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7KypHaJj1 BK/IIOYEH B NlepevyeHb U3IaHNi, PpeKOMEHI0BAHHBIX BhiciIell aTTecTallmOHHON KoMuccHeil
MuHucTepcTBa HAYKHU U Bbicuiero oopaszosanusi Poccuiickoiit ®enepaumnn
JJIS1 OIyOJIMKOBAHMSA JUCCEPTALIMOHHBIX MCCJIET0BAHMIA

ITucemo o INepeune pereH3npyeMbIX Hay4yHbIX n3ganuii ot 28.12.2018 r. (https://goo-gl.ru/4XHR)

Martepnans! )xypHaja pa3MeIIaTcs B
b PUHIL, B AGRIS- Bei6opouno, IBC Jlans, IBC IPRbooks, Db KudepJlennnka, bl BAHUTU PAH,
HHUC Coumoner, B/ Directory of Open Access Journals (DOAJ), B/I Open Access scholarly Resources (ROAD),
The European Library (TEL), BJI AcademicKeys, Research Bible, 5/ EBSCO Publishing, Academic Keys

CooTBeTcTBHE PyOpHK/pa3ienoB ;xypHaia Becrauk BI'YUT
HomeHKkJaType HAyYHBIX CIIEHUAJbHOCTEH, 0 KOTOPBIM NPUCYKAAIOTCH YUeHbIe CTeNneH .

1.1 IIpoueccel U annapaThl MUIIEBBIX IIPOU3BO/ICTB
4.3.1. TexHoNOrMY, MalIMHEI M 000PYAOBAHUE ISl ArPOIIPOMBIIIUICHHOTO KOMIUIEKCa (TEXHUYECKHE HAYKH)

1.2 IInmeBast GUOTEXHOJIOTHS
4.3.3. [IumieBbie cUCTEMBI (TEXHUYECKHE HAYKH)
4.3.5. BUOTEXHOIOT S TPOYKTOB IIUTaHUS 1 OMOJIOTNYECKH aKTHBHBIX BEIIECTB (TEXHUUECKHE HAyKH)

2. XumMuyeckast TEXHOJIOTHsI
2.6.7. TexHoNOTNSI HEOPTAHUIECKUX BELIECTB (TEXHUYECKUE HAYKH)
2.6.7. TexHonOrNsl HEOPraHWMIECKUX BENIECTB (XUMHUYECKHE HAYKH)
2.6.10. TexHONIOTHSI OPraHUYECKUX BEUIECTB (XUMHYECKUE HAYKH)
2.6.10. TexHOIOTHSA OPTaHNYECKUX BEIICCTB (TEXHUICCKUE HAYKH)
2.6.11. Texronorus u nepepaboTKa CHHTETHYECKUX U IIPUPOAHBIX MOJIUMEPOB M KOMITO3UTOB (XUMUYECKUE HAYKH)
2.6.11. Texaonorus u nepepaboTKa CHHTETHYECKHUX U MMPUPOIHBIX OIMMEPOB M KOMITO3UTOB (TEXHHUYECKHE HAYKH)
2.6.12. Xumudeckast TEXHOJIOTHSI TOTIIMBA U BBICOKOOHEPTETHUECKUX BEIIECTB (TEXHUIECKHE HAYKH )
2.6.13. IIpomeccs! 1 anmapaThl XUMHUYECKHAX TEXHOJOTHIA (TEXHUYECKHE HAYKN)
2.6.13. IIpomeccs! 1 anmapaThl XUMUYIECKHAX TEXHOJOTHHA ((PH3MKOMaTEMaTHIECKIE HAYKH )

PEJAKIIMOHHBII COBET KYPHAJIA

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

BPUO pEKTOpa, 3aB. Kadenpoid OHMOXMMHUM U OHMOTEXHOJOIMH, BOpOHEXKCKHI TOCYZapCTBEHHBIH YHHBEPCUTET HHKEHEPHBIX
texHonoruit (Boponex, Poccus) ORCID: 0000-0002-2863-0771

PEJAKIIMOHHAS KOJUJIETUA PYBPUK

IIpouecchl H annmapaTsl MHUIEBHIX IIPOH3BOACTB

OCTPUKOB AJIEKCAH/JIP HUKOJIAEBHY (111. pexn.) 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 BAJEHTUHOBHMY [0KTOp TeXHHMYECKHX HAyK, mHpoeccop, MHOUETHBIi pPabOTHHK —BBICLIErO
npodeccroHanbpHOro obpasosanust PO, mpodeccop daxynpTera OHOTEXHONIOTHIA, HAYYHBIH PyKOBOIHTENL 00pa30BaTeIbHON MPOrpaMMBI
«[Iponiecckl M ammapaThl MHUINEBBIX NPOM3BOACTBY, CaHKT-IleTepOyprckmii HaIMOHANBHBIA HccenoBaTeNbekuil yHuBepcurter UTMO
(r. Cankr-IletepOypr, Poccus) ORCID- 0000-0002-2867-108X

AHTHUIIOB CEPTEM TUXOHOBHY [0KTOp TEXHUUYECKHX HAYK, IPODECCOp, MOUYETHEIH PabOTHHK BEICIIEro MpohecCHOHATBHOTO
obpazoBanus PO, 3aciyxennsiit m3o0perarens PO, mpodeccop kadeapsl MamvH W ammapaToB MUIIEBBIX MPOM3BOACTB, BopoHexcKuit
TOCYIapCTBEHHBIH YHUBEPCUTET HHKEHEpHBIX TexHoorui (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 CEPIEfl AJIEKCEEBHY 10KTOp TeXHMYeCKMX Hayk, mnpodeccop, Kadempa MpoLecchl H  AalmapaThbl
nepepadaTHBAIOMNX MPOU3BOACTB, Pocchifckmii rocy1apCTBEHHBIH arpapHbIil YHUBEpCHTET - MOCKOBCKasl CEIbCKOXO3SHCTBEHHAS
akanemus uM. K.A. Tumupszesa (Mocksa, Poccust)

BACHWJIEHKO BUTAJIMIA HUKOJAEBHY [0KTOp TeXHUYECKHX HayK, mpodeccop, MpopeKTop o yueGHOi paboTe, 3aB. Kadeapoit
MAlIVH U alapaToB MMUIIEBBIX POU3BOACTB, BOpOHEXCKHII roCy TapCTBEHHBIH YHUBEPCUTET HHXKEHEPHBIX TexHooruii (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
MUIIEBBIX TPOU3BOACTB, JACKaH (aKyiIbTeTa INHUIIEBEIX MallMH MW aBTOMAaTOB, BOpOHEXCKHII rocynapcTBEHHBIH YHHBEPCHTET
WHXEeHepHBIX TexHoioruii (Boponex, Poccns)

MAKCHUMEHKO IOPHIl AJIEKCAHIPOBUY [0KTOp TEXHHUECKMX HAYK, mpodeccop, MPOPEKTOp IO HayuHo# paGore H
WHHOBALMAM, 3aBEAYIONHI Kadeapbl TEXHOJIOTHYECKUE MALMHbL U 000pyI0BaHHE, ACTPaXxaHCKUH TOCYAapCTBEHHBIH TEXHUYECKHI
yHHUBepcuTeT (AcTpaxanb, Poccus)
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MAH®WJIOB BUKTOP AJIEKCAH/IPOBHY noktop TeXHUYECKUX Hayk, mpodeccop, akanemuk PAH, 3acimyxeHHbIi festens Hayku PO,
HOYETHBI PaOOTHHK BBICLIETO MpoeccHOHATIbHOrO 00pasoBanus PO, npodeccop kadeaps! MPOLECCOB U allapaToB MepepadaThIBaloLINX
MPOHU3BOJICTB, Poccuiickuii rocymapcTBeHHbIH arpapHbiid yHuBepeuteT — MCXA nmern KA. Tummpsizea (Mocksa, Poccnst)

MPEUC BJIAJUMHP BUKTOPOBHUY 10KTOp TEXHHYECKHX HayK, Hpodeccop, 3aB. Kadeapoi TeXHOIOIMYECKHEe CHCTEMBI IHILEBbIX,
noJmrpadgpUIecKrX U yrakoBOYHBIX Hpou3BoACTB TyIbCKuii rocynapcTBeHHbIH yHuBepeuTeT, [Tommrexandeckuit nactutyT, (Tymna, Poccust)

YEPTOB EBI'EHUM JMUTPUEBUY 10KTOp TEXHHUECKHX HAYK, MPO(eccop, COBETHHK HpH peKTopaTe, 3aB. Kadempoil
TEXHUYECKON MEXaHMKH, IOYETHBIH pabOTHHK BBICIIETo HpodeccHoHansHoro obpasoBanus PO, BopoHexckuil rocynapcTBeHHBII
YHHUBEPCUTET HHXKECHEPHBIX TexHooruil (Boponex, Poccus)

HIEBIOB AJIEKCAHJAP AHATOJIBEBHUY nokTop TeXHHYECKNX HayK, podeccop, 3aciy keHHbIi n3o0peraTens PO, mpodeccop
Kadenpsl oOmenpodeccuoHaNbHBIX JAUCIUIUINH, BoeHHO-Bo3mymHas axajgemus uMenn npodeccopa H.E. JKykosckoro wu
10.A. I'arapuna (Boponex, Poccus)

IIumenast 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, TTaBHEIA HAYdHEIH COTPYIHAK
BHUU konnurepckoii mpomsinuieHHocty (Mocksa, Pocens)

AMMPOBA DJIJIN nokTop HayK, OCHOBATENb M reHepaIbHbIi qupektop Succurro Inc. (JIa-Meca, CIIIA) ORCID: 0000-0002-9377-3875
AHTHUITIOBA JIIOJIMUJIA BACUJIBEBHA (T11. pef1.) TOKTOp TeXHHYECKUX HayK, Ipodeccop, 3aciIyKeHHbIN nesTens Hayku PO,
npodeccop Kadeapsl TEXHOJIOTHHM MPOAYKTOB >KUBOTHOTO TIPOHCXOXACHUS, BOpOHEXCKHIl TrocylapCTBEHHBIH yHUBEPCUTET
HHXeHepHBIX TexHoorui (Boponex, Poccnst) ORCID: 0000-0002-1416-0297

BPEHY AHI[PEI71 AJIEKCAHJAPOBUMMY kaumunat TeXHIIECKUX HAYK, TOLEHT, TEKaH HH)KEHEPHO-TEXHOIOTMYECKOTO (PaKyIbTeTa
yupexxaeHus oopazoBaHus, benopycckuii rocy1apcTBEHHOTO arpapHbIid TeXHUYeckui yauBepcureT (MuHck, Bemapycs)

ORCID: 0000-0001-6604-9366

BAWIBXABKYMAP T'ABAJIH 10KTOp HayK, MOCTAOKTOPAHT, (JapMaKOJIOTH, OTICICHHE BHYTPEHHEH MeTHITHHBI, MeTHIuHCKIi
koek (Huauuanaru, CIIA) ORCID: 0000-0002-7917-4913

BUKTOPOBA EJIEHA ITABJIOBHA nokTop TeXHHYECKHX HayK, Ipogheccop, 3aMEeCTUTENb JUPEKTOpa 110 HAyJHOH W MHHOBAIMOHHOM
nesirenbHOCTH, CeBepo-KaBkasckuii (henepanbHblil HAyYHBIH LIEHTp CaJ0BOACTBA, BUHOIPAapCTBa, BUHOACIHS, KpacHomapckuii Hay4qHO-
HCCIIeIOBATENBCKUI HHCTUTYT XpaHEeHH U NepepaboTKU celbCKoX03sicTBeHHOM npoaykuun (KpacHonap, Poceust)

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

JOHYEHKO JIOJMHNJIA BJJAJJMMHUPOBHA noxrop TexHHYeCKHX Hayk, mpodeccop, mpodeccop BAK, mpodeccop kadbenpst
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 HHIIEBBIX TEXHOIOTHil
(TTnoBmus, Bosrapust) ORCID: 0000-0002-9300-6588

KAYAHOBA MMHPOCJIABA noxrop Hayk, mpodeccop Kadenpsl IUIOAOBOJICTBA, BHHOIpafapcTBa W dKonoruy, CroBamkwit
cenbcKoXo3sicTBeHHbIN yHuBepcuteT (Hurtpa, CroBakust), OTaen OMOSHEPreTHKH M IHINEBBIX TeXHONOrHi, JKemryBckuil yHUBepcUTET
(OKemys, ITomsima) ORCID: 0000-0002-4460-0222

KYJBHEBA HAJIEJK/JIA T'PUT'OPBEBHA nokTop TeXHHUeCKHX Hayk, npodeccop, npodeccop kadeapbl TEXHOIOTUH OPOIMIBHBIX H
CaxapuCThIX IPOM3BOJCTB, BOpOHEKCKHMIA rOCy JapCTBEHHBIM YHUBEPCHUTET HH)KEHEPHBIX TexHOJorHH (Boponesxk, Poccrst)

JIMCULIBIH AHJIPEM BOPUCOBHUY 1okTOp TeXHMUeCKMX Hayk, mpodeccop, akanemuk PAH, maypear [ocymapcTeHHO#
npemuu P®, mupekrop @PI'BHY "BHUHNMII um. B.M. I'opbaroa" (Mocksa, Poccust)

MAI'OMEJOB I'ABUBEI' OMAPOBUY 1oKTOp TeXHUYECKUX HAyK, Mpodeccop, MOYeTHBIH pabOTHUK BBICIIETO MPO(ECcCHOHATBEHOIO
ob6pazoBanus PO, 3aB. kadenapoii TeXHOIOrHH XJIe00MeKapHOro, KOHAUTEPCKOTr0, MAKapOHHOTO U 3epHOINePepadaThIBAIONIETO IPOU3BO/ICTB,
Boponekckuii rocy1apcTBEHHBIH YHUBEPCHTET HHKEHEPHBIX TexHomnoruid (BopoHex, Poccrst)

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

MBAPI'A MAHI'A JIX)KO3E® APCEH wMaructp arpoHOMHH, Hay4HBI COTPYAHHK KadeApbl MHUKPOOHONOTMH W BHPYCOJIOTUH,
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 «JIyawnan braray (Cnbmy, Pymsmmst) ORCID: 0000-0002-0515-475X

OCIIAHOB ABJIBIMAHAII ABYBAKHPOBUY axanemuk KasHAEH, noktop TexHHYecKMX Hayk, mHpogeccop, pyKOBOAUTENH
y4eOHOTO Hay4JHO-TIpou3BoIcTBeHHOTO LleHTpa «TexHomorus nepepadaThIBaONIMX IPOU3BOACTBY, Ka3axckuii HAMOHANBHBIA arpapHbBIA
yausepcureT (Anmarsl, Kazaxcran) ORCID: 0000-0002-3813-603X

IMAHJA BAHJAHA nokrop Hayk, IOIEHT Kadenps! ¢apmaxonoruy, Bemymuii dapmanesriaeckuii komtemk nM. K. M. Kynnnamn
(Mywmbaii, Maaust) ORCID: 0000-0002-7016-7813

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

POJJUOHOBA HATAJIbA CEPTEEBHA nokrop TexHHYEeCKUX HayK, mpodeccop, mpodeccop kadeapsl cepBruca U peCTOPaHHOTO
OusHeca, JekaH (aKynbTeTa SKOHOMHKHU M YIpaBlieHUs, BOpOHEKCKHUI rocyJapcTBEHHBIH YHHBEPCUTET HHKEHEPHBIX TEXHOJIOTHUIT
(Boponex, Poccus) ORCID: 0000-0002-6940-7998
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CYHIAPPAJIKAH IIPUS maructp Hayk, TOKTOp HayK, JOLUEHT Kadeapbl €CTECTBEHHBIX HayK U OHOXUMUHM, Koyutemx CBATOro
KcaBnepa, Yausepcuter Mym6an (Mymb6au, Unans)

XATKO 3YPET HYPBHUEBHA 10KTOp TEXHMYECKHX HayK, HOLEHT, 3aB. Kadeapoil TeXHOIOrWH MPOMU3BOJCTBA U IepepadboTKu
CeIIbCKOXO03sHICTBEHHOM IpoayKIny, MalKOICKUH rocyAapCTBEHHBIN TeXHOJIOTHYeCKHuil yHuBepcute, (Maiikom, Poccs)

ICPA KAITAHOIJIY 10oKTOp HaykK, AOICHT KadeIpbl MUILEBON HHXeHepuH, CTaMOyIbCKHIl TEXHHUYECKUH YHHBEPCHTET
(CTaMGyJI, Typuus) ORCID: 0000-0003-0335-9433

XumMHu4YecKass 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 W YIPABISIONIMX CHUCTEM, BOPOHEXCKHMH TrocynapCTBEHHBIH
YHHUBEPCHTET HH)KEHEPHBIX TexHosoruii (Boponex, Poccnst)

BAHUEB MAPAT ABIYPAXMAHOBMUY 10KTOp TEXHUYECKUX HAYK, AOLECHT, 3aB. KaQeapoil XUMHUS U TEXHOJIOTHS IePepadOTKH
3MacToMepoB, Bomrorpanckuil rocyqapcTBEHHBIM TeXHUYECKHH yHUBEpCHUTET, Kadeapa XUMHS H TEXHONOTHS IepepaboTKH
anactomepoB (Bonrorpan, Poccust)

JOPMEKIIHWH OJIEI' BOPUCOBHY nokTop TeXHUYECKHX Hayk, mpodeccop, naypeart [Ipemun HarpoHnanbHOM akageMun HayK
benapycu, oTinnuHEK HapoxHoro odpaszoBanus Pecriy6nmuku Benapyce, mpopekTop mo Hay4dHOil pabote, 3aB. kKaeapoil TeXHOJIOTHH
HEOPraHWYeCKUX BEIIECTB M OOIIeH XWMHYECKOH TEXHOJOTWH, YupexnaeHue oOpasoBanus "bemopycckuil rocyaap-cTBEHHBIN
TexHonorndeckuit yausepceuter" (MuHck, bemapycs)

KYUMEHKO TATbSIHA AHATOJIBEBHA noxrop xumuueckux Hayk, npodeccop, npopeccop PAH, 3aB. kadenpoit pusnueckoil u
AQHAIUTUYECKON X1MHHU, BopoHeXCcKuil rocyAapcTBEHHBIN YHUBEPCUTET HHXKEHEPHBIX TexHonoruil (Boponex, Poccust)

JIOCOBA JIOIMUJIA POMYAJIBJJOBHA 1okTOp TeXHHYECKHX HayK, mpodeccop, 3aB. KadeApoil XUMHHA U TEXHOJOTHH
nepepaboTku dmactomepoB umeHn .. KomeneBa, MockoBckuii TexHonmormdeckuii yHuBepcuter MUPDA, MockoBCkuit
TOCYTapCTBEHHBII YHUBEPCUTET TOHKUX XUMUYECKUX TexHomoruid uM. M.B. JlomonocoBa (Mocksa, Poccust)

MOKIINHA HAJEXJIA SIKOBJIEBHA noktop XMMHYeCKHX HayK, JOLEHT, mpodeccop kadeapsl Gu3nKu U XUMUH, BoeHHO-
BO3AyIIHAs akaaeMus uMmenu npogeccopa H.E. XKykxosckoro u F0.A. INarapuna (Boponex, Poccust) ORCID: 0000-0001-8409-024X
HUKYJIAH CEPTEIl CABBOBHY 110KTOp TeXHAUECKHX HAYK, Tipodeccop, podeccop Kadeaps! TEXHOTOTHI OpraHHIecKoro CHHTE3a
1 BBICOKOMOJICKYJIIPHBIX COSIMHEHHUH, BopoHe)XCKuii rocy1apcTBEHHBIH YHUBEPCHTET HHXKEHEpHBIX TexHoorni (Boporex, Poccrst)
MPOKOIMYYK HUKOJIAH POMAHOBHUY 10KTOp XHMHYECKHX HAyK, TMpOQeccop, HIeH-KOppecnoHaeHT HarmonansHoi
akajgeMun Hayk bemapycu, 3aB. kKadeapoil TEXHOJOTHHM HE(PTEXHMHUYECKOTO CHHTE3a M INEepepabOTKH MOJIMMEPOB, YUpEexkICHHE
obpazoBanus "benopycckuii rocyaapcTBEHHBIH TEXHOIOTHYeCKHi yHUBepcuteT" (MuHCK, benmapych)

ITYTAYEBA NTHHA HUKOJIAEBHA 1okTOp TeXHMYECKHX HayK, JOLEHT, podeccop Kadenphbl HHKEHEPHOM SKOJIOrHH, ekaH (aKyJIbTera
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HpOI/I?)BOIlCTBO TBOpOra € YaIy4YlICHHBIMH IMMOKa3aTCJIAMHA KaYeCTBa

Omera U. JonmatoBa ! olgadolmatova@rambler.ru 0000-0002-4450-8856

Jlunuana A. becconoBa ! bessonovalilianal 803@gmail.com
1 BopoHEeXCKHil rOCy1apCTBEHHBINH YHUBEPCUTET MHXKEHEPHBIX TEXHOJIOTHHA, p-T PeBosromuu, 19, r. Boponex, 394036, Poccust
AHHoTanus. TBOPOT — 3TO MOJIE3HBIH MOJIOYHBIN OEIKOBBIH MPOMAYKT, KOTOPHIH BXOJHUT B PAIIMOH MUTAHUS OOJBIICH YaCTH POCCHUSIH.
Ero moTpeOIsitoT Kak caMOCTOSTENBHBIH MPOIYKT, HCHONB3YIOT KaK PEIeNTYPHBIA HHTPEAUCHT MIPU MPOU3BOICTBE MOy hadpuKaToB
(Hampumep, CHIPHUKH, BADCHUKH U Jp.). [ TaBHBIMHU NIPOIIECCaMU, ONPEICISIONIMMHI Ka4eCTBO TBOPOTa, SBIISTFOTCS KOATYJISIIS Ka3eHHA
1 00paboTka 0Opa3yromierocs crycrka. J{js BeIpaboTKH MPOAYKTa CTAHAAPTHON BIQXKHOCTH U KOHCHCTCHIIUH HEOOXO0IMMO MOTYYUTh
TUTOTHBIN OCTTKOBBIN CI'YCTOK C HEOOPATUMO Pa3pyIIAIOIIUMHUCS CBA3SIMH, CIIOCOOCTBYIOIIUMHE €ro cuHepe3ucy. Crocod Koaryssiiuu
OENKOB OKa3bIBaeT 3HAYUTEIBHOE BIHMSHHE HA CTPYKTYPHO-MEXaHHYECKHE U CHHEPETHYECKHe CBOWCTBa cryctkoB. Crycrkw,
00pasyroIuecsi Mpyu KUCIOTHOW KOAryJsIiuM OEJKOB, UMEIOT OOJBIIYIO JUCIEPCHOCTh YACTHIl, a TAKKE MEHBUIYIO BSI3KOCTh U
MIPOYHOCTh IO CPABHEHHUIO CO CI'yCTKAMH, MOTYUYSHHBIMH TIPH ChIYYKHO-KHUCIOTHOH Koarysiiun. OIHAKO LI HE)KUPHOTO TBOPOTra U
TBOpOTa ¢ MaccoBO# qoueil xupa 5 % mpeanoyTuTenbHee POBOANTh KUCIOTHYO Koarysinuio. Ha cTpyKTypy U CBOWCTBa CTYCTKOB
BISIFOT: XHMHYECKHH COCTAB MOJIOKA WM CJIMBOK, COCTaB MPUMCHSCMBIX 3aKBACOK; PEXKUMBI IMACTEPH3AINH; PEKHUMBI
TOMOTCHHU3AINH; TEMITEPATypa CKBaIMBAHUS; KUCIIOTHOCTh CTYCTKA; PEXKUMBI OXJIAXK]ICHHS U CO3PEBAHUS; MacCOBast J0JIS XJIOPHCTOTO
Kajplus U ap. [Ipu mpor3BOACTBE TBOPOTa UCIOIB30BATIH MOJIOKO CHIPOE C BHICOKMMH MOKa3aTelsAMH KauecTBa. OMBITHBIC 00pa3Iibl
MOJIOKa OTJIHYAIHUCh OT KOHTPOJBHOTO MOBBIIICHHONW MaccoBoi noneii O6enka Ha 0,7-0,8 % u xupa Ha 0,2—0,4 %, CyXux BEILICCTB;
HAaWMEHBIINM KOJMYECTBOM COMATHYECKUX KiIeTOK. COCTaBISUIM CMeCh JUIsS MONY4YeHHUs TBOpOra C MaccoBol moneil xupa 5%.
[TacTepuzanuro MoJO4HOM cMmecH mpoBoawian npu Temmeparype 80 °C ¢ Beigepkkoil 20 cek. [yist ymydineHus: CHHEpe3uca CrycTka
HCKITIOUMJIM OTEpaliio TOMOreHH3anuio. [Ipyu Ipou3BOACTBE TBOpOra ObUTH BBIOpaHBI ONMPEACICHHBIE TEXHOJIOTHYECKUE PEKUMBI,
KOTOpBIe 00eCIeInBalIi 3a/IaHHBIC XaPAKTEPUCTUKHU CrycTKa. TBOPOT, MOTyYESHHbIH 110 ONTHMH3UPOBAHHOMW TEXHOJIOTHH, OTIIHYACTCSI
TIOHMKEHHOI MaccoBoil moneit Bnaru Ha 4,5+0,2%, MeHbIIeH TUTpyeMol KUCIOTHOCTBIO Ha 2541 °T, MOHMKEHHBIM KOJTHYECTBOM
JIPO3KOKEH M TUICCEHEH, TOBBINICHHOH BIIAr0OyACPKHBAIONICH CIIOCOOHOCTHIO MO CPABHEHHUIO ¢ KOHTPOIBHBIM 00pa3IioM.
KnwueBble cjioBa: TBOPOT, TEXHOJOTHWSA, IOKA3aTeld KadyeCTBa, BJIArOYACPKUBAKONIAs CIIOCOOHOCTh, OPTaHOJCNTHYCCKUE
nokasareinu, GU3NKO-XHMHYECKUE MTOKA3aTeNId, MUKPOOHOIOTHIECKHE TOKA3aTeNH .

Production of cottage cheese with improved quality indicators

Olga I. Dolmatova olgado]matova@ramb]er,ru 0000-0002-4450-8856

Liliana A. Bessonova !  bessonovalilianal 803@gmail.com
1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia
Abstract. Cottage cheese is a healthy dairy protein product that is included in the diet of most Russians. It is consumed as an
independent product, used as a prescription ingredient in the production of semi-finished products (for example, cheesecakes,
dumplings, etc.). The main processes that determine the quality of cottage cheese are casein coagulation and processing of the formed
clot. To produce a product of standard moisture content and consistency, it is necessary to obtain a dense protein clot with irreversibly
breaking bonds that contribute to its syneresis. The method of protein coagulation has a significant impact on the structural-mechanical
and syneretic properties of clots. Clots formed during acid coagulation of proteins have a greater dispersion of particles, as well as
lower viscosity and strength compared to clots obtained by rennet-acid coagulation. However, for low-fat cottage cheese and cottage
cheese with a mass fraction of fat of 5%, it is preferable to carry out acid coagulation. The structure and properties of clots are affected
by: the chemical composition of milk or cream; the composition of the starter cultures used; pasteurization modes; homogenization
modes; fermentation temperature; clot acidity; modes of cooling and maturation; mass fraction of calcium chloride, etc. Raw milk with
high quality indicators was used in the production of cottage cheese. Experimental samples of milk differed from the control in
increased mass fraction of protein by 0.7-0.8% and fat by 0.2-0.4%, solids; the smallest number of somatic cells. A mixture was made
to obtain cottage cheese with a mass fraction of fat of 5%. Pasteurization of the milk mixture was carried out at a temperature of 80 °C
with a holding time of 20 seconds. To improve clot syneresis, the homogenization operation was excluded. In the production of cottage
cheese, certain technological modes were chosen that provided the specified characteristics of the clot. Cottage cheese obtained by an
optimized technology is characterized by a reduced mass fraction of moisture by 4.5 = 0.2%, lower titratable acidity by 25+ 1 °T, a
reduced amount of yeast and mold, and an increased moisture-holding capacity compared to the control sample.
Keywords: cottage cheese, technology, quality indicators, moisture-holding capacity, organoleptic indicators, physico-chemical
indicators, microbiological indicators.
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BBenenue

TBOpOTr — 3TO MOJIE3HBI MOJIOYHBIN OeNKo-
BEII IPOAYKT, KOTOPBIA BXOAUT B PALIMOH TUTAHUS
OompImieit yacTH poccusH. Ero moTpeOisioT Kak
CaMOCTOSITEITLHBIN IMPOAYKT, HCIIOJIB3YIOT KaK pe-
HENTYPHBIA MHTPEITUEHT MPU TPOU3BOJICTBE IOMY-
(habpukatoB (HarIpuMep, CHIPHUKH, BAPSHUKU | 1. ).

PaccmoTrpuMm  kakme (QakTOpBl  BIUSIOT
Ha KayecTBO FOTOBOT'O MPOAYKTA.

'maBHBIME TIpOLIECCAMHU, OIPENEISIOIIUMHU
Ka4decTBO TBOPOTa, SBJSAIOTCS KOATYJISIHS Ka3ernHa
u 00paboTka oOpasyromerocst crycrka. J{us Beipa-
0OTKM TPOMYKTa CTaHJAPTHOM BIKHOCTU M KOHCH-
CTEHITMH HEOOXOIMIMO TTOTYIHTh TUIOTHBIN OCIKOBBII
CTYCTOK ¢ HEOOpaTHMO pa3pyLIaArOIUMHCS CBS3SIMH,
CIOCOOCTBYIOIIMMH €r0 CHHEPE3UCY.

Croco6 koaryysmue  OEITKOB  OKa3bIBAcT
3HAYUTENIbHOE BIIMSHHUE HA CTPYKTYPHO-MEXaHHU-
YeCKHE U CUHEPETHUYECKUE CBOWCTBA CI'YCTKOB.
Crycrtku, oOpasyronmecs Mpu KUCIOTHOW Koary-
A OEITKOB, UMEIOT OOJBINYI0 THUCIEPCHOCTH
4acCTHUll, a TaKK€ MCHbIIYIO BA3KOCTb U IIPOYHOCTH
M0 CPaBHEHUIO CO CTyCTKAMH, ITOJYYCHHBIMH TIPU
CBIYY>KHO-KUCJIOTHOM Koaryisuuu. OIHaKo aJis

post@uestnik-vsuet.ru
HEXKMPHOT0 TBOPOTa U TBOPOTa ¢ MacCOBOM noJiel
xupa 5% HpPEAnoYTUTENbHEEe IPOBOJUTE KUCIOT-
HYIO KOAryJIsIHIo.

Ha ctpykTypy U cBOlCTBa CI'yCTKOB BIIMSIOT:
XUMHUYECKUN COCTaB MOJIOKA WM CJIMBOK; COCTaB
MIPUMEHSEMBIX 3aKBACOK; PEKUMBI ITACTEPU3ALINN;
PEXMMBI TOMOTEHHU3ALMKU; TeMIlepaTypa CKBalIH-
BaHUs; KUCIOTHOCTh CTYCTKa; PEXHUMBI OXJIaXAe-
HUS U CO3PEBAHUS; MAaccoBas JOJIA XJIOPUCTOrO
Kanmpius u ap [1-20].

MartepuaJibl 1 METOABI

OOBeKTBl UCCIEIOBaHUSA: TBOPOT, MOJIOKO
ceipoe. OLIeHKY KauecTBa TOTOBOTO IPOJIYKTa U Chl-
PBsI IPOBOIMIIM B COOTBETCTBUH C TPEOOBaHUSIMH
TP TC 033/2013, TOCP P 52054, TOCT 31449,
I'OCT 31453.

Pe3y.]'l])TaTbI H 06cy>lc11elme

[Ipu mpowu3BOICTBE TBOpPOTA MCTOIH3OBAITH
MOJIOKO ChIPO€ C BBICOKMMH TTOKa3aTe/IIMU KayecTBa.
O0pa3upt Ne 1-10 oTMyaIMCch OT KOHTPOJIBHOTO TO-
BBIIIIEHHON MaccoBoii momeit Oenka Ha 0,7-0,8% u
xupa Ha 0,2—0,4%, CyXux BEMIeCTB; HAUMEHBIITIM
KOJIMYECTBOM COMATHYECKUX KJICTOK (Tadmuia 1).

Tabmuma 1.
Dduznko-xuMuUYecKue moKazareiau CBIPOr'0 MOJIOKa
Table 1.
Physical and chemical parameters of raw milk
CopeprkaHrue COMaTHUECKUX KIETOK
O6paser | Sample M/ xupa, % | M]] 6enka, % | MJ] xa3euna, % MJI CB, % B 1 cM?, He Gonee
pasel P MFof fat, % | MF protein, % | MEF casein, % MF solids, % The content of somatic cells
in 1 cm?, no more
KonTtpous | Control 3,8 3,0 2,1 11,2 2,0 10°
Ne 1 4,2 3,8 2,7 11,6 54200
Ne 2 4,2 3,8 2,7 11,6 56800
Ne3 4,1 3,7 2,7 11,6 55100
Ne 4 4,2 3,8 2,7 11,6 52800
Ne 5 4,1 3,7 2,7 11,6 53600
Ne 6 4,0 3,7 2,7 11,5 52400
Ne 7 4,2 3,8 2,7 11,7 52700
e 8 42 3.8 2.7 11,7 51500
Ne 9 4,4 3,8 2,7 11,7 53800
Ne 10 4,1 3,7 2,7 11,6 55000
N3BecTHO, 4YTO YBEJIMYEHUE B MOJIOKE KOTOpBIE YYaCTBYIOT B 00pa30BaHUM CT'YCTKA, TIOBHI-

MacCOBOH JI0JIM CYyXHX BEIIECTB, 0COOCHHO OENKOB,
WCTIOJIh30BAHUE B 3aKBACKaX SHEPTUYHBIX KHCIIO-
TOOOpa3zoBaTesnell CrocoOCTBYIOT 00pa30BaHUIO
IJIOTHBIX TPOYHBIX MOJIOYHBIX CTYCTKOB C BBIpa-
>KEHHBIMH CUHEPETUYECKUMHU CBOMCTBaMU [1].
OnTuUManbHBIMU PEeXHUMaMH TACTEPU3AIIUU
MOJIOKa SIBISTIOTCST Temmeparypa 78—80 °C ¢ BBI-
nepxkkoir B Teuenune 10-20 c[1]. Ilpm HH3KHX
TeMIlepaTypax MacTepu3alry CryCTOK OTy4daeTcs
HEJIOCTAaTOYHO TIJIOTHBIM, T. K. CHIBOPOTOYHBIE OSITKI
MPAKTHYECKH TIOTHOCTHIO OTXOISIT B CHIBOPOTKY.
C NOBBIIIIEHUEM TEMITEPATypPhl TACTEPU3AIIH YBEIU-
YHBAETCS JCHATYpallisi CHIBOPOTOYHBIX OEIIKOB,

16

I1asi €ro MPOYHOCTh M YCUIIUBAsSL BJIArOYICPKUBAIO-
ryto crnocobHocts [2]. [Tpu npousBoxncTee TBopora
MacTepU3ANUI0 MOJIOYHOW CMECH IMPOBOAWIN TIPH
temnepatype 80 °C ¢ Boaepxkoit 20 cex.
l'oMoreHusanus ChIpbs TaKXke CIOCO0-
CTBYET TIOBBIIIEHUIO BSI3KOCTH CTYCTKOB ¢ Ooiee
PaBHOMEPHBIM pacipenielieHHeM >KUPOBBIX IIAPUKOB
BO BCel Macce relsi, MOBBIIICHHEM KOJIUYECTBa U
JIUCTIEPCHOCTH XHUpoBOH (a3wl [1]. JlaHHBI (akT
MOJITBEP)KAAIOT HUCCIIEOBAHNS yUEHBIX, KOTOPBIC
MPOBOJMJIM M3YyYalld BIMSHUE TOMOTEHHU3AIMKM Ha
JIUCTIEPCHOCTH YaCTHUI] TBOpOTa 1o MeToxy M. Uep-
HukoBa U ['. HUKONBbCKOM UM yCTaHOBWIIM, YTO MIPU
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TOMOIE€HHM3aLMU MOJIOKA B IIEPBYIO OYEpEb TUCIIED-
Tupyer >xupoBas (paza, koTopas Oojiee paBHOMEPHO
pachpenensercss B CUCTEMe, Kak Obl pa3phIXJisis ee U
MpYAaBasi MEHBIIYIO CBA3aHHOCTb. [IpoaykT nomyya-
€TCsl MEHEE TIPOYHBIM, 33JICP’KUBAOIIIIM CHIBOPOTKY
U, CIEIOBAaTeNbHO, MAXyIIeHcs KOHCHUCTEHIWH [3].
s yydineHust CHHepe3uca CrycTKa Mpy IpOU3BOI-
CTBE TBOPOI'a UCKJIIOUEHA ONEpaLsi TOMOTCHU3aLIHs.
OTtnaeneHre CBIBOPOTKH JIETUE PETYIUPOBATH
B 00€3:KUPEHHOM CTYCTKE, TaK KaK HpP 3aTpyIHSET
BBIICJICHUE BJIArd U3 MPOCTPAHCTBEHHOH CETKU
CI'YCTKa, II03TOMY >KMPHBIN U IOy KUPHBIA TBOPOT
YacTO BBIPA0ATHIBAIOT pPa3AENbHBIM CIIOCOOOM.
[Ipu mpou3BOACTBE TBOPOTa COCTABISUTU CMECH IS
MOJTy4eHHs] TBOPOTa C MacCOBOM AoJei xupa 5%.
Temnepatypa ckBamuBanus 26—32 °C cro-
CcOOCTBYeT TMOJYUYEHHIO TBOpPOTa CTaHIAPTHOU
KHCJIOTHOCTH U BiaXHOCTH. [Ipu Gojee BBICOKHX
TEMITepaTypax YBEIMYUBAIOTCS Pa3Mephl OEITKOBBIX
YACTHII CTYCTKa U CTETICHb BBIICIICHUS CBIBOPOTKH
MIPH CAMOTIPECCOBAHNH, B PE3YJIbTATE YE€TO MOXKET
MOJIYYUTHCS U3JIMINHE OOCYIICHHBIA MPOIYKT
C KpOUUIMBOW KOHCUCTeHHued. OnpeneiaeHue
OKOHYAHUS CKBAIIMBAHUS MOJIOKA — BaYKHBII MOMEHT
TIPH IPOU3BOJICTBE TBOpOora. OOpaboTKa CTyCTKa TIPH
HEIOCTaTOYHON KUCIIOTHOCTH TPUBOIUT K ITOyde-
HUIO NIPOAYKTA C PE3UHUCTON KOHCUCTEHLIUEH, & TIPU

post@vestnik-vsuet.ru

M3JIMIITHEN KUCIOTHOCTH MPOAYKTa — ¢ MaxyIleu
KOHCHCTECHITUEH 1 KICIIBIM BKYCOM, YTO O0YCIIOBICHO
B3aMMOJIEICTBUEM MOJIOUHOW KHCIIOTBI C Ka3eWHO-
BbIM KOMIUICKCOM (OTIICIUICHUEM OT HETO KaJIbITHSI).
OKOHYaHHUE TIPOoLecca CKBAIIIMBAHUS YCTAHABIIUBAIOT
M0 BUAY W KHCIOTHOCTH cryctka. KumcimotHocTh
nmoimkHa coctaBisith 70-80 °T (pH 4,5-4,7) npu
KHCIIOTHOM criocoOe. OOpa3yromuiics B mpoIiecce
CKBaIlIMBAHMS IIJIOTHBIM CT' YCTOK CaMOITPOU3BOJIbHO
C)KMMAaeTCsl U BBIICISET ChIBOPOTKY. OTnencHue
CBHIBOPOTKH HAYMHAETCSI B M302JIEKTPHIECKON TOUKE
kazenHa npu pH 4,6—4,7 1 KUCIOTHOTO CTYCTKa.
Hapacranne KuCIIOTHOCTH TIPH BBIJIEPKKE pa3pe3aH-
HOTO CTYCTKa, a TAK)KE €ro HarpeBaHue MU OTCTau-
BaHHWHU YCKOPSIOT BBIJIENIEHHE CHIBOpOTKU. Hanbornee
WHTEHCUBHBII CHHEPE3HC CTYCTKa HAOIFOIaeTCst PH
pH 4,243, nanbHeliiee MOBBIIEHUE KUCIOTHOCTH
3aMeNIseT OT/IEIICHIE CRIBOPOTKH [1].

[Tpu npousBoacTBE TBOPOra OBUTH BEIOpaHBI
CJeNyIoLUe TEXHOJIOTUYECKUE PEKUMBI, KOTOPhIE
obOecnieunBail OMNpPEEIeHHBIE XapaKTePHUCTUKU
CcrycTka: TeMmieparypa ckBamuBaHus — 30 °C,
KHCIIOTHOCTB cryctka — 76 = 1 °T, pH — 4,7.

B roroBoM TBOpOre n3ydaiu OpraHoJienTHye-
ckue, (PU3NKO-XMMHUYECKIE U MUKPOOHOIOTHIECKUE
mokasarenu (tabmuima 2).

Tabmuua 2.

IToxazarenn kadecTBa TBOpOTra

Table 2.

Curd quality indicators

[Tokazarenn

Xapaktepuctuka | Characteristic

Indicator KOHTPOJIb | control

oOpaserr | sample

Bremnuii Bug u

MSII‘KaSI, Maxynuasacs, ¢ HaJIn4YueM 4acTHull

MSIFKaSI, Maxymascs, ¢ HaJIn4ueM 4acTull

KOHCHCTEHIIHS MOJIOYHOTO Oerka | MOJIOUHOTO Oerka |
Appearance and texture Soft, spreadable, with milk protein particles Soft, spreadable, with milk protein particles
Iser | Color Beuneblit, paBHOMEpHBIIT 1O Beeit Macce | benblit, paBHOMEpHBIH 1O Beel Macce |

White, uniform throughout

White, uniform throughout

Bkyc u 3anax
Taste and smell

UwnCTHIi, KHCIIOMOJIOYHBIH 0€3 MOCTOPOHHUX
npuBkycoB u 3anmaxoB | Clean, fermented milk | mpuBkycos u 3amaxos | Clean, fermented milk
without foreign tastes and odors

UunCTHIi, KHCIIOMOJIOYHBIH 0€3 MOCTOPOHHUX

without foreign tastes and odors

M/ xupa, % |

QMAFAnM, CFU/cm?

MFof fat, % > >
0,
l\l/\l/ll?lifGSijolfel’inf)"‘A) 16 1o
0,
MFof molstaze, % 748 0.1
Ty o, T
KMA®AEM, KOE/cMm3 1x106 1x106

BI'KIL, B 0,001 r. mpomyxTa
BGKP, in 0.001 g of the
product

He o6napysxeno | Not detected

He ob6napy»xeno | Not detected

Hposxoxu, KOE/cm?

Yeast, CFU/cm? >0

30

ITnecenu, KOE/cm?

Molds, CFU/cm? 30

28
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100 BrnaroynepsxuBaromryto criocooHocts (BYC)

=

B TBOPOTa OMPEeIsUTH TPABUMETPHIECKAM METOJIOM

.0 90

g = %0 no 'pay-Xamma B momudukanuu A.A. AnekceeBa

G X

£% 70 (pucyHok 1). Pesynbrarhl 1a00paTOpHBIX aHATHM30B

g g; I MOKa3ad TIOBHIIICHHYI) BIAroyIepKUBAIOMIYIO

§ g . CITIOCOOHOCTh OMBITHOTO 00pasna 1Mo CpaBHEHUIO
5

e C KOHTPOJILHBIM.

=

£ 30— - — 3akaouenne

25 . N

gz 20 TBopor, MOMyYeHHBIA M0 ONTUMU3UPOBAHHOM

C%’ 10 TEXHOJIOTUHU, OTJIMYAETCSl MOHMKEHHOW MacCOBOM
0 noneit Bnaru Ha 4,5 + 0,2%, MeHbIIIel TUTpyeMOi

KHCJIOTHOCTBIO Ha 25 £ 1 °T, mOHMKEHHBIM KOJIH-
YECTBOM JPOKKEN U IUIECEHEH, TOBBILIEHHOM Bia-

Pucynox 1. BriaroynepiuBaiomas CriocoGHOCTh TBOPOra: rOy/IEPKUBAIONIEH CIIOCOOHOCTBIO 110 CPABHEHUIO
1 — KOHTPOJIBHBIN 00paselr; 2 — UCCaeIyeMblil 00pasert ¢ KOHTPOJILHBIM 00pa3LOoM.

Ob6paser | Sample

Figure 1. Water-holding capacity of cottage cheese:
1 — control sample; 2 — test sample
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1 Beepoccuiickuii HayqHO-FCCIIEI0BATENbCKII HHCTUTYT NHIIEBOH OnoTexHosoruu, CamokarHas yimia, 1.4 b, r. Mocksa, 111033, Poccust

AnHoTamms. B pesynbrare moucka HOBBIX HCTOYHHKOB CBHIPbS Ul CIIMPTOBOM MPOMBIILICHHOCTH YCTaHOBJICHA MEPCIECKTHBHOCTh
UCTIOJIb30BaHUS TOMUHaMOypa. OMHUM U3 BTOPHYHBIX CHIPHEBBIX PECYPCOB KOMILICKCHOU MepepabOTKH TOMUHAMOypa Ha 3TaHOJ
SIBJIIETCSl KIIeTyaTka TonmuHamOypa, mucnepcHas (pakis, oOpasyemas B pe3yjbrare (epMEHTATUBHOIO THAPOJIHM3a U Pa3/IeliCHHUs
rugponu3ata Ha (pakuud. J[aHHBIH OPOAYKT (EpMEHTATHBHOIO THAPONHM3a TOMMHAMOypa MOXET ObITh BOCTpPEeOOBaH MHIIEBOT
TIPOMBIIIEHHOCTPI0O KaK WHTPEIUEHT C BBICOKHM COJCpKaHHUEM MHUIIEBHIX BOJNOKOH. CHHEPIHsS WCHONB30BAHHS KIIETYATKH
TOMMMHAMOYpa MOXET OBITH JOCTHTHYTa MPHU MPOU3BOJICTBE MPOAYKTOB, COBMEHIAIOMINX B ceOe TPpaAUIOHHEIC MTUIIEBIC KauecTBa U
JIOTIOJTHATENTbHBIC (DYHKIIMOHANBHBIE CBOICTBA, YTO OTBEYACT OCHOBHBIM TCHJICHIIMSAM Pa3BUTHS MHUIICBOH MPOMBIIUICHHOCTH. Cpean
TaKOW MPOJMYKIUHU MOIMYJIIPHOCTHIO TOJB3YIOTCS MPOAYKTH, TOTOBBIC K YIMOTPEONCHHIO W TPOU3BEACHHBIC IO SKCTPY3UOHHOU
TEXHOJIOTHH, HANpHMEP CHEKM M Kaild. TpaJuIlMOHHO OCHOBHBIM CBHIPhEM JJISI SKCTPYAUPOBAHHBIX IMPOMYKTOB SBISIOTCS
KpaxMaJiCoeprKallie MHIPSIHUCHTHI Onaromapss 0COOCHHOCTAM HX MOP(OJOTHUECKONH CTPYKTYPHI U CIIOCOOHOCTH (OPMHPOBATH
MOPHCTYIO CTPYKTYpPY B pe3yJbTaTe 3KCTPYy3HOHHOH nepepabotku. Kpaxmanucroe chipbe MOcie BEICOKOTEXHOJIOTHYHON 00paboTKH
COJCPKUT HEIOCTaTOYHOE KOJIMYECTBO OMOJOTMYECKH AKTHBHBIX COCOMHEHHH W TpeOyeT MOMONHHUTENBHOTO OOOTAIlIEeHUs IyTeM
nobaBneHnst YHKIMOHATBHBIX HHTPEANEHTOB. B nccenoBanny OblIa H3ydeHa BO3MOKHOCTh BKITFOUCHHUS KIETYATKH TOMHHAMOYpa,
IUCTICPCHON (pakuu o0pa3yeMoil P €ro KOMIUIEKCHOH mepepaboTKe Ha CIUPT, B COCTaB SKCTPYAUPOBAHHBIX MPOIYKTOB U €TO
BIIMSIHAE HAa TEXHOJIOTHMUYECKHE CBOWCTBA 3KCTpynaToB. OOBEKTaMH HCCICAOBAHUS OBUIM PHCOBBIC 3KCTPYAATHI C COJCpPIKAaHHEM
BBICYIIICHHOH KJIETYATKH TomHHAMOypa 10 9%. ['0TOBMIIM cMecH PHCOBOI KPYIBI C Pa3IUYHBIM COJCPKaHIEM KIETYaTKH, KOTOPhIC
IKCTPYAUPOBAIM Ha J1TabopaTopHOM ABYXIIHEKOBOM 3KkcTpyaepe Werner&Phleiderer Continua 37 npu (pUKCHPOBaHHBIX PEXMMHBIX
napamerpax. [lo pe3ynpraTaM NpOBEOCHHs Ipoliecca OLEHMBANIM H3MEHEHHE 3aBHCHMBIX MapaMeTPOB JKCTPY3WH, TaKUX Kak
KPYTSAIIUA MOMEHT, JaBleHHE, TeMIeparypa. B skcTpynmatax ompenensii CTPyKTYPHO-MEXaHHYECKHE CBOWCTBA, KOA(PQPHUIUECHT
pacuImpeHusi, TBEPAOCTb, KOJMYECTBO MHKPOPA3IOMOB, THIPATAIMOHHBIC CBOMCTBA M W3MEHEHHE I[BETOBBIX XaPAKTEPHUCTHK.
JlobaBneHre W TOBBIIICHUE COJCPKAHMS KIETYaTKH TOMMHAMOypa 10 9% B 3KCTPYAUPYEMBIX CMECSX HE TOBIHSIM Ha U3MECHEHHE
PEKUMOB DKCTPY3UH H YACITBHOTO PACcX0/1a YIIEKTPOIHEPTUH. 3HAUCHIE TEMITEPATyPbl H3MEHSUIOCH B Trana3one 165—166 °C, naBneHue
3,3-3,5 MIla. C yBenuueHHEeM COCPIKAHUS KIETYATKA TOMUHAMOYpa OTMEUEHBI 3HAUUMBIC U3MEHEHUS CTPYKTYPHO-MEXaHUUECKIX
cBoiicTB. KBagpatuuneiii kK03((GUIMEHT pacCHIMpEHHs W TBEPAOCTh 00pas3ioB cHuswimch ¢ 11,2 mo 7,8 m 13,2 H no 5,4 H,
COOTBETCTBEHHO, KOJMYECTBO MHKPOPA3JIOMOB, XapaKTepu3yollee MOPUCTOCTh, yBeauuuiaoch ¢ 6,7 mo 11,2. I'mapaTanmonHble
CBOIicTBa 00pa3LOB, BIArOyIepP)KUBAIOIIAs CIIOCOOHOCTb, PACTBOPHMOCTh HM3MEHSUINCh HE3HAYMMO. Y CTAHOBJICHO YBEJIHUUYCHHUE
Habyxaemocti ¢ 7 10 8,5 cm’/r. KonmuuecTBeHHOE colepkaHue KIETYaTKU B PELENTYPax OKa3alo 3HAYMTENLHOE BIMSAHHE HA L[BET
00pasoB, ¢ yBENHMYEHHWEM €€ O3MPOBKMHU IIBET CTAHOBWJICA TEMHEE W NPHOOpeTan KOPHYHEBBIH OTTEHOK. [IpoBeneHHBIC
HCCIICIOBAHUS TTOKA3bIBAIOT, YTO MOBHIIMICHUE COJIEPKAHUS KIIeTYaTKU TommHAMOypa 110 9 % B cMecH OKa3bIBaeT BIHSHUE B OONbIICH
YacTH Ha CTPYKTYPHO-MEXaHHUYECKHAE CBOWCTBA SKCTPYIATOB, 3HAYNMEIE MPH pa3pa0doTKax CHEKOBOW MPOAYKIHHU. [ uaparaniioHHbIe
CBOWCTBA, AKCTPYIATOB, UCIOJIB3yEMBIX KaK OCHOBAa JJIsi TOTOBBIX K YMOTPEOJCHHUIO Kalll, HHCTAHT-MPOAYKTOB, OT COJCPIKAHUS
JIO3MPOBKH KJICTYATKH TOMTHHAMOYpa HE 3aBHCST.

KiioueBble cJjioBa: TOMMHAMOYp, IKCTPYJaThl, KOMIUICKCHas IepepaboTKa, KieTdaTka, CIUPT, (EepMEHTATHBHBIN THAPOIIH3,
(yHKIMOHABHBIE HHTPEAUCHTHI, PUC.
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Abstract. Jerusalem artichoke is a promising raw material for the alcohol industry. One of the by-products of the complex processing
of Jerusalem artichoke into ethanol is dietary fibers, which is a dispersed fraction formed as a result of enzymatic hydrolysis and
separation of the hydrolyzate into fractions. This product of enzymatic hydrolysis of Jerusalem artichoke can be in demand by the food
industry as an ingredient with a high content of dietary fiber. The synergy of using Jerusalem artichoke fiber can be achieved in the
production of products that combine traditional nutritional qualities and additional functional properties, which meets the main trends
in the development of the food industry. Among such products, ready-to-eat products such as snacks and instant cereal products
produced by extrusion technology are popular. Traditionally, the main raw materials for extruded products are starch-containing
ingredients due to the peculiarities of their morphological structure and the ability to form a porous structure as a result of extrusion
processing. Starchy raw materials after refining contain an insufficient amount of biologically active compounds and require additional
enrichment by adding functional ingredients. The study examined the possibility of including Jerusalem artichoke fiber, the dispersed
fraction formed during its complex processing of Jerusalem artichoke into alcohol, into the recipes of extruded products and its effect
on the technological properties of the extrudates. The objects of the study were rice extrudates containing dried Jerusalem artichoke
fiber up to 9%. Mixtures of rice cereals with different fiber content were prepared and extruded using Werner&Phleiderer Continua 37
laboratory twin-screw extruder under fixed operating parameters. Based on the results of the process, changes in dependent extrusion
parameters such as torque, pressure, and temperature were assessed. The structural and mechanical properties, expansion coefficient,
hardness, number of microfractures, hydration properties and changes in color characteristics were determined in the extrudates.
Increasing the content of Jerusalem artichoke fiber up to 9% in extruded mixtures did not affect the change in extrusion modes and
specific energy consumption. The temperature value varied in the range of 165-166 °C, pressure - 3.3-3.5 MPa. With an increase in the
content of Jerusalem artichoke fiber, significant changes in the structural and mechanical properties were noted. The quadratic
coefficient of expansion and hardness of the samples decreased from 11.2 to 7.8 and 13.2 N to 5.4 N, respectively. The number of
microfractures characterizing porosity increased from 6.7 to 11.2. The hydration properties of the samples, water-holding capacity,
solubility changed insignificantly. An increase from 7 to 8.5 sm’/g in swelling properties was found Increasing the dosage of fibers
significantly affected the change in the color of the samples: the color became darker and acquired a brown tint. The results of the study
show that increasing the content of Jerusalem artichoke fiber to 9% in the mixture largely affects the structural and mechanical
properties of extrudates, which are significant in the development of snack products. The hydration properties of extrudates used as the
basis for ready-to-eat cereals do not depend on the content of Jerusalem artichoke hydrolyzate.

Keywords: Jerusalem artichoke, extrudates, complex processing, alcohol, fibers, enzymatic hydrolysis, functional ingredients, rice.

BBenenne MHYJIMHY OTHOCHTCS K KaTerOpUH HerepeBapruBacMbIX

TeXHONOTNYECKHe BO3MOKHOCTH IHINEBOM YIJIEBOJIOB, YTO JAET BO3MOXKHOCTb HCIIOJIB30BaTh
9KCTPY3UH MO3BOJIAIOT pa3padaThIBaTh MHOTOKOMIIO- TONMHAMOYp TIPM MPOM3BO/CTBE CHEIMATM3MPOBAH-
HCHTHBIC POYKTHI, COBMEIIAIONINE B ceOe Kade- HBIX ITPOJYKTOB JIEYeOHOTO U POPHIAKTHIECKOTO
CTBO, 0E30MACHOCTb, BBICOKYIO ITHUIIEBYIO IIEHHOCTD HasHaueHws [5, 6]. MHyuH obecrieunBaeT BcachiBa-
U yio0CcTBO yrotpedieHus. [1J1st HOBBIIEHUs OHOTIO- HHC KaJIbLsl, MarHis 1 KaJisl B ITHIICBAPUTCIILHOM
I'MYECKOil LIEHHOCTH SKCTPY/IMPOBAHHBIX TIPOYKTOB TpaKTe, OKa3bIBaeT IMIIOTTIMKEMUYECKOE IEHCTBHE
BEJIyTCS UCCIIEIOBAHUS T10 MCIOJIB30BAHUIO B HIX CO- ¥ aHTHMa0eTHIeCKHii 5 deKT, KpoMe TOro oH 001a-
CTaBe PasIMUHbIX (DYHKLMOHATBHBIX MHIPEIMEHTOB JIaeT TPOTUBOBOCTIAJINTEIBHBIMH, aHTHOAKTEPUAIIb-
KaK MCTOYHUKOB IUILEBBIX BOJOKOH, ()EHOIBHBIX U HBIMH, TIPOTHMBOPAKOBRIMH M aHTHOKCHIAAHTHBIMH
JPYTUX GHOIOrHYECKH aKTHBHBIX BetecTs [1, 2]. cBoiictBamu [7]. Bricokoe comep:kaHue cOpakvBae-
OZNHAM M3 NEpPCIEKTHBHBIX MHIPEIUEHTOB, MBIX YIJIEBOJIOB, Q30THCTBIX BEIIECTB, SKOJIOTHYECKast
KOTOPBII MOXHO HCIIOJIB30BaTh IS JOTIOJTHEHUS TIACTMYHOCTb, BBICOKAs YPOKAHHOCTD M IIMPOKAst
11 0GOTAICHNs] [THIEBBIX POLYKTOB, SBISCTCS PAaCIpPOCTPAHEHHOCTh, BBI3BAIM NOBBIICHHBIA HHTE-
TonuHamMOyp. braromapst cBoum cBolicTBaM (HM3Kast pec K TomMHaMOypy, Kak K HEPCIEKTHBHOMY  ChIPBIO
BJIarOyAepKHUBaIoIasl CIOCOOHOCTb, Oelblil LIBET AJIs IIPOM3BOJACTBA  AJIKOTOJIBHOM  IIPOJAYKIMM K
U ci1aboe BITUSHUE Ha BKYCOBBIC CBOMCTBA) U COCTaBY, 6uosranora [8, 9]. OpuruHaTbHbIA apoMaT STaHOA
TOMMHAMOYpP HMCIOIB3YETCS BO MHOTHX OTPACIIsIX TONMUHAMOypa MO3BOJSET €ro HMCIOJIb30BATh LIS
MUIIEBOH MPOMBIIIUIEHHOCTH [3, 4]. B kiry6HSX To- npon3BoACcTBa Operam Bo Gpanuny u I'epmanuy,
MUHAMOYpa HAaKaIUTUBAETCs OOJBIIOE KOIUYECTBO aTake cake B Snonnu [10, 11]. B pesyibrate
(PYKTaHOB, MHYIHHA U (PPYKTOOIHrOCAXapHIIOB, nepepaboTKH TomMHaMOypa 00pa3yroTcsl MOOOYHbIE
B quanasoHe oT 16 10 20% 1o Becy B CBEXEM BUJIE HPOAYKTRL € BLICOKUM  CONCPIKAHUEM  TTHILCBBIX
(Bce xoMmoOHEHTH! TOMHHAMOYpa UMEIOT BBICOKHE BOJIOKOH, KOTOPBIC MOI'YT MCIIOJIb30BATHCA B Ka4C-
notpedutenbekue coiictBa. Oco00 IEHHBIM yTiTe- CTBE (YHKLMOHATBHBIX HHIPEIMCHTOB UL YITy4-
BOJIHBIM KOMITOHEHTOM SIBJISICTCSI UHYJIUH, OH COCTOUT LEHNS CTPYKTYPHBIX U GHUZHICCKUX CBOWCTB MPH
u3 d-pykrossl, ceszaHHON B-(2—1) TIMKO3UIHBIME CO3/IaHMH MUIIEBBIX MPOAYKTOB. [12—14]. Taxum
CBSI3SIMU pa3IM4HON JymHbL Takoi cocTaB M03BOIAET 00pa3om, Ppa3pabOTKa TEXHONOTMH IOJTY4YCHHS
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MUIIEBBIX TPOAYKTOB HA OCHOBE HCIIOIH30BAHUSA
BTOPUYHBIX CBIPHEBBIX PECYPCOB IEpPepadOTKU
TOMMHAMOYpa Ha CIUPT SIBJISCTCS aKTyaIbHOM.
Lens padoThI — OLIEHKAa BO3MOXKHOCTH HC-
MOJTK30BAHUS MPOAYKTa OMKOHBEPCHUHN TOMMMHAMOYpa
B OKCTPYIMPOBAHHBIX MPOIYKTAX, FOTOBBIX K YIIOTPEO-
JICHWIO, Y W3YYeHHE BIIMSAHUS JIO3UPOBKU KIIETYATKU
TormmHAMOypa, 00pa3yeMoii Tipr ero mepepaboTke Ha
CIHPT, HA TEXHOJIOTHYECKNE CBOWCTBA SKCTPYAATOB.

MatepuaJjbl M METOABI

OOBeKThl HCCIAENOBaHUS: AKCTPYAAThl Ha
OCHOBE PHCOBOI KpYIBI C Pa3lIWYHBIM COJEpKa-
HUEM KJIETYaTKU TOMMMHAMOypa.

Jns IpUTOTOBINIEHHST SKCTPYIAaTOB B KayecTBe
MOJIESTBHOM OCHOBBI I 9KCTPY/AATOB MCIOJIB30BAIN
npobnenHyto pucoByio kpymy (I'OCT 6292-93)
Kak OTXO0J KpPYISIHOTO MPOMU3BOJCTBA. BHOCHMBI
B KPYIly MHTPEIMEHT KJIETUATKY TIOTy4Yald U3 TOIH-
HaMmOypa copta «HTepecy, OTOOpaHHYIO Ha CTauy
THIPOU3MENbUEHHST B TEXHOJIOTUM IepepaboTKu
KopHemioga Ha coupT. Kierdatky no06aBisuiu
B KommaecTBe 3—9% ot maccel cmecu. KiryOHm Tomm-
HaMOypa NPOMBIBAIM, MOABEPraid H3MEIbYCHHIO
Ha POTOPHOM JAMCIEPraTope, NPOBOAMIH MEPBYIO
¢azy BogHO-(pepMEHTaTHBHOI 00paboTKK PpepMeHT-
HBIM TpenapaToM TI'€MULEIUII0Ia3HOTO AeHCTBUA
Viscozyme HT FG B no3uposke 0,25 en. KC/r cyxux
BelecTB npu ruapomoxayie 1:1. Jlanee ocaxapu-
BaJIM Maccy B TeueHHH 60 MUHYT ¢ IpUMEHEHUEM
uHyna3el Novozym 960 B nosuposke 0,5 ex. INU/r
WHYJIMHA, TONMy4YeHHOE CYCNIo HEHTPH(pyrHpoBaHHEM
pa3aersum Ha JUCTISPCHYTO U KUAKYTO (Qa3bl. JKumkast
¢aza mcrnonp3oBaach Kak CyOCTpaT CIIMPTOBOTO
OposkeHus1, a AUCHEPCHYIO (a3y BHICYIINBAIN IO
MOCTOSTHHOM BIaxkHOCTH 5% nipu Temneparype 60 °C.
B BBICYIICHHOM MHIPEAMEHTE ONPEEIIIIA COAepPKa-
HHUe Oenka, XHpa, BOJOPACTBOPUMBIX YIJIEBOZOB,
MUIIEBBIX BOJOKOH. OIpeeNeHne ChIporo npoTe-
uHa onpenensanu meroaoM Keensnans no 'OCT P
57221-2016 «/Ipoxoku kopMoBble. METOBI HCIIBI-
TaHWI», ONpEAETICHUE CBIPOH 30JIbI MPOBOAWIN
MetogoMm o3onenus no [OCT 32933-2014

post@uestnik-vsuet.ru
(ISO  5984:2002) «Kopma, xombOmkopma. Metox
onpenesieHus ConepKaHus cbIpoil 30ab». Comep-
JKaHWE JKHpa ONpeAesUIM 3KCTpakUuer XKupa
C TOCIIEYIOLIMM TPaBUMETPHUUYECKUM OIpeieTICHUEM
Pa3HOCTH MaccChl HABECKH JI0 M TOCIIE IKCTPAKIMN
no I'OCT ISO 734-1-2016 «KmbIxu ¥ HIPOTHI.
Ormpenenenue conepxanusi ceiporo xupa». Coaep-
JKaHWE THUIIEBBIX BOJIOKOH OMNPENENSUIM METOJIOM
(EepMEHTATHBHOTO TUAPOIU3a C IMOCIEAYIOUIIM
yaaneHneM OCJIKOBBIX U KPaXMalUCTHIX BEIECTB
no I'OCT P 540142010 «IIpoayxTel mHIIEBHIE
dbyskunoHaneHble. OIpenesieHne PACTBOPUMBIX U
HEpacTBOPUMBIX IHIIEBBIX BOJIOKOH (hepMeHTa-
THUBHO-TPABUMETPUUECKUM METOIOM.

B KkauecTBe KOHTPOJsS HCIOIBL30BAIACh
SKCTPYIUpPOBaHHAsE APOOJIEHHAs PHUCOBasi Kpyma
0e3 no0aBIeHUS KIETIATKH TOMMHAMOYpa.

B Tabmmue 1 mpencraBneHbl  JaHHBIE
IO OLIEHKE XHUMHYECKOTO COCTaBa KOHTPOJLHOMN
CMecH U O0OpasloB C Pa3IMYHBIM COJICPKAaHHEM
ruaponu3ara. [IumeByro HEHHOCTb cMeceil OleHH-
BaJIM PACUETHBIM CIIOCOOOM, UCTIONB3YsI CHPABOYHbIE
JaHHble [15] u pe3ynbTaThl XMMUYECKOTO aHaIM3a
THIPONIA3aTaTa TOMMHAMOYpa. DKCTPY3HIO OCYIIICCTB-
JSUTM HA JJA0OPAaTOPHOM IBYXLIHEKOBOM SKCTpyZIepe
Werner&Phleiderer Continua 37. [l ¢popMoBanms
CTpeHTa 3KCTpyjaTa ObUIa yCTaHOBJIEHA (PHibepa
C IByMs OTBEPCTUSIMH KPYTJIOTO CEYECHUS AUAMET-
pom 4 MM. PexxnMbl SKCcTpy3uM OBbUTH MOCTOSIHHBIMHU:
MPOM3BOAMTENHHOCTH 20 KT/9ac, CKOPOCTH BPAIICHHUS
HekoB 240 06/MuH.

VY nenbHBINA pacxoA 3JEKTPOIHEPTUH pacCUH-
ThIBaJK 110 opmyde [16]:

SME = n/(nmax'Kg) 'N'Ma (1)

rne SME — ynenbHbI pacxof] SHEPTruM Ha SKCTPY -
poBanue, KBT-u/Kr cbIpbsi; N — MOLIHOCTb IBUTATEIS
JKCTpyAepa, KBT; M — MOMEHT Ha Baly pelyKTopa;
N U Nmax — CKOPOCTh BPAILLEHUS! IIHEKOB yCTaHOB-
JIeHHas ¥ MaKCUMAJIbHAsI, COOTBETCTBEHHO, 00/MMUH;
Kg — npou3BOAUTENBEHOCTE 1O CHIPBIO, KI/4.

Tabauma 1.
OreHKa MUIIEBOH EHHOCTH 3KCTPYIUPYEMBIX cMeceit
Table 1.
Nutritional value of mixtures
o)
Mo, /1001 o o
Indicator, g/100 g 0 3 6 9
Yrnesoasl | Carbohydrates 74 £ 0,06 72,8 £ 0,04 71,7+ 0,02 70,5 + 0,03
[Iporeus | Protein 7,0 £0,03 6,9+0,11 6,9 +0,09 6,9 + 0,08
JKup | Fats 1,0 £ 0,04 1,0 £ 0,04 1,0+ 0,05 1,0+ 0,02
ITumessle BosokHa | Dietary fibers 3,0+0,05 4,5+ 0,35 6+049 7,4+0,41

CTpyKTypHO-MEXaHHYECKHUE CBOMCTBA IKCTPY-
JMPOBAHHBIX MPOAYKTOB OLEHUBAJIN IO TTOKA3ATEISIM
ko3 duieHTa KBagpaTHYECKOIO pacLIMpeHus,
TBEPAOCTH U KOJIMYECTBY MHKpOpaznoMoB. Ksaapa-
THYHBIA KOI(QQHUIMEHT pacIMpeHus] PacCUUTHIBAIICS
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KaK COOTHOIIICHHUE IJIOMIAJICH CeUeHHUs IKCTPYAaTa
W oTBepcTHsi (uibepbl. [lokazaTenu TEKCTYphI
00pa3IoB ONMPEIEIISUIN Ha aHAIN3aTOPE CTPYKTYPHI
CT 3 (Brookfield, CIIIA) ¢ MeTaUIMYEeCKUM HH-
JICHTOPOM JIUAMETPOM 3 MM.
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B acnexte pa3pabOTKy MPOTyKTOB, TOTOBBIX
K YIOTPEOICHNIO, BaXHBIMHU TIOKA3aTeISIMH SIBIIS-
IOTCS THIPATallMOHHBIE CBOWCTBA TPOIYKTOB.
HalyxaeMocTh ompenemnsiiin 00beMHBIM METOJIOM.
B creknsHHbIi crakaH 100 cM® HalMBalH BOTY U
BHOCWJIM 5 T M3MEJIBYCHHOTO KCTPylaTa ¢ TOHH-
Hoil momona MeHee 400 MkM. IlepememmBanue
OCYIIECTBIISUTH CIUPAJIEBUIHON MEILIATIKOH 10 OTHO-
POAHOI KOHCHCTEHLMH CO CKopocThio 500 00/MuH
Y OCTaBJISUTM Ha 24 yaca, 3aTeM OTMeYalli [PaHuUILy
paszena qByx (a3: BEpXHssI — Ipo3padHast >KUAKasL,
HIDKHSISL — HENpo3padHas ¢ Ha0yXIIMM IPOJYK-
tom. HaGyxaeMocTh HPOIYKTa B CM>/T BHIYUCISAIN
OTHOIIIEHHEM 00BeMa MPOIYKTa TOCE OTCTAUBaHUS
K Macce HaBecKd. PacTBOpHMOCTH U Biaroynuep-
KHUBAIOIIYIO CIIOCOOHOCTH ONPEAETSUIA TI0 Macce
ocagka ¥ CONIEPKAaHUIO PACTBOPHUMBIX CYXUX
BEIIeCTB B (yrate IMocie NeHTpU(yrupoBaHus
cycnen3uu npu 3000xg [17].

L[BeToBBIE TMOKA3aTENN OMNPEACISIN KOJIO-
PUMETPUYECKUM METOIOM C UCIOIb30BaHHEM aHa-
muzatopa CS -10 Bcucreme CIE LAB, rne
L — xoopauHaTa CBETJIOTHI, @ — XPOMATHYECKUIT KOM-
TIOHEHT, M3MEHSIETCsI OT 3eJIEHOrO JI0 KpacHoro, b —
XPOMATHYECKHUI KOMIIOHEHT, OT CHHETO JI0 JKENTOr0.

JocToBEepHOCTh pa3inuuii CpeIHUX OLEHHU-
BaJIM METOJaM OJHO(PAKTOPHOTO JUCIIEPCHOHHOTO
ananms3a npu p < 0,05 ¢ uCmoIp30BaHHEM ITaKeTa
Statistica 6.0.

Pe3y.]'[bTaT])I 4 oﬁcyswlelme

CmMecH pUCOBOIA KPYIBI € Pa3IUYHBIM COZEp-
JKaHHEM TUIpOJM3aTa TONMHaMOypa SKCTPYIUpO-
BaJIM HA JBYXITHEKOBOM JKCTpYZAEpe, MOTy4YeHHbIE
9KCTPYIAThl OLICHUBAIIA 110 U3MEHEHUIO CTPYKTYPHO-
MEXaHMYECKHX M PEOJIOTHUECKIX CBOMCTB.

JlaHHBIE MO BIMSHUIO COJICPXKAHUS THIPO-
JM3ara TOMUHAMOYpa B OKCTPYTUPYEMOH CMECH Ha
PEKUMHBIC TTapaMeTPhl SKCTPY3UH MPEJICTABICHBI
B TaOuIe 2.

Tabnuma 2.
BrnvsiHue 103MPOBKH THAPOIHM3ATa TOMHMHAMOYpa
Ha MapamMeTpsl IKCTPY3UU
Table 2.
Effect of Jerusalem artichoke fibers dosage on
extrusion parameters

[TapameTpst Jlo3upoBKa KJIeTyaTKu
9KCTPY3HUU TormHAMOYypa, %
Extrusion Jerusalem artichoke fibers dosage, %
parameters 0 3 6 9

MowmeHT caBura, % 60+ 4 61 +3 60+ 4 5043
Torgue, %

JlaBnenue, Mlla 35+ 35+ 34+ 33+
Pressure, MPa 0,2 0,2 0,1 0,2
Tewmeparypa, °C | 165 4 | 16543 | 165+3 | 166+2

Temperature, °C
VY nenbHbIl pacxos
e rvemarar [ 0133 | 0,135+ | 0,133+ | 0,131+
Soocific mochanic | 0009 | 0,007 | 0,009 | 0,007
pecific mechanic
energy, kWxh/kg
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B cpaBHeHNY ¢ KOHTPOJIEM YBENHYEHHE CONlep-
JKaHUsI TU/IPOJIH3aTa B CMECH HE OKa3ajlo 3HAUYMMOIO
BJIMSHUS Ha MapaMeTpbl SKCTPY3HH, B YACTHOCTH
Ha TeMrieparypy u naeieHue. [lokazaremn temmepa-
Typbl coctaBumi 165 °C pu 006paboTKe KOHTPOJIS
u o6pasuoB ¢ 3%, 6% runponuzara u 166 °C npu
nobasnennn 9% rugponuzata. C yBelnueHHEM
JIO3UPOBKH THAPOJIHM3AaTa TOKA3aTeNH YIEeIbHOTO
pacxofia SIEeKTPOIHEPTHY ¥ MOMEHTA CABUTA N3MEHSI-
muck B auamnasone 0,131-0,135 xBr-u/kr u 59-60%
COOTBETCTBEHHO, CTaTUCTUYECKU HE 3aBHUCENIU OT
W3MEHEHHS IO3MPOBKH THAPOJI3aTa TOMMMHAMOYpa.

@DoTO MOTYyUYEHHBIX HKCTPYAATOB MPEICTaB-
JICHO Ha pUCYHKeE 1.

Pucynox 1.

O06pasisl
coJiepKaHreM KieTdaTku TonnHamoypa: A — 0%; B — 3%;
C-6%;D-9%

SKCTPYAAaTOB C PAa3IUYHBIM

Figure 1. Samples of extrudates with different contents of
Jerusalem artichoke fibers: A —0%; B —3%; C—6%; D—9%

UccrnenoBanns CTPYKTyphl —IONYYEHHBIX
AKCTIEPIMEHTATIBHBIX 00pa3IioB (TabMwIa 3 ) TIOKa3am,
4TO ¢ JJOOABJICHUEM U YBEIIMYCHUEM COJCPIKAHUS
TUAPOIN3aTa TOMMHAMOypa YMEHbBIIAIOTCS TT0Ka3a-
TeNW KBaJpaTHIHOTO K03((HUIMEeHTa pacIInpeHus
¢ 11,2 go 7,5, 9T0 CBHIETEILCTBYET 00 HE3HAUHU-
TEIBHOM YBEIIMYCHHUU TJIOTHOCTU CTPYKTYPHI JKC-
MEPUMEHTAITBHBIX 00pa3noB. [Ipu 3ToM 3HAaYMMBIX
OTJIMYMM B MOKAa3aTeNsIX HACBITIHOM TIJIOTHOCTH
OoTME4YeHO He ObLI0. DEHOMEH BIMSHUS MTHUINEBBIX
BOJIOKOH Ha M3MEHEHHE CTPYKTYPHO-MEXaHHMIECKHX
CBOICTB IKCTPYAATOB KPaxMaJICOJEPIKAIIero CHIPhS
JIOCTaTOYHO TOJPOOHO OIMHUCaH B uTeparype [6].
DKCIepUMEHTAITHHBIC IAHHBIC TOITBEPIKIAIOT O0IIHE
TEHJICHITIH, CHIDKECHHE Kod(hduImenTa pacmpeHus
C YBEJIMUCHUEM COZICPIKAHISI TIMITIECBBIX BOJIOKOH [ 18-20].
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OTMeueHo, YTO C yBEIUYEHHEM JO3UPOBKU
THIpoJIn3aTa TONMHaMOypa TBEPAOCTh IKCTPyAaTa
ymensmaetcs ¢ 13,2 o 5,4 H u Bo3pacraeT xonu-
4eCTBO MUKpOpPA3JIOMOB IMOYTH B 2 pasza ¢ 6,7 10
11,5. YBennueHue KOJIUYECTBA MHUKPOPA3IOMOB
MOXKET OBITh CIIE/ICTBHEM OOJiee MHTEHCHBHOTO HICTIa-
peHHs BOJBI BOKPYT YacTHYEK KJIETYaTKH THAPOIH-
3aTa TONMHAMOypa, BHIIONHSIOLIMX POJIb LEHTPOB
nmapooOpazoBanus [18]. 3To mpUBOAUT 0OpPa30BAHUIO
MOBBIIIIEHHOTO KOJIMYECTBA BO3AYIIHBIX MTOJIOCTEH
B IIPOJYKTE, M OH CTaHOBUTCS 0Oojiee MOPHUCTHIM

post@uestnik-vsuet.ru

Y XPYCTKHM, IIPH 3TOM HEOOXOAUMO OTMETHTH OT-
CYTCTBHME 3HAUMUMOI'O BIUSHHSA COACPIKAHMS KIIET-
YaTKW TOMUHAMOYpa B CMECH Ha HACBHIITHYIO TUIOT-
HOCTh JKCTPYAATOB. DTO MOKET OBITH CBSI3aHO
C IByMs KOMIICHCUPYIOIUMH IpyT Opyra TeHICH-
[USIMU: € TIOBBIICHUEM COJICPIKaHMs KJIeTYAaTKH
CHIDKAETCS! KBaIPaTUUHBIH KOA(P(GUIMEHT paciu-
peHus, T. €. TPaHyJIbl CTAaHOBSITCA MEHbIIE, HO IPU
3TOM pacTeT IMOPHCTOCThb, T. €. TPaHyJbl CTAHO-
BSITCSl BO3/IYIIIHEH.

Tabauma 3.

CTpyKTypHO-MEXaHUIECKHUE CBONCTBA IKCTPYIATOB

Table 3.

Structural and mechanical properties of extrudates

0, 1 V)
Toxasatens | Parameter J103upoBKa KICTYATKH Tonm;aMGypa, % | Jerusaleém artichoke fibers dgosage, %
Ksanpatuunsrit K.OS(I)(I)I/IL[I/I.CHT.paCH.II/IpeHI/Iﬂ | 112409 9.6+ 0.6 78407 75408
Quadratic expansion index
HachImHast IoTHOCTS, T/M>
Bulk density, g/dm’ 104,5+2,1 104,0 £2,8 104,2 £ 4,4 104,5 4.9
TBepmoctb, H | Hardness, N 13,2+3,6 10,3+25 8,9+ 0,8 54+1,0
KonmecTso MEKpOpasoMoB 67+13 9.0+13 104 1,0 115417
Number of microfractures

I'mppaTanuoHHBIE CBOMCTBA IIOKA3BIBAKOT
BO3MOHOCTb KCTPYZaTa CBA3bIBATH BOY U PacTBO-
psTCS B HEH, OTBEYAIOT 3a CTENIEHb YCBOSEMOCTH U
CPOKH TOAHOCTH. VX M3MeHeHne BaXXHO MpHU Mpo-
EKTUPOBAaHUH TPOLYKTOB OBICTPOrO IPUTOTOBJICHUS,
Kartl, mope. OCHOBHBIE ITOKA3aTeNH TH/PaTaIIMOHHBIX
CBOMCTB 3TO BIIAroy/Iep>KMBAIOMIasi CIOCOOHOCTB,
PacTBOPUMOCTb, HAOYXaeMOCTb, BIKHOCTb. JlaHHBIC
IO BITUSTHUIO COJIEPYKaHUs KJIETYATKH TOMHHAM-
Oypa B 9KCTpyZAaTe Ha THApaTallMOHHBIE CBOMCTBA
9KCTPYAATOB, KOTOpBIE MOTYT MCIIONb30BATHCA
KaK MHTPEATHEH NIPU KOHCTPYUPOBAHUN MHCTAHT-
TIPOIYKTOB TIpEJICTaBJIeHBI B Tabmmrie 4. Pesynbrars

UCCIIEZIOBAHUS TOKa3alld, YTO YBEJIWYEHHE I03U-
POBKH KJIETYaTKH TOMMHAMOypa 0Ka3ajao 3HaYuMoe
BIIMSIHME HAa HAOyXaeMOCTh 3KCTpyJaTa M er0 paBHO-
BECHYIO BIIKHOCTh. [Tokasarens HaOyxaeMOCTH 3Ha-
gnMO BRIpOC ¢ 7 710 8,5 cM’/r. BiaxknocTh 06pasiioB
cam3mnack ¢ 8,8 mo 8,2%. 3HaUNMBIX M3MEHEHUH
TMoKazaTesiel pacTBOPUMOCTH U BIIAroyIepKUBaroIIeH
crocoOHOCTH OTMeueHO He Obuio. KoHTponsHOE
3HaYEHHE PACTBOPUMOCTH cocTaBmwiIo 85%, a nmpu
nobasiennn 3—9% kierqatku coctaBmio 81-85%.
HaOmonanocs He3HaYMMOE YBEIMUEHHE BIIaroyiep-
JKUBAIOIIEH CIOCOOHOCTH € 4,2 KOHTPOJIBHOTO
obpasma mo 4,5 npu 9% ruapoau3ara.

Tabnuna 4.

FI/I)IpaTaLII/IOHHBIC CBOMCTBa 9KCTPYAaTOB

Table 4.

Hydration properties of extrudates

0, 1 0,
Tokasaterms | Parameter )IosnprKa KJIETYATKH TonuHamOypa, % | Jerusaleén artichoke fibers do;age, %
3
Habyxaemocts, cM'/r 7+02 75403 8,7+0,3 8,5+0,2
Swelling capacity, cm’/g
Butaroy nepxuBaroliias ciocoGHOCTS, I/T | 42401 40+0.1 42402 45402
Water holding capacity, g/g
PactBoprMocTb, %| Solubility, %| 85+4 84+5 81+4 835
Biasknocth, %| Moisture, % 8,8+0,2 8,7+0,1 8,5+0,2 82+02

KonnyecTBO BHOCHMOI KJIETYATKH TOIIH-
HamMOypa 3HAUYMMO HM3MEHSIO IBET IKCTPYIATOB.
C yBenuYeHHEM €¢ IO3MPOBKH IBET CTAHOBHIICS
TEeMHEee U MPUoOpeTaT KOPUYHEBBIN OTTEHOK. [{aHHbIe
KOJIOPUMETPUUECKOU OIICHKU IKCTPYJATOB Mpe/-
craBieHbl B Tabnuue 5. Ilokasarens cBeTIOTHI L
0 IITKaJie TIEPEeXOoIUT B 00Jiee TEMHBIM TUaNa3oH,
npuoOpeTasi KOpUIHEBBIN 0TTeHOK. MiMeeT crabyro
HachelleHHOCTh IBeTa. IlIkama «a» OT 3eJIeHOro

24

JI0 KpacHOT'O TIOKa3bIBAaeT TPEH/I Ha MEPEXO/ I[BETA
00pa3LoB B KpacHbIH OTTEHOK, LIKaa «b» 0T CHHEro
JI0 XKEJITOTO MOKa3bIBAET NEPEX0 LIBeTa 00pa31oB
B CTOPOHY K€ITOro orTeHka. COrjacHO JaHHBIM
KoHBepTopa cucteMbl LAB KOHTpomo cooTBeT-
CTBYET MOJIOUHBIN LIBET, 00pa3Iy ¢ COAEPKaHUEM
3% xmneryaTku TONMMHAMOypa — OexeBbld, 6% —
OJs1eIHO-KOPUYHEBBIH, 9% — CBETIIO-KOPHUUHEBBIH.
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Tabauma 5.

LIBeTOBBIC XapaKTEPUCTUKHU IKCTPYIaTOB
Table 5.
Color characteristics of extrudates

Jlo3upoBKa KJIeTyaTKu TOmHHaMOypa, % | Jerusalem artichoke fibers dosage, %
INoka3zarens | Parameter 0 3 3 9
L 89,5+13 839+04 76,0+ 1,1 70,7+ 1,0
a 2,6 +0,8 2,4+0,3 3,3+0,2 43+0,3
b 7,8+0,3 17,6 £0,3 21,9+0,6 24,0 £ 0,4

3aKkioueHne

Bruecenne 6% wu 0osee BBICYIICHHOW KIIET-
YaTKH TOMHHAMOYpa B 3KCTPYAUPYEMYIO JPOOICHYIO
PHUCOBYIO KpyIy, 00pa3yeMyro mpu nuimhOoBaHHH
prca, MO3BOJISIET TOYYaTh MPOAYKT C COJCPKAHNEM
MUIIEBBIX BOJOKOH Oojee 6 T Ha 100 r. mpoaykra.
B cootBercTBUM ¢ TexHUUECKUM PETIAMEHTOM
Tamoxxernoro coroza TP TC 022/2011 otnuanTenb-
HBII TIPU3HAK TaKOW NPOAYKIIMH MOXKET MapKHUpO-
BaThbCAd KakK IMPOAYKT C BBICOKHM COJIEpKaHUEM
MUTIEBBIX BOJIOKOH.

AHanu3 pe3ysibTaToOB HCCIEIOBAaHUS TOKa-
3bIBACT, YTO BHCCCHHC KJIICTYATKH TOHHHaMGypa,
NpoAyKTa ero mnepepaboTku Ha cupT, A0 9%
HE OKa3bIBaeT OTPHUIATEIFHOTO BIMSHUS Ha pe-
JKUMBI 3KCTPY3WUH, OHH OCTAlOTCS CTaOWIbHBIMH
Y 3HAYMMO HE U3MEHSIOTCs. Temmneparypa 3KCTpy-
nupoBaHusl coctaBisia 165-166 °C, naBneHue
3,3-3,5 MIla, momeHT cuBura 59—60%, yaenbHbIi
pacxon anekrpo3neprun 0,131-0,133 kBrxgac/kr.
CTpyKTypa SKCTPYAATOB C YBEIHYEHHEM [O3H-
POBKHM CTaHOBHUTCS OoJiee MOPUCTOW U XPYCTKOH,

MEHee TBEPJIOH, HO TIPH 3TOM 3HAYUMO CHIKACTCS
pasmep rpanyi. L[Ber skcTpyaaroB mpuobperaet
KOpPUYHEBBIN OTTEHOK. C yBeJIMYEHHEM JIO3UPOBKU
THJIPOJIN3aTa HE U3MEHSIOTCS TTOKa3aTel pacTBO-
PUMOCTH H BJIaroyJIepXKHBAOLICH CIIOCOOHOCTH,
NPY 3TOM 3HAYMMO yBEITHYUBACTCS HA0yXaeMOCTb.
YcraHoBIIEHHBIE TCHACHINN HN3MCHCHUA
(YHKIIOHATIEHO-TEXHOJOTMYECKUX CBOWCTB MOTYT
OBITh TIOJIOKEHBI B OCHOBY KCTPY3HOHHBIX MPOTYKTOB,
B TOM YHCJIC CIICHUAJIMN3UPOBAHHOI'O HA3HAYCHUA.
[Ipu 3TOM Conepx)aHue KIETYATKH TOMMMHAMOYpa
MOXKET OBITh (aKTOPOM YIIPaBICHHUS HE TOIHKO
MUILEBOM IEHHOCTBIO NPOIYKTA, HO U OPraHOJIENTH-
YECKUMH XapaKTEPUCTHKAMH B aCIEKTe CTPYKTYPHI
U peonorud. HampumMep, MONyd4eHHH MPOTYKTOB
B 33JIaHHOM JIMaria3oHe TBEPIOCTH WIIH IOPUCTOCTH
JUTSL CHEKOB, CYXHX 3aBTPaKOB, XJ1€O1eB, WK HaOy-
XaeMOCTH JUTS Kalll OBICTPOTO MPUTOTOBIICHUS.
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«3es1eHasH) IKOHOMMKA: IKOJIOTHYEeCKHEe MHHOBAIIMYU H
IKOJIOTMYECKHE NMPOAYKThI

Hpuna B. Yepemymkuna ' irinacher2010@yandex.ru 0000-0002-427-9587
Oumera B. OceneBa ' oseneva.olga@yandex.ru 0000-0002-0979-2126

1 BopoHeXCKuii rocy1apcTBEHHbIN YHUBEPCUTET HHXKEHEPHBIX TEXHOJIOrHH, np. PeBomromuu, 19, r. Boponex, 304036, Poccus

Annoranusi. Ha ceromusimauii geHb (oOpMUpYyeTCsl KOHLEMIMS YCTOMYMBOTO Pa3BUTHS KHU3HM 0Oe3 yiiepOa OyayliMM MOKOJICHHUSM,
KoHuemnuus «3e1eH0i» SJKOHOMUKH NPE/IoaaraeT Co31aHne HOBBIX KOJOTHYECKH YHCTBIX OTPACIICi: C MO3UIMU rOCYIapCTBa - YBEINUCHUE
CIpoca Ha SKOJIOTMYECKH YUCTYIO MPOLYKIMIO, CO CTOPOHBI 00IecTBa - (POPMUPOBAHME HOBOIO CIPOCA U HOBOM KYJIBTYPbI HOTpeOIeHUs
HaceJeHusl. PacTyiuuii TpeH 1 30pOBOro [MUTAHHUSI MOBBIIAET HHTEPEC K IKOJOTHYECKH YUCTHIM MPOLYKTaM, B TOM YUCiIe (YHKIHOHAIBHBIM
npoaykram. HanGonbmmm cripocom nocieanee BpeMst Mob3yrTes (yHKIMOHAIbHBIE IPOAYKTHI, B TOM YHCIIE MOJIOYHOKHCIBIE OaKTepuH,
BUTAMUHBI, IHUIIEBbIC BOJOKHA, OHOJOrHYECKH 3HAYMMbIC 3JIEMEHThl U Jp. DOpMHUpPYIOLIHECS MPUBBIYKH 3J0POBOrO 00pasa JKMU3HH U
NPaBUIBHOTO MHUTAHUS 3aCTABISIIOT MOTPeOUTENeH OCYIIECTBISTh HOMCK HEOOXOAMMBIX TOBAPOB M YCIYT, MPU 3TOM 36% morpeburencit
HPEIOYUTAIOT TOBAPhI OTEUYECTBEHHBIX MPOU3BOAUTENIEH. B OTBET Ha HOBBIE MOTPEOUTEILCKUE CTPATETMH OTEYECTBEHHBIC TPOU3BOAUTENN
MEHSIOT CBOI aCCOPTHMEHT: BBIBOJST HA PHIHOK KOHKYPEHTHBIC ITPOJYKThI, KOTOPbIC CIIOCOOHBI yIOBJICTBOPUTH TPeOOBAHMUS MOKYyIIaTeNCHl.
ITo mporHo3am 3KCIEPTOB, PHIHOK 30POBOTO MUTAHHS C KaXKAbIM TOJ0M OyIyT yBeIHMYHBAaTh OOBEMBI M TEMIIbI pocTa, a yepe3 10-20 jer
HPOAYKTBI 3J0POBOr0 MHUTaHUs OyayT 3aHuMath He MeHee 30%. Pa3BUTHE pbIHKA SKOJIOTMYECKH YHUCTOM MPOAYKIMH, HECMOTps Ha
MePCTIEKTUBHOCTD JTAHHOTO HAIPABJICHUS M OTPOMHBIN MOTEHLIMAT POCTA, HAXOIUTCS Ha cTaauu GpopMupoBanus. IPEKTHBHOCTh Pa3BUTHS
3aBUCHUT HANpsIMyI0 OT TakuX (paKTOpPOB, KaK HAIMYUE TOCYJAPCTBEHHOH IOAJEPKKH U POCTa JOXOJIOB HacelieHWs. ['ocymapcTBeHHas
9KOHOMHYECKAs IOJINTUKA JIOJDKHA OBITh HATIPABJICHA Ha Pa3BUTHE MEXaHU3MOB ITOUICP)KKH ¥ CTUMYJIMPOBAHUS IIPOM3BOJICTBA KOJIOTHUESCKH
YUCTBIX MPOAYKTOB. BHeIpeHHe HSKOJIOrMYeCKH OpPHEHTUPOBAHHBIX HHHOBALMH B CHCTEMbl MEHE/DKMEHTa OpraHM3alMi NPHUBENYT K
00€CIECUCHUIO PAIIMOHAIBHOTO HIPHPOIONOIB30BAHUSI H IKOJIOTHIECKOH 0€30I1aCHOCTH CTPaHBI.

KuawueBble cioBa: «3eicHas» OKOHOMHKA, OJOKOJOIrMYCCKHEC MHHOBAIlUH, HOTpe6I/ITeJII>CKa$I KOp3HHa, OJSKOJIOTUYCCKUE IPOAYKTHI,
IIPOAOBOJILCTBCHHAA 6e30MacHOCTb.

"Green'" economy: ecological innovations and ecological products

Irina V. Cheremushkina ' irinacher2010@yandex.ru ‘' 0000-0002-427-9587
Olga V. Oseneva ' oseneva.olga@yandex.ru 0000-0002-0979-2126

1 Voronezh State University of Engineering Technologies, 19 Revolution Ave., Voronezh, 304036, Russia

Abstract. Today, the concept of sustainable development of life without harm to future generations is being formed. The concept of a “green”
economy involves the creation of new environmentally friendly industries: from the position of the state - an increase in demand for environmentally
friendly products, from the side of society - the formation of new demand and a new culture of consumption of the population. The growing healthy
eating trend is increasing interest in organic products, including functional foods. Recently, functional products have been in greatest demand,
including lactic acid bacteria, vitamins, dietary fiber, biologically significant elements, etc. Emerging habits of a healthy lifestyle and proper
nutrition force consumers to search for necessary goods and services, while 36% of consumers prefer domestic products manufacturers. In response
to new consumer strategies, domestic manufacturers are changing their product range: they are introducing competitive products to the market that
can satisfy customer requirements. According to experts, the healthy food market will increase in volume and growth rate every year, and in 10-20
years, healthy food products will account for at least 30%. The development of the market for environmentally friendly products, despite the
promise of this area and the huge growth potential, is at the formation stage. The effectiveness of development depends directly on factors such as
the availability of government support and income growth. State economic policy should be aimed at developing mechanisms to support and
stimulate the production of environmentally friendly products. The introduction of environmentally oriented innovations into the management
systems of organizations will lead to ensuring rational environmental management and environmental safety of the country

Keywords: "green" economy, ecological innovations, consumer basket, ecological products, food security

BBenenne Oy IyIIMM TTOKOJICHUSIM. JKCIIOPTHO-CHIPHEBYIO MOJIEND
DOPMHPOBAHHE «3ETEHOID> FKOHOMHKH, A TAKKE SKOHOMHUKH CMEHHUT «3€JIEHAsi SKOHOMHKa», KOTOpast
pa3BUTHE MPOU3BOJCTBA U TOPTOBIM IKOJIOTHUECKU COOTBETCTBYET OCHOBHBIM KPHTEPHAM: (hOpmH-
YHCTOH MPOAYKIHMEH CIIOCOGCTBYIOT PEIICHUIO pyeT KayeCTBEHHO HOBOE HAIPABJICHHUE Pa3BUTHS
BKHEHIINX 3a1a4 COBPEMEHHOTrO OOIIECTBa: ¥ 5KOHOMHYECKOT'0 POCTa, a TaKKe 00eCIeunBaTh
YIIyUIIEHUIO Ka4eCTBa KU3HU HACEIICHUs, 3allUTe COXpaHHOCTB OKPYKAIOIIEH CPe/IbL.
OKpYKarollleil cpezibl, IPUBICUCHUIO UHBECTULINI «Benéras» SKOHOMHKA — SKOHOMHUKA, KOTOpas
B 9KOJIOTHYECKH YHCThIE TexHoJornu. dopmupyercs HE OKa3BIBACT BO3/ICHUCTBMA HAIIPUPOTY H OCHOBAHA
KOHIICTIIINS YCTONUMBOTO Pa3BUTHS KH3HH Oe3 yiepoa Ha COXpPaHCHHHU PECYPCOB.
Jlis iutupoBaHus For citation

Yepemymikuna 1.B., Ocenesa O.B. «3enenas» skonomuka: sxkonorudeckue  Cheremushkina V., Oseneva O.V. "Green" economy: ecological innovations
MHHOBAIIUH H 3KoJlorndeckue npoaykTsl // Becrauk BI'YUT. 2023. T. 85.  and ecological products. Vestnik VGUIT [Proceedings of VSUET]. 2023.

Ne 4. C. 28-34. doi:10.20914/2310-1202-2023-4-28-34 vol. 85. no. 4. pp. 28-34. (in Russian). doi:10.20914/2310-1202-2023-
4-28-37
This is an open access article distributed under the terms of the
© 2023, Yepemymkuna 1.B. u ap./ Cheremushkina I.V. et al. Creative Commons Attribution 4.0 International License

28



Pamurus H.0. u dp.Becmuuk BTYHII, 2023, I11. 85, Ne. 4, C. 28-34

Konnenuus «3eneHoi» 3KOHOMUKH Peao-
JIaraeT: C MO3MLIUU TOCYIapCTBa — YBEIMYEHHUE
CIpoca Ha HKOJIOTHYECKH YHUCTYI0 MPOAYKIHIO,
CO CTOPOHBI 0o0miecTBa — (HOPMHUPOBAHHUE HOBOTO
Crpoca 1 HOBOH KyJNbTypbl oTpeOinenus. JlaHnHbIi
«3EJIEHBII» MOIXO0J, BO3MOXCEH 3a CUET Pa3BUTHUSA
WHHOBAIMOHHBIX 3KOJIOTMUYECKH YHCTBIX TEXHOIOTHIA,
npeo0IaaHys OpraHUYECKOTO CENTbCKOXO3SIHCTBEHHOTO
IPOU3BOJICTBA, OOJIEE PALMOHAIBHOIO UCIIONb30BAHUS
BOJIO- Y DHEPIOPECYPCOB, YTHIM3AIMU OTXOJOB, YTO
Ha CETOHAIIHUI [€Hb CIYXHUT OCHOBAHUEM JUIS
WHHOBAILIMOHHBIX MIpeoOpa3oBanuii B Poccuu.

MaTepI/IaJ'II)I U ME€TOAbI

[[Inpokoe, MHOTO3HAYHOE W MHOTOIIEIEBOE
WCTIOJh30BAHHE TEPMUHA «IKOJIIOTUYECKHE WHHO-
BallMU» Ha CETOHSIIHUN JIeHb enié (hopMUpyeTCs.
Hapsimy ¢ TepMHHOM <«OKOJIOTHYECKHE HHHOBAITAID)
IIMPOKO FWICTIONB3YETCS TIOHATHE «3EEHbIE WHHOBA-
1MW, «AHHOBAIIMH OKPY’KaIOIIeH cpeapl» U «cha-
JIaHCUPOBaHHBIE (YCTONUYMBBIE) MHHOBAIIUI.

Ha cerogssiiHuii AeHb SKONOTMYECKUE UHHO-
BallMH XapaKTEPU3YIOTCS TAKUMH TEXHOJIOTHSIMU,
Kak: pa3paboTKa M MPUMEHEHHE pecypcocOepera-
IONINX TEXHOJOTHIA, BHEPEHUE HOBBIX CIIOCOOOB
OpTraHM3alliy TPOW3BOJICTBA, CO3JAHHUE JKOJIOTH-
YECKU YUCTHIX MPOIYKTOB. Pe3ynmpTaToM JaHHBIX
HMHHOBALIMH SIBIISICTCS SKOJIOTMICCKUI, SKOHOMHYCCKHIM,
connaibHbIi 3¢ ¢dexTrl. CymecTBYIOT pa3indHbIe
MOAXOMBI K KJIacCU(DUKAITMU BUIOB JKOJIOTHYC-
CKUX WHHOBAIIMH, N0 TAKAUM KPUTEPUSM, KaK CPOK
OKYTIaeMOCTH, CTETIeHb BO3JIEWCTBUSI Ha SKOCHCTEMY,
ryouHy mepepabotkm  u  T.A. HawmbGomee

post@vestnik-vsuet.ru

3HAYMMBIMH SIBJIIOTCS: SKOHOMUUECKHH, COLMATBHBIIN
1 3KOJIOTHYECKUH (pUCYHOK 1).

Unes «3eneHoi» SKOHOMHKH 3aKJIIOYAeTCS
B MIEPEX0Jie K TEXHOJIOTHSAM, KOTOPBIE UCTIONB3YIOT
BO300HOBIIIEMBIE PECYPCHI, T. €. OCYIIECTBISIETCS
Kap/JIMHAIbHAS CMEHA TEXHOJOTHYECKOTO YKIIa/aa
MIPOM3BOACTBEHHBIX MporieccoB. OCHOBHOE MECTO
B Pa3BUTHH O0IIECTBAa MPUOOPETAIOT KOJIOTHYE-
CKH€ IIEHHOCTH M NMPHOPHUTETHL. VIMEHHO 3a cyer
CMEHBl TEXHOJOTMYECKOTO VKJIaJa B CTOPOHY
«3€TICHBIX» OTpaciel (TEXHOJIOTHH) IO KOHIICTIITHI
«3€JICHOI» SKOHOMHKH 00eCTIednBaeTCsi SKOHOMU-
YECKHI pOCT U CO3JJat0TCsI HOBBIE BHICOKOTEXHOJIO-
ruyable Mecta [1, 2]. Tlo MHEHHIO DKCIIEPTOB U B
COOTBETCTBHH C MPHUHATHIMH Ha TOCYJapPCTBEHHOM
YPOBHE CTPATETHYECKUMHU IOKYMEHTAMH, TOJBHKO
k 2030 r. B Mupe OymeT co3aaHo 6osee 20 MITH HOBBIX
paboynx MeCT, HEMOCPEACTBEHHO CBS3aHHBIX
C «3eneHbIMI» oTpacisiMi. Co3naHie MHOrO(YHKIMO-
HAIBHOM CHCTEMBI TIPOJJOBOJILCTBEHHOM O€30ITaCHOCTH
SBIISIETCS] 3aJIOTOM CTaOMJIBHOTO CYIIECTBOBAHUSA
Y TIPOIIBETAHUS CTPAHBI.

OnHMM M3 WHCTPYMEHTOB <3€JIEHOW» IKOHO-
MHKH SIBJISIETCSl Pa3BUTHE OPraHUYECKOTO CEIBCKOTO
xo3siicTBa. OpraHu4eckoe CellbCKOe XO03AHUCTBO
pasBuBaercs B 179 crpanax, Gomnee 2 MIIH IPOU3BO-
nutened. B Poccun opraHudeckoe IMpOM3BOICTBO
cocrasister 0,2% OT MUPOBOrO PBIHKA, IPU TOM,
YTO UMEIOTCA NOTEHIMATFHBIE BO3MOXHOCTH (TIa-
XOTHBIE 3€MJIH, OOJIbILIME 3arachl IPECHON BOJBI,
pa3BuTHE coBpeMeHHBIX TexHosorui B AIIK, poct
CIpoca Ha 3KO-TOBaphl) M PHIHOK OpPraHMYECKUX
MPOTYKTOB MOKET cocTaBUTh OT 10% mo 25%.

_

TexHosi0rHECKHE:
- pecypco u 3HeprocOeperarolie TeXHOJIOIHH;

- TEXHOJIOTHH I10 MPEIOTBPAIICHUIO 3arPI3HCHHI;
- IIPOU3BOJICTBO YKOJIOTHYECKH YUCTHIX IPOLYKTOB.
Technological:

- resource and energy saving technologies;

- pollution prevention technologies;

- production of environmentally friendly products.

CounajibHbie:
- U3MEHEHUE 00pa3a KU3HU;
- H3MEHEHUE TIOTPEOUTEICKOTO OBEICHUSL.

IddexT:

Social:
m - change in lifestyle;
- change in consumer behavior.

OpraHu3anHoHHbIE:

- HOBBIE CIIOCOOBI OpraHU3alMU TPOU3BOJICTBA;
- HOBBIE (POPMBI YIIPABICHHS
Organizational:

- new ways of organizing production;

- new forms of management.

DKOJIOTMYECKUE UHHOBALIMK
Ecological innovations

l/lHCTl/lTylll/IOHa.ﬂbeleI

Institutional:
-state stimulation producers.

-roCy1apCTBE€HHOEC CTUMYJIIMPOBAHUE l'lpOPBBOI[I/ITCIIef;I.

Pucynok 1. Pe3ynbraT nprMeHeHus! I3KOJIOTUYECKUX HHHOBAIUI
Figurel. The result of applying environmental innovations
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PocT unTEpeca K «3eNeHbIM» TEXHOJOTUAM
HauOoree Bo3poc B crenctBud manaemun 2020 rona.
Numatuser Bpone ESG-kpureprer (Environmental,
Social, and Corporate Governance), XapaKTepu3yro-
UX ACTAIBHOCTDL OPT: aHHSaHHﬁ, HX BOBJICUCHHOCTH
B paMKax peIIeHHUs DKOJOTUYECKHUX, COIUAIBHBIX
1 SKOHOMHYECKHUX BOMPOCOB CTajld HaubOoee
BocTpeOoBaHHI [3, 4].

OKOHOMHWYECKHI KPH3UC M TIaHIEMHUS TPaHC-
(hopMHUPOBaIH CTPATETHIO MTOTPEOUTEICH, TOMUHH-
PYIOIIAM B IMOTPEOUTEITHCKOM TOBEICHUN CTaJIH:
pactynwie TpeOOBaHHUS K KQueCTBY M aCCOPTHMEHTY
poayKIny (0oJiee 0Co3HAHHOE MOTPeOIICHNHE), pa-
[IUOHAJIM3ALMsI PACX0J0B U KOM(OPTHBIC YCIOBHUS
P COBEPIIICHUH TTOKYIIOK.

310pOBbBE ABISAETCS [IABHOW COCTABIISIOLIEH
OorarcTBa 0oOIIecTBa M HAIMOHATHEHOM 0E30ITaCHOCTH
ctpanbl. [IpoyKThI, KOTOPBIE HACEIEHUE IPUOOpe-
TaeT W UCTIONB3YyeT, He COaTaHCUPOBAHKI 10 OEITKaM,
JKApaM | yTJIeBOAaM, HaOJromaeTcs ASQUITUT BH-
TaMWUHOB, MUKPOJJIEMCHTOB. CHI/I)KeHI/Ie PpCaIbHBIX
JIOXOJIOB YCYT'yOWMJIO JaHHYIO cuTyaruto. pyroit
TIPOOJIEMOH SIBIISIETCSI M3MEHUBIIAICS YKIIa JKA3HH,
YBEIMYUICS 00bEM YMCTBEHHOW PaOOTHI U MPH 3TOM
c(hopMHUPOBaICS MaJIOMOIBUXKHBINA 00pa3 }KU3HU.

O0pa3 *HU3HU COBPEMEHHOTO YeJIOBEeKa Kap-
MUHATEHO W3MEHWIICS, a 3TO TIOBJEKJIO 3a co0oit
U UBMCHCHUSA B OpraHu3aliui C€ro IruTaHusd, 4YTO
HECOMHEHHO OTPa3UIOCh HA COCTOSIHUU 3/0OPOBbSI.
HecOanancupoBaHHOe THTaHWE TIPECTABISIET COOOM
OTIpEICTICHHBII (haKTOp PHICKa PA3BUTHSI 3200JICBAHHI.

Pactymuii TpeHa 310pOBOrO MUTAHUS MOBBI-
1aeT UHTEPEC K SKOJOTMYECKH YUCTHIM MPOIAYKTaM,
B TOM YUCJIC (I)YHKIII/IOHaHI)HBIM IIpoAyKTaM.
Haubonpmmm cripocom mociieIHee BpeMs OJIb3Y-
10TCS ()YHKIIMOHAIBHBIC MPOJIYKTHI, B TOM YHUCIIEC
MOJIOYHOKHCITbIE OaKTepUH, BUTAMUHBI, TTHIIEBbIC

100

HE CoJepIKalue
HCKYCCTBEHHBIX JJ0OaBOK U
Kpacureei
free of artificial additives
and coloring agents

XpaHeHust
short shelf life

m2022

post@uestnik-vsuet.ru

BOJIOKHA, OMOJIOTMYECKH 3HAYMMBIC 3JIEMEHTBI U JIp.
®dopmupyromuecss TPUBBIYKKE 3J0pPOBOTO 00pasa
KU3HU 1 TIPABMITBHOTO TIMTAHUS 3aCTABIIAIOT TIOTPEOH-
Tenel OCYIIECTBIISTh OMCK HEOOXOUMBIX TOBapOB
1 YCIIyT, TIpu 3ToM 36% noTpeduTenei mpearnounTaoT
TOBapbl OTEUECTBEHHBIX MPOU3BOIUTENICH.

B orBer Ha HOBBIE TOTPEOUTEIBCKUE CTpaTe-
THH OTEYECTBEHHbIC MPOM3BOAUTENN MEHSIOT CBOU
ACCOPTHMEHT: BBIBOJISIT HA PHIHOK KOHKYPEHTHBIC
MPOAYKTHI, KOTOpPBIE CIIOCOOHBI YAOBIETBOPHUTH
TpeboBanms MoKymareneii. Bonpoc obecrneueHus
Ka4eCTBEHHBIM ITUTAHUEM CTOUT JIOCTATOYHO OCTPO,
Tak nopsaka 20% npeanucanuii Poccenbxo3Hanzopa
OTHOCSTCS K KaU€CTBY MOJIOYHOW MPOAYKIINH.

B nacrosiiiee BpeMsi TOProBbIe MPEIPHUSITHSI,
B TOM WYHCJIE€ POCCHICKHE JeNaloT CTaBKy Ha
9KO-OpTaHWK MPOIYKIHIO, KaK Ha HOBBIA CHOCO0
YBEIUYUTH MPOAAXH U OoJiee MOTHO YIOBJIETBO-
PUTH 3ampoC Ha KaYeCTBEHHBIE U Oe30TacHEIe
JUTSI 3I0POBBS IPOTYKTHL.

Parmon notpebureneit MeHseTcA, Tak 3a MO-
cienHue Tpu rofa 10 65% mokymnaTenel CHU3UIN
niorpedeHue caxapa, okoJio 70% OoIbIIe HCIOMb3YI0T
CBEXUX oBoIei u PpykToB, 6o1ee 50% cHU3UIN
notpebiieHne XHUpOB, 4yTh Oonee 60% oTaaoT
MPEeANOYTCHUE TUETUUECKOMY MUTAHUIO [5].

Uccnenosarenbckuii xonauur Pomup, cre-
MUATU3UPYIONINNCS Ha COLHAIPHO-3KOHOMHUUECKHX,
MapKETUHTOBBIX HCCIICIOBAaHHUAX B paMKax BCEpOC-
CHIACKOTO ormpoca chopMynupoBai psizl BOIPOCOB
B OTHOILIIEHUH K ONPEICIICHHBIM Ka4€CTBEHHBIM
npoxaykTam. B pesynbrate ompoca ObUIO BBISIBICHO,
gt0 B 2019 1. — 72% poccusiH canTaIi KaueCTBEHHBIMU
MPOAYKTHI, HE COEPIKAIINe MCKYCCTBEHHBIX Kpa-
cuTtesel u 100aBok, a B 2022 r. 6onee 85% pecron-
JEHTOB TMOJTBEPIWIA JaHHOE NPEANOJIOKEHUE
(pucyHOK 2).

I'I-l-l-__

HMCIONIHEC He60ﬂb1ﬂ0ﬁ CpOK TIPOU3BOAUMEBIC B Poccun IIPOU3BOJUMBIC HM3BECTHOM
Russian-made

HMIOPTHBIE IIPOYKTBI
Mapkoit imported products
manufactured by a well-

known brand

2021 ®m2018 m2015

Pucynox 2. Kpurepun, XxapakTepu3yIOMmUX 110 MHEHHIO IIOTPeOUTENEi KadecTBO MPOAYKTOB, (%) [8].

Figure 2. Criteria characterizing, in the opinion of consumers, the quality of products, (%) [8].

I[lo wmuenmro motpebuteneir c¢2015T.
1o 2022 . OCHOBHBIM KpUTEPUEM, XapaKTEPHU3YIO-
MM Ka4yecTBO HPOIYKTOB, SIBJISIETCS OTCYTCTBUE
UCKYCCTBEHHBIX JOOABOK M KpacuTeneil, Takoro
MHEHU IPUAEPKUBAIUCh 10 90% pecrioHIeHTOB.

30

[IponykTel, umeromme HEOONBLION CpPOK
XpaHEHUs] XapaKTepU3yloT, KaK KayeCTBCHHBIC
B 2021 rony — 49% notpebuteneid, B 2018 r. — 34%,
B 2015-30%.



Pamurus H.0. u dp.Becmuuk BTYHII, 2023, I11. 85, Ne. 4, C. 28-34

[Ipomyxiuio OTe4eCTBEHHBIX TPOU3BOIUTENCH
B 2022r. mpennountaror 33% mnorpebureneii u
acCOMUPYIOT €€ KaK KayecTBeHHyro, B 2021 r.
JTAHHBIM TOKa3aTenb cocTaBisi 28%. B 2018 r. — 29%,
B 2015 1. — 25%. IIpomayKThl M3BECTHBIX MPOU3BOIN-
Temnel SIBIAI0TCS KadecTBeHHBIM 11t 20% omporieH-
HBIX B 2022 1., 13% B 2021 1., 16% B 2018 Tomy,
1o cpaBHeHHIO ¢ 2015 1. maHHBII NOKA3aTeNnb yBe-
mumics Ha 15%. [{ons pecnoHIeHTOB, CUMTAIOIINX
«Ka4eCTBEHHBIH — 3HAYUT WMIOPTHBINY TO3HIIHS
MEHAETCSA HE3HAUYUTEIBHO U COCTABIIAET 5%.

post@vestnik-vsuet.ru

['maBHBIMU KPUTEPUSMH BBIOOpPA TOTO WU
MHOTO MPOIYKTa PECIIOHACHTHI Ha3BaH BKyc (89%),
HU3KYI0 1eny (87%), Hanmmaue akmn (83%) 1 cpok
rogaocTH (82%). [lo manueiM HA®DU, ykazanuble
KpUTEPHUH B MOCIEAHUE TOABI CTAU JJISI POCCHSH
BaXKHee, yeM panblie. CienyeT MoA4YepKHYyT, 4TO
OJIHAM M3 OCHOBHBIX KPUTEPHUEB IIPH COBEPITICHUH
TOKYTIKH SIBJIIETCSI CPOK TOAHOCTH, OTBETWIHN B 2022,
2021 rr. 6onee 82% pecnonaeHToB, B 2015 romy
JTAHHBIA TIOKa3aTens cocTaBisut 80%. (pHCyHOK 3).
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Pucynok 3. Kpurepumn, Ha KOTOpBIC 00OpaIaroT BHUIMaHHE OTPEOUTEIH TIPH BEIOOPE U MOKYIIKE IPOAYKTOB mutanus, (%) [8].

Figure 3. Criteria that consumers pay attention to when choosing and buying food, (%) [8].
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Pucynox 4. Kpurepun, 3a KOTOpbIe TOTOBBI IUIATUTH MTOKYIATENN ITPH BBIOOpE MpoKyKToB nutanus, (%) [8].

Figure 4. Criteria for which buyers are willing to pay when choosing food, (%) [8].

80% OIpOLIEHHBIX MEPBOOYEPETHBIM KpH-
TEpHEM CUWTAIOT IeHy Npoxaykra, B 2015T. oH
coctaBisin 66%. CocraB npoxykra B 2021 r. BaxkeH
tst 76% onpomeHHbix, B 2015 1. — 90%. [Tpusep-
JKEHHOCTH OTIPEIeNICHHBIM MapKaM CHU)KAeTCs, TaK
B 2021 r. cocraBmiia 21%, B2018 rr. ObLIa
Ha ypoBHe 26%, B 2015 rony cocrasmsiia 16%.

[Ipm 3TOM OCHOBO#l 3MOPOBOTO MHTAHUS
i 44% ompolIeHHBIX SBIAIOTCS (pepMepckue
MPOAYKTBI, IpHA 3TOM 29% CUMTalOT, YTO HATy-
paJibHBIE MTPOAYKTHI HAUTH CIIOKHO.

[Inatuts Gosble 3a SKOJOTHUECKH YUCTHIE
NPOAYKTH ¥ MpoaykTel 06e3 MO TroTOBHI IBE
TpeTu omnpomieHHbX. [lpu stom B2015T. mpu
orpoce OBUIO BBISIBIEHO, YTO 15% pecroHIeHTOB
HE FOTOBBI MEPEIUIaYnBaTh 32 KAYECTBEHHBIE TPO-
IyKThl, B 2021 nanHbIi noka3arens cocTaBui 45%
u9Ta 1Mdpa HEYKIOHHO PacTeT Ha MPOTKEHUU
nocienuux Jet (pucyHok 4). B 2015 r. 56% mo-
TpeOuTenell OBUIM TOTOBHI TOTPATUTH OOJIBIIE
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Ha MPUOOpETEHNE SKOIOTUYECKH YUCTHIX MPOIYKTOB,
aB 2021 r. sTOT MOKazaTenb cHu3miIcA 10 43%.
OaHMM M3 aKTyalbHBIX TPEHIOB SABISAETCS OTTOK
BHUMAaHUS TMOKyMarened OT MapKd | CTPaHBI-
MPOU3BOAUTENS. 3a MPOIYKTHI U3BECTHBIX U JOPOTHX
Mapok B 2021 r. gums 4% moTpeduTeneii roOTOBBI
NeperviaTuTs [6, 7).

@opMupyst CrIpoc Ha MPOAYKIMIO, 00JIaaaro-
IIyI0 SKOJIOTUUECKMMH XapaKTEPUCTHKaMH, rocyap-
CTBO CO3/1a€T CTUMYJIBI ULl PA3BUTHSI IIPOMBILIIEHHBIX
WHHOBAILMH, TUKTYET TOIIaroBO€ BHEJPEHHE HH-
HOBAIM, BBIAEISCT IPUOPUTETHBIC HANPABICHUS
B JIESITENBHOCTH TPeIPHUSTHS. «3eJIeHbIe» Tocy1ap-
CTBEHHBIC 3aKyIK{ CO3[AI0T CHPOC, NAlOT BasKHBINA
CUTHaJ pBIHKY HHBECTHPOBATH B IPOU3BOJCTBO
9KOJIOTMYECKH YHCTON MPOIYKLIUH.

Y poccuiickux moTpeduTenel B 1eJI0M OTCYT-
CTBYET YETKOE NPEICTaBJICHHE O TOM, YTO TaKoe
«3I0poBas» («3ereHas», opranudeckasi, pepmepckasi,
9KOJIOTHYECKH YHCTast, «OMO» U T. 1.) MPOAYKIHSL.
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Oko mpoaykuus Oonee noporas, aB YCIOBHAX «OxopepmaKonoBanoBo» — 54 miH p., «Ilepsoe
NaieHus TIATeXeCOCOOHOTO CIIPOCca U CHHKESHUS pewmenue» («Hatypa Cubupsika» u «6a0ymka Ara-
peanbHO pPAcIoiaraeMblX JOXOZOB HACEIEHUs ¢bs1») — 4 mupn p. B utone 2022 mon BEIBECKOi
npruoOpeTaTh TaKhe TOBAPhl MOJKET OrPaHUICHHOE «BxycBumm» pabotarot 1300+ maraszuHoB B 62 ropo-
KOJIMYECTBO MOTPEOHUTENCH, a 3T0 00JIee CHUIIbHBIN nax Poccun. Y xommanvu 6omnee 120 mapkcTopos.

Tpeny, dem 307K [IpencraBiena CpaBHUTENbHA XapaKTEpH-

Pe3yabTaThl U 00CyXKIeHHE CTHKA I[EH Ha SKOJIOTHYECKU YUCTYIO MPOAYKIIUIO,
ToBapooOOPOT KPYITHBIX HTPOKOB — MTPOJIABIIOB PEUIM3YCMYIO TIPEACTABUTCIIIMU U IPOLYKIIHIO, HE
PBIHKA, PEATU3YIOMIUX SKOJOTUYECKU YUCTYIO MPO- 00/Ia/JAOIILY 0 OKOJIOTUMECKUMH  XapaKTEPHCTUKAMU
JYKIMIO COCTaBIIL: «A30yKa BKyca» — 35 mipa p., B Poccunt (pucyHOK 5—7) Ha OCHOBE TOBapHBIX TPy
«BxycBunmm —4.9 mipa p., «JlaBkaJlaBka» — 102 MiH p., ITOBCEAHEBHOTO CIIpOCa.
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=2 Kaprodens Mopkob Jlyx YecHok Orypust  Ilomumopst  Ilepen Kabaukun  baknaxkxan  S16moko CruBa Hexrapun
Potatoes Carrots pernyaThiit Garlic ~ Cucumbers Tomatoes rpyHTOBEIii Zucchini  Eggplant Apple Plum Nectarine
Onion Plum Ground
pepper
— — = IleHa Ha NPOMYKIIHIO PO3HUYHBIX ceTel 3a 1 kr —— IleHa Ha 5KOJIOTMYECKU YHUCTYIO IIPOYKIMIO 32 1 K
Price of retailers' products per 1 kg Price for environmentally friendly products per 1 kg.

Pucynok 5. CpaBHeHuE IIEH Ha 3KOJIOTMIECKH YHCTYIO MPOIYKIUIO U MTPOIYKIHNIO, HE 001310y 0 KOJIOTHYECKUMHU
XapaKTEepPUCTUKAMHU 10 TOBAPHOH TPYIIIe TIOBCEJHEBHOTO CIIPOCa — OBOLIM M (PPYKTHI

Figure 5. Comparison of prices for environmentally friendly products and products that do not have environmental
properties characteristic of the commodity group of everyday consumption — vegetables and fruits
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Kypuna ToBsiauHa (BbIpe3Ka) CBuHUHA (pyJibKa) Hkpa nococeas (100 rp.)
Chicken Beef (loin) Pork (knuckle) Salmon caviar (100 g.)

— = = lleHa Ha NPOIYKIHIO PO3HUYHBIX ceTelf 3a 1 kr Ilena Ha 5K0JIOrMYECKU YHCTYIO MPOIYKIHIO 3a 1 Kr
Price of retail chain products per 1 kg Price for environmentally friendly products per 1 kg

Pucynoxk 6. CpaBHEHHE IIeH Ha 3KOJIOTHYECKN YUCTYIO MPOAYKIUIO U MIPOAYKIIHIO, HE 00JIaJafOIIyI0
9KOJIOTMIECKUMHU XapaKTEPUCTHKAMH IT0 TOBAPHOH I'PyTIIIE MOBCEAHEBHOTO CIIpOca — MSICO, THIIA, PbIoa

Figure 6. Comparison of prices for environmentally friendly products and products that do not have environmental
characteristics for the commodity group of everyday demand — meat, poultry, fish
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— — = llena Ha OIPOJYKIUIO PO3HUYHBIX CeTEi Ilena Ha 3KOJIOTHUECKH YUCTYIO MPOIYKIHIO
Price of retail chain products Price of organic products

PI/ICYHOK 7. CpaBHCHI/IC IICH Ha 9KOJIOTMYCCKH YUCTYIO NPOAYKIHIO U MPOAYKIHIO, HC 06J1ana10myfo 9KOJOIrH4€CKUMHU
XapaKTCPUCTUKaMH 110 TOBapHOI>'I TpyImnme NOBCECIHCBHOT'O CIIpOCa — MOJIOYHBIC ITPOAYKTHI 1 Hﬁua

Figure 7. Comparison of prices for environmentally friendly products and products that do not have environmental
characteristics for the commodity group of everyday demand — dairy products and eggs

B cpeanem 1ieHbl Ha 3KOJIOTUYECKU YHUCTHIE 152 py6., 3a 1 xr). Pa3Huma B aBa pa3a ormeyaercs
(pYKTBI 1 OBOIIN PA3JIMYAIOTCS B 5 pa3 110 CPaBHEHUIO Ha s10;10kU (¢ 70 py0. mo 165 pyo0., 3a 1 kT).
¢ 0a3uCHBEIMH. MaKkCHUMAaILHOE TOBEIIICHHE IIEH 3a- LleHbI HA SKOJOTUYECKH YHCTYIO TPOIYKIIIO
(uKcUpoBaHO B 8§ pa3 Ha MyK permdathiii (Oa3ucHas B KaTEropusiX: MsICO U MTHUIA Pa3HATCA B 4 pasza 1o
nena — 19 py0., Ha SKOJOTUYECKH YHCTHIN JIyK — CpaBHEHHIO C 0a3WCHHIMH 3HAYCHUSIMH (CTOMMOCTH
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CBUHUHEI 32 1 KT. — 175 py0., a CTOMMOCTB 3KOJIOTHYe-
CKHM YHCTOW CBMHHHBI 3a 1 kr. — 720 py0.). Llensr
Ha PBIOHYO MPOAYKLIHMIO OTIMYAIOTCS B ABa pasa.

B TOBapHOi rpynne MOJOYHBIE NMPOIYKTHI
HauOoJbllIee U3MEHEHHE LIEHBI 3aTPOHYIIO TaKYIO
NPOLYKIMIO, KAK CMETaHa U CIUBKM — LIEHa pa3-
HUTCS B 6 pa3, a HAUMEHbIIIee N3MEHEHNE Ha0II0-
JlaeTcsl Ha MPOIyKT — TBopor (¢ 72 py0. mo 185 pyo.,
B 2,5 paza).

Bce cBumerensctByer 00 3deKTHBHOCTH
NpeCTaBICHHs HA MAPKUPOBKE TOBAPOB YKa3aHUs
«HaTypaJbHBIN», «organicy, « KOy npoaykr. [Torpe-
OuTenb rOTOB MOKYIIATh HATYPaIbHbINA IPOLYKT, 4EMY
TaKKe CIOCOOCTBYET POCT HOIYJISIPHOCTH 37I0POBOTO
obpasa xuznu [9-20].

B 2022 rony Ha doHE ouepeqHOTO KpH3Hca
YCHJIWJICSI PALIMOHANBHBINA TOAXO[ MOTpeOuTeneh
K BBIOOpPY MPOJIYKTOB MUTaHUS. | TaBHBIM TPEHIOM
B YCJOBUSIX POCTa LEH M CHIDKCHHS JOXOA0B
HO-TIPEKHEMY OCTaeTCs SKOHOMUS — 3a CUET Kak

post@vestnik-vsuet.ru

noncka 0oJee JICMIEBbIX TOBAPOB, TAK M COKpAIICHHS
o0beMa IMOKYIIOK, B MEPBYIO OYepeb COKpAIIAIICh
MOKYIIKM TOBapOB B CPEIHEM LIECHOBOM CETMEHTE.

3akioueHne

Pa3BuTne pblHKa 3KOJIOTHYECKH YUCTOM
MPOAYKIIMK, HECMOTPS Ha MEPCICKTUBHOCTh JaH-
HOTO HAIPaBJICHUS U OTPOMHBIN MMOTCHIIUAT POCTA,
HaXOJUTCS Ha cTaguu hopMupoBaHus. I HeKTHuB-
HOCTB Pa3BUTHS 3aBUCHUT HAIIPSIMYIO OT TaKuX (pak-
TOPOB, KaK HAJIMYKE TOCYIaPCTBEHHOM MO ICPIKKH
Y pOCTa JOX0JIOB HACEIICHUSI.

TocynapcTBeHHass SKOHOMHUYECKAsT TTOJIUTHKA
JIOJDKHA OBITh HAIpaBJICHA Ha Pa3BUTHUEC MEXaHU3MOB
MOJICPKKH W CTUMYJIMPOBAaHUSI  MTPOU3BOJICTBA
9KOJIOTMYECKH YHUCTBIX MPOAYKTOB. BHeapeHwue
9KOJIOTMYECKU OPUCHTHUPOBAHHBIX WHHOBAIU B
CUCTEMBl MCHE/KMEHTa OpTraHU3alUd MPUBEIYT
K 00€CIIEUYeHUI0 PAMOHAIFHOTO MPHPOIOTIOIH30-
BaHUs M SKOJIOTMYECKON 0€30M1aCHOCTHU CTPaHBbI.
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Pa3paﬁoTKa crocooda MOJIYICHUA MaMOHE3HOI'0 coyca ¢ HCIMOJb30BaAHUEM
THAPOJIATA MSATHI MePeYHOii
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1 BopoHEXCKHi1 rOCy1apCTBEHHBIN YHHBEPCUTET HHXKEHEPHBIX TEXHOJIOTHil, Ip-T PeBomonmu, 19, r. Boponex, 394036, Poccus

1

AHHoTanud. B xadecTBe HaTypanbHBIX apOMaTH3aTOPOB JUI MaiOHe3a, MallOHE3HBIX COYCOB, IPEMIAraeTcsl MCIIONb30BaTh MACIISIHBIC
9KCTPAKThl M THAPOJNATHl MPSHO-apOMATHYECKMX M 3(QHPOMACIMYHBIX PACTCHMH, B YaCTHOCTU THAPONAT MATHI NepedyHOi. I'MapomaTsl
COJZlepIKaT aKTHUBHBIE KOMIIOHEHTHI, CIIOCOOHBIC MTOBBICUTH OMOJIOTHYECKYO [IEHHOCTh FOTOBOIO MpOAyKTa. IIpuBeicHa METOUKA MOJIYYCHUS
THApPOJIATa, TIOTyYall CIOCOOOM OTTOHKH HACHIIIEHHBIM BOASHEIM IapoM. [IpuBeneHa perenrypa paspadoranHoro coyca. I[Ipu 3ameHe gactu
BOZIBl Ha THAPOJIAT, COyC 00OTraIlaeTcsl HOBBIMU IPUPOAHBIMU OUOJIOTMYECKH aKTHBHBIMH BellleCTBaMU. B BonHylo (pakiuio He monagaroT
HEIOJIIPHBIC ATMMEHTAPHO 3aBHCHMBIC BELIIECTBA, XOPOILIO COXPAHIETCs] OPIaHONCITHKA HCXOAHOTO ChIPhS, a 9TO KIMEHHO TO, YTO HY)KHO JUIS
coyca. JIyist momydeHns MaifoHE3HOTO cOyca C THAPOIATOM MSTHI IEPEUHOM CyXHe KOMIIOHEHTHI COJIb, CTEBHS, JIbHAHAS MyKa H CyX0€ MOJIOKO
CMEUIMBAIOT C BOJOM 1 ruaponarom, B Teuenue 30 mus npu 80—85 °C, 3arem cmech oxnaxaatoT 10 60—65 °C u 100aBIsSIOT SIMYHBIHA TTOPOIIOK
U TIPOJOJDKAIOT NEepeMEeIMBaHNEe B TEUCHHE 3-5 MHUH, MOC/IE 4ero CMeCh IEPeKauuBalOT B OXJIAKAAEMBIIl CMECHTENb M IO JOCTIKCHHU
Temneparypsl Macchl 35-40 °C npu paboTaroieii Menanke B CMECHTENb MOAAETCst CMeCh Macel (KyKypy3HOe, PbKUKOBOE), a 110 JIOCTH)KEHUH
Temreparypsl Maccsl 25-30 °C mojada XOJNOAHOM BOIBI B pyOalIKy CMECUTENs NPEKPAIaeTcs, U B CMCCHUTENb 3arpyXaloTcsi MOJIOYHAs
kucnora. IlpemioxeHHBI cmoco® moTydeHHS MalHOHE3HOIO cOyca C THAPONATOM MSATHl IIEPEYHOH IO3BOIACT DPEaNU30BBIBATH Ha
OPEANPHATUSIX BBITYCK NPOAYKLHU C ONTUMH3UPOBAHHBIM JKUPHOKHCIOTHBIM COCTaBOM M HATypaJlbHBIMH BKYyCO-apOMaTHYECKHMU
J00aBKaMHU.

KuawuesBbie cioBa: )I(HpHOKPIC.IIOTHLIfI cocTas, MacCJISHBIN OKCTpaKT, ruAapojar, MaﬁOHe:&, MaHOHE3HBIN COyC, IPsIHO-apOMAaTU4YCCKUC
BCIIECTBA, PBXKMKOBOC MACJIO, ITOJUHECHACBIIICHHBIC ) KUPHBIC KUCJIOTHI.

Development of a method for producing mayonnaise sauce using
peppermint hydrolate

Anastasia V. Terekhina ' gorbatova.nastia@ya.ru *“ 0000-0003-4433-9615

Natalia V. Zueva ' nataspirt30@ya.ru 0000-0003-2840-398X

Viktoriya N. Yarosheva '  yarosheva02@bk.ru 0009-0009-6613-5323
1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia

Abstract. As natural flavors for mayonnaise and mayonnaise sauces, it is proposed to use oil extracts and hydrosols of aromatic and essential
oil plants, in particular peppermint hydrosol. Hydrolates contain active components that can increase the biological value of the finished
product. A method for obtaining hydrolate is presented; it was obtained by distillation with saturated steam. The recipe for the developed sauce
is given. By replacing part of the water with hydrolate, the sauce is enriched with new natural biologically active substances. Non-polar
nutritionally dependent substances do not enter the water fraction, the organoleptic properties of the raw materials are well preserved, and this
is exactly what is needed for the sauce. Production does not require any re-equipment of the production line. To obtain mayonnaise sauce with
peppermint hydrolate, dry ingredients salt, stevia, flaxseed flour and dry milk are mixed with water and hydrolate for 30 minutes at 80-85 °C,
then the mixture is cooled to 60—65 °C and egg powder is added and mixing continues. for 3-5 minutes, after which the mixture is pumped into
a cooled mixer and when the mass temperature reaches 35-40 °C with the mixer running, a mixture of oils (corn, camelina) is fed into the
mixer, and when the mass temperature reaches 25-30 °C, cold water is supplied to The mixer jacket is stopped and lactic acid is loaded into
the mixer. The proposed method for producing mayonnaise sauce with peppermint hydrolate allows enterprises to produce products with an
optimized fatty acid composition and natural flavoring additives.

Keywords: fatty acid composition, oil extract, hydrolate, mayonnaise, mayonnaise sauce, spicy-aromatic substances, ginger oil,
polyunsaturated fatty acids..

craryc. MaifoHe3HbIE COYChI SIBIISTEOTCS TICHHOM JTOOABKOM

Beenenne o o
K ITUIIE, CITy>KaT OOOTaIlleHHOW NPHIPAaBON U TOBBI-
B cBete coBpeMEeHHBIX TCHACHINI YBEITNICHHUS LLIAOT UILEBYIO LEHHOCTh Pa3/MUHBIX O/1rox [1—6].
HPOJIOJDKUTENIBHOCTH JKU3HU 1 PabOTOCIIOCOOHOCTH BK/IF0UCHHE MAHOHE3HBIX COYCOB B PALHOH
npo(uIaKTHKa 3a00JIeBaHNI SABISIETCS HEOTIIOKHBIM CIOCOGCTBYET YCBOEHHMIO ONTHMAIBHBIX YPOBHEH
NPHOPUTETOM, BKIIFOYAOIIUM yITyqIICHUE COCTOSAHMA 1 KOJIMYECTB HEHACHINEHHBIX JKHUPHBIX KHUCIIOT,
nuTaHus HaceseHus. [loTpeOuTem 00bIYHO MCTIONb- BUTAMUHOB, XKHPOPACTBOPHMBIX BHTAMHHOB (B TOM
3yHOT (PYHKIMOHATBHBIC W OOOTAICHHBIE PO YKTHI qhcIe TeX, KOTOpHIE COAEPIkKATCsS BO pyKTax
MATaHUS, YTOOBI CKOPPEKTUPOBATH CBOW MUIIEBOM ¥ 0BOILAX), [HIIEBbIX BOIOKOH, aHTHOKCHIAHTOB
Jlis iutupoBaHus For citation

Tepexuna A.B., 3yeBa H.B., SIpomesa B.H. Paspabotka cnocoba Terekhina A.V., Zueva N.V., Yarosheva V.N. Development of a method
MOJIy4eHUsI MAOHE3HOTO coyca C HCIIONb30BaHMEM Tujaposiata MsaThl  for producing mayonnaise sauce using peppermint hydrolate. Vestnik
nepeuHoit // Becrmmk BI'YUT. 2023. T.85. Ne4. C.35-40. VGUIT [Proceedings of VSUET]. 2023. vol.85. no.4. pp.35-40.

doi:10.20914/2310-1202-2023-4-35-40 (in Russian). doi:10.20914/2310-1202-2023-4-35-40
This is an open access article distributed under the terms of the
© 2023, Tepexuna A.B. u nip. / Terekhina A.V. et al. Creative Commons Attribution 4.0 International License

35



Terekhina A.V. et al. Proceedings of VSUET, 2023, vol. 85, no. 4, pp. 35-40

WJIH MUHEPAJOB, KOTOPHIE COOTBETCTBYIOT HOPMaM
IJIaH 3I0poBOro muTaHus. Bmecte ¢ 3TuM cyie-
CTBYET HEOOXOJAMMOCTh COXPAaHCHHUS MHUIIECBBIX
JIOCTOMHCTB MPOIYKTOB MUTAHUS, KACAEMO UX Op-
TaHOJIETITHICCKUX XapaKTepucTuk [7—10].

[IpennoxeHHbIl HAME CHIOCOO apOMaTH3AIIN
MalOHE3HON MPOIYyKLUUU MPEANojaraeT 3aMeHy
YacTH BOJBI B BOIHOW (pa3e ruaposiaTaMyd apoma-
TUYECKUX PACTEHUM.

Jnst mpuroToBlieHUs MaillOHE3HOro coyca
WCTIOJIB30BANI TUAPOIIAT, IOTYUSHHBIH ITyTeM Tie-
pepaboTKH MATHI IEPEIHOMN, CoeprKaIei B CBOEM
COCTaB€ KOMIIOHEHTHI, MNPUAAIOIINE MPOIYKIIUU
XapaKkTEpHbIA apoMaT U BKYC.

Heans padoThl — pa3paboTka crocoba 1mo-
Ty4eHUs] MallOHE3HOTO COoyca C MUCIIOIb30BAaHUEM
TUApOIIATA.

MaTepna.nLl U ME€TOAbI

Marepuait ucciieJOBaHUi — CBEXKEyOpaHHOE
CBIphe MsTa TIepeuHas (Mentha piperita L.). I'anpo-
JIaT MATHI IEPEYHON — 3TO c1abo OmaIecUpyroImas
SKUJIKOCTb, COJICPIKAINas B PACTBOPEHHOM COCTOSIHIU
HeOOJBIIIOE KOJMYECTBO BOAOPACTBOPUMBIX WIIH
C1abopacTBOPUMBIX KOMIIOHEHTOB 3¢pupHOro. Tarke
B COCTaB HCIIOJIB3yEeMOr0 TUApOJaTa BOILUIH JPYyTrHe
LIEHHBIE BOJOPACTBOPUMbIE KOMITOHEHTBI: KHCIIOTHI,
0mo(hIaBOHOU B, BUTAMUHBI.

I'maponar MATHI IEpEeYHON MOy YaId METOIOM
JUCTAUISIMA PACTUTEIIBHOTO ChIPbsi MSIThI (JIMCThSI
u ctebnu) Ha napy npu temmepatype 100 °C, ¢ uc-
MOJIb30BaHUEM OUHIleHHON Boabl. [Ipu 3TOM BoAa
MpeBpallaeTcss B Hap C MOocieayoneil KoHIeHca-
1uei napa B KHUIKOCTh (IUcTHILIAT). B pe3ynbrare
MPOXOXKICHUS] TIAPOB BOJBI Yepe3 PAaCTUTEINHHBIN
MaTepuan MSTbl ITIEPEYHOM, OHH HACHIIIAOTCS
IEHHBIMU BOJIOPACTBOPUMBIMU KOMIIOHEHTAMH,
COZIep KaIlMMUCS B MAITE TIEPeYHO: 3(hUpHBIe Macla,
KHCIIOTBI, OMO()IaBOHOUABI, BUTAMHUHBL. [loaTOMY
Ha MepBOM I3Tarie paboThl HaMu ObLta coOpaHa
YCTaHOBKA JUIS TIOJMYyUYEHUS THAPOJIATOB METOJIOM
MapoOBOU JUCTHILIAIINAHN (PUCYHOK 1).

— —

Pucynok 1. YcraHOBKa U1 TIOTyYEHUS THAPAIATOB

Figure 1. Installation for obtaining hydrolates

post@uestnik-vsuet.ru

Jlns ycraHOBKE HaMm MOTPeOOBaIoOCh: K-
TpUYecKasl IUINTa, [[Ba INITATHBA, TEPMOCTOMKAas
komnba, EMKOCTh IS CJIMBA, XOJOAWIBHUK, CTEKIISH-
Hasg TpyOKa, ayutomX. JlaHHas ycTaHOBKa OKa3aiach
MIPOCTOH U Y0OHOU B HCTIOIH30BaAHUH.

MerToauka mory4eHus TuaposaTta B mabopa-
TOPHBIX YCIOBHAX cieayromias. Celpbe MoMenia-
eTcs B KPYIVIOAOHHYIO KOJIOY € XOJOAMIBHHUKOM
Y 3JIMBAETCA NTUCTUILIMPOBAHHON BOJIOW MPH TUJI-
pomonayne 1:2. CMech HarpeBarOT 10 KUIEHUS U
MPOJIOJDKAIOT TPOIIECC B PEKUME KHUITCHHUS B TEUSHNE
1,5 gaca. [Tapsl JeTy4nx apoMaTHYeCKHX BEIIECTB
Y BOJIbl KOHJCHCHPYIOTCA B XOJOJWJIBHUKE H IO-
CTYTIAIOT B IPUEMHHUK.

MaiioHe3HbIi coyc moiyJany Ha J1aboparop-
HOM TOMOT€HH3aTOpe, YacTOTa BpaIleHUs pabodero
oprasa KoToporo cocrasjser 3000 ¢

PesyabTaThl 1 00cyx1eHne

MaiioHe3Hble COYCBI, BKJIIOUAIOT B ceOs
CMECh PACTHUTENBHBIX Macel KyKypy3HOTO H
PBDKHKOBOTO,  OEIKOBYIO  OMYJIBTHPYIOUIYIOCS
KOMITO3HIIAIO, CTA0MIIN3aTOpP, COJIb, Caxap-TecCoK,
cyxoe ob6ezxupeHHoe Mosnoko (COM), smuHBIN
KOMIIOHEHT B BUJIC STMYHOTO MOPOIIIKA, B KAYECTBE
CTaOMIM3AIIMOHHOW CHCTEMBI — JIbHSHAs MyKa,
MOJIOYHAsl KHCIIOTa, THIPOJAT MSTHl IEePEYHOMH,
MUTHEBYIO BOMY IPH CICAYIOUIUX COOTHOIICHHUSIX,
% macc.: Macyo Kkykypy3Hoe 21%; Maciio prDKAKO-
Boe 14%; myka npHsHas 2—3%; COM 10%; conb
0,5%; caxap-necok 0,8%; stmuHbIil opomiok 1%;
MosoyHas kucinora 1%; ruaponar 35%; Boga
(octamsaOE) 10 100%.

[Ipu 3amMeHe yacTu BOJABI HA THIPOJIAT, COYC
o0oraraercss HOBBIMU TMPUPOHBIMU OHUOJIOTHYCCKH
aKTUBHBIMU BellecTBaMU. B BomHyrO (pakuuio
He TIONA/IAF0T HETIOJSIPHBIE aTMMEHTapHO 3aBUCHMBIC
BEII[ECTBA, XOPOIIO COXPAHSICTCS OPTaHOJICTITHKA
HCXOIHOI'O ChIPbs, a 3TO MMEHHO TO, YTO HYXKHO
IS coyca.

Jns momydyeHus: MallOHE3HOTO coyca ¢ THIIPO-
JIATOM MSTHI TIEpeYHOll (PHCYHOK 2) CyXre KOMIIO-
HEHTHI COJIb, CTEBHS, JIbHSHASI MyKa U CYX0€ MOJIOKO
CMCIUBAIOT C BOJAOW U THIPOJIATOM, B TCUCHUE
30 MuH, 3aTEM CMECH OXJIAKIAIOT U JOOABISIOT
SIMYHBIA TIOPOIIOK U MPOJIOJDKAIOT IMEePEMEIIBaHNC
B T€UeHHEe 3—5 MHH, IOCJe Yero CMecCh IepeKadu-
BAalOT B OXJIAKIAEMBIA CMECUTEID M 110 JOCTHKEHUN
temrrepaTypsl Macchl 35—40 °C npu paboraromieit
MeIIaJIKe B CMECUTENIb ITOAACTCA CMECh Macel
(KyKypy3HOE, PBDKHKOBOE), aTO0 JOCTUXKCHHUU
TeMriepaTypbl Macchl 25-30 °C nonaya XoJI0AHOU
BOJBI B pyOammky cMecuTels TMpeKpariaercs, Hu
B CMECHUTENb J00ABISACTCS MOJIOYHAS KHCIIOTA.
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[Ipouecc roMoreHu3anuu NPOBOAUTCA A0
MOJIyYeHUs] TOMOTE€HHOH 53MyJibcuu. Bo3MoxeH
ONHOKpATHBIM TMpoxox TrpyOoit smymbcun. [lo
OKOHYAHWM TOMOTECHM3AIlMH TOTOBBIA MAaMOHE3HBIN
coyc oxJaxaaercs a0 Temmeparypsl 15-25 °C. U3
€MKOCTH JIsl TOTOBOM MPOAYKIMU MalOHE3 MOAAI0T
Ha ¢acoBanue. PacoBKa IUIAHUPYETCA B CTOAYHE-
MaKeThl Tok-1akK, Mmaccoit HeTtTo 200 T.

[Tomy4daeTcst cTOMKHMI I'yCTOW TOMOTEHHBIN
CMETaHOOOPa3HBI MPOMYKT. BKyC — HACBHITICHHBIH,
C SIBHBIM TPYBKYCOM H JIETKUM OTTEHKOM 3aIlaxa
KOHKPETHOH TMPSIHOCTH (2 IMEHHO TePEeYHON MSTHI)
0e3 U3IUIITHEH OCTPOTEHI.

[Ipu cocraBe penenTypsl MaifoHE3HOTO coyca
C TU/IPOJIATOM MSATHI TepeyHOH Obul momoOpaH
SKUPHOKHUCIIOTHBIM COCTaB OTHOCHUTENIBHO PEKO-
MEHJALUH AJIs IPOIYyKTOB 340POBOr0O MUTAHMUSL.

PaccunTaHHBIM >KMPHOKUCIOTHBIA COCTaB
mpeJcTaBiieH B Tabmwme 1.

Tabauna 1.
JKUpHOKHUCIOTHBINA COCTaB MaHOHE3HOTO coyca
C THJIPOJIATOM MEPEYHOU MATHI

Table 1.
Fatty acid composition of mayonnaise sauce with
peppermint hydrolate
Kuphas xucnora MaiionesHsli coyc
Fatty acid Mayonnaise sauce
C 14:.0 0,0602
C 16:0 7,783
Cl6:1 0,1098
C17:0 0,0184
C17:1 0,0128
C 18:0 2,523
C18:1 25,9286
C18:2 40,302
C 20:0 0,86
C18:3 13,232
C 20:1 6,063
C 20:2 0,7152
C22:0 0,337
C22:1 1,0644
C 20:3 0,466
C20:4 0,0748
C24:0 0,208
C24:1 0,2436

Pesysbrarsl pacueTa >KMPHOKUCIIOTHOTO COCTaBa
JIOKA3bIBAIOT, YTO B MpEJIaracéMoM MalOHE3HOM
coyce C THIPOJIATOM MSTHI MIEPEYHOH JOCTUTHYTO
COOTHOILEHHE XKUPHBIX KUCIIOT Ipynn ©-3:0-6 = 1:3,
YTO PEKOMEHIOBAHO Il (DYHKIIHOHAIBHBIX JKHPO-
BBIX MPOAYKTOB.

C uenbio U3y4YeHUs BIMSHUS THAPOJIATA MSITHI
HepevyHol Ha BKYCOBBIE KadyecTBa INPOBOJIMIIACH
OpTaHOJIENITHYECKast OIEHKAa MaliOHE3HOTO coyca,
BBIPaOOTaHHOTO IO IIpeIaraeMoi perentype.

OpraHoyienTuYecKue MoKa3aTein ONMpPEAeIISIOT
B CIIE/IYIOIIEH MOCIIeIOBATEIFHOCTH: KOHCHCTCHIINS,
BHEIITHUH BUJ, IIBET, 3aI1ax, BKYC.
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[Ipu onpenenenny BHEIIHErO BHUA U LBETa
npoOy Maiione3a mMaccoii He MeHee 30 T. TOMEIaloT
B CTCKJIHHBIA cTakaH. CTakaH yCTaHaBJIMBAIOT
Ha JuCcTe Oelloif OyMarwm W pacCcMaTpUBalOT TIPH
paccesHHOM THEBHOM CBETE, OIPE/IeNsisi BHEITHHHA
BHJ, LBET M OTMedas OTCYTCTBHE WM HAJTU4HE
MOCTOPOHHUX BKJIFOUEHHIA.

[Ipu onpenenenny 3anaxa ¥ BKyca MalioHe3
NpEeABAPUTENBHO MEPEMEIINBAIOT mnareneM. 1lpu
OIPENEICHUH BKYCa KOJIMYECTBO MPOIYKTa JOJDKHO
OBITH JTOCTATOYHBIM IS PacCHpeeIeHUs 10 BCEi
nostoctu pra (3—10 r). Maiiones nepakat Bo pty 5—10 ¢,
HE MPOTJaThIBasi, 3aTEM YAAJSIOT.

VHTEHCHUBHOCTD KaXKIIOTO JIECKPHIITOPA OIIpe-
JIETISUTH C TIOMOIIIBIO S-0ayUTHHOM IIKaTKT: 1 — IpH3HaK
OTCyTCTBHE; 2 — ciabasi HHTEHCUBHOCTD; 3 — yMe-
peHHas; 4 — cuibHas; 5 — OUeHb CUJIbHAsL.

BanibHy10 O1IeHKY HHTEHCHBHOCTH JIECKPHII-
TOPOB PACCUUTBHIBAIM, KaK CpEIHEC 3HAUCHUE U3
OLIEHOK JETYCTaTOPOB.

Ha pucynke 3 mnpeacraBiensl mpoduio-
rpaMMBI 3al1axa 1 BKyca JIByX 00pa31ioB MalioHe3a.
IlepBblil U3TOTOBIIEH IO PACCUNTAHHOM pELENTYpe
C BHECEHHMEM BOJIbl, BO BTOPOM 4acTh BOZBI 3aMe-
HeHa ruaponatoM. OLEHHBANINCH BBIPAXKEHHOCTh
CIIEIYIOINX BKYCOB: | — KHUCHBIH; 2 — OCTPBIi; 3 —
COJICHBIN; 4 — cmaAKuil; 5 — TOPbKUil; 6 — MPSHBIA;
"7 — MOJOYHBIH; 8 — MoCTOpOHHMI NpHBKyc. Kak BUaHO
U3 PUCYHKa, IPEJICTABICHHbBIE 00pa3Lbl MOIYIHIN
JOCTAaTOYHO BBICOKME OLEHKH. CllelyeT OTMETUTb,
4TO 00paserl ¢ THAPOIATOM, IMEET APYTOi BKYC.

—O— 6e3 ruaponata = c rugponatm
without hydrolatum with hydrolatum
Pucynox 2. [Ilpodmiorpammsl 3amaxa Hu BKyca

pa3paboTaHHOTO MAHOHE3HOTO coyca

Figure 2. Profilograms of the smell and taste of the
developed mayonnaise sauce
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Boma Msita nepeynas Conpb CreBus COM Myxka npHSIHAS
Water Peppermint Salt Stevia Flaxseed flour

! ! ! ! ! !
Ileperonka t = 7585 °C; t = 90 mun Jo3upoBanue
Distillation t = 75-85 °C; 1= 90 min Dosing
! !
Bopa/runponar CwmemmBanue u nactepuszanus npu t = 80—85 °C
Water/hydrolat Mixing and pasteurization at t = 80-85 °C

!

Oxnaxaenue 10 t = 60-65 °C
Cooling to t = 60-65°C

|

SMuHBI TOPOIIOK
Egg powder

CwmemnmBazue U nactepusanus npu t = 60-65 °C
Mixing and pasteurization at t = 60-65 °C

|

Oxmnaxaenue 10 t = 35-40 °C
Cooling to t = 35-40 °C

|

Kykypy3Hoe, ppKHKOBOE Maciio
Corn, Carrot seed oil

OwmynsrupoBanne. Yacrora Bpamenns 3000 06/mMun
Emulsification. Rotation speed 3000 rpm

|

T'omorenmsanust. d = 0,2...2 MKM
Homogenization. d = 0.2...2 pm

|

OxJaxkieHre ToTOBOro MailoHe3Horo coyca Ao t = 15-20 °C
Cooling of mayonnaise sauce to t = 15-20 °C

!

®dacoBka 1 ynakoBKa
Packing and packaging

Pucynok 3. Texnonorndeckasi cxeMa mpoOU3BOJICTBA MaliOHE3HOTO cCOyca

Figure 3. Technological scheme of mayonnaise sauce

3aKkiIoueHne

[IpenoxenHslil crmocod MoaydeHus] Maio-
HE3HOI0 cOoyca C HAPOJaToM MsSTHI TEepPEeUuHOH
MO3BOJIIET PEAIN30BBIBATH HAa MPEANPUATHIX

AHamu3 XKHUPHOKHCIIOTHOTO COCTaBa MaioHe3-
HOTO COYCa CBHETENBCTBYET 00 ONTHMAIBHOM COOT-
HOIIEHHE TPYIII KUPHBIX KUCIOT, ®-3:0-6 = 1:3, 4to
PEKOMEHIOBAHO JUTsl (PyHKLIOHAIBHBIX POYKTOB.

Taxum oOpa3oM, B pe3yibraTe paboThl pas-

paboTaH croco0® mMmomydeHus (QYHKIHOHAIBLHOTO
MalOHE3HOTO COoyca C UCIIOIb30BaHUEM IHpOJIaTa
MSTBI IEPEYHOH, KOTOPBII HMEET YTy HdIleHHBIE BKYCO-
apOMaTHYECKHe XapaKTePUCTHKU.

BBIITYCK TPOIYKIMH C ONTHMU3UPOBAHHBIM JKHP-
HOKHCJIOTHBIM COCTaBOM M HATypalbHBIMHU BKYCO-
apoMaTHYECKUMU JI00aBKaMH.
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OCco0eHHOCTH XUMHYECKOI'0 COCTABA M TEXHOJOTHYECKHE CBOMCTBA
MOJIOKA KOPOB € Y4€TOM JIMHEHHOW MPUHAIJIEKHOCTH
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1 BopoHexckuil rocy1apCcTBEHHBII YHUBEPCUTET UHKEHEPHBIX TEXHOJIOT Ui, p-T PeBomronuy, 19, r. Boponex, 394036, Poccus

2 BopoHe)CKHii rocy1apcTBEHHbIH arpapHbli YHUBEPCHTET UMeHU umiiepatopa Ilerpa I, yin. Muuypuna, 1, r. Boponex, 394087, Poccus
AnHoTanus. Moo4Has MPOMBIIUICHHOCTD SBISIETCSI CaMbIM OBICTPOPACTYIIUM CEKTOPOM >KHBOTHOBOZACTBA M K 2030 romy, mpom3BOACTBO MOJOKA, IO
MPOTHO3aM, YBEIIMUMTICS B cpemHeM Ha 22%. Ha MoNOUYHYI0 IPOIyKTUBHOCTH M TEXHOJOTMYECKHE CBOMCTBA MOJIOKA OKA3bIBAeT OOJBIIOE BIISTHHEC
TeHETHYECKHIT MOTEHIMal KOPOB, KOTOPBI BO MHOIOM OOYCIIOBIIMBAIOT MCIONb3YeMble Ul IIPOM3BOJICTBA CTana ObIKH-TIponsBoauTeNd. B nanHoi padote
M3y4yeHa MOJIOYHAs IPOAYKTHBHOCTh M KaueCTBO MOJIOKA KOPOB KPAacHO -IecTpoii mopospl. KpacHo-mecTpast mopoa MOJIOYHOTO CKOTa — 3TO TEHETHUECKU
MoJIo/iasi TIOMYJISILMS, U Ha COBPEMEHHOM 3Talle COBEPIIEHCTBOBAHMS CTOMT 33/aua HACJIE[CTBEHHOM KOHCOIMIALUYU IUIEMEHHBIX, IPOMAYKTHBHBIX KauecTB
JKUBOTHBIX 110 NIPH3HAKAM, OTBEYAIOIIMM TPEOOBAHUAM M HANPABICHHUIO IPOAYKTHBHOCTU HMOPOABL [l M3ydeHHs TeHeTUYECKOro IMOTEHIHAIa MOJIOYHON
MIPOJYKTUBHOCTH OBIKOB-IIPOM3BOHUTENCH, HCIONB3YyeMBbIX B XO3SHCTBE, M MPOAYKTUBHOCTH HX Joduepell HCHOIB30BAMICH JaHHBIE IUIEMEHHOIO ydeTa —
nporpamma «CEJIDKCy. Jlns wccnenoBaHuii KadecTBa M TEXHOJOTMYECKHX CBOWCTB MOJIOKAa ObUTM C(OPMHPOBAHBI TPU TPYHIBI KOPOB PA3HOrO
nporcxoxaenust: uanid, Pednexum Cosepunr 198998, Buc Bak Aiinan 1013415 u Moutsuk Yudreitn 95679. MonouHyo MpOayKTUBHOCT YUUTBHIBATIN
eXKeJIeKaIHO T10 pe3yIbTaTaM KOHTPOJIBHBIX JOeK, B Tedenne 305 queil nakrarmm. Hanmyumnre kadecTBeHHbIE OKa3aTeH BBIBICHEI B MOJIOKE KOPOB OT OBIKOB-
npousBoauTeneii mmun Buc bak Afinuan. OtMedaercs, 9To comepKaHHe CyXOTo BEIeCTBa B MOJIOKE KOpoB — IepBoTenok Buc bak Aiinan cocrasuio 12,15%,
YTO HECKOJIBKO IIPEBBINIAET JAHHBIA IOKa3aTelh B MOJOKE JKMBOTHBIX Peduexmm CoBepHHr. AHAIOTMYHAs TEHICHIWS HPOCIEKHUBANIACH 10 JKUPY U
COZIEp)KAHHIO Ka3erHa. B cBs3u ¢ yeM, ObIKM 3TOM JIMHUH MOTYT SIBJIATBCA YJTydIIaTEIIIMHI 110 COJICPKAHHUIO 5KMpa 1 Oeltka B Moioke. MoJIoko KopoB jiHIY Brc
Bok Alinan o6ianano BbICOKOH CIIOCOOHOCTBIO K ChI4Y)KHOMY CBEPCTBbIBaHUS (BpeMsi cBepThIBaHMS 9 MUH 21 cek). BakHbIM HOKa3aTeneM, OTpaXkaroluM
KaJecTBO IIOTYYaeMOr0 MOJIOKA SBIICTCS YHCIIO COIEPIKAIMXCS B MOJIOKE COMATUYECKHX KIIETOK. Y CTAHOBJICHO, YTO HAUMEHBIIIee KOIMYECTBO COMATHIECKUX
KJICTOK B MOJIOKE BBISIBIIEHO y KOpOB JMHHY Bric Bak Aiimman. Takum 06pa3oM, KOINYECTBO COMATHIECKUX KIETOK B MOJIOKE MOJKHO HCIIOJIB30BaTh B KAUECTBE
KpUTEpUst IIPH OLIEHKE O€30I1aCHOCTHU Y ChIPOIIPUTOIHOCTH MOJIOKA C LIEJIbEO TTOJIYYEHHS BBICOKOKAYECTBEHHBIX MOJIOUHBIX ITPOJLYKTOB.

KiroueBble ¢10Ba: KpacHO-IECTpast IIOPOia, MOJIOYHAS IPOLYKTHBHOCTD, CBOIICTBA MOJIOKA, CBITYKHAsI CBEPTHIBAEMOCTH, Ka3€HH.

Features of the chemical composition and technological properties
of cow's milk, taking into account the linear affiliation
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Abstract. The dairy industry is the fastest growing livestock sector and by 2030, milk production is projected to increase by an average of 22%. Milk productivity
and technological properties of milk are greatly influenced by the genetic potential of cows, which is largely determined by the producing bulls used for the
production of the herd. In this work, the milk productivity and milk quality of red-mottled cows were studied. The red-mottled breed of dairy cattle is a genetically
young population, and at the present stage of improvement there is a task of hereditary consolidation of breeding, productive qualities of animals according to the
characteristics that meet the requirements and the direction of productivity of the breed. To study the genetic potential of the dairy productivity of breeding bulls
used on the farm and the productivity of their daughters, data from breeding records - the SELEX program - were used. To study the quality and technological
properties of milk, three groups of cows of different origins were formed: lines, Reflection Sovering 198998, Vis Back Ideal 1013415 and Montvik Chieftain
95679. Milk productivity was taken into account every week according to the results of control milking, during 305 days of lactation. The best quality indicators
were found in the milk of cows from bulls-producers of the Vis Back Ideal line. It is noted that the dry matter content in the milk of first—calf cows Vis Back Ideal
was 12.15%, which is slightly higher than this indicator in the milk of animals Reflection Sovering. A similar trend was observed in fat and casein content. In this
connection, bulls of this line can be improvers in terms of fat and protein content in milk. Milk of cows of the Vis Back Ideal line had a high ability to rennet
(coagulation time 9 min 21 sec). An important indicator reflecting the quality of the milk obtained is the number of somatic cells contained in milk. It was found
that the smallest number of somatic cells in milk was detected in cows of the Vis Back Ideal line. Thus, the number of somatic cells in milk can be used as a
criterion for assessing the safety and cheese suitability of milk in order to obtain high-quality dairy products.

Keywords: red-mottled breed, milk productivity, properties of milk, rennet coagulability, casein.
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BBenenue

IToBbillIeHHOE BHUMaHKE K MOJIOYHOM Mpo-
TYKTHBHOCTH COBPEMEHHBIX MOJIOYHBIX KOPOB
CBS3aHO B TEPBYI0 O4YEpenb CO CHHKCHHEM
WX MPOJODKUTENBHOCTH TIPOIXYKTUBHON JKU3HU
(monroneTHs), CHIKEHUEM TUIOJJOBUTOCTH M BEPOSIT-
HOCTBIO BO3HUKHOBEHUS 3a00JICBaHUA, BIMSIOIINX
Ha MPOLECCHI JIAKTAalUU. Y BEIMYEHUE TTPOIOIIKH-
TCJIBbHOCTH JKHW3HU CHHXACT HWHBCCTHIHUMOHHBIC
3aTparhbl, CBA3aHHLIC C BbLIpAIIMBAHUEM IIOJTHOCTBIO
IIPOJYKTUBHBIX TENOK. IIpu 3TOM KOpOTKHI CPOK
KU3HU CTaJJa MNPUBOJAUT K YBCIIMYUCHHUIO 3aTpar
Ha 3aMEHY B pe3yJbTaTe OTPaHMYEHHOTO IOTEH-
nmuajga oTOopa TeNoK-3aMeHuTeIel Ha depme.
CHmXeHHe TUI0TOBUTOCTH KOPOB SIBJISIETCS OCHOB-
HBIM (H)aKTOPOM, CIIOCOOCTBYIOIINM CHIDKCHHUIO
MPOAOJKUTENIEHOCTA JTHEH JTaKTallid W MPOIOJ-
JKUTEITFHOCTH JKU3HH.

KpacHo-niectpasi mopozia MOJIOYHOTO CKOTa —
3TO TEHETHYECKH MOJIO/Iasi OMYJISAIHS, U Ha COBpe-
MEHHOM 3Tare COBEPIICHCTBOBAHMS CTOUT 3ajaya
HACJICJICTBEHHON KOHCONMJAIMK  IUIEMEHHBIX,
MPOAYKTHUBHBIX Ka4Y€CTB JKMBOTHLIX 110 IIPpHU3HA-
KaM, OTB€Harolum Tpe6OBaHI/IﬂM 1 HAIIpaBJICHUIO
MIPOIYKTUBHOCTH TOpoAb! [4]. V3yueHue reHermye-
CKOTO TTOTEHITHAJIa OBIKOB-TIPOM3BOUTENICH KPACHO-
MEeCTPOH MOPOIbl, PE3YIBTATOB UX UCTIOIb30BAHUSA
SBIISIETCSl aKTyaJIbHOW MpPOOJIEeMON, Tak Kak 3TO
HEO0OXOIMMO JJTST BEIPAOOTKH CTPATETHH PA3BUTHS
oTpacyv. Y BeJIndeHHe MOT0JIOBbsI KPYITHOTO pora-
TOTO CKOTa KPaCHO-TIECTPOU MOPOJIbI IIPOUCXOTUT
€XEroJTHO, B IOCJIETHHE TOABl YAENbHBIH Bec
B Boponexckoii o0nactu cocrasuin 6onee 75%.

OfHUM K3 BRXKHEUITUX MPOYKTOB ITUTAHUS
JUTSI Y4eTIoBeKa SIBJSIETCSI MOJIOKO, LIEHHOCTh AaHHOTO
NPOAYKTa TUTAHUSI OOYCJIOBJICHA €r0 XUMUYECKHM
COCTaBOM M CBOMCTBaMH OTICJIbHBIX KOMIIOHCHTOB.
BaxHBIM MOMEHTOM SBJISICTCS BKIIIOUESHUE MO-
JIOKa ¥ MOJIOYHBIX MTPOAYKTOB B pAllMOH YCJIIOBCKA
JJIA IIOBBIILICHUA €TI0 OMOJIOTHYECKOH HOECHHOCTU
u ycBosiemoctd. Ha cocTaB u cBOMCTBa MOJIOKa
BJIMAHNUEC OKa3bIBAIOT PA3JINYHBIC @aKTOpBI, TaKue
KaK: TOpoja, BO3pacT, MEepHOJl JAKTalllH, CE30H
rojla, palMioH KOPMIICHUS, BEIHMYHMHA MOJOYHOU
MPOAYKTUBHOCTH, YITUTAHHOCTH KHUBOTHBIX, YCIIO-
BUS COJICPIKAHMSL.

Taxxe BaXHBIM (HaKTOPOM, OIIPEIEIISFOIIIIM
MPOJYKTHBHOCTh JKUBOTHBIX M Ka4€CTBO MOJIOKA,
ABJISIETCS] TOPOJHASL IPUHAIIEKHOCTD. M3BecTHO,
YTO y MOPOJ KOPOB MOJIOYHOTO HAIPABIICHUS TaKUX
KaK: TOJJIaHJICKas, YEPHO-TIECTpasi, TONIITHHCKAS,
XOJIMOTOpCKast, KpacHasi CTeTIHas1, COAepKaHue JKUpa
B MOJIOKE KoJiebsiercs B peaenax ot 3,6 mo 3,7%.
Y nopoJi MOJIOYHO-MSICHOTO HAarlpaBJIeHUs TaKUX
KaK: CHMMEHTaJbCKasl, IIBHIIKAs, KOCTPOMCKasd,
conepkaHue >kupa Bappupyer oT 3,8 mo 3,9%.
Y mopoj MSICHOTO HamlpaBJIeHHS MTPOAYKTHBHOCTH
TaKHUX KaK: KaJIMBIKCKasl, Ka3axckasi Oemorononas,

42

post@uestnik-vsuet.ru

repedopn conepxkurcs 4—4,5% xupa. 3BecTHO TO,
YTO JIUIIb JKEPCEHCKas W TepH3eicKas MOPOIbI
SIBJITFOTCSL CAMBIMH JKUPHOMOJIOUHBIMH, TIPH 3TOM
B CPEJHEM COJIep)KaHUE >KUpPA B MOJIOKE JOCTH-
raet 5,5-6,0%, HO 94acTO BCTPEUAIOTCS KOPOBHI
c comepkanneM xupa 6,5-8,0%. Llens nccmenosa-
HHI COCTOSIa B CPaBHUTCIIbHOM HU3YUCHUHN BJIMAHUA
OBIKOB-TIPOM3BOAMTENCH pa3HBIX JWHUN Ha Ipo-
IYKTHBHOCTB M Ka4€CTBO MOJIOKa Jo4epeil KpacHo-
MIECTPOH MTOPOIBI BOPOHEKCKOTO THIIA.

MaTepna.m,l H METOAbI

Hayunble uccnenoBanusi nposeaeHsl B [13
00O «bonpmeBrk» Xoxoabckoro paitona (c. Crapo-
HUKOIIbckoe) BopoHexckoi 00iacTh Ha KOpoBax
KpacHO-TIECTPOM MOPOIBI, ABIAIOUINXCS JOYEPbMU
OBIKOB-TIPOM3BOAUTENICH KPACHO-NIECTPON TIOPOIBI:
muaui Buc bak Atiman 1013415, Pedmexma Co-
BepuHr 198998 wu MontBuk Yudteitn 95679.
Jlnist u3y4ueHns: TeHeTHYECKOTO TOTEHIMAaNna MOJIOY-
HOW TPOyKTUBHOCTH OBIKOB-TIPON3BOIUTEIICH, HC-
MOJIb3YEMBIX B XO3sICTBE, a Takke I aHalu3a
MIPOIYKTUBHOCTH HX fodepei (ymoii, MaccoBas Uit
JKHIpa 1 OeKa) UCITOIb30BANCH JTAaHHBIE TDIEMEHHOTO
yuera (rmporpamma « CEJIDKC»).

g vccnemoBaHuii KauecTBa M TEXHOJIOTH-
YECKMX CBOMCTB MOJIOKa ObUTH C(hOPMHUPOBAHBI
TpH TPYIIBI KOPOB 1O 15 rojoB B KaXJ0M, ¢ UC-
MIOJIb30BAaHUEM METO/Ia Tap-aHaJoTOB, MPH STOM
VUIUTBIBAJIA BO3PACT, MECSAI JIAKTAIINH U KUBYIO
Maccy KOpOB.

Kopmienrne nBykpaTHOE C MCIONB30BAaHUEM
MOHOKOpMa. PacueT paiioHOB NPOU3BOIMICS
C MCIIOJIb30BaHUEM MPOTrpaMMEbl «Bestmixy.

Bce momombITHBIE KOPOBBI COIEPKAINCH
B XO3SIICTBE HA OJTHOM OTJCICHUH TPUBI3HBIM
crocoboM, J0€HHE OCYIIECTBISIIOCH B MOJIOKO-
npoBoz. [TokazaTenn MOIOYHON TPOAYKTUBHOCTH
U Pa3BUTHUSL KOPOB-J0UEpeil yCTaHABIUBAIUCH U3
JAHHBIX TIEPBUYHOTO IIeMeHHOTo yuéTa. [IpoOsn
MOJIOKa JUIS OTIPEJENICHUsT (PU3UKO-XUMHUYECKHX
CBOWMCTB OTOMpaIM MO OJHOM OT KaKIOW TOJ-
OTBITHOH KOPOBBI YTPOM H BEYEPOM, CpEIHHE
npoObl  OTMPABISIM B Ja0OPAaTOPHIO KOHTPOJIS
KayecTBa MOJIOKA.

MonoYHyI0 TPOAYKTHBHOCTH YUHTHIBAIH
€XEICKAJHO IO pe3yJbTaTaM KOHTPOJBHBIX JOEK,
B TeueHne 305 mueit makrammu. [IpoOsr Mosoka s
71a00PATOPHBIX AHAM30B OTOUPAIUCH €XKEICKAIHO
BO BpeMs KOHTPOJILHBIX JoeK. JlaboparopHbie uc-
CJIEJIOBaHUS MIPOBOIMINCE Ha Kadeape «YacTHon
300TexHU» Boponexckoro ['AY ¢ ucnons3oBaHneM
CTaHJIAPTHBIX U OOIEIPUHSATHIX METO/IUK.

Pe3syabTaTthl

OnHO U3 MIaBHBIX 3a7a4 B 00JIaCTH MOJIOU-
HOTO CKOTOBOJACTBA SIBJISETCSA IOMy4YEHHE Kaue-
CTBEHHOT'O MOJIOKA C BBICOKMMH TEXHOJIOTHYECKUMHU
cBoiicTBaMu. MoJI04HAas IPOLYKTUBHOCTb KOPOB U
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Ka4eCTBO [TOIy4aeMOro MOJIOKa BO MHOTOM 3aBHCAT
OT F€HETUYECKOr0 MOTEHIMAlIA CTa/a.

MHoro4ucIeHHble NCCIEN0BAHNS TTOKa3bIBAIOT,
YTO J0YepHU OBIKOB PAa3HBIX JIMHUN OTIIMYAIOTCS APYT
OT JpyTa IO MPOAYKTUBHOCTH U APYTUM XO3sii-
CTBEHHO-TIOJIC3HBIM Npu3HaKkaMm [6—8, 11]. B aroit
CBSI3U BO3HHMKAeT HEOOXOJUMOCTh BCECTOPOHHETO
WCCIIEZIOBaHMSI KadecTBa MOJIOKA, IMOJIy4aeMOro
OT KOPOB KPacHO — MECTPON MOPO/ABI, MPUHAIIEKA-
WX K Pa3IMYHBIM JIMHUSM, ¥ €70 TEXHOJIOTHYECKHX
cBoiicTB. I'myOokoe CpaBHUTENBbHOE H3Yy4YEeHHE
JaHHOH MpoOJieMbl B KOHKPETHBIX XO3SHCTBEHHBIX
YCIIOBUSIX IOBBICUT 0O0CHOBAHHOCTD IMTOAOO0pA [T
BOCIIPOM3BOJCTBA CTaJa OBIKOB C HAWITYYIINMHU
HaCJICCTBEHHBIMH XapaKTEPUCTUKAMU 110 MOJIOY-
HOH NPOAYKTHUBHOCTH.

Panom aBTOpOM A0OKa3aHa, MOATBEPKIAIO-
Iiasi 3aBHCUMOCTb MPOTYKTUBHOCTH OT BHEITHHX
nmokazarerneit skusotHoro [9, 10]. B ocHOBHOM XKe-
JaTenbHa KpenKas KOHCTUTYLUS, UIMEHHO TaKHe
JKUBOTHBIE CIIOCOOHBI 3aJI0KUTh TI'€HETHYECKYIO
OCHOBY JJISl BBIITOJIHEHUSI IPOMBILIEHHBIX 3aja4
OTpaciayd MOJIOYHOTO CKOTOBOACTBA. Mcromnb3yemble
B HAIIIMX MCCIIEZOBAHMSIX KOPOBBI-TIEPBOTENKH NMEITH
BBIPDAKECHHBII MOJIOYHBIA THII, Pa3BUTOE BbIMS,
KPENKUI THIT KOHCTUTYIIHH.

B ycrnoBusax xo3siicTBa CBEpXBakKHO obec-
NeYeHNe KPUTEPUEB, OTBEUAIOMINX TPeOOBaHUAM
MIOJTy4EHHsI BBICOKOM MOJIOYHON MPOAYKTHBHOCTH.
JKvBOTHBIE TOJKHBI B MIPOIIECCE POCTA MOTY4aTh
HEo0X0IMMOe MUTaHue, HaOMPaTh Maccy Tea COOT-
BETCTBEHHO BO3PACTy. Y CTAHOBJICHO, YTO JKHBOTHEIE
C BBICOKOM YKMBOI Maccoi COOTBETCTBEHHO 00JIa/Ial0T

post@vestnik-vsuet.ru

TarKe OoJiee BHICOKMM TIOKa3aTeeM Y[0s, a B MO-
JIOKE YIIUTAHHBIX )KUBOTHBIX COJIEPIKUTCS OOJTBIIE
0EJIKOB U JKUPOB.

s uccnenoBannii Oblla B3ATa BBIOOpKA
KOpOB-TIEPBOTENOK B KOJIMUECTBE 15 rojoB, nodyepeit
KOKI0T0 U3 3 nuHMMA mpousBoauteneil. [lanubie
0 J)KUBOM Macce, ynoro 3a 305 mHeil nakTamuu
MPEJICTaBIICHBI B Tabmuie 1.

CpaBHUTEIbHBIC JaHHBIE II0 MOJIOYHOMN
MIPOAYKTUBHOCTHU Yy KOPOB-I0UEPEH OBIKOB pa3HbIX
3 MUHUN TIpeCTaBICHBI B Ta0HIIe 2.

B Ttabmmme 3 mpencraBieH XUMUYECKUH
COCTaB MOJIOKa KOPOB — TIEPBOTEJIOK Ha 3-M MecsIe
JIAKTALMH.

Bruta mpoBeneHa OIGHKAa aMHHOKHCIIOTHOTO
COCTaBa CpeTHUX P00 MOJIOKA KOPOB MEPBOTEIIOK
(Tabmuua 4). OnpexnencHue COAEPIKaHUS CBIPOTO
MIPOTEUHA BBIIOIHSIIN MeToaoM Kbenbaas.

Oo0cyxaenue

MorouHasi IPOAYKTUBHOCTD, a TAK)KE COCTaB
MOJIOKA B OTHOIIEHHH OejKa 1 XHUpa ABJIAIOTCA
OCHOBHBIMHU OTIpEAETSIONMMA (hakTopaMu mpH-
TOHOCTH MOJIOYHOH TPOMYKIMH IS TOTPEOIeHIS
HaceJIeHHeM U yJIOBJIETBOPEHHSI TIPOJIOBOJIHCTBEHHBIX
HyX[ Jrojiei. Takoke IMEHHO MOJIOUHAsl TIPOTyKTHUB-
HOCTh — (PaKTOp, IO KOTOPOMY €CTh BO3MOXKHOCTh
CPaBHHUTH OBIKOB-TIPOM3BOJIHUTENIEM, a BEPHEE MO-
JIOKO, TOJYYEHHOE OT uX gouepeil. MomnouHas
MPOAYKTUBHOCTh HAMPSMYIO 3aBUCHUT OT YCIOBHI
BbIpallliBaHWsA W COACPIKAHUA KXUBOTHBIX, SABJIA-
eTCsl OCHOBHBIM IIOKa3aTeJleM B CKOTOBOJCTBE,
XapaKTEePU3YIOLINM €ro [eJIecCO00pa3HOCTb.

TaOnuma 1.

I[aHHBIC JKMBOM Macchbl 1 Y404 IO A0UCPIAM OBIKOB paB.]'II/ILIHOI\/'I JIMTHEHHOM NPUHAAJICIKHOCTH

Table 1.

Live weight and milk yield data on the daughters of bulls of various linear affiliation

Jlunus | Line

JKupas macca, Kkr
Live weight, kg

VYot 3a 305 gHel nakTauun
Milk yield for 305 days of lactation

Peguexmen Cosepunr | Reflection Sovering 555,00 +2,18 7339,33 + 289,56
Buc 69k Aiiauan | Vis back Idial 521,87 +3,32 7504,87 + 257,50
MontBuk Yundteiin | Montwick Chieftain 537,13 £3,54 6989,07 + 186,08
TaOnuma 2.
MomnoyHast MpOAYKTUBHOCTH MOIOTBITHBIX )KHBOTHBIX
Table 2.
Milk productivity of experimental animals
. I'pymma | Group
Ilokazarens | Indicator I I T
KonuuectBo kopos, ronos | Number of cows, heads 15 15 15
Yot 3a 305 nreit nakraryy, kr | Milk yield for 305 days of lactation, kg 7339,33 + 289,59 | 7504,87 + 257,50 | 6989,07 + 3,54
MaccoBas moisi )Kupa B MoJtoke, % | Mass fraction of fat in milk, % 3,99 +£0,04 4,00 +£ 0,05 4,10+ 0,04
KonnuecTBo Moi1ouHOrO KHPa, KT 32 305 nmueit makramuu | Amount of milk 203,13 + 12,20 3006+ 11,36 286,65 + 7,42
fat, kg for 305 days of lactation
Maccogas moist 6enka B Mosioke, % | Mass fraction of protein in milk, % 3,34+0,02 3,38+0,02 3,35+0,02
Konunuectso 6enka, kr 3a 305 qHei gakTanum
Amount of protein, kg for 305 days of lactation 24485893 249.87£8,37 23547£3585
Koaddumment momounoctr, % | The coefficient of milk content, % 1322 £3,13 1438 £ 10,01 1301 +£10,44

1 — Pednexun Cosepunr 198998; 11 — Buc bak Aiinuan 1013415; 111 — Monteuk Yudteitn 95679; 1 — Reflection Sovering 198998;

IT — Vis Back Idial 1013415; III — Montwick Chieftain 95679
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TaOnuma 3.
XUMHUYECKHI COCTaB MOJIOKA KOPOB-TIEPBOTENIOK HA 3-M MECSIIE JaKTaIlluu
Table 3.
Chemical composition of milk of first—calf cows at the 3rd month of lactation
. I'pynna | Group
ITokasarens | Indicator I I T
MaccoBast 10151 cyxoro BeuectBa, % | Mass fraction of dry matter, % 12,06 £028 | 12,15+0,20 | 11,91+0,15
MaccoBast 1ot xupa, % | Mass fraction of fat, % 3,99 £ 0,04 4,00 + 0,05 3,86 +£ 0,04
COMO, % | SOMO, % 8,07+ 0,24 8,15+0,15 8,05+0,11
Maccosast oins 6enka, % | Mass fraction of protein, % 3,37 £0,02 3,38 + 0,02 3,27+0,02
Kaseun, % | Casein, % 2,14+ 0,01 2,39+ 0,05 2,35+ 0,05
CeiBopoTouHbIe OeikH, % | whey proteins, % 0,96 + 0,07 0,92 +0,08 0,92 + 0,08
Jlakro3a, % | Lactose, % 4,45+ 0,03 4,66 = 0,06 4,10 £ 0,06
3oma, % | Ash, % 0,62+ 0,14 0,68 = 0,20 0,68 + 0,20

Tabnuna 4.
ConeprxkaHne aMHHOKHCIIOT B O€JIKE MOJIOKA
KOPOB pa3HbIX IPYIIII

Table 4.
The content of amino acids in the milk protein of
cows of different groups

AMUHOKHCIIOTHI, Macc% ['pymma | Group
Amino acids, mass% | 11 111

JIuzuH | Lysine 0,279 | 0,282 | 0,280
Metuonut | Methionine 0,230 | 0,230 | 0,226
Tpeonud | Threonine 0,088 | 0,089 | 0,083
Baym | Valin 0,172 | 0,173 | 0,160
soneiiimH | Isoleucine 0,233 | 0,238 | 0,231
Jleitnun | Leucine 0,218 | 0,232 | 0,215
Odenunananus | Phenylalanine 0,226 | 0,230 | 0,201
Tpunrodan | Tryptophan 0,070 | 0,081 | 0,076
Tuctumus | Histidine 0,066 | 0,068 | 0,054
AprunuH | Arginine 0,077 | 0,080 | 0,06
AcnapgmeBaﬂ KHCIIOTA | 0.184 | 0,163 | 0.158
Aspartic acid

CepuH | Serin 0,181 | 0,181 | 0,175
FnyTaM}/IHogaﬂ KHCIIOTA | 1,055 | 1,062 | 1,086
Glutamic acid

I'mutun | Glycine 0,056 | 0,060 | 0,055
Ananud | Alanin 0,077 | 0,055 | 0,056
Tuposun | Tyrosine 0,157 | 0,160 | 0,155
Bceero | Total 3,369 | 3,384 | 3,271

Tab6auna 5.
TexHoJIOTHYECKHE CBOMCTBA MOJIOKA
Table 5.

Technological properties of milk

I'pymma | Group

[Nokazarens | Indicator I ol m

CbI‘{y)KHaﬂ CBEPTHIBAEMOCTb, MHUH. CEK

Rennet coagulability, min. sec 13, 289, 21)12, 29

TepMoycTOWYMBOCTD, rpymIa

Thermal stability, group ! ! !

CrIuy>xHO OpoamIbHas Ipoda, Kirace

Rennet fermentation sample, class 2 2 2

CoMaTuueckue KIeTKd B 1 cM3, ThIC.

Somatic cells in 1 cm?, thousand. 93,3

91,9]101,5
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YpoBeHb MOJOYHON MPOTYKTUBHOCTH U CO-
CTaB MOJIOKA OTIPENIEISIOTCS MHOTUMH (paKTOpaMH,
B TOM YHCIIE ONITUMATLHON MHTEHCUBHOCTBIO POCTa U
pa3BuTHA. J[oka3zaHO, 4TO KOPOBBI C BBICOKOM >KHUBOM
MAaccoi OTIMYArOTCs OOJBIIEeH MOJIOYHOCTHIO [1-3].

VYot kopoB — nepBoTenok 2 rpymnmns! (Buc
Box Aiimuan) cocraBun 7505 xr, uro Ha 166 kr
i 2,26% Oombllie TO CpaBHEHUIO C 1 Tpymmoi
MMOJONBITHBIX JKHBOTHBIX M Ha 516 xr mim 7,38%
(Tabmuua 1) 3 rpynms! MosouHbIX KopoB. Koadduu-
€HT MOJIOUHOCTH KOPOB 2 TpyIIbl cocTaBui 1438, uto
Ha 8,77% BbIIIe OTHOCUTEIHHO KOPOB | TPYIIIBI 1
Ha 10,53% Bemie 3 rpynmsl. KomrdaecTBo MOIOYHOTO
JKUpa 1 Oelka 3a JIAKTAIUI0 TAaKXKe ObLIO IOJTy4YEeHO
0oJBIIIe OT KOPOB 2 TPYTIIEI.

W3 mony4yeHHbIX pe3ysIbTaToOB MCCIIEAOBAHUS
(Tabiuua 2) BUIHO, YTO HAWIYYIICH MOJIOYHOMN
MPOAYKTUBHOCTBIO OOJIaJaeT MOJIOKO OT JTouepei
ObIKa JuHUK Buc 07k Alinuait.

ConepxaHue Cyxoro BELIECTBA B MOJIOKE
KOPOB — NEPBOTENOK omnbITHOW rpymmsl II cocra-
B0 12,15%, 9TO HECKOJBLKO TIPEBBIMIACT TaHHBII
TIOKa3aTelh B MOJIOKE KMBOTHBIX | rpyrinb! (Tabsmiia 3).
Amnanornysasi TEHICHIMS POCICKUBANIACH TI0 KUPY
Y COZIepKaHMIO Ka3enHa.

Pe3ynbTaTel  CPaBHUTENBHOTO  U3YUYCHHS
0cOOEHHOCTEH COAEp)KaHUs aMHUHOKHMCIIOT B MO-
JIOKE ¥ COOTHOIIIEHHSI HE3aMEHHUMBIX U 3aMEHUMBIX
AMHUHOKHUCIIOT KpacHO-TIECTPBIX KopoB Boporexkckoro
THUIIA UCCIICTyEMBIX TPYIII PA3IMYHBIX IMHUAN TPU-
BeJIeHbI B Ta0nue 4.

[Ipn mM3y4eHnn aMHHOKHCIIOTHOTO COCTaBa
MOJIOKa KOPOB KpacHO-TIecTpoil moponsl Boponex-
CKOT0O THITA YCTAaHOBJICH 0O0Jiee BBICOKHI MAaCCOBBI
MPOIEHT aMUHOKHCIIOT B MOJIOKE KOpoB I rpyrisr
(Buc bax Ailinuain), B 4aCTHOCTH TIO JIM3UHY, H30-
JCHIMHY, TPUNITO(PAHY U TUPO3HHY .

Kak wuszBectHO [14], MOJIOKO COCTOUT U3
JIByX OCHOBHBIX T'PYHI OEIKOB: Ka3eMHOB U CBHIBO-
poTouHbix OenkoB. KaszewH mpucyTCTBYeT B BUC
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KOJUIOMJIHBIX arperaroB M BBIIAJAET B OCAA0K
npu pH u Temneparypusix ycnoBusx 4,6 u 20 °C.
CBIBOpPOTOUHBIEC OEJIKH, OCTAIOTCS PACTBOPUMBIMHU
B 3TOM COCTOSIHHH, YTO SIBIISICTCS TIEPBBIM U SIPKUM
MIPU3HAKOM UX Pa3Iuyusl.

Kazennsl mpencraBisior coboil  Tpymiy
W3 YeThIpeX TeHHBIX NPOIYKTOB (asi-, asy-, f- u
k-kazenH) u 1EMOHCTPHPYIOT BBIPAKEHHYIO MHK-
POreTEpOreHHOCTh  BCJICACTBUE  T'CHETHYECKOU
M3MEHYHMBOCTH, a TaKkKe (pochopunrpoBaHus 1 mmo-
CTTPAHCJIALIMOHHOTO TIIMKO3MINPOBAHUS.

CooTHollIeHNE Ka3euHa K CBIBOPOTOYHOMY
MpoTerHy cocTaBisger okono 80:20, mpu >TOM
B-xazenn coctaBisier ~ 33—45% ot 06111eT0 KOIH-
gecTBa Ka3zenHOB. B cBoio ouepenp [-kazewH
MPHUCYTCTBYET B BHJE ABEHAIIATH T€HETHYECKUX
BapuantoB: Al, A2, A3,B,C,D,E, F, G, I, H2 u L.
Omnaxo Al u A2 sBisttoTcst HauOoJee OXapaKTEePH30-
BaHHBIMH U W3yYEHHbIMHU. braromaps BO3MOXKHOMN
TOJIb3€ TSI 370POBhs, A2 B-KazenH mpuoOperaeT
Bce OoJbllIce 3HAYEHUE.

Hamu wuccnenoBan mporecc ChIYyKHOTO
CBEPTBHIBAHUS CPEIHUX NPOO MOTYyYEHHOTO MOJIOKA.
BHeceHne B MOJIOKO KOAryJsiHTa BBI3bIBA€T M3Me-
HEHHe MUIIEIUT OeIKa: MaKpOIIENTHIbI OTAEISIOTCS
OT Ka3eWHa M TMEePexXoniT B BOAHYIO (a3y (ChIBO-
POTKY), @ MULIEJUIBI Ka3eMHa CBS3BIBAIOTCS MEXTY
0001 G1aroapst MPHUCYTCTBHEO MOHOB Kautbiwst (Ca?").
Taxum 06pazom, U GopMuUpyeTcs CryCTOK.

ChIuyXKHOE CBEPTHIBaHIE MOJIOKA (ChITYKHAS
KoaryJsnus) — Hauboyiee BaXKHBIM Tporecc Tpu
MIPOU3BO/ICTBE CHIpA.

Bonee 95% xasenHa B MOJIOKE HaXOJIHUTCS
B (hopMe cepruiecknx MHIEIUT (YaCTHI, Kaxmas
M3 KOTOPBIX COIEPXHUT THICSYH MOJEKyN a-, b-,
c-Ka3enHOB). MUIIEIUTBI Ka3enHa COCTOSAT W3 CyO-
munena. OHM yAepKUBAIOTCS B COCTaBE MHIIEIUI
kosutonaHbM (pocdatom kanbisa (KDK), xotopsiit
BMECTE C OpPraHWYEeCKUM Ka3eMHAaTOM KaJbLus,
o0pa3yeT kazenHaTKATbIUH(OCATHBIA KOMILIEKC
(KK®K). I'mapodobHbie ydacTku a-, b-, c-Ka3eHHOB
MOTPY>KEHBI BHYTPh CyOMUIIEIII, 00pa3yst Hemosp-
Hoe siapo. Ilomspuele QocdocepriibHbIE TPYIIIBI
a-, b — Ka3enHOB W rUApPOQWILHBIN TIIHKOMAaKpO-
nentun (MII) c-xazenHa OKpyXaroT apo, 00pa3ys
3alUTHBIN CJIOH W oOecrieunBasg CTaOWJIBHOCTH
MHUIIEJIT B pacTBOPE.

B cootBeTcTBHY € TUAPOIUTUYECKOU TEOPUEH
MOZ ACHCTBHEM MOJIOKOCBEPTHIBAIOLIEIO (hepMeHTa
MPOMCXOANT THAPOJIN3 MENTUAHON CBsI3U (heHuUana-
auH (105) — metwonud (106) B MONHTIENTHIHBIX
uensx y-kazenHa KKK, B pe3ynpTare yero mose-
KyJIbl Y-Ka3eWHa pacmafarorcsi Ha TuApo¢oOHBIH
napa-y-Ka3erH 1 ruapoHIbHbINA MTMKOMaKPOIIEITH L
(pucyHok 1).
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Pucynox 1. (epMEeHTaTUBHON  cTajuu
CBITY)KHOTO CBEpPTHIBAHWS MOJIOKA: & — KOAryJIsius
MHIET 0]l ASHCTBUEM CHII THAPO(GOOHOTO B3anMO-
JIEUCTBHSA; O — KOAryJISIH MULIEIUT 33 CUET KaJIbIIMEBBIX
MOCTHUKOB; | — HaTHBHBIE Ka3eHHOBHIC MHIICIUIE;
2 — mapaKa3enHOBBIC MHIIEIIIBI

Figure 1. Diagram of the enzymatic stage of the rapid
coagulation of milk: a — coagulation of micelles under the
action of hydrophobic interaction forces; b — coagulation of
micelles due to calcium bridges; 1 — native casein micelles;
2 — paracasein micelles

OrTmiernieHre 0T MUIIEIUT TIIMKOMaKPOIENTH 1A,
00J1a/1aI01IET0 BEICOKUM OTPHIIATEIBHBIM 3apsA0M
Y TUIPO(IIIEHBIMU  CBOMCTBAMH, MPUBOUT K IOTEPE
YCTOWYMBOCTH Ka3eMHOBBIX MHIIEIUT (CHIDKAET 3apsiy
MHUIICIIIBI B JIBA pa3a, BBI3bIBACT Pa3pyIlIeHUE 0OJIb-
Il 9acTH TUAPATHON 00OJIOUKH, JIMKBUIUPYET BOP-
CUCTBIM BHEIIHUHM cjoil Mmuuemi. B pesynbrare,
CHUTBI 3JIEKTPOCTATHYECKOI'O OTTAIKUBAHUS MEKIY
YaCcTUI[AMH YMEHBINAIOTCS, MPOCTPAHCTBEHHBIC
(haxTOpBI CTAOMIM3AIMH MUIICILT OCJIA0CBAIOT, YTO
MPUBOANT K MOTEPE YCTOWYMBOCTH Ka3eMHOBBIX
mutie/nt). CyImHOCTh HEIH3UMATHUECKOU  (ha3bl
COCTOWT B arperanuu JeCTa0WIN3uPOBaHHBIX MHU-
[N Tapa-c-Ka3erHa 3a CUeT CHII TUAPOPOOHOTO
B3aMMO/ICHCTBUS WIIM TIOCPEIICTBOM «KaJTBbIIHEBHIX
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MOCTHKOB», O0pa3yIOIINXCS B Pe3yibTaTe MPHUCO-
SIMHEHUSI WOHOB KaibIlusA K cepruHpochaTHEIM
rpyImaM as— U b-ka3enHa AByX wim OoJiee CONM3UB-
mmxcsl mapakasernHoBbIx wmutleni [4]. Ilpu stom
MUIIEIUTHl TTapaKa3enHa COOMPArOTCS B arperarsl,
[ETOYKH, KOTOPBIE COSNHSIIOTCS POIOIBHBIMH U
TIOTICPEYHBIMH  CBSI3IMHU, 00pasysi EIUHYIO Tpexmep-
HYIO CETKY — CTYCTOK (TIPOMCXOJUT TeIe00pa3OBaHIe).
B sgelikax ceTku 3akitodYeHa JAMCIEPCUOHHAs Cpea,
cojiepKariast )KUPOBbIE IIAPUKH U CBIBOPOTKY [6].

Cnenyer OTMETHTb, 4YTO MOJIOKO KOpPOB
Il rpyrmel uMeno Bpemsi cBepThiBaHusA 9 MuH 21 cek
(Tabmuma 5), ChIpbe C TAKUMH CBOWCTBAMU SIBIISIETCA
TPUTOAHBIM JJIs IPOM3BOJICTBA TBOPOTa U CHIPOB.

BaxHbIM TIOKa3aTeneM, OTPaXKAOIIMM Kaue-
CTBO TIOJly4a€MOT'0 MOJIOKA SIBIISIETCS] YHUCIIO CONep-
JKAIKUXCST B MOJIOKE COMAaTUYECKUX KJIETOK. J[aHHbIN
MOKa3aTellb OTpaxkaeT 0€30MacCHOCTh MOTYy4aeMOT0
MOJIOKa ¥ COCTOSIHUE 3/I0OPOBBS )KUBOTHBIX [5, 12, 13].

3aboeBaHusl KOPOB, KaK HM3BECTHO, H3Me-
HSIOT COCTaB MOJIOKA, U TAKOE€ MOJIOKO COTJIACHO
CYIIECTBYIOIIEMY BETEPUHAPHOMY 3aKOHOJIATEINb-
CTBY HE JOJDKHO MCIIOIb30BATHCS IIPH IPOU3BOCTBE
MUILIEBBIX MPOAYKToB. Hambomnbiryro omacHOCTh
JUTSI KAYECTBA MOIIOKA MPEICTABISIOT MAaCTHTHI
MOJIOYHBIX KOPOB.

MacTuT B MOJIOYHOM CTafie, KaK H3BECTHO
CHW)KAaeT HAJIOM MOJIOKa M OKa3bIBaeT mHaryOHOe
BIIMSIHAE HA COCTAB MOJIOKA W €ro TEXHOJIOTUYECKUE
CBOICTB, B TOM YHCJIE CBHIUYXHYIO CBEPTHIBAEMOCTb.
Eciu xiMHUYECKUit MACTUT TPOSIBIISICTCS BHIMMBIMU
M3MEHEHUSIMH MOJIOYHOH JKeJie3bl U MOJIOKA, TO CyO-
KIMHAYECKAE MACTUTHl HE UMEIOT BUANMBIX TIPH-
3HakoB. OHM JMAarHOCTUPYIOTCA MO YBEIMYEHUIO
B MOJIOKE KOJIMYECTBA COMAaTUIECKUX KIICTOK.

[Ipu 3a0omeBaHUSX KUBOTHBIX MAaCTHTAMHU
B MOJIOKE CHIDKAETCSI COJIEPKAHNE CYXHX BEIIECTB,
JKUpa, OeKa U JaKTO3bl, T. €. BCEX €r0 OCHOBHBIX

post@uestnik-vsuet.ru
KOMIIOHEHTOB. Takoe MOJIOKO TaKXe MMEeeT MOHH-
JKEHHYIO KHCIIOTHOCTD M TUIOXO CBEPTHIBAETCA ChI-
YY)KHBIM (DEPMEHTOM, a BBICOKOE COJICpIKaHHE
B HEM XJIOPUJIOB YXY/IIACT CHHEPE3UC 00pa3oBaB-
IETOCS CTYCTKA.

Psanom uccrnenoBaresneid ycTaHOBIIEHAa B3aUMO-
CBSI3b MOJIOYHOM MPOAYKTUBHOCTU OT KOJHUYECTBA
comatnueckux kinetok [14-20]. IIpu sTom MuHu-
MaJbHOE KOJIHMYECTBO COMATHUECKUX KIETOK OTMe-
YaeTCs ¥ )KUBOTHBIX C HU3KOH MPOTYyKTUBHOCTBIO,
U C MOBBIIICHUEM MPOJYKTUBHOCTH JJAHHBIN MOKa-
3aTenh MMeEeT TEHACHIHWIO K yBeiwmdeHuro. Hamm
ycTtaHoBieHo, uro npu ynoe 7500 kr (II rpymma,
mvuus Buc bak Aliyanm) 3a MONHYyIo JJaKTaIyIo YUcio
COMATHYECKUX KIIETOK COCTaBiIsio 91,9 Teic/mi,
mpu ynoe 6990 (MonTteuk Undreiin) kr Haxou-
nock Ha ypoBHe 101,1 Teic/mMa. Takum obOpasom,
KOJIMYECTBO COMATHYECKUX KIETOK B MOJIOKE
MO>XHO WCTIOJIB30BAaTh B KA4ECTBE KPUTEPHUS MPH
OIIEHKE 0e30MacHOCTH W CHIPOTPUTOAHOCTH MO-
JIOKa C LIEJbI0 TOJIYYEeHUs] BBICOKOKAUECTBEHHBIX
MOJIOYHBIX MPOTYKTOB.

3akjoueHune

Tlonmy4yeHHble pe3yJIbTaThl HUCCIEAOBAHUN
MOJIOKO KOPOB Pa3/IMYHOM JIMHEHHOM PUHAIUIEKHOCTU
MOKAa3aJIM, YTO TEXHOJIOTMYECKHUE CBOMCTBA MOJIOKA
KOPOB, UMEIOT HEKOTOpbIe pasnnuns. Hanbomnee BbI-
COKOM MOJIOYHOM MPOTyKTUBHOCTBIO, @ TAKKE KUPO —
1 OEIKOBOMOJIOUHOCTBIO, a TakKe JIYYIIUMH TE€XHO-
JIOTUYECKUMH CBOIMCTBaMM, B TOM YHCIIE CHIUYKHOM
CBEPTHIBAEMOCTBIO 00JIIa€T MOJIOKO KOPOB JIMHUU
Buc bak Aliguan, 4yTO OTKpBIBAET MEPCIEKTUBBI
HCTIOJIb30BaHUS B ChIPOJICIINH.

BaaropapHocTn

ABTOpHI BEIpAXKaIOT 0JaroJapHOCTh KOJUICKTHBY
00O «boJbIIeBHK» 3a ICHHBIE 3aMEYaHNS U POBEACHIEC
psiaa ucciaea0BaHum.
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Abstract. Currently, public catering establishments use technologies that do not provide for the varietal division of vegetables, in particular

potatoes. This leads to excessive waste during cleaning and significant losses of nutritional value when preparing culinary products. Quick-

cooking potato varieties, together with varieties of long-term processing in one culinary product, lead to the fact that half of the products

are cooked, while the other half remains raw during the same time, or with longer processing. The paper considers the potato cultivars of

various starch concentration grown in the central part of the country. The aim of the study is to determine the outcome of the product and

the consumer properties of different potato cultivars. The objects of the investigation were the following potato cultivars: POT6 (1

reproduction), POT4 (elite), POT5 (1l reproduction), POTS (Il reproduction), POT3 (elite), POT12 (I reproduction), POT7 (elite), POT9

(middle early-season) and POT! (early-season). It has been determined that POTS5, POT4 and POT3 are the biggest in size (75-85 mm),

but POTE6 is the smallest (35 mm). But such cultivars as POT8, POTS and POTI2 are the largest in weigh (106-126 g), while POT! and

POT7 are the lightest (72 and 76 g, respectively). The potato cultivars such as POT4 (8.33%), POT12 (8.49%) and POT6 (9.1%) gave the

minimum of wastes when peeling. As the investigation was carried out in April, the total amount of wastes was 5 times less if compared

to the Standards of wastes and losses of food processing. It specifies the long shelflife period

Keywords: potato, nutritional value, consumer properties, shelf life, cultivar description.

Introduction A decrease in the share of the production
The provision of the population with high- of commercial potatoes leads to a decrease in the
quality food products should be carried out on the commercial quality and competitiveness of domestic
basis of new technologies, rational use of raw materi- potatoes. In addition, due to the constant increase
als, mechanization of labor-intensive technological in electricity prices, the actual volumes of potato
operations, high consumer properties and sanitary and processing turned out to be significantly lower than
epidemiological safety of the final product. In the tech- it had been expected. In this regard, the amount
nically developed countries, potato products are sold of potato losses at all stages of its movement to the
to the population, as a rule, in the form of semi- consumer in the next period of time will not change
finished products of varying degrees of readiness, significantly. There.fore, the problem of .redu.cing
requiring simple technological methods with minimal 105565. and preserving consumer properties is of
labor costs. The efficiency of the applied technolo- great importance.
gies is due to the high quality of the products and To successfully solve this problem, we need
the ultimate utilization of raw materials. At present, to formulate the consumer properties of potatoes
plant breeders have grown about 4,000 varieties of at the growing stage and create all the necessary
potatoes, and this work continues [1, 8-15]. conditions for their preservation in the process
Potato is one of the most important plant of transportation, storage and sale of products.
foods. In the world production of plant food, potatoes Only when grown from healthy, virus-free seed
occupy the fourth place and are cultivated in more material of recoverable varieties, adapted to specific
than 130 countries of the world, the annual potato soil and climatic conditions, in compliance with the
harvest is about 300 million tons. The Russian Fed- requirements of agricultural technology, can you get
eration accounts for more than 10% of the world high-microbiological diseases, aging, germination
gross potato production [3, 16-22]. and also to maximize its nutritional value.
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In this regard, the improvement of the quality
of potatoes is considered as an accumulation
of positive properties (food components) during
the production period and the achievement of the
higher level of the content of these components
over a long-term cultivation period.

In recent years, the starch content of potatoes
has decreased, 50% of the produced potatoes do not
meet the requirements of standards, 25-60% of tubers
contain toxic substances (pesticides, heavy metal salts,
nitrates, etc.) above the permissible levels [2]. The
country's crop production is under the constant
negative influence of abiotic environmental fac-
tors. As a result of stress effects caused by sharp
fluctuations in weather conditions, global warming
and the action of a complex of anthropogenic factors,
there is a decrease in yield, keeping quality and
nutritional value of crop products [4—-6].

The aim of the research is to determine the
yield of semi-finished products and consumer
properties of various potato cultivars [7].

Based on the foregoing, it is necessary
to consider the consumer properties of potatoes
and the storage potential as a result of the complex
interaction of many factors in the agroecosystem.

Material and Methods

Spot samples were taken from lots of
unpackaged potatoes from different places of the
embankment in accordance with GOST 339962016
Seed potatoes. Technical conditions and methods
for determining quality. The size of tubers of the
combined sample was measured by the largest
transverse and longitudinal diameter using calibra-
tion templates and other measuring instruments in
accordance with GOST 33996-2016. The assess-
ment of keeping capacity was carried out according
to the VNIIKH method, which is based on the laying
of tubers by weight for storage and accounting
for waste after it. Determination of starch-la content
in potato tubers was carried out in accordance with
GOST 7194-81. Fresh potatoes. Acceptance rules
and quality determination methods. The amount
of water was investigated according to ISO 760-78
"Determination of water by the Karl Fischer method
(general method)", the mass fraction of protein —
by the Kjeldahl method.

Results and Discussion

To identify the optimal consumer character-
istics of potato cultivars, we ranked them according
to the degree of maturity.

Sample 1 (POTI) — early ripening (4550 days),
common usage.

Cultivar description: ultra-early ripening,
common usage. The bush is sprawling, of medium
height. Stems are few in number, strongly
branched. The leaves are large, strongly dissected,
dark green, slightly pubescent, with sharp venation.
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Abundant flowering, short-term. The inflorescence
is compact, multi-flowered. Corolla reddish purple
with white tips. Berry formation is absent. Tubers
are short-oval with a blunt apex and a flat stolon
track, pink to red. The eyes are few and small. The
pulp is white, it does not darken when cut.

Characteristics of the cultivar: in the Central
region, the yield is 145-324 c/ha. The maximum
yield (380 c/ha) was formed in the Lipetsk region.
Potential yield — 600 c/ha. The mass of the marketable
tuber is 122167 g. The starch content is 10.8-14.7%.
The taste is good. Indicators during storage are 92-96%.
The resistance of tubers to mechanical damage is 90%.
Resistant to cancer and potato nematode.

Cultivar value: resistance to nematode,
high early yield with good taste, resistance of tu-
bers to mechanical damage and excellent storage
performance.

Sample 2 (POT2) — very early maturing
(55-65 days), for common consumption.

Cultivar description: Bush of medium
height, intermediate type. The leaves are green,
medium-intensive, medium-sized, moderately dis-
sected. The flowers are white. Tubers are yellow,
oval-round. The pulp is yellow, does not darken.
The taste is good, crumbly when cooked. The mass
of tubers is 130—150 g. The yield is high, 46 g/ha.
Starch content is 10—12%. The shelf life is excellent.

Characteristics of the cultivar: The variety
is resistant to cancer, potato nematodes, late blight.
It is weakly affected by common scab and rhizoctonia.

Cultivar value: very early ripening, tubers are
aligned in size, high palatability, disease resistance.

Sample 3 (POT3) — early maturing (55-65 days),
common purpose.

Cultivar description: plant is low, intermedi-
ate type, semi-upright-standing. The leaf is green.
The leaf is medium in size. The waviness of the
edge is weak. Corolla is medium in size, reddish
purple. The tuber is long and oval, with small eyes.
The peel is red. The pulp is yellow. The mass of the
commercial tuber is 56—102 g. The starch content
is 10.1-15.6%. The taste is good.

Characteristics of the cultivar: marketable
yield 164-192 c/ha, 22—106 c/ha higher than the
standards of POTS5 and POTI (early). It actively
forms tubers together. Productivity on the 45th day
after full germination (first digging) — 84 c/ha, 24 c/ha
higher than the standard of POTI (early), on the
55th day (second digging) — 108 c/ha, 45 c/ha above
the standard. The maximum yield is 270 kg / ha.
Marketability 82-96%, at the level of the standards.
Keeping quality is 98%. Resistant to the causative
agent of potato cancer, golden potato cyst nematode.
It is susceptible to late blight pathogen in tops and
moderately susceptible to tubers.
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Cultivar value: nematode resistance, active
outcome of early production, high marketability
and keeping quality of tubers.

Sample 4 (POT4) — early ripe (65-80 days),
common usage.

Cultivar description: plant of medium
height, intermediate type, upright or semi-upright.
The leaf is large, of medium green color, the waviness
of the edge is absent or very weak. Flowering
is short-term. The flowers are medium in size,
reddish purple with a white tip.

Characteristics of the cultivar: marketable
yield 180-271 c/ha. It forms tubers together.
The maximum yield is 354 c/ha. The tuber is round
or short and oval, the eyes are small. The peel is
smooth to medium, red. The pulp is white. The av-
erage number of tubers per bush is 11-15 pieces.
Marketability is 85-90%. The mass of the marketable
tuber is 60-90 g. The starch content is 15.7-16.0% up
to 20%. The taste is excellent, boiled semi-crumbly.
Keeping quality is 95%. It is resistant to potato cancer.

Cultivar value: high yield, early maturity,
formation of early production, high taste of tubers.

Sample 5 (POTS5) — early ripening (65-80 days),
common purpose.

Cultivar description: early sowing, suitable
for summer consumption and winter storage, com-
mon purpose. The potato bush is sprawling, low,
with a lot of foliage and white inflorescences. The
tubers are oval, large, with a thin smooth skin and
small eyes. The mass of ripe potatoes is about 100 g.
The pulp is white, the starch content is 12% of the
mass of potatoes.

Characteristics of the cultivar: yield is 1500 kg
per 1 ha. The high content of starch and vitamin C
makes this potato variety suitable for use in many
economic purposes, in food and industrial activities.

Cultivar value: it is drought-resistant, high-
yielding and early ripe (the harvest can be dug in
June if potatoes are planted with seedlings), does
not darken when mechanically damaged. Easily
tolerates cold snaps (potato safety — 98%). Potatoes
are resistant to many viral diseases, late blight,
cancer, rhizoctonia, rot, wrinkled mosaic, and even
the Colorado potato beetle.

Sample 6 (POT6) is a mid-early common
cultivar.

Cultivar description: refers to medium-early
common cultivars of high yields. The cultivar is
versatile and adapts well to various climatic condi-
tions. Ripening of tubers occurs within 65-80 days
after planting. You can dig potatoes for testing
in 50-55 days.

Characteristics of the cultivar: the color of
the shell is white; the color of the pulp is the same.
The starch content is in the range of 80—-140 g.
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Under good growing conditions, you can easily get
up to 10 tubers from 1 pile weighing 80—140 g. The
yield of POTI is up to 400 centners from 1 hectare.

Cultivar value: tubers have good commercial
qualities. They have excellent taste, appearance,
shelf life (up to 93%). Also, potatoes do not change
their color during heat treatment or after peeling.
The variety has a fairly good resistance to late blight
of tops and tubers.

Sample 7 (POT7) — mid-early (80-90 days),
common.

Cultivar description: mid-early common
high-yielding cultivar with high marketability and
excellent taste. The bush is low, compact, upright,
with numerous strongly branching stems, white
flowers. Tubers are round and oval in shape, with
red eyes and an oval top. The peel is white, the flesh
is white, does not darken during cutting, the starch
content is 10.7-14.8%. The mass of the marketable
tuber is 90—130 g. It is easy to wash and clean. They
do not crumble during cooking. It is not recommended
for frying and mashed potatoes, better in soup and salads.
The tubers are well preserved.

Characteristics of the cultivar: marketabil-
ity — 90-95%, yield — 38-50 t/ha. Potential productiv-
ity is up to 1.5 kg per bush. The variety is resistant
to rhizoctonia, moderately resistant to late blight,
common scab. Resistant to drought and waterlog-
ging. The percentage of preservation during winter
storage is good. Cultivar of intensive type, actively
responds to the application of increased doses of
fertilizers. It dislikes cold soils and reacts negatively
to cutting tubers and breaking off sprouts. It gives
good results when germinating and warming up.

Cultivar value: resistant to cancer, rhi-
zoctonia, early blight and blackened stem, high
yield, excellent ecological plasticity, high storage
quality, good taste.

Sample 8 (POT8) — mid-early (80-90 days),
common purpose.

Cultivar description: medium to tall plant,
intermediate type, semi-upright. Medium to large
leaf, of dark green color. The waviness of the edge is
medium. The tuber is oval with small eyes. The peel
is smooth and red. The pulp is creamy, does not
darken when cut. Marketable yield is 220-234 c/ha
(at the level of the standard of POT7). The maximum
yield is 396 c/ha, 143 c/ha higher than the standard.

Characteristics of the cultivar: marketable
yield is 220-234 kg / ha (at the level of the standard
of POT7). The maximum yield is 396 c/ha, 143 c/ha
higher than the standard (Moscow region). The mass
of the marketable tuber is 91-133 g. The starch
content is 11.9-18%. The taste is good. Marketa-
bility is 86-96%. Keeping capacity is 90%.
Resistant to the causative agent of potato cancer
and golden potato cyst nematode. According to the
All-Russian Research Institute of Phytopathology,
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it is moderately susceptible in terms of tops and
moderately resistant in terms of tubers to the caus-
ative agent of late blight.

Cultivar value: high yield and marketability,
good taste, resistance to golden potato nematode,
excellent storage.

Sample 9 (POTY9) — middle-ripening (80—-100
days), common usage.

Cultivar description: a bush is upright, com-
pact and of medium height. A leaf is medium, dis-
sected and pubescent. Flowering is average, short-
term. The inflorescence is compact and multi-flow-
ered. Berry formation is rare. The tuber is oval,
with a blunt apex and a flat stolon trace, light pink.
The peel is smooth. The eyes are few and small.
The pulp is white, does not darken when cut.

Characteristics of the cultivar: the cultivar is
high-yielding — 51.4 t/ ha in the State test. The mar-
ketability of tubers is high with good keeping qual-
ity. The mass of the marketable tuber is 83—165 g.
The starch content is 12—19%, the taste is good and
excellent. It is resistant to cancer, relatively re-
sistant to late blight, common scab, moderately re-
sistant to viruses and damping out.

Cultivar value: high yield, excellent taste,
high storage quality, high marketability.

Sample 10 (POTI10) — mid-season (80—100
days), for common use.

Cultivar description: bush is of medium
height, semi-spreading and has dark green leaves.
The flowers are blue-violet with white tips. Tubers
are white, rounded, with a blunt top. The peel is
mesh. Eyes are small to medium. The pulp is white,
does not darken during cooking. The taste is excel-
lent, friable when cooking. Tuber mass is 100—150
g. High-yielding, up to 50 tons and more per hec-
tare. Starch content is 18-21%, dry matter — up to
26%, high yield marketability — up to 97%

Cultivar characteristics: the cultivar is re-
sistant to cancer, ring and wet rot, scab, rhi-
zoctonia, early blight, Y virus, relatively resistant
to other potato mosaic viruses. Medium resistant to
phytofluorosis. It is resistant to drought and heat.
The yield is good when there is little rainfall.
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In some years, hollowness is possible, it requires
a thickened planting. It shows resistance to low
temperatures.

Cultivar value: excellent taste, resistant
to many diseases, good keeping quality of tubers.

Sample 11 (POTI1) —mid-season (90-100 days),
common usage.

Cultivar description: light beige tubers.
The eyes are small. The pulp is white. The corolla
is white. Productivity is 40—45 t / ha. Marketability
is 85-94%. The mass of the marketable tuber is
100-130 g. Starch content is 13—16%. The taste is
good and excellent. The tubers are well preserved.

Cultivar characteristic: resistant to viruses
X and Y, early blight, heat, drought. It is medium
resistant to late blight in tops and tubers, to common
scab. Rhizoctonia is poorly affected.

Cultivar value: excellent taste, high yield
and marketability, resistant to viral diseases, heat,
drought, excellent storage.

Sample 12 (POT12)—mid-late (110-120 days),
common usage.

Cultivar description: plant is tall, of leaf type,
upright. Medium-sized leaf, light green. Corolla
is medium in size, reddish purple. Marketable yield
is 191-304 c/ha, at the level and 77 c/ha higher than
the standard of POTI.

Cultivar characteristic: oval-rounded tuber
with small eyes. The peel is smooth, yellow. The
pulp is white. The mass of the commercial tuber
is 78—158 g. The starch content is 10.3—13.2%. The
taste is good. Marketability — 84-98%. Keeping
quality is 91%. Resistant to the causative agent of
potato cancer, susceptible to the golden potato cyst
nematode, moderately susceptible to the causative
agent of late blight in the tops and tubers [10].

Cultivar value: stable yield, uniformity,
drought resistance and heat resistance.

A deeper study of the ways of forming the
consumer properties of potatoes at all stages of
commodity circulation is facilitated by complex
and multilateral studies conducted with samples
of potato cultivars POT7, POT9, POTS5, POTI2,
POT6, POT4, POTS, POT3 and POTI. The research
results are shown in Fig. 1 and 2 and in Table 1 and 2.

Figure 1. Potato cultivar “POT9” — surface appearance
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Figure 2. Lengthwise section of the cultivar “POT9”
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Table 1.
Weight and size characteristics of potato tubers and amount of wastes
. Size . Mass of semi-

Cultivar length, mm height, mm width, mm Weight, g finished product, g Wastes, g, (%)
POT6 35 35 45 88 80 8(9.1)
POT4 75 33 52 96 88 8 (8.33)
POTS 85 30 52 114 103 11 (9.64)
POTS8 67 40 62 126 113 13 (10.31)
POT3 75 33 48 86 77 9 (10.46)
POT12 60 40 60 106 97 9 (8.49)
POT7 40 30 30 76 68 8 (10.52)
POTY 53 35 40 82 72 10 (12.2)
POT1 60 35 50 72 62 10 (13.9)

Table 2.
Nutritional value of potato cultivars, grown in the Moscow region

Cultivar Water, % Proteins, % Starch, % Sugar, % Calories, kkal
POT6 78.6 2,0 13.0-18.0 0.1 77
POT4 75.6 2.0 16.0-20.0 1.0 77
POTS5 79.7 2.0 11.0-14.5 1.3 77
POTS8 77.2 2.0 11.9-18.0 0.31 84
POT3 77.7 2.0 12.5-16.8 1.0 83
POTI12 81.3 2.0 10.3-13.2 1.0 70
POT7 79.0 2.0 10.1-15.6 1.0 77
POT9 81.8 1.89 12.0-12.5 1.3 70
POT1 84.0 1.9 9.5-10.1 1.0 70

As a result of the research, it was found that
the largest tubers in size are POTS5, POT4 and POT 3
(75-85 mm), while the smallest one is POT6 (35 mm).
But in terms of weight POTS (126 g), POT5 (114 g)
and POTI12 (106 g) are classified as large, while
POTI (72 g) and POT7 (76 g) are the smallest.

While preparing semi-finished products, it
was found that the minimum amount of wastes was
obtained when peeling potato cultivars POT4 (8.33%),
POTI2 (8.49%) and POT6 (9.1%). And since the
research was carried out in April, compared to the
Norms of waste and losses during processing of
food products, the wastes obtained during potato
peeling is 5 times less than these norms. This indi-
cates the high-quality storage of potatoes for such
a long period of time.

Starch is the main potato component. Thanks
to it, the vegetable gets energy value. In order
not to spoil the dish, it is important to know which
potato cultivars can be recommended for various
dishes. With different concentration of starch in a
tuber, its properties are differentiated: it is enough
to cut a potato and rub the halves. Agglutination
will indicate high starchiness, while the presence
of liquid will speak about low content of starch.
Competent selection of the appropriate potato
cultivar, as well as the use of the optimal amount
per serving will make the nutrition balanced and
the culinary process is not complicated.

53

We have also analyzed the situation in the
development of the food potato market and studied
the factors that form the consumer properties of the
product; the consumer and technological properties
of economic and botanical potato cultivars have
been investigated and an assessment of their com-
petitiveness is given [8, 9].

Conclusion

Thus, a comprehensive assessment of the
nutritional value, organoleptic and technological
properties of promising economic and botanical
potato cultivars grown in various soil and climatic
conditions of the Moscow region showed that:

1. Cultivars POT4 and POT3 differ in higher
level of accumulation of the main nutritional com-
ponents and high organoleptic and technological
properties;

2. Cultivar POTS5 demonstrates high crop ca-
pacity, but differs in worse technological properties
and keeping capacity;

3. Cultivars POT4, POT6 and POTI2 are
characterized with stable physiological processes
at long storage that is resulted in their better keep-
ing capacity;

4. Cultivars POT4, POT3 and POT7 demon-
strate high marketability and keeping capacity,
they are resistant to different diseases.

5. Interms of usage cultivars with high starch
content can be divided into the following groups:
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6. universal potato is similarly suitable both 8. commercial potato is used for production
to consumption and to production of starch and of alcohol and starch, feeding of animals;
other substances; 9. feed potato differs in higher concentra-
7. commodity potato is grown in huge amounts tion of both starch and protein that makes it better
as it is used for sale, the starch content of this potato than commercial potato.

corresponds to the botanical potato cultivar;
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HccaenoBanmne noTpedUTEIbCKUX CBOMCTB COPTOB KapTodest

AHHOTamus. B Hacrosmee BpeMs B INPeANpUATHSIX OOIIECTBEHHOTO IHTaHUS HCIIONB3YIOTCS TEXHOJIOTHH, KOTOpHIE He
TIpeyCMaTpUBalOT COPTOBOE JCJICHNE OBOILIEH, B YaCTHOCTH KapTodess. DTO NPUBOIUT K ITOJIYYCHUIO 3aBBIIICHHBIX OTXOJOB IpU
OYHCTKE Y 3HAYUTEIbHBIX OTEePb MUIIEBOH [ICHHOCTH PH IPUTOTOBJICHHHU KYJIMHAPHOU NMPOAyKInH. BricTpopa3BapuBaronyecs copra
KapTodesst BMECTe C COPTaMH JUTUTEIILHOW 00pabOTKH B OHOM KYJIMHAPHOM H3JCNUH MPUBOASAT K TOMY, YTO ITOJIOBHHA IPOTYKTOB
JOBOINTCS JI0 TOTOBHOCTH, a JIPyTasi 3a 3TO K€ BPeMsI, OCTAETCsI ChIPOif, WK 1pH Ooliee JITUTENbHON 00paboTKe NepBast pa3BapuBaeTcs,
Tepsisl THTaTelbHBIE BELIECTBAa. B cTaTbe paccMaTpuBaloTCd copTa KapTodens ¢ pasaudyHOM KOHIEHTpalueidl kpaxmana,
BEIPAIIMBAEMbIC B IEHTPAIBHOM YaCTH CTPaHBI. Llesb rccie1oBaHus - OpeaennTh KOHEUHBIH pe3yIbTaT i HOTPeONTebCKIE CBOMCTBA
Ppa3MHYHBIX COPTOB KapTodens. OOBEKTaMU HCCIEeNOBaHUs CTaiu ciexyrome copra kaprodems: POT6 (I penponykuus), POT4
(amura), POTS (II pemponykmus), POT8 (II pemponykmus), POT3 (smmra), POT12 (I pemponykmus), POT7 (smmra), POT9
(cpennepannuii) 1 POT1 (panHumit). Y cTaHOBIICHO, YTO CAMBIMHU KPYIHBIMH 10 pa3mMepy (75-85 mm) sistorest POTS, POT4 u POT3,
a cambiMu MenkuMu (35 mm) - POT6. A Bot Takue copta, kak POTS8, POTS u POT12 - camble kpymnHble 1o Becy (106-126 r), B TO
Bpems kak POT1 u POT7 - cameie nerkue (72 u 76 r, coorBeTcTBeHHO). Takue copta kaprodens, kak POT4 (8,33%), POT12 (8,49%)
u POT6 (9,1%), nanu MUHHIMaIbHOE KOJIMYECTBO OTXOJO0B MpH ouncTKe. ITockobKy HccienoBaHue MPOBOIUIOCE B ampele, olmee
KOJIMYECTBO OTXO/I0B OBLIO B 5 pa3 MEHBIIIE 10 CPABHEHHUIO CO CTaHAAPTaMH OTXOJI0B U IIOTEPh IPH MepepadoTKe MHUIIEBBIX IPOTYKTOB.
3T0 TOBOPHUT O AJIHUTEIHHOM CPOKE XPAHCHHUSL.

KnroueBrble ciioBa: potato, nutritional value, consumer properties, shelf life, cultivar description.
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H3yueHue cocTaBa cynepHATAHTA U3 TOMATOB
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AnHotanus. OTHUM W3 IMyTeH YIy4IICHUS COCTOSHHUS 30pOBbSl JIIOZEH C IIOMOIIBIO MHIIEBBIX MPOIYKTOB SIBIAETCS IPOMBIIUICHHOE
MIPOU3BO/ICTBO U3JIENIMH, TAK Ha3bIBAEMOM IPYHITI «3JJ0POBBE», K KOTOPOI B HACTOAIIEE BPEMsI OTHOCST O€3aJIKOTOJIbHBIE HAITUTKH, B TOM YHCIIE
CIIeLMAIbHOTO Ha3zHaueHus. HanuTku sBISIIOTCS caMOil TEXHOJNOTHMYHOM OCHOBOI ISl CO3JaHUSI HOBBIX BUJOB (DYHKIMOHAIBHBIX IPOIYKTOB.
BezankoronbHble HAUTKY HIMPOKO MIPUMEHSIOT B JIeYeOHOM 1 MPO(UIaKTHYECKOM MUTaHUU. OHHU HOJIE3HBI HE TOJIBKO /15l HOPMAIT3aL[iy BOTHO-
ANICKTPOJIUTHOTO OOMEHA, HO TAKKE Ul ONTHMH3ALUHA XUMHYECKOW CTPYKTYpbl paupoHa. OJHHM U3 MEPCHEKTHBHBIX (DYHKIMOHAIBHBIX
KOMIIOHEHTOB HAMMTKOB IMOJIy4aeMbIM B IpOLiECCE MPOM3BOJCTBA JIMKOMMHA M3 TOMATOB SIBISiETCS cymepHaTaHT. MHdopmarms o ero
KOMIIOHEHTHOM COCTaB€ B JJOCTYIHOMW JINTepaType OTCyTcTBYeT. [IprBeseHo KauecTBEHHOE M KOJMYECTBEHHOE MCCIICIOBAaHUE CYIIEPHATAHTOB
TOMATOB Pa3HbIX cOPTOB. OIpeieNIeHbl HEKOTOPBIE YTIIEBOIbL, BOAOPACTBOPHMBIC BUTAMHUHBI, MUKPO- X MAKPO3JIEMEHTHI, OPraHUIECKHE KUCIIOTHI,
(naBoHOMBI. BEISBICHHBIE HYTPUEHTHI BXOJSIIIME B COCTaB CYIEPHATAHTOB TOMATOB IO3BOJISIIOT MCIIOJB30BaTh MX €0 B O€3aJIKOTOIBHBIX
HalWTKaX, B TOM YHCIE CIEIHAIbHOrO Ha3HaueHws. VccienmoBaHue copepaHWs MHKPO- M MakpOdJEMEHTOB HE BBISIBUIIO CYIIECTBEHHBIX
pa3nuuuii B CynepHaTaHTe, MOJyYeHHOM M3 Pa3HbIX COPTOB TOMATOB, HO CTOMT OTMETHTH JIOCTATOYHO BBICOKOE COJEpIKaHHUE Kee3a U MeJu.
YcraHoBIIeHO, 4TO Hamboublnee KonmuecTBO BHTaMuHA C OOHapy»XEHO B CylepHATaHTE, IOJMyYeHHOM M3 TOMAaToB copTa Bosrorpanckuii.
HECMOTPSI Ha TO, YTO CYIIEPHATAHT SIBJISETCS TOOOYHBIM IIPOIYKTOM ITPOU3BOACTBA KAPOTUHOMIOB, OH 00JIa/IacT CIIEKTPOM 0€3YCIOBHO LIEHHBIX
JUISL YeJIOBEKA HYTPUEHTOB M MOXKET OBbITh MCIIOJB30BaH B TEXHOJIOTHHU IMHIIEBBIX MPOAYKTOB, B YACTHOCTH 0E3aJIKOTOJIbHBIX HAIIMTKOB, B TOM
YHCIIe CMENUaNbHOro HasHaueHus. CIemyronmM STanoM paboThl OyzeT pa3paboTka TEXHOJOTWH MPUTOTOBJICHHS HANMTKA CIIEHHAIBHOTO
Ha3HAuYCHUsI C IPUMEHEHUEM CYNIEPHATAHTOB, OJIYYEHHBIX M3 PAa3HBIX COPTOB TOMATOB.

Kiawuessble ciioBa: TOMAThI, CYIICpHATAHT, HyTpI/ICHTHLIﬁ COCTaB, MUKPODJIEMCHTBI, OPraHNYCCKNUEC KUCIOTHI.

Studying the composition of a tomato supernatant
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Abstract. One of the ways to improve people's health through food is the industrial production of products, the so-called "health" group, which
currently includes soft drinks, including special-purpose ones. Drinks are the most technologically advanced basis for creating new types of
functional products. Soft drinks are widely used in therapeutic and preventive nutrition. They are useful not only for the normalization of water-
electrolyte metabolism, but also for optimizing the chemical structure of the diet. One of the promising functional components of beverages
obtained during the production of lycopene from tomatoes is a supernatant. There is no information about its component composition in the
available literature. A qualitative and quantitative study of the supernatants of tomatoes of different varieties is given. Some carbohydrates,
water-soluble vitamins, micro- and macronutrients, organic acids, and flavonoids have been identified. The identified nutrients that are part of
the tomato supernatants allow them to be used in soft drinks, including for special purposes. The study of the content of micro- and
macronutrients did not reveal significant differences in the supernatant obtained from different varieties of tomatoes, but it is worth noting a
fairly high content of iron and copper. It was found that the largest amount of vitamin C was found in a supernatant obtained from tomatoes of
the Volgogradsky variety. Despite the fact that the supernatant is a by-product of carotenoid production, it has a range of nutrients that are
certainly valuable to humans and can be used in food technology, in particular soft drinks, including special-purpose ones. The next stage of
the work will be the development of a technology for preparing a special-purpose drink using supernatants obtained from different varieties of
tomatoes. The research was carried out at the expense of a grant from the Russian Science Foundation Ne 23-26-00217,
https://rscf.ru/project/23-26-00217/

Keywords: tomatoes, supernatant, nutrient composition, trace elements, organic acids.
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BBenenue

Bo MHorux crpana mupa, B TOM 4HCIE U
B Poccum, mpon3BoAcTBO M MOTpEOIEHHE HAITUTKOB
MMeeT YCTOWYMBYIO TeHISHIMIO K pocTy. Mccne-
JIOBAaHHE aIVMEHTapHBIX MPHUBBIYEK HAaCEICHHS
Poccun cBuzerenscTByeT 00 yBEIMUSHHH CIIpOca
U COOTBETCTBEHHO NOTpPeOJeHUsI NMPOAYKTOB M3
TpYNNBl «3/I0pOBBE» M, B YAaCTHOCTH, HAIMTKOB
CHENUATBFHOr0 Ha3HaueHus. 3HaYeHHE HAINTKOB
B MIMTAaHWH YeJIOBEKa TPYAHO IePEOLeHHTh. B iepByro
odepeb 3TO CBA3aHO C MUIIEBOM M OMOJIOTHIECKOMH
LEHHOCTBIO 3THUX MNpOoAyKToB. HamuTkm Hapsany
C ApYTUMU IPOAYKTaMHU IIUTAHYSA SBJIIOTCS UICTOUHHU-
KOM KaK OCHOBHBIX JKU3HEHHO Ba)KHBIX HYTPHUEHTOB
TaK ¥ JPYTUX IIEHHBIX KOMIIOHEHTOB [1—4].

Tomatel ABISAIOTCS Ba)KHBIM KOMIIOHEHTOM
B KYXHSIX MHOTUX HapOJ0B MHUpa U IHUPOKO HCIIOIIb-
3yI0TCS B IUILEBOW MPOMBIIIJIEHHOCTH, 3aHUMAs
OJTHO M3 MEPBBIX MECT MO 00beMaM MepepadoTKU
pacTtuTensHoro celpbs [9]. MupoBoe Npou3BOACTBO
TOMATOB PAcTeT C KaXJBIM TOZOM, H, TIO JaHHBIM
FAOSTAT, B 2019 roxy mpou3BoACTBO COCTaBUIIO
okoio 180,8 mmH ToHH [10].

CoBpeMEHHBIE JIIOJIU LIUPOKO HCIOIB3YIOT
TOMAaThl M MPOAYKTHl Ha UX OCHOBE, TaK KaK OHH
SIBJIIOTCS Ba)XHBIM HCTOYHUKOM KapOTHHOMW[IOB,
BKJIIOYAs TaKOM 3JIEMEHT, KaK JIUKoIuH [9, 13—15],
KOTOPBIN SIBJSIETCS NMUIMEHTOM, B 3HAYMTEJIbHOM
CTETNIEHH OTBETCTBEHHBIM 32 XapaKTEpHBIA TEMHO-
KpacHbIN I[BET IUIOAOB CIENbIX TOMATOB. MIHTEpec
K JIMKOTIMHY OOYCIIOBJIEH €ro OWOJOrMYeCKHMHU
CBOMCTBaMH, B YaCTHOCTH aHTHOKCHJIAaHTHBIMU [ 15—17].

KapotnHonasl conepskamuecs B TOMaTax
MOTYT YJIy4IlIaTh IMUTATEbHBIE CBOMCTBA, BKYC U
(yHKIMOHANTBHBIE Ka4ecTBa MPOAYKTOB, B KOTOPBIX
oHH conepxkarcs [18-20].

UsBectHo, uTo ymorpebieHHEe TOMATOB
MOJIOKUTENIBHO BIIMSAET Ha 3/0pOBbE UEJIOBEKa.
B uacTHOCTH, OKa3bIBaeT MPOTHBOBOCHAIUTENIBHOE,
AHTUTOKCUYECKOE, aHTUMYTareHHOE, aHTHIIPOJIH-
¢eparuBHOE, XuMHonpodumakTuaeckoe [12, 18],
MMMYHOIIPOTEKTOPHOE [9] M CHMXaroIllee YPOBEHb
xoJiectepuHa B kposu [13, 18].

OpHMM U3 CIOCOOOB YIYUIIEHUS 3/I0POBBS
JIOZIeH ¢ MTOMOIIBIO IPOAYKTOB MUTAHUS SBISIETCA
MPOMBIIIUIEHHOE TPOM3BOJICTBO TPOAYKTOB U3
TaK Ha3bIBa€MOM IpyMIlbl "340pOBBA", K KOTOPOU
CeroJHsI OTHOCSATCS O€3aJKOrOJIbHBIE HaIUTKU
CHENUANbHOrO Ha3zHaueHus. HamuTku mnpesncras-
TSI0T co00 MaeanbHYI0 OCHOBY JUIsi pa3paboTKu
HOBBIX (YHKIMOHAIBHBIX TPOIYKTOB. besanko-
TOJIbHBIE HAIIUTKH YacTO UCIIOJIB3YIOTCA ATl 000-
TaleHs] panyoHa MUTaHUS C LENbI0 JICYCHHS U
NpoQHUIAKTUKH DPa3IUYHBIX 3a0oneBanuil. OHHU
HE TOJBbKO MOMOTAIOT MOJJIEP’KUBATh ONTUMAabHBINA
OamaHC BOABI M DJEKTPOJIUTOB B OpraHH3ME,
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HO W YJy4IIalOT XAMHUYECKHIA COCTaB pallMOHA.
(Mocksa 2018). OgauM 13 QyHKIMOHAIBHBIX HHIPE-
JIMEHTOB, KOTOPBIA B TOCJCAHEE BPeMsl MPHUBJICKACT
BHUMaHUE KaK MPOM3BOAUTENICH, TaK U UCCIIe0BaTe-
nel, srsiercs JMKonuH. CyIIECTBYIOT pa3iuyHbIe
TEXHOJIOTUH €ro TOy4YeHHUs, HO HanOoJiee TepCeK-
TUBHBIM MIPUMEHEHHEM JIMKOTIMHA B TIHIIEBBIX TEXHO-
JIOTUSIX SIBJISICTCS O0C3BOXKMBAHUE TOMATHBIX TJIBIO
0e3 WCIONB30BAaHUS OPraHMYECKUX PACTBOPHTENECH
C TIOCIIE/TYOIIAM BBIJICNICHHEM [IeJIEBOr0 KOMITOHEHTA.

AKTyanbHOCTh pabOTHI 3aKITIOYAETCSl B OTCYT-
CTBHH B JIOCTYITHOM HAay4YHO-TEXHUYECKOH JIUTEpaType
CBEJICHUH O XMMHYECKOM COCTaBe CyIEpHATaHTA,
MOJIyYEHHOM U3 Pa3HBIX COPTOB TOMATOB.

ean padoThI — MCCIIECAOBATH KA4eCTBEHHBIN
W KOJHMYECTBEHHBIH COCTAaB YTIJIIEBOJIOB, BOJOpAc-
TBOPUMBIX BUTAMHHOB, 3CCCHIUABHBIX MHKPO- U
MaKpOJIEMEHTOB, OPTAaHUYECKUX KUCIIOT, (pIIaBOHO-
WJIOB, COZIEPIKAIMXCS B CylIepHATAHTE, TpeIHAa3HA-
YEHHOM JUIsl WCIIOJIb30BaHUS B 0€3aJIKOTOJBHBIX
HAITUTKaX, B TOM YMCJIC CIICIHATLHOTO Ha3HAYCHHSL.

MaTepI/IaJ'[bl U METOAbI

CymnepHaTaHTBl, IOJIyYeHbI U3 TOMaTOB COP-
ToB Bomarorpanckuit, Opamk u YEpHBIA mpuHI,
BbIpamieHHbIX B 2022 roxy B X0XOJIBCKOM paiioHe
Boponexckoii o0racty.

HccenenoBanusi poOBOAMINCE B CIIELUATIN3HU-
poBannbIx nabopatopusix ®I'bHY BHUBUIIDUT.
HyTpueHTHbIii cocTaB oIpeaensyii  OOLIenpHHS-
TBIMH METOJJaMH, B TOM YHCIIE: YTJIEBO/BI TIIIOKO3Y,
(b pyKTO3y M caxapo3y ONpeAessiiii METOAOM BBICO-
KOD(p(HEKTUBHOW JKHUAKOCTHOW XpomaTtorpadun
o 'OCT 31669-2012; numonnyto u L-s101049HYyIO
KHCJIOTHI MPH (pepMEHTAaTUBHOM IpeoOpa3oBaHUU
nox naeiicteBuem HAJl B mpucyrctBuum L-MIAT
cnekrpodormerpuueckn mo 'OCT P 51239-98
u 'OCT P 51129-98; kanuii, Marauii ¥ KaJbIIAHA
METOZIOM aTOMHO-2a0COPOIIMOHHOM CHEKTPOMETPHUH
no 'OCT 334622015, poctop criekrpodoTomerpu-
yeckuM MetogoM 1o I'OCT P 51430-99; sxeneso,
OUHK U MeIb aTOMHO-a0COpOLIMOHHBIM METOJOM
mo 'OCT 30178-96; mapranerr MeTo10M aTOMHOMH
criekrpometpun o 'OCT P 51309-99; ackopbu-
HOBYIO KHCIIOTY METOJIOM BBICOKOd((PEKTHBHON
skuaKrocTHOH xpomarorpadum o 'OCT 31643-2012;
(onatsl METOZOM MUKPOOHOJIOTMYECKUX UCTIBITAHUH
o ['OCT EN 14131-2015.

JlaHHbIe, MOTyYeHHBIE B XOJE MCCIIEIOBAHUS,
OBUIM TTOIBEPTHYTHI CTATHCTHYECKOH 00paboTke
C WCTOJBb30BaHWEM Mporpammsl Statistica v10.0
(StatSoft. Inc. CIIA). Beuu paccanTansl cpemHss
apudmeTrnyeckas, a TaKkKe CTaHIapTHas OLIMOKa
cpeaneit. JlocToBepHOCTD pa3nuuus MeXIy BbIOOp-
KaMH OLIEHHBAJIACh C TIOMOIIIBIO HEMapaMeTPHYECKOTo
kpurepusi ManHa-Yuran. CTaTHCTHIEeCKas THITOTE3a
cuuTanack JoctoBepHoit npu P<0,05.
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Pe3yabTarhl

HanGonbliyto 1eHHOCTh IS TIPUTOTOBJICHUS
0C3aJIKOTOJIBHBIX HAMUTKOB MPEJACTABISIIOT JKC-
TPaKTHBHBIC BEIIECTBA, CHAyYajga COACPIKALIHECS
B CBIPbE, a 3aTeM — B 0€3aJIKOTOJIbHBIX HAIMUTKAX.
ITosTOMY BecbMa aKkTyajbHBIM CTAHOBUTCS BOTIPOC
0 TIOJNIE3HOCTH CHIPhA (CyNEepHAaTaHTa) I MPHUTO-
TOBJICHMS HamuTKa. B cocTaB mo0oro 0Oe3aako-
rOJBHOI'O HAMKUTKA BXOAAT caxapa, KaueCTBEHHBIH
Y KOJIMYECTBEHHBIN COCTaB KOTOPHIX HEOOXOIUMO
3HATh JHOJIAM, CTPAJAIONINM CaxapHbIM TUAOETOM.

Ha nauyanpHOM 3Tane pabOThI UCCIIEI0BATN
coJlep)KaHUe YIIeBOooB. B cocraB cymepHaTaHTa
(Tabmuua 1), UCIONB3YEMOT0 Il IPUTOTOBIICHUS

post@vestnik-vsuet.ru

0€3aJIKOr0JIPHOTO HAMHUTKA, B OCHOBHOM BXOJST
YTIEBOJIBI — TIIOKO3a U (PYyKTO3a, caxaposa Kak
TPaBHIJIO TIPUCYTCTBOBAJIA B MCCIIEAYEMBIX 00pasiiax
B HE3HAYUTEIHFHOM KOJUYECTBE, IOITOMY, UYEM
MEHbIIIe ee OyAeT MepexoIuTh B PACTBOP, TEM
MOJIE3HEE CTAHET HAITUTOK.

AHanm3 JaHHBIX, MPEJICTABICHHBIX B TabmIe 1
MOKa3all, 9To OOJIBIIE BCETO TITIOKO3BI M (PPYKTO3HI
MPHUCYTCTBYET B CyNEpHATAHTE, IMOJNyYEHHOM U3
TOMaTOB copTa UepHbIil NpHHLI.

YCTaHOBJIEHO, YTO TIIFOKO3BI U (PPYKTO3BI
B 2TOM cyriepHaTanTa 28,8 u 15,3% cooTBeTCTBEHHO
Oojpllle, 4YeM B CyIepHATaHTE, MOJYYECHHOM U3
TOMaTOB copTa Bousrorpanckuii.

Tabmuua 1.

Conep;xaHI/Ie OPraHNYCCKHX KHCJIIOT

Table 1.

The content of organic acids

CynepHaTaHT, l'[OJTy'-{eHHLIﬁ 13 TOMAToOB CopTa

Vraesosl, /100 cm? | Carbohydrates, g/100 cm?

A supernatant obtained from tomatoes of the variety I'moxo3sa | Glucose ®pykrosa |Fructose Caxapo3a | Sucrose
Boarorpaackuii | Volgograd 1,25+0,16 1,31 +£0,19 0,10 £0,01
Opamx | Orange 1,34+ 0,18 1,33+0,17 0,06 + 0,01
UYepnsriii npuni | The Black Prince 1,61 +£0,30 1,51 £0,14 0,09 +0,01

VYTneBooB B CylepHaTaHTe, MOIYyYEHHOTO
13 ToMaToB copTa OpaHX MEHbIIIE COOTBETCTBEHHO
Ha 7,2 n 1,5%, ueM y cynepHaTaHTa U3 TOMaToB
UYepHblil npUHLI.

B penentypy OONBIIMHCTBA 0E3aJIKOTOJIBHBIX
HAIUTKOB BXOAMT JIMMOHHAs KHUCJIOTa, B CBS3H
C 3TUM HEOOXOAMMO 3HATh COACpPKAHHE OpPIraHU-

KOPPEKTUPOBATH KOJIMYECTBO JTJUMOHHON KHUCIOTHI
pH Pa3pabOTKe HOBBIX PEICTITYP HAITUTKOB.
HccnenoBanre opraHMYecKuX KUCIOT B 00pas-
[[aXx CYIEPHATAHTOB I10KA3aJI0, YTO B OOJIBIIMHCTBE
00pasioB cymnepHaTanta mnpeodiIagaeT TUMOHHAS
KHCJIOTa, TAK)KE€ B HE3HAYUTEJBHBIX KOJHMYECTBAX
NPUCYTCTBYET U30MEpHash opMa JIUMOHHOH KHC-

YeCKHX KHCIOT B  CylepHaTaHTaX  dTOOBI noTeI (Tabmnwma 2).
Tabnuma 2.
ConepxcaHI/Ie MaKkpoO- U MUKPO3JICMCHTOB B CYIICPHATAHTC
Table 2.
The content of macro- and microelements in the supernatant
DnemenTsl, Mr/100 cm? CyrniepHaTaHT, OJYUYSHHBIN M3 TOMATOB copTa | A supernatant obtained from tomatoes of the variety
Elements, mg/100 cm? Bonrorpanckuit | Volgograd Opamx | Orange UYepnsiit npunl | Black Prince
Na 10,35 +£2,29 10,84 + 2,66 10,86 £2,2
K 147,1 £34.9 212,5+29.5 2289+334
Ca 8,1+2,11 9,3+ 1,89 8,7+1,29
Mg 6,1 £1,21 7,3+1,29 7,7+1,23
P 10,2+ 0,11 222 +0,11 11,5+0,11
Fe 0,20+ 0,11 0,33 +0,11 0,37 +£0,12
Zn 0,069 + 0,005 0,071 £ 0,006 0,096 + 0,005
Cu 0,043 £ 0,011 0,062 + 0,021 0,054 +£0,017
Mn 0,001 +0,0001 0,050 + 0,0441 0,027 + 0,081

OOpa31ipl CyTniepHaTaHTOB IMOKA3aJIN Pa3InIHOES
collepKaHMe JTUX KHUCIOT, OIHAKO COJepKaHHe
JMMOHHOM KHCIIOTHI B 00pa3lax CylnepHaTaHTOB,
MOJTyYEHHBIX U3 TOMATOB COPTOB UEPHBII NPUHIT 1
Opamkx Obuta CyIIECTBEHHO HIDKe Ha 59,6 u
36,5% COOTBETCTBEHHO, Y€M Yy CYIEpHATaHTa,
MIOJIYYEHHOI'O0 M3 TOMATOB copTa Bosrorpanckuii.
ConepxanneL-s10109HON KUCIIOTHI OblIa TaKXke
Hwke Ha 70 u 25% B oOpasiax CylnepHaTaHTa,
MOJTyYEHHBIX U3 COOTBETCTBEHHO TOMAaTOB COPTOB
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UYépnslit mpuH 1 OpaHik, 4eM y 00pa3ioB cyrnep-
HATaHTa, MOJYYSHHOTO U3 copTa Bonrorpaackuii.

PerynsipHoe noctymieHre ¢ TOMaTHBIM COKOM
OMOJIOTMYECKH aKTHBHBIX BEIIECTB CIIOCOOCTBYET
3amute JJHK mumdormToB denoBeka OT MOBpeKIa-
rortero aeiicteust paguanu [18-20]. Tloatomy 3Has
coziepkaHie MHUKPO- U MaKpOIJIEMEHTOB B HAIIWTKE,
MOKHO OTHECTH JTOT HAIUTOK TaK Ha3bIBAEMOM
TPYIIIE «30POBHEY.
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B pesynbrate MaccoBOro pacupocTpaHeHHs
MOJIUTUITOBUTAMUHO30B, COMPOBOXKIABIIUXCS HE-
JTOCTATKOM MaKpO- U MHKPO3JICMCHTOB (KaJIbIUH,
JKene30), BO3HUKIA HEOOXOOUMOCTh pPa3paboTKu
HAIMHUTKOB ()YHKIIMOHAILHOT'O Ha3HAYEHUs, 00ora-
IIEHHBIX KOMIIJICKCOM BUTAMHUHOB U MUHEPAIbHBIX
BemecTB. [loaToMy HeoOxoammo OBLTO ompene-
JUTHh COAEpKaHWE MHUKPO- W MaKpOdIJIEMEHTOB,
BUTAMHHOB B CylepHaTaHTax. VccrnenoBanue co-
JIeprKaHHsI MUKPO- © MAaKPORJIEMEHTOB HE BHISIBIIIO
JIOCTOBEPHBIX PaszINYdii B CyNepHATaHTe, IONy-
YEeHHOM U3 pa3HBIX COPTOB TOMaToB. B kadecTBe
WCKITIOYEHHUS] CTOMT OTMETUThH JIOCTATOYHO BBICOKYIO
KOHIICHTPAIIHIO JkeJie3a U Mean. Tak, cojepanue
HATpUs B CYNICPHATAHTE, MOJYUYEHHOM U3 TOMAaTOB
pa3sHBIX COpTOB He mpesbimano 11,1 mr/100 e’
Cozeprkanye Kaus He npesbimano 228,9 mr/100 e’
a TaKXe KOHIICHTPALMs KaJbIUs, MarHus u (oc-
dopa cooTBeTcTBeHHO He BhImie 9,3, 7,7 U
22.2 Mr/100 cM® COOTBETCTBEHHO. Konuenrtpanus
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nuHKa He npesbirana 0,096 mr/100 cm®, Mapranma
0,05 Mr/100 e’

Konuentpauus xkene3a u Meau B oOpasnax
CyNepHaTaHTOB U3 COKOB copToB Opanx u Yép-
HBIH NMPHUHIL TI0 CPABHEHUIO C 00pa3laMu U3 copTa
Bonrorpanckuii (Tabmmia 3) Obl1a HECKOJIBKO BEIIIIE.
YcTaHOBIIEHO, YTO KOHIIGHTpAIH JKele3a B Cymep-
HaTaHTe, MOJYYeHHOM M3 TOMAaToB copTa UEpHBIH
npuHIl U Opamk OblIa BBIINIC, YeM B 0O0pasile,
MOJYYeHHOM W3 TOMAaToB copTa Bosrorpaackuii
Ha 85% um 65% cootBeTcTBeHHO. MccnenoBanue
KOHLEHTPAllud MEOW BBIIBHJIO WHYIO KapTUHY:
JaHHOTO MHUKPOHYTPHEHTa ObLIO OoJiblIe B 00pasiax
CYIEpHaTaHTOB M3 ToMaToB copTa Opamk 1 YEpHBII
NpPUHI] IO CPaBHEHHIO 00pa3llOM CyIepHATaHTa,
MOJIy4EHHOM U3 TOMAaTOB copTa Bosrorpanckuii
Ha 44,2 1 25,6% COOTBETCTBEHHO.

HccnenoBanusi OTAETBHBIX BUTAMUHOB BbI-
SIBHJIM JIOCTOBEPHYIO Pa3HHUILy B UX COJEPKaHUH
(Tabmuma 4).

Tabmumna 3.

ConepxaHre BUTAMUHOB B CyTIepHATaHTaX
Table 3.
Vitamin content in the supernatants

CynepHaTaHT, MOMy4EHHBIH H3 TOMAaTOB COPTa
A supernatant obtained from tomatoes of the variety

Buramun C | Vitamin C | ®onarst | Folate | Buramun Bs | Vitamin Bs

Bosrorpazckuii | Volgograd 50+04 0,007 £ 0,003 0,20 + 0,03
Opamx | Orange 1,8 +0,4 0,008 + 0,003 0,19+ 0,03
Yepusin npunil | Black Prince 2,6+ 04 0,011 +0,003 0,22 +£0,03

YcTaHoBIEHO, YTO aCKOPOWHOBOW KHCIIOTHI
B CyIIepHATaHTaX, MOJYYEHHBIX U3 TOMAaTOB COPTa
UYépnsrii nmpuHn 1 Opamx ObIIO MEHBIIE, YeM B 00-
paslie CylepHaTaHTa, OJyYeHHOM U3 TOMaTOB COpTa
Bonrorpaackuii Ha 48 n 64%. ®onatoB HaoOOPOT
oomprre Ha 57,1 1 14,3% cooTBeTCTBEHHO B 00pas-
[[ax CyNepHAaTaHTOB M3 ToMmaroB copTa OpaHXk H
YépHplid mpuHL, 4yeM B oOpasle, MOJYyYCHHOM
13 TOMaToB copTa Boisrorpaackui.

3akiroueHne

[IpoBenennbIe HCCIETOBAHNS TIOKA3aJIH, UTO
B COCTaB CyIICpHATAHTA BXOJAT YIJICBOIBI, IIPEICTAB-
JICHHBIE TIIIOKO30H M (DPYKTO30#, OpraHUYecKue
KHUCJIOTHI, HanOojiee 3HaAYMMBIE JJI1 00ecCIIeueHus
YeII0BeKa MUKPO- M MaKPOAJIEMEHTEHI, a TaKXKe OHO-
JIOTHYECKH aKTUBHBIMU BelecTBa. Oco00e BHIMaHUE
HEOOXOAMMO YJICIHUTh BBICOKOMY COJICPIKaHUIO
BuTamuHa C B 00pasiie cyrnepHaTaHTa, IoJly4eHHOTO

13 TOMAaTOB copTa Boarorpaackuii U MOBBILIEHHOE
N0 CpPaBHEHUIO C HUM cojiepkanue (HoraToB
B CyllepHaTaHTax, MOJY4YEeHHBIX 13 TOMaToB OpaHx
u Ye€pHenii npuH. Takum o0pa3oM HECMOTpS Ha TO,
YTO CyNEPHATAHT SIBJISETCS ITOOOUYHBIM MPOAYKTOM
HPOM3BOACTBA KAPOTHHOMUIOB, OH 00J1a/1a€T CIEKTPOM
0e3yCIIOBHO LICHHBIX Ul YeJIOBEKa HYTPUEHTOB U
MOJKET OBITH HCIIOJIb30BaH B TEXHOJOIUMH THIIEBBIX
NPOYKTOB, B YAaCTHOCTH O€3aJIKOTOJILHBIX HAIUTKOB,
B TOM YHMCJIE CIIELUAIBHOTO HazHaueHus1. Cleqy oM
3TarioM paboThl OyneT pa3paboTKa TEXHOJIOTHH
NPUTOTOBJICHUS HANIUTKA CIIEUAILHOTO Ha3Haue-
HUsSI C IPUMECHEHHEM CyTIePHATAHTOB, TOJTyYEeHHBIX
U3 pa3HBIX COPTOB TOMATOB.
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Ounenka OMOTEXHOJIOTMYECKOr0 MOTEHIIMAJIA HOBBIX IITAMMOB
MOJIOYHOKMCJIBIX 0aAKTePUd ¢ KPHUOPE3UCTEHTHBIMU CBOMCTBAMH
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AHHoTanms. MHTeHCHBHOE BHEPEHHE B XJI€O0MEKapHOH OTPACIIHM TEXHOIOTHI C UCHIOIb30BaHUEM 3aMOPaXUBAaHHs MOy (HaOpHKaTOB U1
TOTOBOH MPOIYKIHHK TpeOyeT HOBBIX MOIXOAOB B pa3pabOTKe CTAPTOBBIX KyJBTYp U XJIEOOIEKApHOH OTpaciy, 4TO 00YCIOBIECHO B
TIepPBYI0 OYepe]b CHIDKCHHEM JKH3HECIIOCOOHOCTH KIETOK M HM3MCHCHHEM WX (YHKIMOHAIBHO-TEXHOJIOTHUECKHX CBOWMCTB IIpH
HHU3KOTEMIIEpaTypHOM BO3JEHCTBHU. B 3TOH CBs3M, WcciIenoBaHus, HAIPABICHHBIE HAa ITOWCK, CEIEKIHUIO, N3YUeHHE CBOMCTB HOBBIX
IITaMMOB MOJIOYHOKHUCIIBIX OaKTepHi, 00IafalomiX KPHOPE3NCTEHTHRIMU CBOMCTBAMH, SIBIISTFOTCS CBOCBPEMEHHBIMA U AKTyaIbHBIMH.
B Hacrosmieit pabote mpoBeieHAa CpaBHUTEIbHAs OLICHKA OMOTEXHOJIOTHYECKOTO MOTSHIMAla paHee BBIICICHHBIX IITaMMOB
MOJIOYHOKHCIIBIX OakTepuii, OONaNalomiX BBICOKOH YCTOWYMBOCTBIO K HHM3KOTEMIICpAaTYpHOH 0OpabOTKe, C LeNbI0 BBIIBICHHUS
MEPCIEKTUBHBIX JUISI IPIMEHEHHS HX B KPHOTEXHOJIOTHH XJ1€000yIOUHBIX H3AEIUHA. Y CTaHOBIIEHO, UTO INTaMMBI L. bavaricus 6, L. casei
32 u L. plantarum 24 TpOSBISIOT BBICOKYIO TOJEPAHTHOCTh K PAAY AHTHOMOTHKOB, OTJIMYAIOTCS IIHPOKUM CIIEKTPOM
AQHTHOAKTEPHAIBHOTO JEHCTBHS, OABIIAIOT POCT MUIIEINATIEHBIX IPHOOB U IPOXIKEH, IMEIOT BBICOKYIO IPOTEONUTHIECKYIO AKTHBHOCTB,
a TakoKe XapaKTepH3yIOTCs KaK CoJle-, JKeTde-, KUCIOTO- U (h)eHONOYCTONYHMBBIC ITaMMBL. JTO CITyXXHUT OCHOBOM IS IIPOTHO3HPOBAHUS
HX TPOOMOTHYECKHX CBOMCTB M JEJNAeT IIePCTeKTHBHBIM HX HCIIONIb30BaHUE I Pa3pabOTKM HOBBIX HPOAYKTOB ITHTaHUS C
(YHKIOHATIBHBIMH CBOMCTBaMU. [IpoBeieHHBIE HCCIeT0BaHUS IO3BOJIIIOT PEKOMEH/I0BATh JAHHBIE INTaMMBI JUIS BKITIOUCHHS B COCTaB
CTapPTOBBIX 3aKBACOK JUISl MPOM3BOACTBA (DepMEHTHPOBAHHBIX MPOIYKTOB MHUTAHMS C NMPUMEHEHHUEM KPHOTCHHBIX TEXHOJIOTH, B TOM
Yucie XJ1e000yI0UHBIX U3/IeNUI Ha OCHOBE 3aMOPOKEHHBIX 10Ty (paOpuKaToB. JJaHHBIE IITAMMBI MOTYT OBITH TAK)Ke PEKOMEH/IOBAHBI IS
pa3pabOoTKy OMOTOTMYECKU aKTUBHBIX J00ABOK JIs MHUIIEBOH, (hapMaleBTHUECKOH, KOCMETUYECKON MPOMBIIIIEHHOCTH 1 BETEPUHAPHH.

KuroueBble cj10Ba: MOOYHOKHUCTBIE OakTepuH, Lactobacillus, kpuoTexHomornu, Xae000yIouHbIe H3ESITHS.

Evaluation of biotechnological potential of new strains of lactic acid
bacteria with cryoresistant properties
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Abstract. Intensive introduction in the baking industry of technologies using freezing of semi-finished and finished products requires
new approaches in the development of starter cultures for baking, which is primarily due to a decrease in cell viability and changes in
their functional and technological properties under low-temperature exposure. In this regard, research aimed at the search, selection,
study of new lactic acid bacteria strains with cryoresistant properties is timely and relevant. In the present work, a comparative
assessment of the biotechnological potential of previously isolated strains of lactic acid bacteria with high resistance to low-temperature
treatment was carried out. It was found that strains L. bavaricus 6, L. casei 32 and L. plantarum 24 show high tolerance to a number
of antibiotics, are characterized by a wide spectrum of antibacterial action, inhibit the growth of mycelial fungi and yeasts, have high
proteolytic activity, and are also characterized as salt-, bile-, acid- and phenolu-resistant strains. This serves as a basis for predicting
their probiotic properties and makes it promising to use them for the development of new food products with functional properties. The
conducted studies allow us to recommend these strains for inclusion in the composition of starter starters for fermented foods products
using cryogenic technologies, including bakery products based on frozen semi-finished products. These strains can be recommended
for the development of biologically active additives for food, pharmaceutical, cosmetic industries and veterinary.

Keywords: lactic acid bacteria, Lactobacillus, cryotechnology, bakery.
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BBenenue

Ha ocHoBe aHanm3a OMOTEXHOJIOTUYECKHX
CBOWCTB MHUKpPOOPTraHM3MOB BO BCEM MHpE CO37a-
FOTCSI pa3INYHbIE BAPHAHTHI 3aKBACOK, COCTOSIIINE 13
MOHOKYJIBTYP WJIM )K€ MX COYCTAHUH; KOMIUICKCHBIX
3aKBaCOK C JIPYTMMH TPYHIIAMH MHUKPOOPTaHU3MOB,
TMO3BOJISTIONINE B MAKCUMAIBHON CTETIEHH pPeaTi30-
BaTh OMOTEXHOJOTHYECKMU MOTECHIMAT OTACIbHBIX
IITAMMOB B UX KOHCOPIUYMOB [1-6].

[pompIIIeHHO-TIEHHBIMU KYJIETYpaMH MUKPO-
OpraHU3MOB, TIPIMEHSIEMBIX B COCTaBe OOJBIIMHCTBA
3aKBACOK JIJIs TIMIIEBBIX MTPOIYKTOB, B TOM YHCJIC H
xJ1e000yIOYHBIX U3JEITUH, SIBISIOTCS MOJIOYHOKHUC-
JIBIe OaKTEepUH, OTHOCSIIHECS K poay Lactobacillus,
Y MPOSIBIISIOIINE BBICOKYIO (DEPMEHTATHBHYIO aK-
TUBHOCTh, YCTOWYMBOCTh K KUCIIOTaM, COJISIM H JIp.,
a Taloke CHHTE3WPYIOIINE MIMPOKUA CIEKTp OHOo-
THYECKH aKTHBHBIX coenuHeHui [7—11]. OcoOsiit
MHTEpPEC TMPEACTABISIOT TpoTeouTHIeckue  dep-
MEHTBI MOJIOYHOKHUCITBIX OaKTepHiA, KOTOPHIE B OCHOB-
HOM (DOPMHPYIOT TEKCTYpY, CICIU(BHUECKAN BKYC
1 apoMat ()epMEHTHPOBAHHBIX MUIIEBBIX TIPOIYKTOB,
BIIHUSIOT Ha UX OMOJIOTHYECKYFO IEHHOCTH [12—15].

B nHacrosmee Bpems B Xite0omekapHOH po-
MBIIUICHHOCTH HaMETHJIACh CTOMKAas TEHICHIIUS
K POCTY BBIIYCKa 3aMOPOKEHHBIX TECTOBBIX IMOJTY-
(habpuKaToOB, OJTHAKO MPH PeaTH3aIHUA TPOIIECCOB
KPHOTEHHON TeXHOJNIOTHH xyeba Habmomgaercs
YXYIICHHE KaYECTBCHHBIX XapPaKTEPUCTHK TOTO-
BOM TPOAYKIMH, CBS3aHHOTO B IIEPBYIO OYEpEb
¢ THOenpl0 MUKPO(DIOPHI P HU3KOTEMITEPaTyp-
HOM xpaHeHuu [16—-19], BcBsi3m cyem paboTa,
HaNpaBJICHHAs Ha IMOWCK U pa3paboTKy HOBBIX
CTapTOBBIX 3aKBACOK C KPUOPE3UCTEHTHBIMH CBOM-
CTBaMH SIBJIICTCS aKTyaJIbHOM.

Lenpio HacTOSIIEH paOOTHI SBISETCS TTIOUCK
YCTOWYMBBIX K HU3KOTEMIEPAaTypHOMY BO3JICH-
CTBUIO MITAMMOB MOJIOYHOKHUCIIBIX OaKTepUid poaa
Lactobacillus v onigHka uX OMOTEXHOJOTHUYESCKOTO
MOTEHIUAIA.

MaTepI/la.]'[I)l U METOAbI

B xone mHoronerHeil pabGoThl IO MOMCKY
KPUOPE3UCTCHTHBIX  (PYHKIIMOHATHLHO-aKTHBHBIX
HITAMMOB MOJIOYHOKHCIIBIX OaKTepHid W3 pa3ind-
HBIX THIIEBBIX HCTOYHUKOB PACTUTEIBHOTO U
KHUBOTHOTO MIPOMCXOXKACHNS HAMHU OBLIO 0TOOpaHO
15 mNepCHeKTUBHBIX IITAMMOB MOJOYHOKHCIIBIX
Oakrepuii p. Lactobacillus, 06nagaionyx BEICOKOR
YCTOHYMBOCTBIO K HU3KOTEMIIEPaTypPHOMY BO3-
IeHCcTBHIO (BBKMBAEMOCTh KJIIETOK IIPU TeMIlepa-
type -30 °C ne menee 80%). JlaHHBIE MITaMMBI
XOpOLIO Pa3sMHOXKAIOTCS B IIUPOKOM JHAra3oHe
Temmeparyp ot 15 g0 45 °C, TemrepaTypHBIi ONTH-
MyM coctaisier 30-37 °C, onTuManbHOE 3HaYCHUE
pH =5,5-6,2 [6, 20].
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OneHky  (pyHKIIMOHATLHO-TEXHOJIOTUIECKHX
CBOMCTB IITaMMOB H3y4YajH MO CIIOCOOHOCTH MX
K KHCJIOTOOOPa30BaHUIO TIPH POCTE HA 00€3KUPESHHOM
MOJIOKE, aKTUBHOCTH €T0 CKBalllMBaHHS, KOJINYEC-
CTBY KJIETOK MOJIOYHOKHCIIBIX OaKTepui, CTEIIeHN
CHUHEpe3nca, BSI3KOCTH MW IUIOTHOCTH CTyCTKa.
O mpOTEONUTHYECKON AKTUBHOCTH MOJIOUHOKHCIIBIX
OakTepuil CyAHIIU 10 KOJMYECTBY HEOCAKIAEMBIX
TPUXIIOPYKCYCHOW KHUCIOTOH MPOAYKTOB OaKTepH-
anpHOTO TIpoTeonm3a [20], B kadecTBe cyOcTpaTa
ucmnoib3oBaiu 1% pacTBOPBI CHIBOPOTOYHOTO allb-
OyMmuHA 1 Ka3eMHa. AHTarOHUCTHYECKHAE CBOMCTRA
IITAMMOB OIICHUBAIN M3MEPEHHEM 30H TOJABICHUS
pocTa TeCT-KyJIbTYp IMaTOT€HHBIX U YCJIOBHO-TIATOIeH-
HBIX MUKPOOPraHi3MoB [3]. OLeHKy 4yBCTBUTEIEHOCTH
IITAMMOB K aHTHOHOTHYECKHM BEIIECTBAM ITPOBO VI
M0 TUaMETPy 30HBI 33A€P>KKH pOCTa HCCIelyeMbIX
IITAMMOB BOKPYT JIUCKOB, IPOIUTAHHBIX aHTHONO-
Tukamu [3, 21]. [ns uzydeHuss yCTOMUMBOCTH
IITaMMOB K HEOJIaTONPHUATHBIM YCJIOBHAM TIPOBE-
JIEHBI HCCIIEIOBaHNA 10 CPaBHUTENIbHOM BBIKHBae-
MOCTH IITAaMMOB MOJIOYHOKHCIBIX OaKTepuil mpu
9KCIIO3UINH 24 4 B KHUAKOW CpeAe C pa3TuIHbIMU
koHIeHTparwmsivu xemdu (20 u 40%), henona (0,4%)
u conu (6,5%) [3].

PesyabTarbl

B mHacrosmieir paboTe MpoBEIEHO CpaBHU-
TEJIbHOE W3Y4YCHHWE BAXKHBIX (DYHKIIMOHAIBHO-
TEXHOJIOTHYECKHX CBOWCTB paHee BbIJICICHHBIX
IITaMMOB KPHUOPE3UCTEHTHBIX MOJIOYHOKHUCIIBIX
OakTepuil C 1IeNbIO BBISBICHUS MTEPCIICKTUBHBIX JUIS
NPUMEHEHUS UX B IPOM3BOJCTBE XJIeO0OYIOUHBIX
M3ETIMH Ha OCHOBE 3aMOPOKEHHBIX MOiydaldpu-
KaToB. BEIOOp MITAMMOB MOJIOUHOKHUCIIBIX MUKPO-
OpPraHU3MOB TPOBOAMJIM C YYETOM Ba)KHEHIINX
(YHKIMOHAIBHBIX CBOWCTB — 3HEPTHHU KHCIOTOO0pa-
30BaHMS, AHTATOHUCTHYECKOW aKTUBHOCTH, CHHTE3Y
NPOTEONUTHICCKUX (EPMEHTOB, MO CIIOCOOHOCTH
COXPaHSTh aKTHBHOCThH B HEOJIArOMPHUATHBIX YCIIO-
BUSIX OKPYIKAIOMIEH CPeIbl.

Bce m3ygaembie mtaMMb1 ObICTPO (hepMEHTH-
PYIOT MOJIOKO, 00pa3ysi IpH 3TOM CTI'yCTKH TUIOTHOM
OJTHOPOAHOM KOHCHUCTCHIMH C YHUCTBIM KHCIIOMO-
JIOYHBIM BKYCOM, UCKITFOUEHHE COCTABIISIOT IITAMMBI,
OTHOCAIHECS K BUAaM L. fermentum u L. brevis,
00pasylomue poIXJble CTYCTKU C OTACICHUEM ChI-
BOPOTKHU. BBISBIIEHO, 9TO BCE MITAMMBEI XOPOIIO
passuBatoTcs mpy pH = 3 1 B meI09HOM cpejie mpu
pH= 9,2, onnako cumwxenue pH mo 2,0 nHrHOHpyer
POCT OOJIBITMHCTBA JTaKTOOaKTepHii (Tabmmia 1).

Y CcTaHOBIEHO, YTO TIPOIIEHT BEDKHBAEMOCTH
KJICTOK B IIPUCYTCTBUH B JKHIKOH Cpelie PasfIMIHbIX
koHuenTparmii NaCl, ¢eHomna ¥ sKeTun CyIIeCTBEHHO
3aBUCUT OT BUJA U IITaMMa KPUOPE3UCTEHTHBIX
nmakTobakTepuit (pucyHok 1).
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TabOnuma 1.
CriocoOHOCTh TaAMMOB K POCTY U KUCIIOTOOOPa30BaHHIO
Table 1.
Growth and acid-forming ability of strains
Poct BeokuBaemocts, % depMeHTaLM MOJIOKa
IlITamm Growth Survival, % Fermentation of milk
Strain 15°C | 45°C | pH2,0 | pH30 | pHO92 E‘Tﬁfn“‘e”"h“ K“%ﬁgj‘t‘;‘m} T oH | LeLAB

L. casei 1 + - - 17,1 80,2 6 106 4,64 10,34

L. casei 7 + - 2.4 24,3 63,8 6 108 4,63 10,25

L. casei 16 - + 10,2 28,0 70,5 7 108 4,70 10,0

L. casei 23 - + 7,1 21,5 67,7 6 110 4,68 9,72

L. casei 32 + + 10,8 28,6 72,9 4 120 4,59 10,48

L. casei 36 + - 4.4 29,4 59,8 6 110 4,71 10,27

L. fermentum 10 + - 13,5 36,8 77,1 7 104 4,70 9,73
L. fermentum 12 + + 4.0 11,9 81,4 8 106 4,76 9,98
L. fermentum 13 + - 12,6 34,5 72,8 6 100 4,75 9,58
L. fermentum 24 + - 7.9 19,7 96,1 7 112 4,77 10,38
L. plantarum 1 + - - 15,9 74,0 6 104 4,71 9,89
L. plantarum 21 + - 2,9 19,2 64,3 6 102 4,70 9,18
L. acidophilum 9 - + 18,3 41,6 76,9 4 119 4,62 9,32
L. bavaricus 6 - + 15,6 49,0 79,4 6 112 4,67 10,28
L. brevis 3 + - 2,2 16,2 84,8 14 76 5,00 8,69

06,5 % NaCl
B0,4 % denona | phenol
B20 % xemnuu | bile

B40 % xemnuu | bile

1. L. casei 1

2. L. casei 7

3. L. casei 16

4. L. casei 23

5.L. casei 32

6. L. casei 36

7. L. fermentum 10

8. L. fermentum 12

9. L. fermentum 13

10. L. plantarum 24

11. L. plantarum 1

12. L. plantarum 21

13. L. acidophilum 9

14. L. bavaricus6

15. L. brevis3

BrpxuBaemocTs mTamMmoB, % | Survival of strains, %

Pucynox 1. YcToHuMBOCTS IITAMMOB K HEOIATOMPHUATHEIM (paKTOpPaM OKpY Karomiel cpeibl

Figure 1. Resistance of strains to unfavorable environmental factors

[Ipu BHeceHNM B MUTATENBHYIO Cpely JKEeTuH YCTaHOBIIEHO, YTO BCE HCCIIETyeMble JIaKTO-
B konmuectBe 20 u 40% HabmromaeTcss HHTHOMPO- OakTepuy MpOSIBISIOT  yCTOMYMBOCTH K MPHCYT-
BaHHE POCTa U KUCJIOTOOOPA30BaHUs, TaK CTEIIEHb cTBUIO B cpene (enona B kommdectse 0,4% u cno-
BBDKMBAEMOCTH KJIETOK ITPH KOHILICHTPALIUH XKETIU COOHBI Pa3BUBATHCS B IPUCYTCTBUH XJIOpHUa HATPUS
20% coctaBuser 20-69%, a mpu KOHILIEHTpAIlUU B KOHLIEHTpa1uu 6,5%.

40% — 12-36% B 3aBHCUMOCTH OT IIITAMMA.
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Bce mrrammbr 0671a1a10T BRIpQXKEHHON aHTO-
TOHHUCTHUYECKOH aKTUBHOCTHIO 10 OTHOIICHHIO
K E. coli u B. subtilis. HexoTopble HccleayeMbie
mramMMmel (L. casei 16, L. casei 23, L. fermentum 10
u L. bavaricus 3) IpOsABISIOT aHTAarOHUCTUYECKYIO
aKTUBHOCTD IO OTHOILEHUIO S. aureus, L. casei 23,
L. casei 32 marnOupyrot poct Pr. vulgaris. I1o oTHO-
HIEHUIO K Ps. aeruginosa WCClenyeMble IITaMMBbI

post@uestnik-vsuet.ru
TPOSIBIIIOT HU3KYHO aKTUBHOCTh. CJIETyeT OTMETHUTH,
YTO MHOTHE IITAMMbI MOJOYHOKHCIBIX OaKTepHid
HE MPOSIBJIIIOT MHI'MOUTOPHYIO aKTUBHOCTh IO OT-
HOIICHUIO K IUIECHEBBIM TpHOaM U JAPONIKAM,
MaKCHMaJIbHOM aHTarOHUCTUYECKOM aKTUBHOCTBIO
obnanarot L. casei 32, L. casei 36, L. fermentum 10 u
L. plantarum 24 (Tabmuma 2).

Tabauna 2.
AHTHMHKPOOHBIN CITEKTP ACHCTBUSA KPHOPE3UCTEHTHBIX MOJIOYHOKHUCIIBIX OaKTeprit
Table 2.
Antimicrobial spectrum of action of cryoresistant lactic acid bacteria
T [ITamMMbI MOTOYHOKHCITBIX OakTepuid | Strains of lactic acid bacteria
eCTTOe‘Z‘t’{thgr?;“MH 1 [ 23] 45611789 J10]11]12]13]14]15
Wurubupyronwii 3¢ dexr, MM | Inhibitory effect, mm
Staphylococcus aureus - 6 12 10 12 4 14 4 10 8 - 18 -
Escherichia coli 25 14 [ 20 | 22 | 27 [ 18 | 28 | 22 | 20 [ 22 | 14 | 15 16 | 30 | 24
Proteus vulgaris 7 4 9 10 10 6 2 2 6 4 2 5 8 8 2
Bacillus Subtilis 14 | 16 | 18 | 18 | 25 | 23 | 21 19 | 20 [ 24 | 15 18 | 18 | 11 12
Pseudomonas aeruginosa 5 - - - 8 4 2 4 2 3 - - - 3 2
Penicillium chrysogenum - - - - 12 11 15 - - 10 - - - - -
Fusarium oxysporum - - 8 - 10 10 16 - - 8 - - - 6 -
Aspergillus niger - - 6 - 14 10 12 - - 8 - 6 - 6 -
Candida guilliermondii - - - - 17 14 10 - - 10 - 4 - 11 -

OneHka yCTOMYMBOCTH MOJIOUHOKHCIBIX
OakTepuil K aHTHOMOTHKAaM IOKa3aja, 4yTo OO0Jb-
HIMHCTBO LITAMMOB MPOSIBISIIOT YCTOHYHUBOCTH
K HEOMHIIMHY, KapOCHUIWTHHY, KaHAMUALUHYHY
Y PUCTOMUIIMHY, KPOME TOTO, INTaMMBI L. casei 32,
L. casei 36, L. plantarum 24 w L. bavaricus 6 nipo-
SBIISIFOT  PE3UCTEHTHOCTh K CTPENTOMHIUHY U
METHIIMILUTMHY. Y CTAHOBJICHO, YTO BCE UCCIIETyeMbIe
MITAMMBI  BBICOKOUYBCTBUTEIIBHBI K TETPAIUKIIHHY,
OCH3WIITNICHUIINILTHHY, JICBOMHUIICTHHY, PUMaMHIHHY,
nedanekcuny M nedanoTHHy, 32 HCKIIOUCHHEM
L. fermentum 24, XOTOpBIA pe3UCTEHTEH K OCH3WII-
MeHAIWLIHHY, pudamutiudy. Ltammer L. casei 23,
L. plantarum 1w L. brevis 3 IpoSIBISIIOT UyBCTBUTEIb-
HOCTb K JINHKOMULIMHY, L. plantarum 1, L. plantarum 21,
L. fermentum 12 — x TOKCHIVIMHY.

PesynpTaTel ucciaenoBaHUs MPOTEOIUTHYE-
CKOW aKTHBHOCTH HMCCIICAYEMBIX IITAMMOB (PHUCY-
HOK 2) IOKa3alik, 4TO B Ipolecce (GepMeHTalun

Ka3enHa HaOII0MaeTcsl HMHTEHCHBHOE CHUMKCHUE
KOJIMYECTBA IMPOTEUHA OTHOCHUTEIHLHO KOHTPOJIA,
HanOoJIee BRIPKECHHBIC N3MCHEHHS XapaKTEPHBI JIJIsI
mramMmoB L. casei 32. L. casei 36, L. fermentum 10,
L. acidophilum 9, nns NaHHBIX MOJIOUHOKHUCIIBIX
OakTepuil cTeneHb THIPOJIK3a Ka3eMHA COCTABIISIET
B cpenaeM 75—-80%. HammeHpmryio crmocoOHOCTh
THAPOJU30BaTh  OCJIKH  MPOJSCMOHCTPUPOBAIH
mTammel L. casei 16, L. plantarum 1, L. bavaricus
6 crerneHb THAPOJIM3a Ka3eWHa JaHHBIMU JIAKTO-
OaxTtepusimu coctaBisieT 45,2%, 32,8% u 36,7%
COOTBETCTBEHHO. AHAJIOTUYHBIE PE3YIbTaThI OBLIN
MOJTyYeHBI TIPH OIIEHKE MTPOTEOTUTHYECKOW aKTHB-
HOCTH HCCJIEIYyEMbIX IITAMMOB MOJIOYHOKHCIIBIX
Oaktepuii pu pepMeHTaLUH anbOyMHUHA, OAHAKO
CIOCOOHOCTh MUKPOOPTaHH3MOB THJIPOIH30BAThH
JaHHBI Oenmok Hike BcpenHem Ha 10—15%
M0 CPABHEHHUIO CO CTEICHBIO MPOTEOJIK3a, MPOe-
MOHCTPHPOBAaHHOU Ha Ka3€UHE.
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Pucynok 2. Crenenb rupoiii3a 6ejIKoB KpHOPE3UCTEHTHBIMHU IITAMMaMH JIAKTOOAKTepHid

Figure 2. Degree of protein hydrolysis by cryoresistant Lactobacillus strains
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O6cyxneHue

AHamM3 MOyYEeHHBIX PE3YJILTATOB IIOKA3bIBACT,
YTO M0 TEXHOJIOTUUECKUM TMOKA3aTENSIM BCE IIITAMMBI
MOJIXOJIST SIS TPOM3BOICTBEHHBIX 1IEJICH, 3@ UCKITIO-
geHueM L. brevis 3, 9TO TIOATBEPKNAIOT ITaHHBIC
00 M3y4YeHNN aKTUBHOCTH CBEPTHIBAHUS 00E3KUPEH-
HOro MoJioka (He 0ojiee 8 4), KOHEYHbIC 3HAYCHUS
pH cpenbl u TUTPYyEeMOM KHUCIOTHOCTH, BBICOKHE
MOKA3aTeNIn KU3HECTIOCOOHBIX KIIETOK (HE MCHEE
10° KOE/cm?®), KauecTBO MOJIOYHOTO CTYCTKA.

YcraHOBJI€HO, HaUOOJBITIEH KHCIIOTOYCTOMYH-
BOCTBIO OoTIHYaroTcs L. acidophilum w L. bavaricus,
JTAHHBIE INTaMMBI CIIOCOOHBI Pa3BHBATHCS B KUCIOH
cpene npu pH = 2,0. Bce mrammbl pa3BUBarOTCS
npu pH = 3,0, OonbIuii TPOLEHT BELKUBAEMOCTH
y mramMMoB L. bavaricus 6 — 49%, L. acidophilum
9 — 41%, L. fermentum 10 — 36% w L. fermentum
13 —34%. 3nauenne pH = 9,2 He UHTHOHUpYET poCT
Y pa3BUTHE TECTUPYEMBIX IITAMMOB OakTepuid
(IpOLIGHT KHU3HECTIOCOOHBIX KJIETOK 65-95%),
HAMOOJIBIICH YCTOMYMBOCTHIO K IIEJIOYHBIM 3HAYEC-
HusM pH omnimgarotcst mrammel L. plantarum 24
u L. brevis 3 — 96% u 84% cOOTBETCTBEHHO.

B pesynbrare npoBeIEHHBIX HCCIIEI0BAaHUN
BBISIBJICHBI  HauOoJiee YCTOMYUBBIE K KEIYH
wraMMel — L. bavaricus 6, L. casei 32, L. casei 23,
L. plantarum 24 w L. plantarum 21.

IlItammet L. plantarum 21, L. bavaricus 6,
L. fermentum 24, L. casei 16 u L. casei 32 nipone-
MOHCTPHPOBAIIM JOCTATOYHO BBICOKHH YPOBEHB
BbDKMBaeMocTH (0osee 30%) KIeToK Ipu KOHLIEHTpa-
n NaCl B cpene kynsTuBHpoBaHus 6,5%. JlaHHbIe
ITaMMBI, 3a UCKITFOUEeHUEeM L. casei 16, SBISIOTCS
HauboJiee TMEepPCIIEKTUBHBIMU 110 TIOKA3aTei0  TOoJIe-
PaHTHOCTH K ()€HOTY, BEDKHBAEMOCTh KJIETOK MPHU
no3upoke (eHona 0,4% npepbiaer 30%.

B pe3ynprare n3ydyeHus CIIEKTPOB aHTHOHO-
THUYECKOTO JICUCTBUS KPUOPE3UCTCHTHBIX MOJIOYHO-
KHUCITBIX OaKTEpHi BBISBJICHBI ITAMMBI, CIIOCOOHBIC
3¢ GEKTUBHO TIOIABIISTh POCT OAKTEPHIA, MUIICITAAITH-
HBIX TpUOOB W mpoxoxed — L. casei 32, L. casei 36,
L. fermentum 10 n L. fermentum 24.

Oco0yr0 yCTOHYMBOCTD K sy aHTHOMOTHUKOB
TIPOSIBIISIFOT TPH KPHOPE3UCTCHTHBIX IIITAMMa MOJIOU-
HOKUCIBIX Oakrepwii — L. casei 32, L. plantarum 24
u L. bavaricus 6.

AHanm3 MoTy4eHHBIX JaHHBIX 0 U3yYESHUIO
BIIMSTHHS ITAMMOB MOJIOYHOKHCITBIX OakTepuid Ha

post@vestnik-vsuet.ru

coJiep)kaHue MPOAYKTOB THAPOJIH3a B MOAEIHHBIX
OETKOBBIX CHCTEMAX CBHUIETEIbCTBYIOT O BBICOKOU
TIPOTEOJIMTIIECKOH CTIOCOOHOCTH KYIBTYD L. casei 32,
L. casei 36, L. fermentum 10, L. acidophilum 9, nipu
4YeM JaHHbBIC IITAMMBI MOJIOYHOKHCIIBIX OaKTepHid
3¢ ()eKTUBHO BO3JICHCTBYET HE TOJILKO Ha Ka3ewH,
HO W Ha aJIH0yMUH.

3akioueHmne

Pe3ynbTaThl  KOMIUIEKCHOTO — W3y4YCHHUS
(HhYyHKIIMOHATBHO-TEXHOIOIMYECKUX CBOWCTB
[ITAMMOB MOJIOYHOKHCIIBIX OaKkTepuil TMOKa3aiH,
YTO BCE HCCICAyeMble IITAMMbI MOTYT OBITh
WCTIOJIb30BaHbI B MUIIEBON MPOMBIIIIJICHHOCTH, TaK
KaK YJIOBJICTBOPSIOT TJIABHBIM TEXHOJOTHYECKUM
TpeOOBaHUSAM K CTAPTOBBIM KyIbTypaM (hepMEHTH-
PYEMBIX MPOAYKTOB NUTaHUsA. UeThipe miTamMma
MOJIOYHOKHUCITBIX OakTepuii — L. bavaricus 6, L. casei 32,
L. plantarum 21 w L. plantarum 24 XapakTepu3yroTcs
KaKk HauOoJiee YCTOMUMBBIC K HEOJIArompUsTHBIM
(akTopaM cpeipl (TAKUM Kak HU3Koe 3HaueHue pH,
BbICOKUE KoHIleHTparuu xemun, NaCl u ¢eHona),
YTO CIYXHUT OCHOBOM JUIS MPOTHO3UPOBAHHS WX
MPOOMOTHYECKUX CBOMCTB, TO €CTh CHOCOOHOCTH
COXpaHEeHUs (EPMECHTATUBHOW AKTHUBHOCTH TMPHU
MPOXOKACHUN YepPe3 KEIyJOUHO-KUIICUHBIA TPaKT
Y TIPMOKMBACMOCTH B KHIIICUHUKE, TPU M3 KOTOPBIX —
L. bavaricus 6, L. casei 32 n L. plantarum 24 npo-
SIBIISTFOT HAHOOJBINYE0 aHTHOHOTHKOYCTOWYHBOCTh
Y QHTarOHUCTUYECKYIO AKTHBHOCTH I10 OTHOIICHHIO
K MATOTCHHBIM M YCIIOBHO-MTATOTCHHBIM MUKPOOPIa-
Hu3MaM. Kpome Toro, gaHHbIE IITAMMBI JIEMOHCTPH-
PYIOT BBICOKYIO ITPOTEOTUTHYESCKYIO aKTHBHOCTD, YTO
MO3BOJISIET C/IENATh BBIBOJI O MEPCIIEKTHBHOCTH UX
MPUMEHEHHUSI B TEXHOIOTHU (HEPMEHTHPOBAHHBIX
MPOAYKTOB muTaHusA. Takum oOpa3oM, MPOBEICH-
HBIE HCCIIEJIOBAaHUS IIO3BOJIIOT PEKOMEH0BATh
MITAaMMBI MOJIOYHOKHCIIBIX OakTepwii — L. casei 32,
L. bavaricus 6 u L. plantarum 24 nns qajgbHEHIIEro
WCIIOJIb30BaHKS B IHIICBOM IPOMBIIUICHHOCTA B
TEXHOJIOTUH (DYHKIIMOHATBHBIX IMUIIEBBIX MIPOIYKTOB.

[pencraBneHHbIe B TAHHOW CTaThe PE3YIib-
TaThI IO OI[EHKE OMOTEXHOJIIOTHYECKOTO MTOTEHIIAIIA
HOBBIX IITAMMOB MOJIOYHOKHCIIBIX —OakTepuit
C KPUOPE3UCTCHTHBIMH CBOMCTBaMH B JIaJIbHEHINIEM
MOCIYXaT JUIsl pa3pabOTKH KOHCOPIIMYMa HOBBIX
CTapTOBBIX 3aKBACOK HAa OCHOBE JIAaKTOOAKTEpHid
JUTSE XJIe000YTIOUHBIX M3/IEIH Ha OCHOBE 3aMOpO-
JKEHHBIX 10Ty (paOpuKaToB.
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Abstract. Development of in situ forming implants (ISFI) based on PLGA polymers is one of the most promising approaches to long-
acting injectables. Evaluation of the drug release rate from such depot formulations requires methods that most closely simulate in vivo
conditions. Gel phantoms mimic the elastic properties of muscle tissue and appear to be a promising replacement for conventional
methods using physiologically relevant buffer solutions. Accordingly, the aim of the study was to select the optimal composition for
the gel phantom formation and evaluate the effect of the phantom matrix on the release rate of rilpivirin used as a model drug from the
PLGA ISFI. According to the results of the study, a 1% agarose gel was the best suited for a tissue phantom preparation and implant
formation. It was also shown that the release profile of rilpivirin from the ISFI matrix depended on how the implant was formed (in a
gel or freely in buffer). In the case of a phantom, the structure of the implant was less porous and retained its shape for 28 days of
incubation at 37 °C. During this period, the ISFI formed in an agarose gel released considerably less rilpivirin compared to the ISFI
formed without gel (11% vs 80%).

Keywords: ISFI, PLGA, Drug release, Agarose gel, Polyacrylamide gels.

an important role in the drug release from ISFI but

Introduction . . .
also the physical structure and tissue stiffness are
In situ forming implants (ISFI) occupy important [7]. Thus, the use of hydrogel phantoms
a special place among the various injectable depot that mimic muscle tissue to simulate in vivo condi-
formulation, due to their important advantages: tions and to improve the in vitro-in vivo correlations
simple manufacturing technology (afew steps, (IVIVC) was proposed in some studies [6, 8, 9].
simple and inexpensive equipment) and less inva- Therefore, one of the objectives of the pre-
sive administration procedure based on introducing sent study was to choose a composition for the for-
a liquid biodegradable and biocompatible compo- mation of a gel phantom that satisfy the following
sition through a small needle thus avoiding micro- necessary requirements: (1) elastic modulus of the
surgery. Phase-sensitive ISFI is a low viscous so- gel must correspond to the elastic modulus of mus-
lution comprising both the drug and the polymer in cle tissue, which is in the range from 15 to 34
a biocompatible water-miscible organic solvent kPa [10], (2) rapid gelation (or easy sample prepa-
such as N-methylpyrrolidone (NMP), which forms ration), (3) possibility of introducing a viscous pol-
a solid implant following intramuscular or subcu- ymer solution into the phantom and (4) formation
taneous injection as a result of the phase inversion of an implant inside the gel. Another objective of
process [1-5]. To date such ISFIs have been used the study was to evaluate the influence of the gel
successfully in commercial applications for the phantom on the drug release rate from the ISFI us-
treatment of various diseases: prostate cancer (Eli- ing rilpivirine as a model drug.

gard® ), central precocious puberty (Fensolvi® ),

opioid dependence (Sublocade™), schizophrenia Materials and Methods

(Perseris™). One of the main parameters of depot Chemicals. Rilpivirine (RPV) was obtained
formulations is the drug release rate from the car- from Lomonosov Moscow State University,
rier matrix. Nevertheless, current methods in vitro Russia; poly(lactic-co-glycolic acid) (PLGA, Pura-
employed for evaluation of the release kinetics do sorb® PDLG 5004, LA/GA ratio of 50:50, ester end-
not always substitute for the animal experi- capped, n= 0.41 dL/g, Corbion, The Netherlands);
ments [6]. For example, it was shown that not only N-methyl-2-pyrrolidone (NMP, Sigma, Germany);
the chemical composition of the injection site plays buffer solutions were prepared using PBS tablets
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(MP Biomedicals, LLC, USA); polysorbate 20
(Tween 20® ) and trifluoroacetic acid (TFA) suit-
able for HPLC (Sigma, USA);, acrylamide (AAm)
and N, N'-methylenebis(acrylamide) (MBA) (Acros
Organics, Belgium), ammonium persulfate (APS)
(Applichem, Germany); tetramethylethylenedia-
mine (TEMED) and agarose (gel point, 34.5-37.5 °C)
(Sigma, USA); acetonitrile (HPLC grade, Chem-
lab, Belgium).

Preparation of ISFI formulations. RPV (12 mg)
was dissolved in 12 mL of NMP. Then, PLGA (440
mg) was added to this solution. The components
were dissolved by continuous mixing at room tem-
perature to form homogenous mixtures. The final
drug loading of RPV in RPV-polymer solution was
2.7% (w/w PLGA).

High-pressure  liquid  chromatography
(HPLC). The assay of RPV was performed using a
reverse phase HPLC method. The HPLC analysis
was carried out with a LC-2030C 3D Plus HPLC
system (SHIMADZU, Japan) equipped with a Pho-
todiode Array (PDA) Plus Detector, a C18 pre-col-
umn and a Purospher® STAR RP-18 endcapped
column (120 « 4 mm, 3 um). The mobile phase
consisted of 0.1% TFA in water (solvent A) and
0.1% TFA in acetonitrile (solvent B) delivered at a
flow rate of 1 mL/min. A gradient elution was ap-
plied from 10% to 60% solvent B at 25 min. Col-
umn oven was set at 35 °C, injection volume was
20ul, and the analysis was carried out at 280 nm.

Phantom preparation and characterization.
Polyacrylamide gels PAA 1, PAA _2,and PAA 3a
were obtained by radical copolymerization of AAm
(31%, 32%, and 11%) and MBA as a crosslinking
agent (2.7%, 1.4%, 20% relative to AAm concen-
tration) with redox initiation using TEMED
(0.02%, 0.02, 0.1%) and APS (0.02%; 0.02%, 0.1%)
in PBS solution followed by incubation of the mix-
ture at room temperature for 24 h. The resulting
hydrogels were washed with water for 3 days
(water was changed three times per day). Cryogel
PAA 3b was synthesized according to the proce-
dure from [11]. A solution of AAm (11%), MBA
(20% to AAm concentration) and TEMED (0.1%)
in phosphate buffer (pH 7.4) was cooled to 7 °C,
then an APS solution (0.1%) cooled to 7 °C was
added to initiate polymerization. The solution was
then quickly poured into a mold and placed in a —
25 °C freezer for 24 h. Young's modulus of phan-
toms was determined by mechanical testing using
a RheoStress RS600 rheometer (Thermo HAAKE,
USA). The microstructure of gels and ISFI was
evaluated by SEM (JSM-6510LV microscope,
JEOL Ltd, Japan).
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Incorporation of the ISFI formulations into
agarose gel. 1% (w/v) agarose gel was produced as
described in [12]. Briefly, 2 ml of a 1% (w/v) gel
solution was transferred to the mold and cooled on
ice. Before the phase transition of agarose was
complete, 0.2 ml of the RPV-polymer solution was
injected into a cavity made in the upper layer.
A warm 1% agarose solution was carefully added
on the surface of the solution after 30 sec. The re-
sulting phantom was cooled at 4 °C for 10 min.

Evaluation of RPV release. The release me-
dium consisted of 2% w/v Tween 20 in 0.15 M
PBS at pH 7.4. The release of RPV from ISFI for-
mulations was evaluated by injecting 0.2 ml of the
RPV-polymer solution or by placing agarose phan-
tom with ISFI into 150 ml of release medium and
further incubation under the sink conditions at
37 °C with continuous shaking (200 rpm, orbital
shaker-incubator ES-20, Biosan, Latvia). Then 500 pL
samples were taken at predetermined time intervals
(30 min, 1, 2, 3, 5, 7, and 24 h, and then on daily
basis). The concentration of the released RPV was
measured by HPLC. All experiments were per-
formed in triplicate.

Hydrolytic degradation of ISFI. The kinetics
of ISFI degradation was studied using the capillary
electrophoresis (CE) system CAPEL-105 M (Lu-
mex, Russia) equipped with a spectrophotometric
detector and a quartz capillary tube (i.d. 75 mm,
e.l. 50 cm, t.I. 60 cm) and Elforun software (Lumex,
Russia). After ISFI formation, the aliquots were taken
at predetermined time intervals (1, 2, 3 day, etc.).
All products of the hydrolytic degradation in the
supernatants (100 ul) were further hydrolyzed by
addition of 10 ml of 1 N NaOH, and the resulting
concentration of lactic acid was measured by CE at
254 nm as described in [13]. All experiments were
performed in triplicate.

Results
Polymer phantoms formation

Polyacrylamide gels were prepared by varying
the concentration of AAm and MBA in phosphate
buffer (PAA 1, PAA 2, and PAA 3a) and by a
cryogelation technique (PAA_3b). The appearance
and shape of polyacrylamide gels are shown in Fig-
ure 1A. The phantoms differed in the Young's mod-
ulus (6.13 kPa, 8.6 kPa, 8.9 kPa, and 9.59 kPa for
for PAA 1, PAA 2, PAA 3a, and PAA 3b, re-
spectively) and the degree of porosity (Fig.1B). 1%
agarose gel with an elastic modulus of 11.38 kPa
was also obtained.
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5.0
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A) Polyacrylamide gels Cryogel

Figure 1. A) Appearance of the phantoms (firom left to right): PAA_1, PAA 2, PAA 3a, PAA_3b and agarose gel; B)
SEM image of standard polyacrylamide gels (/eff) and cryogel phantoms (right); C) Introduction of the PLGA solution
into the gel. Compiled by the authors

ISFI formation in polymer phantoms a period of a slower RPV release (lag-phase), and
Rhodamine 6G was added to the PLGA then rapid RPV release period or the second burst
solution for visual assessment of the implant (after 20 days) (Fig.2A). The initial 24-h release
formation in the phantom. It was found that the pol- of RPV was 24.43 + 1.73%, whereas after 28 days
ymer solution was introduced only into the agarose of incubation the ISFI released 81.76 + 6.16%
gel during its gelation. In all other cases, when the of RPV. Slower RPV-release from the ISFI formed
polymer composition was injected through the 18G in agarose gel, compared to ISFI formed without a
needle, the viscous solution came out through the phantom was observed in the gel conditions (Fig.2A).
hole from the needle (Fig.1C) The overall release at the end of the 28-day study

was 11.02 + 0.34%. Implants formed without a
In vitro RPV release from the ISFI phantom visually had a larger surface area and a
The ISFIs formed without a phantom large volume, and had a distinct macroporous
showed a triphasic RPV release profile: burst structure (Fig.2B).
release during the first 24 h, then from 1 to 18 days

Afreely in buffer
< in agarose gel
% degradation of PLGA

Drug release (%)
PLGA release (%)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time after implant formation (day)

Figure 2. A) Release profiles of RPV from ISFI (n = 3) and hydrolytic degradation profiles of PLGA from ISFI formed
freely in buffer (n = 3); B) SEM images highlighting the difference in microstructure for ISFI formed freely in buffer and
in an agarose phantom. Compiled by the authors

Discussion it was impossible to inject the polymer solution into
the phantom. However, rapid gelation of the aga-
rose gel (15 min), in comparison with polyacryla-
mide gels (24 h), allowed for a cavity formation
in the phantom for the introduction of a polymer
solution. Another disadvantage of polyacrylamide
gels is the need for thorough continuous washing to
remove toxic acrylamide. Therefore, a 1% agarose
gel was chosen as a model phantom to evaluate its
effect on the RPV release rate from ISFI.

The use of hydrogels as a tissue model for
evaluation of the drug release from ISFI has been
described previously [8, 14-17]. In these studies,
the hydrogel completely replaced the biorelevant

Polyacrylamide and agarose gels were used
to phantoms phormation. All gels participating
in the experiment were characterized by elasticity
in the range from 6 to 11 kPa. The cryogels were
characterized by macropores [11]. However, ac-
cording to the SEM images (Fig. 1B) the micro-
structure of standard gels and cryogels was similar:
all gels had highly developed porosity with a pore
size of ~ 3 pum. The cryogel contained also
macropores, but in small amounts. We assume that
the absence of obvious differences in the structure
is due to the high content of monomers in the reac-
tion solution. Despite the porosity of the gels,
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medium. In our study, the main release medium
was a buffer solution, into which a cylindrical
phantom with an implant was placed. Due to this
approach it was possible to avoid disruption of the
gel structure during sampling, to replace the release
medium if necessary, and to avoid an additional
step of sample preparation for the analysis of the
released RPV. Importantly, the ISFI formed with-
out phantom (freely in buffer) and in agarose phan-
tom demonstrated the distinct drug release profiles
(Fig.2A). Thus, after 28 days of incubation the ISFI
formed in a 1% agarose gel released ~11% of RPV
as compared with 80% of RPV released without
phantom. As previously observed [18], in bulk
release models the mass transfer into the release
medium is carried out mainly due to convective
transport, while in the gel phantom mass transfer
is controlled by diffusion as in vivo. Therefore, the
RPV release rate in the gel phantom is significantly
lower. It is important that when ISFI formed without a
phantom, the RPV release profile from the implant
is characterized by two burst-effects (Fig. 2A).
A first burst release occurs as a result of the drug
desorption and diffusion from the surface [19, 20].
This burst-effect is absent in the release profiles of
RPV from ISFI formed in an agarose gel. Feasibly,
it disappears due to the slow diffusion of RPV
in the gel phase. The second burst-release of RPV
is significant (from 30 to 80% of released RPV)
and related to the onset of “erosion” of the polymer
matrix and faster degradation of PLGA (Fig.2A).
It should be noted that morphological differences
in the structure were observed for the two studied
implants. The ISFI formed in an agarose gel ini-
tially had a less porous and denser microstructure

post@vestnik-vsuet.ru

(Fig. 2B), which could inhibit the penetration
of water into the matrix, thereby slowing down
the hydrolysis rate of polymer chains and the RPV
release from the implant. It may be an additional
explanation for the absence of the second burst-
effect in a release profile of RPV from the ISFI
formed in the agarose gel. The ISFI, formed with-
out phantom, being more porous, quickly swelled,
lost their shape, and began to disintegrate, which
complicates a long-term experiment in the study
of the kinetics release from depot formulations.

Conclusion

The phantom based on 1% agarose gel is
the best suited for simulating muscle tissue to study
the RPV release profile from the ISFI. The release
profiles of RPV from ISFI formed in a phantom
was characterized by the absence of burst-effects
observed under the typical release conditions using
liquid media. In addition, the ISFI formed in an
agarose gel exhibited significantly slower release
of RPV (11% vs 80% during 28 days), which is ex-
plained by the fact that in this case the RPV release
was controlled by diffusion transport, as in vivo.
Another advantage of gel tissue phantoms is their
ability to maintain the ISFI structure during contin-
uous experiments.
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N3yuenne BbICBOOOKICHUS PUJINIMBUPUHA U3 in situ
(popMupyOIIMXCH MOJUMEPHBIX UMILIAHTATOB B 0y(pepHOM pacTBOpeE
U B reJieBOM (paHTOMe, MMUTHPYIOIIEM MbBIIIEYHYI0) TKAHb

AnHoTanus. Pa3paboTka in situ GopMHUPYIOIUXCS HMIUIAHTATOB HA OCHOBE COMOJMMEPOB MOJIOYHOH U rimkoneBoi kuciotr (CMI'K)
SBIISIETCS. OHUM U3 HauOoJee IIepCIIeKTHBHBIX MOAXO00B IPH CO3JaHUN HHBEKIMOHHBIX JICKAPCTBEHHBIX ()OPM AIUTEIILHOTO ACHCTBHSL.
IIpu >TOM, IS OIEHKHM CKOPOCTH BBICBOOOXKACHUSI JICKAPCTBEHHOTO BEIECTBA M3 TAKUX AEMO-(OpM TpeOyIOTCS METOABI, KOTOpHIE
CITIOCOOHBI HanboJiee TOYHO MOZIENMPOBATh YCIOBUS in vivo. ['eneBble (haHTOMBI, IMHTHpPYIOIINE JJIACTUYHBIE CBOWCTBA MBIICYHON
TKaHHW, MOTYT CTaTh MHOTOOOEINAOIIeH albTepHATHBON TPaJWUIMOHHBIM METOJaM H3Y4YeHUS BBICBOOOKICHUS, HCIIONB3YIONIMM B
KauecTBe Cpelbl (pU3HOJOrHYeCKH 3HaYMMble OydepHble pacTBOpBI. Tak, LENIbl0 HCCIeNOBaHHS ObLT BHIOOP ONTHMAIBLHOIO COCTaBa
THAPOTeNs, MOAXOJAINEro Ul HCIONB30BaHHMsS B KauecTBe (aHTOMa, M OLCHKA BIWSHHS (DaHTOMHOM MAaTpHUIBI Ha CKOPOCTh
BBICBOOO>K/ICHUS PIJINMBUPHHA, UCTIONB3YEMOTO B KauecTBe MojesnsHoro Bemiectsa, u3 CMI'K in situ mmmanraros. [lo pesymnpratam
UCCIIC/IOBAHUS YCTAHOBJICHO, YTO JUIS IOJIyYeHHS TKaHEBOro (aHToMa M GOPMUPOBAHHUS B HEM NMILTAHTATa JIydIle Bcero noaxoaui 1 %
arapo3Hslii renb. Taxxke ObLIO OKa3aHO, YTO MPO(IIIE BEICBOOOKACHHUSI PIIIIIMBUPHHA U3 in Situ ()OPMUPYIOIIIXCS IMIDIAHTATOB 3aBUCEI
OT TOT0, KaKuM 00pa3oM ObUT chopMUpPOBaH MMILIAHTAT (B Telie win cBoOOIHO B Oydepe). B cmydae dpopmupoBaHus UMIDIaHTaTa B
THApOTeIeBoM (aHTOME CTPYKTypa UMIUIaHTaTa ObUTa MEeHee MOPHCTOH U coxpaHsuia popMy B TedeHue 28 nuei nakyOanuu npu 37 °C.
B Teuenme sToro mepmosa MMIUIAHTAT, COPMHPOBAHHBEIN B arapo3HOM Trele, BBHICBOOOXKIAN 3HAYUTEIGHO MEHBIIEe KOJIMIECTBO
PWINKBHPHHA [10 CPABHEHHUIO C IMIUIaHTaTOM, chopMupoBaHHbIM 6e3 ress (11 % npotus 80 % prinuBupHHa).

KnioueBble ciaoBa: in situ ¢opMupyoompecs HMIUIAHTAThl, COMOJIMMEP MOJOYHOM M TJIMKOJIEBOH KHCIOT, BBICBOOOXKIICHHE
JIEKapCTBEHHOT'O BEIICCTBA, arapo3Hblil Iellb, MOJTHAKPUIAMHUIHBII Tellb.
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Abstract. Modern trends in processing, storage and packaging of food products are aimed at preserving the native properties of raw
materials, ensuring hygienic safety, modern design and properties of the packaging material intended for the consumer. Pasteurized
milk production includes following stages - normalization, heat treatment, packing and packaging, at which it is important to preserve
the quality of the finished dairy product, that is why polymeric containers are used for most dairy products. The research was aimed to
develop polymeric packaging for milk, characterized by additional material functions and capable of biological degradation after use.
Polylactide with the introduction of an inert filler was chosen as a promising packaging material. The authors have produced electret
films based on polylactide with the introduction of 2, 4 and 6% talc. Polarization of the samples was carried out by means of corona
discharge on a unit with a square needle electrode with an area of 49 cm?. Increasing the talc content in the composition of samples
contributed to the reduction of mechanical characteristics of materials. It was found that the introduction of talc into polylactide
increases the electret properties of the material, which is based on the occurrence of additional traps of injected charge carriers. The
developed polymeric material was tested using cow's milk industrially pasteurized at 74-76°C. Studies were conducted to evaluate the
effect of electret polylactide film on acidity and microflora composition of pasteurized milk during storage at 37°C for 48 hours. In the
presence of active packaging material, the formation of a dense milk clot and an increase in the acidity of the product were observed
during the milk fermentation.

Keywords: polylactic acid, corona electret, active packaging, milk.

Introduction Polylactides decompose into non-toxic prod-

Nowadays polymer packaging is very popular ucts. Due to its biodegradation and biocompatibility
and its production grows rapidly. Demand for polymer less plastic wastes are formed if it is used.
packaging is caused by its attractive appearance, easy Another trend in packaging industry is the
handling, high performances, relatively low price, development of packaging with extra functions e.g.,
good physical and mechanical properties, broad active packaging that elongates storage life of a
choice of components and additives that impart product by direct effect of packaging on it. Polymer
required properties to a polymer. electrets are one of this type.of matengls. They can

However, polymer packaging has some dis- elongate shelf life of food without adding chemical
advantages. Recycling and polymer waste disposal agents due to negative effect of electret electric
is challenging for the industry. Some plastics, es- field on activity of microorganisms that cause food
pecially in laminated packages cannot be recycled spoilage [6]. If we know microbiological composition
and end up as landfill or get burned by incinerator of different food products we can predict efficiency
that has a negative effect on the environment [1]. of electret material application as a packaging for

Solution to the problem is production of preserving food quality for a longer time.
packaging materials based on biodegradable poly- The objective of the paper was studying set
mers. One of these polymers is polylactic acid or of properties of packaging material based on bio-
polylactide (PLA). degradable polymer.

Polylactide is universal commercial biode- Materials and Methods
gradable thermoplastic made from lactic acid. The subject of research was D-polylactide
Monomeric lactic acid is derived from renewable (p=1.24 g/em’, T, = 60 °C, Ty = 165 °C) and fine
sources such as corn or sugar beet. Polylactide has filler — talc of grade PMK-27 (p= 2.75 g/em’),
good set of properties and can act as an alternative drinking pasteurized regular milk with fat content
to traditional petroleum-based thermoplastics. This of 2.5%, energy value 223 kJ/53 kKal per 100 g.
material is one of the most attractive biodegradable Nutrition value of milk (per 100 g) proteins 3.0 g,
polymers that are used in the industry. Polylactic acid total fat 2.5 g, carbohydrates 4.7 g. Required stor-
is applied in different spheres such as medicine, age condition for milk is temperature in the range
packaging, auto parts, etc. [2-5]. of +2 to +6 °C.
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Polylactide and talc were mixed with Brabender
Mixer W 50 EHT. Mixing was done at a temperature
of 180 °C during 300 s at 150 rpm blades rotation.

Sample films with thickness of 0.5 mm were
formed with Gotech GT-7014-H10C according
to GOST 12019-66 (Russian Standart).

The films were charged with two-electrode
negative corona discharge system. Upper charging
electrode consisted of 196 sharp needles uniformly
distributed in the shape of a square with a side of 7 cm.
Distance between a sample and the electrode was
20 mm. Polarization time was 30 s, polarization
voltage was 30 kV.

Surface potential ¥, electric field strength £
and effective surface charge density .y were meas-
ured with [PEP-1 fieldmeter.

Stress-strain behavior of the material was
studied according to GOST 11262—80 with universal
testing machine Test P 108.

Samples of packaging materials in the shape
of a square with a side of 6 cm pretreated with 3%
hydrogen dioxide solution were placed into pasteur-
ized milk complying sterility conditions. To assess
biofilm formation polymer samples were kept in milk
at a temperature of 37 °C for 48 hours. After holding
in a thermostat milk samples were examined and milk
visual appearance was registered (presence of curd,
whey formation, presence of milk flakes). Refer-
ence sample group was milk in sterile Petri dishes
without packaging material. The results given below
were an average of three replications.

To determine lactic acid bacteria activity
during milk souring titrable acidity was measured
that was expressed in Turner degrees (°T). Micro-
biological study of biofilm of the milk microflora
on the surface of the packaging materials was carried
out after condition samples at 37 °C for 48 hours
followed by washing with sterile physiological
solution of 0.9% NaCl. Inoculation was done on
beef-extract agar nutritive medium by the method
of replica plating. Before microscopic analysis
plates were incubated at 37 °C for 72 hours.

Results

Surface potential ¥, electric field strength £
and effective surface charge density o of PLA-talc
compositions showed similar behavior pattern (Table 1).
Talc content growth gradually increased electret
properties, which reached maximum at 4% talc
loading, followed by slight fall at higher filler content.
So, composition of polylactide and 4 vol.% talc had
the highest and the most stable electret properties.

Table 1.
Electret properties of PLA-talc compositions
on 60" day after charging

Sample Vo, kV [ E, kV/m [ oerr, uC/m?
PLA 100% 0.3 19.97 0.15
PLA + 2% talc 0.43 27.93 0.25
PLA + 4% talc 0.52 39.07 0.35
PLA + 6% talc 0.39 26.67 0.20
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Stress-strain behavior is important parameter
for polymer packaging. Table 2 illustrates that talc ad-
dition slightly reduced performance of the material.

Table 2.
Stress-strain behavior of PLA-talc compositions
Sample ourc, MPa £,%
PLA 100% 47.60 7.50
PLA + 2% talc 42.98 5.13
PLA + 4% talc 41.49 4.53
PLA + 6% talc 50.51 6.13

Titrable acidity is an indicator of milk qual-
ity and bacterial counts (table 3).
Table 3.
Milk acidity (°T) during conditioning
at a temperature of 37 °C in the presence
of polymer packaging materials

Sample Cultivation duration, h
0 24 48
Reference (pasteurized milk) | 16 £2 | 67+4 | 125+4
Polyethylene 162 [ 29+4 | 101+5
PLA 162 | 363 | 109+2
PLA + 4% talc (electret) 16 +2 78 108+3

When active polylactide packaging was in-
serted in milk, dense milk curd was formed during
the process of milk souring at a temperature of 37 °C
(figure 1). When polyethylene and uncharged
polylactide films were used, small curds and milk
protein flakes were formed (figure 2).

B

Figure 1. Milk curd in
the presence of electret
polylactide + 4% talc
packaging

Figure 2. Milk curd in
the presence of untreated
polylactide packaging

Discussion

Electrets are dielectric materials that keep
polarization state (ordered reorientation of mole-
cules in the substance or material) even without ex-
ternal electric field. Electret properties of polymers
depend on multiple factors — type of a polymer,
polarization parameters, storage conditions, etc.
Polylactide charges badly by the method of the
corona discharge. However, electret properties
of a polymer can be enhanced by filler loading and
production of polymer composite materials.

To improve polylactide electret properties
fine talc was added. It was chosen due to its availabil-
ity and suitability for food industry. Talc loading into
the polymer resulted in higher and more stable
electret properties (Table 1) that is consistent with
the previous research [7, 8].
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Slight reduction of stress-strain properties
when talc was loaded into the polylactide can be
caused by the fact that talc particles do not deform
together with polymer matrix due to great difference
in their elasticity moduli. It resulted in appearance of
new cracks and overstresses at polymer-filler inter-
face boundary and loosened composite material.

The best electret properties were shown by
composition of PLA and 4% talc. That’s why this
composition was chosen for the study of the material
as the milk packaging.

Dairy product quality, economic efficiency
of production and food industry sustainability depend
largely on bacterial contamination of a feedstock
and contact surfaces throughout all production stages.
Bacterial biofilms emerge in all stages of milk
production during 12 hours. Bacillus cereus and
Enterococcus faecalis are the most common micro-
organisms contaminating surfaces of the equipment
and form dense biofilms [9--12].

Presence of the biofilms in milk medium
affects storage life of the final products and, there-
fore, we were interested in the aspects of bacterial
colony development on the surface of packaging
materials in the context of food hygiene.

Ability of microorganisms to attach and
grow on food and food-contacting surfaces under
favorable conditions gains special interest. Biofilm
formation is a dynamic process; attachment and
growth require different mechanisms. If microor-
ganisms are not completely removed from food-
contacting surfaces, it may give rise to biofilm
formation and increases boitransfer potential [13-17].

The right choice of packaging material
and its cleaning and disinfection method positively
affects biocontrol and biofilm formation, that
provides quality and safety of food.

Microbial diversity of biofilms was esti-
mated by culture-dependent method. Microscopic
examination of inoculated biofilm samples from
the surface of packaging materials revealed differ-
ences in morphological structure of the film. Sam-
ples from the surfaces of standard commonly-used
polyethylene and untreated polylactide had prevail-
ing sporogenic rod-shaped bacteria that formed on
the nutritive medium white colonies with folded
center and undulate margin. These are representa-
tives of putrefactive aerobic bacteria Bacillus that
cause food spoilage when stored under aerobic
conditions. Sporogenic rod-shaped bacteria have
proteolytic power and peptonize milk.

post@uvestniR-vsuet.ru
Bacteria associated with milk fermentation
were dominating on the surface of active polylactide
packaging material. Typical representatives of milk
microflora were revealed — gram-positive cocci
arranged in pairs or chains, asporous non-motile
gram-positive rods arranged in pairs or chains. Lac-
tic acid bacteria colonies dominated in microbiota
of the biofilms, with minor presence of sporogenic
bacteria and gram-negative rod-shaped bacteria.
Well-known microorganisms that cause milk spoil-
age at production site include such bacteria as Ba-
cillus (predominantly B.cereus) and Pseudomonas.
Pseudomonas strains can form biofilm in dairy
products at 30 °C in 48 hours of incubation [18-22].

The obtained microscopic results are compliant
with high acidity of milk in the presence of electret
polylactide packaging. It was78°T at 24™ hour and
at the end of the experiment this value was 109°T
(Table 3). It is due to lactic acid bacteria growth is
accompanied by lactose fermentation and lactic acid
formation. Titrable acidity reduction by 14% com-
pared to reference milk samples was registered.

Milk acidity growth of biofilms on polyeth-
ylene packaging was slow (29 °T at 24™ hour of
conditioning) that is related to prevailing of putre-
factive sporogenic bacteria in the community and
replacement of typical lactic acid bacteria. Initial
pasteurized milk acidity was 16°T that corresponds
to regulatory requirements.

Dense milk curd formed during the process
of milk souring in the presence of electret polylac-
tide + 4% talc packaging (figure 1) was the product
of lactic acid bacteria activity, while small curds
and milk protein flakes (figure 2) indicated growth
of microorganisms that cause food spoilage.

Therefore, electric field of the electret pack-
aging material inhibited growth of bacteria contam-
inating dairy production.

Conclusion

Thus, electret material prevented activity of
saprogenic bacteria on its surface, while biofilm
with prevailing lactic acid bacteria was formed.
Dense milk curd formation was registered at con-
ditioned milk souring that corresponded to high
milk acidity.

Active electret packaging based on compo-
sition of polylactic acid and talc preserves natural
flora of pasteurized milk and prevents growth
of microorganisms that spoil food.
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AKTHBHBIH YIAKOBOYHBII MaTepuaj HA OCHOBE OHOPa3JIaraeMoro
noJjuMepa

Annoramusi. CoBpeMeHHBIE TPEH IBI IIepepaboTKU, XpaHSH!S U YIIAKOBKH ITHIIEBBIX IPOIYKTOB HAIPaBJIEeHbl HA COXpPaHEHHE HAaTUBHBIX
CBOWCTB CBHIpbsl, OOCCHEUNTh TINTHEHHYECKYI0 O€30IacHOCTh, COBPEMCHHBIH IM3aiH M CBOMCTBAa YIAKOBOYHOIO MaTepuala,
HpeHa3HAYEeHHOro I MoTpebuTensd. B TexHomormyeckoM mpolecce NpOU3BOJCTBA MACTEPH30BAHHOTO MOJIOKA BBIICISIOT CTafUU
HOpMaJIM3aIMH, TEPMHYECKOi 00paboTKH, pacdacoBKU M YIAKOBKH, Ha KOTOPBIX Ba)KHO COXPAHHTh Ka4eCTBO T'OTOBOIO MOJIOYHOTO
MPOAYKTa, MO3TOMY JUIsl OONBIIMHCTBA MOJIOYHBIX TNPOAYKTOB HCIOIB3YIOT MONUMEPHYI0 Tapy. Llenbio uccrenoBaHus SBISAETCS
pa3paboTKa MOIMMEPHOH YMAaKOBKH I MOJIOKA, OTIMYAIOIIEHCS MOMONHUTENBHBIMH (DYHKIMSMU MaTepuala M CIOCOOHOH K
OMOJIOTMYEeCKON NEeCTPYKIMU IOCIe 3KCINTyaTalni. B kadecTBe MEpCIEeKTUBHOTO YIAKOBOYHOTO MaTepHana BBIOPAH MONIIAKTHA C
BBEJICHIEM MHEPTHOTO HAIIOJIHUTENSL. ABTOPaMH OBUTH M3TOTOBJIEHEI AIEKTPETHBIC INICHKH Ha OCHOBE IOJIIAKTHIA C BBEICHHEM 2, 4 1
6% TanpKka. DNEKTpeTHpOBaHUE OOPA3IIOB NPOBOWIIN IPH MOMOIIM KOPOHHOTO paspsjia Ha YCTAaHOBKE C KBaJPaTHBIM HIOJNBYATHIM
HJIEKTPOJIOM IUIOINAIBI0 49 cM?. YBeIndeHue JI03UPOBKH Talbka B COCTABE OOPA3IIOB CIOCOGCTBOBAIO CHUMKEHHUIO MEXAHUYECKUX H
MPOYHOCTHBIX XapPAaKTEPUCTHK MaTCpHaloB. YCTAHOBJIEHO, YTO BBEICHHE TajbKa B IONWIAKTHZ IOBBIIACT JIEKTPETHBIC CBOWCTBA
Marepuaia, 4TO OCHOBaHO Ha BO3HHKHOBEHHH JOIOJIHUTENBHBIX JIOBYIICK WH)KEKTUPOBAHHBIX HocUTened 3apsnoB. OOBEKTOM
TECTUPOBAHUS CBOMCTB pa3pab0TaHHOrO MOIMMEPHOT0 MaTepHalia BIOpaHO KOPOBbE MOJIOKO, TPOMBIIIIEHHO MACTEPH30BaHHOE IpU 74-
76°C. IlpoBeneHbI UCCIENOBAHUS MO OLEHKE BIHSAHUS EKTPETHONW NMONMIAKTHIHON IUIEHKH HA KUCIOTHOCTh M COCTaB MHKPO(IOPHI
TIaCTePU30BaHHOTO MOJIOKA B IpoIiecce XpaHeHus mpu Temmeparype 37°C B TedeHne 48 qacos. B mpucyTcTBUM aKTHBHOTO YIIAKOBOYHOTO
MaTepraja OTMeYeHO 00pa30BaHHE INIOTHOTO MOJIOYHOT'O CI'YCTKA U YBEJIMUYEHHE KHCIOTHOCTH MPOAYKTA IPU CKBAIIMBAHUH MOJIOKA.
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Abstract. Results of international comparative interlaboratory tests on defining contents of nitrogen oxides (NO, NOx) in gaseous
phase of aerosol of heated tobacco products are presented in the article. The objects of study were samples of heated tobacco
intended for use with electric tobacco heating systems of the IQOS, Glo and Ploom brands. The determination of nitrogen oxides
in the gas phase of aerosol from heated tobacco products was carried out using a technique developed in the laboratory of chemistry
and quality control of the Federal State Budget Scientific Research Institute “All Russian research institute of tobacco, mak horka
and tobacco products”. The aim of interlaboratory comparative tests is calculation of intra- and interlaboratory variability
(repeatability and reproducibility). Mandel h and k statistics were utilized for statistical compatibility analysis. Analysis of
interlaboratory compatibility was carried by z - index, statistical identifying of outliers was carried by Cochran’s and Grubbs’
criteria. Also, repeatability and reproducibility were calculated. Statistical analysis of interlaboratory comparative tests results
proved high level of validity of obtained data. Establishing metrological characteristics is a key aspect of ensuring the reliability
and applicability of the methodology. Interlaboratory comparative tests for nitrogen oxides defining are the first time carried in
Russia and are actual for innovative products from heated tobacco.
Keywords: nitrogen oxides, nicotine containing products, heated tobacco, electric systems for heating tobacco, aerosol, repeatability,
reproducibility.

Introduction affecting the body a person, causing damage to the

Popularity of innovative types of nicotine lungs. Air\yay inta}(e qf nitrogen oxides enhances
containing products (NCP) including electric sys- the absorption ofnlcotlne [13, 14].
tems for heating tobacco (eSHT) is increasing during As eSHT is a new type of product, standard
last years. Electrically heated tobacco products methods for defining nitrogen oxides contents
have become increasingly popular since the intro- in their aerosol are not approved.
duction of the Tobacco Heating System 2.2 (THS 2.2, Method for defining carbon monoxide (CO)
marketed as IQOS®) on the market in 2014. Previ- in gaseous phase of nicotine containing aerosol
ous studies have shown that the environmental is presented in paragraph 6 GOST R 57458-2017
aerosols emitted by electrically heated tobacco [15] which content is an indicator proving absence
products have a substantially lower impact on in- of burning and smoldering processes. Except for
door environments than the environmental tobacco carbon monoxide method, elaborated in chemistry
smoke generated from cigarettes [1-11]. eSHT are and quality control laboratory of Federal State
utilized for inhaling nicotine containing aerosol, Budget Scientific Research Institute “All Russian
which consists of liquid particles dispensed in gas- research institute of tobacco, makhorka and tobacco
eous phase, formed by heating tobacco without its products”, for defining nitrogen oxides (NO, NOx)
burning and smoldering. Heated tobacco products contents in gaseous phase of aerosol of heated to-
are declared in the market as safer alternative bacco products can be utilized as extra proof of ab-
to smoking traditional cigarettes due to absence sence of these processes. Interlaboratory comparative
of burning or smoldering processes [12]. tests (ICT) were carried for defining metrological

Nitrogen oxide and more dangerous dioxide characteristics of this method.
contains in the smoke of tobacco products and in Federal State Budget Scientific Research In-
gaseous phase of heated tobacco products’ aerosol. stitute “All Russian research institute of tobacco,
Nitrogen oxides are classified as substances 2 class makhorka and tobacco products”was the coordina-
(NOx) and class 3 (NO) toxic hazard, as negatively tor of these ICT.
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Aim of interlaboratory comparative tests was
defining nitrogen oxides NO, NOx contents, and
also defining intra — and interlaboratory variability
for defining nitrogen oxides (NO, NOx) contents
in gaseous phase of aerosol.

Five laboratories: Russia, Germany, Austria,
Italy, Switzerland took part in comparative tests for
defining NO, NOx in heated tobacco. All laborato-
ries carried tests according to regulative documents
for carrying tests.

Materials and Methods

Three types of electric systems for heating
tobacco (Ploom, model S; IQOS, model 2.4; Glo
Hyper, model G401) and six samples of heated
tobacco were utilized in the tests. Each participant
of tests received 2 blocks (400 articles of heated to-
bacco) and seven devices ESHT of each trademark.
Each sample received its own code (A, B, C, D, E, F).

Conditioning samples of heated tobacco was
carried directly in consumers’ pack (not less than
48 hours, but not more than 10 days), according
to GOST ISO 3402-2003 [16].

Samples that were taken from open pack
were stored not more than 4 hours in closed con-
tainers. After expiring this time samples of heated
tobacco were not utilized [17].

Ambient air characteristics during conditioning
and testing were maintained according to standard [16].

Protocol for collection aerosol was utilized
according to ISO 20778:2018 standard [18].

Collection gaseous phase of aerosols of studied
samples in testing laboratories was carried by lin-
ear smoking machines “Cerulean SM 450 and
“Borgwaldt LM 20E”.

Results

Presence of incompatible with all others re-
sults (outliers) was utilized for defining precision
values (repeatability and reproducibility) for the
method of defining nitrogen oxides (NO, NOx)
in gaseous phase of heated tobacco. Decisions for
excluding results were made after carrying analysis
of intra— and interlaboratory compatibility and
statistical testing of outliers.

Mandel’s h and k statistics were utilized for
graphic analysis of compatibility, which allow defin-
ing intralaboratory (statistics k) and inetrlaboratory
(statistics h) compatibilities. Mandel’s statistics were
carried for each laboratory and sample of heated
tobacco under GOST R ISO 5725-2-2002 [19].
Results analysis indicates that values from different
laboratories differs, but not exceeds 1% level of
significance for h statistics. However exceeding
5% level of significance for h statistics for nitrogen
oxide NOx defining was noticed for laboratories
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“a” (samples C, D, F) and “b” (samples A and B).
Exceeding critical level for k statistics for nitrogen
oxide NOx defining was noticed for laboratory “c”
for sample D. Significant variance of intralabora-
tory results on nitrogen oxide NO defining was
noticed for laboratory “c” (sample D), on nitrogen
oxide NOx defining — for laboratories “b” (sample A)
and “c” (sample C).

Interlaboratory results compatibility was
defined by using Z-index, which was calculated
for each defined value and for each laboratory
(R 50.2.011, 2005) [20].

Diagrams analysis indicates that value
of Z-index for all participants who defined nitrogen
oxides not exceeds 2. In this case results prove sat-
isfactory quality of ICT carried for defined values.

Statistic quality evaluation of experimental
data was carried by Cochran’s and Grubbs’ criteria,
according to GOST R ISO 5725-2-2002 [19]. Also
harmonized flow-chart for exclusion abnormal re-
sults recommended by International Union of Pure
and Applied Chemistry (IUPAC) was utilized [21].

Comparison of results for Cochran’s and
Grubbs’ criteria for all defined values for heated
tobacco products allows identifying suspicious
(quasi outliers) and abnormal (statistical outliers)
results. According to data analysis abnormal results
are absent. Quasi outlier for nitrogen oxide NOx
defining under Cochran’s criterion was noticed
only for sample D (laboratory “c”’) and under Grubbs’
criterion — for two minimum extreme values
(laboratories “a” and “f”).

Next stage of carried tests analysis is calcu-
lation repeatability (r) and reproducibility (R)
for each defined parameter. Calculated, according
to (GOST R ISO 5725-2-2002), values of general
mean values, repeatability and reproducibility
for each component of aerosol of heated tobacco
and for each sample are presented in tables 1-2.
Comparison of mean values of defined parameters
(nitrogen oxides) with r and R values allowed cal-
culation empirical equations and defining correla-
tion coefficients.

Table 1.

Nitrogen oxide NO, ug / 100 cm®
Sample Mean Repeatability | Reproducibility
code value m, (r) (R)
A 0.495 0.045 0.150
B 0.469 0.032 0.117
C 1.875 0.172 0.565
D 1.745 0.174 0.488
E 2.962 0.309 1.067
F 2.763 0.305 0.953
Sourse: Compiled by authors
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Table 2.
Nitrogen oxide NOy, pg / 100 cm®

Sample Mean Repeatability | Reproducibility
code value m, r R
0.565 0.042 0.314
B 0.539 0.030 0.284
C 2.073 0.196 0.266
D 1.918 0.170 0.245
E 3.459 0.319 0.664
F 3.192 0.281 0.623
Sourse: Compiled by authors

It was discovered linear correlation with
high correlation coefficients between repeatability
and reproducibility and mean value of nitrogen oxides
(NO, NOx) contents in gaseous phase of aerosol
of heated tobacco.

Discussion

Carrying calculations of metrological char-
acteristics (repeatability and reproducibility) of
method for defining nitrogen oxides (NO, NOx)
in gaseous phase of aerosol of heated tobacco was
the aim of the research.

Statistical analysis of defined data noticed
absence of statistical outliers for defined values.

post@vestnik-vsuet.ru

It was discovered, that increasing of mean value
leads to repeatability and reproducibility increasing.

At present moment, there is no information
about carrying such interlaboratory comparative
tests for defining nitrogen oxides contents in aerosol
of heated tobacco.

Conclusion

As the result of carried ICT metrological
characteristics for the method of defining nitrogen
oxides in gaseous phase of aerosol of heated tobacco
products were obtained. This proves satisfactory
quality of participating laboratories. The obtained
values will be utilized for evaluation intra —and interla-
boratory convergence of results on defining nitrogen
oxide NO and nitrogen oxides NOx in gaseous phase
of aerosol of heated tobacco products.

Work for including method of defining nitro-
gen oxides (NO, NOx) in gaseous phase of heated
tobacco products into GOST R 57458-2017 “Heated
tobacco. General technical specifications” for proving
absence of burning or smoldering process during
utilizing ESHT is now in process.
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21 Horwitz W., Albert R., Deutsch M. J. Guidelines for collaborative study of procedure to validate characteristics of a
method of analysis. AOAC official methods of analysis. 2000. pp. 1-11.
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YcTaHoBJ/IeHHE METPOJIOTMYEeCKUX XaPAKTEPUCTUK METO/1a
IPH onpeaeJ e HUH OKCHI0B a30Ta (no, noxX) B razoBou ¢aze a3po30.4
u31eJuid n3 Ta0aKa HATPeBaAeMOro

AHHoOTanms. B craThe mpuBOAsATCA pe3yNbTaThl MPOBEACHUS MEXKIYHAPOAHBIX MEXKIa00pPAaTOPHBIX CPABHUTEIBHBIX HCHBITAHUI
H3MeNUi U3 Tabaka HarpeBaeMoro 1o ompeaeicHuio okcuaoB azota (NO, NOx) B ra3oBoit ¢aze adpo3ons. OObeKTaMU U3yUYCHUS
SBJIIACH 00pa3Ibl Tabaka HarpeBaeMoro, MPeAHa3HAYeHHOTO IS HICIIONB30BaHMS C JIEKTPUIECKIMI CHCTEMAaMH HarpeBaHus Tabaka
toproBeix Mapok 1QOS, Glo u Ploom. OnpenencHue OKCHIOB a30Ta B ra3oBoi (aze a3po3oiis M3Aenil U3 Tabaka HArpeBacMoro
TIPOBOJIMIIM C TIOMOIIBIO METOIMKH, pa3pabOTaHHOH B Ta0OpaTOPUU XMMHH U KOHTPOIIS KadecTBa DenepanbHOro rocy1apCTBEHHOTO
OF0/PKETHOTO Hay4YHO-HCCIIEI0BATENbCKOT0 yupexaenus "Beepoccuniickuil HayuHO-HUCCIeA0BaTeIbCKUI HHCTUTYT Tabaka, MaXxOpKH U
TabauHbIx u3nenuid”. Lleap MexxnabopaTopHBIX CPaBHUTEIBHBIX UCIIBITAHUN — paciyeT BHYTPH — U MEXJIa00paTOpHOH BapuabeIbHOCTH
(moBTOpsieMocTH U Bocmpom3BoauMocTH). [Ipu cratuctryeckoil 00paboTKe pe3yNbTaTOB UCIOIB30BAIMN aHAIU3 COBMECTUMOCTH I10
cratuctikaM Manzens h u k, aHanu3 MexnabopaTopHOil COBMECTUMOCTH C ITOMOIIBIO Z — HHAEKCA, CTATUCTHYECKOE TECTHPOBAHME
BEIOpOCOB 1o kpuTepusam Koxpena u I'pab6ca, 1 mpoBeny pacueT HOBTOPSIEMOCTH U BOCIIPOM3BoANMOCTH. CTaTicTHdIecKast 00paboTka
Pe3yNbTaTOB MEKJIa00PATOPHBIX CPABHUTEIBHBIX HCIBITAHHUI MOATBEPANIIA BEICOKHH YPOBEHD JOCTOBEPHOCTH ITOMYIEHHBIX JaHHBIX.
VYcTaHOBNIEHNE METPONOTHYECKUX XapaKTePHCTHK SBISIETCS KIFOYEBBIM AacCIEKTOM OO0ECIedeHHs] HaJeKHOCTH M HPHMEHHMOCTH
METOJMKH. MexabopaTopHbIe CpaBHUTENBHbIE MCIIBITAHMS 110 ONPEAEICHHIO OKCHIOB a30Ta OBUTH IIPOBE/ICHEI BIiepBhle B Poccnu n
SIBJISIIOTCS aKTYaJIbHBIMH JUIsl HHHOBAIIMOHHOM IPOXYKIMH U3/ISNINiH 13 Tabaka HarpeBaeMoro.

KiroueBble cj10Ba: OKCH/BI a30Ta, HUKOTHHCOJEPIKAILAs MPOMYKIHs, Ta0aK HarpeBaeMblil, SMEKTPHYECKUE CUCTEMbI HArpeBaHUS
Tabaka, a3p030J1b, HOBTOPSEMOCTh, BOCIIPOH3BOJUMOCTb.
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Abstract. The results of the selection of new plant growth-promoting bacteria resistant to herbicides of different chemical structure are
presented. Two methods were used for screening: sowing on microbiological media from freshly sampled soil and obtaining enrichment
cultures from soil samples exposed to herbicides for a month at a temperature of 28 °C. Inoculation was carried out on selective nutrient
media containing herbicides Octapon extra (2,5 g/l), Florax (2,5 g/l), Dicamba (1 g/l), Nanomet (1 g/1), Spetsnaz (1 g/l) or Chistalan
(2,5 g/1). These herbicides are commonly used to control weeds in wheat crops. The isolated microorganisms belong to the genus
Pseudomonas, fix nitrogen, mobilize phosphates, synthesize phytohormones and antimicrobial compounds. They also can mitigate
pesticide stress of crops. An anti-stress biological product containing them has been developed and tentatively named
"AGROBIOLOG". For its production, the optimal composition of the nutrient medium and the conditions for industrial submerged
cultivation on reactors of various volumes were determined. In the laboratory fermenter FA-10 with a volume of 10 liters after 72 hours
of cultivation at a temperature of 28 °C, a stirrer speed of 200 rpm, aeration of 0.5 volumes of air per 1 min per 1 volume of medium,
the amount of viable cells was 28 billion CFU/ml of culture liquid. Cultivation on biological reactors with a volume of 1000 liters
under the same conditions allowed to achieve a titer of 6.0 billion CFU/ml of culture liquid.
Keywords: plant stress neutralizer, biological product, PGPB, PSMB, plant productivity.

to herbicides and drought [3]. Still reports on the
mitigation of pesticide stress of plants by bacteria
are few [10-11]. In this case, the ability of bacteria
to effectively combine with chemical herbicides
comes to the fore. It assumes their resistance to
herbicides [12], and the ability to have a complex
positive effect on the plant, including protection
from moisture deficiency [13] and pathogens [14]
against the background of herbicides.

Introduction

The productivity of agricultural plants is di-
rectly related to the use of methods for their inte-
grated protection from stress effects: diseases,
pests, drought, and weeds. Pesticides are an important
element in intensive plant cultivation systems.
At least 60% of them are herbicides [1]. Their use,
in turn, not only leads to environmental pollution,

damages soil fertility and microbiota, but also sig- Therefore, the development of biological
nificantly effects crops [2-4]. It is possible to miti- products based on pesticide stress mitigating

gate these stressful effects with the use of bacterial bacteria (PSMB) for stimulating the growth
antistress agents.

In crop production, there is a growing interest
in the bacterial-based products that have a positive

of agricultural crops becomes relevant.
Materials and Methods

influence on the growth and development of agri- The purpose of the work is to screen new
cultural plants. The plant growth stimulation is usu- bacteria that are resistant to herbicides of different
ally caused by a complex of beneficial properties chemical structures and promote plant growth,
of bacteria, such as the ability to nitrogen fixation, to create on its basis an anti-stress biological product
phosphate dissolution, synthesis of phytohormones with the operational name "AGROBIOLOG" and op-
and antimicrobial compounds, competition for timizing the conditions of its industrial production.

nutrients and roots surface with pathogens [5-7]. Two methods were used for screening: sow-
According to the scientific review, the treatment ing on microbiological media directly from freshly
of crops with growth-stimulating bacteria (plant growth harvested soil and obtaining enrichment cultures
promoting bacteria — PGPB) turns out to be the from soil samples with addition of herbicides,
most effective in overcoming abiotic stresses [8, 9]. of which, after a month of incubation at a temperature
Their use can improve the plants growth exposed of 28 °C, inoculation on selective nutrient media
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containing herbicides was carried out. The Raymond
mineral medium was used as the basis for the media
with the addition of, as selective agents, herbicides
based on 2,4-dichlorophenoxyacetic acid ususally
used on wheat crops (Octapon extra (2,5 g/1), Flo-
rax (2,5 g/l), Dicamba (1 g/1), Chistalan (2,5 g/1)) and
based on sulfonylureas (Nanomet (1 g/l), Spetsnaz
(1 g/1)). The concentrations of herbicides in the
medium were selected based on the concentration
of their working solution according to the manufac-
turers recommendations.

Antagonism to phytopathogens was determined
by the simultaneous cultivation of bacteria and fungi
in Petri dishes. Testing was performed on the fol-
lowing mycelial fungi: Bipolaris sorokiniana (Sacc.)
Shoemaker, Fusarium culmorum (W.G. Smith)
Sacc. BKM F-844, F. gibbosum Appel et Wollenw
BKM F-848, F. graminearum Schwabe BKM F-1668,
F. solani (Mart) Sacc. BKM F-142, F. oxysporum
Schitdl BKM F-137, F. nivale (Fr.) Ces. Ex Sacc.
BKM F-3106, F. semitectum BKM F-1938, F. aven-
aceum BKM F-132, Alternaria alternate (Fr.) Keissl.
BKM F-3047, Rhizoctonia solani J.G. Kuehn
BKM F-895. To measure the nitrogenase activity,
an acetylene assay was used, according to the meth-
odology [15]. The ability of the strain to synthesize
IAA was determined using the method of enzyme
immunoassay [16]. The solubilization of phosphates
was evaluated by the formation of a clear halo around
the bacterial colony after five incubation days
at 28 °C in the Pikovskaya agar as described [17].

When optimizing the cultivation conditions,
we relied on the experience of obtaining biological
products for agricultural purposes based on

post@vestnik-vsuet.ru
pseudomonads [4]. Biological reactors of various
volumes were used for scaling (LLC firm “Prointech”,
Pushchino, Russia).

Results

A scheme for the selection of anti-stress bac-
terial agents is proposed (fig. 1), the main condition
is the resistance of microorganisms to herbicides.

Stage 1. Herbicide resistance

Stage 2. Availability of PGPB properties: production of
phytohormones, production of antibiotics, nitrogen
fixation, phosphorus mineralization.

Stage 3. The presence of positive properties of PGPB in
the presence of herbicides

Figure 1. Scheme of selection of potential anti-stress
agents for the protection of agricultural plants

Pucynox 1. Cxema mombopa HOTEHIHMAIBHBIX aHTH-
CTPECCOBBIX ~ CPENCTB  JUI1  3alUTBI  CEIIbCKOXO-
3SICTBEHHBIX PACTEHUN

Microbes resistant to herbicides were iso-
lated from 178 soil samples taken on the territory
of agricultural lands and industrial zones of the Re-
public of Bashkortostan, industrial area in the
Komi Republic (Russia). After studying their prop-
erties, 11 isolates were selected from them (Table
1). The selection criteria were the presence of agro-
nomically valuable characteristics, resistance to herb-
icides and the ability to grow using different herbi-
cides as a source of nutrients. When testing new
strains for resistance in tank mixtures, it was found
that the most toxic of the tested for bacteria was the
herbicide Chistalan (Table 1). Apparently, the tox-
icity of Chistalan is also due to the lower probabil-
ity of detecting its destructors.

Table 1.

The ability of new isolates to grow in a medium with herbicides as the sole source of carbon and energy

Tabmumna 1.

CrniocoOHOCTh HOBBIX M30JISITOB K POCTY B cpelie ¢ TepOuIMIaMH B Ka4eCTBe €IMHCTBEHHOTO HCTOYHHKA
yIaeposia U SHEpruu

Isolate : Herbicide -
Dicamba Octapon Nanomet Florax Chistalan Spetsnaz
CH.J3.1 - ++ - + — +
12N1 ++ ++ ++ ++ — +
CH5% 1 + ++ + ++ + +
CH5% 2 ++ ++ ++ + + +
6CH1 ++ ++ - ++ + +
6CH2 ++ + ++ + ++ +
5N1 ++ ++ ++ ++ — +
a4 + + + - +
DA1.2 ++ ++ ++ ++ ++ +
NG ++ ++ ++ ++ ++ +
NEKR ++ ++ + ++ — ++
Note: ++ active growth, + weak growth, — no growth

The isolates DA1.2, 6CH2, CH5% 2, which
were identified as Pseudomonas protegens,
P. avallanae and P. plecoglossicida, respectively,
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were the most promising in the scope of the studied
problem according to the set of abilities. Their ag-
ronomically valuable characteristics of PGPB are
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presented in Table 2, according to which and in-
creased up to 200% level of antifungal activity (the
diameters of the growth inhibition zone of the stud-
ied fungi are in the range of 30—40 mm) the strain
DAT1.2 is the best for creating the biological prod-
uct "AGROBIOLOG".

Table 2.

Properties of potential bacterial antistressants
Tabnuua 2.

CBoOJiCcTBa MMOTEHITHATHHOTO 0AKTEPHATHHOTO

AHTHUCTPECCOBOTO CPEJICTBA

Nitrogenase | Synthesis
Strain activity, nmol |of auxins, S(ljlllll (l))sill)igzt?sn
CoHg-h''ml”! ng/ml
Pseudomonas
plecoglossicida 20,7+0,2 323+16 +
CH5% 2
P. avallanae 19.8402 169 + 8 N
6CH2 ’ i
P. protegens
DA12 20,8+0,3 870+ 44 +

The  composition of the nutrient
medium (g/1) was selected for the production of the
biological product "AGROBIOLOG" : peptone-2,
yeast extract-2, glycerin-5, NaCl-3, K;HPO4-2,
MgS04-7H,0-1, as the most optimal in terms of the
ratio of the cost of components and the final titer of
the culture fluid. When cultured in a laboratory fer-
menter FA-10 with a volume of 10 liters at a tem-
perature of 28 °C, stirrer speed-200 rpm, aeration-0,5
air volume per 1 min per 1 volume of medium for 72
hours, the concentration of viable cells was 2,8-10'°
CFU/ml. Cultivation in a reactor with a volume of
1000 liters under the same conditions allows
achieving a titer of 6,0-10° CFU/ml.

Discussion

Almost all isolates were able to produce aux-
ins. It is known that auxins accumulation in roots

post@uestnik-vsuet.ru

helps to increase the volume of the root system
of plants and allows to accelerate the pathogen-sensi-
tive stages of its development [18]. It also supports
the plant having water deficiency [19].

The joint cultivation of the new bacterial
strains with fungal mycelium showed their ability
to antagonize phytopathogens. Their fungistatic ac-
tivity was expressed as strongly as in previously
isolated cultures of Pseudomonas [20]. However,
unlike them, they are stable and able to grow
in environments polluted by herbicides based on
low-volatile esters of 2,4-D and sulfonylurea.

The optimization of the nutrient medium and
cultivation conditions makes it possible to obtain
the culture of P. protegens DA1.2 containing at least
5 billion CFU/ml of culture fluid without losing its
characteristic properties. This meets the requirements
of industrial cultivation of microorganisms and
makes the biological product "AGROBIOLOG"
promising for industrial production

Conclusion

An anti-stress biological product
"AGROBIOLOG" based on PSMB has been devel-
oped. It can be used as a biofungicide, biofertilizer
or safener in classic tank mixtures with herbicides.
The useful properties (fixation of molecular nitrogen,
immobilization of phosphorus, disease control),
in addition to its effect on the mechanisms of stress in
plants, increases its practical and commercial value.
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Pa3paborka ouonpenapara "AI'POBUOJIOI" nis1 cHU:KeHUs
NEeCTULMIHOIO CTPECCa CEeJIbCKOX03AMCTBEHHBIX PACTCHUH U
CTUMYJIMPOBAHMS MX POCTA

AnHoTanus. [IpeacraBneHbl pe3ynbTaThl CENEKIUH HOBBIX OAaKTEpHil, CTUMYIHPYIOMIUX POCT CEIbCKOXO3IHCTBEHHBIX PACTCHUH U
YCTOHYMBBIX K TepOMIUAaM pa3IndHON XHMHYECKOH CTPYKTyphl. IS CKpHMHHHTA HCIIONB30BAINCH IBAa METOAA: IIOCEB Ha
MHKpPOOHOJIOTHYECKHE CPEebl U3 CBEXKECOOPAHHOW ITOYBHI M MOTyYCHHE OOOTAIICHHBIX KYJIbTYp MHKPOOPTaHH3MOB M3 00pa3IoB
TOYBEI, IOJABEPTHYTHIX BO3AEHCTBHIO TepOMIMIOB B TedeHHMEe Mecsma npu Temneparype 28°C. Bakrepum H30mmpoBany Ha
CEJICKTUBHBIX MHUTATENFHBIX CpefaX, cojepkammx repoumuasl OkramoH skctpa (2,5 r/m), @nopake (2,5 r/m), Jukamba (1 1/m),
Hanomer (1 r/m), Crernas (1 r/m) wiu Yucranan (2,5 r/1). DT repOUIMIpl 0OOBIYHO MCIONB3YIOTCS IS OOpPbOBI C COPHSAKAMH B
MoceBax IMIICHULBL. BblieneHHble MHUKPOOPraHM3MBl IpPHHAUISKAT K poxy Pseudomonas, ¢ukcupyroT atMmocdepHblid a3or,
MOOUIU3YIOT HepacTBOpUMbIe (ochaTsl, CHHTE3UPYIOT (PUTOrOPMOHBI ¥ AaHTUMHKPOOHBIe coenuHeHus. OHM TaKKe MOTYT CMST4aTh
MPOSIBIICHUS MIECTULIMIHOTO CTPecca y CENbCKOXO3IUCTBEHHBIX pacTeHHi. bpll paspaboTan conepkauiuii HOBbIE IITaAMMBI OaKTepuit
AHTHUCTPECCOBEIN OHOTMpernapart, MoJdyIHUBIINi npeaBapuTeasHoe HazBanue "AT'POBMOJIO™. [Ins ero mpou3BoacTBa ObLT TOA00paH
OINITHMAJIBHBIN COCTAB MUTATENBHO CPeIbl M YCIOBHSI IPOMBIIUICHHOTO TTTyOMHHOTO KyJIbTUBHPOBAHUS B OHMOJIIOTHIECKUX PEAKTOPax
paznuaHoTrO 00BeMa. B maGoparoprom depmentepe FA 10 o6semom 10 nuTpoB nocie 72 4acoB KyJIbTUBHPOBAHUS IIPH TEMIIEpAType
28°C, ckopoctu niepemermBanus 200 06/mMuH, aspanyn 0,5 o0beMa Bo3yxa B 1 MUH Ha 1 00beM Cpeibl KOTHYECTBO KU3HECTTOCOOHBIX
kieTok coctaBuiio 28 mipa. KOE/mu sxunkoit KynbTypsl. KynsTuBrpoBanue B 6nonormdeckux peakropax oobemom 1000 tuTpoB npu
TeX JK€ YCJIOBHUSIX IMO3BOJIIIIO IOCTHYB TUTPa 6,0 Mitps KOE/MiT )KuIKoH KyJIBTYpBI.

KuroueBble cjioBa: HeHTpanm3aTop crpecca pacTeHuii, ononpemnapat, PGPB, PSMB, nponykTHBHOCTE pacTeHUIA.
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CuHTe3 HHA0J1 3 YKCYCHOM KMCJIOTHI IPU COBMECTHOM
KYJbTHUBHMPOBAHMH JIPOKKel U OaKkTepui
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AHHOTaums. PaboTa TMOCBALICHA HCCICIOBAHHUIO IITAMMOB JpOXOKEHl M OaKTepHH, KOTOpbIC SBISIOTCS IMOTCHIUATLHBIMH
KOMIIOHCHTaMH JIsS COCTaBa MpH pa3paboTKe OHOIpenapaToB [UIsl pacTeHHI. DKCIIEPHMEHTBI ¢ COBMECTHBIM KyJIbTHBHPOBAHHEM
GakTepuil W JPONOKEH CIIOCOOHBIE K CTHMYJIIHM POCTA PACTCHHIl MPEAOCTABISAIOT OCHOBY Ul pa3paGOTKH KOMILIEKCHBIX
OUONpEapaToB, KOTOPBIC MOI'YT BO3JCHCTBOBATh Ha CEJbCKOXO3SIMCTBEHHBIC KYJIbTYphI H OLCHUBATHCA MO UX (DPHTOrOPMOHATBHON
aKTUBHOCTH .B paboTe naHa orjeHKa BO3MOXKHOCTH CHHTE3a HHA0-3 YKCYCHO KHCIIOTBI IPH COBMECTHOM KYJIBTUBHPOBAaHUH OaKTEPUH
Pseudomonas chlororaphis subsp. auerofaciens B-5326 u npoxokeit Saccharomyces cerevisiae Y-4317. Mpbl ucnonb30Baau
COBPEMEHHBIC METOABI IS OLEHKH METa0OJIUTOB MHMKPOOPTaHM3MOB TaKHMe KaK, TOHKOCTOWHas XpomaTorpadus IS OLEHKH
AMHHOKHMCJIOTHOTO COCTaBa, M PEAaKIHIO CalbKOBCKOTO JUlsl OOHAPYKEHUS MHI0J-3 YKCYCHON KHMCIIOTHI B KYJIBTYPaIbHON JKHIKOCTH.
Ha mnepBoM srame paboThI MBI IIOKa3ajiH, YTO KOHKYPEHTHOTO B3aMMOJCHCTBHS MEXAY OaKTepUsIMH U rpubamu He ObLIO.
MakcuManbHasi KOHICHTPAIUs KOJIOHUS 00pasyroLInX eJUHHI] IPU COBMECTHOM KyJIbTHBUpOBaHue P. chlororaphis u S. Cerevisiae.
coctaBuna (3 = 0,2)x10%u (8 + 0,2)x10° KOE/Mn. B xozne uccneqoBaHus 0OHapyKHJIM, YTO MHKPOOpraHusMmbl P.chlororaphis u
S.cerevisiae TIpH COBMECTHOM KYyJIbTHBUPOBAaHUH CIIOCOOHBI CHHTE3MPOBATh MHION-3 YKCYCHYIO KHCIOTY.. B mcciienoBaHusX ¢
no6asieHneM Tpuirodhana 00HAPYKUIH, YTO IK30IeHHOE BBEICHIE aMUHOKUCIIOTBI CTUMYJIUpPYET HakoruieHue gpuroropmonos B KK
TonbKO y P.chlororaphis. TakuM o00pa3oM, MbI IpeINoJiaraeéM, YTO OCHOBHBIM HCTOYHHKOM TpPUNTO(AaHA NPH COBMECTHOM
KyJIbTUBHPOBAaHUM MHUKPOOPTaHU3MOB SBIACTCS S. cerevisiae. IlomydyeHHbIC MAaHHbBIC SBIAIOTCS IPEANOCBUIKOH K CO3IaHHIO
KOMIIJIGKCHOTO OHOJIOTMYECKOT0 mpernapara Juisi 00paboTKH pacTeHHIl 1 OATBEpIKIaeT HAIly THIOTE3Y O BO3MOKHOCTH COBMECTHOTO
KYJbTHBUPBOAHHSI MHKPOOPTaHM3MOB OTHOCSIIIMXCS K pa3IM4HON TAKCOHOMUYECKHM KaTCTOPHUSIM.

KunroueBsle ciioBa: Pseudomonas chlororaphis, Saccharomyces cerevisiae, nanon 3 ykcycHas kucinota, Tpunrodan, PGBPB, PGPF.

Synthesis of indole 3 acetic acid during co-cultivation
of yeast and bacteria
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Abstract. The work is dedicated to the study of yeast and bacterial strains that are potential components for developing bio-preparations
for plants. Experiments involving the co-cultivation of bacteria and yeast capable of stimulating plant growth provide a basis for the
development of complex bio-preparations that can impact agricultural crops and be evaluated based on their phytohormonal activity.
The study evaluates the possibility of synthesizing indole-3-acetic acid during the co-cultivation of Pseudomonas chlororaphis subsp.
auerofaciens B 5326 bacteria and Saccharomyces cerevisiae Y 4317 yeast. Modern methods were employed to assess the
microorganisms' metabolites, such as thin-layer chromatography for amino acid composition evaluation and the Salkowski reaction for
detecting indole-3-acetic acid in the culture fluid. In the initial stages of the work, it was demonstrated that there was no competitive
interaction between bacteria and fungi. The maximum concentration of colony-forming units during the co-cultivation of P.
chlororaphis and S. cerevisiae was (3 £0.2) x 10"8 and (8 £0.2) x 10"6 CFU/ml, respectively. The study revealed that P. chlororaphis
and S. cerevisiae could synthesize indole-3-acetic acid during co-cultivation. Experiments with the addition of tryptophan showed that
the exogenous introduction of the amino acid stimulates the accumulation of phytohormones in the culture fluid only for P.
chlororaphis. Therefore, we hypothesize that S. cerevisiae is the main source of tryptophan during the co-cultivation of
microorganisms. The obtained data serve as a basis for creating a complex biological preparation for plant treatment and confirm our
hypothesis regarding the possibility of co-cultivating microorganisms belonging to different taxonomic categories.

Keywords: Pseudomonas chlororaphis, Saccharomyces cerevisiae, indole 3 acetic acid, tryptophan, PGBPB, PGPF.
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BBenenue

Ha cenbckoxo3siiCTBEHHOM MHPOBOM PBIHKE
HaOJIIOaeTCs pacTyIIuid MHTEpeC K MCIIOIh30Ba-
HUIO OMOJIOTHYECKHUX CPEJICTB 3aIlIUThI PACTEHUH U
POCTOBBIX CTUMYJIATOPOB. DTa TSHICHITHS MO TYSPK-
HyTa wuccnenoBanmsivu [3]. TIpon3BOACTBO Takwmx
MPEerapaToB BKIFOYACT HCIIOJIb30BAHUE PA3TUYHBIX
KyJBTYP MUKPOOPTaHH3MOB, TAKUX KaK POCTOIPOMO-
tupyromue 6axrepuu (PGPB) u rpubsr (PGPF) [4, 5].
CoBpeMeHHbIC MCCIICIOBAHMS aKICHTUPYIOT BHH-
Manue Ha cnocoonoctu PGPB u PGPF k cunresy
MIPUPOTHBIX TOPMOHOB POCTA, TAKUX KaK ayKCHUHBI,
[IUTOKMHUHEI 1 THOepwmHEI [ 1, 7, 8]. [Ipon3BoacTBO
3TUX BEIIECTB MUKPOOHOJIOTHUSCKUM ITyTEM MOXKET
MPUBECTH K IKOHOMHUYECKOMY I(P(EKTy B CEILCKOM
xo3stiicTBe. Hexotopble uccrienoBaHus JIE€MOHCTPH-
PYIOT, UTO OIpe/Ie/icHHbIe IITaMMbl Pseudomonas He
TOJILKO 00JIaatoT (PYHTHIUIHBIMU CBOWCTBAMH,
HO W CIIOCOOHBI CHHTE3HWPOBATh ayKCHHBI [6]. Harm
uccienoBanus (HOKyCHPOBAIMCH HAa COBMECTHOM
KyJIsTHBUpOBaHnH Oaktepurt Pseudomonas chlororaphis
subsp. auerofaciens B 5326 n nposxokeit Saccharomyces
cerevisiae Y 4317, rae Mbl BBIIBUIM MX CIIOCOOHOCTh
CHHTE3UpOBaTh (DUTOTOPMOHBI W HAKAIUTMBaTh WX
B KYJIbTYPQJIbHOW JKUJKOCTH. OKCIIEPHUMEHTHI
C COBMECTHBIM KyibTuBHpoBaHueM PGPB [13] u
PGPF [14, 15] mpemnocTaBisitoT OCHOBY JUTS pa3pa-
0OTKM KOMIUIEKCHBIX OHOINpenapaToB, KOTOPHIC
MOTYT BO3JEHCTBOBATh Ha CENbCKOX03SHCTBEHHBIC
KYJBTYPbI U OLIEHUBATHCS 10 UX (UTOrOPMOHAb-
HOM aKTUBHOCTH.

MarepuaJjbl 1 MeTObI

enp uccnenoBaHus: OllEHKa BO3MOXKHOCTH
cunTe3a [AA npu coOBMECTHOM KYyJbTUBUPOBAaHUU
baktepuu Pseudomonas chlororaphis  subsp.
auerofaciens B-5326 u npoxoxeir Saccharomyces
cerevisiae Y-4317.

3amaun: 1) wcciaemoBaHWe BO3MOXKHOCTH
coBMmecTHOro KyiasTuBupoBanus PGPB u PGPF 2)
HCCJIeZIOBaHNE CTTIOCOOHOCTH CHHTE3UpoBaTh [AA P.
chlororaphis mS. Cerevisiae B IpUCyTCTBHH/
orcyrctBun L-tpunrodana 3) OreHka criocoOHOCTH
S. Cerevisiae CHHTE3UpOBATh TPUNTODaH.

B kauecTBe nocaio4HOro Marepyaia UCHoib30-
BaM IITamMMbl Oaktepumt Pseudomonas chlororaphis
subsp. aureofaciens B-5326 w apoxoxeit Saccharo-
myces cerevisiae Y-4317 (Bcepoccuiickoid KOIUIEKINN
MPOMBINUIEHHBIX MUKpoopranusmoB HULL «Kypua-
ToBckuit nHCTUTYT» — 'ocHUWreneruka).

PexxnuMB1 KyJIbTHBHPOBaHHS MUKPOOPTaHH3MOB
Y COCTaB MUTaTeIbHOM cpennpl. Ha mepBom srame
KyJBTUBHPOBAHNE HCCIIEAYEMbIX MHUKPOOPTaHHU3MOB
OCYIIIECTBIISUTN Pa3JIelIbHO B KOJI0ax 00beMoM 250 M
Ha 1elikepe-nHKyoatope SPH-2102 (BIORUS, MuHCcK,
Bemapycp) mpu Temmeparype 28 °C  u gactoTe
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nepeMervBanys 130 RPM. Cpena a1 BblpalBaHust
MHKPOOPTaHU3MOB cojepkaia Tioko3y 10 1/m,
NaNO3, (NH4)2SO4, NH4NO3, KH2P04 —I10 0,5 F/JI.
IposxokeBoi akeTpakt 1 r/71. Cryers 48 4 Tutp noca-
JIOYHOTO MaTepuasa COCTaBUII 10" 1 10° KOE/Mit st
P. chlororaphis u S .cerevisiae, COOTBETCTBEHHO.
Ha BropoMm stane u3 aByX koiO otOupamy mo 15 mn
KyJbTYpadbHOH KUAKOCTH M IEPEHOCUII B KOJIOY
00béMoMm 500 M. CocTaB MHUTATEIBHOW CpEIbI
JUTSL COBMECTHOTO POCTa MHUKPOOPTaHM3MOB: CBEKIJIO-
BUYHas Meracca 25 /1 nentod 0,5 1/, IpoxoKeBoi
OKCTPAKT 1 F/J‘I, NaNO3, (NH4)ZSO4, NH4NO3,
KH,PO4 — o 0,5 r/m.

Omnpenenenue CcouepKaHUs aMHHOKHCIIOT:
onpenensum MetonoM TCX. Mcmonp3oBanu cTaH-
naptel 20 amuHOKHCOT Qupmbl Sigma (CLIA).
[IpoObI KyNMBTYpaIbHOH KHUAKOCTH, OTOHMPATH
mo 1,5 mu, meHTpudyrupoBasu Ha neHTpudyre
MiniSpin® (Eppendorf, I'amOypr, ['epmanust) npu
6000 06/muH B Teuerne 20 muH. TCX-mmacTHHKA
TPOMBIBAJIM CMECHIO XJIopogopM-MeTaHoi (1:1 o 00b-
€My) M aKTUBHpoBaiM B Tedenue 15 mun mpu 120 °C.
O6bem HaHocuMbIX Tpod — 0,5 mxi. IlogBmwkHas
¢da3a coctosia u3 u300yTaHOJA, W30MPOIAHOIA,
BOABI W JICNIHOH YKCYyCHOW KHCIOTHI (5:4:3:0.2
o oovemy), Haceimenne kamepsr — 1,0-1,5 4.
Bpewms paznenenus 1,5-2 4.

KonmnuecTBeHHO aMWHOKHCIIOTHI — OTIpejie-
ssuia Ha geHcuromerpe CS-920 dupmer Shimadzu
(Kuoro, Amonwnst) u TLC Scanner 3 (Camag, MyTTeHit,
[Be#ittapus) npu amuHe BoiHBI 500 HM.

[Togcu€r KIETOK MHUKPOOPraHU3MOB OCY-
IIECTBIISUIM Ha (PMKCUPOBAHHBIX OKPALICHHBIX Ma3Kax
metoj Bunorpazackoro-bpuaa (Temmep, 2004).

Jnist oOHapy>XeHHsl B KyJbTYpaJbHOU KHI-
KOCTH ayKCHHA U OIPEJIEIICHNUS €T0 KOHIICHTPAINU
npoBoawin peakiuio CanpkoBckoro [9]. ITlocme
NPOXOKACHUS IIBETHOH PEaKUIUH KOHICHTPALHIO
IAA omnpenensnn ¢GoTOMETpUYECKH Ha CIIEKTPO-
doromerpe UV-1900 (Shimadzu, Kuomo, Anonus)
MIpH IJIUHE BOJHBI 546 HM.

Pe3yabTarhbl

Ha mepBom 3Tame paGoThl POBOJMIH COB-
MECTHOE KyJabTHBUpOBaHue P. chlororaphis n
S. Cerevisiae. B xone nccnenoBanust Mbl 0OHapy-
KWW aKTHBHBI POCT KOJOHWH OakTepuid
U IpOXKEH NPU COBMECTHOM KYJIHTHUBHUPOBAHUHU
Ha MEJIacCHOM cpele. AHaIM3UPYS MOJIyYEHHYIO
KapTUHY UCCJICIOBaHUS, MBI HE OOHApPYKWIN
KOHKYPEHTHOTO B3aHMOJEHCTBUS MEXKAY MHKPO-
OpraHu3MaMy JByX TAKCOHOMHYECKUX TPYIIIL
OTO MO3BOJIWIO HAM MPEANoNoXuTh, uTo B KK
OTCYTCTBYIOT POCTHHIHOUPYIOLINE IJIsl JaHHBIX
OpTaHU3MOB METa0OJUTHI.

MakcuManbHasi KOHICHTpalusl IMpH COB-
MECTHOM  KyIbTHUBUpOBaHUe P. chlororaphis
u S. Cerevisiae. coctaBmuna (3 = 0,2)x108 u
(8 £0,2)x106 KOE/mn (pucyHnoxk 1).
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Pucynok 1. Mukpockonmst P. chlororaphis n S. Cerevisiae
IIPU COBMECTHOM KYJIbTHUBUPOBaHHE

Figure 1. Microscopy of P. chlororaphis and S. Cerevisiae
during co-cultivation

OcHOBHBIM TMOKa3zaTereM 3(h(PEeKTUBHOCTH
OuonpeparoB SIBISETCS KH3HECTIOCOOHOCTD KIIETOK
MHKpPOOPTraHU3MOB H UX CIIOCOOHOCTH CUHTE3MpPOBATH
Bcpeny OHOJOTMYECKH aKTHUBHBIE BEILECTBA,
B HalleM ciay4ae — (uroropmonsl [17-18]. B Hamem
WCCTIEIOBAaHUM B KadecTBe  (PUTOrOpMOHAIBHOIO-
Mapkepa B KK crmyxuna nanon 3-ykcycHast KUCIIOTa.
MpbI cpaBHWIIM CIIOCOOHOCTH CHHTE3HPOBaTh [AA
MHKPOOPTaHM3MaMH TPH Pa3ebHOM KyJIbTUBHPOBA-
HUM TIpU JT00aBIEHUM aMHUHOKHICIIOTHI TPHIITO(aHa
(100 mxr/™mIT) 11 B €€ OTCYTCTBHH (KOHTPOIIH) [19-20]

S.cerevisiae . cerevisiae + P.chlororaphis P.chlororaphis S. cerevisiae 5. cerevisiae
Ltry +Ltry and and
P.chlororaphis P.chlororaphis
Ltry
Pucynox 2. Copepxanne I[AA B KynbTypanbHOH
KHUJIKOCTH UCCIIEyEeMbIX MUKPOOPTaHU3MOB
Figure 2. IAA content in the culture liquid of the studied

microorganisms

[Ipu pa3nenbHOM KyJIbTUBUPOBAHUN MUKPO-
OpraHu3MoB cojepxaHue IAA B KyJIbTypaJbHOU
KUAKOCTH S. cerevisiae COCTaBUIO 57+3 MKI/mi
n 362 mxr/mn B KK P. chlororaphis (pucyHok 2).
O4eBHIHO, YTO APOXKH SBISIOTCS OCHOBHBIM
npoxyueHToM IAA. Tlpu noGaBneHun B cpeny
JUTSL pOCTa KJIETOK aMHHOKHCIOTH L-Tpunroda,
coxepxanne [AA OCTOBEpHO yBEMUIIIOCH TTO CPaB-
HEHUIO €O cpeoi 0e3 mo0aBIeHusT aMUHOKHCIIOTHI
TOJIFKO B BapHWaHTax c¢ Oakrepusimu P. chlororaphis
B-5326. Conepkannie IAA yBeMMYHIIOCH TIO CpaBHE-
HHIO C KOHTposieM Ha 78%. B BapuaHTax ¢ qposokamMu
S. cerevisiae conepxxanne IAA yBenmuMBaiIoOCH MOp
CpPaBHEHHUIO C KOHTPOJIEM TOJIBKO Ha 14%. MEI mipen-
TIOJIOKHJIH, YTO APOCKH CIIOCOOHBI CAMOCTOSITENIBHO
cuHTe3upoBath L-tpuntodan. Ilpu coBmecTHOM
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KyJsTUBUpOBaHHU P. chlororaphis u S. cerevisiae Mbl
3a(hUKCHpOBAT  yBEIIMUCHUE coaepxkaHust [AA
B KYJIBTypaJIbHOM XKHUAKOCTH OoJiee ueM B JBa pasa,
0 CPABHEHUIO C Pa3[eNbHBIM CITOCOOOM KYJIBTH-
BUpoBaHUA. be3 nobaBnmenus L-tpunrtodana co-
nepxxanust IAA cocraBuino 102 £5, npu nobasnennn
aMHUHOKHUCIIOTEI coaepxaHue [AA yBenumuuioch
HE3HAUMTEIBHO B Ipenesax omroku (111+7 Mkr/mo).

[TosTOMyY Ha clexyromemM 3Tarne Mbl SKCIe-
PUMEHTATBHBIM METOAOM HM3YUYHIIM CIOCOOHOCTH
JAHHOTO IITaMMa JIpOiOKeH MpOayILHpOBaTh
L-tpuntodan. Merogom TCXA obHapyKuiu, 4TO
B XOZIe pOCTa HCCIEAYEMOro IITamma IpOXOKen
B KK HakamnmmBaeTcss aMHHOKHCIIOTa TpUTITOPaH
B KOHIIeHTpanuu 44 MKr/mit (puCyHOK 3).

tyr

Pucynox 3. XpomarorpamMMa aMHUHOKHCIOTHOIO
cocraBa Saccharomyces cerevisiae Y-4317

Figure 3. Chromatogram of the amino acid composition
of Saccharomyces cerevisiac Y 4317

[lonmy4yeHHble naHHBIE MOATBEPXKIAIOT, YTO
pu coBMecTHOM pocte P. chlororaphis B-5326 u
Saccharomyces cerevisiae Y-4317, mnocnenHue
BBIIEISIIOT B CPEy JOCTATOYHO aMUHOKHUCIIOTHI IS
ouocuntesa IAA mukpoopranmzmamu. Cienoa-
TEJIbHO, COBMECTHOE KYJIFTUBHPOBAHHUE POXIKEH
1 OaKTepHil TO3BOJISIET HE TOJIBKO TOBBICUThH JKU3-
HecrocoOHOCTh OakTepuil B JorapudMuueckaro
a3y pocra, HO ¥ HaKaIJIMBaTh B cpelie OOJIbIe
IAA 3a cuér cunTe3a nmpoxckaMu TpunTodaHa.

Oo6cy:kaenne

WzBectHo, urto L-Tpuntodan sBuseTcs
MPEIIECTBEHHUKOB UH/10J1-3 — YKCYCHOM KHCIIOTBI
B MeTab0JIN3Me pacTeHH, HEKOTOPBIX OaKTepuii n
rpuboB. baktepun pona Pseudomonas criocoOHBI
cuHTe3upoBaTh [AA 1o MHAON-3-aneTaMUIHOMY
MyTH, TA€ OCHOBHBIM KOMIIOHEHTOM  SIBJISICTCS
L-rpunrodpan. KinrodueBbiM epMEHTOM IPU CHHTE3E
SIBJIICTCSl MHIOJAIICTAMHUIT THAPOJiasa [2] OCHOBHBIM
nmpeamecTBeHHUKOM — L-tpuntodan. B panee
MIPOBEICHHBIX HCCIENOBaHUAX [3] mOKa3aHo, 9TO
bakrepun Pseudomonas putida, Pseudomonas sp
CIOCOOHBI CHUHTE3MpOBaTh |AA B KOHIICHTpamuu
16 pg/mL Ge3 mpuCyTCTBUS SK30T€HHOTO L-Tpum-
todana u 108 pg/mL mpu ero nob6asneHnu B cpemy
B KoHIeHTparmu 0,2 g/L [16] Pe3ynbraTs! Hamiero
9KCIEPHUMEHTAa COTIACYIOTCS C BBIIIEOMCAHHBIMH.
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Ho B cBoeii paboTe MbI HCIIONIB30BAIN 00JIee HU3KYIO
KOHLIEHTPALMIO TpUnTodaHa.

Jpyrue aBTopbl TaK e 0TMEYatoT CIIOCOOHOCTD
HEKOTOPBIX IPOXIKEH Takux Kak Sporobolomyces,
Taphrina, Metschnikowia, Aureobasidium cunTe-
3upoBath aykcuHsel [11]. B uccnemoBanusx [10],
MOKAa3aHo, 4TO S. cerevisiae ¢ OENEUUSIMHU B ABYX
reHax (Ald) He cmocoOeH KOHBEPTUPOBATH PaTHO-
aktuBHO MeueHbd Trp B IAA, HO mpoxymupyer
IAA B orcyTcTBHe L-Trp 1 Ha ypoBHSX BBILIE, YEM
y JUKOTO THUIA IITaMMa APOXKeH. DTU JaHHBbIE
MPEINoaraoT, YTO APOXOKH MOTYT HMETh He-
cKoJbKo myTelt cuntesa IAA. Takum oOpazom, nmpu
COBMECTHOM pocte ¢ S. cerevisiae u P. chlororaphis
yBenuueHue cuHre3a [AA y mocieaHux, MOXKHO
OOBSICHUTE CIIOCOOHOCTHIO HAKAIDIMBATH TPUITO(AH
B KyJbTYypaJIbHOM )KUIKOCTHU S. cerevisiae.

3akjouenue

Hacrosimas paboTta mocBAlieHa H3y4YEHUIO
BO3MO)XHOCTH COBMECTHOTO KYJIbTHBHPOBAHUSA
PGPB u PGPF mukpoopranusmoB. Ml okazaim,

post@uestnik-vsuet.ru
YTO KOHKYPEHTHOI'O B3aMMOJEICTBUS MEXKAY Oak-
TepusIMH U rpubdamMu  He ObUI0. MakcumanbHas
KOHIIGHTpAMs KOJIOHUS 00pa3yloIlnuX eIUHMIL
NpH COBMECTHOM KyJbTHBHpoBaHue P. chlororaphis
u S Cerevisiage. cocraBuna (3 +0,2)x10%u
(8 £ 0,2)x10° KOE/mu.

B xome uccnenoBaHus OOHAPYXHIHM, YTO
MHUKpPOOpraHu3Mbl P. chlororaphis u S. cerevisiae
OpU COBMECTHOM KYJIBTUBHPOBAHUH CHOCOOHBI
CHHTE3UpOBaTh [AA B MaKCUMaIBbHON KOHIICHTPAIMN
11147 wmxr/mi. B uccnenoBanusix ¢ 100aBiIeHHEM
TpunTodaHa 0OHAPYKIIH, UTO SK30TCHHOE BBEICHHC
AMHUHOKHUCJIOTHl CTUMYJIMpYET HakoruieHue [AA
B KK Tonbko y P. chlororaphis. Takum oOpa3zom,
MBI TIpEIIoiaraeM, 4YTO0 OCHOBHBIM HCTOYHHKOM
TpunTodaHa MpH COBMECTHOM KYJIbTHBHUPOBaHUU
MHKPOOPTaHM3MOB SIBIIsIETCS S. cerevisiae. 1lomyden-
HbI€ JTAHHBIC SIBJIAIOTCS MPENIOCBUIKON K CO3IaHHIO
KOMIUICKCHOIO OMOJIOTMYECKOro Iperapara yis
00pabOTKM pacTeHHH W NOATBEPKAACT HaLLy
THIIOTE3Y O BO3MOKHOCTH COBMECTHOTO KYJBTH-
BupBoanust PGPB u PGPF.
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Pa3padorka un noayvenne IHK-ummyHorena Ha ocHoBe reHoB SARS-CoV-2

Amnacracus A. Ps6uenkoBa riabchenkova@service-gene.ru 0000-0002-9973-0753
Enuzasera P. Yupak ! chirak.elizaveta@service-gene.ru 0000-0002-1610-8935
Egrennit JI. Yupak ! chirak.evgenii@service-gene.ru 0000-0001-9167-5000
Hukomnaii H. Konmakos 2 kolmakov(@service-gene.ru 0000-0002-4672-6208
Brnagumup B. Konate ' kopat@service-gene.ru 0000-0002-6573-6743
Wnesa B. lyxoBiuHOB ! atg@service-gene.ru 0000-0002-5268-9802

1 OO0 «ATT Cepsuc I'en», mp-kt Mansiii B.O., 1.57, r. Cankrt-Ilerepoypr, 199178, Poccus

2 VIHCTUTYT 3KCIIepUMEHTATIBLHON Meauiunasl, T. Cankr-IlerepOypr, 197376, Poccust

AHHOTanms. B cBsi3u ¢ pa3BUTHEM MaHAEMHU M HEOOXOIMMOCTBIO MacCOBOM BaKIMHALIMU pa3pabOTKa BAaKI[H HOBOTO ITOKOJICHHS IIPOTHB
kopoHaBupycHoi uHpekuun COVID-19 saBnsercs Baxueiieil 3ajgayell MeauuMHBI M OWMOTEXHONOrMH. BBuay pacnpocrpaHeHHOCTH
COVID-19, Bce eme akTyanbHO co3JaHHe 0€30MacHOW U MPOTEKTUBHOM BaKLUHBI, OCOOCHHO CTUMYIHpYOLeH T-KIeTOYHbIH WMMYHHBIN
otBeT. B pabote npencrasnens paspaborka u noiyueHue JJHK-ummyHnorena Ha ocHoBe miiazmuanoi JTHK, koaupyromeid rubpuansiii 6enok,
COJIepIKaIUi IMMYHOT€HHbIEC (PparMeHThI CTPYKTYpHBIX OenikoB B-koponaBupyca SARS-CoV-2. B pe3ynbTate MeTOaMu TeHHOM HHXEHEPUU
Obuta co3JaHa BEKTOpHAas KOHCTpyKiMs Ha ocHoBe mwiasmuanod JHK, komupyromieit ruOpuaneiii Oenok, copepxaimid Haubosee
MMMYHOTCHHBIE y4acTKU CTPYKTypHbIX OenkoB M, S, N, E B-xoponaBupyca SARS-CoV-2, mis TpaH3HMEHTHOW SKCIPECCHH B KIETKAaX
MJICKOTIUTAIOINX; METOAOM 3JeKTporopauun Obut co3man mramMm E.coli — npoayuent JIHK-ummyHorena; pa3pabotaH METOA OYHCTKU
pexkomOuHanTHO# asmMuaHoi JJTHK Ha ocHOBe mocnenoBaTenbHOro MOCTaIUIHOTO Mpoliecca: JaHHask METOAMKa Mo3BoJkIa nonyduts 100
mr JJHK-ummyHorena pCMV-3Tag-3a-CVVV3 B pactBope ¢ konuenrpamueidr 1 mr/miu (100 mi1), COOTBETCTBYIOIINX YCTaHOBJICHHBIM B
T'ocynapcrBennoit ®apmakonee PO (ODC.1.7.1.0013.18 JIHK-BakumHbl) mapaMerpam KauecTBa — IMOJYUCHHBIH pe3yJbTaT CTAOUIBHO
BOCHPOU3BOAUTCS B Ta0OPATOPHBIX YCIOBUSX; OBbUIH OTPaOOTaHbl METOIMKH KOHTPOJIs KadecTBa masmunHoii JJHK u mpoBepena sxcmpeccus
rubpuaHOoro Oenka MetogoM Bectrepu-Onortunra. bsuio nokasano, uyro anturen CVVV3 cnenunduuecku cBs3pIBaeTCS ¢ MIMMYHOTTIO0Y THHAMHE
IgG u3 xpommusux ceBopoTok mocie umMmyHmsammu JHK-mmmynorenom pCMV-3Tag-3A-CVVV3. Jlons cynepcnupann3oBaHHON
miazmuanoi JIHK B o6pasue JJHK-ummynorena pCMV-3Tag-3a-CVVV3 cocraBuna 85,64%, coneprkanue 3HIOTOKCHHOB — MeHee 25 ED/mr;
KOHLICHTPALHs OCTATOYHbBIX OEJIKOB ITaMMa-npoaylenTa B pactBope 1 mr/mi JJHK-ummynorena pCMV-3Tag-3A-CVVV3 cocraBuia meHee
100uT Ha | mut (Mr cymmapHoii pekomOunanTHOH JTHK).

Karouessle ciioBa: SARS-CoV 2, IHK-uMMmyHoreH, ruOpuiHbIi G0k, SKCIpeccusl.
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Abstract. Due to the development of the pandemic and the need for mass vaccination, the development of next-generation vaccines against COVID
19 coronavirus infection is a major challenge for medicine and biotechnology. Due to the prevalence of COVID 19, it is still urgent to develop a safe
and protective vaccine, especially one that stimulates T-cell immune response. This work presents the design and production of a DNA immunogen
based on plasmid DNA encoding a hybrid protein containing immunogenic fragments of structural proteins of SARS-CoV 2 B-coronavirus. As a result,
a vector construct based on plasmid DNA encoding a hybrid protein containing the most immunogenic parts of structural proteins M, S, N, E of SARS-
CoV 2 B-coronavirus was created by genetic engineering methods for transient expression in mammalian cells; a strain of E. coli, a producer of DNA-
coronavirus B-coronavirus, was created by electroporation. coli, a DNA-immunogen producer; a method of purification of recombinant plasmid DNA
was developed on the basis of a sequential step-by-step process: this method allowed to obtain 100 mg of DNA-immunogen pCMV 3Tag 3a-CVVVV3
in a solution with a concentration of 1 mg/mL (100 ml), which corresponds to the concentration established in the State Pharmacopoeia of the Russian
Federation (OFS.1.7.1.0013.0013.1). .7.1.0013.18 DNA-vaccines) quality parameters - the obtained result is stably reproduced in laboratory conditions;
methods of plasmid DNA quality control were worked out and expression of hybrid protein was tested by Western blotting. The CVVV3 antigen was
shown to bind specifically to IgG immunoglobulins from rabbit sera after immunization with pPCMV 3Tag 3A-CVVVV3 DNA-immunogen. The
proportion of superhelicalized plasmid DNA in the sample of DNA-immunogen pCMV 3Tag 3A-CVVVV3 was 85.64 %, the content of endotoxins
was less than 25 U/mg; the concentration of residual proteins of the strain-producer in a solution of 1 mg/ml of DNA-immunogen pCMV 3Tag 3A-
CVVVV3 was less than 100ng per 1 ml (mg of total recombinant DNA).

Keywords: SARS-CoV 2, DNA-immunogen, hybrid protein, expression.
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BBenenue

Bozoyaurenem COVID-19 sBnsiercst Gera-
kopoHaBupyc SARS-CoV-2, pacno3HaHHbIN B Ka-
YeCTBE IaTOTeHa IMOCPEACTBOM CEKBEHHPOBAHHS
MmerareHoMHo PHK u Beimenenuss Bupyca wus
00pasIoB KUAKOCTH OPOHXOATBBEOIIIPHOTO JIABaXKa
MalKMEeHTOB C TsKeIoW mHeBMoHue [10].

3a nmocneHui Toj] ObLT IOCTUTHYT OTPOMHBINH
nporpecc B co3anny 3(Q(HEKTUBHBIX BaKIIUH ITPOTUB
SARS-CoV-2. CormacHo mpenBapUTEILHOMY
npoekty BO3 mo BakiimHaMm, B HACTOAIIEE BpeMs
172 BakUMHBI-KaHAMIATA HAXOAATCA B CTAAUU JO-
KIIMHUYECKO# pa3paboTku, 63 — B cTaguu KIWHU-
YeCKOH pa3paboTKu, 6 U3 KOTOPBIX OCHOBAHBI Ha
texHojoruu miaasmMugHor JJHK [1]. OTu BakiuHbl
MOT'YT JIETKO TIPON3BOANTECS OAKTEPHSIMI B OOJBIIIIX
KOJIMYECTBAX, WX MPOM3BOJICTBO JOCTATOYHO IPOCTO
MacIITabupyeTcss W MEeHee 3aTPaTHO II0 CPABHEHHIO
C MHBIMH BapUaHTaMU BaKIuH [4].

Ha naHHBIIf MOMEHT BBICKa3bIBAFOTCS OTIACEHUS
10 TTIOBOTy 6€301acHOCTH 1 3(EKTHBHOCTH BAKIIHH,
pa3pabaThiBacMbIX Ha OCHOBE Pa3JIMYHBIX TEXHO-
JIOTHIECKHUX IIaThopM. BaxkHo, 4TOOBI Ha BBEACHHE
BaKI[MHbI HE BOHUKIIO ayTOMMMYHHOMN MEPEKPECTHOM
PEaKTUBHOCTH 3a CYET MPUCYTCTBHUS B aKTUBHBIX
areHrax BaKIWHBI yYacTKOB, TOMOJOTHYHBIX
y4JacTkaM TeHoMa uenoBeka [8]. Kpome Toro,
MPeINoYTUTEIbHEE UCTIOIh30BAHUE BAKIIUH, KOTO-
pBIe TaKXe ICHCTBEHHBI MPOTUB MYTHPOBABIIHX
IITaMMOB HOBOTO KOPOHaBHpYca.

Pazpaborannbie Ha TaHHBI MOMEHT BaKIIMHBI
HEJI0CTaTOYHO 3(PPEKTUBHBI OT MyTHUPYIOIINX IITaM-
MOB, IOCKOJIbKY COJIEpPKaT B ceOe B TOM YHUCIIE
HEKOHCEPBATHBHBIE MTOCIIEIOBaTENILHOCTH S Oernka [7].
IlosTomy akTyansHa paspadotka JJHK-umMyHorena,
0e30MacHOr0 W AaKTUBHOTO MPOTHUB MYTHUPYIOIIUX
mrammMoB SARS-CoV-2.

Lean padoTsl — pa3paboTKa U MONTyYEHHE
JHK-nMmmyHorena Ha ocHoBe minazmuaHoi JTHK,
KOJIUpPYIOMel MMMYHOTEHHBIC ()parMEeHTHI CTPYK-
TYpHBIX OEJKOB HOBOTO P-KopoHaBHpyca SARS-
CoV-2, BBI3BIBAIOIIET0 KOPOHABUPYCHYIO HH(PEKITHIO
2019 (COVID-19).

MaTepI/IaJ'II)I U METOAbI

[NomHopazmepHast rmocneaoBaTeIbHOCTh TeHOMa
6azoBoro aukoro tumna SARS-CoV-2 Obiia moiy-
gena c caiita NCBI (NC 045512.2). HawuGomee
MMMYHOTCHHBIE (KJIETOYHBII MMMYHHBI OTBET)
¢parmeHTsl cTpyKTypHBIX OenkoB M, S, N, E
SARS-CoV-2 BbIOpann ¢ MOMOIIBIO MPOTPaMMEI
“CD4 T cell immunogenicity prediction” [2]. YuacTku
OeNKOB, coaepiKamIue HAWOOJBINEe KOIMYSCTBO
UMMYHOTCHHBIX (PparMeHToB, OOBEIUHHUIMN C IMO-
MOIIBIO TTOJIUTIIMITUHOBEIX JIMHKEPOB. BEIpoBHSIHM
MOJIY9CHHYIO ITOCJIEIOBATENIBHOCTh C MTOMOIIBIO
BLAST mnpoTtuB OenkoB yenoBeKka, 4ToObI yOe-
JIMTHCS B OTCYTCTBUU CXOJICTBA. J|s1 aKcIipeccuu
B DYKapUOTHYECKHX  KIETKaX K TMOpUIHON
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TIOCJIEIOBATEIILHOCTH TAKKe I00ABUIN TPAHCTIOPTHBIN
curHan Oenka NI'® yenoseka, mocnenoBaTeIbHOCTb
Ko3zaka u crapt-koJ10H.

CuHTe3 THOPHIOHON TOCIIEI0BATEIbHOCTH
C MOCIIEAYIOIIEH BCTaBKOM B SKCIIPECCHOHHBIN BEKTOP
pCMV-3Tag-3a ObuT TIpOM3BEZCH HAa KOMMEPYECKOM
ocHoe B kommanuu GenScript (CLLA). [Tonyuennyio
ma3muay pCMV-3Tag-3a-CVVV3  nHapabarsiBami
B Kietkax E. coli DH5. T1omIMHHOCTD TUIa3MHUIBI
noarBepxganu Meroaom I[P, pectpukiueit
o caiiram kimoHupoBanus BamHI i Xhol u cexse-
HupoBaHueM 1o CaHrepy.

Brigenenve miasmugHoin JJTHK w3 Gromaccsr
E. coli ocymiecTBIsim METOIOM IIETIOYHOTO JIM3HCA.
Ocanoxk JIHK pactBopsiiu B Bojie U 00padaTbiBaiIu
PHKa3oit A. [lns nocneaytomeii xpomarorpadu-
YECKOW OYMCTKH UCIIOIH30BAIHN MOCIIET0BATENHEHO
AHMOHOOOMEHHYIO, THAPO(POOHYIO ¥ BHOBb aHHO-
HOOOMEHHYIO XpoMaTorpaduro.

Omnpenenenue 10U COACPKAHUS CYTIEPCIIN-
paJIn30BaHHBIX TONOM30MepoB MmnasMuaHoi JJHK
MPOU3BOAMIIN  METOAOM  BBICOKOA(h(PEKTUBHOI
JKUJIKOCTHOW XpoMaTorpaduu B rpaleHTe HaTpUs
xnopuga (Gen-Pak FAX, NP, AXC 4,6-100 mm
2,5 mxm, (Waters, CIIA)). OrcyrctBue PHK
NPOBEPSUIM TIO OTCYTCTBUIO U] Py3HOH TOIOCH
B o0mactu 200-500 map HykmeorunoB B 1% ara-
po3HoM rene. OnpenerneHue coepkaHus OakTepu-
ANBHBIX HSHJIOTOKCUHOB TPOBOJUIN C IIOMOIIBIO
JIAJI-tecta (Pyrotell) cormacHo pexoMeHarusM
npousBoauTenst. OnpenesaeHne coaep kanus ocTa-
TOYHBIX OEJIKOB OCYIIECTBISUTA METOJOM TBEPIO-
tazaoro UDA c momomipio Habopa Cygnus E. coli
Host Cell Proteins (Cygnus, Ne F410, CILIA) cornacao
WHCTPYKINH K Ha0OPY.

CyMMapHbIe KpOIIMYbH aHTHTENA U3 ChIBOPO-
TOK KPOBH TONyYaldHd IBYKPATHOW WMMMYyHHW3aIUEH
C MHTEpPBAJIOM B2 HeAend 6 caMOK KpPOJIUKOB
nopoas! Coserckas [InHIIKIIIA BHY TPUMBIIICYHO
(B Oeapo) 2 mi cienyrolied CMECH: IUTa3MHIHAS
JHK — 0,2 mr/mn, MoausTUIEHUMUH — 1,2 MI/MiI,
Sabowax — 2%, rmoko3a— 10%, OEH3HIOBBIHA
cuptT — 0,3%. BrlgeneHne M OYUCTKY aHTHTEN
TIPOBOJIMJIN BBICAK/ICHHEM HACHIIIICHHBIM PacTBOPOM
cynb(haTa aMMOHUSL.

Hamuue criermduiecknx aHTUTEN K THOPHI-
Homy Oenky CVVV3 omnpenensiv C IOMOIIBIO
Becrepn-6rotTrHTa ¢ rcnonp3oBanreM Oenka CVVV3
B KauecTBe aHTUTeHa (0BT HapaOOTaH B KyJIbType
sykapuotnueckux kinerok HEK293) wu anturen,
BBIZICTICHHBIX M3 CHIBOPOTKU KPOJIMKOB. Mcmomnb3o-
BaJIM TIOJIMKIIOHANBHBIE aHTHTeNna Goat Anti-Rabbit
IgG conjugate (HRP) (EMD Millipore Corp, USA),
cnenu(uIHbIe K JIMHEHHBIM y9acTKaM OeTKOBOU
MoJTeKyibl. OOpa3oBaBIIMECS B MECTE JIOKATM3AIN
uccieryeMoro 6eaKa UMMYHHBIE KOMIUIEKCHI PO-
SBISUTHACH C TIOMOIIBIO TeTpameTinoen3uauaa (TMB).
Kak orpunarenbHbI KOHTPONIL OblTa MCHIONIb30BaHA
CBIBOPOTKA KPOJIMKOB JI0 UMMYHH3AIIHH.
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PesynbTaThl

Co3manHHass  KOHCTpyKuusi  (pUCYHOK 1),
nipencTaBisieT coboit JIHK-nmmMyHoreH, Konupyrommit
THOpUIHBIA OeNoK, cocTosIui U3 (parMeHTOB
ocHoBHBIX OemxkoB M, S, Nu E kopoHaBmpyca
SARS-CoV-2. XumepHbiii O€JI0K, IKCIIPECCUPYIO-
IIMACS B KJIETKaX MJICKOMUTAIOUINX, COICPKHUT
424 aMUHOKHCIOTHI, WMEET IPOTHO3ZUPYEMYIO
Mmaccy 46,5 kJla u pl 9,61, siBisieTcsi cTaOMIBHBIM
W €r0 MEepUoJ MoJIypaclaia y MIIEKOMUTAIOUINX
coctasisier okoio 100 gacos [3].

B pesynerare m3uca u xpomarorpaduueckoit
ouncTku u3 1 kr 6momacchl nomyawi 100 mr JIHK-
ummyHoreHa pCMV-3Tag-3a-CVVV3 B pactBOpe
C KOHIIeHTpanuei 1 mr/mi.

[Tomy4yennsii oOpazen mpoaHATH3UPOBATH
COTJIaCHO PsIly KpUTEpUEB, yKa3aHHBIX B ['ocynap-
crBeHHolt Papmakonee PD (OPC.1.7.1.0013.18

Pucynok 1. Crpykrypa miazmumsl pCMV-3Tag-3a-CVVV3
C mpaiiMepamu, HEOOXOIVMBIMH IUISl CEKBEHHPOBAHUS
BEKTOpa BMECTE CO BCTaBKOW

Figure 1. Structure of plasmid pCMV 3Tag 3a-CVVVV3
with primers required for sequencing the vector together

with the insert

Pucynox 3. IlpoBepka skcrpeccuu THOPHIHOTO Oenka
MetonioM BectepH-OmotTrmra. OOpasel peKOMOMHAHTHOTO
oemka CVVV3, HapaOoTaHHbIH B KyJbType kietok HEK293,
HaHeceH B JByX Harpyskax. Source: CocTaBieHO
aBTOpamMu

Figure 3. Verification of hybrid protein expression by
Western blotting. A sample of recombinant CVVVV3
protein produced in HEK293 cell culture was plated
in two loads. Source: Compiled by the authors
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JAHK-Bakiuaer). Bpemst BeIxoa cymnepcrnupaimso-
BaHHOH M30¢opmbl miazmugHoi JJHK cocraBuno
6,26 MUHYT, I0IIAAb HKa 85,64% (pUcyHOK 2).

KonneHTpanus 3HJOTOKCHHOB B PacTBOpE
1 mr/mut cocraBmiia Meree 25,0 ED Ha 1 mut, KoHIIEH-
Tpalusl OCTaTOYHBIX OEJIKOB INTaMMa-IPOAYLICHTa
coctasuia MeHee 100HT Ha 1 M. Takum oOpaszom,
TIO IIEpeurciieHHbIM - KputepussM  Hamn  JIHK-mmmy-
HOTEH I10 IIEpEUUCICHHBIM N1apaMeTpaM KauecTBa
coorBercTByeT I'D PO.

W3 Kponn4bKX CHIBOPOTOK OBLJIO HOIy4EHO
30 MJI CyMMapHBIX UMMYHOTJIOOYJIMHOB C KOHIICH-
tparedt 10 mxrp/mit. Aatures CVVV3, napaboran-
HBI B JIMHUM dyKapuoTndeckmx kierok HEK293,
crien(puUecKy CBS3bIBACTCS C MMMYHOTIIOOYIMHAMU
IgG 13 KpoNMMYBKMX CHIBOPOTOK IOCIIE MMMYHH3ALIUN
JHK-ummynorenom  pCMV-3Tag-3A-CVVV3
(pucyHok 3).

YR g

pa-
fo
o
3]
=

Pucynox 2. Anamm3 obpasma pCMV-3Tag-3A-CVVV3
¢ nomomrpio BOXX. Cynepcrmpanmm3oBanHas m3ogopma —
MUK Ha 6,26 MUH

Figure 2. Analysis of the pPCMV 3Tag 3A-CVVVV3 sample
by HPLC. Superspiralized isoform - peak at 6.26 min

O6cyxkaenne

B xome pabotsl ObUT pa3paboTaH U OUHIIEH
JHK-uMMyHOTeH 11t TpaH3HEHTHOW 3KCIPECCUH
B KJIETKaX MJICKOMUTAIOLINX, COAEPIKAIINNA UMMY-
HOT'€HHBIE YYaCTKH CTPYKTYPHbIX O0enkoB M, S, N,
E B-koponasupyca SARS-CoV-2.

Taxoke OblTa MOATBEpXKIEHA HSKCHPECCHs
3aKOIUPOBAHHOTO B HEM PEKOMOMHAHTHOTO OenKa
CVVV3 B xietkax miuexonutamoummx. Merox Be-
CTEpH-OJIOTTHHTA TIO3BOJIHII OLICHUTH (POPMHUPOBAHHUE
CYMOPaJbHOIO HMMMYHHOTO OTBETa Ha aHTHUICH
CVVV3 u npenBapuTeIbHO OIIEHUTH €r0 MCIOIb-
30BaHME JUIS Pa3pabOTKU METOJd, aHAIIOTHYHOI'O
nMMyHO(IyopecieHTHOMY aHanu3y [4].

Kpomukn Obimi IBYKpaTHO MMMYHU3UPOBAHBI
pCMV-3Tag-3a-CVVV3 c agblOBaHTHBIM KOM-
wiekcoM [1OH-Sabowax, MOCKONBKY CYIIECTBYIOT
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TPYZHOCTH B TOCTH)XEHHUHU JOCTATOYHON WMMYHO-
reaHoctn JIHK-Bakuwmu [5]. Taxxke BO3MOXEH
BapHaHT WHTPaHA3aJbHONH UMMYHHU3AIUHU C 100aB-
JICHWEM aIbIOBaHTA.

PazpaboraHHass TEXHOJIOTHS TIOJNyYCHHS
JHK-mmmyHoreHa npuBoaut K Beixoxy 0,1 mr/r,
BBIXOJIBI 3aBUCST OOJBIIEH YacTBIO OT Ipolecca
(epMeHTaIM ¥ IPOM3BOICTBEHHBIX MOIITHOCTEH [9].
Jns Hapabotkm Oombiiero kommdectBa JIHK-
WMMYHOT€Ha Tporiecc pepmeHTanuu OyIeT yco-
BEPIIIEHCTBOBAH.

Pazpaborana cxoxas JIHK-Bakimaa ZyCoV-D,
koaupyromas ¢pparmeHTsl S-Oenka SARS-CoV-2.
Kanmunatnas [IHK-Baknuna uHAyUHpYET B TOM
YHCIle HEHTpa3YIONHE aHTHTENa W 00ecreunBacT
otBer Th-1, 0 YeM CBUJETENLCTBYIOT MOBBIIICHHBIC
ypoBau IFN-y (Momin, 2021). [Iu3aiin Hamero
JAHK-nMMyHOT€Ha TMO3BOJSET MPOTHO3HPOBATH
CXOJXKHE aHHBIE UCCIEIOBAHUI UMMYHOT€HHOCTH
1 0€30IIaCHOCTH.

post@vestnik-vsuet.ru
3ak/04enne

Pazpaborana mmazmuma pCMV-3Tag-3a-
CVVV3, komupyromas rTuOpHUIHbIN O0€ToK, comep-
AU HMMMYHOT€HHBIE YYaCTKH CTPYKTYPHBIX
6enxoB M, S, N, E B-xoponasupyca SARS-CoV-2,
IUTsl TPAH3UEHTHOM 9KCIIPECCHH B KJIETKAaX MJIEKOIIHU-
tatoimux. Janueiid JJHK-umMmMmyHOreH paccmatpuBa-
eTcd Kak MepclieKTHBHAs KaHAWAaTHas BaKIMHA
npotuB SARS-CoV-2. Meronom Becrepr-0norTrara
MOATBEP)KICHA DKCIpecCHs TUOPUAHOTO Oenka
CVVV3 B kneTkax MIEKONHUTAOIUX. Y CUJIEHHE
MMMYyHOTeHHBIX cBoiicTB JIHK-nmmMyHOorena pCMV-
3Tag-3a-CVVV3 BO3MOXHO U3MEHEHHEM criocoba
BBEJICHUSI HA MHTPAHA3AIBHBIN WM BHYTPUKOKHBIM.
Cozpannbiii JIHK-mMMyHOreH oTBEdaeT KpUTEpHsAM
KaHgunaTHou BakimHbl npotuB COVID-19 HoBoro
TIOKOJICHWH U B JTAJIbHEWIIIe padoTe Oyzmer m3ydyeHa
MMMYHOT€HHOCTb U IPOTEKTHBHOCTb.
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Hcnosb3oBaHue BOAOPOCIEH 11 CO3AaHUA (PUTOCAHUTAPHBIX

MPOAYKTOB
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Hukura A. XpstukoB ' nikital5.08.023333@yandex.ru
JInnus A. XpsukoBa ' azucenal4@yandex.ru 0000-0002-2979-142X
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1 BopoHeXcKuii rocy TapCTBEHHBII YHUBEPCUTET HH)KEHEPHBIX TEXHOJIOTHH, Ip-T PeBomonum, 19, r. Boponex, 394036, Poccus
AnHOTanusi. MEKPOBOZOPOCIIH U MaKpOBOJOPOCIH 00JaJar0 MOJIE3HBIMM CBOIMCTBAMH JUIi IUTAaHUs, OMOKOHTPOIS, MMMYHUTET W 30POBbS M T.1.,
0COOEHHO B KOHTEKCTE MHTETPUPOBAHHOW MyIBTHTPO(HUECKOIl aKBaKyJIbTYphL. PacTeT NOIy/ISpHOCTh NPOEKTOB IO YIYYIIEHHIO OHOIOCTYITHOCTH,
YCBOSIEMOCTH M IIPEABAPHTENLHON 00pabOTKH BOJOPOCIEH, a TAaKKe HANPABICHHbIE HA KOHTPOJb CEIbCKOXO3SICTBEHHBIX KyJIBTYP C BBICOKMM
coziep>kanreM Oesnka (Makpo / MUKpO). Ouopemenuanuu OyAeT NOCTYIHA Ul BHECEHUs B KauecTBE yJNOOpEHUH B paMKax MOAXOJA K PELUPKYISLUK
MHHEPAJIOB U a30Ta, YIy4IICHHOTO 33 CYET BO3ACHCTBIS STHX MATPHI] HAa CTPYKTYPUPOBAHUE MOYBBI U YCBOCHUE ITMTATENIBHbIX BELIECTB. [IpenmyInecTBo
MHKPOBOZIOPOCIICHT 3aKITI0YACTCSI B TOM, YTO OHH HMEIOT JOBOJIBHO KOPOTKHIT LIUKJI Pa3MHOKEHHUSI (IIPHMEPHO MOJIOBHHY JHS), YTO MO3BOIISIET 3D ()EKTUBHO
MIPOM3BOUTE OHOMaccy B OOJNBIINX KoMmdecTBaX. MHKPOBOZOPOCIH MMEIOT OOJBIIOE Pa3sHOOOpa3He OPUTMHAIBHBIX MOJIEKYN B CBOMX KIETKax. JTa
Guomacca Gorara JummaaMy, OenkaMu, BUTAMHHAMU M aHTHOKCHIAHTaMH. MHUKPOBOZOPOCIH COCTaBIIIOT OCHOBY KOHIEIIINHM, OHH CTAIM IPHIUHOH
OJIHOTO M3 BEIMYAHIINX KIMMAaTHIECKUX U3MEHEeHHIT B uctopun 3emin. X MeTaboM3M, OCHOBAaHHBIH Ha (hOTOCHHTE3E, 100aBHII OTPOMHOE KOJINYECTBO
KHCJIOpOZia B «TOKCHYHYIO NPUMHTHBHYIO atMocdepy 3emium». OCHOBHbIE XapaKTEPUCTHKHM MHKPOBOJOpOCIed. BonpmmHCTBO MuKpoBoopociei
Ha3bIBAIOT (H)OTOABTOTPOPHBIMH WK aBTOTPOPHBIMHI. MHUKPOBOIOPOCIIH BechbMa pa3HOOOPAa3HBI H yike MpoaHatu3upoBano okoio 30 000 BHI0B. D10 YrCcIo
coctaBisger MeHee 10 % OT mpeanonaraeMoro CymecTByIoIlero oobmiero komudectsa. Hambosee pacHpocTpaHEHHBIMH KJIACCAMH C TOYKH 3pEHH
OTHOCHTENIBHOI YMCICHHOCTH SIBJISIIOTCS AnaTtoMoBble Bogopociu (bacillariophyceae), 3enensie Bonopocnu (chlorophyceae), nuanoGakTepun win cuHe-
3eNeHble Boiopociu (cyanophyceae) u 3omotbie Bogopociu (chrysophyceae). bonbiias 4acTh HCCIEIO0BAaHMI MOCBAIICHA MOUCKY JIyYIIMX LITAMMOB.
Br10op BuIa MEKPOBOJOpOCHIEH B KOHEUHOM HTOr€ 3aBUCHT OT MMEIOIIUXCS OPraHH3MOB, CIOCOOHBIX CHHTE3UPOBATh IIEJIEBBIE MPOLYKTHL U IOCTHTaTh
ypoxaeB, HEOOXONMMBIX JUIS YAOBICTBOPSHHs OJKOHOMHYECKMX M TEXHHYECKHX orpaHmdeHui. [lostomMy mnpu BbIOOpe HEOOXOIMMO YYHTHIBATH
npeobiajarole KIMMAaTHYECKUE YCIIOBHSA, OCOOCHHO CpeJHME M MHHUMAJIbHBIC TEMIIEPAaTypbl M HAJIMYME HEOOXOJMMBIX ITHTATEIIBHBIX BEIIECTB.
Vicnionb3oBaHue BoJOpOCIIeH sl co3/1aHus (PHTOCAHUTAPHBIX IIPOTYKTOB IEPCIIEKTHBHAS M BOCTPEOOBAHHOE HANIPABJICHUE HCCIISIOBAHHUA.

Ki1iouyeBblie cj10Ba: MUKPOBOAOPOCIH, MaKpOBOJopociu, buonoctynHocts, Chlorella vulgaris, Spirulina platensis.

The use of algae to create phytosanitary products
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Abstract. Microalgae and macroalgae have beneficial properties for nutrition, biocontrol, immunity and health, etc., especially in the context of integrated
multitrophic aquaculture. Projects to improve the bioavailability, digestibility and pretreatment of algae, as well as those aimed at controlling crops with a
high protein content (macro/micro), are growing in popularity. Bioremediation will be available for fertilization as part of a mineral and nitrogen recycling
approach improved by the effects of these matrices on soil structuring and nutrient absorption. The advantage of microalgae is that they have a fairly short
reproduction cycle (about half a day), which allows efficient production of biomass in large quantities. Microalgae have a wide variety of original molecules
in their cells. This biomass is rich in lipids, proteins, vitamins and antioxidants. Microalgae form the basis of the concept, they have caused one of the greatest
climatic changes in the history of the Earth. Their metabolism, based on photosynthesis, added huge amounts of oxygen to the "toxic primitive atmosphere
of the Earth." The main characteristics of microalgae. Most microalgae are called photoautotrophic or autotrophic. Microalgae are very diverse and about
30,000 species have already been analyzed. This number is less than 10% of the estimated existing total. The most common classes in terms of relative
abundance are diatoms (bacillariophyceae), green algae (chlorophyceae), cyanobacteria or blue-green algae (cyanophyceae) and golden algae
(chrysophyceae). Most of the research is devoted to finding the best strains. The choice of microalgae species ultimately depends on the available organisms
capable of synthesizing target products and achieving yields necessary to meet economic and technical constraints. Therefore, when choosing, it is necessary
to take into account the prevailing climatic conditions, especially average and minimum temperatures and the availability of necessary nutrients. The use of
algae to create phytosanitary products is a promising and in-demand area of research.

Keywords: microalgae, macroalgae, bioavailability, Chlorella vulgaris, Spirulina platensis.
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BBenenue

MUKpOBOIOPOCTH ¥ MAKPOBOIOPOCITA UMEFOT
PsiI IPEUMYIIECTB — MUTaHUE, OMOKOHTPOIb, UIMMY-
HUTET U 340POBbE U T. ., 0OCOOCHHO B KOHTEKCTE
WHTETPUPOBAHHOW MYJIBTHTPOPHUICCKON  aKBa-
KynbTypbl. Ceiiduac MOBBIIICH UHTEPEC (epMEpOB
K BOJIOPOCIISIM M OTKPBITH JIOCTYIT K HOBOMY CHIPBIO
JUISl IUTaHWsT aKBaKyJIbTyphl. Bonibmioil uHTEpec
Hay4YHOE COOOILECTBO MPOSBISAET K U3YyUYEHHUIO
MIPEUMYIIECTBY MaKpPO- ¥ MUKPOBOJIOPOCIIEH B CEIb-
CKOM XO3SHCTBE B IPOLECCE «JIEMEINKATN3AIIUI).
BaxxHoe HampaBiieHHE HAayYHBIX HCCIEIOBAHUUN
CBSI3aHHO C MOBBIIICHWEM JOCTyHa K Oenkam
BOJIOPOCIIEH, YTO TaKXKe MOXKET CIIOCOOCTBOBATH
aBTOHOMHH OeJKa.

Pacrer nomyJssipHOCTH MPOEKTOB IO YJTydllle-
HHIO OMOJIOCTYITHOCTH, YCBOSIEMOCTH H TIPE/IBAPUTENTb-
HOHM 00paboTKU BOIOPOCIIEH, a Takke HarpapIcHHbIC
Ha KOHTPOJb  CEJIbCKOXO3SUCTBEHHBIX KYJIbTYP
C BBICOKHM COJIepKaHneM Oeka (MaKkpo/MHKPO).

Hcnonp3oBanue BOMOpPOCIEH B 00JacTH
3/[paBOOXPAHEHUS] W MUTAHHUS PACTEHUM HE OCTa-
€TCs B CTOPOHE, 0COOEHHO B palioHax, TJie OpraHu-
Yeckoe 3emJiefieNlie W JAaBJICHUE Ha COKpalleHHe
(hUTOCAHUTApPHBIX TPOAYKTOB yCHIHMBArOTCS. Llembio
SIBJISIETCA COJIEUCTBUE KOMMEPUYECKOMY Pa3BUTHIO
PBIHKa OHOCTHMYJISTOPOB BOAOPOCIEH M IOIEPIKKa
MPOU3BOINTENEH B PACIPOCTPaHEHUH W JIUBEPCH-
¢uKanuM WX NPOAYKTOB BO Bce Ooliee TpeOoBa-
TEJIbHOM HOPMAaTHBHO-IIPABOBOM KOHTEKCTE.

B 6nwmkaiimee BpeMeHH BOIOPOCIH CMOTYT
MPOJIEMOHCTPHPOBATH BECh MOTEHLIMAN B 00JacTh
OMOKOHTPOIIST M 0COOEHHO B KOHKPETHOM IIpUMeE-
HEHHH, TAKOM, KaK OTOPOJHUYECTBO, BUHOTpaap-
cTBO M Ap. Bce Oonbliee KoiaMyecTBO MOOOYHBIX
MIPOTyKTOB BOJIOPOCIIEH 1 Bogopocieit n3 IMTA /
Onopemenuanuu OyZeT JOCTYIHA sl BHECCHUS
B KayecTBe yMOOpeHMid B paMKax MOJIXOAa K pe-
UUPKYJSIUA MWUHEPAJIOB M a30Ta, YJIYyYIIEHHOTO
3a CYeT BO3JICHCTBUS 3TUX MATPUI] HA CTPYKTYPH-
pOBaHUE TIOYBBI M YCBOCHHE MHUTATCIIBHBIX BE-
mects [1-7].

MuxkpoBogopocny (BKIIO4Yas IHaHoOaKTe-
pHH) — ATO OJIHOKIIETOYHBIE CYIECTBA, KOTOpHIC
UCIIOJIB3YIOT CBETOBYIO 3HEpPruio ajs pocta. Ecnun
KYJBTUBUPYETCA BCETO HECKOJIBKO JCCATKOB BHU-
JIOB MHKPOBOAOpOCIEH (HECKOIBKO COTEH THICSY
B €CTECTBEHHOU Cpefie), TO €XKETrOJHOE MHUPOBOE
MPOM3BOACTBO cocTasisieT okono 10 000 ToHH.
Haubonee kynbTUBUPYEMBIMUA BHIAMH B IOPSIKE
yOBIBaHMSI SIBIITIOTCS: CIApyJWHA/rthrospira, Ha
IoJTr0 KoTopoit mpuxoautcst 50% Bcero MUPOBOTO
MPOM3BO/ICTBA, 32 HEW CIIEAYIOT XJIOpellia, JyHa-
JMeIia, HaHHOXJIOPOIICUC | oHpoTemna. llpous-
BOJICTBO MUKPOBOJOPOCIIEH ellle He JOCTHIIIO IIPo-
MBIIIUIEHHOW CTaJiH, OTYACTH M3-3a €r0o BCE ellle
OTHOCHUTEIHHO BBICOKHUX 3aTpar [8—9].
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[IpeumyiiiecTBO MUKPOBOAOPOCIEH 3aKIIIO-
9YaeTcs B TOM, YTO OHU UMEIOT IOBOJIBHO KOPOTKHUN
LUKJI Pa3sMHOXKEHHS (IPUMEPHO IOJIOBUHY [IHS),
9TO TO3BOJIAET 3(PPEKTUBHO MPOU3BOAUTH OWO-
Maccy B OomplmMX KonudecTBax. WX pas3BuThe
BKJIFOYAET B ceOsI HECKONBKO (haKTOPOB pocTa U
YCIIOBUH BBIpAlIMBaHUsI, TAKHX KaK: BOJA, MUTa-
TeNbHbIE BenlecTna, ceeT, CO2, Temneparypa u pH
KyJBTYpbl. B 3aBHCHMOCTM OT BBIpalIMBacMbIX
COPTOB BOJIa MOXET OBITH MPECHON, MOPCKOM MITH
cosionoBaroil. IlurarenbHble BEIECTBA, HEOOXOIU-
MBI€ I X POCTa, BApUPYIOTCS B 3aBUCUMOCTH OT
TpoUUECKON OUETHI, BEIPAIIMBAEMOT0 IITAMMa U
BBIOPAHHOTO HWCTOYHWMKA BOXBI. Jlims ¢doToaBTO-
TpodHOro pexuma (T. €. ¢ UCTIOIb30BaHUEM CBETa
0e3 moOaBieHUs] OPraHMYECKOTo YTiIepoja) B Oc-
HOBHOM TIPUCYTCTBYIOT a30T, (pocdartsl, xenezo u
JMOKCHUA KpeMHHS (7151 TMAaTOMOBBIX BOJOpOCIeit),
cepa, MUKPO3JIEMEHTHI U BUTAMHUHBL. B HEKOTOPBIX
ciydasix Ae(UIMT MUTATEIbHBIX BELICCTB IPUME-
HsieTcs AOOpPOBOJIBHO, YTOOBI M3MEHHUTH POCT U
MPOU3BOCTBO YacTH Omomacchl. epunur azora
MOJKET BBI3BaTh, HANpPHUMEp, 3aJEPKKy pocTa U
BBICOKOE HaKoOIUIeHWe JunuioB. Kak u B ciydae
¢ JI00BIM XJIOPO(UIIOBBIM pacTeHueM, GpoTocHH-
T€3 yJIaBIMBaeT aTMOC(EPHBII WM PaCTBOPEHHBIN
YIIIEpO/ B BOJIE M3 CBETOBOW SHEPTUH IJIS IPOU3-
BoJCcTBa Onomaccel. CBET MOXKET HCXOOUTH OT
€CTECTBEHHOTO (COJIHEYHOT0) MM HCKYCCTBEHHOTO
(HEOH, CBETOINOTHBIH ).

MHUKpPOBOAOPOCTH MUMEIOT OOJIBIIOE Pa3HO-
o0pasne OpUTMHATBHBIX MOJIEKYJ B CBOMX KIIETKaXx.
Ora OromMacca Oorarta JTUMUAaMH, OeTKaMH, BUTAMH-
HaMM M aHTHOKcHIaHTaMH. OHU TaKxkKe SBISIIOTCS
BOXHBIM HCTOYHHMKOM TIOYTH BCEX HEOOXOIMMBIX
BUTaMuHOB: B, Be, B1o, C, E, K 1 umeror mmpokuit
CIEKTP MUTMEHTOB, (DIyOPECLIEHTHBIX W HedIy-
OpECLICHTHBIX, KOTOPBIE TaKXe MOTYT WIrpaTh
poib aHTHOKcuAaHToOB. [lommMmo Xxjopoduiuia
(0,5-1% cyxoro BemiecTBa), KOTOPBIA SBIISIECTCS
OCHOBHBIM (DOTOCHHTETUUYECKHM IUTMEHTOM BO BCEX
(OTOCHHTE3UPYIOIIKX BOAOPOCISX, CYLIECTBYET
P  JTOMONTHUTENBHBIX THTMEHTOB, TaKUX Kak
kapotuHougsl (0,1-0,2% cyxoro BemiectBa)
¢uxoOmmunporennsl. Conmep)kaHne IUNHIOB B
MHUKPOBOJOPOCJISIX B OCHOBHOM COCTOUT U3 TPUTIIU-
1epuaoB, (Gocdonunuaos, TTUKOJUINUIOB, HAaChl-
HICHHBIX JKUPHBIX KHCJIOT M ITOJIMHEHACHIIICHHBIX
JKUPHBIX KUCIIOT

MuxkpoBogopocnn  007aalOT  HEBEPOST-
HBIMH [IOJIE3HBIMH CBOWCTBaMHU JJISl paCTEHHI,
CHOCOOCTBYIOT YKPEIUIEHUIO IMMYHHUTETA U YIy-
HICHUIO 3[0POBBS, MPHUIAIOT ONIF0JaM HU C 4YeM
HECpaBHUMBIN, HETOBTOPUMBIH BKyC. JIro0as Mop-
CKasl Kamycra SBJSIETCS OOraTblM HCTOYHHKOM
Hona, BaXHEHIIETO JUIL HAC MHUKPOIJIEMEHTA,
0T Ae(UIKUTa KOTOPOTO MBI YAaCTO CTPATAEM.
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MUKpPOBOZOPOCIN  COCTaBISIIOT ~ OCHOBY
koHIenuuu. OHU CTany MPUYUHONW OJHOTO M3 Be-
JTUYalIINX KIMMaTHYEeCKUX U3MEHEHUI B HCTOPUH
3emim. Mx MeTabonmi3M, OCHOBaHHBIN Ha (POTOCHH-
Te3e, J00aBUII OTPOMHOE KOJIHMYECTBO KHCIOpOIa
B «TOKCHYHYIO IPUMHUTHBHYIO aTMOCc(hepy 3emany,
a 3ateM HacbITHIICA CO2 M APYTUMHU TAPHUKOBBIMHU
razamy. To H3MEHEHHE MTO3BOJIMIIO Pa3BUTh Oojiee
SHEepTUYHBIE U pa3BUTHIE (OPMBI )KU3HH, KOTOPEIE,
BO3MOKHO, CMOTYT ITIOMOYb B PELIEHHH 3KOJIOTH-
9YecKOW MpoOJIeMbl MAapHUKOBBIX Ta3oB. [lommmo
OMOXMMHH, OCHOBHOH XapakTEPHUCTHUKOW MHUKPO-
BOJZIOpOCIICH SIBISIETCSI  MX HEOONBIIION pasmMep.
B crepyromunx npumepax npeacTasieH 0030p:

® MAaTOMOBBIE BOAOPOCIH, KiIaccupuIU-
pyembie Kak MUKPOILTaHKTOH oT 50 10 500 MKwMm;

® MEJKHE AUATOMOBBIE BOJOPOCIN U MHOTHE
XpU30(HKH, KITacCU(PHUIIPyeMble KaK HAHOIIAHKTOH,
HUMEIOT pazMep 0Kosio 50 MKM;

® wmenkue xpuzoduiieu pasmepom ot 0,5 10
50 MKM KI1accu(pUIMPYIOTCS KaK yJIbTParJIaHKTOH
(Coste, 2008).

OCHOBHBIE XapaKTEPUCTUKNA MUKPOBOJOPOCIICH.
BosbIIMHCTBO MUKPOBOIOPOCIIEH HA3bIBAIOT ()OTOAB-
TOTpOQHBIMU 1M aBTOTPO(HBIMU. OHM TOTy4aroT
SHEPTHIO OT CBETa MOCPENCTBOM (POTOCHUHTE3A, U UX
OCHOBHBIM HCTOYHHUKOM MHUTATENFHBIX BELIECTB
spinsercsi CO2 B pacTBope B Boje. VX OTHOCHTENB-
Hasl MPOCTOTa U HEOOJBIINE pa3Mephl MO3BOJISIOT
OCYIIECTBIATh O4€Hb YPPEKTUBHBINA (POTOCHHTES.
Onu npeoOpa3yloT CBETOBYIO SHEPTUIO B JTUIHIBI
W YIJIEBOJIBI, OoOJiee KOHJCHCUPOBAHHBIC W CTa-
OunbHBIE (POPMBI SHEPTHH.

Ux BojHbIe ycioBUS 00ECIEYHBAIOT HM
ONTUMAJIBHBIA JOCTYN K BOJE U, B YaCTHOCTH,
K IUTATENFHBIM BEIIECTBAM, TaKUM KaK PacTBO-
pennbiii CO,. Hanpumep, 3t HeOonbIMe pacTeHus
MOTYT OBITh B JIECATH-TPHLIATH pa3 Oojee TPOJyK-
THBHBIMH 110 MacjaM Ha €AWHUILY [IPOU3BOJCTBEHHOM
TUIOIIAIA 110 CPABHEHHIO C OOBIYHBIMH HA3EMHBIMU
MacimuuHbIMU KynsTypamu (NREL, 1998) [10-17].

HexoTtopble BUabI Takke MOTYT OBITh XeMOTre-
TEpOTPOPHBIMU W TeTepoTpodHbIMU. TakuM 00-
pasoM, IIpu HEOOXOAMMOCTH OHH MOTYT yepHartb
DHEPTUIO U ITUTATENIbHBIE BEIIECTBA HEMOCPE-
CTBEHHO W3 OPTaHWYECKOTO BEILECTBA, IIPUCYTCTBY-
toriero B BojgHOUM cpene (Chevalier et al., 2002).
Hanpumep, Agmenellum quadruplicatum crano-
BUTCS TeTEPOTPO(HBIM B YCIOBUSIX HU3KOW OCBe-
meaHoctr (Van Baalen et al., 1970). OTmedeHo,
yro rereporpodusiii Bun Crypthecodinium cohnii
UCHoNb3yeTcs st mpon3BozcTBa Macia DHA, sxup-
HOM KucnoTel OMera-3, BaXKHOCTh KOTOPOM MpU3HaHa
JUTs Ioepykanus 3mopoBbst (Martek, 2008).

MHUKpPOBOZOPOCTH BEChbMa Pa3HOOOPa3HBI
U yke mpoaHaiausupoBaHo okoyio 30 000 Buumos.
910 ymucno cocrasuser meaee 10% ot mpeamona-
raeMoro CyuiecTBYIOLIEro OOIIero KOJUYECTBaA.
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K 2000 romy Tompko oxono 50 ObuTH AETambHO
uzyuensl (Cavalla, 2000). Yuensle npoaHanu3upo-
Bal MUKPOBOJOPOCIH, YTOOBI pPa3iH4YUTh UX U
pas3ienuTh Ha HECKOJIBKO KJIacCOB B COOTBETCTBHU
¢ OOIIMMH KPUTEPHUSIMHU, TAKUMHU KaK MUTMEHTAIIHSL,
Ouonoruueckas CTpyKTypa u MeTaboian3M. Takum
obpaszoM, BBl Moapasnemsttorces Ha 11 oTmemoB
u 29 knaccos [17-20].

Haubonee pacnpocTpaHeHHBIMH Kilaccamu
C TOYKH 3PEHHUS OTHOCHUTEILHOW YMCIICHHOCTH SIBILS-
FOTCsI auaToMoBBIe Bopopociu (bacillariophyceae),
3eneHble Bomopocnu (chlorophyceae), nuanodaxre-
pHUH WIH CHHE-3eJIeHbIe BoAopochH (cyanophyceae)
u 30710TBIe Bogopociu (chrysophyceae) (Bukume-
nst, 2008).

[uaromoBble Bomopociu  (Bacillariophyceae)
JIOMUHHUPYIOT B O0JIACTH OKEAHCKOTO (PUTOTUIAHKTOHA,
a TakKe MPUCYTCTBYIOT B IPECHOM HJIM COJIOHOBATON
BOJIE, BO BJII@XHBIX MMOYBAX WJIM MOJ BJIAYKHBIMH
ymctbsaMmu. U3sectHo 0osee 100 000 BumoB nuaro-
MOBBEIX Bojgopocieil. OHu 00pa3yloT KOJIOHUH,
KOTOpbIe OOBIYHO Ka)KyTCSl KOPHYHEBBIMH WIN
KENThIMH. J[JIst HUX XapaKTepHBl KpEeMHE3eMHbIC
Jocnexu (pUCYHOK 1), KOTOpble UMEIOT CIIOKHYIO
W Ype3BBIUAiiHO pa3HOOOPa3HYI0 TEOMETPHICCKYIO
CTpYKTYpy. KpemHezemHble 000J0YKH AHATOMO-
BBIX BOJIOPOCIIEH OYeHb CTOMKHE. DTH HEOObIINE
CTPYKTYPBI MOTYT HaKaIUINBaTbCs, 00pasys JuaTo-
MHTOBBIC OTJIOKCHHSI WM KPEMHEBbIE 00pa3oBaHus,
KOTOpbIe 00pa3yloT TEMHBIE CJIOW B HOPMaHICKHX
MEJIOBBIX CKaJlaX.

Pucynoxk 1. luatromoBsie Bogopociu (bacillariophyceae) —
Emilianahuxleyi (Benemann, 2008)

Figure 1. Diatoms (bacillariophyceae) — Emilianahuxleyi
(Benemann, 2008)

OHu OB TIIATEIBHO  HCCIEIOBAHBI
B HarmonanbHo#t nabopaTtopuu BO30OHOBIISIEMBIX
nctouankoB sHeprun CIHA (NREL) B pamxax
UCCIICZIOBATENBCKON MporpaMmmMbl ASP, OCKOJIBKY
OHHM MPOU3BOAAT HHTEPECHBIC Macja | OC/IKH
(NREL, 1998).

3enensie  Bomopociam  (chlorophyceae)
Chlorophyceae (pucyHOK 2) O4eHbh MHOTOYHCIICHHBI
B ripecHo# Bozie. OHM MOTYT pa3BUBAThCS B OJJHOKJIE-
TOYHOM PEXKUME WIH KOJIOHUSIMH, KOTOPhIE MOTYT
CTaTh OYeHb IUTOTHRIMU. OHH HAKAIUTHBAIOT SHEPTHIO,
KOTOPYEO OHH 3aXBaThIBAalOT, B OCHOBHOM IIOCPE/I-
cTBOM (hOTOCHHTE3a, B BHJE YIJIEBOJOB M Maced.
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OHHM MOTYT NMEPEHOCUTH HECKOJBKO THIIOB YCIIO-
Bui. OHHU TaKKe alalTHPOBAIUCH K YIUBUTEIHHO
PasHOOOPA3HBIM YCIOBHSIM.

Pucynok 2. 3enenbie Bomopocau (chlorophyceae)—
Micrasterias, (Coste 2008)

Figure 2. Green algae (chlorophyceae) — Micrasterias,
(Coste 2008)

Hexoropsle BUABI MOTYT JKHUTh Ha 3eMIe
WITH TIPOCTO HA BIIAYKHBIX TOBEPXHOCTSIX, TOABEPKEH-
HBIX BO3JCUCTBHIO cBeTa. OHHM CTaM TpeAMETOM
WHTEHCHUBHBIX HCCIIEIOBAaHUHA B paMKaXx 3HEPreTH-
yeckoii porpammbl ACIT Coennnennsix LltaToB
(NREL, 1998). Heckonpko IITaMMOB SIBIITFOTCS
NEPCIEKTUBHBIMH U1 IPOU3BOACTBA OMOTOILINBA
(Lindblad, 2006).

[nanoOakTepry UK CHHE-3eJIeHbIE BOJOPOCIIH
(cyanophyceae) — 3T0 o4YeHBL ApeBHEE CEMEHCTBO
MUKpOBOOpociiel HacuutbiBaeT okoio 2000 BuIOB
B pa3M4IHBIX cpenax oburanus. [loxoxue mo crpoe-
HHUIO HA OaKTepHUH, 3TH OPraHM3Mbl HE CBS3aHBI
HU C OJJHOM JpYrod Ipymmod BOXOPOCHEH, MOTYT
MOTJIONATh M (PUKCHPOBAThH a30T HEMOCPEICTBEHHO
13 atMocdepsl. Buabl mmanobakTepwii TaKkKe MOTYT
OBITH KPaCHBIMH, YKEITHIMHU WA KOPUIHEBBIMH.

Nx xapakrepHsIii IBET (PUCYHOK 3) CITHIIIKOM
YacTO yKa3bIBaeT Ha 3arpsi3HEHHYI0 Boay. [loMmumo
ciennoB NPK, um TpeOyroTCsl TOJIBKO YETBhIPE JKU3-
HEHHO Ba)KHBIX MCTOYHMKA: BOJa, cBeT, a30T u COx.
Ero Mo>XHO HaiTH BO BCEX Cpeiax OOMTaHHS, BOJHBIX
WJIM Ha3€MHBIX, O0BEIUHSS ITH )KU3HEHHO Ba)KHBIC
ucrounuky. Crnupynusa (Spirulina sp.) sBasercs
OJTHUM M3 HanboJiee MPOU3BOANMBIX B MUPE BUAOB
NPOIYKIMH, TIPeTHA3HAUYEHHOH IITaBHBIM 00pa3oM
Jutst motpednenust yenorexkom (CRBM, 2006).

Pucynok 3. IpanoOakreprm (cyanophyceae)— Glaucocystis
(Koning, 1994)

Figure 3. Cyanobacteria (cyanophyceae) — Glaucocystis
(Koning, 1994)
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3onotucteie Bomopociu (chrysophyceae)
BCTPEUAIOTCS B OCHOBHOM B IIPECHOM  BOjE
H HacUHUTEIBArOT okoJio 1000 BugoB. OHU HAaIIOMH-
HAIOT JTUATOMOBBIC BOJOPOCIH, HO MOTYT HUMETh
0oJbIIIe IIBETOB, Y€M AMATOMOBEIE BOAOPOCIH, OT
JKEJITOrO JI0 KOPHIHEBOTO M OPAHKEBOTO (PHICYHOK 4).
Y HEKOTOpPBIX BHJOB 30JOTUCTBHIX BOJOPOCIEH
000JI109Ka B OCHOBHOM COCTOUT M3 KpeMHE3eMa H
B MEHBIIMX Tporopiisix u3 nesnmono3sl (NREL, 1998).
Br16op Hanbomnee TpOAyKTUBHBIX COPTOB, aallTUPO-
BaHHBIX K KOKIOMY IMPUMEHEHHUIO, UMEET PEIIAroIee
3HaYEeHHUE [ ycIieXa MPOeKTa BBIPAIIABaHMsL.

Pucynox 4. 3omotucteie Bogopocnu (Chrysophyceae) —
Uroglenopsis (Oyadomary, 2005)

Figure 4. Golden algae (Chrysophyceae) — Uroglenopsis
(Oyadomary, 2005)

Bonbirast yacte ncciieoBaHUi MOCBAILICHA
TIOUCKY JTyUIIAX IITaMMOB. Be10op BHIa MUKpOBOIO-
pocIieii B HTOTe 3aBUCUT OT MMEIOIIMXCS OPTaHU3MOB,
CMOCOOHBIX CHHTE3MPOBAThH IICNIEBBIC MPOIYKTHI
Y JIOCTUTaTh YPOyKaeB, HEOOXOTUMBIX IS yIOBIIETBO-
PCHUSI SKOHOMHYECKHX M TEXHHYECKHX OTPAaHUYCHU.
TToaToMy TIpr BBIOOpE HEOOXOAMMO YUUTHIBATH TIPE-
oOnazgaronye KIMMaTHIECKUE YCIOBHS, 0COOCHHO
CpemHre ¥ MUHUMAJIbHBIE TEMIIEpaTypbl M HaJIH4Me
HeoOxomMbIX nuTaTenbHbIX BemecTs (NREL, 1998).
HanpuMep, B TEIIBIX paifoHaX K IOTY OT 35  ceBepHOi
IIMPOTHI CUUTACTCS BO3MOXXHOH MPOJYKTUBHOCTH
100 ToHH OMOMAacCHl BOJOPOCTEH Ha TeKTap B TO/I.

Bce yamie cunrtaercs, 4To OMOQIOKYISAIMS
MOXXET 3HAYUTEIHEHO 00JETUYUTEL «COOP» MHKPOBO-
Jopocneil. OTO MOXKET MNPUBECTH K HIKOHOMUHU
okono 15% wa sTamax skcTpakuun. Takum oOpazom,
ynaBnuBaHue 95% B3BelIeHHOH OMoMacchl CTaHeT
BO3MOXHBIM 3a 24 yaca (Van Harmelen et al., 2006).

3akioueHne

B cBuHOBOZCTBE, YXKe B (haze oTheMa, Ipo-
OJIEMBI C MUIIIEBAPEHUEM ITOPOCSAT MOTYT IPUBECTH
K MCIIOJIb30BAHUIO aHTUOWOTHUKOB JIJIsi BOCCTAHOB-
JICHUsI 370pOBbsI KHIIEYHHWKA. J[Ba JKcCIepuMeH-
TaJIbHBIX HCCIICAOBAHUS II0Ka3ajH CIIOCOOHOCTh
Chlorella vulgaris u Spirulina platensis yny4mats
NHUILIEBapeHUEe U YCBOSHUE TUTATEIbHBIX BEILIECTB.
CHIDKAIOT, COOTBETCTBEHHO, YaCTOTY ANAPEH U MO-
TpeOHOCTH B aHTUOUOTHKAX.

B nrrumieBozicTBe Gostee BBICOKOE COZEpKaHHe
TIOJIMHEHACHIILICHHBIX BEIECTB JeNlaeT MACO U siilia
rpuiast  Oojee BOCHPHMMYUBBIMH K OKHCIICHHIO.
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Beenenne MUKpOBOIOpOCIIEi CMATYAET 3TO SBICHUE
Onaromapsi aHTHOKCHAAHTAM, KOTOPBIX HET B APYTHX
WCTOYHHKAX, HalpuMmep, B pbiObeM kupe. Omera-3
TaKXKe T0Ka3asa MOJIOKUTENFHOE BIMSHNE HA IMMYH-
HYIO CHCTEMY, HapOCT M (pepTHIBHOCTB, a TaKKe
Ha IIPOYHOCTh KOCTEN CBUHEN U NTHIL.

Jlo6aBieHne MHHUMAaJIbHOTO KOJMYECTBA —
2% KpacHBIX BOJIOPOCIIEH (acmaparorcuca) B paioH
TIO3BOJISIET CHU3HUTH 10 99% BBIOPOCH MAapHHUKOBBIX
ra30B JKBAYHBIM KUBOTHBIM. DTO OCHOBHOE, YTO OBLIO
BbIsiBTIEHO DAQ, YTO MMEeT 3HAYCHUE B IMPOU3BOI-
CTBEHHOH LIETIOUKE YKUBOTHOBOJICTBA U CIIOCOOCTBYET
YMEHBIIEHUIO H3MEHEHNS KITUMaTa.

Hcnonb3oBaHue MHUKPOBOLOPOCIEH B 300-
TEXHHYECKOM IMTAaHUM CHIKAeT 3aBUCHMOCTb
OT Ha3eMHBIX KYJIbTYp, HAIpUMEp, COH, KyKypPy3bl,
YMEHBIIAET BBIOPOCHI MApHUKOBBIX T'a30B, YIy4-
[I1aeT MUTATENbHbIE U 03J0POBUTEIbHBIX CBOICTBA
MIPOJYKTOB KMBOTHOI'O IPOUCXOXKJIEHUS. Takum
00pa3oM, ObIJIO YCTaHOBJICHO, YTO BBEJCHHE OIIpe/ie-
JIEHHBIX MMKPOBOJOPOCIEH KpyNHOMY pOraromy
CKOTY CIOCOOCTBYET ONTHMAaJIbHOMY COOTHOIIIE-
Huto Mexay Owmera-3 u OMmera-6 W yBEIMUECHUIO
conepkanust CLA (koHbIOTHPOBAaHHON TMHOJIEBON
KUCJIOTBI) B X MJCE.

B akBakysbType MHKPOBOIOPOCIH SBIISFOTCS
aNbTEPHATUBOM YAaCTO HEYCTOWYUBBIX IPOAYKTOB
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Ha OCHOBE PBIOBI. biaromapst 6oraTcTBy Oenkamw,
Owmera-3 ¥ OMONOTMYECKH aKTUBHBIMH BEIIECTBAMH
(HanpuMep, KapOTHHOWAAMH) C aHTHOKCHIAHTHBIM,
MMMYHOCTAMYJIUPYIOIIUM H CTUMYJIUPYIOIIAM POCT
JNEHCTBUAMHU OHH ITUPOKO MCIIONB3YIOTCS IS Pa3-
BEJICHUSI M yXOa 3a PasiMYHbIMU PHIOAMH, a TaKoKe
KPEBETKAMHU U JIBYCKATHBIMH MOJLTFOCKaMH. MUKpO-
BOJIOPOCITM  OKa3bIBAIOT ONArONpHATHOE BIHISTHHEM
Ha HEPECT U Pa3MHOKECHHE.

B muenoBoicTBE KOHTPOJH MUTAHUS UMEET
BXHOE 3HAUYEHHWE JIIS O0CCIICUCHHS 370POBbBS
IM9ell, TaK Kak HeJOeIaHHne yCyryOIisieT BpeaHoe
BO3/ICICTBHE TIApa3sWTOB, IATOICHOB U IECTUIIOB.
Buoxumuyeckuii mpoQuIIb  MHUKPOBOJOPOCICH,
CPaBHUMBIH C mpoduiieM MBUTBIB! (OSITKH, JHTHIBL,
MHKPO3JIEMEHTBI, aHTHOKCHIAHTHI U TIPEOMOTHKH ),
JIeNaeT MX [ICHHBIM 3aMEHUTEIICM TTHIIY JJIS TYel,
KOTOpPBIE HCIIOJIB3YIOT M€/, TUIIIEHHBIN €CTECTBEH-
HOM mBUTHIBL. TakuMm 00pa3oM, MOKHO CHH3UTH
CMEPTHOCTb B IMYEIIMHBIX CEMbSIX, OJIaroaps JUeTe
0e3 MeCTUIMIOB W aHTHOMOTUKOB (II0 CPABHEHHIO
C HEOPTaHMYECKUMH Ha3eMHBIMH KYJIbTyPaMH).

Hcnonb3oBanue BOAOpOCHen IJisl CO3AaHUs
(DUTOCAHUTAPHBIX NPOAYKTOB  MEPCIECKTUBHAS
1 BocTpeOOBaHHOE HAINPaBJICHNE HCCIIETOBAHMIA.
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1 BopoHexckuii rocy1apcTBeHHbIH MEAMIIMHCKUN YHUBepcuTeT yii. Ctynendeckas, 10, r. Boponex, 394000, Poccust
2 BopoHeXCKHI HHCTHTYT BRICOKUX TEXHOJIOTHIT- aBTOHOMHAsI HEKOMMEpUeCKasi 00pa3oBaTelIbHAs OPraHU3aIHsl BBICIIIETO
obpasoBanus, yi. Jlenuna, 73a, r. Boponex, 394043, Poccust
AH]-[OTa].[Plﬂ. KauecTrBenHast 1 KOJIM4eCTBEHHAS OLICHKA COCTOSIHUSL 3J0POBbs B TOM YHCJIC pa6OTHI/IKOB ATIK siBisteTcst BayKHOM 1 aKTyaJ'ILHOﬁ
33[[3‘161‘;[, HpI/I pa3pa60TKe METOAUKH pacyueTa BEPOATHOCTHU YyTPAThL pa60THI/IKOM pr[[OCHOCO6HOCTI/I B 3aBHCHUMOCTH OT COCTOSIHUA yCHOBI/Iﬁ
TpyAa Ha pa60qu MecTe OBLIO IIOKa3aHO, YTO B KOHTCKCTC PCLICHUS 3a/1a4 110 OLICHKE BJIUSIHUSL yCJ'IOBI/Iﬁ TpyAa Ha 310pOBbC pa6OTHI/IKa, B
TOM 4YHCJIC, B Ipoueaypax OLUCHKHU HpO(beCCI/IOHaHLHOFO pHUCKa, BEPOSATHOCTL YTPAThL pr[[OCHOCO6HOCTI/I NpeACTaBIIsACT CO60i/‘I HC 4TO MHOC,
KaK KOJMYECTBCHHYIO OLICHKY BEPOSATHOCTHU Pa3BUTUSL npocbeccum—laanoro 3a00JIeBaHusl WU HpOI/ISBOI[CTBCHHOI\/'I TpaBMbl B KOHKPETHBIX
YCIIOBUSIX TPYJa, YTO, Ha MEPBBIN B3I, MOXKHO OBUIO OBl OXapaKTepH30BaTh ITOKA3aTEISIMUA YaCTOThI POEeCCHOHATBHON 3a00JIEBAEMOCTH
U TpaBMaTH3Ma C y4yeToM ycioBuil Tpyna. Ha Ga3e y4yacTKOBBIX OTIENEHMH TOpPOJACKHMX MOJMKIMHUK OBUIO MPOBENEHO 0OCIenoBaHHE
cocTosiHUsA 310poBbs paboTHHKOB ATIK. /15 cOopa nHdopmanum o manueHTax UCIoIb30BaIach K AHKETa 0 30pPOBbE», KOTOPasi MO PEIICHUIO
BCCMI/IPHOI‘/’I OpFaHI/ISaHHH 3I[paBOOXpaHCHI/I$[ BBC/JICHA BO BCEX MCAMIMHCKUX YUPCIKACHUAX aHKETA O 310POBLE IallUCHTA. Bruio co6paHo n
npoaHanu3upoBaHo 156 anker. Ha nepBom srane o0paGoTku MHGOPMALMK MCCIIEN0BaHA CTPYKTYpPa MEIMKO-COLUATIbHBIX XapaKTePUCTUK
pabotnukos AIIK. Ha BTOpOM 3Tame npuMeHsIcs METO[| alpHMOPHOrO PAHXKHPOBAHMS, UCIONB3YIOIUHA SKCIEPTHYI0 MH(POPMALHMIO JUIst
paHFOBOﬁ OLCHKH KaXXJ0ro 3Ha4Y€HUs IIpU3HaKa. B X0ae HCCIICOJOBaHUS ObLIH paccuuTaHbl OaJuIbHbIE OLICHKH, HCO6XOILI/IMI>IC JUIA
MOCJIEYIONIEr0 pacyera KOMIUIEKCHOTO HHTErPabHOIO MEIHUKO-COLMAIBHOIO II0Ka3aTeNisi 3/0pPOBbs. Pe3ysibTarhl HCCICAOBAHHS
CBUJICTEJIbCTBYIOT O HAJMYMHM OTPHUIIATEIHHOW TEHACHIMH B AMHAMHUKE COCTOSHHS 370poBbsi pabotHHkoB AIIK, 4ro B mepByro ouepens
CBA3aHO C HEPALIMOHAJIIBHBIM MUTAHUEM, HEAOCTATKOM ZLBPIFaTe.ﬂbHOﬁ AKTUBHOCTH, CAMOJICUCHUEM, PCAKUMU 06paLLleHI/I}IMI/I K MCIUIIMHCKHUM
creuuanictaM. B CBS3M ¢ 3TMM Ba)KHBIMH 3a/1auaMH SIBIISIFOTCS, TPEKAE BCEro, pa3paboTka W BHEAPEHHE MPOPHIAKTUYECKHX, JIeueOHO-
peadHIMTAIIMOHHBIX TEXHOJIOTHI M MPUOPHUTETHBIX mporpamm B padory mpeanpustuii AIIK, B yacTHOCTH, panuoHalbHas OpraHU3alus
nuTanus B npeanpusitusix AIIK, ontumuzanys ABUraTeabHOro pexxuMa.
KiroueBble €J10Ba: HHTETPABHBIA [MOKA3aTellb, PEAOMINTAMOHHBIA MMOTEHIUAI, AllPHOPHOE PAHXUPOBAHUE, SKCIEPTHOE OIICHHBAHHE,
OaiTbHBIE OLCHKH, KO3()(GHUIIMEHT KOHKOPAAIIUH.

Mathematical and algorithmic modeling of a complex medical and
social integral indicator for agricultural workers
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Abstract. Qualitative and quantitative assessment of the health status of workers in the agro-industrial complex is an important and urgent
task. When developing a methodology for calculating the probability of an employee losing ability to work depending on the state of working
conditions in the workplace, it was shown that in the context of solving problems of assessing the impact of working conditions on the health
of a worker, including in procedures for assessing occupational risk, the probability of loss of ability to work is not nothing more than a
quantitative assessment of the probability of developing an occupational disease or work-related injury in specific working conditions, which,
at first glance, could be characterized by indicators of the frequency of occupational diseases and injuries taking into account working
conditions. A survey of the health status of agricultural workers was conducted at local departments of city clinics. To collect information
about patients, we used the “Health Questionnaire”, which, by decision of the World Health Organization, introduced a questionnaire about
the patient’s health in all medical institutions. 156 questionnaires were collected and analyzed. At the first stage of information processing, the
structure of medical and social characteristics of agricultural workers was studied. At the second stage, the a priori ranking method was used,
which uses expert information to rank each attribute value. During the study, the scores necessary for the subsequent calculation of a complex
integral medical and social health indicator were calculated. The results of the study indicate the presence of a negative trend in the dynamics
of the health status of agricultural workers, which is primarily associated with poor nutrition, lack of physical activity, self-medication, and
rare visits to medical specialists. In this regard, important tasks are, first of all, the development and implementation of preventive, treatment
and rehabilitation technologies and priority programs in the work of agro-industrial enterprises, in particular, the rational organization of
nutrition in agro-industrial enterprises, optimization of the motor regime.

Keywords: integral indicator, rehabilitation potential, a priori ranking, expert assessment, point estimates, coefficient of concordance.
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BBenenue

KauecTBeHHass W KOJMUYECTBEHHAs OIEHKA
COCTOSIHUSI 37I0POBbsI B TOM YHCIIe PaOOTHHUKOB
ATIK sBisieTcsi BaKHON U akTyallbHOM 3amauci.
[Ipu pazpadorke B 2008 rogy Meronuku pacdera
BEPOSATHOCTH YTPaThl PaOOTHUKOM TPYAOCIOCO0-
HOCTH B 3aBUCUMOCTH OT COCTOSIHMA YCJIOBHUH TpyJa
Ha pabodeM MecTe ObUIO MOKa3aHO, YTO B KOHTEKCTE
peleHnst 3a7a4 10 OIeHKe BISHES YCJIOBHU Tpyna
Ha 37I0pOBbE PAOOTHHKA, B TOM YHCIIE, B TIPOIIEAypax
OLIEHKH MPO(ECCHOHANBEHOTO PUCKA, BEPOSITHOCTh
YTPaThl TPYIOCIIOCOOHOCTH TPEICTaBIIsIeT COOOM
HE YTO MHOE, KaK KOJMYECTBEHHYIO OIIEHKY BEpOSIT-
HOCTH Pa3BHUTHS MPOPECCHOHATBHOTO 3a00JICBaHUSI
WIH TIPOU3BOACTBEHHOW TpaBMbl B KOHKPETHBIX
YCIOBUSIX TPyZa, YTO, Ha TIEPBBIA B3TIISNA, MOKHO
OBUTO OBI OXapaKTEPU30BaTh MIOKA3ATEIIIMU YaCTOThI
mpoheCCHOHANBHON 3a00JeBaEMOCTH U TpaBMa-
TH3Ma C y4eToM ycioBuil Tpyna [1-5]. B Hamem
WCCIIEZIOBAaHNH MCIIONB30BaIach AHKETa O 3710pOBbE,
kotopsle padotauku AIIK 3anomssm. beuto cobpano
Y MpOaHaIU3UPOBAHO 156 aHKeT.

MaTepI/IaJ'II)I U ME€TOAbI

Ha 06a3e yuacTKOBBIX OT/IEIEHNI TOPOICKUX
MOJIMKIMHHUK OBLIO MPOBEICHO 00CiIe0BaHHE CO-
cTostHUA 310poBbs paboTHukOB AIIK. [lns cbopa
uHpOpMAIIMK O TMAalMeHTaX HCIOIb30BaNIaCh
«AHKeTa 0 37J0pOBbE», KOTOpas 1o pelreHnto Bee-
MupHoit Oprannzanuu 31paBoOXpaHEHUs BBEJCHA
BO BCEX MEIMITMHCKHUX YIPEKIICHHUSIX aHKETA O 37I0POBBE
narnuenTa [6—10].

Ha nmepBom stane o6pabotku nHGOpMau
UCCIIEJIOBaHA CTPYKTypa MEAMKO-COLMAIbHBIX
xapakrepuctik padoraukoB AIIK. Ha Bropom srare
MIPUMEHSJICST METOJ allpPUOPHOTO pPaHKUPOBAHHUA,
UCIIOJIB3YIOIIMI 3KCIEPTHYI0 HH(POPMALUIO IS
pPaHrOBOW OIICHKHM Ka)KJIOTO 3HAYCHUS NpPHU3HAKA.
IIpu cGope ampuopHOW WHOPMAIMH SKCIIEPTaM
(8 Bpauell y4aCTKOBBIX TEpAalEBTOB CO CTaXXEM
paboTsl oT 3-x 10 20 JeT) mpeaIoKUIN 3aTOTHUTD
aHKEeTHI U3 [TOKa3aTeleH, o0 X MHEHHIO, Hauboee
BIIMSIOIINE Ha 3/I0pOBhe MmanneHToB. [lokazarenu
pamKupoBanbl OT | (Haubosee 3HAYMMBINA TPU3HAK)
mo 16 (HanmMeHee BIMSIOIIMN mpu3HAK). [l
KaKIOTO TTOKa3aremsl Oblia pazpaboTaHa cuctema
OamnbHBIX oneHoK oT 1 mo 10. CoriracoBaHHOCTD
MHEHHH CIIEaINCTOB OIpeNeNsiiach NCUUCICHHEM
Kod(uIrenTa KOHKOPIAINH, KOTOPBI COCTaBHII
0,79, 4ro TOATBEpKIAaeT THUIOTE3y O COIJIaco-
BaHHOCTH »J3KcmepToB. Ilo 1MaHHBIM MaTpUIlBI
pamKUpOBaHUS OBUIM ONpeAeNieHbl 3HAYCHHS
BECOB Wi OTZEJBbHBIX TOKa3aTeseil, BIUSIONINX Ha
MOKa3aTelb 37J0POBbS.

[lo chopmupoBaHHON MaTpuIle PaHKUAPO-
BaHMS Ha CIIEAYIOIIEM dTare MPOU3BOIUTCS OIIEHKA
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COTJIACOBAHHOCTH JKCIEPTOB HA OCHOBE HCIOJB30-
BaHUS KO PHUIMEHTa KOHKOP AT

Yo s

S (m=1)-m3T,

rie S(d)* — cyMmMa KBaapaToB pasHocTeit

m 1
d= Zaﬁ —Em(n+1);
J=1

r7ie a;; — 0000IIeHHass CyMMa PaHTOB j-TOTO ITOKa-
3aresnst; 1; — BeMMYUHA, onpeesisieMast o popmyiie

1 n 3
T; :EZ:‘(Z’ —4);

{; — 4YUCJIO NOBTOPEHUH i-T0 paHra B j-TOW CTPOKE
MaTpHULbI.

B cnyuae, ecnu Matpuia paHXUpOBaHUS HE
CONEPKUT COBMIABIINX PAHTOB KOYPHHUITHEHT

KOHKOPJIAIIMM ~ ONpPEAENSAeTCS MO  CIeayromeit
bopmye:

_ 128@d*)

m'n -1)

Benuuuna W naxonutes B npenenax [0..1].
IIpu W = 1 3KcnepTsl €IWHOAYIIHBI B OLIEHKE
3HAUMMOCTHU ToKazaTened, npu W = 0 coriacue
OTCYTCTBYET.

OneHka  3HAYUMOCTH KO3 HIMEHTA
KOHKOpJalMu W OCyIIEeCTBIASETCS C IOMOIIBIO
kputepus Ilupcona. [[ns 3Toro paccuumThIBaeTCs

X;ac : x;ac =mmn—-1)W.

Ecnu npu yucne creneneii cBooobl f = n-1
Y YCTAaHOBJICHHOM YPOBHE 3HAUYMMOCTH KPUTHUYECKOE

2 2
3HaYeHHE X, MEHBIIE pAacyeTHOro X, , TO

TUMOT€3a O HAIMYAW  COTJIACHS  DKCIIEPTOB
MIPUHUMAETCS], B IPOTUBHOM CIIy4yae — OTKJIOHAETCSL.
3HavyeHus BECOB w;, B (hopmyJie 1151 pacuera

UHTETPAIILHOTO  NOKa3aTeslsd, PacCUUTHIBAIOTCS
CIIEYIOIMM 00pa3oM:

m

-3
- J=1 .
W, = ,i=1n.
m
n-m-|n——-1
2

3necy 1 G=lm) - PaHI, MOCTABJICHHBIN j-M
n
JKCIIEPTOM, IIPHUUEM Zw[_ =1.
i=1
B cBsa3u ¢ tem, uto cymma w; paBHa 1,
a TmapaMeTphl, BXOJSIIME B HWHTErPabHBIN
TMOKa3aTesb, OLEHUBAIOTCS MO 22-0alIbHON IIKae,
MAaKCHMAJIbHO BO3MO)KHOE 3HAUYCHHE MHTETPaIbHOTO
MoKaszaTesii pPaBHO MaKCHUMaJIbHO BO3MOKHOMY
Oamry (22), a MHUHUMaIbHOE — MHUHHMAIBHO
BO3MOYXHOMY OaJLITy.
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IMMOHHBIX IUIesa», ObUTa pa3paboTaHa CHCTEMa
OayTbHBIX OLIEHOK (Tabnuna 1).

Pe3yabTaTthl

B xone wuccienoBaHus OBITM pacCUUTaHbI

rme w;— BeC (3HAYMMOCTB) i-TO IIOKa3aTems
’ OayTbHBIC OLIEHKU, HEOOXOUMBIE IS TOCIIEAYI0-

X — GayuibHas OLIEHKA i-TO TIOKa3aTes.

Ilo KaXAOMYy II0Ka3aTeCJit0, BLIABICHHOMY

C TIOMOIIBI0 METO/a «JIUCKPETHBIX KOppems-

IIero pacyeTa KOMIUIEKCHOTO HHTETPAIBHOTO Me-
JINKO-COIMAJTEHOTO TIOKA3aTeNs 30POBhS

Tabauna 1.
bamipHBIE OIIEHKH HHTETPATHHOTO MEIUKO-COITMAIBHOTO TTOKAa3aTells 3M0poBhsi padoTHHKOB ATTK
Table 1.
Scores of the integral medical and social indicator of health of agricultural workers
Ouenka
Hokasarens Index Jluama3oH mokasaTeisi i ero Value MOKa3aTest
rpajauu B Oastax
Grade
HHApKT MUOKApa; myocardial infarction;
CepaeyHo-coCy TUCThIE Cardiovascular CTEHOKapAUsL; MOPOK CepALa; angina pectoris; heart 10; 8; 6; 4,
3aboneBanus (XI) diseases (XI) cepaeyHas HeJOCTaTOYHOCTb; defect; heart failure; 2;2;2;1
APUTMUS; HHCYJIBT; IPYTHE arrhythmia; stroke; other
3a60/1CBAHMS ODIAHOB Respirato OpoHXHaJIbHAs aCTMa bronchial asthma chronic
. ()I()Z) disea%es ()g) XPOHUYCCKHUI OPOHXUT bronchitis tuberculosis 10; 6; 2; 1
A TyOepKyJie3 Apyrue other
3a00J1eBaHUs KETYIOTHO- Diseases of TACTpHT, A3BCHHAs 6u0ne3m, gastritis; peptic ulcer;
KHIIEYHOTO TpaKTa (X3) gastrointestinal ey Ka/12-1epcTHON KAIIKY; others > 10; 6; 1
p tract (X3) JIpyTHe
3 Diseases of the . . o
a00JICBaHMs TIEYEHN U i d o . infectious hepatitis; 10: 1
KEITHOTO Ty3sps (X4) iver an WH(EKIMOHHBIN TeIaTHT; IPYTrHe others ;
gallbladder (X4)
326 0eBAHNS. HEDBHOI Diseases of the SIMIIETICHUS; TapaJIndH; epilepsy; paralysis;
CHCTEMbI (XIS)) nervous system CyIIOPOTH; TIOTEPs CO3HAHMUS, seizures; loss of 10; 8;6; 4; 1
(X5) JIpyTHe consciousness; others
OHAOKpUHHBIE Endocrine diseases caxapHEIi Auaber; diabetes n}elligus;
saGonesanns (X6) (X6) TUPEOTOKCHKO3; THIIOTHPEO3; thyrotoxicosis; 10; 8; 6; 2
JIpyTHe hypothyroidism; others
3aGoneranns kposs (X7) Blood diseases [TOBLIIIEHHAS/ TIOHMKEHHAS increased/decreased 10 2
p X7 CBEPTHIBAEMOCThH KPOBU; JAPYTUe blood clotting; others ’
3abonesanus JIOP Diseases of ENT . t not t 10: 1
opraos (X8) organs (X8) HUMEIOTCS; HE HMEIOTCS present; not presen ;
3aboaeBaHNss KOCTHOM Diseases of bone OCTEONONO3: ADTPHTHL: e osteoporosis; arthritis; 10: 8: 2
CHCTEMBI, CycTaBoB (X9) | system, joints (X9) PO3; APTPUTRL JIpY other >
Pepmarusm (X10) Rheumatism (X10) €CTh; HET yes; no 10; 1
aboJIeBaHUS TIOUCK €CTh; HET €s; no ;
346 XI1 Kldne())1< (Illl)seases y 10: 1
3aboneBanus koxu (X12) Sklr(lgllsze)ases €CTb; HET yes; no 10; 1
OHKOJIOTMUECKHE Oncologic diseases CCTh: HET es: no 10: 1
3a6onesanms (X13) (X13) ’ yes, ’
[IpoBoannace y4yeBas Radiation therapy,
Tepamus, XAMHOTEPaIus chemotherapy for a: Her es: no 10: 1
3a nocieauue 10 et the last 10 years Aa, yes, ’
(X14) X14)
BUY-undexmus, CITA/ HIV infection, . . 10: 1
(X15) AIDS (X15) €CTh; HET yes; no 0;
Z[pyme(r;)e(l?g?eBaHm Othe(rX dllg?ases ecTE; HeT yes; no 10: 1
Have you had any
bbimn y Bac TpaBMbl head or neck J1a; HET yes; no 10; 1
royioBel au men (X17) L
injuries (X17)
[Nonsepranucey au Have you
XUPYPrUUECKUM undergone surgery J1a; HeT yes; no 10; 1
oneparsM (X18) (X18)
[IpoBoanOCH 1 Have you had a
repeauBaHie KpOBU blood transfusion I1a; HeT yes; no 10; 1
(X19) (X19)
Hab6mromaercs mu y Bac Do you have a
CKJIOHHOCTH K tendency to bleed,
KpOBOTEYEHUSIM, B T. Y. including during J1a; HeT yes; no 10; 1
IpH yaJIeHUH 3y00B tooth extraction
(X20) (X20)
AH;;EI{(;IZ(;F&IS?;HH Aller(g)l(czlll;story €CTh aJuIeprusi; HeT have allergies; no 10; 1
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Tabnuna 2.
OIIeHKH SKCTIEPTOB.
Table 2.
Expert ratings
ITokazarens Onenku 3kcneptoB | Grades

Index 11 [ 22123 |44 |55]66 | 77 | 88
XXI 11 1211 [ 13 (11 |12 ]13] 11
XX2 22 |22 |22 1221221222222
XX3 32 |33 (33|33 [32]33(33]32
XX4 44 143 144 [ 43 144 | 43 |43 | 44
XX5 X5 X4 XS|XS5]X5[X4|X5]X5
XX6 66 | 66 | 66 | 65 | 66 | 66 | 65 | 66
XX7 77176 |77 |76 | 77 176 | 76 | 77
XX8 X8 | X7 | X8| X8| X8| X7 | X8| X8
XX9 99 199 199 | 77 199199 |77 |99
XX10 110|111 (110110110111 |110[110
XXII 111 (110|111 [ 111 19 |J110|111] 19
XX12 12111 {112 (112112111 | 112]112
XX13 111110 112113111 [110[113|111
XX14 114|110 112]114[114[110|114[114
XX15 1150 11 [ 115|111 [115]) 11 [111[115
XX16 116 {116 115|116 |116]115[116]|115
XX17 117 [ 117|117 [ 117|116 | 117|117 |116
XX18 121|116 | 118 [ 118|121 | 116|118 | 121
XX19 119119[119]119[119(119]|119[119
XX20 220(221(220]220(220(221|220[219
XX21 221 (212221221 (221(212|221[210

B xome mccrnemoBanus Obuta paspaboTaHa
MPOrHOCTUYECKAS MOJICIIb KOMILUICKCHOT'O MHTEIPaib-
HOT'O MEJIMKO-COLIUAIIEHOTO TIOKa3aTelisl, KOTOpast BbI-
mIIUT creayomuM oopazom: Y = 0,1(6)* x1 +
+0,2 +x2+0,28(3)* x3+0,38(3)* x4 + 0,21(6)* x5 +
+ 0,12 x6+ 0,01 « x7+ 0,1 x8+ 0,02 x9+
+0,1 +x10+0,03)* x11+ 0,021 «x12+ 0,12 * x13 +
0,01 ¢ x14+ 0,003 « x15+ 0,021 » x16+ 0,12 ¢ x17 +
0,021 »x18 + 0,004 » x19+ 0,011 »x20 + 0,012 » x21

post@uestnik-vsuet.ru
Tabnuma 3.
YpoBeHb MEIHUKO-COLMAITBEHOTO KOMIIEKCHOTO
MIOKa3aTelis 3[0POBb
Table 3.
Level of medical and social complex health indicator

3HAYCHUS
METUKO-
COLIMAJIBLHOTO
KOMILIEKCHOT'O
MoKa3aTesis Hopmanbueii | Cpenauit | Huskwii
3710pPOBbS Normal Medium Low
Values of medical
and social
complex health
indicator
Y 1,2-1,7 0,4-1,2 0-0,4

3aKiIoueHne

PazpaboTtannas MeToAWKa W MOJCIb KOM-
TUIEKCHOTO WHTETPAJIbHOT0 METUKO-COIHAIBEHOTO
mokasaTelisi ObLIM arnpoOupoBaHbl Ha 0asze Tepa-
nestryeckoro otaenenus BI'TI Ne 10. Mogenu no-
Ka3aJli CBOIO KIIMHUYECKYIO 3PPEKTUBHOCTb.

Pesynbrartel  UCClIEZIOBaHUS  CBUJICTEINb-
CTBYIOT O HAJIMYUH OTPUIATESILHOW TEHACHIIUU B
JUHAMMKeE COCTOSHUS 310poBbs paboTHHKOB AIIK,
YTO B IEPBYIO OYEpe/b CBS3aHO C HEpaIHOHANIb-
HBIM TTUTAHUEM, HEJOCTATKOM JBUTATCIILHOM aK-
TUBHOCTH, CaMOJICUCHHEM, PEIKMMHU OOpalleHH-
MU K MEIUIMHCKUM clienuanucrtam. B cBssu ¢
3THUM BaXKHBIMH 3a7ladyaMH  SBJISIOTCS, MPEKIe
BCEro, pazpaboTKa M BHEIPEHUE NPOQPHUIAKTHYEC-
CKUX, JIe4eOHO-peabUINTalMOHHBIX TEXHOJIOTHH U
MPUOPUTETHBIX MPOTPAMM B pabOTy MPeANpUITAN
AIIK, B 4acTHOCTH, palMOHaJbHAS OpraHHU3AIHS
nutanus B npennpuatusx AlIK, onrumumzanus
JIBUTATEIBHOTO PEeXKUMA.

BaaropapuocTn

Cratpsl IyOIUKYeTCs TPU TPAHTOBOW TOIICPIKKE
OenepanbHOTO  areHTCTBA MO JIeNIaM  MOJIOJEXKHU
(Pocmomongéxe) Cormamenne Ne 091-10-2023-069 ot
23.05.2023 r. npoext «Hayka psiaom».
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1 BOopoHEeXCKHiT HHCTUTYT BHICOKHX TEXHOJOTHil- aBTOHOMHAsI HEKOMMepUecKasi 00pa3oBaTebHast OpraHH3alHs BHICLIETO
oOpazoBaHus, yi. Jlenuna, 73a, r. Boponex, 394043, Poccust

AHHoTanusl. B cratbe paccMaTpHBAarOTCS BO3MOXKHOCTU IPHUMEHEHMS WHCTPYMEHTOB LH(POBH3ALMM IIPU OPraHU3alMd U ONTHUMH3AIUH
YIPaBJIEHYECKUX CHCTEM PErMOHAIBHOTIO arpoNpOMBILIIICHHOTO KoMIulekca. ONHCBIBAIOTCS OCHOBHBIE 3a/ia4d U (DyHKUIMM NPOSKTUPYEMOH
CHCTEMBI C TOYKU 3PEHHUS IIOCTPOCHUSI ONTHMH3ALMOHHBIX MOJIEIICH TTOJVICP)KKHU TIPUHSTHUS PELICHUS HA TIPESANPUSTUSIX CEIbCKOX035HCTBEHHON
HaIpaBJICHHOCTH. [IpUBOANTCS CTPYKTypa KOHLENTYaJIbHOH MOJIENN BEPXHETO YPOBHS pa3pabdOTaHHON CHCTEMBI, KOTOpas CHOCOOCTBYET
PELLEeHHIO 3334 aBTOMATH3aLMU cOopa U 00pabOTKH pa3sHOPOIHBIX JaHHBIX M (JOPMHUPOBAHHU OTYETOB IO PE3yJbTATAM aHAIN3a MOJYYEHHBIX
3HaueHuil. Ha 0OCHOBE MCIOBb30BaHUsI 00 BEKTHO-OPUEHTHPOBAHHOTO No1xo/a B HoTaiu UML 2.0 pa3paborana auarpaMma mpereieHToB s
(hopmanm3auy BapuaHTOB B3aUMO/ICHCTBHS MOJIB30BATENel C MOJYJISIMU CUCTEMBL. BbIie/IeHbl OCHOBHBIE KaTETOPHH T10JIb30BATEICH CUCTEMBI.
IIponeMoHCcTpHpOBaHa MHTETPALKS MOJYJISl OTYETHOCTH, BKJIIOYAIOLIETO CTAH/IAPTHBIC IIA0JIOHbI, YTBEPKICHHBIE Ha 3aKOHOAATEIFHOM YPOBHE
PO (17 dbopm 1o OCHOBHBIM TOKA3aTENsIM CEINbCKOXO3SIHCTBEHHOTO Mpon3BoACTBa). [IpuBoauTcs moraroBasi pa3paboTka (hyHKIMOHATBHBIX
AITOPUTMOB U KOHIENTYaJIbHOW MOJIENHU H BBIIOIHIETCS IOCTPOSHHE CTPYKTYPHBIX M MOBEACHYECKHX MOJEIEH JUISl IETAIBHOIO OTOOpasKeHUs
MHPOPMALIMOHHOW ¥ JIOTMYECKOM MOJeNnell MPOSKTHPYEeMOW CUCTEMbl YIPABICHUS MHOIJICPKKU IPUHATUS PEIICHHI B PErHOHAILHOM
arpornpoMbIIUICHHOM Komiuiekce. OueHnBaercst 3G (eKTHBHOCTh BHEAPEHUsI aBTOMATH3UPOBAHHOTO WHTEIPUPOBAHHOTO MHCTPYMEHTapHsl Ha
HPEANPHUATUSX PA3IUYHOrO Macuirada M ypoBHsS OpPraHM3allMy IPOU3BOACTBA HA ypoBHE 53%. [laloTcs peKkoMeHAaluu IO JalbHeHIeMy
COBEPIICHCTBOBAHUIO LIU(POBOr0 MHCTPYMEHTAPUSI M BHEJPEHUS IEPENIOBBIX TEXHOJOTHH B arpoNpOMBIIIICHHOM KoMILIekce. BHenpeHue
IPEUI0KEHHON HAaMU CUCTEMBI MOKET CYIIECTBEHHO ITIOMOYb B PEIICHUH NPOOJIEM aBTOMATU3aUK M ONTHMH3AINY CYIIECTBYIONIEH CTPYKTYPBI
YIIPaBJICHUs], @ TAKKE MTO3BOJISIET COKPATUTD 3ICPKKH IIPOM3BOACTBA, MUHUMH3UPOBATH NCHIOJIb30BAHHE TPYJOBBIX PECYPCOB U B KOHEUHOM CUETE
CIOCcOOCTBYeT 00ECIEUEHUIO BBINOJIHEHHs MEpOMNPHUATHH, 3asBlieHHbIX B HaumonaneHoit mporpamme «lludposas sxoHomuka Poccuiickoit
Dezepanyiy» B YaCTH BBIIOIHEHUS! BEIOMCTBEHHOTO 1poekTa «L{ndpoBoe ceapckoe X03sHCTBOY.

KimoueBblie ciioBa: 1upoBu3anys, arponpoMblIIIEHHbIH KOMILIEKC, YIPaBIEHUECKHE CUCTEMbl, HHPOPMALMOHHO-aHAJIMTHYECKAsl CUCTEMa,
KOHIIENITyaJIbHAst MOZIEIIb, 00BEKTHO-OPHEHTHPOBAHHBIH ITOJXO0], CTPYKTypHast Mozielb, anropurmusarust, UML 2.0.

Development of functional algorithms and a conceptual model
of an information and analytical system to support the management
of the regional agro-industrial complex

Anna V. Linkina '  anna linkina@rambler.ru

Vladislav S. Roshin ' conf vivt@bk.ru
1 Voronezh Institute of High Technologies, Lenina Str., 73A Voronezh, 394036, Russia
Abstract. The article discusses the possibilities of using digitalization tools in the organization and optimization of management systems for
the regional agro-industrial complex. The main tasks and functions of the designed system are described in terms of constructing optimization
models to support decision-making at agricultural enterprises. The structure of the top-level conceptual model of the developed system is
presented, which contributes to solving the problems of automating the collection and processing of heterogeneous data and generating reports
based on the results of analyzing the obtained values. Based on the use of an object-oriented approach in UML 2.0 notation, a use case diagram
was developed to formalize options for user interaction with system modules. The main user categories of the system are identified. The
integration of the reporting module, including standard templates approved at the legislative level of the Russian Federation (17 forms for the
main indicators of agricultural production), is demonstrated. Step-by-step development of functional algorithms and conceptual model and
construction of structural and behavioral models for detailed display of information and logical models of the designed management support
decision-making system in the regional agro-industrial complex is carried out. The efficiency of introducing automated integrated tools at
enterprises of various scales and levels of production organization is estimated at 53%. The implementation of the system we propose can
significantly help in solving the problems of automation and optimization of the existing management structure, and also allows reducing
production costs, minimizing the use of labor resources and ultimately helps ensure the implementation of the activities stated in the National
Program “‘Digital Economy of the Russian Federation” in terms of implementation departmental project “Digital Agriculture”..
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BBenenue

B coBpeMeHHBIX YCIOBHUSIX CTEHEHb IU(pPO-
BU3AILIMH Pa3]IMYHBIX 00JIacTell SKOHOMUKH B HaIlIeH
CTpaHe MOCTaTOYHO pazHopoaHa. [Ipu sToM maxe
B OJIHOW OTpaciM MOTYT BCTPEYATHCS MPEIIPHATHS
¢ abCOJIIOTHO pa3HBIM yPOBHEM MOJACPHU3AINH U
nu¢poBU3aUK IPOU3BoACTBA. Tak, Hampumep, B
arpoNPOMEIIIEHHON OTpaciii UMEIOTCSI KPYITHBIE
XO3SIMCTBA W arpOXOJJIMHTH, OOJNaJaroIIie JI0CTa-
TOYHO BBICOKMM YPOBHEM TEXHOJOTUIECKOH OCHA-
IIEHHOCTH ¥ pOOOTH3ALINH e TI0 MePKaM MUPOBBIX
craugaptoB. OMHAKO, KpOME TaKMX OpTaHU3aIIil
B HAIllel CTpaHe CYIIECTBYET 3HAUUTEIIHOE KOJIH-
9eCTBO (DePMEPCKUX XO3SHCTB, KOTOPHIE OTpaHU-
YEeHBI B BO3MOXKHOCTH MAacCIITa0HOTO MPUMEHEHUS
MepeOBbIX TEXHOJIOTUM.

Hecwmotpst Ha 9T0, COTIIACHO UCCICAOBAHUSIM,
JTaKe CpeTr HeOONMBIIX (PepMEpCKUX X03SIHCTB NHTE-
pec K 1u(ppOBLIM UHCTPYMEHTaM JOCTATOYHO BBICOK
Y C K&KIBIM TOI0OM MpojoikaeT pactu. [lomobHas
TEHJCHIUS O0BICHICTCA TeM (DaKTOM, YTO HOBBIC
TEXHOJIOTHH BKJIIOYAIOT B ce0si HEoOs3aTeNbHO
MIOJIHYFO TPaHC(HOPMAIIHIO MPOU3BOCTBA, HO TAKKE
BHEJIpEHHE JJIEMEHTOB CHUCTEMBl aBTOMAaTH3AIlHH,
MOHHMTOPHHTA Pa3HOOOPA3HBIX MOKa3aTelieH, ocy-
IIECTBIICHUS BUIC0-HAI30pa W KOHTPOJS, B TOM
YHCIIe C UCTIONIb30BaHUEM OCCITMIIOTHBIX JICTATELHBIX
anmapaToB, U Na)ke MPUBBIYHBIN HaM BBICOKOCKO-
pocTHOM noctyn B IHTEpHET.

C moMmompl0 TakuX HHCTPYMEHTOB JO-
BOJIBHO JIETKO ¥ OBICTPO MOKHO CHU3HUTH PACXO]IbI
Ha YIpaBlieHHE W TOJJIEPKKY MPEeInpusTus, a
TaKKe U3JICPIKKU TIPOU3BOJICTBA, 33 CUET YETO YBe-
JMUYMBAETCS JIOXOJ, U, COOTBETCTBEHHO, UYHUCTAas
npubbUTh. OTHETBHBIC WCCICAOBAHHS MPUBOJIST
3HaueHue 10 53% yBenuuyeHHsi PeHTaOeIbHOCTH
TIPOM3BOJICTBA MPH BHEAPESHUH TAKOTO POJIA CUCTEM.

Bwmecte ¢ TeM mpoOW3BOICTBEHHBIM IIPE-
MPUSATHSIM TPUXOUTCS CTATKUBATHCS C IPOOJIEMOi
YBEITMUYEeHUS] TIOCTYIUICHUSI pa3HOPOIHOM, HEYOps-
JIOYCHHO!N WH(OPMAIINU K ONPEACIEHHBIM OpraHam
YOPaBJICHUS U HETIOCPEACTBEHHO K PYKOBOAUTEIAM
npeanpustuii. BenexcrtBue 3TOro  3ajadd 1o
CTPYKTYpHU3alli TOJy4yaeMbIX JaHHBIX, 00Opa-
0OTKEe BECOMOW YacTH CBS3aHHOTO MaTepuaina,
TIPUHATAIO PEIICHUH W TPOTHOZUPOBAHUIO COOBITHIA
B JUHAMUYHO MU3MEHSIIONINXCS YCIOBUAX 3aMETHO
yCIOXKHAIOTCSI. Hammame maHHBIX 3a71a4 B paMKax
IU(PPOBU3AIMHU CEILCKOTO XO03SHCTBA CTUMYJIUPYET
CO3[]aHME W BHEAPEHUE CIICIHAIN3UPOBAHHOTO HH-
(hopMaImMOHHOTO OO0ECTICYCHUS YIIPABJICHHS, T.C.
CHUCTEM, CBS3BIBAIOIINX MH(DOPMAITUIO U YIIPABJICH-
YEeCKHI TIPOIIECC, OXBATHIBAIOUINX KaK OTAEIbHBIC
¢dyHKIMH, HanpuMep cOop, YUIET U aHau3 uHGOP-
MaIi, IJIaHupOBaHue paboT U MPOTHO3UPOBAHUE
CUTYyaluii, TaK M BCIO yIPABICHUYECKYIO JESTETb-
HOCTb B IICJIOM.
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WndopmanmoHHble pecypcbl B OTpaciu
CEJIBCKOTO XO3MiMCTBa, KaK W B JIIOOOH OpyTroit
cdepe AeATeNbHOCTH, HEM3MEHHO yBEITHYUBAIOTCS,
BCJICZICTBUE HTOTO MPOLECC yNPABICHUS arporpo-
MBIIUICHHBIM KOMITJIEKCOM B COBPEMCHHOM MHPE
XapaKTepU3yeTcss HEOOXOJAMMOCTBIO YYHMTHIBAThH
o0uie pasHOPOIHBIX IKOHOMHYECKUX, COLMATIBHBIX
¥ TIpourXx (aKTOPOB, a TAKKe BEICOKUMHU TpeOoBa-
HUSIMHA K 00OCHOBAHUIO M MIPUHATHIO YIPaBICHYE-
CKHX PELLICHUI.

HecMmotps Ha pealbHYI HEOOXOTUMOCTh
pasBUTUSL MOJOOHBIX CHUCTEM OCTa€Tcsi Hemaso
crepxuBatomx (axropos. OnHa U3 ITAaBHBIX 33714,
TpeOYIOIMX peLeHnsl JUIsi BHEAPEHUS CUCTEM
MOAJIEP>KKYU IPUHATHS PELIEHUH C MHCTPYMEHTaMHU
MHTEIUIEKTYAIIbHOTO aHaJi3a, COCTOUT B CIIOKHOCTH
BBISBJICHHS U IOATOTOBKHM INEPBUYHBIX JaHHBIX,
0e3 KOTOPBIX CHCTeMa HEe CMOXET (PYHKIIHOHHPO-
BaTh B MOJHOM 00BEMe. sl 3TOro HeoOX0aMMO
CO3/laHME M pa3BUTHE IOJHOLIEHHOW CHCTEMBbI
HaOmroieHns, coopa U 00pabOTKH pPa3zHOPOIHBIX
JaHHBIX, KOTOpasi CMOJKeT (PMKCHPOBATh BCE PA3NINY-
HBIC U3MCHCHHUA B PErMOHAJIbHOM arpOIpOMBIILIICH-
HOM KOMILJIEKCE, a IOCTENIEHHOE BHEPEHHUE CHCTEMBI
MOXeT OOECHeUYnTh CITIAKUBAHUE HEKOTOPBIX
KOH(bHI/IKTOB, CBA3AaHHBIX C OpPraHU3allMOHHBIMU
Pa3IMUMAMU CYIIECTBYIOIIEH CHCTEMbl YIPaBIICHHS
B CENIbCKOXO3IUCTBEHHBIX Mpeanpuatusax. OxHum
13 BAKHEHWIINX HANpaBJICHUH pa3BUTHS OAOOHBIX
CHCTEM MOJACPKKU MPHUHATHS PELICHUS SBISECTCS
NoCcTpoeHHe MHAOOPMALIOHHO-JIOTHYECKUX MOJENeH
IS X JallbHeWIIed peain3anuy Ha (GU3NUECKOM
ypoBHe. [Ipr 3TOM BO3HHKaeT HEOOXOIMMOCTh yUeTa
MHOTHX (aKTOPOB M pEIICHHs CIOXHBIX 3a7ad
CHHXPOHHM3ALMHN JJaHHBIX, 00YCIJIOBJIEHHBIX Crielr(H-
KOH OTpaciy arporpOMBIIUIEHHOTO MPOM3BOICTBA,
TaKUMH KaK TEppPUTOpHalibHAsl pacrpeneiéHHOCT
3€MEJBHBIX YYAaCTKOB, YAAIEHHOCTh CTPYKTYPHBIX
NoJpa3eNieHu i IPYT OT ApyTra U OT LEHTPaIBHOTO
yIpaBJIeHHs, 3aTpaThl Ha UX B3aUMOAEHCTBHE U
KOMMYHUKAIIUH, UCIIOJIB30BAHUEC PA3JIMYHBIX IIPO-
TPaMMHBIX PECYpCOB, KOTOpPbIE JOJDKHBI obOecre-
YuBaTh e}II/IHOO6pa3I/Ie IMOCTyNarouIuXx JaHHBIX.

MaTepna.mﬂ U METOAbI

OOBEKTOM HCCIICIOBAaHUS B JJAaHHOW paboTe
SBISIETCS pa3padaThiBacMasi KOHLENTyaIbHAs MOZEIb
MH(OPMAIIMOHHON CHCTEMBI MOAACPIKKH YIPABIICHHS
PETHOHATIBHBIM arpoNpOMBIIIICHHBIM KOMILJIEK-
coMm. llenb ee TNPOSKTUPOBAHHS 3AKITFOYAETCS
B TOCTPOCHHUH JIOTHKU CTPYKTYPHO-(QYHKIHOHAIb-
HOH OpraHu3aluy CUCTEMBbI TOJAEPKKN IPUHSITUS
PELICHUI, a TaKoKe OCYILECTBICHUH PELICHHS 3a7ad
aBTOMAaTH3aluK cOopa 1 00pabOTKU pa3HOPOIAHBIX
JAaHHBIX ¥ ()OPMHUPOBAHUU OTYETOB IO PE3yJIbTaTaM
aHaliM3a MNOJIYYEHHBIX 3HaueHui. B nanpHeliiem
OHa OyJeT MCIIOIb30BaTHCS KaK MOJAEIb BEPXHEIr0
YPOBHS ISl IIOCTPOECHUS AUArpaMM AEKOMIIO3HLIY,
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OTpa’KaroIMX OCHOBHBIE 3JIEMEHTHI pa3padarhiBa- 6. peannsaiys CIPOESKTUPOBAHHBIX MOIYJIEH
eMoii cuctembl. PazpaboTka MOeNI BEITIONHSIACH u 0a3nl JaHHBIX.

Ha OCHOBE OOBEKTHO-OPUEHTUPOBAHHOTO METOA. IIpu ompeneneHny (PyHKIMOHAIA CHCTEMBI
Ilpn paspaboTke (yHKIHOHAIBHBIX aITOPHUTMOB HaMM y4UTBIBAIOCH, YTO CYLIECTBYIOIIAS YIIPABIICH-
IIPOBOJMIICS CUCTEMHBII aHAIU3 HA YPOBHE U3yye- YyecKasi CUCTEMa PErHOHAIbHOTO arporpOMBIIIICH-
HUS CTPYKTYPBI arpOTIPOMBIIITICHHOTO KOMIUICKCa, HOIO KOMILIEKCA BBICTPAHBACTCA Ha Pa3IdYHBIX

OTIpe/IeTICHUsI OCHOBHBIX 3a/1a4 M LIeJIeH CHCTEMBI
noanepkku ympasienus. Ha ocHoBe aHanuza u
CHHTe3a TPOBOIIIACH OIEHKAa PEe3yJIbTaTOB PadOTHI
MOJAYJIEH, OTpeielIeHne UX MPEUMYIIEeCTB U HEAO-
CTaTKOB, a TAK)K€ BO3MOXKHOCTEH ISl YIy4LICHUS
Y OTNITUMM3AIUH YIIPABICHUS TPEIITPUITHEM.

YPOBHSIX. B COBpPEMEHHBIX YCIOBHUSIX OHA MPEICTaB-
nsieT co00H KOMIDIEKC TOJIpa3/IeNieHI A, OTBEYAFOIINX
3a pasJIMYHbIC HATIPABJICHUA U HAXOAAIINXCA B HEIIO-
CPEICTBEHHOM YTPABICHUU aJIMHUHUCTPATUBHBIMU
OpraHamH{ Ha YPOBHE MYHHUIIUITAJIUTETOB (PUCYHOK 1):

Pe3yabTarhl U 00Cyx/AeHHE e
Hamu ©Obuta ompeneneHa cremyromas »ammm.m‘.,,m...oqmm
CTPYKTYpHO-(YHKIMOHAIbHAS OpPraHU3alMsl HH- f i
(hopMaMOHHO-aHATUTUIECKON CHUCTEMBI IS €¢ ﬁ‘mT‘
MOCJIEAYIONIETO MPOSKTUPOBAHUS M Pa3padOTKU | | | :
HpOTOTHHa: Mo o Arpason Tpoussoze DxoHoMITEK Er\rxr‘anfcpc Pomousoft i
1. BBIABJIICHHWE TIONB30BaTeNeH W (QYHKITHI e || o | e (| || Sy || D || AR
CI/ICTeMBI; HOHTP 0T KOHTP OITIO eCIHi aHHA OTYETHOCTH HHBpACTPETYPEL
2. BBIIEICHHUE POJICH MOJIb30BaTENEH; Pucynok 1. CrpykTypa ynpaeneHus peruoHansHsM AITK
3. IpoeKTUpoBaHHE OOIIMX MOIyJeH, He- Figure 1. Management structure of regional agro-
00XOIMMBIX JIJISl TIOTHOIICHHON PabOThI CHCTEMBI, industrial complex
3.1. MOIynHu pEerucTpalvd U aBTOPU3AILUU
TI0JIb30BATENEH; OnHako 3Ta CUCTEMa HECOBEpILIECHHA WU
3.2. MOJIy/ M B3aMMOZCHCTBHS ¢ 6a30il JAHHBIX HEJOCTaTKH MOTYT OBITh HAWICHBI Ha JIOOBIX W3
(106aBIeHAC/ H3MEHEHHE/ Y AaTeH e HHDOPMAITHH); CTYTICHEH ¥ 3BEHBEB: CETOIHS B arPOIPOMBIITLICHHOM
33. MOYJTh (bOpMI/IpOBaHI/Iﬂ OTYETA HA OCHOBE KOMIIJICKCC HEAOCTATOYHO pa3BHTa BECPTHUKAJIbHAA
Pa3sHOPOIHBIX JAHHBIX; [CIOYKa YIIPaBJICHUA - TOCYAapCTBCHHBIC OpraHbl
3. NIpoeKTHpOBaHUE 6a3bl JAHHBIX; YIOpaBJICHUS] HE BCErJa YUUTHIBAIOT MUHTEPECHI ar-
4. B],16op U OIpeAcICHUEC HHCTPYMCHTOB PpapHbIX Hpe,[[HpHﬂTPIﬁ, HCIO0CTAaTOYHO S(I)CI)GKTI/IBHO
peanuzanuy; HaJI0KEHO TOPU30HTATHLHOE B3aUMOICHCTBHE.
5. peanmsanusi BHM3yaJlbHOTO NpEICTaBIIE- Torpa obmmit anropuT™ NPUHATHS PEILe-
HUSI CUCTEMBI; HUS (PUCYHOK 2) MOKHO MPEACTABUTH CIIETYIOITIM
oOpa3zom:

CpaBHeHue u CornacoBanue 1
AHnann3 TToctanoBka TTonck BriGop . KoHTpois 1 oneHka
CHTYaIuK 3a/1aun aJIbTePHATHB OUCHK AIIBTCPHATHE AJIbTEPHATHBBI BHEAPCHHC peticHit Conposo 3y/IbTATOB
T 5 P Comparing and Py Agreement and HKAEHUE Py3yIIb;
Analysis of the Problem Search for ; Selecting an . . Monitoring and
A e . L evaluating 2 implementation of Support o e
situation definition alternatives . alternative : evaluation of results
alternatives the solution

PucyHOK 2. ANTOpUTM NIPHHATHUS PEIICHUS
Figure 2. Decision making algorithm

Ha nHauvanpHOM 3Tamne MpoeKTUPOBaHUS HH- MOJIB30BaTE/IM, UMEIOIIHNE NOCTYIl TOJIBKO K IpO-
(bopMauHOHHO—aHam/ITH%CKoﬁ CHUCTEMBI HA OCHOBE CMOTpPY, IIOUCKY U COPTUPOBKE HH(l)OpMaHI/II/I-
00BEKTHO-OPHEHTUPOBAHHOTO MOAX0/1a B HOTAIUH Ko Bropoii rpymme (Creators/Editors) otHo-

CSITCS TOJIBb30BATeNM, UMEIOLIHME JOCTYIl HE TOJBKO
Ha MPOCMOTpP omnpenenéHHoW MH(pOpMannu, HO U
Ha e€ JOTOJTHEHNE U PeJaKTUPOBAHHE.

K Tperseii rpynne MOKHO OTHECTH MOJIb-
30BaTells C POJIBIO AIMUHUCTPUPOBAaHUS - Admins.

UML 2.0 6bI1a CIpOSKTUPOBaHA JHarpamMMa Tperie-
nenroB (Use Case), KOTopasi MO3BOIISIET YCTAaHOBUTh
CLIEHapUil B3aMMOJAEICTBHUS II0JIb30BATENEN C MPO-
IrpaMMHBIM IPOAYKTOM (PUCYHOK 3).

Ham¥u GBLI0 BBIICIICHO YETHIPE POIIH MOJIb- [IpaBa amMuHHCTpaTOpa B peaau3yeMOr CHCTEME
30BAaTCJICH C pa3HbIM YPOBHCM IIPaB IOCTYIIA: 3aKJII0YAOTCS B YIIPABICHUH W MOJJEPKAHUH €€
IlepBas rpynma nonp3oBaTenei - Viewers. paboTocrocoOHOCTH, a TAaKXKe B YIIPABICHUH aKKa-

K nmaHHOH Tpymme OTHOCSTCSI 3aperhCTpUpPOBAaHHBIC YHTaMU APYTHUX HOJb30BATENEH.
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OTtcopTUpoBaTH
WHPOPMALMKD
MpocMoTpers

faHHule

Cdopmuposath

OTYET

Creators/Editors

Pucynox 3. lnarpamma Use Case

Figure 3. Use Case diagram

YerEpTas rpymnna noip30BaTeiei CUCTEMBI
—3TO TPyTIIa CIEHUATICTOB, KOTOPHIE OCYIIECTBIISIIOT
TMPOLIECC XPaHEHUS U 00pabOTKU JaHHBIX [10JIb30BaTe-
Jel ¥ NpennpusThi, T. €. PACCMaTPUBAIOT 3a5BKU
Ha PETHCTPAIHIO TOJIb30BaTeNel, IPOBEPIIOT J0-
CTOBCPHOCTb OdAaHHBLIX, a TaKXE€ OCYMICCTBIIAIOT
KOHCYJIBTHPOBAHHE TOJIb30BATEIEH MO BONpPOCAM
B3aUMOJICUCTBHSI C CHCTEMOM U PELIEHUSI BOZMOXK-
HBIX TEXHUYIECKHX Mpo0IieM myTéM (popMHupoBaHus
3ad4BOK K aJ]MHHHCTPATOpPaM.

JanpHeHImM JIOTHYHBIM 1IaroM B MPOEKTH-
POBaHMH, TOCIIE OTPENENIeHHs CIMCKa Peatn3yeMbIX
GYHKUUH, SBISETCS MOCTPOEHHE KOHKPETHBIX
MOJIeJIel, OMMCHIBAIOIIMX PEATbHBIE aJITOPUTMBI
B3aMMOJICUCTBUS TIOJb30BaTeel U WHGpOpMAIH-
OHHOH cucTeMsl. [lJi peann3anui CHCTEMBI HE00-
XOJIMMO CO3/1aTh MOJYJH PErucTpanvu, BXOoAa U
B3aMMO/ICUCTBUS ¢ Oa3amu JaHHBIX. [[1st co3manus
Y HaTlOJHEHHUs 0a3 JaHHBIX MOJIb30BATENb JODKEH
HMMETh COOTBETCTBYIOIIHKE NpaBa. IIpu orcyrcTBun
HE0OXOMMBIX TpaB MOJIB30BaTelb He OyAeT BUACTD
B CBOEH y4YETHOH 3aImicyi BO3MOXKHOCThH CO3JIaHUS,
HaIlOJIHEHUs U pefaktupoBaHus. [lpu Hammuuun
MIpaB Ha CO3J]aHKE, HAIIOJHEHNE U peAaKTUPOBaHNE
0a3 JaHHBIX HEOOXOJIMMO pealln30BaTh COOTBET-
CTBYIOIIIME BKJIAJKH B IPOHUIIE MOITB30BATENS A
CO3/1aHUSI BO3MOKHOCTH BBIOOpaA JIEHCTBHUSL.

Monyne HanoHeHHs 0a3bl JaHHBIX MPeJl-
CTaBJICH Ha PUCYHKE 4.

E1te oqHUM NpOeKTHUPYEMbIM HAMH MOJTYJIEM
ABJISIETCS. MOAYJNb (POPMHUPOBAHUS OTYETHOCTH.
beuto mpemycMoTpeHoO, 4TO B cHCTEMa JOJDKHA
TIO3BOJIATH (DOPMHUPOBATH TIOKYMEHTBI, OTIPEIEIIEHHBIE
npuKa3oM MUHHCTEpCTBAa CEIbCKOrO XO3sicTBa
Ne 132 o1 17.03.2021 [2].

[Inaaupyembie BHIOBI OTYETOB TpPEACTaB-
JIeHsI B Tabaume 1.

Coanars B[]
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Figure 4. Scheme of operation of the database filling module
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TabOnuna 1.
Busr 0T4ETOB, POpMHPYEMBIC IPOCKTHPYEMOM CHCTEMOM
Table 1.
Types of reports generated by the designed system
HaumenoBanue | Name Pacumdposka | Value
5-ATIK OTYET O YMCJICHHOCTH U 3apabOTHOM I1aTe pabOTHUKOB; | report on the number and salary of employees;
6-AIIK oTyeT 00 0TpacIeBBIX MIOKA3aTENSIX JIeITeILHOCTH,; | report on sectoral performance indicators;
7-AIIK 0TUYEeT 00 0KUIAEMBIX PE3YIbTaTax ASATEIbHOCTH; | report on expected performance results;
8-AIIK OTYET O 3aTPaTax Ha OCHOBHOE ITPOM3BOJICTBO; | report on costs of main production;
9-ATIK OTYET O IPOM3BOJICTBE, 3aTPaTax, CEOECTOMMOCTH H PEaTH3aliH MPOIYKIHH PACTEHHEBO/ICTBA,;
report on production, costs, production value and sales of crop production;
10-AITK OTYET O CPEJACTBAX LIeJEBOro (hMHAHCHMPOBaHus, | report on targeted financing;
11-AIIK OTYET O MPOM3BOACTBEHHBIX MOIIHOCTSIX (00bekTax AIIK); | report on production capacities (AIC facilities);
12-AIIK OTYET O 3aTpaTax Ha BBHINOJHEHHE pPabOT M OKa3aHHE YCIIVT; | a report on the costs of work and services;
13-AIIK OTYET O YMCIEHHOCTH U 3apabOTHOM aTe paboTHUKOB; | report on the number and salary of employees;
14-ATIK 0TYET 00 OTPACCBBIX MOKA3ATE/SIX JSATEIBHOCTH; | report on sectoral performance indicators;
15-AIIK 0T4eT 00 OXKUAAEMBIX PE3YJIbTATaX JIEATEIbHOCTH; | report on expected performance results;
16-ATIK OTYET O 3aTpaTax Ha OCHOBHOE MPOU3BOACTBO; | report on costs of main production;
17-ATIK OTHYET O MPOU3BOJICTBE, 3aTPATaX, CEOECTOMMOCTH 1 pealn3aliH IPOTYKIMH PACTEHUEBO/ICTRA;
report on production, costs, production value and sales of crop production;

1-CIIPK OTYET O CPEICTBAX I1eJIeBOro hrHaHcHpoBaHus; | report on targeted financing;

1-CITP OTYET O MPOM3BOACTBEHHBIX MOLIHOCTIX (00bekTax AIIK); | report on production capacities (AIC facilities);
[-KDX OTYET O 3aTparax Ha BBIIOJHCHHE pabOT M OKa3aHue yCIyr; | a report on the costs of work and services;

1-UI1 OTYET O YUCIIEHHOCTH M 3apabOoTHOM I1aTe pabOTHHKOB, | report on the number and salary of employees;

B paspabartpiBacMoli cucTeMe TpaBa ULt Ha sTom sTane paspabotka QyHKITHOHAIE-
(hopMUPOBaHUsT OTYETOB MMEIOT TIOJIB30BATEIN C PO- HBIX QJITOPUTMOB U HMH(OPMAIMOHHONH MOJEIN
v Viewer u Creator/Editor. B mepByto ouepens st MIPOEKTUPYEMOM aHATUTHYECKOW CHUCTEMBI 3aBepIlia-
(dhopMupoBaHK OTYETA TIOTH30BATEIII0 HEOOXOIMMO eTcs W B JaibHEHINEM BBINOJHACTCS IOCTPOCHHE
BBIOPATh BUJI OTUETA, T.€. KAKOH Ma0JIoH OyAeT 3amoJi- CTPYKTYPHBIX U MOBEACHYECKUX MOJEIIEH CUCTEMBI B
HATCS M BBIBOAUTBCS CHUCTEMOH. Ilocie Toro, Kak notam UML 115t I€TanbHOro NOCTpOeH s MHPOop-
TI0JIb30BaTelb BBIOpaN BUA 0T4Y€Ta, HHGOpMaLys 00 MallFOHHOU 1 JIOTHIECKOU MOJIETIEN IIPOEKTUPYEMOU
3TOM COOBITHH COXPAaHSIETCS, U CHCTEMa BBIIOIHSIET CHCTEMBI yIIPaBJICHUS MOAICPAKKN TIPUHATHS PEINICHUH
COEIUHEHHUE C B}I Mo VAN q)OpMI/IpOBaHI/ISI oT4eéTa B pErHOHAJIBHOM arpOIpOMBIIIITICHHOM KOMILIEKCE.
MIPEJCTaBJICHA HAa PUCYHKE 5. 3aki0ueHue

Takum o0pa3zom, B IaHHOW paboTe OBLTH
PacKpPBITHl OCHOBHBIE 3Tallbl IIOCTPOCHHUS KOHIICTITY-

BuSop oTieTa Ana AITBHOW MOJIENH pa3zpabaTbiBaeMoii HH(POpPMaIMOHHO-
m— AHAMTHYECKOH cHCTeMbL. B abHelineM sta paGora
TIPOJIOJIKAET BBINOJIHATLCSA Ha OCHOBE J€KOMIIO3H-
MM U TIPOEKTHPOBAHHMS PA3MYHBIX JUArpamm,

Coepmerme ¢ B | TIO3BOJIAIOIIMX OMMCHIBAT OCHOBHBIE 3JIEMEHTHI

Oymymieil BBIYUCIUTEIHHOW cHUCTEMBEI. B 1memowm,
MO>XHO OTMETHTH Ba)KHOCTH JTAHHOTO dTara I
obecrieuenus: nudpoBoil TpaHchopMauu oreve-
CTBEHHOTO CEJIbCKOTO X03sicTBa. Kak yxe ObLIo
OTMEUYEHO HaMU paHee, BCICACTBHE PA3HOPOTHOTO

Bumon owmlew
‘cosaurere ¢ B He
YETAHOBNEHD

Brpyaea ypOBHS o0OecredeHuss HHPOPMaNOHHO-TEXHHYE-
Pl Ol T A
Ak w3 B ckuMmu cpeactBamu B otpaciu AIIK, nabmogaercs

nmucbananc 3Q(PpEeKTHBHOCTH POU3BOJICTBA MEXKTY
KPYITHBIMH U MEJIKUMU CEJIbX03TOBAPOIIPOU3BO/IN-
tessiMu. OTHAaKO, BHEIPEHHUE NPEII0KEHHON HaM1
CHCTEMBbI MOKET CYIIECTBEHHO TIOMOYb B PEIICHUU
npoOJieM aBTOMaTH3alMK M ONTHMU3ALUH CYIIECTBY-
IOILEH CTPYKTYpbI YIPABJICHWS, a TAaKKEe IO3BOJIICT
COKpaTHTh W3JIEP’KKH MPOM3BOACTBA, MHUHHMH3HPO-
BaTh UCIIOJIL30BaHUE TPYIOBBIX PECYPCOB U B KOHEY-
HOM CYeTe CIIOCOOCTBYET 00ECIICUECHHUIO BBITIOJHEHHS
na MEpOIPUATUH, 3asiBJIeHHBIX B HaninonansHOM npo-

rpamme «I{udposas sxkonomuka Poccuiickoit Mde-

JCpalliim» B YaCTH BBIMOJHECHHUS BEIOMCTBEHHOTO
npoekTa «L{rudpoBoe cenpckoe X03IHUCTBOY.
o ycnexe

BaaropapuocTn

Crarbss IyONUKyeTcs TIIpH TPaHTOBOM MOJ-

. I[ep)KKe CDeI[epaIII)HOFO aréHTCTBAa I10 AcjiaM MOHOHé)}(I/I
PrcyHok 5. Cxema paboTs! MOy pOpMHpOBaHILs OTHETa (Pocmonon@xs) Cormamerne Ne 091—10-2023-069

Figure 5. Scheme of operation of the report generation module ot 23.05.2023 r. npoekt «Hayka psizom».
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1 BopoHEKCKHiT HHCTHTYT BRICOKMX TEXHOJIOTHI- aBTOHOMHAsI HEKOMMEpYEeCcKasi 00pa3oBaTeibHasi OpraHU3aIlisl BEICIIETO 00pa30BaHus,
yi1. Jlenuna, 73a, r. Boponesx, 394043, Poccust

1

AHHoOTanms.. B cratee HcciexyeTcss BOMPOC Pa3sBUTHS OTEUECTBEHHOTO 3eMIIEAENUS Ha OCHOBE HMU(POBBIX peIIeHU, TaKUX Kak
HaBUTAIIMOHHbIE TEXHOJOTHM Ha 0a3e CIyTHUKOBBIX CHCTEM, OOpaOOTKH JAHHBIX AUCTAHIIMOHHOTO 30HIMPOBAHHSA, NMPUMEHEHUS
SKCIIEPTHBIX W CHCTEM MOAJCPKKH TPUHATHS pPEIIeHHs, MAIIMHHOTO OOydYeHWs, B TOM 4UHCJIE pAacIO3HaBaHUS 00pa3oB H
KOMITBIOTEPHOTO 3PEHHS, aHaIN3a OONBIINX JAHHBIX U IPEJUKTUBHONW aHATHTHKH. B pamkax McciiefoBaHHs aBTOpaMU IMPOBOJHICS
METaaHAJIN3 TAaHHBIX IPUMEHEHHS CITyTHHKOBBIX HaBHTAI[MOHHBIX TEXHOJOTWI M OECIMIOTHBIX aBHAlMOHHBIX CHCTEM Ha OCHOBE
MHPOBOTO OIIBITAa 3a peTpocreKTHBHBIH meprox ¢ 2000 mo 2023 roxsl. IlpuBenena oleHka >KOHOMHYECKOTO >(dekra mpu
HCTIONb30BAaHUH JAHHOTO IOJXOAa M IIPOAHAIM3HPOBAHO, YTO IPOAYKTUBHOCTH CEIBCKOXO3SHCTBEHHBIX YIOAWUH MOXET OBITh
yBelnuueHa Ha 63-68% Ipu UCIOJIB30BAaHUM PacCMaTpUBaeMbIX TeXHoJIoruil. IIpoBeneH cpaBHUTENbHBIN aHAIU3 YPOBHS BHEAPCHUS
TO4HOTO 3emMnenenus B Poccuiickoit @enepaiyn u psife 3apyOeXHBIX CTpaH B pa3pese M0 perMoHaM. Y CTaHOBJIEHO, UTO HECMOTPS Ha
UMEIOIHECs] TEXHOJIOTUH TTI00anbHOH CIyTHHKOBOH HAaBUTAIIMOHHOM CHCTEMSBI, JONISI €0 OTHOCHTENbHO HH3Kas. [IperncraBieHsl
JAaHHBIC, TOKa3bIBAIOIIME KOJMYECTBO XO3SIMCTB B paspese cyOBbekToB Poccuiickoit ®Dexmepanuu U 1momaau, odpabaTbiBaeMoit
TIOCPEACTBOM CHCTEM TOYHOTO 3eMJICAENUS U MOTCHIMAI MX pacmmpeHus. CTpyKTypUpOBaHBI OCHOBHBIE CHCTEMBI HABEICHUS U
TII00aNbHBIE CHCTEMBI ITO3HMIIMOHHUPOBAHMS 10 IPHMCHEHHIO B PAa3IMYHBIX CTPAHAX, CPeJu KOTOPHIX OCHOBHBIMH SIBIISIOTCS
oreuectBeHHass [JIOHACC u 3apy6exnsie GPS (CIIA), Galileo (Epoma), BeiDou COMPAS (Kwuraii), IRNSS (Mugus) u psn
npyrux. KimaccnguimpoBaHsl B COOTBETCTBHH C ITOMYYEHHBIM IIEpPEYHEM BO3MOXKHOCTH NPHMEHEHUS YKa3aHHBIX HaBHUTAIIMOHHBIX
CHCTEM B arpoIpOMBIIIICHHOM KOMIUJIEKCE, TakMe KaK KapTUpOBaHUE NOJeH, y4eT AaHHBIX IUCTAaHLUOHHOIO 30HIMPOBAHMA,
MOHHUTOPUHI ypOXKallHOCTM ¥ COCTOSHHH II0CEBOB M T.I. B cOOTBeTCTBHH CO cdepoll TNPUMEHEHUs CONOCTABIICHBI
TEXHOJIOTH/KOMIIOHEHTBI, IPHMEHsEeMbIe Ha OCHOBE YKa3aHHbIX TEXHOJOTUIL.

KiioueBble ciioBa: CITyTHUKOBBIC CUCTEMBI, aI‘pOHpOMLIIIIJICHHLIfI KOMIIJICKC, OCCITUIIOTHBIE JIETATEIbHEIE arraparsl, FeOI/IH(i)OpMaHI/IOH-
HBIC CUCTEMBI, TUCTAaHITUOHHOC 30HIUPOBAHUEC, IIPOCTPAHCTBCHHBIC NaHHBIC, KOOPAUHATHOEC 3EMIICICIINE, ONITUICCKUE MHICKCHI.

Application of satellite navigation technologies and BAS
in the interests of agro-industrial complex management

Anna V. Linkina ' anna_linkina@rambler.ru 0000-002-8429-1292

Evgeny I. Osipov ' osipovevg@bk.ru
1 Voronezh Institute of High Technologies, Lenina Str., 73A Voronezh, 394036, Russia
Abstract. The article explores the development of domestic agriculture based on digital solutions, such as navigation technologies
based on satellite systems, remote sensing data processing, the use of expert systems and decision support systems, machine learning,
including pattern recognition and computer vision, big data analysis and predictive analytics. As part of the study, the authors conducted
a meta-analysis of the application of satellite navigation technologies and unmanned aerial systems based on global experience over
the retrospective period from 2000 to 2023. An assessment of the economic effect of using this approach is given and it is analyzed
that the productivity of agricultural land can be increased by 63-68% using the technologies in question. A comparative analysis of the
level of implementation of precision farming in the Russian Federation and a number of foreign countries is carried out by regions. It
has been established that, despite the existing technologies of the global satellite navigation system, its share is relatively low. Data are
presented showing the number of farms in the context of subjects of the Russian Federation and the area cultivated using precision
farming systems and the potential for their expansion. The main guidance systems are structured.

Keywords: satellite systems, agro-industrial complex, unmanned aerial vehicles, geoinformation systems, remote sensing, spatial data,
coordinate farming, optical indices.

Brenenue CEKTOpa), TeM HE MEHEE MOKHO OTMETUTh 3HA4H-
TEJIBHOE Pa3BUTHE NPUMEHEHUS] MHHOBALIMOHHBIX
pELICHN, OCHOBAaHHBIX HAa UCIIOJb30BAHUY BBIYHC-
JUTEIBHON TEXHUKU U CHCTEM MOJAEPIKKH NMPUHS-
THS pelIeHHHA. AKTHBHO BHEAPSIOTCS 3JEMEHTHI

MalIMHHOI'O O6y‘IeHI/IH, AHAJIMTUKW JAHHBIX, B TOM

B nocnennue roxnpl HabMOAAETCS AKTUBHOE
BHe/IpeHre MH()OPMAIMOHHBIX TEXHOJIOTHI B arpo-
IIPOMBINUIEHHBIN KoMIulekc. HecMoTpst Ha TO, 4TO
JIlaHHasl OTpacilb HECKOJIBKO OTCTAeT OT pAja JApy-
TUX HAIPaBIICHUI YKOHOMKH B IIaHE BHEAPECHHSA
MHCTPYMEHTOB IM(pOBU3aLINY (HAIpHMeED, OT (PUHTEX-
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YHCIIe ¢ TEONPOCTPAHCTBEHHON TpUBsI3KoH, audde-
PEHITMPOBAHHOE M KOOPAUHATHOE 3EMIIC/ICITUE U JIP.

[IporpeccuBHBIE TEXHOJOTHH, YCIEIIHO
MPUMEHSIEMbIE MHUPOBBIMH CEJIbX03TOBAPOIIPOU3-
BOJWTEISIMHA, CO3/Ial0T BBICOKYIO KOHKYPEHIIHIO
OTEUYECTBEHHOMY arpOINPOMBIIUICHHOMY PBIHKY.
Hmenno moaromy mpobiema HEOOXOIUMOCTH pe-
(dopMupoBaHus JNaHHOW oTpaciu B Poccuiickoit
®denepanuu, obecredyeHre MPOJAOBOIECTBEHHOTO
CYBEpEHUTETa CTAHOBUTCA KpailHe aKTyallbHOM.

3HaYUTENFHOE BIMSHUE HA pacIIUpEeHUe
npuMeHeHne nudposoro uHCTpyMenTapus B AIIK
okasana (QenepanpHas nporpamma «Pasutue
ugpoBoit skoHOMUKK Poccuiickort denepanumy,
a TakXke pAd BEJOMCTBEHHBIX IOIIIPOTPAMM,
HamnpuMep, TaKue Kak BEJOMCTBEHHAs IPOTrpaMmMa
MUHHCTEPCTBA CEITbCKOro xo3siicTBa PO «lludposoe
CENbCKOEe X035HCTBOY. O0ImIMiA 00beM (UHAHCHPOBA-
Husl Meponpusituid 4 193,8 mipa pyOneit 3a nepuoxn
20182023 rr. Takue naHHBIE CBUAECTEIHCTBYIOT
0 BBICOKOW BOCTPEOOBAHHOCTH CO CTOPOHBI T'OCY-
napcTtBa GopMUPOBAHMS HOBOH MapaJiuTMbl OTeUe-
CTBEHHOTO CEJIbCKOTO XO034KCTBa, OCHOBAaHHOMU
Ha COBPEMEHHBIX BBICOKOTEXHOJIOTUYHBIX PEILICHHSX.
OueBHIHO, YTO CO3AaHue MUPPOBOH HHPPACTPYK-
TypHbI, O0OecTIeueHre MaTepHaIbHO-TEXHIIECKIMHU
Y KaJpOBEIMH PECYPCaMU, a TAKXKE UCITOJIH30BAaHUE
Oorateiiniero MOTEHIMANa 3EMETBHBIX PECYPCOB
HalIel CTpaHbl CIIOCOOCTBYET TEXHOJOTHUECKOMY
POCTY arponpoMBIIIIIEHHOTO CEKTOpa, (hOpMUPYET
MPUBIIEKATENBHBI WHBECTUIIMOHHBIA MOTEHIHAI
JUISI MAJIoOTO ¥ KPYITHOTO OM3HECa, HO U BBITTOJTHSIFOT
BOKHEHITYIO 3a/ady OOECIEUYEeHHUSI MPOIOBOIb-
CTBEHHOM 0€301aCHOCTH roCyAapCTBa.

OmHMM U3 HampaBIeHU IU(PPOBOTO HHCTPY-
MEHTApHs CTAHOBHUTCS PA3BUTHE TOYHOTO 3EMJICIICIS,
00BEMHSIONIETO B ce0e HABUTAIIOHHBIC TEXHOJIOTHH
Ha 0a3e CITyTHUKOBBIX CUCTEM, 00pa0OTKy JaHHBIX
JIUCTAaHIIMOHHOTO 30HAWPOBaHUS, NpPHUMEHEHHE
SKCIIEPTHBIX U CUCTEM TOITICPKKHU MIPUHSITUS PEIIIe-
HUS, MallIUHHOE O0YYEHHUE, B TOM YHUCIIE paCIIO3Ha-
BaHNE 00pa30B M KOMIBIOTEPHOE 3pEHHE, aHAIIN3
OONBITMX JaHHBIX W TPEANKTUBHYIO aHAUTHUKY.
Bonpmryto pons B pa3BUTHHM HOBOW IMapajaurMbl
3eMJIEYCTPOICTBA UIPAe€T U PHIHOK OECHHIOTHBIX
aBHAIMOHHBIX CUCTEM, HECMOTPS Ha PSIIT TPYTHOCTEH,
C KOTOPHIMH CTOJIKHYJIACh JTAHHASI OTPaciib B CBS3U
C COBPEMEHHBIMU BHEIIHEMTOIUTHICCKUMH BHI30BAMHU.

PasBuTHeE ri106anpHOM HABUTAITMOHHOMH CITYT-
HUKOBOHW CHCTEMBI, CPEJICTB CBSI3H, HHPPACTPYK-
TYyphl M KOMITBIOTEPHBIX PEIICHUH ITO3BOJISIOT
MepeiTH B KOOPIMHATHOM 3eMIICIICINHN K yYETy
HE TOJBKO BCEH MIOMIAIH OIS, HO U K OTAEIbHBIM
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arpodanusaM, XapaKTepU3YIOMIUMHUCSH eIUHBIMU
MUKPOKIIMMaTHYCCKMMHU, IMOYBCHHBLIMU YCJIOBUAMU,
penbeoM U Jp., YTO MO3BOJIIET ONTHMH3UPOBATH
pecypchl U NPUMEHATh HAa KOHKPETHOM YYacTKe
CTPOTO OTpe/eTIeHHbIe 1 000CHOBAaHHBIE arPOTEXHO-
JIOTMYECKUE TIPHUEMBI BBIPANTUBAHUSA M 0OpaOOTKH
KOHKPETHOM CeJIbCKOX03AiCTBEHHOU KyIbTYphl. Ta-
KO IOOXO0J II03BOJISIET 3HAYUTEIHLHO YKOHOMHUTDH
peCypchl, OJHAKO CIOCOOEH MOBBIIATh MPOAYK-
TUBHOCTbH CEITbCKOXO3SHUCTBEHHBIX YTOAMNA BILIOTH
1o 63—68 %, a 9ro Oolee BaXKHO C TOYKU 3PEHHA
HKOCHCTEMHOTO TO/XO/la — OOecrednBars CoxXpaHe-
HHC U BOCCTAHOBJICHUE IUIOA0POANA 1IOYB, MUHHUMU-
3allu BJIMSAHUSA Ha ouor COLICHO3bl M ITOBBIIIICHHUIO
YCTOWYHMBOCTH arposianamadTa B eJoM.

MatepuaJibl © METOAbI

B pamkax wuccrnemoBaHus aBTOpaMHU IPOBO-
JIAJICS. METaaHAJIN3 AAHHBIX IPUMEHEHUSI CITy THUKO-
BBIX HABHUTAIIMOHHBIX TEXHOJIOTHHA M OECIMIIOTHBIX
aBUAIIMOHHBIX CUCTEM Ha OCHOBE MHUPOBOTO OIIBITA
3a perpocnekTuBHEIHN epuo ¢ 2000 mo 2023 roabt
(tabnuma 1). B gaHHBI nIepHO IPUMEHSITUCH TEX-
HOJIOTHH BTOPOTO MTOKOJIEHUS PaJHOHABUTALIMOHHBIX
cucteM (B yactHocTH, Block III B NAVSTAR GPS
u Yparan-M / VYparan-K B cIiyTHHUKax CHCTEMBI
I''TIOHACC), ocHOBaHHBIE Ha MOJTYYEHUHU BBICOKO-
TOYHBIX TOKa3aTeled B YCIOBHUSIX IMOBBLIIICHHON
MMOMEXO3aIUIIIEeHHOCTH, OOYCIIOBICHHBIX HeIpe-
PBIBHOCTBIO M COUYETAHWUEM TPOCTPAHCTBEHHBIX U
TEMIIOPATBHBIX XapaKTEPUCTHK (TIPOCTPAHCTBEHHBIC
KOOPJIMHATHI — BBICOTA, IIUPOTA, JOITOTa B IPOU3-
BOJIbHBIA MOMEHT BpeMeHH ). [lonyueHHbIe pe3yiib-
TaThl OBUIM COIOCTaBJIEHBI C MHPOBBIM OITBITOM
MPUMEHEHUS TTOJIOOHBIX CHCTEM.

Ha ocHOBe CITyTHHKOBBIX CHHUMKOB BBICO-
KOTO pa3perieHus ¢ y4eTOM Pa3IuvHbIX HHICKCOB
BEreTAI[MOHHON aKTUBHOCTH (Takux kak NDVI,
EVI, GNDVI, CVI, True color u psn apyrux) uc-
CJIeIOBATEIISIMHU ONPENCTISUTICH COCTOSTHUE TIOUBHI,
KOCBEHHO YKa3bIBAIOIHIA HA KAUE€CTBEHHBINA IPaHyJI0-
METPUUECKUI COCTaB, HAJIMUKUE COPHOW PaCTUTENILHO-
CTU ¥ BPEIUTENICH CebCKOXO3SIUCTBEHHBIX KYJIBTYD,
a TaK»e OTCICKHUBAIACh JUHAMUKA COCTOSIHUS T10-
CEBHBIX KYJIBTYpP. DTO CIIOCOOCTBYET TOIYICHHUIO
3HAYNTEITFHOTO MAacCHBA JICTATBHBIX W300payKCHHN
CEJIBCKOXO3SIMCTBEHHBIX YYACTKOB, UTO MO3BOJISET
OCYIIECTBIISITH ONTUMHU3ALUIO CUCTEMBI YIIPABICHUS
cucTeMaMHy 3eMIIeens U 00YCIIaBIIMBAET TOBBIIIIEC-
HUe 3G (HEKTUBHOCTH MTPOTyKTHUBHOCTH YTOIUN.

Pe3y.]'[l)TaTl>I Hu 06cymelme

Hamu Gb1ti Oy 4eHBI CIIeIyFOLIHE Pe3yJIbTaThl,
NpeACTaBICHHbIE B CBOJHOM BHIE.
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TaOnuma 1.

MertaaHanu3 JaHHBIX TPUMEHEHHS CITyTHUKOBBIX HABUTAIIMOHHBIX TEXHOJIOTHN M OCCIMIOTHBIX aBHAIIMOHHBIX CHCTEM Ha OCHOBE MHPOBOTO OITBITA
3a perpocrnektuBHbId iepuox ¢ 2000 mo 2023 roast

Meta-analysis of data on the use of satellite navigation technologies and unmanned aircraft systems based on global experience

for the retrospective period from 2000 to 2023

Table 1.

T'nobanbHast cucrema TIO3UITMOHUPOBAHUSA

Jloinst pbIHKa OT

Cucrema (GPS) / I'mobarnbHast CITy THHKOBAst obmiero ooremMa
Pervon Coepa npuMeHeHus Texnonorus / KoMmonent o
Region HABC/ICHHI HapHrauonHas cucrema (GNSS) Scope of application Technology / Component OTpaciH, %
g Guidance system Global Positioning System (GPS) / Global P PP 2y P Market share of total
Navigation Satellite System (GNSS) industry volume, %
JIMCTaHIIMOHHOE 30HAMPOBAHKE; J13, ynobpeHnue ¢ mepeMeHHOMH HOpMOil; epeMeHHast
TexHonorust HepeMeHHOH CKOPOCTH HOpPMa [10CeBa; MECTHLIMJL [IEPEMEHHONH HOPMBI;
Kurait BeiDou BDS COMPASS Hpons! u BIUIA; npyrue TexHoiaoruu MOHHTOPHHI YPOXKaifHOCTH, yIIpaBJIeHHE 3anacamMmu 34
China (COMPAS) Remote sensing; Variable speed VRS, variable rate fertiliser; variable rate seeding;
technology Drones and UAVs; other variable rate pesticide; yield monitoring, stockpile
technologies management
MOHHTOPHHT [OYBBI, Pa3BeKa yposKas,
SInonus | Japan MSAS /QZSS QZSS JIMCTaHLIMOHHOE 30HANPOBaHNE COIOCTABJICHHE TOJIeH 30
Remote sensing Soil monitoring, crop reconnaissance, field matching
Wupaws | India IRNSS / GAGAN IRNSS JI/13, MOHHTOPHHT MOYBBI, Pa3BEJIKa ypoxkKasi, 14
ABCTDAIMS JIMCTaHIIOHHOE 30HIMPOBAHNIC; COIIOCTABICHHE MOJICH
Tpar SBAS GPS TexHoMoOrust NepeMeHHOI CKOPOCTH; Soil monitoring, soil monitoring, crop reconnaissance, 42
Australia i -
Jponsl u BIUIA; npyrue TeXHOIOTHI field matching
Remote sensing; Variable speed
CIIA GPS NAVSTAR / WAAS /GPS technology Drones and UAVs; other 80
USA WAAS )
technologies
JINCTaHIIMOHHOE 30H/IMPOBAHHE;
Kanana CDGPS GPS JIPYTHE TEXHOIOTUH 44
Canada . .
Remote sensing; other technologies
TIHCTAHIHONHO® S0MPOBAHILC, JUI3, MOHUTOPHHT TOYBBI, Pa3BeIKa ypoxKas,
TéxHONOTHS TIepeMeHHO CKOpOC”;H' COIOCTABJICHHUE T0JICH, IIEPEMEHHAs! HOPMa I10CEBa;
Tepmanus DGPS TEN GALILEO JIpyTHiE TeXHOMOTHH TIECTHUIA TIEPEMEHHOI HOPMBI; MOHHTODHHT 60
Germany i YPOKaHOCTH; YIIPaBJICHUE 3aIlacaMi, CHCTEMBI
Remote sensing; Variable speed OTITHMISALIII YIIDABIICHESL COKTODa
technology; other technologies . AL YTIp: CKTOp:
P SRS, soil monitoring, crop reconnaissance, field
R"”FO“ DORIS TEN GALILEO H"CTaHgIOHH:)e SOHIMPOBAHHE comparison, variable rate seeding; variable rate 38
cglon GNOS CIMote Sensing pesticide; yield monitoring; stockpile management,
EGN (VTOJH’KO JIuCTaHIIOHHOE 30HANPOBAHIE; sector management optimisation systems
Teggﬁgggzzli,aé) / TeXHOMOrust HEPEMEHHOM CKOPOCTH;
Kyr_rau CJTKM + TJIOHACC / GPS JIpoHs! 1 BHJIA; [1.pyTI/IIC TEXHOJIOTUH 10
China KOMMEpUCCKHE Remote sensing; Variable speed
Omnistar VBS / technology Zl;;(;::]eosl gn;ie EAVS; other
RTCM/RTK g
Slnonwus | Japan UK SBAS TEN GALILEO 46
Wnans | India EGNOS / Galileo TEN GALILEO 37
ABcTpanus JIMCTaHIOHHOE 30HANPOBAHHE JUL3, MOHHTODHH HNOBI, pasBE/IKa YpoKas
Au?t)ralia SACCSA GPS VRS, soil monitoring, crop reconnaissance 7
CHIA |USA AFI GPS 3
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AHamu3 NPUBEIECHHBIX B TaONUIlE JaHHBIX
TMOKa3bIBAET, YTO HECMOTPS Ha TOT (paxT, uto B Poccuu,
Hapany ¢ CHIA, Kuraem, Mnaueit u psuom rocy-
napctB EBpoTIb, SIBISIOMUXCS OHON W3 HEMHOTHX
CTpaH, pa3pa00TaBIINX U YCICITHO MPUMEHSIOLIIX
COOCTBEHHYIO CITy THUKOBYIO HABUTAIIIOHHYIO CUCTEMY,
JIOJIL TOYHOTO 3E€MIICICTIHS SIBJISETCS OTHOCUTEIHEHO
HHU3KOH. DTO OOYCIIOBICHO PSIIOM COITHATBHO-
SKOHOMHYECKUX (haKTOPOB (TaKHUX KaK HEJJOCTATOUHBII
ypoBeHb ()MHAHCHPOBAHUS W WHBECTUIIMI B MHHO-
BaIllMOHHYIO TEXHOJOTHYECKYI0 0a3y B OTpaciu
arpoNpPOMBIIIIJICHHOTO CEKTOpPa, HU3KHKA MPOIECHT
KBATU(DUIIMPOBAHHBIX ~ CIICIUATIMCTOB, BJIAJICHOIIMX
0a30BOl TOATOTOBKOW MPENU3HOHHOTO 3EeMIISICIIHS,
OTCYTCTBHE TIOJIHOM YKOMIUIEKTOBAaHHOCTH COBpe-
MEHHBIM MEXaHHM3HPOBAHHBIM U MPOrPAMMHBIM
o0opymoBaHUEM I MACCOBOTO Tiepexoa K Smart
Agriculture- «<yMHOMY» CeJTbCKOMY XO3SIMCTBY» H JIp. ).

post@vestnik-vsuet.ru

Bwmecrte ¢ Tem neiicTByeT yroMHUHaeMas HaMH paHee
HalpoHasbHast mporpamma «L{ugpoBas 3xoHOMHUKA
Poccuiickoli ®epepauumn», Omaromaps KOTOpOH
HaAOII0aeTCs aKTUBU3AIMS MTPOIECCOB MH(PPOBOH
TpaHcHOPMAIIMU B OTPACIIH CEIBCKOTO XO35HCTBA.
bnaromaps aToMy B ocjeIHUE TObI HAOIOAaeTCS
YBEIIMUYCHUE IO arpONPOMBIIUICHHBIX MPEIPHs-
TR pa3IMIHBIX (JOPM COOCTBEHHOCTH M pa3MEpOB,
BHEJIPSIONTNX Y ceOs KaK JIIEMEHTH TOYHOTO 3€M-
JieAenys, B OCHOBE KOTOPOIo JICKUT MPUMEHEHHUE
CITyTHUKOBBIX HaBUTAITIOHHBIX CHCTEM U TIPOTPaMM-
HOTo 00eCIeYeHMs, TTO3BOJISIOIIETO PA3IMIHBIM 00pa-
30M IPUMEHSITH TOYYEHHBIC JAHHBIE U UCTIONH30BaTh
UX B MHTEpECax YIPAaBICHHUsI CEKTOPOM U OITTUMU3ALIN.
B Tabmutie 2 mpecTaBieHs! JaHHBIE, TIOKA3EI-
BalOIIME KOJMUYECTBO XO3SUCTB B pa3pe3e CyOheKTOB
Poccwutickoit deneparyn u riormam, 0opadaTeiBaeMon
MOCPEICTBOM CHCTEM TOYHOTO 3€MIIE/IEITHSI.

TaOnuma 2.

Hcnonp3oBaHue IIEMEHTOB TOYHOTO 3eMIIeIem sl (10 KOJIMIECTBY XO3SMCTB M TIOCEBHOW TUTOIIAIH)
o cocrostunro Ha 2020 r.

Table 2.

Using precision farming elements (by number of farms and sown area) as of 2020

CyOBext

Subject
Jlunenkast o6nacts | Lipetsk region
Oposckas o6iacts | Orel region
Camapckast obsacts | Samara region
Kyprauckas obmacts | Kurgan region
Boponexckast obnacts | Voronezh region
TromeHnckas obnacts | Tyumen region
Hwmxeropoackas o6macts | Nizhny Novgorod region
Kpachnosipcknii kpaii | Krasnoyarsk region
Kpachosipckuii kpait | Krasnoyarsk region
Tam6oBcKkast o6acts | Tambov region
Tomckast o6macts | Tomsk region
Kpacnonapckuii kpaii | Krasnodar region
Openbyprekast odnacts | Orenburg region
Tomckast oonacts | Tomsk region
Pecny6nuka Kpeim | Republic of Crimea
Jlennurpamackas o6macts | Leningrad Region
Tynbckas oomacts | Tula region
Pecny6nuka | Republic
Bamkoprocran | Bashkortostan
Kanununrpanckas oonacts | Kaliningrad region
Iepmckuii kpait | Perm region
Psi3anckas o6nacts | Ryazan region
Kypckas obmacts | Kursk region
Amypckas ob6macts | Amur region
Pecrybnmka Ageirest | Republic of Adygea
Bourorpazckas obmacts | Volgograd Oblast
Wsanorckas obmacts | [vanovo Region
Kocrpomckas obmacts | Kostroma region
Cmonenckas oomacts | Smolensk Oblast
Pecny6nmka Komu | Komi Republic

AHanu3 NOpUBENCHHBIX 3HAYEHUH CBHIE-
TEeTLCTBYET, UTO cpeau CcyObekToB Poccuiickoit
Oepepanry, aKTUBHO NPUMEHSIIONINX B arpomnpo-
MBIIIJIEHHOM CEKTOPE TEXHOJOTUU CIIyTHUKOBOM
CBEMKH, 10 YUCITY XO3SUCTB sABIAOTCA Jlunenxkas,
OpinoBckas 1 Camapckasi 00J1acTH, a 10 ILIOMaan
00pabaTpIBaeMBIX cenbXxo3yromuii — Kypranckas,
Opnosckas, Jlumerkast obmactu. OqHaKO, aHATUTUKA

KonnuecTBo X035HCTB, HIT.
Number of farms, pcs.

125

JloJst mOCeBHBIX IUIOWAACH, ra
Share of sown areas, ha

812 367
108 365
75 354
55 387
54 336
54 241
50 158
44 124
42 300
41 315
37 177
32

31 218
31 124
30 98
24 31
23 143
21 192
17 94
15 72
15 35
13 71
12 110
7 10
6 101
6 15
5 6
4 13
3 35
3 15

NPUBOZSAT AAHHBIE, CBUICTEIIBCTBYIOIIME O OOJiee BBICO-
KOM TIOTEHIHAJIe POCTA PHIHKA TAHHBIX TEXHOJIOTHIA.
Bmecre ¢ Tem, B yCIOBHSAX CaHKLIMOHHOTO
JaBJICHUS W MMIIOPTO3aMELICHUs, aHAJIMTUKU OT-
MEUalT 3aMeJUIEHHE pocTa JaHHOI'O CEerMeHTa
peiHKa. [Ipy 3TOM 0TMe4aeTcsi, YTO O CPABHEHUIO
C IPYTMMH HaIpaBJICHUSIMU SKOHOMHKH, OH BCE PABHO
HOCTPaJacT MEHBIIE U3-32 HU3KOIO IPOHUKHOBEHHUS
[T-perennit MUPOBBIX KOPHIOpALMi B JTAHHBIA CEKTOP.
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Tem He MeHee KpyTHBIC arpOXOJIUHTH Pa3BHBAIOT
TOYHOE 3eMIIEJICITNE, & TAKHE KOMIUIEKCHBIE CHCTEMBI
yIIpaBJIeHHs MOCEBAMU OCHOBAHBI Ha MCIOJIb30Ba-
HHH JJAaHHBIX B TOM YHCJI€ AMEPUKAHCKON CHCTEMBI
rnobansHOrO mo3unuonupoBanus GPS, a Taxke
wiatdopmbl GPS-monuTopunra loT Wialon. Ot-
kmouenne GPS um yxom u3 Poccum IoT Wialon
HETaTHBHO CKa)KYTCsl HA 9TOM HarlpaBieHu. VIMeHHO
HOATOMY NTEPCIIEKTUBHBIMHU SIBIISTFOTCS pa3paboTKHy,
ocHoBaHHble Ha cucteme ' JIOHACC.

3aKioueHne

B 3axmoueHne oTMeTHM YCUICHHUE DPOJIN
CITYTHUKOBBIX HABUT'alTUOHHBIX TEXHOJIOTHH 1 Oec-
MWJIOTHBIX aBHACUCTEM B MHTCEPCCAX YIPABJICHUA
arponpOMBIINUICHHBIM KOMINUIEKCOM KaK Ha MHPOBOM

post@uestnik-vsuet.ru

pbIHKE, Tak U B Poccuu. O4eBHIHO, 4TO PACCMOTPEH-
HbIC HAMU TEXHOJIOTMU TMO3BOJIAIOT 3()(PEKTHBHO
pemars 3a1a4d MOHUTOPUHTA 3€Melb, TPOTHO3UPO-
BaHUE COCTOSIHUSI CEIIbCKOXO3SIMCTBEHHBIX YTOJUM,
CIOCOOCTBYIOT BO3MOXXHOCTH TIOBBIIIEHUS TIPO-
TYKTABHOCTH BO3JIEIBIBAEMBIX KyIbTyp. Takum
00pa3oM, HCIIOJIb30BaHKE JAaHHBIX TEXHOJIOTUH
SBIISIETCS BAXKHBIM MHCTPYMEHTOM TSl ONTHMH3ALIIH
VIpaBJICHUS arpONPOMBIIIICHHBIM KOMIUIEKCOM U
o0ecreyeHus ero yCTOHYMBOTO Pa3BUTHSL.

Baaropapuoctu

Cratpsl TyONIMKyeTCsl TIPH TPAHTOBOM MOAIEPIKKE
DenepapHOrO areHTcTBa MO Jenam Mononéxu (Pocmo-
nonéxb) Cornarenne Ne 091-10-2023-069 or 23.05.2023 1.
npoekT «Hayka psimom».
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IIpyuMeHeHHEe MAIIMHHOTO 00YYeHUs NMPH OPTraHN3aIUN AIANITHBHO-
JAHAMAPTHBIX CHCTEM 3eMJIe/IeTU s

Anna B. Jlukanna ' anna_linkina@rambler.ru 0000-002-8429-1292

1 BOpOHEXCKHUiT HHCTUTYT BRICOKHX TEXHOJIOTH- aBTOHOMHAsI HEKOMMepUeCKasi 00pa30oBaTebHas OPraHH3alHsl BBICIIIETO
obpasoBanwus, yi. Jlenuna, 73a, r. Boponex, 394043, Poccust

Annotanus. CTaTbs HCCIIEAYET BOZMOXHOCTH MTPUMEHEHHSI HHCTPYMEHTOB HCKYCCTBEHHOTO HHTEJUICKTA P OPTaHU3AI[IH 3KOJIOTO-
JMaHTMAPTHRIX cUcTeM 3emienenus. OTMeYaeTcs, 9TO C MOMOIIBIO aITOPUTMOB OOYYEHHsS CElbXO3TOBAPOIPOU3BOUTEIN MOTYT
ONTUMH3UPOBATh MHOTHE IPOIECCHl BEICHUS INPOU3BOJACTBA, MOBBICUTH NPOAYKTUBHOCTH YTOMUM M KadyecTBO MOIy4aeMOi
TIPOAYKIMH, a TAKKe CHHU3HUTH 3aTpaThl U cebecromMocTh. [lokazaHO, 9TO MaccoBOEC BHEAPEHHE MAIIMHHOTO OOYYEHHS CIIOCOOHO
YBEIMYUTD JIOJII0 BaJIOBO 10OABIEHHON CTOMMOCTH B Onvpkaiiiine 5 et Ha 25% B pacTeHHEBOACTBE, U 10 14% B )KMBOTHOBOJICTBE
IPU ONTUMUCTHYECKOM CLIEHAPHOM BapHaHTE pa3BUTHs, B HanOojee BEPOSITHOCTHOM BapHaHTe IOKa3aTenu OyIyT B ABa pas3a HUXKE,
TP TIECCUMUCTHYCCKOM - yBEIMUYCHHE MPOM30iaeT He Ooiee uem Ha 3,8% B oTpacimu pacteHueBojactBa, U 10 0,4% B orpaciu
JKUBOTHOBOJICTBA. [10CKOJIBKY alanTUBHO-JIAHANIA(THOE 3eMieenue, Oasupyromieecs Ha yueTe 0COOCHHOCTElH penbeda, KIuMarta,
arpodanuii, T0JKHO YYUTHIBATH OONBIIOE KOJHYECTBO MApaMETPOB, TAKUX KaK OICHKA COCTOSHHS IOYBBI U PACTCHHUI, MOCEBHBIC
IDIOIIA/IN, YacTOTa X 00pabOTKH, KOIMUYECTBO BHOCUMBIX MHHEPAIBLHBIX U OPraHUUYCCKUX YA0OpeHUid, 00paboTka repOuIuIaMu U
WHCEKTUIIMIAMHU U Ap., ObUT pa3paboTaH NpoTOTUI MH()OPMALMOHHON CHCTEMBbI, TO3BOJISIONICH HA OCHOBE MPEAUKTUBHOTO aHAIN3a,
mono0paTh HanOoJee ONTUMAaJbHOE PEIICHHE AJIS OPTaHM3alUN CEBOOOOPOTOB C IENBbIO YIPABICHUS CHCTEMaMH 3emienenus. B
CTaThe MOKa3aHa BO3MOXKHOCTh MPHMCHECHHS KOMITBIOTCPHOTO 3PCHHUS MPH DPACIO3HABAHUU KapTOrpapMuecKoro Mmarepuaia u
YCTaHOBJICHUH THIIAa arpoyaHamadTa Uil MOTyYeHHsS BBICOKOMPOIYKTUBHBIX ypoxkaeB. IIOCTpOCHBI MOJENN HHTEIUIEKTYaIbHOTO
aHaJi3a Ha OCHOBE BXOJISIIUX MPHU3HAKOB. J[1s1 paGOTHI ¢ MPEUTOKEHHBIM MPOJYKTOM HE MPEABSIBISCTCS CICIHATH3UPOBAHHBIX
TpeOoBaHMH K KBATM(HUKALUY IEPCOHATIA, a TaKe MOXKET OBITh HCIIOIB30BAHO PSIIOBHIMU pAOOTHHKAMHU KaK KPYIHBIX arpOXOJINHIOB,
MPECTaBUTEISIMA OPTaHOB MYHHUIIMIIAIFHOW W TOCYAapCTBCHHOW BJAacTH B OONACTH arpoNpOMBINUICHHOTO CEKTOpa, TaK H
COTPYAHHUKAMHU HEOOJIBIINX XO3SHCTB 3a CYST MIPOCTOTH M HHTYUTHBHO MOHATHOTO MHTEepdeiica.

KiroueBble €JI0Ba: SKOJIOTO-TaHIA(THBIE CHCTEMBI, MPOAYKTHBHOCTH YrOIWH, IUIOAOPOIME IMOYB, TEHETHYECKHE AITOPUTMEL,
pacmo3HaBanue 00pa3oB, API, uHpopmaImoHHas cuctema.

Application of machine learning in the organization of adaptive
landscape farming systems

Anna V. Linkina '  anna_linkina@rambler.ru 0000-002-8429-1292

1 Voronezh Institute of High Technologies, Lenina Str., 73A Voronezh, 394036, Russia

Abstract. The article explores the possibilities of using artificial intelligence tools in organizing ecological landscape farming systems.
It is noted that with the help of learning algorithms, agricultural producers can optimize many production processes, increase the
productivity of land and the quality of the resulting products, as well as reduce costs and costs. It has been shown that the mass
implementation of machine learning can increase the share of gross value added in the next 5 years by 25% in crop production, and up
to 14% in livestock production under an optimistic scenario of development; in the most probable scenario, the indicators will be two
times lower, and in a pessimistic scenario - an increase will occur by no more than 3.8% in the crop industry, and up to 0.4% in the
livestock industry. Since adaptive landscape agriculture, based on taking into account the characteristics of the relief, climate,
agrofacies, must take into account a large number of parameters, such as assessment of the condition of the soil and plants, sown areas,
frequency of their cultivation, the amount of applied mineral and organic fertilizers, treatment with herbicides and insecticides, etc. .,
a prototype of an information system was developed that allows, based on predictive analysis, to select the most optimal solution for
organizing crop rotations in order to manage farming systems. The article shows the possibility of using computer vision in recognizing
cartographic material and establishing the type of agricultural landscape to obtain highly productive crops. Intellectual analysis models
were built based on incoming features. To work with the proposed product, there are no specialized requirements for personnel
qualifications, and can even be used by ordinary employees of both large agricultural holdings, representatives of municipal and state
authorities in the agricultural sector, and employees of small farms due to its simplicity and intuitive interface.

Keywords: ecological landscape systems, land productivity, soil fertility, genetic algorithms, pattern recognition, AP, information system.
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BBenenue

B nacrosimee Bpems nupoBbIie TEXHOIOTHN
UTPAOT BCE OONBIIYI0 POJb BO MHOTHX cdepax
JKU3HU. MalrHHOe 00y4YeHHe CTajo HeoTheMJe-
MOH 4acThIO MHOTHX OTpaciiei, BKJI0Yast CEIILCKOE
x03s1cTBO. C TMOMOIIBI0 aTOPUTMOB  OOYUYEHUS
CEJIbX03TOBAPOIPOU3BOIUTENH MOTYT ONTHMHU3H-
pOBaTh MHOTHE MPOLIECCH BeIEHUs TPOU3BO/ICTBA,
MOBBICUTh TMPOAYKTUBHOCTH YTOAWM U KAa4eCTBO
TOTy4aeMOM TPOIYKIWH, a Takke CHU3UTH 3aTpaThbl
u cebectomMocTb. BMmecte ¢ TeM, Ha COBpEMEHHOM
9Tare Pa3BUTHS arpoNpPOMBIIUICHHOTO KOMILIEKCa
B Poccun 1071 mporpaMMHBIX NIPOIYKTOB € JIEMEH-
TaMH TIPETUKTHBHON AHANWTHKHU 3aHUMAET OYEHb
CKpPOMHBIE TO3UIMH, HECMOTPSI Ha 3HAYUTEIILHBIE
NEPCHEKTUBEl MPUMEHEHHA. AHAIN3 UMEIOIIUXCS
U POBBIX PEIIEHHUH ITOKA3bIBAET, YTO CYIIECTBYET
OTpaHUYEHHOE YMCIIO KOMIIAHUH, MpeaIararmumx
NoA0OHbIEe Pa3pabOTKH, a B YCIOBUIX HEOOXOAUMO-
ctu o0ecreyeHHs: TEXHOJIOTNYECKOTO CyBEepeHUTETa
1 He00XO0AMMOCTH MMIIOPTO3aMEILICHUSI Ha OTede-
CTBEHHOM DBIHKE CYIIECTBYET OCTpas HEXBaTKa
MH(QOPMAIIMOHHBIX CUCTEM C HHTErpaluel UCKyc-
CTBEHHOTO WHTeJUIeKTa. [10 orleHKamM aHaTMTHKOB,
MaccoBO€ BHEJPEHHE MALIMHHOI'O O0YYeHHs CIO-
COOHO YBETMYHTH OO0 BAJOBOH 100aBIIEHHOM
CTOMMOCTH B OrpKaimve 5 et Ha 25 % B pacTeHu-
eBojicTBe, U A0 14 % B xuBOTHOBOACTBE. OHHAKO,
NOJOOHBIM MPOTHO3 SBJISIETCS ONTUMHCTHYECKUM
CLICHApHBIM BapuaHTOM pa3BUTHA. B Hanbonee
BEPOSATHOCTHOM BapHaHTE MOKa3aTeIu OyayT B IBa
pa3a HMXKe, a IpU ECCUMUCTHUECKOM — yBEIHUe-
HHE Ipou3oiaeT He 6osee yeM Ha 3,8 % B oTpaciiu
pactenueBoycTBa, u A0 0,4 % B oTpaciy >KUBOTHO-
BojicTBA. Takue moka3areiar OOBICHSIIOTCS TEM, YTO
MMOMHMMO HEJOCTATOYHOTO MPEJIOKEHUS Ha PhIHKE
MIPOTPAaMMHBIX CPEJICTB, CEITBCKOE XO3SIHCTBO TPaaH-
IIHOHHO CYMTaeTcs OJHOW M3 HamOosee KOHcepBa-
TUBHBIX oOnacTell B IJIaHE BHEAPEHWS] MHHOBALMHA.
Emte oxHO# ipobnemoii siBnsieTcst KaApoBBId Aedu-
IUT paOOTHUKOB CTOJIb CIOKHOM CIIeHaNH3ain
Y HA3KMH ypOBEHb 3apabOTHOM ILIAaThl B JAHHOM
cekrope. IMeHHO no3ToMy pa3zpaboTKa MHTEIIEKTY-
AIBHBIX PEIICHNWH 1 aKceNepanys Jake HeOOIbIINX
MPOEKTOB JOJDKHA TOYYUTh OOJBIIYIO MOJIEPIKKY
CO CTOPOHBI TOCYAAPCTBA IIPU pEATN3aLUH OJIUTUKH
u¢poBoil Tparchopmanuy.

ABTOpamH BBITIOJIHSIINCH UCCIIEIOBAHNS, CBSI-
3aHHbIE C BO3MOKHOCTBIO NMPUMEHEHHS MAILIMHHOTO
00y4eHHsI IPH OpraHM3aLKHY aIaNTHBHO-IaH A} THBIX
crcteM 3emienenvis. [IocKobKy B pe3ysbTaTe Bce BO3-
pacraronieil aHTpOIOreHHON Harpy3KH 3eMeNIbHbIe
YTOZbsl OJBEPIalOTCs Pa3IMYHBIM JIeTrpalalloH-
HBIM IPOLIECCaM, IIPU ITOM COXPAHEHHE U BOCCTA-
HOBJIEHHE TUIOAOPOAMS TOYB SBISETCS OCHOBHON
3ajayei A oOecreueHns: BBICOKOH yposKaitHOCTH
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1 coxpaHeHus OwmopasHooOpazms. Ilomxom BemeHwms
CEJIBCKOTO XO3sMCTBa, 0a3MPYIOIIUICS Ha ydyere
ocoOeHHOCTel perbeda, KuMara, arpodariuid, Jexa-
I B OCHOBE AKOJIOTO-TAHIIIA(THOTO 3eMIIe eI,
JIOJDKEH YUUTBIBATh OOJIBILIOE KOJMYECTBO MapaMeTpOB,
TaKUX KaK OI€HKa COCTOAHUS IIOYBBI U paCTCHHﬁ,
TIOCEBHBIE TUIOIIA M, YaCTOTa UX 00PabOTKH, KOrJe-
CTBO BHOCHMBIX MIHEPAILHBIX M OPraHMYIeCKUX Y100~
peHmii, 00paboTKa TepOHMITIaMI 1 WHCEKTHITHIAMU
1 MHoroe fipyroe. C y4eToM COBPEMEHHBIX BO3MOX-
HOCTEH TEHETHYECKHUX aJrOpPUTMOB, pa3paboTKa
MH(POPMAITHOHHON CHUCTEMBI, TTO3BOJISIONIEH Ha OC-
HOBC MNPCAUKTUBHOTO aHajiM3a, HOILO6paTI) OIITU-
MaJbHOE PElICHHE ISl OpraHu3alii CEBOOOOPOTOB,
ABJICTCSA OAHUM U3 IEPCIICKTUBHBIX METOJ0B OIITH-
MU3aluy ypaBJICHUA CUCTEMAaMU 3EMIICACIINA.

MaTepI/IaJ'[bl U METOAbI

B Xxone BBHIMONHEHUs] MPOEKTUPOBAHUS HH-
(hopMaIMOHHOW CHUCTEMBI ObLTa TOCTABJICHA 33aada
peanu3anud MOAYJS NPEIUKTHUBHOM aHATUTHKH.
JlJ1st moCcTUKEHHsT TOCTaBJICHHOM I1eIM HAa OCHOBE
METOJIOB CHUCTEMHOTO aHaIN3a M MaTeMaTHYeCKOro
MOZIETIMPOBaHUS, ObLIM PELLIECHBI CIEAYOIINE 3a1auH:

1. [IpoexTupoBanue u pazpaboTka web-mpu-
JIOKEHUs], MpeAcTaBiIonero coboi miarhopmy
JUISL MTHTETPaIiii 000COOJICHHBIX MOTYJICH;

2. Pa3paboTka mpriiokeHus, (GOopMUPYIOIIETO
HaOOpHBI JaHHBIX, 17151 00yUeHHsT HeHpoceTH;

3. IIpoexTupoBanue ¥ pa3paboTKa MPOTOTUIIA
web-cepBUca TPEJIUKTUBHOW aHAIMTHKH KapTo-
rpaduuecKuX H300paXeHUIH 3eMEeIbHBIX YTOIUH
CEJIbCKOXO03IHCTBEHHOTO Ha3HAYCHUS;

4. I'paduueckoe npeacraBieHue web — nmpu-
JIOXKCHUS;

5. IlpoextupoBanue u paspaboTkf HHTEN-
JIEKTYyaJIbHOrO MOMOIIHHUKA ISt 00paOOTKH THIIO-
BBIX BOTIPOCOB.

Bb1n mpoananu3upoBaHbl IPEACTaBICHHBIE
Ha PBIHKE PEILeHHs KaK 3apyOeXKHbIX, TaK W OTeue-
CTBEHHBIX Pa3pa0dOTUMKOB, cpeau KOTOpbIX ArcGis,
Maplnfo, I'eoCkan, QGis u ap. B xo1e mpoBeneHHOTo
aHaJiM3a MPOrPaMMHBIX CPEACTB ObUIM OTMEUYCHBI
CIIEAYIOIINE HEOCTATKU:

1. 3akpblTas apXUTEKTypa IMPOrPaMMHBIX
MPOJIYKTOB.

2. He Bce Momymu oO0mamaroT mporpaMm-
HBIMHU HHTepdeiicamu.

3. Bricokas 1ileHa MPOrpaMMHOTO MPOIYKTA.

4. lleHTpanH30BaHHOE pPACIpPOCTPAHEHHE
INPOTrPaMMHBIX IPOIYKTOB.

5. OtcyTcTBHE MHCTPYMEHTOB W TOTOBOTO
peIIeHNs ISl ONpe/ieSicHHs] THIa arpojaHamadToB
Ha OCHOBE KapTorpaduieckoro Marepuaia.

6. Huskuii ypoBeHp HHTErpalvii TEXHOJOTHH
KOMITHIOTEPHOTO 3PEHHS! B CYIIIECTBYIOLINE MOIYIN pe-
IIeHNs 337129 Ha OCHOBE KapTorpa(iieckoro Marepuaa.
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Ha ocHOBe ommcaHHBIX HEIOCTaTKOB pac-
CMOTPEHHBIX MPOTPAaMMHBIX MPOAYKTOB OBLI
chopMupoBaH psii TpeOOBaHMIA K IPOSKTUPYEMOMY
MPOTPaMMHOTO PEIIECHHIO.

[penbsaBnsiempie TpeOOBAHUS K IMPOTPAMM-
HOMY MOJTYJIFO aHai3a TUIIOB arpoaHmadToB:

® BO3MOJKHOCTBH OTIpEZEeNICHHS TUIIOB arpo-
na"qmadTa Ha OCHOBE KOMITBIOTEPHOTO 3PCHUS;

e Hanuuue APL

[pempsapnsembie TpeOOBAHS K IMPOrPAMMHOMY
MOJIYJIIO JUTA TIOJITOTOBKH H300PayKEHHIA:

® OTKPBITHIA UCXOIHBIN KOJ;

o Hamuune API;

® HaJIM4YMWC JOKYMCHTAIUU,

o (hopMHpoBaHKE HAOOPOB JAHHBIX HA OCHOBE
Tpynmsl 00BEKTOB.

Ha ocHoBe ommcaHHBIX TpeOoBaHMI OBLTH
copMHpPOBAHBI 33124 O TIPOSKTUPOBAHHIO U PEasTH-
3armn pazpabaThIBaeMOro MPOrPaMMHOTO PEIIEHHS.

3amaua QopmupoBaHus HAOOPOB ITaHHBIX
HAa OCHOBE KapTOrpaMuecKoro MaTepuia arpo-
nmaHamadTOB, a TAKXKe pa3padoTka MOIYJIS IPEIUK-
TUBHOW aHAJIUTHKH OCHOBBIBANACH Ha pa3paloOTKe
CIIeIYFOIINX JIEMEHTOB:

» KommonenT gyt 00paboTku n300paskeHui.

* KommoneHT myist otoOpaskenust uHTepderica.

» KOMITOHEHT /17151 TOJIrOTOBKY JTAHHBIX K 00Y-
YEHHIO HEUPOHHOH CETH.

Pe3yabTaThl u 00cyxIeHUE

WM croBamm, paspabaTeiBacMasi cricTemMa
JIOJDKHA YMETh ONTUMM3HPOBATh 3arpy’KEHHBIN Kap-
TorpadUuecKuii MaTeprall, MPEACTABISIONINA cO00i
DJIEKTPOHHBIN BapHaHT (CKAaHUPOBAHHOE H300pake-
HUE KOHKPETHOTO 3€MEJIBbHOr0 y4yacTka OOBIYHON
OyMa)XHOH KapThl WM SKCIIOPTUPYEMOE H300paxe-
HHUE W3 TeOMH(OPMAIMOHHON CHCTEMBI B 33J]AHHOM
MacmTade) W ONpelessiTh K KakOMy THIY arpo-
nma"amadTa MOKHO OTHECTH JIaHHBIA Y4acTOK, JUIs
TOro, 4TOOBI B IAJIbHEHIIIEM MOI00PaTh ONTUMAIIBHBIN
BapuaHT ceBOOOOpOTa M T€ KYJIBTYpBI, KOTOpBIE
11eIecoo0pa3Ho Ha HEM BO3JIENBIBATh, KaK C TOUKH
3pEeHHs] COXPAHEHHSI TUIOI0POHS 3eMeb, TaK U C TOUKU
3pEHUS TIOYYeHNS] MAKCUMAIBLHOM TPOTYKTHBHOCTH
BO3/IEJIBIBAEMOM CEIBCKOX03CTBEHHON KYJIBTYPBI.

CornacHo METOMKE, MPEIOKEHHOM 1podec-
copom JlonbeipeBeiv MLU., arponanmmadTel MOXKHO
pa3AeNnuTh Ha 5 OCHOBHBIX TUIIOB. J{J1s1 KaX/10ro U3
TUIIOB UMEIOTCS COOCTBEHHBIE PEKOMEHIALNU 10
BOBICNIBIBAEMBIM CEITBCKOXO3SMCTBEHHBIM KYJIBTYPaM.
Takum oOpa3zoM, Oblia paspaboTaHa HEHPOHHAS CET,
KOTOpas ¢ JJOCTAaTOYHOH JIOCTOBEPHOCTHIO OTperie-
JsTa TN arpojaHamadTa KOHKPETHOTO y4JacTKa,
Y Ha OCHOBE 3TOTO THUIIA CENbX03TOBAPOIPOU3BO-
JIUTENh C MTOMOIIBI0 MOJYJISI PEKOMEHIATEIEHOTO
cepBHCca MMeN BO3MOXXHOCTh BBIOPATh ONTHMAlb-
HBIE KyJIBTYpPBI IJIs1 BeIpamuBanus. s oOyyenus
pa3paboTaHHOW HaMH MOJIENH, WCIIOIb30BAJIIICh
CTaHJapTHBIE OMOMMOTEeKH, Takue Kak NumPy,
Matplotlib, OpenCV, Tensorflow u psn apyrux.
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JlaHHBI MeXaHW3M TpeoOpa3yeT pelieHue,
TpEJICTAaBICHHOE CUCTEMOIA, B popMar 0003HAUCHHBIH
MPOTOKOJIOM 0OMeHa cooOIeHussMu. PaccmoTpum
TUTIOBBIE BXOJHBIE MaHHBIE U PE3yibTaT, OTIPAB-
JICHHBIN cepBUCOM (pUCYHKH 1, 2):
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Pucynok 1. M306paskeHre, OTIpaBIeHHOE ITOIB30BaTEIEM
Figure 1. User Submitted Image
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Pucynok 2. toroBoe nzo0paxeHue
Figure 2. Final image

Ha pmanHOM wm300paxennn 00O3HAYCHHBIE
00J1aCTH OTMEUCHBI I[BETAMU: 3€JICHBIN — 3TO THUI
arponanamadTa B o0mmel KIacCU(pUKAIIUN THIIOB
npeactasiaeHHbli [ u 11 Trnamu, KpacHslil — THI arpo-
nanamadra npencrapnaeHusiii 11, IV u V tumom.

3akioueHne

B pesynprate BhIMOIHEHHS PaOOTHI ObLIa
pa3paboraHa WH(GOPMAIMOHHAS CUCTEMa C UHTE-
TPUPOBAHHBIM MOJYJIEM pacllO3HAaBaHWs THUIIA ar-
ponanamadTa ¥ HA €ro OCHOBE PEKOMEHIAIWH
10 TOA00PY ONTUMAIBHOTO BU/IA M CTPYKTYPBI CEBOOO-
opora. JlaHHOE TIPOrpaMMHOE PEIIeHNE TT03BOIISET
TNOBBICUTH TPOAYKTUBHOCTH CEJIbCKOXO03IMCTBEHHBIX
YTOIUii, 4TO CIIOCOOCTBYET YBEIUUCHUIO ypOKaii-
HOCTH KYyJBTYp M, B KOHEYHOM CUETe, OTBEYaeT
CTpaTermueckoi 3ajaue oOecredeHus po10BOIIb-
CTBEHHOH Oe3ormacHOCTH Tocynapcrsa. O4eBHIHO,
9TO JUIA JaNbHEHIIed paboThl C MPEATOKCHHBIM
TPOAYKTOM HE MPEIbSBISIETCS CHIELUATN3UPOBAHHBIX
TpeOOBaHMIA K KBAMH(UKAIMK IIEPCOHAIIA, a JTaxke
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MOXKET OBITH HCTIOJIE30BAHO PSIOBHIME PAOOTHUKAMU Bbaaromapuoctu

KaK KpyIHbIX anOXOJ'I,E[VI/IHFOB, Hpe,I[CTaBI/ITe‘J’ISIMI/I op- Cratpsi myOJIUKYETCS MPU TPAHTOBOW TOICPKKE
TaHOB MYHHMIUNATBLHOM M FOCYIAPCTBCHHON BIIACTH defiepalbHOTO  areHTCTBA 1O  JeNaM  MOJOASKH
B 00JIaCTH  arpoNpPOMBILUIEHHOTO CEKTOpa, Tak (Pocmononéxs) Cornamenue Ne 091-10-2023-069 ot
" COTpYAHUKaAMHU HeOOJIBIINX XO3SMCTB 3a CUET 23.05.2023 r. MIPOEKT «Hay}(a panoM».

IPOCTOTHI ¥ HHTYUTHUBHO MOHSTHOTO HHTEp(Eiica.
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HUcnosb3oBanue Moge el MAIIMHHOTO 00y4YeHUs NPH PelIeHUH 32124
B OTPACJIH OPraHNUYECKOro CeJlbCKOro X03MCTBA

Amnna B. Jlukauna ! anna_linkina@rambler.ru 0000-002-8429-1292
Bstiuecnas JI. EncykoB 1 elsuckov.vyacheslav@gmail.com

Anekceil A. Tpumun ! trishin.aoff(@mail.ru
1 BopoHeXCKHii MHCTUTYT BBICOKUX TEXHOJIOTUH, yi1. JlenuHa, 73a, r. Boponex, 394043, Poccust

AHHoTanms. B cratbe oTMeuaeTcs akTUBHBIN SKOHOMHUYECKUH POCT B OTPACId OPraHUYECKOI'0 CEIbCKOrO XO3SICTBA 3a MOCIEAHUE 5 JeT.
BmecTe ¢ TeM yka3bpIBaeTCs, YTO BHEAPEHUE DIICMEHTOB MCKYCCTBEHHOI'O MHTEIUIEKTA CIOCOOCTBYET ero Ooiiee 3(hGEeKTHBHOMY Pa3BUTHIO.
Hapsiny ¢ mHMpoKMM MOTEHIMAIOM SKOJIOTHYECKOr0 3eMIIe/IeIMsl YKa3bIBAeTCsl BO3MOXKHOCTh (DOPMHUPOBAHUS NPEAUKTUBHBIX MOAENCH JUIst
nosbopa ONTUMANBHBIX Y4YacTKOB IOJ JAAHHBI BHUJI NPOM3BOJCTBA IIPH KCIOJB30BAHHM MOJeell MammHHOro oOydeHus. B xoxe
MCCIIEI0BAHUS HA OCHOBE METOZIOB ONITUMH3ALIMU ObLIM OCTPOSHBI MOJEIH 00YUCHUSI HEHPOHHOI CETH ¢ yuuTeneM (MOJIeIH MHOKECTBEHHON
JIMHEHHOW perpeccuu, MeTo K-CpesHuX, MOJENH JIEPEBbEB PEIICHUI, METOJI CIy4aiHOro jeca U psaa Apyrux). [lox meTpukamu KadecTBa
OLICHKH TIOJIyY€HHBIX MO/IeNIel NpHHUMANHCh KoddduuueHT nerepMunanuu R2 (T. e. 10715 qucnepcun 3aBUCUMO# IIEpeMEHHO#, 00bsCHAEMON
BXO/SIIMMH B MOJICJIb IIPH3HAKAMHM); TOYHOCTh MOJIEIH (JUIs MO/ieNel Kiaccu(UKaIyn) U ajJbTepHaTUBHYIO METPUKY onieHka F1 (Accuracy u
F1 Score). B mMoaensix aHaIM3UPOBAINCH 3aBUCHMOCTh HCIIOJNB30BAHHS 3€MEIb B OPTaHUYECKOM 3eMJICICIHM OT TUIA arpoiaHmmadra;
arpOXMMHYECKUX IIOKa3areneid MouBbl (NPEXAe BCErO HAIMYUE PaJUOHYKIHAOB, TSKEIBIX METAIOB M OCTaTOYHBIX KOJMYECTB
repOHIIUI0OB/MHCEKTUIIMIOB B IOYBE); YAAJICHHOCTh OT IPOU3BOACTBEHHBIX arpOKOMIUIEKCOB, CKOTOMOTWIbHUKOB, THO; yunThiBanuch
MOKa3aTelM 30TepM U u300ap U T.11. B kauecTBe nporpaMMHOro pemenus ucrons3zopanack cpena Jupyter Notebook u obnaunas cpena Google
Colab, a Taxxe crangaprasie oubmuorexu Pandas, NumPy, Scikit-learn, SciPy, Tensorflow, Matplotlib u apyrue. Iloctpoers! oOyuatomas u
TECTOBas. MOJIEJIM HAa OCHOBE MHOXXECTBEHHOW MOJIENHU JIMHEWHOHN perpeccun B cootHomieHnd 70 k 30. B kadecTBe 1eneBoit (3aBUCHMON)
[IepEeMEHHOI BHIOPAIM BO3MOXKHOCTH OPTaHU3alUU OPraHUYECKOTO CEIbCKOTO X03HCTBA HA KOHKPETHOM 3€MeNIbHOM ydacTke. [lomyuennas
MO/IeJIb TI03BOJIsIa OLIEHUTh BaXKHOCTh MPU3HAKOB IJIs ONPEAEIEHHS 3aBUCMMOCTH 1I€JICBOM TEPEMEHHOM OT BXOAAIINX, & TAK/KE AaTh IIPOrHO3
[0 BO3MOXKHOCTH IIEPEX0/1a KOHKPETHOTO 3¢MEJIBHOTO Y4acTKa Ha CTAaHAAPT BEJCHHS OPraHHYeCKOoro 3emiieesus. Takum 00pa3oM Hamu ObLIn
otieHeHbl 114 3eMenpHBIX y4acTKOB Iiomaapio ot 23 no 189 ra na teppuropuu 13 MyHHIMManbHBIX pailoHOB Boponexckoil obmactu
(JImckunuckmii, Octporoxckuii, boryuapckuii, I'pumbanoBckuii, BepxnexaBckuii, KamaueeBckuii, Ilanunckuii, BepxHemaMoHCKHH,
HoBoycmanckuit, Bytypnunosckuii, TanoBckuii, OpTunbckuii, BoOpoBckuii). Y CTaHOBIGHO, YTO IPUIOJHBIMH JUIsl HEPBUYHOI OLEHKH IO
CTaHAApTy OPraHMYECKOTO MPOM3BOACTBA M3 HUX SIBISLIMCH 34 ydacTka Oe3 JONOJHUTENbHBIX YCIIOBHH, emie 27 — ¢ y4eToM mepHoja
KOHBEpCHU B TeueHue 3 jeT. OCTalbHblC YUaCTKU HE SBILSUINCH IPUTOIHBIMU JUIA II€IEH BEJCHIUSI OPTaHMIECKOTO 3eMJIICISIIHSL.

KirodeBble cjI0Ba: OpraHMyecKoe 3eMiezieliie, MallMHHOe OOydyeHHe, MOAENN MHO)KECTBEHHOH JMHEHHOW perpeccud, arposanmmadr,
TIPOAYKTUBHOCTH YTOAWH, yPOKalfHOCTB, CPEACTBA 3aIINTHI PACTCHHUH, arpOXMMUYECKHIE TTOKA3aTENH.

The use of machine learning models in solving problems in the field
of organic agriculture

Anna V. Linkina ' anna linkina@rambler.ru 0000-002-8429-1292
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Alexey A.Trishin trishin.aoff@mail.ru
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Abstract. The article notes the active economic growth in the field of organic agriculture over the past 5 years. At the same time, the
introduction of elements of artificial intelligence contributes to its more effective development. power with broad potential for ecological
farming, development of the ability to form predictive models for selecting optimal sites for a given type of production using machine learning
models. During the study, based on optimization methods, supervised neural network training models were built (set linear regression models,
k-means method, computational model, random forest method and others). Under the quality metrics, the measured models are taken by the
coefficient of determination R2 (i.e., the proportion of the variance of the dependent variable explained by the currents included in the model);
model accuracy (for classifying models) and an alternative F1 score metric (accuracy and F1 score). The models analyzed the dependence of
land use in organic farming such as an agricultural landscape; agrochemical soil conditions (primarily the presence of radionuclides, confirmed
metals and herbicide/insecticide residues in the soil); remoteness from industrial agricultural complexes, cattle burial grounds, solid waste;
indicators of isotherms and isobars, etc. were taken into account. The software solutions used were the Jupyter Notebook environment and the
Google Colab cloud environment, as well as the standard libraries Pandas, NumPy, Scikit-learn, SciPy, Tensorflow, Matplotlib and others.
Training and testing models were built based on a multiple linear regression model in a block of 70 to 30. The possibility of organizing organic
agriculture on a specific land plot is turned off as a switching (dependent) variable. The resulting radius model evaluates the criteria for
determining the dependence of a variable on an input one, and also gives a forecast of the possibility of transitioning a land plot to standard
methods of organic farming..

Keywords: organic farming, machine learning, multiple linear regression models, agricultural landscape, land productivity, yield, plant
protection products, agrochemical indicators..
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BBenenue

B nocnennue ronpl opraHuuecKoe CeIbCKOe
XO034UCTBO JUHAMUYHO Pa3BUBACTCS BO MHOTHX
crpaHax mupa. Poccuiickas deaepaiusi He ABIIS-
ercs uckmodeHreM. B 2020 roxy BeTymmn B CHITY
Oenepanpablii 3akoH Ne 280-D3 «O06 opraHnyuecKoi
MPOIYKLIMU U O BHECEHUM W3MEHEHHUH B OTIEIbHBIC
3aKOHOJATENIbHbIE aKThl PMy, KOTOPBII pernamMeHTH-
pyeT pasHbIE aCTEeKTHI, KacaroIuecsi POU3BO/ICTBA,
nepepaboTKH, XpaHEHUs, IOTUCTHKH, MAPKUPOBKU
Y MPOJAXKHU OPTaHUYECKOU CEeTbCKOXO03SIICTBEHHOM
npoaykuuu. Kpome Toro, B HacTosiiee Bpems ei-
CTBYET HECKOJBKO HAIlMOHAJIBHBIX CTaHAAPTOB
MPOU3BOJICTBA OpPTaHUYECKON mpoaykuuu. Ha co-
BPEMEHHOM dTalle Pa3BUTHS arpOIPOMEIIILICHHOTO
KOMILJIEKCA YBEIUYMBACTCS POCT aHTPOIMOTEHHOM
Harpy3Ky Ha 3eMenbHble pecypcbl. [loaTroMy HeoOxo-
JIUMBIM YCJIOBUEM TPOSKTHPOBAHUS JIaHMIMIA()THBIX
CHCTEM 3eMJIeICNUS ABIISIETCSl COATaHCHPOBAHHOCTh
KOMITOHEHTOB arpojiaHamadToB W UX CTaOWIbHOE
¢dynkrmonmpoBanve. Paree B Poccuiickoit @emeparpm
neiictBoBana DenepanbHas IeneBas Mporpamma
«CoxpaHeHre YW BOCCTAHOBIICHUE ILUIOAOPOAMS MOYB
3€MeJIb CEIbCKOX03MCTBEHHOI'O HA3HAYEHUS U ar-
poylaHaIIaTOB KaK HAIMOHAIBHOTO JOCTOSHUS
Poccun». OguuMu U3 BaxKHENIITNN 11€I€BbIX HHIU-
KaTOpOB MPOrpaMMBbl SIBJSUTMCH TaKHe MOKa3aTean
KaK COKpAIECHUE BBIOBITHS 36MEIlb U3 CEIHCKOXO-
3sIICTBEHHOT0 000POTa, 3aIUTa 3EMENb OT 3PO3HH,
BBEJICHHE B O0OPOT 3arps3HEHHBIX B Pe3yJbTaTe
YepHOOBIITBCKOM KaTacTPO(BI 3eMeb.

YacTudHO 32 IEPHOT ACATSIBHOCTH JAaHHOU
MPOrpaMMBbI YIAIOCH PEATU30BATh TIOCTARJICHHBIC LICITH.
OnHako cocrosiHMe arposiaHamadToB B Poccuiickoit
®enepaiiu B 1iesioM U B LlentpanbHom YepHozeMmbe,
B YaCTHOCTH, BBI3BIBACT OMAaCeHUs. beCKOHTpOIBbHOE U
4acTO HEOOOCHOBAaHHOE MPUMEHEHHUE TePOUITUIOB
Y MHCEKTHUIIUIOB, HECOOIO/IEHHE arpOTEXHUKH H
arpoOTEXHOJIOTHI MPUBOAAT K PA3BUTHIO JIETpajia-
LIHUOHHBIX TMPOIECCOB, COKPAILIAIOT COACPKAHUE
rymyca. Xo3sHUCTBEHHas JEATEIbHOCTh YEIOBEKa
Ha OOJBIIIX TEPPUTOPHUIX ACIIACT HEBO3MOKHBIM
MPOU3BOJICTBO OPTaHUIECKOM MPOTYKIIUH.

B nacrosiiee Bpemst B Poccuiickoit denepariu
JISUCTBYET PsiT HOPMATHBHO-TIPABOBEIX JIOKYMEHTOB,
KaCaroIMXCsl HAIIMOHABHBIX IIeJIeH W IPHOPUTETOB
Pa3BUTHS TOCY1apCTBA.

[Ipunsta Ctpareruss Hay4HO-TEXHUYECKOTO
pa3BUTHS, T/Ie OBUIH OTIPE/ICIICHBI TAK Ha3bIBACMBIC
«bounblue BEI30BBI.

B cBs3u Cc 3TUM OAHMM M3 MPUOPUTETHBIX
HaIlpaBJICHUA Ha OMIKAWITYI0 W JOJITOCPOUHYIO
MEPCIICKTUBY SBIACTCA «IEPEX0J] K BBICOKOIPO-
JTIyKTUBHOMY U SKOJIOTHYECKH YUCTOMY arpo- u
aKBaxO3sICTBY, pa3pabOTKy M BHEIPEHHUE CHUCTEM
PalMOHATIFHOTO TIPHUMEHEHUsI CPENICTB XUMHUIESCKOU
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1 OMOJIOTMYECKON 3alUThl CETLCKOXO3SHCTBEHHBIX
pacTeHW U KHUBOTHBIX, XpaHEHHE WU A(DDEKTUBHYIO
nepepadoTKy CebCKOXO03SHCTBEHHOMN TPOIYKITUH,
co3naHue 0e30IMacHbIX U KaYeCTBEHHBIX, B TOM YHCIIE
(YHKIIMOHATBHBIX, IPOTYKTOB MTUTAHU.

PeiHOK OpraHMYecKuX MPOIYKTOB — OJAWH
W3 CaMbIX IWHAMHYHO Pa3BUBAIOIIUIICS B MHpE.
C 2000 mo 2017 rox oH BeIpoc OoJiee YeM B IIITh pa3
(c 18 mo 97 MUIITMAPIOB TOJLIAPOB).

Ilo nmporHo3amM 3KCIEPTOB PHIHOK MPOIOIKUT
CBOH POCT CO CKOpocThio 15-16% B roa u AOCTUTHET
B 2025 r. mopsiaka 230 muipa. gomrapos. [Inmanupy-
ercs, 9to k 2025 romy o0BEM pHIHKA OpraHHYe-
CKHX MPOLYKTOB MOXKET COCTaBUTH OT 3 110 5% OT Mu-
POBOI'O PHIHKA CEIbXO3MPOIYKLINH.

Bcero BwMmupe cepruduuupoano Ooiee
2,9 miH. npousBoauTeneit (43 muH ra). B Poccun
Ha ¢eBpans 2023 rona — Bcero 152 mpenmpustus
MPOIUTH CepTU(HUKAIUIO HA COOTBETCTBHE CTaH-
Jnapty, omnpeaenéHHomy B 280 — @3 mpousBoau-
MOM CeNbCKOX035IUCTBEHHOM POy KIIUH.

Konuenmumst tpancdopmaruu i poBr3aLu
W 33J]auM, MOCTAaBJICHHBIE B paMkax HarmoHansHOM
nporpammbl «lludposas sxoHomuka Poccuiickoit
Deneparyn, ONpenessIoT HE0OXOAUMOCTh CO3TaHMUS
TJI00aTbHOM KOHKYPEHTOCHOCOOHON IM(POBOI HH-
(bpacTpyKTyphl, TPaHC(HOPMAIIIIO CEPBUCOB U YCIIYT,
OKa3bIBaEMBIX C HCIOJIB30BAHHEM COBPEMEHHBIX
TexHoJorui. Bee 60ibIIyio HonyssipHOCTb PHOO-
PETaIOT TEXHOJOTUU UCKYCCTBEHHOTO MHTEIUIEKTa
B PAa3JIMYHBIX OTPAC/IAX HapOJHOIO XO3SAHCTBA.
CexTop MpOM3BOACTBA OPTAaHWYECKOW MPOAYKIIUN
HE SBIIAETCS UCKITtoYeHneM. OrpaHU9IeHHOCTh BO3-
MOKHOCTH TIPAMEHEHUS Pa3UYHBIX TEXHOJOTHUH
00pabOTKH W 3aIIUTHI KYIBTYp OOYCIaBIUBAIOT
HEe0OXOAMMOCTb TIPUMEHEHHST IPYTHX Pa3sHOOOPa3HbIX
METO/IOB ONTHUMH3ALMU MPOU3BOACTBA C LEIbIO
NoBbIIIeHUS. 3PQEeKTUBHOCTH Tpou3BocTBa. Cpeau
TaKWX METOJIOB — IIPIMEHEHNE MOJIeTIel MaIlIMHHOTO
00y4eHHs! JUTsl TOCTPOCHHS MPEIUKTUBHBIX MOJEei
C IeNBI0 (POPMHUPOBAHMS CHCTEMBI YIIPABICHUS H
MOJIICPKKU TPUHSATHS PEIICHUS B SKOJIOTUIECKOM
CEJIbCKOM XO3SIICTBE.

MarepuaJjbl 1 MeTObI

B xone uccienoBaHusi Ha OCHOBE METOJ0B
OTITUMU3AIINHU OBUTH IIOCTPOCHBI MOJIENN 00YIEeHHUS
HEWPOHHOW CETH C yUUTeNneM (MO MHOXKECTBEH-
HOW IMHEWHON perpeccuu, MeToja K-CpeqHux,
MOJIEIH JEPEBLEB PELLCHUM, METOJ CIIy4YaliHOrO Jieca
U pan apyrux). [lon MeTprukaMy kauecTBa OLEHKH
TMOTyYeHHBIX MOJIENel MPUHUMAINCh KO3 UImeHT
neTepMUHAIME R? (T. €. 101 JUCIIepCcHy 3aBHCHMOi
MepeMEHHOM, 00BICHAEMON BXOIAIIIUMU B MOJICTh
MpU3HAKaMM); TOYHOCTh MOAENH (11 MoJenen
KJIaccupUKaAUK) | albTEPHATHBHYI0 METPHKY
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omenka F1 (Accuracy u F1 Score). B Mmonmensx ana-
JIM3UPOBAIIUCH 3aBUCUMOCTD HCIIOIb30BAHUS 3eMEITh
B OPraHUYECKOM 3eMJICICITHH OT THIIA arpojiaHiadra;
arpOXMMHUYECKHX TTOKa3aTesiel MoUBbI (IPSXK/IEC BCErO
HAIMYNE PaIHOHYKIIAOB, TSKEIbIX METAIUIOB H
OCTaTOYHBIX KOJMYECTB repOUIHIIOB / MHCEKTHIIH-
JO0B B HO‘IBC); YAQJIEHHOCTL OT IIPOU3BOJACTBCH-
HBIX arpoKOMILIEKCOB, CKOTOMOTHIHLHUKOB, THO;
YYHUTHIBAIUCh TI0Ka3aTeld HM30TEPM U U300ap
U T. . B kadecTBe MpOrpaMMHOTO pEIICHUS HC-
mosib3oBastack cpema Jupyter Notebook u obmad-
Has cpena Google Colab, a Taxke craHmapTHBIE
oubmotexku Pandas, NumPy, Scikit-learn, SciPy,
Tensorflow, Matplotlib u gpyrue.

PesyabTaTel u 00cyxnenne

JIyist opraHu3aIiu OpraHuYecKOro 3eMITEISITHS
IO JICUCTBYIOIIEMY 3aKOHOAATEIILCTBY HEOOXOIUMO
cobOmoieHe TpeOOBaHWM K Ka4eCTBY YTOIUM.
MexrocynapctBennblii cranaapt 'OCT 33980-2016
(BBemeHn B neiictBue ¢ 12.10.2021 deaepanbHbIM
areHTCTBOM TI10 TEXHUYECKOMY PETyJIUPOBAHUIO
Y METPOJIOTUH) OIpEeNeNsieT TakKe IMePexXOIHBbIN
niepron (Tlepro]; KOHBEPCHH) T. €. TIEPHOIT TIepexoa
K OPraHMYECKOMY CIOCO0y BEICHHs XO3siCTBa
3a OMpPEICACHHBIN POMEKYTOK BPEMEHH, B XOE

post@vestnik-vsuet.ru

KOTOPOT'0 IPUMEHSIOTCS TPeOOBaHNUS, YCTaHOBIICH-
HBIE JJIS1 OPTaHWYECKOTO MPOU3BOJICTBA. TaKkuM 00-
pa3oM HamMH OIIEHHMBAJach BO3MOXHOCTH IIE€PEBOJIA
ONpPEAETICHHBIX 3EMENb CENbCKOX03IHCTBEHHOTO
Ha3HAYCHHs IOJ OPIraHHUYECKOE IPOU3BOICTBO.
B xauecTBe OIIEHHBAaEMbIX yYaCTKOB HAaMU ObLIH
BBIOpaHBI CENBCKOXO3SHCTBEHHBIE MPEIPUATHS
B 13 MyHHIIMDaneHeIX paitoHax BopoHexckoii 00-
nacty. JlaHHBIH BEIOOpP O0YCIIOBIIEH HMEIOIIUMHUCS
JOKYMEHTaMH Ha CepTU(UKALMIO MPOU3BOJICTBA,
1100 3asBKOI Ha BCTYNJIEHUE B KOHBEPCHIO.

Iloctpoensl oOyuaromias U TECTOBas MOAEIH
Ha OCHOBE MHOKECTBEHHON MOJENIN JINHEHHOMN
perpeccun B cootHomenun 70 k 30. B xauecTtBe
1eeBol (3aBUCMMOIA) TIEpEeMEHHOW BHIOpaid BO3-
MO’KHOCTb OpTaHHM3allii OPTaHUYECKOIO CEJILCKOTO
XO34HCTBa Ha KOHKPETHOM 3EMEIbHOM YYacTKe.
YpaBHEHNE MHOXKECTBEHHOW JHWHEWHOW MOJEIHU
B 00IIIeM BHUJIE UMEET CIIEAYIOIIEee BEIPAKEHHE:

Y = xotbix1+baxate - +bsXys (1),

rae  Y-1eneBas NNEepEeMCHHAd I10 IMapaMeTpam X,
KOTOPBIM Ha3HA4YC€HBI BXOOHBIC BECA.

B namem ciywae mccnemoBanachk IeneBas
TIepeMEHHAsT OT CIICAYIONTHX apamMmeTpoB (Tabmma 1):

TabOnuna 1.
3aBUCUMOCTH II€JIEBOM TIEPEMEHHON OT BXO/SIINX MapaMeTPOB
Table 1.
Dependence of the target variable on the input parameters
Hcnons3oBanue
3aMpeLEeHHbIX
B OPraHM4eCKOM
CootBeTcTBHE HpOH3BONCTBE
3er;1;,T}:<(;ro Hannune CpencTB
cian apTa Home MOTEHIHATBLHBIX M BEILECTB
nap p 3arpsi3HUTENEH B TCYCHHE N, oOmmit 20 137
I'OCT 33980— | 3emenbHOrO Sr Cs
TEePPUTOPUH MOCJIEAHNX TpeX | Mo macce% P20s K20
Ne 2016 yuactka (ID) B Amax, | B Anax,
. Presence of ner N, total by | Mr/100 r | Mr/100 r
Compliance of | Land plot . Bx/kr | Bx/kr
the land plot | number (ID) potential Use of means and | mass %
with G OpST pollutants of the substances
33980-2016 territory p“;hr‘gb;gg n
standard production during
the last three
years
Y X1 X2 X3 X4 X5 X6 X7 X8
1 Ia 1 0 - 0,4 13 7 15,5 34
2 za 2 0 - 0,2 11 8 15,7 3,8
3 a 3 0 - 0,5 15 9 14,9 3,8
4 HET 4 3 dopacynaam 1,4 24 7 32,2 3,7
113 za 113 1 - 0,3 12 5 13,9 4,1
114 za 114 0 - 0,4 13 4 12,7 4.4

@parMeHT JIMCTHHTA KOJIa C Y9€TOM HaJH-
Yusl MyCTBIX SYECK MPEACTABICH Ha PUCYHKE 1.,
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Pucynok 1. ®parmeHT nucTHUTa KOJIA.

Figure 1. Fragment of the code sheet.
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PuicyHOK 2. DparMeHT JIMCTHHITa KOJIa 00y4aromiel BHIOOPKH

Figure 2. Fragment of the training sample code list

[TomyuenHast Mojenb MO3BOJIATA OLIEHUTH
BaXHOCTh TPHU3HAKOB IS ONPEACTICHUS] 3aBUCH-
MOCTH UEJIEBOM MEPEMEHHOM  OT BXOAALIUX,
a TaKKe JaTh MPOTHO3 110 BO3MOXKHOCTH MEpexoaa
KOHKPETHOTO 3€MENIBHOTO Yy4acTKa Ha CTaHAapT
BEJICHHSI OPTaHUUYECKOTO 3eMJIEACIIHS.

Takum oOpazom Hamu ObuTH OlleHeHBI 114
3eMEJIbHBIX YYacTKOB Iuiomaabio ot 23 o 189 ra
Ha TeppuTopru 13 MyHHUIMIATEHBIX paiioHOB Bopo-
HeXcKor oOmacte  (JIuckumckwid, OCTpPOTOXKCKHA,
Boryuapckuii, ['pubanoBckuii, BepxHexaBckui,
Kanaueesckuii, [lannnckuii, BepxHemMaMoOHCKHIA,
HoBoycmanckuil, bytypinHoBckuii, Tanosckuid,
Oprtunbckuii, BoOpoBckuil). YcTaHoBIEHO, 4YTO
MPUTOAHBIMU JUIS IEPBUYHON OLIEHKU IO CTAHAAPTY
OpPraHMYECKOTO TPOU3BOJACTBA M3 HHX SIBISIINCH
34 yyactka 0e3 IIOTONHUTENBHBIX YCIOBHH, €Ile
27 — ¢ y4eroM mepuojia KOHBEPCUH B TEUCHHUE 3 JIET.
OcrajnbHble y4YacTKH HE SBJISUINCH HPUTOAHBIMU
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JUISL ieneld BeJIeHUs] OPTaHW4eCKOIro 3eMIIeNEIHsL.
OCHOBHBIMU TIPUYMHAMMY, MPEMSATCTBYIOLUIMMHU Ta-
KOMY CIIOCO0Y OpTaHU3aIluH 3eMIIE]ISNS, SBIISUTHCH
HaJU4HUE PAIOM C UCCIEAYEMBIMH 3E€MEJIbHBIMU
y4acTKaMU WJIM Ha UX TEPPUTOPUHU MOTEHIUATBHO
3arpSA3HSIONTX TTPOM3BOACTB (TTHIIehadprKa, CKIIa
I'CM Ha 3eMIIIX CelTbXO3HA3HAYECHHUS, CKOTOMOTHIIb-
HHK), HCTIOJIb30BaHNE YIOOPEHUI 1 CPEACTB 3aIUThI
pacTeHuit U3 CHHUCKa, HE BXOJAILIETO B MEPEeYEHb
JlonmycTUMBIX TpenapartoB. [1o nmokazarensm NPK,
CoOJIeprKaIIUXCsl B TaXOTHOM TOPU30HTE, 3HAUEHUS
HE OKa3bIBAJIM CYILECTBEHHOI'O BIMSHHS Ha LIEIECBOU
MpHU3HAK. 3JHAYECHUS COJAEPKAHUS PAJUOHYKIHUIOB
Takke ObUTH BBIBIEHBI Bcero B 0,8% ciydaes
OT BCEro 00bheMa UCCIIEAYEMBIX YIaCTKOB.

3akiouenune

B0O3MOXKHOCTE  MCHIONB30BAHUSA  MOZENEH
MAIIMHHOTO OOydYeHHs MpPEACTaBIACT Ba)KHBIN
MHCTPYMEHTapHUH JUIsl INUPOKOU LEJIEBOM IPYIIIIbL:
CeJIbX03TOBAPOIIPOU3BOANTENEH (OpraHuueckas
MIPOTYKIIMS; OpraHIYecKasi MPOTyKIUS IS AETCKOTO
MIUTAHUS; SKOJIOTO-TaHAMAGTHOE 3eMIICIEITIE); HC-
MOJIHUTEIbHBIE OPTaHbl TOCYJAapCTBEHHON BIACTH
B chepe cembckoro XxossiictBa ((hemepasbHOTO,
PETHOHATBHOIO U MYHUIMIAIBHOTO  YPOBHEN);
cepTU(HUKATOPBI OPraHUIECKON MPOAYKLIUH; HAYY-
HBIE YUPEXKIEHHUS pa3HOW IOABEIOMCTBEHHOCTH
(MuHCcenpx03, MUHOOpHAYKH U Jp.); WHBIE 3aMH-
TEpEeCOBaHHBIE JIMI]a YKa3aHHOTO  HAyYHOTO
HanpasiieHus. [lepednciensl sneMenTs LuppoBOi
9KOCHCTEMBI, OCHOBAaHHAs Ha HHHOBALIMOHHBIX
TEXHOJIOTHUSIX, B T. Y. MAILIMHHOM OOYYEHHH, UCIIOJIb-
30BaHUM JATACETOB W aHAJM3€ JAHHBIX U T. II., TI03-
BOJIAIOIIME OIEPATHBHO YMPABIATh pPa3IMYHOU
nHpopMaIeir u obecreunBaTh KOHKYPEHTHBIC
MPENMYIIECTBa arpONPOMBIIIIIEHHOTO KOMIUIEKCa
B LIEJIOM, M PBIHKA OPTraHWYeCKONM MPOAYKIHH
B yacTHOCTU. OJTo otTBeyaer Kak Crparerun
Hay4HO-TEXHOJIOTMYECKOTr0 pa3BuTHs Poccuiickoit
®denepaniuyl B 4aCTH Mepexo/ia K BBICOKOPOTYKTHB-
HOMY ¥ SKOJIOTHUECKH YHCTOMY arpoXo3sICTBY, TaK
n Ctparernu pa3sutusi Boponexckoii o0ractu 10
2035 roma BYacTH pa3BUTHS arpOIPOMBIIIIJICH-
HOI0 KOMIUIEKCA W OPraHWYECKOTO 3eMIICIENNs
B YaCTHOCTH, YTO HMEET Ba)XXHOE COLUAJIBHO-
9KOHOMHUYECKOE 3HAUYEHUE TSl perHoHa.

baaropapHocTn

Cratbst yONMKyeTcsl TIPH TPaHTOBOM TTOJIEPIKKE
®denepanbHOr0 areHTCTBa MO  JelIaM  MOJIOAEKHU
(Pocmononéxp) Cornamenne Ne 091-10-2023-069 ot
23.05.2023 . mpoekt «Hayxka psmgom».
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HccaenoBanue pa3oBbIX pABHOBECUH B BOJJHO-COJIEBbIX CHCTEMAX,
co/IepKAIUX KOMIIOHEHTHI MOJIOYHOM CHIBOPOTKH
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1 BopoHexxckuil rocyAapcTBEHHbINH YHUBEPCUTET HHKCHEPHBIX TEXHOJOIHH, p-T Peposrorny, 19, r. Boponex, 394036, Poccust

AuHoTanus. B Hacrositee Bpemst 3KOJIOTHYIHBIM M EPCIICKTHBHBIM SIBIIETCS HCIIONB30BaHUE MOJIOYHOMN CBIBOPOTKH [UTSI [TOJTYYCHHUS JIAKTO3bL,
JAKTYJ03bl M APYTUX LEHHBIX MPOIYKTOB, IOJE3HBIX U 3[0pOBbs 4enoBeka. OIHAKO CHIBOPOTKA COAEPXKHT JOCTATOYHO OONBLIOS
KOJIMYECTBO MHUHEPATBHBIX COJICH, YTO 3aTpymHSET IpoIecchl IepepaboTku. B mpomecce neMUHEpaNMU3alMy IIUPOKO IPUMCHSIOTCS
HOHOGWIBTPALMOHHbIC, KATHOHO- U AHHOHOOOMEHHBIC MEMOpAHBI U JIpP., KOTOPBIC 3arpS3HSAIOTCS 0OpPa3yHOLUIMMUCS KPHUCTAUIAMU COJCH.
Hanvenee pacTBOPHMBIMH H3 HEOPTaHHYECKHX BEIICCTB, HNPHCYTCTBYIOLIMX B CBIBOPOTKE SBISIOTCS COJH KAIbLHS, B CBSA3H C OTHM
npejcrabisieT uHTEpec TpexkomnoHeHTHas cucteMa Ca(H2POs)z - CaClz - H2O. uarpamma cocrosinust cucteMsl Ca(H2POs)2 - CaClz - H.0
npu temmeparype 20 °C cogepxut uHpopMaimio o (Ha3oBbIX paBHOBECHsIX. [10 TOYKaM, OTBEYAIOIMM COCTaBY PaBHOBECHBIX XKUAKUX (a3,
MOCTPOCHA JIMHKSI MOHOBAPHAHTHOI'O PABHOBECHSI, TIOJ KOTOPOI HaXOAUTCS 06JIaCTh HEHACKILICHHBIX pacTBOPOB. Metomom CkpeitHemakepca
YCTAaHOBJIEHO, 4TO B obOnactH, mpunexameil k cropoHe Ca(H2POs): - H2O kpucrammmsyercs MoHOruapar guruapodocdaTta KaabLus.
s obnacty, npuMbikaronieit k Bepmuae CaCla, mporcxoaut coBMectHast kpucrayumsanus Tpex coneid: Ca(H2PO4)2 + CaClz + CaCla-6H20.
Ha TpeyronbHuKe COCTaBOB IPHCYTCTBYIOT ABE OOJNACTH COBMECTHOIO CYLIECTBOBaHMS pacTBopa M KpuctawioB L + Ca(H2POs)2-H20 +
Ca(H2PO4)2 u L + Ca(H2POs)2+ CaClz-6H20. CocTaB KpUCTaIUTU3YIOLIMXCS TBEPAbIX (a3 MOATBEPKICH XUMUYECKUM aHamu30M. Vcrone3ys
MOJIYYCHHBIC TAaHHBIE MOKHO CO3aTh YCIOBHUSI IS MPEIBAPUTEILHON KPUCTAIUIM3ALMIH COJICH, BXOMIINX B COCTAB MOJIOYHOMN CHIBOPOTKH, U
BBIJICTICHUE MX U3 PACTBOPA, YTO YMEHBUIUT 3a0MBaHKE TOP MEMOpaH B JaJbHEHIIIEM MpoLiecce IEMUHEPATU3aUK CHIBOPOTKH.

KiroueBbie cj10Ba: MOJIOYHAs CbIBOPOTKA, ACMUHEpaIn3alus, AuarpaMma COCTOsIHUA, ITOJTYYCHUE JIAKTO3bI, ITOJTYUYCHUEC JIAKTYJIO3bI .

Research of phase equilibria in water-salt systems containing
whey components

Svetlana E. Plotnikova ' burkovasweta@ya.ru 0000-0002-6331-554x
Elena M. Gorbunova '  lobanova8686@gmail.com ' 0000-0002-3550-0115
Sabukhi I. Niftaliev '  niftaliev@mail.com 0000-0001-7887-3061
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Anastasiya M. Luchko '  am.luchko@mail.ru 0009-0009-5197-4765

1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia

Abstract. Currently, it is environmentally friendly and promising to use whey to produce lactose, lactulose and other valuable products that
are beneficial to human health. However, the serum contains a sufficiently large amount of mineral salts, which complicates the recycling
processes. In the process of demineralization, nonofiltration, cation- and anion-exchange membranes, etc., are widely used, which are polluted
by the salt crystals formed. The least soluble of the inorganic substances present in the serum are calcium salts, in this regard, the three-
component system Ca(H2POa)2 - CaClz - H20 is of interest. To study phase equilibria in the Ca(H2POa), - CaClz - H20 system a diagram of
the state at a temperature of 20 ° C is constructed. According to the points corresponding to the composition of the equilibrium liquid phases,
a monovariant equilibrium line is constructed, under which there is a region of unsaturated solutions. By the method of Screinemakers, it was
found that in an area with a calcium chloride content of less than 43%, calcium dihydrogen phosphate monohydrate crystallizes. For the area
adjacent to the top of CaCl., three salts crystallize together: Ca(H2PO4)2 + CaClz + CaCl2:6H20. On the triangle of compositions there are two
areas of joint existence of the solution and crystals of L + Ca(H2PO4)-2H20 + Ca(H2PO4)2 and L + Ca(H2PO4)2 + CaCl2:6H20. The composition
of crystallizing solid phases has been confirmed by chemical analysis. Using the obtained data, it is possible to create conditions for the
preliminary crystallization of the salts that make up the whey and their isolation from the solution, which will reduce the clogging of the pores
of the membranes in the further process of serum demineralization.

Keywords: whey, demineralization, state diagram, lactose production, lactulose production.
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BBenenune

ChIBOpOTKa SIBIISIETCS] LIEHHEUIIIMM THIIIEBBIM
MPOAYKTOM, BKITIOUAIOIIUM BCE HEOOXOIUMBIE Opra-
HU3MY AaMHHOKHUCJIOTBI, MHHEpAJbHbIE BEIIECTBA,
BUTaMHUHBI, TakTO3y. CHIBOPOTKA CONEPKHUT Oojee
200 moye3HBIX AJI YelOBeKa MHTpeAueHToB [1].
BxutroueHne 1aHHOTO MPOAYKTA B PALIMOH CIOCO0-
CTBYET DETYJIMPOBAaHHIO (DYHKIMU >KEIyIO0YHO-
KHLIEYHOTO TpPaKTa, yJaydIllaeT mpouecc oOMeHa
BEIIIECTB, TIOJABIISIET AMIETHT, YCKOPSET METa00IN3M
U COXpaHsET MBIIIEYHYI0O MAcCy IpHU MOXYIEHHH.
Kpome Toro Monoudnasi CBIBOpOTKa YIydIIaeT Kpo-
BOOOpalleHHe, YKPEIIsieT CTEHKH KPOBEHOCHBIX
COCYJIOB U HOPMAaJIM3YeT apTepHaIbHOE JaBJICHUE.
ChIBOpOTKa CIIOCOOCTBYET BBIPAOOTKE TIIyTATHOHA —
AHTUOKCHJAHTA, TIOJIOXKHUTEIHHO BO3JEHCTBYET Ha
COCTOSIHME KOXHBIX ITOKPOBOB U YKPEIUIAET BOJIO-
CSIHbIE JIYKOBHIBIL. Takum o00pa3oM, MPOAYKTHI
W3 MOJIOYHOH CBHIBOPOTKU SIBJISIFOTCS BaKHBIMH
W TPUHATBIMHA JUIS TUETUYECKOTO M JieueOHOTO
nutanus [2, 3]. OgHAKO CBIBOPOTKA CONIEPIKUT JI0-
CTaTOYHO OOJIBIIIOE KOIMYECTBO MUHEPATIBHBIX COJICH,
YTO 3aTPYJHSIET UCII0JIb30BaHUE €€ KaK MUILEBOTO
MPOAYKTa U ChHIPbsl Ui mpousBoxacTBa. IlosTomy
JEMUHEpaIM3alis MOJIOYHON CHIBOPOTKH SIBISIETCS
aKTyanbHOI po0ieMoii B HacTosimIee BpeMs [4].

B npoMmbIieHHOCTH VTS IeMHHEpATH3aLiH
CBIBOPOTKH HCIOJB3YIOT 2 OCHOBHBIX cItoco0a:
3JIEKTPOIMAM3HAS U HAaHO(DUIIBTPAIIMOHHAs 00pa-
00TKa CBIBOPOTKH [5].

ObecconrBaHie CHIBOPOTKH METOIOM 3JIEK-
TPOAMANM3a SIBJSIETCS IMUPOKO IPUMEHSIEMbIM
CIIOCOOOM OYUCTKA OT MHUHEPAIBbHBIX cojeil [6].
MakcuManbHBIA YPOBEHb JIEMHUHEPAIN3ALUH ChIBO-
POTKH TIPH SNEKTPOANAIIN3E MOKET JocTUrath 90%.
[Nomygaemast B pe3yabTaTe ChIBOPOTKA HMEET BBICOKHE
OpraHoJIENITUYECKUE CBOMCTBA UM ILUPOKUI CIIEKTP
npuMeHeHus. OIHAKO AIeKTpora3Has 00paboTka
MIpeAroaraeT mpeIBapuTeIbHOE MPOBEICHNE CeTa-
PHPOBaHMSI CHIBOPOTKH JUISI €€ OYMCTKH OT KHpa,
Ka3eMHOBOM IbUIM M KOATYJIMPOBAHHBIX OEJIKOB, TaK
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Kak B TpPOIECCE OBIIEKTPOAUAIN3a OHH OCEHaloT
Ha IMOBEPXHOCTH MeMOpaH, 3aTPyIHAA UX paboTy.

OHUM W3 TIePCIIEKTUBHBIX U COBPEMEHHBIX
METOJIOB siBisieTcs HanodumbsTpauus [7, 8, 9]. Ilpo-
1ecC HAHOQWILTPAIMK 3aHUMAaeT IO Pa3Mepy Mop
MeMOpaH IMPOMEKYTOTHOE MECTO MEKTY YIbTpadhuiIb-
Tpaupeld 1 00paTHRIM ocMocoM. HanodusTpanuon-
HBIe MEMOpPaHbI MPOITYCKAIOT BOAY C PaCTBOPESHHBIMU
B HEW OJTHOBAJICHTHBIMI MUHEPATHHBIMU BEIIECTBAMU
W 33JICPKHBAIOT OCHOBHBIC KOMITOHEHTHI CBIBOPOTKH
(;makro3y, 6enok u 1p). Bce MeMOpaHHBIE METOIBI,
BKITIOYAst HAHO(HITBTPALTHIO, TPEOYIOT TIpeIBAPHUTETb-
HOW OYHCTKH CBHIBOPOTKH OT JKHPa M B3BEHICHHBIX
yactul. OfHAKO MPU NPOBEICHUH HAHO(PHUILTPALIUH
BO3HHKAIOT MPOOJIEMBI 3arpsa3HeHus Top MeMOpaH
00pa3yrIUMHUCS KpUCTAIIaMu colelt [7].

B cocTaB CHIBOPOTKH BXOAAT CIEAYIOLIHE
3JICMCHTBI, ITPEACTABJICHHBIC B Ta6JII/IHe 1.

Tabmnuua 1.
ConiepkaHne OCHOBHBIX 30JIbHBIX 3JIEMEHTOB B
COCTaBE CHIBOPOTKH
Table 1.
The content of the main ash elements
in the composition of the serum

OnemeHT | Element Conepxanue, % | Content, %
Kanuii | Potassium 0,09-0,19
Marnui | Magnesium 0,009-0,02
Kanbiwii | Calcium 0,04-0,11
Hatputi | Sodium 0,03-0,05
®docdop | Phosphorus 0,04-0,10
Xiop | Chlorine 0,08-0,11

MuHepaibHbIE BEIIECTBA B COCTaBE CHIBO-
POTKH TIPEJICTABICHBI B BUE COJIEH OpraHNIeCcKuX
Y HeOpraHndecknx KucioT. KommaecTBeHHOE comep-
anue aHuoHoB (5,831 r./m) u katroHoB (3,323 r./m)
B MOJIOYHOM CBIBOPOTKE aHAJIOTUYHO COJICPKAHUIO
MHKPO3JIEMEHTOB B 1iebHOM MoJioke [10]. Kartuonst
cbiBOpoTKHU npencraBieHsl K, Na, Ca, Mg, a aHu-
OHBI — paaukagamu ¢GochopHOH, JTUMOHHON H
constHOM KucioT. CooTHOIEHNe (hOpPM ITPOU3BOHBIX
(hocdopHOI KHCIOTHI B BOJIE B 3aBUCUMOCTH OT pH
npezcTaBieHo B Tabnuie 2.

Tabnuna 2.
CootHomeHune GopM pou3BOIHBIX PochopHOH KUCIOTH B BOJE B 3aBcUMOCTH OT pH (% Mouteit)
Table 2.
Ratio of forms of phosphoric acid derivatives in water depending on pH (% moles)
®opma [ Form pH
5 6 7 8 8,5 9 10 11
M:PO: 0.1 0,01 . - . - - -
PO, 97,99 83,67 33,90 7,88 .6 0,51 0,05
[HPO4+7] 1,91 16,32 66,10 95,12 98,38 99,45 99,59 99,53
[PO4*] - - - - 0,01 0,04 0,36 3,47

[Tockonmeky chiBopoTka umeer pH cpensl
OKOJIO 5, TO MOYKHO TMPEAINOJIOKUTh, 4T0 (pochop
HaxXOJUTCA B MOJIOYHOW CBIBOPOTKE MpEeUMyIe-
CTBEHHO B BuJie qurnipodocdar-uona [10].
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Nonbl Kampius MpakTHYECKd HE TPOXOMIST
HaHO(UIIBTPAIIMOHHYI0 MEMOpaHy, 4YTO OOBSICHS-
€TCs TOCTaTOYHO OOJBILIMM PAANyCOM B THIPATHPO-
BaHHOM coctosiHny [11]. Kpome Toro, comm kamus
Y HAaTPHUS XOPOIIO PACTBOPHMBI, KPHUCTAITH3AINH
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OyayT MOJBEpraThcsi, B MEPBYIO OYepellb, COJU
Kanblms. YTo onpeaeniio oObeKT HAIIero Hccle-
JIOBAaHUsST — TPEXKOMIIOHCHTHYIO CHCTEMY XIIOPHIT
KaTbIUSI-TUTHAPOGochaT KaTbIHI-BOIA.

MarepuaJibl 1 MeTOABI

st moctpoenust $a3oBoil AuarpaMMbl Tpex-
komnoHeHTHO#H crcteMbl Ca(H,POy),-CaCl-H,O nipu
3alaHHON Temreparype merogoM CkpeliHeMakepca
ObUIN M3y4eHBI CMECH KOMIIOHEHTOB Ha KOHIIEHTpA-
IIMOHHOM TpeyromsHuKe [ nobca—Pozedboma [12, 13].
3 cedeHus ¢ pa3IuIHBIM COOTHOIIEHUEM JUTHUAPO-
(dhocdara kampms u Boasl 5:95 (I ceaenne); 10:90
(I ceuenme); 15:85 (Il cedenwme) mpemcTaBICHbI
Ha pUCYHKe 1.

Ca(H,PO,),

50

x K

20 cagl,

Pucynok 1. ITomoxenue paspe3oB B cucreme CaCl, —
Ca(H2P04)2 — HzO

Figure 1. The position of the cuts in the CaCl, —
Ca(H2POs), — H,O system

PaccunrthiBanu Macchl HABECOK U TOTOBUIIH
cMecH Tpex KoMrmoHeHTOB [14]. PacTBopsr Tepmo-
CTaTUPOBAJIM B TEUCHHE 2 CYTOK IPU TEMIIepaType
20 °C B DJIEKTPUYECKOM CYXOBO3AYIIHOM TEPMO-
crare TCO-1/80 CIIY nnsa ycraHOBJIEHHUS! paBHO-
BECHsl, AaHATUTUYECKMMH METOJaMM OIpelessuIn
COCTaBBI pacTBOpa U TBEPAOH (ha3bl, MOITyUYSHHBIX
U3 UCXOIHOHM cMmecH. i KaXKI0i TOUKU CeueHus
Opanu mpo0y KHUIKON 1 KPUCTAIULTUIECKOH (a3bl,
B3BENIMBAIIM, PACTBOPSIIM B MEPHON KoJOe Ha 50 cm®
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U onpeelsan KoHueHTpauuo noHos Ca’+, Cl-
1 HOHOB (pochOpHOM KHCITOTHI.

Bce ncmonszyemble peakTHBBI UMEIOT KiTac-
cu(uKaIIio X. 9.

Conepxanune Ca?* B mpobax ompenessuiu
TUTPOBAaHUEM B IPUCYTCTBUU aMMUAYHOTO Oydep-
Horo pactBopa (pH = 9,5) ¢ 3pnoxpoMom YepHBIM
T pactBopom D/ATA ¢ MonsIpHON KOHIICHTpAITEH
sksuBanenTa 0,01 mons/am’ [14]. Conepsxanue Cl-
OTIpEAeTsUIH  APTEHTOMETPUIECKUM  METOJIOM
C HMHIUKATOPOM XpOMaTOM Kayus (MPUMCHSIIH
pacTBOp HUTpara cepedpa ¢ MOJISIPHON KOHILIEHTpa-
uueii sxBuBaienta 0,01 moms/am?).

Omnpenencane dhochopa IpOBOAMITH POTOMET-
PHUECKIM METOIIOM C BaHamaTto-MoirbaaTtodocda-
ToM [15]. Jlnms mipoBeneHHMs aHamW3a MPUMEHSITH
pEeaKTuB, COCTOSAIINN U3 cMecu pacTBOpoB A u b.
PactBop A: 2,5 r BaHazaTa aMMOHUS pacTBOPSIIH
B 500 M7 c;1abOKMIIAIIEH BOME, ITOCIE OXJIAKICHHS
nmobasmsn 20 M koHI. HNO3 u pa3basmsmn 1o
1000 mi. PactBop b: 100r monmmubmata aMMOHWHS
pactBopsuid B 500 mn Bogsl mpu 50° C. PactBop
oxnaxaanu, cMemuBaiy ¢ 100 mi konI. Ha SOq,
BHOBb OXJaXJanu M pa3daemsum a0 1000 mot.
K pactBopy nipo0b1 go6asisuiu 10 Mt pacteopa B u
npu nomemuBaHuu 10 Ma cmecu peakTuBoB A U b,
paz6asisutu Bomoit 1o 50 mit. Uepes 5 MuH mpoBo-
Iy usmepenue norjomenus npu 400 HM B Kro-
Bere 30 MM OTHOCHUTENBHO TUCTHIUIMPOBAHHOM
Bojbl Ha KOK-2MII. Konnenrpaiiio noHoB (hoc-
(OpHOH KHUCTIOTHI OMPENEIsUId M0 TPayHpOBOY-
HOMY TpaduKy (3aBHCHMOCTH KOHIIEHTpAIUH
OT ONTHYECKOU TUIOTHOCTH).

Copnepxxanne murunpodocdaara Kambus
OTIPEIEIISUTH 110 TAHHBIM (POTOMETPUYECKOTO aHaJIn3a.
Conepkanne XJOpHIa KalblHS PACCUUTHIBAIN
KaK cpeliHee aphu(METHUECKOe pe3yJIbTaTOB THUT-
pUMETPUUECKOro ananusa nonos Ca*" u monos CI
(oTHOCHTENBHAS TIOTPEITHOCTH He TpeBbIIIana 5%).

Pe3yabTaTthl u 00cy:xaeHust

Pe3ynpTaTel aHaNmM3a ISl HEKOTOPHIX TOYEK
MIpeJICTaBJICHHI B TA0IUIE 3.

Tabnuna 3.

CocraB HCXOIHON CMECH KOMIIOHEHTOB, PABHOBECHOH KHIIKOH U TBepIoH a3

Table 3.

The composition of the initial mixture of components, equilibrium liquid and solid phase

B Hg?;ggglghfggz v, Macca po0st O6beM , O6bem , Orntu-yeckas Maccosast zos
: daza JUISL aHaJIM3a, T DMTA, cm AgNOs, cm IUIOTHOCTh KOMITOHEHTOB, %
Mass fraction . . : o
- IR o Phase | Sample weight for | Volume of Volume of Optical Mass fraction of components, %
in the initial mixture, % analysis EDTA,cm’ | AgNO;, cm’ density
CaCl, | Ca(H2PO4): | H:0 SIS, 8 ’ SINL3, CaCL_| Ca(H2POu): | 2O
10 4,5 85,5 K 0,4810 5,2 9,0 0,441 10,1 43 5,6
10 4,5 85,5 T 0,0419 0,8 0,7 0,181 9,5 10,9 9,7
20 4 76 X 0,4038 8,1 16,5 0,335 22,0 3.5 4,5
20 4 76 T 0,0947 3,0 3,0 0,366 17,6 17,1 54
10 9 81 K 0,3698 4,5 7,0 0,557 10,3 7,6 2,1
10 9 81 T 0,0288 2,5 0,1 0,771 1,6 72,1 6,3
20 8 72 K 0,4445 9,0 16,5 0,535 20,2 6,0 3,8
20 8 72 T 0,0856 2,3 3,0 0,527 184 15,3 6,2
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[To momy4eHHBIM TaHHBIM CTPOWIIN HOMABI —
JIMHUH, COSTUHSIONINE TOYKH NCXOIHOW CMECH KOM-
TIOHCHTOB, XKHJIKOW U TBEPOH (Da3bl (PHUCYHOK 2).

Tpu TOYKHM OJHOM HOMBI JOJKHBI JIEKATb
Ha oxHOoW mpsmoi. llomoxxeHmwe ¢urypaTuBHOM
TOYKHU TBEPAOH (a3bl HA AUATPAMME PACTBOPHMO-
CTH ONpeAessieTCs] NMepecedeHueM ABYX WM He-
CKOJIBKUX JIY4EH.

CocTaB ®HIKAX HACHIIEHHBIX (Da3 oOpa3yer
JUHHAI0O MOHOBAapHaHTHOTO paBHOBecus. OOmactu
TIoJ] TMHHUEH oTBeuaeT Kuakas ¢asa L. B obmactu
HaJ| TWHUEH 00pa3yroTcs reTeporenHsie (hasbl, co-
JepKalne HACHIICHHBIH PAacTBOP W KPUCTAJUIBL.
Honp! HampaBiieHsI K TOUKE, OTBEYAOIIEH COCTaBy
92,86% muruapodocdara xamsrws, 7,14% Bombl.
Orto wMoHorumpar auruapodocdata KaJabmus,
yCTOMYMBBIN NpH TaHHOU TemmepaType [16].

Ca(H,PO,),

T L} L

H,0 50 CcacCl,

Pucynox 2. Pacnonoxenue HOnm B cucteme CaCl, —
Ca(H,PO4); — H,O mpu 20 °C

Figure 2. Location of nodes in the CaCl, — Ca(H,PO4), —
H,O system at a temperature of 20 °C

B coorBeTcTBUM € pPacCIOJIOKEHUEM HOJ
MpeCTaBIeHO M300paKEHUE M30TEPMBI CHCTEMBI
CaCl, — Ca(H2POs), — H20 nipu 20 °C (pucyHok 3).
NzBectHO [17], uto nipu 20 °C XJIOPUCTHIN KambIuil
KPUCTAIUTM3YETCSl W3 BOJHBIX PACTBOPOB B BHUJIE
rexcaruapara CaCly-6H,0, a muruapodocdar kab-
st B Buze MoHoruapara Ca(H.PO4):-H,O, coot-
BETCTBYIOIIME TOYKH HAHECEHbl HAa CTOPOHBI
TpeyroiibHUKa cocTaBoB. Ha wm3orepMe mmeeTcs
oJie HEHACHIIIEHHBIX pacTBOpoB L, mosne kpucra-
JU3alMK MOHOTHApaTa Auruapodocdara Kaablus
Si (L + Ca(H,PO4):-H>0), nBe obnactu coBmect-
HOTO CYIIECTBOBaHHsI PAacTBOpPa W KPHUCTAIIOB
S, (L + Ca(H2POs),-H>O + Ca(H2PO4),) u S3 (L +
Ca(H,POg4), + CaCl; - 6H,0), Tpexdaznas o61acTh
COBMECTHOT'O CYIIECTBOBAaHHMSI KPHCTAIJIOB TpeX
coneit S4 (Ca(H2POs4), + CaCl, + CaCly - 6H,0),
B KOTOPOH OTCYTCTBYET XHJIKas ¢asa.
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Ca(H,PO,),
S,
H.,0 aCl,.6H,0 CaCl.
0 50 22 1do

Pucynok 3. marpamma coctosiHust cuctemsl CaCl, —
Ca(H2P04)2 — HzO npu 20 °C

Figure 3. Diagram of the state of the CaCl, —
Ca(H>POs4), — H>O system at a temperature of 20 °C

Ha nuarpaMme JODKHO CYIECTBOBATh MOJIE
KPUCTAJUIN3ALUU MeKcarunjpara XjJIopuaa Kajablus,
HO B CBSI3M C TEM, UTO 3Ta 00JIACTh HAXOIIUTCS MEXKITY
TOUYKOM cocTaBa Kpuctayuioruapata (50,7% CaCly,
49,3% H,0) u Toukol, OTBEYAIOIIE PaCTBOPUMOCTH
xJytopunaa kanbiys (56,9% CaCls,, 43,1% H»0), ona
MaJia M OTpeIeUTh €€ SKCIIEPUMEHTATIBHO CIIOXKHO.

3akiouyenune

Hcnonb30BaHre MOJOYHOW CHIBOPOTKH Kak
LEHHOT'0 MHIIEBOI0 NPOIYKTa U CHIPbS IS MOJTY-
YeHUS! JAWETHYECKOr0 U JIe4eOHOro NHTaHMSA
OCJIOXHSETCSI IPUCYTCTBHUEM B CHIBOPOTKE OOJIBILIOTO
KOJIMYeCTBA MUHEpPAIBHBIX cojiel. B mpouecce
JEMHUHEPAIH3alUN IIUPOKO MPUMEHSIOTCS HOHO-
(GuIbTpaIOHHBIC, KATHOHO- U aHHOHOOOMEHHbBIC
MeMOpaHbl U Jp., KOTOPBIE YacTO 3arpsi3HSIOTCS
oOpasyromumucs Kpucrauiamu coneil. Hanmenee
PacTBOPUMBIMH M3 HEOPTaHMYECKHX BEIIECTB,
MPUCYTCTBYIOIINX B CHIBOPOTKE SBISIOTCS COJH
KaJblKs, B CBSA3HM C 3TUM MNPEACTABISIET UHTEPEC
TPEXKOMITIOHEHTHAs! CHCTEMa XJIOPHJ KaJIbIUs-
quruapodocdat KanbIHsI-Bo .

B pe3ynbraTe mony4eHHBIX 3KCIIepUMEHTATb-
HBIX JIaHHBIX IIOCTPOEHAa JHarpamMMa COCTOSHHS
TpexkommoneHTHOH cructeMbl CaCl, — Ca(H2POs): —
H>O mpm 20 °C u npeiokeH cocTaB KpHCTaILTH-
3YIOIIMXCS TBEPABIX (a3, MOATBEPKICHHBIN XUMH-
YECKUM aHAIH30M.

Hcnionb3ysi mony4eHHbIE JaHHbIE, MOXXHO
CO3J1aTh YCJIOBUS JIsl IPEABAPUTEIILHONW KpUCTA-
JU3alMU COJIeH, BXOJSIIMX B COCTaB MOJIOYHOU
CBIBOPOTKH, W BBIJICJICHUE WX M3 PACTBOPA, UYTO
YMEHBIINT 3a0MBaHIe TIOp MEMOpaH B JaJIbHEHIIIEM
MpoLecce JEMUHEPAIN3ALNN CHIBOPOTKH.
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I[HosryyeHue BOJJIACTOHUTA U3 LEOJUTCOAEPKALIEH OPOAbLI METOAOM
TBEPA0(a3HOr0 CHHTE3a

Kupwun A. Mumrarua ' mishagin_kirill@mail.ru 0000-0002-8503-9312
Exarepuna C. SImaneeBa > curls888@yandex.ru 0000-0002-5754-205X
Enena M. I'otnu6 2 egotlib@yandex.ru 0000-0003-2318-7333

Anekceit . XanpuroB 2  khatsrinovai@corp.knrtu.ru 0000-0002-0623-1411

1 Beepoccuiickuii HaydHO-HCCIEN0BaTeNbCKII HHCTUTYT aBualuoHHbIX MaTepuanos HUIT «Kypuarosckuil uHCTHTYT», yi. Panuo, 17,

r. Mocksa, 105005, Poccust
2 Ka3zaHCKHil HallMOHAJIbHBII HCCIIEA0BATEIbCKHII TEXHONIOTHYEeCKHi YHIBepeuTeT, Kapia Mapkca, 68, r. Kazanb, 420015, Poccust
AnHoTanus. Tatapcko-IllaTpanianckoe neoauTcoaeprkaliee MECTOPOKACHHE, pacloIoKEeHHOe Ha roro-3anazae Pecry6mmku Tataperan,
coziep’kuT OoJpmmoe KoimdectBo Kambiura (10-50%) ot oOmiei mMacchl MOpOXBI, a TaKkKe APYIHX MHHEPANOB — IICOJIHTA, OHal-
KpUCTOOAIUTHT-TpUANMHTA. Takolt cocTaB TpeOyeT JOpOroCTOSIIEro Mporecca 000TaIeH s IEOJINTa, CYIIIECTBEHHO CKa3bIBAFOIIErocst Ha
CTOMMOCTH KOHEYHOTO IpoIyKTa. B paboTe mpemmaraercsi mpUMEHEHHE LEOJIUTCO/SpIKalleil MOpoabl Ul CHHTE3a KabIMEBBIX
CHJIMKAaTOB, B YaCTHOCTH, BOJUIaCTOHUTA. B kauectBe Ca-cozepikallero HCXOJHOTO MaTepHala B JaHHOH paboTe ObLIM HCIOIb30BaHbI
KaJIBIUT — MyKa U3BECTHSAKOBAs (JIOJIOMHTOBAs), B KAaUECTBE KPEMHHICOEP KaIero MaTepraa Oblia HCI0Ib30BaHa [IE0IUTCOeprKaIas
KpeMHHCTast mopoja Tarapcko-1llaTpamanckoro MeCTOpoXKASHNS, BKIIFOYAIONIasi B ce0s TaKkKe M NCTOYHHUK KaNbIUs, B BHJE KaIbLUTa
(0 40%). Ipormecc TBepaodasnoro cuHTe3a nposoamics B MyhensHoi mearnr SNOL 1100/7,2 npu Temmepatypax 900 u 1100°C, mogbem
JI0 33JaHHOM TEeMIIepaTyphl OCYHIECTBILIICS CO CKOPOCTHIO 5 °C/MUH, BhIAGpIKKa cocTaBisiIa 3 gaca. MicxoHbIe KOMITIOHEHTHI CMEIIMBAIIH
B cTexuoMerpuueckux cooTHomeHusax Ca0:Si02=0,7-1,1. B pabote npuMeHsuIcs OOIIENPUHATEI METOA HIACHTH(OUKAIIMN IPOIYKTOB
CHHTE3a — PEHTreHOTrpaMUecKuii KOMMYeCTBeHHBINH aHamm3. Ilokazano, 4yro mpu cootHomenun CaO:SiOz B mpenmenmax 0,8-0,9 u
M30TEPMUYECKOH BBIICPIKKH B TeueHue 3 yacoB npu Temneparype 1100 °C HabmomaeTcst HanOOIBIIHI BBIXOJ BOJUIACTOHUTA — 67—79%.
MopdhoIoruio KanplueBoro CHIIMKaTa N3yJalid METOZIOM PacTPOBOH 3IEKTPOHHOW MUKPOCKOIHH. [10ydeHHBIH KalbIHeBbI CHIIMKAT
MOXKHO OXapaKTepHU30BaTh KaK CIIEUECHHBIH MPOAYKT C MalbIM COOTHOIICHHSIM CTOPOH, MO cBoel (hopme, OMM3KON K TaGIUTYATBIM
CTpyKTypaM. BommacToHHT Tako# (popMBI MOXKET IPUMEHATHCS B KEPaMHIECKON IPOMBIIIEHHOCTH, B KauecTBe 3(h(heKTHBHOM 100aBKH,
YIYUIIAOIIX CYIIMIBHBIE XapaKTePHCTUKH KEPAMUUECKIX Mace.
KnioueBsbie ci10Ba: 11€0IHT, JOJIOMHT, BOJUIACTOHUT, TBEPAO(a3HbII CHHTE3”.

Preparation of wollastonite from zeolite-containing rock by solid-
phase synthesis
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Abstract. The Tatarsko-Shatrashan zeolite-containing deposit, located in the southwest of the Republic of Tatarstan, contains a large
amount of calcite (10-50%) of the total mass of the rock, as well as other minerals — zeolite, opal-cristoballite-tridymite. Such a composition
requires an expensive zeolite enrichment process, which significantly affects the cost of the final product. The work proposes the use of
zeolite-containing rock for the synthesis of calcium silicates, in particular wollastonite. Calcite — limestone flour (dolomite) was used as a
Ca-containing source material in this work; zeolite-containing siliceous rock of the Tatarsko-Shatrashan deposit was used as a silicon-
containing material, which also includes a source of calcium in the form of calcite (up to 40%). The solid-phase synthesis process was
carried out in a SNOL 1100/7.2 muffle furnace at temperatures of 900 and 1100°C, raising to a given temperature was carried out at a rate
of 5 °C/min, holding time was 3 hours. The starting components were mixed in stoichiometric ratios CaO:Si02=0.7-1.1. The work used a
generally accepted method for identifying synthesis products — X-ray quantitative analysis. It has been shown that with a CaO:SiOz ratio
in the range of 0.8-0.9 and isothermal exposure for 3 hours at a temperature of 1100 °C, the highest yield of wollastonite is observed — 67-
79%. The morphology of calcium silicate was studied using scanning electron microscopy. The resulting calcium silicate can be
characterized as a low aspect ratio sintered product with a shape similar to tabular structures. Wollastonite of this form can be used in the
ceramic industry as an effective additive that improves the drying characteristics of ceramic masses.

Keywords: zeolite, dolomite, wollastonite, solid-phase synthesis.
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BBenenune

Heonur, obnanas psaoM HCKIFOUYUTEIbHBIX
(U3UKO-XMMHUYECKUX CBOMCTB, Halles] IIHPOKOE
IIPUMEHEHNE BO MHOTUX HAIPaBJICHUSX: KaK MUHE-
panbHas 10O0aBKa B BSDKYILUX, HAMIOJHHUTENEH MO-
JIMMEPHBIX MAaTepuaioB, OCYIIKE M OYHCTKE Ta30B
B Ta30HE(TSIHOM cdepe U, KOHSIHO ke, Kak COPOCHT
JUTS TIPEPOTHBIX M CTOYHBIX Box [ 1-6]. Poccnst o6ira-
JaeT 3HAYUTEIbHBIMU 3allacaMH MECTOPOXKACHHM,
BKITIOYAIOUINX B ce0s LEOIUTCOACpKALINE MUHE-
paJibl, OJHAKO JIMIIb HECKOJIBKO U3 HUX IPUTOIHBI
JUIsL IPOMBILIUIEHHOH JOOBIYH.

Oco0b1it nHTEpec npeacrasisieT Tatapcko-
[Harparanckoe LEOIUTCOAEPIKAILEE MECTOPOXKIE-
HIe, PacToNIOKEHHOE Ha Foro-3amnaze PecrryOmmku Ta-
Tapcral. bonblioe cofepkaHue KaJbIUTa, COCTaB-
nsromiero ot 10 mo 50% [7] ot obmieit macchb
MOPOJBI, a TAaKXKE IPYTUX MHUHEpaIoB TPeOyIOT
JOPOTOCTOSIIIETO Mpoliecca 000TalIeHHUS [IE0NINTa,
CYIIECTBEHHO CKAa3bIBAIOIIETOCSI Ha CTOMMOCTHU
KOHEYHOT'0 IPOAYKTA. AKTyalbHBIM B 3TOM CIIydae
SIBIISIETCSl TOMCK AIbTEPHATUBHOTO TMPUMEHEHHUS
Tarapcko-LllaTpamaHcKoro IeoNMUTCOAEPIKAIIETO
MECTOpOKACHUs. Bxozsmue B ero coctas LEOIUT,
OTAT-KPUCTOOAIUTUT-TPUAUMUT MO3BOJIAT UCIONb-
30BaTh €ro Kak (UIBTPO-MUHEpAIN3AMHHBINA
Matepuadi [8-10], HarmomHUTENH, T00aBKY U KaK HC-
TOYHUK amop¢HOTO KpeMHe3ema [11] anst cuHTes3a
KaJIbIIUEBBIX CHJIMKATOB, B YACTHOCTH, BOJUIACTO-
HUTa. KaJbIIUT B TAKOM CITy4ae BBICTYNATh B POJIU
MOJIE3HOT0 KOMIIOHEHTA, YMEHBIIAIOIEr0 KOJIHYe-
CTBO BHOCHMBIX JI00aBOK.

PaboTel 1O HCHONB30BAaHUIO IICONIUTA H
KPEMHHUCTBIX OPOJ B KAU€CTBE KOMIIOHEHTOB ISt
CHHTE3a KaJbLHEBbIX CHIMKATOB BEAYTCS JABHO.
Tak aBTOpBI, B cBOCH pabore [12] uCMONBb30BATH
LEOJHUTHI U OKCHJI KaJIbIIMs JIJIsl TOTyYeHus: ToOep-
MOpHTa METOAOM AaBTOKJIABHOTO THIPOTEPMaiib-
HOTO cUHTe3a. TakuM ke METOJIOM OBbUT MONy4YeH
Tob6epmoput (CasSicO1sH»4H>0) u3 kapOoHU3UpO-
BaHHOM OMNOKU U U3BeCTHsIKA [ 13]. AbTepHaTUBHBIM
METOJIOM TIOTY4EHHs CITY>KUT TBEpIO(a3HbIil CUHTES,
KOTOpBI TIPUMEHSETCS Ul CUHTE3a  BOJUIACTO-
nurta [ 14]. Corpynaukam yausepcuteroB Universita G.
D’Annunzio (Mranmust) u Universitat de Barcelona
(Mcmanus), Ha OCHOBE AMATOMHTA M MHUKPOKAIb-
[IUTA, YAaJOCh MOIYYHUTH MPOAYKT C COACPIKAHIEM
BoJimacToHuTa 710 96% [15].

Ha BbIXOXI BOJITaCTOHHMTA, KaK OCHOBHOTO
MPOJIYKTa PEaKIUH, a TAKIKE CKOPOCTh CHIIMKATO-
00pa3oBaHUs BIUSIOT MHOTOUYHCIIEHHBIE (PaKTOPHI,
KaK MUHEPAJIOTHYECKHH, TPaHyJIOMETPHYECKUI COCTaB
CMECH, MOJIFHOE COOTHOIIICHHE, XUMUYESCKHI COCTaB,
BpeMsi U TemIiepatypa ciHTe3a. OnTUMalbHas TeMITe-
patypa, HaiiieHHas pa3IuYHbBIMU aBTopamu [16, 17],
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npuxoauTcss Ha auanasoH 1045-1150 °C, a Bpems
CHHTe3a B OOJBIIMHCTBE CITy4aeB COCTABISET OT 2
1o 3 gacoB. Takoe paznudme 00yCIOBIEHO Pa3HOCTHIO
WCXOJJHBIX KOMIIOHEHTOB, €0 (PM3UKO-XMMHYECCKUMU
CBOWCTBaMH, T. €. (aKTOpaMu, H3ITOKECHHBIMU
HaMH paHee.

Brlmeonucanuble 1aHHBIE TO3BOJISIOT BbI-
CKa3aTh MPEINoI0KEeHHE O BO3MOKHOCTH HCIIOIb-
30BaHUS TPYIHOOOOTATHMBIX LIEOIUTCOAEPKAIINX
MOpOI B KadeCTBE IMEPCHEKTHBHOTO CHIPhS IS
CHHTE3a KaJbLIMEBBIX CHJIHMKATOB, B YaCTHOCTH
BOJIJTACTOHUTA METOJIOM TBepAO0(ha3HOTO CHHTE3A.
C y4eToM BBIIIIECKa3aHHOTO OCHOBHOM IEJTHIO TAHHOTO
WCCIIEIOBAaHUS SABJSUIACH MPOBEPKA BO3MOXKHOCTH
TIOJTyYeHHUs BOJUTACTOHHUTA TBEPAO(a3HBIM METOAOM
¢ ucnone3oBanueM Tarapcko-Iatpanianckoro Mecto-
PPOXKIEHHS] LIEOTUTCOAEPAKAIEH KPEMHUCTOM TIOPOIBIL.

MaTepHaJ’IBI U METOJbI

B kauectBe Ca-comepikaliero HCXOJHOTO
MaTepuaia B JaHHOW paboTe OBLIN MCIIOIb30BaHbI
KaIIBIIUT — MyKa HW3BECTHSIKOBAs (IOJIOMHTOBAS)
I'OCT 14050-93.

B xauecTBe KpeMHUICOAEPKAILEr0 MaTepraia
OblTa HCIIOJIb30BaHA LICOJIUTCOACPIKAILAS KPEeMHH-
cras nopoza Tarapcko-lllaTpaianckoro MecTopox-
JICHUS, BKJFOUaromiasi B ceOs Takke W WCTOYHHK
Kayplus, B BuAe Kaibuura (no 40%). Xapakrepu-
CTUKH UCXOIHBIX MAaTEPUAIOB ObUTH MPOAHAIU3UPO-
BaHbI HAMH B MPEABIAYIIMX UccIeAoBaHusX [18].

HcxoaHple KOMIIOHEHTBI CMELINBAJIN B CTEXHO-
Merpudeckux cootHomenusx Ca0:SiO, = 0,7-1,1,
BBUJIy YCTOMYMBOCTH BOJUTACTOHHUTA KaK MPOYKTa
peaKIMy MpH TaKKX cOOTHOIIeHMsX. [Tomy4uennyto
HIUXTY, 47151 3 (HEKTUBHOTO CMEIIUBAHNS U yBEJIH-
YEeHUsl TUIOIIAJN KOHTAKTa MEXIy YaCTHUIAMH,
a TaKKe CKOPOCTH PEaKIMH, MOJBEPraii COBMECT-
HOMYy MOMOJly B IUIaHeTapHOH MenbHHIE Fritsch
Pulverisette 5/2 B Teuenue 5 munyT nipu 200 00/MuH.

[Mponecc TBepaOhazHOrO CHHTE3a MPOBO-
muiicst B mydensaoit meun SNOL 1100/7,2 mpu
temrieparypax 900 u 1100 °C, nombem 10 3aJaHHOM
TeMITEpaTyphbl OCYIIECTBISIICS CO CKOPOCTHIO 5 °C/MuH,
BBIJIEP)KKa cOCTaBisia 3 yaca.

HccnenoBanus momydeHHbIX 00pa3LoB Mpo-
BOJWINCH B KOMIUIEKCHON jabopatopuu «Hano-
ananmutukay GI'BOY BO KHUTY u Brimouam B ceOst
CIIEIYIOIINE METOIBL:

s naeHTHQUKALMK TPOAYKTOB CHHTE3a
MPAMEHSIJICS. METOJI PEHTreHOrpa(uuecKoro Komde-
CTBEHHOI'O aHAJIN3a C MCIOJIb30BAHMEM MHOTO(YHK-
nroHanbpHOro udpaxkromerpa Rigaku SmartLab
CO CIEAYIOUIMMU NapaMeTpaMu ChEMKHU: YTIIOBOM
uuTepBan 20 3°-65°, mar ckanupoBanus 0,02,
9KCHO3UIMs 1 cekyHaa B TOUKe.
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MukpodoTtorpaduu 00pasIoB ¢ HAUOOIBIINUM
coJlepXKaHUEM BOJUIACTOHUTA OBLIM MOMYYEHBI METO-
JIOM PacTpPOBOM AIIEKTPOHHOH MHKpockomm (POM)
Ha Oxe-3neKTpoHHBIN ciekTpomeTp JAMP-9510F
¢ yeermmuenuem 250X, 500X, 1000X, 2500X, 5000X.

Pe3yabTaThl M 00CyxKIEHHE

AHanu3 coctaBa IpOAyKTOB TBEPA0(Ha3HOTO
CHHTE€3a METOJOM PEHTI'CHOrpaduuecKoro KO-
YeCTBEHHOTO aHan3a (pUcyHkH 1-2, Tabmuipr 1-2)
mokaszai, uro npu Temmeparype 900 °C mporecc
00pa3oBaHMsl KaJbIUEBBIX CHJIMKATOB (BOJJIACTO-
HUTA U JJAPHUTA) TOJBKO HAUMHAETCSI.

JlefcTBUTENBHO, MONYYEHHBIE IIPU 3TOH
TeMIeparype NPOAYKThI, IPH BCEX COOTHOLICHUAX
HCXOJHBIX KOMIIOHEHTOB, XapaKTepH3YIOTCS OOIb-
LIMM COJEPKAHUEM HENPOpPEearupoBaBIIEIO OKCHAA
KaJIbLIUSI ¥ KpEMHE3eMa, a CofIep)KaHue BOJIIACTOHUTA
B HUX He gocturaer naxe 50%.

Ha ocHoBaHuM 3TOr0, MOKHO CZENaTh BHI-
BOJ O HEOOXOAMMOCTH HOBBILICHUS TEMIIEPATyphI
peaKuy, JIMO0 MHOTOKPATHOM YBEITYEHUH BPEMECHH
n3oTepMuueckoil Beiaepikku. Ilocnennee He Bcerna
SIBIISIETCS] SKOHOMHYECKH 11eIeCO00pa3HBIM.

Kak MOXHO 3aMeTHTh, NpH NPUMEHEHHH
KasbLpTa (Tabuia 1), BeIxo/] BOJUTACTOHHUTA OOJIBIIIE,
YeM IpY UCTIONIb30BaHNH OKCHIA KaJIbIws (Tabmmia 2).

[Ipu ucronb30BaHUM 00OUX THITOB KaJbIHN
coziepkarux mopoy, 6omnee 3(hGEeKTUBHBIM SIBISIETCS
COOTHOIICHHUC HCXOAHBIX KOMIIOHCHTOB pPaBHbBIM

Ca0:Si0; 0,8-0,9.
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Ca0/5i02:0,7
Ca0/Si02=0,8
€a0/%502:0,9
Ca0y/Si02=1

Ca0/fsin2=1,1

HHTeHCHBHOCTD, OTH. T.
Intensity, cps

2-teta (rpaa)
2-theta (deg)

Pucynoxk 1. ludpakrorpaMMbl IpOIyKTOB CHHTE3a IIPH
900 °C ¢ mpuMeHEHNEM IEOTUT-KPEMHUCTOH ITOPOIBI U
KaJIbIIUTA

Figure 1. Q-PXRD spectrum of synthesis products at
900 °C using zeolite-siliceous rock and calcite

Calfs02=0,7

Ca0/Si0271,1

HHTeHCHBHOCTB, OTH. T
Intensity, cps

2-1eta (rpas.)
2-theta (deg)

Pucynox 2. JludpakrorpaMMbl IPOIYKTOB CUHTE3a IIPH
900 °C ¢ npuMeHEeHHEeM LEOTUTKPEMHHICTON OPOIBI U
OKCH A KaJlbIIUsA

Figure 2. Q-PXRD spectrum of synthesis products at
900 °C using zeolite-silicon rock and calcium oxide

Tabimna 1.

®a30BbIi cocTaB NpoaAyKToB cuHTe3a pu 900 °C
C IPUMEHEHHEM IEOJTUT-KPEMHHICTOM MOPOIbI U KaJIbIUTa

Table 1.

Phase composition of synthesis products at 900 °C using zeolite-siliceous rock and calcite

da3oBbIii cocTas, % | Phase composition %
CaO: SiO2 Bomractonur | JlapHur | OKCHIT KaTbIHs Kgap | Kpucrobanur | Tpuaumur |
Wollastonite larnite | Calcium oxide Quartz Cristobalite Tridymite
0,7 26 2 35 11 12 15
0,8 48 4 34 8 7 -
0,9 45 2 42 8 2
1 35 1 49 13 - 2
1,1 31 3 48 7 - 11
Tabmnuma 2.
®a30BbIi cocTaB NPoAyKTOB cuHTe3a npu 900 °C
C IPUMCHCHUCM HeOHHT-KpCMHHCTOﬁ MOopoAbl U OKCHJAa KaJIbIIUA
Table 2.
Phase composition of synthesis products at 900 °C using zeolite-siliceous rock and calcium oxide
®da3oBsIii cocTas, % | Phase composition %
CaO: SiO2 Bosactonur | Jlapuur | Ka?;;cyll/ll; | Kgapi | Kpucrobamur | Tpuaumur |
Wollastonite larnite b | Quartz Cristobalite Tridymite
Calcium oxide
0,7 29 1 25 19 17 8
0,8 29 5 39 10 11 6
0,9 31 11 39 9 - 10
1,0 21 15 41 13 7 1
1,1 32 5 51 7 5
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Pesynbrarel 00XHUTa WCXOIHBIX CMeced
npu Ooyiee BbIcOkOH Temmeparype (1100 °C)
CBUJICTEILCTBYIOT O OoJiee IMOJIHOM TPOTCKAHUH
MPOIIECCOB 00Pa30BaHUs KaIbIIMEBBIX CHIIMKATOB,
BBIXO/I LIEJIEBOTO MPOyKTa qocTUraet nmoutu 80%
(pucynku 34, u Tabnunsl 3—4). Haubonpiiee co-
JepKaHUe BOJUTACTOHUTA B IMPOAYKTaX pEaKiuu
obecrieunBaeTcss TPU MOJISIPHOM COOTHOIICHUH

Intensity, cps

M AL

i,
ke ;-"-q\}'\_)\n_.."-'mlﬂ'u\._ﬂm;

HHTeHCHBHOCTD, OTH. T

L | |
Pt INEY M

2-teta (rpaa)
2-theta (deg)
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Ca0:Si0; paBubM 0,8-0,9. To ecTh, ONITUMAIEHOE
COOTHOILICHHE MCXOAHBIX KOMIIOHEHTOB HE 3aBH-
CHUT OT TeMIIEpaTypbl H30TEPMUYECKOHN BBIACPIKKU
npH TBepaoha3zHOM CHHTe3e BojutacTonuTa. OnHako,
COCTaB HCXOIHOU cMecH (MpUMEHEHHE KallbIUTa
WM OKCHJIa KaJIbIIMS) MEHBIIE BIMSACT HA BBIXOJ
BOJUTACTOHUTA TIpU OoJiee BBICOKOW TemIiepaType
CHHTE3a.

Ca0/si02=1,1
Ca0fSi02=1

Ca0n/sio270,9
Ca0/Si02=0,8
Ca0/fsio2:0,7

HHTEHCHBHOCTH, OTH. T
Intensity, cps

2-tera (rpaa)
2-theta (deg)

Pucynox 3. ludpakrorpaMMsl NpOJyKTOB CHHTE3a MPH
1100 °C ¢ npuMeHEHUEM LIEOIUT-KPEMHUCTON NOPOBI U
KaJblUTa

Figure 3. Q-PXRD spectrum of synthesis products at
1100 °C using zeolite-siliceous rock and calcite

Pucynok 4. IudpakrorpaMMbl IPOJYyKTOB CHHTE3a MPHU
1100 °C ¢ mpuMeHEeHHEM LEOTUT-KPEMHUCTON OPOJBI U
OKCHJIa KaJIBIH

Figure 4. Q-PXRD spectrum of synthesis products at
1100 °C using zeolite-siliceous rock and calcium oxide

[Ipu cootnomenun CaO: SiO; > 1 goctura-
eTCs JOCTATOYHO OOJIBIIOE COMIEPKAHUE LIEICBOTO
NPOIYKTa, HO B TO K€ BpeMs HaOJII01aeTcsi BBICO-
KO€ COJlepKaHHe HEeNpOpearupoBaBLIEro OKCUAA
Kalbl¥s, CPEeIM BCEX HCCIIENOBaHHBIX 00pa3IIoB,
npu 000MX U3YYEHHBIX TEMIIepaTypax CHHTE3a.

KomnuectBo ABYKAJIbBIMUEBOI'0 CUJIMKAaTa MU
HETpOpearupoBaBIINX OKCHUIOB CBHICTEIHCTBYET
0 BO3MOYKHOCTH TIOMCKa ONTUMAJIBHBIX MapaMeTpOB
CHHTE3a C YBEJIMUCHHEM TeMIIepaTypbl JIMOO POIOI-
KUTEITFHOCTH TIPOLIECCa CHITMKATO00pa30BaHHMsI.

CTOHUT OTMETUTD, YTO OOJIBIINI BEIXO BOJI-
JacToOHUTa npu Temneparype cunresa 1100 °C
MMeeT MECTO MPHU NPUMEHEHUU B KaU4€CTBE OJTHOTO
M3 MCXOJHBIX KOMIIOHEHTOB OKCHJA KaJbIIMs,
a pu Temnepatype 900 °C — kanpuuTa.

OOpa31pl, ¢ HAMOONBIIINM BBIXOJIOM BOJIIACTO-
HUTA, TIOTy4eHHbIe pH cooTHOIIeHnn Ca0:SiO, = 0,7,
ObITH MccrenoBanbl ipu oMoty OXKI-cnexTpo-
CKOMUH (PUCYHKH 5—0).

Tabmuua 3.
®a3oBkIit cocTaB poaykToB cuHTe3a 1pH 1100 °C ¢ mpuMeHeHNeM IE0TUT-KPEMHUCTOM MTOPOBI U KambI[uTa
Table 3.
Phase composition of synthesis products at 1100 °C using zeolite-siliceous rock and calcite
da3oBbii cocTaB, % | Phase composition %
CaO: SiO2 BosmactoHwr | JlapHur | Ka?TI;CI;I/II; Ksapir | Kpucrobanur | Tpugumur |
Wollastonite larnite Cal ciun]i oxl de Quartz Cristobalite Tridymite
0,7 56 10 3 7 26 T
0,8 75 15 2 5 3 -
0,9 67 22 1 5 -
1,0 58 26 11 5 - -
1,1 59 16 22 3 - -
Tabnuna 4.

®azoBbIli COCTaB IMPOAYKTOB CHUHTE3a ITPU 1100 °C ¢ MNPUMCHCHHUEM ]_ICO.]'II/IT-erMHI/ICTOI\/'I TOpOabl U OKCHAA KaJIbLIA

Table 4.

Phase composition of synthesis products at 1100 °C using zeolite-siliceous rock and calcium oxide

®dazoBsIi cocTas, % | Phase composition %
CaO: SiO2 BosutactoHwr | JlapHur | Ka?;;cyll; Ksapr | Kpucrobanur | Tpugumur |
Wollastonite larnite Cal ciurg oxi de Quartz Cristobalite Tridymite
0,7 50 9 7 4 25 5
0,8 79 6 7 6 2 -
0,9 68 27 1 3 - -
1,0 53 25 10 8 2
1,1 61 16 19 4 - -
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Pucynok 5. MukpodoTorpaduu NpogyKToB CHHTE3a IpU
1100 °C Ha OCHOBE IICOIUT-KPEMHHCTOH MOPOIABI U
KaJIbLIATA

Figure 5. Microphotographs of synthesis products at 1100 °C
based on zeolite-siliceous rock and calcite
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1000x

Pucynok 6. Mukpodortorpaguu npogyKkToB CHHTE3a TpU
1100 °C Ha oCHOBE IEOJTUT-KPEMHUCTOM MOPOJIBI U OKCH/IA
Kb

Figure 6. Microphotographs of synthesis products at 1100 °C
based on zeolite-siliceous rock and calcium oxide

[IpencraBnennsie GOTO, MO3BOISIIOT XapaK-
TEpPU30BaTh MOP(OIOTHIO KATBIINEBOTO CHIINKATA,
KaK CIIEYeHHBIN MPOAYKT C MaJIBIM COOTHOLLIEHUSIM
CTOpOH, MO cBoeil (hopme, ONMU3KON K TaOIUTUATHIM
CTpYKTypaMm. BoJIIacTOHUT Takoi (OpMBI MOXKET

kapOoHatHO# mopoas! Tarapcko—lllarpamranckoro
MECTOPOXACHHS B KAYECTBE CBIPhS JIJIsl POU3BO/I-
CTBa KaJIbLIMEBBIX cuiIkaToB. [lokazaHo, 4To mpu
cootHomennn CaQO: SiO, B mpememax 0,8-0,9
Y M30TEPMHUYECKOH BBIICPKKH B T€UEHHE 3 4acoB

npumensTecs [19, 20] B kepaMHU4eCKOW MPOMBILI-
JICHHOCTH, B KadecTBe AS(PQEKTHUBHON 100aBKH,
YIIyUIIAIOUIMX CYyIIMIbHBIE XapaKTEePUCTUKU Kepa-
MHYECKHX Macc.

npu temrneparype 1100 °C mabmogaercss HanGob-
oM BeIXOJ BoJutacTOHUTA. IlpumeHeHue okcupaa
KaJIbLMS TIPY BBILLIEOITMCAHHBIX YCIOBHUAX AAeT HE3HA-
YUTENILHO OOJBIIMKA BBIXOZ LEIEBOTO TPOIYKTA,
HO B TO K€ BpeMsi TpeOyeT IONOTHUTENBHBIX TPY/I0-
3aTpar, 3aKIIOYAIOIIUXCS B IPEABAPUTEIBHOM
o0xwure kampuuTa npu Temmepax 900-1000 °C.
3T0, C TEXHUKO-DKOHOMHYECKOW TOYKH 3pPEHHS,
M0-BUANMOMY, SIBIISIETCS HE LIEIeCO00Pa3HbIM.

3akioueHue

00001mass UTEpaTypHble U COOCTBEHHBIC
9KCIICPUMEHTANILHBIC JIAHHBIC 10 TBEpAO(ha3HOMY
cunte3y CaSiOs MOXKHO CcJeliaTh 3aKIIOYCHUC
0 TIEPCTIEKTUBHOCTH TIPUMEHEHHS TIEOTUT-KPEMHHUCTOM
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1

AHHOTauMs1. B COBpeMEHHOHN TMAPOMETaUTYPTHH IIPOLECChl AaBTOKJIABHOTO BBIIETAUYMBAHUS HAXOJAT LIMPOKOE NMPUMEHEHHE, YTO
CBA3aHO C PAAOM INPEHMYLIECTB IEpes MPOLECcCaMM, MPOTEKAIOUMH B OTKPBITHIX cHCTeMax. B adduHaXHOH oTpaciu cTpaHbl
BHE/IPCHUE TaKMX TEXHOJOTHH 3aTPYIHUTENIBHO, W OJHA W3 NPHYMH — BBICOKHE TPeOOBaHHSA K KOPPO3SMOHHOH YCTOHYMBOCTH
KOHCTPYKIIMOHHBIX MaTepHaioB. B HacTosmieii paboTe Hccaen0BaHo MOBECHHE METAUIMYECKHX IUIACTHH TaHTAJA, TATAHA U TUIATHHBI
B pacTBOpax COJISHOW KHCIOTHI C JIOOaBKaMM IEPOKCHIA BOAOPOJAa B ABTOKJIABHBIX YCIOBHSX, B TEMIICPATYPHOM [Hara3oHe
100-200 °C. IokazaHo, 4TO yaenbHas CKOPOCTh PACTBOPECHUS IUIATHHBI B aBTOKJIABHBIX YCIOBHSAX HA HECKOJBKO MOPSIKOB BBIIIE
CKOpPOCTEeH pAcTBOpEHHs THTaHAa M TaHTajda B aHAJOTMYHBIX ycloBHAX. Tak, mpu Temmeparype 130 °C miaTwHOBas IUIacTHHA
HOJHOCTBIO PACTBOPSETCS B TEUEHHE 2 YACOB, YTO COOTBETCTBYET yAEIbHON ckopocTu pacTBopenus 1500-10712 r-m%/cek; ckopocTh
pacTBOpeHUs THUTaHa W TaHTala B TeX e ycnoBuax coctasuna 40-1072 u menee 1:10712 r-m%/cek, coorsercTBenHo. Co3nanue
OKHUCJIUTENIBHBIX YCIIOBHH CIIOCOOCTBYET NacCHBAallMM TaHTajla M, B 3HAYMTENBHON CTeneHH, TuraHa. [lmatuHa, HaoGopot, B
OKHUCJIUTENIBHBIX YCIOBHSAX HHTEHCHBHO MepexoAuT B pactBop. C yd4eTroM TOro, 4ro B OOJBIIMHCTBE clydaeB cbipbe MIIT
HpeCTaBIsieT COOOH JMCIepCHbIE MOPOLIKM C BBICOKOH Y/IENBHOW MOBEPXHOCTBIO, THTAHOBOE OOOPYIOBaHHE MOXKET OBITh
PEKOMEHJIOBAHO K UX HepepaboTKe. YCTaHOBIECHO, YTO THTaH JOCTATOYHO CTAOWICH B NPUCYTCTBHU OKUCIHTENS B pacTBopax 3M
COJISTHOM KUCIOTHI 10 TemmepaTypbl 160 °C. TaHTan B CONTHOKUCIBIX OKHCIHUTENBHBIX cpenax cradbmieH no TemmepaTypsl 200 °C.
Tlony4eHHble B paboTe KONHMYECTBEHHBIC NAaHHBIC MOTYT OBITh MCIIOJB30BAHBI i1 Pa3pabOTKH TEXHOJIOTHl MepepaboTKH ChIPbS,
COJICpIKAIIIECr0 METa/UIbI IIIATHHOBOM TPYNIIBI, ¥ CO3/IaHHsI COOTBETCTBYIOLIETO 000PYI0BaHHSL.

KiroueBnble ciioBa: aBTOKJIaB, 6ﬂar0p0mﬂ>1e METaJUIbl, TUTAaH, TaHTAJI, CKOPOCTb PaCTBOPCHUS.

Comparison of chemical firmness of the titanium, tantalum and
platinum in muriatic oxidizing environments in the autoclave

Alexander A. Akimenko ' aakimenko@krastsvetmet.ru 0000-0003-3661-949X
Oleg V. Belousov ' ov_bel@icct.ru 0000-0001-7778-5393
Roman V. Borisov ! roma_boris@]list.ru 0000-0002-6137-0975

Institute of Chemistry and Chemical Technology - a separate institution of the Federal Research Center of the National Research

Center SB RAS, Krasnoyarsk, Russia
Abstract. In modern hydrometallurgy, autoclave leaching processes are widely used, which is associated with a number of their
advantages over processes occurring in open systems. In the Russian refining industry, the introduction of such technologies is difficult,
and one of the reasons is the high requirements for the corrosion resistance of structural materials. In this work, the behavior of metal
plates of tantalum, titanium and platinum in solutions of hydrochloric acid with additions of hydrogen peroxide under autoclave
conditions was studied in the temperature range of 100-200°C. It has been shown that the specific dissolution rate of platinum under
autoclave conditions is several orders of magnitude higher than the dissolution rates of titanium and tantalum under similar conditions.
Thus, at a temperature of 130°C, a platinum plate dissolves completely within 2 hours, which corresponds to a specific dissolution rate
0f 1500-10°'? g m?%s; the dissolution rate of titanium and tantalum under the same conditions was 40-107'? and less than 1-10"'2 g-m?/s,
respectively. The creation of oxidizing conditions promotes the passivation of tantalum and, to a large extent, titanium. Platinum, on
the contrary, under oxidizing conditions intensively goes into solution. Taking into account the fact that in most cases PGM raw
materials are dispersed powders with a high specific surface area, titanium equipment can be recommended for their processing. It has
been established that titanium is quite stable in the presence of an oxidizing agent in solutions of 3 M hydrochloric acid up to a
temperature of 160°C. Tantalum in hydrochloric acid oxidizing environments is stable up to a temperature of 200°C. The quantitative
data obtained in the work can be used to develop technologies for processing raw materials containing platinum group metals and to
create corresponding equipment.

Keywords: autoclave, precious metals, titanium, tantalum, dissolution rate.
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BBenenune

Ha ceromusimnuii AeHb aBTOKIABHBIE MPO-
Lecchl MOMYYMIM LIMPOKOE PaclpoCcTpaHeHHe
B Pa3IUYHBIX OTPAcisAX TOPHOH M METaJuTypruye-
CKO1 MpOMBINIUICHHOCTH B Poccuu u 3a pyoexom.
B wactHOoCcTH, 00OpynmoBaHue, paboTaromiee Mpu
N30BITOYHOM JIABJICHUH, AKTHBHO INPHUMEHSETCS
IIpU nepepadoTKe aTFOMUHUEBOT0, IMHKOBOT'O, HH-
KEJICBOTO CHIPbsI, YMOPHBIX 30JI0TOCOJEPKALIIX
pya [1-6]. Mcnonb3oBaHue aBTOKJIABOB O0YCIIOB-
JICHO PAZOM IIPEUMYIIECTB TAKUX TEXHOIOIUH IIEpen
TEXHOJIOTHYECKUMHU PELICHUSIMH, KOTOPbIE ONHpa-
IOTCS] Ha METO/IbI BEJICHHUS IPOLIECCOB B OTKPBITHIX
cucremax. [IpuMeHHTENIBHO K METOJaM BCKPBITHS
U PacTBOPEHHMS YIIOPHBIX MAaTepUaIOB, aBTOKJIABHbIE
TEXHOJIOTHH  XapaKTePU3YIOTCS IKOJIOTUUECKON
6e3omacHOCThI0, 3(()DEKTUBHBIM UCTIOIH30BAHHEM
peareHTOB, BO3MOXKHOCTBEO MHTEHCU(MKAIMH MIPOTe-
KalOIlMX MPOLIECCOB.

B Hacrosiiee Bpems B adUHAKHONM OTpaciH,
KaK MpPaBWJIO, HCIIOJB3YIOTCS MHOTOCTaJIUilHbIE,
JUTMTENLHBIE TT0 BPEMEHHU M DHEPro3aTpaTHbIC TeX-
HOJIOTHH TTOJTyYSHHS METAIJIOB IJIATUHON TPYIIIIBL.
OtnenpHO clieayeT OTMETUTh LIMPOKOE MPUMEHe-
HUEe HEOE30MacHBIX PEareHTOB, TAKUX Kak XJOp,
a30THAasI KUCJIOTa, YTO B CBOIO Ouepeb, IPeAonpeie-
JISIET TOBBILICHHBIE TPEOOBAHMSI K IPOMBIIIICHHOH U
AKOJIOTMYECKOH Oe30macHOCTH. B To sxe BpeMst crpoc
Ha METaJUIbI IUTAaTHHOBOW IPYTIITHI BO3PACTAET, a Orpa-
HUYEHHOCTh UCTOYHUKOB UX JIOOBIYM U BBICOKAS
CTOMMOCTb CO3JAIOT OJAaronpHATHYIO 3KOHOMHUYE-
CKYIO OCHOBY U CTHMYII K pa3paboTke 3heKTHBHBIX
MPOIIecCOB UX nepepadoTku. [ToMrMo mepBUYHBIX
nctouHnkoB MIII', MOCTOSIHHO yBENTMYMBAECTCS OIS
nepepabaTbIBAEMBbIX BTOPUUHBIX MaTepUajioB, XapakK-
TEPUBYIOIIMXCS CIOKHBIM XHMHYECKUM COCTABOM U
BBICOKOH CTENeHBIO yopHocTH [7—13].

HecmoTpsi Ha ykasaHHBIE MpEHMYLIECTBA,
ABTOKJIABHBIE TEXHOJIOTUH CJIa00 BHEAPEHHI B ad-
¢dbuHaxHyI0 oTpacis Poccuiickoit Dexepanuu. Ito
CBSI3aHO C HEOOXOJMMOCTBIO MTPOBEIEHHS MIPOLEC-
COB B PacTBOpax MUHEPAIBHBIX KHCJIOT BBICOKON
KOHIIGHTPAI[H W B TIPUCYTCTBUU CHJIBHBIX OKHC-
JUTENEH, IpU TEMIIEpaTypax, MPEBILAOIINX TEM-
nepaTypy KdIleHus pacTBoputenisi. B mogoOHbIX
YCIIOBHSIX BBIJBUTAIOTCS YpPE3BBIYAHO BBICOKHE
TpeOOBaHMS K KOPPO3UOHHON CTOWKOCTH KOHCTPYK-
IMOHHBIX MarepuanoB [14, 15]. Ilosromy Becbma
BaXKHOU MpH peai3alny JaHHbIX MPOIECCOB SIB-
JIsieTCs 3a7a9a moadopa XUMUYIECKH CTOWKOTO Ma-
Tepuana JUis U3rOTOBJICHHUS aBTOKIABHOTO 000py-
NOBaHMs, NPEAHA3HAUYEHHOTO [UIi TPOBEICHHUS
BBICOKOTEMIIEPATYPHOTO KHCIIOPOJHOTO BBIIIETa-
yuBaHusg MIII" B CONsIHOKUCBIX cpenax.
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TaHTanoBsle MaTepUallbl HUCHOJB3YIOTCS B
XUMHYECKOH MPOMBINIICHHOCTH yike Ooee 60 et
U TPOJIOJIKAIOT OCTAaBATHCS BaKHBIMM KOHCTPYK-
LIMOHHBIMM MaTepuaiamMu. TaHTan cuuTaercs Haubo-
jee MOOXOISAIIMM MaTepUaoM Ul XMMHYECKOH
MPOMBIIIICHHOCTH OJlaroiapsi CBOeH MPEBOCXOIHOM
KOPPO3HOHHOHN YCTOHYMBOCTH, KOTOpast 00yCIIOBIIEHA
HaJIMYUEeM NacCUBHUPYIOLIEH IUIEHKH OKCHIa TaH-
tana(V) Ha nosepxHoctH [ 16]. OnHako, npuMeHeHne
TaHTaJa OrPaHUYEHO BBICOKOW CTOMMOCThIO. THTaH,
Ha CEroAHSIIHUI JIeHb, sIBISieTCsS Hanboyee pac-
IPOCTPAHEHHBIM KOHCTPYKIIMOHHBIM MAaTEPUAJIOM,
B adpunakHO oTpacnu Poccuun. On obnagaet yno-
BIIETBOPUTENBHOM CTOMKOCTBIO K KOPPO3UH B PaziTiy-
HBIX OKHCJIUTEJIBHBIX CPENaX U AOCTATOYHO YCTOHYMB
K MexaHu4eckomy usHocy. OnHako, B IUTepaTyp-
HBIX UCTOYHHMKAX HEJOCTATOYHO HOJHO OTPAXKEHBI
CBEJEHUS O KOPPO3UOHHOW yCTOMUYHMBOCTH THTAaHA
MU TaHTaJla B YCJIIOBUAX ABTOKJIIABHOT'O BCKPBLITUA
B COJISIHOKHCIIBIX PACTBOPAX, IPU OAHOBPEMEHHOM
MPUCYTCTBUX OKUCIIUTEIEN U MACCUBUPYIOIINX 100a-
BOK Tpu Temrieparypax oomee 100 °C [15].

lenp HacTOsmmIed pabOTHI 3aKIFOYAIACh
B CPaBHEHHUHU CKOPOCTEIl pacTBOPEHHSI KOHCTPYKIIU-
OHHBIX MaTepPUaJIOB THTAaHA, TAHTAJA U [UIATUHOBOU
IUTACTHHBI B aBTOKJIABaX B PACTBOPAX COJISIHOM KHC-
JIOTHI B IPUCYTCTBUU U30BITOYHOTO JaBJICHUS KUC-
Jopoza npu Temneparypax cspiie 100 °C.

MarepuaJibl M1 METOABI

B nHacrosimielr paboTe UCIOJIB30BAIN: BOAY
muctiwumposanHyto (I'OCT P 58144-2018); HCl —
«oc. 4. 204» (I'OCT 14261-77); H, O, 'OCT 177—
88); mmactuael TwiatuHel (I'CO  11082-2018-
11085-2018) Tommuuoi 0,1 MM (oS TIATHHBI
He MeHee 99,9 mac.%), MIaCTUHBI TUTaHA MapKU
BT1-0 Tonmunoi 1 MM; mIacTUHBI TaHTa1a MApKU
TBY Tonmuuoii 0,2 MM.

DNEeKTPOHHO-MUKPOCKOITMYECKUH  aHaJH3
MIPOBOJIMIIN Ha CKAaHUPYIOIIEM 3JIEKTPOHHOM MHUK-
pockorie TM4000 (Hitachi, flnonus) ¢ cucremoit
mukpoananmm3a Quantax 70 (Bruker, ['epmanus).
PeHTreHOBCKHE U(PPAKTOrPaMMbl PErUCTPUPOBAIIH
B nuanasoHe yrioB 20 ot 30° mo 90° ¢ marom 0,02°
Ha HacTosbHOM nu¢pakromerpe Proto AXRD
(Proto Manufacturing, Kanasia) ¢ ncrnons3oBanuemM
CuKo-u3nydeHus ¢ HaKOIUICHUEM B TOUKE 2 C.

DKCIIEPUMEHTHI TI0 PACTBOPECHUIO METaJUIH-
YECKUX IUIACTHH OCYIIECTBISUIA B KBapIEBBIX
aBTOKJIaBax 06bemMoM oT 20 110 30 cM®, KoHCTpyKIWs
KOTOpBIX omucana B padotax [17-20]. B xBapuessIit
aBTOKJIaB TIOMEIIAJH TUIACTHHY MeTalljla, 3aJIMBaIH
10 M1 pacTBOpa COMSIHON KUCHOTHI, BBOMwHM 0,5 Mt
MIEpOKCUIa BOJIOPONA. BBUIY TOro, 94To KOHCTPYK-
el peakTopa He MPeyCMOTPEH BBOJI F'a3000pa3HbIX
BEILIECTB, TO MUCIOJIL30BAIM CIIOCO0 BBO/IA KHCIIOPO/Ia
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B pe3yJbTaTe BBIICICHHUS Ta3000pa3HOrO MPOIyKTa
B pe3yJIbTaTe XUMHIECKOH PEaKIiH:

2H,0, = 2H,0 + Os. (1)

B pacTBOpax COJISIHOM KHUCJIOTHI IIpU MOBLbI-
IICHHBIX TEeMIIEpaTypax, BO3MOXHO 06pa30BaHHe
XJIopa:

H,0, + 2HC1 =2H,0 + Cb, (2)

KsaprieBblii peakTop 3aKphIBai (PTOPOIDIACTO-
BOW KPBIIIKOH, (PMKCUPOBATIA B TUTAHOBOM KOXYXE.
ABTOKIIaB HarpeBaju B TepMOCTaTe J0 3aJaHHOMN
TEMIIEPaTypbl OpU MOCTOSHHOM NEPEMEIIMBAHUN
B BEPTUKaIBHOM MJIOCKOCTU. B x0/€ sKciepumeH-
TOB HaONIOJaTd M3MEHEHHE OKPAacKH pacTBOpa.
o ncreueHnn 3a7aHHOTO BPEMEHH aBTOKIIAB JAOCTa-
BAJIM U OXJIaXKJAIU MPOTOYHOM BoJo. [Inactuny
OTIEJSUIN OT PacTBOPA, MHOTOKPATHO MPOMBIBAIIN
JUCTWIJIMPOBAHHOW BOJIOW, BBICYIIMBAIU U B3BE-
muBanu. KoHLEeHTpaluy MeTamioB B pacTBOpPax
OTIPEIEISUTN METOAAMU aTOMHO-a0COPOIMOHHOH CTIeK-
Tpockormun — «AAnalyst-400» (PerkinElmer, CILIA)

post@vestniR-vsuet.ru

U MAacC-CIIEKTPOMETPHUY C WHAYKTUBHO CBS3aHHOM
mrazmoit — ICP-MS 7500a (Agilent, CLLIA).

PesyabTarhl

1. Xumuueckas cmotikocms manmand

YCTOMYMBOCTh TaHTalla MCCIEIOBAIA MPU
temniepatypax 160 u 200 °C, B pacTBOpax COJSHOMN
KUCJIOTBI C KOHIICHTpalel 3 U 6 MOJIB/M B MIPUCYT-
CTBHH TIEpOKCHIA BoJIopona 1 0e3 Hero (Ttabmmra 1).
YcTaHOBNIEHO, UTO BHE 3aBUCHMOCTH OT YCIIOBHIA,
yObUTb Macchl MmiacTUHBI He mpesblmana 0.2%.
AHaim3 pacTBOPOB TOKa3asT HE3HAYMTEIHHOE HATHIHES
TaHTaja B pacTBopax rmocie konrakta ¢ 6M HCI,
COOTBETCTBYIOILIME J0JIE€ TIepeBoJa B PAacTBOp Ha
yposae 0.03—0.07 mportieHToB. Takum 00pa3om, mo-
MIMO PaCcTBOPEHHS, PHUKCHPYEMOE N3MEHEHHE MaCChI
TaHTAJIOBOW IUIACTUHKU B COJISTHOM KHUCJIOTE MOXKET
OBITh CBSI3aHO C €€ MEXaHWYECKHMM HCTUPAHUEM,
MIPOUCXOSIIUM B pe3yibTaTe TPEHHS IUIACTHHKH
C BHYTPEHHEW MOBEPXHOCTHIO KBapIIEBOTO peaKTopa
NpH [IEpEMEIIMBaHIH COJCPIKUMOTO aBTOKJIABA.

Tabnuna 1.

HGKOTOI)I:IG KOJIMYECTBCHHBIC JAaHHBIC 110 pACTBOPUMOCTHU TaHTaJla

Table 1.

Some quantitative data on tantalum solubility

" o t,a oJIs1 TIEpeBOjia B pacTBop o, %o U pacrBopeHnus (rxm?/cex
Yenosns | Conditions T,°C t,h PIr[oportiol?l of ?ransltj”er to slcj)lution UpdissohIl)tion (éxmz/sek))
3M HCI, 1 ma H20> 160 6 <0.02 < 1x10712
3M HCI, 1 M H2O» 200 6 <0.02 < 1x107"?
6M HCI, 1 ma H2O> 200 20 0.09 8x1071?
6M HCI, 0 ma H2O> 200 20 0.05 5x1012

DNEeKTPOHHO-MUKPOCKOTTMYECKNE HCCIIE0-
BaHUs UCXOJIHOM IJIACTHHBI TaHTaj1a U 00paboTaH-
HOH B aBTOKJIaBHBIX ycnoBusax (200 °C, 30 gacos,
6M HCI, 1 mn H, O,) nokazanu He3HaUYUTEIbHBIC
n3MeHeHus: TekcTyphl (pucynok 1). Ilpu stom,

HL D6.0 x1.0k 100um

(2)

COCTaB TUIACTHHBI, COITIACHO PEHTTEHOCIIEKTPATBHOMY
aHalM3y, CYHICCTBEHHO HE U3MEHMWICS. MOXHO
OTMCHUTH JIMIIb HE3HAYUTCIIBHOC YBCINYCHUC
JIOJTM KHCJIOPO/Ia, YTO MOYKET CBHUIETEIILCTBOBATh
00 00pa3oBaHUM OKCHJIHOM IJICHKH.

514%

IB‘G%

HL D6.0 x1.0l

100 um

(b)

Pucynox 1. COM-n3o006pakenue rmiactTuaky Ta: (a) — ncxomnuoi, (b) — nmocne odpadotku pu 200 °C B pactBope 6M HCl,

30 yacos

Figure 1. SEM image of plates Ta: (a) — initial, (b) — after treatment at 200 °C in 6M HCI solution, 30 hours
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2. Xumuueckas cmoukocms mumanda

Turtan B pacTBOpax COMSIHON KUCIIOThHI TUTAH
o0JagaeT OorpaHNICHHOH CTOMKOCTBIO, XOTSI OH 00-
JIee CTOCK 10 CPaBHEHUIO C HEPIKABCIOIIUMU CTa-
nsamu. C yBeTWYEHHEM KOHICHTPAIH COJISTHOM
KHCIIOTBI CKOPOCTh PACTBOPEHHUS THTAHOBOH TLIa-
CTUHKUA B COJISHON KHCJIOTE PE3KO BO3pacTaert.
[ToaToMy 0€3 M30BITOYHOTO NABJICHHS KHUCIOPOIa
SKCIIEPUMEHTHl C THUTAaHOM HE mpoBoawiau. [lpu
KOHIICHTPAITUH COJITHOM KUCIIOTHI 10 3M U Temrie-
patype 10 160 °C npu U30BITOYHOM JJaBICHUHU KHC-
JI0OpoJia B aBTOKJIABE THTAHOBAs IUIACTHHA J[OCTa-
TOYHA YCTOWYMBA — PACTBOPUMOCTH COCTaBHIIA

post@vestniR-vsuet.ru

MmeHee 0.1% 3a 6 yacos. IIpu koHLIEHTpanny comns-
HOM KUCJIOTHI 6M B IPHUCYTCTBHE OKUCIHUTEINS B CH-
creme naxke mpu temreparype 120 °C Bu3yanbHO
HabIronaeTcss N3BMEHEHNE TTOBEPXHOCTH TUIACTHHBI.
YBenuuenue temmeparypsl g0 160 °C mpuBomur
K CYLIECTBEHHOMY Pa3pyILLEHHIO INIACTUHKY C 00pa3o-
BaHHEM 0eJIoro ocajKa, He PacCTBOPUMOTO B COJIs-
HOU kucioTe. PentrenodazoBbiM aHATU30M (pHCY-
HOK 2) YCTaHOBJIEHO, YTO JaHHBIA OCAIOK
IpEeICTaBisIeT COOOH CMech OKCHIA TUTAHA C OKCH-
XJIOpUIIAMH THUTaHA.

Tabnuna 2.

HCKOTOpI)Ie KOJIMYCCTBCHHBIC JAHHBIC 110 PACTBOPHUMOCTHU TUTAHA

Table 2.

Some quantitative data on titanium ration

f o t, 0JIs1 TIEPEBOJIa B pacTBOD o, %o U pactBopeHnus (rxmz/cex

Yenosus | Conditions T.°C t,h PIr[oportiort)l of }tlransrf)er to sglution II} dissolljution ((ngz/s) )

IM HCI, 1 M H202 120 6 <0.01 -

IM HCI, 1 M H202 160 6 0.018 5x10°?

IM HCI, 1 ma H202 200 6 0.043 11x1071°

2M HCI, 1 ma H20O2 120 6 0.009 3x10T2

2M HCI, 1 ma H202 160 6 0.051 14x1071°

2M HCI, 1 ma H20O2 200 6 0.078 21x10°"

3M HCI, 1 ma H2O> 120 6 0.035 9x1071?

3M HCI, 1 ma H20O> 160 6 0.084 23x10°"?

3M HCI, 1 mu H202 200 6 0.145 39x10°1?

6M HCI, 1 ma H2O> 110 4 0.102 40x10°"%

6M HCI, 1 mu H2O2 120 4 0.281 1051012

6M HCI, T ma H2O> 160 0.5 > 1% * -

*[Inacmuna nokpvuima benblm 0caokom

L ver

35 @

150 ¢

100

WA

50

249 @

1600

1523 @
13620 @

1347 @

°
it
-9

2
-

0 . .
15 25

35

45 55 65 20°

Pucynokx 2. ®parmeHT auppakrorpaMMbl HEpPacTBOPUMOIO Ocajika, oOpasyromierocsi B pesysibTaTe KoHTakTa Ti
mracturku ¢ 6M HCI nmpu 120 °C: e — pyrtun (TiO, d = 3,25; 2,49; 1,69 A, JCPDS, 21-1276); ¥ — ruapaT xiopuaa
turana (TiCl3-2H,0, d = 2,82; 2,35; 2,00 A, JCPDS, 17-343)
Figure 2. Fragment of diffractogram of insoluble precipitate resulting from contact of Ti plate with HCl 6M at 120 °C:
e — rutile (TiO,, d = 3,25; 2,49; 1,69 A, JCPDS, 21-1276); ¥ — titanium chloride hydrate (TiCl;-2H,0, d = 2,82; 2,35;

2,00 A, JCPDS, 17-343)

ONeKTPOHHO-MHUKPOCKOIIMYECKHE HCCIIEI0Ba-
HUSI MCXOIHOW TIACTUHBI TUTaHA W 00paboTaHHOMH
B aBTOKJIaBHBIX ycsoBusix (120 °C, 4 vaca, 6M HCl +
1 ma H,O;) mokazanu cymecTBeHHOE H3MEHEHHE
MOBEPXHOCTHON Mopdonoruu (pucyHok 3). CornacHo
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PCHTITCHOCIICKTPAJIBHOMY aHAJIN3Y, A0JI KUCJIOpOJaa
Ha IIAaCTUHE YMCHBIIACTCA, YTO MOXET YKa3bIBaATh
Ha OTCYTCTBHUC OKCI/I,I[HOﬁ IUICHKA W OOHAaXXEHHE
MMOBCPXHOCTU THUTAHA.
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D62 x1.0k

100 um
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H D62 x1.0k 100um .

Pucynokx 3. COM-m3o0paxkeHue ImmacTuHKH Ti: a — HCXOMHOH, 6 — mocie oOpaborkm mpu 120 °C B pactBOpe

6M HCI + 1M Hz Oa, 4 waca

Figure 3. SEM image of Ti plate: a — initial, b — after treatment at 120° C in a solution of 6M HCl + 1 ml of H202, 4 hours

3. [lapamempwr pacmeopenus naamunbsl
IIponeccel OKHCIEHUS] METAJUIMYECKOW Ia-
THHBI B PACTBOPaX COJISTHOW KHCIIOTHI B IPUCYTCTBUN
OKUCTUTENII TEPMOJUHAMHYCCKH  pa3peIICHbBI
(Tabmmra 3). B ciryyae Wcmonb3oBaHUS TIEPOKCHIA
BOJIOpPO/Ia YpaBHEHHE ITPOLIECCa MOXKET OBITH 3aITH-
CaHo CIeNYIIUM 00pa3oM:

Pt + 6HCI + 2H, O, = H, PtCls + 4H, O. (3)

Tabnnuna 3.
TepmoarHaMUUECKHE XapaKTEPUCTUKH peakiwH (3)
Table 3.
Thermodynamic reaction characteristics (3)
Temmeparypa, K | AH?, k[Ix [AS?, [I/(mons-K)| AGY, x]Tx
Temperature, K | AH’, kJ | AS®, J/(mol K)' | AG’ kJ
300 -374,5 86,4 -400,4

IInatvHa m mannaguii SBISETCS HaWMEHeES
HWHEPTHBIMU TI0 CPaBHCHHIO C PECAKHMMH IIJIATUHO-
BeIMHA MeTayuiaMd. OIHAKO UIA TOCTIDKEHHS KOJIU-
YEeCTBEHHOTO PACTBOPEHMS IUIATHHOBOMN IIACTUHKU
B OTKPBITOM CUCTEME B CMECH COJISHOM U a30THOMH
KHCIIOT HEOOXOAMMEBI TPOJI0JDKUTEFHOE BpeMs U
HarpeB. B aBTOK/IaBe miaTHHOBAS IIACTHHKA OBICTPO
pactBopsiercst qaxke mpu t = 100 °C (pucynok 4). Tak
B pacTBOpe 6M COJISTHOM KHCJIOTHI ¢ 100aBKOH Iie-
poKcuaa Bogopoaa 3a 4 yaca B pacTBOP NEPEXOIUT
okono 86% muatunbl. [Ipu yBenmuueHun temmepa-
Typbl 70 130 °C 11 KOMU9IeCTBEHHOTO PaCTBOPEHUS
JIOCTaTOYHO 0KO0JI0 120 MHH.

Ha ocHoBaHuM MOJTy4yeHHBIX JaHHBIX ObLia
paccunTaHa CKOpPOCTh PacTBOPEHHS IJIATHHBI Ha
emuaniy wiomam: 700x1072 m 1500x10712 rxm?/cex
Jutst Temneparyp 100 n 130 °C cooTBETCTBEHHO.
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Pucynox 4. 3aBUCHMOCTB CTEIIEHH PaCTBOPEHHUS IIIATH-
HoBo# mactuHkH B cpene 6M HCI + H,O; ot Bpemenn

Figure 4. Dissolution ratio of platinum plate in 6M HCI +
H,0, medium versus time

3akiaouenue

B nannoii pabote ObLIH ONpe/e/ieHbl KOJIH-
YECTBEHHBIC MapaMeTpbl XUMUYECKON CTOMKOCTHU
METAUTMYECKHUX TUIACTHUH TaHTasla, THTaHA W TUIaTHHBL
Ilokazano, 9T0 ynmembHash CKOPOCTb PacTBOPEHHS
TUTaTUHBI B @BTOKJIABHBIX YCIOBHUSIX Ha HECKOJBKO
MOPSIIKOB BHIIIE CKOPOCTEH PACTBOPEHMSI TUTaHA
U TaHTaJa B aHAIOTWYHBIX YCJIOBUSX. YUMTHIBas TO,
4YTO B OOJIBIIMHCTBE ciy4aeB, cbipbe MIII mpen-
CTaBJISIET COOOM JAMCIIEPCHBIC MTOPOIIKH C BHICOKOM
YIEIbHOM OBEPXHOCTHIO, TO TATAHOBOE 000PY10-
BaHUE MOXET PEKOMEHJIOBAHO K MX IepepadoTKe.
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VY CTaHOBICHO, YTO THTAaH JOCTATOYHO CTa- Baaropapuoctu
OumeH B MIPUCYTCTBUM OKUCIIUTENS B pacTBopax 3M Pabora BBITIONTHEHA B paMKax TOCYIapCTBEHHOIO
COJIIHOM KHCJIOTBI IO TEMIIEPaTyPHI 160 °C. Tau- 3agaHusg VHCTUTYyTa XUMUM U XMMHAYECKOM TEXHOJIOTUU

CO PAH (mpoext FWES-2021-0014) ¢ ucnionb30BaHueM
o o6opynoBanuss KpacHOSIPCKOro perdoHalibHOrO IEHTpa
Guiter 1o Temmepatyper 200 °C. KosuiekTuBHOTO nosb3oBanus GUL KHI] CO PAH

TaJl B COJITHOKHUCIIBIX OKHUCIUTEIIBHBIX Cpeaax CTa-
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TpeGoBaHUs kK 0POPMINEHUIO MaTepuarnos Ans XypHana
«BeCcTHUK BOPOHEXXCKOro rocy1apCTBEHHOMO
YHUBEpPCUTETA MHKEHEPHbBIX TEXHOMOMUIA»

Penakuusi mpocuT aBTOPOB B MOATOTOBKE PYKOMHUCEll pPYKOBOJACTBOBATLCSI M3JI0KEHHBIMHU HHMKe Mpa-
Bujamu. Pykonucu, odopmieHHble 6e3 co0TI0eHNs IaHHBIX MPaBWJI, pelaKiueil paccMaTpUBaThCs
He OyayT.

MIPEJICTABJIEHUE PYKOIIUCEWM U 3ASIBIEHUE HA PACCMOTPEHUE

[IpencraBnenne pykomucu B KypHan «BECTHUK BI'VUT» nna mneyaTu  NOpeamnojiaraer, 4ro:
1) onmucanHast B Heil paboTa paHee He Oblia OMyOJIMKOBAHA;

2) oHa HE paccMaTpUBaETCs TS MyOIMKAIINN B MHOM HU3/IaTeIIbCTBE;

3) ee myOnuKamus Obula 0f0OpeHa BCeMH aBTOPaMH U TaK WM HHA4Ye B3aMMOCBA3aHHBIMHU OPraHU3aLUsMY, B
KOTOPBIX 3Ta paboTa IpOBOANIACE;

4) B ciy4yae NpUHATHS K MyOJUKAIMK 3Ta CTaThs He OyeT omyOianKoBaHa rae-nmubo ere B Toi xe gopme, Ha
aHTJIMHCKOM HJIM Ha JIIO6OM APYTOM A3BIKE, B TOM YUCJIC U B DJICKTPOHHOM BH/IC.

[IpencraBienue cTaThu MPOBOAST uepe3 OGUIMATBHBIA CAaWT W3JaHUS MyTEM MPOXOXKACHUS PETHUCTPaluU
(http://www.vestnik-vsuet.ru/vguit/user/register).

B cocras BHGKT'pOHHOfI BEPCHUHU CTATbH OOJI)KHBI BXOIUTDH:

1. Pykommck craTh odopMIleHHAs: cTporo B mabioHe penakiuu B Gopmare Word 2007-2016. Word
2003 — HE IIpunumaercst

2. TaOMWYHBIN MaTepwal B BHJE OTIENBHOTO (aiina (TOJBKO NPH YCJIO0BHH KOTa 00heM OFHOH Tald-
JIUIIBI TPEBHIIIAET MOJIHYIO CTPAaHUILY KypHAJIBHOM CTaThbi)

3. WUIIOCTpAId B MCXOHOM (popMaTe JAHHBIX C BO3MOKHOCTHIO pelaKTHUPOBaHusl (MporpaMmax
JJIsl YepyeHust/pucoBanust/co3nanus nuarpamm u npoyee, TO ECTb HE coxpaneHn B dopmare
C moTepeii KayecTBa) MpeInoYTeHue, IPU 3TOM OTJAaeTcsl BEKTOpHBIM GopMmaTam: eps, svg, ai, pdf,
pacTpoBbIii popmaT U300pakeHuit (¢ cxxarneM): popMaTsl png, jpeg M Np. He MPUKPETIATh. MUHIMAITh-
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 KOppECIOHACHIMS, 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 HHGOP-
MaIluM, peI0CcTaBJeHHON B pykonucH. Bee pykonucu NpoxXoasiT NpoBepKy HA HAJIMYHe 3aUMCTBOBAHMIA
B cUcTeMe «AHTHILIAaruam. OpUrHHAJIBHOCTE PYKOIUCH JOJIKHA ObITh He MeHee 80%, B MPOTHBHOM
clyyae pykonuch Oyaer Bo3BpauleHa 0e3 mpasBa onyOaukoBanusi. Ilpu oOHapy:keHUM HapyuieHHs
aBTOPCKUX NPaB WM NJ1aruata 0yaeT NpoBeAeHa peTPpaKuMA oNny0JINKOBAHHBIX CTATEH B COOTBETCTBUH
¢ npasuiiamu COPE.

OPOPMJUIEHUE CTATBU

Crarbu B xypHaie « BECTHUK BI'YHUT» n3narorcst Ha pycCKOM SI3bIKe ¢ pedepar Ha aHTIIMHCKOM si3bIke. [1o
COTJIACOBAHMIO C PeIaKLIUel JOMyCKaeTcs MyOJUKalKs CTaThi U Ha aHTJIMHCKOM SI3BIKE.

Bces crares (TekcT, TaOMUIBI, MPUMEYaHUsI, 3ar0JIOBKH, HHOCTPAaHHBIE BCTaBKH, CIIUCOK JINTEPATYPHI, MOIPH-
CYHOYHBIE MTOATNCH U JIp.) HaOupaeTcs 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 ¥ TOJPUCYHOYHBIE TIOJIITUCH, HE JIOJDKECH MPEBBIIIATH: IS pa-
00T, nMeronux odriee 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 CTATBAU
1. OCHOBHOU TEKCT CTATbHU

Pykonmcn OpuUTHHANBHBIX HUCCIENOBAHWUN TMPEACTABISAIOTCS IO OOIIENPUHATOW MEXIYHAPOIHOW CXeMe
(IMRAD format - Introduction, Methods, Results and Discussion) u B cTaThe TOKHBI HAHTH OTPayKEHUE CIIe-
IyIoIue pyOpHKH:

Beeoenue - kpaTKo U3IaraeTcsi COBPEMEHHOE COCTOSIHUE BOIIPOCa U 000CHOBBIBACTCS aKTYaIbHOCTh UCCIICO-
BaHUs. JlaeTcsl KpuUTHUECKash OlEHKAa JINTEPaTyphl, UMEIOIIEH OTHOIICHHE K paccMaTpuBaeMoii mpolieme.
JlaHHas OIleHKa pa3rpaHIMYMBaeT HepelleHHbIE BOMPOCHl. CTaBATCs YeTKO CPOpMYITHPOBAHHBIE LIEH U 3a1a4H,
MOSICHSTFOIIIME TajTbHEHIIee NCCIIeIOBaHNe B KOHKPETHOM 00IacTu;

Mamepuaﬂbt U Memoovl - JacTCsa JOCTAaTOYHO HOI[pO6HOC OIIMCaHUC pa6OTI>I, IJIs1 €€ BO3MOKHOI'O BOCIIPOU3-
BCACHMUA. MCTOILI)I, OHy6J'II/IKOBaHHBIC paHee, TOJDKHBI COIMMPOBOKAATHCA CCBIIIKAMU: aBTOPOM OITHMCBIBAIOTCA
TOJIBKO OTHOCAIIUECCA K TEMC H3MCHCHMU.

Pe3ynvmamoi - ONMCHIBAIOTCS B JIOTHUECKOH ITOCIEI0BATEILHOCTH B BUJIE OT/CIBHBIX (PparMeHTOB, pa3/ieNieHHbIX
TIOJI3arOJIOBKaMH, O3 IIEMEHTOB O0CYKIeHHS, 0€3 TOBTOPEHUS METOAMIECKUX MOAPOOHOCTEH, 6e3 TyOoIpoBa-
HUsI IM(DPOBBIX TaHHBIX, IPUBEICH-HBIX B TA0JIHUIIAX M PUCYHKAX.

Obcyscoenue - B pazferne MPOBOJUTCS JIETATBHBIN aHATHN3 TIOTY-UYCHHBIX JTAHHBIX B COMOCTABIICHUU C TaHHBIMU
JIU-TEPATYPBbIL, YTO CIY>KUT 0OOCHOBAHHEM BBIBOJIOB U 3aKITIOUCHHUI aBTOPOB.

3akntouenue - TOBOASTCS OCHOBHBIE UTOTH PaOOTHI, MPUBOAATCS PEKOMEHIAINH U YKa3aHHWE Ha NajlbHEH-
II1e BO3MOXKHBIE HAIIPaBIISHSI UCCIIETOBAHHIA.

Js1 0030pHBIX cTaTeli JOIKHBI OBITH YKa3aHbl BgedeHue N B COOTBETCTBUM co cTannapToM PRISMA ykazath
cTpaTeruro nmoucka jureparypsl (http://www.prisma-statement.org).

Tabanubl 00beMa Gosble OAHON CTpPaHMIBI YKa3biBaTh Kak Ilpuiiokenue B Buae oTAeabHOro (aiaa,
TaKk Kak OHM He OyIyT OmyOJMKOBaHBI B ME€YAaTHON BEPCHH, a OyAyT MPHUKIAABIBATHECS B BUAE OTIACIHHOTIO
(haiima K AIEKTPOHHON BEPCHH.

Ha3zBaHus u cofepskaHue PUCYHKOB (Bce MOAMUCH BHYTPH) U TA0 UL (CTOJIOLOB U CTPOK) A0JIKHBI ObITH
NpUBedeHbI KAK HA PYCCKOM, TAK U HA AHTJIMHACKOM fI3BIKAX.

I'pajuuecknii MaTepuan npeacTapisieTcsi B MCXOAHOM (popMaTe JaHHBIX ¢ BO3MOKHOCTHIO PeIaKTHPOBA-
Hus (MporpaMmax 1Jis 4yepyeHusi/pucoBanusi/co3ganus auarpamm u npodee, TO ECTb HE coxpanen
B (¢opmare ¢ mnorepeil KauyecTBa) NpelNoOYTeHHE, NPU ITOM OTAAETCH BEKTOPHbIM ¢opMaTam:
eps, svg, ai, pdf, uckiarwienue gpororpaduu B pactpoBom opmare (c cxkatuem): png, jpeg u np. Munu-
MaJlbHOE pa3peleHue pucyHkoB U rpaduxos 600 dpi.

®aiinel Excel -- BHCJPCHBI B TCKCT CTATbU, C BOBMOKHOCTBIO PECAAKTUPOBAHU.

1. BUBJTMOIPADUYECKHUHU CIIHCOK / REFERENCES

Crmcok nuteparypsl opopmiseTcs cortacao [punoxenwro 1, 2.

HuTtupyemas aurepatypa J0DKHA coepKaTh He MeHee 10 HCTOYHMKOB, U HE MEHEe 5 CChUIOK Ha MHOCTPaH-
HBIE ICTOYHMKH. B criicke mTepaTypsl JOJKHBI OBITH OIyOIMKOBaHBI pabOTHI 3a MOCIEAHUE MSTh JIET, B TOM
qHclie B XKypHaJlaX, MHIAEKCUPYeMbIX B 0a3ax naHHbIX ScienceDirect, Web of Science, Scopus, Science
Index. Jlumip B cimydae HEOOXOIUMOCTH JOITYCTHMBI CCBIIKM Ha 0ojiee panHue TpyAbl. CrpaBoyHas JTUTEpa-
Typa He crapue 10 ner.

B crincox nmureparypst HE BriII0Yal0TCsl yueOHbBIE TOCOOHS, HOPMAaTUBHBIE U apXUBHBIE MaTepHaIIbl, CTaTH-
CTHYECKHEe COOPHHKH, Ta3eTHBIC 3aMETKU 0e3 yKazaHus aBTOpa, MOHOTpaduu, aBTopedepaTsl U AUCCEPTALINH.
B nutupyemoii muteparype jxenarensHo yKa3eiBaTh HCTOYHHUKH ¢ DOL.

Bmecmo ccvinok na mamepuanuvt ouccepmayuii u agmopegepamos ouccepmayuii, peKOMeHOYEemcst CColIamvcs
HA OpUSUHATIbHBIE CMAMbU N0 MeMe OUCCEPMAYUOHHOU pabdombl, MaK KaK camu OUccepmayu. paccmampu-
8alOMCSA KAK PYKONUCU U He AGNAIOMCA NeYAMHbIMU UCHIOYHUKAMU.

CamouutupoBanue HE Gosee 2-x cchUIoK.


http://www.prisma-statement.org/
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HI.ITYBJINKAITMOHHAA 9TUKA

Cratpu, mpuHHMaeMble K TyOnukanuu B xypHane « BECTHUK BI'VHUT», nomwkHbl wW3narath HambOoee
CYIIIECTBCHHBIC, 3aKOHYCHHBIC U €IIl¢ paHee HEOMyOIMKOBAHHbBIE Pe3yIbTAThl HAYYHBIX UCCIICTOBAHUH.

O nyOnuMKanMOHHON OSTUKE W OJTHYECKMX HOopMax mid nyomukanmmu B kypHane « BECTHUK
BI'VUT» cwm.: http://www.vestnik-vsuet.ru/vguit/about/editorial Policies#custom-2

Kypnan «Bectauk BI'VUT» Beixomut 4 paza B rog: Ne 1 — mapt; Ne 2 — uroHp; No 3 — ceHTSIOpb;
No 4 — nexaOpe.

Cratbs J0KHA OBITH TIIATEIHHO MPOBEPEHA U MOIMUCAHA BCEMH aBTOPaMHU.

K cTathe H0KHBI MPUIIAraThCs COMPOBOAUTEIBHbIC JJOKYMEHTHI:

- COTPOBOAMTENBHOE MTUCHMO;

- DKCTIEPTHOE 3aKIIIOYCHUE;

- MOJIOKUTENbHASL PEIICH3MUS BEAYILETO YUYCHOTO B JAHHON 00JTACTH WITH WICHA PESAAKIIMOHHOMW KOJIIETUH

CepUH, 3aBEPCHHAs TOKCHIO U NIEYATHIO.

Bomnpoc 00 omy0OnMKOBaHMM CTaThH, €€ OTKJIOHCHUU PEIlacT PEAAKIIMOHHAS KOJUICTHS XKypHAlIa U ec
peIleHUE SIBISICTCS] OKOHYATENBHBIM. B cilyuae BO3BpaIllCHHs CTAThH JIIS HCTIPABICHUS JATOM TPE/ICTABICHHS
CUUTAETCS JICHb MOTYYCHHsI UCTIPaBIeHHOro TekcTa. Cpok 10paboTku - He Oonee 1 Mecsra.

Martepuanbel, HE COOTBETCTBYIOIIME JaHHBIM TpeOoBaHUSAM OQOpPMICHHS, K IMyOJIMKanuu
HE MPUHUMAIOTCS. PyKkomucH aBTopaM He BO3BPAIIArOTCS.

Inama ¢ acnupanmos u OOKMOPAHMOs 3a NYOIUKAYUIO PYKORUCEl He 83UMAEeMCSL.

IV. KOHTAKTHAA UHOPOPMANINA

Wudopmaruio o cTouMocTH MyOIMKaLuy MOXKHO Y3HaTh B PEAaKLUH KypHana. Takxke pelakius OKa3bIBaeT
IUTaTHBIE YCIIYTH MIPOo(eCCHOHANBHOTO NIepeBoa pedepara 1 KIFOUEBBIX CJIOB Ha aHTIIMHCKHUIL A3bIK.

1o ecem unmepecyrowum Bac gonpocam obpawamvcs 8 pedaxyuro HCypHAIa o KOHMAKMAM.:

epxanocosa Anna AnexcanoposHa - KaHOUOAm MexHUYeCcKux Hayx, ooyenm xageopvt Cepsuca u pecmopanioo
busHeca, HauanbHux Llenmpa Koanekmueno2o noiv3o8anus « Koumpons u ynpasnenus snepeosgpexmusHuimu
npoeKmamuy

DI'FOY BO «Bopoueoicckuti 20cy0apcmeenHblll YHUBEPCUMEM UHICEHEPHbIX MEXHOI02UL)
Tenegpon: 8 920 432 16 57
E-mail: post@vestnik-vsuet.ru, aa-derk@yandex.ru
Adpec 394000, 2. Boponeac, np. Pesomoyuu, 19, ayo. 11.

CooTBeTcTBHE pyOpHK/pa3fesoB :kypHajaa Becthuk BI'YUT
HomMenkaType HayYHBIX CrielIUATbHOCTEl, 0 KOTOPHIM NMPHUCYAKIAIOTCA YUeHbIe CTeNeHH.
1.1 IIpouecchl M annapaTbl NUIIEBbIX POU3BOACTB

1.2 IInnmeBas OMOTEXHOJIOTHA
05.18.01 TexHonorus 00pabOTKH, XpaHEHUs H TIepepabOTKH 371aKOBBIX, 0000BBIX KYJIBTYD, KPYISTHBIX TIPO-
IOYKTOB, TIOJIOOBOLIHOM MPOILYKIIMY U BUHOTPAAapcTBa
05.18.04 TexHONOTHS MSCHBIX MOJIOYHBIX U PHIOHBIX IPOIYKTOB U XOJIOJUILHBIX IPOU3BOACTB
05.18.05 TexHoNOTHS caxapa M CaXapUCThIX POJYKTOB Yast Tabaka 1 CyOTPOITUIECKUX KYIbTYD
05.18.06 TexHonorus *XUpoB 3PUPHBIX Macel U MapProOMEepHO-KOCMETHIECKUX MPOIYKTOB
05.18.07 broTexHOIOrMs MUIIEBLIX NPOAYKTOB U OMOJIOrMYECKH aKTUBHBIX BEILIECTB
05.18.12 IIpomeccs! 1 anmaparthl MUALIEBBIX TPOU3BOJICTB
05.18.15 ToBapoBeeHHE MUIICBBIX MPOIYKTOB U TEXHOJIOTHS OOLIECTBEHHOIO ITMTAHUS

2. XuMH4ecKasi TeXHOJIOTHsI
05.17.01 TexHONOTHSA HEOPTAHUIECKHX BEIIECTB
05.17.04 TexHOIOTHS OPTaHUIESCKUX 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 XAMUYECKAX TEXHOJIOTHI

3. DKOHOMHKA U yIIpaBJIeHUe
08.00.05 DxoHOMUKA U yIpaBIEHUE HAPOAHBIM X0351ICTBOM


https://www.vestnik-vsuet.ru/index.php/vguit/about/editorialPolicies#custom-2
mailto:post@vestnik-vsuet.ru
mailto:post@vestnik-vsuet.ru
mailto:aa-derk@yandex.ru
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IIpunoxenue 1
HOPSAJOK OIMIMCAHUSA CCBIJIOK HA PYCCKOM S13bIKE

CTATbS B ) KYPHAIJIE:

(Kx0J1-BO aBTOPOB 0T 1 110 4):

BysHoBa U.B., Umanramuesa XK.K. ArperaT st TOHKOTO U3MelbYeHUs TBopora // BectHuk MexmayHapogHOH
akageMuu xonoma. 2016. Ne 3. C. 23-26.

(K0.1-BO aBTOPOB (oJiee 4):

Cemenos E.B., ba6akun b.C., Bopouua M.1., beno3épos A.I'. u ap. MaremaTnueckoe MOAeIMPOBaHUE Ipoliecca
OXJTAXICHUS XJIQJOHOCUTEISI CHCTEMOW 3aMOPOKEHHBIX apoB // Bectank MexmyHapoaHoit akagemun xonoxaa. 2016.
Ne 4. C. 74-79.

CTATbSA B XKYPHAIIE C DOI:

(Kko0J1-BO aBTOPOB 0T 1 /10 4):

Wmroxuna H.B., Konokomosa A.}0. 3akoHOMepHOCTH HHTHOMPOBAaHUS KYIbTYpHl Salmonella // Bectauk BIYUT.
2018. T. 80. Ne 4. C. 209-212. doi: 10.20914/2310-1202-2018-4-209-212

(K0.1-BO aBTOPOB (oJ1ee 4):

laposa H.1O., [Ipunuesa A.A., Manxuesa b.C., Bei6opHosa T.B. u ip. @epMeHThI THAPOIUTHYECKOTO ISHCTBHS
B TEXHOJIOTHSIX NepepabOTKU HEKOHANIIMOHHOTO KpaxMalicoiepskaiero chipbs // [TuieBas npomplnuieHHOCTB. 2019. Ne
4.C. 115-117. doi: 10.24411/0235-2486-2019-10058

CBOPHUK HAYYHbIX TPYJIOB:

ConeprkaHKe U TEXHOJIOTUH 00pa30BaHus B3POCIIBIX: MPobiieMa Onepekaroiiero oopasosanus: c¢o. Hayd. tp. / MH-
ctutyT 00pa3oBaHus B3pocibix Poc. akan. oOpasoBanus; mox pen. A.E. Mapona. M.: OB, 2007. 118 c.

MATEPHAJIBI KOH®EPEHIIUI, ®OPYMOB, COBEIIIAHA, CEMUHAPOB:

[BerxoBa N.1., Croanesa . A. THIUKaTOPHBIA MOIXO0I K OLIEHKE KaIpOBOi O€30MaCHOCTH B CHCTEME YKOHOMH-
4ecKo# 0€30MacHOCTH MPEATIPUSATH // Y CTOWYHBOE pa3BUTHE COIMATIFHO-OKOHOMITYECKOH cucTeMbl Poccmiickoit demepanmn:
mar. XVII nayd.-tipaxt. ko)., ['yp3yd, Snra, 04 nexadps 2015 r. Cumdepomons: Apuan, 2016. C. 110-112.

KHUT A, MOHOT'PA®UA:

(x0,1-BO aBTOPOB 0T 1 /10 4):

Pymsirniesa 3.I1. Menemxment opranmsauuid. M.: Muadpa-M, 2015. 432 c.

(K0.1-BO aBTOPOB (oJiee 4):

Awntunosa JI.B., CtopyonesiieB C.A., Ycnenckas M.E., [TonoBa f1.A. u np. KomruiekcHas nepepaboTka KpoJIH-
KOB: TPaJIUIIMU ¥ MHHOBAIMU: MoHOTpadus. Boponex, 2017. 377 c.

JUCCEPTAIIUSA

IMonomapenko FO.A. HerpanunmonHsle KOpMa 1 OHOJIOTMYECKN aKTHBHBIE BEIIECTBA B PAIIOHAX LBITUIAT-OpOii-
JIEPOB U Kyp-HECYyIIeK: Juc... a-pa c.-X. Hayk. Ceprues [locan: BHUTUII, 2017. 437 c.

ABTOPE®EPAT IUCCEPTALIUMU:

VYmakoBa A.C. Pa3paboTka KOMIUIEKCHOH TEXHOJIOTMH IE€pepadOTKH CYLIEHOTO IUIOJI0BO-SITOAHOTO CHIPHS:
aBToped. awmc. ... kaHA. TexH. HayK. KemepoBo: Kemep. TexHON. MH-T mumieBoit mpom., 2017. 22 c.

HOPMATHUBHO-ITPABOBBIE JTOKYMEHTDI:

NOPATOK ONUCAHUS:

3arnaBue 0pHUINATBLHOTO JOKYMEHTA: CBEICHHS, OTHOCSIINECS K 3ariaBuio (ykas, octaHoBlieHue), Jlara npunsi-
Tust nokymeHnrta / HazBauue nznanus. [on u3nanus. KonmuuectBo crpaHuil.

npumep:

I'OCT 5900-2014. Wznenuss xoumurtepckue. OmpeneieHre MacCOBOM [OJMM BJIATM U CYXHX BEIIECTB.
M.: Craugaptunadopm, 2015. 8 c.

ITATEHT:

NMOPATOK ONUCAHUS:

O06o3HaueHNe Busia JOKyMEHTa, HOMEp, Ha3BaHUE CTPaHbI, MHJIEKC MEXTyHApOAHOH KilacCH(pHKauu H300peTeHNUH.
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