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KHWPHUII (10KTOpPJIMK JHCCEPTANMACH AHHOTAMSCH)

Juccepranuss MaB3yCHHHHI 10J13ap0JIMru Ba 3apypaTu. XO3UPrd KyHa
OyTyH >KaxOH/Ia ax0JIMHU CU(DATIN 03UK-OBKAT MaxCyJloTiaapyu OWjiaH TabMHHJIAII
Ba O3UK-OBKAT XaB()CHU3JIMITMHU HA30paT KWJIUII MyXHM Basudanapaan Oupu
xucoOnanaau. O3MK-OBKAT Ba JOPUBOP YCHUMIIMKIAp TapkuOujgaru Ouodaoi
MOJJIaJIapHU TYJIUK cakjaraH xojjaa cudarid KalTa uiuialml WHHOBAIMOH
TEXHOJIOTHSJIADUHU TAaTOMK 3THUII Ba YHH MCTHKOOJUIM PUBOXIAHTUPHUII TOOOpa
MyXHUM axamMusaTiau 0ymmb 6opmokaa. Iy sxuxaTaad, pakodardapAoI Typid X
KYpUHUIIAArK CcU(ATId MaxCyloTiap HIUlad YHKApUIl Makcaauaa SHTU
TEXHOJOTHSUIApHHU HIIIa0 YUKUII Ba KOPHUM 3TUII alOXMa aXxaMHsT KacO STaju.
By Oopanma »KoIOTHK TO3a Ba YMKUHAMCH3 HMILIA0 YHKAPHII TEXHOJOTHUSIAPUHU
TaKOMWUIAIITHPUII, TYypiu XWIJAark MaxcyJoTJIap OJIMII Ba YJapHU CaHOAT
TapMOKJIapuia KeHr Qoiifananuin OViinya WiMui U3JaHUIUIap OJu0 OOPUIMOK/IA.
[yngait maxcynotr MmaHOamapujgaH Oupu TOnMMHAMOyp TyraHard Ba HabMaTak
MeBacu XUCOOJaHAIH.

Cyurru Wwnapjaa, TONMHAMOYp TyraHard Ba HabMaTaKk MeEBaJlApUHU
CTUIITUPUINTA KaTTa JIBTUOOpP KapaTWIMOKaa. HabmaTak MeBajapu Ba
TONUHAMOYp WJIU3 MEBAJIM YCUMIIMK cudaTuaa arpo-MyXuT MIAPOUTHra SXIIN
Mocanaurad, Ho€0 KUMEBMH TapkuOra sra, WIUIA0 YMKApUII Y4yH ap30H,
KacaJUIMK Ba 3apapKyHaHjajgapra 4YuJaMJIWJIUTH OWiaH axpanuld Typalu.
TonuHamMOyp TyraHarm Ba HabMaTaK MEBACH KYN HWJUIMK JOPUBOP YCUMIIMK
xucoOnaHaau. TonuHamMOyp TyraHaru HMHYJIUMH MOJJAacura, HabMmaTaK MEBacu
acKopOMH KuCJIOTa Mojjgacura Ooi Oynaraniauru cababiu  O3UMK-OBKAT Ba
dapmaneBTUKa caHoaruaa Ouodaos 03yKaBUH Kymmm4a cudaTuga KEeHr
doitnananunaan. XoMam€Hu y30K MyJJaT cakjiad OYiIMaraHjiurd y4yyH YHUHT
tapkuOumaarn Ouodaos MojmamapHM cakjaraH XoJija KakTa wunoiam Tanab
ATUIA/IN.

TonuHamOyp TyraHaru Ba HabMaTaK MEBacCH MYpakKad MOJIUANCTIEPC
TU3UMTIa 3ra OVJITaHJIUTH, TapKUOWAArd KaHJ, OpPraHuK KHUCIOTalap, Ty3jiap,
MUHEpaa MojJaiap, UHYJIWH, MaKpo Ba MHUKPOXJIEMEHTIap, KieTdaTka (YCUMIIMK
XyKalpajgapuJiaH TallKWiI TONraH MOJJAa), MEeKTHH, BUTaMHUHJIAp, dpup moiin,
KpaxmaJ, yriieBoajiap, OKCUJI, aMUHOKHUCIIOTamap Ba OOIIKa MO aJIapHU CaKjiaraH
X0JiJa KalTa MIUlall MyXuM XucoOnaHaau. MaxcyloTiIapHU OyfiaTuil EKd
KYpPUTHII Kapa€HHJla OKCWJI KOaryJluslUsUIaHaIu, TMEeKTUH MapyajiaHaau, KaHJ
Moanap Kapameiuiamaad Ba Oomka (U3UK-KUMEBUN >kapaCHiap BYXKyara
kemaau. Kaiita unuiam skapaéHuaa xapopar KaHYJIMK FOKOpU OYiica, KUMEBUN
KapaéHjapHUHT (AoUTMTH XaM IoKopu OViaaum Ba Ouodaon MojagalapHUHT
napyajaHUIIN BYKYAra KeJau.

[y cababmm, xoMmaméHW KalTa WOUIAml jkKapaHUAa MaxcyJaoT cudaTuHU
SIXIITAJIAII, BaKT Ba MEXHAT cap(UHU KaMaWTHUPUIIL, aCOCUN TEXHOJIOTHK >KapaéH Ba
KypWIMaJlapHU TAKOMUJUTAIITUPUIITHY Tajlad 3TajIu.

V36exucron Pecny6mukacu Ilpesumentunmar 2009 iiun 26  sHBapaard
[1K-1047-con «O3uK-OBKAT MaxCyJOTJIapy HILIA0 YWKAPUIITHU KEHTaWTUPHII Ba
UYKH OO30pHM TYJIIMPHII F03aCHAAH KYUIMMYa 4opa-TaJ0upiap TYFPUCHUAA»NTU
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xamaa 2011 wmmauar 31 okrsbpumarn  [1K-1633-con «2012-2015 #mmnapaa
PecnyOnka O3MK-OBKAT CAHOATHMHM OOIIKAPUILIHM TAlIKWI JTUIIHU SHAJa
TaKOMWUTAIITUPUIIT Ba  PUBOKJIAHTUPHILI  YOpa-TaAOUpiapu  TYFpUCHUIA»TU
Kapopnapuaa Oenrunanran BasudanapHu MyailsiH Aapakaja amajira OUIMpHINTra
yily auccepranus TaAKUKOTH XU3MaT KUJIAJIH.

TankuKoTHUHT pecny0/HMKa (paH Ba TEXHOJOTHSJIAPH PHUBOKIAHUIIA-HUHT
YCTYBOp HyHAIMILIAPUTra OOFIUKJIUIH. Ma3kyp TaaKUKOT pecnyOnuka ¢daH Ba
TEXHOJIOTHSTAPH PUBOKIIAHUIIMHUHT Ne 5. «Kummok Xykamuru, OHMOTEXHOJIOTHS,
aKoJIoTHsl Ba arpod-mMyxuT myxodazacm» Ba Ne 6. «TubOuer Ba apmaxoaorus»
ycryBop WyHammmuiapura Moc paumga UT/[-9 - «Kumnumok xykanuru MaxcymnoTH
CTUIITHPHUIITHAHT FOKOPU CaMapajiop, SKOJIOTHUK cod arpoOTEeXHOJOTHUSUIAPHHH, YIapHU
CakJjiall Ba KailiTa WMIIDIAII, KacajUTMK Ba 3apapKyHaHAaldapAaH XUMOSI KWJIMIIHUHT
camapainu ycyiutapunu sipatunn Ba  UT/-11 - «Maxamnuii Tabuuii Ba CUHTETHK
XOMalI€ acocuia sIHTH JI0pY BOCUTATIAPUHY UIIUTA0 YMKAPHUIIHUHT FOKOPH caMapajiop
TEXHOJIOTUSUTAPUHHU SPATUIID) JIOMHXAIapH Joupacua OakapuiraH.

Juccepranusi MaB3ycu Oyiim4a XOpWKMI HIMHHA-TAAKMKOTJIAP IAPXM.
Kanumsip roBak Marepuai OyIran 03uK-OBKaT MaxCyJIOTJIApUHU KypUTHII YCyIUIapy
Ba YHU MaTeMAaTUK MOJICUTAIITUPHIL OpKaIu Ornodaos Moaaanapu I0OKOpH CakJIaHTaH
MaxCyJIOT OJIMIII TEXHOJOTHICH Ba KypWIMAJIAPUHU UILIA0 YMKUII OYinya eTakdu
OJIMH TabJIMM Myaccacacd Ba WJIMHH Mapkasiapw, xymwiaaad, University of Georgia
(AKII), Laval University (Kanama), Technical University of Berlin Ba German
Institute of Food Technologies (I'epmanus), Federal University of Santa Catarina
(Bpaswms), University of Extremadura (Mcmanus), Ataturk University Ba Middle
East Technical University (Typkus), Mutah University (Mopmanus), National
University of La Plata (Aprentuna), Aleksandras Stulginskis University (JIutpa),
MockBa maBiaT 03WK-OBKAT MIUIA0 YMKAPHIN YHUBEPCUTETH Ba KpacHomap KHIIIIOK
XYKATUTA MaxcyJaoTiapuHu cakiam Ba kaita wnoiam UTU (Poccus)mapaa xeHr
KaMpPOBJIH WIMHA-TAIKUKOTIIAP OO OOpUIIMOKIA.

Kyputui sxapaénu camapaopJIMTMHA OIIUPHII OPKATTK CU(ATIN MaxCyaoTiaap
OJIMII FO3aCUJAH KaTOp WIMHK-aMalIui HaTWKanap OJMHIAH, )KyMJIaJaH: YCUMIIMK Ba
MEBAJIAPHU XABO OKUMH €pJamMuia KypuUTHINI Ba YHIAH KyKyH OJIMII >KapaéHuia
MaxCyJIOT TapkuOugard (pu3uk-kuMEBHMIA Y3rapunuiap anukiaanrad (University of
Georgia); 03MK-OBKAaT MaxCYJIOTJIaPHHU UCCHUK XaBO Ba MY3JIATHIN OPKAIM KypPHUTHIIL
nnpiad yukwarad (Laval University); MeBa-ca03aBoT Ba ycHMIIMKIIapra Xoc OyiraH
(GU3MK-KUMEBUN  XYCYCUSITIIADUHA XMCOOra OJraH XoJiJa KypUTHUII OpKajlu
(GyHKIMOHANT MaxcysioTiap onwim iyyuiapu anukianran (Technical University of
Berlin Ba German Institute of Food Technologies); maxcymomiapHu KypuTHII
*kapaHura BakyyMHHHT Tabcupu yprauwiran (Federal University of Santa Catarina);
Kyputuil xapaéunra uappakuswi (MK) nypnap tascupu anukimanran (University of
Extremadura); xypurn >kapaéHuia HabMaTaK MEBAaCH TapKUOMIa aCKOPOWH KHCIIOTa
MUKIOPHHUHT cakyianuim ypranwiran (Ataturk University); TonunamOypHu yabTpa
MHKpO TYJIKUH Epaamuia Kyputuin ycynu uiniad yukuiran (Middle East Technical
University); Terupmonga XoMal€HH Maiaigan jxapaéHd TaKOMUUIAIITHPHITAH
(Mutah University); mabmMaTak MEBaCHMHH HCCHK XaBO OKMMH EpaaMuaa BaKyyMmja

nHOPAKU3WI HYp EpaMuia KypUTHII KypUIMacH Ba TEXHOJIOTHSICH UNIIA0 YMKIITaH
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(National University of La Plata); TonmmaamOyp TyraHaruHH cakjiani Ba KanTarl
uipiam  skapaéuuna cudar y3rapumm anukiaanran - (Aleksandras  Stulginskis
University).

byryaru kxynna ayHé wmukécuaa, (yHKIMOHAT O3MK-OBKAT MAaxCyJOTJIapu
UIUIa0 YMKapui OVitnda ycTyBOp HyHaIUIIUIapAa WIMHAN HIIIap oiaubd OOpriIMOKa,
KyMJIaJlaH: KYPUTHUII OPKAJIM MaxCyJIOT CU(ATUHU Cakj1ad KOJUIL, HHPPAKU3WIT HYP
épramusia MaxcyJIoTIapHUd KypUTHUIl, 0nodaos Mogalapu IOKOpY CakjiaraH xoJjja
MaxcyjloTiaap  MIUIA0 YUKW,  MaxXCyJOTJIapHH  KYPUTHIIL  yCYJUIAPUHU
TAaKOMIJUTAINITAPUIT  (KOHBEKTUB, KOHIYKTHB, WH(PPAKU3WI, VyIbTpa IOKOpU
YacTOTAM); KYpPUTHII KaMEPACUHUHT WYKH OOCHUM V3rapuluiapuHU aHHUKJIAI
(atmocepanu, Bakyymid, CyOJMMAIMOH); KYypWUTHII AreHTUHWHT XapaKaTJIaHWII
yCYIUTApUHU UIUTA0 YUKHII (TaOWuil, CyHbUN); KypUTHIAETIaH MaxCyJoT Typura Moc
yCYJUTApHU TAKOMUJUTAILITUPHUII (KATTHUK, CYIOK, TACTACMOH);

MyaMMOHMHI YpraHwiramjidk gapaskacu. Myammora OaruIIIaHTaH MaB3y
103aCUIaH TapUXuil WiMuid unuiap 6axxapud kenunrad. JIeikoB A.B., Tunzoypr A.C.,
Unscos P., Jlesutun W.b., CamumoB 3.C., CadapoB O.D. nap Kyputuin xapaéHu
HazapusAcH, HHOPAKU3WIT HypJIapHU KYPHII >KapaéHUTa TAhCUPUHU YpraHUIlra KaTTa
XUCCa KYIIHUIITaH.

JIyHEHUHT Typiu MUHTaKaJapuaa KypUTHII KapaEHUHU TAKOMUJUIAIITHPHII Ba
ouodaon cudarra sra OViIraH Maxcyiaomiap UILUIA0 YuKapuil OVitnua TaJIKUKOTIap
onmub Oopwiran: Paes S., Karacabey E., Ben Ch.M., Natalia A., Ghaid Jameel Al-
Rabadi, Ghiaus A.G., Marquez C., Saliha Erenturk, A.Ruiz Celma, Ratti C.,,
Kunzek H., Veerachandra K. Ba Gomikainap.

MaxcynoTinapHd  KypuTHII — yCyJUlapH, MCCHUKJIMK Macca  ajJMallliHYB
Kapa€Hiiapy, KypUTHII KapaéHU Ba KypHJIMaJapHU TaKOMIDIAIITHPHUII Ba cudaTiv
MaxcyioTr oy Oyinya: Anryxos WM.B., Illazzo P.U., 3yeB U.A., Jlebenes I1./1.,
AptukoB A.A., HonaeB K.O., Ixxypae X.®., Uckanaapos 3.C., Myxunaunos JI.H.,
Myxamenos b.M., Hopkymnoa K.T., Hypmyxameno X.C., Paxumo P.X.,
[atimapaonoB b.I1., FOcynbGexkoB H.P. map TomMoHuMmaH uamMuii-TaakukoTiap oiaub
oopunran. Kyputuin opkamu 6uodaos Moaganapu OKOPU CakJIaHTaH MaxcyJoTiap
OJIMIII YYyH apa€H Ba KypWIMAJIAPHU sHAJA TAKOMUUTAIITUPUINTA TYFPU KeJaIu.
OHAWIMKIA, TONUHAMOYp TyraHard Ba HabMaTak MeBacHMHU Onodaon Moianapu
IOKOPH CaKJIaHTaH XOJjla KOMIUIEKC KaWTa WIIall TEXHOJOTUK TU3UMHUHU
TAaKOMIJUTAIITHPHIIT TAJIA0W BY>KYATa KEJTH.

Juccepranusi MaB3yCMHHMHI JUCCEPTALUS Oa’KapWIraH oOJIMii TabJUM
MYacCaCAaCHHMHIMJIMHUH-TAAKMKOT HILIapu OwjiaH OoraMKJMru. [luccepranus
TAJAKUKOTA TOIIKEHT JaBiaT TEXHWKA YHUBEPCHTETH WIMHU-TAJIKUKOT HIILIAPH
OwiaH OOFIMKJIMTH KyWujaaru Jjovunxaidapaa axc strupwirad: MOT-2013-6-08 -
«Habpmarak mMeBacugaH OWMOJIOTUK aKTUBJIMTH IOKOPH CakKJIaHTaH XOJIard 4ol Ba EF
OJIMII YYYH YPYF OJIUIIHU caHoaT Mukécura onmb ynkuim» (2013-2014 iiit.) Ba  A9-
®K-1-15580-KA9-011 - «TormmuamOypaunr daiiz Oapaka Ba Mymku3a HaBIapu
arpo Ba OMOTEXHOJIOTHSICMHM SIPATHII, YHU CaKJalll Ba YMKUTCU3 KaWTa WITLIAII
acocusia IOKOpPM camMapaid, HUMIOPT YpHUHH OOCYBYM Xamja 3KCIopTOoT,
9KOJIOTHK co(h MaxcyoT uiniad ynkapuin (2012-2014 iii.).
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TaaKMKOTHHHT MakKcaau Bakyymaa WHPPAKU3WI HYp €pAamMuia KypUTHII
KypwiMacuaa TONMHaMOyp TyraHard Ba HabMaTaKk MEBACHHU KalTa HIUIall
TEXHOJOTUACUHU TAKOMWJUIAIITUPHUIN Ba KYPWIMAHUHI 3HEPrOTEXHOJIOTHK
camMapaJiopJIMTUHU OLIMPUII OpKajdu OWONOrMK (aona MoJjanapHu cakJaliaH
nubopar.

TaagkKuKOTHUHT Basudaapu:

O3UK-OBKAT MaxCyJOTJIapyuHU KaiTa wuiuiam (TonmMHaMOyp TyraHaru Ba
HabMaTaK MEBaJapyuHU) XO3UPTH KyHJArd Ha3apusICu Ba TEXHOJOTUSICUHU
TaHKUJUW )KUXATJIaH TaXJ I KWW, KaiiTa UIJIanl y9yH KypuiMa Ba TEXHOJIOTHUs
ApaTulll, YpraHuwiaa€TraH MaxCyJOTHH KYpUTHII Ba sipaTHUIAETraH TEXHOJIOTHUS
Y4YH aCOCHM KypCAaTKUYJIAPHU aHMUKJIALL,

TOMMHAMOYp TyraHard Ba HabMaTaK MEBAJapWHM KalTa WIIUIAII TEXHOJIOTHK
CXEMaCHUHH SIpaTHIII,

MaxcyJoTiapaa OOFJIMK HAMJIMK TypJapyHH TaJKUK Ba TOMMMHAMOYp TyraHaru
Ba HabMaTaKk MEBAJApHHM KailTa MIUIAIAA TEXHOJOTHK, MEXaHWK, KUMEBUH,
03yKaBU, UCCUKJIUK (PU3HK Ba OMOJIOTHUK XyCYCHUSITIIApHU aHUKJIAI,

TaJKUK KWIMHAETIaH MaxCyJOTHM KypUTHII Kapa€HUJIa HMCCUKIHK
AIMAaIIUHYB KOHYHUSTIAPUHU UHOPAKU3WIT KU3IUPHUIIT HOUMBHUKIN KYPUHUIILIAPH
JMHAMUKACUHU XUCOOTa OJITaHU XOJI1a UIILIA0 YUKUIII,

KYpPUTHUIL Xapa€HWJa HAMIIMKHUA Kanujuisipiiapja XapakKaTJIaHWIIWHWUHT Ba
KYpUTHII >Kapa€HuJia MaxCyJoTiaapAa MHUKPOIJIEMEHTIAD TaKCUMIIAHUIIUHUHT
MaTeMaTUK MOJICJIMHU UIILIA0 YUKHIII;

TONMMHAMOYp TyraHarud Xamja HabMaTak MEBAJapUHU  KypUTHIIIA
MOJICJUTAIITUPHIIIHM  aMaJIra  OLIMPHUIL, HYPJATUII OPKAJIM CYBCHU3JIAHTHUPHIII
Kapa€HUHM ONTUMAJIAINTUpUIN Ba Kyputumn mmkapuaa MK wypraatruuiapHu
YKOUIAIITUPUIIHYU PALIMOHAN XUCOOIall YCYJIMHU Takiaud dTUIL,

TOMMHAMOYp TyraHaru Ba HabMaTaK MEBAIAPWHU KYPHUTHII yUyH camapaiiu
TEXHOJIOTUK PEKUM MaxCyJOTJIIAPUHUA KU3TUPHUIIHA OMOTEXHOJIOTHK IIapTiapra
Moc pauiga MUK HypiaHunum BakyyM KypUTHIN KypUIMAacHHU CaHOAT Taxpuba
HAMyHACWHU UIIJIa0 YMKHUIIT Ba SIPATHIIL;

TU3UMIIM TaxXJIMJI OPKAIM aCOCUM KYpCATKUWIAPHU aHMKJIAII Ba YJIApHU KalTa
UIIUIAII Ba KYPUTHUII TEXHOJOTHK PEXUMIIApU OWJIaH ¥3ap0o TabCUPWHU aHUKJIAILI,
SHEPreTUK NYKOTULUIAPHU OJIAMHHU OJMII MAaKCaauJa HYpPJIATUUIHUHT pPAMOHAI
mapouTiiapuau aHukiam Ba UK HypiaHUIIIM BakKyyM KypPUTHUIN KypUJIMacHHU
TaKOMUJUTAIIITUPHIIL,

TONMMHAMOYp TyraHarm Ba HabMaTaKk MEBaJapvHU KalTa  WIUIAII
TEXHOJIOTHUSACH, KypUTHJITaH TOMMHAMOYp TyraHaruJaH KyKyH OJIMII TETUPMOHH Ba
MailjaJaHraH HabMaTaK MEBAaCHMHM KHCMJIApra aXpaTUll Y4yH a’pOJAUHAMHUK
CEMOPATOPHUHT TAXKPHUOA HAMYHACUHM UIIIA0 YUKUII Ba SPATHUIIL;

JUCCePTAIs WITUHU OakapwIlija OJMHTAaH HATIKaJapHW, TaBCUsJIAPHU Ba
UIIaHMaJapHU CaHOaTa UIIad YMKapHUINTa TaTOUK ATHIIL.

TagKUKOTHUHI 00beKTH KaliTa MIUIAll Ba KypUTHILJIA MUHUMAJ SHEPIUs
Ba BakT cap(iaran xoiaa, OMOJIOTHK (haoa MOIaIapy CaKJIaHHUIIHA TabMUHJIAHTaH
KUIIUIOK Ba YPMOH XY’KaJUTW MaxcCyjoTdh Oynaran - tomuHamOyp TyraHard Ba
HabMaTaK MeBaJIapuaaH nooOpart.



TagkukoTHUHr mnpeamern Bakyymua WK wHyp €Epmammma KypuTuin
KypUJIMAacH, KypUTUIIHU y3Ura XOC KOHYHUSTIApPH, TEXHUKA Ba TEXHOJOTHSIIApU
TaILKUI 3TA/IH.

TagkKuKOTHUHI ycyJuiapu. /[lucceprauusga KUMEBUM Ba O3MK-OBKAT
TEXHOJIOTUACH Xapa€H Ba KypwiMalaapy, MaTeMaTUK MOJIECJUIAIITHPHUIL YCYJUIApH
Ba TEXHOJOTHK apa¢HJIapHU ONTUMAJUIAIITUPUIN HA30paT-yIuOB YCKYHAJIapu
KYJUIQaHWJITAH.

TaagKMKOTHUHT WIMMI SHTWINTH Kyinaaruiapaad noopar:

TOMMHAMOYp TyraHarm Ba HabMaTaK MEBAJIIAPUHUHT KUMEBUN, WCCUKIIUK-
TEXHUK Ba OWOJOTWMK XYCYCHSTIIApW aHWKJIAHTaH Xamja KalTa WIUIAIIHAHT
AHEeprocaMapazop TEXHOJOTUACH SIPATUIITaH;

TOMMHAMOYp TyraHard Ba HabMaTaK MEBACHHH KailTa WIUIAITHWHT ONTHMAJ
yCyJIM BaKyyMJla HHPPaKU3uia Hyp €pJaMujia KypUTHII Kapa€HUHUHT HOUYM3HUKJIIN
JVHAMHUK KYPUHUII MOJEIH Ba KYPUTHUIITHUHT TEXHOJIOTUK KOHYHUSATIAPU acOCH]Ia
UIU1ad YMKUJITaH,

KaiiTa Miuiaml >kapaéHUHA caMapayid TallKWJ KWW Ba KO3 QUIMeHTIapHU
XucoOIall aHUKJIUTUHU OIIUPUII UMKOHUHU O€pyBYM TEXHOJOTHK CXeMa TaKIU(]
STUITAH XaMmJla AHWCKPET YCyiJa KypUTHII XKapaHUJa HMCCUKIUK HOYM3UKIIU
TapKAIHMIINHUHT Y3UTra XOCIUTH aHUKJIAHTaH;

KYpPUTHII >Kapa€HWHU OOIIKApWIIl OpKaJdM HAMJIMKHUA Kanmwuigpiapa
XapakaTiaHUIIK XUCOOMTra MaxCyJoT TapKUOWaAaru MHUKPOIJIEMEHTIap Oup
TOMOHTa WUFWIMINKA HaTWXKacujaa Ouodaosn KylIMMYa OJIMIIHUHT TEXHOJIOTHK
PEKUMHU UIILIA0 YUKWITAH;

KalUIsIp FOBAaK Marepuaiap y4yyH KYpPUTHII KypWJIMacuja Maxcyc Hyp
Kalitaprua €paamujia MaxcyjaoTra HHGPaKU3Wi HYPHUHT TYJIUK TaKCUMJIAHUO
TYIMIMIIMHA TabMUHJAII XaMJla MaxCyJOT Ba HypJaTrud opacuaaru macoda,
onTUMal TYJIKUH Y3YHJIMK Ba MaxCyJOT KAJIWHIWTMHU HYypJIATHUII KyBBaTUra
OOFIMKJINIY HUIIa0 YMKUIITaH;

TONMMHAMOYp TyraHarm Ba HabMaTaKk MeEBaJlapu TapkuOuma Ouodaon
MOJJIaJIapHU  CaKJaraH XojjJa Bakyymaa HHOpaKu3wil Hyp Epaamuiaa
KYPUTHIIIHUHT ONTUMAaJl XapopaTH Ba BaKyyM OOCHMH aHUKJAHTaH Xamja SHTH
TypJlaTd COBHUTHII THU3UMHIra 3Ta OYJIraH TETUPMOH EpAaMuaa KyKyH OJIMIII
TEXHOJIOTUSICH UIIJIA0 YNKHUIITaH.

TagKUKOTHUHT aMaJIMi HATHKACH:

Hazapuil Ba aMajui W3JIAHWII HATWXKAcUAa OKOpU cU(aTiv KypUTHITaH
Taép Maxcynorinap onum yuyH Bakyymaa WK Hypnatruunap éEpaamuaa
TEXHOJIOTHUK KypujiMa UIU1ad YUKUITaH;

OJIMHTaH WIMHUWA HaTwxanap acocuaa MK Kuzaupunuim BakyyM KypUTHII
KYpHUJIMAaCH UIILJIa0 YMKUIITaH;

BUOpAIUSHU KYJUIall oOpKaiau Kypuin kapaéau 40% raua Te3namming
aHUKJIAHTaH;

HaTHXKalap O3WK-OBKAaT Ba (apmaieBTHKa caHoaTd, ¢depMep Ba YpPMOH
XY KaJUKJIapy y4yH KypuiMalap spatuiiia KyJUIaHWITaH,

TakiIu(} HSTUITAaH TEXHOJIOTHSAA HAMIIMK OWPIUTH Y4yH capdiaHagural

SHCPIrUsAHHUHIT KaM MHUKIOpPJa OKAHJIMI'M AaHUKJIaHT'aH XaMZad 6OI_HKa MabJIyM
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yCyJIapJaH UKTUCOAMM )KUXATAaH caMapaJopiuru KypcaTuiraH,

KypPUTHJITaH TOMMHAMOYp KyKyHH Tapkuouna 45,4 mr% WHYJIUH MOJAJACH Ba
HabMaTak MeBacu TapkuOuga 0,77 Mr% ackopOMH KHUCIOTACMHUHT CaKJIaHUIIA
Oomika ycyiuapra HucOaTtad 3-4 mapoTaba IOKOPHIJINTY aHUKJIAHTaH,

Kyputuimr  skapaéuu  C++  Builder 6.0  nmactypunma = maremaTHk
MOACIIAIITUPUITHUHT TAaCTypU UILTa0 YUKUIITaH,

Bakyymaa UK nHyp €pmammupa Kyputuin KypwiMacuaaH (QoiiamaHUIIHUHT
TEXHUK MIapTiapy UIuiad YUKUJITraH,

TONMHAMOYPHUHT «MYbXn3a» HaBHJAaH Ba HabMaTaK MEBacHAAH KYKYH
UNUTa0 YUKAPUITHAHT BAKTUHYAINK TEXHOJIOTHK PETJIaMEHTH WIIa0 YMKUJITaH Ba
«Y3dapmcanoat» JAK TOMOHMIAH TaCIMKJIAHTaH Ba MIIIA6 YMKAPUINTA KyIUIALI
Y4YH TaBCHUS STUJITaH.

TagKuKOT HATHKAJAPUHUHT UINOHYJIMJIUTH. TaJIKUKOT HATHXKaJapUHUHT
UIIOHWIWJINTH KYPUTHII TEXHOJOTUSCHHHU ONTUMAJUTAIITUPUII Ba MaTeMaTHK
MOJICTIAIITUPHUIIL YCYJUIApH, YCUMIIUK XOMAIIECHHU KYPUTHII TEXHOJIOTHUSIIAPH,
TaKOMWUTAIITUPUIIT YYYH aHWK ACOCJIAaHTaH Takiu(d Ba TaBCUSUIAPHUHT HILIa0
YUKWITAHIIMTH, XyJioca, Takiaud Ba TaBCHSUIADHUHT aMalu€rra >KOpUi
ATWITAHJIUTH, OJUHTaH HaTIKAJIAPHUHT BaKOJATIM Ty3WIMallap TOMOHMJIaH
TaCIUKJIAHTAHJIUTH OWJIaH U30XJIaHA]IH.

TagKUKOT HATHKAJIAPUHUHI WIMHHA Ba aMajJMil axaMuATH. TaaKuKOT
HATIKAJIADUHUHT WJIMHH  axaMHsITH TONUHAMOYp TyraHard Ba HabMaTak
MeBaJIapUHUHT Ouodaona MoJJalapuHM cakjiaran xohga Bakyymaa WK nHyp
épmamuga KalTa WOUIall TEXHOJOTUSCH acoCHJa OJIMHTaH HaTXajulap Yoy
WyHamuImaaru TeXHOJorusra EHjauryBiIapHd TaKOMUJUIAIITAPpUIIIA (oiiiananuiil
OMJIaH U30XJIaHAIH.

TagkUKOT HaTHXKAJTAPUHUHT aMalvil axaMHsTH TONMUHAMOyp TyraHarud Ba
HabMaTaK MEBAJApUHU KalTa UIUIAI TEXHOJOTUK TH3MMUHHM KYJIJIall HaTHKacHh1a
MaxcyJnoT TapkuOuaarn Owodaosl MOITATapPHUHT CaKJIaHHO KOJMIIM Xamjia
XOMAII€HH HECT-HOOYJ KWIMAacAaH Y3 BakTHAa cudaTiv KaiTa HIIAl OpKaJIu
CaHOAT KOPXOHAJIAPUHUHT HWILIA0 YMKApHII KyBBATHHU OIIMPHUINTA XHU3MaT
KWJIaJIH.

TaaKuKOT HATHXKAJIAPUHHUHT KOPUH KWIMHUIIK. TonmmHaMOyp TyraHaru
Ba HabMaTaK MeBacH TapKuOujaru 60nod)aoa MoJJalapHH caKjiaraH XoJjja KaiTa
MIUTAII TEXHOJNOTHSCH «Y3(apMcaHoaT» JlaBIaT aKIHAJOPINK KOHIEPHH Ba
Kunuiok Ba CyB XYKaJIUTW Ba3UPJWTd THU3UMJIApUTa KUPYBUM KOpPXOHAJIapja
>xopuii strran («Y3dapmcanoar» JlaBiatT aKIUSIOPIMK KOHIEpHUHUHT 2015
30 nosiOpmarum MJ1-06/1868-con Ba KuIUTOK Ba CyB XY»KAJIWUTH Ba3UPIUTUHUHT
2015 #un 10 centsiopmaru 06/14-893-con MabiymoTHOManapu). Bakyymia
uHppaku3ua Hyp €paaMujia KypUTHUII TEXHOJOTHUSICUHHU KYJUIall HaTHXKacuja
unuiad yukapuir KyBBatuHau 20 % rava ommpuiin MMKOHUHA OepraH.

TaakuKOT HATHKAJTAPUHUHT anpodanusicu. TaaKUKOT HaTWXKalapu 25 Ta
WIMHI-aManuii amKymannap/aa, skymnanan, «anosarus» (Tomxkent, 2007-20009,
2014, 2015); «Bsicokue texnosmoruu XXI Beka» (Mocksa, 2008); «Maxamnuit
XOMaleé Ba MaxCyJOTJIapHU KaiTta unmam texHojoruscu» (Tomkent, 2008);

«KHIUIOK XYyKanuK MaxCyJIOTJApUHHM ETUIITUPHIL, CaKjall Ba KaWTa WIUIAIIHU
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AKOJIOTHK TO3a pecypcrexaMkop TexHosorusmapu» (Tomkenrt, 2009); «Tabuuit
OupuKMaliap KUMECUHUHT 10713ap0 Mmyammosiapu» (Tomkent, 2010, 2015); «Green
Growth Strategy of SMEs (Small and Medium sized Enterprises) in the New Silk
Road Countries» (Korea, 2010); «2OHepreTukaHuHI 3aMOHAaBUN XOJaTH Ba
puBoxuianuin  uctukOomapu» (Tomkent, 2011); «O3MK-OBKAT CaHOATMHUHT
UJIFOP TEXHOJIOTUSLIIApU» (byxopo, 2011-2012); «MamtakaTUMHU3HA
MOJICpHU3AIMS KUJIUII Ba Kywid (PyKapoiuk >kamMusTH Oaprno sTuiiaa uiaMm-das,
TEXHOJOTUSHUHT YpHU» (AHamxoH, 2011-2014); «HwuskoremmepaTypHbeie u
nuieBble  TexHonoruu B XXI Beke» (Cankrt-lIlerepOypr, 2013, 2015);
«International scientific conference UNITECH» (Gabrovo, Bulgaria 2013-2015);
«World Conference on Intelligent Systems for Industrial Automation — WCIS-
2014» (Tashkent, 2014); «Practice and research in private and public sector—2014»
(Vilnius, 2014-2015); «KuMé TEXHOJOTHACH TapMOKJIAPHUHHHT  J10J13ap0
myammoiapu» (byxopo, 2015); «buoTexHONOTHS: COCTOSIHHE M TEPCHEKTUBBI
passutusi»  (MockBa, 2015), «Multimedia Information Technology and
Applications— MITA-2015»  (Korea-Uzbekistan, 2015) wmaB3ynapuaaru
pecnyOnuka Ba  XalKapo  WIMHM-amManuii — KoH(EpeHIHsuiapja Mabpy3a
KYpUHUIIKIA 0a€H STUIITAH XaMJla arpoOalysiad YTKa3uIraH.

TaakuKOT HATHKAJAPHUHHMHI bJOH KWJIMHMIIM. J[MccepTanus MaB3ycu
Oyiinua xamu 42 Ta WIMUN W 4YON ATWIraH, IIyJapaaH, 2 Ta MoHorpadus,
V36exucron PecryGmukacn Omuif  aTTecTamysi KOMHCCHACHHHHT JOKTOPIHK
JTUCCepTAMsIapd aCOCUM WJIMHA HATWOKIAPWHWA YOI OTHUIN TaBCHsS ATHITaH
UMUK Hampiapaa 14 Ta makona, KymuiaaaH, 7 Tacu pecnyOiiuka Ba 7 Tacu
XOPWKHMM JKypHaJuIap1a Hamp dTuiarad. MIxtupo ydyH | Ta naTeHT oluHraH.

JluccepTanMSIHUHT TY3WJIMIIM Ba Xa:kMH. Jucceprarus TapkuOW KHPHII,
TypTTa 000, Xynoca, (oiinamaHuirad agabuéTiap pyilxatu Ba uIOBajIap/aH
noopar. Mmuauar xaxmu 195 6etHm Tamkun 3tuod, 45 Ta pacm, 25 Ta kaaBan Ba
243 ta manOa Ba agabuéTnapaan QoimaraHuITaH.
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JIACCEPTAIIUSIHUHI ACOCU MASMYHH

Kupum kucMmuia yTKazwiral TaIKUKOTIAPHUHT JOJI3apOJUTH Ba 3apypaTu
acoCJIaHTaH, TaAKUKOTHUHT Makcajau Ba Basudanapu, OoObEKT Ba IpeaMeTapH
TaBcu(JIiaHraH, pecrmyoiarka (aH Ba TEXHOJOTUIIAPU PUBOXKIIAHUIITMHUHT YCTYBOP
WVHaAIMIIUIApUTa MOCJIWTUA KYpCaTWiIrad, TaJKUKOTHUHI WJIMHUWA SIHTWIWTA Ba
aMajui HaTHXKajdapu 0aéH KUJIMHTaH, OJJMHTaH HATHO)KATAPHUHT WIMHUN Ba aMaJIvid
aXaMHATH 0unO OepwiraH, TAAKUKOT HATHXKATAPWHU aMaluéTra >KOpUi KHJIUII,
Halllp HJTWITaH WILIAp Ba JUCCEpTAlMS Ty3WIUIIM OYyiinya MabaymoTIiiap
KEJITUPUJITAH.

JucceprauusstHuHr «O3HK-0BKAT MAaXCYJOTJAPUHU KadWTa HUILIALI

TEXHOJIOTHSICH MyaMMOJIAPUHUHT 3aMOHABHI X0J1aTH (TOMUHAMOYP TyraHaru
Ba HAbMaTaK MeBAJIapH MHMCOJMAA)» 1e0 HOMJIAHTaH OMpPUHYM O0OMIa O3UK-
OBKaT MaxCyJOTJIApUHU KalTa HIILIANl TEXHOJIOTHSUIAPUHUHT 3aMOHABHUM XOJIATH
TaxXJIWJI KAJUHTaH (TOMMHaMOyp TyraHard Ba HabMaTak MeBajlapu MHCOJHA) Ba
TEXHOJOTHK cXeMaaa cudaTid KypuTHUII >Kapa€HU acoCHi OMHUJ SKAHIUTH
oenrmwnanrad. TommHamOyp TyraHaru Ba HabMaTak MeEBaJlapMHU  KaiiTa
UIUTANIIAT MaBXKyJ MyaMMOJIap TaxXJIWIWJAaH KYpPUHAJIMKH, KaiTa UIUIaHaéTraH
MaxCyJOTHM BakyymJa WHGPaKU3WI HYpJIapHU KyJJlall OpKadud KypHUTHII
KeJlaxkaru Oop ycymapuigaH Oupu Oynmb, OyHma wmaxcynotaaru ¢oiganu
AJIIEMEHTIIAp CakJaHUO KOMaau. XOMall€H! KypUTHILa OUp BaKTIa UKKH KapacH
KeuaJu: HAMHHUHT OyflaHUIIM (Macca ajiMalldHyBH) Ba MCCHUKIUK YTKa3UII
(MCCUKJIUK aJMaIluIIN); HaM MaxCyJOTJIapHU KYpUTHUIN KyHUJarujaapHu Y3
WYWra oJiaJii: UCCUKJUK YTKA3uIll Ba MaTepuail uuuaard Mmaccacu (Muku Basuda)
Ba YETKHU KaTjaamja Oyiak verapa (pazacuna (Tamku Bazuda); UCCUKIUK YTKa3UII
[IapOUTH Ba MaTepUall MUUJAru Maccacura Ba O0yiak dyerapacu (aszacura OOFJIMK;
YeTKM KaTjlamjJa HMCCUKJIWK Ba Macca YTKa3WIl MMKOHUATH OWJIaH MaTepual
Wyuja HaM Ba MCCHUKIWK OYnraHuja KypUTHII KapacHU Te3namud Oopuiln
IOKOpU OYnaau; MCCUKIMKHUHT TalllK{ IIapOWTH Ba Macca Ba Marepuajl Wuuja
HAMJIMKHU Ba WMCCUKJIWKHH  VTKAa3WIl  MApOUTH  (IU(y33UsIHU  KUYIUK
kod(pdunmentinapn €k HAMIIMKHM VTKa3yBYaHJIWMK Ba OOIlIKaiap) KypuIl
TE3JIMTUHUHT OpTUO OopHIIUra TabcUp KUIaau; 0ab3u XoJIapaa Kamuisip-FOBaK
MaTepuanga OyfiaHuil Ba cyOnuMmanusa (azara YTUII KUCMIIAPUHUHT XOCHII
OynuM 103a7a sMac, 0alKy KanuJuIsip-FOBaK MaTepual Huuaa Ky3aThiiau.

Mamnakatumus arpocaHoar KOMIIJIEKCH 1A MaBXKY/I KYPHUTHII
KypUJIMaJapuHU XO3UPTH XOJAaTH, KypUTHII YCYJUIApUHHU 0axojad, TomuHaMOyp
TyraHard Ba HabMaTaK MEBaJapWHU CaHOAT MUKECHAA cU(aTIN KypUTHII SHTU
KYpPUTHII YCYJUIADUHU SPATUII MyaMMOJAapHW MaBXKyJ JeTaH XyJjocara KeJWII
MYMKHH.
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HMuccepranusaunar «Kanmiissp FfoBak MaTepHAIApHU  KYPHUTHII
JKAPaéHUHM MATEeMATHK MOJe/UIApMHM HMILIA0 YUKW ae0 HOMIIAHTaH
UKKMHYM O000MJa Kanwuisip FoBak OYiIraH YCUMIIMK MaTepUAJUIAPUHUA KYpPUTHII
XKapa€HUHU MaTeMaTHK MOJEJIAIITHPUIL HATHXKaJIapu Ba TONMHAMOyp TyraHaru
XamJa HabMaTaK MEBACUHU KYPUTHUII J>KapaéHUHUHI Ha3apui TaJKUKOTIIAPU
KenTupwirad. TagkuK KWJIMHAETraH MaTepUaJUIapHUHT KamWuslp FOBAKIIM,
HAMJIMKHUHI XapaKaTJaHWII MaTeMaTUK MoJenu uiuiad yukwirad. Kypum
)Kapa€HUa MOJJAJAPHUHT TaKCHMJIAHWUUIMHH, XyMJIaJaH MOJJAJapHU KaTjaM
O0yuO0 rypyXxJIaHUIIHN JUHAMUKACH XaM KEJITUPUJITaH.

Juccepranms HIIMga KypUTHIN SKAPAEHUHUHT MOJIUN Ba MCCHKIMK
OamaHciapu kentupuirad. KuHeTuk KoHCTaHTaHu Oaxomnamna BakT t (Eku
KypUTHIIHUHT Te3uru 7 jgaH du/dr) Hamimk U KYpUHHINUAArH TaxpuOana
OJIMHTaH KypUTHULI 3TPU YM3UFUIaH (O IaTaHUITaH.

byrnmannm »xapa€Huaa 3appadajapHUHI XapakaTd €KW MHKOpP 3TaJuraH
XoJlaTiapja MaxCyJOTJaH XaBora HAMIIMKHUHT XapakaTJIaHWII MEXaHU3MHU
HIAKJUTAPUHUHT OUp Heva ycyJuiapu MabiiyM: Tuddy31MOH, TOMUUIIU Ba SPKUH.

KypuTui TE3NMUIMHUHT JOMMHUNA KypUIl JaBpUHH KypuO YHMKUIIIA
HaMyHaBHM MaTepuall 3appadyaciHd HaMJIMK KOOWFWM ¥ypabd Typranjga 3appaua
103acusia (a3zoBuil OanaHc XonaTh HyKTad HazapuJaH Kapainaau. byHna XaBo
TYHWMHraH XojaTtaa OYNraHauru cadaldiau Xya TEpMOMETP XapopaTdh OWJIaH TEHT
Oynaau. byHpail xonataa KypUTHII TE3JMIH TallKd aTpod MyXHTIArH
MICUXOMETPUK MabliyMOTIap OViinya aHUKIaHAIN, HAMIUKHUHT TYJIUK OKMMHU 3Ca
XaKMHH Macca y3atuul koddpduunentu S, ounan udoananaim:

—du/dz = j=const =B, (X, —x) =, (X" —X), (1)

OyHza, X - HaMJIMK OaJaHCUHM y3rapMac KaTTaJIurd, x* -3appaua yerapacuuaru
XaBO HAMJIMTH KI/KT; X - TEKUC (Da3a Xa)KMHUIard XaBO HAMJITUTH.

Taxxpuba ycynu OwiaH OJMHTAaH TYpAM Xapoparnard KuiMmaTiapaa

-1
HAMJIMKHUHI OKMM (MHH ) [apaMeTpiiapuiaH, HaMIMKHUHI  KaTTaJIuK
Kod(ppuuueHTn L, OUpUHYM AABpJard KypUTULIHMHI TAHIEHC KMSUIMK Oypdaru

ATPU YU3UFU KYPUHHIIIN]A TOTIHII MyMKHH:
By = 1(x =X). 2)
Tylinnaran OyfnapHUHT napuuan 6ocumu P typiauda 1 jgapAa MOC KeJIyBUH
KaJBajuIapa MaBxKyJI, MOJIb KUCMJIapy M 3ca KyHugarnda aHuKJIaHa 1
m = F)t /Pamw; m= Pt0¢/ PamM’ (3)
bynna P, - atmocdepa 6ocumu (760 MM cum. yct.); ¢ - atpod myxut 7T
Oyiinua OaxonaHaJAWraH XaBOHUHT HUCOWMW HaMJIMTH Ba XYJI TEPMOMEPTHUHT
xapopatu 7,
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by xonna X Bax HaMJTUKJIAp Kyiuaarnda udoaananaam

= e M @)
M3030 (l_m )

‘= M, m | 5)
M@ow(l_m)

Oy epma M, - cyBHMHI MOJeKyssp Maccacu, M

- XdBOHHUHI MOJICKYJIIAD

6030

MaccacH.
Typnu Xapopamiapja OJUHraH Taxpuba MabIyMOTIapU MaTEeMaTHK
OornmuKMK Omnad udona stunanu £, = F(T).

KypUTHUIIHMHT OUpPHHYM JaBpU Tyrammra MOC KEIIyBYM KPUTUK BakT
KyWHJIard TeHrjaMa OpKajy aHUKJIaHaIu:

Tkp :(uO_uKP)/j' (6)

KypUTHIIHMHT MKKWMHYM JaBpU MaTepHall F03acHAa y3ura Xoc KypyK FOBAK

naigo Oyiaranna KpUTHK HAMIMK OpUIIMITaHga U, OonuiaHagu. Arap

3appadajiard 0apya FOBakJIap Ba yHAaru HaMJIMK OUp TEKUC TapKajiaau e0 Kadyn
KWICAK XaMmJla KypwIaéTraH JaaBpAa Marepual XaXMUHMHT HM4YHIa Macca
Y3rapuIIMHUHT KapUIMJIMTH TYIUK 1e0 Xucobiacak, XoMallé 3appadacd ro3acura
yTaéTran HamJIMK 3ca 1y oHJaék YTuO, OyHAa Macca Y3rapuil MEeXaHU3MUHU
HOCTaHmapT auddy3us TeHrtamacu Epaamuga chepuk KoopJuHaTagapa

IAKJJTAHTUPHUILI MYMKHH:

2
£M_p ZU, 2y @)
or op° pop

by epna U - Ham MaTepuan 3appayacud MapKa3W BaKTAard t HaMJIuK TyTHUILU
mMacopacu p; & - 3appadaHuHr roBakiammurd; D - Ypraua ymymuiaiiTupuiran

muhdy3us korhGureHTH.
bynna 6onutanruy Ba yerapaBui maptiaap Kyhunaruda udoiaaaHaam:

7 =0, 0<p<R, U = Uyp,
7 >0, p=R 4=t (8)
p =0, du/dp =0.

by epna 7=0 KypuUTHIIHUHI MKKWHYM JaBpU BakTHra Moc Kenaiau, U, 3ca,

HAMJIMK XapaKaTUHUHT aTtpodaard XaBoJard HAMIMKHMHT MaBXyJ OanaHcu
Yyerapacy SKaHJIUTUHU XapaKTepliaian.
®dypre ycynu Oyinya TeHrnamanu (7) MKKUTA MYTIAaKo OOFIMK OYyiMaraH
GyHKIUSUTap MIaKIKWa TacaBBYp KWJIMII MYMKHWH, yjiapjaH Oupu ¢akar Bakrra,
UKKHHYKCH 3ca KoopauHaTara O0rIuK. SbHH,
y(z,p) =T(2)R(p) (9)
KU

2 2
10T, OR 2R _oR 20R, 10

D or op®> p Op op® pop
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[ysgait kim0, TEHTJIAMAaHWHT BakIra OOFNMWK Oapya wudomamapHu dar
TOMOHHWTA, KOOpAWHATara OOFIMKJIApUHU YHI TOMOHTaya YTka3ub, xap Oup
KUCMJIAQPHUHT KOHCTAHTara TeHTJIUTHHU OJIaMU3:

11T 1,0°R 20R

DT ar R(Op p@p

CYHITH TEHTJIMKJAH UKKATA TEHTJIaMa KeTUO YMKaIu.
Xap OupuHHM anoxuaa Kypuod YMKaMus3:
0°R 2 R
1 +—-——+AR=0. (12)
5 o0’ pop
Varaptupuian vV = pR  anmammmn OuiaH amanra omupamu3. HaTwmkama
Kylujaarura sra 6yiaMu3

= (11)

2 2
d—V:R+ dR dv dFj+pd F§+d—R (13)
do dp dp® dp do® dp
d’v 1 dv+ 1%
dp?> pdp p° Edvldp—v/erﬂK:O. (14)
p+l p p p
bynapaan Tenrinamanap cuctemMacu Xocui Oyiaau:
2
9V L av=o,
do
V |p:O: O’ (15)
v|], =0,

MyMKuH OYiIraH KUMMaTIapHUHT A Tax IMIH KAJTHHAIN

A) 250, K2+2=0; k, =+/- A =+iJ2. (16)
bynnan,
v=a cosJAp+bsinJip. (17)
[[Taptnapaan KeWuH Kyldu1ard TeHriaMa Kenub YuKaau:
sin/2, R, =0. (18)

Acocuil pyHkuusa v, Ba acocuil KuiMaTiap A, MOC paBHIIAa KyWuaaruda
udonanananu:

v =sin 2 inz(@j, (19)
RO RO
y = ZC exp( DTQ j/p‘lsin/;:m. (20)
b) =0, d’v/dp* =0, k*=0,
v=ap+b,b=0, aR, :O:>a—0 (21)

B) 1<0,k?=-2,k,, ==*/|4], v=ae'"" +be"",
p=0,0=a+b=a=-b (22)
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JAR, ==JJAR, = A =0. (24)

By epna sikkon KapaMa-Kapimmink: a =—b =0 kypunaam
2) IKKWHYY TCHIJIAMaHHA €YaMM3:

2_2
L4, =1 = T, =—A.DT, T =exp| - bn Y (25)
DT, dr dr R;
Kosdhpumment xuitmartmapuau Oaxonam y4dyH OOUUIAHFMY —IHApTIAH
dboitnananamMus:

p = RO’ O = ae\/mRo _ ae_\/mRo ’ e\/WRO _ e_\/WRO (23)

=0, y=U,—U,. (26)
EunmMun 6HpnamTHpH6 Kyﬁnﬂamra ara OymaMus.
n+l
y=(u.-u)> z( 1) exp(—Dnzyzzr/Rg)sin%”. (27)
0
bupok, u=y+u, nan
u=u, +(u, —qu)ﬁi (=) exp(—Dnzz/R?)sin 2N, (28)
70 n=1 n RO

KenuO YuKaqu.
Ypraua HAMJIIMKHUHT BaKT MOOAWHMIA Y3rapHilnd TaxXpuoda ycyiuiapu OuiiaH
YpraHwiIain, SbHU

— 1 R
u=—|u dp. 29
R! ,do (29)
(28) HucbaTHu Kynnad, U ypraya KaTTAJIMKHU aHUKJIaca 6}7J1a)11/1'

u=u, +(u, - KP)—Z( 1) - exp( Dn’z*r/R? )—><

xism,g:;f;;%(ﬂ;p):ur+<ur_u@> s

(30)

x exp(=Dn’z*r [ R?).

Kymnagan, OaxapwiraH wuIIIa H>pUTMaANapAard KaidTta TaKCUMIIAHTaH
KOMITOHEHTJIAPHUHT YCHUIIH (IbHU KATTHUK (Da3aHUHT YCHIIH Ba F03ara HAMIMKHUHT
XapakaTd Oyinda KOHIICHTpAllMs BapHallUsUlapy SIHTH XOJaTH) YPraHuiIu.
Byfnanuiiga HaMIMKHUHT Oup Tapaduama Xapakatd VypraHuiaau. Bakyywm
mapouTuaa KypuTull (akaTTMHa CYIOKIMK XapakaTdh Kojimai, Oankd HaMIIMK
XapakaTUHUHT HUCOATaH MacT Xapopataa pyi Oepaural «CyIOKIHK-Ta3y (a3oBUid
YTULIApU KypCaTUIITaH.

Ymly KoHUEenTyaa MOJETHU YPTraHUIll YYyH YM3UKCU3 TYJIKUHIAp OYyinuMuaa
KEeHI' YpraHujaaJural HOYM3UK MaTeMaTUK XpomoTtorpadus taBcudura Mmypoxaatr
KuwiaMu3. bu3 taknug sTaéTraH Kanmwuisapaapa KYHIATaHT KeCUM ajMalllajiu,
KYMJIaJlaH KypUTUII BaKTHra HUCOAaTaH CEKMHPOK y3rapuinuaaH uoopar. AiHaH
aHa IIyHJall MacajdaHu KypuO uymkamu3. bolanFud BakTAa KamWUISPHUHT
pamuycu Ry Oynca. Kuzgupum Ba OyfiaHuiira OOFIMK OYJIraH YCUIITHUHT
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kamaiinimu Owitan QyHKkuusHUHT R=R(t) cexunnuk Owman y3rapuimm pyil Oepasim,
Oy epaa t=0 R(0)=R,.

XKapaén Texkuc Oynrannurud ydyH U QyHKUMS BaKTIaH y3 apryMeHTHIAH
y3nykcu3 ¢QyHkuus xucoOnanagu. Ilynunr yuyHn, Teismop katopura HyKra
atpoduaa Takcuminanumu t=0 Ypunim,

R=Ro(1+ut+qx) (31)
by epna u, q —xo3ddurmentiap.

Tennop KaTopura TAKCUMIIAHUII KYWUJArd KYPUHUILTA 3ra:

R=RO(1 ia—R,ut ia—RC]XJ (32)
R, out R, Oux

Kypunaérran >xapaéH Mypakkad MyxuTAa VYTaETranaurd Tydanam
MEXaHUKaHUHI MabJIyM OYJIraH TEKUC MyXUTIap/ia — Macca CakJaHUII KOHYHU Ba
Halluajmapjaa ajacopOIus Ba JecopOuMs KHUHETUK KapaéHiap KOHYHUSTHUHU
KYJUIalMU3.

CopmanamTupuil  MakCcaauaa KanWUIAPIAPHUHT KYHJAJIAHT F03aCHHU

KUpUTaMu3, S =zR(t), u %:A—const. By sca nuameTpHMHr Kuckapuimu A<O 1a

YU3UKJIUUD. A KaTTaJurd KypPUTHUIIHUHT TE3JIMTUTra Ba KypUTWIAETTaH
MaTEepPUATHUHT TYUUHUII MOWUIUTUTUTA OOFIIHUK.
Xucobmap UyHd KypcaTaau:

H 71
()3 ®
0

VTIKkaswiran TagKUKOTIAD HATIKACHAA KYpPUTHIN BaKTHAA KaIlMILIAPAA
KYPUTHII YIYH Kepak OYJraH BaKTra HUCOATaH KYyHIAJIaHT KECUM CEKUH Y3rapuIiu
aHUKJIaHIH.

Kyputuin sxapaéHUHMHT MHKPO HOTEKUCIIHIIUTH MYXHUTTa 3ra smac Oup
XO0JIAT/IaH MKKUHYM XoJiaTra YTyBuM (a3oBUil XapakaTiap MaBxXyJ TEXHOJIOTHK
ycyJJlapa MaTeMaTHUK MOJICTHU SpaTUll Y4yH JUHAMHK Y3rapTUpuiiapaa
MOJIMHOM  SIKMHJIAIIUIIM ~ Y3UHUHT —dYerapacura odra. MUKpodJIeMeHTIapHUHT
HAMYHaJla TAPKAJTUIIMHUHT aCOCUM >Kapa€HU >pUraH MOIJajapHu, 3appadaiap Ba
Ty3Jap MOHWHU TallyBUM CYIOKJIMK XapaKaTUCU3 KATTHK (azamaH, TamuiaaéTral
MaTepuall 3ca KHCMaH KaTTuK (azana ajgcopOepiaHuily OuiaH xynocaiaHaau. by
KapaCHHU HeaUTaTUPUO, CYIOKIUKHHHT 3appadajapd JOMMHA V Te3IuKIa
Xapakatyianaau J1e0 KaOys KujiaMmus.

bupox muddy3uon sxapaéHIapUHUHT XKUAIANA XUCOOTa OJIMHUIIN aACOPOIIHs
MOJICIMHUHT MaTEMaTHUK MOJICTTMHU MypakkaOiamrTupaay Ba Oy OuiiaH MacajiaHu
da3oBUl TapKaMill TapaMmeTpura oaubd Kkenaau. byHaa cakJIaHuIl KOHYHH
KyWHJIaru KypUHHMILA 65’/)121;[1/1

pr_'_ps a(\/ ) azpf ’ (34)

by epna, h - CYBCI/IBJ]aHTI/IpI/IJIaCTFaH OOBEKTHUHT qu)(py:n/m KO3 pULIEHTH.
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I[C}IpJII/I MYBO3adaHAT X0JaT Y9YH KYﬁHﬂaFH TCHINIaMaJlap CUTEMacura draMms:

Op; Op; B _azpf
ot +C(pf). OX V_h ox? ' (35)
C(Pf)=m1
K,K,AB
R(p, )= 12 :
(pf) [KZB"‘(Kl_Kz)/of]2

C

Tenrnamanap (35) p, nmaH ¢ Te3nmurura OOFIMK YM3HMKIM IIApTAA

aHUKJIaHTaH. Koyna-Xond nbomacuan anmamrupumn EpaaMuia aHUK €IruMIa
ra MaTepUaIHUHT XyKalpacuja aBBajJaH KYy3JaHTaH MHUKPO3JIEMEHTIapHUHT
dazoBuil TapKanMIM OWaH KypPUTWITaH MaxCyJIOT OJIMII WMKOHHSTHHH aKC
ATTUPYBYH, NapaOOJIMK MIAKJIIATH TEHTJIaMa OJIMH/]IU.

ABBa aNTWITAHUIEK, KypUTHUII Kapa¢HHUIa CYIOKIHK OOCHMHHHUHT KaTTa
TpaJueHTIApH KYTIMHYA MUKPOEPUKIIAP XOCHIT KHJIAIH Ba MaxCyJIOT HUKapPHUCHIaH
HaMJIMKHUHT MaxCyJIOT lo3acura OKHO uMKuIudra cabad Oymamu. Hartmxkana
KYPUTUJITAH MaxCyJOTHUHI Ouodaon MojajalapuHU cakjiad KOJMIIa 3apap
eTKa3MacJaH CyHbUH ycyn OuiiaH Xam spuiica Oyiaau.

IOxopuna KEJITUPHIITAH CYBCHU3JIAHTUPUIAETTaH MaxcyJaoTaapaa
MUKpPOAJIEMEHTIIAp XapakaTH >Kapa€HUHM MablyM TeHIJaManap ¢EpaaMmua
MMAK/UTAHTHPUIIT MyMKHH. KeTMa-KeTnWK sSKuHJIammm EpaamMuaa KypuiaaéTran
X0JIaT YYyH HOUM3UK TeHTJIaMaHu (34) TaxJIUI KWIaMus3.

o . X .
Ynyamcn3 KypcaTKUWIapHA KUPUTAMU3: X = T t = T

bynga, L- MaxcyJOTHUHT KypUTHINrada OYITaH KaTWHIUTH, 7-KypUTHIITHUHT
MAaKCHUMaJl BaKTH.

0o ypHura, p; = 'O|f HU KUpUTHO, (35)yH1aH
P+lt=0
op;  .Opf _ .0%p;
—+C — =h"—L° HI XOCHJI KHJIAMH3. 36
ot’? ox? a2 A “ (36)
By epna, ¢ = c(p)TE, h' = :‘_—I

Udbonanm copmanamTupuinl  Makcaauaa KyWuaa IITPUXJIApHU — 0Ju0
TalIaiMu3, JEKUH OJINHAA YITYOBCU3 JKOWapaaru xapakariap (36) auHaMukacu
Ky3aa TyTwirad. KyWuaarnau KupuTamus:

ne=NiN;, n =p,
o Oy a_”i2 , (37)
ot OX OX
By epna, nj, C, X, h —sHrH ymdoBcus.

Hounsuk tenrnamanuar (37) e4MMH KETMa-KeTIUK SKUHJIAIINIL YCYJIIH
épaamMuia XOCUI KUIUHAIH.
n=ny(x,t) YM3MKIN SKHHJAIIWII €YUMH, SbHM c=cons OYyuranma, (37)

TEHIJIaMa €YUMHU YM3UKIU ny(X,t)=n,(x—c;t) eunmra sra. Pu3MK KUXaTaaH Oy —

18



(GpPOHT KypHHMIIMIATH TE3NUK OUNaH ¢, =c(n,)oaauii xapakaT Xxucobnanam. Aci
CUMMHHM SKHH KeJTaH Makjjia Kyiuaarnya ugoam MyMKHH:
n, =Ny, (X,t)+n; (x,t). (38)
(38) yuyH Kyiinjarura aramus3

on; ' A on; _hazn'f
ot a X (39)
Ac=c(0)1-AR]

oynna AR vu (35)1an onaMus.

ByHuHT HaTkacua Xxapakar )apa€Hu BaKT YTUIIN OMJIaH OUpraiukaa KaTta
Ycub OopyBUM KyHujard TpakToBkara uyHantupaau. bupok, nuddy3non
)apa€Hilap KOHILIEHTPALUUSIHU BaKT YTUIIM MOOAalHHMIA YCHUII TapKaJWIIUIa Ny
KyhiMaiinu, OyHIal XoJucalapHU TEeKUCHalra HUHTWIAIU. by WKku (Gu3NK
XOJIMCAJIapHUHT y3ap0 TabCUpU y €KUM OOIlIKa MHKPOIJIEMEHTIIAp Xapakar
MEXaHU3MHUHH aHUK1a0 Oepau.

Kypu6 umkumnaérran teHrnamanap euumuga (38) SKUHJIAITUPWITaH Ba
AHAIMTHK alMpOKCUMAIUs yu4yH QYHKIMUIAPHU OUp XWITa KEITUPHUIIT YCYJTUHUHT
KYJUIAHWIWIIN ~ HaTwkKacujga (QyHKusHA JIamjiacHUHT — anmpoKCHMAalUsIIAIT
dbopmyacuHU OJIaMU3;

t vV ei4h(t—f) 3
0=y (xt)+ gp[g_ (nO)J e (40)

Bynpa, F=(n,), .

OnuvHraH TEHIJIaMa YW3UKCU3JIMKHUHT S()QPEKTIapuHu eTapiau Japaxana
X{CcoOTa oJIuIITa KMKOH Oepasu.

[yngait xkuanb, MUKpo OWp >KUHCIM OYiaMaraH xojucajaap POJUHUHT
MaXCyJIOTHU CYBCU3JIAHTHPUII XapaéHUAAaru TaxJIMiIN HaTHKacuaa OM3 TOMOHIaH
TyraJJlaHTaH MaxcyJoT TapkuOujgaru Ouosoruk ¢aon MopganapHuHr (bOM)
CaKIaHuO KOJIUIITUTA UMKOH OepyBun KYPHUTHII KapaéHUHU
WHTCHCU(PHUKAIMSCUHUHT SHTH YCYJUIapH UILTa0 YUKUIIH.

Pexanamrupunran Ttaxpuba acocuaa KypUTUII >Kapa€HU Y4UyH TalllK{
omwmmapHuHr (MK tynakuHnap, TeOpaHuil, BaKyyM Japa)xacu) TabCUPH YpraHuo
yukuirad. Koppemsiiinon koagduimenTnap Ba MaTeMaTuK MOJEIIap OJMHTaH Ba
ymly OaxapwiraH TaXpuOaJapHUHT CTaTHUK WIUIOBA amajira OIIUPHUJITaH.
Kypurumr Baktu 1=0,84; r»=0,85; r3=0,85 Ba sHeprus capdura r1=0,83;
r0=0,83; r;g=0,63 xOppeIALUIHUHT YU3UKIU KOIPPULUEHTH ONUHIN.

Kyputum »xapaéHuma kariamiapaa KpUCTa/UIaHTaH MOJIAJApHUHT KanTa
TaKCUMJIAHWUINNA OViWYa JKCIEPUMEHT-JTAPHUHT PEeXATAMTUPWITAH yCYyJUIapu
VTrkaswirad. JKymnagad, TonmuHamMOyp TyraHaru TapKuOWmard  WHYJIUH
MOJJAaCHHUHT MabJIyM KaTJiaMmiap/a TapKaIuIll STPH YN3HKIAPH OJMHTaH.
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1 K HypJaTTUYHU Kypuod
yukamu3. [lapannen kepamuk Hauanap
TYpAU MaTepuayjaH TallKWJ TOINraH
TEKUCIUKHU Ku3AupcHH (1-pacm).
Hypnanaérran A Ba B
HYKTaJapHU TaKKOCJIaII y4yH

1
XHuco0nab umkamms. | =1,-—= KyBBar
r

OwnaH  MWIMHAPUK  HypJaaTruwiap
TabCUP Kuiaaw, OyHAa I — pamuycra
1-nypnarruy; 2—ceTka 103acu; 3—MaxcyJoT.  TEHT 6S'IJIl“aH YKIaH IIIAH/IP
1-pacm. Ilapannen kepamuk TpyOKkaaap fo3acurada Oymran macoda, am, | — r
épaammna xocun 6yaran UK-maiion Macodacuga HypIAHUIIHHHAT — OKHUM
KyBBaTH, Bm, SbHU MailloH OUpJIUTUIaH BaKT Oupiurura yTyBuu I macodacumna
MHPpaKK3Ua TYIKUHIAPHUHT SHEPTHSCH, |,—KepaMUK Halyaiu HypJaTTUYHUHT

TYJIUK OKUMU.
I 0 I 0
h? o y?
HYHAITUPHUITAHINTH KYPUHUO TypuOAH. y° =h++/X* —h® SKaHIUTHHA YBTHOOpTa
OJIaMU3.

WNHppaku3un HypiaaHUIIHUHT TeHrMruga A Ba B Hykranapaa Kyiuparura

aramMus.

|
A HyKTara —> HypJdaHMII Kydd, B Hykracura osca
X

21, 1, I,

fo_0, 0 41

Xt by 2Yx? —h? “
& =% Oy OenruHu Kysnao,

&2 + &+ 2=0HU oaMu3 (42)

/ L by epna X, y—Koop;[HHaTaﬂapl M, h—
" , Hypmatrud  Ba  HYp  KalTapuim
"

_— 0 '&\2‘\ TEKUCJIIUNTUHUHT aCOCHU OpaJIuFUaru
7 Oy macoda, M, E— YITIOBCH3 KaTTalUK.

S (13) Tenrnmk ¢ HU  Oapua

4 KuitmaTiapaa 0 ra TEHTJUTUHU, ShHU

nuckpumMuHaHT 0 mgaH  apKiau

3 oynranu cababim y OaxapuiaMaiiu.

/ by »sca ommui puckper Haudaiap

X2 épnamuaa Oup Tekucaa WHOPAKH3HI

1-iynammupyBunpama; 2-Hyp Kailtaprad; 3-XoM  HypJIaHUIIHU 01110 OopuI

ameé; 4-MK Huaﬁqa' UMKOHMATH  HYKIUTHAAH  JajoJiar

2-pacm. lllaxkin HypKaiiTapruy cxemacu Gepami. By TeHMMMK  HypIaTIHy

nuaMeTpura HucOaTtaH HypJiaHa€TraH HyKTa Macodacu kKaTTa Oyiranma TYFpu

Kenaau. bupok, kKym xosuiapia HypJaTruujap y3apo HypJiaTrud auameTrpura

’
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HucOaTtaHn Macodacu Kucka Oynub xoinmamran Oynagu. Mudpakuszun wvypiu
KYPUTHII Kamepanapuaa 001IKa MaBxKy/l X0Ja, Ky KaBaTiu KypUTUII TYpJiapu
Teckapu camapa 6epaau. by xonatHu Oaprapad ATUII yUyH SHTM HIAKIJIM HYP
KaliTapruwiap cucteMacu Takiud stunanu. Hyp kalitapruunap gakatruHa oup
TEKUC HYp KalTapuOruHa KoJMaclaaH, OajKd TalKyd Tapagu OujaH MaxcyJoT
3appadallapyHd ~ Hyp  KaWTapruuiap  ro3acura TYIIYBYM  CYIOKJIUKHU
TYIIUIIUHAHT OJJMHU OJIA]IH.

HypnaHummHUHT MakcuMmas MIapOUTHAA OJIMHTAaH KUWMAaTiaapu: JeBOpJap
opanuruaaru Mmacoda —170 mm, Hallua auameTpu —22 mm, TYp Ba HypiaTrud
opanmurugaru macoda —135 mm, HypaaTruyd 103acd Ba HYp KaWTaprUYHUHT
HECOATaH JHT y30K HYKTacH opamuruaard Macoda —22 mm. ByHma: ¢na=27,4°%
@min:18130; /7S ((Dmax'(ﬁmin):lg:lo-

Haituanapaunr  opanmuk  macodacu 400 mm  OYnub, mapamien
JKOWJAmraHuJga  HYpJAaHUIIHUHT  Oup  MebépAa  TaKCUMJAHMIIM  Ba
HYpPJIATUIAETTaH F03a MAaKCUMAaJT KYJUTAHWIUIIUTA SPUILTUIaIH.

Huccepranusauar  «Taxkpuda  cMHOB  KypHJMacuga  KYpPUTHII
JKapaéHUHM TAAKMK KWIHID) J1e0 HOMJIAaHTaH y4yuHYM Oo0uaa TONMMHaAMOYp
TyraHaruHUHT cOpOLMs Ba JecOpOLHUs UCCUKJIUK-TEXHUK TaBCU(U YpraHuiaraH
O0ynu0: TonuHamMOypHUHT BakyyM WK KypuTuiiga ucCUKIMK-TEXHUK TaBCUPU —
KalWUIAPJIAPHUHT  COJIMIITHPMA OFUPIUK ro3acu 18,38 M2/r oynranna,
TOMUHAMOYp FOBAKJIAPUHUHT MUKIOpUN xaxxmu BakyyM MK kyputumma 0,440
cM’/T HE TamKkun Kenagd. TagKMKOTHHHT MKKHHYM MaxCy/lOTH — HAabMAaTaK
MeBacH yuyH BakyyMm UK KyputHiiia uCCUKIMK-TEXHUK TaBCU(U XaM aHUKJIaHUO,
KAMAUIPIAPHAHT  COMHINTHPMA OFMPIHK 1o3acu 12,30 M%/r  Gyaramma,
FOBAKIIAPUHUHT MUKIOpHil xaxmu BakyyM VMK kypurnmima 0,390 cM®/r HU TaIIKu
KWJIAJIH.

1-namyHa Ky xoiiu; 2-pakamian
MHIVKATOPJIM TapOo3H; 3-MaxCyJIOT YUyH
uaui; 4-mMaxcynort; S-repmometp; 6-1UK
KU3AUPIrUY; 7-BaKyyM Kamepa; 8-mysabTiIn
Oomkapruy; 9-sakyymmerp; 10-xympax;
11-uccuknuk anMamrud; 12-Bakyym Hacoc.

3-pacm. Taxpuda cuHOB J1aGopaTOPHUs KYPHIMACHHHUHI CXeMacH

AManuii TaAKUKOTIApHU YTKA3WII YYyH KypUTHII KapaéHUHHU TYpIH
peXuMIIapAa Ha3opaT KWIMII, Kepakiyd MapaMeTpiaapHU KaJ ASTUI, OOLIKapHII
yCYJUIApUHU amajra OMIMPHUII HWMKOHMHU OepauraH WH(PPaKu3WI HypIaTTHWINA
BaKyyM KypUTHII Kypuimacu sipatiimd (3-pacm). TormuHamOyp TyraHarmHWHT
«MyBX13a» HaBU Ba HAbMaTaK MEBACHHU KYPHUTHUII OYiMYa 3rpU YU3UKIAPHU OJIHII
ydyH Oup KaHua Taxpuba wunuiapu om0 Oopwimu. TosamaHran MaxcyJsioT
ca03aBOTIapHU KECYBYM YCKyHa €plamMuja 2 MM KaJIMHIMKIA KECHO OJUHIHM,
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3aHIJIaMaiiiurad TYpiau WAMIUIApra OMp TeKHUcAa XKounad yukuiaad. Maxcynor
Ounan Tynaaupwirad uaunuiap Bakyymaa UK Hyp épramuaa KypuTHill KypuiMacura
KoWmamTupwiay. Bakyym-kamepa smmkinapy 3ud €MUK Xonatga Oyiaau, kamepa
nungard Bakyym -0,8 arM. raua Bakyym-Hacoc OujiaH cypu0O OJMHAIW, CYHIpa
UCCUKIIMKpocTaaTrud Epaamuaa xapopar 65°C kummb Oenrunanaau Ba UK Hyp
épIaMua KypUTUII KypWIMacu HIIra Tymupwiagu. ABBan 45 nakvka JaBOMHIA
Y3JIYKCH3 HYPJIATHIL aMaJra OLIMPUIAIN, CYHT TUCKPET peXUMIA KypUTHUII KapacHH
JABOM J3TTUPWIAIM, 5 AAKUKA JAaBOMHUIA HypJaTTAwiap uira Tymupuiagy, 25%
Hypiatruwiap 15 makuka maBomuia yaupu6O Kyhnnamu. by nukmam Hammmk 12%
KOJNTYHMra Kaaap Oaxapunanu. KypuTuin BakTHUHUHT ymyMmui naBomuituru 10
COATHHM TAILKWJI 3TAJIH.

W, % Jlowuii KypHITHHHET JaspHil KyPHIIHHET OFHIN JaBpHii
TEUHIH } TEUHIH
I

T
100 —

)
w

i 1
: 1-sakyymna UK nyp €pmamMunga KypuTHIL
(xkyputui xapopatu 50 oc; BakyyMm -0,8 atm.);
2-Bakyymaa WK Hyp é&pmammma KypuUTHII
(KypuTHui xapopatu 65 oc; BakyyM -0,8 atm.);
3- Bakyymma UK mHyp Epmammpma KypuTHII
-------------- (kypurutu xapoparu 80 °C; Bakyym -0,8 aTm.)
4-pacm. TonnHaMOYp TyraHATHHUHT

2 4 6 s w12 1 e «MYbKH32» HABUHHUHT KYPHII 3TPH YU3UFH

i
I
i
|
80 - }/ / /
Y / /
z N /
60 }
|
I
I

/ /
40 /

KyputuuHusar goumuit te3nuru (4-pacM) HaMJIMKHUHT KPUTUK XOJaTUrada
JaBOM 3Tagu W'y, (4-pacM, 9-pacm), yHaa HUKH Ba TamKU JUG(Y3HOH KapLIIMIUTU
teHr. Illy caGabnaH KpUTHMK HaMJIMK MaTE€pUATHUHI YpTaya MHTErpal HaMIIUK
TYTHUILIXJIaH aHUKJIAIl MyMKHH, Oy X0J1/1a 103aJ]a MaKCUMaJ TMIPOCKONUK HAMIIMK
TyTWINO, KypHUIl TE3TUTHMHHUHI Macalvil JaBpu OouuiaHaau (€KUM KypPUTHILIHUHT
UKKUHYH J1aBpH).

Karann Bocux, amx
oo 4 4 xamumms, s

— 6 -1
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6-pacm. MHYJIMH MOJIACHHUHT CAKJIAHUO
KOJIMIIUTa aTMochepa 60cMMH Ba KyPpUTHII
JKapaéHu BAaKTUTa OOFJIMKJIUTH (KYPUTHII
maptu: 65 oc; OyIaK KaJIHMHIUTU-2 MM)

400

200

5-pacM. MaxcyJI0TJIapHM KYPUTHII Y4YH
UK HypJAaTHIIHMHT ONTHMAJ BAPUAHTH
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Okopu xapoparma WK Hyp
TYJIKUH Y3YHJIUTH KUCKa OVianu, mact
xapopatna d3ca WK wHyp TYIKUH
y3yHIMrd y3yH Oymamm. 500-600 °C
xapopataa UK Hyp TYJIKUH Y3yHJIUTH
28-3 MKM raya eragd. 2 MM
KUIMHJIMKIA KypUTWIAETTaH MaxcCyJoT
Y4yH Ym0y TYJIKUH Y3YHJIUTH ONTHMAJ
BapHaHT Xucoomanaau (5-pacm).

Kamsas 3 4 [ 8 1 12 ex

NARUNTUY, MM

1-UK Ku3aupuIn opKaad TOMMHAMOYP
OYnakIapuHUHT KypHuLl 3rpy unsury; 2-1UK
KU3MPULI OPKAJIM MaiilalaHraH TONMHaAMOYpHU
KypHuIll 3rpu 4n3ury; 3- Bakyymaa UK kuzaupuin
OpKaJi TOMHAMOYp OY1aKkIapuHUHT KYpHIL 3TpH
yu3ury; 4- Bakyymaa UK ku3aupuin opkanu
MaiilallaHraH TONMHAMOYPHU KypHII 3TPU YU3UFH;
. 5- Bakyyma, MK ku3nupuin Ba TUTpaTUIl
3 TabCUpHIa TONMUHAMOYp OYIaKIapUHUHT KypHIL
: ¢ ; 10 i “o e arpu uu3ufy; 6- Bakyymaa, MK kuzaupui Ba
TUTPATHII TAbCUPHJIA MalalaHTaH TONMHAMOYpHH
KYpHIL 3TPU YHU3HFH.
7-pacm. UHyJIMH MOJIACHHUHT CAK/IaHU0 8-pacm. TonuHAMOYP TYraHATMHMHT KyPHLI 3TPH
KOJIMIIY TONMMHAMOYP TYraHATHHU KeCH I YH3UFH
KAJTHHJIMIY Ba KYPHTHII )KAPAéHUHUHT
BaKTHUIa OOFJIMKJINIU
(kypurum mapru: -0,8 at™., 65 0C)

1 2 3 ] 5 (l, Hooyaun,
a/%

TonuHamMOyp TyraHarmHu KypUTHII )KapaéHu yU4yH BaKyyM KaMmepajaa 60cuM -
0,8 atm. HH (6-pacM) Ba KecwiraH OYJaKHUHT ONTHUMal KAIMHIUTH 2 MM HH
Tamkui dTaau (7-pacm).

TonuHamOyp Tyranaru Oynakjiapu Ba MaWJalaHraH XoJjaTHAa KypHUTHII
Kapa€HUHM TE3JIAIITUPHUII MAaKCaaula THUTPATHII OpPKAIM KYpPUTHUILI camapayiu
xucobnanagn (8-pacm). bynnma cyBcuznmantupum camapagopiuru 40% raua
opTaau.

[lly ypuHOa, CyBCU3JIAaHTUPWIAETTaH MATEPUAJIHUHT (033 KATJIaMHUAA 3apyp
oynran Hamiauk Ba BOM rokopu mapaxana cakjgaHUO KOJMIIMHU TabMUHIIA0
Oepuill Makcaauaa TOMMHAMOYp TyraHaru Ba HabMaTak MEBACH JUCKPET PeKUMIA
KypUTHII Oyiinda Taxxprda CUHOB MILIAPU YTKA3UIIIN.

TonunamOyp TyraHaru MaWjajgaHraH XojaTHAard TapKuOWAa WHYJIUH
moaaacunuar UK kyputum ycynuaa — 45,4 mr% Ba TonmuHamOyp Oyiakiapuja
aca - 38,75 Mr% HM TalIKWII STUIIHA KYypCaTUIITaH.

Cudatnm MaxcynoT OJUIN Yy4YyH, MaxCyJOTHH KYypUTHIIIa MaljalaHraH
xoJatuaa nHGPaKU3WI Hyp EpAamMua BaKyyMm1a KypUTHII YCYJIM TaBCHs THIIAIH.

HabpmaTak mMeBacuHM KypuTHIl OYyiinda BakyyMm WHGPaKU3WI KypuiMacuia
Taxpuba CHHOB HILIApPW YTKa3wiad. HabmaTak MeBaCHMHM KypUTHIIIAH OJIJIUH

Oerona mozjanapaas To3anad osunaau. CYHr HAabMaTak MEBACU TEKHUC 03U TYP
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yuaunIapra CoaMHaan. Tynaupuirad uaunuiap BakyyM kaMmepara sxomnananu, MK
KU3IMpWIIagu Ba Kamepa uuujgaru BakyyM -0,8 atm Oynaau. Mnuta® uyumkuiarax
napaMeTpiap YpHATWITaHJaH CYHI KypUTHII >kapa€Hu osnbd Oopuiaau Ba
HabMaTak MeBacMHM 12% HamuMKaua CyBCHU3JIaHTUPWIAAW, OyHJa HabMaTak
meBacu TapkuOuga bOdOMnapHuHr okopu Japaxana cakjgaHUO — KOJIMILIU
TabMHUHJIaHAAU. Taxkpnuba HaTXkKalapu 9-pacMa KEeITHPUIITaH.

W. % + ' Jlowmuii KypPHIIHHHT JaBpHii ' Kypumusnr ormm

!
TEITHIH ' JaBpHiT TE3HIH E
|

80 —
1- Bakyymna UK nyp épnamuna
KypuTuil (Kyputuin xapoparu 80 oc;
BakyyM -0,8 atm.); 2- Bakyymaa UK
HYp épaamMuaa KypuTHI (KypHUTHIII
xapopatu 65 °C; Bakyym -0,8 atm.); 3-
Bakyymaa UK nyp €pnamuna Kyputuin
(xyputui xapoparu 50 oc; BAKYYM -
0,8 atm.);

I I I T > 9-pacm. HabmaTak MeBaCHHUHT
! 2 3 4 5 we KYPHII 3TPH YH3HFH

HabmaTak MEBaCMHHMHI KypHUTHII >Kapa€HU TAAKUKOTIApU acoChlia TYypJid
KypUTHUIL ycyuiapu (Ky€mijga KypUTHIL, KOHBEKTHMB Ba Bakyym WK Kyputui)
OwiaH MaxCyJOT TapKUOUJard BUTAMUHJIAPHUHT (acocaH acKOpOUH KHCIIOTA)
IOKOPH JlapakaJa CakjIaHUuO KOJIUII >Kapa€HUHUHT palliOHall BApUAHTH TOMHUIIIN.
Bakyymna UK nyp é€pnammpna kyputum ycyiauaa 0,77 mr% rava cakiaaHuO
KoJimiM Kypcatuirad. Bakyym WK Kyputuin ycynnaa HabmMaTak MEBAaCUHHUHT
YpYFH TapKuOua ackopouH Kuciaora MUKaopu 4,0 Mr% HU TaIIKUI KUIIH.

KypUTHIIHHUHT 3rpy YM3WFUIAH HABMATAK MEBACUHUHI ONTHUMAl KypPUTHIL
XapopaTH Ba KypUITHUHT JTABOMUWUIIUTH aHUKJIAHIW, Iy OWiiaH Oupra HabMmaTak
MEBACHHHUHI OTH TapKUOWJArd OHPKUH OpraHUK Kuciotadapuu Bakyym WK
KypuTHII Kypuiamacuaa 9,7 mr% caxiad KOJTUHUIIN aHUKIAHIH.

JlabopaTopus TaxjIWJl HaTWXKajapura Kypa Oapya KypuTHII yCyJUlapyu WYUAa
Bakyymaa UK Hyp €pramuia KypuTuIll KypwiIMacu KYJJIaHWITaHIa TOMUHAMOYpP
TyraHaru Ba HabMaTak MeBacu TapkuOugarn bOM roxopu gapaxkana cakjiaHub
KOJIMIIIY aHUKJIAH/IU.
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1-taxpuba acocuna 2-xucoOnamr acocuma.
10-pacm. TaaKuKOT MaTepHAUIAPHHHA KYPHUTHIIHHHT YMYMJIALITAH 3TPH YM3HKJIapH
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MaxcynotnapHu (TonuHaMOyp TyraHard Ba HabMmaTak MeBacH) copOIusi Ba
Oomka XxycycusiTiapujaaH —(¢oipanaHraH  xXonjaa, OaxxapwiraH —unuiapaa
KEJITHPWITaH MabiyM KyJulaHManapaaH Taiakukor wMatepuanu yayH (U, Nrt)
KOOpJAMHATA YKIapyuaa, yMyMJalran srpyu yn3uru oauHau (10-pacm).

10-pacmaan kypuHUO TYpUOTHKHM, Taxkpuba Ba Hazapuil XucoOjamuiap
acocusla TY3WiraH KYpUTHUIIHUHT yMYMJIAIITaH 3TPU YU3UKIAPU JACSIPId MOC
KeJIai Ba MATEPUAHUHI Tajlad KWIMHAETTaH CYHITH HaMiauk napametpu Nz<l
oynanu.

Kyputuin >xapaHUHM MCCUKJIMK TEXHUKACH MPUHIMIUIAPU  acOCHUa
paCMUMJIAIITUPUIIT Ba MaTepUHAUIAPHUHT (TopTiam XaBhu, ENMHUIIKOKINTH,
napyajaHuIM KaOu crenuuK Ba TEXHOJIOTHK XyCYCHATIApTa dra dMACIIUTHHH)
TEXHOJIOTHMK XapaKTepJard YeKJIaHWIUIApHU XucoOra oiraH xoJijaa Bakyymaa MK
Hyp €pJaMHIa KypUTHII KypUJIMAacu TaHJIAHAIH.

HuccepranussHuHT « TaaKMK 3THIAETraH MaTepUAJLIAPHUA KaWTa WAL
TEXHOJOTUSACH YYYH CAHOAT IIAPOMTHAA KapaéH Ba KyPpMJIMAJIAPHU TATOMK
ITHIDY J1e0 HOMJIAHTaH TYPTUHYM O0OMJa caHOaT IIAPOUTHAA WILIA0 YUKAPHII
Makcaaujia TONUHaMOyp TyraHard Ba HabMaTaKk MEBAaCHMHU KaiTa uIUIall
TEXHOJIOTUK TH3UMHU Uiuiad yukuirad (11-pacm).

1 Hna® SerapHm 4 Xom améan
FKOHHHH TaHSpIanT TaHEpam
2 Kypumuanapam 4.1 Hom AIICHE
Tadépnam OFHpIIHETHEH Yiriam

4.2 [Xom am&HH FOBHI B3l 5o

h5)
3] Rommmp - il e e

Tafépaam
4.3 Xow amEHE Hyxomam THIHEE
i

= 1 T 4.4 Xom amEHE — GHEHEIHE
i e R

Hammak
a5 o amaocdepara
H¥xoram 11 Xom améan 4.5 Xom ameHE Tiyso
Maizaman 1 ] KypETHII —> R
Hanr
PR
amaocdepara 12 Ko amerm 5 Kazorran
- 1 Mate HHH
OFHPIHTHHE Yraam mpga!map
g—
g7 YMO 1 Jotinam Ba Hyxoram
e - KaJIOKJIAI I
Oxora
HHKEEE
y
YMO | Kamoxmam YMO |Kofmammapmm VMO Mapxanam

1.1 1.2 1.3

h.
Tai&p MaxcymoT
omMBopxoHara

11-pacm. TonuHaMOyp TyraHaru Ba HAbMaTaK MeBACHHM MILIA0 YHKAPUILI
TeXHOJIOTHK CXeMacu

Habmarak MeBacuHM KalTa uOuIalml kapa€Huja OepuiraH TEXHOJOTHK
tu3uMa 4.2 Ba 4.4 oneparusiiap amaira OlMpuiIManiu.

12-pacmpaa Bakyymaa UK Hyp épaamuaa KypuTuil KypuIMaCHHUHT TakpuoOa
CaHOAT HAaMyHAaCHMHUHI cXeMacu Kentupwirad. KyputunaérraH wmaxcynior
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KU3IMPHUII YYyH TypJiap aBBajaH xounamTupuinaau. KypuiMana BakyyM XOCHII
OynrasaaH CYHr, HAMJIMKHUHT OyFJIaHUIIN YYyH KU3AUPHUII 3JIEMEHTIAPU OpKaJu
UCCUKJIMK  OJHEpruscu  erapiau  Mmukgopaa  Oepunaau. CyB  Oyfnapu
KOH/ICHCATOPHUHI COBYTMJIAJIUTaH F03aCH TOMOH XapakaTiaHUO KOHJEHCATIaHaIu
Ba KHCMaH KOHJEHCAaTJaHMailiuran rasjgap OwiaH Oupraivkaa BaKyyM-Hacoc
épaamya Talkapura 4yukuO keraau. ByHpnall TuzuMaa kapaéHHUHT HOpMai
YTUIIM Y4yH KypUTIMY Ba KOHAEHCATOp ypTacuzaa cyB OyFIapuHu OOCUM

Ta(OBYTUHHU TAIIKHII STHIII JIO3HM.
1-Bakyy™m Kamepa; 2-UCCUKIUK aIMAaIITHY; 3-
kyuma UK kyputum mkadwu; 4-apaBa; S-kaita
unuUiaHa€Tral MaxcyJioT Y9yH UAHII; 6-
AIIEKTPOABUTaTEIIN BaKyyM Hacoc; 7-00mKapyB
omoku; 8- mkad yuyH uyi; 9-xapoparHu ymgamn
yuyH Tepmonapa; 10-manomerp; 11-rokopu
06ocuM KyBypH; 12-XaBo Kuputuil xxympary; 13-
KOHJIeHCaT YuKapul xxymparu; 14-MK
HYpJaTIUY.
12-pacm. Bakyymaa UK Ku3aupuiin opKajJau KypUTHII KYPUIMACUHUHT
CaHOAT-TaKPUOa HAMYHACH

TonuHamOyp TyraHaru Ba HabMaTaK MEBAaCHMHHU KaiTa WIUIAII TEXHOJIOTHK
CXEMAaCHHHU SIPATUIIl YUYH KYIIMMYa KypuiMallap UILUIa0 YUKW,

Nina® yukwiraH TErMPMOH COBYK CYB Ba XaBo &paamujaa KOPIYCHU
COBUTYBYM CHCTEMAra ora.

Nina® yukuiran TeXHOJOTUK TU3uM «JlopuBop yeummukiap»y MUK Ba A0y
Amu uOH CUHO HOMUJArd MXTUCOCIAIITUPUIITAH AaBiaT YPMOH XY KaJIUTHIa
xopuit kuuarad (11-pacm). YOy TeXHOJOTHK TU3MM OpKaJid CU(BATIH MaxCyJIoT
OJIUILITA DPUIIWIAN; MaXCYJOTHUHT Oup Mebepaa KypUIId TabMUHJIAHIY;
KOMIUIEKC KalTa WIuIaim XucoOura unuiad 4uMKapuil YHYMIOPJIUTUA OUIMPHUJIIIH,
KypUJIMAJapHUHT  WIIOHWIWJIWTK  OIIMPWIAHM, XoMam€ ucpod  Oynuim
KaMaUTUPUIIAU, ONEPALMSIIADHUHT WII KyJaMH KaMaWTUPWIAM Ba SIHTH HII
YpUHIApH SIPATUIIIN.

XVYJO0CA

1. Kunuiok Xy»aJluru MaxcyjoTiapyd TONMWHAMOYp TyraHard Ba HabMaTak
MeBajapu KypUTHUII Ba HUCCHUKIMKHU (DAOJUIAITUPUIIHM 3aMOHABUH XOJIaTH
TaxJIuil KWIMHIA Ba WHHOBALMOH PUBOXXJIAHTHUPHIL, TAKOMWUIAIITHPHUIL FOSICH
anukIaHau. TonuHamOyp TyraHaru Ba HabMaTaKk MeEBaJapUHU Xap TOMOHJIama
KalTa uOUlalmja KYNpoK KYJUIAaHWIAETTaH 3aMOHAaBUM JKapa€éH Ba KypuiMaiap
kypub umkuiau. TonuHaMOyp TyraHaru Ba HabMAaTaK MEBAJAPUHU KYpPUTUIITHU
KYIIPOK axaMusTiau ycyutapujaan oupu UK kuzaupuin ycynuna Kyputuin 0Yiu0
KalTa MIUIAHAETraH XOMAIIEHU TYpPJIM TEXHOJIOTMK EHIAIIYBJIAp OPKAJIU KapacH
camapaJiopJIurura SpUIlUIl KanuuUIIp-FOBAK MaTepuaj TONMHaAMOyp TyraHarud Ba
HabMAaTaK MEBaJapUHU CyBCU3JIAHTUPHUII SKAHIIUTU KYPCATUILIH.

2. VpraHmnaérra MaxcyJaoTnapia Kanwuisp FOBAKIAPAAa HAMIMKHHHT

JKOMJIAIIMIIM MaTeMaTHUK MOJCIIAIITHPUII 150010 10 I-II/IKI/IJ'II/I6, TaT6I/IK OTHJIAM Ba
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SpUraH MOJJAJApPHUHI HMYKH TapKaJIWLIIMHK XUcOOra OJIMII 3apyp HKaHJIUIU
Kypcatuiad Xama OepwiraH OOLUTAHFUY IIApOUTIapAa KypUTHII Kapa&éHU
KOHYHUSATJIADU JUHAMHMKACH WYKHM TY3WIHII ACBOPJIAPU KaNWULAp KaHaulapaa
copOuus Ba JecopOuus KYpUHUIUIApH aHUKIaHIW. By KYpuHHIIIap HAMHUHT
MUKIOpUHN OYFIIaHUIIIMHY Y3rapuiy OUpraiuk/ia Ba y3 HaBOAaTHaa KpUCTAJUIAIITaH
Ba ajcopOupiaHTaH Mojjaiap ro3a Oyiynad Oup Mapomaa TapKaJIHIIWra OJu0
KelTaan. YPraHmwiaéTraH MaXCyJIOTHHHT KAIMIUIAPJIApH MUK GOCHMH OpacHard
HOUYM3UK OOFJIaHMIUIAD, XAPAKATHUHI THAPOJMHAMUK TE3JIUTH, TeMIeparypa
XamJla MaxcyJIoT 3T OMIIaH OOFJIMKIIUTH YPraHuIu.

3. Kyputum xapaénura tamky omwuiapHu Ttabcupunu (MK wHypnap,
TeOpaHuIIap, BaKyyM Japakacu) YpraHWil [03acHAaH TaxpuOanap YTKa3UIIH.
Taxxpuba CTaTUCTHUK MabJIyMOTIapura HILIOB Oepuil Ba  MaTeMaTHK
MOAEIIIAIITHPHULIT KOPPEJSALUOH K03 hULIHEeHTIaApUHI napamMeTpHK
uaeHTUUKanysuiam Ooaxxapuiaau. MateMaTHK MOJAEIUTAIITHPULI Y3rapMac MUKIOP
YXIWANIUKIapU KOPPEISAUOH Ko3((dUIMEeHTIapu Ba Takpubanard CTaTUCTUK
MabJIyMOTIIap OakapuiiIu.

4. CyBcuznantupwiaérrad MaHOara HYPJIAHTUPHUII Ky4d TabCUP OSTULIH
MaHOa Ba HYpJIAaHTUPYBYM Opacujard macodara OOFIMKINIY aHUKIAHIM XaMJa
HypJaTyBuUWJap opainufd Ba Bakyymaa WK ku3aupuin opkanu KypHUTHIL
KypwiIMacuaa WH(PaKU3Wia HYpJIapHU CYBCU3JIAHTUPWIAETTAH MAaxCyJoTJiap
o3acuga  Oup  TeKucAa  TapKaJuIIMra HpUIIKII  YCyJUlapu  MYBO(DHK
KOWJAIITUPWITAaH  KOH(UIypanmusii  KypcaTyBUM  3JIEMEHTIap  Epaamujaa
AHUKJIAH/U.

5. TonumHamOyp TyraHaruHUHT copOuus Ba jecopOiusi TaBcudiapu
AHUKJIAHJIM, KalWUIAPJIAPHUHT COJUIITHpMA to3acu 18,38 M2/I' TaIIKUI KHJIaJIH.
by xonna Bakyymaa UK ku3gupuin ogKaJm KYpPUTHII IIAPOUTHAA TONUHAMOYp
roBakjapu vuruaau mukgopu 0,440 cM’/r Tamkun staau. HabmaTtak MeBacu yuyH
copOuust Ba iecopOiust Tapcudiapu: - KanujspiaapyuHu coNuinTupma ro3acu 12,30
M?/I' TAlIKAIT KHJIam. by xonpa roBaknapHuHr nurusHau mukzaopu 0,390 eM/r
TALIKWAJ KAJIAIH.

6. Kyputuna€rraH MaxCyJOTHUHI HUCCHUKIMKTEXHHUK Ba COpOIMUIaHUII
XYCYCUSATIAPUHHU YpraHuil Oyiinua H3JIaHUIUIAp HaTHXalapujaa KyWuaaruiap
AHUKJIAHIU: KEPAaKIu MCCUKJIMK Japa)xacH, KypuTuil BakTd Ba UK HypiaHumum
BaKyyM-KypUTHII Kypuiamacu. Jlaboparopus Kypuiamacuga YTKa3wiIraH WIMHUN
TaJIKUKOT HaTwxkailapura acocaH Bakyymua MK Hyp épmamuna KypuTHII
KypWJIMAcH X1UCOOJIall yCyJIu SpaTUiIIg.

7. MaxcyJlOTHUHT MakOyJd KaluHIUTH Yyprada 2-2,5 MM DKaHJIUTH
aHUKJIaHIU. MaxcyJOTHU KaTTa KaJIWMHJIMKAAQ OYJIWIIU, MaXCyJOT CEKUH KHU3UIIH
Ba KypUTHII BaKTH CE3WIapid Japaxkala OpTUIIMra OJud Kelaau, KUYUK
KAJIMHJIMK]A 3Ca-MaxCyJoT Keparuaad OpTHK Japakaaa KU3UaH.

8. MeBanapuu Bakyymaa MK ku3gupuin opkajid KypUTHIN Kapa€HU Y4yH
Oepmwinaérrad KyBBaT KaTTAJUTM MYKOOWUTAIITHUPUILN 3apypJIUTH  KYpCaTHIIIH,
JIEKUH MaxCyJIOTHU (hoiganu 03yKa MOJJANIApUHN HYKOIUIINTaya KU3MMacJaH Te3
CYBCU3JIAHUIIM JIO3UM. 2-2,5 KaJIMHIUKIArd KarjiaM Y4YyH SHT MakOyNl TYJIKHH
y3yHJIMTY 3 MKM OelruiaHau, ymoy XxoiaTtaa BakyyMm -0,8 aT™M Talikuil Kujaaw,
MaxCyJqOTHH KypuThIn —xapopatd 65-70°CiaH  omMaiiim, MaxCyJTOTHHHT
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CYBCU3JIaHUIII BaKTW MYMKHH OYJraH KaTTJIMKHU TAIIKWJI KWIHIIKA KEePaKIUTH
oenrunad Gepunau.

9. TexHonoruk >xapa€Huja TUTPAIl TAbCUPUHU TaxpuOa H3ITaHUILIAPAA
YpraHui HaTwXKajlapura Kypa CYBCU3JAHTUPHUILIHHHI CaMapagopiiurd MabiyM
4acToTa Ba aMIWJIUTYaAa Y3IyKCu3 Kuzaupui mapoutuaa 40% ¢owusra ommiim
anuknanau. TonmnHamOyp Maiananran xonaraa Bakyymaa UK kuzaupuin opkanu
KypUTHIIJIa UHYJIMHHUHT cakjaaHumu 45,4 Mr%Hu Ba TONMHAMOYp TyraHaru
oynaxmapuna — 38,75%Hu TaIKWI KWWK aHUKJIaHId. Y0y xoiaT/aa HabMaTaK
MeBacH 3TH Tapkubuaa Bakyym UK kuzmupumn opkanu xKyputunranaa 0,77 mr%
aCKOpOMH KHCJOTAaCH CakKJaHUIIM HabMaTaKHUHI MeBacu ypyruga — 4,0 mMr%
aCKOPOMH KHUCIIOTa CaKJIaHAHUIIIA aHUKJIAH/IH.

10. TonmnamOyp TyraHaru Ba HabMaTak MeBaJapuHu Bakyymaa WK
KM3IUPHILI OpKAJIM KypUTWITaHJa, KypUTWITaH MaxcCyJIoTJiap FOKOpU Aapakaja
O3yKaBUI Ba DHAPTeTUK KUIMAaTra sra 3KaHJIUTH OJMO OOpwuiraH HM3JaHUIILIAp
HaTwxkacuaa anukianau. Kyputum xapaéuuna UK xku3aupunigan doigananui,
HadakaT wuNUIA0 YMKAPUII KyBBATMHUHI OIIUIINIa Ba JHEprusi caphuHu
KaMalTupuilra oaud Kejaaau, BUTAMUHIAP TaPKUOWHU TYJIAKOHJIU CaKJIAHUIIN Ba
Oomka Ouosnoruk (aon MoaganapHu (MHYJIMH Ba aCKOPOMH KHCJIOTA) MaxCyJOT
TapKuOuJa CaKJIaHUIIN AHUKJIAH/IH.

11. Bakyymaa UK Ku3gupumn opKaji KypUTHII KypWIMAaCHHU KyJUIAI
OpKQJIM KypUTWJITaH TONMHAMOYpAaH KyKyH OJMII YYyH OOJIFaJIi TETMPMOH Ba
CEenopaTrop KYJUIaHUJIagUuraH KOMILIEKC TEXHOJIOTUK TU3UM
MoAepHIBUIMsIAIITAPWIAM. OJMHTaH HaTWKajlapra acocaH TOMWHAMOYPHHUHT
«MyBxu3a» HaBUJAH KyKyH UIIa0 YUKAPHUIIT TEXHOJIOTHK PETIaMEHTH SIPaTHIIIH.

12. duccepranusiga sipaTUiraH Ba OJMHIaH HaTHKaJTapHU TaTOUK ATUITHUHT
UKTHCOIUN caMapaJopJiurd TONMHAMOyp TyraHaru Ba HabMaTak MEBacu
TapkuOumaru 6modaosr MoIajlapHy cakjiaraH XoJijia KaiTa UIuIaml TeXHOJIOTHsACH
«S"B(papMcaHoaT» JlaBiat akuusAOpPJIMK KOHUEPHU Ba KMIIOK Ba CyB XYyXKajluru
BA3UPJIUIH  TU3UMIIApUTa  KUPYBYM  KOpPXOHajlapia  KOpHUM  STHIraH
(«Y3bapmcanoar» Jlapnar akuusgopiuK KoHuepHuHuHr 11.30.2015 iiunmaru
NeM/1-06/1868-connu Ba Kumutok Ba cyB xyxanuru Basupiauraauar 10.09.2015
nunnaru Ne06/14-893-connu MmabnymotHomanapu). Bakyymaa UK nyp €pnamuna
KYPUTHII TEXHOJOTMACHUHM KyJUIAalll HaTH)KAachaa MIuiad yuMKapuil KyBBatd 1,2
MapTaraya KyTapwidiid XMcoOura yMyMud ypraya HWWUIMK UKTUCOAMM camapa
233 MJIH. CYMHHU TallIKWMJI 3TTaH.
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BBE/IEHUE (aHHOTALMS JOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTb M  BOCTPe0OOBAHHOCTHL TeMbl jJuccepranuu. Ha
CErOJHSIIHUN JIeHb BO BCEM MHpPE OJHOW U3 BaXHBIX 3aJad CUUTAETCSA
oOecrieyeHre HaCEJICHHsS MUIIEBBIMH MPOAYKTAMH M MHUILIEBOM OE€30MacHOCTHIO.
[lepcrieKTUBHOE pa3BUTHE pPEANTM3ALUM WHHOBALMOHHBIX TEXHOJIOTHMN MHILEBBIX
MPOJYKTOB U JICKAPCTBEHHBIX PACTEHUH C II€JIbI0 KaY€CTBEHHOW MepepadOTKU ¢
COXpaHEHHUEM OWOJOTUYECKH AaKTHUBHBIX BEIIECTB MpuoOpeTaeT BCE OombIlee
3HaueHue. B ToM uucie, misd co3aHus KOHKYPEHTHOCHOCOOHBIX KaueCTBEHHBIX
IPOAYKTOB PA3HOrO0 BHAA BO BHEUIHEM M BHYTPEHHEM pBIHKaX HEOOXOIUMO
BHEJIPUTh HOBBIE TEXHOJOTMU B MPOHU3BOACTBO. B CBSI3M C 3TUM B CTpaHax MHpa
IPOBOJATCA HAYYHBIE HMCCIIEOBAHUSM COBEPIIEHCTBOBAHHUIO IPOU3BOACTBEHHBIX
HKOJIOTUYECKM YHMCTBIX M OE€30TXOJHBIX TEXHOJOTMH, MOJYYEHHUIO MPOAYKTOB
Pa3IMYHOrO BUJA U HIMPOKOMY HCIOJIb30BAHUIO UX B MPOMBIIUICHHBIX OTPAaCsX.
OaHuM U3 TaKUX HCTOYHHKOB SIBIAIOTCS KIyOHM TONMMHAMOypa U IUIOJBI
IIUITOBHHKA.

B mocnenHue ronbl BBIpANIMBAaHUIO KIyOHEH TOomMHAMOypa U IIJI0OJIOB
IIMTOBHUKA ynensiercsa Ooibiioe BHUMaHWe. [IIMMOBHMK Kak TUIOABI, Tak H
TOMMHaMOyp KakK KOPHEIJIOJHOE pacTeHUE - XOpOIIO AaJalTUPOBaHbl K
HKOJIOTUYECKUM YCIIOBUSM, HMEIOT PEIKHE XMMUYECKHE CBOMCTBA, MAJI03aTPATHBI
B INPOU3BOJICTBE, YHUBEpPCAJbHbl NPH  HUCHOJB30BAHWU, YCTOMYMBBI K
3a0oneBaHusiM u BpeautTensM. KinyOHM TonmHamMOypa W IJIOABI IIMIIOBHHUKA
CUHMTAIOTCS MHOTOJIETHUMHU JIEKAPCTBEHHBIMU pacTeHusiMu. KimyOHu TonnHamOypa
Ooratbl BEIIECTBOM WHYJMHA, a IUJIOJAbl IIUIOBHUKA OOTaThl acKOPOMHOBOM
KHCJIOTOM, MO3TOMY O3TH PACTEHHS IIHPOKO MCIOJB3YIOT B IMHIIEBOM U
(dbapMalleBTUUECKON TPOMBIIIJIEHHOCTH B KadyeCTBE OWOAKTUBHOW MUIIEBOM
nobaBku. Tak Kak ChIpb€ HEBO3MOXHO JIOJITO XpaHWUTh, TpeOyeTcss ero
nepepadoTaTh, COXpaHsisi OMOAKTUBHBIC BEIIIECTBA.

KnyOnu TtonmmHamMOypa ¥ IUIOABl IIMIIOBHUKA, HWMEIOIIUE CJIOXKHYIO
NOJINIUCIIEPCHYIO CHCTEMY, BKJIFOUAOIIHME B CBOM COCTaB caxapa, OpraHU4eCcKue
KHUCJIOTBI, COJIM, MUHEpaJbHbIE BEIECTBA, MHYJIHH, MAaKpO- U MHKPOIJIEMEHTHI,
KJIETYaTKYy (BELIECTBO, COCTOSIIEE U3 PACTUTEIbHBIX KIJIETOK), IEKTHUH, BUTAMUHBI,
aupHBIE Macia, Kpaxmal, YIJIeBOIbl, OEJIOK, aMUHOKUCIIOTHI U APYTHE BEIECTBA,
HEO0OXO0IMMO TiepepadaThiBaTh, COXpaHssi UX CBOMCTBA. B mporecce BblmapuBaHus
U 00€3BOXKMBAHMS TMPOIYKTOB OEJOK KOaryJiupyercs, NEKTHH pas3jiaraercs,
caxapucTble BEIIeCTBAa KapaMEIU3UPYIOTCSs W 0Opa3oBBIBAIOTCS  ApYyrue
bu3nuecKko-XxuMUYECKUe mpouecchl. B mpoiecce nepepabOTKM YeM  BBIIIE
TeMIlepaTypa, TeM BbIII€ aKTUBHOCTh XUMHUYECKUX MPOLECCOB, B PE3yJIbTATE YETO
MPOUCXOJIUT PA3TI0KEHUE OMOJIOrMYECKH aKTUBHBIX BEIIECTB.

B cBsa3u ¢ 3THM TpeOyeTcsl yiydllleHHe KadecTBa MPOAYKTa, COKpAICHHE
BPEMEHHU M TPYJOBBIX 3aTPaT U COBEPUIEHCTBOBAHUE OCHOBHBIX TEXHOJOTHYECKHX
IPOLIECCOB U YCTPOMCTB B Ipoliecce nepepaboTKe ChIPhSI.

JlanHasi wWcclieqoBaTeNbCcKass paldoTa CIYXKUT Ui peanu3aldy  3ajaad,
onpeneneHHbix [locranoBnenuem Ilpesuaenta PecnyOmuku VY30ekucran oT

26 suBaps 2009 roga Nelll1-1047 «O momosHUTETBHBIX MEpPax MO PACIIUPEHUIO
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MIPOU3BOJICTBA MTPOIOBOJIBCTBEHHBIX TOBAPOB U HACHIIIEHUIO BHYTPEHHETO PHIHKA
u Ilocranosnenuem Ilpesuaenta PecnyOnuku VY30ekucran ot 31 okTI0ps
2011 roma NeoIlll-1633 «O wmepax Mo JaibHEWIIeMy COBEPIICHCTBOBAHUIO
OpTraHM3AIMH YIPABJICHUS W PA3BUTHIO MHIIEBON MPOMBIIUICHHOCTH PECITyOINKH
B 2012-2015 romax».

CooTBeTcTBHE HCC/I€I0BAHUSI C MNPHOPUTETHBIMH HANPABJIECHUSIMHU
Pa3sBUTHSI HAYKH W TeXHOJOruid pecnyoauku. J[lanHHOoe wuccienoBaHue
BBHITIOJTHECHO B COOTBETCTBUHU C NMPUOPUTECTHBHIMU HAIPABICHUSMU PA3BUTHS HAYKU
u TexHojoruit pecmyOonmku: Ne 5. «Cenbckoe XO3SHCTBO, OHWOTEXHOJIOTHS,
DKOJIOTHUS U OXpaHa OKpyKarotien cpenb» u Ne 6. «MenumuHa U papMaxKoIoTHs»,
[MITN-9 «Coznanue BrICOKOA(P(HEKTUBHBIX SKOJOTHUYECKH YNCTBIX arpOTEXHOJIOTUI
IIPOM3BOJICTBA CEJIbCKOXO35MCTBEHHOM MPOAYKLUMH, METOAOB HUX XpaHEHUs,
nepepaboTKu U CpeacTB O0oprObI ¢ Oone3HssiMu M Bpeautensmu» u I[ITTN-11
«Pa3paboTka  BBICOKOI(D(PEKTUBHBIX  TEXHOJOTHMH  TPOU3ZBOJACTBA  HOBBIX
JIEKapCTBEHHBIX CPEACTB Ha OCHOBE MECTHOTO MPUPOJHOTO U CHUHTETHYECKOIO
CBIPBS».

O0630p 3apydeKHBbIX HAYYHBIX HCCIIEA0BAHUN MO Teme auccepramuu. [1o
METOJIaM CYIIKH KalWUIAPHO-TIOPUCTHIX MHUIIEBBIX MPOTYKTOB U COXPAHEHMs MX
OMOJIOTMYECKH AaKTUBHBIX BEIIECTB, a TaKXKe IO METoJlaM  MaTeMaTHYeCKOro
MOJICTTUPOBAaHUSI W  pa3pabOTKW YCTPOMCTB M TEXHOJIOTUHA  MCCIEIOBaHUS
MIPOBOJIATCS BO MHOTHX TEPEIOBBIX BBBICHIMX yYCOHBIX 3aBEACHUSIX M HAYIHBIX
yupexaeHusx, B Tom gucie, University of Georgia (AKI), Laval University
(Kanama), Technical University of Berlin u German Institute of Food Technologies
(T'epmanus), Federal University of Santa Catarina (bpaswmus), University of
Extremadura (Mcnanus), Ataturk University u Middle East Technical University
(Typxusi), Mutah University (Mopmanus), National University of La Plata
(Aprentna), Aleksandras Stulginskis University (JIutBa), MockoBcKOM
roCy/1apCTBEHHOM YHUBEPCUTETE MHUILEBbIX Npon3BoacTB U KpacHomapckom HUU
nepepadoTKU U XpaHEHUS CeNTbCKOXO03IUCTBEHHBIX MpoaykToB (Poccus).

Jnst  moBwimieHus A(QQPEKTUBHOCTH TMporecca CYIMKH MO  TMOJIYYEHHUIO
KaueCTBEHHBIX TMPOAYKTOB IMOJYYEH PsiJi HAYYHO-TIPAKTUYECKUX PE3yJbTAaTOB, B
TOM YHCJIE: TI0 CYIIKE pacTeHUI U GPYyKTOB HAa OTKPHITOM BO3/1yX€ U ONpPEEICHUN
busuko-xumuuecknx uamenenuit (University of Georgia); mo pa3paboTke CYyIIKH
IUINEBBIX TMPOJYKTOB C TOMOINBIO TEMIOro Bo3ayxa u oxiaxaenus (Laval
University); omnpeaeneHbl METOAbl MOJY4YeHHUS (PYHKIUMOHAIBHBIX MPOAYKTOB C
MIOMOIIBIO CYIIKH Ha OCHOBE (PH3UKO-XUMUYECKUX CBOMCTB (PPYKTOB, OBOIIEH U
pacrenuit (Technical University of Berlin u German Institute of Food
Technologies); u3ydyeHo BiMsHUE BaKyyMa Ha mpoliece cymku npoaykros (Federal
University of Santa Catarina); ompeneneHo BiausHHE WH(PpPaKpaCHBIX Jyded Ha
npoiiecc cymiku (University of Extremadura); u3y4deHo coxpaHeHHe aCKOPOMHOBOM
KHCJIOTHI B COCTaBe IUIOOB IIMIIOBHKMKA B mporecce cymku (Ataturk University);
pa3paboTaH crocol CyIku TOMHHaMOypa ¢ MOMOIIIbI0 yasTpamukpoBosad (Middle
East Technical University); ycoBepiiieHCTBOBaH MPOIECC M3MEIbUYCHUS CBHIPhS B
menbhuiie (Mutah University); paspabotana cyimibHas yCTAHOBKA W TEXHOJIOTHSI

CYIIKH TUIOAOB IIMIIOBHHUKA C MOTOKOM ropsiaero Boszmyxa (National University of
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La Plata); ompenmeneHo wW3MeHEHHE KadecTBa TONMHMHAMOypa B IpoIiecce
nepepadotku u xpanenus (Aleksandras Stulginskis University).

B nHacTtosiee BpeMs B MUpe IO MPOU3BOJICTBY (DYHKITMOHAJIBHBIX MHUIIEBBIX
MPOJYKTOB MPOBOJSITCS HAyYHbIE pabOThl B IPUOPUTETHBIX HAMPABJICHUSIX, B TOM
YHCJIe: COXPAaHEHHE KaueCcTBa MPOYKTa C MOMOUIBIO CYIIKH; CYIIKa MPOJYKTOB C
npuMeHeHueM WH(paKkpacHbIX Jydeil; pa3paboTka MHUINEBBIX MPOAYKTOB C
BBICOKMM COJIEp>KaHUEeM OMOJIOTUYECKH AKTUBHBIX BEIIECTB; COBEPIICHCTBOBAHUE
CO0CO00B CYNIKH MPOAYKTOB (KOHBEKTHBHOM, KOHIYKTHUBHOW, WH(paKpacHOH, C
yIIBTPAaBBICOKOM 4YacTOTOM); OMNpEJEICHUE BHYTPEHHErO IAaBJIEHUS CYIIMJIBHOW
KaMmepbl (aTMoc(epHOM, BaKyyMHOM, CyOJMMAIMOHHON); pa3paboTKa METOIOB
JIBH>KCHUSI areHTa CYIIKU (€CTECTBEHHBIM, UCKYCCTBEHHBIN); COBEPILICHCTBOBAHKE
METOJIOB CYIIKM MO BHUJY OO€3BOKMBAEMOTO MPOAYKTa (TBEPIAOTO, KUIKOTO U
acTo00pa3HOro).

CreneHb uM3y4YeHHOCTH TmpoOJemMbl. lcropuyeckne HCCIEIOBAHMUS,
MOCBSIIIEHHBIE JTAHHOMY BOIIPOCY, MPOBOAMINCH TaKUMH YYEHBIMH, Kak
JIeikoB A.B., T'mu3oypr A.C., WnsacoB P., Jleeurmn W.b., Camumor 3.C.,
Cadapor O.®. Nmu ObuM MpoOBEJEHBI HMCCIENOBAHUSA IO H3YYCHHUIO TEOPHUH
mpoliecca CyIIKHU, BIUSHUIO HHPPAKPACHBIX JIy4eH Ha 3TOT MPOIIECC.

B pasnuyHbIX pernoHax Mupa MNPOBOJAWIMCH HAyYHbIE HCCIEIOBAaHUSA IO
MPOU3BOJICTBY MNPOJIYKTOB C OHMOAKTHBHBIM Kauye€CTBOM M COBEPILIEHCTBOBAHHIO
nporecca cymku: Paes S., Karacabey E., Ben Ch.M., Natalia A., Ghaid Jameel
Al-Rabadi, Ghiaus A.G., Marquez C., Saliha Erenturk, A.Ruiz Celma, Ratti C.,
Kunzek H., Veerachandra K. u apyrue.

[lo MeTomaM  CyIIKM  MaTepUalioB, TEIUIOOOMEHHBIM  Mpolieccam,
COBEPIICHCTBOBAHUIO YCTAHOBKU U MPOILIECCA CYIIKH U TOJIYYEHUIO Ka4€CTBEHHOTO
NPOAYKTa MPOBOAWIM Hy4HblEe ucciaenoBanus: Anryxo HM.B., Ila3zo P.U.,
3yee U.A., Jlebener II.JZI., Aptuxko A.A., Jlomaes K.O., Ixypaer X.D.,
Uckangapo 3.C., MyxupmunoB J[[.H., Myxamenos b.1., Hopkynosa K.T.,
Hypmyxamenos X.C., Paxumos P.X., [llaitmapnonoB B.I1., FOcyn6exkos H.P. [{ns
MOJIYYCHHUSI TPOAYKTOB, COJEpKAIUX OWOJOTHYECKH aKTHUBHBIC BEIECTBA,
MPUXOJIUTCSI COBEPIIEHCTBOBATH IMPOLECCHl M yCTpoiicTBa. B HacTosimiee Bpems
NpUOOpETaeT AaKTyalIbHOCTh CO3/JaHHE YCOBEPIICHCTBOBAHHON KOMILJICKCHOM
TEXHOJIOTUYECKOW CHUCTEMBI TepepaboTKu KIyOHeW TonmuHamOypa | IIJI0JIOB
IIUTIOBHUKA MTPU COXPAHEHUU U BBICOKOM COZIEp>KaHUU OMOAKTUBHBIX BEIIECTB.

CBsi3b TeMBbI AUCCEPTAIUM € HAYYHO-HCCJIE0BATEIbCKUMH padoTamMu
BbICIHIET0 00pPa30BaTeJIbHOr0 yupe:kaeHusi. CBs3b JAHHOW IUCCEPTAMOHHOU
paboThI C HAy4YHO-UCCIEeI0BATETLCKUMHU paboTtamu TamkeHTcKoro
rOCYJJapCTBEHHOTO TEXHMYECKOTO YHHMBEPCUTETa OTpakeHa B CICIYIOIIHUX
npoektax: MOT-2013-6-08 - «Ilosydyenue vast u Maciia U3 IJIOAOB IIUIIOBHUKA C
BBICOKMM COJEpKaHHeM OMOJIOTMYECKH aKTHUBHBIX BemecTB» (2013-2014 rr.) u
A9-OK-1-15580-KA9-011 - «Co3ganue arpo- M OHOTEXHOJOTHYECKHX COPTOB
tonuHamOypa «®dait3 Oapakay u «Myxuza», HX XpaHEHHE, O€30TXOJHas
nepepadoTKa Ha OCHOBE BBICOKOA(D(PEKTUBHON TEXHOJIOTHUH C EJIBI0 MPOU3BOJICTBA
MMIIOPTO3aMENIAIOMIEN U 3KCIIOPTO- OPUEHTUPOBAHHOM JKOJOTHUYECKH YHUCTOU

npoaykmum» (2012-2014 rr.)
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LHenabo wuccieqoBaHUsl  SIBISETCS  COBEPIICHCTBOBaHME  pa3pabOTKU
TEXHOJIOTUM JI1 TepepabOTKu KiIyOHeH TonmmHaMOypa M IUJIOJIOB IIMIIOBHUKA C
UCIIOJIb30BaHWEM BakyyMHOM cymmiiku ¢ HWK-HarpeBom, oGecneunBaromiei
MOBBIIICHUE YHEPTO-TEXHOJOTUYECKON A(h()PEKTUBHOCTU YCTAHOBKU U COXpPAHEHHUE
OMOJOTUYECKHU aKTUBHBIX BEIIECTB.

3ajgaum uccJIe10BaHUA:

KPUTHUYECKU HCCIIEIOBATh TEOPUM M TEXHOJIOTMHU MEepepadOTKU MPOAYKTOB
nuTaHus (KIyOHeH TomrHaMOypa ¥ IIJIOJIOB IIMAIIOBHHUKA) CETOHSAIIHErO JHS U
CO3JaHME YCTAHOBKM M TEXHOJIOTMHU ISl NEepepabOTKUA HMCCIETyeMOro MpOIyKTa
00€3BOXKMBAHUE M3Y4aeMOTO IMPOJIYKTa U OIpeAesieHHEe OCHOBHBIX IOKa3aTelnei
JUIA CO3JaBaeMOM TEXHOJIOTHH,

pa3zpaborarh 3(PPEKTUBHYIO TEXHOJOTUYECKYIO CXEMY MepepaboTKU KITyOHeu
TONMMHAMOYpa U TUIOJIOB IIUITOBHUKA;

UCCIIEI0BAaTh BUABl CBA3M BIArd B Marepuagax U ONPEACIHUTh
TEXHOJIOTUUECKHE, MEXaHUYECKUE, XUMUYECKUE, MUILIEBbIC, TEIUIOQU3UUECKUE U
OMOJOTUYECKHUE CBOWCTBA KITyOHEH TonmMHaMOypa M IJI0/I0B ITUTIOBHUKA;

pa3paboTaTh 3aKOHOMEPHOCTH TEIUIOOOMEHA B IPOLECCE CYIIKH C YYETOM
HEJIMHEHHBIX SIBIIGHUW ¢ JUHAMHUKUA TEIJIOBOTO JIYYHCTOrO WH(PaKpacHOTO
HarpeBa v TEIUIOBOM aKTUBALIMM UCCIIEAYEMbIX MAaTEPUAIIOB;

pa3paboTaTh MaTeMaTUYECKYIO MOJEIb JIBH)KEHHS BJIard B KalWJUIIPax IOP
UCCIENYEMbIX MAaTE€pUaJOB MPOLECCAa PACIPEACIICHUS] MHKPO3JIEMEHTOB B
MPOAYKTaX MPU UX CYIIKE;

OCYIIECTBUTh MOJEIMPOBAHME W ONTUMHU3ALMIO Mpoliecca 00e3BOKUBAHUS
U3JIydeHUEM MpU CYyIIKe KIyOHeld TomumHaMOypa, Tak)Ke IIJIOJIOB IIMIIOBHUKA U
NPEeMIOKUTh METOAbl pacuera palMOHaJbHOTO BbIOOpa pacnosioxenus MK-
u3Nydaresiedl B CylmiIbHOM IKady;

pa3paboTath M CO3/1aTh OMBITHO-TPOMBINIJIEHHYI0 BaKyyMHYIO CYIIHJIBHYIO
ycraHoBky ¢ WK-marpeBom st uccienoBaHus TMpollecca CYIIKH KiIyOHen
TOonmMHAMOypa ¥ IUJIOJIOB IIMIIOBHMKA C  ompeaesieHneM 3¢ HEeKTUBHBIX
TEXHOJIOTUYECKHUX PEKUMOB B COOTBETCTBUH C OMOTEXHOJIOTUYECKUMHU YCIOBUSIMU
HarpeBa ChIpbs;

YCOBEPILICHCTBOBATh Y3/l BAaKyyMHOW CYIIWJIbHOM ycTaHOBKM ¢ UK-
HArpeBOM © OMNPEACIUTh PpAlMOHAIBHBIC PEXUMBI H3JIYYEHUS C IENbIO
YMEHBIIICHUSI SJHEPTeTUYECKUX MOTEPh, C MO3ULUN CUCTEMHOTO aHaJlu3a BBISIBUTH
OCHOBHBIE TIapaMeTpPbl W HX B3aUMOBJIMSHHUE Ha TEXHOJIOTHYECKUE PEKUMBI
nepepadOTKU U CYIIIKH,

pa3paboTaTh TEXHOJIOTHIO MEepepabOTKU KIyOHeH TonmuHamOypa M IIJI0/IOB
IIUTIOBHUKA M CO3/1aTh OMBITHO-TIPOMBIIUICHHYIO MEIBHUILY C LEJbI0 MOJyYeHUs
MOpPOIIIKA W3 CYIICHBIX KIyOHeW TonmuHamMOypa W IUIOJIOB IIUIOBHUKA C
a’pOJIMHAMUYECKUM CENapaTopoOM;

BHEJIPUTH Pa3pa00TKH B IPOMBITINICHHOE MMPOU3BOICTBO, MOJIYYCHHBIE B XOJIC
BBITIOJTHEHUS PE3YJbTATOB IUCCEPTAIIMU U PEKOMEHIALINH.

OO0bekTOM MHCCIeI0BAHUS SIBIICTCS TEXHOJOTHS TEpPepadOTKu KITyOHEH

TonMMHAMOypa U IJI0JI0B IIUMOBHUKA — MPOAYKIIHS CEIbCKOTO U JIECHOTO XO3SMCTB
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c oOecrmieueHHEM COXPAaHHOCTH OWOJOTWYECKH AaKTHUBHBIX BEIIECTB TIPH
nepepadoTKe U CYIIKe ¢ MUHUMAaJIbHBIMU 3aTpaTaMy SHEPTUU U BPEMEHHU.

IIpeamer ucciieqoBaHusi COCTOUT U3 BaKyyM-CyLIWIbHOM ycTaHoBkU ¢ K-
U3ITyYeHHEM, 3aKOHOMEPHOCTEH CBOMCTBEHHBIX OOE3BOKMBAHUIO, TEXHUKU U
TEXHOJIOTHH CYIIKH.

Mertoabsl wucciaenoBanusi. B jauccepraniud NpPUMEHEHBl XHMHYECKHE U
MUIIEBbIE TEXHOJOTMU TMPOILIECCOB M YCTPOMCTB, CHOCOOBI MaTeMaTH4YE€CKOTO
MOJCIUPOBAHUS W HM3MEPUTEIHLHO-KOHTPOJBHBIC MPUOOPHI JJISI ONTHMH3AIAN
npolecca.

Hay4ynasi HOBU3HA MCCJIEIOBAHUSA 3aKII0YAETCA B CJICIYIOIIEM:

co3maHa  3Hepro-3¢(GeKTHBHAsT ~ TEXHOJOTHS  MepepabdoTKu  KIIyOHel
TONMHAMOypa ® IUIOJIOB IIWIIOBHHUKA, ONPEICIEHB XHUMHYECKHE, TeIlIo-
TEXHHYCCKHE B OMOJIOTHYSCKHE CBOMCTBA;

pa3paboTaH ONTUMANBHBIN crioco0 cymku B Bakyyme ¢ UK-uznmyuenuem c
MOMOIIBI0  MOJIENTM  HEJIMHEHHOTO JAMHAMHUYECKOTO BHJA TMpolecca s
nepepaboTKM KIIyOHell TomuHamOypa M IUJI0JIOB IIMIOBHUKA HAa OCHOBE
TEXHOJIOTUYECKUX 3aKOHOMEPHOCTEHN CYIIIKH;

MPEIOKEHA TEXHOJIOTUYECKasi CXeMa, KOTopasi 1aeT BO3MOXHOCTh CO3/IaHUs
pe3yAbTAaTUBHOTO Tpoliecca MepepadOTKU U YBEIMYECHHUS] TOYHOCTU BBIYMCIICHHUS
KO3 (PUIIMEHTOB, Tak)Ke OIpPEACNICHbl CBOMCTBA HEJIMHEHHOTO PacHpOCTpaHEHUs
TeIlIa B MPOIIECCE CYIIKU JUCKPETHBIM CIIOCOOO0M;

pa3paboTaH  TEXHOJOTHMYECKUM  PEXKHUM  TEPEMEIICHHS  BJark U
MUKPODJIEMEHTOB, JABUKYIIUXCS MO OJTHOMY HAIPaBJIICHUIO B KaMWUIAPAX 3a CUET
yIpaBJeHUs MPOILECCOM CYIIKH JJIsI MOJy4eHUs OMOaKTUBHOMN JOOABKH;

pazpaboTaHo obecreyeHre MoJHOCThIO POBHOTO pactpocTpaHenus MK-mydeit
B KalWUISIPHO-TIOPUCTHIX MaTepHanax ¢ MOMOIIbIO CHEIUATIbHBIX OTpaXkaTesei B
CYIIUJIBHOM YCTaHOBKE, TJI€ MOIIHOCTh OOJYyYEHUS 3aBUCUT OT PACCTOSIHUS
U3ITydaTess 10 MPOoaAyKTa, ONTUMAIbHON JUTMHBI BOJHBI U TOJIIUHBI TPOJIYKTA;

pa3paboTaHa TEXHOJIOTHS TOJIYYEHHs TOPOIIKAa C MOMOIIBI0 HOBOTO BHAA
MEJIBHUIIBI C OXJIAXKIAIONIEH CUCTEMOM, TaK)Ke OMpEJEICHO aBJICHUE BaKyyma U
ONTHMMaJIbHAsl TEMIIEpaTypa CylIKM B BakyyMHOM ycTaHOBKke ¢ MK-uznyuenuem
JUISL CYIIKM KIyOHEeW TonmuHamOypa ¥ TUIOJOB IIMIOBHUKA C COXpPaHECHUEM
OMOAKTHUBHBIX BEIIECTB.

I[IpakTueckue  pe3yJbTaTbl  HMCCJIAEIOBAHUSAA  OOOCHOBBIBAIOTCA B
CJIEIYIOLIEM:

pa3paboTaHO TEXHOJOTUUECKOE YCTPOUCTBO ¢ MOMOIIBI0 Bakyyma, UK-myueit
JUTSL TIOJTYYCHHSI KaUeCTBEHHBIX TOTOBBIX IMPOAYKTOB Ha OCHOBE TCOPETUUCCKUX U
MPAKTUICCKUX UCCIICIOBAHN;

pa3paboTaHa BakyyMm- cymiwibHas yctaHoBka ¢ MK-marpeBoM Ha OCHOBE
MOJIYYCHHBIX HAYYHBIX PE3YJIhTATOB;

OTIPEJICIICHO YCKOpeHHe mporiecca cymiku 10 40% ¢ mpuMeHeHneM BUOpaIny;

NPUMEHEHBl  pe3yJbTaThl I  CO3JaHUS yCTAaHOBOK B  THUIIEBYIO,
dbapmareBTUYECKyI0 MPOMBINIJIEHHOCTD, B (JepMEpPCKHUE U JIECHBIE XO3SICTRA;

npeayiaraéMblii METOJ B TEXHOJOTUM CYIIKH OTIUYAEeTCS TE€M, YTO OH C

AKOHOMUYECKOM CTOPOHbI HAMHOI'0 JCHICBJIC, YCM OCTAJbHBIC, paCXoaycMas
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SHEPIUs 3a BIAXKHYIO €AUHUILY MaJja;

omnpeneneHo B 3-4 pasza Oouiblliee COXpaHEHUE COJAEP)KaHUS HWHYJIMHA -
454 mr% B cymeHoM mnopomike TomuHamOypa u 0,77 mr% ackopOMHOBOM
KHCJIOTHI B BBICYIIICHHOM IMOPOIIKE ITUITOBHUKA;

pazpaboTaHa mporpaMMa MaTeMaTH4eCKOW MOJENH Jis IMpoliecca CYUIKH B
nporpamme C++ Builder 6.0;

pa3paboTaHO TEXHUYECKOE YCJIOBHE Ui UcCHoyib3oBaHusi Bakyym UK-
CYIIWJIBHOW YCTaHOBKU;

pazpaboTaHn Ui TPUMEHEHHS U YTBepkIeH B mnpousBoactBo ['AK
«¥Y3dapMmcanoaT» BPEeMEHHO PEKOMEH/IOBAHHBIN TEXHOJOTUYECKHMA PErJIaMeHT Ha
MIPOM3BOJICTBO MOPOIIKa M3 KIyOHEeH TommHamOypa copTa «Myxu3a» U IUIOAOB
IITUTIOBHUKA.

JIOCTOBEPHOCTH Pe3yJIbTAaTOB MCCaeA0BAHNUS. J[0OCTOBEPHOCTh PE3YIIHTATOB
ONTUMHU3AIMNA TEXHOJOTMU CYIIKM W METOJl MCCJIEAOBaHUS MAaTEMAaTHYECKU
MOJEIUPOBAHBbI, pa3paboTaHbI 000CHOBaHUS MIPEUIOKEHUS TUISt
COBEPIIEHCTBOBAHUS TEXHOJIOTUH CYIIKH ChIPbsl PACTUTEIBHOTO MPOUCXO0XKICHUS B
COOTBETCTBHUM C TMPEIJOKEHUSMH U PEKOMEHJALWSIMHU, B IOCJIEACTBUU
BHEJIDEHHBIMH B TIPAKTUKY, IOJYyUYCHHbIE pe3yJIbTaThl OBLIU TOJITBEPIKICHbI
MOJTHOMOYEHHBIMH CTPYKTYpaMH.

Hay4ynasi m npakTH4ecKasi 3HAYUMOCTb Pe3yJIbTATOB HCCICTOBAHMS.

HaydHast 3HaUMMOCTh Pe3yJIbTATOB UCCIEIOBAHUS ONPENETAETCS HA OCHOBE
MOJIYYEHHBIX PE3YyJbTaTOB MEpepadOTKH KIyOHEeH TomuHamMOypa M IUJI0JIOB
IIUIIOBHUKA C TIOMOIIIbI0 Bakyyma ¢ MK-HarpeBoM ¢ coxpaHeHreM OMOJOTHUYECKU
AKTUBHBIX BEILECTB C II€JIbIO COBEPIICHCTBOBAHUS TEXHOJIOTUU ISl YIYyUIICHUS
MIPOLIECCOB MOJEPHHU3AIMU OOIIECTBA.

[IpakTryeckasi 3HaUUMOCTh pa0OThI 3aKJIIOYACTCS B pPe3ysibTaTe MPUMECHECHUS
TEXHOJIOTUYECKUX JIMHUK JUIsi mepepaboTKu KIIyOHed TomuHamMOypa W IUIO/IOB
IIMTIOBHUKA C COXpAaHEHHWEM OWOJIOTMYECKH AaKTUBHBIX BEIIECTB B COCTaBe
MPOJYKTa U 3a CYET MUHHUMHU3AIUU TMOTEPh BO BpeMs MepepabOTKH CHIPhS, YTO
MOBBIIIAET MOITHOCTh TPOU3BOIUTEILHOCTH MPOMBIIUIEHHBIX MPOU3BOJICTB.

BHenpenne pe3yabTaToB HCCAeI0BAHUSL. TexXHONOTHS TepepadOTKU
KIIyOHEeW TonmuHamMOypa ¥ IUIOJOB IIMMOBHUKA TMPH COXPAHEHUH OMOJIOTHMYECKH
AKTUBHBIX BEIIECTB BHEApeHAa B ['0CyapCTBEHHOM AaKIMOHEPHOM KOHLEpPHE
«Y3(hapMcaHOaT» M HPENNPHATHAX, BXOIANMX B CHUCTeMy MMHHCTEpCTBA
CEJILCKOTO M BOJHOrO Xo3siiicTBa (crmpaBka ['0CyZapCTBEHHOTO aKIIMOHEPHOTO
KoHIepHa «Y3dapmcanoat» ot 11.30.2015 roma MJI-06/1868 u Munucrepcrsa
CEeNBCKOro W BogHOTro Xo3sicTBa oT 10.09.2015 roma 06/14-893). B pesynbrate
NPUMEHEHUSI  TEXHOJOTMM  Cymku B Bakyyme ¢  UK-uznydenuem
MIPOU3BOIUTEIILHOCTH MOBBICHIach Ha 20%.

Anpolauusi pe3yJabTaTOB MHCCJaeA0BaHUA. Pe3ynbTaThl HCCleI0BaHUs
W3JI0KEHBI B BHJIC JICKIIMM W TPOILIM anpobanuio Ha 25 MEXIyHapOIHBIX U
pecnyOIMKAaHCKUX, HAyYHO-TIPAKTHYECKUX KOH(EepeHIusx, B TOM YHCIE:
«UunoBamus» (Tamkenr, 2007-2009, 2014, 2015); «Boicokune Texnomorun XXI
Beka» (MockBa, 2008); «Texnomormu mnepepabOTKM MECTHOTO ChIphS U

npoaykToB» (TamkeHnt, 2008); «IKOTOTHYECKH YHUCTBHIE pecypcocoOeperaronme
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TEXHOJIOTUM BBIPAIIMBAHUS, XPAHECHUS U TEpepabOTKH CEThCKOXO035HCTBEHHON
npoaykiun» (Tamkent, 2009); «AkTyanbHblE NPOOJEMBbl XUMHUHU MPUPOIHBIX
coenunenuit» (Tamkent, 2010, 2015); «Green Growth Strategy of SMEs (Small
and Medium sized Enterprises) in the New Silk Road Countries» (Korea, 2010);
«CoBpeMEHHOE COCTOSIHME U TEPCHEKTUBBI pa3BUTUs sHepreTuku» (TamkeHt,
2011); «IlepenoBrie TEXHOJIOTHUU B MUIIEBOM MpoMbliuieHHocTH» (byxapa, 2011-
2012); «Ponp TexHONOTHUU, HAYKU U TEXHUKHU B CO3/IaHUH CHIJIBHOTO TPakIaHCKOTO
oOrmecTBa U MOICpHU3AITHS CTPaHbBD» (Anmmxkas, 2011-2014);
«HuszkoremnepaTypHblie 1 nunieBbie TexHooruu B XXI Beke» (Cankr-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 TpOOJEMBI  OTpacien
xummudeckoit texuonorun» (byxapa, 2015); «buorexHojorus: COCTOSHUE W
nepcrnekTuBbl pazButus» (Mocksa, 2015); «Multimedia Information Technology
and Applications — MITA-2015» (Korea-Uzbekistan, 2015).

Ony0,MKOBAHHOCTH Pe3yJIbTATOB UcciaenoBanus. [lo Teme nuccepranuu
OImyOJIMKOBaHbI Bcero 42 Hay4yHbIX paboThl. 3 Hux 2 MoHorpaduu, 14 HaydHBIX
cTaTeil, B TOM uucie / B PECHyOJMKAHCKUX U 7/ B 3apyOCKHBIX >KypHasax,
PEKOMEHJIOBaHHbIX  BrpIcmiet  aTTecTalmoHHoW  Komuccuedt  PecmyOmuku
VY30ekucTaH I MyOJHMKAIlMd OCHOBHBIX HAYYHBIX PE3yJbTAaTOB JOKTOPCKUX
nuccepranuil. [Tonyyen 1 mareHt Ha u3o0peTeHue.

Crpykrypa u o0beM aucceprauuu. CTpyKTypa AHUCCEpPTAllUd COCTOUT U3
BBEJICHMSI, YETHIPEX TJIaB, 3aKIIIOUCHHSI, CIICKA JTUTEPATYPHI, puinokeHuid. O0beM
pabotel coctaBisier 195 crpanun, Brmrouaer 45 pucynkos, 25 Tabmui u
UCTIONb30BaHbl 243 NCTOYHHKA JINTEPATYPHI.
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OCHOBHOE COIEP KXAHUE IUCCEPTALINHU

Bo BBegeHMM O0OOCHOBBIBAIOTCS aKTyaJllbHOCTh M BOCTPEOOBAHHOCTH
MIPOBEJICHHOTO WCCIIEAOBAaHUs, 11eb U 33aJa4d HCCIEAOBAHUS, XapaKTepU3YIOTCS
OOBEKT ¥ TPEAMET, TOKAa3aHO COOTBETCTBHUE WCCIEAOBAHUS MPHOPUTETHHIM
HaIPaBICHUSM Pa3BUTHSA HAYKH W TEXHOJOTUHN PECIyOJIMKH, U3JIaraloTcs HaydHasl
HOBH3HA U TPAKTHUUYECKUE PE3YNbTAThl MCCIICIOBAHUS, PACKPBIBAIOTCS HAYYHAsl U
IpaKTHYECKass 3HAYMMOCThH IOJYYEHHBIX pE3yJbTaTOB, BHEIPEHHE B IMPAKTUKY
pe3yabTaTOB UCCIEAOBAHUS, CBEICHUS MO0 OMyOIMKOBAaHHBIM Pab0TaM U CTPYKType
JIICCepTaIIH.

B nepBoil mmaBe auccepraunn «CoBpeMeHHOe COCTOSIHME MPO00JIeMbl
TeXHOJIOTUH TepepadoTKH NHIIEBbIX NPOAYKTOB (Ha mnpuMepe KJyOHeil
TonMHAMOypa M IJIOJ0B IIMIOBHUKA) TIPOBEJACH aHAIW3 COBPEMEHHOTO
COCTOSIHUSI TEXHOJIOTMH IepepaOOTKU MUIIEBBIX MPOIYKTOB (Ha MpuMepe KiIyOHei
TonMHaMOypa U IUIOJ0B LIIMIIOBHUKA) U MOKA3aHO, YTO B TEXHOJIOTUYECKOMN cXxeme
OCHOBHBIM 3JIEMEHTOM SIBJISIETCSl MPOILECC CYIIKH, ONPEISISIIOIIMA KauecTBO
KOHEYHOI'O MpOJAYKTa. AHAJIM3 CYIIECTBYIOIIUX MPOOJIEM TEXHOJIOTUU JJIst
nepepadoTKM MPOJAYKIMU KIyOHeH TommHamMOypa W IUIOJOB  IIMIIOBHHKA,
CBUJETEIBCTBYET O TOM, YTO OJHUM M3 HaumOoJjiee MEPCHEKTUBHBIX CIIOCOOOB
CYUIKH, IPU KOTOPOM COXPAHSIOTCS MOJIE3HbIE KOMIIOHEHTHI, CIEAYeT MPHU3HATh
BaKyyMHYIO CYIIKY C NpPHUMEHEHHEM HWH(QpaKpacHbIX H3Iydareleil - B KauecTBE
MPEINOYTUTEIEHOTO UCTOYHIKA HarpeBa 00padaThiBaeMOi MPOAYKIINHT; U3II0KEHO
COCTOSIHHE TPOOJIEeM MaTEMaTHUYECKOTO MOJACTUPOBAHUS; MPH CYIIKE BIIAXKHBIX
MaTepUajoB MPOUCXOASAT OJHOBPEMEHHO JiBa TpOIEcca: WCMapeHue BIaru
(MaccooOMeH) U TiepeHoC Terula (TerI000MeH); CyIlKa BIXKHBIX MaTepUaioB
BKJIFOUAET B ceOsl BOMPOCHI TIEpeHOca Teria ¥ MacChl BHYTPHU Teia (BHYTpPEHHSSA
3a/laya) ¥ B TOTPAHUYHOM CJIO€ Ha TpaHulle pasnena a3 (BHEIIHsS 3a/aya);
pe3yabTUPYIOLIasi THTEHCUBHOCTh CYIIKH 3aBUCHUT OT YCJIOBUN IEpeHoca Tera U
Macchl BHYTpU Te€ja M Ha TpaHulle pazgena (a3; HHTEHCHUBHOCTh CYIIKH
MaKCcHUMaJjbHa, KOI/1a BO3MOXXHOCTh IIEpeHOCca TeIla U MacChl B IOTPAaHUYHOM CJIOE
COOTBETCTBYET BO3MOKHOCTH NEpEMELICHHs] BJIarM W TeIja BHYTpU Tela; Ha
WHTEHCUBHOCTh CYIIIKH BJMSIOT BHEITHUE YCIOBUS TEIJa U MacChl M YCJIOBHS
nepeHoca Bjaru W Teruia BHYTpu Tena (Maibie Kodhdumuentsl nuddy3uu umm
BJIArOMPOBOJHOCTH M [Ip.); B pAlE CIIy4aeB HCIApeHUE M CyOnuManus u3
KaMWUIIPHO-TIOPUCTBIX TEJl COMPOBOXAAIOTCA 00pa3oBaHUEM 30HBI (Pa30BOTO
nepexo/ia He Ha MMOBEPXHOCTH, & BHYTPH KaMMJUTSIPHO-TIOPUCTOTO Tea.

OreHnBasi COBPEMEHHOE COCTOSSHHE BOMPOCOB aHAIM3a KOHCTPYKIUN
CYIIMJIBHBIX YCTaHOBOK, MOJYYMBIIUX PACHIPOCTPAHEHUE B arpOMpOMBIIUICHHOM
KOMIUIEKCE CTpaHbl, CIIOCOOOB CYIIKHA, MOXXHO 3aKJIIOUWTh, YTO CYIIECTBYIOT
mpoOaemMbl, TpeOyIONMEe CO3MaHMS HOBBIX MPOMBIIUICHHBIX CIIOCOOOB CYIIIKH
KJIyOHel TonnHaMOypa U IUI0J0B IIUOBHUKA.
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Bo Bropoii rmaBe guccepraumu «Pa3paborka maTremaTHmueckoe
MOJETMPOBAHHE IPOLECCOB CYIIKH KANWUIAPHO-NIOPUCTBIX MAaTEPHAIOB
PACTUTEJBHOI0 MPOMCXOKACHUA» IIPUBEICHBI PE3YJbTAaThl MOACIUPOBAHUSA
IIPOLIECCOB CYIIKM KalWUIIPHO-IIOPUCTBIX PACTUTEIBHOTO IPOUCXOXKICHMS, a
TaK)Ke MPEJCTaBICHO TEOPETUUYECKOE MCCIEAO0BAHUE MPOIECCOB CYIIKH KIyOHEH
TonuHaMOypa M IUIOJIOB IIMIIOBHUKA. Pa3zpaboTaHa mareMaTHyecKass MOJEIb
IIPOLIECCOB  CYIIKM  KANWUIAPHO-TIOPUCTBIX ~ MAaTE€pUalOB  PACTUTEIBHOTO
IIPOUCXOXKJICHN KaK NEPEMEIICHMS BJIArd B KAMWUISAPHBIX MOpPax HCCIETYyEMbIX
MatepuanoB. [lokazaHo, 4TO peanbHbBIE MPOLECCH TPEOYIOT ydeTa BHYTPEHHETO
nepepacnpe/iesieHns paCTBOPEHHBIX BEIIECTB, B TOM UKCJIE U TUHAMUKHU MOT00HOM
neperpynnupoBKH.

B aucceprammonHoit pa®oTe MNPHUBEACHBI MAaTEPHAIBHBI W TEIJIOBOU
OasaHchbl nponecca cymku. [Ipu oneHke KMHETUYECKUX KOHCTAHT MOJIb30BAIKChH
KPUBBIMU  CYIIKH, IIOJIy4a€MbIMH  JKCIIEPUMEHTAIbHBIMH  NPUEMAMH U
IIPEICTABIICHHBIMU B BHJI€ 3aBUCUMOCTEN BIIarocojep:kaHus U oT BpeMeHH t (wim
ckopoctu cyiku du/dr ot 7).

M3BeCTHO HECKOJIBKO MOAXOAOB K (opMalM3allMd MEXaHU3Ma IMepeHoca
BJaru u3 oO0beMa CbIpbS B OKPYXKAIOUIMI BO3AYyX, HCIOIb3YIOMINE WU
UTHOPUPYIOIIME TPEACTABICHUS O JIBUXKYLIEMCS BHYTPU YacTULBl (POHTE
ucnapeHus: 1upQGy3noHHbIN, KATWLISPHBINA U CBOOOHBIN.

[Ipy  paccMOTpeHMHM  NEpHOJa  IOCTOSIHHOM  CKOPOCTH  CYUIKH
NPUACPKUBAIOTCS TOYKHA 3PEHHUS O TOM, YTO HA MOBEPXHOCTH YACTULIBI UMEET
MECTO COCTOsIHUE (pa30BOT0 PaBHOBECHS, IIPU KOTOPOM HacTHIla 00padaThIBAEMOTO
Marepruajia OKpy»X€Ha IUIeHKOW Biaru. I[Ipum 3TOM BO3ayX Haa mNociIeqHeEn
HAXOJUTCS B COCTOSIHUM HACBILLEHUS U, CIEI0BATEIbHO, 00JIalaeT TeMIepaTypoi
MOKpPOro TepMoMeTpa. B TakoMm ciayyae CKOPOCTb CYIIKH OIpEAensercs Io
IICUXPOMETPUYECKUM JAHHBIM, COCTOSHHEM BHEUIHEH OKpPYKaKoIIEeW cpelapl U
yCIOBUSIMU 00€3BOKMBAHUS, a MOJHBIA MOTOK BJIArM BBIPAXKAETCS MOCPEICTBOM
00BeMHOTO KOdh(DHUIIMEHTa MACCOOTAAUH Ly

—du/dz = j=const = 8, (X, —X) = B, (X —X), (1)
r7e Xy - BIQXKHOCTb BO3JyXa KI/KI Ha I'paHUIE YaCTHUI[bl, IPUHUMaeMasi paBHOMN
BEJIMYMHE PAaBHOBECHOM BIAXHOCTH X¥, X - BIaXHOCTb BO3AyXa B 00bEeMe
CIUTOITHOM (pa3bl.

W3 mosy4eHHBIX 3KCHEPUMEHTAIBHBIMA IPHEMAaMH I1apaMETpPOB IOTOKA
Brard (MHH ) TPU Pa3/IMYHBIX 3HAYCHHSX TEMIIEPATYpP MOXKHO HANTH BETHUMHY
koa(duIeHTa BIaXKHOCTH fy B BHJI€ TaHT€HCA yIjla HaKJIOHAa KPUBOM CYIIKH B
NIEPBOM MEPUO/IE:

B =J1(X =X). )

[TapumnanpHbie JaBJIEHUS HACBILIEHHBIX 11apOB P Ipy pa3HbIX 1 HaXOAATCS U3
COOTBETCTBYIOIIUX TA0JIUII, @ MOJIbHBIE JOJM M OMPEAENSIIOT KaKk

m =R'/P,; m=Rel/P,, (3)
rne P~ - armochepHoe naBinenue (760 MM pT. CT);, @ - OTHOCUTENIbHAs

BJI&YKHOCTh BO3/yXa, OLICHMBaeMasi MO0 TeMIepaType OKpykaroueuh cpeasl 1y u

TeMIIepaType MOKpOro tepmomerpa 7.
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B sTOoM ciydae BIaxHOCTH X U X OyAYT BBIpaXKaThCsl KaK

. M m’
X = B 4
803‘0 (1 m ) ( )
x=Ms M (5)

M3030 (1_m)

rne Mg - MonekynsipHast Macca Boabl; My, - MOJEKYIIsIpHAst Macca BO3ayXa.
MaremaTrueckass 00pabOTKa 3KCIIEPHUMEHTAIBHBIX JIaHHBIX, MOJTYYCHHBIX
IPH pa3InYHbIX TeMIepaTrypax, 00bIYHO BeIpaxkaeTcs 3aBucumoctoio S, = f(T).

Kputnueckoe BpeMsi, KOTOPOE COOTBETCTBYET 3aBEPILIECHUIO TIEPBOTO MEPHOIa
CYILKH, OIIPEIEINSAETCS [0 YPABHEHHUIO:
T P:(UO_UKP)/j' (6)
Bropoii mepumox mpormecca  CyIIKM HAYAHACTCS NOPU  JOCTHKECHHU
KPUTHYECKOTO BJIATOCOJEP:KaHUA Uy, NPU KOTOPOM Ha IMOBEPXHOCTH MaTepHala
o0pa3zyroTcs cBOeoOpa3Hble CyxXHe OCTpOBKU. Eciu MpuHSTH, YTO BCE MOPHI B
YacTUIIE W BJara B HUX paclpeleieHbl pPaBHOMEPHO W CUYWUTaTh, YTO B
paccMaTpuBaeMOM  TE€PUOJIE  CONPOTHUBICHHE  MAcCOINEPEHOCY  IEJIUKOM
COCpPEZI0OTOYEHO BHYTPH 00beMa MaTepuala, a Biara, moJBoAruMasi K TOBEPXHOCTHU
YaCTHI] ChIPbsl, OTBOJIUTCS MOMEHTAJIBHO, TO MEXaHHU3M MacCOIMEpPeHOCca MOKHO
dbopmanuzoBaTh B CHEPUUYECKUX KOOPJIMHATAX C TOMONIBIO YPaBHEHHUS
HecTalroHapHou nuddy3uu:

au 2u 2 ou

“or - O T ) (7)

3nech U - Biarocoj/iepkaHiue Marepuaiga B MOMEHT BpeMeHH | Ha paccTOsSHUU
p OT LIEHTPa YaCTHULBL; & - HOPUCTOCTh YacTHLbI; D,y - 00001meHHbIN yCpeqHEHHBII
kodhpummeHT nuddys3un.

[Ipy 5TOM HaYalbHBIE W TPAHWUYHBIC YCIOBUS BBIPAKAOTCS CIETYIOITUM
obOpazom:

7 =0, 0<p<R, U=Ugp,
7>0, p=R, 4=t (8)
p =0, du/dp =0.

3necy 7=0 coOTBETCTBYyeT BpeMEHHM Hayajia BTOPOro MepHoja CyIIKH, a U,

XapakTepu3yeT BIIArOCOJACPKAHUE HA TPAHUIE, PABHOBECHOE C COAEPKaHUEM
BJIard B OKPYKAIOIIIEM BO3IyXe€.

Cnenys merony @ypbe, perieHue ypaBHeHUs (/) MOXKHO MPEJICTABUTh B BUIE
MIPOU3BEJICHUS JBYX HE3aBUCUMBIX (DYHKITUH, OJTHA U3 KOTOPBIX 3aBUCUT TOJIBKO OT
BPEMEHHU, a BTOPAsl - TOJbKO OT KOOPAUHATHI, T. €.

y(z, p)=T(z)R(p) 9)

WIn

10T 0’R  2_0cR 0’R 2 0R
+ETEE ST+ 20, (10)

Dor op> p Op op> pop
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Takum 00pa3zom, mepeHocs B JIEBYIO YaCTh YPaBHEHUS BCE WJICHBI, 3aBUCSIIIHIE
OT BPEMEHH, a B IPABYKD YacTb — BCE WIEHBI, 3aBUCAILUME OT KOOPJAWHATHI,
MOJTy4aeM, UTO KakJasi U3 4acTel JOJDKHA ObITh paBHA KOHCTAHTE:

2
110T _1 R _20R,_ 1)

DTor R op’ ,08,0

W3 nocnieiHero paBeHCTBA CIEAYIOT JIBa YPaBHEHUS.
OO6paTuMcs K KaKJI0MYy U3 HUX B OTJICTIbHOCTHU:

p IRL2ZR_ Jr-o, (12)
op* pop
Ocyl1recTBUM 3aMeHY ITepeMeHHOl V = pR. B pe3yiabTare nMeeM:
2 2
d—V=R+ R d'v dF:+pd F:+d—R (13)
do dp dp® dp do® dp
d’v 1ldv v
2 2 _
do® pdp p +Edvldp V/’D+AK:O. (14)
p+l p p p
Jlaee npuxoauM K CIEAYIOIIEH CUCTEME YPAaBHECHUN:
d’v
dp’
V| »-0=0, (15)
v|,_z=0.
[Ipoananu3upyeM BO3MOXKHBIE 3HAUCHUS A !
A) A>0, K2+ 21=0; k,, =+J/- 1 =+ 4. (16)
Ortcrona cienyer, 4To
v=a cosJAp+bsinyAp. (17)
W3 rpaHUYHBIX yCIOBUN BBITEKAET:
sin \/ZRO =0. (18)

B koHe4HOM uTOre coOCTBEHHbIE (QYHKIUHU V, U COOCTBEHHbIE 3HAUYEHUSA A
OyAyT COOTBETCTBEHHO BBIPaXKaThCs

v =sin2, n:(ﬂj, (19)
RO RO
y = ZC exp( bn’z ]/plsin'mn. (20)
= R’ R,
b) =0, d’v/dp* =0, k*=0,
v=ap+b,b=0, aR, :0:>a—0 (21)
B) 1<0, k*=-21, 12—+f y=ae'!" +pe ",
p=0,0=a+b=a=-b (22)

p=R,0=ae! _gef gl _ g iR (23)
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JAR, =—JAR, = A =0. (24)

31ech HaJIMIIO SIBHOE MpoTuBopeune: a=-hb =0
2) PemaeM BTOpO€ ypaBHEHHUE:

2_2
(14T, =1 = aT, =—A,DT,, T, =exp —Dn—fr . (25)
DT, dr dr R;

J51g o1leHKH 3HaYeHUN KOA(P(UIIMEHTOB UCIOJIb3YeM HauyajabHOE yCIOBHE

7=0,y=U,—U,. (26)
O6T)CILI/IHH}I peUICHUC, UMCEM
2R 0 _ n+l .
y=(Ug,—U.)—" Z( 1 exp(-Dn’°z°z/R?)sin »hn (27)
70 n=1 n RO
Opnako U =Yy+U,. U3 aroro ciaexyer
u=u,+(u,-u R, iﬂexp(—Dnznzr/Roz)sin %n (28)
n=1 n

0
BKCHepI/IMGHTaHBHLIMI/I IMpucMaMu HU3y4aroT HN3MCHCHMUS CpCaHCTO
BJIAaroCoACpKaHus BO BpCMCHH, T. C.

— 1R
u=—|[u dp. 29
rJu.de (29)

Hcnonb3yst COOTHOILLIEHHE (28) MO>KHO HalTH CPEIHIOIO BeanHHyu :

GZUI_+(UF KP) Z( D

T n=1

xjsm(mp/R)d(mpjzufﬂur— E y sm@x (30)
) mplR R 1t R

sm?exp( Dn’z’r/R? )—><

xexp(-Dn’z?r/R?).

B pabote Takke M3y4eH KpYr BOIPOCOB OOpa30BaHUS HOBBIX COCTOSTHUMI
nepepacnpeieIeHHbIX KOMIIOHEHTOB B PacTBOpPax M HUX POCT (T.€. pOCT TBEPIOM
da3pl U BapualMs KOHILIEHTPALMU TO MEpE [BMXKEHMSI BJIard K TOBEPXHOCTH
00€3BOKMBAEMBIX MPOAYKTOB). M3y4eHO OJHOCTOPOHHEE JIBH)KEHHME BIIArH,
UCIIAPEHUE HA OJHOM CTOPOHE IMOBEPXHOCTH (HA OTKPBITOM YacTH KaluuisIpa).
Iloka3zaHo, 4TO mepeMemaeTcs HE TOJBKO JKUIKOCTb, HO M Mapbl, YEM HEIb3s
npeHedperaTh B YCIOBUSIX BaKyyM-CYIIKH, HOCKOJBbKY (ha30Bble MepeXOibl
(OGKUIKOCTB-Ta3» MPOUCXOIAT IIPU OTHOCUTEIBHO HU3KUX TEMIIEpaTypax.

Jlyisg Toro, 4To0bl U3Y4YUTh JAHHYIO KOHLENTYaJbHYIO MOJIETb, 00paTUMCS K
HEJIMHEHHOMY MaTeMaTHUeCKOMY OMMCaHHUIO XpoMaTorpaduu, MHUPOKO N3ydaeMoi
B pasJesiax TeOpUM HEIMHEUHBIX BOJH. lIpennaraemMoe HamMu OTIIMYKME COCTOUT B
TOM, 4YTO y KaIllWJIAPOB IIONEPEUYHOE CEUCHUE MEHSETCs, IIPUYEM, MEIJICHHEE 110
CPaBHEHHIO CO BpeMeHeM cylku. PaccMoTpum MMeHHO Takyro 3azady. Ilycts B
HayaJIbHBIH MOMEHT Kanmuuisip umeeT paauyc Ry [lo Mepe cHukeHust pocra,
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CBS3aHHOTO C HAarpeBOM M HCIApPEHUEM, MPOUCXOJUT MEIJICHHOE W3MEHEHUE
byukiun R=R(t), rae mpu t=0 R(0)=R,.

[TockonbKy Tporiecce riaaakuii, GyHKIUS OT BPEMEHH SIBIISCTCSI HEIIPEPBIBHOM
¢ynkmmer cBoero aprymenta t. IloaToMy chpaBemaMBO pasloKEHUE B P
Teitnopa Bokpyr Touku t=0, B pe3ynpTare 4ero uMeeM

R=Ro(1+ur+qx), (31)
rjae u,  — Kod3pHUIHEHTHI.

[Tocine pasnoxenus B psan Teinopa nmeem:

R:RO l+iﬁ t iﬁqx . (32)

R, 8yt R, O
[TockonbKy paccMaTpuBaeMblii TPOIECC TPOTEKAaeT B CIIOKHOU cpere,
OPUMEHUM 3aKOH COXPAHEHUSI MacChl M 3aKOH KHHETHYECKUX IMPOIIECCOB
azicopoIuu u 1ecopOuu B TpyOOoUKax.
C 1wenplo YHOPOIIEHHUS BBEAEM IMONEPEUHYI0 IUIOHIAAb  Kamuwuispa,

S .
S =R%(t)u §t=/1—const. DTO O3HayaeT, 4TO CYKEHUE AHaMeTpa JIMHEWHO IpHU

A<0. BennuuHa A 3aBUCUT OT CKOPOCTH CYIIKU M CTEIIEHU MPEIPACHOI0KEHHOCTH
00€3B0KMBAEMOT0 MaTepHalia K Ha0yXaHHIo.

PacueTbl moka3bpIBaIOT, UTO
1

o[22 .

B pesynbrare nNpoBeAEHHBIX UCCIEI0BAHUN YCTAHOBJIEHO, YTO Y KallWJUISIPOB
BO BpEMs CYLIKM NONEPEYHOE CEUYCHUE MEHSETCS MEIJIEHHEE [0 CPaBHEHUIO C
JUTATEIIbHOCTBIO CYIIKH.

JIns  1moCTpoeHHMs MaTeMAaTMYECKHX MOJENEN Ipolecca CyIKA U
aHAJIOTUYHBIX TEXHOJOTMYECKUX MPUEMOB, IJie¢ UMEIOT MECTO (pa3oBbIC MEPEXObl
BJIATM W3 OJHOTO COCTOSIHHSI B JAPYro€ MPU HAJWYUU MHUKPOHEOTHOPOIHOCTEH
Cpelbl, MOJIMHOMUATIBLHOE MPUOMMKEHUE TT0 JUHAMUYECKUM MEPEMEHHBIM HMEET
cBon orpanuyeHus. OCHOBHOM TMPOLIECC paCOpPEACTICHUS] MHUKPOSJIEMEHTOB B
oOpabaTeiBaeMOM oOpasiie 3aKJIF04aeTCs B TOM, YTO JKHJIKOCTh, HeECyIIas
pPacTBOPEHHBIE BEIECTBa, MPOTEKAET uepe3 HEMOJBIKHYIO TBEpayo ¢azy, a
MEePEHOCUMBIN MaTepUall YaCTUYHO ajicopoupyeTcs TBepaou ¢azoi. Mneanuzupys
3TOT MPOLECC, IPUHUMAEM, UTO YACTHULBI )KUAKOCTH ITEPEMEIIAIOTCS C HOCTOSTHHOU
CKOPOCTBIO V.

Crporuii yuer audQy3uOHHBIX MPOILECCOB YCIOXKHSIET MaTeMaTHYECKYHO
MOJIEJIb aICOPOIMK ¥ BBOJUT B PACCMOTPEHUE MPOCTPAHCTBEHHOE PacCTpe/IeiICHIE
napameTpoB. Toraa 3aKoH COXpaHeHI/ISI MMEET BUJ:

a(/Of +ps 0 (V ) 82,Of ’ (34)

rae h - koadduimeHt J:[I/I(b(by:snn BHYTpHU 0663BO)KI/IBaeMOFO oOBeKTa.
JI1s1 KBa3MpaBHOBECHOTO CIIyyasi UMEEM CUCTEMY YPABHEHUN:
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Op
ot

oo, o7 p,

welor ) 5;0 =h a>/<02 ’

clo,)=—2 (35)
" 1+R(p, )

K. K,AB
R(o, )= 102 :
(o) [K2B+ (K, — K)o, [

VYpaBuenus (35) wuccrneAOBaHbI TpPH YCIOBHHM JIMHEWHOW 3aBHCHUMOCTH
ckopocTH ¢ oT p,. C nomoueio 3aMeHbl Koyna-Xomnda nomyumnu ypaBHEHUE

napaboIM4YecKoro THUMA, KOTOPOE MMEET TOYHOE peIIeHUE, OTpa)xarolee
BO3MOXKHOCTh  TOJIy4aTh BBICYIIEHHbIE MPOJAYKTHI C 3apaHee 3aJaHHbIM
MPOCTPAHCTBEHHBIM  PACIpPEICICHUEM MHUKPOIIEMEHTOB, COJEpXKaIIUXCs B
KJIETKaxX Marepuana.

B mpoiiecce cymiku, Kak yke€ OTMEYaoCh BBIIIE, TPU OOJIBIINX TPagUEHTAX
JIABJICHUSI JKUJIKOCTH 4YacTO O0Opa3yloT MHUKPOTPEUIMHBI U  CIOCOOCTBYIOT
YBEIIMYEHUIO TOTOKA BJaru M3 TiyOWHBI MPOJYKTa Ha €ro MOBEPXHOCThb. ITOTO
TaKXe MOXHO JTIOOUTHCS MCKYCCTBEHHBIM IyTEM, HE MOBpeXkass OMOaAKTUBHOCTH
KOHEYHOI'0 MPOJYKTA.

OTMeueHHbIE BBIIIE MPOLECCHl MEPEMEUIEHUS  MHUKPOIJIEMEHTOB B
00€3BOKMBAEMBIX  MPOJAYKTAX  MOXHO  (opMamu3oBaTb C  MOMOIIBIO
COOTBETCTBYIOIIMX YpaBHEHUH. [IpUMEHHUTENBHO K PaccMaTpUBAEMOMY CIIYYalo
uccienyeM HelnuHelHoe ypaBHeHue (34) ¢ MOMOIIbI0 METOJIa MOCeI0BaTeIbHBIX

IPUOITNKEHUM.

CX ot
BBenem Oe3pazmepHbie mapaMeTphbl: X =T t=—,

T
rae L - Tommuaa Mateprana 10 CyIKH; 1 - MaKCHMaabHOE BPEMS CYIIKH.
BMmecTo pr BBemeM p; = L; u3 (35) momyunm

pf|t:0
op;  .Op; _ .O°p;
- +C —=h"—£=<, 36
ot? ox’* ox? (36)
« T . hT
rme ¢ =clp)—, h =—-.

B nanpHeiimeM omyckaTh IITPUXHM C LETIbIO COKpAIICHUs 3allMCH, HO NIpHU
TOM HMMEIOTCS B BHIY Oe3pa3MepHble NUHAMHUYECKH mepeMmeHHbie (36). BBemem
0003HaueHuUs

ng=NiN;, n;=p,
N o _pony @
ot OX OX
rae Nj, C, X, h — HoBbIe Oe3pa3MepHbIe IePeMEHHBIE.

Pemenue HenuHeitHoro ypaBHenus (37) oCyIECTBISETCA C MOMOIIbIO METO/1a
MOCIIEI0BATEIHHBIX MIPUOIHKCHHIA.

[Iycte n=ny(x,t) — pelleHre IMHEHHOrO NPUOIMKEHHS, T.€. DPEIIEHHE

ypaBHeHusi (37), xorma c=const. OHO JWHEHHOE ¥ WMEET peIIeHuE:
no(x,t)=ny(x—c,t). Pusmyecku 370 — OOBIYHOE IBWKEHUE B BHIE (POHTA CO
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CKOpOCThIO ¢, =c(n,). VICTHHHOE peleHrne MOKHO NPUOIMKEHHO 3alHcaTh B
CJIEIYIOIEM BUJIE:

n, =ny (x,t)+n;(xt). (38)
s (38) umeem
on; on,  o°n;
a "% ", (39)
Ac =c(0)1-AR]

riae AR - monyunm u3 (35).

OTO pelieHue JOMyCKaeT U TaKyl TPAKTOBKY, UYTO MPOIECC MEepPEeMEIICHHUs
COIIPOBOX/IAETCS BO3PACTAIONIMM IO BpeMeHH cKaukoM. OnHako AuQ¢y3uoHHbIE
SIBIICHUS CTJIAKMBAIOT TOJOOHBIE MPOIECCH, HE JOBOMAS UX J0 CKAYKOOOPa3HOTO
pacmpezenieHusi KOHIEHTpauuu. B3auMoBnusHre 3TUX ABYX (PU3MUECKHUX SBICHUN
ompefeNsieT  TOT WJIM  HWHOM  KOHKPETHBIH  MEXaHW3M  IepeMEIlCHHUS
MHUKPO3JIEMEHTOB.

B pesynbpTare ncnonp30BaHusS METOIa CBEPTKHU (HYHKIUMA JIJIs1 MPUOITMKEHHON
U aHAIUTUYECKOW ammpoOKCUMAIMi MpU PEIIeHUH pacCMaTPUBAEMbIX YpaBHEHUMN
(38) u wucnonp3ys anmpokcuMalMoHHy (opmyny Jlammaca IS CBEpPTKH
GyHKIMHA, TOTYYUM:

(x=¢)

V e 4h(t—z’)
1+R(ny) ) \[2hz(t—7)

n:no(x,t)+jF(§— +O(h)§, (40)
0
e F=(n,), -

JlaHHO€ ypaBHEHHUE MO3BOJIAET B IOCTATOUYHOM CTENEHH YYUTHIBATH 3P(HEKTHI
HEJINHEWHOCTH.

Takum 00pa3oM, Ha OCHOBE aHaM3a MOBEJCHUS MHUKPOHEOTHOPOIHOCTEH B
mpoiieccax 00€3BOKUBAHUS MPOJAYKTOB HAMU ObUIHM pa3padOTaHbl HOBBIE METOJIbI
WHTEHCH(UKAIIMU  TpoIlecca  CYIIKH,  CIOCOOCTBYIOIIME  COXPaHEHHUIO
Oounonornyecku akTUBHBIX BellecTB (BAB) B kOHEUHOM MPOAYKIIHH.

Ha ocHoBe T1utaHMpOBaHUS DKCHEPUMEHTOB HM3YYEHO BIIMSHUE BHENTHUX
daktopoB (MK-BomHbl, BHOpanuu, ypoBeHb BaKyyma) Ha IMporiecc cymku. Ha
OCHOBE OOpab0OTKM CTAaTHCTHYECKWX JAHHBIX TMPOBEACHHBIX JKCIEPUMEHTOB
TIOJTYYCHBI MaTEeMaTHYECCKUE MOJICIH. Y CTAaHOBIICHBI KOA(D(PHUIIMEHTHI KOPPESAITUT
ko Bpemenu cymku I1=0,84; r,=0,85; r3=0,85 u sneprozarpatam I1=0,83;
r2Q=O,83; r3Q=O,63.

MeTonamMu TUTAaHUPOBAHUS OSKCIICPUMEHTOB  BBITOJTHCHBI HCCIIEAOBAHUS
nepepactpeesieHns KPUCTAJUTM30BAHHBIX BEIIECTB MOCIOWHO B MPOIIECCe CYIIKH.
B wacTHOCTH, TIOJTy4€HBI KPUBBIE paCTpeeICHNs] HHYJIMHA B ONPEACIICHHOM CJIOe
TOMMHAMOYpa. DKCIEPUMEHTHI TTOKA3JIA CYIIECTBEHHYIO TOCIONHYIO Cerapaluio
WHYJIMHA.

45



1 Obpatutcs k  pabore  UK-
u3nyuarenen. IlycTte  mapasnienbHbie
KepaMUYecKre TpYOOUKHM HarpeBaroT
IUIOCKOCTh,  KOTOpas ~ COCTOMT W3
CETOYHOro Matepuaia (puc.l).

Jlist cpaBHEHUs 00Jy4yaeMbIX TOUEK
A w B BbIIOJIHUM  BBIYHUCIICHUS.

nimanpryeckue U3J1y4aTesn
o 1
BO3JICUCTBYIOT C MOIITHOCTBIO | =1, -—,
r
1-u3nyyarenu; 2—TIOCKOCTb CETKH; 3—ChIpPhE. rge ¢ —paccTtossHue OT OCH JO
Puc.1l. UndpakpacHoe noJie, co3raBaemoe IIOBEPXHOCTH OWJINH]IPA, paBHOE
ABYMS KePAMHYECKUMH HAPALICIBHBIME  panpycy, B M, |—II0TOK MOIIHOCTH

TpyGouKaMu u3lydeHus (B Bm) Ha paccTOSHHHU I OT

TpyOKH, T.e. DHEPruUs H3IITYYECHHBIX HH(PAKpACHBIX BOJIH Ha PACCTOSIHUM I,
MpOXOJsllas yepe3 €IUHMILY IUIONaAN 3a €UHUILY BpeMEHH, |lo—TOJHbBIA MOTOK
MOIIIHOCTH U3JTydaTesisi KepaMUueCKol TpyOKH.

21
OueBH/IHO, YTO B TOUKY A HaIpaBJeHa MOIIHOCTh OOJYYEHUS — >, a B TOUKY
X

I I
B — MomHOCTB h—‘; +—-. 3ameTuM, 4T0 »° =h++/x*—h* .

Y
[Tpu paBeHcTBE MH(MpPaKpacCHOTO OOTyUEHHUS B TUX TOUkax A u B umeem:
21, 1, I,
Bl i— el 41
x> h* hi2dx?-n? (41)
Hcnonb3ys o003HaueHue & = %, MOJIYYUM
E2+E+2=0, (42)

/1 roe X, Y — KoopamHathl, M, h —

P— r — 2 paccTosiHie MEXAy H3IydaresieM H
AN },%\K OCHOBHOH IUIOCKOCTBIO OTpaKSHHS,
=
‘,/
_

' o M, & — Oe3pa3MepHas BEJIMUUHA.
y R PaBencTBO (42) moKa3bIBaeT, YTO
' 4 MIPU BCEX 3HAYCHUSIX & OHO HE PaBHO
HYJIIO, T.€. OHO HE BBINOJHIETCA,
3 MOCKOJIBKY JTUCKPUMHUHAHT OTJIUYEH
' OT HyJs. OTO CBHUAETEIBCTBYET O
1-HanpaBstromas pama; 2-oTpaxkareiib; 3-coipbe; 4- K tpyOka. HEBOSMO’KHOCTH PaBHOMCPHOTO
Puc.2. Cxema (purypHoro orpakareis HH(bpaKpaCHOFO 06queHHH c

MOMOILbIO  OOBIYHBIX  JUCKPETHBIX
TpyOOUEeK. DTO PaBEHCTBO CIPABEAJIMBO, KOTJa PACCTOSHUE A0 U3ITy4aeMOM TOUKU
BEJIMKO I10 CPABHEHUIO C JUaMeTpoM u3inydarens. OQHAKO 3a4acTyro M3IydaTen
MEXy COOOH pacIoJIOKEHbl TaKMM 00pa3oM, YTO 3TO PACCTOSHUE MAaJlo 11O
CPaBHEHHUIO C JHAMETPOM wu3iyyareisd. JIpyrol CymecTBeHHbI MOMEHT B
WH(QpaKpacCHbIX KaMepax — MHOIOCIIOMHBbIE  CYIIUJIbHBIE CETKH  JAloT
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oTpuarenbHbld dddexT. as ycTpaHeHHss 3TOro oOCTOSITENbCTBA MpeIIaraeTcs
HOBasi cucremMa GUIypHbBIX oTpaxkareneil. HexenarenbHble 3¢ (HEKTb MOXKHO
YCTPAaHUTh U3TMOasi HU30THYThIE METAIMYECKUE OTpaxkaTeld TMOoJ[ YIJIoM
Pna=274%  onin=18,3%  Y<(@max-@min)=19,1° (pHc.2), KOTOpPBIE HE TOJBKO
OTpaXaroT U 00eCMeYNBAIOT PAaBHOMEPHOE OOIyUeHHE CETOYHON MOBEPXHOCTHU, HO
M BHENIHEH CTOPOHOM MPENATCTBYIOT BBINAJECHUIO YacTHL MPOAYKTa Ha
ITIOBEPXHOCTH U3JIy4aTesei.

W3 pacyeToB MOJyYEHBl YCIOBHUS MAaKCUMAJbHOTO OTPAXEHUS W3IIy4YCHHS:
paccrosiaue Mexay cetkamu —170 mm, nuamerp TpyOOK — 22 mm, pacCTOSHHE
MEXIy CeTKOoM M u3nmydartenem — 135 mm, paccTosiHHE MEXIY MOBEPXHOCTHIO
U3ITydaTess U HanOoJiee yIaJIeHHOW TOYKOM oTpaxkaTens — 22 mm.

[Ipu pacnonoxxkeHuu TpyOOK MapaIebHO C PACCTOSHUEM MEXKIYy HUMHU
400 mm nmoctUraeTcs paBHOMEPHOE O0JIy4eHHE U MaKCHUMAaJlbHOE HCIOJIb30BaHUE
M3JIy4arolle MOBEPXHOCTH.

B Tperpeli rmaBe guccepraliud  «IKCHEPHMMEHTAJBLHOE HCC/IeI0BAHUE
NPOLECCOB CYIIKH B ONBITHOH MO/JEJbHON YyCTAHOBKE) MOCBSLIEHA U3YUYECHHIO
TEIUIOTEXHUYECKUX  XapaKTepUCTHUK  COpOLMHM W JecopOuuu  KIyOHEel
TonuHamOypa: npu BakyyMHoOW HMK-cylike TenmiaoTexHUYecKas XapaKTepUCTHKA
TONMMHAMOYpa — y/ieJibHasi MOBEPXHOCTh KAUJUISIPOB — cocTaiseT 18,38 M2/ IpU
3TOM CyYMMAapHBIH 00BEM mOp Ui TomuHamOypa B ycnoBHsx BakyymHou HK-
cymku cocraun 0,440 cm’/r. JIns Apyroro mpeaMera MCCIENOBAHHS — IUIOOB
IIMIIOBHUKA — YCTAHOBJIEHO, YTO MpH BakyymMHoW MK-cylmike TemnorexHuueckas
XapaKTEepUCTHUKA IIMIOBHUKA — y/EJbHAsl MOBEPXHOCTh KalUJUIIPOB - COCTABIISET
12,30 M°/r; K 9TOM CyMMapHbIif 00BEM MOp IS 06pasia B YCIOBUSX BAKyyMHOI
MK-cymiky mumnoBHuKa coctaBi 0,390 cM/r.

1 - moamoH; 2 - BeChl ¢ TU(PPOBHIM
MHJIUKATOPOM; 3 - IOJICTaBKa; 4-ChIPbE;
S-tepmometp; 6-UK narpeBarens; 7-Bakyym-
Kamepa; 8-IyJIbT yIpaBJIeHUs; 9-BakyyMMETD;
10-BenTuinb; 11-Tenno000OMeHHUK;

12-pakyy™m- Hacoc

Puc.3. Cxema j1a6opaTopHOi IKCIEPUMEHTAIbHON YCTAHOBKH

Jlnst mpoBenieHrs SKCTIEPUMEHTAIBHBIX HCCIIEOBAaHUN OblJla M3TOTOBJICHA
YCTaHOBKAa — BaKyyM—CYIIWIbHBIA MIKad ¢ HWH(PPaKpaCHBIMU H3Iy4daTEIISIMHU,
MO3BOJIAIONIAS  MPOBOJUTH MPOIECC CYIMKH TPH  Pa3IMYHBIX  PEKUMHBIX
napaMerpax mnporekanus mporecca (puc.3). IlpoBoauiace cepusi OINBITOB IO
CHATUIO KPUBBIX CYIIKM KIyOHeH TomuHamOypa copta «Myxku3za» M TUIOJIOB
munoBHUKa. OYUICHHAS TPOIYKIMS HApPE3aeTCs C IOMOIIBI0 OBOIICPE3KH Ha
JOJIbKM TOJIIIMHOM 2 MM W pa3MENaeTcss Ha CIEIHAIbHBIX HEP>KaBEIOIINX
CETOUYHBIX TMOJJI0HAX, KOTOPHIE, B CBOIO 04epeb, momerniaroTcs B MK-cymmnbsaoM
mKkady — BHYTpH BakyyM-kKamepsl. J[Bepu BakyyM-Kamepbl YIUIOTHEHBI B
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3aKPBITOM TMOJOKEHUU, U BO3JyX BHYTPU KaMmMephbl C MOMOIIbIO BaKyyM-Hacoca
oTkauuBaetcs A0 -0,8 arm.; 3aTeM Ha TEPMOPETYJISTOPE YCTAHABIMBAIOT HYXHOE
3HaueHue Temmeparypbl, BkimodaroT HWK-cymmnibabii  mkad. CHavana
OCYUIIECTBJISIOT HENpEephIBHOE O0OJIyueHHe B TeyeHue 45 MUHYT, 3aTeM
MPOJIOJIKAIOT MPOLECC CYIIKA B JUCKPETHOM PEKHME, BKIIOUAKOT U3JIy4aTelIu B
TEUEHHUE 5 MUHYT, OTKIIOUYAIOT 25% wu3nydarenei — B TeueHue 15 muHyT. Takoii
UK TOBTOPSAIOT JO JOCTHXKEHHUS BJIAKHOCTH mpoaykta 12%. OOmiee Bpems
Cywku cocrasisgeT 10 4.

w,% 4 INepnoa nocTosEHOM Tepmox naxaromeit cropocTs
CKOPOCTH CyIIKH r-'

100 —

|
I
I
e
I
|
I
I

80 —

1-BakyymHas cymika ¢ UK HarpeBom
(temueparypa cymku 50 °C; Bakyym -0,8
aTM.); 2-BakyymHas cynika ¢ MK-narpeBom
(temueparypa cymku 65 °C; Bakyym -0,8
atM.); 3-BakyymHas cynika ¢ UK-HarpeBom
20 oo SRR S V4 g S RO (temmeparypa cymku 80 °C; Bakyym -0,8 atm.)
--------- A A LSne R e N Puc.4. KpuBble cynmiku KiyoHeit
T i T \ T | | > TonuHamMOypa copta «My:xku3a»

60

40 -

[leproa MOCTOSIHHOM CKOPOCTH CYIIKH TPOJOJDKACTCS J0 KPUTHYECKOIO
BIarocojgepxkanus W<, (puc.4, puc.9), TpPH KOTOPOM BHYTPH- H
BHemHe M Py3noHHoe  compoTuBieHUsT  paBHBL.  [loaTOMy  KpuUTHYECKoe
BJIArOCOJIep>KaHue MO>KHO OTIPEETSATh KaK CpeIHEUHTETpAIbHOE
BJIArOCOJIEp’)KaHUE MaTepuana, MpPH KOTOPOM Ha TIOBEPXHOCTH JIOCTHTAETCs
MaKCHMaJbHOE THTPOCKOMUYECKOE BIArOCOJEpKaHUE M HAYUHACTCS TEPHOT
najarouei CKOpOCTH CYIIKH (UM BTOPOU EPUO]T CYILIKH).

oc X 3 -

— . L6

1000 —

800

600

400

200 —

1 2 3 4 5 A, MEM

Puc.5. OnTumanbublii Bapuant UK- Puc.6. 3aBUCMMOCTb COXpaHEeHHSI HHYJIHHA
H3JIy4eHHs 1JIsl CYIIKH NPOJYKTOB 0T aTMOC()EePHOTo 1aBJEHUS U BpeMeHHU
npouecca Cymku (yciaoBus CyLIKH: 65 oc;
TOJIIIMHA TOJBKHU-2 MM)
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IIpu BbICOKOM Temmeparype HWK-
Jydyd OBIBAlOT KOPOTKUMH, a TMpU W< L2 3 45 6
Hu3kol  Temmeparype UK-nmyun —
mmnHse. IIpu Temmeparype 500-600 °C
UK-nyun  pocturaror  2,8-3  MKM.
JaHHas guMHA  BOJHBI  CUMTAETCS
ONTUMAJIbHBIM BapHaHTOM JJISI CYIIKH
IIPOAYKTa C IPHUMEPHOW TOJILIUHOU 2

Tomyuna cros,
e

b —
.
-
-]
=

12 wu

1-xpuBas cymiku oyek TonuHamoypa ¢ MK-
HarpeBoM; 2-KpHUBasi CylIKHA U3MEIbYEHHON
maccsl TonuHaMmOypa ¢ UK-narpesom; 3-
KpHBasi CyLIKH JI0JIEK TolnHamMOypa B
Bakyyme ¢ MK-HarpeBom; 4-kpuBast CyIIKH
____________ U3MeNbYEHHOM Macchl TonuHaMOypa B
. ! TR Tl n e Bakyyme ¢ MK-HarpeBoM; 5-kpuBas Cylmku
J0J1eK TonuHaMOypa B Bakyyme ¢ K-
HaArpeBOM M BO3JCHCTBUS BUOpanuu; 6-
KpUBas CyIIKH U3MEJIbYEHHON MacChl
tonuHaMmOypa B Bakyyme ¢ MK-HarpeBom u
BO3/1€HCTBUS BUOPALIUHU.
Puc.8. Kpusblie cymku KiyoHeit

MM (puc.5).

T T T T T T T T T T T T

1 2 3 H H 6 Higun

Puc.7. 3aBucumMocThb coxpaneHust
HUHYJHHA OT TOJIIMHbI HAPe3aHHBIX
KJIyOHel TonnHaAaMOypa U BpeMeHH
npouecca CymKu
(ycnoBus cymika: -0,8 atm., 65 OC)

Jlst mporieccoB cymiku KiyOHeW TonmmHamOypa BakyyMm B kamepe -0,8 atwm.
(puc.6) u onTUMaTbHAs TOJIIMHA HAPE3aHHOTO CII0s - 2 MM (puc.7).

OaHuM U3 croco0OB HMHTEHCU(UKAIIMK CYIIKH B CIIOE SBJISETCS BUOpaIus,
IPUMEHEHHAas NIPU MPOBEIECHUH SKCIIEPUMEHTOB I10 CYyILKe KIyOHel TonnHaMOypa
B BHUJE JIOJIGK M U3MeNbu€HHOM Macchl (puc.8). Ilpu stom 3ddeKkTUBHOCTH
o06e3BoKHBaHUs Bo3pacTaeT 10 40%.

Taxxe OB TPOBEACHBI OKCIEPUMEHTBI 1O  JTUCKPETHOW  CYIIKE
TOnMHaAMOypa M TIUIOAOB UIMIOBHUKA, OOECHeYMBABIIMX OOJBIION YPOBEHBb
coxpaneHnuss BAB - mo cpaBHEHHUIO C HEMPEPBHIBHBIM PEXUMOM M 0OecCTedeHHEM
HEOOXOJMMOTO YPOBHSI BIQXKHOCTH MPH TOBEPXHOCTHOM CJIo€ 00€3BOKHBAEMOTO
MaTepuaia

[Toxa3zaHo, 4YTO COXPAaHHOCTh WUHYJIMHA B COCTAaBE M3MEJIBbYEHHOW MAaCChl U3
KIyOHel TonmuHamOypa mpu cnocode BakyymHoil UK-cymike — 45,4 mr%, a us
noJiek KiryOHel TonuHamoypa — 38,75 mr%.

Jis modydeHus KayeCTBEHHOW MPOIYKIUU PEKOMEHJIYEeTCS HCIOIb30BaTh
dbopmy U3MeNbuUEHHON MacChI U CITOCO0 MH(MPAKPACHON BaKyyMHOM CYIIIKH.

bbuin mpoBeneHBl IKCIEPUMEHTANBHBIE HCCIIENOBAaHUS CYIIKM IJI0J0B
IIMIIOBHUKA Ha BaKyyM-HH(pakpacHoW ycrtaHoBke. Ilepen cymkoil muioabl
[IMIIOBHUKA TIATEIFHO OYHINAIOTCA OT MHOPOJHBIX BEIIECTB M MOIOTCA. 3aTeM
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IIMIIOBHUK PACKJIQJIIBAIOT HA IUIOCKOW TMOBEPXHOCTU CETOYHBIX TOJIJIOHOB.
HamnonHeHHbIe ChIpbeM MOJIIOHBI 3aKJIaIbIBAIOT B BAKyyM-KaMepy, BkitouaroT K-
HarpeB Ha pabouyro TeMmIiepaTypy Ipu Bakyyme B kamepe -0,8 atm. Cymky
MPOBOJISAT, YCTaHABIMBasg ONTUMAJIbHBIE PEXUMHBIC MapaMeTphbl Mpolecca |
HIMTIOBHUK O0E3BOKMBAETCS J10 BJIAXKHOCTH 12%; mpu 3TOM B COCTaBE ILIOJIOB
oOecrieuynBaeTcs BBICOKAsi COXPAHHOCTh BUTAMUHOB. Pe3ynbTaThl 3KCIIEPUMEHTOB
MIpe/ICTaBIICHBI Ha puc.9.

Tepuon nagmomeit

A -
o, H IMepuoz nocTosHHOM
W, % ] P CKOPOCTH CYIIKH

CKOPOCTH CYIITKH

80

1 2 3

60 1-akyymHuas cymika ¢ MUK-Harpesom

(remnepatypa cymku 80 oc; BakyyM -0,8 atm.);
2-BakyyMmHas cymka ¢ MK- Harpesom
(Temnepatypa cymku 65 oc; BakyyM -0,8 atm.);
3-BakyymHas cymka ¢ MK-narpesom
(Temnepatypa cymku S0 oc; BakyyM -0,8 aTm.)
T T ! T | > Puc.9. Kpusasi cymku njioaoB

' LHIUIIOBHUKA

40

20

Ha ocHoBe nccienoBaHuil Ipolecca CyIIKM IUIOJOB IIWIIOBHHUKA Pa3HBIMU
cnocobaMu Cymiku (CojHeuHas, KOHBeKTHBHas U BakyymHas MK-cymika) HaiineHn
palMOHAJIBHBIA BapuUaHT MPOLECcCca, O00ECIEeUNBAIOIINI BBICOKYIO COXPAaHHOCTh
BUTAMHHHOT'O COCTaBa IUIOJOB (B OCHOBHOM ACKOPOMHOBOM KHUCIJIOTHI), MTOKa3aHO
TaKxke, 4ro npu BakyyMHou UK-cymke — 3tot nmokazarens cocrasisiet 0,77 mMr%.
B cocraBe xe ¢pakuuyd ceMsH IUIOJ0B IIMNOBHUKA Mpu BakyyMHoN WMK-cymike
cozepkarcst ackopouHoBas kuciaora—4,0 mr%.

M3  KpUBBIX  CYyIIKM  ONPEACNWIM  ONTHUMAIbHYIO  TEMIeparypy,
IPOJOJKATEIBHOCT BPEMEHM CYIIKM IUIOJOB  IIMIOBHUKA; MpPU  3TOM
COXPAaHHOCTb CBOOOJHBIX OpPraHMYECKHUX KHUCJIOT B COCTaBE MSIKOTHU IIJIOJOB
HIUITOBHKKA ITpU BakyyMHo# MK-cyike cocraBuna 9,7 Mr%.

Pesynbrartel ;1a0OpaTOpHBIX  aHAJIM30B  IOKa3bIBalOT, 4YTO BO  BCEX
PacCCMOTPEHHBIX CIOCOOAaX CYUIKH B COCTaBE ChIPhSi MAaKCUMAJIbHO COXPAHSIOTCS
BUTAaMUHBl IUIOAOB IIMIIOBHHKA IPH HCIOJIb30BAHUM BaKyyM-MH(paKpacHOU
YCTaHOBKH.

u
[xa/xz]

0.8 S
S
N
\
06 \
\\ .
04 < //_
&‘

‘-k.-_\-

0.1 02 0.3 0.4 0,5 Nr
1-3kcnepumMeHTanbHas1, 2-pacueTHasl.
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Puc.10. O0001eHHbIEe KPUBbIE CYHIKH ISl HCCJIEAYyeMbIX MATEPHAJIOB

[Tonb3ysich COPOLMOHHBIMU M APYTHMH CBOMCTBAMU MAaTe€pUaioB (KiIyOHEW
TomMHaMOypa ¥ IJIOJOB IIUNOBHMKA) W TIO HW3BECTHOM METOAMKE CTPOUM
pacuyeTHyr0 OOOOILEHHYI0O KPUBYIO CYLIKH Ul MCCIEIyeMOro Marepuaia B
koopauHatax (U, N7), rme N-makcumanbHasi CKOPOCTh CYIIKU M CPABHHBAEM €€ C
0000IIIeHHOW KPUBOH CYIIIKH, TIOTYYCHHOH dKCIIEpUMEHTATBHBIM myTeM (puc.10).

Kak BumHo u3 puc.10, skcnepuMeHTanbHas W pacueTHas OOOOIICHHBIE
KPUBBIE CYIIKHM MPAKTUYECKHU COBMANAIOT U JUIsl KOHEYHOM TpeOyeMoil BIaXKHOCTH
maTepuana napamerp N7<l. B cOOTBETCTBHM € M3BECTHOM KJIaCCU(PUKALMOHHON
Tabyuiel BeIOupaeM crocod cymku B Bakyyme ¢ UK-u3myuenuem.

VYuuThiBas TEIUVIOTEXHUYECKUE NMPUHLHUIBI 0(QOPMIIEHUS HpOLEcCca CYIIKH U
IIPUHUMAasi BO BHUMAHUE OTPAHMYEHHUS TEXHOJOTHYECKOIO XapakTepa (MaTepHalibl
HE HMEIT TakuX  CHeuu(pUYECKUX  TEXHOJOTMYECKHX  CBOMCTB,  Kak
B3PBIBOONACHOCTD, JIMIYYECTh, Pa3pylIA€MOCTh), BBIOMPAEM KOHKPETHBIA THUI
CYIIWJIBHOTO anmapara-BaKyymHyto kamepy MK-n3nyuenus.

B derBeproil riaBe guccepraunu «Peajsm3anus mpoueccoB M anmnaparos
AJsl TeXHOJOTHM IepepaloTKH M CYLIIKH HCCIeAyeMbIX MAaTepHaJiOB B
NPOMBILICHHBIX YCJIOBUSIX» i1 MPOMBIIIICHHBIX YCIOBHM pa3paboTaHa
TEXHOJIOTUYECKasi JIMHUSA MepepadoTKu KiIyOHell TommHaMOypa U IUJIOJIOB
munoBHUkKa (puc.11).

1 ITomrorosxa 4 ITonroToBKa
IIPOHIBOACTE SHHEIX

ITogroToBKa

2 4.1 B3pemmHBaHHE
0CopyIOBAHHA

CHIPBST

4.2 Moiika B

COPTHPOBKA CBHIPBA

43 | OgHCTKA CEIPbA IloTepu

COKH B

KaHaATHIATHEO
4.4 Pe3ka CRIpbS

EBnara

4.5 | CYIIKA CRIPBA | = amochepy

TloTepa 1 TexXHONOTHIECKHE o

cTaaHHA

TloTepu 1.1 HzMensueHHE
CBIPEA
TOBLTE

3 IToaroTroRKa 4|
mepcoHana

le—
B atmocdepy 1.2 TIpoceHBanHe 5 Hozroroxka
YIIAKOBOTHBIX
CHIPBS )
epHAIOR
YMO 1 DacoBKa H IToTepu
| [oTepu | YHAaKOBKA
Omxon s
xamamEIanEES
v
|YMO | @acoBKa | | YMO YnakoBka | VMO |Map1a(rp031ca|
1 1.2 13

1.
I

h 4
il—Ia CKJIAJ TOTOBO npo;lyxal;mli
Puc.11. TexHonoruueckasi cxema npou3BoACTBa KJIyOHell TonuHaMOypa
U IJI0/I0B IIMIIOBHUKA

B nanHO# TexHONOrM4Yeckor JIMHUM onepanuu 4.2 u 4.4 OTKIIOYAKOTCS BO
BpeMs MepepabOTKHU IJ10/10B IIMTTOBHUKA.

CxeMa pa3pabOTaHHOW OMNBITHO-MPOMBIIIJIEHHON BaKyyM-paJuallMOHHON
CYLUMJIBHOM YCTAaHOBKM IpuBeAeHa Ha puc.12. BeicymmuBaeMmblii maTtepuan
IIPEABAPUTEILHO IIOMELIAETCd HAa CETKY MEXAY HarpeBaTeIbHbIMU IUIUTAMU.

51



ITocne BaKyyMHUPOBAHHA YCTAHOBKHW OT HArpCBATCIIbHBIX 3JICMCHTOB K BJIA)KHOMY
MaTrepuainy I1moaacTCsa TCIJIOBasd OHCPIHUA B KOJHUYCCTBC, H€O6XOI[I/IMOM JJIs1
HUCIIAapCHUA BJIAI'd. HapBI BOJbI IICPEMCIIAIOTCA OT MATCpHAIa K OXHa}KI[aGMOﬁ
IMOBCPXHOCTU KOHACHCATOPA, KOHACHCHUPYIOTCA WU YaCTHYHO OTBOJATCA BMCECTC C
HCKOHACHCHUPYCMBIMH TI'da3aMH BaKyyM-HACOCOM. I[JISI oOecrneueHus HOPMAJIBHOT'O
IMPOTCKAHUA IIPpoIccCa B TaKOM CHUCTEME HGO6XOI[I/IMO Co3aaThb IICPCIIajg ,ZIaBJ'IeHI/Iﬁ
BOIAHOTIO IIapa MCIKIY CYHII/IJIKOI\/’I N KOHACHCATOPOM.

1-Bakyym kamepa; 2-TeII000MEHHUK;

= —Ir 3 3-nepensrxHoi UK-cymmmpHbIi mkad;
2 ! 774 4-tenexka; S-1OI0OH JJIs
707 | 5 nepepadaThIBAEMOTO ChIPhs; 6-BaKyyM-HacoC C
oz =N - - A AJIEKTPOBUTATENSIMH; 7-0JI0K yIpaBlIeHUS;

9 3 EE 8-1yTh [ TEJIEKKH BBIKATHOM;
5 i L\ 9-TepMonapa i U3MEpEHus

4 v temrepatypsl; 10-manomerp; 11-pykas
BBICOKOTO JaBiieHHs; 12-KpaHUK BITycKa
BO3/1yXa; 13- kpaHuK BblllycKa KoHJieHcaTa; 14-MK-u3nydarens

Puc.12. JxcnpuMeHTAIbHASI ONBITHO-MPOMBINLIEHHAS] BAKYYM-CYIIWJIbHASA
YCTAHOBKA ¢ HH(PPAKPACHBIM H3JIy4YeHUEeM

JInst co3anusi TEXHOJIOTMYECKOM CXeMbl iepepaboTKu KiyOHel TonnHaMOypa
U TIJI0/IOB IIUIIOBHUKA HAMU OBLIO pa3paboTaHO BCIIOMOTaTeibHOE 000PY/I0BAHHUE.

CylIeHsIi 110/ IMUITOBHUKA U3MENBYACTCS, MOMYYEHHAS! CMECh Pa3AesaeTCs
MPEIOKEHHBIM a3POAMHAMUYECKUM CETapaTopoM.

PazpabotanHasi MenpHMIIA C CHCTEMON OXJAXJEHUS KOpIyca XOJIOTHOM
BOJION M BO3/IyXa CHA0XeHa JOTOJHUTEIHBHOM MOJIOCTHIO.

Texnonornyeckas nuHus BHeapeHa B OOO «/lopuBop ycumnukiap» u
CHEIUATN3UPOBAHHOM TOCYapCTBEHHOM JIECHOM XO3s1iiCTBE MMeHU AOy A nOH
Cuno (puc.l11). Ilpu 3TOM B TEXHOJIOTUYECKON JMHUU JOCTUTHYT BBIMYCK
KaueCTBEHHOW KOHEYHOW MPOIYKIMHU; o0ecreueHa paBHOMEpHAas CYIIKa ChIPhS; 3a
C4€T KOMIUIEKCHOW TepepadOTKX TOBBIIIEHA MPOU3BOAUTEILHOCTh, YBEIWYEHA
HAJISKHOCTh 000PYI0BaHUS, YMEHBIICHBI TOTEPU CHIPS, CHUKEHA TPYIOEMKOCTh
orepaiiuii, Co3JjaHbl HOBbIE pabouue MecTa.

3AK/TIOYEHHE

1. Ilpoananu3upoBaHO COBPEMEHHOE COCTOSIHME TEOPUHU U TIPAKTUKH CYIIKU U
TEIJIOBOM aKTUBAIIMHU CEIbCKOXO3SMCTBEHHOW MPOIYKIIMHU KIyOHEW TonmruHamOypa
Y TUTO/IOB IITMUTIOBHUKA M BBISIBIICHBI TCHIACHIIMH WX JAbHEHIIIETO HHHOBAIMOHHOTO
pa3BUTHUA H COBEPIICHCTBOBaHUS. PaccMOTpeHBl COBpeMEHHBIE, Hambosee
pacnpocTpaHEHHbIE MPOLIECCHl W ammaparbl JUid KOMIUIEKCHON mepepaboTKu
KIyOHel TonuHamMOypa U 1mi1o0B munoBHUKa. [loka3aHo, 4TO B KaueCTBE OJHOTO
u3 HauOoyiee MNPEANOYTUTENBHBIX CIIOCOOOB CYIIKM NPOAYKTOB  KIIyOHEH
TonmuHaMOypa W TUIOJOB IHMoOBHUKA BeicTymaer MK-narpeB oOpabatpiBaemMoro
CBIPbS B COYETAHUM C PA3TMYHBIMU TEXHOJOTUUYECKHUMH MPHEMaMU TMOBBIIICHUS
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3¢ (HEeKTUBHOCTH Tpoliecca 00e3BOKUBAHMS KaMJUIIPHO-TTIOPUCTHIX MaTEpUaJIOB -
KJIyOHeM TonnHaMOypa U TUI0JI0B IIMITIOBHUKA.

2. Pa3zpaborana u ¢dopmain3zoBaHa MaTeMaTU4yecKas MOJENb MepeMelIeHUs
BJIalM B KaNWUISIPHBIX TOpax MCCIEAYEMBbIX MaTE€pUaIOB M IOKa3aHa
HE0OXOMMOCTb y4eTa BHYTPEHHETO MepepacipeiesieHns pACTBOPEHHBIX BELIECTB,
a TaK)K€ BBISBJICHBI 3aKOHOMEPHOCTU AUHAMUKHU MPOLIECCA CYLIKU MPHU 3aJIaHHBIX
HAYaJIbHBIX YCJIOBUSAX C COIYTCTBYIOLUIUMU SBJICHUSIMU COPOIIMU U JAECOPOIIMHU BO
BHYTPEHHHUX CTPYKTypax CTEHOK KaNWUISIPHBIX KaHAJIOB. OTH SIBIICHUS HUMEIOT
MECTO B XOJI€ OOBEMHOr0 HUCHApPEHHs BJArv, COIMPOBOXKIAEMOIO TI'PATUEHTOM
BJI&XHOCTH HCIIAPEHHUs, 4YTO, B CBOIO O4YEpEnb, IPUBOAUT K PACCIOCHHIO
KPUCTAJTM30BAaHHBIX U aJICOPOMPOBAHHBIX BellecTB. V3ydueHbl HEMUHEIHBIE CBS3U
MEXKIy JAaBJICHHEM BHYTPU KalWUIAPOB, THAPOJUHAMHUYECKOM CKOPOCTBIO
JIBW>KECHUS, TEMIIEPATYPO, a TAKKE IJIOTHOCTBIO UCIIBITYEMOIO MATEPHAIIA.

3. TlpoBeneHbl HKCIIEPUMEHTHI IO M3YYECHHUIO BIIUSAHMS BHEITHUX (HaKTOPOB
(MK-BonHbI, BUOpalus, ypOBEHb BaKyyma) Ha TpOIECC CYIIKH. BrimoaHeHa
napaMeTpuyeckas uAeHTUDUKALIS KOPPEISIUOHHBIX K03 pUIIEeHTOB
MaTeMaTUYeCKOM MOJEIM M OCYIIECTBICHa 00paboTkKa H3KCIEePUMEHTATBHBIX
CTATUCTUYECKUX TAHHBIX.

4. BrplsiBIeHa 3aBUCUMOCTb MOITHOCTH OOJYYEHHUSI OT PACCTOSIHUS MEXKIY
00€3BOKMBAEMBIM OOBEKTOM M M3Iy4aTeJIsIMU, a TaKKe MEXKIy COOCTBEHHO
U3NIydaTeasiMd M ONpENEJeHbl  CHOCOOBI  JIOCTMKEHUS  PAaBHOMEPHOIO
pacnpeneneHuss HHPpakpacHOro oOJdydyeHHs B 00beMe 00€3BOKMBAEMBIX
MPOAYKTOB €  TIOMOIIBK)  JJIEMEHTOB-OTPAXaTeJIe  COOTBETCTBYIOLIECH
KOH(Urypanuu B BakyyM-cylmmibHoi yctaHoBke ¢ K- HarpeBom.

5. VYCTaHOBIEHBl XapaKTEPUCTUKU COpOUMU U JecopOuuu KiIyOHEel
TONMMHAMOYpa: yJeiabHasi MOBEPXHOCTh KamuJUISIpOB cocTaBisier 18,38 Mo/, IpU
ATOM CYMMapHBIM 00BEM MOp Mg TomMHamMOypa B ycloBusx BakyymHou WK-
cymkn cocraBuser 0,440 cm/r. JIns IUIONOB INMIOBHHKA XapaKTEPHUCTHKH
COpOLIMM W JIeCOpOIMU: yACIbHAs IMOBEPXHOCTh KamWUIIPOB coctariser 12,30
M°/T, TIPH 3TOM CyMMapHBIi 066EM mop coctasmsier 0,390 cm™/r.

6. Ilo pesynbpTaTam UCCIEAOBAHMS TEIUIOTEXHUYECKUX M COPOIIMOHHBIX
CBOWCTB BBICYLIMBAEMOW MPOAYKLIHMHU OIPEIACICHbI: JONMYyCTUMAas TEMIIEpaTypa,
BpeMsl CYIIKM M BaKyyM-CylinibHas ycraHoBka ¢ MK-uznyuenunem. Ha ocHoBe
pPE3yNbTATOB SKCIEPUMEHTAIBHBIX HCCIEAOBaHUI Ha Ja0OPAaTOPHON YCTaHOBKE
pa3paboTaHa METOAMKA pacueTa MPOMBIILICHHOW BaKyyM-CYIIUJIBHONW YCTaHOBKH
¢ UK-u3nyuyarenem.

7. YCTaHOBJEHO, YTO ONTHUMAaJIbHAsl TOJIIMHA CJIOS MPOAYKLIUU COCTaBIISIET
okoJi0 2-2,5 MMm. Ilpu Gombiieil TonmmHe cinost NpoAyKIus ciaabo HarpeBaeTcs, U
BpEMSI CYIIIKH CYIIECTBEHHO YBEIIMYUBACTCS, PU MEHBIIEH TOJIIUHE - TPOIYKIHS
HarpeBaeTcs 10 HEAOMYCTUMBIX TEMIIEPATYP.

8. [Ilokazano, uro gusa mpomecca WK-cymku mmomoB  HEOOX0IuMO
ONITUMH3UPOBATh BEJIMUMHY TMOJBOJAMUMON MOIIHOCTH TaK, YTOOBI TUIOJBI OBICTPO
00€3BOKMBAIMCH, HO TIPM OSTOM HE HATrPEBAIUCh JIO0 TEMIIEPATypbl TOTEPH
MOJIE3HBIX MUIIEBbIX CBOMCTB. YCTAaHOBJIEHA ONTUMAJIbHAS JIJIMHA BOJH B 3 MKM

JUISL CJIOS TOJMIMHOW 2-2,5 MM, TPU 5TOM BpeMs OOE3BOKMBAHHS TPOTYKIIAN
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COCTaBJISIET AOMYCTUMYIO BEJIMYUHY, a TEMIIepaTypa II0J0B He mpeBbimaet 65-70
°C, BAaKyyM IPU 3TOM cocTaBisieT -0,8 aTm.

9. B pe3ynbrare 3KCIEpUMEHTAILHOTO UCCIIEIOBAHUS BIUSHUS BUOpaluu Ha
TEXHOJIOTUYECKHI  MpoIlecC  CYHIKA  YCTaHOBIEHO, 4TO 3((PEKTUBHOCTH
o0Oe3BokuBaHUsT Bo3pactaeT A0 40% B yCIOBHUSX HENPEPHIBHOTO HAarpeBa - IMpHU
OTIpEeJICTICHHONW YacToTe W aMIumuTyae. [lokazaHo, 4TO COXpaHHOCTh WHYJIMHA B
COCTaBe U3MEIBLYEHHOM MacChl U3 KIIyOHEH TonrHaMOypa Mpu crnocode BaKyyMHOM
UK-cymku — 45,4 mr%, a monex u3 kiyoHer tomuHamOypa — 38,75 mr%. Ilpu
3TOM COXPAHHOCTh ACKOPOMHOBOM KMCJIOTHI B COCTaBE MSIKOTH IIJI0JIOB IIUTTOBHUKA
npu BakyymHou MK-cymike cocrapnsier 0,77 mr%. B coctaBe ke ¢pakiuu ceMsH
IUTOZIOB IIMIIOBHUKA COJEPXKUTCSA acKOpOMHOBasi KucioTra mpu BakyymHoi NK-
cymike —4,0 Mr%.

10. B pe3ynbraTe NpPOBEIECHHBIX HMCCIIEIOBAHUN YCTAHOBJICHO, YTO KIyOHH
TOMMHAMOYypa U IUIO/bI IIUIIOBHUKA, BBICYIICHHBIE B BakyyM - ammapare ¢ MK —
HHEPronoBOJOM, HMEIOT BBICOKYIO IHUUIIEBYHD M SHEPIETHUECKYIO LIEHHOCTb.
Hcnons3oBanne HMK-sHeprum B mpolecce CyHIKH HOPUBOAUT HE TOJBKO K
YBEIIMYEHHUIO TPOU3BOJUTEIBHOCTA U COKPAILIEHWIO »HEpro3arpar, HO U
CIIOCOOCTBYET COXPAHEHHWIO TOJIHOIEHHOTO COCTaBa BUTAaMHUHOB U JIPYTUX
OMOJOTUYECKU AKTUBHBIX BEHIECTB (MHYJIMH M acCKOpOMHOBas KHUCJIOTa) B
KOHEYHOM IIPOAYKTE.

11. MonepHu3npoBaHa TEXHOJOTUYECKAs! JINHUS KOMIUIEKCHOM mepepadoTKu
BBICYIIIEHHOTO W Mepepad0TaHHOIO B MOPOIIOK TONMHAMOYpa, OTIMYAIOIIAsICS
IPUMEHEHUEM HH(PPAKPACHOTO BaKYyMHOTO CYHIMJIBHOTO ammapara, MOJIOTKOBOM
MEJBHULBI ISl TIOJYy4EHHsS] MOPOLIKA M3 BBICYHIEHHOTO TonuHamOypa. /[lns
paznenieHuss Ha Qpakuuu (MSKOTh, CEMEHa, IMyX) HW3MEJIbYEHHBIX IIJI0JIOB
IIMTOBHUKA pa3pabdoTaH a’dpoJMHaMH4YecKuil cenaparop. Ha ocHoBe mosy4eHHBIX
pEe3yNbTaTOB pa3pabOTaH TEXHOJOTUYECKUM pErjlaMeHT Ha TMPOU3BOJICTBO
MOPOIIIKa U3 KIIyOHE# TonnHaMOypa copTa « Myku3a» U MIOJ0B IUITOBHUKA.

12. Pa3paboTku W peKOMEHAAIMU JHUCCEPTAlMU 10 TEXHOJOTHUHU
nepepadoTKku KiayOHeW TomuHamOypa U TUIOJOB IIMIIOBHHUKA TMPU COXPAHCHHUH
OMOJIOTUYECKU aKTUBHBIX BEIIECTB BHEAPEHHBI B [ OCY/IapCTBEHHOM aKIIMOHEPHOM
KOHIIEpHE  «Y3(hapMcaHoaT» ¥ NPSANPHATHSIX, BXOIAMKX B  CHCTEMY
MuHuCcTEpCTBA CEJIHCKOTO M BOJHOTO XO03siicTBa (crpaBka I'ocyaapCTBEHHOIO
AKIMOHEPHOTO KOHIIepHa «Y3dapmcanoar» ot 11.30.2015 roga NeMJI-06/1868 u
MuHHCTEpPCTBA CEIIBCKOT0 U BOJHOTO X03sicTBa oT 10.09.2015 roga Ne06/14-893).
B pesynbTaTe nmpuUMEHEHUs TEXHOJOTUM CYIIKH B Bakyyme ¢ UK-uznydenuem
MPOU3BOJIUTEIIBHOCTh TMOBBICKIach B 1,2 pa3a, B cpeaHeM 3a roja oOmas
sKOHOMHUYEcKask 3P (PEKTUBHOCTH cocTaBmiia 233 MITH. CyM.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. Today
throughout the world food and pharmaceutical industry one of the important
tasks is considered to provide the population with foods and food safety.
Prospects of development of the implementation of innovative technologies of
food and medicinal plants for the purpose of preserving high-quality processing of
biologically active substances has become increasingly important. Including for the
creation of competitive high-quality products of different kinds of domestic and
foreign markets need to introduce new technologies into production. In this regard,
the countries of the world are carried out research improve the production of clean
and waste-free technologies, obtaining of products of various types and extensive
use of them in the industrial sectors. One of the sources of such products are the
tubers of jerusalem artichoke and rose hips.

In recent years, the cultivation of tubers of jerusalem artichoke and rosehip
paid much attention. Rosehip like fruits and artichoke as a root plant - well
adapted to the environmental conditions are rare chemical properties, low-cost
manufacturer, versatile in use, resistant to diseases and pests. Tubers of
jerusalem artichoke and rose hips are considered perennial rose herbs. jerusalem
artichoke tubers are rich in inulin, and rose hips are rich in ascorbic acid, so
these plants are widely used in the food and pharmaceutical industries as a
bioactive food additive. Since the raw material can not be stored for long
periods, it is required to rework retaining bioactive substance.

Tubers of jerusalem artichoke and rose hips as they have complicated floor
dispersion includes in its composition sugars, organic acids, salts, minerals,
inulin, macro and micronutrients, cellulose (Compound sostayat from the plant
cells), pectin, vitamins, essential oils, starch, carbohydrates, protein, amino
acids and other substances considered important to process while maintaining
their properties. In the process of evaporation and dehydration products of
coagulated protein, pectin decomposes, sweeteners caramelizing and form of
other physical and chemical processes. During the processing the higher the
temperature the higher the activity and chemical processes that result in the
decomposition of biologically active substances.

In this regard requires improved product quality, reduce time and labor
costs and the improvement of basic technological processes and devices in the
processing of raw materials.

This research work is to some extent for the implementation of the tasks
defined by the Resolution of the President of the Republic of Uzbekistan from
26 january 2009 year NePP-1047 «On additional measures to increase food
production and saturation of the domestic market» and Resolution of the
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President of the Republic of Uzbekistan dated 31 october 2011 year NePP-1633
«On measures to further improve the management of the organization and
development of the food industry of the republic in 2012-2015».

Relevant research priority areas of science and developing technology of
the republic. This work was performed in accordance with the priority directions
of science and technology of the republic: Ne 5. «Agriculture, biotechnology,
ecology and preservation of the environment» and Ne 6. «Medicine and
pharmacology», PIP-9 «Creating a high performance ecologically cleaner
technologies in agricultural production, methods of their storage, processing and
means of combating diseases and pests» and PIP-11 «Development of highly
effective technologies production of new pharmaceuticals on local natural and
synthetic raw materialsy.

A review of international research on the topic of dissertation.
According to the methods of drying capillary porous foods and preserve their
biologically active substances, as well as the methods of mathematical modeling
and the development of devices and technology research carried out in many
leading universities and research institutions, including, University of Georgia
(USA), Laval University (Canada), Technical University of Berlin u German
Institute of Food Technologies (Germany), Federal University of Santa Catarina
(Brazil), University of Extremadura (Spain), Ataturk University u Middle East
Technical University (Turkey), Mutah University (HMopnanus), 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).

To increase the effectiveness of the drying process for the production of
quality products has received a number of scientific and practical results,
including drying plants and fruit in the open air and the determination of physical
and chemical changes (University of Georgia); drying on developing food
products using hot air and cooling (Laval University); determined methods for
functional foods by drying by physico-chemical properties of fruits, vegetables
and plants (Technical University of Berlin and German Institute of Food
Technologies); studied the effect of the vacuum on the product drying process
(Federal University of Santa Catarina); determine the influence of infrared rays
in the drying process (University of Extremadura); determined preservation of
ascorbic acid in the rose hips during the drying process (Ataturk University);
developed a method for drying of jerusalem artichoke using ultra microwaves
(Middle East Technical University); perfected grinding process raw material mill
(Mutah University); developed drying installation with a hot air stream drying
technology and rose hips (National University of La Plata); determine the quality
of jerusalem artichoke change during processing and storage (Aleksandras

Stulginskis University).
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Currently, for the production of functional foods in the world scientific
works carried out in the priority fields, including: preservation of the quality of
the product by drying; products drying using infrared rays; the development of
food products with a high content of biologically active substances; improving
the process of drying products (convective, conductive, infrared, ultra high
frequency); determining the internal pressure of the drying chamber
(atmospheric, vacuum, freeze); development of movement techniques of drying
agent (natural, artificial); improvement of methods of drying dewatered by type
of product (solid, liquid and paste).

The degree of stady of the problem. Historical research, devoted to the
subject, held scholars such as Likov A.V., Ginzburg A.S., llyasov R.,
Levitin 1.B., Salimov Z.S., Safarov O.F. These studies have been conducted to
study the theory of the drying process, the influence of infrared light on this
process.

In the various regions of the world were carried out research for the
production of bioactive products with the quality and perfection of the drying
process: Paes S., Karacabey E., Ben Ch.M., Natalia A., Ghaid Jameel Al-
Rabadi, Ghiaus A.G., Marquez C., Saliha Erenturk, A.Ruiz Celma, Ratti C.,
Kunzek H., Veerachandra K. and others.

According to the methods of drying materials, heat exchange processes,
improve the installation and the drying process and obtaining a quality product
performed Research activity: Altuxov 1.V., Shazzo R.l., Zuev |.A., Lebedev
P.D., Artikov A.A., Dodaev Q.O., Jurayev X.F., Iskandarov Z.S., Muxiddinov
J.N., Muxamedov B.Il., Norkulova K.T., Nurmuxamedov R.X., Shaymardanov
B.P., Yusupbekov N.R. For obtaining products containing biologically active
substances, it is necessary to improve the processes and apparatus. At the
present time acquires actuality to provide an improved integrated technological
system of processing of jerusalem artichoke tubers and fruits rose hips at
preservation and high content of bioactive substances.

Communacation of the theme of dissertation with the scientific-
research works of higher educational institution, which is the dissertation
conducted in: Contact of this dissertation work with the research work of the
Tashkent state technical university is reflected in the following projects:
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).
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The aim of research work is the improvement of the development of
technology for the processing of jerusalem artichoke tubers and rosehip using a
vacuum dryer with infrared heating, providing increased energy efficiency and
technology of installation and preservation of biologically active substances.

The tasks of research work:

critical study of the theory and technology of food processing (jerusalem
artichoke tubers and rosehip) today, and the creation of installation and
technologies for the processing of the investigational product dehydration the
studied product and the definition of the main indicators for the technology
created,

develop effective technological scheme of processing of the tubers of
jerusalem artichoke and rose hips;

explore the types of moisture due to the materials and determine the
technological, mechanical, chemical, food, thermal, and biological properties of
tubers of jerusalem artichoke and rose hips;

develop heat exchange regularities during the drying process, taking into
account the dynamics of nonlinear phenomena and thermal infrared radiant
heating and the thermal activation of the materials;

develop the mathematical model of the motion of moisture in the capillary
pores of the materials distribution of trace elements in food process in their
drying;

carry out modeling and optimize the radiation dewatering process by
drying the tubers of jerusalem artichoke and rose hips and offer methods for
calculating the rational choice of the IR emitters, location in an oven;

develop and establish pilot commercial vacuum drying installation with
infrared heating for the study of jerusalem artichoke tubers drying process and
rose hips with the definition of effective technological modes in accordance
with biotech feed heating conditions;

refine nodes vacuum dryer with infrared heating and define rational modes
of radiation in order 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;

developed a processing of technology of jerusalem artichoke tubers and
rose hips and create pilot production mill the purpose of obtaining the powder of
dried tubers of jerusalem artichoke and rose hips with an aerodynamic
separator;

implementation the development in commercial production obtained during
the execution results of the dissertation and recommendations.

The object of the research work it is a technology for processing of
jerusalem artichoke tubers and rose hips - products of agriculture and forestry to
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ensure the safety of biologically active substances during the processing and
drying with minimal time and energy costs.

The subject of the research work consists of a vacuum dryer with IR
radiation, regularities peculiar to dehydration, drying equipment and
technology.

Methods of research work. The dissertation applied the chemical and
food technology processes and devices, methods of mathematical modeling and
measuring and control instruments for process optimization.

Scientific novelty of the research work is as follows:

created energy-efficient technology for processing of jerusalem artichoke
tubers and rose hips, defined chemical, heat-technical and biological properties;

developed the optimal way vacuum drying with infrared radiation using a
nonlinear dynamic model of the form process for the processing of jerusalem
artichoke tubers and rose hips on the basis of technological drying regularities;

proposed technological scheme which enables the creation of efficient
processing of process and increasing the accuracy of calculating coefficients, as
defined properties of nonlinear propagation of heat during the drying process
discrete;

developed technological regime to obtain bioactive supplements in the
product moisture migration and micronutrients moving in one direction in the
capillaries by controlling the drying process;

developed providing completely equitable propagation of infrared rays
within the capillary porous materials by means of special reflectors in the drying
installation and power irradiation depends on the distance to the emitter of the
product, the optimal thickness of band wavelength and product;

developed a technology for producing a powder using a new type of mill
with a cooling system as defined by the vacuum pressure and the optimum
temperature in a vacuum drying unit with infrared radiation for drying the
tubers of jerusalem artichoke and rose hips with preservation of bioactive
substances.

Practical results of the work:

develop technological device using the vacuum, infrared rays to produce
high-quality finished products on the basis of theoretical and practical research;

developed vacuum dryer with infrared heating on the basis the received
scientific results;

determining the acceleration of the drying process up to 40% with the use
of vibration;

used the results to create installations in the food and pharmaceutical
industries, in farming and forestry;

proposed method of in drying technology is different in that it is an
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economic side is much cheaper than the other, the energy consumed is small for
the wet unit;

defined 3-4 times greater preservation of the content of inulin — 45,4 mg%
in the dried powder of jerusalem artichoke and 0,77 mg% of ascorbic acid in the
dried rose hips powder;

program was developed a mathematical model for the drying process in the
program C-++ Builder 6.0;

developed of technical conditions for the use of a vacuum infrared drying
installation;

developed for use in production and approved by the SJIC «Uzfarmsanoaty»
temporary recommended technological regulations for production of powder
from the tubers of jerusalem artichoke varieties «Muzhizay and rose hips.

The reliability of the results. Reliability optimization of drying
technology research results and methods of mathematical modeling, developed
justification for proposals for improving the drying of plant origin of raw
materials technology in accordance with the suggestions and recommendations,
later introduced into practice, the results have been confirmed by the authority
structures.

Theoretical and practical significance of the study.

The scientific importance of the research results is determined based on the
results of processing of the tubers of jerusalem artichoke and rose hips using a
vacuum with infrared heating to the conservation of biological active substances
to improve technology in the direction of the process of social modernization.

The practical significance of the work is the result of the application of
technological lines for the processing of the tubers of jerusalem artichoke and
rose hips with preservation of biological active substances in the product and by
minimizing losses during the processing of raw materials, which increases the
power efficiency of industrial production.

Implementation of the research results. 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 «Uzfarmsanoaty» from
30.11.2015 vyear MJ-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 research results are set out in the
form of lectures and passed approbation by 25 international and republican
scientific-practical conferences, including, «Innovation» (Tashkent, 2007-2009,
2014, 2015); «High Technologies of XXI Century» (Moscow, 2008);
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«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 thesis topic published
2 monograph, of recommended scientific editions for publication of basic
scientific results of doctoral dissertations by Supreme attestation commission of
the Republic of Uzbekistan 7 scientific articles and 7 international journals. A
total of 42 scientific papers. Received patents for 1 inventions.

The structure and volume of the thesis. The dissertation consists of an
introduction; four chapters, a conclusion, references and appendices. The size of
the research is 195 pages, includes 45 figure and 25 tables. In this research,
243 works and articles were used, as well as appendixes.
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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 «Development of mathematical modeling of
processes of drying 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 thesis presented material and heat balances of the drying process. In
assessing the Kkinetic constants used a drying curve, obtained by experimental
techniques, and presented as a dependency of moisture content of u on time t (or
drying speed du/dz from 7).

Are several known approaches to the formalization of the mechanism of
transfer of moisture from the volume of raw materials in the ambient air, using
or ignoring the idea of moving particles within the evaporation front: diffusion,
capillary and free.

In considering the period of constant rate drying hold the view that at the
particle surface takes place the phase equilibrium state at which the particles of
the material surrounded by the polyethylene material moisture. The air above
the last is in a saturation state, and hence has a temperature of wet bulb. In this
case, the drying rate is determined by the psychometrics data, the state of the
external environment and conditions of dehydration, and the full flow of water
is expressed by the volumetric mass-transfer coefficient g, :

—du/dz = j=const =B, (X, —X) =B, (X" —X), (1)
where x. - humidity of the air kg/kg at the boundary of the particle to be

considered equal to the equilibrium moisture content x*; x - humidity of the air
in the volume of the continuous phase.

From these experimental methods of the flow of moisture (min™) at
different values of the temperature coefficient can be found of humidity 4 in

the form slope of the curve in the first period of drying:

By = 11X =X). (2)
The partial vapor pressure P at different T can be found from the
corresponding tables, and the mole fractions of m is determined as the
m =R"/Py: m=Rip/P,, 3)
where P,, - atmospheric pressure (760 mm Hg); ¢ - relative humidity,
estimated by the ambient temperature 7, and wet bulb temperature 7,,.
In this case humidity X~ and x be expressed both
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Mo 4)
Mair (1_m )

X= Mg M , (5)
Mair (1_m)

where M, - the molecular weight of water; M, - molecular weight of air.
The mathematical processing of the experimental data obtained at different
temperatures, usually expressed dependence g, = f(T).

Critical time, that corresponds the completion of the first drying period is
determined by the equation:

Tyr = Uy —Uyg) / ] (6)
The second period of the drying process begins when the critical moisture
content u,,, at which on the surface of the material forms a kind of dry islands.

If we assume that all the pores in the particle and moisture in them are uniformly
distributed and assume that in this period of mass transfer resistance is entirely
concentrated within the volume of the material and the moisture supplied to the
surface of the particles of the raw material is discharged immediately, the
mechanism of mass transfer can be formalized in spherical coordinates with non-
stationary diffusion equation:

2
ga_u: Def (a—li+ga_u) (7)
ot op~ pop
Here u - the moisture content of the material at the time t on distance p
from the center of the particle; ¢ - porous particles; D, - generalized averaged
diffusion coefficient.
Here the initial and boundary conditions are expressed as follows:

7 =0, 0< p<R, U = Uyp,
=R, u=u,,
>0, P "
p =0, du/dp =0.

(8)

Here 7=0 denotes the start of the second period of drying, u, characterizes
the moisture content at the border, the equilibrium moisture content in the
ambient air.

Following the Fourier method, the solution of equation (7) can be
represented as the product of two independent functions, one of which depends
only on time, and the second - only the coordinates, ie.

y(z, p)=T(z)R(p) (9)
or

2 2
1N 7OR 2R _@R 2R, (10)

D or op®> p Op op® pop
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Thus, shifting to the left side of the equation all the members, depending on
the time and in the right-hand side - all the members, depending on the location,
we find that each of the parts must be equal to a constant:

1107 1 82R 2R

—=—== =-A. (11)
DTor R 9p° p 8,0
From the last two equalities follow equation.
Referring to each of them individually:
2
IR, 2R IR-0, (12)
p* pop
We carry out a change of variable v = pR. The result is:
2 2
dv _R4 dR d*v dl?2<+pd F22+d_R, (13)
d,o dp dp®> dp do® dp
d?v _idl_,_ 1%
2 p—
dp> pdp p 2dv/dp V/p+21:0. (14)
p+l p p p
Next up to the following system of equations:
d?v
dp’
VvV |p:0: O’ (15)
v|],:=0,
Let us analyze the possible values 4:
A) >0, K2+ A=0; k, =+J/- 1 =+i/A. (16)
Hence it follows that
v=a cos/Ap+bsin/ip. (17)
From the boundary conditions follows:
sin/4, R, =0. (18)

Ultimately the eigenfunctions functions v, and eigenvalues of the A are
respectively expressed

v =sin 2 zn:(@), (19)
R0 R0
y = ZC exp( bn’z J/p‘lsin pm. (20)
RO RO
B) 2=0, d’v/dp*=0, k*=0,
v=ap+b,b=0, aR, =0:>a—0 (21)
V) 1<0,k*= l,k12—+\/> y=ael" +pe ",
p=0,0=a+b=a=-b (22)

p=R, 0=ael"® _ge " gl _ gt (23)
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JAR, ==JJAR, = A =0. (24)
There is an obvious contradiction: a=-b=0
2) Solve the second equation:
147, PN dT,
DT, dr dr
To estimate the coefficients using the initial condition
7=0, y=Ugg —Ug. (26)

Combining the a decision, have

2
0

"~ DT, T _exp(— bn'z Tj. (25)

— 2Ro (= 1)n+1 _ 7N 27
y = (Ugg — Z exp(-Drz’c/R)sin LT, (27)

0

However u=y-+u,. From this it foIIows

U=Ug + (Ug —Ugg @Z( 2r’r I RZ)sin % (28)

Experimental methods of studying the changes in the average moisture
content in time, ie

— 1 R
u=—|u dp. 29
Rl ,dp (29)
Using the relation (28) we can find the mean value u:
U=ug +(Ug — R)—Z( D" exp( Dn?z%r | R? )—x
xTSin(ﬂnp/R)d(mpjzu +(Ug —u )—zﬂsinﬂnx (30)
. mp/R R ¢ e KR L R

x exp(-Dn’z%c [ R?).

The work has also studied range of issues of formation of new states
redistribution of components in solutions of growth (ie, 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 R,. 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,.
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Because the process is smooth, a function of time is a continuous function
of its argument t. Is therefore valid a Taylor series expansion around the point
t=0, resulting have

R=Ro(1+ut+gx), (31)
where u, g — coefficients.

After Taylor series expansion have:

1R . 1 0R
R =Ry| 1+ = p+ —
"[ R, ot TR, j (32)

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 %:;t—const. This means that the diameter of the restriction linearly

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

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

Strict accounting of diffusion processes complicates the mathematical
model of adsorption and by considering the spatial distribution of parameters.
Then the conservation law has the form:

op; +p,) 0 0?
) 2 p, Jon 22 (34

where h - diffusion coefficient inside the object dewatering.
For the a quasiequilibrium case we have the system of equations:
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Op; op; _ _azpf
ot +C(Pf)' axv_h ox2 (35)
C(pf):m;)'
K,K,AB
R = 1%2 )
(or) [K?B + (K, — K)o, [

Equations (35) were studied depending on the condition of linear velocity ¢
from 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 microcracks 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 (34) using the method of successive

approximations.

x .t
—, t==
L T
where L - thickness of the material before drying; 7' - maximum drying time.

Let us introduce dimensionless parameters: x =

Instead, introduce o, p; =%; from (35) obtain
P lt=0

op;  .Opf _ .0%p;
~4+C —=h"—£¢, 36
ot ox? ox? (36)
* T * hT
where ¢" =c(p)—, h'=—-.

Agreed to further lower the finishing touches for the purpose of brevity,
but it refers to the dimensionless variables dynamically (36). Introduce the
notation

Ny :N:Nf » Ny =Py

Dsehont, (37)
X X

where n;, ¢, X, h — new the dimensionless variables.
The solution of the nonlinear equation (37) is carried out using the method
of successive approximations.
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Let be n=ny(x,t) — solution of linear approximation, ie, solution (37), when
c=const. It is linear and has a solution: ny(x,t)=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; (x,1). (38)
For the (38) have
on, on,  o°n;
a % e (39)
Ac = c(0)1- AR]

where AR - get from (35).

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.

As a result, use of the method of convolution of functions to approximate
and analytical approximations for the solution of the equations (38) and using
the approximation formula for the Laplace convolution functions, we obtain:

_(x=¢)
\V; e 4h(t-7) 3
O(h)z, 40
1+ R(no)] J2hz(t-7) +olh) (40)

n=n0(x,t)+iF{§—

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 (BAS) in the final product.

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 r4=0,84; r,=0,85;
r=0,85 and energy consumption r10=0,83; r,0=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.
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1 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

1 ]
power 1=1,-—, where r— distance

r

from the axis of the cylinder equal to

1— emitters; 2—straight grid; 3—raw materials.  the radius, m, |- flux radiated power (in

Fig.1. The infrared flelc_l created by two watts) at a distance from the tube, i.e.
parallel ceramic tubes .. )

the radiation energy of infrared waves

in the distance r, passing through a

unit area per unit time, 1,— full flow transmitter power ceramic tube.
Obviously, the point A is directed irradiation power @ a to point B -
X
power %H—g Notice, that y? =h++/x*> —h?.
y

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

21, |, I,
2o L, 41
x*h* g 2yx2—h? 41
Using the notation & :%, obtain

E2P+£E42=0, (42)

. where X, y — coordinates, m, h — the
o distance between the emitter and the

A 2 . .
NN A" base line of reflection, m, & -
4 o'\ \ /N

- NN nondimensional quantity.

L Y e Equation (42) shows that for all

N L values of non-zero, i.e. it does not

hold, since the discriminant is

different from zero. This suggests

/3 the impossibility of a uniform

O I X X > X padiation of  infrared  using
1-guide frame; 2-reflector; 3-raw materials; conventional discrete tubes. This

4-infrared tube.

Fig.2. Scheme figure of the reflector 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.
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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 @nax=27,4"; Omin=18,3% W<(@Pmax-@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 investigation of
drying processes in the experimental model plant» is devoted to the study of
thermal characteristics of sorption and desorption of jerusalem artichoke tubers:
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.

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.3. Scheme laboratory experimental setup

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.3). 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
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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.

W, % The period of constant drying Period falling drying speed
spbm

I
L
100 — }
[
|

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.)
P4 6 % 0 n M Fig.4. Curves of drying the tubers of
jerusalem artichoke varieties «Mujiza»

80 —

60—

40 4

20 —emmemeee i

_________________________________________________________________

The period of constant drying rate continues until the critical moisture
content w°,, (fig.4, fig.9), 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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Fig.5. The best option IR drying products Fig.6. Dependence conservation inulin from
atmospheric pressure and time of drying
(drying conditions: 65 °C, thickness 2 mm
lobule)
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At high temperature, the infrared
rays are short and low temperature
infrared rays - long. At a temperature of 1w -
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.5). x

50 |

60 o

10 12 th

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

Fig.7. Storage of insulin dependence on ~ with infrared heat and vibration.
the thickness of the cut tubers jerusalem Fig.8. Curves discrete drying the tubers
artichoke and drying time jerusalem artichoke

(drying conditions: -0,8 atm., 65 °C)

For drying processes jerusalem artichoke tubers vacuum chamber -0,8 atm.
(fig.6) and the optimum thickness of the layer of chopped - 2 mm (fig.7).

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.8). The efficiency of dewatering increases to 40%.

Also, experiments were conducted on a discrete and jerusalem artichoke
dried rose hips, provides greater level of preservation of biologically active
substances (BAS) compared with continuous operation and ensuring the
necessary level of moisture in the surface layer of raw material to dewater.

It is shown that the composition of preservation inulin from the tubers
jerusalem artichoke the crushed mass in the method of vacuum drying IR — 45,4
mg% and from the tubers jerusalem artichoke slices — 38,75 mg%.

To obtain high-quality products recommended to use a the crushed mass
form and method of infrared 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.9.

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

6 1-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

T T T T T atm.)
) ’ Fig.9. Curve drying rose hips

40

20

Based on the research of the drying process rose hips different drying
methods (solar, convective and vacuum infrared drying) found rational variant
of the process, ensuring high safety vitamin content of fruits (mainly ascorbic
acid), also shows that the vacuum IR drying — 0,77 mg%. As part of the same
faction seeds rose hips contain ascorbic acid vacuum infrared drying 4,0 mg%.

From the curves define the optimal drying temperature, drying time
duration rose hips while maintaining free organic acid in the pulp by vacuum
rose hips IR drying was 9,7 mg%.

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

U
[kg/kg]

0,8 [

S
~N
~N
.

0,6 \\
02 \\é \-

0 0,1 02 03 04 05 Nt

1-experimental; 2-calculated.
Fig.10. Generalized drying curves for the tested materials

Using getter and other properties of materials (tubers jerusalem artichoke
and rose hips), and according to known methods, described in the works, build
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the estimated generalized drying curve for the study material in the coordinates
(U, N17), wherein the N-maximum drying speed and compare it with the
generalized curve drying, obtained by experiment (fig.10).

As can be seen from the figure 3.16, the experimental and calculated the
generalized drying curves are virtually identical for the desired final moisture
content parameter Nz<1. 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.11).

1  [Preparation of industrial 4 | Preparation of raw

PTEemises m:nen =’15
b
2 Training 4.1 Weighing raw

materials

sewage system

equipment
Waste into
— 4.2 Washing and
R ey o soned o it o] 1 |
personmn

“‘Waste into

sewage system

43 Cleaning materials
— E—

juice into
drains

1 Technological 4.4 Cutting raw
stage ] T materials

Moisture in the

atmosphere

Lo 1.1 Grinding raw 4.5 Drying of raw T.osses
| e

dust into the

atmosphere 12 Sifting raw 5 Prepare p_aciclng
materials
fag—
UMO 1 | Pre-packing and Losses
Losses - packing — L
Waste into
sewage system
| i |
UMO | Pre-packing UuMO Packing UMO Marking
1.1 1.2 1.3
v
At finished products

warehouse

Fig.11. Technological scheme of jerusalem artichoke tubers 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.12.
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 amount of thermal energy required for evaporation. The water vapor
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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 -

e = I mobile infrared drying oven; 4 - trolley; 5 -
2 ! % pallet for of processed raw materials; 6 -
- g vacuum pump motor; 7 - control unit; 8 - way
oz —> -4 o for the roll-out carts; 9 - thermocouple for
2 : = temperature measurement; 10 - manometer; 11
3 w R - high pressure hose; 12 - faucet the air intake;
. w 13 - condensate drain cock; 14 - IR emitter.

Fig.12. Experimental research and industrial vacuum dryer with infrared light

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.11). 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

1. The current state of the theory and practice of drying and thermal
activation of agricultural products of tubers jerusalem artichoke and rose hips
and tendencies of their further development and improvement of innovation.
The modern, the most common processes and devices for complex processing of
tubers jerusalem artichoke and rose hips. It is shown that as one of the most
preferred methods of drying food tubers jerusalem artichoke and rose hips is
infrared heating of raw materials processed in conjunction with a variety of
technological methods to increase the efficiency of the dewatering process of
capillary-porous materials tubers jerusalem artichoke and rose hips.

2. Developed and formalized mathematical model of the movement of
moisture in the capillary pores of the materials and the necessity of taking into
account the internal redistribution of solutes, as well as the regularities of the
dynamics of the drying process at the initial conditions with attendant
phenomena sorption and desorption in the inner walls of the capillary channel

structures. These phenomena occur in the volumetric evaporation, followed by
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evaporation of the moisture gradient, which in turn leads to delamination and
crystallized adsorbed substances. Studied non-linear relationship between the
pressure inside the capillary, hydrodynamic speed, temperature and density of
the test material.

3. Experiments on the influence of external factors (the infrared waves,
vibration, vacuum level) for the drying process. Performed parametric
identification of correlation coefficients of a mathematical model and analysis
of the experimental statistics.

4. The dependence of the radiation power of the distance between the
object and the dewatering emitters, as well as between the emitter and determine
how to achieve a uniform distribution of infrared radiation in the volume of
dewatered products by reflector elements corresponding configuration in a
vacuum dryer with infrared heating.

5. Set sorption and desorption characteristics of tubers Jerusalem artichoke,
capillary specific surface area is 18,38 m?/g, wherein the total pore volume of
Jerusalem artichoke under vacuum IR drying is 0,440 cm®g. For the
characteristics of wild rose hips sorption and desorption: the specific surface
area of the capillaries of 12,30 m?/g, and the total pore volume of 0,390 cm®/g.

6. According to the study thermal and sorption properties of the dried
product are determined: allowable temperature, the drying and vacuum-drying
plant with infrared radiation. Based on the results of experimental studies in a
laboratory the method of calculation of industrial vacuum dryer with IR emitter.

7. The optimal thickness of the layer of products is about 2-2,5 mm. In
larger thickness products are poorly heated, and drying time is substantially
increased, with a smaller thickness - products excessively heated.

8. It is shown that the process for drying fruit IR must optimize the amount
of input power so that the dehydrated fruits fairly quickly, but is not heated to a
temperature loss of useful nutritional properties. The optimal wavelength for a 3
micron layer thickness of 2-2,5 mm, the product of the dewatering time
allowable value, and the temperature of the fruit does not exceed 65-70 °C, the
vacuum in this case is -0,8 atm.

9. As a result of experimental study of the influence of vibration on the
drying process found that the efficiency of dehydration increases to 40% in a
continuous heating - at a certain frequency and amplitude. It is shown that the
composition of preservation inulin from the tubers jerusalem artichoke the
crushed mass in the method of vacuum drying IR — 45,4 mg% and slices from
the tubers jerusalem artichoke — 38,75 mg%. At the same time the safety of
ascorbic acid in the pulp of rose hips in the vacuum drying IR — 0,77 mg%. As
part of the same faction seeds rose hips contains ascorbic acid vacuum infrared
drying — 4,0 mg%.

10. The studies found that the tubers jerusalem artichoke and rose hips,

dried in a vacuum - the device with IR - energy supply, have a high nutritional
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and caloric value. Using the IR energy in the drying process leads not only to
increased productivity and reduced energy costs, but also helps to preserve the
full composition of vitamins and other biologically active substances (inulin and
ascorbic acid) in the final product.

11. Modernized technological line of complex processing of dried and
processed into powder jerusalem artichoke characterized using infrared vacuum
dryer, hammer mill to obtain a powder from the the dried jerusalem artichoke.
For fractionation (pulp, seeds, feathers) crushed rose hips developed
aerodynamic separator. Based on the results developed technological
regulations on the production of powder from the tubers jerusalem artichoke
varieties «Mujiza» and rose hips.

12. 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 «Uzfarmsanoaty
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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