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PEJAKIITMOHHBINA COBET KYPHAJIA

IIpeacenarens (I'1aBHbII peaakTop):

KOPHEEBA OJIbI'A CEPTEEBHA noxrop 6nojyormdyeckux Hayk, rmpodeccop, 3aciyKeHHbIH paOOTHUK BhIcHIel Ikoibl PO,
1.0. TIPOPEKTOpa M0 HAYYHOH M MHHOBALIMOHHOH JIESTENIFHOCTH, 3aB. Kadeapoii OMOXUMIN 1 OHOTEXHOIOTUH, BOPOHEKCKHUIA TOCY IapCTBEHHBIH
YHUBEPCUTET HHXKEHEePHEIX TexHoorui (Boponex, Poccust) ORCID: 0000-0002-2863-0771

PEJAKIIMOHHAS KOJUJIEI'HS PYBPHUK

IIumeBbie cHCTEMBI

OCTPUKOB AJIEKCAHAP HUKOJIAEBUY (111 peni.) JOKTOp TEXHMYECKHX HayK, mpodeccop, 3acyKeHHBIH nesTens Haykun PO,
3aB. Kaespoil TEXHOIOrHH YKUPOB, IIPOIECCOB U AIllIapaTOB XUMHYECKUX M ITHIIEBBIX TPOU3BOJICTB, BOPOHEKCKHIA roCy1apCTBEHHBII
YHHUBEPCUTET HHXKEHEPHBIX TexHoioTui (Boponex, Poccns)

ATA®OHOB TEHHAJMI BSIYECJABOBMY 10KTOp TeXHHUECKHX Hayk, mpodeccop Kaempbl TEXHONOTHH OpPOIMIBHBIX H
CaxapuCThIX TIPOU3BOACTB, BOpoHEKCKNii rocy1apCTBEHHBIH YHHBEPCUTET HHXKEHEPHBIX TexHojoruit (Boponex, Poccnst)

AKCEHOBA JIAPUCA MUXAMJIOBHA [0KTOp TEXHHYECKHX Hayk, mpodeccop, akageMnuk PAH, TIaBHEIA HAYHHBIH COTPYTHAK
BHUU xonnutepckoii mpomsiiieHHocTd (Mocksa, Poceus)

AJIEKCEEB TEHHAJWI BAJIEHTUHOBHY [0KTOp TEXHHYECKHX HayK, HpPO(eccop, IOUETHBI pabOTHHK BBICIIETO
npodeccroHansHOr0 00pazoBanus PD, mpodeccop dakymprera OHOTEXHONOTHH, HAyYHBIH PYKOBOIHUTENH 00pa30BaTEIbHON MPOrpaMMBI
«[Ipouecchl W anmapaThl MHUINEBBIX NPOM3BOACTBY, CaHKT-IleTepOyprckuii HaMOHANBHBIA HccnenoBaTeNbekuilt yHuBepeurer UTMO
(r. Canxr-IlerepGypr, Poccrst) ORCID- 0000-0002-2867-108X

AMHUPOBA DJIJIU f10KTOp HAyK, OCHOBATENb U TeHepalbHbIi qupekTop Succurro Inc. (JIa-Meca, CITIIA) ORCID: 0000-0002-9377-3875

AHTHUITIOB CEPTEN TUXOHOBHY [0KTOp TEXHHYECKHX HAyK, NPODECCOp, MOUYETHBI PabOTHHK BBICIIEr0 MPOMECCHOHAIBHOIO
obpazoBanus P®, 3acmyxeHHsli n300peratens PO, npodeccop kadeapbl MalMH M anmapaToB MHIIEBBIX POU3BOACTB, BopoHekckuii
rOCYIapCTBCHHBIN YHHBEPCUTET HH)KEHEPHBIX TexHosorui (Boponexk, Poccust) ORCID: 0000-0002-8932-5922

AHTHUIIOBA JIOAMHUJIA BACUJIBEBHA (T71. pen.) TOKTOp TeXHUYECKHX HayK, Ipodeccop, 3aciTy>KeHHbIH AesTeNh Hayku PD,
npodeccop Kadenpel TEXHOJOTHH IPOAYKTOB JKMBOTHOTO IPOMCXOXKICHHS, BOpOHEeXCKHI ToCylapCTBEHHBIH YHUBEPCUTET
HHKeHepHbIX TexHonoruil (Boponex, Poccnst) ORCID: 0000-0002-1416-0297

AXMEJOB MAT'OME]J] DMUHOBHY nokTop TeXHHYECKUX Hayk, mpodeccop, 3aB. Kadeapoil TOBapOBENSHUsSI U IKCHEPTHU3HI,
JlarectaHckuil rocy1apCTBEHHBIH TeXHIUecKni yHUBEepcuTeT (Maxaukaia, Poccus)

BPEJUXWUH CEPTENl AJIEKCEEBHY [oKTOp TeXHWYECKMX Hayk, mpodeccop, Kadeapa mNpomecchl H  amTaparhl
nepepadaThIBAIOLINX IPOU3BOACTB, Poccuiickuii rocyaapcTBEHHBIN arpapHblii yHUBEpCUTET - MOCKOBCKas CeIbCKOXO03SHCTBEHHAS
akagemus uMm. K.A. Tumupszea (Mocksa, Poccusi)

BPEHY AH}IPEﬂ AJTEKCAHAPOBMY kanauat TeXHHUECKUX HAYK, JOLCHT, IeKaH HHKEHEPHO-TEXHOJIOTHYECcKoro (akybreTa
yupexaeHus ob0pa3oBaHusA, bermopycckmii ToCymapCTBEHHOTO arpapHbBIi TexHWYeckui yHuBepcuteT (MmHCK, bemapycs)
ORCID: 0000-0001-6604-9366

BAMBXABKYMAP I'ABAJIU JOKTOp HayK, MMOCTIOKTOPAHT, (hapMaKoJIOTHs, OT/ASJICHUEe BHYTPEHHEeH MeTUIUHBI, MeAnInHCKU
komwtemk (Luamuanatu, CIIIA) ORCID: 0000-0002-7917-4913
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BACWJIEHKO BUTAJIMMA HUKOJIAEBUY 10KTOp TEXHHYECKHX Hayk, mpodeccop, M.0. MpopeKTopa 1o yuebHoit paore,
3aB. Kadenpoil MaIllMH M aapaToB NHIIEBBIX MPOM3BOJCTB, BopoHEeXCKHiT TOCYIapCTBEHHBI YHUBEPCUTET HHXKEHEPHBIX TEXHOJOTHH
(Boponesx, Poccus) ORCID: 0000-0002-1547-9814

BHUKTOPOBA EJIEHA ITABJIOBHA n0KTOp TEXHHYECKHX HayK, Mpodeccop, 3aMECTHTENb AUPEKTOpa 0 HAyYHOW M HHHOBALIIOHHOW
nesitensHOCTH, CeBepo-KaBkasckuii (enepanbHblii HaydHBIH HEHTpP CaJ0BOACTBA, BUHOTPAIapCTBa, BUHOAENMA, KpacHomapckuii HaydHo-
HCCIIEIOBATEIBCKHI HHCTUTYT XpaHEHHUs | IIepepabOTKH CelTbcKoX03sicTBeHHOM npoaykimu (KpacHomap, Poccus)

BHUHYEHIIO CTOPHEJIJIM npodeccop, nmpodeccop kahenaps! aneKTpoHnuky, YHuBepcutet JI’ Axynna (Axsuna, Utammst)
I'OJYBEBA JIIOBOBb BJJAJJMMHWPOBHA nokTop TeXHHYECKHX HaykK, Ipodeccop, 3aciy<eHHBIH pabOTHHK BbIcIIeil mikoms! PO,
npodeccop Kadeapbl TEXHOJOTMH HPOAYKTOB MKHUBOTHOTO IIPOUCXOXKICHHS, BOPOHEKCKHH TIOCYJapCTBEHHBIH YHUBEPCUTET
HWHXXEHEPHBIX TexHonoruit (Boponex, Poccus)

JOHYEHKO JIIOJIMHUJIA BJAJJMMHUPOBHA nokTop TeXHHYECKHX HayK, mpodeccop, mpodeccop BAK, mpodeccop kadenps
TEXHOJIOTHH XpaHEHHUs W IepepadoTKH pacTeHHeBOMYecKoil mpoxykiuu, KyOaHCkuil rocymaapCTBEHHBIN arpapHbI yHUBEPCHUTET
nmenn WU.T. Tpyoununa (Kpacnomap, Poccust)

JPAHHUKOB AJEKCEA BUKTOPOBHY 1oKTOp TEeXHIYECKHX HAYK, JOLEHT, mpodeccop Kadeapsl MAITHH M ammapaToB
MTHUIIEBBIX TTPOU3BOACTB, JEKaH HHKEHEPHO-TEXHUUECKOT0 (haKyIbTeTa, BopoHeKCKHii rocy1apCTBEHHBIN YHUBEPCUTET HHKEHEPHBIX
texHosoruit (Boponex, Poccus)

MN3TAEB AYEJIBEK nokTop TexHIYeCcKNX HayK, podeccop, nmpodeccop Kadeapbl TEXHOJIOTHU XJIe00NPOIYKTOB 1 IepepadaThIBAFOIINX
npousBocTB, qupekrop HWM numeBsix Texaonoruit, AnmatuHckuil Texnonorndeckuii YHuBepeurer (Anmarsl, Kazaxcran)
MNOPIAHOB JTUHKO I'EOPT'MEB 1okTop HayK, JOIEHT KadeIphl MACHBIE H PHIGHBIE TEXHONOTHH, Y HUBEPCHTET MHTIIEBBIX TEXHONOTHI
(InoBmus, Bosrapust) ORCID: 0000-0002-9300-6588

KAYAHOBA MMHPOCJIABA pokrop Hayk, mpodeccop Kadempsl IUIOAOBOACTBA, BHHOIPaaapcTBa M dKosiorud, CroBamkuid
cenbcKoX0o3scTBeHHbIN yHuBepcuteT (Hurpa, CroBakusi), oTaen OHOSHEPreTHKH M IHINEBBIX TEXHOJOTHH, JKemryBckuil yHHBepcUTeT
(Kernrys, [Tonbra) ORCID: 0000-0002-4460-0222

KYJBHEBA HAJIEXKJIA I'PUT'OPBEBHA noxTop TeXHHYECKHX Hayk, Ipodeccop, mpodeccop Kahenpsl TEXHOIOTHH OPOMIIBHBIX 1
CaxapUCThIX POM3BOJCTB, BOpOHEKCKHMIA rOCy JapCTBEHHBI YHUBEPCHTET MH)KEHEPHBIX TexHoJNorui (BopoHesxk, Poccrs)

JIMCULIBIH AHJIPE BOPUCOBHMY 1oKTOp TeXHHMUECKHX Hayk, mpodeccop, akagemuk PAH, maypear IocymapcTseHHO#
npemuu PO, mupexrop PI'BHY "BHUHNMII um. B.M. I'opbaroBa" (Mocksa, Poccnst)

MAT'OMEJOB I'ABUBEI' OMAPOBHY 10okTOp TEXHHYECKUX HAYK, Mpogeccop, OYETHBIN PabOTHUK BBICIIETO MPO(HECCHOHATEHOTO
obpazoBanus PO, 3aB. kadenpoii TEXHOIOTUH XJIEOOIEKapHOT0, KOHUTEPCKOI0, MAKapOHHOTO U 3epHOIepPepadaThIBAIONIErO MPOU3BOJICTB,
BopoHexckuii rocy1apCTBEHHBIH YHUBEPCHTET HHKEHEPHBIX TexHostorui (Boponex, Poccus)

MAKCHMEHKO IOPUI AJEKCAHJPOBHUY 1oxTop TeXHMYECKHX HAYK, Hpodeccop, MpPOpeKTop MO HayuHoil paGorte u
HMHHOBAIIMSM, 3aBeLyIOMUi KadeIpbl TEXHOIOTHIECKHE MAINHBI 1 000pyI0oBaHNe, ACTPaxaHCKUH rOCYAapCTBEHHBINH TEXHUUECKUH
yHuBepcuteT (AcTtpaxans, Poccnst)

MACJ'!’OB AJIEKCAH/P nokTop MEIMIIMHCKUX HAYK, JOICHT Kadeaphl TeHETHKH, MeTUIIMHCKHN KoJute Ik AJbOepTa DUHINTEHHA
(Hero-Hopk, CIIIA) ORCID: 0000- 0001-5402-8891

MBAPI'A MAHT'A JJ)KO3E® APCEH Mmaructp arpoHOMWM, Hay4HbBIH COTPYIHHUK Kadenpbl MUKPOOMONIOTHM W BHPYCOJIOTHUH,
Poccuiickuii yHuBepcurer apyx0s1 Haponos (Mocksa, Poccust) ORCID: 0000-0001-9626-9247

MHUPOHECKY MOHHMKA noktop Hayk, JOIEHT, (aKyJIbTeT CeIbCKOXO3SMCTBEHHBIX HayK, MUIIEBON IPOMBIIUIEHHOCTH U OXPaHBI
OKpYKarolei cpensl, YHuBepcuret «Jlyanan brnaray (Cubny, Pymemns) ORCID: 0000-0002-0515-475X

OCIHHAHOB ABJBIMAHAIl ABYBAKHPOBHY axanemnk KasHAEH, moktop TexHmuecknx Hayk, mpodeccop, PyKOBOIHUTENH
y4eOHOro Hay4yHO-Tipon3BojcTBeHHOro LlenTpa «TexHosorns nepepabaThIBalONMX MPOM3BOACTBY, Ka3axckuii HaIMOHAIBHBIA arpapHbIid
yausepcuteT (Ammarsl, Kazaxcran) ORCID: 0000-0002-3813-603X

IMAHJA BAHJAHA noxrop Hayk, noueHT kadenps! dapmaxonornu, Bemymmii dapmanesrrueckuit komwemx uM. K. M. Kynnnanu
(Mywb6ait, Uaanst) ORCID: 0000-0002-7016-7813

MHAH®WJIOB BUKTOP AJIEKCAHAPOBHY 1nokTop TeXHHYECKUX HAyK, Tpodeccop, akaneMuk PAH, 3acmyxeHHbIH nesTens Hayku PO,
TIOYETHBI pabOTHHK BhICIIEro npodeccroHanbHoro obpasosanust PO, npodeccop xadeapsr mporeccoB n anmapatoB nepepadaThIBalOIMX
TPOHM3BOJICTB, Poccuiickuii rocymapcTBeHHbIH arpapHbiid yHuBepeuteT — MCXA nvern KA. TumupsizeBa (Mocksa, Poccust)

MNETPOB AH,Z[PEﬁ HUKOJIAEBHUY nokrop TexHWYEeCKMX Hayk, mpodeccop, akamemuk PAH, mupexrop ®I'BHY BHUU
TexHonoruu koHcepBupoBanus (Buaroe, MockoBckas 06:1., Poccns)

TIPENC BJIAJJMMAP BUKTOPOBHY [10KTOp TEXHHUHECKHX Hayk, mpodeccop, 3aB. kKadepoil TeXHONOTMIECKHE CHCTEMBI THIIEBBIX,
noymrpaduIecKux 1 yrakoBOYHBIX Hpor3BocTB Tynbeknii rocynapcTBeHHbIH yHuBepenTeT, [ommrexaudeckuit nactutyr, (Tyna, Poccus)
POANOHOBA HATAJIbSI CEPTEEBHA nokrop TeXHHYECKHX HayK, podeccop, mpodeccop kadeaprl cepBruca U PECTOPAHHOTO
Ou3Heca, NekaH (akynbTeTa SKOHOMHKU M yNpaBieHnsi, BOpOHEKCKHUI ToCyIapCTBEHHBIH YHUBEPCUTET MHXKCHEPHBIX TEXHOJIOTHI
(Boponex, Poccust) ORCID: 0000-0002-6940-7998

CYHAAPPAIUKAH IIPUSI maructp Hayk, JOKTOp HayK, JOLEHT Kadeapbl eCTECTBEHHBIX HayK M OMOXMMUHM, KOJule[k CBSITOrO
KcaBbepa, YauBepcurer Mym6an (Mym6an, Unans)

XATKO 3YPET HYPBUEBHA 10KTOp TeXHHYECKHX HayK, JIOIIEHT, 3aB. Kadeapoil TeXHOIOTMH MPOU3BOJCTBA U IepepaboTKI
CeJIbCKOXO03MCTBEHHON NPOAYKIMH, MalKoNCKHiA Tocy1apCcTBEHHBIN TeXHOIOrHYeckuil yHuBepcute, (Maiikon, Poccust)

YEPTOB EBIEHUMA JMHUTPUEBHY 10KTOp TeXHMYECKHX HAyK, Ipod)eccop, COBETHHK IIPH peKTopaTe, 3aB. Kabempoii
TEXHUYECKON MEXaHHKH, MMOYETHBIH pabOTHHK BbICIIero HpodeccHoHansHoro obpasoBanus PO, BopoHexckuil rocyaapcTBeHHBII
YHHUBEpPCHUTET HH)KeHEpHBIX TexHouoruit (Boponex, Poccus)

HIEBIOB AJIEKCAHJIP AHATOJIBEBHUY nokTop TeXHUUECKUX HayK, Tpodeccop, 3aciy keHHbIi n3o0peTarens PO, mpodeccop
Kadenapsl oOmenpodecCHOHANBHBIX AUCIUIUINH, BoeHHO-Bo3mymHas akajgemus umenn mpodeccopa H.E. XKykosckoro u
10.A. T'arapuna (Boponex, Poccus)

I9CPA KAIIAHOIJIY noktop Hayk, AoueHT kadenpsl mumieBoit umkeHepun, CTamMOyJIbCKUil TEXHHYECKHH YHHBEPCUTET

(CTaM6yn, Typuus) ORCID: 0000-0003-0335-9433
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XHuMH4YEeCKasas TE€XHOAOTHS

KAPMAHOBA OJIbI'A BUKTOPOBHA (1. pen.) JOKTOp TEXHHYECKUX HayK, Ipodeccop, 3aB. kadeapoit XUMHU U XUMUYECKON
TEXHOJIOTHH OPTaHWYeCKHX COSAMHEHHH M IepepaboTKH MoInMepoB, BOpOHEKCKHI TOCYAapCTBEHHBIH YHUBEPCUTET HHXKEHEPHBIX
TexHonoruii (Boponex, Poccus)

BUTIOKOB BUTAJIMI KCEHO®OHTOBHY [0KTOp TeXHHYECKHX HayK, MPoeccop, 3aciyCHHEIH nesTenb Haykn Pd,
COBETHHK IIpH peKTopate, Hpogeccop kadenpsl MHGOPMAMOHHBIX W YHPABISIONIMX CHUCTEM, BOpPOHEXKCKMH TrocynapCTBEHHBIH
YHHUBEPCUTET HHXEHEPHBIX TexHosorui (Boponex, Poccust)

BAHUEB MAPAT ABIYPAXMAHOBMUY 10KTOp TEXHUUECKUX HAYK, JOICHT, 3aB. KadeIpoil XUMHS 1 TEXHOJIOTHA IepepadOTKH
3JIacTOMEpOB, Bonrorpaackuil rocymaapCcTBEHHBI TEXHHYECKHH yHUBEpCHTET, Kadenpa XUMHsS M TEXHOJOTHs IepepaboTKH
anactomMepoB (Bonrorpan, Poccust)

JOPMEKIIUH OJIET' BOPUCOBHY n0okTOp TEXHUYECKHUX HAYyK, mpodeccop, maypeat [Ipemun HanmoHansHOW akaieMUH HayK
Benapycu, otnimunuk HapogHoro o6pazoBanusi Pecyonuku benapych, mpopekTop 1o Hay4dHOH pabote, 3aB. kKadeApoi TEXHOIOTUU
HCOPraHMYECKUX BEIIECTB M OOIIEH XHMHUYECKOW TEXHOJOTHH, YupexlaeHue oOpasoBanusi "bermopycckuii rocynap-cTBEHHBIH
TexHonornyeckuit yausepcuter" (MuHck, benapyce)

KYUMEHKO TATBSIHA AHATOJIBEBHA nokrop xumuueckux Hayk, npodeccop, mpodeccop PAH, 3aB. kadenpoit pusmnueckoii u
aHAJIMTUYECKON XUMHH, BOPOHEXCKHMIA roCyIapCTBEHHBIH YHIBEPCHTET HEKEHEPHBIX TexHotorui (Boponex, Poccnst)

JIOCOBA JIOIMUJIA POMYAJIBJJOBHA 10KTOp TEeXHHYECKHX HayK, mpodeccop, 3aB. Kapenpoil XUMHU M TEXHOJOTHU
nepepaboTkn  dmactomepoB umeHn .. KomeneBa, MockoBckuii TexHonmormyeckuil ynuepcurer MUPDA, MockoBckuit
rOCyJapCTBEHHBIH YHUBEPCUTET TOHKUX XUMUUECKHUX TexHoJoruid uM. M.B. JlomoHocoBa (MockBa, Poccust)

MOKIIHWHA HAJEXJA AKOBJIEBHA noktop XMMHYEeCKHX HayK, JOLEHT, mpodeccop Kadeapsl GU3UKN U XUMHH, BoeHHO-
BO3yIIHAas akajaemust umenu npodeccopa H.E. XKykosckoro u 10.A. INarapuna (Boponex, Poccus) ORCID: 0000-0001-8409-024X
HUKYJIMH CEPTEl CABBOBHY 110KTOp TeXHAUECKHX HayK, Ipodeccop, mpodeccop Kadeapbl TEXHONOTHH OPraHMIeCKOro CHHTE3a
1 BBICOKOMOJIEKYJIIPHBIX COeIMHEHHI, BOpOHEKCKUIT rocy TapcTBEHHBI YHUBEPCHTET HEDKEHEPHBIX TexHonoruii (Boponex, Poccus)
HPOKOIYYK HHKOJIAL POMAHOBHY 10KTOp XMMHYECKHX HAyK, IPO(eccop, uleH-KoppecnoHmeHT HarmoHanbHoit
akageMun Hayk bemapycu, 3aB. Kadenpoll TEXHOJOTMH HE(PTEXMMUYECKOTO CHHTE3a M INepepabOTKH IOJIMMEPOB, YUpekIeHUE
obpazoBanus "benopycckuii rocyaapcTBEHHBIN TeXHOIOrHUeckuid yauBepeutet" (MuHnck, benapyce)

IIYT'AYEBA NHHA HUKOJIAEBHA 1okTop TeXHHYECKUX HayK, JOLEHT, Tpodeccop Kadeapbl HHKEHEPHOH SKOJIOTUH, AeKaH (aKyibsTera
9KOJIOTIN ¥ XMMIYECKOH TEXHOJIOTNH, BOpOHEKCKHI TOCy IapCTBEHHBIN YHUBEPCUTET HEDKEHEPHBIX TexHOJorHi (Boponesk, Poccust)
CYXAHOB ITABEJI TUXOHOBMHY nokTop XMMHUYECKHX HayK, ITpodeccop, COBETHUK IPH PEKTOpATe MO HAYyYHO-METOANIECKOMH

JeATeNbHOCTH, Tpodeccop Kadenpsl (GU3NYecKod W aHATUTUYECKOW XHMHUH, BOpPOHEKCKHH TOCYyAapCTBEHHBIH YHUBEPCHTET
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Moaenb aBTOMaTH3MPOBAHHOM CHCTEMBI TEIJIOBOIT 00padoTKH
JJI aNapara no KOHCEPBUPOBAHUIO TOMATHOI'0 COKA

Cepreii B. I'pomos * egromov.serg2020@m.ru 0009-0008-2661-3880

1 JloHeukuit HalMOHAIIBHBIN YHHBEPCUTET SKOHOMUKH U TOproeii uMeHn Muxawna Tyran-bapanosckoro, yo1. Iopca, 31, r. lonenk, 283048, Poccust

AHHOTanms. B ctatbe mpencTaBieHa yCOBEpIICHCTBOBAHHAS MOJENb ABTOMATU3MPOBAaHHOW cUCTeMbI TeruioBoit oOpabotku (ACYTII)
JUISL anrapara 1o KOHCEpPBUPOBAHUIO TOMATHOTO coka. OCHOBHOE BHUMAaHHE yJIeJI€HO pa3paboTKe U Bepr(UKALMU MO/IEIH, 00eceunBaIOIIeH
ONTHMH3ALHMIO YIPABISIIOIIUX BO3JACHCTBUI C LENBIO MOBBINICHHsST KauecTBa TOTOBOTO MPOAYKTa NPH MHUHHMAIIBHBIX JHEPreTHYECKHX
Y 5KOHOMMYECKUX 3aTpaTaX. MeToJ0I0ru4eckoil OCHOBOM HCCIIEOBAaHUS CTall CTaTHCTHYCCKHE M MAaTEMATHYECKHE METOABI, OIUCHIBAIOIIHC
U3MEHEeHHEe TeKCTYPHBIX XapaKTePUCTHK TOMATHOI'O COKa B Ipoliecce nacrepusanuu. [1poBenéHHbII aHanM3 TepMUYecKoi 00pabOTKH MO3BOJIHII
BBISIBUTH KJIIOUEBBIC MAapaMeTphbl, BIMSIONIME HA CCHCOPHBIC M MUKPOOHOJIOTHYECKHE CBOMCTBa mpoiykra. Paspaborannas momens ACYTII
anpoOHpoBaHa Ha JIAOOPATOPHOH YCTAaHOBKE C IIPHMEHCHHEM COBPEMEHHOTO KOHTPOIBHO-M3MEPHTEIBHOTO 00OPYIOBAHMS U IPOIPaMMHOIO
obecnieueHns Ha 6ase koHtposuiepa Siemens S7-1200 u SCADA-unTepdeiica. DKCIIEPUMEHTAIBHO YCTAHOBIICHB! ONTHMAIBHbIC [apaMeTphl
nacrepuzauu (85 °C, 5 MunyT), oOecreunBaroiine CoXxpaHeHHe IBETa, TEKCTYPbl U OPraHOJCITUIECKUX XapaKTEPUCTHK NP rapaHTUPOBAHHOM
MHKPOOHOIOTHYECKO# cTabriapHOCTH. Pa3paboTaHHas afanTHBHAS MOJENb YIPABICHUSI MO3BOJISIET CYIIECTBEHHO MOBBICUTH 3(P(EKTHBHOCT
TEXHOJIOTMYECKOTO IIPOIiecca, JAEMOHCTPUPYS CHIDKCHHE SHEpromnorpeOneHus Ha 12-15% npu omHOBpEMEHHONW MHMHUMH3ALMM OTKIOHCHWIH
KadecTBa Npomykuuu MeHee 5%. IIpakTideckas 3HAUMMOCTb HCCIICIOBAHMS 3aKJIFOYAETCS B BO3MOXKHOCTH IOBBIICHHS PEHTaOCIBHOCTH
NPOM3BOJICTBA 3a CYET COKpaleHusi Opaka Ha 18-20%, yMeHblICHHUs dHeprozarpar M CTAOWIM3aLMU KadecTBa MpomyKuuu. [IpennoskeHHas
METO/I0JIOTUst 00J1a1aeT 3HAUYUTEIILHBIM MTOTEHIMAIOM IJI IPUMEHEHUs IPH 00paboTKe IPYTrUX KUIAKHUX MUILEBBIX NPOAYKTOB U MOXKET OBITH
aJlanTHPOBaHa JUI MOACPHU3ALMY CYLIECTBYIOMIUX IPOU3BOICTBCHHBIX JTUHUN. [IepCIieKTHBHBIMY HAPABICHUSAMH JAaTbHEHINETO pa3BUTHA
UCCIIEZIOBAHUS BUAATCS HHTErpauus ¢ cucreMamu Industry 4.0, pa3paboTka IpeIUMKTHBHBIX aJTOPHTMOB Ha OCHOBE MAILIIMHHOTO OOYYCHHS
co3aHue UM(POBBIX JIBONHUKOB JUISl Pa3dMYHBIX THUIOB MHUIIEBOro chIpbsi. [lomydeHHble pe3ynbTaThl HOATBEPXKIAIOT BBICOKYIO
3¢ eKTHBHOCTD MPEIOKEHHOTO TOIX0/1a KaK C TEXHOJIOTNYECKOH, TaK U ¢ IKOHOMHUUYECKON TOYEK 3PEHUs, OTKPbIBAsE HOBbIE BO3MOXHOCTU
JUISL COBEPILIEHCTBOBAHUSI IPOLIECCOB TEINIOBOI 00paOOTKU B NUIEBOH IPOMBILITICHHOCTH.

KawueBble cioBa: aBTOMATH3allMsA, TCIJIOBAs 06pa60TKa, nacTepusaiysa, KOHCEPBUPOBAHUC TOMATHOTO COKa, TEXHOJIOTUYECCKHE ITPOLECCHI,
aBTOMATUYECKON CUCTEMBI yupaBJi€HUs! TEXHOJIOTHYCCKUM IIPOIECCOM (ACYTH), MaTeMaTH4CeCKOC MOACIIMPOBAaHUE, KaU€CTBO ITUIIEBLIX ITPOYKTOB,
peropTa, HaTYPHbIC UCIIbITAHUS, YIIPABJICHHE TCMHepaTypOfI, CCHCOPHBIC XapaKTCPUCTUKH, 3HepF03(1)(beKTI/IBHOCTB, TEKCTYPHbIC U3MCHCHUS.

Model of automated heat treatment system for tomato juice
preservation machine

Sergey V. Gromov ' egromov.serg2020@m.ru 0009-0008-2661-3880

1 Donetsk National University of Economics and Trade named after Mikhail Tugan-Baranovsky, Shchorsa St., b 31, Donetsk, 283048, Russia
Abstract. The article presents an improved model of an automated heat treatment system (ASUTP) for a tomato juice canning machine. The
main focus is on the development and verification of a model that optimizes control actions in order to improve the quality of the finished
product at minimal energy and economic costs. The methodological basis of the study was statistical and mathematical methods describing the
change in the textural characteristics of tomato juice during pasteurization. The analysis of the heat treatment revealed the key parameters
affecting the sensory and microbiological properties of the product. The developed automated control system model has been tested on a
laboratory installation using modern control and measuring equipment and software based on the Siemens S7-1200 controller and the SCADA
interface. Optimal pasteurization parameters (85 °C, 5 minutes) have been experimentally established, ensuring the preservation of color,
texture and organoleptic characteristics with guaranteed microbiological stability. The developed adaptive control model makes it possible to
significantly increase the efficiency of the technological process, demonstrating a reduction in energy consumption by 12-15% while
minimizing product quality deviations of less than 5%. The practical significance of the study lies in the possibility of increasing the profitability
of production by reducing scrap by 18-20%, reducing energy consumption and stabilizing product quality. The proposed methodology has
significant potential for applications in the processing of other liquid food products and can be adapted to modernize existing production lines.
Integration with Industry 4.0 systems, the development of predictive algorithms based on machine learning, and the creation of digital
counterparts for various types of food raw materials are considered promising areas for further development of the research. The results obtained
confirm the high efficiency of the proposed approach from both technological and economic points of view, opening up new opportunities for
improving heat treatment processes in the food industry.

Keywords: automation, heat treatment, pasteurization, tomato juice preservation, technological processes, model of the automated heat
treatment system (AHTS), mathematical modeling, food quality, retort, full-scale testing, temperature control, sensory characteristics, energy
efficiency, textural changes.
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BBenenne

OBouy 1 GPYKTHI SABISAIOTCS BXKHBIMU KOM-
MIOHEHTaMH Ui cOaTaHCUPOBAHHOTO M 3J0POBOTO
MUTaHus, 00ECIeUYnBAIOT OPraHU3M MHUHEpajJaMH
U IHLIEBBIMH BosIOKHaMu. Coneprkaiiyuecs: B OBO-
[Iax BEIIECTBA, TaKMe KakK (IaBOHOUABI, PEHOIBI U
KapOTHHOU/IBI IPEIOTBPAILAIOT Ae(UIUT BUTAMUHOB
Y CHIDKAIOT PUCK Pa3BUTHS pa3MUHBIX BUIOB paka,
Cep/ICYHO-COCYIICTBIX 3a0051eBaHmi, radera. OmHaKo
OBOILHU OBICTPO OPTATCS U TPEOYIOT COOTBETCTBY-
IOLIEr0 KOHCEPBHPOBAHMS, TO €CTh TEXHOJOTMU
JUISL TIPOJUIEHUST CpOKa XpaHEHHUs] C COXpPaHEHUEM
IIUTAaTEeNbHBIX U CEHCOPHBIX KaudecTB. st coxpane-
HHUS TOMaTHOTO COKa HEOOXOAWMO IMPHUOCTAHOBUTH
pa3BUTHE MHUKPOOPIaHU3MOB C IIOMOIIIBIO TepMUYe-
CKOH 00pabOTKH, KOTOpast 3aMeyIsIeT OaKTepHallb-
HYI0 W (EpMEHTHYI0 aKTUBHOCTb. OJHaKO aaxe
MSTKUI TEPMHUYECKHUM IPOLECC UMEET TEHACHIUIO
BbI3bIBATh 3HAYUTCIIbHYIO MOTCPIO LBETA U U3ME-
HEHHS TEKCTYpPbI, BKyca W IOTEHIMAIBbHO IHTa-
TEJIbHOMN [IEHHOCTH.

eab paboTbl — YCOBEPILIEHCTBOBAHUE MO-
JIelM aBTOMAaTU3UPOBAHHOM CHCTEMBI TEIUIOBOM
00paboTKHM I anmapara IO KOHCEPBUPOBAaHHUIO
TOMaTHOT'O COKa.

MartepuaJibl U METOABI

B pabote 10 ycOBEpIICHCTBOBAHHIO MOJAEIH
ABTOMAaTHU3MPOBAHHOM CUCTEMBI TEIIOBOH 00paboTKH
JUTS1 aniiapara 1o KOHCEPBUPOBAHUIO TOMATHOI'O COK,
KOTOpasi MO3BOJISIET OCYIIECTBISTh (HOPMHUPOBAHHE
ONTUMANBHBIX 3HAYCHHUI YIPaBICHHUS CHCTEMbI
JJId IOBBIIICHHA Kady€CTBa HMCXOAHOI'0 IIPOAYKTaA
C MHHHMAJIbHBIMH 3HEPreTHYCCKUMHU U SKOHOMH-
YCCKUMMU 3aTpaTaMy NPUMEHCHBI CTATUCTUYCCKUC
METO/IbI, & TAK)KE MATEMATHYCCKHE METO/IbI, OITH-
CBIBAIOIIVE U3MEHEHHS B TEKCType 00paboTKH.

Pe3yabTaThl 1 00cy:xKI1€HUE

OTMedeHo, 4TO OBOIIH U (PPYKTHI SBISIOTCS
B&KHBIMH KOMIIOHEHTaMH [T COAJIaHCHPOBAHHOTO
W 37I0pOBOTO TMHUTaHUs, OOECIIEYMBAIOT OPTaHU3M
MHHEpaJaMH M MUILEBbIMH BosiokHamu. Coxepika-
Iyecs: B OBOIAX BEIIECTBA, TAKUE KaK (DIIaBOHOH/IBI,
(heHOITBI ¥ KapOTHHOMIBI MPEIOTBPALIAIOT JIS(DHIAT
BUTaAaMUWHOB Y CHUXXAIOT PUCK PAa3BUTHUA PA3JIMUHBIX
BUJIOB paKa, CepACYHO-COCYANUCTHIX 3a00JIeBaHU,
nrabera. Bmecrte ¢ 3TUM 0BOIIM OBICTPO MOPTSITCS
U HY)KJAIOTCS B COOTBETCTBYIOILIEM KOHCEPBHPO-
BaHUH, TO €CTh TEXHOJIOIUH IJId NPOAJICHUA CpOKa
XpaHEHUs C COXPaHEHUEM MUTATENbHBIX U CEHCOP-
HBIX Ka4de€CTB. 21_]'[51 COXpaHCHHA TOMATHOI'O COKa
HEO0XOIMMO IPHUOCTAHOBHUTH PA3BUTHE MHUKPOOP-
TaHU3MOB C MOMOIIBIO TEPMHYECKON 00pabOTKH,
KOTOpasi 3aMeassieT OakTepHalbHyI0 U (pepMeHT-
HYIO aKTHUBHOCTD. C‘II/ITaCTCH, qTO JaXKe MSTKHHA
TEPMUYECKUH NPOLIECC UMEET TEHACHIIHIO TOBJICYb
3a cO0OM 3HAYMTENBHYIO MIOTEPIO IIBETA 1 N3MEHEHHS
B TEKCType, BKyc€ M NOTEHUHAIBHO MUTATEIbHON

16

post@uestnik-vsuet.ru

neHHocTd. CocpeoTOueHO BHUMAHUE Ha TOM, YTO
KOMOMHAIMS BpEMEHH U TEMIIepaTyphl, CBA3aHHAS
C KOHKPETHBIM MPOLIECCOM TacTepu3anuu, OyaeT
B 3HAYUTEIILHON CTENEHN KOHTPOJIUPOBATH XUMH-
yecKkne, OMOXUMHUYECKHE W MUKPOOUOJIOTHYECKHE
M3MEHEHNs, KOTOpble OyIyT MPOWUCXOIUTH B ITHIIIC-
BOM MpOnyKTe. VI3MeHeHHe COOTHOIICHHS BPEMEHU
U TeMITepaTypbl MOXKET BIMATH KaK Ha JKelaeMeble,
TaK W Ha HeXeJaTeNbHbIe PeaKLiy, MPOUCXOISIIIE
BO BpeMsI MacTepU3alny, HAIpUMep MMOTeMHEHHE
OBOIIIEH. AHAIU3 MO3BOJIMI YTBEPXKIATh, UTO CPEIH
BHEIIHNX (DaKTOPOB TeMIIepaTypa SBISETCS Bak-
HelmM QakTopoM ais obecrieueHuss KadecTBa
B IIPOM3BOJICTBE U TIOCIIETYIOIIEM XPaHEHUH CHIPbS.
CKOHIIGHTPHUPOBaHO BHUMaHHE HA TOM, 4TO 3dek-
THUBHOCTH TIPOM3BOJICTBA MOKET OBITH YIydlleHa
C TTIOMOIIBI0 MCXOJHOTO MPOTYKTA, YTO MO3BOJHUT
OLICHUTh Ka4ECTBO MCXOAHOTO MPOAYKTa Maccoo0-
MEHHOTO TEXHOJIOTMYECKOro Iporecca 0e3 ycra-
HOBKH JIONIOJIHUTENILHBIX TOTOKOBBIX aHAITU3aTOPOB
(pmsmgecknx MaTIMKOB), TPEOYIONMX MOCTOSHHON
kanuOpoBKu. [Ipennoxkena ycoBepIIeHCTBOBAaHHAS
MOJI€Tb aBTOMaTU3UPOBAHHON CHCTEMBI TEIUIOBOU
00paboTKK ISt anmapara 110 KOHCEPBUPOBAHUIO
TOMAaTHOTO COKa, YTO IO3BOJISIET OCYLIECTBISTH
(hopMHpOBaHKE ONITUMATBHBIX 3HAYCHU YTIPABIISIO-
IIUX BO3AENUCTBUH 711 IOBBIIIEHNS KAYECTBA HCXOI-
HOT'O MPOJYKTa C MUHIMAJIbHBIMH YHEPTeTHUECKUMH
¥ 9KOHOMHYECKHMHU 3aTpaTaMH.

Oouy 1 GPYKTHI ABISIOTCS BaXKHBIMH KOM-
MOHEHTAaMH ISl cOaJTaHCHPOBAHHOTO U 3I0POBOTO
MUTaHUs, 00eCIICUNBAIOT OPraHU3M MUHEpaIaMu U
NUIIEBBIME  BoJlokHamMH. Coniepykaryecsi B OBOIIAX
BEIIECTBA, TaKue Kak (1aBOHOM/IbI, (HEHOJIBI U Ka-
POTHHOW/IBI IPEAOTBPALIAIOT AS(PUIUT BUTAMUHOB
W CHIDKAIOT PUCK PA3BHUTHS Pa3IMYHBIX BHJIOB PaKa,
CepIeYHO-COCYMCTHIX 3a00JIeBaHHi, aradera. OnHako
OBOIIX OBICTPO MOPTATCS U TPEOYIOT COOTBETCTBY-
IOIIEr0 KOHCEPBUPOBAHMSA, TO €CTh TEXHOJOTHU
JUIS TIPOJUICHUSI CPOKa XPaHEHHs C COXpaHEHHEM
NHUTATEIbHBIX U CEHCOPHBIX KadecTB. [l coxpa-
HEHHs TOMaTHOTO COKa HEO0OXOJMMO MPHOCTAHO-
BUTH Pa3BUTHE MHUKPOOPTaHU3MOB C HOMOIIBIO
TEPMHUYECKOH 00pabOTKH, KOTOpas 3aMeIsieT OaK-
TepUaJIbHYIO U (PepPMEHTHYIO aKTUBHOCTB. O/THAKO
Jlake MSTKUM TEPMUYECKUI NPOLECC UMEET TEH-
JICHITMIO BBI3BIBATh 3HAYNTEIBbHYIO MOTEPIO I[BETA
Y M3MEHEHHS TEKCTYpbhl, BKyca W INOTCHIUAILHO
MUTATENILHON [IEHHOCTH.

[pocrefimuM 1 3PPEKTUBHBIM CPEICTBOM
XpaHEHUs] 3HaUYUTEIIbHOM YacTh OBOIIEH U (QPYyKTOB
SIBIISIETCS] KOHCEPBUPOBAHUE C TOMOIIBIO TEpMHUYE-
CKO 00pabOTKW sl MOoNTydeHus: 0e30macHOro
1 BKYCHOTO IpoJyKTa. TepMuueckas nepepadoTka
KOHCEPBUPOBAHHBIX THIIIEBBIX TPOIYKTOB — PHME-
HEHHe TeIUia [pH 3aaHHON TeMIlepaType B TeUCHHE
ONpeaeNeHHOro BpeMeHu. OCHOBHOM 1IENBIO TEp-
MHUYECKOTro TIpoliecca sBIsieTcsl obecreueHue
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BBICOKOKAYECTBCHHOW IHIMU IMyTEeM YHHYTOXKE-
HUS MUKPOOPTaHU3MOB, KOTOPOE TPOUCXOIUT MPH
OTIpENeNICHHON 3aBUCHMOCTH TEMIIEpaTypbl U
BpPEMEHH BBLIEP)KKH TP TaKOH TeMIieparype.

Tepmuueckas o00paboTka mpeamnonaraer
HarpeB MUIIEBOTO MPOAYKTa MpU TeMIepaType
ot 50 go 150 °C. Bxmouaer nacrepuzariuio (6585 °C),
crepumzaruio (110-121 °C), Tepmudeckyro npeiBa-
pHUTENBHYI0 00padoTKy (ONaHIIMpOBaHNE), TPOBOIH-
MYIO TIEpe/l 3aMOpaKMBaHUEM W KOHCEPBUPOBAHHEM
JUTS YHUUTOXKEHUS OakTepuit u pepmenTos [1, 3,
6-9, 15-18]. ITacrepusanus — Hauboyiee pacipo-
CTpaHEHHBI MpPOIeCC TEIIOBOTO BO3/ACHCTBUS,
3aKJIFOYAIOIIMNACS B HArPEBAHUHU JI0 ONpEeIeHHOMN
TEMITepaTypsl ¥ BRIIEP)KKE NP TAHHOW TeMmIiepa-
Type onpeneneHHoro Bpemenu [2, 10-14]. Ot 3Have-
HUS TEMITEPATYPhI K BPEMEHH BBIICPKKH 3aBUCHT CPOK
XpaHEHHUSI TOMaTHOTO COKa.

COOTBETCTBEHHO, KOHTPOJb IOKa3aTeseil
KadecTBa MCXOIHOTO MPOJYKTa B MpOIecce Tep-
MHUYECKOH 00pabOTKM 00ECleYuT BO3MOKHOCTD
KOHTPOJWPOBATH U3MEHEHNE TEKCTYPHI IS YIIyd-
LICHHUS MTOTPEOUTENBCKON [IEHHOCTH, CTa0MIN3a-
UMY 1BETa, BKYCOBBIX KauecTB M COXPaHEHUs
B2)KHBIX MUTATEIHBIX BEIIECTB W OMOIOTHUECKH
aKTUBHBIX COSJTUHECHUH.

AHanM3 TIOCIEAHUX HCCIETOBAHUNA U IIyO-
ukanui. DPQPEKTUBHOCTh MPOU3BOJCTBA MOXKET
OBITh yJydIlleHa C [MOMOIIBI0 aBTOMAaTHUECKON
CUCTEMBI YITPABIICHUS TEXHOJOTHIECKAM ITPOIIeC-
coM (ACYTII) u KOHTPOJIS TIOKA3aTelel KauecTBa
HCXOAHOTO Tponaykra. s atoro tpedyercst pas-
pabotka 0oJiee TOUHBIX MATEMATUIECKUX MOJETIEH
JUTS OIIGHKH Tokazarenei kauectBa (MMOIIK)
HUCXOIHBIX NpoAyKToB 1js noacucreMbl ACYTII,
OIKMCBHIBAIOIINX HEJNWHEHHbIe mporeccs [8,11].
Jlist MonienmmpoBaHusT M3MEHEHU KauecTBa, MPOUCX0-
JSIINX B ITHIIEBBIX MPOTYKTaX BO BPeMsl TEPMITIECKOM
00paboTKH, YaCTO MCIOB3YIOTCS MPOTHOCTHYECKHE
Mojend. Vcronp30BaHne CTAaTUCTUYECKUX METOJIOB
JUISL CO3JJaHHsI  MaTeMaTU4ecKOW MOJENH  JUIs
OIIEHKH TIOKa3aTeliell KadecTBa MCXOJHBIX Iepe-
MEHHBIX OOBEKTa C y4eTOM TEKYIIMX 3HaueHH
BXOJIHBIX TEPEMEHHBIX, 00ECIIEYUT BO3MOKHOCTh
B pealbHOM BpPEMEHH TOYHO IIperyCcMaTpUBaTh
HCXOJIHBIE 3HAYCHUS MOJEIUPYEMOro OOBEKTa
3a CHET 3TOr0 BO3MOXKHO 3aMETHOE MOBBIILICHHE
ero 3pPeKTUBHOCTH.

Tak, JJ1s1 UMEIOIIMXCST P BXOJHBIX TIepeMeH-
HeIX Xu, U = l..., pBBIXOAa Y, MOJENb OyIeT
OIUCHIBATHCA (DYHKIIMOHAILHON 3aBUCHUMOCTBIO!

Y =F (X, B) +e, 1)
rae X =(XI..., Xp) —BeKTOp BXOHBIX KOHTPOIMPYEMBIX
TeXHOJNOrIYeckux nepemenseix; B = (B0, B1..., fp) —

BEKTOP KO PHUITMEHTOB; € — TIOrPEIIHOCTh U3MEPEHUS
HUCXOJHOM NIEPEMEHHOM.
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OTOOp BXOJHBIX MEPEMEHHBIX, BIUSIONIUX
Ha 3HaYCHUE KOHCYHOTO TPOIYKTA M BBIOOP CTPYK-
TypbI 8IEKBATHO MOJIEIIH, OCYLIIECTBIISIETCS] HA OCHOBE
perpeccroHHOro aHameaa. OmHako WA HEeTMHEHHBIX
OOBEKTOB 4acTO BO3HHMKAIOT MPOOJIEMEBI, CBS3aHHBIC
C BBIOOPOM CTPYKTYphl Mozenu. HenmuHeiHOCTH
MPUBOJUT K HEOJHO3HAYHOCTH MTOJIYYEHUS] OLEHOK
HEWU3BECTHBIX MAapaMETPOB MOZEIM, KOrja OIHOMN
W TOM kK€ BBIOOPKE OSKCIICPUMEHTAIBHBIX TaHHBIX
OIMHAKOBO XOpPOIIO OTBEYaeT HE OAHA, a cpasy
MHo)kecTBO mojeneidi F(X, B). CooTBercTBeHHO,
HEOOXOMM PsI XapaKTEPHUCTHK, OXBATHIBAIOIINX
CCHCOPHEBIE CBOICTBA (BHEIIHUIA BUJT, TSKCTYpa, IIBET),
MUTATEIbHbIE UEHHOCTH, HAIMYUE WIIK OTCYTCTBUE
OTIpeieNIeHHBIX XUMHYECKUX KOMIIOHEHTOB, (h)yHK-
IUOHATILHBIC CBOWCTBA U JICPEKTHI.

Buyrpennue cBoiictBa npoaykral/ Internal properties of
the product:

- KUCJIOTHOCTS / acidity;

- BOJIHAsl aKTUBHOCTb / water activity;

- coZiepyKaHMe IUTATeNIbHBIX BellecTs / nutrient content;
- mukpocuiopa / microflora;

- KHCHOPOHHO-BOCCTaHOBHTeHLHBIﬁ
oxvaen-reducina potential.

v

noteHuuan  /

Koneunoe kadecTBo
Hamanssoe Tepmuueckas o6pa- / final quality:
KadecTBo Gorka HHINEBBIX - 0e30MaCHOCTh IH-
nponykta /[ nponykros Bo Bpems [ ramus i nopun / food
Initial KOHCEPBHPOBAHHUS / safety and spoilage;
product Thermal processing  LBeT, BHEUIH BIT
quality of food products / color, appearance;

during canning - apomar u BKyc /
aroma and taste.

?

Buemnne ¢axropsr obpaGoTku /
External processing factors:

- Temreparypa / temperature;

- nasyienue / pressure;

- BpeMsi TepMHYecKoi oOpaboTku /
heat treatment time.

Pucynok 1. BrmsiHMe BHEIIHMX ¥ BHYTPEHHHX (aKTOPOB
Ha IpoLecc TePMUIECKOH 00paboTKn

Figure 1. Influence of external and internal factors on
the heat treatment process

Ha pucynke 1 nipesicTaBieHo MOJICTMPOBaHUE
TEPMHUYECKUX MPOIECCOB M B3aMMOCBS3b BHEIITHUX
Y BHYTPEHHUX (DAKTOPOB, BIUSIONIMX HA KAYECTBO
1 0€30MacHOCTh MACTEPU30BAHHBIX MUILEBBIX MPO-
nykToB [6, 9, 19]. KomOuHaIis BpeMeHH! 1 TEMIIE-
patyphl, CBS3aHHAs C KOHKPETHBIM IPOIECCOM
TEIyIOBOM 00paboTku, OyJaeT B 3HAYMTENIHLHON CTe-
MIEHU KOHTPOJIMPOBATH XUMHYECKHE, OHOXUMUIECKUE
Y MUKPOOHOJIOTMYECKIE U3MEHEHUS, KOTOpBIE Oy IyT
MIPOMCXOAMTDh B IHUIIEBOM MIpPOAyKTe. M3MeHeHUe
COOTHOIIICHUSI BPEMEHH M TEMIEPATyphl MOXKET
BIIMSATH KaK Ha JKEJaeMbIe, TaK U HeXeJIaTeIbHbIE
PeaKiuu, MPOUCXOIAIINE BO BpeMs [TaCTEPU3ALINH,
HampuMep NoTeMHeHue oBoliel. Cpear BHEITHUX
(GakTOpoB TeMmIepaTypa SBISICTCS Ba)KHEHIIUM
(dakTopoM JUIs OOECIICUeHUsT KadyecTBa B IPOM3-
BOJICTBE U MOCJICIYIOIIEM XPAHEHUH ChIPbS.
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B nporiecce TemioBoit 00paboOTKH MPOTYKT
COJICPXKHTCS B TEPMETHYHO 3aKPBITON Tape M MojBEp-
raercsi 00pabOTKe TMPH COOTBETCTBYIOIICH TeMIlepa-
Type BTEYCHHUE OMPEICICHHOTO BPEMEHH, KOTOPOE
JOCTATOYHO JJIsl YHUUYTOXKEHUSI BCEX OPTaHU3MOB,
KOTOpBIE MOTYT HETaTUBHO BIUSTH Ha 3JI0pPOBHE
notpeburens. Tepmudeckas oOpaboTKa yHHYTO-
kaetr 0oJiee CTOMKHE OpPraHU3MbI, KOTOPbIE MOTYT
MPUBECTH K MOpYEe TPU HOPMAIBHBIX YCIOBHSIX
xpaHeHusi. OMHUM U3 TEXHOJIOTHYECKHX 000pYyI0-
BAHMI J1s 3TOM ONEepaluy SIBISIIOTCS AaBTOKJIABbI —
3aKPBITBIE COCYJIbI TTO] IABJICHUEM, KOTOPBIE HCTIONb-
3yI0T Tap W3 BHEILIHETO NCTOYHMKA, HarlpuMep, napo-
BbIC KOTJIBI WJIHM MApOreHepaTopsl (PUCYHOK 2).
ABTOKIIaBBI, pabOTAIOIIHNE IO H30BITOYHBIM JIaBJIC-
HHUEM, MOAPAa3JeNIOTC Ha MapoBbIe, BO3AYIIHEIC,
Bogsubie [4, 9, 10, 22]. He3aBucuMo OT TOTO, KaKow
THI aBTOKJTABHOW CHUCTEMBI UCIIOJIL3YETCS HA KOH-
CEpBHOM MPEINPUATHH, O0OpPYIOBAHUE JOJKHO
o0ecreunBaTh JOCTIKEHHUE H MOJJIEp)KaHue PAaBHO-
MEpHOI TemIiepaTypHOi 00pabOTKH KOHTeiHepa
BO BpeMsI TEPMUYECKON 00pabOTKH, a TaKKe BpeMs,
KOTJIa aBTOKJIAaB JOCTUraeT paboueii TeMneparypel,
JIOJDKHO OBITh TAaK)KE U3BECTHO.

¢, 0
E B ("
ant —

ﬁ;g" ¢ .1 7 |

Pucynok 2. AstoknaB: A — map, B — Boma, C — cnus,

D — BeHTWISALHOHHBIE orBepctusi, E —
F — npenoxpaHuTenbHBIN KiIanaH

Figure 2. Autoclave: A — steam, B — water, C — drain,
D — vents, E — air, F — safety valve

BO311YyX,

Jis w3MepeHUs] TeMmIiepaTypbl B KOpITyce
aBTOKJIaBa BCTPOEH TEPMOMETp, KOTOPBIH pa3me-
LIAI0T TOAAJbIIE OT EMKOCTEH W TEIIOHOCHTEIS.
Jatuuku Temneparypsl WM TEPMOIIAphl Pacioio-
KEHbl MEXJy KOHTeWHepamH II0 Bcell 3arpys3ke
ABTOKJIABA ¥ TIOCTOSIHHO KOHTPOJIMPYIOTCS BO BpeMst
TEPMHUUYECKON 00paboTKH, YTOOBI YOEmUThCH,
41O TPUOOp JUIS UHIUKAIIMKA TEMIIEPaTyphbl WIIH
CTEKJISIHHBII PTYTHBIM TEPMOMETP [UIsl aBTOKJIABA
SIBIISIIOTCS PENIPE3eHTaTUBHBIMU JIJIs1 TEMIIEPATyPhI
BHYTpH aBTOKJIaBa.
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P HCYHOK 3. Anr[apaT JUId HarpeBa MJjI0J00BOIIHOTO ChIPbs

Figure 3. Apparatus for heating fruit and vegetable raw
materials

[IpumeHeHue Tema K CBEKHUM OBOILAM MOYKET
NPUBECTH K CEPhE3HOMY YXYALICHUIO KaudecTBa,
BKJIIOYas M3MEHEHHE IIBeTa M TEKCTYphl, HOTEpS
MUTATENIBHBIX BEIECTB. TeKCTypHblE M3MEHEHMS,
MPOUCXOSIINE B MUILICBBIX MPOAYKTaX BO BpeMs
TEPMHYECKON 00pabOTKH, MPUBOAAT K Pa3MSATYECHUIO
TKaHe! n3-3a PU3MIECKNX U XUMUYECKIX M3MEHEHHH.

Tak, Puseu u ToHr npennoxunyu MareMaTu-
YEeCKyl0 MOJENb, OIUCHIBAIONIYI0 H3MEHEHUS
B TEKCType 00pabaThIBAEMOTO CHIPbS BO BpPEeMS
TepMHuYecKoil 00paboTku [5]. Muaekc Tekctypsl f
BBIPa)KEH KaK CTENICHb N3MEHEHHS TEKCTYPBI B JIFO-
0oe BpeMs t U BBIPaKAETCsI CIEAYIONIMM 00pa3oM

(1P -TR)
f=ln~— @)
(TR, -TP,)
rae TPo—ncxoaHoe CBOMCTBO TEKCTYPBI B HYJIEBOE
BpeMsi; TPy — CBOMCTBO TEKCTYphI B JAHHBIIT MOMEHT
BpeMmeHU t; TP — cBOMCTBO TEKCTYyphbl HEHYJIEBOTO
paBHOBeCHs MOCTIE JUTUTEIHHOTO Harpesa.

JleBeHIIMMIIb TPEATIOKHIT MATEMATHIECKYIO
MOJieTb, KOTOpas OIMHUCHIBAET M3MEHEHHS B TeK-
cType 00pabaThiBaeMOro ChIpbsl BO BPEMs TEpMHU-
4ecKoil 00pabOTKH Uil KHHETUKU Peakuuu 1-ro
nopsinka (1-f) mocTpoeHHO#M mpoTHB BpeMeHH (t)
Y CUHTAJ €€ JIMHEWHOMH, a KOHCTaHTy cKopocTH (K)
OTpHUIATENIFHOM BeNMunHOM HakioHa [7, 20, 21].
YpaBHEHUE UMEET CIECAYIOMIMMN BU:

In(1- f ):ln(TP—TR) =—kt, (3)
(TR, —TP,)

st mporHo3upoBaHus MHIEKCAa TEKCTYPBI
KaK (YHKIIUIO BpeMeHH Harpesa (t) pH MOCTOSH-
HOW TeMIepaType 3aBUCHMOCTh IMEET BU/IL:

TR, =TP, —TP, *exp(-k*t),  (4)

N3menenus B TekcType 00pabaTbIBaeMOro
CBIPbSl TIPH TEPMHYECKOW 00pabOTKe pa3IuyHBIX
OBOIICH 3HAYUTEIILHO Pa3IH4atoTCs (PUCYHOK 4).
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Pucynok 4. 3MmeHeHHsT TEKCTyphl 00padaTHIBAIOIIETO
CBIPBSI BO BPEMsI TEPMHUYECKOI 00pabOTKH: — — — — TpeIen
NpUEeMJIEMOCTHU; — BHELIHUH BUA; — CMOPIIMBAHUC,
— U3MCHCHUC 1IBCTA

Figure 4. Changes in the texture of the processing raw
material during heat treatment: — — — — acceptance limit;
— appearance; — wrinkling; — color change

B cBA3W C IIOCTOSIHHBIM  TOBBILIEHUEM
TpeOOBaHUI K KaueCTBY HWCXOJHOTO MPOAYKTa
(TBeT, BHEITHUIA BHJ, apOMAT, BKYC) MPEITPHITHS
MUILEBON MPOMBIIIJICHHOCTH BBIHYXIICHBI HETpe-
PBIBHO TOBBINIATH IKOHOMUYECKYIO S((PEKTHB-
HOCTh TPOM3BOJCTBA W KAU€CTBO BBITyCKAEMOMH
MPOAYKIMH. DPPEKTHBHOCTH TTPOU3BOJCTBA MOXKET
obITh ynyumena cucremamMu ACYTII u koHTposs
Mmokazareneld KadecTBa HCXOJHOTO MPOIYKTA.
s aToro Tpebyercst pazpaboTka Ooyiee TOUHBIX
MaTeMaTHYECKUX MOJesed IS OLEHKU ToKa3aTesen
KayecTBa MUCXOJHBIX MPOIYKTOB JJIS IOJCUCTEMBI
ACYTII, onuchIBarONINX HEIMHEHHBIC MPOIIECCHI
1 OLICHUTb Ka4eCTBO MCXOJHOTO MTPOIYKTa MAacco00-
MEHHOTO TEXHOJIOTHYECKOro mporecca 0e3 ycra-
HOBKH JIOTIOJITHUTENILHBIX MOTOKOBBIX aHAIH3aTOPOB
(pusnuecknx MaTYUKOB), TPEOYIOMMX MTOCTOSHHOW
KanOpoBKH (PUCYHOK 5).

IIpennoxxena ycoOBEpIIEHCTBOBAHHAs MO-
JieNlb  AaBTOMATH3UPOBAHHOM CHCTEMBI TEIJIOBOH
00paboOTKH U1 anmapara I10 KOHCEPBHUPOBAHUIO
TOMAaTHOTO COKa, YTO TO3BOJSIET COPMUPOBATH
ONTUMAJIbHBIC 3HAYCHUS YIPABIIIONIMX BO3JCH-
CTBHMH JUIS NOBBIIICHNSI KA4eCTBa HCXOAHOTO TPO-
NYKTa ¢ MUHIMAJIbHBIMU SHEPTETHUECKUMHU U DKO-
HOMHUYECKUMH 3aTPaTaMH.

C umenbio Bepu(UKAIUN U HPAKTUIECKOTO
MOATBEPKACHHUS 3(PHEKTUBHOCTH HPEATIONKESHHON
YCOBEPIICHCTBOBAHHONH MO aBTOMAaTU3UPO-
BaHHOM CHCTEMBI TEIJIOBOI 00pabOTKM OBLIH MPO-
BEZICHBI HATypHBIE MCIIBITAHUS HA ONBITHON J1abo-
PaTOPHON YCTaHOBKE, UMHUTHPYIOLIEH MNPOLECCHI
MacTepu3alii TOMATHOT'O COKa B YCJIOBUSX, MPH-
OMKEHHBIX K TIPOMBILIUICHHBIM.
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Temmnepatypa,
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T A taste
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Real-time database
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Automatic con-
trol system sub-
system
Pucynok 5. Moziens aBTOMAaTH3UPOBAHHONW CHCTEMBI TeIl-
JIOBOM 00pabOTKW I amnmapara I10 KOHCEPBUPOBAHHIO
TomatHOro coka: ACYTII — aBTOMaTH3MpOBaHHOH CH-
CTEMBI YNpPaBICHHUS TEXHOJIOTHYECKIM MPOLECcCOM (Ter-
noBast 00paboTka ToMatHOTO coka); KUII — koHTpoIsHO-
nu3MepuTebHbIe TprOOps!; DC — SKCIEePTHBIN CUTHAT

Figure 5. Model of an automated heat treatment system
for a tomato juice canning apparatus: APCS — automated
process control system (heat treatment of tomato juice);
KMI — control and measuring instruments; ES — expert signal

Texuonor-
oreparop /
Technologi
st-operator

OKCTIepUMEHTaJIbHasT YCTaHOBKa IpeCTaByIsuIa
COOO¥ 3aKPBITYIO TEPMOCTATUPYEMYIO EMKOCTh 00'b-
eMOM 15 JTUTPOB C YCTAaHOBJIEHHBIM MOTPY>KHBIM
TOHowm, ynpasnsembiM uepe3 mudposoit [TN/I-
PETYIATOP € BO3MOXKHOCTBIO 33/IaHHS TeMIlepa-
TypHOTO TpO(UIs M PErHCTPALlM IApaMETPOB
B pCallbHOM BpPEMEHM. TeMIlepaTypHBIM pexuM
KOHTPOJIMPOBAJICS C UCIOJIb30BAHUEM KalHOpOBaH-
HbIX Tepmonap Tuna TKK, ycTaHOBIEHHBIX B TPEX
KOHTPOJIBHBIX TOYKaxX IIO BBICOTE pe3epByapa.
Cucrema perucTpanuyu JaHHBIX peau30BaHa
Ha Oa3e koHTpoiuiepa Siemens S7—1200 c uHTEp-
¢eticom SCADA, 00ecrieunBaroUM MOCTOSHHBIN
MOHUTOPHUHI M 3alIUCh TEMIIEPAaTyphl, BPEMEHH
00paboTKM U MOKa3aTeIeH KauecTBa.

B xauecTBe 00bEKTa HCCIICTOBAHUS HCIIOIb-
30BaJICSl OJTHOPOJIHBIN TOMATHBINA COK, MPOIIE NI
NpeBapUTEIbHOE TOMONEHI3UPOBaHKE. [ OLeHKH
BIUSHUSI TEMIIEPAaTypHOTO pexuMa Ha GU3NKO-
XMMHYECKUE XapaKTEpPUCTUKU MPOIYyKTa OblIa
peann3oBaHa cepusi SKCIIEPUMEHTOB C BapbHUpPOBa-
HHUEM CIEAYIOIMX MapaMeTpoB: TeMIleparypa Tell-
noBo# 06padotku: ot 75 °C mo 95 °C ¢ marom 5 °C;
BpeMs BbIIEpKKH: 2, 5, 10 u 15 MHUHYT; CKOPOCTB
Harpesa: crabuibHas (1.5 °C/mun).
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Jns KOMUYECTBEHHOW OLEHKH KauecTBa
MPOAYKTA J0 M MOCJE TEIUIOBOH 00pabOTKH OBLIM
HCIIONB30BaHbl CIEAyroIue nokazartenu: LBer —
CTIEKTPO(OTOMETPHYECKUI aHAIU3 C ONpeescHHEM
otkinoHenuss AE B mogenu CIELab; Bszkocts —
n3Mepsnachk npu 20 °C ¢ ucnonab30BaHUEM pOTa-
uuoHHoro Buckosumerpa (Brookfield DV2T)
B equHMax Ml Ja-c; Texcrypa — oLeHuBanach ¢ OMOLIBIO
TexctypHoro ananm3aropa TA.XT Plus, peructpu-
poBaiyachk cuia Aeopmanuy npu cxatum; OpraHo-
JIEITHYECKUE XapPaKTEPUCTUKH — MPOBOIUIACEH
JETYCTallMOHHAs OLEHKA MaHeld U3 5 9JKCIepToB
o mkasie ot 1 mo 10; Mukpoburomorideckast CTaOrb-
HOCTb — ONpEAeIsUIach Mo O0LIEMy YWCITy KOJOHHMA
obpazyronwx empauIl (KOE) mo 1 ocie 006paboTk.

[lo pesynpraTaM HaTYpHBIX HCIBITAHHN
YCTaHOBJICHO, YTO ONTUMAIILHBIM PEXHUMOM I1acTe-
pHU3aLMU ¢ TOUYKH 3PEHHUS COXPaHEHUS [IBETA U TEK-
CTYpbl, TPH 3TOM oO0OecreunBas HEOOXOJUMYIO
MUKPOOHOIIOTHIECKYIO0 CTaOWIBHOCTD, SIBISETCS
temrepatypa 85 °C u Bbiaepxkka 5 MunyT. [lpu
yBeIMueHnH Temneparypsl cBbie 90 °C nabiro-
JTAJIOCh CHIDKEHUE 1[BeToBOTO mokazatens (AE yse-
JUYUBAIIACH 70 5.2, YTO BU3YaJIbHO COOTBETCTBYET
3aMETHOMY ITIOTEMHEHUIO), a TAK)KE 3HAYUTEIbHOE
najieHne TeKcTypHoro uHaekca (Ha 18% mo cpas-
HEHUIO C HCXOHBIM 00Pa3IioM).

[lonmy4yeHHble KCIIEPUMEHTAIbHbBIC JaHHBIC
OBUIM WCTIONB30BaHBI IS KATUOPOBKH U YTOYHE-
HUSI MaTeMaTHYeCKON MOZEH, a TAKXKE CIIY>KWIN
0a30i JUIA HACTPOWKHU TIApaMETPOB PEryIsITOpa
1 ’kcnepTHOH crctemsl B pamkax ACYTIL Tlonarsep-
KJEHa BBICOKas CTENEHb COOTBETCTBUSI MEXIY pac-
YETHBIMU U SKCIIEPUMEHTAIBHBIMU  3HAYCHUSIMH
WHZEKCA TEKCTYPBI M BI3KOCTH (CPEeAHEKBaApaTHIHAS
omrOKa MPOrHO3UPOBaHUsI cocTaBmia MeHee 4%).

Ob6cyxnenue pesynbTatoB. [lomydyeHHbIe
B X0/1€ 9KCIIEPUMEHTOB JIaHHbIE TIOATBEPIMIN d(]-
(EKTUBHOCTh TPEIUIOKEHHOH MaTeMaTHYeCKOH
MOJIENIM YIIPABJICHUS TEIUIOBOM 00pabOTKOM TOMAT-
HOTo COKa. B oTmume OT Kilaccuueckux IMOAXOAO0B,
npenoaralonmx (GUKCUPOBaHHBIC TApaMeTphI Ta-
CTepHU3alny, pa3padoTaHHas MOJENb YYUTHIBAET
IUHAMUKY HM3MEHEHHS TEKCTYPHBIX XapakTepH-
CTHK TPOAYKTa B 3aBHCUMOCTH OT TEMIIEPaTyphl
U BpeMeHH 00paboTKU. DTO MO3BOJIMIIO MOBBICHTH
TOYHOCTB IPOTHO32 KaYeCTBA KOHEYHOTO TPOYKTA.

AHanm3 SKCIIepUMEHTAITBHBIX JAHHBIX TTOKa3aJl,
YTO HanOOJIbIlIee BIUSHUE HA TEKCTYPY TOMATHOTO
COKa OKa3bIBaeT TEMIIEPATyPHBINA PEXKUM, TOTIA KaK
BpeMs 00pabOTKM OKasbIBaeT OoJbliee BIMSHHE
Ha MUKPOOHOJIOTUYECKYI0 CTaOMIIBHOCTh. Mcnoib-
30BaHME QJANTHBHOTO YIPABJICHUS, OCHOBAHHOIO
Ha mpeJyiaraeMoil MOAe M, 00eCIeUnIIo JOCTHKe-
HUE ONTHMAIBHOTO OalaHCca MEXILy COXpPaHEHHEM
MUTATEJIbHBIX ~ BEMIECTB, OPraHOJENTHUYECKUMHU
CBOMCTBAMH M MUKPOOHOJIOTHIECKON O€30MaCHOCTBIO.
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CpaBHUTENBHBIN aHATN3 MMOKAa3al, YTO MpPH
WCTIOJIb30BaHUH YCOBEPIICHCTBOBAHHOW CHCTEMBI
yIpaBJIeHUs YIaéTCsl CHU3UTh OTKIIOHCHUSI BSA3KO-
CTH W IIBETa OT HOPMATHUBHBIX 3HAYCHUH B Cpel-
HeM Ha 12—18% o cpaBHEHHMIO C TPaAULIHOHHBIMU
pexumamu. Kpome Toro, aBTomMaruzanusl nporecca
TMO3BOJTHJIA COKPATHTh YHEPro3aTPaThl HA TEILIOBYIO
06pabotky Ha 10-15% 3a cuér Gonee TOYHOTO pe-
TYJIUPOBAHUSI TEMIICPATYPHBIX TAPAMETPOB.

BaxxHo 0TMETHUTB, UTO pe3ybTaThl J1abopa-
TOPHBIX HCTBITAHUN JIEMOHCTPUPYIOT BBICOKYIO
CTCTNICHb COBMAJCHUS C pe3yJIbTaTaMH, MOJyYCH-
HBIMU C TIOMOIIBIO TPEAJIOKEHHOW MOJAETH, YTO
CBUJICTENILCTBYET O € BBICOKOW aJIeKBATHOCTH
Y IPaKTUYECKOW TPUMEHUMOCTH. OTO CO31aET
MPEIIOCHUIKH  JIJISl MACIITAOUPOBAHUST  PEIICHHS
Ha TPOU3BOJICTBEHHBIC JIMHUM TPEANPUITHNA TTH-
LIEBOW MPOMBIIIEHHOCTH.

3akiouenue

OTMedeHo, YTO KOMOMHAIMS BPEMEHH U
TeMIIepaTyphl, CBA3aHHAsI C KOHKPETHBIM IPOIIECCOM
TEPMHUYECKON 00paOOTKA TOMATHOTO COKa, OyIeT
B 3HAQUUTEJILHON CTENEHU KOHTPOJIUPOBATH XUMH-
yeckne, OMOXUMHUYECKHE W MUKPOOUOJIOTHYECKHE
W3MEHEHUs, KOTOpble OyIyT MPOMCXOIUTH B IHILE-
BOM IpoayKTe. VI3MeHeHe COOTHOIICHUS BpEMEHH
W TeMIepaTypbl MOKET BIHSTH KaK Ha yKellaeMbIe,
TaK M HEXeJaTeNbHbIE PEaKLUH, MPOUCXOASALINE
BO BpeMsl TaCTEPH3AaLH, HAIPUMED, HeXKENATEIbHOES
nmoreMHeHue oBomeil. Cpear BHENTHUX (aKTOPOB
TeMmIeparypa SBJSIETCS BaXHEWIIMM (akTopoM
obecrieyeHUs] KauecTBa B MPOU3BOJICTBE U MOCIIE-
JYIOILIeM XpaHEHUH OBOLIEH U (PYKTOB.

KoncratupoBano, 4To 3¢pheKTHBHOCTD IPO-
W3BOJICTBA MOXKET OBITH YJIYYIIEHA C IIOMOIILIO
ACYTII u KoHTpoJIs TOKa3aTeIeld KauecTBa UCXO/-
HOTO TPOJYKTa, YTO TIO3BOJIUT OLICHUTh KAueCTBO
HCXOJIHOTO MPOAYKTa MacCOOOMEHHOTO TEXHOJIO-
TMYECKOro mnpoiecca 6e3 yCTaHOBICHHUS JOOJITHH-
TEJNBHBIX MMOTOKOBBIX aHAIM3aTOPOB ((U3UUECKUX
JTATYNKOB), TPEOYIOIINX TTOCTOSTHHOM KaJTMOPOBKHU.
[pemioxeHa ycoBepIICHCTBOBAHHAS MOJCIb aBTO-
MAaTH3UPOBaHHON CHCTEMBI TEIUIOBOH 00paboTKu
JUTS anrapara o KOHCEpBUPOBAHHIO TOMaTHOTO COKa,
YTO MO3BOJISIET CPOPMHUPOBATH ONITUMANTBHEIE 3HAYE-
HUSl YHOPABJSIFOUIMX BO3JAEUCTBUNA ISl TOBBILLIEHUS
Ka4yecTBa MCXOIHOI0 MPOAYKTa C MUHUMAaJIbHBIMH
SHEPTEeTHYECKIUMHU H SKOHOMUYECKUMH 3aTPaTaMH.

[IpoBeneHHbIE HATYpHBIE HCCIIEIOBaHUS
MOATBEPANIHN pab0TOCTIOCOOHOCTH MPEATIOKEHHON
MOJEJIA aBTOMAaTU3UPOBAHHOM CUCTEMBI TEIIOBOM
006paboTku. Mcrionb3oBaHKe 1a00paTOpHO YCTAHOBKH
TO3BOJIMIIO  C BBICOKOH TOYHOCTBEO BOCIIPOHM3BECTH
TeMIiepaTypHble TIPOMIITH, TUITUYHBIC IS PEaTbHBIX
MPOM3BOJICTBEHHBIX YCJIOBUH, M SKCHEPHUMEHTAIBHO
JIOKa3aTh BO3MO>KHOCTH ONITUMH3AIIMH PEKUMA I1acTe-
pH3aLIY C UETHI0 MUHUMH3ALMK SHEPreTHYECKUX 3a-
Tpat NpH OJTHOBPEMEHHOM COXPAaHEHNH BBICOKOTO Ka-
YecTBa TOMAaTHOTO COKA.
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IIpuMeHeHHMe TEXHOJIOTUH YACTUYHO! BbINIEYKH KEKCOB
CHenUuaJIU3MPOBAHHOI0 Ha3HaYeHusa B Pecnyoumke Caxa (Axyrus)

Kupa B. BanoBa 12 kiravlad85@mail.ru 0000-0002-2722-7825
Wpuna I1. Bepe3oBukosa 2 Ib234546@gmail.com ' 0000-0001-5897-7699
Ombra JI. Bapnasckast 2 olvarnak@ya.ru 0009-0000-2107-4381

1 ApKTUYECKH Tocy1apCTBEHHBIN arpoTeXHOJIOTHUECKUi YHUBEpcuTeT, 1m1.Cepremsxckoe, 3 km, A.3, 1.5kytck,677007, Poccus
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AHHoTanMsi. MyyHble KOHAUTEPCKHE W3/ENHs (KSKChI) SIBISIFOTCS MPUBIICKATEIBHOM MMO3MIMEH Ul MPOU3BOJACTBA B KAauyecTBE MPOIYKTa
CHELHUAIM3UPOBAHHOIO HA3HAYEHUs, MX PELENTYpbl MOTYT OBITh CKOHCTPYMPOBaHbI B COOTBETCTBUH C IMOTPEOHOCTSIMH MOTpEeOMTENS,
¢ 3aJaHHBIMH cBOicTBaMH. CpOK TOAHOCTH TaKUX U3Jeiuil orpaHudeH 7 cyTkamu. Clio)Hast JIOTUCTHKU B OT/AAJICHHbIC yIychl PecryOmuku
Caxa (SIkyTust) mOTeHUUPYET pa3padoTKy PELEeNnTyp U TEXHOJIOT Uil IPOILYKTOB € JUIUTEIbHBIM CPOKOM T'OJHOCTH. J{J11 MyUYHBIX KOHJUTEPCKUX
U3/ICNINI TaKMM PEIICHUEM MOXKET OBITh MPUMEHEHHE YaCTUYHOH BBINEYKH. B 3TOM CBSI3M LIENbIO MCCICIOBAHHMS SIBISCTCS IPUMEHECHHE
TEXHOJIOTUM OTJIO)KEHHOM YAaCTHYHOH BBINEYKH CHELHUATU3UPOBAHHBIX MYYHbIX KOHIMTEPCKHX H3AENUH (KEKCOB) AJIs HCIOJIb30BaHHUS B
oThaneHHbIX paiioHax PecnyOmuku Caxa (SIkytust). 3agadum ucciieoBaHUs: OTpaOOTKa MapaMeTPOB OTIOKEHHOW YaCTUYHOM BBINICUKU
LIEJIbHO3EPHOBBIX OE3TIIFOTEHOBBIX KEKCOB; MCCIIEI0BAaHNE MTOKa3aTeIel KauecTBa Ha pa3HbIX ATalax IPOM3BOJICTBA M B IPOLECCE XPaHEHMUS;
UCCIIEIOBAHUE COJIEP)KAHHE MPEIIIECTBEHHUKOB 00pa30BaHMs akKpuiaMuaa (acrmapardHOBOM KHCJIOTHI M acnaparusa). [Ipemmaraemas
penenTypa 1 TEXHOJIOTHS ITO3BOJISICT YBEINYHUTH CPOK T'OJJHOCTH U3/IEJINI HA OCHOBE CMECH PUCOBOH IIEITbHO3EPHOBON MYKH M IPEYKH 3€JICHON
HEeNbHO3ePHOBOI 10 180 CyTOK MpH XpaHEHHUH YACTHYHO BBINEUeHHBIX M3emuil mpu munyc 18°C. Usmenus MOTYT GBITh peKOMEHIOBAHKI KaK
0E3IIIIOTCHOBBIM MPOJAYKT M MCTOYHMK IHIIEBBIX BOJIOKOH, C COJCp)KaHWEM HocieHHX 16% peKoMeHIyeMOro CyTOYHOTO MOTPEOIICHUSI.
OpraHoJenTHYeCKUe MOKa3aTeNH U3/IeJIUH T10CIIE IOBBIIEYKU COOTBETCTBYIOT TPeOOBAaHUSAM HOPMATHBHBIX TOKYMEHTOB. [lomy4eHsl faHHbIe
0 COJEpXKaHMM aclaparuHa Kak IpeJUIecTBEHHHKa oOpa3oBaHus akpuiaamuga. CyMMapHOe COJEpKaHHME AacIapardHOBOW KHUCJIOTHI U
acraparvHa IpH TpaJunuoHHOI Bbineuke Ha 10,6% HipKe, YeM B JOBBINEYEHHBIX U3AENUAX. DTOT pe3ybTaT MO3BOJISIET MPOTrHO3UPOBATh U
CHIDKCHHE KOHIICHTPAIMU aKpWJIaMUIa B TaKUX M3JCIUSIX YaCTUYHOM BBIICYKM C JOBBINCYKOH mocie 3amopaxkuBanus. I[IpeioxeHHas
TEXHOJIOTUSI YACTUYHOW BBINCUKH /IS 1I€IbHO3EPHOBBIX OE3IIIOTEHOBBIX KEKCOB MO3BOJIAET HOJIYYUTh NMPOIYKT CTaHIAPTHOTO Ka4yecTBa
HE3aBHCUMO OT MECTa €r0 IPOU3BOJICTBA, YBEINYNUTH CPOK T'OJAHOCTH POIYKTA, OCTABIISS IIPH ATOM KYHUCTYIO STHKETKY», 0€3 HCIOIb30BaHUS
MUIIEBBIX 100aBOK M 00ECIe4nTh CTAOMIBHOCTH OOECHEUYCHHS] HACENICHHs TPYAHOJOCTYNHBIX paiioHOB PecmyOnuku Caxa (SkyTws)
NpOYKIMEH CHeHaIN3UPOBAHHOIO HA3HAUCHUSL.

Karouessie ciioBa: Pecniybimka Caxa (SIkyTust), KEKChI CIIEIIaIN3MPOBAHHOTO HA3HAYCHUS, YACTUYHAS BIIICYKA.

Application of the technology of partial baking of special-purpose
cakes in the Republic of Sakha (Yakutia)

Kira V. lvanova Lz kiravlad85@mail.ru 0000-0002-2722-7825
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Abstract. Pastry (cakes) are an attractive position for production as a specialized product, their recipes can be designed in accordance with the
needs of the consumer, with the specified properties. The shelf life of such products is limited to 7 days. Complex logistics to remote uluses of
the Republic of Sakha (Yakutia) potentiates the development of recipes and technologies for products with a long shelf life. For pastry, this
solution may be the use of partial baking. In this regard, the aim of the study is to apply the technology of delayed partial baking of specialized
pastry (cakes) for use in remote areas of the Republic of Sakha (Yakutia). Research objectives: to develop parameters of delayed partial baking
of whole-grain gluten-free cakes; study of quality indicators at different stages of production and during storage; study of the content of
precursors to acrylamide formation (aspartic acid and asparagine). The proposed recipe and technology allow increasing the shelf life of
products based on a mixture of whole grain rice flour and green whole grain buckwheat up to 180 days when storing partially baked products
at minus 18°C. The products can be recommended as a gluten-free product and a source of dietary fiber, with the content of the latter 16% of
the recommended daily intake. The organoleptic properties of the products after additional baking meet the requirements of regulatory
documents. Data on the content of asparagine as a precursor to the formation of acrylamide were obtained. The total content of aspartic acid
and asparagine in traditional baking is 10.6% lower than in additionally baked products. This result allows us to predict a decrease in the
concentration of acrylamide in such partially baked products with additional baking after freezing. The proposed technology of partial baking
for whole grain gluten-free cakes allows us to obtain a product of standard quality regardless of the place of its production, to increase the shelf
life of the product, while leaving a "clean label", without the use of food additives and to ensure the stability of supplying the population of
hard-to-reach areas of the Republic of Sakha (Yakutia) with specialized products.

Keywords: Respublika Sakha(Yakutia),special-puporse cakes, partial baking.
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BBenenue

CoxpaHeHue 310pOBbsI U TOBBIIICHUE KAYeCTBa
KHM3HU XKUTeIeH APKTHUECKON 30HBI SBIISETCS BaX-
HOM COCTaBJIAOLIECH HAIIMOHATIbHOM 0€301aCHOCTH.
Ha reppuropuu Pecryonuku Caxa (SIkyTust) nposxu-
BaeT 0,7% HaceneHus CTpaHbl. BakHbIM (hakTOpoM
oOecriedeHus1 KadecTBa XH3HM >kuTeneir Cesepa
SIBIISIETCS] IUTAHKE, KOTOPOE OTJINYAETCS OT TPagu-
LIMOHHOTO THIIA MUTAHUsA, YTO CBA3aHO C MPOAOI-
XKUTEIbHBIMU TE€PUOJAMH HHU3KUX TEMIIEpaTyp,
TpaJULIMAMY TUTaHUS KOPEHHBIX JKUTENEH, a Takke
paccpelOTOUYCHHOCTH HACENIEHHUs M0 TEePPUTOPHH
PecnyOnuku, oOmasi miomagb KOTOpOH cocTaB-
asier 3103,2 ThIc. KM%, win 1/5 wacts Poccum.
CeBepHasi 4acTb pecmyONIMKH — 3TO TPYAHOIO-
CTyIHbIE PaliOHbI, CHa0KE€HHE MPOJOBOJILCTBHEM
OCYIIECTBISIETCA MPEUMYIECTBEHHO BO3IYIIHBIM
IyTeM, IpY OJaroNnpUsTHBIX METEOYCIOBHSX.

HccnenoBanust cOCTOSIHUS TUTaHKS, TUIIEBBIX
MIPUBBIYEK M 3a00JI€BAEMOCTH Y JKHTEIEeH ApPKTH-
YECKHUX paliOHOB SIKyTHM IIPUBEIHU K BBIBOLY, YTO
aKTyaJIbHOW 3ajaveld JUId HUX SBISIETCS oOecte-
YEHHOCTh COAJIAHCUPOBAHHBIM M 0OOTaIlCHHBIM
Ne(UIUTHBIMU B YCIIOBUSIX BBICOKHX IIMPOT KOMIIO-
HEHTaMHU: MTUIIEBBIMU BOJIOKHAMH, MTOJIMHEHACHIILICH-
HBIMU JKUPHBIMH KHCJIOTaMH, NOJIH(EHOIBHBIMU
COeMHEHUAMH, BUTaMUHaMu mtutanuem [1]. Jo-
OWUTBHCSI 3TOr0 BO3MOXKHO ITyTEM HCIIOJIb30BAHUS
MIPOJYKTOB CHEUATU3UPOBAHHOTO Ha3HAYCHHUS.
Hampumep, oOoraimeHHbIX HOMOM, MTHIIEBBIMH
BOJIOKHAMH, C HU3KUM TIIMKEMUYECKUM UHJIEKCOM,
0€3rIII0TEHOBBIX M3JENIUH U Ap.

B HacTosmee Bpems BemyTca pa3pabOTKU
[0 pa3HbIM HaMpaBJICHUSM CO3AaHUSI TAKUX HPO-
IYKTOB, C UCTIOJH30BAHUEM ApKTUYECKOTO CHIPHS,
KOTOpoe o0eclieurnBaeT yCTpaHeHue aeduuura
OCHOBHBIX HYTPHUEHTOB: XJI€000YIOUHBIX U3/ICIHI,
OOOTaleHHBIX ~ sresieM, OeTyJuHOM, HOIoM,
¢ BUTaMUHaMHK U 1p. [2-3]

Cpenu Bcex Tpynn HPOAYKTOB IHTaHHUS
MyYHbI€ KOHIUTEPCKHE U3/IEHS HE SBISIFOTCS 0051~
3aTeJIbHBIM KOMIIOHEHTOM PallMOHA, HO BMECTE C
TEM CIpoc Ha HUX B Pecry0iinke JOCTaTOYHO BBI-
cok. Ilo manueiM cratuctuku PecryOnmku Caxa
(SxyTus), mpou3BOACTBO KOHAUTEPCKUX HM3AEIUN
yBenuumioch Ha 7,4% [4].

[IpuBnekarensHOM mO3UMLMENH B TIpymnmne
MYYHBIX KOHAUTEPCKUX H3ACTHH SBISTFOTCS KEKCHI.
Ux peuentypsl MOTyT OBITH CKOHCTPYHPOBaHBI
B COOTBETCTBHH C MOTPEOHOCTSIMH MOTPEOUTENEH,
KEKCBI Pa3pelleHbl IS BKIIOUYEHUS B PALUOH Je-
Ted B JETCKUX JOUIKOJNBHBIX YUPEKICHHSIX,
IIKOJIBHOM IHUTAaHUHU, KEKCOBBIE U3IENUA C YIyd-
IIEHHBIMH TIOTPEOMTENIbCKUMH CBOMCTBAMH H
MUIIEBOM I[IEHHOCTBIO 3aHHMMAIOT OIPENEIEHHOE
MECTO B PallMOHAX MHUTAHUS JIUI] C aJIMMEHTapHO-
3aBHCHUMBIMH 3a00JI€BaHHUSIMU.
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BMmecre ¢ TeM Cpok rOJHOCTH TakuxX H3Je-
JIMU OTpaHUYeH 7 CyTKaMu. B CBS3U CO CIIOKHOU
JIOTHICTHKOM B OTJIJIEHHBIE CEBEPHBIE PaliOHBI (YITyChl)
3TO CTAHOBHTCS OAHOM 13 IPOOJIEM 3a CUET CHIKEHHS
uX KauectBa M Oes3omacHocTu. Pemennem mpo-
OJeMBI MOKET OBITh M3TOTOBJICHUE U3/IENUI MOy~
(habpHuKaToOB BEICOKOW CTETIEHU TOTOBHOCTH, TAKHX
KaK 3aMOpOXKEHHBIX I10CJI€ YAaCTUYHOM BBIMIEUKH.
Bonpmmm npenMyniecTBOM TakUX HU3ACIUN SBIIS-
€TCs IIUTEIBHBINA CPOK TOJHOCTH, HE3aBUCHMOCTb
OT HAJIMYHA CBIPbs VTS IPOU3BOICTBA CIICLIUATIM3UPO-
BaHHOTI'0 MIPO/IYKTA, IPOCTOTA MPUTOTOBIICHUSL.

[pyruM acmekToM B IOJIb3Y NPUMEHEHHS
YaCTUYHON BBINEYKU SBJSIFOTCS pPE3yJIbTaThl HUC-
CIEIOBAaHUM MOCIENHUX JIET, MOKAa3aBIIMX, YTO
MIPEeIBApUTEIbHOE 3aMOPAXKUBAHUE KPAXMAJICO-
JEepKALIUX MPOAYKTOB MOXKET CIIYKUTh (PaKTOpOM
CHIDKEHHS 00pa30BaHus akpuiiaMuaa, GopMupyro-
merocst npu temneparypax cebimre 120° C B kpax-
MaJicoiep KalluX MPOIyKTax B MPOLECCE PeaKINU
acraparviia ¢ pelyLupyroIIMHI caxapaMu B yCIIO-
BUSIX peakuun Maiisipa [5].

Henn nceenoBanus — IPUMEHEHUE TEXHO-
JIOTHH OTJIOKEHHOM YaCTUYHOW BBIINIEYKU CIIELHA-
JIU3UPOBAHHBIX MYYHBIX KOHIUTEPCKUX H3IETUi
(KEKCOB) ISl KICTIOJIb30BAHUSI B OTJAJICHHBIX PaioHax
Pecrry0Onmku Caxa (SAxyTns).

MarepuaJibl M METOABI

Celppe: MyKa pHCOBas IIEIbHO3EPHOBAs
TY 9293-002-43175543-03; 3epHO TpeUUXH
HEnpomnapeHHoe IpoOiieHoe (M3 3eeHON TPEedKH
nenpHO3epHOBOI) CTO  21318887-004-2013;
MyKa MIIeHWYHas XjeOoIeKapHas BBICIIMI COpPT
I'OCT 26574-2017; caxap-necok 'OCT 33222—
2015; macno couBounoe 82,5% I'OCT 32261-2013;
paspsixsutenb Tecta TY10.89.19-017-42450906—
2018; sifna xkypunsle [OCT 31654-2012; conb
noBapenHas rumeBas ['OCT P 51574-2018.

J171s1 O1IeHKM KauecTBa MPUMEHSUIUCH CTaHAapT-
HBIE OpraHoJeNTHYeCKUe U (DU3UKO-XUMHYECKUE
METO/Ibl UCCIIE0OBAHUM, MIPUHATHIE B KOHJUTEPCKOM
oTpaciy: OpraHoOJICITUYECKUE II0Ka3aTeinu Io
I'OCT 5897-90; maccoBas moinsg Binaru o 'OCT
5900-2014; mmotHocts mo I'OCT 15810-2014;
acraparvH — METOJOM KalWUIAPHOTO 3JIEKTPodo-
pe3a Ha npudope «Kanenp -105M». CtpykTypHO-
MEXaHMYECKHE II0Ka3aTeNn MAKHIIA — Ha CTPYKTYPO-
Metpe CT-2. AKTHBHOCTH BOJIBI — HA aHAINU3aTOPe
axtuBHOocTH Bobl Aqualab 4TE Jlangop.

B kauecTBe KOHTPOJIBHBIX 00pa3lOB UCCIe-
JIOBaHBI TECTO M TOTOBBIC M3/ACIHA MO PELENType
Ha OCHOBE IMIICHUYHOW MYKH; JKCIIEpPHMEHTAIbHBIC
00pa3sIiel — U3 CMECH NEIHHO3EPHOBOI PHUCOBOH H
Myku u rpedku (30:70%) (tabmuna 1). Texuaono-
rus nosrygadpukaTa TecTa TpaIuLHMOHHAS 15 KEK-
COB C paspbIxsuTenem [6].
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[NapameTps! BBITICUKH: YaCTHYHAS BHIICUYKa
B MApOKOHBEKTOMAaTe B PEXHUME KOHBEKIUH MpPHU
temmeparype 180 °C o TemmepaTypbl B IEHTpE
60 °C, nanee 00pa3ibl 3aMOPaKUBAIIUCH 10 TEMIIC-
parypsl B 1ieHTpe -18 °C B mkady MHTEHCHBHOTO
3aMOpaKMBaHMs, JOBBIIIEYKA MPOM3BOAMIACEH
B MApOKOHBEKTOMAaTe B PEXHUME KOHBEKIUH MpPHU
temmeparype 180 °C o TemmepaTypbl B IEHTpE
uznenuit 99 °C. KoHTpoJb TeMIiepaTypbl IPOU3BO-
JTWIICS TEPMOIIYTIaMH, BCTPOEHHBIMH B TETUIOBOE U
XOJIOMUIIBHOE 000pyIOBaHUE.

3aMOpOKEHHBIE TTOTYBBIIICUYCHHBIC M3/ICIHS
BaKyyMHUPOBAJIUCH U 3aKJIa/IbIBAJINCh HA XpaHEHHE
npu temneparype -18 °C. Touku uccrnenoBaHus
obpasioB ompenessuincs mo MYK 4.2.1847-04
ko3 ummenT pesepra — 1,15, aisa cpoka romgHO-
CTU 6 MecsLEeB.

Hedpocranus nepen NTOBBIIEUKOH MPOU3BO-
JIMITAch B XOJOMWIBLHOM IKady B TeueHue 12 gacos
npu Temnepatype 4 + 2 °C, 3aTteM pu Temreparype
18 + 2 °C B Teuenue 30 MUH 10 JOCTKEHHS TEMIIE-
partypsl B rieHTpe u3nenuii 18 + 2 °C.

[ToMrMO OTIIOXKEHHOH BEIIEYKH 00OpPAa3IOB
ObUIa WCTMONB30BaHA W TPAAWIIMOHHAS BEHITIEUKA,

post@uestnik-vsuet.ru

B MAPOKOHBEKTOMATE B PEIKMME KOHBEKIIUH TIPU TEM-
neparype 180 °C no Temmepatypsbl B iieHTpe 99 °C

Craructudeckass o0paboTKa pe3yabTaToB
uccnenosanus — SPSS, V. 17.0, cpaBHEHHE MEXTPYII-
MOBBIX PA3IMUUI CPEAHUX 3HAYCHUH — HEMapaMeTpu-
YeCKWe TeCThl. 3HAYMMOCTh pasmuuuii mpu 95%
ypoeae HaaexuoctH (p <0,05).

Pe3yabTarhl n 00cy:xaeHue

B Tabnuie 1 npencrasiena peLenTypa 3Kcre-
pPUMEHTANBHBIX m3eui. OOOCHOBAaHUE PEIETITYPHI
MIPHUBENEHO aBTOpaMu panee [7].

B Tabmure 2 npuBeneHbl (PU3NKO-XHMHIYC-
CKHE MOKa3aTeH.

[MumieBas nenHocts Ha T/ 100 1. mpoaykra:
oemku — 6,0, xupsl — 22,5, yrineBoapl — 44,0, muaie-
BbIe BosIokHA 4,0 . B moprmu (80 r.): Oenku 4,8 T,
skupsbl -18,0 T, yriieBoasl 35,2 T, MUIEBbIC BOJIOKHA
3,2 r.DHeprernyeckas meHHOCTh: 504,3 Kkai;
2111,4 x/Ix. CoaepxkaHue NUIIEBBIX BOJOKOH
B niopimu kekca (> 15% cyrouHoit pexoMeHTyeMoi
MOTPEOHOCTH) JaeT BO3MOKHBIM PEKOMEHIOBAThH
M3JIeNHA B KA4eCTBE WX NCTOYHHKA.

Tabanuna 1.

Penentypa kekca 11eJIbHO3epHOBOTO OE3IIIF0TEHOBOTO

Table 1.

Recipe for whole grain gluten free cakes

Maccosas o Pacxon CBIPBSI HA 100 wrr. .
Crrpsé | Ingredients CyXUX BemIeoTS | rotosbIx u3nesmii, r | Amount of ingredients
P 9 %X W imht o consumption per 100 portions baked cakes, g
ry weight, o B Hatype | inkind | Bcyxux BemiectBax | in dry matter
Cwmech nenpHO3epHOBast | Whole grain mixture 85,00 3600,00 3078,00
Macsio cnuBouHoe 82,5% | Butter 82.5% 84,00 2160,00 1814,40
Menamk (u3 sinir C1) | Melange (from C1 eggs) 27,00 1800,00 486,00
Caxap-niecok | Granulated sugar 99,85 1350,00 1347,98
Paspbixsmrens Tecta | Baking powder 82,00 81,00 66,42
Cous | Salt 96,50 9,00 8,69
Hroro | Total - 9000,00 6801,48
Beixon | Portion size 78,0 8000,00 6240,00
Brnaxkrocts | Moisture 22,0% + 2,0%
Tabnuna 2.

OU3MKO-XUMHYECKHE TIOKA3ATEIN KEKCOB OTIOKEHHOM Boireukn (M = SE)

Table 2.

Physicochemical properties of delayed baking cakes (M + SE)

Tpammmonnas Beiredka | Traditional baking Omnoxxennas Boieuka | Delayed baking
Kowtposs | Control DKCIIEPUMEHT |
Experiment
TMoxkazaren | Sncrieprmes | JoBbmmeuka | [loBemeuka | [loBeimeuka | JloBeimedka
Parametrs Kontpous | Control Expg’im ent 180cyr| | 207 cyrok| | 180cyr| | 207 cyrok |
Re-baking | Re-baking | Re-baking | Re-baking
180 days 207 days 180 days 207 days
storage storage* storage storage*
MaccoBas o715 Biiaru | Moisture 19,9+0,32 22,640,154 20,0+0,122 | 19,5+0,16” | 19,0+0,712 | 19,7+0,21°
Vnek | Baking loss 10,7+0,10° 10,5+0,248 12,11+0,272 | 12,240,0012 | 13,3+0,001* | 14,0+0,31°
[TnotHocts | Density 0,52+0,01° 0,6440,0018 0,70+0,12° | 0,75+0,0012 | 0,75+0,001” | 0,79+0,02*
Beicota u3nenus | Product height 5,740,112 4,8+0,06" 5,640,132 | 52+007° | 4,9+0,02~ | 4,4+0,088

TIpuMeuanve: MPOMUCHBIME U CTPOYHBIME OyKBaMH [TOKa3aHbI BHYTPUTPYIoBbie pasiudws (Bordeponnu tect, p < 0,05)
Note: Mean values with different superscripts on the same column significantly (Bonferroni test, p < 0,05)
* pu CpOKe rOIHOCTH 6 MecsitieB, ¢ yueroM koabduimenta pesepsa | shelf life of 6 months, considering the reserve factor
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BnusiHue nBYXATamHOW BBIIIEYKH KEKCOB
C 3aMOpa)XKMBaHUEM, HU3KOTEMIIEPAaTypHbIM XpaHe-
HHUEM U TIOCIIETYIOIIEeH TOBBITEYKOW OBLIO BIEPBEIE
npencrasieHo B 2008 roxay. IlokazaHo, 4To Ha Ka-
YEeCTBO JIOBBIIIEYECHHBIX MONTy(habpHUKaTOB TMOCIE
pPa3MOpaXMBaHUSI U TOBTOPHOH BBITICUKU BIIUSIET
BpeMs MTOJTYBBINEYKH TEpe]] ero 3aMOpaKUBaHHEM
Y TIPOMEXXYTOYHOE BPEeMsI XpaHEHHS B 3aMOPOKEH-
HOM coctostHnd. [IpenBapurenpHast BBIITEUKa MPo-
TOIDKUTENBHOCTHIO 0 20 MUHYT, 3aMOpaXKUBaHHE
U XpaHeHHue J10 3 MecALEB MOKa3ano TakHue ke Mo-
Ka3aTeNr KauyecTBa, Kak B KOHTPOJIBbHBIX 00pa3Lax.
KadecTBO NOBBINEUEHHBIX U3ACTUI MOCTIE HU3KO-
TEMIIEPATypHOTO XpaHEHHUs] HE 3aBUCENIO OT Bpe-
MEHHM BhIITeUKH [8].

B Haiem rccienoBaHuy BpeMsl MOy BBITCUKH
coctapisuio 10 MHMHYT, YTO JaBajio CTaOMIIbHBIH
MSIKUIIL, He OCENAI0NINH 1OCTie BHIHUMAHUS KEKCOB
Y UX 3aMOpaKUBaHWH. 3aKOHOMEPHOCTH M3MEHEHUS
KavecTBa KEKCOB OBLTH aHAJOTMYHBI TPHBEICHHBIM
B YKa3aHHOM HCCIIEIOBaHUH.

MaccoBast 10714 BIIary BO BCEX HCCIIEIOBAHHBIX
obpasliax HE 3aBHCEIa OT BHAA MYKH M CIOC00a
BBITICYKH W COOTBETCTBOBAJIA TPeOOBaHMAM JEHCTBY-
FOIMX HOPMATHBHBIX TOKyMEHTOB (12-24%).

VYHek wu3genuif, MPUTrOTOBICHHBIX KaK W3
MIICHUYHOW MYKH, TaK W U3 LEIbHO3EPHOBOM
CMECH, C TPAJIUITMOHHON BBITICUKON OBLI HIDKE, YeM
Y JTOBBINIEYECHHBIX M3/CNUH MOCIe HU3KOTEMITEpaTyp-
HOTO XpaHEHHs TMOTyBBIIEUYSHHBIX 3aMOPOKEHHBIX
noyhaOpruKaToB. ITO MOXKHO CBS3aTh C TE€M, YTO
B CJIy4ae OTJIOXKEHHOM YaCTUYHOW BBIIIEUKH CYM-
MapHbIe TIOTEPU CKIAJIBIBAIOTCS M3 IMOTEPh MpPH
oIty BbITIedKe (B cpegaeM 4%), moTeps pyu HHTEH-
CHBHOM 3aMOpaXKuBaHuU u aedpocramuu (10 1%)
W JIOBBITICUKE, HE3aBUCHMO OT BHa MYKH.

[TnoTHOCTH 00pa31I0B, BHINIEUEHHBIX U3 IIIIIE-
HAYHOM MYKH IO TPaAMLIMOHHON TEXHOJOTHUU
HWXE, YeM y TaKOBBIX U3 IIEITbHO3EPHOBON CMECH.
[loBBIIIIeHHE TIIOTHOCTH MOYKHO OOBSCHUTH Pa3Iiu-
YUSMH XMMHYECKOTO COCTaBa MINEHUYHOH MYKH
Y 11€JIbHO3EpHOBOM OE3TII0TEHOBOI CMeCcH — BBICO-
KHM COJIEP)KaHWEM THIIEBBIX BOJOKOH (o 10%)
B nocieauel. [IpruMeHeHne TeXHOI0ruu OTIIOKEHHON
YaCTUYHOM BBINIEYKH TPUBOIMIO K TIOBBIIICHHUIO
IUIOTHOCTH KaK OJKCIIEPUMEHTAIBHBIX, TaK H
KOHTPOJIBHBIX 00pa3loB, YTO MOXHO CBS3aTh
C TpolleccaMu PETPOrpajiallii Kpaxmalsia B Ipo-
Lecce 3aMOPaKMBAHMS MOJTYBBITEUYEHHBIX 00Pa3LIoB.

MaxkcumanbHasi BRICOTa M3JIeNuid Oblia y 00-
Pa3LOB U3 MILIEHNYHON MyKHU 1 ObLiIa OTMHAKOBON Kak
NPH TPaJULIMOHHOH BBINIEUKE, TAK U B JOBBIIEYEHHBIX
o0pas1iax mocie 6-MecTIHOro HU3KOTEMITEPATYPHOTO
XpaHeHusl. BpicoTa KEKCOB M3 LEIBHO3EPHOBOM
cMecH MeHbIIIe, YeM U3 ILIEeHNYHOH Myku Ha 4,1%.
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[Ipu 3TOM OHa OBLIA OMUHAKOBOW KaK IPH Tpau-
IIOHHOM CIOocO0€ BBITIEUKH, TaK W IIPU JIOBBITIEUKE
rocyie XxpaHeHust (Tabnuna 2). Y CTaHOBJIGHBI OTpUIIa-
TENbHBIE KOPPEIAIIN MEX/TY INIOTHOCTHIO F3IEHH 1
WX BBICOTOH y OBBITICYEHHBIX m3nenwid. J{is obpas-
OB M3 MIICHAYHON MYKH IPH 6-MECSIMHOM XpaHeHUN

= -1,000 (p< 0,01), U3 1IETBEHO3EPHOBON CMeECH
r=-0,974 (p< 0,01), Jlist TpaIgUIHOHHOM BBIIEUKH
3HAYMMBIX KOppeIsiuii He ycranosieHo. Ha ¢aze
WCCIIEZIOBaHUL ¢ y4eToM Kod(duLeHTa pesepsa
(207 cyTOK) CBSI3HM aHAIOTMYHBI 6-MECSTTHOMY XPAaHEHHFO.

Ha pucynke 1 npeacraBieHsl goTtorpaduu
00pas310B BBITICUCHHBIX H3/ICIHIA.

HecwmoTtpst Ha pa3niius B GH3UKO-XUMUUECKHX
TMOKa3aTessIX, OPraHOIENTHYECKHE TTOKA3aTeNI BCEX
WCCIIETOBAHHBIX 0Opa3IlOB COOTBETCTBOBAIH Tpe-
0oBanusM, ycranoBieHabiMu ['OCT 15052-2014.

Pucynox 1. OGpa3ubl BBIIEYEHHBIX KEKCOB: | — rmrre-
HUYHBIA TPAJUIIMOHHAS BBINEUKA; 2 — IeIbHO3EPHOBOMN
TpaJUuIIMOHHAA BBITNICYKA, 3 — MIIEeHUYHBIN JOBBIIICYKa
YaCTUYHO BBIIICYCHHBIX, 4 — L[eJ'IBHOSepHOBOfI JOBBI-
II€YKa 4aCTUYHO BbIIICYCHHBIX

Figure 1. Samples of baked cakes: 1 — wheat traditional
baking; 2 — whole grain traditional baking; 3 — wheat re-
baking partially baked; 4 — whole grain re-baking
partially baked

st 00BbEeKTUBHOM OLIEHKH OpeziesieHa o01ast
nedopManus MSKUIIA KEKCOB. Y CBEXEHCIeUeH-
HBIX KEKCOB 3TOT IOKa3aTeslb HEe pasinyajics Ui
KOHTPOJIBHOTO W SKCIIEPUMEHTAILHOTO 00pasIioB:
502+ 0,08 u 4,89+ 0,05MM, COOTBETCTBEHHO
(p= 0,085). Y nOBBINIEYECHHBIX W3JCIUI TOCIE
180-cyTo4HOr0 HU3KOTEMIEPATYPHOTO XPaHEHHUS
9TOT ITOKAa3aTelNlb TaKKe HE 3aBHUCEN OT BHJA U3Je-
mus (p= 0,162) 1 yMeHbIIMIICS 1O CPaBHEHHIO
C UCXOJIHBIM ITOKa3areneM B 4,1 pasa u Obu1 o1MHA-
KOBBIM ¢ 0o0mieil redopmanueil 1eIbHO3epHOBBIX
KEKCOB TPaJIMIIMIOHHON BBINEYKH HA 7 JEHb XpaHe-
Hust (1,20 &+ 0,07 mm). CHkeHHe mokazatens ooreit
nepopMaliy Mpyu XpaHEHNH KEKCOB SIBIISIETCS 3a-
KOHOMEpPHBIM ~ TIPOIIECCOM,  OOYCIIOBICHHBIM
MpoLEccCaMy PETPOrpaJallii Kpaxmaa.
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Brimeuka KeKCOB MTPOU3BOJUTCS TIPH TEMITE-
patype 180° C, uro mig kpaxmaiacomepiKamux
MPOAYKTOB sIBJsieTcsl (pakTopoM 0Opa3oBaHMs
aKpuiaamMuia. MydHble KOHIUTSPCKUE U3TCIHSI OT-
HOCATCSI K MPOMYKTaM C BBICOKHM COZEp:KaHHEeM
akpuiamuza [9], mpu NOBBIICHHOM YPOBHE COJICpKa-
HUSI KOTOPOT'O B PAIMOHE MTUTAHKST BO3MOXKHO TIPOSIB-
JICHUE TOKCHYECKOTO M KaHIIEPOTCHHOTo 3¢ eKra.
[penmecTBeHHUKAMHU O0pa30BaHUS AKPUIAMUJIA
SIBIISIIOTCSL acTlaparvH W PeaylUpyIoIUe caxapa.
HccnepoBarenn oTMeHarOT MOJOKHUTEIbHBIE KOP-
PENSIIHE MEXIY COACPKaHUEM acraparuHa u 00-
pasoBanueM akpwiamuga [10-12]. Jlns oreHku
TUITOTE3bI O BIUSHUM TEXHOJOTHH KEKCOB Ha (op-
MUPOBaHUE aKpHIAMUJIA, IPOBEICHO ONpeeIicHHE
CYMMapHOTO COJICpyKaHHsI acriapariHOBON KHCIIOTHI U
acraparufa (PUCYHOK 2).

a

._|_.

I[OBBIHG‘{CHHBIC U3CITIAS ‘

Re-baking partially baked

b
TpaauuuoHHas BhIIICYKA | ]_|
Traditional baking
a
Tecro | Dough ——

360 380 400 420 440 460 480 500
AcmnaparnraoBas kucnoTa+acmaparu, mr/100 T
CyXOTO BelllecTBa

Aspartic acid+asparagine, mg/100 g

dry matter

PucyHnok 2. AcnaparuHoBasi KHCJIOTa U aclaparuH B
HEJIbHO3CPHOBLIX KEKCAX PA3HBIX CII0COOOB BBIITEYKH.
[Tpumeuanue: CTpOYHBIME OyKBaMHU MOKa3aHbI BHYTPHU-
rpymmossie paznuuust (boudpeponnu tect, p < 0,05)

Figure 2. Aspartic acid and asparagine in whole grain cakes
of different baking methods. Note: Mean values with
different superscripts significantly (Bonferroni test, p < 0,05)

CyMMapHOe cojep:KaHHe acraparuHOBOM
KHCIIOTHI Y acTIaparuHa Mpy TPaTUIMOHHOHN BBITICUKE
Ha 10,6% umKke, YeM B IOBLIIEUCHHBIX HM3ICTHIX.
OTOT pe3ynbTaT TIO3BOJIIET MIPOTHO3UPOBATH U
CHIKCHUE KOHIIEHTPAINH aKPWIAMHIA B TaKUX
M3AENUAX YaCTUYHOW BBINEYKU C JOBBINECUYKOU
MOCJIE 3aMOPaKUBAHUSL.

dakTopaMu, BIUSIOIIMMU HAa COAEpKaHUE
aKpUIaMH/IA B TEPMUYECKH 00paOOTAHHBIX MHITIEBBIX
MPOIYKTaX, TAKUX KaK XJIeOOOYyIIOUHBIE H3IEITHs,
SIBIITFOTCSl HadajdbHAs KOHIICHTPAIHS IMPEKYyPCo-
POB, UX COOTHOIICHHE, KAYECTBO MYKH, TAKOE KaK
MHTEHCHBHOCTh IIOMOJIA MYKH, YCJIOBUS (pepMeH-
TalMM, METOJABl TepMHu4eckoil o0pabotkm pH,
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COJIep)KaHWEe ¥ AaKTUBHOCTh BOJBI, (U3HUECKOE
COCTOSIHUE TPOAyKTa, n00aBku u T. 1. [13,14].
IMokazaHo, 4TO MOKa3aTeNh aKTHBHOCTH BOJIBI B JIHa-
mazone ot 04 mo 0,8 m comeprkanmu Biark <5%,
OyJeT crmocoOCTBOBAThH peakiuu Maiisipa, 4To BITO-
CJICJICTBUH IIPUBECT K 00pa30BaHUIO aKpUIIaAMU/IA,
a TIOBBIIIEHHE MOKazaresss Oosiee 0,8 BBI3BIBAET
CHI)KCHUE CKOPOCTHU peakiuu Maiispa, B pe3yiib-
TaTe pazOaBiieHUs HEOOXOAMMBIX CyOCTpaToB IS
ee mporekaHus. [lo mHeHuto Myctadsl u ap. u
Baccamel u ip. [15-17], akTHBHOCTE BOZIBI (aW) SIBIIS-
€TCsl OJTHUM U3 (DAKTOPOB, BITUSIIOIINX HA KOJIMUECTBO
00pa3yromerocs akpwiaMua Mpyu TEPMHUYSCKOH
00paboTKe MUIIEBHIX MPOTYKTOB.

B Hamem wuccriegoBaHuu TokaszaTellb AW
JUTS M37ICITUS] YaCTUIHOH BBIMICYKH IIEPE]T JOBBITICY-
koi coctaui 0,88, 4TO TakKe SIBISETCS XOPOLIUM
MPOTHOCTHYECKAM (DaKTOPOM CHIDKEHHSI 00pazo-
BaHUS aKpUJIaMUJIA.

IIprmeHeHne TEXHOJIOTUM OTJIOKEHHOM 4a-
CTHUYHOM BBINCUKH C 3aMOPOKUBAHUEM TIOJTYBbINICUCH-
HBIX M3JICIHMH TAKKE MOXKET NPHBECTH K CHIDKCHHUIO
TTIMKEMIUYECKOTO HMHJIEKCa TPOayKTa. Takoil a¢dert
ObLT MoKa3aH B pabote Borczak, B. et al [18, 19] u
TpeOyeT JaJIbHEHIIIero U3yueHusl.

3akiouenue

[Mpeanaraemas penentypa ¥ TEXHOJIOTHS
MO3BOJIICT YBEJIMYUTH CPOK TOAHOCTH U3ACITHIA 10
180 cyrok. M3aenust MOTYT OBITH PEKOMEHIOBaHBI
Kak OE3IJIIOTEHOBBIM NPOIYKT M UCTOYHUK IHIIE-
BBIX BOJIOKOH, C COZAEp)KaHHeM mnocienHux 16%
peKOMeHIyeMoro cyTouHoro norpetienus [20].

OprasoyienTHYecKUe TOKa3aTelu W3AeIui
M0CJIE€ JIOBBIIEYKH COOTBETCTBYIOT TPEOOBaHHAM
HOPMATUBHBIX JOKYMEHTOB.

INomyyeHs! JaHHbBIE O COAEPKaHUH aclaparuHa
KaK Ipe/ecTBeHHIKa 00pa3oBaHms aKkpHiIaMua.
CyMMapHOe COJep)KaHHe acrapariHOBOW KHC-
JIOTHI M acHapardHa Ipu TPaJuLMOHHON BBIIIEUKE
Ha 10,6% HKe, 4eM B JOBBIIIEYEHHBIX M3JEIHUSX.
OTOT pe3ynbTaT MO3BOJIIET NPOTHO3UPOBATh MU
CHIDKEHHE KOHIICHTpAIlMM aKpWiaMuaa B TaKUX
MU3AEJUSAX YAaCTMUYHOW BBINEYKU C JIOBBIEUKOUN
MoCJe 3aMOPaKUBAHHS.

[IpeanoxxeHHass TEXHOJIOTHSI YaCTUYHOU
BBINEYKH Ul LEIbHO3EPHOBBIX OE3rIIOTEHOBBIX
KEKCOB TO3BOJISIET TTOYUYHTh MPOIAYKT CTAHAAPTHOTO
KauecTBa HE3aBUCUMO OT MECTa €ro MpOM3BOZICTBA,
VBEJIMYNTh CPOK TOJHOCTH TPOJYKTA, OCTABIISIS MPH
39TOM «YHCTYIO 3THKETKY», 0€3 HCIIOJIb30BaHHMs
MUILEBBIX 100aBOK M 00ECHeunuTh CTAOMIBHOCTH
obecrieueHUs! HACENICHHS TPYHOIOCTYITHBIX Paio-
HOB PecnyOmmku Caxa (SIkyTusi) mnpomayKiiuei
CHENHANTN3UPOBAHHOTO HA3HAUCHHS.
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AnnoTtamus. [IpoBeneHo uccieoBaHue 110 OIpe/eTIeHHIO PAIIHOHAIBHEIX ITapaMeTPOB yIbTPa3ByYKOBOH SKCTPAKIMU OUOIOTHYECKI
axTuBHBIX BemmecTB (BAB) u3 3Bepobost (Hypericum perforatum L.). B kauectBe BappupyeMbIX ()akTOPOB BEIOpaHBI: TeMIIEpaTypa
skcrparedTa (Xi), ruxpoMonyis (X2) u BpeMs Skcrmo3umuu (Xs). s mpoBemeHHs 3KCHEPHMEHTa NPUMEHEHB! LEHTPAIbHOE
KOMIIO3UIIMOHHOE poTaTadenbHoe YHH(OPMIUIAHUPOBAHWE W MOJHBIA (DAKTOPHBIH SKCIIEPHUMEHT, BKIroYaromuii 20 OIBITOB.
[Momy4yeHHbIe AKCHIEpHMEHTAJIbHBIC JaHHBIE O00pabOTaHBI C HCIOJIB30BAaHHEM MAaTEeMaTHYeCKHX METOJOB, B Ppe3yJbTaTe 4Yero
MOCTPOCHBI HEJTMHEWHBIE PEerpeCCHOHHBIE MOEIN BTOPOTO MOPSIIKA, OIMCHIBAIOIINE BBIXOJ CyXHX BemecTB (Y1) M aHTHOKCHIAHTHYIO
akTuBHOCTH (Y?2). IIpoBenéH aHanmM3 CTENeHH BIMSHHS KaXIOro (akTopa Ha KPUTEPUH OLEHKH. YCTaHOBJIEHO, YTO HawOoJblIee
BIIMSIHUE HA 00a KpUTEPUsI OKa3bIBaeT TeMIlepaTypa SKCTpareHTa, HauMeHbIee — BPeMsl SKCTparupoBanust. OnTHMaIbHbIE THANa30HbI
BapbupoBaHus (hakTopoB coctaBmm: X1 =47-50,8 °C, X2 =1:19,8-1:21 r/em?, X3 = 14,7-21,6 MuH. B 3THX yclIoBusIX obecreunBacTcs
BbIXOA Y1 =49,362-50,5 r/Kr 1 aHTHOKCHIaHTHas akTHBHOCTD Y2 = 387,89-410,50 mr/nm*. PazpaboTaHa KOHCTPYKUUS IPSIMOTOYHOTO
SKCTPAKTOPa, MO3BOJAIOMIETO PEaTn30BaTh HEMPEPBIBHBIA NPOIECC 3KCTPAKIUH C yIbTPa3BYKOBBIM Bo3zeicTBHeM. lIpumMeneHne
JAHHOTO 00OpyAOBaHUS oOecrednBacT MOBHINICHUE 3G QeKTUBHOCTH U3BIeYeHUsI BAB, cokparieHne BpeMeHH SKCTPardpOBaHUSL,
CHIDKEHHE PacXoJa 3KCTPareHTa M COXPaHEHHE LIEHHBIX CBOWCTB 3KCTpakTa. IloydeHHbIe pe3ylbTaThl MOTYT OBITH HCIOJIB30BAHEI
JUISL MacIITaOMPOBAaHUS TPOIECCa M BHEAPEHHS B TEXHOJIOTHH IIPOM3BOJCTBA (DUTONPENApaToB U (DYHKIMOHAIBHBIX IHIIEBBIX
IPOIYKTOB Ha OCHOBE 3BEPO0OOSL.

KnroueBbie cjoBa: yipTpa3ByKoBas SKCTPAKIHs, 3BepO00ii, OMOJOTHUECKN aKTHBHBIC BEIECTBA, ONTHMH3ALMS, MaTeMaTHIECKOe
MOJIEINPOBaHHE, THAPOMOIYIIb.

Rational Parameters for Ultrasonic Extraction of Bioactive Compounds
from Hypericum perforatum
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Abstract. A study was conducted to determine the optimal parameters for ultrasonic extraction of biologically active compounds (BAC) from
St. John's wort (Hypericum perforatum L.). The selected variable factors included extractant temperature (X1), solid-to-liquid ratio (X2), and
exposure time (X3). The experimental design was based on a central composite rotatable uniform design and a full factorial experiment with
atotal of 20 runs. The collected experimental data were processed using mathematical methods, resulting in second-order nonlinear regression
models describing the dry matter yield (Y1) and antioxidant activity (Y2) of the extracts. An analysis of the regression coefficients revealed
that extractant temperature had the strongest influence on both output parameters, while exposure time had the weakest. The optimal parameter
ranges were identified as follows: X1 = 47-50.8 °C, X2 = 1:19.8-1:21 g/em?, X3 = 14.7-21.6 minutes. Under these conditions, the yield of
dry matter ranged from 49.362 to 50.5 g/kg and antioxidant activity from 387.89 to 410.50 mg/dm?. A direct-flow extractor design was
proposed, enabling a continuous extraction process with ultrasonic treatment. The implementation of this equipment improves the efficiency
of BAC extraction, reduces extraction time and solvent consumption, and preserves the biological properties of the extract. The results obtained
are suitable for scaling up and can be applied in the development of industrial technologies for producing herbal medicinal products and
functional food ingredients based on St. John’s wort.

Keywords: ultrasonic extraction, hypericum perforatum, bioactive compounds, optimization, mathematical modeling, solid-to-liquid ratio.
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BBenenue

3Bepoboit (Hypericum perforatum L.) — omxo
13 HaHOOoJIee U3YUCHHBIX JICKAPCTBEHHBIX PACTCHUM,
LIUPOKO MPHMEHSEMOE B TPAJUIIMOHHON M COBPEMEH-
HOM MeIMIIMHE OJ1arofapst CBOUM aHTH/ICTIPECCUBHBIM,
MPOTUBOBOCHIATIUTENLHBIM, aHTHMUKPOOHBIM U aH-
THOKCH/IAHTHBIM cBOMcTBaM [1].

OCHOBHBIMH  OHOJIOTHYECKH aKTHBHBIMHU
BEIIECTBAMH 3BEpO0O0ST SBIAIOTCS (DITABOHOHUIBI,
HapTOAMAHTPOHBI, (HIOPOTITIOUMHEI, AYyOUIbHBIC
BelecTBa, d3pupHOEe Macio [2].

JA7st n3BNEYCHNS 3TUX COSAMHEHUH U3 PacTH-
TENBHOTO CBHIPBS HCTIOB3YIOTCS PA3IMUHbIE METO/IBI
SKCTPAKIIMH, CPEIH KOTOPBIX YIIETPA3ByKOBast SKCTPAK-
st (Y30) 3apexkoMeHoBaia ce0sl Kak S QeKTUBHBIN
1 SKOHOMHYECKH BBITOJIHBIHN c110c00.

VYIbTpa3ByKoBasi SKCTPAKIMsS OCHOBAaHA Ha
SIBIICHUU KaBUTAIMH, KOTOPOE BO3HUKAET MO JIeH-
CTBHEM YIIbTPa3BYKOBBIX BOJIH. KaBUTalMOHHBIE
My3bIPBKH, 00pa3ylonuecss B pacTBOPUTEINE, pa3-
PYLIAIOT KIJIETOYHBIE CTEHKH PacTUTEILHOTO MaTe-
puana, 9To CrocoOCTByeT Oolieeé MHTEHCHBHOMY
BBIJICJICHUIO 1IEJIEBBIX coeAuHeHul. [Ipenmyne-
CTBAMHU YJBTPa3BYKOBOH SKCTPAKIUH SIBIISIOTCS
COKpaIllcHHEe BPEMEHU OSKCTPAKIUH, CHIKCHUE
pacxoja pPacTBOPHUTENI M TOBBIIICHHE BBIXOZA
OMOIIOTUYECKH aKTHBHEBIX BellecTs [3—6].

Pe3y.]'[l>TaTbI u chymI(eHHe

[ns uccnenoBaHusl B3aUMOJICUCTBHS pas3-
JUYHBIX (HaKTOPOB, BIUSIOMIMX Ha TMPOIECC IKC-
TPaKUUHU 3Bepo00s ¢ IPUMEHEHHEM YJIbTPa3BYKa,
MIPUMEHAIOTCA MaTeMaTHYECKHUE METO IbI TUITAHUPO-
BaHUs dKcrepuMenTa [7, 8].

Maremarideckoe OnMcaHue JAaHHOTO TpoLiecca
MOMy4eHo sMrmprdeck. [Ipu 3ToM ero maremarnde-
CKasl MOJIeNIb MMEET BUJ YpPaBHEHHS PErpPecCHH,
HaWJIEHHOr'0 CTATHCTUYECKUMU METOaMH Ha OCHOBE
JKCIIEPIMEHTOB. MaTemaTiyeckas MOJENb H3ydae-
MOro Ipolecca IpeJCTaBIeHa B BHJE IOJIMHOMA
BTOpO# crenenu [7, 8]

n n n
Y =by+ Y B X > b XD XX,
i=1 i=1 i<j
rae bo— cBOOOMHBIN UYiI€H ypaBHEHUs, PaBHBIN
CpeAHeH BEeIMYMHE OTKJIHMKA TMPU YCIOBUH, YTO
paccmarpuBaeMble (aKTOPbl HAXOISATCS Ha Cpe-
HUX, «HYJEBBIX», YPOBHSX; X — MaclITaOUPOBaH-
HbIe 3HAa4YCeHUS (PAKTOPOB, KOTOPBIC OMPENENSIOT
(YHKIMIO OTKIMKA W MOANAIOTCS BapbHUPOBAHUIO;
bij — koahurHEeHTHI ABYX(aKTOPHBIX B3aUMOICH-
CTBHH, IOKa3bIBAIONINE, HACKOJIBKO HW3MEHSIETCS
CTeleHb BIMSHUS OOHOro (hakropa MmpHU MU3MEHe-
HUM BEJIMYHMHBI JPyroro; bii— K03(hPHUIHCHTHI
KBaJIpaTHIHBIX 3PPEKTOB, OMpPEETSIONINE HETMHEH-
HOCTb BBIXOJJHOTO NapameTpa OT pacCMaTpUBACMbIX
(bakTopoB; i, j— HHAEKCH (aKTOPOB; N — UYHCIO
(akTOpOB B MaTpuUIe IAHUPOBAHUSL.
Bribupaem crienyromnme 0CHOBHbIE (DaKTOPBI,
BIVSIIOLIME Ha IPOLECC AKCTPAKIUH 3BEpPOOOs
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C MPUMEHEHHEeM YIbTpa3Byka: Xi— TemrepaTypa
akctparenra (Bombl), °C, X>— THAPOMOIYIb,
X3 — BpeMs1 9KCIIO3ULINHU, MUH.

Bce ot daktopel He KOpperupyeMmsbl
Mexay co0oif. [Ipeensr m3MEHEHUS HCCTeTyeMbIX
(hakTOpOB MpUBEACHKI B TabmuIe 1.

TaOnuna 1.
[Ipenenpl H3MEHEHUST BXOAHBIX (PaKTOPOB
Table 1.
Limits of change in input factors

BHawYeHHS (paKTOPOB B TOUKAY
Kox. IJ1aHa
YcnoBust ITaHUPOBAHUS snauyenue Malues of factors in the pointg
Planning conditions Coded of the plan
value Xi X; Xz
t °C  I'M, r/em] T, MuH.
OCHOBHO# ypOBEHb .
Basic level 0 60 115 15
WHTepBa BapbUpOBaHUs
Variation interval A 13 6 !
Bepxuuii ypoBeHb .
Top level +1 73 1:21 22
Hixuuii ypoBeHs .
Lower level -1 47 1:9 8
BerH}Iﬂ <GBE3OHas» TOUKA .
Top "star" point +1,681 82 1:25 27
Hrxasist «3BE3HasH» TOYKa _ .
Low "star" point 1,681 38 L5 3

Bbi0op uHTEpBaJIOB WM3MEHEHUS] BXOIHBIX
(hakTOpPOB OOYCJIOBIICH TEXHOJIOTMYECCKUMH YCJIOBH-
SIMH TIPOLIECCA SKCTPAKLMH 3BEp000s C IPIMEHEHHEM
VABTPa3ByKa, & TAKXKE TEXHHKO-SKOHOMHUYECKHMHU
nokasaTessiMu mpouecca [5, 10-12].

KpureprssiMu OLEHKH BIUSHHUSA BXOIHBIX
(akTOpOB Ha MpoOIECC AKCTParupOBaHUS SIBIIS-
1oTcs: Y1 — BBIXOJl CYXHMX BEIIECTB, OTHECEHHBIN
Ha 1 kr 3Bepobos, r/kr; Y, — aHTHOKCHIAHTHAS
AKTUBHOCTh HM3BJICUCHHBIX BEIECTB OTHECCHHAs
K 00bEMY DKCTpareHTa, Mr/am>.

Brei6op kputepueB oreHkd Y 00yCIIOBICH
WX HauOOIbIIIeH 3HAYUMOCTBIO JUIS ITpoIiecca dKC-
Tpakuuu 3Bepo00si ¢ NPUMEHEHUEM YyJIbTpa3ByKa.
Tak, Y1 onpenensier KOJINYECTBO CYXHX BEILIECTB,
KOTOpBIE OCTAFOTCS TIOCTIE YIAICHHSI BOJIBI U3 SKCTPAKTa,
W TIO3BOJISIET CYIUTh O KOHIIEHTPALMK OHOJIOTMYECKH aK-
TuBHBIX BeriecTs (BAB) u npyrux nonesnsix coemau-
HEHUI, CO/IEp KAINXCS B PACTEHUH, Y2 OMpEIesieT
OMOJIOTMYECKYI0 LIEHHOCTh TOIy4YEHHOTO 3KCTPAKTA.
I[Nporpamma rccneoBans ObLIa 3aJI0KeHa B MATPHUILY
TJIAHUPOBAHMUSI SKCIIEPHMEHTA.

Jnst uccnenoBanysl NpUMEHSIEM LIEHTpaIbHOE
KOMITO3UIIMOHHOE poTaTadenbHOe yHH(OpMILIa-
HUPOBAaHUE WM MOJHBIA (DaKTOPHBIN SKCIEPUMEHT
[1®D 23, Yncino onbITOB B MATPHIIE IITAHUPOBAHUS
JUTSL TpEX BXOJHBIX mapamerpoB paBHo 20. [lops-
JIOK OTIBITOB PaHIOMU3UPOBAIN ITOCPEICTBOM Ta0-
JIUIIBI CITyYalHBIX YHCEII, YTO UCKITIOYACT BIUSHHE
HEKOHTPOJIMPYEMBIX HapamMeTpoB Ha pe3yJIbTaThl
skcnepuMenTa. [Ipu ux o0paboTke mpUMeEHseM
CIIEYIOIIHE CTaTHCTHUECKHe Kputepun: Koxpena,
Crerozienta, ®umepa [7, 8]. B pesynbrare nonydaem
HEJIMHEHHbBIC YPaBHEHHUS PErPECCHH, OMUCHIBAIOIINEC
JIaHHBIN Mpolecc:
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Y, =51,6+3,20- X, +3,09- X, +2,6- X, -0,2655- X, X, -0,2172- X, X, -

1
-0,2267- X, X, -1,80- X} -1,06- X7 -1,10- X} W)
Y, =332,64-57,69- X, +11,04- X, -4,83- X, +2,18- X, X, -0,9586- X, X, + @
+0,2208- X, X, +15,32- X2 —2,92- X} -11,01- X?

Amnanms ypaBHeHwii perpeccun (1) u (2) mo3- [Tony4yennsie ypaBHEHUS HEIMHEUHEIE.
BOJISICT BBIICIUTH (DaKTOPBI, BIUSIONIME HA pac- B pesynbrate BoimonHeHus 20 OMBITOB
cMaTpuBaeMblil mpouecc. Ha kputepun OLEHKH nmosryueHa WHGOpMAII O BIUSHUU (HAaKTOPOB U
HanOoJblllee BIMSHUE OKa3bIBacT TeMIleparypa MMOCTPOCHA MaTeMaTH4YecKass MOJENb Ipollecca,
OKCTparcHTa, HaMMCHBIICC — BPCMsI SKCIO3HIIHH. MMO3BOJIAIONIAS PACCUNTATh BBIXOJ CYXHX BCIIICCTB
[Ipuuem 3HaK «wIOC» nepes Kod(QPUIHEHTOM U AHTHOKCHUIAHTHYIO AKTHBHOCTH H3BJICUCHHBIX
NpH JMHCHHBIX 4ICHAX yKa3bIBACT HA TO, YTO BEIIECTB BHYTPU BHIOPAHHBIX WHTEPBAIOB BapbH-
Ipu yBCJIIMYCHUUN BXOJHOIO IMapaMeTpa 3HAYCHUC pOBaHUsI BXOIHBIX (I)aKTOPOB.

BBIXOZHOT'O IapamMeTpa yBEIMIMBACTCA. Ha pucynkax 1-3 moka3aHbl KpHUBBIE paB-

CrerneHb BIHsHNS TAPAMETPOB OTHOCUTENIHEHO HBIX 3HAYEHWH BBIXOIHBIX IapaMeTpPOB, KOTOPHIS
apyr apyra B ypasHennu (1): by bz= 1,036; HECYT CMBICI HOMOTPaMM M MPEJCTaBISIOT MpaK-
bi: b3 =1,231; by: bs = 1,188. THYECKHIi HHTEpEC.

CreneHp BIMSHUS —TApaMETPOB  OTHOCH-
TENBHO APYT Apyra B ypaBuenud (2): bi: by, =5,226;
b1: b3 = 11,944; sz b3 = 2,286

Y1, r/kr

Y2, mr/am”3

1/X2, r/cm?3
1/X2, r/em”3

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 83 &

Pucynok 1. Homorpamma st ompeeeHHs BBIXOAA CYXHX BellecTB (I/KT) M aHTHOKCHIAHTHOH akTHBHOCTH (Mr/am°) B
3aBUCHMOCTH OT TEMIIEPATYPhI SKCTPAreHTa U TMAPOMOLY IS
Figure 1. Nomogram for determining the output of dry matter (g/kg) and antioxidant activity (mg/dm?®) depending on the

temperature of the extractant and the hydraulic module

Y1, r/kr Y2, Mr/am”3

X3, MUH.
X3, MWH.

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 83 90 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 B2 84 86 88 %0

X1, °C X1, °C
Pucynok 2. HoMorpamma Jijist ONpe/ieNieHnst BEIX0/1a CyXUX BENECTB (I/KT) ¥ aHTHOKCH/IAHTHOW aKTMBHOCTH (Mr/1M®) oT
TEMIIEPaTypPbl IKCTPAreHTa U BPEMEHH IKCIIO3HUIIUH

Figure 2. Nomogram for determining the output of dry matter (g/kg) and antioxidant activity (mg/dm?) depending on the
temperature of the extractant and the exposure time
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Y1, r/xr

X3, MUH.

1/X2, r/em”3

X3, MUH.
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Y2, Mr/gmA3
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1/X2, r/em”3

Pucynok 3. HoMorpamma Jijist ONpeJieNieHns BBIX0/a CyXUX BellecTs (I/KT) ¥ aHTHOKCH/IAHTHOM aKTMBHOCTH (Mr/nm®) oT

TUAPOMOIYJISL U BPEMEHH SKCIIO3ULIUU

Figure 3. Nomogram for determining the output of dry matter (g/kg) and antioxidant activity (mg/dm?) depending on the

hydraulic module and the exposure time

3amaua onTtuMH3auuu  cHOPMYIHpOBaHA
CIIEIyIOINM 00pa3oM: HalTH TaKue PeKUMBI, KO-
TOppie OBl B HIMPOKOM [JIMAla30HE H3MEHEHHS
BXOHBIX MapaMeTpOB IpoLecca HKCTPAKLHUU J10-
CTaBJISUIM MAaKCUMAJIbHBIHA BBIXOJ CyXUX BELIECTB U
aKTHOKCHIaTHYIO akTHBHOCTH [8]. Ha pucyHkax 4,
5 mpencTaBleHbl 3aBUCHMOCTH BBIXOJIa CYXHX Be-
LIECTB ¥ AHTHOKCUJATHOW aKTUBHOCTU 3KCTPAKTa
OT BXOJHBIX MapaMeTpoB. O0mast MaTeMaTuiecKkas

Y., 2 ke
v X %
60 -
©
5 —+
4 + PN X
0 +
20
0 4+
0 } t } } } %, T
3 a7 60 73 82
t } } t } %. 2 o’
15 19 15 121 125
t t } } } X, MH
3 8 5 2 27
il il il il il
T T T T T —
-1681 -1 0 1 1681

PI/ICYHOK 4. 3aBHCHMOCTH BbIXOJda CyXHX BCHICCTB OT
BXOJHBIX MapaMeTpoOB

Figure 4. Dependence of the dry matter output on the input
parameters

CorylacHO KpUTEPHIO ONTHMH3AIAN TSI

NPUHATHS OKOHYATEIILHOTO PEIIeHUs] MO BBIOOPY
ONTHMAJIBHBIX PEKHMOB HCCIIEAYEMOTro Iporecca
OblyIa perieHa KOMIPOMHUCCHAsI 3a/1a4a (Tadiuia 2).
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MMOCTAaHOBKA 3a7[add ONTHMU3AIUHN TIpEACTaBIeHA
B BUJIE CJIEAYIOIIEH MOACIIHN:

6=0(Y;,Y;) —zp—>0pt;

D:Y, (X1, X5, X3) — g Max

Yz(Xl, Xz, X3)Wmax

Y, 20,i=12 X, <[-22], j=13

Yy, el au®
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400 4
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0+ S
<&
200 < 199
100 + X
0 } } } } } %, T
B a7 60 73 &2
3
} } } } } %, 2l an
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PI/IcyHOK 5. 3aBHCHMOCTB BbIXOZa aHTHOKCHJIAHTOB OT
BXOJHBIX ITapaMeTpOB

Figure 5. Dependence of antioxidant yield on input
parameters

C nomoripio nporpammsl it 9BM Obutn

HaiaeHo 36 BO3MOXKHBIX PEUICHUN HaXOXXICHUS
onTUMaibHBIX 3HaueHWH Y1 u Yz, B pesynbrate
OBLTH TIOJTyYEHBI paIlMOHAILHEIE HHTEPBAJIBI U3ME-
HEHUs napameTpoB (Tadiuna 3).
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Tabnuma 2.
OnTuManbHble HHTEPBAJIBI TAPaMETPOB
Table 2.
Optimal parameter intervals
e Hyxuuii Bepxuuit
Target npenen npenen
Lower limit Upper limit
X, °C -1;1 47 73
X2, T/eMm® -1;1 9 21
X3, MHH. -1;1 8 22
Y1 Max 35,924 55,771
Y2 Max 225,729 464,135
Tabnuma 3.
Pesynprarel onTuMuszanuu
Table 3.
Optimization results
o 3 YZ:
X1, °C Xz, v/eM® | X3, muH. | Y1, T/KT M/
1:19,8— 14,7— 49,362- | 387,89-
47508 | 91 216 505 | 410,50
Jus  monydeHHWs OKCTpakTa 3Bepo0os

B TIPOMBIIUICHHOCTA MPEIJIOKEH MPSIMOTOYHBII
9KCTPAKTOP, KOTOPBINA MTO3BOJISIET HE TOIBKO YCKO-
PHUTH MIPOLIECC SKCTPArupoOBaHUs, HO U COXPAHUTH
OHMOJIOTHYECKYO IIEHHOCTh IKCTPAKTA.
[TpAMOTOYHBI  HKCTPakTOp (PHUCYHOK 6)
pabotaer cneayromuMm obpasoM. B 3arpy3ounsrii
OyHKep 5 HENPEepBIBHO MOJACTCS MPEIBAPUTEIHLHO
M3MEJIBYCHHBIN 3BEpO00#, KOTOPBIH C MOMOIIBIO
nuTaTens 6 HanpasIsieTcs uepe3 3arpy304Hoe OTBep-
cThe 2 B Kamepy NpeABapUTEIIbHONW SKCTpakiuu 12
rOpU30HTaNIBEHOTO Kopryca 1. OJHOBpeMEHHO B Ka-
Mepy 12 mocrymaer skcTpareHT (ropsdas Boja)
4yepe3 OTBEPCTHs, PACTIOJIOXKEHHBIE 110 BCEH JITHE

post@vestniR-vsuet.1u
nonioro nrHeka 9. TIpoJyKT WHTEHCUBHO TepeMe-
NIMBAETCS C DKCTPAreHTOM C TIOMOIIBI0 BUHTOBOU
HaBuBkHM 10, 3akperuieHHON Ha mosnoMm miHeke 9,
KOTOPBI B CBOIO O4epeb IPUBOJAUTCS BO Bpallie-
HUE MOCPEICTBOM IpuBoja 8.

Hanee cmech M3MENbUEHHOTO 3BEpO0Os H
HKCTpareHTa nepeMeraeTcs 1o JUIMHE SKCTPAKTopa U
MOCTYTAET Yepes3 NpyThs 11, BEIMONHSIOMUX POIIb TIe-
PETOPOJIKY, B KaMepy IKCTPAKIIUH C YIIBTpa3BykoM 13,
T7e CMeCh IepeMeInBaeTCs jonarkamu 15, 3akper-
JIEHHBIMHA Ha TosioM Baiy 14. B oty xe kamepy
JIOTIOJTHUTENILHO TOJAETCSl dKCTpareHT (ropsyas
BOJIa) Yepe3 OTBEPCTHS, PACIIONIOKEHHBIE TI0 Beel
JUTMHE 10j10r0 Baja 14 B kamepe 13 u OmHOBpE-
MEHHO CMECh MOJIBEPraeTCsl BO3ICHCTBHIO YIbTpa-
3ByKa C IIOMOIIBI0 HCTOYHUKA YIbTpa3Byka 17 ms
bomee 3peKTHBHOTO M3BIICYCHUS YKCTPAKTHBHBIX
BEIICCTB U3 3Bep000sl.

[Tocne aToro cMech KOHYCHBIM HIHEKOM 16
HaIpaBJIseTCS B 30HY NEpPOPHUPOBAHHOIO yJacTka 4,
IJ€ TMPOUCXOAUT TOCTENEHHBIA OTKUM >KHUIKOU
¢dpakiuu (IKCTpaKTa) yepe3 OTBEPCTUS B MOJIOM
cOopHUKE 7 TO Mepe MPOABHXKECHUS NPOIYKTa
Mo JUIMHE 3KcTpakTopa. [lonydeHHBId TOTOBBIN
9KCTPAKT BBIBOAMTCS U3 COOpHUKA 7 dYepe3 maTpy-
0ok 21, a TBepnas dpakmus (3koM 3Bepo0os1) uepes
pasrpy304HOe OTBEPCTHE 3.

Jist momyiepykaHust HeOOXOIFMOM TeMITepaTyphl
B pabouell 30He SKCTpaKTopa W Ooliee MHTEHCHBHOTO
MPOBEJICHUSI TIPOIIecca SKCTPAKIMHU MPEyCMOTPEHA
napoBas pybarika 18 B koTopyro dyepes matpyook 19
nojaeTcsi BOJISHOW Tap, a OTBOJ €ro KOHJAEHcaTa
ocymiecTBisiercs: yepe3 narpyook 20 [13].
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Pucynok 6. IIpsaMoTOUHBIH 3KCTpakTop: 1 — rOpH30HTAIBHBIN KOPITYC; 2 — 3arpy304HOE OTBEPCTHE; 3 — Pa3rpy304HOE
otBepcTHe; 4 — 1eppOopUPOBAHHBIN yUacToK; 5 — 3arpy304HbIil OyHKep; 6 — mUTaTesb; 7 — MOJbIi COOPHUK; 8 — MPUBOL;
9 — noneii muek; 10 — BuHTOBas HaBMBKA; 11 — mpyThst; 12 — KaMepa mpeaBapuTeNbHOM dKcTpakumy; 13 — kamepa
sKcTpakuuu ¢ ¥Y3; 14 — monenii Bai; 15 — nonatku; 16 — koHYCHBIN miHeK; 17 — ucrounuk ¥Y3; 18 — mapoBas pyOainka;
19 — narpy0ok nomaum BoasHOro napa; 20 — maTpyOOK OTBOAa KOHJEHcaTa BOJSHOro mapa; 21 — marpyOok oTBoja
9KCTPaKTa; 22 — MPUBOJ; 23 — JIEKTPOJBHUIaTElIb; 25 — KIIMHOPEMEHHas Nepenaya; 25 — 3ybuaTas nepegada

Figure 6. Direct-flow extractor: 1 — horizontal body; 2 — loading opening; 3 — discharge opening; 4 — perforated section;
5 — loading hopper; 6 — feeder; 7 — hollow collector; 8 — drive; 9 — hollow auger; 10 — helical winding; 11 — bars; 12 —
pre—extraction chamber; 13 — extraction chamber with UZ; 14 — hollow shaft; 15 — blades; 16 — cone screw; 17 — ultrasonic
source; 18 — steam jacket; 19 — water steam supply pipe; 20 — water steam condensate outlet pipe; 21 — extract outlet pipe;
22 —drive; 23 — electric motor; 25 — V—belt transmission; 25 — gear transmission
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3akiaouenue

Ha ocHOBaHWYM TIPOBEAEHHBIX IKCIIEPUMEH-
TaJHHBIX H PACUETHBIX UCCIIEOBAHUH OIIpeIeIeHbI
paliOHATbHBIE TIApAMEeTPhI YIBTPa3ByKOBOM IKCTPaK-
1uu 3Bepooost (Hypericum perforatum), Bimouarorye
ONTUMAJIbHBIC 3HAYEHHUS TEMIIEpaTyphl SKCTpareHTa,
TUAPOMONYISL U BpeMeHH oOpabotku. [Ipumenenue
3TUX TMapaMeTpPoB 00eCIedrnBaeT MaKCUMATbHBIN
BBIXOJ] OWOJIOTMYECKH aKTHBHBIX COEIWHECHUN
(bnaBoHOMIOB, HAaPTOAMAHTPOHOB, (HEHOIHHBIX
COEAMHEHM) P MHUHAMAIBHBIX 3aTparax dHep-
THM W BPEMEHH, YTO MOBBIIACT 3((EKTUBHOCTD
MIPOM3BOCTBEHHOTO MpOIlecca.

PazpaboTaHHbIi MPSIMOTOYHBIH IKCTPAKTOP
C HWHTETPUPOBAHHBIM YJIBTPAa3BYKOBBIM BO3JIEH-
CTBHEM 00€ECIIeYrBaeT HETIPEPHIBHYIO TIOAATY CHIPhS
M 3KCTpareHTta, paBHOMEPHOE paclipeiieiieHHe aKy-
CTUUECKOW DHEPTUH 110 00BEMY CMECH U COXpaHECHHE
OMOIOTHYECKON aKTUBHOCTH IIEJIEBBIX BEIIECTB.

post@uestnik-vsuet.ru

WaTencudukamms nporecca SKCTPaKIUK TO3BOJISIET
MOJYYUTh 3KCTPAKTHI C BBICOKOM KOHLIEHTpaLHei
JIECTBYIOIINX BEIECTB, YTO OCOOEHHO BAXKHO IS
(hapManeBTUIECKOTO U MHUILEBOTO IPUMEHEHHSI.

KoucTpyxkiust skcTpakTopa HalpaBiieHa Ha
yIIy4dllIeHHEe KadecTBa SKCTPAKIHMOHHBIX MpOIeC-
COB 32 CUET MOBBILICHUS CKOPOCTH H3BJICUCHUS U
COKpAILIEH!SI PacXoAa PacTBOPHUTENS. YIBTPa3BYyKO-
Bast OKCTPAKIKS MOATBEPKIACT CBOIO A((EKTHBHOCTD
KaK COBPEMEHHBIH M 3KOJIOTUYECKH Oe30macHBIN
METO/]T IepepabOTKH PACTUTENHHOTO ChIPHSI.

[lomydeHnHBIe 3KCTPAKTHI 3BEPOOOS MOTYT
UCTIONIb30BaThCs B MPOHU3BOACTBE JIEKAPCTBEHHBIX
cpencTB, hurtodaen, OMOIOTHICCKHA aKTHBHBIX J0-
0aBOK 1 HATYPaJIbHOW KOCMETHKH.

PesynbpTartel wuccrnemoBaHuss MOTYT OBITh
MMPUMCHCHBI [JI1 MPOMBIIIJICHHOI'O MaCHITa6I/IpO-
BaHUS W BHEJPEHHS B JIMHUU TIO BEIMYCKY PacTH-
TEJBHBIX SKCTPAKTOB HOBOTO MOKOJICHHUS.
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AHAJIN3 U3MEHEHUI reOMeTPUH U KHHEMATHKH 3y04aToil nmepeaavu
B YCJIOBUSX a0Pa3UBHOI0 U3HALIUBAHMS

Amnaromuit M. [TomoB ' popov4116@yandex.ru 0000-0003-0728-7211

Awnaronwuii JI. MaiirakoB ' may585417@mail.ru 0000-0002-0714-204X
Payp B-O. Mexaues ' popov4116@yandex.ru 0009-0005-5536-5482
Hanexma T. Betpora ' veteroknadi@mail.ru 0000-0002-7131-0511

1 KemepoBckuii rocy1apcTBeHHbIN YHUBEpCHUTET, yi. KpacHas, 6, r. Kemeposo, 650000, Poccusi,

AHHoTauus. VccneoBaHus HaJeKHOCTH COBPEMCHHBIX CEIbCKOXO3SHCTBCHHBIX, NUIIEBBIX M TOPHBIX MAIIMH M MEXaHU3MOB
MOKa3bIBAIOT, 4TO J10 40 % 0TKa30B MPUXOIUTCS Ha JOJTIO arperatoB TPAaHCMHCCHHU, pPaOOTOCIIOCOOHOCTh KOTOPBHIX B 3HAUHTENLHOM
Mepe perjiaMeHTHPYIOT 3y0uarble KoJieca, KCIUTyaTallds KOTOPBIX HMPOMCXOIMT B YCIOBHAX BBICOKOW 3albUIEHHOCTH BO3AyXa M
HEZ0CTaTOYHOW IepMETUYHOCTH BHYTPEHHHX HOJIOCTeH. B pesyipTraTe M3HOCA 3yObeB KOJIEC MOSBISAIOTCS BHOpAllMU, BO3PACTAIOT
JMHAMUYECKHe Harpy3KH B IpHBoJax. Bee 3To B Gomblieli cTeneHn cBA3aHo ¢ M3MEHEHHEM KMHEMAaTHKHU 3y04aToro 3aleluieHus Ipr
n3Hoce. Llenplo maHHOH paboTHI SBISIETCS HMCCIEJOBaHUE M3MEHEHHH I'€OMETPHH M KMHEMAaTHKH 3yOuaThIX Iepenad B yCIOBHSIX
abpasuBHOro M3HamMBaHus. OObEKTaMH HCCIIeJOBAaHUH SIBISUIACH OLIEHKA pacipe/ielieHie KOHTAaKTHBIX HAIPSDKEHUH 1 Harpy30K, 9TO
SIBJIICTCS KIIFOUSBBIM MOMEHTOM IIPH Pa3paboTKe H3HOCOCTOMKNX M HaAEKHBIX 3y0UaThIX nepenad. Onpenensunch IoIOIHATEIbHbIE
(akTOpBI: BIUSHUE HKCIUTyaTallHOHHBIX HArpy3okK, M3MeHeHHs1 GopMblI 3yObeB B Iporiecce paboThl U UX Bo3JeiicTBUE HA TOYHOCTb
nepeiayn ABMWKEHHs. B pesynbrare MpOBEICHHBIX UCCIIENOBaHNI pa3paboTaHbl aHATMTHYECKUE 3aBUCUMOCTH, KOTOPbIE MO3BOJISIOT
BBINOJIHATE PacyéThl TEOMETPHUCCKUX, KHHEMAaTHYECKUX W KayeCTBEHHBIX XapaKTEPHCTHK Iepelayd M MPOrHO3HPOBATh CKOPOCTh
W3HAILIMBAHKS ILECTEPHU M KoJieca, OLICHWBATh BEIMYMHY KOHTAKTHBIX HAINPSDKCHUH M KO3(G(UIMEHTa yIEeIbHOTO CKOJIBKEHHUS MO
JIMHUH 3alleTUIeHMs ITaphl 3yObeB Ha pa3iIMYHON CTaIuu M3HOCA. B mpolecce M3HAIIMBAHMS JIMHHS 3aLeIUICHNs HCKPUBILIETCS, a e
Hayajo, ¥ KOHEIl CABUTAIOTCS B HAaIpaBJICHHM BpalleHus 3yOuarsix konéc. KoadduumeHT mepekphITHs NpH 3TOM IOCTEIEHHO
CHIKAETCs, HO IIPH CTelleHH M3Hoca cBhimre 18-20% cradbmmmsupyercs B nmpeaenax 1,03—1,1. B npouecce abpa3uBHOIO M3HANIMBAHUS
TSDKEJIO HArpy)KeHHBIX Iepefad IMPOHCXOJUT He TOJBKO H3MeHeHHe (GopMbl mnpoduied 3yObeB, HO W HU3MEHEHHE 3aKOHa
OTHOCHTEIIBHOT'O IBHIKCHUSI KOJIEC.

KiiodeBble cj10Ba: H3HOC 3y0UaThIX KOJIEC, TEOMETPHS 3yOUaThIX KOJIEC, OTHOCUTENIBHOE CKOJIBKEHHUE, PaJiyC KPUBH3HBI.

Analysis of changes in geometry and kinematics of the gear gears
in conditions of abrasive wear

Anatolij M. Popov '  popov4116@yandex.ru 0000-0003-0728-7211

Anatolij L. Maytakov !  may585417@mail.ru 0000-0002-0714-204X
Rauf V-O. Mehdiyev !  popov4116@yandex.ru 0009-0005-5536-5482
Nadezhda T. Vetrova *  veteroknadi@mail.ru 0000-0002-7131-0511

1 Kemerovo State University, Krasnaya Str. 6, Kemerovo, 650000, Russia

Abstract. Studies of the reliability of modern agricultural, food and mining machines and mechanisms show that up to 40% of failures
occur in transmission units, the performance of which is largely regulated by gears, which are operated in conditions of high air dust
and insufficient tightness of internal cavities. As a result of wear on the teeth of the wheels, vibrations appear, and dynamic | oads
in the drives increase. All this is largely due to the change in gear gearing kinematics during wear. The purpose of this work is to
study changes in the geometry and kinematics of gears under conditions of abrasive wear. The objects of research were the
evaluation of the distribution of contact stresses and loads, which is a key point in the development of wear -resistant and reliable
gears. Additional factors were determined: the influence of operational loads, changes in the shape of teeth during operation and
their impact on the accuracy of motion transmission. As a result of the research, analytical dependencies have been deve loped that
make it possible to calculate the geometric, kinematic and qualitative characteristics of the transmission and predict the wear rate
of gears and wheels, estimate the magnitude of contact stresses and the coefficient of specific slip along the engagement line of a pair
of teeth at various stages of wear. During the wear process, the engagement line bends, and its beginning and end shift in the direction
of rotation of the gears. The overlap coefficient gradually decreases, but with a degree of wear above 18-20% it stabilizes in the range
of 1.03-1.1. During the abrasive wear of heavily loaded gears, not only the shape of the tooth profiles changes, but also the law of
relative movement of the wheels changes.

Keywords: gear wear, gear geometry, relative slip, radius of curvature.
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BBenenue

HccnenoBanusi HaIG)KHOCTH COBPEMEHHBIX
CENBCKOXO3UCTBEHHBIX, MMUIICBBIX H TOPHBIX MAIITHH
M MEXaHM3MOB I0Ka3bIBaIoT, 4yTo 10 40% oTka3oB
MNPUXOANUTCS Ha JOJIO arperatoB TPaHCMHCCHUH,
paboTOCTIOCOOHOCTE  KOTOPBIX B 3HAYMTEIBHOM
Mepe periaMeHTUPYIOT 3y0daTthie Kojeca. Tak npu
KaIUTaJIbHOM PEMOHTE HM3-3a M3HOCA U YCTaJIOCT-
HOTO pa3pyIIeHus: BEIOpakoBbiBaeTcs cBbime 60%
3yOuatbix kosec [1-5]. OcHoBHas 101 OTKa30B
arperaToB TPAaHCMHUCCHUH NPUXOTUTCS Ha KOPOOKY
nepenad — g0 45%. JletansaMu, TUMHATHPYIOIAMHI
JIONTOBEYHOCTh KOPOOKHU Tiepeady, SBISIOTCS 3y0ya-
ThIE KOJIeca, KOTOPhIE Y TPAKTOPOB CEINbCKOXO3sIH-
CTBEHHOTO HAa3HA4YeHHs TIOIBEP)KEHBI B OOMbIICH
CTereHH aOpa3sMBHOMY H3HAIIMBAHUIO, TaK Kak
MX KCILTyaTaIMs TIPOMCXOJIUT B YCIOBUSIX BHICOKON
3aMbIIEHHOCTH BO3JyXa M HEJOCTATOYHOMN repme-
TUYHOCTH BHYTPEHHUX MOJOCTEH CMa304HOMN
CHUCTCMbI TPAHCMUCCHUU.

B pesysbrare u3HOCa 3yObeB KOJIeC MOSIBIISFOTCS
BHOpAIMY, BO3PACTAIOT JUHAMHUYCCKUE HATPY3KH
B IpuBOAax. Bce 310 B O0IbIIei cTeleHu CBA3aHO
C M3MCHCHHEM KHHEMAaTHKH 3y0YaToro 3arieruie-
HUS IIPU U3HOCE.

Omnpenenenue reoMeTpUIECKUX, KHHEMAaTH-
YEeCKMX M KaueCTBEHHBLIX ITOKa3aTelel 3y6‘-IaTbIX
3aIICIUICHUA TPEUMYIIECTBEHHO MPOBOJUTCS C HC-
TOJTh30BaHUEM aHAJIMTUYESCKH METOJIOB. DTO CBS3aHO
C TeM, 4TO, KaK OTMEUaeTCs B PsiJie HCCIEAOBAHHMI,
TCOMCTPHUUICCKUEC IMOCTPOCHMA, HCIIOJIb3YEMBIC
JUIsI aHAJIM3a U3MEHEHUS TTapaMeTPOB 3alleIUICHHS,
HE JTAI0T HEOOXOTUMON TOYHOCTU U MOJHON Kap-
TUHBI (OPMUPOBAHUS BO30OYKIAOIUX Koyeda-
TCJIBHBIX TIPOLCCCOB, BbI3BAHHBIX HW3MCHCHHEM
(YHKIMU TIepe/laTOYHOrO OTHOIIEHHs. XapakTep
MOCTETHIX TPEAONpeNeNsIeT KUHeMaTHYeCKUi
aHaJN3 3aleTUICHHS Maphbl 3y0UaThIX KOJIeC Ha BCEX
CTaUsIX WX U3HOCA MO Harpy3koi. UTo mo3Bo-
JISIeT HE TOJBKO OMPEJIENIUTh YIIIOBBIE CKOPOCTH
U YCKOPEHHUS KOJIEC, HO U ONPENENIUTh JIMHEHHbIE
CKOPOCTH U YCKOPEHHSI B OTHOCUTEIIBHOM JIBUKE-
HUM Mapbl 3yObEeB, YTO MPEIONPECIsAeT YCIOBHS
W3HAIMBAHKS HA BCEM YYaCTKe 3allCIJICHUS Maphbl
3yObeB U TI03BOJISIET IPOTHO3UPOBATH (PHU3UKY TIPO-
1iecca u, COOTBETCTBEHHO, CKOPOCTh U3HAITUBAHUS
T10 BBICOTE 3y0a.

OCHOBHO! ITEeTBIO aHaTN3a 3y09YaToro 3arer-
JICHHUA COCTOHUT B BBIAABJIICHHHN 3aKOHA HW3MCHCHUA
MepelaTOYHOrO OTHOILIEHHs, 0COOEHHO MPH HATUYHN
M3HOIIIEHHBIX TPOMIIIEH COMPLKEHHBIX 3y0OBeB [7—11].
MCTOJII)I HCCIICA0BaHNsA, UCIIOJIB3YEMBIC B TCOPUHN
3yOuaThIX 3alleTICHUH, YCJIOBHO MOXHO pasfe-
JUTH Ha MeToAbl Au(depeHInaIbHON TeOMeTpUH,
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KMHEMaTH4eCKHe, CUHTeTHueckue. IIpoBeneHHble
HAaMH HCCJIEA0BAaHNS KMHEMATUYECKUX U T€OMETPU-
YECKHX XapaKTEPUCTUK 3aLeIUICHHs ONMpPAIOTCH,
TJIaBHBIM 00pa3oM, Ha KHHEMaTHYECKHE METOJBI,
KOTOpbIE TO3BOJIMJIM B Psilie CIIy4aeB YIPOCTHTH
MAaTeMaTH4YeCKUe BBIKJIAJKHA II0 CPAaBHEHUIO C JPY-
TUMHU MeToZamMu. B o01iiem cirydae, aHatu3 CBOIUTCS
K OTBICKAHUIO YPaBHEHHUS 3alleTJICHUs] W3HOIICH-
HOro mnpouist, HpU H3BECTHOM 3aBUCHUMOCTHU
W3MEHEHUS (PYHKIMH NepeaTOYHOTO OTHOLICHHUS
NpH U3HOCE CHJIOBOH 3yOuartoii nepenaun. Pemenne
9TOH 3a7jauyl Ba)KHO JAJIs1 OLICHKU pabouuX XapakTe-
pUCTUK 3yOuaTbIX IepeAad IPUBOJOB MAallWH
Y MIPOTHO3UPOBAHMUS MX CPOKA CITYKOBI.

Ilean padoThl — Hccaen0BaHNE H3MEHEHNH
TeOMETPHHA M KMHEMAaTUKU 3yOuaThIX Iepenad
B YCJIOBUSIX a0pa3uBHOIO W3HALIMBAHUS.

MaTepHaJ’IBI U METOJbI

AHanm3 nUTepaTypHBIX UCTOYHHUKOB POCCHI-
CKHX W 3apyOeKHBIX aBTOpOB [12—16] moka3spiBaior,
9TO W3MEHEHUs mnpoduiei 3yObeB NpU H3HOCE
6osee 3-5% cuioBBIX mepenay pasHOrO MOAYIIS,
pasHOro IMepefaTOYHOTO OTHOLICHUS, pa3HOU
TBEPJAOCTH ¥ KO3(PPHUIUCHTOB CMEHICHUS HCXOJ-
HOT'O KOHTYpa, Pa3IHyHBbIX TPAHCMUCCHU B CEJb-
CKOXO3SIICTBEHHBIX, TPAHCIIOPTHBIX MAIIWHAX
(TpakTOphl, KOMOAiiHBI), HWMEET HECOMHEHHYIO
cxoxecTb. [IpudyeM ObUIO OTMEUEHO OIpenenéH-
HOE pa3jinyKe U3HOIICHHBIX MpoduiIei Beayero
U BetoMoro koisec. Mcxons U3 3Toro, a Takxe cTa-
TUCTUYECKOTO aHalln3a, OBUIM CMOAEIHPOBAHBI
Npo UK N3HOMIEHHBIX 3yObeB IIECTEPHH U KOJIeca.
B kaxIIoM KOHKpPETHOM ciydae mnpoduib 3y0a
OMHUCHIBAJICS TIOJJMHOMOM B CHCTEME KOOpJWHAT,
JKECTKO ~ CBSI3aHHOM ¢ IIeCTEpHEH  (KOJIeCOM).
[y aHanM3a W3HOLIEHHOTO 3aleTICHNs] BBOJUTCS
TPH CHCTEMBI KOOPJMHAT: TMOJBHKHBIE CHCTEMBI
S1 1 S2, koTopble CBA3aHBI C MIECTEPHEN U KOJIECOM,
a TaK)Ke HEeTO/IBHKHASI CHCTEMa S, )KECTKO 3aKper-
NEHHAst OTHOCUTENIBHO CTOMKH. ['eomeTpus 3yOneB
UCCIIEyEeMBIX LIECTEPEH OMMCHIBACTCS CUCTEMOMN
ypaBHeHH# B cucteme koopaunat S1 (x1; y1; z1):

7
x1=kZ_;Ck(y1—rfl)k;

0,25m<(y, - r, ) <2.25m;

X, Zng(YZ -, )k;

0,25m< (y2 —r ) <2.25m,

M)

rae rl, r2 — paguyc OKpYKHOCTH BIJHH IIe-
CTEpHH M KoJieca, MM; M — MOXYJb 3aleIUIeHUs,
mm; Dk, Ck — xoaddurment nonmunoma; K — cre-
MIEHb MOJIMHOMA.
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AHanM3 TMPOBOAUTCS B JIECATH CEUYCHHSX
0 BHICOTE 3y0a W Ha Pa3HBIX CTaJWsIX H3HOCA.
Kpome Toro, st yTOYHEHHsT Pe3yJIbTaTOB paccMar-
PUBAIOTCS JIOTIONTHUATENIbHBIC (DAaKTOPbIL:  BIIMSHHE
IKCIUTyaTAI[MOHHBIX HAIPY30K, H3MEHEHHUS (POPMBI
3yObeB B Iporecce padOThl M UX BO3IEHCTBHUE
Ha TOYHOCTh TIEPeiaud JBIDKCHUS. DTH HCCIIEC0Ba-
HUS TIO3BOJISIIOT 00JIee IETANTbHO OLICHUTh PacIpesie-
JICHWEC KOHTAKTHBIX HAMpPSHKEHHH M HArPY30K, YTO
SIBISIETCS KITFOYEBBIM MOMEHTOM TPH pa3paboTke
HM3HOCOCTOMKHX M HaA&KHBIX 3y0UaThIX mepeaay.

Pe3yabTaThl M 00Cy:KIEHHE

[Ipopunu 3yObeB MmIecCTEpHU U Kojeca,
a Tarxoke OPTHI HOPMAJH B HEMOABIKHOW CHCTEME
koopauHat S (X; Y; Z) OIMHCHLIBAIOTCA C IIOMOIIBIO
YPAaBHEHUM.

XY = x cosp, - Y, sing;

y(l) =X cosp — Y, sin 2%
1M =

. 5 COSP — |yl singy; )
x® =x, cosg, +y,sing,;
y? =—x, cosg, + Yy, cosp, +a,;

y*? = —x, cosp, + y,cosp, +a,,
I7Ie (1 U (P2 — YTIIBI TOBOPOTA KOJEC OTHOCUTEIIBLHO
cToliku; i — opTHl HOpMasel B COOTBETCTBYIOIIEH
CHUCTEME.

B touke xacanus npoduiieit y HUX TOIKHBI
OBITH PaBHBI PAINYCHl BEKTOPBI U OPTHI HOPMAaJIH,
OCHOBBIBAsSICH HA 3TOM, IIONy4UM CIEAYyIOIIee

ypaBHEHHE:

X, cos@, — Y, sing, =X, cosg, + Y, sing,;
X, sing, + Y, cos@, =—X, cos@, +
+Y,C08¢, +a,;

I, cosg, —1, sing, =1, cosg, +1, sing,;

X, ZkZ:;,Ck(Bﬁ_rfl )k > (3)

0,25m<(y, —r, ) <2.25m;

k

7
X =kZ::;Dk(y2_rfz) '

0,25m<(y, -1, ) <2.25m.

B nmanHOM citydae CyliecTByeT IMSTh YPOBHEH,
KOTOpBIE CBS3BIBAIOT LIECTh NApaMeTpoB: @1, Xi,
Y1, Q2, X2, Y2. llpu 3apanaom yriie moBopota @l
B uHTepBatie ot —0,5m 1o 0,57 ¢ marom 1° MbI MOXKeM,
UCIIONb3Ysl cucTeMy ypaBHeHHH (3), BBIYHUCIHTH

OCTaJIbHBIC TAPAMETPBI B 3aBUCUMOCTH OT ()]

JUitst Hax Ok AeHHsT QYHKIUK TePeaaTOuHOro
oTHoIIeHUs1 Obuta mpojauddepeHimpoBana 3aBu-
cuMocth @, =@,(¢,) . IIpu >TOM y4YHTBIBAIOCS,

uro i,y =de, /dg, =@, ((/’1)-
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B nporiecce penieHns cucteMbl ypaBHEHUH 3
MBI TaKXKe MOTy4aeM KOOPJHMHATHI TOUKH KOHTAKTa
JUISL KXKIOTO 3HAYEHUS yIia 1. DTH TOYKU KOH-
TaKTHBIX B3aWMOJECHCTBUI Ha M3HOIIEHHBIX MPO-
¢msix 3yObeB, Kak U3BECTHO, OTIPEAETISIOT INHUIO
3alEIUICHNs, KOTOpasi SBJSIETCS  Ba)KHEHILEH
XapaKTepUCTUKONH paboThl 3y0daToil mepemaqu.
Takast nMHUS 3alEIUICHUS HEMOCPEICTBEHHO
BJIHMACT HA KA4eCTBO M 3(QPEKTHUBHOCTH Tepenadn
JBWKEHUSI B CHICTEME.

Kpome Toro, HamMu OBbUT BBINONHEH aHAJIHUTH-
YECKUH CHHTE3 M3HOLICHHOM Mepelaur ¢ UCTIONb30-
BaHMEM TEX )K€ KOOPIMHATHBIX CHCTEM, KOTOpPBIC
NPUMEHSIIUCH IpH aHaH3e. B xo/ie sKcnepuMeHTab-
HBIX WCCIICZIOBaHMM OBLT IMOTy4YeH 3aKOH M3MEHEHHS
NiepelaTOYHOTO OTHOIICHYSL, [PE/ICTABICHHBIN B BUIC
psanoB Dypee, a Takke Mpoduinb 3yda, KOTOPHIH
OBLT BRIpaYKEH Yepe3 CTETIEHHOW psfl. DTH TaHHBIE
MO3BOJIMJIM  NPOBECTH CHHTE3 3allCIUICHHUS U
BBIYUCIUTH Mpoduib 3yda Kojeca, IMOCIe Yero
ero ¢opma Obla comocTaBlicHa C pe3yJbTaTaMH,
IMMOJIYy4YC€HHBIMU B XOA€ I/ICHBITaHI/II‘/'I, YTO IIO3BOJIHNIIO
OLICHUTh TOYHOCTh W KOPPEKTHOCTH ITOJYYEHHBIX
TEOPETHYECKUX MOJECIICH.

HccenoBanne reoMeTpUYeCKUX M KHHEMAaTH-
YeCKUX XapaKTEPHCTUK 3alleUIeHHs] OCHOBBIBACTCS
Ha KHHEMaTHYECKUX METO0JIaX, KOTOphle 0COOEHHO
3¢ (eKTUBHBI TPU aHAIU3E BapUaIUil B OTHOIIE-
HUSAX CKopocTel, koraa {12 # const. DTu MeTobI
TO3BOJIMJIM  3HAYMTEIBHO YIPOCTUTH CIIOKHBIC
MaTeMaTHYECKHE BBIKJIAJKU M PACUETHI, YTO CTAIO
BO3MOKHBIM 6J1aro;[ap5{ HMX BBICOKOH TOYHOCTH
U yA00CTBY TIPUMEHEHHsS B YCIOBHAX HW3MEHSIO-
HIUXCS TApaMETPOB.

AHamm3 (QpyHKIMH IepelaTOYHOro OTHOIICHUS,
HOJy4eHHOH HaMM B 9KCIEPHMEHTaX Ha Iepeadax
paszuoro Moy (2; 3; 4; 5 Mm), pa3HO# TBEPIOCTH
(HRC45, HB 350) co cMereHreM HCXOIHOTO KOH-
Typa u 6e3 cMereHus (pucyHok 1), mokasain, 4to
IKCTpeMalibHble 3HA4YeHUS (YHKIUH TeperaTod-
HOTO OTHOIICHUS, €CJIM MCHOJIb30BaTh OCHOBHYIO
Teopemy 3arervienus [1, 2].

PI/ICYHOK 1. U3menenvie nvMHAN 3alCIVICHMA TIPYU U3HAIIN-
Bauuu (AS=0%; 3%; 5%; 8%; 25%; m=5 mm; z1/2, = 18/30)
Figure 1. Changing the engagement line during wear
(AS=0%; 3%; 5%; 8%; 25%; m=5 mm;) z1/z, = 18/30
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Pucynox 2. JluHmm 3amemsieHHs TpH  H3HOCE,
IIOCTPOEHHBIE TI0 pe3yJIbTaTaM aHAIMTHYECKOTO pacdera
(1-AS=0%; 2-AS=5%; 3-AS=25%)
Figure 2. Lines of engagement during wear, constructed
according to the results of an analytical calculation
(1-AS=0%; 2-AS=5%; 3-AS=25%)

AHanm3 rpaMKoB, MONMYYEHHBIX B pe3yJbTare
NPOBEAEHHBIX OIBITOB U BBIPAKAIOLIMX (DYHKLIHIO
NEPEeaaTOYHOr0 OTHOLICHHUS, II0Ka3bIBAET, YTO
e€ 3HaYCHHE MOXKET OBITh MPEICTABICHO KOPPEIs-
LMOHHOH 3aBUCHUMOCTBIO:

OKcTpeMasibHbIe 3Ha4YeHUs] QYHKIMH Tepesa-
TOYHOTO OTHOLICHUS OTPEACNISIOTCS C HUCTIONB30Ba-
HHMEM OCHOBHO# T€OPEMBI 3alleTICHHs (PUCYHOK 1):

VYuuteiBas, 4To KpaliHee MONI0KEHUE MOMI0Cca
3aBHCHT HE TOJIBKO OT MOAYJISI, HO M OT BEJIMYMHBI
M3HOCA, B 3aBUCHMOCTH BBOIUTCH KOd(Quiment KaS,
OTpaKaroLIMi CTeNeHb U3HOIIEHHOCTH Mepeadn.

[Mockonbky kodhdumuent KoS Bauser ne
Ha Iyl U lp2, @ HA PACCTOSHUE KPANWHUX IOJIOXKE-
HHI MTHOBEHHOTO 1oItioca ot Ro, 3aBucumoct (3)
JUISL pa3fIMYHBIX CTENEeHed H3HOca MOTYT OBITh
3aIlMCaHbl CIEAYIOMINM 00pa3oM:

max
o, 2, +1.8K,q .
12 7 min T

r 7, 1.8k,

g

smax _

min

max _ T, _ z, 1.3k, .
12 7 max ’
r z, +1.3K,¢

@y

1 1AS 71 17AS

AR ECNEETR

rac AS — OTHOCHUTCIIbHAA BCJINMYHUHA I/I3HOC&,%;
min max max min
rwl 1 roal ! ru)z 1 rwz

(4)

— MHHHUMAJIBbHBIC W MaKCH-

MAaJIbHBIC 3HAYCHNA MI'HOBECHHBIX PaJInyCOB LICHTPOB
Bpal€HUC IMECTEPHU U KOJIECA.

IlpumeHsia KWHEMaTHYECKUM METOJ, MBI
——(12)

HAXOJMM ypaBHEHHeE 3auerienust NV, =0, kax
MPOMU3BEAEHNE BEKTOPOB HOPMAJU U CKOPOCTHU OT-
HOCUTEJIBHOTO JIBUKEHUS, B COOTBETCTBYIOIIEH —

i-if crcTeMe KOOPIMHAT.
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IpencraBiM ypaBHEHHE 3alICTUICHHS, KaK CKaJIIPHOES
MPOU3BEJICHUE BEKTOPOB Juisi mpoduieii 3yda
IIECTEPHH, U OOBETMHUB €T0 C CUCTEMO ypaBHe-
HUH (4), MOTy4nM CIIeAyolIee BhIpaKEHHUE:

’ k-1
=>c(v-1)
K=1

. 7 imax __imin n . ]
|12=_2+ = 212 Aj5|n(j21yl+(0j);
§ ©®)
e L, 18Ky e Z, —1.3Kg
Yo7, —18k 7z, +1.3K,g

L% —1.17%
ATy

[ pemieHuss 3TOrO ypaBHEHHST HE00XO-
IUMO, YCTAaHOBHMB 3HAaY€HHE M3HOCA M 337aB YIoJl
HOBOPOTA IIECTEPHHU ¢ B IpeleNax HHTepBaa,

—0,57 <@, <0,57 BBMUCIUTH KOOPAMHATHI KOH-

TAKTHOM TOYKU B COOTBETCTBYIOLIEH CHUCTEME KOOp-
JuHAT. Ha ocHOBe MOJTy4eHHBIX JaHHBIX, YpaBHEHHE
JIMHUY 3aleTJICHHUs, KOTOPOE MPeACTaBIseT coboi
MHOKECTBO TOUCK KOHTAKTa, OMPEACISIETCsI B HETO-
JIBIDKHOW CHCTeME KOOPIHMHAT S. DT BBIUHCIICHUS
MO3BOJISIIOT 00Jiee TOYHO MOJEIHPOBAThH ITOBEIC-
HHE 3aleIUICHHs ¥ eT0 N3MEHEHHS B 3aBUCUMOCTH
OT U3HOCA U YTJIOBBIX NIEpEeMELICHNI

Temepb, HCHONB3YyS MAaTpHLBI IEPEXoAa
OT OIHOM CHCTEMbI KOOPIUHAT K APYrOi, omupasch
Ha paHee MOJyYCHHBIE BBIPAKCHUS, MOXKHO BBI-
YHCIIUTh KOOPIUHATHI JTIOOOH TOYKH, Jexalien
Ha TMHAW 3alelUICHUs, 4YTO TIO3BOJIIET TOYHO
OTpEeNIeNIUTh TEOMETPUIO0  B3aMMOJICHCTBYIOIIUX
npoduneit. [Ipoduns 3yba Koreca, B CBOIO 04Yepesb,
MOYKHO paccMaTpyBaTh KakK OTMOAIONIYIO0 OIXHOTHII-
HOTO CeMeHCTBa npoduieii 3y0a MecTepHH, KOTOphIe
JIBWKYTCS OTHOCHTENILHO Jpyr apyra. Hcxons
W3 3TOro, ypaBHEHHE Mpoduiis 3yda Kolieca, Ipe-
CTaBJIAIOIIETO COOOH COBOKYITHOCTH XapaKTEPHCTUK
B CHCTEME KOOpIHMHAT S2, MOXKET OBITh 3aIHCaHO
B CJIEIYIOIIEM BHJE, YTO JaeT BO3MOXKHOCTH JIe-
TaJBHO MPOAHATU3UPOBATH (OPMY M OCOOEHHOCTH
paboThI 3alleTICHHs B pa3HBIX TOYKaX.

Takum 00pa3zoM, ¢ HCIIOJIL30BAaHHEM BBIIIIE-
YIOMSIHYTBIX BBIPQKEHHH, MBI MOXKEM MOJIYYUTh
UCKOMBIH nipomits 3y0a koseca. [Ipu cpaBHeHHN
3TOro MpoGUIs C FKCIIEPUMEHTATIBHO TOTYYSHHBIM
pe3yJIbTaTOM BUJHO, YTO OTKJIOHCHUE HE MPEBbI-
maer 4%, 4To CIy’)KUT yOeIUTEeIhHBIM TOJTBEP-
JKJICHUEM TOYHOCTH TPEII0KEHHBIX 3aBUCHMOCTEN
Y X BO3MOKHOCTH JUISI IPUMEHEHUS B HHKEHEP-
HBIX pacyeTrax.
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CyliecTBeHHOE BIHUSHHE Ha U3HOC 3yObeB
OKa3bIBaIOT OCOOEHHOCTH T'€OMETPHH W KWHEMa-
TUKH 3yOuaroro 3areruieHus [4, 17-19]. 3a Bpems
MPOXOXKJICHUS TUIOMAJAKH KOHTAKTa HaJ JaHHOU
TOYKOM MOBEPXHOCTHU TIPU B3aUMOJACHCTBUM Mapbl
3yObEB M3MEHSIOTCS YIEIIbHAS CKOPOCTH CKOJTBKEHHIS,
IPUBE/ICHHBIH PAJyC KPUBH3HBL p, . JTH METOJBI

MO3BOJIIIOT MOJY4YUTh OOJiee TOYHBIC JIaHHBIE,
KOTOpbIE HEOOXOANMBI [UIs AaTbHEHILET0 aHaIN3a.
Bonee TouHoe ompeneneHue AaHHBIX MapaMETPOB
AQHAJIMTUYECKUMH METOJAMH TO3BOJIUT MOBBICUTb
KauecTBO PacyeToB Ha M3HOC, Pa3padoTaTh pEKOMEH-
JalyK TI0 ONTHMM3AMKM KOHCTPYKIMU Tap TPEHHS
Y TEXHOJIOTH MOBEPXHOCTHOTO YIPOUYHEHHsI, YCO-
BEPILICHCTBOBATh METOIMKH HCIBITAHUM Ha U3HOCO-
CTOMKOCTB. [l 3TOro HEoOXOoAWM ydYeT BIHSHUA
Ha OpoleCC H3HAINIMBAHWA KUHEMATUKU OTHOCH-
TEJIbHBIX NIEPEMELIECHUN U JUHAMUKHA Harpy>KEeHUs
3BEHBEB MAIlIMH, 00YCIOBIEHHBIX (hYHKIIHOHUPO-
BAaHUCM IIapbl TPECHUSA B MALIMHHOM arperarte.
I/ICXOILSI H3 TCOpUH TPCHHUA U U3HAIIWBAHUA
TBEPABIX TEN B PAa3JIMYHBIX YCIOBUSAX C Yy4ETOM
(M3UKY SIBICHUH, MPOTEKAIOIMX B 30HAX KOHTAKTa
B3aUMOJICHCTBYIOLIMX [TOBEPXHOCTEN MPEUIOKEHHON
N.B. Kparensckum [6], B 3alemieHus BIHASHHE
KMHEMAaTU4YEeCKUX M FeOMETpUYECKHX (HaKTOpOB
Ha MPoLIecC U3HOCA 3yObeB TPAAMIIMOHHO BBIPKACTCS
4yepe3 KOAPPUIMEHTHI yIEITbHOTO CKOJIBKCHUS 1)

WX CKOPOCTU OT OTHOCHUTCIILHOI'O CKOJIbKCHUA V(lz) ,
KOTOPBLIC IMO3BOJIAIOT 0o71€€ TOYHO OLCHUTH CTCIICHb
BO3JICHCTBHS 3THX q)aKTopOB Ha M3HOC U JOJI'OBCY-
HOCTb 3y6‘laTI>IX nepeaad, a recoMETpUICCKUC 4Cpe3

KPUBH3HY KOHTaKTHPYIOMIHUX MPouIIeit Kl [4].

KoMmnoHeHTEI V(lz),Vél) Hu Véz), KOTOpbIE
MPUCYTCTBYIOT B NPUBEACHHOW (hOpMyJe, B3ATHI
o Moxymo. OHaKO Ba)KHO OTMETHUTH, YTO 3HAKH
3TUX KOMIIOHEHTOB, OTpaKalOIIMe WX HaIpaslie-
HUSl OTHOCUTENBHO APYT Apyra, TaKKe yYUTHIBa-
IOTCSL B pacueTax. JTO HEoOXoAuMo s Oojee
TOYHOTO MOJETUPOBAHUS B3aMMOACHCTBUSA »dile-
MEHTOB cUCTEeMBI. BekTophsl ckopocTeil nepemertie-
HUSl KOHTAaKTHOW TOYKH B IPOLIECCE OTHOCUTEIb-
HOTO JIBIDKEHHS MO NPOQHISM 3yObeB, € y4ETOM
WX HalpaBJICHUs] U BEJUYUHBI, MOXKHO BBIPa3UThb
CJICAYIOIINM YPaBHEHUEM, UTO II03BOJIUT IETALHO
aHAJIM3UPOBATh AMHAMHUKY 3aIleTICHHS U B3aUMO-
JISCTBUE IECTEPHHU U KoJIeca.

Jns HaxoXXJIeHUsT YaCTHOM NPOU3BOIHOM,
KOTOpasi HaXOIUTCS B MPaBOW YacTH YpaBHEHHS,
HeoOxoauMo tpoanpepeHIPOBaTh BBIPAKEHHS
(2) u (3). DTO MO3BONUT MOTYIUTH HEOOXOIUMYFO
3aBUCUMOCTb, YUUTHIBAs BIUSHUE KaKAOTO U3 Na-
paMeTpOB Ha KOHEYHBIH pe3yJIbTar.
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(2 v
n © n Ve
Ve :aﬁ(xi'yi)af(xi'yi)%_
‘ ; op,  dt’
or, (X, - R
1( - yl)Z'lZKCK(yl_rfl)k 1"']1 ; (6)
1 K=1
(X5, Ys) DA
KD, + ),
ayz ZZ ( fz) 2
V2 @yt

K
— CKOPOCTb OTHOCHUTEIBHOT'O ABUXCHUA

K 1
roe V (t2)

. 1 2
(cKOpOCTh CKOJBKEHHST) KOJIEC, Vé) u Vé ) — cko-

POCThL NEPEMCHICHUA TOUYKN KOHTAKTa 110 MOBECPXHO-

CTSIM 3yOBbEB LIECTEPHH M KOJIeca, COOTBETCTBEHHO;
i=1,2 — MHIEKC, YKa3bIBAIOIIHUH [IIECTEPHIO M KOJIECO

Jlnst onpenesnieHnst BEKTOpa CKOPOCTH OTHOCH-
TENBHOTO JIBWKCHUS HEOOXOMUMO y4eCTh M3MCHE-
HUA KOOpAWHAT BO BPEMCHU, YTO MOKHO BBIPA3UTHh
4epe3 MPOU3BOIHBIC KOOPAHHAT.

Takum ob6pazom, K03punreHT yneapHOro
CKOJIL)KCHUSI  OTpEJeNseTCS C YYETOM CHCTEM
ypaBuenuii (1), (2) u (5), 4TO MO3BOJIAET TOUHO
YYECTh BCE HEOOXOIMMBbIC TTAPAMETPhI U UX B3aUM-
HO€ BJIMAHUC. HonyquHaﬂ 3aBUCUMOCTBL IIpEaO-
cTaBnsieT OoJiee MOJIHOEC MOHWMAHHE MPOIECCOB,
MPpOUCXOAIINX B CUCTEMEC, W IOMOIacT TOYHO
BBIYUCIUTD 3TOT KO3(PQHIUEHT AN pa3iuIHbIX
YCIIOBHH 3KCILTyaTaIlUH.

KpuBusHbel moBepxHOCTEHl B HOPMaJIbHOM
CCUCHHU SIBIIIOTCS OJIHUM M3 OCHOBHBIX T€OMETPH-
YeCKHX MapaMeTpOB 3allCTUICHUsI, ONPECIISIOININX
HECYIIYI0 crocOOHOCTh Tiepeaaur. OHH MO3BOJISIIOT
BBIPA3UTh PaJNyC KPUBU3HBI CONPSIKEHHBIX MPO-
¢uneit. Kak ymomuHanoch paHee, MpuUBEAEHHBIE
paanycChbl KpUBU3HBI, BMECTC C YACIIbHBIMU CKOJIb-
JKEHUSIMH, BXOJIAT B MPUMCHAEMYIO METOJUKY
pacu€Tra CKOpOCTH M3HAIIMBAHHUS.

Jlnst BEIUMCIEeHNs KpUBU3HBI 3y0a IIeCTepHH

u xkoneca K ,K, npumensercs meron auddepen-
LHAJIbHOM N€OMETPHH:
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rae K;,K, — kpuBu3Ha 3yObeB IIECTEPHU M KOJleca

@

COOTBETCTBEHHO; €’ — BEKTOp OpTa HOPMAIU B CH-

(1) (2
CTCMC KOOpAWHAT, W( )u W( ) — BCKTOPBI YITIOBBIX
CKOpOCTCﬁ INECTEPHU U KOJIECA COOTBETCTBECHHO.

Jlnst HaxoxIeHust perieHus mo popmyie (7)
3aMIIeM ypaBHEHHE HOpMaJT| B BH/IC

(1 ™. =

g =j siny— Jcosy, TOCIE Yero, NPUMEHSI
KOJUTMHEAPHOCTh (OTHOIIEHUE ITapajlIeIbHOCTH)
BEKTOPOB (W(l) —W(Z))é(l), a TaKke TMpeodpasys
3aBHCHMOCTh HOPMAJIU B CKASIPHYO (DOPMY, TTOITyInM

3aBICUMOCTb JJIs ONPEIeICHHsT TIPUBEICHHON KpH-
BU3HBI TIpohHIIeH 110 JIMHUH UX 3arervieHns — K .

V@ _ g 4y

K K K

V& =V + KV =V (14 K);

[Xl (1 +1iy, ):' —a,sin qolw(z)
K =
dy,
dt

; (8)

_ K, + I, —1 wb
1+K i, (1 K)VY

actual engagement axis

(@)
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B JaHHOM CJIy4ac YYUTBIBACTCs, YTO BCKTOPbLI

\75(1) €= (eylf +e, J) KowmHeapHbie. YunTbIBas,

KPHMBH3HA U PaJyC KPUBHU3HBI 0OpaTHBIE (hyHKIMN
nonyunm p, =1\ K.

JIo1s1 pacueTa BEMUYHUH M3HOCA COTPSKEHHBIX
MMOBEPXHOCTEH HEOOXOAMMO YYHUTHIBATH WX OTHO-
CHUTEJIBHOE CKOJIBKEHUE, 3aBUCSILEE OT PaguycoB
KPUBU3HBI U KHHEMAaTHKU OTHOCHUTENbHBIX IIepe-
MEIIIEHUH B MMape TPEHHUs U CBSA3aHHOE C OTHOCH-
TEJIBHON CKOpocThio. Hinke mpuBonsTcs rpaduku
W3MEHEHHS 3THX IApaMETPOB OIPEECIICHHBIX HaMHU
AHAJIMTHYECKH JIIS LIIECTEPHH 1 Kojieca MpH u3Hoce 18%
B CPaBHEHUU C MPUBEIACHHBIMUA 3aBUCUMOCTAMHA JJIS
AQHAJIOTUYHOW HE U3HOLIEHHOW Tiepeiaun Ui Lie-
CTEpHH U KoJieca, COOTBETCTBEHHO. BH/IHO, Kak 3HAuM-
TEJIbHO U3MEHSETCA MPOU3BEIACHHUE NPUBEICHHOIO

pammyca KpHBU3HBI p = = PPy xosddummenTa
AP,

YACIBbHOI'O0 CKOJIbXKCHUA 'pnpn, KOTOPOE JICKUT

B OCHOBE PacyeToB CKOPOCTH H3HAImuBanus [13]
M KaK PEe3KO H3MEHSETCs MPHUBEICHHBIH pPaanyc
KPUBH3HBI, KOTOPBIH BIMACT HA BEJIUYUHY KOH-
TaKTHBIX HalPsKECHUN.

actual engagement axis

(b)

Pucynok 3. JlnarpaMmel pacnpeaenenus 77, / Prp ,(, \ / Prp ) 0 YTIIy MOBOPOTA MIECTEpHU U3 BeIpakeHHi (6) u (7)

(2:=17, m=5 mm, AS=8%): a — i, =const ; 6 — i, =var

Figure 3. Distribution diagrams 7, , /pnp ( ) /pnp ) according to the gear rotation angle from expressions (6) and (7)

(z:=17, m=5 mm, AS=8%)

3akiIoyenue

1. B npornecce abpa3vBHOTO HM3HAIIWBAHUS
TSKEJIO HArpy)KEHHBIX TNepefad MpPOUCXOIUT
HE TOJIbKO u3MeHeHHne (GopMbl npoduiieii 3yObeB,
HO M I3MEHEHUE 3aKOHA OTHOCHTENIBHOTO JIBMKEHUS
konéc. OyHKUMS NepeaaToyHoro oTHoueHus il2
nepecTaéT OBITh IOCTOSHHON W IpuoOpeTaer
FapMOHHUYECKUNA XapakTep, NpU4YEM Iepuoxn eé

43

KoJIeOaHWI CcoBIAgaeT C MeprogoM 3yOIOBOM
yacToThl. Ha HauanbHBIX CTagMAX M3HOCA pazMax
kosiebanuit (12 OpicTpo yBenmuuuBaercs. OgHaKO
C POCTOM CTEIIEHH M3HOCA TEMITBI YBEIMUEHUS pas-
Maxa CHIKAIOTCA, ¥ IPU U3HOCE, MPEBBIMIAIONIEM
15-20%, pa3max mpakTHYECKH CTaOHIIN3UPYETCs.
Taxxe HabOrofaercs, 4TO yBEJIUYEHHE MOIYJIS
nepesiaudl MPUBOJUT K POCTY pa3Maxa KoJeOaHHi.



Popov AM. et al. Proceedings of VSUET, 2025, vol. 87, no. 2, pp. 38-45

3HaueHus KoneGaHui i12 npyu W3HAIIMBAHUHA MOTYT
OBITH TOCTaTOYHO OOJIBIIMMU. B X071e SKCTIepUMEHTOB
YCTaHOBJICHO, 4TO TpH U3HOCce mopsaka 18% u 6o-
Jiee, a TaKKe MPHU MaJloM 4YHcie 3yObeB IIECTEpHH,

post@uestnik-vsuet.ru

4. VI3MeHeHus IMHUY 3alEIJICHUs] B IPOIiecce
W3HAIIMBAHUA TPOSIBIISTIOT CXOXKYIO TEHICHITHIO MPH
pPa3IMYHBIX MOJYJSAX, NEepPeAaTOYHBIX YHCIaX,
TBEPAOCTH 3YyObCB, a TAKXKE MMPH HATMYUM WU

oTHouenue i12max x il2min nocturaio 1,3.

2. B mporiecce U3HAIMBAHUS JTUHUS 3aI[ETLIE-
HUS UCKPHBISIETCSI, a e Hayao, W KOHEI| C/BUTa-
JOTCS B HATPABJICHUU BPAICHUS 3yOUaThIX KOJEC.
KoahduimeHT nepekphITHs MPH 3TOM MOCTEIEHHO
CHIDKAETCS, HO IIPH CTEIEHH M3HOCca cBbiiie 18—20%
crabunmsupyercs B mpeaenax 1,03-1,1.

3. C M3MeHEHHEM JIMHUM 3alleTUICHUST MEHS-
FOTCSl YCIIOBUSI M3HAIIIMBAHMS, CBSI3aHHBIX C YICTBEHBIM
CKOJTBKCHHEM 1 TIPUBEICHHBIM PATNYCOM KPUBH3HBL.

OTCYTCTBHH CMEMICHHUS UCXOIHOTO KOHTYpa.

5. Pa3zpaboTaHpl aHATMTHYECKIE 3aBUCHMOCTH,
KOTOPBIE TMTO3BOJISIIOT BBITIOIHSTH PACYETHI FEOMETPH-
YECKUX, KUHEMAaTUYEeCKUX U KaYeCTBEHHBIX Xapak-
TEPUCTUK TEPeJaud W IMPOTHO3UPOBATH CKOPOCTh
W3HAIMBAHUA [IIECTEPHHU 1 KOJIECa, OLIEHUBATh BENH-
YUHY KOHTaKTHBIX HAINPSHKCHUH | KOA(DHUIMCHTA
YIETBHOTO CKOJIBKEHVIS TI0 JIMHUY 3aIleTIeHS TTaphbl
3yObeB Ha Pa3MMYHON CTaIUN H3HOCA.
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YMHas ynakoBka: uHTerpauusd [oT u 1aT4ukoB 17151 KOHTPOJISA
Ka4eCcTBa MUIIEBbIX NPOAYKTOB

Cepreit M. Maxos ©  makhovsm@gmail.com 0009-0001-9626-4689
1 MI'VTYVY um. PazymoBckoro, yi1. 3emusiHoit Ban, 1. 73, r. Mocksa, 109004, Poccust

AHHOTanud. B craThe paccMaTpUBalOTCA COBPEMEHHBIE NMOAXObl K CO3JAHUIO U IPUMECHEHUIO YMHOH YNaKOBKHU AN MUINEBBIX
IPOAYKTOB, oO0BexnHsIOmEeH ceHcopHble TexHoiornd u MutepHer Bemeil (IoT). OTmeuaercs, 4TO TpaAWIMOHHAS YIIAKOBKa
obecrieunBaeT JINIIb MEXaHUIECKYIO 3aIUTy, a YMHAsl yIIaKOBKa ITO3BOJISET OTCIECKHUBATH (PAKTUIECKOE COCTOSIHHE MPOAYKIINU Ha
BCEX JTamax IPOU3BOJCTBA U JIOTUCTUKU. lIpuBeneHBl IpHMEpbl CEHCOPOB, UCIONb3YEMBIX B TaKUX DPEIICHHUAX: Ta30BbIC
napukatopel (02, CO2, NHs, H:S), temmneparypusie u BinaxsoctHsle nataukd, RFID/NFC merkn, a Takxke OecnmpoBomHBIE
npotokoisl cBs3u (BLE, LoRaWAN, NB-IoT). OrnensHoe BHUMaHHE yAENSIETCS MHTETPAllid XMMHUYECKHX M OHOCEHCOPOB,
MO3BOJIIIOMNX (PUKCHPOBATH MATOTEHBI U META0OJUTHI pas3sioxkeHus. PaccMOTpeHBI mpuMeps! NPOoMBIIUIeHHBIX pemenui (NFC-
METKH Juisi KoHTposss mmuHara, loT-ruratdopma Wiliot, QR-xomer Sealed Air), a Taxke HEepCIeKTHBB HPUMEHEHHS
HaHOMATepHaJioB M OHWopa3iaraeMbIX KOMHO3MTOB. OOCYKHAlOTCS BONPOCH  0e30macHOCTH, dHeprodddexkTuBHOCTH,
CTaHAAPTU3AINN W YTHIM3ALUH >IEKTPOHHKH B ymakoBke. OTMedaeTcs,, 9TO HECMOTPS. Ha BBICOKYIO CTOMMOCTh U CIOKHOCTb
BHEJIPEHUs, YMHas YNakoBKa 0OJajgaeT 3HAYMTENBHBIM IOTCHI[HMATOM MU IMOBBIIICHUS MPO3PAYHOCTH IENOYEK IOCTABOK,
MPOJJTIEHHUS CPOKOB FOJHOCTHU, COKPAICHHS MHUIIEBBIX OTXOM0B M yCUICHHS B3aUMOJCHCTBHSA ¢ OTpeduTeneM. [lepcrieKTHBHEIMU
HAaIpaBICHUSIMH Pa3BUTHSA SIBISIOTCS BHEAPEHUE YHEPTOHE3aBUCHMbIX CEHCOPOB, CTAHAAPTHU3AIMI OOMEHA JaHHBIMU U HHTETpaIus
C ICKYCCTBCHHBIM HHTEIUIEKTOM M OJI0KYeHH-TIaThopMaMu.

KuroueBble ciaoBa: yMHas ymakoBKka, MHTepHeT Bemiei; maTdWku KadectBa; MOHUTOpHHT cBexkectr; RFID/NFC; 6e3omacHOCTh
JTAaHHBIX; IPOCIICKUBAEMOCTD; YCTOHUNBOCTD.

Smart packaging: integration of It and sensors for food quality control
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Abstract. The article discusses modern approaches to the development and application of smart packaging for food products, which
integrates sensor technologies and the Internet of Things (IoT). While conventional packaging provides only mechanical protection,
smart packaging enables monitoring of the actual condition of products at all stages of production and logistics. Examples of sensors
used in such systems are presented, including gas indicators (O2, CO2, NHs, H:S), temperature and humidity sensors, RFID/NFC
tags, as well as wireless communication protocols (BLE, LoRaWAN, NB-loT). Particular attention is given to the integration of
chemical and biosensors capable of detecting pathogens and decomposition metabolites. Industrial case studies are reviewed, such
as NFC tags for spinach freshness monitoring, the Wiliot IoT platform, and Sealed Air’s QR code solutions, along with prospects
for nanomaterials and biodegradable composites. Issues of data security, energy efficiency, standardization, and electronics disposal
are analyzed. It is noted that despite high costs and integration challenges, smart packaging has considerable potential to enhance
supply chain transparency, extend shelf life, reduce food waste, and improve consumer engagement. Promising directions include the
development of energy-autonomous sensors, unification of data exchange standards, and integration with artificial intelligence and
blockchain platforms.

Keywords: smart packaging; Internet of Things; quality sensors; freshness monitoring; RFID/NFC; data security; traceability;
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BBenenue
KonTponb kadecTBa MHUIIEBBIX MPOIYKTOB 0eCIIpOBOIHYO CBSA3b M AHAIUTUKY — OOELIAET MOBbI-
Ha BCEX JTarax MpOU3BOJCTBA U JOTUCTUKU SIBISIETCS CHUTh MPO3pAaYHOCTH HEIMOYEK MHOCTAaBOK, COKPATHUTH
KJTFOUE€BBIM (DAaKTOPOM IHUINIEBOM OE30TTaCHOCTH U CO- PUCKH HIOPYH M YITyHIIHTb «OTCISKUBAEMOCTE [2].
Kkpartienus noreps. [1o onenkam FAO, okomno 14%
BCETO IMPOJIOBOJILCTBUS «TEPSIETCSA» €IIE 10 MOSIB- PesynbTaThl M 00CyK1eHHE

JeHUs Ha Tosikax marasuHoB [1]. Tpamuumonnas B yMHOI yNIakoBKe MPHMEHSIOTCS PasiiuHbIe
ymakoBKa 00ecredyrBaeT MEXaHWYECKYIO0 3aIIUTy BUJTbI CEHCOPOB M METOK

MPOJYKTa, HO HE JaéT OrnepaTHBHON WHGOPMAIUH « ['a30Bble MHAMKATOPHI M JATIMKH OTCIE-

0 €1ro (l)aKTI/ILICCKOM coctosgHuu. B sTHx YCIOBHUAX SKABAIOT COCTAB Ta30BOM CpeIbl BHYTPH yYIIAKOBKH.
YMHas1 YIaKOBKa — 06’BC,Z[I/IH$IIOH_IEUI JaTUYUKH,
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Yarie Bcero MCHONB3YIOTCS WHAMKATOPBI KUCIOPOIa
Y YTIIEKUCIIOTO Ta3a, KOTOPBIE MEHSIOT IBET MPHU
HapyUIeHUH TePMETUYHOCTH HIW TPU MHKPO-
ounonoruueckoM pasnoxenuu [3]. Tak, ansg uH-
OUKAIMU  KHUCJIOPOJa TPHUMEHSIOT KpacuTeIu
(Hampumep, METHUICHOBBIM CHHHIT), MEHSIOIIHC
OKpacKy TMpH HaCBILICHUU KHUCIOpoaoM [4].
HoBrle pa3paboTku BKIIOYAIOT MEYaTHBIE ITOY-
MIPOBOTHUKOBBIE CEHCOPHI, TyBCTBUTENBHBIE K CO2,
NHs, H-S u apyrum razam.

* TemmnepaTypHble W BIQKHOCTHBIE CEHCOPBI —
T. €. OU(POBBIE TEPMUCTOPHI W THTPOMETPHI —
KOHTPOJMPYIOT YCJIOBHs XpaHeHus. HapymeHue
TeMIIepaTypHOro pexuma (0coOeHHO Al CKOpO-
MOPTAMIEHCS TPOAYKINH) KPUTUYIHO, ITODTOMY
IIUPOKO HCTIONB3YIOTCS HHIUKATOPBI «BPEMS—
temnepatypa» (TTI) — xumudeckue mnu Ouonoruye-
CKHE METKH, W3MEHSIOINE IBET B 3aBUCHMOCTH
OT HaKOIUIEHHOI'O TEILIOBOro Bosmeictsus [5]. Ta-
kue TTI-unauKaToOph! IPOCTHI B UCIOIL30BAHUN U
MO3BOJBIIOT (PUKCHPOBaTh W3HAYAIBHBIA TeMIIepa-
TYpHBIN Tipoprtb mpoaykTa. Tarke JaTIUKH BIIaXK-
HOCTH U YPOBHSI KUCJIOPOZa B YIIAKOBKE MOMOTAIOT
CIICJTUTH 3a OKPY KAIOIIEeH cpemoit mpoaykTa [6], uto
SIBJISIETCSI BAYKHBIM JIJTST OTIEHKH YCIIOBHN XPaHEHHS.

* RFID-metku u metku NFC (paguomeTku
¢ UICHTU(HUKATOpaMH) TTO3BOJISIIOT aBTOMATUYECKU
(UKCUpPOBATh YMAKOBKY Ha 3Tamax JIOTUCTHKH U
MIpH HEOOXOTMMOCTH U3MEPSITh BHYTPEHHUE T1apa-
Metpbl. IlaccuBHbie RFID-mMetku He TpeOyroT
OaTapeiiki 1 MOT'YT OCHAIIATHCS JATIUKAMH TeMIIe-
paTypbl, BIKHOCTH M LEJTOCTHOCTH YIaKOBKH [7].
BesunnoBeie RFID-MeTkn 00emaoT maapHeiee
yJelIeBIeHHE PEIICHNI — HO TIOKa OHW OTPaHUYCHBI
JATBHOCTBI0 CHTHAllA W CIIOKHOCTH €ro oOpa-
6otku [8]. Metku NFC (Near-Field Communication)
AKTHUBHPYIOTCS IIPU CKAHUPOBAHHU cMapT(HOHOM U
MEepeaaloT CBEACHUS O CBEXKECTH HITU JIaTe TPOU3-
BOJICTBA MIPOAYKTA HATIPSMYFO MIOTPEOUTEITIO.

* Bluetooth Low Energy u LPWAN (. e. Gonee
SHEProEMKHE MPOTOKOJIBI) IPUMEHSIOTCS B YTIAKOBKE
pexe. OnHako * BLE-*Tern Bctpeuarorcst B «yMHBIX»
OyThUIKaxX WM KOHTEHHEpax C enoi (Hampumep,
CO BCTPOCHHBIM aKKyMyJssiTopom). it MOHHTO-
pUHTa KPYIHBIX MApTUH Ha CKJIaJaX WUCIOIB3YIOT
TEXHOJIOTHH  JTAJIbHETO  pajguyca JACeHCTBHA —
LoRaWAN [9] uiu NB-loT (cotoBsie I0T), mo3Bo-
JISTIOIIME OTIIPABIIATH MOKA3aHUS pa3 B HECKOIBKO
4acoB 0e3 pucka OBICTPOH pa3psiIKy.

Haxonen, moMUMO CEHCOPOB, B YIaKOBKE
MOTYT OBITh W JIpyTHE€ DJIEMEHTHI — HaIpHUMep,
KHCIIOPOAO-TIOTJIOTUTEN XUMHYECKH  yIAISIOT
N30BITOYHBIN KHCIOPOA U3 KOPOOKH M 3aMEUISIOT
OKHCJICHHE TIPOJTYKTOB; B CBOIO OYEpe/lb ITHUIICHO-
Bble OCHTHI HEWTPATU3YIOT HApPHUKOBBIA ra3 3TH-
JeH | 3aMeIioT co3peBaHue (pykros [10].
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Takue TeXHONOTUH MPOAJICBAIOT CPOK TOAHOCTH;
MIPH 3TOM OHHU TPeOYIOT OCOOEHHOTO y4€Ta B CH-
creme MonuTopunra [11].

Yposuu TunnyHoro loT-pemenus s yMHOM
YIaKoBKH 0ToOpakeHsl Ha Pucynke 1.

CeHcopHbIil y3en
Sensor node

IIpuém n
aHaINTHKA

Data reception &
analytics

Moaynb cBsizu

Communication
module

Pucynox 1. YpoBHM THIHYHOTO
YMHOM yHaKkoBKHU

Figure 1. Layers of a typical 1oT solution for smart
packaging

loT-pemenust s

YCTpoiicTBO BKITIOYAST NATIUKH (Ta3, TEMITe-
patypa, BiaxxHocTb, pH u Ap.), MUKPOKOHTpOILIEp
(nm crieruanu3upoBaHHblil [0T-4wIT) ¥ HCTOYHUK
sHeprur. CoBpeMeHHBbIE Pa3pabOTKU JEMOHCTpPH-
PYIOT aBTOHOMHBIE «TmKcerm» Ambient [oT — oueHs
komnakTHele NFC/BLE-meTku ¢ uHTErpupoBaH-
HBIMHU CEHCOPaMH U aHTEHHOH, KOTOPBIE IUTAIOTCS
OT paaAnoBOIH Witk cBeTa [12]. Takue METKH MOTYT
KPEMUTHCS K YIAKOBKE W aBTOMATHYECKH IIepeiaBaTh
CUTHAJTBI IPY NPUOIIMKEHUN CUUTHIBATEIS.

B ycrpoiicTBe npenyCcMOTpeH NepelaTYuK:
RFID/NFC-anrenna, Bluetooth-momyns  wim
LPWAN-tpancuBep. JlaTunku KOHPUTYPUPYIOTCS
Ha TEPHOJMYECKYI0 WM TOPOTOBYIO OTIIPAaBKY
nanapix. [lomymspabie  mpotokonsl — MQTT,
HTTP(S), CoAP — ucnone3yroTcst uisi Tepeaadn
Ha oOmauHblii cepBep. Hampumep, cnenmanbHbie
loT-iwtro361 Ha 6aze LoRaWAN cobupatot temrre-
paTypy MHOXECTBA METOK Ha CKJIAJIE U [IEPEChUIAIOT
uX B 00JIaKO [UIs aHAJIM3A.

JlaHHBIE C CEHCOPOB NOCTYNAIOT Ha LEHTpa-
JIM30BaHHBIN cepBep WM O0JauHyro IaTdopmy,
rJie XpaHsrcs B 0a3e u oOpabaTbiBaioTcs. B maHHOM
ciydae 3aJiefiCTBYIOTCSl TaHEeId MOHHTOPHHTA U
MOOWIIbHBIE TipUIioxkeHus. [Ipy oTKkIIOHeHHH OT 3a-
JAHHBIX TIapaMeTpoB (HAIpHMEp, TPEBbIIICHHE
JIOTTYCTUMOW TeMIIepaTypbl) CHCTeMa MIHOBEHHO
YBEIOMJSIET OTBETCTBEHHBIX COTPY/IHUKOB M (PUKCH-
pyer npousoreiee [13]. Bonbiiie 00BEMBI TaHHBIX
MO3BOJISIIOT MPUMEHSATH METOJbl MALIMHHOTO
00ydeHus sl MPOTHO3a «IPOCPOUKH» (IIPOTHO3
CPOKOB T'OJTHOCTH) ¥ ONITUMH3ALIUH JIOTHCTUKH.
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Teneps paccMOTpPHUM HPUMEPHI HAYYHBIX H
MPOMBILIUIEHHBIX pelieHuil. ['pymma uccnenoareneit
u3 Umnepuan Komnemka (Jlonmon) paspaborana
onHopazoBeiii NFC-Ter ¢ OyMakHBIM Ta30BBIM
CEHCOPOM JJIsl KOHTPOJsSI MOPYM YMaKOBaHHOTO
nmmHata [14]. CeHcop, HareyaTaHHBIN YTIICPOTHON
MAacTOM, MEHSUT 3JIEKTPOIIPOBOAHOCTD MPU U3MEHEHUN
ra3oBoro cocraba, a BcTpoeHHas NFC-antenna
nepeaaBaia pe3ynbTar Ha cMapTdoH. B sxcnepu-
MEHTaxX yCTPONCTBO YCIICIIHO PAa3IHYaI0 CBEXKYIO
U HCIOPYCHHYIO MPOAYKIMIO, & CTOMMOCThH Tera
coctaBiia okoino $0.35 — 3To crenano ero npakTuye-
CKHU O€30TXOTHBIM PEIICHIEM TSI MOHUTOPHHTA CPO-
k0B rofuoctH [14]. Vcciaenosanme A. Cobbana u ap.
MTOKa3bIBACT, YTO coueTaHue OwmoceHcopoB u loT
o0ecrieunBaeT HEMpPEPbIBHBIA KOHTPOITb YIiakoBKH [13)].
BbrovyBCcTBHUTENBHBIE JATYHKH OMPEIEISIOT TTATOTeHBI
1 MeTabONHTHI pa3NoKeHus (Harpumep, OakTepu,
TokcuHbl win u3menenus pH), a loT-ceru (Wi-Fi,
BLE, 5G, NFC) nepenator 3T1 JaHHBIE B PeaIbHOM
BPEMEHH BCEM YYaCTHHMKAaM LICIOYKU MOCTAaBOK [14].
ABTOPBI OTMEYAIOT MEPCIIEKTUBEI HOBBIX HAHOMATEPH-
aoB (rpaden, MXene, OuopasiaracMble KOMIIO3UTHI)
U uX OyIQyUIyIO0 POJib B CO3JaHUM CBEPXUYBCTBH-
TEIBHBIX U SKOJOTHYHBIX CEHCOPOB.

HccnenoBaTeny Takke ONMHCHIBAIOT TPUMEHE-
urie RFID-MeToK /7151 MOHUTOPHHTA TEMIIEpaTyphl,
BIaXHOCTH, pH ¥ IEIOCTHOCTH yMaKoBKH [7].
Takue METKH 00ecIeunBarOT HEJZOPOroe M DHEp-
rodQQeKTHBHOE pelIeHre, 0COOEHHO B JIOTHCTHKE;
MO3BOJISIFOT CUUTHIBATH MapaMeTpsl 0e3 Qusuye-
CKOTO KOHTakTa. B mepcnekTuBe Oe3dnIIoBBIC
RFID-cuctems! omxHBI enié 0oJbIle YACeIEeBUTh
TEXHOJIOTHIO, XOTs celvac WX OrpaHHYHBAIOT
JaJbHOCTh PaOOTHI, MHOKECTBEHHOCTh CUTHAJIOB
npu OONBIIOM YHUCIIE METOK W HEOOXOIUMOCTh
COOJTIOZICHHSI €TMHBIX CTaHIapTOB Oe3omacHoCTH [7].
Ha peiHKe Taroke yxe MMeroTcss KOMMEpUecKre Iiat-
¢opmer ymuo# yrnakoBkd. Crapran Wiliot n3 CLIA
yxe BoimyckaeT «loT-nukcenn» — KpouieyHbIE aB-
toHoMHBIe BLE-MeTkm 0e3 Oarapem, KOTOpBIC
NPUKPEIUISIOTCS K YIAaKOBKE U MEepelaroT TaHHbIE
O TeMIlepaType ¥ MECTOIOJI0KEHHU IO PaJnoKa-
Hany [12]. IIpousBomuTeyt NPOIYKTOB TUTAHUS Te-
CTHPYFOT TaKH€ METKH JUTSI KOHTPOJISI THBEHTAPU3LIHHL.

CrouT TaKke pacCMOTPETh MPUMEP KOMITAHHI
Sealed Air (taxxxe u3 CILIA), koTOpast HCIIOJIB3yET
M(POBYIO MeYaTh YHUKATHHBIX (QR-KO70B Ha KXKI0i
ynakoBke [15]. Takue Kol paclo3HAIOTCS CIICIH-
aJNbHBIMH TpUIoKeHUIMH uiH loT-ycTpoiicTtBamu
U conepkaT B cebe CChUIKY Ha BeO-TiopTall ¢ WH-
dopmarmeii o mpoxykre (IIPOMCXOKACHUE, COCTAB,
9KOJIOTMYECKHE cepTH(HKAThL, perenTsl). Hampumep,
MOKyTaTeJdb MOXET CKaHHPOBaTh KOJ M YBHJETh
MOJIHYIO0 MCTOPHUIO TMAapTUU TOBapa — (PaKTUIECKH
«ot ¢epmbl g0 marazuHay [15]. Crapram Tapkit
n3 BennkoOpuTaHuu mpejyiaraet mojib30BaTeNsiM
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nuHamudeckue QR-Kombl— T.e. mocie medaTH
YIaKOBKH CCBUIKA, 3aIIn(poBaHHast B KOJE, MOXKET
OOHOBIISITBCS; TEM CaMbIM OHA TO3BOJISIET W3MEHSTDH
KOHTEHT (pEIeNnThl, aKIu) Oe3 IeperevaThIBaHms
sTHKeTOK [16]. Takas yrmakoBka MpeBpaIaeTcs B Ka-
HaJI B3aMOJICHCTBHS C TIOTpeOHTENeM, IPEAOCTABIISIS
aKTyaNbHYI0 HH(POPMALIMIO U YCHITUBAS JIOSUTBHOCTb.

OTnensHO He0OXOMUMO PACCMOTPETH BOIPOCHI
0e30IacHOCTH, CTaHIApTH3aIlud, SHeprodddex-
TUBHOCTH U YCTOMUYMBOCTH. Bo-NepBBIX, yMHBIE
VIaKOBKA TeHEPUPYIOT 00BEMBI HH(pOpMamn
0 TIPOUCXOXKIICHUH U YCTIOBUSIX XPAHEHHsI IIPOYKTa —
M09TOMY HEOOXOIMMBI HaI&KHBIE CPEZICTBA 3AIUTHI:
KaHaJIbI CBSI3U JIOJDKHBI OBITh 3armdpoBanst (TLS/SSL),
a ocTym —aytentruimposad [17]. A. Co66aH u ero
KOJIJIETH YTBEPKIAIOT clenyrouiee — 06e3 Hamaéx-
HOro IMQPOBaHUSA M CPEACTB ayTEeHTU(UKAIMN
HCBO3MOKHO I'apaHTHUPOBATH KOH(bI/IIlCHHI/IaJ'ILHOCTL
U [IEJIOCTHOCTD JIAHHBIX, TIOCTYTAOIIMX M3 CeHCOpoB [13].
TexHomornn OIOKYEHHA PAacCMaTPHUBAIOTCA IS
CO3IaHMs y4ETa BCEX COOBITHI B IIETIOYKE MOCTABOK.
CTOHT Takxke OTMCTUTH, YTO Ha IlaHHBIP'I MOMCHT
peleHns pa3po3HEHbI — HE CYIIECTBYET €AWHOTO
CTaHapTa B3aUMOJICUCTBUS Pa3HbIX AATYMKOB MU
cucteM. OpHako HaOWPAOT CUIy TI00ATBHBIC
crannaptel — Hanpumep, GS1 Digital Link mo3so-
JII€T 3aKOAUpOBaTh B 01HOM QR-KOJe CChUIKY Ha
BeO-pecypc ¢ UH(popMalpel 0 ToBape (OIMCaHUe, CPOK
TOJTHOCTH, COCTAB, MUIIEBasl ICHHOCTH U T. 11.) [18].
Ha Ham B3risn, pachpocTpaHeHHe MOJO0HBIX
craagaptos (GS1, MQTT, EPC) B 6yaymiem ynpoctur
VHTETPALUIO YCTPOMCTB Pa3HbIX POU3BOAUTENEH.

Jlanee paccMOTpHM BCTpanBaHUE UCTOYHHKOB
MUTaHUS B OTHOPA30BYIO YIAKOBKY, KOTOPOE SIBJISI-
€TCsI CIIOKHBIM M3-32 BHICOKOW CTOMMOCTH U psizia
IKOJIOTHUYECKMX PHUCKOB. [loaToMy crienuaincThl
CTaparoTCs MPEVIOKUTD PA3ITHIHBIC ATHTEPHATUBBI —
Harpumep, RF-5HeproxapBecTHHT WK CyTiepKOH/ICH-
caropbl. Tak, HekoTopble NFC-MeTKM OCHaIaroTcs
MHKPOCOJIIPOM HJIN KE ABJIAIOTCA OPUCHTUPOBAH-
HBIMH Ha cOOp «cBeTOBO# sHeprum» [12]. Taxke
CHUCTEMbI ONITUMU3IHUPYIOT IMPOUECChI — HAIIPpHUMED,
JIaHHBIE TTePEIatOTCsl He TIOCTOSTHHO, a TIPH TTOSIBIICHUN
AQHOMAJIMI WM TI0 pacricanuio. Hakonern, Haimmdme
9JIEKTPOHUKH B YTIAKOBKE CTABUT 33714y YTHIM3ALHHL.
[Mpumenenne OuopaszaraeMpIX W HETOKCHYHBIX
MarepuaioB (LeJUI0sI03a, OENKOBBIC MOJHMEPHI,
rpad)eH) B MEPCIICKTUBE MOYKET YMEHBIIINTh KOJIOTH-
yeckuii cien Takux cucteM [13, 19]. OnHoBpemMeHHO
«yMHasD» YIIaKOBKa cama 110 ce0e CriocoOCTBYET YCTOH-
YUBOCTH: OHA TIOMOTaeT COKPATUTh MHIIEBbIE OTXO/BI
(3a cuéT mpoJyIeHNsI CPOKA TOJHOCTH H JIYUINETO
KOHTPOJIA Ka‘IeCTBa) U OITUMH3HUPOBATH JIOTHU-
cTuKy. Hamprmep, oTMedeHo, 4To 3a CYET IPOICHUS
CBEKECTH TOBApOB U IlepepacipeaeieHUs IPOTYKTOB
C HMCTEKAIOIIMM CPOKOM T'OJHOCTH OOBEM IMHIIEBBIX
0TXO0J10B 3aMeTHO cHinkaercs [20].
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OCHOBHBIE OTpaHHYCHHS [UIA IIUPOKOTO
BHEIPEHUSI YMHOH YIAaKOBKH — 3TO CTOUMOCTb U
CIJIO’KHOCTb MHTerpanmu. LleHsl Ha ceHCOphI U METKU
NEHCTBUTEIBHO TNaJaloT — HO BHEIPEHHE MAaxke
mpoctoro TTI-marunka wnn NFC-metkn yBennau-
BaeT cebecTonMOoCTh ynakoBkU. Ilpu aTom Taroke
HEOOXOIMMO  TepecTpauBaTh  JIOTUCTHYECKHE
MIPOIIECCH B 00yYaTh MepcoHan padoTe ¢ HOBBIMH
naHHbIMU. Takke CyIIecTByeT PHCK HEIOBEpHs
noTpeduTeseld — 4acTh M3 HUX MOXKET OmacaTbCs
CJIe)KKH WM YTEUKH JaHHBIX, TO3TOMY CHELHaINCTaM
WHAYCTPUHM BaXXHO OOECIEYHUTh MPO3PAYHOCTH
uHpopmanun. [Ipr 5TOM CTOUT OTMETHUTD, UTO MEP-
CIEKTHBBI TEXHOJIOTUH IEHCTBUTEILHO OTPOMHBI —
TaK, BHEAPCHNUE YHEPTOHE3aBUCUMBIX TEXHOJIOT UM
(Ambient 10T) u cTaHgapTH30BaHHBIX IPOTOKOIIOB
(6LOWPAN, MQTT) cmoryr caenath YMHYIO
YHaKOBKY 0oJiee MOAXOSIIEH AJIsl TOBCEMECTHOTO
ncrons3oBanus. Materpamus ¢ Al u Onokueiin-
m1aThopMaMu TO3BOJIUT CTPOUTH OTKPBITHIE pe-
eCTpbl KadecTBa NPOIYKTOB. Takxke OXHIACTCS
MOSIBJICHHE aBTOHOMHBIX aJaNTHUBHBIX YNAKOBOK,
KOTOpbIe HH(POPMUPYIOT TOTPEOUTENS U CHEIHAIH-
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YCIIOBUS XpaHEeHUS (HApUMep, IPU HEOOXOTUMOCTH
aKTHBUPYIOT TIOTJIOTUTEIIH Ta30B).

3akiaouenue

TexHOMOTHN YMHOH YITAaKOBKH OOBEINHSIOT
CEHCOpHbIE peleHus 1 VIHTepHeT Belell ¢ 1ebio
HENpPEephIBHOTO MOHUTOPHHTA KaYeCTBA MHUIIEBHIX
npoxykToB. COBpeMEHHbIE HOIXOABl — XUMHUYECKHUE
WHMKAaTOpPbl, OECTIPOBOAHBIE CEHCOPHBIE METKH U Ap. —
MO3BOJIAIOT TOBBICUTH 0E30MAacCHOCTh, COKPATHThH
MOTEpH MPOIYKIMH U YCUIIUTH «OTCIIEXKMBAEMOCTb.
OnbIT Hay4HBIX M IPOMBILIUIEHHBIX IIPOEKTOB
nokasbiBaeT 3pPeKTUBHOCTh TaKUX CHCTEM — OHU
TIOMOTalOT BOBPEMs BBISIBUTH OTKJIOHEHUs YCIOBHUI
XpaHEHMS U NPEyNpPenUTh PUCKU IIOTEPU KauecTBa.
ITpu 3TOM HE CTOUT 3a0BIBaTh, YTO HEPEILICHHBIMU
OCTAIOTCSI 3a/1a41 YHEPrOCHAOKEHHS, CTAaHIAPTOB
U CTOMMOCTH, KOTOpble TpeOyIOT HanbHEHIINX
TIIATENBHBIX UcclenoBaHui. [lepcrekThBHbIE HAapaB-
JICHUS JAIBHEHIIINX MCCICIOBAHMM, CJICIOBATEIIBLHO,
BKJTIOYAIOT B Cce0sl pa3palOTKH SHEProHE3aBUCHUMBIX
CEHCOPOB, YHU(DHUKAIMIO CTAaHIApTOB OOMEHa JTaH-
HBIMU U PaCIIMPEHHOE B3aUMOJCHCTBUE YITAKOBKU

CTa O COCTOSIHUY MIPOAYKTa U IUHAMUYECKU MEHSAIOT C UCKYCCTBCHHBIM HHTCJUICKTOM.
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XapakTepuCcTUKA AYTOUMMYHHOM aKTUBHOCTH
CYIIEPHATAHTOB TOMATOB

Anppeii B. I'pebennmkoB ! serafim10@ya.ru 0000-0002-0443-9809
Auna E. Yycosa ' hycovai@mail.ru 0000-0003-1237-4870
Buxropus A. IBanoBa ' viktoriiaivanova@bk.ru 0009-0000-1405-9327
Anena A. IlponpkuHa ! pronkinaalenal2@gmail.com 0000-0002-8183-6082
Amnacracus B. Anexuna °  alehina-vrn@mail.ru 0000-0002-5266-3901

1 BopoHEXCKHi TOCYIapCTBEHHBI YHUBEPCUTET MHXKEHEPHBIX TEXHOJOTHHU, p-T PeBouroruu, 19, r. Boponex, 394036, Poccust
AnHoTanus. [Ipodunnnsl, coepxaruecs B TOMaTtax, ABIAI0TCS OJHUM U3 HaHOoNee pacIpoCTpaHEHHBIX aJUIEpreHOB. DTH BEIIECTBA
OB MIeHTH(OUINPOBAHBI KaK aHAJUICPTeHb], CIIOCOOHBIE BBI3BIBATh aJNIEPTHUECKUE PEAKIIMU B OTBET HA IOCTYIUICHHE B OPTaHN3M
Pa3IUYHBIX MUIIEBBIX MPOIYKTOB U MbUIbLE! pacTeHnil. CeHcHOMIM3anus K npoGuinHy HabmoaaeTcs npuMepHo y 20% manueHToB
¢ aymeprueit Ha meUTbLYy. IgE, cienmuduaHbIi K TpoUIMHAM TBUTBLBL, BRI3BIBACT MEPEKPECTHYIO PEAKIHUIO C MPOPIITHHAME (PPYKTOB
U OBOIIEH. Y MalMeHTOB ¢ aJulepruei Ha TOMAaThl ¥ MHOXKECTBEHHOI CEHCHOWIM3AlMed K IpyrMM HUCTOYHUKAM IIHINY W IBUIbLE,
IgE manpasmen Ha Lyc el. Lyc el mpomeMOHCTpHpOBan aIepreHHYI aKTHBHOCTH Onarojaps CBOEH CHOCOOHOCTH BBI3BIBATh
BBICBOOOJK/ICHHE MEMAaTOPOB BOCHaleHHUs M3 0a30(puiIoB uenoBeka invitro. CiemoBarenbHO, BEposATHO, uTo Lyc el BHOCHT
CYIIECTBEHHBIH BKJIAJ B Pa3BUTHE KIMHUYECKUX CHMIITOMOB y MAI[EHTOB C ajuIeprueil Ha ToMaTel. B paMkax ncciemoBaHus OBLIO
U3YYEHO pa3apakarollee M allepruieckoe AeiicTBHE CylepHaTaHTOB. MccienoBaHWS MOKa3aid, YTO CyHNEPHATAaHTHl O0IamaioT
YMEpPEHHBIM pa3apakarouM 3G (exToM Ha CIM3UCTHIE 000JIOUKH I'J1a3 B TEUSHHUE ITEPBBIX 2 CYTOK. /IBa BBICOKOYYBCTBUTEIIBHBIX TECTa
JUISL OTIPEZICIIEHNS AJTIEPTH3UPYIOIIeH aKTHBHOCTH — «TUCTAaMUHOBBIM IOK» U PEaKIys JeTPaHy I TYYHBIX KJIETOK — IOKA3allH,
YTO NPH HapeHTEPAILHOM BBEIICHHH BCe 00pa3lbl He NOTEHIUPYIOT BIHMSHUE I'MCTaMHHA M HE BBI3BIBAIOT JETPAHYJISALUH TYYHBIX
KJIETOK IOJOIBITHBIX XMBOTHBIX, BBIXOASIIME 3a IPENeibl YCTaHOBICHHBIX HOpPM. OTCYTCTBHE BBIPa)KEHHOTO pa3[pakarollero
JEUCTBUSI U ayTOMMMYHHOH aKTHBHOCTH Y CyNEpHATaHTOB IO3BOJISIET HCIOJIB30BaTh X B KAUECTBE KOMIIOHEHTA 0€3alIKOTOIbHBIX
HAaITUTKOB, B TOM YHCJIE CIIEIMAILHOTO Ha3HAYCHUSL.

KnroueBble ci1oBa: mpoduiH, amiepreH, CECHCHOMIN3aLUs, aJUIepTusl, TOMaT, CyllepHaTaHT.

Characteristics of the autoimmune activity of tomato supernatants
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Anastasia V. Alekhina 3 alehina-vrn@mail.ru 0000-0002-5266-3901

1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia

Abstract. Profilins contained in tomatoes are one of the most common allergens. These substances have been identified as pan-
allergens that can cause allergic reactions in response to ingestion of various foods and plant pollen. Sensitization to profilin is observed
in approximately 20% of patients with pollen allergy. IgE, which is specific to pollen profilins, causes a cross-reaction with fruit and
vegetable profilins. In patients with tomato allergy and multiple sensitisation to other food sources and pollen, IgE is directed to Lyc
el. Lyc el has demonstrated allergenic activity due to its ability to induce the release of inflammatory mediators from human basophils
in vitro. Therefore, it is likely that Lyc el contributes significantly to the development of clinical symptoms in patients with tomato
allergy. As part of the study, the irritant and allergic effects of\supernatants were studied. Studies have shown that supernatants have a
moderate irritating effect on the mucous membranes of the eyes during the first 2 days of treatment. Two highly sensitive tests for
determining allergizing activity - "histamine shock™ and mast cell degranulation reaction — showed that when parenterally
administered, all samples do not potentiate the effect of histamine and do not cause mast cell degranulations of experimental animals
that go beyond the established norms. The absence of a pronounced irritant effect and autoimmune activity in supernatants allows them
to be used as a component of soft drinks, including for special purposes.)

Keywords: profilin, allergen, sensitisation, allergy, tomato, supernatant.

J1ist U THPOBAHUS For citation
I'pebenmmko A.B., UycoBa A.E., MBanoBa B.A., Ilponskuna A.A.  Grebenshchikov A.V., Chusova A.E., lvanova V.A., Pronkina A.A.
XapakrepucTHka ~— ayTOMMMYHHOH — aKTHBHOCTH  cymepHarantoB  Characteristics of the autoimmune activity of tomato supernatants.
tomaroB // Bectnuk BI'YUT. 2025. T.87. Ne2. C.51-57. Vestnik VGUIT [Proceedings of VSUET]. 2025. vol. 87. no. 2. pp. 51—

d0i:10.20914/2310-1202-2025-2-51-57 57. (in Russian). doi:10.20914/2310-1202-2025-2-51-57
This is an open access article distributed under the terms of the
©2025, T'pebenumkos A.B. u ap. / Grebenshchikov A.V. et al. Creative Commons Attribution 4.0 International License

51



Grebenshchikov A.V. et al. Proceedings of VSUET, 2025, vol. 87, no. 2, pp. 51-57

BBenenue

3a nmocnenHue roasl B Poccun 3HaunTENnEHO
PacLIMpUIICs aCCOPTUMEHT U 00BbEMBI TIPOU3BOACTBA
0€3aJIKOTOJIBHBIX HAMATKOB. OIHAKO CYIIECTBYET
npobiemMa: MHOTHE MPOU3BOAUTEIH WU (DUPMBI-
UMIOPTEPHI TIOCTABISIOT HAa TMOTPEOMTEIHCKHIA
PBIHOK 0€3aJIKOrOJIbHBIE HAMTKH C T00aBICHHEM
KOMIIOHEHTOB ~ CIOCOOCTBYIOIIMX  IPOBOKALMH
ayTOMMMYHHBIX IIPOLIECCOB CO CTOPOHBI OPraHU3Ma
notpebureneii. [loatomy kauecTBO MOTPEOIIEMBIX
HaceNeHneM 0e3alIKOTOJIbHBIX HAlMTKOB BBI3BIBACT
CEpBE3HBIE OMACEHUSL.

OnHUMH U3 pacIpOCTPaHEHHBIX AJIIEPTEHOB
CO CTOPOHBI TOMAaTOB SBJISIFOTCA NPOQMIIHHBL
[IpodmmmrHEl pacTeHHid OBLIM OMHCAHBI KaK IaH
aJIJIEpreHbl B HECKOIBKHUX MUILIEBBIX NPOIYKTaX U
MbUIbIIE pacTeHui. CeHCHOMIM3aIus K Mpo(QUIUTMHAM
HabmromaeTcs npumepHo y 20% nanueHToB C ai-
neprueit Ha MeUIblly, a IgE k mpogumuHy mbUTBLEI
BBI3BIBACT CHJIBHYIO MEPEKPECTHYIO PEAKLHUIO
¢ npoduHamu GpyKTOB 1 oBoirei [1]. B To Bpemst
Kak cBsi3piBaHue IgE ¢ npoduinmuHaMu B UIIEBBIX
HUCTOYHHUKAX, COJIEPKALINX TOMOJOTUYHbIC OCNKH,
HaOJI0IaeTCsI C TAKOM YKe YaCTOTOM, KaK M B TIBUIBLIE,
ceHcubOmmmzanms IgE k mnpodumuimHam Oonee
BBIp@KEHA B 9K30THYECKUX (pyKTax, mocturas 70%
B Oanane wiu aHanace [2]. HemaBuo Lyc el Obut
UIEHTU(HULIMPOBAH KaK MUHOPHBIHN alIepreH B IVIOAX
tomatoB \ (Lycopersiconesculentum), mposiBisito-
umii IgE-peaktuBHOCT, y 22-26% mnanueHToOB
c ajieprueid Ha ToMartsl [3, 4]. V 3THX manueHToB
IgE-peakTrBHOCTP Ha TOMAaTHBIA MPO(HUILIHH CO-
craBisger 1o 42% ot obmeit IgE-peakTuBHOCTH
Ha 9KCTPAKTHI IUIOJI0B TOMATOB.

OcrarouHas peakTuBHOCTb IgE, ckopee Bcero,
o0ycJIoBJIeHa JPYTHMMH alulepreHaMd TOMAaToB,
takumu Kak Lyc e2\(b-dppykrodypanosumasza),
Lyc e3\(necnienmduueckuii 6eI0K mepeHoca -
noB [LTP]), momuranakrypoHasa, eKTHHICTEPas3a,
XUTUHA 3a, CYNEPOKCHIINCMYTa3a, CBSI3aHHBIH
C MaTOreHe30M OEJIOK U JI0 CHX MOP HEM3BECTHBIE
armepres [5-9]. YV maipeHToB ¢ auiepriel Ha TOMaTsI
U MHOXXECTBEHHOW CEHCHOMIM3anued K APYruM
HWCTOYHMKAM mnuiid v nsuiblie, IgE Hanpasien
Ha Lyc el. Iloka3zan cHIBHYIO HEPEKPECTHYIO
PEaKTHBHOCTH ¢ IPO(HUIHOM W3 TBUIBLBI Oepe3bl 1
Oonee cnalyro, HO 3HAYUTENBHYIO IEPEKPECTHYIO
PEaKTHBHOCTH C PO(HITHAME U3 Celbaepes, MOp-
KOBH, BUIIHM M aHaHaca. 3 IgE, nanpaBieHHbII
MIPOTHUB PO PHIIMHA TOMATOB, MOXET OBITH OTBET-
CTBEHEH 3a IEPEKPECTHYI0 PEaKTUBHOCTb MEXKIY
HEPOJICTBEHHBIMU PACTUTEILHBIMU HCTOYHUKAMH,
HO pa3nuumd B snuronax IgE BHyTpHu cemelicTBa
npoUUIMHOB CymiecTByt0T. bosee Toro, Lyc el
MPOAEMOHCTPUPOBAl AJUIEPIEHHYIO0 AKTHBHOCTB
Oyraromapst CBOE# CITOCOOHOCTH BBI3BIBATH BHICBO-
00XKIeHNE MEANATOPOB BOCTIANIEHUS U3 6a30(duinoB
yesioBeka in vitro. CiieZ10BaTeNIbHO, BEPOSITHO, YTO
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Lyc el BHOCHT CyIIECTBEHHBIH BKJaJ B pa3BUTHE
KIMHIYECKHUX CHMIITOMOB Y TAIIEHTOB C aJUIeprueit
Ha nomuaopsl [10].

AKTyamsHOCTD pabOTHI 3aKITI0YAETCS B OTCYT-
CTBUH B JIOCTYITHOH Hay4YHO-TEXHHYECKOH JUTEepa-
Type CBEICHUH O pa3Ipa’KaloIiX U Ay TONMMYHHBIX
CBOWCTBaxCyIepHaTaHTa, MOJyYCHHOM U3 Pa3HbIX
COPTOB TOMATOB.

Heas padoThl— wHcClenOBaTb MECTHO-
pa3Ipaxaroix 1 aJUIepPreHHbIX CBOWCTBCYTIEpHA-
TAHTOB, IMpPEJHA3HAYCHHBIX IS HWCIIOJNb30BaHHS
B 0€3aJIKOTOJILHBIX HAITUTKAX, BTOM YHCIIE CIICIIH-
ANbHOTO HAa3HAYCHHUSI.

MatepuaJjbl 1 MeTOAbI

CymnepHaTaHTbl, HOJTY4€HB! U3 TOMATOB COp-
ToB Bonrorpaackuii, Opamx n Y€pHeI mpuHL,
BhIpamieHHbIX B 2022 romxy B X0XOIIBCKOM paiioHe
Boponexckoii obnactu.

HccnenoBanusi MpoOBOAWINCH B CIICLUATN3H-
poBanHbIx Jaboparopusix ®I'BHY BHUBUIIDOUT.
B pamkax uccienoBanusi ObIIO H3yUEHO pa3apaxa-
Iollee U aJlJIepruueckoe IeHCTBUE CYTIepHATaHTOB
Ha 36 kponukax nopoasl «uammmnnay. Uccnenosa-
HHE [TPOBOIMIIOCH B COOTBETCTBHHU € «PyKOBOICTBOM
T0 PKCTIEPUMEHTAIHHOMY (JIOKIIMHIYIECKOMY) H3yde-
HHIO HOBBIX (hapMaKOJIOrH4YeCKuX BeuecT» [11].

CynepHaTaHTBl HAHOCHIIM Ha JIEBBIH OOK
KpOJIMKA, IpPEeABApUTENIBHO BBICTPUTasl yYacTOK
KOXH pa3zmMepoM 4x4 cM. DKCTIO3HUINS COCTABISIIA
4 yaca, Ipoleyphl IPOBOIIINCH 5 pa3 B HENEIIO
B TeueHue 20 qHeil.

IlepBoe TecTHpoBaHME IO IIKaje OLEHKU
KOXHBIX NMPo0 ObuTO mpoBeneHo uepe3 10 mHE.
[Ipu 3TOM BBICTpHUTaNy KOXY Ha MPOTHUBOIIOIOXK-
HOM OOKY KpOJHMKa M HAHOCWJIN CYyIEePHATAHTHI.
Peaxruio koxxu ananuzupoBanu uepes 24, 48 u 72
Jaca Iocjie cMbIBaHusl mpoaykra. Ilpu ortpuna-
TEJILHOM PE3YJIbTaTe OIBIT MPOJOKIIN U JJOBEIN
guCiIo ammiukanuidi 10 20, mocie 4ero MpoBenld
MOBTOPHOE TECTHUPOBAHHUE.

Jl1s KonmMuecTBEHHON OLIEHKHM CeHCHOMn3a-
MU K CyIEpHAaTaHTaM HCIOIb30BAJI HIMMYHOJIOTH-
YEeCKM METO/ IO BBIBJICHUIO DPEAKIMH KIETOK
KPOBH Ha aJJIEPreH invitro — peakLuio 1erpaHy s
ty4nbix kietok (PHATK) u peakiuto ructaMino-
BOT'O IOKA.

HccnenoBanne pasapakaromiero AeWCTBUS
CYNEpPHATAHTOB HAa CIM3UCThIE OOOJOYKH TIJIa3
MPOBOJAMWIN Ha Kposinkax. KaxxJipIii uccieayemsblil
00pasel B KOIM4YecTBe 3 Kareilb BHOCHIN B KOHBIOHK-
TUBAITBHBIA MEIIOK MPaBOTO TIj1a3a TPEM KPOIIMKAM.
JleBple TI1a3a KpPOJIMKOB CIIYXKHWIM KOHTPOJIEM.
HabGmronerrie 3a cocTosiHMEM XMBOTHBIX POBOAM-
JIOCh B TeueHue 2 Heaenb. OLEHKY pa3ipaxkaroliero
JICWCTBUSI TIPOBOIMJIM COTJIACHO ~PEKOMEHIAIMSIM,
YUUTBIBAsI U3MEHEHNE KPOBEHAIIOIHEHHS KOHBIOHK-
THUBBI, COCTOSIHIIE POTOBHIIBI M Pa Ty’KHON OOOJIOUKH,
KOJIMUECTRO BBIICICHUI U3 T71a3 (Tabmuia 1).
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Tabanma 1.

OreHKa pa3apaskarolero ASHCTBHS Ha CITU3UCThIC 000JI0UKH IJ1a3

Tablel.

Evaluation of the irritant effect on the mucous membranes of the eyes

MHTEHCUBHOCTD peakiuu Orenka B 6amnax Paznpaxarommii 3¢ ekt
Reaction intensity Score Irritant effect

Orcytcraue peakuus | No reaction 0 Orcyrcrsyer | Absent
Cunabas peaxuust | Weak reaction 2 Cra6brii | Weak
Bripasxennas runepemus | Pronounced hyperemia 4 Cuna6o seipaskennbiii | Weakly expressed
Hannuue nakpumanuu | Presence of lacrimation 6 Ymepennsiii | Moderate
Hanuuue Boinenennii | Presence of discharge 8 Beipaxennsiii | Expressed
I[J'II/ITeJ'IBHaSI, SIPKO BBIpA’KCHHAsA TUIepeEMUs, JJaKpuMaliysl, OTEK BEK 10 CHIbHO BLIpa)KeHHLIﬁ
Prolonged, pronounced hyperemia, lacrimation, eyelid edema Strongly expressed

JlaHHble, MOJIy4YEHHBIC BXOJE HCCIIENOBAHMS,
ObUIM TOABEPTrHYTHl CTaTUCTUYECKOW 00paboTKe
C WCIOIB30BaHMEM IporpamMmer Statistica v10.0
(Stat Soft. Inc. CIIIA). Bbuti paccurTaHbl CpeTHSIS
apudMeTHdecKas, a TakKe CTaHIapTHasl OIHOKa
cpenneii. JloctoBepHOCTh paznuuusi MEXIy BBIOOp-
KaMH OLICHUBAJIACH C IIOMOILBIO HENApaMETPUUECKOTO
kpurepust Manna-Yutau. Craructudeckas TMIore3a
cuuTanach gocroBepHoi npu P<0,05.

PesyabTaTsl

PesynbraThl nccnemoBaHus pa3apaskaronux
CBOWCTB CYIIEpPHATAHTOB TIOKA3aIlH, YTO HAHECEHIE

UX Ha KOXY €XEIHEBHO B TeueHHE 15 CyTok
HE BBI3BIBAIO y KPOJIMKOB M3MEHEHHUH KOYKHOTO
nokposa. He oOTMeueHO IOKpacCHEHHUS KOXH,
YTONIICHUS! KO)KHOW CKJIAIKW W BBIMAACHUS MOA-
CTPW)KCHHOM IIEPCTM M IIEPCTH, TIpaHUYAILEH
C BBICTPIKEHHBIMU yYaCTKaMH.

[Ipy manpnanuy BBICTPHIKEHHBIX YYaCTKOB
KOXH He HaOIro1anu O0JIe3HEHHOHN PeakIiuy y Ku-
BOTHBIX. J[aHHBIE TEMATOIIOTHYECKUX TOKa3aTenen
CBUJICTEIILCTBYIOT, YTO HAHECEHHE CYIIEpPHATaHTOB
Ha BBICTPM)KEHHBIE YYaCTKH KOXKH KPOJIMKOB B TeUe-
HHUE 15 CyTOK HE M3MEHSJIO KIMHUYECKYI0 KapTUHY
KPOBH IKCIIEPUMEHTAITHBIX )KUBOTHBIX (TaOJMHIIA 2).

Tabauna 2.

I'emaronornyeckue moxasaTesy KPOJIUKOB JI0 U TIOCTIE MHOTOKPATHOTO HAHECEHHSI CYTIEpPHATAHTOB
B TeueHue 15 mueit

Table 2.
Hematological parameters of rabbits before and after repeated application of supernatants for 15 days
Cpoku HabIOJeHHS T'eMOrI06MH MMOJIE/IT Dpurpouutsl 10%%/1 JletikomuTs 1091 COD mm/u
Duration Hemoglobin mmol/I Erythrocytes 10%%/1 Leukocytes 10%1 ESR mm/h
Cynepnarant Boarorpaackuii | Supernatant Volgograd
Jlo ompita | Before 71+04 3,9+04 6,7+0,3 20+0,3
1 gac | 1 hour 79+0,3 40+0,1 6,9+0,3 29+0,1
1 cyrku | 1 day 6,9+0,6 41+02 76+02 22+03
5 cyrok | 5 days 70+02 3,0+0,3 73+0,1 20+0,3
10 cytok | 10 days 70+04 40+03 71+03 2,002
Cynepnarant Opatk | Supernatant Orange
Jo ombita | Before 7,0+£04 40+04 6,9+0,3 2,1+0,3
1 gac | 1 hour 75+03 40+0,1 6,4+0,3 2,6+0,1
1 cyrxu | 1 day 6,9+0.,6 41+02 72+04 22+0.2
5 cyrTok | 5 days 7104 40+02 73+03 20+03
10 cytok | 10 days 7104 4,0+0,3 70+03 20+0,1
Cynepuarant Yépnbiii npunir | Supernatant Black Prince
Jo omeita | Before 72+05 38+04 6,7+0,3 2,2+0,3
1 wac | 1 hour 73+0.3 4,0+0,1 6,4+03 27+0,1
1 cytku | 1 day 7,0+0,6 41+0,2 72+02 22+03
5 cyTok | 5 days 71+02 3,9+0,3 7,3+0,1 20+03
10 cyrok | 10 days 71+£03 40+0,3 70+03 2,0+0,.2

OnpIT MO W3YYEHHWIO  pa3apa)karolIux
CBOWCTB CYIIEPHATAHTOB Ha CIIN3KCThIC 000JIOUKH IJ1a3
MPOBENU Ha 9 KPOJIUKaX.

Paznpaxatoiiee nedcTBHE CyNepHATAHTOB
Ha CJIM3MCTbIE OO0OJIOYKH Tja3 ONPeaesuId 0
«ria3Hor Tpobe». B KOHPIOHKTHUBAIEHBIA MEIIOK
JIEBOTO TJa3a 5 KPOJMKaM 3aKarbIBaIX 1—2 Karu
CyIEpHATAHTOB, 2 B KOHBIOHKTUBAIHHBIA MEIIOK
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npaBoro — 1-2 karum BoJbl. 3a JKUBOTHBIMH BEJH
HaOJroieHre Ha NpoTshkeHuH 15 cytok. OneHky
pasIpaxaromiero AecTBys NpoBOAWIN yepes 1, 2,
3,4 u 24 yaca, 3—7 u 15 cyTOK BU3yaJIbHO 10 U3Me-
HEHUIO KPOBEHAITOJHEHHS KOHBIOHKTHBEI, HATMIHIO
JIAKPUMAITIH ¥ COCTOSTHHIO pOTOBHITHI 110 10 GambpHOM
CHCTEME COTJIACHO Tadmuile 3.
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Uepe3 1 gac mocne BBEICHHUS CyIIEpHATAHTOB
Yy BCeX TOJIOTBITHBIX HBOTHBIX HAOIIOMATH
CJIC30TCUYCHUE U BBIPAKCHHYIO THIIEPEMUIO0 KOHB-
FOHKTHUBHI ¢ OTIeHKOM 4 6asma. Yepes 2, 3 u 4 waca
KOHBIOHKTHBA OCTaBaJlach CI1a00BBIPAKCHHOMN B TOH
ke cTerneHu — 4 Oaia.

Crycrs 24 yaca y BCeX KPOJIMKOB Ha CIIU3UCTOM
TJ1a3 UMEJI0 MECTO HaJIMIHe JIAKPIMAITIN M OTeKa BEK
(pazapaxatrormmii a3ddext — ymepeHnsiit). Ha 2 cytku
OTMEUAJIH SIPKO BBIPAKCHHYIO TUIICPEMUIO U JIAKPH-
Marmio (pasapaxaronmid 3GGeKT — yMepeHHBIH).
Ha 4-e cyTku npu3Haku pa3apakxeHds CIU3UCTOM
ria3 nocreneHHo ucuesanu. Ha 7 cyTku BUAMMBIX
W3MCHCHUN Ha CIU3UCTOM OOOJIOUKHM TJia3 He
HaOmogamm. Takum o0pa3oM, OBLIIO YCTaHOBIIECHO,
YTO HUCHBITYEMBIC CYICpHATaHTHl  O0JIAJAr0T

post@uestnik-vsuet.ru

YMEPEHHBIM pa3IpakaromiM 3(pGeKToM Ha CITU3H-
CThIe 000JIOYKH TJIa3 B TEUCHHE MTEPBEIX 2 CYTOK.

N3yuenue amieprusupyrowmero IeHUCTBUS.
[1pu BBEICHUH TOIONBITHBIM KMBOTHBIM THCTAMHHA
Ha0IoAanach CieAyromas peakuys: Bo30yKIeHHE,
qacTas nedekarys, MOUYeHCITyCKaHHe, YIaIleHHOe
JBIXaHue, cyaoporu. Kpureprem oLeHKH CITYKHIIO0
BpeMsI OT MOMEHTa BBEJICHUS TMCTaMHHA 10 MO-
MeHTa OOKOBOTO ITOJIOXKEHHS JXHBOTHBIX. Bpems
HACTYIUICHHS THCTAMHHOBOT'O IIIOKA Y TOJIONBITHBIX U
KOHTPOJIBHBIX JKHBOTHBIX HaXOIHMJIOCH B OJM3KHX
npenenax (P > 0,05). He 66110 oTMeueHo ykopode-
HHS TIEpHOJIa HACTYIUICHHS TUCTAMUHOBOTO IIIOKA
IOpH  BBEJICHWH HCCIEAYEMBIX CYIEpPHATaHTOB
(tabmua 3). Hanutky He moTeHImpoBamy d¢dekra
THCTaMHHA U, CIIEAO0BATEIILHO, HE TPOSBISIIN all-
JIEPTU3UPYIOLIUX CBOUCTB.

Tabauna 3.

Aﬂﬂeer?;prIOHlaﬂ AKTUBHOCTH HAITUTKOB HAa OCHOBC CYIICPHATaAHTOB
(Meton ructamuHOBOrO 1oka, P > 0,05)

Table 3.

The allergic activity of drinks based on supernatants (histamine shock method)
is statistically significant (P > 0.05)

O6paserr | Sample

BperI HaCTyNJICHUS TUCTaMHUHOBOI'O IIOKa, MUH
Time of onset of histamine shock, min
JXKusornsie | Animals

ITopgonbiTHEIE M £ T Kontponbaple M £ T
Cynepuarant Boarorpasnckuii | Supernatant Volgograd 18,9+ 0,10 21,6 +£0,30
Cynepnarant Opamxk | Supernatant Orange 20,2+0,12 21,7 +0,20
Cynepuarant Yépusiii npuni | Supernatant Black Prince 21,2+0,12 21,7 +0,20

VY NOJONBITHBIX MOPCKUX CBUHOK XapakTep
[POTEKAHUSI TUCTAMUHOBOI'O INOKA HE OTINYAJICS
OT TaKOBOT'0 Y KOHTPOJIbHBIX )KMBOTHBIX.

OmnBITB TI0 W3YYEHUIO AJUIEPTeHHBIX CBOWCTB
[0 TECTy «HENPSAMOW peakuuH AerpaHyJIsLun

tyuynbix kietok» (PHATK) mnokasamu, yto mpu
MOJIKO)KHOM BBEJICHUH CYIIEPHATAHTOB Ha MEPBbIC
CYTKH I0CIIC BBEJICHHS ITPOLICHT JIer paHy IMPOBaHHBIX
KJIETOK He TpeBbIman aecsatu (tadnuua 4).

Tabnuna 4.

AnnepreHHaﬁ AKTUBHOCTBH CYIICPHATAHTOB B PCAaKIIUU HCHpHMOﬁ ACTPAHYJIAIIUN TYYHBIX KIJIICTOK

Table4.

The allergenic activity of supernatants in the indirect mast cell degranulation reaction

Ob6pasery Bpewmst ot6opa kposw, cytku | Blood collection time, days

Sample 1 5 10 15

Cyneprarast Bosrorpanckmii | | POUCHT ﬂemagﬁf&%‘;mmmx KICTOK | 96403 | 4,7+019 | 40+013 | 38+014
Supernatant VVolgograd Peaxuyst | Reaction @) (&) @) (@)

CynepratanT Opamx Tponent ﬂerpaﬁgg‘eﬁ]‘;‘gaﬂ“"“‘ WICTOK | 914041 | 364022 | 384010 | 29+031
Supernatant Orange Peaxums | Reaction @) @) 0 )

CymiepHartanT YEpHBIA TIPHHIL Tpouext z[er‘pal;}é?ér;](;BaHHHx KIETOK 8,7+0,41 3,2+0,22 3,4+0,10 2,8+0,31
Supernatant Black Prince Peaxius | Reaction &) @) @) @)

Ha 5, 10 u 15 cyTku nocne BBeICHHS HATIUTKOB 3aKkiouenue

MIPOTICHT JETPaHyIMPOBAHHBIX KJIETOK HAXOJIHJIICS
B mpenenax ot 4,8 £ 0,2 mo 2,8 £ 0,30.

Taxwm 06pazoM, HAaHOOJBITTHIA TIPOIIEHT JIeTpa-
HYJIMPOBaHHBIX KJIETOK HAOMIOAAICS Ha IepBbIC
CYTKH MOCJIE BBEACHUS, HO U B 3TU CPOKH IO KOJIU-
YECTBY JACTPaHyIMPOBAHHBIX KICTOK PEAKIIHS CUH-
Tanach OTPULATEIbHOM.
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HccnenoBaHnst TOKA3aly, YTO CYIEpPHATAHTHI
00J1aal0T YMEPEHHBIM pa3zpaxkaromM dddexrom
Ha CIU3UCThIe 00OJIOYKH IJ1a3 B TEYEHHE MEPBBIX
2 cyTOK. A Take JiBa BBICOKOYYBCTBUTEIHHBIX
TeCTa Uil ONPENeNICHHS —aJUIeprH3HUPYyIONeH
AKTUBHOCTH «TUCTaMUHOBBIN IIOK» U peaKys Je-
TPaHyJISIIUU TYYHBIX KIETOK TOKa3alH, 4TO MpPU
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HapeHTepalbHOM BBEJEHHHM BCe 00paslibl HE IMO- KOMIIOHEHTa OE3aJIKOTOJIHBIX HAIUTKOB, B TOM
TEHLUPYIOT BIMSHHE FMCTAMUHA U HE BBI3BIBAIOT YHCIIe CIIeNUATBLHOTO HA3HAUCHHSI.

JErPaHyISLMH TYYHBIX KIETOK MOJONBITHBIX KH-
BOTHBIX, BBIXOJISILIKE 32 HPEIeiIbl yCTAHOBJIECHHBIX
HOpM. OTCYTCTBHE BBIPAKEHHOTO Pa3IPaKAKOIIEr0 P Mcomcpopanie BHHOE)HGHO 3?\&) ZL:I%GEG BI())ZHlT;
NeHCTBUS M ayTOMMMYHHOM aKTUBHOCTHU y CyIIep- OCCHHMCKOTO ~ HAyMHOTO — QOHAA N9 £5-£0- ’
HATaHTOB HOS}];OJ'IHCT ZCHOJ‘IL:?OBaTI) UX B zanCTge https:/rscf.rufproject/23-26-00217/.
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HeabHO3epHOBBIE MAKAPOHDBI U3 MOJIOBI C MOBBIIEHHBIM
CO/IepP:KaHNEM NMUIIEBON KJIETYATKH 32 CYET MOOOYHBIX IPOIYKTOB
nepepadoOTKH XypMbl
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AnHoTanus. [1101b1 XypMBI SIBJISIOTCA OJHUMH U3 HanOoJee MIMPOKO KYJIbTHBHPYEMBIX IUIOJOBBIX KyJIbTYpP BO BCEM MHUpE, OHU
[IMPOKO PACIPOCTPAHEHBI B CTpaHax A3uu U EBPOIBI, 1 UX MPOU3BOICTBO PACTET BMECTE CO CIIPOCOM MOTPEOHTENeH, B TOM YUCIIe
u B Poccun. Xypma sABISICTCS XOPOIIMM HCTOYHUKOM MUTATEIBHBIX BEIICCTB U OMOAKTUBHBIX COCIMHCHHMA, 0COOCHHO MHIIEBBIX
BOJIOKOH, KAPOTUHOUIOB U (DEHOJBHBIX COCAUHEHHH, CPEIU APYTHX OMOAKTUBHBIX (PUTOXUMHUYECKUX BEIIECTB. XypMa OTHOCHTCS
K (QpyKTaM, MMECIONINX HE TOJHKO OTPaHMYCHHBIN CPOK XpaHEHHs, HO W 3HAYUTEIBHBIC MOTECPU MpU cOOpe ypoxkas, T. €. 3TO
CE30HHBII CKOPOTIOPTAMHIACS QPPYKT, KOTOPHIA TPYIHO XPaHUTH U TPAaHCIIOPTUPOBATE, BCIECACTBHE YET0 MOYTH MATAst 4aCTh OT BCEX
BBIPAIICHHBIX IUIOJIOB ITPOCTO BBIOpachiBaeTCs. B HacTosIee BpeMs HA0I0JaeTCs pPOCT BaJIOPU3AIMK HE TIPUTOIHBIX K TPOJIAXK e U
XPaHEHUIO IUIOIOB XYPMBI JJISl CO3JaHUS BO3MOXHOCTEH HMX KOMIUIEKCHOW MepepabOTKH M IMOJHOLEHHOTO HCIOIb30BaHHSA
B pa3JIMYHBIX OTpACsAX IHINEBONH NPOMBINIUICHHOCTH. B 1aHHOW craThe paccMaTpuUBaeTcss BO3MOXKHOCTh IOTEHI[MAIBHOIO
WCTIOJIB30BaHMUSA CYXOr0 MHOPOIIKa W3 IUIOAOB XYPMBI, HPOIIEANINX 3Tall 3KCTPAKIHOHHOW OO0pabOTKH, NMPH NPOU3BOICTBE
IEIEHO3CPHOBBIX MaKapoOH U3 MOJIOBI IS MX OOOTaNICHUsS MHUINEBBIMUA BOJOKHAMHU. OONICH3BECTHO, YTO MAaKapOHHBIC W3CIHS
CUHMTAIOTCS XOPOLIMMH HOCHUTENISIMH OHOJIOTHYECKM AaKTHBHBIX BEIIECTB, B CBSI3W C YeM W ObLIa MOCTaBJCHA IIeNb JAaHHOTO
HCCIIeI0OBaHUs, KOTOpas 3aKiioyajach B COBEPILIEHCTBOBAHUM TEXHOJIOTHMH LIEJTbHO3EPHOBBIX MaKapOHHBIX H3JAENUN, UMEIOIINX
MOBBIIIEHHOE COJEPKaHNE MUILEBBIX BOJOKOH BCIIECTBUE UCIIOIb30BAHUA B UX PELENTYpE MOPOIIKa U3 XypMbl. I AOCTHXKEHUS
MOCTABJICHHO 11eJIM OBLTH MPOBEACHBI SKCIICPUMEHTAIBHBIC HCCIICIOBAHUS KaK CYIIKH MOJYYSCHHOTO papHAaTa U3 TUIOJ0B XyPMBI,
TaK U ONpeAeNeHUs pallMOHAIbHON 1011 BHECEHHUS IIOJIYyUYE€HHOT 0 TOPOLIKA B COCTaB MaKapOHHOT0 TecTa. Pe3ynbraTt uccnenoBanus
MOJITBEPIUIT 11eTIeCO00Pa3HOCTh UCTIOIB30BAHUS CYXOTO MOPOIIKA U3 IUIOJ0B XypMBbI B MIPOU3BOJCTBE IEIHHO3EPHOBBIX MaKapOH
U3 TOJIOBI, B TOM YHCIE M 32 CUET IPOBEIECHHOTO OPTaHOJENTHYECKOTO aHAlM3a MOJYYSHHBIX MaKapOHHBIX M3JEIHHA Kak
B MCXOJHOM, TaK U OTBAPHOM BUJAX.

KnoueBbie cioBa: MakKapOHHBIC W3OCIUA, IUIOABI XYPMBI, non6a, TMUIICBBIC BOJIOKHA, JSKCTparupoBaHUE, O6€3BO)KI/IBaHI/I€,
OpPraHoJICNTUYECCKUE MMOKA3aTECIIU.
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Abstract. Persimmon fruits are one of the most widely cultivated fruit crops worldwide, they are widely distributed in Asian and European
countries, and their production is growing along with consumer demand, including in Russia. Persimmon is a good source of nutrients and
bioactive compounds, especially dietary fiber, carotenoids and phenolic compounds, among other bioactive phytochemicals. Persimmon
is one of the fruits that not only has a limited shelf life but also significant losses at harvest, i.e. it is a seasonal perishable fruit that is
difficult to store and transport, due to which almost one-fifth of all fruits grown are simply discarded. Currently, there is an increase in the
valorization of unsaleable and storable persimmon fruits to create opportunities for their complex processing and full use in various food
processing industries. This article considers the possibility of potential use of dry powder from persimmon fruits that have passed the
extraction processing stage in the production of whole-grain spelt pasta for their enrichment with dietary fiber. It is well known that pasta
products are considered to be good carriers of biologically active substances, in connection with which the aim of this study was set, which
was to improve the technology of whole-grain pasta products with increased content of dietary fiber due to the use of persimmon powder
in their formulation. To achieve this goal, experimental studies were carried out both drying of the obtained persimmon fruit raffinate and
determining the rational share of the obtained powder in the pasta dough composition. The result of the study confirmed the feasibility of
using dried persimmon fruit powder in the production of whole-grain spelt pasta, including due to the conducted organoleptic analysis of
the obtained pasta products in both initial and boiled forms.

Keywords: pasta, persimmon fruit, spelt, dietary fiber, extraction, dehydration, organoleptic parameters.

BBenenne nepepaboTku B cepe NPOMU3BOACTBA COKOBOM

OGLIEH3BECTHO, UTO B HALLIEH CTpAHE MAKAPOH- IPOIYKIHMH, SKCTPAKIMK WIIHM [IEPECIIeBIIEe, T. €.
HBIC U3/IEITHS [OJIb3YFOTCSI YCTOWYHBBIM CIIPOCOM ITPH HemoAnexKalee K npozaxe. Il060uHbIe MPOXyKTHI
CPaBHHTENBHO HU3KOM CTOMMOCTH, IPHYEM PEai- arpONpOMBIIUICHHOI0 MPOM3BOACTEA  ABILAIOTCH
3aiysl TMOJIOBI IS LEeJTbHO3CPHOBBIX MaKapOHHBIX LICHHBIMH PECYPCAMH, KOTOPbIE MOTYT CTaTh (yHK-
M3/ICITHI TIOBBILIACT WX KAYECTBEHHBIE MapaMeTphl, LMOHATIEHBIMI HHIPCIINCHTAMHU UL TPOU3BOACTEA
B YACTHOCTH, TTHIIEBYIO 1 GHOJOTHHEECKYIO 3HAUH- MaKapOHHBIX M3IENH ¢ J0OABICHHOH CTOMMOCTBIO,
mocTh [1, 2]. 3epHa MONGHI ONepekaET MIICHHIY TEM CaMbIM CHIDKast SKOJIOTHUYECKYTO Harpy3ky [5, 6].
W POKb IO COATAHCHPOBAHHOCTH MHTATETBHBIX B yacTHOCTH, OOOYHBIE MaTepUaIbl IPH IKCTPark-
BEILECTB, a IPUHUMAs BO BHUMAHKE TO, YTO OPH- POBAHMHU MOT'YT OBITh HCIIOJIE30BAHBI JUTSI BEIPAOOTKH
EHTUPOBOYHO TPETHEH YaCTHIO YHOTPEOIAEMBIX YCTOHH4HBOH (PyKTOBOH MyKH, OGOrallleHHOF THIie-
YEJIOBEKOM OEIKOBBIX KOMILIEKCOB SIBJISIOTCS GENIKO- BHIMIT - BOJIOKHAMH, KOTOPYIO MOXHO peajTsoBaTh,
BBIC COCTABILIOIINE 3€PHOBBIX KYJBTYp, MOHATHA ;HpﬂMepy, B IIPOM3BOJICTBC MaKapOHHgIX M3 ICIHA.
B&XHOCTb OEJIKOBOM JI0JIM B HUX M, KAK CJIEICTBHE apUHAT U3 MAKOTH IIOZOB XypMbl, OGOTaIEHHEIA
B Myke. TBepas OGOIOTKA 3epHA TIONGH 3AMIAIIACT IMILIEBBIMH BOJIOKHAMH, CITY)KHT OCHOBHBIM I10004-
N N HBIM TMPOJYKTOM IPOM3BOJCTBA KOHIIEHTPHPOBAH-
OT pa3NMYHBIX 3a00JICBaHMil W BPEAUTENCH, YTO, POZLY P a LICHTpHp
B CBOIO OUCPEb, NO3BOJIACT SHAUHTCIHHO COKpa- HBIX 9KCTPAKTOB U MOXKET YCIICILIHO HCIIOIb30BaThCS
2 (v
TUTb MWCIOJb30BaHUE XUMUYECKUX YyAOOpeHui B TIPOK3BO/ICTRE MaKapOHHKIX m3ziemuli [7, 8, 9].

ITnoasr xypmer (Diospyros kaki) ssistrorcst

LlenecooOpasHOCTh BRIPAOOTKH MyKH U3 3epHa TT0JI0bI
. HUCTOYHUKOM HEPACTBOPHMBIX IMHUIIEBBIX BOJOKOH,

JUI MAKAPOHHBIX M3/IEJMi  00OCHOBaHA JaHHBIMU

N OBUTAMIHA A, KBS, KApOTUHOMIOB, BuTamiHa C
POCCHHCKMX W MHOCTPAHHBIX YYEHBIX, OJHAKO Ha Ce- P A, > Kap OB,

N Y raJuTOBOM KHCIIOTHI, a Takxke caxapos [10]. Ms-
TOHSIITHUK JISHb TTOTpeOIeHNe MOJOBI ¥ TPOAYKITHN " .
KOTb TUTOJIOB XyPMBI H3BECTHA CBOCH MUTATEIHHON

U3 Hee HHU3KOe, YTO OOYCIIOBIEHO HEIOCTATKOM

o IIEHHOCThIO, BKimouatomieir 80% Bozapl, MeHee
00OCHOBAHHBIX TEXHOJIOTHI MYKH U3 3epHa MOJIObI 1% Geka, 0.2% jurmios, 18% yIIeBOI0B U HEKO-
Y MaJIbIM aCCOPTUMEHTOM ITPOIYKTOB U3 Hee [3, 4] . ’ Y

p POILYK ' TOPBIX MUHEpAJIOB (MarHui, *eje3o, HUHK, MEIb

HecmoTpst Ha 3TO, aCCOPTUMEHT 3/I0POBBIX P P ’ ’ ’ ’

’ Maprasel| 1 T. I.) TIpY 9TOM, COJEp)KaHHe MHIIEBBIX

TPOAYKTOB, M3IOTOBIICHHBIX M3 TCILHOTO 3€pHa, BOJIOKOH cocTaBiisieT nopsaka 1,5%. Coxepkanue
MOCTOSIHHO PACIIMPSETCs], B YACTHOCTH, Ha PHIHKE

HOS[BJ'[HIOTCHP CJII)H(E’,C HOI;BIC MaKa OHHB’Ie 1/13pem/m caxapa B xypue gbitie (12,5 1/100 1) B xypwe, siem

1 P Soi P ACTHA, B IPYTHX IMPOKO MOTPEOIISIEMBIX (PPYKTaxX, TAKUX KaK

IPEACTAB/IIONMC COOOM HCHHBIM INETHICCKIH S0JIOKH, TEPCUKH, TPYIIH | aneascuusl [11, 12].

HPOJIYKT. DTO CBSI3aHO C TEM, YTO TAKHE MaKapOHBI Bce 5T0 TOBOPHT O TOTb3y TPH PErYJAPHOM YIIO-

O0na/Iat0T PUATHBIM HATypaJIbHIM BKYCOM H HMCIOT TpeOICHUHN MSKOTH TIOJIOB XyPMBI JUTSI UCKITFOUCHHS

I[BET, HATIOMHHAIONIMHA HEKPENKO 3aBapeHHBIN MTOSIBICHHST PSTA MTATOMOTHiL

qaii. [Ipu npaBUILHOM XpaHEHUH B YCJIOBHSIX KOM- B TOCIIE/THHUE FOJIbI BO3POCIIO BHIPAIIMBAHHE

HAaTHOHM TeMmepaTrypbl MakapoHbI, BHIPaOOTaHHbIE XypMBI B POCCHH, 4TO IIPHBEITO HE TONBKO K POCTY
W3 IEJbHOTO 3€pHA IMOJIOBI, MOTYT COXpaHSITh

4 NOTpeOIeHHsT JTHX CBEXHX (PYKTOB, HO U
CBOM TIIOJIC3HBIE W OPraHOJENTHYECKUE CBOWMCTBA K MX HHIYCTPHANH3AIMH B HATIPABIEHHH MPOU3-
Ha NPOTSHKEHHUH JIBYX JeT [2, 3].

BOJICTBA COKOB, JIKEMOB HJTH 00E3BOKEHHBIX CYXO0-

IEH’I YIAyqIICHHS — cOCTaBa  MaKapOHHBIX (GpyKTOB, KOTOpas, COOTBETCTBEHHO, IpHUBEIA
W3/ICITHI TIEPCIIEKTHBHBIM TaK)Ke SIBJISETCS WCTIONb- K TOSBICHHIO GONBIION0 KOMMYCCTBA TTOGOYHBIX

30BaHME SITOIHOTO WM (PYKTOBOrO BTOPUYHOIO IPOAYKTOB, COCTAB M CBOMCTBA KOTOPBIX MOTYT
CBIPBSI, KOTOPOE SABISETCS MOOOYHBIM MPOTYKTOM clenath ux (yHKIMOHATIGHBIME HHIPEAHECHTAMH,
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BTOM YHUCIIE M U POM3BOJICTBA IIEIIFHO3EPHOBBIX
MaKapOHHBIX H3IEINi u3 3epHa moiosr [13, 14].
CrnemyeT OTMETHTH, YTO BBHIOOpP HAa MaKapOHHBIC
M3/IeNNs Tajl HE TOJBKO BCIICACTBHUE MX HIMPOKOTO
MOTpeOIeHNsI B HAIlleH CTpaHe, HO B OCHOBHOM, IIO-
TOMY YTO OHU CUHMTAFOTCSI OJTHAM U3 HAHOOJIee Ty UIIINX
HOCHTEJIEH OMOJIOTMYEeCKH aKTUBHBIX BelecTs [15-17].

OO11en3BecTHO, YTO MPEkKAe, YeM HCIONb-
30BaTh ()PYKTOBYIO MYKY JJisi OOOTaIlICHHsT MaKa-
POHHOT'O TeCTa, CIeNyeT OLCHUTh, HACKOJIBKO 3TO
menecoodpazno u 3¢ dekruBHO. [Ipn 3TOM, BasXkKHO
YYUTHIBATh, KaK 3Ta JoOaBKa MOBJIUSACT Ha Kade-
CTBO TOTOBBIX MAaKapOHHBIX H3JICIIMH W HAa caM
mpolecc MPOHU3BOACTBA, KOTOPHIH, HECOMHEHHO,
M3MEHUTCSl TI0CJE BHECEHHS COOTBETCTBYIOIUX
M3MECHEHHUH B peLENTypy MaKapOHHOTO TecTa
¢ HeOOXOIUMOCTBIO IOCTHIKEHHSI HE TOJILKO paliyi-
OHAJIBHOTO COJICPXKAHUS OMOJIOTUYCCKU aKTUBHBIX
BEIICCTB B FOTOBBIX W3/ICNHSAX, HO U COOTBETCTBYIO-
1iero gobaBke npodumakTHyeckoro a¢dexra [18-20],
TO €CTh, NOOABKH AOJDKHBI YIYYIIUTH TMPOAYKT,
a He YXyIIIUTh €ro MoTpeOUTEIbCKUE CBOWCTBA.
B nenowm, pemenue o mpuMeHeHUN obOoraTUTemneit
JOJDKHO TIPUHUMAThCS Ha OCHOBE KOMILICKCHOU
OLICHKW BJIMSHUS Ha BCCH CTaaMU KU3HEHHOTO
LUK IPOJyKTa — OT IPOU3BOJICTBA IO IOTpebIe-
uus [1, 2, 16, 18].

Be16op mpeMUKCOB TIpH BBIPAOOTKE LIENTBHO-
3€PHOBBIX MAKaPOHHBIX W3MEINI JOIDKCH OMHPATHCS
Ha TEOPETHICCKUE TOJIOKEHUS COATAHCHPOBAHHOTO
MUTAHUS C YYETOM JIOJTH OUONTOTMIESCKU aKTHBHBIX
KOMIIOHEHTOB TIPY MPHIAHUU NMPO(UIAKTUIECKUX
XapaKTEPHUCTHK, KPOME TOTO, TAPaHTHH COXPAHCHHS
KayeCTBEHHBIX TOKa3aTesiel B Mpolleccax BapKu
XpaHeHus ¥ IePeBO3KH MPOayKimy. [IpecTapieHHas
BbIIlie MH(GOPMAIHS MOATBEPXKIACT MOTCHIUATLHYIO
BO3MOXHOCTh HCIIOJIB30BAHUS CYyXOr'0 TMOPOIIKa
13 MAKOTHU IIJIOJOB XYPMbI, IPOIICAIINX 3TAIl 9KC-
TPaKIMOHHOM 00paboTKH.

@
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Lean padoThl — COBEPIICHCTBOBAHUE TEX-
HOJIOTHMH MaKapOHHBIX H3JENUi U3 eNbHOr03ep-
HOBO# MOJIOBI C MPEMUKCOM MHIIEBBIX BOJIOKOH
3a CUET UCIOJIb30BAHMUS B UX PEIENITYpPE TOPOIIKa
W3 MSIKOTH TIJI0ZI0B XyPMBI.

MatepuaJjbl 1 METOAbI

B xauecTBe 00BeKTa HICCIIEAOBAHMS BEIOpaH
TI0AbI copTa XypMbl «Koponek», T. K., BO-IIEPBBIX,
3TO OWH U3 CAMBIX BOCTPEOOBAHHBIX U MPOIABACMBIX
CyOTpOoMYecKX II0I0B Ha PoccuiickoMm phIHKE, a,
BO-BTOPBIX, [IOMUMO IOIYJISIPHOCTH Y OTpeOuTenei,
001aaf0T HU3KOHM TEPIKOCTHIO U, CPAaBHUTENBHO,
10 OTHOLIECHHUIO K JPYTUM BUAM XypPMbl, XOpOLIeH
TpaHcHopTabenpbHOCThI0. BHemHe 3Ta pazHOBUA-
HOCTh XYPMBI CXOXa C «IIOKOJIaJHOW» XYPMOI,
HO oTiMyaeTcsi Ooniee KpymHBIM pasMepoMm. Bec
otaelbHbIX aronx gocturaer 200 r. u Oonee, 1BET
OT OpaHKkeBoro 10 kpacHoro (puc. 1 (a)). Ha Bkyc
TUTO/IBI CIIAJIKKE M HEXKHBIE aXKe 0 HACTYIUICHHS
nonHoM 3penoctu. Koxuna «xoponbkay riaakas,
yIpyrasi, OCTaeTCsl HEMOBPEKIACHHON NpU AOATOU
niepeBo3ke. MAKOTh KOpHYHEBAsI, CTAHOBUTCS TEMHEE
1o mMepe co3pesanus [21, 22].

[Tnoxer XypMmsl, AJ1s1 U3y4eHUs], ObIIIN B3STHI
elle TBEPJbIMH, MOJHOCTHIO OKPAIICHHBIMU MpPU
3aBEpILICHAN CPOKa XpaHeHwusl. [IJist XxpaHeH s TUI0IbI
XypPMBI pa3MeIlalii B JIOTKH U3 JIEpeBa B OAWH CIIOH,
I7Ie XpaHWIX JTHO0 MpH KOMHATHOM Temrepatype (7),
npu 1 °C, nmpuHUMAasi BO BHIMaHUE TO, YTO XpaHEeHHe
IUIOZIOB XyPMbI IPH HU3KUX 7 B IPOMBILIUICHHBIX
yCIoBUsIX Oostee mpeanoututenbho [21, 22].

Taxxe B KadecTBE O0BEKTa HCCIICIOBAHUS
BEICTYNaIM (QHUTYpHBIE MaKapOHHBIC H3IEIHs
«Campanelle» (pucynok 1 (6)), BepaboTaHHBIC U3
MaKapOHHOM KPYIIKHU IIIEHUITBI copTa «I pemmd 2V,
OTHOCSIIIEHCS K TIoJI0e, KoTopasi OblTa MpeIocTaBlIeHa
MockoBckuM unmuanioM PIBY «I occopTrkoMuccus.

(b)

Pucynok 1. BHenmawmii BUI 00BEKTOB UCCIEAOBAHUS: @ — IUIOBI XypMBI copTa «Kopoiek»; 6 — GurypHbeie MakapOHHBIE

n3pesms «Campanelle»

Figure 1. Appearance of research objects: a — fruits of persimmon variety “Korolek™; b — shaped macaroni products

“Samranelle”
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PamponansHble MaccoBble JONH TBEPIOH
W KUAKOH cpell B THAPOMOAYJIE MPH IKCTPAKIUU
BBISIBJSUIMCh B 2-X CTaMHHON ONBITHOH CEpHH.
Ha 1l-o#f cragmm JucHeprupoBaHHYIO MSIKOTh
IJI0JTOB XyPMBI IIOABEPTaroOT KUAKOTBEPAO(DAZHOMN
akcrpakiu (QKTDD) HarpeToit TUCTHILIMPOBAHHOMN
BogHOU cpemoit mpu 95 °C B reuenne 30 MUHYT
MIOCTOSTHHO TIEpeMelInBas TpHW BapbUPOBAHUU
TUAPOMOIYJISL ¥ MIEPEHOCST CYCIIEH3HIO, I10 HCTe-
YEHHUIO BPEMEHH, B TEPMOCTATHPYIOUIYI0 €MKOCTb,
rae BeicTanBaoT ee mpu Temmeparype 70 °C u
eXevTacHo B30anTeBaroT (0bmmee Bpems 10 gacos),
MpUHAMAsT BO BHUMAaHHE, YTO JTOH MPOIOIDKH-
TEIHHOCTH XBATHUT JIsl yCTAHOBIICHUS] PABHOBECHS
B ruznpomoyine. [lanee padmHAT MAKOTH IIJIOJOB
XYPMBI U3BJIEKAIOT OT 3KCTpaKTa ImyTeM (huibTpa-
uuu. Ha 2-o#f cragum 3KCTpakT 00€3BOXKHBAIOT
MpY KOHBEKTUBHOM TIOABOJIE TEIUIA MPHU TeMIIepa-
Type 50 °C 1 1o cyXoMy OCTaTKy BBISBJISIIOT JOJIIO
9KCTPAKTHUBHBIX KOMIIOHEHTOB.

Honto cyxoro ocrtaTka B MAKOTH IIJIOJIOB
xypmbl ¥ BiaxHoctb (W) padunHata U3 MIKOTH
IUIOIOB  XYPMBI BBISIBJISIIOT TPaBUMETPHUYECKHM
croco0oM, MO0 KOTOPOMY HPOBOJAT OIpecieHHE
BapbUPOBAHMSI MAcChl MPOOBI MPU TEPMOOOPaOOTKE
(tremneparypa 105 °C) mocpeacTBoM TEpMOTpaBU-
METPUYECKOTO aHanu3aTopa BiaxHoctd MX-50
C TAJIOTEHHBIM PaJHalliOHHBIM H3TydaTeNeM.

KoHmeHTpamyst cyXux pacTBOPUMBIX BEILECTB
B OKCTPAKTE OIpeeNsuiach pedpakTOMETPUUECKIM
cocoboM, wucnonb3yss npubop MNPD-45462M,
MPUHIMIT paOOTHI KOTOPOrO OCHOBAH HA U3MEHEHHU
MPeJIOMIICHUS Jy4a CBETa B 3aBUCHMOCTH OT KOH-
LIEHTPAIMHU HCCIIelyeMOT0 pacTBOpa.

[Nomyuennslit paduHar, mist BEIpabOTKH U3 HETO
MyKH, 00€3BOKHBaIK Iipu Temrnepatype 75 °C 1o
oTHOcHUTENbHON BiaxkHOCTH 10%. BhIicynieHHBIC
MPOOBI AUCTIEPTUPOBAIHU JIO TTOPOIIKOBOTO COCTOS-
HUS ¥ pa3OuBany Ha QPaKIUH ITOCPEIACTBOM IPO-
CEMBaHMs HA CUTOBOM IIOJIOTHE C repQoparusiMu
pasmepoMm yactun 210 mxm. B pesynprare myka
13 MSKOTH TLTOJIOB XypMBI ObLIIa pa3jielieHa Ha JIBa
nBe prakiyn yactull (kpymHas (6onpire 210 MM)
u Menkas (MeHbIe 210 MKM)).

ConmepkaHre TUIIEBBIX BOJOKOH B MYyKe
W3 MSKOTH TUIOZIOB XyPMBI OTIPENIENSIIOCh U3BECTHBIM
MeTOIOM [25], OCHOBAaHHBIM HA OYHCTKE KIETYATKH
OT COITYTCTBYIOIINX €i BEIIECTB (TeMHUIIEILTION03a,
JIUTHYH, IEKTHH | Jp.) 00pabOTKOH HUCCIeTyeMBIX
IJIOIOB CMECHIO KPEMKOM YKCYCHOM U a30THOMU
kuciot. Kpatkoe onrcanue Merona: 1 r ucrsItyeMoi
pOOKI HEPEHOCAT B eMKOCTh 00beMom 300400 cm?,
no6asysor 100 cm® 4 % pacTBOpa CepHOM KHC-
JIOTBI, TIPEIBAPHUTEILHO HArpeToW JI0 KHUIICHUS,
U TIIATEJIbHO TEPEMENINBAIOT. YPOBEHb KHUIKOMN
Cpelbl B €eMKOCTH (DUKCHPYIOT METKOH Ha Heil.
3areM KOMIIO3UIUIO TEPEMEIIUBAIOT M KUTISITAT
npu cinaboMm Harpee B TedeHue 10 mun. [anee,
mpekpaias KUISTYeHNUe CIeNsT, YTOObl YpOBEHb
KUJIKOW CPeIbl JIOIIEN 0 PUCKH HE TIPEBbINIAs ee.
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Iocne atoro nobasnstor 28 cm® pacteopa 20 %
rUApoKcUa Kamusi u cHoBa KUnsATAT 10 muH. Ilo-
JMy4eHHYI0O CMECh OTCTAaWBaIOT /IO OOpa3OBaHUS
0CaJIKa, a OCBETIICHHYIO XKHUIKYIO Cpery (DHUIIBTPYIOT.
Ocamok mepeHocsIT Ha QWIBTP W IPOMEIBAIOT €T0
IBaXIel 1%-M pacTBOpPOM COJITHOW KHCIIOTHI
B KonmdecTBe 20 MIT KaXkaas MpoMbIBKa. Jlamee mu-
IIeBBIE BOJIOKHA TPIIK/IBI FITH YETHIPEK B TIPOMBI-
BalOT JI0 HEUTPAIbHOM Tropsyueld BOAOM, STUIOBBIM
CIIUPTOM U AMATHIIOBOY 3pupoM (rmo 20 mir kax-
ne1iA). [IpOMBITEIN OCaiOK CyIIaT IpU TeMIepaType
160 °C mo Hem3sMeHHOI Macchl. JIOIF0 MHIEBHIX
BOJIOKOH HaXOJiT, KaK:

MB-= %100%, )

i€ a — Macca HOqueHHOﬁ KJICT4YaTKHu, T,
b — BCJIMYMHA HABECKU UCCIIEAYEMOT'O BEIECTBA, I'.

CocraBneHne W pacdyeT pelenTypbl Maka-
POHHOT'O TeCTa, C yYETOM MAacCOBO JIOJIM BHECEH-
HOT0, B HETO, TIOPOIIKA M3 MSIKOTH IIOZIOB XYPMBI,
MPOBOJMIICS B CIIEAYIOIIEH MOCIeN0BATeIbHOCTH:
3a/1aBATMCH BIAYKHOCTBIO TECTa C y4ETOM BH[IA 3a-
Mmeca — cpeanero tuma (W tecta ot 30 10 32 %)
JUISL KOPOTKUX MAaKapOHHBIX M3JIETHH, BKIIOYAs
¢urypubie «Campanelle». Tlo W Ttecta u myku
HaXOISAT HYXHBIM I 3aMeca 00BeM BOJHOM
cpennl Gg (1), Kak:

G, =G, Wy Wy |
100 — W, @

rie G,, — no3a Myk, Kr; W, ,W,, — BJIQXHOCTb
JUTst TecTa U MykH, %.

MaxkapoHHbIEe M3IEIMsl OTyYald ITyTeM 3KC-
TPY3UH MAKapOHHOT'O TECTA YePE3 COOTBETCTBYIOLIYIO
MaTpHILy MOCPEICTBOM MaKapoHHOTO mpecca «lmperia
and monferrina» S.p. A, mozens «Dollyy.

OpraHonenTiyeckue 1 PU3NKO-XUMHIECKUE
MOKa3aTeld TOTOBBIX MAaKapOHHBIX M3IETHHA Kak
B CBIPOM, TaK W B OTBAPHOM BHZE ONPENEIUIA CO-
TJIACHO TPeOOBAHMSAM TOCYAPCTBEHHOTO CTaH/IapTa
I'OCT 319642012 «13nenus makaponHsie. [Ipa-
BUJIa IPUEMKH U OTIPEeNICHHS KaueCTBay.

Pe3yabTathl n 00cy:x1eHue

OtmeruM, 4TO Ha d3PPEKTHBHOCTH IKCTpa-
THPOBAHUS BIMACT COCTaB ruapoMoyiis [23, 24].
Bo3sgaelictBue TemmepaTypbl U €€ palioHaIbHOE
3HAUYE€HUE BBISIBWIM B paHee MPOBEACHHON OMBIT-
HOM CEpUHU TEOPETUUYECKUM aHAIU30M. BhIsiBlieHHE
cocTaBa THIPOMOAYIIS IPOBOAMIIOCEH SKCIIEPUMEH-
TaJBHO, OMUPAsCh HA MAKCUMAIILHO TIPUEMIICMBbIH
YAEIBbHBIN BBIXOJ SKCTPAKIIHOHHBIX KOMIIOHEHTOB.

B Tabmune 1 u B popme ructorpammsl (prcy-
HOK 2) TIOKa3aHbl OIIBITHBIE JAHHBIE IO BBISBICHHIO
PaIOHAIBHOTO COCTaBa THIPOMOMYJS IJISI MSIKOTH
07108 XypMslI copta «Koposnek». OTKyza BeITEKaeT,
YTO 4-blif BAPUAHT SIBJISIETCS PAIIMOHATBHBIM.
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Tabnuna 1.

OIIBITHEIE JaHHBIC 110 BBIABJICHHUIO PAIIMOHAJIBHOI'O COCTaBa ruApOMOIYJIsA
AJ1d MAKOTH IIJIOAOB XYPMbI COPTa «KoponeK»

Table 1.

Experimental data on revealing of rational composition of hydromodule
for pulp of persimmon fruits of “Korolek” variety

CoOTHOIIIEHHE MacC CHIPbS Jomnst cyxoro ocraTka B . 0
" Macca cyxoro 'V nenbHeI BeIXOH, %
Bapuant 1 BOJHOI Cpenpl, I/T Macca 3KCTpaKTa, I oCTATA. T aKcTpakre, % Specific
Variant | Ratio of masses of raw materials | Mass of extract, g Mass of drv residue Proportion of dry residue ?el d.%
and aqueous medium, g/g ry 9 in extract, % yield,

1 10/20 12,5640 0,5920 4,710 9,420

2 10/30 12,0520 0,5470 4,540 13,620

3 10/40 12,7710 0,5580 4,370 17,480

4 10/50 12,6930 0,5290 4,170 20,850

5 10/60 12,4520 0,4330 3,480 20,890
CpaBHHUTEIBHBIN aHAIH3 HOJICH U3BIICUCHUS
20 ] ] IEPEHOCUMBIX KOMIIOHEHTOB NPUBOAUT K BBIBOLY
e 0 TOM, YTO IPH ONPEAEIEHHBIX 1 ¥ COCTAaBE TUAPO-
15 MOJIyJs BeIAensieTcs 10 66,32 % mo OTHOLICHHUIO
= K Macce CyXO0ro OCTaTka B MSIKOTH IIOJ0B XypPMBEI,
10 IIPYA 3TOM, YYHTBIBAsS, YTO B DKCTPAKT IIEPEHOCATCS
caxapa, KHUCIOTbl OpPraHMYECKOro THIIA W WHBIE
5 KOMITOHEHTBI, 2 OCJIKOBBIC, JIUITUIHBIC U HEPACTBOPH-
MbIC TIEKTUHOBBIE W MUTMEHTHBIC COCTABJISAIOIINE

0 0CTalTCs B paHATE M3 MIAKOTH TUIOJIOB.

&2 13 x4 1k5 16 KontponmbsHoe 3xcTparupoBaHue MpoBOAWIOCH

Pucynox 2. Tmcrorpamma sl BBIABICHHS paIlfo-
HaJIbHOTO COCTaBa THAPOMOAYJIA IJIA MAKOTHU IIJIOJOB
XypMelI copta «Koposex»
Figure 2. Histogram for identification of rational
composition of hydromodule for pulp of persimmon
fruits of “Korolek” variety

Jlnist onpesienieHust yIeibHOTO BBIXO/1a HE00-
XOJIUMO 3HATh JIOJII0 CYyXOT0 OCTAaTKa B ChIPhEBOM
MaTtepuaje, KOTopas IpHBEleHa B TaOHIC 2.
B tabnuiie 3 nmoka3aHbl JaHHEIE 110 JI0JI€ BBIJCICHUS
BO,Z[OpaCTBOpI/IMBIX KOMITOHCHTOB.

Tabnuma 2.
Homns cyxoro octarka B MIIX «Kopoex»
Table 2.
Share of dry residue in Korolek MPA
Cpenssst
1 2 3 4 5 BEJTMYMHA
Average
34,510 | 29,840 | 32,520 | 30,120 | 30,210 31,44
Ta6bnuma 3.
Hois BbI€IeHUsI paCTBOPUMBIX B BOJIE
KOMITOHEHTOB
Table 3.
Release fraction of water-soluble components
Homns cyxoro Jloss u3BIL.
OCTaTrKa B MSIKOTH KOMIIOHCHTOB U3 ﬂO q
IUIOZI0B XyPMBEI, % MSIKOTH IUIOJA0B HSBHequ:MH %
Share of dry xypmsl, % Share of
residue in Share of extracted extraction. %
persimmon fruit components from 170
pulp, % persimmon fruit pulp, %
31,440 20,850 66,320

62

JMUCTHJUTMPOBAHHON BOJIOH, MPOOIEHHOW MSKOTH
mwiogoB xypmbel «Kopomek», W koTopoi coctas-
nsiet 62 %, npu ruapomonyne 1 k 5, 7= 98-100 °C
Y TIepeMEIINBAHNH JI0 JJOJIH CyXOr0 OCTAaTKa B dKC-
Tpakte He Hwke 4 % (tabnuma 1). Ha pucynke 3
NPEICTABICHBl KPUBBIE 3KCTPAKLUH, Ha OCHOBE
MOJYYECHHBIX PE3YJIbTATOB 3KCIEPUMEHTAIBHOTO
WCCIIEZIOBAHUS] SKCTPArupOBaHUs AUCTHILIMPOBAHHON
BOJIOM JIPOOJICHHOM MAKOTH XypMbI copTa «Koposiek».

Pucynok 3. Pe3ynbTaThl 3KCIIepUMEHTAITBHBIX HCCIICI0BAHMIMA
Ipolecca SKCTparupoBaHus BOJAOPACTBOPUMBIX BEILIECTB
13 MSIKOTH XypMsl copta «Kopomnex»

Figure 3. Results of experimental studies of the process
of extraction of water-soluble substances from
persimmon pulp of “Korolek™ variety

AHanm3 MpoBeIEHHBIX HCCIEIOBaHUH, IO-
CBSIIIIEHHBIX KCTPArHPOBAHHIO BOJJOPACTBOPUMBIX
BEIIECTB U3 MAKOTH XYpPMBI ropsideil Bogo# (Tabd-
nunbl 1, 2 u 3; pucyHku 2 U 3), MOKa3bIBaET, YTO
3a PaLMOHATIBHBIE PEKUMBI €r0 NPOBEACHUS CIIeyeT
NPHUHATH THAPOMOAYJIL 1 K 5, a MpoJoyKUTENEHOCTD
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35 MMHYT, COOTBETCTBEHHO IpH TeMIIepaType
9KCTPAKIUK OJIM3KOM K KMIIEHUIO U IOCTOSHHOMY
MEXaHUYECKOMY ITepEMEIINBAaHHUIO BOAHO-(PPYKTO-
BOU CYCIICH3UU.

B xoxe 00paboTKM MSKOTH MJIOAOB XypMBI
METOJIOM BBICOKOTEMIIEPATypHOI JKCTpakimu [26]
B paduHaTe U3 MIKOTH TUIONOB XYPMBI OCTaeTCs
Oonblias A0 MUIIEBBIX BOJOKOH, OJHAKO JUIS
3aJaHHOM CTemeHH HaOyXaHUsl BBICYLICHHOTO
MaTepHaja BiIary U3 MSKOTH IIJIOAOB XyPMbI HaZ0
orBoautsk mpu 1" <50 °C. OnHako, 11 3P PEeKTHBHOTO
TEIUIONEPEHOCA K BBICYIIMBAEMOMY MaTepuaiy,
T TernmoHOCHTENS IOJDKHA MPEBBIIATh 1’ MaTepuaa.
Paznrma 7' mexay da3zamu oOycioBieHa HHTEHCHB-
HOCTBIO W HAaIPaBJICHUEM IIEPEMEIIEHUS TEIIOBOTO
arenta. C yuerom [27, 28, 29, 30] sra pasauia
cocraBisieT 15-20 rpamycoB B KOHIIE OIeparyu
cywiku. Ilo aToil mpuunHe T CyHIMJIBHOIO areHTa
MpUHUMaeM, paBHoii 75 °C.

post@uestnik-vsuet.ru

0O06e3BoXMBaHKE paduHATa MIKOTH TUIOI0B
XyPMBI TUTAHUPYETCS MPOBOAMTD B amnmapare Oapa-
0aHHOTO THITA C MPSIMOTOYHBIM TIepeMeIIeHreM (as.
Ha Beixome u3 manubix ammapata [31, 32] uHTeH-
CHUBHOCTD TI€pPEMEIEHHs TEeTJIOBOTO areHTa orpa-
HUYMBAETCS BEPOSITHOCTBIO NIbUICyHOCA. J[aHHBIN
mpenen coctaBisieT 2,5 m/c. B pesynsrare Bappu-
pyeTtcst muinb koadpuiment 3anoaHenus 6apadbana
(K3Bb) (1/3; 1/2; 2/3). PaumoHansHOE OTHOLICHHUE
€ro MpOTSHKEHHOCTH NMpUHUMAaeM 4, mpudeM Ipu
W3MEHEHHH YCIIOBUH 1 TIPOM3BOJIUTEIIFHOCTH TIporiecca
MOJKHO HCIOJb30BaTh MAacIUTaOHBI Mepexon
K MUHBIM rabapuram.

W3yuenne 00e3BoxkMBaHMs padrHATA MIKOTH
IUIOZIOB  XYPMBI  OCYIIECTBISUIM  HA OIBITHOM
cTeHne (PUCYHOK 4), KOTOPBI CKOMITOHOBaH H3:
1 — pabGouero orceka; 2 — pagdaldOHHOTO0 OCCKOH-
TaKTHBIN TUPOMETpPa; 3 — TepMOIaTIHKa; 4 — Kajo-
pudepHOil yCTaHOBKH; 5 — IOJCTaBKH; 6 — 0Opa3ia
aHanmsa; / — aHeMOMeTpa.

Pucynox 4. OnbITHBIN CTEH] U1l 00€3BOKUBAHUS MSKOTH IJIO/I0B XYPMBI
Figure 4. Experimental stand for dehydration of persimmon fruit pulp

3aeck 7 ¥ BIaKHOCTh BO3IYIIHOM Cpeabl
perucTpupyercst mocpeactsoM miapomerpa DT-9862.
WHTEHCHBHOCTE TIEpeMEIeHHsI CYIIIIHLHOTO areHTa
ompeensieTcs ¢ HoMollbo aneMomerpa Mereon 11030,

KOTOPBIN TO3BOJISIET (PUKCHUPOBATH HE TOJIBKO €e
CpelHue BEIMYHMHBI, HO M CKauku. B Tabnwmie 4
MOKAa3aHbl, KaK TEePEeMEHHBIN, TaK (DMKCHPOBAHHbBIC
TIOKa3aTeH, BIUSIOIINE Ha TPOLIECC y/IaJIeHHs BIary.

Tabnumna 4.

Iloxa3zarenu pexunma 00€3BOKHBAHUS paq)I/IHaTa 13 MAKOTH IJIOAO0B XYPMbI IPH NIEPEMCIUICHUN
TCIUIOHOCUTEIIA NapalJICJIbHO ITIOBEPXHOCTH CJIOA NIPOAYKTaA

Table 4.

Indicators of the mode of dehydration of persimmon fruit pulp raffinate when the coolant is moved parallel
to the surface of the product layer

Ucxonnas W padunara u3 Kos(dpumment c CIEI(/)UI; :;2?0 Koneunas W pagunara u3
MSIKOTH IUTOJIOB XypMBI, % 3anonHeHHﬂLéa aGara T rermonocutens °C ;lreHTa A MSIKOTH TIOJIOB XypMEI, %
Initial W of raffinate from Drum filling l%ctor Heat carrier T °C Drying ’agent Final W of raffinate from
i ) i )
persimmon pulp, % speed, m/s persimmon pulp, %
62 1/3; 1/2; 213 75°C 2,5m/c 10

B pesynbpraTe npoBeeHHBIX AKCIIEPUMEHTATb-
HBIX HCCIIEIOBAHUI MIOCTPOEHBI KPHBbIE KOHBEKTHB-
HOM CYIIKHM YacTH4eK pajuHaTa U3 MSKOTH IUIOAOB
XYPMBI, KOTOpBIE ITPEACTABIICHBI HA PUCYHKE 5.
M
Y=—,

gy )
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Anamiz Y IpHBOIUT K BBIBOJLY, U4TO PAIHO-
HaJIbHBIM KO3((HLMEHT 3alolHeHHOCTH Oapabana
paseH 1/2. IIpu 3TOM MPOIOIHKUTENBFHOCTD Oepa-
muu cocraBmia 95 muuytr g0 W= 10 % wu
Y= 208 (xr/(m34ac)).
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Pucynox 5. Kpuseie oOe3BoxuBaHms paduHata w3
MSKOTH TUTOIOB XypMBI ipu T TerioBoro areHra 75 °C,
€ro cKopocTH 2,5 M/c M BapbupyeMoM KoddduimeHTe
3aroJHeHHOCTH Oapabana ot 1/3 o 2/3

Figure 5. Dehydration curves of persimmon fruit pulp

raffinate at a heat agent T of 75 °C, its velocity of 2.5 m/s
and varying drum filling ratio from 1/3 to 2/3

post@uestnik-vsuet.ru

OpHoM U3 33734 NMPH U3yYEeHUH 00E3BOKH-
BaHUSI SIBIISICTCS BBISIBIICHHE BBIX0/1a BBICYLIEHHOT'O
marepuana Y, kr/(m3-4), oTHeceHHOTo K 00bemMy V
30HBI CYIIKU U €€ MPOJOKUTEIBHOCTH 7

Bricymennsie 00pasipl paduHaTa H3MeTbUaIIH
C TIOMOIIBI0 HOXKEBOW MENBHUIIBI U MOJTyYeHHBIH
MOPOLIOK € TIOMOMIBIO cuTa ¢ oTBepcTheM 210 MKkM
paznensu Ha aBe ¢paknun. B utore, ObUTH TOTY-
YeHbl 7Be (pakIuM MYKH M3 XyPMBL: KpyITHas
(6ompmie 210 MxMm) u Menkast (Menbine 210 Mkm),
B KOTOPBIX TOCPEICTBOM 3KCIEPUMEHTAIBLHOTO
WCCIieIoBaHusl OBUIN OIpeelNieHbl: o0Iee coxep-
’KaHHe THIIEBBIX BOJOKOH, a TAKXKe ero pacrpere-
JIeHUE Ha PaCTBOPHMYIO HEPACTBOPUMYIO YaCTH.
JlocTynHble YTII€BOIBl PACCUUTHIBAINCH MO HX
pasHuLe. Pe3ynbTaThl 3TOTO 3Tana MCciea0BaHUN
MPEJICTaBICHbI B Ta0IuUIE 5.

Tab6nuna 5.

JlaHHbIE 10 NMUIIEBBIM BOJIOKHAM B MYK€ U3 IUI0I0B XypMbI copTta «Kopomek»

Table 5.

Data on dietary fiber in flour from persimmon fruits of “Korolek™ variety

Pa3mep wactun, Mkm

CojiepkaHue MUIIEBBIX BOJIOKOH, T/100r
Dietary fiber content, g/100g

Copeprxanue yrieBojos, r/100r

Particle size, microns obmiee PacTBOPUMBIX HEPaCTBOPUMBIX Carbohydrate content, g/100g
total soluble insoluble
>210 43,15 32,19 10,96 41,73
<210 40,22 31,67 8,55 44,00

OueBUTHO, YTO BBICOKOE COJICPKAHUE YTJIe-
BOJIOB B HMCCIICJyeMOH MYKE U3 IIOJOB XYPMBI
(3naueHus Haxomwiuch B npeaenax 40-43 /100 r
COOTBETCTBEHHO), CBSI3aHO C MX OOJIBIIIMM KOJINYE-
CTBOM B MCIIOJIb3yEMOW MSKOTH. B oTHOlIEeHHH
CoJiepKaHus OOIIET0 KOJMYECTBA MUIIIEBBIX BOJIOKOH
Y HEpacTBOPHMOHN YacTu (Tabiwiia 5), aHaTOrHIHbIE
3HaYeHUsT ObUTH CooOImEeHsl B pabotax [33, 34]
JUTSE TIOZIOOHBIX TTOPOIIKOBBIX MPOIYKTOB M3 TUIONOB
XYpMBL. YCpeHEeHHOEe 3HAa4YeHHE HepacTBOPHUMBIX
MUIIEBBIX BOJOKOH IMPEBBINIACT YCPEIHEHHOE CO-
JepKaHUEe PACTBOPUMBIX THIIECBBIX  BOJIOKOH
JUISI BCeX BHUJIOB MYKHM Ha 65 %, uTo He sBisieTcs
0CcOOEHHBIM, T. K. 00 3TOM (haKTe paHee cooOIaNn
apyrue aBTopsl, B yactHocTH [33, 34]. Coxmepxa-
HUE HEPAaCTBOPUMBIX MHIIEBBIX BOJIOKOH BO BCEX
BUJIaX MYKH MPAKTHYECKH HE CBSI3aHO C pa3MepoM
YaCTHII, TIPH 3TOM COJICpPIKaHKE IMUIIEBBIX BOJIOKOH
Y PaCTBOPUMBIX MHIICBBIX BOJIOKOH YXKE HMEET
BBIPRKEHHYIO B3aMMOCBSI3b, YeM OOJIbIIE pa3Mep
YaCTHIl, TEM BBIIIEC COACPIKAHHE MUIIEBBIX BOJIO-
koH. TakuMm 00pa3oM Ba)XHO TOJYEPKHYTh, YTO
HauMEHbIIIEE COJCPIKAHNE PACTBOPHMBIX ITHIIIC-
BBIX BOJIOKOH OBUIO OOHAPYXEHO JIIsl YACTHII
HaMMEHBIIIEro pa3Mepa.
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KommoHoBKa penenTypHOro coctaBa MakapoH-
HBIX U3JENUH U3 MIIEHHYHON KpynkH «I'peMmd 2V,
NpUHUMAs BO BHUMaHHE MacCOBYIO JIOJIO BBeJe-
HUS TIOPOIIKOBOTO TPEMUKCA X padrHATA IJI0JI0B
XyPMBI OCYIIIECTBIISUIACH TIOIIAr0BO C MHTEpBaTIoM 5 %0,
TO €CTh KOHTPOJIbHASI TPo0a 1 MPOObI C Pa3InIHOM
nosneit npemukca (5; 10; 15 u 20 %). B taGuuie 6
MpeCTaBICHbl JIAHHBIE, HEOOXOIUMBIE ISl pac-
YeTa PeLenTyphbl IO ypaBHEHUIO (2), B KOTOPOM
napameTp W,, OyJIeT COOTBETCTBOBATH HE TOJILKO

BJIQAXKHOCTU MYKU IJIsI KOHTPOJIBHOI'O 06pa3ua, HOH
BJIA’)KHOCTH CMECH IBYX BUIOB MYKH, MMIIICHUYHOH
U MYKH U3 IUIOJI0B XYPMBEIL.

Tabnuna 6.
JlaHHbIe IS pacyeTa perenTyphbl
MaKapOHHOT'0 TecTa

Table 6.
Data for pasta dough recipe calculation

Ob6pazen | Sample Ci/\:, Wr, % | Wwm, % Gs, 1
1. KOHTPONBHBIN 12,0

control

2. nobaska 5% 11,9

3. nobaska 10% 1 30 11,8 0.26

4. no6aska 15% 11,7

5. mo6aska 20% 11,6
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OO0mIen3BeCTHO, YTO CBHIPHIE MaKapOHHEIE
W3IEeNMs TPEACTABIIIOT COOO0M XOPOLIYIO Cpemy AjIs
NPOTEKaHMS PA3IMYHBIX MHKPOOHOIOTHYECKUX
1 OMOXUMHYECKHUX TIPOIIECCOB, TOITOMY OIHHM M3
BO)KHEHIIMX TANOB B U3TOTOBJICHUU MaKapOHHBIX
M3ICINI SBISIETCS UX CyIKa. {71 mpeoTBpaleH s
3THX TIPOIECCOB HEOOXOAMMO KOHCEPBHPOBATH
MaKapOHHbIC M3/ENUS IyTeM HX 00e3BOKHMBAHHMS
110 KOHEYHOH BraskHOcTH He 6onee 13 %. [paBuiib-
HOCTb TIPOBEJCHHS MpoOIecca CYINIKH OKa3bIBACT
OoJbIIIOE BIHMSHHE Ha Psi/I KITFOYEBBIX MOKa3aTeneit
KayeCcTBa TOTOBOM  NPOAYKIHMH, a UMEHHO —
Ha MPOYHOCTh, KHUCIOTHOCTh M CTEKIOBHIHOCTh
uznoma [35, 36]. Ha pucyHke 6 mpencTaBiIeHbI
¢doTorpaduu MakapoOHHBIX M3IEIHUA, MOTYICHHBIX
MyTeM SKCTPY3MH MaKapoOHHOIO TeCTa 4Yepe3 COOT-
BETCTBYIOLIYIO MAaTPHILY IIOCPEICTBOM MaKapOHHOTO
npecca «Ilmperia and monferrina» S.p. A, mMonens
«Dolly», na mpumepe odpasua Ne 4 1 BBICYIICHHBIX
TPH «MATKOM» peskume (Tabmmma 7) [37].

Kraccrueckuii nporiece CyIKy, UCONb3yEMBbIii
BO MHOT'MX COBPEMCHHLIX TEXHOJIOTUAX, BKJIIOYACT
CIeNYIOUINEe CTAJMU: IpEABapUTEIIbHAS CYIIKA,
OTBOJI)KMBAHUE, OKOHYATEIbHAS CylIKa. OCHOBHBIE
PEKHMMBI CYLIKH MAaKapOHHBIX M3/ICITUI TIPSICTABIICHBI
B Tabnurie 7 [38]. Mccneayempie 00pasibl CyIIHIH
MIPH «MSTKOMY» pexuMe (Tabmuua 7), UCIOIb3Ys
CYIIWIBHBINA TIKag.

post@uestnik-vsuet.ru

Pucynox 6.
oOpasma Ne 4

Figure 6. Photographs of pasta sample No. 4

®dororpaduu  MaKapOHHBIX  H3JCITHU

Tabnuna 7.
OCHOBHBIE PEXKHUMBI CYIIKH MaKapoOHHbIX 1oy dadpukaros [38]
Table 7.
Main modes of drying of pasta semi-finished products [38]
[TapameTpsl CylIKu
o o HpO,HO.IDKI/ITCJ'II)HOCTL, q
Pexum cymxku T npenBapuTenpHON T okoHYaTENFHON Duration. h OTHOCHUTENbHAS
Drying parameters cymku, °C cyuky, °C cymn CTa6PI,J'[I/13aHI/II/I BIT@XXHOCTB, %0
- ] o i 1 o i 1di 0,
Pre-drying T, °C Final drying T, °C drying stabilize Relative humidity, %
«msirkuin» Soft 50-56 38-56 24 — 68-74
«cpenuuiiy medium 5567 60-82 11 2-3 66-80
«wkectkuii» hard cBbite 95 85 4 3 85

C 1enbio BBISBICHHUS OPTaHOJIETITHYECKUX
rmokasareyied MakapoOHHBIX u3JeNuil Oblaa cdop-
MHpOBaHa JKCIIEPTHAs TPyIa U3 5-TH YeNoBeK,
KOTOpbIE MPOBOJIWIN OLEHKY (DOpMBI, BHELIHETO
BHIAa, BKyca U apomara 0 5-0ambHOW IIKaje:
5 6ayoB (BBICOKOE KadyecTBO), 4 Oamna (xoporee
KauecTBo), 3 Oaya (yAOBIETBOPUTEIBHOE KayeCTBO)
u 2 Oamwia (HEYIOBIETBOPUTEIHHOE KayecTBO)
C y4ETOM TIONPaBOK HA OPTraHOJENTHUYECKUE XapaK-
TEPUCTHUKH, COOTBETCTBYIOLIME MOJYYEHHOW MYKH
u3 XypMbl. Ha pucyHke 7 npejcraBieHsl GoTorpa-
(UM CHIPBIX ¥ OTBApPHBIX MaKAPOHHBIX W3JEIHN
Ha npuMepe obpasua Ne 4.
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OKcnepTHas CyObEeKTHBHAs OIlCHKa TIpU
KOPPEKTHOM OpraHU3aIliy MPUOTIKASTCS K (PH3HKO-
XHUMHYECKUM CTI0co0aMm, a MOPOH CITyXKHT €TUHCTBEH-
HEIM moaxonom [39]. Ha pucynke 8 mpencrapieH
pe3yabTaT TPOBEJCHHOTO OPraHOJENTUIECKOrO
aHaJM3a CHIPBIX M OTBApHBIX MaKapPOHHBIX W3JIEIHH,
KOTOPBIN, IS JIyYIIedl HariasJHOCTH BBITIOJHECH
B Bujie npoduitorpamm. [Ipodunsabiii MeTos ceH-
COpPHOTO aHaM3a JIaeT BO3MOXHOCTH MPOBOJHTH
0oJiee HarIAHOE U JeTajbHOE CPaBHEHHUE BhIpada-
THIBAEMBIX OOOTAIICHHBIX MAaKapOHHBIX W3ZICIUi
C KOHTPOJILHBIM 00Pa3IioM.
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(b)

Pucynox 7. ®oTorpadhun MakapoHHBIX U3/IEUi B ChIpOM (2), a Takke U oTBapHoM (D) Buax, Ha npumepe odpasua Ne 4
Figure 7. Photographs of pasta in raw (a) as well as boiled (b) forms, based on sample No. 4

thopma

BHeIDHHH BHJ

MaKapoHLI
ChIpbIe

BHeIDHHHA BHJ

BKYC

dopma

BKYC

m— ROHTPOIE

5% mobaBKH

10% gobaBrm

MaKapoHbI
3 OTBapHEIE

15% mobaBkH

* — 0% mobaBrH

3amax

jamax

PI/ICYHOK 8. PGSynLTaT OpPraHOJICHTUYCCKOTO aHaIn3a BBIpa6OTaHHLIX MaKapOHHBI3 I/I3£[GJ'II/II71
Figure 8. Result of organoleptic analysis of pasta products produced

OpraHonenTuuecKiii aHamu3 BhIPAOOTaHHBIX
MAaKapOHHBIX W3/EHI 13 COpTa MIEHULIB! «I pemmd 2V
¢ no0aBIeHNEM MYKH U3 TUIOIOB XyPMBI MTOKa3al,
YTO MPAKTUYECKH BCE 00Pa3Iibl MAKAPOHHBIX U3JICIIHH,
Kkpome 5-ro (Tabmuima 6), MOryT ObITh PEKOMEH 10~
BaHbI B IIPOMBILIUIEHHOE IIPOU3BOJICTBO, IIPU 3TOM
KOJIMYECTBO J00aBKU B MHTEpBaJie oT 5% 1o 15%
HEOOXO/IMMO BBIOMPATH B 3aBUCHMOCTH OT YKEJIAeMOT0
oborareHus MUIIEBEIMA BOJIOKHaMu (Tabnuia 5).
YpoBeHb oborarieHus MieBbIMA BoJiokHaMH (17100r)
MaKapOHHBIX M3JEJIUI B 3aBUCHUMOCTH OT Macco-
BOH Jtonn 100aBKH (K, %) yIuThIBas TPOBEICHHBIE
WCCIICIOBAHUS MOXET OBITh PACCUUTAH U3 JINHEH-
HOTO COOTHOIICHHA (4), TPEACTaBICHHOTO HIXKE.
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W3BeCcTHO, YTO HOpPMa TMOTPEOJIEHHsS MHUIIEBBIX
BOJIOKOH JUIS 3/I0POBOTO YEJIOBEKA COCTaBISET
ot 25 10 30 r B cytku [20].

T1B=9,95x+0,333. 4)

TakuMm 00pa3oM, IPOBEICHHBIE HUCCIIEOBA-
HHSI HAYYHO MOATBEPKAAIOT, UTO MYKY U3 IJIOJI0B
XYpPMBbI BIIOJIHE MOKHO HCIIOJIb30BaTh B MaKapOH-
HOW TIPOMBINJIEHHOCTH JIJISl BEIPAOOTKH IEIHHO-
3€pHOBBIX O00OTAIEHHBIX MaKapOHHBIX H3ICIUH,
KOTOpBIE HE TOJBKO MO3BOJIAT PACLIMPUTH accop-
THMEHT BBIITYCKAEMOW MPOIYKIMK, HO U Oyiaro-
TBOPHO IOBJIMATH Ha 3JJ0POBbE YEIIOBEKA.
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3akirouenue

B pabote mokasaHa 11e71€c000pa3HOCTb HC-
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MaTepHaJIoM JJIsl MAKapOHHOI'O0 TecTa IIeJIeco00-
pa3HO MPUMEHUTH COPT muieHuny «I'peMMd 2Y»,

OTHOCSIIENCS K MoJyibe, Tak Kak y JaHHOTO BHIA
3epHa TOJIOBI HAOIOMAETCS TOJO3EPHOCTH, UTO
00yCIIOBIMBAET BBIPAOOTKY MaKapOHHBIX H3ICIHIMA
0e3 3aMavMBaHUS, TO €CTh 3aMETHO YMCHBIIIHUTH
TIPE/INIOITOTOBKY 3€pHA ISl HAOYXaHUs M pa3Msrde-
HHS €70 000JIOYEK, YTO HEOOXOIUMO JIJIS COXPAHEHUS
MacChl W KaUeCTBEHHBIX TOKa3aTeel KICHKOBUHBI,
KaK CTPYKTypooOpa3oBateIs Mpr BEIPabOTKE TOTOBBIX
MAaKapOHHBIX U3JIETUH.

MOJIb30BAHUSI (PPYKTOBOTO BTOPUYHOTO CHIPHS,
Ha puMepe XypMal copta «Koposeky, moasepriie-
ecs nepepaboTke B cepe MPOU3BOJCTBA OE3aIKO-
TOJIBHBIX HAIUTKOB, & UMEHHO BOJIHBIX DKCTPAKTOB
WIH TIEPECTICBIIIEE, T. €. HEMOISKAIIEe K POSHIIHON
npoaxe. B utore, moOOYHBIE MPOAYKTHI arporpo-
MBIIITIEHHOTO TPOM3BOICTBA CTAHOBSATCS IEHHBIMU
pecypcami, KOTOPbIE MOTYT CTaTh ()yHKIIMOHATLHBIMH
MHIPEIMCHTAMU JUTSE BBIPAOOTKH 1SJIbHO3EPHOBBIX
MAaKapOHHBIX M3ICIH, MPHYEM OCHOBHBIM ChIPHEBBIM
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Annortamus. Hacrosimiee nccnenoBanne ObUT0 HalpapiIeHO HA KOMIUIEKCHYIO OLCHKY BIHMSHHS NMpoOHoTHYecKoro mramma Bacillus
subtilis Ha MOBeAEHYECKHE PEAKIUU U OMOXMMHYECKHE IapaMeTpPhl CHIBOPOTKH KPOBU MBIIIEH B YCIOBHUSX JHUIIOMOIUCAXAPHII-
MHIYLMPOBAHHOTO CHCTEMHOTO BOCHAJIEHMs. DKCIEPUMEHTAIbHAs MOJelb Ha >KMBOTHBIX JuHHHM C57BL/6 mponemoHcTpupoBana
BBIPOKEHHOE MOJIYJHpYIOIIee JAeiicTBHe NPOOMOTHKAa Ha KIIOYEBBIE acleKThl mnoBeaeHWs. Beenenume B. subtilis mpuBeno
K 3HAUUTEIBHOMY CHIDKCHHMIO YacTOTHI aKTOB I'DYMHHIA, YTO HMHTEPIPETHPYETCS KaK CHH)KCHHE TPEBOXKHOCTH M HPOSBICHHE
aHKCHONUTHYECKOT 0 3ddekTa. ORHOBPEMEHHO HAOIIIOANI0Ch YBEIHMYCHHE HCCIIEI0BATEIbCKOH aKTHBHOCTH, TIPOSBIISIONIEECS B POCTE
KOJINYECTBA 3arjIAIbIBAHUIA B HOPKM M BEPTHKAJbHBIX CTOCK B TecTe «OTKPHITOE I1OJIE», YTO CBUACTENBCTBYET O MOTEHLIHAILHOM
MO3UTHBHOM BIHMSHUM Ha KOTHUTHBHBIE (yHKkmuu. Hampotus, mumynupoBanHoe JIIIC BocmaneHWe BBI3BIBAIO II0JABIICHUE
exploratory-akTHBHOCTH U CHIKCHHE Jie(eKalliy, YTO OTPaKaeT HeraTHBHOE BO3JCHUCTBHE HA KHIICYHYIO MEPUCTAIBTHKY U obIee
CTPECCOBOE COCTOSHIE JKUBOTHBIX. BHOXMMUYECKHIA aHAIN3 BBISIBII ABOHCTBEHHOCTH 3¢ (deKkToB B. subtilis: Ha ¢poHe moBeneHueCKOTO
yIIyqnieHus: ObUIo 3a(h)MKCHPOBAHO CTATUCTUUECKU 3HAYMMOE MOBBIICHNE YPOBHS MOYEBHHBI B CBIBOPOTKE KPOBH, YTO MOXKET OBITH
KOCBEHHO CBSI3aHO C IEPECTPONKOI MUKpoOHOMa U MeTtaboimdeckuMu capuramu. [lapamtensro B rpymme JIIIC Op10 00HApY)eHO
CHIJKCHHME KOHIIGHTPAllMM XOJIECTEPHHA, BEPOSATHO, OOYCIOBJICHHOEC aKTUBAIMeW Makpo(daroB M HApYIIEHHEM €ro CHHTE3a.
[Momy4yeHHbIe qaHHBIE TOAYEPKUBAIOT KOMIUIEKCHBIH XapakTep B3aMMOACHCTBHS IPOOHOTHKA ¢ ()M3NOJIOTHEH X031Ha, YKa3bIBasl Ha
HEOOXOJMMOCTh JaJbHEHIIero M3y4eHUs] MEXaHU3MOB BIUsHUSA B. subtilis Ha OCh «KHIIEYHHMK—MO3T» M METabOIN3M B yCIOBHIX
BOCHAJIEHHs JUIsl pa3paboTku 3 (HeKTUBHBIX cTpaTeruil Koppekuuu LPS-nHIyupoBaHHEIX HApYIICHHUH.

KnioueBble cioBa: Mpim, nmmomnonucaxapun, Bacillus subtilis, tect «OTkpbiToe TONe», TOBEAECHYECKAass AKTHBHOCTb,
OMOXMMHUYECKUI aHAIN3 KPOBH.
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Abstract. This study aimed to comprehensively evaluate the influence of the probiotic strain Bacillus subtilis on behavioral
responses and serum biochemical parameters in mice under conditions of lipopolysaccharide (LPS)-induced systemic inflammation.
The experimental model using C57BL/6 mice demonstrated the probiotic's pronounced modulating effect on key behavioral aspects.
The administration of B. subtilis significantly reduced the frequency of grooming acts, which is interpreted as a reduction in anxiety
and a manifestation of an anxiolytic effect. Simultaneously, an increase in exploratory activity was observed, manifested by a rise
in the number of hole pokes and vertical rearings in the Open Field test, indicating a potential positive impact on cognitive functions.
In contrast, LPS-induced inflammation caused suppression of exploratory activity and a decrease in defecation, reflecting a negative
impact on intestinal peristalsis and the general stress state of the animals. Biochemical analysis revealed a duality of B.
subtilis effects: alongside behavioral improvement, a statistically significant increase in serum urea levels was recorded, which may
be indirectly related to microbiome restructuring and metabolic shifts. Concurrently, a decrease in cholesterol concentration was
detected in the LPS group, likely due to macrophage activation and disruption of its synthesis. The obtained data emphasize the
complex nature of the interaction between the probiotic and host physiology, indicating the need for further study of the mechanisms
of B. subtilis influence on the gut-brain axis and metabolism under inflammatory conditions to develop effective strategies for
correcting LPS-induced disorders.

Keywords: mice, lipopolysaccharide, Bacillus subtilis, open field test, behavioral activity, blood biochemistry.

BBenenue MatepuaJjbl 1 METOAbI
B mocnenHue roabl MPOOMOTHKH aKTHBHO OKCIIEPUMEHT IPOBOIMIICS B TCUCHUE 3 HEZICITh.
UCCIIENYIOTCA KaK  IIEPCIIEKTHBHBIE — CPEJICTBA MonenbHBIM OOBEKTOM OBLIH BHIOpaHBI CaMIIBI
IS MOHnyIHI/H/I I/IMMyHHOFO OTBETA U CHUXXCHUS MUS mUSCUIUS JIMHUHA C57BL/6 U3 IIHUTOMHHKA
BOCIIAJMTENBHBIX peakimii [1]. Cpean HIX 0coGbit «Annpeeska» (Mockosckast 0011. Poccust). JKuBoTHbIE

COJEPKAIHUCh B CTAHIAPTHBIX YCJIOBHUIX COINIACHO
I'OCT 33215-2014 «PyxoBOICTBO MO COIEpKa-
HUIO W yXOIy 3a JabopaTOpHBIMH >KUBOTHBIMH.
[IpaBuna ob6opyaoBaHUS MTOMEIIEHUH W OpraHm3a-
OUH IIPOLEnyp» M IMOJy4ald IMOPLUI0 KOpMa U3
pacueta 5 r/MBbIIIIb/ ICHb.

IIpy 1DOCTaHOBKE H3KCIEPUMEHTA MBIIIU
ObLTH pa3jieneHsl Ha 4 TPy

HUHTEpEC npeaACTaBIIAIOT T'paMIIOJIOKUTCIILHBIC
oakrepun Bacillus subtilis, memonctpupytommue
MMMYHOPETYJIATOPHBIC CBO¥icTBa [2]. VX mpuMeHe-
uue Ha Gone JIIIC — namynmpoBaHHOTO BOCTIATICHUS
MPEICTABIISIET 3HAUUTEIIbHBINA HHTEPEC, IOCKOIBKY
nunononucaxapuy (JIIIC) sBaseTcs KIOYEBBHIM
IaTOr€H-aCCOLMUPOBAHHBIM MOJIEKYIIPHBIM I1ATTEP-

HoM (PAMP), 3aryckarommm KacKax MpOBOCIIAIH- 1.  «Koutpons» — rpymmna (n = 10), koTopas
TENBHBIX PeaKiuii yepe3 aktuparmio T0ll-momo6Hpx MOJIyYana CTAHIAPTHYIO JIAGOPATOPHYIO IWETy K
peuenropos (TRL4) [3]. BHYTpUOproIrHHbIC nHbeKImH 0,9 % pactBopa NaCl.

Maitm (Mus musculus) siBISIFOTCST MOIENBIO 2. «JIIC - rpynmay» (n = 10), momy4aBrias
JUTSI BOCIIAJIMTENILHBIX TPOLIECCOB, OJlaroaaps BbI- CTaHZIAPTHYIO JTJabopaTopHyo auety 1 uabekimu JINIC.
COKOM CTENEHU CXOKECTH HMMYHHBIX MEXaHU3MOB 3. «B. subtilis» — rpynmna (n = 5), koTopas
C YeJIOBEYECKUMHU [4] IIpUHUMAaJIa HpOGI/IOTI/IK Ha ocHose B. subtilis

Bacillus subtilis — copoo6pasyromast 6ak- (10° KOE/rpamMm kopma), BMECTE €O CTAHIAPTHBIM
Tepusi, 00JIaIaoIIasi BBICOKON yCTONYMBOCTBHIO PALMOHOM, U BHYTPUOPIOUIMHHbIEC ~MHBEKIHH

0,9 % pactBopa NaCl.

4.  JIIC + B. subtilis» — rpynmna (n = 10),
KOTOpasi TO/IBEpPriiach BO3/ICHCTBUIO MPOOHOTHKA
na ocuose B. subtilis (10° KOE/rpamm kopma),
CMEIIaHHOTO CO CTaHAAPTHBIM PAllMOHOM, U UHB-
exrusm JITIC.

B kauectBe JIIIC Obun BBIOpaH mpemapar

K arpecCHBHBIM YCIIOBUSM  KEITYI0YHO-KUIIIEYHOTO
tpakTa (OKKT), a Takke psaoM ImpoOHOTHYECKUAX
3¢ }eKToB, BKIFOYAIONINX YKPEIUICHHE KAIIEYHOTO
Oapbepa, aHTUMHKPOOHYIO aKTHBHOCTbB, a TaKkKe
MOJIYJISIMIO UMMYHHOTO OoTBeTa [5].
Jlumononucaxapun (JIIIC) — ocHOBHO# KOM-

TIOHEHT HAPYKHOH MEMOPAHbI IPAMOTPHIIATENBHBIX «IIuporenam» (OPI'bY «HULIOM nm. H.®. 'ama-
OakTepui, KOTOPHIA NPH CHCTEMHOM BBEIECHUH new», Poccus) B koHmentpamuu 100 MKr/min.
BbI3bIBACT MOLIHBIA HIMMYHHBII OTBET, IMUTUPYFOLHIA BHyTpHOpIONINHHbBIE HHBEKIUH 00beMoM 200 MKIT
xpoHnueckoe Bocrtanenue [6]. YV mpmmeit  JITIC MPOBOJIWIN €XKEJHEBHO B TEUCHHUE IMOCIEIHEN
aktuBupyet T LR-4-3aBucumble curHambHBIE Ty TH, HEJEeNu 3KcnepuMmeHTa. PacTBop uisi BBeIEHUs
MPUBOJIS K BEIOPOCY IPOBOCTIANTUTEIBHBIX ITUTOKH- pazBoamm 1:1 JITIC ¢ pactBopom 0,9 % NaCl [8].
HOB (||_-6, TNF-a) u I/IH(I)I/IJ'ILTpaLII/II/I UMMYHHBIX Ddusnogornuecku TECT ((OTKpI)ITOC TI0JIE
KJIeTOK B TKaHH [7]. MIPOBOAMIICS TIEpel] HAdaJIoOM DJKCIEpPUMEHTA MU

B jaHHOil pabOTe OLEHMBANOCH BIIHSHHE B KOHIIE Ka)XJOH HEAENH. YCTaHOBKa JUIS TeCTa

npeacTaBisia co0oi kBagpaTHbIN KopoO 40 X 40,
OTpaHWYECHHBIN HEMPO3pavyHbIMH OOPTaMHU BBICO-
toit 20 cM. Ha aue Obuto 5 ciydaifHO pacrosnio-
KCHHBIX OTBEPCTHH, MOJICIUPYIOIINX HOPKH.

Bacillus subtilis va quramuxy JITIC-uHIyIMPOBAHHOTO
BOCIIAJICHUA Y MBIIIIGf/i, OCHOBBIBASICb Ha JAaHHBIX
OUOXUMHYECKOT0 aHAITH3a KPOBH.
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Bpewms nipoBezieHus Tecta 5 MUHYT, B TEUEHHE KOTO-
PBIX PErHUCTPUPOBATIMCH CJIEAYIOIINE TTOKA3ATENH:
TOPHU30HTAJbHAS AKTUBHOCTb, BEPTHKAJIbHAs aK-
TUBHOCTbH, HOPKOBEIH pedekc. Takxke qeTeKTupo-
Bajach BETreTaTUBHAs NESTENbHOCTh: AedeKarys,
KOJIMYECTBO H MPOJODKUTENEHOCTD aKTOB TPYMUHIA.

3a60p KpOBH OCYIIIECTBISIICS ITyTeM JeKaITa-
LMW MBIIIEH, MPeIBAPUTENHHO HAPKOTU3UPOBAHHBIX
xJ10pohopMOM, B IITACTHKOBBIE TIPoOUpKH. [lomyden-
HYIO KpOBb OTCTaMBaIM 1 4, 3aTeM HamOCaJOYHYIO
XKUAKOCTH LeHTprudyruposamu mpu 35009 10 MuHyT.
[lonmyuuBuiytocs  CBIBOPOTKY — aHaJIM3HPOBAIH
Ha aBTOMaTH4yeckoM aHanmzartope «Burallaitn 200
(Vitaline 200, Poccus).

CraTucTiyeckye MaHUILYJIILMN BBITOIHSUIUChH
B cpeae R (Version 4.1.1). TlonydueHHble TaHHbIC
B XOJI€ aHAJIM3a MPOBEPSUIHCH Ha HOPMATBHOCT pactipe-
nenernst Tectom 1larmmpo-Yunka. OmHOpaKTOpHBII
nucnepcronHbiil Tect (ANOVA) 1 1ocT-XOK TecT
ThIOKM HMCHONB30BAINCH AJISI AHAJIHM33a HOPMAIBHO
pacrnpeneneHHbIX AaHHbIX. CKOpPEKTHPOBAHHOE
p-3xauenue < 0,05 CUUTAIOCH CTATUCTUUECKH 3HAUH-
MBIM pE3yJbTaTOM. Pe3ynbTarhl MpencTaBieHbl Kak
CpeHVe 3HaYeHUsI + CTaHIapTHOE OTKIIOHeHue (SD).

Pe3yabTraTsl

B xone uccnenoBanust ObLIN H3y4eHBI TIOBEICH-
YecKue 1 (PU3UONIOTHYECKHE MTOKA3aTeNH SKCIICPUMEH-
TaIbHBIX JKUBOTHBIX C IIOMOIIBI0 TecTa OTKPHITOro
TI0JIS1 ¥ IPOBEJICH aHATN3 PE3y/IbTaToB (PUCYHOK 1, 2).

B skcniepumenTtansHO# rpymme «B. subtilisy
HaOJII0/17I0Ch YMEHBIIICHHE aKTOB TPyMHUHTa B 2,1 paza
OTHOCHTEIHHO KOHTPONbHOW rpymmsl (3,4 4+ 0,17
mpotuB 1,6 £ 0,18, p = 0,048). B 10 xe Bpems,
y )KMBOTHBIX, MOJNY4YaBIIUX TONBKO B. subtilis, 6pu10
NETEKTUPOBAHO YBEJIIMUEHUE HOPKOBOTO peduiekca
B 1,8 pa3 B comocrasiennu ¢ koutposem (5,2 + 0,3
nportus 2,9 + 0,14 p=0.01) (pucynok 1).

Taxke OBUIO BBISBICHO CTaTUCTHYECKU
3HAYUMOE CHI)KCHHE aKTOB Jedexanuu B 6 pas
Yy TOpeAcTaBUTENEH TPYMNIIbl, HNOJABEPrHYBIINMCS
nckountenbHo uHbeKuusaM JIIIC, B cpaBHeHHH
c rpymmoi «Koutpois» (0,4 + 0,07 npotus 2,4 + 0,14
p = 0,0009) (pucyHox 1).

KonuuecTso, mr
Quantity, pcs

I'pymusr Hopka
Grooming Mink

Jedexarus
Defecation

Pucynok 1. KonnuecTBeHHBIE MoKa3aTeny (H3HOIOTAYEC-
koro Tecta «OTKpbITOE MmoJiey, * p < 0,05, *** p <0,001

Figure 1. Quantitative indicators of the physiological
test "Open field", * p < 0.05, *** p <0.001
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B rpymre >KHBOTHBIX, MOJYYaBIIMX TOJBKO
JITIC, mabmomanock cHmxkeHue B 1,7 pa3 BepTu-
KaJIbHOW aKTUBHOCTU OTHOCHUTEJIBHO KOHTPOJIBHOM
rpynmnsl (8 £ 0,45 nporus 13,8 + 0,52, p = 0.02).
Hampotus, B ¢BsI34 ¢ PHEMOM MPOOHOTHKA Ha OC-
HoBe B. subtilis BeisBieHo yBenuuenue B 1,5 pasa
UCCIICZIOBATEIILCKOTO  pedieKca, BBIPAKCHHOTO
BEPTHUKAILHBIMU CTOWKAMHM, B CPABHEHHH C TPYIIION
«Konrpoims» (20,8 + 1,3 mpotus 13,8 + 0,52 p= 0,04)
(prcyHOK 2).

KomnuecTBo, mT
Quantity, pcs

PI/ICYHOK 2. KomnaectBo BCPTUKAJIbHBIX CTOCK,
3a()MKCHPOBAHHBIX BO BpeMs INpoBeieHHs (HU3HOIIO0-
rudeckoro tecta «OTkpbITOE Mosiey», *p < 0,05

Figure 2. Number of vertical rearings recorded during
the Open Field physiological test, * p < 0.05

Taxke ObUI TPOBENEH aHAIM3 JaHHbBIX
OMOXMMHYECKHUX IOKa3aTesiell CHIBOPOTKU KPOBH.
BrIsSBI€HO CTaTHCTHYECKH JOCTOBEPHOE CHHXKe-
HUE coAep:KaHMsA XonecrepruHa B rpymme «JIIIC»
oTHOCcHUTeNbHO Tpymmbel «KoHTpomey (8,43 £ 0,44
mpotuB 6,20 + 0,23, p = 0,0001). Ha psaxy ¢ aTum
HaOJIIO/IATIOCh W YBEJIMYCHUE COJICPKAHUS MOve-
BUHBI y Tpymbl «B. subtilisy orHocuTenbHO KOH-
TpospHO# rpymmsl (8,16 £ 1,00 mpotus 12,95 + 0,77,
p = 0,02) (pucyHoxk 3).

Coneprxanue, MMOJIB/TT
Content, mmol/l

XonectepuH MoueBuHa
Cholesterol Urea
Pucynok 3. Pazmiunst B OMOXMMHIYECKOM COCTaBe KPOBU
MEXITy UccielyeMbIME Ipymamu, * p < 0,05, *** p <0,001
Figure 3. Differences in blood biochemistry between
study groups, * p <0.05, *** p <0.001
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Oo6cyxaenue

AHanM3 WCCIeI0BaTeNIbCKON aKTHBHOCTH
B TecTe «OTKpBITOE IMOJIe» TOKa3al JOCTOBEPHOE
YBEJINYCHUE KOJIMYECTBA 3ariisi/IbIBAHUI B HOPKH.
DTO ABJSIETCS BAYKHBIM MTOBEJICHYSCKUM MapKEepOM
KOTHUTHBHOW aKkTHBHOCTH [9], 4TO0 MOXeT cBuje-
TEJILCTBOBATH O criocoOHocTu B. subtilis yBemidn-
BaTh MCCJIEI0BATEIBCKYIO aKTHBHOCTH Mbittrei [10].
H3meHenne akToB jaedeKaluii TOBOPUT
0 HETAaTUBHOM BO3/ICHCTBUM JIMIIONOJIHMCAXapHuIa
Ha [IEPUCTANIBTUKY KHIICYHUKA M MOXKET CBHICTENb-
CTBOBATh O MPOSIBIICHHE CTpecca y )KMBOTHBIX [11].
HccnenoBanne 4acToThl BEPTHKAIBHOW aK-
THBHOCTH Pa3HbIX TPYII MO3BOJISIET ClIENATh IPE-
MOJIOKEHHE, YTO JIUIMOIONUCAXapU HEraTHBHO
BO3JICHCTBYET Ha UCCIICIOBATENIBCKYI0 AKTHBHOCTb,
a B. subtilis HaobopoT ee moBbiImIact, Takoi 3hdexT
JITIC cxoneH ¢ Bo3zeiicTBrEM aHTHOHOTHKA [12].
M3BecTHO, YTO YpE3MEPHBIN TPYMUHT Y TPbI3Y-
HOB SIBJIIETCS CTPECCOBBIM MapkepoM [13], B To Bpemst
Kak B 9KCIIepUMeHTaIbHO# rpyrie B. subtilis na6:tro-
Ja7I0Ch YMEHBILICHUE KOJIMYECTBA aKTOB IPYMHHTa,
4YTO COOTHOCHUTCA C JIUTCPATYPHBIMU OaHHBIMH
O CHIDKCHHUH TPEBOXKHOCTHU IPH TIPUEME MPOOUOTH-
KOB M MOXKET CBHJICTEIIbCTBOBATH O aHKCHOJIUTHYE-
ckoM 3 hexTe mpodbrnoTryeckoro mramma [14].
CHIDKEHHE CONCPIKAaHUsI XOJIECTEPUHA MOXKET
OBITh CBSI3aHO C aKTHBaNKEeH Makpodaros, Ha ¢hoHe
BeeneHus JIIC. B cBoro ouepeib, OHI OCTaHABIMBAIOT
OMOCHHTE3 XOJIeCTepHHA C TIOMOIIIBIO aKTHBAIUHU (ep-
MeHTa xojecTepuH-25-ruapokcmnazoii (CH25H).
[on neiictBrem CH25H xomectepus mpeBpariaeTcs
B 25-TH/IPOKCUXOJIECTEPUH, KOTOPbI HHTHOUPYET CHH-
Te3 XOJIECTEPHUHA F CTUMYJIHPYET ero BbiBezieHue [15].
IMpuem B. subtilis criocobctByer yiyurieHnto
Mop(doIoruy KHUIIEYHHKA U €r0 OaKTepHAIbLHOTO
coctana [16]. Takxke B JIUTEPaTYPHBIX HCTOYHHKAX
onucaH (epMeHT ypeasa, MPOAYLHPYEMBbIil TaH-
HbIM BUIIOM Oaktepuii. OHAKO OH MMEET HHU3KYIO
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3¢ HEKTHBHOCTD NP TUIPONU3E MOYECBUHBI 10 AMMU-
aka 1 CO2 [17]. Pe3ysbTaToM HAaIero McciieaoBa-
HUSl SBIIETCSl yBENTMUYEHHE VYPOBHS MOYEBHHBI
Ha (one npuema B. subtilis, uro Bo3MOKHO KOCBEHHO
CBSI3aHO C MEPECTPOCHIEM MHKpoOHoMa u TpedyeT
JTAITbHEHILIETO UCCIIEA0BAHUSL.

3akiaouenue

Bmustane JITIC, mHIyIMpYyIomiero BocnaieHue,
HETaTHBHO OTPAXKAaeTCsI Ha MOBEACHYECKUX PEaK-
musx opranu3ma. CHIKAETCsl UCCIeI0BaTENbCKast
aKTHBHOCTh, YXyJIIaeTcsi padoTa KHUIICYHHKA,
BCBSI3M CO CTPYKTYPHBIMH HW3MEHEHUSIMH, BBI3BAH-
HbeivMu uHbekimsvu JITIC. B cBoro odepess mpoduo-
THK Ha OCHOBe Oaxtepwmii Bra B. subtilis mosurusHO
BO3JICHCTBYET Ha HCCIEN0BATEIbCKUM HHTEpEC
JKUBOTHBIX W IIPUBOAUT K CHWIKCHUIO YPOBHA
ctpecca. [Ipu 3ToM BbIsIBIIEHHBIE 3P QEKTHI JeMOH-
CTPHPYIOT JABOMCTBEHHOCTH neiicTBuii B. subtilis:
MOZEIHPYSl OCh «KHUIICYHUK-MO3T» W CHIDKas
TPEBOXHOCTb, OH OJTHOBPEMCHHO BLI3BIBACT MCTa-
Oonmmueckne n3MeHeHus. OFHAKO HApSAy C ITUM
B. subtilis yBemiunBaeT ypoBeHb MOYEBHUHBI B KPOBH
Y HE OKa3bIBaeT JOJDKHOTO MPOTEKTOPHOTO CBOMCTBA
Ha one mpuema JITIC. CrnenoBarensHo, TpeOyercs
nanbHeimee 6onee rirybokoe usydenue B. subtili
Ha OMOXMMHYECKUE TOKa3aTe KPOBH, BKIIOYAs
WCCIIEZIOBaHUE MEXaHM3MOB B3aMMOJCHCTBUS TIPO-
OMOTHKOB ¢ (PM3HMOJIOTHEN XO3IMHA TIPH BOCHATICHHH,
a TarxKe TMMOUCK MPOOMOTHKA, CTIOCOOHOTO HUBEIH-
poBatb HeratuBHoe BozaeiicTeue JIIIC.

ITepcrieKTHBHBIM HAIPaBICHUEM MOXET CTaTh
pa3paboTKa KOMIUIEKCHBIM CHHOMOTHYECKUX TIpe-
napatoB s Koppekuuu JINIC-unaynnpoBaHHBIX
HapyILIEHUM.

BaarogapHocTh

HccrieioBaHUE BBITIOIHEHO B PAMKAX FOCY/IapCTBEH-
HOTO 3a/1aHKsI MHUHKCTEPCTBA HAYKH M BBICILETO 00pa3oBa-
nust Poccuiickoit @eneparmu (mpoext FZGW-2024-0003).
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MeToabl aKTUBHOM YIIAKOBKH: CPABHUTEIbHBIA AaHAJIU3 TEXHOJIOT Uil
NMPOJJIEHUS] CPOKA TOJHOCTHU MPOAYKTOB

Cepreit M. Maxos ©  makhovsm@gmail.com 0009-0001-9626-4689

1 MI'YTY um. PazymoBckoro, yi. 3emusiHoit Ban, 1. 73, . Mocksa, 109004, Poccust

Annoramust. CTaTbs IpeACTaBIsIeT 0030p M CHCTEMATH3AIMIO ITOX0I0B aKTUBHOH YITaKOBKU HMHIIEBBIX NTPOIYKTOB C aKIEHTOM Ha
MEXaHU3Mbl JeHcTBHS M A3()GEKTHBHOCTD IO KIIOYEBBIM KaTeropusM ToBapoB. Llenb paboThl — omucarh, KakHe pPEIeHHs
(TTOTJIOTHTENN KUCIIOPO/ia U BJIarH, 3THJICH-TOBYIIKH, aHTUMHKPOOHBIE CHCTEMBI, a TakKe YIIakoBKa B MOAN(HIIPOBAHHO ra3oBoit
cpene, MAP) obGecrieunBaroT HanbobIIee IPOUICHHE CPOKA TOJHOCTH M CHI)KEHHE MUKPOOHON HAarpys3kH, M B KaKUX CIydasx HX
nenecooOpasHo KoMOWHHpOBaTh. [IpoBeseHO 0000IIeHHE SKCICPUMEHTANBHBIX NAHHBIX M3 PELEH3HPYEMBIX MyONHKalui |
MPOMBIIUIEHHBIX KEHCOB C MIPUBEICHIEM OPHEHTHPOBOYHBIX KOJIMIECTBEHHBIX 3(dexToB. [Tokazano, uto O:-MOrTIOTHTENN HA OCHOBE
JKene3a B BaKyyMe Wid B couetannu ¢ MAP CHIDKAIOT OCTaTOYHBIA KMCIOPOA A0 COTHIX MPOLICHTA U MPOJUICBAIOT XPaHEHHE Msca 10
21-28 cyTok; [tst ppIOBI OTMEYCHO JBYKpATHOE U OoJiee yBelnnueHne CPOKOB cBexecTH. [t GpyKTOB 1 oBoILel HanbobIIni 3G dexT
IaéT CBSI3Ka JTHJICH-TIOTJIOTHTENS C ONTHMAJIBHBIM T'a30BBEIM peXUMOM (mpubaBka 2—4 Hemenw), Torjaa Kak Uil XJeOoOyIOdHBIX
m3nenuit Bricoko-CO.-MAP oGecrieunBaer 14-21 nenp «0Oe3 mieceHH». BrnaroaOcopOeHTbI yMEHbIIAeT 3KCCYyJaT U KOCBEHHO
CIICP)KHMBAIOT [OPYY, & AHTUMUKPOOHBIC MOKPBITHS J00aBIsIIOT 2—5 aHEl U narT cHikeHne Ha 1-2 l0g. Hawmnydmme pe3ynbrars
JOCTUTAIOTCS IIPY KOMOMHHPOBAHUN TEXHOJIOTHH C YIETOM YyBCTBUTEIFHOCTH MPOIYKTA K KHCIOPO.Y, BJlare ¥ pUCKOB aHa3POOHOTO
pocTa; NpeUIokKeHa CBOIHAS TaOIMIIA JUIsl IPAKTHYECKOT0 BEIOOpa PELICHHUI.

KirodeBble cjl0Ba: aKTUBHAS YIIAKOBKA, CPOK T'OJHOCTH, MOTTIOTHTEIN KUCIOPOJa, MOAU(HIIPOBaHHAs aTMOC(epa, aHTUMUKPOOHBIE
CHCTEMBI, UIIEBBIC TPOTYKTHI.

Active Packaging Methods: A Comparative Analysis of Technologies
for Extending Shelf Life of Food Products

Sergey M. Makhov *  makhovsm@gmail.com 0009-0001-9626-4689

1 Razumovsky Moscow State University of Technologies and Management, 73 Zemlyanoy Val Street, Moscow, 109004, Russia
Abstract. This article reviews and systematizes approaches to active food packaging, with emphasis on mechanisms and category-
specific efficacy. The aim is to identify which solutions—oxygen and moisture scavengers, ethylene traps, antimicrobial systems, and
modified-atmosphere packaging (MAP)—deliver the greatest shelf-life extension and microbial risk reduction, and when their
combination is justified. We synthesize peer-reviewed data and industrial cases and provide indicative quantitative effects. Iron-based
02 scavengers used under vacuum or together with MAP lower residual oxygen to hundredths of a percent and extend chilled meat
storage to 21-28 days; for fish and seafood, freshness periods typically double or more. For fresh produce, the most effective pairing
is an ethylene scavenger with an optimized O./CO: balance, adding ~2—4 weeks while preserving sensory quality. In bakery products,
high-CO. MAP yields 14-21 mold-free days. Moisture absorbers reduce exudate and indirectly slow spoilage, whereas antimicrobial
coatings/films add 2-5 days and achieve ~1-2 log reductions in target microorganisms. The best outcomes arise from tailoring and
combining technologies to product physiology (oxygen and moisture sensitivity) and safety constraints (e.g., anaerobic growth). A
summary table is provided to support practical selection and integration.

Keywords: active packaging, shelf life, oxygen scavengers, modified atmosphere, antimicrobial systems, food products.

KpI/ITI/ILI€CKI/I BAXHBIM SBJIACTCA HNOAACPIKAHUC

Beenenune

HHU3KOT'0 COJEP KaHUs KHCIOPOa, TaK KaK IMEHHO

AKTHBHAsI YIIaKOBKa — 3TO THIT YIaKOBKH, KHCJIOPOJ] CIIOCOOCTBYET MPOTOPKIOCTH >KUPOB,
KOTOPBIA MOIMBHUIIMPYET yCITOBHS XPAHEHHS C Iie- yTpaTre BUTAMUHOB, U3MEHEHHUIO 1[BETA MsCA U UH-
JBI0 TPOJJICHHUS CPOKa T'OAHOCTU M IOBBILICHUS TEHCHBHOMY pocTy Oaktepuii u ruecenu [3] [4].
6esonacHoctu npoaykra [1, 2]. B akrusHo# yna- AKTHBHas YMakoBKa TIO3BOJISIET  CIIPABUTHCS
KOBKE HCIOJB3YIOT CHEIHaJbHblE KOMIIOHEHTHI, C 9TUMH TPOG/IEMAMH — OHA TOPMO3HT OKHCIUTEIh-
HONIOIAIONME WJIM BBITYCKAIOIMIHUC B YTIAKOBOHYIO HBIE PEaKUMH W MUKPOOMOJOTMYECKHE MPOLECCHI
Cpe/ty OMONOrHHYeCKH aKTHBHBIE BEILECTBA (KUCIIOPOL, B IIPOLIECCE MOTJIOUIEHN KHCIOPO/Ia U BBIACICHMUS
BIIary, STWJIEH, aHTUMUKPOOHBIE areHTsl M T. A.) [1], yritekucnoro rasa [5] [2]. B manHoii cratbe OymyT pac-
9TO 1a€T BOSMOKHOCTE 3aMEIUTMTD ITOP1Yy NPOAYK- CMOTpEHBI OCHOBHBIE THIbl AKTUBHOM YIIaKOBKH —
TOB 0e3 J00aBleHU XMMUYECKUX KOHCEPBAHTOB. MOIJIOTHTENH  KHCIOPOJA,  BIATH,  OTHICHA,
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AHTUMUKPOOHBIE CHUCTEMbBI ¥ MOIU(MHUITMPOBAHHBIC
ra3oBble Cpelbl — a Takke UuX 3PPEeKTUBHOCTH
JUTS Pa3JIMYHBIX THIIEBBIX KaTErOpuil — MSCO,
pei0a, GPYKTHI W OBOIIM, MOJOYHBIE H XJIeOOOY-
JIOYHBIE U3JICITUSL.

Pe3yabTaThl M 00Cy:KIEHHE

[TornmoTrTen KuCIopoa MpeaCcTaBIISIOT COO0M
XUMHYECKHE J00aBKU (Yalie BCEro Ha OCHOBE
JKeJse3a), yIakOBaHHBIC B MAJICHBKHE callle, KOTOpbIe
MOMEIIAI0T BHYTPh FePMETHYHOH yHakoBKkH [6] —
OHM aKTHBHO B3aUMOJIEHUCTBYIOT C KUCIIOPOOM, T. €.
YIAISIOT €ro M3 MPOCTPAaHCTBAa YMakoBKH [4, 7].
TUNMYHBIN MEXaHU3M — 9TO OKUCIICHHUE KEIIE3HOTO
nopoika 10 Fe:Os npu yyactum naru [8]. bnaro-
Japsi OKHCJICHUIO BHYTPH YIAKOBKH CO31aéTcs
MpaKTU4YeCKH OE3KUCIOPOHAs cpeaa, MpeloTBpa-
LIA01Iasi OKUCIIEHHUE KUPOB, IOTEMHEHHUE CBEXKETO
MsICa U Pa3BUTHE adPOOHBIX MHKPOOPraHU3MOB [8].
Hanpumep, ncrnonb3oBanue KUCIOPOIHOTO IIOTJIO-
TUTEIS YJIBOWIO CPOK XPAHEHMs OXJIAXIAECHHON
pbI0bI (Trnarmn) — ¢ 10 go 20 aHel — 1o cpaBHEHUIO
¢ xpanenueMm 6e3 mornorurens [9, 10]. B mscHoit
MPOMBIIIJICHHOCTH  KHUCJIOPOAHBIE ITOTJIOTHTENH
MOMOTaI0T COXPAHUTB SIPKO-KPACHBIN 1IBET TOBS/IUHBI
(mpemoTBpamaT 00pa3oBaHUE METMHOITIOOWHA) U
3alIUTUTh MSCO OT IUIECEHH; B XJIeO0OYIOYHBIX
U3JENUSX OHU CHU)KAIOT CKOPOCTh «IIPOTOPKAHUS
XKHPOB W TOPMO3ST POCT TUICCHEBBIX T'PUOKOB.
[Ipu 3TOM B IpOAYyKTaX, 4yBCTBUTEIBHBIX K BIIare,
HEO0XOIMMO aKKypaTHO JO3UPOBATH MOTIIOTUTEIH
KHCJIOPOJa, IOCKOJIBKY PEaKIHs OKUCICHHS ITOPOH
TpeOyeT ee MPUCyTCTBUS.

W36bITOYHAST BIaKHOCTh BHYTPH YIAaKOBKH
CTUMYJIPYET POCT IUICCEHH | OaKTepHii, YXy/IaeT
BHEIIHMI B ¥ TEKCTYpy NMpoAykToB. [lormorurenn
BJary (JEeCHKaHTBI) — 3TO MaTepHaibl (CHIIMKArenb,
HATPUEBBIC COJIM YrOJBbHOM KUCIOTHI u jp. [11])
WITA BIIUTHIBAIOIIHE TIPOKJIAJIKH, KOTOPBIC BITYCKAIOTCS
B YNIAKOBKY JUIsl OTJIOIIEHUS] KOHACHCUPOBAHHON
Biard. OHu 0co00eHHO S(PGEKTHBHBI IS CBEKHUX
oBoIeH M QPYKTOB, a TaKKe UCIONB3YIOTCS ISt
Msica ¥ MopenpoaykToB. Hampumep, ormeueHo,
4TO BO (PPYKTOBO-OBOIIHBIX YMAKOBKAX MPUMEHSIOT
camie ¢ Na:COs uiu cuinukaresieM, a B MICHBIX U
PBIOHBIX — BJIArOMOTJIONIAIONINE MTPOKIAIKN: OHH
BIIMTHIBAIOT COK (DKCCY/AT), YHHUTOKAIOT HEIPH-
STHBIE 3allaxy U 3aMEeJISIOT POCT MUKPOOPTaHH3-
MOB [12]. Takasi TEXHOJOTHS MO3BOJISET IOJIBIIE
COXPaHSITh OBOIIY XPYCTAIIUMH U MPEIOTBPAIIAET
«pa3MsIKaHKe)» TOPTOB U IP. KOHIUTEPCKUX W3IEIHI.
NmenHo B XJ1€000YJIOUHBIX W3JCTUSIX CHIKEHHE
BJI&YKHOCTH TIPEISITCTBYET 00Pa30BaHMIO MJIECEHH
(MoJIeKyJIBl BOJIBI HEOOXOJMMBI TPUOKaM) — TIPH
3TOM B@)XHO CJIEAMTH 3a TEM, YTOOBI MPOTYKUHS
MPeXIEBPEeMEHHO HE Tepechixalia i He YepCcTBea.

Tenepb paccMOTpUM Tak HA3BIBAEMBIX «IIO-
TJIOTUTENEH 3THICHA». DTHIIEH — 3TO ra3000pa3HbIil
TOPMOH PAacTEeHU, CTUMYJIHMPYIOIIMH CO3pEeBaHHE
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wioaoB (HampuMmep, 070K, OaHaHOB, TOMATOB).
[Ipu xpanennn (GpPyKTOB H OBOIIEH €ro KOHIICH-
TpaLusl MOYKET MOBBIIATHCS ¥ TPUBOAUTH K YCKO-
peHHOMY «yBsimauuio». Ilormoturenu sTHIeHA
(HampuMep, XUMUYECKHE PeareHThl Ha OCHOBE Iep-
MaHraHata Kajuus, IeonuToB, auosioB TiO: u ap.)
«YHANSAIOT» ra3u3  arMocephl  YIIaKOBKH —
CHCTEMBI BCTYMAIOT B XMMHYECKHE PEAKIUH WIN
¢du3udecku agcopoupyrot stieH [13]. B pesyins-
TaTe 3aMeJUIeTCs IPOLECC CO3PEBAHMUS PPYKTOBO-
OBOIIHOW MPOAYKIUH — HO TIPH 3TOM COXPAHSIOTCS
BKyC, TeKCTypa W BHTamuHbL. MccnenoBarenn
YTBEP)KIAIOT, YTO ATUICHOBBIC MOTTIOTUTENH MPO-
JUICBAIOT CPOK TOTHOCTH U COXPAHSIOT HCXOIHOE
KaueCTBO CBEeXHX (pYyKTOB u oBomiei [14],
a TaKKe OrPaHUYMBAIOT HaKOIUIeHHe dTuieHa [13].
Jliist MpOyKTOB APYTUX Kareropuii (Msco, peida,
«MOJIOUKa», XJIe0) pOJib ATHUIICHA MHUHHMMAIIbHA,
MIOATOMY IIEJIECO00Pa3HO HCIOIB30BATh KIIOTIIOTH-
TeNW» TPEUMYLICCTBEHHO B YIAKOBKE CBEXKHX
oBoreit 1 GPyKTOB.

AHTHMUKPOOHAsl YIIAaKOBKa COCTOUT U3 Ma-
TEpHaJIOB, KOTOPBIE COJEPIKAT B €€ CTPYKType WIN
MOKPBITUM BEIIECTBA C AHTUMHKPOOHOH «aKTHB-
HOCTBIO» (HaTypajbHbIE U CHHTECTUYECKHE) — T. €.
OpraHMYecKUe KUCIOThI (COPOMHOBAsI, SHTApHAs),
a(upHBIC Macia, HAHOAreHTHI (HarpuMmep, cepedpo),
OaKTEepUOLMAHBIC TENTH/IbI (HUCHHBI), (GEPMEHTHI
u ip. [15] Takue n06aBKH 1100 BEICBOOOKIAFOTCS
U3 YNaKOBKH, JHOO KOHTAaKTHPYIOT C IOBEPXHO-
CTBIO TIPOJAYKTa M IOJABISIOT POCT MAaTOT€HHBIX
U op4Yeo0pa3yonmx MHUKPOOPTaHU3MOB. AHTH-
MHKpPOOHBIE CHUCTEMbI 3HAYMTEIBHO MPOJUICBAIOT
«TIEPHOJT TTIOKOSD» MUKpOOpraHu3moB [16, 17] — takke
yIyqmaeTcss MUKpOOHOJIOrn4ecKkasi 6e30nacHOCTh
Y Ka4eCTBO TIPOIYKTOB; YMEHBIIIACTCS PUCK IOPYH,
MPOJAJIEBAETCSI CPOK TOJHOCTH. AHTHUMHUKPOOHAs
YIIaKOBKa NMPHUMEHSETCS BO MHOTHX KaTETOPHUsX —
B MSICHO# M PbIOHO# MPOMBINUICHHOCTH (JIsI CBE-
JKEro U KOMYEHOTO Msica), B IPOU3BOJCTBE CHIPOB
Y MOJIOYHBIX TIPOIYKTOB, B YIIAKOBKE TOTOBBIX OO
W cajaToB, a TaKkke B XJIe0OOYIOUHBIX H3ICTHIX
(HampuMep, ISl IPEJOTBPAILCHHUS PACIPOCTPaHe-
HHS IUICCEHH). BBIOOp KOHKPETHOTO areHTra u
€ro KOHIIGHTpAIUU 3aBHCUT OT THIIA MPOIYKTa U
OXKHJIaeMOT0 cpoka xpanenus [17].

Jlanee paccMOTpPHUM yIIaKOBKY B MOAUDHUIIU-
poBanHo# razosoii cpere (Modified Atmosphere
Packaging, MAP), kotopast o0cCHOBaHa Ha H3MEHEHUH
ra3oBOTr0 COCTaBa BHYTpHU ymakoBku [18]. Atmo-
cthepy oboramaroT win paz0aBiAIOT Pa3THIHBIMU
razamu (00619HO COz2, N2, O2) B ONTHUMATBHBIX JUIS
npoaykTa cootHomenusx [19]. «3amena» Bo3myxa
MO3BOJISIET CHU3UTH OKUCIICHNE U COXPAaHHUTh Opra-
HOJIEITHYECKHE CBOWMcTBA. KapOOHOBBINM THOKCHT
JeHCTBYeT KaK aHTUMHKPOOHBIH Ta3 — Ipu
koHueHTpausx ot 20% u BbIllle OH TOPMO3HT
poct Oakrepuii W TpuOKoB [19]. A3sor wuHepreH,



Maxoe C.M Becmuux BTYHII, 2025, 9II. 87, Ne. 2, C. 77-84

UCIIOJB3YETCs JUTS BRITECHEHHS KUCIIOPOJIa U MPEI0T-
BpameHust jgedopMmaruy  yrmakoBku. Hampumep,
OOJIBIIMHCTBO MSCHBIX M PHIOHBIX MPOYKTOB YITAKO-
BEIBAIOT B cMech ¢ 25-80% CO: u octansHEIM N,
3TO 3HAYUTENIHHO TOPMO3HT Pa3BUTHE MaToreHoB [19].
Jist cBexxux (PpyKTOB W OBOIIEH 3a4acTyr0 TpHUMe-
HSIOT naccuBHoe MAP — mofOMparoT MmoJMMepHYIo
TUIEHKY € HEOOXOJAMMOW TPOHUIIAEMOCTBIO, TOJ-
JICPXKUBAIONIYI0 onTUMalbHbld  Oamanc O2/CO:
Y YMEHBINAMIIYI0 TIOTEPI0 BIArd ¥ BUTAMUHOB.
Hins x1e600ynounsix m3nenuii MAP ¢ BeiIcOkuM
conepxanueMm CO: (unormaa mo 100% CO:) pesko
YBEJIMYMBACT TaK HA3bIBACMBIN «IIEPUO]] XPAHCHHUS
0e3 TUIECeHU» — TaK, UCCIICIOBATENN YTBEPIKIAIOT,
YTO KOJIMYECTBO JTHEH MOXKET MOBBICHTHCS JI0 TPHI-
matu [19]. Ommako crowr momuMTE, uTo MAP
HE yCTpaHsIeT, HApUMeEp, YepCTBCHHE XJ1e0a, BHI3BaH-
HOE MMOCTENCHHBIM HCYe3HOBEHHUEM U3 HETO BIIArH.

Tenepb npoBeneM CPaBHUTEIBHBIN aHAIN3
MO KATErOPHSIM MPOTYKTOB.

— JI71st CBeXKEro Msica BaKHO COXpaHCHHE
KPacHOTO I[BeTa U COXpaHeHHe kupoB. KucnopomHbie
MOTJIOTHTENIM TIOMOTAIOT HM30eKaTh MOTEMHEHHUS
(MeTMHOTI00MHA) ¥ 3aMEIIMTh POCT a3POOHBIX
oakrepuii [4]. MAP ¢ Beicokum conepkanuem O:
(mst coxpanenus 1Beta) u CO: (s aHTUMUKPOO-
HOro 3(deKTa) MUPOKO MPUMEHSETCS Ha MsICO-
komOuHaTax [19]. AHTHMUKpOOHBIC  100aBKH
(HHUCHHBI, MOJIOUHBIC KHUCIOTHI M JIp.) B YIIAKOBKE
MPETNSTCTBYIOT POCTY maroreHoB. [lormoTureny Biaru
YICPKUBAIOT «MSICHOM COK», CHIDKAIOT aKTHB-
HOCTh pa3MHOXKEHUsT MUKPOGIophl. Takxke MOKHO
OTMETUTH CIIEYIOLIYIO B3aUMOCBSI3b — KHCJIOPO/IHEIC
HOrJIOTUTENU B couetaHun ¢ MAP no3Bomstor
CHI)KaTh OCTaTOYHBIA O:2 70 COTHIX MpOLEHTA —
3TO YBEJIMYHMBACT CPOK XpaHEeHHUs Msica [4].

— PeiOHOE (uie U OXIOKIAEHHBIE MOPEIIPO-
JIYKTBI OCOOCHHO MOIBEPKEHBI OKHUCIIUTEILHOM MopUe
Y POCTY MPHUCYTCTBUSI TICEBIOMOHaI. Mcronb3oBaHne
O:-miornoTuTesNieil yaBanBaeT (M JaKe yTpauBacr)
BpeMsi CBEXKECTH pbIObI mpu oxiaxaeHuu [10].
JI71s1 OTJIONIEHMS BIIAry MPUMEHSFOTCS CIIeIMaIbHbIC
BIIMTBIBAIOIIUE ITPOKIIAJIKH, YMEHBIIAIOIINE IKCCY-
JaT ¥ 33Jep KUBAIOIINE MOSBICHUE MOCTOPOHHUX
3anaxoB [12]. AHTUMHKPOOHbBIC TUIEHKU (Ha OCHOBE
(burosnemenToB, m3onumMa u 1p.) 1 MAP ¢ BeIcOkuM
conepxkanueM CO: NOMOTHUTEIHHO MOMABIISIFOT
MHKpOOHOE 3arpsi3HeHve. Ha npakTrke crieryanmicTsl
3a4acTyi0 KOMOHHHPYIOT TEXHOJOTHWH — HAlpH-
Mep, YIaKOBBIBAIOT (uiie PHIOBI B Fa30BYIO Cpedy
c 20-60% CO: wupobaBisror O:-MOTJIOTUTENH
JUTSt MUHAMH3ALH OCTaTOYHOro Kuciopoaa [19],
YTO MO3BOJISIET OE30MACHO XPAaHHUTh CBEXKYIO PHIOY
JI0 HECKOJIBKUX HEJIeb B XOJOANIbHHKE.

— B caydae (GpyKTOB U OBOIIECH OCHOBHAs
npoOJieMa — STHIICHOBOE CO3PEBAHKE U TICCHEBEHHE.
IMornorurenu stunena (came ¢ KMnO. un dep-
MEHTHBIE CHCTEMBI) 33/IeP)KHBAIOT CO3PEBAHUE —
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Hampumep, SO0JOKH M OaHaHBl XPaHATCS JOJIbLIC
0e3 morepu ButamuHoB [13]. TTageHne BIaKHOCTH
B YIIAKOBKE 32 CYET AECUKAHTOB YMEHbLIAET THHE-
HHE, a aHTUMHUKPOOHBIC TOKPBITHS (Hampumep,
U3 XMTO3aHa WM MPOTEHHOB) CIIOCOOHBI MOaB-
JIATH POCT TPUOKOB W OAKTEPH Ha MOBEPXHOCTH
¢pykToB 1 oBomeld. MAP-nogxonsr moabupatot
CJIeIyIOIINM 00pa3oM — HallpAMep, UCTIOIB3YIOTCS
TJICHKH C PErylIMpyeMOii MPOHULIAEMOCTBIO, TIOAIep-
’KUBaroIue MOHmKeHHbIH O2 (2-5%) ¥ MOBBIIICHHbIH
CO: (5-15%) — mpoieBaeT cpok XpaHeHus. MOKHO
TIPEATIONI0KUTD, YTO /IS CBEXKUX OBOIIEH / (pPyKTOB
HaunOonee 3¢ exkTHBHa KOMOMHALINS «3TUIICHOBBIN
TIOTJIOTHTEIH + ONTHMANTBHAS Ta30Bast Cpeliay, a TAKKE
yaajeHue n30bITOYHOM BIIary.

— Ilpu ymakoBKke CBIpOB ¥ JPYTHX MOJIOY-
HBIX M3JENUH CIeHUATUCTHI 32a0CTPSIOT BHUMAHHE
Ha* O:-*morIoTuTensx, KOTOpPbIE IO3BOJISIOT
NPEAOTBPATHTH OKHMCIICHHE KHUPOB B )KUPHBIX ChIPax
U COXPaHUTh CBEXEe MOJIOKO JoJblie (0COOCHHO
3TO Kacaercs CTepHIIbHBIX ynakoBok). MAP ¢ CO:
(10-30%) mpuMEHSIOT B ChIpax [Uisi CACPKUBAHUS
pactpocTpaHeHust IUIeceHH U matoreHos [20]. AHTu-
MHKpOOHBIE T00aBKU (HAIpUMep, HUCTaTHH B 000-
JIOUKE ChIpa WM JIM30IUM) PEalbHO YBEIMYUBAIOT
CpPOK XpaHeHHsI 0e3 prcka mopud. B MOIo4uHBIX
HanmuTKax (kepup, WOTypT) aKTUBHAs YMAKOBKa
HE TaK PacrpocTpaHeHa, MMOCKOIBKY MHUKpodiIopa
3a4acTyi0 HeoOXomuma JUTs BKYcCa; HO MOXKET WC-
TOJIL30BATHCS JUTS YIUTMHEHHST «CBEXKETO» TEepUOa
TOTOBOM TpORyKIuU. W3OBITOK BIarm B CyXHUX
MOJIOYHBIX TMPOAYKTaX (CHIBOPOTKE, CYyXOM MO-
JIOKE) OOBIYHO HE SBJSIETCS TPOOJIEMOIi — IT0ITOMY
BIIATOTIOTJIOTHTEH UCTIOIB3YIOTCS PEIKO.

— Jlnst xne600ynOYHbIX M3ENUH TIIaBHBIMU
YIpO3aMu SIBJISTFOTCS TLIECEHD U yepcTBeHne. O2-Torio-
THUTENH 37IeCh TIOMOTAIOT 3aJIepXKaTh POCT a3POOHBIX
rprOKOB (XOTSI OHM HE YOMBAIOT CIIOPBI), a TAKKE
3aMeInTh aBToIn3 KienkoBuHbel. MAP ¢ BBICO-
kM CO: (mHorma Ommke k 100%) cymiecTBeHHO
YBEJIMUMBACT «Oe3IUIeCHeBbI» nepuoy. Crenmanu-
cTbl 0TMedatoT, 4To CO2-ynakoBKa MOXET TPOJTHTh
CPOK XpaHEHHS U3IENHsL 10 HECKOJIbKHX Henenb [19].
AHTUMHKPOOHBIE TIOKPBITHS (Ha OCHOBE COPOUHO-
BOW KHUCIIOTBI, MPOTMOHATOB WM PACTUTEIbHBIX
HKCTPAKTOB) AKTHBHO MCIOJIB3YFOTCS JIJIS 3aIUTHI
oT rpuOKOB M OakTepuii. Biara koHTposupyeTcs
WHaue — yaile 3a cYET cCaMuX pPelentTyp U JaMUHH-
POBaHUS YIIaKOBOK (aHTU(OT-TIIEHKN YMEHBIIAIOT
3aroreBanue). B nenom Hanbonee addhekTrBHOM 115
xJeba sisiercss komOunarms «MAP + aHTHMEKPOO-
HBII areHT» — TaK, ePBbIi MOAABISIET PAa3BUTHE TLIe-
CEHH, BTOPOH TOMABIISIET Y)KE KHUBYIINE MUKPOOBI, a
«CMECB» Ta30B COXPAHSET CBEKECTh MSIKHILA.

Urtak, pa3nuyHbie METOJIbI aKTHBHOW YTIAKOBKU
JOTIONHSIIOT IPYT IpyTa U 3a4acTyl0 IPUMEHSIOTCS
B KOMOHHAIIMH.
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Ta6muma 1.

[Iponnenue cpoka XpaHEHHUS Pa3INIHBIX IPOAYKTOB C IOMOIIBIO AKTUBHOH yNaKOBKH (IPUBEICHBI IPUMEPHBIC 3HAUCHUSL:
CPOK FOZIHOCTH 0€3 U ¢ YITaKOBKOM, yBennueHne B%, CHI)KEHHE MUKPOOHOH HAarpy3Ku, OCHOBHBIE JICHCTBYIOIINE BEIIECTBA MIIM TEXHOJIOTHH)

Kateropus
OpoJyKTa

Oz-nornotutenu (ynanexnue O2)

[lornorurenu Bnaru (abcopOrus
KOHJICHCATA)

Mozudurmp. armochepa (MAP)
(ra3oBbIii COCTaB)

AHTHUMHUKPOOHBIE CHCTEMBI
(uHrEOUpoBaHKE MUKPOQIIOpHI)

DTUIIEH-TIOTTIOTUTEIH
(ymanenne CoHa)

IMsico (kpacHoe
IMSICO, TITHIIA)

Cpok xpanenus: ~7—10 nHei B
00bIyHOI aTMOcepe VS 10 21—
28 nueit ¢ O2-1oroTUTENIEM B
COYETaHHH C BaKyyMOM
(yBenuuenue ~+150-200%).
MukpoOHasi Harpy3ka:
3aMeJUIeH POCT a’po0oB,
O/IaBJICHO OKUCJICHHE KHUPOB;
BemectBa: caie ¢ mOpoLIKOM
xenesa (Fe) uwiu ackopbaramu,
MOTJIOLIAIOIIUME KUCIOPOJL

CpOK XpaHEHHs: HE3HAYHTEIBHO
BJIMSIET OTJEIBHO (MSCO YKe
YIIaKOBaHO BO
BJIArOHENPOHHIACMYO IUIEHKY ),
HO BJIAroMOTJIOMIAIOIINE
BKJIJIBIIINA YMEHBIIAIOT «JIPUID)
/MOATEKH, YTO KOCBEHHO
CHIDKAeT nmopuy. MukpoOHast
Harpyska: CHIJKEHHE 00IIero
KosmyecTBa Oakrepuit ~Ha 0,5-1
log 3a cuér ymaneHus KuIKOro
cybctpara. Bemecrsa:
BIIMTHIBAIOIIUE TTOIOKKH C
LEOJIUTOM U aHTUMUKPOOHBIMH
MPOIUTKAMH.

Cpok xpaHeHusi: ~7 qHeil (0ObIYHbII
BO37yX) VS ~10-14 nmueii B ra3oBoit
cmecu 60-80% O: + 20 — 40% CO:

(High-O2 MAP); ipu Low-0. MAP (0%
02, 20-30% CO:, N2 6ananc) — g0 21
JIHSL (C TOCJIETYIOIMM «BOCITYCKAHHEM»
KHCJIOPO/Ia JIIsl IIOKPACHEHHUS Msica).
VYeemnuenne ~+50-100%. Mukpobuas

HArpy3Ka: 3aMeJUIeH POCT a9POOHBIX
MCUXPOTPO(OB, HO BO3ZMOXKEH POCT

aHa’po00B — TpeOyeTcst OXJIAKICHUE.

T"azpr: Tunnazo 1160 70% O2/30% CO:
(m1st KpacHOTO I[BETa, KOPOTKOE
xpanenue), muoo 0% 02/30% CO./70%

N2 (a7st AmuTenpHOTO XpaHeHus 6e3

OKHCJICHHS).

Cpok xpanenusi: +2-5 queit k
BBILICYKa3aHHOMY (HAampumep,
oxJaXkaEHHas roBsuHa ~21 1eHb
B OOBIYHOW BaKyyMHOH yIaKOBKe
VS 710 26 qHEl ¢ aHTUMUKPOOHOH
IUIeHKON ). MUKpOOHas Harpyska:
cHikenue Ha ~1-2 log (B T. 4.
Listeria, Pseudomonas) 3a cuér
MOCTEINEHHOTO BBICBOOOKICHHSI
aHTHOAKTepHAIIbHBIX areHTOB.
BemectBa: auokcua xiopa,
OpPraHUYeCcKUe KUCIOThI
(MostouHas, copOuHOBas),
cepedpo- U HMHKCOAepKaIIne
HAHOYACTHUIIBI, (HEpMEHTHI.

He npumensiercs (MsicHble
IIPOIYKTHI HE BBIJCTISIIOT 3TUIICH;
KOHTPOJIb 3THJICHA HE BIUSET Ha

CPOK XpaHEHHMs Msca).

Pr16a 1
MOPETIPOIYKTBI

Cpok xpaHenusi: ~4—6 nHeii B
ey (00b1uHO) VS ~10-12 nHeit
¢ O:-abcopbepoM B yIakoBKe
(nanpumep, creiiku coma: 10
nH. — 20 g, nipu 0 °C,
+100%). MukpoOHast Harpyska:
HOJaBJICH POCT a3POOHBIX
CUXPOUITbHBIX OAKTEPHIA,
3aMeJUICHO [IPOTOPKaHHe
KUPOB. BemecTsa: sxene3HbIi
MOPOIIOK, aKTHBUPOBAHHBIN
yrous (st mornomenust O: u
JIETY4YHX aMHUHOB — 3aI1aX0B
PBIOBI).

CpoK XpaHeHHs:
BJIArOIOTJIONIAIONIHE BCTABKU
YMEHBIIAIOT KOJIMYECTBO
CBOOO/THOM KHUIKOCTH (TaI0MH
BOJIBI OT JIbJIa, IKCCYJIar), 4To
CHIDKAET pOCT OaKkTepuit Ha
noBepxHocTH. [IpupocT cpoka
XpaHEeHUs! He3HauHTeleH (prroa
[JIaBHBIM 00pa30M OTrpaHHuYeHa
MHUKPOOaMU ¥ OKHUCIICHHEM).
MukpoOHast Harpy3ka:
camxenune ~0,5 log obmieit
Mukpodopsl. Bemnectsa:
abcopOeHTHI HA OCHOBE
LEJUTIOJIO3bI, [IIMHBI, HHOT/IA C
AQHTHUCENTHKaMU (HarpuMep,
COJIb OCH30MHOM KUCIIOTHI).

Cpok xpanenusi: ~4-5 nueit (Bo3ayx,
oxyaxnaenue) VS ~11-15 nueii B
Modified Atmosphere (06braro 40-60%
CO: + 40 — 60% N:) — yBennueHue ~B
2-3 pa3a. MukpoOHast Harpy3Ka:
3HAYUTEIILHOE 3aMeJJICHHE pocTa
nceBaomonas, Shewanella u mp.
a3po00B; Bo3moxeH npuBkyc CO: npu
BBICOKUX KOHIEHTparusix. ['a3sl: 40—
60% CO., ocratok N2; O2 00b19HO
HCKJTI0YAeTCs BO M30eKaHNE TTOPIH
JKUPOB U 00ECIBEUNBAHUSL.

Cpoxk xpaHeHus: +2—4 1HA 32 CUET
HIPOTUBOMHUKPOOHBIX yIAKOBOK
(mampumep, INIEHKH € 9KCTPAKTOM
CeMsIH rpeiingpyra IpoUIeBaoT
XpaHeHue ¢uie psosl ¢ 12 10
~15-16 nmeii ipu 4 °C).
MukpoOHast Harpy3ka:
HOJIaBJICHUE CIELH(PUIHBIX
naroreHos (Listeria
monocytogenes, Vibrio spp. u p.)
Ha ~1-2 log. BemecrBa:
AQHTHOAKTEpPHAIILHEIC TOKPBITHS C
3(upHEIMU MacIaMH (TUMOJL,
9BKAJIUIITON), XUTHI, HIH
OUONOINMEPHBIE TIEHKHU C
(bepmenTamu.

He npumensiercs (pbiba u
MOPENPOAYKTHI HE BBIIEISIOT
3HAYMMOTO KOJIMYECTBA 3THIICHA).

Cerxue GppyKTh
1 OBOLLH

Cpok XpaHeHHUs: HEeKOTopast
BBIT0/Ia JUISI U3MENBUEHHBIX
CaylaToB | MPOIYKTOB C
BBICOKOH JIbIXaTeIbHON
AQKTUBHOCTBIO — ITOTJIOTUTENN
02 3aMeUISIIOT MOTEMHEHHE U
POCT IJIeCeHH (Hampumep,
pesanslii canat: +1-2 gHs K
xpaHeHuto 1pu 4 °C).
MukpoOHast Harpy3Ka:
CHIDKEHHE PocTa adpoOHBIX
crop o0pa3yroLIMX [UIECEHEH.
Bemiectna: came ¢ ackopbatom
HaTpus, Geppo30is,
noromfaroniue Oz BHYTpH
YIaKOBKH.

Cpok XpaHeHUs: YBeJIHICHUE Ha
~20-30% 3a cuét ynaneHus
KOH/ICHCaTa (HApHMep, OTYPIIBI
0e3 KoHleHcaTa XpaHsTes ~14
nHel Vs 10—12 ¢ koHzxeHcaToMm).
Iornotureny Biaru
MPEeIOTBPAIIAIOT THUCHHUE U
POCT IIJIECEHH Ha MMOBEPXHOCTH
HPOIYKTOB (SATrOJ, 3€JICHH).
IMukpoOHas Harpy3Kka: KOCBEHHO,
cHIDKaetcs (cyxas cpeza
nojaeisiet rpudsl). BemecTsa:
(UIBTPBI M BKJIAIBIIIH C
CHITHKATreJIeM, IIEOJTUTOM;
BITUTBIBAIOIINE Cal()ETKH B
JIOTKAX C ATOJAMH.

Cpok XpaHeHHs: B MOAU(PHUIIMPOBAHHON
aTMocdepe (Hanpumep, uis canara 5%
02 + 5% CO.) yBennuuBaeTcs MPHIMEPHO|
B 1,5 pa3a (yiuctes canara ~5 gH. — 7-8
nueit). s GpyKkToB (1067I0KH, ATO/IbI)
KoMOMHaIs1 oHmKeHHOTo O: 1
noBsiieHHoro CO: 3aMeuIsieT IbIXaHue
W CO3peBaHue, Mpo/yIeBasi XpaHEHHE Ha
Henend. MuKkpoOHas Harpy3ka: He
OCHOBHOE OrpaHn4eHue (TJIaBHOE —
3ameIeHHe pU3HOIOrnuecKux
po1ieccoB npojaykra). ['a3er: Huskuii O:
(3-5%), CO- 5-10%, ocransroe N2 (st
oBoILeH); [T PPYKTOB HHOT A
nossimeHHslii CO:2 mim nob6aska N2 mis
HWHEPTHOMU Cpeabl.

CpoK XpaHEeHHS: CYIIECTBCHHO
YBEIMYUBACTCS 33 CUET
AQHTUMHUKPOOHBIX YITAKOBOK
HPOTHUB IUIECEHU U OaKTepHil —
HaIpuMep, IUICHKa ¢ SOI0YHBIM
9KCTPAKTOM IIPOJIICBACT CBEXKECTh
srof Ha +3—4 1HsI, CHIKas
IuIecHeBeHHe. MuKkpoOHas
Harpyska: yMEHbLICHHE CIIOp
rpubos (Botrytis, Penicillium) u
Oakrtepuii Ha ~1 log. Beruecrtna:
HATypaJbHbIE SKCTPAKTHI (TUMBSIH,
PO3MapuH, XMEJIEBbIC KUCIOTHI) B
YIaKOBKE, IPOTUBOIPUOKOBBIC
npenaparsl (HU3UH, HATAMHULIHH )
JUISL TUIOJIOB.

Cpok XpaHEeHHsI: 3HAUUTEIILHO
BO3pACTACT UL 4YyBCTBHTEIBHBIX K
STHIIEHY TUIOI0B: +2—4 Helemu K
XpaHeHHIo IpH nornomeHuy CaHa.
Hanpumep, 6ananbl: ~2 Henenu
(6e3) VS ~4 Heyienu ¢ ITUIICH-
¢bunbTpom; ToMaThl: ~20 1HEH —
30-40 nHeit. MukpoOHas
Harpyska: KOCBEHHO CHH)KaeTCsI
nopua (3a/iep>KHBaeTCs
nepe3peBaHue, Mpu KOTOPOM
pa3BHBAIOTCS TUIECEHH).
BemecTBa: nornoturenu Ha
OCHOBE IepPMaHraHaTa KaJlisl
(KMnOs4) Ha HOCHTEIE,
AKTHBHPOBAHHBIN yroJib, LEOJIHT, 4|

TaKOke QUIBTPBI C 030HATOPAMHU

JJISL OBOIICXPAHUJIMIII.
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IMosnounble
POy KTBI
(cbipas u
KHCIJIOMOJIOUHAs!
POy KIus,
CBIPBI)

IIpakTuuecku He MpUMEHSIETCS
(ymakoBKa MOJIOYKH OOBIYHO
6e3 noctyna Oz — repMeTHYHbIC
EMKOCTH WM BakyyM). B
CBIPOJICIIMY B PEIKHX CITy4asix
UCTIOJIB3YIOT YIAKOBKH,
MOTJIOIIAIOIINE KHCIOPOI, IS
MIPEJOTBPAICHNUS B3Iy THS
YIAKOBKH U3-32
ra3000pa3yronmx 0akTepuii.

He npumensiercs (JIMIIHSS BlIara
00BIYHO HE mpobIIeMa st
MOJIOYHBIX — HAIIPOTHUB,
COXpaHEHHE BJIArH BaXKHO IS
MSITKHX CBHIPOB; KOHJICHCAT
KOHTPOJIUPYETCS
TEMIIEpaTypoii).

CpoK XpaHEHHUsI: ISl CBIPOB M CBEXKEH
MOJIOYKH MOAU(UILINPOBAHHAS
atMocepa (Hapumep, 100% N s
CBIpa) NPEAOTBPAILACT POCT IUICCCHH U
coxpansier kauectBo (cbip B 100% N
BMecTO Bo3ayxa: +50% k cpoky 6e3
KOHCEpBaHTOB). MUKpoOHast Harpy3Ka:
3aMEUICH POCT IUIECEHHU U IPOIKEH, HO
aHa’pOOHBIC MOJIOYHOKHCIIBIC OaKTepHU
MOTYT Pa3BUBATHCS (YIUTHIBACTCS
peuentypoit). ['a3sr: yacto 100% azot
(uneptHas cpena) wiu 30% CO2/70% Na
JUISL CBIPOB; JUISL CBEIKETO MOJIOKA — HE
MPHMEHSIETCS (TOJIBKO BaKyyM HIIH
OTCYTCTBHE JOCTYIIa BO3IYXa).

CpOK XpaHEHHs: CyLIECTBEHHOE
[TPOJUICHUE JUTSl CBIPOB: HAIIP., CBIP
C aHTHMUKPOOHBIM MOKPBITHEM
(natamunuH) xpanutcs > 30 queit
Vs ~15 nHeit 6e3 06paboTku
(+100%). [lyist macTepu30BaHHOTO
MOJIOKa aKTHBHBIC BCTABKH (C
cepebpoM, IIMHKOM) MOTyT +2-3
JIHS 1aTh TIPU XOJIOIMIBHOM
XpaHeHuH. MUKpoOHast Harpys3ka:
O/IaBJICHUE TUICCEHH Ha
MMOBEPXHOCTH CHIPOB (HATAMHI[HH
npeporBpamiaer poct Penicillium),
CHIKEHHE OaKTepuil B MOJIOKE
(noHHBIE cepeOpsiHbIe HUIBTPHI
ybuBaroT ~99% GakTtepuii).
BemiectBa: HatamuIuH, copoat
KaJusi B 000JI0YKE ChIPOB,;
AKTUBHBIC IUICHKH C 3QUPHBIMI
MacJjlaMH (THMOJT) AJIsl HOTYPTOB;
cepeOpsiHbIC HAHOYACTHIIBI B
KOHTEHHepax.

He npumensiercs (MO04YHbIE
MPOAYKTHI HE IPOM3BOMIST
STHJICH).

IX11€600y1049HBIC
M3emust

Cpoxk xpaHeHus: ~3—4 nHS Ui
cBexero xieba (6e3 yrnakoBKm)
vs ~8-10 ameit ¢ HornoTUTENIEM
O: B makere (+~100%).
IMornorurens 3aMeIsIET POCT
ieceHu (a’3poOHOit), XOTs
cropsl He youBaeT. MukpoOHast
Harpyska: CHU3HIICS POCT
[UICCHEBBIX TPUOOB Ha
MOBEPXHOCTH (HEBHIMMBIX
CIIOp) — 3aJIePIKKA TIOSBIICHHS
KOJIOHHH ~Ha HECKOJIBKO JTHEH.
Bemiectsa: camre ¢ xene3om,
AKTHBHBIM YTJIEM; HHOT/A
KOMOHHHPYIOTCSI C
norsotutessMu CO-,
BBIIEISIEMOTO XJIEOOM.

CpoK XpaHeHHs: OCHOBHAs
mpobiemMa — YepCTBEHHE MPH
MOTEPE BJIATH, IOITOMY
BJIarONOTJIOTUTENHN HE
UCTIONIB3YIOT (Ha000poT,
COXPaHSIOT BIIAry).
Tlpumeuanue: aJIss HEKOTOPBIX
u3AeNuii (TopThI) OBIBAIOT
BJIArOpeTyIHpPYIOLHe
BKJIAZIBILIH C COJIBIO,
OJIIePIKUBAOIIINE
OTHOCHTEJIFHYIO BJIQXKHOCTb.

Cpok XpaHeHUs: YIIaKOBKa B
MoauumpoBanHoi atMochepe ¢ CO:
CYILECTBEHHO YTHHSIET Iepro 6e3
IUIECEHNU: Hatp., X1e0 B aTMochepe
~100% CO: — 10 14-21 nust 6e3 pocta
ieceHu (B 3—5 pa3 JoJblie 0ObIYHOTO).
MuxkpoOHas Harpy3ka: Beicokuii CO2
HOJABJISIET CIIOPO0Opa3oBaHKe IPUOOB U
pocT GakTepHii, OTHAKO MOKET
BBI3bIBATh HE3HAYUTEIILHOE H3MCHEHHUE
BKyca. ['a3sl: 061900 60-100% CO>,
ocraisHOe N2; O uckitovaercs
MOJTHOCTBIO TS IPEIOTBPAIICHUS
IUICCCHH.

CpoKk XpaHeHUs:
KOMOWHHPOBaHHbIC METOJ[bI TAIOT
nyqiuit 3¢ dekt — Hamnp., x71ed B
MAP + aHTUMHUKPOOHBIH
npemnapar: =~ 21 neHp 6e3 mieceH .
OTnenbHO aHTUMUKPOOHEIE
J00aBKH B yIIaKOBKe (Harmpumep,
UMIIperHalys copOHHOBOM
KHCIIOTOM MaKeTa) yBeJIMYUBAIOT
xpaHenue ~B 2 pasa (¢ 4 10 8
JtHe). MuKpoOHast Harpys3Ka:
MO/IaBJICHUE POCTKOBOM CTa U
CIIOp IIECEHH, CHUKEHUE
IPOXOIKEBOH KOHTAMHHALIUH;
cop0Oar u MporuoHaT
HPETSTCTBYIOT Pa3BUTHIO
Aspergillus, Penicillium.
BermecTBa: cosm mponmroHOBOH U
COpOMHOBO# KUCIIOT, 3TAHOJI-
BBINIAPHUTENHN (HOTIIOMIAIOT BIIAry U
BBIICIISAIOT Tapbl 3TaHOJIA IPOTHB
TUIECEHH ), PUTOLUIBI (IKCTPAKT

TOpYHIIbI, FBO3JII/IKI/I) B IMaKCTax.

He npumensieTcst (171 BBIICYKH
KJIIOYEBOE — IUICCEHDb U
4epCTBOCTb, a HE ITUIICH).
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Table 1.

Shelf-life extension of various products using active packaging (indicative values provided: shelf life without and with packaging,
increase in%, reduction of microbial load, main active substances or technologies)

Meat (red
meat,

poultry)

with Oz-absorber combined with
vacuum (increase ~+150-200%).
Microbial load: slowed aerobic
growth, inhibited fat oxidation.
Substances: sachets with iron
powder (Fe) or ascorbates
absorbing oxygen.

proof film), but moisture-absorbing
pads reduce “drip’’/leakage, indirectly
lowering spoilage. Microbial load:
reduction of total bacteria by ~0.5-1
log due to removal of liquid substrate.
Substances: absorbent pads with zeolite|
and antimicrobial coatings.

02 MAP (0% O2, 20-30% CO, balance N2) - up to 21
days (with later “re-blooming” of O: for red color).
ncrease ~+50-100%. Microbial load: aerobic
psychrotrophs slowed, but anaerobes may grow —
cooling required. Gases: either 70% O»/30% CO: (for
red color, short storage), or 0% 0-/30% CO~/70% N2
(for longer storage without oxidation).

Product Moisture absorb densat Modified At here Packaging (MAP, i : Ethyl bsorb
Ce{?eg%cry O:-absorbers (oxygen removal) oisture Zﬁgrp‘iﬁr(son ensate odrme mo(sggrr?{)%si?i%n%gmg ( gas Antimicrobial systems (microflora inhibition) (8’ ZI?ITer;nf)(:/raﬁrs
ShelfTife: ~7—10 days in regular | Shelf Tife: minimal effect when used | Shelf Tife: ~7 days (air) vs ~10-14 days in gas mix 60—
atmosphere vs up to 21-28 days | alone (meat is already in moisture- | 80% O: + 20 — 40% CO: (High-O> MAP); under Low- | Shelf life: +2-5 days in addition (e.g., chilled beef

~21 days in vacuum vs up to 26 days with
antimicrobial film). Microbial load: ~1-2 log
reduction (incl. Listeria, Pseudomonas) due to
gradual release of antibacterial agents. Substances:
chlorine dioxide, organic acids (lactic, sorbic),
silver —and zinc-based nanoparticles, enzymes.

Not applied (meat products do|
not release ethylene; ethylene
control doe?_ ?(;t affect shelf
ife).

Fish &
seafood

Shelf Tife: ~4—6 days in ice
(typical) vs ~10-12 days with O»-
absorber in pack (e.g., catfish
steaks: 10d — 20 d at 0 °C,
+100%). Microbial load: aerobic
psychrophiles supBressed, fat
rancidity slowed. Substances: iron
powder, activated carbon (for O2
and fishy odor absorption).

Shelf Tife: pads reduce free liquid
(melted ice water, exudate), lowering
surface bacterial growth. Extension
minimal (fish spoilage mostly
microbe — and oxidation-limited).
Microbial load: ~0.5 log reduction.
Substances: cellulose or clay-based
absorbers, sometimes with antiseptics
(e.g., benzoate salts).

Shelf life: ~4-5 days (air, chilled) vs ~11-15 days in
MAP (typically 40-60% CO- + 40 — 60% N2) — 2-3x
longer. Microbial load: Pseudomonas, Shewanella and
other aerobes strongly slowed; CO2 may cause off-
flavor at high concentrations. Gases: 40-60% CO,
balance Nz; O usually excluded (prevents lipid
oxidation/discoloration).

Shelf life: +2—4 days with antimicrobial packa(%ing
(e.g., films with grapefruit seed extract extend fish
fillet from 12 — ~15-16 days at 4 °C). Microbial
load: ~1-2 log reduction of pathogens (Listeria
monocytogenes, Vibrio spp. etc.). Substances:
antimicrobial coatings with essential oils (thymol,
eucalyptol), chitosan, og_fnzyme-loaded biopolymer
ilms.

Not applied (fish/seafood emit]
negligible ethylene).

Fresh
fruits &
\vegetables

Shelf life: some benefit for cut
salads and high-respiration
produce — O,-absorbers delay
browning and mold (e.g., cut
lettuce: +1-2 days at 4 °C).
Microbial load: reduced mold
spore growth. Substances: sachets
with sodium ascorbate, ferrozole,
O: absorbers.

Shelf life: ~+20-30% via condensate
. removal ée.g., cucumbers; ~14 d
without condensation vs 10-12 d with).
Pads prevent surface rot and mold
_ (berries, greens). Microbial load:
indirectly reduced (dry environment
suppresses fungi). Substances: silica
gel, zeolite filters/pads; absorbent liners
in berry trays.

Shelf life: MAP (e.g., lettuce 5% O + 5% CO) extends
~1.5 x (lettuce : 5 d — 7-8 d). For fruits (apples,
_ berries), low Oz + higher CO: slows
respiration/ripening, extending storage by weeks.

Microbial load: not main factor (physiology dominates),

Gases: low Oz (3-5%), CO2 5-10%, balance N: (for
vegetables); fruits: elevated CO: or added N for
Inertness.

Shelf life: significantly longer via antimicrobial films
against mold / bacteria — e.g., apple-extract films_
prolong berries + 3-4 days, reducing mold. Microbial
load: fungal spores (Botrytis, Penicillium) and
bacteria reduced by ~1 log. Substances: natural
extracts (thyme, rosemary, hop acids), antifungals
(nisin, natamycin) in packaging.

Shelf Tife: greatly extended
for ethylene-sensitive
produce: +2—4 weeks. E.g.,
bananas: ~2 wks (normal) vs
~4 wks with filter; tomatoes:
20 d — 30-40 d. Microbial
load: indirectly reduced
spoilage édelayed over-
ripening reduces mold risk).
Substances: KMnOx-based
absorbers on carriers,
activated carbon, zeolite, or
ozonator filters for storage
rooms.

Dai
products
raw,
ermented,

cheeses)

Rarely used (most dairy
sealed/vacuum-packed). In
cheesemaking, O»-absorbing packs|
sometimes prevent pack swelling
from gas-forming bacteria.

Not applied (excess moisture not an
issue — moisture retention is desired in
soft cheeses; condensation managed by
temperature).

Shelf life; MAP for cheese/dair¥1 (e.g.,100% Nz)
prevents mold, Ipreserves quality (cheese in 100% N vs
air: +50% shelf life without preservatives). Microbial
load: slowed mold/yeast growth; anaerobic lactic
bacteria may still develop (recipe-dependent). Gases:
often 100% N: (inert) or 30% CO»/70% N for cheese;
fresh milk — not applied (only vacuum/sealed).

Shelf Tife: significantly extended for cheeses: e.g.,
cheese with natamycin coating > 30 days vs ~15d
untreated (+100%). Pasteurized milk with active
inserts (silver, zinc) may gain + 2-3 d refrigerated.
Microbial load: mold on cheese surface suppressed
(natamycin prevents Penicillium), bacteria in milk
reduced (~99% killed by silver ion filters).
Substances: natamycin, potassium sorbate in cheese
rinds; active films with essential oils (thymol) for
yogurts; silver nanoparticles in containers.

Not applied (dairy does not
emit ethylene).

Bakery
products

Shelf life: ~3-4 d fresh bread
unpacked) vs ~8-10 d with O>-
absorber in'bag (+~100%). Slows
mold (aerobic), though spores not
killed. Microbial load: mold spore
germination delayed by several
days. Substances: sachets with
iron, activated carbon; sometimes
combined with CO: absorbers

Shelf life: main issue = staling from
moisture loss, so absorbers not used
(moisture retention desired). Note:
some items (cakes) use humidity-
regulating inserts (e.g., salts) to balance|
RH.

(bread emits COz).

Shelf life: MAP with CO: greatly delays mold: e.g.,
bread in ~100% CO: lasts %4—2 d mold-free (3-5x
longer). Microbial load: high CO: suppresses mold

spore ﬂermmatlon and bacterial growth, may slightly
alter flavor. Gases: 60-100% COs, rest N2; O: fully

excluded to prevent mold.

Shelf life: best effect with combined methods — e.g.,
MAP + antimicrobials : ~21 d mold-free. Alone,
antimicrobial packaging (e.g., sorbic acid-
impregnated bags) doubles life (4 — 8 d). Microbial
load: mold spore germination blocked, yeast
contamination reduced; sorbate/propionate inhibit
Aspergillus, Penicillium. Substances:
propionate/sorbate salts, ethanol vapors (absorb
moisture, release ethanol antifungal), phytocides
(mustard, clove extract) in bags.

Not applied (main issues =
mold & staling, not ethylene).
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3akiIouenue

Iormoruremm kucnopona U MAP (ocoberno
¢ CO:) Haubosiee yHUBEPCAIBHBI JUISl MsICA, PBHIOBI
1 OJIO TOTOBOTO TPUTOTOBICHMS, TaK KaK OHHU
3(PEeKTHBHO 3aMEIIIAIOT OKUCICHUE U POCT OaKTe-
PHif; TIOTTIOTUTEIH BIIATW TOJIE3HBI JUTS CBEXKUX
oBoILEeH 1 (PYKTOB, MsiCa — OHH MPEJOTBPAIIAIOT
3aIIECHEBCHUE Y THUCHHUE; MOTJIOTHTENN THIICHA
HE3aMEHUMBI TIPH XPAHEHHWH TDIOJIOBBIX M OBOIIHBIX
KyJbTYp (3a[Iep’KUBAIOT JO3pPEBAHUE); aHTUMUKPOO-
HBIE YMAaKOBKH MOTYT MPUMEHATHCS MPAKTUYECKU
BO BCEX KaTETOPHSAX, T7Ie MUKPOOHOE 3arps3HEHHE
OTPAHHYMBACT CPOK TOJJHOCTH — CHIPBI, BHITICYKA U T. II.

post@uestnik-vsuet.ru

Haxonen, moaudunupoBanHas arMmochepa
cama 110 ce0e SIBIISICTCS «aKTHBHOM) TEXHOJIOTHEM,
HO MMEHHO BMecte ¢ nororturensamu (O: wn
STUJIEHA) W aHTUMHUKPOOHBIMH areHTaMu Iaér
HanOOJBIINN CHHEPreTHYCCKIH d((HEKT POIICHIS
CBEXECTH TMPOJYKTAa M COXPAHEHHUS €ro KadecTBa.
Beibop onTtumManbHOTO ~ COYETaHHWS  3aBUCHUT
OT CBOMCTB KOHKPETHOT'O TIPOJIYKTa — €r0 COCTaBa,
YYBCTBUTEILHOCTH K KHCJIOPOAY WIIH BJIare, Xapak-
Tepa MUKPOGIIOPHI U TpeOyeMOro BpeMEHH XPaHCHHUSL.
HccnenoBanust y4€HBIX TOATBEPKIAIOT, YTO Mpa-
BUJILHO TIO/I00paHHAasl aKTHBHAs YITAKOBKA CIIOCOOHA
CYIIIECTBEHHO YBEIMYUTh CPOK TOHOCTH MPOYKTOB,
VIYYIIATh WX OPTraHOJICNTUKY M O€30MacHOCTh TPU
COOJTIOICHIA HOPMATHUBHBIX TPEOOBAHMIA.
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AnnoTanus. K coBpeMeHHOI TeHIEHINN Pa3BUTHSA MOJIOYHON IPOMBIIIICHHOCTH OTHOCUTCS IIOMCK OITHMAJIBHBIX CIIOCOOOB POH3BOJICTBA
0€3/1aKTO3HOH MPOJYKLMH B YCIOBHSAX CTaOMJIBHO BBICOKOIO CIpPOCA Y JIIO/CH C HENEpeHOCHMMOCTBIO JIAKTO3bI M HU3KHX OOBEMOB
0TeYeCTBEHHOTO Npou3BoACcTBa. K 2d(hekTuBHOMY ¢ 9KOHOMHYECKOH M TEXHOJOIMYECKOH TOYKU 3PEHHsI METOJy OTHOCUTCSI HPOU3BOJCTBO
MOJIOUHBIX aHAJOTOB C NCIIOJB30BAHHEM BTOPUYHBIX pecypcoB. Llenmplo mcciemoBaHHS SBISETCS pa3pabOTKa cHoco0a IIOTydYEHHS
0e371aKTO3HOI MOJIOYHOW MPOIYKLHK C HONydeHHeM Oe3JIaKTO3HOTro anbOyMHHA M3 MOJIOYHOH chiBOpoTKH. OneHnBanach 3QeKTHBHOCTh
NOoN00paHHON TEXHOJIOTHU (PePMEHTATHBHOIO THIPOIH3a [-rajaKTO3HIa3bl JAKTO3B 00Pa3LOB MOJCHIPHOW U TBOPOXHOH CBHIBOPOTKH IIO
MOKA3aTeNl0 CTEHNEeHH T'MIPOJIM3a U BIMSHHME JAQHHOTO IPOLECca HA OPraHOJENTHYECKUE, MHKPOOHOJIIOrHYEcKHe M (DH3MKO-XUMHUECKHUE
HOKa3aTeH BBLIEIAEMOr0O ajlbOyMHHa, IPOBOAMWIOCH CPAaBHCHHE II0KA3aTENeH ¢ M3rOTOBICHHBIM B JIAOOPATOPHBIX YCIOBUSX OE31aKTO3HBIM
TBOpOroM. B pesynpraTe NpoBEeJEHHBIX UCCIIEA0BAHUIT YCTAHOBICHO, YTO BH UCIIOIb3yEeMOM MOJIOYHON CHIBOPOTKH HE BIIMSET HA KAYECTBO
BBIZIEIISIEMOT0 O€3JIaKTO3HOTO a1b0yMHUHA, UMEIOILETO JIy4IlHe T0Ka3aTeld CTPYKTYPBI [0 CPABHEHUIO ¢ 0€3/1aKTO3HOBBIM TBOPOTOM, TAKHM
00pa3oM €ro MOXHO HCIIOJIb30BaTh B IPOM3BOJACTBE BA3KHMX HIIU JIMIIKMX KOMIIOHGHTOB 0€3 HOTEpPH CTPYKTYPHOIO-MEXaHHYECKHX CBOICTB
TOTOBOW MPOJYKIMH, C MOMEHTA MOJIyYCHHUSI CPOK TOJHOCTH anbOyMHHA cocTaBisieT 72 vaca npu Temmepatype 4 + 2 °C 1 BIaXHOCTH He
Mmenee 95%. CpaBHeHHE ¢ 6€371aKTO3HBIM TBOPOTOM ITOKA3aJI0, YTO AJIbOYMUH HUMeEET 00JIee PBIXIIYIO CTPYKTYpPY, MEHBIIYIO KUPHOCTH (< 1%)
u comocraBuMoe coaepxanue Oenka (~10%). Ilpu 3ToM ero BiarocBs3bIBarolas CocoOHOCTh HA 5—6% HMKE, a BA3KOCTb MO3BOJISIET
HCIOJIb30BaTh €r0 B IPOM3BOJACTBE NPOIYKTOB C H0OaBICHHEM ()PYKTOBBIX MM OBOLIHBIX IIOpe 0e3 MOTepH CTPYKTYpHBIX cBoictB. Ha
OCHOBAHMM IIPOBEJEHHBIX HCCIIENOBaHUM pa3zpaboraHa M 3amarteHtroBaHa (Ne 2023106023 ot 13.03.2023) TexHOJOTUs HPOU3BOACTBA
0€311aKTO3HOro anb0yMHHA, KOTOPBIH MOXKET MPUMEHSATHCS B MUIIEBON HPOMBILIIIEHHOCTH JUISl CO3/IaHUsI CIIELUAIN3UPOBAHHbIX IPOILYKTOB
JUISLJIFOJeH C JTAKTa3HOH HEI0CTATOYHOCTEIO.

KuroueBrble cjioBa: 0e31aKTO3HBIN aIb0yMIH, O€3/IaKTO3HAs POIYKIIHsI, O€31aKTO3HBIA TBOPOT, MOJIOYHASI CHIBOPOTKA, J-TalaKkTo3uaa3a.
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Abstract. The current trend in the development of the dairy industry includes the search for optimal ways to produce lactose-free products in
conditions of consistently high demand from people with lactose intolerance and low volumes of domestic production. The economically and
technologically effective method includes the production of dairy analogues using secondary resources. The aim of the study is to develop a
method for producing lactose-free dairy products with the production of lactose-free albumin from whey. The effectiveness of the selected
technology of enzymatic hydrolysis of beta-galactosidase lactose of samples of subcutaneous and curd whey was evaluated according to the
degree of hydrolysis and the effect of this process on the organoleptic, microbiological and physico-chemical parameters of the released
albumin, and the indicators were compared with lactose-free cottage cheese made in the laboratory. As a result of the conducted research, it
was found that the type of whey used does not affect the quality of the lactose-free albumin released, which has better structural parameters
compared to lactose-free cottage cheese, thus it can be used in the production of viscous or sticky components without loss of structural and
mechanical properties of the finished product, from the moment of receipt, the shelf life of albumin is 72 hours at a temperature of 4 + 2 °C
and humidity of at least 95%. Comparison with lactose-free cottage cheese showed that albumin has a looser structure, lower fat content (<
1%) and comparable protein content (~ 10%). At the same time, its moisture-binding capacity is 5-6% lower, and its viscosity allows it to be
used in the production of products with the addition of fruit or vegetable puree without losing its structural properties. Based on the research
conducted, a technology for the production of lactose-free albumin was developed and patented (No. 2023106023 dated 13.03.2023), which
can be used in the food industry to create specialized products for people with lactase deficiency.

Keywords: lactose-free albumin, lactose-free products, lactose-free cottage cheese, whey, B-galactosidase.
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BBenenue

Jlimst pa3paboTKy PalioOHOB IMTUTAHUS JJIST JCTEH
C HEMEPECHOCUMOCTBIO JTAKTO3bI HEOOXOAMMO JINOO
HCKITIOYATh TPOIYKTHI, CONEPIKAIIUE JaKTO3y, MO0
3aMCHSATh WX Ha O€3JIaKTO3HBIC MOJIOYHBIE aHAJIOTH,
TaK KakK aJbTePHATHBHBIC MOJIOKY PAaCTUTEIbHBIC
BapHaHThl HE MOTYT TIOJHOICHHO 3aMEHUTH TI0 PSITY
TEXHOIOTMYECKHMX ¥ ITHIIEBBIX XapakTepucTuk [1-4].
CoBpeMEHHBIC TPEH/IBI 3/TOPOBOTO MUTAHUS TaK K
MOKa3bIBAIOT HHTEPEC B3pPOCIOTO  HACEICHHS
K 0€371aKTO3HBIM MOJIOUHBIM ITPOIyKTaM, YIOTPeO-
JICHHE KOTOPOTO HCKJIIOYaeT BO3HHUKHOBCHHE
HETaTUBHBIX TOCJCJACTBUA TPU  OTCYTCTBHUH
JOCTATOYHOTO MHUIIEBAPUTENHLHOTO pepMeHTa s
YCBOCHHS JIAKTO3BI [5], IPH 3TOM MPOM3BOAMMBIC
AHAaJIOTH HE JIOJDKHBI YCTYIATh M0 KAYeCTBY TPaIy-
IHOHHBIM HAUMEHOBAHUAM MPOyKTa [6].

Hcxons u3 pocta nNpou3BOJACTBA MOJIOYHOU
CBIBOPOTKH KakK MOOOYHOTO MPOJIYKTa MPH H3TO-
TOBJICHUW PA3JMYHBIX MOJIOYHBIX MPOAYKTOB
MOJKHO CJHIejaTh BBIBOJI, YTO BOIIPOCHI €€ Iepepa-
OOTKH 3aHUMAIOT OJTHH M3 JTUJAUPYIOIIUX MO3UIIHI

U TpeOYIOT pPa3HOOOpasHBIX pemeHuHd IS
ee ncnoip3oBanus [7-9].
Ha OCHOBaHHUHU BbIIICTICPCUYUCIICHHBIX

(hakToB pa3paboTka 0€3TaKTO3HOTO adbOyMHHA
U3  MOJIOYHOM  CHIBOPOTKH U M3TOTOBJICHHE
M3 Hee TOTOBOW OE3aKTO3HOW MPOIYKINH C HC-
MOJIb30BaHUEM COBPEMEHHBIX WH()OPMAIIMOHHBIX
TEXHOJIOTH SIBISIETCS aKTyasIbHOM 3a1aueit [10,11].

Heas uccenoBanmsi — pa3paboTKa Criocoda
TOJTy4eHHsI O€37IaKTO3HOTO aTbOyMUHA U3 MOJIOYHOM
CBIBOPOTKH U pa3paboTKa pelenTyp 0e31aKkTO3HBIX
TOTOBBIX OrO/ (M31€THii) Ha €€ OCHOBE.

Jnst oCTKEHUS TIOCTABIICHHOW TIEITH HCCIIe-
JIOBaHMI OBUTH MOCTABIICHBI CIIE/TYIOIIHE 3aauH:

1. M3y4uTh PHIHOK OE3JTaKTO3HOM MPOAYK-
MM TIPEJICTABICHHBIH B TOPTOBBIX CETSAX ropoja
ExarepunOypr;

2. pa3paboTtarh Crioco0 MOoNMydeHHus Oe3nak-
TO3HOTO ajdbOyMHHA W3 MOJIOYHOH CHIBOPOTKH
(bepMEHTATUBHBIM CIIOCOOOM, MPOBECTH CpPAaBHEHHE
nokasarenei ¢ 6e31aKTO3HBIM TBOPOTOM.

MarepuaJibl U METOABI.

Teopernueckne ¥ SKCIIEPUMEHTAITHHBIC HCCITe-
JIOBaHMS BBITONHAMCH B riepuon ¢ 2020 mo 2024 .
Ha Kadeape texHonoruu nutanus OI'BOY BO
«YpaJIbCKMH TOCYJapCTBEHHBIH IKOHOMUYECKHH
YHUBEPCUTETY.

Jiis pa3paboTKU TEXHOJIOTHH U3TOTOBJICHHUS
0€311aKTO3HOT0 abOyMHHA UCTIOIH30BAIN CIIETY-
IOIIIUE CHIPhE U MaTePUAIIBI:

— CBIBOPOTKA MOJIOYHAS, TIOJTyYCHHAS ITOCIE
M3TOTOBJICHUS TBEPIOTO ChIpa THIa «Poccuiickniig
W TIOCJIe M3TOTOBJICHHUS TBOPOTa, COOTBETCTBYIOIIIHC
tpedoBanusam 'OCT 34352-2017;
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— (epMeHTHBIH TpenapaT P-rajakTo3uaas3bl
Mayalact® 5000 (u3rorosurens Mayasan biotech,
Typmus, mmmoprep OOO «3DnBanTa», T. Exare-
puHOYpr. Poccus).

Jlns mpoBeieHus McciieJ0BaHUM, CpaBHEHUS
MoKa3zaTeseii ¢ 6e31aKTO3HBIM aTb,OYMUHOM H TIPO-
EKTUPOBAaHUS PELENTyp OE3JIaKTO3HON MOJIOYHON
MPOAYKIMH B CBSI3H CO CIIOKHOCTBIO MpHUOOpeTe-
HUsL OBUIO MPHHATO pPEIIEHHE CaMOCTOATEIBHO
W3rOTaBIUBAaTh OE3JIaKTO3HBIN TBOPOT:

— MOJIOKO TMThEBOE OE37IaKTO3HOE ybTparna-
cTepu3oBaHHOe 3,5% >KUPHOCTH, COOTBETCTBYIOIIICE
tpedoBanmsM TY 10.51.11.070-00425662-2019
(AO «benroponckuii  MOJIOYHBI ~ KOMOHMHATY,
r. benropox, Poccus);

— 3aKBacKa Ui TBOPOT'a, COOTBETCTBYIOILAS
TpeboBanusiM TY 10.89.19-001-18137828-2021
(OO0 «BHBO Unayctpusi», r. Mocksa, Poccus).

[Ipy BBINOTHEHUH 3KCIIEPUMEHTAIBHON YacTH
paboThl MCHONB30BAN OOMICTIPUHSTHIE METObI
(bI/I3I/IKO'XI/IMI/I‘-ICCKI/IX, OpPrafHoJICIITUYCCKUX, MUK-
POOHOIOrNYECKUX MCCIEIOBAaHUN KaK B HCXOAHOM
CBIpbE, TaK U B TOTOBO# mpoaykimu [12, 13].

Pe3yabTathl u 00cy:x1eHue

B pamkax pemienus nepBoi 3a/1auv NpOBEICH
aHaM3 acCOpTUMEHTa Oe3MaKTO3HBIX MPOAYKTOB
B KPYITHBIX TOPTOBBIX CETAX ropoaa ExatepunOypr.
3a 2020-2022 roma ObUT W3yYeH acCOPTUMEHT
0e3nmakTo3HOro MoJioka Bropoae ExatepuHOypr
(anmpTepHATHBHBIE, HA OCHOBE PACTHTEIBHBIX KOM-
MOHEHTOB, BH/bI MOJIOKA HE PAaCCMATPHBAIIKCH),
MIpeJICTaBJIeH Ha pUCyHKe 1.

«BryeeBumm, 1.5% 1]

«BkyccBuim» Monoko
nerckoe, 3,5 %

«Valio», 3,5%

«[IpocrokBarmHoy, 1,5 % 1
«Parmalat» Comfort, 3,5% ]
«Parmalat» Comfort, 1.8% [ 1]

«Parmalaty Comfort, 0,05% ]

0 50 100 150 200 250 300

Croumocts 3a 1 nutp, pyo
Cost per 1 liter, RUB

Pucynox 1. AccopTuMeHT 0€311aKTO3HOTO MOJIOKa,
npe/icTaBIeHHbIN B ropoje ExarepunOypr

Figure 1. The range of lactose-free milk presented in the
city of Yekaterinburg
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YCTaHOBIIEH Y3KHM aCCOPTUMEHT O€3JIaKTO3-
HBIX MOJIOYHBIX MPOIYKTOB, KOTOPBIA MIPEACTaBIICH
B OCHOBHOM B KPYIHBIX TOPTOBBIX CETAX, a TAKXKe
BbIcOKas ctoumocTthb (0T 80 1o 300%) mo oTHOMIIE-
HUIO K KJIaCCHUYECKHM BapHaHTaM, COIEP)KaIlUM
JIAKTO3Y, YTO OOOCHOBBLIBAET LIEIeCO0OPa3HOCTh
pa3paboTku 6e3MaKTO3HOrO aNbOyMIHA U3 MOJIOY-
HOMW CBHIBOPOTKHU. be3nakTo3Hble TBOpOT, CMETaHa,
CJIMBOYHOE Macyo ObIIM HalAEHB! TOJBKO HA IOJ-
Kax MarasuHa «BkycBuiny, 6e3nakTo3Hslii kepup
Haiinen He Opu1 [14].

B pamkax perieHns Bropoii 3a1auu pazpabotaH
crocod moy4deHns 0e3MaKTO3HOTO aTkOyMUHA U3 CBE-
JKel MOJIOUHOM CBIBOPOTKU. 32 OCHOBY B3SITa TPAIULIU-
OHHA TEXHOJIOTWSI HOTy4YeHUs albOyMUHA, BKIIIOYAIO-
I1as YeThipe 3tana; Harpes 0 93-95 °C, yBenmuueHue
pH KHCIOTHOM, HanpuMep, JTUMOHHOW 0 3HAYCHUS
4,5-4.6, Beiepkka B TedeHue 60 MUHYT, (QIIbTPAIsL
TIOTyYEeHHBIX AThOYMUHHBIX XJIOIBEB. (CXEMY)

Jns ruaponusa JNaKTO3bl HMCHOIB30BANICA
KUAKUH (pepMEeHT -TaaKTo3u1a3a MpOU3BOICTBA
Mayasan biotech Mayalact® 5000 monydaemeprit
mytem (epmenTtanuu npoxokeir Kluyveromyces
lactis [15, 16]. IToka3zana BaxxHOCTH ypoBHS pH
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Ha MPOTSDKEHUH BCETo Tporiecca (epMEHTAIHH,
MOJIOYHAsI CBIBOPOTKa B 3aBUCHMOCTH OT IPOMC-
XOXKIICHUS 00JafacT pa3IudHON CTemneHbio pH,
JUISL TIOJICPKKH U OIICHKU ONTUMAJIBHOTO YPOBHS
pH Ha ypoBHe 6,6-6,8 mi1st mpoBeneHus pepMeHTa-
TUBHOTO THAPOJIM3a UCTIONB30BAJIaCh aBTOMAaTHYe-
CKasl yCTaHOBKa aBTOTHTparopa ¢ BBeacHueMm 20%
pacTBOpa ruapokcuaa kanbuus [17, 18].

B skcniepuMeHTe BapbHPOBANIHCH KOJHYE-
CTBO BBOAMMOTO (PEpMEHTa U BPEMsI BBIICPIKKH.
[Mpumepsl 00pa3IoB, B3ATHIX ISl KCCIIETOBAHUS
W pe3yabTaThl UCCIEAOBAHHUS CTENICHU THIPOJIN3a
JIAKTO3bI TIpeAcTaBiIensl B Tabmume 1 [19].

Hcxons u3 momyyeHHBIX Pe3yJIbTaToB ycTa-
HOBJICHBI ONTHMAJIbHBIC TapaMeTPhI LI POBEIe-
HUS THAPOJIU3a JAaKTO3bl B MOJIOYHOH CBIBOPOTKE
(cTereHb THAPOIH3A JAKTO3bI 95-96%0):

— temneparypa 37 £ 1 °C;

— MPOJIOJKUTENBHOCTD 4 yaca;

— KonmuecTBO BHocumoro ¢epmenta 0,1 r
Ha 100 1 cEIBOPOTKH.

TexHOIOrMYEeCKUH Mpoliecc MoTydeHus 0e3-
JIAKTO3HOTO albOYMHHA M3 MOJIOYHOH CBIBOPOTKU
MpeJICTaBJIeH Ha PUCYHKE 2.

Tabauna 1.

MonenpHbIe 00pa3ibl MOJOYHOM CHIBOPOTKH, B3SITHIE IS HCCIIEIOBAHUS

Table 1.

Model samples of whey taken for research

Bug ncxomHOTO CHIHS
Raw material

IMonceipHas ceiBopoTka | Cheese whey

TropoxHas ceiBopoTka | Curd whey

Komnryectso BHOCHMOTO (hepmenTa Ha 1 UTp
CBIBOPOTKH, T
Amount of enzyme added per 1 liter of whey, g

05

10

15 0,5 1,0 15

Temmeparypa Beiaepxkku, °C

Holding temperature, °C 37

37

37 37 37 37

Bpems Beiiepsxky, yac | Holding time, hours 3540

35

40 | 35 ] 40 |35]40] 35 [40[ 35740

CreneHb TUAPOJIM3a JIAKTO3bI, %

Degree of lactose hydrolysis, % 73+l

89+1

95+1

90+1 | 95+1 70+1 90+1 |96+1 | 89+1 | 96+1

Kopotkast macTepr3amia mpi Temmeparype + 72 °C B TedeHun 20 cekyHN ‘
]
OxtaszieHIIe MpH KOMHATHOI TemMmepatype 1o + 37 °C 1 packucnenye 1o pH 6,6-
6,8 ¢ moMoIb0 20% pacTBOPa THAPOKCIIA KANBIIA
¥
BBejierne (epMeHTHOTO peTlapaTa B-TalokTo3H1a36 MafianakT®5000 13 pacyera
1 THa 1 KT CHIBOPOTKH
v
Briziepika B TeUeHIH 4 1acoB IPH NOCTOSHHOM MepeMelNBAHHIL, TeMIIepaType
36-38 °CpH 6,6-6.8
v
Harpes 10 92°C
12
JloGaBIerre MMMOHHOIT KICOTHI /10 H0CTiKeHIs pH 4,5-4,6 1 BEIIepKEa B
TeueHHH 2 4acoB
¥
DuIBTpanTiA 06pa3oBABIIXCSA ATLOYMIHHEIX X/I0MEEB ¢ TOMOIIBI0 TABCAHOBOIT
TKAHII
¥
IoxoBoe OXIaxIeHIIE

Pucynok 2. TexHonorus moJyrydeHUs] 0€37aKTO3HOTO
aIb0yMHHa U3 MOJIOYHOM CHIBOPOTKH

Figure 2. Technology to produce lactose-free albumin
from whey
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[peanoxxeHHOE TEXHOIOTHIECKOE PEIICHHE
MO3BOJISIET TOJYYUTHh OE3JIaKTO3HBIH allbOyMHUH
ot 62 o 73% cyxoli MacChl MOJIOYHOM CBIBOPOTKH,
OpraHoJyierITiyecKast orieHka (Tadmmia 3) u Gpu3KKo-
XMMHUYECKHE MOKa3aTeNN MOTYYEHHOT0 0e3/IaKTO3-
HOTO aTbOYMUHA TPE/ICTABIICHBI HA PUCYHKE 3.

ITpoBeneHHbBIC MCCIICAOBAHUS MOKA3BIBAIOT,
YTO BUJI MOJIOYHOW CHIBOPOTKH HE BIIHSIET HA Opra-
HOJIEITUYECKUE W (PU3UKO-XMMUYECKHE IOoKa3a-
TeJH, TPOSYKT MOXHO OTHECTH K 0€371aKTO3HOMY
TaKk KaK CoJepKaHWe JaKkTo3bl He 6ojee 0,1 T
Ha 1 kr npoaykra [20].

PesynpTathl Hccaeq0BaHUS OPraHOJIeTHYE-
CKUX M MHUKPOOMOJIOTMYECKHX IOKa3aTellell mpu-
BeJleHbI B Tabiuie 2 u 3.
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Tabnuna 2.
OpraHonenTryeckast OLeHKa ITOJIy4eHHOTO
0€e311aKTO3HOT0 aTL0yMUHA U3 ABYX BHIIOB
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14
CBIBOPOTKH 12,3 "
Table 2. 12 =
Organoleptic evaluation of the obtained lactose- 10 9
free albumin from two types of serum 84
beznakTo3Hbli ab0yMUH 8
Tokazareb Lactose-free albumln
Index 13 TIOJICBIPHOM W3 TBOPOKHON CHIBOPOTKU 6
CBIBOPOTKH | cheese whey curd whey
Buelnuii Bu, racToo0pasHas Macca 4
Appearance pasty mass 2, 5
KOHCI/ICTeHlII/ISI HEXHAasA, MaXKyIIAsCst
Consistency delicate, spreadable 2 0907 |:| 01 0 o1
OeJIbIi, Clierka
L[Bicr C KPEMOBBIM OTTEHKOM, OeIIbIi, paBHOMEPHBIH — — I;ID
Color DPaBHOMEPHbIit Cyxue B-Ba Benok Kup Vruesosst Haxmsa
Saax Xapmepﬂbm 111 aTbOyMHHa, MOJIOUHEIH, 0€3 Dry material Protein Fat Carbohydrates ~ Lactose
Smell TMOCTOPOHHHX 3aI1axoB
characteristic of aloumin, milky, without forelgn odors
ﬁ%ﬁmp%?% mé%?gﬁ:ﬁ@:mﬁ Pucynok 3. ®u3nko-XMMHYECKHE MMOKa3aTeNN Oe3lak-
MHHA, CJIET] > o g
Biye Cna%«)ga??,[ﬁ 6e3 ¢ Heggg;glggg‘mmw TO3HOTO anb6yMHHa M3 IBYX BUIOB CBIBOPOTKHU, %
MIOCTOPOHHHX IIPHBKYCOB HHIX i . .
Taste Czﬁrgahcttle;/rlss\tl\l,gé alburin, characteristic of albumin, Figure 3. Physico-chemical parameters of lactose-free
sweet, with a slight sourness i 0
foreign flavors oet, wil forelgn Loou albumin from two types of serum, %
Ta6bnuma 3.
Pe3ynpTaThl MUKPOOHOIOTHYECKOTO HCCIIEA0BAHHS OE3TIaKTO3HOTO AIbOYMHUHA
Table 3.
Results of microbiological examination of lactose-free albumin
Tloka3zatenn Bnnaiefg;;;;c:;}loro Jene | Day Hopma
Index Type of lactose-free albumin 1(244) | 2(48q) | 3(724) | 4 (96 1) Norm
MukpoOuonornyeckue nokaszarenu | Values
U3 TIOJICKIPHOI CHIBOPOTKHU 2 2 2 2
KMA®AsM, KOE/r from cheese whey 1x10° | 1,3x10° | 1,6>10° | 1.9x10 2 % 108
QMAFANM, CFU/g 13 TBOPOXKHOU CBHIBOPOTKH 2 2 2 2
from curd whey 1x10 1,1x10° | 1,3x10° | 1,5x10

baxrepuu rpymnmnsl
KHIICYHBIX ITAJIOYCK
Bacteria of the
coliform group

U3 MOJICBIPHON CBIBOPOTKH
from cheese whey
13 TBOPO>KHOM CHIBOPOTKHU
from curd whey

B 0,1 T 0Opasua He 0OOHAPY>KEHBI
in 0.1 g of sample not detected

HE JIOIyCKaeTcs
B 0,1 r mpoxykTa
not allowed

nus3 HOL[CLIpHOﬁ CBIBOPOTKHU
from cheese whey
nus3 TBOpO)KHOﬁ CBIBOPOTKHU
from curd whey

S. aureus

B 25 r 00pasiia He 00HAPYKEHBI
in 25 g of sample not detected

HE JIONyCKaeTCs
B 25 T mposyKkTa
not allowed

Baxrepuu pona
Proteus

U3 MOJICBIPHON CHIBOPOTKH
from cheese whey

B 0,1 T 0Opasua He OOHAPY KEHBI
in 0.1 g of sample not detected

HE JIOIyCKaeTcs
B 0,1 r mpoxykTa
not allowed

YcTaHOBIEHBI CPOKH TOAHOCTH TIOTYyYEHHOTO
0e371aKTo3HOro anbOymuHa — 72 yaca (3 cyTok) ¢ Mo-
MEHTa OKOHYaHHs TEXHOJIOIMYECKOro Mporecca npu
temneparype 4 + 2 °C u BnaxxHoct He meHee 95%.

g cpaBHeHMS TIOKa3aTeneil kadecTBa 0e3-
JIAKTO3HOTO aNbOyMHHa U 6€371aKTO3HOTO TBOPOTa
OBLI U3rOTOBJICH TBOPOT U3 0€371aKTO3HOTO MOJIOKa
«Parmalat Comfort» »xwuprocTero 3,2% myTem BHECE-
HUSI 32KBACKH, COTYIACHO KIIACCUYECKOM TEXHOJIOTHH.
XUMHYECKUH COCTAaB M OpPraHOJCNTHYCCKHUE
MOKa3aTeIH IOJIy4EeHHOTO TBOpOTa MpEeACTaBICH
B Tabuiie 5 1 6 COOTBETCTBEHHO.

Tabnuna 4.

XuMuyeckuii coctaB 0€3J1aKTO3HOTO TBOpOra

Table 4.

Chemical composition of lactose-free cottage

cheese

Maccosas gons, %
Mass fraction, %

3nauenue | Value

Cyxue BeiectBa, %

Carbohydrates, %

Dry matter, % 2480 + 0,02
E?&%‘i‘a "/oo/0 10,05 + 0,02
%I;I{I’p%% 10,26 + 0,04
YrneBonsl, % 2,62 +£0,03
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Tabnuna 5.
OpFaHOJ'IeHTI/I‘IeCKI/IC IIOKa3aTejan
0€3/1aKTO3HOT 0 TBOpoOra
Table 5.
Organoleptic characteristics of lactose-free
cottage cheese

Hofs;:;enb 3navenue | Value
Koncucrennus Msrkast, Maxy1ascs
Consistency Soft, spreadable
Lger Beneiit, paBHOMEpHBIH
Color White, uniform
XapakTepHblii 151 KUCIOMOJIOYHOTO
3amax MPOAYKTa, O3 IOCTOPOHHETO 3araxa
Smell Characteristic of a fermented milk product,
without foreign smell
XapakTepHblii 151 TBOPOTa, ClIerka
BKyC CJ'Ia[[KOBaTLIﬁ, 663 TIOCTOPOHHET'O IIPUBKYyCa
Taste Characteristic of cottage cheese, slightly
sweet, without foreign taste

YcranoBneHo uTo Oe371aKTO3HBIN TBOPOT,
MOJTYYECHHBIN U3 0€37aKTO3HOTO MOJIOKA KJIaCcCHYe-
CKHUM CIOCOOOM, MMEET HPHUSTHBIE OPraHoJICHNTH-
YecKHe MOKa3aTeiln, KOTOpble MOKHO MPUPABHSThH
K OPraHOJIENITUYECKUM  II0Ka3aTensiM  MSTKOTO
TBOpOTa MPOMBIIIJIEHHOTO IPOU3BOACTBA.

[TosydeHHbIl O€37aKTO3HBIN TBOPOT COJEP-
XKHUT TIPAKTHYECKH PaBHOE KOJMYECTBO Oelka
n xupa — 10,05 u 10,26 r cOOTBETCTBEHHO.

[ony4yeHHBIH aILOYMUH HMEET HU3KOE CO-
neprxanue xupa < 1%, mo oTHOIEeHHIo K TBOPOTY,
coJiep>kaHue OeNKa | yriieBOJIOB HAXOJATCS MpH-
MEpPHO Ha OIMHAKOBOM YPOBHE, pa3HHIA IO OEJIKy
menee 1,7% mo yrneBomam ue 6onee 1,1%.

Ha pucynke 5 npuBenieHO cpaBHEHHE BIIAT0-
CBSI3BIBAIOLICH CHOCOOHOCTH MOJYy4YEeHHOro 0e3-
JIAKTO3HOTO allbOyMHHA U 0€371aKTO3HOT'O TBOPOTa.

YCcTaHOBIIEHO YTO BIAroCBS3BIBAIONIAS CIIO-
coOHOCTh 0e3NmaKTo3HOro anmbOymuHa Ha 5-6%
MEHBIIIC YeM B OE3JIaKTO3HOM TBOPOTE.

UccnenoBanne  BS3KOCTH  MPOWU3BOAWIH
C MIOMOIIBI0 POTALIMOHHOTO BUCKO3UMeTpa «Peo-
TeCT-2», 3aBUCUMOCTh 3(P(EeKTHBHON BAZKOCTH
OT CKOPOCTH CABHTa ISl MOTYYEHHOTO 0€371aKTO3-
HOTO aJIbOyMHHA M 0€3JIaKTO3HOT0 TBOpOTa IMpe-
CTaBJieHa Ha B Tabnuie 6.
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%‘ besnakrosnbii  besnaktosHbiii  besnakTo3HbIM
ansOymuH (13 anpOymMuH (13 TBOpOT
TBOPOKHOM MO/ICBIPHOIA Lactose-free
CBIBOPOTKH) CBHIBOPOTKH) cottage cheese

Lactose-free
albumin (from
cheese whey)

Lactose-free
albumin (from
curd whey)

Pucynok 4. CpaBHEHHE MacCOBOW JONH JKHPa, TIOMyYCH-
HOTO O€3J1aKTO3HOTO aNb0YMUHA M 0€3JIaKTO3HOTO TBOPOTa
Figure 4. Comparison of the mass fraction of fat

obtained from lactose — free albumin and lactose-free
cottage cheese

BuarocssssiBaronias
CIOCOOHOCTE, %
w
~

W W W w
NWbh O

Besnakrosusiii besnakTo3ubiii be3nakro3Hbit

anpOymMuH (13 anOymuH (U3 TBOPOT
TBOPO)KHOH ~ TOACBIPHON
CBIBOPOTKHM)  CBIBOPOTKH)

Pucynok 5. CpaBHeHH€ BIarocBsA3bIBAOIIEH CTIOCOOHOCTH
6e371aKTO3HOTO ANTLOYMUHA 1 OE371aKTO3HOTO TBOPOTa

Figure 5. Comparison of the moisture binding capacity
of lactose-free albumin and lactose-free cottage cheese

Tabnuna 6.

3aBucUMOCTb 3G HEKTUBHOM BA3KOCTH 0€371aKTO3HOr0 aJIbOYMUHA M 0€311aKTO3HOT0 TBOpOra
OT TPaJiieHTa CKOPOCTH

Table 6.

Dependence of the effective viscosity of lactose-free albumin and lactose-free cottage cheese
on the rate gradient

3HayeHue rpaueHTa SdexrupHas Bszkocts Effective viscosity, [Ta X ¢ X 10~
CKOPOCTH, C” Besnaxro3Hblii ans0ymuH (13 Besnakro3Hbelii ans0yMUH .
VeIocL:ty gradient TBOPOXKHOM CLIBogngKM)( (M3 MOZICHIPHOM CbIBOE)II(\)/ITKI/I) Beijg%ggg_}gfgg (T:B?g or

value, s? Lactose-free albumin (from curd whey) | Lactose-free albumin (from cheese whey) u
0,0333 45,780 + 2,100 43,560 + 2,088 50,803 + 2,246
1,0000 17,600 + 0,833 17,130 £ 0,750 18,060 + 0,870
3,0000 5,990 + 0,278 5,890 + 0,277 6,355+ 0,310
9,0000 2,088 +0,125 2,010+0,121 2,190 + 0,105
27,0000 0,730 + 0,045 0,700 + 0,059 0,732 + 0,066

48,6000 0,469 £ 0,018 0,436 + 0,022 0,420 + 0,020
81,0000 0,279 + 0,015 0,277 +0,016 0,298 + 0,013

145,8000 0,173 +0,007 0,172 + 0,008 0,174 + 0,008
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3akiIouenue

VYcraHoBIEHO, YTO 0€3/1aKTO3HBIA ATbOYMUH
uMeeT OoJiee PBIXIYI0 M BO3AYIIHYIO CTPYKTYPY
T10 OTHOIIIEHUIO K 0€3J1aKTO3HOMY TBOpOTY, OJaro-
Japsi 4eMy B albOYMHH MOYKHO JTOOABJIATH OOJIbINES
KOJIMYECTBO BS3KUX WIIM JIMIKUX KOMIIOHEHTOB,
HaTpuMep, CIAJKUX (QPYKTOBBIX WM OBOIIHBIX
mope 0e3 MOTepH CTPYKTYPHOTO-MEXaHHUUECKHX

post@uestnik-vsuet.ru

Ha ocHOBaHWM pe3ysIbTaTOB HCCIICAOBAHUM
Oblla COCTaBJIEHA 3asBKA W MOJYYEeH IaTeHT
Ne 2023106023 ot 13.03.2023 Ha pa3paboTKy CIio-
coba TMpoM3BOACTBAa OE3JIAKTO3HOTO albOyMUHA,
KOTOPBI MOXET OBITh MCIOJB30BAH B KAueCTBE
CBIPBS ISl U3TOTOBJICHHS TOTOBOM MPOYKITHA TS
MUTaHUS JIFO/ICH ¢ HENIEPEHOCHMOCTBIO JTAKTO3BI.

CBOWCTB 'OTOBBIX OO (M31€Nuil) Ha €ro OCHOBE.
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TeHaeHIIUU U NEPCNIEKTUBBI PA3BUTUSA MHTEJLJIEKTYaJbHOM
COOCTBEHHOCTH B OMOTEXHOJIOTHAX H MUIIEBbIX TEXHOJIOIUAX:
AHAJIN3 JAHHBIX YHUBEPCUTETCKOI0 LIEHTPAa TPAHC(EepPOB TEXHOJIOTI UMl

Asn6una O. Canponosa ' sapronova.ao@dvfu.ru 0000-0001-7514-2829

1 JlansHeBOCTOUHBIN (hefepasbHbIN YHEBEpCcHTET, A. 10, 1. Asike, r. Bmagusocrtok, [Ipumopckuii kpaii, 690022, Poccust

AHHoTanus. B npeacraBieHHOM MaTepualie OCBeIlaeTCs aHaIU3 TeHICHIUHN Pa3BUTHS MHTEIIEKTYalIbHOH COOCTBEHHOCTH B cepe
OGHOTEXHONIOTHH, B TOM YHCJIE MUIIEBBIX TEXHONOTHH, U OHOIKOHOMHKH. BBIABIEHBI KIII0OUEeBbIe TEHICHIIUU TATEHTHOH aKTUBHOCTHU H
JUHAMUKH OOBEKTOB HHTEUIEKTYyalbHOM COOCTBEHHOCTH, YTO IIO3BOJIUT IOHATH S(QPEKTHBHOCTh HAYYHOH IeATeIbHOCTH
YHHBEPCUTETa W €ro BKJIAJ B pa3BUTHE OMOIPKOHOMHKH, PEIINTH HPOOJIeMy OLEHKH S((GEKTHBHOCTH HAYYHOH HESTEINHHOCTH
YHHBEpPCUTETa Uepe3 HHTEIUIEKTyalbHyI0 coOcTBeHHOCTh. Ilomydenst maHuele ¢ 2020 mo 2024 roxmsl mo BceM 0OBEKTaM
MHTEIUICKTyalbHOH COOCTBEHHOCTH B cdepe OHOTEXHOJOTHH, IHIIEBBIX TeXHOJOTui JlampHeBocTOYHOTO —(emepalbHOro
yHuBepcutera. ChopMyITHpoBaHbl CIEAyIONIME BBIBOJABI: HECMOTPSl Ha CHaj B TeUCHHE INATHIETHETO IepuoJa B IMHAMHUKE
PETHCTpALIM HOBBIX OOBEKTOB MHTEIUIEKTyalnbHOH COOCTBEHHOCTH, OCHOBY IATEHTOB COCTABISIOT OOBEKTHl MHTEIUIEKTYalbHOMH
COOCTBEHHOCTH B 00/IACTH MUIIEBOI TEXHOIOTHH U OMOTEXHOIOTHH, TAKKe PACTET KOJIMIECTBO CBUAETENHCTB Ha DBM 1 6a3b!I JaHHBIX
B obOmactu OmoskoHOMHUKH. CrenmaH BBIBOJ, JEHCTBHTENBHO, CYIIECTBYET, CONOCTaBHUMAas C OOIIECHAIIMOHAIBHOW, TEHIEHNIUS K
YBEIMYCHHIO KOJINYECTBA OOBEKTOB HHTEIUICKTYaIbHON COOCTBEHHOCTH B chepe OMOTEXHOIOTHI 1 OHOIKOHOMHKH B YHUBEPCHUTETE,
TaK, IHIIEBbIe HAyKH JINLIUPYIOT B OOIIEH J0JIe 3aperHMCTPUPOBAHHBIX ITATEHTOB, YTO BO3MOJKHO CBSI3aHO KaK CO CIIOXKHBIIEHCS
KyJIbTYpOil 0c000r0 BHUMaHUS K ITATEHTOBAHHIO, HO U TAKKE C PA3BUTHEM ITUIIEBEIX TEXHOJIOTHI M OMOTEXHOJIOTHH B YHUBEPCUTETE
U B cTpaHe B 1esioM. JlaHHast pabora OyeT mojie3Ha UCCIlIe[oBaTeNsIM, 3aHUMAIOIIMCS BOIPOCaMH MHHOBALUH 1 KOMMEpIHaIN3aluu
HayYHbIX JOCTIDKEHHUH, a TAKXKEe CIIENHATNCTaM B 00J1aCT OMOTEXHOIOT U 1 MHIIEBOI MPOMBIIIIICHHOCTH.

KniodeBble cJ10Ba: OHOTEXHONOTHS, NHINEBas TEXHOJOTHS, OMOPKOHOMHKA, WHTEIUICKTyalbHas COOCTBEHHOCTb, SKOHOMHKA
MHUIIEBBIX CHCTEM.

Trends and prospects for the development of intellectual property
in biotechnology and food technologies: an analysis of university’s
centres technology transfers

Albina O. Sapronova '  sapronova.ao@dvfu.ru 0000-0001-7514-2829
1 Far Eastern Federal University, 10, Ajax Bay., Vladivostok, 690022, Russia
Abstract. The presented material highlights the analysis of trends in the development of intellectual property in the field of
biotechnology, including food technologies and bioeconomy. Key trends in patent activity and dynamics of intellectual property objects
have been identified, which will help to understand the effectiveness of the university's scientific activities and its contribution to the
development of the bioeconomy, as well as address the problem of assessing the effectiveness of the university's scientific activities
through intellectual property. The author obtained data from 2020 to 2024 on all intellectual property objects in the fields of
biotechnology and food technology at Far Eastern Federal University, a leading university in the Eurasian region. The following
conclusions were drawn: despite a decline over the five-year period in the registration of new intellectual property objects, patents are
primarily based on intellectual property in the areas of food technology and biotechnology, with an increase also seen in certificates
for computer programs and databases in the field of bioeconomy. It was concluded that there is indeed a trend comparable to the
national one towards increasing the number of intellectual property objects in the fields of biotechnology and bioeconomy within the
university, with food sciences leading in terms of registered patents, possibly due to both the established culture of paying special
attention to patenting and the development of food technologies and biotechnology within the university and the country as a whole.
The article will be useful to researchers dealing with issues of innovation and commercialization of scientific achievements, as well as
specialists in the fields of biotechnology and food industry.
Keywords: biotechnology, food technology, bioeconomics, intellectual property, food systems economics.

Brenenune
MupoBass mNaTeHTHas AaKTHBHOCTb pPacTeT a TaKkXKe 110 pacxo/iaM Ha MHTEIUIEKTYalbHYI0 CO0-
OT TOJIa B TOJl, B TOM YHCJIE€ B OOJIACTH MHILEBON CTBEHHOCTb, OJIHAKO HE3HAYUTEIIHO OTCTAeT
1 OMOTEXHOJIOTHH, U Hallla CTpaHa cTaOWIIBHO BXO- M0 KOMMEPUHAIN3AINHA OOBEKTOB HHTEIUICKTY b~
it B Ton-10 1O aKTMBHOCTM NATEHTOBAHMS, HOH coOcTBeHHOCTH [1].
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Ha cerogusmnunii ness B Poccun MOXHO
3aMETHUTh 3HAYUTEILHBIN HAYIHBIA TTporpece B 00-
JacTh OMOTEXHOJIOTHH, YTO CBSI3aHO C OCOOBIM
BHUMAaHUEM K Pa3BUTHIO 370pPOBbEOEpErarommx
TEXHOJIOTHH Ha TOCYAapCTBEHHOM YPOBHE B COOT-
BercTBUe co CTpaTeruss HayYHO-TEXHHUYECKOTO
pasButus PO 1o 2030 r.

CymectByromuii  (oKyc Ha OMOTEXHOJIO-
THSAX OTpaXkaeT TIIO0ANBHBINA TPEH, TPU3HAIOIINN
MOTEHIMAN JAaHHOH 00NAaCTH IS PELICHHS aKTyallb-
HBIX IIPOOJIEM YEIOBEYECTBA, TAKUX KaK 3J0POBBE,
IIPOIOBOJIBCTBEHHAsE 0€30MacHOCTh M HKOJIOTHYe-
CKasl yCTOHYMBOCTS [2]

B wactHOCTH, BOMpOCH THUTaHUs, paspa-
OOTKH T€XHOJIOTMH IPOIYKTOB ITUTAHUS OTHECEHBI
K BXKHEHIIMM HHCTPYMEHTAM pELIeHUsI OCTPOH
MPOOJIeMbI ONITUMHU3AIMK 3I0POBbs HaceaeHus [3]
cornacHo JlOKTprHE MpOIOBOIBCTBEHHON Oe30mac-
Hoctu Poccuiickoit ®enepaiyin, CTpaTeruy MOBbI-
[ICHUS KaUueCTBa NMUIIEBBIX MpoaykToB 2030 roma.

OTH cTpaTernyecKue MHUIMATHBBI CIIOCO0-
CTBYIOT (HOPMHUPOBAHUIO OIATONPUATHBIX yCIOBHA
JUISL pealIM3ali  KPYMHBIX HAayYHBIX IPOEKTOB
B 00JIaCTH OMOTEXHOJIOTUH U CTUMYJIHPYIOT POCT
Hay4YHOTO MOTEHIMAJIa POCCHUICKHX YHHBEPCUTETOB
M HAy4YHO-HMCCIIEIOBATEIECKUX HUHCTUTYTOB [7]. Opmmoit
W3 BOKHEUIIIMX METPUK OIEHKU yCIieXa B Pa3BUTHH
OMOTEXHOJIOTHH SIBIISIETCA KOJIMYECTBO 3aperu-
CTPUPOBAHHBIX NATEHTOB, OTPAXAIOILIEEe YPOBEHb
WHHOBAIIMOHHOM aKTUBHOCTH W KOHKYPEHTOCIIO-
COOHOCTh HALIMOHATIbHOW HayKu [4].

B cBs3M CO3THM cCymecTByeT TEHACHLHMS
K POCTY YHMCIIa 3aperHCTPHPOBAHHBIX IATCHTOB,
OTHOCSIIUXCS K 00JIaCTH OMOTEXHOJIOI'MH, BBICTY-
NalIUX Kak MapKep pe3ylbTaTHBHOCTH TPYAa,
MOBBILIEHNS (P (HEeKTUBHOCTH HAYYHOH AESITEIbHOCTH
Y pa3BHUTHsI IPOMBIIIJICHHOCTH [6].

Tak, 1o olleHKaM 3KCIIEpTOB, MUIIEBas PO-
MBILUICHHOCTD SIBIISICTCS JILAEPOM 110 KOJIMYECTBY
3aperUCTPUPOBAHHBIX TIATEHTOB CPEIM BCEX OTpaciien
peabHOrO CEKTOpa SKOHOMUKH [7].

Bce BblenepeunciieHHoe yKa3bIBaeT Ha HAIU-
Yre TPEATIOCHIIOK TS POCTa Yrcia 3aperuCTpUpPOBaH-
HBIX 00BEKTOB MHTEIUIEKTYILHOH COOCTBEHHOCTH,
OTHOCSIIMXCA K 0071aCTH OMOTEXHOJIOTHH, YHUBEPCH-
TetoB Poccun — npaliBepoB COBPEMEHHOM OTEUECTBEH-
HOW HAyK{ W HA HEOOXOMMMOCTH TPOAHATM3UPOBATH
HaJIWYME COOTBETCTBYIOIEH TEHICHIMH B BELyILEM
yausepcurere JlansHero Bocroka — JlansHeBOCTOU-
HoM (penepanbHOM yHEHBepcutete (IBDY) [5].

Leas ucciienoBanns — olieHKa MaTEHTHOU
akTuBHOCTH [lambHEBOCTOUHOTrO  (heaepasbHOro
YHUBEpPCUTETA B 001aCTH OMOTEXHOJIOTHN U TTUIIIE-
BBIX TEXHOJIOTHIA, 2 TAK)KE BBISIBIICHUH TSHCHITUH,
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BIHUSIOIIMX Ha 3P (PEKTUBHOCTh HAYYHOH AESITEIIb-
HOCTH YHHBEPCHUTETA B IAHHBIX 00JIACTSX.

MatepuaJjbl 1 MeTOAbI

HccnenoBanne TPOBENCHO C HCTIONB30BAHUEM
OOIIEHAYYHBIX M CICIHATBHBIX HAYYHBIX METOJIOB,
B TOM 4YHCJE€ METOJa CPAaBHUTEIBHOTO aHaIM3a,
WHTEPIPETHPOBAHUS Pe3yJIbTATOB aHAJIN3A, a TAKXKE
METOJOB aHaiu3a 0a3 | MAacCHMBOB JaHHBIX.
[TpoaHaau3upoBaHbl 0OBEKTHI HHTEICKTYATbHON
COOCTBEHHOCTH, 3apETHCTPUPOBAHHBIC B TOCYAap-
cTBeHHBIX peectpax P® 3a momusie 5 aet ¢ 2020
o 2024 roppl, ¢ UCTIOIB30BAHUEM OTKPBITOTO Pe-
eCTpa W OTKPBITOH 0a3bl MaHHBIX (heaeparTbHOTO
HHCTHUTYTa MPOMBIIUICHHOW COOCTBEHHOCTH (Ia-
nee — ®UIIC), oTKpbITO# Oa3e MaHHBIX 0OBEKTOB
HHTeJIJIeKTyaJIBHOﬁ CO6CTBCHHOCTI/I AcapTaMCHTa
WHHOBAIIMOHHOM JIESITEIIFHOCTH U LICHTpa TpaHchepa
TexHonoruii JIBOY u naHHBIX 3aperucTpUpOBAHHBIX
JIMIICH3NOHHbIX CoIVIallieHU Ha MCTIOJIb30BAHMUS HH-
TEJUICKTY AITbHOW COOCTBEHHOCTH B PEATTEHOM CEKTOPE
SKOHOMHKH [5], a Takke TpOBeIeH KOHTEHT-
aHAM3 ¥ 0000IICHNE TAHHBIX HAYYHOW JIMTEPaTyphl
0 KJIFOUEBBIM 3aITpocaM, OTPAXKAIONUX TEMY HC-
CJIeIOBaHUsI, B OTKPBITBHIX 0a3ax maHHBIX e-Library,
E.lanbook, Scopus, OMOTEXHOJIOTHYECKUX KypHAIAX.

Pe3yabTaTbl

Cornacno omnpenenenutro «EBponeickoit
¢deneparuy  OMOTEXHOJOTHI» OHOTEXHOJIOTHS —
OOUIMPHBINA pa3/ieN TEXHOJOTHU KaK YacTH HayKd
WIM KaK METOJ MCCIIECOBAaHUN B HAyKax O )KM3HU
u onomeuiuael [8]. U B TOM, 1 ipyrom ciyuyae,
OMOTEXHOJIOTHSI HMMEET MPUKIAJHOE 3HAYeHHE
U pellaeT 0TpacieBble 3a1a4u 3KOHOMUKU. Creno-
BaTeNbHO, NPEHMYIIECTBA OHOTEXHOIOTHUECKUX
pa3paboTOK 3aKIIIOYEHBl B TOM, YTO WHHOBALMH
MOTYT JIOCTUTaTh CBOUX KOHEYHBIX IIeJIel B peajib-
HOM CEKTOpE SKOHOMHUKH 0CTaTO4HO ObIcTpO [9].
CrnenoBaresbHO, YHCIO pa3padOTOK, B TOM YHCIIE
M300peTCHMIA B JAaHHOW O0JIACTH I10 HAIIUM IPEeI-
MOJIOXKEHUSAIM yBeNnnuuBaercsi. B kauecTBe omHOro
W3 MIPUOPUTETHBIX HampaBiaeHu pa3sutus [BOY
BBIJIEJISIET OMOTEXHOJNOTUU B paMkax [lepemoBoii
WH)XEHEPHOH IIKOJIBI: MHCTUTYTa OMOTEXHOJIOTHH,
OMOMHXCHEPUH U MHUILEBBIX cucTeM [[BOY.

1. OOumwmii aHanu3 OOBEKTOB MHTEIICKTY-
albHOU coOcTBeHHOCTH /IBOY.

[pencrapnen aHanm3 OOBEKTOB HHTEIUIEKTY-
anbHOM  cobctBeHHOcTH IBDY 1 cpaBHMTENBHAS
XapaKTEePUCTHKA JIOJIH 3apErUCTPHPOBAHHBIX ITaTCH-
TOB Ha M300peTeHus] B 00JIACTH OMOTEXHOJIOTHIA:
a) Cpelu 3aperuCTPUPOBAHHBIX TATCHTOB Ha M300-
peTeHnsi BCeX HAy4yHbIX HIKOJN, 0) Cpeau Bcex
OXpaHHBIX JOKYMEHTOB.
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Tabnuna 1.

JnHaMuKa KOJIHYecTBa 0ObEKTOB HHTEUIEKTyalTbHOM coOOCTBeHHOCTH [IBDY, 3aperncTpupoBaHHBIX
B TocyAapcTBeHHBIX peecTpax P® B 2020-2024 rr.

Table 1.

The dynamics of the number of intellectual property objects of the Far Eastern Federal University registered
in the state registers of the Russian Federation in 2020-2024

ITaTenTsl Ha % 6 CBUJIETENLCTBA HA % 6 B
n300peTeHus u o OT ODIEro nporpaMmsl DBM u 6a3sl o OT ODINEro CCro OXpaHHbIX
FOH IIOJIC3HBIC MOACIIN ‘ncia JAaHHBIX ‘nema HOKyMeHTO-B
Year Patents for inventions % ?ng?m Certificates for computer % ?ngéftal Toé?)l cﬂﬁfﬂéon
and utility models programs and databases
2020 68 53 61 47 129
2021 71 52 66 48 137
2022 28 32 60 68 88
2023 34 39 53 61 87
2024 45 49 47 51 92

ITo ganHBRIM TaOIMIEI 1 MOXKHO OTMETHT,
4TO 3a MepuoJi cpa3y MOcCle MaHASMHUH, HauuHas
¢ 2020 roxa, 1oJ1s MaTEeHTOB HAa U300PETCHHUS | T10-
Jie3Hble MOAeNH ObUla HanOoJIBIIEH M COCTaBIIsIA
OoJree TOIOBUHBI OT OOIIETO YHCiIa OXPaHHBIX JTOKY-
MEHTOB. DTO MOXET CBHACTEILCTBOBATH O aKTUBHOU
HAy4YHOH Y MHHOBAllMOHHOM AEATEIbHOCTH YHHUBEP-
CUTETa B YCJIOBHUSX IOCTIAHIEMHUHOIO BOCCTa-
HOBJICHHSI, KOTJ]a MHOTHE HCCIIEAOBATEIN UCKAIN
HOBBIE perieHus u paspadorku [10].

OOpaTHyI0 CHTyalMi0 MOXHO HaOII0aTh
3a cieAylomye JBa roga. HauOompmryro moio
B 00BEKTaX WHTEIUICKTYAIbHON COOCTBEHHOCTH
JAB®Y cranu 3aHMath nporpamMmmsel DBM u 6azbt
nmanabix. B 2021 romy mons mateHTOB HEMHOTO
cHkaercs 10 52%, Ho yxe B 2022 roay oHa pe3ko
nazgaet 10 32%, 4To yKa3blBaeT Ha 3HAYUTEIBHOE
COKpAIlICHHE aKTHMBHOCTH B 00JaCTH MAaTEHTOBAHHS
M300peTeHU U TOJIE3HBIX MoJieNieil. Bmecto atoro,
nporpaMMbl OBM 1 0a3bl JaHHBIX HAYUHAIOT
3aHUMATh OOJIBIIYIO JIOJO, YBEIHYUBIIHCE C 47%
B 2020 roxy 1o 68% B 2022 roxy. 310 U3MEHEHUE,
CKOpee BCEro, CBS3aHO C PAaCTYIIUMH TOTPEOHOCTAMU
B LM(POBU3ALMH U Pa3pabOTKe NPOrpaMMHBIX pelle-
HUM, 9TO CTaJI0 0COOEHHO aKTYaJIbHO B YCIOBHSIX
nepexo/ia Ha yaajnéHHbie popmaTel padoTsl [11].

Omnako, B 2023 romy Habmromaercss HeOOb-
I0€ YIy4IIECHUE CUTYalUU C ITATEHTaMH — UX J10JIs
yBenuuuBaetcs 10 39%, oquako nporpamMmel DBM
1 0a3bl JaHHBIX MPOJOJDKAIOT OCTaBaThCS HA BbI-
COKOM ypoBHe, coctaBuB 61% oT o0miero umcia
OXpaHHBIX JOKYMEHTOB. JTO MOATBEP)KIAET
YCTOWYHBBIN HHTEPEC K Pa3pabOTKe MPOrpaMMHBIX
MPOAYKTOB U TEXHOJIOTHH.

B 2024 romy KOTU4IeCcTBO 3apeTUCTPUPOBAH-
HBIX 00BEKTOB HHTEIUIEKTYaIbHON COOCTBEHHOCTH
CHOBa YyBeJIMYMBaeTcs 10 92, mpu 3TOM OIS
MAaTEHTOB Ha M300pETEHUSI U MOJIE3HBIE MOJIENU
Bo3pacrtaet 710 49%. D10 MOXKET CBUIICTES/ILCTBOBATh
0 BOCCTaHOBJICHUM HWHTEpeca K IaTEHTOBAHUIO

95

Y MHHOBALIUSIM B 00JIaCTH TEXHOJIOTUH, HECMOTPS
Ha COXPaHSIOILYIOCs MOMYJIIPHOCTE porpaMM OBM
1 0a3 TaHHBIX, KOTOPBIE COCTABISIIOT 51%.

Ha npezcrasienHoi auarpammve (PUCYHOK 1)
MOJKHO JIy4Ille 3aMETHUTb, YTO 3a 5 JIET CTPYKTypa
OXpaHHBIX OOBEKTOB IpeTepriesia 3HAYUTENbHBIC
W3MEHEHUs], TaK, €CJIU B HayaJie UCCIeLyeMOro IIsITH-
netHero nepuopa, a umeHno, B 2020-2021 romax, —
KOJIMYECTBO HM300pETEHUH W MOJIE3HBIX MOJeNei
ObUI0O JOMHHUDYIOIIUM, B CEpPEeJUHE IEpHOIa
2022-2023 roap! — npeobnagany udpoBeie perie-
HUS, TIPEACTAaBICHHBIE KOMIIBIOTEPHBIMHU MIPOrpaM-
MaMy ¥ 0a3aMHM JaHHBIX, B KOHLC HCCIEAyEeMOTO
nepuoaa, 2024 rojg— KOJIMYECTBO H300pPETEHHI
U ITOJIC3HBIX MOZ[CHCﬁ IMMPAKTUYCCKU CPaBHAJIOCH
C KOJIMYECTBOM LUPPOBBIX PEHICHUH.

160

120
100

2021 2022 2023 2024

MaTerTol Ha M300pETEHNA
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Pucynok 1. OOBEKThl MHTEIUIEKTYaIbHOH COOCTBEHHOCTH
JABOY 2020-2024 rr.

Figure 1. Intellectual Property Objects of Far Eastern
Federal University in 2020-2024

CTOHUT OTMETHTB, YTO YHCIO OXPAHHBIX JIO-
KYMEHTOB 3HAYUTEJIbHO YMEHBIIWIOCH 32 CYET
PE3KOro CHMXKEHHUSI KOJMYECTBA TMOJIyYSHHBIX Ma-
TEHTOB Ha U300PETeHHs | MOJIE3HBIE MOJEIH
3a epuox 2022—2023 rr., BO3MOXKHO, 3TO CBI3aHO
Y)KECTOUMBIIMMHUCS CAHKIIMOHHBIMU PEXHMAaMH,
BIIMSIOIIMMY Ha 3aKyNKy HEOOXOJMMBIX MaTepHa-
J0B U obopyznoBanus [12], uTo BeposTHee Bcero
YCIIOKHUIIO TIPOIIECC CO3/IaHMs Pa3paboToK.
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HecMmortps Ha KoneOaHus 10l pa3IHYHBIX
BHUJIOB MHTEJUICKTYaJIbHOM COOCTBEHHOCTH, 00IIIee
YHCIIO OXPAHHBIX JJOKYMEHTOB OCTACTCSI OTHOCUTEITHHO
CTaOWIbHBIM. B mieniom, BHjHa 0O0IIas TEHACHIIMS
K COKpAIlICHUIO KOJIMYECTBA 3aperHCTPUPOBAHHBIX
O00BEKTOB MHTEIUICKTYTLHON coOcTBeHHOCTH [IBDY,
MOPOLEHT OTpHUAaTeNbHOro mnpupocta Ha 2024 .
cocraBui 64% 1o cpaBuennto ¢ 2020 r. ITuk ObuI
nocturHyT B 2021 rony (137 moKyMeHTOB), a MH-
HUMaJlbHOE 3HaveHue HaOmonanock B 2023 roay
(87 moKyMeHTOB).

HecMmortps Ha KoneOaHus 10l pa3IMYHBIX
BHJIOB MHTEJUIEKTYaIbHOW COOCTBEHHOCTH, 00IIiee
YHCII0 OXPAHHBIX JIOKYMEHTOB OCTACTCSl OTHOCHTEIEHO
cTaOWIBHBIM. B 1iesioM, BuaHa oOIas TEHIEHLHS
K COKpAIIICHHIO KOJIMYECTBA 3apErUCTPUPOBAHHBIX
O00BEKTOB MHTEIUICKTYTLHON coOcTBeHHOCTH [IBDY,
MPOIIEHT OTpHUIaTeTbHOrO mnpupocta Ha 2024 T.
cocraBui 64% mo cpaBHenuto ¢ 2020 r. [Tuk ObuI
nocturayT B 2021 roxy (137 mOKyMEHTOB), a MH-
HUMaJbHOE 3HadeHue Habmomamochk B 2023 romy
(87 moKyMeHTOB).

BaxHO OTMETUTh, 4YTO JaKe HECMOTPS
Ha U3MCHEHHS B CTPYKTYpPE OXpaHIEMBIX OOBEKTOB,
YHUBEPCUTET MPOJIOIKACT AKTHBHO PETHCTPUPOBATH
MHTEIUICKTYATbHYI0 COOCTBEHHOCTb, YTO TIOTYCPKH-
BacT €ro BKJIAJ B pa3BUTUC HAYKH U TCXHHUKMU.

Takum oOpa3oMm, maHHBIE TaOIHIBI W JHa-
TpaMMBbI MTOKa3bIBAIOT JBOIIONHMIO (OKyca HAYIHBIX
uccnenoBanuii U paspadorok JIBDY ot npeumy-
IIECTBEHHO TEXHUUYECKUX M300pETeHUil K OamaHcy
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TEXHUYECKUX PEIICHUH, C OMHON CTOPOHBI, U, IIPO-
rpaMMHOro oOecriedeHus] | UH(POPMAIMOHHBIX
TEXHOJIOTHH, C APYTrOf CTOPOHBI. JTH W3MEHEHUS
MOTYT OBITh OOYCJIOBJIEHBI KaK BHEITHUMH (haKTo-
pamy, TAKUMH KaK IOTPEOHOCTH PhIHKA U TEXHOJIO-
TMYECKUE TPEHABI, TaK U BHYTPESHHHMH — CTPaTEru-
YeCKMMH TPHOPUTETaMH YHHBEpPCUTETa B 00JacTH
HayYYHBIX HCCIEJOBAaHUN U pa3padOToK.

2. AHanm3 00BEKTOB MHTEILICKTYaIbHON cO0-
ctBenHocTy JIBDY B 001acT OHOTEXHOJIOTHH.

[pencTaBien aHanm3 00bEKTOB HHTEIUICKTY-
anpHON coOctBeHHOCTH JIB®DY U cpaBHUTENBHAS
XapaKTEepHUCTHKA JOJIH 3aPErMCTPUPOBAHHBIX MTATEHTOB
Ha N300peTeHHS B 00J1aCTH OMOTEXHOJIOTHH: a) CPeIr
pa3aenoB OMOTEXHOJIOTHH, 0) Cpey 3apeTUCTPHPO-
BaHHBIX MMAaTEHTOB Ha M300pETEHHS] BCEX HAYYHBIX
IIKOJI, B) CPE/IN BCEX OXPAHHBIX JOKYMEHTOB.

TpaanIMOHHO, B YHHBEPCUTETE UCCIICIOBAHUS
10 HAaNpaBJICHUSIM arpoNHIIEBON OMOTEXHOJIOTHH
Y NIUILEBON TEXHOJIOTHH COCPEOTOUCHBI B UHCTUTYTE
HayKk o km3HH u Onomennumasl (MHXKB), mkone
IKOHOMHKH M MeHekMenTa (ILIDM), nepenosoit
WH)KEHEPHOW WHIKOJIe: MHCTUTYT OWOTEXHOJIOTHH,
OnoumKeHepur u numeBbix cucrem (ITUIL), wc-
CIIEZIOBAaHMUS I10 MEAWLUHCKON OHOTEXHOJIOIuu
HPOBOJATCS YYEHBIMH IIKOJBI Meauimubl (LLIM)
W MHCTUTYTa HayKOEMKHX TEXHOJIOTHH W Mepesio-
Beix MatepuanoB (MHTIIM). CooTBercTByoliee
HaVMEHOBaHHWE TIOpa3/IelieHIi (IKOT) YHUBEPCUTETa
JaHO B LIanKe TaOnuIs 2.

Tabauna 2.

O01m1ee KOMYECTBO O0BEKTOB UHTEILIEKTYalIbHOU cobcTBeHHOCTH JIBDY, 3aperucTpupoBaHHBIX B
rocyJapcTBeHHbIX peectpax P® B 2020-2024 rr.

Table 2.

The dynamics of the number of intellectual property objects of the Far Eastern Federal University registered
in the state registers of the Russian Federation in 2020-2024

VKB / LLIPM / oot
[THIII ArponuieBast rer CBuzeTeNbCTBA
6uorexHonorus, B | 1M / THIIM aucra Marente! na Ha porpaMmsl | % oT Bceero
TOM YHCIIe nnmeéme MeaunuHcKas BrorexHONOrHA, | NATEHTOB H [H300PETCRIA OBM u 6a3pl  |[00II€r0| OXpaHHBIX
Tox TEXHOJIOTUH OHMOTEXHOJIOT U obee TIOJIC3HBIX TIOJICSHBIC JIAaHHBIX qucaa I[OKpMeHTOB
Year| INJB / SHEM /NSP| SHM /INPM | KOHMICCTBO | Mozencii MOACTH | Certificates for | % of Tota
Agri-food Medical Biotechnology, | % of total | Patents for computer total | protection
biotechnology biotechnology total number | number of (inventions and programs and |number| documents
including food patents and | utility models databases
h utility
technologies models
2020 12 8 20 29 68 61 47 129
2021 20 4 24 34 71 66 48 137
2022 8 6 14 50 28 60 68 88
2023 7 5 12 35 34 53 61 87
2024 16 2 18 40 45 47 51 92

ITo nanHBIM TaOJIHIEI 2, 00BEKTHI HHTEIIIIEK-

mo 34% or obmero umcia,

e 4Yepe3 rona.

TyaJIbHOM COOCTBEHHOCTH B 001aCTH OHOTEXHOJIO-
MM 3aHUMAIOT 3HAaYUTEIIEHOE MECTO B CTPYKTYpE
maTeHToB JIBOY.

B 2020 roxy momnst mateHTOB B 3TOH 0bnacTu
nocturina 29%, B clieAyromeM rogy A0Jis BRIPOCia

96

B 2022 roay noss mateHTOB B 00JacCTH OHOTEXHO-
JIOTUM CTajla 3aHUMAaTh POBHO TOJOBHHY OT BCEX
nate’HToB, nosydyeHHbIx JIBDY 10 paznuyHbiM
HamnpapJIEHUSIM, YTO TMOATBEPKIAET AaAKTUBHOE
pa3BUTHE HaIpaBieHUs] B yHUBepcuTere. ['ogom
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no3anee, B 2023 romy, COOTHOIICHHE MAaTEHTOB
B 00J1aCTH OHOTEXHOJIOTMH K MPOYUM OTPACIIM
W3MEHWJIOCh B CTOPOHY HEKOTOPOTO CHIDKEHHUS,
omHako 1o cpaBHenuto ¢ 2020 romom, ocraercs
cymectBeHHOH. Yxe B 2024 romy HaOmomaercs
BOCCTAHOBJICHHE UHTEpECa K MaTCHTOBaHUIO B 00J1a-
CTU OMOTEXHOJIOIMH, Koria oOIast 101 B 00beMe
MaTeHToB yBenuuuiach 1o 40%.

Tem He MeHee, OJTHO U3 HANPABJICHUA OMOTEX-
HOJIOTHH, arpOITHITICBast OMOTEXHOJIOTHS ¥ TTUIIEBBIC
TEXHOJIOTUH, JEMOHCTPHPYET 3HAYUTEIHbHBIE KOJIe-
0aHMs B TCUCHHE pPACCMaTPUBACMOI0 MEPUOJA:
B 2020 rox: 12 mpoektoB, B 2021 romy 20 maTeHTOB,
poct Ha 66,7%, B 2022 rony 8 maTeHTOB, CHIKE-
Hue Ha 60%, B 2023 rogy 7 mateHTOB, HEOOIBIIIOE
cHmwkenue Ha 12,5%, B 2024 roxy 16 naTeHTOB U
poct Ha 128,6%. Hanbonplee KOJIM9eCTBO TTATEHTOB
TI0 HATIPABIICHUSIM ~ arpOIHUIIEBON OHOTEXHOIOTHHI
M THUINEBON TEXHOJIOTHMU OBbLIO 3a(hUKCHPOBAHO
B 2021 roxy, 9TO MOXET OBITh CBSI3aHO C MOBHI-
IIEHHBIM HMHTEPECOM K YCTOHYHBOMY CEIBCKOMY
XO3SICTBY U MPOJIOBOJILCTBEHHON 0€30MacHOCTH.
Cumxenue B 2022 u 2023 romax MOXET yKasbl-
BaTh Ha BPEMEHHBIE TPYJHOCTH WM HEIOCTATOK
¢unancupoBanus. Onnako B 2024 romy HaOirOma-
€TCs BOCCTAaHOBJIEHHE, YTO MOXKET CBUIETEIHLCTBO-
BaTh O BO3OOHOBJICHHH MHTEpECa K arpoTHIIeBas
OHMOTEXHOJIOTUSIM.

WHTepecHO OTMETHTh, YTO JMHAMHUKA MEIU-
IIHCKO} OMOTEXHOJIOTH B IIEJIOM MPOTHUBOTIONOKHA
JMHAMUKE arponuIieBoil. MUHUMYM OOBEKTOB HMH-
TEJUICKTyaJIbHOH COOCTBEHHOCTH B MEIUIIMHCKOU
ouortexHosioruu Habmonaercs B 2021 romy, koraa
arpornuiieBas JOCTUTAET CBOETo muka. B oTmnume
OT arponuIIeBOd OMOTEXHOJIOTHH, MEIMIIMHCKAS
JIEMOHCTpUPYET OoJiee CTaOUIbHBIC, HO HU3KHE
IOKa3aTeln, KOJeOIsICh B Iuamna3oHe oT 4 10 8 ma-
TEHTOB B TOJ], 32 UCKJIFOUCHHEM HEOOJBIIOr0 pocTa
B 2020 romy. Tak, B 2020 roay ObUIO 3aperucTpUpO-
BaHO 12 mareHTOB B chepe arpornuIieBoi OHoTexXHO-
JIOTHH, 8 — B 00JIACTH MEIUIIUHCKON OMOTEXHOIIOTHH.
OO6Iiee KOIMYECTBO MAaTeHTOB cocraBuio 20.
OTO CBHUICTEILCTBYET O 3HAUMTEIHHOM HHTEPECE
K arpoNHIIEBbIM OMOTEXHOJIOTHSAM, KOTOPBIN TIpe-
BBIIIIAaeT BHUMaHKE K MEIUIIMHCKUM pa3paboTkam
MoYTH B IOJTOpa pasza. B cneayroouem roay
HaOJTFOIAeTCSI PE3KUIA POCT YMCIIa OOBEKTOB UHTEILICK-
TyaJlbHOH COOCTBEHHOCTH B arpONHUINEBOM CEKTOPE
g0 20, Torga Kak MEIMIIMHCKAss OMOTEXHOJIOTHS
[MOKa3bIBaeT CHIDKeHHe 10 4 mareHToB. OgHAKO
o0IIHif 00bEeM MTATEHTOB YBEIIMIUBACTCS 110 24, 4TO
YKa3bIBaeT Ha 3HAUMTEIIbHBIN BKJIA]l arPOIHIIEBBIX
TEXHOJIOTHI B 00IIyro KapTuny. B 2022 rony cu-
Tyalysi MEHSETCSl KapJIWHAIBHO: YHCIIO MTPOEKTOB
B arpoMNHMIIEBOM OTpaciy MmagaeT 10 8, MeIUIH-
cKasg OMOTEXHOJIOTHS AEMOHCTPUPYET HEOOIbIION
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poct 1o 6 mareHToB. OOIINIA TTOKAa3aTeITh CHIDKACTCS
o 14, 9To SBNSETCS MUHUMAIIBHBIM 3HAYCHUEM
3a paccMmarpuBaeMblii iepuoj. B 2023 romy mpo-
JIOJDKAETCS CHaJl B arponuIIeBON OMOTEXHOIOTHH
110 7 IaTEHTOB, OJTHAKO MEIUITMHCKHIE pa3paboTKu
MOKA3bIBAIOT CTAOWJIBHBIA ypPOBEHb, a HMEHHO
5 marenToB. O0muit pe3yibTar coctapuseT 12 ma-
TEHTOB, YTO MPOJODKACT TCHICHIMIO CHIDKESHUS
akTUBHOCTH B 3ToM obnactu. K 2024 roxy oxuna-
€TCSl YBEJIMYCHUE YHCIIA MATEHTHBIX Pa3paboToK
B arpoITHIIEBOI OMOTEXHOJIOTHH 10 16, B TO Bpems
KaK MEIMIMHCKAst OMOTEXHOJIOT Ml OCTACTCS HA MUHH-
MaJbHOM ypoBHE B 2 mateHTa. OOmmast mdpa cHOBa
BO3pacTaet io 18, UTo CBUIETELCTBYET O BOCCTAHOB-
JICHUH WHTEPECa K arpOTUIIIEBOMY CEKTOPY.

CpaBHEBas 00¢ KaTeropud, MOKHO 3aMe-
TUTh, YTO arpoINHUIICBas OMOTEXHOJOTHUS B IIEIOM
MpHBJICKAaeT OOJIbIIIE BHUMAHHUS U PECYpCOB, YeM
MEIUITUHCKASL. TO MOXKET OBbITh CBA3aHO C aKTyallb-
HOCTBIO BOTIPOCOB MPOJIOBOJILCTBEHHON 0€30MAaCHO-
CTH W YCTOWYMBOTO PAa3BUTHS B OMOIKOHOMHUKE,
OCOOCHHO B YCJIOBHSX JaJIbHEBOCTOUHOTO MaKpO-
peruona. [laHHble 3a 5 JIeT OKa3bIBAIOT, YTO OHO-
TEXHOJIOTHSI B LIEJIOM SIBJISICTCS TUHAMHYHO Pa3BH-
BaIOIIEHCs 00JIACThIO, HO C PA3TUNYHBIMU TEMIIAMHU
pOCTa B 3aBUCUMOCTH OT HATIPABJICHHS HCCIICIOBAHHS.
ArponwuineBass OWOTEXHOJOTHS JAEMOHCTPUPYET
00JBIIYyI0 THOKOCTh W aJalTUBHOCTh K U3MCHE-
HUSAM B IIOTPEOHOCTSX OOIIECTBA, B TO BPEMs Kak
MEIUITUHCKAsT OMOTEXHOJIOTUS pa3BUBACTCS pa3Me-
peHHo, Tpebdyst OoIbIIe pecypcoB A pa3pabdoTOK.

Jlunamuka oOIIIero Yncia MpoeKTOB 10 Ouo-
TEXHOJIOTHSIM B 3HAUUTEJIBHOM CTETICHU IIOBTOPSET
JIMHAMHKY arpOIUIIEBON OHOTEXHOIOTHH. ITO
TOBOPUT O TOM, YTO arpolHIICBOE HANpaBlICHHE
UrpaeT JOMUHHPYIONIYIO POJIb B 00IIeM OOBeMe
OMOTEXHOJIOTUYECKUX WCCIICIOBAHMMA, MPEACTaB-
JieHHBIX B Ta0yuie 2. CoriacHO MNPOBEICHHOMY
aHanu3y, 00ObEKThl WHTEJUICKTYaIbHON COOCTBEH-
HOCTH B 00JIACTH arpomnuiieBoil OMOTEXHOJIOTHH
Y MUNIEBOI TEXHOJIOTHH COCTABJISIOT OCHOBY 00b-
€KTOB MHTEJUIEKTyalbHOM coocTBeHHOCTH [IBOY,
YTO COOTBETCTBYET MHUPOBOU U OOIIEPOCCUUCKON
TeHeHImH [13] MHTEHCHBHOTO Pa3BUTHS THINEBBIX
HAYK W arpOMHUIIEeBbIX OMOTEXHOIOTHIA.

Oo6cyxaenue

B pesynprare mpoBezieHHOTO aHal3a O0BEeK-
TOB WHTEIUIEKTYAILHONH COOCTBEHHOCTH LIEHTPOB
TpaHcdepa TexHosiorui IBDY ObLaM BBISBICHBI
3HAYUTEIHHBIE W3MEHEHUS B CTPYKTYpPE 3aperu-
CTPUPOBAHHBIX IIATEHTOB, OCOOCHHO B 00JIACTH
OMOTEXHOJIOTHH W MHINEBBIX TexHojorui. JlaH-
HBIC, TIPE/ICTABIICHHBIE B TAOMUIlE 1, MOKA3bIBAOT,
yro B 2020 roAy maTreHTHl Ha M300pETEHMS
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1 TIOJIE3HBIC MOJACIN COCTABIISIIN 00JICe MOJIOBHHEI
OT 00IIIeTO 4YHCIa OXPaHHBIX JOKYMEHTOB, YTO
CBUETEIHCTBYET O BHICOKOM YPOBHE HHHOBAIIMOH-
HOW aKTUBHOCTH B 3TOT rieprof. OHaKo B TIOCIIEy-
oIl TOAbl HAOMIOAAeTCss 3aMETHOE CHIDKCHHUE
JI07U TaTeHTOB. Hanbomnee BhIpakeHHOE COKpalle-
HUE 3apETHCTPUPOBAHHBIX MATEHTOB MPOU3OIILIO
B2022 u 2023 romax, Korma Ioisl IIATEHTOB
Ha M300pETeHHsI W MOJIE3HbIE MOIEIH  yIaja
110 32 1 39% COOTBETCTBEHHO.

CpaBHUTENBHBINA aHAIH3 JIOJIA 3aPETHCTPH-
POBaHHBIX MMATEHTOB Ha U300PETEHUS CPEeU BCEX
HayuHbIx Kol JIB®VY Ttakxke NOKA3bIBAET, 4TO
IUIIEBEIE TEXHOJOTHMHA M OMOTEXHOJIOTHU OCTAIOTCS
JTAAEpPaMH B O0JIaCTH MATEHTOBAHUSA. DTO MOXKET
OBITH OOYCIIOBJICHO KaK KyJbTYpPOU MaTCHTOBAHHUS,
CJIIOKUBILIEHICA B YHUBEPCUTCTE, TaK W aKTUBHBIM
Pa3BUTUCM ITUX HaHpaBJICHI/Iﬁ B CTpaHC B LCJIOM.

CorytacHO JaHHBIM TaOJHMIIEI 2, 3HAYUTEIbHAS
JoIsT OOBEKTOB WHTEIUIEKTYaIbHOW COOCTBEHHOCTH
MPUXOJIUTCS HA 00JIACTH arpoIUIIeBONd OHOTEXHO-
JIOTUM U NMHUILEBBIX TexHonorud. Hanpumep, B Te-
YCHHE MCCIICIyEeMOro Mepuojia Takue pa3paboTKu
coctaBmamn 41% ot oOmiero uyuciaa IATEHTOB
Ha N300peTeHNs U TIoJIe3HbIE MOIEeIH B cepe Oro-
TEXHOJIOTHH. DTa [0S OCTaeTCs 3HAYUTEIBHON
1 B IOCJIICAYIOIINE rojsl, qToO IMOATBEPIKAACT
OOIIEMHPOBYIO M POCCUHCKYIO TEHICHIIUIO POCTa
WHTEpeca K arporpoOMBIIIIEHHOMY CEKTOPY H TPo-
JIOBOJILCTBEHHOM 0€30IaCHOCTH.
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3a mepuon HcceIoBaHMs CTPYKTypa 3ape-
THCTPUPOBAHHBIX NMATEHTOB B LIEHTpax TpaHcdepa
texHonorut JIBOY mnpereprena 3HauynWTEIbHbBIC
H3MEHEHMST, 0COOEHHO B 00JIaCTAX OMOTEXHOIOTHI
W MUAIIEBBIX TEXHOJOTWH, a UMEHHO: MaTEeHTHI
Ha M300pETEeHNUS U MOJIE3HbIE MOJIEIH COCTABIISIFOT
0oJ1ee MOIOBHUHBI OT OOIIET0 YMCiIa OXPaHHBIX JI0-
KYMEHTOB, YTO CBU/IETENILCTBYET O BBICOKOI HHHO-
Bal[MIOHHOH aKTUBHOCTH B 3TOT MEPUO/I.

[IumieBple TEXHONOTMH ¥ OMOTEXHOJIOTHH
OCTaIOTCsl BELyIIMMU OOJAacTSIMH TaTEHTOBAHMUS
cpenu Bcex HayuHbIX mkoJ IBDY, uto oTpaxaer
KaK KyJbTypHBIE OCOOCHHOCTH YHUBEPCHUTETA, TaK
1 O0IIIMe TeHICHITUH Pa3BUTHUS HAYKU B CTPAHE.

OOBEKTHI HHTEIUIEKTYaTbHON COOCTBEHHOCTH
B 00JacTH arponuIeBod OHOTEXHOJIOTUU COCTAB-
JSIOT 3HAYUTENBHYIO JIONO0 OT OOIIEero dmcia
MaTeHTOB Ha M300PETEHUs] U MOJIC3HbIE MOJIEIH
B c(hepe OMOTEXHOJIOTHI, YTO MOJYCPKUBACT BaXK-
HOCTh W MEPCHEKTUBHOCTH arpoIPOMBIIUIEHHOTO
CEKTOpa M MPOJIOBOIBCTBEHHOUW OE301TaCHOCTH.

PeSyanaTBI HUCCICOOBaHUA I1IOKa3bIBAlOT,
YTO HECMOTpPSI Ha O0Ilee CHIDKEHHE KOIMYECTBA
OXpaHHBIX JOKYMEHTOB, [[BDY mnpomomxkaer ak-
TUBHO pPa3BHBATb 6HOT€XHOJIOFI/I‘ICCKI/IC IMPOCKTEI,
0COOEHHO B 00JIACTH arpoIMILICBON OUOTEXHOJIOIHH.
DTO COOTBETCTBYET INI00ATHHBIM TPEHIAM H OTpa-
JKacT BBICOKYIO 3HAYMMOCTb 9KOHOMUKH IMHUIICBBIX
CUCTEM IJId pCruoHa U CTpaHbI B LICJIOM.
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AnHoTanus. [IpuBosITCS pe3yNbTaThl SKCIIEPUMEHTAIBHBIX UCCICIOBAHHUN MEPBUYHBIX TEXHOJIOTHUCCKHUX TPOLIECCOB MepepabOTKU
CeMsSIH KMHOA OTCUCCTBCHHOW CEJICKIMU Ha MHWJIOTHON CyIIMIBHOW ycTaHOBKe. Llenms mccnenoBaHus — BBIABUTH paIlMOHATBHBIC
3HAYCHUS TIAPaMETPOB MpoIlecca TMOCICYyOOPOUHON CYIIKH CeMSH B OapabaHHO# CyIIWIKE HEMpephIBHOTO AeicTBUA. OOBEKTOM
WCCIIEZIOBAaHUI SIBJSUICS TMPOLIECC KOHBEKTUBHOHM CYHIKM ceMsiH KuHoa oTeuecTBeHHOH cenexkuuu HITO «KBUHOA ILIEHTP», r.
HoBoky6anck KpacHomapckoro kpasi, copta Kamau, ypoxxas 2024 roja. DKCIIepUMEHT MPOBE/ICH Ha MHJIOTHOH yCTaHOBKE OapabaHHOM
CYUIMJIKH C KaHaJbHBIMH HacaJKaMd JJIs IMOMEPEYHON MOJNAYd CYNIMJIBHOTO arcHTa. M3ydeHOo BIMSHHE Ha MPOIECC OCHOBHBIX
TEXHOJIOTMYECKUX TApaMeTpoB (TeMIepaTypa M pacxoj TEIUIOHOCHTENS, IPOU3BOAMTEIBHOCTh IO BIAKHOMY MAarepuaiy).
OnTuMu3anys CylniKi MPOBOIUIIACE U3 YCIOBHS MUHUMHU3AIMU yICIBHBIX SHEPro3arpar Mpu JOCTHKCHUH BIAXKHOCTH CEMSH KHHOA
o 8,0-8,5 % Ha BbIXoIe W3 CYMMWIKH. MHOrOKpuTepuaibHas 3ajada ONTHUMH3ALMU peliajach ¢ MCIOJIb30BaHUEM METOoJa
Tpex(paKTOPHOTO TUIAHUPOBaHUS SKcrepuMeHTa bokca-Yuncona. [lucnepcronHslil aHamu3 npooawics mo metony ANOVA. [lns
aHaM3a ¥ BU3yaHM3alliK KCIICPUMEHTAIBHBIX JaHHBIX MCIOIBb30BaHAa METOJOJIOTHS MMOBEPXHOCTH OTKIMKa. HaxoxaeHune obmactu
ONTUMAJIBHBIX 3HAUCHHUN MPOBOJMIOCH MO (DYHKIUH KENATCIbHOCTH XappHUHITOHA. M3 aHanm3a MacCHBa PEIICHUN yCTaHOBIICHBI
palroHaNbHbIe MHTEPBaJIbl 3HAYCHUH BXOJHBIX (haKTOPOB: TeMIepaTypa TEIUIOHOCHTEN Ha BXoJie B Oapaban 323-325 rpax. K; pacxon
temtonocutens 0,312-0,316 m%/c; MpoU3BOAMTENLHOCTH 1O BIAXKHBIM ceMeHaM 1583,8-1586,12 kr/4. IIpuMeHeHHE YKa3aHHBIX
PSKUMOB YJaJICHUS] BIAard M3 CEMsH KHHOA OOECTEeYMBACT MHUHHMMH3AIMIO DHEPro3arpaT Ha TMPOIECC CYIIKA TPH TpeOyeMbIX
MOKA3aTeIsIX XPAHCHHS.

Ki1roueBble cj10Ba: KMHOA OTCYECTBEHHOM CENIEKIIHH, IMOCieyOopoyHas 00paboTka, HHTEHCHBHBIA PEXKUM CYIIKH, MHOTOKPUTEPHAIBHAS
OIITUMU3AIIHH.

Optimizing quinoa seed drying modes in a drum dryer
with a channel nozzle
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Abstract. The article presents the results of experimental studies of primary technological processes for processing quinoa seeds of
domestic selection on a pilot drying unit. The purpose of the study is to identify rational values of the parameters of the post-harvest
seed drying process in a continuous drum dryer. The object of the study was the process of convective drying of quinoa seeds of
domestic selection of NPO "KVINOA CENTER", Novokubansk, Krasnodar Territory, variety Kadi, harvest of 2024. The experiment
was carried out on a pilot unit of a drum dryer with channel nozzles for transverse feeding of the drying agent. The influence of the
main process parameters (temperature and flow rate of the heat carrier, productivity for wet material) on the process was studied.
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Drying optimization was carried out based on the condition of minimizing specific energy consumption when reaching the moisture
content of quinoa seeds up to 8.0-8.5% at the outlet of the dryer. The multicriterial optimization problem was solved using the three-
factor design of the Box-Wilson experiment. The dispersion analysis was carried out using the ANOVA method. The response surface
methodology was used to analyze and visualize the experimental data. Finding the region of optimal values was carried out using the
Harrington desirability function. Rational intervals of input factor values were established from the analysis of the array of solutions:
heat carrier temperature at the inlet to the drum 323-325 deg. K; heat carrier flow rate 0.312-0.316 m3/s; productivity for wet seeds
1583.8-1586.12 kg/h. The use of these modes of moisture removal from quinoa seeds ensures the minimization of energy costs for the

process drying at the required storage parameters.

Keywords: domestically bred quinoa, post-harvest processing, intensive drying mode, multi-criteria optimization.

BBeaenune

Kunoa (Chenorodium Chenopodiumguinoa
Willd)) cuuraercst KybTypoii ¢ BICOKHM MOTEHITHA-
JoM i obecriedeHnsl TJI00AIBHONW  MPOJOBOJIB-
CTBEHHOH Oe3omacHocTd. [ToMUMO TpaaUIIMOHHOTO
WICTIONB30BaHMS €€ B BUJE KPYIIbI, IEPCIIEKTUBHBIMHU
MPOAYKTaMH TIepepabOTKH SBIISIOTCS SKCTPAKTHI
B BUJIC TIOPOIIKOOOPa3HBIX KOHIIEHTPATOB, U30JIs-
ToB [1], a TakKe SKCTPYAUPOBAHHBIX XJIOMBEB [2].
Kwunoa mponyunpyeT BEICOKOKa4eCTBEHHBIH OETI0K
C MUHUMAJIbHBIM BO3JICHCTBHEM Ha OKPYKaIOIIYIO
Cpemy, TpH 3TOM JaeT XOpOIHe ypoKah B 30HE
C 3aCYIUIMBBIMH Y )KAPKAMHU  KIMMAaTHYECKIMH
YCJIOBHSIMH, BKJIFOYasi 3aCOJICHHbIC MO4YBHI [3, 4].
3TO COOTBETCTBYET LEISAM YCTOMYUBOTO DPa3BUTHSL,
ytBeprkaeHHbIM [ eneparbroit Accambieeit OOH [5].

st Poccum KuHOa SIBISISTCST HOBOM
MEPCIIEKTUBHOW BBICOKOOCIKOBOW  KYJIBTYPOH,
KOTOpasl OTHOCHTCS K CEMEHCTBY amapaHTOBEIC
(Amaranthaceae) [1, 2, 6]. PoxguHoii KuHOA SBIIA-
oTcs ckioHbl AHI B FOxHOM Amepuke, apeai
KyJIbTHBHPOBAHHUSA KWHOA 10 MaHHBM 3a 2018 rog
BKJIroyaet 6osee 120 crpan [7]. B Poccun nannas
KyJbTypa MPakTHYECKH HE paclpoCTpaHEHa, W3-
BECTHBI €IIMHUYHBIE OIBITHl 110 BO3/EJIBIBAHHIO,
B YaCTHOCTH Ha Tepputopu KpacHomapckoro kpas.
B xommamnmn OOOQO «Hay4dHO-ITpOM3BOACTBEHHOE
oovennaenne KBMUHOA LHEHTP» (r. HoBokyGaHck
KpacHomapckoro kpasi) u3y4eHbl U BIBEIEHBI TPU
OTEUYECTBEHHBIX COpTa KuHOa [6].

B ¢Bs131 ¢ (heHOTOrMYeCKMMH 0COOEHHOCTSIMHU
KHHOA MociieyoopouHasi 00paboTKa CeMsSH UMEET
0COOEHHOCTH, 10 CPABHEHHIO C JIPYTUMH OSITKOBBIMH
KyJbTypamu. M3BeCTHO, YTO CO3peBaHNe KUHOA TIPO-
HCXOIM TIOCTENIEHHO, Ha MPOTSHKCHUH TIepHoja
or 90 nmo 220 pgHel, IOX BIMSHHEM IIOIOJHBIX
ycioBuid 1 ipyrux ¢akropos [3]. Panee ycranos-
JIEHO, YTO MPHYMHOW M3MEHYMBOCTU CPOKOB CO-
3peBaHuUs CTAHOBHUTCS TO, YTO y KKJOI'0 PaCTeHUS
KHHOA BBIPACTAET HECKOJIBKO METEJIOK MJIH BETBEH,
KOTOpBIE Ha OJTHOM M TOM K€ PACTEHUH MOT'YT CO3pe-
BaTh B pasHoe Bpems [4]. PekoMeHmOBaHO YOOPKY
CEeMsIH MPOBOJIUTH B (ha3e MOJTHOM CHENOCTH 3EPEH,
T. K. €CJIH COOpaTh ypoXKall CIUIIKOM PaHo, KHHOA
He OyJieT roToBa, a B Cilydae, €ClH CJelaTbh 9TO
CIIMIIKOM IMO3IHO, CEMEHa MOTYT OCHINAThCA,
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4TO MPUBERET K OombinnM motepsam [8]. Ipu Tpa-
JUIIMOHHOM TEXHOJIOIHHU MOCICYOOPOUHYIO CYLIKY
CEMSIH KHHOA TIPOBOJSAT HA BO3LyXE MIIH C UCIOJIb-
30BaHMEM JIEHTOYHBIX CYLIMJIOK, YTO IMPUBOAMUT
K [IOTEpSAM 3€pHa, B TOM YHUCIIE H3-3a TEIUIOBOIO
TIOBPEKICHUS, B CBSI3H CO CIIOKHOCTBIO 00eCIIeueH s
ONTHMAIILHBIX PEKUMOB poriecca cymku [9].

C yueroM pe3yibTaTOB HCCIEIOBaHUN
0 ONTHMH3AUKA (OPMBI HAcaJoK OapadaHHBIX
CYLIMJIOK, UMEIOTCSI PEKOMEHIAINH IO UCTIOJB30-
BAaHHUIO KaHAJIBHBIX IOBEPXHOCTEH, YTO MTO3BOJISIET
MHTEHCH(ULIMPOBATh MPOLECC NErHApaTalU Ka-
MUIPHO-TIOPUCTBIX ChIMyYUX MpoaykToB [10-12].
B TO ke BpeMsi OTCYTCTBYIOT HUCCIIEOBAHUS, YUH-
THIBAIOIINE KOHCTPYKTUBHBIE OCOOEHHOCTH Oapa-
OaHHOH CYIIWIKU ¢ KaHAJIBHON HAcaJlKoM, B CBA3U
CUYeM aKTyallbHbl HCCIEIOBaHUS MO U3YyUYCHHUIO
Y ONTHMHU3ALMH  TEXHOJOIMYECKHX MPOLIECCOB
1ocaeyOOpOYHON CYIIKH CEeMSH KHHOA C y4eTOM
arpoTEeXHUYECKUX JIOITYCKOB.

Henas padoTbl — BBISIBUTH palOHANbHbBIC
3HAYEHUs TapaMeTPOB Ipoliecca MocaeyoopouHON
CYIIKHU CeMsiH B OapabaHHOHM CyIIMIIKE HEMpEepPhIB-
HOT'O JIEMCTBUS.

MaTepuanbl U METOAbI

OOBEKTOM HCCIICJIOBAHUH SABJISIICS MPOIIECC
KOHBEKTUBHOW CYIIIKH CEMSH KHHOA OT€YECTBEHHOM
cenexuuu HITO «K KBUHOA LHEHTP», r. HoBoky-
0anck KpacHomapckoro kpas, copra Kanu, ypoxas
2024 ropa. B uccrnenoBanum mpoiecc CyIKH pac-
CMaTpUBajCsI KaK JJIEMEHT CHCTEMBI IPOIECCOB
nociieyoopouHoit 00padotku. s MHTEHCU(UKa-
IIMU TpoIlecca CYIIKH CEMSH KHHOa B OapabaHHO
CYIIWJIKE TIPEIJIONKEHO HCIIOIB30BaTh KaHAIBHBIC
HacaJKH C IONEPEYHOW IOJayeill CyLIMJIBHOIO
arenTa (pucyHok 1). MccrienoBanust mpoBOIUIUCH
Ha YCOBEPUICHCTBOBAHHOM KOHCTPYKIMU Oapa-
0aHHOW CYIIMJIBHOW YCTaHOBKM C KaHAJIbHON
Hacakoii [13]. JlaHHOE KOHCTPYKTHBHOE PEIlIeHHE
TMIOKa3aJ10 BO3MOKHOCTH MHTEHCU(UKALIMH ITPOLIECCOB
CYUIKH B OCHWUIMPYIOIIUX PeXHUMax Ui CEMsH
3epHOBBIX KyubTyp [14]. B uccnemoBanmsix wuc-
MOJIh30BaJIach MIJIOTHAS YCTAHOBKA JUIS U3yUYCHHUS
npolecca CyIIKH CEeMsIH KUHOa B YCIIOBUSIX, cOoUe-
TAIOMIMX NPEUMYLIECTBA LIAXTHOM CYIIWIKH H
CYIIKU MEJIKOJIUCIIEPCHBIX OOBEKTOB B AKTHBHOM



Poonuwes C.B. u dp. Becmuux BTYHIIL, 2025, IIT. 87, Ne. 2, C. 101-111

THAPOJIUHAMUYECKOM PEKUME, C YIETOM TEPMHUYE-
CKHX XapaKTEPUCTHUK OHOMOJUMEPHBIX MaTpPHUI]
MPOIYKTOB TIepepaboTKu cemsiH kuHoa [15, 16].

Pucynok 1. O0mmit Bu 6apaOaHHOM CYIIMIKY C KaHATBHON
Hacasikoil: 1 — pama; 2 — TpyOOmnpoBoI ISl TETUIOHOCHTETIS;
3— Onox ympaBneHws; 4— OyHKep 3arpy3Kd CEMsIH;
5 — matpy0Ook nomaun; 6 — OapabaH; 7 — KaHATBHAS HACAIIKA,
8 — omopHbIe pormkw; 9 — OyHKep pasrpy304HbIit; 10 — qaTdark
KOHTpoJst BiIakHocTH; 11— Bo3myxomyBka; 12— pemykrop;
13 — nerHas nepenaya; 14 — npusox; 15 — kanopudep
Figure 1. General view of a drum dryer with a channel
nozzle: 1 —frame; 2 — discharge pipeline for coolant; 3 —
control panel; 4 — loading hopper; 5— product supply
pipe; 6 — drying drum; 7 — channel nozzles; 8 — support
rollers; 9 — unloading hopper; 10 — humidity sensor;
11 — fan; 12 — gearbox; 13 — chain drive; 14 — engine;
15 — heater

B npoBeneHHOM HCcIeIOBaHUM MHOTOKpPHUTE-
pHAIBHAS 3a/1a9a ONTUMHA3ALNH PEIIANach C UCTIONb-
30BaHMEM MeToja bokca—YWicoHa, ¢ peanu3aimen
MaTpuIbl  TPeX(haKTOPHOTO TUIAHUPOBAHKS  DKCITEPH-
MEHTA C BepXHEH 1 HIDKHEH «3Be3THBIMID) TOuKaMH [17].
Pe3ynbrathl skciepuMenTa 00padbaThIBaINCh B CH-
creme mnporpammupoBanus Mathcad, ucmomnb3ys
BCTPOCHHBIE (DYHKIWH, TIO3BOJISIIONINE aHAM3UPO-
BaTh JIAaHHBIE CTATHCTUYECKUMU METOJIAMH PETPECCH-
OHHOTO ¥ KOPPEJAIMOHHOro ananusa. [loidyueHHble
JaHHbIe 00pabaTHIBAIKCH C MCIIONB30BAHUEM Me-
TOJIOJIOTHH MOBEPXHOCTH OTKinKa [18, 19]. s
TIPOBENIEHUST TIPOLEAYPh! TUCIIEPCHOHHOTO aHAIN3a
PE3YNIbTAaTOB  AKCHEPUMEHTa U CTAaTUCTUYECKON
ONITUMU3AIUH TTPUMEHSUIICS IPOTPAaMMHBIN MOJTYITb
ANOVA [20]. Tabnuiisl TUCIIEPCHOHHOTO aHa-
JIU3a WMCIIOJIb30BAJINCh JIsI 0000IIeHNs pe3yibTa-
TOB, IIPH 3TOM OTPENESUIUCh CTATUCTHYECKU
3HaYUMbIE pa3nuyus (p-3HAUYE€HUE NPUHUMAIIOCH
paBabiM  0,05) Mexay CpeaHHMH 3HAYEHUSMU
B HE3aBHCHUMBIX TPYIIaX PACUYETHBIX M IKCIEpPU-
MEHTaJIbHBIX JaHHBIX [21].

CraTucTHYECKH aHaNU3 NpeaycMaTpuBall
[IOCTPOEHNE MAaTEMATUYECKON MOJIENH C MOyve-
HUeM (YHKOMH OTKJIMKA B BHIE 3aBUCUMOCTEH
Y1 = f(Xl, Xz, Xs) u Y2 = f(X1, Xz, X3) C y4€TOM
MEX(PAKTOPHBIX B3aWMOJICHCTBUIA HA OCHOBE aIl-
MIPOKCHMAIIMH JTAHHBIX YUCJIEHHOTO 3KCIEpPHMEHTA.
g mpoBefieHHs  TPOIETyphl  PETPECCHOHHOTO
aHaJIM3a ¥ TIOJIYYeHHS MTOJIMHOMHUAIBHBIX MOJIEIeH
BTOPOTO  TMOpSAAKAa  HWCHOJB30BAJICA  paHee
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anpoOUpPOBAHHBIA CTATHCTHUYECKHM moaxox [22].
Jlasiee cTpomIMCh TOBEPXHOCTH OTKJIMKA B BUJIE TPEX-
MEPHOTO H300paKEeHWsI W KOHTYPOB Ha IUTOCKOCTH,
10 KOTOPOM JEJIaioch MPEATIoNoKeHne 0 Heo0Xo-
JUMOCTH y4eTa MeX(PaKTOPHBIX B3aHMOIEHCTBUH.

Mertos novcka onTuMyMa B BHJIC KOMOMHAIIAH
YUCJIOBBIX 3HAYEHHHA YPOBHEH KOJMYECTBEHHBIX
(hakTOPOB HAa OCHOBE IOIIATOBOM MPOLIEAYPHI JIBH-
XKEHHsI K TOUKE ONTHMyMa BKJIIOYaJl HaXOXKICHIHE
00J1aCTH ONTUMANTEHBIX 3HAYCHUH C MCIIOJIb30BAHHEM
GbyHKImu xenarensHocTH Xappuarrona (D) [23].

B aKkcnepuMeHTaIBHBIX  HMCCIICHOBAHUAX
B KaUeCTBe BapbHUPYEMBIX (DaKTOPOB H3yUaJHCh:
TEMIIEpaTypa TSILIOHOCUTEIS Ha BXOJIE B CYIIIIIb-
HBII Oapaban (X3, rpax. K); oObeMHBIH pacxon
ternonocutens (Xz, M%/c); NpOM3BOIUTENILHOCTD
T10 BIIAKHBIM ceMeHaM, (X3, kr/4). Ilomck omnrtu-
MaJIbHBIX MapaMeTPOB MPOU3BOAMIICS U3 YCIOBHS
MUHUMHA3AIN YACIIBbHBIX SHEPro3arpar I JOCTU-
JKEHUST BIQKHOCTH CEMSH Ha BBIXOJIE M3 CYIIIIKH
B npenenax 3HaueHui 8,0-8,5 %. Jlns BRIOpaHHBIX
(haKTOpOB TPOM3BOAMIACH MPOBEPKA OTCYTCTBHUS
koppensiuu. [Ipeaensr (akTopoB B HATYPATBHBIX
3HAYeHHSIX MpUBEIeHBI B Ta0Ommme 1.

Tabnuma 1.
[Ipenenp! M3MEHEHHUS BXOTHBIX (PAKTOPOB
IporLecca CylmKu
Table 1.
Limits of input factors changes
of the drying process

3HaueHns HaKTopoB
Y — KommposarHoe B TouKax miana | Values
TUIAHMPOBAHUS 3HauEeHUE X X X
Planning conditions|  Coded values L 2 8
T, K|V, veG, . xrA
OcHoBHolt ypoBeHb 0 324,0 | 0,315 | 1945
Main level ' '
HWnrepsan
BapbHPOBAHHS A 8,0 0,045 215
Variation interval
Bepwanii yposers +1 3320 | 036 | 2160
Upper level ' '
Hupxuuit yposens -1 3160 | 027 | 1730
Lower level
BepxHsist «3Be3HAs|
TOYKA +1,680 3374 0,39 2306
Upper “star" point
Hioxasis <(BE3THAS|
TOYKA -1,680 310,6 0,24 1584
Lower "star" point

KputepusiMu OLICHKH BJIMSIHUS BXOIHBIX (ax-
TOPOB Ha IPOLIECC CYILKH SBIISUINCE: Y, — BIAKHOCTh

BBICYLIIEHHOT'O NPOJTYKTa, %; Y, — y/e/IbHbIE SHEPro-
3arpatsl Ha 1 Kr roToBoi npoaykiwmy, (KBTxu/kr).

Pe3y.]'lLTaTI)I /| oﬁcymz]elme

Ha nepBoM 3tarie B KOHCTpYKIMH MWJIOTHOH Cy-
IIWIBHON YCTAaHOBKU PEAJIM30BaH IUIAH SKCTIEPHUMEHTA
CYIIKH ceMsH KuHoa u3 20 onbIToB (Tabauna 2).

Pe3ynbTaThl MPOBENEHHOTO AWCIIEPCHOHHOTO
aHaM3a MOMYYeHHBIX AKCIICPHUMEHTAIBHBIX JTaHHBIX
MpUBEIeHBI Tabnumax 3—4.
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Tabnuna 2.
Marpuiia miiaHupOBaHUA U PE3YIBTATHI IKCIIEPUMEHTOB
Table 2.
Planning matrix and experimental results
KOZ[I/IpOBaHHLIC 3HA4YCHUA HaTypaIH)HBIG 3HA4YCHUA BiaxxHocTh BBICYILICHHOT'O YZ[CJ'IBHLIC OHEPro3arparbl Y2,
No (bakTopoB (axTopoB npoxaykta Y1, % (xB1xu/xr)
- Coded factor values Natural factor values Moisture content of dried Specific energy consumption
X1 X2 X3 T, K | Ve, M%c | Gau, KI/4 product Y1, % Yz, (kWh/kg)
1 | -1,000 -1,000 -1,000 316 0,27 1730 10,13 0,2486
2 1,000 -1,000 -1,000 332 0,27 1730 10,32 0,2676
3 -1,000 1,000 -1,000 316 0,36 1730 7,835 0,3163
4 1,000 1,000 -1,000 332 0,36 1730 8,351 0,3553
5 | -1,000 -1,000 1,000 316 0,27 2160 13,8 0,3431
6 1,000 -1,000 1,000 332 0,27 2160 12,08 0,4021
7 -1,000 1,000 1,000 316 0,36 2160 9,783 0,3608
8 1,000 1,000 1,000 332 0,36 2160 8,404 0,4398
9 1,680 0,000 0,000 337,44 0,315 1945 9,574 0,4097
10 | -1,680 0,000 0,000 310,56 0,315 1945 10,58 0,3274
11 | 0,000 1,680 0,000 324 0,3906 1945 7,721 0,4075
12 | 0,000 -1,680 0,000 324 0,23%4 1945 12,74 0,3191
13 | 0,000 0,000 1,680 324 0,315 2306,2 11,49 0,3687
14 | 0,000 0,000 -1,680 324 0,315 1583,8 8,37 0,2183
15| 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
16 | 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
17 | 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
18 | 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
19 | 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
20 | 0,000 0,000 0,000 324 0,315 1945 9,947 0,3428
Ta6bnuma 3.
Ta6muna qucnepcronnoro ananuza ANOVA st kBaapatiuaHoit Mozaesu cymku (Y1)
Table 3.
ANOVA table for quadratic model of dried product moisture content (Y1)
Mizexe Cymma KBAJIPaToB KomuaecTro creneneit CpennexBapaTuyHOe F-suauenmie | p-3uaucime
Index OTKIOHCHHH cBoOozeI (df) OTKJIOHCHHE F value o value
Sum of squared deviations Degrees of freedom (df) Standard deviation
Mognesns | Model 46,96 9 5,22 1,645x10° <0,0001
X1 1,22 1 1,22 3,853x10° <0,0001
X2 30,47 1 30,47 9,607x108 <0,0001
X3 11,77 1 11,77 3,711x10° <0,0001
X1 X2 0,0556 1 0,0556 17536,49 <0,0001
X1 X3 1,81 1 181 5,707x10° <0,0001
X2 X3 1,47 1 147 4,635x10° <0,0001
Xi? 0,0306 1 0,0306 9645,23 <0,0001
X2? 0,1452 1 0,1452 45781,09 <0,0001
X3 0,0005 1 0,0005 159,85 <0,0001
Tabnuna 4.
Ta6nuna nucnepcronnoro ananuza ANOVA 1t KBaapaTuaHON MoJienH yaeabHbIX dHepro3aTpar (Y2)
Table 4.
ANOVA table for the quadratic model of specific energy consumption of finished product (Y2)
reke Cymma KBa/IpaToB KO?I/ILECTBO CpenHekBagpaTHIHOE Fosnaucnme | p-suauenme
Index OTKIIOHCHMA crernieHei ceo6ozs! (df) OTKIIOHCHHC F value p value
Sum of squared deviations Degrees of freedom (df) Standard deviation
Mogens | Model 0,0543 9 0,0060 8,371x10° <0,0001
X1 0,0082 1 0,0082 1,137x107 <0,0001
X2 0,0095 1 0,0095 1,314 Ex107 <0,0001
X3 0,0273 1 0,0273 3,795x107 <0,0001
X1 X2 0,0002 1 0,0002 2,777x10° <0,0001
X1X3 0,0008 1 0,0008 1,111x108 <0,0001
X2 X3 0,0013 1 0,0013 1,736x10° <0,0001
X1? 0,0012 1 0,0012 1,659x10° <0,0001
X2 0,0008 1 0,0008 1,051x10° <0,0001
X3’ 0,0044 1 0,0044 6,089x10° <0,0001
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Kak cnemyer u3 Tabmui 3—4 3HaYCHHS KPH-
tepus Oumepa (F-3HaueHns) A CTaTUCTHICCKIX
mozenel Y1 u Y2 paBHbI cooTBeTcTBeHHO 1.645%10°
1 8.371x10%, T. e. 0Oe MOJENM CTATHCTUYECKH 3HA-
YHMBI, TIPH PaCCUNTAHHBIX 3HAUYCHISX K03 duimeH-
TOB JJIs BELIOPAHHOTO KBaJPATUYHOTO ypPaBHEHUS
perpeccun. OrneHKa aJIeKBaTHOCTH MOJIEINEH,
MPOBEJICHHAS C UCIIONb30BaHUEeM Ko3(ddunmenTa
netepmuHaimu R?, mokasana, 4To 3HaYEHHE IIPOTHO-
supyemoro R?, paroro 1,00, xopomio cormacyercs
CO CKOPPEKTHPOBAHHBIM TaOJIMYHBIM 3HaUeHHEM R,

IToce craTrcTHdecKol 00pabOTKH 3KCIICpH-
MEHTAIIBHBIX JIAHHBIX OBLIM TONYYEHBbI YpaBHEHHS
perpeccuu, C y4eToM 3HaYMMOCTH KO3((HUIIUECHTOB,
OTHMCHIBAIOIIIUE TIPOIIECC TIPH BO3/ICHCTBUN BHIOPAHHBIX
JUTSL MCCIIeIOBAaHUSI ()aKTOPOB, B BHJIE BHIPAXKCHHI:

(a)

post@uestnik-vsuet.ru
Y,= 9,94 0,29X, — 1,49X, + 0,92.X, +
+0,08X,X, - 0,47X, X, — 0,42X,X,+ (1)
+0,04X,*+ 0,11X,> — 0,01X,°
Y,= 0,342+ 0,024 X, + 0,026 X, + 0,044 X, +
+ 0,004 X,X,+ 0,01 X, X, - 0,02 X,X,+ (2
+0,009 X,”+ 0,007 X,* — 0,017 X,°

Jns aHanuza W BU3yanu3allMd SKCTIEPUMEH-
TaJILHBIX JIAHHBIX UCIIOJIhb30BaHA METOIOJIOTHS T10-
BEPXHOCTH OTKJIMKA. [ 'paduueckas HHTepIpeTalus
ypaBuenuii (1) u (2), Ha OCHOBE KOTOPBIX OTIpesie-
Ir0TCsl 9PQPEKTH B3aMMOACHCTBUSA W BIUSHUS
BXOJIHBIX (DaKTOPOB X, i=(1,3) Ha BbIXOMHBIE Y, U Y, ,
MPUBEACHBI HA PUCYHKAX 2—7.

1,68 Y1 (%)

0.84 \@\

Xi (K)

(b)

Pucynok 2. CoBMecTHOE BIMSIHIE Ha BI2)KHOCTH BBICYIIEHHOTO NpoaykTa (Y1, %) TeMnepaTypbl TEITIOHOCHTEIS Ha BXOJIE
B 6apaban (X3, K) u pacxona tertonocurens (Xz, M%/c): a — MOBEpXHOCTh OTKIUKA; b — KpHBbIE paBHBIX 3HAYEHUI

Figure 2. Combined effect of the temperature of the coolant at the drum inlet (X3, K) and the coolant flow rate (X, m%s)
on the humidity of the dried product (Y1, %): a — response surface; b — curves of equal values

@)

L6s Y2 (kB1-9/kr)

0,84 —

0,84 |

-1,68

-1,68 -0,84 0 0,84 1,68

X1 (K)

(b)

Pucynox 3. CoBMmecTHOE BIMSHHME Ha yAeNbHBIE dHepro3arparshl Ha 1 kr rotoBod mpomykimu (Y2, KBrxu/kr)
TeMIepaTypsl TEIIOHOCHTENs Ha BXoje B 6apaban (Xi, K) u pacxoza temonocutens (Xz, M%/c): @ — IIOBEPXHOCTD

OTKIJINKA; b — KpHBbIe paBHBIX 3HAUCHUIT

Figure 3. Combined effect on specific energy consumption per 1 kg of finished product (Y, kWxh/kg) of the coolant
temperature at the drum inlet (X1, K) and the coolant flow rate (X, m3/s): a — response surface; b — curves of equal values
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Y (%)

1,68

-0,84 |

-1,68

-1,68 -0,84 0 0,84 1,68

Xi (K)

(@) (b)

Pucynox 4. CoBMecTHOE BIHMSIHUE Ha BIAXHOCTh BBICYIIEHHOTO NpoaykTa (Y1, %) TeMIepaTypsl TEIZIOHOCUTEIIST Ha
Bxoze B Oapaban (X1, K) 1 pacxoma BIa)xHOTO MaTepraia Ha BXOJIE B CYIIHIKY (X3, KI/9): & — TOBEPXHOCTh OTKIJINKA;
b — xpuBEIe paBHBIX 3HaUCHHIT

Figure 4. Combined effect of the temperature of the coolant at the drum inlet (X3, K) and the flow rate of wet material
at the dryer inlet (Xs, kg/h) on the humidity of the dried product (Y1, %): a — response surface; b — equal value curves

168 Y. (kB1-u/kr)

0,84 —

X, (xr/a)

0,84

-1,68
-1,68 -0,84 0 0,84 1,68

@ (b)

Pucynok 5. CoBMecTHOE BIMsSHHME Ha YAEJbHBbIE dHepro3arpatsl Ha 1 kr roroBoit npomykiuu (Y2, KBTX4/Kr)
TEeMIIepaTyphl TETUIOHOCHUTENS Ha BXoie B OapabaH (X1, K) 1 pacxoa Ba)XHOT0 MaTepraia Ha BXOJIE B CYyIIHIKY (X3, KI/49):
a — MOBEPXHOCTh OTKJINKA; Db — KpHBbIE paBHBIX 3HAUCHHUIT

Figure 5. Combined effect on specific energy consumption per 1 kg of finished product (Y2, kWxh/kg) of the coolant
temperature at the drum inlet (X3, K) and the flow rate of wet material at the dryer inlet (Xs, kg/h): a — response surface;
b — equal value curves

106



Poonuwes C.B. u dp. Becmuux BTYHIIL, 2025, IIT. 87, Ne. 2, C. 101-111

@)

post@uestnik-vsuet.ru

L6 Y1 (%)

0,84 —

X, (/)

0,84

1,68 \ \ \
-1,68 -0,84 0 0,84 1,68
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(b)

Pucynox 6. CoBMecTHOe BIIMSHHE Ha BIAXKHOCTh BhICylneHHoro mpoxaykra (Y1, %) pacxoma TemnoHocutens (Xz, M%/c) u
pacxo/ia BIaXKHOTO MaTeprasia Ha BXOJIE B CYIIHIKY (X3, KI/4): @ — OBEPXHOCTh OTKJIMKA; D — KpHBBIE paBHBIX 3HAUCHHIA
Figure 6. Combined effect of heat carrier flow rate (Xz, m%s) and wet material flow rate at the dryer inlet (X3, kg/h)
on the humidity of the dried product (Y1, %): a — response surface; b — equal value curves

(@)

168 Y (kBr-w/kr)

0,84 —

X, (xr/a)

-0,84 —

-1.68 \ \ \
168 0,84 0 0,84 1.68

Xa (M¥/c)

(b)

Pucynok 7. CoBMeCTHOE BIMSIHHAC Ha yIeIbHBIC YJHEPro3arparhl Ha 1 Kr rotoBoi npoaykiuu (Y2, KBTX4/Kr) pacxomna
Teronocutens (Xz, M%/c) 1 pacxoja BIaKHOTO MaTepHala Ha BXoJe B cyImuiky (Xs, KI/4): @ — HOBEPXHOCTb OTKIIHKA;

b — kpuBbIe paBHBIX 3HAUCHUIT

Figure 7. Combined effect on specific energy consumption per 1 kg of finished product (2, kWxh/kg) of heat carrier flow
rate (X2, m%s) and flow rate of wet material at the dryer inlet (X3, kg/h): a — response surface; b — equal value curves

Ha cremyroriem 3tare ucciieJoBaH|i POBO-
JIAJICS TIOMCK ONMTUMAJTBbHBIX PEKUMHBIX TTAPAMETPOB
nporiecca, HaxoxneHne ontuMyma M pereHus 3a-
JIaud ONITUMH3AIIMN PEATH30BAHO C MCIIONIb30BAHHEM
yacTHOH (yHKIMK *xenarensHoctr d [23], mpu atom
BBIXOJIHOM MapaMeTpY; HepeBOAMIICS B IapaMeTpH-

ueckuil Bua ynKimm 0, e{O...l}. Ecin  uenesas

GyHKIWMA Y, onpezenseT oNTUMyM (MaKCHMaJIbHOE
WJIM MUHAMAIILHOE 3HAYCHUE), WITH KE ONTUMAITh-
HOE 3HAYEHHE SIBJISIETCS 3aJlaHHBIM, HampuMep,
HKOHOMHYECKOH LENeCO00Pa3HOCTbIO, TO 3HAYCHHS
¢ynximn  d, =1. Bcnyyae, korga onmrMManbHOE
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3HAaYEHUE HE COOTBETCTBYET HHTEPBAIY 3aJaHHBIX
3HaveHni Y, ¢ {0...1}, To Gpynkums d, =0. [l Haxosxk-

JICHHS] MAKCUMAJTBHBIX 3HAUSHHH (DyHKIINH JKenaTeb-
HOCTH 0, MCIIOJNB30BAaHO BBIPAKECHHUE!

D=(d,d,...d,)"". 3)

3aaya ONTUMH3AIIH IPOIIECCa CYIIKH MPO-
BOJIMJIACH U3 YCIIOBHS JOCTHIKEHUSI MUHUMAJIbHOTO
3HAYCHHs YACNBHBIX SHEPro3aTpaT | 3HAYCHUI
BJIQKHOCTH T'OTOBOTI'O MPOJYKTA, KOTOPHIE JOJDKHBI
HaxXoauThes B auanaszone 8,0+-8,5 % (tabnuua 5).
[TomyuenHble pemieHUs] U3 NMEPBBIX 24 BapHaHTOB
3aJla4M ONITHMHU3AIUU CBEJICHBI B TAOIUILy 6.
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Tabnuna 5.
[ToctaHoBKa 3a1a4K ONITUMHU3AIINHT
Table 5.
Statement of the optimization problem
Daxrop Iens Hwxuuii npenen Bepxnuii npenen Bec HuxHUi Bec BepxHuii Baxzocts
Factor Targe Lower Limit Upper Limit Lower Weight Upper Weight Importance
X1 323 326 1 1 3
X2 B IHana30He 0,2394 0,3906 1 1 3
IXs in range 1583,8 2306,2 1 1 3
Y1 8,0 8,5 1 1 3
Y2 MHH | min 0,2183 0,4398 1 1 3
Tabnuma 6.
MaccuB BapHaHTOB PELICHU ONTUMHU3ALMOHHON 33241
Table 6.
An array of possible solutions to an optimization problem
PS%LILILEI;I&? X1, K X2, M%/c X3, Kr/4a Y1, % Y2, (kBTx4/Kkr) q)ySg;?:bﬁﬁgag;#;;gﬁTH
1 323,000 0,316 1583,800 8,294 0,218 0,952
2 323,000 0,316 1583,909 8,299 0,218 0,951
3 323,000 0,316 1583,800 8,283 0,219 0,951
4 323,000 0,317 1583,800 8,271 0,220 0,951
5 323,000 0,315 1584,848 8,308 0,218 0,951
20 325,199 0,314 1583,800 8,467 0,218 0,937
21 325,452 0,313 1583,800 8,489 0,218 0,935
22 325,769 0,313 1583,801 8,517 0,218 0,932
23 325,998 0,313 1583,802 8,537 0,218 0,930
24 325,985 0,312 1586,120 8,564 0,218 0,928
W3 nomy4yenHoro maccupa (Tabnmiia 6) 3Haue- cemenam 1583,8-1586,12 xr/4. OntuMm3anus

i QyHkimu D BIOpaHbI 3Ha4YEHMS, TIPU KOTOPBIX

D —1, s koTophIX paruoHaILHBIE HHTEPBAJIBI
3HAUCHMIA BXOIIHBIX (haKTOpOB paBHBL X1 = 323...325 K;
X,=  0,312...0316 Mv%c; Xs= 1583,800...
1586,120 kr/4.

3akiIouyenue

B pesynbTate SKCHEpUMEHTATBHBIX HUCCIISI0-
BaHUI TEXHOJIOTMYECKHX IPOIECCOB MOCTIeyOOpOU-
HOM CYIIIKM CEMSH KMHOA OTCYECTBESHHOM CEJICKIIMU
Ha MAJIOTHOM YCTaHOBKe OapabaHHOW CYIIWIKH
C KaHATLHBIMU HACA/IKAMU YCTAHOBJICHBI ONTHMAITh-
HbIE UHTEPBAJIbI 3HAYCHHI BXOIHBIX (DAKTOPOB: TEM-
neparypa TEIUIOHOCHTENsI Ha BXozie B OapabaH
323-325 rpan. K; pacxon termonocutens 0,312—
0,316 M%/c; MPOU3BOAUTENHHOCTh 10 BIAYKHBIM

npoliecca CyIIKH MPOBOJUIIACH U3 YCIOBHS MUHH-
MU3AIHMN YACIBHBIX SHEPro3arpar mpH JOCTHXKe-
HHMH BIA)KHOCTH ceMsIH KnHOa 110 8,0—8,5 % Ha BEbI-
XOJ/I€ U3 CYIIMJIKH.

[prMeHeHre yKa3aHHBIX PEXXHUMOB YIAJICHUS
BJIard U3 CEeMsIH KWHOA MPH MOCIeyOOpouHOH 00-
paboTKe ¢ ucnonbp30BaHueM OapabaHHOW CYIIITKH
C KaHaJbHOM HACaJKOW MO3BOJUT MHUHHUMHU3UPO-
BaTh HHEPro3aTparhl Ha MPOLECC CYLIKH, IPH 3TOM
MO3BOJIUT YJIYUYIIUTh KAa4eCTBO MPOIYKTa B IPO-
1ecce XpaHEeHUsl W MOCIeAyromeil nepepaboTKH.
[ony4yeHHbIE peKUMHBIE MApaMETPhl MEPBHYHBIX
MPOLIECCOB MEPEPabOTKH CEMSIH MOTYT OBITH HC-
MOJIb30BaHbl B Oy/AyIIEM Ui yCOBEPIIEHCTBOBA-
HUSl TEXHOJIOTUH ¥ JOCTHXKCHUS SKOHOMHYECKH
3¢ (heKTUBHOTO c1T0cO0a KOHBEKTUBHOM CYIIIKH.
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1 TamOoBCKMii rocy1apCTBEHHbII TeXHUYECKuit yHuBepcutet, CoBerckas, 106, Tam6os, 392000, Poccust

2 Bopouexckuii ¢puman Poccuiickoro skoHoMudeckoro yausepentera uvenn I'.B. Tnexanosa, Kapina Mapkca, 67A, Boponex, 394030, Poccust
AnnoTtanmms. Dnekrpoauanu3 (D]1) npencrapiseT co00i NepCHEeKTUBHBI METO/] OYMCTKU CTOYHBIX BOJI FaJIbBAHUYECKUX MIPOU3BOCTB OT HOHOB
TSDKENBIX ~ MeTauioB, B uactHocti Hukenas (Ni2Y). B mamHON paboTe WCCenoOBaHA KHHETHKA MPONECCa  DJICKTPOIMANH3a
C HCIOJIB30BAaHHEM aHHOHO- W KaTHOHOOOMeHHBIX MeMmOpan (MA-41IT u MK-40J1) mmst ymanenns Ni** W3 pacTBOpOB C HadaubHBIMH
koHueHTpausimu ot 40 10 160 mr/n. YcraHoBieHO, uTo 3G PEeKTHBHOCTH OYUCTKH ocTuraet 99,3%, 4To moATBEepIKAaeT BHICOKYIO CEIEKTUBHOCTD
merona. KimtoueBsiM pakTopoM, BIMSIOIIMM Ha CKOPOCTh U 3 (EKTHBHOCTD MpoLiecca, ABISETCs IIOTHOCTh ToKa. OnrumanbsHoe 3HaueHue 20
A/M? obecrieunBaeT OalaHC MEXKTy BBICOKOM CTENCHBIO OYHUCTKU M SHEPro3arpartaMu. Y BEIHYCHHE IUIOTHOCTH TOKA CBBILIE 3TOTO 3HAYCHUS HE
NPUBOAUT K 3HAUMTEIBLHOMY POCTy 3((EKTHBHOCTH, HO CYIIECTBEHHO IMOBBILIAET PAcX0/ dJIEKTpodHepruu. Kpome Toro, nokasaHo, uTo npu
BBICOKOY HauaJIbHO# KoHIeHTparmu Hukesst (160 Mr/in) mporecc 3aMeiseTcs U3-3a HACHIILICHUsS] MeMOpaH 1 BO3MOKHOTO 00pa30BaHUsI OCA/IKOB.
BakHBIM acreKTOM HCCIIEIOBAaHMS CTANI aHAIN3 AJIEKTPO () (PY3MOHHON IPOHHUIIAEMOCTH MeMOpaH. Y CTAHOBJICHO, YTO C POCTOM IIOTHOCTH TOKA
K09 HULMEHT MPOHUIIAEMOCTH CHIDKaeTcst Ha 55%, 4TO CBSA3aHO C YBEIMYEHUEM IPaMEeHTa KOHLEHTPALMU U M3MEHEHUEM CBOMCTB MEMOpaHEbI
MO/ BO3ACHCTBHEM OJIEKTPUYECKOro Iojsi. Ha OCHOBE OSKCIEPUMEHTANBHBIX [AaHHBIX HPEJIOKEHA TEXHONOTUYECKash CXeMa OYMCTKH
MPOMBIIIICHHBIX CTOKOB, BKJIIOUYAIOINIAsl ATAllbl HEUTPAIM3alliH1, JIEKTPOANAIN3a U YTHIN3aMU KOHIeHTpara. OUHIIeHHas BOJa MOXKET ObITh
BO3BpAllleHA B MPOM3BOACTBEHHBIN LMKII, 8 HUKEIbCOACPIKAIMIT KOHLIEHTPAT — IepepadoTaH Juisi MOBTOPHOTO HMCIOJb30BaHUs. Pe3ynbTaTs
paboThl AEMOHCTPUPYIOT BBICOKYIO 3(()EKTUBHOCTD HIEKTPOIHAIHN3A ULl OYUCTKU CTOYHBIX BOJ OT HUKENS U MOTYT OBITh MCIIOJIb30BAHBI JUIS
ONTUMH3ALIMH POMBIIUICHHBIX POLIECCOB C YYSTOM SIKOHOMHUUYECKHX M IKOJIOTHYECKHX TPEOOBAHHIA.

KroueBble cj10Ba: 3MIEKTPOIMAIH3, MEKTPO ] dy3Hs, HUKENb, TEXHOJIOTHUYECKas! CXeMa, HOHOOOMEHHasi MeMOpaHa, KUHETHYECKHE XapaKTepPUCTHKH.
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Abstract. Electrodialysis (ED) is a promising method for purifying wastewater from galvanic industries from heavy metal ions, in particular
nickel (Ni?"). In this paper, we study the kinetics of the electrodialysis process using anion- and cation-exchange membranes (MA-41P and
MK-40L) to remove Ni?" from solutions with initial concentrations from 40 to 160 mg/l. It was found that the purification efficiency reaches
99.3%, which confirms the high selectivity of the method. The key factor affecting the speed and efficiency of the process is the current density.
The optimal value of 20 A/m? ensures a balance between a high degree of purification and energy consumption. Increasing the current density
above this value does not lead to a significant increase in efficiency, but significantly increases energy consumption. In addition, it is shown
that at a high initial concentration of nickel (160 mg/l), the process slows down due to membrane saturation and possible sedimentation. An
important aspect of the study was the analysis of the electrodiffusion permeability of membranes. It was found that with increasing current
density, the permeability coefficient decreases by 55%, which is due to an increase in the concentration gradient and a change in the membrane
properties under the influence of an electric field. Based on the experimental data, a process flow chart for cleaning industrial wastewater was
proposed, including the stages of neutralization, electrodialysis, and concentrate utilization. Purified water can be returned to the production
cycle, and nickel-containing concentrate can be recycled. The results of the work demonstrate the high efficiency of electrodialysis for cleaning
wastewater from nickel and can be used to optimize industrial processes taking into account economic and environmental requirements..
Keywords: electrodialysis, electrodiffusion, nickel, process flow chart, ion exchange membrane, kinetic characteristics.
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BBeaenune

B coBpemenHOM Mupe TipobiemMa 3arps3HeHUS
OKpYKaIoIllel Cpeflbl CTAaHOBUTCS BCE OOJiee aKTy-
anpHON. OMHON U3 KITFOYEBBIX YTPO3 IS SKOCHCTEM
SIBJISIFOTCSL TSXKEJIbIe METAJUIbI, KOTOPBIE MOMAJal0T
B BOJIy U [I0YBY Y€pe3 MPOMBIILICHHBIE BHIOPOCHI,
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CEJIbCKOXO3SCTBEHHBIE CTOYHBIC BOJABI U APYyrUe
HWCTOYHUKHU aHTPOIIOTEHHOI0 BO3/eiicTBus. B cBs3u
C 9TUM Ba)XHO TIOCTOSIHHO MPOBOJIUTE Pa3paboOTKy
v BHeipeHre 3((EKTUBHBIX TEXHOJOTHH  JUIs
OYHCTKH CTOYHBIX BOJI OT MOHOB TSKEJIBIX METAJIIIOB.
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Cpemu TakMx TEXHOJOTHH 0CO00E MECTO 3aHU-
MaloT MeMOpaHHbIE METOIbI pa3AeiCHuUs, KOTOphIE
Oyraromapst CBOeit BBICOKOH 3((EKTHBHOCTH, TIPO-
CTOTE€ O3KCIUIyaTallud W KOMIIAKTHBIM pa3Mepam
CTaHOBSTCS Bce Oosiee BocTpeOoBaHHbIMH [1, 2].
Kuum oTtHOCAT ynbTpadunbrpanuio, HaHOPHUIIb-
TpaLuIo, 00paTHBINA 0CcMOC, daeKTpoauann3 (D)) u
Jpyrue MEHee paclpocTpaHeHHbIe MeTob! [3, 4].
3 /1 “CTIONB3YET AIIEKTPUIECKOe MoJie ISl IepeMe-
IIEHUST WOHOB Yepe3 MOHOOOMEHHBIE MEMOpaHBI,
YTO TO3BOJISIET U30MPATENBHO yIAIATh HEOOXOIH-
MBbI€ KOMIIOHEHTHI U3 KUIAKOCTEHN. JlaHHBIA METON
oOnagaeT CyImECTBEHHBIMH IMPEHMYIECTBAMHU
U IPEBOCXOAUT  aJbTEPHATHBHBIE TEXHOJOTHU
MeMOpaHHOW (UIBTpaIHH:

Bbicokast CeneKTMBHOCTbH, IO3BOJIAIOIIAS
M30MpaTeNIbHO YAAISITh HOHBI TSDKEJIBIX METAJUIOB H
Jpyrux 3arpsisHutencid. JlanHoe kadecTBo aenaeT D/
0co0eHHO A(p(HeKTHBHBIM TSl OYHUCTKH CTOYHBIX BOJ,
coJiepKallliX Crieln(UUecKre 3arpsI3HATENH.

Mumanmmsaryst 06pasoBanus nama. B 9/1-mpo-
Lecce AEKTPOJUAIN3a HE MIPOUCXOIUT HAKOIUICHHS
TBEPIbIX YACTUL] Ha MEMOpaHaX, 4TO CHIDKAET PUCK
3aCOPEHHS U YIIPOIIACT OOCITY)KUBAHHE CHCTEMBI.

D¢ PeKTHBHOCTH IPH HU3KUX KOHIICHTPAIIMSIX
nenaer OJ1 moaxomsmuwM st 00pabOTKH CTOYHBIX
BOJI C MaJIBIM COJICP)KaHUEM 3arpsi3HUTEICH.

JaHHas TEXHOJOTHS HAXOIUT IIMPOKOE
MPUMEHEHHUE B TAKUX O0NACTSIX, KaK OYMCTKA CTOUHBIX
BOJI, OIIPECHEHUE BObI, MUINEBAs M XUMUYECKas
MPOMBIIIICHHOCTh, OYMCTKA CTOYHBIX BOJ Ia/IbBAHO-
npon3BozICcTB. B ounctke crounbix Bon D/1 addekTnBHO
yIansieT TshKeble MEeTaJUlbl, COJM M OPTaHUYECKHe
3arpsI3HUTENH, YTO JIENaeT €ro MPHUBJICKATEIbHBIM
U1l NCTIONIb30BAHUSL  HA MPOMBILUICHHBIX —IpEel-
npusaTHAx. B mumesoit otpacin 31 npumensercs
IUIsl YCTPAHEHUS! M3JMIIKOB COJIEH W MOBBILICHHUS
KadecTBa NPOoAyKUuU. B xumMudeckoil MHIyCTpUu
3TOT METOJI UCTIONIB3YIOT JJIsl BBIIEIEHUS] YUCTHIX
XUMHYECKUX BemecTs. [5—7].

B rampBanmueckoil mpombinuieHHOCTH /]
4acTO MCHOJB3YIOT ISl U3BJICUEHUS] LICHHBIX Be-
IIECTB M3 CHJILHO KOHIIEHTPUPOBAHHBIX CTOKOB,
KOTOpbIE 00pa3yloTCs IPY XUMHUUECKON U JIEKTPO-
XHUMUYECKO 00pa0OTKe CTalli U IIBETHBIX METaJ-
s0B [8, 9]. OnHuM K3 HanboJIee YacTo MPUMEHSIO-
LIMXCSI METAIJIOB sBJIsieTCS HHUKeNIb. OH HaXxOAWUT
IIMPOKOE MPUMEHEHHE B TAIbBAHUYECKOM TPOM3-
BOJICTBE OJyiarojiapsi CBOeH MCKIIOUUTENBEHON KOp-
po3uoHHOM croiikoctu. IIporiecc HUKenTUpOBaHUSA
0OBIYHO MMPUBOIUT K 00Pa30BAHUIO 3HAUUTEIHHBIX
00BEMOB CTOUHBIX BOJI, YACTO COJEPIKAIMX KOHIICH-
Tpamuu KatroHoB NiZ* ot 20 mo 200 mr/x [10, 11].
3T CTOYHBIE BOJIBI Yallle BCErO OUYMILAIOT C TIOMOILBIO
XMUMUYECKOT0 OCaKAEHUS, YTO MPUBOIUT K 0Opa-
30BaHMI0 3HAYUTEIHHOTO KOJIMYECTBA IIIaMa
C MaccoBO#f JoJielt HUKels B HeM okojio 31,6% [12].
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B uccnenoBanmsx [13, 14] aBTOpbI C MOMOIIBIO
OJl-pa3zmeneHus CMOTJIM  JOCTUYb  yIAJICHUS
o 95% Hukenst U3 CTOYHBIX BOJ|, 00Pa30BaHHBIX
mocje Iporiecca HHUKeIupoBaHus. B pabore [15]
C MMOMOIIBIO JBYXKAaMEPHOTO armapara JUis 3JIeK-
TPOOCAXKIICHUS M DIICKTPOAUAIN3A OJHOBPEMEHHO
BOCCTAHABIIMBAJIN HUKEITb, COIEPIKAIINIICS B OTpa-
OOTaHHBIX BaHHAX XUMHYECKOTO HUKCITHPOBAHHS,
1 0e3 BTOPHYHOTO 3arps3HEHNUS YIAISUIA COSTNHCHHS
¢dochopa. PesynpTaThl mOKazaiu, 9YT0 KOJIAIECTBO
BOCCTAHOBJIIEHHOI'O HHKeNsS cocTaBuio 82,34%.
ABTOpEI B pabote [16] moOumch CHIDKEHHS KOH-
LEHTpaIuu Ni%* B anonute u katonmute g0 0,015
n 0,085 MI/1 COOTBETCTBEHHO IIPU H3HAYAILHO
HU3KOHM HaYaJIbHOW KOHIICHTPAITUH, paBHOU 1 MT/1I,
3a CUET COYETaHMS IIEKTPOANAIN3A H DIIEKTPOOCa-
xaeHus. B pabore [17] wuccnemoBaics mporecc
U3BJICUCHHST HUKEISI M3 TBEPIBIX ILIAMOB C HC-
nonb3oBanueM 0,1 M ceproil kucnotsl. IIponecc
BKIIFOYan B cebs 00paboTKy muiamMa KHCIOTOM,
AIIEKTPOANUAIN3ZHOE KOHIICHTPUPOBAHUE U DJICK-
TPOBOCCTAaHOBIICHUE JUIA W3BJICYCHUS HUKEIS
U3 MOJYYEHHOTO PacTBOpa Ha 3JeKTpoje. Beixon
HUKEJIS [10 TOKY Ha Karoje gocturai 96%. Pe3ynnb-
Tatel psga SkcnepuMeHToB [18] mokaskIBaioOT,
4YTO MaKCHMajbHasi CTCIICHb W3BIICUCHHS HOHOB
HUKEJS JOCTHTaeTcsl TpH HamnpsokeHnn 12 B,
a ONTUMaJIbHAsl CKOPOCTh IMOJAYM pacTBoOpa st
naboparopHoro ammaparta cocrtasiser 0,13 m/c.
Taroke OBUIO TPOBEIEHO KOHLEHTPUPOBAHHE pac-
TBOpA, MOJTYYEHHOTO 00ECCOIMBAHUEM TPOMBIBHOM
BOJIbI, C IIEJIbI0 €0 MOBTOPHOTO HCIIOJIb30BaHUS
B TEXHOJIOTHYECKOM IIMKJIe. B pesysnbrare ObLI
MOJYYeH pacTBOP ¢ KOHIeHTparuei 34,1 r/m.

Ha ocHOBe TpOBEACHHOTO JHUTEPATYPHOTO
aHanm3a pabot [1-18], oreHeHa Ba&KHOCTH TPOOIIEMBI
OYHMCTKH 00pa3yIONHXCs B MPOIIECCE HUKEITUPOBAHUS
CTOYHBIX BOJ ¥ C(hOPMYJIMPOBaHA 1I€JIb PA0OTHI.

Heab padoTbl — nccnenoBanve d3QQeKTHBHO-
CTH JIEKTPOMEMOPaHHONH OYMCTKH MPOMBIILICHHBIX
PacTBOPOB TaJbBAaHUYECKUX IIPOU3BOJICTB OT HOHOB
HHKEJsI M TEXHOJIOTHYECKOe O(OpMIICHHE TIpoIecca.
Jnst oCTIKEHHs OCTaBICHHOM 1eTTH ObUT peleH
psn 3amad, BKIIOYAs MCCIIEOBAHUE KUHETHKU
3 /1-paznenenus u kodpduimenta anekrpoand dhy-
3MOHHOM MPOHUIIAEMOCTH.

MaTepl/laJ'll)I U METOAbI

Jns mpoBeneHrst SKCIEPUMEHTOB U UCCIEI0-
BaHMS KHWHETHKH OJ[-pazneneHusi HCHOIB30BaIach
creluaIbHas YCTaHOBKA (PHCYHOK 1), BKITFOUArOIIas
OJl-sueiiky, a Takke TpU HE3aBUCHUMbIEC JIMHUU
MUPKYJSIITAN  PaCTBOPOB, IMOAKIIOYCHHBIC K HEH.
Kaxnas w3 3TMX JWMHUNA [peaHa3sHayeHa JyIst
MUPKYJISIUN  00€CCONEHHOT0, KOHIEHTPUPOBAH-
HOTO ¥ MPHUAJIEKTPOAHOTO (CMEIIaHHBIX aHOJIUTA U
KaTOJINTa) PaCTBOPOB.
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Pre-electrode
solution

Desalinated Concentrate

solution

Pucynok 1. DkcriepuMeHTaIbHas ANEKTPOANAIM3HAS YCTAHOBKA:
1 — emkocTH 17151 00€CCONEHHOr0, KOHIIEHTPUPOBAHHOTO U
MIPURJIEKTPOIHOTO PACTBOPOB; 2 — THEBMATUIECKHI HACOC;
3 — MacJIHBIH KOMIIpEecCcop; 4 — KOHTPOJIbHBIN KiIanaH; 5 —
pacxonomep; 6 — MaHOMeTp; 7 — ANEKTpOAMAI3HAS sTYelKa;
8 — nabopaTopHbBIil UCTOUHHMK MUTaHUS; 9 — BBITYCKHOMN
KpaH 11 coopa; 10 — BeITyCKHO# KpaH sl CIIMBa

Figure 1. Experimental electrodialysis setup: 1 — tanks for
demineralized, concentrated and near-electrode solutions;
2 — pneumatic pump; 3 — oil compressor; 4 — control valve;
5 — flow meter; 6 — pressure gauge; 7 — electrodialysis cell;
8 — laboratory power source; 9 — collection outlet valve;
10 — drainage outlet valve

B srnexTponnanu3Hoi saelike, o0mIas cxema
KOTOpOH MOKa3aHa Ha PHCYHKE 2, 0[] BO3IEHCTBHEM
3NEKTPUYUECKOTO TIOJISI MOHBI MEpEeMENIaloTC Yepes
HOHOOOMEHHBIE MEMOPaHbI, YCTAHOBIICHHBIC B Ye-
penymoomeMcs TOpAIKe U 00pasyrole Kamepsl
paznenenus. lllupmHa MexxmeOpaHHOrO KaHajia
coctraBisiia 0,001 M, a akTUBHas IUIOLIAJbh MEM-
opan — 0,0306 m?.

Catholite Desalinated Concentrate Analyte
solution
Catholyte drain  Concentrate Initial solution Desalting Analyte
drain solution  drain
drain

PucyHnok 2. Cxema 3JeKTpOIUaIM3HOTO arnapara
Figure 2. Scheme of electrodialysis apparatus
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UccnenoBanne koddduimienTa 3meKTpo-
I Py3nOHHON TPOHUIIAEMOCTH OBLIO MTPOBEICHO
Ha YCTaHOBKE, TMPEACTABICHHON Ha pHCYHKe 3.
YcraHOBKA COCTOSIA U3 PA3ACIUTEIbHON SYEHKH,
7mabopaTOPHOTO UCTOYHHKA IMHUTAHUS U JIBYX Mar-
HUTHBIX MemanoK. KOHCTpyKLUs pa3ieauTebHON
SYCHKY BKITIOYAsIa JIBE KBAApaTHbIC KaMepbl U3 Opr-
CTEeKJIa, MPIDKATBIX APYT K APYTy. MexIy KkamepaMu
pasMelnanachk uccieayemas MeMoOpana, 3adukcupo-
BaHHas [UIACTUKOBBIMH pelleTKaMu. BHyTpH Kaxxmoi
KaMmepbl HaXOAMIICS MOHOTIOMSIPHBIN 3JIEKTPOI, K KOTO-
POMy TOABOJMIICS MOCTOSIHHBIA TOK OT UCTOYHHKA
nuTaHys. Pabounii pacTBOp TIOMEIIAN B 00€ KaMepEl,
T7ie TSl IepeMEIMBAHUS HCTIONB30BAMCH MATHUTHBIE
MEUIATKH C SIKOpsIMU. | epMeTHYHOCTh KOHCTPYKIIMH
obecrieunBanach CHIMKOHOBBIM T€PMETHKOM

Pucynok 3. DkcriepuMeHTalIbHAs 3EKTPoIudy3noHHAs
ycTaHoBka: 1— TmpKUMHAs IUIMTa;, 2 — 3aXAMHAs
pemieTka; 3 — MemOpaHna; 4 — 3JeKTpox; 5 — MarHuTHas
Melaika; 6 — 1abopaTOpHbIH HCTOUHUK IIUTAHUS

Figure 3. Experimental electrodiffusion setup: 1 — pressure
plate; 2 — clamping grid; 3 — membrane; 4 — electrode;
5 — magnetic stirrer; 6 — laboratory power source

JInst uccnenoBaHrii MCTONTE30BAICH AHUOHO-
1 KaTHOHOOOMeHHBIe MeMOpansl MA-4111 u MK-40J1.
XapakTepucTrKy MeMOpaH HpeJICTaBRICHbI B Ta0mmile 1.
MoiernbHbIe BOHBIE PACTBOPBI COACPKATHA HUTPAT
aukenst  (Ni(NOs)'6H:0) ¢ pa3nmuuHbIMU  Havyaib-
HBIMH KOHIIEHTPAIMSAMHU, IMHTHPYIOIIINMHI PeaTbHbIe
MPOMBIIILICHHBIE CTOKH. boree moapoOHO KOMITOHEHT-
HBIN COCTaB PACTBOPOB MPEJICTABIICH B TAOIHUIIE 2.

TaOmnuma 1.
XapakTepucTUKN aHUOHO- M KATHOHOOOMEHHBIX
MeMOpaH
Table 1.
Characteristics of anion and cation exchange
membranes
Xapaxtepuctuka Mapka | Mark
Characteristics MEK-40J1 MA-4111
Tommumna, mm | Thickness, mm 0,3-0,5 0,3-0,5
Honnas rpymnma | lon group (SOs H) N(CHs)
Honnas hopma — IPOTHBOHOH Na* cr
lonic form - counter ion
I/IHepTHOG CBSISyIOI_LIee TIOJIMDTUIICH TIOJINDTUIICH
Inert binder polyethylene polyethylene
Apmupyronas TKaHb nonm3GUpHas | TONHaMHIHAS
Reinforcing fabric polyester polyamide
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Tabauna 2.
XapaKTepI/ICTI/IKI/I HUCXOOHBIX MOJACIIBHBIX paCTBOPOB
Table 2.

Characteristics of the initial model solutions

Hcxonnas koHneHTparms Co, Mr/i
ggfsﬁgg Initial Co concentlsation, mg/L
Niz* NOs-
H1 40,0 84,5
H2 80,0 169,0
H3 120,0 253,5
H4 160,0 338,0

[lepen HawgamoM cepuy SKCTIEPUMEHTATBHBIX
HCCTIeIOBaHNI OBLI TPOBEICH TINATEIGHBINA aHAN3
JTUTEPATYpPHBIX JAHHBIX, B PE3yJbTaT€ KOTOPOTO
OBITH BRIOpAHBI ONITHMAIBHBIC 3HAUEHUS pabounx
MapaMeTpoB JKCHEpUMEHTOB. [ImoTHOCTE TOKa
BapbupoBasack B auanasone ot 10 A/m? mo 40 A/m2.
Cpennuit pacxoi pa3aessieMoro pacTBopa B KaKIOM
cekuu ObL1 paBeH 300 yi/4, a UCXOAHBIN 00BeM
pacTBopoB — 5 J1. Kaxk/iplii OTIENBHBIN SKCIIEPUMEHT

@)

(©
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MPOBOAMJICS B TedeHHe 60 MUHYT ¢ 0053aTEIbHBIM
0TOOpPOM 00pa3IIOB PACTBOPOB KaXKAbIC 15 MUHYT.

Pe3yabTaThl H 00Cy:KIeHHE

OpHUM U3 BaXKHBIX 3TAllOB HCCIIEIOBAHUS
ObUT0 HAOMIOAECHUE 3a BIMSHUEM HCXOIHOU KOH-
LEHTPALUU HUKENS U MJIOTHOCTH 3JIEKTPUUECKOI0
TOKa Ha MPOLIECC OYUCTKH. DTa YacTh MCCIIECAOBAHUS
MO3BOJIMJIA HaM IIy0O)Ke MOHSTh, KaK MOBBIICHHUE
KOHIIGHTPAlMM HHKEJS B PacTBOPE W M3MCHEHHE
TJIOTHOCTH TOKA BO3IEHCTBYIOT Ha 3(D(EKTHBHOCTH
JTAHHOTO TTpoIiecca.

Ha pucynke 4 mpexncrtaBieHbl pe3yabTaThl
CepHUU IKCIIEPUMEHTAIBHBIX HCCIEAOBAaHUH, IO-
JYYCHHBIX TPU VIEKTPOIUAIN3HOM pa3AEICHUN
MozenbHbIX pactBopoB H1, H2, H3 u H4. Ilomy-
YeHbl KUHETUYECKHE 3aBHCHMOCTH KOHIICHTpa-
uuu C nonos Ni%*, HoOpMUPOBaHHOI K MCXOAHOM
BenmunHe Co, B mpomecce OJl-pasznmeneHus mnpu
wiotHocTH Toka 10, 20, 30 u 40 A/Mm2.

(b)

(d)

Pucynoxk 4. Kunetnueckue 3aBUCHMOCTH KOHIICHTpauu C MOHOB Ni2+, HOPMHUPOBAHHOMW K ucxoaHoi BenmuunHe Co,
ot Bpemenu: (a) — 10 A/m?; (b) — 20; (c) — 30 A/m?%; (d) — 40 A/m?
Figure 4. Kinetic dependences of the concentration C of Ni?+ ions, normalized to the initial value Co, on time:

(a) — 10 A/m?; (b) — 20; (c) — 30 A/m?; (d) — 40 A/m?
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OKCHEPUMEHTBl  TI0 3JICKTPOAHATH3HOMY
pa3leNICHUIO0 MOJICBHBIX BOJHBIX PAacTBOPOB, CO-
nepxanmx Ni(NOs)2'6H20, mokasain BBICOKYIO
s dexTuBHOCTE MeToma. CTereHb OYMUCTKH pac-
TBOPOB B psAJic CilydaeB OT KaTHOHOB Ni*" cocra-
Bua 98,5-99,3%, 4To neMOHCTPUPYET MOTSHITUAI
ANEKTPOIHAIIN3A TS IPUMEHEHHS B POMBILIICHHBIX
YCIOBHSIX. BBIIO ycTaHOBIIEHO, YTO TIPH YBEIIMUICHIN
HAYaJbHOW KOHUEHTPAMK HHUKENS B PacTBOpE
IPOIIECC OYMCTKM 3ameiuica. Tak, B Imporecce
pasnenenus pacteopoB H1, H2 u H3 B GonbiimH-
CTBE HKCIIEPUMEHTOB IPH BCEX IUIOTHOCTIX TOKA
KMHETHYECKHE 3aBHCHUMOCTH OT BPEeMEHH HMeNn
CXO0Xyl0 (GopMy U IEMOHCTPHPOBAIN OBICTpOE
CHIDKCHHE KOHIIEHTpAIlM MOHOB HUKeJsl. OHAaKO
npu paslenieHun pactBopoB H4 ¢ yBennyeHHOM
UCXOJHOM KoHueHTpanueil nonos Ni%+ mpomecc
OYHCTKH MPOXO/IHIT 3HAUMTENTbHO MeieHHee [19-22].
DTO MOXKET OBITH CBSI3aHO OTIPEICIICHHBIME (PAKTO-
pamMu, KOTOpbIE BIUSIOT HA 3()(HEKTUBHOCTH TEXHO-
norun. HampuMep, BBICOKasi KOHIIGHTPAIWs HOHOB
HHKEJsI B PACTBOPE MOYKET MPHUBECTH K MepeHachIIIIe-
HUIO U 3aMeyIeHuto TuQdy3rr HOHOB K MEMOpaHaM.
Taxxke Ha MeMOpaHax MOTYT OOpa30BHIBATHCS
0CaJIKH, YTO MMPUBOJIMT K UX 3arpsA3HEHUIO, 3aTPY/I-
HACT ABWXKECHHUE MOHOB UM B KOHCYHOM HTOI'C MOXKET
moTpedoBaTh Oollee YacTON 3aMEHBI WIIH OYHCTKH
MeM6paH. Ot JAaHHBIC MOAYCPKHUBAIOT BAXKHOCTH
ONTHMH3ALUH TTapaMeTpoB Iporecca i odectie-
YCHUS MaKCHUMalIbHOW 3((EKTUBHOCTH OYUCTKU
IIPY BBICOKMX KOHIICHTPAIMAX HUKEIIS.

HccnenoBana 3¢ ¢peKTUBHOCTh pa3leICHUS
MeTooM D/] B TeueHHe OHOTO Yaca Mpyu pa3ind-
HBIX IUIOTHOCTSAX ToKa — oT 10 A/mM? mo 40 A/m.
Ha pucynke 4 npezicTaBlieHbl 3aBUCUMOCTH KOHIICH-
tpaimu C nonos Ni*+, HOpPMUPOBAHHON K MCXOIHOM
BesmumHe CO, OT IMJIOTHOCTH TOKA.

Pucynok 5. 3aBucumocTu xoHneHTparmu C HOHOB Ni*,
HOPMHPOBAHHOM K McxoaHOM BenmmauHe Co, OT IDIOTHOCTH
TOKa Tmocyie yacoBoro DJ]-mporecca

Figure 5. Dependences of the concentration of Ni?* ions

C, normalized to the initial value Co, on the current
density after an hour-long ED process
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C yBeIM4eHUEM IUIOTHOCTH TOKa HOPMUPOBAH-
HbIe KOHIICHTPAIIMH YMEHBINAIOTCS, YTO YKa3bIBACT
Ha 3((eKTUBHOE yAaleHHWE WOHOB W3 PacTBOPA.
UeM BBIIIIE TUIOTHOCTh TOKA, TEM OBICTPEE IPOUCXO-
JIUT 3TOT TPOIIECC. DTO CBSI3aHO C TEM, 4YTO OoJiee
BBICOKAasl TUIOTHOCTh TOKa MPUBOAMUT K YCUJICHHIO
ANIEKTPOIIUTHYSCKUX TPOILIECCOB, YTO, B CBOKD Ove-
penp, mo3BosseT Oonee 3(h(HEeKTUBHO M3BICKATH 3a-
TPSA3HSIONIME BeIecTBA. bojiee BRICOKME HAaYalIbHEIC
KOHIIGHTPAIMK B OOJBITUHCTBE OKCIEPHUMEHTOB
MPUBOJAT K MEHBIIEMY OTHOCHTEIEHOMY CHIDKE-
HUIO KOHIICHTPAIIMU TIPU TOM K€ TIOTHOCTH TOKA.
DTO MOXET OOBSACHATHCS HACBHIIIEHHEM HOHOO-
MEHHBIX MeMOpaH 0O OTrpaHMYCHHOCTBHIO BO3-
MOYKHOCTEH IMepeHoca MOHOB TPU MOBBIIIEHHBIX
KoHIleHTparusx. Kak BUJIHO Ha pucyHKe 4, Toce
JIOCTEDKEHUSI TUIOTHOCTH ToKa B 20 A/M? nanbHeHImiz
npupocT 3(QPEKTUBHOCTH OYHCTKUA OKa3bIBACTCS
HECYHMICCTBCHHBIM I10 CPABHCHUIO C YBCINYCHUCM
SHEpro3arpar Ha MPOIECC MPH OOJbIICH MIIOTHOCTH
ToKa. C MOCIEAYIONIMM YBEIUYCHUEM ILJIOTHOCTH
TOKa 3aTpaThl Ha 3JICKTPOIHEPTUIO PACTYT IIPOIIOP-
IIUOHAJILHO, OJHAKO TPU 3TOM MPHUPOCT OYUCTKH
OCTaéTCsI MUHUMAJIBLHBIM U CTAHOBUTCS 3KOHOMHU-
YEeCKM HEBBITOJHBIM. Ha OCHOBaHUM yIOMSIHYTBIX
HAOJTFOICHUI MOKHO CJIENIATh BHIBOJI, YTO ONTUMAITh-
HBIM 3HAYCHUEM IUIOTHOCTH TOKa JJIsl pacCMaTpHBa-
emoii cuctemsl sipisiercst mmeHHo 20 A/m?. Takas
IUIOTHOCTh TOKa oOOecredynBaeT OamaHC MEXIy
BBICOKOH 3((EeKTHUBHOCTBIO YIAICHUS IEIEBBIX
BCIICCTB M NMPUEMIICMBIMH 3aTPATaAMH  Ha BIICKTPO-
SHEPIHIO, YTO JIeNIaeT ero HanboJIee 1eIeco00pas3HbIM
JUTSL KCTTOJIb30BaHUS Ha MTPAKTHKE.

Ha pucyHnke 6 pacCMOTPEHO BJIMSHHE ILIOT-
HOCTH TOKA U UCXOJHOM KOHIEHTPAIUH pacTBOpa
Ha 2J1eKTpoaAn((Hy3UOHHYIO MPOHUIIAEMOCTh MEM-
opansl MK-40J1 qis katronos Ni+.

Pucynok 6. 3aBucumoctu 3neKTpoaudPy3HOHHOMN
nporunaemMoctd MemoOpansl MK-40JI mist kaTHOHOB
Ni+ or mIoTHOCTM TOKa TNpHM pa3sHOW MCXOIHOM
koH1eHTpanuu Co

Figure 6. Dependences of the electrodiffusion perme-

ability of the MK-40L membrane for Ni?+ cations on the
current density at different initial concentrations of Co
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U3 manHBIX BUAHO, 4TO 3nekTpoauddys3u-
OHHasi mnpoHunaeMocts MemOpansl MK-40J1
nis katnonoB Ni?* yMeHbIIaeTcst ¢ yBENIMUYEHHEM
IUIOTHOCTH TOKA U BCEX KOHIIGHTPAIMi pacTBOpa,
YTO CBUJIETENBCTBYET O CHIKEHUH 3(PPEKTUBHOCTH
anexTpoanhhy3nOHHOTO TIepeHoca. 3HaueHHs KO3 G-
¢ummenTa snexTpoandHy3HOHHON MTPOHUIIAEMOCTH
Pox xonmebmrores B muamazone ot 0,140x107°% mo
1,324x10°° xr/(Axc). CHuKeHHE €ro 3HaYeHMI
NIPH YBEINYESHHUH TUIOTHOCTH TOKA HAOJIFOIaeTCs TS
BCEX HAYaJbHBIX KOHIEHTPALMH pPacTBOPOB W
COCTaBISIET B cpemHeM 55%. DTo sBIIeHHE MOKHO
OOBSICHUTh HECKOJIBKUMH TIPUYMHAMH. Bo-TiepBbIX,
YBEIMYECHHE TUIOTHOCTH TOKAa BEAET K YCHIICHHIO
rpajieHTa KOHIIEHTPAIUMH II0 00EMM CTOpPOHAM
MEMOpaHBI, 9TO YCIOKHSET IPOLIECC MacCoIepeHoca.
H3-3a BO3pacTaromero COnpoOTHBICHHS IEPEHOCY
BeIeCTBa MEKTPoAn(PY3Hs MOCTETIECHHO 3aMeTs-
ercsi. Bo-BTOpBIX, BBICOKasl IUIOTHOCTH TOKAa MOMKET
BBI3BIBATH YBEJHMUYCHHE TEMIIEpaTyphl pacTBOpa
B 00J1acTH MEMOpPAaHBI, 4TO, B CBOIO OYEpPE/ib, MOXKET
MPUBOIUTH K U3MECHEHHIO (U3UKO-XUMHUUECKUX
CBOWCTB camoii MeMOpaHbl. Kpome Toro, cHmkeHHe
anekTpoaupGy3MOHHON TPOHUIIAEMOCTH MOXKET
OBITH CBSI3aHO ¢ OOJIee MHTEHCUBHBIM B3aUMO/IEH-
CTBHEM KaTHOHOB C MaTpHleii MeMOpaHbI, YTO
OrpaHUYUBACT CBOOOHOE ABHKCHHUE HOHOB.

Jnst moATBepKACHHS TIOJTyYEHHBIX JKCIIEPH-
MEHTAIBHBIX IAHHBIX OBLT POBEJICH TEOPETHUECKHIA
pacuet 3HaueHHU KO3 punneHTa sekTpoauddy-
3MOHHOW TpoHUIaeMocTd P,,. Ero mpoBoauiu
Ha OCHOBE ypaBHeHus [23]:

P, =kC;i" exp(C,g)exp(A/T),
rae K — sMompuueckuii kospduiment, mY/(A%c);
Co— KOHIEHTpAalMs BEUIECTBA B HCXOJHOM
pacTtBope, Kr/M%; | — III0THOCTH TOKa, A/M?; N, M —
Oe3pasMepHbIe AMIUpHUYEcKHe KOI(PPHUIMEHTHL;
g — sMmMpuyeckuii kodpduument, MY/kr; A — am-
nmupudeckuii koadurment, K; T — abGcomoTHas
TeMmeparypa pactsopa, K.

OKCHEPUMEHTATBHBIC M PACUCTHBIC 3HAUCHHS
MPOU3BOIUTEILHOCTH OJM3KU JPYT K JAPYTY, YTO
CBHJIETENILCTBYET O XOPOIIEH KOPPEISIUU MEKITY
TCOPETUYECCKUMU  TPEANONOKCHUAMHA U Peajib-
HBIMH pe3yJibTaTaMH H3MepeHuil. TeM He MeHee
HAOJTIOAIOTCS  HE3HAYUTENbHBIC  OTKJIOHCHHS,
0COOCHHO BBIP@KCHHBIE MPH BBICOKMX KOHIICH-
TPAIUSIX U HU3KUX HAMPSOKEHHUSX, KOTOPBIE MOTYT
OBITh BBI3BAHBI OLITMOKAMU U3MEPEHHIA U PACUETOB.
B niesoM pasHuia MEKIy dKCIEPUMEHTATBLHBIMU
U TEOPETHYECKH PACCUNTAHHBIMHM 3HAYEHHUSIMHU
He npesbimana 10%.

HpaKTuquKoe NPpUMEHECHUE

Pazpabotka u BHeapeHue 3((HEKTUBHBIX
TEXHOJIOTUYECKUX CXEM — 3aJI0T YCIEITHOW paOoThI
MEMOPaHHBIX CUCTEM OYHCTKH, CIIOCOOCTBYIOIIHIA
KaK SKOHOMHHU PECYPCOB, TaK U OXpaHE OKPYKar0-
mel cpeabl. OQGEKTUBHBIE CXEMBI TO3BOJITIOT
JIOCTHTaTh 00Jee BBICOKOTO YPOBHS YyAalieHUS
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3arps3HSIOIIUX BEIIECTB, YTO o0ecreynBacT 0e3-
OTACHOCTh W MPUTOIHOCTD BOJBI IS Pa3IMYHBIX
HYI, a IPAaBUIILHOE MPOCKTHPOBAHNE YMEHBIITAET
notpeOJieHHe HEPTHH U PECYPCOB, YTO CHIKAET
o01Ire pacxo/ bl Ha SKCILTYaTAIUI0 CHCTEMBI.
TexHomormyeckasi cxema Mmporecca JEKTPo-
JIMATN3HOW OYKMCTKH CTOYHBIX BOJ, MpeyiaraeMmas
JUTSI TAJIbBAHUYECKOTO TTPOU3BOJICTBA, H300paXKeHa
Ha pucynke /. Cxema mpegHa3HadeHa [Isl JIEK-
TPOJUAIN3HON OYMCTKUA KUCIBIX MPOMBIIUICHHBIX
PacTBOPOB, COJEpKAIMUX MOHBI HHKeNss. Kucible
MPOMBIIIIJICHHBIE PAaCTBOPHI CHAYaga COOMPArOTCS
B HAKOHUTEIHHON €MKOCTH 1, TTOCIIe Yero HacOCOM
2 OHYW TIOJAIOTCS B ammapar sl HeHTpaiu3aun
pacTBOpoB 3. 3aTeM, HEUTPaIU30BaHHBINA PAaCTBOP
MOCTYNaeT B AIEKTPOIUAIN3ATOP 4 I OUUCTKH
OT HOHOB HUKeIs1. OUHIEHHBII pacTBOp (IrIr0aT)
HAIpaBJIsIeTCS B pe3epByap S Ui XpaHCHWS OYH-
LIEHHOW BOJIbL, KOTOPBIM MPEAIOaracTcsi IOBTOPHO
UCTIONB30BaTh B MPOIECCE TATLBAHUYESCKOTO MPOU3-
BoncTBa. KoHueHTpar, coaepkamuii 0ojbInoe
KOJIMYECTBO HHKENs, OTIPABISIETCS B EMKOCTh 6
JUTSL  TIOCITICAYIOIIEr0 KOHIICHTPUPOBAHUS WU
HCII0JIL30BaHUA B CTPOUTECILHOM MIPOU3BOACTBE.

Pucynok 7. TexHonmormueckas cxema pasfefieHHs MPOMBIIII-
JICHHBIX PAacTBOPOB C NMPHMEHEHHEM DJIEKTPOIUATIN3HON
OUMCTKH: 1 — eMKOCTh cOOpa KHCIBIX NPOMBIBHBIX BOJ;
2 — Hacoc; 3 — amnmapar HEWTpalu3allud pacTBOpPOB; 4 —
ANEKTPOUAITM3ATOP; S — EMKOCTh COOpa OYHMIIEHHOW BOJIBI,
6 — eMKoCTh cOOpa pacTBOPOB, MOJICKAIIUX YTHIN3AIHH

Figure 7. Technological scheme of separation of industrial
solutions using electrodialysis purification: 1 — tank for
collecting acidic wash water; 2 — pump; 3 - solution
neutralization apparatus; 4 — electrodialyzer; 5 — tank for
collecting purified water; 6 — tank for collecting solutions
subject to disposal

TexHonornyeckas cxema 00J1aJaeT BBICOKOM
CTCIICHBIO alalITUBHOCTHU, ITO3BOJIAA OIICPATUBHO
pearupoBatb Ha U3MCHAIOMIMUECA NPONU3BOACTBCH-
HbIC YCIIOBHUS HJIH IPOTHO3UPYEMBIii pOCT 00bEMOB
00paboTKH. DTO JOCTHUTAETCs 3a CYET MOJYJIBHOM
CTPYKTYpbI, THOKO# KOH(UrYypaluu MmapamMeTpoB
Y BO3SMO)KHOCTH HMHTETPAIIMA HOBBIX KOMITIOHEHTOB.
Takast THOKOCTh TI03BOJISIET CYIIECTBEHHO YBEJH-
YHMBaTh MPOM3BOJIUTEIBLHOCT CHCTEMBI, M30eras
IIpU 3TOM 3HAYUTECJIBHBIX KallUTAJIbHBIX BJIO)KEHUH
B HOBOE 000pY/I0OBaHHE WM KapAUHAIBHYIO IIepe-
CTpOMKY Bcero mporecca. OnTuMu3anus OTAeINb-
HBIX Y3JI0B, MEPEHACTPOIKA aJrOPUTMOB H Mac-
mTaOupoBaHHE  BBIYUCIHTEIBHBIX  PECYpCOB
HO3BOJISIFOT A(P(EKTUBHO CHPABIATHCS C PACTYILIMMU
HOTp66HOCT$IMI/I " IoAACPKNBAaTb KOHKYPEHTO-
CHOCOOHOCTD MPEANPHUSITHSI.
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3akirouenue

[IpoBeneHHoe wucciaeqOBaHUE TO3BOJISIET
CZIeJaTh CIELYIONIIE BEIBOABL:

1. Metoa anekTpoaurainsa sSBISIETCS BbICO-
KO3(QEKTUBHBIM [JIs1 OUUCTKH BOJIHBIX PACTBOPOB
OT MIOHOB HMKEJSl, AOCTUras CTENEHH OYHCTKU
6o1ee 99%, TpH 3TOM CKOPOCTH YIAJICHHST HATPSIMYIO
3aBHUCHUT OT IUIOTHOCTH TOKa. DTO MOATBEP)KIAET
BO3MOJKHOCTb HCIIONB30BAHUS  JIEKTPOIHAIM3HOTO
METOAa JJIsl IPOMBIIIJICHHOW OYHCTKH PacTBOPOB
OT TSDKEJIBIX METauoB. BbUIO ycTaHOBiIEHO, 4YTO
CKOpPOCTh U 3()(HEKTUBHOCTD OYHCTKU 3aBHCAT
OT HayaJIbHOW KOHIEHTPAM HUKEJsI B PACTBOPE.
IIpu yBenMueHNY HaYAIBHOM KOHLIEHTPALMU IIPOLIECC
ANEKTPOAUAIN3ZHON OYMCTKU 3aMEJISCTCS.

2. JIas1 OCTIKEHHUST MaKCUMAIBbHOW TIPOH3-
BOJUTEINHLHOCTH PACCMAaTPUBAEMOI CUCTEMBI PEKO-
MEHJIyeTCs UCIIOIb30BaTh ONTUMAIbHOE 3HAUCHHE
mIoTHOCTH Toka 20 A/M?, KOTOpoe o0ecrieuuBaeT
OanaHc MeXITy BBICOKOH 3(P(EKTHBHOCTBIO YIIANCHHS

post@uestnik-vsuet.ru

LIEJEBBIX BELICCTB M IMPHEMJICMBIMU 3aTpaTaMH
Ha 9JICKTPO3HEPTHIO U JIEJaeT IPOLECC Pa3ICiICHUS
HauOoJee I1erIecoo0pa3HbIM IS UCIIOIb30BAHMS
Ha IPaKTHKE.

3. IlpemnaraeTcs TEXHOJOTHYECKas cxema
OYHCTKH PacTBOPOB OT HUKENS C MPUMCHEHHEM
31, rae obecconeHHbIN pacTBOP MOKHO TIOBTOPHO
HCIIOJIb30BaTh B MPOLIECCE ITPOM3BOICTBA, 4 KOHIICH-
TpaT HCIOJIL30BaTh UL BOCCTAHOBJCHUE IICHHBIX
KOMITOHEHTOB MJIA YTHITH3AIHH.

baarogapnoctu

Pabora BrIMONHEHA TIpH (HYUHAHCOBOW TIOICPIKKE
MuHmcTepCcTBa HAyKH 1 BRICIITEro 00pa3zoBaHust PO B paMkax
npoekta «TeopeTndeckie U 3KCIEepPUMEHTAIBHBIE HCCIIe-
JIOBaHMSI 3NIEKTPOKMHETHIECKUX M CTPYKTYPHBIX XapaKTepH-
CTHK MOJIMMEPHBIX MEMOpaH MOCPEICTBOM IPUMEHEHUS
MCKYCCTBEHHBIX HEHPOHHBIX CETeH B Mpoleccax 3JeK-
TPOMEMOPaHHOH OYHCTKU IMPOMBIIUIEHHBIX PAaCTBOPOB,
cojiepkanux nousl metamioy (FEMU-2024-0011).
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TepMoaMHAMHUKA CKPBITON MAPKHUPOBKHU YIIAKOBKHU
W3 NMPO3PAYHON TEPMOYCATOYHOM IMICHKH
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AnHoTanmsi. OnMcansl ONTHYECKHE CBOMCTBA, JIBOWHOE JIydenpelomiieHHe M 3((EeKT IICOXpoM3Ma B MHOTOCIONHBIX HOKPBITUSX WU
IUTACTUKOBOH YIIaKOBKE, H3TOTOBJICHHOH 13 NOJIMBUHIIXJIOPH/A OTEYECTBEHHOTO NPON3BOICTBA. [1neoxponsm miiéHok Hanboiee HHTEHCHUBHO
HPOSIBIISIETCS B MOTOKE CBETA, IPOXOJAIIEr0 CKBO3b HECKOJBbKO CIOEB IUIEHKH, M MMEeT IIMPOKMH JHUarna3oH LBeTa NpH KOMOMHAIMU B
MaTepuaiax JJisi TMOKOil Mpo3pavyHOl yaKOBKH HECKOJIBKUX CJIOEB TEPMOYCaI0UHOH MIIEHKU NONIMBHUIXJIOPU/IA U IBYOCHOOPHEHTHPOBAHHON
IUIEHKY M30TAKTUYECKOTO ITOJIMIPONMIICHA. Y CTaHOBJIEHO, YTO IBET HECKOJBKHX CJIOEB TEPMOYCAJOYHOW IIEHKH IOJMBHHIXJIOPHIA B
MPOXOJLLIEM HOJISIPH30BAHHOM CBETE U3MEHSETCS IIPU BO3ACHCTBUY OPraHUUECKUX PACTBOPUTEIEH. DTO SBICHHUE MPE/UIOKEHO UCIOJIB30BATh
JUISL CKPBITOM MapKMPOBKHM YNaKOBKH HJIM ITUKETKH M OOpBOBI ¢ KOHTpadakTHBIM IPOM3BOJCTBOM TOBAPOB MAacCOBOTO MOTpPEOIEHUS,
pean3yeMoro HaceJleHHI0 B TOProBOH CETH Mara3suHoB. DKCHEPUMEHTAIbHO OOOCHOBAHO ONTHMAJIbHOE KOJIMYECTBO CJIOEB NPO3pavHON
TIOJMMEPHOH TUIEHKH ISl JOCTH)KEHHUS 3aMETHOCTH 3aIIMTHOW MAapKHUPOBKH M BO3MOXKHOCTH MJCHTH(HKALMK TOBapa 110 TOBAPHOMY 3HAKY
WK C UCTIOJIB30BAHUEM LITPUXOBOIo Koza. LIBeToBoe pa3nuyue MHOrOCIOHHBIX IIEHOK MOJMBUHUIIXJIOPHAA 10 U IOC]IEe 00PabOTKH JIETyYHM
pacTBOpHUTENEM JOCTUraeT 35 eMHULL IPH ABYX U 0oJiee 105X, 00yCIOBINBACT SIPKUiA LIBET TOBAPHOTO 3HAKA M/WJIM JOCTATOYHBINH KOHTPACT
KO/1a, IPUMEHSIEMOTO0 JUIsl CKPBITOH MapKUpPOBKH YIAKOBKH WJIM STHKETKH, BBISBIISIEMBIX B IOJIIPU30BaHHOM cBete. [loka3zaHo mpuMeHeHne
kputepusi @nopu-Xarrmaca A KOJIMYECTBEHHOH OLCHKM HM3MCHEHUs IIBeTa IIaKeTa IUIEHOK HOJMBHHWIXJIOPHIA IIOJX JCHCTBHEM
OpPraHUYECKUX pacTBopuTeNiel. M3MepeHbl BEIMYMHBI MOAYJS YNPYrOCTH, KHHETHKA M CTEHEeHb MAaKCHMAaJbHOTO HAaOyXaHUs IUICHKU
NoMUMBHHIXJIOpHAA B 10 OPraHNYECKUX JKUIKOCTSAX PA3IMYHOTO XMMHYECKOTO CTpoeHHs. V3MeHeHne mpo3pavHOCTH U LBETa MapKUPOBKU
nakeTa IJIEHOK NOJIMBHHIIIXJIOPH/IA TeM ObICTpee, YeM MEHbLIE 3HaueHus kpurepusi Diopu-Xarruica.

KroueBsbie c10Ba: oarMepHbIe IIIEHKH, PACTBOPUTENHN, HaOyXaHue, IIBET, MApKUPOBKA TOBAPOB, YIIAKOBKA, IOJIMBHHIIXJIOPH], 3AIIUTA OT
MOIICTIKH, TICOXPOU3M, ABOMHOE JIyuenpenomienue, kpurepuii @nopu-Xarruuca.

Thermodynamics of hidden labeling of transparent
shrink film packaging

Valery Yu. Konyukhov ' volkon_1@mail.ru 0000-0002-6128-9413
Alexander A. Nikolaev 2 a.a.nikolaev@mospolytech.ru 0000-0003-3232-6753
Alyona A. Prihozhaya 2 lekalena03@gmail.com 0009-0004-3424-6428
Vyacheslav K. Dolgonosov > dolgonosov@inbox.ru 0009-0000-9962-6211
Alexander P. Kondratov ~ *>  apkrezerv@mail.ru 0000-0001-6118-0808

1 National Research Nuclear University MEPHI, Kashirskoe shosse, 31 Moscow, 115409, Russian Federation

2 Moscow Polytechnic University, Bolshaya Semyonovskaya str., 38 Moscow, 107023, Russian Federation

Abstract. Optical properties, birefringence and the effect of pleochroism in multilayer coatings and plastic packaging made of polyvinyl
chloride of domestic production are described. Film pleochroism is most intensely manifested in the flux of light passing through several layers
of film and has a wide range of colors when several layers of polyvinyl chloride shrink film are combined in materials for flexible transparent
packaging and biaxially oriented isotactic polypropylene film. It has been established that the color of several layers of polyvinyl chloride
shrink film in transmitted polarized light changes under the influence of organic solvents. This phenomenon is proposed to be used for hidden
marking of packaging or labels and combating counterfeit production of consumer goods sold to the public in a retail network of stores.
achieving the visibility of security marking and the ability to identify goods by trademark or using a bar code. The color difference between
multilayer films of polyvinyl chloride before and after treatment with a volatile solvent reaches 35 units with two or more layers, determines
the bright color of the trademark and/or sufficient contrast of the code used for hidden marking of packaging or labels detected in polarized
light. The application of the Florey-Huggins criterion for quantitative assessment of color change in a package of polyvinyl chloride films
under the influence of organic solvents is shown. The values of the modulus of elasticity, kinetics and the degree of maximum swelling of the
polyvinyl chloride film in 10 organic liquids of various chemical structure are measured Flory-Huggins.

Keywords: polymer films, solvents, swelling, color, labeling of goods, packaging, polyvinyl chloride, anti-counterfeiting, pleochroism, double
refraction, Florey-Huggins criterion.
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BBenenne

[Iporno3upoBanue CIOCOOHOCTH JKUAKOCTU
MPOHHUKATH B CTPYKTYPY MOJMMEPHOH MJICHKH MPU
BBITSDKKE B OJKUAKOH cpene HeoOXooumo Juis
YCIICHIHOTO HEJICHANPaBICHHOTO BBIOOPAa KOMIIO-
HEHTOB JIJIi CKPBITOM ONTUYECKON MapKHUPOBKHU
MPO3payHoOil YHaKOBKH MO 3allaTeHTOBaHHOW TeX-
Hostoru [1]. Dddext nornomeHus KuaKoi cpept
TEPMOYCaI0YHON MOJMMEPHOU IIEHKOM COCTABIISIET
4acTh OJHOBPEMEHHO MPOTEKAIOIIUX MPOLECCOB
W3MEHEHUS Pa3MepOB, MEXaHHUECKUX CBOWCTB U
CTPYKTYpHI TIOJIMMEPOB MPH HAJIWYUH BHEIIHETO
WM BHYTpeHHerO (yca/IKa) MeXaHU4YeCKOTo Hampsi-
KEHUsI, IO3TOMY ISl €T0 OIMCAHMS U IPOTHO3UPO-
BaHMsSI IPABOMEPHO HCIOJIb30BaTh OCHOBHBIE 3a-
KOHOMEPHOCTH (PU3UKO-XMMHUYECKOM MEXaHUKU
mosmumMepoB [2,3]. LleHTpaTbHBIM BOIIPOCOM IPOTHO-
3UpOBaHUs (DU3MKO-XUMHUYCECKOM CTOMKOCTH ITOJIH-
MEpPHBIX MaTepuasoB SIBIACTCS CBSI3b MEXaHHMIECKUX
U ONTHYECKHX CBOWCTB TOJUMEPOB C (HU3HKO-
XUMHYECKUMH NTapaMeTPaMH KOHTAKTHPYIOLIEH Cpelibl.

B ¢usuko-xumudeckoit MexaHuke chopMu-
POBaNOCh JIBa OCHOBHBIX MOAX0Aa K O0BICHEHUIO
BIMSHUS (U3UUECKH AaKTUBHBIX JKUIKOCTEH Ha
Mpouecchl AeOPMUPOBAHUS U pa3pyLICHUS MOJH-
MEpOB: a/ICOPOIFIOHHBIHN, JIOKATbHO-TIIACTH(UKAIIH-
oHHbBIN. HamOombiee pacmpoCTpaHeHHE MTOTYIHIT
ajcopbumonusii  moaxon [4,5], corimacHo KoTO-
POMY aKTHBHOCTB KHIKOH Cpe/ibl 10 OTHOLICHHIO
K JIehopMHpPyEMOMY TMOJHMEPY OIpenesnseTcs
CIIOCOOHOCTBIO MOJIEKYJI JKAIKOCTH aICOpOHpO-
BaThCsl HA BHOBb OOpa3yOLIMXCSl MOBEPXHOCTSIX
pacTAruBaeMoro MOJIMMEPHOTO TeJla B MUKPOTpe-
LIMHAX U CHIDKaTh MX MOBEPXHOCTHYIO SHEPIHIO.
CyIIHOCTh JIOKAIBHO-TLIACTH()HUKAIIMOHHOTO IO/~
XO7Ia 3aKJIF0YaeTCsl B MOCTYIUPOBAHUU OTIPEICIIs-
IOLIETO BJIMSHUS JIOKAIBHON IJIaCTU(QUKALNN WIH
pacTBOpeHHsT MHKPO30HBI IMOJMMEpPa B BEpPIIMHE
pactymieii TpeumHbl (nedekta) MPOHUKAOIIEH
JKUJKOM Cpe/lod Ha MEXaHUYECKHUE CBOMCTBA BCETO
MOJIMMEPHOTO TeJa.

B pamkax nmnacTu(HUKanMOHHOTO MOAXOAA
B JIONMOJHEHWE K MHOTOYMCIICHHBIM JIaHHBIM,
OINHMCaHHBIM B [3], ciieryeT OCTaHOBHTHCS Ha Pe3yJib-
TaTax CUCTEMAaTUYECKOTO U3YUeHUsI MEXaHUUECKHUX H
COpOIIOHHBIX CBOMCTB MOJHATUIICHTEpEPTAIATHBIX
IUIEHOK, 1e(QOpPMHUPYEMBIX C MOCTOSHHOH CKOPO-
CTBIO, B KOHTaKTe C OPraHMYECKHMH JKUIKOCTSIMU,
npuBeneHHBIX B [6] u [7]. B kadecTBe KHIKHX
cpen ObLIM BBIOpaHBI MPOU3BOIHBIE OCH30JIa Kak
KHJIKOCTH, MOJIEKYJTBI KOTOPBIX ITOI00HBI (pparmMeH-
TaM MAaKpOMOJIEKYJIbl TOJUITHICHTepedTanara.
ABTOPBI aHATM3UPOBAIH CBSI3b IPOYHOCTH U OTHO-
CUTEJBHOTO YJUIMHEHHS IUICHOK, OINpeAessieMbIX
B PEXHUME BBITSDKKH C TOCTOSIHHOW CKOPOCTBIO
nedopmali, ¢ MOJbHBIM O0BEMOM, BS3KOCTBHIO
U TapaMeTpoM PacTBOPUMOCTH >KHJAKOH Cpelnsl,
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a TaKkKe C PaBHOBECHOW CTENEeHbIO HaOyxaHwWs
monmatunerrepedranara (IIDTD) B ucciaexyeMoit
XHUAKOCTH. [0 M3MEHEHNI0 MEXaHMYECKHX CBOMCTB
MOJIMMEPHBIX TUICHOK >KUAKOCTH OBUIH YCIOBHO
pa3zaesieHsl Ha TPU IPYIIIBL.
IlepByro COCTARIAIOT MATIONOJIAPHBIE SKUAKOCTH
C OTHOCHUTEJIFHO OOJBLIMM MOJBHBIM OOBEMOM U
CPaBHMUTEIBHO MaJION BA3KOCTHIO: TOJIYONd; O-, M-,
M-KCWJIONBL; T-1mMod. [Ipy MexaHHM4YecKnX HCIbITa-
HUSIX TOJM3TWICHTEpe(TANATHBIX IUICHOK B 3TUX
cpelax B YCIOBUSAX OJHOBPEMEHHOTO BBEACHHUS
JKUIKOCTH B KOHTaKT C 00pa3loM W Havaia pacTs-
KEHUsl HaOIIomaeTcs 3HAYUTEIbHOE — IMPUMEPHO
JIBYKpaTHOE — CHIXKCHUE €ro IPOYHOCTH, a TAKKE
yBEeNMYEHNE YAJUHEHUS A0 pa3pbiBa Ooiee yeM
B 3 pa3a 10 CpaBHEHHIO CO 3HAYEHUAMU, TIOTy4aeMbIMU
IIPYM UCHBITAaHUM Ha Bo3xayxe. [lpu pacTshkeHusx
B JKHIKOCTH Ha IOBEPXHOCTH 00pasna BO3HHKAET
MHO)KECTBO Kpei30B. PpakTorpaMMsl pa3pyLLeHUs U
¢dopma neopMalIOHHBIX KPUBBIX IUICHOK TO3BO-
JSIOT YTBEPXKIATh, YTO JKUAKOCTH IEPBON TPYIIIBI
MIEPEBOLIT TIOJIMMED U3 CTEKIIO00PAa3HOTO COCTOSIHUS
B BBICOKOJIICIIEPCHOE OPUEHTUPOBAHHOE COCTOSHYIE.
Ko BTOpOIi rpynme oTHOCAT KUAKOCTH, IPU
UCTIBITAHUH B KOTOPBIX HE TOJIBKO IPOYHOCTB IIJIe-
HOK, HO ¥ YAJMHEHHUE O Pa3pblBa YMEHBIIAIOTCS
MpUMEpHO B 2+2,5 pa3a M0 CPaBHEHUIO C UX ypOB-
HeM Ha Bo3ayxe. K 3TUM JKHIKOCTSIM OTHOCSTCA
O€H30J1 U ero rajloreHnpou3BoaHsle. Paspyiienue
B OTHUX Cpelax SBISETCS CIEICTBUEM OBICTPOTO
pasBUTHsL OfHOW TpeuwHbl. OYEBHIHO, TPU HC-
MOJIb30BAaHHON aBTOPAaMH CKOPOCTH PAaCTSKEHHS
IJICHOK B Cpesiax BTOPOH IPyNITbl B TIOJM3THIICHTEPE-
¢Tanate He yCHeBalOT MPOTEKaTh PellaKCaliOHHbIC
TIPOLIECCHI, U pa3pyILIEHNE UMEET XPYIKUI XapaKTep.
TpeTbto Tpynmy COCTaBISIOT Cpenbl, MpU
UCTIBITAHUN B KOTOPBIX HMPOYHOCTHb U yIUIMHEHHE
[MOT® ub0 HE3HAYUTENBHO YMEHBIIIAIOTCS, JINOO
MpaKTUYecKu He m3MeHsroTes. K 3Toii rpymme oTHO-
CATCS TOJSIPHBIE JKMAKOCTH, XapaKTepU3YIOLHecs
CPaBHUTEIHHO OOJIBIIMM AWUIMOIBHBIM MOMEHTOM
MOJIEKYJl Y TOBBIIIEHHON BA3KOCTHIO. B >kuakux
cpenax Tpetbeit Tpymmbl [I13TD cunbHO U OBICTPO
HaOyxaeT, 0COOEHHO B T€X, KOTOPHIC HE BBI3bIBAIOT
CHIDKEHHS €ro IMPOYHOCTH MPU UCHBITAHUH C IO-
CTOSIHHOM CKOPOCTBIO PaCTSXKEHHs cpasy Tocie
BO3HUKHOBEHHS KOHTAKTa KHUJIKOCTHU C IIEHKOM.
JlJ11 KOMYECTBEHHOTO ONMCAHHS COPOLUH
KUAKOCTEH M I Py3MOHHBIX TPOIIECCOB B TOJIFIME-
pax TIPUHSATO UCTIONB30BaTh TPH OCHOBHBIX MTapaMeTpa
9KCIIEPUMEHTAIBHO ONPEIENSIEMBIX HE3aBUCUMBIMHU
Mmetonamu: koadduiment qupdysun D, koaddumm-
eHT MpoHuIaeMocT P 1 koadduimeHT pactsopu-
MOCTH S. DTH TlapameTpbl CBSI3aHbl MEXIy cOoO0M
U3BECTHBIM COOTHOIIEHHEM [8].

P=D*S 1)
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JIst MpOrHO3UPOBAHUS TIPOIIECCOB MPOHUKA-
HUS KHJJKOCTH B TIOJIMMEP 110 MEXaHU3MY aKTHBHPO-
BaHHOW Ju(py3rn pacueTHBIM MyTeM HUCIIONB3YIOT
mapameTp pactBopuMocTH ['miabaebpanma () mo-
JTHUMepa 1 KuakoctH [9].

[TapameTp pacTBOpEMOCTH (O) OIpenesaeTCs
SKCHIEPUMEHTAILHO TI0 BEJIMUMHE 3HEPIUH KOTe3UN
paBHOW SHTAJBIINK UCTIAPEHHS KUAKOCTH (4 Eey) 1
UCTIONB3yeTcd B TEOPUU PACTBOPOB IOJIMMEPOB
JUI TIPOTHO3UPOBAHHSI COBMECTUMOCTH BBICOKO-
MOJIEKYJIAPHBIX U HU3KOMOJIEKYJISIPHBIX OpTaHu-
YecKuXx Bemects (2).

1
AE,, 2
\

JA71s1 KOMM9YeCTBEHHO OLICHKH TePMOIHAMMYC-
CKHX YCIIOBHH COpPOLIMH U CKOpPOCcTH AU(Qy3HOHHBIX
mporieccoB  ucrnonb3ytoT  Kpurepuit  ®nopu-
XarruHca (), KOTOpBI MTO3BOJISIET OLEHUTh TEPMO-
JMHAMHAYECKYI0 COBMECTUMOCTh MOJIMMEPA M pac-
TBOPUTEIIA, OTIpEIETsis, OyIeT 1 00pa30BEIBATHCS
WCTUHHBI PAacTBOp TPU HMX COBMEIICHHU MM CH-
crema octaHetcs IByxdasnoit mucnepeueii [10-12].

[poniecc TOTVIOMIEHHST KHUAKOCTH  TTOJMME-
pamu ornpenensieMbli o kpurepuro Ounopu-Xarruaca
MOXET HMETh HECKOJIBKO TEPMOJMHAMHYECKUX
cocrostamii: ¢ < 0,5 — pacTBopuUTENh TEPMOIUHAMHE-
YeCKH XOpOLIMH W MOJMMEP CHOCOOEH HEeorpaHu-
4YeHHo HaOyxatb; ¥ > 0,5 — pacTBopuTeNns II0XOH,
MoJIMMep He HabyxaeT WK COpOUpYyeTCsl MEIUICHHO
1 B HUYTOXXHBIX KOJINYECTBAX.

Kputepuit ®nopu-Xarrunaca y MOXHO pac-
cuurtaTh 1o Gopmysie Diopu-Penepa [13]:

1

S=

(2)

IN(1- @, )+ @, + @} + Z'DE =0 )

1
_In(l-@,)+ @, + Z'D;}
Z— @;

(4)

rie @, — oObeMHas TOIISE TOJMMEPA B €0 PABHO-

BECHOM COCTOSsIHHU:

(5)

rae Wo— HUCXOIHBIM 00BEM MoONHMepa B MM,

W, — KOHEYHBIH ero 00beM B MM®.

7=V
V.
rae Z — Oe3pa3MepHbIi TapaMeTp, paBHBII OTHOLLIE-
HHUIO MOJISIpHOTO oOBeMa cyOuenelr momumepa Vo
K MOJISIpHOMY 00BEMY pacTBOPHUTENS V1.
1

V, =RTE '®,3 ©)

raie R — yHuBepcanbHas razoBas IIOCTOSHHas,
E — Monyns ynpyroctu HaOyx1ero nojamumepa.

(6)
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(8)

rae M — monsipHasi Macca pacTBOPUTENS T/MOJb,
p — IVIOTHOCTh PACTBOPHTENS I/cM>,

O0LEeKTHI HCCJIEA0BAHUS

TepmMoycaodHbIe TIEHKN TOJMBUHIIIXIIOPH/IA
OTEUECTBEHHBIX W 3apyOe)KHBIX TPOW3BOJUTEINEH:
AO «/lon-monmumepy», tommuuo 70+ 10 MKwm,
«Dongil Chemicaly, Tommmuo# 50+ 3,5 MKM,
«Klockner Pentaplasty», TommuHoi 45 £+ 5 Mxm. Pac-
TBOPUTEIH, BXOIAIINE B COCTAB TIEYaTHBIX TIOJIHTPa-
(raeckux Kkpacok [14-15]: 1,2 auxmopsTaH, aleToH,;
JUOKCaH; 0-KCUJION; ATHIALETaT; OyThUIaleTar.

[onspuszanuonnsle wienku NPF F1205DU
(SIromwst), MOJSIPU3AMOHHBIE CTEKIISTHHbBIE (DUITh-
TpsI [16].

[omurpaduyeckre CEeKIUM MAIIuH U TIPHH-
TepoB cTpyiiHoi neyatu Mapku Epson DX6, Epson
13200 E1 u Seiko SPT510/35 ¢ ronoskamu [17].

Pe3yabTaTthl M UX 00Cy:KIeHUe

MHOT0CIOWHBIC TPO3PavHbIC U OCCIIBETHBIC
TEPMOYCaM0YHbIe TUICHKH IOJIMBUHHUIXJIOPHIA
NPUOOPETAIOT B TIOJISAPH30BAHHOM CBETE Pa3IMUHYIO
OKpAacKy, ONPEIeISIFOIIYIOCS YMCIIOM U TOJIIHHON
cioes [18]. KoopauHatel 1BeTa MakeTa IUICHOK
B nBetoBoMm mpoctpanctse [19, 20] (okxpacka B
MPOXOMAIIEM ¥ OTPAKCHHOM MOJSPU30BAHHOM
CBETE) 3HAYMTEIHHO H3MEHSIOTCS TPH BO3JCH-
CTBHH PAcTBOPHTEIICH Ha JIFOOO0W M3 MPO3padHbIX
CJIOEB TUICHKH MTOJHBUHIIXJIOPH/IA.

Pucynok 1. ®otorpaduu cromnsl Cronerosa uz TY mieHKH
TIOMBHHIIXJIOpHIA B TTOIstpr3oBaHHOM cBete (1). [IieHow-Hp 1
nossipusatop (2). Crona Croneroa 6e3 nonsipusaropa (3).
W3menenne 1pera 5-ro M 6-T0 CIOEB IUIEHKU B CTOIE
CrosneroBa rocie 00paboTku 1,2 — IXJI0pITaHOM

Figure 1. Photographs of Stoletov's foot made of PVC
polyvinyl chloride film in polarized light (1). Film
polarizer (2). Stoletov's foot without polarizer (3). Color
change of the 5th and 6th film layers in Stoletov's foot
after treatment with 1,2 — dichloroethane
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Ha ¢ortorpadusx, noinydeHHbIX B IOJSPH30-
BAHHOM CBETE BUJIHO, YTO OPTraHWYECKHE KUIKOCTH
CYILIECTBEHHO MEHSIIOT LIBET CJIOMCTOTO TTOJIMMEPHOTO
Marepuasa B IPOXO/AIIEM ITOJIIPH30BAHHOM CBETE
(pucynok 1). M3ameHeHne IBETa MHOTOCIOWHOTO
MaTepuaja Ioclie KOHTaKkTa C pacTBOPHUTEIEM
UMeeT yCTOMYHMBYIO 3aKOHOMEPHOCTH 3aMETHYIO
HEBOOPY)KCHHBIM TJIa30M U TOATBEP)KIAEMYIO
CIIEKTpaTbHBIM aHanu3oM (GoTtorpaduii. JKentorit
LBET y4acTKa MHOTOCIOWHOTO Matepraia 13 6 cloeB
MOCJIe KOHTaKTa C PacTBOPHTENIEM HpHOOpeTaeT
[IBET MHOT'OCIIONHOI0 MaTepuaia u3 5 cjioeB. ['o-
nyOOl IBET y4acTKa MHOTOCJIOMHOTO MaTepHaia
U3 5 CIIOEB MOCHE KOHTAKTa C PACTBOPUTENIEM MPH-
oOpeTaeT CHHUH IIBET MHOTOCIIOMHOT'O MaTepHaa
u3 4 cioes. TakuMm 0Opa3oM MPaBOMEPHO KOHCTATH-
pOBaTh «HEBUIMUMOCTE) BHEIHErO CJOsI MAKETOB
MHOTOCIIOMHBIX IUICHOK BCJEICTBHE OOPaOOTKH
pacTBOPUTEIIEM HIIH €TO IPO3PAYHOCTb.

I[Hﬂ HCCJIICA0BAaHNA BIMAHUA OPraHUYCCKUX
pactBoputeneii  (miacTu(UKaTOpoB) Ha  IBET
MHOTOCJIOMHBIX ~ IUICHOK  IOJIMBHHIJIXJIOPUAA
B TIOJISIPU30BaHHOM CBETe COOMpAd MHOTOCIOMH-
HbIe MakeTsl JIeHT (cTona CToneToBa), Ha KOTOpPbIS
HAHOCWJIM CJIOH XKHKOCTH C ITOMOIIBIO MOJIUTPa-
(pUYEeCKOW TEXHUKU OJIHUM JIBHXKCHHEM DaKels
o TpacdapetHoit popme.

«HeBHIMMOCTE» BHEIIHETO CIIOSI MAKETOB
MHOTOCIIOMHBIX IUICHOK BCJEICTBHE OOPaOOTKH
PacTBOPHTETIEM SIBJISCTCS PE3YILTATOM PECTPYKTYPH-
pOBaHUs IOIMMEPHBIX MAaTEpUAIOB HA HAIMOJIEKY-
JSIPHOM YPOBHE M KOJHWYECTBEHHO OIICHUBAETCS
KOHTpacToM 1 / i 1BeToBbIM pasnidueM AE [12].

Pucynok 2. ®otorpadhiivi B POXOISIIEM MOJISIPU30BAHHOM
CBETE MaKeTa M3 HECKOJILKMX CJIOEB IIEHKH C «METKOIDY
HaHEeCEHHOM TrareratoM. 1[BeroBoe pasmune [2] Mexy
METKOH 1 IIBETOM TaKeTa u3 3 cioeB mieHkH AE = 20 exunmig
Figure 2. Photographs in transmitted polarized light
of a package of several layers of film with a "label" applied
with ethyl acetate. The color difference [2] between the
label and the color of a package of 3 film layers is 20 units

O¢ddexT n3MeHeHus 1BETa 4YaCTH YIIAKOBKU
B MOJISIPU30BAHHOM CBETE KaK MAPKUPOBKU U «HEBU-
JIMMOCTH» BHEIIHErO CJIOSI MTAKETOB MHOTOCJIOMHBIX
IUICHOK TOCIe IIACTU(HKAIIMH TPEUIOKEHO UCITO b~
30BaTh B 3alllUTe TOBApOB OT MOMIEIKA U OOphOE
C KOHTpa(akTHBIM MPOU3BOACTBOM HKCKIFO3UBHOM
MpO3payHOM Tapbl M YINAKOBKM M3 MOJUMEPHOMH
IUIEHKH. DTa BO3MOKHOCTh WJUTIOCTPUPYETCS PE3YJIb-
TatoM ¢oTorpadupoBaHus B MOJISPU30BAHHOM
CBETEC MHOIOCJIOMHOW YNAKOBKM U3 IUIEHKH
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NOJIMBUHWIXJIOPU/IA [10CIIE HAHECEHUS CJI0S JIETY-
4ero pacrtBopuTens (HampuMep, OSTHIIAIETaTa)
B (popme y3Koit monock! (pucyHok 2). L{BetoBoe pas-
mrarie AE MeTkn 1 oHa B TTOJIIPU30BAaHHOM CBETE
Ha MOPSAIOK HPEBBIIIAET YyBCTBUTEIBHOCTH IJIa3
yeoBeka (2+3 ex.), HE3aMETHO HEBOOPYKCHHBIM
TJ1a30M 1 TI03TOMY BITOJIHE MPUTOTHO [T CKPBITON
ONTUYECKON MapKUPOBKH.

JelictBue pacTBOpUTENEll HA ONTUYECKHE
XapaKTePUCTUKU IPO3PaYHOM YIIAKOBKM M3 MHOIO-
CJIOMHBIX TEpPMOYCAIOYHBIX IUICHOK IOJMBHUHIIXIIO-
puaa OOyCIIOBICHO WX (PU3UYCCKOW AaKTHBHOCTHEO
MO OTHOIICHHIO K TOJHMEPY B HaNpsHKEeHHOM
coctosHUM. Mepoll (U3NYECKOH aKTUBHOCTU
pacTBOpUTENCH SBIAETCS BEIMYMHA M CKOPOCTh
abcopOIMU JKUIKOCTH, W CIIOCOOHOCTh CHIKATh
YPOBEHb BHYTPEHHHUX HanpspKeHUH. s Konude-
CTBEHHOI'O OINMHUCAHU a0COPOIMH KHUIKOCTSH HUC-
IMOJIb30BaJIl T'PaBUMETPUIO Ha6yxaH1/I;1 IIJICHOK
(pucyHok 3), cripaBOYHBIC JaHHBIC [T0 XMMUYECKOH
CTOHKOCTH HOJMMEPOB M TEPMOAWHAMHYECKHE
napaMeTpbl COBMECTUMOCTHU TBCPABIX W KHUIKUX
OpTraHNYCCKUX BCHICCTB.

Dichloroethane
Butyl acetate
Ethyl acetate

Acetone

Time, min
Pucynok 3. Jlomss pactBopuTens B TOJIHMEpE TIPH
HaOyXaHUH TUICHOK MTOJMBUHIIXJIOPHIA

Figure 3. The proportion of solvent in the polymer
during swelling of polyvinyl chloride films

Jlns pacuéra mapamMeTpoB pPacTBOPUMOCTH
KHUIKOCTH U TEPMOYCAJOYHBIX IUICHOK IOJHBHU-
HUIXJIOPHJIA HMCIIONB30BaM KOHCTaHTHl CMouia
OpPraHMYeCKUX BEUIECTB M CIPABOYHBIC TaHHBIC
IKCIICPUMEHTAITLHBIX HCCIICIOBAHUN PACTBOPCHHUS
Wwin HaOyXaHus TOJMMEPOB MOJUBHHUIXJIOPUIA B
JeTy4ux pacTBopuTessix. [lapamerp pacTBOprMO-
CTH TIOJIMBUHWIXJIOPHJIA, HMCIOJIH30BAHHOTO JUIS
MPOU3BOJICTBA TEPMOYCAIOYHOMN TUIEHKH, COCTaB-
nstet — 9,55 + 1,5 (kamn/cm®) M2,

Jns pacyéra mapamMeTpoB paCTBOPUMOCTH U
KpUTEpUsl COoBMecTUMOCTH xuukoctu c¢ [IBX
®nopu-Xarrunca () wccremaoBanrd HaOyxaHue W
MexaHu4deckue cBoictBa (Momysp FOHra) Tepmo-
yCaJI04YHbIX IJICHOK MOJIMBHHUIXJIOPU/IA B COCTOSI-
HUM MaKCUMAaJbHOTO COJICPKAHUS B HUX IIACTH-
¢burmpyroreii xuakoctu (tadbmura 1 u 2).
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Tabauna 1.

Cop0buus pacTBOpHTENEH INIEHKOW NONUBUHIUIXJIOpUAA U €€ YIPYrOCTh IpH HaOyXaHU!

Table 1.

Sorption of solvents by a polyvinyl chloride film and its elasticity during swelling

PactBopuTens MonynL' Onra TICHKH B JKHIKOCTH, MlIla CoSp 06rglt/li;([)r?( ggﬁgﬁfgg g{; lfl}ll rI;]OH
Solvent Young's modulus of film in liquid, MPa o

macc. % Dg

1,2-nuxnopoaran | 1,2-dichloroethane 2,35 246 0,31
Byrunarerar | Butyl acetate 5,75 197 0,68
Orunanerar | Ethyl acetate 7,69 137 0,69
Aueton | Acetone 5,17 250 0,81
Juokcan | Dioxane 3,33 179 0,98
o-Kcuion | 0-Xylene 19,3 101 0,93

Taxk, HanpuMep, Ul TEPMOYCATOYHBIX IIe-
HOK TTOJIMBHHIITXJIOpHAa Tipon3BoncTBa AO «Jlon
[Monumep» mocne copbuum 1,2 — nuxjopITana
B TeueHue 10 MuHyT ycTaHoBieHs! @, — 0ObeMHast

J0JId MoJIMMEPaA B €0 paBHOBECHOM COCTOSAHUA

o, =N _ 031
W

1

U otHOMIEHNE MOJISIPHOTO 00BEMa CcyOreneit
nommMepa Vo K MOJISIPHOMY 00beMY PacTBOPHUTEIS

JIist TepMOYCaI09HBIX TUICHOK TOJMBHHIII-
xmopuaa npousBojactBa AO «Jlou TTonumep» mo-
cie copOiuu OyTmianerara B TedeHue 10 MHUHYT

@, —0,68,nZ =285
I[J'IH TEPMOYCaJOYHBIX IJICHOK IMOJIMBHUHUII-

xnopuga npousoacta AO «lon IHonumepy» mo-
cie copOruu OyTmianerara B T€YeHHE 5 MHHYT

D, —0,69 17289

IToxcTaHoBKa 3THX W OCTANBHBIX 3HAYEHUN
B hopmyiry Diopu—Penepa (2) mosBossieT npen-

vV CTaBUTb PE3YJIbTAThl OLEHKH 3KCIIEPUMEHTAIBHON
Z=-%= 8,96 OILICHKH B MOPSIJIKE CHIDKEHHS «Ka4eCTBa» PaCTBOPH-
1 Teriei o kpureprio Dropu-Xarrumca y, (tabimia 2).
Tabauna 2.
CpoiicTBa pacTBOpUTENIeH U XapaKTEPUCTUKN X B3aUMOJICHCTBHSA C TUIEHKOW MOJUBUHIIXIIOPHIA
Table 2.
Solvent properties and characteristics of their interaction with polyvinyl chloride
e | panoes tapaverpon T g [ Vs
PactBopuTens (xamn/om) 2 > | pactBopumocTH xuakoct U [IBX Xarrusca y MpKHPOBKH, C Tiunenus,
Solvent Solubility parameter, ;E)algir:g?ecri gﬂ?ﬁ%iﬂg%{% Flory-Huggins Minimum c
(cal/cm®) 12 criterion labeling time, s
1,2-muxsioparan | 1,2-dichloroethane 9.4 0,15 -0,14 5 83,5
Byrwanerar | Butyl acetate 8,7 0,85 0,35 15 126,0
Orwanerar | Ethyl acetate 9,0 0,45 0,36 20 77,1
Auneron | Acetone 9,7 -0,45 0,67 35 56,0
Jlnokcawn | Dioxane 10,8 -1,25 3,25 60 101,0
o-Kcuion | 0-Xylene 8,7 0,55 1,03 75 144,0

W3 Tabmumpl BHUAHO, YTO MAaKCHMAJILHOM
TEPMOJIUHAMUYECKONH COBMECTUMOCTBIO C yKa3aH-
HBIMH TIJICHKaAMH TIOJIMBHHWIXJIOPHIA O0O0IamaeT
1,2-nuxj0paTaH, HpU €ro CoOpOIUH KpUTEpUid
®nopu-XarrruHca NpUHAMAET HauMEHbIIIee (Jaxe OT-
pULIaTeNIbHOE) 3HAYEHUE. DTO COITACyeTCsl C TEOPETHU-
YEeCKHMH OIIEHKaMH BO3MO)KHON COBMECTHMOCTH
XJIOPUPOBAHHBIX YTJIEBOJIOPOJIOB C TOJMBHHIIIXIIO-
PUIOM, SIBJISFOIMMCS OJTM3KUM aHAJIOT'OM 10 COCTaBy
Y CTPYKTYpE MOJIEKYII K CTPYKTYPE TIOBTOPSIOIIETOCS
3BEHAa MaKpOMOJIeKyJ. HekoTopsie pacTBOpUTENH
(aTwnanerar u OyTWIAIeTaT) UMEKOT KPHUTEPHi
Onopu-Xarruaca < 0.5, 4TO CBHIETEIBLCTBYET
0 XOpOIIEM TEPMOJUHAMHYECKOM KadecTBE HX
Kak pacTtBopuTeneil. CaMbIM TEpPMOAMHAMUYECKU
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HECOBMECTUMBIM C IJICHKaMU MMOJMBUHUWIXJIOpUAA
OKa3saJICia JUOKCaH, Z[eﬁCTBPIe KOTOPOI'O Ha OIITUYC-
CKHE CBOMCTBA INICHOK MUHHMAJIbHO.

3akiIouyenue

C nomomiplo 1BETHOW (oTorpaduu U CreK-
TPAIBHOIO aHAJIK3a MPO3PAYHON YIIAKOBKHU B MPOXO-
JISIILIEM TOJISIPU30BAHHOM CBETE MOKA3aHO U3MEHEHHE
LBETA U MPO3PAYHOCTH MHOT'OCJIIOMHBIX TIOJTMMEPHBIX
MIEHOK MOJ NEUCTBUEM OPraHUYECKUX PACTBOPHU-
Tenei. LIBeT MHOTOCTOMHBIX MIEHOK B MOJSPU30-
BAaHHOM CBET€ W3MEHSETCS 1O Mepe HaOyxaHUs
B JKHJIKOCTSIX U OTIPEACIISIETCS] KOTMIECTBOM CIIOEB,
KHUHETHKON HaOyXaHWs W B3aMMHOW OpHEHTaIuen
ONTHYECKUX OCEH MOJISIPU3aTOPOB OTHOCHUTEIIHHO
HaIpaBJICHUS YCaIKH IICHOK.
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B xone »KCIepUMEHTOB JIOKa3aHa BO3MOXK-
HOCTh TIPIMEHEHHS TIapaMeTpa TePMOANHAMIIECKOH
COBMECTHUMOCTH TIOJIMMEPOB U OPTaHUUECKUX PACTBO-
puteneit kputepusi Dnopu-Xarrudca Jyig KoJdude-
CTBEHHOM OIICHKY CKOPOCTH U3MEHEHHUS [[BETA MAKeTa
TUIEHOK TIOJTMBUHIUIXJIOPH/IA B TIOJISIPU30BAHHOM CBETE.
M3meHeHre 1Beta TeM 3HAYMTENIbHEE U ObICTpee YeM
MEHbIIIEe 3HaueHus kKpurepus Diopu-XarruHca.

post@uestnik-vsuet.ru

LIBeTOBOC pa3nuyre MHOTOCIOWHBIX TIIEHOK
MOJMBHHIJIXJIOPH/A 0 U TOCIEC KPaTKOBPEMEH-
HOH (5-20 c¢) 00paboTKH JIETYyYUM PACTBOPUTEIEM
(1,2-nuxsaopaTaHoM, OyTWII- WM STHIALETATOM)
JOCTUTAeT 35 eUHUII YIKE MTPH JABYX CIOSIX TIICHOK
¥ o0ecreynBaeT KOHTPACT IOCTATOYHBIN IS
CKPBITOM MApKHUPOBKH YITAKOBKU HITH 3THKETKH,
BBUSIBIISICMOM B MOJISIPH30BAaHHOM CBETE.
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Biansinue J1a3epHOM U CTPYHHO-20pa3suBHOM MOAM(PUKATUHT
CTAJILHOM NMOBEPXHOCTH HA AJAT€3MOHHYI0 IPOYHOCTh
MOKCU/IHBIX 3AIUTHBIX MOKPBITHHI
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AunHoTtanusi. Kopposusi okaspIBaeT CyLNIECTBEHHOE HEraTHBHOE BIHMsHHME Ha He(TeI0OBIBAIONIYI0 OTpacib. B CBS3M C 3THM OCTalOTCS
AKTYaJIbHBIMH Hay4YHbIC MCCIICAOBAHUS B 00JACTH U3YYEHUS M COBEPIICHCTBOBAHUS TEXHOJIOTHH 3alIUTHl METAJUIMUECKUX KOHCTPYKIHH OT
KOPPO3WOHHBIX paspymenuii. Haubonee pacmpocTpaHeHHBIM CIIOCOOOM 3alIMTHl BHYTPCHHEH ITOBEPXHOCTH TPYOOIPOBOJOB SBISETCS
HAHECCHHE MOJIMMEPHOrO CJO0S HA OCHOBE PA3JMYHBIX OPTaHWYECKUX IICHKOOOpa3yrolmux coeAnHeHui. [y MOATrOTOBKU CTalbHOW
MOBEPXHOCTH K HAHECCHHUIO JTAKOKPACOYHOTO MOKPHITHS TPAJUIIHOHHO IPUMEHSIOT CTPYHHO-a0pa3uBHYIO TEXHOIOTHUIO OUYHUCTKH, HO TIPOLIECC
e€ peanu3alMy CBSI3aH C OTPULATEIBHBIM BIMSHUEM Ha OKPYXKAIOIIYI0 CpEeIy M HEOJHOPOJHOCThIO Aedopmaiuu oOpabaThiBaeMOit
noBepxHOCcTH. COBPEMEHHOMN albTEPHATHBOW SIBISETCS TEXHOJIOTHS Ja3epHOI OYMCTKH, KOTOpas JIHMIICHA HEJOCTATKOB TPAAUIHOHHOTO
METO/a, HO B TO JK€ BpEeMs HE MMEET JOCTaTOYHOH HAay4YHO-NIPAaKTUYECKOH 0a3pl, MOJPOOHO ONMMCHIBAIONICH AKCILIyaTal[HIOHHBIC
XapaKTEPUCTHKH ITOJIMMEPHOTO MOKPHITHS IPU IKCIUIyaTauu. B pabore mccnenoBanach ajre3noHHas MPOYHOCTH MOJMMEPHOTO CIIOSI Ha
OCHOBE 3TIOKCHHOBOJIAYHBIX CMOJI, CIIMTOTO aMHHCOAEPIKAI[M OTBEPNUTENIEM, Ha TOBEPXHOCTH CTAIBHBIX IUTACTHH Mapku C120, 0UNIEHHBIX
CTpYHHO-aOpa3MBHOW M JIa3epHOM TeXHOJIOTHAMHU. B KauecTBe aOpa3MBHOIO MaTepHalia MCIIOJIB30BANACH YIYUIICHHAsl CTalbHas KOJOTas
npo0b. Jli1st peanu3anum nporecca 1a3epHO OUUCTKU MCTIOJIb30BAIKCH [IBa BU/IA OTITOBOJIOKOHHBIX JIA3€POB: C MMITYJIbCHBIM U HETIPEPHIBHBIM
nznydeHueM. OleHKAa MIEPOXOBATOCTH IMOBEPXHOCTH CTABHBIX IUIACTHH IOCIEC OYHCTKH MPOM3BOJUIACH C MOMOIIBI MPOGUIOMETPA.
AJre3uoHHAs MPOYHOCTH MOJUMEPHOTO CJIO0S ONPEe/esiiach METOOM HOPMAJIbHOTO OTpbiBa rpudKa. [lokazaHo BIMsSHHE BBIOOpA TEXHOIOTHH
MoOu(UKAIIMKA CTAIBHON MOBEPXHOCTH HA CTENEHb OYMCTKH U TIIyOMHY MHUKpopenbeda moBepXHOCTH. [IpoaeMOHCTPUPOBAHHO BIHSHHE
MHUKpopelbeda Ha aIre3HOHHYIO0 TPOYHOCTD 3AIIUTHOT'O MOJMMEPHOTO CIIOSL.

KuroueBble ci10Ba: aAre3MOHHAsl MPOYHOCTh, MOJMMEPHBIN CIOM, Ja3epHas OYHMCTKA, CTPYHHO-aOpa3sWBHAs OYHCTKA, LIEPOXOBATOCTH,
STMOKCUIHOE MOKPHITHE.

Effect of laser and shot blasting modification of steel surface on the
adhesion strength of epoxy protective coatings
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Abstract. Corrosion poses a significant adverse impact on the oil extraction industry. Consequently, scientific research into the study and
improvement of technologies for protecting metal structures from corrosive damage remains highly relevant. The most common method for
protecting the internal surfaces of pipelines involves applying a polymer layer based on various organic film-forming compounds. Traditionally,
shot blasting technology has been used to prepare steel surfaces for the application of paint coatings; however, this process is associated with
negative environmental impacts and non-uniform deformation of the treated surface. A modern alternative is laser cleaning technology, which
eliminates the drawbacks of the traditional method but lacks sufficient scientific and practical data detailing the operational characteristics of
polymer coatings during service. This study investigated the adhesive strength of a polymer layer based on epoxy-novolac resins cross-linked
with an amine-containing hardener, applied to grade St20 steel plates cleaned via shot blasting and laser technologies. Enhanced steel grit was
employed as the abrasive material. Two types of fiber-optic lasers—pulsed and continuous-wave—were used for the laser cleaning process.
Surface roughness of the steel plates post-cleaning was evaluated using a profilometer. The adhesive strength of the polymer layer was
determined via a normal pull-off test using a dolly. The research demonstrated the influence of the chosen steel surface modification technology
on the degree of cleaning and the depth of surface microrelief. Additionally, the effect of microrelief on the adhesive strength of the protective
polymer layer was revealed.

Keywords: adhesive strength, polymer layer, laser cleaning, abrasive blasting, surface roughness, epoxy coating.
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BBenenune

Koppo3ust HaHOCHT KOJIOCCANBHBIN yIIepO
CTaJbHBIM ~ KOHCTPYKLUSM, O3KCILTyaTHPYEMbIM
B YCIIOBHUAX aTMOC(hepHON M KOPPO3UOHHO-arpeccrB-
HoM cpenpl. K mocnemHelt MOXKHO OTHECTH JICHCTBHE
BJIard M arpecCUBHBIX XMMHUYECKUX COEAMHEHHUH
Ha BHEIIIHWE U BHYTPEHHUE MOBEPXHOCTH CTAJIBHBIX
TpyO MpH UX SKCIUTyaTalllK B HEIPax 3€MIIH, B TOM
qucye npyu Jo0bae He(hTH, C BBICOKUM COJICpKaHUEM
B TpAaHCTIOPTHpPYyeMOM (IIIOUAE BOIBI, TBEPABIX
aOpa3suBHBIX YacTHUI], a TAKXKe YIJIEKUCIIOTO Tasa
1 CEpOBOJIOPOA.

KopposuonHssie pa3pymienns B HererazoBoi
OTpacid TPUBOIAT K SKOHOMHUYECKHM 3aTparam
Ha peMOHT 00OpyJ0BaHus B pazMepe oT 2 10 5%
or BBII panscrpan ¢ pa3BUTOM 3KOHOMUKOM.
Buenpenwe n passuTre MeTOI0B OOPBOBI C KOppo3ueit
MOT'YT CHH3UTb 3TH 3aTpaThl Ha 15-35% [1-3].

Haubonee pacmpocTpaHeHHBIM cIIocoOoOM
3aIUTHl METANIMYECKUX KOHCTPYKLMH B HeTeraso-
BOM OTpaciy, B YaCTHOCTHU, BHYTPEHHEN MOBEPXHOCTh
CTaJbHBIX TPYOOIIPOBOJOB, SBISIETCS HAHECEHHE
MOJIMMEPHBIX TOKPBITHH.

3alUTHBIE TOJMMEPHBIE TIOKPHITHSI, HA OCHOBE
STOKCHIHBIX CMOJI, ITOCTIE OTBEPIKICHHS 00pa3yIoT
TEPMOPEAKTUBHBIA MaTepual C BBICOKOH IMPOYHO-
CTBI0, XUMUYECKON ¥ KOPPO3UOHHOM CTOMKOCTBIO,
Orarojapst YeMy OHM HalllIM LIMPOKOE MPUMEHEHHE
B IIPOMBINIIeHHOCTH [4—6].

BakpeWmuM CBOMCTBOM IS 3allIUTHBIX
MOJIMMEPHBIX IOKPBITHH SBISETCS HX aiAre3us
K 3aI{IaeMOi IIOBEPXHOCTH [7].

Hnst obecrieueHust yciioBuid 00pa3oBaHUs
aJIrTe3MOHHBIX CBS3eH Ha TPaHUIIEe KOHTAKTa MOJIMMEp —
CTalb HEOOXOAMMO TMOJIOTOBUTH IOBEPXHOCTH
cyOctpara. IloaroroBka peanusyercsi myTeM OYUCTKU
MOBEPXHOCTH OT 3arpsI3HAIOLIMX COSMHEHNUH, CIeI0B
KOPPO3HH U ()OPMHUPOBAHKEM PA3BUTOI0 MUKPOPEIIb-
eda, omenmBaemoro mepoxoBatocTbio. Illepoxopa-
TOCTh OTBEYACT 32 IUIOMIa[h KOHTAKTA TOJIMMEp —
CTaJIb U HAIIPSAMYIO BIIMSIET HA QATE3MOHHYIO IIPOY-
HOCTB 3aIIUTHOM cuctemsl [8, 9].

Haubonee pacripocTpaneHHON TEXHOJIOTHEH
MOJITOTOBKM TOBEPXHOCTH SIBIISIETCS  CTPYHHO-
aOpa3uBHass 00paboOTKa pa3IMYHBIMH a0pa3uB-
HBIMU Matepuanamu. [loBepxHOCTh cTanmu mocie
MoJ0O0OHON MOTU(UKALUU TPUOOPETAET Pa3BUTYIO
MOpP(OJIOTHIO, YTO MO3BOJSIET AOOUTHCS BBHICOKON
QIIFe3MOHHON  MPOYHOCTH  IOJIUMEPHOTO  CIIOS
K cyoctpary [10, 11].

B Toxe Bpems, Ui TEXHOJOTUU CTpyHHO-2
Opa3suBHON MOIM(UKALMM XapaKTepHbI CIEAYIOIINe
HEJOCTaTKH: HEraTUBHOE BIMSHHE HA OKPYKAIOLIYIO
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cpeny, Hu3Kast 3Q(EKTUBHOCTh TIPH OYKCTKE MOBEPX-
HOCTEH C CJIO)KHOM TeoMeTpHell, HEOAHOPOAHOCTb
nedopManii MOBEPXHOCTH, a TAKKE 3aBHCHUMOCTH
ot opMBI 1 KauecTBa abpa3iBHOro Marepuana [12, 13].

B kauecTBe albTepHATHBBI PAacCMATPUBACTCS
TEXHOJIOTHSI JIA3€PHON OYHCTKH. DTO IEpeaoBOU
crroco0 Moau(UKAIIA TOBEPXHOCTH, B KOTOPOM
UCTIONB3YEeTCS BBICOKODHEPTETHYECKUN JIa3epHBIN
Tyd JUIS yAaJeHus 3arps3HSAIONNX COEIMHEHUH
1 GOpMHUpPOBaHUS MHUKpoOpeabeda MOBEPXHOCTH.
B cpaBHeHMH ¢ TPQAWUMOHHBIMH  IOAXOJAMHU
MOJATOTOBKM METAUIOKOHCTPYKIHMH K HAHECEHUIO
JIAKOKPACOYHOTO TIOKPBITHSI, OHA OTIIMYAETCS KOJIO-
TMYHOCTBIO, BBICOKOH TOYHOCTB, 3(D(HEKTUBHOCTHIO
Y THOKOCTBIO HACTPOUKH Mpoliecca MOJU(DUKALIIH.

Jlazepras oumcTka ocHoBaHa Ha GOTOTEp-
MUYECKOW a0JAIny — HarpeBe MeTauia J0 TeMIle-
parypsl Mex(a3HOH TpaHHULBl C MOCICTYIOUIM
WCIIApEeHUEM MOBEPXHOCTHOTO ciod. JlokampHoe
BO3/ICHCTBHE JIA3EPHOTO M3TYYCHHUSI U BOSHUKAIOIIIEE
JIaBJICHHE pa3pylIalOT 3arps3HEHHs, a IJIa3MeH-
HBIH 1UTel¢ co3aaeT 30Hy BHICOKOTO BHYTPEHHETO
JABJICHHUA C MUKIAMH HarpeB-OXJaXIeHHe. JTO
CIOCOOCTBYET H3MEHEHHUIO (HUINKO-XUMHUECKUX
CBONCTB ITOBEPXHOCTH.

KiroueBbie mapameTpsl mpolecca Ja3epHon
OYHCTKU — MOIITHOCTh, HHTEHCHUBHOCTH M YacTOTa
n3iydeHust. [Ipn HU3KOM MHTEHCUBHOCTH yAAJIS-
I0TCS 3arps3HEHUsT 0e3 M3MEHEHUsT MOPQOIOTHH,
TOTJa Kak BBICOKAS HMHTCHCHBHOCTH BBI3HIBAET
TUTaBICHUE MeTajljla U BEIOPOC BeIecTBa, (OpMHUpYs
pa3BuThIil MuKpopeibed [14-17].

DyHIaMEHTaIBHBIM TTApaMETPOM Jla3epHOU
MOIM(DKAITAH SIBIIETCS TUIT M3ITYICHHS: HEMPEPhIB-
HOE WX UMITyJibcHOe. Kaskias mMeeT cBon 0coOeH-
HOCTH, XapaKTEPUCTUKH 1 00JIaCTH PUMEHEHUS.

HempepriBHOE N1a3zepHOE M3IydeHHE OOecrie-
YMBAET IOCTOSTHHBIN TIOTOK SHEPTUH, YTO JIENIaeT ero
3 (EKTUBHBIM TSI OYUCTKH KPYITHOMACIITaOHBIX
MIPOMBIIIIEHHBIX OOBEKTOB C BHICOKOW TPOU3BOIM-
TENBHOCTBIO. brarogapsi BEICOKOH MOITHOCTH, OHO
CMOCOOHO YIIAIATh TPYTHOOT/IENSIEMbIE 3arpS3HEHNSI.
[Ipu 3TOM BBICOKAsi MOIITHOCTh M3IIYYECHUS MOXKET
MPUBOMIUTh K M30BITOYHOMY TEIJIOBOMY  BO3JICH-
CTBHIO Ha MaTepHall U BBI3BIBATH €0 MOBPEKICHUSL.
HenpepriBHBIE Na3epbl MIMPOKO HWCHOIB3YOTCS
Onaronapsi cBOM JOCTYHNHOCTH W NPOU3BOAMTEIIb-
Hoctu [18, 19].

NmrynibcHOE U3ITydeHHe OCHOBAHO Ha HCTIONb-
30BaHUM CEPUM KOPOTKHMX HMITYJIBCOB C BBICOKOM
SHEPrUeH, TO3BOJISIOIICH YAAISTH ¢ 00padaThIBaGMOM
MOBEPXHOCTH PKABUMHY U OKCHJIHBIE COCIMHEHHS.
XapakTepusyeTcst MEHBIIEH CpefHEN MOIITHOCTBIO,
YTO TO3BOJSET 00pabaThBaTh IMOBEPXHOCTH 0e3
neperpesa [20].
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B Hactosimiee Bpems, AJIs TEXHOJIOTHM Jia-
3epHOI OYMCTKH, OTCYTCTBYET €AMHBIA CTaHAAPT,
PEIVIAMEHTUPYIOIINM CTENEHb OYUCTKH CTalbHOU
[IOBEPXHOCTH IEpel HAHECCHUEM JIAKOKPACOYHOTO
MOKPBITHS, aHATIOTHYHBIN MEKAYHAPOJHOMY CTaH-
nmapty I1SO 8501-1 must cTpyiiHO-aOpa3uBHOTO
croco6a MoTu(UKAITHH.

Taroke OTCYTCTBYIOT B JOCTATOYHOM OOBEME
9KCIEPUMEHTANbHBIE JTaHHbIC, PaCKPBIBAIOIIAS
B3aMMOCBSA3b IApaMETPOB HACTPOUKU JIA3€PHOIO
W3Tydaresis U aATe3UOHHOM MIPOYHOCTH IIOJIUMEp-
HOTO CJIOS, B YACTHOCTH, Ha OCHOBE 3IOKCHIHBIX
cmoin. Tem He MeHee, Hay4YHbIe pabOoThI, pacCKphIBa-
IOLIME 3Ty B3aWMOCBA3b, AKTUBHO IyOIHKYIOTCS
B mocieHue rojpl [21-23].

Henpto paboTHl SBISETCS HCCIEIOBAHHE
CTEIIEHH OYHMCTKH M IIEPOXOBATOCTU CTAJILHOU
MIOBEPXHOCTH ITIOCJIC BO3EHCTBUS UMITYJIBCHOTO U
HETIPEPHIBHOTO JIA3EPHOTO W3IYYCHHUsS M CPaBHEHHUE
PE3YIIBTATOB C TPAAUIMIOHHON CTPYHHO-a0pa3uBHOM
o0Opabotkoi. OUEHUTHh AATE3NOHHYIO MPOYHOCTH
IMOJIMMCPHOT'O IMMOKPBITHA TTOCIIC HpCI[BapHTCJIBHOP'I
MOI[I/I(l)I/IKa]_[I/II/I paccMaTpruBa€MbIMU TEXHOJIOTSAMU.

PaGora sBnsercss oTIpaBHON TOYKOH st
JTAJIbHENIIIETO N3YyYEHUS BO3MOKHOCTEM TEXHOJIOTUI
Na3epHON OYHMCTKU U €€ TPUMEHEHUs B 00JNacTH
3aIUTHI TOBEPXHOCTH TPYOOTIPOBOIOB B HE(TEO-
OBIBaIOIIEH OTPACITH.

post@uestnik-vsuet.ru
MartepnaJibl 1 METOABI

B kauecTBe KCIEPUMEHTAIBHBIX 00pa3LoB
ObuTH BBIOpaHbI TIACTUHBI U3 cTanu Mapku Ct 20.
Pasmep mmactun: 100 X 50 x 3,9 mm.

HcxonHoe cocTosiHME HM3y4aeMoOM MOBEpX-
HOCTH OTHOCHTCA K THITy «A» cormacao ['OCT P
HCO 8501-1-2014.

B xauecTBe OCHOBBI HOJIMMEPHOTO AHTUKOP-
PO3MOHHOIO CJIOA HCIIOJIb30BANACh SMOKCHAHO-
(eHONMBHAS CMOJIa C OTBEPIUTENIEM aMUHHOTO THUIIA.

[Ipy NOArOTOBKE CTAILHOW MOBEPXHOCTU
K HAaHECEHHIO MOJIMMEPHOTO MOKPBITHSI UCIIOJIB30-
BaHbl JBa NPUHIMIIMAIBGHO Pa3HBIX crocoda
OYHCTKU W MOAX(HKAIMN MOBEPXHOCTH: Ja3epHbIN
Y CTpyHHO-a0pa3HBHBIH.

Jns mazepHON OYMCTKH W MOAM(UKAIINH
CTaJTbHOH MOBEPXHOCTH UCTIOJIL30BAIIUCH JBA BUIA
OTNTOBOJIOKOHHBIX JIa3¢pHBIX M3NIydaTelei: HM-
MyJIbCHBIA U HENPEPBIBHBIM.

CrpyiiHo-aOpa3uBHAsl OYMCTKA MOBEPXHOCTH
CTaNlbHBIX IUIACTHH TNPOW3BOJAMIIACH B 3aKPHITOH
CTaMOHAPHOM KaMmepe HamopHoro tuna. B xauectse
a0pa3uBHOIO Marepuana MPUMEHSUIACh CTajbHas
auTast KoJoTas qpoob yiyumiennas (JJCKY), usro-
toBieHHas coryacHo ['OCT 11964.

[TapameTps! poLieccoB MOAU(HKALIMH CTAIb-
HOH MTOBEPXHOCTH MPUBEACHBI B Ta0mue 1.

Tabauna 1.

[TapameTps! porieccoB MOAN(DUKALIMN CTaIbHON OBEPXHOCTH

Table 1.

Parameters for steel surface modification processes

TexHoNOTHS MOAUDHUKAITN

ITapametpsl nponecca
Parameters

Modification technology MouHocTts, Bt

YacroTa uzmyueHus, kI 1|

2

IInomanp nsATHa, cM* | JIMHA BOJIHBI, HM

Laser cleaning, continuous source

Power, Watt | Radiation frequency, kHz Spot area, cm? Wavelength, nm
JlazepHas ourcTKa, UMITYJIECHBIN HCTOUHUK
Laser cleaning, pulsed source 100 500 18 1080
JlazepHast ourcTKa, HETIPEPBIBHBIN UCTOYHUK 1500 5000 126

CrpyiiHo-abpa3rBHasi OUUCTKA
Blast cleaning

JCKY, ¢pakius 0,7-0,8 MM, naBieHre MOAa4M U3 COIMJIa COCTABIAET 6 aTM
DSCU, fraction 0.7-0.8 mm, supply pressure from the nozzle is 6 atm

C TIOMOIIIBIO KaXKION TEXHOJIOTHH MOTU(pHKa-
uu Ob1To 00padoTano mo 10 cTanpHBIX TUTACTHH,
B3ATBIX M3 OJHOM IIPOU3BOJCTBEHHON NapTHUU.
Cpennee Bpems Ipoliecca MOTUGUKAIIUN TTOBEPX-
HOCTH OAHOro o0pa3ua AJsl KaXKI0W TEeXHOJIOTHU
cocraysuio 15-20 cexyH.

Ha xaxio#i nnactuHe mociie mpouecca Mo-
IuQUKaLuN TPOBOJUIIACH OLIEHKA IEPOX0OBATOCTU
MOBEPXHOCTH B IIATH TOUKAX MPH IOMOIIY TPOPHIO-
Metpa «Time Group Inc TR220». Ba3zosast auHus
nu3MepeHni cocrapisiia 0,8 MM, Pesynbrar 3adukcu-
pOBaH B BUJAE CpeAHEAPU(PMETHIECKOTO 3HAYCHUS
st mapameTpoB Rz, Ra 1 Rmax [24].
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Ilepen HaHECEHHEM KUAKOTO MOJIHMEPHOTO
CJIOS1 TUTACTHHBI 00€3KUPUBAIIN TPOMBIBKOH XUMH-
YEeCKH YUCTHIM alleTOHOM.

Hanecenne J1akOKpacOYHOTO  MOKPBITHSA
MPOM3BOAMIOCE  Ha TadOpaTOPHON  yCTaHOBKE
0 MIPUHIINAITY OE€3BO3AYIIHOTO PAaCIBUICHUS, MPH
KOTOPOM JKHJIKUH TONMMEpPHBIA MaTepuan pa3ouBa-
€TCs1 B MEJTKMH a3p030J1b C MOMOIIIBK0 MEXAHIUYECKOTO
BpAILICHUS PACTIBUIMTENSA, IPUBOIUMOIO B ABIKEHUE
BO3JIYITHOW TYpPOUHOM.

[Nonmumepu3anus 3aIUTHOTO CII0S IPOUCXO-
Juiia B CyIIMJIBHOM IIKagdy Oe3 KOHBEKIHH IPH
temneparype B 160 + 5° C B TeueHun 0JJHOTO Yaca.
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W3mepeHne TONIMHBI TTIOJMMEPHOTO TIOKPBITHS
OCYILIECTBIISUIOCH C TIOMOIIBIO TPUOOpa HM3MEPEHHS
reoMeTpuyeckux mapamerpoB «Koncranra K5».
Cpemusisi  TONIIMHA TOJUMEPHOTO  MOKPBITUS
Ha obpasmax cocraBmia 170 £ 3 MkMm.

BenuurHa aAre3MOHHON MPOYHOCTH TOJH-
MEPHOT'O CJI0sI OTIPEIEIIsIach METOIOM HOPMAaILHOTO
orpeiBa rpudka mo 'OCT 32299-2013. Ha kaxmaom
o0pasiie CTaJIbHOM IIACTHHBI C JAKOKPACOYHBIM

post@uestnik-vsuet.ru
HOKPBITUEM IPOU3BOAMWIOCH 2 HCHBITAHUS IO
OTIPENIENIEHUIO AAT€3MOHHON IPOYHOCTH. 3a pe-
3yJIbTaT MPUHUMAJIOCH CpeHee apru(pMeTHUIECKoe
BCEX U3MEPEHHUII.

PesyabTaThl M 00cy:x1eHNe

Bremnuii BUJ1 TOBEpXHOCTH CTAIbHBIX IUTA-
CTHH JI0 W TIOCTIE TIporiecca MOIU(DHUKAITIN TPEMs
TEXHOJIOTHSIMH MTPEICTaBIICH Ha pUcyHKe 1.

Pucynok 1. BHemHuii BHJ TOBEpXHOCTH CTaJIbHOW IUIACTHHBI JO M Iocie mpouecca Mmoaupukanuu: A — 0e3
Mojudukanmu; B — na3epHas o4ymcTKa, MMITYJIBCHBIH MCTOUHMK; C — J1a3epHas OYMCTKA, HENPEPHIBHBIA HMCTOYHUK;

D — cTpyiino-abpa3uBHas ounctka JJCKY

Figure 1. Appearance of the steel plate surface before and after the modification process: A — untreated; B — laser cleaning,
pulsed source; C — laser cleaning, continuous source; D — shot blasting with improved steel grit

HcxomHoe cocTosiHME CTaBHOM IMOBEPXHO-
ctu (pucyHok 1 — A) xapakTepusyeTcs HaJIuduem
MPOKATHOM OKaJIMHBI M HU3KHUM COJIEpPIKaHUEM
MIPOIYKTOB KOPPO3HH.

Ha mnoBepxHOCTM CTainbHON IUIACTHHBL, IOJI-
BEPrHyTOM JIa3€pHON OUMCTKE UMITYIbCHBIM UCTOYHH-
koM (pucyHok 1 — B), HaOmoaeTcst yaeH1e Ciie/ioB
PPKaBYMHBI, HO OCTAeTCSI PaBHOMEPHBIH TOBEPX-
HOCTHBIN CJIOM OKMCJICHHOIO METajljia, YTO CBHC-
TENBCTBYET O HE3HAYUTEILHOU TITyOWHE OYHCTKH.

[Nocne mporiecca azepHOi a0JISINH, C UCTIONb-
30BaHMEM KCTOYHHMKA HETPEPHIBHOTO HW3JIyUYCHHS,
3a(hMIKCUPOBaHA OYKCTKA MIOBEPXHOCTH OT ITPOYKTOB
KOPPO3WU U YaCTUYHOE YAaJICHHE CJIOS IIPOKATHOM
oxanuubl (pucyHok 1 — C). JlaHHBIH pe3ysIpTaT BU-
3yaJIbHO COTOCTaBHM C CTENeHbIO O4MCTKH Sa 2 [25],
JIOTTYCKAIOIIMIA HAJIMYHE Ha TOBEPXHOCTH TPYIHO
OTIETUMOM MPOKATHOMN OKAJTUHBI.

Ha oOpa3siax mocie cTpyiHO# abpa3uBHON
momudukaimn JICKY (pucynok 1— D) 3aduxcupo-
BaHa TITy0OKas cTerneHs ounctku Sal [25], mompasy-
MeEBaroIIasi OYMUCTKY JI0 BUIMMOW YUCTOM CTaJIu.

Hcxonnas u chopMupoOBaHHas IIIEPOXOBATO-
CTH Tociie 00paOOTKH TPEMS TEXHOJIOTHSMH MOJTHU-
(bMKaMy MOBEPXHOCTH OTOOPAKEHBI B TaOIHLIE 2.
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Tabnuna 2.
Hcxonuas v chopMUpOBAHHAS MIEPOXOBATOCTH
mocJiie 00pabOTKU TPEeMsI TEXHOJIOTUIMHU
MOJU(PHUKAINHN TIOBEPXHOCTH

Table 2.
Initial and resulting roughness after processing
with three surface modification technologies

TexHomorust MOTU(UKAITN Rz, Ra, Rmax,
Modification technology MKM | MKM MKM

Be3 momudukarmm
No modification 31 13 111
JlazepHast OUMCTKA, IMITYJIbCHBIN
HMCTOYHHK 7,8 15 11,8
Laser cleaning, pulsed source
JlazepHas ouncrka,
HETIPEPHIBHBIN HCTOYHUK 22,7 47 42,8
Laser cleaning, continuous source
CrpyiiHO-aOpa3uBHas OUHCTKA
Blast cleaning 821 6.1 459

[Ipu ananm3e pe3ynbTaTOB U3MEPEHHS Ie-
POXOBATOCTH BBISIBIICHO, YTO TPH UCIIOJIE30BAaHUN
CTpYHHO-a0pa3uBHOM TEXHOJIOTUH MOIAM(PHUKAIH
MOBEPXHOCTH YJAJIOCh JOOUTHCS HaWOOJBLIETO
TPUPOCTA BBICOTHI HepoBHOCTeH mpodmits (R;) Ha 90,3%
W yBEIIMYEHUE CPEITHETO apr(METHIECKOr0 OTKIIOHE-
Hust podms (R,) Ha 78,7%.
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[pu MogudrKaIMKi HOBEPXHOCTH HMITYJILCHBIM
U3IIydeHneM 3a(h)MKCUPOBAHO YBEJIMYECHHUE CPEIHETO
apu(pMeTHUYECKOro OTKIOHeHUs poduirt Ha 13,3%.
IIpu BO3nEHCTBUM HA MOBEPXHOCTh U3ILy4aTesIeM,
TCHEPUPYIOIINM HEMPEePHIBHOE U3TYUCHUE, YBEIIH-
YEHHE ITOTr0 apameTpa coctaniser 72,3%.

[Ipr 006paboTKE TTOBEPXHOCTH HETTPEPHIBHBIM
Ja3epoM BBICOTA HEPOBHOCTEW MPOQWIS BHIIIE
B 2 pa3za, a cpellHee OTKJIOHEHHE MPOQWIIS BhIIIE
B 3 pa3a, 4eM npu 00paboTKe J1a3epOM UMITYIIbC-
HOTO THUIIA.

MaxkcuManbHasi BHICOTA MMHKA MIEPOXOBATO-
cTé (Rmax) TIOCTIE JTa3epHOM A0JSIIIUK UMITYIbCHBIM
HUCTOYHUKOM YBEJIMYUBACTCS OTHOCHTENBHO WC-
XOJTHOU moBepxHocTH Ha 5,9%, Torna Kak y Henpe-
PBIBHOTO J1a3epa M CTPYHHO-a0pa3MBHON OYUCTKH
HAOIOMAaeTCS COTMOCTABUMOE YBEIUYCHHE 3TOrO
napamerpa Ha 74,1% u 75,8% cooTBeTCTBEHHO.

Hawnbonee pa3BuThblii MUKpopenbed MOBEpX-
HOCTH TOCJIE BO3/ICHCTBHS aOpa3uBHBIM MATECPHATIOM
OOBSICHAETCS TEM, YTO OCTPOYTOJBHBIC YACTHUIIBI
JIpoOM, TPHU CTOJKHOBCHHU C 00padaThIBAGMBIM
U3JIeNTueM, IPUIAIOT TOBEPXHOCTH aHKEPHBIH MPO-
(nb, Toapa3zyMEBAIONIMA HATMYHE YTITyOJIeHHHA
B 00pabOTaHHOI MOBEPXHOCTH U, KaK CJIE/ICTBUE,
YBEJIMYEHUE TUIOIIA/IN, B JAJIbHEUIIEM KOHTAKTH-
PYIOILLEH C KUIKUM MOJTUMEPHBIM COCTaBOM.

Pasmiunas Mop¢oiorus moBEpXHOCTH TOCTe
MOJTU(pHUKAIMN JABYMS BHJIAMH JIA3€PHBIX H3ITyda-
TeJen 06'LSICH5[CTCH U3MCHCHHEM HHTCHCHUBHOCTU
U3JIy4ECHUS.

VHTEHCHUBHOCTD M3TYYCHHUSI XapaKTePHU3YeT
TUIOTHOCTh MOIIIHOCTH HA AWHUILY TUIOMIA M J1a3ep-
Horo ny4a. Ot e€ BeTMYMHBI 3aBHCUT BO3MOXXHOCTD
OKa3blBaTh BIMSHUEC Ha MUKpOpenbed CTalbHOU
noBepxHoctH [17].

Hcxonst w3 ypasuenus (1) ycTaHOBJIEHO,
YTO UHTCHCHBHOCTb MU3TYYCHUS JJIS1 HMITYJIbCHOTO
nasepa coctaBisieT 55,5 Br/cm?, a s Henpephis-
noro 119,1 Br/cm?. TemmepaTypa MOBEPXHOCTH
CTATLHOW TUTACTHHBI TOCIIE BO3ACHCTBHS UMITYJIbC-
HOTO H HENPEPBIBHOTO M3Iy4eHUH cocTaBisieT 45° C
1 67° C cOOTBETCTBEHHO.

P
l=— )
A
rac: | — MHTEHCUBHOCTH JIA3CPHOTO HU3JTYYCHUA,

Bt/cM?; P — MOLIHOCTB J1a3epHOro n3myyarens, B;
A — IIOmA b JTA3EPHOTO IIATHA, CM2,

Ha pucyHke 2 ipoieMOHCTpUpOBaHa CpeTHsIS
a/Jre3MOHHasl IPOYHOCTh HMOJIMMEPHOrO CJIOS ISt
paccMaTpuBaeMbIX TEXHOJOTMH MOAU(UKALMH
CTaJIBHOM MMOBEPXHOCTH.
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Pucynox 2. Cpennss aAresHoHHas IPOYHOCTh
HOMMMEPHOTO  cJos A1 TpEX  TEXHOJOTHI

MO[[I/I(bI/IKaHI/II/I IMOBEPXHOCTHU

Figure 2. Average adhesive strength of the polymer
layer across three surface modification technologies

HawnbGomnb1ras anre3noHHast MpOYHOCTH 3a(HK-
CHpOBaHa Ha o0pa3lax MOJMMEPHOIO HOKPBITHS
C IIpeIBapUTENILHON CTPYHHO-a0pa3uBHOW MOJH-
¢ukanumeit. I[lpupoct aare3nOHHONH NPOYHOCTH
cocrapmsieT 92,5% orHocuTEeNEHO 00pa3ia MmoJu-
MEPHOTO CJIos 0e3 MpeIBapUTEIbHON OUNCTKH.

HanmeHnsiiast Benm4rHa are3u HaOroJaeTCst
Ipy MpeaBapUTEIbHOM BO3ACHCTBUU HA IOBEPX-
HOCTb HUMITYJIbCHBIM M3JIYYCHUCM, HC YUYUTbhIBasA
MOBEPXHOCTH 0e3 MoIu(pUKALINY.

[lonvMepHOE MOKPBITHE C MPEABAPUTEIBHON
00pabOoTKOM HEMPEPBIBHBIM M3Ty4EHHEM IEMOHCTPHU-
pyer Ha 63,1% GoJsiee BBICOKYIO aJIre3MOHHYIO TPOY-
HOCTb 10 CPAaBHEHHIO C UMITYJIbCHOM 00pabOTKOM.

AJre3voHHasi IPOYHOCTD MOIMMEPHOTO CIIOS
nocJie TpeABapuTeNbHON MonuduKkanueld abpa3us-
HBIMU MaTepuajiaMHi B 2,5 pa3a BbIIIE, YeM TI0cie
nporecca abJIUH HENPEPHIBHBIM JIA3€POM.

Ha pucyHke 3 npoieMOHCTPHPOBaH XapakTep
OTpBIBA TPHOKOB TIPH OTPENEICHUH aare3nOHHON
MIPOYHOCTH ITOJUMEPHOTO CIIOSI.

Habmtomaercss SIBHO BBIpaXKEHHBII aire3roH-
HBII XapakTep OTphIBa rpHOKa Ha 00pasiie MOKPHITHS
C TIpe/IBapUTENILHON  J1a3epHON  MoauduKanuen
UMITYJIbCHBIM MCTOYHHMKOM, YTO CBHIETEIbCTBYET
0 CPaBHUTEIHHO HU3KOM CTENEHH MEXaHHYECKOTO
CHCTIICHUA MCXKOY IMOJIMMEPOM U CTAJIBIO.

IIpy OTpBIBE JTAKOKPACOYHOTO MOKPBITHSA
MocJie BO3JIEMCTBHSA HENPEPBIBHBIM H3ITy4YEHUEM
U CTpYyHHO-a0pa3sMBHONW OYUCTKOW HaOMI0JaeTCs
CMEILIaHHBIA XapakTep OTphIBA IPHOKa, C HATMYHEM
YYacTKOB aJIN€3MOHHOIO M KOI€3MOHHOIO paspylie-
Huil. [lpm 3TOoM Ha oOpa3max ¢ mpenBapUTeILHON
MouduKaiper abpa3uBaMu KOT€3HOHHBIN XapakTep
OTpbIBa 00Jiee BBIPAKECHHBIM.
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Pucynok 3. Xapakrep OTpbIBa TpHOKOB IIpU OINPEIEICHUH aJIre3MOHHON HMPOYHOCTH MOJMMeEpHOro ciosi: A — 0e3
Moudukanmu; B — nazepHas oumcTKa, MMITYJBCHBIH MCTOUHMK; C — JasepHas O4YMCTKA, HENPEPHIBHBIA HMCTOYHUK;

D — cTpyitno-abpa3uBHas ounctka JJCKY

Figure 3. Dolly detachment behavior during adhesive strength testing of the polymer layer: A — untreated; B — laser
cleaning, pulsed source; C — laser cleaning, continuous source; D — shot blasting with improved steel grit

CymiecTBeHHasi pasHHUIa B aAre3MOHHON
MIPOYHOCTH MOJUMEPHOTO CIIOSI MEXKAY MpeABapH-
TEeIbHOW O00pa0OTKOM UMIYJIBCHBIM JIa3epOM
U CTPYHHO-a0pa3uBHON OUYUCTKOM — 3TO CIEICTBHE
CO3/IaHUS Pa3HOM Penbe()HOCTH W pa3HON BEINYMHBI
MOBEpXHOCTHOM »Heprun. 13 ypaBHeHus (2) BUAHO,
YTO BHYTPEHHSS JHEPTUsA MOBEPXHOCTHOTO CIIOS
3aBHUCHUT OT IUIOUIA U MOBEPXHOCTH pasnena das,
TO €CTb OT IUIOLIAIN KOHTAKTa JKUIKOTO MOJMMEPHOTO
COCTaBa U CTAJIbHOM OBEPXHOCTH.

Us:c—Td—G S (2)
dT

IJIe: G — DHEPIrust 00Pa30BaHMs €UHHUIIBI [IOBEPXHO-
cru, Jlx/m%, T — temneparypa, K; do/ dT — Temnepa-
TypHblii ko3(uiment, [x/ (M*K); S — momans
HOBEPXHOCTH pas/ena, M2,

3akiIouyenue

Ilpn peanu3anuy TEXHOJOTUH JIA3epHOIL
OYHCTKH TIOBEPXHOCTH C UCIIOJIb30BAaHUEM HM-
MyJIBCHOTO M3ITydaTelsi ObUIN yIalIeHbl MPOIYKTHI
KOPPO3MOHHOT'O MPOIIecca ¢ MUHUMAIBHBIMH M3Me-
HEHUsIMH MHUKpopenbseda 1 6e3 Harpesa cyocTpara.
[TooOHBIH PEeKUM OYHCTKU TIOIXOIUT JUIS TEPMO-
4yBCTBUTEIIbHBIX MATEPHAJIOB U / WITH JIAKOKPACOYHBIX
MOKPBITHH, JKCIUTyaTalusl KOTOPBIX HE IMOJpa3y-
MEBaeT HAXOXKICHHE 3alHIIaeMOil MeTaNIOKOH-
CTPYKIIMH B arPECCHBHBIX YCIIOBHSX CPEIIBI.

Hcronp30BaHNEe HEMPEPHIBHOTO JIA3€PHOTO
W3ITyYeHHsI TO3BOJISIET YAAIUTh ITPOIYKThI KOPPO3UH
Y YaCTHYHO TPOKATHYIO OKAJIMHY, a TaKkke cop-
MHUPOBATh Pa3BUTHI MUKpOpeTbed MOBEPXHOCTH.
OTu siBNEHUs HAOMIOAAIOTCS 3a CYET OONbILeH HHTEH-
CHMBHOCTH M3JIy4eHHS JIa3epa, PU ITOM OTMEYaeTcst
MOBBIIICHHE TEMIIEPATYPhI U3/IEIIHSL.

Taxum 00pa3oM, 3ahKCUPOBAHO BIIMSHKE BUIA
Y MHTEHCHBHOCTH H3JYy4YEHHs Ha IIEPOXOBATOCTh
CTaJIbHOW ITOBEPXHOCTH.
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Taxxe moaTBepxkaeHa Y3PPEKTUBHOCTD Tpa-
TUIIUOHHOW TEXHOJOTHH CTPYHHO-a0pa3uBHOM
Moaudukanuu ¢ ucnoibzoBanuem JICKY s
(opMHpOBaHUs aATre€3UOHHO-TIPOYHBIX 3AITUTHBIX
MOJIMMEPHBIX TOKPHITHH.

Pe3ynbTaThl cpaBHEHUS TEXHOIOTMI JTA3€pHOU
W CTpyHHO-a0pa3uBHOW MoAM(UKAMH  JEMOH-
CTPHUPYIOT, YTO Ja3epHas oO0paboTKa HempephIB-
HBIM H3JIy4Ye€HHEM, OOeCleurBasi COMOCTABUMYIO
C TPaJIUIMOHHON CTPYHHO-aOpa3suBHOW OYUCTKOM
HIEPOXOBATOCTh, CHOCOOHA CTaTh JKOJIOTHYECKU
0e301acHO abTePHATHBOM.

[IpumeHeHne HEMPEepBIBHOTO — JIA3€PHOTO
u3JIydartenss HauOosee BEpOSTHO TPU BHEIAPEHHUH
TEXHOJIOTHH JIa3epHOW MOIM(UKALMK IS OUUCTKU
CTaJIbHBIX TPYOOIPOBOJOB B HE(PTEra30BOM OTpacy,
TaK Kak JaHHBIA BUJ METAIJIOKOHCTPYKIUI 00pa-
OatpIBaeTcs B OOJIBIINX 00BEMaX B paMKax IMPOU3-
BOJICTBEHHBIX IIPOLIECCOB U TpeOyeT pPa3BUTOTO
MHUKpopenbeda MOBEPXHOCTH it POPMUPOBAHHS
KOPPO3UOHHOCTONKOTO MOJIMMEPHOTO MTOKPBITHS.

HoBusHa pa0®oTbl COCTOUT B OIpenesiCeHHH
aJre3MOHHONM TPOYHOCTH TMOJUMEPHOTO  CJIOA
Ha OCHOBE 3IMOKCHIHBIX CMOJI, CIIUTOTO OTBEPIH-
TEeJIEM aMUHHOTO TUIIA, HA CTAIbHON TIOBEPXHOCTH,
MOM(UIIMPOBAHHON TEXHOIOTHEH JTa3ePHON OUHMCTKH
C HCTIONIb30BaHHUEM JIBYX BHJIOB M3TydaTeNei.

[IpakTHueckass 3HAYUMOCTb HCCIIECIOBAHUSA
BBIP)KAETCS B TOM, YTO TOJIY4YEHHBIE JaHHBIE MOTYT
CIIy’)KATh OCHOBOW JUTs pa3pabOTKH HOPMaTHBHOM
6a3p1, aHanornyHor ISO 8501-1, uto akTyaiapHO
JUTS BHEIPEHUS JIa3€PHBIX TEXHOJIOTUH B TIPOMBILI-
JIEHHOCTB.

JlanpHeliye vccienoBaHyst B JAHHON 00J1acTH
HalpaBJeHbl HA U3yUEHHE KOPPEISALMUA HACTPOEK
JIa3epHOro M3Iyvaresst ¥ PU3MKO-XUMHYECKHX Xa-
paKTepucTUK 00pabOTaHHOI MOBEPXHOCTH.
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HccnenoBanue cogepkaHus 30710TA U IJIATHHBI
B pyae Mmectopoxaennss Mako (CeneraJ)

Cabyxu U. Huprammes *  sabukhi@gmail.com 0000-0001-7887-3061
Wpuna B. Ky3sueropa *  kuznetsovaiv@mail.ru 0000-0001-6666-6292
Bukrop M. Henaxos 2 nenakhov@geol.vsu.ru 0000-0003-1439-0970
Awmany JTnamio ¥ amadiallo91@gmail.com 0009-0007-4339-2744
Enena M. T'opobynosa *  lobanova8686@gmail.com 0000-0002-3550-0115
Basnepus P. 'ybanosa *  lerchonok.99@mail.ru 0009-0002-0350-504X

1 BopoHexxckuil rocyJapCTBEHHbIH YHUBEPCUTET HHKEHEPHBIX TEXHOJIOIUH, p-T Peoironuy, 19, r. Boponex, 394036, Poccus
2 BopoHeXCKHil roCy1apCTBEHHbBIN YHUBEPCUTET, Y HUBEPCUTETCKA IIomans, 1 r. Boponexk, 394018, Poccust
3 VBaHOBCKHIi TOCYIapCTBEHHBIM XUMUKO-TEXHOJIOTHUECKUH yHUBepcuTeT, p. lllepemeresckuii, 7, MBanoso, 153000, Poccust

AnHoTanus. CtaTbs MOCBAIIEHA NpobieMe onpeaeneHus 3070Ta U IIaTHHB B pyae CeHeranbckoro mectopoxkaeHus. IIposeneno
UCCIIeIOBaHNE COAEPXKAHHA 3070Ta U IUIATUHBI B pyAax MectopokaeHuss Mako (CeHeran) il OLEHKM IOTEHIHANa 3TOTO
MECTOPOXKJICHUS JUIsl JanbHeimeld 1o0sdn 1 nepepaboTku. B paboTe MCcnonp30BaCh METOIBI TEOXUMUYECKOTO aHaIN3a, BKIF0Yast
TEOXUMUIO 00pa3IOB, PEHTTCHOBCKYIO MU(PAKIMIO M CHEKTPAIBHBIM aHAIU3, a Takke reopu3ndeckre MeToasl. [Ipn HarpeBaHuu
pyast 1o 1250 °C 6611 06HApYKEH TONBKO oauH dHIoTepMudeckuii addexr (571,14-593,31 °C), conpoBoxmarouuiicss HeOOIbIIONH
notepeit Macchl. I3MenpuéHHYI0 pyy pa3Ieliiig Ha 5 hpakiuil rpaBUTAMOHHBIM METOI0M. B Tspxénoii hpakiuy ObLIi 0OHApYKEHBI
MarHuTHbIC ¥ HEMarHWTHBIC MaTepHaibl. [IpOMBIIUICHHBII IPOAYKT COJAEPIKUT TOJNBKO HEMarHUTHBIE MaTepuaibl. JI€rkas ¢pakmus
npezacraBnsier codoit rmmHy. Kpemnezém Obl1 0OHapykeH Bo (pakuuu ¢ pazMepoM vacturl 6onee 0,5 mm. ComepkaHne METaIOB
OIIPEeISUIOCH METOIOM aTOMHO-a0CcOpOIMOHHOM criekTpockonuu. [lepen n3mMepeHHeM colepkaHus METAIOB B pacTBOpax ObLIH
MPOBE/ICHBI KOHTPOJIBHBIE H3MEPEHUSI COJIep)KaHMUs 30J10Ta B CTAaHIAPTHOM pacTBope. B kaxnoit ppakiun mccieryemMoi pyabl ObutH
0oOHapy»KeHBI U 30JI0TO, U IaTuHa. Hanbompinee KOIMUecTBO 3010Ta U TUIATHHBI COAEPXKUTCS B rmHHCTON Qpakuuu (0,5 u 25,7 /T
COOTBETCTBEHHO). HanMensbIee konnuectBo — B n€rkoi ¢ppakumu (0,065 n 0,26 1/1). KonndecTBo mIaTHHEI IPEBHIIIAET CONEpPIKaHUe
30JI0Ta B IPOAYKTaX TpaBUTALMOHHOro oboramieHus. CrenaHbl BHIBOJIBI O NPHUCYTCTBHM 30JI0Ta B pyJe B TOHKOIHCIEPCHOM
COCTOSIHUM. TpaJMIMOHHBIH METOJ NHMAHUAHOTO OOOTAIIeHUs PAaroleHHBIX METAUIOB HE TOAXOJUT JJIS BBIACICHUS
TOHKOJHCIIEPCHOT0 30510Ta. HE00X011M TOMCK HOBBIX AJIbTEPHATHBHBIX, THHOBAIIMOHHBIX METOI0B 000TaIIeHHs CCHETaIbCKON PYIIBI.

KuroueBble cjioBa: 30J10TO, IUNIATHHA, AaTOMHO-aICOPOIIMOHHBIN aHAIIN3, PYya, TEPMUYCCKUI aHATIH3, TPAaBUTAIIMOHHBIA METO.
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Abstract. A study of the gold and platinum content in the ores of the Mako deposit (Senegal) was conducted to assess the potential of
this deposit for further extraction and processing. The work used methods of geo-chemical analysis, including geochemistry of samples,
X-ray diffraction and spectral analysis, as well as geophysical methods. When the ore was heated to 1250 °C, only one endothermic
effect was found (571.14-593.31 °C), accompanied by a slight loss of mass. Ground ore was divid-ed into 5 fractions by the gravitational
method. Magnetic and non-magnetic materials found in the heavy fraction. The industrial product contains only non-magnetic
materials. The light fraction is clay. The silica was found in the fraction with a particle size of more than 0.5 mm. The metal content
was determined by atomic absorption method. Before measuring the metal content in solutions, control measurements of the gold
content in the standard solution were carried out. In each fraction of the studied ore, both gold and platinum were found. The largest
amount of gold and platinum is in the clay fraction (0.5 and 25.7 g / t, respectively). The smallest - in the light fraction (0.065 and 0.26
g /1). The amount of platinum exceeds the gold content in the products of gravity separation. Conclusions are drawn about the presence
of gold in the ore in a finely divided state. The traditional method of cyanide separation of precious metals is not suitable for the
isolation of finely divided gold. A search is needed for new alternative, innovative methods for the separation of Senegal ore.)
Keywords: vibrational spectra, molecular structure, electron diffraction analysis, quantum-chemical calculations.
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BBenenue

Samagnas Adprka obmamaeT OONBIIIM 3ama-
COM TOJIC3HBIX MCKOMAEMBIX, TaKHX Kak (hocdatsl,
30JI0TO, IUPKOH, W3BECTHSIK, IIATHUHA, JKEJIe3Has
pyna. CoriacHo wuccienoBaHusM aBTopoB [1-7],
JaHHble, coOpaHHbIe B 3amagHOW Adpuke, MOJ-
YEepPKHUBAIOT Pa3HOOOPa3HYIO MPHPOAY OPOTCHHBIX
MECTOPOXACHUM 3070Ta. JJaHHBIE THUIIBI PYIHOIO
MECTOPOXICHHSI MOT'YT 00OPa30BBIBATHCS M3 PA3ITHY-
HBIX HCTOYHHKOB (DITIOMIOB, KaK METaMOP()UUYECKHX,
TaK U MarMaTHYECKHX.

CalonambCroe MECTOPOKIACHHE 30J10Ta BOCTOU-
Hoil yacti CeHerana ObUIO OTKPBITO (DPAHITy3CKUM
WHCTUTYTOM T'€OJIOTHYECKIX Y TOPHBIX UCCIICTIOBAHUI
(BRGM) B 1961 romy. DT0 MECTOPOXICHHE HaXO-
JuTcs Ha nosice Mako ['puHCTOYH, B 3an1aIHOM 4acTu
BuprMuaHckoi 30510To# nmpoBuHIKH [8].

30JI0TOHOCHBIE pyAbl BOCTOYHOM YacTu
CeHeraya cOCTOST M3 U3BECTHSIKOB, MEPEKPBHITHIX
0oJsiee MOJIO/IBIMU OCAJ0YHBIMH MOPOJAMHU, KOTO-
pBIe BKIIOYAIOT apCCHUT U ajeBpoiuT. OCHOBHAS
YacTh PyJHOrO 3amaca pasMellaeTcs B Mmpesenax
30HBI PACIPOCTPAHEHHS XPYITKOTO U IUTACTUYHOTO
pacTsDKeHHUST B MONIEPEYHOM HAINPABJICHUH IIUPH-
Hoit ot 10 mo 50 M, ompenenmsemoil kKak 30Ha
cnsura Camuona [8, 9].

MHoOTrHe CTPYKTYpHBIC M TEXHOJIOTHYECKUE
0COOCHHOCTH PyJl B HACTOSINEE BPEMsI SBISIFOTCS
NpeJIMETOM  WHTEHCUBHOTO  u3ydeHwus [10-14].
B 06nacté TEXHOJIOTUU YYUTHIBAIOTCS KaK TPaju-
[HOHHBIE MoaXx0/bl (1aHupoBanue [15]), Tak u
MEePCIEKTUBHbBIC WHHOBAIIMOHHBIE CITOCOOBI U3BJIE-
YeHHUs 30J10Ta C MOMOIIbI0 OnotexHonoruu [16,17];
rugpoxiopuposanus [18]. Asropsr [19, 20] pac-
CMaTPHUBAIOT P METALTYPrUYECKUX TMPOIECCOB
TI0 M3BJICYCHHIO TUTATUHOBBIX MeTAILIOB. OT™MevaeTcs,
YTO TaKUE METOJIbI, KaK OOYKHT U BbILIETaYHBAHHIE
PYJbI TOJT IABJICHUEM SIBJISIOTCS KATUTATIOEMKHUMH
Y 9KOJIOTUYECKH BPEJHBIMH. W MEXaHU3MbI KHC-
JIOTHO-TO  BBINIEIAUYNBAHUS  BBIIIEYIIOMSIHYTHIX
TUTATHHOCOICPIKAIINX MUHEPAIOB BAPhUPYIOTCS U
MOTYT OBITh YIyUILICHBI MyTEM U3MEHEHHUS YCIOBUI
BBIIIEIAUUBAHKS WM PEABAPUTEIILHON 00pabOTKU
pya/ KOHIEHTpaTOB (HampUMep, MEXaHHYECKOM
akTuBanuu). TeM He MeHee, MHHEPATOTHS KaX-
JIOTO MECTOPOXJICHUSI CTaBUT CBOU COOCTBEHHBIC
3a71a4yi, CBSI3aHHBIE C YHUKAIBHON CTPYKTYPOU PyIbL.

OnHako moTeHIMaln JA00bYM 30J0Ta U Oa-
TOPOJIHBIX METAJUIOB B OCHOBHOM HCIIOJNBb3YeTCs
HemocTato4yHo [15].

B CBSI3M € 3TUM aKTyaJbHBIM SIBISIETCS HC-
cienoBaHue cocraBa pyapl CeHerajga C LEIbIO
Olpe/ieNieHHsl COJICP)KaHUsI B HEil OJIaropoHbIX
MeTawioB Au, Pt i BeIOOpa METO/a MX M3BIICUCHUS.
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MaTepl/laJ'lbI U METOAbI

Pyna Obima mpeaBapuTeNbHO H3MENbUYCHA
Ha IEKOBOHM W BAJIKOBOW IPOOMIIKE 30JI0TOA00BI-
Barorero npexnnpustusi «Toro gold» Cenerana.
KoHeunsrii muaMeTp W3MeEIbUeHHUS YaCTHI] TPOOHI
0,074 MM, koHeUHBIH Bec IpoObI 435 1.

Tepmuueckuii aHaamu3 o0pasiia ObUT POBE/ICH
npu HarpeBannu Ao 1250 °C B aTlOMHHHEBBIX
THTJSIX  co ckopocThio 10 K/mMmH. B atMocdepe
a3oTa Ha MpUOOpe CHHXPOHHOTO TEPMHUYECKOIO
ananu3a Netzsch STA 449 F1 Jupiter.

W3menpuennyto pyay pa3nenii Ha S (ppaximii
TPaBUTALIMOHHBIM METOOM Ha KOHIIEHTPAILMOHHOM
crouie (pucyHok 1).

Monava eoabl
g EW ~

\
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Pucynoxk 1. Konnenrpanuonnsri cron "' DKEMEHU"
Figure 1. Concentration table "JAMENI"

KonneHTpanioHHeld  cTON MIpeaHa3HavYeH
IUIE MOKPOTO ~ T'PaBUTALMOHHOTO  OOoOrameHus
Y UMEET JIBOMHYIO 3€pKAIbHO OTOOpa)KEHHYIO IO-
BEPXHOCTH [l cenapaniy. C 0JHOT0 KOHIIA ITOAeTCst
MOJIOTasi pyJa, OHa ABIKETCS IO HAIIPABJICHUIO
K Pa3rpy304HOMY Kparo JIEKH C IOMOILLBIO BO3BPATHO-
MOCTyNaTeNbHBIX ABM)KEHUH, CO31aBaeMbIX IMpH-
BOJOM. Ha ka) 01 1I0JIOBUHE JIEKU Pa3rpyKaroTcs
4 ¢pakimu: CynepKOHLEHTpAT, KOHLEHTPAT, POM-
MPOIYKT U XBOCTHI. boJbIias yacTh BOJIBI pa3rpysxa-
ercsi BO ()paknuio ¢ XxBoctamu. Ha exe nmerotcs
JKEJIOOKH, B KOTOPBIX 3aJepKUBAIOTCS YaCTHIIBI
30JI0Ta ¥ HANPABJISIIOTCS B IPHJIETAIOIINE KOHLICH-
TpaTHBIE KETOOKH, JIeKAIIHE BIOIb KaXKIOH ITOJI0-
BUHBI JekH. KaHanmbel pacnojoeHbl Ha KOHLAX
Ka)XIOT0 KOHLIEHTPATHOTO >KEJI00Ka, M pasrpys3ka
OCYIIIECTBIISIETCS B IPOYKTOBBIE KOPOOKH.

MuHepaJloTHYECKHIT  COCTaB  MPOJYKTOB
oOorameHus ONpeaeNsiii METOJOM ONTHYECKON
mukpockoruu (Mukpockorn «Olympusy).

Conepxanne MeTaula B KaXJIOW (pakiuu
OTIpeeNsIIOCh AaTOMHO-a0COPOILIMOHHBIM METOIOM
C TIOMOIIIBIO aTOMHO-a0COPOLIMOHHOTO CIIEKTPOMETpa
«KBAHT-Z.OTA-1».

[lomumo cTaHAApTHBIX KaTHOPOBOYHBIX
MpoLEeAyp Iepea U3MEPEHNEM COZIEpIKaHUI 30510Ta
B pacTBOpax OBUIM TIPOBEAECHBI KOHTPOJIbHBIE



Hugmarues C.H. 1 op.Becmuux BTYHIIL, 2025, IIT. 87, Me. 2, C. 137-142

M3MEPEHUs COICPKaHMI 30JI0Ta B PACTBOPE JTAJIOHA.
OTajloHHBIE 00pPAa3Ibl TOTOBHWIIM PAaCTBOPCHHEM
30JI0Ta WM IDIATHHBI B APCKON BOJKE JUIS TOJTY-
YEeHHUs! paCTBOPOB € KOHIEHTpauuei 51-55 Mkr/m.
3amepsl Ha ATAJOHE ITOKA3aJIH BEICOKYIO BO IIPOH3-
BOJMMOCTh PpE3YyNbTaTOB, HHM3KHH IIOKa3aTellb
cpenHero kBaapartuuHoro otkionenus (CKO)
Mmeree 2,0 u ero Manyio omubky (OCKO 3,5%),
YTO YKa3bIBAaCT HA BHICOKYIO HAJI)KHOCTH H3MEPEHHIA.

Pucynok 2. Tepmudeckuit aHamu3 pyabl
Figure 2. Thermal analysis of ore

B pesynbrarte pasneneHust pyabl IpaBUTAIOH-
HBIM METOJIOM TONYYWII TATh (PPaKIUii: TSHKETyIo
(paxmuro yepHoro 1eera ® = 1.825%; npommpo-
IyKT KopudHeBoro mpera o = 11.485%; merkyro
(paxmuro 6enoro nera ® = 32.388%; rimmHUCTYIO
o = 17.629%; dpakimrio ¢ pazMepoM 4acTuIl OOJIbIIe
0.5 MM o = 36.673%.

ITo pe3ynbTaramMm ONTHYECKOH MUKPOCKOITUH
B COCTaB DPYyIbl BXOJAT CIEIYIOIMINE MHHEpAbI:

post@uestnik-vsuet.ru

PesyabTaThl u 00cy:x1eHHe

Mo naHHBIM TEPMHYECKOTO aHajHu3a B WHTEp-
Basie Temmeparyp 571.14-593.31 °C npucytcTByer
HeOOJBITION SHIoTepMITdeckuii AddekT (q = 1,409 [hx/r)
¢ Masioit morepert Maccel 0,06%, cOOTBETCTBYIOIIMI
npolieccy pasiokeHus MarepuanoB (ymaneHue
OCTaTOYHOM BJIard, OPraHUKH M Jp.). bonbIe Huka-
kux 3¢ dexToB mpu HarpeBaHuu pyast 10 1250 °C
He 00HapYKeHO (PUCYHOK 2).

uupkoH ZrSiO4; amatut Cas(POs)3(OH, Cl, F);
pytun TiO.; amomocuiukar Aly Siz Os; MarHeTHT
Fes Os; xene3oconepskane munepansl FeTiOs;
CT[FEA|]204; F6A|4[Si04]202(OH)2 (Ta6m/1ua 1)

Jnst  ompeneneHus coiepKaHHA —30JI0Ta
Y TUIATUHBl  aTOMHO-3JICOPOIIMOHHBIM ~ METOJIOM
KKy (PaKIHi0 PACTBOPHIIN B IIAPCKOH BOJKE.
PesynpraTtel ananm3a Ha cofiepKaHHE METaJIOB
MIpeJICTaBJICHbI B TA0IUIE 2.

Tabnuna 1.

MuHepanbHbI cOCTaB MPOAYKTOB 00OTalleHnsl Ha KOHIIeHTpalonHoM ctoje "JAMENI"

Table 1.

Mineral composition of enrichment products on the concentration table "JAMENI"

DpakIMOHHBINH COCTaB PYyAbI

MuHepanoruueckuii CocTaB py bl

Fractional composition of ore

Mineralogical composition of the ore

Tsoxenast ppaxmust | Heavy fraction

CuipHo marauTHbIi MuHepan FesOq | Strongly magnetic mineral FesOs

Hemarrurasiemunepanst TiO2, ZrSiOs, Cas(PO4)3(OH, Cl, F)
Non-magnetic minerals TiOz, ZrSiOs, Cas(R04)3(OH, Cl, F)

OnekrpomarautHbeie MuHepansl FeTiOs, Cr[FeAl]z2 O
Electromagnetic minerals FeTiOs, Cr[FeAl]2 O4

[Mpomnpoaykrsr | Industrial products

Hemarnurasie Munepansl SiOz; ZrSiOs; Cas(PO4)s(OH, ClI, F)
Non-magnetic minerals SiO2; ZrSiOs; Cas(R0O4)3(CH, Cl, F)

Jlerkas ¢paxmus |Light fraction

I'nuua | Clay

Opakuust > 0,5 MM | Fraction > 0.5 mm

Kpucramist SiOz2 | SiO2 crystals
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Tabnuna 2.
Pesynbrarhl aHanmu3a Ha coiepikaHue 30J10Ta U TUIATHHBI B IPOIYKTax oOorameHus
Table 2.
The results of the analysis for the content of gold and platinum in the products of enrichment
PpaKimONHbIii COCTaB Py b! Macca semectsa, r OGESEKiaﬁiTI{?OLIISIrﬁ: o Au, mxr/n | Pt,mxr/n | Au,t/t | Pt o/t
Fractional composition of ore Weight of substance, g of tsar's vodka solution, ml
Tsoremas dbpaxis | Heavy fraction 3.00 15 39.900 | 225.000 | 0.200 | 1.120
IIpoMIposyKT 0.94 5 29.900 55.700 | 0.160 | 0.300
Jlerkasi dpaxist 0.60 3 104.210 | 514.100 | 0.520 | 25.700
IMpommpoaykrsl | Industrial products 1.00 3 92.311 514.100 | 0.270 | 15.420

HauGosblee KOIMMYECTBO 30710Ta U IUIATHHBI
obnapyskeno B serkoit dpakiuu (0.52 u 25.7 r/1),
Hanmensbinee — B mpommpoaykrax (0.16 u 0.30 /7).
[InatnHa TpUCYTCTBYEeT B KaXKIOW (hpaKIHH WC-
CIIelyeMOH pyibl B KOJIMUECTBAX, MPEBBIIIAOIINX
coJiep>KaHue 30JI0Ta. 3aMETHOE KOJHMYECTBO 4Ya-
CTHUI] METaJUIa MPEICTABICHO B TOHKOAUCIIEPCHOM
COCTOSTHUHM, TaK KaK HAXOJUTCA B JIETKOH (pakimn
B OONBIINX KOJMYECTBAX, YeM B TSHKENOH (hpakuum
Y TIPOMIIPOJTYKTAX.

W3BecTHO, YTO BBICOKAsl yJENbHAs TOBEPX-
HOCTP TJIMH (KAOJTMHOB), BXOJIINX B COCTAB JICTKOM
(pakiuy, CcrocoOCTBYeT COPOIMH MEJIKOUCIICPC-
HOTO 30JI0Ta C (POPMOIi YaCTHII MPEONIOKHTEIBLHO
B BUJIC TOHKUX IJIACTHH. JTOT (aKT CYIECTBEHHO

YCIIOKHSAET BO3MOXKHOCTH H3BJIEUYEHHS 30J10Ta
TPaIUIMOHHOM TeXHOoIoruel uanuposanus [10].
JIy1s1 BBIZIETIEHHST 30710Ta M IUTATHHBI 13 Py isl CeHerana
HEoOXO0IMMO TOHKOE M3MeJTbUEHHE MaTepralia u Ipu-
MEHEHHE HOBBIX TEXHOJIOTHIA IIEpepabOTKU Py/Ibl.

3akiIouenue

[NpoBeneH PU3HKO-XUMHIECKUIA aHAIU3 PYAbI
Mmectopokaennss Mako (Ceneran). OmpeneneH
MHHEPAJIOTHUECKUI 1 (PPaKIOHHBIN cocTaB. Jlerkas
TJIMHUCTAsT PPaKIKS CONEPIKUT HANOOIbIIee KOJIHye-
CTBO 30JI0T@ M IUIATHHBI 10 CPABHEHHUIO C TSKENON
¢dpaxmueir u npoMmnpoaykroMm. Jlis n3BnedeHus
JParolieHHbIX METAJUIOB U3 PyIbl HEOOXOIUMO HC-
TIOJIB30BAHNE HOBBIX HHHOBAILITMOHHBIX TEXHOJIOTHH.
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Pa3paboTka rurueHu4ecKoro MooInero CpeacTna JJs Teja

Upuna JI. llleronesa ' shegoleva.id@yandex.ru 0000-0003-2835-345x
Exarepuna P. Bomsnosa © volnovaer@mgupp.ru 0000-0002-0015-446x
Anexcaunp E. Eprues ' alekcaedre@gmail.com

1 Poccuiickuii 6noTexHoIornueckuil yHuBepcuret, Bongokonamckoe moccee, 11, r. Mocksa, 125080, Poccust

Annoramus. Hacrosmas craths HOCBAIIeHa pa3pabOTKe WHHOBAMOHHOTO THTHEHHYECKOTO MOIOIIETO CpelCTBa IS Teia, He
TpeOyIoNIero CMBIBaHUS BOJOH, YTO SIBIISIETCS aKTyalbHOH 3amadei B yCJIOBHAX NeUINTa BOTHBIX PECYpPCOB M HEOOXOIUMOCTH
CMEIMANBHOTO yX0Ja 332 MaJIONOABMKHBIMU OONBHBIMU. ABTOPBI OTMEUAIOT HEJOCTATOYHOCTh ACCOPTUMEHTA TaKOH MPOLYKIMU Ha
poCCUiICKOM pBIHKE U OTCYTCTBHE COOTBETCTBYIOIIMX HAYYHBIX IMyONMKalUii B OTedeCTBEHHOU nuTeparype. Llensio paboThl cTano
CO3/IaHHE CPEJCTBA C BHICOKMMH OPTaHOJENTHYECKHMH M (YHKIHOHAJIBbHBIMU CBOWCTBaMHM. Ha OCHOBE aHaim3a CyLIECTBYIOLIHX
aHaJIOroB ObLTa cocTaBieHa 0a30Bas peLenTypa, BKIIOYAIONas MATKHE MOBEPXHOCTHO-akTuBHBIE BemecTBa ([IAB), perymsatop pH,
YBIQXHUTENb, KOHCEPBAHT W Boay. s MOBBIMEHUS 3(QEKTHBHOCTH M 0OE30IIaCHOCTH B COCTaB OBLIM BBEICHBI OHOJOTHYECKH
AKTHBHBIE KOMIIOHEHTBHI: IAHTEHOJ, MAacll0 IIMIIOBHUKA, Macio aBokaxo u 3¢dupHoe Macio pomamku. KiodeBoit 3amadeit
HCCIIEIOBAaHMs CTala CTa0MIN3alys SMYJIbCHOHHOH CTPYKTYpHI, HapyIICHHOH W3-3a BBEICHUS MAacIHBIX ¢pakuumil. [ms storo
U3y4aoch BIMSHHE PA3INYHBIX 3aryCTUTENEH 1 OMYyIbraTopoB: kKcanTaHoBoi kamenu, [19I" 120 u kapbomepa. DKcriepruMeHTaIbHBIM
MyTEM YCTaHOBJIEHO, YTO HAWIYHIINE PE3yIbTaThl JOCTHIAIOTCS IPH HCIONB30BaHNH 2% KCAaHTAHOBOH KaMeau uin OHHApHOI cMecH
kcanTtaHoBoi kamenu u [19I" 120. [laHHBIE KOMIO3UIIMH MO3BOJIMIIN TOJyYUTH CTaOWIBHBIA SMYJIbCHOHHBIN T'ellb ¢ ONTHMAIBHON
BS3KOCTBIO, OJHOPOJHOH TEKCTYpPOH, XOpOIIeH OdYMIIAIomeil CnocOOHOCTBIO W JIETKOH  yHaasieMOCThIO  Ccal(eTKOM.
Oprasonentiuueckas OIeHKa IMOATBEPArIa IPEBOCXOCTBO ONBITHRIX 00pa3oB Hall KOHTPOJIBHBIMH, 0OCOOCHHO 00pasua ¢ OMHapHOI
cMmecblo 3arycrurened. TakuM o0pa3oM, pa3pa0OTaHHOE CpEINCTBO MPEACTABISET COOOH IEpPCIeKTUBHYIO aIbTEPHATUBY
TPaJANIIMOHHBIM MOIOLIMM IIPOIYKTaM, coueTasi 3p(eKTHBHOE OUYHIIEHHE C YXO0M 32 KOXKeH M IKOHOMHUEH BOJBI.

KnioueBble ciioBa: MOIOIINIT SMyJNBCHOHHBIM Tedb Ul Tela, CyXOH MAyIl, peLenTypa, MOBEPXHOCTHO-aKTHBHOE BEIIECTBO,
OMOTIOTHYECKN aKTHBHBIC HHI'PEIUEHTEI, 3aIyCTUTEIIb, OPTaHOJICNTHIECKNE U (PyHKIIHOHAILHBIE CBONCTBA.

Development of a hygienic body wash

Irina D. Shchegoleva *  shegoleva.id@yandex.ru 0000-0003-2835-345x
Ekaterina R. Volnova *  volnovaer@mgupp.ru 0000-0002-0015-446x

Alexander E. Ergiev '  alekcaedre@gmail.com
1 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voronezh, 394036, Russia
Abstract. This article is devoted to the development of an innovative hygienic detergent for the body that does not require rinsing with
water, which is an urgent task in conditions of water scarcity and the need for special care for sedentary patients. The authors note the
insufficient range of such products on the Russian market and the lack of relevant scientific publications in the domestic literature. The
aim of the work was to create a product with high organoleptic and functional properties. Based on the analysis of existing analogues,
a basic formulation was compiled, including mild surfactants (surfactants), a pH regulator, a humidifier, a preservative and water. To
increase the effectiveness and safety, biologically active ingredients were introduced into the composition: panthenol, rosehip oil,
avocado oil and chamomile essential oil. The key objective of the study was to stabilize the emulsion structure, which was disrupted
due to the introduction of oil fractions. For this purpose, the effect of various thickeners and emulsifiers was studied: xanthan gum,
PEG 120 and carbomer. It has been experimentally established that the best results are achieved when using 2% xanthan gum or a
binary mixture of xanthan gum and PEG 120. These compositions made it possible to obtain a stable emulsion gel with optimal
viscosity, uniform texture, good cleaning ability and easy removal with a napkin. The organoleptic evaluation confirmed the superiority
of the experimental samples over the control ones, especially the sample with a binary mixture of thickeners. Thus, the developed
product represents a promising alternative to traditional detergents, combining effective cleansing with skin care and water
conservation.
Keywords: washing emulsion gel for body, dry shower, recipe, surfactant, biologically active ingredients, thickener, organoleptic and
functional properties.

Ha XHUAKHC KOCMCTHYCCKHUE MOIOHIME CPEACTBA

Beenenue .

BBIIIIE, YEM Ha TBepAOe MbUIO [2—4]. Ounmiatomieit

Kocmernko-rurueHnyeckas MOKOLIas MpojIyK- OCHOBOW MOIOLIUX CPENICTB SBJSIOTCS BOJHBIE pac-

LM IPEACTABIIACT SHAUUTEIbHYIO aCTh XUMUIECKUX TBOPHI MOBEPXHOCTHO-aKTHBHBIX BerecTs [1, 3, 5, 6].

texHonoruil. Cornacio I'OCT 31696-2012 [1], Nmes coderanne B MoJIeKyJie MOJISIPHOW M HETO-

K 9TOH TPYIIe OTHOCAT MIAMITYHH, KHIKOE MBLIO, nspHoit dacteil, [IAB ciocoOHBI CHMXATh MEX-

renu A Ayma u T. 1. B Hacrosiiee Bpems cripoc (ha3HyI0 PHEPrulo, yAIATh U3 BOABlI PazIHYHBIC
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KOMIIOHEHTHI. biarogapsi yHUKanbHOU CTPYKTYpe
u xapakrepuctukaM [1AB rinpohoOHbIe COeTMHEHNS,
MPUCYTCTBYIOIIME B M30bITKE KOYKHOTO CaJla U APYTHX
3arpsi3HEHMSIX Ha MMOBEPXHOCTH KOXKH, CMBIBAIOTCS
Jierde, 4eM 3TO MOKHO ObLIO ObI CAEIaTh C IIOMO-
IIBIO0 OJIHOW TOJIBKO BOAI [3, 5, 6]. Kpome TTAB,
B MOIOIIKE CPEACTBA MOTYT BXOJHTH CIICIIHATbHbIC
n00aBKH, YIydINAONINe TOTPEOUTENHCKAE CBOM-
ctBa. /17151 GONBIIMHCTBA MOIOIIMX CPEACTB YCTaHOB-
JICHBI BBICOKHIEC TPpeOOBaHMS K TMIEHOOOPA30BaHUIO U
YCTOWYMBOCTH TeHBI [1], MO3TOMY TOCIE MPUMEHE-
HHS OCTaTKH CPEJCTBAa CMBIBAIOT BOJOH. OOBIUHbIC
MOIOIIIME CpPEACTBAa TPEOYIOT 3HAYUTEIBHOTO
pacxoja BOJbI, UTO CO3JaeT MPOOIEMBI B yCIOBHUSX
neguuuTa BOIHBIX PECYPCOB WM B JPYTUX CUTYya-
LOUSX, OrPaHMYHMBAIOLIMX HCIOJIB30BAaHUE BOJIBL,
HaTpUMep, sl JIe)KaunX OOJIbHBIX.

Texymias TeHOCHUUS B TEXHOJIOTHH KOCMe-
THYCCKUX THTUCHUYCCKUX CpCaCTB mpuBeIa
K CO3JaHHUI0 MOIOIIMX MPOAYKTOB, HE TPEOYIOLINX
cMbIBaHMs BOMO# [7—9]. Takue u3menus BBIMTyCKa-
10Tcs B (hopMe Tenield, IIEHOK, CIpeeB U CIieIHaTbHBIX
OJTHOPA30BBIX CaJ(EeTOK WM I'yOOK, MPOITUTAHHBIX
MOIOIIMM CcpecTBOM. [lepBbie POMYKTHI KaTeropuu
«dry showen» («cyxoii ITyIIDy) TIOSIBAITICH 32 PyOSIKOM
B 2000-X rogax [7, 9, 10]. ITonyasipHOCTB UX Cpean
norpedureneld pacter. [IpuMeHeHHEe MOIOLIETO
CpeAcTBa COCTOUT B €r0 HAHECEHUH Ha KOXKY, B30U-
BaHUH B TICHY, aJCOPOUPYIOIIYIO 3arps3HEHMUS,
3aTeM yAaJICHUH OCTATKOB MEHBI YHCTBIM CYXHM
moJloTeHneM win canderkoil. Bo3amoxHO mepen
MpUMEHEHHEM pPa30aBUTh MOPLHIO MOIOLIETO
cpeacTBa HEOOJBIIUM KOJIMYECTBOM BOABL. Takum
00pa3oM, KOCMETHKO-THTUEHIIECKUE MOFOIIINE CPeI-
cTBa, He TpeOyromue cMbiBaHus Bozgou (KI'MC),
COCTaBJSIIOT HOBYIO TPYIILY MOIOIIUX CPEACTB
¢ 0cOOBIMHU TPEOOBAHUSMH K COCTaBY U (PYHKITHO-
HaJIBHBIM XapakTepuctukam. [IpoBeneHHbIN HamMK
AHAJIM3 TI0KA3aJl, YTO Ha POCCHUHCKOM PBIHKE MPOIYK-
WSl TAHHOW TPYTITBI MPEJICTaBIeHa HEZOCTATOYHO —
He Oosee 5—6 HaMMEHOBAaHUI, NIPEUMYILIECTBEHHO
B OHJIAWH-MapKeTax. B 10ocTynHOM 0Te4ecTBEHHOM
HAy4YHO-TEXHHYECKOW JUTeparype MyOIuKauu
Ha 9Ty TeMy OTCYTCTBYIOT. 3a pyOe)KOM IMTHeHNYe-
CKHE MOIOIIHE CPEJICTBA, HE TPEOYIOIIE CMBIBAHHUS
BOJIOM, MUCIIOJIB3YIOTCS B MEAMLMHCKUX YUpexX[e-
HUAX IIPU YXOJE€ 3a MAJIOIIOABHMKHBIMHA 6OHBHBIMI/I.
HccnenoBanus TOMUTAHACKUX YYEHBIX, 0000MIAtoIIe
OOJBITION CTATUCTUYCCKUN MaTepHall, MOKa3alu,
YTO NPUMEHACMBIC TUTUCHUYCCKUE CPEACTBA 663
CMBIBaHHA BOAOH HE YCTYNaroT B 3¢PEeKTUBHOCTH
TpaauironHo# ruruere [9]. K aHamornvHbiM BbIBO-
JlaM TIPULLUTE U JPyTHEe aBTOPBI — MBIThE O€3 BOIDI,
MpUMEHSIEMOE KaK YacTH4Has 3aMeHa OOBIYHOIO
Jy1I1a, 3alHIIAeT KOXKHbIE TOKPOBBI OT MOBPEK/ICHHN;
3aTpaThl Ha MOATOTOBKY M MPOBEIEHHE 3TUX MPO-
HeAyp He OTIMYAIOTCS OT 3aTpaT Ha TPAIUIIHOHHOES
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KyTaHHe JieKaunX OONBHBIX B MEIULMHCKUX Ydpe-
xaenusx [10, 11]. Takum oOpa3om, MBIThE 6€3
BOJIBI MOJKET OBITh aJTbTEPHATHBONW OOBITHOTO TIPH-
ema ayma [9, 10, 11].

YdauThIBas PacTyUIyIO 3aMHTEPECOBAHHOCTh
HACEeJICHNsI B KOCMETHKO-TUTHEHHYECKUX MOFOIIIX
cpencTBax, He TPeOYIOMIMX CMBIBAHHUS BOJOW, H
OYEBHIHYIO HEAOCTATOYHOCTh ACCOPTHUMEHTA 3TOM
MPOAYKIHH, pa3paboTKa HOBOTO M3MIENHA C YIyd-
LICHHBIMHU NOTPEOUTENECKUMH XapaKTEPUCTHUKAMU
SBJISIETCSL aKTYaJIbHOH.

Heas padoTbl — pa3paboTKa KOCMETHUKO-
TUTHEHNYECKOTO MOIOIIETO CpeACTBa s Tena,
He TpeOyIOIIero CMBIBaHUS BOJIOW, 00JIaJaf0IIero
BBICOKHMH OpPTaHOJENTHYECKUMH H  (QYHKIIHO-
HaJILHBIMU XapakTepucTukamu. B pamkax o0o3Ha-
YEHHOU 1eNTH OB MPOBEICH 0TOOp UHTPEANECHTOB
Jutst 6azoBoii perientypbl KI'MC, noaroToBiaeHsl U
MpoaHaIM3upoBaHbl 0a3oBbie 00pasmbel KIMC,
MPOBEJICHBl HCCIEOBAHUS 110 ONTUMHU3AIUU CO-
CTaBa MPOJYKTa M €r0 COOTBETCTBUS 3asBIISIEMbIM
XapaKTepUCTHUKAM.

MaTepHaJ’IBI U METOJbI

OObekTamMu MccaeOBaHUN ObUTH 00pa3Ibl
KOCMETUKO-TUTHEHUYECKUX MOIOLIUX CPEJICTB IS
Tena, He TPEOYIOINX CMBIBAaHHSI BOJOH, TOTyYeH-
HBIE B JIAOOPATOPHBIX YCIOBHUSX W3 CIIETYIOIIUX
WHTPENCHTOB:

— MOBEPXHOCTHO-AaKTHBHBIE BEIECTBA: KOKO-
TJIFOKO3U]T (CTpaHa-u3roroBuTens — Kurail); ankunmo-
yruko3uy C8-C10 (ctpana-usroroButens — Kuraif);
KOKaMUJIONporui  OeTanH  (CTpaHa-U3rOTOBUTEIb —
Manaiizus); KACIOTa JUMOHHAs MOHOTHAPAT IH-
mesast (m3rotoButenb — OO0 «Crarmapm», Poccus);
TIIMIEPUH  THIIEBOW  (CTpaHa-U3TOTOBUTEINb —
I'epmanust); OGeH3oar HaTpusi (M3TOTOBUTEND —
000 «XUMCTOP», Poccus);

— OMONIOTHYECKN aKTHBHBIE HHIPEAHCHTHI:
naaTeron (msroroutens — 'K «Hmkdapmy», Poccus);
MAacJI0 MIUMOBHUKA KOCMETUYECKOe C BUTAMUHHO-
AHTHOKCHJAHTHBIM KOMILUIEKCOM (M3TOTOBUTENH —
00O «ApomaMapkay, Poccus); maciio aBokamo
paduHIpOBaHHOE (CTpaHA-M3rOTOBUTENL — | epManus);
3(UpHOE Macjio poMaliku PuUMCKoW (M3roTOBH-
teis — 000 «BUIIIIOCy, Poccus); 3arycturenu
W OMYyJBraTopel: KCaHTaHOBas KaMmenb (CTpaHa-
m3rotoBuTeNh — Kuraif); kapbomep (cTpaHa-U3roro-
BuTenb — Kurait); 190" 120 quioneat METHIT TITFOKO3BI
(ctpana-m3roToBUTENL — KHTailt); BOAa OUMIIIeHHAS.

O6pasusr KI'MC rotoBwim B ClEIyIOIEM
MOPSIIKE: B3BELIMBAJIM PELENTYpHBIE KOMIIO-
HEHTBI, CYXYIO0 JIMMOHHYIO KHCJIOTY PacTBOPSUIN
B HEOOJIBLIOM KOJIMYECTBE BOJBI (B COOTHOILCHUN
1:10). B BapouHsIif anmapar 3arpy’kaiyd OCTaBIITY-
10Csl BOAY, BKITFOYAJIM HAarpeB, TEMIIEPATYPY BOJIbI
nosoaunn 10 55-60° C, 3aTeM mpu MeUIEHHOM
NEPEeMEIIMBAHUN  IIOCJIEIOBATENIbHO  BBOAWIN
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KOKOIUIIOKO3Hu, ankwimonurmkosny C8-C10,
Kokamuzgomnpomnmn OeranH. Ilocme oOpa3oBaHus
OJTHOPOIHOW CMecH ee TeMIepaTypy CHIDKAIA
10 30 °C u B cMech MOCIE0BATENbHO, IPU TIEpe-
MEIIMBAaHUU, JO00ABISUIM TJIMIEPHH, ITaHTEHOM,
Maclio IIUIOBHHMKA, MAaclio aBOKaao, 3(pHUpHOE
Macjio POMAIIKH. PacTBOP JMMOHHOW KHCIIOTHI,
6ensoat HaTpus. OCYIIECTBISIIN TOMOTEHU3AIINIO
10 00pa3oBaHMS OJTHOPOIHOW MAaCCHI, OXJIAXKIaIH
70 KOMHATHOM TeMIiepaTypbl U OTOMpanu mpoly
TOTOBOTO MPOJYKTa AJIsl MPOBEICHUST OpraHOJIel-
THYECKOTO U (PU3UKO-XUMHUYECKOTO aHaANN3a.
Meromel  mccnenoBanmii. OpraHoJIeHTHICCKIC
TTOKa3aTe Iy (BHEITHUM BUJI, IIBET, 3aI1ax ), ONPEIEIILTA
metomamu ['OCT 29188.0-2014 [12], akTHBHYIO KHC-
notHocTh pH-metomom T'OCT 29188.2-91 [13].
Bs3kocTh M3MeEpsIM HAa POTAIIMOHHOM BUCKO3H-
metrpe Mmapku Fungilab (Mcnanusi) B eamummax
mmepenust mMPaxs. Kommonanyro ycToM4nBOCTh
OTIPEAETSUIA BU3YAIbHO M0 paccloeHuto ¢as;
TIPH TIOSABIICHUH TIPU3HAKOB PACCIIOCHWSI B TIEPHOL
ot 1 10 90 mHeli oOpasel OICHUBAIN KaK «HECTa-
OWIbHBINY». J[OMOTHUTENBHO OLICHUBAIH MTOTPEOU-
TEJNbCKHUE CBOICTBA — PAaBHOMEPHOCTh HAHECEHHS
Ha KOXY, JIMIKOCTh Ha KOJKE, OUHIIAFOIIYIO CTI0CO0-
HOCTh, TIONTHOTY YHAAJIEHHs CpelcTBa candeTKoi
rocIie MpUMeHeHnsa. MaTeMaTHIecKyro 00paboTKy
OKCHCPUMCHTAJIbHBIX OJAaHHBIX IIPOBOJWJIM IIPpU
MOMOIIY TTporpaMMHoro nakera Microsoft Excel.

Pe3y.]'[l>TaTbI u chymI(eHHe

O PEeKTUBHOCTh T'MTMEHUYESCKUX MOIOIIUX
CPEICTB OIpeaeNnseTcs MoA00pOM pelenTypHBIX
WHTPEIUEHTOB, KOTOPbIE OJKHBI OJHOBPEMEHHO
pelIaTh HECKOJIBKO 331a4 — OUMILATh KOXKY OT Pa3HbIX
THUIIOB 3arpsA3HEHUI, HE BBI3BIBATH Pa3IpaKeHHE U
CYXOCTb KOXH, YITy4IlIaTh COCTOSTHUE KOXKU 32 CUET
MUTATEeLHOTO, TPOTHBOBOCIIAIUTEIHHOTO, YBIAXK-
HSIIOIIETO U IPYTUX BO3ICHCTBUM, UMETh YIO00HYIO
JUIs TIPUMEHEHHs KOHCHCTEHIHIO, 00ecreyuBarhb
CTaOMIIBHOCTB FOTOBOT'O MPOAYKTA MPU XPAHEHHH.

Ot160p MHrpeAneHTOB 111 0a30BOM PELENTyphI
KI'MC npoBoauim MCXOJs M3 aHAINU3a COCTaBOB
MOOIIUX CPEJICTB JUIS Tesla 0e3 CMBIBaHUS BOJIOM,
IIPEACTABIICHHBIX HA POCCUICKOM pbIHKE. B HacTos-
ee BpeMsl OCHOBHBIMHU IIPOW3BOIMUTEISMU JTAHHON
npoxnykimd sieisroTest OO0 «Onbhapma» T. MockBa
(mponykt: «Cyxoi Iyun» MeHKa OYMLIaromas s
ruruensl Tena) u OO0 TIK «I'epmecy T. Yensabunck
(pomyxkT: Tens s Tena «bes Bompy). Taroke m3BecTHa
mokcoBast mpoxykiust OO0 «botaBukoc-Kimady
r. MockBa (HpOOYKT: MULEIUIAPHBIA CIped uis
tena Aromatherapy Relax, skcmpecc-ouniienue
0e3 MbUIa U BOJBI, LIBETOYHBIH). [IponsBoautenn
COOOIIAIOT HaWMEHOBAHHWE PELENTYPHBIX HHIpe-
JTUEHTOB CpPEJCTB 0e3 BECOBOTO COOTHOIICHMS.
[IpuBeneM cocTaBbl U XapaKTEPUCTUKHU BBIITyCKae-
MO IPOTYKINH.
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«Cyxotl Oyury nenka ouuwjarouas 0as eueu-
envt mena | OO0 «Dnbdpapmay. dopma — redb.
CocraB: BOma, KOKAMHIOIPOIT OCTanH, TUHATPHC-
BBIN JIAypeTCYIb(POCYKIHAT, KOKOTIFOKO3U, TITH-
HEePHH, Kanpwiowa/ KanpoWIMETHITIIOKaMU/I,
COpOUTOIN, TAHTEHOJI, THAPOJIAT POMAIIKH, THAPOJIAT
KaJIeH Ty IbI, MaJIbTOOJIUT O3MIITITIOKO3H], TTap(proMu-
poOBaHHasi BOJa, JIMMOHHAS KHUCJIOTa, OCH3MIIOBBIN
CHHpT, OEH30aT HATPHA, COpOAT Kausl.

Tenv ona mena «bes 600vy | OO0 TIK «I"epmecy.
®opma — renb. CocTaB: BOJa, TIUIIEPHH, KOKAMHIO-
NponuyIOeTarH, A-TIAHTEHOI, MOJIOYHAs KUCIIOTa, copOar
KaJTust, POIIJICHTIIMKOIb, TeTpadopar Kajusl.

Muyennapuwiii cnpeti ons mena
Aromatherapy Relax/ OOO «boraBukoc-Kiaoy.
®opma — cnpeit. CocraB: Bona, Kanpuiown/ Ka-
MIPWJIOBBIA TJIOKO3WA, TIUICPUH, OCH3WIOBBIH
CIUPT, TAHTEHOJN, ATHITEKCHITIUICPUH, Macio
[BETKOB JlaMacCKoil po3bl, Maclio Oepramora,
MAacJIo JKacMUHA JIEKapCTBEHHOTO, MACIlO JIHCTHEB
TMeTApTOHUH PO30BOH, MacJIO APEBECUHBI PO3HI Jie-
KapCTBEHHOHM, Maclio caHTaixyma Oeloro, macio
WJIaHT-WJIaHTa, JUaleTar TeTpaHaTpus ITiyTamaTa,
JUMOHHAS KUCJIOTa, OTIYIIKa, (hapHE30I.

Takum oOpa3om, rens ams Tena «be3 Bogb»
UMeeT MUHUMAJIbHBIM Ha0Op MHIPEAUECHTOB, HEO0-
XOJIUMBIX JUISI OYWIICHUS KOXKH, «Cyxoil mymm»,
HapsIly ¢ OYHIIEHUEM, TIPEAyCMaTPUBAET YITy4Ille-
HUE COCTOSHHS KOXH 32 CUEeT OMOJIOTHYECKU aK-
TUBHBIX HHTPEIUCHTOB — THUAPOJIATOB W JPYTHX.
Hawmbonee ciioxHBIN cocTaB NEMOHCTPUPYET MHU-
UEeJUSIPHBIN cripeit juist Tena Aromatherapy Relax,
BKJIFOYAIONIMI 0O0JIBII0N HAOOp HAaTypaJbHBIX Ma-
CeN IK30THUYECKUX PACTEHHH, Y4TO CHOCOOCTBYET
rTyOOKOMY YBI&KHEHHIO M TIMTAHHIO KIIETOK
SMUACPMHUCA, YCKOPsIeT UX o0HOoBIeHHE. OOIMMH
WHTPEANECHTaMH B YKa3aHHBIX MOIOIINX CPEICTBAX
SBIISIIOTCS CIIEIYIOINE: TTOBEPXHOCTHO-aKTHBHBIE
BellecTBa (OCHOBA MOIOIIETO CPENICTBA) — MATKHE
I[TAB am¢orepHOr0 ¥ HEHOHOT€HHOTO THIIA,
perymstopel PH, KOHCEpBaHTHI, YBIaXKHSIOIINE
J100aBKY, OMOJIOTUYECKH aKTUBHBIC UHTPEIUCHTEI,
BO/Ia OUMIIICHHAS.

Ucxons w3 Ttoro, u4to paspabarbiBaeMoe
CpPEICTBO JOIDKHO HE TOJBKO OYMINATh, HO U yIyd-
IATh COCTOSIHHE KOXKH, B €70 COCTaB OBbUTH BKITFOUCHBI
msrkue IIAB 06e3 cuipHOro neHooOpa3oBaHwMs,
am(oTepHble U HEHMOHOT€HHbIE, — KOKaMUAOIPO-
iyt OeTanH, KOKOTJTFOKO3H/I, AJIKFIIITOTUTIIUKO3HU/T
C8-C10, a Taxke ITMMOHHAs KHCIIOTa, OEH30aT
HaTpHsl, TIULEPUH, OMOJIOTHYECKH aKTUBHBIE WH-
TPEIUeHThI — TAaHTEHOJI, MacJIO IIMTTOBHUKA, MAcio
aBoKaJo, 3pupHOE Maclio POMAIIKH, U BOJA.

INoxroroBka n aHaN3 1a00paTOPHBIX 0OPa3LOB
KI'MC no 6a30BbIM perentypam.
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brimu mpuroTORBIICHB! 1Ba 0Aa30BEIX 00OpasIa
KI'MC: Nel (KOHTpoOJb)— BKJIIOYAl OCHOBHBIC
WHTPEANEHTHI 0€3 OMOJOTHYECKH aKTUBHBIX KOM-
noHeHToB; Ne 2 — 10 e, ¢ Jo0aBIeHHEM TAHTEHOMA,
Maclla HIMMOBHUKA, Macia aBOKaao, 3(UPHOrO
Maciia poMamikd. BecoBple KonmmyecTBa HMHTPEIH-
entoB B peuentype KI'MC ycranaBnuBanu, opu-
EHTHPYSICh UX COJepKaHNe, YKa3aHHOE B TIATEHTaX
Ha MOIOIIIE CPEICTBA AJIS Tella C UCIOIb30BaHHEM
Boxel [14, 15]. Hdus Toro, 4roOBl MaKCHMAIIbHO
n30exaTh HeraTUBHOTO neiictBust [IAB Ha xoxy,
cyMMapHoe BecoBoe conepkanue [IAB B 6a3zoBoit
pelenType yCTaHOBWJIM Ha TpPETb MEHbIIE, YeM
B CPEICTBAx I MBIThS MiazeHies [15]. basoBas
peuentypa Ne 1 umena cieqyromuii cocTaB: KOKa-
Mugomnponun OeranH 6%; kokormokosua 3%;
ankwimonuriuko3un C8-C10 3%; rimunepun 3%;
numonHas kuciora 0,3%; Oenzoar Hatpus 0,2%.
Penienitypa Ne 2 nonoHUTENBHO BKITFOUYAsia TAHTEHOI
1%; macio mmnoBHHKa 3%; Macio aBokago 39%0;
adupHoe Macio pomarku 0,3%. PesynbraTsr aHamm3a
OpraHoJIENTHYECKUX U (PU3MKO-XMUMHYECKUX TOKa3a-
Teneit 0opasmoB Ne 1, Ne 2 mpusenenst B Tabmmie 1.

[Monyuennsie ob6pazubl KIMC Nel u Ne 2
MPEICTaBISUTA  COOOW  ONHOPONHBIE KHUAKOCTH,
KOTOpbIE HaHOCWJINCh Ha KOXKY PaBHOMEpPHO, HO
pacTeKalch, ¢ BEICOKAM TIEHOOOpa30BaHHEM (IIeHA
obunbHast, my3sIpbku d = 1-2 MM), 6€3 JTUIKOCTH,
XOpOIIO YAATSUINCH TOCIE TPUMEHEHUs, WMEIH
BBICOKYIO OYHILIAIOIIYIO CIIOCOOHOCTh. CrieIoBaTENBHO,
0azoBble O0pa3Ibl COOTBETCTBOBAIA OCHOBHOMY

post@vestniR-vsuet.1u
Ha3HAYCHHUIO pa3pabdaThIBAEMOTro cpeAcTBa — -
(heKTHBHOE OYHMIIEHUE KOXHU OT 3arpsizHeHuid. On-
HaKo, ObUTM BBISBIICHBI HEKOTOPbIE HEOCTAaTKH: 1)
3HAYeHUE BOJOPOAHOTO IOKa3areist o0pas3loB
obuto Hwke yctanosneHnoro 'OCT 316962012
(aopma pH 5,0-8,5); 2) oopaszer; Ne 2 ObLT HECTAOMIICH
NIpH XpaHEHUH, TIPEeICTaBIISLT co00i smynberio M/B,
SMYJBIHPYIOMIEH crocoOHOCTH perentypHsix [1AB
OBLIO HEAOCTATOYHO IS €€ CTaOMIM3auuu. Y4u-
TBIBasl 3T 3aMEYaHMsI, OCIEAYIOIINE pa3padoTKu
BKITIOYAJIM YMEHBILICHUE COJCp)KaHUS JTHMOHHOU
kucinoTel U BBeaeHue B coctas KIMC ¢ macns-
HBIMHU O10/100aBKaMHU 3aryCTUTENSI K SMYJIbraTopa.

C uenpio crabmnuzanuu cTpykrypsl KIMC,
cofiepKaIrero OMOJIOTMYECKHA aKTHUBHBIC (MAaCILTHBIC)
UHTPEOUEHTH, B PELENTypy pa3padarbiBaeMoro
MPOAYKTa BBOAWIM 3aryCTUTEIH U 3MYJIBIaTOPBI
pasubix THnos: I[100-120, kapOomep, KcaHTaHO-
Byto Kamenb. [101" 120 — meTun riroko3a nuonear,
HaTypalbHBIA 3(UP METHI TIIOKO3bI, 3TepUPUIIH-
poBaHHBIH onenHOBOM kucioTol. Kapbomep (K) —
CUHTETUYECKUN IIOJUMEP AKPUIIOBOW KHCIIOTBHI.
Kcanranoras xamens (KK) — nonucaxapun, oopasye-
MbIii OakTepusiMu Buzma Xanthomonas campestris.
Bce Tpu 106aBKH HCTIOIB3YIOTCS B KOCMETHUECKOM
NPOAYKLMH AJIS1 IPUTOTOBICHHUS BOIHBIX reneil u
SMYJIbCHUM, IEHUCTBYIOT KaK 3aryCTUTENIM U 3MYJIbra-
TOpBI, HE BBI3BIBAIOT pasmpakeHusi Koxku. OmHako,
CTPYKTYPHBIE PasiM4usi 3TUX BELIECTB OTPAKAIOTCA
Ha UX (QyHKIMOHAJIBHBIX CBOMCTBAX.

Tabauna 1.

[oxazarenn kauectBa KIMC (6a30BbIe perienTypsl)

Table 1.

Quality indicators of KGMS (basic recipes)

O6pasupl KTMC [ Samples of KGMS

Tlokazaremu | Indicators

koHTpoub (Ne 1) | control (Ne 1)

¢ OMOJIOrNYECKH aKTUBHBIMH MHIDEIMEHTaMU
(Ne 2) | with biologically active ingredients (Ne 2)

Bremnuii Bun | Appearance

oaHopoaHas )KI/II[KOCTI:,_ i
npo3spaunast | homogeneous liquid,
transparent

OJTHOPOJTHAS )KUKOCTH O€3 IpuMeceH,
IpU XpaHeHHUH paccianBaeTcst | homogeneous
iquid, delaminates during storage

IIser | Color OeCLBETHBIH | no color OecIBETHBIN, MYyTHBIH | no color, cloudy
3anax | Smell 0e3 3amaxa | no smell 3anax pomaikd | the smell of chamomile
pH 44 45
Bsizkocth, MPaxs | Viscosity, mPaxs 240 780

PaBHOMEpHOCTE HaHECEHHS HA KOXKY
Uniform distribution on the skin

TIIPU HAaHECEHHH PacTeKaeTcs |
when applied to the skin it spreads

I HAHECEHUH PaCcTeKaeTcs |
when applied to the skin it spreads

JIunkocTtk Ha Kosxe | Stickiness on the skin

orcyrcrayer | does not stick to the skin

TlonHoTa ynanenus cpeactsa caadeTkoi
nociie npumenenns | Complete removal of the
product with a napkin after use

yIaIsleTcst IOHOCTRIO | IS removed completely

Ouwmaromast ciocodHocts | Cleansing ability

yaoBaeTBOpuUTENLHas | adequately

CTaOWIbHOCTD IIPU XPaHEHH! |
Stability of quality during storage

crabueH | is stable during storage

HecrabmieH | is not stable during storage

3arycruren BHOCHIH B Kommdectse ot 0,5 110 4%.
Kpome Toro, mnga ontumumsanuu pH mnpoaykra
JIOJII0 JIMMOHHOM KHCJOTBI B PELENType YMEHb-
mmnn B gBa pasza— jgo 0,15%. Copepkanue
OCTaJbHBIX  HMHIPEJUEHTOB  COOTBETCTBOBAJIO
0azoBoii penentype Ne 2. ITpoBefieHHbBIC OIBITHI
nokazany, yto [190" 120 dhopmupyer B npoxaykre
MEHOOOPAa3HYI0 OJAHOPOAHYIO CTPYKTYpPY C BBICO-
KUMH TOTPEOUTEIbCKUMH  XapaKTEPUCTUKAMH,
HO MaJlIOyCTOWYMBYIO, OBICTPO pa3iessroIlyocs
Ha BOIHYIO M MaciisiHyto ¢asbl. [Ipy ucnons3oBaHun
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KapOomMepa o0pazyeTcs POJAYKT B BUJIE HEOAHOPOI-
HOM TeKyued sMyibcud. Hamnmydime pesyibTarsl
MOJTyYeHbl C TOMOINBIO KCAHTAHOBOW KaMeH.
IToxazarenn kagectBa KI'MC, mpuroToBI€HHOTO
C WCIOJb30BaHUEM KCAHTAHOBOW KaMeu, MPHUBE-
IleHbl B Tabnwie 2. BuemHwmit Bua o00pasmnos
KI'MC ¢ 6uoslornuecks aKTUBHBIMH MAaCIISTHBIMHU
WHTpEeIUeHTaMn 0e3 1M00aBIIeHUsS 3aryCTHTENS
(obpazerr Ne2) m ¢ nmobOaBieHHEM 3aryCTUTENs
KcanTaHoBoM kamemu B KoimuectBe 0,5-4,0%
(oOpa3upl 3—5) npeacraBieHsl Ha pucyHke 1.
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Tabnuna 2.

IToxa3atenu kauectBa KIMC ¢ kcaHTaHOBOI KaMeIbIO

Table 2.

Quality indicators of KGMS with xanthan gum

Tloxasarenu | Indicators

O6pasipt KITMC ¢ conepxkaHneM KCAHTaHOBOI KaMeIu:
Samples of KGMS containing xanthan gum in the amount of:

0,5% (Ne 3)

2% (Ne 4) 4% (Ne 5)

OJTHOPOJTHAS KHUIKOCTH 0e3
MPUMECEH, TIPH XPaHEHUN

Buemnnii Buz | Appearance

paccrauBaercst |
homogeneous liquid,
delaminates during storage

3MyJ'IBCPIOHHLIﬁ IClib,

NMCHOTCS HC6OJ'ILH_II/IG
my3bIpbku | emulsion gel,

contains small bubbles

SMYJIbCUOHHBIN I'ellb, UIMEIOTCS
ITy3bIPbKU, IUIOTHBIN, HETEKy4uil
| emulsion gel, there are bubbles,

dense, not fluid

OECLBETHBIM, MyTHBIH |

Iger | Color no color, cloudy Oenblii | white Oenbli | white
3anax | Smell 3amax POMAaIKY | _ 3arax poMarlkH | _ 3arax poMarlkH | _
the smell of chamomile the smell of chamomile the smell of chamomile
pH 55 5,6 5,6
BsizkocTh, MPaxs | Viscosity, mPaxs 1300 3800 4500

PaBHOMEpHOCTh HAHECCHHS Ha KOXKY |
Uniform distribution on the skin

NpH HAHECEHUU
pacrexkaercst | when applied
to the skin it spreads

o0pasel IIOTHBIN, HAHOCHUTCS
HepaBHOMepHO | the sample is
dense and applied unevenly

HAHOCUTCS PABHOMEPHO |
apply evenly to the skin

JIunxocts Ha Koxe | Stickiness on the skin

orcyrcrayer | does not stick to the skin

TlonxoTa ynanenus cpeactsa candeTkoit
nocne npumenennst | Complete removal
of the product with a napkin after use

yIaIsIeTCs IOHOCTHIO | is removed completely

Ounmaromast criocooHocts | Cleansing
ability

xoporas | good

YIOBJICTBOPUTENBHAS |
adequately

CrabunsHOCTS IpH XpaneHn | Stability of
quality during storage

HecTaOuIIeH |
is not stable during storage

crabued | is stable during storage

Ne 2 Ne 3

Ne 4 Ne 5

Pucynox 1. Buemmnmii Bun oOpasmo KI'MC ¢ Omonormueckd akTHBHBIMH MACITHBIMH WHTpenueHTamu: Ne 2 — Ge3
saryctutenst; Ne 3 — ¢ 0,5% kcanTaHOBOI Kamean; Ne 4 — ¢ 2% kcanTaHOBO# Kamenn; Ne 5 — ¢ 4% kcaHTaHOBOI Kamenn

Figure 1. Appearance of KGMS samples with biologically active oil ingredients: No. 2 — without thickener; No. 3 —
with 0.5% xanthan gum; No. 4 — with 2% xanthan gum; No. 5 — with 4% xanthan gum

JoGaByieHne KCaHTaHOBOIM KaMeIW B 3aBHCH-
MOCTH OT €€ MacCOBOW JOJM IO-pasHOMY BIIHSIIO
Ha CTPYKTYPY, BA3KOCTh M NOTPEOHUTENbCKUE Xa-
paxtepuctuku KI'MC. IIpu cogepxanun KK 0,5%
KI'MC wmarno otmganock ot 6a3oBoro odpasima Ne 2,
T. €. UMEJIO KHJIKYF0 KOHCHCTEHIIMIO, TIPH XpaHe-
HUM PacCIanBalONIyIOCs HAa BOAHYIO M MAcCIISTHYIO
¢aswr. [pu conepxannn KK 2% dopmupoBanacsk
CTPYKTypa 3MYJBCHOHHOTO T€Jsl, YCTOHYMBas
B XpaHEHWH, 00pasell UMeJl BBICOKHE TIOTPEOHTEb-
ckue xapakrepuctuki. Bruecenne KK B peuentypy
B KoJruecTBe 4% MpUBOIUIIO K YXYAIIICHUIO HEKO-
TOPBIX OTpeduTeNnbeKuX Xapakrepuctuk KI'MC —
OMYJIBCHOHHBIA Tellb ObUT H3IUIIHE TUIOTHBIM,
Ha KOXY HaHOCWICS MEHee HEepaBHOMEPHO.
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Io octansHBIM TTOKa3aTemnsiM 00pa3ibl Ne 3, 4, 5 OpuH
OJIMHAKOBBI, MOKa3aTelb pH cOOTBETCTBOBAN HOpME.
Takum oOpasom, BHecenue B perentypy KIMC 2%
KCaHTAaHOBOM KameIy T03BOMIIO COpMHUPOBATH
CTaOWIBHYIO CTPYKTYPY 3MYJIbCHOHHOTO TeJs M TO-
JIYYUTH MPOJYKT C BEICOKUMHU OPTraHOJICTITUIECKUMH
Y IOTPEOUTETBCKIMH CBOHCTBAMH.

W3 Hay4HOI JInTEpaTyphl U3BECTHO, YTO JUIS
CcTa0MIIM3aIIH MacC, UMEIOLNX CTPYKTYPY dIMYJIb-
CHOHHOTO Telisi, K KOTOPBIM, OTHOCSITCS 00pa3Ibl
nocienHend cepuu, 6osee 3(QHEKTUBHBIMH SIBIIS-
I0TCSl KOMOMHAIIMY U3 HECKOJIBKHUX 3aryCTHTENCH —
OuHapHBIC WM TPOMHBIE cMecu. Takne KOMOMHA-
[IUH 3aTyCTHTEJIEH UCTIONB3YIOT B KOHIUTEPCKHUX U
KOCMETHHYECKHX SMYJIbCHOHHBIX IPoyKTax [16, 17, 18].
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Hamu nipoBesieHbI mcce0BaHust BIUSTHUS OU-
HAapHBIX CMeced 3arycturenei Ha (GopMuUpoBaHHE
CTPYKTYPBI, CTaOWILHOCTh M TOTPEOUTENILCKUE Xa-
pakrepuctukr KI'MC. B 6a3oByto penentypy Ne 2
No0aBJsUTM JIBa BapuaHTa CMECEH 3aryCTHTEIICH:
nepBbiii BapuaHt (oOpaser; Ne 6) comepxan 1,5%
KcaHtaHoBoii kameau u 1,5% II3I' 120, Bropoit
(obpaserr Ne7) — 1,5% kcanTaHoBOW KaMean M
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1,5% xapGomepa. [IpuroToBieHHBIE MO 3STUM
perentypaM 00pasmbl aHATM3UPOBAIN MO OpraHo-
JIENTHYECKUM M (DH3UKO-XHUMHYECKUM TOKa3aTesIsIM.
PesympraTel mpuBenenst B Tabmure 3. BaenrHwmit
By 00pasioB KI'MC ¢ 61onoruuecky akTUBHBIMH
MAaCJISTHBIMH MHTPEIUEHTaMH ¥ OMHAPHBIMH CMe-
CSIMH 3ar'yCTHTEINICH MpeICTaBICHbI HA PUCYHKE 2.

Tabnuna 3.

[Mokazarenu xauectBa KIMC ¢ OMHApHBIMH CMECSMH 3aryCTHTENCH

Table 3.

Quality indicators of KGMS with binary mixtures of thickeners

IToka3zaremu | Indicators

O6pasmpr KI'MC ¢ GnHapHBEIME CMECSIMU 3ar'yCTUTEIICH: |
Samples of KGMS with binary mixtures of thickeners:

KcaHTaHoBas kamens + [101 120
(Ne 6) | xanthan gum + PEG 120 (Ne 6)

KCaHTaHOBasl KaMeJb + Kapoomep
(Ne 7) | xanthan gum + carbomer (Ne 7)

Bremmnnii Bun | Appearance

SMYJIbCUOHHBIN T'e€llb, TOX0XXUH Ha
MEHKY, OTHOPOIHEIH | emulsion gel,
foam-like, homogeneous

3MyJ'IbCPI0HHLII71 T'€JIb, HEC BIIOJIHE
OITHOPOIHBIH | emulsion gel, not
completely homogeneous

Iser | Color Oenpiii | white
3amax | Smell 3amax pomaiikH, cnabbiii | faint scent of chamomile
pH 57 56
Bsizkocts, MPaxs | Viscosity, mPaxs 3200 3600

HAHOCHTCSI PABHOMEPHO,
PaBHOMEPHOCTH HAHECCHHUS HA KOXKY | HaHOCHUTCsI paBHOMepHO | apply evenly - :
Uniform distribution on the skin to the skin HemHoro pactexaetes | It is applied

evenly to the skin and spreads a little

JIunkocts Ha Koxe | Stickiness on the skin

orcyrcrByer | does not stick to the skin

TlonmHOTa ynanenus cpeactsa candeTkoi
nociie npuMenenus | Complete removal of
the product with a napkin after use

yIaJseTcst OJMHOCTRIO | is removed completely

Ounmiaromas cnoco6rocts | Cleansing ability

xopomas | good

CrabunbHoCTh IpH Xpanenuy | Stability of
quality during storage

crabusiew | is stable during storage

Janupie TaOnuipl 3 MOKAa3bIBAIOT, YTO
KI'MC, npuroTtoBieHHbIe ¢ OWHAPHBIMH CMECSIMHU
3aryCTUTENEH «KcaHTaHOBas kamens + [191 120y
U «KCaHTAaHOBas KaMelb + KapOoMepy, UMENH BbI-
COKHE OpTaHOJCNTHYECKHE M MOTPEOUTENbCKUE
MMOKAa3aTeNIn: PAaBHOMEPHO HAHOCWUJINCHh Ha KOXKY,
XOpOIIO BCMNEHUBAJINCH M TOTJIOMIAIHN 3arps3He-
HUS, TOJHOCTHIO YIAIUINCH caleTKON Tmocie
MIPUMEHEHHUs, ObUIM YCTOWYMBBI TPU XpaHEHHUH.
Beu1o BBISBICHO pa3ivune BO BHEITHEM BHJIC

Ne 6

npoaykToB — KI'MC ¢ GuHapHO# cMechIo «KcaHTa-
HoBass kamenp + IO 120» wumen cTpykTypy
OMYJIBCUOHHOTO Tellsl, ChOPMHUPOBAHHOTO B MEHKY,
a KI'MC c OuHapHO# CMECBHIO «KCaHTaHOBAs Kamelh +
KapOoOMep» TPEICTaBIIsIT COOON AMYJILCHOHHBIHN T'ejlb,
HE BIIOJIHE OJHOPOJIHBIM, C KAIUIIMHU >KUPOBOH (hasbl.
OTH pe3ysbTaThl AEMOHCTPHUPYIOT IPEUMYILECTBO
obpaszua KI'MC, conepxartero GMHapHYIO CMECh
3arycTuTenen «kcantanonas kamens + [191° 120».

Ne 7

Pucynok 2. Bremnnii Bug o6pasios KI'MC ¢ buHapHBIME cMecsiMU 3arycTuTeneii: Ne 6 — kcantanosas kamenp + [1917

120; Ne 7 — kcaHTaHOBas KaMeab + KapOoMmep

Figure 2. Appearance of KGMS samples with binary mixtures of thickeners: No. 6 — xanthan gum + PEG 120; No. 7 —

xanthan gum + carbomer

148



Tezoneea H.D. u dp. Becmunux BTYHIIL, 2025, I1L. 87, Me. 2, C. 143-151

[Nomyyennsie Hamu oOpasusl KIMC npen-
CTaBJISUTH COOOH CTaOWMIIBHBIC dMYJIHLCHOHHEBIC TEIIH,
00pa30BaHHBIC C IOMOLIBIO MTOJIUMEPHBIX 3aTryCTUTE-
Jield. DTOT pe3ybTaT COOTBETCTBOBAJ COBPEMEHHBIM
HAayYHBIM TIOJIOKEHUSIM O (POPMHUPOBAHUN SMYITECH-
OHHBIX TeJIel, PaCKPHITHIX B paboTax 3apyOS:KHBIX U
poccuiickux yueHsix [16, 18]. list pa3pabarsiBac-
MOTO HaMH MpPOAYKTa Hambosiee >PPEKTHBHBIM
CTPYKTypooOpa3oBaTeneM cTajla KCaHTaHOBas Ka-
Melb, (YHKIIMOHAIBHEIE CBOMCTBA KOTOPOIl OBLIH
nononHuTeNnsHO yaydmens! [1917 120 u kapbomepom.

B 3aBepiiienny uccieqoBaHUsST KOHTPOJIbHBIN
obpazerr (Ne 1) u ombITHBEIE OOpa3ibl (C OTHUM
3aryCTHTENEM — KCaHTaHOBOHM KaMeNbIo U ¢ OUHAp-
HBIMH CMECSIMH 3aTyCTUTeNeH ) ObLTH TIPeI0KEHBI
MTOTEHIIUAIBHBIM [TOTPEOUTEINSIM JJIST OLIEHKH Opra-
HOJIEITUYECKUX NIOKa3aTesieil. AHaIu3 MPOBOININ

post@uestnik-vsuet.ru

C MIPUBJICYCHHEM KOMHUCCUU YKCIIEPTOB B COCTABE 5
4yenoBeK. BHagane skcrepramMu OBLT COTJIACOBAH
MepeUYCHb TPU3HAKOB TMPOIYKTA, XapaKTEPH3YFOLIHX
OXKUIaHWs TIOTpeOWTeNel: BHEITHUN BHI, 3arax,
PaBHOMEPHOCTh HAHECEHUS Ha KOXKY, OUHINAOIIAs
CIOCOOHOCTh, TIONHOTA YJAJCHUS CPEJICTBA Ca-
¢deTkoil mocne mpuMeHeHHs. BocmpuHIMaeMyro
WHTCHCUBHOCTh BHIOPAHHBIX JIECKPUITOPOB OIle-
HUBAJIH 10 MATUOAIUTBHOM mikaie. s nomydyeHust
OOBEKTHBHBIX PE3yJbTATOB MPUMEHIIH KOdPQUIm-
EHTBI BECOMOCTH TOKa3aTtesel kauyectBa. HamOormee
3HAYMMBIMH TIOKa3aTeSIMA OBLTH OYHIIAIOIIAs CIIO-
COOHOCTB W TIOJTHOTA Y/IAJICHUSI CPeICTBA caleTKOM
nociie mpuMeHeHus. OICHKY YpOBHS KauyecTBa
B Oammax BBIYHACISUIA YMHOXXEHHEM OIICHKH
KKIOTO TOKa3aTesl Ha KOd((OHUIIMEHT BECOMOCTH,
pe3yNbTaThl IPUBEICHBI B TA0IHIIE 4.

Tabnuna 4.

bamnoBas omeHka opraHONENTHYECKUX MTOKa3aTeNeld KOHTPOIBHOTO U OMBITHRIX 00pa3noB KI'MC

Table 4.

Scoring of organoleptic indicators of control and experimental samples of KGMS

O6pasupt KTMC: | Samples of KGMS:
¢ OMOJIOTMYECKH aKTHBHBIMHU HUHI'PEAUCHTAMHU 1
3arycrurensmu: | with biologically active ingredients
KOHTPOJIb and thickeners:
Tlokazarenu | Indicators Koogdumment (NQTI;.) | KCaHTaHOBas KCaHTaHOBas
BECOMOCTH KCaHTaHOBAst
control Kamenn, 2% kamens + [10T Kamenp +
(Ne 1) (Nod) | wanthan 120 (N2 6) | kapGomep (Ne 7) |
gu;n 20% (No 4) xanthan gum + xanthan gum +
’ - PEG 120 (Ne 6) | carbomer (Ne 7)
Bremnuii Bua | Appearance 0,1 0,4 0,5 0,5 0,4
3amax | Smell 0,1 0,3 0,4 0,5 0,5
PaBHOMepHOCTB HaHCCCHMA HAa KOXKY |
Uniform distribution on the skin 0.2 0.6 10 10 10
[NonHoTa yaaneHus cpeacTa candeTkom
nocie npumenenns | Complete removal 0,3 15 15 15 15
of the product with a napkin after use
Ounmaroras coco6uocts | Cleansing ability 0,3 1,2 15 1,5 15
Cpennuii 6ayut | Average score 4,0 4,9 5,0 4,7

Pe3ynpraTthl OpraHoONENTUYECKOW OIEHKU
TIO3BOJIVITH YCTAHOBHTB, YTO JTyHIIIHM IO (DYHKIIMOHATb-
HBIM TIOKa3aTelsM, BHEIITHEMY BTy, KOHCHUCTEHIIMH U
3anaxy Ob1 KI'MC ¢ Ouomnornyeckd akTHBHBIMH
WHTPEIMEHTaMH ¥ OMHAPHOM CMECHIO 3arycTHTeNen
«kcaHTtaHoBast kamenp + I1OT" 120», on momyqun
5 6amio. ObOpaser; ¢ 2% KCaHTAaHOBOW KaMeau
HEMHOTO YCTYTIAJ] TI0 BHEITHEMY BHILy U UMEJ, KaK
OTMETHIIM JIETYCTaTOPbI, 00JIee MHTEHCUBHBIHN 3ariax.

3akiIouyenue

Kocmertuko-ruruennueckue cpeacTBa TUIIA
«CyXOH Iymn» o0pa3yloT HOBYIO NEPCIIEKTHBHYIO
TPYIIly MOIOIIMX CPEACTB A yXOJa 3a KOXEH,
He TpeOyrommx cMbIBaHUs Bonou. [lpuMeneHue
3THX CPEACTB aKTyajabHO MPH ACPHUIIMTE BOIHBIX
PECypcoB, a TaKkKe IpU YXOJe 3a MaJOIMOABIX-
HBIMH JTIOABMHU. BEIsSBIEHA HEIO0CTaTOYHOCTH
MIPOM3BOJICTBA M aCCOPTUMEHTA ITOU MPOIYKITHH.
Ha ocHoBaHuu aHanu3a HAyYHO-TEXHUYECKUX JaH-
HBIX ObUIa cocTaBiieHa ©a3oBas pelentypa
KOCMETHKO-TUTHEHUYECKOI'0 MOIOIIEr0 CpeACTBa
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THUIA «CYXOH Aymn», BKiIwouawomas msrkue [1AB
amM(OTEepHOI0 ¥ HEMOHOTEHHOTO THIIa. B X018 ncce-
JIOBAHMS YIS ONTUMH3AIMHA OPTaHOJICNTHISCKUX |
(DYHKIIMOHATEHBIX XapaKTEePHCTHK B 0a30BYIO perier-
Typy OBUIM BKJIFOUEHBI OMOJIOTMYECKUA aKTHBHBIC
WHTPEANEHTHI (MacIIO MIMITOBHHUKA, MACJIO aBOKAJI0
W JpyTHe) U 3aTyCTUTENH U AIMYJIbraTophl. YcTa-
HOBJICHO, YTO TPH HCIOJIb30BAaHUHM 3aryCTHTEIS
KCaHTaHOBOI Kamenu B KojmdecTBe 2% wim OuHap-
HOM cMecH M3 KCaHTaHoBOH kamenu m 101 120,
MOJIY4at0TCS TTPOAYKTHI CO CTPYKTYPOM dMYIBCH-
OHHOTO TeJisA, 00JIaAI0IINE XOPOIIeH OUNINAIOIICH
CIIOCOOHOCTBIO, yaanseMbie candeTKoN Tmocie
MIPUMEHEHHUS, YBIKHAIOIINE U CMATYAOIHe KOXY,
CTaOMIIbHBIC TIPH XPAHCHHH.

B 1enoM, mpoBeneHHBIE WCCIICIOBAHUS
MOKA3bIBAIOT, 4YTO pa3padoTaHHBIE KOCMETHKO-
TUTHCHUYECKHE SMYJIBCHOHHBIE TeIH I Tela,
He TpeOyrolne CMBIBAaHUS BOJOH, MOTYT OBITh
aJTbTEPHATHBON TPAAUIIMOHHBIM CpPEACTBAM IS
YMBIBAHUS WIH TyIIIA.
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daexTpodopMoBaHue MEMOPAH M3 alleTATA LEJUII0JI03bI:
ONTHUMHU3AIMS CBOMCTB VISl TOIJIMBHBIX 3JIEMEHTOB

Aprém U. MomikoB ! moshkov.ai@yandex.ru 0009-0002-2491-2787
Anunra 1. Kenko ! anita.ketskol7@mail.ru 0009-0006-7358-2840
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1 LlenTp xumuueckoil nmxenepu, Y Husepcurer UTMO, Kponsepkckuit npocrexT, oM 49, mmrepa A, Cankr-IlerepOypr, 197101, Poccus

2 JlabHEBOCTOUHBIH (enepanbHblil yHuBepcutet, 690922, Poccniickas deneparust, BiaauBocTok, m. Asike, . 10

AHHoTanus. MccnenoBan mporiecc 37meKTpohOpMOBaHUS aleTaT-IEII0ON03HbIX MeMOpaH sl HU3KOTEMIEPATYPHBIX TOIIMBHBIX
anemenToB. CHOpMHUPOBaHbI pacTBOPHI ¢ KOHLEHTpanueii 1, 3, 5, 7, 10 u 12 % macc. B cMecsx areron/auMeruindopmamun 6:4 u 4:6,
nocie UeHTPHU(YrupoBaHUs IOIYYeHBl OJHOPOAHBIE CHCTEMBI. PoTalMoHHas peoMeTpHs 3aMKCHpOBaa JUHEHHYIO 3aBHCHMOCTh
HaIpsHKEHUs CABUTA OT CKOPOCTH; A 5-% pacTBopa IpU COOTHOLIEHHH 6:4 pocT ckopoctd nmopauu ¢ 0,3 mo 1,0 mm-a™ yBeaudun
HanpspkeHue casura ¢ 52,5 go 106,1 xITa. M3mepeHHas auHamudeckas BA3KOCTb Bo3pocna ¢ 9,6 no 13,8 Ila'c mpu nosbliieHUN
KOHIICHTpanuu moiumepa ¢ 14 mo 15%, oTpaxkas ycWIeHHE MEKMOJCKYJSAPHBIX B3aHMMOJCHCTBHA. JNEKTpOPOpMOBaHUE
npoBoaunock npu 30 kB u paccrosHum 100 MM; mosydyeHHBIE BOJIOKHA UCCIEOBAHBI METOAAMHU ONTHUYCCKON U CKaHUpYOILEH
3eKTPOHHOM MuKpockonuu. CpeaHuil auamerp BOJIOKOH Ay 6-% pactBopa coctaBui 0,61-0,79 MM, yBelnueHHEe KOHIIEHTPALUU 10
8 % cy3mio pacmpeseneHne JHaMeTpoB, a mepexol K 12 % MOBBICHI HEOTHOPOJHOCTh M3-32 POCTA BA3KOCTH. TabnuuHbIe TaHHBIE
HOTBEPAMIN, YTO KO3((PHUINEHT aCHMMETPHH MUHIMAJIEH IpH 6-8 % MOIMMEpPHOTO COAEPKMUMOTO M COOTHOLICHHH PacTBOpHUTENeH 6:4.
CHuwxkeHne ckopoct moaaud 10 0,3 Mg yMeHbIIAN0 AWaMeTp BOJIOKOH, MOBBIMEHHE A0 1,0 M4 MPUBOAWIO K yTOJILECHHIO.
BrrsaBiena texHonorndeckas 061acTh oNTUMyMa: 6—8 % ameTaTta IeToNo3sl, pacTBoputenu 6:4, ckopocts nogaun 0,3-0,7 mir-a .
Tlomyuennsle MeMOpaHbI XapaKTepU3yIOTCS PaBHOMEPHONH MOP(}OIOTHel U NPUTOAHBI ISl HHTETPAll B MEMOPaHHO-3IEKTPOIHBIE
y3ibl. Pe3ynpTaTsl JEeMOHCTPUPYIOT BO3MOXXHOCTH TOYHOTO YIPABIEHHS CTPYKTYPOH ITyTEM pPEryJHpOBaHHUS PEOJOTHYECKUX W
JNIEKTPOTUAPOIMHAMUYECKHX apaMeTpoB, CO3/aBas OCHOBY Ul MacIiTabHpOBaHWs Mpoliecca K NPOMBIIUICHHOMY YPOBHIO
JaJbHEeHIIel ONTHMH3aIU SHeprodGpEeKTHBHOCTH TOIUIMBHBIX CHCTEM.

KirodeBble ¢j10Ba: HI3KOTEMIIEpATypHBIE TOIUTUBHBIE 3JIEMEHTBI, AEKTPO(YOPMOBaHHE, alleTaT IE/UTF0I03bI, alleTOH, IUMETHI()OpMaMI,
MeMOpaHBI.

Electrospinning of cellulose acetate membranes:
optimization of properties for fuel cell applications
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Abstract. Electrospinning of cellulose acetate membranes for low-temperature fuel cells was investigated. Solutions containing 1,
3, 5,7, 10 and 12 wt% polymer were prepared in acetone—dimethylformamide mixtures of 6:4 and 4:6 and homogenised by
centrifugation. Rotational rtheometry revealed a linear shear-stress—rate relation; for the 5 % solution at 6:4, raising the feed rate
from 0.3 to 1.0 mL h™! increased shear stress from 52.5 to 106.1 kPa. Dynamic viscosity rose from 9.6 to 13.8 Pa's when polymer
content increased from 14 to 15 %. Electrospinning at 30 kV and a 100 mm gap produced fibres evaluated by optical and scanning
electron microscopy. A 6% solution yielded mean diameters of 0.61-0.79 um; increasing concentration to 8 % narrowed
the distribution, whereas 12 % produced greater heterogeneity owing to higher viscosity. The asymmetry coefficient was lowest
for 6-8 % polymer at a 6:4 solvent ratio. Reducing the feed rate to 0.3 mL h™! decreased fibre diameter, while 1.0 mL h™' caused
thickening. The optimal window comprises 6-8 % cellulose acetate, solvent ratio 6:4 and feed rate 0.3—0.7 mL h™'. Membranes
produced under these conditions exhibit uniform morphology and are suitable for incorporation into membrane—electrode
assemblies. The study demonstrates precise structural control through tuning of rheological and electrohydrodynamic parameters,
providing a basis for industrial scale-up and further optimisation of fuel-cell energy efficiency. Environmental impact is minimised
through solvent reuse and low processing temperatures.

Keywords: low-temperature fuel cells, electrospinning, cellulose acetate, acetone, dimethylformamide, membranes.
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BBenenune

B COBpeMEHHBIX HCCIEIOBaHUSAX 0C000e
BHUMaHHE YAEIIeTCS allbTepPHATHBHBIM HCTOYHH-
KaM SHEPruHu, U HU3KOTEMIICPaTyPHbIC TOTLTMBHBIC
snementsl (TD) mpencTaBasioT cobOi TEpCIIek-
TUBHOE Hampasienue [1]. OqHako ux KoMmepiua-
JM3ays 3aTpyIHEHA W3-32 BBICOKOH CTOMMOCTH
Y HU3KOW HAJIS)KHOCTH MEMOPAaHHO-3JICKTPOIHOTO
y3na (MDA) [2]. ITpoGiieMbl ¢ TPOTOHHBIMHU TIPO-
BOJHHMKAaMH, TaKUMH Kak MeMOpanel Nafion u
MF-4SK, cBsizaHBI ¢ OTpaHHYEHHBIMH JKCILTyaTa-
IIMOHHBIMHU XapaKTEPUCTUKAMH U CTAOMIIBHOCTHIO
B pa3MM4IHBIX ycioBusix [3]. Jlerpagarmst KaTammsaro-
POB ¥ MOJMMEPHOTO SJIEKTPOJIUTA TAKKE BBI3HIBACT
cepresHbie omaceHus [4].

B nociennue rossl MHTEpEC K allbTEPHATHB-
HBIM HCTOYHHKAM SHEPTHU 3HAYHTEIHLHO BBIPOC,
" HU3KOTCMIICPATYPHBIC TOIUIMBHBLIC 3JICMCHTLIL
(TD) paccmaTpuBarOTCs Kak OJHO W3 Hauboiiee
MePCTEeKTUBHBIX petieHnid. OJHAKO WX IIUPOKOe
BHEJIPEHHE CICP)KUBACTCS BBHICOKOW CTOMMOCTBIO
Y HEJIOCTAaTOYHOH  HAJCKHOCTBIO MEMOpaHHO-
anekTpoaHoro y3ia (MDA). OcHOBHBIE TPOOIEMBI
CBA3aHbl C IMPOTOHHBIMH IIPOBOJAHUKAMH, TaKUMHU
kak meMmOpanb! Nafion 1 MF-4SK, xoTtopbie nMeroT
OTpaHUYCHHBIC AKCILTyaTAlMOHHbIC XapaKTePUCTHUKU
Y HeCTaOMITbHBI B ONPEICNICHHBIX YCIOBHSX.

HCpBI)IC IMPOTOTHUIILI TOIIJIMBHBIX 3JICMCHTOB
Ob1H coznansl eme B 1830-X romax, HO COBpeMeHHbIE
YCTPOMCTBAa BCE €IIE YCTYyNalT TPaAUIMOHHBIM
MCTOYHHMKAM SHEPTUH 110 SKOHOMHYECKAM H YHEP-
T€TUYCCKHUM I10Ka3aTCJIsAM. OHHOﬁ U3 KIIHOYECBBIX
npoOJieM SIBIISIETCS CHU)KEHHE MPOTOHHOMN IPOBO-
JAUMOCTHU TIpHU HU3KOM BJIQJ)KHOCTH, YTO HPHUBOJIUT
K BBICBIXaHHIO MEMOpaH, U KaK CJIEJCTBHE CHIDKE-
Huto 3 dexruBrocTH [5].

Kpome Toro, nerpagaius KaTaau3aTOpOB
Y TIOJIMMEPHOTO JIEKTPOJITA B TIPOIIECCE IKCILTya-
TallMHU BBI3bIBACT CEPhE3HbIC OnMaceHus. JnurenpHas
paboTa IpH MOBBIIICHHBIX TEMIIEpaTypax MOXKET
MPUBECTH K Pa3pYIICHUIO KaTaIW3aTOPOB U HApy-
IICHUIO IIEJIOCTHOCTH MeMOpaH, YTO COKpallaeT
CPOK cITyOBI yCTPOHCTB.

Texyrme uccieIoBaHus HaIPaBJIeHbI Ha YITyd-
[IEHUE TUJPATALMOHHBIX W MPOBOASIIMX CBOWCTB
MOJIMMEPHBIX MeMOpaH, a Takke Ha MOBBIIICHHE
MX YCTOMYMBOCTH K paspyuienuto [6]. Hampumep,
y4YCHBIE HM3y4YaroT MeToabl Moaubukanuw [7, 8]
nephTOpUPOBAaHHBIX MeMOpaH IyTEM BBEICHUS
(YHKIMOHAIBHBIX TPYII, HAHOYACTHUI] M MOJIHU-
MCPHBIX ZIO6aBOK JJIA TIOBBIIICHUSA 3JICKTPOIIPO-
BOJTHOCTH M CTaOMIIHOCTH.

MaTepna.m,l H METOIbI

Jlnst puroToreHuss (POPMOBOYHBIX PaCTBO-
POB UCIONB30BAICS aIeTaT IEJUTFONIO3bI MPOU3BO/-
crBa OO0 "Xumpeaktus" (Poccusi) ¢ pa3TuIHBIMU
koHneHTparuamu: 1; 3; 5; 7 u 10%. B kauectBe
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pacTBOpHTENCH MPUMEHIUCH AlETOH MapKh «Uaa»
(00O «JlenpeaxTuBy, Poccust) u auMeTHIhOpMAa-
v (MDA, OO0 «Xummencunres», Poccus)
B cooTHomeHmssx 4:6 u 6:4. Ilocie cMermmBaHus
KOMITOHEHTOB PacTBOPBI OUHMIIAIIMCH LEHTPU(YTHUPO-
BaHueM Tipu ckopoctH 2000 06/MuH B Teuenue 10 mMu-
HYT JUTS YIQJICHUSI BOBMOXKHBIX pumecei [9-11].

Onpedenenue MONEKYIAPHOU MACCHL GA3KO-
3uMempuyeckum memoodom. MonexymnspHas Macca
areraTta IeJUTIONIO3bI ONpeelisiiiach METOJJOM Ka-
MUUTSIPHONH  BHCKO3UMETPHU  C UCIOJIB30BAHHEM
Brckosumerpa OctBanbaa (ITo TOCT 33768-2015).
Ha ocHOBe m3MepeHuil BpeMeHU HCTEUEHUs pac-
TBOPUTEJISI K PACTBOPOB alleTaTa IeJUTI0N03bI ObLIH
paccuuTaHbl OTHOCUTEINbHAS, YACTbHAS U IIPUBEICH-
Hasl B3KOCTH. MOJIEKYIISIpHASI Macca ONpeessuiach
no ypaBHeHuto Mapka—KyHna—XayBuHka:

[7]=K-Ma[n]=K-Ma 1)

rae [n] — xapakrepucrtuueckas Bszkocth, Kua—
AMIUPUYECKHE KOI(PQPUIMEHTHI, 3aBUCSIIHE OT MPH-
poIb! onMepa U pacTBopuTenst; M — MoseKysipHast
Macca Honumepa.

Pomayuonnas suckosumempus pacmsopos.
Hanpspkenust ciBura n3MepsjIMCh € UCIONb30Ba-
HUEM poTaroHHoro peomerpa Physica MCR 502
(Anton Paar, ABctpusi). KpuBbie TekyuecTu ObLIH
MOJTyYeHBI B Uamna3one ckopocteit casura ot 0,1
1o 1000 ¢! mpu Temmneparype 25,0 + 0,2 °C.

Cmpykmypuposanue uz pacmsopos. Ilpouecc
3JIEKTPOOPMOBAHUS IIPOBOIMICS Ha YCTAaHOBKE
NANON-01A (Mecc, Snonwus). PactBop pacrmbl-
JSUICSL 4Yepe3 WIJIy Ha aJIOMMHHUEBBIH KOJIJIEKTOP
npu HampsbkeHuun 30 kB u paccrosHuum mexny
anekrpogamu 100 mm. CKOpoCTh OJa4H pacTBOpa
BapbsupoBaiack ot 0,3 1o 1 mu/q.

Xapaxmepucmuka mopghonocuu muxpouacmuy.
Mopdomnorusi MUKpOYacTHIl U3y4anach C IIOMOIIBIO
CKaHMPYIOILETO 3JIEKTPOHHOIO MHUKpOCKoma Vega-3
(Tescan, Yexus) u ONTHYECKOTO MHKPOCKOIIA.
CraTHCTHYECKUI aHAIW3 paclpeAesieHHs pa3MepoB
YaCTHI POBOAMIICA C UCHOJIB30BAaHUEM IIPOrPAMMBI
Image-J (National Institutes of Health).

Pe3yabTaThl 1 00Cyxk1eHHE.

Ha ocHOBe mNpOBEeNEHHBIX HCCIECAOBAHUN
areTaTa IeJUTI0JI03bI OBUTH MOJTYYEHBI Pe3ybTaThL,
KOTOpBIE TO3BOJISAIOT TIyO)kKe MOHSTH CBOMCTBa
W MOBEIEHHE JAaHHOTO MaTepHajia B pacTBOpax.
XapakTeprucTuiecKast BI3KOCTh PAacTBOPOB areTara
Lemoa036l coctaBuna 0,75 MII/T, 4TO CBUIETEINb-
cTByeT o Hanmmuuu [12] yMepeHHbBIX BSI3KOCTHBIX
CBOIICTB, WTPAlOMIMX BAXKHYIO POJb B IIPOLIECCE
¢dopmupoBaHust MeMOpaH. 3HaueHHMs TaHI€HCA
yrila MEeXaHWYeCKHX TMoTeph (tgo) M KOHCTAHTBI
Xarrunca (Kx) cocraBuimu 1,21 u 2,15 coorset-
cTBeHHO. Ha ocHOBe 3THX maHHBIX ObLIa paccyu-
TaHa MOJIEKYJISIpHAas Macca aleraTa IeJUTIOI03bI
1o ypaBHeHn0 Mapka—KyHa—XayBuHka, KoTopas
coctasmia 24800 r./Momb.
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Pucynok 1. 3aBHCHMOCTh HANpPSOHKCHUS CIBUTA OT
CKOPOCTH CIBUTA JJISi pAaCTBOPOB alleTaTa LEJITIOI03bI
pa3IUYHON KOHIEHTpPAllMU B CMECSIX PacTBOpPUTENCH
arieron/[IM®A. Kpusas 1 — 12 % arneraTa 1meuTi0I036I
B cMecH pactBoputereii anetor/JIM®A B cooTHOmEHNN 6:4;
Kpusas 2— 12% B cootHomennn 4:6; Kpusas 3 — 8 %
B cooTHoIeHun 6:4; Kpusas 4 — 8 % B cooTHOLIEHNH 4:6;
Kpusas 5 — 6 % B cootHomenuu 6:4; Kpusas 6 — 6 %
B COOTHOIIICHUH 4:6

Figure 1. Dependence of shear stress on shear rate
for cellulose acetate solutions of different concentrations
in acetone/DMFA solvent mixtures. Curve 1-12% of
cellulose acetate in acetone/DMFA solvent mixture at
6:4 ratio; Curve 2-12% at 4:6 ratio; Curve 3-8% at 6:4
ratio; Curve 4-8% at 4:6 ratio; Curve 5-6% at 6:4 ratio;
Curve 6-6% at 4:6 ratio

Ha pucynke 1 mpezcraBieHa 3aBHCHMOCTb
HanpspKeHus: ciBura (6) ot ckopoctu casura (y)
IS paCTBOPOB areTara LeJUIF0I03bl IPH Pa3iiind-
Hbix koHeHrpanusx (C). Kak BunHo u3 rpaduka,
HANPSDKEHHE C/IBHTa MPOTIOPIHOHATIEHO CKOPOCTH
CIIBHTA, YTO XapaKTEPHO LISl HBIOTOHOBCKHX KHUI-
Kocreii. J{ist Goree eTaabHOTO aHAIM3a TOBEJIE-
HHS PacTBOpa B IPOIECCEe TajlbBAHOILIACTHKU

post@uestnik-vsuet.ru

ObUTH PACCUMTaHbl 3HAYCHHS CKOPOCTEH CIBUTa
B UIJIC TIPU 3aJIaHHBIX 3HAYCHHSX CKOPOCTH IMOIAYH
pactBopa (Q) u koruenTpanuu (C) o dhopmyoie:

4Q
"= 7R3

Jnst aHanm3a peosiorHYecKuX XapaKTEePHCTUK
WCIIOJB30BATIOCH YPaBHEHHE KAMWUTSIPHOTO TEYEHHUS,
CBSI3BIBAIOIIIEE CKOPOCTH C/IBHTA () CO CKOPOCTHIO IO~
naun pactopa (Q) u pamuycom uriis (R = 0.21 mMm).
[pu TumuseIX  ckopocTsax momgaun 0.1-0.3 mur/a
pacdeTHple 3Ha4YeHHs Y coctaBmwm 3.8-7.6 ¢!, 91O
COOTBETCTBYET ONTHUMAIILHOMY JWAIa30Hy IS dJIeK-
TpoOpMOBaHUsI aLleTaTa LEeJUTIONI03bL. DKCIIEpHIMEH-
TaJbHBIC JaHHBIC 11 5% pacTBopa (COOTHOIICHHE
pactBoputereit  6:4) [13] mokasanu yBeaudYeHHE
HanpspkeHus casura ¢ 52.5 go 106.1 klIla npu po-
CTE CKOpPOCTH IOJIa4H, YTO COTacyercs: ¢ HalIro-
JTAeMBIM YMEHbBIIIEHUEM aruameTpa BosokoH ¢ 0.79
1o 0.61 MxMm (Tabmmma 1). Takoe moBeneHne 00BsIC-
HsETCS. OpHCHTAllMell MaKpOMOJIEKYJ H pa3pyllle-
HUEM HAaIMOJIEKYJIIPHBIX CTPYKTYD IIPU CABUTOBOM
TEUCHHWH, YTO OMHUCHIBAETCH (PYHIAMEHTAIHHBIM
cooTHoLIeHHeM T = 1)(Y)-y. Ilomy4eHHble pe3ynbTaThl
MOJATBEPXKIAIOT, YTO KOHTPOJb PEOIOTHUECKUX
mapametpoB (50-150 kITa) [14] mo3BossieT moTy4aTh
BOJIOKHA C y3KHM paclpeneieHneM TUaMeTpOB,
YTO KPUTHUECCKH BAKHO IS CO3AaHNUs dPPEKTUBHBIX
MeMOpaH TOTUTMBHBIX AJIEMEHTOB.

[loBeneHne pacTBOPOB areTara MeJLTIOI03bI
B TIOTOKE€ COOTBETCTBYET HBIOTOHOBCKOW MOJENN
BSI3KOTO TEUYEHUSI, TJIe HAIPSDKEHVE CIIBUTA OTIPECIIs-
eTcsl KaK ¢ = 1)y, a1 — Ko3ppuImeHT auHaMIdecKoi
Bsi3kocTH. J{i1s1 pactBopa ¢ korreHTparmeii C =~ 14 macc.
% 3nauenue 1 coctaBuwio 9.6 I1a X ¢, a 11 pacTBopa
¢ KoHLeHTpauuei 15 mace. % —13.8 I1a x c.

Tabnuma 1.

BrnusiHre cooTHOIIEHHS pacTBOpUTENIEH, KOHIIEHTPAIIMH alleTaTa [eJuUTI0I03bl U CKOPOCTH
NoJauu pacTBopa Ha MOp(oIIoruio 06pasyeMbIX BOJIOKOH

Table 1.

Effect of solvent ratio, cellulose acetate concentration and solution feed rate on the morphology
of the formed fibers

CooTHouleHue KomtienTpais Auerata Koad)d)'ngnem aCUMMETpUH CpenHee 3HaYeHUE JIMAMETPA BOJIOKHA, MKM
pacTBOpUTENel alleToH nenmonoser (%, macc) Coefficient of asymmetry | The average value of the fiber diameter, microns
k IM® Concentrati oln of Ckopocts mogaun pactsopa, i/ 1 / The flow rate of the solution, ml/h
T?Oe IrDaI:/II(I):Os];?\?:rt](::e Cellulose Acetate (%, mass) 0,3 0,7 1 0,3 0,7 1
6:4 6 0,55 x 10%2,6 x 10%(2,5 x 10 0,61 0,79 0,40
4:6 6 - - 1,9 x10* — — 0,74
6:4 8 3,2x10%(1,7x109%)2,1 x 108 0,77 0,59 0,63
4:6 8 3,4 x10% 3,9 x 103|5,3 x 106 0,94 0,86 0,69
6:4 12 53 x10%3,3x10%2,4 x 1078 0,95 1,02 0,81
4:6 12 2,3x10°[2,9 x10%4/8,5 x 10° 0,75 0,54 0,76
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B Tabnuue 1 mpeacTaBieHbl TaHHBIE, OTpa-
KAIOIINe BIMSHHE COOTHOLICHHUS PAaCTBOPUTENEH
(ameton: IM®DA), KOHIIEHTpaIy areraTra IeJuTio-
JI03bI U CKOPOCTH TIO/IAYM PAcTBOpa Ha MOP(HOJIOTHIO
00pa3yeMbIX BOJIOKOH. AHAJIN3 JJaHHBIX IOKA3bIBACT
CJIOXKHYFO B3aHMOCBSI3b MEXK/Ty STHMH ITApAMETPaMH.

IpencrasienHoe cootHorreHue [13] pac-
TBOpHTENEH O0BICHICTCS TEXHOJIOTHIECKOH HE00-
XOIUMOCTBIO, T.K. JIM®PA oOnagaeT OGOJNBLINM,
YeM alleTOH CPOJCTBOM K alleTaTy IEJUTF0JIO3bI H3-
3a ero Oousblneil mossipHocTH. JloGaBieHue ero
B PacTBOp BEZET K MOBBIMICHUIO PAacTBOPUMOCTH
arreraTa IeJUTFOJIO3bI 32 CYeT OONBIIero 00pa3oBaHUA
BOJIOPOZIHBIX CBSI3CH PAacTBOPHUTENISI C ITOJIUMEPOM H,
Kak CIIC/ICTBUE, K O0Jiee paBHOMEPHOMY pacrpe/ie-
JICHUIO MAaKpOMOJIEKYJ B 00beMe cmecH [15].

VKazaHHbIC SBICHHS CHOCOOCTBYIOT [16]
MOBBIIEHUIO 3(PPEKTHBHOCTH IEKTPOCITMHHUHTA
3a CYET YMCHBIICHHSI UCTIAPCHUSI PACTBOPUTENS U
crabumm3aiyy (popMHUPOBaHHUS TTOTUMEPHON CTPYH.
DTO MPOSIBISETCS B YIYUIICHAH MOP(OJIOTHH BOJIO-
KOH, 2 IMEHHO B 00pa30BaHNH OTHOPOIHBIX BOJIOKOH
0e3 BKITIOUCHHH B BHjIe chepruueckux dactuir [17].

Pe3ysbraThl MCClieOBaHUS MOKA3aiH, YTO
ucronb3oBanue 6% (puCyHOK 2) pacTBOpa arerara
LEeJUTI0N03bI B cMecH atieToH: [IM®A (6:4) no3so-
JISIET MOJYYaTh BOJIOKHA C Y3KUM paclpeeeHueM
o muametpyp. Koadduimentsr acummeTpun co-
craBmi 0.55 x 1076, 2.6 x 10° u 2.5 x 10~° MKkM
npu ckopoctsix monauu 0.3, 0.7 u 1 mMi1/9 cooTBeT-
CTBEHHO, IIpU 3TOM CpPEIHUN JIHAMETP BOJIOKOH
BapbupoBaics B npezaenax 0.61-0.79 mxwm [18].

Pucynox 2. Mopdosorust BOJIOKOH, PY KOHIEHTPALUH
arerara 1esmuoo3sl 6% n ckopoctu nogayn 0,7 mir/a

Figure 2. Fiber morphology, at a cellulose acetate
concentration of 6% and a feed rate of 0.7 mL/h

CKopocTh TMOJIa4l  PacTBOpa OKa3bIBaeT
CYIIIECTBEHHOE BIUSHHE Ha IIPOLECC AMEKTpodop-
MoBaHus. HaOmonaemasi 3aBUCUMOCTh YMEHBIIIE-
HUS TMaMeTpa BOJIOKOH TPH CHIKEHHH CKOPOCTH
momayn A0 0.3 MII/9 COOTBETCTBYET H3BECTHBIM
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JINTEPaTypHBIM JaHHBIM O B3aHMMOCBSI3M 3THX Iapa-
metpoB [19]. He3naunTenbHOe yBeMUueHHE IMamMeTpa
MPU TOBBINICHUU cKkopocTd 10 0.7—1 mi/4 Moxer
OBITH CBS3aHO C M3MEHEHNEM OanaHca MeXIy CKOpO-
CTBIO TIOAAYM PACTBOpA M MPOLIECCAMU HCTIAPEHHS
pacteopurerneit [20]. BaxHo OTMETHTB, YTO BO BCEM
HCCJIEJIOBAHHOM JIMAlla30HE CKOPOCTEH COXpaHs-
eTcsi y3KOoe pacIpesieleHHe Pa3MepoB BOJIOKOH,
YTO CBUAETENBCTBYET O CTaOMIBHOCTH TMpolecca
ANIEKTPOGOPMOBAHUS B TAHHBIX yCIOBHSX.

[lpn yBenmuueHWH KOHICHTpAIWH aneTara
1eIuTioNo36l 10 8% 1 COOTHOLIEHUH PacTBOPUTE-
neit 6:4 ko3P PUIHEeHTH aCHMMETPHUH BO3PACTAIOT,
YTO yKa3bIBaeT HA YIIyUllIeHHUE OJJHOPOAHOCTH pa3-
MepoB BOJIOKOH (pucyHok 3). B To ke Bpems
JUIsl cCOOTHOLIEeHUs 4:6 HabmonaeTcs Oosee MuUpPo-
KO€ pacrpeziesieHie pa3MepoB BOJIOKOH, OCOOCHHO
IPH BBICOKHMX CKOPOCTSIX Moja4n pacteopa [21].

Pucynok 3. Mop¢oJiorust BOJIOKOH, PH KOHIICHTPAIIUH
arerara 1esuion03sl 8% u ckopoctu nmogaun 0,7 mMi/a

Figure 3. Fiber morphology, at a cellulose acetate
concentration of 8% and a feed rate of 0.7 mL/h

JanbHeliee yBEIMYEHUE KOHIEHTPALNH
10 12% npuBOAMT K CHMKCHHIO OJHOPOTHOCTH
pasMepoB BOJIOKOH, YTO MOXKET OBITh CBSI3aHO
C YBEJIMYCHUEM BSI3KOCTH pacTBopa. st cooTHO-
nreHust 6:4 kodpPUUUEHTH aCUMMETPHH COCTaB-
0T 5.3 X 1074, 3.3 x 103 u 2.4 x 1073 MKkM, a s
cooTHomenus 4. 6 — 2.3 x 1073, 2.9 x 10 u 8.5 x
107 mxm [22].

Mopdonoruss MUKpPOYacTHL, IOITY4YEHHBIX
W3 pacTBOPOB ¢ KoHIleHTparmsamu 6, 8 u 12 mace. %,
Obl1a MCCNeoBaHa C UCHOJb30BAaHUEM ONTHYECKON
Y CKaHUPYIOLEH  DJIEKTPOHHOW  MHUKPOCKOIIMU
(OM u COM). Ha pucynkax 4 npencraBieHa TH-
CTOTpaMMa paclpeesIeHus] pa3MepoB YaCTHI] I
pacTtBopa C KOHIEeHTpanued 6 macc. %. Mukpo-
CTpyKTypa 00pa3ios [23] meMoHCTpHpyeT HaTHYHe
KaK BOJIOKHUCTBIX CTPYKTYp, TaK U KalUIEBUIHBIX
vyactuil. [Ipu koHIeHTpauu 6 macc. % npeobia-
JAIOT MEJIKME KaryIeBUHbBIC YACTUIIBI, YTO CBSA3aHO
C HU3KOW BSI3KOCTBIO PacTBOpa U HEYCTOWMUMBBIM
pacrblUICHHEM.



MoshRov A.1. et al. Proceedings of VSUET, 2025, vol. 87, no. 2, pp. 152-159

Pucynok 4. PactipeneneHue AuaMeTpoB BOJIOKOH IO pa3Mepam

Figure 4. Size distribution of fiber diameters

Takum 00pa3om, pe3yibpTaThl MOKa3bIBAIOT,
YTO yBEJIMYEHUE KOHIIEHTpPAIUH alleTaTa LeJUTI0N03bI
CIOCOOCTBYET YBEIMUYEHHIO CPEIHEro IuaMeTpa
BOJIOKOH, IIPY 3TOM COOTHOILICHHE PAacTBOPHUTEICH
Y CKOPOCTh TO/Ia4M PacTBOpa CYILECTBEHHO BIMSAIOT
Ha OJHOPOAHOCTh Pa3MEpPOB O0pa3yeMbIX BOJIOKOH.
CootHomienue 6:4 neMOHCTpHpYeT Ooiee y3Koe
pacnpezieieHiue pa3MepoB BOJIOKOH MPHU MEHbIIEH
KOHIEHTpPAIlMK, HO C pOCTOM  KOHLEHTpaIuH
HaOJI0AACTCs CHIDKEHNE OIHOPOIHOCTH, B TO BpeMs
KaK COOTHOILICHHUE 4:6 XapaKTepu3yercs Ooyee IIpo-
KM pachpesielieHHeM pa3MepoB BOJIOKOH BO BCEM
Jana3oHe KOHIEHTPaLUi U CKOPOCTEN MOJAYM.

3akiIouyenue

B pamkax Hacrosimero uccienoBaHus ObUTH
MOJTYYEeHbl PacTBOPHI aleTaTa ILEJUII0JIO3bl C COo-
nepkanvem monumMepa 6, 8 u 12 mac. % B cMecu
aneroHa u JIM®A, xoTopele 3aTeM MOABEPIIUCH
raJbBaHOIUIACTHKE TPU BAPHHPYIOLIEMCSl TIPUIIO-
keHHOM Hanpsbkerun ot 0,1 g0 0,2 mu/u. B pe-
3yJbTaTe BBINIOTHEHHUS 3THUX TIPOIECCOB OBLIH
copMHUPOBaHBI MUKPOYACTHIIHI alleTaTa IeIITHOII036I,
oOnajaronirie pazHooOpa3Hoil Mopdosorueit, uyTo
CBHJIETENILCTBYET O 3aBHCHUMOCTH [24] dopmupo-
BaHUS CTPYKTYPHI OT yCIOBHI 00pabOTKH.

Ananmu3 MopQOJOrHM BOJOKOH MOKa3al,
YTO MMpH KOHIEHTpauu 6 Mac. % ¥ COOTHOIICHUN
pacTBopuTenei 6:4 HaOIr01aeTCs y3KOe pacipeie-
JICHHE Pa3MEpOB BOJIOKOH, YTO MOATBEPIKAAETCS
HU3KAMH KO3 OUIIMEHTAMU aCHMMETPHH, COCTaB-
nsronmMu 0.55 %X 1076, 2.6 x 10 u 2.5 X 1075 MxMm
npu ckopoctsix nofgaun 0.3, 0.7 m1 mur/ug coorBer-
ctBeHHo. [Ipn yBemyennn KoHIeHTpariu J1o 8 Mac. %
B JaHHOM COOTHOIICHHHU PacTBOpUTENIEi HaOI0AaeT st
yJy4llIeHHe OTHOPOJHOCTH Pa3MepOB BOJIOKOH, O YeM
CBUJICTENILCTBYIOT TIOBBIIICHHBIE KOI(PQHUIUEHTHI
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ACUMMCTPUH, a TaKKC TMPOUCXOAUT TCHACHLIUA
K YBEJIMYEHUIO CPETHETO AUaMeTPa BOJIOKOH.

OpmHako npu JajdbHEeHIIeM YBeITUIeHUH KOH-
ueHtpanuu 1o 12 macc. % ¥ mpu coxpaHsomemMcs
cooTHOMmEeHNH 6:4 QUKCUPYeTCs CHIDKEHUE OJIHO-
POIOHOCTH, BBIpa)KaroOIIEeCs] B BO3PACTAaHUU KO3(]-
¢uMenTa acUMMeTpUH 10 3HadeHuid 5.3 X 1074,
3.3x 102 u 2.4 % 107 MKM C yBEIUYEHHEM CKOPOCTU
noJgayu. Ot PEIYyJIbTaThl IMMOAYCPKHUBAKOT 3HA4YU-
TEeNbHOE BJIMSHUE BS3KOCTH PacTBOpa Ha MOp(doio-
TMYECKUE XaPAaKTEPUCTUKH 00pa3yeMbIX CTPYKTYD.
Poct koHUEHTpalmy auerara LEeJUTFOI03bI BBI3bIBACT
YCUJIIEHUE MEXMOJIEKYJISIPHBIX B3aUMOJCHCTBUMN
MCXKAY MOJMMCEPHBIMU LEIIAMU, YTO NOATBCPIKIA-
€TCsl POCTOM IWHAMUYECKOW BS3KOCTH CHUCTEMBI.
OTO NPUBOIUT K YBEJIWYCHHUIO IUIOTHOCTH ILIETIO-
YeYHBIX MEPeIUIETeHUH, U OOJIbIIEMy BPEMEHH
pelakcallii MakpoMOJIeKyJI IIoJIMMepa B IIpoLiecce
anekTpoQopMoBaHus. B pesynbrare cHMKaeTcs
CTETIEHb OpHEHTALMM Lened moj AeHCTBHEM
3JIEKTPUIECKOTO MOJISL, YTO YBEIMYUBAET TUAMETD
BOIIOKOH [24-27].

Kpowme Toro, nmoBsiieHre CKOPOCTH MOJaun
pacTBopa SIBISIETCS BAKHBIM (PaKTOPOM, CIOCO0-
CTBYIOLUIMM HM3MEHEHHSM B MOP(OJIOTUU YaCTHII,
YTO MPOSIBIAECTCSL B MEpeXoJie  OT KAIUIEBUAHBIX
CTPYKTYDP K BOJIOKHUCTBHIM. llomydeHHble naHHBIE
MOATBEPKIAIOT, YTO U3MEHEHHE YCJIOBHU 3JeK-
Tpo(OPMOBaHMS OKa3bIBAET CTATHCTHYECKH 3Ha-
YUMO€ BIIMSHHE Ha (OPMHUPOBAHHE MUKPOYACTHII.
Pe3ynpTaThl HACTOSILETO MCCIEAOBAHHA MOTYT
OBITh MCIIOJIB30BAaHbI IS ONTHMU3ALUH TPOLec-
COB TIOJIyYeHHS BOJIOKOH W MeMOpaH Ha OCHOBE
arerara IeJUTIJIO3bI, YTO OTKPhIBAET HOBBIC [25]
MEPCHEKTUBBI ISl UX MPUMEHEHHS B Pa3iIMYHbIX
obnactsix [27].
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AHHOTaUHsI. AHTHUMHUKPOOHBIE YIIAKOBOYHBIC MOKPBHITHS HAa OCHOBE NMPHPOJHBIX MOJMMEPOB SBILIFOTCS Oojiee OE30macHBIMH I10
CPaBHEHHIO C TPATULIMOHHON YIIAKOBKOMN ISl HCIIOIB30BAHMUs B IIUIIEBOM IPOMBIIUICHHOCTH. VICIIOIb30BaHNe TAaKOTO BHAA YIIAKOBKH
CIOCOGHO HE TOJBKO MOBIHATH HA YIIYYIICHHE SKOJOTHH, 38 CYET 3aMEHBI CHHTETHYSCKHX MOJMMEPHBIX YIIAKOBOK C [IHTEIBHBIM
CPOKOM Pa3JIOKEHHUsI, HO X MOXKET YBEIHIMUBATH CPOK XPAHSHHS! IPOILYKTOB IUTAHHUS IPH BBEACHUH B HUX aHTUMHUKPOOHBIX T0OABOK.
B crarbe mpeacTaBICHO HAayYHOE HCCIICAOBAHHE MO pa3pabOTKe YIaKOBOYHOTO IMOKPHITHS Ha OCHOBE Kpaxmalia ¢ JoOaBlIcHHEM
AKCTPAKTa KOPHs aupa, 00JaJaroliero aHTUMHKPOOHBIMU CBOMCTBaMH, MPEIHA3HAYCHHOTO UL MPOJIOHTALMKM CPOKOB XPaHCHHS
HpoAYKTOB nuTaHus. [IpoBeieHO Hcce1oBaHe OHOTIOIMMEPHBIX KOMITO3UIIMMN, B COCTAB KOTOPBIX BBOIMIN KapTO(DeIbHbINH Kpaxmal,
TIIMIEPUH, YKCYCHYIO KUCJIOTY, M, B KA4eCTBE aHTHMHKPOOHOM! J100aBKH KCTPAKT KOpHs aupa B kommdecte 0,5; 1 u 3%. Dkcrpakr
OBUI BBIZIENICH M3 IOPOIIKA KOPHS anpa B 1abopaTopHoM ammnapare Cokcinera. Jucko-audy3HpIM METOJOM MPOBEICHBI HCCIICTOBAHUS
HOJyYEHHBIX 00pa3II0B MaTepPHAIOB HA AHTUMHKPOOHYIO aKTHBHOCTH [0 OTHOIICHHIO K PA3IMYHBIM MUKpOOpraHu3Mam. B xadecTse
TECT-KYJIBTYP HCIOJIb30BAIMCh MHUKpPOOpraHn3Mbl KaHauzaa anpOukanc (Candida albicans), cennas mamouxa (Bacillus subtilis),
kunreuHas naigouka (Escherichia coli) u acneprisunyc nurep (A.Niger). AHTHMHKPOOHYIO aKTHBHOCTH OLEHHBAJIH BU3YAJIbHO H
CUHMTAJIN CPEIHEE 3HAYCHHE 30HBI MOAABICHUS MO CTCMCHH Pa3BUTHS TECT-KYJIBTYP OTHOCHTEIBHO MOBEPXHOCTH KOHTPOJBHBIX M
MOAU(HUIHUPOBAHHBIX 00pa3lOB MarepuaoB. B pesyibrare HCCICAOBAHHUS BBISBICHO, YTO TMOJYYCHHBIA SKCTPAKT KOpHS aupa
HPOSIBISICT aHTUMHUKPOOHYIO aKTHBHOCTH, NPU BBEJCHHH B COCTAB KOMIIO3MIMH YIIAKOBOYHOTO MarepHalia Ha OCHOBE Kpaxmaia
9KCTpAKTa M3 MOPOIIKA KOPHS aupa IMPOUCXOHUT MMOaBICHHE KOHTAMUHAIIME MHKPOOPTaHU3MOB.

KuoueBble c/I0Ba: aKTHBHAs YIIAKOBKA, IUICHKA HA OCHOBE KpaxMalia, SKCTPAaKT KOPHs anpa, aHTUMUKPOOHas IUICHKA, aHTUMHKPOOHOE
TIOKPBITHE.

Starch-based packaging coatingwith the addition of calamus root extract
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Abstract. Antimicrobial packaging coatings based on natural polymers are safer than traditional packaging for use in the food industry.
The use of this type of packaging can not only affect the improvement of the environment by replacing synthetic polymer packages
with a long decomposition period, but can also increase the shelf life of food products when antimicrobial additives are introduced into
them. The article presents a study on the development of a starch-based packaging coating with the addition of calamus root extract,
which has antimicrobial properties and is intended to prolong the shelf life of food. A study was conducted of compounds containing
potato starch, glycerin, acetic acid, and calamus root extract in amounts of 0.5%, 1%, and 3% as an antimicrobial additive. The extract
was isolated from calamus root powder in a Soxler laboratory apparatus. The samples were tested for antimicrobial activity against
various microorganisms using the disco-diffuse method. Antimicrobial activity was assessed visually and the average value of the
suppression zone was calculated depending on the degree of development of the test cultures relative to the surface of the control and
modified material samples. As a result of the study, it was revealed that when the extract from the calamus root is introduced into the
packaging material, microbial contamination is suppressed.

Keywords: active packaging, starch-based film, calamus root extract, antimicrobial film, antimicrobial coating.
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Brenenue U3 CHHTETHYECKUX IOJIUMEPOB, KOTOPHIE 3a CUET
0apbepHBIX CBOMCTB MOTYT MpPOJJIEBATH CPOKH
XpaHeHHsI MPOAyKTOB muTanus. OnHaKko u3-3a -
TEJIBHBIX CPOKOB PA3JIOKEHUS] CHHTETUYECKUX MOJH-
MEPHBIX MAaTepHaJIOB JKOJIOrMYeckas 0O0CTaHOBKa
YXYIIIaeTCS B CBSI3M C 3arpsi3HEHHEM OCHOBHBIX
KOMIIOHEHTOB IPHPOJHOW Cpensl: aTtMocdepsl,

ITIOYBBI, TMOBCPXHOCTHBIX 1 IMMOA3EMHBIX BOJ.

Ipu ynakoBKe paziMIHbIX TPOAYKTOB ITUTAHUS
BOKHYIO POJIb UIpaeT 0e30MacHOCTh YIaKOBOYHBIX
MaTepHaJioB M UX CBOWCTBA, KOTOPHIE B IEPBYIO
o4epeb BIUSIOT Ha CPOK TOTHOCTH POIYKTOB MPH
XpaHEHUH U TpaHCIOPTUPOBKe. B coBpeMeHHOM nu-
IIEBOM TIPOM3BOJICTBE HCTOJIB3YIOTCS, B OCHOBHOM,
YIIaKOBOYHBIE MOHO-JTMO0 MHOTOCJIOWHbIE MaTepHaIIbl
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Hcronp30BaHUE YIIAKOBOYHBIX MATepHalioB U3 IPHU-
POIHBIX OJIUMEPOB, KOTOPBIE 00J1aJal0T CIIOCOOHO-
CTBIO K OMOPa3/I0KEHUIO B KOPOTKUE CPOKH, SIBJISI-
eTcsi  MEepCIeKTUBHBIM,  TaK  KaKk  BEAET
K 3HAYUTEIILHOMY YJIyYILICHUIO SKOJIOTHHU, YMEHb-
IIMB TUTAHTCKHI TOTOK IUIOXO TepepadaThiBac-
MOT0 yrnakoBouHoro marepuaina [1, 2]. Takum 00-
pa3oM, YIakoOBKa W3 TPHPOAHBIX IOJHUMEPOB,
B TOM YHCJIC C aHTUMHKPOOHBIMH CBOWCTBaMH,
HaOwmpaeT OONBIIYI0 TOIYISPHOCTh H IPAKTHUE-
CKYIO IPUMEHUMOCTH [3, 4]. B GosnbiimHCTBE City-
YaeB B COCTaB TaKUX MaTepUalioB W IMOKPBITHA
BXOJIUT HECKOJILKO MTPUPOTHBIX TIOJTUMEPOB, ITACTH-
¢rkarop BBHIEe IMIepuHa [5], a Takke TOOaBKH,
B BHJE DKCTPakTOB M 3(UpHBIX Macen. B cBszu
C ATHM pa3paboTka MOKPBITHI
13 TIPUPOTHBIX MOTUMEPOB C AaHTUMHKPOOHBIM (-
(EeKTOM SIBIISIETCSl AKTyalIbHBIM U MEPCIICKTUBHBIM
HaIpaBJICHUEM B IUILECBOI OTPACIIH, TaK KaK CII0Co0-
CTBYET YBEIMYCHHIO CPOKOB TOTHOCTH HPOIYKTOB
NPH XPaHEHHU U TPAHCIOPTHUPOBKE.

I[Hﬂ npuaaHyvsa YIIaKOBOYHBIM IIJICHKaM
" IOKPBITUAM Ha OCHOBC IMPUPOAHBIX ITOJHUMEPOB
AHTHMUKPOOHBIX CBOKMCTB OJTHUM M3 MEPCHEKTHBHBIX
Croco0OB SIBJISIETCSI BBEJICHUE B COCTaB HATYpPaJib-
HBIX aHTI/IMI/IKpO6HI>IX KOMIIOHCHTOB, TaKHX KakK
3HpHBIE Maclia ¥ Pa3IuIHbIe 3KCTPAKTHL. DPHUPHBIE
Macla coJiepKaT KOMIIOHEHTBI, KOTOPBIE SIBISIOTCS
NPOTUBOMHUKPOOHBIMHU [6, 7].  Tlo nutepatypHbiM
JaHHBIM, BBEJICHUE d(HUPHBIX Macels UITH IKCTPaK-
TOB HAa OCHOBE IMPUPOIHBIX IOJIHUMEPOB B COCTAB
YIAKOBOYHBIX IIJICHOK M HOKpBITI/Iﬁ II0O3BOJISACT
yAy4IIuTh (PU3NKO-MEeXaHHYeCKue cBoiicTBa [8],
a TAaKKe YCOBEPIIICHCTBOBATh YIIAKOBOYHBII MaTepHal
MyTeM TpUIAHUsS AHTUMHUKPOOHOro aeiictBus [9],
B pe3yJIbTaTe yBEJIMYMBACTCSI CPOK FOAHOCTH yIIa-
KOBaHHBIX B JIaHHBII MaTepuas IPOAYKTOB 3a CYET
MO/IaBJICHHUSI TATOIEHHBIX MUKPOOPTaHU3MOB.

K 10CTOMHCTBaM aHTHMMHKPOOHBIX MOKPBITHIA
MOYHO OTHECTH CITIOCOOHOCTH K MPEIOTBPAILICHUIO
pocTa ¥ pa3MHOXKEHHST MHKPOOPTraHW3MOB Ha T10-
BEPXHOCTH [MHIIEBBIX IPOIYKTOB; obecredyeHne
0€30MacHOCTH | YBEJIIMYCHUE CPOKOB XPaHCHUSI
HPOAYKTOB; MOBBIIICHHE KayecTBa MPOIYKTOB,
a K HEAOoCTaTKaM — JOIIOJIHHUTCJILHBIC 3aTpaThbl
Ha MPOM3BOJICTBO M UCIIOJIb30BAHUE CIICIIMAIBHBIX
100aBOK; BO3MOYKHOE BIIMSTHHE HA BKYCOBBIE Kaye-
CTBa IMPOIYKTOB; HEOOXOAMMOCTH COOJIOJCHUSI
OIPE/ICIICHHBIX YCIOBHUI XpaHEHUS U TPAHCIIOPTH-
POBKM JJII COXPAHEHUSI CTPYKTYpbl YIAKOBKH,
a Takxke 3QPEKTUBHOCTH AHTUMHKPOOHBIX CBOHCTB.

OJIHMM 13 HEOPOTHX MPETapaToB, UCIIOIb3Y-
eMBIX B (hapMalleBTHKE PACTCHHH, SIBISIETCS KOPEHb
aupa. Ilo nuTepaTypHBIM JAHHBIM AKCTPAKT M3
KOpHsS avpa UMECT aHTHMHKpOGHyIO AKTUBHOCTH
10 OTHOIIIEHUIO K MUKpoopranu3mam Lactobacillus
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acidophilus, Staphylococcus aureus, Escherichia
coli, Bacillus subtilis [10, 11, 17]. OcHoBHbIMH
KOMITOHCHTAMH B SKCTPAaKTe KOPHS aupa SBILIOTCSL:
kamopa, kKamdeH, OyTupar o-TepIHeosa, aKOPEHOH,
azapoH [12, 13], a taxxe B-kenpen [14, 15].

B apmanieBTHKE KOpEHB arpa MPUMEHSIETCS
JUIS I3TOTOBJICHHUS ~ JICKAPCTBEHHBIX ~ CPEJCTB,
HampUMep Takoro mpemnapara, kak «CtomatohuT»
(AO «Durodapm Knenka», Ilonpma) B cocraB
KOTOPOTO BXOJSIT Pa3IMYHBIC PACTUTEIbHBIC KC-
TpakThl [16]. Takke KOpeHb ampa IPHMEHIETCS
JUTS JIGYCHUS ITUPOKOTO CHEKTPa BOCIIAIUTEbHBIX
3abosieBaHuii pazinuuHoi stronoruu [18,19].

B mnwmmeBolt MPOMBITIUICHHOCTH 3(QHUpPHOE
Maclio aupa UCIOIB3YIOT B Ka4eCTBE aHTHMUKPOO-
HOW J100aBKM ¢ OaKTEpUIMIHBIMU CBOWCTBAMU
B perenType X1e000yIOTHBIX U3ISIUN TS YITydIIIe-
HUS THIIEBOH HEHHOCTH M (PU3MKO-XUMHYIECKUX
cBoiicTB xueba [20].

Heapb pa6oTsl — pa3paboTKa yIaKOBOYHOTO
HOKPBITHSL Ha OCHOBE KpaxMalla C HCIIOJIb30BaHHEM
AHTUMUKPOOHOW JOOABKH — DJKCTpPaKTa KOpPHS
anpa (KA) i mposioHTary CpOKOB XpaHEHUS
MHIIEBHIX MTPOTYKTOB.

MarepuaJibl M1 METOAbI

Jlns monydeHuss 00pasoB  YHAKOBOYHBIX
MOKPBITHI OBITH HCIOJTB30BAHBI CIICTYIOIIHE KOMIIO-
HEHTBI: KapTO(EeNbHBI Kpaxmai, MTPOU3BOIUTENb
000 «IEL-XAAC» Poccus, TOCTP 53876-2010,;
ruuepud, npousogutens OO0 «IJIMLIEPUH
COJIFOLHEH» Poccus, TOCT 6824-96; yxcyc
cronoBbidi 9%, mpousomurenib OO0 «BACTHOH»
Poccust, TY 10.84.11-015-46896390-2005; anp KopeHb
(Acorus calamus), npoussomutens 000 «Pycckue
Kopuu» Poccus, r. buiick, TY 10.89.19. — 001-
49786532-2021.

OnpeneneHie aHTUMUKPOOHBIX CBOMCTB
IKCTpPaKTa KOPHS aupa U YIaKOBOYHOTO MOKPBITHS
npoBoauan MetoaoM auckoB (MYK 4.2.1890-04
OrnpenenieHre YyBCTBUTEIIBHOCTH MUKPOOPTaHH3MOB
K aHTHOAaKTepHaJIbHBIM Ipernapatam). B kauectBe
TECT-KYJIbTYP UCIOJB30BAJIMCh MHUKPOOPTaHU3MBI
kaumuga ansoukanc (Candida albicans), cennas
nanouka (Bacillus subtilis), kumeunas manouka
(Escherichia coli) u actieprusutyc murep (A. Niger).

Tonyuenue sxcmpaxkma xopusi aupa. Beicy-
LICHHBIA KOPEHb aWpa H3MeNIbYaji B IIOPOILIOK,
MOMeIaT B QHIGTPOBAIHHBIN MAKET W MPOBOJIMIN
9KCTPAKIIHIO B JabopaTopHOM anmapare CokcieTa.
OKcTpakuusi MpoOBOAMIAch B TeueHHEe 64 mpu
TeMIIepaType KUICHUS] pacTBOPUTENs, B KAUeCTBE
pacTBopHTENs OBbUT UCTIOIB30BaH 3TaHoI. [lomyden-
HBIA 3KCTPAKT KOPHS aWpa CYIIMIA B CYIIWIBHOM
mkady npu 40 °C 10 MOCTOSIHHON MaCCHI.
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Hz2omoenenue nokpvimusi ¢ AaHMUMUKPOO-
HbIMU colicmgamu. B MUCTUIIMPOBAHHYIO BOAY
BBOJIWIM KpaxMall, TJIUIEPHH, YKCYC U MOTyJICHHBIH
skcTpakT KA ¢ konnentparuei 0,5-3%. Mexanu-
YeCKH TEPEMEIIUBAIIA HMCXOJHbIC KOMIIOHCHTHI
W HarpeBaJld TIONYYEHHBI pacTBOp Ha BOASHOMN
Oane pu Temmeparype 98 + 2 °C 5 munyr. [locie
HArpeBaHWsl PACTBOP pa3lUBAId B CTCKJISTHHBIC
(OpMBI B CYIIHIIH TUICHKHU MPH KOMHATHON TeMIIe-
paType B Te4eHHUE 3 CYTOK.

(@)

(b)

post@uestnik-vsuet.ru
PesyabTaThl

Ha mepBom sTame sKcreprMeHTa MPOBOIMIIH
WCCIIEIOBAHUS MO BIJICIICHHIO KCTPAKTA U3 KOPHS
aupa M OLIEHKY €ro aHTHUMHUKPOOHBIX CBOMCTB.
Ornpeaenenne aHTHMUKPOOHBIX CBOWCTB MaTepHa-
JIOB TIPOBOJAMJIM METOJOM JTUCKOB. AHTHMHUKPOO-
HYIO0 aKTUBHOCTh OIICHUBAJIH I10 30HE TIOJABICHUS
TECT-KYJBTYP.

Bpems mHKyOHMpoBanHus coctapisuio 24 daca,
npu Temrepatype 36 °C. IlomydyeHHble pe3yNbTaThl
npecTaBieHbl Ha (pucyHke 1).

(©

Pucynok 1. Omnpezenenne aHTUMUKPOOHBIX CBOMCTB DKCTPakTa KOPHS aWpa, 30Ha IOJABIEHHUS 0 OTHOLICHHIO
k mukpoopraum3mam: a) Candida albicans — cpennee 3nauenue 30HBI momaBneHus 5,8 mm; 6) Escherichia coli—
cpejHee 3HaueHUE 30HBI moaaBneHus 3,7 mM; B) Bacillus subtilis cpentee 3nauenne 30Hb1 mogaBaeHus 3,6 MM.

Figure 1. Determination of antimicrobial properties of calamus root extract, inhibition zone in relation to

microorganisms: a) Candida albicans has an average suppression zone of 5.8 mm; b) Escherichia coli has an average
suppression zone of 3.7 mm; c¢) Bacillus subtilis has an average suppression zone of 3.6 mm

Ha npencrasiennom pucyske 1 BUIHO, 4TO
MaKCHMaJlbHasi Cpe/Hsisi 30Ha nofasienus (5,8 Mm)
y 9KCTpaKTa KOpHs ampa 1o otHomenno k Candida
albicans, mno ornomenuro k Escherichia coli u
Bacillus subtilis cpennsisi 30Ha momaBieHns cocra-
Buiaa 3,7 u 3,6 MM COOTBETCTBEHHO.

Ha cnenyromem »stane ObUIM TOJTYYEHBI
OMOIOJIMMEpHbIC TUICHKA Ha OCHOBE Kpaxmaia,
KOHTpPOJIbHBIE U ¢ dKCTpakToM KA ¢ KoHIeHTpa-
et 0,5-3% (pucyHok 2).

Pucynok 2. BruononuMepHsbIie IIIEHKH Ha OCHOBE Kpaxmalia
Figure 2. Starch-based biopolymer films

AHTHUMUKPOOHYIO aKTHBHOCTH OICHUBAIIH
BU3YyaJIbHO II0 CTEIEHU Pa3BUTHS TECT-KYIBLTYp
OTHOCUTEJIBHO NOBEPXHOCTH KOHTPOJBHBIX U MO-
TUUIIPOBAHHBIX MaTEPHUAIIOB.

162

IIpy BU3yanbHON OLICHKE MOJTYYEHHBIX IUIEHOK
YCTaHOBJIEHO, YTO C yBEIIMUYEHUEM KOHLEHTpammn KA,
IJICHKa CTAHOBUTCSI OOJieeé MHTEHCHUBHOI'O JKEJITOrO
1BETA, & TAKOKE Ha TOBEPXHOCTH KOHTPOJIBHBIX 00pa3lioB
MPOMCXOIUT TOCTENEHHBIN POCT OaKTepHid ¥ TPHUOOB.
Ipu 3T0M Ha OBEpXHOCTH 00pasLoB ¢ FKcTpakToM KA
POCT TeCT-KYJIbTYP HE3HAUMTEIIBHBIN, JIMOO HE HAOMIO-
naercst (puCyHOK 3, 4, 5).

Pucynox 3. BHewHMii Bu/ TUIEHOK MHOKYJIMPOBaHHBIX
¢ Bacillus subtilis B Teuenne 24—72 4: 1 — KOHTpOI®,
2— mieHka cokcTpaktom KA 0,5%, 3 - menka
¢ akctpakToM KA 1%, 4 — murenka ¢ sxctpakroMm KA 3%

Figure 3. Appearance of films inoculated with Bacillus
subtilis for 24—72 hours: 1 — control, 2 — film with 0.5%
KA extract, 3 — film with 1% KA extract, 4 — film with
3% KA extract
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Prcynok 4. BHeiHui BHJl MICHOK MHOKYIHPOBAHHBIX PucyHok 5. BHelHuil BUJI IUIEHOK HHOKYJIMPOBAHHBIX
¢ Candida albicans B reuenne 24-72 u: 1 — kOHTpOI®, ¢ Escherichia coli B reuenne 24-72 4: 1 - koHTpOID,
2~ mnenka cokcrpaktom KA 0,5%, 3 - menka 2— mieHka cokerpaktoM KA 0,5%, 3 - mieHka
¢ okerpakTom KA 1%, 4 —nienka ¢ skerpakTom KA 3% ¢ akcrpaktoM KA 1%, 4 — nutenka ¢ sxcrpakrom KA 3%

Figure 4. Appearance of fi!ms inoculated with Candida Figure 5. Appearance of films inoculated with Escherichia
albicans for 24-72 hours: 1 control, 2 — film with coli for 24-72 hours: 1 — control, 2 — film with 0.5% KA
0.5% KA extract, 3 - film with 1% KA extract, 4 —film extract, 3 — film with 1% KA extract, 4 — film with 3%
with 3% KA extract KA extract%

(a) (b) (c)

PucyHnok 6. AHTUMUKpPOOHAsE aKTHBHOCTh 00pa3LoB MaTepHaa ¢ KOHIeHTpauuei 3% SKCTpaKkTa KOpHS aupa B TeUeHHE
24 4: a) Candida albicans — cpennee 3nauenue 30ub1 moaasneHus 0,57 mm; 6) Escherichia coli — cpennee 3nadenue 30Hb1
nogasnenust 0,21 mm; B) Bacillus subtilis cpennee 3nauenue 3oub1 nogasnenus 0,48 mm

Figure 6. Antimicrobial activity of material samples with a concentration of 3% calamus root extract for 24 hours: a)
Candida albicans — the average value of the suppression zone is 0.57mm; b) Escherichia coli — the average value of the
suppression zone is 0.21mm; ¢) Bacillus subtilis — the average value of the suppression zone is 0.48mm

[IpoBeneHHbIE WCCIIEAOBAHUS —IOKA3aH,
9TO KOHTPOJIbHBIE 00pasubl Oe3 skcTpakra KA
He 00NalaloT  AaHTUMHUKPOOHBIMH — CBOWCTBAMU;
TIOBBIIIIEHHE KOHIIEHTpau SKcTpakTa KA B maTe-
pHalie NOBBIIACT €r0 aHTUMHKPOOHBIE CBOMCTBA,
oOpasilbl MaTepuayia ¢ KoHIeHTpammert 3% skc-
Tpakta KA, nmokazanu HamTydmryto aHTUMAKPOOHYIO
aKTHBHOCTD B TeueHHe 24 4 (pucyHOK 6).

IIpu BU3yaNIbHOH OLIEHKE YCTaHOBJIEHO, YTO

Ha MOBEPXHOCTU KOHTPOJIBHBIX 00pa3LoB IPOKC- Pucynox 7. BHemHuil BUA IUICHOK WHKYOHMPOBAaHHBIX
XOJUT POCT OaKTepwii, Ha MOBEPXHOCTH 00pa3IoB ¢ Aspergillus niger 8 Teuenue 72 4 1 168 u: 1 — KOHTPONIBHBIH
c okcTpakToM KA pocT TecT-KynbTyp 3amelia- obpaser; 0e3 aHTMMUKpOOHON Js100aBKM; 2— o6pasell
€TCs, a TIPH MOBBIIEHMH KOHIIEHTPALIMH JKCTPAKTA ¢ KOHIIEHTpaHell 5KCTpakTa KopHst aupa 0,5%; 3 — obpasen
KA 1o 3% pocra TecT-KyJIbTypbl HE HaOIOAaeTCH, ¢ KOHHCHTpaHHeIZI SKCTpaKTa KopHs aupa 1%; 4 — obpasert
TO €CTh YKa3aHHbIE MOAUDHUIMPOBAHHBIE OOPA3IIbI © KOHIeHTpaIHel SKCTpaKTa kopHs avpa 3%

HPOSIBIISIOT GAKTEPHOCTATHYECKHE M (DyHIHCTATH- Figure 7. Appearance of films incubated with

Aspergillus niger for 72 hours and 168 hours: 1 — control
sample without antimicrobial additive; 2 — sample with
0.5% calamus root extract concentration; 3 — sample
with 1% calamus root extract concentration; 4 — sample
with 3% calamus root extract concentration

YECKHUE CBOMCTBA.

Ha (pucynke 7) npencrasieHs! ¢oTo 00pas-
110B IJICHOK HHKyOupoBaHHbIX A. Niger B TeueHue
72 9 un 168 u.
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Ha nipencraBiieHHOM pUCYHKE 7 BHUIHO, YTO
Ha MOBEPXHOCTH KOHTPOJIHBIX 00pa3oB MaTepH-
aJIoB HaOMoAaeTcsi Hanbosiee MHTEHCUBHBINA POCT
TECT-KyJIbTYphl. Y 00pa3lloB C KOHIEHTpaLueH
skctpakta KA 0,5 u 1% WMHTECHCHMBHOCTH poOCTa
TECT-KYJBTYPBI HIDKE IT0 CPABHEHHIO ¢ KOHTPOIIBHBIM
oOpasrom. Y o0Opasiia ¢ KOHIIGHTpayer SKCTpaKTa
KA 3% pocT TecT-Ky/IbTypbl Ha HOBEPXHOCTH IOJHO-
CTBIO OTCYTCTBYET uepe3 72 yaca. Uepe3 168 uvacos
y KOHTPOJIBHOTO 00pasia 1y 00pa3loB ¢ KOHICHTpa-
mmeit skerpakTa KA 0,5 1 1% nabmomaercs momHoe
3apacTaHue TIOBEPXHOCTH TECT-KYJIBTYpOil, a'y 00-
pasiia MaTepHaia ¢ KOHICHTparumel skctpakra 3%
MOBEPXHOCTh 3apocia TeCT-KyabTypoit Ha 50-60%.

3akiaouenue

Hccenenosanue n0Kka3ano, 4YTo MOJIyYEHHBIN
AKCTPAKT KOPHS anpa MPOSBIAET aHTUMUKPOOHYTO
AaKTUBHOCTb, a TaKke TMpHUmaeT oOpas3laM Ha Oc-
HOBE Kpaxmana OakTepuocTaThieckue M (QyHru-
CTaTUYECKUE CBOMCTBA. JJaHHBIN 3KCTPaKT MOKa3all

post@uestnik-vsuet.ru

MaKCHUMAaJIbHBIH aHTUMHKPOOHBIH 3(PQEKT 1Mo OT-
nomennto k Candida albicans co cpemneit 30H0#
nojasieHust 5,8 Mmm. Hcmosiap30BaHHE 3KCTPaKTa
KOpHSI aupa B YIaKOBOYHBIX MOKPBITHAX U3 MPH-
POJHBIX TOJIMMEPOB C PA3IMYHBIMU KOHIICHTPAITU-
amu 0,5%; 1%; 3% o0nagar0T aHTUMHUKPOOHOMH
AKTUBHOCTBIO IO OTHOIICHHIO K TE€CT-KYJIbTypaM
MUKPOOPTraHu3MOB. [IpoBe/IcHHbIC SKCIIEPUMEHTHI
MoKa3alii CcrocoOHOCTh MaTephalia ¢ KOHIIEHTpa-
reit 3% sxcrpakta KA K OIaBICHHIO TECT-KYIIBTYD
mukpoopraammos Candida albicans, Bacillus subtilis,
Escherichia coli. A taxke maHHBIH 06pa3el] IPOSBILT
(GyHrHCTATUYECKHE CBOWCTBA IO OTHOIICHHIO
k Aspergillus niger B teuenue 72 u. B pe3ynbrare uc-
CIIEJIOBaHUSI OBLIO JIOKA3aHO, YTO JKCTPAKT KOPHS
aWpa B YIAKOBOYHBIX TMOKPBITHSAX HA OCHOBE Kpax-
MaJjia MOXET OBbITh HCIIOJIb30BaH B KAYECTBE TOOABKU
JUTS CO3TIaHUS YTIAKOBOYHBIX MOKPBITHH, CIOCOOHBIX
MPOJJIUTh CPOK TOJHOCTH TMHIIECBBIX MPOTYKTOB
3a CUET [MOJIABJICHHUS POCTa MUKPOOPTaHU3MOB.
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Anexcanapa FO. [Toruba
Bnanucnas 0. Bepemarun *
Bukrop A. Pox ' vikdor.andreevich@mail.ru 0009-0008-8333-4749
Anexcanzp I1. Kongparos apkrezerv@mail.ru 0000-0001-6118-0808
1 MoCKOBCKHI1 MOJMTEXHUUECKHH YHUBEpCHUTET, Y. bonbimas CemenoBckas, 38, 1. Mocksa, 107023, Poccust
AnHoTanus. [lonspuszanust cBeTa, OTPaXKEHHOIO OT 3€PKAJbHOM MOBEPXHOCTH CTEKJIIHHOM, IUIACTMACCOBOM WIJIM METAJUIMYECKON Taphl,
(GoNbru WIM STHKETKM W3 METAUIM3UPOBAHHOHM IUIGHKH IO3BOJSIET HAOMIOAATh B IMOJMMEPHBIX MHOTOCIOMHBIX MOKPBHITHAX S(GQeKT
IJICOXPOU3Ma U HCIIOJNB30BATh €ro B ITyONUYHOU (OTKPBITON) M CKPBHITOH (3aIMUTHOH) MapKHUPOBKE TOBAPOB. AHH30TPOIIHBIC ONTHYECKU
aKTUBHbIE IIOJMMEPHBIC INICHKH ABYX THUIIOB, HCIIOJIB3YEMBIE UL MAPKUPOBKH IIPO3PAYHBIX 000JI0YEK U yIIAKOBKY MOIY4aloT ITyTeM JIMHEHHON
U IBYXOCHOH OpPUECHTaIlMIOHHOH BEITSHKKY. JIMHeHAas OpUeHTaVs IPH IPOU3BOICTBE HOIMMEPHBIX INIEHOK CO31aET «3(hdeKT mamMaTu popMbI»
U HUCHONB3YeTCs JUIL U3TOTOBJICHHS BHEIIHETrO CJIOS OOOJOYKH, KOTOPHIH CKMMaeT W (DHKCHPYeT e€ MHOTOCIOHHYIO CTPYKTYpy IIpU
TepMOyCaJKe Ha MUIMHAPUYECKOH KOHMYECKOH WIM HHOM KPUBOJMHEHHOW MOBEPXHOCTH W3AEIHHA C 3€pPKAIbHOW IOBEPXHOCTHIO.
VYcraHoBieHO, 4TO KOIG(GUIMEHT IMPOIYCKaHHs OOBIMHOTO M MOJISIPU30BAHHOTO CBETA TEPMOYCAJOYHON IUIEHKOW MOJMBHHUIXJIOPUAA
«maMATBI0 (HOPMBI» CYLIECTBEHHO PA3NUyaeTcs U B 3aBUCHMOCTH OT JJIMHBI BOJIHBI CBETa M YPOBHSI BHYTPEHHUX HANPsDKEHHI B IUICHKE
CHIDKAeTcs B mpolecce e€ ycaJku B HECKOJbKO pa3. [Ipu uccienqoBaHMM ONTHYECKUX CBOMCTB KOMOMHUPOBAHHBIX MOJIMMEPHBIX IUIEHOK B
YCIIOBHSAX TEPMOCTHMYJIMPYEMOH YyCanku OOHAapyXKeHBl sSpKUe LBETHbIC 3(P(EeKTHl U IapaJoKc BIUSHHA MacmTaOHOro (axropa Ha
HPO3PaYHOCT IUICHKH OJIMBHHIIIXJIOPHA UL TOTOKA CBETa, OTPAXKEHHOTO OT 3epKabHOM noBepxHOCTHU. [Tonspu3alus cBeTa, OTPaKCHHOIO
OT 3epKaJbHON MOBEPXHOCTH, O3BOJSCT HCIOIB30BATh MHOTOLBETHBIH (KT IIeoXpor3Ma JUIsl IPUBICYCHUS BHUMAHUS HOKYNATeNs K
TOBApy M CKPBITOH (3ALMTHOM) MapKHPOBKY YIAKOBKHU ITyTEM IITPUXOBOTO KOAMPOBAaHMS MHGopMaruu o ToBape. [lokazaHa BO3MOXXHOCTB
CUMTBIBaHUS HMHGOPMALMH, BBOAMMOW B MHOTOCIOWHYIO O0OJIOUKY IyTeM BBICEYKHM IITPUXOBOTO KOJa B CPEJHEM CJIOE JIBYXOCHO
OPHMEHTALMOHHOM TJICHKH MOJMIPOIMIEHA, C MCIOJb30BAHHEM BHUIEOKAMEphl M MporpaMMHOro obecrneueHus cMaptdonos. Ilneoxpousm
MHOTOCJIONHHON 0005104KH, (GOpMUpYEMOH ITyTeM TEPMOCTUMYJIMPYEMOH YCaaKu OOOJIOYEK WIIM IMIMHAPUYECKHX OSTHKETOK 3aBUCHT
OT YpOBHsI BHYTPEHHHX HAINpPSDKEHUH BO BHELIHEM CJIOE TEPMOYCaJI0UHOM IIEHKH HOJMBUHWIXIOpHAA. ONTUMAJbHBIA YPOBHSI BHYTPEHHUX
HaINpsDKEHUH Ui ycanku u Quxcanuu oboslouek Ha M3JeNHsAX 3ajaercss B auanasone 1-4 MIla myrem peanusanuu cBOOOJHON ycanku
B nuanazoHe 10-60% oT MakCHMaJIbHOU ycaaKu 0e3 OrpaHuYCHUs pa3MepOB IUICHKH.
KiioueBsle ciI0Ba: IUIeHKa, AedopMarys, TepMoycaika, OTUBUHIIXJIOPH; YIIaKOBKa, (OTOMETPUS, IUICOXPOH3M, NOJIPU30BAHHBINA CBET,
[IBETOBOC PA3JIMYUE; MITPHX-KOJI.
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Abstract. The polarization of light reflected from the mirror-like surfaces of glass, plastic, or metal containers, or from foil or metallized film
labels, produces pleochroism effects in polymer multilayer coatings. This optical phenomenon can be utilized for both open and hidden product
markings. Two types of anisotropic optically active polymer films used for marking transparent coatings and packaging are produced by linear and
biaxial stretching. Linear stretching during the production of polymer films creates a shape memory effect and is used to manufacture the outer
layer of the coating. This layer compresses and fixes the multilayer structure during heat shrinkage onto cylindrical, conical, or other curved mirror-
like surfaces. It has been established that the optical transmission coefficients of regular and polarized light through a shape-memory polyvinyl
chloride (PVC) shrink film differ significantly. Depending on the light wavelength and the stress in the film, the transmission decreases several
times during the film shrinkage process. In the study of the optical properties of composite polymer films undergoing thermally induced shrinkage,
striking color phenomena and a paradoxical effect of the scale factor on the transparency of PVC film for light reflected from mirror surfaces were
observed. The polarization of reflected light enables the use of multicolor pleochroism as both eye-catching visual features for consumer
engagement and hidden security elements capable of encoding product information in a barcode-like format for discreet package authentication.
The feasibility of reading information embedded within a multilayer film has been demonstrated by incorporating a barcode into the middle layer
of a biaxially oriented polypropylene film. This embedded data can be accurately captured and decoded using a smartphone camera in combination
with a dedicated software application. The pleochroism observed in the multilayer film formed through thermally induced shrinkage of sleeves
or cylindrical labels depends on the level of internal stress present in the outer layer of the PVC shrink film. The optimal internal stress is 1-4 MPa
for the film shrinkage and fixation on products, corresponding to the 5-65% of the maximum shrinkage strain.
Keywords: film, deformation, heat shrinkage, polyvinyl chloride, packaging, photometry, pleochroism, polarized light, color difference, barcode.
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BBenenue

[lpn yBenuueHUH MOMYJIAPHOCTH JUCTAHIIU-
OHHOTO (OHJIaiiH) BBIOOPA MPOMBIIIJICHHBIX TOBApOB,
HAIUTKOB M CKOPOTIOPTSIIMXCS MPOIYKTOB MHTAHHS
Ha marketplace B CTEKIISTHHOHM, MeTaIMYECKOH U
MOJIMMEPHOH Tape ¢ JOCTaBKOH K MecTaM MoTpeo-
JIeHus, He 000PYIOBaHHBIX CPEICTBAMH HPOBEPKU
MO/UTMHHOCTH TOBAapa BayKHOE 3HAaUEHHE NpHoOpeTaeT
UX ONTHYECKasi MapKHUPOBKA.

dupmeHHAas YIIaKOBKa C JIOTOTHUIIOM IIPOU3-
BOJIUTENS. W U3BECTHBIE CPEACTBA MApKHPOBKH,
OCHOBaHHBIE Ha MOJIUIPAPUUECKHX TEXHOJIOTHIX
U MCIIONIb30BAHUHM PAa3HOLBETHBIX MOJMMEPHBIX
MaTepHaIoB HeA0CTaTOUYHO 3(DPEeKTHBHEI B O0phOe
C KOHTpa(aKTHBIM IIPOM3BOACTBOM H MOAIEIKOMN
TOBapoB. Mcnonap30BaHUE TOJNIOTPaMM, MUKPOTIEP-
doparn, IBETHOH JTHOMHUHECHCHTHOMH [1] w/umu
[[BETOIIEPMEHHOM [2] MapKHUPOBKH 3THKETOK TpeOyeT
HAJIMYUS Y TIPENPHUATAN 3aHUMAIOIMXCS UHIUBU-
JyaJIbHOM YIaKOBKOMW MPOJIYKTOB CJIOXHOIO 000pY-
JIOBAaHUsS, JTOPOTOCTOSIINX KPACHTENEH U II0ITOMY
HE MPUTOJIHO JIS PHUMEHEHUs] B PO3HIYHOM TOPTOBIIC
U JIOCTAaBKE TOBApOB Ha JIOM.

B ycloBUSX HHTEHCUBHOTO pa3BUTHS HH(POP-
MAaI[MOHHBIX TEXHOJIOTUH O0COOYI0 aKTyaJlbHOCTh
npuoOpeTaroT HMCCIeNoBaHUs B 00JaCTH HOBBIX
MaTepraioB st IU(POBON MapKHUPOBKH, CIIOCOOOB
CKPBITOH 3armicH ¥ XpaHeHus nHopmarwr. OqHuM
W3 NMEPCIEeKTHBHBIX HAIIPABJICHUH B TaHHOH cdepe
SBIISIETCSL  pa3padOTKa ONTUYECKUX HOCUTENeH
C MOBBIIIEHHOI CTETICHBIO 3AIUTHI OT HECAHKIINO-
HUPOBAHHOTO KOMUPOBaHMS U (panbCHUKAIHN.

[porpammupyemoe onTudeckoe mudpoBaHue
BO3MOKHO C MCIIOJIB30BAaHHEM JKHIKOKPUCTAILINYE-
CKHX 3JIACTOMEPOB C KOHTPOJMPYEMOH TOJIIIHMHOM.
CTpyKTypHBIE IIBeTa TEHEPUPYIOTCS TTOCPEICTBOM
B3aMMO/ICHCTBUS CBETA C MUKPO- MJIM HAHOCTPYK-
TypaMH B Pa3HOTOJIIUHHOM JHIJIEKTPHYECKOM
Mareprianie. B HeHalpspKEeHHOM COCTOSIHUM OOpasIibl
TUIGHKHA SKUJIKOKPHCTAJUIMYECKUX —3IIaCTOMEPOB
C Pa3NIMYHOM TOJIIMHON AEMOHCTPUPYIOT CXOXKHUE
ONTHYECKHe cBoWcTBA. [Ipy mMpHiIokeHHHn paBHO-
MEPHOMW CHIIBI PacTsDKEHMsI Oosiee TOHKuUiT oOpasern
UCIIBITHIBAET OOJIbIIIEE PACTATHBAONIEE HAIpsiKe-
HHE, YTO MPUBOJIUT 3HAYUTEIEHOMY C/IBUTY JUTUHBI
BOJIHBI TI0 CPaBHEHHIO C 0ojiee TOJICTBIM. JTOT
T QepeHIMaTBHBI MEXaHOXPOMHBIN OTKJIMK TM03-
BOJISIET OCYILECTBIATH CIIOKHBIA KOHTPOJIb HECKOJb-
KAX JUIMH BOJH TP PaBHOW CHJIE PaCTSHKEHHS
u obecrieunBaeT KoaupoBanue nupopmarmu [3].

Panee ObUI0 M300peTEeHO M 3alIaTEHTOBAHO
NPUMEHEHHE U1 MAPKUPOBKH M YIIAaKOBKH TOBapOB
ANIACTUYHBIX TUICHOYHBIX TOJIMMEPHBIX MaTepHAIIOB
¢ «maMsAThio (Gopmb» [5-6], crocoOHBIX 3a cuer
TEPMOYCaJIKH MPOYHO (PUKCHPOBATH ITUKETKH,
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APIJIBIKK 1 TOPrOBble MapKu Ha ToBapax. B cospe-
MEHHOH JINTEpaType OMMCAHBI HOBbIE pa3HbIe MO~
XOIIBI K MCITONIB30BAHUIO TIOJMMEPHBIX TUIEHOK
B Ka4eCTBE HOCHUTENS MHPOPMALMHA W METOIBI J0-
OaBieHNsT HHGOPMAIIUH B MTOJIMMEPHBIC MaTePHATIHI,
HaIpuMep, C UCTIONb3oBaHueM dddekra droopec-
neHiwu. B [1, 7] onrcano HCHONb30BaHKE COMPSIKEH-
HOTO MoJMMepa Ha OCHOBE monu(Tiapa)deHniena 1is
XpaHeHus: nH(HOPMAIUHN C TPUMEHEHHEM OTTHYe-
cKoro metoza 3amnuch. KimroueBoit 0co0eHHOCTHIO
pa3paboTaHHOTO MaTepuana SIBIAETCS BOZMOXKHOCTD
¢dopmupoBanus mocne Y D-00MydeHHST y94acTKOB
C Pa3NMUYHBIMH  (DITyOPECIICHTHBIMA CBOWCTBaMH,
BKJIIOYas MHOTOLIBETHYIO (DITyOpECLISHIIMIO B COCTOS-
HHS TUMNA "BKITIOYEHO-BBIKITIOUEHO". CyIIeCTBEHHBIM
MPENMYIIECTBOM JTaHHON TEXHOJOTHH SIBISETCS
HEBUJIMMOCTb 3allICAHHOW HH(POpPMALMU TpHU
00BIYHOM OCBEILIEHHH, YTO 00ECTIeYrBaET OMpee-
JICHHBIN YPOBEHB 3AIIUTHI KOJUPOBAHHBIX TaHHBIX.
B cratse paccmarpuBaroTcst Gpu3MUecKre U XUMH-
YECKHUE MEXaHU3MbI OBICTPBIX M3MEHEHUU (iyo-
PECICHIINY, TPOUCXOAININX TIOJ BO3ACHCTBHEM
yIBTPapUOIETOBOTO M3IYUYCHHS, a TAKXKE NEMOH-
CTPUPYIOTCS MHOTOLIBETHBIE MHKPOMACHITAOHBIC
n300pakeHus u CKpbiThie QR-KkobI, 3anTMCaHHBIC
Ha THOKWX MTOJIMMEPHBIX TUIEHKax. B 3aBucuMocT
OT METOJIKU TOATOTOBKH, 3aITUCAHHbIC CTPYKTYpBI
COXPAaHSIOT CTAOMIBHOCTD TIOCIE BO3ACHCTBHUS BOJIBI
1 (hoHOBOTO Y D-M3ITyUYeHHS OKPYKAIOIIEH CPEIbL.
HoBbIit ogxo k co3nanuto (IryopecIieHTHBIX
CTPYKTYp JIsi KOIMPOBaHUS MH(QOpPMAIMUA TIpe.-
cTaBlieH B ctathe [8] ABTOpHI paspaboranu OHo-
COBMECTHMbIE HAHOYACTHUIIHI HA OCHOBE MENTHIOB,
KOTOpBIE TIPH CBOPAYMBAHUH BO BTOPUUHYIO [-CTPYyK-
TYpY JEMOHCTPHPYIOT MHTCHCHBHYIO M HACTpauBac-
MyI0 (DITyOpeCUeHIMIO B IIUPOKOM  CIIEKTPATHHOM
JIMAITAa30HE C KBAHTOBBIM BbIX010M 110 30%. OcobeH-
HOCTBIO JTAHHBIX HAHOJIOTOB SIBJISICTCS 3HAYUTEITBHBII
HeoOpatuMblii dddexT (oroodeciBedrBaHs, CBs3aH-
HBII C pa3pyIIeHAEM MEKMOJIEKYISIPHBIX BOIOPOJIHBIX
CBs3el [-CTPYKTypBI TIOJl BO3JCHCTBHEM CBETA.
HccnenosaTeny mpoeMOHCTPUPOBAIN BO3MOKHOCTb
CO3/IaHMsl  BBICOKOpA3peIIatoNIeii  TOITOBPEMEHHOM
ONITHYECKOW TaMATH. TeXHOIOTHSI TIO3BOJISET 3aIH-
ChIBaTh (POTOOOECIBEUCHHBIE CTPYKTYpBI, IITPHX-
KOJIbI ¥ N300pa’KEHMsI BEICOKOT'O Pa3peleHusI.
Jlo6aBnenne wHGOpPMAMHE TPOUCXOIUT H
¢ nobasnernem xpomodopos. B crarse [9] aBTOpHI
pa3paboTany TPEXYPOBHEBYIO CHUCTEMY 3alllMThI
Ha ocHOBe QR-KOZI0B, MHTEIPUPYIOIIYIO LU(PPOBBIC
MOJIMMEPBI CO CTUMYJI-UYBCTBUTEIBHBIMA XPOMO-
dopamu (pogamun B, pomamin 6G u crimponupan).
KirroueBoit 0COOEHHOCTBIO TPEIOKEHHOTO TOJ-
XO/a SIBIISIETCA CKPBITOE COCTOSIHHME LITPHX-KOAA,
KOTOPBIH MPOSIBIISIETCS TOJIBKO TIPH OTIPeIeIEHHBIX
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CTUMYJIaX ¥ MOKET ObITh CKAHUPOBAH C IIOMOILbI0
cMapTdoHa, 4YTo obecrieynBaeT NepBbId 1 BTOPOH
YPOBHHM 3alMTHl. TpeTuil ypoBeHb 3alUTHI NpEa-
CTaBJIeH 3aIM(ppoBaHHON HH(pOpMaLeil B CTPyK-
Type HUPPOBHIX MOJTUMEPOB, KOTOPAst MOKET OBITH
pacumdpoBaHa TOJIBKO C UCIOIb30BAaHUEM TaHIEM-
HOM Macc-CIIEKTPOMETPUHU. ITa TEXHOJIOTHS 3aIIUThI
OT TMOAJIEJIOK TpeOyeT UCIOIb30BAHUS OPOrOCTO-
SIIIEH U CIOXKHOM B AKCIUTyaTallMy anmnapaTypsl.

[IpakTHdeckoe NpUMEHEHHE ISl CKPBITOH
3anmucu HMHGOPMALUU M 3aLIUTHOW MapKUPOBKU
U3JeTUil BO3MOXKHO C UCTIOJIb30BaHUEM JHHAMU-
YECKH PEKOH(UTypHUPYEMOr0 [[BETa YIIaKOBOYHBIX
MAaTepuasIoB B KOTOPBIX ONTHYECKUE OTKIMKH MOYKHO
HACTpaWBaTh MyTEM M3MEHEHHs MOKa3aTens Ipe-
momienusi, penbeda mosepxuoctu [10-12] u pas-
Mepo [13, 14] nokanpHbIx 30H. HacTpoiika pasmepos
JIOKaJIbHBIX 30H ONTHYECKUX YCTPOUCTB C HOMOLIBIO
MOJIMMEPOB  C MaMATbIO  (OPMBI  NIPEACTABISIET
HanOONBIINI WHTEpEC, BCJIEICTBHE KOPOTKOTO
BpPEMEHH OTKJIMKA HA BHELIHEE BO3JCHCTBHE NpU
3anmucu uHGopManmu. TepMoycagouHble TIICHKH
C IaMSATHIO (POPMBI UCTIONB3YIOTCS ISl (YOPMHUpPOBa-
HHSL OTHOMEPHBIX U AByMEPHBIX IITPUXOBBIX KOAOB.
Hp03paqule IMOJIUMCPHBIC IIJICHKU C «IIaMATBIO
(hopMBbI» Ha 3epKALHBIX TOBEPXHOCTSIX Oarogaps
CBOMM OIITHYECKHM CBOMCTBaAM MOTYT 6I)ITI> nuc-
I10JIB30BaHbI B KA4YE€CTBC HOCHTECIIA I/IH(I)OpMaHI/H/I,
OJTHAKO ITH HanOoJee SKOHOMUYHBIE HOBBIE CTIOCOOBI
MapKHpPOBKH M 3alICH CKPBITOH HMH(OpMaIun
npenmnonaraot Hammaue JBYX cBetoduibpTpoB
JUTSE TIOJISIPU3AIH CBETA HA HCTOUYHUKE U3ITyUeHUS
U cpe/cTBax HIACHTH(UKAINY MapKupoBkHu [15].

B nacrosiiem nccneioBaHuy oKa3aHa BO3-
MOKHOCTH HMCKIIFOUCHHA M3 IIpolecca I/IIleHTI/I(bI/I-
Kalli¥ TOBapOB IO CKPBITOH MapKHPOBKE H / MK
CUMTBIBAHKST MHPOPMAIMKA M3 HEBHJIMIMOIO JIOTOTHIIA
WJIH IITPUXOBOTO KOJia CBETO(MIBTpa-TIOIsSpH3a-
TOpa, WM CIIC[UAIbHOTO HCTOYHHUKA IOJISPU30-
BaHHOTO CBeTa.

MartepuaJibl U METOABI

KoMmepueckn TOCTYITHBIE TEPMOYCaJI0UHBIE
C «IaMATHIO (OPMBI» TUICHKH MOJTHBHHUIXJIOPU/IA
pazmnuHbIx TipousBoauteneit: AO «JloH-omumep»,
tommuuoi 70 = 10 mxm, «Dongil Chemical», Ton-
nmmHoi 50 + 3,5 mxm, «Klockner Pentaplast», Ton-
mHOM 45 + 5 MiM. [IeHKN TOTUBUHUIXIIOpUIA
00J1a/Iaf0T BBHICOKUMH MEXaHHMYCCKUMHU XapaKTepH-
CTHKaMH U IIMPOKO MPUMEHSFOTCS JTSl I3TOTOBIICHIS
yIaKOBKE TOBApOB M MPOIyKTOB [16].

Kommepuecku 10ocTymHbIe OMOKCATEHO OpH-
EHTPOBAHHBIE IIEHKH H30TAKTHYECKOTO MTOTUIIPO-
nunena (BOPP): npospaynas mapku HGGW-40
TOMMUHON 45+ 5 MKM U METaUTM3UpPOBAaHHAS
HMGW.M-20 ToimuHoi 25 + 5 MKM.
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[Nonsipu3oBaHHKIA CBETOBOH JTy4 (hopMupo-
BaJICS U aHAJM3UPOBAJICA C MOMOIIBIO HOJSIpU3a-
rmonHo# wieHku NPF F1205DU (Snonus), obec-
MEYMBAOINEH CTEIeHb HoJsIpu3auu ceera 95,8%.

Jnst M3y4eHns ONTHYECKUX XapaKTEePUCTHK
W3 TUIGHOK BBIPE3aJi JICHTHl Pa3iUYHOM IIMHBI,
KOTOpBIE COOMpaI B MHOTOCIIOWHBIE TTAKETHI C MOCIie-
JIOBaTEIIEHBIM YBEITMUYESHUEM JTMHBI (cTorna CToNeToBa).
[NakeTsr mOMeIIAMCh HA U3MEIHS, IMEIOIINE T IKIE
HETIPO3PavHbIC OTPAKAIOIIHE TTOBEPXHOCTH (3epKajia):
ATIOMHUHHIEBOH (POIIBTH, CTEKJITHHOTO 3epKaJia, MeTall-
m3upoBanHOH ieHkn BOPP. LiBetHble addekTs
MOJTy4Yalld, Bapbupysl KOJIMYECTBO CIIOEB B MAKETe.
®dotorpadupoBaHie U U3MEpEHHE KOOPAWHAT BETA
MPOM3BOMIH criekTpodoromerpom X-Rite i1Pro.

[IBeT MHOTOCTOMHBIX IJICHOK B HOPMaJIbHOM
Y TIOJISIPU30BAaHHOM CBETE OIIEHWBAJIH C UCITONB30-
BaHMEM KOOpAWHAT PaBHOMEPHOTO I[BETOBOI'O
npoctpancTBa L*a*b*, a taioke mo Benuuune 1se-
toBoro pa3nuuus AE u konrpacra (popmyna 1, 2).

AE", = (ALY +(aa)' +(ab) ()

)

pcs =2~ 51000
L2
3necs AL — pa3sHOCTH 3HAYEHUU CBETIIOTHI,
Aa — pa3HOCTh IIBETA IO KPACHO-3EJIEHOMY KOMITO-
HEHTY, a Ab — pa3HOCTh IBETa IO JKEITO-CHHEMY
KOMITOHEHTY B COOTBETCTBHU C IIBETOBBIM IIPO-
crpancteom CIELAB.
Jns m3MepeHns BHYTPEHHUX HalpPsLKEHUN
B IUIEHKE C «MaMAThI0 GOpMBDy 00pasilsl B popme
JISHT, BBIPE3aHHBIX MTONEPEK HATIPABIEHHS SKCTPY-
3, (PUKCHPOBAJH B 32KMMax MH(PPOBOTO MaIOH-
HEPIMOHHOTO JAMHAMOMeTpa C (pyHKIHEH 3amucu
MaKcUMaIbHOTO ycuius (pucyHok 1.)

Pucynox 1. Cxema AuHaMOMETpa Uil U3MEPEHUSI CUITBI
TEPMOYCAJKH C PEryIupyeMoil Hosiedl «CBOOOIHOI»
TEPMOYCaKu: 1 — TMHAMOMETp, 2 — JeprKaTellb TUIEHKU —
PEryISITOp «CBOOO/HOM TEPMOYCAIIKH, 3 — JIHTA U3 IUICHKY;
4 — 3axum (cTpyOrmHa) 1uist (PUKCALUK KOHIIOB 00pasia
TUIEHKH

Figure 1. Diagram of a dynamometer for measuring
the shrink force with an adjustable proportion of “free”
shrinkage: 1 — dynamometer, 2 — film holder — “free”
shrinkage regulator, 3 — film strip, 4 — clamp (screw clamp)
for fixing the ends of the film sample.
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OObpazenr  MJICHKH  MOJUBHHWIXJIOPUAA
¢ «mamMaAThIo hopmbl» B popme eHTH 200 X 40 MM
CKJIaJIBIBAIOT BIBOE (PUCYHOK 1, m03. 2) W yKiIambl-
BAIOT CPEIHEH YacThIO Ha JeprKaTellb INICHKU — Pery-
JSITOP  «CBOOOIHOI» TEPMOYCAIKH, COEIHMHEHHBIH
C U3MEPHTENIEM CUITbI ycaaku (pUCyHOK 1, mo3. 1).
KoHIIBI TEHTHI 32)KUMAIOT METAIUTHIECKON CTpYO-
UHOM (pHuCYHOK 1, 1M03. 4) U OIJIABJISIFOT ra30BOM
TOPETIKON ISl HAIe)KHOW (UKCAMK JIHHBI 00-
pasua B ycTpoiictBe. IIpm HarpeBanmm oOpasia
B TAKOM IIOJIOKEHMHM CBOOOAHAs ycalka OTCYT-
CTBYET M U3MEpUTENb CHJIBl YCaaku (PUKCUPYET
MakCUMyM BHYTPEHHHX HampsDKEHHH B oOpasie
IUIGHKW. B mpoliecce  BBIMONHEHHWS — 3a1add
M0 YMEHBIIEHUIO YPOBHSI BHYTPCHHHUX HaIlpsKe-
HUN 00Opa3Ipl mepes TepMoOOpPaOOTKOM YKIIaIbl-
BalOT CpeJHEN YacThlO Ha JepKaTelb (PUCYHOK 1,
1o3. 2) ¢ 3a30poM. Bennuuna 3azopa, npu KOTOpoM
OTCYTCTBYET HAIIPSHKEHHUE TIOCIE TEPMOYCaIKh
JICHTHI COOTBETCTBYET 46% MIMHBI 00pa3ia Mex Iy
WNWIBKOHN U 3axuMaMu. V3mMeHss pazMep 3a3opa,

post@uestnik-vsuet.ru

MOJyYaad o0pa3ibl TEPMOYCATOYHON TJICHKH,
UMCIOIIUE  PAa3IMYHBI  YPOBEHb BHYTPEHHHX
HaMPsOKEHUH TpeIHa3HAYEHHBIC IS TOBTOPHOM
TepMOycaJKu 0e3 3a30pa U U3yUYCHUS] ONTUYCCKUX
3((eKToB M3MEpEeHHs 1BETa U OLICHKH IUICOXPOHU3MA
B TIOJISIPU30BAaHHOM TTOTOKE CBETA.

Pe3ynbTaThl u 00Cy:KI1eHAS

MHorocoiHble MpOo3pavyHble OKpallleHHbIE
TPUAIHON KpacKoW W OECIBETHBIE TEPMOYCaI0U-
HBIE TUICHKH IOJMBHHWIXJIOPHIA MPHOOPETAIOT
B MOJIIPU30BAHHOM CBETE PA3IMYHYI0 OKpAacKy,
OTIPEAETISIONTYIOCS TPEMSI PaBHO3HAYHBIMHE (DaKTO-
pamMH: IBETOM U TOJILHUHOM CJIOSI KPAaCKH, YHUCIOM
CIIOEB TUICHKU U YIJIoM HaOmroneHus. COOTHOMICHHS
3THX (PaKTOPOB ABISETCS MPEIMETOM HACTOSAIIETO
WCCIIETOBAHUS, BBITIOJHEHHOTO C IENBI0 CKPBHITOM
3anucu uHGopManu (MapKUPOBKH) Ha FHOKOM
MOJIMMEPHON YIaKOBKE TOBapOB U MPOIYKTOB
MacCOBOTO TIOTPEOICHUSI.

(@)

3 cnos I1I1 cunero 1Beta pesxuMa MJICHKA-MOJISIPU3aToOP
3 layers PP blue color mode film-polarizer

15 30 45 60 75 90 105 120 135 150 165
L 32 53 59 64 70 72 69 65 57 53 31
A -5 1 -12 -87 -82 -18 -68 -90 -39 14 -7
b -18 -19 -46 0 38 22 36 20 -41 -12 11
LBer
coor | I | DO | O [ ] 1 0 i1

(b)

Pucynok 2. ®otorpadun B MoIspu30BaHHOM MOTOKA CBeTa (KOOPIMHATHI LIBETA) MO/ Pa3INYHbIMH YTIIIaMH IaKETOB
1eHoK 13 10 1 3 X clloeB MIIeHKH MOMMBUHUIIXJIOPUIA (COOTBETCTBEHHO). becIiBeTHbIE MO MPSAMBIM YITIOM (a) U
okpaiiieHHbie [2] roay0oii TpuaHO# Kpackoii Mo/ pa3IuYHbIMU yriiamu Habmoaenus (b)

Figure 2. Photographs in polarized light (color coordinates) at different angles of packages made from 10-layer and 3-layer
polyvinyl chloride films, respectively. Colorless at a right angle (a) and colored [2] with blue triad dye at different

observation angles (b)

IIpynunHON NOSBIEHUS U U3MEHEHUsS LIBETa
MakeTa IJICHOK, a TaKKe SBJICHUS IUIEOXPOH3Ma,
SIBIISIIOTCS. BHYTPEHHUE HAIPSDKEHUS B MOJMMEpE
«3aTOPMO)KEHHBIE» B IPOU3BOJICTBE TEPMOYCAIOUHBIX
YHAaKOBOYHBIX MAaTE€pHATIOB IIYTEM «XOJIOIHON»
BBITSDKKH TIpU TEMIIEpaType HUXKE TEeMIIEPaTypsl
CTEKJIOBAaHUS TEPMOILIACTa.

[lo w™erommke TEepMOOOPAOOTKH TMIJICHOK
¢ huKCHpOBaHHBIMH pa3Mepamu (pUCYHOK 1) mpu-
rororiieHsl 10 00pasios mwieHku [1BX ¢ namsTero
(OpMBI, OTIMYAIOMIMECS YPOBHEM BHYTPEHHHX
HanpspkeHnil. CHIKEHNE BHYTPEHHUX HaNpsDKeHUI
B IUIEHKAaX, oOmafarommx 3PQPEeKToM «IaMsIThIO
(hopMBD» HCCIIEIOBATN TIO METOAMKE, MPEITOKESHHOM
B padore [17]. BennurHa BHYTPEHHETO Harpshke-
HUS B IUIEHKAaX M3MEpEeHa B 3aBUCUMOCTH OT JOJH
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cBoOoHOM ycanku (pucyHok 3). M3amepsiiack Benu-
YlHa BHYTpeHHHMX HampspkeHuid B IIBX-mnenkax
B 3aBHCHMOCTH OT CTEMIEHH CBOOOJHOW YCaJKH
B nmpubope (pUCYHOK 1) mpu KpaTKOBPEMEHHOM
«OBICTpOM» HArpeBaHWU JO0 TEMIIEPATypbl HUXKE
TEeMIIEpaTyphl CTEKIOBAHUS TEPMOIIIAcTa.

o mMepe yMeHbILIEHHST BHY TPEHHUX HampshKe-
HUUN B IUIEHKE MOJMBUHWIXJIOPUIA TPU HaCTHYHOM
TEPMOYCaKe M3MEHSAIOTCA €€ ONTHYECKHE CBOW-
ctBa. Korma BHyTpeHHee HampsHKEHHE B IUICHKE
MOJIMBUHIIXJIOpHIA TiafmaeT Hwke 1 Mlla, pasmrare
msera (AE) Mexay aByms ciosmu 1uieHkn BOPP
TO/T Hell B MHOTOCIIOWHOM TakeTe focturaet 20 emu-
HHILL. Takoro ypoBHS IIBETOBOT'O KOHTPACTa MEXTY
BHYTPEHHUMH CJOSAMH JOCTaTOYHO JIJISl 3AITUCH
WHPOPMAIIUK HA MHOTOCJIONHOM 000JI0UKe ImyTeM
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BbICeUKH (mepdopanmu) ogHoro u3 ciaoes BOPP —
wieHKkd. [lockompKy BHYTpeHHEE HampsKEHHE
MpoIoJDKaeT CHIKaThes Hke 1 MIla, koHTpacT
" pasHuna B 1isere ciioeB BOPP B mecTtax mepdo-
pamuy TPOAOIDKAIOT YBEIMYUBATHCS Ha Gur. 4.
OnHako Ha 3TOM 3Tarle BHEIIHSAS TEPMOYCaT0Has
rienka u3 [IBX tepsieT cnocoOHOCTh yAep:KUBaTh
JTHKETKY Ha KOHTelHepe. DTHKETKa MOXET pac-
CIIAaMBaThCS U OTICITHCS OT OaKHKHM (KOHTEiHepa
C IPOYKTOM) BO BpeMsl TpaHCIOPTUPOBKH. [lo-
3TOMY CTENeHb CBOOOAHOW yCaiKd IOJDKHA OBITh
orpannyeHa 10—60%.

Hamnpumep, ecnu Ha npudope (pucyHok 1.)
JepikaTensb 4 pacioaoXeH Ha HeOOBIIIOM paccTo-
SSHUM OT mepernba oOpasia IUIGHKH | 3a30p CO-
craBisger 0,05 ero umHBI TO CBOOOIHAs ycaaka
IUICHKH TIPH HarpeBaHWu cocTtaBut 5%, a momis
ycagkud o0Opas3la OT MaKCHMallbHO BO3MOXKHOTO

post@uestnik-vsuet.ru

COKpAIICHYsI pa3MEpOB IUICHKU 0€3 OrpaHUYCHHS
ee mmHbl coctaBuT 10%. Tunamometp mo3. 1 us-
MEpHUT CHJIy CXATHS IUICHKH COOTBETCTBYIOIIYIO
Hanpspkenuto 3,5 + 0,5 Mlla. Ecnu 3a30p mexay
Iep)kaTesieM M MeCTOM Iepernda oopasia IIeHKH
cocrapmsieT 0,3 ero mmHB TO CBOOOAHAS ycaaka
IUICHKH TIPH HarpeBaHuu coctaBut 60% u Hamps-
JKEHUE B TUICHKE MOCIIE TEPMOYCaIKU Oy IeT MUHU-
manbibiM 1 + 0,5 MIla (pucynok 3). Buytpenne
HanpspkeHue MeHee 1 MIla B rieHKe MOJIMBUHUII-
xJiopuja o0pa3yroleli BHEIIHMIA CIIOH 000JI0UKH
HETaTHBHO BIMSET Ha €€ (PUKCAIIMIO Ha 3epKaIbHOM
MOBEPXHOCTH IUJIUHIPUYECKOU Taphl W U3JETUIN
C KpUBOJIMHEHHON MOBEPXHOCTHIO.

PazMmelnienve mieHOK Ha 3epKaIbHOM TOBEPXHO-
CTH 00YCITOBITMBAET M3MEHEHHE [[BETa MHOTOCTIONHOTO
MaKeTa B MOISAPU30BAHHOM CBETE.
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Pucynok 3. 1— HopmupoBaHHOe CHWXeHHe BHyTpeHHHX HampsokeHuit B TY mnenke [IBX ¢ mamsareio dopmbl
B pe3yJIbTaTe CBOOOIHOM ycanku. 2 — MI3MeHeHne [1BeTa B MOJISIPU30BaHHOM CBETE 00OJIOUKH TIPH I'PaJIMeHTHOH ycaake

BHEIIHEro cJiod u3 mieHku [1BX

Figure 3. Normalized reduction of internal stresses in shape memory PVC shrink film as a result of free shrinkage.
Color change of the shell in polarized light during the gradient shrinkage of the outer layer made of PVC film

VYpoBeHb BHYTPEHHUX HANpPSHKEHUI B IUIEHKE
MOJIMBUHMWIIXJIOPUZIA € NAMATBI0 (OPMBI 3aBUCHT
OT BEJIMYMHBI CBOOOJHON yCalkyd IUICHKH TIpH
HarpeBaHWH W HEMPOIOPIMOHAIBHO JIehopMaIin
CHIJKAETCA JI0 HyJISl IPH TTOJTHOM COKPAIIIEHUH JTHHBI
00pasoB (pUcyHok 3).
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JI1st KONMMYECTBEHHOTO W3YYEHUS W HATJIS-
HOW JEMOHCTpAIUH CYIIECTBEHHON 3aBUCHMOCTH
1[BETa MPO3PAYHBIX MHOTOCIONHBIX 000JIOUEK
OT CBOOOJTHOM TEPMOYCaJIKU pa3paboTaHa METOJUKA
MOJIyYEHUs] 00pa3loB C rPaUeHTOM BHYTPEHHHUX
HanpsokeHu#  (pucyHok 4).  DTo  ajekBaTHas
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(u3nyeckas MOJIENb MPOU3BOACTBEHHOTO IpOLecca
aNIUIMKAIMU YTUKETOK, KOJIbEPETOK M KOJMAYKOB
U3 TePMOYCAJ0YHOMN IJICHKH Ha Tape C MOMOIIBIO
MPOMBIIUICHHBIX arperatoB Tvna BS-2020A Hualian [18].

post@uestnik-vsuet.ru

st MozenpoBaHysl Mpolecca amUIMKalud W3
mwienkn [IBX cdopmupoBanu pykaB, AiMHA
OKPY>KHOCTH KOTOPOTO COOTBETCTBYET OOJIbILIEMY
CCUCHUIO KOHYCa (PHCYHOK 4).

PucyHok 4. ®0T0 B IPpOXOISIIEM MOJIIPU30BAHHOM CBETE 00pasLioB, BHIPE3aHHBIX 3 MHOTOCIONHOMN MPO3pauyHON 000I0UYKH
JI0 TEPMOYCAJIKH Ha KOHYyce (a) 1 nocte rpaauentHoit ycaaku (b). Cxema tepmoycankn PYKABA na konyce (C)

Figure 4. Photographs in transmitted polarized light of samples cut from the multilayer transparent film before heat
shrinking on a cone (a) and after gradient shrinkage (b). Diagram of the sleeve heat-shrinking process on a cone (¢)

PykaB opneBanu Ha CTEKISIHHBIA  KOHYC
(xom0y). CobpaHHast KOHCTPYKIIHS U3 TOJHUMEpa
CTEKJIa HarpeBaIM IOTOKOM IrOpsiYero Bo3ayXa Win
MOrpy’KEHUEM B BOJy Tpu Temmeparype 75 + 5 °C.

Ilaker u3 ABYX aHU30TPOINHBIX IIJICHOK ITOJIU-
npomwicHa (BOPP) u mieHKH NOMMBHHUIIXIIOpHIA
C MTaMATBI0 (OPMBI TIPEICTABISIET COOOHN MOIHO-
pPa3MEpPHYI0 MOJENb MPO3PAaYHOM MHOIOCIONHON
000JIOUKH 3epKAIbHBIX 00BEKTOB (TOBapOB, EMKO-
creil) ¢ pyHKIMeH CKPBITO MAPKUPOBKH M 3aITHCH
nudpoBoi HHPOPMALIHH.

®dororpadur MHOTOCIOHHON Tpo3padHoOn
000JI0YKH B MPOXOSIIEM IOJIIPU30BAHHOM CBETE
THOCJIe TPAAUEHTHOM YCa/IKU BHEIIHETO CJI0s IUIEHKU
NOJMBUHUIXJIOPUIA HWUIOCTPUPYIOT HEOOBIYHBIN
ornruaeckuii 3((eKT yBeNWYeHUS MPO3PAYHOCTH
TEpPMOYCaIOYHOW TUICHKH TOJMBUHWIXIOPHIA U
«HCYE3HOBEHUS» €€ «OKPacKW» B COCTABE MHOIO-
CIIONHOW 000JI0YKH (PUCYHOK 4).

JI71st KONIYeCTBEHHOTO M3y4YeHHUs 3TOTO OIITH-
geckoro dQ@QeKTa MPOBETH CIEKTPOCKOITITYECKOES
HCCIIEIOBAHHE PO3PAUHOCTH TEPMOYCaIOUHOM IUICHKH
B OOBIYHOM M MPOXOJISILIEM TOJISIPH30BAaHHOM CBETE
T0CIIC YaCTHYHOM yCaIKH (PUCYHOK 5 1 6).
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Pucynok 5. CrieKTpbl Ipo3pavHOCTH IJICHKH C Pa3HBIM YPOBHEM BHYTPEHHEro HANpsDKEHUS: | — IUIeHKa 10 YCaJaKH,

2 —ycanka 5%, 3 — ycagka 90%

Figure 5. Transmittance spectra of the film with different levels of internal stress: 1 — film before shrinkage,

2 — 5% shrinkage, 3 — 90% shrinkage
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PucyHok 6. CrieKTphI po3pavyHOCTH TUICHKH C Pa3HbBIM YPOBHEM BHYTPEHHETO HAIPSUKEHUS B MOJIIPI30BAHHOM TTIOTOKE CBETA
1 — utenka o ycanku, 2 — ycaaka 5%, 3 — ycanka 90%

Figure 6. Transmittance spectra of the film under polarized light at different levels of internal stress: 1 — film before shrinkage,
2 — 5% shrinkage, 3 — 90% shrinkage

N3menenue 11BeTa v Mpo3payHOCTH MHOTOCIIOH- (dbukcupyromero mokpbiTus). C yBenu4eHHEM CTe-
HOU 000nouKK B mponecce ycamku TY mienku [IBX neHn ycanku mieHku [IBX Tepsirorcs e 1ieToBbIe
MMCCT BAKHOC IPAKTHUYCCKOC 3HAYCHUC IS MC- XapaKTECpUCTHKHU B OTPAXKECHHOM IOJIIPU30BAaHHOM
TIOJIb30BaHMS MPO3PAUHBIX MOJTHMEPHBIX MIEHOK motoke (ITBX craHoBHUTCS Mpo3padHbiM). Yem oH
C «IaMATBIO (OPMBI» MPH 3aMHCH MHOPMALHH npo3payHell, TeM MEHBIIIE OH BIIUSET Ha IBETOBYIO

Ha 3epkaibHOH Tape [19].

CornacHo MPEAIOKEHHOMY TEXHUYECKOMY
pemenwnio [20] TepMoycasouHas MIEHKA HCIIOJb-
3yeTcs B KAyeCTBE BHEIIHETO CJIOS  KOJMayka

XAPaKTEPUCTUKY PACHOJIOKEHHBIX MO, HUM 2 CIIOEB
BOPP u3 kotopbix ¢opMupyeTCs IITPUXOBBIE H
poOeIbHbIE 3JIEMEHTHI IITPUXOBOTO KOJA.

PucyHOK 7. a — cXeMa MHOTOCIOHHON TepMOYCaI0YHON STHKETKH W3 MPO3PavyHOM MIeHKH monuBuHmWIXIopuaa (1)
C «BKJIAIBIIIEM» U3 IBYX cioeB mwieHkrn BOPP (3,4) Ha cransHOi 6aHKe ¢ MOJHPOBAHHOM MOBEPXHOCTHIO; b — mITprxoBoit
KoJi, BbIceUeHHBbIN u3 mieHkn BOPP ¢ mHpopmanmonHoit MeTkoit «Z»; ¢ — OKHO pycckoii mporpammsl «QR-ckanep»
C pe3yJIbTaTOM PACIO3HaBaHMsI LITPHUX-KOJa «Z» B TIOJIIPU30BAHHOM CBETE

Figure 7. a— diagram of a multilayer heat-shrinkable label made of transparent polyvinyl chloride (PVC) film (1)
with an “insert” of two layers of BOPP film (3, 4) on a steel can with a polished surface; b — barcode cut out from BOPP
film with an informational tag “Z”; ¢ — window of the Russian program “QR Scanner” showing the result of recognizing
the “Z” barcode in polarized light
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Konmavok u3 mienku ¢ ycankoit 25% u3roros-
JIEH U3 HECKOJIbKUX CJIOEB — U3 METAUIN3UPOBAHHOM
wieakn BOPP, otpaxarorieii cBeT 1 CpemHero cios
¢ BbIceykaMH B popme HHPOPMALIIOHHBIX CUMBOJIOB —
JIMHEHHOTO LITPUXOBOTO KOAA U3 aHU30TPOMHOU
JIByOCHO-OPUEHTHPOBAHHOM IUICHKH IOJMIPOIMICHA
tomuHol 20 MM (pucyHok 7). [Tpu HaOmoaeHnn
KOJIIIa4uKa 4epe3 MOJSPU3AHMOHHBIH (QUIBTD WIN
CKBO3b MOJISIPU3AIIMOHHBIE OYKH HH(POPMAINOH-
HBIH CUMBOJ BBIIVIANT LIBETHBIM Ha OenoM Qomne,

post@uestnik-vsuet.ru

T. €. TIPOSIBIISICTCSL B OPAHXKEBOM, PO30BOM WM (hro-
JIETOBOM I[BETE B 3aBUCHMOCTH OT YIJIa 0003pPEHHS
(tabmuma 1). ITpu 00bIYHOM OCBEIeHUH Oe3 TIOJIs-
pHU3aTopoB MH(POPMAIMOHHBIN CHMBOJ — JIMHEWHBIH
HITPUXOBOTO KOJa HE MMEET IIBETa, MPO3padeH
U [T09TOMY He 3aMeTeH (CKpBIT OT HaOIr0aaTens).
Takum o00pa3om, B yCTpOHCTBE OOOJIOYKH, YyIa-
KOBKHM WJIM KOJITIAYKa MOXKET OBITh peaan30BaHa
(GYHKIHS CKPBHITOl MAPKUPOBKH.

Tabnuna 1.

Iger (*) 8 CIELAB, xoHTpacT 1 1[BETOBOE pa3indne 000I0UeK Ha Pa3TUYHBIX TIOBEPXHOCTSIX

Table 1.

Color (*) in CIELAB, contrast, and color difference of the films on various surfaces

MapxkupoBka 3epKanbHOM Tapbl

Lser MOJIYJIEH 1LIK* B CIELAB

Color (*) in CIELAB AE

Marking of mirror containers

JI0 yCaaKu

before shrinkage
®omera Al + BOPP +

BOPP + IIBX

TOCJIC YCalKn
after shrinkage

JI0 yCaaKu

before shrinkage
Meranus. BOPP + 2

BOPP + IIBX

TOCJIC YCalKn
after shrinkage

Hltpux | Bar

AL

. Tabmuma 2.
Koopauuarsl niBeTa, KOHTpACT U IiBeToBOE pasmmyarie MOJIYJIEU 1K (barcode elements)

Table 2.

Color coordinates, contrast, and color difference of barcode element modules

Koopaunats! niBera
[To3unus snemenTa koja Color Coordinates KonTpacr LBeroBoe paznmuune AE
Code Element Position 5 * Contrast Color Difference AE
L a b*
1 (urtpux) bar 87 -4 12
4 (upoGen) space 48 -15 -8 44,8 45,19
2 (wtpux) bar 86 -4 10
5 (po6en) space 48 14 10 441 44,09
3 (mtpux) bar 79 -6 6
6 (mpoben) space 46 -16 -10 417 38,01
BI/II[HO, YTO KOHTPACT U UBETOBOC pa3jinyue 3aKTIoYeHHe

HITPUXOBBIX U TPoOebHBIX AnemeHToB LIIK mpeBbI-
IIaeT MOPOr YyBCTBHTEILHOCTH TIa3 denoBeka [15]
6onee yem B 10 pa3 (tabnuna 2) u sBiseTcs A0CTa-
TOYHBIM JIJISI TOTO YTOOBI IITPUXOBOU KOJ BBICE-
YEHHBIA B CPETHEM CJIO€ TPO3pAaYHONU O00O0IOUKU
3epKaJbHOW Tapbl, STHKETKU WIIU YIIAKOBKH OBLI
JIETKO 00HapYKeH HEBOOPYKEHHBIM TJ1a30M U, IPU
HEOOXOJIMMOCTH, CYUTAH CKaHEPOM B IMOJISPU30-
BaHHOM CBETE.
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1 Tlonspusanus cBera, OTPAKEHHOTO OT
3epKaJILHOW TIOBEPXHOCTH CTEKIITHHON HITH METAall-
JIMYECKOW Tapbl, POIBIH WK STUKETKH U3 METaJ-
JTU3UPOBAHHON TUICHKH IMO3BOJISIET MCIIONB30BATh
MHOTOIIBETHBIH 3 PEKT IIIe0Xporu3Ma Jiisl IPUBJICS-
YeHHs] BHUMAaHVS TIOKYTIATeN s K TOBApY M CKPBITOM
(3aIIUTHO¥) MAPKUPOBKY YITAKOBKH ITyTEM IIITPUXO-
BOTO KOJIMPOBaHUS MHPOPMAIIUU O TOBApeE.
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2 CkpeiTass MapKUpPOBKa OOOJOYEK WM
YIAaKOBKHA TOBapoOB OCYIIECTBIISIETCS pa3Melne-
HHUEM (aNIUIMKaIMei) WM BEICEYKOM TIOCKOW (u-
TYpBI TOBapHOTO 3HAaKa WM IITPUXOBOTO KOJa B
AQHMU30TPOIHON IIEHKE MOJUIPONUIICHA, YIOKEHHOMN
Ha 3epKaJIbHON MOBEPXHOCTH MEKY HECKOIBKUMHU
CITOSIMH TUICHKH TIOJTUIIPOITHIIEHA ¥ TEPMOYCaI0IHOM
IJICHKU MOJIMBUHIIXJIOPHUAA.

3 Ilneoxpow3mM MHOTOCIOWHOW O0OJOYKH,
dbopMupyeMoii TyTEM  TEPMOCTHMYIIHPYEMOH
ycaJku 000JI0UEK WU [WJIHHIPHIECKUX STUKETOK
3aBUCHT OT YypPOBHS BHYTPEHHHX HaIpPsDKEHUH,
KOTOpBIH 3a1aercs B auamnazone 1 — 4 + 0,5 MIla
HOPMHPOBAHHOM J10J1el cBOOOIHOM ycanku 5—65%.

4 OOnHapyxeH TMapaJoKC BIUSHUS Mac-
mTabHoro ¢akTopa Ha MPO3PAYHOCTh IUICHKU

post@uestnik-vsuet.ru

MOJIMBUHWIXJIOPU/IA JIJISl TIOTOKA CBETa, OTPAXKEH-
HOTO OT 3epKaJIbHONH TOBEPXHOCTH.

Ilpu cBOOOMHOI ycamke W CHUKCHHUU
YpOBHSI BHYTPEHHUX HANPSHKEHUH BO BHEITHEM
cloe IMIMHAPUIECKOH O0O0JOYKHM U3 TepMoyca-
JIOYHOW TUICHKH TIOJIMBUHUIXJIOPUAA TOJNIIUHA
BO3pacTaeT 1O Mepe COKpAIIeHWs WX AraMerpa
1o 1,8 pasa. IIpu 3T0M ee npo3payHOCTb B MOJISIPU-
30BaHHOM CBeTe CHUXaetcs B 4 paza. OmgHako
B COCTaBE MHOTOCJIOHHONW 00O0JIOYKH TPO3PavyHOCTh
BHEIITHETO CJIOS TUICHKH TOJIMBUHUIXJIOPUIA TS
MOTOKa MOJSIPU30BAHHOTO CBETa, OTPAKEHHOTO
OT 3epKaJIbHOM TIOBEPXHOCTH, CYIIIECTBEHHO YBEIIHIH-
BaeTcs 1o Mmepe ycaaku. CKBO3b TEpPMOYCaOUHBIHN
CITO¥ 00OJIOYKH, TIPOSIBIISIETCS [IBETHAS MAPKHUPOBKA M
YBEJIMYMBACTCS] KOHTPACT BHYTPEHHIX CJIOEB.
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Abstract. In the context of increasing requirements for food safety and quality, it is important to develop effective methods of protection
against microbial contamination. One of the innovative solutions is active packaging with natural antimicrobial additives that prevent the
growth of microorganisms on the surface of products. These additives mustretain their properties both duringproduction and during further
use. The main objective of this study was development of an active packaging film made of biopolymer with the introduction of rosemary
essential oil in various concentrations, as well as determination of the antimicrobial, physical, mechanical and barrier properties of the resulting
polymer material. The starch-based film was prepared by mechanical mixing of the initial reagents with the introduction of rosemary essential
oil with a concentration of 0.5%; 1%; 3%; 5%. The antimicrobial properties of the polymer packaging material were determined by the disk -
diffusion method in accordance with MUK 4.2.1890-04 in relation to Bacillus subtilis, Escherichia coli, Candida albicans, and Aspergillus
niger. To assess the fungal resistance of the materials, the methods of GOST 9.049 (method 1) and GOST 9.048 (method 4) were selected.
Determination of vapor permeability using the "PERME W3/030" device according to GOST GB1037. The method for determining the
physical and mechanical properties on a tensile testing machine according to GOST 28840-90. Itwas found that samples of packaging film
based on starch with rosemary essential oil have antimicrobial activity against Candida albicans at concentrations of 3% and 5%, reducingthe
number of microorganisms on the film surface. In addition, its physical, mechanical and barrier properties are improved. Anal ysis of existing
studies has shown that rosemary essential oil is an effective natural antimicrobial component. Its use in active starch-based packagingnotonly
prevents the growth of microorganisms such as Candida albicans, butalso helps improve the physical, mechanical and barrier p roperties of the
packaging film. This makes it a promising solution for ensuring the safety and quality of food products.

Keywords: rosemary essential oil, antimicrobial properties, active packaging, starch-based film, physical and mechanical properties, barrier properties.

use of natural antimicrobial additives, namely
essential oils, is particularly successful. Essential
oils attract the attention of researchers due to their
antimicrobial properties, which allow them to be
considered a safe alternative to synthetic ones.
These oils contain active components such as ter-
penes, which have the ability to destroy or suppress
the growth of various microorganisms, including
bacteria and fungi. The most popular essential oils
include teatree oil, lemongrass, eucalyptus, thyme,
lavenderand cloves. The propertiesof rosemary oil
are also being actively studied [4].

One of the significant studies in this area is
the work of Nafiseh Mohsenabadi, who developed
an active film based on corn starch using benzoic
acid and chitosan. By encapsulating rosemary es-
sential oil in the created nanogel (benzoic acid +
chitosan) CS-BA, starch-carboxymethyl cellulose
(CMC) films with improved physicomechanical
and antimicrobial properties were obtained. Films
containingnanogel demonstrated higher vapor per-
meability compared to films containing only rose-
mary essential oil. Interestingly, samples with
nanogel showed a gradual inhibitory effect on
Staphylococcus aureus (S. aureus), while films with
free essential oil had an immediate antimicrobial
effect, which proves the ability of the nanogel

Introduction

The issues of food safety and quality are
becoming increasingly important, and therefore
the development of new and effective methods for
protecting products from microbial contamination
is a pressing issue. One of the innovative ap-
proaches in thisareais the use of active packaging,
which is based on the use of natural antimicrobial
additives to prevent the growth and reproduction
of microorganisms on packaged products [1].
An antimicrobial additive included in the polymer
must retain its properties both during production
and during subsequent use. The main requirements
for such additives include ensuring hygienic safety
when interacting with food products and maintaining
physical and mechanical characteristics. The packag-
ing material must remain strong, flexible and resistant
to external influences, including temperature changes,
humidity levelsand mechanical stress, evenin the
presence of antimicrobial components [2].

Currently, much work has been done to im-
partantimicrobial properties to polymers. The list
of substances capable of imparting antimicrobial
properties to polymeric materials is quite wide, for
example, chitosan; carvacrol; eugenol, geraniol,
linalool, terpineol and thymol [3].; However, the
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to reduce the percentage of rosemary essential oll
to achieve the same antimicrobial properties.
The use of low concentrations of rosemary essen-
tial oil allows to reduce the cost of packaging,
as well as the effect of essential oil on the organo-
leptic properties of the food product [5].

Another significant work is the research
of Shabanova and Borisova, who studied films
based on polylactic acid with the addition of rose-
mary oil. Theirwork demonstrated that the addition
of essential oil leads to a decrease in the transpar-
ency of films, an increase in their humidity and a
significant decrease in vapor permeability, which
emphasizesits effect on the physical and mechanical
properties of materials [6]. This article examines the
development of an antimicrobial film based on starch
with the addition of rosemary essential oil. The
purpose of the workis to evaluate the antimicrobial
properties and analyze changes in the physical,
mechanical and barrier properties of the films.

Rosemary — belongs to the Lamiaceae fam-
ily. Itis known for its antimicrobial and antioxidant
properties, used in medicine to treat various dis-
eases [7]. Rosemary extracts are used in the treat-
ment of Alzheimer'sdisease, as well as to protect
the liver [8, 9]. Analysis of rosemary essential oll
usinggas chromatography revealed 22 compounds,
of which 1,8 — cineole (38.5%), camphor (17.1%),
a-pinene (12.3%), limonene (6.23%), camphene (6.00%)
and linalool (5.70%) predominate. These compounds
make up 97.41% of the total oil composition [10].
Antimicrobial studies have confirmed that rose-
mary essential oilhasantimicrobial propertiesagainst
microorganisms such as E. coli, Bacillus cereus,
Staphylococcus aureus, Clostridium perfringens,
Aeromonas hydrophila, and Salmonella cholerae-
suis [11]. Several experiments involving the treat-
ment of beef and pork with rosemary essential oil
have shown that this oil can inhibit bacterial activity
and increase the shelf life of meat [12-14].

The antimicrobial properties of rosemary es-
sential oil are largely due to its active components,
such as 1,8-cineole, camphor, and a-pinene. These
compounds can disrupt the membranes of micro-
bial cells by interacting with proteins, which leads
to the leakage of their internal components. As a
result of such changes in cells, the destruction of
genetic material occurs, which ultimately causes
the death of microorganisms[15-17]. The Euro-
pean Food Safety Authority has approved the daily
intake of carnosicand carnosolic acids: 0.09mg/kg
for the elderly and 0.81 mg/kg for children. In food
production, rosemary extracts can contain up to
400 mg/kg of these acids [18].

Material and methods

The objects of the study wereexamination of
an antimicrobial additive — rosemary essential olil
produced by LLC “PK ASPERA” of the Russian
Federation.
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The following components were used to de-
velop antimicrobial films with different concentra-
tions (0.5%; 1%; 3%; 5%): starch, glycerin, vinegar
and an antimicrobial additive in the form of essential
oil. Preparation of the mixture: Preparation of a
starch-based composition with the addition of rose-
mary and the mixture of components was subjected
to heat treatment at a temperature of 98 + 1 °C until
a homogeneous state was achieved. Besides, the re-
sulting mass was poured into glass frames, where it
hardened. Further, the films were left to completely
harden for 3 daysat room temperature, after which
they were ready for further use. The antimicrobial
activity of rosemary essential oil included in the film
was assessed using the disk method in accordance
with the guidelines MUK 4.2.1890-04. The study
was conducted with respect to the following micro-
organisms: Bacillus subtilis, Escherichia coli and
Candida albicans. This method allows determining
the ability of essential oil to inhibit the growth and
development of various pathogenic microorgan-
isms, which is an important indicator for assessing
the effectiveness of the developed material. To as-
sess the fungal resistance of materials, the methods
of GOST 9.049 (method 1) and GOST 9.048
(method 4) were selected. Method 1 checks the re-
sistanceof thematerial in conditions unfavorable for
the development of spores, assessing the germina-
tion of fungi on the surface. Method 4 assesses how
moisture and fungi affect the physical and mechani-
cal properties of the material. The studies were con-
ducted using the fungus Aspergillus niger. The sam-
ples were cleaned of external contaminants and
placed in sterile Petri dishes. According to method
1, the samples were sprayed with an aqueous sus-
pension of spores, according to method 4 — they
were placed in dishes with an agar medium and also
infected witha suspension. Additionally, the method
for determining the vapor permeability of materials
consists of measuring the amount of water vapor
passing through a sample in a certain time, carried
out using the PERME W3/030 device according to
GOST GB1037. Furthermore, the method for deter-
mining the physical and mechanical properties on a
tensile testing machine according to GOST 28840—90.
Consists of preparing a material sample, testing
it on a tensile testing machine, which gradually
increases the load. During the test, the maximum
load and the corresponding deformations of the
sample are recorded. Based on these data, param-
eters such as temporary resistance and relative
elongation are calculated, which allows determin-
ing the behavior of the material under load.
Finally, Structural and morphological properties
of a polymer film. Consists of studying the film
surface using an electron microscope.
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Results and discussion

Biodegradable starch-based films are shown
in Figure 1.

Figure 1. Appearance of experimental samples of
obtained materials based on starch with rosemary
essential oil. A) K; B) K+ P 0.5%; C) K+ P 1%;
D) K+P3%;E)K+P5%

The materials in Figure 1 show a homogene-
ous structure of the films, which indicates good
compatibility of the components used. With an in-
crease inthe concentration of rosemary oil, the film
darkens and loses transparency, which deteriorates
the appearance of the film. Antimicrobial activity
was assessed by measuring the inhibition zone,
which made it possible to assess the growth level
of the test cultures.

Figure 2 shows the results of studies to de-
termine the antimicrobial propertiesof the obtained
materials in relation to Bacillus subtilis.

Figure 2. Results of studies to determine the
antimicrobial properties of the obtained materials in
relation to Bacillussubtilis after 2 days A) K; B) K+ P 0.5%;
C)K+P1%;D)K+P 3%;E) K+P5%

Figure 3. Results of studies to determine the antimicrobial
properties of the obtained materiaks in relation to Escherichia
coli after2 days A) K; B) K+ R 0.5%; C) K+ R 1%;
D) K+ R3%; E) K+ R5%

post@vestnik-vsuet.ru

The results of the study showed that rose-
mary oil does not have antimicrobial properties
against Bacillus subtilis. When testing this oil, no
zone of inhibition was observed around the material,
indicating a lack of antimicrobial activity.

The results of the study showed that rose-
mary oil does not have an antimicrobial effect on
Escherichia coli (Fig. 3). During testing of the oil,
no inhibition zone was observed around the material,
indicating a lack of effectiveness in relation to this
type of bacteria. This indicates that the components
of the oil do not prevent the growth and reproduction
of Escherichia coli.

Figure 4 shows the results of the experiment
to determine the antimicrobial properties of the ob-
tained materials in relation to Candida albicans.

Figure 4. Results of studies to determine the antimicrobial
properties of the obtained materials against Candida
albicansafter4 daysA) K; B) K+ R 0.5%; C) K+ R 1%;
D)K+R3%;E)K+R5%

The highest concentration of oil demon-
strates the largest inhibition zone for the tested
Candida albicans microorganisms. At an oil con-
centration of 3%, theinhibitionzone is 0.5mm, and
with an increase in concentration to 5%, it in-
creasesto 1 mm. These results confirmthat with an
increase in the concentration of antimicrobial oil,
the inhibition zonearound the package also increases.
Thus, the use of higher concentrations of oil can im-
prove the efficiency of protecting the surface of food
products from microbial damage.

Figure 5. Fungus resistance tests of materialsaccording
to Method 1: samples obtained based on starch with different
concentrations of rosemary essential oil (0.5; 1; 3; 5%)
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Table 1.
Fungus resistance of materials: Results of tests according to Method 1

control sample The development of fungi covering more than 25% of the test surface is 5

clearly visible to the naked eye
starch film with the addition of The development of fungi covering more than 25% of the test surface is 5
rosemary essential oil 0.5% clearly visible to the naked eye
starch film with _the gddition of The development of fungi coye_ring more than 25% of the test surface is 5
rosemary essential oil 1% clearly visible to the naked eye
starch film with the addition of The development of fungi covering more than 25% of the test surface is 5
rosemary essential oil 3% clearly visible to the naked eye
starch film with _the qddition of Fungal growth covering less than 25% of the test surface is clearly visible to 4
rosemary essential oil 5% the naked eve

With an increase in the oil concentration, a de- Table 3.
crease in fungal growth on the test surface is observed. Comparative table of vapor permeability
In the groups with a concentration of 0.5%, 1% and 3%, of materials
there is a clear development of fungi covering more than Composition Vapor permeability
25% of the surface (score 5). However, with an increase O o o = PPr |t Ja o
in the concentration to 5%, fungal growth decreases, control sample _ 32935094
since fungal damage is less than 25% of the surface ?éasi;’n'lg:'%gﬂt}?f’oﬁf‘g'ES’/” of 3241 8457
(score 4). An increase in the oil concentration helps to Starch ﬁ}'m With the additio% of
reduce fungal growth, which indicates its antifungal rosemary essetrr\]tit?]l oi!j 1% __ 3054,9756
properties. For effective fungal control, it is recom- foasfma:y”l;’::emi shA ey 2775,2578
mended to use higher concentrations of oil. starch film with the addition of 2484 7368
rosemary essential oil 5% '

Figure 6. Fungus resistance tests of materiaks using method 4:
samples obtained based on starch with different
concentrations of rosemary essential oil (0.5; 1; 3; 5%)

The film completely dissolved due to the activity
of fungal cultures, as well as due to the humidity of the
nutrient medium. The study of the effect of antimicro-
bial additives on the physical and mechanical properties
of polymeric materials is presented in Table 2

Table 2.
Data on the physical and mechanical
properties of films

: Relative
Composition of starch-based Bgf.%'é'sng elongation
compositions opn. MPa | at break,
P, ep, %

control sample 163£1 31,70+ 1
starch film with the addition of
rosemary essential oil 0.5% 131+1 | 3185+1
starch film with the addition of
rosemary essential oil 1% 08+ 1 37,84+ 1
starch film with the addition of
rosemary essential oil 3% 072+2 | 5321+1
starch Tilm with the addition of
rosemary essential oil 5% 054+1 | 56,63+ 1

With an increase in the concentration
of rosemary essential oil, the breaking stress undergoes
a significant decrease of ~ 3 times, but the relative
elongation increases ~ 2 times.
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An increase in the concentration of rosemary
essential oil leads to a decrease in the vapor permea-
bility of the films. Ata concentration of 0.5% rose-
mary essential oil, vapor permeability decreased by
20%, and at a concentration of 1% rosemary essential
oil — by 25%, 3% — 36%, 5% — 50%. When adding
essential oil, a significant decrease in vapor permea-
bility is observed, which indicates that the essential
oil performs a barrier function, reducing the possibility
of water vapor passing through the film.

Conclusion

A comprehensive study was conducted to re-
search and develop antimicrobial coatings based on
starch with the addition of an antimicrobial additive of
rosemary essential oil for use in food packaging. In the
contextof increasing requirements for the safety and
quality of food products, the use of antimicrobial tech-
nologies is becoming especially relevant, which deter-
mines the importance of thiswork. As a result of the
studies, it was found thatrosemary oil has fungistatic
activity. The film demonstrated effectiveness against
Candida albicans. However, despite the manifestation
of antimicrobial activity against Candida albicans, ef-
fectiveness against other studied microorganisms, such
as Bacillus subtilis and Escherichia coli, was not de-
tected. The obtained data on the physical and mechan-
ical properties of the films showed that with an in-
crease in the concentration of essential oil, a decrease
in the strength of the film is observed, but at the same
time, its elasticity improves. It is also worth noting that
the addition of rosemary oil leads to a decrease in the
vapor permeability of the film, which has a positive ef-
fecton its ability to protect the contents from moisture
and extemal factors. Analysis of existing studies con-
firmed the relevance of using rosemary essential oil as
a natural antimicrobial component.



Merecce H.H. u 0p. Becmunux BTYHII, 2025, III. 87, Ne. 2, C. 177-182 post@vestnik-vsuet.ru

References

1 Quintavall S., Vicini L. Antimicrobial food packaging in meat industry. Meat Science. 2002. vol. 62. no. 3. pp. 373-380.
doi: 10.1016/S0309-1740(02)00121-3

2 Tveritnikova 1.S. et al. Research of multilayer polymer films modified with an antimicrobial component intended for
packaging dairy products. 2020. no. 12. (in Russian)

3 Shmakova N.S. The Effect of Ultrasound on the Production of Polyethylene Films with Antimicrobial Properties:
Dissertation... Candidate of Technical Sciences. Moscow, 2020. 23 p. (in Russian)

4 Alhajr A. et al. Development of an active starch-based packaging material using clove oil extract as an antimicrobial
additive. Storage and Processing of Agricultural Products. 2023. no. 4. pp. 16—31. doi: 10.36107/spfp.2023.4.474

5 Mohsenabadi N. et al. Physical and antimicrobial properties of starch-carboxymethylcellulose film containing rosemary
essential oils encapsulated in chitosan nanogel. International Journal of Biological Macromolecules. 2018. vol. 112. pp. 148-155.
doi: 10.1016/j.ijbiomac.2018.01.034

6 Borisova A.V., Shabanova P.V. Development of Active Biodegradable Packaging Films with Essential Oils. Materials of
the Baltic Sea Forum Conference, Kaliningrad, September 26 — October 1, 2022. UDC 665.52/.545. (in Russian)

7 Nieto G., Ros G., Castillo J. Antioxidant and antimicrobial properties of rosemary (Rosmarinus officinalis, L.): A review.
Medicines. 2018. vol. 5. no. 3. p. 98. doi: 10.3390/medicines5030098

8 Habtemariam S. The therapeutic potential of rosemary (Rosmarinus officinalis) diterpenes for Alzheimer's disease.
Evidence-Based Complementary and Alternative Medicine. 2016. p. 2680409. doi: 10.1155/2016/2680409

9 Kayashima T., Matsubara K. Antiangiogenic effect of carnosic acid and carnosol, neuroprotective compounds in rosemary
leaves. Bioscience, Biotechnology, and Biochemistry. 2012. vol. 76. pp. 115-119. doi: 10.1271/bbb.110584

10 Elyemni M. etal. Chemical compositionand antimicrobial activity of essential oil of wildand cultivated Rosmarinus officinalis from
two Moroccan localities. Journal of Ecological Engineering. 2022. vol. 23. no. 3. pp. 214-222. doi: 10.12911/22998993/146145

11 Angane M. et al. Essential oils and their major components: An updated review on antimicrobial activities, mechanism of
action and their potential application in the food industry. Foods. 2022. vol. 11. no. 3. p. 464. doi: 10.3390/foods11030464

12 Efenberger-Szmechtyk M., Nowak A., Czyzowska A. Plant extracts rich in polyphenols: Antibacterial agents and natural
preservatives for meat and meat products. Critical reviews in food science and nutrition. 2021. vol. 61. no. 1. pp. 149-178.
doi: 10.1080/10408398.2020.1722060

13 Woo S.H. et al. Inhibitory effect of natural extract mixtures on microbial growth and lipid oxidation of sausages during
storage. Journal of Animal Science and Technology. 2023. vol. 65. no. 1. p. 225. doi: 10.5187/jast.2022.e92

14 Saraiva C. et al. Antimicrobial activity of Myrtus communis L. and Rosmarinus officinalis L. essential oils against Listeria
monocytogenes in cheese. Foods. 2021. vol. 10. no. 5. p. 1106. doi: 10.3390/foods10051106

15 Fung D.Y.C., TaylorS., Kahan J. Effect of butylated hydroxyanisole (BHA) and buthylated hydroxytoluene (BHT) on growth and
aflatoxin production of Aspergillus flavus. Journal of Food Safety. 1977. vol. 1. pp. 39-51. doi: 10.1111/j.1745-4565.1977.th00258.x

16 Fareed N., Nisa S., Bibi Y. et al. Green synthesized silver nanoparticles using carrot extract exhibited strong antibacterial activity
against multidrug resistant bacteria. Joumal of King Saud University-Science. 2023.vol.35. no.2. p. 102477. doi: 10.1016/j.jksus.2022.102477

17 Kaur R. et al. The potential of rosemary as a functional ingredient for meat products-a review. Food Reviews International.
2023. vol. 39. no. 4. pp. 2212-2232. doi: 10.1080/87559129.2021.1950173

18 Aguilar F. et al. Use of rosemary extracts as a food additive — scientific opinion of the panel on food additives, flavorings,
processing aids and materials in contact with food. EFSA Journal. 2008. vol. 721. pp. 1-29. doi: 10.2903/j.efsa.2008.721

19 El Boukhari R., Fatimi A. Extract of rosemary as food additive: the landmark patents. Biology and Life Sciences Forum.
MDPI, 2023. vol. 26. no. 1. p. 37. doi: 10.3390/Foods2023-15062

20QiuK., Wang S., DuanF. etal. Rosemary: Unrevealingan old aromatic cropas a new source of promising functional food additive—
A review. Comprehensive Reviews in Food Science and Food Safety. 2024. vol. 23. no. 1. p. €13273. doi: 10.1111/1541-4337.13273

Information about authors

Emiru Y. Melesse graduate student, industrial design packaging technologies and
expertise department, BIOTECH University, VVolokolamskoye Shosse, 11, Moscow,
125080, Russia, emydms 12@gmail.com

https://orcid.org/0000-0002-0871-787X
Ali Y. Alkhair senior lecturer, industrial design packaging technologies and expertise
department, BIOTECH University, Volokolamskoye Shosse, 11, Moscow, 125080,
Russia, alkheerali@gmail.com

https://orcid.org/0000-0002-9518-7781
Ekaterina A. Shchukina student, industrial design packaging technologies and
expertise department, BIOTECH University, VVolokolamskoye Shosse, 11, Moscow,
125080, Russia, katya_shchukina2003@mail.ru

https://orcid.org/0009-0008-3834-0904
Irina A. Kirsh Dr. Sci. (Chem.), professor, industrial design packaging technologies
and expertise department, BIOTECH University, Volokolamskoye Shosse, 11,
Moscow, 125080, Russia, irina-kirsh@ya.ru

https://orcid.org/0000-0003-3370-4226
Anna V. Zaitseva student, industrial design packaging technologies and expertise
department, BIOTECH University, Volokolamskoye Shosse, 11, Moscow, 125080,
Russia, fairy.tail.1872@mail.ru

https://orcid.org/0009-0001-7822-7577

Conflict of interest
The authors declare no conflict of interest.

Contribution

proposed a scheme of the experiment and
organized production trials

wrote the manuscript, correct it before filing
in editing and is responsible for plagiarism

review of the literature on an investigated
problem

consultation during the study

conducted
computations

an experiment, performed

Received 20/03/2025 Accepted in revised 28/04/2025

Accepted 12/05/2025

181



Becmuux, BTYHIIN/Proceedings of VSUET, III. 87, Ne-2,-2025.

Pa3paboTka aHTUMHUKPOOHBIX YIIAKOBOYHBIX MATEPHAJIOB
¢ UCNOJIb30BaHUEM (PUPHOT0 MACJa PO3MAPHHA

AHHOTamus. B ycnoBusx pactymmx TpeGoBaHHi K OE30MACHOCTH M KadyeCTBY IHMILIEBBIX MPOAYKTOB OCOOYIO aKTyalbHOCTh
npuobperaeT pazpaboTka 3(PQPEKTHBHEIX METOIOB 3alIUTHl OT MHUKPOOHOTrO 3arps3HeHws. OJHMM HM3 MHHOBAIOHHBIX PEIICHHN
SIBJISIETCS aKTUBHAS yIIAKOBKA C HATYPAIbHBIMH AaHTUMHUKPOOHBIMHU JT00aBKaMH, MPEISI TCTBYIOIMMY Pa3MHOKCHHIO MHKPOOPTaHU3MOB
Ha TMOBEPXHOCTH NpPOAYKTOB. Takue m00AaBKM HOJDKHBI COXpAaHATH CBOM CBOMCTBAa Kak B IPOLECCe NPOM3BOJCTBA, TaK M IPH
TNOCIEYIONIEeM HCHOIb30BaHuK. OCHOBHAs Lie/b JAHHOTO HUCCIIENOBAaHUS 3aK/II0YaIach B Pa3pabOTKE aKTUBHOW YIAKOBOYHOM IUIEHKH
Ha OCHOBe OMOmONMMepa ¢ BHeOpPEHHEM A(HUPHOrO Macia PO3MapuHAa B Pa3JIMYHBIX KOHLEGHTPALMAX, a TaKkkKe B ONpEIeNCHUU
AQHTUMHUKPOOHBIX, (DHU3MKO-MEXaHWUECKHX U OapbepHBIX CBOHCTB IONYyYEHHOTO MOJMMEpPHOTO Marepuana. [InéHKy Ha oOcHOBe
KpaxmaJia ToJly4aad METOJOM MEXaHHYECKOro IepPEeMEIIMBAHMS HCXOAHBIX PEAarcHTOB ¢ BBEAEHHEM 3()HPHOTO Maciia po3MapuHa B
koHueHTpammsax 0,5 %; 1 %; 3 %; 5 %. AHTUMUKPOOHBIE CBOMCTBA MOJIMMEPHOTO YNAKOBOYHOTO MaTepuaa OHPENENsIn METOJIOM
nucko-muddysmn B coorBerctBur ¢ MYK 4.2.1890-04 B otHomennn Bacillus subtilis, Escherichia coli, Candida albicans. J{ns
OLICHKH yCTOWYMBOCTU MaTepHalioB K Bo3JelcTBrio rpudoB O0butr BeIOpans! Metoasl 'OCT 9.049 (merox 1) u TOCT 9.048 (meton 4).
Omnpenenenre maponpoHuaeMocta npooaunu Ha npuoope «PERME W3/030» cormacso 'OCT GB1037. Onpenenenne Q3o -
MEXaHHYECKHX CBOMCTB OCyIecTBIsIM Ha paspbiBHOM Manmue no ['OCT 28840-90. Pe3yabTaThl MCCIeI0OBAHUS [OKA3alH,
4TO 00pa3Ibl YIAKOBOYHOM IUIEHKH Ha OCHOBE Kpaxmana ¢ 3QUPHBIM MacioM po3MapHHa 00Ja/al0T aHTUMUKPOOHOI aKTUBHOCTBIO
B otHourennn Candida albicans npu konuentparmsax 3 % u 5 %, 4TO BBIpaXKaercss B CHIDKCHHH KOJHMYECTBA MHKPOOPTaHH3MOB
Ha TOBEpXHOCTH IUIEHKU. Kpome Toro, ymyd4maroTces e€ (Qu3uKko-MexaHWuecKne W OapbepHble CBOMCTBA. AHAIM3 CyLIECTBYIOIIHMX
WCCNIeJOBAaHMI TOKa3all, 4To 3(pHUpPHOE Maciao po3MapuHa siBisieTcs 3((EKTHBHBIM TMPUPOIAHBIM AHTHMUKPOOHBIM KOMIIOHEHTOM.
Ero npuMeHeHre B aKTHBHOM YNMakOBKE Ha OCHOBE Kpaxmaya He TOJNBKO MPEMsITCTBYET POCTy TaKWX MHKpOOpraHu3MoB, kak Candida
albicans, Ho u crocobGcTByeT yiydinieHHIO (QU3HKO-MEXAHHYECKUX M GapbepHBIX CBOMCTB YIAaKOBOYHOW IUIEHKH. DTO [JENaeT ero
HEPCICKTHBHBIM pEIICHHEM JUIsi obecrieueHnss 0e30MacHOCTH U Ka4ecTBA IHILEBBIX MPOIYKTOB.

KiroueBble cioBa: 3pupHOE Macio po3MapHHa, aHTUMHUKPOOHBIC CBOWCTBA, aKTHBHAs YMAKOBKA, IUIEHKA Ha OCHOBE Kpaxmaia,
(hM3UKO-MEXaHMIECKHE CBOMCTBA, OapbepHBIC CBOWCTBA.
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AnHoTanms. [IpoMbIIIIIEHHOE TPOU3BOACTBO co/ibl B Poccuu peann3oBaHo aMMHayHbIM criocoOoM o mMetoay Coibie. ExerofHslil BBITYCK
TOBapHOro OukopOaHaTa HaTpus nocturaetT 2 MiH T. OCHOBHOM KIIIOYEBOW CTaJguel MpPOM3BOJICTBA COJBI SBISIETCS OYMCTKA paccoda.
PaccmoTpeHnsl po6aeMbl UCTIOIb30BaHUSI OCHOBHOTO ChIPbsi B POU3BOACTBE COAbL. [IpuBeneHbl METOAUKH dKCIIEpUMEHTOB. Llens paboTsl
3aKJII0YaIach B PACCMOTPCHUHU (PU3UKO-XUMUYECKHX OCOOCHHOCTEH U IPOIECCOB OUHCTKY XJIOPHAHBIX PACCOJIOB TEXHOT€HHOTO M IPHPOIHOTO
NpoucXoKAeHUs. [Ipu peleHuH MOCTaBIEHHBIX 3a/1ad HCIOJb30BANUCH CIEAYIOIINE METOJbl: XMMHUYECKUH COCTaB UCXOAHBIX NPOO U
pacTBOpOB (PaccoioB) aHAIU3UPOBAJICS CUCTEMON KamMLIIpHOTO AstekTpodopesa «Kanenb-205»; MUHEpalbHbIH COCTaB HEPACTBOPHMOTO B
BOJE OCTaTKa M3y4ajlcsi C MCIOIb30BaHMEM peHTreHodiyopecuenTHoro crekrpomerpa Clever C-31 u  peHrreHorpaduueckum
KOJIMYECTBEHHBIM (ha30BbIM aHaNM30M Ha audpakromerpe PowDiX 600 Adwin. ITo pe3yibrataM 3KCHEPUMEHTOB MOJIYYEHBI CIIEIYIONIHE
JaHHBIE, XapakTepusyromue ¢usnko-xumuyeckoe e CaSOs Ha OYUCTKY TEXHOTGHHOTO M IIPHPOJHOTO XJIOPUIHEIX paccoioB. ComoBo-
KayCTHUYECKUI METO/ OYMCTKH ChIPOro paccoiia 3 dexTrBHEe BCero NpoBOIUTh Ipu TeMieparype meHee 12°C, Tak Kak IpH 3TOW TeMIiepaType
OCTAaTOYHOE COJEPXKAaHME MOHOB KalblLiMd W MarHus B paccoile HauMeHbllee. TeXHOreHHble paccolbl (IJIACTOBBIE BOJBI), COJEpIKAILUE
0O0JIbIIIOE KOJNIMYECTBO XJIOPUJA HATPHS, MOTYT CIYXHTb LEHHBIM CBIPbEM JUISi IPOM3BOJCTBA KAaJbIMHUPOBAHHOW conbl. MexaHH3M
obpa3oBanus TBepoi (a3bl mpeacTaBieH 00pa3oBaHUEM M POCTOM aMOP(HBIX 3apOJbIIIe BCICACTBUE POCTA 110 TPAHSIM KPUCTAIUIU3ALIUH.
Bropoii (a30ii sBisercs koaryJsius 4acTul ¢ 00pa30BaHUEM KPYIHBIX PBIXJIBIX arperatoB. JlanbHelue ucciaenoBanus Oy 1y T NPOAOIKEHbI
10 MCCJIEI0BaHMIO B3auMHO# pactBopumocTr cucteMbl CaCOs-Mg(OH)2-NaCl.

KirueBble ciioBa: paccoli, miacToBas BOAa, XJIOpUI HATPHUA, KAMEHHAsA COJib, COJIM KaJIbLIMA, COJIM MarHus, OYUCTKa, KaJIbLIUHUPOBAHHAA COaa.

Physico-chemical features of purification of natural and technogenic
brine in the production of soda ash

1
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Abstract. Industrial production of soda in Russia is implemented by the ammonia method according to the Solvay method. The annual output of
commercial sodium bicarbonate reaches 2 million tons. The main key stage of soda production is brine purification. The article considers the problems
and highlights the areas of research. Experimental techniques are presented. The aim of the work was to consider the physicochemical characteristics
and processes of purification of chloride brines of technogenic and natural origin. The following methods were used to solve the set problems: the
chemical composition of the initial samples and solutions (brines) was analyzed by the Kapel-205 capillary electrophoresis system; the mineral
composition of the water-insoluble residue was studied using a Clever C-31 X-ray fluorescence spectrometer and X-ray quantitative phase analysis on
a PowDiX 600 Adwin diffractometer. Based on the results of the experiments, the following data were obtained characterizing the physicochemical
effect of CaSO4 on the purification of technogenic and natural chloride brines. The soda-caustic method of purifying raw brine is most effectively
carried out at a temperature below 12°C, since at this temperature the residual content of calcium and magnesium ions in the brine is the lowest.
Technogenic brines (formation waters) containing a large amount of sodium chloride can serve as a valuable raw material for the production of soda
ash. The mechanism of solid phase formation is represented by the formation and growth of amorphous nuclei due to growth along crystallization faces.
The second phase is particle coagulation with the formation of large loose aggregates. Further studies will be continued on the study of the mutual
solubility of the CaCO3-Mg(OH).-NaCl system.

Keywords: brine, formation water, sodium chloride, rock salt, calcium salts, magnesium salts, purification, soda ash.
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BBenenune

KanpimHupoBaHHasi coa sBISIETCS MHOTO-
TOHH)XHBIM TMPOJYKTOM XUMHYECKOH MPOMBIII-
JICHHOCTH U CIYXXHT HE3aMEHHMBIM  CHIpbEM
IUIsl CTEKOJIbHOW, MBUIOBapEHHOM, MeTallTypruye-
CKOM U BOEHHOM NpoMmblIiieHHOCTH. KanbiuHupo-
BaHHYIO COJly B OCHOBHOM MOJYYalOT aMMUAYHBIM
cocobom 1o meroay CorbBe.

OnHako aMMHaYHBIA cIOCOO MPOM3BOACTBA
(haKTHUECKH JAOCTUT TpeAeia CBOEro TEXHOJOTH-
YEeCKOTO COBEPLICHCTBOBAHUS U, HECMOTPS Ha Pl
JOCTOMHCTB (JIETKOCTh JOOBIYM U JICIICBH3HA HC-
XOJIHOTO CBIPbSI, HEMPEPHIBHOCTh MPOHU3BOICTBEH-
HOTO TMpoIiecca, BBICOKOE KayecTBO KOHEYHOI'O
MPOJYKTa) XapaKTePU3yeTCsl KPYITHBIMHU HE0CTAT-
KaMHU: HH3KOE€ HCIOJIb30BaHUE MCXOIHOTO CBIPbS
(matpust 1o 70%), GOJNBIIOE KOJIUYECTBO OTXO/IOB
(8-12 m® xmmkux u 250 kr TBEPABIX OTXOOB
Hal T mpomykuum). Bee ato ycyryomsiercs tem,
YTO aMMHAYHO-COJIOBBIC 3aBOJIBI OTHOCSTCS K KATero-
PHH DKOJIOTMYECKH BPEAHBIX MPEINPUSITHH, W3-32
3HAYUTENHHOTO KOJIMYECTBA XJIOP-KaIBIUEBBIX TPOM-
CTOKOB, 00pa3yIOIINX TaK Ha3bIBaeMBbIe «Oeibie MOPSD
Y HAHOCSIIIIKE BpeI OKpy»karomieit cpene [1-5].

OIHUM U3 CHIPEEBBIX UCTOYHHUKOB TIOMYUYCHHUS
KaJIbLIMHUPOBAHHON COIBI SIBISIETCS XJIOPUAHBIN
paccoJl, Ioay4aeMblii CKBAXKUHHBIM PACTBOPEHUEM
KaMeHHOU coiu. 1 conoBol MpOMBINIUIEHHOCTH
JIAHHBIHN cII0co0 ITOOBIUU SIBIISIETCA DKOHOMUUYECKHU
0oyiee BBITOJHBIM TI0 CPABHEHHUIO C TPaHIIMOH-
HBIM MOJTYYCHHUEM KOHIICHTPUPOBAHHBIX PAcCOJIOB
13 TBEPAOM KAMEHHOU COMH.

CrnenyeT OTMETHTD, YTO 3amachl «00OraToi»
MIPUPOAHOM KAMEHHON COJM HCTOILLAXOTCS U CyLIe-
CTBYET HEOOXOIUMOCTH B MOUCKE alIbTEPHATHBHBIX
HCTOYHUKOB PACCOJIOB XJIOPH/A HATPUSL.

KpyImHbIME CHIPBEBBIMUA UCTOUYHUKAMH TEXHO-
TEHHBIX PACCOJIOB, CONEPIKAIIMX XJIOPUI HATPUs,
SIBIISIIOTCS  TIPENPUATHS HEPTEXUMUYECKOH OT-
pacnu. B mpornecce no0bun HEPTH MOMYTHO M3-
BJICKAIOTCSI TUIACTOBBIC BOJIBL. [lacToBBIE BOJIBI
O BEIIECTBEHHOMY COCTaBYy MPEJCTABICHBI Mpe-
HUMYIIECTBEHHO XJIOPHJOM HATPHsI C MHUHEPATIHM3a-
nmeit ot 80 mo 300 r/n. Takxe B €€ cocTaBe MOTYT
npucytctBoBath HpS, Fer, Oz mnerkue yriieBono-
pomsl. B mporiecce HedrexumMuueckoi nepepadboTKu
HepTn obpasyercs abrasuerit HCl. Viasnusanue
W HEUTpaNM3alMio TNPOBOIAT B IIEJIOYHOM CKpYyO-
Oepe, MpH 3TOM 00pa3YIOTCS CTOKH XJIOpUZA HATpHS
¢ muHepaimzanueit oxono 280—-310 r/n. Banossrii
€XKErOJHbI 00bEM TOJTY4aeMbIX TEXHOTCHHBIX
paccosioB Gosiee 3 MITH T Tpu 700bI4e 1 Gosee [6-11].

Takum o6OpazoMm, mpobieMa yTHIN3AIAN
MHOTOTOHH&KHBIX TEXHOTCHHBIX PACCOJIOB CO3/IAeT
3HAYHUTENLHYIO YIpo3y JJIsl OKPYXKAIOMIeH Ccpelibl
BBUAY 0O0pa3oBaHHs CTOKOB M (PUIBTPATOB,
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colepKallux XJopui HaTpus. Takum obOpazom
B paboTe, aBTOpaMH PacCMOTPEHBI (PU3UKO-XUMUYE-
CKHE UCCIIEOBAHMSI COJOBO-KayCTUUECKOro crocoba
OYHCTKH TPUPOIHBIX W TEXHOTEHHBIX PAaccoJOB
C LIeTIbI0 AaJbHEHINEro MCIONBb30BaHUS HUX B IPO-
W3BOJICTBE KAJbLIMHUPOBAHHON COMBI.

MarepuaJbl 1 METOAbI

TexHoNmorn4eckne WCNIBITAaHUSA W aHAUTH-
YeCKUE HCCICIOBAaHMsI MPOBOJIINCH Ha Kadeape
«TexXHOIIOTNH HEeOPraHWYECKHX BEIIECTB U MaTe-
puanos» ®I'bOY BO «Kazanckuii HalMOHATHHBIN
UCCIIeIOBATENIBCKUN TEXHOJIOTMYECKUN YHUBEPCUTETY.

B ucxomHpIX 00pa3max ¥ HpOMEKYTOYHBIX
NPOJYKTax, paccoyiax ONpeaessioch COACPIKAHUS
CIICIyIOUIMX  KOMIIOHEGHTOB:  HEPaCTBOPHMBII
ocrarok, Ca?*, Mg#, Na*, K*, CI, SO4*. Jlanusie
XUMHYECKOTrO COCTaBa ObUTH MECUMTAHBI HA COJICBOM
COCTaB COMNIaCHO MeTojauke [4]. AHanuTHuecKue
UCCIIEZIOBaHUS IPOBOIMIINCH CHCTEMOH KaIiuBip-
Horo anekTpodopesa «Karenb-205» v THTpOBaHHEM.
[110THOCTB PaccoJIOB ONPENENIsI Ha ITIOTHOMEpE
Anton Paar DMA 4501. Teepasie BogoHEpacTBO-
pHMBIC COCIMHCHHUS H3y4YaJIUCh C UCIOJIb30Ba-
HHEM PEHTTeHO(IyOPECHEHTHOTO CIEKTPOMETpa
Clever C-31 wu pentreHorpadu4eckuM Kojnde-
CTBEHHBIM (ha30BbIM aHAJIU30M Ha JudpakToMeTpe
PowDiX 600 Adwin.

Meroauka ouuctku. Pacconm ouumaercs
OT MOHOB KaJIbLIUSl M MarHus, IEpeBOJs HX B He-
pactBopumblie coemunenust (CaCOz u Mg(OH)y)
¢ 100aBIICHIEM PacTBOPOB cobI U mmesioun [8, 13].

B paGote mpoBeneHsb! HcCleaoBaHus TI0 BIUS-
HUIO YCJIOBHH pacTBOPEHHUSI HA CTEICHb Iepexoja
B pactBop SO4%, Ca®*. I1o pac4ETHOMY KOIIMYECTBY
JUTS TIOJTYYEHHS! CBIPOTO PaccoJia, BHECIH KaMEHHYIO
coib M BOAy. PactBopenue mpoBommm 1ipu 25 °C,
HPOJOJDKUTENILHOCTS EPEMEITUBAHUS COCTABIISIIA
60 munyT. [IpH JaHHBIX YCIOBUSX MOIYYEH ChIPOI
paccoin miotHocTeio 1,193 r/cm® 1 06muM conep-
xannem NaCl 306 r/n. Paccon ananmusupoBajcs
Ha COJIepKaHUe CYIb(HATOB U HOHOB KJIBIIUSI TUTPH-
merprdeckuM Metogom. Kommaectso Ca?* = 0,24%,
S04* = 0,81%. [lepexon CaSOs m3 TBepmoil Ka-
MEHHOI coJ B paccoi coctasui 12,93%.

Koadurmentom niepexoia MOKHO cumTarts 1,29.

Pe3yabTaTbl

B pabGorte u3yueHsl cieayomue 0O0bBEKTHI
WCCJICJIOBAHNUS: TUTACTOBAsI BOJa M KAMEHHAs COJIb
Sp-bunikagakckoro MeCTOpOXKACHHUS.

[lo XMMHYECKOMY COCTaBy HCCIICIyEeMbIC
OOBEKTHI B KAYECTBE OCHOBHOT'O KOMITOHEHTa COJIEP-
JKaJlM B CBOEM COCTaBe xXJopua Hatpwsi. [lmacromas
Boza comepskut NaCl — 243,54 /i, CaSO, — 17,06 /1,
MgCOs — 3,63 r/n, conepxanue K*, Br, Sr** co-
crasnsier meHee 0,5 /1. Kamennas cons Sp-buri-
KaJakckoro mectopoxaeHus coziepikana NaCl —
91,15%, CaSO4 — 8,12%, SiO, — 0,73%.
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ChIpoii paccodi, TOMyYCHHBIH CKBaKUHHBIM
pacTBOpEeHHEM WM rociie Hedreno0bun (HedTere-
pepaboTKH), COIEPKUT BPEIHBIC MPUMECH COJICH
KaJIblMs 1 MarHus. JlaHHbBIE COSIUHEHUS MPUBOISAT
K 3arpsi3HEHHUIO 1IE€JIEBOr0 MPOAYKTa M yMEHbIIe-
HUU CTENIeHN KOHBEPCHH TUAPOKApOOHATA HATPHSL.
BceneactBue kecTkux TpeOOBaHWUH IO COCTaBY
yAeneHo oco0oe BHUMaHHE K YHCTOTE paccona,

post@uestnik-vsuet.ru

pErIaMEHTUPYIOLIIETO CoAep)KaHue HOHOB 110 TY
2152-008-00204872-2012 (tabnuua 1).

Ounctka paccoia  XJOpUaa  HATPHS
ot npuMmeceit omuckiBaetcsi cuctemoir NaCl-H;O
B 3aBHCHUMOCTH OT TemrepaTypsi [4, 8]. da3oBas
JUarpaMMa CHCTEMbl TIOCTPOCHA B JJMama3oHe
temmepatyp -30 + 100 °C (pucyHnok 1).

Tabnuna 1.
DU3NKO-XUMHUYECKHE TIOKA3aTEIN PacCOIOB KaMEHHON COIIU
Table 1.
Physicochemical parameters of rock salt brines
Paccou | Brine N Paccon

Paccon ceipoit .
MaccoBas KOHICHTpaIus Raw brine OYHUIICHHBIN
Mass concentration Purified brine
Xnopupos B niepecuere Ha NaCl, r/nm®, He menee
Chlorides in terms of NaCl, g/dm®, not less than 306,00 302,00
CyMMBI KallbIlust 1 Maraus B nepecuere Ha Ca?*, r/nm®, He 6onee B 0.07
Calcium and magnesium amounts in terms of Ca®, g/dm®, not more than '
Kanbuus B nepecuere na Ca?*, r/nm°, ne 6onee 150 B
Calcium in terms of Ca?*, g/dm®, not more than '
Maruus B nepecdere Ha Mg?*, r/nm®, He Gonee 030 3
Magnesium in terms of Mg?*, g/dm?, not more than ’
Vriekucioro Hatpus, r/am°, He Golnee B 0.80
Sodium carbonate, g/dm®, not more than '
Cynbhatos B nepecuere Ha SO,2 T/aM°, He Gonee 400 400
Sulfates in terms of SO42-, g/dm?, not more than ' '
Ammuaka B nepecuere Ha NH,*, r/nm, ne 6onee 500 500
Ammonia in terms of NH4*, g/dm®, not more than ' '

100
10 +
Pactsop WAL [peom=tp
g & /
==
. / NaCl-H,0
g * PaCcTBOP  INaCl + NaCl-H,0
2
20
NaCl-H,0 + H,0
-30 T T ! :
- o 40 60 80 100

NaCl, % macc.
Pucynok 1. Jlmarpamma pactBopumoctd NaCl B
3aBUCUMOCTH OT TCEMIIEPpATYpbl MU C€ro MaCCOBOIO
COJZCPIKaHUA B pacCcojie
Figure 1. Diagram of NaCl solubility depending on
temperature and its mass content in brine

CBoiicTBa XJIOpU/a HATPHS 3aBUCSIT OT TEM-
TepaTyphl, UMEIOIIee 3HAUYCHUE TPU TEXHOIOTHIEC-
ckux pacuerax. OcoOblii MHTEpEC MPECTABIISIOT
TEPMUYECKOE PACIIUPEHUE U U30TEPMHUECKOE
ckarue NaCl. Tlpu HarpeBaHuM W3-3a aHTapMo-
HUYHOCTH TEIUIOBBIX Kojebanuii monoB Na*™ u Cl~
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B KPUCTAUIMYECKON pelieTke XJIOpUaa HaTpHs
MIPOUCXOANT YBEIIMYCHHUE CPEIHETO PABHOBECHOIO
paccTOSHUS MEXKJY 4YacTUI[AMH, YTO MPHUBOJIUT
K 3aMETHOMY BO3PACTAHHUIO JIMHEHHBIX pPa3MepoB
1 o01rero o0bemMa KpucTainia.

O4YKCTKY CBIPOTO paccoja OT HOHOB Kallb-
WSl ¥ MArHHUS TPOBOJIMIIA COJIOBO-KAYCTHUYCCKUM
«MOKPBIM» METOJIOM.

MgSOs + 2NaOH — Mg(OH)2|+ NazSO4
CaS04 + NazCOsz — CaCOgz| + 2NaSO4

Ocanku kapOoHaTa KalblUA U TUAPOKCHIA
MarHusi OTHEISIFOTCS OT paccoia ¢ IMOMOIIBI0 Oca-
XKJIeHUs U QUIBTPALIUH, a TAKXKE YIAISIOTCS IPyTrye
MEXaHHUECKHE TPUMECH.

Ha crtamuu pacconoovYrcTKH TeMIeparypy
paccosia nmoaaepKuBaroT He Boite 22 °C.

Pesynbratel BIMSHHS TEMITEpaTypbl Ha OCTa-
TOYHOE COJIEp’KaHNE MOHOB KaJIbIWsl M MAaTHUS B pac-
COJIE, TOJYUCHHOM M3 IIJIACTOBBIX BOJ He(i)TSIHBIX
MECTOPOXIACHUH, BO BPeMs NpOIlECCa OYHCTKH,
TMPE/ICTAaBJICHBI B TAOMMIIE 2 ¥ TIOKA3bIBAIOT CIIEYIO-
ee: TPHCYTCTBYEeT HE3HAYUTENBLHOE COJICpXKAaHUE
WOHOB KaJIbIIWSI K MarHusl, a TAKxkKe CyIb(aT HOHOB.
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Tabnuna 2.

Bnusaue TEMIICPATYPhI Ha IPOUECC MOJTYUYCHUA OUUIICHHOI'O paccojia

Table 2.

The influence of temperature on the process of obtaining purified brine

Paccon texHorenssbii | Technogenic brine Paccou npupoansiii | Natural brine
Temmneparypa, °C Ca**, % Mg, % Ca®*, % Mg*, %
Temperature, °C o rocJie o rnocie 1o mocJie 1o rmocie
before after before after before after before after
12 0,020 * *
20 0,021 0,011 0,007 *
45 281 0,043 0,65 0,014 0.79 0,009 0,17 0,001
75 0,064 0,026 0,019 0,001
IIpnmeuanue: * — noH He OOHapyKeH, 3HAUCHUE HIDKE ITOpPora 00HAPYKEHUS
Note: * — ion not detected, value below detection threshold
CormocTaBieHHEe OCTAaTOYHOT'O COJEP KAHUS Tabnuma 4.
HMOHOB KaJbITHS U MarHus B paccojie MpU pa3iInd- OugncTKa paccoia OT COJIeH KalbIlusg 1 MarHusI
HBIX TeMIIepaTypax MoKa3bIBaeT, YTO TEMIIepaTypa Table 4
o - gm - - - -
ke 20 °C 3Ha4MTCIBHO BIMACT HA polCce Purification of brine from calcium and magnesium salts
ouuctku. [lpu Temneparype 12 °C conepxaHue yTTeT—
HMOHOB Kanbliusg yMeHblnaercs ¢ 2,81 mo 0,02%, Meroxomenar | Paccota, | o op | v o6 | SO o
h a~, % , /0 y /0
a noHoB Maruus — ¢ 0,65 10 0% (Tabmawmna 2). Purify method Tlem® g N
D¢ HEKTHBHOCTH OUHCTKU YKa3bIBAET Ha TO, oo Brine density
470 O0JIee HU3KHE TEeMIEepaTyphl MOTYT CIIOCO0- KayCTHIeCKHit 1,912 0,016 0 021
cTBOBaTh Ooiee 3(h(heKTUBHOMY yAaJICHUIO HOHOB (S:Oda'ca““'c
0O0BO-
KaJIbIIMs 1 Maruus U3 paccoJjia. H3BECTKOBBIH 1,1960 0,018 0 0,22
JI71s1 TOJTyYeHH st CHIPOTO Paccosia U3 KaMEHHOM Soda-lime

COJIM UCTIONTB30BAJIHCH pa3iMiHbIe cooTHoIeHusT T:0K.
PactBoperne TpoObI B MUCTHILTMPOBAHHOW BOJIE
TIPOBOJIFIIA B TEYEHUH OTHOTO Yaca IPU TIOCTOSHHOM
MepeMenINBaHil TIPU  KOMHATHOW TeMIieparype.
3aTteM TOMYYECHHYIO CYCICH3HMIO OT(HIBTPOBAIN
OT HEPaCTBOPHUMOI'O OCTATKa.

Kak Bugmo w3 Tabmmie! 3, 9TOOLI MaKCH-
MaJbHO U3BIIEYh B PACTBOP XJIOPH] HATPHS, HEOO-
XOIIMMO TIOIIEpKMBaTh cooTHomeHne T:2K = 1:2,5.
[Ipu TaHHOM COOTHOIIIEHHH B paccolie

Tabnuma 3.
Bmusaue T:)K Ha XMUMHUYECKHM COCTaB
IMMOJIYy4Y€HHOTI'O paccojia
Table 3.
The effect of T:F on the chemical composition
of the resulting brine

IlmoTHOCTS, CocraB xuakoit $hasbl, /71
T:XK r/em® CocraB xuakoit dhaspl, /1
Density Na* Cl- | Ca | Mg | SO
1:2,0 1,19458 89,5 | 1440 | 23 | 0,2 2,3
1:25 1,19678 96,6 | 1529 | 24 | 0,2 2,2
1:2.8 1,18187 89,6 | 1440 | 20 | 0,2 2,7

OuncTKy paccoia, HOJy4eHHOTO U3 KAMEHHON
COJM, MPOBOIMIM Pa3IMYHBIMU MeTomaMu. Pe3yib-
TaThl OYMCTKH PAccoia MPEACTaBICHBI B TaOHIE 4,
KOTOpBIE IO3BOJSIOT OIECHUTHh 3()PEKTUBHOCTD
METOJIOB OYHCTKH.

Ounctka paccoja MOXKET TPOBOIUTHCS
C UCIIOJIb30BAHUEM PA3JIMYHBIX METOJ0B, BKJIFOYasd
COJIOBO-KayCTHUYECKUI U COJI0BO-U3BECTKOBBIM.
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KameHnast conb Ha GOMBIIMHCTBE MECTOPOKIIE-
HMSIX COZICPYKUT MPUIMECH aHTUIIPHUTA B BUIIE Cynb(ara
KanbIs. Bo Bpemst 10OBIMM KaMEHHO# CONM B paccoi
XJIOpU/Ia HATPHsI IEPEXOAUT CyIb(aT KalbIIHsL.

[epexon cynpdara KambIws W3 TBEPAOH Ka-
MEHHOH COJIM B Paccojl UMEET MPSIMYIO 3aBUCHMOCTb
OT IJIOTHOCTH paccosia. Ha pucyHke 2 npezcrapieHa
PacTBOPUMOCTH CyJsib(aTa KaJbLHs B pacTBOpax
xJyiopuaa Hatpus mpu 25 °C.

Haumenbiiee copepxkanme CaSOs orMme-
YeHO B MPOAYILIMOHHOM pPaccojie ¢ KOHIEHTpaIre
6onee 280 r/m.

8,0
% 7,0
5E 6,0
it s
ér"cn 5,0
<
%8 4,0
U5 30
2o
535 20
é_é‘ 1,0
og 0,0
Ev—1 O MW O OO0 OO OO0 O o o
o O A A NN OMN~NO0OMOWwWAN
Q::SU) A A A A N ANM

Konrnenpanust NaCl, r/mm?
Concentration of NaCl, g/dm?
PucyHok 2. PacTBOpUMOCTS Cyib(haTa KaIbIHs B pacTBOPax
xsopuza Hatpus npu 25 °C
Figure 2. Solubility of calcium sulfate in sodium
chloride solutions at 25 °C
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Ilepexonm cymbdara KaIbOUs  MOXHO
MPEIOTBPATUTh HA CTAAWK JOOBIMU paccona, MyTeM
n00aBJICHHUS B PACTBOP BBIIIEITAYUBAHUSI — COJIBI.
BBoja coapl B pacTBOP BHIIICIAYMBAHUS COCTABUI
0,4%. Ilpu naHHOW KOHIIEHTPAIMH MEPEXO]l NOHA
KaJIbIUsl B PACTBOP MPAKTUYCCKH HE TPOUCXOJIUT,
conepxxanmne meree 0,01%.

O6cy:xaenue

[IpoBoauTCS AETANIBHBIA aHAIU3 MOJTyYEHHBIX
JAHHBIX B COIIOCTABJICHUU C JAHHBIMU JIUTEPATYPBI,
YTO CIIy>)KUT OOOCHOBAaHHWEM BBIBOJIOB M 3aKITIOUe-
HUI aBTOPOB.

3akiouenue

Takum 00pasoM, B pe3ysbTaTe MPOBEICHHBIX
OKCIICPUMEHTOB ITOJTY4YCHBI JaHHBIC, XapaKTCPU3y-
IOIIue (I)I/I?;I/IKO-XI/IMI/I‘ICCKOG BJIMAHUEC Ha OUUCTKY
TEXHOTCHHOT'O U MPUPOJHOTO paccoa.

CoIoBO-KAyCTUYECKUN  METOHN  OYHMCTKHU
HauOonee s¢dektuBeH npu Temneparype 12°C,
4TO MPUBOAUT K MUHUMAJIBHOMY OCTaTOYHOMY CO-
Jep >KaHUI0 MOHOB KaJIbLMsI U MarHUs B paccoJie.

TexHOreHHbIE PAcCONbl C BHICOKMM COZEpIKa-
HHEM XJIOpUJIa HATPHsI MOT'YT OBITh CTIOIB30BaHbI KK

post@uestnik-vsuet.ru

CBIPBE TSI IPOM3BO/ICTBA KaTBIIMHIUPOBAHHON COJIBL,
YTO TOYEPKHBACT NX SIKOHOMHYECKYIO [IEHHOCTb.

IlepememBanue paccona CHOCOOCTBYET
MHTEHCU(UKALUU IpoLecca KPUCTATIU3ALMU
Y TIOBBILICHUIO 3()(EKTUBHOCTH OYMCTKH, CO3ZaBast
TypOyneHTHy0 TUGPY3UI0 U yMEHbIIAs PacKIiu-
HUBAIOILEE JaBJICHHE.

O06pazoBanre 1 pocT aMOP(HBIX 3apOIBIIICH,
a TaKKe KOaryJsiLusl 4acTHLl IPUBOIAT K 00pa3o-
BAaHMIO KPYMHBIX DPBIXJIBIX arperatoB, YTO Ba)KHO
JUTS TOHUMAaHUS! IPoLiecca OYUCTKH.

HamedeHbl [fanbHeHIMe WCCIIECNOBAaHUSA
10 B3aUMHON pacTBopuMOCcTH cucTeMbl CaCOs-
Mg(OH).-NaCl, uto MokeT mpuBecTH K Ooiee
TTyOOKOMY TTOHMMAHHIO MPOLECCOB, MPOUCXOSIIIMX
B CHCTEME.

BaarogapuocTu

ABTOpBI BhIpaXkatoT 0JaroJapHOCTb BCEMY
KOJUIEKTUBY Kadeapbl TexHOIornu HeopraHu4eckux
BemectB U Matepranio ®I'HOY BO «KHUTY» 3a BbI-
TIOJTHEHHBIE AHATINTITIECKIE HCCIIEIOBAHMUS 10 paboTe.

PaGota BEBITIONTHEHa B COOTBETCTBHH C IIAHOM
Hay4HO-UCCIIeIoBaTeNNbeKiX pador MHctuTyTa HedTH,
xumud ¥ HaHotexHosnoruu ®I'bOY BO «k KHUTVY ».
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TpeboBaHus K 0hopMIAEHNI0O MaTepmanos N4 XypHana
«BecTHnk BopoHexckoro rocyaapctseHHOro
YHUBEpPCUTETA UHXEHEPHbIX TEXHOOMMN»

Pemakmus mpocuT aBTOPOB B MOAT0TOBKE PYKOMNCEll PYKOBOACTBOBATHCS H3JI0KeHHBIMH HIKe Tpa-
BujamMu. Pykonucu, ogopmiaeHHble 6e3 co0/TI0eHNs TaHHBIX MPAaBWJI, PelaKHeil paccMaTpuBaThCs
He OyayT.
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AHTJTMHACKOM HWITH Ha JIF00OM JIPYTOM SI3BIKE, B TOM YHCIIE U B SJIEKTPOHHOM BHJIE.

IpencraBieHne CTaThU MPOBOIAT uepe3 OMUIHATBHBIA CAWT U3JaHUS MYyTeM MPOXOXKIACHUS PETUCTPALUU
(http://www.vestnik-vsuet.ru/vguit/user/register).
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pacTpoBbIii popmaT n300pakeHuii (¢ cxarueM): popMaTsl png, jpeg U Np. He NPUKPEIUIITh. MUHUMAIb-
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I. OCHOBHOUY TEKCT CTATBHU

Pykonvicu OpWTHHANIBHBIX HUCCIICOBAHWUN TNPEACTABISIOTCS MO OOIICTIPUHATON MEXIYHAPOJHON cXeme
(IMRAD format - Introduction, Methods, Results and Discussion) u B CTaTbe T0JKHBI HANTH OTPAKEHHUE ClIe-
TYIOIITUE PyOPUKH:

Beeoenue - xpaTKo U3naraeTcsi COBpeMEHHOE COCTOSHHE BOIIPOCAa M 0OOCHOBBIBAETCSA aKTyaJIbHOCTh UCCIIE0-
BaHUsA. JlaeTcsl KpuTHUECKas OIEHKa JINTEPaTyphl, UIMEIOIIEH OTHOIICHHE K paccMaTpUBaeMoOi Ipodieme.
JlaHHasI OIEHKa pa3rpaHMYMBacT HEpelIeHHbIE BOMPOCHl. CTaBsATCS YeTKO c(hOpPMYITHMPOBAaHHBIE LIETHM U 3a/1a4H,
MOSICHSIFOIIIME TaNTbHEHIIIee UCCIIeIOBAaHNE B KOHKPETHOM 001acTH;

Mamepuanst u Memoosl - TaeTCs JOCTATOYHO TOIPOOHOE OMUCAHUE padOTHI, IS €€ BO3MOYKHOTO BOCTIPOM3-
BeJieHUs. MeTO/IbI, OITyOJMKOBAHHBIC paHee, JODKHBI COMPOBOKIAATHCS CCHUTKAMHU: aBTOPOM OIHCHIBAOTCS
TOJBKO OTHOCSIIHECSI K TEME U3MEHEHUS.

Pe3ynomamot - ONIUCHIBAIOTCS B JIOTMYECKOH TIOCIIEIOBATEIHHOCTH B BUJIE OT/ACIBHBIX ()PArMEHTOB, pa3/ICICHHBIX
TIOJI3aTOJIOBKaMH, 0€3 DIIEMEHTOB OOCY KIICHHS, O3 TIOBTOPSHUS METOAMUYECKIX MOIPOOHOCTEH, 03 ayOmupoBa-
HYSL IMUPOBBIX TAHHBIX, IPUBEICH-HBIX B TAONHIAX U PUCYHKAX.

05cy.m’()euue - B pa3aciic npoBOAUTCA I[eTa.]'IBHI:Iﬁ AHAJIN3 TOJTY-YCHHBIX JAHHBIX B COIMOCTABJICHUU C JaHHBIMUA
JIN-TCPATYPhL, YTO CIIYKUT 000CHOBaHHEM BBIBOJOB U 3aKIIOUCHUI aBTOPOB.

3aknrouenue - NOABOASATCS OCHOBHBIC UTOTH pa60T51, NpUBOAATCA PCKOMCHAAIINU U YKA3aHHUC Ha I[a.]'l]:Heﬁ-
[HE BO3MOXXHBIC HAITPABJICHUA HCCJICOBAHUH.

15t 0030pHBIX cTaTeii TOMKHBI OBITH YKa3aHbI Béeoerue U B COOTBETCTBUH co craHmaproM PRISMA ykazatsb
cTpaTeruio noucka jgurteparypsi (http://www.prisma-statement.org).

Tabanubl 00beMa GosbIIe OJHOM CTPaHMIBI yYKa3biBaTh Kak IIpuiioxkenne B Buae oTAeabHOro (aiina,
TaKk KaKk OHM He OyAyT OIyOJIMKOBaHbI B I€YaTHOW Bepcuu, a OyIyT IPUKIAIbIBATECA B BUIE OTIEJIBHOTO
¢aiina K SIEKTPOHHOH BepcuH.

HazBanus u cofep:kaHue pUCYHKOB (Bce MOANMNCH BHYTPH) U TadJmIl (CTOJIOII0B U CTPOK) 10JKHBI OBITH
NpUBE/IeHbl KAK HA PYCCKOM, TAK M HA AHTJIMICKOM SI3bIKAX.

I'paduueckuii maTepuan mpeacTaBiIsieTcss B UCXOOHOM GopMaTe JaHHBIX C BO3MOXKHOCTBIO peJaKTHPOBa-
HuUs (mIporpaMMax uisl yepueHus/pucoBaHusi/coganusi auarpamm u mnpouee, TO ECTb HE coxpanen
B (opMaTe ¢ moTepell KauyecTBa) MpeaNnoyYTeHUHe, MPH 3TOM OTAAeTcA BEKTOPHbIM (opMaTam:
eps, svg, ai, pdf, uckiawuenue pororpaduu B pactpoBom popmare (¢ cxxaTueM): png, jpeg u np. MuHu-
MaJIbHOE pa3pernieHue pucyHKoB U rpadukos 600 dpi.

®aiiner Excel -- BHCAPCHBI B TCKCT CTAaTbU, C BOBMOKHOCTBIO PCAAKTUPOBAHU.

1. BUBJIMOIPADUYECKHUH CIIHCOK / REFERENCES

Crcok nuteparypsl oopmitsercs cornacHo punoxenuto 1, 2.

[lutupyemas nuTepatypa JOJDKHA colepkaTh He MeHee 10 HCTOUYHHMKOB, M HE MEHEee 5 CCHUIOK Ha HHOCTpaH-
HbIE HCTOYHMKH. B criicke muTepaTypsl TOKHBI OBITH OMyOIMKOBAaHBI paOOTHI 3a IOCIIETHHE MATH JIET, B TOM
4uclie B KypHallax, MHACKCHpYeMbIX B Oa3ax maHHbIx ScienceDirect, Web of Science, Scopus, Science
Index. JIump B caydae HEOOXOIMMOCTH JIOMTYCTHMBI CCHUIKU Ha Oosiee paHHUE Tpyabl. ClipaBoYHas JIUTEpa-
Typa He ctapie 10 ner.

B cncok nmutepatypsl HE BrilouyaroTest yaeOHbIe ocoOus, HOPMATUBHBIE M apXUBHbBIC MaTepHAaIIbl, CTATH-
CTHYECKHE COOPHHKH, Ta3€THHIC 3aMETKH 0€3 YKa3aHUs aBTOpa, MOHOTpadwu, aBTopedepaThl U AUCCEPTAIINH.
B nutnpyemoii nurepartype jxenarenbHo yka3plBaTh HCTOYHUKH ¢ DOIL

Bmecmo ccvinok na mamepuanuvl ouccepmayuii u agmopepepamos ouccepmayuil, PEKOMeHOYemcsi CCbLIamvpCsl
HA OpuU2UHAIbHble CIMAmbU N0 meme OUCCEPMAYUOHHOU pabombpl, Mak KaKk camu OUccepmayuu paccmampu-
8AIOMCA KAK PYKONUCU U He AGNAIOMCA NeYAMHbIMU UCTOYHUKAMU.

CamorutupoBanue HE 0oJiee 2-x cChUIOK.


http://www.prisma-statement.org/
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L. IIYBJINKAIIMOHHASA OTUKA

Crarbu, mpuHHMaeMmble K myOnukauun B KypHaie « BECTHUK BI'VHUT», nomxHBl H3laraTth HanOoiee
CYLIECTBEHHBIE, 3aKOHYCHHBIE H €Ill¢ paHee HEOMyOIUKOBaHHBIE Pe3yIbTaThl HAYUYHBIX UCCIICTOBAHUH.

O 1myOmWKAamMOHHOM OTHKE W OTHYECKUX HOpMax Mg myonukamuu B kypHane « BECTHUK
BI'VUT» cm.: http://www.vestnik-vsuet.ru/vguit/about/editorialPolicies#custom-2

Kypran «Bectank BI'YUT» Beixogut 4 paza B rox: Ne 1 — mapt; Ne 2 — mronb; Ne 3 — ceHTAOPBD;
Ne 4 — nexaOpe.

Cratbs 10KHA OBITH TIIATEIHLHO MPOBEPEHA U MOIMUCAHA BCEMH aBTOPaMHU.

K cTaTthe H0IKHBI MPUIIAraThes COMPOBOAUTEIBHBIC JJOKYMEHTHI:

- COTPOBOIMTENBHOE MTUCHMO;

- DKCTIEPTHOE 3aKJIIOYCHUE;

- TIOJIOKUTENbHASL PEIICH3HUS BEAYILETO YUYSHOT0 B JAHHON 00JIACTH WITH WICHA PEJaKIIHOHHOW KOJIIETHH

cepuH, 3aBEPECHHAs TOJNVCHI0 U TIEYATHIO.

Bonpoc 00 omyOMMKOBaHUM CTAaThH, €€ OTKIOHEHWH pEIlaeT PEIaKIMOHHAS KOJUISTHS KypHalla U ee
peleHue SIBISICTCSl OKOHYATENbHBIM. B ciydae BO3BpallleHHsI CTaThH JUIS HCIIPABIICHUS TaTOM TPEICTABICHHS
CUMTACTCS JICHB ITOJIYICHHUS UCTIPABICHHOTO TekcTta. Cpok mopaboTku - He Oosee 1 mecsia.

Marepuasibl, HE COOTBETCTBYIOIIME JaHHBIM TpeOOBaHUSAM OQOpMIICHHS, K NyOJIMKaIuu
HE MPUHUMAIOTCS. PyKkomucy aBTopaM He BO3BPAIIaroTCsl.

Inama ¢ acnupanmos u OOKMOPAHMos 3a NYOIUKAYUIO PYKONUCELl He 83UMAEMCS.

IV.KOHTAKTHAA UHOPOPMANINA

Wudopmaiuio o cTouMOoCTH MyOJIMKaluy MOKHO Y3HAaTh B peAaKLMH KypHaiia. Takke peJakiusi OKa3bIBaeT
IUTaTHBIE YCIYTH MPO(eCCHOHANBHOTO TiepeBoa pedepara v KIIOUEBHIX CJIOB Ha aHTIIMHCKHUI S3bIK.

Ilo 6cem unmepecyrowum Bac éonpocam obpawyamocs 6 pedakyuro x#CypHaia no KOHMAaxKmam.

Jlepxanocosa Anna AnexcanoposHna - KaHOUOam mexHuyeckux Hayx, ooyerm xagheopol Cepsuca u pecmopannoco
busHeca, nauanvHux Llenmpa xonnexkmuenozo noiv3oeanus « Konmpons u ynpasnenus snepeosppexmusnvimu
NPOEKmamiLy

@I'EOY BO «Boponedcckuil 20Cy0apCmeeHHbIL YHUBEPCUMEN UHICEHEPHBIX MEXHOI02UY
Teneghon: 8 920 432 16 57
E-mail: post@vestnik-vsuet.ru, aa-derk@yandex.ru
Aopec 394000, 2. Boponeoic, np. Pesomoyuu, 19, ayo. 11.

CooTBercTBHE pyOpHK/pa3eioB :kypHajaa Bectauk BI'YUT
HomeHkJ1aType HAyYHBIX CIIeHATBHOCTEH, 0 KOTOPBIM NMPHUCYAKAAIOTCA YUYeHbIe CTeNIeHH.

1.1 ITpouecchl M annapaTsl MUIIEBLIX MPOU3BO/ACTB
4.3.1. TexHONOTHH, MAIIMHBI © 000PYIOBaHUE JJISI arPOTIPOMBIIIUICHHOTO KOMILUTEKCa (TEXHUIECKUEe HAYKH)

1.2 IlnmeBas OHOTEXHOJIOTHUSA
4.3.3. [IumeBsle cucTeMbl (TEXHUYECKHE HAYKH)
4.3.5. broTexHOIOTHS MPOAYKTOB MUTAHUS ¥ OMOIOTHYECKH AaKTHBHBIX BEIIECTB (TEXHUYECKHE HAYKH)

2. XuMu4eckasi TEXHOJIOTHS
2.6.7. TexHONOTHSI HEOPTAaHWYECKUX BELIECTB (TEXHUYECKUE HAYKH)
2.6.7. TexHonorust HEOPraHMYECKUX BEUIECTB (XUMHUYECKHE HAYKN)
2.6.10. TexHOIOTHSA OPTAaHMYECKUX BEIIECTB (XMMUIECKHE HAYKH)
2.6.10. TexHOIOTHSA OPTAaHMYECKUX BEIIECTB (TEXHUUECKUE HAYKH)
2.6.11. TexHonorus u nepepaboTKa CHHTETHYECKUX U MIPUPOTHBIX MTOJUMEPOB U KOMITO3UTOB (XMMHUYECKHIE HAYKH)
2.6.11. TexHonorNs U nepepaboTKa CHHTETHYECKUX U IPUPOTHBIX MTOJTUMEPOB U KOMITO3UTOB (TEXHUYECKHE HAYKH)
2.6.12. XuMudeckas TEXHOJIOTHS TOIUIMBA U BBICOKOIHEPTETHUECKUX BEIIECTB (TEXHUYECKHUE HAYKH)
2.6.13. Ilpomeccs! 1 anmapaTsl XUMHYECKUX TEXHOJIOTHH (TEXHUYECKHE HAYKH)
2.6.13. TIporecchl U anmaparbhl XHMHYECKUX TEXHOJIOTHH ((pr3uKoMaTeMaTnIecKue HayKH)


https://www.vestnik-vsuet.ru/index.php/vguit/about/editorialPolicies#custom-2
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Ipunoxenue 1
MOPAJOK OITMCAHUS CCBIJIOK HA PYCCKOM S3BIKE

CTATbHA B KYPHAIJIE:

(x0,1-Bo aBTOPOB OT 1 /10 4):

Bysnosa N.B., Nmanranuesa XX.K. Arperar mist TOHKOTO n3Menb4deHust TBopora // BecTHuk MexayHapoIHOM
akagemuu xomona. 2016. Ne 3. C. 23-26.

(K0,1-BO aBTOPOB OoJiee 4):

Cemenos E.B., babaxun b.C., Boponun M.I., benozépos A.I'. u 1p. Maremarnueckoe MOAEINpOBaHUE poLiecca
OXJTXKICHUS XJIQJOHOCUTENS CHCTEMOU 3aMOPOKEHHBIX IapoB // BectHuk MexmyHapomHo# akagemun xonona. 2016.
Ne 4. C. 74-79.

CTATDBSA B XKYPHAJIE C DOI:

(x0J1-BO aBTOPOB 0T 1 /10 4):

Wmoxuna H.B., Konokonosa A.1O. 3akonoMepHocTH HHrubupoBanus KynsTypsl Salmonella // Bectauk BI'YUT.
2018. T. 80. Ne 4. C. 209-212. doi: 10.20914/2310-1202-2018-4-209-212

(k0,1-BO aBTOPOB OoJ1ee 4):

[Taposa H.1O., IlpunnieBa A.A., Mamkuesa b.C., Beiboprosa T.B. u ap. @epMeHTHI THAPOITUTHIECKOTO TSHCTBHS
B TEXHOJIOTHX MEPepad0TKU HEKOHIUIIMOHHOTO KpaxMaliCoAep KaIero celphs // ITumesas mpoMbIneHHOCTh. 2019. Ne
4. C. 115-117. doi: 10.24411/0235-2486-2019-10058

CBOPHUK HAYYHBIX TPYIOB:

CopeprxaHue ¥ TEXHOJIOTHH 00pa30BaHMUs B3POCIBIX: pobiIeMa onepeskaroniero oopazoBanus: c0. Hayd. Tp. / Un-
CTUTYT 00pa3oBaHus B3pocibix Poc. akan. oOpazosanust; nox pen. A.E. Mapona. M.: MOB, 2007. 118 c.

MATEPUAJIbI KOH®EPEHIIUM, ®OPYMOB, COBEIIIAHU, CEMUHAPOB:

setxoBa N.1., Cromanesa . A. MHIUKATOPHBIH OIX0A K OIIEHKE KaIPOBOH OE30MACHOCTH B CHCTEME SKOHOMH-
YecKOH 0€30MacHOCTH MPEAIPUATH // Y CTOWIHBOE pa3BHTHE COIMATTFHO-3KOHOMIYECKOH crcTeMbl Poccuiickoit deneparmu:
Mat. XVII nmayd.-tipaxr. kou., ['yp3yd, Snra, 04 nexadps 2015 r. Cumpepomons: Apuan, 2016. C. 110-112.

KHUT' A, MOHOI'PA®USI:

(x0,1-Bo aBTOPOB OT 1 /10 4):

Pymsirnesa 3.I1. Menemxment opranmzauuid. M.: Muadpa-M, 2015. 432 c.

(K0,1-BO aBTOPOB GoJ1ee 4):

Awntunosa JI.B., Cropy6inesiieB C.A., Yenenckas M.E., [Tonosa S1.A. u mp. KomruiekcHas nepepaboTka KpoJiu-
KOB: TPaJUIUK U HHHOBaIMU: MoHorpadus. Bopounex, 2017. 377 c.

JUCCEPTALIUS

INonomapenxko FO0.A. HerpagummonHbie KOpMa U OMOJIOTHYECKH aKTUBHBIE BEIIECTBA B PAIlHOHAX IIBITUIAT-OpOii-
JIEpOB U Kyp-HECyIIeK: IUC... I-pa c.-X. Hayk. Ceprues [Tocax: BHUTUIL, 2017. 437 c.

ABTOPE®EPAT IUCCEPTALINN:

VYmakoBa A.C. Pa3paboTka KOMIUIEKCHOH TEXHOJOTHH IepepaboTKH CYIICHOTO IUIOAOBO-STOIHOTO CBHIPHS:
aBTOped. oucC. ... KaHJ. TexH. HayK. KemepoBo: Kemep. TexHOI. MH-T UILEBOH mpom., 2017. 22 c.

HOPMATHUBHO-ITPABOBBIE JOKYMEHTbI:

NMOPATOK ONHCAHUS:

3arnaBue oQUIMATHLHOTO JOKYMEHTA: CBEACHHSI, OTHOCAIINECS K 3ariaButo (yka3, HocTaHOBIIeHUE), JlaTa npuHs-
Tus qokymenTa / Hazanue uznanus. ['oxq u3ganus. KoaumuectBo cTpaHuil.

npumep:

I'OCT 5900-2014. Wznenmus woHmurepckue. OmpeneieHre MacCOBOW JIOJIM BJIard M CYXUX BEIIECTB.
M.: Crannaptundopwm, 2015. 8 c.

HATEHT:

MOPATOK ONMHCAHUS:

O0o03HaucHNE BUIA JOKYMEHTa, HOMEp, Ha3BaHWUE CTPAHBI, MHICKC MEKIYHApOTHOW KiIacCH(PUKANI W300pETCHHI.
Haspanwme m3o6perenns / V.O.Damumist n3o00peTarterns, 3asBUTENS, TATCHTOBNIAIeNbIa; HanMeHoBaHIE yIpeK ICHUS-3asIBH-
Tens. Peructparmonnslii Homep 3asBKy; Jlata mogaun; JaTa myOmKarim, CBeICHHS O ITyOJIHKyeMOM JOKYMEHTE.

npumep:

ITat. Ne 2689672, RU, A23L 5/00. Crioco6 KOMILICKCHOM mepepabOTKK CEMSH COM C BBIZCICHHEM OCIIOKCOICP-
wamux ¢pakuuii / YerBepukosa U.B., IlleBnoB A.A., Tkau B.B., Cepmiokoa H.A. Ne 2018107149; 3assn. 26.02.2018;
Ony6:. 01.07.2019. Broxn. Ne 19.

DJIEKTPOHHBIN PECYPC:

MOPATOK ONMHCAHUSI:

@amvrmist 11.0. aBTopa (ecrm ykazasbl). Hazsanme pecypca. Mecrto mnanwst: M3naTenbeTBo, Tom W3IaHus (eCiH YKa3aHsl). All-
ec JIOKAITFHOTO CETEBOTO pecypcea.

npumep:

Jlamunyc JI.B. LenTp xommeTeHIMN MUPPOBOH IKOHOMHKH. ACCOLMMAIMS TPaXXIaH ¥ OpPTraHM3alui Mo COMACH-
CTBHIO pa3BUTHIO KopropaTtuBHOro obOpaszoBanms. URL: http://www.makonews.ru/centr-kompetencij-cifrovoj-
ekonomiki/
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. [Mpunoxenne 2
MNOPAAOK OITUCAHUS CCBIJIOK HA AHI'VTHUCKOM S3bIKE:

CTATDBA U3 KYPHAJIA:

NOPSAI0K ONMUCAHUSA:

Damvumist 1.0. aBTopa (Tpanciuteparms). [lepeBon Ha3BaHWS CTaThy HA aHTIMHCKUA. [lepeBo T Ha3BaHWsI HICTOUYHHKA Ha
AHTIIMIACKUHN s3BIK. 01, TOM, HOMEp, CTpaHUIIBI (0T-110). YKa3aHHe Ha A3bIK CTaThH (in Russian) mocie onmcanus CTaTbi.

npumep:

(xon-Bo aBTOpOB OT 1 110 4):

Buyanova 1.V., Imangalieva Zh.K. A unit for fine grinding of cottage cheese. Bulletin of the International Acad-
emy of Refrigeration. 2016. no. 3. pp. 23-26. (in Russian).

(xon-Bo aBTOPOB GoOJIEE 4):

Semenov E.V., Babakin B.S., Voronin M.I., Belozerov A.G. et al. Mathematical modeling of the process
of cooling a coolant with a system of frozen balls. Bulletin of the International Academy of Refrigeration. 2016. no. 4.
pp. 74-79. (in Russian).

CTATbBS C DOI:

(xon-Bo aBTOPOB OT 1 710 4):

Ilyukhina N.V., Kolokolova A.Yu. Patterns of Inhibition of Salmonella Culture. Bulletin of the Voronezh State
University. 2018. vol. 80. no. 4. pp. 209-212. doi: 10.20914 / 2310-1202-2018-4-209-212 (in Russian).

(xom-Bo aBTOpOB GoJIEE 4):

Sharova N.Yu., Printseva A.A., Manzhieva B.S., Vybornova T.V. et al. Hydrolytic enzymes in the processing of
substandard starch-containing raw materials. Food Industry. 2019. no. 4. pp. 115-117. doi: 10.24411/0235-2486-2019-
10058 (in Russian).

CTATDBSI U3 DJIEKTPOHHOTI'O )XYPHAJIA:

Swaminathan V., Lepkoswka-White E., Rao B.P. Browsers or buyers in cyberspace? An investigation of electronic
factors influencing electronic exchange. Journal of Computer Mediated Communication. 1999. vol. 5. no. 2. Available
at: http://www. ascusc.org/ jemc/vol5/ issue2/

CTATBHSA U3 MPOJOJIKAIOIETIOCA U3JAHUSA (CBOPHUKA TPYOB):

Astakhov M. V., Tagantsev T.V. Experimental study of the strength of joints “steel-composite”. Proc. of the Bau-
man MSTU “Mathematical Modeling of Complex Technical Systems”. 2006. no. 593. pp. 125-130. (in Russian).

MATEPHAJIbI KOHOEPEHIIMIA:

Tsvetkova L.I., Svodtseva I.A. An indicator approach to the assessment of personnel security in the system of
economic security of an enterprise. Sustainable development of the socio-economic system of the Russian Federation.
Simferopol, Arial, 2016. pp. 110-112. (in Russian).

KHUTU (MOHOTI'PA®UU, CEOPHUKN):

(xos1-BO aBTOPOB OT 1 710 4):

Rumyantseva Z.P. Management of organizations: a monograph. Moscow, Infra-M, 2015. 432 p. (in Russian).

(kon-BO aBTOPOB GoOJIEE 4):

Antipova L.V., Storublevtsev S.A., Uspenskaya M.E., Popova Ya.A. et al. Complex processing of rabbits: tradi-
tions and innovations: a monograph. Voronezh, 2017. 377 p. (in Russian).

JUCCEPTALIUSA UJIU ABTOPE®EPAT IUCCEPTALIUU:

Ushakova A.S. Development of a comprehensive technology for processing dried fruit and berry raw materials.
Kemerovo, Kemer. Technol. Institute of Food Industry, 2017. 22 p. (in Russian).

I'OCT:

State Standard 5900-2014. Confectionery products. Determination of the mass fraction of moisture and dry matter.
Moscow, Standartinform, 2015. 8 p. (in Russian).

MATEHT:

Chetverikova I1.V., Shevtsov A.A., Tkach V.V., Serdyukova N.A. The method of complex processing of soybean
seeds with the allocation of protein-containing fractions. Patent RF, no. 2689672, 2019.

JIEKTPOHHBII PECYPC:

Lapidus L.V. Center of competence of digital economy. Association of citizens and organizations for the development of
corporate education. Available at: http:/www.makonews.ru/centr-kompetencij-cifrovoj-ekonomiki / (in Russian).
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