa 3arom, py0.; DI7— skoHoMus
B CyMMe IUIaTBl 3a pa3MelIeHHe OTXOJOB, pyo.;
Pyrr— pacxompl Ha CTOPOHHHME OpraHH3aLuy,
YTUIM3UPYIOLUIME OCaJOK CTOYHBIX BOH, pPYyO.;
I _ npubbLTL €IMHOBPEMEHHas OT peaTH3aliu
Bcero 00bEMa KOHLIEHTpaTa 3a 0a30Bbli rof, pyo.
Iy = 2143440 + 3432,63 = 2146872,63 pyo.

JeHexXHbI MOTOK 3a MOCIEAYIOLIUE TOAbI

naitnem 6e3 17" no dopmyue:

A, = T + AT+ P, (10)

Il = 2143440 + 3432,63 = 2146872,63 pyO.
WNHaekc nOXOMHOCTH: aHAIHM3UPYS COOTHO-
HICHUS CYMMBI TPHUBEAEHHBIX JKOHOMHYECKHX
3 (EKTOB K BENMYHMHE MPUBESAEHHBIX KAITUTATBHBIX
BIIOXKCHHI HalIEM I/IH,EleKC ﬂoxounocm:

i = Zﬂl(l oy

K[[()n i=1

PEAJI. IIOP
I oP _

(11)

rae /{I11 — neHeXXHBII TOTOK MPOTpaMMEl, pyo.; £ —
HOopMa auckoHTa = 11%, oOBIYHO mpHHHUMAaeTCs
Ha ypOBHE CpemHero OaHKOBCKOTO MporeHTa,%;
Ko — mononHuTeNbHBIE KaTUTATOBIOXEHNS, PyO.;

WJ1 = 1/3080000x [2146872,63 / (1 +0,11)! +2146872,63 /
(1+0,11)%2146872,63/ (1 + 0,11)? + 2146872,63 /
(1++0,11)% = 1,703.

N> 1 — cnenoBaTenbHO, IPOSKT peHTaOEIEH.

PeHTabenbHOCTh MPOAYKIMH: MOKa3aTeNb
PEHTA0ETBHOCTH  XapaKTepH3yeT IIOyYCHHYIO
NpUOBLIb 110 OTHOLICHHIO K 3aTPaueHHBIM TPOU3-
BOJICTBEHHBIM pecypcam.

PenrabensHOCTh MpoayKuuu (HOpMa MpH-
ObUTH) — OTHOCUTEJIBHBIH ypOBEHb HPHUOBLIH,
npuxozsnmics Ha 1 py0. TeKymux 3arpar.

post@vestnik-vsuet.ru
PeHTabenbHOCTh NMPOAYKLHUH PAaCCUUTHIBA-
eTcs 1o opmyiie:

. 100x 17,

1Pon — C )
o

(12)
rne /lp— npuObLIb OT peam3aly 1 T. KOHIICHTPATA,
py0.; Cros — nonHas ce0ecToMMOCTh | T. KOHIICH-
TpaTa, py6
Rupos- = (100 x 3664) / 6716 = 54,56%
YucTbrit I[I/ICKOHTI/IpOBaHHBII/I JOXOJI:

1
4 1, —————K
U1 = Zﬂ gy Ko
rae E— HOpMa JWCKOHTA paBHAas MpHEMIIEMON
JUTSl ’THBECTOPOB HOPME JIOXO0JIa Ha KaITUTall, PUHH-
maercst = 11%. /{11, — neHexHbIi IOTOK MPOeKTa, pyo.;
Ko — nONOMHUTENBHBIC KATIMTATIOBJIOKEHYS, PYO.
YU = [2146872,63 / (1 + 0,11)" + 2146872,63 / (L +
+0,11)? + 2146872,63 / (1 + 0,11)%] = 5 246 379 py6.
CpoK OKyTaeMOCTH KalUTAIBHBIX BIIOXKEHUH
(Tokym) — 3TO BpeMsi, B TEUCHHE KOTOPOTO KAUTAITb-
HBIC BJIOXKEHUS OKYIATCS TPUPOCTOM TMPUOBLIH,
BBI3BAaHHOU JAaHHBIMH KaIluTaJIbHBIMHU BJIOXKCHU-
smu. OH onpeaensercs mo Gopmyie:
T TxK o

OKVIT =T 1 )

Zﬂ L1+ E)

(13)

(14)

rne E— HopMma auckoHTa%; /{11 — neHeXHBI TIOTOK
mpoekra, py0.; 7— KOJIMYECTBO INAroB pacuéra;
Ko — nonomHuTesHbIC KaUTAIOBIOXKEHUS, PYO.

Toxyn-=(3 X 3080000) / 5246379 = 1,76 nm 2 roza.

Pesynbratel pacyera SKoHOMHYECKOH dhdek-
THUBHOCTH 3JICKTPOMEMOPAHHOM TEXHOJIOTUH B CPABHE-
HUU C CYLIECTBYIOLIEH TEXHOIOIMEN Ha IIPENIPUATHN
cBeZIEM B UTOTOBYIO TaOIHITy 6.

Tabnuna 6.
PeByJ’IbTaTLI 3KOHOMMHYCCKOI'O pacqéTa 0a30BOro u IMMPOCKTHOI'O BAPUAHTOB
Table 6.
The results of the economic calculation of the base and design options
CyHICCTByIOHIa}I l_lpe)m araeMasi 3anaTI)I Ha BEChb W3MeHeHue
TeXHUKO-9KOHOMHYECKHE TIOKA3ATEH E;?Sht/[l?] Oggﬁglgé Proposed scheme Og’;}é ?3;4 tﬁ;( Igag?ff ) BEJINYMHBI
Technical and economic indicators g Syt Change
3arpars! Ha 1 T. OUHCTKH, PyO. purification volume, of value
Costs per 1 ton of cleaning, rubles rubles
Cebecroumocts | Cost of sales 215 167,80 — 212400 *
ITpuOBLTL OT peanu3alky KOHIIEHTpara |
Profit from concentrate sales 0 3664 +2143440 2143440
ITnara 3a pa3MelieHie 0TXO0I0B
(axonornueckuii a3ddekr) | Waste disposal 1615,5 353,67 -1261,83*
fee (environmental effect)
Nunekc goxoaHoctd | Profitability index 1,703
PenTabensHOCTD MPOTYKLNH | o
Product profitability 54,56%
UunCTBIi TUCKOHTUPOBAHHBIHN T0XOT, PYO. |
Net discounted income, rubles. 5246379
CpoK OKyIaeMoCTH, JIET | 2
Payback period, years
HWroro: | Total: ~200000 py0.

* 3nak "MHHyc" B pacuérax 03HadaeT SIKOHOMHUIO, TO €CTh 3((EKT OT BHEAPESHHS HIIEKTPOMEMOPAaHHON TEXHOIOT MY, BEIPAKACTCS
B CHIDKCHMY 3aTpaT Ha OYUCTKY U YMEHBUICHUH IIaThI 33 Pa3MELIEHHUE OTXO/IOB.
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Kak nokaspIBaroT JaHHBIE BBIIEIIPUBEICHHON
TaOIMLBI, BHEAPEHUE MPOEKTa OYMCTKU CTOYHBIX
BOJI MTO3BOJIUT TOJXYYHUTh 3¢ ¢eKT B o0IIeil cymme
200 000 py6., BTOM HHCIE SKOHOMHYECKUH —
212 400 py6. u skosnorudeckuii — oxomno 1300 pyo®.

[puOBLIb OT peanu3amy KOHIEHTpPaTa B CyMME
3664 py0. ¢ 1 ToHHBI, a Ha Becb 00beM — 2 143 440 py0.

[Ipu 5TOM yMeHBIIUTCA MJIaTa 3a YKOJIOTHIO
1o 353,67 py6. B cymmapaOM BeIpaxeHu# dYHPexT
10 3TOH cocTaBistomiell coctaBut 2 143 794 py6.

Wunexc moxomuoctu coctaBut 1,703, To ecTh
Oospiue 1, 9To cumMTaeTcsi peHTa0EIbHBIM OM3HECOM.
BrIcokwii mokazaTenb ¥ peHTabeMbHOCTH MTPO Ty KITHH.
OH paBeH 54,56%, 1o ecThb ¢ Kakmoro pyoss 3arpar
TIPETIPUSITHE CMOXKET TTOYYHTh MPHOBUTH B pasMepe
54,56 xom. Cpok OKyNaeMOCTH IPOEKTa COCTABIIAET
2 roja, YTO CIEAyeT MPU3HATh XOPOIIUM ITOKa3a-
TEJIEM, TO €CTh Yepe3 2 ToJla BIOKEHHBIE B IIPOEKT
JICHE)KHbIE PECYPChl BEPHYTCSI B XO3SUCTBEHHBIN
00opoT. PaccuntanHblil CPOK OKyIaeMOCTH Hpea-
MOJIOKUTENIFHO MOJKET OBITh YMEHBIIEH, TaK Kak
[IeHa KOHIEHTpaTa HaM{ He MPOWHAEKCHUPOBaHA
Ha BEJTMYMHY HHQISAINY.

3akio4yeHue

B pesynbprare mpoBenEeHHBIX SKCIIEPHMEH-
TaJIBHBIX UCCIIEOBAHUM 110 SIEKTPOMEMOPAHHOMY
Pa3aeneHnIo TEXHOJIOTHIECKHX PACTBOPOB OYMCTHBIX
coopyskeruit OOO «PKC — Tam00B» MOXHO cenathb
CIIEYTOINE BHIBOJIBI:

post@uvestniR-vsuet.ri

[TomydeHsl ¥ WHTEPIPETHPOBAHBI IKCICPU-
MEHTaJIbHbIC JaHHKIE 10 KO3 UIIUEHTY 3a1epika-
HUS U BBIXOAHOMY YIEIHOMY IOTOKY PacTBOPH-
TEJs TEXHOJIOTMYECKHX PacTBOPOB B 3aBHCHMOCTH OT
KOHLICHTPAIMK PA3AeisieMOro pacTBOpa, TPaHCMEM-
OpaHHOTO ABJICHUS U IUIOTHOCTH TOKA.

BbIsiBIIeHBI armpoOKCUMAITMOHHBIE 3aBUCUMOCTH
Y BBIUMCIICHBI 3HAYEHUS IMIIUPUIECKUX KO3 u-
[UEHTOB ISl TEOPETUYECKOTO pacyeTa yAeIbHOTO
MOTOKa U KO3 PHUIMEHTA 3aep KaHuUsI TIEKTPOXUMHU-
YeCKOTo MeMOpaHHOTO TIpoliecca pa3iesieHus] TEXHO-
JIOTHYECKUX PACTBOPOB B 3aBUCHMOCTH OT (hH3HKO-
XUMHYECKOH TPHPOIBI MEMOpAaHbI, KOHILICHTPAIIWH,
TpaHCMEMOPaHHOTO JTABIICHUS U TNIOTHOCTH TOKA.

IIpencraBnennple KpUTEPUAIBHBIE 3aBUCH-
MOCTH MOTYT OBITH UCIIOJIb30BaHBI MPU MIPOTHO3U-
POBaHUU U pa3pabOTKe J1a00PATOPHBIX, MUIOTHBIX
Y TIPOMBIIIUTEHHBIX AIIEKTPOMEMOPAHHBIX aIapaToB
U YCTaHOBOK.

[IpoBenen pacuer sxoHOMITYECKOH 3(D(heKTUB-
HOCTH TEXHOJOTMYECKOH CXEMBI OYHCTKH CTOYHBIX
Box OO0 «PKC — Tam0oB» Cc HCHOJIB30BaHHEM
9MIEKTPOMEMOPAaHHOTO ammapara W OLCHEHa ee
peHTa0ETEHOCTD.

Paboma evinonnena npu gunancosoti noo-
Oepoicke Munucmepcmea obpazoeanus u Hayku P®
8 PAMKAX 20CYOAPCMBEHHO20 3A0AHUSL.
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Abstract. The current trend in food packaging technology necessitates the development of novel packaging materials in order to extend
the shelf life of food and reduce spoliation. To preserve the food product, the construction material of the packaging played a key role.
In the emerging field of food packaging technology, using biobased plastics for food packaging shown a comparative advantage. At
this moment, bioplastics have shown measurable benefits and are receiving more and more attention from business organizations,
political figures, scientific communities, and in the whole public. This was as a result of looking for new plastic profiles brands. Besides,
the environmental impact(ecological concerns) of convective materials, the depletion of natural resources specifically the
petrochemical, and consumer concerns have necessitated alternative bio-based food packaging items. Therefore, the aim of this study
was to review the properties of food packaging materials such as thermal, mechanical, barrier, surface, antimicrobial, optical, and
environmental, as well as their synthesis type and applications. The cellulose and starch components of the common agricultural wastes
for the synthesis of biopolymers were elaborated. In addition to that, different microalgae species were justified in the manufacturing
of bio-based plastics. This review article also included examples of sustainable filler and reinforcement materials used in the food
packaging industry. Therefore, this review work contributes to opening up the entire body of scientific knowledge on bio-based plastics
used for food packaging and helps to develop important results for further investigation.
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Introduction

Current issues with food packaging materials
are different perspectives depending on their utility
and operation. Environmental concerns such as the
impact of petrochemical plastics, non-biodegrada-
bility, non-recyclability, and well disposal methods
are current art of research [1]. Plastic waste re-
leased worldwide exceeds 400 million tons per
year and their non-sustainability and non-recycla-
bility are the current issues. In addition, expects
the production rate of plastic waste is expected to
increase fourfold in 2050 [1]. Additionally, plastic
wastes used for agriculture purposes such as pesti-
cide containers, shading nets, and mulching mate-
rials are incremented globally [2, 3].The second
phase concerns food packaging materials to which
consumers pertain. The ultimate goal and concern of
the current food industry are shelf life and packaging-
related issues of materials. Therefore, new bio-based
packaging plastics are the main issue for this type of
industry. It follows a clean, sustainable chain, good
quality, and biodegradability as the needs and cri-
teria of the global food production industries in the
application environment. Furthermore, low ecolog-
ical impact, low fetter, easy fit, high economic

value, and recyclability can be achieved by com-
postable or degradable bio-based plastics [4].
Furthermore, the sustainability and recycla-
bility of food packaging materials can be generated
by manufacturing bio-based plastics and polymers.
Current methods for synthesizing bio-based plas-
tics are classified into two routes. The first phase
generates bio-based precursors from starch, cellu-
lose, and agro-wastes [5], and polylactic acid
(PLA) and polyhydroxyalkanoates (PHA) are syn-
thesized from renewable materials by gram-posi-
tive and gram-negative bacteria[6]. The second
phase of bio-based polymers and plastics is manu-
factured from non-biodegradable plastics through
modification techniques. Antioxidants can be uti-
lized to change the structure of non-biodegradable
polymers, and the rate of photo-oxidation biodeg-
radability can also be improved by adding pro-oxi-
dant additives that are exposed to ultraviolet light.
So, different agro-wastes used as sources of bi-
obased are investigated, such as horticultural
plants, sugarcane bagasse, cotton stalk, rice husks,
wheat straw, onion peels, carrot tops, and lemon
peel [2]. Indeed, the materials that are used as con-
tainers, handled, transported, and used for disposal
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as waste after usage are called packaging. Packag-
ing is a critical technique in the food processing in-
dustry for keeping food quality and safety while
also protecting the food, presenting food, and pre-
venting food degradation by physical, chemical, or
biological contamination. Food packaging materi-
als must have excellent quality and full safety
standards and should meet the requirements of the
government's regulations and policies [7]. The gap
in food packaging materials currently research ar-
ticles have a limitation in comparative representa-
tion of microalge, agricultural wastes, and agricul-
tural crops (generally agricultural fresh products),
a lack of full information about the bio-plastic
properties, and a lack of a well-developed synthesis
scheme. By selecting excellent fillers and method-
ology that have a low cost of production and are
comfortable for customers, filling this gap helps to
develop novel food packaging bio-plastic materials
with excellent properties.

The goal of this review study was to examine
previously published work on bio-based polymers
critically, as well as to suggest research gaps and
future directions. Furthermore, the goal of this re-
view was to go through the features of food pack-
aging materials, renewable biomass resources, bio-
based plastics synthesis, application, limitations,
and future possibilities. For background infor-
mation on bio-based plastics, researchers should

Thermal properties

» stability

» degradation

» crystallinity

» Melting temperature

» Glass transition
Temperature

Surface properties
sealability
wettability

dye uptake
printability
resistance to adhesion
and glazing

v

VVYVY

Mechanical propertes Incorporate:

= (0‘“\ packaging

Antimicrobial properties

post@uestnik-vsuet.ru

read this review paper, which contains an important
synopsis of the research on bio-based plastics. Be-
sides, the reference list in this review article can be
utilized to locate other articles on bio-based plastic,
making it an excellent beginning point for a re-
search study.

1.1 Properties of food packaging materials

Food packaging bio-based materials must
have chemical, mechanical, and long shelf life,
safety, protection of food loss, and biological pro-
tection. The materials used in the development of
food packaging are influenced by the use of the
package. The selection of food packaging materials
is highly dependent on the nature of the food to be
packed, the type of design, and shelf-life [7]. Sev-
eral vital factors must be considered when selecting
the packaging materials. The manufacturer or engi-
neer should consider the following primary criteria
for choosing materials for food packaging opera-
tions: These are economic value, properties,
method of manufacturing, end product properties,
design type, and market values (needs). The best
food packaging material must have excellent prop-
erties such as suitable optical properties, good ther-
mal properties, good surface properties, excellent
antimicrobial characteristics, good mechanical
properties, low barrier properties, and environmen-
tal friendliness, which presented in figure 1 [8].

Barrier abilities(Moisture, Gas,
aroma-flavor changes)

Optical properties
» Light transmission
» transparent

» surface reflactance
» reflactive index

Environmentally friendly
¥ Chemical

» tensile strength »chitosan, and silver nanoparticles, :?::;‘?::w

» elongation »nanoclays, silica, and Gold » Biodegradable
» stiffness »titanium dioxide,

» density »zinc oxide, and copper

Figure 1. Properties: Bio-plastic of food packaging/CeoiicTBa: [InacTHK MUIIEBOH yTAKOBKH

1.2 Barrier properties

Food packaging materials are chosen based
on their mechanical, thermal, and barrier qualities.
The main properties of barriers in packaging are
aroma, gas, grease, and vapor, such as water and
oxygen. The material should be non-permeable to
these barriers[9]. Likewise, the food packaging ma-
terials act as good resistance for vapors and gases,

200

protective layers for food, and act as excellent
resistance for vapors, grease, and moisture from the
external spaces. Furthermore, maintaining the
quality and shelf-life of food by providing enough
barriers is the ultimate aim of food packaging ma-
terials (both conventional and biobased materials).
Rancidity (unpleasant taste and smell) of food is
caused by a lack of excellent barriers such as grease,



Merecce H.IH. u dp. Becmmux BTYHIIL, 2023, III. 85, Ne. 3, C. 199-212

moisture, or gas barrier properties. The oxidation
of fats, as well as the oxidation of oil, occurs by
hydration with water and oxidation with oxygen,
and this reaction is called rancidity[10]. In addition
to gases, grease, and moisture, the aroma properties
are also some of the barriers in food packaging.
When the packaging bio-based materials have poor
or weak aroma protection or barrier, aroma scalp-
ing occurs. This enhanced flavor changes through
the food aroma diffusing out or the environmental
aroma effect. The barrier properties such as gas,
grease, aroma, and moisture in food packaging can
be improved through nanotechnology integration
and improvement techniques. Due to very low pro-
duction costs in large-scale operations, nano-based
composites have great potential to modify and im-
prove the constraint/barrier properties of food
packaging materials. The packaging bio-based ma-
terials' chemical sustainability and recyclability,
showing off while maintaining the desired mechanical
and barrier properties, has been elaborated [11].

1.3 Surface properties

The chemical composition and combination
of bio-based materials can be customized to be bi-
odegradable films, which are integrated with the
optical, mechanical, water transmission rate, and
surface properties of the films. Food packaging
bio-based polymers with surface properties such as
sealability, wettability, dye uptake, printability,
and resistance to adhesion and glazing for food sur-
faces are crucial elements for maintaining the shelf
life of products while ensuring excellent quality
appearance[12]. In addition, the bio-compatibility
of bio-based polymers and plastics depends on the
polarity, wettability, modification of the surface,
and surface roughness[13].

1.4 Antimicrobial properties

Food safety is one of the basic human rights
issues. Without food safety, food is blemished by
insects, pathogens, and microbial cells, and it is not
good for a human being to consume because it
causes illness if consumed. Hence, the prioritized
goals of the food industry for end-users/consumers
are food safety and food quality. Antimicrobial
packaging materials should be combined with anti-
microbial treatments to protect foods from
germs[14]. By killing and decreasing microbial cell
growth, the function of antimicrobial agents can
greatly contribute to food preservation and confirm
food safety to consumers by killing and decreasing
microbial cell growth. Organic and inorganic nano
composites are the most effective antibacterial
nano materials. These include copper, nano-tubes,
cellulose fibers, nano clays, zinc oxide, gold, chi-
tosan, silver nano-particles, and silica [15].
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Environmentally friendly

The packaging materials generated from cel-
lulose, starch, protein, microalgae, and agro-waste
should be biodegradable and benign. Currently,
the sustainability and green economy of biobased
materials is a major concern. Polymers produced
during the treatment can be catalyzed by microbial
enzymes. Microbes may totally break down envi-
ronmentally beneficial bioplastics in a fair amount
of time and under certain conditions [16].

1.5

2  Bio-polymers/plasticsNon-biodegradable and
Biodegradable polymers

Due to the diversity, properties, and sources
of bio-based polymers, their applications are cur-
rently increasing. Classifications of plastics and
polymers are grouped into (i) petroleum-based and
biodegradable, (ii) bio-based and non-biodegrada-
ble, and (iii) bio-based and biodegradable. Except
for poly (€-caprolactone) (PCL), polybutylene
adipate terephthalate (PBAT), and poly (butylene
succinate) (PBS), all traditional petroleum-based
polymers are generally non-biodegradable [17].
Renewable biomass resources (animals, plants, and
microorganisms) are a source of bio-based poly-
mers. Production of Bio-plastics from renewable
biomass resources includes plants, microorgan-
isms, and animals have been elaborated. Bio-based
polymers can either be directly derived from re-
newable monomers (e.g., PLA) or produced by mi-
croorganisms (e.g., PHAS). The unique character-
istics of biodegradable plastics and polymers are
that they are ecologically benign (biocompatible
and biodegradable). According to figure 2, biopol-
ymers, which are divided into chemical synthesis
methods, bacterial synthesis methods, biopolymer
blends, and renewable sources, were developed
based on the intended product and available ingre-
dients. Non-biodegradable and biodegradable pol-
ymers are the two types of polymers. Non-biode-
gradable polymers are synthesized by chemical
methods, but biodegradable polymers are synthe-
sized by microbial, bio-polymer blending, and
chemical techniques of production [18]. Chemical
synthesis generates two types of end products: con-
vectional and biobased. Polyethylene, Polypropyl-
ene, high-density polyethylene, low-density poly-
ethylene, polyethylene terephatalate are generated
using the conventional method of synthesis. Next,
the PHAs, Bacterial cellulose, and polybutylene
succinate are synthesis using the microbial tech-
nique. Additionally, the starch blends and polyester
blends are synthesized using bio-polymer blending
methodology, but cellulose nitrate, polybutylene
adipate-co-terephathalate (PBAT), polybutylene
succinate, polycaprolactone, and polyvinyl alcohol
are produced using a chemical route [16].
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The application of bio-based polymers in the
construction, medical, electronic, agricultural, and
food sectors depends on the physical properties of
the materials. The key criterion for selection in
construction are physical attributes such tensile
strength, high tensile strength, and yield strength,
but for food application, the percentage (%) elon-
gation of the bio-based polymer gives the highest
property for utility and operation. In accordance
with table 1, the physical properties of the selected

polymers are presented. Starch, PLA, Poly-L-lac-
tide (I-PLA), Poly-D, L-lactide (dI-PLA), PHB,
poly (glycolic acid) (PGA), and PCL have different
properties [48]. PHB and PGA have the highest
Young's modulus and tensile strength. However, they
have the lowest percentage of elongation at break
[17]. Bio-polymers with the highest densities have
high mechanical strength. Therefore, for food pack-
aging, starch and PCL are the best-selected materials
because of their highest elongation at break.

Table 1.

Distinct varieties of bio-polymer physical characteristics

property Kind of biopolymer
Starch PLA I-PLA dI-PLA PHB PGA PCL
Melting Temperature [°C] - 150 170 - 168 220 58
Density [kg/m® 111 1210 1240 1250 1180 1500 1110
Glass Transition Temperature [°C] - 45 55 50 5 35 -65
Young’s Modulus [MPa] 0.125 0.35 2.7 1 35 6 0.21
Tensile strength [MPa] 5 21 155 27.6 40 60 20.7
Elongation [%] 31 25 3 2 5 15 300

3 Sources of bioplastics/polymersCellulose

Cellulose is the first abundant source of
biopolymer on the earth, and algae, microbial cells
(fungi and bacteria), plants, and animals are
sources of cellulose. It's a syndiotactic homopoly-
mer made up of D-anhydroglucopyranose units
connected by b-glycosidic linkages [19]. Cellulose
materials' properties and sources depend on the
polymerization degree of the structure of the cellu-
lose. As a result, cellulose chains have massive
hydrogen bonding, such as intra-molecular and in-
ter-molecular bonds, and a group of glucose units
with a large number of hydroxyl groups (Figure 3).
The cellulose chain's main structure can be divided
into amorphous and crystalline portions. This en-
hances the high stiffness, strength, durability, and
bio-compatibility of the cellulose structure [19,20].
The hydrophilicity, biodegradability, and chirality
properties of cellulose depend on the three hydroxyl
groups and reactivity. The hydroxyl groups assist the
chemical alteration of cellulose through reaction
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pathways in order to develop cellulose derivatives for
food packaging applications. The reaction mecha-
nisms for chemical fictionalization for altered proper-
ties are grouped into cyanoethylation, etherication,
hydroxypropylation, and carboxymethylation. A method
of synthesis and substituent is used for the cellulose
derivatives classification criteria items. Addition-
ally, cotton (90%) and wood (50%) are the main
sources of cellulose materials.

H

AP, O}' ~ -/0/\ Sj— - '-“ . o,

S

HO

Figure 3. Molecular structure of cellulose linked by
hydrogen bonds/MornekyisipHast CTpYKTypa EILTHOIO36],
CBﬂ3aHHOﬁ BOJOPOJHBIMU CBA3IMU
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The nature of the raw materials and the end
product's application influence the biobased polymer's
manufacturing process. According to figure 4, the pro-
duction process of different biobased polymers
through microbial fermentation systems has been
presented. Renewable resources such as starch-based
and cellulosic materials are used as raw materials for
bio-polymer synthesis [22]. Corn, cassava, potato,
wheat flour, sugar cane, and sugar beet are the most
commonly utilized bio-polymers [23]. Pretreatment,
chemical/enzyme hydrolysis, fermentation, purifi-
cation, and polymerization are the crucial steps for
biobased polymers [22]. The function of pretreatment
is to remove the cover part of the raw materials,
exposing the starch or sugar to the enzyme. Next,

post@vestnik-vsuet.ru

the pretreated materials are hydrolyzed by chemical
or enzymatic methods. Hydrolysis is responsible
for the production of simple sugars. Continuously,
the glucose unit is fermented using a positive or
negative bacterial cell fermentation scheme. The
end product of fermentation is lactic acid. It can be
used as an input for different bio-polymer products.
After fermentation, the lactic acid is dehydrated,
filtration, purification, and polymerization, PLA,
biobased polyethylene terephthalate (Bio-PeT),
polytrimethylene terephthalate (PTT), Polyamide
(PA®B), Poly (butylene succinate-co-butylene adipate)
(PBSA), PHB, and bio-polyethylene (Bio-PE) are
generated [57].

Starch : S
: sficatid
Hydrolysis et | i)
: / M‘M ofw\yu“
| —@D
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2 / > Succinic acid ——> Estrefication —> ooy
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1,3 propanediol o
Deydration ~—> H,0 microbes
Filtration
C t
'IM l Estrefi —> polycondesation \,.
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Figure 4. The manufacturing method for bio-based polymers/Crioco6 npon3BoacTBa OHOMOIMMEPOB

The resultant properties of cellulose interaction
in the composites of cellulose-based composites de-
pend on the nature of the material, type of processing,
compositions, and additives (figure 5) [24]. There
are numerous advantages to using cellulose fibers
and derivatives as a filler. The advantages of com-
posites of cellulose fiber/high-density polyethylene
and cellulose lyocell fibers/PLA are that they im-
prove thermal and mechanical properties and have
unexpectedly high biodegradability and significantly
high mechanical characteristics [25]. Significantly, the
cellulose fiber/polystyrene and cellulose acetate
butyrate composites have the advantage of increased
flexural storage modulus, processing speed, increased
tensile properties, biodegradability, dimensional
stability, and fiber compatibility. Further, the cel-
lulose particles/chitosan composite has a good
filler by enhancing the mechanical properties and
adsorption capacities of the chitosan film [26]. The
functions of cellulose-based composites as matrix
are cellulose/MMT clay composite films, cellulose
paper/carbon nanotube, carboxymethyl cellulose/
carbon fiber composites, cellulose acetate/
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hydroxyapatite mineral composites, and methyl-
cellulose/ keratin hydrolysate composite membranes.
The function of cellulose/MMT clay composite films
and cellulose paper/carbon nanotube in matrix
form are high-strength cellulose composite films
with excellent antibacterial activities. The resulting
matrix is highly flexible, mechanically tough, ther-
mally stable, and suitable for biotechnological ap-
plications and has uniform electrical conductivity
[27]. Furthermore, the function of carboxymethyl
cellulose/carbon fibers and cellulose acetate/hy-
droxyapatite mineral composites, cellulose gives
functional composites a great potential in sensing
elements in paper electronics and a useful applica-
tion of pollutants absorption resulting from
a cellulosic polymer's uniform and good ductility.
HPA and the cellulose polymer have strong inter-
actions. Indeed, by integrating the protein and
polysaccharides of agricultural waste-based biopoly-
mers in food packaging applications, the function
of methylcellulose/keratin hydrolysate composite
membranes increases the mechanical and thermal
properties [28].
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Figure 5. The function of common types of cellulose-based composites/@yHKiust pacipoCTPaHEHHBIX TUTIOB KOMITO3UTOB
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3.2 Starch sources

Starch is found in plant cell granules that
have crystalline (containing amylose linear chains
and amylopectin branching points) and amorphous
(mainly composed of long amylopectin side
chains) structures. According to figure 6, it has two
main combined branches of homo-polymers.
They're termed amylose and amylopectin, respec-
tively. Amylose is a linearly organized polymer of
D-glucose monomers, and amylopectin isa— D-(1-
4)-glucan, which has — D(1-6) linkages at the
branch point [29]. The main sources of starch from
biomass resources are rice, corn, yam root, potato,
cassava, wheat, and tapioca. The ratios of starch
branches (amylose/amylopectin) depend on the
source of plant materials, that is, between 10% to
20% of amylose and 80 to 90% of amylopectin.
Starch is easily diffused in water because of its

characteristics. Whether it is cold or hot. At high
temperatures, starch forms a gel after cooling. The
de-structure(plasticize) of starch can be enhanced
by the integration of molecules (concentration be-
tween 15-30wt%) that interact via hydrogen bond-
ing. Those interacted molecules are sorbitol, glyc-
erol, and water. They can greatly improve the
barrier and mechanical properties of the materials.
This thermoplastic starch (TPS) is ideal for making
foams and solid molded bio-based materials be-
cause of its high temperature and pressure re-
sistance properties. However, because of retrogra-
dation, they become brittle over time. Starch-based
materials are also biodegradable, meaning they de-
compose under the control of microorganisms,
fungi cells, temperature, light, water, pressure, and
oxygen [30]. Different sources of starch materials
and production processes, as well as the products,
are presented in figure 4.
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Figure 6. Graphical representation of Amylose and Amylopectin branches/I"padudeckoe u300paxxeHre BeTBeil aMUIIO3bI
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3.3 Algae sources

Currently, the best and promising alternative
inputs for Biobased polymers due to the rate of high
growth and non-competition with food are algae.
Heretofore, the generation and characterization of
bio-based plastics from microalgae materials are
evaluated [31]. It can be used as raw material di-
rectly or indirectly (extraction of PHBs and starch)
for the synthesis of bioplastics. The different routes
also incorporated for production such as melt mix-
ing, twin-screw extrusion, hot/compression mold-
ing, injection molding, or solvent casting are used
for the blend of microalgae with others [32]. The
better bio-based plastic behavior (Chlorella) with
different species and the better blending properties
(Spirulina) type of microalgae have been examined
more than other microalgae’s. Besides, extraction
of bio-based plastics from Chlorella pyrenoidosa
was justified bio-based plastic and Chlorella soro-
kiniana-derived starch granules [33]. Using as ad-
ditive of polyvinyl alcohol for salt-rich Spirulina
sp. residues were produced different bio-based
plastic films. Cyanobacteria such as Chlorogloea
fritschii species also investigated for the source of
bioplastics, Calothrix scytonemicola and Neochloris
oleoabundans, residual Nannochloropsis after oil
extraction [34], and Nannocloropsis gaditana [35].
Likewise, for starch synthesis and its derivatives of
biobased plastic generation, ten green microalgae
were selected as raw materials. The most promising

Light

Nutrient

H;0

Bacterial cells

Water Open Ponds
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(C. reinhardtii 11-32A) microalgae were responded for
starch generating an excellent plasticize incorpo-
rated with glycerol at 120 °C [36]. Bioplastics are
made from microalgae found in wastewater treatment
plants. Consortium microalgae were propagated using
nutrients, light, CO,, and water and harvested from
water bodies, and hybrid with a plasticizer(glyc-
erol) for the synthesis of bioplastics. Currently, the
biomass of microalgae was combined with petro-
leum materials for the synthesis of new composites.
According to figure 7, the microalgae biomass used
for the production of Polyhydroxy butyrate (PHB)
through bioreactor is presented and feasible with
aid of bacteria microbial cells. The production pro-
cess of the polyhydroxy butyrate (PHB) consists of
upstream, fermentation, and downstream parts. In
the upstream such as the cultivation of microalgae,
harvesting, and drying is proceeding to the next
step(hydrolysis). The dissolution of biomass into
individual components is known as hydrolysis. After
hydrolysis, the bacterial cells fermentation was
performed and given the polyhydroxy butyrate (PHB).
The aquatic plants such as See weeds and macroalgae
are rich in polysaccharides also used as promising
biomass sources for bio-based plastics in addition
to microalgae. Likewise, recently for the produc-
tion of bioplastics aided polyethylene glycol as
plasticizer the whole red macroalga Kappaphycus
alvarezii as input material was explored for food
packaging applications [37].

Harvesting
l———> ¢ Thickening
% Dewatering

R s

Figure 7. A synthesis scheme of Polyhydroxy butyrate from microalgae/Cxema cuHTe3a MOJMIHAPOKCHOYTHpATa M3

MHKpPOBOJIOpOCTEn

3.4 Agricultural sources

Today, agricultural wastes are the best solution
for reducing carbon footprint and environmental con-
cerns used for the synthesis of bio-based polymers.
The PCL, PBAT, and PBSA are biodegradable
bio-based Polymers as well as carbon chains are
susceptible to enzymatic degradation [38]. Groups
of butyl rubber, PLAs, CA, polyols, Bio-based
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counterpart of bio-PET, PA6, and PHAs polymers
are commercially procurable [39]. Chain branches
PHAs polymers are classified into short, medium,
and long [39]. The strength, stiffness, brittleness,
and degree of crystallinity and depend on the length
of chains, and the chains types predict the utility in
commercial applications. The low chain of the
length of bio-based polymers are brittle, less elastic
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modulus, however medium-chain of the length of
bio-polymers have low crystalline and flexibility
(longer elongation). But, the bio-polymers gener-
ated from medium agricultural wastes resources are
not resistant to high-temperature operations [38].
The main criteria for selection and use
of agricultural wastes for biobased plastics are such
as food security, bio-availability selection, the
complexity of development scheme, starch, and
lignocellulosic contents, and end-product proper-
ties and eco-friendly. The cellulose content of the
agricultural wastes is critical-stage for producing
high-strength polymer. According to table 2 the
cellulose concentration (% w/w) of hemp, banana

post@uvestniR-vsuet.ri
pseudo stem, cotton stalks are highest compared
to wheat straw, soya stalks, and coir. The tradeoff
in the synthesis of bio-based polymers depends on
the content of the cellulose and the eco-friendly
(biodegradability) are explained from the Experi-
mental data. Plant cellulose enhances high mechanical
strength, but it takes time to degrade by microbes. The
biodegradability of cellulose plant polymers has now
been determined. The successful replacement of plant
cellulose by bacterial cellulose was reported in some
studies[40]. The crucial limiting reactants(factors) for
the selection of precursors from agriculture waste are
cellulose and starch contents.

Table 2.
Ordinary agricultural wastes: chemical compositions
Agricultural waste Chemical composition (Yow/w! Reference
Cellulose (%) Lignin (%) Hemicellulose (%) Ash (%) [ Total Solids (%)
Banana pseudo stem 41.45 10.46 23.37 12.4 - 41
Hemp 75 15 3 - - 42
Wheat straw 32.9 8.9 24.0 6.7 95.6 43
Cotton stalks 58.5 215 21.9 11 - 44
Rice straw 39.2 36.1 235 12.4 98.62
Sunflower stalks 42.1 13.4 29.7 11.17 -
sawdust 45.1 24.2 28.1 1.2 98.54
Soya stalks 34.5 19.8 24.8 10.39 -
Oat straw 39.4 17.5 27.1 10.39 -
Coir 36-43 41-45 0.15-0.25 - -
Oil palm 47.91 24.45 19.06 - -

Bio-based polymers derived from agricultural
waste offer a variety of properties. The agro-wastes
cellulose content predicts the strength of the polymer,
but the thickness of the Bio-based polymer film
depends on starch content. The optimum thickness
of polymer films is approximately from 0.099 up to
0.1599 mm and correlated with the starch content
of agricultural wastes due to the presence of amylose
and amylopectin compounds [45]. Excellent me-
chanical properties of biopolymers are synthesized
from thick films than thin films of agro-wastes.
Hence, the starch content of ago-waste materials is
the first criteria used as a precursor, and micro-algae
such as Scenedesmus sp and Chlorella variabilis
have low precursors for the synthesis of bio-de-
gradable polymers than Chlamydomonas reinhardtii

i

|

precipitate

micro-algae. The yield of starch depends on the In-
cubation time, type of the micro-algae, and agricul-
tural precursors. For instance, at 800 h of incuba-
tion, the highest yield of starch was produced
through Chlamydomonas reinhardtii microalgae
species. The preference for species with a high starch
content comes at the expense of the rate at which
the culture grows. A larger cellulose concentration,
on the other hand, increases mechanical strength
while slowing biodegradation. The general scheme
of bio-based plastics from selective agricultural
and food wastes is presented in figure 8 [46].

Compared to the agricultural crops (fresh
materials) the advantage and disadvantage of the
microalgae and agricultural (organic) wastes are
elaborated according figure 9.

——> Cutting —> Extraction —> Drying

Cast material <——— Dissolution <——— Mixer

*-

Figure 8. Scheme of Bio-based plastics from selective agricultural and food wastes/Cxema npon3BoACTBA IIACTHKOB Ha
6I/IOOCHOBe M3 CEJIEKTUBHBIX CEJIbCKOXO3SIMCTBEHHBIX U IIMHIICBBIX OTXOA0B

206



Merecce H.IH. u dp. Becmmux BTYHIIL, 2023, III. 85, Ne. 3, C. 199-212

Advantage and disadvantage diffrent source of bioplastics

Disadvantage
< threat to food Ad\-'anl.agc
security and eco- “fast growth rate
Advantage system “+managment of
* renewablity $use large fertile enveromentallly
“rabundance soil, water and problmatic
4 closed carbon nutrients wastes
cyele #long term Sreduced
#mature unsustainablity competition
processing % long time with food
technology production + waste water
large scale “high cost remendation
production (e.g “high
PHAS) productivity

post@vestniR-vsuet.Tu
Disadvantage
Disadvantage Advantage “nesseccary
#large volumes of  “abundant pretetment
waler are lowcost sounce i of
required for #no competition llg_.'m:lhocll.i]ust
industral scale with food and IC 10mass
$requires feed “+cost a]:ud
expenseive “conversion of complexity
technologies wastes to of 1031?’“'-’
cultivation, valuable operations
harvesting and resources @ possible
extraction “managment of localaztion
“high energy of enviromentally and for
cultivaitonand problematic seasonablity
processing wasles of waste

Figure 9. Different Biomass resources for Bioplastics: its advantages and disadvantages/Pa3nuunsie pecypcbl GuoMacch
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35 Application in Food Packaging

Bio-based polymers are increasingly being
used in food packaging around the world. The se-
lection of agricultural wastes, algae, and renewable
biomass resources for food packaging depends
on their sustainability such as cost, social impact,
environmental impact, and properties of the materials.
Among them, corn starch, PLA, coffee grounds-
PBAT composites, blueberry agro-industrial waste,
sugar palm nano-fibrillated cellulose, cellulose-
based bio-polymers are the most effective [47].The
low tensile strength and low mechanical properties
of bio-based plastics are not the only criteria for
food packaging applications. In food packaging ap-
plication, the data following in Table 3 shows that
PLA and cellulose acetate have a good substitution
for conventional plastics such as polyethylene and

polypropylene other than PHA, PBAT, PEF, and
PTT [48]. The un-blended biobased polymers hav-
ing a high rate of water permeability, high rate of
biodegradability, and poor mechanical properties
are haven't impact in food packaging sectors. The me-
chanical and physical properties of biofilms produced
from agro-wastes can be modified by incorporating
nano-fibrillated cellulose (SPNFCs) materials. Adding
0.1 to 1.0 wt% concentration of SPNFCs showed a
significant change in the properties of sugar palm
Biofilms. The chitosan, PLA, and lignocellulosic
composites are the main reinforces and fillers for
materials synthesized from agricultural wastes
such as coffee grounds having hydrophobicity
properties in the food packaging applications. The
limitation with starch and blueberry agro-wastes
Bio-films can be improved through the photo-
bleaching techniques [47].

Table 3.
Comparison between petrochemical and bio-based polymers properties
material Glass transition Melting Elongation at Tensile
Temperature (°C) temperature (°C) break (%) strength (MPa)
Cellulose acetate 110 230 25 90
Corn starch 112 - 9 40
polylactides 55 165 2-7 59
Plant-based Polyhydroxyalkanoates 12-13 100-173 1-800 15-50
PB AT -29 110 800 22
Polyethylene Furanoate 85 211 34 35-67
PTT 50 228 160 49
Polyethylene -125 110-130 100 15-30
Polypropylene -13 176 400 36
. Polyethylene
Petrochemical terephthalate 72 265 20 86
polystyrene 100 - 1-5 30-60
Polyvinyl chloride -18 200 35 52
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starch-based polymers. The application of cellulose-
based polymers in food packaging is for the pack-
ing of organic pasta, kiwi, potato chips, and sweets
products. The utilize of agro-wastes in food pack-
aging application depend on the mechanical and
thermal properties of the bio-based polymers.

The best bio-based plastic that is greatly
applicable in food packaging is PLA. According to
table 4, the application of PLA in coffee, beverage,
dairy drinks, potato chips, bread, fresh salads,
fresh-cut fruits, vegetables, and organic poultry are
published in different countries [49]. Organic toma-
toes and milk chocolate food products are packed with

post@uestnik-vsuet.ru

Table 4.
The most common uses of bioplastics in the food sector
Application Bio-polymer Company/user
Coffee and other beverages Cardboard and cups with PLA coating KLM
Beverages Cups made with PLA Musburger (JP)
Fresh salads Bowls made with PLA McDonald's
Carbonated water, juices, . .
and dairy drinks Bottles cups made with PLA Biota, noble
Fresh cut fruits, vegetables, . .
PLA bakery goods Trays and packs made with PLA Asda(retailer)
Organic pretzels, potato - Snyder’s of Hanover,
chips Bags made with PLA PepsiCo’s Frito-lay
Bread Paper bags with PLA window Delhaize (retailer)

Organic poultry

bowls made with PLA, absorb

pads

Delhaize (retailer)

Milk chocolate
Starch-based

Corn starch trays

Cadbury food group, Marks
and Spencer

Organic tomatoes

Packaging based on Corn

Iper supermarkets (ltaly),
Coop in ltaly

Kiwi

Bio-based trays wrapped whit

cellulose film

Wal-Mar

Cellulose-based Potato chips

Metalized cellulose film

Boulder Canyon

Organic pasta

Cellulose-based packaging

Birkel

Sweets

Metalized cellulose film

Quality street, Thorn ton

3.6 Challenges of materials for food packaging

The cost of manufacture and non-biodegra-
dability are the key challenges facing bio-based
polymers in present research and development. Ac-
cording to table 5, the cost bio-based plastics are
slightly expensive than convectional/petrochemical
plastics [50]. The average cost of manufacturing
for starch, polylactic acid (PLA), and starch blends
biopolymers from renewable biomass/plants are up
to 1. 1,1, and 2euro per kg respectively, but for pet-
rochemical plastics, the cost of production is 1.865,
1.855, 1.455, 2.2, and 1.755 euro per kg for PVC,
PP, PE, PS, and PET and three-layer co-extruded
film (3L) respectively[51]. However, averagely
upto12.02, and 8.00 € per kg of Cellulose esters/

ethers (CEs) and PHA are required costs of manu-
facturing respectively. As a result, bio-based poly-
mers (PHA and CEs) have a greater manufacturing
cost than conventional plastics. All in one, in terms of
economical visibility/dimensions starch, PLA, and
starch/polymer blends are greatly suitable than PHA
and Cellulose Esters for replacing the petrochemical.
Nevertheless, the higher cost of PHA and Cellulose
esters are compensated through bio-based properties
such as tensile strength, density, elongation at
break, and heating temperature, and the glass tran-
sition temperature. The cost factors and biodegra-
dability of bio-based plastics can be resolved
through research and development and modifying
or manufacturing of new bio-based materials.

Table 5.
Cost comparison of selective bio-based and petrol-chemical plastics

Source Materials Price(€/kg)
starch 0.2-2.0
Starch/polymer blends 2.0-4.0

Cellulose esters/ethers (CEs) 4.0-20.04

Renewable natural resources Polylactic acid (PLA) 020

Lignocellulose fiber (LCF) 04-1.2

Polyhydroxyalkanoates (PHA) 4.0-12.02

Polyvinylchloride (PVC) 1.71-2.02

Polypropylene (PP) 1.71-2.0
Convectional based Polyethylene (PE) 1.31-1.6
Polystyrene (PS) 2.0-24
polyethylene terephthalate (PET) 1.71-1.8
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Conclusions

In this review, the biomass resources such as
cellulose, starch, micro-algae, and agricultural
wastes production to bio-based polymers are selected
to elaborate on the synthesis, properties, yields, and
application in food packaging areas. The PLA, PCL,
and starch blend polymers in food packaging
applications have great attention for replacing
petrochemical plastics such as polyethylene and
polypropylene because they have similar elongation
at break, biodegradability, and economic positive.
Despite the fact that the PHA and PHBA have low
moisture and oxygen permeability and good mechan-
ical qualities, their synthesis method is expensive.
Among the agricultural wastes, hemp, banana

post@vestnik-vsuet.ru

pseudo steam, and cotton stalks are good sources
of bio-based plastics compared to wheat straw,
soya stalks, sunflower stalks, sawdust, oat straw,
and coir, because they have the highest cellulose
concentration. Chitosan, PLA, and lignocellulosic
composites are the main reinforcements and fillers
for materials synthesized from agricultural wastes
having hydrophobic properties in food packaging
applications. Furthermore, researchers and academi-
cians can design novel food packaging applications
by developing, re-configuring, blending with low-
cost polymers, and nano-biotechnology integration
systems of bio-based plastics from cellulosic, starch
component of agro-wastes, and microalgae with
low-cost fillers, sustainable and reinforcers.
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buoniacruk: CBOﬁCTBa, B0O300HOBJIsIEeMbI€ PECYPChbI 6I/IOMaCCI)I,
CHUHTE3 H IPUMCHCHUC

Annoranusi. CoBpeMeHHBIE TCHICHIINY B TEXHOJIOTHHU YIIAKOBKH ITHIIEBHIX IPOAYKTOB 00YCIIaBINBAIOT HEOOXOAUMOCTh Pa3paboTKU
HOBBIX YIAKOBOYHBIX MAaTE€pPHAJOB C LENBIO NPOJJICHHUSA CPOKAa XPAaHEHUS NPOJYKTOB IHUTAaHMS M YMEHbIICHUS uUX mopud. [s
COXPaHEHUsI THIIEBOTO MPOAYKTa, KOHCTPYKIMOHHBII MaTepHaln YIaKOBKHM MIpaeT KIIOYEBYIO poiib. B pasBuBaromeiics obiactu
TEXHOJIOTMH YHAaKOBKH MHIIEBBIX MIPOIYKTOB, HCIIOIb30BaHUE OMOOA3HBIX IUIACTUKOB JUIsl YIIAKOBKU MHIIEBBIX MPOIYKTOB ITOKA3aJI0
CpaBHUTENbHOE NMpenMyIiecTBo. Ha 1aHHBI MOMEHT, OHOIIACTUKY TTOKA3aly H3MEpUMbIEe MPEUMYIIECTBA U NMOTy4YatoT BCe OONbIIe
BHHMAaHUS CO CTOPOHBI JEJOBBIX OPraHU3ALHN, MOTUTHIECKUX JeATeNel, HayYHbIX COOOIIECTB, U B IIENOM OOLIECTBEHHOCTH. DTO
CTalO0 pEe3ylbTaTOM IOMCKAa HOBBIX MAapoOK IUIACTHKOBBIX mpodmied. Kpome Toro, BO3IeHCTBHE HA OKPYXKAIOIIYIO CpExy
(3xonormueckre MpoOIeMbl) KOHBEKTHBHBIX MATEpPHAIOB, HCTOIICHHWE MPUPOIHBIX PECYpCOB, B YACTHOCTH, HEPTEXUMHICCKHX, H
03a00YeHHOCTh TOTpeOHTeNel BBHI3BAIM HEOOXOIMMOCTh B AIBTEPHATHUBHBIX CPEACTBAaX YNAKOBKU IHIIEBHIX IIPOLYKTOB Ha
6noocHoBe. [109TOMY I1€JTBI0 JAHHOTO UCCIIE0BAaHMs OBLT 0030p CBOHCTB YIIAaKOBOYHBIX MAaTEPHAJIOB IS IIUIIEBBIX MPOIYKTOB, TAKHX
Kak TeIUIOBBIE, MEXaHNYeCKHe, OapbepHbIe, TOBEPXHOCTHBIE, AaHTUMUKPOOHBIE, ONITHYECKUE M IKOIOTHYECKHE, a TAKKE UX TUII CHHTE3a
U npuMeHeHre. beuti pa3paboTaHbl KOMIOHEHTHI LIEJUTION03BI M KpaxMaia U3 pacHpOCTPAHEHHBIX CEJIbCKOXO3SHCTBEHHBIX OTXOI0B
JUIsL CHHTe3a OuononuMepoB. Kpome Toro, pasnudHble BUABI MUKPOBOIOPOCIEH OBUTH 0OOCHOBAHBI B IPOM3BOACTBE IJIaCTMAcC Ha
O6uoocHoBe. B naHHOW 0030pHOI CTaThe Takke NMPHUBEICHBI MPUMEPH! YCTOWYHMBBIX HAMOJIHUTEICH M apMHUPYIOUIMX MaTepHajoB,
HCTIONB3YEeMBIX B HH/Ty CTPHH ITHIIEBOH yIIaKoBKH. Takum 00pa3zoM, naHHas 0630pHast paboTa criocoOCTBYET PaCKpPBITHIO BCETo 00beMa
Hay4YHBIX 3HAHMI O ITaCTHKaX Ha OHOOCHOBE, MCIIOIB3YEMBIX JUIS YIIAKOBKH IHUIIEBBIX IMPOMYKTOB, U MIOMOTAET IOIYYUTh BAXKHBIC
pe3yIbTaThl Ul JalbHEHIINX UCCIICAOBAHUI.

KiroueBble ciioBa: BO30OHOBIIsIEeMBbIE MCTOYHHMKM OHOMACCHI, IUTACTUKM Ha OCHOBE OMOMATEpHasioB, CBOMCTBA, IPHMCHEHHE B
MUIIEBOH yIIaKOBKE.
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TpeGoBaHuUs kK 0POPMINEHUIO MaTepuarnos ans XypHana
«BeCcTHUK BOPOHEXXCKOro rocy1apCTBEHHOMO
YHUBEPCUTETA MHKEHEPHbBIX TEXHOMOMUIA»

Penakuusi mpocuT aBTOPOB B MOATOTOBKE PYKOMHUCEll PYKOBOJACTBOBATLCSI M3JI03KEHHBIMHU HHMXKe Mpa-
BujamMu. Pykonucu, odopmieHHble 6e3 cO0TI0eHNsI IaHHBIX MPaBWJI, pelaKiueil paccMaTpUBaThCs
He OyayT.

MIPEJICTABJIEHUE PYKOIIUCEWN U 3ASIBIEHUE HA PACCMOTPEHUE

[IpencraBnenne pykonucu B KypHan «BECTHUK BI'VUT» nna mnevaTu  HOpenmnojaraer, 4ro:
1) onmucanHast B Heil paboTa paHee He OblIa OMyOJIMKOBAHA;

2) oHa HE paccMaTpUBaETCs TSI MyOIMKAIINN B MHOM HU3/IaTEIIbCTBE;

3) ee myOnuKamus Obula 0J0OpEeHa BCeMH aBTOPAaMH U TaK WM HHA4Ye B3aMMOCBA3aHHBIMHU OPraHU3ALUsIMY, B
KOTOPBIX 3Ta paboTa IpOBOANIACE;

4) B cny4yae NpUHATHS K MyOJUKAIMK 3Ta CTaThs He OyneT omyOianKoBaHa rae-nmubo ere B Toil xe Gopme, Ha
aHTJINHCKOM HJIM Ha JIIO6OM APYTOM A3BIKE, B TOM YUCJIC U B DJICKTPOHHOM BH/IC.

[IpencraBienue cTaThu MPOBOAST uepe3 OGUIMANBHBIA CAaWT W3JaHUS MyTEM MPOXOXKACHUS PETHUCTPaluu
(http://www.vestnik-vsuet.ru/vguit/user/register).

B cocras BHGKT'pOHHOfI BEPCHUHU CTATbH OOJI)KHBI BXOJAUTDH:

1. Pykommck ctaTh odopMIleHHAsE cTporo B mabaoHe penakiyuu B Gopmare Word 2007-2016. Word
2003 — HE IIpunumaercst

2. TaOMWYHBIN MaTepwal B BHJE OTIENBHOTO (aiina (TOJBKO NPH YCJIOBHH KOTa 00heM OIHOH Tald-
JIUIIBI TPEBHINIAET MOJIHYIO CTPAaHUILY KypHAJIBHOM CTaThi)

3. WUIIOCTpAIK B UCXOHOM (popMaTe JAHHBIX C BO3MOKHOCTBHIO pelaKTUPOBaHusl (MporpaMmax
JJIsSl YepyeHust/pucoBanust/co3nanus nuarpamm u npodee, TO ECTb HE coxpaneHn B dopmare
C moTepeii KayecTBa) MpeInoYTeHUe, IPU ATOM OTJAaeTcsl BEKTOPHBIM GopMmaTam: eps, svg, ai, pdf,
pacTpoBbIii opmaT U300pakeHuit (¢ cxxarneM): popMaTsl png, jpeg U Np. He MPUKPETIATh. MUHIMAITb-
HOE paspeleHue pucyHKoB U rpadukos 600 dpi. ITo TpeGoBaHMe HeOOX0AMMO /151 MOBbILIECHHUSA
TUNOrPad)cKOro Ka4ecTBa Ne4YaTHOH BepCHU U3aHUs.

Ecmu aBTOPOB HECKOJIBKO, TO HCO6X0,I[I/IMO YKa3aTb aBTOpa, KOTOPpOMY 6y/:[eT aZIpeCOBaHa KOppECIOHACHIMSA, N
€ro KOHTAaKTHBIC JaHHBIC: aApEC, HOMCP Tene(1>0Ha/ (I)aKca, a TaKKC aapeca 3J'I€KTpOHHOﬁ IIOYThI BCEX aBTOPOB.

BHUMAHMUE: ABTOPBI HECYT MOJIHYI0 OTBETCTBEHHOCTD 32 J0CTOBEPHOCTh M OPUTHHAJIBLHOCTH HH(OP-
MaluM, MpeI0CcTaBJeHHON B pykonucH. Bee pykonucu NpoxXoasiT NpoBepKy HA HAJIMYHMe 3aUMCTBOBAaHMIA
B cucTeMe «AHTHILIAaruam. OpUrHHAJIBHOCTE PYKOIHCH J0JIKHA ObITh He MeHee 80%, B MPOTHBHOM
clyyae pykonuch Oyaer Bo3BpauleHa 0e3 mpasBa onyOaukoBanusi. Ilpu o0Hapy:keHUM HapyuieHHs
aBTOPCKUX NMPaB WM NJIaruaTa 0yaeT NpoBeAeHa peTPpaKuMA oNny0JINKOBAHHBIX CTATEH B COOTBETCTBUH
¢ npasuiiamu COPE.

OPOPMJUIEHUE CTATBU

Crarbu B xypHaie « BECTHUK BI'YUT» n3narorcsi Ha pycCKOM SI3bIKe ¢ pedepar Ha aHTIIMHCKOM si3bIke. [1o
COTJIACOBAHMIO C peIaKLIUel JOMyCKaeTcs MyOJuKalKs CTaThi U Ha aHTJIMHCKOM SI3BIKE.

Bces crares (TekcT, TaOMUIIBI, MPUMEYaHUSI, 3ar0JIOBKH, HHOCTPAaHHBIE BCTaBKH, CITUCOK JINTEPATYPHI, MOIPH-
CYHOYHBIE MTOATKCH U JIp.) HaOWpaeTcs Ha KOMIIBIOTEPE B COOTBETCTBUH CO CTHIISIMU (hOpMaTHUPOBaHUS 1Ia0-
JIoHa skypHaJa 11 MS Word 2007-2016.

Bepcus crateu BeimonnenHas cpeactsamu MS Word 2003 HE npunumarores.

O0BeM cTaThH, BKIFOYAs CIIUCOK JIMTEPATYPHI U TOJPUCYHOYHBIE TIOJIITUCH, HE JIOJDKECH MPEBBIIIATH: IS pa-
00T, nMeronux odIee 3HaueHne 5—20 CTpaHUI] TEKCTa, TSl KPaTKUX COOOIICHUH 10 3 CcTp.


file:///C:/index.php/vguit/user/register
https://www.vestnik-vsuet.ru/vguit/manager/files/VSUET.zip
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TPEBOBAHUSA K COAEP KAHUIO CTATBU
1. OCHOBHOU TEKCT CTATbHU

Pykommcn OpWTHHANBHBIX HWCCIENOBAHWUN TMPEACTABISAIOTCS IO OOIIENPUHATOW MEXIYHAPOIHOW CXeMe
(IMRAD format - Introduction, Methods, Results and Discussion) u B cTaThe TOKHBI HAHTH OTPayKEHUE CITe-
IyIoIue pyopuKu:

Beeoenue - kpaTKo U3IaraeTcsi COBPEMEHHOE COCTOSIHUE BOIIPOCa U 000CHOBBIBACTCS aKTYaIbHOCTh UCCIICIO-
BaHUs. JlaeTcsl KpuTHUECKash OlEHKa JINTEPaTyphl, UMEIOIIEH OTHOIICHHE K paccMaTpuBaeMoii mpolieme.
JlaHHas OIleHKa pa3rpaHIMYMBaeT HepelleHHbIE BOMPOCHl. CTaBATCs YeTKO CPOpMYITHPOBAHHBIE LIEH U 3a1a4H,
MOSICHSTFOIIIME TajTbHEHIIee NCCIIeIOBaHNe B KOHKPETHOM 00IacTH;

Mamepuaﬂbt U Memoovl - JacTCs JOCTAaTOYHO HOI[pO6HOC OIIMCaHUC pa6OTI>I, IJIs1 €€ BO3MOKHOI'O BOCIIPOU3-
BCACHMUA. MCTOILI)I, OHy6J'II/IKOBaHHBIC paHee, NOJDKHBI COIMMPOBOKAATHCA CCBIJIKAMU: aBTOPOM OITMCBIBAIOTCA
TOJIBKO OTHOCAIIUECCA K TEMC U3MCHCHMU.

Pe3ynvmamoi - ONMCHIBAIOTCS B JIOTHYECKOH ITOCIEI0BATEILHOCTH B BUJIE OT/CIBHBIX (PparMeHToB, pa3/ieNIeHHbIX
TIOJI3arOJIOBKaMH, 03 SIIEMEHTOB OOCYKIeHH, 0€3 TOBTOPEHU METOAMIECKUX MOAPOOHOCTEH, 6e3 TyOoIpoBa-
HUsI IU(DPOBBIX TaHHBIX, IPUBEICH-HBIX B TA0JIHUIIAX ¥ PUCYHKAX.

Obcyscoenue - B pazferne MPOBOJUTCS JIETATBHBIN aHATHN3 TIOTY-UYCHHBIX JAHHBIX B COMOCTABIICHUU C TAHHBIMU
JIU-TEPATYPBbIL, YTO CIY>KUT 0OOCHOBAHHEM BBIBOJIOB U 3aKITIOUCHHUI aBTOPOB.

3akntouenue - TOBOASTCS OCHOBHBIE UTOTH PaOOTHI, MPUBOIATCS PEKOMEHIAINH U YKa3aHHWE Ha NailbHEH-
1€ BO3MOXKHBIE HAIIPaBIISHSI UCCIIETOBAHHIA.

Jns1 0030pHBIX cTaTeli JOJKHBI OBITh YKa3aHbl BgedeHue N B COOTBETCTBUM co cTannapToM PRISMA ykazath
cTpaTeruro nmoucka jureparypsl (http://www.prisma-statement.org).

Tabanubl 00beMa Gosble OJHON CTpPaHMIBI YKa3biBaTh Kak Ilpuiioxkenue B Buae oTAeabHOro (aiaa,
TaKk Kak OHM He OyIyT OmyOJMKOBaHBI B ME€YAaTHON BEPCUH, a OyAyT MPHUKIAABIBATHECS B BUAE OTIACIHHOTIO
(haiia K AIEKTPOHHON BEPCHH.

Ha3BaHus u cofepskaHue PUCYHKOB (Bce MOAMUCH BHYTPH) U TA0UII (CTOJIOLOB U CTPOK) A0JKHBI ObITH
NpUBeJdeHbI KAK HA PYCCKOM, TAK U HA AHTJIMHACKOM fI3BIKAX.

I'pauyecknii MaTepuan npeacTapisieTcsi B MCXOAHOM (popMaTe JaHHBIX ¢ BO3MOKHOCTHIO PeIaKTHPOBA-
Hus (MporpaMmax 1Js 4yepyeHusi/pucoBanusi/co3ganus auarpaMmm u npodee, TO ECTb HE coxpanen
B (¢opmare ¢ mnorepeil KauyecTBa) NpelNoYTeHHE, NPU 3TOM OTAAETCH BEKTOPHbLIM ¢opMaTam:
eps, svg, ai, pdf, uckirwienue gpororpaduu B pactpoBom opmare (c cxxkatuem): png, jpeg u np. Munu-
MaJIbHOE pa3pelieHue pucyHkoB U rpaduxos 600 dpi.

®aiiner Excel -- BHCJPCHBI B TCKCT CTATbU, C BOBMOKHOCTBIO PECAAKTUPOBAHU.

1. BUBJIMOIPADUYECKHUHU CIIHCOK / REFERENCES

Crmcok nuteparypsl opopmiseTcs cortacao [pmnoxenwro 1, 2.

Hutupyemas aurepatypa J0DKHA coepKaTh He MeHee 10 HCTOYHMKOB, U HE MEHEE 5 CChUIOK Ha MHOCTPaH-
HBbIE ICTOYHMKH. B criicke mTepaTyphl JOJKHBI OBITH OIyOIMKOBaHBI pabOThI 3a MOCIEAHUE MSTh JIET, B TOM
qHclie B XKypHaJlaX, MHIAEKCUpYeMbIX B 0a3ax naHHbIX ScienceDirect, Web of Science, Scopus, Science
Index. Jlumib B cirydae HEOOXOIUMOCTH JOITYCTHMBI CCBIIKM Ha 0ojiee panHue TpyAbl. CpaBoyHas JTUTEpa-
Typa He crapue 10 ner.

B crincoxk nmureparypst HE BriII0Yal0TCsl yueOHbBIE TOCOOHS, HOPMAaTUBHBIE U apXUBHBIE MaTepHAIIbl, CTaTH-
CTHYECKHe COOPHHKH, Ta3eTHBIC 3aMETKU 03 yKazaHus aBTOpa, MOHOTpaduu, aBTopedepaTsl U AUCCEPTALINH.
B nutupyemoii muteparype jxenarensHo yKa3eiBaTh HCTOYHHUKH ¢ DOL.

Bmecmo ccvinoxk na mamepuanuvt ouccepmayuii u agmopegepamos ouccepmayuii, peKOMeHOYemcst CColIamvcs
HA OPUSUHATIbHBIE CMAMbU N0 MeMe OUCCEPMAYUOHHOU pabombl, MaK KaK camu OUccepmayus paccmampu-
8alOMCA KAK PYKONUCU U He AGNIAIOMCA NeYAMHbIMU UCHOYHUKAMU.

CamouutupoBanue HE Gosee 2-x cchUIok.
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HI.ITYBJINKAITMOHHAA 9TUKA

Cratpu, mpuHHMaeMble K Tyonukanuu B xypHane « BECTHUK BI'VUT», nomkHbl w3narath HambOoee
CYIIIECTBCHHBIC, 3aKOHYCHHBIC U €Ill¢ paHee HEOMyOIMKOBAHHbBIE Pe3yIbTAThl HAYYHBIX UCCIICTOBAHUH.

O nyOnmuKanmMOHHON OSTHKE W OJTHYECKMX HOopMax mia nyOomukammm B kypHane « BECTHUK
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HE MPUHUMAIOTCS. PykomucH aBTopaM He BO3BPAIIArOTCS.
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busHeca, HauanvbHux Llenmpa xoanekmueno2o noiv3o8anus « Koumpons u ynpasnenus snepeosgpexmusHvimu
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DI'FOY BO «Bopoueoicckuti 20cy0apcmeenHblll YHUBEPCUMEM UHICEHEPHBIX MEXHOI02ULL)
Tenegon: 8 920 432 16 57
E-mail: post@vestnik-vsuet.ru, aa-derk@yandex.ru
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1.1 IIpouecchl M annapaTbl NUIIEBbIX POU3BOACTB

1.2 IInneBasi OMOTEXHOJIOTHA
05.18.01 TexHonorus 00pabOTKH, XpaHEHUS H TIepepabOTKH 371aKOBBIX, 0000BBIX KYJIBTYP, KPYIISTHBIX TIPO-
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05.18.12 IIpomeccs! 1 anmaparthl MUAIIEBBIX TPOU3BOJICTB
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05.17.01 TexHONOTHSA HEOPTAHUIECKHUX BEIIECTB
05.17.04 TexHOIOTHS OPTaHUIECCKUX BEIIICCTB
05.17.06 TexHonorus u nepepadoTKa MOJIMMEPOB U KOMIIO3UTOB
05.17.07 XuMudeckast TEXHOJIOTHSI TOIIMBA U BBICOKOPHEPTETHYECKUX BEIIECTB
05.17.08 [Ipomecchl 1 anmapaThl XAMUYECKUX TEXHOJIOTHIA

3. DKOHOMHKA U yIpaBJeHUe
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ekonomiki/



[TpuBercTByercs nmonaya crareit onnaiin! Anpec: http://vestnik.vsuet.ru/

ITpunoxenne 2
MOPSIJIOK OMMUMCAHUSI CChIJIOK HA AHTJIMACKOM SI3bIKE:

CTATDBA U3 KKYPHAJIA:

NOPSII0K ONUCAHUS:

®ammms 1.0. aropa (TpaHciuteparys). [lepeBon Ha3BaHus cTaThu Ha aHTIMHCKUI. [lepeBon Ha3BaHUsI ICTOYHHKA Ha
AHTTIAACKAUH S3bIK. ['0J1, TOM, HOMEp, CTpaHHIIBI (0T-10). YKa3aHue Ha S3bIK cTathil (in Russian) mocsie omicanus CTaTbH.
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