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KHUPUI (10KTOPJIUK JUCCEPTALUACH AHHOTALUSCH)

Juccepraums MaB3yCHHUHI [10/13apOsuru Ba 3apyparu. bMTHuUHT 03K
OBKaT Ba KHIWIOK XY>KAJIWTW TAIKWIOTUHUHT Oaxonammya 2050 itmnira 6opud
OyHEAA axXOJNMHU KHUIUIOK XY>KaJIUTHM Ba YOPBAYMWIMK MaxcyjoTiapura Oyirax
TanabuHu KoHaupuil yuyH 2006 iiunra Hucoaran 60%raya ey KepakIUuruHU
MabJIyM KUIMOKa'. Xap wwim ayH€ Mukécuaa naonHnu Maxcyiaoriap 30%,
TyraHakjiu Ba MeBa-ca03aBoriap 40-50%, ér OepaguraH SKuHIap, TYIIT Ba CYT
maxcyinoriapu 20% Ba Oanuk MaxcyJaoTinapuHuHr 35% HOOynm Oynuinu
HATWKACH/IA YUKUTTa YMKAPHIMOKIA’.

MyCTaKWINIMK HUIIapuIa 03UK-OBKAT MaXCYJIOTIAPUHNA €TUIITUPHILL Ba KalTa
UIIIAI COXACHHU caMapasid PUBOKIIAHTUPHUIITA AIOXHUIa YBTUOOD KapaTUiiau.
Maskyp iyHanuiia amaira olmupuiIral JacTypuil yopa-taadupiap acocuaa
MyaiisiH HaTWXKajaapra, >kyMiaaH, KUILJIOK Ba YPMOH XY>KaJIUTU MaxCyJ0TIapUHH



cudativ KaiiTa UIiamn OpKajaIl UMIOPT YPHUHU OOCYBYH XaMJa SKCTIOPTTa
UYHAITUPWIITaH 03WK-OBKAT Ba (papMalieBTHKa MaxCyJIOTJIapH UIILIA0 YNKAPHUIIT
Oopacuaa ce3unapiau HaTwxkagapra spuinian. 2015 innga pecnyonvkamuszaa
200,3 TonHa TonuHaMOyp TyraHaru Ba 199,2 ToHHa HabMaTak MeBacu
eTUIITUPIILIH®. YOy MaxCynoTIapHHN KaiiTa MIUTAITHHHT KeHT TapKairaH
yCyJUIapuJiaH Oupu KypUTHUII XHUCOOTaHAIH.

Byrynru kyHma xaxoH MUKECHIA STHTM TEXHOJOTHSUIAPHM KYJUlall OpKajlu
KUILUIOK Ba YPMOH XYKQJIWITA MaxCyJIOTIapUHM KalTa WIUIAIl YCyJJIapUHU
TaKOMWJUTAIITUPUILITA  aJoXuja IbTUOOp Kaparuiub, Oy Oopamga amanra
OlIMpWIAETTaH  WIMHMH  W3JIaHULUIapAa Xomam€ TapkuOumaru  Ouodaon
MOJIJTAIApUHYU CaKJIaraH X0j/1a KypUTaJIuraH TeXHUKa Ba TEXHOJOTHUSIIAPHU UIILIA0
YUKUAII MyXUM Basudanapgan Oupu XucoOnaHaau. XoMami€HU KypUTHII
YCY/UIApUHM ~ TAKOMWIJIAIITUPUII Ba IOKOpH cUaTId  MaxCyJOT  OJIMII
TEXHOJIOTHSICHHUA HIIIA0 YUKHUIIAA KATop, >KymJlaJlaH, KyHujaard WyHamuuuiapiaa
TErWIIIN WIMHA €4MMIIApHU acociall 3apyp: TOMMHAMOyp Ba HabMaTaKHU KaWTa
UIuUiam  kapa€Husia MaxcyjloT TapkuOumarn Ouodaosn MojaalapHu cakiad
KOJaJuraH TEXHUKA Ba TEXHOJOTHSHU HWIUIA0 YUKUII, KYypUTHI >KapaéHua
MUKPO3JIEMEHTIAp TAKCUMIIAHUIIMHUHT MaTeMaThK MOJCINHU HWIIa0 YUKHIIL,
Kyputui xapaéauaa uappaxuzmwi (MK) Hyp opkamu Ku3aupHIinga UCCUKTUKHUHT
y3rapuiii  Ba HOYM3HUKIM KYPUHUIUIAPU XaMJa MAaxCYJIOTHH HCCHKJIUK
daomMruHM  XMcoOra oiraH XojJa MCCUKIUK aJIMallMHYB >Kapac¢HIapuHU
anukam, UK wvyp €pmamuaa Bakyymaa KypuUTHIIl KypUIMACUHH Ba KypUTHIITaH
MaxCyJlIOTIaH KyKyH OJIMII TETUPMOHWHHM wWmiad uukwml. Jluccepramms
MaB3yCHHUHI J10J13apOnuru ymdy HyHanmuuuiapia UMUK U3JTaHUIUIApHU amalira
OIIMPUII OUJIaH U30XTaHAIH.

V36exucron Pecny6nukacu Ipesunentununr 2009 inn 26 sBapmard TTK
1047-con «O3UK-OBKAT MAaXCyJOTIapU MILIA0 YMKAPUIIHU KEHTAaUTUPUII Ba UUKU
0030pHU TYJAMPUII F03aCHIaH KYIIUMYa Y0pa-Tai0upiap TYFPUCHIIanTH Xama

= IlpomoBonbCTBEHHAS U celbckoxo3siicTBeHHas Opranuzanus OopequaeHHbx Hamwid. [Tonoxenue gen B o6mactu
HPOJOBOJIbCTBHUS M CEIBCKOTO X03sicTBa. M3MeHeHHe KIMMaTa, CelnbCKOe X035HCTBO U IIPOJOBOJIBLCTBEHHAs 0€3011acCHOCTD. PuMm,
2016. —210 ¢. >Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction
2015. Rome, 2015. -8 p. 3 «§’3(1)apMcaHoaT» AKuunr 2016 #un 27 oxtsiopaarun NeHU-06/1944-connu MabiyMOTHOMACH.
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2011 #immamar 31 oktsiopuaaru [1K-1633-con «2012-2015 fimnmnapna Pecmy6nmka
O3UK-OBKaT CAHOATWHU OOLIKAPHILIHU TAIIKWI STUIIHU SHAJa TAKOMWLIAILITHPHII
Ba PUBOXKJIAHTUPHIL 4HOpa-TagOupiapu Tyrpucuaa»ru Kapopnapu xamaa Maskyp
(daonmuATra TErHIUIM OOWIKA MEbEPUN-XYKYKHI XyxoKamiapAaa OenruiiaHral
Bazu(amapHu amaira OIIMpHINra ymly Jucceprauus TaAKUKOTH MyalsH
Japakaja Xu3mar KWiau.

TaagkuKOTHUHT pecny0anka (paH Ba TEXHOJIOTUSJIAPHU
PHMBOKJIAHMIIMHUHT YCTYBOP HYHATHIJIAPUTa OOFIMKJIUIU. Ma3Kyp TaAKUKOT
pecny6nuka (aH Ba TEXHOJIOTHUIAPH PUBOKIAHUIIUHUHT V. «KUIITOK Xy Kamuru,
OMOTEXHOJIOTHS, KOJIOTHS Ba aTpod-MyxXuT Myxodaszacu» Ba VI. « Tub6uér Ba
dapmakonorus» ycTyBop HyHanunuiapura MyBo(pHuK Oakapuiras.



Juccepranus MaB3ycH Oyiiu4a XOPHKUN WIMHI-TAAKUKOT/IAp Iapxu’.
Kanumisip-roBak Marepuan OYiran 03uK-oBKaT MaxCylOTIApUHU Ky PHUTHIII
yCyJIJIapH Ba YHU MaTeMaTUK MOJCIUIAIITHPHUII OpKAJId OModao Mojaaiapu I0KOpU
CakJIaHTaH MaxCyJOT OJIMII TEXHOJOTHSICH Ba KypHJIMaJapuHU UILIa0 YUKUIITa
NYHANTUPWITaH WIMHAN U3JaHUIUIAP )KaXOHHUHT €TaK4M WIMUK MapKasjaapy Ba
ONTUH TaBJIMM Myaccacanapi, )kymianaan, University of Georgia (AKII), Laval
University (Kanana), Technical University of Berlin Ba German Institute of Food
Technologies (I'epmanust), Federal University of Santa Catarena (bpazunus),
University of Extremadura (Mcnanust), Ataturk University Ba Middle East
Technical University (Typkust), Mutah University (Mopmanusi), National University
of La Plata (Aprentuna), Aleksandras Stulginskis University (JIutBa), Mocksa
JIaBJIaT O3UK-OBKAT UIILIA0 YMKAPHII YHUBEPCUTETH Ba KpacHomap KUIILITOK
XY’KaJuru MaxCyJloTIapuHu cakiiam Ba Kaita nnutamt UTU (Poccust)napna onub
OOpHIMOK/IA.

Kyputum  >xapa€Hu  camMapaJoOpJWTHHH  OIIMPHUIN  OpKalu  cudamin
MaxCyJoT/Iap OJUINTa OHJ JKaxOHJa ONuO OOpHITaH TAJAKUKOTIAp HATHXKAcHIa
KaTop, JKymJaJaH, KyWugard WIMHIA HaTH>Kalap OJIMHTaH: YCHUMITUK Ba MEBaJapHU
XaBO OKMMH EpJaMuja KypUTHIN Ba YHAAH KyKyH OJIMINI jkKapaéHuJa MaxcCyJoT
TapkuOuaaru Gpusuk-kumeEBui y3rapunviap anukianrad (University of Georgia);
O3WK-OBKAT MaxCyJIOTIApUHUA HCCUK XaBO Ba MY3JIATUII OPKAIM KYpPUTHII
texHosorusicu wunuiad uukwiran (Laval University); wmeBa-ca03aBOT Ba
ycuMmiukiiapra xoc Oynran (pU3MK-KUMEBUN XyCyCUSTIIApUHU XUCOOra oJiraH Xojaa
KYpPUTHIII OpKalu (QyHKIIMOHAT MaxCyJaoTiap OJUII WyJUlapu aHUKJIaHTaH
(Technical University of Berlin Ba German Institute of Food Technologies);
MaxCyJIOTJAApHHU KypUTHUII jkapaéHuTa BaKyyMHUHT Tabcupu aHukiianra (Federal
University of Santa Catarena); Kyputuii xapaénura UK HypnapHuHr Tabcupu
anukyanrad (University of Extremadura); Kypwui xapaéania HabMaTak MeBacu
TapKuOua aCKOPOUH KUCIIOTa MUKJIOPUHHUHT CaKJIaHUII yCynu sipatuirad (Ataturk
University); TonuHaAMOYpHH YABTPa-MUKPO-TYIKUH EpamMuia KypUTHUII YCYIIH
nnuiad ynkwirad (Middle East Technical University); TerupMonaa XoMaéHu
Maiganamn xapaéan Takommnamtapuiarad (Mutah University);

4 o . . .
Jluccepranusi MaB3ycH OyiiMua XOpWXuil WIMHH-TQIKUKOTIap mmapxu www.uga.edu; www2.ulaval.ca; www.dil-ev.de;
www.en.ufsc.br; www.unex.es; www.atauni.edu.tr; www.metu.edu.tr; www.mutah.edu.jo; www.unlp.edu.ar; www.asu.lt;
www.mgupp.ru; www.kniithpsp.ru Ba 6ommka Man6azap acocuaa HILIad YUKUITAH.
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HabMaTaK MEBACHHU UCCUK XaBO OKUMHU EpJlaMuia BaKyyM/ia HHOPaAKU3UI HYP
EpllaMuia KypUTHII KypUJIMacH Ba TexHoJorusicu unuiad yukwiran (National
University of La Plata); TomunaMOyp TyraHarvuHu cakjiaii Ba KaiTa WIIUTAII
xapaéanna cudar y3rapumm anukiaanrad (Aleksandras Stulginskis University).
Jynéna QpyHKIIMOHAN 03UK-OBKAT MaxCyJa0TIIapy HILTA0 YuKapuIl Oyinmda Katop,
KyMJlaJiaH, KyHHuIara yCTyBOp HyHanumuiapaa TaIKuKoTIap o1 O0pHIMOKIa:
KYPUTHIII OPKAJIH MaxCyloT Cu(aTuHU cakjiad KoIuI; nHGpaKu3wI Hyp EpaamMuia
MaxCyJIOTIAapHHU KypUTHII; 6rodaon Moaianapy I0OKOPH cakjaran Xojiaa
MaxCyJIoTap UILIad YUKHII; MaXCYJIOTIAPHU KyPUTHIN YCYJUTApUHA



TaKOMIJITAIITHPHUI (KOHBEKTHB, KOHIYKTHB, HHPPAKU3WI, YTa FOKOPH YACTOTAJN);
KYPHUTHII KAMEPACUHUHT MYKU OOCUM Y3rapuILIapyuHu aHUKIall (aTMocdepau,
BaKyyMJId, CyOJIMMAIIMOH ); KYpPUTHILI aTeHTUHUHT XapaKaTIaHUII yCYIIapUHU
UIuU1ad YMKuI (Tabuui, CyHbUi); KypUTHIAETTaH MaxCyJI0T Typura Moc yCyJJlapHU
TaKOMIJIJTAIITHPUI (KAaTTHK, CYIOK, TACTACUMOH); MyaMMOHUHT YPraHuJiranjaiuk
Aapaxkacu. Anabuémiap TaxJIMiIu HaTWKaJapy MyHU KYPCATAUKU, KyPUTHIII
XKapaCHUHU TAKOMUJUIAIITUPUILTA KaJUMIaH KaTTa 9bTHOOp KapaTuO KeJTMHTaH.
Kymnanan, A.B.JIeikoB, A.C.I'mu30ypr, C.I'Nnssicos, U.b.JIeutun, 3.C.Canumos,
0.D.Cadapormap KypuTHII KapaCHU Ha3apHsICH, HHPPAKU3WI HypIaApHUA KyPHIIT
JKapa€HHUra TAabCUPUHM YPTaHUIITa KaTTa Xucca KyIlurasiap.

Nnuna® yukapuin caHoaTuaary xapaéH Ba KypuiMaIapHiu TaKOMUJUTAIIITUPHUIIT
Oyiinya TaJIKUKoTIap oid OOpHIll, ITYHUHT/IEK, caMapaiv TEXHOJIOTHsJIapHU
uiTa6 arKua Y36ekncton onumiaapu A.A.Aprukos, K.O.Jlonaes,

X.® Oxypaes, 3.C.Mckannapos, JI.H.Myxunnunos, K.M.KypOoHoB,
b..MyxamenoB, K.T.Hopkynosa, X.C.Hypmyxamenos, P.X.Paxumos,
b.Il.ITa#imapaonoB, H.P.}FOcynGekoBiap TomoHuaaH camapaiu GaoiusT oaud
OopuiraH.

KypuTuiu sxapaéHMHM TaKOMUJUTAIITUPUIL Ba Onodaon cudarra sra Oyiraxn
Maxcynotnap unuiad yukapuin 6yiinda S.Paes, E.Karacabey, Ch.M.Ben, A.Natalia,
Ghaid Jameel Al-Rabadi, A.G.Ghiaus, C.Marquez, Saliha Erinturk, A.Ruiz Celma,
C.Ratti, H.Kunzek, K.Veerachandra u3znanuuap onub 6opumiras.
MaxcynoTiapHu KypUTHIN yCyIIIapH, UCCUKIIMK- Macca alIMalInHyB jKapaéHiapu,
KYPUTHIII )Kapa¢HH Ba KypUIMaTapHUA TAKOMUJIIAIITUPHUII Ba CU(ATIN MaXCyJIoT
onuiu 6unan U.B.Antyxos, P.1.111a330, U.A.3yes, I1./1.JIeOeneB kabu
OJIUMJIAPHHUHT 0JIMO OOpraH MIMUN U3JAHUIIAPU aXaMUSTIUIUP.

Ymby nuccepraius vimuaa Wik 00p copOuus Ba AeCOpOIUs M30TEPMACUHU
KaiiTa WIUIAll yCYJUIapu OpKaJld TaxJIMJIUK COJNUINTHPUITAH Ba OPTOTOHAI
perpeccust ycynu [1ocHOB TeHITIamMacu KYpUHMILIKA aMaira OIUPUITrat, KypUTHII
xKapaCHUHU OOLIKApHUII OPKaJIX MAaXCYyJI0TAa MUKPOIEMEHTIAPHU TaKCUMIIAHUIIN
HATI)KAacHJla IOKOpU CU(ATIM MaxcyJoT OJIMII AacOCHaHraH, TapkuOujaa KaHn
MoJIanapy Oyiaran MaxcyaoTiaapJaH KyKyH OJUII y9yH COBYTHIII CHCTEMAacura ara
Oynran mMaijanarud KOHCTPYKIMSCH MIIIA0 YUKWITaH, TOMMHAMOyp TyraHaru Ba
HabMaTaKk MeBacu TapKUOWJaru OMONOTMK (paon MoajgajdapHHU cakjaraH XoJijaa
Bakyymaa WK-ku3nupuin opkaiaum KypUTHII XKapa€HM y4yH ONTHMan OOCHM Ba
Xapopar aHWKJIAHTaH Ba WNUIA0 YMKAPUIN aMaTUETHAA KYJJTAHUIITUHUHT WIMHAMA
acocnapu Eputud Oepuiras.
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Juccepranuss MaB3yCHHHUHI JAWccepTanus OaskapwiraH OJMH TabJuM
MYACCACACHHUHT MJIMHH-TAIKUKOT HILJIApH OmjiaH 0oramkiaura. Juccepramms
TagKUKOTHU TOLIKEHT JaBiar TEXHUKA YHUBEPCUTETUHUHT WIMHU-TaJKMKOT WLILIApU
pexacuanar: MOT-2013-6-08 - «Habmarak meBacuiaH OWOJIOTHK aKTHUBIUTH
IOKOPH CaKJIaHTaH XOJIJard 4oi Ba €F OJNMII yYyH YPYF OJIMIIHM CaHOAT MUKECHUTa
onu6 uukum» (2013-2014 iiit.), A9-OK-1-15580-KA9-011-«TonunamOypHUHT
daii3 Oapaka Ba Mybxku3a HaBiIapu arpo Ba OMOTEXHOJOTHSICHHM SIPaTHIL, YHU



caKJall Ba YMKUTCU3 KailTa MIIUIAIl acoCHJa IOKOpHU camapalii, UMIOPT YPHUHHU
OocyBUM Xamja OKCIOPTOON, OKOJOTHK CO¢ MaxCyJIOT UIUIA0 YHKAPHUIID)
(2012-2014 #ii.) wmaB3ycuaaru amajvii Ba WHHOBAIIMOH JIOWHXajap Joupacujia
OaxapuiIraH.

TaaKMKOTHUHI MaKcaau Bakyyma UHPPaKU3wil Hyp €paamMuaa KypHUTHII
KypwiMacujaa TONMHAMOyp TyraHarm Ba HabMaTak MEBACHHM KaWTa WIIUIAII
TEXHOJOTUSICMHUA TAKOMWUIAIITUPUILL XaMJa KYPUIMAHUHT DHEPrOTEXHOJIOTHK
caMapaJIOpJUTUHU OIIUPUII Ba OMOJIOTUK (haos MoJalapHH CakJallaH noopar.

TagKMKOTHUHT Basudaiapu:

TOMMHAMOYp TyraHard Ba HabMaTaK MEeBaJIapy TapKUOUAAru HaMJITUK
TypJIapyHH, KalTa UIJIAIIIArd TEXHOJIOTUK, MEXaHUK, KUMEBUM, O3UKABUM,
UCCUKJTUK (PU3UK Ba OMOJIOTHK XyCYyCUSTIAPUHU TAIKUK KHUJIHIIL;

TAIKUK KWIMHAETTAaH MAaxCyJIOTHU KypUTHIN >KapaCHuaa WHPPAKU3UI HYpP
OpKadu KU3AUPHUILJIA HCCUKIUKHUHT V3rapuiid Ba HOYM3HUKIN KYPUHHUIILIAPU
XamJa MaxCyJIOTHH HCCUKIUK (AOJUTMTHHU XUCOOra OJraH XoJja HCCHUKJIHK
aJMalllMHyB KOHYHUSITIIApUTa aHUKJIAIIL;

KypUTHII kapa€HHJa HaMJIWUKHM Kamwusipiapaa XapakarjaHWId — Ba
MaxcyjaoT TapkuOujga MHUKPORJIEMEHTIAp TaKCUMJAHUIIMHUHT  MaTeMaTHUK
MOJICTTMHY UIIIA0 YUKHIIL;

TonuHaMOyp Oyjarm Xamjaa HabMmarak MeBalapuHu Bakyymaa WK
JMana3oHaard 3eKTPOMArHUT MaiioH[a KypUTHII >KapaéHUHU MOJIEIUIAIITHPHIILL
Ba ONTUMAUIAIITHPUIIHU  aMajira OWUpull, Kyputuin 3oHacuaa UK
HYpJATTUWIAPHU KOWIAIITUPUIITHU PallMOHA YCYJIUHU UIILTA0 YMKHIIL,

TONUHAMOyp TyraHard Ba HabMaTaKk MEBaJapyUHU KypUTHIN >Kapa€HUHU
Tagkuk otum yuyH UK Hyprnatruuim BakyyM KypUTHIN KypHJIMAacH JTOWMMXAaCUHU
unutad YMKUII Ba CaHoaT-Takpuba HaMyHAaCHMHHU scall Xamja caMmapalid
TEXHOJIOTHK PEKUMIIAPUHU TaXKpuOaga aHUKJIAIIL

KypUTUII Ba KallTa WIUIANl TEXHOJOTMK PEXKUMIAPHUHT  acOCH
napamMeTpiapy Xam/ia yJIapHUHT Y3ap0 TabCUPUHU TU3UMIIM TaXJIWJI KWJIHII OPKaln
UK Ku3IupHIIHUHT palldoHal PEXUMIIAPUHU aHUKJIAII, YHEPTUs WYKOTUIMIIUHA
KaMaWuTUPUILI,

KYpUTWITaH TONMMHAMOyp TyraHard Ba HabMaTaK MEBACHIAH KYKYH OJIHII
Yy4yH  TETUPMOH  Ba  a’pOAMHAMUK  CEMApaTOPHUHT  Taxpuoda-caHoar
KOHCTPYKIMSCUHU UIIUTA0 YUKHUIIL;

TaJIKUKOTJIAPHU aMaJira OIIMPHIINILIN]IA OJIMHTaH HAaTHKAJIApHUA CAHOATTa
TaTOUK DTHIII.

TanKuKOTHMHI 00beKTH cudaruga KUIUIOK Ba YPMOH  XY>KaJIUTU
MaxcyjaoTiaapu - TOnuHaMOyp TyraHaru Ba HabMaTaKk MeEBaJIApH, YJIAPHUHT
TapKuOMIaru OMONOTHK (haosl MOATAIApY CAKIaHUIITMHY TabMHHIIAIIIaH HOOpar.

8
TagKMKOTHMHI  NpeaMeTH  BakyymJa-Kyputuiml  Kypuiamacuga UK
JIAANa30Haa SJIEKTPOMArHuT MauJOH HYPJIATTUWIAP, CYBCU3JIAHTHUPHUIITA XOC
KOHYHUSITIAP, TEXHUKA Ba TEXHOJOTUSIAp XUCOOIaHAIH.
TaaKMKOTHMHI ycyJu1apu. /{uccepranusga TEXHOJIOTUK KAPAEHHU



MaTeMaTUK MOJEJUIAIITUPHUII Ba ONTUMH3ALUSIIAII YCYJUIAPU aMalira OIINPUIITaH,
Taxpubagari SKCIepUuMETIapHUHAT (U3UK MOJIETN OPKAJIM MAaTEeMaTUK MOJICITHUHT
peast )xapa€Hra aJeKBaTJINTU TEKIIIUPUITaH.

TagKUKOTHUHI MIMUH STHTUJIMIY KyHugaruiapaad nbopar:

NK-xku3aupuiil opKajid BaKyyM/ia-KypUTHILl KypUIMacuia TonuHaMOyp
TyraHard Ba HabMaTak MEeBaJapyUHU KypHUII )KapaéHUHUHT KUHETUKACH
AHUKJIAHTaH; KanuJuisip FOBAK Marepualijia HAMJIIMKHUHT XapaKaTJIaHUII MOJEIIH Ba
KYPHUTHII KapaHUHU OOIIKAPHUII OPKAIH MaxXCyJIOTAa MUKPOAJIEMEHT-JIapHU
TaKCUMJIAHUIIIA HAaTUXKACH]Ia FOKOPH cU(DATIN MaxXCyJIOT OJIMII aCOCTIaHTaH;

UK-ku3nupuin  opkaau NacT BakyyM IIApOUTHIA MATEPUATHUHT WYKHU
Kariamiapuaa MCCUKIMK Ba HAMIIMKHH Y3aTWJIMIIM XaMmJla KypUTHII Kapac¢Huaa
JUCKPET PEXKUM YUYYyH HCCUKJIUKHUHT HOUM3UKIM TapKUIMIIUHUA Y3Ura XocC
ad3ayUIMKIapu aHUKJIAHTaH;

copOuusi Ba JecopOIusi M30TEpPMACHHM KalTa WIUIall YCyJJlapu OpKaiu
TaXJWIAK COJMUIITUPUIITAH Ba OPTOTOHAN perpeccust ycyiau IIocHOB TeHmiamacu
KYPUHUILN/A ACOCTIAHTaH;

TapKuOuIa KaH ] MOJAaiapu OYiran MaxCcyJloTIapAaH KyKyH OJIUII YYyH
COBYTHIII CUCTEMACHUTa 3ra OYJIran Maiijanarud KOHCTPYKIUACH UIILIa0 YUKHUIITaH;
TOMMHAMOYp TyraHarv Ba HabMaTaK MeBacH TapKUOWmaru OMonoruk (aon
MOJJIaJIapHU cakjiara xonjaa Bakyymaa MK-ku3aqupuin opkain KypHuTHII )KapaéHu
Y4YH ONTUMAaJI 0OCHMM Ba Xapopar aHUKJIaHTaH.

TagKUKOTHMHI aMaJIMi HATHIKAJIAPH Kyluaaruiaap/iad noopar: Hazapuii
Ba aMaJIui TAAKUKOTIAp acocuaa Bakyymaa UK-kuzaupuium KypuTrin
KypriMacu uiuiad YuKuiITaH;

TaJKUK OTUIAETraH MaTepUaUIAPHUHT MCCUKIUK (UMK XOoccanapuHu
uHOOaTra oJiraH XoJjja BakyyMJia Hyp KalTapruuid UHPPaKU3uil KypUTHII
Kypuimacu €pJlaMuia TonuHaMOyp TyraHard Ba HAbMaTak MEBACUHUHT caMapajiop
KaiiTa UIUIaIl TEXHOJIOTUSICH UIITa0 YHKUIITaH;

UK-HypnaTruunapHyu panvoHANl KOWJIAIITUPUII Ba CYBCHU3JIAHTUPWIAETTAH
MaxcysioTra HHGPaKU3UiI HypJIapHUHT OMp TEKUC/Aa TAPKAUTUIIIMHUHT TAbMUHIOBUU
Maxcyc Hyp KalTaprud €paaMuia >SJICKTOPOIHEPrUsi Ba KypHUII BaKTUHHU
KUCKAPUIIHU aCOCJIAHTaH;

KYPHUTHII TEXHOJIOTHSICUHUHT KOHYHHUSTJIApUTa acocaH TOMMHAMOyp TyraHaru
Ba HAbMaTaK MEBACHMHU KaiiTa MIUIAII )Kapa€HU YUYyH HOUM3HUKIN JUHAMHUK MOJIEIIN
Epnamuaa Bakyymaa WK-HypiaaTruwiv KypUTHUIIIHMHT ONTHMal YCYJIH HILUIa0
YUKWJITaH;

KypuTwiaétran wMaxcyiaorra WK-nuana3zoHnyd »lEeKTpOMarHuT MangoHJa
TEOpaHUIIIHU KYJIJIAIl XUcoOura KypuIl xapaéHu MexanusMu 4-5% ra Tesnariranu
AQHUKJIAHTaH;

O3UK-OBKaT, (hapMaleBTUKa CaHOATIapy Ba YPMOH XYXKaTUKIapHU YUyH
SIpaTUJITaH COJMUIITUPMA SHEPTUsl cappu KaMm OYiraH KypuiMaaa OJduHTaH
HATW>Xajlap KyJUIaHWITaH;
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HHYJIWMH MOJAAaCHMHU MHWHHUMAJI fIS"KOTHJIHHIH TabMHUHIIAHI'aH, KOHBCKTHUB



Kyputu ycynuaa 33,3 mMr% rada, Maxamuivil vingiad 4rKapyBUMSIap TOMOHUJAH
Kymiaran ycynna 8-9 mr% raga, taknud sTtmnaérran ycynna 45,4 mr% rada
MUKIOp/a UHYJIUH MOJIJIACH CaKJIaHTaH;

KypUTHJITaH HabMaTak TapKuOWAa KOJTraH acKOpOMH KHUCJIOTa MHUKIOPHU
taknud stunaérran ycynnga 0,77 mr% rava, renuo Kyputuin ycyauga 0,15 mr%
rada, UK kyputum ycynuaa 0,71 mr% rava, KoHBeKTUB Kyputuil ycyauna 0,12
Mr% raJa Ba MaxaJulhil uiiad yukKapyBuMiIap TOMOHUIAH KyJlaral ycyiaa
0,59 Mr% raua cakJjianras;

C++ Builder 6.0 nactypu €prnamMujia KypuTHIL XKapaéHUHUHT MaTEMaTHK
MoJeH u1ad ynkuiaran Ba Y3P UMAxa NeDGU 03533 pakam Ounan 12.02.2016
WWJIIa pyruxarra OJ1MHIaH;

Bakyymaa UK-kypurui Kypuimacuias (GoiganaHuil yayH TEXHUK IapT
unuiad YUKWITaH Ba TaCAUKJIAHTaH;

TOMMHAMOYp TyraHaru Ba HabMaTak MeBacUAaH KyKYH UIUTA0 YUKAPUIITHUHT
BAaKTHHYAJIMK TEXHOJOTHK PEIIAMEHTH HIILIa0 YHKHITaH Ba «Y3(hapMcaHoaT»

JIAK TOMOHU1aH TacAUKIaHTaH.

TaagKMKOT HATHKAJIAPUHUHT HIHOHYWINJINTH. MaTemaTuk
MOJICJUTAIITUPUILL XKapa€HHU YUYH OOIIJIaHFUY TaxprOa HaTHKaJlapu OJTUHUO, yIIOy
HaTHXajaap IKOPU aHUKJIMK/A Yindai acooonapu €paamuaa onuarad, MATLAB
6.5, STATISTIKA 6.0, Windows XP, Microsoft Excel kabu 3amoHaBHiA ortepanioH
MyXUTIapAaH EpaamMuia KOMIbIOTEpAa MOACIIIAIITUPHUII OaXKapyuIiraH,
Kapa€HHUHT CTaTUCTUK MOJIENIUTa 3ra OVJIraH perpeccuoH TeHIiaManap
OJIMHTaHJINTU OWJIaH acOCJIaHTaH.

TaagKMKOT HATHKAJAPUHUHT MJIMHUI Ba amMajJuil axaMHuATH. TagKUKOT
HATIDKAJIAPUHUHT WIMUANA axaMUsATH TOMMHAMOYp TyraHard Ba HabMaTak MEBacCUHU
Bakyymaa HK-kypuwimacu €paamMuaa KaWTa HIUIARAUTAH caMapagop KOMILIEKC
TEXHOJIOTHSl HWIUIA0 YMKWITaH Ba XOMANIEHUHT OONUIaHFU4Y OWOJOTHK (aom
MOJIJAIADUHYA  MaKCUMaJl Japakajaa cakjaraH Xojja KalTa wunuiam OujiaH
U30XJ1aHaIu.

TankuKOT HAaTWXKATAPUHUHT aMalvil aXxaMUATH TOMMHAMOyp TyraHarud Ba
HabMaTaK MEBaJIApMHU SHEPIrO- Ba PECypCTEXKaMKOp KailTa WIUIall TEXHOJOTHUK
TU3MMHUHM KyJUIalll HaTH>KAacHla MaxcCysloT Tapkubuaaru 0uodaos MoagagapHUHT
CakJaHWO KOJNMWIIMHU TAabMHUHJAII XaMmJla KailTa WIUIall >kKapaéHuga Xomarie
UYKOTWIHMIINHY KaMaWUTUPUIITA XU3MAT KUJIAU.

TagKUKOT HATHKAJTAPUHUHT KOPU KWMHKIIU. KypuThin ycyinau
UIU1a0 YMKUI OYViinva OJIMHraH WIMHUI HaTWXKajaap acoCcua:

TyraHaK/Id MaxCyJIoTIapHU KyPUTHIN ycyura Y36ekucton Pecrny6inkacy
WNHuTennekTyan MyJiIK areHTIMTUHUHT UXTUpo narentu (23.07.2014 i1. Ne AP
04936) onunran. UnMuii TaAKUKOT HATHXKACH KyPHUTHII OPKAIM XOMAIIIE
Tapkuouaaru 6uodaon MoaaaIapy cakjiaHraH MaxCyJa0T OJUII UMKOHUHU Oep/iu;

TOMMHAMOYp TyraHaru Ba HabMaTak MeBacH Tapkuouaaru onodaon MoaanapHu
cakyaraH XoJIa KailTa HIDIaI TeXHOJIOTHACH «Y3(hapMcaHoaT» JaBiaT
aKIUSAAOPINK KOHLIEpHU xaMJa KUIUIoK Ba CyB Xy Kaauru Ba3UPIUTU TUZUMIIApUTra
KHPYBYU KOPXOHAIIAP/[a XOpHii STruraH («Y3hapMcaHoaT» aBlIaT aKIUsSI0PINK



koHIepHUHUHT 2015 #tmn 30 Hostopaaru MJ1-06/1868-con xamma

10

Kumnunok Ba cyB xyxanuru Bazupauruauur 2015 #un 10 centsiObpaaru 06/14-893-
COH MablyMOTHOManapH). Bakyympma wuHbpakusmwn Hyp Epaamuia KypUTHII
TEXHOJIOTHSICHHUA KYJIJIaIl HaTwkacuaa unuiad yukapuin KyBBaTuHM 20%raua
OILLIMPUII UMKOHUHU Oepras.

TaagKMKOT HATHKAJTAPUHUHT anpodauuscu. /uccepranus um
HATVKAJIAPHU KyWHUJIATH WIMHUHN - aMaJIMM aH)XyMAaHJIap Ba XaJaKapo
koH(epeHuusuiapaa anpodanusaan yrran: « ManoBarusy» (TomxkenTt, 2007-2009,
2014, 2015); «Bsicokue Texnonorun XXI Beka» (Mockga, 2008); «Maxamiuit
XOMall€ Ba MaxCyJloOTJIapHU KaiTa nuutam texnonoruscuy (Tomxkent, 2008);
«KuIuiok Xyxajauk MaxCyJ0TIApUHH €TUIITUPHILL, CaKJIall Ba KAaMTa UIUIAITHU
AKOJIOTHK T03a pecypcrexamkop Texnonorusiapu» (Tomrkent, 2009); «Tabuuit
Oupukmanap KUMECHHHUHT 0a3ap0 myammonapm» (Tomkent, 2010, 2015); «Green
Growth Strategy of SMEs (Small and Medium sized Enterprises) in the New Silk
Road Countries» (Korea, 2010); «9HepreTuKaHUHT 3aMOHABHI X0JIaTH Ba
puBoxtanuin uctukobomiapm» (TomkeHt, 2011); «O3uK-0BKAaT CAaHOATUHUHT HIIFOP
texHosorusiapu» (byxopo, 2011-2012); «MamiiakaTUMU3HU MOJIEPHU3AIMS KUTHUIIT
Ba KywIn (DyKapOJuK XKaMUATH 0aprio 3TUILIA WIM-(PaH, TEXHOJIOTUSHUHT YPHU
(Angmxon, 2011, 2014); «HuszkoremneparypHbie U NUIIEBbIE TEXHOIOTUU B XXI
Beke» (Cankr-IlerepOypr, 2013, 2015); «International scientific conference
UNITECH» (Gabrovo, Bulgaria 2013-2015); «World Conference on Intelligent
Systems for Industrial Automation — WCIS 2014» (Tashkent, 2014); «Practice and
research in private and public sector—2014» (Vilnius, 2014-2015); «Kumé
TEXHOJIOTHSICH TapMOKJIAPUHUHT J0J13ap0 Myammosnnapu» (byxopo, 2015);
«BHUOTEXHONOTHSI: COCTOSIHUE U IEPCIEKTUBBI pa3Butus» (Mockga, 2015),
«Multimedia Information Technology and Applications — MITA-2015»
(Korea-Uzbekistan, 2015).

TaagKMKOT HATHKAJAPUHUHT IbJOH KWJIMHUINU. J[uccepranus maB3ycu
Oyiinya >xamu 46 Ta WIMHMI UII YOI ATWIraH, lIyJapaaH, 2 Ta MoHorpadus, 1 Ta
MXTHpOTa TIATEHT ONMHTaH, Y30ekuctoH PecnyOnmkacu Onmii arrecrauus
KOMUCCHUSICHHUHT JOKTOPJIUK JUCCEPTAMSUIApU aCOCUN MIMUN HATH>KaJTapUHU YOIl
ATUII YUyH TaBCHs 3TWITaH WIMHM Hampiapaa 16 ta makona, )xymiaaJaH,

8 Tacu pecnyOirKa Ba 8 TaCU XOPWKUH KypHaAJUIapAa HALIpP 3TUJITAH.
JuccepranMsiHUHT TY3HJIHIIU Ba XaxMu. Jluccepranus TapkuOU KUpUIL, TYPTTaA
000, xynoca, (oliananuiaran agaduetiap pyxatu Ba ujaoBaiap/iadn uoopar.
JuccepranustHuHT XakMH 200 OSTHH TAIIKWI TTaH.
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JIUCCEPTALIUSTHUHI' ACOCU MASMYHHU

Kupum xucmuma yTkazuiraH TaIKUKOTJIAPHUHT J0J3apOiurd Ba 3apyparu
acoCJIaHTaH, TaJKUKOTHUHI Makcaaud Ba Basudanapu, oOBEKT Ba MpeAMETIapu
TaBcu(aHrad, pecrnyoiauka ¢aH Ba TEXHOJIOTUSIIAPY PUBOKIIAHUIIIMHUHT YCTYBOP
WYVHAIMIUIADUTa MOCJIWTHA KYpPCaTWJTaH, TAJAKUKOTHUHI WIMWKA SIHTWIATH Ba
aManuii HaTWxkajlapyu O0a€H KWJIMHTaH, OJIMHTaH HAaTH>KAIAPHUHT WIMHI Ba aMalluid
axamMusaTH 04n0 Oepuiira, TaIKUKOT HaTHKATAPUHU aMajTuETTa )KOPUH KUITUIII,
HAIIp STWITAH UIIap Ba AUCCEPTAlUs Ty3WIHUIIN Oyiinda MabIyMOTiaap
KEJTUPHUIITaH.

HucceprauussHuHr  «O3UMK-0BKAT  MAaXCyJOTJAapUHM KailTa HILIAII
TEXHOJIOTHSICU MYaMMOJIAPUHUHT 3aMOHABUI X0JIaTH (TONMMHAMOYP TyraHaru
Ba HABMATAK MeBaJIapW MHCOJUAA)» 1c0 HOMIIAaHTaH OWpUHYK OOOHIa O3WK
OBKaT MaxCyJOTJIapWHHM KalTa MILIANl TEXHOJOTHUSJIADUHUHT 3aMOHABUM XOJIaTH
TaxJ W1 KWIMHTaH (TOMMHAMOyp TyraHaru Ba HabMmaTak MeBajlapu MHUCOJIHJIA) Ba
TEXHOJIOTMK cXeMmaaa cudariu KypuUTHUIIl >Kapa€HU acoCHl OMWJI SKaHJIUTH
oenrmnanrad. TonmmaaMOyp TyraHard Ba HabMaTaKk MEBAIAPWHU KaWTa HIIIAIIIArH
MaBXKy/l MyaMMOJap TaXJWIMJIAH KYpUHAIUKH, KalTa HUIUIaHaETraH MaxCyJOTHU
BaKyyMJia HWH(paKW3WI HypJapHU KyJulall OpKajdud KypUTHIN Kejaxaru Oop
ycymiapusian oupu O0ynu6, OyHaa maxcynotnard (oujganu 3JeMeHTIap cakjaHuO
Koiaau. XoMmall€éHU KypUTHIIAa OWp BaKTIa HMKKU Kapa€H Keyajgu: HAMHUHT
OyFnaHumM (Macca ajdMallliHyBU) Ba UCCUKIWK YTKA3UII (MCCUKJIMK aJIMAIIHIIIN).
Ham wmaxcynormnapHu KypuUTHII KyWuUJarujaapHd V3 WYUTa OJIAJIU: HCCHUKIIUK
YTKa3ull Ba Marepuall nuujaru Maccacu (MUK Bazuda) Ba 4eTKU Kariaamja Oyiak
yerapa (azacuga (tamku Bazuda). Mccukimmk yTka3uin mapouTd Ba MaTepuall
WUujard maccacura Ba OVymak yerapacu (asacura OOFJIMK; YETKH KaTjamjia
WCCUKJIMK Ba Macca YTKa3WIll UMKOHUATH OWJIaH Marepuall Huujaa HaM Ba UCCUKITUK
OynraHuja KypuTHUIN Kapa€Hu Te3namuo Oopuilv Kopu O0ymanau. MCCUKTUKHUHT
TalTKKA MIAPOUTH Ba Macca Ba MaTepuall Muna HAMIMKHN Ba UCCUKIMKHU YTKA3ZHIII
mapouTH (Iudy33usHu KUIUK KodhdUuinenTiIapu KM HAMIIMKHY YTKa3yBYaHJIMK Ba
OolKanap) Kypuill Te3TUTHHUHT OpTUO OopuUIlIMra TabCup KWiaau; 0ab3u Xouiapaa
KalluIIp-FOBaK ~ Marepuanga OyfjlaHMml Ba  cyOonumanus  (asara  yTuin
KUCMJIADUHUHT XOCWJI OYIWIIM fo3aJa dMac, OalKy Kammuissp-FOBAK MaTepual



numuja Ky3aTuiaaau.

MamiakaTUMuU3 arpocaHoar KOMILJIEKCUa MaBxKy/l KYpUTHUII KypuiIMalapyuHu
XO3UPry XOJIaTH, KYypHUTHINI YCy/UITapuHU 0axosnad, TonmuHamOyp TyraHaru Ba
HabMaTaKk MEBaJapUHM CaHOaT MHUKECUAA cU(ATIM KypUTHUII SIHTU KypPHUTHIL
YCYJJIAPUHM SIPAaTUII MyaMMOJIApU MaBXy/ JI€raH XyJlocara KeJaulll MyMKHH.
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Hucceprammstanar  «Kanuiisip FoBak  MaTepUaIapHU  KYPUTHII
JKApaéHUHH MaTeMaTHK MoAe/UIAIITUPUID 1e0 HOMJIAHTaH WKKWHYM 000mma
Kamwuisip FOBak OyiraH YCUMIIMK MaTepUaUIapUHU  KypUTHIN IKapaSHUHU
MaTeMaTHK MOJEUIAIITUPUII HaTHXKaJlapyd Ba TOMMHAMOyp TyraHard Xamja
HabMaTaK MEBACHHU KYPHUTHII KapaCHUHUHT Ha3apuidl TAJKUKOTIApH KEITHPHUIITAH.
Tankuk KWIMHAETTaH MaTepUaUIAPHUHT KaMWULIp FOBAaKIW, HAMIMKHUHT
XapakaTiaHuIl MaTeMaruk wmojenu unuiad yukwirad. Kypum xapaéHuna
MOJJIAJIADHUHT TaKCUMJIAHUIIWHM, >KyMJIaJlaH MoOJJallapHu KamiaMm  Oyiub
TYPYXJIaHUIIN JTUHAMHUKACH XaM KeJITUPHUJITaH.

Hucceprarus U spUTMaNapAaru KaiTa TaKCUMJIAHTaH
KOMITOHEHTJIAPHUHT YCUIIH (SIHHU KATTUK (Da3aHUHT YCHUINM Ba F03ara HAMJIUKHUHT
XapakaTu Oyinda KOHIIEHTpAllMs BapUaIUsUIApU SIHTH XOJaTH) YPraHWJJIH.
byrnanumga HaMauKHUHT Oup Tapadiama Xapakatd Yypraowigd. Bakxyym
MIapoOuTHAA KypuTuil (akaTThHa CYIOKJIWK XapakaTd KoiaMmai, Oamku HaMIIHK
XapaKaTUHUHT HUCOATaH macT Xapoparaa pyi Oepaguran «CyloKIHK-Tas3y (Gpa3zoBuit
YTUILLIIApU KYypCaTUIITaH.

VYmly KoHIENTyaa MOACIHU YpraHUIl Y4yH YU3UKCU3 TYJIKUHIAp OYyiumuaa
KEHT YpraHwiIaJuraH HOYM3HK MaTeMaTHK Xpomororpadus TaBcudura mypoxaart
Kuiamu3. buz Taknmud aTtaétraH xamwuiApiapAa KYHIAJdaHT KECUM ajMalliajy,
KymJlaJlaH KypUTHII BaKTUra HUcOaTaH CEKMHPOK Yy3rapumuaaH uOopar. AlHaH
aHa IIyHJal MacalaHu KypuO umkamu3. bonutanFud BakTIa KamWUIIPHUHT
paguycu Ro Oynca. Kusmupuin Ba OyfiaHuimra OOFIMK OYJIraH YCUITHUHT
KaMaiuiy OunaH QYHKIUSHUHT R=R(?) CeKWHIMK OWIaH Y3rapuinu pyu Oepasu,
oy epna t=0 R(0)=Ro.

XKapaén Ttexuc OYnraHIUrd y4dyH ¢ (PyHKUMS BakTIaH y3 apryMeHTHAAH
y3nykcu3 ¢yHkuua xucoOnanaau. LllyHunr yuyn, Teimop karopura HyKTa
arpoduaa TaKCUMITAHUIITH ¢=() YpUHIIH,

R=Ro(1+ut+gx) (1)
by epna i, ¢ —xoaddunmentiap.

Tennmop Katopura TAaKCUMJIAHUII KyWHUAArd KypUHUIITA Ora.
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Kypunaérran xapa€n wmypakkad MyxuTaa VYTaéTranaura Tydaitnu
MEXaHUKaHUHT MabJyM OYJIraH TEKHUC MyXUTJIapAa — Macca CaKJIaHMII KOHYHH Ba
Halluamapia ajacopOmus Ba JaecopOlusi KUHETUK JKapa¢Hiap KOHYHUSTHHU
KYJUITAaNMM3.

Copanamrupui Makcaauaa KanWUIIPIAPHUHT KYHIAJIAHT F03aCHHH S SRt
ut=1,=A-"2. By aca tuameTpHUHI Kuckapumu A<0 na
KupuTamms, ( ) const
S
YU3UKIUAND. A KaTTAIUTH KYPUTHILHUHT TE€3JIMTUra Ba KypUTHIAETIaH
MaTepUATHUHT TYWUHUII MOMMIITUTUTA OOFIIHK.

XucoOnap mryHu Kypcaraju:
| )

W=sc. o)
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VTKa3wiraH TagKUKOTIAp HATHKACHIA KYPUTHI BAKTH A KA/ KyPUTHII
y4yH Kepak OyJraH BakTra HucOataH KyHJaJlaHT KECUM CEKWH Y3rapuIiu
aHuKIaHau. KypuTum skapaéHUHUHT MUKPO HOTCKUCIHIINTH MyXHUTTa 3ra dMac
Oup XoJaTaaH UKKUHYH X0JIaTra YTyBYM (a30BUN XapaKariaap MaBXya TEXHOJIOTHUK
yCyJiap/ia MaTeMaTHK MOJICITHH SIPATUIT YIYH JUHAMUK Y3rapTUpHUIILIapaa
MOJIMHOM SIKWHJIAIIMIIY Y3WUHUHT Yerapacura sra. MUKpOdJIeMEeHTIapHUHT
HaMyHaJia TAPKATUIIMHUHT aCOCUH jkapaéHu dpUraH MOJIajapHu, 3appadajap Ba
Ty3J1ap MOHUHU TAIyBYH CYIOKJIMK XapaKaTUCU3 KAaTTUK (a3ajiaH, TalmrmiaéTrad
MaTepual 3ca KNCMaH KaTrTukK (a3ana agcopbepranuiy Owmiian xymocanaHagau. by
KapaCHHU UJIeaJUTAIITUPUO, CYIOKIMKHHUHT 3appadaiapy JOUMHM v Te3HUKIA
xapakatianaau 1e6 kadyn kuinamus. Juddy3uoH xapaéHnapHu KU aui Xxucoora
OJIMHUIIIN aICOPOIUSTHIHT MaTEMaTHK MOJICITMHYN MypaKKaOIamTupaan Ba
Macananu (a30BHI TaAPKAIUII TapaMeTpura oiaub kenaau. byHna cakmanuin



KOHYHU KyWuaaru KypuHuiijia 0ymnaau: ( ) ( ) 5
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by epna, 4 - cyBcuznanTupuiaéTran 00beKTHUHT Au(dy3ust KodPPUIueHTH.
Jlesipiii MyBO3aHAT X0J1aT YUyH KyHUAard TeHIiiaMaiap CHTeMacura

araMm3.
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Tenrnamanap (5) p JiaH ¢ TE3MUTUra OOFINK YM3UKJIU [IapTIAa aHUKJIaHTaH.
Koyna-Xomnd ndomacuau aaMamTupui EpaaMuia aHAK €UUMra 3ra MaTepUaTHAHT
Xy’Kaiipacuia aBBajaH Ky3JIaHTaH MUKPO3JIEMEHTJIApHUHT (Da30BUN TapKaIHIIH
OWJIaH KypHUTHIITAaH MaXCyJIOT OJUII HMMKOHUSTHHH aKC dTTHPYBYH, MapadOITuK
IIAKJIIaryd TEHIIaMa OJUH/IN.

ABBaJ aWTUITAHHUJICK, KypPHUTHIN >KapaHUAa CYIOKINK OOCHMHHHMHT KaTTa
TpaJieHTIIapy KYTIMHYAa MUKPOEPHUKIAp XOCWI KUJIQJU Ba MaxXCyJI0T HUKAPHUCHIAH
HAMJIMKHUHT MaxCyJOT lo3acura OKuO uymkumura cababd Oymamu. Harmkana
KYPUTWITaH MaxCyJIOTHHHT Ouodaona MoajajapuH{ cakjgad KoOJHUIIga 3apap
eTKa3MacJaH CyHbHI yCyll OujIaH XaM spuiica 0yiaau.

KOxopuna KEITUPUIITaH CYBCUBJIAaHTUPUIIAETTaH MaxcysoTiapaa
MUKPODJIEMEHTIAp Xapakarh >KapaCHUHU MabiIyM TEHINIaManap &paaMmuma
MaKJUIAHTAPUIIT MyMKHH. KeTMa-KeTnauk sSKUHJIamuim EpaaMuaa Kypuiaérran
X0JIaT YU4yH HOUM3UK TeHIIIaMaHu (4) TaxJIuil KujaaMu3.



Viyamen3 KypcaTKkuuaapHu KUPUTaMU3: , 7x

Bbynpa, L- MaxCylOTHUHT KypuTulIraya Oyirad KaJuHIUTY; 1-KypUTUITHUHT

MaKCHMaJI BaKTH.

P p HU KUpUTHUO, (5)yHaaH
pypu ra,
/’ p
X = 2%
x ft 0
s
a-aa
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0
Xt
X 0
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by epma, () AT, _
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c=c p ’ s 2

Ndonann  commanmamTupuin — Makcaauaa

oppP

Kynuja

HU XOCHJI Kujlamu3. (6)

HTPUXJTAPHU OO

TaluiaiMu3, JIEKUH OJAWHIA YJIUYOBCHU3 KOWJapaaru xapakariaap (6) ITMHaMuKacu

Ky3na Tytwirad. Kyiuaaruam kupuramms:
foan *= ) nf= p/.’

6=aa

+ n nh

c
2
t

b9
0
b9

0
By epna, ni, ¢, x, h —stHTU YII40BCHU3.

> (7)

Hounszuk TeHrnamMaHuHr (7) €4uMU KeTMa-KeTIIMK SIKUHIAIIUI YCYIn

EpaMuia XOCUl KUJIMHAJIH.

nn () xt=,dYU3UKIN SKUHJIAMWII CUYUMHU, SABHU c=cons Oynranna, (7)



TEHIJIAMa CUUMH YH3UKIH 7 (x £)( ) nx ¢ t 409, = — €uuMra 3ra. OU3HK XUXATIAH Oy —
(GPOHT KYPUHHUIUAATH TE3UK OWIaH ( ) (n,c = ¢ OIIMHA Xapakat XxucoOmanaau. Aci
CUYMMHH SIKUH KEJITaH IIaKijia Kyinaarnaa udosamnr MyMKHH:
nn(xt)n(xe) g, =0+ (8)
(8) yuyH Kyiniarura aramu3

| 0 0=
{[ "2 ppy 0
+A c n h n ,(9) 2
0 t / 0
X
Onh
01
A=-A
ccR

oyumna AR uu (5)aaH onamus.

ByHUHT HaTmXkacuaa xapakar kapa€Hu BakT YTHINN OWIaH Oupraiukaa Kkarra ycud
OOpyBYM KyiUaaru TpakToBKara iyHantupaau. bupok, nuddys3mon xapacuiap
KOHILICHTPALUSIHH BaKT YTUIIM MOOAaHM 1A YCUII TapKAJIMIIUTa WY KyiMaiau,
OyHIail XonucajgapHu TeKUCIalra nHTHIaau. by ukku Gu3uk XoaucaaapHUHT

¥3apo Tabcupu y €Ku OOILIKAa MUKPOIJIEMEHTIIap XapakaT MEXaHU3MUHU aHUK1a0
oepanu.
Kypub unkunaérrad TeHn1IaMajJapHi €WIMIINIA SKUHIAIITUPUIITaH Ba

AHAJIMTHUK alllIpOKCUMalA YCYJIMHA Kynnam HaTI/DKaJ'IapI/I KCJITUPUIITAH.
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Tenrnamanap eunmua (8) SKMHIAIITUPUITAH Ba aHAJIMTHK allIPOKCHUMALIMS
yuyH (QYHKIUSUTApHU OMp XUJTa KEATUPUII YCYIUHUHT KYJUIAHWIMIIY HaTHKacK 1a

byskusHy JlannacHUHT anmpoKCUManusiam GopMyIacCuHU OJIaMU3:
0 x
- ()
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OnuHraH TeHriIamMa Yu3uKCU3IMKHUHT 3D PeKTIIapuHu eTapiu gapaxaaa
xycoOra oJuIlIra UMKOH Oepaiu.

Myngait kuamb, MUKpPO OWp KUHCIM OYIMaraH Xoaucaiap POJUHUHT
MaXCyJIOTHH CYBCH3JIAHTUPHIII >KapaéHUArd TaxXJIWIN HaTWwKacujaa Ou3 TOMOHIAaH
TyraJylaHTaH MaxcCyJoT TapKuOujarn OWONOTHK (aod MOATATAPHUHT CaKJIaHUO
KOJIMIITNTa UMKOH O€pYBYH KYPHUTHII KapaéHUHU UHTEHCU(PUKATUSICUHUHT SHTH
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yCyJIapy UIIa0 YUKHUIIIH.

Pexxanamtupunran Ttaxpuba acocuja KypUTHII >KapaéHM YYYyH TalllKu
omuwnapaudr (MK tynkuniap, TeOpaHuil, BaKyyM JapakacH) TabCUPHU YpraHuo
gukuiarad. Koppensunon ko3g@uIMeHTIap Ba MareMaTUK MOJEUIap OJMHTaH Ba
yml0y OaxapuiraH TaXpuOaJapHUHT CTaTUK WIJIOBH amajira OIIMPUJITaH.
Kyputum Baktu r1=0,84; r2~=0,85; r3~=0,85 Ba sHeprus capdura r0=0,83;
r20=0,83; r30=0,63 KOpPEISIUSHUHT YU3UKIN KOIDDUITUESHTH OJIUH]IN.

Kyputui sxapaénuga kKamiamjiapja KpUCTaJUIaHTaH MOJJAJIAPHUHT KailTa
TaKCUMJIAHWINA OYWHWYa HSKCIEPUMEHTIAPHUHT PEKAJAMTHPUITAH YCy/UIapu
yrkazunrad. JKymnagad, TonmuHamMOyp  TyraHard TapKuOujaru  HHYJIUH
MOJIJTACUHUHT MabJIyM KaTjamiap/ia TapKaauIl 3TPU YM3UKJIapH OJTMHTaH.

MaTepuaiiad TallKui

TONTaH TEKUCITUKHH

Ku3aupcuH (1-pacm).

Hypnanaérran A Ba B
y . HyKTaJIapHU

h UK nypnarruynu TaKKoCIalll yayH
o 0
I KYpHuO YuKaMu3. XUc001a0 YMKaMU3.
[Tapannen kepamMuk 1

o ) r
HalJaiap Typiu :



0/2 6yH na r—

AB TAHIPUK

3 I, paanycra TeHT
2 [=1-KyBBar yp p 6yran

- TabCUP KU,

|—Hypnarruy; 2—ceTka 103acu; 3—MaxcysoT. MaCO(ba, M, I —r Macoq)acpma

1-pacm. [Iapansien kepaMuk TpyoKagap HYpIAHHUIIHUHT OKUM KyBBaTw, Bm,
épanamuaa xocua 0yiaran UK-maiiaon SBHI

VKIaH IWINHAP o3acurada Oyiaran
MaiJJOH OMpIMTUAAaH BaKT OMpaUrura yTyBuu » Macodacuia nHGpaKu3ul
TYJIKUHJIAPHUHT SHEPTUsICH, [o—KEpaMUK HaWYaJIM HyPJIATTUYHUHT TYJIUK OKUMHU.

21
A HyKTara ,, ,, HypJIaHMII Ky4H, B HyKTacura sca »

I 1
+

y
TNy 7 222
NYHAITUPWITAHIIUTH KYPUHUO TYpuOIu.
y=h+ -Z-)KaHJ'H/IFI/IHI/I bpTHOOpTra
oJamu3.

NHppaku3nn HypIaHUIIHUHT TeHIMruaa A Ba B HykTanapaa Kyitmaarura
Aramus:
1 2 1 1 1
=+.(12) ¢

()
=

[\
oyl
M

x§ = Oy OenruHu M, h—nypnarrud

h Ky 1a6, Ba HYp KauTapuin
TEKUCIUTUHUHT
R 4 acocum
a h OpaJIUFUJIaTu
v 3 202+§+=un  macoda, m, E—
ﬁ r onamus (13) by yauoBcus
) epaa x, KaTTaJIuK.

y—KOOpJIUHATajap,

| -iiynanTupyBurpama; 2—Hyp Kaidtaprud; kuiimariapga 0 ra TEHIIMTHHH, SHHH
3—xom amé; 4-MK Haitua. nuckpumuHaHT 0 1ad dapkiau Oynranu
2-pacm. llak/uim HypKalTapru4 cxeMacu
(13) Tenmmuk ¢ Hu Oapuya
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cababmu y 6axxapunmaiiau. by sca ogamii muckper Haldanap €paamuaa oup
TeKHCa MH(PPAKU3WIT HYPIIAHUIITHHA OJINO OOPHUIIT IMKOHUATH WYKIUTHIAH J1aI0IaT
Oepanu. By TeHrUK HypiaTrud AnaMeTpura HucOaraH HypiaHaéTraH HyKTa
Macodacu karTa Oynranja TyFpu Keaaau. bBupok, kyn xoiapaa Hypiaarruaiap
y3apo HypJaTTu4 JuaMeTpura Hucbaran Mmacodacu KucKa 0yiub koimamran



oynamu. Mubpaku3un Hypiv KypUTHII Kamepaaapuaa 00mKa MaBxKy/ Xouaa, Ky
KaBaTJIM KypUTHUII TYpJIapu TecKapu camapa oepanu. by xomnatuu 6aprapad >tui
YUYH SIHTH IIAaKJUIA HYp KalTapruuiap cuctemacu takiaud stunaau. Hyp
KaliTapruunap ¢akarruHa Oup TEKUC Hyp KalTapuOruHa KoimacaaH, OaJiku Taliku
Tapadu OMIaH MaxCyJoT 3appadalapuHy HYp KalTaprudiap 103acura TyITyBUd
CYIOKJINKHU TYIIUIIMHUHT OJAUHU OJIaJIN.

HyprnanumHUHT MakcuMall IIapOUTHAA OJIMHTaH KUKWMAaTiIapu: JAeBopiap
opanurunaru macodpa —170 mm, Haliya nuamerpu —22 mm, TYp Ba HypJaTTu4
opanurugaru Macoda —135 mm, Hypiarruu ro3acu Ba Hyp KalWTaprUUHHUHT
HICOATAH HT y30K HYKTacH opaiauruaaru macoda —22 ywu. bynna: Gma=27,4°;
Omin=18,3% W< (Gmar-Pmin)=19,1°.

Haituanapuunr opanuk Mmacodacu 400 sm 6ynu0, napasuien *oiiamranuia
HYPJIAHUIIHUHT OMp MehEPJAa TAaKCUMIIAHUINN Ba HYpJaTHIIaéTraH 103a MaKCUMa
KYJUTAaHWIUIINTA SpULIUIAIN.

HuccepranusiHunr «Taxpuba cHHOB KypWiIMacuaa KypUTHII KapaéHUHH
TAAKUK KHJIMID) 160 HOMJIAHTaH YYUHYU 000U]1a TaIKUK STUIAETraH TONMHAMOYp
Tyranaruim «MYVXu3a» HaBU Ba HabMaTak MEBacCH HabMYHAJIADUHUHT CYB
Oyrumaru copOIusi Ba JiecopOIus HMCCUKIMK-TeXHHK TaBcudu 293 K xapoparna
Yypranwirad. OnuHTaH MabIyMoTiIap 3-4-pacMiiapaa KelaTUpwirad. TonmuHamOyp
TyraHaru Ba HabMaTak MEBaCM HaMyHAJIADUHUHT CYB OyFujaru copOuus
M30TE€pPMacCH acoCHJa MOHOKATIIaM XaXKMH, COJIMIITHPMA 103acCH, FOBAKJIAPHHUHT
YyMyMHUH XaXXMU Ba Kanwuisipiaap paauycu bpynaysp, Owmmer Ba Teitnop (B3OT)
TeHIIaMacu Epjamuaa xucoOnanran. TornuHamOyp TyranaruHu Bakyym UK Hyp
épllaMuia KypuUTWITaHAa YHUHT HUCCUKIUK-TEXHUK TaBCU(DU — KaMWLISPIAPHUHT
CONMMIITHPMA OFUPIHK o3acH 18,38 M*/r 6¥nranna,

TONMMHAMOYp FOBAKIAPUHUHT MUKJI0puid xaxmu BakyyM UKkyputumga 0,440
cM’/T HE Tamku Kunaad. TaaKuKOTHUHT MKKUHYM MaXCyJIOTH —HabMaTaK MeBacH
yayH BakyyMm MK KypuTHIIIa UCCUKIUK-TEXHUK TaBCU(PU XaM aHUKJIaHUO,
KaIUTAPJIAPHAHT CONUIITAPMA OFUPIHK fo3acy 12,30 M%/r 6ynranna,
FOBAKJIAPUHUHT MUKIOpHil Xaxmu BakyyM MK kypurumma 0,390 cM’/r HI TaIIKun
KHJIA]IH.
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3-pacm. TonmHAMOYPHUHT cOpOIUsA
Ba JecopOuus n30TepMaJiapu 3rpu
YH3UKJIAPH

TonmmaamMOyp TyraHarum Ba HabMaTaKk MEBAaCH HaMyHaJapUHHUHT CyB OyFHIIaru
copOuus Ba ecopOrusacu Oyiinya oaud OopuiraH TaAKUKOT HaTHXKalapu acocujia
KanWUISIP-FOBAKIIMIINK CTPYKTypa mapaMmerpiapu aHukiaanau. Omub Oopwmiran
TaIKUKOTIAp HATWKacuIa TONMWHAMOYp TyraHard Ba HabMaTaK MeEBaJapUHUHT
copOmmst Ba jecopOurs M30TepMallapH: Xm—MOHOKATIAM Xa)KMH, Sc—COJTHIITHPMA
103aCH, Wo—FOBaKIaApPHUHT XKMHA MUKIOPH, 7—KaNWLIAP PaJnyCH aHHUKJIAH]IH.
Ymby MabayMoTiaap TaakWK OJTWIaéTraH MarepuajulapHd KypWIl BakTH Ba

4-pacm. HabMaTak MeBaCHHHHT
copoOuus Ba aecopouus
U30TEepMAJIAPH 3TPH YM3UKJIAPH

OOfIaHTaH HAMJIMKHUHT IAK/UIAPUHHA aHUKJIAIl UMKOHUHH Oepaan

Tankuk STWIaéTraH MarepuaUIapHUHTI TUTPOCKONMK  XYCYyCUSTIApUHHU
ypranum Oyitmya onvHraH taxkpuba Hatmxanapu [locHOB TeHrnamacu €pramuja

KyWUJaru makiijia KaiTa UjIaHraH:

(14)

1%

_.;g m ¢l “.!? we' /B
E“li}?-l*w-

(15) Oynna, wr-TUTPOCKOTIMK HaMJTUK,%; B-MaTepuamHuHr



XyCYCUSITUHH XUCOOTra 0JlyBUd KO3 (PULIUEHT.

Xucobaan HaTuxanapy, FOKOpUIa KENTHPUIITaH KaiTa UIlJIaHTaH
MabJIyMOTIapHU ad3amuiukiapy udoa makiuaa TacAUKIaHTaHIUTUHA KYPCaT/IH.
TonunamOyp yuyn 293 K xapoparna (14) udoaa opkanureHrama
napaMeTpIapuHUHT Wr=5,96-10"°%, B=-0,4292 coH KuiiMaTJIapi OJIMHTaH.
Yuzukcus 0axomnaii (15) ndoaacu keiinHru Hatmwxanapuu oepaau wr=45,65%,
B=-0,0947.

Arap Taxxpuba MabIymoTiIapura xoc paBuinga wr=44% kaiia stuiica, yHAa
oup napamerpau monen (14) udona 6yiinua B=-0,4076 onunaau Ba (14) xamma
(15) nudbonanapaaru konyHusiiap Gapku TyOaaH OpTaIu.

5-pacMjia Oup mapameTpiiu MoJeib Oyiinya KaiTa uiliaHraH
MabJIYMOTIIAPHUHT HATHKAJIApU KEITUPHUIITAH.
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I-ronmuHaMOypHHHT AecopOLMs U30TepMacH; 2-HabMaTaKHUHT J1ecopOIus u3orepmacu; 3-

TONMHAMOYPHUHT COpOLIMS U30TEpPMacH; 4- HAbMaTaKHUHT COPOIHS U30TePMach S-pacM.

ITocHoB Mogesn OyiinM4a TOoMMHAMOYP XaM/1a HAbMATAKHUHT COPOIUA Ba JecopOoumst
n30TepMasiapu

V3rapmac xapopariarn GOIUTaHFUY Ba YerapaBHii MapTIapra XoC paBHIIIA
OukHUHT U (y3UOH TEHITIaMacH OPKaIH KypHUIl KWHETUKACHHHWHT XapaSHWHU
KYpHII MyMKUH. YOy kapa¢Haa OuK TeHIIIaMacCMHU MareMaTuk uoopanap OuiaH
TaBcu(UIalll y4YyyH HaMJIMKHU cakjall KuiMamiapuHu udonasoBun KyHuaa



kenTupunraaudoaa EpaaMmuaa YI40BCH3 MIAKITA KEATHPUO OJTUIIT JIO3UM.

wW-w
il 2
w W - Wy

, (16)

Hammuk nuddys3usacun xkodphUIMEHTHHUHT dYerapaBuil IIapTiapura Kypa

aHWKJIAaHAJUTaH KBajaparra HuUcOaraH |-Typ Oyinua kaOyn KWIMHTaHIA, YHHHT

eUMMHUA €Tapiuya OSKCIOHEHTIap MHUKIOpUM OWIaH XyCycWid XOcuiaza

mubdepeHian TEHIIaMa €4uMHU EpAaMud JacTypiap OpKajdd MaxcyC IacTyp
€paamMuia SHT KMYUK KBaJ(pamiap yCyinu OWIaH aHUKIaH !,
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— - QuxHune I-myp
mooenu;, ——— -Quxnune I1-myp mooenu
1-ronmunamOyp 6ynaruan UK-Ku3aupuin opkaau KypuTHII STPH YU3UFU; 2-Mailananran
TonuHamOyp Maccacunu MK-Ku3aupui opKajin KypuTHII 3TPU YU3UFH; 3-TOTMHAMOYp
oynarnanBakyymaa MK-Ku3aupuin opkaiu KypUTHIN 5TpH YM3HFH; 4- Malilananral
TonuHamMOyp MaccacuHu Bakyymaa MK-ku3nupuin opkamu KypUTHII STPH YU3UFHU;
5-tonuHaMOyp O6ynarnanBakyymaa UK-Ku3aupuin Ba TUTPATUILIOPKATIH KYPUTHII STPH
yn3uFy; 6- Malifananrad TonuHamOyp mMaccacuHu Bakyymaa MK-ku3nupuin Ba TUTpaTHI
OpKaJIi KypUTHI 3TpU YU3UFU. 6-pacm. TonmmHaMOypHH KypUTHIIHHA KHHETHK
KOHYHHMSATH



A

— - @Quxnune I-myp mooenu; — —— - Quknune I1I-myp
Mooenu
1-Baxkyymaa MK-ku3aupuin opkaan Kyputui (Kypurum xapoparu 50°C; Bakyym -0,8
atMm); 2-Bakyymaa UK-ku3nupuin opkanu KypuTuil (KypUTHII Xapoparu 65 oC;
BakyyM -0,8 arm); 3-Bakyymaa UK-kuzaupuin opkanu KypuTHIL (KypUTHUILI XapopaTh
80 °C; Bakyym -0,8 arm). 7-pacm. HabMaTak MeBacHHH KYPUTHIIHH KHHETUK
KOHYHUSITH

Hazapuii Ba Taxkpuba MabaymoTiapu COJUIITUpWITaHaa (6-pacMm, ITPUX
yu3uFn), (aszagap opajuruaa Macca ajJMalIuHUIT KOo3(PGUIIMEHTUHU Xucoora

(V)
AT Tranars oo iranammaral A 7T ﬂqCM)

1-rommHaMOyp OYmarman UK-ku3mupwuin opkamu
KYPUTHLI 3TPH YM3UFH; 2-MalijalaHrad TOUHaMOyp
Maccacuay MK-Ku3mupuin opKaiu KypuTHIL 3TpU
43Ky, 3-TonuHaMOyp Oynaruan Bakyymaa MK
A KH3JJPHII OPKAIM KYPUTHIN STPH YU3HUFH; 4-
Maiiiajnadrad TonmMHaMOyp MaccacuHu Bakyymaa MK
KM3OUPHILI OPKAJIM KyPUTHII 3TPH YM3HUFH; S-TONMHAMOYD
6ynarunn Bakyymaa MK-kusaupuin Ba THTpaTHII OPKAIH
KYPHUTHII 3TPH YM3HUFH; 6- MaliJlallaHTraH TONHHAMOYP
MaccacuHy Bakyymaa MK-kusnupuin Ba TUTpaTuin
OpKaJI KypUTHUII 3TPU YU3UFH.
8-pacm. TonuHaMOypHU KypUTHII Te3JTUTHHUHT
3rPH YM3UFH
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A

1-UK-ku3aupuin opKaiyd BakyyMaa KypuTUII (KypUTHIIT
xapoparu 50 °C; BakyyMm -0,8 arm); 2-MK-KH3IUpHII OPKAIH BAKyyM/Ia KYpPUTHIII
(kypuruin xapoparu 65 °C; Bakyym -0,8 atm); 3-MK-KH3AHPHII OPKAIH BAKYyM/Ia
KypuTuil (KypuTuil xapopatu 80 oC; BakyyM -0,8 atm). 9- pacm. Habmarak
MEBACHHHM KYPHMII Te3JIUTMHUHT 3TPUH YN3UFHU

Kyputumsaunr Typiu pexumIapuIa Oaxkapuiran MUKJIOPHIA
WHTEHCUBJIMKIIAKIN 9-pacMa KeATUPWITAaHUACK: WIKUA TUDPy3ust THTCHCUBIUTU
Ba KaTopjiapra >KOWJaliraH TallkKd Macca ajMalllMHMII OWJlaH TaKKOCIall
UMKOHUHM Oepaau. Bio kpurepuiicu kuiimatnapu O0yiinua Bakyymaa MK-kypuruin
yCY/IHIa KyPUTHITHUHT WIKU JIMMATIaHaETTan quddysuscu Ounan 60FIuK Oyiran
revanmeamanr e mal mor oy MyMKAH. Kenrycuaa KypuTHIN sKapaéHUHU

TAITUPHUILIA 3appa Yerapajapu Ba MaTepuall
I' MHTeHCU(PUKALUAJIAHUIIUTA aCOCTaHAIN.

A

l-HaMyHa KYWHII K0MH; 2-paKaMmiiu
VHAMKATOPJIM Tapo3H; 3-MaxCyaoT YUyH
uauir; 4-Maxcynot; S-repmomerp; 6-MK
KW3IUPIUY; 7-BaKyyM KaMepa; 8-IynbTIn
Oomkapruy; 9-sakyymmertp; 10-xympax; 11-
MCCHKJIMK aJIMalruy; 12-Bakyym Hacoc.

10-pacm. Taxxpuda - cuHOB J1a0opaTopusi KYPHJIMACHHUHI CXeMacH

AMaIMi TAaAKUKOTIAPHM YTKA3WUII Y4YyH KypUTHUIN JKapaéHWHHU Typiu
pexuMiiapAa Ha3zopar KWIUII, Kepakiy MapaMeTpiapHU Kaila 3TUIl, OOMIKapHIl
yCYJJIApUHU aMajra OIIUPUII WMKOHUHU OepaauraH WH(paKu3uia HypJIaTTH4Id
BakKyyM KypuTuinl Kypuimacu spatuiagu (10-pacm). TormunamOyp TyraHarduHUHT
«MybKr3a» HaBUM Ba HabMaTaK MEBACHMHU KYpPUTHII OYyilmya 3rpu YU3HKIApHU
ONTUII y4yH Oup KaH4ya Taxpuba wummapu oaud Oopwiau. To3zamaHraH MaxcysaoT
ca03aBOTJIapHU KECYBYM YCKyHa EpAamMuaa 2 MM KalWHJIMKIA KecuO OJIMHIH,
3aHINIaMalIMraH TYpJAud WUIUIUIapra OuUp TEKUcaa >koiad uumkwigu. Maxcynor
Owian Tynmupwiran waunuiap Bakyymjaa WK  Hyp éEpmamuaa KypuTHIIT
KypuiMacura onamtupunaud. Bakyym-kamepa smukiapy 3ud €MUK XO0JaTia
Oynamu, kamepa uuumpgaru BakyyM -0,8 aTtm raya BakyyMm-Hacoc OwiaH cypuo
OJIMHAJIM, CYHTpa HUCCHKIUKpocTiaarrud ¢&paamuaa xapopar 65°C  kwinb
oenrunanagu Ba MK Hyp €pmamuaa KypuTHIN KypUIMacd HIITa TYIIHMPUIIAJIU.
ABBan 45 pgakuka JaBOMHUJA Y3JIYKCU3 HYpJIATHII amalra OLIUpUIaigu, CYHT
JUCKPET PEeXUMIA KYpPUTHUIN Kapa€HU JAaBOM ASTTUPWIAAH, 5 JaKUKa JaBOMHUJIA



HypJaTru4iap uiira tymupuianu, 25%
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\ Yunpub kywiagu. by nuknan Hamiuk 12%
PUTHUILI BAaKTMHUHI YMyMHUUN naBomuidinurua 10

A

1-Bakyymna UK nyp €pnammuna Kyputuin
(xyputuu xapoparu 50 °C; Bakyym -0,8 arm.);
2-pakyymaa UK Hyp épramuaa KypuTHIL
(xypuTuu xapoparu 65 °C; Bakyym -0,8 arm.);
3- Bakyymaa UKuyp €épaamuaa KypuTuii
(kypurui xapoparu 80 °C; Bakyym -0,8 aTm.)

11-pacMm. TonnHamOyp TyraHaruHMHI «MybKH32» HABUHUHI KYPHII 3TPH YU3HFHU

KypuTUIIHUHT JOUMUN TE3IUTM HAMJIUMKHUHT KPUTUK XOJaTuraya JIaBOM
ataau Wk (11-pacm, 16-pacm), yHaa HUKH Ba Talmky Jud(y3UOH KapIIHIUTH TSHT.
[lly cabGabmaH KpPUTHUK HaAMJIMK MaTE€pPUATHUHT VYpTraya HHTETpajl HaMIIHUK
TYTHIIAJAH aHUKJIAINl MyMKHH, Oy XO0JIa 103a7a MaKCUMajl THTPOCKONIUK HAMITHK

TYTWINO, KypHIIl TE3JIUTMHUHT Macaluil aBpu OonuiaHaau (€KW KypUTHIIHUHT
UKKWHYY JJaBpH).

A

13-pacm. UHy1uH MOIIACHHUHT CAKJIAHUO

12-pacm. MaxcyJIOTJIapHU KypPHTHIII sKapaéHu JaBOMHUHJIMIUTa OOFTHKINTU
yuyH UK HypJaTHIIHMHT onTHMAJI (xypurum maptu: 65 °C; 6y1aK KaauHmmru-2
BapMaHTH )

KoJuIura armocgepa 60cumMu Ba KypuTHII
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Okopu xapopatna WK nHyp
TYJIKUH Y3YHJIUTH KUCKa Oynajau, mact
xapopatna aca UK Hyp TynkuH
Y3yHIHTH y3yH Oymamm. 500-600 °C
xapoparna UK Hyp TYJIKUH y3yHIUTH

2,8-3 MKkM Taga eragd. 2 MM
KaJIMHIIUKIA KypUTHIAETTaH
MaxcyJloT ydyyH yumly TYJIKHH
Y3YHIIUTH ONTUMAJI BapHaHT

xucoOmananu (12-pacm).

A

14-pacm. UHYJIUH MONIACMHUHI CAKJAHUO
KOJUIIN TOMHWHAMOYP TYTaHATHHH KeCHIII

KAJHWHJIUTH Ba KyPUTHII KapaéHUHUHT
AABOMUIIUTHTA OOFJIMKJINTH
(xkypurumr maptu: -0,8 atm., 65 °C)

A

1-UKku3aupuin OpKaJIH TOoNnUHAMOyp
OynmakmapuHUHT Kypuin drpu umsurd; 2-UK
KHU3UPHIL OpKaiu MaiiianaHran
TOMMHAMOYPHU
KypHII 3rpH un3ury; 3- Bakyymaa UK kn3aupum
OpKasiu TonuHaMOyp OVIIaKIIapHHUHT KypHIIT
arpu un3ury; 4- Bakyymaa UK kuzaupuin opkanu
MaiilaaHrad TONMHaMOypHH KypHUILI 3TpU
yusury; S- Bakyymaa, UK kusaupuin Ba
TUTPATHUII TAbCUPHUIA TOMMHAMOYP
OYNakJIapuHUHT KyPHII STPU YU3UFU; 6-
Bakyymaa, UK ku3nupui Ba TUTpaTUII
TabCUPHJIA MalialaHraH TONMUHAMOYPHU KypHIII
STPU YN3HFU.
15-pacm. TonuHaMOyp TyraHArMHUHT KYPHII
ITPH YU3HFH

TonmrHamOyp TyraHaruHu KypUTHII Kapa€HU y4yH BaKyyM Kamepazia 60cum
-0,8 arm (13-pacm) Ba kecusira OYJIaKHUHT ONTUMAaJ KAJIMHIUTH 2 MM HU TallTKHI

atanu (14-pacm).

TonunamOyp Tyranaru OViakjiapu Ba MalJajlaHraH XoJaTuaa KypUTHII
XKapa€HUHM TE3JAlTUPUIIL MaKcaJuaa TUTPATUIl OpKaIW KYpPUTHUII camapaliu
xucobOmananu (15-pacm). bynna cyBcuznanTtupuin camapagopiuru 4-5% rada

OpTaJIu.

[y ypuHAa, CyBCU3TAHTUPUIAETIaH MATEPUATHUHI 032 KaTiamMuaa 3apyp
oynran Hamiuk Ba BOM rokopu napaxanga cakjJaHUO KOJHUIIMHU TabMUHIA0
Oepurn Makcaauaa TOMMHAMOYp TyraHard Ba HabMaTak MEBAcH JUCKPET peKUMIA
KypUTHII OYirda TakprOa CHHOB HUIIJIAPU YTKAZHIIJIH.



TonmuuamOyp Tyranaru TapkuOuja MHYIMH MOJAJACUHU CAKJIAHUII MHUKIOPHU
taknmud stunaérran Bakyym UK-kyputum ycymuma 45,4 mMr% rada, KOHBEKTHB
Kyputui yeyauaa 33,3 Mr% ravya Ba Maxajuinil unuiad yukapyBYHIIap TOMOHUIAH
KYJIIarad ycyiaa sca 8-9 Mr% raya Tamikuil STUILHA KYPCaTUIITaH.

Cudarnm MaxcysoT oM YUyH, MaxCyJIOTHU KyPHUTHIIA MaiilallaHTaH X0JIaTruaa
nH(paKu3wI Hyp €pAamMuaa BaKkyyMa KypUTHII yCyJIu TaBcus dTuiaan. Habmarak
MEBACHHHU KypPUTHII Oyiinda BakyyM HHGPaKU3WI KypruiMacuaa TaKpruoa CHHOB
unuiapu yTkazuiaau. HabMarak MeBacMHM KypUTHIIIaH OJAUH OeroHa
MoaanapaaH To3anad oBuwiaad. CYHT HabMaTak MEBACH TEKUC F03alIUd TYP
WJIAILIApra COMUHAIA. TYIaMpUITaH UINILUIAp BAKyyM Kamepara xKowiaHaau,
NKxu3aupriiaau Ba kamepa naugara Bakyym -0,8 arm 6ynaau. Mnurad yukuiran
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napaMmeTpiap YpHaTWITaHJAH CYHT KypUTHII apa€Hu onubd Oopunagu Ba
HATLMATAK MARACTAHIA 1 70A\ HAMITIAKAUA P‘lBCHBHaHTI/IpHHaHI/I, 6yHJIa HabMaTakK

Py Japaxkaza CakJIaHUO KOJIMIIH
\ICM/Ta KeJITUPHIITaH.

A 1- Bakyymaa UK nyp €pnamuia
Kypuru (Kypuruir xapoparu 80 'C;
BakyyM -0,8 atm.); 2- Bakyymaa UK nyp
épramua KypuTHIL (KypUTHUII XapopaTh
65 °C; Baxyym -0,8 atm.); 3- Bakyymaa
UK nyp épnamuaa KypuTHIl (KypUTHUII
xapoparu 50 °C; Bakyym -0,8 atm.);
16-pacm. HabmaTak MeBaCMHMHT
KYPHII 3T'PH YH3UFH

Habmarak MeBacCMHUHI KypUTHMII >Kapa€HU TaAKUKOTIApU acocuja Typiu
KypUTHIL ycyiutapu (Ky€maa KypuTuil, KOHBEKTUB Ba BakyyM UK kypurtuin) Ounan
MaxCyJIOT TapKUOWJArd BUTAMUHJIAPHUHT (aCOCaH acKOpPOWH KHCIIOTa) IOKOPHU
Japaxana CaKJIaHuO KOJMUII Kapa€HUHUHT palMdOHAJ] BapuUaHTH TOMMIIIM.
Bakyympa UK nyp €pmamuaa Kypurum ycyauaa 0,77 mr% raya, reiio KypUTHIL
yeymuaa 0,15 mr% rawa, UK kyputum ycynuaa 0,71 mr% rada, KOHBEKTUB
Kyputum ycynmuaa 0,12 mr% rada Ba mMaxaumid unuiad yukapyBYHIIap TOMOHHIAH
KYyJUIaraH ycyJijia
0,59 Mr% raya ackopOMH KHCJIOTa MUKJOPH CaKJIAHTaHIUTHU aHUKJIaHTaH. Bakyym
NKKypuTuil ycynuaa HabMaTak MEBAaCUHUHT YpyFU TapKUOUJa aCKOPOUH KUCIIOTa
muxaopu 4,0 Mr% HU TAaIKWI KWIIH.

KypUTHIIHMHT 3TpU YM3WUFUJAAH HAbMaTaK MEBACMHUHI ONTHUMAJl KypPHUTHII
XapopaTy Ba KypUIIHUHI JABOMUWUJIUTU aHUKJIAHIM, 11y OuiaH Oupra HabMaTak
MEBACHHUHT 3TU TapKUOMIaru 3pKUH OPraHuK KuciotanapHu Bakyym UKkypuTuin
Kypuiamacuaa 9,7 Mr% cakiiad KOITMHUIIN aHUKJTaH/IH.

JIaGopatopusi TaxJInj HaTHKajapura Kypa Oapua KypuUTUII yCyIapu MYUAA



Bakyymaa UKnyp €pmamuaa KypuTuil KypwIMacH KYJUIaHWITaHAa TONUHAMOYp
TyraHaru Ba HabMmaTak MeBacH TapkubOumarn bOM rokopu mapakana cakjiaHuO
KOJIMIIIN aHUKJIaHI!.

A

I-taxxpuba acocua, 2-xucoOmnair acocuja.
17-pacm. TaaKMKOT MaTepra/UIAPUHA KYPUTHIIHUHT YMYMJIAIITAH 3TPU YU3UKJIAPH
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Maxcynotnapiu (TonuHaMOyp TyraHard Ba HabMaTak MeBacu) copOIus Ba
OolKa XycycusiTiapuaan (oigananran Xoiaaa, Oaxkapuiaral uiuiapja KeaTUpUIrad
MabJIyM KYyJUITaHMaJIapJaH TaJKUKOT MaTepuanu yuyH (U, Nt) koopauHara
YKIapuia, yMymilalirad arpu un3uruonuaau (17-pacm).

17-pacmnan kypuHuUO TypuOTHKH, Taxkpuba Ba Hazapuil xucoOmamuiap
acocuJia Ty3WiraH KYPUTUIIHUHT yMyMJaIlllaH 3TPU UYU3HUKJApU JEApiId MOC
KeJagyu Ba MaTE€pUATHUHT Tajlad KWJIMHAETTaH CYHITH HaMJIMK napamerpu Nt<[/
oynanu.

Kyputuii xapa€HUHU HCCUKIMK TEXHUKACH TPUHLUILIAPY aCOCH/IA
pacCMMIUTAIITUPUII Ba MaTepUaUIapHUHT (MOpTiaml XaBhu, EMUIIKOKIUTH,
napyajaHuIly Kabu crenu(uk Ba TEXHOJIOTUK XyCYCUSTIApTa 3ra YMacIUTuHN)
TEXHOJIOTUK XapaKTepJaru YeKJIaHUIIUIapHU XHcoOra onran Xxonaa Bakyymaa MK
HYp €paaMujia KypUTHIL KypUIMAacH TaHJIaHAIH.

JucceprauussHuHr « TaAKUK 3TWIAETraH MaTepUaJIapHU KaiTa MILIALI
TEXHOJIOTUSICMHUHTKAPAéH Ba KyPWIMAJIAPDUHHU CAHOAT IIAPOMTHAA TATOMK
3TUIDY 160 HOMJIAHTaH TYPTUHYM O0oOWIa caHoaT IMIAPOUTHAA WILIA0 YUKAPHUII
Makcaauaa TOMHMHAMOyp TyraHard Ba HabMaTak MEBAaCMHU KaWTa HIIJIAII
TEXHOJIOTMK TU3UMU UIIad unkuiarad (18-pacm).



18-pacm. TonmHamMOyp TyraHaru Ba HAbMaTaK MEBACHHHU KaiTa
HILJIAII TEeXHOJIOTHK CXeMAaCH

Habmarak MeBacHHU KaiiTa HILLIall )KapaéHuaa Oepuiirad TEXHOJIOTHK
tr3umaa 4.2 Ba 4.4 onepauusuiap aMaira OlmHUpUIManIu.

19-pacmaa Bakyymaa UK Hyp €paamuia KypuTull KypUIMAaCHHUHT Taxpuoa
caHOaT HaMyHAaCMHMHI cxeMacu Kentupwirad. Kyputuna€rtran wmaxcysiaor
KU3IMpUII YUYYH Typiap aBBajJlaH xounamrupunaan. Kypunmaga BakyyMm Xocuil
OyiraHjaH CYHI, HAMJIMKHHUHI OyfJIaHWIIW Y4yH KU3AUPHUIL SIEMEHTIApHU OPKajIu
VCCUKJINK
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sHeprusgcu etapau  mukaopnaa Oepwinanu. CyB  OyFjapu  KOHAEHCATOPHHUHT
COBYTWJIQJINTAH 103aCM TOMOH XapakariaHMO KOHJIEHCATIAHAIW Ba KUCMaH
KOHJICHCATJIIAaHMAaWIural Tas3nap OwiaH Oupraiukiaa BaKyyM-Hacoc Epaamuaa
Talrkapura 4ukuO kxetaaw. byHnmail TH3uMaa KapaCHHUHT HOPMaJ YTUINU Y9yH
KypUTTHY Ba KOHJEHCATOp ypracuja cyB OyFiapyuHU O0CUM Ta(pOBYTHHU TALTKUI
STHII JIO3UM.

1-BakyyM kKamepa; 2-UCCUKJIMK aJMaIlruy; 3-Kyuma
WUKkypurtu mkadu; 4-apasa; S-kaiita
UIUIaHAETTaH MaxCcyJ0T YUyH WU
A 6-3IEKTPOBUTATEIUIN BAaKyyM Hacoc; 7-001IKapyB
6moku; 8- mkad yuyH iymn; 9-xapopaTHu yadar
yuyH Tepmornapa; 10-manomerp; 11-tokopu 6ocum
KyBypH; 12-XaBo kuputuil xxymparu; 13-koHaeHncar
ynkapuil xxymparu; 14-UKnypnarruy.



19-pacm. Bakyymaa UK ku3aupuim opKajau KypuTHII KyPHUIMACHHUHT
CaHOAT-TaKPHOa HAMYHACH CXeMacCH

TonmrmHamOyp Tyranaru Ba HabMaTak MEBAaCMHU KalTa MIILIAII TEXHOJIOTHK
CXEMAaCHHU SPATHIIl yUIyH KYIIMMYa Kypuiamanap unuiad unkuwian. Wniad
YUKWITaH TETUPMOH COBYK CYB Ba XaBO €pJaMu/la KOPIIYCHH COBUTYBUU TU3UMTIa
ara.

Nmnad yukuiaran TexHoJoruk tTu3uM «Jlopusop yeumnukinap» MYXK Ba AGy
Amn wOH CHHO HOMHIArM MXTHUCOCIAIMTHUPWITAH JaBIaT YPMOH XYKaauTHIa
xopuit kunuarad (18-pacm). Ym0y TEXHOTOTUK THU3UM OpKald CU(ATIU MaxCyloT
OJIMIIITA IPUIIIIIN;MaXCYJIOTHUHT OUp MEebEPIa KypHUIITH TAbMUHIIAH]IN,

KOMILJIEKC KailTa UILIall XucoOura UIiad YuKapuill yHYMIOPJIUTY OIIUPHUIIIN,
KypUIMaJapHUHT UIIOHWIMIUTH OLIUPUIAN, XoMali€ ucpod Oynuim
KAMaWTUPWIIJIA, OTIEPALUSIIADHUHT UII KYJaMH KaMAUTUPUIIAN BA STHTH WII
YpUHIIApU SpaTUIIIN.

XVJIOCA

«TonmmaaMOyp Tyranaru Ba HabMaTak MeBacu TapkubOuaaru 6nodaon
MOJJIaJlapHU CaKjIarad XoJijia KaiTa UIiail TeXHOJIOTUSACUHU UILTA0 YUKHUIID)
MaB3yCHIaru JTIOKTOPJIUK JUCCepTAMsIcH OViinya o0 OopuiIraH TaaKHuKOTIap
HaTIKacula KyHuaaru xyjaocanap TaKIuM dTUIIN:

1. TonuHaMOYp TyraHaru Ba HabMaTak MEBaJapUHHU KYypUTHII Ba
VCCUKJIUKHY (PaOUTAIITUPHUIITHA 3aMOHABUH X0IaTH TaxX M KUJTUII HATHKACHA
WHHOBAITMOH FOSTHM PUBOXKJIAHTUPHII Ba TAKOMIJLIAIITHPUIIT UMKOHHHH OEPJIH.
TonmmuamOyp Tyranaru Ba HabMarak MeBajapHu Bakyymaa MK kuznupuin opkanu
KYPUTHIL aCOCUH ycyIiap/iaH Oupu XUcoOIaHa Iu.

2. Ypranunaérran MaxCyJOTHHHT KAIMILIAPIAPHAA HAMIIMK KOMNAIIMIIHHA
MaTeMaTUK MOJCIWHA WNUIA0 YHKWIMINA Ba TaTOWK OTWIHINHA, SPUTaH
MOJIJTATAPHUHT MUKW TApKATHUIIIUHA XUCOOTa OJUIII 3apyp SKAHIUTH KYpPCATUIIH
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Xxamza OepwiraH OONUIAHFUY IIAPOUTIApAa KYpPUTHUII >XKapa€HW KOHYHUSTIApU
JUHAMUKACH MYKH JIEBOPJIAPHUHT KaNWUIAP KaHajulapuja copOLus Ba aecopOIus
KYPUHUIIM OWJIAH W30XJIAHAMM. YPraHWIaéTraH MaXCYJIOTHHMHT KaIMIUIAPJIapH
MUK OOCHMMM oOpacHujard HOUM3MK OOFJaHHILIAp, XapaKaTHUHT THUAPOJUHAMHK
TE3JUTH, TEMIIeparypa XamJa MaxcCyJloT 3UWIMIM OujaH OOFIMK DSKaHJIUTH
KEATUPUIIIN.

3. Maremaruk MOAEIUIAIITHPUII Yy3rapMac MHUKAOp YXIIANUIMKIApH
KOPPETSUMOH  Kod(pPUIMEeHTIapu Ba TaxpuOagard CTAaTUCTHK MabJIyMOTIAp
KEATUPUILIN.

4. CyBcusnaHtupwiaéTran MaHOara HYpJAHTUPHUIL Ky4Hd TabCUpP STHUIIU
MaHOa Ba HYpJaHTHUPYBUYM opacuparu macodara OOFIMKIWIH aHUKIAHIU Xamza



HypJlaTyBuUWjap opaiuru Ba Bakyymjaa WK xu3gupuin opkadud KypUTHIL
KypuiMacua MHGPaKU3WI HypJIapHU CyBCU3JIAHTUPHIAETTaH MaxCyJloT l03acura
Oup TEKHWCAAa TapKAIMIINTA MaxCyC >KOWIAIITHUPWITaH KOH(QUTYpAIUsSIn HYpP
KalTaprud 3JIeMeHTH €pAaMuia SpUILIAIIN.

5. TommHamOyp TyraHaruHUHT copOmmsi Ba jecopOrus TaBcudapu
KENTHPWIAN, KAMUISAPIApHUHT CONMINTHpMA fo3acH 18,38 MY/r skaHmuru
kypcarwian. by xomma Bakyymaa MK kuspwpuin opkaim KypUTHII IIAPOUTHAA
TonuHaMOyp FoBakjapu uruHAM Mukaopu 0,440 cM’/r Tamkm >tau. Habpmarak
MEBaCH Y4yH copOIMs Ba AecopOius TaBcudiapu: KanuuIspIapuHA COTUIITHPMA
rosacu 12,30 Mm%, FoBakmapHMHT HmFMHZE MuKgopu 0,390 cM/r dKaHHM
TaCIUKJIAHIH.

6. Kyputuinaérran MaxcyJOTHUHT UCCUKIMKTEXHUK Ba COPOUHMSTIaHUIII
XyCyCUSITJIIapUHU TaTKUK Kuiuiin HaTuxacuaa UK Hypraanunuim BakyymM-KypUTHIIT
KypHJIMacua Kepakiu UCCUKINK Japa’kacy Ba KypUTHII BaKTH MabliyM OVIIIH.
JlaGoparopust Kypuiamacuaa YTKa3wirad TaaKUKOT HaTHKajlapura acocaH BaKkyymaa
UK nyp épaamuia KypuTHUII KypruiIMacu XuUcoOmaml yCcyau Oaxapuiin.

7. Maxcynotnapuau Bakyymaa MK Ku3aupuin opkaayu KypuTHII KapaEHU
ydyH OepuiaéTral KyBBaT KaTTaJuTr MyKOOMJUTAIITHPHII 3apYPIIUTH KYPCATHIIIH.
MaxcynoTHUHT MakOy/l KaJuHIUTH YpTada 2-2,5 MM 3KaHIUTH, MaKOy/l TYJIKUH
Y3YHJIUTH 3 MKM SKaHJIUTU OeNruiian/u, yily xonarjaa Bakyym -0,8 aTM Talmkui
KMJIa{, MaXCyJOTHH KypHTHII Xapopatu 65-70°CiaH ommaty, MaXCyJTOTHHHT
CYBCHU3JIAHUIII BAKTU MYMKHUH OYJITaH KaTTAJIMKHU TAIKWI KUIUIIN KEPAKIUTH
oenrunad OepuiIm.

8. TexHonoruk s>kapaéHiaa THUTpAIl TAbCUPWHU TakpuOa H3JIaHUILIAPAA
Ypranuiin HaTWXajdapura Kypa CyBCU3JIAHTUPHUIIHUHT camMapajopiurd MabliyM
4acTOTa Ba aMIWIMTyAada y3IyKCH3 Ku3aupuil mapoutnaa 4-5%rada omau.
TonunamOyp Maiinananran xonarga Bakyymaa MK Kuzaupuin opkanu KypUTHILIA
UHYJIUHHUHT cakimanumu 45,4 mr%rada Ba TonmuHaMmOyp TyraHaru Oynakiapuia
38,75 wr%raua Tamkwi KWWK Ba ymly Xolartga HabMarak MEBAcH JTH
tapkuouaa Bakyym UK kuzmupum opkanu Kyputwiragaa 0,77 mr%raua ackopOuH
KHUCIIOTAaCH CaKJIaHWIIM HabMaTaKHUHT MeBacu ypyruma 4,0 mr%rada ackopOWH
KHUCIIOTA CaKJIaHAHUIIIA MabiIyM OYIiau.

9. Kyputum sxapaéauna Bakyymaa MK kmmupumsan 60-70 °C ommpmaran
X0Jila Hyp KaltapruyjaH (oWgajaHUIl OPKadyd WIUIad YMKApPUII KyBBAaTMHUHT
omumura Ba sueprus cappunau 10-12%raya kaMalTUpUILTa SPULLUIIHN,
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BUTAMMHJIAp TApKUOMHM Ba OoIKa Ononoruk ¢aon moananapau 80-90%raua
(MHYIMH Ba aCKOPOMH KHCIIOTAa) MaxCyJIOT TapKuOuia cakiIaHuIy aHuKanan. 10.
Bakyymaa UK kuzaupuin opkaiu KypuTHII KypyuiIMacu Ba OOJIFaau TETUPMOHHH
KYJUlal opKajiv TOMMHAMOYp/iaH KyKyH OJIaJIMraH TEXHOJIOTUK TH3UM
MOJIEPHU3NLIUATIAIITUPUIAN. MaiilanaHrad HabMaTak MEBAaCUHHU KucMmiapra (3Tu,
YPYFH, TYKH) @XXpaTHUILl Y4yH a3pOJIMHAMUK Cenaparop UILIad YMKWIIU Ba JKOPUIL
kunuHau. OJIMHTaH HaTWKajaap acocuia TOMUHAMOYp TyraHarMHUHT «MYBbKu3a»



HaBUJAaH Ba HAbMATaK MEBAaCUIaH KyKyH MIUTa0 YMKAPUITHUHT TEXHOJIOTUK
periaMeHTH UIL1ad YMKWIIU Ba CAHOATTa TaBCHSI STUIIIN.

11. quccepranusiga spaTUirad Ba OJIMHTaH HATWXKAJIAPHU TaTOUK STUIIIHUHT
UKTUCOIMA CcaMapaJopiurd TONMHAMOyp TyraHard Ba HabMaTak MeEBacu
TapkuOuaaru 6rodaon MoaJadapHy CakjaraH Xojja KalTa niuiai TEXHOJOTHUACH
«V3dapMcaHoaT» JaBNAT AKIMANOPIMK KOHIEPHH Xamaa KHMILIOK Ba cyB
XYXKaJIUTH BasUPJAUTM TU3UMUIA KHUPYBUM KOpXOHalapra KOpUM 3TWiau
(«Y3bapMcaHOaT» IaBIAT AKUMAJOPIHK KoHuepHMHHMHT 11.30.2015 iimmmaru
NeM/I-06/1868-connin  xampa Kunuwiok Ba CyB  XYKalIWTd — Ba3sHPIUTHHUHT
10.09.2015 #innmgaru Ne06/14-893-connu MawaymoTHOManapu). Bakyymma UK nyp
épaamMua KypUTHII TEXHOJOTMSICMHM KYyJJall HaTWkacuaa Hiad dukapuul
KyBBatu 1,2 mMaprarada omwMilyd XucoOura yMyMmMuil ypraua WHIUIMK UKTUCOIUMN
camapa 233 MJIH. CYMHH TaIlIKWJI 3T/IU.
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HAYUYHBIW COBET IO MPUCYKJEHUIO YYEHOM CTENIEHHA
JOKTOPA HAYK 14.07.2016.T.08.01 ITPU TAIIKEHTCKOM
XUMHUKO-TEXHOJJOI'MYECKOM NHCTUTYTE

TAINKEHTCKHM TOCYIAPCTBEHHBIA TEXHUYECKHW YHUBEPCUTET



CAD®APOB KACYP OCUPTAITIOBNY

PABPABOTKA TEXHOJIOTI' UM JIJIS1 IEPEPABOTKHU KJIYBHEN
TOIIMHAMBYPA 1 IIJIOJOB IIUITIOBHUKA C COXPAHEHUEM
BUOJJIOI'MYECKHU AKTUBHbBIX BEHHIECTB

02.00.16 — IIpoueccsl M anmapaTbl XMMHUYECKHX TE€XHOJIOTHI M MUIEBBIX NPOU3BOACTB
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JIUCCEPTAIINA

TAIIKEHT - 2016
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Tema g0KTOpPCKO# quccepTamuu 3aperucrpuposana 3a NeNe30.09.2014/B2014.5.T322
Beicuieii arrecranuonHoii komuccuu npu Kadbunere Munucrpos Pecny6ianku Y30ekucras.

HOKTOpCKaﬁI AuccepTanus BbIIIOJIHCHA B TamkeHTCKOM rocynapCTBEHHOM TEXHUYCCKOM



YHHUBEPCHUTETE.

ABropedepar muccepTali Ha TpeX s3bIKaxX (y30€KCKWH, PYCCKHH, aHTIIMHCKWI) pa3MeIIeH Ha
BeO-cTpanmiie 1o amgpecy www.tktiuz u wmHpOpMaImonHo-oOpa3oBareapHoM moprane ZIYONET mo
azipecy www.ziyonet.uz.

Hayunblii koncyabTanT: HopkyioBa Kapuma TyxraGaeBHa
JOKTOp TEXHUYECKHUX HayK, mpodeccop

Odunnansbubie onnoneHThl: FOcynoexoB Hoqupoek Pyctam0exkoBrY akageMuK
AH PVY3, 10KTOp TEXHUYECKUX HaYK,
npodeccop

Kypo6onoB Kammuag MaskunaoBu4 JOKTOp TEXHUYECKUX HayK, mpodeccop

Bapakaes Hycparniia Paka60oBu4 JOKTOp TEXHUUYECKHUX HAyK

Beaymas opranuszanus: byxapckuii MHKeHEPHO-TEXHOJIOTMYeCKUi HHCTHTYT

3amura JuccepTalul COCTOUTCS «_ » 2016 . B« » 4acoB Ha 3aCE€laHUU HAyYHOI'O
coBera 14.07.2016.T.08.01 mpu TamkeHTCKOM XMMHKO-TEXHOJIOTHUYECKOM UHCTUTYTE 110 aapecy: 100011,
r. Tamkent, [llatfixonTaxypckuii paiion, yin. A.HaBown, 32. Ten.: (99871) 244-79-21; dakc: (99871)
244-79-17; e-mail:tkti_info@mail.ru.

Joktopckasi  mucceprammsi  3aperucTpupoBaHa B VH(popMamMOHHO-peCypCHOM  IIEHTpe
TanKeHTCKOro XMMHUKO-TEXHOJIOTHYECKOTO MHCTUTYTa 3a No , C KOTOpOH MOXXKHO 03HaKoMUThCsi B P1]
(100011, r. TamkenT, 1llaiixoHTaxypckuii paiioH, yia. A.Hasowu, 32. Ten.:(99871)244-79-21.

ABTopedepar AuccepTanuy pa3ociaaH «___ » 2016 rona.
(mpotoxon pacceiky No OT « » 2016 1).

C.M.Typo6:xoHoB
[Mpencenarens HAydHOTO COBETA MO MPHUCYXKICHHUIO YUEHO
CTEIIeHH AOKTOpa HayK, JI.T.H., podeccop

A.C.Hbonyniaen
YyeHslii cekpeTaps Hay4HOI'O COBETA 0 MPUCYKICHUIO
y4EHOM CTEIEeHHU JOKTOpa HayK, JI.T.H., Ipodeccop

K.O./lonaesn
[Mpencenarens HAyYHOTO CEMUHAPA TIPU HAYYHOM COBETE TI0
NPUCYKJICHUIO YIEHOW CTETICHH JOKTOpa HayK, I.T.H.,
npodeccop
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BBE/IEHUE (anHOTalMs JOKTOPCKOM AMCCEPTALIMHN)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbI Auccepranum. [1o onenkam



MPOJIOBOJILCTBEHHOM U CeNbCKOX03siiicTBeHHOU opranuzanuu npu OOH, B 2050
TOy JJIS YIOBJIETBOPEHUS CIIPOCa Ha MPOIOBOJILCTBUE TO0BONH 00BEM MUPOBOTO
IIPOM3BOJICTBA CEIBCKOXO3IMCTBEHHBIX KYJIBTYDP U MPOIYKIIUHU 5KMBOTHOBOJICTBA
JIOJKeH BO3pacTH Ha 60% 1o cpaBHeHHIO ¢ ypoBHeM 2006 roma'. B mupe
€KETOJIHO M3-3a TOPUYU 00pa3yIOTCs MOTEPU 3€PHOBBLIX MPOAYKTOB Ha 30%,
KOPHEII0A0B, PpyKTOB U oBolel Ha 40-50%, MacIUYHBIX KYJABTYp, MsiCa U
MOJIOYHBIX TIPOAYKTOB Ha 20% 1 peIOBI HA 35% 2.

B roapl He3aBUCHMMOCTH 0CO00€ BHUMAaHHUE YIEISETCS BBIPAIMBAHUIO U
3G (HEeKTUBHOMY PAa3BUTHIO OTpPACIH, MepepadaThIBAIONIEH CETbCKOX03SICTBEHHYIO
npoAyKiuio. BcenencTtBue mNpoBENEHHBIX B ATOM HANpaBlI€HUU MNPOrPAMMHBIX
MEPOIPUATUH, B TOM YHCIE, O OOECHEUYECHHUIO KaueCTBEHHOW NepepadoTKu
IPOAYKIMHU CEIBCKOTO U JIECHOTO XO3SIMCTB, OLIYTUMBIE PE3YJIBTaThl JOCTUTHYTHI B
IIPOU3BOACTBE HMMIIOPTO3aMEIIAIOIIEN U SKCIIOPTOOPUEHTUPOBAHHOMN MHUILEBOU U
dapmaneTuueckoir npoaykiuu. B 2015 rogy B crpane BeipamieHo 200,3 m
KIyOHeil TormrHaM6ypa u 199,2 m TIONOB IIMMOBHMKA . OIHMM M3 HIMPOKO
pacnpocTpaHEHHBIX METOJIOB NEPEPAOOTKHU 3TUX NPOAYKTOB CUMTAETCS X CYIIKa.

CeronHst BakHOM 3ajaueld MHPOBOTO MaciiTtadba sBIsSeTCsl pa3paboTka
TEXHUKU W TEXHOJIOTUHU NEePepadOTKU MPOAYKIIMH CEIbCKOTO U JIECHOTO XO351CTB, B
TOM 4HClie TonMHaMOypa ¥ IIHUIOBHHMKA, 0C000€ BHHUMaHHWE YraeseTcs
COBEPILIEHCTBOBAHUIO CIIOCOOOB MEpepabOTKU ChIPhSl MyTEM MPUMEHEHHUS HOBBIX
TEXHOJIOTUH, C Yy4€TOM pe3ylbTaTOB HAayYHBIX HCCIEIOBaHUI B 3TOM cdepe,
OPUEHTHPOBAHHBIX HA COXpaHEHHWE OWOJIOTMYECKH AKTHBHBIX BEIIECTB B COCTaBE
rotoBoi npoaykuuu. Ciaeayer 000CHOBATh COOTBETCTBYIOIINE HAYUHBIE PELICHUS U
PEKOMEHJIalliY, HAMpaBJIEHHbIE HA COBEPUICHCTBOBAHME CIOCOOOB CYLIKH U
pa3pabOTKM TEXHOJOTUW TIOMYyYEHUS BBICOKOKAYECTBEHHBIX MPOJAYKTOB, B TOM
yucie HeoOXOoIMMoO: pa3padoTarh TEXHHUKY M TEXHOJOTHIO IepepaboTKu
TONMMHAMOypa U IIUIOBHUKA C COXPAaHEHUEM OMOJIOTMYECKH aKTMBHBIX BEIIECTB B
COCTaBE€ KOHEYHBIX TMPOAYKTOB, pa3paboTarb MAaTeMaTHYECKyl0  MOJENb
pacupeneneHuss MHKPO3JIEMEHTOB B  MPOLECCE CYIIKH, HCCIEN0BaTh M
(¢opmann3oBaTh IpolLEecC TEIIOOOMEHa C Y4YEeTOM HW3MEHEHHUs TeIvla MpHu
uHppakpacHom (MK) nHarpeBe v HeNMHEWHBIX SIBICHUM Mepeiayu Tera, a TakkKe
U3yYUTh AKTUBHOCTh TEIJIa B MPOJAYKTE B XOAE CYLIKH, pa3paboTaTb BaKyyM
CYIIWIbHYIO ycTaHOBKY ¢ MK HarpeBoM v MenbHUILY JUIsl MOTYYEHHs MOPOIIKA U3
BBICYIIIEHHOTO TMPOJAYKTa. AKTYyaJIbHOCTh U BOCTPEOOBAaHHOCTH TEMBI IUCCEPTAIIUU
MOJTBEPKIAETCS peaau3alueil HayuyHbIX UCCIIEI0BAaHUN B 3TOM HaIlpaBICHUH.

JlaHHO€ JUCCEPTALMOHHOE MCCIIEA0BAHKUE B ONPEACIICHHON CTENEHU CIIY KHUT
BBINIOJTHEHUIO  3a7a4y, npenycMorpeHHbix  [locranosnenunem  Ilpe3naenta
Pecniy6onmuku V36ekucran [111-1047 ot 26 saBapst 2009 roma «O JOMOTHUTETBHBIX
Mepax 1o
1

- IlpomoBonbscTBEeHHAS U cenbckoxo3siicTBeHHas Opranmsanus OobenuHeHHbIx Hanuit. [Tonoxxenune nen B obnactu

IPOAOBOJILCTBHSA U CEJILCKOI'O xo3siicTBa. M3MeHneHue KjimMara, CE€JIbCKOC XO3STUCTBO U IIPOAOBOJILCTBEHHASA 0€301MacHOCTb. PI/IM,

2016.—210c. Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction

3
2015. Rome, 2015. -8 p.  Csenenus AK «V3dapmcanoar» NeHU-06/1944 ot 2016 roga 27 okTOpsi.
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pPaCHIMPEHUIO TPOU3BOJICTBA IPOJIOBOJIILCTBEHHBIX TOBAPOB U  HACHILIIECHUIO
BHyTpeHHero peiHkay u III1-1633 or 31 oxktsa6ps 2011 roma «O mepax 1o
JaIbHEUIIIEMY COBEPIICHCTBOBAHUIO OpTraHM3AIMH YIPABICHUS H Pa3BUTHIO
MUIIEBOW MPOMBINUICHHOCTH pectyonuku B 2012-2015 romax», a Takxke IpyrumMu
HOPMAaTUBHO-TIPABOBBIMU JJOKYMEHTAaMHU, IPUHATHIMU B IAaHHOH cdepe.

CooTBeTcTBHE  HCCJEIOBAHMS  NPUOPUTETHHIM  HANpPaBJIEeHUSM
Pa3BUTHA HAYKM M TeXHOJOIrMM pecny0Juku. J[aHHOe wccienoBaHue
BBITIOJTHEHO B COOTBETCTBUU C MPUOPHUTETHHIMU HATIPABIICHUSIMH PA3BUTHUS HAYKH U
TexHosoruit pecnyonuku: V. «CenbCcKoe X035HCTBO, OMOTEXHOIOTHS, SKOJIOTHS U
oxpaHa okpyxkaroriei cpenb» U VI. «Menuiinaa u papMaKoIoTHsy.

0030p 3apydexkHBIX HAYYHBIX UCCJIEI0BAHNH M0 TeMe JUCCePTaAIMU’.
Hayunsle riccnenoBanus, HalIpaBIEHHBIE IO METOIAM CYIIKH KaMJUTSIPHO
MOPHUCTHIX MUIIEBBIX MPOTYKTOB U COXPAHEHUIO B HUX OMOJOTUYECKHA aKTHBHBIX
BEIIECTB, a TAK)KE METOJaM MaTeMaTUYeCKOTr0 MOICIIMPOBAHUS U pa3paboTKe
YCTPOWCTB U TEXHOJIOTHH, MPOBOISATCS B BEAYIIMX HAYYHBIX IIEHTPAX W BBICIIAX
00pa3oBaTeNIbHbIX YUPEKICHUAX MUPa, B ToM yucie, University of Georgia
(CIA), Laval University (Kanama), Technical University of Berlin u German
Institute of Food Technologies (I'epmanust), Federal University of Santa Catarena
(bpasunust), University of Extremadura (Mcnanus), AtaturkUniversity u Middle
East Technical University (Typuus), Mutah University (Mopnanus), National
University of La Plata (Aprenatuna), Aleksandras Stulginskis University (JIuTsa),
MOCKOBCKOM TOCYIapCTBEHHOM YHUBEPCHUTETE MUIIEBBIX MPOU3BOJICTB U
Kpacnonapckom HUU nepepa®oTky u XpaHEeHUs CETbCKOX03SIMCTBEHHBIX
npoaykroB (Poccus).

B pesynwrare uccnenoBaHuid, MPOBEACHHBIX B MUPE C IIEJBIO MOBBIIICHUS
3¢ (GEeKTUBHOCTH TIpollecca CYIIKM M TOJYYEeHHMs] Ka4eCTBEHHBIX TMPOAYKTOB,
NOJy4YeH psAJ HAyYHBIX pE3ylbTaToB, B TOM YHCJE: OIpeneicHbl (PU3UKO
XUMHYECKHE W3MEHEHHUsl B MPOLECcCe TMONYYEeHHUs MOPOIIKOB OBOIIEH U (DPYKTOB
BBICYIIIEHHBIX C MOMOINBIO moToka Bo3myxa (University of Georgia); paspadorana
TEXHOJOTUSl CYIIKH TMHIIEBBIX TMPOAYKTOB C TIOMONIbIO TEMIOTO BO3AyXa H
oxnaxaenus (Laval University); BbIsSIBI€HBI METObI TONYyUYEeHUS (DYHKIMOHATBHBIX
POIYKTOB C IOMOIIBIO CYIIIKH Ha OCHOBE (DU3HKO-XUMUYECKUX CBONCTB (PPYKTOB,
opoteit u pacrenuit (Technical University of Berlin u German Institute of Food
Technologies); onpeneneHo BIUSHUE BaKyyMa Ha MPOIECC CYIIKH MPOIYKTOB
(Federal University of Santa Catarena); onpeneneHo BIusiHue nHGpaKpacHbIX
ayueit Ha niportecc cymku (University of Extremadura); co3nan Mmeton coxpaHeHUst
aCKOpOMHOBOW KHUCIIOTHI B COCTaBE IJIOJOB IIMIIOBHHKA B Iipouecce cymku (Ataturk
University); pa3paboTan crioco6 Cymku TonmuHaMOypa ¢ TOMOIIIBIO
yasrpamukpoBosiH (Middle East Technical University); ycoBepiieHCTBOBaH
npoliiecc U3MeNBIeHUs Chipbsi B MenbHUIlE (Mutah University); pa3paborana
CYUIMJIbHASI YCTAHOBKA U TEXHOJOTHS CYIIKH IJI0JIOB ITUTIOBHUKA TOTOKOM
ropsiaero Bo3myxa (National University of La Plata); onpenenenst



O030p mo Teme auccepTalyM pa3paboTaHO Ha OCHOBe 3apybexHbix www.uga.edu; www?2.ulaval.ca; www.dil-ev.de;

www.en.ufsc.br; www.unex.es; www.atauni.edu.tr; www.metu.edu.tr; www.mutah.edu.jo;, www.unlp.edu.ar; www.asu.lt;
www.mgupp.ru; www.kniihpsp.ru ¥ qpyriux HCTOUHHKOB.
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M3MEHEHHUS KaueCcTBa TOMMHAMOypa B MpoIlecce nepepadboTKU U XpaHEHUS
(Aleksandras Stulginskis University).
B mupe B chepe npousoacTBa PyHKIIMOHATBHBIX MUIIEBBIX MPOTYKTOB
IIPOBOJISITCS UCCIIEIOBAHUS IO Py MPUOPUTETHBIX HAMTPABJICHUM, B TOM YHUCJIE:
COXpaHEHUIO KaueCcTBa MPOYKTa C MOMOIIBIO CYIIKH; CYIIIKE MPOAYKTOB C
MPUMEHEHUEM UH(]PpaKpacHBIX Tydei; pa3paOd0TKe MUIIEBLIX MPOAYKTOB C BBICOKUM
cojiep>KaHreM OMOJIOTMYECKH aKTUBHBIX BEIIECTB; COBEPIIICHCTBOBAHUIO CITIOCOOOB
CYILIKH MPOIYKTOB (KOHBEKTUBHOW, KOHJIyKTUBHOM, HHPPAKPACHOM!,
YABTPABBICOKOW YaCTOTOM ); ONPEICICHUIO0 BHYTPEHHETO JIaBJIE€HUS CYIIUIIbHOM
Kamepbl (aTMOC(epHOii, BAKYYMHOU, CyOIMMAaIllMOHHOM); pa3paboTKe METO/I0B
JIBU)KEHHS ar€HTa CYILIKH (€CTECTBEHHOTO, IPUHYAUTENBHOTO);
COBEPIIECHCTBOBAHUIO METOJIOB CYIIIKH 110 BUY 00€3BOXXKHMBAEMOTO MPOTYKTa
(TBEpaIOTO, KUIKOTO U TACTOOOPA3HOTO).
Crenenb u3y4eHHOCTH nMpodJembl. Kak mokaszaiu pesyasrarsl 0030pa
JUTEPATYPHI, C TABHUX BPEMEH YIEISIOCH O0IBIIIOE BHUMAHHE
COBEPIIIEHCTBOBAHUIO Tporiecca cymku. B vactnoctu, A.B.JIsikoB, A.C.I'uH30ypr,
C.I'Nnbscos, U.b.JIeButun, 3.C.Canumos, O.®.CadapoB nmpoBoauiiu
UCCIIEIOBaHUs, HAIIPABJICHHbBIC HA Pa3pab0TKy TEOPUH MPOIecca CYIIKH, U3yYCHUE
BIIUSTHUS WH(PAKPACHBIX JTyUYel Ha MPOIECC CYIIKH.

V3b6ekckue YYEHBIE A.A.ApTHUKOB, K.O./lonaes, X.®./Ixxypaes,
3.C.Mckanaapos, JI.H.MyxuaauHoB, K.M.Kypbanos, b."1.Myxamenos,
K.T.Hopkymnoga, X.C.Hypmyxamenios, P.X.Paxumos, b.I1.ITTaitmMap10HOB,
H.P.}Ocyn6ekoB mpoBoAMIN pe3yabTaTUBHBIE UCCIIEIOBAHUS 1O
COBEPIIIEHCTBOBAHMIO MIPOIIECCOB U aIMApaTOB B MUILEBOU MPOMBIILICHHOCTH, UMHU
pa3paboTranbl 3PHEeKTUBHBIC TEXHOIOTHH.

S.Paes, E.Karacabey, Ch.M.Ben, A.Natalia, Ghaid Jameel Al-Rabadi,
A.G.Ghiaus, C.Marquez, Saliha Erinturk, A.Ruiz Celma, C.Ratti, H.Kunzek,
K.Veerachandra npoBoauiu Hay4Hbl€ UCCIEIOBAHUS 110 TPOU3BOJCTBY MPOAYKTOB C
TpeOyeMbIM OMOAKTUBHBIM Kau€CTBOM, MU YCOBEPIIICHCTBOBAHBI ITPOIIECCHI
CYIIKH. 3aciIy’>KUBar0T BHUMaHus ucciaenoBanus N.B.Antyxosa, P.M.111a330,
N.A.3yesa, I1.]I.JIeGeneBa mo MeToiaM CyIIKA MaTepragoB, TEIIO0OMEHHBIM
poiieccaM, COBEPIICHCTBOBAHUIO YCTAHOBOK U MPOIIECCa CYIIKU U MOTYUYCHHUIO
Ka4€CTBEHHOTO KOHEYHOTO MTPOYKTA.

B nmannoil muccepraiimoHHOl paboTe BIIEpBbIE MPOBEJIEH CPABHUTEIbHBIN
aHajiu3 METOJ0B OOpabOTKHM H30TEepPM COpOIMM M AecopOnru W 00OCHOBaHA
1eJeco00pa3HOCTh BHIOOpA METO/Ia OPTOTOHAIBHOM PErpeccuu B BUAC YPaBHEHHUS
[TocHOBa, OTpaXkarolEero pacrnpenesieHHe MUKPORJIEMEHTOB B MPOAYKTaX 3a CUET
yIpaBJiI€HUS MPOLECCOM CYIIKHU MPU MOJYYEHUN BBICOKOKAUE€CTBEHHOW MPOIYKIIUH,
pa3paboTaHa KOHCTPYKIIMS MEJIBHUIIBI ¢ OXJIKIAIOIIEH CUCTEMOM JIs TOJTyYEHUS
MOPOIIKA U3 CaxapCoAEPKAIOUIUX MPOTYKTOB, ONPEIACICHO 3HAUCHHE MapameTpa



BaKyymMa W OINTUMAajibHas TeMIleparypa CYIIKM B BAaKyyMHOW YCTAaHOBKE C
HUK-narpeBoM ang cymikd KiyOHeH TomuHamOypa H IUIOAOB IIIMIIOBHHUKA C
COXpaHEHHEM OMOAKTHMBHBIX BEIIECTB M 3aJI0’KEHBI HAyYHBIC OCHOBBI PUMEHEHUS
pe3yNIbTaToOB pabOTHI HA MTPAKTUKE B TPOMBIIIIIICHHOM MPOU3BOJICTBE.
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CBs3b TeMBbI AUCCEPTALMYU € HAYYHO-HCCJIEI0BATEILCKIMHU PadoTaMu
BbICIIIET0 00PA30BaTEJIbHOI0 YUYPesKIeHUS, I71e BHINOJHEHA JUCCePTALMS.
JluccepTallMOHHOE UCCIIEIOBAHUE BBIMOJIHEHO B PaMKaX IJIaHA HAyYHO
HCCIIEA0BATEIIbCKUX PAOOT MPUKIIAIHBIX M HHHOBAIIMOHHBIX MPOEKTOB
TalKeHTCKOro ToCy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA IO TEME:
NOT-2013-6-08 - «IlonyueHnue yast u Macyia U3 MI0J0B UIIUIIOBHUKA C BEICOKUM
coJiep>KaHueM OMOJIOTMYECKHU aKTUBHBIX BemecTBy (2013-2014 rr),
A9-OK-1-15580-KA9-011 - «Coznanue arpo- u OMOTEXHOJOTUUECKUX COPTOB

TonruHamOypa «Daii3 6apaka» u «Myxu3a», UX XpaHEeHUE, O€30TXOAHAS

nepepadoTKa Ha OCHOBE BHICOKOA(D(PEKTUBHOM TEXHOJIOTHH C IIETBIO MPOU3BOICTBA
MMIIOPTO3aMEIIAOIIEN U SKCIIOPTOOPUEHTUPOBAHHOMN IKOJIOTMYECKH YUCTOU
npoaykium» (2012-2014 rr).

Heab0 HCCIeOBAaHUA  SBISETCS  COBEPUICHCTBOBAHME  TEXHOJIOTHMU
nepepaboTKu KIyOHEel TonmuHamOypa W IUJIOJ0B IIMIIOBHUKA C HCIOJIL30BAHUEM
BakyyMHOU cymuiku ¢ HMK-narpeBom, oOecredwBaroiieil MOBBINICHUE SHEPTO
TEXHOJIOTHYeCKOo A(P(EKTUBHOCTH YCTAHOBKM U COXpaHEHUE OHOIOTHYECKU
AKTUBHBIX BEIICCTB.

3agaum ucciae10BaHUA:

UCCIIEA0BaTh BUbI BIATA B Marepualiax U ONpeieNIuTh TEXHOJIOTHYECKHE,
MEXaHUYECKUE, XUMUYECKHE, MUIIEBbIE, TETIOU3HUECKUE U OMOIOTHYECKUE
XapaKTEPUCTUKHU U CBOMCTBA KIIyOHEH TomuHaMOypa U TJI0JI0B ITUIIOBHUKA;

BBISIBUTH 3aKOHOMEPHOCTH TEIJIOOOMEHA B XOZ€ MPOIECcca CYIIKH C YYETOM
HEJIMHEWHBIX SIBJIICHUM, TMHAMUKHU TEIJIOBOTO JIYYHCTOro MH(GPAKPACHOTO HArpena
Y TEIJIOBOM aKTUBALIMKU UCCIEAYEMbBIX MaTEpPHUAIIOB;

pa3paboTaTh MaTEeMaTHYECKYI0 MOJIEIh ABUKCHHS BJIard B KalWJUIIPAx MOP
UCCIIelyeMbIX MAaTepHalioB U IMpoIlecca PACIPEACIICHUs] MHKPO3JIEMEHTOB B
MPOIYKTaX MPHU UX CYIIKE;

OCYILIECTBUTh MOJECIUPOBAHUE U ONTUMHU3ALMIO TIpoliecca BaKyyMHOMH
CYIIIKH JIOJICK TOMMHAMOypa U IJIO0B IIUIIOBHUKA B 3JeKTpoMarHuTHOM Tonie MK
uana3oHa, pas3paldoTarh palMoOHaNbHBIA BbIOOp Mecta pacnojoxeHuss MK
u3y4daresnei B CylmibHOM Hkady;

pa3paboTaTh U CO37aTh ONBITHO-IPOMBINIJIEHHYI0 BaKyyMHYIO CYIIUJIbHYIO
yctaHoBky ¢ WMK-HarpeBoM nsi WCCIeIOBaHHMS TIpoIlecca CYIIKH KiyOHen
TOMMHAMOypa ¥ TJI0JIOB IIUIIOBHUKA, ONIPENEeTUTh 3(PHEKTUBHBIC TEXHOIOTHIECKUE
PEKUMBI;

ONpeleNuTh  pauudoHalbHble  pexkuMbl  MK-HarpeBa,  yMEHBIIUTH
SHEPreTUYEeCKHe NOTEpPH, C MO3ULUN CHCTEMHOIO AaHAJIM3a BBISIBUTH OCHOBHBIE
napaMeTpbl ¥ WX B3aUMOBJIHUSHUE HA TEXHOJOTUYECKHE PEKUMBI MEPEPaOOTKU H
CYIIKHU;



pa3paboTaTh KOHCTPYKIIHIO OIBITHO-ITPOMBIIIICHHOTO 00pasiia MEIbHUIIbI U
a’POIMHAMHYECKOTO Cemaparopa sl OJyYeHHUs MOPOIIKa U3 CYIIEHBIX KIIyOHEH
TONMMHAMOYpa 1 TUIOJIOB IIUITOBHUKA,;

OCYIIIECTBUTH MPOMBIIIIJICHHOE BOTUIOIIEHUE PE3yJbTaTOB, MOJyICHHBIX B
XOJI€ BBITIOJTHEHHUS TUCCEPTAITMOHHOTO UCCIICIOBAHUSI.

O0beKTOM HCCJIeJOBAHUS SIBISETCS MPOAYKIHS CEIbCKOTO M JIECHOTO
XO3SIMCTB — KIyOHM TonmuHaAMOypa W IUIOABI IIMIIOBHHWKA, C OOecreueHrneM
COXPaHHOCTH OMOJIOTHYECKH aKTHBHBIX BEIIECTB B UX COCTABE.
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IIpeamer ucciaeq0BaHUsA — BaKyyM-CYIIWIbHAs YCTAaHOBKA C U3Iy4yaTelsiMU
anektpomaruutHoro nonst MK-nmanazona, 3aKOHOMEPHOCTH, CBOMCTBEHHbBIE
00€3BOKMBAHUIO, TEXHUKA U TEXHOJIOTHS CYLIKH.

Mertoasbl uccaenoBanms. B auccepranny npuMeHeHa METO0JI0T s
MaTeMaTH4YeCKOTO MOAECIUPOBAHUS U ONITUMHU3ALUU TEXHOJIOITMYECKUX MPOLECCOB.
AJIEKBaTHOCTh MaTeMaTHUECKON MOJIEH peajibHOMY IPOIIeCcCy MPOBEpEeHa
AKCIIEPUMEHTAMU Ha (PU3HUECKON MOJEIH.

Hay4ynasi HOBU3HA HCCJIeI0BAHNUS 3aKITIOYAETCS B CIEAYIOIIEM:
olpenesieHa KUHETHKA Mpolecca CyIIKy KiIyOHel TonnHaMOypa 1 TI0/10B
IIMIIOBHUKA B BaKyyMHOM-CylmibHOM ycraHoBke ¢ MK-HarpeBom; o6ocHOBaHa
MO/JIEJb IBMXKEHHMSI BIIard B KallWJUIIpax Mop ¥ Npouecca pacupeaeieHus
MHUKPORJIEMEHTOB B IMTPOAYKTaX 3a CYET YNPABICHHUS POLECCOM CYLIKH MPU
NOJTyY€HHH BBICOKOKAYECTBEHHOM NPOAYKIIVH;

ONpeJeNIeHa Mepeada Tejla W Biard BO BHYTPEHHHUX CIIOSIX MaTepuaia B
ycloBUSX HuU3Koro Bakyyma c¢ WK-nHarpeBoM u BbISIBIECHBI clienu(uueckue
0COOEHHOCTH HEJIMHEHHOro paclpOCTpaHEHUs] TEMJa B YCIOBHUSX JUCKPETHBIX
PEXKUMOB MPOLECCA CYIIKH;

000CHOBAaHO CpPaBHUTEIBHBIM aHAIN3 METOAOB 00PAOOTKH U30TEPM COPOLIMH
U JlecopOuuu 1enecoo0pa3HocTh BbIOOpa METOAAa OPTOTOHAJbHOW PETpPEcCHM B
Buje ypasHeHus [IocHOBa;

pa3paboTaHa KOHCTPYKIIHS MEJIbHHULIBI C OXJIAXAAIOIe CUCTEeMON ISt
NOJTyYEHHUS IOPOILIKA U3 CaXapOCOACPKAIOIINX MPOTYKTOB;

ONpEEJICHO JaBJICHUE BaKyymMa M ONTHMAJIbHAsl TeMIleparypa CYIIKH B
BakyyMHOM yctaHoBke ¢ WK-HarpeBom nnsi cymku kiayOHeW TonmmHamOypa U
IUI0/IOB IIMITOBHUKA C COXPAaHEHHUEM OMOAKTUBHBIX BEIIECTB.

IIpakTHyecKkue pe3yJbTaTbl HCCIEI0BAHUSA 3aKII0YAIOTCS B CIEAYIOLIEM:
HA OCHOBE pPE3yJIbTaTOB TEOPETUYECKUX U MPAKTUUECKUX UCCIIETOBAaHUI
pa3paboTaHa BakyyMHas CylmibHas ycraHoBka ¢ IK-HarpeBoM; ¢ ydetom
TeMmI0(PU3NYECKUX CBOMUCTB UCCIEyEMbIX MaTepUalioB NpeioxkeHa 3pPpexkTuBHast
TEXHOJIOTUsl NepepabOTKu KiyOHel TonnHaMOypa U TUI0I0B IIUITOBHUKA B
BaKyyMHOM HH(paKpacHO! CYIIHIIKE C OTpaXkaTesieM, MO3BOJISIONIAs yCTAHOBUTh
TEXHOJIOTMYECKHE MTapaMeTphI ITpoliecca CyLIKH;

000CHOBaHBI palMoHaNbHUE MecTa pacrnonoxenus WK-uzmydareneit u
CHOCOOBI oOecreyeHus PaBHOMEPHOTO UH(PaKpPaCHOTO oOmy4yeHus
00€3BOKMBAEMbIX IPOAYKTOB C MOMOIIBIO CIELHMAIBHBIX OTpa)karejied ¢ LEJbIo



HKOHOMUHU 3JIEKTPOIHEPIUU U COKPALLEHUSI BPEMEHU CYILKH;

HAa OCHOBE H3Y4YEHHUS 3aKOHOMEPHOCTEM TEXHOJOIMU CYIIKM pa3paboTaH
ONTUMAJIbHBIN croco0 cymku B Bakyyme ¢ MK-uznyueHueM ¢ MCHOIb30BaHUEM
HEJTMHEWHOW MOJIeNTM JAMHAMUYECKOrOo BHJA TMpolecca MNepepadoTKu KITyOHen
TONMHAMOypa U MJI0A0B IINIIOBHUKA,

BBISIBJICH MEXaHWU3M YCKOpeHHs Inpouecca cymkud 10 4-5% 3a cuer
NPUMEHEHUS] BUOpAIMK BBICYIIMBAEMBIX MPOAYKTOB B IOJIE 3JIEKTPOMArHUTHBIX
BostH MK-nuana3ona;

MOJTyYEHHBIE PE3YJIbTaThl IPUMEHEHBI MPU CO3AAHUH YITPOILEHHBIX
YCTAHOBOK C HU3KHUM YJEIbHBIM PACXOIOM 3HEPIHH ISl TUIIEBOU U
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(dbapmaleBTUUECKOM MPOMBIILIEHHOCTH, PEPMEPCKUX U JIECHBIX XO35UCTB;
JOCTUTHYTa MUHUMU3AIIUS TIOTEPh MHYJIMHA P KOHBEKTUBHOM CIIOCOOE CYIIIKH, B
YaCTHOCTH, €r0 0CTaTOYHOTO KoJimuecTBa A0 33,3 Mr%, npu crnocode
OTEUECTBEHHOTO TTPOU3BOAUTEINS 10 8-9 Mr%, B TO BpeMsl Kak MpH Mpe/jiaracMom
crocobe 3TOT MoKa3areab JOCTUIIHK 110 45,4 mr%:;

YCTaHOBJIEHO, YTO OCTATOYHOE KOJIMYECTBO ACKOPOMHOBOW KHCIOTHI B
CYIIIEHOM IIMNOBHUKE oBeANHO — 10 0,77 Mr%, B TO BpeMs KaK MpH TeITUOCYIIKE
— 1o 0,15 mr%, npu UK-cymke — no 0,71 Mr%, npr KOHBEKTHUBHOM CYIIKE — 10
0,12 Mr% u nipu crioco6e ucrnoyib3yeMoM npousBoauteneM — Ao 0,59 mr%;

pa3zpaboTaHa rporpamMmma McclieJoBaHus mpoliecca cymku B cpene C++
Builder 6.0, kotopas 3apeructpupoana B AUC PY3 NeDGU 03533 ot 12.02.2016
I.; pa3paboTaHbl U YTBEPK/IEHBI TEXHUYECKHUE YCIOBHSI SKCILTyaTallud BaKyyM
NK-cymmnpHON yCTaHOBKH;

pazpadoran u  ytBepxkaeH [AK  «VY3dbapmcanoar»  BpeMeHHO
PEKOMEHTIOBAaHHBIM TEXHOJOTHYCCKHA PETIAMEHT Ha MPOW3BOJICTBO MOPOIIKOB W3
KITyOHel TonmnHaMOypa U TUIO0B ITUTTOBHUKA.

JlocTOBEepHOCTD Pe3yabTATOB HCCAeA0BAHUA. /(151 MaTeMaTH4yeCcKoro
MOJICJIMPOBAHUSI KCTIOJIb30BAHBI MCXO/IHBIE DKCIIEPUMEHTATbHBIE PE3YIbTaThl,
MOJIYYEHHBIE C TTIOMOIIbIO U3MEPEHUS BHICOKOTOUHBIMH NMPUOOpamMH,
KOMIIBIOTEPHOE MOJICIIMPOBAHKE BBIMIOJHEHO MTPU OMOIIY COBPEMEHHOM
oneparmorHou cpenbl MATLAB 6.5, STATISTIKA 6.0 Windows XP, Microsoft
Excel, momy4eHbl perpecCuOHHbIE YpaBHEHUS, IPEACTABIISIONINE COO0M
CTaTUCTUYECKYIO MOJIEIIb UCCIIETyEMOTO poliecca.

HayuyHasi u npakTuyeckasi 3HAYUMOCTb Pe3yJ1bTATOB HCC/IeI0BAHUS.
Hayunast 3Ha4MMOCTH pe3y/IbTaTOB UCCIEAOBAHUM OOBACHSIETCS TEM, YTO
pa3zpabotana 3(pPpeKkTUBHAS TEXHOJIOTHS KOMIUIEKCHOM NepepaboTKu KiIyOHeH
TomMMHAMOYypa 1 TUI0A0B MIUITOBHUKA B BakyyMHOUM MK-ycTaHOBKE ¢ MaKCUMaTbHBIM
YPOBHEM COXpaHEHUsST OMOJOTUIECKH aKTUBHBIX BEIIECTB B HCXOTHOM CBHIPHE.

[IpakTuyeckast 3HAY4UMOCTh PaOOThI 3aKITIOYAETCSA B pealu3ali pecypco- u
SHEprocOeperaronmx TEXHOJOTUYECKUX JIMHUM JUIsi  1epepaboTku  KiyOHei
TonmuHaMOypa W TIUIOAOB IIMIIOBHUKA C COXpPAaHEHUEM OWOJIOTHYECKH aKTUBHBIX
BEILIECTB B KCXOJHOM ChIpb€, MHUHUMH3ALUU TMOTEPh B XOJIe¢ MEepepadOTKU
Marepuarna.



BHenpenue pe3yJbTaToB Hecjaeq0BaHus. Ha oCHOBaHMM Hay4HBIX
PEe3yIbTaTOB, NOTYUYEHHBIX 10 0OOCHOBAHUIO METOA CYILIKH:

IIOJyY€H IMMATEHT Ha U300peTeHue Crocod CYIIKH KIIyOCHBKOBBIX MPOAYKTOB
AreHTCTBa  MHTEIUIEKTyaJlbHOW  coOcTBeHHOCTH  PecnyOonmuku — Y30ekucran
(23.07.2014 1. NoIAP 04936). B pe3ynbrare Hay4dHOTO HCCIEIOBAHHUS C MOMOIIU
CYLIKH CBIpbS HMEETCSd BO3MOXKHOCTh IOJYYHUTh HPOAYKT C COXpPaHEHUEM
OMOJIOTMYECKUMHU aKTUBHBIMH BEILIECTBAMU;

TEXHOJIOTUs NepepadOTKu KiyOHel TonrnHaMOypa U IUI0I0B IIUIIOBHUKA MTPU
COXPAaHEHHH OMOJIOTMYECKU aKTUBHBIX BEILIECTB BHEAPEHA B FOCYIapCTBEHHOM
AKIIMOHEPHOM KOHIIEpHE «Y3(apMcaHoaT» U Ha NPEANPUITHIX, BXOASIIUX B
cucreMy MHUHHCTEPCTBA CEIBCKOTO M BOJIHOTO XO35MCTBA
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(cripaBKa TrOCYJapCTBEHHOTO AaKIIMOHEPHOTO KOHIEpHa «Y3(dapMmcaHoar» OT
11.30.2015 roga M1-06/1868 1 MuHHCTEpCTBA CETBLCKOTO U BOJAHOTO XO35HUCTBA OT
10.09.2015 roma 06/14-893). B pe3ynbrare NPUMEHEHHUS TEXHOJIOTMHM CYIIKH B
Bakyyme ¢ HWK-u3nydyeHneM NpOM3BOAMTENBHOCTh YCTAHOBKHM IOBBICHIACh M0
20%.

Anpofanus pe3yJbTaToB Hccaed0BaHus. Pe3ynbraTel AuccepTaiuoOHHON
paboThI MPOILIK apOoOaIMIO Ha CIETYIOUIUX HAyYHO-TIPAKTUYECKUX U
MeXTyHapoaHbIX koHDepenuusax: «ManoBanusy» (Tamkent, 2007-2009, 2014,
2015); «Bricokue Texnonorun XXI Beka» (Mocksa, 2008); « TexHonoruu
nepepaboTKH MECTHOTO ChIphs U MpoaykToBy (Tamkent, 2008); «xkonoruvyecku
YHUCTBIE pecypcocOeperaroie TEXHOIOTMY BhIpalliBaHusl, XpaHEHUS U
nepepaboTKH CeabCKOX03saicTBeHHOM poayKuuu» (TamkeHt, 2009);
«AKTyanpHbIe TPOOIEMBbI XUMUU TTPUPOAHBIX coequHeHui» (Tamxkent, 2010,
2015); «Green Growth Strategy of SMEs (Small and Medium sized Enterprises) in
the New Silk Road Countries» (Korea, 2010); «CoBpeMeHHOE COCTOSIHUE U
nepcrneKTUBbI pa3BuTus sHepreTukn» (Tamkent, 2011); «IlepenoBbie TEXHOIOTHH B
nuieBoi npomsineHHoctn» (byxapa, 2011-2012); «Poinb TexHOIOTUU, HAYKH U
TEXHHUKHU B CO3JAHUH CHJIBHOTO TPaXJIaHCKOTO OOIIECTBA U MOJICPHU3AIIMS CTPAHBD)
(Anmmxkan, 2011, 2014); «HuskoremnepaTypHbie U nuuieBble TexHoaoruu B XXI
Beke» (Cankr-IlerepOypr, 2013, 2015); «International scientific conference
UNITECH» (Gabrovo, Bulgaria 2013-2015); «World Conference on Intelligent
Systems for Industrial Automation — WCIS-2014» (Tashkent, 2014); «Practice and
research in private and public sector—2014» (Vilnius, 2014-2015); «AxTyanbHbIe
npoOieMbl oTpacieit xumuueckon Texnonorun» (byxapa, 2015); «buorexnonorusi:
COCTOSIHUE Y TIEPCTIEKTUBHI pa3BuTus» (Mocksa, 2015); «Multimedia Information
Technology and Applications — MITA-2015» (Korea-Uzbekistan, 2015).

Ony0IMKOBAHHOCTH Pe3y/IbTATOB HccaenoBanms. [lo TemMe qucceprauuu
onmyOJIMKOBaHbl Bcero 46 HayuHbIX padoT. M3 Hux 2 MoHorpaduu, noayden 1
NaTeHT Ha n300peTeHue, 16 HayuyHbIX CTaTeil, B TOM YHCIIE 8 B pECIyOJMKaHCKUX U
8 B 3apyOeXHBIX KypHajJaX PEKOMEHIOBaHHBIX BrICIIei arTecTanmoHHON
xomuccuent PeciyOnuku Y30ekucTan /uist myOJuKalui OCHOBHBIX HayYHBIX
PE3yAbTaTOB JOKTOPCKUX JAUCCEPTALIUM.



Crpykrypa u 00beMm auccepranuu. CTpyKTypa AUCCEPTALIUU COCTOUT U3
BBEJICHUS, YETHIPEX J1aB, 3aKJIFOUEHHS], CHUCKA UCTIOJIb30BAaHHOM JINTEPATYPHI,
npuinoxenuid. O0bem auccepranuu coctaniseT 200 cTpaHuil.
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OCHOBHOE COAEPXXAHUE JUCCEPTALIUN

Bo BBegeHMM OOOCHOBBIBAIOTCSI aKTyaJlbHOCTb U BOCTPEOOBAHHOCTH
IPOBEACHHOIO HCCIENOBaHMs, LENb U 3aJauyd HMCCIEI0BaHUS, XapaKTepU3yHTCs
00BEKT M TIPEeIMET, IOKa3aHO COOTBETCTBUE MCCIEAOBAHUS MPUOPUTETHHIM
HANpPABJICHUAM Pa3BUTHUS HAyKH M TEXHOJIOTMI pecryOJIMKH, U3J1aratoTcsl HayyHas
HOBU3HA M NPAKTUYECKHE PE3yJIbTaThl UCCIIEIOBAHUS, PACKPBIBAIOTCA Hay4yHas U
NpaKTUYECKas 3HAYMMOCTb IOJYyUEHHBIX pE3YJIbTaToB, BHEIPEHHE B MPAKTUKY
pE3yAbTaToOB UCCIIEOBaHMS, CBEICHUS MO OMyOJMKOBAaHHBIM padoOTaM U CTPYKType
JUCCEPTALIMH.

B mnepBoii maBe mguccepraunn «CoBpeMeHHOE COCTOSIHHE IPO0JIeMbl
TeXHOJIOTHM TMepepadoTKM MNHUINEBBIX MNPOAYKTOB (Ha mpuMepe KiayOHel
TONMMHAMOypa W IUIOAOB INWIOBHUKA) TIPOBEJICH AaHaIN3 COBPEMEHHOIO
COCTOSIHUS TE€XHOJOTMU NEepepadOTKU MUIIEBBIX MPOAYKTOB (Ha MpuMepe KiyOHen
TONMMHAMOypa M IJIOAOB IIMIIOBHUKA) U MOKA3aHO, YTO B TEXHOJIOTMYECKOW CXeMe
OCHOBHBIM 3JIEMEHTOM SIBIISIETCA MPOLIECC CYLIKH, ONPEAEISIIONIMI Ka4eCTBO
KOHEYHOTO TMpPOAYKTa. AHAIW3 CYHIECTBYIOIIMX MPOOJEeM TEXHOJOTHH IS
nepepaboTKM  MPOAYKIMH KIyOHEeW TonmuHamMOypa W TUIOJOB IIUIIOBHUKA,
CBUJETENBCTBYET O TOM, YTO OJHHMM M3 HamOOJee NEPCHEKTUBHBIX CIIOCOOOB
CYLIKH, IPH KOTOPOM COXPAHSIIOTCS IOJIE3HBIE KOMIIOHEHTHI, CIEAYET IPHU3HATh
BaKyyMHYIO CYIIKY C NpUMEHEHHUEM HH(paKpacHbIX H3Jydareieil - B KayecTBe
IPEINOYTUTEILHOIO UCTOYHUKA HarpeBa oOpadaTrbiBaeMON MPOMYKLHUH; H3I0KEHO
COCTOSIHME MpoOJIeM MaTeMaTH4ecKoro mozenupoBanus. llpu cyiike BiIaKHBIX
MaTeprajgoB MPOUCXOIAT OJHOBPEMEHHO JBa MPOLECCA: HCIAPEHUE BIIArU
(MaccoobmeHn) u mepeHoc Tera (TemtooOMeH). Cyllka BIIaXKHBIX MaTepuasoB
BKJIIOYAeT B ce0s BOMPOCHI MEpeHoca TeIjia U MacChl BHYTPU Tesa (BHYTPEHHSIS
3aJla4a) U B TOTPAHUYHOM CJIO€ Ha TpaHWIe pazaena ¢a3 (BHEMIHSS 3a7a4a).
PesynbTupyromas MHTEHCUBHOCTD CYIIKHM 3aBUCUT OT YCJIOBHU IEpeHOca Tellla U
Macchl BHYTpPU Tela M Ha rpaHuie pasjaena ¢a3. VHTEHCHBHOCTb CYyIIKH
MaKCHMaJibHa, KOrZia BO3MOKHOCTh MEPEHOCA TEIIa U MacChl B TOTPAHUYHOM CJIO€



COOTBETCTBYET BO3MOXXHOCTH NEPEMEILECHHs BJIard W TeIwla BHYTpH Tena. Ha
MHTEHCUBHOCTh CYLIKHM BJIMSIOT BHEIIHHME YCJIOBHA TEIUIA U MacChl M YCJIOBHS
nepeHoca BJIard M Temla BHYTpH Tena (Manble KodPuuueHTsl auddy3uu uim
BJIArONPOBOJHOCTH M 1p.). B psne ciydaeB wucnmapeHue W cyOonumanus u3
KaOWUISIPHO-TIOPUCTBIX TEN COMPOBOXKIAIOTCS 00pa3oBaHHMEM 30HBI (Pa30BOrO
nepexoza He Ha MOBEPXHOCTH, @ BHYTPH KAIMJUISIPHO-IIOPUCTOTO TENA.

OueHuBass COBPEMEHHOE COCTOSIHUE BOIPOCOB aHAJIM3a KOHCTPYKLUI
CYLIMJIBHBIX YCTaHOBOK M CIOCOOOB CYUIKH, MOJYYMBIIMX PACIPOCTPAHEHHUE B
arpONpPOMBIIIJIEHHOM KOMIUIEKCE CTPaHbl, MOXHO 3aKJIIOUYHTh, YTO CYIIECTBYIOT
HAy4YHO-TEXHUUECKHE MPOOIeMbl, TPeOYIOIUE CO3/1aHUsI HOBBIX IMPOMBIIUIEHHBIX
CHoCcO0OB CyLIKH KiTyOHel TonuHamMOypa U MJI070B HIMIIOBHUKA.
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Bo Bropoin 1mmaBe aucceprauuu «MaremMarHyeckoe MOAEJUPOBAHME
NPOLECCOB CYIIKH KANWUISPHO-IOPUCTBIX MATEPHAJIOB PACTUTEIBLHOIO
NPOMCXO0KACHU» IIPUBEIACHBI PE3yabTaTbl MOJACIUPOBAHUS IPOLECCOB CYIIKU
KalMWUISPHO-TIOPUCTBIX PACTUTEILHOTO MPOUCXOXKJICHHS, a TaKKE IMPEICTABICHO
TEOPETUYECKOE UCCIIEIOBAaHUE MPOIECCOB CYIIKM KIyOHEH TonMHamMOypa U IJI0/I0B
munoBHUKa. Pazpaborana MareMaTruecKkasi MOAEIb MPOLIECCOB CYLIKH KAMUIUISIPHO
IIOPUCTBIX ~ MAarepUAJIOB  PACTUTEIBHOTO  IPOMCXOKICHUS  KaK  SIBIICHHUU
NEPEMEILEHHUS BJIard B KaWJUISIPHBIX IOpax HUcclieayeMbIX MaTepuanos. [lokazaHo,
YTO peaJibHblE€ TMPOIECChl TPEOYyIOT ydeTa BHYTPEHHEro nepepacrpeneieHus
pPacTBOPEHHBIX BEIIECTB, B TOM YUCJE M JUHAMUKHU MOAOOHON MeperpynnupoBKy.

B nuccepranmonHoit pabore M3ydeH Kpyr BOMPOCOB 0Opa3oBaHMsS HOBBIX
COCTOSIHUI IE€pEPACTIPEECIICHHBIX KOMIIOHEHTOB B PACTBOpPAx M MX pPOCT (T.€. pOCT
TBepAoM (a3pl W BapualMs KOHIEHTPALMM MO Mepe [IBIKEHUs BiIaru K
MOBEPXHOCTU 00€3BOKUBAEMBIX MPOAYKTOB). M3ydeHO OJHOCTOpOHHEE IBUKEHUE
BJard, WCHApeHHE Ha OJHOM CTOPOHE TOBEPXHOCTH (HAa OTKPBITOM YacTu
kanmuisapa). IlokazaHo, 4To nepememaercst He TONbKO KUIAKOCTb, HO U Mapbl, YEM
HeNb3s MpeHeOperarb B yCIOBUAX BaKyyM-CYIIKH, TOCKOJIBKY (ha30BbIe MEPEXObl
(GKHJIKOCTB-Ta3» MPOUCXOAAT MPHU OTHOCUTEIBHO HU3KHUX TEMIIEPATYPAX.

J1i1s1 TOTO, 4TOOBI U3Y4YHUTh JAHHYIO KOHILIETITYaJbHYIO MOJIEIb, 00paTUMCS K
HEJINHEHHOMY MaTeMaTHu4ecKoMy OMUCaHHUI0 XpoMaTtorpaduu, IUPOKO N3ydaeMoil B
paszenax TEOpUH HEJIMHENHBIX BOH. [IpennaraeMoe HaMHu OTJIMYHUE COCTOUT B TOM,
YTO y KallWUIPOB NONEPEUHOE CEYEHNE MEHSETCS, IPUYEM, MEJIJIEHHEE T10
CPaBHEHMIO CO BPEMEHEM CYIIKHU. PaccMOTpuM MMEHHO Takyto 3axady. [lycTs B
HavyaJbHbIA MOMEHT KaWJuLsip uMeeT paanyc Ro. [1o mepe cHukeHus pocra,
CBA3aHHOIO C HArpeBOM M UCIIAPEHUEM, IPOUCXOIUT MENJIEHHOE U3MEHEHHE
¢byukuu R=R(?), rne npu t=0 R(0)=Ro.

[TockonbKy mpolecc MIaaKuil, PyHKIUS OT BPEMEHU SBIIAECTCS HEMPEPHIBHON
dbynkIuen ceoero aprymenra t. [loatoMy cipaBeninBo pasnoxkenue B psij Teinopa



BOKPYT TOYKH ¢=(), B pe3yabTaTe 4Yero NMeeM
R=Ro(1+ut+gx), (1)
e i, ¢ — Ko3(phUIUECHTHI.
[Tocne paznoxenus B psg Tenmopa umeem:
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[TockonmbKy paccMaTpuBaeMbIil MPOIIECC MPOTEKAET B CIOXKHOW Cpele,
NPUMEHUM 3aKOH COXPaHCHHS MacChl M 3aKOH KHHETHYECKHX IPOIIECCOB
azIcopOLUK U JIecopOIMU B TPyOOUKaX.

S
C uenpio ynpouieHus: BBeJIeM NMONEPEUHYIO IUIOMIA/lb KAMWJUIsIpa, SRtu'=T

= A - 2. DTO 03HAYaAET, YTO Cy’KE€HUE AuameTpa JTuHerHo nmpu A<(.

() const
S

Benuunna A 3aBUCUT OT CKOPOCTH CYIIKH M CTENIEHU MPEIPACTIONIOKEHHOCTH
00€3BOKMBAEMOro Marepralia K HabyXaHHuIo.
PacueTsI moka3bpIBaroOT, UTO
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B pesynbrate mpoBeIeHHBIX MCCIIEIOBAHUM YCTAaHOBJICHO, UYTO y KAMWLIAPOB
BO BpEMsl CYILIKH TMOMEPEYHOE CEUCHUE MEHSIETCA MEHJICHHEE MO CPABHEHUIO C
JUTUTEIBHOCTBIO CYILIKH.

JUiss  moCTpoeHHs MaTreMaTH4YeCKUX  MOJEJIed  TMpollecca CyIIKd U
AQHAJIOTMYHBIX TEXHOJIOTUYECKUX MPUEMOB, TJ€ UMEIOT MeCTO (pa3oBbIe MEPEeXObl
BJIArM W3 OJHOTO COCTOSIHUSI B JPYro€ MpU HAIWYUU MHUKPOHEOTHOPOIHOCTEH
cpenbl, MOJIUHOMHUAIBLHOE MPUOIMKEHUE MO JUHAMUYECKUM MEPEMEHHBIM HUMEET
cBoM orpaHndeHusi. OCHOBHOHM MpoLECC pPAaCHpenesieHHs] MHKPOJIEMEHTOB B



oOpabaTpiBaeMOM 00paslie 3aKJII04aeTcss B TOM, 4YTO IKHAKOCTb, HECyIas
pacTBOpPEHHbIE BEIECTBA, IMPOTEKAET Yepe3 HEMOJABMKHYIO TBepaywo (Qasy, a
NEPEHOCUMBIA MaTepHall YaCTUYHO ajicopOupyeTcs TBepaoil (azoit. Uaeanuzupys
3TOT MPOLECC, MPUHUMAEM, YTO YaCTHULbI )KUIAKOCTH NEPEMELIAIOTCS C MOCTOSHHOU
CKOpPOCTBIO V.

Crporuit yuer nud@y3noHHBIX MTPOLECCOB YCIOXKHAET MaTeMaTU4YecKyro
MOJIEJIb aJICOPOLIMY U BBOJIUT B PACCMOTPEHUE MTPOCTPAHCTBEHHOE paCIpEIeIICHNE
napaMeTpoB. Toraa 3aKOH COXpaHEHHSI UMEET BUJL:
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VYpaBHeHnus (5) uccnenoBaHbl NPy yCIOBUU JTUHEHHOM 3aBUCHUMOCTH CKOPOCTH
c or p , . C mnomompro 3amensl Koynma-Xomda mnomyuunu ypaBHEHHE
napaboIMYecKoro TUIA, KOTOPOE MMEET TOYHOE pElIeHHE, OTpakarolee
BO3MOXHOCTb  IIOJIy4aTh BBICYIICHHBIE IPOAYKTHI C 3apaHee 3aJaHHbIM
IIPOCTPAHCTBEHHBIM PaCIIPEIEICHUEM MUKPODJIEMEHTOB, COAECPIKALIUXCS B KIIETKAX
Marepuana.

B mpouecce cymiku, Kak yk€ 0OTMEYalIOCh BBILIE, IPU OONBIINX I'PaJIuEHTaX
JABJICHUS JKUJKOCTH YacTo O0Opa3yloTCsi MUKPOTPEIIUHBI, YTO CIOCOOCTBYIOT



YBEJIMYEHHUIO TOTOKA BJIAru M3 IIyOMHBI NPOAYKTa HA €ro MOBEPXHOCTb. IJTOTO
TaK)K€ MOYKHO JTOOUTHCS HMCKYCCTBEHHBIM ITyTEM, HE MOBpEkJasi OMOAKTHUBHOCTH
KOHEYHOTO MPOYKTA.

OTMedeHHbIE  BBINIE MPOLECCHl  MEPEMENIEHUS  MHUKPOIJIEMEHTOB B
00€3BOKMBAaEMbIX  MPOAYKTaX  MOXHO  (opMaiu3oBaTb C  [OMOIIBIO
COOTBETCTBYIOUIMX YypaBHEHMI. I[IpUMEHUTENBHO K paccMaTpuBaeMOMYy CIIydaro
UCCIIelyeM HEeNMHEWHOE ypaBHEHHUE (4) ¢ MOMOIIBI0 METO/a MOCIEI0BaTEIbHBIX
npUOIMKEHU.

BBenem Ge3pa3MepHbIe TapaMeTpsl: , x

rae L- TonmmHa Marepuana 10 CyWKY; 1 - MAaKCUMaJIbHOE BpEMsl

CYILIKH. Po;us (5) nomyuum

Bwmecrto pr }
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I t 0
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B nanpHeimeM Oyzner omyckaTh IITPUXH C LIETbIO COKPAIICHUs 3aIllUCH, HO
IpY ATOM MMEIOTCS B BUAY Oe3pa3MepHble JUHAMUYECKH nepeMenHsble (6). Beegem
0003HaueHUs
foan *= ) n/.= pf’

e

Iac ni, ¢, X, h — HOBBIE 6e3pa3Meprle IMCPCMCHHBIC.



Pemrenne HennHeitHOTO ypaBHEHUS (7) OCYLIECTBIISIETCS C MTOMOIIBIO METOAA
MOCJIEIOBATEIbHBIX IPUOTUKCHHI.

ITycts n n () xt = , — pelICeHWe JUHEHHOTO TPHOIMKCHHS, T.€. PEIICHUE
ypaBHeHwus (7), korna c=const. OHO TUHEHHOE ¥ UMeeT perieHue: n (x t)( ) nxct oo,
= — . ®U3UYECKHU 3TO — OOBIYHOE ABUKCHHUE B BUEC PPOHTA CO CKOPOCTHIO ( ) onoc =
c¢ . UcTuHHOE pelieHrne MOKHO TPUOIMKEHHO 3aMiucaTh B CIIEMYIONIEM BUJIE:

nn(xe)n(xe) g, =0+ . (8)

s (8) umeem
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rae AR- momydum u3 (5).

DTO pelieHue JOMyCKaeT M TaKyl TPAKTOBKY, YTO IMPOIECC MEePEMEIICHUS
COTIPOBOXIAETCS BO3PACTAIOIIUM I10 BpeMeHH ckauykoMm. OmHako aud@y3rnoHHBIC
SIBJICHUSI CTJIAKUBAIOT TOJAOOHBIC IMPOIECCH, HE JIOBOJS WX JO0 CKAaYKOOOpPa3HOTO
pacnpenescHusT KOHIICHTpauK. B3anMoOBIUsSHNE 3THX JBYX (U3UYCCKUX SBICHUN
ompeneNnsieT  TOT WM  WHOW  KOHKPETHBIM  MEXaHU3M  TEePEeMEIICHUS
MHUKPO3JIEMEHTOB.

Pe3ynbraThl NCITOJIB30BaHMS METOA CBEPTKH (PYHKIIMH JIJIs IPHOIMIKEHHON

nu aHaJ—H/ITI/IquKOI‘/JI aHHpOKCI/IMaHI/Iﬁ HpI/I peIHeHI/II/I paCCManHBaeMLIX ypaBHeHI/II?'I.
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Wcnonb3yss MeTo; cBepTKH (PyHKIMHA ISl MPUOTUKEHHOW M aHATUTHUYECKOU
annpoOKCUMAlMA MPU PEIIEHUU paccMaTpUBAaEMbIX ypaBHEHUH (8) U HCHOIB3Ys
anmnmpoKCUMannoHHYyI0 popmyny Jlannaca anst cBepTku QyHKIHI, MOTyYUM:
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I
tae ( )uF =ny. 0, .

JlaHHOE ypaBHEHHE IMO3BOJISIET B JOCTATOYHOM CTENIEHN YUUTHIBATh 3P HEKThI
HEJIMHEUHOCTH.

Takum 00Opa3oM, Ha OCHOBE aHajiM3a TMOBEJACHUS MHUKPOHEOTHOPOMHOCTEH B
nporeccax 00e3BOKMBAHUS MPOAYKTOB HaMH OBLIM pa3pabOTaHbl HOBBIC METOIBI
WHTEHCU(UKAITTU npoiecca CYIIKH, CIIOCOOCTBYIOIITHE COXPaHECHUIO
OMOJIOTMYECKU aKTUBHBIX BEUIECTB B KOHEUHOU MPOIYKITUH.

Ha ocHOBe 1utaHnpoBaHus SKCIIEPUMEHTOB U3YUYEHO BIMSHUE BHEIITHUX
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dakropoB (MK-BonH, BUOpanuii, ypoBHsl BaKyyMa) Ha mpolecc cyuikd. Ha ocHoe
00pabOTKH CTAaTUCTUYECKUX JIAHHBIX IPOBEACHHBIX JKCIECPHUMEHTOB IOJTYYCHBI
MaTeMaTUYECKUE MOJCIHA. YCTAHOBJICHBI KOA(D(DHUIIMEHTHI KOPPEISAIUU CYIIKU
r1=0,84; r2=0,85; r3=0,85 u snepro3zarpar r:10=0,83; r20=0,83; r30=0,63.

MetogamMu  TUTAaHUPOBAHUS  HKCIEPUMEHTOB  BBIMIOJHEHBI  MCCIIEIOBAHUS
niepepacrpee/ieHns KpUCTAITTU30BaHHbBIX BEIIECTB MMOCIOWHO B MPOIIECCE CYIIKH.
B gacTtHOCTH, TIOSTyYeHBI KPUBBIE PACTIPECICHIS] MHYIMHA B OMPEICICHHOM CJI0C
TonmrMHAMOypa. DKCIIEPUMEHTHI TIOKa3aju CYIIECTBEHHYIO TOCIOWHYIO Cerapauio
UHYJIHHA.

[Tycts napasnnenpHble
KepaMUYECKHE
TpyOOUYKH HArPEBAIOT
IUIOCKOCTb, KOTOPAst
COCTOUT U3 CETOYHOTO
Marepuana (puc.l).
J{ns cpaBHEHMS
00Ty4aeMbIX ToYeK 4 U

y X
OOparumcs k padore
UK wn3nyuarenei.



B BrImoHIM BBIYMCJICHUS.
H3J1y4dareiiu
o2 Y N
AB 3 BO3JICUCTBYIOT C ;= .
2

WINHIPUYECKU 01
2 1 APHHCCKHC o mHoCTBIO , r

MMOBEPXHOCTU HWJIMHAPA, PABHOE PASIAYCY,

; 1_H3ﬂyaneﬂf; 2~ IUIOCKOCTD CETKH; B M, [-TIOTOK MOIIHOCTH U31yueHus (Bm)
—coipbe. Puc.1. UudpaxpacHoe moa

ChIpbe. TUC (pakpacnoe noxe, Ha PacCTOSIHUM 7 OT TPYOKH, T.€. SHEPTHUs

co3gaBaeMoe€ IByMs KEPAaMUIECCKUMU
AP ALIEEELIME TpyGOTRAME U3JTyYEeHHBIX HHPPAKPACHBIX BOJIH Ha

[JIe ¥—PacCTOSHUE OT OCHU JI0
PACCTOSIHUH 7, IPOXO/SIINAs Yepe3 eANHUILY IO 32 SAMHUILY BPEMEHH,
lo—TIOTHBIN TOTOK MOIIHOCTH U3JIydaTessi KepaMUu4ecKol TpyOKH.

2 Q
, 4 B TOUKY B —
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X
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I
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il
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2
MOJIyYUM OTpaXXeHUs, M,
20 2& + g +=, & -
(13) rme x, y— OGe3pa3MepHas
h KOOPJIMHATHI, BEIWYMHA.
M, h— PaBencTBO
R 4 3 paccrostane  (13)
a Hcnone3ys  Mexny IIOKA3bIBACT,
1
, 0603HaueHHe), 131y HaTEIeM YTO MIPHU BCEX
x Y OCHOBHOM  3HAYCHUSX §
; &=, IUIOCKOCTBIO OHO HE PaBHO

®
IMOCKOJIbBKY TUCKPUMHHAHT OTIIMYCH OT

1-Hampasnsiomas pama; 2-oTpaxareinb; 3-cbipbe; 4- UK
HYJIA. 3T0 CBUACTCIILCTBYCT O

tpyoka. Puc.2. Cxema ¢purypHoro orpaxaress
HYIIO, T.€. pPABEHCTBO HE BBIIIOJIHACTCS,
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HEBO3MOXKHOCTH PaBHOMEPHOTO WH(PAKPACHOTO OOTYUEHHUS C MTOMOIIBI0 OOBITHBIX
JUCKPETHBIX TpyOouek. J[aHHOE paBEeHCTBO CHpaBeUIMBO, KOTZAa PACCTOSHUE 0
U3Ty4aeMOM TOYKHM BEJIMKO IO CPAaBHEHUIO C JauamMeTpoM wu3ziydarens. OmHako
3a4acTyI0 HM3JIydarelad MEXIy COOOMl pacloloKeHbl TakKuM o0pa3oM, 4YTO 3TO
paccTosHME Maj0 MO CPaBHEHHKD C JHAMETpoM wu3iydarensd. Jpyrou
CYIIIECTBEHHBIA MOMEHT B MH(PaAKpPaCHBIX KaMepax — MHOTOCIIONHBIE CYIIMIbHBIC
CEeTKM JalT OTpHUIarenbHblil 3dekt. s ycTpaHeHus 3TOro 0OCTOSTENbCTBA
npeasiaraeTcsl HoBasi cuctema (pUrypHeix orpaxareneil. Hexenarenbubie 3 (eKThI
MOXXHO yCTPaHHWTh, H3rHOasi U30THYTHIE METAUIMYECKUE OTPaKATEIH IO yTIIOM
¢max:27,40; q)min:l 8,30;

WS(max-Pmin)=19,1° (puc.2), KoTOpHIE HE TOABKO OTPAKAIOT MU OOECICUUBAIOT
paBHOMEpHOE OOIy4YeHHUE CETOYHOW MOBEPXHOCTH, HO M BHEIIHEH CTOPOHOM
IPEMSTCTBYIOT BBINAEHUIO YACTHUI] IPOAYKTA HA MOBEPXHOCTD U3JIydarese.

N3 pacueToB moinyyeHbl YCIOBHUSI MAaKCUMAJIBHOTO OTPAXKEHUS U3TYyUCHHUS:
paccTosiHre MeXay cetkamu — 170 yvm, nuametp TpyOoK — 22 mm, pacCTOSIHUC
MEXKIy CETKOM U u3mydareneM — 135 ymm, paccTosiHUE MEXKTY MOBEPXHOCTHIO
u3ydatessi ¥ HauOoliee yaaJleHHON TOYKOU oTpaxkaTens — 22 M.

[Ipu pacnonoxeHun TPyOOK NapaJlIebHO C PACCTOSHHEM MEXIYy HUMU
400mm nOCTHTaeTcsi paBHOMEpPHOE OOJIyYEHHWE M MAaKCUMAalIbHOE HMCIOJb30BaHHE
W3JIy4Yarolend IOBEPXHOCTH.

Tpetpss mmaBa  guccepranuu  «IKCHEPUMEHTAJIbHOE  HMCCJIed0BaHHMe
MPoLEeCcCOB CYLIKH HA ONBITHOH MOJEJbHON YCTAHOBKE) MOCBSIICHA N3YYSHHUIO
TEIJIOTEXHUYECKUX XapaKTEPUCTUK COPOLMU U AeCOpOLMHU MapoB BOAbI 0Opa3uaMu
UccleyeMoro KiyoHen TonuHaMOypa copta «Myku3a» U TUIOJ0B IMTUTIOBHUKA TTPU
temneparype 293 K. ITonydeHHble JaHHbIC PUBEAEHBI HA puc.3.- puc.4. Ha ocHoBe
M30TEepM COPOIIMH TTApOB BOJBI 00pa3liaMu TOMMHAMOYpa U IUIOO0B IITUIIOBHUKA T10
ypaBHeHuto bpynayspom, OmmeToM u Teitnopom (BOT) Obuin BRIUKUCIEHBI EMKOCTD
MOHOCIIOS, Y/IeJbHasi TOBEPXHOCTh, CYMMapHBI 00BEM TOp U PaInyC KauJUIIPOB.
[Tpu Bakyymuoi MK-cy1ike Termmorexuudyeckas xapakTepucTika TonuHaMoypa —
yIeIbHas TOBEPXHOCTh KAITHILISIPOB — cocTaBsteT 18,38 M%/r; mpy 5ToM
CYMMAapHbIi 00bE€M 1op 117151 TonuHaMOypa B yciioBusax BakyymHon UK-cymiku
cocraBun 0,440 cm’/r. st ipyroro o0beKTa NCCIeJOBAaH!S — IUIONO0B IIMIIOBHUKA
— YCTaHOBJEHO, YTO pH BakyyMHOI MK-cyiike TerninorexHuueckas
XapaKTEPUCTUKA IIUTIOBHUKA — y/EJIbHAsI TOBEPXHOCTh KAMUIIISPOB - COCTABIISET
12,30 M*/r; TIpH 3TOM CyMMAapHKIii 066EM TIOp 17151 06pasIia B yCIOBUAX BAKYYMHOI
WUK-cymxn mumnosHuKa coctaBua 0,390 cm’/r.
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a A

Puc.3. Kpusble n3orepm copoumnu u Puc.4. Kpussblie copounu u
AecopOLUH TOMHHAMOYpa AecopOuMH MJIO/I0B HIUIIOBHUKA

Ha ocHoBaHMM pe3ynbTaToB MPOBEACHHBIX UCCIECAOBAHUHN SABICHUI COPOIIUU U
necopOuuy MmapoB BoAbl oOpa3liaMM TONMHAMOypa W IIWIOBHHUKA OMNPEEIECHBI
napaMeTpbl  KanmWUISIPHO-TIOPUCTOM CTPYKTypbl. Ha oOCHOBaHHMU pe3ynbTaToB
IPOBEJICHHBIX HCCIEAOBAHUM HM30TE€PM COPOIMU M JecOpOIMU TomuHaMOypa u
IIUTIOBHUKA  OBUTM  OMPEACNEHBI: Xm—EMKOCTh  MOHOCHOS,  Syo—yAenbHas
MIOBEPXHOCTH,

Wo—cyMMapHBIii 00beM TOp, 7+—PpaguyC Kanwuisipa. ITU JaHHbIE TO3BOJISIOT
OTIPENIETUTh BpEeMs CYLIKU U (JOPMBI CBSI3U BJIaru ¢ UCCIEI0BaHHBIMU
marepuasiaMu. [lomydaemplie SKCTIepUMEHTABHBIE PE3YIBTaThl TI0 U3YYCHHUIO
TUTPOCKOIMYECKUX CBOMCTB UCCIEAYEMBIX MaTEpHAIOB 00pabaThIBalOTCS €
noMouplo ypaBaenus [locHosa:

A

, (15) Tme wr-rurpockonmueckasi BIaxKHOCTb,%); B-koaddurment,
YYHUTHIBAIOIINN (PU3UUYECKHE CBOMCTBA MaTepurara.

(14)



Brruucienus mokaszaiu, 4TO BBIIIEONMMCAHHBIE 0COOEHHOCTH 00pabOoTKH
JAHHBIX TTOJITBEPK/ICHBI B BhIpakeHHOU Gopme. Tak nist TommaamOypa mpu
temreparype 293 K nosydeHsl UuciieHHbIC 3HAUCHHS TTapaMeTpoB ypaBHeHUs (14)
wr=5,96-10""%, B=-0,4292. A o popmyse (15) HennHEHHOE OLICHUBAHKE JAET
caenyroue pe3yasrarsl wi=45,65%, B=-0,0947.

Ecmmn naxe  3apukcupoBatb  wr=44% B COOTBETCTBHM  C
HKCIIEPUMEHTAIbHBIMU JaHHBIMU, TO MO OJHONapaMerpuueckod moxaenu (14)
nonyudaercst B=-0,4076 u cyiecTBeHHOE OTIUYHME 3aKOHOMEPHOCTEH 10 (hopMyliam
(14) u (15) TonbKO ycunuBaeTcs.

Ha puc.5 npuBenensl pe3yiabrarbl 00pabOoTKU JaHHBIX 1O
OJTHOTIAPAMETPUYECKON MOJICIIH.

44

A A

1- u3oTepMbl AecopOLMK TONUHAMOYPa; 2- U30TEPMBI AeCOPOLMH LIMITOBHUKA; 3-U30TEPMbI
copb6uuu TonuHaMmOypa; 4- U30TepMbI COPOLIMY NIMITOBHUKA
Puc.S. Pe3yabTarhl pacueToB H30TEPMBbI COPOLIMH M JecOpOLusi TOMMHAMOYP U
HHMNoBHUKA 1o Mojaenu [locHoBa

[Ipy HeW3MEHHBIX 3HAYCHHUSX TEMIIEpaTyphl Mpollecca KUHETHKY CYIIKU
MOXXHO  paccmarpuBarth  uepe3  auddy3uoHHoe  ypaBHeHnme Duka ¢



COOTBCTCTBYIOIIMMH Ha4YaJIbHBIMWU W T'PaHUYHBIMH YCJIIOBHAMMU. I[J'I?I OIIMCAaHuA
Ipolecca MaTeMaTUYEeCKUMHU BBIPAKECHUSMHU ypaBHeHHE @DOuka, BbIpaKarolee
3HAa4YCHHC BJIAroCOACPKaHUA,
HEO0OXOAMMO MPUBECTH K O€3pa3MEpPHOMY BU]TYy TTPU TTOMOIIHU CIAEAYIOIICH
dop
MYII
bI:

A
, (16)

[Ipu npuHATUM TpaHWYHBIX yciaoBuil [-poma oTHomeHus ko3(¢uULIMEeHTa
mubdy3un BlIarm K KBagpary OMNPEIENSIONIEr0 pa3Mepa ONpeneiuii METOIO0M
HAaUMEHbIIMX  KBAaJpaToOB MpU  [OMOIIM  CHEUUAJBbHOM  MpPOrpaMMbl  C
HoAnporpaMmMamMu  pemeHuss Aup@epeHunanbHblX ypaBHEHUH B YaCTHBIX
MPOU3BOJHBIX C JOCTATOYHBIM KOJIMYECTBOM HKCIIOHEHTOB B PEIICHUH.
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A A

— - mooenvb Puxa
I-pooa; — —— -modenv @uxa IllI-pooa
1-kpuBas cymiku nonek TonuHamOypa ¢ UK-narpeBom; 2-kpuBasi CyIIKH NU3MENBbUEHHON
Macchl TonnHaMOypa ¢ MK-narpeBom; 3-kpuBast CyIIKH J10JIeK TOMMHaMOypa B BaKyyMe ¢
HK-narpeBoM; 4-kpHBast CyLIKH U3MEIBYEHHON Macchl TOMMHAMOypa B BaKyyMe ¢
HK-HarpeBom; 5-kpuBas Cynku aosiek ronuHamOypa B Bakyyme ¢ IK-narpesom u



BO3/ICHCTBHEM BUOpAIMK; 6-KpUBasi CyIIKHA U3MENBIEHHON MacChl TOMMHAMOypa B BaKyyMe C
HK-narpeBom u BozneiicteueM BuOpanuu Puc.6. Kunernueckne 3aKOHOMEpPHOCTH CYLIKH
TonuHAMOypa

A A

A

— - mooenb Quxa I-pooa; ——— - modenv Puka Il1-pooa
1-BakyymHas cymka ¢ MK-HarpeBom (temmeparypa cymku 50°C; Bakyym -0,8
aTM); 2-BakyyMmHas cymka ¢ MK-HarpesoM (Temneparypa cyuiku 65°C; Bakyym
-0,8 arm); 3-BakyymHas cymka ¢ MK-marpesom (temmeparypa cymku 80°C;
BakyyM -0,8 atm). Puc.7. Kunernueckue 3aKOHOMEpPHOCTH NpoLecca CyIKU
IJIOA0B IIUIIOBHUKA

CpaBHEHHE PaCUCTHBIX U AKCIIEPUMEHTATIBHBIX JAHHBIX TIOKA3bIBAET (PHUC.6
IITPUXOBAs TUHUSA ), YTO HEOOXOIMMO YUUTHIBATh KOA(PPHUIIMEHT MacCOOOMEHHA

NAANISTINT A’\Q')QR/{TI (1"\T/T(‘ 6_7\

1-kpuBas cymku gojiek TonuHamoypa ¢ MK
HarpeBoM; 2-KpHUBasi CyIIKH U3MEIBUEHHON MacChl
tonuHaMOypa ¢ MK-HarpeBom; 3-KpuBasi CyIIKU
Josek TonuHamOypa B Bakyyme ¢ MK-Harpesom;
A 4-xpuBas CyIIKH U3MEIBIEHHON MacChl
tonuHaMmOypa B Bakyyme ¢ UK-HarpeBom; 5-kpuBas
CYLIKH J10JIeK TonmuHamOypa B Bakyyme ¢ UK
HArpeBOM M BO3/ICHCTBHEM BUOpAINH; 6-KpuBast
CYIIKH N3MEIbUE€HHON Macchl TONUHAMOypa B
Bakyyme ¢ IK-HarpeBoM u Bo3zeiicTBueM BUOpaLuu

Puc.8. KpuBble cKOpPOCTH CyIIKH TONMHAMOYpa
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A

1-BakyymHas cymika ¢ MK-narpeBoMm (Temmneparypa
cymku 50°C; Bakyym -0,8 atM); 2-BakyyMHas cymika ¢ VIK-HarpeBoM (Temmeparypa
cymxu 65°C; Bakyym -0,8 at™); 3-BakyymHas cymka ¢ MK-Harpesom (Temneparypa
cymku 80°C; Bakyym -0,8 arm). Puc.9. KpuBble cKOPOCTH CYIIKH ILIOXO0B
IIHIIOBHUKA

[IpousBeneHHas KonuyecTBEHHAs! opMalin3alys HHTEHCUBHOCTH CYLIKU IIPU
PA3JIMYHBIX PEKUMAX CYIIKM IO3BOJSAET CONOCTABUTh MX: N0 MHTEHCUBHOCTH KaK
BHYTpeHHEH Au@Qy3un, Tak ¥ BHEIIHETO MacCOOOMEHa IyTeM PpAaCIOJIOKEHUS B
psan, ykazaHHoM B puc.9. Ilo 3HaueHusaM kpurepusi Bio MOXXKHO KOHCTaTUpOBATh,
yto MK BakyyMm cymika pemaer npoOjaeMbl, CBS3aHHbIE C JIMMUTUPYIOLIEH
BHyTpeHHeW auddys3uert cymku. JlanpHeiee COBEpIICHCTBOBAHUE CYIIKH B

IUTaHaX OCHOBBIBAETCS HAa MHTECHCU(PUKAIU
[1 ¥ CJIOEB Marepurara.

A

1 - moanoH; 2 - BEChI € HUPPOBHIM
WHJIUKATOPOM; 3 - TIOJICTAaBKa; 4-ChIPhE;
5-tepmomertp; 6-UK HarpeBarens; 7-Bakyym
KaMmepa; 8-IyJIbT yIpaBieHus; 9-BakyyMMeTp;
10-BenTHIIB; 11-TEMIOO0OMEHHHUK;

12-Bakyym- Hacoc

Puc.10. Cxema 1a00paToOpHOii 3IKCIIEPUMEHTAIBHON YCTAHOBKHU

Jlist mpoBeneHusT SKCIEPUMEHTANIbHBIX HCCIENOBaHUNA Oblla HM3rOTOBIIEHA
YCTAaHOBKAa — BAaKyyM—CYIIWIBHBIA TIKad ¢ WHOPAKPACHBIMU HW3IIy4aTeIIsIMHU,
ITO3BOJISIFOLIAS. IPOBOJUTH MPOLIECC CYIIKU IIPU PA3JIMUHBIX PEKUMHBIX [IapaMeTpax
nporekanus mporecca (puc.10). [IpoBoaunack cepusi ONMBITOB MO CHATUIO KPUBBIX
CylmIKM KIyOHeW tomuHamOypa copra «Myxu3za» U IUIO[OB IIWIIOBHUKA.
OuunieHHass TOPOAYKLHUS HApPE3aeTCs C TMOMOILIBI0 OBOILIEPE3KH Ha JOJbKHU
TOJNIIMHOM 2 MM M pa3MEIIaeTcsi Ha CHEIHUaIbHbIX HEPXKABEIOIIMX CETOYHBIX



NOJJOHAX, KOTOPbIE, B CBOKO odepesb, nomemarorcs B MK-cymmneHoM mkady —

BHYTPU BaKyyM-Kamepbl. JlBepu BaKyyM-KaMepbl VIUIOTHEHBI B 3aKpPBITOM

MOJIOKEHUH, U BO3AYX BHYTPHU KaMephl C MTOMOIIBI BaKyyM-HACOCA OTKAYMBAECTCS

no -0,8 arM.; 3areM Ha TEPMOPETYISATOPE YCTAHABIMBAIOT HYKHOE 3HAYCHHE

temneparypsl, BkiIoualoT WK-cymumnpHbeii mkad.  CHayana oOCYIIECTBISIOT

vemmentipune nAmmeuna o reneune A8 vmuvT, 33TEM MPOJOKAIOT POLECC CYIIKU
€I B TEYEHHUE 5 MHUHYT, OTKIIIOUAIOT
KOW LHKJI ITOBTOPSIOT 10 TOCTHKEHUS
1uku coctanisier 10 u.
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A

1-BakyymHas cymka ¢ MK HarpeBom
(Temneparypa cymku 50°C; Bakyym -0,8
arM.); 2-BakyyMHas cymka ¢ UK
HarpesoM (Temmeparypa cyuku 65°C;
BakyyM -0,8 ar™m.); 3-BaKyyMHas CyIiKa
¢ UK-HarpeBoMm (Temrieparypa Cyliku
80°C; Bakyym -0,8 aTm.)

Puc.11. Kpusblie cymku kiayOHeil TonunaMOypa copta «My:xuza»

Ilepron MOCTOSSHHOW CKOPOCTH CYLIKH MPOAOKAETCA 10 KPUTUUYECKOTO
BJarocojiepkanust wp (puc.11, puc.16), mpu KOTOpOM BHYTPH- W BHEIIHE
G y3uoHHOE CONPOTUBIICHUS paBHbI. [[03TOMY KpUTHUECKOE BIIarocoaepKaHue
MOKHO OMNpPEAENATh KaK CpEeAHE MHTErpaibHOE BIArocojep kaHue Marepuana, npu
KOTOPOM Ha TIOBEPXHOCTH JIOCTUTAE€TCSi MaKCHUMalbHOE THIPOCKOMUYECKOE
BJIArOCOAEPKAHUE U HAUMHAETCS MEPUOJ MAAI0IIEN CKOPOCTH CYIIKH (MJIA BTOPO
MIEPUOJT CYIIIKH).



Puc.12. Ontumansubiii Bapuant UK NMPOAOJIKUTEJIBbHOCTH IIPOLECCa CYIIKH
HU3JIyYeHUs 1JI CYIUKH NPOAYKTOB (ycnoBus cymku: 65 °C; TonmuHa 100bKH-2
Puc.13. 3aBucumMocTh COXpaHeHUs! MM)
HHYJIMHA OT aTMOC(EpPHOro 1aBJIeHUs 1

48
IIpn BeIcOKOM TeMmmeparype MK (ycnoBus cymika: -0,8 arm., 65 °C)
JAy4d OBIBalOT KOPOTKMMH, a IpHU
Hu3kon  temneparype UK-myun —
nmuHebie. [Ipu temmeparype 500-600
°C UK-nmyunm pocturaor 2,8-3 MKM.
JlanHast JAJMHA  BOJIHBI  CUMTAaETCs
ONTHUMAJIbHBIM BapUaHTOM I CYIIKH A
NpPOAYyKTa C HPUMEPHOM TONIIUHOW 2
MM (puc.12).

I-kpuBas cymku nojek TonuHamOypa ¢ MK
HarpeBOM; 2-KpHBas CYIIKH U3MEIBYEHHOM
Mmacchl TonmnHamOypa ¢ MK-narpesowm;
A 3-KpuBas CyLIKH J0JIEK TOMMHaMOypa B
BakyyMme ¢ UK-HarpeBoM; 4-KpuBas CyIIKH
M3MENIBYEHHOM Macchl TonMHAaMOypa B BaKyyMe
¢ UK-narpeBoM; 5-kpuBas CyIIKH J0OJIEK
TonuHaMOypa B Bakyyme ¢ MK-HarpeBom u
BO3/I€HiCTBHEM BUOpaLUU; 6-KpUBasi CYIIKU
M3MeNBYEHHOM Macchl TonMHaMOypa B BaKyyMe

Puc.14. 3aBucumMocTb COXpaHEHUS UHYJIUHA OT ¢ MK-narpeBom u Bo3neiicTBueM BHOpanuu.
TOJIIIMHBI HAPEe3aHHBIX KIyOHell TonnHamOypa Puc.15. Kpusble cymiku KJIyOHeH
U TONMHAMOypa

MPOAOIKUTECJIBbHOCTH NMpouecca CyIKu

JIns mpoBeleHHsl MNPOLIECCOB CYIIKU KIyOHEH TonmmHamOypa YCTaHOBIICH
BakyyM B kamepe -0,8 at™. (puc.13) u ontumanbHas TOJIIMIMHA HAPE3AHHOTO CJIOS -
2 mm (puc.14).

OpauM 13 cioco00B UHTEHCU(UKAIIMK CYIIKU B CJIO€ ABIISAETCS BUOpaLs,
IpUMEHEHHAs! IPH NMPOBEACHUH SKCIIEPUMEHTOB 110 CYIIKe KIIyOHEH TonnHaMOypa B
BUJIE JIOJICK U M3MEIBIEHHOM Macchl (puc.15). [lpu aToM 3 HeKTUBHOCTH
00e3BOkMBaHMs Bo3pacTaet 110 4-5%.

Taxxe ObLITU MPOBEACHBI IKCIIEPUMEHTHI [0 TUCKPETHOM CYIIIKE TOMMHAMOypa
U IJIOJIOB IIMITOBHUKA, OOECIIeUNBAaBIINX O0IBIION ypoBeHb coxpaHeHuss bAB - o
CPaBHEHMIO C HEMPEPBHIBHBIM PEKUMOM M JOCTHUKEHHUEM HEOOXOAMMOTO YPOBHS



BJIQXKHOCTH MPU TTOBEPXHOCTHOM CJI0€ 00€3BOXKMBAEMOTO MaTepHalia.

OmnpeneneHo, 4YTO COXPAaHHOCTh WHYJIMHA B COCTaBe KIIyOHEW TomuHaMOypa,
€ro OCTaTOYHOE KOJMYECTBO COCTABISET MPH MpEIaraéMoM Coco0e - BaKyyMHOM
UK cymke no 45,4 mr%, npu KOHBEKTHMBHBIM criocobe no 33,3 mr%, a mpu
Croco0e 0TeYECTBEHHBIM MPOU3BOAUTENIEM 10 8-9 MrY%.

JJist momy4eHust Ka4eCTBEHHOM MPOTYKIIUUA PEKOMEHTyETCSI HCTIOIh30BaTh
dbopMy U3METBFIEHHON MacChl U CTIOCO0 MHPPaKpaCcHON BaKyyMHOM CyIKu. beuin
IIPOBEJICHBI SKCIIEPUMEHTAJILHBIC MCCIICOBAHMS CYIITKH TIJI0JIOB IIAITOBHUKA HA
BakyyM-uH(pakpacHol ycraHoBke. [lepes cymikoi mao/ibl MUMTOBHUKA TIIATEILHO
OYUIIIAOTCS OT MHOPOIHBIX BEMIECTB U MOIOTCS. 3aTEM IIMIIOBHUK PACKIIAIBIBAIOT
HA TUIOCKOM TTOBEPXHOCTH CETOUYHBIX MOA0HOB. HamomHEHHBIE CHIPhEM MOI0OHBI
3aKJIaJbIBAIOT B BaKyyM-KaMepy, BkiatodaroT MK-narpes Ha
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pabouyro Temrneparypy npu Bakyyme B kamepe -0,8 atm. Cyliky npoBOJISAT,
yCTaHaBJIMBAsl ONTUMAJIbHbBIE PEXKUMHBIE TTapaMeTPhl Mpoliecca U MUMOBHUK
~Rnnmasemmaaman ma measems ame 12040 IDY 3TOM B COCTABE II0JI0B 00€CTIEYMBAETCS

Pe3ynbrarhl 5KCIIEPUMEHTOB MPECTABICHBI HA

A

1-BakyymHas cynika ¢ UK-Harpesom
(temneparypa cymku 80°C; Bakyym -0,8 aTm.);
2-akyyMHas cymka ¢ K- HarpeBoM (Temmneparypa
cymxu 65°C; Bakyym -0,8 aTMm.); 3-BaKkyyMHas
cymika ¢ IK-HarpeBoM (Temmeparypa cymku 50°C;
BakyyM -0,8 atm.)
Puc.16. Kpusble cymku mioaos
LIUTIOBHUKA

Ha ocHoBe uccnemoBanuil mpouecca CylIKH IUIONOB IIWIIOBHUKA Pa3HBIMHU
crocobamMu cyniku (reamocyilika, KOHBEKTHBHAs U BakyyMHas MK-cyuika) Haiinen
palMOHAIIBHBIA BapUaHT TMpOIEcca, OOECIEUMBAIONIMM BBICOKYI0 COXPaHHOCTD
BUTAMMHHOTO COCTaBa IUIOJIOB UIMNOBHUKA. Takxke OINpeAesieHo 4YTO, IpHu
npenaraeMoM cnocode BakyymHon UK-cymku obecnieunBaercs nokas3areabiao
0,77 mr%, renmuocymike 10 0,15 mr%, UK-cymxke g0 0,71 mMr%, KOHBEKTUBHOM
cymke 70 0,12 mr% u npu criocode oTedecTBeHHBIM TIpon3BoauTesemM 110 0,59 mMr%.
B cocrase xe ¢pakuuu ceMmsiH miIo10B MUMNIOBHUKA TpH BakyyMHOM MK-cymike
COJIEPKUTCS aCKOpOMHOBas Kucjaora Ha ypoBHe —4,0 Mr%.

Kpusbim CYILIKH onpeenuIn ONTUMAJIbHYIO TEMIIEpaTypy,
MPOJOJKUTENHOCTh BPEMEHU CYLIKH IJIO0B IIIMIIOBHUKA; IPHU 3TOM COXPAaHHOCTh
CBOOOJHBIX OPraHMYECKUX KHUCJIOT B COCTaBE MSAKOTH IUIONOB IIMIOBHUKA IMPHU
BakyyMHol UK cymike cocraBumna 9,7 Mr%.



PesynbraThl  ma0oOpaTOpPHBIX  aHAJIM30B  TMOKA3bIBAIOT, YTO BO  BCEX
PACCMOTPEHHBIX CMOco0ax CYIIKH TPH HKCIOJIB30BAaHUM BaKyyM-HHGpaKpacHOM
YCTAHOBKM B COCTaBE ChIPbSI MaKCHMAJIbHO COXPAHSIOTCS BUTAMUHBI ILJIO/IOB
IIUTTOBHUKA.

A

l-3KcriepuMeHTabHas, 2-pacyeTHas.
Puc.17. O0001meHHbIe KPUBbIE CYIIKH VIS HCCIeyeMbIX MAaTepHaJIoB
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[Tonb3ysick COPOIMOHHBIMY U IPYTUMU CBOMCTBAMHU MaTepuasoB (KIyOHeH
TonmuHaMOypa U IJI0/I0B IIUITOBHUKA) U TI0 U3BECTHON METOIMKE MOCTPOCHA
pacyeTHas 0000IIEHHAs] KpUBasi CYLIKH JIJIs1 UCCIIEyeMOro Marepuaa B
koopauHatax (U, Nz), rne N-MakcumaiabHas CKOPOCTh CYIIIKH, OHA CPABHUBAETCS C
000011IeHHON KPUBOH CYIITKU, TOTyYEHHON IKCIIEPUMEHTAIBHBIM ITyTeM (puc.17).

Kak BugHo u3 puc.17, skcrepuMeHTalibHasT W pacueTHas OO0OOIICHHBIC
KPUBBIC CYIIKH MPAKTUYECKH COBMAAAIOT U JIJIi KOHEYHOUW TpeOyeMoi BIaXKHOCTHU
Matepuana napamerp Nt</. B cOOTBETCTBUU C M3BECTHOM KIaCCUPUKAIIMOHHOU
Tabnuiiel BHIOMpaeM crocob cymku B Bakyyme ¢ MK-uznmydenuem.

Y4uThIBas TEMIIOTEXHUYECKUE TPUHITUTIBI 0O(DOPMIICHHUS MTPOIIECCa CYITKH U
MPUHUMAasi BO BHUMaHHE OrPaHUYCHHUS TEXHOJIOTMYECKOTO XapakTepa (Marepualbl
HE UMEIOT TaKUX CIEeU(PUUECKUX TEXHOJIOTUUECKUX CBOMCTB, KaK
B3PBIBOOIMACHOCTbD, JIUIYYECTh, PA3pyIIAEMOCTh), BHIOUPAEM KOHKPETHBIN THUII
CYLIWJIBHOIO amnmnapara BakyymMHyto kamepy UK-usnyuenus.

B uerBeproi mase guccepranuu «Peajqu3anus mpoueccoB U anmaparos B
TEXHOJIOTUM TepepadoTKM W CYHIKH HCCIeAyeMbIX MAaTepHajioB B
NPOMBIILJIEHHBIX YCJIOBHUSIX» I TPOMBIIUICHHBIX YCJIOBUM pa3paboTaHa
TEXHOJOTHYECKass JIMHUA TiepepadoTku KiyOHelW TomuHaMOypa #  IIJIOJOB
munoBHUKa (puc.18).



Puc.18. TexHonoruveckasi cxeMa nepepadorku KJiyoHel TonuHaMOypa
U TUI0/I0B IIMMOBHUKA

B nanHol TexHonorn4eckon auHumn onepauuu 4.2 u 4.4 oOTKIOYAOTCA BO
BpeMsi epepadOTKH TUIO/I0B IIUTTOBHUKA.

Cxema pa3paOOTaHHOW ONBITHO-IPOMBIIIIEHHON BaKyyM-paJHallMOHHON
CyIIWJIBHOW YCTaHOBKM IIpuBeIeHa Ha puc.19. BeicymmBaeMblii Mareprai
IIPEABAPUTENIBHO ITOMENIAETCA HA CETKY MEXKy HarpeBaTesbHbIMU IuMTaMu. [locie
BaKyyMHpPOBaHUsl YCTAaHOBKM OT HAarpeBarelbHBIX 3JEMEHTOB K BIAXKHOMY
MaTepuany TOJaeTcs TEIUloBasg OHHEPrusi B KOJIMYECTBE, HEOOXOIMMOM IS
VCITapEHNs BIIATH.

51
ITaper BOABI mepeMemaroTcs OT Marepuaja K OXJaXIAeMOM ITOBEPXHOCTHU
KOH/ICHCAaTOpa, KOHJICHCHUPYIOTCS M YaCTMYHO  OTBOAATCA  BMECTE €
HEKOHJICHCUPYEMbIMU Ta3aMH BaKyyM-HacocoM. i oGecrieueHusi HOpMaJIbHOTO
IPOTEKaHUs Ipoliecca B TAKOM CUCTEME HEOOXOAMMO CO3JaTh Mepenajl JaBlICHUs
BOJISIHOTO Mapa MEXAY CYIIWIKON U KOHAEHCATOPOM.

1-BakyyM Kamepa; 2-Tem1000MEHHHUK;
3-nepenswxkHoM UK-cymmnpHbIN mKad;
4-Tenexka; S-IoaI0H IS
A nepepabdaTbIBAEMOro ChIpbs; 6-BaKyyM-HAcOC €
AIIEKTPOJIBUTATENSIMU; 7-OJI0K yIIpaBlIeHHUS;
8-IyTh I TEJNEKKHU BHIKATHOM;
9-tepmonapa 111 U3MepEeHUs
temneparypsl; 10-manomerp; 11-pykaB BEICOKOTO
naBieHus; 12-kpaH BIycka Bo3ayxa; 13- kpaH
BbIITyCKa KoHJeHcara; 14-MK-u3nyyarens
Puc.19. Cxema onbITHO-IPOMBINIJICHHON BAKYYM-CYIIMJIbHON YCTAHOBKH
¢ HHPPAKPACHBIMH U3/1y4aTeJIAMH



JIJist co3manust TEXHOJIOTHYECKOM CXeMbl IepepadoTKu KiyOHel TonmnHaMOypa
Y TUIO/IOB IIMIIOBHUKA HAMU OBLIIO pa3paboTaHo BCIIOMOraresibHOe 000pyI0BaHUE.
Cy1IeHslii 10/ IUIIOBHUKA U3MENBYAETCS, TOJYUYEHHAs CMECH Pa3esaeTCs
MPENJIOKEHHBIM a3pOAMHAMUYECKUM CENapaToOpOM.

Pa3zpaboranHas MelbHHIIA C CUCTEMOM OXJIAXKIECHUS KOPITyCca XOJIOIHOM BOJOM
U BO3yXOMCHa0XeHa JOMOJIHUTENbHON MOJOCTBIO.

Texnonmornveckas auHus BHeapeHa B OOO «J/lopuBop Yycumimkinap» u
CIEIHUATM3UPOBAHHOM TOCYJapCTBEHHOM JIECHOM X03sicTBE MMEHU AOy A uOH
Cuno (puc.18). Ilpu »TOM B TEXHOJOTHYECKOW JIMHUU JOCTUTHYT BBIMYCK
KaueCTBEHHOW KOHEYHOM MpPOAYKIIMH;00ecriedeHa paBHOMEpHAs CYIIKa ChIPbS; 3a
C4€T KOMIUICKCHON TiepepabOTKH TMOBBIIICHA MPOU3BOJUTEIBLHOCTh, YBEJIWYEHA
HAJICKHOCTh O0OpPYIOBAHUS, YMEHBIIICHBI MOTEPU CHIPS, CHUXKEHA TPYJOEMKOCTD
orepanuii, Co3/IaHbl HOBBIE pabodne MecTa.

3AKIIOYEHUE

Ha ocHoBe npoBeIEHHBIX UCCIIETIOBAHUH IO JOKTOPCKOM TUCCepTaIliy Ha
Temy «Pa3paboTka TeXHOIOTHIA [T TepepadoTKu KiTyOHel TonmHaMOypa | MI070B
IIMTIOBHHUKA C COXPaHEHUEM OMOJIOTUYECKH aKTUBHBIX BEIIESCTB» TPEICTABICHBI
CJIETYIOIITNE BBIBOJIBI:

1. B pesynbrare ananusza COBPEMEHHOTO COCTOSIHASI TEOPUM W NPAKTUKH
CYIIKM W TEIJIOBOW aKTHBAallUM KIyOHeW TonmumHamOypa W TIIJIOJOB IIMITOBHUKA
BBISIBJICHBI TCHJACHIMM WX JaJdbHEHIIEr0 pa3BUTHS M COBEPIICHCTBOBAHUS, YTO
7710 BO3MOYKHOCTH BBIIBUHYTh MHHOBAIIMOHHBIC HWIeW. B KadecTBe OMHOTO W3
HamOosee (HEKTUBHBIX CIIOCOOOB CYIIKH MPOAYKTOB KIyOHEH TommHamOypa u
TUTOJIOB IIIMITOBHUKA BBICTYIAaeT 00e3BOKHBaHKE B BakyyMe ¢ MIK-HarpeBom.

2. PazpaboranHas W BHeIpPEHHAs MaTeMaTH4ecKas MOJElb IepeMenIeHUs
BJIaTH B KaMWLIAPHBIX IMOPaX UCCIEAYEMbIX MaTEPHAIIOB TTOKa3ajia He0OX0IMMOCTh
ydeTa BHYTPEHHETO TIepepacipeiesICHUs] PaCTBOPEHHBIX

52

BEIIECTB, a TAKXKE MOATBEPXKIAET 3aKOHOMEPHOCTH JUHAMHKH MPOIIECCa CYIIKH
IPU 33JJaHHBIX HAYAJIbHBIX YCJIOBHSX C COITyTCTBYIOUIMMHU SBJICHUSIMU COPOLIUU U
necopOIuK BO BHYTPEHHUX CTPYKTYypax CTEHOK KalMJUISIPHBIX KaHAJIOB.
[IpennoxxeHsl HeMMHEWHBIE PYHKIIMOHATBHBIC CBS3H MEXIY JAaBICHUEM BHYTPH
KanWIISIPOB, THAPOANHAMUYECKON CKOPOCTBIO IBUKCHHSI, TEMIIEPATYPOHd, a TaKKe
IUIOTHOCTBIO UCCIIEyEMOT0 MaTepuaa.

3. [Ilpemanoxena mapameTpuueckas HWIACHTU(PUKALMS KOPPEIALMUOHHBIX
KO(UIMEHTOB  MaTeMaTHUeCKOW MOJENIM U OCYILIecTBIeHa 00paboTka
AKCIIEPUMEHTATBHBIX CTATUCTUYECKUX JTaHHBIX.

4. BolsiBlI€HA 3aBHCUMOCTb MOIIHOCTH OOJYYEHHS OT PACCTOSHUS MEXITY
00€3BOKMBAEMBIM OOBEKTOM U HU3Iy4yaTesiMHU, a TaKXKe MEXIy H3JydaTelisiMUd U
ompenesieHbl  crocoObl  obecrieueHHs ~ PaBHOMEPHOTO  pacHpeAeseHHs
uH(ppakpacHOro oOnIyyeHus: B 00beMe 00€3BOXKMBAEMBIX MPOAYKTOB C MOMOIIBIO



3NIEMEHTOB-OTpaXKaTesel COOTBETCTBYIOLIEH KOHPUTypalluu B BAaKyyM CyIIUIbHON
ycraHoBke ¢ UK-nHarpesom.

5. IlpenyioxeHbl XapaKTEepUCTUKU COPOLIMU U IeCOpOLIMH KIyOHeH
TONMMHAMOypa: MoKa3aHa yJieJdbHasi HOBEPXHOCTh KallMJUISIPOB, COCTABIISIIOLIAs
18,38 M*/T, IpH 9TOM CyMMapHEIi 00BEM TIOp I TOMHHAMOYPA B YCIOBUAX
BaxyymHoit MK-cymkn cocrasnser 0,440 cv’/r. J[1st 107J0B IIMITOBHUKA
XapaKTepUCTUKH COPOLIMH U JeCcOpOLMHU: MTOATBEPKACHHAS YIeIbHas TOBEPXHOCTh
KaIHJISpoB cocTasnser 12,30 M%/T, IpH 3TOM CyMMAapHEIi 066EM TOp COCTABIIAET
0,390 cM/r

6. [1o pesynbraTtaM HUcclieIOBaHUS TEIIOTEXHUYECKUX U COPOIMOHHBIX
CBOMCTB BBICYILIMBAEMOU NPOAYKIMU ONPEACIICHBL: TOMyCTUMAas TEMIEPATYPa,
BpeMsI CYIITIKH M KOHCTPYKIIMH BaKyyM-CyIInjibHOU ycTaHoBKY ¢ UK usmydyeHuem.
Pa3paborana meToanka pacyeTa NpOMBILIIEHHOW BaKyyM CYLIMJIbHOW YCTAHOBKH C
HNK-n3nydarenem Ha OCHOBE PE3YNIBTATOB YKCIIEPUMEHTAIBHBIX UCCICIOBAHUIN Ha
1ab0paTopHON yCTaHOBKE.

7. Ilokazano, uto juis npouecca UK-cyiiku miogoB He0OXoAMMO
ONTUMHU3UPOBATH BEJIMYUHY MOABOUMOM MOIIIHOCTH TaK, YTOOKI TUIOABI OBICTPO
00€3BOKMBAIIMChH. YCTAHOBJIEHA ONITUMAJIbHAS TOJIIMHA CJIOS TPOAYKIIUH,
COCTaBJISAIONIAs OKOJIO 2-2,5 MM, ONITUMAaJIbHAs JJIMHA BOJH 3 MKM, [P 3TOM BpeMs
00€3BOKMBaHUS MPOTYKIIMU COCTABIISIET AOMYCTUMYIO BEIMUMHY, a TEMIIepaTypa
m10710B He npeBbimaet 65-70 °C, Bakyym mpu 9ToM cocTtapiser -0,8 aTm.

8. B pesynbrare 3KCIEpUMEHTAIBHOTO MCCIENOBAaHUS BIUSHUS BUOpaIlUu Ha
TEXHOJIOTMYECKU  MPOLECC CYIIKH  YCTAHOBJIEHO, 4YTO 3(P(PEKTUBHOCTD
00e3BOKMBaHUs Bo3pacTaeT 10 4-5% B yCIOBHUSAX HEMPEPHIBHOTO HArpeBa - MpH
ONpENIEICHHON YacToTe W amIuuTyae. [loka3aHo, 4TO COXpaHHOCTh MHYJIMHA B
COCTaBe M3MENBIEHHONW MacChl U3 KIIyOHEH TonmHamMOypa Mpu cnoco0e BaKyyMHOU
HNK-cymiku cocrasnsiet 10 45,4 mr%, a nonek u3 kiayOHei TonuHamOypa a0 38,75
Mr% ¥ MpU STOM COXPAHHOCTh ACKOPOMHOBOM KHUCJIOTHI B COCTABE MSKOTH ILJIOJIOB
munoBHUKa npu BakyymHoul MK-cymike cocrasmsier go 0,77 mr%. B cocrase xe
dbpakuuyu cemsiH IUIONOB IIUIOBHUKA COACPKUTCS AaCKOpPOMHOBAs KHUCIOTA IpHU
BakyyMHou UK-cymke 1o 4,0 Mr%.
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9. B pesynbprare ucclieOBaHUI YCTAHOBJIEHO, YTO HCIIOJIB30BaHUE CIOCO0a
BakyyMHoU cymiku ¢ MK-HarpeBom u otpaxareins npu temieparype He Bbime 60-
70 °C mno3BonseT COKOHOMHUTH dMIeKTpodHepruio Ha 10-12%, a TONHOIEHHBIH
COCTaB BHUTAMHUHOB M JAPYTrUX OHOJOTMYECKH AKTHBHBIX BEIIECTB (MHYIMH U
ackopOMHOBAas KUCIJIOTa) B KOHEUHOM MPOyKTe cocTaniseT 10 80-90%.

10. MonepHu3npoBaHa TEXHOJOTMYECKAs JUHUA TMOJYyYEHHUS IOpOIIKA U3
TONMMHAMOypa ¢ MPUMEHEHUEM BaKyyMHOU cymuiabHON ycTtaHoBkU ¢ UK HarpeBoM
¥ MOJIOTKOBOM MenbHUIIBI. Pa3zpaboTan u BHEAPEH a’dpOJMHAMUYECKHUNA Ccemaparop
JUTsl pasfiesieHus Ha ppakiuu (MSKOTh, CEMEHa,
yX) M3MEJBbUEHHBIX IUIOA0B IIMNOBHMKA. Ha OCHOBE MOJyYeHHBIX pe3ysbTaToB
PEKOMEHJIOBaH K  BHEIPEHUI0O B  MPOMBIIUIEHHOCTh  pa3pabOTaHHBIMI



TEXHOJIOTMYECKHII  perjaMeHT Ha MPOU3BOJACTBO IMOPOIIKAa U3 KIyOHEH
TonmrHaMOypa copra «Myku3a» U MI0I0B NIMIOBHUKA.

11. Pa3zpaboTku U peKOMEHIAIUU JUCCEPTALMU TI0 TEXHOJIOTHH MEePepadOTKU
KIIyOHEeH TomuHamMOypa U IUIOJOB IIMIIOBHUKA TMPHU COXPAaHEHUU OWOJOTHYECKHU
AKTUBHBIX BEIIECTB BHEAPEHb B [OCYIapCTBEHHOM AaKIIMOHEPHOM KOHIIEPHE
«Y3bapMmcaHoar» W TNPEANPUATHIX, BXOAAIMIUX B CHCTeMy MUHUCTEPCTBA
CEJIbCKOTO W BOJHOTO XO3sicTBa (crpaBka [oOCyqapCTBEHHOTO AaKIMOHEPHOTO
KoHIIepHa «Y3(dapmcanoar» ot 11.30.2015
roga NeMJI-06/1868 u MuHHCTEpPCTBA CEIBCKOTO M BOJHOTO XO3SMCTBAa OT
10.09.2015 roma Ne06/14-893). B pesynbrare NpUMEHEHHUS TEXHOJIOTHHU CYIIKU B
Bakyyme ¢ HK-m3nydeHumem mnpou3BOAMTENLHOCTh TOBBICHIACH B 1,2 pasza, B
cpemHeM 3a roj obias skoHoMudeckas 3h(HEKTUBHOCTh COCTaBHIIA
233 MJIH. CyM.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. An estimated
food and agriculture organization of the UN in 2050 year to satisfy the demand for
food the annual global production of agricultural crops and animal production must
increase by 60% compared with the level of 2006 year®. In the world every year
because of the damage generated losses of grain products by 30%, root vegetables,
fruits and vegetables by 40-50%, oilseeds, meat and dairy products by 20% and
fish by 35%’.

In the years of independence of special attention is paid to the cultivation
and efficient development of the industry, processing agricultural products. As a
result of conducted in this area of program activities, including to ensure the
quality of processing of products of agriculture and forestry, tangible results have
been achieved in the production of import-substituting and export-oriented food
and pharmaceutical products. In 2015 year the country is grown 200,3 tonnes of
tubers of jerusalem artichoke and 199,2 tons of rose hips®. One of the most
widespread methods of processing of these products assumed to be their drying.

Today important objective of global scale is the development of equipment
and technology for the processing of products of agriculture and forestry, including
the jerusalem artichoke and rose hips, special attention is paid to improvement
methods of processing of raw materials through the application of new
technologies, taking into account the results of scientific research in this area
focused on the preservation of biologically active substances in the finished
product. It is necessary to substantiate the appropriate scientific decisions and
recommendations aimed at improving the methods of drying and the development
of technology for obtaining high-quality products, including the necessary: to
develop equipment and technology of processing of jerusalem artichoke and
roschip with the preservation of biologically active substances in the composition
of the final products, to develop a mathematical model of the distribution of trace
elements in the drying process, to explore and formalize the process of heat
transfer, taking into account the changes of heat in infrared (IR) heating and
nonlinear heat transfer phenomena, as well as examine the activity of heat during
drying of the product to develop a vacuum drying apparatus with infrared heating
and mill to produce a powder of the dried product. Actuality of and relevance of
the theme of the dissertation is confirmed by the implementation of scientific
research in this direction.

This dissertation research is to a certain extent perform tasks provided for the
Resolution of the President of the Republic of Uzbekistan PP-1047 of 26 january
2009 year «Concerning Additional Measures for increase food



= The Food and Agriculture Organization of the United Nations. The state of food and agriculture. Climate change, agriculture
and food safe. Rome, 2016. - 210 p.

"Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction 2015. Rome, 2015. -8 p.
Information JSC «Uzfarmsanoat» NeNI-06/1944 of 2016 year on 27 october.
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production and saturation of the domestic market» and PP-1633 of 31october 2011
year «On measures to further improve the management of the organization and
development of the food industry of the republic in 2012-2015», as well as other
legal and regulatory documents adopted in this area.

Compliance of the research with major priority areas in science and
technology development of the Republic. This research was performed in
accordance with the priority directions of science and technology of the republic:
V.«Agriculture, biotechnology, ecology and preservation of the environment» and
VI. «Medicine and pharmacology».

Review of foreign scientific researches on the subject of dissertation‘.
Scientific researches, directed at methods of drying of capillary-porous food and
conservation of biological active substances, as well as the methods of
mathematical modeling and the development of devices and technologies,
conducted in the leading research centers and higher educational institutions of the
world, including, University of Georgia (USA), Laval University (Canada),
Technical University of Berlin and the German Institute of Food Technologies
(Germany), Federal University of Santa Catarena (Brazil), University of
Extremadura (Spain), Ataturk University and Middle East Technical University
(Turkey), Mutah University (Jordan), National University of La Plata (Argentina),
Aleksandras Stulginskis University (Lithuania), Moscow state University of food
production and the Krasnodar Research Institute of processing and storage of
agricultural products (Russia).

As a result of research, conducted in the world to improve the efficiency of
the drying process and obtaining high-quality products, a row of scientific results
obtained, including: defined physical and chemical changes during the preparation
of powders of the dried fruits and vegetables by means of air flow (University of
Georgia); developed technology of drying food products using hot air and cooling
(Laval University); identified methods for obtaining functional products by drying
by physico-chemical properties of fruits, vegetables and plants (Technical
University of Berlin and the German Institute of Food Technologies); determined
by vacuum effect on product drying process (Federal University of Santa Catarena)
determined the effect of infrared rays in the drying process (University of
Extremadura); preservation created method of ascorbic acid in the rosehips during
the drying process (Ataturk University); jerusalem artichoke developed a method
of drying by using ultra microwaves (Middle East Technical University); it
improves the process of grinding the raw material in the mill (Mutah University);
developed a drying equipment and drying technology rosehips a hot air stream



(National University of La Plata); jerusalem artichoke determined quality changes
during the processing and storage (Aleksandras Stulginskis University)

* Review of foreign scientific researches by the theme of dissertation was made on the base: www.uga.edu;
www?2.ulaval.ca; www.dil-ev.de; www.en.ufsc.br; www.unex.es; www.atauni.edu.tr; www.metu.edu.tr; www.mutah.edu.jo;
www.unlp.edu.ar; www.asu.lt; www.mgupp.ru; www.kniihpsp.ru and other issues.
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In the world in sphere of manufacture functional food products research
carried out on a row of priority directions, including: quality of the product
preservation by using of drying; drying products using infrared rays; the
development food products with a high content of biologically active substances;
improvement of methods of products drying (convective, conductive, infrared,
ultra-high frequency); determination of the internal pressure the drying chamber
(atmospheric, vacuum, freeze); development of methods of drying agent movement
(natural, forced); improvement of methods of drying dewatered by type of product
(solid, liquid and paste).

Degree of study of problem. As have shown results the literature review, of a
long time has received considerable attention to the improvement the drying
process. In particular, A.V.Lykov, A.S.Ginzburg, S.G.llyasov, [.B.Levitin,
Z.S.Salimov, O.F.Safarov conducted research aimed at the development of the
theory of the drying process, the study of the impact of infrared rays in the drying
process.

The uzbek scientists A.A.Artikov, K.O.Dodaev, H.F.Djuraev, Z.S.Iskandarov,
D.N.Muhiddinov, J.M.Kurbanov, B.I.Muhamedov, K.T.Norkulova,
H.S.Nurmuhamedov, R.H.Rahimov, B.P.Shaymardonov, N.R.Yusupbekov was
conducted effectiveness of the research on the improvement processes and
apparatus of in the food industry, they developed efficient technologies.

S.Paes, E.Karacabey, Ch.M.Ben, A.Natalia, Ghaid Jameel Al-Rabadi,
AGGhiaus, C.Marquez, Saliha Erinturk, A.Ruiz Celma, C.Ratti, H.Kunzek,
K.Veerachandra was conducted scientific research on the production of bioactive
products with the required quality, they improved drying processes. Deserve the
attention of research 1.V.Altuhova, R.I.Shazzo, 1.A.Zueva, P.D.Lebedeva on drying
methods of materials, heat exchange processes, the improvement of equipment and
the drying process and obtaining high-quality end product.

In this dissertation work for the first time carried out a comparative analysis of
the methods of processing the sorption isotherms and desorption and the justified
expediency of the choice of the orthogonal regression equation in the form
Posnova, reflecting the distribution of microelements in foods by controlling the
drying process in the preparation of high-quality products, developed a mill
construction with a cooling system to produce a powder of sugar-containing
products, determined by the value of the vacuum of the parameter and the optimal
drying temperature in the vacuum system with infrared heat to dry jerusalem
artichoke and rosehips tubers with preservation of bioactive substances and laid the



scientific bases of application of the results of the work in practice in industrial
production.
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Connection of dissertational research with the plans of scientific research
works of the scientific-research institution: The dissertation research is carried
out within the framework of the plan of scientific research applied and innovation
projects of Tashkent state technical university on the theme: I0OT-2013-6-08 -
«Production of tea and rosehip oil with a high content of biologically active
substances» (2013-2014 years) and A9-FQ-1-15580-KA9- 011 - «Creating
agro-biotechnological varieties of jerusalem artichoke «Fayz Baraka» and
«Mujizay, storage, waste-free processing on the basis of high technology purpose
of producing import-substituting and export-oriented environmentally friendly
products» (2012-2014 years).

The aim of research work it is to improve the technology for the processing
jerusalem artichoke tubers and rosehips using a vacuum dryer with infrared
heating, providing increased energy efficiency and technology of equipment and
preservation of biologically active substances.

The tasks of research work:

explore the types of moisture in materials and to determine the technological,
mechanical, chemical, food, thermal and biological characteristics and properties of
tubers jerusalem artichoke and rosehips;

identify patterns of heat exchange during the drying process, taking into
account non-linear phenomena, the dynamics of the thermal infrared radiant
heating and the thermal activation studied materials;

develop the mathematical model of the motion of moisture in the capillary
pores investigated materials and the distribution of microelements in food process
at their drying;

carry out modeling and optimize the process of vacuum drying slices
jerusalem artichoke and rosehips in the electromagnetic field infrared, to develop a
rational choice infrared emitters location in a drying equipment;

develop and establish pilot commercial vacuum drying apparatus with
infrared heating for the study jerusalem artichoke tubers drying process and
rosehips, to identify effective technological modes;

define rational infrared heating modes, to reduce energy losses, from the
standpoint of system analysis to identify the main parameters and their mutual
influence on technological modes of processing and drying;

develop construction development industrial model and aerodynamic
separator mill to produce a powder of dried tubers jerusalem artichoke, and
rosehips;

implement the industrial embodiment of the results, obtained during the
execution the dissertation research.



The object of the research are production of agriculture and forestry -
jerusalem artichoke tubers and rosehip, with ensuring of preservation biologically
active substances in their composition.
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The subject of the research - vacuum-drying equipment with an
electromagnetic field emitters infrared, regularities, peculiar to dehydration, drying
technical and technology.

Methods of research work. The dissertation applied the methodology of
mathematical modeling and optimization of technological processes. The adequacy
of the mathematical model of the real process verified by experiments on a physical
model.

Scientific novelty of the research work is as following:

determined the kinetics of jerusalem artichoke tubers drying process and
rosehips in a vacuum-drying equipment with infrared heating; substantiated model
of the motion of moisture in capillary pores and the distribution of microelements
in the products of the process by controlling the drying process in the preparation
of high-quality products;

determined the transfer of heat and moisture in the internal layers of the
material in the low-vacuum conditions with infrared heating and revealed the
specific features of the nonlinear propagation of heat in terms of discrete modes of
the drying process;

substantiated comparative analysis of processing methods sorption isotherms
and desorption appropriateness of the choice of the method of orthogonal
regression equation in the form Posnova;

developed a mill construction with a cooling system to produce a powder of
sugar-containing products;

determined by the vacuum pressure and the optimal drying temperature in the
vacuum system with infrared heat to dry the tubers jerusalem artichoke and
rosehips with preservation of bioactive substances.

Practical results of the work are as follows:

based on the results of theoretical and practical studies developed a vacuum
drying equipment with infrared heating;

taking into account the thermal properties investigated materials proposed
effective technology for processing jerusalem artichoke tubers and rosehips in a
vacuum dryer infrared reflector, which allows to establish the technological
parameters of the drying process;

substantiated rationally location of the infrared emitters and methods of
providing uniform infrared radiation dehydrate products by means of special
reflectors in order to conserve electric energy and abbreviations drying time;

based on the study of regularities drying technology developed by optimal
way to vacuum drying with infrared radiation using a nonlinear dynamic model of



the form of tubers jerusalem artichoke refining process and rosehips;

the mechanism of acceleration of the drying process up to 4-5% through the
use of vibration of dried products in the field of electromagnetic waves infrared;
results obtained used in development of installations with low specific energy
consumption residence for the food and pharmaceutical industries, farming and
forestry;
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inulin losses of minimization is achieved for convective drying method, in
particular, its of residual amounts to 33,3 mg%, with the process of the domestic
manufacturer to 8,9 mg%, whereas in the present method the rate has reached to
45,4 mg%;

determined that the residual amount of ascorbic acid in the dried rosehips to -
0,77 mg%, whereas if drying helio - to 0,15 mg% while infrared-drying - to 0,71
mg%, in convective drying - to 0,12 mg%, and in the method used by the
manufacturer - 0,59 mg%;

developed a program research of the drying process in an environment C++
Builder 6.0, which is registered in the AIS Uzbekistan NeDGU 03533 from
12.02.2016 y.;

developed and approved the technical operating conditions of the vacuum
infrared drying unit;

developed and approved by the SJC «Uzfarmsanoat» temporary
recommended technological regulations for production of powders from the tubers
of jerusalem artichoke and rosehip.

The reliability of the results. For the mathematical modeling used in the
initial experimental results obtained by measuring the high-precision instruments,
computer simulation is performed using of a modern operating environment
MATLAB 6.5, STATISTIKA 6.0 Windows XP, Microsoft Excel, obtained
regression equations, representing a statistical model of the investigated process.

Theoretical and practical significance of the study.

The scientific significance of the results of research due to the fact that
developed efficient technology of complex processing of jerusalem artichoke
tubers and rosehip in a vacuum infrared apparatus with a maximum level
preservation of biologically active substances in the raw material.

The practical significance of the work consists in the implementation of
resource and energy saving technological lines for the processing of the tubers of
Jerusalem artichoke and rose hips with preservation of biologically active
substances in the feedstock to minimize losses during the processing of the
material.

Implementation of the research results. On the basis of scientific results
obtained on substantiation of the method of drying:

received a patent for the invention of a method for drying the intellectual
property Agency of the Republic of Uzbekistan tuber products (23.07.2014 vy.



NeIAP 04936). As a result of scientific research with the help of drying of raw
materials it is possible to obtain a product with the preservation of biologically
active substances;

technology for processing of jerusalem artichoke tubers and fruits rose hips
at preservation of biologically active substances introduced into the State joint
stock concern «Uzfarmsanoat» and the entities of the system of the Ministry of
agriculture and water management (reference the state joint stock
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concern «Uzfarmsanoaty» from 30.11.2015 year M/I-06/1868 and Ministry of
agriculture and water management from 10.09.2015 year 06/14-893). A result of
applying the vacuum drying technology with infrared radiation productivity
increased in 20%.

Approbation of the research results. The results of dissertation work passed
approbation on the following scientific and practical and international conferences:
«Innovation» (Tashkent, 2007-2009, 2014, 2015); «High Technologies of XXI
Century» (Moscow, 2008); «Technologies of processing of local raw materials and
products» (Tashkent, 2008); «Eco-friendly resource
saving technologies of cultivation, storage and processing of agricultural products»
(Tashkent, 2009); «Actual problems of chemistry of natural compounds»
(Tashkent, 2010, 2015); «Green Growth Strategy of SMEs (Small and Medium
sized Enterprises) In the New Silk Road Countries» (Korea, 2010); «Current status
and prospects of energy» (Tashkent, 2011); «Advanced technologies in the food
industry» (Bukhara, 2011-2012); «The role of technology, science and technology
in creating a strong civil society and modernization of the country» (Andijan, 2011,
2014); «Low-temperature and Food Technologies in the XXI Century» (St.
Petersburg, 2013, 2015);  «International scientific conference UNITECH»
(Gabrovo, 2013-2015); «World Conference on Intelligent Systems for Industrial
Automation — WCIS-2014» (Tashkent, 2014); «Practice and research in private and
public sector—2014»  (Vilnius, 2014-2015); «Actual problems of chemical
technology industries» (Bukhara, 2015); «Biotechnology: state and prospects of
development»  (Moscow, 2015); «Multimedia Information Technology and
Applications - MITA-2015» (Korea-Uzbekistan, 2015).

Publication of the research results. According to the dissertation theme
published a total of 46 scientific papers. Of these 2 monographs, 1 received a
patent for invention, 16 scientific articles, including 8 republican and 8
international journals recommended by the Higher Attestation Commission of the
Republic of Uzbekistan for the publication of basic scientific results of doctoral
dissertations.

The structure and volume of the thesis. The structure of the dissertation
consists of an introduction, four chapters, conclusion, references and appendix. The
volume of the dissertation is 200 pages.
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THE MAIN CONTENT OF THE RESEARCH PAPER

In the introduction of the dissertation, the topicality and relevance of the
research are substantiated, the aim and objectives of the research, its object and
subject are formulated, its conformity with the priorities of development of science
and technology of the Republic of Uzbekistan is shown, the scientific novelty and
practical results of the study are described, the theoretical and practical significance
of the obtained results are revealed, a list of introducing the research results into
practice, published works and information on the structure of the dissertation are
provided.

The first chapter of the dissertation titled «The modern state of the
technology of food processing» (for example, tubers of jerusalem artichoke
and rose hips) an analysis of the modern state of technology for the processing of
foods (for example, jerusalem artichoke tubers and rose hips), and shows that, in
the technological scheme is a key element of the drying process determines the
quality of the final product. Analysis of existing problems of technology for the
processing of products of tubers of jerusalem artichoke and rose hips, indicating
that one of the most promising methods of drying, which preserves the useful
components, it is recognized vacuum drying using infrared emitters as the preferred
source of heat treated products; It described the state of the problems of
mathematical modeling; at drying of moist materials occur simultaneously two
processes: evaporation (mass transfer) and heat transfer (heat exchange); drying
wet materials includes issues of heat and mass transfer inside the body (internal
problem) and in the boundary layer at the interface (external challenge); drying the
resulting intensity depends on the conditions of heat and mass transfer inside the
body and at the interface; drying rate is maximal when the possibility of heat and
mass transfer in the boundary layer corresponds to the ability to move heat and
moisture within the body; on the drying rate is influenced by external conditions of
heat and mass transfer, and the conditions of moisture and heat inside the body
(small diffusion coefficients or moisture permeability etc.); in some cases,
evaporation and sublimation of capillary-porous bodies are accompanied by the
formation of the phase transition zone is not on the surface and within the



capillary-porous body.

Assessing the current state of design issues dryers, widely spread in the
country's agro-industrial complex, drying methods, we can conclude there are
problems that require the creation of new industrial methods of drying the tubers of
jerusalem artichoke and rose hips.
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In the second chapter called «Mathematical modeling of drying processes
of capillary-porous materials of plant origin» shows the results of modeling of
drying processes of capillary-porous plant origin, as well as presents a theoretical
study of jerusalem artichoke tubers drying processes and rosehips. A mathematical
model of the drying process of capillary-porous materials of vegetable origin as the
movement of water in the capillary pores of the materials. It is shown that the
actual processes require consideration of internal redistribution of solutes,
including the dynamics of such a rearrangement.

The dissertation work has also studied range of issues of formation of new
states redistribution of components in solutions of growth (i.e., growth of the solid
phase and the variation of the concentration of moisture as it moves to the surface
of the dewatering products). Studied the one-way traffic moisture evaporation on
one surface side (in the open part of the capillary). It is shown that not only moves
the liquid and vapor but than can not be neglected in a vacuum-drying phase
transitions as «liquid-gas» occur at relatively low temperatures.

In order to study this conceptual model, we turn to a linear mathematical
description of chromatography, widely studied in sections of the theory of
nonlinear waves. Our proposed feature consists in that the cross-section of the
capillaries varies, and is slower compared to the time of drying. Consider just this
task. Let the initial capillary has a radius Ro. As the reduction of growth associated
with the heating and evaporation, there is a slow change in the function R=R(1),
where at t=0 R(0)=Ro.

Because the process is smooth, a function of time is a continuous function of
its argument ¢. Is therefore valid a Taylor series expansion around the point #=0,
resulting have

R=Ro(1+ut+gx), (1)
where p, g — coefficients.

After Taylor series expansion have:
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Since this process takes place in a complex environment, we apply the law of
conservation of mass and the law of kinetic processes of adsorption and desorption
in the ducts.

In order to simplify introduced transverse area of the capillary, SSRiut=1=\

- 2. This means that the diameter of the restriction linearly
( ) const

S
with 4<0. The value 4 1s dependent on the drying rate and the degree of dewatering
fabric susceptibility to swelling.
Calculations show that
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The studies found that the capillaries during the drying of the cross-section
changes more slowly than modern drying.

For drawing up the drying process of mathematical models and similar
processing methods, which are phase transitions of moisture from one state to
another in the presence of microscopic in homogeneities of the medium,
polynomial approximation of dynamic variables has its limitations. The basic
process of distribution of trace elements in the treated sample is that the liquid
solute carrier flows through a solid stationary phase and carried material partially
adsorbed the solid phase. Idealizing this process, we assume that the fluid particles
move at a constant speed v.

Strict accounting of diffusion processes complicates the mathematical model
of adsorption and by considering the spatial distribution of parameters. Then the
conservation law has the form:
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where % - diffusion coefficient inside the object dewatering. For the a

quasiequilibrium case we have the system of equations:
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Equations (5) were studied depending on the condition of linear velocity
cfrom p ,. Using replacement of the Cole-Hopf received a parabolic equation,
which has an exact solution, which reflects the ability to obtain dried products with
a predetermined spatial distribution of trace elements contained in the cells of the
material.

During the drying process, as mentioned above, large pressure gradients liquid
often form micro cracks and help to increase the flow of moisture from the bottom
product at its surface. This can also be achieved by artificial means, without
damaging the bioactivity of the final product.

The above-mentioned process of moving trace elements in dehydrating foods
can be formalized by certain equations. With regard to the present case study the
non-linear equation (4) using the method of successive approximations. Let us

introduce dimensionless parameters: , jx

whereL - thickness of the material before drying; 7- maximum drying time.

P p ; from (5) obtain
A
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where () ;T hTh=.
C=Cp*,2
L

Agreed to further lower the finishing touches for the purpose of brevity, but it
refers to the dimensionless variables dynamically (6). Introduce the notation N ,N ,n
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where ni, ¢, x, h — new the dimensionless variables.
The solution of the nonlinear equation (7) is carried out using the method of

successive approximations.
Let be n n () x,t = ,— solution of linear approximation, i.e., solution (7), when

c=const. It is linear and has a solution: n (x ) n (x ¢ ¢) g4, = — . Physically, it is - a
common movement of the front with the speed () oc = ¢ n. The true solution can be

approximately written in the form:
nn (x t) n (x t)fff’ , =t (8)
For the (8) have
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This decision allows for such an interpretation and that the process is
accompanied by a growing movement of the time jump. However diffusion
phenomena such smooth processes without bringing them to an abrupt
concentration distribution. Interaction of these two physical phenomena that
defines a mechanism for moving the trace elements.

The results of using the method of convolution of functions to approximate
and analytical approximations to solve the equations under consideration.
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As a result, use of the method of convolution of functions to approximate and
analytical approximations for the solution of the equations (8) and using the
approximation formula for the Laplace convolution functions, we obtain:
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where (). Fn=,. % H

This equation makes it possible to take sufficiently into account the effects of
non-linearity.

Thus, based on the analysis of the behavior of microscopic in homogeneities
in the process of dehydration products, we have developed new ways of
intensification of the drying process, contributing to the preservation of
biologically active substances in the final product.
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Based on the planning of experiments to study the effect of external factors
(the infrared waves, vibration, vacuum level) for the drying process. On the basis
of statistical data of the experiments obtained by mathematical models. The
correlation coefficients are set by the time of drying »1=0,84; r2~0,85; r3=0,85 and
energy consumption 770=0,83; 20=0,83; r30=0,63.

Methods of planning experiments conducted research redistribution layers of
crystallized substances during the drying process. In particular, the curves of
distribution of inulin in Jerusalem artichoke particular layer. Experiments have
shown substantial layered separation of inulin.
consists of mesh
material (fig.1).
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impossibility of a uniform radiation of infrared using conventional discrete tubes.
This equation holds when the distance to the radiating point is large compared with
the diameter of the emitter. Often, however, between the emitters are located so that
the distance is small compared with the diameter of the emitter. Another significant
point in the infrared camera - multi-drying grid gives a negative effect. To
eliminate this fact proposes a new system of curved reflectors. These undesirable
effects can be avoided by bending the curved metal reflectors at an angle
Onax=27,4°; Pmin=18,3% W<(Pmax-Pmin)=19,1°

(fig.2), which not only reflect and provide uniform irradiation of the surface of the
grid, but the outer side prevents spillage of product particles on the surface of
radiators.

The calculations obtained conditions of maximum radiation reflection: the
distance between the wires -170 mm diameter tubes - 22 mm, the distance between
the grid and the emitter - 135 mm, the distance between the surface of the radiator
and the furthest point of the reflector - 22 mm.

At an arrangement tubes in parallel with spacing of 400 mm 1s achieved and
maximum uniform irradiation using a radiating surface. The third chapter of the



dissertation titled «Experimental research of drying processes in the
experimental model installation» devoted to the study of thermotechnical
characteristics of the sorption and desorption of water vapor samples researched
varieties of jerusalem artichoke tubers «Muzhiza» and rose hips at a temperature of
293 K. The data obtained are shown in figure 3-4.

On the basis of sorption isotherms of water vapor samples of jerusalem
artichoke and rose hips on equation Brunauer, Emmett and Taylor (BET) were
calculated monolayer capacity, specific surface area, total pore volume and the
radius of the capillary. At vacuum-drying IR thermal characteristics of jerusalem
artichoke - the specific surface area of the capillaries - is 18,38 m?g; at the total
pore volume of jerusalem artichoke in a vacuum infrared drying was 0,440 cm’/g.
For another subject of the study - the fruit of wild rose hips - found that when the
vacuum IR thermal characteristics of dried rose hips - the specific surface area of
the capillaries - is 12,30 m?/g; and the total pore volume of the sample in a vacuum
infrared drying rose hips was 0,390 cm’/g.
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A A

Fig. 4.
Fig.3. The curves isotherms of The curves of sorption isotherms and
sorption and desorption of jerusalem desorption of rose hips
artichoke

Based on the results conducted researches of phenomena of sorption and
desorption of water vapor samples of jerusalem artichoke and rose hips determine
the parameters of the capillary-porous structure. Based on the results of the study,



the isotherms sorption and desorption of jerusalem artichoke and rose hips have
been defined: x»—monolayer capacity, Ssp—pecific surface area, Wo— total pore
volume, r— capillary radius. These data allow us to determine the drying time and
form due to the moisture of the materials studied.

The experimental results obtained by studying the hygroscopic properties
investigated materials are processed using the following equation Posnova forms:

(14)

A

, (15) where wg- hygroscopic moisture,%; B- coefficient taking into
account the physical properties of the material.

Calculations have shown that the above features of data processing confirmed by
expressed form. So much for of jerusalem artichoke at 293 K obtained numerical
values of the parameters of the equation (14) wg=5,96-10""%, B=-0,4292. A
formula (15) gives the following nonlinear estimation results wg=45,65%,
B=-0,0947. Even if the lock wg=44%, in accordance with the experimental data,
then the one-parameter model (14) is obtained by B= -0,4076 and significant
difference patterns of the formulas (14) and (15) only amplifies.

Figure 5 shows the results of data processing by a one-parameter model.
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A

1- isotherms desorption of jerusalem artichoke; 2- isotherms desorption of rose hips; 3-
isotherms sorption of jerusalem artichoke; 4- isotherms sorption of rose hips Fig.5. The
results of calculation isotherms sorption and desorption of jerusalem artichoke and

rose hips on model Posnov

It can be seen through the Fick diffusion equation with appropriate initial and
boundary conditions at constant values of the kinetics of the drying process
temperature. For a description of process of mathematical expressions Fick
equation, which expresses the value of the moisture content, should be brought to a
dimensionless form using the following formula:

, (16)

In making the boundary conditions 1-type of relationship moisture diffusion
coefficient of the square determines the size determined by the method of least
squares using a special program with subprogrammes of for solving differential
equations in partial derivatives with a sufficient amount exhibitors in the decision.
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A A

— - model Fick I-type; ——
— - model Fick Ill-type
1- drying curve of jerusalem artichoke lobules with infrared heating; 2- drying curve the crushed mass of
jerusalem artichoke with infrared heating; 3- drying curve of jerusalem artichoke lobules in a vacuum
with infrared heating; 4- drying curve the crushed mass of jerusalem artichoke in a vacuum with infrared
heating; 5- drying curve of jerusalem artichoke lobules in a vacuum with infrared heating and exposure to
vibration; 6- drying curve the crushed mass of jerusalem artichoke in a vacuum with infrared heating and
exposure to vibration Fig.6. Kinetic regularities of jerusalem artichoke drying

A A

A

— - model Fick I-type; — — — - model Fick IlI-type
1- vacuum drying with infrared heat (drying temperature 50°C, vacuum -0,8 atm);
2- vacuum drying with infrared heat (drying temperature 65°C, vacuum -0,8 atm);
3- vacuum drying with infrared heat (drying temperature 80°C, vacuum -0,8 atm).
Fig.7. Kinetic regularities of rose hips drying

Comparison of the calculated and experimental data shows (figure 6 the



dashed line), it is necessary to take into account the mass transfer coefficient
haturaan tha nhacac (fia A7)

1- drying curve of jerusalem artichoke lobules with
infrared heating; 2- drying curve the crushed mass of
jerusalem artichoke with infrared heating; 3- drying curve
of jerusalem artichoke lobules in a vacuum with infrared
A heating; 4- drying curve the crushed mass of jerusalem
artichoke in a vacuum with infrared heating; 5- drying
curve of jerusalem artichoke lobules in a vacuum with
infrared heating and exposure to vibration; 6- drying curve
the crushed mass of jerusalem artichoke in a vacuum with
infrared heating and exposure to vibration

Fig.8. The curve of the drying rate of jerusalem
artichoke
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A

1- vacuum drying with infrared heat (drying
temperature 50°C, vacuum -0,8 atm); 2- vacuum drying with infrared heat (drying
temperature 65°C, vacuum -0,8 atm); 3- vacuum drying with infrared heat (drying

temperature 80°C, vacuum -0,8 atm); Fig.9. Curve speed drying rose hips

Produced quantitative formalization of the drying intensity at various drying
modes allows to compare them: in intensity as the internal diffusion and external
mass transfer by arranging in a row, indicated in fig.9. According to the values Bio
criterion can be stated that the IR-vacuum drying solves the problems associated
with limiting diffusion of internal drying. The further improvement in the

plans based on the intensification of external
1d layers of material.

A

1 - pallet; 2 - scales with digital
display; 3 - stand; 4 - raw materials;



5 - thermometer; 6 - IR heater; 7 - vacuum
chamber; 8 - remote control; 9 - vacuum
gauge; 10 - valve; 11 - heat exchanger;
12 - vacuum pump.

Fig.10. The scheme laboratory experimental equipment

For experimental studies were made system - a vacuum oven with infrared
emitters, allowing to carry out the drying process under various operating
conditions, parameters of the process (fig.10). A series of experiments on the
removal of the drying curves of jerusalem artichoke tuber varieties «Mujiza» and
rose hips. The purified products are cut using slicer into slices of 2 mm thickness
and placed on a special stainless grid pallets that are, in turn, placed in an IR oven -
inside the vacuum chamber. The doors sealed vacuum chamber in a closed
position, and the air inside the chamber using a vacuum pump evacuated to -0,8
atm.; then set the thermostat right temperature include infrared drying cabinet.
First, a continuous irradiation for 45 minutes, then continue the drying process in a
discrete mode, include radiators for 5 minutes, shut off 25% of emitters - for 15
minutes. Such cycle is repeated until a product moisture of 12%. The total drying
time is 10 hours.
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A

1-vacuum drying with infrared heat
(drying temperature 50 °C, vacuum -0.8 atm.);
2-vacuum drying with infrared heat (drying
temperature 65 °C, vacuum -0.8 atm.); 3-
vacuum drying with infrared heat (drying
temperature 80 °C, vacuum -0.8 atm.)

Fig.4. Curves of drying the tubers of jerusalem artichoke varieties «Mujiza»

The period of constant drying rate continues until the critical moisture content
wier (fig.11, fig.16), at internal and external diffusion resistance equal. Therefore,
the critical moisture content can be determined as an average of the integral
moisture material, at surface maximum hygroscopic moisture content is achieved
and starts falling drying rate period (or the second period of drying).



A A

Fig.12. The best option IR drying products (drying conditions: 65 °C, thickness 2 mm
Fig.13. Dependence conservation inulin from Jobule)
atmospheric pressure and time of drying
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At high temperature, the infrared thickness of the cut tubers jerusalem
rays are short and low temperature artichoke and drying time
infrared rays - long. At a temperature of (drying conditions: -0,8 atm., 65 °C)
500-600 °C infrared rays reach 2,8-3
microns. This wavelength is considered
to be the best option for the drying of
the product at an approximate thickness

of 2 mm (fig.12). g

1- drying curve of jerusalem artichoke lobules
with  infrared heating; 2- drying curve the
A crushed mass of  jerusalem artichoke with
infrared heating; 3- drying curve of jerusalem
artichoke lobules in a vacuum with infrared
heating; 4- drying curve the crushed
mass of jerusalem artichoke in a vacuum with
infrared heating; 5- drying curve of jerusalem

Fig.14 Storage of insulin dependence on the artichoke lobules in a vacuum with infrared



heating and exposure to vibration; 6- drying to vibration. Fig.15. Curves discrete drying
curve the crushed mass of jerusalem artichoke the tubers jerusalem artichoke
in a vacuum with infrared heating and exposure

For drying processes jerusalem artichoke tubers vacuum chamber -0,8 atm.
(fig.13) and the optimum thickness of the layer of chopped - 2 mm (fig.14). One of
the ways of intensification of drying layer vibration is applied in experiments on
drying the tubers jerusalem artichoke slices and a the crushed mass (fig.15). The
efficiency of dewatering increases to 4-5%. Also, experiments were conducted on a
discrete and jerusalem artichoke dried rose hips, provides greater level of
preservation of biologically active substances compared with continuous operation
and ensuring the necessary level of moisture in the surface layer of raw material to
dewater. It is determined that the safety of inulin in the composition of jerusalem
artichoke tubers, it is the residual amount at the proposed method - vacuum
infrared drying up to 45,4 mg%, at convective method to 33,3 mg%, and in the
process of a domestic manufacturer to 8-9 mg% .

For obtain high-quality products recommended to use the form of chopped
mass and infrared method of vacuum drying.

Experimental studies have been conducted dried rose hips on the vacuum infrared
installation. Before drying rose hips thoroughly cleaned of debris and clean up.
Then the dog rose laid on a flat surface of the grid pallets. Filled feed trays lay in a
vacuum chamber comprising infrared heating to operating temperature in a vacuum
chamber at -0,8 atm. Drying is carried out by setting
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the optimum operating parameters of wild rose and dehydrated to a moisture
yosition ensuring high safety of vitamins. The

1fig.16.

A

1-vacuum drying with infrared heat
(drying temperature 80 °C, vacuum -0,8 atm.);
2-vacuum drying with infrared heat (drying
temperature 65 OC, vacuum -0,8 atm.); 3-
vacuum drying with infrared heat (drying
temperature 50 °C, vacuum -0,8 atm.)
Fig.16. Curve drying rose hips

Based on the research of the drying process rose hips different drying methods
(gelio-drying, convective and vacuum infrared drying) found the rational variation



of the process that provides high safety of the vitamin content of rose hips. Also
determined by that, with the proposed method of vacuum drying infrared
component ensured to 0,77 mg%, gelio-drying to 0,15 mg%, IR drying to 0,71
mg%, convective drying to 0,12 mg%, and in the method domestic manufacturer to
0,59 mg%. As part of the same fraction of the seeds rose hips at vacuum infrared
drying contains ascorbic acid at a level of - 4,0 mg%.

Drying curve determined the optimal temperature, the drying time of rose
hips; while preserving the free organic acids in the composition of the pulp of the
fruits rose hips at vacuum infrared drying was 9,7 mg%.

Laboratory results analysis show that in all the methods using vacuum drying
under infrared-installation in the raw materials are stored maximum vitamins rose
hips.

A

1-experimental; 2-calculated.
Fig.17. Generalized drying curves for the tested materials
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Using getter and other properties of materials (tubers jerusalem artichoke and
rose hips), and according to known methods, described in the works, build the
estimated generalized drying curve for the study material in the coordinates (U, Nt),
wherein the N-maximum drying speed and compare it with the generalized curve
drying, obtained by experiment (fig.17).

As can be seen from the figure 17, the experimental and calculated the
generalized drying curves are virtually identical for the desired final moisture
content parameter Nz</. In accordance with a known method chosen classification
table to vacuum drying with IR radiation.

Given the heat engineering design principles of the drying process, and taking
into account the limitations of the technology used (materials do not have such
specific technological properties, such as explosiveness, stickiness, destructible),
select a specific type of dryer, a vacuum chamber IR.

The fourth chapter of the dissertation titled «The implementation of
processes and devices for technology of processing and drying of the materials
in industrial environments» carried out for industrial applications and designed



the production line processing of the tubers jerusalem artichoke and rose hips
(fig.18).

Fig.18. Technological scheme of production of tubers of jerusalem artichoke
and rose hips

This production line operations 4.2 and 4.4 are disabled during processing
rose hips.

Scheme developed by the pilot radiation vacuum dryer is shown in fig.19.
Previouslydrying material is placed on the keeper between the heating plates. After
evacuating the installation of the heating elements to a wet material is fed in an
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amount of thermal energy required for evaporation. The water vapor moved from
the material to the cooled surface condenser condenses and partially discharged
together with non-condensable gases vacuum pump. To ensure that the flow of the
process in such a system is necessary to create a pressure differential between the
steam and a condenser dryer.

1- vacuum chamber; 2 - heat
exchanger; 3 - mobile infrared drying oven; 4
- trolley; 5 - pallet for of processed raw
A materials; 6 - vacuum pump motor;
7 - control unit; 8 - way for the roll-out carts;
9 - thermocouple for temperature
measurement; 10 - manometer; 11 - high
pressure hose; 12 - faucet the air intake;
13 - condensate drain cock; 14 - IR emitter.



Fig.19. Experimental industrial vacuum drying equipment with infrared emitters

For creation of technological scheme of processing of the tubers jerusalem
artichoke and rose hips we have developed accessories.

Dried rose hips crushed, the resulting mixture is separated proposed
aerodynamic separator.

Designed mill with cooling the body with cold water and air is provided with
a further cavity.

The developed for production line introduced in LLC «Dorivor o’simliklar
and specialized state forestry Abu Ali Ibn Sina (fig.18). In the production line
achieved the release of high-quality end products; ensure uniform drying of raw
materials; due to the complex processing of improved performance, increased
reliability, reduced the loss of raw materials, reduced the complexity of operations,
create new jobs.

CONCLUSION

On the basis of the research on a doctoral thesis on «Development of
technologies for the processing of the tubers of jerusalem artichoke and rose hips
with preservation of biologically active substances» provided the following
conclusions:

1. As a result of the analysis of the modern state theory and practice of drying
and heating activation of jerusalem artichoke tubers and rose hips encountered
trends their further development and improvement, which made it possible to put
forward innovative ideas. As one of the most effective methods of drying the tuber
of jerusalem artichoke and rose hips products acts dehydration in vacuo with an
infrared heating.

2. Developed and implemented a mathematical model of movement of
moisture in the capillary pores studied materials showed the need to address the
internal redistribution dissolved substances, and also confirms the regularity
dynamics of the drying process under the given initial conditions
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with attendant phenomena sorption and desorption in the internal structures of the
capillary channel walls. Proposed non-linear functional connections between the
pressure inside the capillary, hydrodynamic movement speed, temperature, and
density of the investigated material.

3. Proposed parametric identification of the correlation coefficients of a
mathematical model and carried out analysis of the experimental statistical data.

4. The dependence of the irradiation power of the distance between the object
and dewatered emitters and defined between emitters and methods of providing a
uniform distribution of infrared radiation in the volume of dewatered products by
means-reflector elements corresponding configuration in a vacuum drying
installation with infrared heating.



5. Proposed sorption and desorption characteristics of tubers of jerusalem
artichoke: shows a capillary specific surface constituting 18,38 m*/g and the total
pore volume for artichoke in the conditions vacuum infrared drying is 0,440 cm’/g.
For the rose hips characteristic sorption and desorption: confirmed the specific
surface area of the capillaries of 12,30 m?g and the total volume of pores amounts
to 0,390 cm’/g.

6. According to research of thermotechnical and sorption properties of the
dried product identified: allowable temperature, drying time and construction
vacuum drying equipment with infrared radiation. The method of calculation of
industrial vacuum drying equipment with infrared emitter based on the results of
experimental studies in a laboratory equipment.

7. It 1s shown that for the process of infrared drying fruit is necessary to
optimize the amount of power input, so that the fruits quickly dehydrated. The
optimum thickness of the product layer constituting about 2-2,5 mm, the optimal
wavelength 3 mm, and the production time of dehydration amounts to allowable
value, and temperatures do not exceed fruits 65-70 °C, while vacuum amounts to
-0,8 atm.

8. As a result of an experimental research the influence of vibration on the
technological process of drying found that dehydration efficiency increases to 4-
5% 1n the conditions continuous heating - at a certain frequency and amplitude. It
1s shown that the composition of preservation inulin shredded pulp from jerusalem
artichoke tubers in a process of vacuum drying amounts to infrared to 45,4 mg%,
and the slices of tubers of jerusalem artichoke to 38,75 mg%, and thus the safety of
ascorbic acid in the fruit pulp under vacuum rosehip infrared-drying up to 0,77
mg%. As part of the same fraction of the seeds rose hips contains ascorbic acid at a
vacuum infrared drying up to 4,0 mg%.

9. A result of researches established that using the method of vacuum drying
with an infrared heating and the reflector at a temperature no higher than 60-70 °C
allows save electric energy by 10-12%, and a full structure of vitamins and other
biologically active substances (inulin and ascorbic acid) in the final product is
80-90%.
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10. Modernized technological line for producing a powder of jerusalem
artichoke with a vacuum drying installation with infrared heating and hammer mill.
Developed and implemented an aerodynamic separator for fractionation (pulp,
seeds, fluff) crushed rose hips. On the basis of these results is recommended for
implementation in the industry to develop technological regulation for the
production of powder from the tubers of jerusalem artichoke varieties «Muzhiza»
and the rose hips.
11. Developments and the recommendations of the thesis in the technology
for processing of jerusalem artichoke tubers and fruits rose hips at preservation of
biologically active substances introduced into the State Joint Stock Concern



«Uzfarmsanoat» and the entities of the system of the Ministry of agriculture and
water management (Reference the State Joint Stock Concern «Uzfarmsanoatyfrom
30.11.2015 year MD-06/1868 and Ministry of agriculture and water management
from 10.09.2015 year 06/14-893). A result of applying the vacuum drying
technology with infrared radiation productivity increased by 1,2 the average annual
overall economic efficiency was 233 million sum.
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