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Kupum (10KTOpJIMK quccepTanMsiCl AHHOTALMUSICH)

Jucceprauuss MaB3yCHHHUHT J0J3ap0JMru Ba 3apypatu. byryaru xkyHaa
OyHENA KUIUIOK XY KAJIUTH XOMAIIECUHU €TUIITHPHUIL, O3UK-OBKAT MaxCyJIOTIapu
UNUIad YUKApUII Ba YHUHT XaB(QCHU3JIWTMHU TabMUHJIAII OUPUHYHU Japaskaiu
Macajara aiianau.

SIlHrM TEXHONOTMWAJApHU KYyJUlall acoCua CYHITH WWulapaa KUIIJIOK
XYXKaJIUTH MaxCyJOTJapUHU KAWTa HWIUIAINHW WYJra KyWdIl OpKAJIM KylIHnMYa
KMIMAT SpaTHIl Ba MaxCyJoT UINUIA0 YWKApuliaa IOKOPH HUKTUCOIUMN
camapaJIopJIMKKa SpUILIULI OYiinya OUp KaTop UILIAp amaira OIHUPUIMOKAA.

ETuintupunran KUIUIOK XY>KaJUTH MaxCyJOTJIApUHU KaWTa HILIAIIHUHT
KeHI' TapKaJiraH ycyjuiapuaaH Oupu Kyputuin xucobnananu. Ly Oumnan Oupra
Ma3aHJauyMWINKIa KeHI KYJUIAaHWIaJAUraH KypUTWITaH ca03aBOT MHIpEIUEHTIapra
Oynran Ttamad #wiman Wwira optMokaa. FOKopu o3uKaBuUi KUMMaTra ora,
JIECTPYKTypJIaHTaH OHMOJOTUK KOMIIOHEHTJAp MHUKIOPYM MUHUMAJUIAIITUPUIITaH,
IOKOpM MUKJIOpJla BUTAMUH, YIJIEBOJA TyTraH XamJa MHUHepal mojjanapra Ooi
Oynran  KypuTwiran  cab3aBoTiiap  WINUIA0  YMKAPUIMIHUHT  camapaiu
TEXHOJIOTUSJIAPUHU SIPATHILl XO3UPTU KyHJa A073ap0 mMacaia XucoOJaHaau.

Ymly macanaHu WIMHMHA JKUXATAaH Xaj 3THUILIA PECYpPCTEKAMKOP, FOKOPH
cudaTiim MaxcyJoT YUKUIIMHUA TabMHUHJIAWIWTaH KYPUTHUII TEXHOJOTHUSIAPUHU
unuiad  YMKUII  3apypuaTH  o3ara  Keingud.  MaxcyloTHH — KypUTHII
TEXHOJIOTUSACUHUHT PUBOXKJIAHUIIN MKKH KacKaJJld ycyira YTulll, nHppaku3uil Ba
YyTa IOKOpPH YacTOTaldM SJEKTPOMArHUT MalJOHJapAaH OKWIOHa ¢oiaaaHUIn
OninaH OOFJIHK.

Maskyp TankuKoT uim ¥Y36ekucton Pecny6mukacu Ipesunentunuar 2009
unauHr 12 maptugaru, [1K-1072-con «2009-2015 #inmiapaa nnuiad yuKapuiiHu
MOJICpHU3AIMS KWJIHII, TEXHUKABUI Ba TEXHOJOTUK KailTa >Kuxo3iail 0yinya >HT
MyXUM JIOMUXaJlapHU amMajra OUIMpPHII Yopa-TaAOupiapu TYFPUCHIA»TH Kapopu
xamaa 2011 vwnauar 31 oktabpumarn I1K-1633 con «2012-2015 wwmmiapaa
pecnyOiMKa O3WMK-OBKAaT CAHOATWHU OOLIKAPUIIHU TAIIKWI JTUIIHU sSHajAa
TaKOMWJUTAIITUPUII Ba PUBOXKJIAHTUPUIL  Yopa-TaaAOUpiapu TYFPUCUAANTU
Kapopiapuaa Oeiaruianrad BazudanapHu amaira OlMpHUIITra Xu3MaT KUjiau.

TaanKuKOTHUHI pecmy0auka (aH Ba TEeXHOJIOTHSUIAPD PUBOKJIAHUIIHU-
HHMHI YCTYBOp iyHaauuuiapura 0oraukauru. Jluccepramms nmm JUT/I-6 2009
— 2011 #wmnnmapnaru «Pecnybiinka MuHepan XoM amié pecypciapu, KUME, O3UK-
OBKaT, €HT'WJI CAaHOAT Ba KUIUIOK XY>KaJIUTH MaxCyJIOTJIapy Xam1a YUKUHIUIAPHU
pECYpPCTEKAMKOP JKOJOTUK XaB(PCHU3 TEXHOJOTHSUIAPUHU MIUIA0 YUKHIL, KaliTa
WIIA, cakjgam  Ba (oiflamaHum» Y36ekucToH PecnyGmukach (daH  Ba
TEXHOJIOTUSJIAPHU PUBOKIAHUTUPUILHUHT YCTYBOP HYHAIUIIIApUra MOC pPaBHILIA
Oa)kapuIraH.

Juccepranus MaB3ycu Oyiin4ya XOPHM:KUN MIMHMH-TAIKHUKOTJIAD IIAPXHU.
JIYHEHUHT eTak4yM WIMHUN MapKa3jiapu Ba OJUH TabJIUM MyaccacajapH, KymiiagaH
University of Illinois (AKII), University of Greenwich (bytokx bputanus), Italian
Culinary Institute (Mranus), Institute of Agricultural engineering (I'epmanus),
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Institute of Chemical technology (®panimus), KemepoBo 03MK-OBKaT caHOaTH
texHonorusnapu uHctutytH (Poccus), Canadian Institute of food science and
technology (Kanana), Swedish Institute of Food and biotechnology (ILlIBerus)na
Ma3aHJauyWIvKAa UWIUIATAIAAUTraH  ca03aBOT  HMHTPEAUCHTIIADUHUA — KypPUTHII
TEXHOJIOTHsIIapHUra OaFrvINIaHTaH UIMHU-aMaIiii TaIKAKOTIap oiaub GopuiraH.

TagKUKOT Makcaayd MWYHAIMIIKAAA KEWWMHIW WWUIapAa AyHE MUKHECHIA,
xymianad, Wagening University (I'osutanausi) ca03aBOTJIapHM — KypPUTHII
KapaCHUHUHT OMPUHYM OOCKUYMIA paauo TYJKHHIapAaH (oiganaHnO, HKKHHYN
GockMumaa KypuTumn arentd cupatupa YIOU  manasoHmard  TYIKMHIAp
kymianunrad; Graz University of Technology (ABcTpusi) oauMIapUHHHT
TaJAKOKTIApHUIa KypPUTHUII KapaCHUHN amMaira OUIMPHUIIIAa YacTOTacH KaM, TYJIKHH
Y3YHJIUTH IOKOpW OYyiraH auamnazoHjard HypiapaaH ¢oiigananuiarad; National
University of Food Technologies (Ykpauna) Ba Panjab University (ITokucton)
TaJKUKOTYMIApU  ca03aBOTIAPHU  KYPUTHIIIA  MaxCyloTra 3JIEeKTpodU3UK
ycyiuiapaa AacTia0ku UIioB 0epul, acocuil xapa€HHH KOHBEKTHB yCyJija 0Jik0
OOpHUIII OpKaJIM MaxXCyJIOT TapKHOHWIard KOMITOHCHTJIADHU HATUB CaKJIaHUIITH
OPTHUIIIMHHU UCOOTIAIITaH.

ByryHru KyHaa KHIJIOK XY)KQJIWTH MaxCyJOTJIapWHH KYpPUTHI, YHHHT
TapKUOUJarn MyXHM KOMIIOHCHTJApHHM TaOWWK XOJjaTHaa CaKJall Ba SHEPTUSHU
sHajga TeXallra KapaTWiraH TEXHOJOTHSUIAp YCTHIArd HW3JaHUILIAp YCTYBOD
napaxkaja JaBoM 3TTUPHIMOK/IA.

MyaMMOHMHI Yprauwiranjiuk gapakacu. Unmuii-texuuk agadbuérnapaa
KYPUTUIITHUHT TepMopaauanuod ycynuaan ¢oitgananuo 3.C. Camumon, P.X.
PaxumoB, A.®. Cadapos, X.®. JI)xypaeB Ba OomIKajap TOMOHHAAH OJWHTaH
MyaussH XaXMJaru WIMHM  MabIIyMOTJIAp MAaBXyd. YJap  y3JapUHUHT
TQAKUKOTIApHIa MEBAJIapHU TEePMOpaAMaluoH ycyiama Kypurtuimma HWK
HYpJApHUHT KYPUTHII OO0BCKTHUTAa TabcHpuHU Yypranuo, WK mamma Ba
KypUTWIAETraH XoMamié ypracuaaru onTuMman macoda Ba TYIKUH y3yHJIUTHHU
aHWKNamradn. byHgaH Tamkapu onMMiap TOMOHHJAH oOIMO  Oopuiarad
TaJKUKOTIAp/a KOHIIEHTPAUUACH TYpJiM OYiraH KauMJId CHUpOIJa Xomaléra
JacTIa0KK HIIJIOB OCPUITHUHT MaxCyJIOT cudaTura, KypuTHII JIaBpura TabCHPHU
Eputud Oepunran. Apabuérinapia KypUTHIIHH TEPMOpPATUAIOH YCYJIHHUHT
camMapalid DHKaHJIUTH TabKWAJaHraH Oyicaga, caHoaTJAa KOHBEKTUB ycCyija
UIUTAWIATaH KypUIMaJIapHUHT XO3UPTH KyHTa4a OMMaJalliraHd TepMOpPaIHaInOH
yCyJ eTapiuya YpranuiaMmaraHd Ba KyJUIaHWJIMaraHiurujaad ganonar Oepaiu.

AKII Ba Eppoma omumumapu (Lenart A., Cerkowniak M., Lazarides H.,
Katsanides E., Nicolaides A., Peter J)-HMHT KOHCepBa-TYIAMPYBUMWIADH YUYYH
aBTOMATJIAIITAPWITAaH TEPMOPAIUAIMOH Cca03aBOT KypUTHII BOCHTATAPHHU TAIKUK
OTHIN, >KapaCHHU KOMITBIOTEPJIAIITHPHII Macaiajapyd KYpHWITraH, WKKH OOCKUYIN
KYPUTHUIIHUHT AacTia0ku OOCKMYMIA yJIbTpaToByIUIapAaH (oitnananud, camapanu
HaTWKaJlapra SpHUIIUITaH.

Poccust onmumnapu (A.C. T'muzOypr, A.B. Jluxos, B.B. Kpacuuxon, C.I'.
Unesacos, B.H. Kapnog, C.I1. Jle6eneB) TomoHNAaH YCUMIIUK XOM alI€éCUHU KalTa
unuanna MK "HyprapHu Kyiuiam HaTHKacuaa Ta€ép MaxcyiaoT cuaTH OIIMIITN
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ucOotnanrad. AMmo ynap onu0 OopraH u3JaHUIUIApAa KypUTHIN XapaéHu Oup
O00cKU4IH, Oy XO0JI )Kapa€HHUHT TAaBOMUWIUTHHU, SHEPrUsi capHOUHU KUCKAPTUPHUII
UMKOHUHH YEKJIal M.

Xowmami€ra nacrnabku unuioB 6epunrga MK-nuamazonnaru 3aeKTpoMarHut
MaWJIOHJIap KYPUHUIINAA SHEPrusl OCpUIIHU KYIIJIall caMapaJopiiurd dHEPrusiHU
MUHUMaJl MUKJOpJa capdiarad xojja, MaxcyJoT TapKuOuaa onTuMail MUKIOpAa
(daon Tabcup 3TYBUM MojJjajiap CakIaHUO KOJMIIWHUA TabMUHJAIIIaH ubopart. by
ca KUIUIOK XYKalurd MaxCyJlOTJIapUHU KYpPUTUIIHHU >KaJajUlalliTUPUIILIAard
non3ap6 macana. Macananunr eunmu UK ycynna sHeprus OepUIIHMHT pariioHal
pPEXUMIIAPUHU TaHJAIll Ba acocialliad uoopar.

Kyputuim oObekTura aactiabkd HMILIOB OepuIl KYpUTHUII KapaéHUHUHT
SIHTH, STHa/Ia ’KaJall pexKuMIIapy Ba Tal€p MaxCyJIOTHUHT SIXIIWJIAHTAH Xoccajgapra
sra OYIUIIMHYU TabMUHIAWIN, Y KypUTULI TE3JIUTUHU OMIMPAIU, KOJAUK HAMIIMK
MUKJIOPUHHU KaMaWTupaau, 0y camapara MaxcyjioT HaMJIMTMHUHT (QU3UK-KUMEBUN
XOCCaJapuHH aCOCUN KYPUTHII KapaéHurayda y3rapTupuo 3puLIniIaiu.

Juccepranuss MAaB3yCMHMHI JucCCepTanus Oa)kapwiaérran oJuid
TABJUM MYACCACACHHUHI WIMMH-TAAKUKOT HMUILUIapH OWIaH OOFJIMKJIUIN.
Jluccepramms wmm  Y36exucton PecnyGnukacu JlaBnatr (aH Ba TeXHHKA
kymutacuaunr JJUTJ 2011-2015 fiunnap ydyH Mynaxananrad, HyHanui mudpu
19.4, naBnar kaiin pakamu Ne 01.97.0006056 oOynran «KumE€ Ba 03MK-OBKAT
MaxcyJoTjapyd HWUUIa0 YHKApHIl YYyH PECYpCTeKaMKOp, SKOJOTHK XaB(hcu3
TEXHOJIOTHSAJIAp UILIA0 YMKUII» JACTYypUra MOC paBuiga Oakapuiaran. TOIIKEHT
KHUME-TEXHOJIOTUST MHCTUTYTUHUHT 2005-2015 imutapra MyiokaulaHTaH WIMUN-
TaJKUKOT UIUTAPUHUHT KOOPJIUHALMOH peKacura KUPUTHIITaH.

TaagKMKOTHUHI MakKcaaM TMa3aHJauWInKAa KYJJIaHWIaJAural ca03aBoT
WHTPEMEHTIAPUHA KypUTHUIIAA SHeprus cap@uHu KaMaWTUpHUIL Ba Tauép
MaxcyJoT cU(paTUHU OLIUPHUIL TEXHOJOTUSACUHU SIpaTUILAH NOOpaT.

TaakKMKOTHUHI Ba3udanapu:

TaHJaHraH jgacTiabku wnuioB Oepum — UK, VIOU Ba UK-VIOU
ycyuiapuHuHr ca63aBotHu UK-Bakyym Kyputuin xapaHUHUHT JaBOMUNIUTHIa
TabCUPUHH YPTaHMUIIL

ca03aBoOTra JacTiabKu UIUIOB OEPUIIHUHT MaKOyJl PeKMMUHU TaHJIALL;

HK-nammnanap KyBBaTH Ba UCCHUKJIMK OKMMHHHUHI KYyBBAaTUHU Y3TapTUPHII
opkanu UK-Bakyym KypuTHUII )kapa€HUHUHT MaKOyJl peXKUMUHU TaHJIAIIL;

WCCUKJMK OWUJIaH WIUIOB OCPUIIHMHI KYPUTWITaH MaxCyJlOT TapKUOuIaru
BUTAMUHJIApH, KaHIJIapu Ba OPraHOJIENTUK KYypcaTKUWwiapura TabCUPUHU

Ypra"uu;
KacCKaJJIM KYypUTHIL )KapAEHUHUHTI KUHETUKACUHU YPTraHUILL;
ca03aBOTIapHU KypuTHUIa MaKcuMall KaJaJUTAIITUPUIITHU

TabMUHJIANIMTaH JaCTIA0KH HMIIJIOB OCpHUII JABOMHIIUTUHYU TaHJIAI;
KaCKa )T KYPUTHIII KapaCHUHUHT HKTUCOIMH KYpCaTKHYJIaPHHN XUCOOJIaIT;
TEXHOJIOTHK KypHJIMa Ba MEbEPUHN Xy Xk KaTIIaApHU SPATHIIL
TaaKMKOTHUHT 00beKTH cudaruga y3ura xoc U3NK-MEXaHUK TaBcHpra
ara OynraH cab3aBoTiap — KapTollka, cad3u, 001 Mué3 TaHIaHTaH.



TagKUKOTHUHI npeAMeTH: KacKau Kyputuil xapaéHuHuHr MK — MK-
BaKyyM, VIOY - HK-BakyyM Ba UK-VIOY — UK-BakyyMm ycymnapu.

TagkukoTHuHr  ycyuiapu.  Ousuk-xkuméBuii, HK-cnekrpockomnuk,
MaTeMaTUK MOJEJUIAIITUPHIL TaXIUI YCYJUIapH.

TagKUKOTUHUHT WIMMH SHTUJIUATH:

nactnabku Kucka Bakmm MK, YIOU Ba MK-VIOU ycymmapna HIIoB
OCepUIIHU KYpUTHII OOBEKTUHUHI CTPYKTYypacura, MaxcyJjoTJard HaMJIMKHUHT
xonatu Ba UK-BakyyMm KypuTHII xKapa€éHUra TabCUPU aHUKJIAHTAH;

tapatuwiaérran MK cnexkTpin HypHMHr Has3apuil acocjaHraH Qokycianml
MEXaHWU3MU, HYPJIAHUIIHUHT UMIYJIbCIWINTH, JaBOMUIIMK Ba 3uwimru, MK Hyp-
JATKAYHUHT KOPAJIMK Japa)KaCUHU KYPUTHII >KapaéHura TaTOUK ATHUII aHATUTHK
UNUIad YMKWITaH, SHEPrusl allIAaHUIIMHUHT [UKUIAJIUTH, SHEPTUS HUMITYJIbCUHU
tannam Ba Mmakcuman @MKHYM TabMUHIAITHUHT MEXaHU3MU aHUKJIAHTaH;

HypJaTUII JaBpd Ba Tlay3a OpalUFUAard MaTeMaTHuK OOFJIUKIIUK,
HAMJIMKHUHT ~ OYFJIaHMIIWJArd TeMmIeparypa XamJa HaMJIMK TpaJueHTUHU
UMITYJIBCIIA ~ MCUTHINJA aKKyMYJSIUSUIAaHTaH MCCUKJIMK — XucoOura Kaita
WYHAITUPHUIL, AalHU BakKTAa MaTepUAIIHU COBYTHILN, HATHXKaJa MaxcCyJoT
MapKa3ujard HaMJIMKHU 4YeKKanapra Kaita tapkatuml quddysus koddhuimenTu
opkanu udoaanail KypcaTuiras;

ca63aBoiiapun UK-Bakyym ycynma Kyputuim skapaéHuja dYerapajioBud
KypcaTkuy cudaTtuia CyBHUHT AKTUBIMIUA KaOyl KWIMHUO, TAAKUK KHIHII
yCIIyOUETH UILIA0 YMKUJITaH;

HaMyHa/laru OCMOTHUK OOFJIaHTaH HAMJIMKHUHT YJYIIH OIUMIIUHUHT JOUMUMA
FOKOPH TE3JUKIM KyPUTHUII JaBPUHUHT JABOMUWINTUHH YEKJIAIIHU aHUKJIAIIaru
POJY KYPCaTUIITAH;

JacTyiadK¥ MIUIOB OEpHIll Ba KACKAIJIW KYpPUTHIIHU KYJJIalml OpKajdud Ky-
PUTHUILI Kapa€HUHU KaJaUIAIITUPUIITHUHT TEXHOJIOTHUACH TAKOMUJLIAIITUPUITAH.

TagKUKOTHUHI aMaJIMi HATUKAJIapu:

KapTolllKa, ca03u Ba MUE3HU KYPUTHILA KYJUIallra MOC KeJIaauran ycyJaHu
TaH1ad onuil, *)apa€HHU paldoOHaN Tap3/la TAlIKWI 3THUII OYiinya KOHCTPYKTHUB
TaBCUsIIap UIILIA0 YMKUIIJIN;

MaxcyJjoTra JacTiaOKu HILIOB Oepull Typiapd Ba YJIapHUHT MakOyin
peXUMIIApU Takiaug HTWITaH, KypUTUII OOBEKTHra AacTadKu HIUIOB Oepwuill
XamJa KypuTUII KypUJIMacH SIpaTuiIau;

Maxcynotra aactinadbku UK nypnap Ouiian unuioB Oepuill Ba nay3ajia yuiamn
yCYJU SIpaTUIIIN;

KypUTWIAETraH OOBEKTIIAPHUHI MakOyJd MapameTpiiapy Ba JacTiaOKu
UIIOB OEpHUIL PEXUMIIAPU MIAKIAaHTUPUIIIN;

HK-BakyyMm/la KypUTUIITHUHT MaKOyJl pe>KUM Ba MapaMeTpiiapy aHUKJIAH/H;

uH(ppaku3win Hyp €EpaaMuja KypUTUII >KapaéHUHUHT JaBOMUNIMIUHU
KOHBEKTHB KYPUTHIITa HUCOATaH KUCKAPUILIY aHUKJIAH/H;

SAPUMCAHOAT KyPUTHUIL KypUJIMACUHUHT PUHLMAINAN TY3WIUIIH SIPATUIIIN.

TaakukoT HATHKAJIAPHUHT HIIOHYJIMJIUTH AKCIIEPUMEHTAI
HATWKaJapHU OJMIIJA FOKOPY aHUKIMKIArd HaMJIMK aHaJu3aTopjapH, aHAIUTHK
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tapo3unapaan ¢dovgananunramiuruy, MATLAB 6.5, STATISTICA 6.0 xabu
3aMOHaBUM KomIbioTep gactypiapu, Windows XP, Microsoft Excel kabu
olepalMoH MyXUTJIapAaH QoiaJaHuiIrad, MaTeMaTuK MOJCIJIAPHUHT aHUKIUTHU
Ba Kypuiaétran coxa Oyiimya ymapHU 0axoJiaml ME30HJAPUHUHT aJIeKBATIWINUTH,
YTKa3wiraH TaaKUKOTIAPHUHT WKOOWH HATIKANIapu Ba YIApHUHT peanl Hmniad
YUKAPUII MabIyMOTIapH OujiaH KUECUN TaxJIUIIUTa Kypa aCOCIaH/IH.

TagKUKOT HATWKAJIAPDUMHUHI WIMHI Ba aMaJuil axaMMATH. TagKUKOT
HATW KaJJApUHHUHT Ha3apuil axaMusTH ca03aBOTIapHH KyPUTHII JKapa&HUHU KacKa I
TAIIKAI OTUII Ba TEPMOPAIHMAIIMOH YCyJIga OJHEprus OCpHIIHWHT Ha3apuil
KUXATIAPUHU PUBOKITAHTHPHILTA KYIITUITaH MyXUM yIymiaad noopat. Mnmuit uia
MHPPaKU3WI JUana3oHgard dIeKTPOMarHUT MalJOHJIapHUHT aCOCUM TTapaMeTpIiapH,
yIapHU HYpIATHIN YCKYHAJIAPUHHU SPATUII OOCKMYWAA HYPJIATKUYHUHT KOpaUK
JapakaCMHU XHcoOra ojiiraH Xojjia OOIIKApUII YCyJUTapy aHAIMTHK Tap3/1a TaJIKUK
ATUIIIN.

NmHUHT amanuii  KAMMaTd ca03aBOTra HMMITYJBC-Y3IYKIN PEKHMIIA
JacTiiadKi MOUIOB OepuiumuHU XucoOra onran xohga MK-Bakyym Kypuimana
KYPUTHITHHHT CTATUCTHK MaTEMaTHK MOJIENI OJIMHTaHIUTHaAaH uoopat. Kypurum
Kapa€Hu ~ YYyH YCKyHaJap spaTHIl Ba >Kapa€HHU amaira OIIMPUITHUHT
UKTUCOANMN KYypCcaTKUWIapuHU Oaxoall xama Xucooiai ycyinu Uiiad YuKuiau.

Taakukort HATHKAJIAPUHUHT JKopuit KWJIMHUIIIN. TaakukoT
HATHZKAJIAPDUHHUHT Kopuii KuauHumm. Kucka mMynnatim 31eKTpodu3uK ycysna
MaxcyJioTra (KapTolka, cad3u Ba MHUE3) UILIOB OepuIll OYiNYa TEXHOJOTUK >KapaéH
sapatwirad (TU: 64-23425050-03:2014, Ne745/1 pakam OwiaH pyixarra OJIMHTaH,
14.11.2014). Xomaméra nactnabku WK Hyp OunaH MIIIOB OepHIll TEXHOJOTHK
KapaéHn Y36exncton Pecry6mikacu O3MK-OBKAT CAHOATH KOPXOHANAPH YIOLIMACH
tuzumura, xxymiagan OAX «Typakypron Hlupunnuk Arpo» XK (2014 iun 12
utoHnaru 14-22-con nanonatHoma), «GOLD DRIED FRUITS» MYX (2014 #iun 20
aBryctaaru l4-con nanonaraoma), «TOOL PAPER» MUYX napu (2014 imn 12
utonjaru 38/1-coH nanonatHoMa) TOMOHMJIAH UILIA0 YMKApPUIITa MKOPHU KWJIMHTaH
(V36exncton PecrryGnmkacu O3MK-OBKAT CAHOATH KOPXOHJIAPH YIOUIMACHHUHT 2015
i 16 mtonparn AIl/13-1330-coH MabIyMOTHOMAcCH) Ba WHJUIMK CO) MKTUCOIUN
camapa 350 MJTH. CYMHM TaIlIKWJI KWIJIH.

TagkuKoT HaTHKATAPUHUHT anpodauusicu. Tankukot Hatmxanapu 20 ta
WIMUI-aMaJIuid aHXyMaH, 11y >KymiaJaH, 9 Ta Xalkapo aHXyMaHla, XyCycaH:
«MareMaTuk MOJACIJIAIITHPUII Ba XHMCOOJAIIHMHT 3aMOHABUH MyaMMOJIapH»
(Yxpauna, Pono, 2013); xankapo uimuid popymaa: «O3MK-0BKAT HHHOBAIUSIIAPH
Ba OuorexHonorusmapu» (Poccus, Kemeporo, 2013); «European Science and
technology» (Germany, Wiesbaden, 2012); «IV of the All-Russian conference on
chemical technology with the international participation» (Russia, Moscow, 2012);
II-international research and practice conference «Science, Technology and
Higher Education» (Canada, Westwood, 2013); III International conference on
«Chemistry and chemical technology» (Armenia, Yerevan, 2013); IV-international
research and practice conference «Science and Education» (Germany, Munich
2013); Dynamical system modeling and stability investigation (Ukraine, Kiev,
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2013) Ba 11 pecnybnuka mukécumaru: TomkeHt -2010-2015; XKwuzzax - 2011;
Kapmm - 2011; byxopo - 2011; ®daprona - 2011 xoudepenums, ¢Gopym Ba
CUMITO3WyMJIap/ia arpodalusaat YTKa3uiraH.

TaaKUKOT HATHKAJTAPUMHMHI IBJIOH KMJIMHMINM. JluccepTanus MaB3ycu
Oyiinya 33 Ta UIMU Ui, Iy )Kymiaaad, 1 Ta MmoHorpadus Ba 8§ Ta WIMHUI Makoja
XaJIKapo >KypHaJJiap/a 4yon 3TUJITaH.

JluccepTauMsAHMHT XaKMHU Ba Ty3wiaumu. {uccepranus umu kapumi, 5
000, Qoitnanmanwiran anabuérnap pyhxatd Ba 26 Ta wWiIoBajgaH wubOopart.
HucceprauussHUHT ymMymui xaxkmu 198 Oernan mbopat 6ynu6, 35 ta pacm Ba 36
Ta >KaJBaJIHU Y3 UUUTA OJIAJIU.

J{uccepranus HUHT ACOCUH Ma3MYHH

Kupum kucmuna auccepranus MaB3yCHHUHT JOJ3apOiUIUd Ba 3apypUsTH
acocjlaHraH, MakcaJu Ba Bazudanapu, TaIKUKOT OOBEKTH XamJia MpeaMeTH
uQonanaHran,  TaAKUKOTHMHI  Y30ekucToH  Pecny6nmkacn — daH  Ba
TEXHOJIOTUSJIADUHU PUBOXIIAHTHUPUIITHUHT YCTYBOp WYHAIUIUIAPUTa MOCIHTU
KypcaTwirad, TaAKUKOTHUHI WIMHH SHTUJUTH XamjJa aMaluil HaTwxkainapu 0aéH
ATWITAH, OJIMHTaH HaTH)KAJIAPHUHT MIIOHWIMIMIH AacocllaHraH, Ha3apuil Ba
aMalauil KUMMaTd OYMJITaH, UIUIA0 YMKApUIINTa XOPUN ATWIMILIMHUHT pYHXaTH
KEeJNTUPWITaH, YOI HSTWIMII Japa)kacd Ba JAMCCEepTalvs WUIMHUHT TY3WIWIIN
Oyiinya MabJIyMOTIIap KEATUPUIITaH.

HuccepranussHuHT  OupuHYM 000M «Xomaméra aacTjadku HILIOB
OepUIIHUHI KyPUTHII KAPAEHMra TabLCHPUHMHI TaaKuKu. UmuioB Oepuin
TypJlapw» Map3ycura OarunuiaHrad OYiau0, KypUTUII >KapaéHUHUHI XOJaTh Ba
HA3apUSICMHUHT PUBOXJIAHMII aHbaHAJIApU TaXIM KWIMHTaH, Ca03aBOTIIAPHUHT
TEXHOJIOTMK XYCYCHSITIApU XaKUJaru MabiIyMOTap KypUTHII OOBEKTH cudaThia
TU3UMra conuHrad. KypuTuin »apaéHUHUHT TaJAKUK 3TUII HATHKATApH KEJITUPUIITaH,
MeBa Ba Ca03aBOTHUHI KYypUTHILI YCYJd Ba YCKyHalapH YpraHwirad. SIXJIWTIUK
Japakacu Ba TH3UMJIQPHUHT CTAaOMJUTUTUHU XMCOOJIAIl acocuaa MeBa-cad3aBOTIapHU
KaliTa MIUIAITHUHT TacT Japakaja TaIlKWI STWITAHJIWTH aHUKJIaHraH. Yoy 000
mapx, Ba Macaja KyuWumn TaBcudura sra OYnuO, TaJAKUKOTHUHT TasHY FOSCUHU
[IAKJUTAHTUPUILTA KApaTHUIITaH.

JucceprauussHUHT UKKUHYM 000U «TaakKukoT yTKa3um mapouTw,
o0beKkTH, YCyJJIapuM Ba KypwiMajaap» Ma3ycujga OYaub, 3KCIEpUMEHT
YTKa3UIIHUHT yCYJ Ba BOCUTAJIApU XaKuJa Ca03aBOTHUHT KYPUTHIL EKH 1aCTIA0KU
unuioB  Oepuil  00bekTH cudatuia XyCyCUSTIapUHM  ypranuim Oyiinua
MabJIyMOTJIAp KEITUPWITaH, MaXCYJIOTHUHT CIIEKTpajl, TEPMOPAAUALIMOH, ONITUK Ba
Macca ajJMallMHUII TaBCU(PU akc OHTTUPUITaH, JacTiabKu MIUIOB Oepulln
HaTWKaJlapy aCoOCHJIa 103ara KeJraH sSHrM XyCyCUSTIapy TaxXJIWJ KUJIMHTaH.

Hyp ManOanapyHHHI HypJlall Japa)acd Ba UCUTHUII TEMIIEpaTypacUHU HHT
aBBaJl TAJKUK KWIUII KEPaKJIWINIKA acociaHraH. AcOCHUi 3IBTHOOP KOpaHK
JapakaCUHU AHAJIUTUK TaxJIWJ JTHINra KapaTWIraH, SbHU camapald HCUTHUII
HypiaHum (Kopaiuk) pnapaxkacura Oorymk. I[yHmail xXynocara KeJTWHTAHKH,
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1oKopu camapara MK HypJIaTKUYHHHT CrIeKTpan TaBCU(HU HYpJIAHUII Japa)kacH Ba
HYPJIATKUYHUHT TEMIIEpaTypacu KaOuiap Xucoora oMHTaH/a SPUIIHIIA/IH.

Knaccuk anektpomarHuT Hazapus WKKH WK HCUTKHYHUHT Oup XHIT
TeMIeparypaja Typiuda TabCUP OTHIIUHU wucOoTnaiian. Yura OuHoan WK
HYPJIATKUWIAPHUHT KOPAJMK Japa’kacll yJapHUHI 3JEKTp Xoccalapu &Epaamunaa
XUCOOJAHUIIIN MYMKHH.

KopanukHuHT MHTErpaji AapakaCHHUHT KyWujaaru udoja opKaau aHUKJIaI
MYMKUH:

e (T)=0,0347-[r. ., -T, (1)

273"

Ooynna r.p73 — 273°K (0°C), Om:cm nparm conumrtupMa Kapuimk; T —
KenBuH rpangycuaaru temieparypa.

Mynnait Kuaub, KOPATMKHUHT CIIEKTpajil Ba UHTErpall 1apa)kacu HypJaTKU4
MaTEepUAIMHUHT KapIIWJIUTUTra OOFIMK. MaTepuaiHUHT COJUIITHPMA KApIIWIUTU
KaH4YaJIMK KaTTa Oyica, Oy KypcaTkuuiaap myHYalduk karta 6ynanu. KopaaukHuHr
MHTErpaj Japa)xacu YCUMIIMK HCHII TeMIIepaTypacura Xam OOFJIHUK.

MarepuallHid HypiaTUII MaHOaW Y4YyH KU3IUPHUII BOcUTacu cudaruaa
KMYUK COJIMIITUPMA KAPUIWIMKIM, SBHU KOpaJIMK Japakacu macT OyiraH
Marepuaigal ¢oialaHuATana, YCUMIMK XOM allécura UCCUKINK OWJIaH UIIOB
Oepunrad SHEpPrusHUHr Oecamap Hykomumu pyi Oepamu. FOkopu paguanmoH
XOCCAJIApHU TAbMUHIIOBYM KU3AUPHUII BOCUTACUTA TYPJIU KEPAMUK HYpJaTKU4JIap,
YUHHU acocuJa TalE€pilaHraH HypJlaTKU4iIap Ba IUIEHKAIA SPUMYTKa3ru4
HypJIAaTKUWIAp KUPAIH.

Ymly TaaKuKOTIap HaTWKacu OyiiMya KypUTHII >KapaéHUHU amaira
OLIMPUII YYYH SIHTH aBJIOJ DJIEKTPOMArHuT 3JIEMEHTJIAp — UMIIYJbCIN KEpaMUK
HypJiall KauTa y3rapTupyBUWIapu (MKHKY) TaHnaHras.

UK crnekTpiau HypiaaTuO TapaTWIraH HEPrusiHd (OKyciall, HypJaTUITHUHT
UMITYJIBCIIUIIUTH  MEXaHU3MJIapW, YHHUHT JIaBOMUWJIUTH Ba 3UWIMTH XaMmJa
DHEPTrUSHUHT allJIaHUII JaBPUWIIWTH, DSHEPIrUs HMITYJIbCUHU €TKa3WIl Ba
xapaéHHuHr Makcuman OUKunu TabMuHIam Mexanuziaapu ouubd OepuiiraH.

Hypnatum naBpiapu Ba may3ajap OpaJMFUArd MaTeMaTHK OOFIMKIUK
b dy3ust koappunuentu opkanu udogananrad 6yauo, MUK JaBOMUNIUTUHUHT
MaTreMaTukK HQoJacu OJMHraH. Y XapopaT Ba HAMIIMK TPaAUCHTHUHU YHHUHT
UMITYJIBCIIA MCUTHILJA AKKYMYJISIMSUIAHTAH HCCUKIMK XHCOOWra OyFJIaHMILIWA,
alfHU BaKT/la MaxCyJOTHU COBUTHIINIA, KaiiTa HYyHAITUPUII caMapacuiaH noopar.
ByHHMHr HaTmKacuIa MapKa3Jard UCCUKJIMK MaxCyJIOT YeKKaJIapura TapKaTHiIau.
Kapromika, ca63u Ba 0o nué3ra UCCUKIUK OWJIaH HIILJIOB OepHIll >KapaéHUHUHT
DKCHEPUMEHT OPKAJIM OJIMHTAaH MapaMeTpiapy TaKOUM JTHIraH. TaakWK STUITraH
Hazapuil HaTuxkanapjaan ¢oiganann0d, UK HypmatumHuHr cab3aBoTra HIILIOB
Oepuin kapa€HMJArd camMapald pPeXKUMIAPUHU TOMMUII MYMKUH Oynran
HOMoOrpammanap Kypwirad. OJIMHTaH HaTWXKaJapHUHI KBaHT MEXaHHMKACHUJaru
Hazapui Xonatu OWIaH TakKKoclall TaxJIMiiapu OepuiraH, HaTHXaJTapHUHT
XaKUKUH xKapa€Hra MOCIUTH UCOOTIaHTaH.

l-pacMpa HamyHanapra UWHQPAKU3WI  JUANA30HJArd  3JIEKTPOMAarHuT
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MaifloHa AacTiabku unuioB Oepuin Ba 2-pacMaa sca MK-Bakyym KypuTwuii
KypUIMaJapuHUHT CXeMacu Oepuiras.

5 6 6 7
Ny /—
)q; s [ZzZZ777777 7777 8
] /
4 b I a_ {\t——u_] %
N 3 & o éj °
_\§ 74 Z /
2 o S22 2 A a2 < Q
1 =
1
2
1 é y
I ’
| [ S 7 /
T,
1 — noanoH; 2 — unuioB 6epunaérran 1 — BakyyMm-Hacoc; 2 — cab3aBoT koiliami-
MaTtepual; 3 — aJtoMUHu# (osranu TUPUII NMOAJI0HH; 3 — aIIOMUHUI (oranu
Kaitapruy; 4 — kopnyc; 5 — UK-namna; KalTaprud; 4 — UICCUKJINK U30JISLHICH;
6 — KypuiMaHu umra Tymupum mocinamacy; 7 5 — UK-namma; 6 — BakyyMMeTp; 7 — XaBo
— TEPMOJATUHK; 8 — Tapo3u; 9 — UIIYM Kamepa. YUKApUII BEHTWIH; 8 — TEMIepaTypa
natuury (Tepmomnapa XK); 9 — manomeTp
1-pacm. Cad3aBorra qactjiadKu MILJIOB IAKJUIA TEPMOMETP.
OepHIl IKCIIEPUMEHTAJ KYPHJIMACH 2-pacm. UK-kyputum gadoparopus

BAaKYYyM KypPHWJIMACH

HucceprauussHuHr yauHun 606u «Caod3aBoriiapuu UK-Bakyym KypuTHII
JKAPAEHMHMHI peXUMJIAPUHHM acocaam» Mas3ycuna Oynmub, HWK-Bakyym
KYPUTHIL KapaCHUHUHI MapaMETPIapUHA YHUHI CTATUCTUK MOJEIWHHU OJIUII WYIIH
OMJIaH ONTUMAIIAIITUPUIITA OaFUIIITAHTaH:

y = B0+B1 X1+B2X2 +B3X3+B12X1X2+B13X1X3+B23X2X3 +B123X1X2 X3. (2)

VY perpeccusi TCHIIIaMAaCHHUHT YMYMHW KYPUHHIIHN (2) Ba KapTOIIKa, cab3u
XaMmja 0ol MUE3HIUHT HAMITUTHHU TOMUII YYYH OJMHTaH alloXH/a TeHTJIaMalapHu
¥3 nuura onanu (3-5). Yuly TeHriamanap xapa€HHUHI CTAaTUCTUK MaTeMaTHK
Monenu xucobnaHanu. HaTmwkamapHuUHT YpTa apudMETHK YEKIAHWIIWHU TOTIHII
OpKaJ¥ TeHTJIaMaJapHUHT XaKUKHIA )Kapa&Hra MOCIUTY TEKITHPUIIA N

Viwapmy =153 —0,408x; +0,57x, —0,47x; —0,24x,x, — 0,01x.x; — 0,58x,x; +0,34x.x,x,. (3)
YViewn = 193 -0,5x +0,81x, -0, 71x; —0,3x.x, +0,05xx, — 0,750, +0,3x.,x;. 4)
Yimes) = 2,99-0,68x, —1,47x, —0,51x, —0,31x.x, —0,15x,x, +0,49x,x, - 0,15xx,x,.  (5)

VTIKaswiran TagKUKOTIAD KyPUTHIN IKAPAaSHHHUHI JABOMHIUIUTM  Ba
cudarnu  Ta€p wMaxcyinor yukummra xom améra WK awmanazonpgaru
AIIEKTPOMArHUT MalJoHJa AAacTIa0K¥ HIIOB OEpHUIll Ba MCCUKIMK OKUMHUHHUHT
3UYINTY TAbCUP ITULIUHU KYPCaTIH.

Kapromka yuyn

W, =55,18—-2,81-x, +0,56-x, +1,56-x, —0,94- x,x, +0,06- x,x;, —0,31- x,0; 2,68 x,x, ;. (6)
N=0,28—0,035-x,—-0,025-x, —0,08- x, +-0,025- x,.x, +-0,017- x,., +0,17- x,x, —0,007 - x,,x;. (7)

12



K=0,127-0,048-x, —0,026- x, —0,028-x, —0,017- x,x, —0,006- x,x, +0,01-x,x, +0,05- x,x,x;,.  (8)
Cal3u yuyH

Wep =43,37+0,87-x, +1,87-x, =3,37-x, —0,125-x,x, +2,5-xx, —4,37- x,x, +0,625-x0,x,. ~ (9)

N=1,24+0,063-x,—0,01-x, —0,038-x, —0,11-x,x, —0,04- x,x, +0,05- x,x, —0,008- x.x,x,. (10)

K=0,164-0,064-x, —0,036- x, +0,004- x, +-0,015- x,x, +0,028 x,.x, —0,1- x,2, +0,02-x,x,x,. (11)
IIné€3 yuyn

W, =63,13-5,5-x,—4,63-x, +1,76- x, —0,48- x,.x, —0,38- x,x, +1,74- x,x; —0,39- x,.x ;. (12)

N=0,86+0,18-x, +0,13-x, +0,012- x, +0,1-x,x, —0,02- x,x; —0,01- x,x, —0,05- x,x,x;. (13)

K=0,075+0,007-x, —0,03-x, —0,024- x, —0,008- x,x, +0,015- x,.x; +0,01- x,x, —0,01- x;x,.x;.  (14)

Omnunran (6)-(14) Tenrnmamanap MK-nuamna3zonnm 3JIeKTpOMarHuT MaiaoHaa
nacTiabku MIUIOB OepuiiraH KapTollka, ca03u Ba 0ol MUE3HW KYPUTHUITHUHT
CTAaTUCTUK  MaTeMaTUK  MOJCIN XACOOJIaHaIN. YimapHuHT épnamua
ca03aBOTIIADHUHT KPUTHK HaMiuru W,,, KypuTum Te3nuru koddduuuentu N Ba
KypuTHIl Kodppunuentu K Tonuiras.

YOy TeHrnamanap KypuTuil Te3iauru N, Kyputuin kodddunuentu K Ba
HAMYHAJard KPUTUK HaMimrun W, KUMMAaTHHU TaJKUKOT YTKa3WIraH >KapaéH
napaMeTpJapuHUHT  y3rapuiiy derapacuaa 5% XaToNuK OwiaH xucoOJarl
MMKOHHUHU Oepaiu.

80

=
o 60 7 =
D o
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20 1 8
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0 ‘ ‘ ‘ 0,2 \ \ 1
0 50 100 150 0 50 100 150
Bakr, MuH Bakr, Mmun

—&— 50 rpanyc Lenscuit —— 50 rpanyc Llemscri

=& = 60 rpaxyc Lenscnii —= =60 rpanyc Llenscuii

- -& - 70 rpagyc Lenscuit - - - 70 rpanyc Lenbcnit

3-pacm. Kyputmiaérran kapromka 4-pacm. Kyputmiaérran kapromka
HamyHacu HamauruHuHr UK-sakyym HAMYHACHJIATH CYB AKTHBJIMTMHUHT
KYPHUTHII Kapaé¢HH TeMIepaTypacura HUK-Bakyym KypUTHII Kapa¢Hu
OOFJIMKJIUT U TeMIepaTypacura OOFJIUKIUTH

0

3-pacMmaa kapromka HamyHacuzaa 50, 60 Ba 70°C temmnepaTypana, HaMIIMK
Y3rapuIIMHUHT  SKCHEpUMEHTal  YM3UKJIapu  Oepwirad,  KypUTHILIHHUHT
JABOMUIINTA Ba TEMIEpaTypacUHU KYpcaTyBUM acOCUM KYpcaTKWd CYBHUHT

13



aktuBauruavp. YHuHr 0,3 Ba yHAaH XaM MACTpOK KWilmMarraya KamaluIIu
HAMJIMKHUHT MUHUMYMJIAIIMIIAAAH JAapak Oepamu  (4-pacwm). Xyaou 1y
mapouTaa cad3u Ba NMUE3 YYYH HAMIIMK XaMmja CYBHHHI AKTHUBIIUTH Y3Tapullin
YU3UKJIAPU OJIMHTAH.

Hamynaga ocmoTuk OOfflaHTaH CyB YJIYUIMHUHT OPTHUIIM  KYpPUTHII
KapaCHUHUHI JOUMHUN IOKOpH TE3JUKIM JAaBpuHU dYeknaian Ba HK-Bakyym
KYPUTHIL >KapaéHUHUHT JABOMUWJIMTHMHU KamMaWTUpuil UMKOHUHU Oepaau. MK-
BaKyyM IIAPOUT/Aa KypUTWITraH ca03aBOT HaMyHajlapu cudar Oyiirua KOHBEKTHB
LIAPOUTAA KyPUTUITaH MaXCYJIOTAAH YCTYH TYpPaJH.

5-7 - pacmnapaa oskcnepument Wynu Ounan MK-Bakyym KypuTuid
TEMIIEpaTypacCMHUHI  KapTollka, ca03u Ba  MOUE3HUHT  (UBHK-KUMEBUUI
KypcaTKuwiapura TabCUpU KYypcaTWIIraH, KypUTHJITaH KapTollKa, ca03u Ba MHE3
MaxCyJI0TIapy HaMyHaJapUHUHT TaXJIWIN KEJITUPUITaH.
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— &— WUMITyJIbCIIH Y3JTyKIIM DHEPrUsHUHT TaBPUHA — 4— VMIYJIBCIIH Y3IIyKIN YHEPTUSHUHT JaBpUHU
o1ub Gonwil TanTrOMIAa OepuI oumb 6opunr TapTHOU 12 GepuI
5-pacm. Kapromkanaru C BUTAMMHHA 6-pacm. Cad3unaru C BUTAMUHHU
KOJAUK MUKAODUHUMHI UMIIVJIbBC- KOJAUK MUKAODUHUMHI UMIIVJIbBC-
v3aykiau UK-3Heprusi 0epuu Ba v3aykiau UK-3Heprusi 0epui Ba
KYPHTHII BaKTHUTa 60FJII/IKJII/II‘I/I KYPHTHII BaKTHUTa 60FJII/IKJII/II‘I/I

Kyputunm xapaéanaa UK HypnapHu Xap Kejlacu LHHMKIAA UMITYJIbC-Y3ITyKIN
SHEPrus JaBpUHM Kamailmd Oopuin TapTuOuma Oepuiiga Kaprollka, cad3u Ba
Nué€3la HAMJIMKHUHT KOJJIWK MUKIOpU Moc paBuiiaa 9,88; 13,86 Ba 13,51% Hu
Tamkwi 3Tranaa, C BUTAaMUHUHUHT MUKI0pU MyBoUK paBuimiga 63,5; 30,26 Ba
49,74 me%, xanmiap MUKIOpH 3ca 52,5; 52,5 Ba 72,5% Hu Tamkua staau. Kosran
ukku pexumaa UK Tynkuamm nuama3zonga 3Heprus Oepuirasaa KapTollka, cad3u
Ba mué3nu 10 — 14% KoIAMK HaMJIMKKa4a KypUTHIIIA KYIPOK BakT capdiaHaiu:
sHeprus Oepuill aaBpu nouMuil 6epwiranna — 185 munytaa — C BUTaMUHUHUHT
MUKI0pU Moc paBuiaa 43,5; 22,8 Ba 38,1 me% HU, KaHAJTApHUHT MUKIOPHU 3Ca —
45,2; 45,2 Ba 65,2% HU TamIKWI 3Tajau; SHEpPrust Oepuil gaBpu opTuO Oopwill
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taptubuga Oepwiranga — 185 muHytna - C BUTAMUHUHUHT MUKJIOPH MOC
pasumaa 38,5; 20,8 Ba 40,3 me% Hu, kananapuu sca — 46,1; 47,6 Ba 67,6% Hu
tamkmwi 31aau.Ca03aBOTHU KYPUTHUINI YWU3UKIAPUHUHT TaXJIUIM COJIMIITHPHUIIL
IapoOUTHIa HaBOATAArv IUKIAA HWMIYJIbC-Y3JIYKIU SHEpPrus Oepulll JaBPUHUHT
KamMaluim TapTuOuaa OepuIll SHr IOKOPH camMapa OCpHUIIMHU TacAUKJIaNIu.
Kapromkana Gonutanruy Hamiaukau W,=77,3% nan W, =9,88% raua, cab3una
W ,=88,4% man W, =13,86% raua, mmé3sma W;=90,3% nman W,=13,51% raua
tymupui 120 —180 MuHYT 1aBp opanuruaa amanra OLHUPUIIIN.
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== UMIIyJIbCIIN Y3JIyKJIU SHEPTUSTHUHT JABPUHU
JIOUMUIA TapTHOAa GepHIi

- - - PUMITyJIbCIIH Y3JIyKJIM SHEPT U HUHT J1aBPHHU
Kamaruo Oopuil TapTrOnIa OepHIln

— A— VMITyJIbCIIH Y3JIyKJIM SHEPT U HUHT J1aBPHHU
ommb GopuI TapTUOHIA OepHIIl

7-pacm. bom muéznarn C BUTAMMHMHUHT KOJAMK MUKJIOPUHUHT UMITYJIbC-
y3aykiau UK-3Heprust Oepuin Ba KypUTHIN BAKTHIa OOFTMKJIUTH

Makpo- Ba MUpOKanmwUIspiapjard Ba aJCOpOIMOH HAMJIMKHH Te3/a
OyFlaTUIl KYpPUTHITaH MaxCyJoT HaMYHAaCHMHHHI OPTaHOJIENITHK XOoccajlapura
TabCHp KypcaTHum anukianran. 50, 60, 70°C TemmepaTypagard KypHTHIIHHHT
WKOOWI Ba cajOuii camapaiapyd TaKKOCJIaHTaH, HaMYHaHMHT MEXaHUK Ba
OpraHOJICNITHUK XOCCAJIApUHUA EMOHJIAIIMINY UcOOTIaHTaH. 1-kaaBanaa cab3aBOTHU
KYPHUTHII kKapa€Hura UMIyJbCc-y3nykian UK-aHeprus 6epUIHUHT SKCIIEpUMEHTA
HaTWXKajJapu KeITUPUIITaH.

ONMHTaH HATHXamap MaxCylIOTHHHT macT Temmeparypaga (60°C radwa)
KypuTuin xapaéHuga HamyHajgard C BUTaMUHUHUHT Macca YAYIIM KYIPOK,
KaHJIHUHT YJIYIIH 3Ca KaMPOKJIMIMHU KypcaTMoka. JKapacéu 70°C nam IOKOPUPOK
TeMmreparypaja amajra OIIUPWUINO, YIJEBOIap Kapamelnu3alus XoJiaTura
yuparasjia, TeCKapu XoJjaT pyi 6epanu, sbHU KaHJIHUHT YIYIIMHU Kymaiumm Ba C
BUTAMUHUHUHT YJIYIIMHU 3ca Kamadumu Ky3atuinau. [lact temmeparypanu
pexumiapaa uMmnyiabcau-y3nykian WMK-sHeprust Oepuimima xap Oup IUKIIA
UMITYJILCIIM DHEPTHs JaBPUHHUHT KaMaunO Oopuil TapTuOuga OepuIil Makcaara
MyBoduK. Tankukor Hatwxkanapu HWK-kypunmanapaa KyputwiraH ca03aBoT
cudaty MaBXKyJ MEhEPUN-TEXHUK XyAOKaTIaplard tajgadiapra »kaBoO OCpHUIIMHU
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KYpCaT/IH.

1-xkanBaJ
Ca03aBoT/IapHH KypUTHIIAA UMITYJIbC-Y3aYKJIM UK-3Heprust OepumHuHT
IKCHEPUMEHTAJ TAAKMKH HATHXKAJIapH

DHeprusi-
C Wi, % Wi, % Kypyk moanana Kanmtap HI/I?HF
ab3aBoT C BuTamMuHU-
TypH OxcnepumeHnT Typu |bonumanruu | Konauk HHHT MEKZIODH MHUKIOPH, | COJUIITHP-
HAMJIMUK | HaMJIUK 0 ’ % ma capdu,
Mr% KkBm-c/ke
DHeprus Oepuin
JaBpH y3rapmac 77,3 11,8 43,5 45,2 1,3
Oynranma
DHeprus Oepuin
Kapromka | naBpuHUHT Kamaiitno 77,3 9,88 63,5 52,5 1,2
6opuil TapTUOUAA
DHeprus Oepuin
JTABPUHUHT OPTUO 77,3 9.8 38.5 46,1 1,5
O6opui TapTUOUAA
DHeprus Oepuin
JABpHU y3rapmac 88,4 13,4 22,8 45,2 1,3
Oynranma
DHeprus Oepuin
Ca0O3u JTABPUHUHT KaMaino 88,4 13,86 30,26 52,5 1,2
O6opui TapTUOUAA
DHeprus Oepuin
JTABPUHUHT OPTUO 88,4 12,9 20,8 47,6 1,5
6opuil TapTUOUAA
DHeprus Oepuin
JaBpH y3rapmac 90,3 14 38,1 65,2 1,3
Oynranma
DOHeprus Oepuin
bomr nmué3 | naBpuHUHT Kamainb 90,3 13,51 49,74 72,5 1,2
6opuil TapTUOUAA
DOHeprus Oepuin
JTABPUHUHT OPTUO 90,3 12,4 40,3 67,6 1,5

6opuil TapTUOUAA

Tannanran pexum €xku UK ucutum ¢yskmuscura OOFIMK X0iaa KYpPYK
cab3aBOT TypJM MHUKAOpPUM Tapkub Ba cudar kypcaTkuuiapura sra. Tauép
MaxCyJOT IOKOpHU OMOJIOTUK Ba SHEPreTUK KUMMATra sra OYJIraHiIurd yuyyH yHAaH
napxe3 Ba 03MKa Makcaauaa QogasaHuIagm.

JIuccepTalMSHUHT TYPTHHYM 600 «dkenepumentan kKuem. MK, YIOU Ba
WK-YIOU nnana3zonaa AacTJa0Ky WILIOB GepHIIHHHT KYPHTHII 5KAPAEHHUTA
TABCUPHU» CA03aBOTHU KYPHUTHIL >Kapa€HUHU CaHOATIArura SKUHJIAIITHPWITaH
IapouT/Aa amaira omupumra 0aruuuianrad. MyBoQUK 3KCIEpUMEHTaNl Kypuima
taiiépnanran. Kucka tynkunnu UK nypnapaa nay3anap OuiaH nactiaOKy UILIOB
Oepuil cab3aBOTHUHT KypUTHUII Kapa€HUHHU KaJaUTAIITUPULIN TaCAUKIaHTaH.
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o
-------- VK-Bakyym kypumw YHKOY pacTt. uwnos 6H e VK-BaKyyM Kypumvw IO pact. uwinos 6+
*
*
———— WK-Bakyym kypumw MK-YIOY gact. mwros 64| |~ VIK-sakyym kypumiw WMK-YIOY aact. uwnos 64

8-pacm. Kyputmwiran kapromka
HAMYHAJApU/a HAMJIMKHUHT BaKT
Oyiin4a y3rapuumu rpagukiaapu

100

9-pacm. Kyputmwiran caésu
HAMYHAJApU/Ja HAMJIMKHUHT BaKT
Oyiin4a y3rapuumu rpagukiaapu

g

801

HaMnuk, %

0 L
50

100
BaKT, MUH

MK-Bakyym KyputmL
MK-sakyym kyputw VK aact. uwnos 6H

MK-sakyym kyputnw YKOY gact. uwrnos 6H

———— MK-sakyym kyputuw VIK-YHOY gact. uwrnos 6H

10-pacm. KypuTwiran nué3 HaMyHaJIapuaa HAMJIMKHUHT
BAKT Oyin4a y3rapuumu rpagukjiaapu

8-10 — pacmmapma ca63asorra MK, YIOU Ba MK-YIOU numanaszonmaru
ANIEKTPOMArHuT MaijloHaa gacTiadku unuioB Oepud, MK-Bakyym Kypuinmana
KypUTWITaH HaMyHalapJard HaMJIMKHUHT V3rapuiid rpapuk KYpUHHUIINAIA
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TaCBUpPJIAHTaH, HAMJIMKHUHT KOJIIMK MUKIOPH 2-)KaJiBajga KeITUPUITaH.
2-kaaBall
HNK-BakyyM KypwiMajaa KypUTHJITaH HAMYHaJapaaru
HAMJIMKHHUHT KOJJIUK MUK/JIOPH

Kyputum JlacTnabku UIUIOB MaxcynoT Typiapu 6yrnya KOJAUK HaMITUK
yCyiu Oepuill ycynu Kaptomxka Cab3u bom mués
JlactnaOku 14,96 20,51 32,87
WIIJIOBCHU3
HNK-Bakyym UK 9,86 12,22 12,50
Yiou 13,88 13,97 24,54
UK-YIOU 12,87 13,52 14,54

Onuuran HaTwxkanapra kypa HamyHanapra UK nuanazonnu 3jeKkTpoMarHuT
MaiJIoHJla WIIJIOB OepuIl, AacTIabKu HWIUIOB OCPHUITHUHT HT MakOyn ycyiu
AKAHJINTU aHUKJIAHIH.
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HamnvK, % HaMmK, %
MK-BaKkyyM KypuUTULL MK-Bakyym kypumL
UK-Bakyym kypumw UK aacT. nwnos 6H VK-Bakyym kypvmw WK pgact. nwnos 6H
.......... UK-Bakyym Kypumw YIOY AacT. nwmnos 6H eeeeeeeess IK-Bakyym kypumiw YHOY pacTt. vwnos 6H
———— VIK-Bakyym kypumw VK-YIOY pact. uwnoe 61| |7 NK-Bakyym kypumw VK-YIOY aacT. uwinos 6H
11-pacm. Kapromka HamyHaiapuaa 12-pacm. Ca03u HamMyHaapuaa
KYPUTHII Te3JJUTMHUHT HAMJIMKKA KYPUTHII Te3JJMTMHUHT HAMJIMKKA
OOFIMKJINTH OOFJIMKJINTH
11-13 — pacmnapga ~ KypUTUIIHHUHT KUHETHK OOFJIAHUII YHU3UKJIApU

KEJITUPUIITaH: KapTolIka, cab3u Ba 0ol Mué3 HaMyHAJIApUHU KYPUTHIL TE€3JIUTUHU
Y3rapUIIMHAHT KyPUTHII Kamepacuaa Temieparypa 60°C 6ynranma, MK-sakyym
KypuiaMazaa JacTia0Ky MILIOBCU3 XaMmJa Kypuia€traH Oapya y4 Typ AacTiaaOKu
UIUIOBJIAPUHM KYIIJIa0 KypUTHIIAA MaTepUall HaMJIUTUra OOFIUKIUTH.

Kyputnm xunHetnkacua OUKHUHT OMPUHYM TypJlard 4erapaBuil IapTid
mubdy3non mMomenu OyiiMuya TaAKUK OTHINrAa WYHAITHUPWUITaH Taxpuoda
HaTW)KaJlapura MIUIOB Oepulll  KYpCaTAWKHU, KypUTUII IUKIM JaBOMHUJA
MHTErpajulaHral HaMJIuK Auddy3us KodPpPUIUMEeHTIapuHUHT 3appadajap acocui
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YIIYaMUHUHT KBajpatura HucOatuHuHr Kuimatu 0,003 My HU TaIIKUT 9T,

KypuTui yn3usura yauH4u TypJaru yerapaBuid maptiu qudys3us moaenu
épnamuna wumoB Oepumt (buo kxoapdunmentnapu kuitmata 0,1 ra sKuH),
Kapa€HHUHT aHbaHaBUW aUQPGy3uss WUYWAArd IHAKIJIAaH Talkd Juddy3usnm
maKira TagKUK dSTUIAETraH TEepMOPAJMAIMOH TEXHOJOTHSCHUIA YTUIIWHU
WIIOHYWIH TaCIUKJIANW N,

SlpuMcaHoaT Ba caHOAT YCKYHaJlapUHM CHUHTE3 KWIMII OOCKUYMHHUHT
KMHETUKA XUXATIApUHU aJeKBaT Tap3/la XMCOOra OJMII Y4YyH, HCCUKJIMK Ba
MaccaaqMallMHyB >apa¢HIIapUHUHT Oupra amajira OIIWII MOJEUIAPUHU Kao
TMOK Kepak. Kyputuin skapaéHUHMHT JOMMHUN Ba Kamailub OOpyBUM TE3JIUTU
MaBXY/JIMTUHUHT aHbaHABUM TacaBBYpAAaru KYIMOJUIUTH KypUTUII YU3UFU Ba
KYpPUTHII TE3JIUTM YU3WFUHU CIUIalH-allIpOKCUMAalUs yCyiauaa xucoOnam Ba
AKCIIEPUMEHTAN WYi/1a OJIMHTaH HYKTAJIAPHUHT SIKUHJIMK HUCOATH MapaMeTpu Ba
KUIUPpUIAETTaH (QYHKUMSHUHT CUJUTMKIUTA MyXOKama KWJIHIIIa HaMOEH OYnaau.

1

o o o
A O @

KypuTtuw T1e3nmrn, %/MuH

o
N

% 20 40 60 80 90

HaMIK, %

VK-BakyyMm KypuTtuL
MK-Bakyym kyputuw UK pacT. nwrnos 6H
----------- MK-Bakyym kyputuw YHOY gact. mwnos 6H

"""" MK-Bakyym kyputuw MK-YHOY pacT. nwnos 6H

13-pacm. [1ué3 HamyHaIapuaa KypUTHII Te3JTUTHHUHT HAMJIMKKA 0OFJIUKJIUTH

Ca03aBOTHM KypUTHIIJIa KAHIHUHT HO(QEpPMEHT Wynu OunaH KaMaluiin
METaHOWJMH Ba KapaMelu3alus peakIsuilapd XucoOwra ro3ara Kenaju.
Kapromkanu UK-Bakyym xkypunmana UK nypnatu0, nactinabku unuioB 6epuo, 2
coaT JJaBOMHUAA KYpPUTHII MaKCUMal Japakaja KpaxMalHU cakjiad KOJIUII
MMKOHMHM Gepaay Ba y 62,3% uu tamkun stagu. YIOU Ba MK-YIOU nactnabku
unuioB 6epunuiap Mmoc pasuimiga 61,6 Ba 61,2%, nactnadku unuioBcus 3ca 61,27%
KaH]] MUKIOPJIM HaMyHa OJIUIII IMKOHHUATHHU Oepaiu.

l4-pacMaa KkapTollKa HaMyHaJIapUHH KYpPUTHII KapaéHUAa YHHHT
TapKUOUIAru KpaxMallHUu KypyK Mojjara Kaita XucoOJaHTaH WYKOIUIIUIAPHHIHT
TMHAMHKACH KEJIITUPUJIITAH.
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KpaxmMamHuHT KypyK
MOJIJIaIaru Macca yirymd, %
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14-pacm. Kapromka HamyHaiapuaa

KPaxXMaJJHMHT KYPYK MOIJaJaru Macca

YAYIIMHUHI KYPUTHII JaBpH Oyiin4ya
y3rapuim
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0 50 100 150
Kypurtum naspu, Mun

(y1) UK-Bakyym Kyputuil

(y2) UK-Bakyym kypumim MK nact. niuioB Ounan
""""" (y3) UK-Bakyym kypumm YIOU npact. unuioB OwiaH
------- (y4) HUK-Bakyywm xypummi MK-YIOY pact. o Ounax

15-pacm. Ca063u HamMmyHaJapuaa
KAHUIAPDHUHT KYPYK MOJJIaJdaru Macca
YAYIIMHUHI KYPUTHII JaBpH Oyiin4ya
y3rapuim

2]
o

Kangnapausr kypyx
MOJafaru Macca ynymu, %
N
o

0 L

20| y1=-89e-006%x +0.0033%x" - 0.39%x + 74 ]
2= 1.96-005*x" - 0.0031*x - 0.0044*x + 74
3= 1.1e-005*x" - 0.0015*x" - 0.11%x + 74
A= 1e-005*x" - 0.00087*x" - 0.17%x + 74

0 50

Kypurum naspu, Mus

100 150

— (yl) UK-Baxyym Kypurwmt
(y2) UK-axyym xypurnm UK mact. niumos 6wmtan

(y3) UK-Baxyym xypurnm YIOY nact. mmos Omnan
(y4) UK-axyym xypurnm MK-YIOU gact. mmos 6unan

16-pacm. [1ué3 HamyHaapuaa KaHIJIAPHUHT KYPYK MOJIalaru Macca yJayIIUHUHTD

KYPUTHII JaBpH 0yiin4a y3rapuiiu

15-pacmna 2,5 coat naBomuaa cab3uHM AacTiiadku uuUioBcu3 xamaa UK,
VIOU Ba UK-VIOU nactmabkm wumnuioB  Gepu6, HMK-Bakyymaa —KypuTHII
KapaCHUHUHT HaTWXanapu Kentupwirad. CaO3MHUHT KypUTWITaH HaMyHalapua
KaHJJITADHUHT JHT IOKOpH KoHueHTpauuscura WK nactnabku unuwioB Oepuin
KYJUTAaHWITaHaa SpUIuign Ba 55,9% HuU TalKui 3TIu.
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VIOU Ba I/IK-S"IOII IWANa3oHId  JJIEKTPOMAarHUT MAaKJIOHIa HIIJIOB
OepuIia KaHJIApHUHT MaccaBui ynymu oup xui Ba 54,92% HU TalIKWI dTaju.
JlacTiiabku WIUIOBCHU3 KypUTHIIAA HaMyHaja KaHMJIapHUHT xkamu 43,9% nu
MUKJOPHU KOJIUIIIUTA SPUIIUWIAU, 3 coaT JaBoMuaa KypuTuil Hatmxacuaa 56,01%
ra y3rapau.

16-pacmpa kypurtinaérran mu€3s HamyHamapupa VK-sakyymma 2,5 coat
naBomua maciabku nnntoens xamaa UK, YIOU Ba UK-VIOU nactiaGku nimios
O0epub KypuTHIIIA KaHAJAp MUKIOPUHHUHT Y3rapuIIUHU TaBCU(DU KEITHPUJITaH.
I'padbuknapnan Kyputwiran nué€3ga KaHUIAPHUHT SHT IOKOPH KOHIIEHTPALUACH
nactinabku UK wuioB 6epuiiiia cakjiaHuIM Ky3aTwiay Ba 63,37% HU TalKuI STAu.
UK, VIOY Ba UK-VIOY nuanazommu AJIEKTPOMAarHuT MalIoHa JACTIA0KU UIILIOB
Oepwirania KaH/IApHUHT MaccaBuil yiymu oup xwi Ba 54,92% HU TalIKuI ST/IM.
Jlactnabku unuioBcu3 2,5 coaT MoOalHUAA KypUTHIITaH MaxCyJIOT HaMyHajlapuja
KaHamapHUHT 49,74% nu MUKIOPH CakJIaHUIIUTa SpUImiay, 3 coataa 3ca 65,95% ra
eT/IN.

Vr1kasuiran taxpubanapaa muésra MWK nuamazonnam 3aeKTpOMarHUT
Maifionga gacTiabku wunuioB Oepwimbd, MK-BakyymzIa KypuTHIl HaTHXKacua
xapa€uuuar 30  MHHYTra  KUCKApTUPWIMINKA Ba  JHEprus  capPuHUHT
KaMaWTHPUITUIITUTA SPULLTHATIIIH.

Pacmmapna xentupwiran rpadukiap Tax) MM KaHIJAPHUHT SHT  Kam
nykotunumu 1nué3Hn WK nmacrnmabku wnuioB 6epud, cynrpa HK-Bakyymma
KYpPUTHUILI HATW)KACUAA OHPUIIWITAHIATAHM KypcaTAu. AWHM BakTAa Taué€p
MaxCYJIOTHUHT OPTaHOJICTITUK KYPCATKUWIAPU SXITUIAHIH.

17-pacmaa kapromkagaru C BUTAaMUHMHUHT JACTIA0KM HWIIUIOBCU3 Xamja
TaHjga0 OJMHTaH ydala JacTia0Ku uiuioB Typiaapuaan ¢oiinananud, UK kyputuin
xKapa€HuJa o3ara KeJraH MUKIOpUN Y3rapuinu TaBCcU(U TakAuM OSTHIITaH.
Kapromkanu 2 coat paBomumga MK nactnabku unuioB 6epu6d, WK-Bakyymaa
KYPUTHII YHUHT TapKuOuAa KOJIraH acKOpOUH KUCIOTACUHUHT MUKAOPH 72,4 me%
HU TalIKWJI ATUIIIH, VIOU Ba I/IK-S"IOII JIAATNIA30HINA JIEKTPOMArHUT MaWIOHAA
unuioB 6epuiranaa 60,1 Ba 64,2 me% HU, nacTiaOKu UILIOBCU3 3ca 65,1 me% Hu
TaIIKWI STUIIWHA KYpCaTau.

UK nactnabku unumoB 6epud, MK-Bakyympaa Kyputuirad kapromikagaru C
BUTAMUHUHUHT MUKJOP KYpCAaTKUUU IOKOPH.

Kentupunran rpadukinap acocuma xyjnoca Kwinil MYMKUHKH, C
BUTAaMUHUHUHT SHr KaM wykotwmmu UK nactnabku wunuioB Oepunran Ba MK-
BaKyyM YCKyHaJa KypUTHJITaH KapTOIIKa HaMyHaJlapu/a KYpUHAIH.

18-pacmaa cab3u HaMyHaJapyuHU KypUTHIN >KapaéHUAa acKOpOuUH
KHCJIOTACH YIYIIUHUHT Y3rapuill rpaduru KeITUPUIITaH.

Kyputunaérran cad3um HaMyHajgapuaa acKOpOWH KHUCJIOTACMHUHT MUKIOPHU
MK Ba MK-VIOU namanasonnapna pactiabku wimioB 6epu6, WK-Bakyymma
kyputuiaragga ['OCT 52622-2006 6yitnya taBcust stunran (10 me%) muknopaax
KyIpoK 6ymm6, mMoc pasuiiia 28,5 Ba 25,46 me% Hu Tamikun stamu, YIOUmu
Juara3onjia gactiadku unuioB 6epunranga C BUTAMUHUHUHT MUKIO0pH 23,6 me%
HU Tamkwi 3tanu. Jactnabku unuioBcus MK-Bakyymaa Kyputumiga xapaéHHUHT
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y30K AaBoM 3Tuilid C BUTAMUHUHUHT KaMalMIIMHN KYpcaTaJu Ba YHUHT MUKJIOPHU
2,5 coat Kyputuiaranaa 22,5 me%; 3 coatna 16,1 me% Hu Talikui 3Taau.

C BUTaMHHHUHT KypYK
MOJIJaJlaryd Macca yIIyIiu, Mr%

17-pacm. Kapromka HamyHajiapuaaru
C BUTAMHUHUHHHT KYPYK MOJLAaAaru

30| y1 = - 5.4¢-005%x +0.014*x" - 1.1%x + 95
y2=- 0.00013%x" + 0.03*x - 1.8*x + 94

| y3= - 0.0002%x +0.042%x” - 2.4%x + 93
y4 = - 0.00019%x +0.042%x" - 2.4%x + 94
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y1 = 5.7e-006¥x" - 0.0009%x" - 0.092%x + 44
y2= - 2.5¢-005%x" + 0.0078%x" - 0.66%x + 44

C BUTaMUHHHHT KypYyK
MOJ1a[Iaru Macca yayu, Mr%
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y3=- 3.26-005% +0.01*x” - 0.86%x + 44
y4= - 2.2e-005%x" + 0.0079%x" - 0.75%x + 44
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18-pacm. Cabd3u HamyHaIapUaaru
C BUTAMHHUHHHI KYPYK MOJAaAaru
Macca yJayluMHH KYPUMTHII JaBpH Oyiin4ya
y3rapuim
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C BUTaMUHHHHT KypYK
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y1 = - 4.4e-005%x +0.014%x" - 1.3%x + 98
2= - 6.5¢-005%x" +0.021%x” - 1.9%x + 98
y3= - 8.8¢-005%x" + 0.026*x" - 2.2%x + 98
V4= - 9.2e-005%x" + 0.027#x" - 2.2%x + 98

Kypurtum naspu, Mus

100 150

— (y1) UK-Bakyym KypumvmI

(y2) VK-Baxyym kypunin VK pacT. unnioB 6nmax
"""""" (y3) VK-Bakyym kypumi YIOU nacT. wuuioB 6unan
- (y4) VK-Bakyym kypumim VK-YVIOY nacT. wuuioB 6unan

19-pacm. I1ué3 namynanapugaru C BATAMUHUHMHT KYPYK MOIIaaru
Macca yJayluMHH KYPUMTHII JaBpH OyiU4Ya y3rapuiiu

I'paduxna xkeATHpUITaH MabIyMOTIAPAAH MAbIyMKH, KYPUTHIIHHHT Xap
Oup yCyau Yy4YyyH BakT dYerapacu MaBxkyj, ymOy BakT Vyrranman cyHr C
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BUTAMUHUHUHT ynymu kamasan. MK, YIOU Ba MK-YIOU nmos Gepunn6, VK-
BaKyyM KypuiMmaZa KypUTHII Y4YyH Xapa¢H AaBoMuiliuru 2,5 coart, NactiabKu
UIIOBCU3 — 3 COATHU TalIKWiI 3Taau. XKapaéH JaBOMUILIATY OLIMpHUIICa, aCKOPOUH
KUCIIOTACUHUHT MUKJIOpH Kamasiau. byHuHr ca®abu — MaxCyJIOTHUHI XaBOjaru
KUCIIOpoA OuiaH OMPUKHUII JAaBOMUWIUTH OPTAaH, OKCUIUIAHMII peaKUusiapu
KMMMATJId KOMIIOHEHTIApHUHT WYKOJIUIIUTA OJIMO KeTaau.

18-pacmaa  pgacTiiaOkyM  MIUIOBHMHI 0Oapua ycy/ulapy Ba JAacTiaOKu
UIUIOBCU3 KypUTULIAa cab3uaaru acKOpOMH KHUCIOTACMHUHT KYpYK MOJJajaru
MHUKIOp KYpCATKUYWIAPUHUHT y3rapuil JUHAMHUKACH KYpCATWITaH. Y HIa MaxcyJoT
HamyHanapura MK-BakyyM KypuTHiga AacTia0Kku HIUIOB OepuiraHaa Xamja
JacTiadK¥  WIUIOBCU3 KYpUTHIN jaaBpu Oyina6 C BUTaMUH MHUKIOPUHHUHT
Yy3rapuIly KypCaTUJIraH.

I'padurnap C BUTaMMHHUHI MUKIOPMHU SHT Kam Hykommmm WK wmaiinonna
nacTiabku  WIUIoB  Oepu0 KypuTwiraH ca03d HamyHajdapuaa —Ky3aTHIUIIAHU

(V)

KypcaTMOK/Ia.
Kentupunran rpaduknapaa HamyHanapaaru C BUTAMUHHHHT MUKIOPUHHU

y3rapuill  KeTMa-KeTJIUTU Oy ¥Y3rapuill MabiyM KOHYHHUSAT acoCHJa KEUMIIUHU
KypcaTMOK/a.

C ButamuHHUHT 3HT Makcuman mukiaopu UK nactinabku unuios 6epud UK-
BaKyyMJla KYpUTHWITaH Nué€3aa aHukiaanau Ba 46,8 me% ra 2,5 coarna ernu. by
kypcatkud ['OCT Ttamabuma 12 me% HM TalIKWI STaju. Viou MaWlgoHIa
nacTiiadbku  MIUIOB  Oepuiranja aCKOpOMH KHCIIOTACMHUHI KYypPHUTHJITaH
MaxCyJOTAaru MakcuMan Mukgopura 2,5 coataa spumiminu Ba 40,1 me% Hu
TAIKWI 3TAW, OUPJIAMITHPUITAH I/IK-VIOII nactinabku MIUIOB OepuiraHjga —
38,4%, nacTinabku MIUIOBCU3 KypUTUI-TaHAa 3ca — 42,3 me%. I1ué3nu nactnadku
UIUIOBCU3 3 coarraya KypUTWITaHJla acKOpOMH KUCIOTAaCMHUHT Mukaopu 37,8
me% rava kamaiinu. MK nactmaOku unuioB 6epud, MK-Bakyymaa KypUTHITHUHT
ad3ITUTMHYA pakamiiap KypcaTMOKIa.

Kyputui xapaéuuga KypuTwiran nué3 HamyHanapuaa C BUTaMUHUHUHT
MUKJIOpUIA KYpcaTKUWIapy Y3rapuIIMHUHT TUHAMUKACH 111y WY OUiiaH OJIMHTaH Ba
19-pacmua kypcatuiiras.

Onunran rpaduxiap acocujga NUE3HUHT KypuTWIraH HamyHanapuna C
BUTAaMUHUHUHT 3HT KaM Hykotumuimu UK nactinabku unuioB 6epud, MK-Bakyymiaa
KypUTHILA KYJITa KUPUTUIIH.

UK nactnabku umos 6epud, MK-Bakyymaa KypuTwiran kaproiika, cab3u
Ba Oour nué€3 HamyHanapuaaru C BUTAMUHUHUHT MUKJIOPH FOKOPH.

HucceprauusHuHr OemHuYd 600M «QJMHraH HaTHKAJAPHU KOpHU
KiiuHumM. HMoutad  4Yukmiaral  KypUTHIO  YCYJMHMHI  MKTHCOXMIA
camMapaJopJuruHu 0axojamn KypUTHII >KapaHUHM amnmapatiap Owuiad
TabMUHIA0, WINUIA0 YMKApUINTa >KOPUHA OTUII Ba HWKTHUCOAUN CaMapaHUHT
Tax IMJIMIaH uoopar.

XoM amEéHUHT Xap Oup Typu: KapTomika, cab3u Ba MHE3HU KypUTHUIITa
Taiépiall cTpaTeruscu EpUTUITaH; onepalusIapHUHT aMaira OlMKUpUII yCyJUIapH,
peXHM Ba KypuiMmajapu, aMaira OHIMpUIga CU(GATHUHT HA30paT KWJIMHUIIN
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kentupwirad. (Ca63aBoTHu To3anmam, gactnabku  MK-unuoioB  OGepumn  Ba
cyJb(uTalUsIIAITa aJoXu1a YbTHO0p OepuiraH.

Cab3aBotHu MK-Bakyymaa KypUTHIIHUHT peal TEXHOJOTHUSCH Oepuiras.
VYHra xoM améHu Tai€piamgaH Tamwkapu yHH Bakyymaa, UK nuanazonnmarm
ANEKTPOMArHUT MaWaoHAaH ubOopar »dHeprusigaH (QoHgananu® KypUTHII
KHUPUTHUIITAH. SApumcanoar HK-Bakyym KYPWIMACUHUHT  TY3WIHILH,
KMCMJIApUHUHT Ba3zudacu Ba UIUIATUII TAPTUOM Oepuira.

20-pacmza cab3aBOT KypuUTHIIHUHT sipuMmcanoar MK-BakyyM KypHJIMacHHHUHT
npuHIUnMan cxemacu kentupwirad. MK-Bakyym Kyputuin Kypuiamacu angoiib
Oounan m3omstiusianrad (11), wmran xamepa (13), amoMunuit donpragaH Tamku
KoOuK (14) nman ubopar. Kamepana Kyputuiaauran Matepuai (3) HA KOWIa yuyH
MeTaul MOJAOH (2) jap YpHartwiraH. Xap OWp NOAJOHHUHT YCTHIIA HCCHUKIUK
OKHMUHUHT 30wiird 1,5 kBm/m* OVIMIIIMHUHT TabMHUHJIAHUIIN xucoOmanub, VK-
namna (6) map Yypuatwiran. Kamepa Bakyym-Hacoc (4), maHomeTp (5) Ba WHII
TyraraHja KaMmepara XaBo KUpUTHII kjamanu (7) Ownan Tabmunianrad. Kopmyc
Ownan Oupra Kypwiran Taposu (1) Ba yHUHT 3JIeKTpOH Bazuda rokiaoBuucu (12)
MaXCYJIOTHUHT KOJAMK HAMJIUTH (KYPYKJUK Japa’kacH)HU aHUKJIALl Y4YyH XHU3MaT
kunaau, natduk (10) Ba Temnepatypa Oyitnda 3ekTpoH Ba3uda rokimoBuHn (8) Oyica,
KomrbioTep (9) opkaiu KypUTHIN Kapa€HUHU aBTOMATHK OOILIKapHIl Ba3u(acuHU
Oaxxapau.
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l-tapo3u; 2—noanoH; 3—KypuTuiIagural Marepuai; 4—BaKyyM-HacoC; S—MaHOMETD;
6—uH(ppaku3uI Jamia; 7— KaMmepara XaBo O4MIll BEHTUJIN; 8—KaMepaaa TeMiiepaTypa
Oyinya 37eKTpoH Bazuda Kyium Kypuimacu; 9—kommnsiorep; 10-remnepaTypa JaTuuKy;
1 1-u3onsauus; 12—KypuTriaéTrad MaTepuaIHUHT HAMJIUTY OYiinya 3J1eKTpoH Ba3uda
IOKJIall KypuiaMacu, 13—wumrau kamepa; 14—ramku KoOuK.
20-pacm. UK-Bakyym ca03aBOT KypUTHII KyPHJIMACH CXeMaCH

00°0:0.%%% 09,94

10

Kypunmanu unmmatuin Kyiugarn Taptu0aa amanra omupuiaau. (8) aJeKTpoH
Basn(a IKIOBYKCH EpaaMua uirau kamepa (13) m1a uiram temmeparypa YpHaTHIIa I,
Tait€pnanran Kyputwiaauran Marepuan (3) momamnonnap (2) ra >KOWIAIITHPUITIAIN,
noonap kamepa (13) ra ypuarunanu. Bakyym-nacoc (4) €kunanu, manoMetp (5)
Oyiinya BakyyMHUHT pgapaxacu 60 xlla ra (xonmuk Oocum 40 xlla) erryHda
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yiuutanagu. Cyarpa kommbtotep (9) OVitmua Tai€p MaxcysaoT TapKuOHIa KOJIUK
HAMJIMKHUHT MHUKAOpU Bazuda Kumud Oepwinaau. ByHUMHr ydyH KOMIbIOTEpra
nuccepTaiys WIMMHUAHT (3) 6oOuaa ONMHTaH KypUTHIN >KapaéHUHUHT MaTeMaTHK
Mojenu YpHatuiaraH. JKapa€HHU KOMITbIOTEp/a OOIIKAPUIIIHUHT MabHOCH IIYKH, Y
’apa€H KUpHII MapaMeTpiaapy (MaxcynoT TypH, MaTepUaTHUHT OOLUIaHFUY HAMIIUTH,
UIIYM Kamepajard KOJAUK OocCuM, XapaCHHUHI MIINYM TEMIIepaTypacu) acocuia
MaTepuail HaMJIMTHHUHT OXUpru Kuiimatunu Oepamu. UK mamma (6) nap Exuiaau
kommbloTep (9) €épaamuaa TemrepaTypa Ba OOCUMHUHT OpTHILIM Ky3aTuiaau. Kepak
Oyiran xoyaTaa KypUTUIN S>KapaHUHHMHT KETHIIWTa (aon apajamuil MyMKHH,
Macajiad Kamepaaa 6ocuM €Ky TemrepaTypaHu y3rapTupuil Ba X.k. Marepuania tanabd
srwirad Hamiuk Konranga WK ucutkuunap yuwpwnaau. [logmonnap omaunra
TOPTUJIAJIM, MAaXCYJOTHUHI cu(daT KYpcaTKu4wiapu BU3yall yCyJa TEKIIUPHUIAId Ba
MOJIOHIAp KypWJIMaJaH COBYTHIN y4yyH oiuHaiu. Llukn Takpopnananu. Wmnuiad
yukuwirad MK-BakyyMaa KypUTHII >KapaéHUHUHT UKTUCOIUN camapaopiuruHU
Oaxonam ycynu amanra ommpwirad. Jlactinabku unuiocu3 Ba UK, VIOUY Ba UK-
VIOU nactnabku nmuios 6epud, cyurpa MK-Bakyymaa KypUTHIIHHHT TAKKOCIALLI
TaxJ WM HaTHXKajdapuaaH ¢oiganannb, OMUUTAPHUHT CAJIMOFMHM aHUKJIAI YIYH
Kepakiii OyJraH Me30HJIapHU OaxoJialll IIKaaacu TOTMUITaH.

Ymly me3onnap €paamua KypUTWITaH MaxCyJOTHUHI OJIMHTaH cudar
KYpcaTKuWwiapyu MUKAOP KypcaTKUWiapura aiantupwirad. by xonaTt mactinabku
UIUIOB OEpHUIl TypJapuHU ¥Y3apo COJMINTHPHIN UMKOHWUHU Oepau. bakapunrax
apajam xucoOusam HaTwkanapu ¢oinananunaértrad KypUTUII yCYJUTAPUHUHT
camapaJIopJIMK J1apa)kacura Moc KeJlyBUM yMyMui Oay 0yiau.

Ky me3onnm skcrepT Oaxojaml acocuaa AacTIadKu HIUIOB OEPUITHUHT
MakOyJ1 BapUaHTHU TOMUIIJIH.

By TexHonorusHM KoHcepBa Ba ca03aBOT KypUTHII CaHOATHAA KyJulall
Oyiinya amanuil TaBcusUIap MaKUIAHTUPUIITaH.

XyJaoca

1. Kyputum >xapaéHujga WIOKHM Oopuya TacT TeMmIepaTrypaja, KHcKa
dypcarna, SHEPrUSIHUHT MUHUMaN capdu OunaH OyFjaTWIMIIKM Kepak Oynran
HaAMJIMKKa TabCHUP JTHUIIHUHT TYPJIH YCYJUIapH TaaKUK ATwiau. Xom améra UK,
VIOU Ba WK-VIOU Hypnap GunaH KHCKA MYJIATIM JAacTIa0KH TabCHp
KYPCATUIIHUHT Kyl KYJUIAaHWIAAUIaH YCYyJUIapy, YJIApHUHI MaxCyJIOTIaru
HaAMJIMKHUHT XOJaTura Tabcupu, atMocdepa Oocumu Ba Bakyymaa MK Hypiap
TabcUpHaa OYFIATUIMIIM KYPWIAM Ba Kaprollika, cab3u Ba Ooml nOHE3HU
KYPUTHIIHUHT MakOyd yCyiau TONMMIAM XamJa YHU TeXaMJd amaira OIIMPHUII
Oyiinya KOHCTPYKTHUB TaBCUsIAP UILIA0 YHKHUIIIH.

2. Vrym opraHHUHT HYPJIATHII Japakacu Ba KM3UII TEMIEPAaTypacH TaIKUK
ATWIIUO, KYPUTHII YYYH HCUTKUWIAP — HYPJATKUYHUHT UMIYJIbCIN KEepaMHK
y3raprupruunapu Ttannanrad. Hypnatunaérran WK cnektpnu  sHeprusiHu
¢doxycnail, HypJIaTUIIHUHT UMIYJIbCIWINTH, YHUHT KaTTaJuTd Ba JTaBOMUUIIUTHU
Mexanuzmuapu 0OaéH Htwiaud. Ca03aBOTHM KypuTuIAa YOy MEXaHU3MHUHT
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JaBPUILIUTH, SHEPrusl MUMIYJIbCUHM MypKaml Ba jkapaéHHUHT Makcuman OUK
TabMUHJIAII MEXAHU3MHU, HYPJATWIUII TYJKUHJIAPU JUANa30HU, >KyMIIaJlaH
CTepUIU3alMsIIall KOOWIUATH YPraHuiau.

3. HamiukHu OYfIaHUIIMHUHT HMITYJIBCIAM HWCUTHILN, MaTepuaIHu alHuU
BaKT/la COBYTHUIJIard aKKyMYJSLMSUIAaHTaH HWCCUKJIMKHUHT TemIeparypa Ba
HAMJIMK TPaJUCHTUHU KaWTa WYHAITUPHUIN CcamMapacu YpraHWiad Ba UK
JABOMUIIMTMHUHT MaTeMaTuK udoaacu makiuiantupuinaun. Hyprnatum naBpu Ba
rnaysa opacujard MaTeMaTUK OOFIUMKJIMKHUHT 1uddy3us kodpdunuentu
aHUKJIAHIH.

4. UK nuana3oHnd 3JIEKTPOMAarHUT MalJIOHHM HaMJIMKHUHT OYFJIaHUII
temmeparypacuun 50°C raua TymrypyBuM KypUTHIASTraH MaxCyloT HaMyHACHIa
TabCUPHU MEXAHU3MU aHUKJIAHIU.

5. KypuTHUIIHUHT UMIYJIbC-IaBPUN PEKUMHUHHM TAJIKUK OSTUIIAA IHEPTHUS
Oepuin napaxacu KamaWTupwirasga HaBOatmarm xap Oup mukiaga C
BUTAMUHMHMHI MHKIOpPU KapTolika, cad3u Ba Ooml mué3ga MyBOPHUK paBHILIA,
KOJITUK HAaMJIMKHUHT Mukaopu 9,88; 13,86 Ba 13,51% raua tymupunrasaa, 63,35;
30,26 Ba 49,74 me%, KaHIIApHUHT MHUKIOpH 3ca 52.5; 52,5 Ba 72,5 % Oynumm
anuknanan. UK sHeprus OepUIIHUHT KOJTraH WKKU PEXUMHU YUYH KapToOIlKa,
ca63u Ba 0o ué3nu 10-14% KonauK HaMJIMKraya KypuTHinaa BakT capdu 7% ra
OpPTUIIH aHUKIaHIH.

6. Hamynara pacrtiabku snexrtpodmsuk yeynma (MK, YIOY) wummios
Oepuiga xapa€H >kaajUTalllvIIg TacAUKIAHIU, alHaH Kucka myaaatiu MK Hyp
OwiaH UIIOB OepuII Ba May3ajia yUuIall HaTHXKACKa KaTOIIKa1a KOJIUK HAMIIUK
mukaopu 9,88% uu, cadzuma — 8,83% Hu, mué3ga — 12,4% HU TaIIKWI STHUIIIH,
VIOU juana3oHarn 3NEKTPOMATHHT MAHJOHMHM KyJUIaraHga KapTOIIKAHUHT
Hamuru 13,9% nu, cad3uga — 9,2% nuu, mésna - 11,4% um tamkwn >tumu, UK-
Viou apajail  JMana3oHJard  JJEKTPOMAarHUT  MaWJOHMHU  KyJUlarasjaa
KapTomkaHuHr Hamiaura 12,9% Hu, cad3uga — 9,8% Hu, muézna — 14,08% Hu
TAIIKWJ STUIIN aHUKJIAH]H.

7. Cab63aBotra gactinad UK unuioB Oepunu6d, cynrpa MK-Bakyym ycynna
KypUTHII HaTwkacuga xkapaéH paBomuinuru 30 mumymra KUCKApUIIH,
Temmeparypacu ca 65°C gan 50°C raua kamaiinmg aHUKIAH/H.

8. JlaGoparopus Taxxpuodanapu, Taxpuba-caHoaT CHUHOBJIApHU
mapouTIapuiard HaTiKajlap acocuaa OupiamMud KypuTWIraH cab3aBoT
MHTPEIMEHTIapU MIUIa0 YMKAPUIIHUHT TEXHOJOTMK TH3UMU HUUIA0 YUKWIIU
Xamaa Mojaaui OamaHcu Ty3wiau. Taxpuba YTKazuiaraHn KapTollKa («CaHTa
HaBM), cab3u («IlIaHTaH?» HABMW) Xamja MHUE3 («KOpaTOd» HaBH) HaMyHaJlapuja
Kanu1apHuHr 20% ra, C BUTAMUHUHMHT 3ca 13 me% ra KyNnpoK CakJIaHWILIH, SbHU
MaxCyJOTHHUHI |-HaBlaH oJui HaBra ytuiu xucooura wunura 1000 m kaproika
xamaa 1500 m cab3u Ba nmué3 kaira unmaiiauran «GOLD DRIED FRUITS» Ba
«TOOL PAPER» kxopxoHanapuja WMk uktucoauit camapa 305,2 man cymHuU
tamkwi dtanu, 200 m KypuTwiran ca03aBoT oymil KyBBaTura sra MUK
«Typakypran Ilupunnuk Arpo» kopxoHacupa sca 101,5 man cym muknopna
doiina omuHIN.

26



HAYYHBIN COBET IO MPUCYKAEHUIO YYEHOHW CTEIIEHA
JTOKTOPA HAYK 16.07.2013.T.08.01 ITPU TAHIKEHTCKOM
XUMHUKO-TEXHOJIOI'MYECKOM UHCTUTYTE

TAIIKEHTCKUI XUMHUKO-TEXHOJIOT MYECKAN UHCTUTYT

MAMATOB HIEP30/1 MAIIPAB)KAHOBHUY

COBEPHIEHCTBOBAHUME TEXHOJIOI'MX CYHIKH
OBOIIIHBIX UHI'PEAUEHTOB

02.00.17 — TexHos10rus ¥ OMOTEXHOJIOTHSA 00PA0OTKH, XPAHEHUS
U nepepadoTKM CeJIbCKOX03HCTBEHHBIX M NMHUIIEBBIX IPOIYKTOB
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIUA

Tamkent — 2015



Tema TOKTOPCKOI AuccepTanuu 3aperucTpuponana 3a 12.05.2015/B2015.2.T472 B Boicueii
arrectanuoHHoi komuccuu npu Kabunere MunuctpoB Pecny0inku Y30eKucraH.

JIoKTOpCKast qrccepTanus BhITOTHEHa B TalIKEHTCKOM XUMHKO-TEXHOJIOIMYECKOM HHCTHTYTE.

ABTOpedepaT auccepTalliK Ha TpeX si3bikax (y30eKCKui, pycckui, aHTIMHCKWN) pa3MelleH Ha
BeO-cTpanmile o azapecy www.tkti.uz u mHpopmalmonHo-oopasoBareiabHoM noptane ZIYONET mo
azpecy www.ziyonet.uz

Hayunblii HonaeB Kyukop OnusoBny

KOHCYJIbTAHT: JOKTOp TEXHHUECKUX HaYyK

OdunuanbHble CanumoBs 3okup:xon CaaumoBuy,
ONIOHEHTHI: JIOKTOp TEXHUYECKUX Hayk, akazeMuk AH PVY3

MannanoB Yiyroek BacukoBu4
JIOKTOP TEXHUYECKUX HayK, mpodeccop

Kypo6anos Kammen MaxkuaoBud
JIOKTOP TEXHUYECKHX HayK, mpodeccop
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BBenenue (aHHOTAIUS JOKTOPCKOM THCCEPTALIAN)

AKTYaJIbHOCTh U BOCTPe0OBAHHOCTH TeMbl AUCCepTanMU. B HacTosmee
BpEMS CEJIbCKOE XO034MCTBO, MPOU3BOJCTBO MUIIEBON MPOAYKIUUA U OoOecreyeHue
e 0e30MacTHOCTU KaK HUKOT/Ia aKTyaJlbHbl B MUPOBOM MacuiTaoe.

B nocnennue roabl OCYHIECTBISETCS Psii MEPONPUATHNH 1O CO3JAHUIO
100aBOYHONW CTOMMOCTHU IYTEM OpraHu3aluu nepepaboTKHU CENbXO3MPOAYKIIHMH U
JOCTUTAETCSl BBICOKAash HKOHOMHYEcKass 3()(PEKTUBHOCTh 3a CUYET NPUMEHEHUS
HOBBIX T€XHOJIOTUH.

Cymka sBigeTcss OJHMM U3 Hauboiee pachHpoCTPaHEHHBIX CHOCOOOB
nepepadOTKU BbIPAIIEHHON cenbXo3nmpoaykuuu. Habmionaercs mocTOsHHBIA pOCT
CIpoca Ha BBICYIICHHbIE OBOIIHBIE HHITPEJUEHTHI, MPUMEHSEMbIE MIUPOKO B
KyiauHapuu. [Ipou3BOACTBO BBICYHIEHHBIX NPOAYKTOB, 00JIaJalONIUX BBICOKOMN
MUIIEBON EHHOCTHIO, COAEPKAIUX OOJbIIOE KOJTMUYECTBO BUTAMUHOB, YIJIEBOJOB
u  OoraTtelX MHHEpPAJbHBIMM  BEIIECTBAMU C  MUHUMYMHU3UPOBAHHBIMU
JIECTPYKTYPU30BaHHBIMU OHOJIOTMYECKUMU KOMIIOHEHTAMH CTaJl0 aKTyaJlbHOU
3aJaueil CerOHSIIIHETO JTHS.

B xone pemienust TaHHOM 3ajaudl BO3HHUKJIA HEOOXOJUMOCThH pa3pabOTKU
pecypcocOeperatonieii  TEXHOJOTMM  CYHIKHM,  OOecnedyuBarolmeid  BBITYCK
BBICOKOKAQYECTBEHHON MpOAYKIHUH. Pa3BUTHE TEXHOJIOTHM CyXHX HPOIYKTOB
CBSI3BIBAIOT C OCYUIECTBJICHUEM CIIOCOOOB CYIIKHU B ABYX KackaaaX, IPUMEHEHHEM
ANEKTPOMArHUTHBIX  MMOJedl  WMHEQPAKpaCHOITO U  CBEPXBBHICOKOYACTOTHOTO
JMana3oHOB YHEPronoBOAA.

JlanHasi wuccrnenoBarenabckas padoTa BBIIIOJIHEHa B COOTBETCTBUU C
nocranoBineHusasmMu [Ipesunenta PecnyOnuku VY36ekucran Ne [III-1072 «O
IporpaMme Mep M0 pealu3aluy BaKHEHIIMX MPOEKTOB IO MOJIEPHHU3ALIUH,
TEXHUYECKOMY M TEXHOJOTMYECKOMY IEPEBOOPYKEHUIO Mpoun3BoacTBa Ha 2009-
2015 rome», mpunaroM 12 mapra 2009 roma m Ne IIII-1633 «O wmepax mno
JanbHEHIlIeMy COBEPILICHCTBOBAHUIO OPraHM3alldy VYIOPABICHUS U PA3BUTHIO
nuieBor mpombinieHHocTn Pecnyonuku B 2012-2015 romax», mpunsitom 31
okTs10pst 2011 rona.

CooTrBeTcTBHE uccJie10BaHusA OCHOBHBIM NPHOPHUTETHBIM
HANpaBJIEeHUAM Pa3BUTHS HAYKH M TexXHoJorui pecmyOamku. Hacrosimas
paboTa BBIMOJHEHA B COOTBETCTBUU C MPUOPUTETHHIMU HANIPABJICHUSIMU Pa3BUTHUSA
Hayku u TtexHosoruil PecnyOnuku VY30ekuctan I['HTII-6 — «Pa3pabortka
pecypcocOeperaronmx 3KOJIOTHYeCKH Oe30MacHbIX TEXHOJIOTMM MPOU3BOACTBA,
nepepabOTKH, XpaHEHHUsS MCIOJb30BAHUS MHMHEPAJIbHO-CHIPEBBIX  PECYpPCOB
pecnyOiaMKHd, TPOAYKIMM U  OTXOJOB XMMHYECKOHW, MHUIIEBOM, JIETKOU
MIPOMBIIIJIEHHOCTH U CEJIbCKOTo Xo3siicTBa» Ha 2009-2011 rr.

O030p MeXAYHAPOAHBIX  HAYYHBIX HCCJIEJIOBAHMHA 1O  TeMme
auccepraumu. HayuyHble wuccienoBaHus, NOCBSIICHHbIE TEXHOJIOTUU CYIIKU
MHTPEIMEHTOB, NMPUMEHSIEMbIX B KYJIWHAPUH, BBINOJIHEHbl BO MHOTHMX HAay4YHBIX
LEHTpaX W y4eOHbIX 3aBelleHHAX Mupa, B Tom uuciie B University of Illinois
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(CIA), University of Greenwich (Benuko6puranus), Italian Culinary Institute
(Uranus), Institute of Agricultural engineering (I'epmanus), Institute of Chemical
technology (®pannus), KeMepoBCckuil HWHCTHTYT TEXHOJIOTHH  MHIIEBBIX
npoayktoB (Poccust), Canadian Institute of food science and technology (Kanana),
Swedish Institute of Food and biotechnology (IlIBemms).

B HampaBieHn# uccieqoBaHU MUPOBOTO MaciTaba MOCIeIHUX JIET, B TOM
gucie B Wageningy University (I"osutanausi) Ha mepBOM JTare CYIIKH OBOIIEH
npUMeHeHa o00paboTka paguoiydaMd, a OCHOBHAs CYIIKa OCYIIECTBICHA B
anekrpomarHuTHOM mosnie CBY nuamazoHa; mo MHEHHIO mccnenoBateneit Graz
University of Technology (ABcTpusi) 1eiaecooOpa3HO MNPOBOJAUTH CYIIKY B
JMama3oHax ¢ HU3KMMH YacTOTaMH M OONBIIMMH JJIWHAMH BOJH KOJIeOaHWH;
corpyauuku National University of Food Technologies (Ykpauna) u Panjab
University (ITakucToH) SBISIOTCS CTOPOHHHKAMH IMPOBEICHUS MPEABAPHUTEIHHON
00pabOTKHU CBHIPBSI B AJNEKTPOMATHUTHBIX TOJSAX PA3IUYHOTO JMara3oHa 4acToT, a
OKOHYATENbHYIO CYIIIKA KOHBEKTUBHBIM CIICOOOM.

Cerogusi mTpu CYIIKE CETbCKOXO3SAWCTBEHHON TMPOIYKIUH  BEIYTCS
WHTCHCHUBHBIC WCCIEAOBAaHUS TIO0 CO3/JaHHUI0O TEXHOJOTHH, 00eCreYnBarOIINX
COXpaHEHHUE eT0 Ba)KHBIX KOMIIOHEHTOB B HATUBHOM BHJIE M COEpPEKEHNE YHEPTHH.

CreneHb M3Y4e€HHOCTH MPO0GJeMbl. B HaydHO-TEXHHYECKOW JHTEpaType
UMEIOTCSl Hay4Hble cBeneHusi, nmomydeHnpie 3.C. CanumoBbiM, P.X. PaxumoBbIM,
A.®. CadapoBbiM, X.D. JIxypaeBbIM U Jp. MPU HNOMOUIM TEPMOPATUALUOHHOTO
cnocoba cymku. OHH CBOMX  HCCJICNOBAaHUSAX CYymIKA  (QpPYKTOB B
TEPMOpPAIUAIMOHHOM crocobe u3ydas BiumsiHue MK mydeit Ha OOBEKT CyIIKH
BBSIBIUIM  ONTHMAajbHOE pACCTOSIHME W JUIMHA BOJH MEXAY JIaMIbl |
BBICYIIIMBAEMOTO CHIpbsi. KpoMe 3TOro B Tpyaax YYEHBIX IOKa3aHO BIHUSHHE
NpeIBapUTEeNbHON  O00pabOTKM  CHIPhS  CaxapHOM CHpPONE C  Pa3IuYHON
KOHIICHTpAIlMM  Ha KauyecTBO, IMEpPHOJ CYIIKM Tpoaykra. B murepatype
NPUBOASATCS MHEHHS O TOM, 4YTO 3(P(PEKTHBEH CHOoco0 TepMopaaualiOHHBIN
CYIIKH, a B TPOM3BOJCTBE NpeodiagaeT KOHBEKTHBHBIH, T.K. CUUTAETCS, HYTO
TEPMOPAIUAIIMOHHBIN CIOCOO CYIIKM HM3y4YeH HEAOCTATOYHO M TPHUMEHSETCS Ha
MIPOU3BOJICTBE PEAKO.

B uccnenoanusix yuéneix CLIA u Epomnbr (Lenart A., Cerkowniak M.,
Lazarides H., Katsanides E., Nicolaides A., Peter J) aBTomMaTH3mpoOBaHHOTO
TEPMOPATUAIMOHHOTO Croco0a CYIIKKM OBOIICH JUIsi KOHCEPBOB-HAIMOIHUTENCH
PaccMOTPEHBI BOMPOCHl KOMITBIOTEPHOTO YIIPaBJICHUs CyIIKoi. Ha mepBom artare
JABYXATAIHOTO TIpollecca CYIIKA HCIMOJIb30BaHbl YIbTPa3BYKOBBIE KoJeOaHus,
TOCTUTHYTHI 2P (EKTUBHBIC PE3YTbTATHI.

Poccuiickumu yuénbimu (A.C. ['mnzOypr, A.B. Jlbiko, B.B. Kpachukos,
C.I'. Unbsacos, B.H. Kapnos, C.II. JlebeneB) nokazano, uro npu cymke ¢ UK-
DHEProIMOABOJAOM YJIydlIaeTCs KadecTBO TOTOBOM mpoaykiuuu. OJHaKo WMH
WCCIICIOBAH OJTHOCTYICHYATHIN CIOCOO CYIIKH, KOTOPBIN SBISETCS IHTEIHHBIM,
OTPaHUYMBAET COKPAIICHNE PACX0/a YHEPTHH.

Db dexTuBHOCTH MOBOJA YHEPTHH B BUAC dIEKTpOMarHuTHbhIX moseid MK-
AWama3oHa s TMpEABApUTENBHONW 00pabOTKM MaTepwala 3aKiIiovaeTcs B
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MOJIYYEHUH TMPOAYKTA C ONTHUMAJIbHBIM COCTAaBOM aKTUBHO JEHCTBYIOUIUMX B HEM
BEILIECTB NPH MHUHUMAIBHOM pAacXOJ€ JHEPIrUU U SABISIETCS BAXKHOW HAYYHOU
npo0JeMOil CYIIKH CENbCKOXO3UCTBEHHOW MPOAYKIMH, PEIIEHWE KOTOpOn
JOJKHO BKJIIOUATh B ce0sl KOHIIETIMIO BHIOOpa M OOOCHOBAHUS palMOHAIbHBIX
pexumoB MK-3Hepronoasoza.

[IpenBapurenbHas 06paboTka 00BEKTa CyUIKH 00eCleuynBaeT HOBbIe, Ooliee
MHTECHCHUBHBIE PEXHMBbI TMpoLecca CYIIKH MW YJIYyYIIEHHbIE CBONCTB TOTOBOTO
MPOAYKTA, T.K. OHA MOXET YJIYYLIUTh CKOPOCTh CYWIKH, YMEHBIIUTH OCTATOYHOE
KOJIMYECTBO BJIATM, YTO CBSI3aHO C M3MEHEHHEM (U3UKO-XMMHUYECKUX CBOMCTB
BJIard B OBOIIAX, 10 OCHOBHOTO MPOLECCA CYLIKH.

CBsi3b TeMbl JHCCEPTALIMHA € HAYYHO-MCCJIEI0BATEJbCKMMH padoTaMu
BbICHIET0  yY4eOHOI0  Y4Ype:KIeHHMs, T[A€¢  BBbINOJHACTCH  JAUCCEPTALMSA.
HuccepranmonHas pabora BeimosiHeHa B cooTBerctBun ¢ ['HTII 'KHT PVY3 mo
HanpaBieHuto «Pa3paboTka pecypcocOeperarommx, 53KOJIOrH4eckd O0e30MacHbIX
TEXHOJIOTMIA JJI1 TIPOM3BOJCTBA XUMHUYECKUX M MUILEBBIX MPOAYKTOBY, mudpp 19.4,
rocyaapcTtBeHHbI  peructpaumoHHslid  Ne  01.97.0006056. Ona BkiIOYeHa B
KOOPJIMHAIIMOHHBINA TUIaH HAYYHO-UCCIIEOBATENbCKUX paObOT TalllKeHTCKOr0 XMMHKO-
TexHosiornyeckoro uHcturyra 2005-2015 roapr.

Henabo uccaenoBaHus SBISETCS CHUKEHUE DHEPreTUYECKUX 3aTpaTr M
MOBBIIIEHUE KAYECTBA TOTOBOM MPOAYKLIHMH IIPU CYLIKE KOMIIOHEHTOB KYJMHApHON
MIPOYKIIUH.

3agaum uccie 0BaHUA:

HKCIIEPUMEHTATBLHOE M3YyUYEHUE BIHUSHHS BBIOPAHHBIX CIIOCOOOB IMpeaBapH-
tenbHOM 00paborkm — MK, CBY u HMK-CBY na npoapomxutenbHocts NK-
BAKYYMHOM CYIIKH OBOLLEH;

1no100p ONTUMAIBHOTO peXXUMa MpeABapUTEIbHON 00pabOTKH OBOIIEH;

noa0op ontuManbHoro pexuma MK-BakyyMHOHN Cyliku, Mpu BapbUPOBAaHUU
MontHocTH MK-aMn ¥ IIIOTHOCTH TEIIOBOTO MOTOKA;

U3y4YeHHUE BIMAHUS PEXKUMOB TEPMOOOPAOOTKH Ha COCTOSIHUE HEKOTOPBIX
KOMITOHEHTOB CYXUX BEIIECTB U OPTaHOJENTHUECKUE TTOKA3aTe 00BEKTa CYIIKH;

UCCIIEIOBAHUE KUHETUKHU KACKAIHON CYIIKH;

BBIOOpD MPOJOKUTENLHOCTH  TMPEABAPUTENbHON  00pabOTKM  OBOILEH,
oOecreynBarolel MaKCUMalbHYI0 HHTEHCUBHOCTD CYILIKH;

pPacy€T IKOHOMUUYECKUX MOKA3aTeNe Ipolecca KaCKaJHOW CYIIKH;

CO37laHUE TEXHOJIOTMYECKOTr0 000PYA0OBaHUS U HOPMATHUBHBIX JIOKYMEHTOB.

O0bekT wHCCIEeI0BAHMS: KOMIIOHEHTBHl KYJMHAPHBIX MPOAYKTOB —
KapTodenb, MOpPKOBb, JIYK pemyaTblii CcO CBOMCTBEHHBIMH UM (HU3UKO-
MEXaHUYECKUMHU XapaKTEPUCTHUKAMM.

IIpexmer uccaenoBanms: kackaaHas cymka BapuaHToB: WK — MK-Baky-
ymHas, CBY — MK-Bakyymuas u MK-CBY — MK-BakyymHas cynika OBOLIEH.

Metonsbl uccaenoBanuii. Gusuko-xumuueckuii, MK-cnekrpockonuieckui,
MaTeMaTU4eCKOE MOJEIUPOBAHNUE.

HayuyHnast HOBH3HA HCC/IeJOBAHMA:

pa3paboTaHbl  HAy4HbIE OCHOBBI  KPaTKOBPEMEHHOTO  BO3JEHUCTBHS
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xapakTepHbiMu criocobamu npensaputenbHoin MK, CBY u MK-CBY o06paboTku
Ha CTPYKTYpY OOBEKTa CYILKH, COCTOSIHUE BJIAard B MPOJYKTE U €€ yAaJleHue IMpu
BakyymHo#l K-cymike;

OMHMCAaH TEOPETHYECKH OOOCHOBAaHHBIM  MeXaHu3M  (HOKyCHpPOBaHUS
uznydaemort sHeprun UK cnekrpa, UMIyJIbCHOCTU H3JIy4YEHUS, BEITUYUHBI €T0
JUIMTETLHOCTH W TUIOTHOCTH, AHAJIMTUYECKOE MCCIIEJOBAHUE CTENEHU YEePHOTHI
WK-u3nyyaTenss NpUMEHUTENTBHO K CYHIKE OBOUIEH, YCTAaHOBJIEHA LMKIMYHOCTH
HSHEPreTUYECKUX MPEBPAIICHU, PACKPBIT MEXaHU3M BbIOpOCA UMITYJIbCA YHEPTUU
u obecneuenus wmakcumansHoro KIIJI mpormecca, omnpeneneHsl auana3oH
U3JIy4aeMbIX BOJH U Apyrue 3¢p(HeKTsl, B TOM YUCIE, CTEPUIU3YIOMIMMA TPU CYIIIKE
OBOIIICH;

CO37laHbl HAYYHO-METOJUYECKHUE OCHOBBI (popManu3aluu MaTeMaTH4ecKO
CBSI3M MEXAY MepuoaaMu oOJyudeHus W may3bl uepe3 kodpduuueHt nuddysuu B
pesynbrare ucciaenoBanus 3¢dexra nepeHanpapieHus: rpagueHTa TeMIepaTypbl U
BJIar'M B UCIIAPEHUM BJIArd 3a CYET aKKyMYJHUPOBAHHOTO MPU UMITYJIbCHOM HarpeBe
Tema C OAHOBPEMEHHBIM OXJAXJACHUEM MaTepuala, IepepacipesielieHue TeM
caMbIM BJIard, HaXOAsIIeIcs B IEHTpe 00pa3a B nepuQepuio;

pazpaboTaHa METOJOJIOTHSl  ONpEeNeJCHUsT YPOBHS  TeMIlepaTypbl U
MPOJOJDKUTENBHOCTH BaKyyMHOM WH(MPAKpacCHON CYIIKH OBOILEH, MpU 3TOM
aKTUBHOCTb BOIbI MPUHSATA OTPAHUYMBAIOIIUM ITOKA3aTENIEM;

MOKa3aHa Pojb YBEIMYECHUS JOJIU OCMOTHYECKHU CBSI3aHHOM Biaru oOpasia B
YCTAHOBJIEHUUM OrPAHMYEHHUS] HA MPOAODKUTEIBHOCTh IEpUOJa CYIIKH C
MOCTOSIHHOM BBICOKOW CKOPOCTBIO;

YCTAaHOBJIEH MEXaHU3M HWHTEHCU(UKAIMU Mpoliecca CYHIKU MyTEM BBOJA
npeaBapuTeIbHON 00pabOTKH 00BEKTa U OCYIIECTBIICHHUS KaCKaIHON CYIIKH.

IIpakTnyeckue pe3yabTAThl HCCIAETOBAHUS:

000CHOBaHa 11€71€CO00Pa3HOCTh M3bICKAHUS MPUEMIIEMBIX CIIOCOOOB CYIIKH
U BbIPAaOOTKH KOHCTPYKTHBHBIX PEKOMEHJALMU MO palMOHATIbHOM OpraHu3aluu
mpoliecca Cylku KapTodesnsi, MOPKOBH U JIyKa pernyaToro;

MPENJIOKEHbl BHUbI MPEABAPUTEIBHOM O00padOTKM M HUX ONTUMAaJbHbIE
pPEXHUMBI, CO3/laHa YCTAaHOBKA CYIIKA C TpeABApUTENIbHOW O0O0pabOTKOM 00beKTa
CYIIKH;

MOJIY4EHO JKCIEPUMEHTAIbHOE MOATBEPXKIECHUE YCKOPEHHUs Ipoliecca
BaKyyMHOHM MH(paKpacHOU! CYIIKH (COKpallleHHe MPOI0IKUTEILHOCTH Tpoliecca)
IIpY IPUMEHEHUU MPEBAPUTENHHON 00pabOTKH, a UMEHHO KpaTkoBpeMeHHou MK
MpeaBapUTeIbHON 00pabOTKH € BBIIEPIKKOM, 110 CPABHEHUIO C KOHBEKTUBHOI;

(dbopMani30BaHbl ONTUMAJIbHBIE MApPAMETPbl U PEKUMBI IPEIBAPUTEITBHBIX
00pabOTOK BHICYIIMBAEMBIX OOBEKTOB;

HKCIIEPUMEHTATBHO TOATBEPXKICHO COKpAIllEHHE NOTepb BUTAMHHOB U
caxapos;

orpeziesieHbl ONTUMalIbHbIE apamMeTpbl U peskuMbl MK-BakyyMHOM cymiku;

MPEIJIOKEH MPUHLIUIT YCTPOUCTBA MOTYIPOMBIIUIEHHON YCTAHOBKU CYLIKH.

Jl0CTOBEPHOCTDH MOJYYEHHBIX Pe3yJbTATOB 00O0CHOBBIBAETCS TEM, UTO MPHU
MIPOBEJICHUU  HKCIEPUMEHTOB  HCIIOJIb30BAHBI  COBPEMEHHBIE  BBICOKOTOYHBIE
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BJIArOAHAJM3aTOPhl, AHAJIUTUYECKHE BECHI; TIOJYYCHHBIC OSKCIIEPHUMEHTAIbHBIC
pe3yabTaThl 00pabOTaHbl MPH MOMOINKA COBPEMEHHBIX KOMIBIOTEPHBIX MPOrpaMM
MATLAB 6.5, STATISTICA 6.0, onepattmorHoit cpeast Windows XP, Microsoft
Excel m momydeHBl CTaTHCTUYECKHE MATEMAaTUYECKHUE MOJCNH, aJeKBaTHBIC
peanbHOMY IPOILECCY.

Teopernueckass ¥  NpaKTHYecKasi  3HAYMMOCTb  Pe3yJIbTATOB
HCCIIeIOBAHNS 3aKITIOYAeTCs B JATbHEUINEM Pa3BUTUU TEOPHUHM CYIIKHA OBOIICH
Opu  TEPMOPATUAIIMOHHOM CIIOCOOE JSHEPromoBOJa B KACKaJHOM CIIOCO0E
OpraHM3alud CymKd. B paboTe aHaTUTHYECKH WCCIEAOBAaHBI OCHOBHEBIC
napaMeTpbl AJIEKTPOMArHUTHBIX TOJieH WHQPAKpPAaCHOTO AHMana3oHa, CIOCOOBI
yIpaBICHUS UMH HAa CTAJUU CO3JIaHUsI COOTBETCBYIOIIMX YCTPOWCTB MU3IYyUEHUS C
y4ETOM CTENICHH YEPHOTHI U3TyYaTelIs.

[IpakTrdeckass IEHHOCTh padOTHI 3aKIIOYaeTcss B TOM, YTO TMOJydeHa
CTaTUCTUYECKas MaTeMaThyeckas MOJENb Ipolecca CYIIKH OBOIIEH ¢ y4ETOM
UMITYJTECHO-TIPEPHIBICTOTO PEXXUMA MPEABAPUTEIHHON 00pabOTKN 00bEKTa CYIIKH
n MK-BakyymHo#t cymiku. Pa3paboTana mMeToguka, Mo KOTOPOM OCYIIECTBIISIETCS
amnmapaTypHoe OQOpMIICHHE, OIlleHKa W pacyéT HKOHOMHYECKUX IOKaszaTesei
nporecca.

Buenpenne pe3yabTaToB HcciaenoBaHus. Co3aHa TEXHOJIOTUYECKAs CHCTEMA
MO0 KPATKOBPEMEHHOM AJIEKTPOPU3UUECKOM 00paboTKe TMPOAYKTOB (KapToders,
MOpPKOBb, JIyK pemyartblii), Ha KOTOpYylO pa3paboraHa peructpupoBaHa TU: 64-
23425050-03:2014 wu peructpupoBana 3a Ne745/1, 14.11.2014. Pe3ynbTathl 110
UCTIONB30BaHMIO TipeBapuTebHoi MK-00paboTky Cymiki BHEAPEHBI HAa MPOU3BOJCT-
BCHHBIX TPEIIPUATHAX ACCONMANY MPSINPUSITHIA MHIIEBONW MPOMBIIIIEHHOCTH PY3:
UIT OO0 «Typakypran [upuamik Arpo» (akt 3a Homepom 14-22 ot 12 urons 2014
roaa); OO0 «TOOLPAPERy, (akt 3a Homepom 38/1 ot 12 utonst 2014 roma), «GOLD
DRIED FRUITS» (akr 3a HOMepoMm 14 or 20 asrycra 2014 roma) (CrpaBka
Accotmaliiuy npeanpusTyi nuieBoi npombiinuieHHoctd PY3 All/13-1330 ot 16 urons
2015 roaa) v YuCTHIN To10BOM SKOHOMUYeCKUH ekt coctaBui domnee 350 mH cym.

Anpobdanusi pa6oTsl. Pe3ynbraThl riccneaoBanus 00bsBIEeHB Ha Oonee 20
HAYYHO-TEXHUUYECKUX KOH(EpeHIUIX, B TOM UHUCIE, 9 MEKIyHAPOIHBIX:
«CoBpeMeHHBIE MPOOJIEeMBl MaTEeMAaTUYECKOTO MOJICIMPOBAHUS M  BBIUHUC-
JTUTEIbHBIX MeTonoB» (Ykpaumna, Pomuo, 2013); MexayHapoJHOW HAy4YHOU
dopyme: «IlumeBbie nHHOBaMKU U OuoTexHoiorum» (Poccus, Kemepono, 2013);
«European Science and technology» (Germany, Wiesbaden, 2012); «IV of the All-
Russian conference on chemical technology with the international participation»
(Russia, Moscow, 2012); Ill-international research and practice conference
«Science, Technology and Higher Education» (Canada, Westwood, 2013); III
International conference on «Chemistry and chemical technology» (Armenia,
Yerevan, 2013); IV—international research and practice conference «Science and
Education» (Germany, Munich 2013); Dynamical system modeling and stability
investigation(Ukraine, Kiev, 2013) u 11 pecnyonukanckux: Tamkent -2010-2015;
Jhbxuzak -2011; Kapmm -2011; byxapa - 2011; ®deprana - 2011 xoHdepeHuusx,
dbopymax, CUMIIO3HUyMax.
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Ony0JnKoBaHHOCTH pe3yabTaToB. [lo Teme auccepranuu onyoJInKOBaHO
33 HayyHBIX TpyAa, B ToM uucie | moHorpadus u 8 HaAydyHbIX CTaTeil B
MEKTyHapPOIHBIX )KypHaJIax.

Ctpykrypa um o0bem auccepranuu. /{uccepranus COCTOUT W3 BBEICHUS,
IIATH TJIaB, 3aKJIIOUYECHUS, CIIMCKA JIUTEpATyphl, 26 NPWIOKEHUN U coaepkut 198
CTpaHUI] TEKCTa, BKIIIOYAaeT 35 pucyHkoB, 36 Tabiuil.

OcHoBHOE CoACpKaHHuE NUCCEPTALINH

Bo BBegeHMH O00OCHOBBIBAECTCA AKTYaJIbHOCTh U BOCTPEOOBAHHOCTH TEMBbI
auccepranuu, (GOpMyIUPYIOTCS WeNb M 3aJadyd, a TakkKe OOBEeKT M MpeaMeT
HCCIIEIOBAHUS, TPUBOJUTCS COOTBETCTBUE  MCCIEIOBAHUS  MPUOPUTETHHIM
HalpaBJICHUsIM pa3BUTHs Haykd M TexHojorud PecnyOnuku VY30ekucraH,
M3J1araroTCsl HayyHas HOBHU3HA M INPAKTUYECKUE pPE3YyJbTaTbl MCCIEIOBaHUs,
00OCHOBBIBA€TCSI  JIOCTOBEPHOCTh TOJYYEHHBIX PE3YJIbTaTOB, PACKPHIBACTCS
TEOPETUYECKAS U IPAKTUYECKAsl 3HAYMMOCTD IIOJIYYEHHBIX PE3YIbTATOB, IPUBEIACH
CIINCOK BHEAPEHHWM B NPAKTUKY pE3yJbTaTOB HCCIECAOBAaHUA, CBEICHUS IO
OIMyOJIMKOBAaHHBIM pabOTaM U CTPYKTYpE AUCCEPTAIIH.

B nepBoii riaBe «McciieqoBanne BJIUSIHUS NPeABapUTEIbHOI 00padoTKN
00beKTOB Ha mpouecc CymKH. Buabl 00padoTKmM, cpeacTBay» aucCEPTALUU
[IPOAHAIU3UPOBAHBI COCTOSIHUE W TEHACHLMU pPa3BUTHUS TEOPUU U TEXHUKHU
rpolecca CyLIKH, CUCTEMaTU3UPOBAaHbl CBEJACHUS O TEXHOJIOTMYECKUX CBOMCTBAX
OBoOILIEH Kak 00bEeKTOB CyIIKHU. [IpuBeaeHbl pe3yabTaThl UCCIEIOBAaHUN MpoIecca
CYLIKH, CHOCOOOB M YCTPOMCTB ISl CYWIKM IUIOAOBBIX KyiubTyp. Ha ocHoBe
pacueTta yYpOBHsS  ILIEIOCTHOCTM M  CTAaOWJIBHOCTHM  CHUCTEM, OIpEIEiIeHa
HU3KOOpraHU30BaHHAsE 00JIaCTh Ipoliecca MepepadOTKU IIOJOBBIX KYJIBTYP.
JlanHasi r71aBa HOCHUT OO30pPHO-IIOCTAHOBOYHBIM XapakTep U HalpaBjieHa Ha
(dbopMHpoBaHNE OCHOBHOW KOHIICTILIMKM MCCIICIOBAHUSI.

Bo Btopoil riaBe «OO0beKTbI NPOBEACHUS HCCIACAOBAHMIA, YCJIOBHS,
YCTAHOBKM M METOAMKHW»  HAKOIUICHBl CBEJCHHUS O METOJax M CpeiacTBax
IPOBEICHUS  OKCIIEPUMEHTAIBHBIX MCCIEIOBAHUM, IIPUBEIACHBI PE3YJIbTATHI
UCCJIeIOBAaHUI CBOMCTB OBOIIEH Kak oOO0BEKTa CYIIKM M MPeJBAPUTEIbHBIX
00paboTOK, OTpPa)KE€Hbl CHEKTpalbHbIE, TEPMOPAIUALUOHHBIE, ONTUYECKUE W
MacCOOOMEHHbBIE  XapaKTEPUCTHUKUA  TNPOJAYKTa, MPOAHAIM3UPOBAHBI  HOBBIE
CBOWCTBA, JOCTUTraeMble Ojaroaaps npeaBapuTeabHONH 00paboTKe.

O60CHOBaH MPUOPUTET UCCIEAOBAHUS CTENICHU M3JIYyUYEHHUS U TeMIepaTypbl
HarpeBa uznydatensd. Ocobas posib OTBEJEHA AHAIUTUYECKOMY HCCIIEJOBAHUIO
CTEIIEHU YEpPHOTHI, T.€. DSKOHOMHUYHOE HAarpeBaHUE CBA3aHO CO CTEIEHBIO
u3nydenus (yepHothl). CaenaH BBIBOJ, YTO BBHICOKUHU 3 (eKkT OyaeT JOCTUTHYT B
TOM clly4ae, Korga OyAyT YUMTBIBAaTbCS TAaKUE CHEKTpalIbHbIE XapaKTEPUCTHKU
NK-u3nydarens, Kak CTENEHb U3IyYEHHUs U TEMIIEpATypa HArpeBa U3ay4daTelis.

Kiaccuueckast anekTpoMarHuTHas Teopusl JoKasbiBaeT, 4rto naBa HMK-
u3Jlydatessl Mpyu OAMHAKOBOM TeMIiepaType OyAyT IeMcTBOBATH COBEPILEHHO IO-
pasHOMY.
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CornacHo KJ1acCUYECKOM 3IeKTPOMAarHUTHON TeOpUu cTerneHb 4epHoThl K-
u3ydareseil MOKeT ObITh BHIYUCIICHA C TIOMOIIBIO UX AJEKTPUUYECKUX CBOMCTB.
WHuTerpanbHoOil CTENeHH YepHOTHI ONPEENISIOTCA M0 Clenytomeil popmye:

e, (T)=0,0347 - [r, s - T, (1)

T€ 7.p73 — YHeNbHOe compotuBienne npu 273°K (OOC), Om-em; T—
TeMIiepaTypa B rpaaycax KenpBuHa.

Takum 00pa3oM, U CHICKTpalIbHAS, © UHTETPAJIbHAS CTCIICHb YEPHOTHI 3aBH-
CAT OT YJICIBHOTO COTIPOTUBJICHUS MaTepraja uiydareis. Yem OobIne yaeapHoe
CONPOTHBIICHHE MaTepuajga, TeM BBIIIE 3TH MOKa3aTenu. VIHTerpalbHas CTCIICHb
YEPHOTHI 3aBUCHUT €IIIe M OT TEMIIEPAaTyphl HarpeBa MpoayKTa.

[Ipy HMCMOAB30BaHMKM B KAveCTBE TeJ HaKaja IS MCTOYHHMKA W3Ty4CHUS
MaTepuaia ¢ MajbIM YICITbHBIM JJICKTPHUUYECKHUM COTPOTHUBJIICHUEM, T.€. C HH3KOU
CTCTICHBIO YEPHOTHI, B TIpoIlecce TEpMOOOPAOOTKM pPACTCHHUH BO3HUKAIOT
HEeoTpaBIaHHbIe TIoTepu dHepruu. K Tenam Hakaiga, 00SCIEeYMBAIONIUM BBICOKHE
paJMallMOHHBIE CBOWCTBA, OTHOCATCS pa3IMYHbIC KEepaMUYCCKHUE H3ITYJYaTeIIH,
U3JTydaTeu, BBITTOJTHCHHEIC Ha OCHOBE dapdopa, IJICHOYHBIC
MTOJIYIIPOBOTHUKOBBIE U3TydaTeIH | T.1II.

[To pe3ynpraraM 3TUX UCCIACAOBAHHM JJISI OCYIICCTBICHHSI OTICPAIUN CYIITKH
BBIOpAHBI 3JICKTPOHArPEBATEIBHBIC DJIEMEHTHI HOBOTO TOKOJICHUS — WUMITYJIbCHBIC
Kepamuueckue npeodpazosarenu uznyuenus (MKIIN).

PackpbITel Takke MexaHu3M (OKyCHpOBaHUs wu3irydaemoi sHeprum MK
CIIEKTpa, UMITYJIbCHOCTH W3JTYYCHHS, BETUYHHBI €r0 JUTUTSIBHOCTH U INIOTHOCTH, a
TaKKe IUKIWYHOCTh JHEPreTHUECKUX IMPEBPAICHUH, MEXaHU3M BBIOpOCa
UMITYJIbCA SHEPTHH B oOecnieueHus MmakcumanbHoro KITJ[ mpomecca.

BreipaskeHa MaTemMaTHYeCKasi CBSI3b MEXKIy NEpHOAaMU OOJyUYCHHS W Tay3bl
gyepe3 kodpdurment auddysun, chopMyIupPOBaHO MATEMATHICCKOE BBIPAKECHUE
JUTATETLHOCTH IukiIa. OHa cocTtonT W3 d(dekra nepeHanpaBiICHUS TpaJuCHTa
TEMIIepaTypbl M BjJarn B ¢ HCHApeHWH 3a CYET aKKyMYJUPOBAHHOTO TIPH
UMITYJIbCHOM HarpeBe TeIla C OJHOBPEMCHHBIM OXJIaXKJICHHEM MaTepHala,
nepepacipeicicHue TeM CaMbIM BJIard, HaxoJAIICHCS B IIEHTpe oOpasia B
nepudepuro. IlpencraBieHbl 3KCIEPUMEHTAIBHO IMOJIYYCHHBIC —IapaMeTphl
MIPOIIECCOB TePMOOOPadOTKH KapTodess, MOPKOBH M JIyKa permdaroro. KMcmonb3ys
U3YYCHHBIC TEOPETHUYECKHUE MPEATOCHUTKHA MOCTPOSHBI HOMOTPAMMBI, IO KOTOPHIM
onpenenstorcs d3QPeKTuBHBIE PEKUMBI NpepbiBHOrO MK-00mydeHns B mporeccax
TepM00oOpadOTKH oBoIIeH. JlaH CpaBHUTEIIBHBIN aHAJIN3 TIOJYYCHHBIX PE3yJbTaTOB
C TCOPETUYCCKUMU ITOJIOKEHUSIMH KBAaHTOBON MEXaHHUKH, JOKa3aHa aJICKBaTHOCTH
PE3yJIBTATOB.

[IpuBeaeHBI cXeMbl YCTAHOBOK JIJIS MpeaBapUTEIbHON 00pabOoTKH 00pa3IoB
B 3JICKTPOMAarHUTHOM IToJie MH(ppakpacHoro nuamna3ona (puc.l) m MK-BakyymHON

CyHIKH (puc.2).
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Puc.1. JxcnepuMeHTAJIbHASA YCTAHOBKA MAHOMETpPHUECKHIT TEPMOMET]

IJIA TIPeIBApUTEIbHOM 00padoTku

oBOIIIEii Puc.2. Cxema 1a00paTOPHOH YCTAHOBKU

HUK-BakyymMHO#l CyIIKH

Tperbst rnaBa paucceprauun «Teopermyeckoe 00OCHOBaAHHE peRUMA
npouecca MK-BAaKYYMHOH CYIIKH OBOLUEH» TIOCBSLIEHA ONTUMM3ALUU
napameTpoB mnpouecca HMK-BakyyMHOH  CymIkM, TIyTe€M [MOJy4YeHHS €€
CTaTUCTUYECKON MAaTEMaTUYECKOU MOJIEIIN:

y = B0+B1 X1+B2X2+B3X3+B12X1X2+B13X1X3+B23X2X3 +B123X1X2 X3 (2)

Ona BKJIOYaeT oOHUMH BHUJ YpaBHEHHs perpeccur (2) W OTIEIbHBIC
YpaBHEHUs] PErpeccuu MJisi TeKylled BIaKHOCTH KapTodess, MOPKOBU U JyKa
permuatoro (3-5). IlpoBepeHbl NpPaBUIBHOCTH YpPaBHEHUN NYTEM OMNpeleTIeHUs
CPEAHEKBAAPATUYECKOTO OTKIIOHEHHUSI PE3YJIIbTATOB.

Yirapmy =153 —0,408x, +0,57x, -0,47x, — 0,24x,x, — 0,01x,x, — 0,58x,x; + 0,34x,x,x;  (3)
Yinapronn) = 1,93 =0,5x,+0,81x, =0, 71x; —0,3x,x, +0,05x,x; —0,75x,x; +0,3x,x,x, 4)

Yo pen) = 2,99-0,68x, —1,47x, —0,51x, — 0,3 1x,x, — 0,15x,x, + 0,49x,x, — 0,1 5x,x,x, %)

[IpoBeneHHbIE HAMU HCCIIEOBaHUS MMOKa3all, YTO Ha MPOJOJIKUTEIBHOCTD
mpoliecca CyIIKd OBOIIEH U BbIXOJ KaY€CTBEHHOI'O TOTOBOTO MPOIYKTa OKA3bIBAET
BIUSIHUE TIpelBapuTeiIbHas o0paboTKa ChIpbs B AyieKTpoMarHuTHOM mnoine MK
JUana3oHa U INIOTHOCTh TETJIOBOTO TTOTOKA.

VYpaBHenus (6-14) npencraBiaioT co00i CTATUCTUUECKYIO MAaTEMATUYECKYIO
Mozenb poiecca MK-BakyyMHOM CYIIKH € TIpeBapuUTEIbHON 00pabOoTKOM B AJIeK-
TpoMaruuTHoM noje MK nuamazona st kapTodesis, MOPKOBH U JIyKa Peryaroro.
ITo HUM ompeneneHsl KpUTHYECKas BIAXHOCTH oBomied W, K03 UIMEHT
ckopoctu cymkd N 1 ko3@dunuent cymku K:

KapTodes

W.p =55,18-2,81-x,+0,56-x, +1,56- x, —0,94- x,x, +0,00- x,.x, —0,31- x,x; —2,68- x,x,x, (6)

N=0,28-0,035-x,—0,025-x, —0,08-x, +0,025-x,x, +0,017- x,x; +0,17- x,x, — 0,007 - x,x,x; (7
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K =0,127-0,048-x, —0,026- x, —0,028- x, —0,017- x,x, —0,006- x,x, +0,01- x,x, +0,05-x,.,%,.  (8)
MOPKOBU
W, =43,37+0,87-x,+1,87-x,-3,37-x,—0,125-x,.x, + 2,5- x,x, 4,37 - x,x, +0,625- x,x,x,  (9)

N=1,24+0,063-x,—0,01-x, —0,038-x, —0,11- x,x, —0,04- x,x, +0,05- x,x, — 0,008 x,x,x, (10)

K=0,164—0,004- x, —0,036- x, +0,004- x;, +0,015- x,x, +0,028- x.x, —0,1-x,;, +0,02- x,x,.x, (11)
JTyKa pen4aroro
W, =63,13-5,5-x, —4,63-x, +1,76- x, —0,48- x,.x, —0,38- x,x, +1, 74- x,x, —0,39- x,.x,x, (11)

N=0,86+0,18-x,+0,13-x, +0,012-x, +0,1- x,x, —0,02- x,x, —0,01- x,x, — 0,05 x,x,x, (13)
K =0,075+0,007-x,—0,03-x, —0,024- x, — 0,008 x,x, +0,015- x,x, +0,01-x,x, —0,01- x,x,x;, (14)

[Tony4yeHHble 3aBUCUMOCTH aJIeKBaTHO onuchiBatoT npouecc MK-BakyymHoi
CYLIKM OBOIIEH M TO3BOJISIIOT pPACCUMTATh 3HAYEHHS] CKOPOCTU CYIIKH N,
kodppunuenta cymkun K wn  KpuTHdyeckodl BnaxHocTH oOpasuma Wy, C
MOTPENIHOCTBIO 10 5% B mpenenax M3MEHEHHUs MapaMeTpoB Mpollecca, IMpU
KOTOPBIX MPOBOJIUIUCH UCCIIETOBAHMS.

Ha puc.3 n3o0paxxeHbl SKCIIEpUMEHTAIbHbIE KPUBBIE U3MEHEHHS BJIAXKHOCTU
o6pastia kaprodemnst mpu Temmeparypax 50, 60 u 70°C, OCHOBHBIM IOKa3aTeieM,
ONPEENSIONIMM  TPOJOJDKUTENBHOCT M TEMIEpaTypy CYUIKH, SIBISETCS
aKTUBHOCTb BOJIbI, CHI)KEHUE KOTOpO#l 10 3HaueHuid 0,3 1 HUXKe CBUIIETEIBCTBYET
0 MUHUMHU3ALMKM KonuuecTBa Biaru (puc.4). [ns Tex ke ycnoBUM MONTy4YEHBI
KpPUBbIE U3MEHEHHUSI BIAXKHOCTU U aKTUBHOCTHU BOJBI MOPKOBH U JIyKa PEmyaToro.

14
N 5 0,8 7
£ :
=
S 2 0,6
= =
% 2
s =
0 : 0,4 1
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0 T T \ 0.2 ‘ ‘ ‘
0 50 100 150
0 50 100 150 B
Bpems, Mmun PEML, MHH
—— 50 rpayc Llenscus 50 rpanyc Llemcns
—a = 60 rpanyc Llescus —* =60 rpanyc Lenbcns
- -& - 70 rpagyc Llenbcus - -A - 70 rpamgyc Lemscusa
Puc.3. 3aBUCHMOCTD BJIAKHOCTH Puc.4. 3aBUCcHMOCTh AaKTHBHOCTH BOJbI
BBICYLIMBaeMOro odpa3ua kaprogesst T B BbICylIHBaeMoOM o0pa3ue kaprodes
TeMIlepaTyphbl Npouecca oT Temmnepartypsbl npouecca UK-
HUK- BakyyMHOI1 CyIIKH BAKYYMHOIl CyLIKH

YcTaHoBIIEHO TAKXKC, YTO YBCINYCHHUC NOJIU OCMOTHUYCCKHU CBSI3aHHOM BJIaru
B 06pa3ue, OTpaHUYIUBACT MPOAOJIKUTCIBHOCTL IICpUOAa CYHIKH C MOCTOSIHHOM
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BBICOKOH CKOPOCTBIO. Takum 00pa3oM, NCIIOIb30BaHNE BaKYyMHON WH(PPaKpPacHOH
CYIIKH TO3BOJISIET COKPATUTh MPOAOIDKUTENLHOCTE Mporecca. OOpasubl OBOIIEH,
BBICYIIICHHBIX B YCJOBHAX BaKyyMHOH WH(paKpacHOW CYIIKH, MPEBOCXOJIAT IO
Ka4yeCTBY aHAJIOTMYHBIC U3IEJIHsI, TOABEPTHYThIE KOHBEKTHBHOM CYIIIKE.
OKCIIePUMEHTAIBHO TOKa3aHO BIWSHUE TEMIIEpaTypbl BaKyyMHOW HH(pa-
KpacHOM CYIIKH Ha (PM3UKO-XMMHUYECKHE MOKa3aTean KapTodens, MOPKOBU U JTyKa
penvaroro, NpuBeAEHbI aHAM3bl 00Pa31I0B BHICYIIEHHOTO MaTepuaina (puc.5-7).

100 50
80 -

60 -

MaccoBas g0 Butamuuaa C
B CYXOM BewlecTBe, Mr%
MaccoBas 1011 Butamunaa C
B CYXOM BelllecTBe, MI%

40 -
T, MUH A
20 ! ‘ ’ 20 ‘ T, MHH
0 50 100 150 0 100 200
——+— UMITYJIbCHO-IIPEPBIBHBIN PEXXUM C IOCTOSHHBIM ——— IMITYJIbCHO-TIPEPBIBHBIH PEXHUM C ITOCTOSHHBIM
YPOBHEM HEPronoiBoia YPOBHEM SHEPronoBoa
- -m- - PIMl‘IyJIbCHO—l‘IpCprBHbIﬁ PEXKHUM C NOHUKCHUCM - -a- - I/IM]‘IyJ'ILCHO—l'[pepLIBHHﬁ PEXKUM C ITOHUKCHUEM
YPOBHS 3HEPronoaBoja YPOBHsI SHEPrONOABOAR
— &— VMIYJIBCHO-TIPEPHIBHBIN PEXKUM C IIOBBILLIEHU EM — 4— UMIIYJIBCHO-TIPEPBIBHBIN PEKUM C IIOBBIICHICM
YPOBHSI 3HEPronoABo/ia YPOBHS SHCPTOIIOJBOIA
Puc. 5. 3aBHCMMOCTBH 0CTATOYHOI' 0 Puc. 6. 3aBucMMOCTD COEePKAHUA
CoacpKaHud BUTAMHUHA Cs KapTod)e.He puramuHa C B MOPKOBH OT peKUMa
OT peKuMa UMIIYJIBCHO-IIPEPBIBHOI'O HMIIYJBCHO-IIPEPBIBHOI'O HUK-
I/IK-3HepI‘0H0)]B0)]a U BPEMEHU CYIIIKHA JHEPromoaBoaa 1 BPpEMEHHU CYIIKHA

[Ipy UMIYyJIBCHO-IPEPHIBHOM PEXKUME CYIIKH C TOHW)KEHUEM YPOBHS
MOoJa4YM PHEPTUU B KAXKOM TOCJIECAYIOIIEM IUKJIE YCTAaHOBIICHO, YTO COJIEpKAHUE
ButamuHa C y kapTodens, MOPKOBM a TakXe JIyka pem4aToro COCTaBiseT
cooTBeTCTBeHHO 63,5; 30,26 u 49,74 m2%, caxapa 52,5; 52,5 u 72,5% npu HE06X0-
IMMOM ocTaToyHOM BiaxHocTH 9,88; 13,86 u 13,51%. Hpyrue nBa pexuma MK-
HHEProIOBOA MIPHU CYIIKE KapTodessi, MOPKOBU U JIyKa PErmyaToro /10 BIaKHOCTU
10-14% mnotpeOyroT OO0JbIlIE BPEMEHHU: C TTOCTOSIHHBIM YPOBHEM HEPronoaBoa —
185 mun — conepxanne Buramuna C —43,5; 22,8 u 38,1 me%, caxapoB — 45,2; 45,2
n 65,2%; c NmoBBIIEHHEM YPOBHS 3HepromoaBoaa — 185 mun — conepxaHue
Butamuna C — 38,5; 20,8 u 40,3 me%, caxapoB — 46,1; 47,6 u 67,6 %.

AHaJIU3 KPUBBIX CYIIKH OBOIIEH B COMOCTaBUMBIX YCJIOBUSAX MOITBEPXKIACT,
9r0 HauOOJBIIYI0 A(h(GEKTUBHOCTh HUMEET HWMITYJIbCHO-TIPEPHIBHBIA PEXKUM  C
MIOHIDKEHUEM YPOBHS DHEPromnojBojia B KaKIOM Mocieayromiem mukie. [Ipu creme
Biaru kaprodens ¢ Wi-77,3 % no W, -9,88 %, mopkoBu ¢ W;-88,4 % mo W, -13,86
%, a myka penuaroro ¢ Wi-90,3 % no W, -13,51 %, Bpems nporiecca ykiaablBaeTcs B
120-180 mumn.
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MaccoBas no1a Butamuna C
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Puc. 7. 3aBucumocTtsb cojaep:kanus BuTamuia C B JIyKe penm4aToM OT peKuMa

HMIIYJIbCHO-TIPepbIBHOr0 UK-3HepronoaBoaa u BpeMeHH CyLUIKH

[TokazaHo, 4uTo OBICTPOE yAaJCHUE BJIArM MAaKpO- U MHUKPOKAMWUISIPOB U
OoJIpIIICH YacTH aJcOpOLMOHHON BJIAard BIUSET HAa OPraHOJICNTHYSCKHE CBOMCTBA
BBICYIIICHHOTO 00pa3iia. CpaBHEHBI MOJOXKUTEIBHBIE U OTPUILIATEIbHBIE (D (PEKTHI
cymku npu Ttemneparypax 50, 60, 70°C u YCTAHOBJICHO, YTO YXYJIIAIOTCS
MEXaHWYECKHUE CBOMCTBA M OPraHOJENTUYECKHE TIOKa3aTeJM BBICYIICHHOTO
Marepuara.

Pe3ynbpTarhl KCIEpUMEHTAIBLHBIX HCCICAOBAHUN 10 BIUSHUIO MUMITYJIHCHO-
npepsiBHOTO UWK-3HEpromoaBojsa Ha mporecc CYIIKM OBOIIECH NpPHUBEICHBI B

Tabn.l.

HMITYJIbCHO-IIPE

Tabauna 1
Pe3yabTaThl 3KCIIEPUMEHTAIBHBIX HCCIECA0BAHUN 10 CYyLIKe OBOLIEH IPH
biBHOM UK-3Hepronoasojae

Conepxxanmne VY nenbHbIH
Hauanenas| Koneunas
Bun Bun ButamuHa C B | Comepxanue | pacxon
. BJIQYKHOCTB [BJIAYKHOCTh o
OBOIIEH IKCIIEPUMEHTA o o CyXOM BeILIeCTBE, | caxapa, % | SHepruwu,
WHa A) WK’ A) 0
Mr% KBm-u/ke
C TIOCTOSTHHBIM
YPOBHEM DHEP- 77,3 11,8 43,5 45,2 1,3
TOITOIBOJIA
C TIOHWKEHUEM
Kaprodens | ypoBHs 3HED- 77,3 9,88 63,5 52,5 1,2
TOITOBOJIA
C TIOBBIIIICHHEM
YPOBHSI SHEP- 77,3 9.8 38.5 46,1 1,5
TOITOBO 1A
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NPoJoJIKeHue TadJaunbI 1

C TIOCTOSTHHBIM
YPOBHEM JHEP- 88,4 13,4 22,8 45,2 1,3
rOMoJIBOJIA
C TIOHIDKEHUEM
MopKOBb | YpOBHS 3HEp- 88,4 13,86 30,26 52,5 1,2
TOI0JIBOJIA
C TIOBBIIICHHEM
YPOBHSI SHEP- 88,4 12,9 20,8 47,6 1,5

TOI0JIBOJIA

C ITIOCTOSIHHBIM

YPOBHEM SHEPTO- 90,3 14 38,1 65,2 1,3
II0aBO 1A

.H C IIOHMKCHHUECM

peanI;LH‘/'I ypoBH# sHepro- | 90,3 13,51 49,74 72,5 1,2

II0ABO 1A

C MOBBLIIIEHUEM
YPOBHSI SHEPTO- 90,3 12,4 40,3 67,6 1,5
I10/1BO 1A

YerBepras riaBa quccepTalui « IKcnepuMeHTaIbHasA YyacTh. Biausinue UK,
CBY u UK-CBY npeasapurtegbHbIXx 00padoroxk Ha mnpouecc cymku. HUK-
BAKYYMHAsl CYIIKa» [IOCBAIIEHA OCYILIECTBICHUIO Mpolecca CYIIKH OBOIIEH B
YCIOBUSIX, MPUONMKEHHBIX K MPOMBIILICHHBIM. W3roToBieHa sKcHepuMeHTalIbHAs
YCTaHOBKA, TOJYYEHO TOATBEPKACHUE, YTO MpPU MPUMEHEHHH IpeIBapUTeIbHON
00pabOTKH MPOLIECC CYIIKHA YCKOPSIETCS.

Ha puc.8-10 rpaduyecku n3o0pakeHbl 3aBUCUMOCTH M3MEHEHUS BJard Io
BpeMeHU B oOpasuax oBolei. OcTaToyHOe COAepX aHUE BIArd B BBICYIICHHBIX
oOpa3liax oOBOLIEH € TMNPUMEHEHHEM UX MpeaBAPUTENIbHOW 00padOTKU B
anexkrpomarautHoM nosie MK, CBY u UK-CBY nunana3zonos, npu MK-BakyymHOI
CYILIKE B T€UEHUU 2-3 4acOB, MPUBEJICHBI B TA0JI. 2.

Tadamnuna 2
OcraroyHas Bjlara B BRICYIIEHHBIX oOpasiax opoieit npu MK-BakyymHoO# cyiike
Crioco0 Koneunast B1a)KHOCTB IO BUJAM
Meroz CylIKH | mpeaBapuTeIbHON BBICYIINBACMOTI'0 IIDOAYKTA
o0paboTKu Kapromika MopKoBb Jyx
bes
K- MIpEABAPUTEIBHON 14,96 20,51 32,87
00paboTKHN
BaKyyMHas NK 9,86 12,22 12,50
CyIka CBY 13,88 13,97 24,54
NK-CBY 12,87 13,52 14,54

[TomyueHHble pe3yJNbTaThl TOKA3bIBAIOT, YTO HauOoJiee MpPUEMIEMbIM
SBJISIETCSL TIpeJIBapuTesibHas 00paboTka 00pa3loB B AjekTpoMarHuTHOM nojie MK
Jana3oHa.

Ha puc.11-13 npuBeneHsl KpuBble KHHETUKM CYIIKH: 3aBUCUMOCTH
M3MEHEHUsI CKOPOCTH CYIIKUA 00pa3ioB KapTodessi, MOPKOBU U JIyKa Perm4aToro oT

40




. 0
BJIQKHOCTU MaTepHalia MpHU TemiepaTtype B cymmibHON kamepe 60°C, mms K-
BaKyyMHOH cyuike 0e3 mpeaBapuTeIbHON 0O0pabOTKH W CHOCOOOB CYIIKU C
UCIIOJIb30BAaHUEM BCEX TPEX pPacCMATPUBAEMBIX BUJOB IpeABAPUTEIbHON

00paboTKH.
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MK-BakyyMHasi cyLuka WK-BakyymHas cylika
MK-BakyymHas cylka ¢ MK npeqn. o6paboTkon MK-BakyymHas cywka ¢ VIK npep. obpabotkon
o v
""""" MK-sakyymHasi cywika co CBY npes. oGpaGotkoit seeeees K-BaKyyMHast cylika co CBY npes. o6pabotkoi
* *
- WK-BakyymHas cywka ¢ MK-CBY npep. obpaboTkoin —— WK-BakyymHasi cyluka ¢ VK-CBY npef. 06pa6oTkoit

Puc. 8. I'padpuku u3mMeHeHHs] MACCOBOM Puc. 9. I'padpuku u3mMeHeHUs] MACCOBOM

JA0JIM BJIATU MO0 BpeMeHM CYIIKHU B JA0JIM BJIATH MO0 BpeMEHH CYIIKHU
o0pasuax kaprodess B 00pa3iax MOPKOBH
100
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BraXHocCTb, %
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% 50 100 150
BPEMS, MUH

MK-BakyymHas cylika
MK-BakyymHas cywka ¢ UK npen. obpabotkon
---------- MK-BakyymHas cywka co CBY npen. obpabotkon

m——— MK-BakyymHas cywka ¢ MK-CBY npen. ob6pa6oTkoit

Puc. 10. I'pa¢uxu n3MeHeHrs: MACCOBOM 10/ BJIATH 110 BpEMEHH
CYLIKH B 00pa3uax JiyKa pen4aroro
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OOpaboTka  AKCIEPUMEHTAJIbHBIX  JAHHBIX,  HaMpaBICHHBIX  Ha
UCCJIeI0BAaHNE KMHETUKU CYIIKHU 10 1udPy3rnoHHON Moaenn Puka ¢ TpaHUYHbIMU
YCIOBUSMHM TEPBOr0 poja MOKAa3bIBAE€T, YTO HHTETPEPUPOBAHHBIE 3a BEC MK
CYLIKM 3HAa4yeHUs OTHOLIeHUs Kodpduuuenta aud@y3uu BiIaru K KBaapary
OTIPEIETIAIONIEro Pa3Mepa YaCTHUI] COCTABIAIOT mopsiaka 0,003 ™.
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—— VIK-BakyymMHas cyluka

MK-BakyymHas cywka ¢ UK npen. obpabotkomn
---------- WK-BakyymHas cywka co CBY npea. obpabotkon
= WMK-BakyymHas cywka ¢ MK-CBY npeg. obpabotkoit

—— VIK-BaKyyHas cyLika

MK-BakyyHas cywka ¢ UK npeg. obpaboTkoi
---------- MK-BakyyHas cywka co CBY npep. obpaboTkoit
--—o—-- [/K-BaKyyHas cywka c VIK-CBY npep. obpaboTkoii

Puc. 11. 3aBucumocts ckopoctu cymkd Puc. 12. 3aBUCHMOCTB CKOPOCTH CYIIKH
OT BJIA’KHOCTH B 00pa3uax Kaprodes OT BJIA’KHOCTH B 00pa3Lax MOPKOBH
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CKOpOCTb CyLIKK, Y%/MUH

o
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% 20 40 60 80 90

BIaXXHOCTb, %

WK-BakyyMmHas cyluka
MK-BakymHas cywka ¢ VIK npen. obpaboTkon

---------- WK-BakymHas cylka co CBY npea. obpabotkon

- MK-BakymHas cywka ¢ VIK-CBY npep. obpaboTkon

Puc. 13. 3aBUCHMOCTBH CKOPOCTH CYIIKH OT BJIAKHOCTH
B 00pa3uax JyKa pen4aroro

42



OOpaboTka KpHUBBIX CYHIKM TpU ToMolu Mojaeneil auddy3uu ¢
IPaHUYHBIMU YCJIOBHUSIMHU TPETHETO pojia yOEeIUTEIbHO MOATBEPKIAET (3HAUCHUS
koapdumuenta buo oxono 0,1) mnepexon mpouecca U3 TPAAMIIMOHHOU
BHYTpUIU(PPy3noHHOM BO BHemHeANPDY3UOHHYIO (POpMy TpOTEKaHHUS MpHU
MPUMEHEHUU HCHBITHIBAEMBIX TEPMOPAAUAIMOHHBIX BApPUAHTOB TEXHOJIOTUU
CYILKH.

Bunno, 4to s ajgekBaTHOrO ydyeTa OCOOCHHOCTEH KHHETHKHM Ha HJTare
JETAIBHOIO CHHTE3a IMOJYNPOMBIIUIEHHBIX W TMPOMBILUIIEHHBIX YCTaHOBOK
HEOOXOMMO TpHBIEYb MOJETUM COBMECTHOIO MPOTEKaHUs  TEIIo- U
MacCOOOMEHHBIX U APYruX siBIeHUH. ['py0OCTh TpaaulIMOHHBIX MPEICTABICHUNA O
HaJIMYUU TEPUOJ0B MOCTOSHHON U MaJaroleidl CKOPOCTH CYIIKU MPOSBIISIETCS MPU
aHalM3€ KPUBBIX CYIIKM M KPUBBIX CKOPOCTHM CYIIKM METOAaMHu CIUIaiiH-
annpoKCUMAIMU C SMIUPUYECKUM MOAOOPOM MapaMeTpa COOTHOILIEHUsI OJM30CTH
PACUETHBIX U SKCIEPUMEHTAJIbHBIX TOYEK U TJIaJIKOCTU UCKOMBIX (DYHKIIH.

HedepMmentatuBHble MOTEpU caxapoB NpH CYIIKE BO3HUKAIOT Oiaromaps
peakuusIM MeJIaHOMANHOOOPAa30BaHuUs U KapaMeIu3allii caxapoB.

HK-Bakyymnas cymka kaprodens ¢ MK npeasaputenbHoit o0paboTKoM
CIIOCOOCTBYET MOJYYEHHIO TOTOBOI'O MPOAYKTa C MaKCHUMAaJbHBIM COJEP>KaHUEM
Kpaxmayia IO HCTEYEHHHM 2-X YacOBOI'0 Ipoliecca CYIIKH, KOTOpas COCTaBJIsET
62,3%, c¢ mnpumenennem CBUY u HK-CBY mnpensapurenbHbix 00pabOTOK,
COOTBETCTBEHHO cocTaBisieT 61,6% u 61,2%, a 6e3 npeaBaputenbHOil 00pabOTKH
61,27%.

JluHamuKka moTeph Kpaxmaia B MEpecueTe Ha CyXOe BELIECTBO B MPOIECCE
CYLIKH 00pa31oB KapTodes npuBeieHa Ha puc.14.

Ha puc.15 mnpuBeaeHsl pe3yiabraThl uccienoBanuii  mpouecca HK-
BaKyyMHOW CYIIKM MOpPKOBM B TeueHHe 2,5 yacoB 0e3 mpeaBapUTeIbHON
ob6pabotku, a Takxke ¢ MK, CBY, UK-CBY npeaBaputenbubiMu 00padboTtkamu. B
oOpaslax CyleHOW MOPKOBM HaMBBICIIAs KOHIIEHTpALUS caxapoB HaOJIogaeTcs
npu npuMenennn MK npensapurensHoit 06paboTku u cocTaBisieT 55,9%.

[Ipu npenaputenbHOl 00paboTke B 3nekTpomarHuTHoM Tmosie CBY wu
koMOuHupoBanHoM MK-CBY nuana3oHOB MaccOBBbIE JOJM OCTAaTOYHBIX CaxapoB
OJIMHAKOBbl M cocTaBiAOT 1Mo 54,92%. Ilpu cymke 06e3 mnpenBapuTeIbHOM
o0paboTku pocturaetcsi Bcero 43,9%-Hblii pyOex MaccoBOMl oM caxapoB B
oOpasiie, a 3a 3 yaca cymku nossimraetcs 10 56,01%.

[IpuBeneH xapakTep HU3MEHEHHMs COJEP)KaHUS CaxapoB B BBICYIIMBAEMBbIX
oOpasuax jayka penuartoro npu HMK-BakyymHOW cymike, 0e3 mpeaBapUTeIbHON
00pabOTKM W C UCIOJB30BAaHUEM BCEX TPEX paccMaTpUBAEMBIX CIIOCOOOB
npeaBapuTeabHoil 00paboTku B Teuenue 2,5 vacoB MK-Bakyymuo# cymku. U3
rpauKoB BHUJIHO, YTO caxapa MMEIOT HAaWOOJIbIIYI0 KOHLEHTpaluio B oOpaslax
CYLIEHOTO JyKa TMpu mnpuMeHeHuun npensapurenabHoit HWK-o6pabotku u
coctaBsitoT 63,37 %. Ilpu mpeaBaputTenbHON 00pabOTKE B 3JIEKTPOMArHUTHOM
nore CBY u HK-CBY nuana3oHOB COJEpKaHME MAaCCOBOM JOJHU CaxapoB
OJIMHAKOBBI U cOCTaBIAIOT 54,92 %. Ilpu cymke 6e3 npenBapuTeabHON 00paboTKH
3a 2,5 yaca gocturaetrcs Bcero 49,74 %-HbIil pyOexk MacCcoOBOW J0JIM CaxapoB B
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BBICYIIIMBaeMOM 0o0pasiie, a 3a 3 yaca noBsimaercs 10 65,95 %.
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—— (y1) UK-BakyymHas cymka — (y1) UK-BakyymHas cymka
(y2) UK-BakyymHas cymika ¢ MK npex. o6paborkoii (y2) VK-axyymHas cymka ¢ MK npen. o6pabotkoit
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Puc. 14. I'pa¢uxu 3aBUCUMOCTH Puc. 15. I'paduxy u3MeHeHUs MacCOBOM
Co/Iep:KaHHUsI MACCOBOM 0JIH KpaxmaJia B J0JI CaXapoB B CYXOM BellecTBe 10
CyXOM BellleCTBe B 00pa3uax cyleHoro BpeMeHH CYLIKH B 00pa31ax cymeHou
Kaprogeas MOPKOBH
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Bpewms cymku, MuH

— (y1) UK-BakyymHas cymka

(y2) UK-BakyymHas cymka ¢ UK mpex. oOpaborkoit
e (y3) UK-BakyymHas cyika co CBY mpen. o6pabotkoit
=== (y4) UK-Bakyymnas cymka ¢ UK-CBY mpex. 06padoTkoit

Puc. 16. I'padvku 3aBUCHUMOCTH COIEPKAHUS MACCOBOI 10JIM CAXapoOB B CYXOM
BelleCTBe OT BPeMEeHH CYLIKHM B 00pa3uax CylIeHOr 0 JIyKa pen4aroro

Ananusel IMPOBCACHHBIX JKCIICPUMCHTOB HArJAAHO ACMOHCTPUPYIOT, 4YTO
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HK-Bakyymnas cymka nyka ¢ UK mnpenBapurenpHoil 00pabOTKON MO3BOJISET
COKPATUTh BpeMsl CYIIKU puMepHO Ha 30 mux 1 5KOHOMUTD 3aTPaThl SHEPTUHU.

Ha puc. 16 npencraBineH xapakTtep U3MEHEHHMS MAacCOBOM JIOJM CaxapoB B
CyXOM BellecTBe 0O0pa3loB Jjdyka. ['paduku IeMOHCTPUPYIOT 00pa3yroluecs
MOTEpHU CaxapoB, KOTOPbIE HECKOJIBKO BBIIIE MO CPABHEHUIO ¢ 00pa3iaMu MOPKOBHU
U KapTodens.

[lo paHHBIM, TPUBEIECHHBIX TIpaUKOB MOXXHO CHAeNaTh BBIBOJA, YTO
HAaMMEHbIIME TIOTepU CaxapoB HaOMIOAAIOTCA B 00pa3lax CyIIEHOro JIyKa,
noyiyueHHblx ¢ npumeHeHuem WK mnpensaputenbHoi 00pabOTKH. YIIydIlIeHBI
TaK)K€ OpPraHOJIEITUYECKHUE IOKa3aTeNIM KOHEYHOTO MPOJYKTa MO CPaBHEHHUIO C
OBOLIAMHU.

Ha puc.17 npeacrasineno rpadguyueckoe n300pakeHHe XapakTepa KOJIU4ecT-
BEHHBIX M3MeHeHui BuTamuHa C B BhICyIIMBaeMbIX oOpasiax kaprodens npu NUK-
BaKyyMHOMW CyIliKe, 0e3 MpeaBapuTebHOW 00pabOTKHM M C MCHOJIb30BaHUEM BCEX
TpeX paccMaTpUBAEMBIX CIIOCOOOB MPEIBAPUTENHLHON 00paOOTKH.

[lony4yeHHble pe3yNbTAaThl MOKA3bIBAIOT, YTO COJEP)KaHHE ACKOPOMHOBOMU
KHCIIOTHl B oOOpa3lax BhICYIIMBaeMoOro kaprodenss npu aByxdyacoBor MK-
BakyyMHOU cymike ¢ MK npenBapurensHoil 00padoTkoil coctaBustor 72,4 me%, a
C mpeaBapuTeabHON 00paboTkoi B snekTpoMaruutHoM moje CBY u MK-CBY
rana3oHoB, cOOTBETCTBEHHO 60,1 me% u 64,2 me%, npu UK-BakyyMHOI cyIike
0e3 npeaBapu-TeaIpHON 00padoTku — 65,1 me%.
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Bpemst cymiku, MuH Bpems cymku, MuH
—— (y1) UK-BakyyMHas cyuka — (yl) UK-BakyymHas cymka
(y2) VIK-BakyymHas cyuika ¢ MK npen. o6paGorkoii (y2) MK-Baxyymnas cymika ¢ MK npex. o6paGoTkoii
""""" (y3) UK-BakyymHast cymka co CBY npes. 06padorkoit e (y3) MK-Baxyymsas cymka co CBY npen. o6pabotkoit
e (y4) VIK-Bakyymuas cyuka ¢ MUK-CBY npex. o6pa6orkoii o (y4) MIK-Bakyymnas cyuika ¢ MK-CBY npex. 06pa6otkoid
Puc. 17. I'padpuxkn n3aMeHeHU i Puc. 18. I'padpuxkn nzaMeHeHu it
coaep:xkaHusi BuTaMuHa C B cyxom coaep:xkaHusi BuTaMuHa C B cyxom
BEIIECTBE 110 BPEMCHH CYIIIKH B BEIIECTBE 110 BPEMECHHU CYIIIKHU B
o0pa3uax cymeHoro kaprodgesst o0pa3uax cyumeHoi MOPKOBH

[lokazatenb conepkanus BuTamuHa C B oOpasie cymieHoro kaptoderns,
noydenHoro MK-sakyymuoii cymkoit ¢ UK npenBapurensHoit o00paboTKOM BHIIIIE.
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Ha ocHoBaHuu naHHbIX TpaduKOB MOXKHO CHOBa CJejaTh BBIBOJ, YTO
HauMeHblIue noTepu BuTamuHa C HabmomalTcss B 00pas3lax CyHIEHOTrOo
kaprodens, nonyyeHHsix npu WUK-Bakyymuoil cymike c¢ npeaBapurenbHoit MK-
00paboTKOM.

Ha puc. 18 mpuBenmen rpaduk pocrta MaccoBOW J0JIM aCKOPOMHOBOM
KHUCJIOTHI B 00pa3iiax MOPKOBH B MPOIIECCE UX CYIIKH.

Copnepxxanue ackopOuHOBOM kuciotel npu HWK-BakyymHOW cCylike ¢
npeaBapuTeabHON 00paboTkoit B anekrpomarnutHoM mnoie MK um HMK-CBY
JIMana3oHOB B TEYEHHH 2,5 4acOB 3HAYUTEIHHO IPEBBIIIAET PEKOMEHAYEMBI IO
I'OCT 52622-2006 (10 m2%) u coctaBaseT cOOTBETCTBEHHO 28,5 u 25,46 me%, a c
npeaBapuTeabHoil 00paboTkol B anekTpomarauTHoM nose CBY nuamazona mons
ButamuHa C pocturaet Bcero 23,6 me%. B npouecce UK-BakyymHo# cymiku 6e3
MpeaBapUTeIbHON 00pabOTKHU JUIMTENbHBIA NEPHOJ]] HarpeBa He CIOCOOCTBYET
3HAYUTEIbHOMY cOXpaHeHHto ButamuHa C. 3a 2,5 4acoB CYILIKU cOCTaBIACT 22,4 U
3a 3 gacoB — 16,1 me%.

W3 naHHbIX rpaguKoOB MpUBEIEHHbIX Ha puc. 19-20 odeBHAHO, YTO IS
KaXXJI0T0 croco0a CYIIKH MMEIOTCSI BPEMEHHbIE PYOEXKH, MO0 UCTEUYEHUU KOTOPBIX
3akaHuuBaeTcs poct noyu ButamuHa C. st cymku B MK-BakyyMHO#M ycTaHOBKE ¢
npeaBapuTeabHoN 00padoTkoit B snekTpomarauTHoM nosie UK, CBY u MK-CBY
Iuana3oHoB — 3T0 2,5 yaca, 6e3 npeaBapuTelibHONH 00paboTku — 3 yaca. [Ipu ux
MPEBBILIEHUN COJIepKaHNEe ACKOPOMHOBOM KUCIIOTHI CHUXKAETCA. ITO 0OBSICHIETCS
TEM, YTO YBEJIMYHUBAETCS TOBEPXHOCTh COMPUKOCHOBEHHS IPOAYKTA C KUCIOPOJAOM
BO3/lyXa, OKUCIUTENbHbIE PEAKIMHU MPUBOJIAT K KOJIMUYECTBEHHON MOTEpe IIEHHBIX
KOMITOHEHTOB.

JliHaMuKka W3MEHEHUH KOJMYECTBEHHBIX MOKa3aTeNiel colepskaHus acKopOu-
HOBOM KHCJOTBHI B CyXOM BEIIECTBE, MO3BOJISET OMpENeIuTh norepu ButamuHa C B
MPOIIECCE pacCMaTPUBAEMBIX CIIOCOOOB CYIIKH 00pa3iioB MOPKOBU. [10 3TUM KpUBBIM
MO>KHO BBINIOJTHUTH pacueThl MoTepb BuTaMuHa C Ha ONTUMAJIbHBIX BPEMEHHBIX
pyOekax CyIIKH ISl KaKIO0ro crocooa.

Otu rpaduKu MOKa3bIBAIOT, YTO HAaMMEHbIIWE mnoTtepu BUTamuHa C Ha-
OsoaroTest B o0paslax CyueHOM MOpPKOBH, MOJTYYEHHBIX TMOCIE MCIOIb30BAHMS
00paboTku B 3nekTpoMarauTHoM nosie MK quanazona 10 OCHOBHOM CYIIKH.

[locnenoBaTenbHOCTh HM3MEHEHMsI cojiepxkaHus ButamuHa C, KpuBbIe
U3MEHEHHs, IOKa3blBA€T CYLIECTBOBAHHUE ONPENEIICHHOW 3aKOHOMEPHOCTH
M3MEHEHHUs] KOJIMYECTBA ACKOPOMHOBOM KHUCIOTHI B MpOIECCE CYUIKH 00pas3loB
BBIOPAHHBIX JJIS1 CYIIKH OBOIIEH.

Buramun C KOHIIEHTPUPYETCS B BBICYIIMBAEMBIX 00pa3lax jJyKa U JOCTUTaeT
MAaKCUMAaJIbHOIO 3HAYEHUS 0 MCTEUYEHHUH 2,5 yacoB cymku — 46,8 me% mpu UK-
BaKyyMHo# cymike ¢ npumeHenreMm MK npenaputenbHoit 00paboTku. IT0 O60bIIe
tpedyemoro o 'OCT (12,00 me%) B yeThipe paza. MakcuMaabHOE COAEPIKAHHE
acKOpOMHOBOM  KHUCIOTBI C wucnonb3oBanueM CBY-Ho#l mnpeaBapurenbHOU
00pabOTKM JOCTUTAETCS B BBICYIIMBAEMBIX OOpaslax B TEYEHUH 2,5 YacoB U
cocrapnsier 40,1 me%, ¢  UCHOJNB30BaHHEM  COBMEILEHHOTO  croco0a
npeaBaputenbHor  oopadotku (MK-CBY) - 38,4, a 0e3 mnpeaBapuTeabHOM
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oOpabotku - 42,3 me%. [lanbHeimas cymka ayka 0e3 mpeaBapuUTeIbHOU
00paboTKH B TEUCHHE 3 YaCOB MPUBOJIUT K CHIKEHUIO KOJHUECTBA aCKOPOMHOBOM
kucinotel g0 37,8 me%. IlpeumymecrBo HMK-Bakyymuoi cymku c¢ UK
NpeIBapPUTEITHHON 00pabOTKON KPaCHOPEUYHBO TMTOKA3hIBAIOT IU(POBHIC TaHHEIE.

[To ananmoruum Ha puc.19 mokazaHa AMHAMHKA U3MEHEHUS KOJIMYECTBEHHBIX
nokasaresien coaepxanus ButaMuHa C B CyXOM BelIeCTBE B 00pasliax CyIIEHOTO
JyKa B IPOLIECCE CYIIKH.

Ha ocHoBaHWU naHHBIX TpadUKOB MOKHO CIEIaTh BHIBOJ, YTO HAMMEHBIITHE
notepu ButamuHa C HaOIIOAa0TCs B 00pasiax CyImeHOro JIyKa, MOJYIeHHBIX MPU
HK-Bakyymuoii cymke ¢ UK npeaBapurenbHoit 00pabOTKOM.

100 l l

80+

60

40/ :

yl = - 4.4e-005%x +0.014*x" - 1.3%x + 98
y2= - 6.5e-005%x +0.021%x” - 1.9%x + 98
y3= - 8.8¢-005%x" + 0.026*X" - 2.2%x + 98
y4=- 9.26-005*x" + 0.027+x" - 2.2%x + 98
0 | L L

0 50 100 150
Bpewms cymku, MuH

MaccoBas mons suramunaa C
B CYXOM BeIllecTBE, MI'%
N
o

— (yl) UK-BakyymHas cymka
(y2) VK-Bakyywmnas cymka ¢ VK npen. oopabotkoit
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- (y4) VK-Bakyymnas cymka ¢ IK-CBY npex. oOpaboTkoit

Puc. 19. I'padpuxu n3menenuii conep:;kanust Buramuaa C B CyxoMm BelllecTBe 10
BpeMeHH CYLIIKH B 00pa3uax BbICYIIHBAEMOI0 JyKa penyaroro

Copnepxxanue ButamuHa C B oOpasliax CyIIEHOTo KapTodens, MOPKOBU U
nyka penyartoro nonydeHHoro MK-Bakyymuoi cymkoi ¢ MK npensapurenbHOU
00pabOoTKOH BHIIIIE.

IIaras rmaBa nuccepranuu «Peanu3anusi NMOJy4YeHHBIX pPe3yJbTAaTOB.
JKOHOMHUYECKasi OLeHKA 3QPeKTUBHOCTH Pa3pad0TaHHOIO CIOCO0a CyHIKH»
MOCBSIIIEHA — amnmnaparypHoMy OQOpMIIEHHIO TMpollecca CYHIKM W aHaIU3y
HKOHOMHMYECKHUX MOKA3aTeNEeH, IOCTUTaeMbIX NPU BHEJIPEHUU Pa3padOTKH.

Onuncana crpaTerusi OCYLIECTBIICHHMS IOJATOTOBUTENBHBIX  ONEpALIUi
Ka)XJIOTO M3 pacCMaTpUBAaEMbIX OBOIIEH; KapTodess, MOPKOBHU U JyKa pernyaToro;
OIMCAHbI CIIOCOOBI BEJIEHUS Olepaluii, peKIUMbl U YCTaHOBKH, KOHTPOJIb KauecTBa
ux npoBeaeHus. (Ocoboe BHUMaHUE  YJEJIEHO  MpolleccaM  OYHCTKH,
npeaBapuTeabHol TepmoodpadoTku — MK 006paboTku, cynbduTaiuu OUUIIEHHBIX
OBOILIEH, N3MEJIBYEHHUIO.
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Jlana peanbHas TexHosnoruyeckas cxema MK-BakyyMHOI CylIKM OBOILIEH, B
KOTOPYIO IIOMUMO ITOJATOTOBUTENIBHBIX OINEpallii BKIIOYEHA CYIIKA B BAKYyME C
HNK-3nepronoasoaom. JlaHo onucanve mnoiaynpoMbinuieHHON WMK-BakyymHON
YCTaHOBKH, HA3HAYEHUE €r0 y3JIOB U MOPSI0K BKIIOYEHUS B paboTy.

Ha puc.20 wuzobpakeHa NpUHLIMIHAIBHAS CXeMa MOIYNPOMBIIUICHHON
yctaHoBKM WK-BakyymHO#l cymku oBomied. MK-BakyymHasi yCTaHOBKa CYILKH
IpecTaBiseT co00 MeTaUIMUECKy o KaMepy 13, nzonupoBanHyto aibdoseM 11 u
OONUIIOBaHHYIO  alllOMUHUEBOM  ¢onbroi 14. B kamepe  ycTaHOBJIEHBI
METAJUIMYECKHE MOANOHBI 2 I pa3MENIEHUs BbICylIMBaeMoro marepuania 3. Han
KaXJIbIM NOAI0HOM ycTaHOBIeHbl MK-nammbl 6 ¢ pac4éToM MIOTHOCTH TEIJIOBOTO
noroka 1,5 xBm/m’. Kamepa cHabxeHa BaKyyM-HAcOCOM 4, MOHOMETPOM 5 u
CIYCKHBIM KJIallaHOM 7 JJi BIIyCKa BO3[lyXa B KaMepy IO 3aBEpIICHUH pPadOThI.
Berpoennsle Bechl 1 ¢ 3agaTunkoM 12 city»at 111 aBTOMaTHYECKOTO ONPEAEICHUS
OCTAaTOYHOM BJIAKHOCTH (CTENEHU CYXOCTH) Marepuana, a gatuuk 10 u 3agaTyuk 8
TeMIIEpaTyphl CIyXaT Uil OCYLISCTBJIICHUsS KOMIIBIOTEPHOI'O  YIIPABJICHUS
IIPOLIECCOM CYIIKHU CPEICTBOM 9.

6 7 8
\ %/ (=)
WXXXV\(\[YYWY NAXX XX XXX KK KRN IINER
!

00000000

1
DOO0OO0OO0OO0OO

1
00000000

00000000

OO0 000000

00000000

00000000

00000000

00000000

OO0 000000

00000000

O0000000

OO0 000000

OO0 000000

00000000

00000000

7

> 2
TOOOO0O0O0O0| [OOOOOO0OO0 O0O00O0O000| [DOOOOO0O0O0 §
COOOOOO0UO0| [DOOOOOOO O0OO000000| [DO0O0O0O0O0O0
DOOOO0O0OO0O0U| [DODOOOOOO 00000000 | [C0000000||
4 g DOOO0OO0OO00| [DOOOOO OO O0OO0OO0O0O0O00| [DOD0O0O0O0OO0O0 \~10
DOOO0OO0OO0UO0| [DOOOOO0OOO DOO0OO0O0O0OO00| [DOO0O0O0OO0O0
|‘0‘UTU‘U‘U’U‘U“|00000000 OD0OO0O0O0000| [D0O0OO0O00O0O0
- 11
/ / XX XKXXK XA ARXX A VAAVLY O AVAY. Y. O AVAV.Y. V.0 0. V.99, 09,0\

1-BCTpOEHHBIE BECHI; 2-NIOJI0H; 3-BBICYLLIMBAEMBIA MATEPUAIT; 4-BaKyyM-HacoC;
5-MoHOMETp; 6-uH(ppaKpacHas JamIia, 7- BEHTUJIb IS CITyCKa BO3/IyXa B KaMepy;
8-yCTpOMCTBO 3aJlauv TeMIEpaTypsl B Kamepe; 9-komnprotep; 10-matunk
temneparypsl; 11-uzomsnus; 12-3agaT4nK KOHEYHOM BIIAKHOCTHU BBICYIIMBAEMOIO
npoaykra; 13- paboudast kamepa; 14-006auIIOBKA.
Puc. 20. Cxema UK-BakyyMHOIl YCTAHOBKH /Il CYLIKH OBOLIEH

PaGoTa ycTaHOBKH OCYIIECTBIISIETCS B CIEAYIOLIEM MOPsAKE. Y CTPOHCTBOM
8 ycranaBiuBaeTcsi pabouas Temmeparypa B paboueit  kamepe 13.
[ToaroToBNEHHBIM BBHICYIIMBAEMbIA MaTepuana 3 pa3Meliaercss Ha MOJJIOHax 2,
MOJJJOHBl YCTaHaBJIMBAIOTCS B Kamepy 13. Brxirouaercss Bakyym-Hacoc 4, 10
JOCTH)KEHUsT ypoBHS Bakyyma B 60 xlla (octatounoe namienue 40 xlla), mo
MoHOMETpYy 5. Jlanee mo xommnbploTepy 9 ycTaHaBIMBAaeTCs KOHEYHasl BJIAXKHOCTh
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BBICYIIIMBAEMOI'0 MaTepuajia, [Jis YEero MCIHOJb3YETCS 3aJ]0KEHHas B HETO
MaTeMaTH4eCKasi MOJEIb IPOIECCa CYIIKH, MOJYYEHHas B IJIaBe 3 HACTOALIEH
auccepTaiuoHHON paboTel. CyHIHOCTh KOMIIBIOTEPHOTO YNPABICHUS MPOLECCOM
3aKJII0YaeTCsl B TOM, YTO MaTeMaThyecKas MOJENb BBIJACT KOHEYHOE 3HAYEHUE
BJIQXHOCTU MaTepuana, JOCTUTaeMoe 3a HEKOTOpoe BpeMsi o00paboTku B
3aBUCHMOCTH OT 3JIOKEHHBIX B MOJEIb BXOAHBIX IAapaMeTpoB (BUJ MPOAYKTA,
HayaJlbHasl BJIAXKHOCTh MaTepHalia, OCTaTOYHOE JaBjieHHWe B paboueil Kamepe,
pabouasi Temrieparypa mporuecca). Bxmouatorcs UK-mammnel 6 u orcnexuBaeTcs
MOBBIIIEHUE TEMIIEPATYpbl IO KOMIOBIOTEPY 9. JloCTHKEHNE KOHEYHOUN 3aJaHHOMU
BJIQKHOCTU MaTepuala, U3MEHEHHUE TEMIIEpaTypbl U JaBICHUS TaKKe MOKHO
HaOmoAaTh MO KommbioTepy. B ciaydae HE0OXOIMMOCTH MOXKHO AaKTHUBHO
BO3JICIICTBOBATh Ha XOJ MpoLEecca CYHMKH, HAlpuMep, W3MEHHUTH [1aBICHUE B
Kamepe, Temreparypy 4 T.A. IIpu HoCTHXKEHUM 3aaHHON KOHEYHOM BIIA’KHOCTH
marepuana MK-HarpeBarenu otkiroyarorcs. CHUMAKOTCS MOAAOHBI, POBEPSIOTCS
BU3YaJIbHO TMOKA3aTENM KAayeCcTBA M Pa3rpyKarOTCSA MOAAOHBI ISl OXJaXKICHUS.
[uki noBTOpsieTcs.

PeanuzoBan  crmoco0  PKOHOMHMYECKOM  oueHKH  3(PPeKTUBHOCTU
pazpabotanHoro crnoco6a MK-BakyymHol cymiku. Mcnonb3oBaB CpaBHUTEIbHBIN
aHalIM3 PE3yJIbTaTOB CYIIKKM C HCCIEAOBAHHBIMU CIIOCOOAMH MpeIBapUTEIHHOM
oOpaboTku: 0e3 mpeaBaputenbHoir o6padotku, ¢ MK, CBY u HK-CBY -
o0paboTkamMHu HaiiJieHa IIKaja OUEHKH KPUTEPHUEB, OIPEACINAIONINX BECOMOCTD
¢daktopoB cymku. KauecTBeHHbIE XapaKTEPUCTUKUA BBICYHIEHHBIX MPOAYKTOB
MEpEBEICHBl B KOJWYECTBEHHBIE MPU IOMOLIM D3THX KPUTEPHUEB, YTO JAAJO
BO3MOXHOCTh CPaBHHUThH CIOCOOBI TpeaBapuTenbHOil 00paboTku. Pesynbratom
MIPOBEJICHHBIX KOMOMHUPOBAHHBIX pAcCUYEeTOB SBJSETCS CyMMapHbIM — Oam,
COOTBETCTBYIOIIUN YPOBHIO 3()(hEKTUBHOCTH UCTIOJIb3YEMBIX METOJIOB CYILIKH.

Ha ocHoBe »53KCHEpTHOM  MHOTOKPUTEPHUAIBHOM  OLEHKH  HaWJEH
ONTHUMAJIbHBIN BapUaHT NpPeBAPUTEIBHBIX 00paOOTOK.

ChopmynupoBaHbl MpaKTUYECKHE PEKOMEHAAIMH [0 MPUMEHEHUIO
TE€XHOJIOTUY B KOHCEPBHOM M OBOLIECYIIWJIBHOW MPOMBIIIEHHOCTH.

3akiroueHue

1. M3ydensl mpouecchl CyLIKH, HalpaBJICHHbIE HA MCCIEAOBAHUE BIVSHUS
pPa3IUYHBIX CIIOCOOOB BO3JIEUCTBHS Ha Bary, KOTOPYI HEOOXOJIUMO YAQJIUTh IO
BO3MOKHOCTH IIPU HU3KOW TEMIIEpAType, B KOPOTKHM MPOMEKYTOK BPEMEHU M C
MUHUMAJIBHBIMU 3aTpaTaMH JHEpruu. PaccMOTpeHbl XapaKTepHble CIOCOObI
npenaputenabHoro kpatkopeMenHoro MK, CBY u MK-CBY Bo3aeiicTBusa Ha
O0OBEKTHI CYIIIKH, UCCIIEIOBAHO UX BIUSHUS Ha COCTOSTHUE BJIArv B MPOJIYKTE, Ha €€
ynanenue npu atmocepHoir u  BakyymHOM HK-cymke. OOycioieHa
1eJ1ecCO00pa3HOCTh H3BICKAHUSI MPUEMIIEMBIX CIOCOOOB CYIIKM M BBIPAOOTKH
KOHCTPYKTHBHBIX PEKOMEHJAlMI IO palMdOHAJbHOM OpraHu3aluu Ipolecca
CYLIKH KapTodessi, MOPKOBH U JIyKa Pern4aToro.

2. HccnenoBanbl CTeNEHb W3JIYYEHHUS W TeMIlepaTypa HarpeBa pabouero
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opraHa — M3JydaTens, BbIOpaHbl UMITYJIbCHBIE Ke€paMuieckue npeoOpazoBaTenu.
Onucan wMexaHu3M (¢okycupoBanus wuznyyaemModl osHepruum WK cnoekrpa,
UMITYJIbCHOCTU M3J1y4Y€HHUs, BEIUUMUHBI €T0 JUIUTEIbHOCTH U TUIOTHOCTH. PackpbiTa
HUKIMYHOCTh MEXaHU3Ma MPEBpallleHU SHEpPruM, a TaKKe MEXaHU3M BbIOpoca
UMITyJIbca SHepruu u oOecneueHuss mMakcumanbHoro KIIJ[ mpouecca, nuanazon
U3JTy4aeMbIX BOJH U 3G (DEKT, B TOM YUCIIE CTEPUIUIYIOLIMN TP CYIIKE OBOILEH.

3. Onucan 3¢ ¢heKT nepeHarnpaBieHusi TpaJueHTa TeMIepaTypbl U Biard B
MCTIapEHUH BJIAru 3a CYET aKKyMYJIUPOBAHHOTO NIPU UMITYJIbCHOM HarpeBe TEIuia C
OJIHOBPEMEHHBIM OXJIAXKJICHUEM MaTepualia, IepepacnpeeieHue TeM CaMbIM
BJIAr', HaXoslIlelcs B IIeHTpe oOpa3na B nepudeputo. PackpbiTa MaTeMaTuyeckast
CBSI3b MEXJY TIEpHOJaMU 00JTydeHHsI U 1ay3bl yepe3 Kodapduuuent qudy3un.

4. PackpbITbl OCOOCHHOCTHM MEXaHU3Ma BO3JIEUCTBUS AJIEKTPOMArHUTHBIX
nosned MK numanmasona Ha oOpaslbl BBICYHIMBAEMOIO MPOJYKTA, CHIXKAIOIIETO
pabouyto TemnepaTypy ucnapenus Biaru o 50°C.

5. DKCnepuMEHTANbHO YCTAHOBJICHO, YTO MPU UCCIEIOBAHUSAX UMITYJIbCHO-
MPEPHIBHOTO PEXHMMa CYIIKH C MOHMKEHHEM YPOBHS HHEPromnojBOJa B KaXIOM
MocCJIeyIoNIeM IHKIe, coaep:kanne ButaMuHa C y kaptodens, MOPKOBH, a TaKkKe
JyKa Pernyaroro COCTaBIISIET COOTBETCTBEHHO 63,5; 30,26 u 49,74 me%, caxapos
52,5; 52,5 u 72,5 %. na nByx apyrux pexumoB MK-3Hepronoasona npu cymke
KapTodes, MOPKOBH U JIyKa pernyaToro a0 BiaaxxHoctu 10-14% 3atpaTel BpeMeHU
yBeJIMUMBarOTCs Ha 7%.

6. IloaTBepkIeHO, YTO MPU NPUMEHEHUU MPEABAPUTEIBHON 3JEKTPOPU3U-
yeckoil (MK, CBY) 00paboTku mnpolecc CyHIKH YCKOpSIeTCS, OCOOEHHO Mpu
kpaTtkoBpeMenHoi WK mnpenBaputenbHOl 00paOOTKe C BBIAEPIKKOWM, KOHEYHAas
BJIQYKHOCTh oOpasna kaptodens coctaBisier 9,88%, mopkoBu — 8,83%, nyka —
12,4%. Ilpu npumenenun CBY-o0paboTku KoOHe4YHasi BIAXHOCTh 0Opasia
kaprodens coctasiusieT 13,9%, mopkoBu — 9,2%, nyka — 11,4%. [Ipu npumenenuu
copmenieHHo MK-CBY — 06paboTku KoHeYHasi BIAKHOCTh oOpaszla KapTodens
coctasisieT 12,9%, mopkoBu — 9,8%, nyka — 14,08%.

7. UK-Bakyymuas cymka ¢ UK mpeaBapurenbHoli 00pabOTKOM MO3BONISET
COKPATUTh BpeMs CYIIKU npuMepHO Ha 30 mun U CHIKATh TEMIEPATYpPY Mpolecca
¢ 65 10 50°C, TeM caMbIM S5KOHOMHUTb 3aTPATHI SHEPTHH.

8. Ha  ocHoBe  pe3ynapTaToB  J1aOOpAaTOPHBIX  HCCIIEIOBAaHUMH,
HKCIIEPUMEHTATBHO-TIPOMBILIUIEHHBIX ~ MCHBITAHUW  pa3paboTaHa  NEepBUYHAsS
TEXHOJIOTUYECKAsl CXeMa MPOM3BOJCTBA BBICYIIEHHBIX OBOIIHBIX HWHIPEIUEHTOB,
COCTaBJIEH MaTepuaibHblil Oananc. B kaproderne, moaBepruyToM sKCHepUMEHTaM
(copra «caHTa»), MOPKOBH, (COpTa «IIaHTaHA?») MU JIyKe (COpTa «KOPaTOJ»)
OCTaTOYHOE KOJIMYECTBO caxapoB yBennuuaercs Ha 20%, a ButamuHa C Ha 13%.
3a cu€r ynaydleHuss COPTHOCTU TOTOBOTO MpoayKTa Ha mnpeanpustusx «GOLD
DRIED FRUITS» nu «TOOL PAPER» pacu€rHblii TOIOBOW 3KOHOMHUYECKHUI
sbdexr cocraBur 305,3 man cym, na npeanpustuu HMII OOO «Typakypran
Mupunnuk Arpo» daxtuyeckuii 3gdekt coctaBun 101,5 man cym npu ronoBoit
BbIpaOoTKe 200 m CyIIeHbIX OBOIICH.
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Introduction (annotation of doctor dissertation)

Urgency and relevance of dissertation topic. Today, all over the world to
the highest level raised agriculture, food production and ensuring its security.

In recent years, a number of activities to create added value by organizing
and processing of agricultural products achieved high economic efficiency through
the use of new technologies.

Drying is one of the most common ways of processing agricultural products
grown. There is a steady increase in demand for dried vegetable ingredients are
widely used in cooking. Production of dried foods with high nutritional value,
containing large amounts of vitamins, carbohydrates and rich in minerals with
minimal destructurized biological components has become an urgent task of today.

In the course of solving this problem arose the need for a resource-saving
drying technology, providing the output of interior ha-quality products.
Technology development of dry products associated with the implementation of
methods of drying in two stages, the use of electro-magnetic fields, infrared and
microwave ranges of energy supply.

This research work is performed in accordance with regulations President of
the Republic of Uzbekistan Ne PP-1072 «About measures for implementation of
important projects on modernization, technical and technological reequipment of
production for 2009-2015», adopted on 12 March 2009 Ne PP-1633 «On measures
to further improve the management of the organization and development of the
food industry, laziness Republic in 2012-2015», adopted on 31 October 2011.

Accordance of research with priority areas of science and technologies
of the Republic of Uzbekistan. This work was performed in accordance with the
priority areas of Science and Technology of the Republic of Uzbekistan GTIN-6 -
"Development of resource-saving, environmentally sound technologies of
production, processing, storage, use of mineral resources of the republic syrevyh,
waste products and the chemical, food, light industry and agriculture" on of 2009-
2011.

Review of international researches on dissertation topic. Research on
technology of drying of ingredients used in cooking, are made in many research
centers and educational institutions of the world, including the University of
Illinois (USA), University of Greenwich (UK), Italian Culinary Institute (Italy),
Institute of Agricultural engineering (Germany), Institute of Chemical technology
(France), the Kemerovo Institute of food Technology (Russia), Canadian Institute
of food science and technology (Canada), Swedish Institute of Food and
biotechnology (Sweden).

The direction of research worldwide in recent years, including the
Wageningy University (Netherlands) at the first stage of drying vegetables applied
treatment antenna beam and main drying is performed in the electromagnetic field
of the microwave range; according to the researchers Graz University of
Technology (Austria) it is advisable to carry out the drying in the range of low
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frequencies and long wavelengths fluctuations; employees of National University
of Food Technologies (Ukraine) and the Panjab University (Pakistan), are
supporters of the pre-treatment of raw materials in the electromagnetic fields of
different frequency bands, and the final drying convective method.

Today, intensive research to develop Energy saving drying-saving
technologies, ensuring the safety of sensitive native components present in the
composition of agricultural products.

Degree of study of problem. In the scientific literature there are scientific
data obtained Z. Salimov, R. Rakhimov, A. Safarov, H. Juraev and others. They
have their studies drying fruit in thermoradiative way to learn the effect of IR rays
on the object to identify the best drying distance and wavelength between lamp and
dried materials. In addition to the works of scientists shows the effect of
pretreatment of raw sugar syrup with different concentration on quality during the
drying of the product.The literature includes views that the effective way to thermo
radiation drying, and in the manufacture of convection prevails, as It believed that
thermo radiation drying method has not been studied and used in producing rare.

The research scientists of the USA and Europe (Lenart A., Cerkowniak M.,
Lazarides H., Katsanides E., Nicolaides A., Peter J) thermo radiation automated
method of drying vegetables for canning filler questions of computer control
drying, the first stage of a two-stage process drying used ultrasonic vibrations,
achieved effective results. But in the first stage of drying are not applied electrical
methods with high heat flux.

Russian scientists (A. Ginsburg, A. Lykov V. Krasnikov, S. Ilyasov, V.
Karpov, S. Lebedev) proved that when drying with IR energy supply improves the
quality of finished products. However, their single-stage drying method was
investigated, which is a long, limits a reduction in energy consumption.

The effectiveness of energy supply in the form of electromagnetic fields IR
pre-treatment of the material is to obtain a product with optimal composition of
active substance in it at minimum power consumption and is an important
scientific problem of drying of agricultural products, the solution of which should
include the concept of choice and rational justification modes IR energy supply.

Pretreatment drying object provides a new, more intensive regimens of the
drying process and improved properties of the finished product, as it can improve
the drying rate, reduce the amount of residual moisture, which is associated with
changes in physical-chemical properties of the moisture in the vegetables before
the main drying process.

Connection of dissertational research with the plans of scientific-
research works. The work is done in accordance with the GTIN SCST Uzbekistan
in "Development of resource, environmentally sound technologies for the
production of chemical products and foodstuffs", code 19.4, state registration No
01.97.0006056 . It is included in the coordinated plan of scientific research of the
Tashkent Institute of chemical technology, 2005-2015.

Purpose of research is reducing energy costs and improving the quality of
the finished product when drying components culinary products.
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Tasks of research:

experimental study of the effect of selected methods for provisional
treatment-IR, Microwave and IR-Microwave on the length of the IR-vacuum
drying of vegetables;

selection of the optimal preprocessing of vegetables;

selection of the optimal thermal vacuum drying when changing power IR
lamps and heat flux densities;

study of the influence of heat treatment on the regimes of some components
of solids and organoleptic characteristics of drying;

study of the kinetics of a cascade of drying;

choice of duration of pretreatment of vegetables for maximum intensity of
drying;

calculation of the economic performance of a cascade of drying.

creation of technological equipment and regulations;

Object of research are the components of culinary products - potatoes,
carrots, onions with their characteristic physical and mechanical characteristics.

Subject of research - the cascade drying options: IR - IR Waku-smart,
microwave - vacuum IR and IR-RF - IR vacuum drying vegetables.

Methods of research. Physico-chemical, infrared spectroscopy,
mathematical modeling.

Scientific novelty of the dissertation research:

the influence of the characteristic methods preliminary temporary short-IR,
microwave and infrared microwave process affecting the structure of the object of
drying, the state of moisture in the product, its removal during the vacuum infrared
drying;

describes a mechanism for focusing the emitted energy of the IR spectrum,
pulsed radiation, the magnitude of its length and density, analytical study of the
emissivity of the IR emitter in relation dried vegetables, disclosed cyclical energy
transformations, the mechanism of ejection pulse energy and maximize the
efficiency of the process, the range of the emitted waves and effects including
sterilizing at drying vegetables;

formalized mathematical relationship between exposure periods, and breaks
through the diffusion coefficient as a result of studies of the effect of temperature
gradient and redirect moisture evaporation of moisture due to accumulated heat
during pulse heating with simultaneous cooling of the material, thus the
redistribution of moisture present in the centre of the specimen in the periphery;

determined by the temperature and the length of vacuum infrared drying
vegetables, the limiting factor is the activity in the water;

substantiated role increase osmotically bound moisture sample to establish
limits on the length of the period of drying at a constant high speed;

the mechanism of stimulation of the drying process by entering the pre-
treatment facility and a cascade of drying.

Practical results of research consist in the following:

expediency find acceptable drying methods and develop constructive
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recommendations for the rational organization of the process of drying potatoes,
carrots and onions;

pre-processing are proposed and their optimal regimes, established installation
of drying drying facility with pre-treatment;

obtained experimental confirmation accelerate vacuum infrared drying
(shortening process) when applying the pre-treatment, namely short IR pre-
treatment delayed compared to convection;

formalized optimal parameters and modes of pre-treatments of dried objects;

experimentally confirmed reduction of losses of vitamins and sugars;

optimal parameters and modes IR vacuum drying;

the principle of the proposed pilot plant drying.

Reliability of obtained results is proved that experimental results received,
processed using sophisticated computer programs MATLAB 6.5, STATISTICA
6.0 operating environment of Windows XP, Microsoft Excel and statistical
mathematical models obtained adequate real process.

Theoretical and practical value of results of research.

expediency of finding acceptable ways of drying and making constructive
recommendations for the rational organization of the process of drying the
potatoes, carrots and onion;

pre-processing are proposed and their optimal regimes, established installation
of drying drying facility with pre-treatment;

received experimental confirmation accelerate drying with the use of
preliminary processing, namely of brief IR pre-processing with the excerpt;

optimum parameters and modes formalized preliminary treatments of the
drying facilities;

the optimum parameters and modes of infrared vacuum drying;

found 3-4x reduction process with vacuum infrared drying, compared to
convection;

proposed principle commercial drying.

Realization of results. Created a technological system of short-term
electrophysical processing of foods (potatoes, carrots, onions), which developed
incorporated TI: 64-23425050-03:2014 and registered at No. 745/1, 14.11.2014.
Results on the use of preliminary thermal processing drying is implemented at the
production companies of the Association of food industry enterprises of
Uzbekistan: FE LLC "Turakurgan Derinlik agro" (act number 14-22 July 12,
2014); LLC "TOOLPAPER", (act number 38/1 dated 12 June 2014); GOLD
DRIED FRUITS (act number 14 of 20 August 2014) (statement of the Association
of food industry enterprises of Uzbekistan AP/13-1330 from 16 June 2015) and
annual net economic effect amounted to more than 350 million soums.

Approbation of work. Results of the study were presented at more than 20
scientific and technical conferences, including 9 international: "Modern problems
of mathematical modeling and computation-inflammatory methods" (Ukraine,
Kiev, 2013); International Scientific Forum "Food innovation and biotechnology"
(Russia, Kemerovo, 2013); «European Science and technology» (Germany,
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Wiesbaden, 2012); «IV of the All-Russian conference on chemical technology with
the international participation» (Russia, Moscow, 2012); Ill-international research
and practice conference «Science, Technology and Higher Education» (Canada,
Westwood, 2013); III International conference on «Chemistry and chemical
technology» (Armenia, Yerevan, 2013); IV—international research and practice
conference «Science and Education» (Germany, Munich 2013); Dynamical system
modeling and stability investigation(Ukraine, Kiev, 2013).

Publication of results. On the topic of the dissertation published 33
scientific papers, including 1 monograph and 8 scientific journals in international
journals.

Structure and volume of dissertation. Dissertation is consisted of
introduction, five chapters, conclusion, bibliography and 26 appendices, contents
198 text pages and includes 35 figures, 36 tables.

Main contens of dissertation

In the introduction substantiates the topicality and relevance of the topic
thesis formulated goals and objectives, as well as the object and purpose of the
research 1s aligned research priority areas of science and technology of the
Republic of Uzbekistan, scientific novelty and practical outlines the results of the
study, is based on the reliability of the results obtained, disclosed the theoretical
and practical importance of the results obtained, is a list of implementations in
practice the results of the study, information on published work and the structure of
the thesis.

In the first chapter of the dissertation «The study of influence of pre-
treatment facilities in the drying process. Forms processing means» analyzed
the status and trends of the theory and technique of the drying process,
systematized information on the technological properties of vegetables like drying
facilities.The results of studies of the drying process, methods and apparatus for
drying fruit crops. On the basis of calculating the level of the integrity and stability
of the systems is determined lowly area of processing of fruit crops. This chapter is
an overview and staging in nature and aimed at creating the basic concept of the
study.

In the second chapter «Research projects, conditions installation and
procedure» of the accumulated information on the methods and tools of the pilot
studies, the results of studies of properties of vegetables as a drying and
preliminary treatments are reflected savings of optical spectral and mass transfer
characteristics of the product, analyzed the new properties achieved by pre-
processing.

Substantiated research priority of radiation and heating temperature of the
radiator. A special role is assigned to the analytical study of the degree of
blackness, i.e. economical heating associated with the degree of radiation (black).
Found that high effect will be achieved when will take into account the spectral
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characteristics of the IR emitter, as the degree of radiation and heating temperature
of the radiator.

Classical electromagnetic theory proves that the two infrared radiators at the
same temperature will act very differently.

According to the classical electromagnetic theory emissivity IR emitters can
be calculated with the help of their electrical properties.

Integral emissivity determined by the following formula:

€, (1)=0,0347-Jr, ;- T, (1)

where ., 273-resistivity at 273 k (0° c¢), Ohm-cm; T is the temperature in
Kelvin.

Thus, both the spectral and integral emissivity depends on the resistivity of
the emitter material. The greater the resistivity of the material, the higher the
figures. Integral emissivity also depends on the temperature of the heating plant.

When used as heating bodies for the radiation source material with a low
specific electrical resistance and hence a low degree of blackness, in the heat
treatment plants unnecessary energy losses occur. To bodies glow, providing high
radiative properties include various ceramic emitters, transducers, made on the
basis of porcelain, film semiconductor emitters, etc.

The results of these studies for the implementation of operations selected
drying electric heating elements of the new generation - pulse ceramic transducers
radiation.

Also disclosed are focusing mechanism of the IR spectrum of the radiated
energy, pulsed radiation, the magnitude of its length and density, as well as the
cyclical nature of energy transformations, the mechanism of ejection pulse energy
and maximize the efficiency of the process.

The mathematical relationship between the periods disclosed exposure and
breaks through the diffusion coefficient, formulated a mathematical expression
cycle time. It consists of the impact of temperature and moisture gradient
redirection in evaporation due to accumulated when the pulse heating of heat with
the simultaneous cooling of the material, the moisture redistribution in the centre
of the sample in the periphery. Presented experimental results of heat treatment
process parameters of potatoes, carrots and onion. Using the theories underlying
the nomograph, which defines effective modes of discontinuous infrared radiation
in heat treatment processes of vegetables. Comparative analysis of the results
obtained with the theoretical terms of quantum mechanics, proved adequacy of the
results.

Diagrams of installations for the pre-treatment of samples in the infrared

range of the electromagnetic field (fig. 1) and IR-vacuum drying (fig. 2).
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Fig. 2: experimental setup for preliminary pressure thermometer.

processing of vegetables Fig. 3. Diagram of the lab setup infrared

vacuum drying

The third chapter of the dissertation «The theoretical justification mode of
IR vacuum drying vegetables» is devoted to the optimization of process parameters
of IR-vacuum drying, by obtaining the statistical mathematical models:

y = B0+B1 X1+B2X2+B3X3+B12X1X2+B13X1X3+B23X2X3 +B123X1X2 X3 (2)

It includes a general view of the regression equations (2) and separate
regression equation for potatoes, carrots and onions (3-5). Verified the correctness
of equations through the definition of standard deviation of results.

Ypotatoes) =133 — 0,408, +0,57x, —0,47x, —0,24x,x, —0,01x,x; —0,58x,x, +0,34x.x,%, (3)

Yicamots) = 1,93-0,5x, +0,81x, -0, 71x; — 0,3x,x, +0,05x,x; —0,75x,x, + 0,3x,x,x, 4)
¥ onion) = 2,99-0,68x, —1,47x, —0,51x, —0,31x,x, —0,15x,x; +0,49x,x;, —0,15x,x,x;, (5)

Our studies have shown that the duration of the drying process of vegetables
and output quality of the finished product has an effect pre-treatment of raw
materials in the electromagnetic field of infrared and heat flux.

The system of equations (6-14) is a statistical model of the process of IR-
vacuum drying with pre-processing in the electromagnetic field of the infrared
range.

For the potatoes:

W.p =55,18-2,81-x,+0,56-x, +1,56- x, —0,94- x,x, +0,00- x,.x; —0,31- x,x; —2,68- x,x,x, (6)

N=0,28—-0,035-x,—0,025-x, —0,08- x, +0,025- x,.x, +0,017- x.x, +0,17-x,x, —0,007-x.x,x,  (7)

K=0,127-0,048-x, —0,026- x, —0,028- x, —0,017- x,.x, —0,006- x,x; +0,01- x,x, +0,05- x,5,x,. ~ (8)
Carrot:

W, =43,37+0,87-x, +1,87-x,-3,37-x,—0,125-x.x, +2,5-x,x, —4,37-x,x,+0,625-xx,x,  (9)
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N=1,24+0,063-x, —0,01-x, —0,038-x, —0,11- x,x, —0,04- x,x, +0,05- x,x, —0,008- x,.x,x, (10)

K=0,164-0,064-x, —0,036- x, +0,004- x, +0,015- x,x, +0,028- x.x, —0,1- x,x;, +0,02- x,x,x, (11)
For onions:

W, =63,13-5,5-x, —4,63-x,+1,76- x, —0,48- x,.x, —0,38- x,x, +1,74- x,x, —0,39- x.x,x, (12)

N=0,86+0,18-x,+0,13-x, +0,012-x, +0,1- x,x, —0,02 - x,x, —0,01- x,x, — 0,05 x,x,x, (13)

K =0,075+0,007-x, —0,03x, —0,024- x, —0,008- x,x, +0,015- x,x, + 0,01 x,x, 0,01 x.x,x; (14)

Obtained according to adequately describe the process of IR vacuum drying
vegetables and allow to calculate the value of the drying rate N, drying coefficient
K and the critical moisture content of the sample Wy, with an error of up to 5% in
the range of variation of the process parameters under which the study was
conducted.

Fig. 3 shows the experimental curves of changes in humidity of the sample
of potato at temperatures of 50, 60 and 70 °C, the main factor determining the
duration and temperature of drying is the water activity, which decrease to values
of 0.3 and below indicates minimize the amount of moisture (Fig. 4). For the same
conditions obtained curves of changes in humidity and water activity of carrot and
onion.
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- -& - 70 degree Celsius - -A- - 70 degrees Celsius

Fig. 3. The dependence of moisture  Fig. 4. Dependence of the activity of water in
drying potato sample temperature a dried sample of potato from the process
infrared vacuum drying process temperature vacuum drying IR

It was also found that increasing the proportion of osmotic ally bound water
in the sample limits the duration of the drying period at a constant speed. Thus, the
use of vacuum infrared drying reduces the duration of the process. Samples
vegetables, dried under vacuum infrared drying, superior to similar articles
subjected to convection drying.
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Experiments show the influence of the temperature vacuum drying for the
infrared physical and chemical indicators of potatoes, carrots and onion, are
analyses of samples of dried material (fig. 5-7).
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In pulse-intermittent drying mode with lowering of the energy source in each
subsequent cycle found that the vitamin C content in potatoes, carrots and onions are
respectively 63.5; 30.26 and 49.74 mg%, sugar 52.5; 52.5 and 72.5% at the required
residual moisture content of 9.88; 13.86 and 13.51%. The other two modes IR energy
supply for drying potatoes, carrots and onions to a moisture content of 10-14% will
require more time: with a constant level of energy supply - 185 min - vitamin C - 43.5;
22.8 and 38.1 mg%, sugar - 45.2; 45.2 and 65.2%, with a high level of energy supply -
185 min - vitamin C - 38.5; 20.8 and 40.3 mg%, sugar - 46.1; 47.6 and 67.6%.

Analysis of the curves of drying vegetables in comparable conditions
confirms that the highest efficiency is pulsed discontinuous mode with decreasing
levels of energy supply in each subsequent cycle. When removing moisture from
the potato W;-77,3% to W, -9,88%, carrots with W;-88,4% to W,-13,86%, and
onion with W;-90,3% to W, -13, 51%, the process is placed in the 120-180 min.

Table 1
The results of experimental research on drying potatoes
with pulse-discontinuous IR energy transfer
Specific
View : : W“. " Yo | Wi, % The content of | Contents gravity
vegetables View experiment 1n1t'1a'l ﬁnal vitamin C of dry| sugar, % consumption
humidity | moisture matter, mg% energy,
’ kW*h/kg
with the permanent|
rate of energy 77,3 11,8 43,5 452 1,3
transfer
Potatoes | Vi fall the levell o g g 63,5 52,5 1,2
of energy supplies
with increased the
level of energy 77,3 9,8 38,5 46,1 1,5
supplies
with the permanent|
rate of energy 88,4 13,4 22,8 452 1,3
transfer
Carror | With fall thelevell g0 113 g6 30,26 52,5 1,2
of energy supplies
with increased the
level of energy 88,4 12,9 20,8 47,6 1,5
supplies
with the permanent|
rate of energy 90,3 14 38,1 65,2 1,3
transfer
Onion | With fall thelevel) g4 5145 5 49,74 72,5 1,2
of energy supplies
with increased the
level of energy 90,3 12,4 40,3 67,6 1,5
supplies

Demonstrated that rapid removal of moisture macro and microvessel and most
adsorption of moisture affects the organoleptic properties of the dried sample.
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Compared positive and negative effects of drying at temperatures of 50, 60, 70°C, and
found that the mechanical properties deteriorate and organoleptic characteristics of the
dried material.

The results of experimental research on the effect of pulse-discontinuous IR
energy supplies to the process of drying vegetables are given in table 1.

The data indicate that in the process of drying at low temperatures (up to
60°C) maintaining vitamin ¢ close to the source material, but the sugar content is
low. In the process of caramelization of carbohydrates when the process
temperature exceeds 70°C , the reverse occurs, high sugar content and low vitamin
c content. From the low-temperature regimes more appropriate use of IR
preryvnym control mode heating with a low level of energy transfer in each
subsequent cycle. Studies have shown that the quality of the vegetables, dried in IR
systems meet the requirements of the current regulatory and technical
documentation.

Depending on the selected mode or function of IR-heating dry vegetables
have different quantitative and qualitative composition of substances. The finished
product is characterized by high biological and energetic value that creates
favourable conditions to use dried vegetables for medicinal and food uses.

The fourth chapter of the dissertation «The experimental part. Effect IR,
microwave and infrared microwave pretreatments for the drying process. IR-
vacuum drying» deals with the process of drying vegetables in conditions close to
the industry. Made experimental setup, confirmed that, in the application of the
pre-treatment process of drying is faster, and it is of brief IR pre-treatment with an
excerpt, the ultimate moisture samples are minimal.

Figure 8-10 graphically depicts the dependency changes of moisture in samples
of vegetables. Residual moisture content in dried samples of vegetables using their
pre-processing in an electromagnetic field of IR, microwave and IR-microwave
ranges, with the IR-vacuum drying within 2-3 hours are listed in table 2.

Table 2
Residual moisture in the dried vegetables samples with
infrared vacuum drying

. Method of The ultimate moisture by drying a product
Drying method preprocessing Potatoes Carro}; o 1(DDnion
Without pretreatment 14,96 20,51 32,87
Infrared IR 9,86 12,22 12,50
vacuum drying Microwave 13,88 13,97 24,54
IR-Microwave 12,87 13,52 14,54

The results show that is the most appropriate pre-treatment of samples in the
infrared range of the electromagnetic field.

In fig. 11-13 shows plots of the kinetics of drying: drying speed changes
depending on samples of potatoes, carrots and onions from the moisture in the
material at a temperature of 60°C in the drying chamber for vacuum drying IR
without pretreatment and drying methods using all three of the species
pretreatment.
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The experimental data were designed to study the kinetics of drying on
Fick's diffusion model with boundary conditions of the first kind shows that
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integrerirovannye per weight drying cycle ratios of the diffusion coefficient of
moisture to the square of the particle size determines the order of 0,003 min .
Processing drying curves using diffusion models with boundary conditions
of the third kind convincing evidence (Bio coefficient values around 0.1) the
transition process from the traditional intradiffusion by the external shape of the
flow in the application of the test thermoradiation options drying technology.
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It is seen that for an adequate account of features of the kinetics during the
detailed synthesis and semi-industrial plants need to attract co-occurrence model
heat and mass transfer, and other phenomena. Rudeness traditional ideas of a
period of constant and falling drying rate is shown in the analysis of drying curves
and drying rate curves methods of spline approximation to the empirical selection
parameter ratio proximity of calculated and experimental points and the
smoothness of the unknown functions.Non-enzymatic sugar losses during drying
are due to reactions of melanoidins and caramelization of sugars.

IR vacuum drying potato with IR pretreatment contributes to obtaining a
finished product with a maximum content of starch after 2-hour drying process,
which is 62.3% using the infrared and microwave microwave pretreatments,
respectively 1s 61.6% and 61.2%, and without pretreatment 61.27%.

Dynamics loss based on the starch dry matter in the drying potato samples is
shown in fig.14.

Figure 15 shows the results of research on an IR vacuum drying for 2.5
hours, the carrot without pretreatment, as well as IR, microwave, infrared
microwave pretreatment. In samples of dried carrots highest concentration of
sugars seen with IR pretreatment and is 55.9%.

In the pretreatment in an electromagnetic field and microwave combined
infrared and microwave frequency ranges mass fractions of residual sugars are
identical and are in 54.92%. When dried without pre-treatment is achieved only
43.9% of the mass fraction threshold sugars in the sample, and within 3 hours of
drying is increased to 56.01%.
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Shows the variation in the sugar content of dried onion samples with infrared
vacuum drying pretreatment and without using all three methods discussed
pretreatment for 2.5 hours, IR-vacuum drying. The graphs show that sugars have a
greater concentration in the samples dried onion when applying pre-processing IC
and constitute 63.37%. In the pretreatment in the electromagnetic field of the
microwave and infrared-microwave bands content mass fraction of sugar and the
same amount to 54.92%. When drying without pre-treatment for 2.5 hours
achieved just 49.74% threshold mass fraction of sugars in a dried sample, and 3
hours increased to 65.95%.

Analyses of these experiments demonstrate that the IR vacuum drying
onions with IR pretreatment reduces drying time by about 30 minutes and save
energy costs.

Fig. 16 shows the behavior of the mass fraction of sugar in the dry matter of
onion samples. Graphs demonstrate the loss of the sugars that are somewhat higher
as compared to samples of carrot and potato.

According, the graphs it can be concluded that the lowest losses of sugars
are observed in samples dried onions obtained using IR pretreatment. Also
improved organoleptic characteristics of the final product as compared with
vegetables.
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Fig. 16. Based on the content of sugar content in the dry matter of time drying in
samples of dried onion

Fig. 17 is a graphical representation of quantitative changes in the character
of vitamin C in the samples of dried potato IR vacuum drying without pretreatment
and using all three methods considered pretreatment.

These results indicate that the Ascorbic acid content in the samples were
dried potato two hour IR vacuum drying with IR pretreatment constitute 72.4 mg%
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and a provisional pre-processing in the electromagnetic field of the microwave and
infrared-microwave frequency ranges, respectively, 60.1 mg% and 64.2 mg%
while IR-vacuum drying without pretreatment - 65.1 mg%.

Vitamin C content in the sample of dried potato received IR infrared drying
vacuum pretreatment above.

Fig. 18 is a graph of the growth mass fraction of ascorbic acid in the samples
of carrot drying process.
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samples of the dried potatoes samples of dried carrots

The ascorbic acid in the infrared vacuum drying pre-treatment with an
electromagnetic field of IR and IR ranges in the microwave for 2.5 hours,
significantly greater than the recommended GOST 52622-2006 and is respectively
28.5 and 25.46 mg%, and a preliminary processing in the electromagnetic field of
microwave proportion of vitamin C only reaches 23.6 mg% at 10 mg%. While IR-
vacuum drying without pre-treatment long period of heating is not greatly facilitates
conservation of vitamin C. For 2.5 hours of drying is 22.4 mg% and for a 3 hours -
16.1 mg%.

From these graphs shown in Figs. 18 it is clear that for each drying method
are temporary borders, after which ends increase in the share of vitamin C. For
drying IR vacuum system with pre-treatment in an electromagnetic field infrared,
microwave and infrared-microwave bands - is 2.5 hours, without pre-treatment - 3
hours. If they are exceeded, the content of ascorbic acid is reduced. This is because
the increased contact surface of the product with air or oxygen, oxidation reactions
leading to a quantitative loss of valuable components.

Dynamics of changes in quantitative content of ascorbic acid in dry matter,
allow us to determine the loss of vitamin C in the considered methods of drying
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image samples carrots. These curves can perform calculations of loss of vitamin C
on the borders of the optimal time for each drying method.
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These graphs show that the smallest loss of vitamin ¢ are observed in
samples of dried carrots, obtained after processing in an electromagnetic field of IR
range before drying.

The sequence of changes in the content of vitamin C change curves indicates
existence of a certain number of patterns of change in the ascorbic acid in the
drying process for drying the samples selected vegetables.

Vitamin C is concentrated in the samples of dried onions and reaches the
maximum value after 2.5 hours of drying - 46.8 mg% at infrared vacuum drying
using IR pretreatment. It is more than that required by GOST (12.00 mg%) four
times. The maximum content of ascorbic acid using microwave pretreatment of
dried samples achieved within 2.5 hours, and was 40.1 mg%, with a combined
pretreatment process (IR UHF) - 38.4 mg%, and without pretreatment - 42 3 mg%.
Further drying bow without pretreatment for 3 hours leads to a decrease in the
amount of ascorbic acid to 37.8 mg%. The advantage of the IR-vacuum drying with
IR pretreatment vividly show the digital data%.

By analogy to fig. 19 shows the change of quantitative indicators vitamin C
content in the dry matter in samples of dried onion in the drying process.

Based on these graphs it can be concluded that the lowest losses of vitamin
C are observed in samples dried onions obtained by IR vacuum drying with IR pre-
treatment.

Vitamin C content in a sample of dried potatoes, carrots and onions of the IR
vacuum drying with IR pre-treatment above.

69



The fifth chapter of the dissertation «Implementation of the results.
Economic evaluation of the effectiveness of the developed method for drying»
is devoted to the hardware design of the drying process and the analysis of
economic indicators achieved in the implementation of the development.

Describe a strategy for implementing the preparatory operations of each of
the considered vegetables; potatoes, carrots and onions; describes how to conduct
operations, modes and installation, quality control of their conduct. Particular
attention is paid to the processes of cleaning, pre-heat treatment — IR, treatment
sulfitation peeled vegetables, shredded.

Given a real technological scheme IR vacuum drying vegetables, which in
addition to preparatory operations including drying under vacuum to infrared
energy supply. The description of the semi IR vacuum plant, the appointment of its
components and the procedure for inclusion in the work.

On fig. 20 is a schematic diagram of pilot plant IR vacuum drying
vegetables. IR drying vacuum system consists of a metal chamber 13 isolated Foils
11 and lined with aluminium foil 14.In the cell metallic trays 2 installed for drying
material 3. Each pallet has 6 IR lamps with calculation of heat flow density 1.5
kW/m®. The camera is equipped with a vacuum pump 4 pressure gauge 5, and
drain valve 7 inlet air in the chamber when finished. Built-in scales 1 to 12 springs
are used to automatically determine the residual moisture (dryness) material, and
10 gauges and charge 8 temperatures are used to implement computer control the
drying process means 9.Installation work is carried out in the following order. 8
devices is operating temperature in the working chamber 13. The material obtained
by means 3 is placed on pallets, pallets are 2 cameras 13. Turn on the vacuum
pump 4, before reaching the vacuum level to 60 kPa (residual pressure 40 kPa) on
the gauge 5. The computer is the ultimate 9 humidity drying of the material, which
is used in the mathematical model of drying process in Chapter 3 of this thesis.
The essence of computer process control is that a mathematical model will
generate the final value of the moisture of the material, resulting in some
processing time depending on the model input parameters (product type, initial
moisture content of the material, the residual pressure in the working Chamber, the
temperature of the process). Includes IR lamps 6 and there has been a rise in
temperature by computer 9.

For achievement of the ultimate given moisture of the material, as well as
the change of temperature and pressure, can be watched on your computer. If
necessary, you can actively influence the progress of the drying process, for
example to change the pressure in the chamber temperature. Once the pre-set
humidity material infrared heaters are disabled. Removable trays are checked
visually quality indicators and unloaded pallets to cool. The cycle is repeated.

A method of economic evaluation of efficiency of the developed method of
infrared vacuum drying. Using a comparative analysis of three methods of drying
pre-treatment: without pre-treatment with IR, microwave and infrared-microwave
treatments found the scale of assessment criteria for determining weight of factors
of drying.
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1-built-in scales; 2-tray; 3-material obtained by means; 4-vacuum pump; 5-
pressure gauge; 6-infrared lamp, 7-valve for the air in the chamber; 8-device problem
temperature; 9-PC. 10 temperature sensor; 11-insulation; 12-a charge the ultimate
moisture drying of the product; 13-the working chamber; 14-facing.

Fig. 20. Scheme of IR-vacuum plant for drying vegetables

Qualitative characteristics of the dried products are translated into
quantifiable using these criteria. This position enabled the comparison of a pre-
treatment method, the results of the calculations is the combined total score
corresponding to the level of effectiveness of the methods of drying.

On the basis of expert multicriteria evaluation found the best option
pretreatments. Practical recommendations for the use of technology in the canning
and vegetable drying Industry.

Conclusion

1. The processes of drying designed to study the effect of different methods
of exposure to moisture, and must be removed as far as possible at a low
temperature in a short time and with minimal energy consumption. The
characteristic IR momentary prior methods, microwave and infrared exposure to
microwave drying objects, studied their influence on the state of the moisture in
the product, its removal in the atmospheric and vacuum infrared drying. Due to the
feasibility of finding appropriate methods of drying and to develop constructive
recommendations for the rational organization of the process of drying potatoes,
carrots and onions.

2. The degree of radiation and the heating temperature of the working body -
the radiator, ceramic selected pulse converters. The mechanism of focusing the
radiated energy of the IR spectrum, pulsed radiation, the magnitude of its length
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and density. Discloses a cyclical energy conversion mechanism and a mechanism
ejection pulse energy and maximize the efficiency of the process, the range of the
radiated waves and effect, including sterilizing at drying vegetables.

3. Describe the effect of redirecting the temperature gradient and moisture
evaporation of moisture due to accumulated under pulsed heating of heat while
cooling the material, thereby redistribution of moisture at the center of the sample
in the periphery. Disclosed mathematical relationship between exposure periods
and breaks through the diffusion coefficient.

4. The features of the mechanism of action of electromagnetic fields IR
samples were dried in the product, reducing the operating temperature of the
evaporation of moisture of up to 50°C.

5. It was established experimentally that in studies of pulsed-mode
continuous drying with decreasing levels of energy supply in each subsequent
cycle of the vitamin C content in potatoes, carrots and onions are respectively 63.5;
30.26 and 49.74 mg%, sugar 52.5; 52.5 and 72.5%. For the other two modes IR
energy supply when drying potatoes, carrots and onions to a moisture content of
10-14% time spent increased by 7%.

6. It is confirmed that the application of pre-cal elektrofizi (infrared,
microwave) treating the drying process is accelerated, especially in the short-term
IR pre-treatment delayed, the final moisture content of the sample was 9.88% of
potatoes, carrots - 8.83%, onion - 12 4%. When using the microwave processing
final moisture of the sample is 13.9% of potatoes, carrots - 9.2%, onion - 11.4%.
When using a combined infrared microwave - final moisture content of the sample
processing potatoes is 12.9%, carrots - 9.8%, onion - 14.08%.

7. IR vacuum drying IR pretreatment reduces drying time of about 30
minutes and reduces temperature of from 65 to 50°C, thereby saving energy costs.

8. Based on the results of laboratory studies, experimental and industrial test
developed technological scheme of the primary dried vegetable ingredients,
compiled the material balance. The potatoes subjected to experiments (grade
«Santay), carrots (grade «shantane») and onions (grade «karatal») residual amount
of sugar increased by 20%, and vitamin C by 13%. Due to improvement of the
grade of the finished product at the enterprises «GOLD DRIED FRUITS» and
«TOOL PAPER» settlement annual economic effect will be 305.3 million sums on
enterprise-yatit SP LLC "Turakurgan Shirinlik Agro" actual effect was 101.5
million with an annual sum the development of 200 tons of dehydrated vegetables.
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