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cbBopoToMHbx BenKoB

K. A. Pa3aH^eBa1, H. E. UJepcrHeBa1, H. A. Xmxmh1

AHHOTAUMfl

BBegeHue. noMuMo npogneHua cpoKoB rogHocru MonoMHoM npogyK^uu ynbrpa^uoneroBoe 
(y®) oBnyMeHue Haxogur npuMeHeHue KaK Karanu3arop geHarypa^uu u nonuMepu3a^uu 
cbiBoporoMHbix 6enKoB MonoKa. OgHaKo oBnacrb ucnonb3oBaHua b TexHonoruu KucnoMo­
noMHbix npogyKToB y® nonuMepu3oBaHHwx cbiBoporoMHbix 6enKoB ocraerca HegocraroMHo 
u3yMeHHoM.

Uenb. OnpegeneHue 3aKoHoMepHocreM Bo3geMcrBua y® oBnyMeHua Ha $u3uKo-xuMuMe- 
cKue u3MeHeHua cbiBoporoMHbix BenKoB u ux BnuaHue Ha noKa3arenu KucnoMonoMHbix mo- 
genbHbx cucTeM.

MamepuanN u Memogbi. B uccnegoBaHuu Bwn ucnonb3oBaH nunorHbM y® peaKTop nporoM- 
Horo Tuna (254 hm, noroK u3nyMeHua 7,3 Bt, 3a3op 400 mkm, cKopocrb noroKa 6,67 Mn/c). 
B KaMecTBe uHguKaropoB y® geHarypa^uu BenKoB o^eHUBanu pacTBopuMocrb BenKa u cre- 
neHb geHarypa^uu p-naKrornoBynuHa MerogoM B^XX. B KucnoMonoMHbix npogyKrax o^e- 
HuBanu BnaroygepxuBara^yra cnocoBHocrb u crpyKrypHo-MexaHuMecKue noKa3arenu.

PeaynbTaTbi. HauBonbrnuM ^$$eKr a^pe^a^uu BenKoB c Bo3pacraHueM go3b y® oBnyMe- 
Hua c 0 go 185 flx/Mn Bwn gocrurHyr b pacrBope KOH^eHrpara cbiBoporoMHbix BenKoB 
(KCB) c M.g. BenKa 3%, Bwpaxara^uftca cHuxeHueM pacrBopuMocru BenKa c (92 ± 1,67) 
go (31 ± 2,1) % u noBwrneHueM creneHu geHarypa^uu p-naKrornoBynuHa c (20 ± 2,4) go 
(94 ± 2,7) %. OBpa3e^ KucnoMonoMHoro npogyKTa, cogepxa^uft 60% oBnyMeHHoro pacrBopa 
KCB (37 flx/Mn), no cpaBHeHuro c KoHrponbHbM noKa3an noBbinieHue b rpu pa3a npoM- 
HocrHbix xapaKrepucruK go (5,7 ± 0,1) Kna, a rakxe cHuxeHue b gBa pa3a creneHu norepu 
Ba3Kocru (33,3%).

BbiBOAbi. nonyMeHHbie pe3ynbrarw paBo™ Bygyr nonoxeHbi b ocHoBy ganbHeuuux uccne- 
goBaHuM no onruMU3a^uu y® oBnyMeHua pacrBopoB cbiBoporoMHbix BenKoB gna ux npuMe- 
HeHua b rexHonoruu KucnoMonoMHbix npogyKroB.

Kn^MEBHE CnOBA
ynbrpa^uoneroBaa oBpaBorKa, cwBoporoMHwe BenKu, KucnoMonoMHbiM npogyKT, geHary- 
pa^ua u nonuMepu3a^ua BenKoB
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ABSTRACT

Background. Ultraviolet (UV) irradiation is used as a catalyst for the denaturation and 
polymerization of whey proteins in milk. However, the area of using UV polymerized whey 
proteins in the technology of fermented milk products remains little studied.

Purpose. The aim of the study was to determine the regularities of the impact of UV 
irradiation on the physicochemical changes in whey proteins and their effect on the 
parameters of fermented milk model systems.

Materials and Methods. In the study, a flow type UV pilot reactor was used (254 nm, 
radiation flux 7.3 W, gap 400 pm, flow rate 6.67 ml/s). Protein solubility and the degree 
of p-lactoglobulin denaturation by HPLC were evaluated as indicators of protein UV 
denaturation. In fermented milk products, the water-retaining capacity was evaluated and 
structural and mechanical parameters.

Results. The greatest effect of protein aggregation with increasing UV dose from 0 to 
185 J/mL was achieved in a solution of whey protein concentrate (WPC) with ppm. protein 
3.0%, expressed by a decrease in protein solubility from (92 ± 1.67) to (31 ± 2.1)% and an 
increase in the degree of p-lactoglobulin denaturation from (20 ± 2.4) to (94 ± 2.7)%. A sample 
of a fermented milk product containing a 60% irradiated WPC solution (37 J/ml) showed a 
threefold increase in strength characteristics to (5.7 ± 0.1) kPa, as well as a twofold decrease 
in the degree of viscosity loss ( 33.3%).

Conclusions. The obtained results of the work will be the basis for further research on the 
optimization of UV irradiation of whey protein solutions for their use in the technology of 
fermented milk products.

KEYWORDS
ultraviolet treatment, whey proteins, fermented milk product, protein denaturation and 
polymerization
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BBEAEHME

B MupoBon npaKTUKe yabmpa^uoaemoBoe (YO) o6- 
ayaeHue, KaK Memog o6pa6oTKu nu^eBoro cwpba, c 
moaKu 3peHua 6aKmepu^ugHon ^^^eKmuBHOcmu aBaa- 
emca ogHon u3 nepcneKTUBHMx Hegoporux u ^Hep^o- 
^^^eKTUBHHX mexHoaorun (Delorme et al., 2020). 4aH- 
hmm Memog ycnemHO npuMeHaemca gaa ge3UH^eK^uu 
Bogbi u ^pyKToBbix cokob (Ochoa-Velasco et al., 2018; 
Peng et al., 2020), npogaeHua 6oaee aeM b 2 pa3a cpo- 
kob rogHocmu HeKomopbix BugoB cbipoB (Lacivita et al., 
2016; Singh et al., 2021), b KaaecmBe aabmepHamuBbi mep- 
MuaecKon cmepuau3aguu MoaoKa (Ansari et al., 2019; 
Cappozzo et al., 2015), a maK^e gaa o6e33apa^uBaHua 
nu^eBwx ynaKOBoaHbix MamepuaaoB (MaaeHKo & ro- 
aoBaHb, 2020; OegomoBa, 2021; OegomoBa & MaaeHKo, 
2020; OegomoBa & MaaeHKo, 2021; OegomoBa & npa- 
HuaHuKOBa, 2021). Pe3yabTaTM nogo6HMx uccaegoBa- 
hum npuBeau k ToMy, amo EBponencKoe areHTcTBo no 
6e3onacHocTu npogyKToB numaHua (European Food 
Safety Authority, EFSA) b 2016 rogy ogo6puao npu- 
MeHeHue gaHHon mexHoaoruaecKon o^epa^uu b Ka­
aecmBe gonoaHumeabHon o6pa6oTKu nacmepu3OBaH- 
Horo MoaoKa (Bresson et al., 2016). noMuMo cmpaH EC, 
npuMeHeHue yO o6pa6omKu b omHomeHuu nu^eBwx 
npogyKToB, b tom aucae MoaoKa b omgeabHocmu uau 
b KoMnaeKce c mepMuaecKon ^acmepu3a^uen1, pa3pe- 
meHO b CfflA, BeauKo6pumaHuu, ABcmpaauu, fepauae, 
Hobom 3eaaHguu, Kumae u WHguu (Alberini et al., 2015; 
Blazquez et al., 2019; Pisanello & Caruso, 2018). B to ^e 
BpeMa b Poccumckom Oegepa^uu gaa o6pa6oTKu mo- 
aoaHoro cbipba gaHHaa mexHoaorua He npuMeHaemca 
(4oHcKaa, 2021; WpoBa, 2017; WpoBa 2019). CoraacHo 
n. 10 TP TC 033/20132, MoaoKo (HenpoMbimaeHHoro u3- 
romoBaeHua), TepMuaecKu He o6pa6omaHHoe, aBaaemca 
cbipbiM u b cayaae ero peaau3a^uu Ha pbiHKax, BKaro- 
aaa ceabcKoxo3ancmBeHHwe pbiHKu, nompe6umeab goa- 
>i<eH 6bTb npouH^opMupoBaH o Heo6xoguMocmu ero 
o6a3ameabHoro KunaaeHua.

1 Koutchma, T. (2019). Advances in UV-C light technology improve 
safety and quality attributes of juices, beverages, and milk products. 
https://www.food-safety.com/articles/6125-advances-in- 
uv-c-light-technology-improve-safety-and-quality-attributes-of- 
juices-beverages-and-milk-products

2 TP TC 033/2013. (2020). O 6e3onacHocmu MonoKa u moaouhou npo- 
^yK^uu. https://docs.cntd.ru/document/499050562

B MoaoaHon ompacau Ha cerogHamHun geHb mqx- 
ho Bbigeaumb gBa HanpaBaeHua npuMeHeHua yO 
o6ayaeHua, ogHo u3 Komopbix noayauao 6oabmun 

HayaHbn uHTepec u cocpegoToaeHo Ha coxpaHeHue 
MuKpo6uoaoruaecKon 6e3onacHocmu MoaoKa u mq- 
aoaHbix npogyKToB (Ansari et al., 2019; Keklik et al., 
2019). Bmopoe HanpaBaeHue 6biao c^opMupoBaHo 
oTHocumeabHo HegaBHo u HanpaBaeHo Ha yayame- 
Hue ^yHK^uoHaabHHX cbomctb MoaoaHbix 6eaKOB 
(de Castro et al., 2017; D^az et al., 2016). B paMKax 
nepBoro HanpaBaeHua gaa gocmu^eHua 6aKmepu- 
^ugHon ^$$eKTUBHOcTu ot yO o6pa6oTKu MoaoKa 
Ansari J.A. u Hariono B. ucnoab3OBaau o6opygoBa- 
Hue, npegycMampuBaro^ee BO3MO^Hocmb ero o6pa- 
6otku b tohkom 3a3ope go 4 mm (Ansari et al., 2019; 
Hariono et al., 2020) BcaegcTBue orpaHuaeHHon 
cnoco6Hocmu yO cBema npoHuKamb b Henpo3paaHbie 
^ugKocmu (Kristo et al., 2012). Ricciardi E.F. u Keklik 
N.M. gaa o6pa6omKu noBepxHocmu roaoBOK cBe^ero 
cbpa (Keklik et al., 2019; Ricciardi et al., 2020) uc- 
noab3OBaau yO KaMepbi. no pa3auaHbiM gaHHbiM, 
gaa gocmu^eHua mpe6yeMoro ^$$eKma npogyKT 
b KaMepe goa^eH Haxogumbca Ha paccmoaHuu om 3 
go 13 cm om ucmoaHuKa yO u3ayaeHua (Keklik et al., 
2019; Singh et al., 2021). HanpuMep, b uccaegoBaHuu 
Lacivita V. b pe3yabmame yO o6pa6omKu umaabaHcKO- 
ro cbipa «Fiordilatte» (go3a o6ayaeHua 6,0 m4^/m2) 
cpoK rogHocmu npogyKma, KaK omMeaaem aBmop, yBe- 
auauaca Ha 80% (Lacivita et al., 2016). AHaaoruaHoe 
uccaegoBaHue (go3a o6ayaeHua 6,54 4^/cm2) 6biao 
npoBegeHO Ricciardi E.F. Ha cbipe «PuKomma», ucKyc- 
cmBeHHo uHoKyaupoBaHHoM Pseudomonas fluorescens 
(Ricciardi et al., 2020). Pe3yabmamw aBmopa cBuge- 
meabcmBOBaau, amo o6pa6omaHHbie yO u3ayaeHueM 
o6pa3^H cbipa, b omauaue om KOHmpoabHoro o6pa3^a, 
coxpaHaaucb 6oaee 6 gHen (Ricciardi et al., 2020).

WccaegoBameau, pa6omaBmue b paMKax Bmoporo nog- 
xoga, npuMeHaau yO o6pa6omKy KaK Kamaau3amop ge- 
Hamypa^uu u ^oauMepu3a^uu cbiBopomoaHbix 6eaKOB 
MoaoKa nyreM ux KOBaaeHTHoro cmuBaHua (de Castro 
et al., 2017; D^az et al., 2016). nogo6Hbin cnoco6 mq- 
gu$uKa^uu Hamea ompa^eHue b yayameHuu npoa- 
HocmHbix xapaKmepucmuK cbego6Hbix naeHoaHbix no- 
Kpbimun (Schmid et al., 2015). KpoMe moro, pa3auaHbie 
uccaegoBameau cxogamca bo MHeHuu, amo b Mogu^u- 
^upoBaHHbIX yO cBemoM 6eaKax cHu^aemca aaaepreH- 
Hocmb (Hu et al., 2016), noBbimaromca ^Myab^upyTO^ue 
u neHOo6pa3yro^ue cBoncmBa (Kuan et al., 2011). TaK- 
^e HaM ygaaocb o6Hapy^umb mpu 3HaauMbix uccaego- 
BaHua Ha gaHHyro npo6aeMamuKy (Cilliers et al., 2014; 
Engin & Karagul, 2012; Vasquez-Mazo et al., 2019), 
b Komopbix yaeHbiMu 6biao goKa3aHO, amo yO mexHo­
aorua BcaegcTBue Mogu$uKa^uu 6eaKOB MoaoKa npu 
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VnyiweHue crpyKTypHbix cbomctb KucnoMonoMHoro npogykTa
BHeceHueM Mogu^u^upoBaHHbx cbBopomoMHbx 6enkoB K. A. Ps3aH^eBa u gp.

nocaegyro^eM cKBamuBaHuu oKa3MBaem BauaHue 
Ha KaaecTBo KucaoMoaoaHbx npogyKTOB, cnocoS- 
cmBya yayameHuro ux $u3uKo-xuMuaecKux u peo- 
aoruaeciux xapaKmepucmuK. W3 HeMHoroancaeHHMx 
uccaegoBaHun u3BecmHo, amo y® o6pa6oTKa MoaoKa 
cnoco6cTByeT yayameHuro $u3uKo-xuMuaecKux u pe- 
oaoruaeciux xapaKmepucmuK KucaoMoaoaHbx npo- 
gyKToB (Cilliers et al., 2014; Engin & Karagul Yuceer, 
2012; Vasquez-Mazo et al., 2019).

B npoaHaau3upoBaHHbx uccaegoBaHuax, HecMompa 
Ha ux SHaquMMH BKaag b HayKy, HegocmamoaHo u3yae- 
ho BauaHue ycaoBun y® o6pa6omKu MoaoaHoro cbipba 
b nomoKe Ha cmpyKmypHbie Mogu$uKa^uu cbiBopomoa­
Hbix SeaKoB. BoabmuHcmBo onucaHHbix uccaegoBaHun 
nogoSHoro poga Sa3upyromca auSo Ha ucnoab3oBaHuu 
y® KaMepbi (Hu et al., 2016; Kuan et al., 2011) npu pa3- 
auaHbx ycaoBuax oBpaBomKu, maKux KaK paccmoaHue 
om ucmoaHuia u3ayaeHua, npogoacumeabHocmu u 
moarn;uHbi oSpaSamMBaeMoro caoa (b aamiax nempu). 
B cayaae uccaegoBaHun nomoaHoro y® oSayaeHua 
pacmBopoB cbBopomoaHbx SeaKoB (Ansari et al., 2019; 
Kristo et al., 2012) omcyTcmByem aemKoe pa3rpaHuaeHue 
go3, npu Komopbix SeaKu geHamypupyrom u noauMepu- 
3yromca 6e3 HeceaameabHbx npogyKmoB oKucaeHua. 
KpoMe moro, uccaegoBaHua no yayameHuro mexHoao- 
ruaecKux, cmpyKmypHbix u $u3uKo-xuMuaecKux no- 
Ka3ameaen KucaoMoaoaHbix npogyKmoB, KaK HaM u3- 
BecmHo, HeMHoroaucaeHHbi u cocpegomoaeHbi Ha y® 
oSpaSomie MoaoKa u nocaegyro^eM noayaeHuu cm- 
poB u norypmoB (Cilliers et al., 2014; Engin & Karagul, 
2012; Vasquez-Mazo et al., 2019). B ^mon cBa3u npeg- 
cmaBaaem uHmepec uccaegoBaHue BauaHua y® noau- 
Mepu3oBaHHbix cbiBopomoaHbix SeaKoB KaK nu^eBwx 
uHrpegueHmoB Ha noKa3ameau KaaecmBa mupoion au- 
HenKu KucaoMoaoaHbix npogyKmoB.

^eabK meKy^ero uccaegoBaHua aBaaaocb u3yaeHue 
BauaHua y® oSayaeHua Ha $u3uKo-xuMuaecKue 
u3MeHeHua cbiBopomoaHbix SeaKoB, a maice cmpyK­
mypHbie noKa3ameau u BaaroygepcuBaro^yro cno- 
coSHocmb KucaoMoaoaHbx MogeabHbx cucmeM c ux 
ucnoab3oBaHueM.

MATEPMAAH M METOAM 
MCCAEAOBAHMM
O6beKTbi

OSbeKmaMu uccaegoBaHun aBaaaucb Mogu$u^upo- 
BaHHbie y® Bo3gencmBueM pacmBopbi KOH^eHmpama 
cbiBopomoaHbix SeaKoB (KCB), gaa npuromoBaeHua 
Komopbix ucnoab3oBaau KCB 80, u3romoBaeHHMn no 
CTO BHHHMC 922973-045-2019; KucaoMoaoaHbie 
npogyKTbi, u3romoBaeHHbie c y® Mogu^u^upoBaHHH- 
Mu pacmBopaMu KCB.

Memogb

OnucaHue y$ peaKmopa

flaa npoBegeHua uccaegoBaHun no y® oSpaSomKe 
pacmBopoB KCB b paSome Sbia ucnoab3oBaH nuaomHbin 
y® peaKmop npomoaHoro muna (gauHa BoaHM 254 hm, 
3a3op gaa nomoKa MoaoaHoro cbipba 400 mkm, nomoK 
u3ayaeHua 7,3 Bm), cKoHcmpyupoBaHHbin b aaSopamo- 
puu mexHoaoruu MoaoaHo-SeaioBMx KOH^eHmpamoB 
®rAHy «BHWMW». npu y® oSpaSomKe ciopocmb nomo­
Ka MoaoaHoro cbipba cocmaBaaaa 6,67 Ma/c. OSpaSomKy 
cbipba npoBoguau b mpex noBmopHocmax. BHemHun Bug 
u cxeMa y® peaKmopa npegcmaBaeHM Ha PucyHKe 1.

1 — KpwrnKa; 2 — BHeuHUM MemaanuqecKUM Kopnyc Mogy^q; 3 — 
BwxogHOM nampy6oK; 4 — Konb^eBoe npocmpaHCTBo; 5 — y® 
naMna; 6 — BHympeHHUM KBap^eBWM ^n^uHgp; 7 — BxogHou 
nampy6ok
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OSbeMHaa go3a Y® u3ayaeHua 3a oguH npoxog aepe3 
peaKTop Swaa paccauraHa Ha ocHOBe CKopocmu noro­
Ka MoaoaHoro cwpba (v) u noTOKa u3ayaeHua (W) Y® 
jaMnw:

d = W = = 1,095 ~. (1)
v 6,67 Ma v '

Boaee nogpoSHbie pacaerw go3 oSayaeHua npegcraB- 
neHM b paHHeM uccaegoBaHuu (Pa3aH^eBa u gp., 2022).

npuromoB^eHue y$ o6pa6omaHHbix pacmBopoB KC5

McxogHwe pacTBopw KCB c pacaeTHon MaccoBon go- 
aen SeaKa 3,0; 5,0 u 7,0 % roroBuau nyreM gucnep- 
rupoBaHua cyxoro KCB b gucruaaupoBaHHon Boge 
((40 ± 2) °C; 5 muh; 1200 oS/muh) u nocaegyro^ero 
MegaeHHoro nepeMemuBaHua ((21 ± 1) °C; 60 muh; 
100 oS/muh) c noMQ^bro npuSopa Thermomix TM 
31. B noayaeHHbix pacTBopax peryaupoBaau ypoBeHb 
pH 30% pacTBopoM NaOH go aKTuBHon KucaoTHocru 
7,0 eg. pH. flaaee pacTBopw Swan nogBeprnyTM Y® 
oSpaSoTKe b pacaeTHwx go3ax oSayaeHua 37, 74, 111, 
148, 185 WMa.

Onpede^eHue pacmBopuMocmu 6e^Ka u cmeneHU 
^eHamypa^uu

B KaaecTBe uHguKaTopoB Y® geHaTypa^uu u aacrua- 
Hon a^pe^a^uu cwBoporoaHwx SeaKoB o^eHUBaau 
pacTBopuMocTb SeaKa u creneHb geHaTypa^uu p-aaK- 
ToraoSyauHa. PacTBopuMocTb SeaKa onpegeaaau no 
MeroguKe Sindayikengera S., paccaurwBaa ^po^eHT 
pacTBopuMocru no oTHomeHuro MaccoBon goau Sea­
Ka (no Merogy Kbeabgaaa) b HagocagoaHon ^ugKocru 
nocae ^eHTpu^y^upoBaHua (RCF = 10 000 g, 30 muh, 
20 °C, ^eHTpu^y^a SuperVario-N, repMaHua) k SeaKy 
b ucxogHoM oSpa3^e (Sindayikengera & Xia, 2006).

CreneHb geHaTypa^uu (Cfl) pacTBopoB KCB paccaurw- 
Baau no Merogy Zhang X. c HeSoabmuMu u3MeHeHua- 
mu KaK ^po^eHT geHarypupoBaHHoro p-aaKToraoSyau- 
Ha b y® oSayaeHHwx pacTBopax KCB no oTHomeHuro 
k HaruBHoMy p-aaKToraoSyauHy b ucxogHwx pacTBo­
pax (Zhang et al., 2019). KoH^eHTpa^uro HaruBHoro 
P—aaKToraoSyauHa b ucxogHwx u oSpaSoraHHwx pac­
TBopax KCB o^eHUBaau c ucnoab3oBaHueM BHCOKO^^- 
^eKTuBHon ^ugKocTHon xpoMarorpa^uu npu 214 hm 
Ha KoaoHKe ReproSil-Pur 300 ODS-3.5MKM, 250 x 4,6 
mm (Xu^uh, 2022).

CreneHb geHaTypa^uu paccaurwBaau no caegyro^e- 
My ypaBHeHuro (2):

Cfl = (K1 - K2)/K1 x 100, (2)

rge K1 — KOH^eHTpa^ua p-aaKToraoSyauHa b ucxog­
HoM pacTBope, K2 — KOH^eHTpa^ua p-aaKToraoSyau- 
Ha B oSpaSoTaHHoM pacTBope

O^eHKa npoQuM 3anaxa pacmBopoB KC5

OpraHoaenruaecKue uccaegoBaHua ocy^ecTBaaaucb 
KoMuccuen u3 5-tu aeaoBeK coraacHo rOCT P ISO 
22935-2011 Ha ocHoBe naruSaaabHon mKaaw: 1 Saaa — 
npu3HaK orcyTcTByer; 2 Saaaa — uHTeHcuBHocrb xa- 
paKTepucruKu oaeHb caaSaa (Ha rpaHu nopora pacno3- 
HaBaHua); 3 Saaaa — uHTeHcuBHocTb xapaKTepucTuKu 
caaSaa, ho xopomo pacno3HaBaeMaa; 4 Saaaa — uh- 
TeHcuBHocTb xapaKTepucTuKu yMepeHHaa; 5 SaaaoB — 
uHTeHcuBHocrb xapaKrepucruKu oaeHb cuabHaa. npu 
onucaHuu gecKpunropoB ucnoab3oBaau TepMuHw, u3- 
ao^eHHwe b rOCT 28283-2015.

Onpede^eHue BAaroydepwuBan^eu cnoco6Hocmu 
u cmpyKmypHo-MexaHuvecKux noKasame^eu
KUCAOMOAOHHbIX CryCTKOB

flaa o^eHKu KaaecTBa KucaoMoaoaHbix MogeabHwx 
cucreM (MC) o^eHUBaau Baaroygep^uBaro^yro cno- 
coSHocrb (BYC) u crpyKTypHo-MexaHuaecKue noKa- 
3areau. OnpegeaeHue BYC o^eHUBaau no Merogy 
Vasquez-Mazo P. nyreM u3MepeHua pa3Hu^H b Mac- 
ce cynepHaraHTa uccaegyeMwx oSpa3^OB oSbeMoM 
10 Ma go u nocae ^eHTpu^y^upoBaHua (RCF = 1200 g; 
10 muh; 4 °C; ^eHTpu^y^a Sigma 3-30KHS, repMaHua) 
(Vasquez-Mazo et al., 2019). npu o^eHKe crpyKTyp- 
Hwx u3MeHeHun o^eHUBaau guHaMuaecKyro Ba3Kocrb 
Ha poTa^uoHHOM BucKo3uMerpe «Peorecr-2», a raK^e 
npegeabHoe Hanpa^eHue cgBura (nHC) Ha neHerpo- 
Merpe PNR 10. flaa pacaera nHC onpegeaaau creneHb 
^eHeTpa^uu c ucnoab3oBaHueM KoHyca Maccon 15 r 
b reaeHue 5 ceK. no HangeHHoMy 3HaaeHuro raySuHw 
norpy^eHua paccaurwBaau npegeabHoe Hanpa^eHue 
cgBura, ucnoab3ya ^opMyay PeSuHgepa 1:

T0 = Ka • F/ h2, (3)

rge t0 — npegeabHoe Hanpa^eHue cgBura, na; Ka — koh- 
craHTa KoHyca, 3aBuca^aa or BeauauHw yraa npu ero
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Ta6nu^a 1
noka3amenu pacmBopoB KCB

^ M.g. 6enKa, % CogepxaHMe CB, %
Ao3a y$ 

o6ayMeHM«, 
Am/ma

^ M.g. 6eaKa, %
CogepMaHMe 

CB, %

Ao3a y$ 
o6ayMeHM«, 

Am/ma

1 3,21 ± 0,12 3,85 ± 0,4 0 10 5,11 ± 0,12 6,32 ± 0,4 111

2 3,19 ± 0,12 3,92 ± 0,4 37 11 5,26 ± 0,12 6,31 ± 0,4 148

3 3,22 ± 0,12 3,95 ± 0,4 74 12 5,24 ± 0,12 6,37 ± 0,4 185

4 3,20 ± 0,12 3,98 ± 0,4 111 13 7,29 ± 0,12 8,87 ± 0,4 0

5 3,22 ± 0,12 3,87 ± 0,4 148 14 7,24 ± 0,12 8,79 ± 0,4 37

6 3,19 ± 0,12 3,88 ± 0,4 185 15 7,15 ± 0,12 8,75 ± 0,4 74

7 5,28 ± 0,12 6,38 ± 0,4 0 16 7,18 ± 0,12 8,81 ± 0,4 111

8 5,27 ± 0,12 6,32 ± 0,4 37 17 7,22 ± 0,12 8,90 ± 0,4 148

9 5,26 ± 0,12 6,35 ± 0,4 74 18 7,21 ± 0,12 8,89 ± 0,4 185

BepmuHe (1,109); F — BeauauHa BepmuKaabHon BHe- 
gparo^en cuaw, H; h — raySuHa norpy^eHua KOHyca, m.

BeauauHy BepmuKaabHon BHegparo^en cuaw onpege- 
aaau no $opMyae 2:

F = m • g, (4)

rge m — Macca KoHyca u rpy3a, Kr; g — ycKopeHue cbo- 
6ogHoro nageHua, m/c2.

4aa o^eHKu ycmonauBocmu cmpyKmypw KucaoMoaoa- 
hmx MC k MexaHuaecKoMy Bo3gencmBuro onpegeaa- 
au caegyro^ue noKa3ameau3:

3 3aSogaaoBa, a. A., & BeaoaepoBa, M. C. (2016). Hiniceiiepiiati peo- 
norua: yaeSHo-Memoduaeckoe nocoSue. CnS.: yHMBepcnmem HTMO.

CmeneHb nomepu Ba3Kocmu (Cnn ), %:

cnn = (nH- np )100/Hh, (5)

rge nH — nepBoHaaaabHaa Ba3KocTb Hepa3pymeHHon 
cmpyKmypw (Ba3KocTb b MoMeHT BKaroaeHua npu- 
6opa); np — Ba3Kocmb MaKcuMaabHo pa3pymeHHon 
cmpyKmypw (nocaegHee u3MepeHue).

Ko^$$u^ueHT MexaHuaecKon cmaSuabHocmu, xapaK- 
mepu3yro^un ycmonauBocmb npogyKTa k pa3pyme- 
Huro (KMC):

KMC = —, (6)
np

PacaeT cmeneHu TuKcomponHocmu (CT) ocHoBWBaaca 
Ha BwaucaeHuu onpegeaeHHoro uHTerpaaa pa3Ho- 
ctu ^yHK^u^ npaMoro u oSpamHoro xoga KpuBwx ru- 
cTepe3uca. OnpegeaeHHwn uHTerpaa aucaeHHo pa- 
BeH nao^agu $urypbi, orpaHuaeHHon ocbro aSc^ucc, 
npaMMMM x = a, x = b u rpa^uKoM ^yHK^uu f (x):

CT = J f(x) dx, (7)
Hr

rge Hr — Hu^Haa ^paHu^a, Br — BepxHaa ^paHu^a uc- 
caegyeMoro uHTepBaaa.

PE3y^bTATH M MX 
OBCyXflEHME

□ueHKa pacTBopuMOCTU 6enKa u creneHM 
geHamypauMM P-naKTorno6ynuHa

C ^eabK o^eHKu BauaHua YO o6pa6oTKu Ha u3MeHe- 
Hua SeaKoB b pacTBopax KCB mm BapbupoBaau go3w 
VO oSayaeHua (0, 37^185 ,3^/Ma) u KOH^eHTpa^uK 
SeaKa (M.g. SeaKa 3,0; 5,0; 7,0%). noKa3ameau M.g. 
SeaKa u cyxux Be^ecTB uccaegyeMwx pacTBopoB KCB 
npegcmaBaeHM b TaSau^e 1.

nocKoabKy u3BecTHo, amo b pe3yabTame geHaTypa^uu 
cHu^aemca pacTBopuMocTb oSpa3yro^uxca SeaKo- 
bmx arperamoB (de Castro et al., 2017), ocy^ecTBaeHa 
cooTBemcTByro^aa o^eHKa YO oSayaeHHwx pacTBo­
poB KCB (PucyHoK 2). KpoMe moro, no cogep^aHuro
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PucyHOK 2
npo^unb pacTBopuMocmu uccnegyeMwx pacmBopoB KCB

PucyHOK 3
CreneHb geHaTypa^uu

HamuBHoro p-naKTorno6ynuHa, KaK ocHOBHoro cbi- 
BopomonHoro 6enKa, cnocoBHoro ^opMupoBamb no- 
nuMepu3OBaHHbe cmpyKTypbi (Schmid et al., 2015), 
o^HuBanu cTeneHb geHaTypa^uu (PucyHoK 3).

Hau6onbmee BO3gencTBue Ha cHuxeHue pacTBopu- 
moctu 6enKa (PucyHoK 2) b guana3oHe uccnegyeMbix 
go3 y$ o6nyneHun 6wno BbaBneHO npu o6pa6oTKe 
pacTBopa KCB c HauMeHbmuM cogepxaHueM cyxux 
BemecTB (M.g. 6enKa 3,0 %). npu ^TOM b gpyrux uccne- 
gyeMbix pacTBopax KCB c M.g. 6enKa 5,0 u 7,0 % cHu­
xeHue pacTBopuMocmu 6enKa c 0 go 185 flx/Mn npo- 
xoguno He3HanumenbHO npuMepHo Ha 3-5 %.

CTeneHb geHaTypa^uu p-naKTorno6ynuHa (Pucy­
HoK 3) noBbimanacb c Bo3pacmaHueM go3b y$ o6ny- 
neHua, npaKTunecKu He MeHnncb nocne 148 fl^/wn bo

Bcex uccnegyeMbx pacTBopax KCB. npu ^TOM, KaK u 
b cnynae o^eHKU pacTBopuMocmu 6enKa (PucyHoK 2), 
Hau6onbmun ^$$eKT noBMmeHMa cmeneHu geHamy- 
pa^uu Ha6nmgancn b pacTBopax KCB c HauMeHbmuM 
cogepxaHueM cyxux BemecTB (M.g. 6enKa 3 %).

Ha ocHoBaHuu npoBegeHHbix uccnegoBaHun no pac- 
tbopumoctu 6enKa (PucyHoK 2) u cmeneHu geHamypa- 
^uu (PucyHoK 3) mqxhq 3aKnmnumb, nmo b pe3ynbmame 
y$ o6pa6oTKu b uccnegyeMbix pacTBopax KCB c M.g. 
6enKa 5,0 u 7,0 % 6wnu c^opMupoBaHM He6onbmue 
$pa^uu pacTBopuMbix arperamoB 6enKa, nocKonbKy 
3HaneHun pacTBopuMocmu 6enKa He onycKanucb Huxe 
93 %. B cnynae pacmBopoB KCB c M.g. 6enKa 3,0 % Mox- 
ho npegnonoxumb, nmo pa3Mep 6enKOBwx arperamoB c 
yBenuneHueM go3H y$ o6nyneHun ot 74 flx/Mn 6wn 
6onbme OTHocumenbHO uccnegyeMbix pacmBopoB KCB c 
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SonbmeM KOH^eHTpa^ue^ SenKa BBugy Sonee hu3kux 
3HayeHun pacTBopuMocmu b guana3OHe go3 u3nyye- 
Hua 74-185 ^K/Mn ot 46 go 30% (PucyHoK 2) u Sonb- 
men cTeneHu geHaTypa^uu (PucyHoK 3). nogoSHMe 
pa3nuyua mokho oSbacHumb 3ampygHeHueM yO cBema 
npoHuKaTb b KugKocmu c noBbimeHueM KOH^eHTpa^uu 
paCTBopuMbIX Be^ecTB.

nonyyeHHbe hhmm pe3ynbmamw cornacyromca c uccne- 
goBaHueM D^az O., b kotopom aBTopbi paSomb oSb- 
acHarom noBbimeHue cmeneHu geHaTypa^uu cbiBopo- 
moyHbx SenKoB npu yO oSpaSoTKu (4 u 12 ^k/cm2) 
pa3pbBoM gucynb^ugHbix (KoBaneHTHbix) cBa3en 
b pe3ynbmame $omoBo3SyKgeHua mpunmo^aHa (D^az et 
al., 2016). KpoMe Toro, pa3nuyHbe aBTopbi cxogamca 
bo MHeHuu, ymo npu oSpa3oBaHuu arperamoB cbiBopo- 
moyHbx SenKoB b pe3ynbmame yO oSpaSoTKu urparom 
BaKHyro ponb KaK KoBaneHTHbie, TaK u HeKoBaneHTHbie 
cBa3u. B cBoen paSome Kumar A. maKKe ccbinaemca Ha 
uccnegoBaHua, nogTBepKgaro^ue, ymo yO-C (253,7 
hm) cBem MoKeT Bbi3biBaTb ^omoxuMuyecKue peaK^uu 
b nu^eBwx npogyKTax (Kumar et al., 2021). KaK oTMe- 
yaem aBTop, $otoh, cBa3aHHMM c yO-C u3nyyeHueM, 
uMeem nyyucmyro ^Hep^uro 112,8 KKan/Monb ^otohob, 
ymo genaem ^TO u3nyyeHue cnocoSHMM pa3opBaTb KaK 
KoBaneHTHbie, TaK u HeKoBaneHTHbie cBa3u: O-H, C-C, 
C-H, C-N, H-N u S-S (Kumar et al., 2021). B oS3op- 
hom HayyHon cmambe Nicolai T. npuBogum 3aKnroyeHue 
o cnocoSHocmu cbiBopomoyHbix SenKoB nonuMepu3o- 
Bambca b pe3ynbmame pa3pbBa HeKoBaneHTHbix cBa3en 
BHyrpu MoneKynbi SenKa u nocnegyro^ero bmcboSo- 
KgeHua rugpo^oSHbix ^eHTpoB, ymo Bneyem 3a coSon 
pa3BopayuBaHue SenKoBon MoneKynbi. flanbHenmaa 
a^pe^a^ua, cornacHo BMBogaM aBmopa, npoucxogum 
3a cyem ^opMupoBaHua gucynb^ugHbix (KoBaneHT- 
Hbx) cBa3en MeKgy MoHoMepaMu SenKa (Nicolai et 
al., 2011). OopMupoBaHue MeKMoneKynapHbx KoBa- 
neHTHbx cBa3en (cmuBaHue SenKoB) B pe3ynbTaTe 
yO u3nyyeHua (0,324 k^k/cm2 b meyeHue 180 mu- 
HyT) pacTBopoB cbBopoToyHbx SenKoB TaKKe Sbno 
goKa3aHo B paSoTe Ustunol Z. u3-3a oSpa3oBaHua, 
KaK yTBepKganu aBTopb uccnegoBaHua, cBoSogHbx 
paguKanoB apoMaTuyecKux aMuHoKucnoT, TaKux KaK 
Tupo3uH u ^eHunanaHuH (Ustunol & Mert, 2004).

O^eHKa npo^una 3anaxa pacTBopoB KCB

B yO oSpaSomaHHbix pacTBopax KCB Sbinu ugeHTu- 
^u^upoBaHH HexapaKTepHbie gna MonoyHoro cbipba 
3anaxu. 4na xapaKTepucmuku npo^una 3anaxa Sbino

6

0 flx/M^

OKUC^eHHHM -I- nporopk^blM —aMMUaMHHM

PucyHOK 4
npo^u^b 3anaxa uccnegyeMwx o6pa3^OB pacTBopoB KCB

npegnoKeHo mpu TepMuHa gecKpunmopoB: oKucneH- 
hmm, nporopKnMn, aMMuayHbin. nocKonbKy pacTBo- 
pb KCB c M.g. SenKa 5,0 u 7,0 % xapaKTepu3oBanucb 
goBonbHo uHTeHcuBHMMu npegnoKeHHMMu gec- 
KpunmopaMu, npo^unb 3anaxa o^eHUBanu b pacTBo­
pax KCB c M.g. SenKa 3,0%. AHanu3 npo^unorpaMMM 
(PucyHoK 4) noKa3an, ymo npu go3e 37 ^K/Mn b pac- 
TBope KCB cnaSo pacno3HaBanca oKucneHHMM 3anax, 
ucye3aro^un yepe3 (15 ± 2) MuHyr nocne oSpaSoT­
Ku. npu go3e 74 ^K/Mn oKucneHHMM 3anax xopomo 
pacno3HaBanca u He ucye3an c TeyeHueM BpeMeHu. 
npu go3e 111 ^K/Mn u Sonbme oKucneHHMM 3anax 
MeHanca Ha nporopKnMM u aMMuayHMM. Wcxoga u3 
aHanu3a npo^unorpaMMM, ganbHenmue uccnego- 
BaHua npoBogunu c ucnonb3oBaHueM pacTBopa KCB 
c MaccoBon gonen SenKa 3,0 % u go3on yO oSnyye- 
Hua 37 4K/Mn.

OnpegeneHue Bnaroygep^MBaw^eM 
cnocoSHocmu u cTpyKTypHO-MexaHMMecKMx 
noKa3ameneM KucnoMonoMHWx crycTKOB

Mogu^u^upoBaHHM^ pacTBop KCB BHocunu b pe- 
^e^Typy KucnoMonoyHon MC b KonuyecTBe 20,0; 
40,0 u 60,0 % K Macce MonoKa u oSo3Hayanu KaK 
Kn 1-yO, Kn 2-yO u Kn 3-yO cooTBemcTBeHHo. B Ka- 
yecTBe KoHTponbHbix oSpa3^OB Bbicmynanu aHa- 
noruyHbie cMecu Se3 yO oSpaSoTKu (Kn 1, Kn 2
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x Kn 1-y® ■ Kn 2-y® ▲ Kn 3-y® o Kn 1 o Kn 1 - Kn 1

PucyHOK 5.
3aBucuMocmb u3MeHeHuq guHaMuqeckOM Bn3kocmu ot go3w y® oGnyqeHun u go3w BHeceHua b npogyKT pacmBopa KCB b MC

u Kn 3 cooTBemcTBeHHo). nonyaeHHMe CMecu nocne 
gucneprupoBaHua nacmepu3oBanu npu (86 ± 1) °C 
b meaeHue 10 mmh, oxna^ganu u cKBamuBanu mep- 
MocmaTHMM cnoco6oM npu meMnepamype (37 ± 2) °C 
npou3BogcTBeHHon 6aKTepuanbHon 3aKBacKon ATC 
(TY 9229-369-00419785-04) go 3HaaeHua aKTuBHon 
KucnoTHocmu 4,7 eg. pH. Hau6onbmue noKa3amenu 
guHaMuaecKon Ba3Kocmu cooTBemcTBoBanu onMT- 
hmm o6pa3^aM c cogep^aHueM KCB 40 u 60 % (Pu­
cyHoK 5). ypaBHeHua, onucMBaro^ue nonyaeHHMe 
3aBucuMocmu, npegcmaBneHM b Ta6nu^e 2.

nonyaeHHMe pe3ynbmaTM cornacyromca co cxo^umu 
uccnegoBaHuaMu o nono^umenbHoM BnuaHuu arpe- 
rupoBaHHbx cMBopomoaHMx 6enKoB nog Bo3gencTBu- 
eM menna Ha Ba3Kocmb u Bnaroygep^uBarornyro cno- 
co6HocTb ^epMeHTupoBaHHMX MonoaHMx npogyKToB 
(Fang & Guo, 2019).

Ta6nu^a 2
ypaBHeHuq, onucwBara^ue 3aBucuM0CTu guHaMunecKOM ba3ko- 
ctu ot rpagueHTa HanpaxeHua Ha cpe3

KucnoMonoMHan MC ypaBHeHue

Kn 1 y = 13,89 x-0'819; R2 = 0,938

Kn 1-y® y = 4,45 1 9x-0'578; R 2 = 0,9247

Kn 2 y = 13,501x-0,927; R 2 = 0,9645

Kn 2-y® y = 52,396x-0,719; R 2 = 0,988

Kn 3 y = 21,66x-1,043; R 2 = 0,9881

Kn 3-y® y = 75,361x-0,684; R 2 = 0,9677

noKa3amenu, xapaKTepu3yro^ue ycmonauBocmb 
cmpyKTypbi uccnegyeMMx MC k MexaHuaecKoMy bo3- 
gencTBuro, npegcmaBneHM b Ta6nu^e 3. Ka^gaa MC 
nogpa3genaemca Ha onMTHMM KucnoMonoaHMM npo­
gyKT (KH-YO) u KoHTponbHMM Kn.

HecMompa Ha BMcoKyro cmeneHb TuKcomponHocmu 
KoHTponbHoro Kn 1 (CT = 89 %), gaHHMM o6pa3e^ xa- 
paKTepu3oBanca bmcokom cmeneHbro nomepu Ba3Kocmu 
(Cnn = 66,7 %). npu Tex ^e ycnoBuax (20 % BHeceHua 
pacTBopa KCB) b Kn 1-y® (CT = 76 %) nomepu Ba3Ko- 
ctu He 6Mno. C yBenuaeHueM gonu BHeceHua pacmBopa 
KCB (40 u 60 %) cmeneHb TuKcomponHocmu cHu^anacb 
KaK b KoHTponbHMx (Kn 2, Kn 3), maK u b onMTHMx o6- 
pa3^ax (Kn 2-y®, Kn 3-yO) (Ta6nu^a 3), ogHaKo npu 
^TOM b omnuaue ot KoHTponbHMx Kn cmeneHb nomepu 
Ba3Kocmu b ohmthmx Kn-yO cHu^anacb. B KaaecTBe
KonuaecTBeHHoro noKa3amena ycmonauBocmu npogyK­
Ta k MexaHuaecKoMy pa3pymeHuro o^eHUBanu Ko^$- 
$u^ueHT MexaHuaecKon cma6unbHocmu (KMC). HeM 
6onbme gaHHMM Ko^$$u^ueHT cmpeMumca k 1, meM 
npogyKT xapaKTepu3yemca 6onbmen ycronauBocmbro 
k pa3pymeHuro. B HameM uccnegoBaHuu Haunyamue 
noKa3amenu KMC KucnoMonoaHMx MC cooTBemcTBo- 
Banu onMTHMM o6pa3^aM, nogBeprHyTMM yO o6ny- 
aeHuro (Ta6nu^a 3).

noKa3amenu nHC (PucyHoK 6, a) b KoHTponbHMx o6- 
pa3^ax npaKTuaecKu He u3MeHanucb, b to BpeMa 
KaK b onMTHMx MC c yBenuaeHueM gonu BHeceHua 
Mogu$u^upoBaHHo^o pacmBopa KCB Bo3pacmanu go 
3HaaeHun cBMme 5 Kna. flaHHMe u3MeHeHua cBuge- 
TenbcTByrom o noBMmeHuu npoaHocmu KucnoMonoa- 
Horo crycTKa. B to ^e BpeMa noka3amenu ByC (Pucy-
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Ta6nu^a 3
MccnegyeMbe napaMempb KucnoMonoMHbx MC

KucnoMonoMHaa MC Ao3a BHeceHua p-pa KCB, % cnn, % KMC CT, %

MC 1
Kn 1 66,7 3,0 89

Kn 1-yo
20

— 1,0 76

MC 2
Kn 2

a n
70 3,3 79

Kn 2-y®
40

42,8 1,75 60

MC 3
Kn 3 77,5 4,4 54

Kn 3-y®
60

33,3 1,5 44

a 6)

PucyHOK 6
3HaneHuq a) nHC u 6) ByC Moge^bHbx KucnoMonoMHbx cucreM

hok 6, 6) cy^ecmBeHHO pa3nuyanucb monbKO b MC 1, 
npuyeM 3HayeHue ByC onbTHoro oBpa3^a (92,8 %) 
Bbino MeHbme KOHmponbHoro (97,9 %). flaHHMW pe- 
3ynbmam mqxhq oBbacHumb HexBamKon yacmuyHO arpe- 
rUpoBaHHblX cblBOpOTOyHbix BenKOB gna ^OpMUpOBa- 
hms npoyHoro crycTKa.

Ha PucyHKe 6, 6 BugHO, ymo c yBenuyeHueM gonu 
BHeceHua Mogu$u^upoBaHHoro pacmBopa KCB b MC 
2 u MC 3 noKa3amenu ByC onbiTHbix oBpa3^OB BO3- 
pacmanu u HapaBHe c KOHmponbHbiMu uMenu BbcoKue 
3HayeHua cBbme 96 %.

Wcxoga u3 nonyyeHHbx pe3ynbmamoB uccnegoBaHun 
mq^hq 3aKnroyumb, ymo BHeceHue b MC Mogu$u^u- 
poBaHHoro pacTBopa KCB (37 4^/Mn) c M.g. BenKa 3 % 
b KonuyecmBe ot 20 go 60 % OKa3MBaem cy^ecmBeHHoe 
BnuaHue Ha ynyymeHue cmpyKTypHO-MexaHuyecKux 
noKa3amenen KucnoMonoyHbx npogyKTOB. nonyyeH- 
HMe gaHHbie cornacyromca c BbiBogaMu oB3opHon 
HayyHon cmambu Nicolai T. o cnocoBHocmu nonuMe- 
pw3OBaHHMx cbiBopomoyHbix BenKOB noBbimamb npe- 

genbHoe Hanpa^eHue cgBura, Mogynb ynpyrocmu, 
Bnaroygep^uBaro^yro cnocoBHocmb u reneoBpa3OBa- 
Hue BenKoBbx pacTBopoB (Nicolai et al., 2011).

AHanu3upya coBOKynHocmb nonyyeHHbx pe3ynb- 
mamoB mo>kho 3aKnroyumb, ymo cmpyKmypa onbiTHbix 
u KOHmponbHbx KucnoMonoyHbx MC ^puH^u^uanb- 
ho omnuyaemca. Tun cmpyKmypbi KOHmponbHbx MC 1 
u 2 mo^ho oxapaKmepu3OBamb KaK Koa^ynfl^uoH- 
Hyro, nocKonbKy OHa uMeem BbicoKyro cmeneHb tuk- 
componHocmu 6onee 79 % (Ta6nu^a 1), ho npu ^moM 
oBnagaem noHu^eHHon npoyHocmbro (PucyHOK 6, a). 
B mo ^e BpeMa mun cmpyKmypbi qhhthhx oBpa3^OB 
KncnoMonoyHMx MC mq^hq oxapaKmepu3OBamb KaK 
KOHgeHca^uoHHO-Kpucmanu3a^uoHHbIe, nocKonb­
Ky c noBbimeHueM go3bi y$ oBnyyeHua cmpyKmypa 
npogyKma HeoBpamuMO pa3pymaemca (cHu^eHue CT 
c yBenuyeHueM go3bi BHeceHua KCB, TaBnu^a 1) 
b pe3ynbmame ge$opMa^uu, npoaBnaa noBbimeHHyro 
npoyHocmb (PucyHOK 6, a), ho uMea ynpyro-xpynKue 
cBoncmBa u3-3a ^ecmKocmu ckenema cmpyKmypbi.
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BMBOAM

B nameM uccnegoBanuu mm o^HUBann Bnuanue Ha 
KauecmBo KucnoMononnwx npogyKToB Mogu$u^upo- 
BaHHMX cMBopomonnwx SenKoB, nogBeprnymwx yO 
o6pa6oTKe. KpoMe Toro, uccnegoBanucb ycnoBua yO 
o6pa6oTKu cbiBopoTO^Hbix SenKoB b nomoke Ha ux 
cmpyKmypnyro Mog^^^Ka^^K.

Wcnonb3oBanue Bo3geucmBua yO oBnyaenua b go3e 
74 A^/mh u Bbime npuBogum k noaBnenuro apoMamu- 
aecKux coegunenuu, HeramuBHo Bnuaro^ux Ha cen- 
copHoe Bocnpuamue oSpaSamwBaeMoro Monounoro 
cwpba. BHeceHue Mogu$u^upoBaHHo^o pacTBopa 
KCB (37 A^/mh, 3 % SenKa) cnocoScTByem ycunenuro 
cmpyKTypHo-MexaHuyecKux xapaKTepucTuK, BKnroaaa 
gunaMuaecKyro Ba3Kocmb, He Bnuaa npu ^moM Ha op- 
ranonenmnaecKne noKa3amenu npogyKTa.
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