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KHUPHUII (pancada noxkropu(PhD) nuccepranusicu aHHOTAIUSICH)

Juccepranusi MaB3yCHHUHI A0/13ap0Jjuru Ba 3apypusitu. JKaxoHaa axonu
COHHUHUHTI ajaana ycub Oopuilu, TAOMUMKH O3MK-OBKAT MaxcyjoTjapura Oyiran
Talla0HM KECKWUH paBUIlJIa OIIMIIUra oJu0 KeJIMOKIa. MabIyMKH, KHIILIOK
XYKAIUTH MaxCyJOTJIapU MHCOHUATHU O3MK-OBKAT OWJaH TabMHUHJIANIAA aCOCHI
MaHOaa OYnuO xu3MaT Kuiaau. BUpok, MaxcyJlOoTJapHUHT O3yKaBUH KUHMaTHHU
y30K BaKT JaBOMHUJA cakjaad KOJHII, yJapHU WHFUM JaBpuaH OOILIKAa BaKTJiIapaa
XaM HMCTBHEMOJ KUJIMHUIIM YyYyH WYKM Ba TallKUu Oo3opiapra rokopu cudaraa
eTKa3ub Oepulll MyXUM axaMHSITra 3ra XUcoOIaHaau.

JlyHéna  KOHBEKTMB Ba  MH(PPAKU3UI  KYpUTHII  TEXHOJIOTHUSICUHU
ONTUMAJIIAIMITAPUII OYHMYa WIMHI TaaKUKOTIAp 0iaud Oopuiamokma. by Gopana,
KYPUTHIIIHY >KaJaJJIAIITAPHUIN, KaiTa WA )KapaéHuaa XOMallEHUHT OMOaKTUB
MOJJaJapuHU cakjamra HMMKOH O€pyBUM SHEpPrUATEKaMKOp TEXHHMKAa Ba
TEXHOJIOTHUSIJIAPHU UIILTA0 YUKHUII, MaXCYJIOTIapHUHT OomiKa cudar KypcaTKkudjiapu
KaOM, YJApPHUHT MCCUKIUK (AaOJUIMTMHU XUcoOra oJIfaH XOJJa HWCCHUKIIUK
aJMaIlllMHYBU Kapa€HlIapuJiaH OKWIOHa (oianaHull, »SKOJOTUK KYpPUTHII
KypWIMaJIApUHU HIUIA0 YUKUII Ba YJIAPHUM TaKOMMJUIAIITHPHUIL, O3MK-OBKAT
XOMaIIECMHU KaWTa MIUIAll Kapa€HJIapUHU MaTEMaTUK MOJAEJUIAIITUPHUIN XaM[ia
MaBXyJ KypUTUII YyCyJUIapHJaH OKWJIOHa (oiganaHull OpKAJIM SHTU TypAard
IOKOpH CU(ATIIM MaXCyJIOTJIap OJIMINTa KaTTa YbTHO0P KapaTUIMOK/IA.

PecnyOnnkaMu3ia KUIUIOK XYKaJUTH MaxCyJIOTIapUHU €TUIITUPHILI Ba KailTa
WIIall CAaHOATMHU CaMapalld PUBOXKJIAHTHUPUIL, KHUIUIOK Ba YPMOH XYXKaJIUTH
MaxcCyJOTJIapuHu cu(aTiu KailTa WOUIAll, UMIOOPT YpPHUHH OOCYBUM SKCHOPTOOI
O3WK-OBKAaT Ba (hapMalieBTUKa MaxCyJOTJIapy HIIIA0 YMKAPUIIra aloXuaa dbTHO0p
KapaTwiM®, MyaisH WJIMHA  HaTIDKamapra  OpUIIMIMOKAA.  Y30EKHCTOH
PecniyOnukacunu sHazma pUBOXKIAHTHpUIN Oyinua Xapakatiap cTpaTeruscuiaa
«Ty3nnmaBuil  UCIOXOTJIAPHU  YYKYPJALITHPWUIN  Ba  KULUIOK  XYXKaJWTU
MaxCyJOTJIapUHM  KaiWTa WOUIalll  KyBBAaTJIADMHU  W3YWJI  PUBOXIAHTUPULI,
MaMJIAKATHUHT O3WK-OBKAT XaB(CUBIMUTHHM sHaJa MyCTaxKamJyiall, SKOJOTHUK TO3a,
cu(atau MaxcynoTiap Uiuiad YUKAPUILIHA KEHTaUTUPHUILL, UIUIA0 YUKApUII XaKMUHU
Ba KUIUIOK XY KQJIUTHMHUHT SKCHOPT CAJOXMATH CE3WIapiu Japa)kaja OLIUPHUII
Oyiinua MmyxuM Basudamap Oenrunad OepunraH. by Oopana, KUIUIOK XY»Kaauru
MaxCyJOTJIapUHA  ETHUINTHPUILI Ba KailTa MIUIAl CAaHOATHUHW  camapaiu
PUBOXIIAHTUPUII, HKCIOPTra WYHAITUPUITAH UMIIOPT YpHUHU OOCyBuM cudariu
MCTEeBHMOJI TOBAPJIAPUHH UIIIIA0 YMKAPHII XaM/JIa aXOJUHU cu(aTiiv Ba ap30H HapXIaru
03UK-OBKAaT MaxCyJOTJIapUHHU TAbMUHJIAII MYXUM aXaMHST KacO 3Tajiu.

V36ekucron Pecny6mmukacu [pesunentununar 2022 iivn 28 suBapaaru [1D-60-
conmn «STaru V36exucronnuHr 2022-2026 fimiapra MyJDKaUIAHTaH PUBOYIIAHMII
CTpaTeruscy TyFpucuaa»rut, Y36ekucton Pecry6imkacu Ipesunentuausr 2019 i 23
oktabprarn ITK-5853-conmn  «Y36eKHCTOH PecryGNIMKach KMILIOK Xy KaTHTHHH
puBoxJianTUpuil crpateruscunan 2020-2030 finnapaa Tacaukiiam Tyrpucugantu, 2019
vinn 29 uronparu [1K-4406-conmu «Kunuiok Xy>Kaaurda MaxcyJIoTIapuHu 4yKyp KaiTa

1 ¥36ekncron Pecrybmnkacu Ipesupentaannar 2022 i 28 suapaar 110-60-cormm «Surn Vabexucronnnnr 2022-
2026 d#wapra MYyIDKaJJIaHTaH PUBOXKIAHUII — CTPATETHSACH TYFpUCHIAa»TH  (papMoHH. DJEKTpoH MaHOa:
https://lex.uz/uz/docs/5841077.
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WILIAIl Ba O3UK-OBKAT CAHOATHHU SIHAJA PUBOMJIAHTHPHUIN OYHWYa KyIIMMYa 4dopa-
TaaOupIap TYFPUCHIa» Kapopiaapu xamja ymoy (Gaoiausrra Teruinum OomKa MebEpuit
Xy’oKaTiapaa Oenruianrad BazudanapHu amanra OUIMPHUIITa XU3MaT KIJIaIu.

TaagKUKOTHUHI pecnmy0juMKa (paH Ba TEXHOJIOTMSJIAPH PUBOKIAHUITUHUHT
YCTYBOp HyHaJIMULIApUra OorJMKJMru. TagkukoT unuiapu pecryOnvka (aH Ba
TEXHOJIOTHUSUIAP PUBOKIAHUIIMHUHAT V “KUILIOK Xy>Kanuru, OMOTEXHOIOT U, SKOJIOTUsI
Ba aTpo-MyXUTHU Myxo(da3za KUIHI” yCTYBOp HYHaIMIIM Joupacuaa OakapuiraH.

MyaMMOHMHI YPraHUWIraHJIuK Aapakacu. Kumnox XY)KaJIUTH
MaxCyJIOTJIapUHU KYPUTHUIIHUHT caMapaid TEXHOJIOTHUSCUHM HWIUIad YMKUIIL Ba
KaJaJTAIITHPHUILITa KapaTUiIrad WIMUNA TaIKUKOTJIAp KyWuJaru XOpuKuil oJiuMiiap
ToMOHMAaH amanra omupwirad: Y.Huo, R.K.Datta, A.K.Awasthi, [.Giiven,
R.P.Srivastava, J.Li, H.Chen, Y.Garnida, N.Meeso, A.S.Majumdar, T.Furuno,
V.Srijesdaruk, L.G.Tabil, W.R.Daud, Z.Yapar, C.Ertekyn, A.B.JIbikoB,
A.C.I'unz0ypr, H.W.BaBunos, II.A.Pebunnep, b.M.KacekimbaeB, W.B.JleBuTuH,
O.C.Harapees, I1.]1.JIe6eneB, A.B.HectrepoB, b.C.CaxxuH, HIyHUHTIEK, MaxaJUIHi
omumiapnaan: H.P.}Ocyn6ekos, 3.C.Canumos, [[x.H.Myxunauaos, A.D.Cadapos,
K.M.Kyp6anos, A.A.AptuxoB, X.C.Hypmyxamenos, K.O.Jlonaes, K.T.Hopky:osna,
X.®.Jl)xypaeB Ba OoLIKaJap TOMOHMJAH O3UK-OBKAT CAHOATH >Kapa€Hjaph Ba
anmapaTiapyHid  TaKOMWJUTAIITAPUIN OVinYya TaaAKUKOTIap oJaud OopuwiraH Ba
camapaliid TEXHOJIOTHsIIap UIUIA0 YMKUIITaH.

Iy Ounan Ouprajukia, KaxoH XaM)KaMUSATH OJUMIIAPU  KYPHUTHUII
TEXHOJIOTUSICUHU  PUBOXJIAHTUPHUIII  Ba  IOKOpM  camMapald  pecypc  Ba
SHEPTUATEKAMKOP KypUIMAJIApHU JIOWHXAJall Xamaa TyT MeEBajlapuaaH IOKOPHU
cudaTiam MaxcyJoTiap OJHUII Ba KypUTHII >Kapa€HUHU MOJACIUIAIITUPUITHUHT
YCTyBOp WyHanmuuuiapu Oyinda (aon WIMHM TaIKUKOTIAp OJHO OOpHUIIMOKIA.
bupox »sHeprusite)xamKop KYpUTHUIN KypwiIMajlapuHd UOUIad YUKUII — Ba
TAaKOMWJUTAIITUPUIIL XamJa TyT MeEBaJapuHU KypUTHUII >Xapa€HUHU MaTeMaTUK
MOJICJUTAIITUPHIL €TapIIv lapa)ka/ia amajira OlIUpUIMaraH.

Juccepranusi TAAKMKOTUHUHT JUCCEPTANUS 0AKAPUJITAH OJIMHA TABJIUMHUHT
WIMHA-TAAKUKOT MIIAPHU pexaaapu OnJIaH 00FJIUKIMIU. /[rccepranus TaIKUKOTH
Ucnom KapumoB HOmMuparm TOLIKEHT maBiaT TEXHUKAa YHUBEPCUTCTUHUHI WIIMHI-
TaJKUKOT unuiapu peskacura MmyBopux NeC-1-19 «/lopusop Yecummuknapau 6uodaosn
MOJIJIaIapUHM CaKJIaHTaH XO0Ja KypuTaaural UMIOPT YPHUHU OOCYBYM WHHOBAIIMOH
KypWwIMaHHu sipaTHIl Ba (papMaieBTHKa caHoatura xopui stumn» (2019-2021 iit.)
MaB3yCHIaru WiMUN-aManuil JJonuxacu goupacuaa 0akapuiraH.

TagKMKOTHUHI MaKCcaAd TYT MEBaJlapUHU KypUTHIN YYyH WH(PpaKu3wiI
KypWIMaHU TaKOMWUIAIITUPUIILIAH HOOpaT.

TaaKMKOTHUHI Ba3udaiapu:

KypUTHII XapaéHUHU OKWJIOHA TAILKHWII ATHII XUcOoOWUra Ta€p MaxCyJOTHUHT
IOKOpU CcU(ATUHU TabMUHJAINI MaKcaauja TYT MEBAJAPUHUHT XYCYCHUSTIAPUHU
TaJIKUK JTHIIL;

MaTeMaTUK XHCOO-KUTOOJMapHU Oa)kapuil, xkapa€H MOJC/UIApUHM TaHJall Ba
KYPUTHII TE3JIUTH 3TPU YU3UFUHU OJIMIIL,

KYpPHUTHII >KapaéHUHUHT HaMIIMK nud@ys3uscu Ba (paosIaHUII SHEPTHUSICUHUHT
caMapaiu Kod(pPpuIMeHTHHN aHUKJIAILL;
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TyT MEBUIAPUHUHT KUMEBUN XyCYCHUSATIAPUHU KUMEBHIN TapKUOU Ba JOPUBOP
XYCYCHUSTIIApUHM CaKJIalll HyKTau Ha3apuaaH aHUKJIAIIL;

oJlHTaH TaxxpuOa HaTkamapuad WIindows omepanron MyXuTHIa 3aMOHABHIA
Comsol Multiphysics 5.5, Solidworks, Microsoft Excel 2019 xommbroTep
nactypiapu €paaMuia KaiTa uIiani;

TYT MEBAJIAPWHU KyPUTHIN YIYH HHPPAKU3UI KypPHUJIMaHU TaKOMUJIIAIITHPHIII,

ayccepTanus  TaAKUKOTIApH JIaBOMHAA OJMHTaH HATWKaJIApHU  HILIa0
YUKAPUILTA KOPHUM ITHILL

TankukoTHuHT 00beKTH cudataa ok (Morus alba L.) Ba kopa (Morus nigra L.)
TYT ME€BaJlapy OJIMHTaH.

TagKUKOTHUHT MpeAMeTHHN WHOPAKU3UI KYPUTHII KypUIMacH, pagualiioH
KYPUTHUII YCYJIHMHUHT OOBEKT TapKUOWUTAa TabCUPH, KYPUTHII >KapaCHUHUHT
MaTeMaTHK MOJICJIM Ba YHUHT MapaMeTpiiapH TalllKWI TTaH.

TagkuKoTHUHT ycyJuiapu. JluccepTamus WIMHMHA Oakapuiga KHUMEBHMA
TEXHOJIOTUSIHUHT Ha3zapuil acocnapuaaH ¢GouaalaHMIraH XoiaAa TH3UMIIN TaxXJIuT
KIWIHAII XaMmJa Mypakka0 TEXHHK Ba TEXHOJOTHK TH3UMJIAPDHU CHHTE3 KHJIHIII
METOJIOJIOTHSICH, TEXHOJIOTHK KapaéH Ba TU3UMIIAPHU MaTeMaTUK MOJICIIAII TUPHUIII
Ba ONTUMAJJIAIITUPHUII yCyJUIapuaaH GpoiiaaaHuIras.

TaaKUKOTHUHT MMM SHIWJIMIH KydHugaruiaapaas noopar:

TyT MmeBacuan MK-Hyp épmamMuna KypuTuiga caMapaid HaMiIuk quddys3uscu
k0d(Q(UIMEHTH XapopaT Ba KyBBaTra OoFnuK xonma 2,58x107°..8,37x107° wm?/c
Opajufu/ia y3rapuily aHUKJIaHTaH;

TyT MEBAacCHMHU KypuTuin xapa€uu 3amoHaBuii Comsol Multiphysics 5.5
nactypuaa épaaMuaa MaTeMaTUK MO TUPUIITAH;

HNK-xyputum xapaéunau [leimpk Moaenu 3HT SX1u TaBcudaniad, OyHaa SHT
1oKopu ypraua R? (0,99882), sur nmact ypraua ¥ (2,89x104), RMS (9,86x10™) xamaa
dhaomnanum 3HEpTHAcH 53,97 K¥K/MOJI SKaHJIUTH aHUKJIaHTaH;

TYT MEBAaCHHHUHT OMoNoTHUK (haosr momnamapau 90-95% raga cakian UMKOHUHH
OepyBUM KypUTHII TEXHOJIOTHUSACH HIILJIA0 YMKUJITaH.

TaaKHKOTHUHT aMaJIMid HATHXKAJIAPHU Kyiuaruiapiad noopar:

TyT MeBanapuHu Kyputuinga WK Hypnanumpan QoiinanaHuiln, KypUTHIT
caMapaJIOpJIMTUHU CE3WIapIv apaxkajaa omupuiu (Kyputuia camapaaopsuru 70 °C
na opramu) xamaa [IeWDKHUHT TaKCHMIIAHWIT MOJCIH TYpiAH  KYPUTHII
xapopatinapuaa WK Hypmanum Ba KOHBEKIUSIIM KypUTHIN >Kapa€HUHU SXIIU
TaBcHUQIAIN aHUKJIaHTaH;

TaKOMUJUTAIITUPWITAH KypuTuil Kypuiamacu /0 °C Kkyputuin xapopartua Ba 230
Bt UK nyp kyBBatna 300 makukaga MaxcyJoT TapkuOugaru Hamiuukau 83-91% nan
16-25% rada kaMaWTHpHUII KOOUJIUATHIA 3Ta SKAHJIMTH aHUKJIAHTaH,;

KypUTWITaH TyT MeBajlapu TapkuOuja riytamuH kuciotacu 1,11 wme/e, rouimn
1,06 me/e, acnaparun 1,09 me/e, peonun 1,70 me/e, ananun 1,25 me/e, Bammn 1,32 me/e,
ructuav 1,59 me/e, neiiuun 1,65 me/e, benunananun 0,27 me/e, pytun 15,45 me/e,
kBepruThH 0,90 me/2 Ba raiut kucioTacu 7,68 me/e MEKIOpa CaKIaHUIITN aHUKJIaHTaH,

TaagkuKOT HATHKAJTAPUHUHT MINOHYWIMJIMTY OJIMHTaH HATIOKajap 3aMOHABHMA
yCyJl Ba BOCHUTaIap €pJaMujia amajra OIIMPUJITaH Ha3apui Ba JKCIEPUMEHTAN
TAIKUKOT HATWOKAIADUHUHT YUFYHIUTH, Xamaa Windows omepanmvioH MyxXuTHaa
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3amonaBuii Comsol Multiphysics 5.5, Solidworks, Microsoft Excel 2019 kommbroTep
JIacTypiapu €pAaamMuia amalra OIUMPHITaHINIY OUIaH acociIaHaIu.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMajMil axaMMsTH. TaIKUKOT
HATHKAIAPUHUHT WIMHH axaMUsITH IOKOpU CU(PATIN SKYHUH MaxCyJIOT OJIMII Y4UYyH
TYyT MEBAJIapUIard HUCCUKIMK Ba HaMJIUK aJIMallMHUII XamJa CYBCHU3JIAHUII
Kapa&HIapuHUHT MakOyJl apaMeTpiiapuHy TaHJallga XapopaTr TabCUPUHU XHCOOTa
OJITaH XOJiga Xapopar mnapaMmerpiapu Ba MK HypiaHWIl KyBBaTHHMHI TypJIA XWII
KOMOMHaUUAJapuaa KypUTHII KHHETHKACMHU XHC00JIa0 YMKWITAaHIUTH OWIaH
M30XJIaHA/IH.

TaaKuKOT HaTWXKaJTApUHUHT aMalluii axaMusiThU TyT MeBaJlapuHU WHQPaKU3UI
Kyputuiga xapopar Ba UK-Hyp KyBBaTHHUHI MakOyin MapaMeTpiiapvHU TaHJIalll
Oyiinua TaBcHsUlap UIUIA0 YUKWITAHIUTH, TYT MeBacuiaru Oouodaon mMojananapHH
cakjiaraH XoJjijla IOKOpH cudaTiv SKyHHH MaxcyJloT OJIUII WMKOHUHU OepyBYH
SHEPTUATEKAMKOP MHPPAKU3WIT KypuiMa KOHCTPYKTHB JKMXATAaH TaKOMHUJUIAIITH-
pUINTa XU3MaT KUJIa/IH.

TagKuKOT HATHKATAPUHUHT KOPUHA KMITHHUIIK. TyT MeBaapuHu KypHUTHIII
Y9yH KOHBEKTHUB WH(PPAKU3WI KypUTHII KYPUIMACHHA TaKOMUJUTAIITHPHUIN OYirda
OJIMHTaH WJIMHUM HaTH>XKaJlap acoCHa:

TYyT MEBAJapUHU KYpPUTHII YUYyH DHEPrUATEKAMKOP TEXHOJOTHUACH «Sunny
Land Productsy MYXna amamuérra xopuii xunmarad (Y36eKHCTOH O3MK-OBKAT
caHoat yromMacuHuHr 2023 #inn 4 suapaaru 04-1/01-23-coH MabIyMOTHOMACH).
Hartmxana, toxopu camapanu WK TexHonorusicunan ¢oigananuin xucooura
MaxcyaoT nmnad yukapum 1,1 6apobapra omupum Ba xomameé nykotunumu 12%
radya KaMalTHPHIIT UMKOHUHU Oepras;

TYT MEBaJlapuHU KypuTHIl ycyiau «Sunny Land Productsy MUYXKna amanmérra
KOpHUH KUJIMHTaH (S"36eKI/ICT0H O3WUK-OBKAT CaHOoaTH yiommacuHuHT 2023 #iun 4
suBapaaru  04-1/01-23-con  mawbiaymoTHOMacH). HaTwkaga, IOKOPH camapaiu
ycynaaH QoiganaHuIl HaTWXKacHAa SKYHUM MaxCyJoT TapkuOujgaru OHOJIOTHK
dhaox mognanap 90-95% rauva cakiaad KOJIUII MMKOHUHHM OEpraH;

TYT MEBaJlApUHHU KYPUTHUII YUyH TAaKOMUWUIAIITHPUITAH WH(DPAKU3UI Kypruima
«Sunny Land Products» MYXXna amanuérra >kopuil KUJIHMHTaH (5736eKHCT0H 03UK-
OBKaT caHoatd yrommMacuHuHr 2023  #imn 4 saBapmarn 04-1/01-23-con
MabsiymoTHOMacH). Hatmxkana, UK HyprnaTruwiapHuHT MakOyJ1 )KOWIANTYBHHU TYFPH
TaHJAl XamJia TaKOMWUIAIITHPWITAH DHEPTUATEIKAMKOP KYPUTHII KypPHIMACHHH
aManuéTra JKOpUM OTWIHMIIA XUcOOWTa MaBXya TEXHOJIOTHS Ba KypHJiIMaiapra
HucOatan 1,25 GapaBap kaM sHeprus capdraiira UMKOH OepraH.

TaagkuKoT HATHKAJAPUHUHT anpodamusicu. TankukKoT HaTWxkamapu 3 Ta
XalKapo Ba 4 Ta pecrnyOiiMKa WIMHA-TEXHUK aH)XyMaHJIapuaa MyXoKamaJaaH
YTKa3WITraH.

TaaKuKOT HATHIKAJIAPUHUHT YBJIOH KMJIMHTaHAuru. J[uccepramus MaB3ycH
oyiinua 14 Ta uamuii ui, xKymianat, 1 Ta MoHorpadus, 6 Ta wiIMHil Makosa, OyiapaaH
2 Ta XalKapo )ypHaap/a, 4 Ta pecryOirKa )KypHajuIapua YOI STHUITaH.

JAucceprauMsiHUHT TY3WJIMINMA Ba Xa:XMHU. Jluccepranus UM KUpULI, TypTTa
000, xynoca, doimananunran agabuérnap pyixatu Ba 10 Ta wioBangapaan udopar.
HuccepranustHuHar acocuit kucmu 103 Oetaan Tamkuia Tonrad 0ynuo, yuaa 54 ta pacm
Ba 37 Ta xaaBajuiap KEATUPUIITaH.
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JTUCCEPTALIUSIHUHT ACOCHII MA3MYHHU

JluccepTalMssHUAT  KUPHII KUCMHAA TAJKUKOT MAaB3yCUHUHT JIOJI3apOJInTH,
TaJIKUKOTHUHT Makcaau, OOBeKTH Ba Bazudaiapu MAKUIAHTUPWITaH, UIYHUHITIEK,
TaJIKUKOTHUHT V36exncron Pecnybnkacu ban Ba  TEXHOJOTUSICHHU
PUBOKJIAHTUPUIITHUHT YCTYBOP HYHATMIIIIAPHUTa TETUITUTAIATH, UIITHAHT WIMAHN STHTHTATA
Ba aMaJIMiA HATMDKATAPUHUHT UIIOHWIMJIMTH, XaM/a Y0y TaAKUKOT HaTHKaJapy HILIa0
YUKAPUILTA )KOPUIN KUJIMHTAHJIUTH TYFPUCH]IA MAbIIyMOTIIap KETUPUIITaH.

Huccepraimst ummHUHT «TyT MeBajJapuHM KypUTHII YCyJJIapH Ba
KYPUWJIMAJIAPUHUHT XO3UPTrd X0JATH Ba PHUBOXKJIAHMII MCTUKOOIAPW» HOMIIH
OupuHun 000MAa MaxauMid XoMam€ acocuja KypUTWTaH JOPUBOP MeBa HILIabd
YUKAPUIITHU  PUBOKJIAHTUPUIIHUHT OyTyHTM XOJaTH TaxXJMid KWIMHTaH Ba
uctukOomiapu ound Oepunrad. IIyHHMHTIEK, KypuTWITaH TyT MEBaJapHHHU HILIA0
YUKApUIIIa MaBXKy]l kKapa€Hiap Ba ammapariap, KypUTHII KypuiaMmanaapuja COIUp
Oynaauran >kapa€HJIapHU MATEMAaTHK MOJCIUIAIITHPHUII, KYpPUTHINI KypUIMalapuHU
XucoOJIal Ba Jjonuxanam Oyinda uiMui anabuétiiap Tax Ik Kypuod YUKUITaH.

MamMiakaTuMHu3 arpocaHoaTjia KEHT TapKaJlraH KypUTHII KypUJIMaJapHHH
Joluxanaml Macajajapyd Ba KYpPUTHUII YCYJUIADUHUHT OYTyHTHM XojaTura 0axo
O0epunu0b, TyT MEBaJapUHU KYpPUTHIIHUHI CAaHOAT YCYJJIAPUHH SIPATHUIIHUA TaK030
ATYBUM MyaMMOJap MaBXYUIMTH XaKuJa Xyjoca KWiIMHraH. BoOHMHT (akTuk
MaTepHaUIapUHU  Tax)IMJI KWIHII acoCHJa TaIKUKOTHHHT acOCHH Makcaj Ba
Bazuanapu OeIruaaHTaH.

Huccepranus nmHUHT «AHGpaku3nia ycyaaa TYyT MeBaJapUHU KYPHUTHII
JKapaéHUHN MaTeMaTHK MOAe/IAIITHPHIID HOMJIH HKKHHYN 00011 TYyT MEBaCUHHU
KYPHUTHII )KapaéHUHU MaTEMaTHK MOJICIUIAIITUPHIN HATHKATApH KEJITHPHIITAH.

Hamnuk  nucoamu. Hammuk xosddurmentunun (W) xucobnam Kyiumaru
dbopmyna EpraMuia amanra OMMpUIaan

W -W
wW=_—= (1)
Wy, —W,
Oy epma W, - TyT MEBacCHMHUHT KYypyK AacOCHJard MAacTia0Kd HaMJuK, I/T;

W, - KypuTHIll MyBO3aHaTH/Ia TYT MEBAJAPUHUHT KYPYyK acocuaard Hamiuk; Wi - Mmoc

paBuIIa t KypUTHUII BaKTHIa KYPYK TYT aCOCUAaru HaMJIuK.
Arapna, W, muknopu W, Ba W, napra nucbaran anua ku4uk 0yiica, y xonza (1)

TCHI'JITaMaHHU KYﬁHHaFH‘Ia coagJaIaliTUPHUIN MYMKHH.

W= @

H
Kypumuw meznueu. Kyputuii teznuru (C) MaTepUalHUHT CYBCH3JIAHHUIL TE3TUTUHA
udonanam yayH unuiatuiaay. Yoy dopmyina (3) TeHrIaMaaa KypcaTuiraH.

C=l1-"22 (3)

-t
oy epna W; Ba W, - Kyputuii xkapaénuja t,; Ba t, Oyiranaa TyTHUHT KYpyK acOCUaru
HaMJIUK MUKIOPH.

Hamnuxnune camapanu oug@ysua xosgpguyuenmu. HaMImukHUHT camapain
mudpysus kodbduunentn (D,gq) MaTepUATHUHI Macca YTKa3yBYAHIMIHHH
uponanaitan. Llynunraek, y KypuTHII >Kapa€HUa HAMIUKHUHT TapKaJIMII
KOOUNUATUHU €KM JapakacMHM udomanaian xamJa KypuUTUII >Kapa€HUHU
XUCOOIaNt Ba MOACIUIAIITUPHUIIIAA MyXUM OMUJ XucoOmanaan. CeKUHIAMTHPHITAH
KYPUTUII [aBPUIA MAaXCYJOTHUHI KYpHUII XyCycCUATIApUHU DPUKHUHI HWKKUHYH
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muddy3us TeHriaamacu opkaiu TaBcuduam mymkuH. Ouk TeHrnamacura kypa,
KypuTuill BakTuaa InW HHMHT BakTra OOFIMKIUTA Y4yH (4) YM3UKIMA TEHTJIama
MaTepuaiiard HAMJIUKHUHT caMmapaiu Tuddys3us kodpOUIUMEeHTHHN Kyhuaaruda

TaBcU(Iam yuyyH WIIJIATAIAIIA MyMKHH.
2
InW = In < — T2 4)
ym0y TeHriamaza t - KypuTuin BakTH, ¢; L - MmaTepuan KaauHIury, M.

Kusnmuk  ycynmu camapanmu auddys3us kod3phUIMEHTHHH XHcoOJaml y4yH
unuiaTunaay. (4) TeariaMaaad kenud yukaauku, InW Baktra HucOaTaH TYFpHU YM3UK
MIAKJIU/IA YU3WIAU Ba YU3UKHUHT KUSUTUTHY (5) TEHIJIaMara Moc KeJaiu.
2D
L_;M- (5)

Kypumuwmnune ¢paonnawys suepeuscu. KypuTummHHHT (DaosuianiyB SHEPrHICH
KypUTHIII >kapaéHua Oup MoJ OYFJIaTUIN YUyH 3apyp OViraH sHeprusHu udomanaiim.
Camapamu Hamuk aud@ysus KodPPUIMEHTH Ba MATEPUATHUHT KypUTHII XapopaTu
Vpracugaru OOFMUKIUK AppeHUYC TEHIVIaMacu OpKaIM Kyiuaaruda udoagaHuIlg
MYMKHH:

Kusiuk =

E
Dagg. = Doexp [_ R(T+2;3,15)] (6)
0y epma D, - matepuanmaru muddy3uon acoc, moumuii, m?/c; E, - maTepuanau
KYPUTUIIHUHT ¢aoiaHum sHepruscu, KXK/mon; R - kuitmatu 8,314 6ynran ra3HuHT
Mosisip noumuiicu JK/(mon-k); T - MaTepuaaIHUHT KypuTuin xapopatu, °C.
Arap (6) TeHTJIaMaHUHT MKKaJla TOMOHH HaTypas jJorapudMUHU OJICaK, Y X0Jaa

Kyhugarura sra 0yiamu3
— _Ea 1
InD; . =InDo — 3 (T+273,15) (7)
Camapanu HaMIIUK nﬂ(b(l)ysm[cn Koa(bcpHuHeHTHHHHr HaTypan Jorapugmu

lnDad)d, (7) Tenrnamamaru Ba KUSJIHUK T OWIaH YM3UKIN OOFJIUKIUDP.

(T+273,15)

Xonbyku, InD,pq B2 y3apo OOFIMKIUTA MabliyM Oynranu yuyH E,

1
(T+273,15)
KUIMaTUHU TOIHUII YYyH KUSJIMK yCyJIuJaH (HoigaaHuIll MyMKHH.

Mamemamux mooennap. TaaiKUKOT HaTWXKanapu l-kajBanjia KEITUPUITaH SHT
KYTI UIJIATHIIAIUTaH OJITUTA KJIIACCUK MOJEIb TeHrIaMalapyu KypUTHII TaxpuOamapu
MabJIyMOTJIapyUra MOC paBHILA TaHJIa0 OJMHIU.

1-sxkaaBaJ
Tyr MeBaJIapUHN KYPUTHIIHUHT MATEMATHK MOJAeJUIapH
Ne Mopaenb HOMH Moaeab TeHIrJIaMacu
1 | Heiimxk W = exp(—kt™)
2 | Momuduxkarmsiutanras [eimk W = exp(—kt)"
3 | Xennepcon Ba [Tabuc W = aexp(—kt)
4 | Jlorapudmuk W = aexp(—kt) + ¢
5 | Mkku Kappanu W = aexp(—Kktyt) + bexp(—kt;t)
6 | Mkku kappaim S5KCIOHEHIIHA W = aexp(—kt) + (1 — a)exp(—kat)

Jerepymunanys kodduuuentuauar kuiimatu (R?) skcnepumenTan Ba Gamopar
KWIMHTAaH KUHMatTiaap ypracuaard OOFIMKJIMKHUA UGOIaTai Ba KypPUTUII MOICITU
TEHIJIaMaJlapUHU TaHJIallla acoCH oMM XucoOsaHaau. MyBOQUKIMK AapakacUHU
TaBcH(JIAII yIyH aHMKIAHUII KO3(POHUIMEHTHIAH TAIIKApH (}?) KMIMATH Ba KBaIpPaTUK
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xaronap uruaaucu (RMS) nan xam ¢oiinananum mymkus. bysna, R? auar kuiimartu 1
ra KaH4aJMK SKUH O0yica xamaa x> Ba RMS napHUHT KuiiMaTiapu KaH4aIuK 1acT 0yiica,
MOJICNTb ITYHYAIMK SIXITH MOC Kelaau Ae0 KaOya KWIMIIT MyMKHH. YOy CTaTHCTHUK
napametpiap (8) - (10) Tenrmamanapra MyBo(pHK XHUCOOJIAH/IH.

2
_ ZP: 1 (W0T60p _Wnpor.)

Rz =1 g
ZiN=1(W0T60p_W0T6op)2 ( )
ZN(WOT op~Whn or.)z
Xt =1 - 9)
2
RMS = z:%\I=1(VVOT6op - Wnpor.) (10)

[ynpai kw6, (8) Ba (10) Tenrnamanapna: Wy, - OMPUHYM HaMyHa OJIALI
HYKTacHja Yia4aHraH KypyK aCOCHUHI HAaMJIMTHHM aHriatagu; Wp,o. - OUpHHYH
Oamopar KAJIUII HyKTackaa KypyK acocaard HaMJIMK MAKIOpUHU; N - HAMyHa OJTUII
BaKTJIapu COHH; N - MOJIE]Ih KOHCTaHTAIapU COHHU.

Tymnu mypau xapopamaapoa eéa HK Hypraumuw Kyssamiapuoa Kypumuid
xycycusmaapu. Typnu Xapopatiapaa Ba WK wHypinanumn KyBBaTHJa TYTHUHT
KYPHUTHII ST'PU YU3UKJIAPU Ba KYPUTHUII TE3JIUTU TPU YM3UKIAPU MOC paBuija 1 Ba
2 pacMiiapia Kypcatuiras. 1-pacM KypuTHII XapOpaTHHUHT OLIUIIHN OMJIaH KypPHUTHII
BAaKTU CE3WIApIU Aapaxkana kamaWrannuruHu kypcartaau (P<0,05). Xapopar 70 °C
oOynranga TyT MeBajdapuHu Kyputuil BakTH 65 °C ra HucOaTaH aH4Ya KHCKa

OKAHJIUT'UHHAU KS”pI/HH MYMKHH.
a) 6)
100 100-

80 80/

L 1 L 1 L 1 I}
50 100 150 200 250 300 50 100 150 200 250 300
Bakr, fak. BaKT, 42K,
——65C; 70°C; —+—75°C. 70°C(230Br); —=—70°C(260Br); ——70°C (280 Br).

1-pacm. KonBekTHB HH(PaAKU3UI KyPUTHII KyPHJIMACHAA TYPJIM XapopaTtjiapuaa (a) Ba
UK nypiaanum KyBBatjiapuaa (0) TyT MeBAJIapUHU KYPUTHIIHHMHT 3TPH YH3HKJIAPH

Typau xapopamaapoa éa Kypumuu Ky8eamiapuoa mym mesaiapuod HamaIuKHUHe
camapanu oug@ysus kodppuyuenmu. 2-xKaaBaiana TYT MEBAIAPUHU TYpJId CHHOB
mapoutiapuaa kKouBekTuB MK Kyputumn ydyH camapair Hamiuk auddysuscu
KO3 PUIIMEHTIapU KENTUPUIITaH.

2-KaaBaJl
TyT MeBaJIapUHM TYPJIM KyPUTHII IIAPOUTIAPUAA OJTMHIaH camapaau auddysus
k03P punnentiapu

Kyputum mapountu Yuzukimm perpeccus TeHriIaMmacu R? (Do x107° M?/c)

65 °C, (230 Br) In MR =-1,17x107*-t-0,097 0,983 4,17

70 °C, (230 Bt) In MR =-2,53x107*-t-0,118 0,985 5,69

75 °C, (230 Br) In MR =-3,69x10*-t-0,115 0,983 5,51

70 °C, (260 Br) In MR =-2,32x107*t-0,124 0,981 5,29

70 °C, (280 Br) In MR = —2,48x107*t-0,185 0,973 5,57
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2-KaJBajia KypUTHIL XapopaTH camapanyd Hamiuk auddysus kosddunmentura
ce3uyapiau TabCUp KypcaTaiu, sS’bHU KOHBEKTUB KYPHUTHII XapopaTd OIIMIIU OHIIaH
KYpPUTHII XapopaTH MOC paBulia opraiau. HamyHamapna HaMIIMKHHHT camapaiu
nuddysus koappunmentu 65 °C ga 4,17x10° m%/c gan 70 °C na 5,69x10° m?%/c raua
omytu Ba 70 °C, (280 Br) 1a 5,57x10°° M?/c Makcuman KuiiMaTra eT/u.

By 3ca xapopaTHUHT OIIMIIK TYT MEBajapy/ia HAMJIMKHUHT camapaiid AU dy3ust
KOA((UIMEHTUHUHT OIIUIINTa CE3WIapind TabCHpP KYpCATTaHJIMTUHU KypcaTai.
Hlynnaii 5xaH, cuaTHy TabMUHIIAI aCOCHA UIIITa0 YMKAPUII XapOPaTUHU OILMPUILL
OpKaJi UIIad YMKAPUIL caMapaJopuruHy OMIUPUII MyMKHUH. KypuTHil KyBBaTuHU
Y3rapTUpUIl  OpKaJIM KypUTWIAETraH HaMyHajJapJard HaMJIMKHUHT —camapaiu
muddy3ust kKod3hGUIMEHTH Y3rapuiny XxapopaT y3rapuiiimaan kampok 6ymaam: 230 Bt
UK nypnarum KysBatuzaa 4,17x10° M%/c na HT macT Kypcarriadra SpULIIm.

Omu6® OopwiraH TagKUKOT HaTWXKalapu UIIyHM KypcaTaauku, KoHBekTHB MK
KypUTHIIIa MaTeprajira MakcuMain aapaxana kupub oopaauran UK Hypranumi, yHUHT
MYKA MaCCACHHU WUKapHIaH TaIlIKapura YTKa3uIl HYHAIUIIHHN Y3rapTUPUIIA MyMKHH.
bynna HamnmuKHUHT camapaimi AU Qy3us Ko3hGUIMEHTH OIIaau Ba TYT MEBAJIAPUHUHT
CYBCH3JIaHUIII Iapakacu OOIIKA KypPUTHUII yCyJllapura HucOaTaH HoKOpH Oyiaau.

2-pacMJia KypUTHILHUHT JacTiadku 6ockuuinapuaa MK KyBBaTHUHT ommiyg OuiaH
KYPUTHII TE3JIUTH CE3WIApIIN Aapakaia nacalranauruiu Kypuil MmyMkuH (p<0,05).

a) 6)

4,0 4,0

30

i w
(=} (=]
T

-
o
T

KypuTuw Teanmru, r/r-c
KypuTuw Tesnumru, r/r-c

1 | 1 1 1 | |
1,0 2,0 3,0 4,0 50 6,0 1,0 2,0 3,0 4,0 50 6,0
KypyK MOAAAHWMHT HAMAMTH, T/T KYPYK MOAAAHUHT HaMAMIW, /T

0' | L 1 ] 0" ||

—=—65°C; 70°C;, ——75°C. 70°C(230Bt); —=—70°C (260 Br); —*—70°C (280 Br).
2-pacMm. KonBekTuB HHPPAKU3WJI KYPUTHII KyPHIMACHAA TYPJIH
xapoparJapuaa (a) Ba UK nypaannm KysBatiaapuaa (0) TyT MeBaJIapUHHU
KYPHUTHIN TE3JIUTHHUHT 3TPU YN3UKJIAPH

Tym mesanapuHu KOHEEKMUB-UHDPAKUIUL KYPUMUWHUHE — (DAOIaHU
suepeuscu. TyT MeBagapuHu KOHBeKTUB-UK KypuTHIIl BaKTHIa KypUTHII XapopaTh
(UK nypnanum kyuu 230 BT na 6enrunanrad) Ba HAMJIMKHUHT caMapainu quddysust
ko3 durmenTu ypracugaru OOFIUKINK 3-pacMaa Kypcatuirad. (7) TeHrIaMaaaru
YU3UKJIA perpeccus Kusuuru E, MaH TyT MEBacMHW KypHUTHIN YYyH (DaoJIJTaHUIII
sHepruscH 53,97 KxK/MOJ SKaHIUTH KeTHO YMKaIu.
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1851

19,0

T T T T T 7T

InD, 4,

19,5

T T I

|- 11 11 11

285 2,90
1/(T+273,15)-10°

Kypumuw  xunemuxacu modenunu maunaw. Kyhgarn 3-xaaBaijga TyT
MEBaJIApUHU KYpUTHIL XapaCHUHU XHCOONall HaTwKajgapu Kedatupuiarad. [ledmk

T - xyputuw xapopartu, °C;
D,¢¢. - HAMIIMKHUHT caMapaiu
anpdysus kodxpdunnenta, m%/c.
3-pacm. HaMIIMKHUHT camMapaju
AupPy3us kodppunuenTura

J 0oryuK 0yyiran konsekTuB UK

KYPUTHII XapopaTu

MOJIENHU HT I0KopH yprada R? (0,99882) Ba sHr mact ypraua y> Ba RMS (2.89x10%,
9.86x10) ra sra 6ym6, 6y >ca Ilelimk Mogeny yndy TaJKMKOT MIIUTa SHT SXIIH MOC

KEJIMIIWHYU KypcaTaau.

3-KaaBaj
Typau xu kouBekTuB-UK KypuTHi mapoutjaapuaa TYT MEBACHHU KyPHTHII

Moaeaj1apu
Moaesutapaunr Homstanumy | Kypurum mapourn R? 1 RMS
65 °C (230 Br) 0,99537 | 3,92x10™* | 0,00744
70 °C (230 BT) 0,99882 | 2,89x10™* | 9,86x10™
Ieiimx 75 °C (230 Br) 0,99712 | 1,41x10* | 0,00318
(70 °C 260 Br) 0,99791 | 1,82x10* 0,002
(70 °C 280 Br) 0,99141 | 8,49x10* | 0,00934
65 °C (230 BT) 0,99463 | 4,54x10* | 0,0864
70 °C (230 BT) 0,99387 | 6,13x10* | 0,00675
Momudukarusuranran [Termx 75 °C (230 Br) 0,99428 | 6,81x10* | 0,00477
(70 °C 260 Br) 0,99592 | 1,82x10* 0,002
(70 °C 280 Br) 0,99137 | 8,49x10* | 0,00934
65 °C (230 BT) 0,99464 | 4,54x10* | 0,00863
70 °C (230 BT) 0,9942 | 5,80x10* | 0,00638
XennepcoH Ba [Taduc 75 °C (230 Br) 0,99467 | 6,35x10* | 0,00445
(70 °C 260 Br) 0,99591 | 3,55x10* | 0,0039
(70 °C 280 Br) 0,9905 | 9,37x10* | 0,0103
65 °C (230 BT) 0,99675 | 2,76x10* | 0,00496
70 °C (230 BT) 0,99552 | 4,48x10™* | 0,00448
Jlorapudmux 75 °C (230 Br) 0,99591 | 4,88x10* | 0,00292
(70 °C 260 Br) 0,99568 | 3,77x10* | 0,00377
(70 °C 280 Br) 0,99299 | 6,90x10* | 0,0069
65 °C (230 BT) 0,99401 | 5,08x10* | 0,00863
70 °C (230 BT) 0,99292 | 7,09x10* | 0,00638
Wkku kappanmn 75 °C (230 Br) 0,99253 | 8,89x10™* | 0,00445
(70 °C 260 Br) 0,99488 | 9,80x10* | 0,00821
(70 °C 280 Br) 0,98536 | 6,00x10* | 0,01031
65 °C (230 BT) 0,99593 | 3,45x10* | 0,00655
70 °C (230 BT) 0,99529 | 2,71x10* | 0,00298
Nxku xappaau 3KCIIOHEHITAT 75 °C (230 Br) 0,9826 1,4x10* | 0,00979
(70 °C 260 Br) 0,99599 | 8,82x10* | 0,00821
(70 °C 280 Br) 0,99142 | 8,45x10™ | 0,00845
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Huccepranust MIMHUHT «KypuTwiran Tyt MeBajJapuHUHT (U3HK-KMMEBUM
XYCYCHSITJIAPH IKCIEPUMEHTAJ TAAKUKOTJIAPH Ba JadopaTropusi TaXJIWLJIaApW»
HOMJIM YYMHYHU 00011a KypUTHITaH TYT MEBaJIapUHU SKCIIEPUMEHTAJI Ba JIabopaTopust
TaJIKUKOTH HATH>KAJIApU KEITUPUIITaH.

Hamnuknune xypumuw mesnueuea oOo2nux xonoa yzeapuwu. Kyiuparn 4-6
pacmnapaa (1) TeHrmama Oyitmda XucoOJaHTaH HaMIUK Kol dumueHTH
KUiMaTiapura MOC paBUIIa KYPUTHII TE3JIMTH KUUMATIAPUHUHT Y3rapUIINHU
Kypuil MyMKUH. YOy rpaduxiapra acociaHuO, KypUTHII XaBOCHHUHT XapopaTu
OIIUIIY OWJaH KypUTHUII TE3JIUTH OIIaJIM Ba HATHUXKaJa HAMIUK MUKJOPH acTa-CeKUH

KaMasaau ACTaH XyJjiocara KCJIMII MYMKHH.
Z 0,025

o
[=}
~
w

0,020 -

0,015 -

0,010

0,005 - .

Kypumiw Te3nnm (r cys / r Kypyk moana*

g

50

75

Hamnuk mukaopw (r cys / r kypyk moaga)

MoAeNb;

=65 °C.

100

4-pacMm. 65 °C na KypuTHIITAH TYT
MeBAJAPUHU KYPUTHII Te3JTUTHHUHT
HAMJUIMKKA OOFJIMK X0J11a Y3rapuiuu

0,020

8

Kyputiw Teanur (r cys / r KypyK moaaa* aax,.)

E

S5-pacM. 70 °C na KypuTWITaH TyT

0,015 -

0,010 -

25

50

T

75

Hamamk mukaopw (r cye / r Kypyk moaga)

Mopen;

70°C.

100

MEBAJIAPDUHU KYPUTHII Te3JTUTHHUHT
HAMJIMKKA 0OFJIHK X0J1/1a Y3rapuiiu

Hartmxana, ok TyT MeBacu HaMyHaJlapu YYyH CUPT MailJIOHH KamMalluiu OuiaH
MOC paBMIIIa KYPUTUII BaKTH KACKApUIIM Ky3aTuiau. Mucoa tapukacuaa 6-pacmaa
75 °C xapopatja OK Ba KOpa TyT MEBACH HaMyHaJIapy HAMJIUTUHUHT KyPUTHIL BAaKTUTa
OOFIMKINK rpaduru Kypcatuiarad. AnaOuérnap TaxJIuin HaTHKallapura Kypa, HaMmyHa

XaKMH KaTTaJlalllraH capd KypuTUII BaKTU OpTUO OOpUIIN KAl STUIITaH.
= 0,025

0,020

0,015 |
6-pacm 75 °C na KypUTHJITaH TYT
MeBAJIAPMHU KYPHTHII Te3JTUTHHUHT
e HAMJIMKKA OOFJINK X0J11a Y3rapuiu

0,010 - Lag A

Kyputiw Teanuri {r cys /[ r KypyK moaaa*

o

3

wu
»>

<
"
»

E

0 25 50 75 100
Hamnuk Mukaopw (r cys / r Kypyk moaga)
mogenb;, 4 75°C.

Ok Ba KOpa TyT MEBaJJapUHU KypUTHUI OyiHYa SKCIIEPUMEHTA] MablyMOTIIap
YU3UKJIM OYiMaraH perpeccus TaxXTiM EpJaMuia MaTeMaTHK MOJEIUIAITHPHIII
OpKaJIM OJIMHTaH HAMJIMK MHUKIOPM Ba KYPHTHII BaKTH 3TPH YW3HWKJIApH OWIaH
TakKocimaHau. l-kamBanmga OepwiraH MaTeMaTWK MoJeuiap EpJaaMua OJIMHTaH
perpeccusa koddppuimentiapu (R?), (x?) Ba KBajgpaTUK XaTOJAPHUHI TaXMHUHMIA
nuruaaucu (RMS) xruco6:1a6 unkunaran Ba 4-xaaBaiiaa 6aradcui KeITUPUIITaH.
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: 7-pacMm. 70 °C 1a KypuTHJITaH OK Ba
. . KOpa TYT HAMYHAJIApH HAMJIUT MTHUHT
. KYPUTHII BAKTHI'A OOFJIMK X011

]
*
I y3rapuum

o
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*
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o

Hamnmk mukgopw (r cys / r Kypyk moaaa)
& N w 8 w [*2]

20 40 60 80 100 120 140
KypuTuw BakTH, AaK.
® OT TYT MeBacy; m KOpa TYT MeBacu.

TeHIIaMaHUHT MOCIMIMHU aHUKJIAIl ydyH R? HMHT SHT IOKOpH, ¥° HUHT JHT
knunk Ba RMS kuiimatmapu tekmmpunanu. bynpma, perpeccus koddduimeHTH
MaxCyJIOTIAPHUHT KypHUII STPU UYU3UKJIAPUHH TaBCU(IOBYM SHT SXIIA MOJEITHU
aHuKIam UMKOHWHHM Oepamu. KBaapatuk xaronap uwmrumaaucu (RMS) maremartuk
MO/IeJIb TOMOHH/IAH OJIMHTaH KUHWMatjaap Ba IKCIIEPUMEHTA KUMaTiIap ypracujaaru
MYTaHOCUOJIUKHU KypcaTay.

o

4-kanBaJ
Tyt MeBajiapu YYYH XHCOOJAHIAH CTATHCTHK MabJyMOTJIA
KypuTum xapopaTu Monens R? 12 RMS

[eiimx 0,9896 | 0,000162 | 0,005350
Monudukanusianran [Tenmk 0,9853 | 0,000355 | 0,065276
65 °C XennepcoH Ba [Taduc 0,9882 | 0,000018 | 0,062612
Jlorapudmux 0,9799 | 0,000042 | 0,027125
Wxku kappanu 0,9892 | 0,000037 | 0,029292
Wkku xappanu SKCIIOHEHIIHAI 0,9888 | 0,000115 | 0,050341
eiimx 0,9954 | 0,002748 | 0,012609
Momudukarusuranran [Termk 0,9913 | 0,001476 | 0,080652
. XengepcoH Ba [Tabuc 0,9903 | 0,000442 | 0,024257
70°C Tlorapudmix 0,9898 | 0,000057 | 0,034874
Wxku kappaiu 0,9912 | 0,000313 | 0,064854
kku Kappanu SKCIOHCHIIHAT 0,9893 | 0,000063 | 0,035937
Ieiimx 0,9815 | 0,001717 | 0,166649
Monudukanusnanran [eimk 0,9869 | 0,001277 | 0,177182
. XennepcoH Ba [Tadbuc 0,9990 | 0,005111 | 0,263803
(SRS Toraprdmux 0,998 | 0,000010 | 0,263190
Wkku xappanu 0,9997 | 0,005390 | 0,032990
Wxku Kappainy SKCIIOHEHITHAT 0,9981 | 0,000181 | 0,048546

WNxxn HamyHara TaTOMK STWIT@H 6 Ta KypHUTHUII MOJICIUIAPUHUHT HATW)KaJapUHU
ypranvin BakTHaa R? HUHT SHT I0KOpH KuitMaTnapu Ba RMS xamzia y? HUHT SHI' KHYUK
kuiiMaTiiapu [leix Momenura SHT SIKUH dKammrd aHukianan. [lynusr yayHn ymoOy
MOJIEJTh TYT MEBAJIAPUHU KyPUTHII MOJICITU YIyH SHT MOC KeJlaau Ae0 XyJoca KUITHHIH.

Juppyzua xkosgppuyuenmunu xucoonraw uwamudcarapu. Camapanu auddysus
KodhQUIIMEHTUHUHT KuiiMatiaapu (6) TeHriama Epaamuaa XucooOnanrad. Kypuruii
xapopatu oy OmnaH D,y KMHMaTIapu MOC paBuIlia OMIMO OOpHUINM Ky3aTHIIIH.
Hamynanap rokopu xapopaTna KypuUTHITaHA, KYTapuiraH HUCCUKJIUK SHEPTUiCU CYB
MOJIEKYJTAIAPUHUHT (PAOJUTMTMHU OLIMPaAaN Ba HaTwxkaaa nuddysus kydasau. Kyitnnaru
8-pacmman nuddy3us ko3 GUIIMEHTIIapH XapopaT OIIMIIK OuiIaH OpTHO OOPHIIMHU
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KYpUIIA MYMKWH, YyHKH FOKOPH Xapoparjiapia TyT MeBalapHuiard HaMIUKHAHT
OYFJIaHUIITN TE3POK coup OVimaau.

T
> 2,80

2

2,406™ |

2,00e%

8-pacm. TypJau xapopataapaa
206 KYPMTHJITAH TYT MeBAJAPUHUHT
oy camapaJuu 1upPy3us

- KO3 PpunuenTiaapu

1,606 ™

HamaukHmHr camapanv auddysuscn (m

0,006 |
65 °C 70°C 75°C
Xapopar, °C
W oK TyT Mmesacy; M Kopa TyT meBack; M XWCOBWIA KMIMaT.

Arapna, TyT MEBaJIApUHUHT Xap MKKUM HamyHaldapuHHu D,y Kuilmarnapu Oyiinua
TaKKOCJIacaK, y XOJjIa HOMUHAJI Xapoparja OK TyT MEBaJaph KOopa TyT MeBalapHuaaH
i dy3us xucoOura Kypa Oup 03 Te3pOK KypUKIH AeTaH XyJiocara KEJIUILIMMU3 MyMKHUH.

Daonnanuw sHepeuscuru xucoonauwt Hamudxcanrapu. DaojaHUII SHEPTHUSLCH
InD,¢¢. Ba Xapopart ypracumaru 0oraukiIvK (7) popmyna EpaamMuaa XUCOOIaHTaH.

19,0

% 5] \ 9-pacm. XapopaTHHHI caMapaJiu
- aup@ys3us kodpduumueHTura

21,5 TabCUPH

22,0 T T T T T T T T T T
0,00290 0,00295 0,00300 0,00305  0,00310 0,00315 0,00320

1/(T+273,15)-10°
W oK TyT mepack; M Kopa TyT mesac; M xucoBuii KuiAmar.

Hnppaxuzun Kyeeam oapadicacunune Kypumuwi eaxmuea mavcupu. UTHQpaku3un
KYpPUTHII KypwiMacuja Kyputuil xkapa€éHu yuyH 100 rp ok Ba Kopa TyTiap MoOcC
paBumaa 230 Bt, 260 Bt Ba 280 BT KyBBaT/Iapia OXMpru HaMJIMK MUKJIOPH ypTaya
16% ra xagap kyputwiran. Kyputunaérran HamyHanap Xxap Oup coatia yiI4aHTaH Ba
Kaia stunrad. TaxpuOanap HaTWXKacuaa KypuiaraH HAMJIIMKHUHT KypUTHII BaKTH Ba

UK kyBBat gapakacura OOFIHKIMK rpadukiapu 10-pacMaa KENTUPUIITaH.
80
70+

(2]
o o
1 1

10-pacm. Typau KyBBaT/IapHUaa

KYPUTHJITAH TYT MEBAJAPUHUHT
HAMJIMK MUKIOPUHHM KyPHUTHII
BAKTHUIra OOFJIMK/IMK rpadpuru

o
1

Hamnnk mukaopw, %
NOW B !
o S
1 L

=
o
1

o

T T T
30 60 90
KypUTMLI BaKTH, AaK.
230 BT (oK TyT); ——260BT (0K TyT); —— 280 BT (0K TYT);
——— 230 Bt (Kopa TyT); — 260 BT (Kopa TyT); —— 280 BT (Kopa TyT).

10-pacmaan Mabiym OYJIaauKu, KYPUTUIIHMHT SHr KUCKa Baktu 230 Bt
MH(QpaKu3mia KyBBAaTHAA KypUTWITaH HamyHanapaa ky3atwiau. Illynnaii kuiumoO,
KYJUTAaHWJIAUTaH KyBBAaT OPTHUIIM OWJIAH KypUTHIN BAKTH MOC paBHUIIAA OPTaIH.

Nuppakusun KyBBaTHAa KypUTHITAaH HaMyHajgap YYyH OHT Y30K KYpPUTHII
napomuityinuru 280 BT a kai > THiau.

o

T
120 140
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Mamemamux mooennawmupuw namudxcanapu. Perpeccus koddpummentu (R?), ()
Ba KBaJpaTWK XaTojap MMFUHAMCUHUHT TaXMUHUM KuiiMmatiaapu (RMS) Tyt meBacuHu
KYPUTHII STPH YW3UFUHUHT MOCJHWTHHUA aHWKJIANl yYyH KHPUTWITaH TapaMmeTpiiap
xpcoOmanaay. Yoy mapaMeTpIapHA COMUAIITAPHII YIyH OJITH XWJI KyPHTHUIIT MOJCITHIAH
dorimananmnay. Ymly Moaeiap Typid KyBBaT Japaxanapuaa MHOPAKU3WIT KypUTHII
KyprwiMacua KypUTWITaH TyT HaMyHaJapuaaH OJHMHTaH MabIyMOTIapra HucOaTaH
KYJUTaHWITaH. barropar KWIMHraH CTaTUCTHK MAkTyMOTIIap S-KaiBayia Oatad)crn KemupiraH.
5-kaaBaJ

Tyt meBasapunu UK Kypurnm kypuiamacuaa 230, 260 Ba 280 Bt KyBBaT/1apAa KypuTHII
MO/Ie/UIAPHHUHT CTATHCTHK HATH/KAJIAPH

KyBBar fapaskacu Mojeib R? ¥° RMS
Ierimx 0,9995 | 0,000052 | 0,028978
Moaudukanusnanran [leimk 0,9763 | 0,002140 | 0,206862

230 Br Xenaepcod Ba ITabuc 0,9966 | 0,000274 | 0,062159
Jlorapudmux 0,9656 | 0,003622 | 0,225477
WKKku Kappaiau 0,9978 | 0,000366 | 0,076037
WKKH Kappajiy SKCIOHEHIIHAI 0,9981 | 0,000211 | 0,08272
Ieimx 0,9992 | 0,000083 | 0,025061
Moaudukarusaanran [Teimk 0,9656 | 0,003073 | 0,190663
260 Bt XenaepcoH Ba ITaduc 0,9750 | 0,002297 | 0,144812
JlorapuMux 0,9476 | 0,000077 | 0,028583
WKkku kappainu 0,9929 | 0,001059 | 0,117551
WKKH Kappajay SKCIOHEHIIHAI 0,9981 | 0,002103 | 0,03892
Ieiimx 0,9996 | 0,000045 | 0,018225
Momudukanusnanaran [eimk 0,9868 | 0,001274 | 0,050824
280 Bt XenaepcoH Ba [labuc 0,9968 | 0,000399 | 0,052891
Jlorapudmuxk 0,9819 | 0,002039 | 0,110248
WKkku kappainu 0,9977 | 0,000399 | 0,052515
Mxku Kappain S5KCHOHSHIHAT 0,9990 | 0,000295 | 0,02529

5-’afBallard MabayMoTiaap O0yiinya R? HUHT 2HT 0KOopH fAapaxkacu xamaa RMS

Ba XZ JAPHUHT 2HT KW4YuK KukiMaTinapu [leimk monenura moc kenanu. Ly Goucnan
[Merimx Moaenu, HGPAKU3WIT KypPUTHII KypUJIMAaCcH/a KYPUTUIITaH TYT MEBaJTAPUHUHT
KYPUTHIII 5TPHU YU3UKIAPUHH SHT SIXIIHA TaBCU(IIOBUM MOJIEIb cu(aTuia TaHIaHTaH.

Typau Kypumuwi ycyanapuoa Kypumuieaw mym Mmesanapu maprkubuoazu
amunoxkuciomanap. Xap Oup KypuTWiILaH HaMyHa KyHuJaru TapTuoaa TaXJIuil KAIUIL
yuyH anoxuna tai€pmanau: Nel-YIOU pa KypuTwiaran oK TYT MeEBaJlapu;
No2-uHdppaku3un KypuTruyaa KypuTHITaH OK TyT MeBajapu (Myauind TOMOHUIAH
TakIu( ATUIraH KypuTuil ycynn); Ne3-tabuuii ycynaa KypuTWIrad OK TyT MEBaJlapy;
Ne4-VIOU na xyputunran kKopa TyT wmeBajapu; NeS-uH(pakusuin KypuTruyia
KYpUTWITaH Kopa TYT MeBaJapu (Myaumid TOMOHUIAH TakiIu( ATHITAaH KypUTHII
ycynn); Ne6-tabumii ycysna KypuTWiIrad Kopa TyT MEBaJIapy.

6-KaaBaJ
Typ.]II/I KYPHTHII YyCYyJ/JIapH éleaMI/IIla KYPUTWITaH TYT Me¢BaJ1apH TapKnﬁnz{am
AMHUHOKHCJIO0TAJIAP
Hamyna pakamu
AMI/IHOKI/IgJ'IOTa Bonnranruy Nel I N2 | N3 l Ned | Nes | NeG
TApKHIOH MHIIOpH KoHneHTpanus Mr/rp

Cepun 0,22 0,203444 | 0,325893 0,375 0,185587 | 0,228954 | 0,281888
Tnunmua 0,30 0,336118 | 1,062339 | 0,503213 | 0,438946 | 0,554627 | 0,296915
Acmaparus 0,6 0,338046 | 0,504499 | 1,090046 | 0,423522 | 0,289846 | 0,55527
['myTamuH 0,88 1,118194 | 0,525896 | 0,478752 | 0,131474 | 0,650066 | 0,38911
Iucrenn 0,021 0,889617 | 0,82623 | 1,506011 | 0,375956 | 1,989071 | 1,468852
Tpeonun 0,2 0,804171 | 1,708048 | 1,408276 | 0,26002 | 1,627892 | 1,061584
Aprenun 0,30 0,359408 | 0,725461 | 1,083661 | 0,808819 | 0,811235 | 0,760495
Ananua 0,30 0,658374 | 1,251749 | 0,825066 | 0,238843 | 0,825066 | 0,593065
[poaun 0,1 0,563989 | 0,786408 | 0,738747 | 0,673433 | 1,074139 | 0,571933
Tuposun 0,2 1,203562 | 0,704835 | 0,857506 | 0,826124 | 1,001696 | 0,597116
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Tyt meBacu KykyHH TapkuOuma Oup KaHYa aMHHOKHCIOTAJIAPHU CaKJIaiau.
6-xaaBannaH KYpuHUO TypuOAWKH, TYT MeBalapu KykyHH TapkuOuaa 10 typmaru
AMUHOKHCIIOTAIAp MaBxkyd. KypuTummHUHT ydra ycynuaaH Qolgasanrad  XoJjaa
OJIMHTaH OJITHTa HaMyHasap opacuaa Ne2-HamyHa (Myayutid TOMOHHIAH TABCHS STHIITaH
KYPUTHUIII YCYJIH) KOHBEKTHB MH(PPAKU3UI KypUTHIN KypruiIMacuaa KypuUTHITaH OK TYT
MeBaIApH TApKUOUIArd aMUHOKHUCIIOTATAPHUHT KOHIIEHTPAITUSICH: TITyTaMUH KHUCJIOTACH
1,11 me/e; tmanmn 1,06 me/e; acniaparus 1,09 me/e; tpeornn 1,70 me/e; ananud 1,25 me/e;
BaymH 1,32 me/e; tuctunus 1,59 me/e; nevityd 1,65 me/2; bennnananun 0,27 me/e.

Typau Kypumuw ycyinapu époamuoa Kypumuiean mym mesaiapu mapkuouoacu
@rasonouonap. Tyt meBamapu TapkuOuparu ¢IaBOHOUJIAPHU aHUKJAII Oyiimua
AKCIIEPUMEHTAJ TAAKUKOTIAp HATHXKAIapy 7-)KaIBajia KeATUPHUITaH.

7-KaaBal
KypI/ITI/I.]IFaH TYT MECBaJIapu TapKI/Iﬁl/IIlal"H (l).]'IaBOHOI/IIl.JIap
Hamyna pakamu
AMUHOKHUCIIOTa TApKUOH Bouutanruy Mukgopu Nel | Ne2 | Ne3 | Ned | N5 | Ne6
KonneHnTpamnus Mr/rp

Pytun 3,9442 4,984 | 15,456 2,328 10,64 11,16 8,504
Ksepuurun 0,1393 0,904 | 0,536 0,44 0,584 0,496 0,504

T"asin xucnora 6,1911 3,384 | 3,648 7,688 3,624 4,208 6,8
HUTOro 10,2746 9,272 | 19,64 10,456 | 14,848 | 15,864 | 15,808

KyputvimHuHr yura ycynuaad ¢oifanaHraH Xojijga OJMHIAaH OJTUTa HaMyHasap
opacuza Ne2-HamyHa (Myautid TOMOHHUIAH TABCHUSI STWITAH KYPUTHIL YCYJIN) KOHBEKTHB
MHQPaKM3WI KypUTHILI KypuiMacuia KypUTWITaH OK TyT MeEBalaph TapKuOWgaru
(hJ1aBOHOMITTAPHUHT KOHIIEHTpalusicu: pyTuH 15,45 mr/rp, kBeprutud 0,90 Mr/rp 1 ramn
kucnorta 7,68 mr/rp. lllynnait kb, MHPpaKu3uiI KypuTHIL ycyiauaaH ¢oiiganaHran
X0JiJa KypUTHIITaH TyT MEBajapy TapKUOUJAard aMUHOKHUCIOTaJap KOHIIEHTPALUICH
OolIKa KypUTHLI ycyJiapura Hucbatan aH4a rokopu. OJIMHraH KyHUN MaxcynoTiap
03UK-OBKAT Ba (hapMaleBTUKa CAHOATH/A KYJJIAHUITUIIN MyMKHUH.

Tym mesanapu mapkubudazu opeaHux xuciomanap maxauiu. TaJKUKOTHUHT
yidy KMCcM/1a TYpJId KypUTHUII yCYJUIAPUHUHT OPTaHUK KHCIoTajlap TapkuOura xamaa
OK TyT MEBaJIAPUHUHI alipuM cu(aT KypcaTKuuwiapura TabCUPH, IIYHUHTIEK, aCOCHIMA
KOMIIOHEHTJIap TaXJWUIApU HaTWKajJapuIaH Ccoaup OyiamuraH y3rapuiuiap
Vpranunau. byHpa, oK TyT MeBaJapuHUHT OWOKUMEBHM TapkuOu yprawa 75,7%
sKaHmre Ka sty (11-pacm).

Kopa mym mesanapu mapxudbuoazu opeanux xucromanapuu anukiaus. TaaKUKOT
JaBoMUZa Kopa TyT MeBaJlapu OMOKUMEBUIN TapKUOWHUHT Y3rapuill Aapa)kacu TypJid
KypHUTHLI yCyJuTapura OOFIHK Xosaa yprada 85,38% okannuru aHukaanau (12-pacm).

ACKORBHH KHENOTaCH

Hamnug

PCA2(%17.67)
o

® TaBumii kyputi

3 2 Bl o 1 2 3 3 5 3 25 2 15 1 0.5 1] a5 1 15 2 5 3
PCA1(%58.03) PCA 1% 69.35)

11-pacm. OK TYyT MEeBACHHHHT TYPJIH 12-pacm. Kopa TyT MeBACHHMHT TYPJIH KyPHUTHIII
KYPUTHII YCYJUIAPH XaM/1a OPTaHUK ycyJU1apH, OPraHMK KHCJI0TAIap Ba alipuMm
KHCJIOTAJIapH YPTacHAaru 00FIHKIHK crudar KypcaTKUWIapHu YPTACHIATH OOFINKJINK
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TankukoT xapa€Huia oK TyT MeBaJIapy TapKuOuaaru GeHosn OupuKManapu Typiu
KypUTHIL ycyJuiapura Moc pasuiiia yprada 78,08% Hu tamkwi atau (13-pacm). Iy
Ovan Oupranvka, Kopa TyT MeBacu Tapkuouaary heHosa OupukManap Tapkuoura Typiu
KypUTHII yCYJUTAPUHUHT TAbCUPU XaMJ1a aCOCUI KOMIIOHEHTIIAp TaxJIMIMTa Kypa yiaapaa
comup OYnamuraH y3rapunuiap ypranwian. Kopa Tyt meBamapu TapkuOumaru (heHos
OnprKManapyHUHT yiymm yprada 74,03% skarumury aHnkianmu (14-pacm).

Tabunii kyputnw
[ ]

Koge kucaoracn .

PCA2 (% 19.30}

a 3 2 Bl 0
PCA1(%58.78) - 3 2 -1 1 2 3 a

o
PCA 1 (% 51.99)

13-pacM. OK TYT MeBACHHHHT TYpPJIH 14-pacm. Kopa TyT MeBACHHUMHT TYpPJIH
KYPHUTHII YCYJ11apHu Ba ¢eHos KYPUTHII ycyJLu1apH Ba (eHoa
OMpHKMAaJIapu YpTacuaaru 00FJINKJINK OMpHUKMAaJIApHU YPTACHAATH OOFJIUKINK

HucceprauustHuHr « TyT MeBajiapyHM KypUTHII YYYH HHPPAKU3WI Ky PUTHII
KYPWIMACHHM TAKOMWUIAIUTHPHUIN» HOMIM TYPTUHYM O00Mna HHpaku3mil
KypUTHULI KypuiMacu 0yiinya oaud Oopuiirad TagKUKOT HATHXKalapu KEITHUPUIITaH.

KypuTruuHUHT KOHCTPYKIMACHHM JioMuXanam 3aMoHaBui Solidworks mactypu
€ponamua opkaaM amanra ommpwiav. Kalita wnulam KopXOHaJIapuaa KypUTHII
KypuiManapuaan (poiiananuil AaBpuaa ko3ara KejaaJuraH MyaMMOJIAPHU Xajl KWJIUII
MYMKHUH OVIIraH HaTWXajlapHU OJIMII YYyH TEXHOJOrWs OMpPUHYM HaBOaTga CUHOB
KapaCHMIaH YTUINA JIO3MM. YOy OOCKWYZaH CYHI, HMHQPAaKu3WiI KypHTHII
KYPWIMaCHHUHT KOHLICTIIMSICH MIILIA0 YMKWIIM Ba y Y30eKkucToH PecnyOimkacMHUHT
MHUKpPO, KHYMK Ba ypTa KOPXOHAIAPH IXTUEKIIAPUTAa MOCIAUTHPWIIN. 15-pacMua TyT
MEBAJIApUHU  KypUTHULI Oyiinua YTKa3WwiraH TaxJuuiap, MaBkyll TEXHUKa Ba
TEXHOJIOrusIap acocuaa unuiad yukwiran MK Kyputuin KypuiMacHHUHT KOHCTPYKTHB
cxeMacu K}?pcaTg/mraH.

K —

1-xopmyc; 2->)xaBoHJIap (TarauKIap
e i YUyH KaBOHJIAp); 3-3MIHK; 4-KypUTHUIIT
—————~— YKapa€HUHU Ky3aTULI Y4yH Japua,

===+ a@ NN 5-oékmap; 6-Typm tarmukiap; 7-MK
e IN HypaaTru4aiap; 8-TepMoxxyhTIuKIap;
el 9-BenTmisiTop; 10-001IKapyB OI0KH;

e 11-xynd.
3/ 24 15-pacm. TakoMUIAIITHPWITAH

UK Kypurui KypuiMacu

Takomunnawmupuniean UHQPaKu3ul Kypumuui Kypuimacu Kyuuoazu mapmuooa
uwnauou. TyT MeBaTapyUHUHT SIHTU XOCHJIM YaHT Ba OomiKa HQIOCTaHTUPYBUU
MOJJ1ajlap/laH TO3aJIaHAId Ba FOBUJIAAN Xamaa TYpJu Tarivk 6 ra sKouinamTupuiaim,
CYHrpa TariMKiIap KypuUTHII Kamepacw | Jnaru >kaBoHJap 2 ra >KONIaIITHPUIIAIH.
Ok 3 sk Kyndu 11 épaamuna maxkam énunaan. Undpakusun Hypaatruuiap 7
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OomkapyB 010k 10 TOMOHMIAH HILITa TYIUMPUIAAN Ba KaMEPAa MUUIaTH XABO TE3JIUTH
BEHTWIITOP 9 HUHT TE3JIMTHMHM Y3rapTUpHUIl opkanu Oomkapuianu. Kamepanaru
xapopaT 3ca TepMOXy(pTaukiIap 8 €pmaMmua aBTOMATHK paBHIIAA OONIKApUIHO
Typwiagd. Maxcynomiap TyJIUK KypUTWITAaHWJAH CYHI, KypuiMa YUYUPWIAIH,
TarJIMKJIap YUKapHuO OJIMHAAN Ba KYPUTHITaH MaxCyJIOTJIap TYIIUPUIAIU, CYHTPa SIHTU
MeBajap sSHa yjiapra IoKJIaHaau Ba kamepara Kaiitapunanu. [lynnait k6, KypuTHI
xapaéHu ymoy amaiiap KeTMa-KeTJIMIM HATWKachaa amMaira OUIUpuiaaud. Yoy
Kyputuil KypuiMacu MK cyBcusnanumn xucobura sIKyHH MaxcynoTiapaa doiinanu
XYCYCHSITIIApHH CcaKyIa0d Koiuil uMKOHUHH O6epaau. UK KypuiManuHr Xomaié Ouinan
KOHTaKTAa Oynanuran 6apya 3JieMEeHTIapu CTaHAApTIapra MyBo(UK pyxcar 3TUITaH
TErHIUIH MaTepHaiapAad Tal€paaHuIIM Tajnad dTHIAIH.

XVYJOCA

1. Tyt meBanapunu kouBekTuB UK Kyputuii sxapaéHujia XapoOpaTHUHT KyPUTHIII
te3nurura Tabcupu UK Hyp KyBBaTHUra HHCOATaH aXaMUSITIIM YKAHJIUTH aHUKJIAHTaH.
bynna xyputum xapopatu Ba UK Hyp KyBBaTH omumm OWiiaH KypUTHII BakKTU
KHCKapraH, KypUTHIII T€3JIUTH ACa CE3UIIapIIv OIIraH.

. Tyt meBanapu nact xapopamiapaa koHBekTuB MK kyputuimn kypuiMacumaa
KypHTI/IJIFaHIIa HaMJIMKHUHT camapaii zuxltbq)yBHﬂ Koatb(i)l/mﬂeHTH oeBocuTa KypHTHII
XapopaTty Ba KyBBaTura 00FIHK Xoiaa 2,58%10" 9-8,37x107° m%/c opajufua y3rapaju,
IIYHUHTJEK, (paoIaHuI sHeprusicu 53,97 KoK/MOJTHY TAIIKYT ATaau Ba UHGPaKU3UI
KYPUTHII YCYJIM YU9YH SHT MOC KypuTHIl Mmojenu [leimk Mmoaenu XxucoOaaHaau.

Kyputum xapoparu 70 °C Ba UK nyp kyBBatu 230 BT Oynran mapoutaa
KYPUTWITAH TyT MaXCyJIOTJIapU SHT XU PU3UK-KUMEBUM cudatiiapra 3ra SKaHIUuTH
anuknanrad. Ulysunaraex, MK Kypurum KypunMacuaas ¢poiiaraHuirania KypuTHi
BaKTH KMCKapraH Xam/ia SKyHU MaxcyynoT cudaru cakjiad KOJIMHTaH.

4. Nudpaku3ui KypuTHII KypHUJIMacuia KypUTHITaH OK TYT MeBaJlapu (Myasud
TOMOHHJIAH TABCUS ITUJITAH KypPUTHII yCYyJIN) TApKUOUIAru aMHUHOKHUCIOTaIapHUHT
KOHIICHTpAIUSACH: TIyTaMuH Kuciotacu 1,11 me/e; rmumun 1,06 me/2; acmaparus
1,09 me/e; Tpeonun 1,70 me/e; ananun 1,25 me/e; Banmun 1,32 me/e; tuctuaus 1,59
me/e; nernuH 1,65 me/e; pennnananun 0,27 me/e HA TAIIKUII OTraH.

5. adpaku3ui KypuTUIl KypuiaMacuaa KypuTHITaH OK TyT MeBajapu (Myamiud
TOMOHUJIaH TaBCHUSl ATUITaH KYPUTHII YCYJU) TapkuOumaru ¢hjaaBOHOUJIADHUHT
KOHIIEHTpauusicu: pyTuH 15,45 me/z, kBepuutud 0,90 me/e u rannoBas kuciota 7,68
Me/e HA TaIllKUJI 3TTaH.

6. OK TyT MeBaslapuHHUHT OonuTanFud Hamiaure §3,63%, Kopa TyT MeBaTapUHUHT
Hamimurn  3ca  91,97% wu Ttamkun Kwiaad. Tabuuil  ycynga KypUTHITaH
HaMYHQJIAPHUHT SIKYHUW HaMJIUTU: OK TyT MeBacuzaa 17,87 % ra, Kopa TyT MeBacuaa
16,94 % raua kamaiiau. Madpakuswi KypuTui KypuiMacuia KypuTHIrad 6ab3u Kopa
TYT HaMyHQJIAPHUHT SKYHUA HAMJIMTH TaOUWH KypUTHIITaHJIapuTa HUCOaTaH1aH Oupo3
IOKOpH OYnuiy aHukianraH (ox Tyt 13,73%, xkopa Tyt 25,70%).

7. Tyr wmeBacunu Kyputuim yuyyH WK Kypwiama TaKOMHIIIAIITHPUIITAH.
[IyHuHTIeK, TaBCUsI TWITaH pallMOHANl TaXKpUOa-caHOaT KYPUTHUII KypUJIMACUHUHT
napamMmeTpiapu, radaput yiadamiiapy Ba YHyMAOPJIUK KypcaTKUYJIapu aHUKJIaHTaH.

8. TaxoMmwLIalITHpWITaH HHPpaKu3ua Kyputui Kypiacu 65 °C, 70 °C Ba 75 °C
KYpUTHII Xapopariapuia sKyHuil Hamiuk Mukaopu 83-91% nan 16-25% raua 6ynran
MaxCyJIOTJIapHA KYpPUTHUII KOOWJIUSITUTA 3ra AKAHJIUTK aHUKJIaHTaH. YOy KypHUTHII
KypriIMacuaaH MUKpPO, KHYUK Ba YpTa KOpXoHaJIap/ia camapain (poiamaHuil MyMKHH.

9. Tyt meBanapuHu OMOJIOTHK (aosi MOAJATApHU CaKjaraH XoJijia KypUTHII
TEXHUKACH Ba TEXHOJIOTHsICH Oyiirua uiiaHMa Ba TaBcusuiap «Sunny Land Productsy
MUYXna amanmuérra xopuit KuiauHraH (Y30€KHCTOH O3UMK-OBKAaT CaHOATH
yrormvacuHuHT 2023 itnn 04 sasapaaru 04-1/01-23-con MablyMOTHOMACH ).
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INTRODUCTION (abstract of PhD dissertation)

Relevance and demand of the dissertation. The rapid growth of the world's
population naturally leads to a dramatic increase in the demand for food. It is known
that agricultural products serve as the main source of human food supply. However,
preserving the nutritional value of products over the long term, supplying them to
the domestic and foreign market with high quality for consumption outside the
harvest period are considered to be pressing challenges.

Scientific research is being carried out worldwide to optimise convection and
infra-red drying technologies. In this regard, much attention is paid to the development
of energy-saving techniques and technologies to speed up drying, preservation of
biologically active substances in raw materials during processing, rational use of heat
exchange processes taking into account their thermal activity and other indicators of
food quality, development and improvement of ecological drying apparatuses,
mathematical modelling of food industry processes and rational use of existing
drying methods to obtain new types of high-quality food.

The Republic pays special attention to the cultivation of agricultural products and the
effective development of the processing industry, high-quality processing of agricultural
and forestry products, and the production of import-substituting food and pharmaceutical
products, as a result of which certain scientific achievements have been made. The Action
Strategy for the Further Development of the Republic of Uzbekistan envisages ""deepening
structural reforms and consistent development of agricultural processing capacity, further
strengthening food security of the country, expanding the production of environmentally
friendly, high-quality products and significantly increasing the export potential of the
agricultural sector”. Important tasks have been identified. It is therefore important to
effectively develop agricultural production and processing industry, to produce quality
consumer goods to replace export-oriented imports, and to provide the population with
quality and affordable food.

This dissertation research to a certain extent serves the implementation of the
tasks outlined by the Decree of the President of the Republic of Uzbekistan dated
January 28, 2022 No. PD-60 “On the development strategy of the new Uzbekistan for
2022-20261, in the resolutions of the President of the Republic of Uzbekistan dated
October 23, 2019 OP-5853 "On approval of the Strategy for the Development of
Agriculture of the Republic of Uzbekistan for 2020-2030", July 29, 2019 No. OP-4406
"On additional measures for the deep processing of agricultural products and the
further development of the food industry”, as well as in other legal and regulatory
documents related to this activity.

Relevance of the research to the priority areas for the development of science
and technology in the Republic of Uzbekistan. This study has been carried out in
accordance with the priority areas for the development of science and technology of the
Republic of V "Agriculture, Biotechnology, Ecology and Environmental Protection”.

The extent to which the problem has been studied. Scientific research aimed
at developing efficient technology and speeding up the drying process of agricultural

! Mirziyoev Sh.M. Decree of the President of the Republic of Uzbekistan dated January 28, 2022 No. PD-60 “On the
development strategy of the new Uzbekistan for 2022-2026”. Electronic source: https://lex.uz/uz/docs/5841077.
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products has been carried out by the following foreign scientists: Y. Huo, R.K.Datta,
A.K.Awasthi, I1.Giiven, R.P.Srivastava, J.Li, H.Chen, Y.Garnida, N.Meeso,
A.S.Majumdar, T.Furuno, V.Srijesdaruk, L.G.Tabil, W.R.Daud, Z.Yapar, C. Ertekyn,
A.V.Lykov, A.S.Ginzburg, N.l.Vavilov, P.A.Rebinder, B.M.Kasymbaev, |.B.Levitin,
O.S. N.I. Vavilov, P.A. Rebinder, B.M. Kasymbayev, |.B. Levitin, O.S. Levitin, P.D.
Lebedev, A.V. Nesterov, B.S. Sazhin, and also local scientists: N.R. Yusupbekov, Z.S.
Salimov, J.N. Mukhiddinov, A.F. Safarov, J.M. Kurbanov, A.A. Artikov, H.S.
Nurmukhamedov, K.O. Dodaev, H.F. Dzhuraev and others have conducted effective
research to improve processes and apparatuses in the food industry and they have
developed effective technologies.

At the same time, scientists in the global community are actively conducting
research in the priority areas of drying technology development and design of highly
efficient resource- and energy-saving equipments, obtaining quality products from
mulberry fruits, and modelling the drying process. However, the development and
improvement of the energy-saving drying equipment and mathematical modelling of
the mulberry fruit drying process have been insufficient.

Relationship of dissertation research with the plans of research work of the
educational institution where the dissertation was carried out. Dissertation
research has been carried out in accordance with the plans of research works of
Tashkent State Technical University named after Islom Karimov within the scientific-
applied project C-1-19 - "Creation of import-substituting innovative drying equipment
for preservation of biologically active substances of medicinal plants and introduction
into pharmaceutical industry™ (2019-2021).

The aim of the research is to improve the infrared equipment for drying mulberry
fruit.

Research objectives:

study of the characteristics and properties of mulberry fruits in order to ensure the
high quality of the finished product through a rational organisation of the drying
process;

mathematical calculation, selection of process models and obtaining the drying
speed curve;

determination of the effective moisture diffusion coefficient and the activation
temperature of the drying process;

determination of the chemical characteristics of mulberry fruits in terms of
preservation of their chemical composition and therapeutic properties;

processing of the obtained experimental results using modern computer programs
Comsol Multiphysics 5.5, Solidworks, Microsoft Excel 2019 in the Windows
environment;

improvement of energy-efficient infrared equipment for mulberry fruit drying;

implementation of the results obtained during the dissertation research in industry.

The objects of the study are white (Morus alba L.) and black (Morus nigra L.)
mulberry fruits.

The subject of the study is the infrared drying plant, the effect of the radiation
drying method on the composition of the object, the mathematical model of the drying
process and its parameters.

Research methods. When performing the dissertation work using the
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theoretical foundations of chemical technology applied the methodology of system
analysis and synthesis of complex technical and technological systems, used
methods of mathematical modeling and optimization of chemical-technological
processes and systems.

The scientific novelty of the study lies in the following:

it was determined that the effective moisture diffusion coefficient when drying
mulberry fruits using infrared radiation varies within 2.58x10°...8.37x10° m2/s
depending on temperature and power;

mathematical modelling of mulberry fruit drying process using modern software
Comsol Multiphysics 5.5;

Page model best describes the IR drying process, with the highest mean R? value
(0.99882), lowest mean y? value (2.89x10#), RMS value (9.86x10%) and the activation
energy of mulberry fruit was 53.97 kJ/mol;

the technology of mulberry fruit drying process was developed, which allows
preserving the biological active substances by 90-95%;

The practical results of the study are as follows:

it was determined that drying by infra-red radiation can significantly increase the
efficiency of mulberry fruit drying (drying efficiency increases at 70 °C), and the Page
distribution model well simulates the process of drying by infra-red radiation and
convection at different drying temperatures;

it is established that the improved drying system is able to dry products from 83-
91% moisture content to 16-25% moisture content with a drying temperature of 70 °C
and a power of 230 W in 300 minutes;

dried mulberry fruits contain: ganglutamic acid 1.11 mg/g, glycine 1.06 mg/qg,
asparagine 1.09 mg/g, threonine 1.70 mg/g, alanine 1.25 mg/g, valine 1.32 mg/g,
histidine 1.59 mg/g. , leucine 1.65 mg/g, phenylalanine 0.27 mg/g, rutin 15.45 mg/qg,
guercetin 0.90 mg/g and gallic acid 7.68 mg/g;

Reliability of the results of the study. The reliability of the results obtained is
confirmed by the consistency of the results of theoretical and experimental studies
performed using modern methods and tools, provided by the results of computer
simulation performed using modern computer programs Comsol Multiphysics 5.5,
Solidworks, Microsoft Excel 2019 in the Windows environment.

Scientific and practical significance of the research findings.

The scientific significance of the results of the study is explained by the fact
that we have calculated the process of heat and moisture exchange in mulberry
fruits, taking into account the influence of the temperature regime in choosing the
optimal parameters of dehydration process, drying kinetics at various combinations
of temperature parameters and power of infrared radiation to obtain a high-quality
final product.

Practical significance of results of researches is explained by that
recommendations on choice of optimum parameters of temperature and power of infra-
red radiation at infra-red drying of fruits of a mulberry are developed, the energy-
saving infra-red installation allowing to receive a high-quality end-product with
preservation of bioactive substances in fruits of a mulberry is constructively improved.
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Implementation of the findings of the study. Based on the scientific and
practical results obtained to improve the convective infrared equipment for the drying
of mulberry fruit:

energy-saving technology for mulberry fruit drying has been introduced into
production at Sunny Land Products LLC (certificate No. 04-1/01-23 of the Food
Industry Association of Uzbekistan dated 04 January 2023). As a result, due to the use
of high-efficiency IR technology, production increased by 1.1 times and the loss of raw
materials decreased by 12%;

the mulberry fruit drying method has been introduced into production at Sunny
Land Products LLC (Certificate No. 04-1/01-23 of the Food Industry Association of
Uzbekistan dated January 04, 2023). As a result, it made it possible to preserve 90-95%
of the biologically active substances in the final product through the use of a highly
efficient method,;

the improved infra-red plant for drying mulberry fruits are put into practice in
"Sunny Land Products" Ltd (certificate Ne04-1/01-23 of the Food Industry Association
of Uzbekistan dated January 04, 2023). As a result, the introduction of a highly efficient
energy-saving equipment using infra-red heating and due to the optimal choice of
location of the infrared temperature, it is possible to consume 1.25 times less energy
compared to existing technologies and installations.

Approbation of the research results. The research results are presented,
discussed and approved at 7 international and 2 republican scientific and technical
conferences.

Publication of research results. On the topic of the dissertation 18 scientific
works were published, including 1 monograph, 8 scientific articles, including 4 in
international journals, 4 in national journals.

Structure and scope of the thesis. The thesis consists of four chapters, a list of
references and 4 appendices. The total volume of the dissertation comprises 103 pages,
54 figures and 37 tables.

THE MAIN CONTENT OF THE DISSERTATION

The introduction substantiates the relevance and relevance of the thesis topic,
formulates the purpose, object and objectives of the research, and shows the
compliance of the research with the priority directions of development of science and
technology of the Republic of Uzbekistan, presents the scientific novelty and practical
results of the work, justifies the reliability of the results obtained, reveals the scientific
and practical value, provides information on the implementation of research results in
production.

The first chapter of the dissertation, **State of the art and prospects for the
development of mulberry fruit drying methods and equipments™, analyses the
current state and reveals the prospects of development of production of dried medicinal
fruits on the basis of local raw materials. An analytical review of scientific literature
on existing processes and apparatuses, industrial production of mulberry fruit drying,
mathematical modelling of processes occurring in drying plants, calculation and design
of dryer schemes is performed.
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Evaluating the current state of the issues of drying plant designs, which have
become widespread in the agro-industrial complex of the country, methods of drying,
it is concluded that there are problems requiring the creation of industrial methods of
drying mulberry fruits. Based on the analysis of the factual material of the chapter, the
main aims and objectives of the research were set.

The second chapter of the thesis, "Mathematical modeling of the process of
drying mulberry fruits by the infrared method", presents the results of
mathematical modelling of the drying process of mulberry fruit.

Moisture ratio. The formula for calculating the moisture coefficient (W) is given
in the equation
We—W,

Waow, (1)
here W, is initial moisture content in the dry mulberry base (g/g);
W, is moisture content in the dry base of mulberry fruits at drying equilibrium; W, is

the moisture content of the dry mulberry base at drying time t, respectively.

If W, is much smaller than W, and W, equation (1) can be simplified as

W= @

Drying rate. The drying rate (C) is used to denote the rate at which the material

Is dewatered. The formula is shown in equation (3).
C = M;-M,

3)
t1—t;
here W; and W, are moisture content in the dry mulberry base at t; and t, during the
drying process.

Effective moisture diffusion coefficient. The effective moisture diffusion
coefficient (D¢ ) is an important material mass transfer characteristic that indicates the
capacity or degree of moisture diffusion during drying and is important for the
calculation and modelling of the drying process. The drying characteristics of products
during the drying period with reduced rate can be described by the second Fick's
diffusion equation. According to Fick's equation, the linear equation (4) for the time
dependence of InW during drying can be used to describe the effective moisture
diffusion coefficient in the material as follows

InW = ln% ——nzi‘;ﬁ"t (4)

In this equation, t is the drying time (s); L is the thickness of the material (m). The

slope method is used to calculate the effective diffusion coefficient. From equation (4)

it follows that InW is plotted against time as a straight line and the slope of the line
corresponds to equation (5).

W =

2
Slope = =& fzeff' (5)
Drying activation energy. The drying activation energy indicates the energy required
to remove one mole of water during the drying process. Since the relationship between the
effective moisture diffusion coefficient and the drying temperature of the material can be

expressed by the Arrhenius equation as:

Ea
Degr. = Doexp [— m] (6)
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here D, is diffusion base in the material, constant, m?/s; E, is activation energy of
material drying, kJ/mol; R is molar constant of the gas, with a value of 8.314 J / (mol-
K); T is material drying temperature, °C.

If we take the natural logarithm of both sides of equation (6), we get

Ea 1
InDegr, = InDo — 2* orss (7)

The natural logarithm of the effective moisture diffusion coefficient InDy¢ IS

. 1 -E, . . .
linearly related to 727505 by the slope - from equation (7). Since InD ¢ is related

is known, therefore the slope can be used to find the value of E,.

0 (T+273,15)

Mathematical models. After a literature review, the six most commonly used
classical model equations shown in Table 1 were chosen to fit the data from the drying
experiments.

Table 1
Mathematical model for drying mulberry fruit
Ne | Model name Model equations
1 | Page W = exp(—kt")
2 | Modified Page W = exp(—kt)"
3 | Henderson and Pabis W = aexp(—kt)
4 | Logarithmic W = aexp(—kt) + ¢
5 | Two-term W = aexp(—Kkt,t) + bexp(—kt;t)
6 | Two-term exponential W = aexp(—kt) + (1 — a)exp(—Kkat)

The value of the coefficient of determination (R?) indicates the correlation
between the experimental and predicted values and is the main factor in the selection
of drying model equations. In addition to the coefficient of determination, the value of
(%) and the sum of squared errors (RMS) can also be used to describe the degree of
compliance. In the case of the best fit of the drying model, the closer R? is to 1 and the
smaller the values of y* and RMS, the better the fit. These statistical parameters were
calculated in accordance with equations (8) - (10).

N _ 2
RZ =1- Zl:l(wsamp. E’pred.)2 (8)
z:%\I=1(Vvsamp._wsamg.)
Y Wsamp.~Wpred)
= 1 ST ©)
2
RMS = y:l(wsamp. - Wpred.) (10)

In equations (8) and (10) Ws,mp. - Mmeans the moisture content in the dry basis,
measured at the first sampling point; Wp,..q - means the moisture content in the dry
base at the first point of the forecast; N - number of sampling times; n - number of
model constants.

Drying characteristics of mulberries at different temperatures and convection
drying capacities. Drying curves and drying rate curves for mulberry at different
temperatures and convective drying capacities are shown in figs. 1 and 2 respectively.
From fig. 2 it can be seen that the drying time decreased significantly (p<0.05) as the
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drying temperature increased. The drying time for mulberry at 70 °C was much shorter

than the drying time for mulberry at 65 °C.
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Fig. 1. Drying curves for mulberry fruits at different convective infrared drying
temperatures (a) and infrared radiation power (b)

Effective moisture diffusion coefficient in mulberry at different temperatures and
drying capacities. table 2 shows the effective moisture diffusion coefficients for
convection-IR drying of mulberry under various test conditions. Table 2 shows that the
drying temperature has a significant effect on the effective moisture diffusion
coefficient; as the convective drying temperature increases, the drying temperature
increases.

Effective mulberry diffusion coefficients under different drying condit-ilg)ik')sle ’
Drying conditions Linear regression formula R? (Detr <1079 m?/s)

65 °C, (230 W) In MR =-1,17x1074-t-0,097 0,983 4,17

70 °C, (230 W) In MR =-2,53x1074-t-0,118 0,985 5,69

75 °C, (230 W) In MR = -3,69x1074t-0,115 0,983 5,51

70 °C, (260 W) In MR = -2,32x1074t-0,124 0,981 5,29

70 °C, (280 W) In MR = -2,48x1074t-0,185 0,973 5,57

The effective moisture diffusion coefficient in the samples increased from
4.17x10° m?/s at 65 °C to 5.69x10° m?/s at 70 °C. At the same time it reached a
maximum value of 5.57x10° m?%s at 70 °C, (280 W). This indicates that the increase
in temperature had a significant effect on increasing the effective moisture diffusion
coefficient in the mulberry. Therefore, production efficiency can be improved by
increasing the production temperature based on quality assurance.

While the change in the effective moisture diffusion coefficient in the samples
with increasing drying power was less than the change in temperature: it was lowest
at an IR power of 230 W, at 4.17x10° m?/s. The effective coefficient of moisture
diffusion in convective-IR drying of mulberry is much higher than in microwave
drying and amounts to 4.57x1071® m?/s. This indicates that in convective-IR drying
the more penetrating infrared radiation may cause a change in the direction of
internal mass transfer from inside to outside the material. The effective moisture
diffusion coefficient is increased and the rate of mulberry dehydration is higher than
in purely convective drying.

29



a)

O“' 1 1 1 1

L 1 L | L |

| I
1,0 2,0 3,0

4,0 5,0 6,0

Dry matter moisture, g/g

—=— 65 °C;

o—70°C; —4—75°C.

Drying rate, g/g-h

b)

| | 1
2,0 3,0 4,0
Dry matter moisture, g/g
*—70°C (230W); —=—70°C(260W); ——70°C (280W).

Fig. 2. Drying speed curves for mulberry fruits at different convective infrared

drying temperatures (a) and infrared radiation power (b)

As can be seen from fig. 2 the power was constant and the drying rate increased
significantly (p<0.05) with increasing temperature.

Activation energy of convective-infrared drying of mulberry fruit. The
relationship between the drying temperature (IR power recorded at 230 W) and the
effective moisture diffusion coefficient during convection-IR drying of mulberry
fruit is shown in fig. 3. From the slope of the linear regression in equations (7) it
follows that mulberry drying activation energy E, is 53.97 kJ/mol.
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Selection of the drying kinetics model. The Page model had the highest mean R?

(0.99882) and the lowest mean y2 and RMS (2.89x10%, 9.86x10), indicating the best
fit of the Page model, which is consistent with the results obtained by Page.

T is drying temperature, °C;

D, - effective moisture diffusion
coefficient, m?%/s.

Fig. 3. Convective infrared drying
temperature as a function of the

effective moisture diffusion

coefficient

Table 3
Models for mulberry drying under different convection-IR drying conditions 2,
R? and RMS
Hassanue mogeau b | Yciaosus cymkn R?2 1 RMS
65 °C (230 W) | 0,99537 3,92x104 0,00744
70 °C (230 W) | 0,99882 2,89x10* | 9,86x10%
Page 75°C (230 W) | 0,99712 1,41x10% 0,00318
(70 °C 260 W) | 0,99791 1,82x10* 0,002
(70 °C 280 W) | 0,99141 8,49x10* 0,00934
65 °C (230 W) | 0,99463 4,54x10% 0,0864
70 °C (230 W) | 0,99387 6,13x10% 0,00675
Modified Page 75 °C (230 W) | 0,99428 6,81x10™ 0,00477
(70 °C 260 W) | 0,99592 1,82x10* 0,002
(70°C 280 W) | 0,99137 8,49x10% 0,00934
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Continuation of table 3

65 °C (230 W) 0,99464 4,54x10* 0,00863

70 °C (230 W) 0,9942 5,80x10* 0,00638

Henderson and Pabis | 75°C (230 W) | 0,99467 | 6,35x10* 0,00445
(70 °C 260 W) 0,99591 3,55x10* 0,0039

(70 °C 280 W) 0,9905 9,37x10™* 0,0103

65 °C (230 W) 0,99675 2,76x10* 0,00496

70 °C (230 W) 0,99552 4,48x10™ 0,00448

Logarithmic 75°C (230 W) | 0,99591 4,88x10™ 0,00292

(70 °C 260 W) 0,99568 3,77x10* 0,00377

(70 °C 280 W) 0,99299 6,90x10™* 0,0069

65 °C (230 W) 0,99401 5,08x10* 0,00863

70 °C (230 W) 0,99292 7,09x10*4 0,00638

Two-term 75°C (230 W) | 0,99253 | 8,89x10™* 0,00445

(70 °C 260 W) 0,99488 9,80x10* 0,00821

(70 °C 280 W) 0,98536 6,00x10* 0,01031

65°C (230 W) | 0,99593 | 3,45x10* | 0,00655

70 °C (230 W) 0,99529 2,71x10* 0,00298

Two-term exponential | 75 °C (230 W) 0,9826 1,4x10* 0,00979
(70 °C 260 W) 0,99599 8,82x104 0,00821

(70 °C 280 W) 0,99142 8,45x10% 0,00845

The third chapter of the thesis "*Experimental study and laboratory analyses of
the physico-chemical properties of dried mulberry fruits™ presents the results of
experimental and laboratory examination of dried mulberry fruits.

Changes in humidity depending on the rate of drying. The variation of the
drying speed values calculated from equation (1) with the moisture coefficient
values can be seen in figures 4-6. Based on these graphs, as the drying air
temperature increases, the drying speed increases, and as a result the moisture
content gradually decreases.
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Fig. 4. Variation in the drying rate of
mulberry fruit dried at 65 °C as a
function of moisture content
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Fig. 5. Variation in the drying rate of
mulberry fruits dried at 70 °C as a
function of moisture content

As a result, it was observed that for samples of white mulberry, the drying time
decreases as the surface area decreases. As an example, in fig. 6 shows a plot of
humidity vs. drying time for white and black samples at 75 °C. When examining studies
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in the literature, it is noted that the drying time increases as the size of the sample
Increases.
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Experimental data on drying of white and black mulberry fruits were compared
with moisture content and drying time curves obtained by mathematical modelling
using non-linear regression analysis. The coefficient of determination (R?), (x?) and the
estimated sum of squares of errors (RMS) obtained using the mathematical models in
table 1 were calculated and given in table 4.
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Fig. 7. Changes in the moisture
content of white and black mulberry
fruits dried at 70 °C as a function of
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High R? values, low %2 and RMS values are checked to determine the suitability
of the equation. The regression coefficient determines the best model describing the
product drying curves. The sum of squares of errors (RMS) shows the deviation
between the estimated values obtained by the model and the experimental values.

Table 4
Statistical data calculated for mulberry fruits
Drying Model R? 2 RMS
temperature

Page 0,9896 | 0,000162 | 0,005350
Modified Page 0,9853 | 0,000355 | 0,065276
. Henderson and Pabis 0,9882 | 0,000018 | 0,062612
05°C Logarithmic 0,9799 | 0,000042 | 0,027125
Two-term 0,9892 | 0,000037 | 0,029292
Two-term exponential 0,9888 | 0,000115 | 0,050341
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Continuation of table 4

Page 0,9954 | 0,002748 | 0,012609
Modified Page 0,9913 | 0,001476 | 0,080652
20 °C Henderson and Pabis 0,9903 | 0,000442 | 0,024257
Logarithmic 0,9898 | 0,000057 | 0,034874
Two-term 0,9912 | 0,000313 | 0,064854
Two-term exponential 0,9893 | 0,000063 | 0,035937
Page 0,9815 | 0,001717 | 0,166649
Modified Page 0,9869 | 0,001277 | 0,177182
75 oC Henderson and Pabis 0,9990 | 0,005111 | 0,263803
Logarithmic 0,9998 | 0,000010 | 0,263190
Two-term 0,9997 | 0,005390 | 0,032990
Two-term exponential 0,9981 | 0,000181 | 0,048546

Examining the results of the 6 drying models applied to the two samples, it can
be seen that the Page model has the highest R? values and the lowest RMS and 2
values. Therefore, this model is the most appropriate for the mulberry fruit drying

model.

Diffusion coefficient calculation results. The effective diffusion coefficient values
were calculated from equation (6). It was observed that the Des values increase
strongly with increasing drying temperature. When samples are dried at a higher
temperature, the increased heating energy increases the activity of the water molecules,
resulting in increased moisture diffusion. If you look at fig. 8, it can be seen that the
diffusion coefficients increase with increasing temperature because the evaporation of
water in mulberry fruits is faster.

2,808™
2,406 |
2,008 4
1,606™ 4
1,208

8,00 ™ |

Effective moisture diffusion (mzls)

4,00e™ 4

0,006

65°C

70°C 75°C
Temperature,°C

W white mulberry; B black mulberry; M calculation.

Fig. 8. Effective diffusion
coefficients of mulberry fruits

dried at different temperatures

If we compare the black mulberry samples by D¢, values, we can conclude that
the white mulberry fruit dries out slightly faster at more nominal temperatures than
the black mulberry fruit, due to diffusion.

Activation energy calculation results. The activation energy values were

calculated using formula (7), plotted between InDesr and temperature.
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Influence of infrared power level on drying time. For the infrared drying process,

100 grams each of white and black mulberry fruits were dried at 230 W, 260 W and
280 W respectively to a final moisture content of about 16%. Drying times were
weighed and noted every hour.

The moisture content-drying time plots from the experiments are shown in fig. 10.
80
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Moisture contents, %

:2: Fig. 10. Plot of the moisture content
20- versus drying time of mulberry fruits
101 dried at different power levels
0 T T T T T T
0 30 60 90 120 140
Drying time, min.
230 W (white); —— 260 W (white); —— 280 W (white);
—— 230 W (black); ——260 W (black); —— 280 W (black).

When looking at fig. 10, the drying time of the samples dried at an infra-red power
level of 230 W is the shortest. Thus, as the applied power increases, the drying time
increases. The longest drying time was observed for samples dried at an infrared power
level of 280 W.

Results of mathematical modelling. The coefficient of determination (R?), (x2) and
the estimated sum of squares of errors (RMS) are the parameters defined to determine
the suitability of mulberry fruit drying curves. Six different drying models were used
to compare these parameters. These models were applied to data obtained from
mulberry samples dried in an infrared dryer at different power levels. The calculated
statistics are given in table 5.

Table 5
Statistical results of drying models of mulberry fruits dried in an infrared dryer at a
power of 230, 260 and 280 W

Plg‘\’/‘ﬁr Model R? 1 RMS
Page 0,9995 | 0,000052 | 0,028978
Modified Page 0,9763 | 0,002140 | 0,206862
930 W Hende_rson_and Pabis 0,9966 | 0,000274 | 0,062159
Logarithmic 0,9656 | 0,003622 | 0,225477
Two-term 0,9978 | 0,000366 | 0,076037
Two-term exponential 0,9981 | 0,000211 | 0,08272
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Continuation of table 5

Page 0,9992 | 0,000083 | 0,025061
Modified Page 0,9656 | 0,003073 | 0,190663
260 W Henderson and Pabis 0,9750 | 0,002297 | 0,144812
Logarithmic 0,9476 | 0,000077 | 0,028583
Two-term 0,9929 | 0,001059 | 0,117551
Two-term exponential 0,9981 | 0,002103 | 0,03892
Page 0,9996 | 0,000045 | 0,018225
Modified Page 0,9868 | 0,001274 | 0,050824
280 W Hende_rson_and Pabis 0,9968 | 0,000399 | 0,052891
Logarithmic 0,9819 | 0,002039 | 0,110248
Two-term 0,9977 | 0,000399 | 0,052515
Two-term exponential 0,9990 | 0,000295 | 0,02529

When examining the data in Table 3.8, the highest R? value and the lowest RMS
and 2 values were obtained from the Page model. For this reason, it was chosen as the
drying model that best represents the drying curves of mulberry fruit dried in a
convective infrared dryer.

Amino acid components of mulberry fruits with different drying methods. Each dried
sample was prepared separately for analysis in the following order: No. 1-white mulberry
fruits dried by microwave; No. 2-white mulberry fruits dried in a convective infrared dryer
(drying method proposed by the author); No. 3-white mulberry fruits dried naturally; No.
4-black mulberry fruits dried by microwave; No. 5-black mulberry fruits dried in a
convective infrared dryer (drying method proposed by the author); No. 6-black mulberry
fruits dried by natural method. The content of essential amino acids and the proportion of
essential amino acids in mulberry fruit powder were also the highest. Table 6 shows that
mulberry fruit powder contains 18 types of amino acids.

Table 6
Amino acids in mulberry fruit with different drying methods
Sample number
Aminofau_:id Initial amount No.1 ‘ No.2 ‘ No.3 ‘ No.4 ‘ No.5 ‘ No.6
composition i : i i : i
Concentration mg/g
0,22
. [100; pp.14-20,
Serine 101: pp.189-196, 0,203444 | 0,325893 0,375 0,185587 | 0,228954 0,281888
102; pp.47-53]
0,30
Glycine [100; pp.14-20, | 0,336118 | 1,062339 | 0,503213 | 0,438946 0,554627 0,296915
101; pp.189-196]
0,6
Asparagine [100; pp.14-20, | 0,338046 | 0,504499 | 1,090046 | 0,423522 | 0,289846 | 0,55527
101; pp.189-196]
0,88
Glutamine [100; pp.14-20, | 1,118194 | 0,525896 | 0,478752 | 0,131474 | 0,650066 0,38911
102; pp.47-53]
0,021
Cysteine [103; pp.5679- | 0,889617 | 0,82623 | 1,506011 | 0,375956 | 1,989071 1,468852
5691]
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Continuation of table 6

Threonine

0.2
[100; pp.14-20,
102; pp.47-53]

0,804171

1,708048

1,408276

0,26002

1,627892

1,061584

Arginine

0,30
[100; pp.14-20,
102; pp.47-53]

0,359408

0,725461

1,083661

0,808819

0,811235

0,760495

Alanine

0,30
[100; pp.14-20,
101; pp.189-196]

0,658374

1,251749

0,825066

0,238843

0,825066

0,593065

Proline

0,1
[100; pp.14-20,
101; pp.189-196]

0,563989

0,786408

0,738747

0,673433

1,074139

0,571933

Tyrosine

0,2
[100; pp.14-20,
101; pp.189-196]

1,203562

0,704835

0,857506

0,826124

1,001696

0,597116

Valine

0,30
[100; pp.14-20,
101; pp.189-196]

1,064457

1,28124

1,129219

0,745515

1,323199

0,68045

Methionine

0,1
[100; pp.14-20,
101; p.189-196]

0,818668

0,608205

0,517241

0,507134

0,491677

0,150416

Histidine

0,1
[100; pp.14-20,
101; pp.189-196]

1,519207

1,552664

0,695167

1,593556

1,080545

1,421314

Isoleucine

0,0485
[103; pp.5679-
5691]

0,28219

0,791056

0,767412

0,849139

1,432537

0,970445

Leucine

0,15
[100; pp.14-20,
102; pp.47-53]

0,420071

1,436475

1,364426

1,659698

0,64844

0,22065

Tryptophan

0,50
[103; pp.5679-
5691]

0,815403

0,577628

0,694377

0,506112

0,131418

0,514059

Phenylalanine

0,3
[100; pp.14-20,
101; pp.189-196]

0,270631

0,213592

0,14466

0,083738

0,125

0,13754

Lysine HCI

0,02
[100; pp.14-20,
102; pp.47-53]

0,139078

0,392786

0,15992

0,284168

0,064529

0,061323

TOTAL

4,6395

11,804628

15,275004

14,3387

10,591784

14,349937

10,732425

Among the six samples from the three mulberry fruit drying methods, sample No.
2-white mulberry fruit dried in a convective infrared dryer (drying method proposed
by the author) the concentration of amino acids is: glutamic acid 1.11 mg/g; glycine
1.06 mg/g; asparagine 1.09 mg/g; threonine 1.70 mg/g; alanine 1.25 mg/g; valine 1.32
mg/g; histidine 1.59 mg/g; leucine 1.65 mg/g; phenylalanine 0.27 mg/g.

Flavonoids in mulberry fruits with different drying methods. The results of
experimental studies on the determination of flavonoids contained in mulberry fruits
are shown in table 7.
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Table 3.10
Flavonoids in mulberry fruit with different drying methods
Sample number
Flavonoids | Initialamount | No.l | No2 | No3 | No4 | No5 | No
Concentration mg/g

3,9442
[100; pp.14-20, 101;
Rutin pp.189-196, 102; 4,984 15,456 2,328 10,64 11,16 8,504

p.47-53, 103;
pp.5679-5691]

0,1393
[100; pp.14-20, 101;
Quercitin pp.189-196, 102; 0,904 0,536 0,44 0,584 0,496 0,504

pp.47-53, 103;
pp.5679-5691]

6,1911
[100; pp.14-20, 101;
Gallic acid pp.189-196, 102; 3,384 3,648 7,688 3,624 4,208 6,8
pp.47-53, 103;
pp.5679-5691]
TOTAL 10,2746 9,272 19,64 10,456 | 14,848 | 15,864 | 15,808

Among the six samples of the three methods of drying mulberry fruits, sample
No. 2-white mulberry fruits dried in a convective infrared dryer (drying method
proposed by the author) the concentration of flavonoids is: rutin 15.45 mg/gr, quercitin
0.90 mg/gr and gallic acid 7.68 mg/gr.

Thus, using the infrared drying method, the concentration of amino acids in
mulberry fruits is quite higher than in other drying methods. The final products
obtained can be used in the food and pharmaceutical industry.

Analysis of organic acids in mulberry fruits. The study examined the effect of
various drying methods on the organic acid content and some quality parameters of
white mulberry fruits, and examined the variability formed by the results of analyses
of the main components. In the course of the study, the rate of change in the
biochemical composition of white mulberry fruit was determined to be 75.7%
depending on the various drying methods (fig. 11).
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Fig. 11. Relationship between
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Determination of organic acids in black mulberry fruit. In this study, the rate of
change in the biochemical composition of black mulberry fruit was determined to be
85.38%, depending on the various drying methods (fig. 12).
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The degree of variation in the biochemical composition of white mulberry fruits
depending on different drying methods was determined to be 78.08 % (fig. 13).
Phenolic compounds were more frequently detected in fruits dried in a convective
infrared dryer.
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During the study, the effect of various drying methods on the phenolic content of
black mulberry fruits was studied, and the changes occurring in accordance with the
principal component analysis were investigated. During the study, the rate of change
in the biochemical composition of black mulberry fruit was determined to be 74.03%
depending on the different drying methods (fig. 14).
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Phenolic compounds were more frequently detected in fruit dried in a convective
infrared dryer. Rutin, ferulic acid, ellagic acid, chlorosinic acid and gallic acid were all
localised in the same region of variation during the study. Other phenolic resins apart
from lilac acid were found in different variation regions during the study.

In the fourth chapter of the dissertation *"Improvement of infrared equipment
for drying mulberry fruit", the results of the infrared drying unit are presented.

Design is carried out by designing the drying plant using design software,
namely Solidworks. The technology must first go through a validation process in
order to obtain results that could be a solution to the problems encountered in the
use of drying equipment in processing plants. After defining this step, an infrared
dryer technology concept was developed and adapted to the needs of micro, small
and medium-sized enterprises in Uzbekistan. Fig. 15 shows the design of the dryer,
which was developed on the basis of analyses, existing techniques and technologies
for drying mulberry fruits.

4 7

I p

1-the equipment casing; 2-the shelves

3 £ 3 @

== (pallet racking); 3-the door; 4-the
= - T windows for observing the drying
ey | | 8| process; 5-the equipment feet; 6-the
—_— mesh pallets; 7-the infrared emitters;

8-the thermocouples; 9-the fan; 10-the
control block; 11-the lock.
Fig. 15. Improved infrared
equipment
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An improved infrared dryer works as follows. The fresh mulberries are washed of
dust, cleaned of other impurities for drying, then placed in net trays 6, then the trays
are placed in shelves 2 in the drying cell 1. Close door 3 tightly with the door lock 11.
The infrared emitters 7 are activated by the control unit 10 and the air speed inside the
chamber is controlled by changing the rotation speed of the fan 9. The temperature in
the chamber is controlled automatically by the thermocouple 8. Once the products are
completely dried, the appliance switches off, the trays are pulled out and the dried
products are unloaded, fresh fruit is loaded into them again and fed back into the
chamber. In this way, the drying process takes place as a consequence. The advanced
infrared drying system retains the useful properties in the final products through
infrared dehydration. All elements of the drying plant that have contact with the raw
material must be made of suitable materials that are approved by the regulations.
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CONCLUSIONS

1. During convection-IR drying of mulberry fruit, the influence of temperature on
the drying rate was more significant than that of the IR radiation power. In this, the
drying time decreased and the drying rate increased as the drying temperature and IR
power increased.

2. Convective-IR drying of mulberry is a reduced rate drying, the effective
moisture diffusion coefficient increased as the convective drying temperature and
drying power increased in the range of 2.58x10°~8.37x10° m?s. The activation
energy of convective-IR drying of mulberry is 53.97 kJ/mol, and the most appropriate
drying model is the Page model.

3. At a drying temperature of 70 °C and an IR radiation power of 230 W, the
dried mulberry products have the best physical and chemical quality. The
convection-IR drying time is shorter and the overall quality is better compared to
other drying methods.

4. Fruits of white mulberry dried in an infrared drying unit (drying method
proposed by the author) have amino acid concentration as follows: glutamic acid
1.11 mg/g; glycine 1.06 mg/g; asparagine 1.09 mg/g; threonine 1.70 mg/g; alanine
1.25 mg/g; valine 1.32 mg/g; histidine 1.59 mg/g; leucine 1.65 mg/g; phenylalanine
0.27 mg/g;

5. In white mulberry fruits dried in an infrared dryer (drying method proposed by
the author), the concentration of flavonoids is: rutin 15.45 mg/g, quercitin 0.90 mg/g
and gallic acid 7.68 mg/g.

6. In terms of moisture content, fresh white mulberry has a moisture content of
83.63% and black mulberry has a moisture content of 91.97%. In naturally dried
samples this figure in white mulberry decreased to 17.87% and in black mulberry to
16.94%. The moisture content of some samples dried in an infrared dryer was higher
than that of naturally dried samples (white mulberry 13.73%, black mulberry 25.70%).

7. The design of a convective infrared drying unit for drying mulberry fruit has
been improved. Also, the parameters, overall dimensions and productivity of the
proposed rational pilot convective drying unit with infrared heating are determined.

8. It is established, that perfected convective infra-red drying unit has ability
to dry the products from humidity 83-91% to 16-25% at temperature of drying 65
°C, 70 °C and 75 °C. Thus, this unit can be used effectively in micro, small and
medium enterprises.

9. Development and recommendations of dissertation on technique and
technology of mulberry fruit drying with preservation of biologically active substances
are introduced in enterprise "Sunny Land Products" Ltd. (certificate Ne04-1/01-23 of
Food Industry Association of Uzbekistan from January 04, 2023).
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BBEJEHMUME (anHoTamusi iuccepranuu Jokropa ¢puiocodun (PhD))

Heas0 wuccieqoBaHus SIBISETCS  COBEPIICHCTBOBAHHME HWH(pakpacHOM
YCTaHOBKH /I CYLIKH TIOJOB TYTOBHUKA.

O0bexTOM HcciaenoBanus sBisitorces oensie (Morus alba L.) u yepusie (Morus
nigra L.) mioxbl TYTOBHUKA.

Hay4ynasi HoBU3HA HCC/IeJ0BAHMS 3aKIIOYAETCS B CICAYIONIEM:

YCTaHOBJICHO, YTO 3(pPekTuBHBINA KOdPPuIMeHT aAudy3un Biarud mpu CyIIKe
IJIOAOB TyTOBHUKA ¢ mnoMounipto HWK-u3nydeHus konebiercs B mOpeaenax
2,58%107...8,37x10° M?/c B 3aBHCHMOCTH OT TEMIIEPATYPhI K MOLIHOCTH;

MaTeMaTU4EeCKd CMOJIEIMPOBAH IPOLECC CYIIKH IUIOJOB TYTOBHUKAa C
UCIMOJIb30BaHUEM COBPEMEHHOT0 nporpaMmHoro odecrneueHust Comsol Multiphysics 5.5;

Mopenes Ileiimxka nyuyme Bcero omuckiBaeT npouecc MK-cymku, ¢ cambim
BBICOKMM CpeIHMM 3HaueHneM R? (0,99882), caMbIM HU3KUM CPEIHUM 3HAYECHHEM >
(2,89%10™*) u 3nauennem RMS (9,86x10%), a sHeprus akTUBALMU IIOA0B TYTOBHUKA
cocraBmia 53,97 k/[/mMob;

pa3paboTaHa TEXHOJOTHUS MPOIEecca CYIIKHA TIIOJOB TYyTOBHUKA, MO3BOJISIONIA
COXpaHUTh OMOJIOTMYECKUE aKTHBHBIC BemecTBa Ha 90-95%;

BHenpenue pe3yiabTaToB HcciaenoBanus. Ha ocHOBE MOJy4eHHBIX HAYYHBIX U
MPAKTUYECKUX PE3YIBTATOB MO COBEPIICHCTBOBAHUIO KOHBEKTUBHOU MH(paKpacHOU
CYIIMJIBHON YCTAaHOBKH JJIsl CYIIKH IJIOJIOB TYTOBHUKA!

sHeprocOeperaronias TeXHOIOTUS s CYIIKHU MJI0J0B TYTOBHUKA BHEJIpPEHA B
npousBoactBo B OOO «Sunny Land Products» (cmpaBka Ne(04-1/01-23
Acconuanuu nOpeanpusITUA MUIIEBON MNPOMBIINUIEHHOCTH Y30ekuctana ot 04
aaBaps 2023 rona). B pesynbTate, 3a cueT UCMOJIb30BAHUS BHICOKOA(D(PEKTUBHOU
UK TexHoJIOrMM NPOU3BOJACTBO MPOAYKIMU yBenuuuiioch B 1,1 paza u moreps
ChIpbsl CHU3MWJIACh Ha 12%;

METOJI CYILIKH NJIO0JA0B TYTOBHUKA BHeApEeH B mpou3BoacTtBo B OO0 «Sunny
Land Products» (cmpaBka Ne04-1/01-23 Acconmanuy NPEIOpHUITHA THIICBON
npoMBITIUIEHHOCTH Y30ekucTtana ot 04 suBaps 2023 roga). B pesymnwsrare 310 gajo
BO3MOXHOCTb COXpaHuTh 90-95% OMOTOTMYECKN aKTUBHBIX BEIIECTB KOHEYHOTO
MPOAYKTa 32 CYET UCTOJIb30BaHUS BRICOKOA(D(PEKTUBHOTO METO/IA;

YCOBEPIIICHCTBOBaHHAs MH(pakpacHasi yCTaHOBKA ISl CYIIIKH TUIOJ0B TYTOBHUKA
BHenpeHbl B mpakthky B OOO «Sunny Land Productsy (cmpaBka Ne04-1/01-23
Acconuanuu npeanpusTHil MUIEeBON TPOMBIIIJIEHHOCTH Y30ekuctana ot 04 sHBaps
2023 roma). B pesynbrare, BHeApeHHE BBICOKOA(GEKTUBHOM 3HeprocOeperaroiiei
CYLIWIBHOW YCTAaHOBKHM C WCIIOJIb30BaHUEM HWH(paKpacHUN HArpeBOM U 3a CYET
ONTUMATLHOTO BBIOOp pacrmoyokenuss MK TemmepaTypa momydeHa BO3MOXKHOCTB
pacxoioBaTh MEHbIIE ASHEpruuM B 1,25 paza mo CpaBHEHWIO C CYIIECTBYIOIIUMU
TEXHOJIOTUSIMU M YCTAHOBKaMHU.

Ctpykrypa M o0bemM auccepramum. JluccepranmoHHas paboTa COCTOUT W3
YeThIPEX TJIaB, CIMCKA UCTIOIB30BAHHON TUTEPATYPHI U 4 ipruiokeHuit. O0mmii 0obeM
nuccepramuu BritouaeT 103 crpanuit, 54 pucynka u 37 Tabmauil.
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