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KHPHII (10KTOPJIHK JMcCepPTALUACH AHHOTALUACH)

Juccepranuss MaB3yCHHHMHI J0J3apOauru Ba 3apypatu. JKaxoHna
COMPTIAM WYUMIIMKJIAPHM JETyCTallMOH Ba TEXHOJOTMK KYpCATKUYJIapUHU
AXIIMJIAIIra HYHANTUPUITaH pako0aTdapIo1l TEXHOIOTMsUIApHHU UIIa0 YUKUIITa
aJloXMJ1a YbTUOOP KapaTUiIMOKAa. MaBxKy1 OYaraH TEXHOJIOTHsUIapHU (epMEHTIap
épaamyzia TaKOMWUIAIITUPUIL, CHUPTIAM WYUMIIMKIAD TapKUOWJard HOKOpU
(cuBymlI) coupTiaap MHUKIOPHMHM KaMaWTHUPHII Ba peclyOiMKaaa 53KCHopTra
HyHanTtupunaran cudpaTid Maxcylnomiap Hnrad YMKapUIl HMKOHHUSTIAPUHU
ApaTajy.

CnupTiay WYUMIIMKIAp OJIMII TEXHOJIOTMK JKapa€Hura TabCUp KHIYBUH
bepMeHTIapHU y3UTra XOCIUTH, OPTraHMK MYXHUTAa (hepMEeHTIapHU ¥3 cyOcTpatu
OusiaH TabCUpJAIIyBUTa OUJl PU3UK-KUMEBUN KOHYHHUSTIAPHU OYMINIIY, HadaKaT
OMOTEXHOJIOTHK )Kapa€HJIapHU SXIIMIARA, OaJku pepMeHT OapKapOpJIUru Xakuaa
TyLIyHYaJapUMU3HU KEHTaWTHpaaWd, HOaHbAaHABUW IIapouTIapAard OuoKaTaiu3
TYFpUCHIa MabIyMOTIap Oepaay Ba aHbAaHABUM CYBIM MYXUTAArd TaAKUKOTJIapaa
aMajra omupuo OynMalauraH amMaivii UMKOHUATIApHU ouuO Oepamu. AmManuii
KUXaTAaH COUPTIM WYMMIIMKIAPHU AETYCTAllMOH KYpPCATKUYJIApUHU SIXIIWIAIAA
yJap TapKuOMJIaru M30aMuwil COUPTU MHUKIOPUHM KaMaWTupuil, OpeHau uiuiad
YUKapuIa AUCTWUIATIAPHU ETWIMIIMHU TE3MAIUTUPUII Ba Y30K MYAJIATIIH
eTHJINII JKapa€HU/Ia STAHOJIHU UYKOTUILITHY TeXalll UMKOHUSATUHHU Oepaiu.

®epmenTinap €pramuga OKOpPU COUPTIAPHH alKUI(PYKTO3HUIIap Ba
sadupnapra aIaHUIIN HATWXKACUAA YJIAPHUHT MUKIOPUHUA KaMaTUPHUII OpKaId
COUPTIAN WYUMIUKIAp CU(PATHUHU, TAbMUHU Ba XYyIIOYWIUTWHU Xamjaa YJapHU
TEXHOJOTHK KYpCAaTTUUJApUHU SIXIIWJIAll Ba CHUPTIAM MyxXuTaa GepMeHTIap
daomnury Ba GapKapOpJUTMHU TabMUHJAII YYyH yJapHH KATTUK TallyBUHJIapra
uMmoOmIam épramMuaa OapkapopJiail, IIYHUHTIAEK, aYUTKU XyKalpaJapuHUHT
MMKOHMATIIAPUIaH Ba XyCYCUM 3axupacujiaH YHyMIH (oiijganaHuil, GpepMeHTiIap
Ba 3upaap xocua OYIUIIMHM OOIIKApUII Y4yH auMTKU-3aMOYpFJIapHU Ha3opar
ocTHAA TypaH OOCKUWINM OMIKFUIL IIAPOUTIIApAA YCTUPHUIL, (DEpMEHTIAPHU Opra-
HUK MYXMTIA TEXHOJOIMK axaMHUSATHHM aHHUKJIall Ba YyJapJaH YHYMJH
doiinanann0, MaxCyJOTHHHI acOCHUH KYpCaTKUWIAPUHU HYHAITUPWITAH X0JIJ1a
y3rapTupuil Ba JUCTHWIISTIIAPDHU €TUIMILMHU TE3NMAalUTUpULI €pAaMHa CIUPTIN
WYUMIIMKIAp  Talépraml  TEXHOJOTHSICMHU  TaKOMWUIAIITUPUIN  Oyiinya
TaIKUKOTIIAp OJTMO OOpHIT MaKcaara MyBOGUKIHP.

V36exucron Pecny6mmkacu Ilpesunenturmar 2011 iimn 31 oxra6paarn
[1IK-1633 con «O3MUK-OBKAaT CaHOATHMHM OOIIKAPHUIIHU TAIUIKWUJ STUIIHU SHAAA
TaKOMWJUTAIITUPHUII Ba PUBOXKJIAHTUPHIL Yopa-Tanoupiapu tyrpucugantu (2012-
2015 wit.) Ba 2013 #iun 13 maptnaru [1K 1937-con «Pecny0mnnka y3yMUnIuruau
sHaJa PUBOXKIAHTUPUIN dYopa Tanoupiapu tyrpucugantu (2013-2015 it
Kapopyiapu XamJa Maskyp (aonusTtra Termuuid OomKa MebEPUH-XYKYKUH
XyAoKaTaapaa OenruiaHrad BasugaiapHu amaiira OlIUpUINTa yuly auccepranus
TaJKUKOTU MyalisiH Aapa)kasa Xu3MaT KUIaIu.



TaakuKOTHUHT pecny0JjMKa (paH Ba TEXHOJOTHSJIAP PUBOKIAHUIIN-
HMHI YCTYBOP HyHAJIUILJIApUra OOFJIUMKJIUIA. Mas3kyp TaAKUKOT peciyOiuka
(daH Ba TEXHOJOTHUSIAP PUBOXJIAHUIIMHUHT V.«Kunuwox xyxanuru, OMOTEXHO-
JIOTHU, PKOJIOTUS Ba aTpod-MyXuUT Myxodazacu» YCTyBOp HYHamuIimura MyBO(pHUK
Oa)kapuJIraH.

Jduccepranmst MaB3ycH Oyiinya XOpHKUH WIMHA-TAAKUKOTIAP HIAPXH.
CnupTiam MYUMIMKIApHU CU(ATUHM SXIIWIall Ba YJIapHU HIUIA0 YMKapUII
TEXHOJIOTHSICUHU ~ TaKOMWJUTAIITUPHUINTA XaMmja TEXHOJOTUK 3apyparra Jra
(dbepMEeHTIapHA O3WK-OBKAT MaxCyJOTiapu cu(aTHHN OIMUPHUIIIA KyJamra
WYHANTUPWITAaH WIMHMH W3JIAHUIUIAD XaXOHHUHI €TAaK4M WIMMH MapKasjapu Ba
oNuil TabBIUM Myaccacajapuia, kymiangad, Technical University of Munich,
University of Muenster, University of Geisenheim, University of Hohenheim
(I'epmanus), University of Cordoba, University of Barcelona, (Mcnanus), The
Fruit, Vine and Wine Institute of the Agricultural Research Council, University of
Stellebosch (OKanyouit Adpuka PecnyOnukacu), Universit¢ de Bordeaux,
Université de Caen, Station Viticole du BNIC, IUT-UFR Sciences, UNGDA,
UMR-Arémes (®panmums), University of California (AKI), Kochi and
Yamaguchi University (Anonust), University of Bern (LLIBefinapus), University of
Belgrade (CepOusi), Poccusna I[llumonuit KaBka3 y3ymMumJMK Ba BUHOYMWJIUK
MUHTAKaBUM WIMHUH-TAAKUKOT WHCTUTYTH Ba «MAI'APAY» VY3ym Ba Buno
Munuii ”HCTUTYTHIa 0JTMO OOPUIIMOK/IA.

depmenTnap €paamuia CyBCU3 MyXUTIOAru OMOKaTajau3ra OHJ >KaxOHJa
onud Oopwiran TaIKUKOTIAp HATWXacuaa Oup Karop, KyMmjaJaH, KyWuaaru
WIMUN HaTWXalap OJIMHTAH: YYyBYaH MOJJATapHU TAPKUOWHU Y3TapTHUPHII
ycysutapu uiabd ynkapuirad («MAT'APAY» Y3ym Ba Buno Munnuit ”HCTUTYTH,
Osuk-oBKar canoatn Opecca TEXHOJOTHMK HHCTUTYTH, Poccus; University of
Hohenheim, TI'epmanus); »scTepasamapHd  OWXKFUII  JKapa€HUAArw  PoJiv
kypcatunran (Kyoto University, SAnonus; Institute des Produits de la Vigne,
Institute National de la Recherche Agronomique, ®panrus; Institute Préparatuare
aux Etudes d'Ingénieurs, Tynuc); pepmeHTIapHU aKpaTUO OJIUII Ba UMMOOUJIIAII
ycymnapu spatuiran (University of Toronto, Kanana; University of Adelaide,
Asctpanus; University of Washington, Brandeis University, Walter Reed Army
Institute of Research; Brookhaven National Laboratory, AKIII; University of
Hohenheim, University of Geisenheim, University of Dortmund, I'epmanus; The
Weizmann  Institute  of  Science,  W3pawmn);  aumtku  3amOypyFu
MaHHONIpOTEeUHIapiaapuHu cTpykTypacu anukianrad (University of California,
AKIII) Ba oOpraHuk CHHTE3HHM TAaTOMKW YUyH TYypiu peakuusiap ¢epMmMeHTiaap
€pmamuna ontuMautamtupmwirad  (Massachusetts Institute of Technology,
University of California, AKII; University of Bern, IIBeiimapus; Dalian
University of Technology, Kuraii).

JyHéna cnupTtiau WYUMIMKIApH, OpeHAau cudaTuHU Ba TEXHOJOTHUK
KYpCAaTKUWIApUHM  gXIIujam Oyinya Oup KaTtop YCTYBOp WHYHaIuIIapaa
TaIKUKOTIIAp OJau0 OOpWJIMOKIA, >KymjaZaH, mapod Ba AUCTHILISATIAPHU
aCJUIMTUHU ~ OeNruiaiiiuran  MapkepJjapHU  aHMKJAll;, OpPraHuK MYyXHUTIa
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dbepMmeHTIap €paamMuaa KaTajaus; TYpJId TUCTAUISTIAPHUHT YIyBUYaH MOJIATapy-
HU KeauO YUKUIIMHUA Ba MaxcyjoT cudarura TabCUPUHU AHUKJIAIL; CHUPTIU
WYUMIIMKJIAPHUA €TUJTUIINHY Te3JIalITUPUI; COUPTIA WYUMIIUMKIAPHU €THJIUIINHU
TE3NAIUTUPUILL,  CIOUPTIM  WYUMIIMKIAPHM  JIeTyCTalus  KYpcaTKU4-JIapuHU
saxmunant; (pepMeHTIapHU Oapkapopijaml Ba (pepMEeHTIapHH HMMOOMIIIAII
yCyJUIapUHU WIU1ad YUKWl Ba (EpMEHTIIAPHM OpraHUK MYyXHTIapaa KyJulall
TEXHOJIOTHSUIAPUHU SPATHUILL.

MyaMMOHMHI YpraHwjraHjaMkK jAapamacd. CHOUpTIA HWYUMIHAKIAP
cudartura caxkjam MYAJAaTHHAHT TabCUPU Ba CTUIUIN >KapaCHUaa YIapHUHT
TapKUOHUIAry y3rapuuuiap KOHYHUSTIAPUHU O4YHO OepuIl, COUPTIN OMKFUTHUII
KapaéHuHU OMOKaTalnu3 acocuaa OOLIKApHIN, AUCTUIUIATIAPHU 3HAHT 3upiap
OwraH OOWMTHIN Ba CTWIUIIMHU TE3NMAMTUPHUIN, CHUPTIA WYAMIAKIAPHU
JETYCTAIMOH KYPCATKUWIAPHUHU SXIIHJIAIT, XaM/la CITUPTIIA WIUMITUKIIAPHU U1ad
YUKAPUII TEXHOJOTUACUHM TakoMuutamtupuin Oyinya C.X.AOmypaszakosa,
I'.T".Banyiixo, A.K.Pomonyno, W.M.Ckypuxun, B.M.Huno, B.M.Manta6ap,
E.J.MuxosH, JI.M.Ixxaunonanss, E.M.JlatrynamBunu, NU.M.I'paueBa, A.A.Map-
TaKoOB, JI.H.Heuaes, E.A.I'ornuaiinmBuiim, A.J1.Jlamixwu, B.A.Macios,
B.A 3aropyiiko, B.I'.I'epxukoBa, O.A.Uypcuna, H.M.Areesa, 2.5.MapTbiHEHKO,
O.A.Canpsikuna, Y. K. A0aymnaes, M.B. Ilentpoes, T.A.HaueBa, Gerald Ferrary,
Jerome Ledauphin, Pierre-Louis Teissedre, Rodriguez Madrera, Rodriguez Dodero
M.C., Cristina Martinez Montero, David M.Goldberg Ba Oomkamap wunmuit
U3NaHUILIap 0116 OOpHUILTaH.

depMeHTIApHU aXPaTHO OJUI, YJIAPHUHT MOJIEKYJISp IIaK/UIApUHU Ba
MeBEPUN KYpCaTKUWIAPUHU aHUKJIAII, pepMeHTIapHu OapKapop:iai, (epMeHTIap
épaamua TeTeporeH KaTraiu3 Ha3apusCH Ba aMalu€TH, CyBIHU-OPTaHUK MYXHTIA
Katanu3 Jkapa€Hmap Ba (EepMEHTIIApHU KYJUIAIlga acOCIaHTaH TEXHOJOTHUsIap
apatuil, (QEepMEeHTIApHU OPraHuK MYXMTIAard y3ura XOCJIHWIM Ba HOAHbaHABUU
MIApOUTIApJard Karajiu3 UMKOHHUATIApUM ouuO Oepull, OpraHuK MYyXHUTIa
dbepMeHTIapHu Y3 cyOcTpaTu OujaH TabCUpJalllyBUra OWJ, KOHYHUSITIAPUHU
ypranuin puBOXura calMokiau xucca kymran A.M.Onapun, A.M. be36opoos,
N.B.bepe3un, M.M. Paxumon, M.T.Tyiuubae, A.A.AxynoB, K.J[./laBpaHoB,
3.P.AxmenoBa, O.H. Baruna, II.C.Tammyxamenona, III.Y.Typaukymnosa,
H.Ix.Carnues, 1U.T.Sky6oB, X.T.Xacanos, A.M.Klibanov, J.O.Lampen, Lizhong
Dai, V.Urlacher, Zhang Shu-fen, Isabelle Dugelay, Castro G.R., Munishwar
N.Gupta, Yoshiharu Inoue Ba OomKanapHUHT WIMHA H3JTaHUIUIAPUHU KYpCATUII
MYMKWH.

buokatann3 acocuma OWXFUII TEXHOJOTHSJIAPHU TaKOMUJLIAIITHPHIIL,
auUTKH 3aMOypyFJIapHH Ha30paT OCTHAA YCTUPHIN >kapaéHuaa (epMeHTIapHU
XOCHJI OYMUITUHT OOMIKAPHUIL, TUAPOIUTUK (EePMEHTIAPHN HOAHbAHABUN IIAPOUT-
jnapaard OWMOKaTaJU3WHUHT Y3Ura XOCHWTH, YJIAPHU TEXHOJIOTMK axaMUSTUHU
TEXHOJIOTHK Ba OMOKMMEBUMN JKUXATAAH aHUKJIAI, COUPTIN HYUMIIMKIIAP TapKUOU-
Jard y4yyBYaH MOJJIaJIapHU UYHAITUPUITaH X0Ji/1a OOMIKApHILL, KyMiIalaH, HHBEP-
Taza Ba 3cTepasza (pepMeHTNIapu €pAamMuaa yJapHU TapKUOUAaru OKOPH CHUPT-



JapHU MUKIOPWHU KaMaWTHPHUII Ba 3HAHT >Qupiap OwiaH OOWUTHUIN TaAKUKOT-
JApHU amaJira OLMPHII J013ap0, WIMHI-aMalliii axaMusITra ara.

Auccepranmss MaB3YCHHHUHI JUCCepPTANMS OakapwjaaéTraH oJMii
TabJAUM MYACCACACMHMHI WIMHH-TAAKUKOT HILIAPH OWJIaH OOFJIMKJIMIH.
Jluccepranys TaAKUKOTH Y30eKMCTOH MWLM YHHBEPCHTETH WIMHI-TaqKUKOT
unuiapu pexxacuHuHr «lereporeH ¢GepMeHTaTUB KAaTalu3HM Ha3apusIcu Ba
amanuétu» (1995-2015 iit.), TomkeHT KUME-TEXHOIOTHS UHCTUTYTUHUHT 3U-12-
01 «Okonoruk TO3a Ba IOKOpU CU(DATIN CIHPTIM UUUMIIHMKIAP PECYpC TEKAMKOP
TexHojorusuiapunu sipatuun» (2003-2005 i) xamaa «®Depmentinap €paamuaa
onu6 O6opuirad aTepuuKanns Ba TpaHCITEpUPHUKAIUS KapaCHIapuIar yuyBuaH
moamanapan taxymmim» (Erasmus Mundus CASIA-I, University of Hohenheim,
2011-2012 #ii.), «Auntku 3amOypyFiapu GepMEHTIIApUHU KYJUIall acocCHaa
COUPTIA WYUMJIMKIAPHH TaW€piaml TEeXHOJIOTHSCUHU TaKOMUJUIAIITHPHIIDY
(DAAD, University of Geisenheim, 2014 i.) maB3ycuaaru amajivii jioluxanap
ngoupacua oaxkapuiras.

TagKMKOTHHHT MaKCaau CIUPTIM MyXHTAa Oapkapop OViraH MMMOOUII-
JaHraH (EepMEHTIapHU OJIMII TEXHOJOTUSICMHM SpaTUll Ba yjap €paaMuiaa
CHOUPTIA WYUMIIMKIIADHU Tal€piail TEXHOJOTHSUIAPUHU TaKOMWJUIAIITUPUILIAH
nudopar.

TaagKuKOTHUHT Basudaiapu:

CYBIIU-OPTaHUK MyXuTAa Oapkapop OynraH UMMOOWJUIAHTaH aAYUTKH
MHBEPTA3acH Ba 3CTEPA3aCHUHU OJIUILL;

aUUTKH MHBEpPTa3aCl Ba JCTEPA3aCUHU IOKOPH CHHpTIapra HucOaTaH
cyOcTpaT cnenuuKINTHHN CYyBIH-OPTaHUK MYXUT/a aHUKJIAIT,

uMMoOusUTanran epMeHTinap €paamMuaa IOKOPH CIHUPTIAPHU KOHBEPCHUS-
CUHU ONTHMAJT MAPOUTIAPUHHM SIPATUIITAH MOJIET CHCTEMa/Ia aHUKJIAIIT,

CIIUPTIM MYXHUTJa 6apKapop OyJaraH MMMOOWJUTAHTaH (PepMEHTIaApHU OJTHUII
TEXHOJIOTUSUIAPUHU UILTA0 YUKHULII;

UMMOOMIITIaHTaH (DepMEHTIapHU KYJUlalll acocujia JIMKEP-apoK MaxCyioT-
Japu Ba OpeHIu Tai€piail TEXHOJOTHUSCUHU TAKOMUJUIAIITUPUIL XaMJla TEXHUK-
UKTUCOIMI camapaopJIMTUHU XUCOOalll.

TaagKMKOTHUHT 00beKTH Y3yM (KOHBSIK) Ba OyF0M TUCTUIUIATIAPU XaMa
Saccharomyces cerevisiae (MHBepTa3a 1 3cTepasza) GepMeHTIAPH.

TaakuKOTHUHT mpeaMeTu depMeHTIIap EpaaMuaa OKOPH CHUPTIAPHU
KOHBEPCUSCH Ba CIUPTIM WYAMIMKIAD TapKUOWIArd IOKOPH CIHUPTIAPHU
UYHAINTUPWITAH YCyJAa KaMAUTHPUILLL.

TaakukoTHUHT ycyuiapu. Jlucceprammsiima OWOKUMEBHI Ba (UBHK-
KUMEBUN, XpomaTtorpadus, MacC-CIEKTPOMETpPHUS, CHUPTIA  WIUMIIHKIIAp
JAETyCTallusACH Ba OJIMHTAH HATWXKAJIapHU CTAaTUCTUK KalWTa wuIUiam KaOu
3aMOHABHI TaJIKUKOT Ba TaXJIWJ YCYJUIApU KYJJIaHUJITaH.

TaagKMKOTHUHT WIMMI SHTWINTH Kyiuaaruinapaad uoopar:

CYBJIM-OpPraHUK MyXuTAa Oapkapop OyiraH uMmoOWIIaHraH (epMeHTIap
OJIMII OINTHUMAJ MIAPOUTIIAPU Ba TEXHOJOTUSIIAPHU UIILIA0 YUKWITAH;

OJIUHTaH (epMEHTIapHU CYB-OPTaHMK MYyXMTIapAa IOKOpU CIUpTIapra



HUcOaTaH cyOcTpaT ceruUKINTY aHUKJIAHTaH;

CIUPTJIA MYXUT/AA IOKOPH CHUPTIAPHU KOHBEPCUSACHHM amalira OIIMPHUII
yUyH OJIMHT'aH UMMOOWJIJIaHTaH MHBEpPTa3a Ba dCTepa3a (PepMEHTIApUHU KyJUIalll
ONTUMAaJ TEXHOJIOTHUK IIAPOUTIIAPU UIIIA0 YHMKUJIITaH;

UMMOOWIIIaHTaH (epMEHTIIAP aCOCHIA FOKOPH CIHMPTIAPHU ATKHIPPYKTO-
3uafapra Ba sdupiapra aijJaHTUPUIL XUCOOUTa YJIApHU MUKIOPUHHU  CIUPTIA
WYUMIIMKIIAp TapKuOuaa KaMalTUPUII KYpCaTUiTaH;

WHBEpTa3a Ba dcTepa3a (epMeHTIapu EpaamMuaa CIUPTIM HYUMIHKIAP
TapKUOWJar y4yBUaH MOJIAJAPUHN NPOPUINHN Y3TapTUPHUIL YUyH SIHTH
TEXHOJIOTHSI TABCHS ITHJITAH;

UIUIa0d YMKWITAaH a4uTKU (hepMeHTIapuHM Kymiam Epaamuaa OpeHau Ba
JUKEP-apOK MaxCyJOTIapUHU HIUIA0 YUKAPHUII TEXHOJOTUSCH TaKOMUJUIAII-
TUPUJITaH.

TaaKMKOTHHHI aMaJIMi HATHIKACH:

CIUPTIIA MyXUTAA OapKapop auyuTkKu (HepMEHTIApUHA UMMOOUIIIAI YCYIIH
UII1a0 YUKUJIITaH;

CYB-OpraHMK MYXUTJIM MOJEN cucreMana (epMmeHtnap €paaMuia HOKOPH
COUPTIApHU HSQupiap Ba aIKWIPPYKTO3UAJIApra anIaHTHUPHUIL IIAPOUTIAPU
AHUKJIAHTaH;

IOKOpY CIUPTJIAPHU KOHBEpCUsACH OyilMdya MoJen SKCIepUMeHTIapaa
OJIMHTAaH HaTWXXajap JUKEP-apoK Ba OpeHAM HUIUTA0 YMKAPHUII IMIAPOUTHIA KOPUN
ATHII Y4YyH O€pUIITaH;

UMMOOWIIIaHTaH (EepMEHTIAp OJUII TEXHOJOTUsAIapU HIIad YMKUITaH Ba
yJlap acocuja IOKOpH CIHUPTIAP MUKIOPUHU KaMaWTHUPHILI Xamja SHAHT dpupiap
MUKJIOPUHU OIIUPHUIN OPKAJIW CHOUPTIA WYUMIIUKIAD HWIDIA0  YHUKApHII
TEXHOJIOTHSICH TAKOMIULIAIITHPUIITAH.

TaakuKOT HATHXKAJIAPUHUHT HIHIOHYJIMJIMIU. TaJKUKOT HATHXKAJApUHUHT
UIIOHWIWJINTH HIIJa KYJUIaHWATaH €HJAllyB Ba ycyJuiap, YHUHT JoHMpacuia
dbolimananuiaral Hazapuil Ba aMaiuil  E€HAOIIYBIAp pacMui MaHOamapjaH
OJIMHTaHU, IOKOPU CIUPTJIAP KOHBEPCUACHUHM (EPMEHTATUB KaTallM3HUAaru
cybcTpariap (IOKOpH CIUpTIap) Ba MaxcyioriaapHu (3dupiap) aHUKIAINI y49yH
3aMOHaBUM (PU3UK-KUMEBUM yCyJJlapd Ba 3aMOHaBUN yCKyHajap (rasiu
xpomatorpad, xpomarto-macc-cnektpomerp, Agilent Technologies, CIIA)
KYJUIaHUIIM, MOJEN cHcTeMaga onud OopuiraH TaxpuOa HaTWXKalIapud CaHOAT
TUCTWUIATIAPYUIA OJMHTAH HaTWKajapu OWJIaH MOC KENUWIIN; aHbaHAaBHH Ba
Takiu(} OSTUITAaH TEXHOJOTHUSA OYHWYa OJMHTAH MAaxCyJOTJIApHU COJUIITHPMA
(bu3UK-KUMEBUH Ba IETyCTAIllMOH Oaxojallira acoCIaHTaHIUTH; XyJioca, TaKiIud Ba
TaBCUSJIAPHUHT aMaUETAA AKOPHUI S3TUIIraHN OUIaH U30XJIaHA U,

TagKUKOT HATWKAJTAPUHUHI WIMHHA Ba aMaJiMil axaMUsTH. TaakuKOT
HATWKAIAPUHUHT WIMHM axaMUsATH CIUPTIM MyXUTIa OapKapop UMMOOMIUIAHTaH
(dbepMeHTIap OJUII TEXHOJOTUSJIAPUHU SPATUII XaMa COUPTIU MYXHUTAA IOKOPH
cnupTiapHu 3dupnap Ba ankuiaGpyKTO3UIapra alaHTUPUII MUMKOHUSITIIAPUHU
oun® Oepull OMIaH U30XTaHAIH.

TaaKMKOT  HaTWXKaJapUHUHT ~ aMajuid  axamMusiTd ~ MMMOOWJUIAHTaH
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depmentnap (MHBepTa3a Ba 3cTepasza) cu(atiu, SKOJOTUK TO3a Ba 3KCIOPT YUYH
UYHAITUPWITaH CHOUPTIM HWYUMIIMKIAPHU OJIMIIAA KYJUIAHUJIUIIM, TaKIUQ
ATUIAETTAH TEXHOJOTUS CHUPTIA WYUMIIMKIIAp TapKUOWIaru ydyB4YaH Mojjajap
MUKJIOPUHHM HA30paT KWJUIIra, y4yyB4YaH MoJfanap NpoQUIMHU Y3rapTUPHIIra,
CUBYII CHUPTIAPHU (M30aMHJI CIUPTH) MHUKIOPUHU KaMaWTUpPHILTa Ba SHAHT
s¢upnap Ousnan OOMUTHUIITA, AETYCTAIIMOH KYPCATKUWIAPUHU SIXIIUAJIAIITa Xam/a
IOKOpY cudatiu OpeHIuIapHU ETWIMIIMHU Te3JallTUpUIIra OaFuIUIaHTaH
MaKCa/JTi TEXHOJOTHUSIIAPHU UIIIIA0 YUKHUIITA XU3MAaT KHJIA !,

TagKuKOT HATHXKAJTAPUHMHI KOPUI KWiIMHUIIM: OpraHuKk MyXUTAa
Oapkapop Oynran uMMoOW/UTaHTraH (EpMEHTIApHU OJMII Ba  CHUPTIU
WYUMITMKIIAPHA UNLUIA0 YUKAPHUI TEXHOJIOTHSCHHU TAKOMIULIAIITHPHUIN OYinda
OJIMHTAH WJIMHUHN HAaTHXaJap acoCHUIa:

MMMOOMJIIAHTaH MHBEPTa3a OJIMII TeXHONOrusacHra Y36eKknucTon Pecry6n-
kacu MHTeIeKTyall MyJIK areHTJIMTHHUHT uXTthpora nareHT onuHrad (IAP 04401,
2011). Cnuptiaun MyxuTAa FOKOPU CIHUPTIAPHU KOHBEPCHSICUHHM Ba alKUIDPYK-
TO3UJJIAp XOCHJI OYJIMIITMHYU OLIMPUII UMKOHUHU Oepaju;

MMMOOMIUTAHTAaH 3CTepasa OJUII TEXHOJOTHSCHTa Y30ekucToH Pecry6mu-
kacu MHTeIeKTyall MyJIK areHTJIMTMHUHAT uXThpora nareHT onuHrad (IAP 04595,
2012). CoupTim MyXHUTAa IOKOPU CIUPTIIAPHU KOHBEPCHUSICHHU Ba d(DUpIIap XOCHIT
OYJIMIIMHY OLTUPHUIIT UMKOHUHU Oepaiu;

MMMOOWJIAHTaH WHBEpTa3a €pAamMuja CIHUPTIN WYUMIUKIAPHUHT FOKOPHU
CIUPTIAPHHUA  MUKIOPMHH  KAMafiTHPUII  TEXHONOTUACHra  Y30EKHCTOH
PecniyOnukacu MHTennexkTyan MyJaK areHTIUTH UXTHpora nateHT oiunHraH (IAP
03222, 2004). ¥Oxopu cniupTiapHU MUKJIOPUHU KaMalTUPUIL UMKOHUHH Oepajiu;

MMMOOWJIIAHTaH dCcTepasza €paaMuia CIIUPTIN MIUMIIAKIAPHUHT CU(ATUHA
SXIIMIAI TeXHOIOrWscHra Y30ekuctoH PecryGnukacu WHTeIIeKTyan MyIK
areHTIuru uxrtupora mateHT ojquHran (IAP 04852, 2014). bpennu Tapkubumaru
IOKOpY CIUPTIAPHU MUKIOPUHU KaMaWTUPHUIIL Ba SHAHT dPupiiap OuinaH OOMUTHI
UMKOHUHHU Oepaju;

uMMoOuJIIaHTal actepaza pepmentu «Kombunat TamkentBuHo» YU AXKma
OpeHM WMIIA0 YMKAPHII JKapaéHura TaTOMK dTHraH («Y3BUHIPOM-XOJIHHIY
XKuunar 2016 iwmn 23 ¢deBpans 04-401-con  mabiymoTrHOMa). OJMHTaH
HATWKAJIAPHUHT HWKTUCOAUN caMapacu OpeHaM HIUIa0d 4YUKapuIl >KapaéHuaa
JUCTWUISTIAAPUHN CTWIMIINHU TE3JalITUPUIL, YJIApHU cakjiall MyJdaTUHA 2
Wuira KUCKAPTUPHUIL Ba Yy30K MYIJIATId ETWIHIL >Kapa€HWAa JTaHOJIHU
WYKOTHUIITHY TEKalll UMKOHUHU Oepajiu.

TagkukoT HAaTHKAJAPUHT anpodaumsicu: TaakukoT HaTwxkanapu 14 Ta
WIMUR-aMalnuil  aHwkyMmaniapaa, kymiagad, akaa. CJHO.JOnycoBHuHr 85
Wunnurura OarumaHrad xankapo kKoHgepenuusicu (Tomkent, 2005), Mabmyn
Axanemusicuan 1000 fiunurura 6aruiniaHrad € OJIMMIIAPHUHT  XaJKapo WIMUN
koHpepeniusa (Xusa, 2006), Jlomonocor-2007 (Mockpa, 2007) €m ommumiap
XankKapo KoHpepeHuuscH, «3aMOHABUN MUKpPOOHOJOTHsS Ba OMOTEXHOJOTUSIHUHT
MyaMMOJIapH» Y30EKHCTOH MHKPOOHONOTHIAPUHUHT 4-Kypynroiin (TOIIKeHT,
2008), «buonorus, 5KOJOrUsl Ba TYNPOKIIYHOCIMKHUHT J0J13ap0 MyamMMoJiapu»
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(Tomxkent, 2008) PecrmyOnuka wnmuii koHpepeHmmsicu, «buoopraHuk Kumé
PUBOMUJIAHMIIMHUHT ~ J1013ap0d  MayaMMoJapW»  HOMJIM  XallKapo  WJIMHUHU
koHpepeniusa (Tomxkent, 2010), JlomonocoB-2010 (Mocksa, 2010) €ém onmumap
xankapo koHdepeHiuscu, «Emmap Ba MIM: peamiMK Ba Kelaak» HOMIM 3-
xankapo uiamuii-amanuii koHdepenmusicu (HesBunnombicck, 2010), «buonorus
XXI acp wunmMum» HOMIM 14-€m  omumap xankapo IlymmHO MakTadOu
koHpepenuusacu  (IlymuHo, 2010), «O3UK-OBKAT  MYXaHJMCJIUIM  Ba
ouorexnonorusi» (Ilapmwx, 2012) xankapo WIMHI-TEXHUK KOH(EPEHLHUACH,
«Mukpoopranusmiiap Ba Ouocdepa» Microbios-2015 xankapo CUMIO3UYM
(Tomkent, 2015), V36ekucron Mummmit yumepcuternnuar «bruodusmka Ba
busuonorusi», «buokumé» Ba  «Mukpobuosoruss Ba  OMOTEXHOJOTHSD)
kadenpanapunuar Gupnamran durummmy  (Tomkent, 2015), «V3BuHOCAHOAT-
xonauary XK wunmuii cemunapu xamaa TKTU kommparn  16.07.2013.T.08.01
pakamin unmuii Kenram cemunapu (Tomkent, 2015, 2016).

TaagKMKOT HATHKAJAPUHMHT IBJOH KMJIMHMINM. [[uccepTanus maB3ycu
Oyiinua xamu 34 Ta WIMHNA MII YON 3TWITAH, WIyJapJaH, 4 Ta UXTUPOra MaTeHT,
V36exucron Pecny6mmkacu Ounuii aTTecTalys KOMHCCHSACHHHMHT JIOKTOP-JIMK
JUCCEPTALMSIIAPY ACOCUN MMM HATH)KaJIApUHU YOIl 3TUILITA TaBCUS STUITaH
wiMuil Hampnapnaa 10 ta makona, »KymuiajnaH, 7 Tacu peciyOiMka Ba 3 Tacu
XOPHKUH )KypHaAJIapa Halllp dTUIITaH.

JuccepTanMsIHUHT TY3WJIMIIHM Ba Xa:kMmu. [[uccepTarust TapKuOW KUPHUIIL,
oemra 000, Xxynoca, (oigamanuirad anabuétiap pyilxaTd Ba WIIOBaJapAaH
nbopar. JluccepranussHUHT XakKMH 198 OE€THU TaIlIKWiI 3TraH.

11



JINCCEPTAIIUSIHUHT ACOCUM MASMYHH

Kupum xucmuia yTka3uirad TaIKUKOTIAPHUHT 10713apOJIMTH Ba 3apypaTu
acocllaHraH, TaJAKUKOTHUHI Makcaau Ba Baszudanapu, OObEKT Ba MpeAMETIapU
TaBcu(IaHrad, pecnyonauka ¢paH Ba TEXHOJIOTUSIIAPU PUBOKIAHUIIMHUHT YCTYBOP
HyHanuIIapura MOCJMIM KYpcaTWiTaH, TAaJKUKOTHUHT WJIMUNA SIHTUJIUTH Ba
amanuil HaTuxkanapyu 0a€H KUJIMHTaH, OJIMHTaH HATHXKAJApHUHT UMUK Ba aMaliui
axamuaTd o4O OepwiraH, TaJAKUKOT HAaTHWXKAJIAPUHHU aMaluéTra XOpUH KUJIHILL,
Hallp OSTWITaH WIUIAp Ba JAUCCEepTalMs TY3WIHIIM OYiu4Ya MabIyMOTIap
KEeNTUPUJIITaH.

HucceprauussHUHT «CHMPTIM MYUMJIMKJIAPHM TailépJiam TeXHOJIOTHUsi-
CHHM TAKOMWJIAIUTHPHII TEHACHUUSJIAPHM Ba MyaMMoJap XoJatw» el
HOMJIaHTaH OMpHHYM O0O0MAA CIUPTIM WYMMIIMKIAP TapKUOUAa IOKOpU CIUpPTIAp
MUKJIOPUHU KaMalTUPHUII aCOCH]Ia TEXHOJOTUSIHM TAaKOMUJUIAIUITUPUIL TeHIECHIIMS-
CH Ba MyaMMOJIap IIapXH KenTupwirad. bpenau Ba nuk€p MuuMiukiap taiépaii
TEXHOJIOTHSICUHU TaKOMWJUIAIITUPUII TEHACHIUSACH, YHAArM MyaMMoJiap TaHKH-
U HYKTau HazapJaH Taxj W KAJIUHTaH Ba (EepMEHT NpenapariiapuHi OJUIIHUHT
3amMoHaBuil xonatu €putunrad. IlyHuHrnek, hbepMeHTIapHU TYpiH MaKUIApUHA
OMOCHUHTE3UTa, AYUTKU-3aMOYPFIIAPHU TYpIU OOCKUWIN IAPOUTIApAa YCTUPUIITa,
dbepmeHTIap (HaoIMTHHU OOILIKApHINTa Ba OMIXKFUIN >kapaéHuaa dpupiap XOCui
Oynumura, (pepMEHTIAPHU OPTraHUK MYXHUTIA TEXHOJOTHK aXxaMHSITHIa OUJ Mab-
JYMOTJIap KENTUPWIraH. MHKpOOpraHu3miIap TOMOHUJAH (epMeHTIap XOCHII
OynuIIMHM OOIIKApWIMIIKTa O OWp Heya KOHYHHATIAp Oyinda MaBxXKy.l
TyLIyHYajJap EPUTUITAH.

Anabuér manGanapu TaxJwidra Kypa, IOKOpU CHUPTIAPHUHT MUKIOPUHU
KaMaWTUpHUII Ba YyJIapHU WYHAITUPWITaH Xojna »sQupiapra alIaHTUPHIL
épaMuia CIUPTIN WUUMIIMKIIAp Tal€pian TeXHOJOTUSACUHHN TaKOMUJUIAIITHPHILI-
ra JOUp KYJJIaHWJIMaraH TEXHOJOTHK HMMKOHMSTIIAp MaBXYIJIUTMHHU KypcaTraH.
ynaan keanb YUKKaH X0J1a, TAAKUKOT MaKcaau Ba Bazudanapu KyHuiam.

HucceprauusitHuar « AMMOOMILJIAaHTaAH (PepMEHTIAPHHA OJIMII TEXHOJIO0-
rusicm» 71e0 HOMJIaHTaH WKKUHYM O00uaa, auuTKU-3aMOypyFIapHU YCTHPHIL,
MHBEpTa3a Ba 3crepa3a (hepMEeHTIapUHHU aKPaTHO OJMII Ba YJIapHU FOKOPU CIIHUPT
TapkUOJIM MyXuTiap[a KyJulall Makcaaujaa OapKapopialliTUPHUINra OWJ OJIUHTaH
HaTIDKallap MyXoKaMacura OaruIlIaHTaH.

Auumgu-3amoypynapnu  yecmupuwi. MabayMKu, (QEpMEHTIap XOCHI
OYIMIIMHU TabMUHIA0 OepUIl yuyyH WIUIA0 YMKAPUIITHUHT aCOCUN TEXHOJIOTHK
OOIIKApUIAANTaH WKKA OOCKUWIN OWXKFUIN >KapaCHUHHM YTKA3UI XHUCOOJIaHATN
(AbnypazakoBa C.X., 1990). Saccharomyces cerevisiae a4yuTKUCUHH YCTUPHIII
kapaéHH Ouopeaktopaa 26°C  xapopaTia JacTiaOKH O3MKA MyXHTH OHIaH
y3IyKCU3 - O3MKa KyWnO OopuIill MIapoWTHIa ayUTKUJIap cTanuoHap (¢asara
YUKKYHTra Kajaap o0 Oopwiaud. AYUTKUIAp Kynaiumu mMa3kyp ¢asara eTraijian
KEeWHH 2-CyHbUH 03uKa MyXUT 20 MiI/coaT OKUM TEe3NUruaa Kymwind, HHBepTa3a
omMII y4yH MyxuT xapopati 6°C raua Ba screpasa ommm yayH 12°C raua
tyumpuian. bmkenm 6°C (urBepTtasa o yayH) Ba 12°C (scTepasa omuir yuyH)
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xapopataa 6 CyTKa JaBOM 3TIIA. XOCHI Oyiran 6momacca KeHnHYaINK (hepMEHTHU
aXpaTuO OJIMII YYYH KYJIbTYypall CYIOKJIUKIAH aXKpaTUO OJUHIN.

Ayumru-3amoypyanap Gepmenmiapunu axcpamub Ooauwl 8a Mo3anaul.
Auntku 6romaccacu KynbTypan cylokmurugan 4°C xapopataa LeHTpH(yTaman
(6000g) épmamuna axpartunau. MHBepraza aunTKu-3aMOypyFiap OuomMaccacujian
aXpaTuO OJMHAM Ba TO3aJaHAW, YHUHT THAPOIU3NIOBUM (aomura 541+6,5
Ooupauk/mMr Ba Tpancdepas daommru 23,1+0,2 OUpIHK/MT TalIKWAI 3TAH. DcTepas3a
aQuUTKU-3aMOypyFiap YCTHUPWITaH MYyXUTAAH aXXpaTuO OJWMHAM Ba TO3aJaH]H,
yHUHT 3¢(up ruaponusnoBun ¢aoumru 140+£2,5 Oupnuk/mr Ba 3¢up XOocuil
KuiyBud (paommuru 3,2+0,2 Oupnuk/mMr tamkuia 31au. OepMeHTIapHU aXpaTHO
OJIUII Ba TO3AJIAIll CXEMacH UILIad YUKUIIIH.

Depmenmaapuu  ummoobunuzayuacy. DOepMEeHTIApHU HMMOOWLIANl YUYH
tamryBud cudatuga BAY-A Mapkanu akTUBIaHTaH KallMH KYMUpU Ba 3MaH
rpanyiajapu KyIaHUuIAN.

a) Auumru-3amoypyz uneepmaszacunu bAY-A mapxanu xaviun axmuenanean
kymupea (BAY) ummobunnaw. VHBepTazaHn MUMMOOWIIANIHU aMalira OIIMPHUIII
yayH BAY onnunnan taii€pnannu. bynunr yuyn BAY aumerun-dopmammuna
myxutuma MouenHa (1:1) wumrupokmma bepruyc-1JI  aBroxmasmma 300°C
xapopatna 2 coar (80 aTtMm) gaBoMHAa KyWHaard cxema acocuaa ojiud OOpHIIIu.
Peakiusi naBoMu1a IOKOpHIa KEATUPUIITAH a30T TyTraH OMpUKMallap UIITUPOKKUIA
XOCHJI OYraH aMHMH TypyXJap UIITHPOKHIAa aKTUBJIAHTaH KYMHUP F03acHla Maxcyc
KaTjaam xocwus Oymanu. Yoy KaTiaMm r03acuaa Xocui OyIraH aMuH Ba KapOOHMII
rypyxjap xamaa ¢GepMeHT aMHHOKHCIOTaJapu Ba YIJIEBOA  KOJIUKIApU
TapKUOWJAru TypyXJapy HWINTUPOKHAA HWHBEPTA3aHHM KOBAJICHT WMMOOWILIAII
amayra OIUPUIAN. AYUTKA WHBEPTa3aCMHU MMMOOWILIAII peakTopaa (epMeHT,
50% caxapo3sa sputmacu (0,1M 6ydep, pH 7,6) Ba Oupuaun peakTopaaH KUMEBUI
unuioB O6epwiran bAY wumtupokuga 21 coar gaBomuia 4°C Xxapoparja oiauo
oopuwnau. MmmoOunnanran (epMeHT MHKIOPU JACTIa0KuW OKCHII MHUKIOPUIAH
OofaHMaraH OKCWUJI MHUKIOpWMHHU adupuil opkanu Jloypu ycynu Oyiinua aHUK-
naugu (Lowry, 1954). Keitun nmmoOunanran gpepmeHT 6ydep sputmacu (pH 7,6)
OmaH OBUJIAM Ba Xocwi Oynrad mudd@ OormapuHu OGapKapopialITUPHUIN yUyH 3
coar JaBoMuja Imr/mii MUKAOpAAru HaTpui OOPrUAPUJ SpUTMACH OWJIAH MIILIOB
oepuIn.

WNuBeprazanu TpaHcdepas (aommurn u30aMuil COUPTUHUA KaMaWuIIH
acocuma ra3 xpomarorpadus Ba 0,1M ameratr Oydepuna (pH 6,0) sputmnran
(100,1 r/m) u3oammn ciupta (8,8 1/171), caxaposa (20,1 r/m), anerorutpungad (200
r/m) uGopar momen cucremana 25°C xapoparga 12 coar MoGaifHHIA H30aMHUI-
GbpyKTO3UIHU XOCKJ OYIUIIM acocuia IOMKa KaBaTiu Xxpomarorpadus ycyiiapu
épaamuaa aHuKIanau. MiMMoOuiiaHTraln HHBEpTa3aHUHT TpaHcdepas daosuru 46
OUPJIMK/MT TAITKWIT KUJIIH.

OnuHran HaTXajlap acocuaa, UMMOOWJUIAHTaH WHBEPTa3aHU OJUIIHUHT
TEXHOJIOTMK cXeMacu uuuiad uukwiad. VmMMoOwinaHraH WHBEpTa3aHW OJIMII
TEXHOJIOTHK CXeMacH 1-pacmia TacBUpJIaHTaH.
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NmMmoOusianrad MHBEpPTa3aHU OJHII KyHuaard OOCKUWIApHH V3 WYHra
onangu: aactinad peakropaa (1) BAY mumerundopmamua MyXUTHAAa MOYEBHHA

6unan 300°C na 2 coaT naBomuma (80 at™) kuMEBUM MO IUPUKAITUSITIAHH.
3 . 1- BAYHu kumEBnii MoauuKarusIan

4 5 6
YV4yH peakTop;
2- ¢pepMEHTHH UMMOOWILIAI YIyH
1 SEINEN ENES ] PCaKTop;

3- Hapuii OOprUAPHUI YIYH pe3epByap;

4- nUCTUIIIIAHTaH CYB YUYH pe3epByap;

5- caxapo3sa (50%) Ba yHI1a SpUTHIITaH
(depMeHT dpUTMAacH yUyH pe3epByap;

6- HaTpPUH XJIOPUHU CYBIIA SPUTMACHU
Y4YH pe€3€pByap,

7- CyB-3TaHOJ SpUTMACH YUYyH pe3epByap;

8- KypuTuIl anmapari.

1-pacm. UMMOOM/UIAHTaH HHBEPTA3aHM OJIMII TEXHOJOTHK CXeMAaCH

Peakuust TyratunrangaH CyHr KUMEBHMIA MOAM(UKAIMSIAHTAH aKTUBIAHTaH
kymMup uccuk jguctimianrad cys (90°C) Ba 25°C mucrwminanran cys (4) Guman
roBwIaM. VHBEpTa3aHu KoBajeHT uMMoOmam peakropra (2) 50% nu caxaposa
sputMacua >putwirad (1 xr tamysuura 1,2 v depment, ruapomoaysb 1:10) Ba 3
coaT naBoMmujaa Hatpuit Oopruapun (0,5 mr/mi) Ounan unuwioB Oepunran (pH
Kypcatkud 7,6 ra 6opat Oydepu €pnamuma kentupwiaau) hepMmeHTHH (5) Ba 1-
peaktopaaH (1) 21 coat naBomuaa 4°C Xapopatiaa KUMEBUNA MoAuUKaAIIUSIIAHTaH
BAVYHu kymmm opkanu amanra omupuiagu. KeinH 1mr/mi MHKIOpaa HaTpui
oopruapun (3) xkymmumb, 3 coaT AaBOMHUAA MOUMHUN apalamTUPWIaId. Yoy
xapaHJIapiaH CYHT, Tpemapar CyioK ¢aszanaH axpaTHO OJWMHAW, NTUCTUJUTAHTAH
cyB Ounan (4), 6% HaTpuii xsopua sputmacu (6), cyBimu-3tanoiu (20%) sputma
(7) Ounan roBUIIM Ba KypuTul (8) yuyH 1000pHIIIH.

0) Auumru-3amoOypye 2cmepazacuHu MAH CPAaHyIanapuea UMMOOULIAUL.
AYUTKH JCTEpa3aCMHU SMaH TpaHyJajapura KOBaJE€HT WMMOOWJUIAN YYYH
ngactinad uemtono3a (TI0KO03a) yriepoJ OOFJapuMHU Y3WII Ba HaTHXKajga 03a/aa
aNbJAETU]] TypyXJapHU XOCUJI KWIHIL YUYH HaTpUid MeTanepuoaT OuinaH KUMEBUN
unuiop  Oepwiau  (KodyetkoB Ba Oomikanmap, 1967). DOctepazaHu KOBaJIGHT
UMMOOMIITIAII AMaH IpaHyjalapy r03acujia XOCWJ OYJraH anbleruj rypyxJjap Ba
dbepMeHT aMuH TypyxJapu ypracuaa mudd Oormapu opkKaiu amajira OImMpHiInO,
KeluHyanuk Oy Oofnap HaTpui Oopruapuja OwiaH KalTa TUKIAH[IU.
NummoOuianran sctepazaHuHr 3Qup XOCUa KUIYyBYH (aoumrd 16 Oupiuk/mr
TaITKAI KAJITH.

Dcrepasann up xocwn xuwmm ¢aommurn 30°C xapopatma 48 coart
nasomuzaa 0,1 M (pH 6,0) anerar 6ydepuna (100,1 r/m) uzoamu criuptu (8,8 r/m),
KanpoH kuciortacu (6,6 r/m), anmeronutpmwn (200 r/m) mbopaT Moaen cucremana
M30aMIJIKAMPOHAT CUHTE3NAHUIM OuiiaH Ta3 xpomartorpadus ycynu €paaMmiaa
anukyanau. OIMHTaH HATWXKaJIap acocH/ia MMMOOWUIAHTaH 3CTepas3a OJMIITHUHT
TEXHOJIOTHK CXeMacH MIIIa0 YMKWIIM Ba Oy cxeMa 2-pacM/ia ake TraH.

NMMoOuianras scTepa3aly OJUIl Kyuaaru 00CKU4JIapHU Y3 HUKra oJiaau
(2-pacm): mactnab peakrtopaa (1) 1:10 mucGatna sman rpanynamapu Ba 0,5 M
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HaTpui rujpokcuau sputmacu 1 coat gaBomuaa (2) 80°C xapoparia HIILIOB
Oepwianun Ba JucTwIaHraH cyB (3) Ounan roBwiaaud. KelnHuYanmuk smaH
rpanynanapu 1:10 rugpomonynuaa Hatpuit metanepuoaar (10 mr/min) épaamuna
25°C xapopataa 60 coat (4) 1aBOMH/1a aKTUBIIAIITUPUIIAITH.

2 3 4 5 6
1 —3maH rpanyiajapyuHi aKTUBALIMSIIAII YYyH

[
T T T T 2 — HaTpHil TUAPOKCHU YUYH pe3epByap,
T T T T 3 — IMCTWJIJIAaHTaH CyB YYYH pe3epByap,
4 — HaTpuUi MeTaepuoIaT S3PUTMACH YIyH
pesepByap,
5 — INIMLEPUH YUYyH pe3epByap,
6 — Oydep spuT™Macu ydyH pe3epByap,
7 — bepMEeHTHU UMMOOUITU3AIUSIIAIT YUYH
peakTop,
8 — (hepMeHT yuyH pe3epByap,
9 — HaTpuii GOpruApU YPUTMACH YUYH
pesepByap,
10 — HaTpuii XJI0pU YUyH pe3EpByap,
11 — nucTUIUIaHTaH CyB YYyH pe3epByap,
12 —20% »TaHon y4yH pe3epByap,
13 — KypuTum annaparu.

2-pacm. IMMOOMIJIAHTaH 3CTEPa3a OJIHMII TEXHOJOTHK CXeMACH
daonnamTHPUIT PEaKUsICH TYTaTWITaHIaH CYHT, SMaH rpanynamtapu 25°C
xapopatna 30 nakuka naBomunaa (5) 0,1M docdar 6ydpepuna sputmiran 10% nu
rmatepun (pH 7,5) Ba 0,1M docdar 6ydepu (pH 7,5) 6unan roBunau (6).
depMeHTHH KOBaJeHT uMMoOusutai (7) OuopeakTopaa amaira OIIWPHIIIH,
YHJIa aKTHBJIAaHTaH 3MaH rpanynanapu (1) peakropaan, pepment (8), ¢ocdar (pH
7,5) Oydepu (6) kymumnau Ba ummoOwmiam xapaé¢aun 4°C xapoparma 20 coat
naBomuja onub Oopwigu. CyHr, mmmoOusutanran ¢epment Qocdar Oydepu
ounan (pH 7,5) roBunnu Ba 1 mr/mn Hatpuit 6opruapun (9) tapkubnau ¢ocdar
oydepu Ounan (pH 7,5) 3 coat naBomuaa 4°C xapopaTaa UIIUIOB OepUAN, HATPUN
xsopun 6%-nu s3put™macu (10), nuctuinanras cys (11), 20% nu sTaHON 3pUT™Macu
(12) 6unan 10BUIIM Ba KypUTHI anmapartura ooopunau (13).

Hucceprauusaunr «Moaes cucreMaaa IKOPH CIUPTJIAPHUA pepMeHTIap
épaaMua KOHBEPCUSACHY J1e0 HOMJIAHTaH YYUHYU 000U auuTKU hepMEHTIapuHU
OpPraHMK MYXUTAa cyOcTpaT cnenu(PpUKIUTUHU YPraHWII Ba IOKOPH CHHUPTIAPHU
adupiap Ba anKWIPPyKTO3UIIapTa Al IaHUITUHI ONTUMAaJIIaITa OaFuIIaHraH.

Kynruna ruaponazamap KaOM a4uTKH WHBEpTAa3acH Ba AICTEpa3acu CyB-
Oydepnu myxutma 3¢up Xocua Kwidil (GaoJUTUTMHE HAMOEH dTMalau, OyHman
MyXUTAQ peakius MYBO3aHATU >S(PUpIApHU THAPOIU3IAIITa OFagu. bBUPOK,
anabuérnapaa MHBEpTa3a CyB-OPraHUK MYXUTAA TYPJIU CHUPTIAPHU aTKUIPPYK-
tosugapra [Omapun, 1955; AGmypazakoBa, 1990] Ba actepasza sca sdupiapra
[Holland et al., 2005; Krista et al., 2010] afimanum peakuusulapuHu KaTaTu3JIaIIm
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XaKuJara MabiayMoTiap MaBxyna. Jluccepramusauar 4.1 Oynumuga Mopen
cucTeMajia yuoy peakuusiapra oujl HaTvKanap TYJIUK EpUTHIITaH.

Ayumku uneepmasacu 6a 3ICMepPa3’AcuHuHe cyocmpam cneyuduKriIucU.
AuuTKu (HepMEHTIIApUHUHT CcyOcTpaT crnenudukiInury QepMeHT cyocTpaTiap
TYTraH “aleTOHUTPWI-CYB” MOJI€JIb CUCTEMAaCH 1a AaHUKJIaH/IH.

OnuHran HaTvXajnap UyHd Kypcatnuku (3-pacM, a), MHBEpTa3a Ba 3cTepasa
(dbepMeHTIapy THUIPOKCUI TYPYyXH O-X0JaTra 3ra Oyiaran couptiap OuiaH TabCcup
Uil paoyuuru Kopupok. C3-Cs yriiepoasiv I0KOpy COUpTIIap MoJIeKyJacuaaru
yraepon 3amxkupuHn  (C3<Cy<Cs TapTubna opTumm OwiaH 3Tepudukanus
camapacu OIITaHJUTH Ky3aTwiau. DepMmeHTiap H300yTHJI Ba H30aMHII KaOu
TapMOKJIAHTaH 3aHXHUpra nsra chnupriapra HuUcOaTaH IOKOPUPOK (aoJITUKHU
HaMo&H 31O, OyHaa OH Ba meTun rypyxjiap GepMeHT-cyOcTpaT TabCUpJIalllyBU1a
MyXuUM axamudart kaco stau. [llynaan kenub yukkaH xoJiaa, GepMEeHT TOMOHUIAH
cyOocTpatHu “‘raHunuiun’ OupuHuM yriaepoxa atomugaru OH rypyxnu ¢aszoBuit
KOWIIAITyBH, YTAEPOJ 3aHKUPUHH TAPMOKJIAHTAHINTH Ba HMKKHJIAMYHU YTIIEPOJT
ATOMHHY CTIUPT THAPOKCUII aTOMHTA SKUH JKOUJIAITyBUTA OOFIIHK.

usoamunon | B a — 5
H-ByTaHon ———py
130ByTaHon - kanpun
H-nponaxon &E—I - wusepraza KanpoH
nzonponaxon _:H [J- sctepasa ——
sraHon ————" -
MeTaHon = Mol | . . . |
0 4 8 1I2 1I6 2IO 0 10 20 30 40
®epmeHT chaonnuri, Gupnnk 3cTepasa chaonnury, Bupnuk

a. MuBeprazanu cyOcTpar crnenu(PUKIUTHHN aHUKJIAIl MApOUTH: CIUPTIN cyocTtpar (30 MM),
caxaposa (60 MM), aneronutpui (200 1/m), 0,1M anerar 6ydepu pH 6.0 (100,1 1/m), Temmepa-
Typa -30°C, peakuus naBomu-12 coar.
Octepa3anu cyOCTpaT CHEHUPHUKIMTHHA aHMKJIAII IMIapouTH: cnupmiu cyocrpar (30 mMM),
kanpoH kuciora (30 MM), aneronutpun (200 1/m), 0,1M amnerar Oydepu pH 6.0 (100,1 r/m),
TEMIIEPATyTY - 30°C, peakuus qaBomH - 20 coart.
6. Octepa3zanu cyOcTpar CeUM(PUKIUTUHU aHUKJIAIl [IApOUTH: CHUPTIN CyOCTpaT- HM30aMHII
cuptua (30 MM), kucnoranmu cyoctpariap (30 mM), ameronutpun (200 r/m), 0,1M amerar
6ydepn pH 6,0 (100,1 r/m), Temmeparypa - 30°C, peakius gaBomu - 20 coar.
N3zox: [-maBxynmuru P<0,05 na Hazopat BapuaHTHIaH UIIOHWIN (DapK KWIHIITHHA OUJIAUPAJIH.
3-pacM. AYMTKHM HHBEPTA3aCH BAa 3CTEPA3ACMHHU CYB-OPIraHUK MYXUT/AA CIIUPT-
Ju (A) Ba kucjoraau cyocrpariaapra (b) aucoéaran cydcTpar cnenqupuKJINTH
Ocrepazann  Typau  KapOOH  KucjoTamapra  HucbOataH  cyOcTpar
cenuUKINTUHA TAIKUK KWW JaBOMHUAA W30aMUJIONAAH CHUPTIN CyOcTpar
cudpatuna ¢oiigananunau (3-pacMm, 0). OnuHraH HaTwXkanapra Kypa, OpraHHK
myxuTaa acrepaza C4—Cjy yriepos 3aHkupura sra KapOoH KuclioTajgap OusiaH
abup Xocua KWiuil (HaoJUTMTHHU HaMOEH KWiuO, ymiOoy (aoymK yriepos
3aHkUpUHU Cy<Cs5<C¢<Cg<Cjo Tap3ma y3ailub Oopuild OujaH MacalraHJIUTu
aHUKJIAHIU.
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Hmmobunnanean epmenmaapuu  Cy6-opeaHuk Myxumodzu Xoccalapul.
Kynruna ruaponutuk QepMmeHTIap Y3UHUHT TpaHcdepas €ku >PUp XOCHI
KWJIYBYM (DAOJUIMTMHU OPraHUK MYXUTIAAa HAMOEH 3TMaiJid, YyHKA MYBO3aHAT
TUAPOJIMTUK peakiusiiap TOMOHAa Oynamu. Maskyp peaknusuiap OMOKUMEBUINA
HYKTau Ha3zapJaH Tyla TaJKUK KWwiMHMaran OynuO, OyHra mmucon cudaruia
(dbepMeHT-CIUpPT MOJIeNl CUCTEMAcCHUHU KenTupuil MyMKuH. UIyHUHT yuyH
IOKOpUJAru SKapa€HHU aXpaTuOd OJIMHFaH Ba UMMOOWIJIAHTaH  a4YUTKU
bepmentnapu €paammuaa CyB-OpraHHMK MyXWUTAa ypraHuil BasudanapaaH Oupu
KO OeNruiIanin.

Myxumoaeu smanonnu onmuman Kouyeumpayuscu. AxpaTuO OJIMHTaH Ba
UMMOOUIUTaHTaH (epMEHTIapHU (DAOJTUTU 3TAHOJ KOHUEHTpauuscuHuHr 10 max
96% raua O6ynran auamazonuga onud 6opuiau (4-pacm). byHaa peakiusiHu CyBIU
dazacu cudaruga axparubd onuHran uHBepraza yuyH pH 6,0, ummoOmnanran
uHBepTasza yuyH pH 7,0, umMmoOminanmaran sctepasza yuyd pH 8,0 Ba ummoOmii-
JaHraH 3ctepa3a yuyH pH kypcarkuuu 6,0 6ynran 0,1M amerat Oydepu Kyia-
HWIAU. OTaHOJN OpraHuk Qasza cudatuga KyJUIaHTaH peakiusiapaa yHU
KOHIEHTPAIUSICUHUHT OIIUIIN MYXHUT/Ia U30MWJION MUKJIOPUHHU KaMaluIlura oo
kenau. OnuHran HaTwxkanap 4-pacmjaa Kentupwiran Oynau0, yHra Kypa,
UMMOOMIIJIAaHTaH MHBEpTa3aHu TpaHcdepaz Gaosuru acocuna nzoamuinoasu 40%
KoHBepcusicu 60% 3TaHOUIM MYXUTAa Ky3aTHJIIH.

50 - O\5,50-
_ % 404 a 5 'S 40 o
23 % ! S £30
53 20 1 2920 -
8 & 8810 ! 2
0%10' 2 Sg
Sé 0 T T T T T T T T T 1 x 0 I T T

0 20 40 60

10 20 30 40 50 60 70 80 90 96

3T1aHon, % XarKm
3TaHon, % xamm 170X

a. Mogen cucrema Ba peakIHMsHA YTKa3HIl mapouTu: nzoamuia cnuptu (30 MM), caxaposa (60
MM), staron (10-96% xaxwm), 0,1M amerar 6ydepu (100,1 r/i), Temmeparypa - 25°C, peakumus
naBoMu-12 coat. MHBepTa3zanu Oouuanfud Qaosuru: 1-uMMoOmiIaHMaran uWHBepTasa — 34
MM/coar, 2-akTUBJIaHTaH KyMUpPra MMMOOHWJIJIAaHTaH HHBEpTaza— 46 OUPIUK/MT),
6. Mogen cucreMa Ba pEaKUMSHU YTKa3HWII IMIapouTH: u3oammin cnupta (30 MM), kanpon
kucnoracu (30 MM), stanon (10-70% xaxwm), 0,1M anerar 6ydepu (100,1 r/m), Temneparypa -
30°C, peakmmsi maBomu - 48 coar. DcrepasaHi OGONLTAHFMY (DAOJIHTH: |-HMMOGHIITAHMAraH
actepaza— 3,2 OUpIUK/MT), 2-9MaH TpaHyjIajlapura MMMOOHIITIaHTaH 3cTepaza— 16 Oupimk/mr),
N3zox: [-maBxynmuru P<0,05 na Hazopat BapuaHTHAAH UIIOHWIN (DapK KWIHIITHHA OUJIAUPA]IH.
4-pacm. UnBepTa3za (a) Ba 3ctepasa (0) pao/uturura 3TAaHOJIHUHT TAbLCUPH

NMMoOwmmianral  3cTepasa  V3WHHHT MakcuMal dS(Hup XOCWI KUJIHII
daommuruaun  40% dTaHONTM  MyXWTAAa HaMO€H d3THO, OyHIa HW30aMUJION
koHBepcusicu 48% Hu Tamkwil Kwigd. MmmoOwinanran gepmeHTinapHu (u3MK-
KUMEBUI Ba KHHETHK XYCYCHSATIIAPUHU “‘CyB-3TaHOJ  MOJEJ CHCTEMAacHuiaa
YpraHuIll acoCuaa UMMOOWIUTAHTaH (PEepMEHTIap WINTHPOKUA FOKOPH CIHPTIAp
OMOKOHBEPCHUACHUHU ONTHMAJI TEXHOJIOTHK IIApOUTIapu aHuKIaHau (1-xkaasain).
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1-xaaBaa
Nvmobmiianran epMeHTIap OUIaH IOKOPHU CITUPTJIAP
OMOKOHBEPCUSICHHU ONITUMAJI TEXHOJIOTHK IIAPOUTIAPH

ITapamerpJiap Kypcarkuuiap
HHBepTaza | Jcrepasa

MyxuTaaru UMMOOHMIUTaHTaH (EpPMEHT, /11 10 10
1 rp copOenTra UMMOOMIITIaHTaH (PEePMEHT MUKIOPHU, MT 10 17
HMmmob6usnanrad ¢pepMeHT (paosauru, OUpiauk/mr 42 16
WNukybannon myxut pH xypcatkuuu 6.0 6.0
Myxut xapopatu, °C 25 30
MyxuTaaru CUByII COUPTIAPHHA MUKIOPU (CYBCU3 CIIUPTTa

HucGaTaH, a.a.), Mr/100 e’ 264 660
MyxuTaaru 3TaHOJI KOHUEHTPALUACH, Yo XaXKM. 60 40
JaBpuii pexxuMa uiuioB GepuIl BakTH, coat 12 48

Bpenaura unuioB Oepuil TEXHOJOTUK >KapaHHM aHUK Oup OOoCKHuYuaa
amajira OIMPWIWIIN 3apyp XucoOmanuO, Oy ojaTaa OMOPEaKTOPHH ONTHMA
mapouTiapuaa (1-kaaBan) MUMMIMKHU KyWUIIAAH OJIMH amMalira O PUIIIH.

bynna 40% nu CcyBIM-COMPTIM COPTHPOBKA €KUM AUCTHILIATIAP KyHa)u
25°C xapoparna uMMoOOMIUIaHTaH uMHBepTasza (46 Ooupiuk) Ba 30°C xapopartna
acrepasanu (16 OGupimk) UMMOOWIIAHTaH penapaTii OnopeakTopra 1000pHIaIHn.

HucceprauusstHuar  «AMMoOMJ/IaHTaH ~ QepMeHTIAPpHU  CIHUPTJIH
HYUMJIMKJIAP TaiiépJiam TeXHOJOTHsACHAA KyJIam 1e0 HOMIaHTaH TYPTUHYU
0001 MMMOOWJUIAHTaH MHBEpTa3a Ba ACTEpa3aHu JIUKEP-apoOK MaxCyJloTjiaapu Ba
OpeHau Tan€pnamniaa KyJan TeXHOJIOTHICH EPUTHIITAH.

Hmmobunnanean UHBEpMA3aHU  JIUKED UYUMAUKILAD mauépaaul
mexHonocuacuoa Kyanaw oyuuda mascusiap. Mojen cuctemaga MMMOOMIITIaHTaH
MHBEpTa3a CHUBYLI CHHPTIAPUHU TpaHchoOpMalusiall XyCyCHSTUHU YpraHHII
yayH, cnupT- pektudukar (96,6%) Ba caxapo3anan (2%) Taiiépianran COpTUPOBKA
(cyBmu-cimpTim apanamma, 40% xaxwm staHoin, 2% caxapo3a) IMMOOWJUTAHTaH
MHBEpTa3a OWJlaH IOKOPHU CHUPTIAP KOHBEPCUSCHMHU amalira OIIMPUII Y4yH
aHUKJIaHTaH onTuMan mapoutinapuaa (1-xagsan) unuioB 6epunaun. UmmoOusian-
rad ¢epMeHTaTUB OWJIaH UIIIOB OEpUIIraH COPTUPOBKAHU OPraHOJIENTUK (2-xKal-
BaJl) Ba pusuk-kuMEBUM (3-kaaBain) Xxoccalapy TEKIITHUPUIIIH.

Taxpuba copTHpoOBKa HazopaT HaMyHacura HHUCOATaH IOMIIOK XYIIOYit
TabMra sra OYJIuIIM, TAbMK/IA MEBA Ma3acu Mai0 OynraHu OuiiaH TaBcuIaHaIN.
NmMmmobuinanran uaBeprasa (3-)kaaBai) OuilaH UILIOB OepuiiraH COPTUPOBKAHU
¢bu3uK-KUMEBUI Oaxoualll, yHU TApKUOUAATH IOKOPU CIIUPTIAP MUKIOPH MEbEPU
tanabiapaa Oenruianrad MuUKIopra kypa 20%-rada kamaiiraHMHA KYpCaTau.

W30amMun COUPTUHUHT MHUKIOPH IOKOPU CIUPTIAp TapKuOHIa KYIpOK
Oynanyu Ba CHOUPTIM WYUMIIMKIAP JAETYCTAllMOH Ba TMTHEHHMK KYpCAaTKUYJIApUHU
nacaiiTupaay, my cababiy TaAKUKOT WII aiiHaH UIy CIUPTHUHT KaMaWTUpPHIITa
HyHanTUpUiATraH. 3-KaaBajlaH KYypuHUO TypuOIUWKH, (EPMEHTATUB HIIJIOB
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Oepunran HamyHa TapkuOuaa w3oammn crnuptd 50%-ra kamaWam Ba YHUHT
mukzaopu 1,4 mr/n a.a. Tamkui >1au. byHaa 6oika kypcatkuuiap y3rapMara.
2-KaaBaJl
BAY Ba HMMOOM/IJIAHTaH AYUTKHA HHBEPTA3acH OWJIAH MIILJIOB
OepWJiraH COpTHPOBKAHMHI OPTraHOJIENTHK KYPCATKMWIAPH

CopTtupoBka Kypcatknu TaBcudu
BAY Ounan wnwioB | 1. Tamku bomka OuwpukMa Ba YyKMamapcu3 THHHK
OepuiraH COPTHUPOBKA KYPUHUIIH- CYIOKJIUK;
(Ha3opar) 2. Panru — Panrcus cyrokmmk;
3. TabM Ba XUau- Ma3Kyp apoKKa XoOcC, OpTHKYa TabM Ba
XHUJICU3.
NMmoOmianran 1. Tamxku bomka Oumpukma Ba YyKMalapcu3 THUHUK
AQUUTKU UHBEpTa3acu KYpUHUIIH- CYIOKJIHK;
OMmJIaH UILIOB 2. Pauru — Panrcus cyrokiuk;
Oepuinran coptupoBka | 3. Tabm Ba xuau- Maszkyp apokra Xoc IOMIIOK, MeBajap
HOTAJIApH, XYIOYH

3-kaaBaJ
NMMoO0M/JIaHTaH AaYMTKU MHBepTa3acu Ba BAY-A Onjian uuios
0epuJIraH COPTHPOBKAHMHT (PU3MK-KMMEBHH X0CCATAPHU

s g g = 2.
Homnanunmm 2l a | & = = S
=9 =
4 S o 5 = o
|5 19 . |E .| = = o
S| Ed ES| 2| S&| Ed| S8
S S gl 2| HY| S| 2| E
o) =t = > < O ©
S | 25 &2 |88l e8| ¢8| & 2
= é = S EE|l 98| 98| 22X
™ s = O3 =3 =3 =%
Men€puii xyxokarnap 6yiinua Tanad 40 4 4 3 - - 0,05
CoptHupoBKa 40 3 4 4 2,7 1,3 0,03
BAYVY-A 6unan uminoB Oepuiran 40 4 4 3 2,2 0,8 0,03
COPTUPOBKA
MMmoOWIIIaHTaH a4uTKA HHBEPTA3aCh
OwTaH WIIJIOB OEpUITaH COPTHUPOBKA 40 4 4 2,4 1,4 1,0 0,02

OnuHran HaTwkajgap JHUKEP-apoK MaxCyloTIapu HIad YuKapuIaa
yJIapHUHT TapKUOWIaru M30aMuJl CIUPTUHU (PepMeHT EpaaMuaa WyHaNTHPHUITaH
X0J/1a U30aMUIPPYKTO3UAra AWTAHTHPUII MYMKHH. BYHHHT y4yH TEXHOJOTHK
*KapaCHHUHT MabiyM OOCKHYMIA, acOCaH SKYHHM OOCKWYuaa, COPTHpPOBKara
OmopeakTopa UMMOOWJUTAaHTaH WHBEpTa3a OWJIaH MIUIOB Oepriain (TEXHOJOTHK
cxemaaa Ouo-Kypuima) Ba yumOy OOCKHYa OKOPH CIUPTIAPHU KOHBEPCHUSICH
amaJra omla/iu.

Takmud o>Tunaérrad  yckyHaaaH doiganaHumga apoK TauEpiialllHUHT
XO3UPry TEXHOJIOTUSCUHU ¥3 MUMra OJIraH YCyJ UIITHPOKH]IA apOKKa TabM OepHIll
Ba COPTUPOBKA (COPTUPOBKA €KUM Kynax — OOIIKa KOMIIOHEHTJIAp KYIIMITaH EKU
KYIIMWJIMaral CIUpPT Ba CyBHU aHUK OWp HHUcCOATHUIaru spuTMacu) TapKuOUaaH
IOKOPH CHUPTIAPHUA WYKOTHII Y4yH pernent Oyiimua Tai€piaHraH COPTHPOBKA
OnopeakTopa UMMOOHMIUIAHTaH MHBEPTAa3a Ouiad uinioB 6epuinan (5-pacm).
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l-cnupT y4yH uaumi; 2-COUPTHU yi4yarud; 3-IOMIIOK CYBHU TYIUIOBYM; 4-CHUPT Japakacu
O0OCUMHHHM OOIIKAPYBYH; S5- IOMIIOK CYB Japakachk OOCHMHHH OOIIKApyBYH; 6-OKHUMIIAp
apaJallTUPIU4H; 7-Mapka3naH KouMa Hacoc, 8-To3a Opak TYIUIOBUHCH; 9-KyMHUpHH
pereHepanysuIaliad KeHMHTH Xalainran MaxcylnoTHH Ty1uioBun; 10 — nactinabku QuibTpriap;
11-cyroknuk cappunu ymuosuu; 12,13,14-peaktop komoHHamsapu 1-, 2- Ba 3-mapaxanap; 15-
OXHUpTH To3anarn GpuabTpiapu; 16-unUIOB OepwiiraH CyB-CIIUPT apajaliMacHHU TYTIOBUH; 17-
épaamMuM  XOoM-am€ ApUTMAJapuHU  TYIiIoBuW; 18-Xxomam€ spuTManapu JapakacuHU
OomkapyBuH; 19-ummoOWIIaHTaH WHBEpTa3a TapkuOam peaktop; 20-Tali€p MaxCyJlOTHHU
TYIIJIOBYH.

S5-pacMm. JIukép-apoK MaxcyJ0T/Jap HILIA0 YUKAPUII TEXHOJOTHMK CXeMaCH

Kapaén kyhugaruua amanra OLIMPHIIAIW: CIHUPT CAKJIOBYM IHUCTEPHAATH
pextudukarnanrad cnupt (1) copTupoBka Oynaumura ypHatuiaran ymuaruura (2)
Tymany. Yigarnygpad ciupT (2) Ba TYIUIOBUMIAH IOMINATHIraH cyB (3) Gocum
PETYISATOPU OpPKAIM Y3JIyKCH3 apanamTuprudra (6), mactinabku TO3alioB Y4YyH
¢unpTpra (10), xelinHuanmk peaxtop-konoHHamapra (12-13-14) tymm0, y epna
spuTMa TYpOYJIEHT XapakaT OpKajdu TOMMHI apalalTHpuIl OWIaH aKTUBIAHTaH
KyMup OuinaH UnuioB Oepuiiagu. AKTHUBIAHTaH KymMup OWJaH WILIOB OepuiraH
CYB-CIIUPT apajammacy GuiabTpalus yayH oXupru to3anam Guiastpu (15) opkanu
tyroBuura (16) 6opanu. by epaa €épramMun xom-ami€ SpuTMaIapuHi TYTIIIOBUYHIA
(17) xepakiu MHrpajMeHTIAp KYyUIWIaJd Ba apajaimMa HWMMOOWJUIAHTaH
WHBEpTa3agaH uoopar Ouopeakropaa (19) umnuioB Oepunaau, Ta€p MaxcysoT
tymoBunaa (20) TymiaHaau Ba KyWHIIl Y9yH FOOOpUIIAIH.

Kynaxuu OyTyH nukn Oyinad naBOMUMIMIH XOHa mapoutuna 12 coatnan
KaM OynMacnuru Jo3uM. Ymly BakT JAaBoMuaa (EpMEHT COPTUPOBKA
TapKUOHWIard IOKOPH CHOUPTIAPUHU  aTKWIPPYKTO3UUIapra  ailaHTUPUILTa
yITYpajaH.

Hmmobunnanean avumgu acmepasacutu operou mauépaaul
mexHonocuacuoa kyanaw. OJMHTaH HATWXKAIAp aMalluii axaMusTra sra Oymuo,
dbepMeHTaTUB HIUIOB Oepuill KapaéHUAA CNUPTIM HYUMIMKIAD TapKuOugaru
IOKOpH CIUPTIap MUKJIOPUHUA KaMalTUPUII Ba 11y OPKAJIU WUUMIIUKIAP cu(aTUHU
OILLIMPUII MaKcaIapuaa Kyjlalu MyMKHH.

VY3yM mapOaTuHU OWXFUTUIN >Kapa€HHUIA Ce3WIapid Japaxanga YTKUp,
€KMMCH3 XUJIM Ba TabMIIM, OPraHU3M YYyH TOKCHK TabCUpra sra IOKOpH
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cnuptiapu tymnanaau (300-600 mr/id) xampa Oy cnupTiap MUKIOPU OJUHTaH
mactiiuiataa (a/a) kamupa 1,8 1/1 HU xocun kwiaau (MapteiHenko, 2005).
JHuctmsanus xapa€Huaa JUCTHIUIATIA yUyBUaH KapOOH KHCIOTalap XaMm yTaau
(MO, W30BaJiephsiH, KalpOH, Kamlpujl Ba KalpuH KUCIOTajlap) Ba MaxCyJoOT
JEryCTallMOH KYpCAaTKUWIApMHU Tacaitupaau. TapkuOupa ymlOy KucioTtaiap
MUKJIOpPH KYyNaiub KeTraH y3yM IUCTWIUIATHIAH TalépiaHraH OpeHIu TabMuUIa
yHra Xoc OynamaraH TOHJIap maiao Oynaau Ba y4 WWJUIMK Cakjall JaBOMHUAA XaM
y3rapum 103 Oepmaian (Jlamxu, 1962). YmOy rokopu crnupTiap Ba KapOOH
KHUCIIOTaJapHU HMMMOOWJUTAHTaH JcTepasza €paamuna sdupiapra angaHTHPHIL
amaira OmMpwIId. ByHUHT ydyH OTUCTWIUIATHAAH KyHaxk Tau€piaHnu (1akapid
CHpOII, caxapo3a MHKIopu 2 r/m), 5 cyrka maBomuza 30°C xapopatma 1 mutp
Maxcynorra Hucbaran 10 © MuKIopuHH nAacTiaaOku >GUp XOCHIT KUIYBUU
daommurn 16 Oupnauk/mMr OyiaraH UMMOOWJUIAHTaH AYUTKUA JCTepa3acu OuiaH
UIUIOB OepuiiraH KOHbSK AUCTIILIATH (68,1% xaxm) acocupma kynax (40%)
taii€pnanau. Hazopar namyHa cudartuna ¢depMeHTaTUB HILIOB OepuiMaraH
KOHBSK JUCTWUIATUAAH Tal€piaHTraH Kynax KyJIaHWIJIH.

KoHbSIK ~ COUPTIIapUHU ~ OPraHOJIENTUK  KYpCAaTKUWIapuHU  OaxoJaill
HaTWXKajlapura Kypa, MMMOOWJIJIaHTaH dcTepasa (4-xkaaBaji) OWiaH UIIIOB OEpHIIl
KOHBSK JUCTWUISATH KyNaXMHUHT TabMU Ba OYKETH SXIIHIIAH]IH.

4-:kaaBaj
NMmo0n/IaHraH a4UTKH 3cTepa3acy OMJIaH MIJIOB 0epHIIraH KOHbSAK
AUCTHJJISITH KYNAKUHUHT OPraHoJIeNTHK KYPCATKUYJIApH

Kynax Kypcarkuu TaBcudu

SMaH rpaHyjanapu OuiaaH 1. Panru/Tamku Ou-capuK paHriv TyC, THHHUK CYIOKJIHK,
UIIJIOB OEpHIITaH AUCTUILIAT KYpUHUIIN- KYIIMMYa OMpUKMAIapCcu3 Ba YYKMacH3;
Kynaxku (Ha3opar) 2. XymoOyiinuru- | TUMHK, CUBYII TOHJIAP;

3. Tabmu - KYWIUPYBYH, HAMIIUK TAbMU;

4. VUryHJINUTU- YUFYH 3Mac.
Nmmobwminanran  acrepasa | 1. Panrw/Tamku Ou capuK paHIIU TyC, THHUK CYIOKIUK,
OwraH WOUIOB  OepwiraH | KYpUHHUIIIH- KYIuM4a OMpUKMaIapcu3 Ba YyKMacus;
JUCTUILIAT KyIaXu 2. XymwoOyHmuru- | THIUK, Mypakkao, TyJiap HOTallapy;

3. Tabmu — TO3a, FOMIIIOK, XYIIOYH, TyJap

HOTaJIapy;
4. VYUryHJINUTU- Kyaa yUryH.

NurMIMKHA ce3uIapin Aapaxasa IOMIIOKIaHUIIN Ba OyKeTH1a paHT TYCUHU
XxocuJ1 Oynuiny Ky3aTwian. KynaxHUHT paHTuaa o4 capuK TYCUHU XOCHII OVIIHIIN
AMaH rpaHyjaigapu OwWIaH HIUIOB OepuIl >kapa€HHM]la YHJAH KYyMakra paHIId
Mojiaiap VTuiu OwnaH Oornukaup. Juctumnsatinap (5-xkaaBai) KynaxJIapuHU
bu3uK-KkUMEBUN Oaxosamiia yinapHd (EpMEHTAaTUB HIIJIOB OepWIraHJaH CYHT
IOKOpM  CHOUPTJIAp  MUKIOPUHMHI  KaMalraHJurMHM — Xamja dJTWI- Ba
n30aMuIdGUpIIap MUKJIOPUHUHT KYTTalraHUHU KypcaTuO® Oepau Ba TacauKIIaIu.

NmmoOumnanran 3crepaza OwilaH HMIUIOB OepuiiraH KyHaKHUHT XpOMarto-
MacC-CIIEKTPOMETPOMETPHUSl HATHXKACUTa Kypa, M30aMWJ, H3OMPONMUI Ba OyTHII
CHOUPTIIAPY MUKIOPUHHUHI KAMANTaHIUTUHU KypcaTau (6-pacwm).

VY4yBuaH Mojajgap XpoMaro-mMacc-crieKrpoMerpomerpus (7-pacM) €paamua
TaxXJINJ KWIMHTaHJa TUCTUIUIAT TapKUOUAA STHIIBATIEPHIT Ba ATUIKANPUHATIAPHU
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MHUKJOpPH OLITaHU Xamja U30aMUJI-alleTaT, U30aMUI-BalepbsIT, N30aMUIIKAIIPOHAT,
U30aMUJIKANpuiIaT Kabu 3gpupiap Xocui OYIraHu Ky3aThiiau.
S5-:xkanBan
NMMOoOMIJIAaHTaH AYMTKH 3CTepa3acu OWJIAH MILJIOB OepPHUJIraH KOHbAK
AMCTHJUIATH KYNAKMHUHT PU3HK-KUMEBHI KYPCATKHWIAPH

. |3
D_‘ LS
= N < = < o~
% 4| &9 | E< | 2« S =
. 2 | 5| ES|&8&| 8- g2
K¥pcarkuunu HOMIaHUTIIH N 5‘”5 gmg E”’E m% - 8 g
5 5ol P | Ee | Eo | £ £ o
E | ES| g2 | ES|BS g f5E
~ oo ~ = PE=¢ T~
5 | <555 |28 |55 |5 &¢8¢
Men€puii xyxokaraap 6yiinua 55- | 5-50 | 50- 170- 250 1,2 1,0
Tajgad 70 270 500
Em auctunnaraan taiiépnanran 40 | 29,7 | 51,0 | 174,2 12,8 0,8 0,68
Kynax (Ha3opar)
NMMobutanran cTepas3a Omiian
UILIOB OepriiraH €1l KOHbSIK 40 | 30,6 | 579 158.,2 8,7 0,5 0,24
CIIUPTH KYMaXKH

Abundance
Abundance
1.2¢+07 4 1.2ex07
1.1e+07
1.1e+07
a 1e+07 6

1e+07
9000000 1 9000000
8000000 8000000
7000000 7000000 1
6000000 6000000
5000000 5000000
4000000 4000000
3000000 3 3000000 3

‘ i
1000000 L. j& 1000000 N N

220 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80
Time--> Time-->

Anamn3 EVDX-5m (5% denunmeruncuiokcan) kamwisap (30mx0,25 Mm) KotoHKa OuiiaH
tapMunianra Agilent Technology GC/MS AT 5973N xpoMaro-macc-CieKTpoMeTp EpaamMuaa
KOJIOHKA TEPMOCTATUHUHI NIPOrpaMMasalliTUPUITaH (70°C-2 mum, TeMIlepaTypa KypaTUpPHIL
tasmury 10°C/mun) Temmeparypacu 70°C nan 280°C raua 6yiran mapouTia 0mb GOpHILIL.
l-aneranb, 2- U30MPOIUI CUPTH, 3-U30aMUJI CIIUPTH, 7-H-OYTHII CIIUPTH

6-pacM. YuyBYaH MOJIAJTAPHUHT JTUCTHILIATIA (pepMeHT épaaMuia UILJIOB
OepuuIaH 0JIMH (2) Ba KeiinH (0) OJIMHIaH XpOMAaTO-MAaCC-CIIEKTPOMETPO-
MeTpHS HATHKACH

OnuHran HaTwkagap TaW€piiaHaguraH oOpJuHap OpeHaunap unuUIad
YUKApUIIIa IOKOPU CIHUPTIapHU 3dupiapra (HepMEHTATUB ailllaHUIKd OpKaJIu
cubaTUHN SXIIWIANAA XamJa JUCTWUIATIApHU —Cakjall —MyAJaTiapuHu
KUCKApTUPHIL Makcaajapuja KYJUITAHWIMIIA MYyMKUH. ByHuUHT y4dyH Opennu
Tal€piaml TEXHOJOTUK >KapaHMHM aHUK Oup OOCKMYMAA, acocaH KyIMax
Talépramniiad OJIUH, IUCTIUISTIAPHM HMMOOWUIAHTaH a4yUTKU JCTepaszacu

Ounan OropeakTopia UILIOB OepuiiaIn.
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Abundance 10
3000000
2800000 a
2600000
2400000
2200000
2000000 2
1800000
1600000
1400000
1200000 8
1000000 3 !
S00000 5 6 7
600000 9 12
400000 H :
200000 . . — J— - Lo HL—'JJ . 4‘“‘ l. -
i 24.00 &.00 .00 10.00 12.00 14.00 16.00 1800 20.00 22.00 24.00
Time--=—
Abundance
10
2000000 ‘i
2800000
2600000
2400000
2200000
2000000 2
1500000
1600000
1400000
1200000
1000000 8
S00000 3 5 6 p ?
S00000 4 . 7 11 13
400000 J_ I I 12
200000 A A, L&B-J_i_.—n—-‘ L__i__.._...u-.!\._
—— 4.00 6.00 S.00 10.00 12.00 14.00 16.00 1800 20.00 22.00 24.00

AHanu3 mapouTu 6-pacmaa KeJITUPUITaH.
1-u3omnponanon, 2-¢pypdypon, 3-cupka kucioracu, 4-3THI-BAICPUST, S-3TUJI-KampoHAT, 6-
GEeHWIATUI  CHUPTH, 7-3TWI-CYKIIMHAT, 8-3TWJ-KamnpuiaT, 9-stun-kanpuHat, 10-meTw-
yHIEKaHOaT (MUKW craHgapt), 1l-uzoamun-kamponar, 12-uzoammii-kanpunar, 13-u3oammui-
KamnpuHar.
7-pacM. Y4yBYaH MOAJAATAPHUHT JUCTH/LIATIA (pepMeHT épAaMuia ULLJIO0B
OepulIIaH 0JIAMH (2a) Ba KeilMH (0) OJIMHIaH XPOMAaTO-MAaCC-CIIEKTPOMETPO-
MeTPUS HATHKACU

Maskyp ycny0 KyWuaarn KeTMa-KeTJIWKIa amaira OIIUpWIaau: aactiad
OMopeakTop UMMOOWIITIAaHTaH dCTepas3a OWIaH Tyaaupuiaagn. TeXHOIOTHK cxemara
OuHOaH (8-pacM), Kynaxk/ia MIUIATUIIAJUTaH TUCTUUITHH Oup KucMu 40% Xaxxm
CIUPTH KOHJUIMSACUTA CIIMPTIN CyBiap OwinaH kentupuwiaau (1) Ba uMMOOMIIaH-
raH scTepas3a TyJaaupuiran ouopeakropra (3) 00opuiaay, aHUKIaHTaH ONTUMA
mapoutinapaa (l-kanan) wunuioB Oepusiaqd Ba Kymax pesepByapura (9)
1000pHUIaIx.

NMMoOwmianran mHBEpTasza Ba 3cTepa3a (pepMeHTinapu €praMuia CliupTiIn
WYUMIIMKJIAp Tal€piaml TEeXHOJIOTHSCMHM TaKOMUWJUIAIITUPUII YYyH UILIA0
YUKWITaH Ma3Kyp YyCyJ aWHM MNauTAa KyJUIaHWIA€TraH TEXHOJOTUsIapIaH
Kyluaaru ad3ajuidkiapra ara:

OpeHau y4dyH Tai€piiaHraH Kymak OmopeakTopaa MMMOOHWIIAHTaH 3CTepasa
OusaH UIUIOB OepuIlia MUMMIIMKHU OOIIKa KypcaTKUWiapura TabCUp KUJIMaraH
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XoJifa, (akaTruHa IOKOpU CHupTiap (aifHMKca W30aMHJI CIUPTH) MHUKIOPWUHU
KaMalTUpUILl UMKOHUHU Oepaiu;

15

i

2

I-kynax pesepByapu, 2-Hacoc, 3-UMMOOMJUIAHTaH dcTepa3a TYIIUPUITaH OuopeakTop, 4-aMaH

éroun Oynakyapu (mapyanapu) OWIAH HIJIOB OCpUIN IUCTEPHACH, S-TUCTHUIUIAT XaXKMUHU

yiuaruy, 6-ClUpTIIN CyBJIapHU CaKJall pe3epByapH, 7-KOJIEp CUFUMHU, 8-KUEM CUFUMHU, 9-KyHax

pesepByapu, 10-kymax cakjam pesepByapu, 11- coByrrud, 12-tepmoc pesepByap, 13-¢puibtp,

14-opanuk pesepByapu, 15-ymuarud, 10- KaOys KHIUIT pe3epByapH.

8-pacm. UMMoOM/IIIaHTaH 3CTEpa3a acocuaa OpeHaH Talépaanm TEXHOJOT UK
cxeMmacu

nIao YUKWJIT'aH CIIMPTIIN HWYHUMIIMKIIAp nIniao YUKapuil TCEXHOJOI'MK
CXeMacHu ¥3 WYura uMxdaM, TaHTapXyd ap30H OYyJIraH UMMOOWIIaHTraH (pepMEHT
OwIaH TYJIaupuiarad OMo-KypuJIMaHH OJIajIu;

UMMOOWIIAaHTaH (PepMEHTIapHU WNUTA0 YMKAPWIIHA amajra OIIWPHUIITHA
CIUPTIIA MUYUMIIMKIIAP WIIIA0 YMKapaJuraH 3aBOJJIAPUHUHT Y3Wa TalTKHUJIIAIlI-
THPUILI MYMKHH;

TUCTWUIATIAD TapKUOWIArd IOKOPU CIHPTIAP MHUKIOPHHHM KaMaWTHPHIL
WMKOHMSITH a0 6ynuo, ynap acocuaa roKopu cudaTian OpeHau UIiad YnKapHII
HMMKOHMUATH rO03ara Kejaaau,

AUCTUIUIATIIAPHU CTUJIIMIIWMHA TC3JIAIITUPHUIT HMKOHHUATH Haﬁzxo 65'7.]'[1/16,
STUJIUII JapakaCUHU KypcaTKUud OYIyBYM OHHAHT HSPUpiap XOCWUI OYJIHIIN
XI/ICO6I/II‘a NYUMJIMK TabMHU Ba Xy1H6§’I>iHPIFPI TabMUHJIOBYHN YUYBYdH MOAOAIIAPHUHT
CI/I(i)aTI/I AXIIWJIaHaau,

TUCTWIIATIAPHU HSMaH Oodkajapra cakjaiira o0opryHra kKaaap, yJiap
TapKuOUAaru OOIUIAHFUY IOKOPH CIUPTIIAp MUKJIOPHHU KaMaWTUPHUII Ba y4yBUaH
Mojaanap npoUINHA TYFpUIall UMKOHUSTUHU Oepaiu;

Kynax Tau€piam ydyH JUCTWUIIT TapKUOWAaru ydyBYaH KOMIIOHEHTIIAP
TapKUOMHM Y3rapTHPUI, KAaHAOJATYWIMK yYyH Maxcyc JHKEpiap Ta€priamn Ba
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IOKOpU KUHMaTiIM Toludara sra COUPTIN UUMMIIUKIAP aCCOTUMEHTUHU OIIMPHIL
UMKOHUSTH 103ara Kejaaau.
XVYJIOCA

1. Auutku 3aMOypyFuaaH axpaTHO OJIMHTaH WHBEpTa3a Ba JcTepasa
dbepMeHTIapu CYBJIM-OPraHUK MYyXUTHAA TpaHcepa3d Ba 3GUP XOCWI KUIyBYU
(daoMKIIapuHl HAMOEH KWJia OJMaiIu Ba IOKOPHU CHUPTIIAPHU KOHBEPCHSICH
eTapJii Japa)kaja amaira olMaiiu.

2. AuWTKM UWHBEpTa3aCM Ba JCTepa3acMHH CyOCTpaT crneuu(puiIuria
Yyprauunu6, yriaepon 3amxupuHn C3;<Cy<Cs Tap3ga y3alluimm OWiaH OKOpU
CIUPTIIADHU KOHBEPCHS Japakacu OIIMIIM aHUKJIaHIW. byHna cnupT Monexyna-
cugaru OupuHun yriepon aromugaru OH rypyxuHu ¢azoBuil >Koilnairysu,
yraepo] 3aHXKUPUHU TAPMOKJIAHTAHJIUIM Ba CHOUPTIArH THAPOKCUI TYpyXHJaH
UKKWJIaM4H YTJIepOJa aToMu opacuaaru mMacoda (hepMeHT CyOCTpaTHU «TaHMIID)
OMMJIM S3KaHIUTH Kypcatuiau. PepMeHT H30aMuUi Ba H300yTWI CHUpTIapra
HUcOaTaH OKopu (HaoJTMKIA SKAHIWTH aHWKIaHau. Kucioramu cybctpatiap
oyiinua sctepaza Cy-Cio OYnran kapOOH KuciaoTamapra HucOaTaH y3 (Hhaoummruau
HaMOEH KUIuO, »TepuuKanus yriaepoj 3aHKUPUHHU y3ahuim OwnaH (epMeHT
daommuru C4<C5<Cg<Cg<C;( Tap3aa nacasiu.

3. 46 Gupmux/mMr Tpanchepas GaosmuKKa 3ra KUMEBUN MOAUBUKAIUSIIAHTaH
BAY-A mapkanu axkTHBIaHraH KallMH KYyMUpHUra MMMOOWIJIAHTAH WHBEpPTa3aHU
OJIUIII TEXHOJIOTHSICH TaBCHSI STUIIA TN,

4. 40% xaxM D3TaHOJN TYTraH «3ITaHOJ-CYB-H30aMUJI CIUPTH-CAXapOo3a»
MOJIeTl CHCTeMaJa MMMOOWIJIAHTaH WHBEPTA3aHUHT (DU3HK-KUMEBUN Ba KUHETHUK
XOCCaJapuHU TaJKUK KWJIUII acocuaa UMMOOWsuIaml (EpPMEHTHUHT CIUPTIN
MyXUTJa OapKapopJMri OIIMIIK aHUKJIaHad. M30aMuil COUPTUHU MakcUMall
(40%) xouBepcusicu 60% XakM 3TaHOJIITM MOJIET CUCTEMAia KYpCaTUIIAN.

5. 16 Oupmuk/mr »bup XOCWUJI KWIUII (PaoJTMKKa dra KUMEBHM
MOAU(PUKALMSIIIAHTaH 3MaH TpaHyjajlapura UMMOOMWJUIAHTAaH 3CTEepPa3aHy OJIUIL
TEXHOJIOTHUSICH TaBCUS ATHIIAJIN.

6. 40% XaxM DJTaHOJI TYTraH «3TaHOJ-CYB-U30aMWJI CIUPTH-KAPOH
KHUCIIOTa» MOJIeNl CHCTeMa/la MMMOOWIIJIaHTaH ACTepa3aHUHT (DU3UMK-KUMEBUN Ba
KMHETUK XOCCAJTapUHHU TAJKWK KUIHUII acocuia (PEpMEHTHUHI CIHUPTIA MYXHUTAA
Oapkapopiaurd OwWMIIKd aHukiIaHad. M3oammn conuptuaun  makcuman  (48%)
koHBepcusicu 30 MM u30aMuII CIUPTH Ba KampoOH KHUCIOTACHHU TYTTaH MOJEN
cUCTeMaJa aHuKIaHau. VMMoOWIaHraH »screpasa COUPTIM — HYUMITHKIAp
TapKUOHUIaru OKOpU crnupTiap OunaH kapOOH KucioTanap (KampoH, Kampui Ba
KalpuH KucioTtanap) JTtepudukanuscu EpaaMuaa 53HAHT dupiap Ownax
WYUMIIMKHU OOMUTHUIL TaBCUSI STUIIAHN.

7. WMmoOwiiaHraH WHBEpTa3a OWJIaH CYB-CIIUPTIIM apajaniMara HILUIOB
Oepulll, YHUHT TapKUOUAAru I0OKOPU COUPTIAPHUHT MUKIOPUHU KaMaUTUPHUIIU Ba
aNKuIGPYKTO3WIap OYIUIIM Xamaa UMMOOWIIJIaHTaH 3cTepa3a OuilaH JUCTUILIATTA
UIUIOB O€pulll, YHUHT TapKUOWJArd OKOPU CHOUPTIAPHUHT MHUKIOPUHU
KaMalTUPUILIY Ba SHAHT >PUpJapy XOCUJ OYIUIIMHU TabMUHIAN Oepa ojaauraH
ycyjulap unuiad  4yukWiaad.  buo-Kypuimaga uMMoOWIuiaHraH — (epMeHTap
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épaamua MIIOB OEpHIll MIAPOUTIAPH aHMKJIAHIM Ba apoK Ba OpeHau Tailéprari
SIHTY TEXHOJIOTUSACH MIUTA0 YUKUJITaH.

8. HMmmoOwinaHnran uHBepTaza €Epamuga JUKEP-apoK  HMUMMIIMKIIAP
OJIMITHUHT TaKOMWJIJIAITAH TEXHOJOTUsCcH unuiad uukmwiay Ba 25°C xapoparna
12 coar nmaBoMmza CyB-CUpiM apanammManu 10 r/am MUKAOpAa HMMMOOWJUIAHTAH
MHBEpTa3a OuiIaH UIILJIOB OEpHUIl TEXHOJIOTUK IAPOUT TABCUSI STUIIAIM.

9. HMmmMmoOwtaHran screpasza €pjaMujia OpeHAW Tau€piallHUHT TaKOMMII-
JAINTUPUITAH TEXHOJIOTHSACH HWINUIA0 YMKWIIM Ba TexHojoruk mapout (30°C
xapopatna 48 coar maBomuaa aucTWUIT 10 T/1 MUKIOpAa MMMOOWJUTAHTaH
scTepasa OMiIaH UILIOB OEpHIL) TABCHS STUIIAIH.

10. OnuHran wiMud HaTHOKaNapHU OpeHau uiad yuKapuil xapaéHuia
TaMOWK OJTHUII JAUCTWUISTIAPHUA CTWINIIUHUA TE3JIAIITUPHUI, JUCTHILISATIAPHA
cakJiall MyIJJaTUHU 2 WUIra KUCKAPTUPHIL Ba Y30K MYAJATIN €TUIUII JKapaéHuaa
TUCTUIUIATIIAHU UYKOTHIITHA TEKAIl HMKOHUHU Oepajiu.
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HAYYHBINA COBET IO MPUCYKIEHUIO YYEHOMN CTENIEHU

JOKTOPA HAYK 16.07.2013.7.08.01 ITPHA
TAIIKEHTCKOM XUMHUKO-TEXHOJIOI'HYECKOM MHCTUTYTE

HAIIMOHAJIbHBIA YHUBEPCUTET Y3BEKUCTAHA
TAIIKEHTCKUIA XUMHUKO-TEXHOJOT'MYECKUN UHCTUTYT

MUP3APAXMETOBA JUJIBAP TOXTAMYPATOBHA

INOJIYYEHUE UMMOBHNJIN30OBAHHbBIX ®EPMEHTOB,
CTABUJIBHBIX B OPTAHUYECKUX CPEJAX,
JJIsA COBEPHIEHCTBOBAHUSA TEXHOJIOI'MHA
INPOU3BOJACTBA CIIMPTHBIX HAIIUTKOB

02.00.17 — TexHosorusi 1 6MOTEXHOJIOrUsI 00PAOOTKH, XPaHEHUS
U NepepadoTKH CelbCKOX0351iiCTBEHHBIX H MUIIEBBIX

NPOAYKTOB

03.00.01 — buoxumust
(TeXHUYeCKUe HAYKH)

ABTOPE®EPAT JTOKTOPCKOW JIMCCEPTALIMM

I'opon Tamkent — 2016 rox
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Tema noxTopckoii nuccepranuu 3apeructpuposana 3a Ne 30.09.2014/B2014.5.T285
B Boicuieii arrecrannonnoit komuccuu npu Kabunere Munucrpos Pecny0imku
Y3b6exuncran.

JIokTOpCcKasi muccepTaius BBIMOJHEHA B HanmoHansHOM yHUBepcUTETe Y30€KHMCTaHa M
TamkeHTCKOM XHMHKO-TEXHOJIOTHYECKOM UHCTHTYTE.

ABtopedepar nmuccepranuu Ha TpEX sA3bIKax (y30€KCKHM, PYCCKUN, aHTIUHACKUI)
pasMenieH Ha BeO-cTpaHuie mo aapecy www.tktiuz u HMHbopMaimoHHO-00pa3oBaTeIbHOM
nopranie «ZiyoNet» o agpecy www.ziyonet.uz

Hay4unbie Aoaypa3zakoBa Cadoupa Xoa:kaeBHa
KOHCYJIbTAHTBI: JOKTOP TEXHUYECKHUX HayK, podeccop

PaxumoB Mup3aarxam ansaxaKnMOBnql
JIOKTOp OMOJIOTHYECKUX HAYK, POdeccop

Odunuansbubie AoxypaxumoB Cangakdap A0aypaxMaHOBUY
ONIMOHEHTHI: JOKTOP TEXHUYECKHUX HayK, podeccop

MaxcymoB Adoayxamua I'opypoBuy
JOKTOpP XUMHUYECKUX HayK, Tpodeccop

I'ynsamosa Tomxon I'adpypoBua
JOKTOp OMOJIOTUYECKUX HAYK, podeccop

Benymas opranusanus: XK «Y3BHHIPOM-XOJINHI

3amura AUcCepTalliM COCTOMUTCA « » 2016 roma B «  » 4YacoB Ha
3aceganun Hayunoro cosera 16.07.2013.T.08.01 npu TamikeHTCKOM XUMHKO-TEXHOJIOTHYECKOM
uHcturyre. (Anppec: 100011, r.Tamkent, [laiixonTaxypckuil paiion, ynuna A.Hasou, 32. 3an
3acemannii TamKeHTCKOro XWMHKO-TEXHOJIOTHYECKOro MHCTUTYyTa. Tem.: (+99871) 244-79-20;
daxc: (+99871) 244-79-17, e-mail: info_tkti@edu.uz)

C JIOKTOpCKOM nmuccepTanueld MOXKHO O3HAKOMHUTHCA B HMHQpopMannmoHHO-pecypCHOM
neHTpe TalmKeHTCKOro XMMHKO-TEXHOJIOTHYECKOTO MHCTUTYTa (3aperucTpupoBaH 3a Ne ).
(Amgpec: 100011, r.Tamkent, [laiixonTaxypckuii  paition, ynuna A.HaBom, 32.
AJMUHUCTPAaTUBHOE 37aHME TalIKEHTCKOTO XHWMHKO-TEXHOJIOTMYECKOTO HWHCTUTyTa. Ten.:

(+99871) 244-79-20).

ABTOpedepaT AuccepTaluy pa3ociaaH: « _ » 2016 roma
(ITporokon pacceuiku Ne ot 2016 rogna).

C.M.Typo06:xoHoB
[Ipencenarenb HAYYHOTO COBETA MO MPUCYKACHUIO YUEHOU
CTETIEHH JIOKTOpa HayK, JA.T.H., Ipodeccop

A.C.hM6onyninaeB
VYuéHblil cCeKpeTapb HAYYHOTO COBETA MO MPUCYKICHUIO
y4€HOMH cTemeHu JOKTOpa HayK, 1.T.H., Ipodeccop

K.O.lonaeB
IIpenacenarens Hay4yHOro CeMHHapa IIpU HAy4HOM COBETE IIO
MIPUCYXKJICHUIO YYEHOU CTETIEHH JOKTOpa HayK, JI.T.H., mpodeccop
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHU)

AKTYaJIbHOCTh U BOCTPe0OOBAaHHOCTh TeMbl AuccepTanuu. Bo Bcem Mupe
0c000€ BHHUMAaHHME YJENSIEeTCSd CO3AAHUI0 KOHKYPEHTOCIOCOOHBIX TEXHOJIOTHH,
HaIpaBJICHHBIX HA YJIyYIIEHUE JETYCTALIMOHHBIX U TEXHOJOTHYECCKUX IOKa3aTe-
J€eil CIIUPTHBIX HAIUTKOB. YCOBEPIICHCTBOBAHUE CYLIECTBYIOLIMX TEXHOJOTHH C
IpUMEHEHUEM (DEPMEHTOB JAaCT BO3MOXKHOCTb YMEHBIIUThH COJIEP)KAHUE CUBYII-
HBIX (BBICHIMX) CIUPTOB B COCTaB€ CIUPTHBIX HANUTKOB WM MPOU3BOJUTH B
pecmy0IIiKe SKCIOPTOPUEHTHPOBAHHYIO BEICOKOKAYECTBEHHYIO MPOIYKIIHUIO.

CrenuduyHocTs (EPMEHTOB, BIMAIOIIMX HAa TEXHOJOTMYECKUN MpoIece
MOJIy4Y€HHUsI CIUPTHBIX HAIMWTKOB, BBISBICHHE (PU3UKO-XUMUYECKUX 3aKOHOMEp-
HOCTEW B3aMMOJEHCTBUS MMMOOMIM30BAaHHBIX (JEPMEHTOB CO CBOMMH CyOCTpaTa-
MU B BOJIHO-OPTaHUYECKHX Cpeax MO3BOJIAET HE TOJBKO YIYYIIUTh OMOTEXHOJIO-
TMYECKHE IMPOLECChl, HO M CYIIECTBEHHO PACIIMPUT HAIIM IPEACTABICHUS O
crabunu3anuu (epMeHTOB, OMOKaTaNIN3€ B HECTAHIAAPTHBIX YCIOBUSAX U PACKpPBI-
BAET MPHUKJIAJHbIE BO3MOXHOCTH, KOTOPbIE HEJAOCTYIIHBI B pAMKaX TPaJULIMOHHBIX
UCCIIEIOBAaHUN B BOJHBIX cpelax. B mpakTHueckoM IIaHe Uil yJIydIleHHs JeTy-
CTALlMOHHBIX ITOKA3aTeJIed CHMPTHBIX HAIIMTKOB BO3HHMKAET BO3MOYKHOCTh YMEHb-
IIEHUS KOJIMYECTBA N30aMUJIOBOTO CIIUPTA, YCKOPEHUS CO3PEBaHUs JUCTUIUISITOB U
CHI)KEHHUS NOTEPh 3TAHOJIA, KOTOPOE HEU30EKHO MMEET MECTO IpPU UIUTEIbHON
BBIJIEPIKKE.

[Tpu 3TOM 0c000 BOCTpeOOBaHBI HAYUHBIE HCCIEIOBAHUS MO MPUMEHEHUIO
(epMEeHTOB B HANIPaBICHHOM U3MEHEHUH IEJIEBOT0 MOKa3aTeNs MUIIEBBIX MPOAYK-
TOB, YJIYYIICHHIO KadyecTBa, BKyca, OyKeTa M TEXHOJOTHYECKHX IOKa3aresei
CHUPTHBIX HAITUTKOB 32 CUYET (PEPMEHTATUBHOTO CHUKEHHS KOJIMYECTBA M30AMMUIIO-
BOTO CIIMPTA IIyTEM €r0 CBSA3BIBAHUS B aIKWIPPYKTO3UABI U 3PHUPHI, CTAOUIN3ALNUN
(epMEeHTOB IyTEM MX UMMOOMIM3AIMKM HAa TBEPABIX HOCUTENAX JJIS FapaHTUM UX
aKTUBHOCTH M CTAOUJIBHOCTU B BBICOKOCIIUPTO3HOM Cpejie, a TakKe paliiOHaIbHOE
UCIIOJIb30BAaHUE COOCTBEHHBIX PE3EPBOB U BO3MOKHOCTEM IPOAOKEBBIX KIETOK,
yIpaBJIsieMO€ KyJbTUBUPOBAHHUE JIPOMKIKEN B YCIOBUSAX MHOTOCTYIEHYATOro Opo-
KeHMsl Uit 00pa3oBaHUsl (PEPMEHTOB U 3(PUPOB, COBEPILICHCTBOBAHUE TEXHOJIOIMU
IPUTOTOBJIEHUSI CIIUPTHBIX HAIIMTKOB HAa OCHOBE ONPEJEICHUS TEXHOJIOIMUECKOI0
3HaueHus: (PEpMEHTOB B OPraHMYECKUX CpefJax M UX MCHOJIb30BaHUS B
HAIPaBJIICHHOM HW3MEHEHUHU LIEeJIEBOTO TMOKa3aTelsl W YCKOPEHHU CO3pPEBaHUs
JUCTUIUISITOB.

JlaHHOE AMCCEePTAIIMOHHOE UCCIIEI0BAHUE B OTIPEICIIEHHON CTETIEHU CITYKHUT
BBITIOJTHEHUIO 3aJ1a4, MPEAyCMOTPEHHBIX nocTaHoBineHussMu [Ipesuaenra Pecmy6-
mukn Y36exuctan Ne [1I1-1633 ot 31 oktsa6ps 2011 roga «O Mepax mo ganbHEH-
[IEMY COBEpLICHCTBOBAHUIO OpPraHU3allMU YIMPaBICHHUS M Pa3BUTUIO MHUIIEBON
IPOMBIIIIEHHOCTH pecyOauku» (2012-2015 rr.) u Ne TII1-1937 ot 13 mapra 2013
roga «O Mepax TO JanbHEWIIEMYy pa3BUTHIO BHUHOTPAAAPCTBA B PECIYOIHKE
(2013-2015 rr.), a Takke B JAPYIHX HOPMAaTHBHO-IIPABOBBIX JOKYMEHTaX,
MPUHSATHIX B JAaHHOU cdepe.
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CooTBeTcTBHE  HCCJEIOBAHUA  NPUOPUTETHBIM  HaNpaBJIEeHUSIM
Pa3BUTHSI HAyKM MW TeXHOJIOrMid pecnyOgukn. JlaHHoe wuccienoBaHue
BBINIOJIHEHO B COOTBETCTBUU TPUOPUTETHOIO HANPABJICHUS PA3BUTHS HAYKH U
TexHoJoTuil pecnyosnuku V.«Cenbckoe X035HUCTBO, OMOTEXHOJIOTHS, SKOJOTUS U
OXpaHa OKPYXaroIIEh Cpeibl .

O030p 3apy0esKHBIX HAYYHBIX HCCJIEJ0BAHMH MO TeMe AUCCEPTALUM.
HayuHble wucclienoBaHus, HAMNpaBlICHHbIE Ha YJIy4YlI€HUE KadyecTBa CIHUPTHBIX
HAllMTKOB ¥ COBEPIICHCTBOBAHUIO TEXHOJIOTMM WX MPOW3BOJCTBA, a TaKXKe Ha
MPUMEHEHNE TEXHOJOTHYECKH 3HAYMMBIX (DEPMEHTOB B YIYUIICHWU KadyecTBa
MUIIEBBIX MPOITYKTOB, OCYIIECTBIISIIOTCS B BEAYIIUX HAYYHBIX IIEHTPAX U BBICIIHX
o0pa3oBaTeNbHBIX YUYPEKICHUAX MHpa, B ToM uucie, Technical University of
Munich, University of Muenster, University of Geisenheim, University of
Hohenheim (I'epmanus), University of Cordoba, University of Barcelona,
(Ucnanus), The Fruit, Vine and Wine Institute of the Agricultural Research
Council, University of Stellebosch (FOAP), Université de Caen, Station Viticole du
BNIC, IUT-UFR Sciences, UNGDA, UMR-Aromes, Université de Bordeaux
(®panmus), University of California (AKII), Kochi and Yamaguchi University
(Amonus), University of Bern (Ileetinapus), University of Belgrade (CepOus),
CeBepHO-KaBKa3CKOM  30HAJIBHOM  HAYyYHOM-MCCIIEOBATENb-CKOM  HMHCTHUTYTE
cazioBojicTBa U BuHOrpaaapcrsa (Poccust) u HarmonanbHOM MHCTUTYTE BUHOTpAa
u BuHa «MAT'APAY».

B pesynbrare nccnenoBaHuii, IPOBEICHHBIX B MUPE MO (hePMEHTATUBHOMY
KaTaJln3y B OPTaHMYECKUX cpefax ObUIH MOJTY4YEHBI PSi HAYYHBIX PE3yJbTaTOB, B
TOM YHCIe: pa3paboTaHbl CIOCOOBI M3MEHEHHUS COCTaBa JIETyYWX KOMIIOHEHTOB
(HanumonanbHblil mnHCTUTYT BUHOrpaaa u BuHa «MAI'APAY», Ceepo-KaBka3zckuit
30HAJLHBIN HAYYHO-HCCIIEOBATEICKANA WHCTUTYT CaJOBOJACTBA W BHUHOTPAIAp-
ctBa Poccenbxo3-Akagemuu, OIeCCKUl TEXHOJIOTMYECKHI WHCTUTYT MHUIIEBOU
npombinieHHocTH Poccust); University of Hohenheim, University of Geisenheim,
I'epmanus); mnokazaHa TexHosiorudeckas poJib 3ctepa3bl (Kyoto University,
Anonus; Institute des Produits de la Vigne, Institute National de la Recherche
Agronomique, ®pannus; Institute Préparatuare aux Etudes d' Ingénieurs, Tunisia);
BbIJIeJICHBI (EPMEHTBI M CO37aHbl crocoObl umMMoOuau3amuu (University of
Toronto, Kanama; University of Adelaide, Apctpanus; University of Washington,
Brandeis University, Walter Reed Army Institute of Research; Brookhaven
National Laboratory, AKLL; University of Dortmund, ['epmanusi; The Weizmann
Institute  of Science, W3paun); ompeneneHa CTPyKTypa  APOXIKEBBIX
manHonpotenHoB (University of California, CIIIA) u onTuMu3upoBaHbl yCIOBUS
psiza peakiuil ¢ TOMOIIBI0 (PEPMEHTOB ISl MPUMEHEHHS B OPTAaHUYECKUX Cpeax
(Massachusetts Institute of Technology, University of California, CHIA;
University of Bern, [lIsetiniapust; Dalian University of Technology, Kurait).

B mupe no ynydiiieHnio KauecTBa U TEXHOJOTHMUECKHUX MMOKa3aTeNeH JIMKepo-
BOJOYHBIX M3ENUN U OpEeHIIU MO pAly TPUOPUTETHBIX HAMPaBICHUN MPOBOISTCS
UCCJIEIOBAHUS, B TOM 4YHUCJE: OIPEACICHUI0 MapKEepoOB ISl HUIECHTU(DUKAIUN
NOJJIMHHOCTH BUH U JUCTHILISATOB; (DEPMEHTATUBHOMY KaTaju3y B OpraHUYeCKOn
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Cpelie; BBISBJICHHUIO TIPOUCXOXKICHUS JIETYYUX KOMIIOHEHTOB M OMPEACIICHUI0 X
BJIMSIHUS HA KAYECTBO MPOIYKIMHU, YCKOPEHHUIO CO3PEBAHUS CIUPTHBIX HAITUTKOB,
YIIYUIIEHUIO JIETYCTAlIMOHHBIX MOKa3aTesied CIUPTHBIX HAMUTKOB; CTaOMIM3allud
dbepMEeHTOB W pa3pabOTKe METOJ0B HMMMOOMIM3alMK (HEPMEHTOB; CO3JaHUIO
TEXHOJIOTHI MPUMEHEHUsI PEPMEHTOB B OPraHMYECKUX Cpeaax.

Crenenb W3y4YeHHOCTHM mpolJaemMbl. HayyHbiM uHccieoBaHUSIM 1O
PACKPBITHIO 3aKOHOMEPHOCTEH MO BIMSHUIO BPEMEHU XpaHEHUsT M Ipoliecca
CO3pEeBaHUs Ha KA4eCTBO CHUPTHBIX HAMHWTKOB,  YNPABIECHUIO MPOIECCOM
OpoxeHHsT Ha OMOKATAIMTUYECKOW OCHOBE, OOOTAlICHWIO JAWCTHILISITOB
HYHAHTOBBIMH d(UPAMU U YCKOPEHUIO MX CO3PEBAHMS, YIYUIIEHUIO JACTYCTAI[MOH-
HBIX T[OKa3aTeJel CHUPTHBIX HAMUTKOB M COBEPIICHCTBOBAHWIO TEXHOJOTHUHU
MPOU3BOJCTBA CIUPTHBIX HAMUTKOB ObutM mocBsimieHsl pabotel C.X.AOmaypasa-
koBoi, I'.I'.Banyiiko, A.K.Pogonyno, 1.M.Ckypuxun, B.1.Hunos, B.M.Manra-
6ap, E.JI.MnxosH, JL.M.[Ixaunonaasa, E.M.JlarynamBunu, W.M.I'pauesa,
A.A.Maprakos, JI.H.HewaeB, E.A.l'ornuaitmBuiu, A.Jl.Jlamxu, B.A.Macnos,
B.A 3aropyiiko, B.I'.I'epxukoBa, O.A.Uypcuna, H.M.Areesa, 2.5.MapTbiHEHKO,
O.A.Canpsikuna, Y. K. A0aymnaes, M.B. Ilentpoes, T.A.HaueBa, Gerald Ferrary,
Jerome Ledauphin, Pierre-Louis Teissedre, Rodriguez Madrera, Rodriguez Dodero
M.C., Cristina Martinez Montero, David M.Goldberg u nip.

B pasBuTHe Hay4HBIX HCCIEJOBAaHUN 1O BbIIEIECHUIO (HEPMEHTOB,
OTIPENETICHUIO WX MOJEKYISPHBIX (OPM U KOJUYECTBEHHBIX XapaKTEPHUCTHK,
cTabunu3anuu (pepMEeHTOB, TEOPUU U MPAKTUKE F€TEPOTEHHOr0 (hepMEHTATUBHOTO
KaTaln3a, KaTajinu3y B BOJHO-OPTAaHUYECKUX Cpefax U pa3pabOTKe TEXHOJIOTHH ¢
npuMeHeHneM (pepMeHTOB, crieuUIHOCTH (EPMEHTOB B OPTaHHUUECKUX Cpeax v
PACKPBITHIO BO3MOXHOCTEM KaTain3a B HECTAaHAAPTHBIX YCIOBHSX, H3YYCHUIO
3aKOHOMEPHOCTEH (EePMEHT-CYOCTPATHBIX B3aUMOJCHCTBUNA B OPTaHUYECKHUX
cpenax BHecau cBoi Bkiaa A.M.Omnapun, A.M. bezdoponos, 1.B.bepe3nn, M.M.
Paxumor, M.T.Tyitunbae, A.A.AxynoB, K./.JlaBpanos, 3.P.Axmenoma, O.H.
Baruna, III.C.Tammyxamenosa, II1.Y.Typaukynosa, H.J[>x.Caraues, N.T.SIky00B,
X.T.XacanoB, A.M.Klibanov, J.O.Lampen, Lizhong Dai, V.Urlacher, Zhang Shu-
fen, Isabelle Dugelay, Castro G.R., Munishwar N.Gupta, Yoshiharu Inoue u np.

[IpoBenenue uccienoBaHuil MO COBEPIICHCTBOBAHUIO TEXHOJIOTHH OPOAHIIb-
HBIX TPOMU3BOJCTB Ha OMOKATAJIMYECKOW OCHOBE, KOHTPOIK 0O0pa3oBaHUs
(GhepMEeHTOB B TPOIIECCE YIPABISIEMOTO KYJIBTHBUPOBAHUS APOXOKEH, crienudud-
HOCTH OWOKaTain3a THAPOJIUTHYECKUX (DEPMEHTOB B HECTAHMAPTHBIX YCIOBHSIX,
OTIPENIETICHUIO TEXHOJOTHUUECKOW 3HAYMMOCTUA (DEPMEHTOB C TEXHOJOTHYECKOW U
OMOXMMUYECKOW TIO3WIMK, HAMPABICHHOMY W3MEHEHHIO COCTaBa JIETYYHX
KOMITOHEHTOB CIIUPTHBIX HAMHWTKOB, & UMEHHO CHIDKCHHUIO KOJMYECTBA BBICIIHX
CHOUPTOB M OOOTALICHUIO HAHTOBBIMH 3(HpamMu C UCHOJIb30BaHUEM (EPMEHTOB
MHBEpPTa3bl M OCTEpa3bl OYEHb AaKTYJbHO M HMEET HayYHO-IPAKTUYECKYIO
3HAYUMOCTb.

CBsi3b TeMbl JUCCEPTANMH € IUIAHAMM HAYYHO-HCCJIE0BATEJIbCKUX
padoT HMHCTHUTYTAa M BbICHIEro Y4eOHOro 3aBeleHHs. JluccepTalmoHHOE
UCCJIEIOBAHNE BBIMIOJHEHO B paMKax IJlaHA HAYYHO-UCCIE0BATEIbCKUX paboT 1o
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MPUKIAIHBIM NpoekTam HaruonanbHOTO yHHBepcuTeTa Y30ekuctana «M3ydyenue
TEOPHUHU U MPAKTUKHU reTeporeHHOro ¢hepMeHTaTuBHOro Katanusa» (1995-2015 rr.)
u TalKeHTCKOro XMMHUKO-TeXHojoruueckoro uuctutyra 3M-12-01 «Pa3paboTka
pecypcocOeperaroimmx TEXHOJOTH TMPOU3BOJCTBA HKOJOTHYECKH YHCTBIX U
BBICOKOKAQYECTBEHHBIX CHUPTHBIX HamUTKOB» (2003-2005 rT.), a Takke Hay4YHBIX
POEKTOB «AHANIM3 JIETy4YUX KOMIIOHEHTOB B Iipolecce (epMEeHTAaTUBHON
stepudukanuu u tpancatepupuranum» (CASIA-I Erasmus Mundus, University of
Hohenheim, 2011-2012 rr.), «CoBepilieHCTBOBaHNE TEXHOJOTHUU MPUTOTOBICHUS
CIOUPTHBIX HAIMTKOB HAa OCHOBE MPUMEHEHUs APOXKEBBIX (pepmenton» (DAAD,
University of Geisenheim, 2014 r.).

Heabio wuccaenoBaHusi SBISETCS CO3JAAHUE TEXHOJOTHUU TOTYYCHHS
CTaOUJIBHBIX B CIIUPTOBOM Cpelie MMMOOMIM30BAHHBIX JIPOXKEBBIX (DEPMEHTOB U
COBEpIICHCTBOBAHNWE TEXHOJIOTMU MPUTOTOBICHHUS CIHUPTHBIX HAMUTKOB C HX
UCIIOJIb30BAaHUEM.

3agaun uccjie10BaHuA:

NOJIy4YeHHE HMMOOWIM30BAaHHBIX TMPENapaToOB JPOXKIKEBOM HMHBEPTA3bl U
ACTEPa3bl, CTAOMIBHBIX B BOAHO-OPTaHUYECKOH Cpefie;

onpeneneHrue CyOoCTpaTHON CHenuPUUYHOCTU JIPOXKIKEBOM HMHBEPTa3bl U
ACTEPa3bl K BBICIIUM CIIMPTAaM B BOJHO-OPTaHUYECKOU CPEJIE;

BBISIBJICHUE ONTUMAIbHBIX YCJIOBHM JJii KOHBEPCHUM BBICHIMX CIIHPTOB
UMMOOUITN30BaHHBIMU ()EPMEHTAMHU B CIIEHAIBHO CO3/1aHHOM MOJEIBLHOM cucTeMe;

pa3paboTKa TEXHOJIOTUM TIOJY4YEHUS HMMMOOWIN30BAHHBIX (DEPMEHTOB,
CTaOUJIbHBIX B CIIMPTOBOM CpE/IE;

COBEpIICHCTBOBAHNE TEXHOJIOTUHU MOTYYCHHSI JTUKEPO-BOIOUHBIX U3CIUN U
OpeHAu C MPUMEHEHHMEM HMMOOMIM30BAHHBIX ()EPMEHTOB M PACUET TEXHUKO-
HKOHOMUYECKOM 3(h(PeKTUBHOCTH.

O0bekTOM HCCIeI0OBAHUSA SIBIISIIOTCS  BUHOTpajHble (KOHBSYHBIE) U
NIIEHUYHbIE JUCTWIUISATBI, a Takke QepMeHTsl Saccharomyces cerevisiae
(MHBEpTa3a u cTepasa).

IIpeamer wucciaenoBaHMsi COCTaBIAeT (DEPMEHTATUBHYIO KOHBEPCHIO
BBICHIMX CHUPTOB W HANpaBJICHHOE YMEHBIIEHHWE MX KOJIMYECTBA B COCTaBe
CHUPTHBIX HAITUTKOB.

Metoabl wucciaenoBanus. B nuccepranuu NpUMEHEHBI COBPEMEHHBIE
OnoxuMuyeckne M (HU3UKO-XUMHUYECKUE, XpoMaTorpaduyueckue, XpomMaTo-Macc-
CHEKTPOMETPUUYECKUE, AETYCTAllUOHHBIE U CTATUCTUYECKUE UCCIIEOBATENbLCKUE U
aHAJIUTUYECKUE METO/BI.

Hayunasi HOBU3HA MCC/IeI0BAHUS 3aKTI0YAETCS B CIETYIOIIEM:

pa3paboTaHbl TEXHOJIOTHH M ONITUMAJIbHBIE YCIOBUS MOJIYYE€HUS UMMOOMIIN-
30BaHHBIX ()EPMEHTOB, CTAOMIIBHBIX B BOJHO-OPTAaHUUECKUX Cpeax;

ompejesieHa cyocTpaTHas CreU(PUIHOCTh MOJIYYEHHBIX (PepMEHTOB (APOXK-
’KEBOM MHBEPTa3bl M ACTEpa3bl) MO OTHOILIEHUIO K BBICHIMM CIHUPTaM B BOJHO-
OpraHUYECKUX CpeJax;

MOKA3aHO YMEHbBIIEHHE KOJMYECTBA BHICHIMX CIUPTOB B COCTAaBE CIUPTHBIX
HAlUTKOB, MX TMPEBpAIllEHUEM B aIKWIDPYKTO3UAbl U S(UpPHI Ha OCHOBE
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MPUMEHEHHUS UMMOOUIN30BaHHBIX (PEPMEHTOB;

pa3paboTaHbl ONTUMAJIbHBIE TEXHOJOTHYECKHUE YCJIOBUS NIPUMEHEHHS
MMMOOMIIN30BaHHBIX (DEPMEHTOB MHBEPTA3bl M 3CTEPA3bl Al KOHBEPCUU BBICIINX
CIHUPTOB B CIUPTHBIX HAIIUTKAX;

Npe[Jio’)keHa HOBash TEXHOJOTHS JUIsl M3MEHEHUS NpOQHIsS JIEeTyuyux
KOMIIOHEHTOB CITUPTHBIX HAIHMTKOB C HCIOJIb30BaHUEM (EPMEHTOB MHBEPTa3bl U
acTEpasbl;

YCOBEPIICHCTBOBAHbI TEXHOJIOTUU MPUTOTOBICHUS OpeHIu U JHKEPO-
BOJOYHBIX HW3JEAUM C HCIOJb30BAHUEM MOJYyYEHHBIX HMMMOOMIN30BaHHBIX
APOXOKEBBIX (DEPMEHTOB.

IIpakTnyeckue pe3yabTaThl HCCACAOBAHUS:

pa3zpaboTaHbl  COCOOBI  UMMOOWJIM3AIMM  JPOACKEBBIX  (EPMEHTOB,
CTaOWJIbHBIX B CIIMPTOBOM CpEIE;

BBISBJICHBl yCJIOBHUA JuId (pepMEeHTATUBHOW TpaHChOpMAalMK  BBICIINX
CIHUPTOB B APUPHI U ATKUIPPYKTO3UIbI B MOJEIBHON BOJHO-OPTaHUYECKON Cpeae;

pe3yJbTaThl 10 KOHBEPCHM BBICIIUX CHHUPTOB, MOJYYEHHBIE B MOAEIHHBIX
AKCIEPUMEHTaX TMepelaHbl Uil BHEAPEHHS B TMPOMBIIUICHHBIX YCIOBUSX IS
HPOU3BOJICTBA OPEHH U JIUKEPO-BOIOUHBIX M3/IEIIHIA;

pa3paboTaHa TEXHOJOTHS MOJIy4YeHNUs UMMOOMIM30BaHHBIX (PEPMEHTOB U Ha
OCHOBE HUX NPUMEHEHHS IIyTEM CHIDKEHHUS KOJHMYECTBA BBICIIMX CIHUPTOB H
YBEJIMYEHUSI KOJMYECTBA HHAHTOBBIX 3(PHUPOB YCOBEPIIECHCTBOBAHA TEXHOJOTHS
MPOM3BOJICTBA CIIMPTHBIX HAIIUTKOB.

JloCTOBEPHOCTH MOJTYy4YeHHBIX Pe3yJabTaTOB. JJ0CTOBEPHOCTh PE3yIbTaTOB
MCCJIEIOBaHMsI OCHOBBIBAETCS MPUMEHEHHBIMH B pabOTe MOAXO0aMU U METOJAMH,
UCIIOJIb30BAaHUEM  TEOPETHYECKHX U MPAKTUYECKUX HAYYHBIX  TOJXOJOB,
uaeHTu(UKaImet cyocTpaToB (BBICIIMX CHUPTOB) M MPOAYKTOB (3¢phupoB)
dbepMeHaTUBHOTO KaTaju3a B TIpOLECCe KOHBEPCHUU BBICIIUX CIHPTOB C
HCIIOJIb30BAHUEM COBPEMEHHBIX (U3UKO-XUMHUECKUX METOAOB M COBPEMEHHBIX
npubopoB  (Ta3oBbIi  Xpomarorpad, XpomaTo-macc-criekTpomeTp, Agilent
Technologies, CIIIA); coriacoBaHHOCTbIO pE3yJIbTAaTOB, IOJYYEHHBIX B
MOJICJIbHBIX JKCHEPUMEHTAaX C JAHHBIMH, TOJYYEHHBIMH Ha MPOMBIILICHHBIX
AUCTUIUISATAX; CPABHUTEIbHON (DM3MKO-XUMHUUYEKON M JEeTryCTallMOHHOM OLIEHKOM
HOPONYKIMH, TOJIYYEHHOM MO TPAAULMOHHOM W TMpenjgaraeMod TEXHOJIOTHUSIM;
BHEJPEHUEM  pPEKOMEHIAINM, MPEeIJIOXKEHUN M 3aKIIOUeHHus AUCCEepTalid B
MPAKTHUKY.

Teopernueckass ¥  NpaKTH4YecKasi 3HAYMMOCTh  Pe3yJIbTATOB
uccjaegoBanms. Teopernyeckass 3HaYUMOCTh AUCCEPTALIIOHHON pabOThI COCTOUT B
pa3paboTKe TEXHOJOTHH MOJyUYeHUs MMMOOMIN30BAHHBIX (PEPMEHTOB, CTaOWJIb-
HBIX B BBICOKOCIIMPTO3HOM Cpe/i€ U BBISBICHUH BO3ZMOKHOCTEH (PepMEHTATUBHOTO
IpeBpallieHus] BBICHIMX CIOUPTOB B 3(UPHI U alKWI(QPYKTO3UABI B CIHUPTOBOM
cpene.

[TpakTryeckas 3HAYMMOCTH PabOTHI 3aKITIOYAETCS B TOM, YTO UMMOOHIIN30-
BaHHbIC MHBEpPTa3a M ACTepas3a KCIOJIb30BaHbl Ui TOJyYeHHUS KaueCTBEHHBIX,
OKOJIOTUYECKA UHUCTBIX M OKCHOPTO-OPUEHTHPYEMBIX CIHUPTHBIX HAIMUTKOB.
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[Ipenyiaraemasi TEXHOJIOTHSI JAET BO3MOXHOCTb KOHTPOJUPOBATh KOJIMYECTBO
JETY4YUX KOMIIOHEHTOB B COCTaBE€ CIUPTHBIX HAMUTKOB, H3MEHATH MPO(UIb
JIETYYUX KOMIIOHEHTOB JUCTUIUIATOB (CIUPTHIX HAMUTKOB), CHU3UTH COJIEpPKaHUE
CUBYIIHBIX CIIUPTOB (M30aMUJIOBOTO CIIUPTA) U 0OOTaTUTh YHAHTOBBIMU 3(UpaMHu,
YIIYUIIATh JIETYCTAIIMOHHBIE MOKA3aTed CIHUPTHBIX HAMUTKOB, a TAKXKE CIY>KUT
JUTsL pa3pabOTKK 1EJIeBbIX TEXHOJOTUHN JJIsl YCKOPEHUS! CO3PEBAHMS U MOJYyUYEHUS
BBICOKOKAYECTBEHHBIX OpEeH/IH.

Bueapenne pesyabTraToB muccjegoBaHusi. Ha ocHOBe pe3yibTaToB
UCCJIEIOBAaHUIM MO TOJYYEHUI0 MMMOOMIM30BAHHBIX (PEPMEHTOB, CTAOWUIBHBIX B
OpraHUYeCKUX Cpelax M COBEPIICHCTBOBAHMIO TEXHOJOTMU IPOU3BOJICTBA
CIIUPTHBIX HATTUTKOB:

TEXHOJIOTHSl TOJIyYeHHUS HMMMOOWIM30BAHHON WHBEPTa3bl 3allMILEHA
NaTeHTOM ATEHTCTBA 10 HWHTEJUIEKTyallbHOM coOcTBeHHOCcTH PecmyOnuku
V36ekucran Ha wuzobperenue (IAP 04401, 2011). Ona naer BO3MOXKHOCTH
YMEHBIIUTh KOJWYECTBO BBICIIUX CIUPTOB W 00Opa3oBaHUE ANKUIPPYKTO3UIOB B
CIIMPTOBOM CPEJIE;

TEXHOJIOTHSI ~ TMOJYYeHUS] HMMMOOMJIM30BAaHHOM  3CTepasbl  3allMIleHa
NaTEHTOM ATEHTCTBAa [0 HWHTEJUIEKTyaJlbHOM coOCTBeHHOCTH PecmyOnuku
V36ekucran Ha wuzobperenue (IAP 04595, 2012). Ona naer BO3MOXKHOCTH
YMEHBIIUTh KOJWYECTBO BBICIIUX CIUPTOB W O0Opa3zoBaHue 3UPOB B CHUPTOBOU
cpexne;

TEXHOJIOTHSI PUMEHEHHUSI MUMMOOMIN30BAaHHON HWHBEPTA3bl ISl CHIDKCHUS
KOJIMYECTBA BBICHIMX CIHUPTOB B CHUPTHBIX HAMWTKAX 3allWIIeHa MaTeHTOM
ATeHTCTBa MO HHTEJUIEKTyallbHOM coOcTBeHHOCTH PecnyOnmuku VY30ekucraH Ha
uzobperenne (PY3 TAP 03222, 2004). Ona maer BO3MOXKHOCTh CHIDKATH
KOJIMYECTBO BBICIIUX CIIMPTOB B COCTABE JIMKEPO-BOJOYHBIX U3/1EIUI;

TEXHOJIOTHSI MPUMEHEHHS] UMMOOUIIM30BAHHOW A3CTEpa3bl ISl yIydllEeHUs
KauyecTBa CIOHUPTHBIX  HANUTKOB  3alWIlleHa MaTeHTOM  ATEHTCTBAa IO
MHTEJJIEKTYaJbHOU coOCTBeHHOCTH PecnyOnmku VY30ekucTtaH Ha u300peTeHue
(PY3 IAP 04852, 2014). Ona naet BO3MOXKHOCTb YMEHBIIIUTh KOJUYECTBO BBICIIIUX
COUPTOB B COCTaBE KyNaka KOHBSYHBIX JUCTUIUIATOB, U OOOraTuTh HX
HSHAHTOBBIMH 3PUpaMu;

UMMOOMIIM30BaHHAsl 3CTepa3a MPUMEHEHAa B IMPHUIOTOBICHUM OpeHId Ha
npennpusitun AO N «Kombunar Tamkentsuno» (CopaBka Ne 04-401 ot 23
depana 2016 roma ot XK «Y3BUHIIPOM-XOIIUHT»). DKOHOMHUECKUNA 3PdeKT
JOCTUIaeTCs 32 CYET YCKOPEHUSI CO3PEBAHUS AUCTHILISATOB, COKPAILEHUs BPEMEHU
UX BBIIEP)KKM Ha JBa TroJa U YMEHBIIEHUA TMOTEpPh AUCTHIUISTOB 3a CUET
UCIIapeHusl.

AnpobGanus padoTsl. Pe3ynbraThl ncciaeaoBaHus ObUTA U3J0KEHBI B BUJE
JIOKJIaIOB M TPOLUIM anmpobanuio Ha 14 MeXIyHapOJIHBIX M PEeCHyOIMKaHCKUX,
HAy4YHO-IPAKTUYECKUX KOH(DEpEeHUAX, B TOM unciie, MexayHapoaHoi KOH(epeH-
muu  mocesieHHbin Ha 85 serturo  akan.A.C.CanpikoBa (Tamxkent, 2005);
MexayHapoaHoi KOH(GEPEHIIMM MOJIOABIX Y4YEHHBIX MocBsiieHHb 1000 neTuto
akagemun MabmyHa (XuBa, 2006); MexayHapoaHoil KOH(EpPEHIMH MOJIOIbIX
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yuenblx JlomonocoB-2007 (MockBa, 2007); IV cwesme MHUKPOOHOIIOTOB
V36ekucrana «IIpoGiemMbl COBpeMEHHON MHUKPOOHOJIOTUH U OMOTEXHOJOTHH
(Tamkent, 2008); PecnyOnukaHckol KOH(pEpeHIMU «AKTyallbHbIE MPOOJIEMBI
Ouosioruu, skosiorud M mouBoBeaeHUs» (Tamkent, 2008); PecmyOiaukaHCKoON
HayyHOM KoHpepeHiuu «I[IpobiieMbl COBpeMEHHONH MHUKPOOMOJIOTHH U OHOTEX-
Hosiorum» (Tamkent, 2009); MexayHapoaHON HaydyHON KOH(MEpEeHIINH «AKTyallb-
HbIE TPOOJIEMBI pa3BUTHs Ouoopranndeckor xumun» (Tamkent, 2010); MexayHa-
ponHO# KoH(pepeHnr MoyIoAbix yueHbIX JlomonocoB-2010 (Mocksa, 2010); 3-ei
MexnyHapoaHON Hay4yHO-TIpaKkTH4YecKod KoHpepeHmn «Mosoaexbp U Hayka:
peanibHOCTh M Oyaymee» (HeBunnombicck, 2010); 14-oif MexayHapoaHoit
[TymuHCcKON 1IKONIBI-KOH(EepeHIIMN MoJoAbIX yueHbiXx «buonorms — nHayka XXI
Beka» (Ilymmno, 2010); International Conference on Food Engineering and
Biotechnology (Paris, 2012); MexnyHapoaHOM cUMIIO3uyMe «MHKpPOOPraHU3MbI
u 6uocdepa» Microbios-2015 (Tamkent, 2015), a Tak)ke HAy4YHBIX CEMUHApax, B
TOM uyucjie, oO0beIUHEHHOM 3acenanuu kKadenap «buoduszmka u QGuznoIOTHNY,
«buoxumusty, «Mukpobuonorus u ouorexnonorus» HYY3 (Tamxkent, 2015), XK
«Y3punnpom-Xomauary (Tamkent, 2015), HayuHom cemuHape npu YueHOM
Cosetre TKTHU 16.07.2013.T.08.01 (Tamxkent, 2015, 2016).

Ony0JuKOBaHHOCTH Pe3yJbTATOB UcciaenoBanms. [lo Teme nuccepranuu
onyOnukoBaHO Bcero 34 HayuyHbIX pabot. U3 Hux 4 mateHTa Ha u3zobpeteHue, 10
HAy4YHBIX CTaTed, B TOM 4HCIE 7 B pecnyOiIMKaHCKUX U 3 B 3apyOeKHBIX
KypHaJlax, peKOMEHJ0BaHHbIX Briciielt aTTrecrannonHoi komuccuei PecryOnuku
V30ekuctan s MyONMMKalMM OCHOBHBIX HAYYHBIX PE3YJIBTaTOB JOKTOPCKHX
JICCEPTALIHM.

Crpykrypa n o0bem auccepramuu. CTpyKTypa IUCCEPTALMU COCTOUT U3
BBEJICHUS, 4 TJaB, 3aKJIFOUYCHHs, CIHMCKA WCIOJIb30BAHHOW JHUTEPATYpPHI, MPUIIO-
xeHuil. O0beM auccepTaiuu coctapisget 198 ctpanuir.
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OCHOBHOE COIEPKAHUE IUCCEPTALIMHU

Bo BBegeHuMm O0O0OCHOBBIBAETCS AaKTYyaJIbHOCTh U BOCTPEOOBAHHOCTH
IIPOBEJICHHOTO MCCIIEIOBAHUs, 1I€JIb M 3aJa4l MCCIEIOBAHMS, XapaKTepU3ylTCs
O0OBEKT M TMpEaMET, MOKa3aHO COOTBETCTBUE MCCIIEIOBAHUS TMPUOPUTETHBIM
HaIpaBJICHUSAM Pa3BUTHUS HAYKU U TEXHOJOTUM peciyOlIMKHU, U3JaratoTcsi HayyHas
HOBHU3HA U MPAKTUYECKUE PE3YyJIbTaThl MCCIEAOBAHMS, PACKPBHIBAIOTCA HAy4dHas U
MPaKTUYECKasi 3HAYUMOCTh TIOJYYCHHBIX PE3YJIbTATOB, BHEIPEHHE B IMPAKTUKY
pEe3yNbTaTOB MCCIEAOBAHNUS, CBEACHUS 110 OMMyOJIMKOBAaHHBIM paboTaM U CTPYKTYpe
JCCEepTaIIH.

B nmepBoi TyaBe guccepranMu «AHAJAM3 COCTOSIHUSA BONPOCOB M
TEHJEHIIUM COBEPIIEHCTBOBAHUS TEXHOJIOTHH TPUIOTOBJIEHUS CHUPTHBIX
HANMTKOB)» TPUBEIEH 0030p COCTOSHUS BOMPOCOB M TEHJIECHLUU COBEPIICHCTBO-
BaHUS TEXHOJOTUWA MO YMEHBUIEHUIO KOJMYECTBA BBICIIUX CIHUPTOB B CIHUPTHBIX
HanuTKkax. C KPUTUYECKUX MO3UIMI MPOBEIEH aHAIU3 COCTOSHUSA BONPOCOB U
TEHJICHIIUN COBEPIICHCTBOBAHUSI TE€XHOJOTUU MPUTOTOBJICHUS JIMKEPO-BOJOUHBIX
u3lenuii U OpeHAM, a TaKKe OCBEIEHO COBPEMEHHOE COCTOSHHUE MOITYYEHUS
(bepMeHTHBIX TpenaparoB. [IpuBeaeHbl AaHHBIE 0 OMOCHMHTE3€ PA3IUYHBIX (PopM
(bepMEeHTOB, KYJIbTUBUPOBAHUE NPOXIKEH B YCIOBHUSX C PA3IMYHBIMHU CTYNEHSIMU
OposkeHusi, peryiasiuuu (epMEHTATUBHONW aKTUBHOCTH W 3(HUpooOpa3oBaHUs B
nporecce OpOKEHUs, TEXHOJIOTHUYECKON 3HAYMMOCTH (PEPMEHTOB B OPraHUYECKHX
cpenax. OCBeIIeHBI CYIIECTBYIOLIUE MPEACTABICHUS O 3aKOHOMEPHOCTH PEryJisi-
U 00pa3oBaHus (EPMEHTOB MHKPOOpPTaHM3MaMHU. AHaIM3 JUTEPATypPHBIX
MCTOYHUKOB MOKA3bIBAET, UTO CYIIECTBYIOT HEHUCIIOJIb30BAHHbBIE TEXHOJIOTHUECKHE
BO3MOKHOCTH JIJII YMEHBIIEHUS KOJWYECTBA BBICIINX CIIMPTOB, a TaKXKE COBEP-
IIICHCTBOBAHUS TEXHOJIOTHH TOJTYYEHHUs CIUPTHBIX HAMUTKOB IMyTEM HAIpaBJICH-
HOTO MpeBpalleHus] BBICIIUX CIUPTOB B 3¢upsl. Mcxoas uz storo, chopmyinu-
pOBaHa 11eJ1b U 33141 UCCIIEAOBAHMUS.

Bo Bropoii rnaBe auccepranuu «TexHosorusi mojaydyeHusi ”MMOOUIN30-
BAHHBIX (PEMEHTOB» HCCIIEOBaHbl MyTH MOBBIIEHUS PHEKTUBHOCTH, & TaKkKe
HAy4YHO-MPAKTUYECKUE U METOI0JIOTUYECKHNE OCHOBBI KYJIbTUBUPOBAHUS IPOKIKEH,
BbIieNIeHUs (EPMEHTOB HMHBEpPTa3bl U ACTEpas3bl, CTAOMIIM3AIMHU JIPOKIKEBON
MHBEPTA3bl U CTEPa3bl B LEJAX UX UCIOJIb30BAHUS B BHICOKOCITUPTO3HOM CpeIe.

Kynemuseuposanue opoorcoicer. OOIIEU3BECTHO, YTO OCHOBHBIM TEXHOJIO-
THYECKHUM IPOLIECCOM ISl YBETUUCHHSI KOJTMUeCcTBa (pepMEeHTOB B Opojsiieil cpene
ABIIIETCS TPOBENECHUE YIPABISAEMOT0 ABYCTYNEHYATOTO IMpolecca OpoKeHHs
(AOnypazakoBa C.X., 1990). B cBs3u ¢ 3TUM, KyJIbTUBHPOBAHHE IPOAOKEH
Saccharomyces cerevisiae poBOAUIOCH B HENPEPHIBHO-OJIMBHOM MPOLECCE B
GropeakTope ¢ HCxoxHO# cpenoit mpu 26°C 10 TOCTHKEHHs! CTALHOHAPHON (a3bl
pocTa, 3aTeM TeMmIepaTypa GposIIell cpeabl cHmKazach 10 6°C (it moTydeHns
uaBeprasbl) u go 12°C (amst momyuenumst screpasbl) co ckopoctbio 2°C/a u
MOJKJIF0YANIaCh CUCTE-Ma ¢ UCKYCCTBEHHOU cpenor No2 u ckopocThio moToka 20
mir/4. JloGpaxuBanue mpoBoarioch mpu 6°C (st morydeHns naBeptassl) g0 12°C
(nns mosydyeHust 3cTepas3bl) B TedeHue 6 cyTok. B mocnenyromiem apoxokeBas
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oromMacca OTAeNsIach OT KyJbTypaldbHOU Cpeabl AJis MOCIEAYIOIIEro BbIICICHUS
(hepMEeHTOB.

Buvidenenue u ouucmxa Opoosicocesvix gepmenmos. bruomacca Ipoxoken
OblJIa OT/I€JIEHA OT KYJIbTYpPalbHOU KUAKOCTU IeHTpudyrupoBanuem (6000g) npu
4°C. WuBeprasa ObLia BbIACICHA M3 JPOXOKEBOM OMOMACCHl M OdYHIIeHA. Ee
THUAPOJIMTHYECKAs aKTUBHOCTh cocTaBmiia 541+6,5 en/Mr u TpaHcdepasHas aKTHB-
HOCTB-23,140,2 en/mr. Dcrepaza ObuTa BhIJEIEHA M3 KYJIbTYPaJIbHOU KUIKOCTU
IpoxcKel u ounieHa. Ee ruaponmuTryeckas akTUBHOCTh coctaBmia 1404+2,5 en/mr
u 3pupoobpasyromas akTuBHOCTH-3,2+0,2 en/mr. beuia paspabortana cxema
BBIJICIICHUSI K OYUCTKH (DEPMEHTOB.

Hmmobunuzayus ¢epmenmos. B xauecTBe HOCUTENEH N7l CBSA3BIBAHUS
bepMeHTOB ObLT BBIOpaH OEpe30BBIN AKTUBUPOBAHHBIM yroib mapku BAY wu
TyOOBBIE TPAHYJIBI.

a)  HUmmobunuzayuss  Opooicoicesoll  uHeepmaszvl  HaA  Oepe3080M
akmusuposanrnom yeae mapku bAY-A (BAY). Jlns moaAroTOBKM HOCHUTENS s
MMMOOUJIM3aIlMi Ha HeM uHBepTasbl, BAY Obu1 00padoran moueBuHO# (1:1) B
cpene mumermidopmamuna B aBroknase Bepruyc-1J1 mpu 300°C B Teuenme 2
gacoB (80 arm), mpu KOTOpoM oOpasyercsi OCOObI CJIOH Ha TMOBEPXHOCTU
AKTUBUPOBAHHOIO YISl C KOOMEPATUBHBIM 3(P(HEKTOM BBEACHHBIX aMUHO TPYIII,
0o0pa30BaHHBIX B XOJI€ pPEaKUUd a30TCoAepk alux coeauHeHuil. HMcnonb3ys
aMUHO- ¥ KapOOHWJIbHBIE TPYIIBI HAa TTOBEPXHOCTH 0OPA30BAHHOTO CJIOA, a TAKXKe
aMUHO- W JIpyrue TPYIIbl Ha TOBEPXHOCTH (EepMeHTa, MPEACTABICHHBIC
AMUHOKUCIIOTHBIMA OCTaTKaMW M YTJIEBOJAMH, OCYIIECTBISUIA KOBaJICHTHYIO
MMMOOWIHM3AIIMI0  WHBEpPTa3bl. MMmoOunmsamusi  JPOXKKEBONM  WHBEPTA3bl
OCYyIIECTBIISIaCh B peakTope c naobaBneHueM ¢depmenta, 50% caxapos3sl u
nobaBieHreM XUMUYecku MoauduuupoBaHHoro BAY u3 mepBoro peaktopa B
teuyenne 21 1 mpu 4°C. KonmuecTBo MMMOGHIN30BAHHOTO (hepMEHTA OMpPEHeSUIHN
1o yobu1n OenKa B MICXOJAHOM PacTBOPE B MPOILIECCE CBS3bIBAHUS MO MeTOy Jloypu
(Lowry, 1954). 3atrem uMMOOMIN30BaHHBIN (pepMeHT mpombiBaiu O0ydepom (pH
7,6) m oOpazoBaHHble MHU(PGOBHI CBSI3M CTAOWIM3UPOBAIN BOCCTAHOBJICHUEM
Ooprupu-a10M HaTpUs B KOJIMYECTBE |1MI/MJI MPU MOCTOSSHHOM MEepEMENIMBAHUN B
teyeHue 3 yacoB. TpaHcdepasHyl0 aKTUBHOCTb HMHBEPTA3bl OMNPEACISUIA C
MOMOIIBIO Ta30BOM XpomaTorpaduu MO YMEHBIIEHUIO W30aMUJIOBOTO CIIKPTa, a
TaK)K€ MO0 TOHKOCJIOHHOW XpoMmaTorpaduu mo o0pa3oBaHUIO0 M30aMUIPPYKTO3UAA
B MOJIENBHONW CHUCTEME, COJAepIKalieil m30amMuioBbld crupT (8,8 /1), caxaposy
(20,1 r/m), aneronutpun (200 1/m), B 0,1M aneratnom 6ydepe pH 6.0 (100,1 1/m)
npu 25°C B Teuenme 12 u. TpancdepasHas aKTHBHOCTH MMMOOHIN30BAHHOIO
dbepmenTa coctaBmia 46 En/mr.

[lo momy4eHHBIM NaHHBIM pa3paboTaHa TEXHOJOTHUYECKas CXxemMa MMMOOH-
JU3alMM UHBEPTA3bl, KaTOpas peIcTaBiieHa Ha puc. 1.

TexHonorus moONMy4YeHUsT HWMMOOWIM30BAaHHONW WHBEPTa3bl BKIIIOYAET
clenylole omnepainuu: BHayaie B peaktope (1) mpoBoaMTCS XUMHUYECKas
moaudukanus BAY MoueBHHON U quMeTHIPOPMAMUIOM MPH 300°C B Teuenue 2
g (80 at™m). ITocne atoro xumuuecku oopadorannsii BAY mpombiBaeTcs cHavalia
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ropsityer JTUCTUUIMPOBAHHOW BOJOM (9OOC), a MOTOM JUCTWUIMPOBAHHOM BOJOU

pu 25°C (4).

7 1- peakTop amst XUMHYECKOH Moaudu-
Kauu BAY,

2- peaxkTop Ui UMMOOHITU3AIIH
bepmenTa,

3- pesepByap AJsl BOCCTAHOBHUTEIIS,

4- pesepByap sl AUCTUILUIUPOBAHHOMN
BOJIBI,

5- pesepByap ISl caxapo3bl U pacTBOPEH-
HOTO B HEM (DepMeHTa,

6- pe3epByap s pacTBOpa XJIOPUCTOTO
HaTpus,

7- pesepByap I BOJIHO-CIIMPTOBOrO
pacTtBopa,

8- ammapar Juisl CyIKH.

Puc. 1. Texnosornyeckasi cxemMa noJyy4eHuss ”UMMOOMJIN30BAHHON HHBEPTA3BI

KoBasieHTHass uMMOOMIM3alus IPOXKAKEBONH MHBEPTAa3bl OCYIIECTBISIETCS B
peaktope (2) c¢ poGamnenueMm ¢epmenta (1,2 r ¢epmenta Ha 1 kr BAY,
ruapomonyib 1:10), pactBopénHoro B 50% caxapose (5) u 00paboTaHHOIO
BOoccTaHoBUTENeM-0opruapuaom Hatpus (0,5 mr/mi) B Teuenue 3 gacoB (pH 7,6),
nobapiaeHueM XUMHUYeCKH MoauduimpoBanHoro BAY wu3 peaktopa (1) wu
MHKYOAIlMM MPU MOCTOSHHOM nepeMemmBanuy B Teuenue 21 u npu 4°C. 3atem
n00aBisieTCsl BOCCTAaHOBUTENb — Oopruapua Hatpus (3) B KoiauuecTBe 1Mr/mi u
CMECh OCTaBJISIOT MHKYOUPOBATHCS MPHU MOCTOSHHOM TEPEMENTNBAHNN B TCUCHUE
3 wuyacoB. Jlanee mpemaparT otaenseTcs OT JKUAKOM (as3bl, MPOMBIBAETCS
TUCTUITUpOBaHHON Bojaou (4), 6%-HbIM pacTBopoM xiiopuaa Hatpus (6); 20%
BOJIHO-CITUPTOBOM cMechio (7) U OTIpaBiseTCs Ha CYLIKY (8).

6) HUmmobunusayus Opodcocesoli scmepaszvl Ha 0yO6oevix epauynax. Jls
IPOBEICHUS] KOBAJECHTHOM HMMMOOWIM3AIMKN APOAOKEBOM 3cTepasbl  TyOOBbIE
rpaHyibl  OBbUIM TIPEIBAPUTENHHO AKTUBUPOBAHBI XWMUYECKOM 00paboTKOM
METAnepruolaToM HaTpus B IENSIX pa3pbiBa YIVIEPOAHBIX CBS3€H B MOJIEKYJIe
LEJUTI0JIO3bl (IJIIOKO3bl) U 00pa3oBaHMs aJbACTUIIHBIX TPYNI HAa MOBEPXHOCTH
(KouetkoB u gap., 1967). Ucnonb3ys aiabieruaHble TPYIIBI HA IMOBEPXHOCTU
AKTUBUPOBAHHBIX AYOOBBIX TpPaHysl M aMUHOTPYNIbl (hepMEHTa OCYILIECTBIISIN
KOBAJICHTHYIO MMMOOMITU3AINIO dCTepa3bl Ha HocuTese depe3 muddoBbie CBA3H,
KOTOpBIE 3aT€M BOCCTAaHABIWBAIUCH OOPTHAPUIOM HaTpusi. DdupooOpasyromias
aKTUBHOCTh UMMOOHIIM30BaHHOTO (pepMeHTa cocTaBuia 16 Ex/wmr.

Ddupoobpasyromnryro aKTUBHOCTh 3CTE€pPa3bl OMPEASTSIN C  ITOMOIIBIO
ra3oBoil xpomarorpaduu 00pa30BaBIIETOCS HN30aMUJIKANpPOHATa B MOJICIBHON
CUCTEME, COJIepKaIled U30aMIIIOBbIN crupT (8,8 T/11), KampoHOBYIO KUCIOTY (6,6
/i), aueronutpui (200 r/n) wiu 3tanon (40% o0), B 0,1M aneratHom O0ydepe pH
6,0 (100,1 r/n) mpu 30°C B Teuenue 48 4. [1o MOIyUCHHBIM JAHHBIM pa3paboTaH
TEXHOJIOTHYECKYI0 CXeMy MMMOOWIIM3AIMU 3CTepasbl, KOTOpas MpEACTaBlIeHAa Ha
puc.2.

TexHosorus MnoayyeHuss UMMOOUIM30BAHHON ACTepa3bl BKIIOYAET CIEIYIO-
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e sranbl (puc.2): BHavane B peaktope (1) mpoBomutcsi 06paboTka ayOOBBIX
rpanyia 0,5 M pactBopoM TMAPOOKCHIa HATpUsi B cooTHOIIEeHUU 1:10 mpu Temme-
patype 80°C B Teyenue 1 4 (2) u mpoMbIBKa JUCTUIUITMPOBAHHOM BooH (3), nanee
HOCHUTEIIb aKTUBHpYETCsl MeTanepuogaTtom Hatpus (10 mr/mut) npu rugpomosyiie
1:10 u remneparype 25°C B Teuenue 60 4 (4).

2 3 4 5 6
1- PCAKTOP AJIAA aKTUBAIIUHU HOCUTCJIA,

I |E| |E| |!| || 2 - pe3epByap AJs THIAPOOKCHIA HATPHA,
ARV VAR VARV
.

3 - pe3epByap sl AUCTUIUTUPOBAHHOM BOJIBI,
4 -pesepByap Uil pacTBOpa MeTaneproaTa HaTpus,

5 - pe3epByap js TIULEPUHA,

6 - pe3epByap s 6ydepHOro pactopa,

7 - peakTop s *MMoOunu3anuu pepmenTa,

8 - pezepByap it pepMeHTa,

9 - pezepByap 115 pacTBOpa OOpruApuIa HATPUs,
10- pe3epByap 115 pacTBOpa XJIOPUCTOTO HATPHS,
11- pe3epByap 115l AUCTUIUTMPOBAHHOM BOIBI,

12- pe3epByap misa 20% staHouna,

13- annmapat aj1s Cymiku.

Puc. 2. Texnosornyeckasi cxemMa mnoJiyydyeHuss MMMOOMJIU30BAHHOM 3CcTepa3bl

[locne 3aBeplieHHs] peakIMM AaKTUBALUM HOCUTENb mnpombiBaeTcs 10%
rmmrepuHom B 0,1M dochataom 6ydepe, pH 7,5 npu temneparype 20-25°C B
teuenue 30 mua (5) m 0,IM dochataeim Oydepusim pactBopom pH 7,5 (6).
[Ipouecc KoBaneHTHON UMMOOUIN3AaLKUN (EPMEHTOB OCYIIECTBISETCS B PEAKTOPE
(7) ¢ nobGaBneHreM aKTUBUPOBAHHOTO HocuTeNs, ¢ AobaBienueM 30 r gpepmeHTa
Ha | kr my6oBbIX Tpany’ (8), hocharnoro 6ydepa (ruapomosyns 1:6) pH 7,5 (6) n
MHKYOallMd CMECH MpPH MOCTOSHHOM MepeMmemnBanuu B Tedenue 20 1 mpu 4°C.
Janee uMMOOMIN30BaHHBIN (hepmMeHT mpombiBaeTcst (ochatasim Oydepom (pH
7,5) u BeimepxuBaerca B ¢ocdarnom Oydepe (0,1M, pH 7.5), conepxamum 0,5
MI/MJI BOCCTaHOBUTENS-O0pruapuaa Hatpusa (9) u cMech NMOCTOSHHO TEpEeMellln-
Baercsas B TedeHue 3 4 npu 4°C. [lonmydeHHBI MMMOOWIM30BAaHHBIA (EepMEHT
OTIIeNsieTCs OT KUAKOM (pa3el, mpomeiBaeTcst 6% pactBopom xJopuaa Hatpus (10),
auctuuipoBanHoi Bosoit (11), 20%06. stanonom npu 4°C (12) u ornpasinsercs
Ha cymky (13).

B tperbeii rnaBe auccepranuu «@®epMeHTATHBHASI KOHBEPCHS BbICIIMX
CIHPTOB B MOJEJIbHBIX CHCTEMAaX» IPEJICTaBICHbl JaHHBIC MO HCCIETOBAHUIO
CyOCTpaTHOM CHEMU(PUIHOCTH APOXIKEBBIX (PEPMEHTOB B OPraHMYECKOM cpene u
nyTed ONTHUMH3AIMU MPOILECCOB KOHBEPCHUU  BBICHIMX CIUPTOB C IOMOIIBIO
MCIIOJIb30BaHUsI UMMOOIM30BaHHBIX (PEPMEHTOB (MHBEPTA3bl U ACTEPA3b).
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BonpmuHCTBO ruapona3, K KOTOPHIM OTHOCSTCS IPOXOKEBbIE MHBEpTa3a U
AcTEpa3a HE MPOSBIAIOT CBOed 3Pupoodpasyromieid akTUBHOCTH B BOJHO-
OydepHbIX cpemax, T.K. paBHOBECHE CMEILEHO B CTOPOHY THIPOJUTUYECKON
peakuuu. OJIHaKO, UMEIOTCS JUTEpaTypHble JaHHBIE, YTO HHBEPTa3a B BOJHO-
OpraHUYecKOll cpele KaTaJdu3upyeT CBS3bIBAHWE HEKOTOPHIX CIHPTOB B
ankundpykro3uael  [Omapun, 1955; AOnypazakoBa, 1990] u ocrepaza -
acupoodpazoBanue [Holland et al., 2005; Krista et al., 2010]. B nanHoli riase
MIPUBEICHBI PE3YIbTATHI MO CHEUATBHOMY MU3yUEHUIO BHIIICHA3BAHHBIX PEAKIIUN B
MOJIETIbHBIX CHCTEMAaX.

Cybcmpamuas cneyu@uuHocms  OpOHCIHCEBOU UHBEPMA3bI U ICMEPA3bL.
Omnpenenenue cyOCTpaTHON cieU(PUUHOCTU APOXIKEBBIX (DEPMEHTOB MPOBOIMIN
B MOJIETIbHOW CHUCTEME «alleTOHUTPUII-BOJIay, COIeprKalleil cyocTpaThl (hepMEHTOB.

H30amMinon | B = KaanHoBaH |:H1
H-ByTaHon B a T 6
] Kanpunosas
H-NponaHon |———H———py [J- uuBepTaza kanpoHoBasA |
[— - acTepaza 1
usonponaon | [ actep BANEPbLAHOBAS =
aTaHon | B = 1
MeTaHon = MacnsAHas B
0 4 8 12 16 20 0 10 20 30 40

AKTUBHOCTb ChepMeHTa, 1 AKTMBHOCTb 3cTepasbl, ef

a. YcioBus AJ1s ONpeesieHus cyOCTpaTHON crienn(pUYHOCTH UHBEPTa3bl: CHUPTOBBIE CyOCTpaTh
(30 MM), caxapo3sa (60 mM), aierorutpu (200 r/m), 0,1M aneratusrit 6ydhep pH 6,0 (100,1
/), TeMnepaTypa-250C, IIPOJOJKUTENBHOCTD PEAKUU-12 4. YcaoBus sl ONpeeeHUs
cyOcTpaTHOM ceruUIHOCTH 3¢Tepasbl: cnupToBbie cyocTpathl (30 MM), KanpoHOBast KUCJIOTa
(30 MM), aneronutpun (200 r/m), 0,1M anerarusiii 6ydpep pH 6,0 (100,1 r/n), remneparypa-
300C, MPOJOJIKUTEIBHOCTh peaKNu-48 4.

0. YcnoBus Asis onpeaesieHus cyOcTpaTHON crienn(pUIHOCTH 3CTEepasbl: CIIUPTOBBINA CyOCcTpat-
n3oammioBbIi cupt (30 MM), kuciotHbie cyocTpatsl (30 MM), aieronutpuin (200 r/m), 0,1M
aneratHsi 6ydep pH 6.0 (100,1 /1), Temmeparypa-30°C, Ipo0OIKHTEIEHOCTS peaKii -48 .
[Ipumeuanue: I-Hanune TOCTOBEPHBIX Pa3lIMYMil OT MOKa3aTeNsl KOHTPOJIBHOro BapuaHTta mpu P<0,05.

Puc.3. CyGcTpaTHasi cnefu(puIHOCTD APOKEeBOM HHBEPTA3bI M 3CTEPa3bl K
CIIUPTOBBIM cyOcTpaTam (2) 1 KUCJIOTHBIM cyOcTpaTam (0) B BOJAHO-
OpPraHu4vecKoil cpeae

Pe3ynbrarhel mpoBeeHHBIX HCCIEAOBaHMH MToKa3anu (puc.3), 9to pepMeHThI

WHBEpTa3a W dcTepa3a 0oJjiee aKTMBHO JEHCTBYIOT HA CHUPTHI, THAPOKCUIIbHAS

rpyIna KOTOPhIX PacroyioKeHa B O-MOJIOKEHUH; B OTHOIIIEHUU BBICHIMX CIIUPTOB

C4-Cs arepudukans yBEIMYUBACTCS C YBEJIMYCHHEM KOJIMYECTBA YIiepoja B

nenn C3<Cy<Cs ¢epmeHTbl 0Oosee crneunuyuHbl K COUPTAM C PA3BETBICHHON
LENbI0, TAKUX KaK HM300yTHUJIOBBIA CHOUPT U HM30aMUJIOBBIM CHUPT; PACCTOSHUE
Mexay OH-rpynnoil u MeTWIOBOM TpyIIION COMpTa MIPAET BaXKHYK pOJib B
dbepmeHT-cyOCcTpaTHBIX B3auMmozeicTBusx. I[losToMmy, mpenmomaraeTcsi, 4YTO
KpUTEpUEM “‘y3HaBaHUs SBISETCS MNPOCTPAHCTBEHHOE pacnoiiokenrue OH-rpymnm
y IIEPBOTO YIJIEPOHOIO aTOMa U Pa3BETBIECHHOCTh YIIEPOIHON LEMOYKH, a TAKKE
OJIM30CTh BTOPUYHBIX YIIEPOAHBIX aTOMOB K THAPOKCUIIBHOM TPYIINE CIUPTOB.
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[Ipu wusydeHun cnenuUIHOCTH 3CTEPa3bl K PA3TMUYHBIM KapOOHOBHIM
KHUCJIOTaM B KayecTBE CHHUPTOBOTO CyOCTpaTa ObLI BHIOpAH M30aMUJIOBBIA CHUPT.
Pe3ynbTaThl NpPOBENEHHBIX  MCCIENOBAHMW  IOKa3ajdd, YTO JCTepa3a B
OpraHUYecKoil cpesie NposBIAET 3PUPO0OPaA3YIOIIYI0 AKTUBHOCTh C KapOOHOBBHIMU
kuciotamu Cy-Cjog u dTepuduKkanms yMEHBIIACTCS C YBEIUYECHUEM KOJIMYECTBA
yraepoaa B 1enu Cy <Cs5 <Cg <Cg <Cj( (puc.3, 0).

Ceoticmea UMMOOUTUZ0BAHHBIX (PEPMEHMO8 8 B0OHO-OP2AHUUECKOU cpeoe.
bonpmimHCTBO  rHApoONa3 HE  NPOSBISAIOT  CBoel  TpaHcdepazHOl U
ahupooOpa3yromieil aKTUBHOCTA B OTCYTCTBHHM OpTaHW4YecKkod (as3wl, T.K.
PaBHOBECHE CMEIIICHO B CTOPOHY THIAPOIUTHIECKON peakiuu. BMecte ¢ TeM, Takas
peakimsi HEeIOCTATOYHO HWCCIIeOBaHA B OMOXMMHUYECKOM IUIaHE, HAmpuMep, B
MOJIEJIHBIX CHCTEMaXx: «(pepMeHT-BoJa-cnupThl». [loaToMy omHOW H3 3amay
SABWJIOCh HM3Y4YEHHUE JAHHOIO Ipoliecca Kak ¢ HEMMMOOWJIM30BaHHBIMHM, TaK U
UMMOOMIIU30BaHHBIMU JIPOKKEBBIMU (DEPMEHTAMU B BOJJHO-OPTaHUUECKOU Cpejie.

Onmumanvuas  KoHyewmpayusi 2maHoira 6 cpede. OrnpejeneHue
AKTUBHOCTH HEMMMOOHWJIM30BAaHHOW M HMMMOOMIM30BaHHON (opM (pepMeHTOB
MPOBOJAWJIM B JMaNa3oOHE KOHIIEHTpamui sTaHoja B cpeae ot 10 mo 96% o6

(puc.4).

50 < 50 -
X St
v "0 1 a g (I_E, 40 b !/ 6
3 %0 83 30 - N
29 s o/
o =20 @ 3 )
m S x 20 - e 9
T SI10 2 GRS 1
Q 80 T T T T T T T T T T T 1 2 10 |
€ 102 304050 6070809096 0

0 10 20 30 40 50 60 70 80
ATtaHon, % 006.

0 AtaHon, % o06.

a. MogenpHas cpefia U yCJIOBUS IPOBEICHUS PeaKinu: n30aMuiioBeIi ciupT (30 MM), caxapo3sa
(60 mMM), sranon (10-96%060), 0,1M anerarusiit 6ydep (100,1 /1), TeMnepaTypa-250C,
MPOJIOJDKUTENIBHOCTh peakinuu-12 4. VIcXoaHble aKTUBHOCTH HWHBEPTAa3bl: |-HEMMMOOWIHM30-
BaHHas WHBepTasza — 34 Ex/mr, 2-uMMoOMIN30BaHHAs HAa aKTUBHPOBAHHOM YyTJIe HHBEpTa3za — 46
En/mr.
0. MopenbHas cpela W yCIOBUSA MPOBEACHUS peakuuu: u3oamuioBbid coupt (30 mMM),
kanponoBas kuciora (30 mM), sranon (10-70%06), 0,1M anerarusiii 6ydep (100,1 r/m),
TeMnepaTypa-3OOC, MPOJIOJKUTENBHOCTh peakunu-48 4. McxoaHble akTUBHOCTU 3cTepasbl: 1-
HEeMMMOOWIN30BaHHast dcTtepasa— 3,2 En/mr, 2-ummoOunm3oBaHHas Ha TyOOBBIX TpaHyiax
actepasza — 16 En/mr.
[Ipumeuanue: I-HanMune TOCTOBEPHBIX pa3IMUMUil OT MOKa3aTesl KOHTPOIBbHOTO BapuaHTa rpu P<0,05.
Puc.4. Biusinue 3TaH0/1a HAa AKTUBHOCTH MHBEPTAa3bl () M 3cTepassl (0)

B kauectBe BomHou (azer cayxun 0,1M aneratHeli  Oydep as
HEMMMOOMIIN30BaHHON MHBEpTa3bl- pH 6.0, uMMOOuIM30BaHHOM MHBEpTa3bl — pH
7.0, HeumMmoOMIM30BaHHOM 3cTepasbl- pH 8.0, nMMoOMIM30BaHHOM 3¢cTepa3sl — pH
6.0. HMcnonn3oBaHue 3TaHOJa B KauyeCTBE OpFaHI/I‘ICCKOﬁ (1)331)1 I10Ka3aJjlo, 4TO
YBCIMYCHUEC €TI0 KOHLCHTpAallMK COIIPOBOXAAIOCh YMCHBIICHHUCM KOJUYCCTBA
n30aMuiIoBoro cnupta B cpeze. [lomydeHHble pe3ylbTaThl MPUBEICHBI HA pUC.4.

Kak BugHo w3 pucyHkoB, 40%-Hasi KOHBEpCUS H30aMUJIOBOTO CHHUPTA
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HaOmonaercss npu 60%o00 »sTaHonma 3a cyeT TpaHchepazHOM AaKTUBHOCTHU
UMMOOMIN30BaHHONW WHBepTa3bl M 48%-Has KOHBEpPCHs] M30aMHJIOBOTO CIHPTa
Habmomaercss npu 40%o006 sTaHona 3a cuer 3¢duUpooOpazyroulell aKTUBHOCTH
UMMOOHMITH30BAaHHON dCTEPa3bl.

Ha ocHoBaHmu wuccienoBaHuil (U3HKO-XMMHYECKHX W KHHETUYECKUX
CBOWCTB HMMMOOWIM30BAaHHBIX (EPMEHTOB B MOJIEIHHONH «BOJHO-CIIMPTOBOMN
cpene» OBLIM ONpEEeNICHBl ONTHUMAJIbHBIE IMapamMeTpbl OMOKOHBEPCHUHU BBICIINX
CIUPTOB MOCPEACTBOM UMMOOMIN30BaHHBIX (hepMeHTOB (Tabdm.1).

Taoauna 1
OnTumajnbHble NapaMeTpbl 0MOKOHBEPCUH BBICIIMX CIMPTOB
UMMOONIN30BAHHAMHU (hepMeHTAMH

ITapamerpsbl IlokazaTenu
HNuBepraza | Dcrepasa

NMMoOunn30BaHHbIN (hepMEHT B Cpejie, T/ 10 10
KonnyectBo nMMoOmIM30BaHHOTO Ha 1T HOCUTENs pepMeHTa, MT 10 17
AKTHUBHOCTH UMMOOMJIM30BAaHHOTO (hepMEHTA, €1/MT 46 16
pH nHKyOanmoHHOM cMecH 6.0 6.0
Temneparypa cpenpl, °C 25 30
KonnyecTBo CUBYIIHBIX CIIUPTOB B cpejie (M30aMHUIIOBBIN CIIUPT B

nepecuére Ha 6e3BoHbIH crmpr), Mr/100 cm’ 264 660
Copeprkanue 3TaHona B cpene, % o0. 60 40
Bpewmst 06paboTKH B IepHOANYECKOM PEKHUME, Yac 12 48

BoaHo-cipToBasi COPTUPOBKA WM KYMNaXK KOHBSYHBIX CIHUPTOB KPEMOCTHIO
40%00 HampaBisieTcsl B OMOPEaKTOp, COAECpk AN MMMOOUIN30BaHHbIN (pepMeHT
C UCXOJIHOM aKTUBHOCTHIO MHBEPTa3bl (46 En/mr) wnu actepassl (16 Ex/mr).

UYerBepas rnaBa «lIpumMeHeHne HMMOOMIN30BaHHBIX (epMEHTOB B
TEXHOJIOTUH MPUTOTOBJIEHUS CHUPTHBHIX HANMMTKOBY» TOCBSIICHA TPUMEHEHUIO
MMMOOWIM30BAHHON MHBEPTA3bl U ACTEPA3bI B MPUTOTOBICHUU JINKEPO-BOAOYHBIX
U3MIETISAX ¥ OpeHIH.

Ilpumenenue umMMOOUNUZOBAHHOU UHBEPMA3LL 6 MEXHONOSUU NPUSOMO8-
JIeHUsL JUKEPO-8000UHbIX u30eautl. JIns BBISBICHUS CIOCOOHOCTH WMMOOWIIH-
30BaHHOW HHBEpPTa3bl TpaHCHOPMHUPOBATH CHUBYIIHBIE CIHUPTHI ObLIa CO3/1aHA
MOJIeNIbHAsL CHCTEMa «3TAaHOJI-BOJIa-3TaHoM» coaepxkamias 40%o006. sta”ona, 2%
caxapo3el (pH 6,0) um oOpaboraHa HWMMOOWJIM30BAaHHOW WHBEPTA30M MpHU
HaWJEHHBIX ONTUMAJBHBIX MapaMerpax KoHBepcuu (Tadu.l). IlpoBepka oprano-
nentuueckux (Tabn.2) u (PU3HMKO-XMMHUYECKUX CBOUCTB (Tabi.3) COPTUPOBKH
nociie pepMeHTaTUBHOM 00pabOTKM MOKa3aja, 4YTo OMBITHBIN 00pa3el] COPTUPOBKHU
[0 CPABHEHUIO C KOHTPOJBHBIM 0Opa3OM COPTUPOBKU XapaKTEPU30BAJICS OUYEHBb
MATKAM, TaPMOHHYHBIM BKYCOM M apOMaTOM C €Jie¢ YJIOBHUMBIMH (PPYKTOBBIMU
HOTKaMH.

dusznko-xuMuveckasi OIleHKa COPTUPOBKH, 00pabOTaHHONH UMMOOHUIN30BaH-
HOM wuHBepTa3ol (Tabn.3) moaTBepAMSAa W TMOKaszajla CHI)KEHHE KOJUYECTBA
BbICHIMX cTUPTOB Ha 20%, MpenyCMOTPEHHBIX B HOPMAaTUBHOW JOKYMEHTALUH.

HeobOxommuMo OTMETHTH, YTO WM30aMHUJIOBBIN CHOUPT BCErja NMpEeBaIUPYET B
COCTaBE CHUBYIUIHBIX CIHPTOB M CHUXACT JEryCTAllMOHHBIE U TUTHEHUYECKUE
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MOKa3aTeldy CHOUPTHBIX HANUTKOB M TIO3TOMY HCCIEAOBaTelIbCcKas paboTta
W3HAYaJbHO Obla HalleleHa HKMEHHO Ha HaNpaBJICHHOE CHIKEHHE €ro
konuuectBa. M3 1ab1.3 BUIHO, UTO coliepKaHUE M30aMHIJIOBOTO CIIUPTAa B COCTaBe
copTupoBKu cHu3UI0Ch Ha 50% u coctaBmio 1,4 mr/n 0.c. pyrue ke nokaszarenu
OCTAJIMCh Ha MPEKHEM YPOBHE.

Taoaunna 2

OpranoJsienTuyeckue MNOKa3aTe/ M COPTUPOBOK, 00PA0OTAHHBIX
BAY-A 1 uMMOOMIM30BAHHOM IPOKKeBOIl HHBEPTAa30i1

HaumenoBanue HanmenoBanue XapakTepucruka
MTOKa3aTeNst

Coptuposka, 1. Buemnwmii Bua- | IIpo3paunas »kuKocTh 6€3 MOCTOPOHHUX

obpaboTanHas BKJIIOUEHHUH U OCAJIKa;

BAY 2. IBert- becupeTHas KUIKOCTb;

(KOHTPOJIB) 3. Bkyc u apomart- | XapakTepHble AJI1 BOJKH, 0€3 TOCTOPOHHETO

MIPUBKYCA U apoMmara.

CopTtupoBKa, 1. Buemnuii Bun- | [Ipo3paynast KUAKOCTH O€3 TOCTOPOHHUX

obOpaboTaHHast BKJIIOYCHHMH M OCAJIKa;

nMMoOmIm30BaH- | 2. I[BeT- BecuBeTHas JKMIKOCTD;

HOUl Ha BAY 3. Bkyc u apomar- | XapakTepHble AJis BOJAKH, MATKUIA, TApMOHUYHBIH,

JPOKKEBON OKPYTJICHHBIH C eJie yTOBUMBIMU (DPYKTOBBIMU

WHBEPTa30U HOTaMH

Ta6auua 3
Pu3NKO-XMMHUYeCKHe OKA3aTeJd COPTHPOBOK, 00pad0TaHHBIX

BAY-A 1 uMMO0OMJIM30BAHHOM IPOKKEBOIl HHBEPTA30il
<
—_ =
3 o . .
HanmenoBanue =3 = < O] = O
© ) A 5 Z0| 20
3 3 A 0 mH| oKk
=N S o . 2 .| 2 E E 5 =g
= | E9 22| EY| S| EZA| 28
S TS C| =2 &£ »>g| F
T 54 X = > S o © a| S=
< a5 o= n B o= S K = =
= 585 SRE | RE|QE| L E| X
M| < = 0O OS|Nc|=c| =%
TpeboBaHus 10 HOPMAaTHUBHOMN 40 4 4 3 - - 0,05
JIOKYMEHTaIluu
CopTtupoBka 40 3 4 4 2,7 1,3 0,03
CoptupoBka, oopadorannas bAY 40 4 4 3 2,2 0,8 0,03
CoptupoBka, oOpaboTaHHas
MMMOOMIIM30BaHHOH HA BAY 40 4 4 2,4 1,4 1,0 0,02
JPOYKKEBON UHBEPTA301

CiemoBaTelbHO,  TOJYYCHHBIE  JTaHHBIE  MOTYT  NPUMEHSTHCS B
MPUTOTOBJICHUM JIMKEPO-BOJAOYHBIX W3JCIUN IS HAIPABICHHOTO CHIDKCHUS
KOJIMYECTBA N30aMHUJIOBOTO CITUPTA 32 CUET ero (pepMEHTATHBHOTO MPEBPAILICHUS B
nzoamMmwippykro3ua. s 3TOro COPTHPOBKA, HA ONPEACIICHHOW CTaJuu
TEXHOJIOTUYECKOTO TMPOIecca, B OCHOBHOM II€pell PO3JIHMBOM, 0OpabaThIBaeTCs
MMMOOWIM30BAaHHON JPOXKKEBOM WHBEpTa3oi B OuopeakTtope (Ouoy3en B
TEXHOJIOTUYECKOH CXeMe), T7Ie MPOUCXOIUT MPOIIECC KOHBEPCHH BBICIIUX CIIHUPTOB.
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[To mpenmaraemomy crnocoOy, MPUTOTOBIEHHAs MO PELENTYy COPTUPOBKA
(BomHO-ciupTOBasi cmech, 40%00. 3TaHon) o6padateiBaeTca B OUOy3ie, KOTopas
BKJIFOUEHA B CYIIECTBYIOIIYIO TEXHOJOTHYECKYIO CXEMY MPUTOTOBICHUS BOIKU

(puc.5)

L 21

=g i
* &
11 | L

6 202
1-éMKOCTB JUTsl cCiUpTa; 2-MEPHUKHU CIIUPTA; 3-COOPHUK YMSITUYEHHON BOJIBI; 4-peryssiTop Harmopa
YPOBHSI CIIUPTA; S-PETYJIATOP HANopa YPOBHS YMSAIYEHHOM BOJBI; 6-IIPOTOYHBIN CMECUTEND; 7-
LEHTPOOEKHBIN HacoC; 8-COOPHUK YHCTOro Opaka; 9-cOOpHUK OTrOHA TOCIIEe pereHepaIiy yIJis;
10 — mpenBaputenbHbie GUIbTPHL; 1 1-pacxonomep xuakocty; 12,13,14-K0I0HHBI peakTopsl 1-i,
2-i u 3-i crynenu; 15-punabTpel OKOHUATEIBLHON OYMTKHU; 16-cOOpHUK 0O0pabOTaHHOW BOIHO-
CIIUPTOBOM cMecH; 17-COOpPHUKH PAacCTBOPOB BCIIOMOTATENIBHBIX BHUJOB ChIpbs; |8-perynsrop
Haropa YpOBHSI PacTBOPOB BCIIOMOTATEIBHOTO CHIPhS; 19- peakTopsl ¢ MMMOOWIN30BAHHOU
MHBEPTa30ii; 20- COOPHUK TOTOBON MPOTYKIIHH.

Puc. 5. TexHosiornyeckasi cxeMa nMpou3BOACTBA JUKEPO-BOAOYHbIX U3ACJTUI
[Ipou3BOACTBO JIMKEPO-BOAOYHBIX H3ACIUNA B JIMHAMHUYECKUX YCIOBHSX
OCYUIIECTBJISIETCS CIEAYIOIUM 00pa3oM: PEKTU(PUKOBAHHBIA CHUPT U3 IIUCTEPHBI
criuproxpanmwmmina (1) mocrymnaer caMOTeKOM B MEpHHUK (2), YCTaHOBJICHHBIM B
COPTUPOBOYHOM OTAesieHnu. CrnupT U3 MepHuka (2), ymsrd€HHas Boja U3 cOop-
HUKa (3) MOCTYMalT CaMOTEKOM Yepe3 PeryssTOpbl HAmopa B CMECUTEINb HEIpe-
PBIBHOTO AeiicTBus (6) U uaeT Ha pUIbTphI NpeaBaputenbHoi ounctku (10), nanee
B KOJIOHHBI-peakTopbl (12-13-14), rne B ycloBUSX TypOYJEHTHOTO ABHXKEHUS
MPOUCXOAUT 00pabOTKa CMECH AaKTUBUPOBAHHBIM YIAEM TMpPU HHTECHCHUBHOM
nepememuBanuu. O6paboTaHHas yrii€éM BOJHO-CIIMPTOBAsi CMECh IMOCTYIaeT Ha
bunbTpanuio yepes GuIbTpbl OKOHYaTeNbHOM ouncTke (15) B coopuuk (16). 3neck
n00aBIIIOTCSl BKYCOBBIE BemiecTBa u3 Oauka (17) u cMech mpoxoauT depe3 Ouo-
y3eJ, KOTOPBINA MPEACTaBISIET cO00M OMOpEeakTOp ¢ UMMOOMIM30BaHHON MHBEpTa-
30i (19), moctynaer B cOOpHHMK ToTOBOW mpoaykiuu (20) u oTmpamiseTcs Ha
po3iuB. Bpemsi mpoxok/ieHHsi COPTUPOBKU Yepe3 MOJIHBIN LHUKI, T.€. MPOAOTIKH-
TEJIbHOCTh OYMCTKH JIOJDKHA COCTABIISITH HE MeHee 12 4 Mpu KOMHATHOW TemIepa-
Type. 3a 3To BpeMsi PEpMEHT ycCIieBaeT TpaHC(HOPMUPOBATH CUBYILIHBIE COUPTHI B
ANKUIPPYKTO3UAbI, KOTOpPhlEe OYIyT HAXOAUTHCS B PACTBOPEHHOM COCTOSIHUU B
COCTaBe COPTUPOBKH.
Ipumenenue UMMOOUNUZOBAHHOU OPOAHCIHCEBOU ICMEPA3bl 8 MEXHON02UU
npuzcomosnenus openou. IlonydeHHble JaHHbIE UMEIOT MPUKIATHOE 3HAYCHHUE TIPU
bepMeHTaTUBHOI 00paOOTKE CHUPTHBIX HAMUTKOB B LIETSX YMEHBIICHHS B HHUX
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KOJIMYECTBA CUBYIIHBIX CHUPTOB U YIYUIICHHS, TEM CaMbIM, UX KadecTBa. Tak,
npu COpaXMBAaHMM BUHOTPATHOrO Cyclia o0pa3yeTcsi JOCTATOYHOE KOJIMYECTBO
cuByiHbIX cnupToB (300-600 Mr/i1), KOTOpBIE MPHU MEPETOHKE KOHIICHTPUPYIOTCS
U cocTaBisiloT MuHuMyM 1,8 r/n (MapteiHenko, 2005). M3 HUX H30aMHIIOBBIN
CIIUPT, KOTOPBIA XapaKTepu3yeTcss TOKCHUYHOCTBIO U JOBOJBHO PpE3KUM U
HEMPUATHBIM 3allaXOM M BKYCOM, COCTaBIII€T OOJIBIIYI0O YacTh CHUBYIIHBIX
cnupToB. B AMCTHILIAT TakkKe MepexolsiT HEKOTOpbhle JeTydyue KapOOHOBbBIE
KHUCJIOTHI (MaciisiHHAs, N30BaJIEpbsIHOBAs, KalPOHOBAsI, KalpUioBasi, KapuHOBAsI)
M CHWXAIOT JIETYCTallMOHHbIE MOKa3zaTeau TmpoaykTta. I[lpu moBbilIaHHOM
COJIepKaHUM ATUX KHUCJIOT B IUCTUIUISITE, IPUTOTOBJICHHOE OpeHIu mpruodperaet
HEXapaKTepHbIE €My TOHA, KOTOPbIE COXPAHSIIOTCS M MOCIE TPEX JIET BBIACPKKU
(JTamxu, 1962).

Jlnst BBISIBIIEHUST CITOCOOHOCTH MMMOOWJIM30BAHHOM 3CTEepas3bl MpeBpamiaTh
BBIIICYTTOMSIHYThIE JIETYYHEe KUCIOTHI B 3UPHI B COCTABE MOJIOJIOTO BUHOTPATHOTO
JUCTWIUIATA OBbLI TMPOBEAEH CIEAYIOMMI sSKcnepuMeHT. [lpuroroBunm Kymax
KpenocThlo 1no 3taHoiy 40 %006 13 MoJ1010ro KOHbsIYHOTro nuctuiuisaTa (68,1 %00)
M caxapHOro cwupomna (caxaposa, 2 r/1) W 00paboTamu HMMOOWIN30BAaHHOU
ACTepa3on ¢ UCXOAHOM 3pupoodpasyrolieil akTUBHOCTRIO 16 Ex/Mr B KoudecTBe
10 r/n B Teuenme 5 cyrok mpu 30°C. KOHTpomeM CIyKHI KymaX MOJOLBIX
KOHBSYHBIX CIIUPTOB, 0OpaOOTaHHBIN TyOOBBIM I'PAHYIISITOM.

Opra”osienTuyeckas  OLEHKAa  Kylnaka  BHUHOTPAJHBIX  JUCTUJUISTOB,
00paboOTaHHBIX WMMOOWJIM30BAHHOW »cTepa3oil (Tabn.4) mokazana, 4TO Takas
00paboTKa MO3BOJISIET YIIYUIIUTh UX BKYC, OYKET M TApMOHUYHOCTb.

Tao6auna 4

OpranojienTuyeckue MNOKa3aTe/n Kynaxa KOHbSIYHbIX TUCTUJJISATOB,

00padOTaHHOI0 HMMOOMJIN30BAHHOM APOKKEBOM ICTEPa30i

Kymax Haumenosanue XapakTepucTuKa
MOKa3aTest
Kymnax, npurotoBnennsi | 1. I{Bet/ CBeT10-COJIOMEHHBI;
13 MOJIOJOI0 KOHBSIYHOI'O BHuemnuii BuA- | mpo3pauHslii, 6€3 MOCTOPOHHUX
JTUCTUIUISITA U 00paboTaH- BKJIIOUEHHUI U OCAJIKa;
HBIN 1yOOBBIMU 2. Apowmar- TUIWYHBIN, PE3KOBATHIN, CUBYILIHbIN TOH;
rpanyjaamMu (KOHTPOJIb) 3. Bkyc- YUCTBIN, MATKUN, )KT'Y4YHUI, 9yBCTBYETCSA
CBIPOCTB;
4. T'apMOHUYHOCTH | HE TAPMOHUYHBIN.

Kynax, npurorosnennsii | 1. LBet/ CBeT10-COIOMEHHBIN;
13 MOJIOJIOTO KOHBSYHOTO Bremnwmii Bua- | mpo3pavyHsbiid, 6€3 MOCTOPOHHUX
cnupTta u 00paboTaHHBIN BKJIIOYEHUH U OCAJIKa;
AMMOOMJIM30BAaHHOM Ha 2. Apomar- TUIUYHBIN, CIIOKHBINA, IPUSTHBIN, JIETKUN
TyOOBBIX TpaHyIax C BBIP@KEHHBIMU [IBETOYHBIMH TOHAMU;
3cTepason 3. Bkyc- YUCTBIN, MIATKUWA, OKPYTJICHHBIH,

OBCTOYHBIC HOTHI,
4. T'apMOHUYHOCTH | OYEHb TAPMOHUYHBIN.

OTMeuaeTcsi 3HAUUTENbHOE CMSITUEHHE U CIIa)KEHHOCTh BKYCa, a TAKXKE MOSIB-
JICHUE [IBETOYHBIX TOHOB B apOMaTe B OMBITHBIX 0Opasmax. B kymaxe, obpaboTan-
HOM JTyOOBBIMH TpaHyJIaMH, IIBET CTaJl CBETIO-COJIOMEHHBIM, YyYBCTBYETCS PE3KO-
BaThIil TOH CUBYIIIHBIX CIIUPTOB, a TAKXKE «CHIPOI» TOH BO BKyce. B oOpasie kymna-
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&a, 00pabOTaHHOM WMMOOWIN30BAaHHOW AICTEpPa30i, BKYC OKPYIJICHHBIN, OYEHb
rapMOHHYHBIH, OYKET yIyUIIUIICS, IBETOYHBIC TOHA CTAIU 00JIee BBIPAKCHHBIMU.
Tadauna 5
Du3nKo-XUMUYECKHE MOKA3aTeIN KYNaKa KOHbSIYHBIX THCTHILISATOB,
00padO0TAHHOI0 MMMOOWJIM30BAHHON APOKKEBOM ICTEPA30il

. - =)
. = - a.
= = = S
HanmeHnoBanue %) S ol 29 S o E EME
TTokasarens b - \© o g © g | = g X
ia) =y N Sm —
R EY |2 2 | ¥ | B x & 5
. = 5 @ ol go 95 8 S B
8 g o = E o = o = 585 d
o = < = (e =) = (e = en Q H O
< 4 = o= 2 = 5 2 @ & B
= é g QB 2 B LB L= 5 9
Q) S | O m3 | B3 | =% | =82 X%
TpebGoBanust HOpMatuBHOM | 55- | 5-50 | 50- 170- 250 1,2 1,0
JOKYMEHTaluu 70 270 | 500
Kymnax, mpuroToBieHHbINA U3
MOJIOZOTO KOHBSIYHOT'O JTMCTHII- 40 | 29,7 | 51,0 | 1742 12,8 0,8 0,68
nsTa (KOHTPOJIB)
Kynax, mpuroToBieHHbIN U3
MOJIOAOTO KOHBIYHOTO JTMCTHII- 40 | 30,6 | 57,9 | 158,2 8,7 0,5 0,24
JsITa ¥ 00pabOTaHHbIM UMMOOH-
JIM30BAaHHOW ACTEPa30il

Ou3nKO-XUMUYECKass OIEHKA KyMaKeld KOHBSYHBIX CIUPTOB (Tabi.5) mocie
(dbepMeHTaTUBHON 0Opa0OTKH MOATBEPANUIIA 3HAYUTEILHOE CHMKEHUE KOJUYECTBA
BBICIIIUX CIUPTOB M JIETyYUX KHUCIOT, W YBEIMYCHHE COACP)KAHUS CPETHHX
a¢upoB. XpoMaTo-Macc-CleKTPOMETPOMETPHUS KYyMaka KOHBSIYHOT'O JUCTUIIATA
70 U mociie 00pabOoTKM MMMOOMIIM30BAaHHOW A3CTEpa3oil Mmoka3aja yMEHbILIEHHE
MU30aMUJIOBOT0, U30MPONUIOBOIO U OYTUIIOBOTO CIUPTOB (pHC.6).

Abund:
Abundance undance
1.2e+07 4 1.2e+07
1.1e+07 a 1.1e+07 6
1e+07 1e+07 4
9000000 1 9000000
8000000 8000000
7000000 7000000 1
6000000 6000000
5000000 5000000
4000000 4000000
3000000 3 3000000 3
2000000 )
2000000 2 ; 2
1000000 L. j& 1000000 N 5
. 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 .. 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80
Time--> Time-->

AHanu3 npoBoAWIICS Ha XpoMarTo-macc-ciekrpometpe Agilent Technology GC/MS AT 5973N ¢

npUMeHeHHeM KanuisipHoi KosoHkH EVDX-5m (5% ¢enunmernsicuiaokcan) pasmepom

30mMx0,25 MM Ipy TPOTPaMMHUPOBAHUM TEMITEPATYPhI TEPMOCTATA KOJTOHKH: 70°C -2 MHUHYTHI,

TOBBIICHHE TEMITEPATYPBI CO cKopocThio 10°C/mum ot 70 10 280°C.

1-u300yranon, 2- H-OyraHou, 3-aneraip, 4- U30aMHJIOBBIN CIIUPT

Puc. 6. XpomaTo-Macc-CieKTPOMETPOMETPUYECKMH aHAJIU3 JIETY4YHUX KOMIIO-

HEHTOB KYIaKa JUCTHJLIATA 10 (2) 1 mocJie (0) pepMeHTATUBHON 00padoTKN
Taxke mokazano (Puc.7) B coctaBe 00pabOTaHHOIO WMMOOHWIN30BaHHOMN
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ACTEPA30M KyMaka [UCTWIUIATA HAIWYME YBEJIMYEHHE KOJMYECTBA OTHUI
BajepusTa M OTWIKANpHUHATA, a TaKXKe TMOSBICHUE W30aMUJIOBBIX 3(UPOB
MU30BAJIEPbSIHOM, KAIIPOHOBOM, KAIIPUJIOBOM U KAIIPUHOBOM KHCIIOT.

Abundance 10
3000000
2800000 a
2600000
2400000
2200000
2000000 2
1800000
1600000
1400000
1200000 8
1000000 3 !
SO0000 5 6 7
600000 9 12
bton] I s SPNDUNGS W | WS | S | W wi i
R =4 00 & 00 %.00 10.00 12.00 14.00 16,00 1800 2000 2200 2400
Timme--=
Abundance
10
3000000 i;
2800000
2600000
2400000
2200000
2000000 2
1800000
1600000
1400000
1200000
1000000 8
800000 3 5 6 i ?
600000 4 ; 7 11 13
400000 J_ I I 12
200000 : 1. A, . M‘l_ﬁ_g—n-—.‘ ¢ L—.ﬂ——..—n—-—k—
400 &.00 8.00 10.00 1200 1400 16.00 1800 2000 2200 24.00

Time-->=

VYcnoBus aHanu3a Kak Ha puC.6.

1-u3onponanon, 2-¢pypdypoi, 3-ykcycHast KucinoTa, 4-3THII-

BAJIEPHAT, S-3THII-KalpoHAaT, 6-()EeHUISTHIIOBBIN CIUPT, 7-3TUI-CYKIIMHAT, 8-3TUJI-Kanpuiart, 9-
STUI-KanpuHaT, 10-MeTui-yHaekaHoaT (BHYTpeHHUH craHmapT), |l-u3oamumn-kanmponar, 12-
n30aMuI-Kanpuiar, 13-1u3oaMui-KanpuHar.

Puc.7. XpomaTo-Macc-CieKTPOMETPOMETPUYECKUH AHAJIM3 JIETY4YUX KOMIIO-
HEHTOB KYIa:Ka TUCTUJLIATA 10 (a) u mocJe (0) pepMeHTATHBHOI 00padOTKM
[To muenuto psna uccnenosateneil (Hauesa T.A., 1974), ocHOBHOE OTiMuue
(bpaHITy3CKHX BUHOTPAJIHBIX OPECHIIN 3aKIIOYAETCS B MPUCYTCTBUHM B HUX «MBLIb-
HBIX» TOHOB. [[pUYMHBI ATOTO KPOIOTCS B COJAEPIKAHUH B AUCTHILISATAX SHAHTOBBIX
a¢hupoB. B cBs3u ¢ aTHM, Aiia o0oTrameHuss TUCTUUISITOB YHAHTOBBIMU 3(PUpaMu,
HaMU MPEJUIOKEHA TEXHOJIOTUS 00pabOTKH KyIMake BUHOTPAAHBIX JUCTHILISATOB B
OnopeakTope ¢ WMMOOWJIM30BAaHHOW 3cTepa3oil (OMOy3en B TEXHOJOTUYECKOU
cxeme). st 9TOro Kymask BUHOTPATHOTO JAUCTUJUIATA, HA OMPESICHHON CTanuu
TEXHOJIOTHYECKOr0 Mpoliecca, B OCHOBHOM B Hadalle Mepel KymaKHpOBaHUEM,
00pabaThIBalOT MMMOOMIIM30BAHHON JIPOXOKEBOM ACTEpa3oil B OMOpeakTope, Tl
MPOUCXOANT MPOLIECC 3TePUPUKALINN BBICIIUX CIIUPTOB U KAPOOHOBBIX KUCIIOT.
Crioco0 ocyIIecTBISETCS B CIACAYIONICH MOCIeI0BATEILHOCTH: CHaYa1a Heoo-
XOJUMO TIOJIyYUTh HWMMOOWJIM30BAaHHYIO JCTepady. 3aTeM IOATrOTaBIMBACTCS
OMopeakTop, 3aMoHss €T0 UMMOOMIM30BaHHOM dcTepa3oir. CorslacHO TEXHOJIOTH-
yeckoil cxeme (puc.8), onpeAeseHHy 4acTh JUCTUIUIATA JOBOMAST 10 KPEMOCTH
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40%00. (1), nanpaBnsoT B 6uopeaktop (3), comepkamuii UIMMOOUIN30BAHHYIO
acTepasy u mociie 00paboTKU MpH MpU MOJAOOPaHHBIX ONMTHUMAIBHBIX MapaMeTpax
(Tabu.1) Kynax mogaeTcs B KynaxxHbiid pezeppyap (9).

15

Jo

l-pe3epByap [uIsi JUCTHIIISTOB, TOATOTOBJIICHHBIX IJs 0OpaOOTKH WMMOOWIM30BaAaHHON
acTepa3oi, 2-Hacoc, 3-O0MOpeakTop ¢ HMMMOOWUTM30BAHHON JCTEpa3oil, 4- IucTepHA JIA
00paboTKH TyOOBBIMH KIIETIKAMH, S-MEPHHUK TUCTHILIATA, 6-pe3epByap ISl CIUPTOBAHHBIX BOI,
7-€MKOCTh I KoJjiepa, 8-EMKOCTh JUIsi cupomna, 9-kymaxkHblii pe3epByap, 10-pesepByap mis
XpaHeHusi Kymaxa, 11- oxmagutens, 12- muctepHsl 1is 00paboTku xononom, 13-¢unstp, 14-
MPOMEKYTOUHBIN pe3epByap, 15-MepHUK.
Puc.8. Texnosoruveckasi cxema NpuroToBJIeHUs1 OpPeH/IM ¢ UCIOJIb30BaHHEM
HMMOOWIN30BAHHOI 3cTEpPa3bl

OmpeneneHHas 9acTh JUCTHUIUIATOB, KOTOPBIC SIBJISIFOTCS BBIICPKAHHBIMHA B
nyOOBBIX O0YKax WM AMAJTMPOBAHHBIX ITUCTEPHBIX HA JyOOBBIX KJIEMKaX, UMEIO-
e HeoOXOAUMYIO SKCTPAKTUBHOCTh M I[BET W3 IUCTEpHBbI (3) HampaBiseTcs B
KynaxxHbli pezepByap (9). JobaBnsoT cnupToBaHHBIE BOJBI (6), IpU HEOOXOAH-
MocTtu kosiep (7) u caxapHslii cupon (8), mepeMeNIBaloT U OCTABISIOT B KYIaX-
HOM pe3epByape Ha 1-2 nHA. 9T0 HE0OXOAMMO JIJIsi YCTAHOBJICHHUS PaBHOBECHS
MEXJy COCTaBHBIMHU YacTsIMH Kynaxa. [locie 3Toro kymax noToM HampapisioT B
npreMHbIi pesepyap (10) Ha oTabx, 06pabaTsBatoT xomogoMm mpu -2-3°C (11,
12) n punsTpytor npu -3-5°C (5). Jlasee roToBblil IPOAYKT COOMPACTCS B TIPHEM-
HbI1 pe3epByap (14) u HampaBiseTcs Ha po3iHUB. B COOTBETCTBUM C BBIIIENPUBE-
JICHHBIM CTIOCOOOM 00pa0OTKH B KyIa)xe YJIydIlatoTCsl BKYCOBBIEC TOKA3ATEIH.

PazpaboTanHblii TOAXOM COBEPIICHCTBOBAHMS TEXHOJOTUU TPUTOTOBIICHUS
OpeHIM C MPUMEHEHHEM MMMOOWIN30BAaHHON APOXOKEBOW MHBEPTA3bl U DCTEPA3HI
UMEET Psii MPEUMYIIECTB MO CPAaBHEHHIO C CYIIECTBYIOIIUMH TPATUITHOHHBIMU
TEXHOJIOTUSIMHU:

00paboTka Kynaked [JIsi TPUTOTOBJICHUS OpeHIu HWMMOOUIN30BAaHHON

2

11
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ACTepa3oil B OMOpEAKTOpe TMO3BOJSET HM30UPATENIbHO YMEHBIIUTH COACpIKAHHE
BBICIIMX CIHUPTOB, B OCOOCHHOCTH M30AMHJIOBOTO CIHMPTA, HE OKAa3bIBasl BIUSHUE
Ha JpyTHe MapaMeTpbl HAMUTKOB,;

pa3paboTaHHasi TEXHOJOTMYECKass CXeMa TOJy4YEeHHsS JHMKEPO-BOJOUHBIX
u3eNui 1 OpeHIM BKIOYaeT B ceOs OMOoy3esd, KOTOPBIM MpeiCTaBisIeT cOoOOM
OMOpeakTop ¢ UMMOOUIIM30BAHHBIM (PEPMEHTOM, KOTOPBIH SIBIIAETCS KOMIAKTHBIM,
HEJOPOTUM U JOCTYIHBIM;

MOoJIyueHHe MMMOOMIIM30BAaHHOTO IpernapaTa MOXXET ObITh OpraHM30BaHO Ha
caMHUX 3aBOJAX, MPOU3BOJAIIMX CIHUPTHBIE HAMUTKHU; MOSBISIETCS BO3MOKHOCTH
pEeryJIMpOBaHUS COAEPKAHUSL BBICIIUX CIHPTOB B JUCTUIUISATAX U HA UX OCHOBE
BbIPa0aThIBATh BEICOKOKAUECTBEHHYIO MPOIYKIIHUIO;

MOSIBJISIETCS BO3MOKHOCTh YMEHBLIEHUS KOJUYECTBA BBICHIMX CIIUPTOB B
MOJIOJIBIX AUCTUIUISITaX B LEJSIX U3MEHEHUSI UCXOJHBIX JIETYYUX KOMIIOHEHTOB 0
3aKJIa/IKU Ha BBIIEPKKY B 1yOOBBIE OOUKHU;

OTKPBIBAIOTCSl TIEPCIIEKTUBBI JJI1 YCKOPEHUSI CO3PEBAHUS AUCTUIUISTOB, MPHU
ATOM YJYUYIIUTCA KAYECTBO JIETYYMX KOMIIOHEHTOB MPOIYKIHUHU, (POPMUPYIOMIHMX
OyKeT HallMTKa Ha OCHOBE 00pa30BaHUsl HAHTOBBIX A(UPOB, KOTOPHIE SBISIFOTCS
MOKa3aTesieM CTENEeHU CO3PEBAHUS KOHbSIYHBIX JUCTUIUISTOB,;

MPECTaBIIAET ONPEICHHYIO BaXKHOCTh JJISl TIOJIYYEHHS! CIIELIMAIbHBIX MapTU
JUCTUIUIATOB JUIsl KyTaka B [EJISIX BBIIIPABJICHUS COCTaBa JIETYYUX KOMIIOHEHTOB U
YIYUYLIEHUS] X KAYECTBa;

CO3JAaETCsl BO3MOXKHOCTH IOJYYEHUS! BBICOKOKAYECTBEHHBIX COPTOB JHMKEPO-
BOJOYHBIX H3ENUN, OCOOBIX COPTOB JHUKEPOB KOHIWTEPCKOTO HA3HAYEHUS U
pacUIMPEHHs] ACCOPTUMEHTA CIUPTHBIX HAITUTKOB BBHICOKOM LIEHOBOW KaTErOPHH.

3AKJTIOYEHHUE

1. BeineneHHble ApOXKEBble (QEpMEHTHl (MHBEPTa3bl M O3CTEpas3bl) B
BOJHO-OPTaHUYECKON Cpelie HEMpOSIBIISIIOT JIOCTATOYHYK TpaHcdepasHylo u
7(¢upo0o0Opa3yIoUlyl0 aKTUBHOCTM U  KOHBEPCUS  BBICIIMX  CIIUPTOB  HE
OCYUIECTBIISIETCS B JOCTATOYHOU CTEIEHHU.

2. Omnpegenena cyocTparHas cnenuUUHOCTh APOAOKEBOM MHBEPTa3bl U
AcTEpa3bl. Y CTAHOBIIEHO, CTETIEHb KOHBEPCUU BBICIIMX CIUPTOB YBEIMYUBAETCS C
yBelMueHreM kohmdecTtBa yriepoaa B nenu C;<Cy<Cs. Ilpu srom, kputepuem
«y3HaBaHUs» cyOcTpara SBISIETCS MPOCTPAHCTBEHHOE pacrnonioxkenue OH-rpynm y
IIEPBOT0 YIJIEPOJHOIO aTOMa M Pa3BETBICHHOCTb YIVIEPOAHOW IIEMOYKH, a TAKKE
YAQJIEHHOCTh BTOPUYHBIX YTJIEPOAHBIX AaTOMOB OT THUAPOKCUIBHON TpYMIIbI
cnupta. MHBepTa3za u 3ctepasza MpOSIBISIOT OOJBIIYI0O aKTUBHOCTh K M30(opMaM
CHOUPTOB, TAaKUM KaK HM30aMHJIOBBI M W300YTWJIOBBIN crupThl. B oTHOIIEHHH
KHCIIOTHBIX CyOCTpaToB JcTepaza MpOSBISET AaKTUBHOCTb C KapOOHOBBIMU
kucnoramu C4-Cyy U 3TepuduKanvs yMEHbLIACTCS C YBEIMUYEHHUEM KOJIUYECTBA
yriepoja B 1enu Cy<Cs<Cy<Cg<Cy,.

3. IlpennoxxeHa pa3paboTaHHasi TEXHOJIOTHUS MOTYYEHUS UMMOOUIN30BaH-
HOM JIPOXOKEBOM MHBEPTA3bl, KOTOpasi OCHOBaHA HA KOBAJIEHTHON MMMOOMIM3AIIUN
(dbepMeHTa Ha MPEeABAPUTEIIBHO XUMUYECKH MOAN(PUIIMPOBAHHOM aKTUBHUPOBAHHOM
yriie Mapku BAVY-A ¢ tpancdepasnoit aktTuBHOCTHIO 46 En/mr.
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4. HccnenoBanneMm (pU3NKO-XUMUYECKUX U KHHETHUECKUX XaPAKTEPUCTUK
UMMOOMIIN30BaHHOM JAPOXOKEBOM MHBEPTA3bl B MOJIEJILHOM CUCTEME «3TaHOJI-BOJIa
-M30aMuUJl CIIUPTH-caxapo3a» ¢ cojepkanueM staHona 40%00. mokazaHo, 4TO
uMMoOMIIU3aIusl (pepMeHTa NMPUBOAUT K MOBBIIICHUIO CTA0OMIBHOCTH (pepMeHTa B
CIUPTOBOM cpejie. BoisgBieHO, 4TO MaKkCUMallbHAsl KOHBEPCHUSI M30aMUJIOBOTO CIIHP-
Ta (40%) mpouCcXOAUT B MOJIEIBHOM cUCTEME C cojiepxkanueM rTaHosia 60%00.

5. IlpennoxkeHa pazpaboTaHHasi TEXHOJIOTHUS MOJIYYEHUS] UMMOOUIIM30BaH-
HOM IPOAOKEBOM ACTEpasbl MyTeM KOBAJIEHTHOM HMMOOUIN30BaHHOM 3CTepasbl Ha
XUMHYECKA MOAU(PHUIIMPOBAHHBIX TyOOBBIX TpaHyjax ¢ 3pupooOpas3yroen akTrB-
HOCThIO 16 En/mr.

6. HccnenoBanueM (pU3MKO-XMMHYECKHX U KUHETUYECKUX XapaKTEPUCTHK
UMMOOUITN30BAaHHON JPOACGKEBOM ACTEpasbl B MOJIEIBHON CHUCTEME «ITaHOJI-BOJa-
M30aMUJIOBBIM CIUPT-KapOHOBAasl KHUCIOTa» C coiepxkaHuem staHona 40%00.
MOKAa3aHO, YTO UMMOOUIM3alus (pepMeHTa NPUBOJIUT K MOBBIIIEHUIO CTAOUIBHOC-
TH ¢depMeHTa B CHUPTOBOM cpeje. BblABIIEHO, YTO MakcHUMallbHasi KOHBEpCHUs
nzoamuiioBoro cnupta (48%) MpoucXoauT B MOJIETBHON CUCTEME MPU UCXOIHON
MCXOJTHOM KOHIIEHTPALIMK U30aMHJIOBOTO CIIUPTA M KaIIPOHOBOM KUCIOTHI - 30 MM.
NMMoOuIn30BaHHas »cTepa3da pPEKOMEHAOBaHA [JIsi OOOTallleHUs CIUPTHBIX
HANUTKOB SHAHTOBBIMH d(upaMu dTepuduKanveid B ©X COCTaBe BBICIIUX CIIUPTOB
1 KapOOHOBBIX KUCIOT (KallpoH, KampuJil Ba KalpuH KUCIOTaIap).

7. Pazpabotan cnoco® 00pabOTKH BOJIHO-CIIUPTOBON COPTUPOBKH MMMO-
OMJIM30BaHHOM HMHBEPTA30HM, OOECHEUMBAIOIIEH CHUKEHHE KOJIUYECTBA BBICHIMX
CIOUPTOB IMyTEM WX MpEBpallleHus B aJKWI(QPYKTO3HAbI U cHocod o0paboTku
AUCTUIUISITOB  UMMOOMJIM30BAHHOM 3CTEPa30id, MO3BOJSIONINN CHU3UTh B HHX
KOJMYECTBO CHUBYIIHBIX CIIUPTOB U 00OTaTUTh UX SHAHTOBBIMU ddupamu. [Ipeasno-
’KEHbl ONTHUMAJIbHBIE TEXHOJOTHYECKUE MapaMeTpbl OMopeakTopa ¢ UMMOOUIIN30-
BaHHBIMU (hepMEeHTaMU U pa3zpaboTaHa HOBasi TEXHOJOTUS MPUTOTOBICHUS BOAKU U
OpeH .

8. Pa3paboTana ycOBEpILIEHCTBOBAHHAS TEXHOJIOTHS MOJYyYEHHUS JTUKEPO-
BOJOYHBIX M3JEIHI C HCHOJb30BAHUEM IMpeIaraéMoil cTaOUIbHOM WMHBEPTA3bl,
uMMoOmIIn30BaHHOM Ha BAY U mpeioxkeHbl TEXHOJOTUYECKUE YCIOBUS MPUME-
HeHUs (BOJHO-CIIUPTOBYIO CMECh PEKOMEHAYyeTCsl 00padaThiBaTh UMMOOUIN30BaH-
HOM WHBepTa3oil B kojudecTtBe 10 r/m B TeueHuwe 12 4acoB mpu TemmepaTrype
25°C).

9. Pazpaborana ycoBepIICHCTBOBAaHHASI TEXHOJIOTHS MMOTYYEHUsT OpEHIN C
MCIIOJIb30BaHUEM TpEAsiaraéMoi CTaOMIIbHOM 3CcTepasbl, UMMOOUIM30BaHHON Ha
AyOOBBIX TpaHyJaX W NPEIIOKEHbl TEXHOJIOTMYECKHUE YCIOBUS MPUMEHEHUs
(muctumnsaT kpenocthio 40%00. pexomeHmyeTcss 00padaThiBaTh UMMOOUITN30BaH-
HOM 3cTepazoit B kosmuectBe 10 r/1 B Teuenue 48 yacos npu temmnepatype 30°C).

10. IIpumeHeHuE TOJYyYEHHBIX HAYYHBIX pe3yJbTaTOB B MpOLECCEe
MPOM3BOJACTBA OpEeHAM AAacT BO3MOXKHOCTh YCKOPHUTH CO3pEBaHHE TUCTHILISATOB,
COKpPaTUTb CKOPU BBIAEPKKM JHUCTWUIITOB Ha JBa TIOJa M €KEroJIHbIE
0€3B0O3BpaTHbIC TOTEPU JUCTUIUIATOB 32 CUET HUCMAPEHHUs, KOTOPbIE UMEIOT MECTO
IPU ITTUTENBHON BBIJIEPIKKE.
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INTRODUCTION (Annotation of doctoral dissertation)

Topicality and relevance of the subject of the dissertation. Around the
world the special attention is paid to the development of the competitive
technologies directed to the Development of sensory and technological perfor-
mance of alcoholic beverages. Advancement of the existing technologies by
application of enzymes will give a chance to reduce the content of fusel (higher)
alcohols in the content alcoholic beverages and produce export-oriented high-
quality product in the Republic.

The identification of enzymes specificity influencing technological process
of producing alcoholic beverages, detection of chemical and physical specifica-
tions of interaction of immobilized enzymes with their substrates in aqueous-
organic environment allows not only to improve biotechnological processes, but
also significantly expand our ideas of stabilization of enzymes, a biocatalysis in
non-conventional conditions, and opens applied opportunities which are not
available within traditional studies in water environment. On the practical level for
the improvement of sensory performance of alcoholic beverages there is a
possibility of reducing of isoamyl alcohol amount, acceleration of maturing of
distillates and decrease in losses of ethanol which inevitably takes place at a long
ageing.

Meanwhile especially in high demand are the researches on the use of
enzymes in directed changing of the targeted parameters of food products as well
as improving the quality, taste, bouquet and technological parameters of alcoholic
beverages by enzymatic reduction of the amount of isoamyl alcohol by its binding
to alkyl-fructozides and esters, stabilization of enzymes by their immobilization on
solid support to ensure their activity and stability in alcoholic environment, rational
utilization of reserves and potentiality of yeast cells, controlled cultivation of yeast
in the fermentation within multystage conditions for the formation of enzymes and
esters, development of technology of alcoholic beverages production based on the
definition of the technological value of enzymes in organic environment as well as
their application in directed changing of the targeted parameters and acceleration
of maturation of distillates.

Thus, the current research is carried out, in a sense to accomplish the tasks
mentioned in the Decree of the President of the Republic of Uzbekistan Ne 1633
dated October 31, 2011 «On measures for the further improvement of the
management and development of the food industry in the Republic» (2012-2015
years) and Ne 1937 dated March 13, 2013 «On measures for further improvement
of Viticulture in the Republic» (2012-2015 years) and also in other legal
documents related to this sphere.

Compliance of the research with priority areas of Science and
Technology of the Republic. The present research was performed in accordance
with the priority areas of Science and Technology of the Republic V. «Agriculture,
Biotechnology, Ecology and Environmental protection» (2009-2015 years).
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Review of international researches on the dissertation topic. Research in
the field of Production of immobilized enzymes stable in organic media for the
development of alcoholic beverages production technologies is carried out in the
leading research centers and higher education institutions around the world,
including, Technical University of Munich, University of Geisenheim, University
of Hohenheim (Germany), University of Barcelona, University of Cordoba
(Spain), The Fruit, Vine and Wine Institute of the Agricultural Research Council,
University of Stellebosch (South African Republic), IUT-UFR-Sciences,
Université de Bordeaux (France), University of California, Massachusetts Institute
of Technology (USA), Kochi and Yamaguchi University (Japan), Northern
Caucasus regional Research Institute of Gardening and Viticulture (Russia) and the
National Institute of Grape and Wine “Magarach” (Russia).

As a result of the researches, the following scientific and practical
conclusions were obtained: the ways of changing the composition of volatile
components were developed (the National Institute of Grape and Wine
"Magarach", the North-Caucasian Zonal Research Institute of Horticulture and
Viticulture, Odessa technological Institute of Food Production (Russia); University
of Hohenheim, University of Geisenheim (Germany); the technological role of
esterase was proved (Kyoto University, Japan; Institute des Produits de la Vigne,
Institute National de la Recherche Agronomique, France; Institute Préparatuare
aux Etudes d'Ingénieurs, Tunisia); isolated enzymes and developed ways of their
immobilization (University of Toronto, Canada; University of Adelaide, Australia;
University of Washington, Brandeis University, Walter Reed Army Institute of
Research; Brookhaven National Laboratory, USA; University of Dortmund,
Germany; The Weizmann Institute of Science, Israel); defined the structure of
yeast mannoproteins (University of California, USA), optimized conditions for a
number of reactions by enzymes for use in organic media (Massachusetts Institute
of Technology, University of California, USA; University of Bern, Switzerland;
Dalian University of Technology, China).

Thus, a series of studies on the development of the quality and technological
parameters of liqueur-vodka products and brandy are being conducted around the
world; there are the following priority areas, including the definition of markers for
the authentication of wines and distillates, enzymatic catalysis in organic media,
identifying the origin of volatiles and definition their impact on product quality,
acceleration the maturation of alcoholic beverages, improvement of sensory
properties of alcoholic beverages, stabilization of enzymes and development of
enzyme immobilization methods, establishment of technology of enzymes
application in organic environment.

The problem studying status. There were devoted the works of S.Kh.
Abdurazakova, G.G.Valuyko, A.K.Rodopulo, [.M.Skurihin, V.I.Nilov, V.M.Malta-
bar, E.L.Mnzhoyan, L.M.Dzhanpoladyan, E.M.Datunashvili, [.M.Gracheva,
A.A.Martakov, L.N.Nechaev, E.A.Gogichayshvili, A.D.Lashhi, V.A.Maslov,
V.A.Zagoruyko, V.G.Gergikova, O.A.Chursina, N.M.Ageeva, E.Ya.Martinenko,
O.A.Saprykina, U.K.Abdullaev, M.V. Tsentroev, T.A.Nachev, Gerald Ferrary,
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Jerome Ledauphin, Pierre-Louis Teissedre, Rodriguez Madrera, Rodriguez Dodero
M.C., Cristina Marti-nez Montero, David M.Goldberg to the research on patterns
disclosure on the effect of aging time and the maturation process on the quality of
alcoholic beverages, control of fermentation process on biocatalytical basis,
enrichment of distillates with oenante esters and acceleration of their maturation,
improvement sensing performance of alcoholic beverages and the development of
the alcoholic beverages production technology.

A.L.Oparin, A.M.Bezborodov, [.V.Beresin, M.M.Rakhimov, M.T.Tuychi-
baev, A.A.Akhunov, K.Davranov, Z.R.Akhmedova, O.N.Vagin, Sh.S.Tashmukha-
medova, Sh.U.Turdikulova, N.J.Sagdiev, I.T.Yakubov, Kh.T.Khasanov, M.Kliba-
nov, J.O.Lampen, Lizhong Dai, V.Urlacher, Zhang Shu-fen, Isabelle Dugelay,
Castro G.R., Munishwar N.Gupta, Yoshiharu Inoue et al. have made their valuable
contributions into the development of research on enzymes isolation, identification
of their molecular forms, and quantitative characteristics, theory and practice of
heterogenic enzymatic catalysis, catalysis in water-organic environment and
development of technologies with the application of enzymes, specificity of
enzymes in organic environment, disclosure of catalysis opportunities in non-
standard conditions, specifications of the interaction of enzymes with their
substrates in aqueous-organic environment.

It is very topical and significant from the scientific and practical point of
view to conduct researches on the development of fermentation technologies on a
biocatalytical basis; control of enzymes formation during the process of managed
yeasts cultivation; catalysis specificity of hydrolytic enzymes in non-conventional
conditions; definition of the technological importance of enzymes from
technological and biochemical positions; directed changing the composition of the
volatile components of alcoholic beverages, particularly, reducing the amount of
higher alcohols and enrichment with oenant esters by the application of invertase
and esterase.

The correlation between the dissertation topic and the plans of Research
Institutes and Higher Education Institutions. The dissertation research was
performed within the framework of the research plan on applied projects of the
National University of Uzbekistan «Theory and practice of heterogeneous
enzymatic catalysis» (1995-2015 years) and the Tashkent Chemical Technological
Institute ZI-12-01 «Development of resource saving technologies for production of
ecological and high quality alcoholic beverages» (2003-2005 years) as well as
"Analysis of volatile components during enzymatic esterification and
transesterification» (CASIA-I Erasmus Mundus, University of Hohenheim, 2011-
2012 years) and «Improving the technology of alcoholic beverages production on
the basis of application of yeast enzymes» (DAAD, University of Geisenheim,
2014).

The purpose of the research is the development of technology for the
production of stable in alcoholic environment immobilized yeast enzymes and the
improvement of the technology of alcoholic beverages production with the their
application.
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The objectives of the research work:

obtaining of immobilized yeast invertase and esterase stable in water-organic
medium,;

determination of substrate specificity of yeast invertase and esterase to
higher alcohols in water-organic environment;

definition of optimal conditions for conversion of higher alcohols by
immobilized enzymes in a special created model system,;

development of technologies of immobilized enzymes production, stable in
alcoholic environment;

improvment of alcoholic beverages and brandy production technologies with
the application of immobilized enzymes and calculation of technical and economic
efficiency.

The object of the research work includes the grape and wheat distillates,
enzymes Saccharomyces cerevisiae (invertase and esterase).

The subject of the research work constitutes the enzymatic conversion of
higher alcohols and directed reducing of higher alcohols content in the alcoholic
beverages.

Methods of research work. The thesis under review contains up-to-date
biochemical and physical-chemical, chromatographic, gas-chromatographyc mass
spectrometric, degustation evaluation and statistical research and analytical
methods.

The academic novelty of the research lies in the following:

developed technologies and optimal conditions for obtaining immobilized
enzymes, stable in water-organic medium;

defined substrate specificity of isolated enzymes (esterases and yeast
invertase) in relation to higher alcohols in an aqueous-organic medium,;

developed the optimal technological conditions for application of the
obtained immobilized enzyme (invertase and esterases) in conversion of higher
alcohols in an alcoholic environment;

indicated reducing of higher alcohols in the content of alcoholic beverages
by their transformation into alkylfructozides and esters with the application of
immobilized enzymes;

proposed the new technology for changing the profile of the volatile
components of alcoholic beverages by using immobilized invertase and esterase;

developed the technology of production of brandy and liquer-vodka products
by usage of immobilized yeast enzymes (invertase and esterase).

Practical results of the research:

developed the ways of obtaining of immobilized yeast enzymes stable in
alcoholic medium;

defined the conditions for the enzymatic transformation of higher alcohols
into esters and alkyl fructozides in the model aqueous-organic environment;

results on the conversion of higher alcohols in model experiments
transferred for implementation in the industrial conditions for the production of
brandy and other alcoholic beverages;
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developed the technologies of immobilized enzymes production and on the
basis of their application by reducing the quantity of higher alcohols and increasing
the amount of oenant ethers improved the technology of the alcoholic beverages
production.

The reliability of the results of research are based on the applied approa-
ches and methods, the use of theoretical and practical scientific approaches,
identification of the substrates (higher alcohols) and the products (ethers) during
the enzymatic catalysis of conversion of higher alcohols by using the modern
physical and chemical methods and the modern appliances (GC, GC-MS, Agilent
Technologies, USA); consistency of results obtained during model experiments
with those obtained in industrial distillates; comparative physical-, chemical- and
degustation evaluation of products obtained by traditional and proposed
technologies; implementation of the recommendations, proposals and conclusions
of the dissertation into practice.

Theoretical and practical significance of research results. The theoretical
significance of the dissertation is to develop the technology of immobilized
enzymes production, stable in the high alcoholic medium and determination of the
opportunities for the enzymatic conversion of higher alcohols into esters and
alkylfruktozides in an alcoholic environment.

The practical significance of the work lies in the fact that the immobilized
invertase and esterase is applied in the production of the high-quality, eco-friendly
and export-oriented alcoholic beverages. The proposed technology makes it
possible to control the amount of volatile components in the composition of
alcoholic beverages, to change the profile of the volatile components of distillates,
to reduce the content of fusel alcohols (isoamyl alcohol) and enrich them by oenant
esters, improve the sensory performance of alcoholic beverages, as well as serve to
develop targeted technologies for the acceleration of aging of brandy and produce
the high-quality products.

Implementation of the research results. On the basis of research on the
production of immobilized enzymes, stable in organic environment and
development of liquor products and brandy production technology:

the technology of obtaining the immobilized invertase is developed and the
invention is patent secured by the Agency on Intellectual Property of the Republic
of Uzbekistan (IAP 04401, 2011). It gives the possibility to reduce an amount of
the higher alcohols and formation of alkilfruktozides in the alcoholic environment;

the technology of obtaining the immobilized esterase is developed and the
invention is patent secured by the Agency on Intellectual Property of the Republic
of Uzbekistan (IAP 04595, 2012). It gives the possibility to reduce an amount of
the higher alcohols and formation of oenanthic esters in the alcoholic environment;

the technology of application of the immobilized invertase for reducing in
amount of the higher alcohols in alcoholic beverages is developed and the
invention is patent secured by the Agency on intellectual property of the Republic
of Uzbekistan on the invention (RUZ TAP 03222, 2004). It gives the possibility to
reduce an amount of the higher alcohols in the content of liqueur-vodka products.
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the technology of the immobilized esterase application to improve the
quality of alcoholic drinks is developed and the invention is patent secured by the
Agency on Intellectual property of the Republic of Uzbekistan on the invention
(RUZ TAP 04852, 2014). It gives the possibility to reduce an amount of the highest
alcohols in the content of grape distillates and enrich them with oenant esters.

immobilized esterase has been applied in brandy production at the Joint-
Stock Company "Kombinat Tashkentvino" (The Letter Ne 04-401 by the Holding
company "Uzvinsanoat-Holding", 23 February, 2016). The economic effect is
achieved by acceleration of grape distillates maturation, reducing the exposure
time of distillates for two years as awell as irretrievable losses of distillates during
the ageing process.

Approbation of the research results. The results of the study were presen-
ted in the form of reports and were approbated on 14 international and national
scientific and practical conferences, including, the International conference
dedicated to the 85th anniversary of Academician A.S. Sadikov (Tashkent, 2005);
the International conference of young scientists devoted to 1000 anniversary of
Mamun Academy (Khiva, 2006); the International conference of young scientists
Lomonosov-2007 (Moscow, 2007); IV Congress of Microbiologists of Uzbekistan
«Contemporary problems of Microbiology and Biotechnology» (Tashkent, 2008);
the Republican Conference «Actual problems of Biology, Ecology and Soil
science» (Tashkent, 2008); the Republican Scientific Conference «Problems of
modern Microbiology and Biotechnology» (Tashkent, 2009); the international
conference of young scientists Lomonosov-2007 Lomonosov-2010 (Moscow,
2007, 2010); the 3rd International Scientific and Practical Conference «Youth and
Science: Reality and Future» (Nevinnomyssk, 2010); the 14th International
Pushchino School-Conference for Young Scientists «Biology - the Science of the
twenty-first century» (Pushchino, 2010); International Conference on Food
Engineering and Biotechnology (Paris, France, 2012); the International symposium
"Microorganisms and Biosphere. Microbios-2015» (Tashkent, 2015) as well as in
Scientific Seminars, including, the Joint Meeting of the Chairs of «Microbiology
and Biotechnology», «Biochemistry», «Biophysics and Physiology» at the
National University of Uzbekistan (Tashkent, 2015); "Uzvinprom-Holding
(Tashkent, 2015) and the Academic Council 16.07.2013.T.08.01 at the Tashkent
Chemical Technological Institute (Tashkent, 2015, 2016).

Publication of the research results. 34 scientific works have been posted
on the dissertation topic, in total. 4 of them - patents on the invention, 10 -
scientific articles, including 7 in the national and 3 in the international journals
which are recommended for the publication of major scientific results of
dissertation by The Higher Attestation Commission of the Republic of Uzbekistan.

The structure and volume of the dissertation. Structure of the dissertation
consists of an Introduction, 4 Chapters, Conclusion, List of references and
Annexes. Volume of dissertation makes up 198 pages.
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THE MAIN CONTENT OF THE DISSERTATION

In the Introduction of the dissertation, topicality and relevance of the
subject of the dissertation, the purpose and objectives of the research are substan-
tiated, the object and the subject are characterized, the compliance of the research
with the priority areas of Science and Technology of the Republic is shown, the
scientific novelty and practical results of the study are described, the theoretical
and practical significance of the obtained results is revealed, a list of the research
results implemented into practice, information on published works and the
structure of the dissertation is provided.

The first chapter of the dissertation titled "Analysis of the issues and trends
in improving the technology of preparation of alcoholic beverages" includes an
overview of the issues and trends of improving of technologies on reducing the
amount of higher alcohols in alcoholic beverages. From critical positions the
analysis of the condition of questions and tendencies of the development of
technology of liquer-vodka products and brandy is held, as well as the up-to-date
state of obtaining of enzymes is highlighted. It also contains the information about
the various forms of enzymes biosynthesis, yeast cultivation in the different
multistage conditions, the regulation of enzyme activity and esters formation
during the fermentation, technological importance of enzymes and their usage in
organic environment. The existing ideas about the regulation of enzyme
appearance by means of the microorganisms are presented. Analysis of the literary
sources reveals that there are untapped technological capabilities to reduce the
amount of fusel alcohols, as well as improvement of alcoholic beverages
technologies based on directed transformation of higher alcohols into
alkylfructozides and esters. Therefore, the purpose and objectives of the study has
been formulated.

The second chapter of the dissertation titled “The technology of producing
of immobilized enzymes" explores the ways of enhancing the efficiency, as well
as scientific and practical and methodological bases of yeast cultivation, isolation
of invertase and esterase, stabilization of yeast invertase and esterase for their
usage in high alcoholic environment.

Yeast cultivation. It is known that the main technological process for the
enhancing of enzymes forming was the conduction of the managed two-step
fermentation process (Abdurazakova SH, 1990). Cultivation of the yeast
Saccharomyces cerevisiae was carried out in a fed-batch process in a bioreactor
with an initial medium at 26 °C until the yeast growth reaches the stationary phase,
and then the temperature of the fermentation medium was reduced (2°C/h) to 6°C
(for invertase) and up to 12°C (for esterase) and was connected to the system with
an artificial medium # 2 and flow rate of 20 ml/h.

Isolation and purification of yeast enzymes. Yeast biomass was separated
from the culture fluid by centrifugation (6000g) at 4°C. Inverase was isolated from
the yeast buimasse and purified. Its hydrolytic activity amounted to 541+6.5
units/mg and transferase activity-23,1+0.2 units/mg. Esterase was isolated from the
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growth medium and purified. Its hydrolytic activity amounted to 140+2.5 units/mg
and esterification activity to 3,2+0.2 units/mg. The schemes of isolation and
purification of enzymes was developed.

Immobilization of invertase. Activated birch charcoal (BAC) and oak
granulate were selected as supports for the enzymes immobilization.

a) Immobilization of yeast invertase on activated birch charcoal (BAC). For
preparing of support for immobilization of enzyme the BAC was treated with urea
(1:1) in a medium of dimethylformamide in an autoclave Bergius-1L at 300°C for
2 hours and 80 atm. During the modification process on the surface of BAC the
special layer is formed with carbonyl- and introduced amino groups. By using
amino and carbonyl groups on the BAC surface as well as the amino and other
groups on the enzyme surface, represented by amino acid residues and
carbohydrates, covalent immobilization of invertase was carried out.
Immobilization of yeast invertase is performed in the second reactor with the
addition of chemically-treated BAC from the first reactor and enzyme in 50%
sucrose (pH 7,6) and constant stirring for 21 hours at 4°C. Then, the immobilized
enzyme was washed with buffer (pH 7,6) and the formed Schiff bounds were
stabilized by treatment with sodium borohydride in an amount of 1 mg/ml at a
constant stirring for 3 hours. The amount of the immobilized enzyme was
determined as a difference of protein amount in the starting solution and washing
solutions by the Lowry method (Lowry, 1954). Transferase invertase activity was
determined in a model system containing isoamyl alcohol (8.8 g/L), sucrose (20.1
g/L), acetonitrile (200 g/L) in 0.1 M acetate buffer pH 6.0 (100.1 g/L) at 25°C for
12 hours. Substrates and products of enzymatic reaction subjected to gas
chromatographic analysis (isoamyl alcohol) and thin layer chromatographic
analysis (isoamyl fructozide). Thus, the immobilized enzyme possesses the 46
units/mg of transferase activity. The technological scheme obtaining of

immobilized invertase is shown in Fig.1.
1- the reactor for chemical modification
of the activated birch carbon,

4 S 6 2- the reactor for enzyme
immobilization,
1 ellellellelle ] 3- the tank for sodium borohydride,
4- the tank for distilled water,

5- the tank for sucrose (50%, pH 7,6)
with dissolved yeast invertase,

6- the tank for sodium chloride solution,

7- the tank for water-alcoholic mixture,

8- the drying device.

Fig. 1. Technological scheme of obtaining immobilized invertase

Technology for producing immobilized invertase comprises the following steps: at
first step (1), the chemical modification of activated birch carbon carried in the
reactor in the medium with urea and dimethylformamide at 300°C for 2 hours (80
atm). Thereafter, the chemically-treated BAC is washed (4) with hot distilled water
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(90°C) and with distilled water at 25°C. Covalent immobilization of the yeast
invertase is performed in a reactor (2) with the addition of enzyme (5) dissolved in
50% sucrose treated with sodium borohydride (0,5 mg/mL) for 3 hours (pH is
adjusted to 7.6 by buffer) and chemically treated BAC from the reactor (1) and
stirred continuously during 21 hours at 4°C. Then, a sodium borohydride (3) is
added in an amount of 1 mg/mL to the mixture and incubated with a continuous
stirring for 3 hours. Hereinafter, the immobilized invertase is separated from the
liquid phase, washed with distilled water (4), 6% sodium chloride solution (6);
ethanol 20%v/v (7) and sent for drying (8).

b) Immobilization of yeast esterase on oak granules. For the covalent
immobilization of yeast esterases oak granules were pre-activated by chemical
treatment with sodium metaperiodate in order to break carbon bonds in the
cellulose molecule (glucose) and form aldehyde groups on the support surface
(Kochetkov et al, 1967). By forming the Schiff bounds between aldehyde groups
on the surface of activated oak granules and amino-groups on the enzyme surface,
the covalent immobilization of esterase was performed. Schiff bounds then were
reduced by means of sodium borohydride. Thus the immobilized esterase
possesses the 16 units/mg of ester-forming activity. Ester-forming esterase activity
was determined in a model system containing isoamyl alcohol (8.8 g/L), caproic
acid (6.6 g/L), acetonitrile (200 g/L) in 0.1 M acetate buffer pH 6.0 (100.1 g/L) at
30°C for 48 hours. Substrates and products of enzymatic reaction subjected to gas
chromatographic analysis (isoamyl alcohol, isoamyl hexanoate). The technological
scheme of obtaining of immobilized invertase is shown in Fig.2.

1 — the reactor for the activation of the carrier,

2 — the tank for sodium hydroxide,

3 — the tank for distilled water,

4 — the tank for a reservoir for the sodium
metaperiodate,

5 — the tank for glycerol,

6 — the tank for buffer,

7 — the reactor for enzyme immobilization,

8 — the tank for the enzyme,

9 — the tank for a solution of sodium borohydride,

10 — the tank for a solution of sodium chloride,

11 — the tank for distilled water tank,

12 — the tank for 20% ethanol,

13- the drying device.

Fig. 2. Technological scheme of obtaining immobilized esterase
The technological scheme of obtaining an immobilized esterase comprises
the following steps (Fig.2): at first step (1) the oak granules treated during one
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hour with 0,5 M sodium hydroxide 1:10 at 80°C (2), washed with distilled water
(3), treated with sodium metaperiodate (10 mg/mL) at ratio of 1:10, at 25 °C
during 60 hours (4). After the activated support (oak granulate) is completed, the
support is washed with 10% glycerol (pH 7,5) at 20-25 °C (5) and 0.1 M phosphate
buffer pH 7.5 (6). Covalent enzyme immobilization process is carried out in a
reactor (7) with the addition of the activated support (8), phosphate buffer pH 7.5
(6) and incubation the mixture under a constant stirring for 20 hours at 4°C. After
that the immobilized enzyme is washed with phosphate buffer (pH 7.5) and treated
with sodium borohydride (9) 1 mg/mL in a phosphate buffer (pH 7.5) within the
continuously stirring for 3 hours at 4°C. Next, the obtained immobilized enzyme is
separated from the liquid phase, washed with 6% sodium chloride solution (10),
distilled water (11), 20% ethanol at 4°C (12) and sent to the drying device (13).

The third chapter of the dissertation titled "The enzymatic conversion of
higher alcohols in model systems" presents a study of substrate specificity of
yeast enzymes in organic environment and ways to optimize the conversion
processes of higher alcohols into alkylfructosides and esters by using immobilized
enzymes (invertase and esterase).

The majority of Hydrolases, which include yeast invertase and esterase do
not show their ester-forming activity in aqueous-buffer environments, as the
balance is shifted toward the hydrolytic reaction. However, there is literary
evidence that invertase in water-organic environment catalyzes the binding of
certain alcohols with fructose and forming alkylfructozides [Oparin, 1955;
Abdurazakova, 1990] and esterase - esterification [Holland et al, 2005;. Krista et
al., 2010]. Chapter 4.1 presents the results of the detailed study of the reactions
described in the model systems.

Substrate specificity of yeast invertase and esterase. Determination of
substrate specificity of yeast enzymes was carried out in the model system
“acetonitrile-buffer” containing enzyme substrates. The results of these studies
have shown (Figure 3) that the enzymes invertase and esterase are more active with
the alcohols, the hydroxyl group of which is located in the a-position; regarding
the higher alcohols C;-Cs esterification increases with the amount of carbon in the
chain C;<C4<Cs; enzymes are specific for the branched-chain alcohols such as
isobutyl alcohol and isoamyl alcohol; the distance between the OH group and the
methyl group of the alcohol has an important role in enzyme-substrate interactions.

Therefore, it is assumed that the criterion of "recognition" of the substrate is
a special arrangement of OH groups from the first carbon atom and a carbon chain
branching, as well as proximity to a secondary carbon atom of the hydroxyl group
of alcohols. In case of studying of esterase specificity to various carboxylic acids
the 1soamyl alcohol (fig.3, b) has been chosen as the alcoholic substrate. The
results of the studies have shown, that the esterase in organic media shows an
ester-forming activity with carboxylic acids C4-C, and esterification is decreased
with increasing in the amount of carbon in the chain C;<Cs<Cy<Cs<C,, (Fig.3).

Properties of immobilized enzymes in an water-organic medium. Most
hydrolases do not show their transferase activity in the absence of the organic
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phase, as the equilibrium is shifted towards hydrolysis reaction. However, such a
response is not sufficiently researched in biochemical terms, for example, in model
systems: "enzyme-water-alcohols". Hence, one of the tasks was to study the
process with both non-immobilized and immobilized yeast enzymes in a water-
alcohol environment.

iso-amylol | By capricacid -—
n-butanol | B da o 6
iso-butanol e caprylic acid | E—
n-propanol ——H——k  O.invertase caproic acid |y
iso-propanol |——H []- esterase C
. valeric acid =N
ethanol | H = 1
methanol - butyric acid =
0 4 8 12 16 20 0 10 20 30 40

Enzyme activity, units Esterase activity, units

a. Conditions for determining the substrate specificity of invertase: alcoholic substrate (30 mM),
sucrose (60 mM), acetonitrile (200 g/L), 0.1M acetate buffer pH 6.0 (100.1 g/L), temperature-
25°C, the reaction duration-12 hours. Condition for determination of the substrate specificity of
esterase: alcoholic substrate (30 mM), hexanoic acid (30 mM), acetonitrile (200 g/L), 0.1M
acetate buffer pH 6.0 (100.1 g/L), the temperature-30°C, the reaction duration-48 hours.

0. Conditions for the determination of the substrate specificity of invertase: alcoholic substrate-
isoamyl alcohol (30 mM), acidic substrate (30 mM), acetonitrile (200 g/L), 0.1M acetate buffer
pH 6.0 (100.1 g/L), temperature-30°C, the reaction duration- 48 hr.

Note: I-existence of significant differences from the control parameter options at P <0.05.

Figure 3. Substrate specificity of yeast invertase and esterase to alcoholic (a)
and acidic substrates (b) in an aqueous-organic environment.

50 .
40 a 40 b
30 ! 23 30 f\a

)]
o

Conversion of
isoamylol, %
Conversion of
isoamylol, ,%

10 2 10
0 I T T T T T T T T T T ] ' 0 I T T T T T T T 1

0 10 20 30 40 50 60 70 80
Ethanol, % v/v

10 20 30 40 50 60 70 80 90 96
Ethanol, % viv

a. Model medium and the reaction conditions: isoamyl alcohol (30 mM), sucrose (60 mM),
ethanol (10-96% v), 0.1 M acetate buffer (100.1 g/L), temperature-25°C, the teaction duration-12
h, the initial invertase activity: 1-non-immobilized invertase-34 units/mg, 2-immobilized
invertase- 46 units/mg).

b. Model Medium and reaction conditions: isoamyl alcohol (30 mM), caproic acid (30 mM),
ethanol (10-70% v), 0.1 M acetate buffer (100.1 g/L), temperature- 30°C, the rection duration-48
h, the initial esterase activity: 1- non-immobilized esterase- 3.2 units/mg), 2-immobilized
esterase- 16 units/mg)

Note: I-existence of significant differences from the control parameter options at P <0.05.

Figure 4. Impact of ethanol on invertase (a) and esterases (a) activity
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The optimal concentration of ethanol in the environment. The measurement
of the activity of non-immobilized and immobilized forms of enzymes was held in
a range of concentrations of ethanol in a “water-ethanol” system from 30 to 96%.
The 0,1M acetate buffer pH 6.0 for non-immobilized invertase served as the
aqueous phase; for the immobilized invertase - pH 7.0, non-immobilized esterase -
pH 8.0, for the immobilized esterase - pH 6.0. The results are shown in Fig.4.
Using the ethanol as the organic phase showed that increasing its concentration in
the medium was accompanied by a reducing in the amount of isoamyl alcohol.

As can be seen from the figures, the immobilized invertase provides 40%
conversion of isoamyl alcohol in the alcoholic medium containing 60% ethanol by
means of its transferase activity and immobilized esterase - 48% of isoamyl
alcohol conversion in the medium containing 40% of ethanol by means of its ester-
forming activity.

The optimal technological parameters of bioconversion of higher alcohols in
the bioreactor packed with immobilized enzymes (Table 1) were determined on the
basis of researching the physical, chemical and kinetic properties of immobilized
enzymes in the model “water-ethanol” environment.

Table 1
The optimal technological parameters of bioconversion of higher alcohols
by application of immobilized enzymes

Parameters Indicators
invertase Esterase

Amount of immobilized enzyme in the medium, g/L 10 10
Quantity of immobilized enzyme, mg per 1 g of support 10 17
The activity of immobilized enzyme, units/mg 46 16
The pH of the incubation mixture 6,0 6,0
Temperature of the medium, °C 25 30
The amount fusel alcohols in the medium (isoamyl alcohol in

terms of the anhydrous alcohol) mg / 100 cm3 264 660
The ethanol content in a medium, % vol. 60 40
The processing time in a periodic mode, hour 12 48

Distillates at a certain stage of the technological scheme processed in the
bio-link under optimal operating conditions of the bioreactor (Table 1), where the
water-spirituous or distillates blend proof of 40 vol% is directed to the bioreactor
containing immobilized enzyme with an initial activity of invertase (46 units/mg)
and esterase (16 units/mg).

The fourth chapter of the dissertation titled '""The application of immobili-
zed enzymes in the technology of alcoholic beverages production" is devoted to
the application of the immobilized invertase and esterase in the production of
liqueur-vodka products and brandy.

The application of the immobilized invertase in the production of liqueur-
vodka products. In order to detect the ability of the immobilized invertase to
transform fusel alcohols a so called “ethanol-water” mixture model system was
prepared (40% v/v ethanol, 2% sucrose, pH 6.0), which was processed with the
immobilized invertase under the found optimal conversion conditions (Table 1).
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The evaluation of organoleptic (Table 2) as well as physical and chemical
properties (Table 3) of the mixture after the enzymatic treatment has shown that an
experimental sample in comparison with the control sample is characterized by a
soft and pleasant taste and flavour, with some almost perceptible fruit tinge in
taste.

Table 2
Organoleptic characteristics of the water-alcohol mixture
processed with the BAC and the immobilized yeast invertase

Name Indicator name Characteristic

Mixture processed 1. Appearance - Transparent liquid without any extraneous

with the BAC inclusions and sediments;

(control) 2.  Colour- Colorless liquid;

3. Taste and flavour - | Typical for vodka, without any extraneous

taste and flavour.

Mixture, processed 1. Appearance - Transparent liquid without any extraneous

with the inclusions and sediment;

immobilized on 2. Colour- Colorless liquid,

BAC yeast invertase | 3. Taste and flavour- | Typical for vodka, soft, pleasant, with
almost perceptible fruit tinges

Table 3
Physical and chemical characteristics of the water-alcohol mixture
processed with the BAC and the immobilized yeast invertase
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Requirements according to the 40 4 4 3 NA | NA 0,05
regulations
Water-alcohol mixture 40 3 4 4 2,7 1,3 0,03
Water-alcohol mixture processed with 40 4 4 3 2,2 0,8 0,03
the BAC (control)
Water-alcohol mixture processed with
the immobilized yeast invertase 40 4 4 2,4 1,4 1,0 0,02

Physical and chemical assessment of the mixture, processed with the
immobilized invertase (Table 3), has confirmed and shown a significant reduction
of higher alcohols amount up to 20%, which have been considered in regulations.

It should be noted, that the isoamyl alcohol gets always prevailed in the
composition of fusel alcohols and reduces taste and hygiene properties of alcoholic
beverages, and the research was aimed at the direct reduction of its amount. Table
3 shows that the composition of the isoamyl alcohol in the mixture has been
reduced by 50 % and made up 1.4 mg/L a.a. The other parameters have been
remained unchanged.

Hence, the received data can be applied in the production of liquor and
vodka beverages for the direct reduction of the quantity of isoamyl alcohol through
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its enzymatic conversion into isoamylfructoside. For this reason, the mixture at a
certain stage of technological process, mainly before the bottling, is processed by
the immobilized yeast invertase in a bioreactor (bio-link in the technological
scheme), where the conversion process of higher alcohols is taking place.

As per suggested way, the mixture, which has been produced according to
the recipe (water and alcohol mixture, 40% v/v ethanol, 2% sucrose), is processed
in a bio-link, which is included into the existing vodka production technological
scheme (Fig.5).
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I-the tank for alcohol; 2-the alcohol measuring tank; 3-the tank for softened water; 4-the
regulator of the alcohol level of pressure; 5-the regulator of softened water level pressure; 6-the
flow mixer; 7-the centrifugal pump; 8-tank for the defective alcohol-water mixture; 9-the tank
for alcohol-water charcoal regeneration; 10-the pre-filters; 11-the flow-measuring device;
12,13,14-the reactors with activated charcoal (BAC); the 1st, 2nd and 3rd degree; 15-the
finishing filters; 16- tank for treated water-alcohol mixtures; 17- the tank for additives;18- the
regulator of additives; 19-bioreactor with immobilized invertase; 20-the tank for the final
products.

Fig. 5. Technological scheme of the alcoholic beverages production

The production process of liquor and vodka beverages under dynamic
conditions is implemented in the following way: rectified alcohol from the alcohol
storage tank (1) flows into the measuring cylinder (2) mounted in the alcohol and
water-alcoholic mixture compartment. The alcohol through the measuring device
(2), softened water from the collector (3) are fed through the pressure regulators in
a continuous mixer (6) and go to the pre-filters (10), further in column reactors
(12-13-14), wherein in conditions of turbulent motion processing an activated
carbon mixture with a vigorous stirring is occurred. The BAC-processed water-
alcoholic mixture enters the filter through the filters of the final filtration (15) in
the collection (16). Here are added the additives from the reservoir (17) and the
water-alcoholic mixture passes through a bio-link, which is represented by a
bioreactor with the immobilized invertase (19), enters the collection of the finished
products (20) and sent to the bottling.

The time of passage through the entire technological cycle, i.e. the duration
of treatment should be at least 12 hours at a room temperature. During this period,
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the enzyme has time to transform fusel alcohols into alkylfructozides, which will
be in a dissolved state in the mixture composition.

Application of the immobilized yeast esterase in the technology of brandy
production. Received data have applied significance in the enzymatic treatment of
alcoholic beverages in order to reduce the amount of fusel alcohols in them, and,
thus, to improve their quality. Hence, during the grape must fermentation,
sufficient amount of fusel alcohol is generated (300-600 mg/L) (Martinenko,
2005), which is concentrated during distillation and constitutes, for example, in
brandy at least 1.8 g/L, having rather harsh and off-smell together with toxic
properties. Some volatile carboxylic acids (butyric, isovaleric, capron, caprylic,
capric) are also moved in the distillate and reduce the sensory properties of the
product. With the high content of these acids in the distillate, the prepared brandy
acquires non-typical tinges in flavour, which remains also even after three years of
aging (Lashkhi, 1962).

To identify the ability of the immobilized esterase to convert the above-
mentioned volatile acids into esters in the composition of non-aged grape distillate,
the following experiment with was conducted. A blending with the ethanol
concentration 40% was prepared from the non-aged brandy distillate (68.1 %) and
sugar syrup (sucrose, 2 g/L) and processed with the immobilized esterase with an
initial ester-forming activity source 16 units/mg in an amount of 10 g/L during 5
days at 30°C. As a control there was a blending of non-aged grape distillate
without enzymatic treatment.

Table 4

Sensory characteristics of blend prepared from grape distillate and

processed with the immobilized yeast esterase

Blend Indicator Name Properties
Blend, made from non-aged | 1. Colour- Colour of a light straw;
distillate and processed with Appearance- | transparent, without extraneous inclusions
oak granules (control) and sediments;
2. Flavor- typical, harsh, fusel-like;
3. Taste- clean, soft, burning, with a damp taint;
4. Harmony non-harmonious
Blend, made from non-aged |1. Colour- Colour of a light straw;
distillate and processed with Appearance- | transparent, without extraneous inclusions
the immobilized esterase and sediments;
2. Flavor- typical, complex, pleasant, light with
3. Taste- distinctive floral tinges, rounded;
clean, soft, floral tinges, rounded;
4. Harmony very harmonious

Sensory evaluation of non-aged grape blending distillates after the treatment
with the immobilized esterase (Table 4) has shown that this treatment can improve
the taste and bouquet of brandy distillates. A significant softening and rounded
consistency of taste and appearance of floral tinge is observed in the flavor of
prototypes. In the blending, which was processed by oak granules, the colour had
become of a light straw, a harsh taint of fusel alcohol was felt, as well as a “damp”
tinge in flavour. The sample, which was processed with the immobilized esterase,
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has an improved very harmonious taste and flavour, floral tinges had become more
perceptible.

Physical and chemical assessment of grape distillate blend (Table 5) after the
enzymatic treatment has confirmed a significant reduction in the amount of higher
alcohols and volatile acids and an increase in the content of secondary esters.

Table S
Physical and chemical characteristics of grape distillate
processed with immobilized yeast esterase
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Requirements accordinng to 55- | 5-50 | 50- 170- 250 1,2 1,0
regulations 70 270 | 500
Blend made from non-aged grape
distillate (Control) 40 | 29,7 | 51,0 | 1742 | 12,8 0,8 0,68
Blend made from non-aged grape
distillate and processed with 40 | 30,6 | 57,9 | 158,2 8,7 0,5 0,24
immobilized esterase

GC-MS of the blend before and after treatment has shown reducing of
1soamyl, isopropyl and butyl alcohols (Figure 6). Also as it is shown (Figure 7) in
the composition of the processed with the immobilized esterase blend we can see
increasing the amount of ethyl-valeriate and ethyl-caprinat as well as formation of
isoamyl-valeriate, isoamyl-capronate, isoamyl-caprilate and isoamyl-caprinate.
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Analysis was performed with a Agilent Technology AT 5973N GC/MS with installed in the GC

oven a 30mx0,25 mm capillary column coated with EVDX-5m (5% phenyl-methyl siloxane) at

the GC oven program: start at 70 °C (hold time 2 min), which was raised at 10 °C/min to 280 °C.

1- isobutyl alcohol, 2- n-butyl alcohol, 3-acetal, 4- isoamyl alcohol, methyl-undecanoate

(internal standard)

Fig. 6. GC-MS determination of the volatile compound pattern of distillate
derived before (a) and after enzymatic treatment (b)

Consequently, data obtained may be used in the production of brandy in

order to improve its quality due to enzymatic reducing the amount of higher
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alcohols and formation, along with this, of oenant esters as well as the reducing the
aging time of distillates.
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Analysis was performed with a Agilent Technology AT 5973N GC/MS with installed in the GC
oven a 30mx0,25 mm capillary column coated with EVDX-5m (5% phenyl-methyl siloxane) at
the GC oven program: start at 70 °C (hold time 2 min), which was raised at 10 °C/min to 280 °C.
1- isopropyl alcohol, 2-furfural, 3-acetic acid, 4-ethyl-valeriate, 5-ethyl capronate, 6-phenyl-
ethyl alcohol, 7-ethyl-succinate, 8-ethyl-caprilate, 9-ethyl-caprinate, 10-methyl-undecanoate
(internal standard), 11-isoamyl-capronate, 12-isoamyl-caprilate, 13- isomyl-caprinate.

Figure 7. GC-MS determination of the volatile compound pattern of distillate
derived before (a) and after enzymatic treatment (b)

According to the opinion of a number of researchers (Nachev T.A., 1974)
the main difference between domestic and french grape brandy lies in the absence
of first “soap-like” tinges. The reasons for that are hidden in the fewer amounts of
high boiling components in the domestic distillates, including oenant esters. In this
relation, in order to enrich distillates with oenanthic esters, we have proposed a
technology of the grape distillate blends treatment in a bioreactor with the
immobilized esterase (bio-link in technological scheme).

For this purpose the blends of distillates at a required stage of the process,
generally before filling, are processed with the immobilized yeast esterase in the
bioreactor where the higher alcohols and carbon acids esterification process occurs.
The process is carried out in the following order: first, preparing an immobilized
esterase. Next - a bioreactor - by filling it with the immobilized esterase. Accor-
ding to the technological scheme (Figure 8) a certain part of distillate has to reach
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up to 40% concentration (1), and then is shifted to a bioreactor (3), which contains
the immobilized esterase and after the treatment under the regulated optimal
parameters (Tablel) the blend goes to the blending reservoir (9).

15

J=a

1-the unaged distillates prepared for treatment with immobilized esterase, 2-the pump, 3-the
bioreactor with immobilized esterase, 4- the aged distillates, 5- the measuring device, 6-the
special spirited water, 7- the color on the basis of burnt sugar, 8- the sugar syrup, 9-the reservoir
for blending, 10- the reservoir for storage of the blend, 11- the cooler, 12- reservoir for sub-zero
treatment, 13- the filter, 14- the intermediate reservoir, 15- the measuring device.

Figure 8. Technological scheme of production of grape brandy

A certain part of distillates, which are aged in special tuns or enameled tanks in
oak staves, with the necessary color and extract content from the tank (3) is sent to
the blending reservoir (9). Then alcoholized sugar syrup (6), if necessary, color
prepared on the base of burned sugar (7) and sugar syrup (8) are added, it gets
stirred and left in the blending tank for 1-2 days. It is necessary to establish a
balance between the components of the blend. After this the blend is sent to the
reservoir for the storage (10), then it is gets cilled at -2-3°C (11, 12) and filtered at
-3-5 °C (13). Next, the final product is collected in the intermediate reservoir (14)
and goes for bottling. In accordance with the above-given way of treatment a blend
gets better taste features.

The developed approach to improve the technology of brandy preparation by
means of immobilized yeast invertase and esterase has a number of advantages
over existing technologies:

processing of distillates blends is realized on the basis of immobilized
esterase in a bioreactor, which allows to selectively reduce the content of higher
alcohols, especially isoamyl alcohol without affecting other parameters of
beverages;

the developed technological scheme for obtaining alcoholic beverages and

11 2
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brandy includes bio-link, which is a bioreactor with immobilized enzyme and
which 1s compact, inexpensive and affordable;

obtaining an immobilized product can be organized at the place where
alcoholic beverages are manufactured;

it gives an opportunity to control the content of higher alcohols in the
distillates and on their basis to produce high-quality products;

it gives an possibility to reduce the amount of higher alcohols in non-aged
distillates to correct the original volatiles before they get to the aging in oak
barrels;

it opens prospects to accelerate the maturation of the distillates, thus
improving the quality of production of volatile components, forming a bouquet of
the beverage through the appearance of formed oenant esters, which is an indicator
for the ageing degree of grape distillates;

it is significant to obtain special batches of distillates for blending in order to
correct the composition of the volatile components and improve their quality;

a potential of producing high-quality varieties of alcoholic beverages,
special varieties of liqueurs for confectionery purposes and expanding the range of
products of high-priced category is created.

CONCLUSION

1. The isolated yeast enzymes (invertase and esterase) in a water and
alcoholic environment show low transferase and ester-forming activities, and a
conversion of higher alcohols is not performed sufficiently.

2. The substrate specificity of yeast invertase and esterase has been
identified. In particular, it was found that the degree of conversion of higher
alcohols gets increased with the amount of carbon in the chain C3;<C4<Cs.
Meanwhile, the spacing OH- groups from the first carbon atom and a carbon chain
branching as well as the distance from the secondary carbon atom of the hydroxyl
group of alcohol is the criterion "recognition" of the substrate and most likely plays
the important role in the enzyme-alcoholic substrates interactions. Invertase and
esterase activities are more isoforms to alcohols, such as isoamyl and isobutyl
alcohols. Regarding acid substrates esterase is active with the carboxylic acids Cy-
Cs, and the esterification gets decreased with an increasing amount of carbon in the
chain C4 <Cs5 <Cg <Cg <Cj).

3. A developed technology of the obtaining immobilized yeast invertase,
which is based on a covalent immobilization of invertase on a previously
chemically modified activated carbon BAU transferase activity with 46 units/mg,
was proposed.

4. The research on physical and chemical and kinetic properties of the
immobilized yeast invertase in the model system "ethanol-water-isoamyl alcohol -
sucrose" with an ethanol content of about 40% has shown, that the enzyme
immobilization leads to the increased stability of the enzyme in an alcoholic
medium. It was revealed that the maximum conversion of isoamyl alcohol (40%)
occurs in the model system with ethanol content of about 60%.
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5. A developed technology of obtaining immobilized yeast esterase, based
on the receipt of esterase covalently immobilized on chemically modified oak
granules with ester-forming activity of 16 units/mg, was proposed.

6. The research on physical, chemical and kinetic properties of the immobi-
lized yeast esterase in the model system «ethanol-water-enzyme substrates» with
an ethanol content of about 40% has shown, that the immobilization of enzyme
leads to the increased stability of the enzyme in an alcoholic medium. It was revea-
led that the maximum conversion of isoamyl alcohol (48%) occurs in a model
system at an initial concentration of isoamyl alcohol together with caproic acid - 30
mM. The immobilized esterase is recommended for the enrichment of alcohol
beverages with oenant ethers by means of etherification in the composition of
higher alcohols and caproic acids.

7. A method for the processing of an aqueous-alcoholic sorting by the
immobilized invertase, providing a reduction in the number of higher alcohols by
converting it to alkylfructozids, and way of treatment of distillates by immobilized
esterase, allowing it to reduce in the number of fusel alcohols and enrich it with
oenanthic esters, has been elaborated. Thus, there were proposed the optimal
parameters of bioreactor with the immobilized enzymes, and a new technology to
prepare vodka and brandy was developed.

8. The advanced technology of the alcoholic beverages production using the
proposed stable invertase, immobilized on birch activated carbon and the following
application conditions, are developed and offered: water-alcoholic mixture is
recommended to be processed by the immobilized invertase at 10 g/L for 12 hours
at a temperature of 25 °C.

9. The advanced technology of production of brandy with the proposed
stable esterase immobilized on oak granules and the following conditions of use
are developed and proposed: distillate proof of 40% vol. is recommended to be
processed by the esterase immobilized at 10 g/L for 48 hours at 30 °C.

10. The application of the received scientific results in the process of brandy
production will give an opportunity to accelerate the maturing of distillates, reduce
the aging period of distillates by 2 years and annual irreversible losses of distillates
at a cost of evaporation, which can occur at a longer aging.
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