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[lenpto paboTHI ABJISIETCS YIydllleHUe TTOHUMaHUs MexaHn3Ma (hepMEeHTAaTUBHOTO Teie00pa3oBaHUS
B MOJIOKE 3a CUET YCTAHOBJIEHUSI CTATUCTUYECKU TOCTOBEPHBIX U3MEHEHUI BI3KOCTU MOJIOKA U CO-
OTBETCTBYIOLIUX 3JI€KTPOHHO-MUKPOCKOMUYECKUX UCCIENOBaHUI Mpollecca CTPYKTYypooOpa3oBaHuUs
Ha (hepMEHTATUBHOM CTAINM KOATY/SIIIUY TIPU UCTIONB30BAHUY PA3TUYHBIX (PEPMEHTHBIX TTPENapaToB.
Hcnonb3oBanue Hepaspyiatoiero (Hot-Wire) MmeToga KOHTPOJIs BI3KOCTU MTO3BOJMIIO MOATBEPAUTD
CHUXXEHUE BSI3KOCTU B CEpPEIMHE TOM CTAAUU U BBISIBUTH paHee He ONMCAHHbINA MUK U3MEHEHUS BSI3KO-
CTH B KOHIIe (pepMeHTATUBHOM cTaguu. [lapannenbHo MpoBeaeHHbIE UCCIENOBAHMS C UCTIOIb30BAHUEM
TPAHCMUCCUOHHOM 3JIEKTPOHHON MUKPOCKOIUY U PA3TUYHBIX METOIOB MTOATOTOBKY MPENapaToB Mo-
3BOJIVJIM YCTAHOBUTD, YTO B KOHIIE (hepPMEHTATUBHOM CTaNK Tele00pa30BaHMsI B MOJIOKE 3aITyCKaeTCsI
nepapXu4yecKuii mpoliecc mpeodpa3oBaHuil 6eIKOBOI cocTaBstonieit Mojioka. CITyCKOBBIM MEXaHW3-
MOM 3TOTO Tpoliecca SIBJISIETCs KOOTepaTUBHbIIT KOH(OPMAIIMOHHBII TIEpexo/ B KiacTepax MULEIT Ka-
3€MHAa, KOTOPBIi BBI3BIBAET LIETIOUKY BCE OOJiee SIHEPTOEMKUX PEAKIINi, Pe3yIbTaTOM KOTOPBIX SIBJISIETCS
npeoOpa3zoBaHue ClIa00CBS3aHHBIX KJIACTEPOB MUILIEIUT B OoJiee TUIOTHBIE arperaTbl. OKOHYaTeIbHAs
CTPYKTypa MOJIOUHOTO Tefisi GopMUpYyeTCs MPEeUMYIIECTBEHHO U3 00pa30BaBIINXCS paHEe OTIEIbHBIX
arperatoB Muuel. OTMEYEHO, YTO U3MEHEHUI MUKPOCTPYKTYPHI MOJIOYHOTO Tesisl Ha (hepMEHTATUB-
HOIi cTamuu reieo0pa3oBaHus MPY UCTTOIB30BAHUY MOJIOKOCBEpThIBatONuX hepmeHTOB (M D) XMBOT-
HOTO, pacTuteabHoro u MmukpoodHoro ('MO) npoucxoxaeHust ooHapyxxeHo He ObL10. MccnenoBaHus
MOJIEKYJIIPHO-MAaCCOBOTO pacripeneaeHus: paCTBOPUMBIX OETKOBBIX BEIIECTB 00pa31oB, MPOU3BEACH-
HBIX ¢ pa3HbIMU TUITamMu M@, mokaszanu, 4To (pepMEHT, BhIAEICHHBIN OT rpuboB Rhizomucor miehei,
00Js1amaeT OOJIBIIUM TTPOTEOTUTUYECKUM IEWCTBUEM Ha OEJIKM MOJIOKA B CPABHEHUU C IPYTUMU Bapu-
antamMmu MO.

KitroueBble ciioBa: MOJIOKO, MULIEIUTHI Ka3erHa, 30JIb—Tellb MIepeXoll, MEXaHU3M Tesie00pa3oBaHusI, 3JIeKTPOH-
Hast MUKPOCKOTIVSI, MUKPOCTPYKTYpa, MPOU3BOICTBO ChIpa
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BBEAEHUNE

HaubGonee n3BecTHOI, pacIpOCTPaHEHHOH U B TO
Xe BpeMs YpEe3BbIYAMHO CIOXHOUW NMPUPOAHON OUC-
MEePCHOU CUCTEMOM SIBIISIETCS MOJIOKO, MTPOAYKT MUJI-
JIMOHOJIETHEN 3BOJIOLIVH XU3HU Ha 3emMite. MOJIOKO
Kak MOJMKOMIIOHEHTHAs, MOJUAMCIIEPCHAs CUCTEMA
COCTOMUT U3 0oJiee cTa pa3IUYHbIX KOMIIOHEHTOB, UME-
IOLIMX pa3Mepbl OT YETbIpeX HAHOMETPOB 10 AECITU
MUKpoMeTpoB. OueBUIHOE Ha3HAYEHUE 3TOI CII0XK-
HOM TMCIIEPCHOI CUCTEMBI COCTOUT HE TOJBKO B 00e-
CIIEYEHNM HOBOPOXIEHHOrO OpraHu3Ma IUTaHUEM,
MUHEpaJlaMi, BATAMUHAMU U CPEOCTBAMU UMMYHHOM
3alUThI, HO U B MPEACTAaBJIECHUMN BCEX 3TUX KOMIIO-
HEHTOB B ¢popMe, TpeOyIolIeii MUHUMAaJIbHBIX 3aTpaT
SHEPIruM JETCKOro OpraHuM3Ma IpU UX UCII0JIb30Ba-
HMU, IepepaboTKe U YCBOCHUM.

OnHolt U3 TIaBHBIX COCTABJISIIONIMX MOJIOKA SIBJISI-
f0TCsI 6€IKM, OCHOBHAS Macca KOTOPHIX IIpencTaBeHa
Ka3zemHaMM, 00pa3yonIuMu 0oJiee CIIOKHBIE OSTKOBEIS
YaCTULbI — MULEIbI Ka3eMHa. 31ech ClienyeT noauep-
KHYTb, YTO MCIIOJb3yeMbIii B OMOJIOTUN TEPMUH “MU-
1ejaa KazenHa” sBJsieTcsl OOIEeNPUHSATBIM, HO T10
CBOEIi CYyTU OH HE COOTBETCTBYET OIpeAe/eHUIO, MPU-
HSTOMY B KOJUIOMTHOM XUMUM.

HccnemoBaHmMsIM CTPYKTYpPBI, COCTaBa M CBOWCTB
MMULEJUT Ka3enHa MOCBSIIEHO MHOXeCTBO paboT [1—4],
0000111as1 pe3yabTaThl KOTOPbIX HATMBHbIE MULIEILIBI
Ka3zenHa B MOJIOKE MOXKHO KPaTKO OIMCATh CIEIYIO-
UM obpa3zoM. MuleJJIbl Ka3eMHa UMEIOT pa3Mephl
B npeaenax 20—300 HM U COCTOSIT U3 HECKOJbKMX
BUIOB Ka3euHa: 0. -Ka3euH, O.,-Ka3euH, P-Ka3enuH
M K-Ka3eWH MpU UX CPeIHEM COOTHOIIeHnH 4:2:4: 1.
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KazenHsl 0OTHOCSTCS K KJIaccy OEJIKOB C Ype3BbIYaiiHO
OTKPBITOU U THOKOI (peoMopdHOIi) KoH(popMalueit,
KOTOpas o0ecrieunBaeT B JajbHeieM ux 3 OeKTuB-
HOE pacllierieHre SHAONMPOTEUHA3aMU 10 ONPEAEICH-
HBIM y4acTKaM ¢ 00pa3oBaHUEM OMOJIOTUYECKU aKTUB-
HBIX MEeNTUAO0B. TaKkoe COCTOSIHUE Ka3eMHOB B MULIEJUIE
00ycIaBAMBAaET UX DHEPTETUUYECKU Majo3aTpaTHYIO
nepepaboTKy HOBOPOXAEHHBIM OPraHU3MOM MpU obe-
CIIEYEHMU aIeKBaTHOTO aMUHOKHCIOTHOTO TTMTAaHUSI.

MouJtekynbl Ka3eMHOB, HaXOAIIeCs BHYTPU MU-
e, B OMpeleeHHbIX COUETAaHUSIX OOBbEeAUHEHBI
B HaHOKJIACTEPHI, IIEHTPAMU KOTOPHIX SIBJISIIOTCS Ha-
HodacTULBI (pocdara KalblIMs pa3MepOM OKOJIO 7 HM,
YUCJI0 HAHOYACTULL B MULIEJIAX MOXET MEHSITbCS OT
50 mo 500 mT. B 3aBUCMMOCTH OT pa3Mepa MUIIEILI.
C 3Toi1 TOUKM 3peHUsT MULIEJUTY Ka3eMHa MOXHO pac-
CMaTpUBaTh KaK MPUPOTHBI HAHOKOMITO3UT [5, 6].
HanouacTtuup! ¢ocdara Kaablus B MULIEIE UTPAIOT
HE TOJIBKO IIEMEHTHUPYIOIIYIO, HO U APYIYIO, HE Me-
Hee BaXXHYI0 poJib. B opraHu3mMe HOBOPOXIEHHOTO,
BBICBOOOXTASICh M3 MHIIEUT Ka3enMHa, HAHOYACTHUIIBI
(ocara xanbuus, HapsLy ¢ TPUCYTCTBYIOLIMM B MO-
JIOKE OCTEOIIOHTUHOM M ¢ocdonenTuaamMu, IocTy-
MaloT B KPOBb U 3aTeM B 0CTe00J1acTax CJIyKaT UCXO -
HBIM CTPOMTETLHBIM MaTepHuaioM T (OPMUPOBAHUS
CKeJleTa HOBOPOXIEHHOTO, a TaKKe BBITTOJHEHUIO He-
KOTOPBIX APYTUX Ouojaorndeckux ¢pyHkuui 2, 7, 8].

BMmecte ¢ TeM MUTIEITBI Ka3eMHA B MOJIOKE CHITBHO
TUAPATUPOBAHbBI, CTENEHb UX TUApATAllMd MOXET Me-
HSTBCS OT 3 1O 5 B 3aBUCHUMOCTH OT BHEITHUX YCJIO-
BUIi, M €CJIU TNIOTHOCTh COOCTBEHHO OEJIKa COCTaBJIsIeT
okoJ1o 1.45 r/cM?, To TUIOTHOCTH MULIEJUT Ka3€MHA TIPU
9TOM 3HAYMTEIBHO MeHbILIE — 0KOJIo 1.05 1/cM?, uTo
CIIOCOOCTBYET BBICOKOM YCTOMYMBOCTU OUCIIEPCHOM
cucteMbl. [ToaToMy oTnenbHas MUllesIa Ka3enHa Ofl-
HOBPEMEHHO CO CTPYKTYPOM HAHOKOMITO3UTA TIpe-
CTaBJIsIeT COOOIT MPUPOIHBII, HO HECTAOUJIbHBII HAaHO-
relib, T.€. CHIUTYIO YaCTUILY TUIPOTeisl, KOTOpas JIETKO
paspyIaeTcs Mo AeHCTBUEM OTpeleIeHHBIX BHEIITHIX
¢dakropos [9, 10]. ITpu 3TOM Bona 3aHUMaeT 3HAYM -
TEJIbHYIO 9acTh 00beMa MULIEIIBI, 00pa3ysl B Hell 10-
MeHBI pazMepaMu 20—40 HM, 4TO B JaJbHEMIIIEM CITO-
coOcTByeT ee ObICTpoIt akTuBauuu [11, 12].

TakuM o6pazom, KaxXayro HATUBHYIO MULIEUTY Ka-
3eMHa B MOJIOKE MOXHO MPENCTaBUTh KaK CIOXKHBIN
U COBEpIIEHHbII MPUPOIHBII OMOHAHOPEAKTOP, UC-
XOIHO HaXOASIIUICS B HEAaKTUBHOM, MTaCCUBHOM
COCTOSTHMH U He B3aMMOACUCTBYIOIINI ¢ IPYTUMU
MUIIEeJJIAaMU U KOMIIOHEHTaMU MOJIOKa, YTO CIOCO0-
CTBYET BBICOKOI YCTOMUYMBOCTU TUCTIEPCHOM CUCTEMBI
[13—15].

CTpyKTypHasl opraHu3alus MULET odeclieunBaeT
HUX CTaOUJIBHOCTb U YCTOMYMBOCTh B MOJIOKE KaK JMC-
MEePCHOM CUCTEME 3a CUYET TUAPOMUIBbHBIX KOHIIEBBIX
JIMKOMAaKpPOIENTUIOB K-Ka3ernHa, MOJIEKYJIbl KOTOPBIX
HaXOISTCS MPEeUMYIIIECTBEHHO Ha MTOBEPXHOCTU MM -
1IeJIJI, a caMU TVIMKOMaKpOIeNTUIbl, UMEIOIINE JJIUHY

CMBIKOB, MATKOHOCOB

0K0JI0 7 HM, 00pa3yloT Ha MOBEPXHOCTU MUIIEJIIBI T -
IpodUIBHYIO LIETKY, ONpPEaeISIoNIyI0 OOIIMiA 3apsiT
MHULIeIbl okosio —18 MB [2].

[Tpu monagaHuM MULIEJUT Ka3eMHA B OPraHU3M HO-
BOPOXIEHHOTO MUIIENJIa, KAK OMOHAHOPEAaKTOp, aKTH-
BUPYETCH KeyIOYHBIMA (pepMeHTaMK. XMMO3WH y/a-
JISIET TIIMKOMAaKpPOMETUIBI K-Ka3eWHa C TTOBEPXHOCTH
MMLIEIT, YTO MMPUBOAUT K JTOMOJHUTEBHOM ruapara-
LMY MULIEI U BBICBOOOXIEHUIO aKTUBHBIX Y4aCTKOB
MOJIEKYIT Ka3enHOB. Ilocite yero BeTymaer B AeiicTBrE
METICUH, KOTOPBIN BBI3BIBAET MIPOTEOIU3 KA3EMHOB 0
(opM, IPUTOTHBIX [IJIsI TaTbHENIIIETO YCBOESHUS IET-
CKMM OpTraHu3MoM |[8].

OTU cBOICTBA MUIIE/T Ka3euHa, Mpouecchl, Mpo-
WCXOMSIINEe B OpTaHU3MeE, U UX SICHOe TTOHWMAaHUe
BO MHOT'OM SIBJISIFOTCSI OCHOBOI 3(h(heKTUBHOTO MPO-
MBIIIUICHHOTO MTPOMU3BOICTBA MOJIOYHBIX TIPOIYKTOB
U, B YaCTHOCTH, pa3jIn4yHOro Buaa ceipoB. [lonyueHue
MOJIOYHOTO TeJisl ¢ TpeOyeMbIMU CBOMCTBAMMU SIBJISIETCS
KJIIOUeBbIM MOMEHTOM TEXHOJOTMUYECKOTO IMpoliecca
ux npousBoncTsa. ITpolecc 00pa3zoBaHUs MOJIOYHOTO
reJisi, Mo oOILIENPUHSITOMY MHEHUIO, MOXET ObITh pa3-
JIeJIeH Ha JB€ OCHOBHbIE CTaAuu: NepBUYHYIO ((ep-
MEHTAaTUBHYIO), BKJIIOYAIOLIYIO paclleIUIEeHUEe XUMO-
3MHOM K-Ka3eWHa ¢ IMepBOHaYaJIbHBIM 00pa3oBaHUuEM
MMUIIEJI Tlapa-K-Ka3euHa, 1 BTOpUYHYyIo (HepepMeH-
TaTUBHYIO) CTa1IO, BKJIIOUAIOIIYIO arperaluio MUIE/T
B €IWHYIO TIPOCTPAHCTBEHHYIO CTPYKTYPY TelsI U ee
yIjoTHeHUue. MexaHu3M ¢GepMeHTAaTUBHOUN cTanuu
XOpo1I0 onucaH B paborax [16—19]. KonmnuecTBeHHO
BBISIBJICHO BJIMSIHME Ha HEro pa3IMYHbIX (DaKTOPOB
oKkpyxKaromieii cpensl. B padorax [20, 21| ormeuaeTcs,
YTO BSI3KOCTb MOJIOKA B HauaJie (pepMeHTaTUBHOM CTa-
W KOATYJISIIIUM HECKOJBKO CHUKAETCS, a K €€ OKOH-
YaHUIO OMSATh MOBBIIIAETCS.

IlepBoHavanpHas arperanus ruAPOJU30BAHHBIX
MUIIEIJT Ka3enHa Ha ¢hepMeHTaTUBHOMN CTaIWU TIOMI-
TBEPXKAAETCS BJIEKTPOHHO-MUKPOCKOMUYECKUMU
n3006paxkeHUSIMHU, TTOTYYeHHBIMUA pa3HBIMU aBTOpaMU
[22, 23]. [IpuMeHUTEIBHO K METOAaM 3JEKTPOHHOMN
MUKPOCKOTIMY UCITOJIB3YIOTCS Pa3IMIHBIE CITIOCOOBI
MOATOTOBKM MperapaToB K MPOBEACHUIO UCCIEA0-
BaHuii. HeManoBaxHylo poib UrpaeT 0ObEKTUBHBII
BBIOOp HcCClenoBaTeIeM KOHKPETHOTO TOJISl 3peHUS
B moJiyueHHOM mnpenapate. OmHakKo BHIOOp MeToaa
HccieaoBaHU U criocoba MOATrOTOBKM IpernapaToB
IUISI MUKPOCKOTIMPOBAaHUsI HEM30EXKHO COIMMPOBOXKIA-
€TCS BOSHNKHOBEHHNEM apTe(aKTOB MpemaprupOBaHM
1 TIpo0bsieMaMu TTPaBWJIbHOM MHTEPIIpETALIMM MTOTyda-
€MBIX N300paKeHUIA.

HecmoTpst Ha pa3zHooOpa3ue MeTOA0B MCCen0-
BaHUI MUKPOCTPYKTYPhI MOJIOUHOTO TeJisl U UCTIOJb-
30BaHME BCEBO3MOXKHEIX CIIOCOOOB MOATOTOBKM IIpe-
rnapartoB, oOpairaeT Ha ce0d BHUMaHUEe TOT (akT,
9TO B OCHOBHOM Macce padoT OTOEIbHO MPOBOISITCS
HCCIIeNOBAaHUS UM TOJBKO MOPGOJIOTUN U MUKPO-
CTPYKTYPHI OTACIbHBIX MUILIEIUI Ka3eMHa, UIN TOJILKO
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MUKPOCTPYKTYPHEI TOTOBOTO MOJIOUHOTO CTyCTKa, T.€.
€ro HavaJlbHOe U KOHEYHOe coCTOsIHUsL. DakThuecKoe
OIMMCcaHNe 3BOJIOLUU MUKPOCTPYKTYPHI MOJIOYHOTO
rejisi B pepMEeHTAaTUBHOM CTaauu rejeodpa3oBaHusl,
OCHOBaHHOE Ha (3JIEKTPOHHO-) MUKPOCKOMUYECKUX
M300paXKEeHUSX, 10 CUX MOP OTCYTCTBYET.

bunoxuMuueckue mpolecchl, IIPOUCXOAdIIne Ha
¢depMeHTaTUBHOIT CTaAMU KOATYISIIUKA MOJIOKa, U3y-
YeHBbI JOCTATOUHO INTyOOKO M XOPOIIO OMMCAHBI, O~
HAKO U3MEHEHUIO PEOJIOTMUECKUX CBOMCTB MOJIOKA
W TIPOUCXOASIIUX TIPU 3TOM U3MEHEHUI B CTPYKTYype
MHULEJUT Ka3erMHa U UX B3aUMOAEHCTBUM, Ha Hall
B3I, yaesseTcsd Mano BHUMaHus. BeposTHo, 3T0
CBSI3aHO C TeM, YTO (pepMeHTaTUBHAs CTagus — CKPbI-
Tasl, KaKUX-JI1M00 BUIMMBIX U3MEHEHUM I TEXHOJIO-
TMYECKUX HYX] HE TTPOUCXOIUT, U €€ IIPOMU3BOICTBEH-
HBIIA KOHTPOJIb He TpeOyeTcsl.

Lless 5TOM pa®OTHI 3aKITIOYAETCS B YIYIIIEHUW TT0-
HUMaHUSI MexaHu3Ma (hepMEHTAaTUBHOTO rejieo0pa3o-
BaHMSI B MOJIOKE 3a CUET YCTAHOBJIEHUSI CTaTUCTUUECKU
IOCTOBEPHBIX M3MEHEHMI BSI3KOCTH MOJIOKA M COOT-
BETCTBYIOIINUX 3JIEKTPOHHO-MHUKPOCKOITNIECKUX HC-
clIeIOBaHUl Tmpolecca CTPYKTYpooOpa3oBaHMUs Ha
(bepMeHTATUBHOI CTamMU KOATYJISIINU TIPU UCTIOJb-
30BaHUU Pa3IMYHBIX (PEPMEHTHBIX ITPENapaToB.

OKCITEPUMEHTAJIbHASA YACTb
2.1. Mamepuanot

B uccienoBaHusx O6bLIO MCTIOIB30BAHO MOJIOKO
npousBoactBa OO0 “ArpuBonra”, n. Bypmacoso,
Yrmuuckuit p-H, ApocnaBckas ooi., Poccus. I[Topona
KopoB “ApocnaBckasi”, comepxxaHue Xupa B CBIpOM
mouoke 4—4.2%, 6enka — 3.4—3.7%.

Js Koaryasaluy MOJIOKA MCIIOJIb30BalMl KOM-
MepYeCcKHe MOJIOKOCBEpThIBaIOImMe (hepMEeHTH Ma-
pok: Marzyme® MT 2200 Ha 0CHOBE KHUCJIOM MpO-
Teasbl, IponylLupyemMon rpudamu Rhizomucor miehei
(EC3.4.23.23). HomuHanbHasi MOJIOKOCBEPThIBAIOIIAS
aktTuBHOCTb (MCA) — 2200 IMCU/r (Danisco SAS,
®panuus); Naturen® Extra 220 NB, npencrasisito-
LU cO0OI HATYpaJIbHbIN ChIUYXKHBIN (hepMEHT, BbI-
JeJIEHHBIN 13 XeJyIKOB TeJsIT, C HOMUHAJIbHBIM CO-
nepxanueM xumosnHa (EC3.4.23.4) He meHee 95%,
nenicuHa (EC3.4.23.1) — He 6onee 5%. HomuHanbpHast
MCA — 220 IMCU/cm? (Chr Hansen A/S, danus);
Chy-max® M 1000 Ha ocHOBe PeKOMOMHAHTHOTO XM~
mosuHa (EC3.4.23.4) Bepomona. HomunansHass MCA
—1000 IMCU/cm? (Chr Hansen A/S, 1lanus).

OmnpeneneHue ob1Iel MPOTCOTUTUYECCKON aKTUB-
HOCTHU MOJIOKOCBEPTHIBAIOIIMX (hepMEHTOB MPOBOAM -
JIoCh MeTOIOM AHCOHA Ha cyOCTpaTe U3 reMOorIo0nHa
B Moaudukauum Meroda, comepxkamierocss B F[OCT
34430—-2018 “depMeHTHBIE TIpeMapaThl 115 MTAIIEBOM
MPOMBIIIIEHHOCTU. MeTon onpeaeeHus MpoTeoau-
TUYECKOM aKTUBHOCTI” TIPUMEHUTEITHHO K CTA00KMC-
JbIM ipoTeasam (rpu pH 5.3).
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2.2. [Todeomoska monoxka

OnpeneaeHWe MacCOBOM HoIM OGedKa B MOJIOKE
nposoawiu no F'OCT 34454-2018 “IIpogykuus Mo-
JiouHasi. OnpezeneHue MacCoBOM N0 Oejika METOo-
nom Kbenpaansi” ¢ MCMoOIb30BaHUEM aBTOMaTHU4e-
ckux ycrtaHoBok: urectop Digest Stove HYP-320
(HANON, Kuraii) u Automatic Kjeldahl Distillation
Unit K9840 (HANON, Kwurait).

OmnpeneneHrue MacCOBOM NOJM XHUpPa B MOJIOKE
MPOBOAWIIM KMCJIOTHBIM MeTomoM Iepbepa mo 'OCT
5867-90 “MoyIOKO U MOJIOUHBIE TPOAYKTHI. MeTox
oIpeneneHus xupa”.

OmnpenelieHe MAacCOBOM JOJM OeIKa 1 MacCOBOM
JIOJIM XXHpa B MOJIOKE IIPOBOAWIIN IIEped ero HopMa-
Ju3alueit.

O06paboTKy MOJIOKA MPOBOAUIN HAarpeBaHUEM IO
40 = 1°C u ero HopManaM3aluel IIyTeM TOBEASHUS
cooTHolneHUus 6eaok/xup po 0.7. [NacTtepusamnuio
MOJIOKa IPOBOIMJIM B pe3epByape Ipu TeMIlepaType
68 £ 1°C B Teuenmne 10 MuH. 3aTeM OXJIAXIATA MO-
JIOKO 10 Temneparypsl 36 £ 1°C. ®epMeHTATUBHYIO
KOaryJsiuio mpoBOIWIN J00aBieHueM pepMeHTa 13
pacueta 3000 IMCU/100 xr MmojioKa U TlepeMelInBa-
HUEM MOJIOKa B TeueHUe 2 MyuH. Koaryssius Mojioka
npousBoauiaach mpu temneparype 35 + 1°C.

2.3. Onpedenenue 633K0CMU MOAOYHO20 2eNs

OnpeneneHre BI3KOCTH MOJIOKa B Iipoliecce dep-
MEHTAaTHUBHOTO Tejie00pa3oBaHUs TIPOBOIMIIN HEITO-
CPEICTBEHHO B ChIPOAEJIbHOW BAHHE B PEXXMME peaib-
HOI'0 BpEMEHU I10 U3MEHEHUIO eT0 TEeTJIOMPOBOIHO-
CTH METOIOM Topsiueii mpoBosoku [23]. OnpeneneHue
BSI3KOCTM MOJIOKA TIPU rejieo0pa3oBaHUM MPOBOIUIN
HEMpepPbIBHO MPU aBTOMATUYECKOI perucTpalum pe-
3yJABTaTOB HAOIONEHWI ¢ MHTEPBAJIOM 2 C.

OnpeneneHue U3MeHEHU BA3KOCTU U TeMIlepa-
TYphl MOJIOKA MPOBOAMIA HEIIOCPEACTBEHHO B Ka-
MULISIPHOM BUCKO3MMETPE TAKXKe C UCIIOJIb30BaHUEM
METOoIa ropsyeil mpoBOJOKU [25, 26] ¢ nHTEpBaIOM
1 ¢ nMpu aBTOMaTU4YECKO# perucTpalu pe3yjabTaToB
HabmoneHuii ¢ moMmonpio I1K ¢ mpenmycranoBneHHO
nporpammoii “OWEN Process Manager”.

2.4. DnekmpoHHas MUKPOCKOnUS

DJIeKTPOHHO-MUKPOCKOITMYECKME UCCAETOBAHUSI
MUKPOCTPYKTYPhl KOMIIOHEHTOB MOJIOKA U MOJIOUHOTO
rejist MPOBOAMIIM C MOMOIIBIO TPAHCMHUCCUOHHOIO
aJeKTpoHHOro MuKpockona EM-410 (Philips, Hunep-
nmaHasl). McenenoBaHus MPOBOAVIIN TIPU MUHUMATb-
HOM TOKE 3JIEKTPOHHOTO JIy4a MUKPOCKOIIA U YCKOPS -
foneM HanpskeHuu 40 kB.

[MonroToBKy mpenapatoB sl 3JeKTPOHHON MM-
KPOCKOIIUU MTPOU3BOIMIIN IBYMST Pa3TUIHBIMU METO-
JaMU C 1IeJbI0 BBISIBJICHUSI BO3MOXHBIX apTedaKkToB
MperaprupoBaHUsI, COITPOBOXIAIOIINX 3TY IPOLEAYPY,
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U TIOJTyYeHUs] JOTIOTHUTEIbHOM MH(POPMAIIUKM O MU-
KPOCTPYKTYpPE MOJIOUHOTO TeJls.

B nepBoMm cityyae MCMnob30Baau OTTEHEHHUE TOIO-
rpad®uy TOBEPXHOCTH TIperapaTa BaKyyMHBIM Hallbl-
JIEHUEM TsKeaoro Metajuia. JIiasg 3Toro oopasibsl MO-
Jloka oTOupaau u3 odlero pesepByapa uepes onpese-
JIeHHbIE MOMEHTBI BPEMEHU IOCJIe BHECEHUST B HETO
cerayxHoro ¢epmerta. O0pa3ibl (pUKCHUPOBAIN IIPU
KOMHAaTHOi1 TeMmiepatype 2%-M pacTBOpOM TIyTapalib-
neruga B 0.1 M ¢pocdarHom 6ydepe Sorenson, pH 7.2,
B TeueHue 20 muH (0.1 M mojoka K 1 Ma pukca-
tuBa). I[locne yero 3acukcupoBaHHBIE 00pa3IbI pa3-
0aBJISIIM JUCTUJUIMPOBAHHON BOIOI B COOTHOLLIEHUU
1:100. C moMo11pi0 NUMETKU Karumo (5 MKJT) 3a¢uK-
CUPOBAHHOTO 0Opaslia MePeHOCUJIM Ha METHYIO CETKY
400-mesh, MOKPBHITYIO TIEHKOM HUTPOLEII0I03bI
(parlodium), 1 BBEIAEPXXMBAIN B TeYeHUE 2 MUH.

ITocie 3TOro U3NUIIKKU pacTBopa youpaiau C Io-
BEPXHOCTH CETKU (DMIIBTPOBAJIBHOM OyMaroii u mome-
1IAJIA CETKY B BAKyYMHYIO KaMepy JUIs OKOHUATETbHOM
CYIIKM MPpXA KOMHATHOI TeMIiepaTtype. sl ImoBklie-
HUSI KOHTPACTHOCTU 00pasiia Ha ero MOBEPXHOCTD IO
ymioM 24° B TOI Xe BaKyyMHOM KaMepe HAaHOCUJIU CJIOM
miatuHbl (Pt) TonmmHoM 3—5 HM METOIOM BaKyyM-
HOT'0 PEe3UCTUBHOIO pacibuieHus metaia [27]. To-
IIMHY HAHOCUMOTO MeTaJjljla KOHTPOJIUPOBaJIU KBap-
LHeBbIM daTuukoM. IlonydyeHHEBIN roToBBIM 0Opaszell
MEPEHOCUIIN B 3JIEKTPOHHBIN MUKPOCKOIT 1151 Uccie-
nJoBaHuii. OOpa3oBaBIIecd IMTPU HAHECEHUN MeTaljia
TEHU 0TOOpaxKaau Tonorpacuio ITIOBEPXHOCTH 0Opa3la.

Bo BTOpoM MeTore npernaprupoBaHus UCTTOTE30BaTN
HeTaTMBHOE OKpalllMBaHUE Mpernapara pacTBOPOM COJIU
TSDKEJIOTO MeTajuTa. 31ech TakK Xe, Kak 1 B TIepBOM Me-
Toze, BHaYaJle TOTOBWIM MpenapaT Ha MeITHOI ceTKe,
a TIOBBIIIIEHKE €T0 KOHTPACTHOCTH TTPOM3BOIVIIA Hera-
TUBHBIM OKpailiuBaHueM [28, 29]. [liig aToro nuneTkoi
nepeHocuu Karmo (2 Mki1) 4% pacTBopa ypaHWI alle-
TaTa Ha Karuto 3apMKCMpPOBAaHHOIO oOpaslia, HaxodsI-
IIYIOCST Ha CeTKe, U BhlmepXuBanu 4 MuH. [1ocie BBI-
JEPXXKU U3IUILIKKA PacTBOpa yOupaau ¢ MOBEPXHOCTHU
CeTKN (PMIBTPOBAIBLHOI OyMaroi u rmoMeIiaiy B Ba-
KYYMHYIO KaMepy [IJ1s1 OKOHYATeIbHOM CYIIIKM P KOM-
HaTHOM TeMmneparype. [1oaydeHHBII 00pa3elr mepeHo-
CUJIU B 3JIEKTPOHHBIM MUKPOCKOIT JIJISI UCCIIEIOBAHMIA.

M300paxkeHnss MUKPOCTPYKTYPHI IIOATOTOBICHHBIX
npenapaToB, MOJyYEeHHbIE C TOMOIIIbIO JIEKTPOHHOTO
MUKpocKomna, (poTorpadupoBaiu Ipy pa3IndHbIX YBe-
JIUYEHUSIX U 3aTeM aHalu3upoBaiu. Ha kaxmnom arane
HCCIIENOBAHUS aHAIM3UPOBAIU HE MEeHee IECSATH I10-
JIydeHHBIX U300paxkeHuii 1 3aTeM oTOMpaIu HauboJee
MpPeICTaBUTEIbHbIE.

2.5. Onpedenenue MOAEKYAAPHO-
Maccoeozo pacnpeodenenus 6eikos

OrnpeneneHye MOJIEKYISIPHO-MAacCOBOTO pacripere-
JIEHWUS PACTBOPUMBIX OEJIKOBBLIX BELIECTB IMPOBOIMIN

CMBIKOB, MATKOHOCOB

METOIIOM TeJTb-(DUIBTPALIMKA BHICOKOTO pa3pelIeHMs
¢ ucnoyib3oBaHueM KooHKU Superose 12 10/300 GL
(GE Healthcare, lIIBenust). Da0eHT — BOTHBINA pac-
tBop 0.05 M Na,HPO, + 0.15 M NaCl, ckopocTs 1no-
nauu saeHTa — 0.5 MJI/MUH; IJIMHA BOJHBI IeTeK-
topa — 280 HM. KanuOpoBKy KOJOHKU ITPOBOIMIN
0 BpeMEHM BBIXOJa GEIKOBBIX BEIIECTB C U3BECTHOM
moJekyisipHoit maccoit: IgG (180 x/la), anpmonasa
(158 x[1a), BSA (69 x/1a), oBoainsbymuH (43 k/la), mu-
mep B-Lg (36.0 xa), a-La (14.4 x1a), muroxpom C
(12.3 x/1a), Tpuntodan (0.204 x/1a). KanubpoBouHbIi1
rpaguk ObLT TOCTPOEH Ha OCHOBE JIorapudMUUeCcKOi
perpeccoHHOM Monenu [35].

2.6. Cmamucmuueckuil aHaius

Pe3synbrarsl, mojydeHHbIE TTPU MTPOBEICHUN DKCTIe-
PUMEHTAJILHBIX UCCIEI0BAaHUH, aHATU3UPOBAJIU C UC-
nojb3oBaHueM IporpaMMmbl Origin 8.1 (OriginLab,
CIIA). Takxke 00pabOTKY IMOJYYeHHBIX PE3yIbTaTOB
npoBoaunau B nporpamme EXCEL MS Office npu
ypoBHe 3HaunMocTtu 0.05.

PE3VJIBTATHI U OBCYXJAEHUWE

3.1. U3mepenus u cmamucmu4eckuil
AHAAU3 UBMEHEHUTl 8A3KOCMU

IIpu poBeaeHNH SKCIIEPUMEHTAJIBHBIX PEOIOTH -
YECKUX UCCIeIOBAHMNI KOAry/ISMN MOJIOKA B IIPOMU3-
BOJICTBEHHBIX YCJIOBUSIX TPYAHO 00eCTeYnTh BOCIIPO-
U3BOJMMOCTh U MPELM3UOHHOCTD IMOJIyYaeMbIX pe-
3y/bTaTOB. CBSI3aHO 3TO KaK C JIAOMJIBbHOCThIO CBOMCTB
MOJIOKA, TaK M C HEyIpaBJisieMbIM JE€CTBEM BHEIII-
HUX Bausomux ¢gaxkroponB. CyliecTBEHHbBIM OTpa-
HUYEHUEM MPU U3MEPEHUSIX BIA3KOCTU MOJIOKA MPU
(bepMeHTAaTUBHOM Iejieo0pa30BaHUU SIBISIETCS TO, YTO
HeJIb3s UCMOJIb30BaTh CTAHIAPTHBIE BUCKO3UMETPHI,
MIPUHIIAIL TefiICTBUS KOTOPEIX OCHOBAH HAa MEXaHWYe-
CKMX BO3JEMCTBUSIX HAa U3MEPSIEMbI1 OOBEKT (poTallu-
OHHBbIE, KoJieOaTenbHbIe, Y3 1 1p.). BeI3BaHO 3TO TeM,
4yTO JI060E MEXaHMYECKOE BO3IEMCTBYE HA MOJIOKO BO
BpeMsl (pepMeHTaTUBHOIO Tejleo0pa3oBaHUs pa3py-
IIaeT 00pas3yoIIyIocs c1ab0CBI3aHHYI0 MUKPOCTPYK-
Typy. Ha Hali B3risia, oqHUM U3 MOAXOA0B ISl OLIEHKU
MPOLIECCOB, IIPOUCXOAAIINX Ha (pepMEHTAaTUBHOI CTa-
JUY KOATYJISLIMUA MOJIOKA B CBIPOAEIbHON BaHHE, SIB-
JISIETCSl UCMOJIb30BaHME Hepaspyllawllero MeToaa
KOHTPOJISI BSI3KOCTU, OCHOBAHHOTO Ha KOHTPOJIE Te-
TJIOMPOBOIHOCTH XUAKOCTU, U CTATUCTUICCKUI aHa-
JIN3 pe3yJbraTOB MHOTOKPATHEIX U3MepeHmnii. Takoii
TOAXO/, TIO3BOJISIET N36eXaTh MEXaHUUECKOTO BO3IEi-
CTBUSI Ha TeJib, BbISIBUTb CUCTEMATUYECKHE COCTaBJISI -
IolIMe U3MEHEHUS BSI3KOCTU U OTIEIUTh CIy4YaiiHbIe
COCTaBIISIIOIINE.

[Ipw mpoBeneHnM MccienoBaHWit OBUTM MPOaHATH -
3MPOBaHbI Pe3yIbTaThl U3BMEPEHUI BI3KOCTU MOJIOY-
Horo rejist Ha 43 BbIpabOTKaxX TOBApHOTO ChIpa.
Ne2 2024
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O06paboTKy MaccuBa pe3yabTaTOB HAOIOACHUI
MPOBOIUIIM B HECKOJILKO 3TarnoB. B ¢BsI3u ¢ TeM, 4TO
TeMIlepaTypa MOJIOKA U €ro TeXHOJIOTUYECKUE CBOII-
CTBa B pa3Hble JTHU HECKOJILKO pa3inyaluch B Ipe-
JieJlax TeXHOJOTMYEeCKONH HOPMBI U KOJIMYECTBO BHO-
CHMOTO CBIYYXKHOTO (DepMeHTa TaKXKe HECKOJIbKO pa3-
JINYAJIOCh, IIMTEIbHOCTh (DEPMEHTATUBHOM CTaguun
KoaryJisiluu Takxke Obu1a paznudyHa. [Toatomy Ha mep-
BOM 3Tarne o0paboTKM MaccuBa JaHHBIX OBLJIO TIPOBE-
J€HO MX MaclliTabupoBaHue, T.€. BCe IPYIIIbl pe3yib-
TaTOB HAOJIOACHUI 32 CUET CXKATUSI MU PACTSIKEHUSI
OBLIM TIPUBEICHBI K eAMHOM mmuTebHOCcTH — 120 C.
IIpu sTOM 3a Havajo IMpoliecca MPUHUMATA MOMEHT
BHECEHMUSI CBHIYYXXHOTO (pepMeHTa, a ero OKOHYaHUe
OIpeNeNsiIN 110 MOMEHTY NpeKpallleHUs] UCTCUSHUS
MOJIOKA Yepe3 Kanmuijisip BUCKO3UMETpa.

BorauciaeHHble cpeqHue 3HAYECHUS BI3KOCTU MO-
JIOKa Ha OoNpele/ieHHBIX NMHTepBajax BpeMeHU dep-
MEHTAaTUBHON CTaIUM KOATYISILIMUA UCITOIb30BaIIH JIJIsT
rpaduyeckoro oTrodopaxkeHus: ee MU3MeHeHUsI BO Bpe-
meHu (puc. 1), roe A — Havajo npouecca, B — cepe-
auHa ctaauu, C — MOMEHT mepe rejib-Toukoit, D —
MOMEHT TOCJI€ Telb-TOUYKMU.

W3 rpacuka xopolno BUAHO, YTO B LIEJIOM BS3-
KOCTb MOJIOKA Ha (hepMEHTATUBHOM CTanuU KOaryJis-
LIMM cHavyajla CHUXKAETCs, a 3aTeM TOBBIIIAeTcsl. DTO
siBJieHue u3BecTHO [20, 21] 1 0ObSICHSAETCS OHO Yallle
BCEro 3KCIEePUMEHTAIbHO MOATBEPKIEHHBIM YMEHbB-
IIeHUEM JruaMeTpa MUIIEIJT Ka3eHa, ITPOUCXOMSIITNM
3a cyeT (GepMEHTATUBHOTO YIAIEHUS C TIOBEPXHOCTH
MUIIET TIMKOMaKpPOTIENITUAHBIX YIaCTKOB K-Ka3e-
MHa, a eT0 BbISIBJICHME B HallleM SKCIIEpUMEHTE C 10~
MOIbIO UCMOJBb30BAHHOTO METOAA ropsiueii MpoBO-
JIOKY TIOATBEPXIaeT MpaBUJbHOCTh BEIOOpA MeTOa
W3MEPEeHMI 1 BEICOKYIO YyBCTBUTEIILHOCTD YCTPOM -
CTBa.

BMecrte ¢ TeM Ha MoslydyeHHOM HaMu rpaduKe CHU-
>KEHME BSI3KOCTU MMEET JBa BhIPaXXEHHBIX yyacTKa, He
OINMMCAHHbBIX B U3BECTHOU HaM JUTepaType: MepBUY-
Hbli1 (AB) u Bropuunsbiil (BC). DTu ygactku pasne-
JIeHbl HEKOTOPBIM YBEJIMYEHUEM BI3KOCTH, T.€. CHU-
JXKEeHUEe BSI3KOCTU Ha (hepMEHTATMBHOM CTaaiuu Koa-
TYJISIIMK HE MOHOTOHHBIH MPOILiecC U HE MOXET ObITh
MPOCTO OOBSICHEH TOJBKO yAAJEHUEM C MTOBEPXHOCTU
MU Ka3ernHa IMKOMaKpOTeNTUAHBIX y4aCTKOB.
Kpome ymeHbIIIeHNST pasMepa MHAIIEIIT, Ha N3MEHEHMST
BSI3KOCTU B 3TOM (ha3e reaeoOpa3oBaHUS BIUSET TO,
YTO ynajeHue TMIpoGUIbHBIX MaKpPOIIENITUIOB K-Ka-
3eMHa C MOBEPXHOCTU MUIIEJIT IPUBOIUT K TOMY, YTO
MOBEPXHOCTh MULIE/JIBI CTAHOBUTCSI TUAPO(GOOHOIA,
a 9TO, OYEeBUIHO, BIUSIET Ha €€ MOABUXHOCTD B TUC-
MMepCUOHHOM cpene. BEICBOOOXIEHNE U3 MUIIECILT
pacTBopuMoOTO B-KazenHa U HaHOYACTUIl docdara
KaJbILIUs TaKKe BAUSIET Ha PEOJIOTMIECKIe CBOMCTBA
nucrnepcHoit cuctembl. [loBbllIeHUE TUApaTAllUKU
MUILIEIUT U yBETUUEHUE KaXYIIEHCcs 00beMHOCTU MU-
1IeJUT Ka3eMHa Takxe cKasbiBawoTced [12]. B nemom atot
BOMPOC TpeOyeT MOMOJHUTEJbHBIX U TIIATEJIbHBIX
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Puc. 1. U3meHeHUs BA3KOCTH MOJIOKA Ha (hepMeHTaTUB-
HOM cTaguu reseodpa3oBaHusl. MHOTOKpaTHbIe U3Me-
peHwusI.

UCCIeAOBaHUI U MOXET OBbITh MTPEAMETOM CaAaMOCTOSI -
TEJbHOI MCCIIEA0BATEILCKOM pabOTHI.

Kpome Toro, u 4To He MeHee BaXHO, HA KOHEYHOM
y4acTKe MoJIy4YeHHOro HaMu rpaduka (puc. 1) HaGII0-
JaeTCs BhIpaXKeHHBIN M3rub (yKa3aH CTpPEIKOit), mpea-
BapsIIOIMA reJib-TOUKY, MOCIe KOTOPOTO BI3KOCTh MO-
JIOUYHOTO TeJisi pe3Ko MoBbilaeTcs. [TosiBieHue Takoro
CTaTUCTUYECKU 3HAYMMOTO U3MEHEHUS BSI3KOCTU MO-
JIOKa B KOHIIE (pepMEHTATUBHOM CTaIUU KOATYISILIUU
MOTpe0OBAIO MPOBEACHUS TOTOJHUTEIbHBIX UCCTIEN0-
BaHMIi. B cBsI3U ¢ 9TUM OBUIM HMPOBEASHHI JIEKTPOH-
HO-MUKPOCKOMUYECKNE UCCIeTOBaHUS BO3MOXHBIX
U3MEHEeHUII B MUKPOCTPYKTYpe MUIIEIJI Ka3enHa Ha
3TOM CTaaUu.

3.2. DnekmpouHas MUKpoCKonust

Ha puc. 2 1 3 moka3zaHBI 3J1eKTPOHHO-MUKPOCKO-
nuyeckue pororpaduy MULEIT Ka3eMHA B UCXOTHOM
MacTepr30BaHHOM MOJIOKE B MOMEHT BpeMeHHU (A) Tipu
pa3HbIX YBeJMYeHUSIX. M300paxkeHMsT MULIE/T Ka3enHa
Ha 3TUX PUCYHKAaX, IMOJYYECHHbBIE C UCITOJIb30BAHUEM
METOa HEraTUBHOTO KOHTPACTUPOBAHMS Mpernapara
pacTBOpPOM YpaHWII alleTaTa, yKa3bIBalOT Ha HEUIEalb-
HOCTb MX c(pepuyecKoit (GopMbI 1 ITOATBEPXKAAIOT Cy-
LIECTBOBAHME HA TTIOBEPXHOCTU MULIEIL ClIEUMDUIHOM
MOJIEKYJISIPHOM IIETKU, KOTOpasl B OOIIEM ciyyae He
SBIISIETCS pAaBHOMEPHOI U IIPeCTaBIsIeT COO0M r'MaApo-
(puIBbHYIO YacTh (hpaKIUM K-Ka3euHa MULIEIIIBL.

Hanmune Takoil meTKy IMUKOMaKpOIEIITUAOB Ha
MOBEPXHOCTU MULIE Ka3erMHa OTMEYEeHO ellle B pa-
6ote [31], omHaKO TaM OHa IIpeIcTaBieHa paBHOMEP-
Hoii. Hannuyue HepaBHOMEPHOCTHU 3TOH IIETKU 03-
HavyaeT, YTO Ha MOBEPXHOCTU MUILEII CYIIECTBYIOT
YYaCTKHM C Pa3IMIHBIMUA YPOBHSIMU TUAPODUIBHOCTH.
OTMeuyeHHass HEPaBHOMEPHOCTh IIPUBOAUT K TOMY,
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400 nm

Puc. 2. Muueibsl Ka3eMHa B MCXOOHOM MOJIOKe (MO-
MEHT A).

YTO B MCXOAHOM MOJIOKE, KaK 3TO BUIHO U3 U300pa-
JKEHUW, TaK:Ke MOTYT IIPUCYTCTBOBATh OTAC/IbHBIE OV~
MepBl M TpPUMeEPHI MUIIEIJI, 00pa3oBaHHbBIC CIA0BIMU
ruapo(poOHBIMU B3aUMOACHCTBUSIMU.

Ha puc. 4 npuBeneHbl 3JIEKTPOHHO-MUKPOCKO-
nudeckue pororpadpuy MUILEIT Ka3enHa B MOJIOKE,
MOJIydeHHbIE MTPU MOATOTOBKE MpenapaToB METOAOM
OTTEHEHMUSI, B XapaKTepHble MOMEHTHBI BpeMeHU, 000-
3HaueHHble Ha puc. 1. B Hauane dhepMeHTaTUBHOM
CTaIUU KOATYISILIUU Ka3eMHOBbIE MUIIEIBI 000CO-
OseHbI (puc. 4a), a IIOCjIe YaCTUYHOIO YAaJACHUS IIIK-
KOMaKpOMENTUIHBIX YYaCTKOB MOJIEKYJT K-Ka3enHa aK-
TUBHO 00pa3yloTcs Av-, TpY- U TeTpamephbl (puc. 40),
B KOTOPBIX MULIEJUTBI TTOKA €Il CBSI3aHBI IPYT C IPYTOM
cJrabbiMu TUAPOGOOHBIMUA U BaHAEPBAaTbCOBCKUMU
B3auMozeiicTBusiMu. JIroboe repemMeinBaHe MoJioKa
B OTOT MOMEHT MPUBOIUT K Pa3phIBY 3THUX CIAOBIX CBSI-
3eid U K YMEHbIIIEHUIO TIJIOTHOCTH TeJisl B JaJIbHENIIIeM.

3arem (puc. 4B) U3 IU-, TPU- U TETpaMepPOB U OT-
JEeTbHBIX MULIEJT 00pa3yroTcs cJ1aboCcBsI3aHHbIC KJla-
crepbl. Ciiabblit xapakTep cBsA3eil MeXIy MUlieJllaMuy
KazerHa B 00pa3yolIMXcs KjacTepax MoATBEPXKIaeTCs
He3HAYUTEJbHBIM U3MEHEHUEM BSI3KOCTU o0Opasiia Ha
9TOM Yy4YacTKe CTaauu reiaeoopaszoBaHus. Puc. 5 me-
MOHCTPUPYET 00pa3oBaHue HEOObIIUX CIa00CBI3aH -
HBIX KJIACTEPOB MUIIEJI K MOMEHTY BpeMeHHU (B) Ha
puc. 1 (Hauany nepBuYHOM (pa3bl (hepMEHTATUBHOTO
reaeo0pa3oBaHusl), MOJYYCHHBIX pa3TIUYHbIMU METO-
JaMH TIpEapupoOBaHMs, YTO NCKITIOUAET HEBEPHYIO MX
WHTEpIIpeTaluio.

CMBbIKOB, MATKOHOCOB

Puc. 3. Munenna kazerHa rnpy 6OJIbILIEM YBEIUYECHUU.

B 5TOT MOMEHT BpeMeHU MOJIEKYJIbl MOJIOKOCBEP-
TeiBatotero ¢pepmenta (Naturen® Extra 220 NB)
yAaJIUJIu C MOBEPXHOCTU YaCTU MUILEJUT INIMKOMa-
KPOIENTUIbl K-Ka3eruHa, HaXOAUBIINUXCS Ha MOBEPX-
HOCTH MUIIEJUT M1 00Pa30BBIBABIINX ITOBEPXHOCTHBIN
BOPCUCTBIN CI0M ¢ TUAPODUIBLHBIMU CBOMCTBAMMU.
Kak pe3ynbTaT, MOBEepXHOCTb MUIIEJJIBI (WU €e
YacTh) CTaJIM TUAPO(POOHBIMH, YTO DHEPTETUIECKU
HEBBITOJHO ISl AUCHEPCHON CUCTEMBI, U, YMEHb-
111asi CBOIO CBOOOIHYIO SHEPTUIO, CUCTEMA CTPEMUTCS
K YMEHBIIEHUIO pa3MepoOB CBOOOMHBIX TUAPO(006-
HBIX YYaCTKOB 3a CUeT 0ObeIUHEHWSI MULIEJT B Kja-
CTEpHI, CBSI3aHHbIE TUAPO(GOOHBIMU B3aUMOIEHCTBU -
amu. Kak Ha puc. 5a, Tak 1 Ha pucC. 50, ITOJIy4YeHHBIX
Pa3IUYHBIMU METOAAMU MpenapupoBaHusl, XOPOIIO
BUIHO 00pa3oBaHMe K 3TOMY MOMEHTY BPEMEHU PhIX-
JIBIX CJ1a00CBSI3aHHBIX KJIACTEPOB MUIIE/I, HO HUKaK
He MpocMaTpUBaeTCs HaJIMuMe Kakux-aubo 3Hauu-
MBIX CBSI3€ MEXIY HUMU.

TMomryueHHBIE PE3yIBTAThI 2JIEKTPOHHO-MUKPOCKO-
MUYECKUX MCCIeNOBaHUI Mpoliecca reieodpa3oBaHus
OIM3KU K pe3yibraTaM, IToJy4eHHBIM B pabortax [20,
21] npyrumMu aHaIMTUYECKUMM METOAAMM, TAKXKe yKa-
3bIBAIOIIMM Ha CYILECTBOBaHME IMpoliecca arperaliuu
MMLE/UT KazerHa Ha (hhepMEeHTaTUBHOM CcTaauu, mpe-
IIECTBYIOIIEH mpolieccy koarysuuu [32].

Peskue u3aMeHeHUs1 B CTPYKTYpe KJIacTepOB MULIEIUT
KazeuHa HabJonaTcsl B KOHIE hepMeHTaTUBHOM cTa-
auu (puc. 4r). 3aech MULIEIUIBI yKe TTapa-K-Ka3enHa,
T.€. K-Ka3enHa, JUIIEHHOTO TNIMKOMaKpOMEeNnTUIHbIX
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o

Puc. 4. [locnenoBatenbHoe (popMUPOBaHUE MUKPOCTPYKTYPBI MOJIOYHOTO TeJisl Ha (DepMeHTaTUBHOM cTaauu rejeodpaso-
BaHMs, 0003HAYEHUSI B COOTBETCTBUU C pucC. 1.

Puc. 5. O6pa3oBaHue KJIaCTepOB MULIEJT Ka3eMHa K cepeuHe ¢hepMEHTaTUBHOI CTaauu resieodpa3oBaHusl: (a) METOM OT-
TeHeHUs; (6) METOI KOHTPaCTUPOBAHMSI.

KOJJIOUJHBIM XKYPHAT tom86 Ne2 2024
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Puc. 6. ArperaTsl MULIE/T B KOHIIE (DepMEHTATUBHOM CTaauu rejicoopa3oBaHus: (a) MeTon OTTeHeHMS; (0) METOI KOHTpa-

CTUPOBaHMUA.

YYaCTKOB, BBIINISIAAT CUJIBHO He(OPMUPOBAHHBIMU,
YaCTUYHO Pa3pylIEHHBIMU.

B nanbHeiieM 3TH KJ1aCTePHI YIIOTHSIOTCS 33 CUET
KoJIeGaTeIbHBIX U BpalllaTeIbHBIX ABVKEHUN MULIEIUT
¥ MOJIEKYJT Ka3erMHa BHYTPH KJIacTepa U 00pa3oBaHUS
3a CYET ITOTO JAOIMOTHUTETBHBIX KOBAJEHTHBIX MEXMMU -
LIEJUTIPHBIX CBSI3€#, B pe3yJbTaTe 4ero MpOUCXOIUT
mpeobpa3oBaHNe KJIACTEPOB B CBA3HBIC arperaThl.

HeTtpynHo 3aMeTUTh, UTO U3MEHEHHE COCTOSIHUS
KJIaCTEPOB MULIET U3 Mopdosoruu 48 B MopdoJio-
TUIO 4T COBMAAET C TIOSIBJICHWEM Ha 3TOM YJacTKe Tpa-
(buka u3MeHeHUs BSI3BKOCTHU Teslsl paHee OTMEUYEHHOTO
CTaTUCTUYECKN 3HAYMMOTO TTnKa. HermmocpencTBeHHO
MOCJIe 3TOTO y4acTKa, KOTOPBIN JJOTMYHO MPUHSITD 3a
pu3ngeckoe oToOpaxkeHNE TelIb-TOYKM, HAYMHACTCS
WHTEHCHUBHBIN POCT BSI3KOCTH TeJIsd, T.€. HAUMHACTCS
BTOpUYHAS CTaAus KOAryasiuu. AHAIOTUYHBINA MK
MOXXHO YBUIETh M HA HEKOTOPHIX TpadhUKaX, TPUBOIH -
MBIX pa3HbIMU aBTOpaMu [33] ¥ moIy4eHHBIX pa3HBIMU
METOJaMU, YTO MTO3BOJISIET KOHCTaTUPOBATh HecTyJyaii-
HOCTB 3TOTO SIBJIEHUSI IPUMEHUTETBHO K Tefieo0pa3o-
BAHUIO B Pa3IMYHBIX MUIIIEBBIX TUCTIEPCHBIX CUCTEMAX.
OpmHako TaknxX paboT HEMHOTO, I BHUMAHUSI Ha CyIIe-
CTBOBaHME 3TOTO IMUKa MCCISIOBATEIM He 00paIiaroT,
00BSICHSIETCSI 3TO, CKOPee BCEro, HU3KOM UYyBCTBUTEb-
HOCTBIO 000pYIOBaHMS, MCTIOIH3yeMOTO TIPU PYTHUH-
HBIX UCCIIETOBAHUSIX M HEOOJIBIION BETMIMHON ITHKa,
BOCIIPUHUMAEMOTI0 KaK MOTPEIIHOCTb U3MEPEHMUSI.

Ha puc. 6 npuBenensl ¢pororpadun arperatoB Mu-
11eJUT B MOMEHT BpeMeHu D (puc. 1), mosyyeHHbIe pa3-
HBbIMU METOJaMU TTOATOTOBKHU MpPerapaTos.

Kak BugHO u3 npuBeneHHbIX pororpaduii, Mu-
LIeJIJTbl B KJIacTepax MpeTepIien 3HaUMTeIbHbIE CTPYK-
TypHble u3MeHeHus. Eciu B Hauane MULENIbl Ka3e-
MHA COXpaHsIU chepruuecKyio GopMy U CBI3U MEXIY
HUMU B KJlacTepe Oblv c1adbiMuU, TO TTocie Haboaa-
€MOTO MHKa B KJacTepe HET HU OJHOI cepuueckoii
MULEJJIbI, BCE OHU Pa3BEPHYIUCH, T.€. MPOUZOLIIU
KOH(popMallMOHHbIE U3MEHEHUST Ka3eMHOBBIX MOJe-
KyJl B MULIEJIJIaxX 10 MPUHLIMIY Mepexoaa TUIa “Bce
wiy Hudero”. Takoil Bua KoH(GOPMAIIMOHHOTO Mepe-
Xo/la B pa3IMuHbIX O6e1Kax Xopouio uzydyeH [34] u K Ha-
CTOsIIIEMY BPEMEHH YK€ TBEPIO YCTAHOBJIEHO, UTO OH
SIBJISIETCSI KOOTIEpATUBHBIM C OMHOBPEMEHHBIM U pe3-
KUM U3MEHEHUEM CBOMCTB OEIKOBBIX MOJIEKYJI U OXBa-
TBIBAET Cpa3y MHOXECTBO aMUHOKUCIOTHBIX OCTaTKOB.

W3 npuBenenHbix poTorpaduii BUGHO, YTO B Ha-
11eM ciiydyae KOH(OpMallMOHHBIN TTepeXxod HOCUT KO-
OIepaTUBHBIN XapakTep AJs1 BCeX MULIEI Ka3euHa
B kiactepe. OnHaKO IJi pa3IMYHbIX KJIACTePOB B CU-
CTEME 3TO CBOMCTBO KOOIMEPATUBHOCTU HE cOOI0OAa-
eTcs 1 (ba30BbIN Mepexo ISl CUCTEMbI B LIEJIOM MTPO-
UCXOAUT B Te€UYeHUE HEKOTOPOTO BpeMEHM (OT Ielib-
TOYKHU A0 Hayaja CUHepe3uca) U OMpeaesieTcsl Kak
BHEITHUMU YCJIOBUSIMMU, TaK U COOCTBEHHBIMU CBOIi-
CTBaMU MULIEJL.

ITo HamemMy MHEHMIO, B KOHIIe (hDepMEHTAaTUBHOM
CcTaauu rejieoOpa3oBaHUs B MOJIeKyjlaxX Ka3enHa, 00-
pasylolux MULEIbI, U B KJacTepax MULIET TTPOUC-
XOIUT KOOIMEPATUBHBIN KOH(MOPMALIMOHHBIN Tepe-
X0l B MOJIEKyJaX Ka3euHOB. DTOT KOOoNepaTUBHbIHI
KOH(MOPMALIMOHHBIN Tepexol, BO-TIEPBbIX, TPUBOIUT

KOJIJIOUAHBIN XKYPHAJ Ne 2

TOM 86 2024



®EPMEHTATUBHBIN 30J1b—TEJIb [IEPEXO[ B MOJIOKE

261

Puc. 7. ®opMupoBaHue LIEIOCTHON CTPYKTYPBI MOJIOYHOTO rejist: (a) v (6) — MeTOI KOHTPACTUPOBAHUS YPAHMII alleTaTOM,
pa3IMIHOE yBEIUICHUE.

K YBEJIMYEHUIO pa3MEpPOB MUIIEIUT 3a CYET YBEJIMIE-
HUS UX TUApATalluy 1, COOTBETCTBEHHO, MX 00bEM-
HOM 101, YTO BBI3BIBAET HEKOTOPOE IMePBOHAYATBLHOE
yBEJIMYEHME BSIBKOCTH U, BO-BTOPBIX, BBI3BIBAET Pe3-
KOe U3MeHeHUe (HU3UKO-XUMUYECKUX CBOHCTB MU-
11eJIJT, CITIOCOOCTBYIOIIUX AasIbHEeIeMy hopMUpoBa-
HUIO LIEIOCTHO# CTPYKTYPhI MOJIOYHOTO rejisi. Takum
00pa3oM, c1ab0CBsA3aHHbIC KJIACTEPhl MULET TPEOO-
pasyloTcsl B CBSI3HBIE arperaThl OCTaBIIMXCS MULEIT
U OEJIKOBBIX YacCTUll, 0Opa30BaBIIMXCS MOCIE KOH-
(bopmarLimoHHOTO Nepexoaa. ITO MHEHHME OCHOBAHO Ha
aHaIu3e psaa u300pakeHUi COCTOSTHUS Telisl K KOHILY
BTOPUYHOM cTamuu reaeobpa3oBanus. Ha puc. 7 mpen-
cTaBjeHHBl (poTorpadum arperaToB 4acTHUIl Ka3enHa
npu 00pa3oBaHUU LIETOCTHON CTPYKTYPHI. 3[€Ch X0O-
pOIIIO BUIHBI HEOOJIBIIIME arperaThbl MULIEIUI, UX B3au-
MOJEICTBUE U 00pa3oBaHUe U3 HUX OOLIEH CTPYKTYphI

Cpenu uccienoBaTelieil IMMPOKO pacIpoOCTPaHEHO
MHEHHUE, YTO CTPYKTYpa ChIUY>KHOTO MOJIOUHOIO TeJis
MOXET OBITh OXapaKTepu3oBaHa KakK MPOCTPaHCTBEH-
Has (TpexMepHasl) ceTka 13 LIeMoYyeK MU Ka3e-
nHa. PacnpocTpaHeHO MHEHUE U MIPUBOASITCS MHO-
TOYMCJIEHHBIE TTOBTOPSIONIMECS XyIOXKECTBEHHbBIE WJI-
JIIocTpauuu (MOIENIM) TOTO, YTO Ha (hepMEeHTATUBHOMI
CTaauu rejaeo0pa3oBaHMsI OTAEIbHbBIE MUIIEIUIBI 00Opa-
3yIOT LIeMoYKW. Ha Harm B3mIsia, 3To pacrpocTpaHeH-
HOe MHEHHME HEBEPHO 110 ABYM npuunHaM. IlepBas co-
CTOUT B TOM, UTO JIf00ast CUCTeMa CTPEMUTCS K YMEHb-
IIIEHWIO CBOOOIHOI PHEPIUHU, a 00pa3oBaHUe LIETTOYKU
DHEPreTUYeCKU HEBBITOJHO MPU PAaBHOMEPHOM yna-
JICHUU MIMKOMAaKpOMeEeNnTUaa ¢ TOBEPXHOCTU MULELI.
boiiee BeposiTHO UX ciyvaiiHoe TpynmnupoBaHue. Bro-
pas MpuYKMHa 3aKJ0YaeTcs B TOM, YTO LIEMOYKU MO-
TyT 00pa30BbIBATHCS TOJIBKO MTPU aHU30METPUUECKOM
(c IBYX IPOTUBOIIOJIOKHBIX CTOPOH) pacloJOXEeHUN
ruapo¢GOOHBIX YYaCTKOB Ha MOBEPXHOCTU MULEILI,
Ne2 2024

KOJITIOUJTHBIM )KYPHAJL oM 86

a 9TO MaJIOBEPOSITHO, HUKEM He HaOJI101a10Ch U HU-
yeM He noarBepxaeHo. [TpoBeneHHbIE UCCaenOBaHUS
MoKa3aiu, 4To B KOHIIE (pepMEHTAaTUBHOI CTalAuu Te-
JieooOpa3oBaHus (OPMUPYIOTCS CBSI3HBIE arperaThbl
muue. B nanpHeiilieM 3TU arperatbl HECKOJIbKO
YIUJIOTHSIOTCS 32 cUYET (hIYKTyallMOHHBIX, KojiebaTesb-
HBIX U BpallaTeJbHbIX IBUXEHU MUIIE Ka3enHa
¥ OEJIKOBBIX YaCTHUIL BHYTPU arperara 1 oo0pa3oBaHUs
3a CYET ITOTrO MOTOJHUTEIbHBIX MEXMULIEIUISPHBIX
CBSI3El, 1 UMEHHO 3T arperaTsl SIBIISIIOTCS B JATbHE -
1IeM MCXOAHBIM MaTepuajioM i 00pa3oBaHUs 1ie-
JIOCTHOM MPOCTPAHCTBEHHOMU CTPYKTYPbl MOJIOYHOT'O
reJisi BO BTOpUYHON cTaauu mpoliecca.

ITpu npoBeneHUU 3J1€KTPOHHO-MUKPOCKOTINYE-
CKMX MCCIIEHOBAHUIN M3MEHEHUI MUKPOCTPYKTYPHI
MOJIOYHOrO Tefis Ha (hepMEHTAaTUBHOIM CTaliuU reje-
o0Opa3oBaHUS ObLIM MCIIOJb30BaHbl TPU BUIAa MOJIO-
KocBepThIBalomux ¢pepmMeHTOoB (M®) XUBOTHOTO,
pacTuTeabHOro U MmukpoouansHoro (I'MO) npouc-
XoxxaeHui. OMHAKO KaKMX-JIM00 3HAUMMbBIX pa3Inyuit
B MUKPOCTPYKTYpE Tejisi B 3aBUCMMOCTH OT Buaa dep-
MEHTa OOHapyKeHO He ObLIO.

J1s1 OLleHKM BJIMSIHUS BUJIa MOJIOKOCBEPTHIBAIO-
1ero (pepMeHTa Ha MOJIEKYJIIPHO-MAacCOBOE pacrpe-
JejieHue 0eIKOB ObUIM ITPOBENEHbI JOMOIHUTEIbHbIE
HMCCIIENOBaHUS Ha 3KCIIEpMMEHTaJIbHBIX BEIpabOTKaX
MSITKMX PacCOJIbHBIX CHIPOB.

3.3. Moaokoceepmuiéaroujas
u npomeoaumuueckas axmuenocmos MO

Pesynbratsl n3MepeHUs IPOTEOIUTUIECKOM aKTUB-
Hoctu U 3HaueHus1 MCA/TTA, paccunTaHHble UCXOMs
13 HOMUHaJIbHON akKTUBHOCTU M@, B COOTBETCTBUU
¢ 'OCT 34430-2018, mpuBeneHsl B Ta0I. 1.



262

CMBIKOB, MATKOHOCOB

Taomuna 1. MoyiokocBepThIBaOIIas M 0011ast MPOTeOIUTUYECKasT aKTUBHOCT M@

MoJjiokocBepThIBatoIIast ITpoTeonurnyeckas
Mapka M® aktuBHOCTH (MCA), akTUBHOCTH (ITA), COOT];&HJCGSI}I: Ml_([::/ TIA,
HoMmuHanbHas, IMCU/r en. [TA/T i
Marzyme MT 2200 2200 70.90 31
Naturen Extra 220 193* 0.97 227
Chy-max M 1000 909** 0.68 1470

ITpumeuanue. MonokocBepThIBalolllasl akTUBHOCThL npenaparoB Naturen Extra u Chy-max nepecunuTaHa U3 HOMUHaJbHOM
AKTMBHOCTU B |1 cM® Ha HOMUHAJILHYIO aKTUBHOCTE B 1 T, MCXOIS M3 TUIOTHOCTH JAaHHKIX IIpenaparos (r/cm?).

* isMepeHHas IIOTHOCTD rpenapara Naturen Extra 220 pasHa 1.134 r/cm?.

** Y[3MepeHHas IJIOTHOCT npenapara Chy-max M 1000 pasHa 1.101 r/cm?.

< <
T < < &QQ
§ £54855
——Chy-max M| v oo =22
10.00 ||=—Naturen o A n=R
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3 8.75 ’
E 7.50
(e ) (8
& 6.25
& .
2 5.00
=
5
= 375
B
£ 250
1.25
=
0

Puc. 8. MojekynsipHo-MaccoBoe pacrnpeneieHue pac-
TBOPUMBIX OEJKOBBIX BEIIECTB CHIBOPOTKU OT CHIPOB,
TIPOM3BEIEHHBIX ¢ pa3HbIMU TUIIaMu M®@: L — GenkoBast
dpakLus, coaepKauias JUIMOIPOTEUHbI, (PocdOTUUIBI
W Ka3euHbl, o — (ppakuus anbda-iakroanbO0yMuHa,
B — dpakums Geta-nakTormobynuHa (MaeHTUDUKAIIVIS
¢dpakuuit mo faHHbBIM [35]).

W3 npencraBieHHbIX B Ta0JI. 1 TaHHBIX CAEOyeT, YTO
WMEIOT MECTO CYIIECTBEHHbBIC OTJINYUS 10 BEJIMUMHE
HecTenn(GUUIECKON MPOTEOTUTUICCKON aKTHUBHO-
ctu (ITA) mexxny M® pa3HOro MpouCXoXAeHUsI, UTO
cKas3blBaeTcs Ha BeanunHe cooTHoleHuss MCA/TIA.
[Tokazarenr MCA/ITA, xapakTepusyloliuii CTeneHb
cnenudpuyHocT neiicteusgs M@ B OTHOIIEHUU Karl-
na-kazeunHa, y npemnaparta Chy-max M 1000 B ~7 pa3
BBIIIE, YeM y npenapaTta Naturen Extra 220, u B ~50
pas Bhlle, yeM y npenapara Marzyme MT 2200. Uc-
XOI$1 U3 OMNpPENEJEHHOM B pe3yJibTaTe UCCAea0BaHUMA
BenuunHbl Kputepuss MCA/ITA, cinenyeT oxunath,

YTO NPONOJIKUTENIBHOCTL CBEPTHIBAHMS MOJIOKA TIpe-
napatamu oyaet ciaenytoueii: Chy-max M < Naturen
Extra < Marzyme. [Ipu 3ToM HauMeHbIIIME IOTEPU CY-
XMX BELIECTB MOJIOKA B CHIBOPOTKY AOJIKHbBI ObITH Y Ba-
PUAHTOB CHIPOB, MPOU3BOAUMBIX ¢ TipenapatoMm Chy-
max M, a HauOoJIblIIMe MOTePH — Y BApUAHTOB CHIPOB,
MPOU3BOAMMBIX C MpernapaToM Marzyme.

3.4. Onpedenerue MOAEKYAAPHO-
Maccos02o pacnpeoeneHus 6eakos

H7s1 onpeneneHusi MOJEKYISIPHO-MacCOBOTO pac-
npenejeHus: paCTBOPMMBbIX O€JIKOB ObLIU MPOBEAEHBI
TPU cIlellMajibHble BKCIIepUMEHTaIbHbIE BbIPAOOTKU
MSITKMX PacCOJIbHBIX CHIPOB C MCITOJb30BAHUEM pa3-
JIHBIX M®. AKTUBHAsS KUCIIOTHOCTh MOJIOKA TIepel
ero koaryusuueii coctasnsiia 6.4 = 0.2 en. pH. Koary-
JISILMIO TPOBOIWIU 100aBICHUEM Kaxaoro epMeHTa
n3 pacueta 3000 IMCU/100 xr monoka. Jlanee aHaau-
3UPOBAJIU COCTAB U CBOIMCTBA IMOJYYEHHOMN ChIBOPOTKUA
U BbIPAOOTaHHBIX CBEXKUX CHIPOB.

OmpeneneHre MOJIEKYISIPHO-MacCOBOTO pacIipere-
JICHUSI pACTBOPUMBIX OCJIKOBBIX BEIIIECTB B CHIBOPOTKE
MIPOBOIMIN METOMOM Telb-(UIBTPAIIA BBICOKOTO
paspelienus. M3 xpomarorpaMm, IpuBeIeHHBIX Ha
puc. 8, BUITHO, YTO MOJIEKYJISIPHO-MAacCOBO€E pacripe-
neyieHue 0eIKOBBIX BELECTB MOJIOYHOM ChIBOPOTKU,
MOJTY4eHHOM MpH rcTonb3oBannn M® Marzyme, He-
CKOJIBKO OTJIMYAETCSI OT MOJIEKYJISIPHO-MaCCOBOI0O pac-
TpeneeHrs B 00pa3iiaXx CBIBOPOTKH OT CHIPOB, TIPOM3-
BeneHHbIX ¢ M® Naturen 1 Chy-max M.

VYposeHnb pH B cBexux cbipax yepe3 24 4 mocie
MX BBIpAOOTKM Haxonuics B mpenenax 5.05 £ 0.10 exn.
pH 3a cuer me#icTBUSI 3aKBAaCOYHOM MUKPOOUOTEHI, T.€.
0113K0 K ypoBHIO pH, mpu KoTopoMm OkbL1a ompene-
JieHa IIPOTEOIUTHYECKass aKTUBHOCTE MM B yCI0BUAX
in vitro (pH 5.3). DT0 103B0OJISIET COOTHECTU OLIEHKM
BenmnuuHbl [TA M®, usMepeHHbIe in vitro, ¢ pakTUde-
CKUM IIPOTEOJUTHYEeCKUM JeiicTBueM M® Ha cBexue
paccoJibHbIE ChIPBI B peaibHbIX YCIOBUSIX.

ITonyyeHHBIN pe3yabTaT IMO3BOJIIET TOBOPUThH
0 OoJnblIeM IMPOTEOJUTHUYECKOM AeiicTBuu MO
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Marzyme Ha OeIKMd MOJIOKA B CPAaBHEHUHU C IPYTUMU
BapuantamMu M®. BonbImii ypoBeHb TPOTEOTUTH -
YeCcKoil aKTUBHOCTH Marzyme MoOXeT OBITh TTpHIH-
HOIM moJydyeHus 6oJiee c1aboro MOJOYHOIO CrycTKa
U OOJIBIIIUX MOTEPb CYXMX BELIECTB CTYCTKA B ChIBO-
POTKY TIpYW JaJTbHENIIEN MEXaHMIECKO 0OpaboTKe.

3AKJIIIOYEHUE

PesynbraThl mpoBeneHHBIX MCCIENOBAaHUMI MOKa-
3aJIM, 9YTO CTATUCTUYECKUIT aHAIN3 MHOTOKPATHBIX U3-
MEpPEHUI BSI3KOCTU MOJIOKA Ha (DepMEHTATUBHOM CTa-
JIWY TeieoOpa3oBaHMsI C UCIOJIb30BaHUEM Hepaspy-
maromiero (Hot-Wire) MeToma mo3BoJivi1 oATBEPIUTD
CHUXEHUE BSI3KOCTU B CepelMHe 3TOI CTaIuu U BbIsi-
BUTb paHee He OMUCAHHBII MUK U3MEHEHUS BI3KOCTU
B KOHIIe (hepMeHTAaTUBHOI cTaguu. OTMeYeHo, YTO
BO3HUKHOBEHME 3TOTO ITMKa MO BpEMEHU COBMAgacT
C KOOIIEpaTUBHBIM KOH(MOPMaIlMOHHBIM MIEPEXOAOM
B 00pa30BaBIIMXCS paHee KilacTepax MUIEJI mapa-
KazenHa. DJIeKTPOHHO-MUKPOCKOIIMYECKIMHU UCCIIe-
JOBaHUSIMU OIIPEIEIeHO, YTO B KOHIIE (hepMeHTaTUB-
HOM cTaguy rejeodpa3oBaHUs B MOJIOKE 3aIlyCKaeTCs
HepapXnyecKuil Impoliecc npeodpa3oBaHUl OEITKOBOI
cocraBisooieil Mosoka. CIIyCKOBBIM MEXaHU3MOM
3TOro IMpoliecca SBIsIeTCs KOoNepaTuBHbIN KOHDOP-
MAallMOHHBIN TIepexol B KJlacTepax MUILIET Ka3enHa,
KOTOPBII BBI3bIBAET LIEMOUKY BCe DOJiee SIHEProeMKUX
peakuuii B U3BECTHOM IOCIEA0BATEIbHOCTU: TUIPO-
(boOHBIE B3aMMOAENCTBUSI — BOAOPOAHbBIC CBSI3U —>
3JIEKTPOCTATUYECKOE TIPUTSDKEHNE — KaJIbIIMEBbIE MO-
CTUKM, PE3yJIbTaTOM YeTo SIBJsIeTCs Ipeodpa3zoBaHue
CJ1a00CBsI3aHHBIX KJIACTePOB MULIEIUT B 00Jiee TJIOTHhIE
arperatbl. OKOHYaTeIbHAasI CTPYKTYpa MOJIOYHOTO TS
¢dopMupyercsa Ha HepepMEHTAaTUBHOM CTaAUM Teje-
00pa3oBaHUs IIPEUMYILLIECTBEHHO 13 00pa30BaBILINXCS
paHee OTIebHbIX arperaTos.

IIpu mpoBeneHUM 3JIEKTPOHHO-MUKPOCKOITHYE-
CKMX WMCCIIeNOBaHUI M3MEHEHUN MUKPOCTPYKTYPBI
MOJIOYHOTO TelIst Ha pepMEHTAaTUBHOM CTamuM Teje-
00pa3oBaHMs OBLUIN MCITOJB30BaHBI TPU BHUIA MOJIO-
KocBepTHBaomux ¢epmeHtoB (M®P) XuBoTHOTO,
pactutenbHoro u Mukpoo6Horo (I'MO) npoucxoxne-
Huil. OnHAKO KaKUX-JIM00 3HAUMMBIX Pa3INYUii B MU-
KPOCTPYKTYpe Telisl B 3aBUCUMOCTU OT BUJa (pepMeHTa
oOHapyKeHO He ObLIO.

HccaenoBaHusI MOJIEKYJISIPHO-MAacCOBOTO pacIipe-
JIeJIeHUSI paCTBOPUMBIX OEJIKOBBIX BEIIECTB 00Pa3lIoB,
MPOU3BEAECHHBIX C pa3HbIMU TUTTaMu M@, okasanu,
yTO (PEPMEHT, BBIACJICHHBIN OT TpUOOB Rhizomucor
miehei, obnagaeT OONBIITUM TIPOTEOTUTUISCCKUM IS -
CTBUEM Ha OeJIKM MOJIOKa B CPaBHEHUH C IPYTUMU Ba-
puantamu M®.

ONHAHCHPOBAHUME PABOThI

CraTbhgd MNOATOTOBJIEHA B paMKax BBIIIOJHE-
HUS UCCIECOOBAHUU MO rocyaiapCTBCHHOMY 3adaHUIO

KOJIJIOUIHBIM )KYPHATL  Ttom 86 Ne2 2024
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Ne FNEN-2019-0010 ®denepanbHOro HayYHOTO LIEHTpa
nuineBbix cucteM uM. B.M. I'opb6aTtoBa Poccuiickoii
akageMUu HayK. HUKakux 1OTOTHUTEIbHBIX TPAHTOB Ha
MpOBeIeHUE WIN PYKOBOACTBO JaHHBIM KOHKPETHBIM K C-
cJIeMOBaHUEM ITOTYYEHO He ObLIO.

COBJIIOAEHUE D TUYECKHNX CTAHOIAPTOB

B naHHoO#T paGoTe OTCYTCTBYIOT MCCJIEIOBAHUS YesI0-
BeKa WM XUBOTHBIX.

KOH®JIUKT UHTEPECOB

ABTOpPHI JaHHOI PabOTHI 3asBJSIOT, YTO Y HUX HET
KOH(MJIMKTa UHTEPECOB.
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