TOIKEHT KUME-TEXHOJOTUS HHCTUTYTHU XY3YPUJIATHU
®AH JOKTOPU NJIIMHNHU JAPA’KACUHU BEPYBUYH
14.07.2016.T.08.01 PAKAMJINA UMM KEHT AL

TOIIKEHT JABJIAT TEXHUKA YHUBEPCUTETH

CADPAPOB KACYP OCUPT'AITIOBNY

TOIIMHAMBYP TYI'TAHAI'N BA HABMATAK MEBACH
TAPKUBUJIATU BUODAOJI MOJJAJTAPHU CAKJIAT'AH XOJIJA
KAUTA NIIJIAIII TEXHOJIOT'UACUHHA NIIJIAB YNKHUII

02.00.16 — KuM€ TeXHOJI0rusICH BA 03UK-0BKAT MILIA0 YHKAPHUILI
sKapaéHIapy Ba annaparjiapu
(TexHuka ¢anaapu)

JOKTOPJIMK JUCCEPTALIUACHU ABTOPE®EPATH

TOIIKEHT- 2016



YK 664.8.039.51+66.048.54

JokTopJuK quccepranusicu apropedeparu MyHIapUKACH
OruasjieHne apropedepara J0KTOPCKOM AUCCePTALMHA
Content of the abstract of doctoral dissertation

Cadapor XKacyp Dcupramnouu
TonunamOyp TyraHaru Ba HabMaTak MeBacH TapkuOuaaru 6uodaon
MOJIJIaJIApHU CaKjIaraH XoJija KaiTa UIlIall TEXHOJIOTUICUHU UIIUTa0 YUKHUII ....... 3

Cadapos Kacyp DcupramnoBuu
Pa3paboTka TexHomoruii yist mepepaboTku KiryOHel TonmnHaMOypa u
TJI0/IOB IIMIIOBHUKA C COXPAaHEHUEM OMOJIOTUYECKHU aKTUBHBIX BEIIECTB ............. 29

Safarov Jasur Esirgapovich
Development of technologies for the processing of the tubers of jerusalem
artichoke and rose hips with preservation of biologically active substances.......... 55

OBJIOH KWJIVHTaH UIJIap pynxaTu
Crcok onmyOJUKOBaHHBIX paboT
List of published WoOrks ..........ooiiiiiii e el 8



TOIKEHT KUME-TEXHOJOTUS HHCTUTYTHU XY3YPUJIATHU
®AH JOKTOPU NJIIMHNHU JAPA’KACUHU BEPYBUYH
14.07.2016.T.08.01 PAKAMJINA UMM KEHT AL

TOIIKEHT JABJAT TEXHUKA YHUBEPCUTETHU

CA®APOB KACYP OCUPTAITIOBUY

TONMUHAMBYP TYTAHATY BA HABMATAK MEBACH
TAPKMBUJIATY BUO®AOJ MOUIAJAPHU CAKJIATAH XOJIJIA
KAWTA NHUIAII TEXHOJOTUSICUHM UIJIAB YNKAL

02.00.16 — Kumé TexHo10rusiCH Ba 03WK-0BKAT HILIA0 YMKAPHILIT
JKapaéH/Iapu Ba annapariapu
(TexHuka ¢anjapn)

JOKTOPJIMK JMCCEPTAIUACHU ABTOPE®EPATHU

TOLIKEHT - 2016



JIOKTOPJIMK JMCCePTAMSCH MaB3ycH Y3bexucron Pecny6amkacu Basupiap Maxkamacu
xysypuaarn Oumii arrectanust komuccusicuaa Ne30.09.2014/B2014.5.T322 pakam Ouiian pyiixarra
OJIMHTaH.

JloxTopnuk nmuccepranusicn TOMIKEHT JaBiaT TeXHUKA YHUBEPCUTETH A OaXKapHIiraH.
Huccepranus aBropedeparu yu twina (¥30ek, pyc, HMHIVIM3) WIMHUK KeHraml BeO-caxudacu
(www.tkti.uz) Ba «Ziyonet» TabiuM ax00poT TapMOFUAa (WWW.ziyonet.uz) >KoWIalmTupuiras.

HNuammuii macaaxarum: HopxkyJjoBa Kapuma TyxrabaeBHa
TEeXHHKA (aHJIapHu TOKTOPH, podeccop

Pacmuii onnoHeHTIap: IOcynoexoB Honnpoexk Pycram0exoBu4
VY36ekucton Pecriybnukacu ®@annap AxageMusicu
aKaJIeMHUTH, TEXHUKA (haHJIapu TOKTOPH, mpodeccop

Kypo6onos Kammmna MaxxunoBuu
TexHuKa (aHmapu JoKTOpH, Ipodeccop

bapakaeB Hycparuiia PaxkadoBuyu
TeXHUKa (paHIapu JOKTOpH

Etakum Tamkuior: Byxopo MyxaHAuCIMK-TeXHOJOTUsSl HHCTHUTYTH

Huccepranus xuMosicu TOITKEHT KUME-TEXHOIOTHS MHCTUTYTH Xy3ypumaru 14.07.2016.T.08.01
pakamiId WIMHHA KeHramHuHT 2016 Hun « » coar Jard Maxmucuga 0ynub yranu.
(Mamnzunm: 100011, Tomkent m., laiixorntoxyp Tymanu, A.HaBowii kyuacu, 32-yir. Tem.: (99871)
244-79-21; daxc: (99871) 244-79-17; e-mail:tkti_info@mail.ru).

JokTopnuk auccepranusacy Omnan TOIMIKEHT KUME-TEXHOIOTUSI MHCTUTYTHHUHT AXO0poT-pecypc
MapKa3uaa TaHUIIUIT MyMKAH (No pakamu OwiaH pyiixarra onuaraH). (Mamswmwr: 100011, Tomkent
m., A.HaBonit kygacu, 32-yit. Temn.: (99871) 244-79-21.

Huccepranus apropedeparn 2016 it « » KYHU TapKaTUIAU.
(2016 #tmm « » No - pakamim peectp Oa€HHOMACH)

C.M.Typo0:x0HOB
®aH AOKTOpU WIMHHA JapakacUHH OepyBUM WIIMHM KEHTaIl

paucu T.¢.1., mpodeccop

A.C.H6onynnaes
®aH JOKTOpU WIMHHA JapakacHHH OepyBUM WIIMHM KEHTaIl
wiMui KoTrou T.¢. 1., mpodeccop

K.O.lonaeB
®daH AOKTOpU WIMHIA JapakacUHU OEpyBUM WJIMHIA KEHTaIll
KOIIM/JATH WIMAN CeMHHAp paucH T.¢.1., mpodeccop



KHWPUI (10KTOPJIMK TUCCEPTALUSICH AHHOTALUSACH)

JAuccepranusi MaB3yCMHMHI [10J13ap0urd Ba 3apypatud. bMTHuHr 03uK-
OBKaT Ba KHUIUIOK XY>KaJUT'd TalIKWIOTHHUHT Oaxonammya 2050 iwira 6opud
OyHENA axXOJMHM KHUILIOK XV)KAJIMTM Ba YOPBAYMJIMK MaxcCyjoTiapura Oyiran
TanabuHau KoHmupuin yuyH 2006 Hwuira nucOatan 60%rava YcHUIUM KepakIMTUHU
MabiiyM Kuimokaa!. Xap iuiu ayHé Mukécuaa QORI Maxcynotiaap 30%, TyraHakiu
Ba MeBa-cabdzaBotiap 40-50%, €r OGepanuran sKUHJIap, TYIIT Ba CYT MaxcCyJOTiapu
20% Ba Oamuk MaxcyJoTapuHUHT 35% HOOya OYIMIIM HaATHXKAcHa YHKUTIa
YUKAPUIIMOKIA .

MycTakWumk Muuiapuaa 03UK-OBKAT MaxXCyJIOTJIAPYHH €TUIITHPUII Ba KaWTa
WILIAIl COXACHHU CaMapalli PUBOXKJIAHTUPHILTA aIOXUIa IBTUOOP KapaTHIIIH.
Maskyp HyHanuijga amajira OUIMPUITAaH JacTypuil uopa-Taadupiap acocuaa
MyaisiH HaTwKanapra, XyMIaJaH, KUIUIOK Ba YPMOH XYKAJIMIY MaXCyJIOTJIAPUHU
cudaray KalWTa WNUIANl OPKAIA WMIIOPT YPHUHM OOCYBUM Xamjia dKCIOpTTa
HYHANTUPWITAaH O3UK-OBKAaT Ba (hapMalleBTUKa MaxCyJIOTJIapy HWIUIa0 YUKAPHUII
Oopacunma ce3wnapiud HaTwxkanapra spumiad. 2015 dunga pecryOaukaMuzaa
200,3 ToHHa TomMHaAMOyp TyraHaru Ba 199,2 TOHHa HabMaTak MeBacH
errinTupua’. Ymby MaxCyJOTIapUMHM KaiTa MIUIAIIHUHT KEHr TapKalraH
ycyJuapuad Oupy KypUTHIL XUCOOTaHAIH.

ByryHru KyHIa j>XKaxoH MHKECHAA SHIM TEXHOJOTHSUIAPHU KYJUIall OpKallv
KMIIUIOK Ba YPMOH XYXKAJIMTH MAaxCyJOTJIApUHU KaWTa HOUlall yCyJUIApUHU
TAaKOMIJUTAINTHPUINTa aloXuaa dJbTHOOp Kapatwimb, Oy Oopama amanra
OLIMPUIAETIaH WIMHANA W3JIAHUIIUIAP/Ia XoMaIé TapkuOuaaru 0nodaon MoaaiapuHu
CaKJiaraH XoJijIa KypUTaJUraH TeXHUKA Ba TEXHOJOTHSJIAPHU UNLIA0 YMKUII MYyXUM
Basu(damapgan  Oupm  xucoOmaHaaw. XOMAMIEHW  KypUTHIN  YCYJUIAPWHU
TAaKOMIJUTAIITHPHUIIT Ba FOKOPY CUGATIN MaXCyJOT OJUII TEXHOJOTHSICHHU HWIUIA0
YUKHILJIA KATOP, AKYyMIIQJIaH, KyMuJaru WyHaaIunuiapaa TETUIUIN WIMHAN €YUMIIapHU
acocjaiil 3apyp: TOMMHAMOYp Ba HabMaTaKHU KaWTa MIUIAII >KapaéHUaa MaxcysoT
TapkuOuaaru 0nodaos MoJJaIapHU Cakjad KOJaJAWraH TEXHUKA Ba TEXHOJIOTHSIHU
UIUIa0 YMKWIL, KypUTUII >Kapa€HUJa MHUKPODJIEMEHTNIAp TaKCUMIIAHUITUHUHT
MaTeMaTUK MOJICJIMHU MIUIA0 YMKuUIIL, KypuTull x)apaéuuaa uappaxusmi (MK) nyp
OpPKaJIM KU3IMPUILIA UCCUKJIMKHUHT Y3rapuIlld Ba HOUM3HUKINA KYPUHHIILIAPUA XaM/ia
MaxCyJIOTHU HUCCUKIMK (DAOJUIMTMHM XMCOOra OJITaH XOJiZa MCCUKIUK aIMAalluHYB
xapaénnapunu anukiam, UK Hyp €pramuia Bakyymaa KypuTUII KypUJIMacuHU Ba
KypUTWJITAaH MaxCyJIOT/IaH KyKyH OJIMII TETUPMOHMHU Hnpiad uukui. [luccepranus
MaB3yCHHHMHT JIOJI3apONUru ymoy WyHanumoiapia WiIMHA HM3JIaHUILDIAPHU amalira
OILLIMPHII OMJIaH U30XJIaHA/IH.

V36exncron Pecriy6muxacu ITpesunentunnar 2009 iun 26 smapmarum ITK-
1047-con «O3UK-OBKaT MaxcCyJOTJIapH MIUIA0 YMKAPUIIHM KEHraUTHPHIL Ba WUYKHU
0030pHU TYJNAMPUII F03aCHAAH KyIIMM4Ya 4Oopa-TaaOupiiap TYFPUCHIA»TH XaM[a

! TIponoBoNLCTBEHHAs 1 CebeKoXo3siicTBennas Oprannsamus O6beauHenHbx Hanpii. [Tosoxenue aen B 061acTH MPOI0BOJILCTBUS U
CENBCKOTO X03s1iicTRa. VI3MeHeHHEe KITMMaTa, CeIbCKOE XO3SIMCTBO U MPOIOBOJILCTBEHHAS Oe30macHocTh. Pum, 2016. — 210 c.

2 Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction 2015. Rome, 2015. -8 p.

3 «V3apmcanoar» AKuuar 2016 iinn 27 oxrabpaars NeHU-06/1944-COHTH MabiyMOTHOMACH.



2011 #immamsar 31 oktsopunaru [1K-1633-con «2012-2015 iinnnapaa PecmyOnmka
O3WK-OBKAT CAHOATWHU OOIKAPWIITHU TAIIKWJI STUITHU SHAJAA TAKOMILIAIITHPHIIT
Ba PUBOXKIIAHTUPHII dYopa-Tafdupmapu Tyrpucuga»tu Kapopnapu xamaa Ma3kyp
daonusTra TEeruuuid OoOIIKa MEBEPUM-XYKYKHH  XyxoKariapaa OenrujiaHraH
BazudaIapHA amMajra OIIUpUINTra ymoly JuccepTamus TaIKHUKOTH MyalsH
Japaxkazia Xu3Mat KUjiaju.

TanKUKOTHUHT pecnyoJuka (pan Ba TEeXHOJIOTUSAJIAPH
PHMBOJIAHMIIMHUHT YCTYBOP HYHAJIMILIAPUTa OOFJIMKJIMIUA. Ma3Kkyp TagKuKOT
pecnyOnnka paH Ba TEXHOJOTHSUIAPH PUBOKIAHUIIMHUHT V. «KUIUIOK XYKaJIUTH,
OMOTEXHOJIOTHSI, PKOJOTUS Ba aTpod-MyxuT myxodazacu» Ba VI. «TubOuér Ba
(dbapMakoIorrs» YCTyBOp MyHaIHIIIapura MyBohUK OakapuiraH.

JAuccepranus MaB3ycu OyiiM4a XOPHMKMH WIMHI-TAAKUKOTJIAP IIapXu‘.
Kamunnsip-roBak matepuan OyiaraH O3WK-OBKAT MAaXCYJIOTIApUHU KYPHUTHII
yCyJUIapu Ba YHM MaTE€MaTUK MOJEJUTAIITHPHUIN OpKaiau Owmodaon mommanapu
IOKOpY CaKJIaHTaH MaxCyJIOT OJIMII TEXHOJOTHSCH Ba KypUJIMaJapWHH HIILIA0
YUKUIITa WYHAITUPUITaH WIMHAM — U3JIAHUIIAP JKAXOHHUHI €TaKYd WIMHUU
MapKaszjapu Ba OJIMM TabiuM Myaccacaiapu, xkymiaaad, University of Georgia
(AKIII), Laval University (Kanana), Technical University of Berlin Ba German
Institute of Food Technologies (I'epmanus), Federal University of Santa Catarena
(bpaswmms), University of Extremadura (Mcmanus), Ataturk University Ba Middle
East Technical University (Typkus), Mutah University (Mopaanus), National
University of La Plata (Aprentuna), Aleksandras Stulginskis University (JIutsa),
MockBa naBiaT O03MK-OBKAaT WIUIA0 YUKApUIN YHHBEpcuTeTH Ba KpacHomap
KUIUIOK XYXXaJWrd MaxCyJOTJIapuHHA cakjam Ba Kauta wunuiamm HWTU
(Poccust)napma onub Gopunmoxa.

Kyputum skapaéuu  camapagopiuTHHH  OIIUPHUIN  OpKamu  cudarim
MaxCyJOTJIap OJIMIITAa OWJ >KaxOHJa OO OopwiraH TaIKUKOTIAp HAaTHXKAcHAa
KaTop, )KyMJaJaH, KyWuaaru WMWK HaTUXKanap OJIMHIaH: yCUMIIMK Ba MEBAJIAPHU
XaBO OKMMHU EpJlaMujia KypUTHII Ba YHJIAH KyKyH OJIMII >KapaéHUJa MaxCyJoT
tapkuouaaru pusuk-kumeéBuil Y3rapunuiap anukiaanran (University of Georgia);
O3MK-OBKaT MaxCyJOTIapHHA HCCHUK XaBO Ba MY3JATHII OpPKAIA KypPHUTHII
texHonorusacu umiad uukwirad (Laval University); wmeBa-ca®3aBoT Ba
yecumnukiapra Xxoc OyiraH (QU3MK-KUMEBHM XYCYCHUSATIApUHM XucoOra oJjirax
X0Ja KypuTUIl OpKajiu (yHKIMOHAT MaxCyjloTiap OJIMII HYIjapy aHUKJIaHTaH
(Technical University of Berlin Ba German Institute of Food Technologies);
MaxCyJIOTJIapHU KyPHUTHII KapaHUTra BaKkyyMHUHT Tabcupu aHukianrad (Federal
University of Santa Catarena); kyputum sxapaéuura MK HypmapHuHr Tabcupu
anuknanrad (University of Extremadura); kypum >kapa€éHuja HabMaTak MEBacu
TapkuOuga acKOpOWH KHUCIOTa MUKJIOPUHUHT CaKJIAHWII YCYJIH SpaTHITaH
(Ataturk University); TonuHaMOypHHU YJIbTpa-MUKPO-TYIKUH €pJaMujia KypUTHILL
ycynmu wunurad uwkmiarad (Middle East Technical University); terupmonma
XoMmaméHu wmakganam kapaéHu TakoMwuiamtupwiran (Mutah University);

4luccepramms MaB3ycu GyifMua XOPIKHMH MIMHHA-TAAKMKOTIAp mapxn 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.kniihpsp.ru Ba 6oika manbanap acocuaa uiuiad YUKHIraH.
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HabMaTaK MEBACHHU WCCHK XaBO OKMMH €paaMmuia Bakyymaa WHGPaKU3WI HYp
épmamMuga KypHUTHII KypHiIMacHd Ba TeXHoJorumscu wumniad ygumkwiarad (National
University of La Plata); TonmunamOyp TyraHardHM cakjanl Ba KalTa uWIuIanl
xapaéuuaa cudar y3rapumu anukianrad (Aleksandras Stulginskis University).

Hynéna QyHKIMOHAI O3UK-OBKAT MaxCyJoTJapu UIIad yukapuin Oyinua
KaTop, OSKymJaJaH, KyHuJgard YCTyBOp HYHalIunuiapjaa TaaKUKOTIAp 00
OOpMJIMOK/IA: KYPUTHUII OPKAIM MaxCyJOT cCU(paTUHU cakiad KOJIUII, HHPpaKU3Ui
Hyp €plaMuja MaxcyJOTJIapHU KypuTuil; 0uodaon Mojajiasapu IOKOpU cakjiaral
XO0JJa MaxcyJoTJiap HIIad YUKHUIL; MaxCyJOTJapHH KYpPUTHII YyCYJUIApUHU
TaKOMWUTAIITUPUIIT  (KOHBEKTHB, KOHAYKTHB, WH(GpaKu3wi, yTa OKOpHU
4acTOTajdM); KypPUTHII KaMEPAaCHMHUHI WYKM OOCHMM Y3TrapulUIapUHU aHUKJIAII
(armocepanu, Bakyymiid, cyOIUMaIMOH); KypPUTHIIl areHTUHUHT XapaKaTJIaHUII
yCyJIapuHHA Unutad 9uKuml (TaOuuid, CYHBUN); KypUTHIAETTaH MaxCyJIOT TypHUra
MOC YCYJUTapHU TAaKOMUJUIAMTUPHII (KATTHK, CYIOK, ITACTACHMOH);

MyaMMOHMHI  JpraHwiraHjJukK Jgapamacu. Anabu€tmap  TaxJIwim
HaTWOKaNapyu MIYHW KYPCATAWKH, KyPHUTHII >XapaéHUHU TaKOMUJUIAIITHPHINTA
KaaumaaH Kkatta d2bTHOOp Kapatub kenuHrad. JKymnanman, A.B.JIbikoB,
A.C.T'unzoypr, C.I''UnesicoB, W.b.JleButun, 3.C.Canumon, O.D.Cadapornap
KypUTHII Kapa€HW HazapuscH, WH(QpPaKU3WI HypJIapHU KypHIl >KapaéHHUra
TabCUPUHU YPraHUINra KaTTa Xucca Kylraniap.

Nimnab ymkapuill caHOATHAAry >Kapa€H Ba KypUJIMaJapHU TaKOMILIAIITHPHUIIT
Oyitnda TaAKUKOTIap 0JMO OOpHII, ITYHUHTIEK, CaMapaid TEXHOJIOTUSIApHU UIILIa0
quKAmEa Y 30eKHCTOH omamiapu  A.A.AptukoB, K.O.Jlomaes, X.D.J/[xypaes,
3.C.Mckannapos, J.H.MyxunnuHos, K.M.Kypb6oHoB, b.".Myxamenos,
K.T.Hopkynosa, X.C.Hypmyxamenos, P.X.Paxumos, b.I1.IITalimap0HOB,
H.P.lOcynGekxoBnap TomoHH1aH camapainu paonust oaubd Oopuiras.

Kyputuin xapaéHuHu TakOMWIIAIITAPHII Ba 6uodaon cudarra sra Oynran
MaxcyjoTnap wunuwiad uwmkapwm Oyiimda 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 uznanunuiap onu6 0opuriras.
MaxcynotiapHu KypuTHUII yCyJUlapH, UCCUKIMK- Macca ajJIMalllMHyB kapacHiapu,
KYpUTHII >Kapa€HU Ba KypUIMAJIapHU TaKOMWJUIAIITUPUII Ba cU(ATIM MaxCyyioT
omum Owran  W.B.Antyxos, P.M.Illaz30, W.A.3yeB, II.[].JIecbeneB kabu
OJIUMJIAPHUHT 0JIUO OOpraH WIMUN W3JIAHUIILIAPU aXaMUSTIUAMD.

Ymby nuccepTarus umuga Wik 00p copOIus Ba AecOpOIUs W30TepPMACHUHU
KaiiTa WUl YCYJUIAapH OpKajdu TaxJIWJIMA COJNUINTUPUITAaH Ba OPTOTOHAI
perpeccus ycynu [TocHOB TeHriaMacu KYpUHUIIMIA aMalira OIIUPUITaH, KypPUTHIII
KapaCHUHU OOIIKAPHUII OPKATH MaxCyJOTAa MUKPOAJIEMEHTIAPHU TaKCHUMIIAHUIIIN
HaTWXKacuaa IOKOpU cudaTin MaxCyjoT OJUIN acOCJIaHTaH, TapKuOuAa KaHI
Moaanapu Oyiran MaxcyJoTIapAaH KyKyH OJIMII YI9yH COBYTHII CUCTEMACHUTA 3ra
OynraH Maiimanarud KOHCTPYKIUSCH WIIIA0 YMKWITAH, TOMMHAMOYp TyraHard Ba
HabMaTaK MeBacH TapKuOujgard OUOJOTUK (aosi MoAJalapHU cakjaraH XoJijia
BakyyMaa MK-ku3gupuin opkaad KypHTHIN >KapaéHH ydyH ONTHMail OOCUM Ba
XapopaT aHWKJAHTaH Ba WIUIA0 YMKAPUII aMaIUETUAA KYJJIAHUIIUHUHT WUIMHUN
acociapu €putud Oepuiras.



Juccepranusi MaB3yCMHMHI [HCCEPTANMS OaKapW/ITaH OJIMIA TabJIUM
MYAacCACACHHMHI WJIMHUH-TAAKMKOT MILIapu OujaH Oorymkiauru. /{uccepranus
TaJIKUKOTH TOILIKEHT J1aBjlaT TEXHUKA YHUBEPCUTETUHUHI WIMHUI-TAIKUKOT UILIAPU
pexxacununr: MOT-2013-6-08 - «Habmarak meBacuaaH OMOJIOTUK aKTUBIIUTH FOKOPU
CakJIaHraH XOJJIard 4o Ba €F OJIMII y4yH ypPYyF OJIMIIHU CaHOAT MHUKECUTa OJu0
gukuy  (2013-2014 i), A9-®OK-1-15580-KA9-011-«TornmunamOypuunr daii3
Oapaka Ba Mybkr3a HaBlIapu arpo Ba OMOTEXHOJIOTHSICHU SIPATHIL, YHU CaKJIall Ba
YUKUTCU3 KaiiTa UIIUIAIl aCOCU/Ia FOKOPU camapalid, UMIOPT YPHUHU OOCYyBYU Xamjia
AKCIIOPTOOII, 3KOJOruK cod wmaxcynor wunuiad uukapuny (2012-2014 .
MaB3yCHJIaru aMaJIiii Ba MTHHOBAIIMOH JIOWMXaJiap Joupacuia OaxapuiraH.

TagKNKOTHMHI MaKcaau BakyyMmaa HHPpaku3uia Hyp €paaMuia KypUTHII
KypujiMacuga TONMHAMOyp TyraHard Ba HabMaTaK MEBAaCHHM KaiTa WIIJIall
TEXHOJIOTHSICUHY TAKOMWUIAIITUPUIN XamAa KYPWIMAHUHI SHEPrOTEXHOJOTHK
caMapaJopIUTrMHH OLIUPHII Ba OMOIOTHK (aoi MOJIaIapHU CaKJIalian noopar.

TagkuKoTHUHT Basudaaapu:

TonuHaMOyp TyraHaru Ba HabMaTak MEBaJIapud TapKUOWAArd HaMIUK
TypJapuHM, KaWTa MUUIAIIJAArd TEXHOJOITMK, MEXAaHUK, KUMEBHUM, O3UKAaBUM,
UCCUKJIUK (PU3UK Ba OUOJIOTHK XyCYCUSTIAPUHU TaJAKUK KUJTHUIII,

TaAKUK KWIMHAETTaH MAaxCyJOTHH KypUTHIN d>KapaéHuga WHGPAKU3WI Hyp
OpPKaJIM KU3IMPUILIA UCCUKJIMKHUHT Y3rapuIlld Ba HOUM3HUKIN KYPUHMIIIAPUA XaM/ia
MaxCyJIOTHU HUCCUKIMK (DAOJUIMTMHM XMCOOra OJITaH XOJiZla MCCUKIUK aIMAalluHYB
KOHYHUSITJIAPUTa aHUKJIAILL;

KYPUTHIL >KapaéHuJa HaMJIMKHU KalWuiapiapia XapakaTJIaHUIIN Ba MaxCyJioT
TapKUOWa MUKPOIJIEMEHTIAP TAKCHUMIIAHWIIMHUHT MAaTeMaTUK MOJCIMHU HWIUIA0
YUKUIII;

tonuHamMOyp Oymarm Xamjaa HabMmMaTak MeBajapuHu Bakyymuaa UK-
JIMAIIa30H1aru 3JEKTPOMArHiuT MalIOHIa KypPUTHIL Kapa€HUHU MOACIUTAIITUPHIL Ba
ONTUMAJUIAIITUPUIIHN amaira OIMpHIl, Kyputul 3oHacuna WK Hypnarrnunapau
YKOMJTAIITUPHUIITHY PAIlMOHAJ YCYJIMHU UIIUIA0 YMKHIIL

TOMMHAMOYp TyraHaru Ba HabMaTak MEBaJApUHU KypUTHUII >KapaCHUHU TaJKUK
stuml yuyH WK HypiaTruwid BakyyM KypUTHII KypuiIMacH JIOMMXACHHU HIILIA0
YUKHUII Ba CaHOAT-TaXpuOa HAMyHACHHM sCalll Xamja caMapajd TEXHOJIOTHK
PEXKUMIIAPUHU TaXpUOaia aHUKJIAIIL

KYPUTHIL Ba KalTa UIILUIAII TEXHOJOTUK PEXXUMIIAPHUHT aCOCUI NTapaMeTpiiapu
XamJa YJapHUHI y3ap0 TabCUPUHM TU3UMIIA Taxiawil Kwimim opkaau  HK-
KU3MPUIIHUHT pPalMOHANl PEKUMIIAPUHU AHMKJIAIL, JHEPrus WYKOTUIUIINHUA
KaMaWTUPHILI,

KypUTWITaH TONMHAMOYp TyraHard Ba HabMaTaK MEBacCHJaH KyKyH OJIMIII
Y4yH TETUPMOH Ba a3pOJAMHAMUK CETapaTOPHUHT TaXXprUOa-caHOaT KOHCTPYKIUSICUHU
WINUIa0 YMKHIII,

TaJKUKOTJIADHA aMalira OIIMPWINIINAIA OJWMHTAaH HATWKAJIApPHU CaHOATTa
TATOUK JTHUIIL.

TankukoTHMHr 00bexkTH cudaTuaa KUOUIOK Ba YPMOH XY KallUTd
MaxcyjoTjapd - TONMHAMOYp TyraHaru Ba HabMaTak MeEBAJlapH, YJIAPHUHT
TapkuOugaru OMOJOruK (ao MOAIAIapH CaKJIaHUITUHY TabMUHJIAIIaH HOOpaT.
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TagKUKOTHUHI  mpeAMeTH  BakyymJa-Kyputuml  Kypwimacuna  UK-
JAana3oHJa JJICKTPOMArHUT MAaWJOH HypJaTruwiap, CYBCHU3JIAHTHUPHUILNTA XOC
KOHYHUSITJIAp, TEXHUKA Ba TEXHOJIOTUSIAP XUCOOIaHAH.

TaagkuKoTHUHI ycyJuiapu. Jluccepramusana TEXHOJOTUK Kapa€HHU
MAaTEMATUK MOJICJUIAIITUPUIN Ba ONTUMM3ALMSIIAII YCYJUIApU amalra OILIUPUITaH,
Taxpubagaru SKCIepUMETIAPHUHT (U3UK MOJIETTU OPKaJIM MaTEeMATHUK MOJETHUHT
peat )kapa€Hra aJeKBaTJIUIA TEKILIUPUITaH.

TaagKMKOTHUHT WIMMI SIHTWINTM Kyiuaaruiapiad noopar:

UK-ku3nupuinl - opKajid  BaKyyMAa-KypuTHII — KypwiMacuia TONUHAMOYp
TyTaHAard Ba HAbMATaK MEBAJAPUHU KyPHIL KaPACHUHUHT KHHETUKACU AHUKJIAHTaH;

KaWULIp FOBAaK MAaTepUalla HAMJIMKHUHI XApaKaTIaHUII MOJEINA Ba KyPUTHIL
KapaCHUHU OOIIKAPUIII OPKAM MaxCyJIOTa MHUKPOAJIEMEHT-TApHH TaKCUMIIAHHUIIIN
HaTXacua I0KOpHY cr(aTiii MaxCyJIOT OJIHII ACOCITaHTaH;

UK-ku3aupum  opkainu nacT BakyyM M[IAPOUTHAA MATEPUAIHUHT HYKH
KaTJIaMJIapU/JIa UCCUKJIMK Ba HAMJIMKHU Y3aTWIMIINA XaMmJa KypUTHII >KapacHHaa
JUCKPET PEXKUM YUYYH HCCUKJIUKHMHI HOYM3UKIM TapKAJIUIIMHU Y3Ura XocC
ad3aNIMKIapy aHUKJIAHTaH;

copOumsi Ba JecopOIus M30TEPMACHHM KaillTa WIUIall yCyJulapu OpKaiu
TaxXJIWJIAW COJIMIUTUPWITAaH Ba OPTOroHan perpeccust ycyiu IIocHOB TeHrinamacu
KYpHUHUIIN/IA ACOCIIAHTaH;

TapkuOuja KaHa MoJfanapu OyiraH MaxcyJoTiapiaH KyKyH OJHII Y4YyH
COBYTHIII CUCTEMACHUTa 3ra OYITaH Maiianarnd KOHCTPYKIMACH UIIad YUKWIITaH;

TONUHAMOYp TyraHaru Ba HabMaTaK MeBAacH TapKuOujaru OHOJOTHK (aond
MOJIIaJIApHU CaKJIarad xoJiaa Bakyymaa MK-ku3aupui opkayiv KypyuTHIL )KapaéHu
Y4yH ONTHMaJI 00CUM Ba XapopaT aHWKJIAHTaH.

TagKNKOTHUHT aMaJIMil HATHXKAJIAPH KyHuaaruiapaad uoopar:

Ha3apuili Ba amainuid TaJKUKOTIAp acocuaa Bakyymaa HWK-ku3gupunm
KYPUTHIII KypUIMAacH UILIA0 YUNKUIITaH;

TaIKUK OJTWIaETraH MaTepUAIADHUHT MCCUKIUK (UMK XOccajapuHU
nHOOATra OJITaH XOJiJa BaKyyMJla Hyp KaWTapruain WHOPAKU3WI KypPHUTHII
KypwiMacu &€paaMuja TONMMHAMOYp TyraHaru Ba HabMaTaKk MEBAaCUHHUHT
camapaiop KaiTa UIUIall TEXHOJIOTUSCH UIIUTa0 YMKUJITaH;

NK-nmypnaTtruunapHy panuoHan KOWIAIITHUPHUIL Ba CYBCU3JAHTUPUIIAETTaH
MaxcyJioTra  WH(QpaKu3wil  HYpPJIApHUHT OWp  TEKHUCAa  TapKATUIIAHWHT
TabMUHJIOBYM MaxCyC Hyp KauTaprud €EpaaMuaa dJIEKTOPOSHEPrHs Ba KypHUII
BAKTMHU KUCKApHUIIU aCOCJIAHTaH;

KYPHUTHUII T€XHOJIOTUSICUHUHT KOHYHUSITJIApUra aCOCaH TOMMHAMOyp TyraHaru
BA HAbMATaK MEBACHMHU KaWTa HILIAII Xapa€HU YUYyH HOYHU3UKIN JUHAMHUK
Mozenu €paamuna Bakyymuaa MK-HypraTruwin KypUTHUIIHUHT ONTUMAaN YCYJIU
WINLIA0 YMKUITaH,

Kyputunaérran Maxcysiorra HWK-nuama3oHin 3I€KTpOMAarHuT MauJoH[Ia
TeOpaHMIIHU KYJIJIall XUCOOHUra KypuIl kapaéHu Mexanu3mu 4-5% ra Te3namranu
AQHUKJIAHTaH;

O3UK-OBKaT, (apMaleBTUKa CaHOATJIApU Ba YPMOH XYXKAJIUKIApU Y4yH
ApaTWIraH COJMUINTUpMA HHeprus caphu kaMm Oyiaran KypwiMmaga OJIMHTaH
HaTWXKaJIap KyJUTAaHUJITaH;



WHYJIUH MOJJACUHA MHUHUMAJl MHYKOTWUIUIIM TabMUHJIAHTAH, KOHBEKTHUB
Kyputuil ycyauaa 33,3 Mr% rada, Maxauimii mouiad yuKapyBuMjap TOMOHHJIAH
Kymnarad ycynna 8-9 mr% raua, taknud stunaérran ycynna 45,4 mr% raua
MUKOp/Ia UHYJIUH MOJIaCu CaKJIaHTaH;

KypUTWITaH HabMaTaK TapKUOWAa KOJIraH acKOpPOMH KHCIOTa MHUKIOpU
taknud stunaérran ycynnaa 0,77 mr% rava, renvo Kypurum ycynauaa 0,15 mr%
raua, UK kyputum ycynupa 0,71 mr% rada, KOHBEKTHB KypUTHII YyCYJIHIA
0,12 Mr% rava Ba Maxauididi uiuIad YMKapyBUMIAp TOMOHUAAH KYJUIaran ycyJiiaa
0,59 Mr% raua cakjaHras;

C++ Builder 6.0 mactypu €pnamuga KypuTHII >Kapa€HUHUHT MaTEMaTHK
Moaean unuia®d uukuaran Ba Y3P MMAma NeDGU 03533 pakam OwuiaH
12.02.2016 iinnina pyiixarra OJMHIaH;

Bakyymaa UK-xyputuim kKypunmacugad ¢oiagaHUIl y9yH TEXHHUK IIapT
unuiad YUKUITaH Ba TaCUKJIAHTaH;

TOMUHAMOYp TyraHarw Ba HabMaTaK MEBACHJIaH KyKyH HILIA0 YUKAPUIITHUHT
BAKTHHYAJIUK TEXHOJOTUK PErJlaMeHTH WIUIa0 YUKWITaH Ba <<SV’3(1)apMcaH0aT»
JAK ToMOHUMaH TaCAUKJIQHTaH.

TaagkukoT HATUKAJTAPUHUHT UIIOHYJIMJIUTH. Marematuk
MOJICJUTAIITUPUII >KapaHU YYyH OOILUIaHFUY Takpuba HaTKajgapu OJIMHHO,
ym0y HaTXajlap OKOPU aHUKIMKAA Yiuyam acOoOmapu €praMuja  OJIMHTaH,
MATLAB 6.5, STATISTIKA 6.0, Windows XP, Microsoft Excel kabu 3amonaBuii
OTepallioH MyXUTIapaaH EpaamMuaa KOMIbIOTEpIa MOICIUIAIITUPHUII OaXKapuiIraH,
KapaCHHUHT CTaTUCTUK MOJIeNMra oJra Oyiran perpeccHoH TEeHrJamaiap
OJIMHTAHJINTH OWJIaH acOCJIaHTaH.

TagKUKOT HATHKAJAPMHMHI MJIMUA Ba aMaJud axaMusATH. TagKUKOT
HATKAJIAPUHUHT WIMHA axaMHUATH TONMMHAMOYpP TyraHard Ba HabMaTak MEBAaCHHU
Bakyymaa HWK-kypuwnmacu €Epnammaa KalWTa WIUIAWIWMTAH CaMapaiop KOMIUIEKC
TEXHOJIOTHS WNDIA0 YWKWITAaH Ba XOMAMICHUHT OONUIAaHFUY OHWOJIOTHK  (haos
MOJITAJIApUHY MaKCUMaJl Iapakaja cakjarad XoJj/1a KaiTa uluiam OuiiaH u30xJj1aHa/iu.

TagkUKOT HATWXKAJTAPUHUHT aMaliMil aXxamMusTH TONMMHAMOyp TyraHard Ba
HabMaTaK MEBAJApUHU DHEPro- Ba PECYpPCTEKAMKOP KalTa uIuIall TEXHOJOTHK
TU3UMUHU KYJUIall HATHKacHAa MaxCyJoT TapkuOuaaru 6uodaos MoamamapHUHT
CakJaHuWO KOJUIIMHM TabMUHJIAII XaMmJa KaWTa HIIam kapa€Huaa XoMarilé
WYKOTWIMIIMHA KaMAaUTUPUIITA XU3MAT KUJIA .

TagKUKOT HATHKAJAPUHMHI KOPUHM KHJIMHUIIM. Kyputum ycyinnHU
unIad YUKW OYrda OJIMHTaH UMUK HAaTHXKaJlap acoCHIa:

TYraHAKIM MaxCyJIOTIAPHH KypHTHII yCylaura Y30ekuctoH PecryGmmkacy
WuTenmnekTyan MyJIK areHTIUTMHUHT uxTupo nateHtu (23.07.2014 it. Ne IAP 04936)
onuHraH. MnMmuil TagKUKOT HAaTHXKACH KYpPUTHUII OpKajdud Xomamllé TapkuOujaaru
o6rodaon Mommanapy cakjiaHTaH MaxCyJI0T OJIMIIT UMKOHUHH OSp/IH;

TonuHaMOyp TyraHard Ba HabMaTak MeEBacu TapkuOuaaru Ouodaon
MOJUIANAPHU CAK/IaraH Xolja KaiiTa HILIAl TEeXHONOTHACH «Y3dapMcaHoa»
JIaBJlaT aKUUSIOPIUK KOHILEPHU Xamjaa KHIIOK Ba CyB XYXKaJauTru Ba3UPJIUTH
TU3UMIIAPHTa KMPYBYH KOPXOHAIap/a skopuil stiiran («Y3dapMmcaHoar» napiat
aknusagopiauk koHnepHuHuHr 2015 #iun 30 HosOpmaru MJI-06/1868-con xamma
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Kumnuiok Ba cyB xyxanuru Bazupauruaunr 2015 wiun 10 centsopaaru 06/14-893-
COH MabliyMOTHOManapu). Bakyymua uH(paku3un Hyp €EpaaMuaa KypUTHIL
TEXHOJIOTHSCUHM KYJUlall HaTWXKacuaa HIuad uyukapuil KyBBaTuHU 20%raua
OLLIMPUII UMKOHUHU Oepra.

TagKuKoT HaTHKAJAPDMHMHI  anpoOaumscH. [luccepraums — umm
HaTWXKaNapyu KyWuIard WIMHHA - amMalduil  awKyMaHjiap Ba  XaJlKapo
KoH(pepeHnusapaa anpodamnusgan yrrad: «unoBamus» (Tomkent, 2007-2009,
2014, 2015); «Bsicokue Texnomoruu XXI Beka» (Mocksa, 2008); «Maxamnui
XoMmami€ Ba MaxCyJIOTJIapHM KaWTa unuiam texHojoruscu» (Tomkent, 2008);
«KunuioK xyxalluk MaxCyJIOTJIADUHU E€TUIITHPHUII, Cakjall Ba KalTa WIJIAIIHU
HKOJIOTHK TO3a pecypcrexkaMkop TexHosorusuiapm» (Tomkent, 2009); «Tabunii
Oupukmanap KUMECHHUHT A0a3ap0 myammodnapu» (Tomkent, 2010, 2015); «Green
Growth Strategy of SMEs (Small and Medium sized Enterprises) in the New Silk
Road Countries» (Korea, 2010); «OHepreTMKaHMHI 3aMOHABUN XOJIATH Ba
puBoxianui uctukoosmapu» (Tomkent, 2011); «O3uK-OBKAaT CaHOATUHHUHT
UJIFOP TEXHOJIOTUSLITApH (byxopo, 2011-2012); «MamtakaTUMU3HA
MOJIEpHU3AIMS KWINII Ba Ky4id (yKapoJuK >KaMHUsTH Oaprno dTuijga uiM-¢as,
TEXHOJOTUSIHUHT YpHU» (AnmmwxkoH, 2011, 2014); «HwuskoremneparypHble u
numeBble  TexHonorun B XXI  Beke» (Cankt-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); «Kum€ TexHONOTHSICH TapMOKJIAPUHUHT  J0J13ap0
myammodiapu» (byxopo, 2015); «buorexHonmorusi: COCTOSHHE M MEPCIEKTUBbI
pazButusi» (MockBa, 2015), «Multimedia Information Technology and
Applications — MITA-2015» (Korea-Uzbekistan, 2015).

TagKnKoT HATHKAJAPUHMHI 3bJOH KHUJIMHMIIHU. Jluccepranus MaB3ycu
Oyinua xamu 46 Ta WIMHIA WO YOM STWITaH, IIyJapaad, 2 Ta MoHorpadwus, 1 Ta
MXTHPOTa NATEHT OJMHIraH, Y30ekucToH PecnyGmukacn Onmii  aTTecTamus
KOMHCCHUSICUHUHT JIOKTOPJIMK JUCCEpPTAllUsIapd acOCUW WIMHUN HaTWXKaJapuHU
YOIl ATHUII Y4YYH TaBCUs ITWITAH WIMHUKA Hampiapaa 16 ta mMakona, >KymJiaJaH,
8 Tacu pecmy0irKa Ba 8 TacH XOPWXKUHN KypHAJUIapa Halllp dTHIITaH.

JluccepTauMsIHUHT TY3WJIMIIM Ba Xa:KMM. [[uccepramusi TapkuOu KUpUI,
TypTTa 000, Xynoca, (Qoiimamanuiaran agabuéTiap pyixaTd Ba HIOBalapiaH
noopar. {uccepranmssauar Xxaxmu 200 OSTHU TAITKHII dTraH.
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JIACCEPTAIIMSIHUHT ACOCUN MASMYHHA

Kupum xucmuna yTkaswirad TaAKUKOTIAPHUHT J0J3apOJIUTU Ba 3apypartu
acocjaHraH, TaJIKMKOTHHUHI Makcaau Ba Basudanapu, oOBEKT Ba IpeIMeTIapu
TaBcu(IaHraH, pecnyoanka Gad Ba TEXHOJIOTHIIAPH PUBOKIAHUIIIMHUHT yCTYBOP
HYHanuIuIapura MOCIUIUM KYpCcaTWraH, TaAKUKOTHUHI WIMMHM SIHTWJIMTH Ba
amMauil HaTWKanapu 0a€H KUIMHIAH, OJJMHIaH HATWKAJIAPHUHT UJIMUN Ba aMajui
axamMHATH ouuO OepuiiraH, TaJAKUKOT HATHKAIAPUHU aMallu€Tra >KOpUN KWIIMIL,
Halllp STWIraH WILIap Ba JAMCCEepTalMs Ty3WIHMIIM OYViu4a MabIyMOTIap
KEJTUPUIITaH.

HuccepralsiHUHT  «O3MK-0BKAT MAaXCYJOTJAPHMHH KaiiTa HILIalI
TeXHOJIOTHSICH MYaMMOJIADUHUHT 3aMOHABHII X0JIaTH (TONMHAMOYP TyraHaru
Ba HaAbMaTakK MeBAaJIapH MHMCOJMAA)» 1c0 HOMIAHTaH OMpHHYM OOOHIIa O3MK-
OBKaT MaxCyJOTJIAPUHU KalTa MIUIANl TEXHOJIOTMSUIAPUHUHT 3aMOHABHUU XOJIATH
TaxJIW1 KWJIMHTaH (TonmMHaMOyp TyraHarud Ba HabMaTak MeBajapu MHCOJIHA) Ba
TEXHOJIOTHK CXeMaja CcU(aTId KypUTHII >KapaéHU acoCUM OMMUJI SKaHJIUTU
Oenrunanrad. TonuHamOyp TyraHara Ba HabMaTak MEBaJIapuHU  KaiiTa
UILIANIard MaBXyJl MyaMMoJlap TaXJWIWIAaH KYpUHAIWKH, KaiTa WIUIaHaETraH
MaxCyJOTHH BakyymJa HHPPAKU3WI HypJIapHH KyJUlall OpKadd KypUTHII
Kenmaxarn Oop ycyurapuman Oupm Oynmmbd, OyHma wmaxcyrnormaru doiganu
AJIIEMEHTIIap CakJIaHUO KoJiagu. XOMAII€HU KypUTUIIIa OUp BaKTIa MKKHU >KapaéH
Ke4aJu: HAaMHHUHT OyflaHumM (Macca aJMalllMHyBH) Ba MCCUKJIMK YTKa3WII
(MccuKIMK anMamumm). HaM MaxcynoTiaapHu KypUTHII KyHUJarujiapHu Y3 uuura
OJIaJli: UCCUKJIMK VTKa3Will Ba MaTepuall Muujard maccacu (Muku Basuda) Ba
YeTKH Karjampaa Oymak verapa ¢azacuna (Tamku Bazuda). Mccukimuk yTkasuin
[IAPOWTH Ba MaTepuajl MYUAAard Maccacura Ba Oymak uerapacu ¢azacura OOFIHK;
YEeTKU KaTJIamM/la UICCUKJIMK Ba Macca YTKa3WIll UMKOHUATH OWJIaH MaTepuall Huuja
HaM Ba MCCHUKJMK OyiraHuja KypUTHUII >Kapa€HU Te3namud OopulIu IOKOpU
Oynaau. VICCUKJIMKHUHT TalllKy [IAPOUTH Ba Macca Ba MaTepHall MUKJla HAMIIMKHU
Ba HUCCHUKJIMKHU YTKa3UIl WApOUTH (AUy33USTHU KMUUK KOI(P(ULHEHTIApU EKU
HAMJIMKHU YTKa3yBUaHJIMK Ba OOLIKajgap) KypHUIl TE3IUTMHUHT OpTUO OopuImra
TabCUP KWiIaauw; O0ab3u XoJulapja KanuUIsip-FOBaK Marepuanaa OyfJlaHWII Ba
cyOnumanus (azara YTUII KUCMJIAPUHUHT XOCHJI OYJIMIIM 103ala 3Mac, Oalku
KalnuIIp-FOBAaK MaTepuaj Hunja Ky3aTHiaiam.

Mamutakatumus arpocasoar KOMIUIEKCH1a MaBXKy [ KypUTHLI
KypUJIMaJIapuHU XO3UPTU XOJaTH, KYpUTHILI yCyJUlapuHH 0axoiad, TonmuHamOyp
TyraHarl Ba HabMaTaK MEBAJApUMHU caHOAT MUKEcHIA cU(DaTIM KypUTHUII SHTU
KypPUTHLI YCYJUIAPUHU SpaTHIl MyaMMOJApU MaBXyJ JE€raH XyJocara KeJHIll
MYMKHH.
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HMuccepranusinuar  «Kanuwuisip FOBaK  MATepPHAIVIAPDHM  KYPHUTHII
JKapaéHMHH MATeMaTHK MOJAe/UIAIITHPUID 1e0 HOMJIAHTaH WKKUHYM Oo0ujaa
KallwuUIsip FOBaK OynaraH YCUMIMK MarTepUaUlapuHUd  KypUTULI KapaCHUHU
MaTeMaTUK MOJCJUIAIITUPHII HATIKAIapyd Ba TONMHAMOYp TyraHard Xamja
HabMaTAK MEBACHHU KYpPUTHII >KAPAEHUHUHI HAa3apuil TaIKUKOTJIApU KEJITUPHUIITaH.
Tankuk KwiMHAETraH MaTepUAJUIAPDHUHT KaNWULp FOBAaKIM, HAMJIMKHUHT
XapakaTIaHWIl MaTeMaTuk Moaenu unuiad uyukwirad. Kypum sxapaéHuaa
MOJUTAJIADHUHT ~ TaKCMMJIAHWIIMHM, OSKyMJIaJlaH MOJAJNIApHU  Kariam  Oynuo
TYpyXJIaHUILIY TMHAMUKACH XaM KEeJITHPUIITaH.

Jucceprauus nimia SpUuTManapiari KailTa TakCUMJIaHTaH KOMIIOHEHTJIAPHUHT
yeuiu (SbHU KATTUK (ha3aHUHT YCHINM Ba [03ara HaMJIMKHUHT XapakaTu Oyhnda
KOHIICHTpAallMs BapualUsUIapy SIHIM X0JIaTH) YpraHwiau. byFiaHuiaa HaMIMKHUHT
Oup Tapaduiama XxapakaTh ypranwiad. Bakyym mapoutnaa KypuTHil (akaTrhHa
CYIOKJIMK XapakaTu KoJIMai, OaJIKi HaMJIMK XapaKaTMHUHT HUCOATaH MacT Xxapopar/a
pYii OepauraH «CyOKIHMK-Ta3» (Ga3oBUN YTUIILUIAPU KYpCaTHIITaH.

Ymly KOHIIENTyaldl MOJAETHU YPraHWII Y49yH YM3UKCHU3 TYJIKHHIap Oymummuga
KEeHT VpraHwjiaJuraH HOYM3WK MaTeMaTUK XpomoTorpadus TaBcudura mypoxkaar
Kuiamu3. buz takimmd sraérraH Kamwuispiapia KYHAAJaHT KecHM  ajiMalllajiu,
KyMJIaJjaH KypUTHII BaKTUTa HUCOATaH CEKWHPOK Y3rapuiimaan uoopar. AilHaH aHa
IIyHAald MacajlaHu KypuO ymKaMu3. bollIaHFud BaKT[a KamWUIBIPHUHT panuycu Ry
oynca. Kuzgupuin Ba Oyfimanuiinra OOFIMK OYJAraH YCHUITHMHT KaMalWIU OWJIaH
(GyHKUMSHUHT R=R(?) ceKuHIMK OWiaH y3rapuiiu pyi Oepaau, 0y epaa t=0 R(0)=R.

XKapaén Ttexkuc Oynrammurd ydyH ¢ (yHKIUS BakTAaH Y3 apryMEeHTUIaH
y3inyken3 pyukuus xucodnanamy. Llynunr yuyn, Teinop katopura HykTa atpoduaa
TAaKCUMJIAHUIIH =0 YpUHIIH,

R=Ro(l+ut+gx) (1)
by epna u, g —xoaddunmentnap.

Tennop Kkaropura TAKCUMIJIAHHII KyWH1ard KypPUHUILTA 3ra:

RZRO 1+L8—R,uf+ia—qu ' (2)
Ry out™ R, Opx
Kypunaérran xkapaén wmypakka® wMyxuraa yraérrawnura — Tydaim
MEXaHWKaHUHT MabliyM OYJiraH TEKUC MyXHTIapja — Macca CakJaHWII KOHYHH Ba
Haifyanmapaa anacopOmust Ba  JecOpOIMsl KHHETHK JKapaHinap KOHYHHUSTHHU
KYJUTauMMU3.
Coppmanamtupuil  Makcaaula KanWULIPJIApHUHT  KYHAAJAHT  F03aCHHU

S
KUputamus, S = 7R*(t), u Efz A—const. By aca auamerpHuHr Kuckapuimm A<0 ga

YU3UKIUAUDP. A  KaTTaJUrd  KYPUTHUIIHUHT  TE3JIMTUIa Ba  KypUTWIAETraH
MaTEepUATHUHT TYWHHUII MOWMJUTUTUTA OOFITHUK.

Xucobyap myHH KypcaTaiu:
1

(a3
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VTKasuiIraH TAIKMKOTIAP HATHKACH (A KYPHTHII BAKTUIA KAMILIAPAA KYPHTHIIT

YUyH Kepak OyIiraH BakTra HUcOaTaH KyH/IaJIaHT KECUM CEKUH Y3TapyIli aHUKJIaH/IH.
Kypurui sxapaéHUHUHT MUKPO HOTEKUCITMIIMTH MYXHTIa dra sMac Oup XoJjataaH
WKKUHYA XoJiaTra YTyBYM (Da30BHIl Xapakariaap MaBXyJ[ TEXHOJIOTHK YcCysulapia
MaTeMaTUK MOJEIHU  SIpaTUIl Y4yH JUHAMHUK V3rapTUPHUIUIApAa  OJIMHOM
SKUHIIAIIMINA ~ Y3MHUHT — 4erapacura dra.  MUKpOJIEMEHTIIApHUHT  HaMyHaJa
TapKAJMIIIMHUHT aCOCHH KapaéHW dpUraH MOJUIANIapHU, 3appadajiap Ba Ty3Jap HOHUHH
TallyBYM CYIOKJIMK XapaKaTHCH3 KaTTHK (a3agaH, TammnaérraH MaTeprai 3ca KUCMaH
KaTTuK (hazaaa aacopOepIaHuim OuiaH XyJocanaHaay. by xapaéHau uneamamTipro,

CYIOKJIMKHUHT 3appavaiapy JOMMUH v TE3NMKAA XapaKaTiaHau 1e0 KaOyll KijiaMus3.
Huddys3ron xkapa€HnapHu OKWAIMA  XUCOOra OJMHUILM — aJICOPOLIMSTHUHT
MaTeMaTUK MOJEIMHM MypaKKaOJIaluTHpaay Ba Macaland (Pa3oBUil  TapKaJIMII

napameTpura onuo0 kenaau. byHna cakiaHuI KOHyHU KyHHIard KypuHUIIIa 6ynam:

a(pf+p,) 0 o0 p,
— L —\vp, )=h 5L, 4
o ox o)) o ¥
by epna, & - cyBcuznantupuiaérrad 00beKTHUHT AU dy3ust KorhUIeHTH.

Jespnu MyBO3aHaT X0J1aT y4yH KyHUar TEHIlaMajiap CUTEMacura SraMus:

op op; 0Py
ot relp,) axV_h ox2
clp,)= T+ R(p,)

_ K K ,AB
R(/’f) [KzB T (K, - Kz)pf]z-

Tenrnamanap (5)p, naH ¢ Te3nurura OOFIMK YM3UKIIM IIAPTAA aHMKJIAHIaH.

)

Koymna-Xond undonacunm anmamrmupuin €paMuia aHUK €4MMra 3ra MaTepUaTHUHT
XyKaiipacuzia aBBajIaH Ky3J1aHraH MUKPO3JIEMEHTIIAPHUHT (PA30BHIA TAPKAIMIIH OMIaH
KypUTWITAaH MaxCyJIOT OJIMII HMMKOHUSITMHM aKC STTUPYBYM, NMapaOoJMK IIAKIIAry
TEHIJIaMa OJIMH]IH.

ABBaJI aUTWITAHUJIEK, KYpPUTHILI KapaéHHIA CYIOKIMK OOCHUMUHHMHI KarTa
rpaJueHTIapy KYTMHYAa MUKPOEPUKIAP XOCHI KWIAJM Ba MaxCyJOT WYKapUCHIaH
HAMJIMKHUHT MaxCyJIOT F03acura OKuO unkuimra cabad 6ymamu. Hatmwkana Kyputiirad
MaxCyJOTHHHT OMo(}aosl MOJIaIapyiHU Ccakiad KOJIMIIIA 3apap eTKa3MacIaH CYHBHM
yCyJ1 OMIaH Xam spuiiica Oyaau.

FOkopuna KEJITUPUIITaH CYBCH3JIaHTUPHIIAETraH MaxcyJoriapaa
MHUKpPOJIEMEHTIIAp ~ XapakaTh >Kapa€HWMHUM  MabiyM TeHDIamajgap €paamuia
HIAKJUTAHTUPUI MYMKUH. KeTma-KeTiuk sikumianmim €pramuiaa Kypuiaétran XoJiar
YUYH HOUM3HK TEHIJIaMaH! (4) TaX il KAilaMus3.

VTaaMcn3 KypcaTKUHIapHA KUPATAMH3: X = %, t = %
bynma, L- MaxCynOTHMHI KypuTuINraya OyiraH KaJWHIWTH, [-KypUTHIIHIHT
MaKCUMaJl BaKTH.

PYPHETA, p) = Ay xupuTu6, (5)yHnaH
f1t=0
op; .O0p;
AR
ot ox

2 *
h 86,02 HHU XOCHJT KHJIAMH3. (6)
X
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. T . hT
By epna, ¢ —c(,o)L, h ==
Ndonanu commanamrupuin Makcaauaa Kyduaa MTPUXJIAPHA OUO TalLiaiMus,
JIEKMH OJIIMH/IA YITYOBCHU3 JKOMIapaaru xapakariap (6) TMHaAMUKAcH Ky34a TyTHJITaH.
Kylhnparnam kupuramus:

ngy=NN;, n,=p;,

Iy o O (7)
ot ox ox
by epna, ni, ¢, x, h —sHrU Y14oBCH3.
Houwnzuk Tenrnamanuur (7) e4MMy KeTMa-KeTIMK SKUHJIAIIUII YCYIH EpamMmuia
XOCHJI KMJIMHAIH.

n=ny(x,t) YN3MKIM SKUHIAIIKII €4UMH, SbHU c=cons Oyiaranga, (7) TeHriama
€UMMH YMBUKIM 71, (x,7)=n,(x—c,) eunmra sra. @Dusuk kuxarman Oy — (GpoHT
KYPUHUIIUJIATH TE3UK OWIaH c, = c(no)oz[zmﬁ xapakat xucoOnaHaau. Acl €4UMHU

SKHWH KCJII'aH IIaKJIaa Kyﬁﬂz[amqa I/ICI)OJIaIH MYMKHH:
n,=ny, (x,t)+ n/ (x,t). (8)

(8) yuyH Kyiujarura sraMmms3
on, on, o'n.,
fon g O
a o o )]
Ac=c(0)]1-AR]
oynaa AR uu (5)nan onamus.

byHuHT HaTkacwga xapakaT JkKapaCHM BakT YTHIKM OWIaH OMprajvkiaa Karra
Yycub GopyBuM KyWuaaru TpakroBKara yHantupaau. bupok, muddysnon xapaéunap
KOHIICHTPAIIUSIHA BakKT YTUIIM MoOOalHWIA YCUII TapKaJulldra Hya KyriMmanau,
OyHaal XoaucaIapHu TEKHCTAllra UHTWIaIU. by MKk (U3MK XOIMCATIapHUHT Y3apo
TabCUPHU Y EKH OOIIKa MUKPORJIEMEHTIIap XapaKaT MEXaHU3MUHH aHUKJ1a0 Oepaiu.
Kypub umkuna€rran TeHIVIaMaJlapHU CUYWIMIIWAA —SKUHJIAIITUPWITAH —Ba
AHAJIUTHYK alllIPOKCUMAIIMS YCYJIMHU KYIJUTAIl HATUKAIAPU KEITUPUIITAH.

(=5?

=t +f°F{§— v } e dfdr+0[h(t—r)-VT
0

M 1+R(n) | \27h(t—7) +R (10)

Tenrnamanap eunmuga (8) SKMHIAIITHPWITAH Ba AHAJIUTHUK amllpOKCUMAIIUS
yuyH (QYyHKUMSUIApDHU OMp XWira KEATUPHILI YCYJIMHUHT KYJUIAHWIMIIM HaTHXKacuja

byukpsau JlarmnacHUHT anmpokcuManusiian (GopMyITacHHU OJIAaMU3:
=gy
V ) e 4h([—r) 3

1+ R(n,) \/2h7z(z—r)+0(h)2’ (1

n=n0(x,t)+£F(§—

bynna, F :(no )xx.

OnuHran TeHIIaMa YMBUKCH3IUKHUHT A(GGEKTIapuHu  €Tapiv  Japaxasa
XpFCOOra OJIMIITa UMKOH Oepa/IH.

[lynmaii Kwmb, MUKpO OUp >KUHCIM OYyJMaraH Xoaucajap POJIMHUHT
MaxCyJOTHH CYBCH3JIQHTUPHUII >Kapa€HHIard Tax)IMIA HaTwkacuaa OW3 TOMOHIAaH
TyraJUlaHTaH MaxCyJOT TapKuOumarn OHONOTUK (Ao MOJIATapHUHT CaKJIaHUO
KOJIUIIIUTa WMKOH OepyBYM KYypHUTHIN >KapaéHUHM WHTCHCU(MUKAIUSCUHHUHT STHIH
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yCyIuiapy UIuiad YUKW,

Pexxanammupunran  Taxkpuba acocuja KypUTHIN SKapaéHU Y4yH —TallKu
omwuiapauar (UK tynkuanap, teOpaHMil, BaKyyM Jgapakach) TabCHPH YpraHuo
yukuirad. Koppemsimon koddduimerTinap Ba MaTeMaTHK MOJEIUIAp OJMHTAaH Ba
yioy OakapwiiraH TaXpUOATAPHUHT CTATUK WMIUIOBH aMaira ommprirad. Kypurum
BaktH 77~0,84; r2~0,85; r3=0,85 Ba sueprus capdwura r;0=0,83; r20=0,83; r30=0,63
KOPPETSIIUSHUHT YU3UKITNA KOI(DHUITESHTH OJTUH]TH.

Kyputnin xapaéHuga kamiamiapia KpPUCTAUIAHTAH MOJJAIIAPHUHT  KalTa
TaKCUMJIAHUIIM ~ OyiMM4ya OSKCIEPUMEHTIAPHUHT  PEXKATAITUPWITAH  YCyJUTapu
Vrrazwirad. XKymiaaaH, TonuHaMOyp TyraHard TapKuOWIard UHYJIWH MOJJIACUHUHT
MabJIyM KaTjaamiiap/a TapKaJivil 3rp14 YU3UKJIAPH OJIMHIaH.

UK nypmarruanu kypud yuKamus.
[Tapamien kepaMHK Halyaiiap TYpJH
MaTepualiiaH TaIIKUII TONTraH
TEKUCITUKHUA KU3AUpCcuH (1-pacm).

Hypnanaérran A Ba B
HyKTaJJapHA TaKKOCJHAll YYyH XucoO0sad

1
5 YUKAMU3. I=1,-— KyBBar Owian
r

WIMHIPUK ~ Hypjarruwiap  TabCUp
KWIaay, OyHIa r— paauycra TeHr OyiraH
VKIaH IIWIMHAP ro3acurava  OVyirad
macopa, m, [ —r wmacodacuma
HYPJIAQHUIIHUHT OKUM KyBBaTH, Bm, sSTbHU
MalOoH OHpIWTHAAaH BakT Oupiurura yTyBuM » Macodacuaa HHGPaKU3UI
TYJIKUHJIAPHUHT SHEPTUsiCH, [p—KepaMUK HalluaJld HypJIATTUYHUHT TYJIUK OKUMU.

1, 1,

h2 y2

l-nHypnatruy; 2—ceTka 103acu; 3—MaxcyJoT.
1-pacm. Ilapannen kepamuk TpyOKkansap
épaammuaa xocus 0yaran UK-maiiion

1y

2
A HyKrara -~ HYpJIaHMII  Ky4H,
X

B Hykracura oca

HYHAITHPWITAHINTA  KYPUHUO TypuOau. y° =h++x* —h’ SKaHIMIUHE  9BTHOOpTa
OJIaMU3.

Wudpaku3un HyplaHUIIHUHT TeHrMruga A Ba B Hykranmapaa Kyiunmarura
dramMus:

21, 1, I,

ol b (12
’\ \%\/ xR pa2x—h
<{ bﬁ P 4 £ =% Oy Genruam Kyyuiao,
‘, ‘\ : l’ ,’

— E+é+2=0mmomamm3  (13)
4 By epma x, y-KoopmuHaTtamap, M,
h—Hypnarrud  Ba  Hyp  KaWTapuil

TEKUCIIMTUHUHT  aCOCHI opajiurugaru

/3

- S b b s b s ai

|-iiyHanTupyBurpama; 2—Hyp Kaitaprud; 3—xom
ameé; 4-MK naitua.
2-pacm. llaxyuin HypKaiTapru4y cxeMacu

16

macoda, M, & YITIHOBCH3 KaTTaIUK.

(13) Tenrmuk ¢ Hu  Oapua
kuiiMaTiapaa 0 ra TEHIJIMTUHH, SHHU
muckpuMuHaHT 0 maH dapkim OyiaraHu



cababmm y Oaxkapuimaran. by aca omamii AuCKpeT Haltwanap €paamuaa Oup TeKucaa
UHGPAKU3UI HYPJIaHUIIHA OO OOpUIT HIMKOHMSITH WYKIUTUIAH AajnojaT Oepaiu.
By TeHrnuk Hypnarruy auaMmeTpura HuUcOaTaH HypiiaHa€TraH HyKra Macodacu
KaTTa Oynranaa Tyrpu kenaau. bupok, kym XoJuiapaa HypiaaTrudjap ys3apo
HypJaTruy JuaMeTpura Hucbaran macodacu Kucka OYnu0 sxoinamran Oynaau.
Nudpakuzun Hypiiv KypUTHII KaMmepanapuaa 0oliKa MaBxKy/[ X0Ji1a, Ky KaBaTiiu
KypUTHII TYpjlapu Teckapu camapa Oepanu. by xonatHu Oaprapad >THII y4yH
SIHTY IIAKJUTM HYp KalTapruwiap cucremacu takiud stunaau. Hyp xaltaprudiap
dakaTruHa Oup TEKUC HYp KaWTapuOruHa KoJMacaaH, OaJiku Talku Tapadu OuiiaH
MaxcyJOT 3appadajapvHd Hyp KaWTapruwiap o3acura TYIIYBUM CYIOKJIUKHU
TYIIMIIAHUHT OJITUHU OJIAIH.

HypnanummHuHT MakcuMan MIapouTHIa OJWHTAH KUMMAaTJIapu: aeBopiap
opanurunaru macoda —170 mm, Haitua auameTpu —22 mm, TYp Ba HypaaTruy
opanurunaru macoda —135 mm, Hypnarruyd 103acM Ba HYp KaWTaprUYHUHT
HucbaTaH SHI y30K HyKTacu opaimrumaru macoda —22 mm. Bynpma: @ma=27,4%
(Dmin:18,30; WS ((Dmax'(omin)zlg,lo.

Haityanmapuunr opanuk macodacu 400 sm 6Y1ub, mapasuien »xoinamranuaa
HYpJaHUIIHUHT Oup MebEp/ia TAKCUMIIAHMILIM Ba HypiaTUIAETraH 103a MakcuMmal
KYJUTAaHWJIHAIITUTA SPULTIIIA]TH.

Huccepranussauar  «Taxpubda  cMHOB — KypWwiIMacuaa  KypUTHII
JKAPaéHUHM TaAKMK KWIMID» 1e0 HOMJIAaHTraH Yy4YuHUM OoOujga TaaKuK
TWIIAETTaH TONMHAMOyp TyraHaruHu «My»ku3a» HaBM Ba HabMaTak MeEBacu
HAbMYHAQJIAPUHUHT CyB Oyfuaard copOuust Ba AecOopOIUsS HMCCUKIUK-TEXHHUK
taBcuu 293 K xapoparna ypranwirad. OauHran mabiymotiap 3-4-pacmiapia
Kentupwirad. TonuHaMOyp TyraHard Ba HabMaTak MEBAaCHM HaMyHaJapUHHUHT CYB
Oyruparu copOIMsi HM30T€pPMACH acoCHJla MOHOKATIaM XaXMH, COJIMIITHPMA
103aCH, FOBAKJIAPHUHI YMYMHH XaXMH Ba Kamwuisipiap paauycu bpynayap,
Ommer Ba Teitmop (BOT) Tenrmamacu €ppamuaa xucoOmanrad. TommHamMOyp
Tyranaruau Bakyym UK Hyp €épaammupa KypuUTWUITaHAAa YHUHT MCCUKIUK-TEXHUK
TaBCU(U — KANMUIAPIAPHUHT CONMIITUPMA OFUPIIUK fo3acu 18,38 m*/r Gyiranna,
TONUHAMOYp FOBAKIAPUHUHT MUKIOpui xaxmu Bakyym WMKkyputumma 0,440
CM>/T HM TaIKuI Kuitaad. TalKUuKOTHUHT MKKMHYM MaxCyJI0TH —HabMaTaK MeBacH
yayH Bakyym WK KypuTHiiga HCCHKIMK-TEXHUK TaBCHU(PH XaM aHUKJIAHUO,
KaNWUISPIAPHUHT  COJMINTHPMA OFUPIMK fo3acu 12,30 Mm%/r  Gyiranna,
FOBAKJIAPMHKMHT MUKI0pUi Xaxmu BakyyM UK kyputuinzga 0,390 cM>/r Hu Taimku
KUJIAIH.
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3-pacm. TonnHaMOYpHHHT copOms 4-pacm. HabMaTak MeBaCMHHMHT
Ba JiecopOuMs U30TepMalapu 3rpu copOuus Ba recopouus
YH3UKJIAPH U30TepMaJIapy 3TPH YHU3HKIAPH

TonunamOyp TyraHaru Ba HAbMaTaKk MEBacCU HAMYHAJAPUHUHT CyB OyFuaaru
copOuus Ba aecopOuusicu O6yiinya onnubd OOpuiIrad TaJKUKOT HaTHXKajdapu acocuia
KaWUISP-FOBAKIIMIIUK CTPYKTypa MapaMeTpiapu aHukiaanad. Onub Oopuiiraxn
TAaIKUKOTIAp HATWXKacuja TONMHAMOyp TyraHard Ba HabMaTaK MeEBaJapUHUHT
copO1usi Ba iecopOLust U30TepMaliapH: X,—MOHOKATIIaM XaXMH, S.—CONHUIITHPMA
103acu, Wy—FOBaKIIApHUHT XAXKMUNA MHUKIOPH, 7—KalWUIsAp PaanyCH aHUKJIAH]IH.
Ymby wmabiymMoTIap TaaKUK OSTUIAETraH MaTepuaUlapHU KypuIl BakTH Ba
OOFJIaHTaH HAMJIMKHUHT MIAKJUTAPUHU aHUKJIAll UMKOHUHU Oepajiu.

Tagkuk »STUnaérraH  MaTEepUAUIAPHUHT TUTPOCKONHK XYCYCHUSTIAPUHU
ypranum Oyiinua oJdvHraH Taxkxpuba HaTwxanapu [IocHOB TeHrnamacu €paamuaa
KyWuJary makija KauTa UijIaHrax:

@ = EQW'_F';F_'J;‘B (14)
o b (15)

OyHJa, W -TUTPOCKONUK HaMJUK,%; B-maTepuamHuUHr XyCyCHSATHHH XucoOra
OJIyBUH KO3(PPUIIHECHT.

Xucobnam  HaTWXKajdap, MOKOpPUJAa KENTHPWITaH KaldTa HWIUIaHTaH
MabIyMOTIapHU ad3aiuukiIapu udoaa MaKinaa TaCAUKIAHTaHIUTUHA KYPCaT/Iu.
TomuunamObyp yuyn 293 K xapoparma (14) wudoma opkaruTeHriama
mapaMeTpIapuHuHr  wiy=5,96-101%, B=-0,4292 con KuiiMaTiapy OJIMHIaH.
Ymsukcn3 Oaxomam (15) udomacu keitmHrn HaTwkagapau Oepamm w=45,65%,
B=-0,0947.

Arap Taxxpuba MabllyMOTIapura xoc pasumaa wi—=44% kaiig sTuica, yHaa
oup napamerpau mozaen (14) udona 6yiinua B=-0,4076 onunaau Ba (14) xamaa
(15) ndbonanapnaru konyHusTiap Gapku TyoaH OpTay.

5-pacMpa Oup mapaMmeTpid  MoJenbp  OYVinWua  KalWTa — MIJIaHTaH
MabJIyMOTJIAPHUHT HATHKaJIapu KeITUPUIITaH.
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1-TonmuHaMOypHUHT iecopOLrs N30TepMacH; 2-HabMaTaKHUHT IeCOPOLIUsS U30TepMacH; 3-
TOMUHAMOYPHHMHT COpOITUs U30TepMacH; 4- HabMaTaKHUHT COPOITUS U30TepMacH
5-pacm. IlocHoB Mogean OyiiM4ya TONMHAMOYP XamM/1a HAbMATAKHUHI cOpOuMs Ba
AecopOums u3oTepmMaaapu

V3rapmac xapopaTiary GOIIAHFUY Ba YerapaBHil IMIapTiIapra Xoc PaBUIIIA
OukHuHT AUGEGY3UOH TEHTJIaMacH OpPKalu KypHIl KUHETUKACUHHUHT KapaéHUHU
Kypull MyMKUH. YmOy »apaéHma duk TeHriamMacuHM MaTeMaTukK ubopaiap
OwiaH TaBcudam yuyyH HAMJIMKHU Cakjiall KuiMatiapuHu UpoaaoBYM Kyhuaa
kentupwiranudoaa EpaaMua YI40BCU3 MIAKITA KEITHPUO OJIUIIT JIO3UM.

w W-W,
Wa-Wp (16)

Hamnuk auddysusicun kod3hPUIMEHTUHUHT 4YerapaBuil IapTiapura Kypa
aHUKJAHAJUIaH KBajparra HucOataH 1-Typ Oyiimua KaOyn KWIMHIAHJA, YHUHT
€UMMHJa eTapiuya SKCIHOHEHTIAp MHKAOpPM OujlaH XyCycuil Xocuiaja
muddepeHnran TEHrjiaMa e4yuMu EplaMud JacTypilap OpKajld Maxcyc JAacTyp
€paMuia SHT KMUUK KBaJpaTiap yCyJu OWiiaH aHUKIaH IH.
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— - @Quknune I-myp mooenu,; — —— -Quxnune I1-myp modenu

1-TonaamOyp Oynaruan MK-Ku3mupuin opkaivi KypUTHII STPH YH3WFH;, 2-MaiiialaHraH
TonmmHaMOYp Maccacian MK-Ku3aupuiin opKaimi KypyTHII STPH YA3HFH; 3-TOIMTUHAMOY]

oynarnauBakyymaa MK-Ku3mupuii opkaiy KypUTHIL STPU YU3UFH; 4- MalifainaHrad TOmMHaMOyp
MaccacuHt Bakyymaa UK-Ku3mupHiin opkaiy KypUTHIL STPU YU3HUFH; S-TOMMHaMOyp
oynarnanBakyymaa MK-Ku3nupuiil Ba THTPATHUIIOPKATN Ky PUTHII 3TPH YU3UFH; 6- MaiianaHran
TonMHaMOyp MaccacuHH Bakyymzaa MK-Ku3aupuii Ba TUTPATHII OPKAIM KypPHUTHII 3TPU YH3HFH.
6-pacm. TonmmHaMOYpHY KYPUTHIIHA KHHETUK KOHYHHUSITH

05

R SO

Ly

11

Tt 08

_ 12

w
2 11 3

10

osl, e,
08 -

07

e, 05

e 0.4 Tt

03 e

*.

te.)
[ 05 1 15 2 25 3 35
fu Ly

2 25 3 35 a4 45 02

— - @Quxnune I-myp mooenu; ——— - Quxnune I1I-myp modenu

1-Bakyymna MK-Kusaupurn opkaau Kypuruii (Kyputui xapopatu 50°C; akyym -0,8 atm);
2-pakyymia MK-Ku3aupyIn opKaau KypuTurl (Kypuruin xapopatu 65 °C; Bakyym -0,8 atm);
3-pakyymaa MK-kusaupumn opkami Kypuri (Kyputunn xapopatu 80 °C; Bakyym -0,8 atm).
7-pacm. HabmaTak MeBacMHY KYPUTHIIHH KHHETHK KOHYHHUSITH

Hazapuii Ba Taxkpuba MabJIyMOTIapu COJMMINTUpWITaHga (6-pacM, IITPUX

yi3uFK), (pazanap opanuruIa mMacca alMalIMHUIT KO3(PPUIMEHTHHN XpcoOra OJUII

KEPAKIMTMHU Kypcatau(6-7 p

dw /de 025

0.2+

0.15}

0.05+
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acm).

1-ronmHamMOyp Oynarnan UK-ku3ampuin opkamm
KyPUTHIL 3TPH YM3UFH; 2-MaiajaHraH TOMMHaMOYp
maccacuau MK-ku3aupui opkaim KypuUTHIL STPH
y3ury;, 3-ronuHamOyp Oyaruau Bakyymaa K-
KW3AUPHIL OPKAIN KyPHUTHILL STPU YH3UFH; 4-
MaliiaJlaHraH TonMHaMOyp MaccaciHu Bakyymza MK-
KU3IUPHUII OPKAIU KyPUTHILL 3IPU YU3UFH; S-TOIMHAMOYp
6ynmarnau Bakyymaa MK-Ku3aupuInn Ba THTPaTHIL OpKAIH
KyPUTHUIL 3TPH YM3UFH; 6- MaiiiajlaHraH TOMMHAMOYp
MaccacuHu Bakyymaa MK-Ku3aupuin Ba TUTpaTHII
OPKAJIN KypPHUTHIL TP YHU3HFH.
8-pacm. TonmmHaMOypHN KypUTHII Te3JTMTHHUHT
3rpH YHU3UFH
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1-UK-Ku3mpuin opKaay Bakyyma KypuTu (Kypurum xapoparu 50 °C; Baxyym -0,8 atm);
2-VK-Ki3MpHII OpKaau BaKyyM/a KypUTHII (KypuTui xapopatu 65 °C; Baxyym -0,8 atm);
3-WK-Ku3mpyIl OpKali Bakyyma Kypurui (Kyputunn xapopatu 80 °C; Bakyym -0,8 atm).

9- pacM. HabMaTak MeBaCMHM KYPHII Te3JIMTHHUHT 3TPU YH3UFU

Kyputumaunar Typiu pexxuMIIapuIa Oaxxapuiran MUKJIOPHIA
WHTEHCUBIIMKINAKIA 9-pacM/ia KeNTUPWITAHUACK: WIKUA UG Y3Hsi HHTCHCUBIIUTH
Ba Karopjapra >KOWamraH TallK{i Macca aJMallMHHWII OWJIaH TaKKOCIall
UMKOHUHHM Oepaau. Bio kpurepuiicu kuiiMatiapu 6yiinya Bakyymaa UK-kypuruin
yCyluaa KypUTHIIHUHT WYKH JUMATIaHAETran nuddysuscu Owran OOFIUK
OynaraH MyaMMOJapHHM edamud Ae0 TabKkumiam MyMKHH. Kenrycuma KypuTHI
’Kapa€HUHU TEXHOJIOTHK Ba KOHCTPYKTHB TAKOMUJUTAIITHPHIIIA 3appa dyerapaiapu
Ba MaTepual KaTliamJapuaa TalllKyd aJMallMHyBHUHT MHTEHCU(UKAIUSIITAHUIIINTA
acociaHau.

1-HaMyHa KYHUII )KOMU; 2-paKaMiin
WHJMKATOPJIM Tapo3H; 3-MaxcyJIoT y4yH
uauIl; 4-Maxcyiiot; S-repmomerp; 6-1MK
12 KU3MPTHY; 7-BaKyyM Kamepa; 8-IyJIbTin
.~ 6omkapruy; 9-Bakyymmerp; 10-xympax; 11-
WCCHUKJTUK aJMaIlruy; 12-Bakyym Hacoc.

10-pacm. Taxpn6a - cuHoB J1abopaTopusi KyPHJIMACHHHHI CXeMaCH

AManuii TaAKUKOTJIAPHU YTKAa3UIl YYyH KypUTHI KApa€HUHU TYpiu
pexuMIapa Ha30paT KWIWIL, KEpakid MapaMeTpliapHH Kaia STHI, OOIIKApHUII
YCYJUIAPUHHA amajira OLIMPUII HWMKOHUHHM OepaauraH WMHQPaKu3Wil HypJaTTUWIA
BaKyyM Kyputuil Kypwimacu sipatwiay (10-pacm). TormmHamOyp TyraHaruHUHT
«MyBxK13a» HABU Ba HABMATaK MEBACUHHU KYypPUTHIL OYinYa 3rpy YH3HUKJIAPHU OJIHILI
yuyH  Oup KaHuya Taxpuba wuniapy onud Oopwiau. ToszanaHraH MaxcysoT
ca03aBOTVIapHM KECyBYM YCKyHa Epfamuia 2 MM KaIMHIUKIA KecHO OJIMHIH,
3aHTJIaMalIMral TYPIU UaUIDIapra Oup Tekucaa skoinad ynkunan. Maxcynot Ounan
Tynaupwirad uauuiap Bakyymaa WK Hyp é€pmammupa KypuTuil KypuiMmacura
KoWnamTupwiay. Bakyym-kamepa smmkiapy 3ud €MUK Xosataa Oymaau, Kamepa
nuugary Bakyym -0,8 arM raua BakyyM-Hacoc OwiaH cypuO OJIMHaIu, CYHIpa
UCCUKJMKpocTiarrud €épramuna xapopar 65°C kw6 Oenrwimanaan Ba UK Hyp
épaamuia KypuTHIl KypujiMacH HIITra Tyluupuiaad. ABBasl 45 Aakuka JaBoMHUIA
Y3JIyKCU3 HYpJIaTUIIl amalira OLIMPUIIAAN, CYHT JUCKPET PEKUMAA KypUTHUI KapacHU
JABOM J3TTUPWIAIU, 5 JaKuKa JaBOMUJA HypJaTTUwiap Hira Tymmpuwiaan, 25%
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Hypaarruwiap 15 gakuka maBomumga yuupu6 kyvnnaan. by mwkman Hammuk 12%
KOJITyHUra kazap Oaxapwiagu. KypuTuin BakTUHMHI ymMyMuil naBomuimudru 10

COATHH TallIKWJI OTau.

80 —

60 — °

40 b4

20 o L. 3 >

1-Bakyymna UK Hyp épraMunia KypuTuIi
utum xapopatu 50 °C; Bakyym -0,8 atm.);

(Kyp pop Kyy

2-Bakyymaa UK Hyp €pramuaa KypuTHIl
KypuTHn xapopatu 65 °C; Bakyym -0,8 atm.);
(kyp pop Kyy

3- Bakyymaa UKnyp épnamMuaa Kypurui
(xypurum xapopatu 80 °C; Bakyym -0,8 atm.)

11-pacm. TommaamOyp TyraHaruHUHT «MybKH32» HABUHUHT KyPHII 3TPH YU3HFH

KypuTHIIHUHT TOMMUN TE3MUTM HAMJIMKHUHT KPUTHK XOJjaThrada JaBOM
aTamu W (l1-pacMm, 16-pacm), yHaa w4y Ba Tamku AUQPQGY3UOH KapIIUIUTH

TCHT'.

[y cababmaH KPUTUK HAMJIMK MaT€pUATHUHI YpTaua MHTErpajg HaMIIUK

TYTUIIUAAH aHUKJAIl MyMKHH, Oy XOJa 103aja MaKCUMaJl TUTPOCKONUK HAMIIUK
TyTWIHO, KypHUII TE3JIUTMHUHI Macalluil JaBpu OomuiaHaau (€KW KypUTHUITHUHT

WKKUHYHU JIaBpH).
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12-pacm. Maxcy10T/IapHH KyPUTHII YYYH
UK HypaaTHIIHUHT ONITHMAJ BAPUAHTH
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13-pacm. UHyauH MOJIACHHUHT CAKJIAHUO

KOJMIIMra atmocgepa 60cMMH Ba KyPUTHII
JKapaéHu TaBOMUMIUTUTa OOFITUKINTH

(xypurum maptu: 65 °C; 6ynak KaauHmuru-2



Oxkopn xapopatma HWK Hyp
TYJIKUH Y3YHJIMTH KHACKa OYJaau, macT
xapopatna s3ca WK Hyp TYIKuH
y3yHIMIH y3yH Oymamu. 500-600 °C
xapopatna UK Hyp TYJIKUH y3yHJIUTH
2,8-3 MKM raya eraga. 2 MM
KUTMHIIMKIA KypUTHWIAETTaH MaxcyJioT
yUyH YOy TYIKUH y3yHJIUTH ONTHMA
BapuaHT XucoOmanaau (12-pacm).

i
1 > 6 3 10 B i
1-MKku3upuin opkainu TONUHaMOyp
OYnakIapuHUHT Kypuil 3rpu unsury; 2-1MK
KU3IUPUII OPKAIX MaijalaHTaH TOMMHAMOYpHHU
Kypu1l arpu un3ury; 3- Bakyymaa UK kuzaupuinn
OpKaJIi TONUHAMOYp OYTIaKIapuHUHT KYPHII 3TPH
yn3ury; 4- Bakyymaa UK kusaupuin opkamu
Mai1ajlaHral TOMMHAMOYPHH KypHIL 3TPU YU3UFH;
5- Bakyymaa, MK Ku3aupuii Ba TUTpATHIL
TabCUpUJA TONUHAMOYp OYJIaKIapHUHUHT KypHUILI
T T T T T T T T T 3rpu uM3uFy; 6- Bakyymaa, MK ku3aupui Ba
“* TUTpATHUIL TabCUPUAA MailallaHTaH TONMHAMOYpPHU

14-pacm. UHyJIMH MOIJACMHUHT CaAKJIaAHUO KyPHII 3IPU YU3UFH.
KOJIMIIH TONHHAMOYpP TYraHATHHH KeCHII  ]15-pacm. TonunamMGyp TyraHATHHHHT KypPHII 3TPH
KAJIMHJINTH BA KYPUTHIN sKapaéHUHAHT YH3HUFU

NABOMUMJINIUIa 0OFIUKJINTUA
(xyputum maptu: -0,8 atm., 65 °C)

TonmHaMOyp TyraHarvuHu KypUTHII Kapa€HH Y4yH BaKyyM Kamepaaa Oocum
-0,8 atm (13-pacM) Ba kecwiran OYJaKHUHT ONTHUMAaJl KAJIMHJIWTK 2 MM HM TalllKHII
sramu (14-pacm).

TormmuamOyp TyraHaru OVynakjiapyd Ba MailanaHral XxoJjaTuja KypUTHIL
JKapaéHUHU TE3MAIITUPUIN MaKCaaua TUTPATUII OpPKATM KYpPUTHII camapaiu
xucobnananu (15-pacm). Bynna cyBcuznantupuin camapagopiuri 4-5% rada opraiu.

Illy ypuHpa, CyBCU3IAHTUPWUIAETTaH MATCPUAIHUHI 1032 Kariamuaa 3apyp
oyiran Hamiuk Ba BOM rokopu Japaxkanga cakiaHuO KOJIUIIMHUA TabMUHIA0 Oepuill
Makca/iu/ia TOMUHAMOYp TyraHard Ba HabMaTaK MEBACH JIMCKPET peXKUMIa KypPUTHIILI
Oyiinda TaKprda CHHOB UIIUTAPH YTKA3ZUIIIH.

TonuaaMOyp TyraHaru TapKuOWAa WHYJIMH MOJJIACHHU CaKJIaHUII MUKIOPH
takmd stunaérran Bakyym UWK-xkyputum ycymuma 45,4 mr% rada, KOHBEKTHB
Kyputuin ycyiauaa 33,3 mr% rada Ba Maxaumid MIUIA0 YMKApyBUWIIAp TOMOHHUIAH
KyJ1arad ycyJijaa 3ca 8-9 Mr% rayva Talkui STUILN KYpcaTHITaH.

Cudarmm MaxcyJoT ONWIN Yy4YyH, MAaxCyJOTHH KypUTHIIA MalajaHTaH
xoJjaruja uHdpaku3uil Hyp EpAaMuia BaKyymia KypUTHIIL YCYJIA TaBCUS ITUIIA]IN.

Habmarak MeBacMHM KypuTull Oyiuda BakyyM HH(PpPaKU3Wil KypuiMacuaa
TaXpruOa CHHOB MIIIapU YTKa3wiau. HabmaTtak MeBacCHHU KypUTHILIAH OJITUH OeroHa
Mojianapaal To3anad roBwiaad. CYHr HabMarak MeEBacHM TEKHUC 03U TYP
yWaduuiapra cojvHaav. TYnaupwiraH WIMIUIap BaKyyM KaMepara >KoisiaHau,
NKku3mupunagn Ba kamepa umuugard Bakyym -0,8 atm Oymagu. Mmma® yukwmiran
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napaMeTpiap YpHATWITAHIaH CYHT KypUTHIN kapaéHu oau0 Oopuiaay Ba HabMaTak
meBacuHU 12% HamiMKaya CyBCU3JIAHTHPHIIAIH, OyH/Ia HabMaTak MeBacu TapKuouaa
BOMiapHUHT IOKOpHM Jlapaxkaja CakjJaHUO KOJMIIM TabMUHJIAaHAAW. TaxpuoOa
HaTWXKanapu 16-pacMaa KENTUPUITaH.

W, % 1 ' Jomnit Kyprommmr gaspit ' Ky puimsr ormm

TERTHIH ) JaBpHil TeamH

80 —]

1- Bakyymna UK nyp €pnamuna
KypuTui (Kypurui xapopatu 80 °C;
BakyyM -0,8 atm.); 2- Bakyymaa UK uyp
épaamua KypuTHIL (KypUTHII XapopaTu
65 °C; Bakyym -0,8 atm.); 3- Bakyymia
UK nyp épraMunia KypuTuill (KypHUTHIL
xapoparu 50 °C; akyym -0,8 atm.);
16-pacm. HabmaTtak MeBaCHHMHT

T T T ] T > Kypl/llll 3Fpl/l YU3UTHn
1 2 3 4 5 T.C

60

40

20

Habmarak MeBaCMHUHI KypWUTHII >Kapa€HU TAAKUKOTIAPKM acoCUAA TYpPJIH
KypUTHUII ycyiuiapu (Ky€lia KypuTuIll, KOHBEeKTUB Ba BakyyM MK kypuruin) Omman
MaxcyJIOT TapKHUOWJard BUTAMHUHJIAPHUHT (acocaH acKOpOMH KHUCJIOTa) HOKOpU
Jlapakaza CakJaHWO KOJMII KapaCHUHUHI PAalMOHAN BapHaHTH Tonwiau. Bakyymaa
UK nyp €pmammna kyputuin ycyiuna 0,77 mr% raya, renvo KypuTHIN YCyJIWaa
0,15 Mr% raua, UK kypurum ycynuna 0,71 Mr% raya, KOHBEKTHB KypUTHLI yCyJIU/a
0,12 Mr% rava Ba maxaumid unuiad YMKapyBUMIAp TOMOHHAAH KyJUlarad ycyJijia
0,59 Mr% raua ackopOMH KHCJIOTa MHKIOPY CaKIaHTAaHJIWTH aHUKJIaHraH. Bakyym
NKkyputui ycynuaa HabMaTak MEBACHHHMHT yPYFU TapKHOMIA acKOpOWH KHCIOTa
MUK0pH 4,0 Mr% HM TaIIKWI KWIIH.

KypuUTUIIHMHT 3rpy 4M3WFUAAH HabMaTak MEBACMHHMHI ONTHUMAJ KypUTHIL
XapopaTd Ba KYPHUIUHUHI JABOMUIJIMIM aHUKJIAHAM, L1y OwiaH Oupra HabMmarak
MEBACHHUHT 3TH TapKUOMIArH SPKUH OPraHUK KUcJoTadapHu Bakyym WMKkypuruin
Kypumacua 9,7 mr% cakiad KOJWHUIIN aHUKJIaH/IH.

JIaGoparopusi TaxJiuJl HaTWXajlapura Kypa Oapua KypuTHII YCyJUIapd WYHUIa
Bakyymaa MKnHyp €paaMuaa KypUTUII KypuwiMacH KYJUIAHWITaHAa TONMHAMOYp
TyraHard Ba HabMmaTak MeBacu TapkuOumaru bOM roxopu mapaxaga cakgaHuo
KOJIUIIY aHUKJIAH .
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1-taxxpuba acocuaa, 2-xucoOnar acocuaa.
17-pacm. TaagKuKoT MaTepHAINIAPMHN KYPUTHIIHMHT YMYMJIALITaH 3TPH YU3HKJIAPH
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Maxcynotnapau (TomuHamMOyp TyraHard Ba HabMaTak MeBacH) copOuus Ba
OoIIKa XycCycusTiaapuaaH (Qoiaananrad XoJifa, OakapuiraH MIUIapAa KeJITUPWITaH
MabJIyM KyJUIaHMaJlap/iaH TaaKUKOT Matepuanu yuyH (U, Nr) koopauHara yKjiapuna,
yMyMJIAIIraH 3rpy Yn3uFuomuHau (17-pacm).

17-pacMaan KypuHUO TypuUOTHKH, TakpuOa Ba Hazapuil xucoOnamnuiap acocuaa
TYy3WIraH KypUTHILIHUHT YMyMIIAIITaH STPU YM3UKIAPU ACSIpiIM MOC Kelaau Ba
MaTepUATHUHT Taslab KMJIMHAETIaH CYHITH HAMJIMK mapameTpu Nt<I Oyianu.

Kyputnm  xapa€HMHM  UCCHKJIMK  TEXHMKACH  [PHUHLMIUIAPH  acocuia
paCMUMNIAIITUPUII  Ba  MaTrepUaUIapHUHr  (mopmiaml  XaBhu, ENUIIKOKIINUIH,
napyajaHuIM Ka0W crernu@uK Ba TEXHOJIOTHK XyCYCHSTIapra 3ra SMAaCIUTHUHH)
TEXHOJIOTHK XapaKTep/laru YeKIaHuIIIapHa Xucoora onran xoiaa Bakyymaa UK Hyp
épaamMuia KypuTHIL KypUJIMacy TaHJIaHAIH.

JuccepranusiHuar «TagKUK 3THIAETraH MaTepHa/UIapHH KaWTa HWILIALI
TeXHOJIOTUAICHHUHIKAPAéH Ba KyPWIMAJAPDHHU CAHOAT LIAPOMTHIA TATOMK
ITUID» 7e0 HOMJIAHTAaH TYpPTUHYM O0OMIa CcaHOaT MIAPOUTHAA HIUIA0 YHMKAPUII
Makca/iu/ia TonMHaMOyp TyraHaru Ba HabMaTaK MEBACHHU KalTa MILUIAII TEXHOJIOTUK
TU3UMU Uip1a0 yukuirat (18-pacm).

1 Himnab aurapHm 4 XoM améaE
SKOHHHE TalHépmam Ta#épaam
2 Kyprmmanapes T 4.1 Xom amsmm
e i — OFHPIHTHEH JI9am

Oxora
o & s
3 Xo, pr 4.2 M a:ne:m FOEHI B3 Jrr—
TafEpmam

OxoEa

B = .
=

Oxora

- 1 T 4.4 XoMm améHH o THKHETHE
HamnsEk
- . amrocdepara
Pyxormm 11 Xom améan 4.5 XoMm améHn - iy womam]
v - [R— »
Yanr
l—
amwocepara 1.2 XoM amEHn 5 Kagowmpam
i — [ MaTepHATIaPHEH
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i YMO 1 Koitmam Ba Hyxoram
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HKEBPE
r
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A
‘ Taitép MaxcymoT ‘

ombopxoHara

18-pacm. TonmnHaMOyp TyraHaru Ba HAabMaTaK MEBACHHH KaiTa MIILJIAIT
TEXHOJIOTHK CXeMacu

HabmaTtak MeBacMHM KaiTa WILIAll jkapa€Huaa Oepuiral TEXHOJIOTUK THU3UMIA
4.2 Ba 4.4 onepanysiiap amajira OlMpuiIManu.

19-pacmaa Bakyymaa MK Hyp €pmamuna KypuTHIl KypWIMACHMHUHI TaxpuoOa
CaHOaT HAMYHAaCUHHMHI CXeMacu Kentupwirad. KyputunaérraH MaxcyiaoT KU3AUPHIL
yUyH Typiap aBBaJjiaH kownamrupuiagu. Kypunmama BakyyM XOocwi OyiraHjiaH
CYHT, HAMJIMKHUHT OyFJIaHUIIN YYyH KU3ZIUPHUII DJIEMEHTIApU OPKAJTM HCCHUKJIUK
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SHEprusAcH ertapau  Mukaopra Oepwinamun. CyB  Oyffmapd  KOHICHCATOPHHUHT
COBYTWIQ[UraH }03aCM TOMOH XapakaTjJaHWO KOHJIEHCAaTJIaHad Ba KUCMaH
KOHJICHCATIaHMaliiurad rasznap OwiaH Oupralvkia BakKyyM-Hacoc —€pramuia
TalllKapura 4uKuO Keraau. ByHpald Tu3uma >Kapa€HHUHT HOpMall VTUIIM YYyH
KypUTru4 Ba KOHJAEHcCATop ypracuaa cyB OyfnapuHud OocuM Ta(OBYTMHM TAILIKWI
ATHLI JIO3UM.

1-BakyyM Kamepa; 2-UCCUKIMK aJIMaIlruy; 3-KyuMa

= o J NKkypurtum mikadu; 4-apaBa; 5-kaiita
2 s g ’f WIUIaHACTraH MaxXCyJIOT YUyH WJIHILL;
v ) N 8is //5 6-31IEKTPOIBUTaTELIN BAKYyM HAcoc; 7-00IKapyB
Ay = - - A Onoku; 8- 1ikad yuyH i1, 9-xapopaTHu ydari
9 Tk *%7 1 ) yuyH Tepmornapa; 10-manomertp; 11-rokopu 6ocum
i I § = 1 d ' ‘\.\ KyBypH; 12-XaBO KUpUTHIII >kympary; 13-koHaeHcar
s = ‘ yukapuil xympary; 14-UKnypnarriy.

19-pacm. Bakyymaa UK ku3aupuin opKaiu KypUTHII KyPHJIMACHHUHT
CaHOaT-Ta)Kpu0da HAMYHACH CXeMacH

TonnHamOyp TyraHaru Ba HabMaTaK MEBAaCMHM KalTa MUUIAII TEXHOJIOIMK
CXEMAaCHHHU SIPATUII YUyH KyIIIMYa KypuiIMaiap UIuiad YnKuIIH.

Nmna® yuKwiraH TErMpMOH COBYK CYB Ba XaBo €pAamMuaa KOPIYyCHHU
COBUTYBYM TU3UMTA 1Tra.

Nuunald yuKuiran TeXHOJOTHK TU3UM «Jlopusop yeumnuknap»y MUK Ba AOy
Anmu noH CUHO HOMHUJArM MXTUCOCHIAIITUPWITAH AaBiaT YPMOH XYKaJuUTHaa
xopuit KuinHrat (18-pacm). YOy TeXHOJOTUK TU3UM OPKaIHM CU(ATIM MaxCyJoT
OJIMIITAa DJPULIMWIIN;MaXCYJIOTHUHT Oup MebEpaa Kypulld TabMUHIIAHIN;
KOMIUJIEKC KalTa MILIam XucoOura umuuiad YuKapuil YHYMIOPJIUTH OIIUPHUIIIH,
KypWIMAJIApHUHT  WIIOHWIWINTKA — OWIMPWIAM, XoMamé ucpod  Oymuimum
KaMaWTUPWIAY, OIEPALMSJIADHUHI MII KyJaMH KaMaWTUPWIAUM Ba SHIU HII

o

YPUHIIapU SIPATUILIN.
XVJIOCA

«TonmmuamOyp TyraHaru Ba HabMaTaKk MeBacu TapkuoOumaru Ouodaon
MOJJAJIApHU CaKjIaraH XOJJa KalTa WIUTAl TEXHOJOTHSICHHHM HIUIA0 YHKHUIID)
MaB3yCHIard AOKTOPJIMK AUccepTanusich Oyinda onub OopwiraH TaaKUKOTIap
HaTHXKacuaa KyWuaaru Xyjaocanap TaKIuM dTHIIIN:

1. TommramOyp TyraHaru Ba HabMaTaK MEBaJapWHU KYpPUTHUII Ba
UCCUKJIMKHU (DaoJITAIITHPUIITHU 3aMOHABHMA XOJIATH TaXJIMJ KWJIUII HATHXKACHIA
WHHOBAIIMOH FOSITHM PHUBOXJIAHTHUPHII Ba TAaKOMWILIAIITHPHUII WMKOHWHH OEpH.
TonrHaMOyp TyraHaru Ba HabMaTak MeBaJlapHHU Bakyymaa MK kuzmupwuin opkaim
KYPHUTHIII aCOCUH yCcyJutapJiaH Oupu XucoOIaHaIH.

2. Ypranumaérran MaxCyJOTHHHT KaMMUIAPIAPUIA HAMIMK HKOMIAIIHITHI
MaTeMaTUK MOJCIMHA W0 YHKWINIIA Ba TaTOWMK OJTWIWIIN, DPHUTaH
MOTAJIAPHUHT WYKW TAPKAIMIIAHA XUCOOTa OJIHMIN 3apyp IKAHIUTH KYpCaTHIIN
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Xxama Oepuirad OOLUIAHFUY IIAPOUTIApAA KYPUTHII Kapa€HU KOHYHUSTIapU
JUHAMUKACH WUYKH JIEBOPJIAPHUHT KaNWUISAp KaHa1apuaa copOuus Ba aecopOuus
KYPHHUIIM OMIAH H30XJIAHAMH. YPraHWIaéTraH MaxCyJIOTHHHI KaILIpIIapH
WYKA OOCHMH Opacujard HOYM3UK OOFJaHUIIAP, XapaKaTHUHT THIPOJIUHAMHK
TE3JIUTHU, TEMIepaTypa XamJa MaxCyJOoT 3UWIWrd OwiaH OOFIUK SKaHIUTH
KEeJITUPUII]IH.

3. MaremaTuk MoOAEIAIITHUPUII y3rapMac MHUKIOp YXIIAIUIUMKIApU
KOppPEJSLUOH KO3 PUIMEHTIapy Ba TaXkpuOajaru CTAaTUCTUK MabIyMOTJIAp
KEJITUPUIIIN.

4. CyBcuznantupuiaéTran maHOara HypJIAHTUPUII Ky4d TabCUpP OJTHILIU
MaHOa Ba HYPJIAHTHUPYBYM Opacuiard Macodara OOFIMKIUTH aHUKJIAHIN XaMJia
HypJlaTyBuUWjiap opaiaurd Ba Bakyymaa WK Kuzauwpuil oOpKainu KypUTHIL
KypuiMacuaa MHQPaKu3WI HypJapHU CYBCHU3JIAHTHPUIAETTaH MaxXCyJoT F03acura
Oup TeKucla TapKAIUIIWTa MaxCyC >KOWIAIITUPUITAH KOHPUTYpalUUsUIK HYpP
KauTapruy 3J1€MEHTH EpAaMuaa dPULLUIIIN.

5. TonuHamOyp TyraHaruHUHI copOIMsi Ba JecopOuus TaBcudapu
KENTHPWIAY,  KalWUIAPJAapHUHT COJMINTHpMA osacu 18,38 M%*/r skaniamru
kypcatungu. by xonma Bakyymaa MK Ku3aupuin opkKaiu KypUTHIN IIAPOUTH]IA
TonuHamMOyp roBakiapu duruaau mukaopu 0,440 cm/r tamkun >tau. Habmarak
MEBacH YUyH cOpOIus Ba JecopOius TaBcudIapu: KanuUIspJIiapuHu CONHUIITAPMA
ro3acu 12,30 m?%/r, roBakmapuuur hwrupam mukgpopu 0,390 cM’/r  okaHm
TaCIUKJIAHU.

6. KyputunaérraH MaxCyJOTHUHI MCCHUKJIMKTEXHUK Ba COPOIUSIAHUII
XYCYCHUSTIApUHU TaTKUK KWIUII HaTwkacuaa MK HypraHunum BakyyM-KypUTHIL
KypWIMacHuaa Kepakiv MCCUKIMK Japa)kacd Ba KypUTHUII BaKTU MabiyMm OVIIu.
JlabopaTopus KypwiMacuaa YTKa3wiraH TaJKUKOT HaTWXKajlapura acocaH
Bakyymaa UK Hyp €épramuia KypuTHill KypruiMacu XUcoOJaIl yCynu Oaxapuiiau.

7. Maxcynornapau Bakyymaa MK ku3aupuin opkaiv KypUTHII Kapa€HU
y4yH OepuiiaéTraH KyBBaT KaTTAIUTU MYyKOOMJUIAIITUPHUILL 3aPYPIAUTH KYPCATUIIN.
MaxCcyJOTHUHI MakOyJl KQJIMHIWTH ypraya 2-2,5 MM 3KaHJIUTH, MakOyJ TYIKUH
Y3YHJIUTUA 3 MKM 3KaHJIUTH Oenrujaniu, ymoy xonaraa BakyyM -0,8 atM Tamukui
KUJIaa¥, MaxCyJOTHH KypuTHII XapopaTu 65-70°Cman ommand, MaxcCyJOTHHHT
CYBCU3JIAHUIII BaKTH MYMKHUH OYJraH KaTTAJIMKHU TalIKWI KWIMIIA KEpPaKJIUTU
oenrunad oepuIiIu.

8. TexHomoruk xapa€Hma THUTpaAll TAbCUPUHH TaXpuOa H3JIaHMIILIAPIA
Vpranuil HaTWKajapura Kypa CYBCU3JIAHTHUPHUIIHHHI CaMapajopiiurd MabiyM
4acToTa Ba aMIWINWTYyJaJa Y3IYKCU3 KU3AUpHIN wmapoutuna 4-5%raya ouiau.
TormmmaamOyp Maiinananran xonaraa Bakyymaa MK Ku3aupuin opkaii KypUTHIIIA
WHYJIMHHUHT cakjaHumu 45,4 mr%rada Ba TommHAMOyp TyraHaru OYymakmapujia
38,75 mr%raua TamKua KWIMIIA Ba ymly XoJaTtja HabMmaTak MEBACH JTHU
tapkubuaa Bakyym UK ku3aupuin opkanu Kyputunranaa 0,77 Mr%rava ackopOuH
KHCJIOTacH CakKJaHWIIM HabMaTaKHUHT MeBacu ypyruaa 4,0 mr%rada ackopOuH
KHUCJIOTa CaKJIaHaAHUIIN MabilyM OYIIIu.

9. Kypurum xapaénuna Bakyymaa UK kusgupuimu 60-70 °C ommpmaran
X0Ja Hyp KaWtapruyjgaH (QoiajJaHuIl OpKAIM WIUIA0 YMKApWII KyBBATUHHUHT
ommmura Ba dHeprus capounu 10-12%rava  KaMaWTHpUIITa SPUILUIIH,
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BUTaMMHJIAp TapkuOuWHM Ba Oomka Ouosoruk ¢aon moxanaidapuu 80-90%raua
(MHYJIMH Ba aCKOPOMH KUCJI0Ta) MaXCyJOT TapKUOUIa CAaKJIaHUIITN aHUKIIaHIH.

10. Bakyymaa UK kuzaupuin opkaidu KypUTHUII KypwiMacu Ba OoJFaiu
TErMPMOHHHU KYJUIall OpKalu TONMMHAMOYp/laH KYKYH OJaJIuTaH TEXHOJOTUK TH3UM
MOJICpHU3UIMSIAIITUPUIAN. Malijananran HabMaTak MeBaCMHU KHcmiiapra (9T,
YPYFH, TYKH) @XXpaTHUIll Y4yH a3pOJIMHAMUK CENapaTop MILIA0 YUKWIIU Ba KOPUN
KuinHau. ONMHIaH HaTHXKajlap acocujia TONMHAMOYp TyraHAaruHUHT «MYbKu3a»
HAaBUJIaH Ba HAbMaTaK MEBACHUJAH KyKyH HILIIA0 YWKAPUIITHUHT TEXHOJIOTHK
perjlaMeHTH UIUTa0 YMKUJIAM Ba CAHOATTa TaBCUS ATHIIJIN.

11. Iuccepranmsiia sipaTuirad Ba OJIMHTaH HATWKaJapHU TaTOUK ATHUIITHUHT
UKTHCOJIUN caMapaJopJiuird TONMMHAMOYp TyraHaru Ba HabMaTak MeEBacu
TapkuOugaru 6modaoa MoaIaIapHu cakjarad XoJaa KaiTa HIIia TeXHOJIOTHICH
«Y3dapMmcaHoaT» JaBlaT aKIMAZOPIHK KOHIEPHM Xamia Kummox Ba cyB
XY)KaTuTH Ba3UPJIWUTH THU3UMHUTA KHPYBYM KOpPXOHAjJapra >KOPHH ATHIIA
(«SV’3(1)apMcaHoaT» JaBlaT akuusAopiauk KoHuepHuHuHr 11.30.2015 #ungaru
NeM/I-06/1868-connmn  xamaa Kunuiok Ba cyB  XYKaluuru Ba3sUPIUTHHUHT
10.09.2015 itmnparu Ne06/14-893-connu mabiaymotHomanapu). Bakyymaa UK nyp
éplaMusia KypUTHII TEXHOJOTHSICMHU KYJUIalll HATWXKAcHUla HILIA0 YUKAPHUII
KyBBaTH 1,2 Mapraraya OIIMIIK XMCOOMIa yMyMUW YpTaua WHUIUIMK HUKTHUCOIUN
camapa 233 MJIH. CYMHU TallIKUJI J3TAU.
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HAYYHBINA COBET IO MPUCYKJIEHUIO YYEHOM CTENNEHH
JOKTOPA HAYK 14.07.2016.7.08.01 ITPU TAIIKEHTCKOM
XUMHUKO-TEXHOJIOI'MYECKOM MHCTUTYTE

TAIIKEHTCKUM T'OCYJAPCTBEHHBIV TEXHUYECKU YHUBEPCUTET

CA®APOB KACYP OCUPTAITIOBUY

PA3PABOTKA TEXHOJIOIUMHA AJIs1 HEPEPABOTKHU KJIYBHEM
TOIIMHAMBYPA 1 IIJIOJOB IIMITOBHUKA C COXPAHEHUEM
BUOJIOI'MYECKU AKTUBHbBIX BEHHIECTB

02.00.16 — ITpouecchl U aNMApPaThl XMMUYECKHX TEXHOJIOTUI U NUIIEBBIX POU3BOJACTB
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAILIUU

TAIUKEHT - 2016
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Tema noxkTOpcKoii aucceprammu 3aperucrpuposBana 3a NeNe30.09.2014/B2014.5.T322 B
Beicuieii arrectaunonnoi komuccnu npu Kaéunere Munuctpon Pecnydauku Y30eKkucraH.

I[OKTOpCKaSI AuccepTranus BBIIIOJIHCHA B TamkeHTCKOM ToCyaJapCTBEHHOM TEXHUYCCKOM
YHHUBEPCUTETE.

ABTopedepar auccepTaniid Ha TpeX s3bIKax (y30CKCKWA, PYCCKHM, aHTJIMMCKHUI) pa3MelleH Ha
BeO-cTpanuile 1o aapecy www.tkti.uz u uHbopMalimonHo-oopaszoBaTespHoM mnoptasie ZIYONET mo
azpecy www.ziyonet.uz.

Hay4Hblil KOHCY/IbTAHT: Hopkysosa Kapuma TyxrabaeBna
JOKTOP TEXHUUYECKUX HaYK, Ipodeccop
OdunuanbHbIe ONNMOHEHTHI: IOcynoexoB Honnpoek Pycram0exoBu4
akaneMuk AH PY3, TOKTOp TEXHUYECKHUX HAYK,
npodeccop

Kypo6onos Kammmna MaxxuaoBuu
JIOKTOP TEXHUYECKUX HayK, podeccop

bapakaeB Hycparuiiia PaxkadoBuyu
JOKTOP TEXHUYECKHUX HayK

Benymasi opranusanus: Byxapckuii MHKeHEPHO-TEXHOJIOTHYeCKUl MHCTUTYT

3ammra guccepTalii COCTOUTCS «_ » 2016 T. B « ___ » 9acoB Ha 3aceJaHUN HAYIHOTO
coBeta 14.07.2016.T.08.01 mpu TamkeHTCKOM XHUMHKO-TEXHOJIOTMUYECKOM HHCTUTYTE IO aJpecy:
100011, r. Tamkent, IllaiixoHTaxypckuii paiion, yn. A.Hasowm, 32. Tem.: (99871) 244-79-21; daxc:
(99871) 244-79-17; e-mail:tkti_info@mail.ru.

JlokTopckast ~ muccepTans — 3apeructpupoBaHa B MHGOPMAIMOHHO-PECYPCHOM  IICHTpE
TamKeHTCKOT0 XMMHUKO-TEXHOJOTHYECKOTO MHCTHTYTa 3a Ne , C KOTOPOH MOXHO O3HAKOMHUTHCS B
WPII (100011, r. Tamkent, lalixorTaxypckuii paiion, yi. A.HaBowu, 32. Ten.:(99871)244-79-21.

ABTopedepar auccepranuy pa3ociaH «__ » 2016 rona.
(mpotokou pacceliky Ne OT « » 2016 1.).

C.M.Typo0:x0oHOB
[Ipencenarens HaydyHOro COBETa MO MPHUCYXKACHUIO YUEHOU
CTETCHU JOKTOpa HayK, J.T.H., podeccop

A.C.HbonysitaeB
VYueHbld ceKkpeTapb HAy4YHOTO COBE€Ta IO MPHUCYXKIACHUIO
y4€HO# cTeneHu JOKTOpa HayK, J.T.H., mpodeccop

K.O.donaeB
[Ipencenarens Hay4yHOro CEMHUHApa MPU HAYYHOM COBETE IO
MMPUCYKACHUIO y‘{éHOﬁ CTCIICHU  JOKTOpa HaykK, [O.T.H.,

npoceccop
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BBE/IEHUE (anHOTanMsi JOKTOPCKOI JUCCEPTAIIMHI)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl auccepranmum. [lo onenkam
IIPOJOBOJIbCTBEHHOM M CEJIbCKOXO3SIMCTBEHHOW opranmzamuu 1npu  OOH,
B 2050 romy msis yIOBJIETBOPEHHUS CIpOca Ha IMPOJIOBOJILCTBUE T'OJOBOM 00BbEM
MHUPOBOI'O IPOU3BOJCTBA CEIbCKOXO3SIMCTBEHHBIX KYJNbTYp M NPOAYKUUHU
’KUBOTHOBOJICTBA JOJDKEH BO3pacTu Ha 60% 110 cpaBHeHHIO ¢ ypoBHeM 2006 ronal.
B Mupe exeroHo u3-3a nopuu o0Opa3yroTcs MoTepu 3€pHOBBIX MpoAykToB Ha 30%,
KOpHEIu1oJ0B, (GpykTtoB u oBomed Ha 40-50%, MaciaudHbIX KYJIbTYp, Msca U
MOJIOYHBIX TIPOAYKTOB Ha 20% 1 pIObI Ha 35% 2.

B roxpl He3aBucMMOCTH 0c000€ BHUMAaHHUE YJENSIETCS BBIPAIIMBAHUIO U
b (HEKTUBHOMY pa3BUTHIO OTPACIIH, TIEpepadaThIBAIONIEH CETbCKOXO03SHCTBEHHYIO
NpOAyKUHIO. BcenmencTtBue npoBENEHHBIX B 3TOM HANpPaBICHUH IPOrPAMMHBIX
MEpONPUATHNA, B TOM YHCIE, MO OOECIEYEHUI0 KAaYECTBEHHOH mepepadoTKu
IMPOIYKLHHU CEIBCKOIO U JIECHOTO XO3SMCTB, OUyTUMbIE PE3YJIbTATHI JOCTUTHYTHI B
IIPOU3BOACTBE MMIIOPTO3aMELIAOIICH U DKCHOPTOOPUEHTUPOBAHHOMN ITHILEBOM U
dbapmaneBTrueckoit npoxaykuuu. B 2015 romy B crtpane Beipameno 200,3 m
KnyOHell TomuHamOypa u 1992 m mnomoB mmnosHEKa’. OOHUM M3 HIMPOKO
pacnpocTpaHEHHBIX METO/IOB MePepPaOOTKU ITUX MPOAYKTOB CUMTAETCS UX CYLIKA.

Ceronns BaxHOW 3amadyeil MupoBoro wmacmraba sBiseTcss pa3paboTka
TEXHUKU U TEXHOJIOTHH MepepaboTKU MPOIYKIHUU CENbCKOTO U JIECHOTO XO35UCTB,
B TOM 4YMHCIE TONMHAMOypa UM NIMIIOBHHKA, 0CO00€ BHUMaHHUE YJIENIeTCs
COBEpPIIICHCTBOBAHUIO CIIOCOOOB MEpepadOTKH ChIpbs MyTEM MPUMEHEHHS] HOBBIX
TEXHOJIOTHUM, C YYETOM pe3yJbTaTOB HAyYHBIX HCCIEIOBaHUN B 3TOW cdepe,
OPUEHTHPOBAHHBIX HA COXpAaHEHHE OMOJOTMYECKH aKTUBHBIX BEIIECTB B COCTaBe
rotoBoil mpoaykuuu. CiaemxyeT 0600CHOBaTh COOTBETCTBYIOUINE HAYYHbIE PEIICHUS
U PEKOMEHJAIllMU, HANpaBJIEHHbIE HA COBEPIICHCTBOBAHUE CIOCOOOB CYLIKU U
pa3pabdOTKM TEXHOJIOTMH IOJTYYEHHUs BBICOKOKAYECTBEHHBIX HPOIYKTOB, B TOM
yycie HeoOXoAUMO: pa3padoTaTh TEXHUKY M TEXHOJOTHIO NepepadoTKu
TONMHAMOYypa M LIMIIOBHUKA C COXPAHEHWEM OMOJIOTMYECKH aKTHUBHBIX BEILIECTB B
COCTaB€ KOHEUYHBIX HPOJAYKTOB, pa3padoTarb MaTEeMAaTUYECKYIO  MOJEIb
pachpenesieHuss MHUKPOJJIEMEHTOB B MPOILECCE  CYIIKH, UCCIIEIOBaTh U
dbopManu3oBaTh MPOLECC TEIIOOOMEHAa C Y4YeTOM HW3MEHEHHUs TeIjia Ipu
unppakpacuom (MK) HarpeBe u HeIMHEHHBIX SBJICHUN MEpeauyM TEIia, a TAaKKe
U3y4YUTh AKTUBHOCTh TEIJIa B MPOAYKTE B XOJE CYIIKH, pa3paboTaTh BaKyyM-
CyLINIbHYH ycTaHOBKY ¢ MK HarpeBoM M MeNbHHUILY JUIS ITOJTYYEHUs MOPOILIKA U3
BBICYLIEHHOT'O IPOAYKTa. AKTYyaJIbHOCTb U BOCTPEOOBAHHOCTh TEMbI TUCCEPTALUU
NOJATBEPHKAAETCS pealln3aleil HaAyYHbIX UCCIIEIOBAHUI B 3TOM HAIPaBJICHHH.

JlaHHOE IUCCEepTALlMOHHOE HCCIIEIOBAHUE B ONPEACIICHHOM CTENEHH CIYXKHUT
BBITIOJTHEHHUIO 3a/1a4, ipeaycMoTpeHHbIX [locranoBienuem Ilpesnnenta PecryOnuku
V36ekucran I111-1047 or 26 suBaps 2009 roma «O IONOIHUTENBHBIX Mepax IO

! TponoBonbscTBenHast n cenbckoxossiicTaennas Opranmsaryst OGbeauHennsx Harquii. TTooxeH e e B 00IaCTH IPOIOBOIBCTBHS H
CETIbCKOTO XO3sHCcTBA. V3MeHeHHEe KITMMaTa, CeTbCKOEe X03SHCTBO U MPOAOBOIBLCTBEHHAS Oe3omacHOCTh. Pum, 2016. — 210 c.

2 Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction 2015. Rome, 2015. -8 p.

3 Cpenenns AK «Y3adapmcanoat» NeHH-06/1944 ot 2016 rona 27 oxTsOps.
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paCIIUPEHUIO0 TPOU3BOJCTBA TPOJOBOJLCTBEHHBIX TOBAPOB W HACHIIICHUIO
BHyTpeHHero pbiHKa» W [II1-1633 or 31 okrsa0ps 2011 roma «O wmepax mo
JTAIbHEHIIIEMY COBEPIICHCTBOBAHUIO OPTraHW3allMU  YIIPABIICHUS M Pa3BHTHUIO
MUILEBON MPOMBIIUIEHHOCTH peciyonuku B 2012-2015 romax», a Takxke IpyruMu
HOPMaTHBHO-TIPABOBBIMU JIOKyMEHTaMH, IPUHSATHIMU B TaHHOU cdepe.

CooTBeTCTBHE  MCCJENOBAHUSI  NMPHOPUTETHHLIM  HANMPABJIEHHSM
pPa3BUTHS HAYKHM M TexXHoJoruii pecmyOaukm. JlanHoe wuccienoBanue
BBITIOJIHEHO B COOTBETCTBUU C NMPUOPUTETHHIMU HAIPABICHUSMU PA3BUTHUSI HAYKU
U TexHojorui pecnyOnuku: V. «Cenbckoe X035HUCTBO, OMOTEXHOIOTUS, IKOJIOTHUS
U oXpaHa okpyxaromiei cpenb» u VI. «Menunrna u hapMakoIoTus.

O030p 3apy0eKHBIX HAYYHBIX UCCJIECTOBAHMI MO0 TeMe JuCCepTAIMH’ .
Hayunbie ucciemoBaHusi, HANpaBICHHBIE MO METOJaM CYIIKHA KalWUISIPHO-
MOPUCTBIX MHIIEBBIX MPOAYKTOB M COXPAaHCHHUIO B HHX OHOJOTHYECKHU
aKTUBHBIX BEIIECTB, a TAaK)KE METOJaM MaTeMaTHUYECKOTO MOJICIUPOBAHHS U
pa3paboOTKe YyCTPOWCTB M TEXHOJOTHH, MPOBOMATCS B BEAYIIUX HAYUHBIX
IEHTPaX W BBICIIMX OOpPA30BATENBHBIX YYPESKACHHUSIX MHUpPA, B TOM YHCIE,
University of Georgia (CIIIA), Laval University (Kananma), Technical
University of Berlin u German Institute of Food Technologies (I'epmanus),
Federal University of Santa Catarena (bpasunus), University of Extremadura
(Ucnanus), AtaturkUniversity u Middle East Technical University (Typius),
Mutah University (Mopnanust), National University of La Plata (AprenTtuna),
Aleksandras Stulginskis University (JIutBa), MOCKOBCKOM TrOCyJapCTBEHHOM
YHUBEPCHUTETE MUIIEBHIX Mpou3BoacTB U Kpacnogapckom HUU nepepaboTku u
XpaHEHUs CEJIbCKOXO03IUCTBEHHBIX MTPOaYKTOB (Poccus).

B pesynbrare uccienoBaHuii, IpPOBEIEHHBIX B MUPE C IIEJIbIO MOBBITICHUS
(G (HEKTUBHOCTH TpoOIecca CYIMIKH W TOJYYCHHUS KAadeCTBEHHBIX MPOIYKTOB,
MOJIYYCH PSAJ HAYYHBIX PE3yJbTaTOB, B TOM YHCIE: OMpeaeNieHbl (PU3NUKO-
XUMUYECKAE W3MEHEHUS B IMPOIECCE MOTYUYCHHUS MOPOIIKOB OBOIICH M (PPYKTOB
BBICYIIEHHBIX C MOMOIIBI0 TToToka Bo3ayxa (University of Georgia); paspaboTtana
TEXHOJIOTHS CYIIKH THINEBBIX MPOAYKTOB C IOMOIIBIO TEMIOr0 BO3AyXa U
oxnaxaenus (Laval University); BbISIBICHBI METO/IbI TIOJIyYEHUS (PYHKIIMOHAIBHBIX
MPOJIYKTOB C MOMOIIBIO CYIIIKH HAa OCHOBE (PU3UKO-XUMHUYECKUX CBONCTB (DPYKTOB,
oBomeit u pacrennii (Technical University of Berlin u German Institute of Food
Technologies); ompeneneHo BIUsSIHHE BaKyymMa Ha MPOLIECC CYIIKH MPOTYKTOB
(Federal University of Santa Catarena); ompeneneHo BiusHUE HHPPAKPACHBIX
ayueit Ha  mpomecc cymku (University of Extremadura); co3man wmerton
COXpaHEHUs] aCKOpPOMHOBOM KHUCJIOTHI B COCTABE ILUIOJOB IIMIOBHUKA B MPOIECCE
cymku (Ataturk University); pa3pabotan cnoco0 cymku TonuHamOypa ¢
nomompto  ynerpamukpoBosiH  (Middle  East  Technical ~ University);
YCOBEPIIEHCTBOBAH MPOIIECC U3MENbYEHUs Chiphs B MenbHULle (Mutah University);
pa3paboTaHa CymWJIbHAS YCTAHOBKA M TEXHOJOTHUS CYIIKH IUIOAOB IIMMOBHUKA
notokoM ropsiuero Bosayxa (National University of La Plata); ompenenenst

4 0630p mo Teme mmccepranmu pa3paboTaHO Ha OCHOBE 3apybexHbIX 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.kniihpsp.ru u Jpyrux HCTOYHHKOB.
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W3MCHEHHUSI KauecTBa TOMMHAMOypa B TIporecce MepepadOTKH ¥ XpaHEHUS
(Aleksandras Stulginskis University).

B mupe B cdepe mpousBoacTBa (GYHKIIMOHAIBHBIX MHUIIEBBIX MPOIYKTOB
MIPOBOJIATCS MCCIICIOBAHUS 10 Py NPHOPUTETHBIX HAMPABICHUW, B TOM YHCIIE:
COXPaHCHHUIO KAadeCTBa MPOJYKTAa C MOMOIIBIO CYIIKH;, CYIIKE MPOJYKTOB C
NpUMEHEeHUEM HHGpPaKpaCHBIX Jydel; pa3paboTKe NHUIIEBBIX HPOIAYKTOB C
BBICOKUM coZepKaHUEM OMOJIOTUYECKU aKTUBHBIX BEIIIECTB;
COBEpILCHCTBOBAHUIO  CIOCOOOB  CYIIKM  MHPOAYKTOB  (KOHBEKTHBHOW,
KOHAYKTUBHOM, HHPpaKpacHOM, YJIbTPaBBICOKOMW YACTOTON); OMpENEIICHUIO
BHYTPEHHETO JaBJICHUS CYIIWIBHOW KaMmephbl (aTMochepHOil, BaKyyMHOM,
CyOnMMaImMoOHHOM); pa3paboTKe METOJIOB  JIBMJKCHHS  areHTa  CYIIKH
(€CTeCTBEHHOT O, MPUHYIUTEIHHOTO); COBEPIICHCTBOBAHUIO METOJAO0B CYIIIKH 110
BUAY 00€3BOKMBAEMOTO NPOAYKTA (TBEPAOrO, )KUAKOTO U MACTOOOPA3HOrO).

Crenenb n3yuyeHHoOcTH mpoduaembl. Kak mokaszanu pe3ynabTaThl 0030pa
JUTEpaTyphl, C JaBHUX BPEMEH  YIEISUIOCh  OONBIIOE  BHUMAaHHUE
COBEpIIEHCTBOBAHUID  Ipolecca cymkud. B dgactHoctH, A.B.JIBIKOB,
A.C.I'un30ypr, C.I'Mnwsaco, W.b.JleButun, 3.C.Canmumon, O.0.Cadapon
MPOBOJIMIIM MCCJICIOBAaHMS, HAINpaBJICHHBIE Ha pa3pabOTKy TEOpWHU Ipolecca
CYIIKH, U3yUEHUE BIUSHUSI MHPPAKPACHBIX JIyyei Ha MPOILECC CYIIKHU.

V36exkckue yuennle A.A.AptukoB, K.O.JlomaeB, X.d.J[xypaes,
3.C.Uckannapos, J.H.Myxunauno, X.M.Kyp6anos, b.U.Myxamenos,
K.T.HopkynoBa, X.C.Hypmyxamenos, P.X.Paxumon, Bb.Il.Ill1aiimapaoHOB,
H.P.FOcynbexoB mpoBoauIn pe3yIbTaTUBHBIC HCCIe0BAHUS o
COBEPIICHCTBOBAHUIO MPOIIECCOB M aNMapaToB B MHUIEBON MPOMBINLICHHOCTH,
uMH pa3padboTaHbl 3P (HEKTUBHBIE TEXHOJIOTHUH.

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 mnpoBoaunu HaydHbIe UCCIEIOBAaHUA 1O MPOU3BOACTBY
MPOJAYKTOB C TpeOyeMbIM OMOAKTHBHBIM Ka4€CTBOM, MU yCOBEPIICHCTBOBAHBI
MPOILECChl CYIIKU. 3aciyXHUBAalOT BHUMaHus wuccienoBanus W.B.Antyxosa,
P.1.1la330, WN.A.3yeBa, II.J[.JleGeneBa mo MmeTojaM CYIIKHM MaTE€pHUAJIOB,
TeMI000OMEHHBIM TMpPOLIECCaM, COBEPIICHCTBOBAHUIO YCTaHOBOK M IIpolecca
CYIIKH U MOJYYEHHUIO KaUeCTBEHHOTO KOHEUHOTO MPOAYKTA.

B nanHoil guccepTanimoHHON paboTe BIEpBbie MPOBEAECH CPAaBHUTEIbHBIN
aHaJIM3 METOJ0B 00pabOTKM HM30TEPM COpPOLIMH W JaecopOImu U 00OCHOBaHA
1es1ecooOpa3HOCTh BBHIOOpPAa MeETOJIa OPTOTOHAIBHOM perpeccuu B BHIE
ypaBHeHusi [locHOBa, oOTpa)karmIIero pachpeneieHue MHKPODJIEMEHTOB B
OpOAyKTaX 3a CYeT YNOpPaBICHUS TMPOIECCOM CYIIKH TMPH TMOTyYCHUH
BBICOKOKAQYECTBCHHON MPOIYKIMH, pa3paboTaHa KOHCTPYKIHS MEJIHHHUIIBI C
OXJXKJAIOIIEH CUCTEMOW I MOJYYEHHS MHOPOIIKA U3 CaxapCoIepiKarolux
MPOJAYKTOB, OMNPEACICHO 3HAYCHHE IMapamMeTpa BaKyyMa W ONTUMaTbHAs
TeMmIeparypa CYmKH B BakKyyMHOW ycrtaHoBke ¢ MK-marpeBom misi cymku
KIyOHEH TommHamMOypa W IUIOJOB IIUIIOBHUKA C COXPaHCHHUEM OMOAKTUBHBIX
BEIICCTB M 3aJI0KCHBI HAYYHBIC OCHOBBI IPUMEHCHUS PE3yIbTaTOB PabOTHI Ha
MPAKTUKE B MPOMBIILIEHHOM MPOU3BOJCTBE.
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CBsi3p TeMbl [JHMCCEPTALMH C HAYYHO-HCCJIEA0BATEIBCKMMH PpadoTamMu
BBICLIET0 00pa30BATEJIbHOIO Y4YPE/KACHHUs, Ide BBbINOJHEHA JAUCCePTALMS.
JluccepTalluOHHOE  UCCIIEIOBAHME  BBIOJIHEHO B  paMKax IUlaHA  HAy4HO-
MCCIIEIOBATENILCKUX pab0T MPUKIATHBIX ¥ MHHOBAILIMOHHBIX MPOEKTOB TallIKeHTCKOro
rOCyJJapCTBEHHOIO TEXHUYECKOro yHuBepcurera 1o teme: HMOT-2013-6-08 -
«IlonyyeHne 4asg M Macjna W3 IUIOAOB LIMIIOBHHMKA C BBICOKHM COZICpPKAHUEM
Oouonornyecku akTuBHBIX BemiecTB» (2013-2014 1r.), A9-OK-1-15580-KA9-011 -
«Coznmanue arpo- U OMOTEXHOJIOTUUECKUX COpTOB TormuHamOypa «®daii3 Gapaka» u
«Myku3a», X XpaHeHue, 6e30TX0/IHasl epepadoTKa Ha OCHOBE BHICOKOA(P(PEKTUBHOM
TEXHOJIOTHH C LIEJIBIO IPOU3BOZCTBA MMIIOPTO3aMELIAOIIEH "
AKCHOPTOOPUEHTHUPOBAHHOM FKOJIOTMUECKHA YUCTOU npoayKuum» (2012-2014 rr).

Heabr0  HWcCIeNOBAHUS  SBISICTCSL  COBEPIICHCTBOBAHME  TEXHOJOIMHU
nepepaboTKH KiTyOHel TomuHaMOypa M TUIOAOB IIWMOBHUKA C HCHOJIB30BAHUEM
BakyyMHOM cymmikun ¢ HWK-HarpeBoMm, oOecneuuBaromiell IOBBILIEHUE 3SHEPIo-
TEXHOJIOTHYECKON 3(P(PEKTUBHOCTH yCTAHOBKHM U COXpPaHEHHE OWOJIOTUYECKH
AKTHBHBIX BELLECTB.

3agaum uccaer0BaHusA:

UCCIIeIOBATh BHJIbl BJAarM B MaTepualax M ONPEAETUTh TEXHOJIOTHYECKHE,
MEXaHUYECKHE, XUMHUUYECKHE, THILIEBbIC, Teropu3nyeckue u OUOJOTHYECKHE
XapaKTEPUCTUKH U CBOMCTBA KITyOHEH TomMHAMOypa U TUIOJIOB HIMITOBHUKA;

BBISIBUTH 3aKOHOMEPHOCTH TEIUIOOOMEHA B XOJIE MPOIIECCa CYIIKU C Y4EeTOM
HEJIMHENHBIX SIBJICHUH, JUHAMUKU TEIJIOBOIO JIYYHCTOrO0 MH(PAaKpacHOro HarpeBa u
TEIUIOBOM aKTUBALIMY MCCIIEAYEMBIX MaTEpPHAIOB;

pa3paboTaTh MaTEeMaTHUYECKYI0 MOJIENb JBIDKEHHS BJIard B KamwUIsApax IOp
UCCIIElyEMbIX MATEPUAJIOB U NIPOLIECCA PACIIPEAETICHUS MUKPO3JIEMEHTOB B POYKTaX
NIPY UX CYILKE;

OCYILLECTBUTh MOJIEIMPOBAHME M ONTUMH3ALMIO MPOLECCA BAKYYMHOM CYIIKH
JI0JIeK TolMHaMOypa W IUIOAOB IIMIOBHUKA B AJieKTpoMarHuTHOM mnone MK-
JMana3oHa, pa3paboTaTh palMOHAIBHBIA BbIOOp Mecta pacnonoxenus WMK-
u3JIydaTesieil B CyIMIbHOM HIKady;

pa3paboTaTh M CO3/1aTh OIBITHO-MPOMBILUIEHHYIO BaKyyMHYIO CYIIWJIbHYIO
ycraHOoBKy ¢ HMK-HarpeBom st McciefoBaHMs Ipolecca CYIIKH — KITyOHei
TonMHaMOypa ¥ IUIOJIOB IIUIOBHUKA, ONPEAEIUTh d(PPEKTUBHBIE TEXHOJIOTHUECKUE
PEXUMBI;

OIIPENENUTh palMOHANIbHBIE peskuMbl MIK-HarpeBa, yMEHBIIUTD S3HEPIrETUYECKUE
IOTEPH, C MO3MLMI CHCTEMHOIO aHAJIW3a BBIABUTH OCHOBHBIE IMAapaMeTpbl U X
B3aMOBJIMSIHHE HA TEXHOJIOTHUECKHE PEKUMBbI IIepepabOTKH U CYILKY;

pa3paboTaTh KOHCTPYKIHIO OIBITHO-TIPOMBIIIIEHHOIO 00pa3lia MENbHULBI U
a3pOAMHAMHUYECKOrO Ceraparopa Uil IMOJY4YEeHHs NOpOIIKa W3 CYLIEHbIX KIyOHen
TOonmMHAMOypa ¥ TUI0JIOB IIUTIOBHUKA;

OCYILECTBUTH MTPOMBIIIIEHHOE BOILUIOLIEHUE PE3YJIbTAaTOB, OJYYEHHBIX B XOJI€
BBINOJIHEHUS] IMCCEPTALMOHHOTO UCCIIEA0BAHMS.

O0beKTOM HCCJIEIOBAHMSA SIBJISIETCSl TPOJIYKIMSA CEIbCKOrO M JIECHOT'O
XO3SMCTB — KJIyOHM TONMMHAMOypa M IUIOJbI IIUIOBHUKA, C OOECHeUeHUEM
COXPaHHOCTH OMOJIOIMYECKU aKTUBHBIX BEILIECTB B UX COCTABE.

34



IIpeamer uccaer0BaHus — BaKyyM-CYIIWJIbHAs YCTAHOBKA C M3JIy4YaTesIMU
anekTpomarHutHoro mnons HMK-nmana3ona, 3aKOHOMEPHOCTH, CBOMCTBEHHBIE
00€3BOKMBAHUIO, TEXHUKA U TEXHOJIOTHUS CYILKH.

Metoabl wucciaenoBanus. B jaucceprauum NpuUMEHEHAa METOAOJIOTHS
MaTeMaTUYECKOr0 MOJAEIUPOBAHUS U ONTUMHU3ALMU TEXHOJIOTHYECKUX MPOLECCOB.
AJIGKBaTHOCTb MaTEMAaTHUYECKOM MOJEIN pEeaJbHOMY IIpOLECCY MpPOBEpPEHA
HKCIIEPUMEHTAMHU Ha (PU3UUECKOIN MOJIEIH.

Hay4ynasi HOBH3HA MCCJIIOBAHUS 3aKIIFOYAETCS B CIICIYIOLIEM:

olpeielieHa KMHETHKa Ipoliecca CYIIKM KIyOHed TormmHamOypa W IUIOJIOB
LIMITOBHUKA B BAKYyYMHOMN-CYIIMIbHON ycTaHOBKE ¢ IK-HarpeBow;

00OCHOBaHa MO/€Nb JIBMOKEHHUs BJIard B Kamwuisipax IOp W Ipoliecca
pacrpeseneHuss MUKPOIEMEHTOB B NPOAYKTax 3a CYET YIPABIEHUS IPOLIECCOM
CYLLKH IPH MOJIyYEHUH BICOKOKAYECTBEHHOM MTPOAYKIINH;

OlpeziesieHa Nepefada TeIula M BJIard BO BHYTPEHHHUX CIIOSIX MaTepuasna B
yCIOBUSIX HHU3KOro Bakyyma ¢ MK-HarpeBoM U BbIABIEHBI cCHeLU(UYECKHE
O0COOEHHOCTH HEJIIMHEHHOI0 paclpOCTPAHEHUS! TeIJla B YCIOBUSIX JIMCKPETHBIX
PEXKHUMOB ITPOLIECCA CYLIKH;

000CHOBAHO CPAaBHUTEINIbHBIN aHAJIN3 METOJ0B 00paOOTKH U30TEPM COPOIIUU
U JecopOIuu 11e1eco00pa3HoCTh BbIOOpa METOAa OPTOrOHAJIIBHOW PErpeccuu B
BUIe ypaBHeHUs [locHOBA;

pa3paboTaHa KOHCTPYKIMSI MEJIbHMIIBI C OXJIQXAAOUIEH CHUCTeMOW s
MIOJIyYEHMS TIOPOILKA U3 CaXapOoCOAEpKAOIUX IPOAYKTOB;

ONpENICNICHO JaBJICHUE BaKyymMa U ONTUMallbHAs TeMmIepaTypa CyUIKd B
BakyyMHON ycraHoBke ¢ HMK-marpeBom st cymku kiayOHel TomuHamOypa u
IUIOIOB LIMIIOBHUKA C COXPAaHEHUEM OMOAaKTHBHBIX BEILIECTB.

IIpakTHyeckue pe3yabTaThl HCCACA0BAHMS 3AKIIOYAIOTCS B CICIYIOLIEM:

Ha OCHOBE pE3YyJIbTATOB TEOPETUYECKUX M NPAKTUYECKUX HCCIIECTOBAHUMN
pa3paboTaHa BaKyyMHasl CylImibHas ycraHoBka ¢ IK-HarpeBowM;

C YYETOM TEIIO(PU3MYECKUX CBOWCTB MCCIEIYEMbIX MATEPUATIOB NPEUIOKEHA
3pdeKkTuBHAs TEXHOJOrus TNepepadoTKu KIyOHel TonmuHamMOypa U IJI0JIOB
IIMTIOBHUKA B BaKyyMHOW MH(paKpacHOM CyIIMJIKE C OTpaskaTesieM, MO3BOJISIOIAs
YCTaHOBUTbH TEXHOJIOTMUYECKHUE NTAPAMETPBI ITPOLIECCA CYLIKH;

00OCHOBaHbI palMOHaIbHUE MecTta pacnonoxenus WK-uznyuareneit u
crocoObl 00ecreueHus: paBHOMEPHOTO HHPPAKPACHOTO 00Ty4YeHHUsI 00€3BOKUBAEMBIX
IPOAYKTOB C IIOMOLIbIO CHELHUAJBHBIX OTPAXKaTeNedl C LENbI0 3KOHOMHU
JIEKTPOIHEPTUH U COKPALLEHUSI BPEMEHH CYILKHU;

Ha OCHOBE M3Y4YEHHUS 3aKOHOMEPHOCTEH TEXHOJIOTMM CYUIKH pa3paboTaH
ONTUMAJIbHBIN croco0 cymiku B Bakyyme ¢ MK-uznydeHumem ¢ MCHOIb30BaHHEM
HEJTMHEWMHOW MOJIeTM AMHAMHUYECKOTO BHJIA IMpolecca MepepadoTKu KiIyOHen
TOMMHAMOypa ¥ IJI0/I0B IIUITOBHUKA;

BBISIBJIECH MEXaHU3M YCKOpeHus Impouecca cymku 10 4-5% 3a cuer
NPUMEHEHUsI BUOpALMU BBICYIIMBAEMBIX MPOAYKTOB B IOJE 3JIEKTPOMArHUTHBIX
BoaH MK-anama3oHna;

MOJIyYEHHbIE pPEe3yJIbTaThl MPUMEHEHbl TMPU CO3JAAHMM  YIPOUIEHHBIX
YCTAaHOBOK C HHU3KHM YIEIbHBIM pAacXOAOM DJSHEPruud Uil [HIIEBOM H
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dbapmaneBTUYECKON TPOMBITINICHHOCTH, (EPMEPCKUX U JIECHBIX XO3SHCTB;

JOCTUTHYTa MUHHMH3AIUS TOTEPh WHYJIWHA MPU KOHBEKTHBHOM CITOCO0E
CYIIIKH, B YaCTHOCTH, €ro OCTaToOYyHOro konudectBa 10 33,3 mr%, npu crocode
OTE€YECTBEHHOI0 MPOU3BOIUTENS 10 8-9 Mr%, B TO BpeMs KaK IPHU MPEIIaracMoM
CII0cOo0€ 3TOT MOKa3aTeiab JOCTUIIINH 10 45,4 Mr%;

YCTaHOBJIEHO, YTO OCTaTOYHOE KOJUYECTBO ACKOPOMHOBOM KHCIIOTHI B
CYILLIEHOM IIUMOBHUKE J0BeIUHO — 110 0,77 Mr%, B TO BpeMsl KaK MPHU I'eIMOCYIIKE
— 1o 0,15 mr%, npu UK-cymke — go 0,71 mr%, npu KOHBEKTUBHOU CYIIKE — 10
0,12 Mr% u npu cnoco6e ucnoib3yeMoMm rpousBoaureneM — A0 0,59 mr%;

pa3paboTaHa mporpamMma Hcciea0BaHus mpoliecca cymku B cpene C++ Builder
6.0, koropas 3apeructpupoBana B AVIC PY3 NeDGU 03533 ot 12.02.2016 r;

pa3paboTaHbl U YTBEPKIIEHbI TEXHHUUYECKHE YCIOBHUS JKCILUIyaTalliud BaKyyM
NK-cymmibHONM yCTaHOBKHY;

pazpadoran u  ytBepxkaeH ['AK  «VY3dapmcanoat»  BpeMEHHO
PEKOMEHOBAaHHBIN TEXHOJIOTHYECKUI PErJaMeHT Ha MPOW3BOACTBO MOPOIIKOB U3
KJIyOHel TonnHaMOypa U IJI0/10B IIUITOBHUKA.

JloCTOBEpHOCTh Ppe3yJIbTATOB HcciaeaoBaHus. Jlns maTemMaTHyeckoro
MOJICIUPOBAHUSI KCIOJIb30BaHbl MCXOJHBIE AKCIEPUMEHTANIbHBIC pPEe3yJIbTaThl,
MOJIyYeHHbIE C  TOMOIIbIO  M3MEPEHUsT  BBICOKOTOYHBIMH  IPUOOpamu,
KOMITBIOTEPHOE  MOJICJIMPOBAHUE BBIMOJIHEHO TMPU TOMOIIM COBPEMEHHOMU
oneparmonHoit cpensl MATLAB 6.5, STATISTIKA 6.0 Windows XP, Microsoft
Excel, momydeHbl perpecCMOHHbIE ypaBHEHHS, MPEACTABISIONIME COOOMU
CTaTUCTUYECKYIO MOJIEIIb UCCIIENYEMOTO IIpoLiecca.

Hayuynasi u npakTuyeckasi 3HAYMMOCTH Pe3yJbTATOB HCCJIEI0BAHUS.
Hayunast 3Ha4YUMOCTh pe3yJbTATOB HCCIEJOBAHUN OOBICHSIETCS TEM, YTO
pa3zpabotana 3(h(PEeKTUBHAS TEXHOJOTHS KOMIUICKCHON TepepadoTKu KiyOHen
TonmuHaMOypa ¥ IJIOJ0B IUNOBHHKAa B BakyymMHou WK-yctanoBke ¢
MaKCUMaJIbHBIM ypPOBHEM COXpaHEHUsS OMOJOTHYECKH AKTHBHBIX BEIIECTB B
HCXOJHOM ChIPhE.

[IpakTryeckasi 3HAUUMOCTb pabOThI 3aKIIIOYAETCA B peaM3allii PECypco- U
AHEprocOeperaroux TEXHOJOTUYECKUX JIMHUM g 1epepaboTKu  KiyOHen
TONMHAMOypa M IUIOJOB IIUIOBHUKA C COXpPAaHEHHUEM OHOJOTMYECKH aKTHUBHBIX
BEIIECTB B MCXOJHOM ChIpb€, MHUHHUMH3AIMU TOTEPh B XOJ€ NepepadOTKU
Marepuana.

BHenpenue pe3yabTaToB HccaeaoBaHus. Ha oOCHOBaHMM Hay4YHBIX
PE3yIbTATOB, MOJYYEHHBIX IO 00OCHOBAHUIO METO/1a CYIIKU:

MOJIy4YeH MATEHT Ha N300peTeHrne Coco0 CYIIKH KIIyOCHbKOBBIX MPOTYKTOB
ATeHTCTBa HMHTEIUICKTyalbHOW coOcTBeHHOCTH PecnyOnumku — Y30ekucran
(23.07.2014 r. NoIAP 04936). B pesynbpTare HaydyHOI'O HMCCJEIOBAHUS C MOMOIIU
CYIIKH CBIPbSI HUMEETCS BO3MOXKHOCTh IMOJYYUTh MPOAYKT C COXPaHECHUEM
OMOJIOrMYECKUMU aKTUBHBIMU BEILIECTBAMU,

TEXHOJIOTUS TepepaboTKu KiIyOHeld TomuHamOypa M IUIOJIOB IIMIIOBHUKA
NpU  COXpaHEHWU  OWOJIOTMYECKH  aKTUBHBIX  BEIIECTB  BHEApPEHa B
roCcyJIapCTBEHHOM aKI[TMOHEPHOM KOHIIEpHE «Y3(dapMcaHoaT» U Ha NPEANPUATHSIX,
BXOJSAIIMX B cUCTeMy MUHUCTEPCTBA CEIBCKOIO W BOJHOTO XO3sCTBa
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(cripaBKa TroOCyIApCTBEHHOTO aKIIMOHEPHOTO KOHIEpHa «Y3dapMmcaHoar» OT
11.30.2015 roma MJI-06/1868 1 MuHHCTEpCTBA CENBCKOTO M BOJHOTO XO3SICTBA OT
10.09.2015 roma 06/14-893). B pe3ynbrare NPUMEHEHHS TEXHOJOTHMM CYIIKA B
BakyyMme ¢ UK-u3nydeHnnem npon3BoAUTENBHOCTh YCTAHOBKY NOBbICKAACH 10 20%.

Anpodauus pe3yabTaTOB MCCJeI0BaHUsA. Pe3ynpTarbl AuccepTalMOHHOW
paboThl MpouUIM anpoOaluio0 Ha CIEIYIOUUX HAyYHO-IIPAKTUYECKUX U
MEXIyHapoaHbIX KoHbepeHumsx: «uunoBamus» (Tamkent, 2007-2009, 2014,
2015); «Boicokue TtexHomoruu XXI Beka» (MockBa, 2008); «Texuonoruu
nepepadoTKH MECTHOTO ChIpbsi M MpoAyKToB» (TamkeHt, 2008); «IKoJ0oruvecKu
YHUCThIE pecypcocOeperamiye TEXHOJIOTMM  BBIPAIIMBAHMS, XPAHEHUA U
nepepadoTKu  CeNbCKOXO03siWcTBeHHOW — mpoaykiuu»  (Tamkent,  2009);
«AKTyallbHBIE TPOOJIEMBbl XHUMHUHU TPUPOAHBIX coeauHeHui» (Tamkent, 2010,
2015); «Green Growth Strategy of SMEs (Small and Medium sized Enterprises) in
the New Silk Road Countries» (Korea, 2010); «CoBpeMeHHOE COCTOSHUE U
MEePCIEeKTUBbI pa3BUTHs 3HepreTukn» (Tamkent, 2011); «IlepeaoBbie TeXHONIOTUU
B nuieBod npombinuieHHOCTH» (byxapa, 2011-2012); «Ponp TeXHOIOrUU, HAyKU
U TEXHUKH B CO3JJaHUM CUJIBHOTO TPaXJaHCKOTo OO0IIecTBa M MOJEpHHU3ALUs
ctpanb» (Anmwxkan, 2011, 2014); «HuskoremneparypHble W MHUILIEBHIE
texnonorun B XXI Beke» (Cankt-IletepOypr, 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); «AkTyanbHble MpPOOJIEMBI  OTpacie XUMHUYECKON
texHonorun» (byxapa, 2015); «buoTexHoOJIOrHsl: COCTOSHHE W MEPCHEKTUBBI
pazButusi» (MockBa, 2015); «Multimedia Information Technology and
Applications — MITA-2015» (Korea-Uzbekistan, 2015).

Ony0MKOBAaHHOCTH pPe3yJIbTATOB HccjenoBanus. [lo Teme nuccepranuu
onmyonuKoBaHbl Bcero 46 HaydHbIX pabor. M3 Hux 2 moHorpaduu, moiyudeH 1
NaTEeHT Ha Hu300peTeHue, 16 HayyHBIX CTAaTel, B TOM YUCIE 8 B peCIyOIMKAaHCKUX
u 8 B 3apyOekKHBIX KypHallaXx PEKOMEHJIOBaHHBIX BEhICIIEH aTTecTallMOHHON
komuccue PecnyOnmuku VY30ekuctaH uisi NyOJMKalMd OCHOBHBIX HAayYHBIX
PE3yNbTATOB IOKTOPCKUX JIUCCEPTAIUH.

Crpykrypa M 00beM auccepranuu. CTpyKTypa JUCCEPTALMH COCTOUT M3
BBEJICHUSI, YEThIpEX TJIaB, 3aKJIIOUYEHHs, CIUCKA HCIIOJIb30BAHHON JUTEPATYPHI,
npuioxeHuit. O6bem qucceptanuu cocrapisier 200 cTpaHwil.
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OCHOBHOE COJEP KAHUE IMCCEPTALINHN

Bo BBemeHHMM OOOCHOBBIBAIOTCS AaKTyaJbHOCTb M BOCTPEOOBAaHHOCTH
IIPOBEICHHOIO0 MCCIJIEIOBAHUA, 1IeJIb M 3aJladyd HCCIEAOBaHUS, XapaKTEPHU3YHOTCS
OOBEKT U TMpEeAMET, MOKa3aHO COOTBETCTBHE MCCIIEOBAHUS MPUOPUTETHBIM
HaIpaBJICHUSM Pa3BUTHS HAYKU U TEXHOJOTUM pecryOInKHy, U3JIaraloTcsi HayyHas
HOBHU3HA U MPAKTUYECKUE PE3YyJbTaThl MCCIECAOBAHUS, PACKPBHIBAIOTCS HAy4HAs U
MpPaKTUYECKass 3HAYMMOCTH TMOJYUYEHHBIX PE3yJbTaTOB, BHEAPEHHE B MPAKTUKY
pe3yIbTaTOB MCCIIEIOBAHMS, CBEJICHUS 110 OITYOJIMKOBAHHBIM pad0oTaM U CTPYKTYpe
JUCCEPTALIMH.

B mnepBoii rnaBe aucceprauuu «CoBpeMeHHOE COCTOsIHHEe MPO0JIeMbl
TEXHOJIOTUM TepepadoTKM NHIIEBBIX NPOAYKTOB (HA NpuMepe KJIyOHe
TONMMHAMOYpa ¥ IUIOJ0B IIMMOBHUKA) TPOBEJCH aHAJU3 COBPEMEHHOTO
COCTOSIHUS TEXHOJIOTUH MepepabOTKH MUIIEBBIX MPOAYKTOB (HA MpUMepe KITyOHEeH
TOMMHAMOYpa ¥ IJIO0B IIMIOBHUKA) M MMOKA3aHO, YTO B TEXHOJOTUIECKON CXEeMe
OCHOBHBIM 3JIEMEHTOM SBJSIETCS MPOLIECC CYIIKH, ONPEACNAIONIMNI KayecTBO
KOHEYHOr0 MpOAYKTa. AHAIW3 CYHIECTBYIOUIMX MPOOJEM TEXHOJOTUU s
nepepaboTKM MPOAYKIMU KIyOHeW TomuHamMOypa ¢ IUIOJIOB IIWIIOBHUKA,
CBUJIETEIBCTBYET O TOM, YTO OJAHUM M3 Haubosee MEepPCHEeKTHUBHBIX CIOCOOOB
CYILLIKH, MPU KOTOPOM COXPAHSIOTCS IOJIE3HbIE KOMIIOHEHTHI, CIEAYeT MpU3HaTh
BaKyyMHYIO CYIIKY C MpPUMEHEHHEM HH(paKpacHbIX H3Iydarejedl - B KauyecTBe
MPEANOYTUTEIILHOTO HCTOYHUKA HarpeBa o0padbaTbiBaeMOi MPOAYKIIHH; U3TI0KEHO
COCTOSIHUE TMPOOJEeM MaTeMaTHUYecKoro MojenupoBaHus. [Ipu cymike BIaKHBIX
MaTepHalOB MPOUCXOAAT OJHOBPEMEHHO JBa TIpOIlecca: HCIApEeHUe Biaru
(MaccooOmeH) U mepeHoc Temia (TeriooOmen). CyIlika BIaKHBIX MaTepUalioB
BKJIFOYAET B c€0S BOMPOCHI MEPEHOCA TEIUIa U MACChl BHYTPH Tela (BHYTPEHHSSA
3aladya) ¥ B TMOTPAHUYHOM CJIO€ Ha TpaHuIle paszfena Qa3 (BHEHMIHSS 3a7ada).
PesynpTupyromniasi HHTEHCUBHOCTh CYIIIKHM 3aBUCUT OT YCJIOBHM MEpeHOca Teruia u
Macchl BHYTPM Tejla M Ha TrpaHule pazaena (a3. VHTEHCUBHOCTh CyLIKU
MaKCcHMaJlbHa, KOTJJa BO3MOXHOCTb MEPEHOCa TeIjla U MacChl B IOTPAHUYHOM CJI0€
COOTBETCTBYET BO3MOXXHOCTHU NEPEMEILECHMs] BJard M Teruia BHyTpu Tena. Ha
WHTEHCUBHOCTh CYIIKH BJMSIOT BHEIIHHE YCIIOBUS TEIJIa M MacChl U YCIOBUSA
nepeHoca BJaru M Telia BHYTpHU Tena (Manble Koddduiuentsl nuddy3uu uiu
BJIArONPOBOJIHOCTU W Jp.). B psne ciyuyaeB wucmapeHue W cyOnumanus u3
KAWL PHO-TIOPUCTHIX TEJI COMPOBOXKIAIOTCS 00pa3oBaHWEM 30HBI (Pa30BOTO
nepexoja He Ha MOBEPXHOCTH, a BHYTPU KaMWJUIIPHO-TIOPUCTOTO TENa.

OneHuBasi COBPEMEHHOE COCTOSIHME BOMPOCOB aHaiM3a KOHCTPYKIUH
CYIIMWJIbHBIX YCTAHOBOK M CIOCOOOB CYIIKH, MOJYYUBIIUX PACIPOCTPAHCHHUE B
arpoONPOMBINIIEHHOM KOMIUIEKCE CTPaHbl, MOXXHO 3aKJIIOYUTh, YTO CYIICCTBYIOT
HAyYHO-TEXHUYECKHUE MPOOIEMBI, TPEOYIOIMHNE CO3JaHUSI HOBBIX MPOMBIIIICHHBIX
croco00B CyIIKH KiTyOHEH TonmnHaMOypa | MJI0I0B IIUTTOBHHUKA.
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Bo Bropoii rmaBe guccepraumu «Maremaruyeckoe MOJeJMPOBaHUE
MPOLECCOB CYHIKM KaNWLISPHO-NIOPUCTBIX MATEPUATIOB  PACTHTEILHOIO
MPOUCXO0KACHUSD» TIPUBEICHBI PE3YJIbTAThl MOJCIMPOBAHUS TPOLIECCOB  CYIIKU
KalWUIIPHO-TIOPUCTBIX PACTUTEIBLHOIO MPOUCXOXKICHUS, 4 TaKKE IPEICTABICHO
TEOPETUYECKOE UCCIEIOBAaHME MPOIECCOB CYIIKH KIyOHEH TommHaMOypa M ILIO/I0B
HIMIIOBHUKA. Pa3zpaboTana maremaruyeckasi MOJIENb MPOLECCOB CYHIKH KanWUIIPHO-
MOPUCTBIX MATEPUAIIOB PACTUTEIILHOIO MPOUCXOKIACHHUS KaK SIBJICHUM MEPEMELIECHHUS
BJIarM B KalWULIPHBIX MOPAax McCieayeMblx MarepuanoB. [Ioka3aHo, 4To peasbHbIE
MpOLIECCHl TPEOYIOT yueTa BHYTPEHHETO MepepacipeieNieHNs] PaCTBOPEHHBIX BEILECTB,
B TOM YHCJI€ U TUHAMUKYU MOA00HOM NeperpynnupOBKY.

B nuccepraimionHoit pabore u3ydeH Kpyr BONPOCOB OOpa30BaHMS HOBBIX
COCTOSTHUM TE€pepacHpeeeHHbIX KOMIIOHEHTOB B PacTBOpax M HMX pocT (T.e. pocT
TBEpJOM (pa3bl ¥ Bapualysi KOHLIEHTPAIMK IO MEpe ABMKEHHSI BJIark K MOBEPXHOCTH
00€3BOKMBAEMBIX MPOYKTOB). M3yueHO 0JTHOCTOPOHHEE IBUKEHUE BJIaTy, UCIIApEHHE
Ha OJIHOW CTOpPOHE IMOBEPXHOCTH (HAa OTKPBITOM YacTu Kamwuisipa). [lokazano, yurto
MePEeMEIIACTCsl HE TOJBKO J>KUAKOCTh, HO W TApbl, YeM HENb3s MpeHeOperatb B
YCIOBUSX  BaKyyM-CYIIKH, TIOCKOJBbKY (Da30Bble MEPEXOJbl  <GKUIKOCTb-Ta3»
IIPOUCXOJAT PY OTHOCUTEIILHO HU3KHUX TEMIIEpATypax.

Jlnst Toro, ytoObl M3Yy4YUTh JAHHYIO KOHIIENTYaJbHYIO MOJIENIb, OOpaTHUMCS K
HEJIMHEWHOMY MaTeMaTH4eCKOMY OMUCAHHUI0 XpoMmarorpaduu, MUpOKO U3y4aeMou B
pa3zaenax TeOpuu HENMHEWHBIX BOJH. [IpennaraemMoe HaMu OTJIMYHME COCTOUT B TOM,
YT0 y KalWUIPOB IIONEPEYHOE CEUEHUE MEHSETCs, IPHUYEM, MEIUICHHEE II0
CPaBHEHHMIO CO BPEMEHEM CYyLIKM. PaccMOTpuM HMMEHHO Takyro 3amady. Ilycts B
HAaYaJIbHbII MOMEHT Kamwupip uMmeer pamuyc Ryp. 1lo mepe cHmxkeHus pocra,
CBSI3aHHOT'O C HArPEBOM M MCHIAPEHHUEM, IPOUCXOIUT MEUIEHHOE U3MEHEHHE (DYHKIMU
R=R(t), tne nipu t=0 R(0)=R.

[TockonbKy mporecc TAaaKuid, (GyHKLIUS OT BPEMEHH SBIISIETCS HEMPEPBIBHOM
dbyHkumeit coero aprymenra f. [lostromy cripaBeanuBo pasnoxkeHue B psj Ternopa
BOKPYT TOUYKH ¢=(), B pe3yJIbTaTe 4€ro NIMEEM

R=Ry(1+ut+gx), (1)
r1e i, ¢ — K03 (PUIUEHTHI.

[Tocne paznoxenus B psap Teitopa nveem:

R:RO 1+ia—RlLE+ia—qu (2)
Ryout™ Ry owx )

ITockonbKy paccMaTpHUBaeMbI MIPOLIECC ITPOTEKAET B CII0KHOM Cpelle, IPUMEHUM
3aKOH COXPAaHEHHUSI MAaCChl U 3aKOH KHHETHYECKUX MPOLIECCOB aICOPOIINH U IeCOPOLIUH
B TpyOOUKaXx.

C uenpl0  yOpoOLIEHUS  BBEAEM  IIONEPEUHYHO  IUIOLIAAb  Kalwunsipa,

S o
S = 7aR*(t)u E’ = A —const . DTO 03HAYAET, YTO Cy>KE€HHE AraMeTpa JUHeWHo rpu A<0.
Benuurna A 3aBHCUT OT CKOPOCTH CYIIKM W CTENEHH MPEeApacroOoKEHHOCTH

00€3B0KMBAEMOI0 Marcpuralia K Ha6yxaHmo.

PacueTsl moKa3bIBaOT, UTO
1 y-1

G
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B pe3ynbTare npoBeneHHBIX MCCIICI0OBAHNN YCTAaHOBJICHO, YTO Y KalWLIAPOB BO
BpeMsl CYIIIKA TIOTIEPEYHOE CEUEHWE MEHSETCS MEJUICHHeE 110 CPaBHEHHUIO C
JUTUTETTBHOCTBIO CYIIIKH.

JIsist mocTpoeHusT MaTeMaTHYSCKUX MOJIEICH Tpoliecca CYIIKH M aHAJIOTHYHBIX
TEXHOJIOTHYECKHUX TPHUEMOB, TJI€ UMEIOT MECTO (pa30BbIe TIEPEXO/IbI BJIArH M3 OJHOTO
COCTOSTHHSI B IPYTO€ TIPY HAJTMYUH MUKPOHEOHOPOTHOCTEH CPeibl, TIOJTMHOMUAIBHOE
NPUOJIMIKEHUE TI0 JMHAMUYECKUM TIEPEMEHHBIM UMECT CBOM OorpaHuucHust. OCHOBHOM
MIPOIIECC PACIIPEICIICHUST MUKPORJIEMEHTOB B 00pabaThiBaeMOM 00pasIie 3aKII0UacTCs
B TOM, YTO J>KHJIKOCTh, HECYyIas pPacTBOPCHHBIC BEIIECTBA, NPOTEKAET uepes3
HETIOIBIKHYIO TBEPIyIO a3y, a MEePEHOCUMBIN MaTepral YacCTHYHO aJcopOMpyeTCs
TBepaor azor. Maeamusupyst 3TOT MPOIECC, MPUHUMACM, YTO YaCTHUIIBI JKHUIKOCTH
TIEPEMEIIAIOTCS C TOCTOSTHHOW CKOPOCTBIO V.

Crporuit yuer quddy3nOHHBIX TPOIIECCOB YCIOKHICT MAaTEMaTHUYECKYIO MOJIENb
aJcopOlMM W BBOAMT B PACCMOTPEHHE ITPOCTPAHCTBECHHOE pacIpe/IC/iCHHE
napaMeTpoB. Toraa 3aKoH COXpaHSHUS UMEET B

a(p,. +p ) 0 o p,
) S “\vp. l=h- / , 4
or ax( ) o @
rie i - koaddurment muddy3un BHyTpH 00€3BOKHMBACMOT0 0OBEKTA.

JI1st KBa3UpaBHOBECHOIO CIIy4asi IMEEM CUCTEMY YPAaBHEHHIA:
op, op, o0'p,
LA ). LA L
ot ¢ (p / ) 0x

yoo 5)
C(p/‘): m’

_ K K ,AB
R(Pf) [KZB T (K, - Kz)pf]z'

VYpaBHeHus (5) ucciieoBaHbl MPU YCIOBUM JTMHEHHOM 3aBUCUMOCTH CKOPOCTH C
oT p, . C momompro 3amensl Koyna-Xomnda nomy4nnn ypaBHeHHE NapaOOIMIECKOro

TUIA, KOTOPOE HMMEET TOYHOE PELICHHE, OTPAXKAIOLIECE BO3MOXXHOCTH IIOIYy4aTh
BBICYILIEHHBIE IIPOLYKTHI C 3apaHee 3aJaHHBIM IIPOCTPAHCTBEHHBIM PACIpPEACICHUEM
MHUKPODJIEMEHTOB, COIEPKALLUXCS B KIIETKaX MaTepUasa.

B npouecce cymku, Kak yXe OTMEYalIoCh BbIIIE, NpU OOJNBIIMX TpajMeHTax
JABJICHUST KUJKOCTH YacTo OOpa3yloTCsl MHUKPOTPEIIMHBI, 4YTO CIIOCOOCTBYIOT
YBEJIMYEHHUIO TIOTOKA BJIard U3 IIyOMHBI MPOAYKTA HA €ro MOBEPXHOCTh. JTOr0 TaKXkKe
MOHO JTOOMTBHCSI UCKYCCTBEHHBIM ITyTEM, HE MOBPEXk/1asi OMOAKTUBHOCTh KOHEYHOTO
IIPOAYKTA.

OTMeYeHHBIE  BBIIIE  IPOLIECCHI  IIEPEMEIICHUS  MHUKPOXJIEMEHTOB B
00€3BO’KMBAEMBIX MPOAYKTaX MOKHO (hOPMATU30BATh C MMOMOIIBIO COOTBETCTBYFOIIINX
ypaBHeHM. [IprMeHHTENBHO K paccMaTpuBacMOMy CIIy4ar0 HCCIIENYEM HEIUHEUHOE

YPaBHCHHC (4) C IOMOIIIBKO METOAA ITOCIACAOBATCIIbHBIX HpH6JII/I>K€HHﬁ.
X 4
BBeJ:[eM 6e3pa3MepHBIe ImapaMeTphl. x = Z, t = ? ,
rac L- TOJIIIINHA MaTepI/IaJIa 0 CYIJ_IKI/I; T- MAaKCHUMAJIbHOC BpeMH CyHIKI/I.

BwmecTo pr BBENIEM ) = p{ ; w3 (5) moydnm
' Prli=o

op; .Op; .Op.
o e T (©)
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e ¢ = c(p)%, h :}2—{.
B nanprelitiem OyneT omycKaTh IMITPUXH C IEIBIO COKPAIICHUS 3aIUCH, HO TPH
TOM HUMEIOTCA B BHUIY Oe3pa3MepHble JUHAMUYECKH NepeMeHHble (6). BBeaem
0003HAYCHMSI
ng=NiN;, n;=p,
oy OO0 (7)
ot ox ox
TJIE M, C, X, h — HOBbIE O€3pa3MepHbIC IEPEMEHHBIE.
Pemenne nenuueitHoro ypaBHeHus (7) OCYIIECTBIISICTCSI ¢ MOMOIIBIO METOJa
NOCIE0BATENbHBIX MPUOIMKEHUH.

ITycth n = n,(x,t) — pelIeHKE JTMHEHHOrO TIPUOJIVIKEHHS, T.€. PEIIEHUE YPABHEHHUSI
(7), xorna c=const. OHO JIMHENHOE ¥ MMEET PElIeHUE: n,(x,t)=n,(x —c,t). OU3HUECKH
5T0 — OOBIMHOE JBWKEHHE B BUIE (POHTA CO CKOPOCTBIO ¢, =c(n,). McTuHHOE
pelleHre MOKHO NPHUOIIKEHHO 3aMMCATh B CIIEAYIOIIEM BUIE:

n, =ny,(x,0)+n,(x1). (8)
Jiis (8) umeem
an'f an',. azn}
A —=h
a o Ve 9)
Ac= c(O)[l - AR]

rie AR- nomyuum u3 (5).

OTO peuieHue JOIyCKAeT U TAaKylH0 TPAKTOBKY, YTO IPOLECC INEPEMELECHHUS
COMPOBOKAACTCS BO3PACTAIONIMM IO BpeMeHu ckaukoM. OmHako auddysnoHHbIe
SBJICHUSl CIJIQKMBAIOT MOJOOHBIE MPOLECChl, HE JOBOJAS HMX JO CKaYKOOOPa3HOro
pacnpeniesieHuss KOHUEHTpaluy. B3auMoBiIMsHUE ATHUX JBYX (DPU3UUECKUX SIBJICHUI
OIIpeneNsieT TOT UM MHOM KOHKPETHBIM MEXAHNU3M IIEPEMELICHAS MUKPOIEMEHTOB.

Pe3ynbTaThl CHONb30BaHUS METOJA CBEPTKH (PYHKIMN AJIsI PHOIMKEHHON U
AQHAIMTUYECKOW alllPOKCUMALHI IIPU PEILIECHUN PACCMAaTPUBACMBbIX YPABHEHUI.

_(=0)?

o0 V e V

[ F| & dédr+O| h(t—1)——

o0 1+R(n) 4/27[}1@—2’) 1+R (10)
Ucnonb3yst meron cBepTkd (DyHKIMNA Ui MPUOIMHKEHHOW W aHAJMTUYECKOM

annpoKCUMALMi IPH PELIEHUH pPAcCMAaTPUBAEMbIX ypaBHEHUH (8) M HCHONb3ys

anmnpoKCUMaIMoHHYyI0 dhopmyity Jlamnaca it cBepTKY (YHKIIHMA, TTIOTYIHUM:

nzno(x,t)+jF(§— d Je

] 1+R(n,) ) \2h7(t—7)

N :

t
n=|
0

vo(n):, (11)

e F =(n,).. .

JlanHO€ ypaBHEHHE TIO3BOJISIET B JIOCTATOYHOM CTENEHH Y4YHUTHIBATH 3(PPeKThI
HEJIMHEWUHOCTH.

Takum 00pa3om, Ha OCHOBE aHaW3a IOBEICHUS MHKPOHEOTHOPOIHOCTEH B
nporieccax 00€3BOKMBAHMS TMPOIYKTOB HaMU ObLIM pa3paOOTaHbl HOBBIE METOIbI
MHTEHCU(HKALIMU TIPOIecca CYIIKH, CIIOCOOCTBYIOIIUE COXPAHEHHIO OMOJIOTMYECKU
AKTHBHBIX BEIECTB B KOHEUHOW MPOTYKIIHH.

Ha ocHOBe IUIaHUpOBaHMS OKCIEPUMEHTOB M3YYCHO BIUSHHC BHEIIHUX
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daxtopoB (MK-BomH, BuOpammii, ypoBHSI Bakyyma) Ha mporiecc cymku. Ha ocHoBe
O0pa0OTKH CTAaTUCTUYECKUX JIAHHBIX TPOBEJEHHBIX SKCIEPUMEHTOB IMOJYyYEHBI

MaTEMaTUYCCKUE MOJICIU. Y CTaHOBJICHBI

KO3(PPUUMEHTHI KOPPEISLMU  CYLIKU

r1=0,84; r>=0,85; r3~0,85 u sneprozarpar r;0=0,83; r20=0,83; r30=0,63.

Merogamu  TUTaHUPOBAHUSA

IKCIIEPUMEHTOB

BBITIOJIHCHBI HCCICA0BaHUA

nepepacipeielieHus KpUCTALIM30BAHHBIX BEILECTB MOCIOWHO B IMpoliecce Cylku. B
YaCTHOCTH, TOJYYEHbl KPHUBBIE pACIpEACICHUS WHYJIMHA B OIPEICIICHHOM CIIOE
TonmMHaMOypa. DKCIEPUMEHTHI TOKAa3aJld CYIIECTBEHHYIO ITOCIOWHYIO Cerapariuio

VHYJIMHA.

|—m3nyuarenu; 2—IOCKOCTh CETKHU; 3—ChIPbE.

Puc.1. UuppakpacHoe moJie, cozaaBaemoe
ABYMSI KepaMHYe€CKMMH Napauie1bHbIMHA
TpyOouKamu

Obpatumcst  k  pabore  UK-
minyvateneil.  Ilycte  mapasuienbHble
KepaMHYeCKue  TpyOOUKM  HarpeBaroT

IUIOCKOCTh, KOTOPasi COCTOHUT U3 CETOUHOTO
Matepuaia (puc.1).

Jliist cpaBHEHMsI 00JTydaeMbIX TOUYEeK A
" B BBITTOJTHAM BBIYHCIICHHSL.
[Hyunmuaapuyeckue M3JIy4aTen
BO3JCHUCTBYIOT C MOILITHOCTBIO [ = [ ~FL2,

I€ 7—paccTosHUE OT OCH [0
MOBEPXHOCTH IWJIMHAPA, PABHOE PaUyCy,
B M, [-TIOTOK MOIIHOCTU W3Iy4deHus (Bm)
Ha PacCTOSHUM ¥ OT TPYOKH, T.€. SHEPrus

U3Ty4YEHHBIX HWH(PAKpacHbIX BOJH Ha

pacCcTosiHUM 7, TPOXOJIIas Yepe3 EAWHMIYY IUIONAJAM 3a €IMHHUILY BpPEMEHH,
Io—TIOHBIN TOTOK MOIITHOCTH M3ITyYaTelIsi KePaMHUISCKOU TPYOKH.

21
OueBuIHO, YTO B TOUKY A HAalpaBjieHa MOIIHOCTL OOIyYeHus ——", a B TOUKy B —
X

MOILIHOCTb 1_2 + I_(; 3ameruMm, 9TO y° =h+vx* —h’ .
h

¥

[Tpu paBeHcTBE MH(MPaKpaCHOTO OOITydEHHs B 3TUX TOUKax A u B umeem:

1-HampaBisroIas pama; 2-0Tpaxarelib; 3-cbipbe; 4- K tpyOka.

Puc.2. Cxema ¢urypHoro orpaskareJist
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2l L, L

N TN

X
Hcnons3yss o0o3HaueHue ¢ =

(12)

TIOJTyYUM

EX+E+2=0, (13)
TJIE X, y— KOOPAWHATHI, M, h— PaCCTOSIHUE
MEXIy M3IydareieM ¥  OCHOBHOM
IUIOCKOCTBIO ~ OTpakeHus, M, & —

Oe3pa3mMepHast BEIMIHHA.

PaBenctBo (13) mokasbiBaeT, 4TO
Ipy BCEX 3HAYEHUSAX ¢ OHO HE PABHO
HYJIO, T.€. PaBEHCTBO HE BBIMOJIHSICTCH,
MOCKOJIbKY JAMCKPUMHUHAHT OTJIIMYEH OT
HyJls.  OTO  CBUJETEIBCTBYET O



HEBO3MOYKHOCTH PAaBHOMEPHOTO HH(PAKPaCHOTO OOIYYCHUS C ITOMOIIBI0 OOBIYHBIX
JMICKPETHBIX TpyOoueKk. J[aHHO€ pPaBEHCTBO CHpaBEIIMBO, KOIZIA PACCTOSHHUE [0
U3Ty4aeMOM TOUKM BEJMKO 1O CPAaBHEHUIO C JAuamMeTrpoM wu3imyyarens. OJHako
3a4acTyl0 M3JIy4yaTelnd MeXIy COOOM pachojoKeHbl TakuM o00pa3oM, 4YTO 3TO
paccTosiHE Majo IO CPABHEHUIO C AUAMETPOM M3iayvarens. [pyrod CymecTBeHHBbIH
MOMEHT B HMH(PAKpPACHBIX KaMepax — MHOTOCJIOHHBIE CYIIWIbHBIE CETKH IaroT
oTpHIarenbHbIi 3 dekT. i1 yecTpaHeH s TOro 00CTOSATEIbCTBA TpeJIaraeTcsi HoBast
cucteMa (GUTYpHBIX OTpakareneil. HexenmarenbHble 3(PQPEKTHI MOXHO YCTPAHUTH,
M3rubasi M30THYThIE METAIUIMYECKME OTPAXKATEIN TIOH YIIOM Qnax=27,4% @nin=18,3°;
W Onax-Pmin)=19,1°  (puc.2), KOTOpbIC HE TOJBKO OTPAKAIOT H OOCCIECUHBAIOT
paBHOMEpPHOE OOJydyeHHE CETOYHOM TIOBEPXHOCTH, HO U BHEIIHEH CTOPOHOI
MPEMSATCTBYIOT BBINAICHUIO YACTHILL IPOAYKTA Ha IOBEPXHOCTh U3ITy4aTEIeH.

N3 pacyeroB MoOSyuyeHbl YCIOBUSI MAKCHUMAJIbHOTO OTPAXEHHs W3ITyUYCHUS:
paccrosinue Mexnay cetkamu —170 amm, nuametp TpyOOK — 22 mm, pacCTOSIHUE MEXKITY
CETKOM W m3my4areneMm — 135 mm, pacCTosiHuE MEXIy MOBEPXHOCTBIO M3ITydaTess U
HanOoIee yIaNeHHON TOUKON OTpaXkaTers — 22 M.

[Ipu pacnonoxenun TpyOOK MapauiesIbHO ¢ paccTosiHueM Mexay Humu 400mm
JIOCTUTAETCsl pABHOMEPHOE 00Ty4eHNE Y MAKCUMAJIbHOE UCIIOIh30BAHUE M3TYYaIOIIEH
MIOBEPXHOCTH.

Tperbs rnaBa auccepTalnu «IKCIEPUMEHTAIbHOE MCCIe0BaHNe MPOLEeCcCOB
CYIIKH HAa ONbITHON MOJEJbHOW YCTAHOBKE» IOCBSIICHA  U3YyYEHUIO
TEIUIOTEXHUYECKUX XAPAKTEPUCTUK COPOLMH U JeCOpOLMU MapoB BOABI 00pazLamu
ucclieyeMoro KiyOHel TormuHamOypa copta «My»Ku3a» U IJI0J0B IIUIIOBHUKA MPU
temrieparype 293 K. I[lonydyeHHble JaHHBIE NMPpUBEAEHBI Ha puc.3.- puc.4. Ha ocHoBe
W30TEepPM COPOIMH TapoB BOJIBI 0OpasliaMu TOMUHAMOYpa M TUIOIOB IIUIIOBHHUKA TIO
ypaBHenuto bpynayspom, OmmeroM u Teitnopom (BOT) Obutn BBIYKCIEHBI EMKOCTb
MOHOCJIOS, Y/I€IbHAs MOBEPXHOCTh, CyMMAapHbI 00BEM NOP U PaMyC KalMILISPOB.
[Ipu BakyymuHoi WK-cyiike TermioTexHUYecKas XapakTepUCTHUKa ToMMHamMOypa —
yJIebHas OBEPXHOCTh KAIMILIAPOB — cocTapiser 18,38 M%/r; mpu 9T0M CyMMapHbIii
00béM moOp Ui TonMHaMOypa B ycioBusix BakyymMHoM WK-cymku cocraBui
0,440 cm’/r. s JIPyroro OOBEKTa HWCCIICIOBAaHUS — TIUIOJIOB IIMIIOBHUKA —
YCTaHOBJIEHO, 4TO HpuU BakyyMHOM HMK-Cylike TerorexHu4Yeckas XapaKTepUCTHKA
ILMIIOBHUKA — YJIeJIbHAs TIOBEPXHOCTh KAMIUIAPOB - cocTapisieT 12,30 M*/r; mpu 3ToM
CyMMapHbIii 00BEM TOp ISl 00pasiia B yCJIOBUsIX BakyyMHOM MK-cymiku mmmnoBHyKa
coctasui 0,390 cm?/r.
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Puc.3. Kpusbie usorepm copouum n Puc.4. Kpusbie copOunu u
aecopOuun TonuHAMOypa JAecopOI Y NJI0A0B IINIIOBHUKA

Ha ocHoBaHuu pe3ysibTaTOB MPOBEACHHBIX MCCIICIOBAHUN SIBJICHUM COPOIUMU U
JecopOIMy TapoB BOJbI 00pa3llaMd TONMHAMOYpa W IIMIIOBHMKA OMNpPEAEIICHBI
napaMeTpbl  KamwUISIPHO-TIOPUCTONM  CTpyKTyphl. Ha ocHOBaHuUM  pe3ynbTaToB
MPOBENICHHBIX HCCICIOBAHUN W30TEpM COpOIMM H JecopOrmu TomuHaMOypa u
IIUIIOBHUKA OBLIM OIPEENICHBI: X,—€MKOCTh MOHOCIOS, Syo—y/IebHAsI MOBEPXHOCTD,
Wo—cymmapHblii  00bEM TOp, 7—PaayC Kanmwusipa. OTH JaHHbIE TO3BOJISIOT
OIIPENETTUTh BPEMSI CYIIIKU M (DOPMBI CBSI3U BJIar C UCCIIECI0OBAHHBIMUI MaTepHaIaMHu.

[Tonyuaemsie AKCIEPUMEHTAIIbHbBIC pe3yabTaThI o W3YUYCHUIO
TUTPOCKONMYECKUX CBOMCTB HCCIEyEMBIX MaTEepHaloB 00palaThIBAIOTCA C
IOMOIIBIO ypaBHeHHUs [locHOBa:

@ = e(w_p'w_-p]fs (14)
W = 1
p=—
Blng +F§,;, (15)

rie€ W-THTPOCKOIMWYECKasi BIAXHOCTh,%; B-koadduiueHT, yduThIBarOMUN
du3nuecKue cBOCTBa MaTepHaIa.

Bbruucnenust mokaszaiy, 4YTO BBIIICOMHCAHHBIE OCOOCHHOCTH 00pabOTKU
JAHHBIX TOATBEPXKICHbI B BbIpakeHHOH ¢(opme. Tak g TommHamOypa mpH
temnepatype 293 K mosnyueHbl YMCIIEHHBIC 3HAYEHHsI MapameTpoB ypaBHeHus (14)
wr=5,96-10%, B=-0,4292. A no ¢opmyne (15) HeIUHEHHOE OIICHUBAHHE JAET
cleayrolme pe3yaprarbl wi=45,65%, B=-0,0947.

Ecmmu naxe 3adukcupoBats wi=44% B COOTBETCTBHHU C 3KCIEPHUMEHTAIBHBIMU
JAHHBIMU, TO IO OjHOMapaMmeTpuuecko moaemu (14) nomywaercs B=-0,4076 wu
CYIIIECTBEHHOE OTJIMYUE 3akoHOMepHocTer mo dopmymnam (14) u (15) TONBKO
YCUJINBAETCH.

Ha  pwuc.5 NOpUBEJCHBl  pe3yyibTaThl  OOpaOOTKM  JAHHBIX IO
OJTHOIIapaMETPUUYECKON MOJIEIH.
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1- u30TepMBI AecopOIMy TOMMHAMOYPa; 2- H30TEPMBI IECOPOLINH IIIUTTOBHUKA; 3-H30T€PMBI COPOLIIH
TONMHAMOYpa; 4- U30TepMbI COPOIUH IIMTTIOBHUKA
Puc.5. Pe3yabTaThl pacueToB U30TePMbI COPOIIMM U 1€COPOIIUSI TOMUHAMOYP M HIUIIOBHUKA 110
moxaeu IlocHoBa

[Ipy HEM3MEHHBIX 3HAYEHHSIX TEMIIEPATYPhI IPOLIECCA KHHETUKY CYLIKA MOYKHO
paccmarpuBath uepe3 muddy3roHHOE ypaBHeHHE DHKa C COOTBETCTBYIOITUMH
HAYaJIbHBIMU Y TPAHUYHBIMU YCIOBUAMH. [[11s1 orrcanus rporecca MaTeMaTU4eCKUMU
BBIpKCHUAMU ypaBHEeHHME DuKa, BBIPAXKAIOIIEE 3HAUYECHUE BIIATOCOJEPIKAHUS,
HEOOXO0IMMO MPHUBECTH K O€3pa3MepHOMY BUIY IPH MOMOIIH CIETYIOMEH (HOpMyJIbI:

— W -
W - 4

W, -Wy (16)
[lpu npuHsATAM TpaHWuYHBIX YycrnoBud [-poma otHomeHus kod¢h¢uimeHTa

mupdy3un BiIark K KBAApaTy OMNPEACISIONIEro pa3Mepa OIPEeSTWId METOI0M
HAaUMEHBIIMX KBAJPaTOB P IMOMOLIU CHELNATIBLHON MPOrpaMMBbl C IOJIPOrpaMMaMu
pemernst audepeHImaTbLHBIX YpaBHEHUH B YaCTHBIX MPOM3BOIHBIX C JIOCTATOYHBIM

KOJIMYCCTBOM OKCIIOHCHTOB B PCIICHU .
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— - mooenv Puxa I-pooa; ——— -moodenv Puxa Ill-pooa
1-xpuBast cymku gonek TonuHamOypa ¢ MK-HarpeBoM; 2-KprBasi CyIIKH H3METbUEHHON MacChl
tormrHaMmOypa ¢ MK-HarpeBoMm; 3-kpuBasi cymiku qosek TonuHaMOypa B Bakyyme ¢ MK-HarpeBoM;
4-KkpuBas CyIIKH U3MEITbUEHHON Macchl TOMMMHaMOYpa B BakyyMme ¢ MIK-HarpeBom; S-kpuBasi Cymku
JI0JIeK TomMHaMOypa B BakyyMme ¢ IK-HarpeBoM 1 Bo3aelcTBrEM BUOpaIiy; O6-KpUBast CYIITKH
U3MeNbUEHHON Macchl TonmMHaMOypa B Bakyyme ¢ MIK-HarpeBom u Bo3nieiicTBreM BUOpaImm
Puc.6. Kunernueckue 3aKOHOMEpPHOCTH CYIIKH TOMHHAMOypa

S
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3 1 1 2 1 3
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02 S TERaa 02 i 03 T
Tl
R s 2 25 3 as B T R I I E — 1 sz 25 5 s
Ly fou [
— - moodenv Quxa I-pooa; ——— - modenv @uka Ill-pooa

1-Bakyymnas cynika ¢ MK-narpesom (Temmeparypa cymiku 50°C; Bakyym -0,8 atm);
2-pakyymHas cynika ¢ MK-narpesom (Temmeparypa cymiku 65°C; Bakyym -0,8 atm);
3-pakyyMHas cymka ¢ MK-narpeoM (Temnepatypa cymiku 80°C; Bakyym -0,8 atm).
Puc.7. Kunernyeckue 3aKOHOMEPHOCTH MPOLECCA CYIIKH IL10/10B IIMIIOBHUKA

CpaBHEHHE DPACUETHBIX W JKCIIEPUMEHTAJBHBIX JaHHBIX ITOKa3bIBaeT (puc.6
MITPUXOBAsl JIMHUS), YTO HEOOXOJAUMO YUYUTHIBaTh Kod(dduiment maccooOMeHHa
mexay (azamu (puc.6-7).

W/dt 0.25 T

1-xpuBas cymiku gonek ronuHamOypa ¢ K-
HarpeBoM; 2-KpuBasi CyILIKU U3METbUEHHON MacChl
tormmHaMmOypa ¢ MK-HarpeBoMm; 3-KpuBasi Cyniku
JI0JIeK TomMHaMOypa B BakyyMme ¢ MIK-HarpeBowm;
4-KpuvBasi CyIIKH U3METbYEHHON MacChl
TonrHamOypa B Bakyyme ¢ IK-HarpeBom; 5-kprBas
CYIIKHU JI0JIeK TonmMHaMOypa B Bakyyme ¢ K-
HarpeBOM U BO3JICUCTBHEM BUOpalLnK; 6-KpuBast
CYILIKH U3MEJIbUEHHOM Macchl TOITMHAMOYypa B
Bakyyme ¢ MIK-HarpeBom 1 BozzeiicTBHEM BUOpaLin

0.2} 1

w

0.15} 1

0.1r

_o )

0.05} 1

Puc.8. KpuBblie ckopocTH CylIKy TONMHAMOYpa
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dW fdt
dw fdt
T

w w W
1-Bakyymnas cynika ¢ MK-narpesom (Temmeparypa cymiku 50°C; Bakyym -0,8 atm);
2-pakyymHas cynika ¢ MK-narpesom (Temmeparypa cymiku 65°C; Bakyym -0,8 atm);
3-pakyyMHas cymka ¢ MK-narpeoM (Temnepatypa cymiku 80°C; Bakyym -0,8 atm).

Puc.9. KpuBblie cKOpOCTH CYIIKH ILI00B IIUIIOBHUKA

IIpousBeneHHas KoaM4yeCcTBEHHas (popMann3alys UHTCHCUBHOCTU CYILLIKHU IIPU
Pa3IUYHBIX pEeXUMaX CYIIKU IIO3BOJIAET COIOCTAaBUTH UX: I10 MHTCHCUBHOCTU Kak
BHyTpeHHe# quddy3un, Tak U BHEIIHET0 MaccoOOMEHa IMyTeM PACHOIIOKEHUS B P,
ykazaHHoM B puc.9. Ilo 3nauenusm kpurepus Bio MoxxHO KoHCTaTtupoBath, uro MK-
BaKyyM CYIIKa peliaer MpoOiemMbl, CBA3aHHbIE C JUMUTHPYIOIIEH BHYTpPEHHEH
mddysueit cymku. JanpHelinee cOBEpIICHCTBOBAHNE CYIIIKH B TEXHOJIOTMYECKOM H
KOHCTPYKTHUBHOM IUIaHAX OCHOBBIBAETCS HA MHTEHCU(MKAIIMM BHEIIHEro OOMEHa Ha
I'PaHULIAX YACTUIL U CIIOEB MaTepUaJIa.

1 - monaoH; 2 - Bechl ¢ U(POBLIM
WH/IUKATOPOM; 3 - TIOJICTAaBKa; 4-ChIPHE;
5-tepmomerp; 6-MIK HarpeBatenb; 7-BaKyym-
Kamepa; 8-IyJIbT yIpaBJIeHNs; 9-BaKyyMMETD;
10-BeHTUNB; 11-TEII00OMEHHUK;

12-BakyyMm- Hacoc

Puc.10. Cxema 1a00paTOpHOI IKCIIEPHMEHTATbHON YCTAHOBKH

Jlis mpoBeAeHUs SKCIEPUMEHTANbHBIX MCCIEAOBAaHMNA ObUla HM3rOTOBJIEHA
YCTAaHOBKA — BaKyyM—CYIIMJIBHBIM IIKa C UHPPAKpaCHbIMU H3ITy4aTesIsiMHU,
MO3BOJIAOLIAS [TPOBOJUTH MPOLIECC CYLIKU MPH PA3IMYHBIX PEXUMHBIX MapaMeTpax
npotekanusi mporecca (puc.10). [IpoBoaunack cepusi OMBITOB MO CHATHIO KPUBBIX
CYIIKH KITyOHeW TonuHamOypa copra «Myku3a» U TUI0JI0B IMIOBHUKA. OUUIleHHAs
NPOAYKLMSI Hape3aeTcs ¢ NOMOIIBI0 OBOLIEPE3KHM HA JOJBKM TOJIIMHOW 2 MM H
pa3MenaeTcs Ha CeUUaIbHBIX HEPKABEIOIMX CETOUHBIX MOAJ0OHAX, KOTOPHIE, B CBOIO
ouepenb, nomematorest B MK-cymmnbsHoM mikady — BHYTpU BakyyM-Kamepbl. J(Bepu
BaKyyM-KaMepbl YIUIOTHEHbI B 3aKPHITOM IOJIOKEHUU, U BO3yX BHYTPU KaMEPHI C
MOMOILBI0 BaKyyM-Hacoca OTkauuBaercst 10 -0,8 aTM.; 3aTeM Ha TEepMOpPEryJsiTope
YCTaHABIIMBAIOT HY)KHOE 3HAYEHHUE TeMIlepaTyphl, BKIouatoT MK-cymmnbHblii mkad.
CHauana OCYILECTBISIIOT HENpPEpbIBHOE OO0JlydyeHHe B TeueHue 45 MHHYT, 3aTeM
IPOJIOJDKAIOT TMPOLECC CYLIKM B JUCKPETHOM PEKUME, BKIIIOYAIOT M3JIy4daTelau B
TE€YEHUE 5 MUHYT, OTKIHOYAIOT 25% n3nyyareneil — B TeueHue 15 munHyT. Takoi nuki
MOBTOPSIIOT JI0 JIOCTMDKEHHSI BIAXHOCTH mpomykra 12%. OOiiee BpeMsi CyIIKd
cocrasysier 10 u.
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W_. %o ]'[gpngn NOCTOAHHOH Tleproa nagusmed cxepocTa
CKOPOCTH CYIIKH Ty
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I-BakyymHas cymika ¢ UK HarpeBom
(Temmepatypa cymku 50°C; Bakyym -0,8
aTt™.); 2-BakyymHas cymika ¢ K-
HarpeBoM (Temneparypa cymiku 65°C;
BakyyM -0,8 atm.); 3-BakyyMHasi CyIIIKa
¢ MK-HarpeBoM (TeMneparypa CyLKu
80°C; Baxyym -0,8 atm.)

40
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Puc.11. Kpusble cymku kiay0Hel TonnHaMOypa copra « Mykusza»

Ilepron TOCTOSIHHOM CKOPOCTH CYIIKH IPOAOJDKAETCA 1O KPUTHYECKOTO
BJarocojiepkanusi W<, (puc.ll, puc.16), mpu KOTOPOM BHYTPHU- M BHEIIHE
i dy3rnoHHOEe conpoTUBIEHUsT paBHbL. [103TOMY KpUTHYECKOE BJIAaroCOAEpXKaHUE
MOKHO OIPENCIIATh KaK CPEJHE MHTETPAIIBHOE BJIArOCOAEP)KAHME Marepuaia, IIpU
KOTOPOM Ha IIOBEPXHOCTH JOCTUTAeTCsl MAaKCUMAIbHOE THMIPOCKOIMYECKOE
BJIArOCOJACPIKAHUE W HAYMHACTCS IEPHOJ MAJAIOIIEH CKOPOCTH CYLIKH (WM BTOPOU
MIEPUOJT CYLIKH).

TONIHEHA Cles, Masaenus,
amy

UC MM M.
6 11
1200 - //"\\\\ ! 7
N 0,8 |
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\x 3 4 ~0,6:
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// ~ [ 2 2]
400 // & s N 2l
///-——-—— 1 ’ N‘I‘mi L Iml-loml oo -js .
| "1 Ty
200 - 4____—-—'
| — — L R
2 4 A, MKM
Puc.12. Ontumanbublii Bapuant UK- Puc.13. 3aBucumocTsb coXpaHeHHs
U3JIy4YeHHs JAJs CYLIKH MPOAYKTOB HHYJUHA OT ATMOC(EPHOro AaBJICHHUA H

MPOIOIZKUTECJIBHOCTH NpoLecca CYUIKH
(ycnoBus cymkn: 65 °C; TommuHa T0ITBKA-2 MM)
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IIpu BeICOKOM Temneparype MHMK-
Jy4Hd OBIBAIOT KOPOTKMMH, a MPHU HU3KOM
temmeparype UK-myun — mmmnbbeie. 1lpu
temneparype 500-600 °C UK-nyun
Jocturaror 2,8-3 mxMm. JlanHas mimHA
BOJIHBI CUMTACTCS OITHMAaJILHBIM
BapMaHTOM JUIS CYIIKHA IIPpOAYKTa C
MPUMEPHOM TOMIUHOM 2 MM (puc.12).

Tonuuna cros,
MH A

bt —]
4
=
=
=

17 &«

1-kpuBas cymku nonex TonuHamOypa ¢ K-
HarpeBoM; 2-KpHBasi CyLIKH N3MEIbYEHHOM
Mmaccel TonuHamOypa ¢ MK-narpesom;
3-KkpHBasl CYLIKH J10JIE€K TOIMHaMOypa B
Bakyyme ¢ MK-HarpeBoMm; 4-kpuBasi CyIIKU
U3MeNIbYEHHON Macchl ToNMHHAMOypa B BaKyyMe
¢ K-narpeBoM; 5-kpuBas CyLIKH JOJIEK
TonuHamOypa B Bakyyme ¢ MK-Harpesom u

U L L L P BO3/ICHICTBHEM BUOpPAIINH; 6-KpUBask CYIIKA
Puc.14. 3aBHCHMOCTb COXPAHCHHUS U3MEIbYEHHOM Macchl TOMMHAMOypa B BaKyyMe
MHYJIMHA OT TOJIHHBI HAPE3AHHBIX ¢ UK-HarpeBoM 1 Bo3eiicTBHEM BUOpAITUH.
KJIyGHeil TonuHAMOypa u Puc.15. Kpusble cymku kiayOHei
MPOJOJIKUTETBLHOCTH MPOLECcCa CYINIKHU TonuHaMOypa

(ycnous cymka: -0,8 at., 65 °C)

JIist mpoBeieH s TIPOIIECCOB CYIIIKU KITyOHEH TOMMHaMOypa yCTaHOBJIEH BaKyyM
B kamepe -0,8 arm. (puc.13) u onrtuMmasibHasi TOJIIMHA HAPE3aHHOIO CJIOSl - 2 MM
(puc.14).

OmauM W3 CrOCOOOB MHTEHCHU(UKAIIMKA CYIIKM B CJIOE€ SBJSIETCS BUOpAIs,
MPUMEHEHHAas! TIPY MPOBEJCHUH SKCIIEPUMEHTOB IO CYIIKE KIyOHel TonuHamOypa B
BUJEC JOJNIEK W u3Menbu€HHOM Maccel (puc.l15). Ilpu stoM  3ddekTuBHOCTDH
00e3BOXKMBaHUs Bo3pacTaet 10 4-5%.

Taxoke ObUTH POBEACHBI SKCIIEPUMEHTHI TIO TUCKPETHOM CYIIIKE TOMMHAMOYpa U
IUIOJIOB IIUIOBHUKA, OOECIeYHBaBIIMX OOJIBIION ypoBeHb coxpaHeHusi bBAB - mo
CPaBHEHUIO C HENPEPHIBHBIM PEKUMOM M JIOCTHXKEHHUEM HEOOXOIMMOrO YPOBHS
BJIYKHOCTH TPU MIOBEPXHOCTHOM CJI0€ 00€3BOKMBAEMOI0 MaTepuala.

Omnpeneneno, 4To COXpaHHOCTh MHYJIMHA B COCTaBe KIIyOHEH TonmmHamOypa, ero
OCTAaTOYHOE KOJMYECTBO COCTABIISIET NPU MpejiaraeMoM criocode - BakyymHoi K-
cymke 10 45,4 mr%, npu KOHBEKTHUBHBIM criocoOe 70 33,3 mMr%, a mpu crocobe
OTEYECTBEHHBIM Ipon3BOIUTENEM 110 8-9 Mr%.

JI71st moTydeHnst Ka9eCTBEHHOU PO TYKITUM PEKOMEH/TyETCsI HCIIOIh30BaTh (hopMy
M3MENIYEHHON MACChI M cIOCO0 MH(PAKPACHOM BaKyyMHOM CYILIKH.

bbuln  TIpOBEAEHBI  3KCIIEPUMEHTAIBHBIE HCCIENOBAHUSA CYLIKA  IUIOAOB
IIMITOBHUKA HA BaKyyM-UH(paKpacHOU ycTtaHoBKe. [lepes cymkoii 110/1pl IMITOBHUKA
THIATEIBHO OYMINAIOTCS OT HWHOPOJHBIX BEUIECTB M MOIOTCS. 3aTeM IIUIIOBHUK
pacKiIafpIBalOT Ha IUIOCKOM MOBEPXHOCTH CETOYHBIX MMOANOHOB. HamojHeHHbIe
ChIDEM TOJIZIOHBI 3aKJIAAbIBAIOT B BaKyyM-kamepy, BkIrovarorT HWK-HarpeB Ha
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pabouyto Temmeparypy npu Bakyyme B kamepe -0,8 atm. CymiKy mOpoBOJIST,
YCTaHABIIMBAS ONTUMAJIBHBIE PEXKUMHBIC TApaMETpPbl IPOLEcCa W IIMIIOBHUK
00€e3BOXKHUBAETCS JI0 BIKHOCTU 12%; mpu 3TOM B COCTaBe IUIOAOB OOECIICUMBACTCS
BBICOKAsi COXPAHHOCTh BUTAaMUHOB. Pe3ysbTaThl SKCIEPUMEHTOB NPEJCTaBICHbI Ha
puc.16.

W% H Tleproa nocTosHAOH v Teprop naguomeii
» ! _ ! CROPOCTH CYIIKH
CKOPOCTH CYIIKH

80—

1-BakyymHas cymka ¢ MK-Harpesom

(temnepartypa cymiku 80°C; Bakyym -0,8 atm.);
2-BakyymHasi cytika ¢ K- narpeBom (Temneparypa

cymku 65°C; Bakyym -0,8 atm.); 3-BaKyymHast
cymka ¢ MK-HarpesoM (Temmeparypa cyniku 50°C;

BakyyMm -0,8 atm.)
Puc.16. Kpusble cymiku njioaoB

T [ I | | i IIUMOBHUKA

60

40

20

Ha ocHOBe wuccnenoBaHuii Ipolecca CYWIKW IUIOJOB IIMIIOBHUKA Pa3HbIMU
crioco0aMu CymKy (TeJIMOCYIlKa, KOHBEKTHBHas1 M BakyymHas MK-cyika) HaiineH
palMOHAJIbHBIM  BapuaHT Tmpolecca, OOECHEUMBAIONINI BBICOKYIO COXPaHHOCTb
BUTaMHUHHOTO COCTaBa IUIOJIOB IIMIOBHHUKA. Takke OIpeneseHo 4ro, MpHu
npeyaraeMom criocooe BakyymHoi MK-cymiku obecrieunBaeTcs MOKa3aTeNbIo
0,77 mr%, renuocymike no 0,15 mr%, UK-cymke no 0,71 mr%, KOHBEKTUBHOU
cymike 110 0,12 mr% u npu cnoco0e oTeuecTBEHHbIM Iipou3BoauteseM 1o 0,59 mr%.
B cocraBe ke (¢pakuuu cemsH IUIOJIOB INIMIOBHMKA mpu BakyymHoi MK-cyiike
COZIEPIKUTCSI aCKOPOMHOBAs KKcoTa Ha ypoBHE —4,0 Mr%.

KpuBbIM CylIkn onpeaenuam ONTUMaIbHYIO TEMIIEPATypy, NPOJAOIKUTEIbHOCTD
BPEMEHU CYIIKA IUIOJIOB IIUIMOBHUKA, IMPU OSTOM COXPAHHOCTh CBOOOIHBIX
OPraHMYECKHUX KHUCJIOT B COCTaBE MSKOTH IUIOJOB LIMWIOBHUKA ITpU BakyyMHou MK-
cyuike coctaBuia 9,7 Mr%.

PesynbraThl 1a00paTOPHBIX AHATM30B MOKA3bIBAIOT, YTO BO BCEX PACCMOTPEHHBIX
CIOCco0ax CYUIKU IMPU HCIIOIB30BAHUU BaKyyM-HH(PAKPACHON YCTAHOBKM B COCTaBE
ChIPbsI MAKCUMAJIbHO COXPAHSIFOTCSI BUTAMUHBI TUIO/IOB ILIMIIOBHUKA.
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1-3kcnepuMeHTabHas, 2-pacyeTHasl.
Puc.17. O0001meHHbIe KPUBbIE CYIIKH IS HCCIEAYEeMbIX MATEPHAJIOB
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[lonmp3ysck COPOLIMOHHBIMA M JIPYTMMH CBOWCTBAMHU MAaTEpUANIOB (KITyOHEH
TonMHamMOypa 1 MJI0J0B IIMIIOBHUKA) U TI0 U3BECTHOW METOJIMKE MOCTPOEHA PacyeTHasI
0000I11IeHHass KpUBasi CYILIKH Uil UCCIIEAyeMOro marepuaia B koopauHarax (U, Nz),
rae N-MakcuMalibHasi CKOPOCTh CYIIKH, OHAa CPaBHUBAECTCS C OOOOIICHHOW KpUBOM
CYILIKH, [TOJIyY€HHOIN SKCIIEPUMEHTAIIbHBIM ITyTeM (puc.17).

Kak BumHO u3 puc.17, skcnepumeHTallbHasi U pacdyeTHas 0OOOILLEHHbIE KPUBbIE
CYIIKH MPAKTUYECKH COBMAJAIOT U JUIi KOHEYHOM TpeOyeMOM BJIYKHOCTU MaTepuaa
napamerp Nt</. B COOTBETCTBMM ¢ W3BECTHOW KIACCH(PUKAIMOHHONW TaOIUIICH
BBIOHpaeM croco0 cymiku B Bakyyme ¢ UK-m3nydenuem.

VYuuThiBas TEIMJIOTEXHUYECKUE NPUHIMIIEI O(QOPMIIEHUS Tpollecca CYIIKH U
MPUHKAMAsl BO BHUMAHUE OTPAaHUYEHHUSI TEXHOJIOTUYECKOIO XapakTepa (MaTepuabl He
UMEIOT TaKUX CHEHM(UUECKUX TEXHOJIOTMYECKHX CBOMCTB, KaK B3PBIBOOMACHOCTH,
JIMITYYeCTh, Pa3pylIaeMOCTbh), BHIOMpAaEeM KOHKPETHBIA THIT CYIIMJIBHOIO ammapara-
BakyyMHy10 kamepy UK-n3myuenus.

B uyerBepron rmaBe aucceprauuu «Peanu3anusi mpoueccoB M anmnaparos B
TeXHOJIOTHUM  MepepaloTKM M CYHIKH  HCCIeAyeMbIX MATepHAJIOB B
NPOMBINUIEHHBIX  YCJIOBMAX» JIJI1  MPOMBIIUICHHBIX  YCJIOBUM  pa3paboTaHa
TEXHOJIOTMYECKas JIMHUS MepepadoTKy KIyOHel TonmrHamMOypa U TUIOJIOB MIMITOBHHUKA

(puc.18).

IpOHSEOACTECHHEIX

‘ 1 TloaroToexa | 4 | IToaroToBKa ‘

2 TIoaroToBkKa 4.1 BapenmmHeanue
000pYNOBAHUA CBIPBA
Otxon B
4.2 Moiika 7 TL
NS " lormponn e+ ——
o Otxon B
4.3 | O4YHCTKA CEIPbA TloTepu
cokx B
1 TEeXHOIOTHICCKHS 4.4 PesKa CEIpES RAHATHIAHFO
IToTepu > IToTepH
[ e cxamm L [Torn | —
B
1.1 H3MeIEIcHHE 4.5 | CymIKa ChIpBs | B aTMmochepy
CEIPES
OBUIB le——|
B armocdepy 12 TIpoceusanue | 5 IToAroTOoEBKA
VIIAKOBOTMHEIX
‘ CLII’LH MaTepHaIoB
YMO 1 DacoBKa H IToTepu
| [orepn |‘—‘ | YIIAKOBKA 4'
Otxon &
KaHamEsamEIO
v
YMO DacoBKa YMO YnakoBKa YMO | Mapxuporsxa
1.1 12 13
v
IHa CKIIaJ] TOTOBOH rlpozl;yla_u/ml

Puc.18. Texnosioruyeckas cxema nepepadoTku Kiay0Hel TonnHaMOypa
U IUI010B IIMIIOBHUKA

B nanHOl TexHONOrnyecKou JuHUM ornepaunu 4.2 u 4.4 oTKIIIOYarOTCsl BO BpeMs
nepepabOTKH IUI0JIOB IIMIIOBHUKA.

Cxema pa3paOOTaHHON  OIBITHO-TIPOMBINUICHHOW — BaKyyM-paJldalliOHHOM
CYIUWJIPHOM YCTaHOBKM TIpuBEACHAa Ha puc.l9. BeicymmBaemblii Martepual
IIPEIBAPUTENILHO TTOMEILAETCS HAa CETKY MEXKIY HarpeBareiabHbIMU IumiTamu. Ilocne
BaKyyMHUpPOBAHUS YCTAHOBKH OT HAIPEBATENIbHBIX 3JIEMEHTOB K BIAKHOMY MaTE€pUALy
NOJAETCsl TEIUIOBAask SHEPIusi B KOJIMYECTBE, HEOOXOIMMOM JJIsl MCHApEHUs BJard.
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[Tapel BOABl nEpeMelAOTCd OT Marepualla K OXJIAXKIAEMOM IOBEPXHOCTH
KOHJIEHCaTOpa,  KOHJACHCUPYIOTCA M YacTUYHO  OTBOAATCS  BMECTE  C
HEKOHJCHCUPYEMBbIMUA Ta3aMH BaKyyM-HacocoM. Jlinsi oOecrniedeHus: HOPMabHOTO
NPOTEKaHUsl TpOLecca B TaKOW CHCTEME HEOOXOIUMO CO3JaTh Mepemnaj JaBJICHUs
BOJISTHOTO Mapa MEKIY CYILIMIKON U KOHAEHCATOPOM.

1-BakyyM Kamepa; 2-TerI000MEHHHUK;

3-nepenprxHOi MK-cymmibHbI mKad;
4-Tenexxka; S-IoIoH JIs

niepepadaTbIBaEMOro ChIpbsl; 6-BaKyyM-HAcoc ¢

NEKTPOJBUTATEISIMHU; 7-OJI0K YIIpaBJIeHHUS;

8-ITyTb JUIS TENIEIKKU BBIKATHOM;
9-TepMornapa A1 U3MEpEHUs
temneparypsl; 10-manometp; 11-pykaB BBICOKOTO

naBieHust; 12-kpaH BIycka Bo3ayXa; 13- kpaH

BbIITycKa KoHAeHcara; 14-1K-u3inyyarens
Puc.19. Cxema OnbITHO-NPOMBIIVICHHOH BAKYYM-CYIIHJIbHOH YCTAHOBKH €
HH(PPAKPACHBIMH M3J1y4aTeJasAMHU

JInst co3manusi TEXHOJIOTUYECKON CXeMbI TIepepadOTKH KIIyOHel TonmHamOypa u
IUIO/IOB LIMITIOBHUKA HAMU ObLTO pa3paboTaHO BCIOMOIATEIbHOE 000PYI0BaHKUE.

CyleHslii U101 IIMIIOBHUKA W3MEIbYACTCS, IOIMY4YEHHAas CMECh Pa3lelsieTcs
NPEJIOKEHHBIM a3POJMHAMUYECKUM CEMapaToOpOM.

Pa3paborannast MenbHUIIA C CUCTEMON OXJIQXKJCHHUS KOPITyCca XOJIOAHON BOJOH U
BO3/1yXOMCHA0XeHa I0MOJIHUTEIbHOM MOJIOCThIO.

Texnonornueckass JwmHusi BHeapeHa B OOO «/lopuBop ycumiukinap» u
CHELUATN3UPOBAHHOM TOCYJAPCTBEHHOM JIECHOM XO3siiicTBe umeHu A0y Ay uOH
Cuno (puc.18). Ilpu 3TOM B TEXHOJOTMYECKOM JIMHUM JIOCTUTHYT BBIIYCK
KaueCTBEHHOM KOHEYHOW NPOIYKIMH;00ecIeueHa paBHOMEPHAs! CYILIKA ChIPbsI; 32 CUET
KOMIUIEKCHOH repepaboTKy MOBBIIIEHA [TPOU3BOIUTEIBHOCTD, YBEINUEHA HaJIS)KHOCTD
00OpYyZOBaHHs, YMEHBIIEHbl IIOTEPU CBIPS, CHMKEHA TPYAOEMKOCTb OIEpaLHii,
CO3JIaHbI HOBBIE pabOYKe MecTa.

3AKIIIOYEHUE

Ha ocHoBe mpoBeAE€HHBIX HCCIIEOBAHMIA MO JOKTOPCKOW AUCCEpTalluU Ha
Temy «Pa3paboTka TexHOJOTMU I TepepadoTKu KiIyOHeW TomuHamOypa Hu
IUIO/IOB LIMIOBHUKA C COXpPAaHEHHWEM OMOJIOTMYECKH AaKTHBHBIX BEIECTB
NPEeCTaBIICHBI CIEAYIOIINE BBIBOIBIL:

1. B pesynbrare aHaian3a COBPEMEHHOTO COCTOSIHUS TEOPHHM M NPAKTHKU
CYWIKM M TEIUIOBOM akTHBAalUU KJIyOHEH TomuHaMOypa M IUIOJOB HIMIOBHHKA
BBISIBJICHBl TEHACHIMU UX JaJbHEHIIEro pa3BUTHS U COBEPUICHCTBOBAHUS, YTO
J1a710 BO3MO’KHOCTb BBIABMHYTh MHHOBAallMOHHBIE HJieH. B kauecTBe oJHOrO U3
Hauboisee 3¢ (PeKTUBHBIX CIIOCOOOB CYNIKH MPOAYKTOB KIyOHEH TomnHaMOypa u
IJI0JIOB IIMIIOBHHUKA BBICTyMaeT 00e3BokuBanue B Bakyyme ¢ MK-narpesom.

2. PazpabGoTanHas U BHEAPECHHAs MaTeMaTHYeCKas MOJEIb MepeMEeICHHUs
BIard B KaMWUIAPHBIX TMOpax HCCIEAYEeMBIX MaTepHaloB  IOKa3ala
HEOOXOIUMOCTh ydYeTa BHYTPEHHETO MepepaclpeiecsieHus pPacTBOPEHHBIX
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BEILIECTB, & TAK)KE MOATBEPKIAAET 3aKOHOMEPHOCTH JMHAMUKHU IpoLEecca CYLIKU
IpH 33JaHHBIX HAYAJIbHBIX YCIOBUSIX C COMyTCTBYIOUIUMH SIBICHUSMH COpPOIIUU
U jaecopOLMU BO BHYTPEHHHMX CTPYKTypax CTEHOK KaNWJUIAPHBIX KaHAJOB.
[IpennoxxeHbl HeNMHEWHbIE PYHKIIMOHATBHBIE CBSI3U MEXIY /1aBJICHUEM BHYTPHU
KanuJuIsipoB, THAPOJMHAMUYECKON CKOPOCTBIO JBH)KEHHUS, TEMIEpaTypou, a
TaKXe MIOTHOCThIO UCCIIEYEMOT0 MaTepuaa.

3. Ilpensnoxkena mnapameTrpuueckas HACHTUPUKAIUIA KOPPEISIIIUOHHBIX
K02 (PUIMEHTOB MaTeMaTH4eCKOW MOJIEIM M OCYIIEeCTBJIeHAa 00paboTka
HKCIEPUMEHTATBHBIX CTATUCTUYECKUX JAHHBIX.

4. BplsBieHAa 3aBUCUMOCTb MOIIHOCTH OOJYYEHHSI OT PACCTOSHUS MEXIY
00€3BOXKHMBAEMbIM OOBEKTOM M M3IIy4aTEIsIMH, a TAKKE MEXIy H3ITydaTessiMU U
OlpejesieHbl  CHocoObl  oOecreueHuss  PaBHOMEPHOIO  paclpeaesieHus
uHppaKpacHOro 06ayueHus: B 00beMe 00€3BOKMBAEMBIX MPOIYKTOB C MOMOIIBIO
AIIEMEHTOB-OTPAKATENEH  COOTBETCTBYIOIIEH  KOH(UIypallMd B  BaKyyM-
CymmiIbHOM yctaHoBke ¢ MIK-Harpesom.

5. IlpennokeHbl XapaKTEPUCTUKU COpPOIMM M JecopOumu KiayOHel
ToNMHaMOypa: MoKa3aHa yjelbHas MOBEPXHOCTh KaNWJUISIPOB, COCTaBIAIOLIAs
18,38 M?/r, Ipy 3TOM CyMMapHbIii 00bEM HOp A8 TONMHAMOYpa B yCIOBHSX
BakyymHOM WK-cymku cocrasnsger 0,440 cm’/r. Jlng II0Z0B NIMIOBHUKA
XapakTepUCTUKU  CcOpOIMU U JlecopOUMM: TOATBEpPKICHHAs  yJelbHas
IOBEPXHOCTh KAUILIAPOB cocTasiseT 12,30 M2/, npu 3TOM CyMMapHbIH 00bEM
nop cocrasuser 0,390 cm>/r.

6. Ilo pe3synpraram HCCIIEIOBAHMS TEIUIOTEXHUYECKUX U COPOLMOHHBIX
CBOWCTB BBICYIIMBA€MOW NPOJYKLHH OIPEIEIIEHBI: JOIMyCTUMAs TeMIEepaTypa,
BpEMsl CYIIKM W KOHCTPYKIMM BaKyyM-CylIMJIbHOW ycTtaHoBku c¢ UK-
uznydeHueM. Pazpaborana wMeTonMKa pacdeTa MPOMBIIUICHHOW BaKyyM-
CymMiabHOM ycTaHOBKM ¢ HMK-u3imydarenrem Ha OCHOBE  pPe3yJbTaToB
AKCIIEPUMEHTAJbHBIX UCCIIEIOBAHUMN Ha J1a00PaTOPHOU YCTAHOBKE.

7. Ilokazano, uto jgus mnpouecca WMK-cymku 1mionoB HeoOXoaumo
ONTUMU3UPOBATH BEIUYUHY MOJIBOJAMMON MOILIHOCTH TaK, YTOOBI MJIOJIbI OBICTPO
00€3BOKHMBAJIUCh. YCTAHOBJIEHA ONTHUMAaJbHAs TOJIIMHA CJOS MPOAYKIHH,
COCTaBJISIIOIAsl OKOJIO 2-2,5 MM, ONTUMalibHas JJIMHA BOJH 3 MKM, MPHU 3TOM
BpeMsi 00€3BOKMBAHUSA NPOAYKIMU COCTAaBIAET JONMYCTUMYIO BEJIMYHMHY, a
Temmeparypa IUIOJOB He mpesbimaer 65-70 °C, BakyyM npu 3TOM
cocraBiger -0,8 aTM.

8. B pe3yibraTe 3KCHEPUMEHTAIBHOI'O MCCIEJOBAHUS BIUSHUS BUOpauu
Ha TEXHOJOTMYECKUH MPOLECC CYIIKH YCTaHOBJIEHO, 4YTO 3()PEKTUBHOCTH
00e3B0OKMBaHMS Bo3pacTaeT 10 4-5% B yCIOBUSAX HENPEPHIBHOI'O Harpena - Ipu
ONpeAeNIeHHON YacToTe U aMIuinTye. IlokazaHo, 4TO COXpPaHHOCTh WHYJIMHA B
COCTAaB€ H3MEJIBbUYEHHOM Macchl M3 KIyOHel TonmmHamMOypa mpu crocode
BakyymHoii WK-cymku cocraBnser go 45,4 mr%, a pojek u3 KiIyOHEH
tonuHamOypa 10 38,75 mr% u npu 3TOM COXPAHHOCTh aCKOPOMHOBOW KHCIIOTHI
B COCTaB€ MSKOTH IUIOJOB LIUMOBHUKA Npu BakyymHON UK-cymike cocraBiser
1o 0,77 mr%. B cocraBe xe Qpakiuu CeMsH IJIOJ0B IIUIIOBHUKA COIAEPIKUTCS
ackopOuHOBas kuciota npu BakyymHoit UK-cymke no 4,0 mr%.
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9. B pe3ynbraTe uccieOBaHUM yCTAHOBJIEHO, YTO MCIIOJIL30BaHUE CIOCO0a
BakyymHOU cymiku ¢ MK-HarpeBoMm U oTpaxkaresns npu temiepaTtype He Bbiiie 60-
70 °C 1mo3BOJISET COKOHOMHTH >JI€KTposHepruio Ha 10-12%, a IONHOLEHHbIHA
COCTaB BUTAMUHOB WM JAPYTHMX OHOJOTMYECKH AKTHUBHBIX BEHIECTB (MHYJIUH U
acCKOpOMHOBAs KMCIIOTA) B KOHEUHOM IpoaykTe coctanisieT 10 80-90%.

10. MonepHu3upoBaHa TEXHOJOTUYECKasl JIMHUS TMOJYYEHHUs] MOPOIIKA U3
TonuHamMOypa ¢ MpPUMEHEHHEM BaKyyMHON cymmibHOM yctaHoBku ¢ UK
HAarpeBOM U  MOJIOTKOBOW  MeipHMIBI.  Pa3paGoran u  BHeapeH
a’pPOIMHAMHUYECKUN cemapaTop JJis pa3aesieHus Ha ppakuuu (MSKOThb, CEMEHa,
MyX) U3MEJIbUYCHHBIX IUIOJIOB MIHNNOBHUKA. Ha OCHOBE MOJIy4eHHBIX PE3yIbTaTOB
PEKOMEHJIOBAaH K  BHEIPEHHI0O B  MPOMBIIUIEHHOCTh  pa3pabOTaHHBIN
TEXHOJOTHYECKUH perJaMeHT Ha MPOU3BOACTBO TOPOIMIKA W3 KIyOHEH
TonuHamOypa copta « Myku3a» u MJIOJIOB HIUIIOBHUKA.

11. Pa3paboTkmi # pEeKOMEHIANMH OUCCEPTAMH IO TEXHOJIOTHH
nepepaboTKu KiIyOHeW TonuHamMOypa U TJIOJ0B IIUIIOBHUKA MPU COXPaHECHUU
OMOJOTMYECKH  aKTUBHBIX  BEIIECTB  BHeJApeHbl B  ['ocyaapcTBEHHOM
aKIIMOHEPHOM KOHIlepHE «¥Y3dapmMcaHoaT» UM MNPEANPHUATUAX, BXOJISIIUX B
cucteMy MHUHHCTEPCTBA CEJIBCKOTO M BOJHOrO  XO03siicTBa  (crpaBka
['ocynapcTBEHHOTO aKIMOHEpPHOTO KOHIlepHa «¥Y3dapmcanoar» ot 11.30.2015
roga NeMJ[-06/1868 u MuHHCTEpCTBa CEIBCKOTO M BOJHOTO XO3SHMCTBAa OT
10.09.2015 roma Ne06/14-893). B pe3ynbTare mprUMEHEHUSI TEXHOJOTUU CYIIKHU
B Bakyyme ¢ MK-u3nyuyeHueMm npou3BOAUTEIbHOCTh MOBBICKHIACH B 1,2 pasa, B
cpeagHeM 3a Toja o00mas dKoHOMHYEcKas dA(PGEKTUBHOCTH COCTaBUIA
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
rosehip 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

6 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.

7 Food and Agriculture Organization of the United Nations. Global initiative on food loss and waste reduction 2015. Rome, 2015. -8 p.
8 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 31loctober
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)

4 Review of foreign scientific researches by the theme of dissertation was made on the base: 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.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.Ilyasov,
I.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 I.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: I0T-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 «Mujiza», 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 «Uzfarmsanoat» from 30.11.2015 year MJI-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 Ry. As the reduction of growth
associated with the heating and evaporation, there is a slow change in the
function R=R(t), where at t=0 R(0)=R,.

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
t=0, resulting have

R=Ro(1+ut+qgx), (D)
where u, g — coefficients.

After Taylor series expansion have:

1 OR 1 OR
RRO(I Roaw,w R o Q] (2)
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,

S =R (t)u %z A —const . This means that the diameter of the restriction linearly
with 4<0. The value A is dependent on the drying rate and the degree of
dewatering fabric susceptibility to swelling.

Calculations show that
y-1

()
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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:

olp,+p.), o o p,
— L = —Wp,)=h —=, 4

or +ax<pf) or° )
where /1 - diffusion coefficient inside the object dewatering.

For the a quasiequilibrium case we have the system of equations:

op . P CE
(;Ot’ +elp,) ;x’ —h. a;/’ .
4
C(P/-): ma
K K, AB
R(p, )= 12 .
(o)) kB +(k,-K,)p, |

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: x = % t =%
whereL - thickness of the material before drying; 7- maximum drying time.
Instead, introduce py, p; = p{ ; from (5) obtain
pf t=0
op;  .Op;  .Op!
Ly L=, 6
ot? ox” ox” ©)

66



wherec” = c(p)%, p=tL
Agreed to further lower the finishing touches for the purpose of brevity, but
it refers to the dimensionless variables dynamically (6). Introduce the notation
ng=NiN;, n,=p;,
on, on, on,
a—t' - Ca_xl = g , (7)
where n;, ¢, 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,z) — solution of linear approximation, i.e., solution (7), when
c=const. It is linear and has a solution: n,(x,7)=n,(x—c,t). Physically, it is - a
common movement of the front with the speed ¢, = c(n,). The true solution can be
approximately written in the form:

n,=ny, (x,t)+ n"f (x,t). (8)
For the (8) have
8n} 8n} 82n}
a  a e, 9)

Ac=c(0)1-AR]
where AR- get from (5).

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.

n=i TF eV ¢ gedr+ O hit-r) "
0 —o 1+R

1+R(n) | \L27h(t—7) (10)

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:

_(x=¢)
t V e 4h(t-7) 3
= F| &— Ol\h
n no(x,t)+£ (f 1+R(”lo)j /7—52}17[1_1_ + ( )29 (11)

where F =(n,)__.

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 r;=0,84; r>=0,85;
r3~=0,85 and energy consumption r;0=0,83; r20=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.

| Consider the work of the IR
emitters. Let be parallel ceramic tube
heated plane, which consists of mesh
material (fig.1).

For comparison, the irradiated
points A and B to perform calculations.

Cylindrical emitters influence with

power I:IO-LZ, where r—distance

r

from the axis of the cylinder equal to

I—emitters; 2—straight grid; 3—raw materials. ~ the radius, m, I-flux radiated power

Fig.1. The infrared field created by two (W) at a distance from the tube, i.e. the
parallel ceramic tubes - : ’ :

radiation energy of infrared waves in

the distance r, passing through a unit

area per unit time, /,—full flow transmitter power ceramic tube.

. . .. . . 21 .
Obviously, the point A is directed irradiation power —*, a to point B -
X

power 2_‘;+ I_g Notice, that y*> =h++x>—h* .
y

At equality infrared radiation at these points A and B have:

21, I, 1,
~Ze_0, 0 12
P NN = (12)
1
% Using the notation £ =2, obtain
// "\\27“ 4 /2 g é: h’
~ 2N v \\\ 4N 2
y G EE SRV £ 4é42=0, (13)
*y wherex, y — coordinates, m, h — the
' 4 distance between the emitter and the

base line of reflection, m, & -

5 nondimensional quantity.
e Equation (13) shows that for all
O yalues of non-zero, i.e. it does not

1-guide frame; 2.' reflector; 3-raw materials; 4- hold, since the discriminant is different
infrared tube.

Fig.2. Scheme figure of the reflector from  zero. This suggests the
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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 @nex=27,4% @uin=18,3% w<(@max-@min)=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 is 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
«Muzhizay» 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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Fig.3. The curves isotherms of Fig. 4. The curves of sorption
sorption and desorption of jerusalem isotherms and desorption of rose
artichoke hips

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, Sy, —pecific
surface area, Wy— 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:

o
o= e Wp W /B (14)
WT:BE;'I-

Wi (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)
we=5,96-10"%, B=-0,4292. A formula (15) gives the following nonlinear
estimation results wy=45,65%, B=-0,0947. Even if the lock wy=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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1- isotherms desorption of jerusalem artichoke; 2- isotherms desorption of rose hips;
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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:

7 W =W,

W=—ro-—L
Wy -Wo | (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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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
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it is necessary to take into account the mass transfer coefficient between the

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.8. The curve of the drying rate of jerusalem
artichoke
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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 technological drying and constructive plans based on the
intensification of external exchange on the borders of particles and layers of
material.

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

The period of constant drying rate continues until the critical moisture
content we, (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).
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At high temperature, the infrared
rays are short and low temperature
infrared rays - long. At a temperature of
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).
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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
L L A | L R and exposure to vibration; 6- drying curve the
. crushed mass of jerusalem artichoke in a vacuum

‘ ) b e with infrared heating and exposure to vibration.
Fig.14 Storage of insulin dependence on Fig.15. Curves discrete drying the tubers
the thickness of the cut tubers jerusalem jerusalem artichoke

artichoke and drying time
(drying conditions: -0,8 atm., 65 °C)

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 1s 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
content of 12%; thus in the fruit composition ensuring high safety of vitamins.
The results of the experiments are shown in fig.16.

W, % 1 The period of constant drying | Period falling drying |
| speed H speed 1

80 —
I-vacuum drying with infrared heat

(drying temperature 80 °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 50 °C, vacuum -0,8 atm.)

Fig.16. Curve drying rose hips
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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.
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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 N7</. 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).
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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
materials; 6 - vacuum pump motor;
7 - control unit; 8 - way for the roll-out carts;
\ 9 - thermocouple for temperature
o measurement; 10 - manometer; 11 - high
\ \\ pressure hose; 12 - faucet the air intake;
DI_ZI 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 is 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
is 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
«Uzfarmsanoat»from 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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