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Kupum (JlokTOpauMK auccepTaunsicd AaHHOTAUSICH)

JuccepTranuss MAaB3yCHMHMHI J0J3ap0jauru Ba 3apypatu. Jlynéna
aHbaHABUHN EKWIFU-DHEPreTHKa pecypciapu 3aXUpPACUHUHT KaMainb® OopuIM Ba
aTpo(-MyXHTra DKOJIOTHMK IOKJIAMaHWHT KyYalWIId OKuOaTuaa  EKWIFHU-
SHEPreTHKA PECYPCIaPUHUHT HIUIATHIUIIN/A SHEPTUS TEKAMKOPIUK Macaiajapu
nom3ap0 Myammora aiimaHad. Xo3upru Baktaa ayHéma 20 % sHeprus
HOAHbAHABUN SHEprus MaHOandapu XUCOOMAAH MIUIA0 YUKapuiIaau Ba KazuO
OJIMHAaUraH opranuk ExkwiFuwiapHuHr 30 % HCCHUKIMK-COBYKJIMK TabMHHOTHU
tuzumiiapuaa capduananu. lly cababnm, sHeprusi TeXKaMKOPIUK MyaMMOJIApUHU
€uuill Ba HOAHbAHABUN  KalTa TUKIAHYBYM OHEPrus  MaHOanapujaH
doiifanaHuIIHE  TAKOMWUIAMITUPHIL ~ OYliWYa KOMIUIEKC 4Opa-Taa0upiiapHu
amaJira OoIupHUIl YCTyBOp Basua xucoOaaHa M.

XO3Upru KECKHH y3rapyB4aH HKJIUM IIAPOUTHIA MNWUIMK JHEPrusd
uctebMouHUHAT 49,6 %, spHM 24,5 TOHHA HE(PTh SKBUBAJICHTHUTA TEHT OYiraH
OupiamM4u SHEPTUS PeCcypciapu HMCCUKINK-COBYKIWK TabMHUHOTH TH3UMIIApUIA
cappnananu. Kunuiok xykanuru caHoatuaa 3ca wunura 6,8 % Oupramyu sHeprus
UCTEbMOJ KuIMHAIW. MeBa-ca03aBOT OMOOPIAPUHUHT HCCHUKIUK-COBYKJIHK
TA@bMUHOTH  THU3WMJIADH  XaM  CKWIFH-DHEPTeTHKA PEeCypClapuHu  HHUPHUK
ucrepMoadymiapu  O6ynub, omobOopiapaa Oapya  TEXHOJIOTHK x)apaéuiap
(MaxcynoTriapra cakjaliiaH OJIIMH JacT/ia0K¥ HWIUIOB Oepulll, COBYTHIL,
[IaMOJUTATHIN, XaBOHW HAMJIAHTHPHUII Ba y30K MYyJJaT COBYKJIMK OWJIaH cakJjali)
Kyl MUKIOpAA DJHEprus Tanad KWIaauraH skapaHiap XHCOOJIaHau.
OMOopnapHUHT 2Heprusi OalaHCH TaXJIWIM IIYHH KypcaTaJuKH, yiapaa
conmumrupma sHeprust cappu 3000-3500 kBr.coar/TonHa 06ynub, cCOByTHII Ba
cakJyian xkapaéunapuna sca 70 % rada anextp sHeprusicu capd kuwimHanu. Mesa-
ca03aBOT oMOOpIapuaa YHEPTUS TEKAMKOPIUK MOTEHIIMATNHN TaXJIWUINTa Kypa,
HOAHbAHABUN DJHEpruss MaHOamapujaH (Qoiinananud VCCHKJIUK-COBYKJIMK
Ta@bMUHOTH TU3UMHHHWHT SHEPIETHK CaMapaJOpJUTHHHA OUIUPHIIN OPKadu KarTa
MUKIOpAAa DHEPTrHus pecypciapuHu uKTucon Kuaum MyMmkuH. ly cababmm,
COBYTHIII KaMEPAJIAPUHUHT DHEPTUs UCTEHMOJIMHN KaMaWTUPHUII Ba HOAaHbhaHABUN
sHeprusg ManOanapuaaH (oigananu® MeBa-ca03aBOT OMOOPIAPUHMHI IHEPTHUs
caMapaiop MCCUKIUK-COBYKJIUK TabMHUHOTH THU3UMHMHM HIIA0 YUKHII J0J3apO
MacasnangapaaH Oupu XucoOaaHaIu.

[y sxuxaTmaH IoOKopuja KypcaTub VYTwiraH wmacaiajlapHd €4yull Y4yH
HOAHbAHABUN »HHEprus MaHOamapumad ¢oimganaHud UCCUKIUK-TEXHOJIOTHK
xKapaCHlapaa SHEpPrusi pecypcilapyH TeXall Ba MeBa-cab3aBOT OMOOpIapUHUHT
DPHEPreTUK  CaMapaJiOpJIMTMHUA  OIIMPHUINra  KapaTWiraH MaxcyCc  WIMHUU
TaJKUKOTIAPHHU XaM aMalira OITUPHIIHU Tajdad KUIau.

bynna  meBa-ca®3aBoT  OoMOOpiapu  HMCCHUKIMK-COBYKJIMK  TabMHHOTH
TU3UMJIADUHUHT DJHEPIeTHK CaMapaJopJIUTHHU OIIUPHUII YCYJJIApWHN HWILIad
YUKUIIAA COBYTHIN KaMEPAIAPUHUHT ONTHMAI HCCHUKINK-HAMIIUK PEKUMUHU
TabMUHJIANIIATH JHEPrus capdura Ba MaxCyJOTIAPHWHT CaKJTAHWIINATA TabCHP
KWIyBUM Oapya mapaMmeTpiapHM XucoOra oJlafuraH TYpJH Xuil HOOapKapop
UCCHUKJIMK-Macca aaMallMHyBH MacalajapuH{ €YHII 3apypHUsATH I03ara KeJaju.



ly ca0abnu, HOaHbaHABUW »HHEPrus MaHOANAPUHU KYJUIalll OpPKAJIM MeEBa-
cab3aBoT oMOOpIapU HCCUKIMK-COBYKIUK TabMHHOTH THU3UMIIAPHHHU SHEPTETHK
caMapaJIoOpJIMTMHUA OIIMPHUII YCYJUIAPUHU MUUIA0 YMKUIL Ba 3aMOHABUUN 3HEpPrus
TEXAaMKOp COBYTHII KaMmepajgapu Ba OMOOpJapHU KEHI >KOpUM OSTHII, MeBa-
cab3aBOT oMOoOpiapuia TEXHOJOTHK JKapaéHIapHUHT dHEpPIrusl cappuHu Ba MeBa-
ca03aBOT MaxCyJIOTJIapUHM CaKjJalllard WYKOTUIUIAPHU KaMaWTUPHUII, COBYTHIII
KaMepaJapuHUHT 3HEeprusi OajlaHCMHM Ba MeBa-ca03aBoTiap mradenuia COAUp
Oyiaaural MCCUKINK-MAcca alIMAlIMHYBH KapaCHIapUHU YyKyp TaJAKUKOT KHIIMII
acocuJla HOaHbaHaBUW »dHeprus MaHOamapujaH ¢oigaanud oMOOpIaPHUHT
UCCUKJINK-COBYKJIUK TabMHUHOTH THU3UMIIAPUHHA DJHEPreTUK caMapajopJIMTUHU
OLLIMPHII MYXHM axaMUST KacO 3Taju.

V36exucron Pecniy6nukacu Ilpesunentununr 2013 iimn 1 maprmaru I1-
4512-con «MyKkoOun sHeprust MaHOaJapuHU sHaJAAa PUBOXIAHTUPUII YOpaA-
tagoupnapu Tyrpucuaa»ru ®@apmonn Ba 2013 itun 1 maptoaru I1K-1929-con
«Xankapo Ky€u SHEprusiC MHCTUTYTUHH TAalIKWI dTUII Tyrpucuaa»tu Kapopuna
OeNTWIIaHraH HOAHbAHABUN  KalWTa THUKJIAHYBUM DJHEPrus MaHOamapujaH
doiifanaHUIIHU PUBOKIAHTUPHIL Ba aMalnérra >KOpui 3Tl Kabu Basudanap
WOKPOCUMHU MYyalsH Japa)xaja amaira OlIMpHILIa Ma3Kyp AUCCepTalns TaAKUKOTH
XU3MaT KAJIau.

TaagkuKOTHUHT pecnyOjuka (GaH Ba TEXHOJOTHAJIAPH PUBOKJIAHUIIU-
HUHI YCTYBOp HyHaJuuuiapura OOFIMKJUIM. Ma3kyp aumccepranus
pecnybnuka ¢an Ba TexHonorusuiapu puBoxiaHummHUHT - UT/-4-«Kaiita
TUKJIaHyBYaH SHEPIUs MaHOanapuaH doitmananuin METOJTIapUHU
PUBOKJIAHTUPUI, HAHOTEXHOJIOTUS Ba OOLIKAa WJIFOP TEXHOJIOTHsUIAp acocuaa
TEXHOJIOTUSJIAp Ba KypUJIMAaJIapHU SIpaTUID) YCTYBOpP MYHAIMIIMIa MOC PaBHILIA
Oa)kapuIraH.

JluccepTauMSIHUHT MaB3yCH OyiiH4Ya XOPHKMHA WJIMHA-TAIKHKOTJIAp
mapxu. MeBa-cab3aBOT MaxCyJOTJIapUHU CakKjaml Oyiinda sHTW SHEpPrusi Ba
pecypcTexaMKOp TEXHOJOTUSJIAPHU  SpaTUIll, HCCUKIMK-Macca aJIMalluHyBU
*KapaCHJIapUHU MaTeMaTHK MOJIeJUIapy Ba MeBa-ca03aBOT COBYTHII KaMmepaaapuaa
ONTHMaJl TUTPOTEPMHUK MIAPOMTHH CaKJAIl METOAJAPUHHU HMILIA0 YUMKHII Oyiinya
Hazapuil Ba amanuii Tagkukornap Kentykku paBiat yuuBepcutetu (AKII),
FranceAgriMer, Aereco SA (®panmusa), Shanghai Kingram Refrigeration.CO
(Xuroit), Smarata yuuBepcuteTd (Anonus), Xaakapo COBYKIHMK aKaJIeMHSICH
(XCA, Poccus), «ITnonoosomrmpoext» NNUM (benopyccust), Mitsubishi (Snonus),
Gigroterm LLC (Poccus), Agrofresh (Mcnanus), Eliwell Controls SRL (Mtanus)
Ba OOIIKa MaMJlaKaTIapHUHT WUpUK ¢dupMmazapu, KOMIIAHUSIIAPH, WIMUN
MapKaszjiapu, OJIMil TabJIuM Myaccacajapu Ba WIMHUK-TAJKUKOT WHCTUTYTJIapUia
caMapalii WIMHUU H3JTaHUILIAp onu0 OOpPMWIMOKAA Ba HaTWXalap aMaluérra
KOPUU KUJIMHMOK/IA.

PuBoxnaHran XOpwKHM  MaMIIAKATIADHUHT  WUPUK  WIMHAU-TAIKUKOT
MapKasjiapy,  yYHUBEPCHUTETJIApH,  WIMHU-TaIKUKOT  WHCTUTYTIapu  Ba
KOMITAaHUSJIApU TOMOHUJAH MeBa-ca03aBOTIIADHU Cakjall TU3MMHAA HHEPrus
pECypCTeXKaMKOP TEXHOJIOTHSUIAPHU HIIA0 YUKHIL, OMOOpPJIAPHUHI MCCHUKJIMK-
COBYKJIMK TabMHMHOTHJA HOAHbaHABUN OJHeprusi MaHOamapuaan (ouganaHuil
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yCyJUlapuHU  sdpatuin  OyiuMya  sSKUH  HWwuiappard  onud  Oopuiiras
TaJKUKOTJIAPUHUHI acCOCHM  HaTWXalapu KyluaaruiaapiaH uOopar: COBYTHIL
TU3UMIIAPYM Ba KypUJIMaJapUMHM TAKOMWUIAIITUPHIL acocuja MeBa-ca03aBoT
MaxCyJIOTJIapUHU 3aMOHABHIl cakjiaml TexHoJorusuiapu sipatwirad (QKanyOuit
Kopes, Wecan Acrotexservis); OMOOpJapHUHI 3aMOHABUH  BEHTWISLUSA
TU3UMJIAPH, «CEHIIBUY» TIAHEJUIM DHEPrus TEXKAMKOP HCCHKIMK-COBYKIUK
TabMUHOTH TH3UMJIapu unuiad yukuirad (lomnangusi, East Ref oy; Ounnannus,
Tolsma Techniek); meBa-cab63aBoT COBYTHIII KamMepajlapuHU HCCHUKJIMK HACOCIU
XABOHM KOHAMIIMOHEpJiAll TU3UMIIApU, MeBa-cad3aBOT oOMOOpJapu JIEBOP
KOHCTPYKIUSJIAPUHUHT UCCUKJIMK-TEXHUK XapaKTEPUCTUKAIAPUHHU ONTHUMAaJLIAIl
METOAJIapH, OMOOPJIADHUHT DJHEPrUs TEKAMKOpP pEeXUMIApU Ba HCCHUKIHK
PEKUMUHU aBTOMATHUK Oomikapuill Tuzumiapu unad yukuiarad (Poccus, OBEH
KoMIaHuscH, Xankapo COBYKJIHMK AKaJeMUSCH); POCTIIAHAINTAH Ta3jid MyXHUTIa
CaKjlall Ba «TE3KOp COBYTHII» KaOW 3aMOHABUM DHEPrus  TEKAMKOP
TexHonorusap spatuwirad (Xuroi, Shanghai Kingram Refrigeration.CO); meBa-
ca03aBOT MaxCyJOTJapHU Cakjiall Y4YyH SHICM DJHEPrusi camapajlid COBYTHIL
kamepanapu spatwirad (Mcmanusi, Agrofresh,); coByTuin kamepaaapuHu
peKyIepaTop XaBO COBYTIMYJIM COBYTHILI TU3MMIIAPU Ba MAXCYJIOTJIAPHU HEUTpal
ra3iam MyxuTaa cakjam metoanapu unuiad yukwiran (Mramus, Eliwell Controls
SRL).

XO03Upru  BaKTAa HOaHbAHABHM »dHEprus MaHOalapuaaH camapaiiu
doimananum, TaOWMI = COBYKJIMKHU  JKaMmJjall, BEHTWIIIUS  XaBOCHUHU
HAMJIAaHTHPHUIL, AKTUB  BEHTWISUWS  TU3UMIAPDUHH  TaKOMUJUIAIITUPUIITa
acoclaHTaH MeBa-ca03aBoT oMOopiapuaa HWCCUKIMK-HAMIIMK KapaCHIapUHU
ONTUMAJIJIall Ba SHEPIUsl caMapalid UCCUKJIUK-COBYKIMK TAbMUHOTU TU3UMIIAPUHU
uiad 4Yukum Oyinya ycTyBOp HyHanmuuuiapia WIMHKA TagKUKOTIap o0
OOpUIIMOK/IA.

MyaMMOHMHI YPraHWITaHJUK Japaxacu. MeBa-ca03aBOTIapHU CaKJIalll
OMHOJAPH  UCCUKJMK-COBYKJIMK  TabMUHOTH  THU3UMIIAPUHUHT  SHEPIreTHK
caMapaJIOpJIMTMHU OIIMPUII YCYJUIApUHU MIUIA0 YMKUII Oyinya TaJAKUKOTIapra
TEruiuid OyJIraH CYHrM HMWUIapiard WIMUNA-TEXHUK agaOuETiiap TaxXJWiu yuoy
coXala axaMmMusATIAM  JapaxkaJarn Ha3zapuil Ba  aMalluid  HaTWXKaiapra
SPUILIWJITAHU]IaH JanojaT Oepaiu.

MeBa-ca03aBoT OMOOPJIAPUHUHT SHEPreTUK CaMapaJOpIUTUHU OIIMPHUII Ba
DHEPTUs TEKAMKOPJIMK MyaMMoJjapura OarulUIaHTaH Ky COHJIM WJIMHH HWIILIap
9BJIOH  KwinHrad. JIyH€HMHr  Oapya  pUBOXJIAHTaH  MamJIakaTIapuja
COBYTHJIAIUTAaH MeBa-ca03aBoT omMOopiapuaa O3UK-OBKAT MAaxCyJOTJIApUHU
SHEPIUsl TEKAMKOpP CakJalll TEXHOJOTHUSUIApU, CaKJall yCyJJIapu, WCCHKIUK-
HaMJIMK Kapa€HJIapHU ONTHMaJLIAll Ba OOMIKApHILI, XamJa caMmapaid HUCCUKIUK-
COBYKJIMK TabMHUHOTH TH3UMJIApH HIIA0 YWKUII amaira OIIMPHIMOKIAa Ba
amanuérra >KOpMM KWIMHMOKZA. by coxamarm Typim Ha3zapuid Ba aMmaiauu
Macajajapra Kyn COHJIM WIMHM MoOHorpadusiiap, Tymiamiap Ba Makojanap
Oarunutanrad. by coxagarm MyaMMOJIapHU Xajld KWIMLIAA TYpiad MamJjlakariap
oJMMITapuHUHT, )kymianan Levy F.A., Tamm W., Turi A., Knabe G., Anmamm 3.,
Hecrepenko A.B., Isuek I1.U., BonkoB M.A., XKanan B.3., Uuxos I'.b., Bonkunyg
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N.JI., TuxonoB b.C., Xymaitbepaues b.X., MarteimoB ['.M., Uymak WN.I"., Sutox
B.A. Ba OomikanapHUHT XuU3MaTH KaTTagup. VCCUKIMK HACOCIM HCCHUKIUK-
COBYKJUK TabMHUHOTH THU3UMJIAPUHU WIUIA0 YMKUII Oyinya TaaKUKOTIAp
3axunoB P.A., ABe3oB P.P., Myxunnuuos JI.H., Bapausmsuiu A.b. Ba Gormika
¥30€K oJIUMJIapU TOMOHHU/JIAH 010 OOpuMIITaH.

IOxopuna kentupwiran macajajdapHU €YUl Oopacuaa 4YeT dJjjiaru Kadu
OM3HMHT MaMJIaKaTJa XaM ajloXyaa TaJIKUKOT UIUIapu oud GopriiMokaa. JIekuH,
HOaHbaHAaBUU »HHeprus MaHOanmapuaaH ¢GoHgaIaHUIT acocuja MeBa-cab3aBoT
oMOOpJIapu  HCCHUKJIUK-COBYKJIMK  TabMHUHOTH  THU3UMHUHHUHT  JHEPTreTHK
caMapaJopJIMTUHU OLIMPUII Macajajiapyd X03Upraya KaM ypraHuirat, y3rapyBuaH
UKJIUM IApOUTH]IA MEBa-ca03aBOT OMOOPIAPUHUHT SHEPrusl OallaHCU Ba DHEPTHUs
PEKUMHUHHU TaJIKUKOT KHJIMII METOAUKAIIADUHMA WIIA0 YUKHUII MaKcajara MyBO(QHUK
xucobnanaan. Mccuknuk Hacocnu KypuiManan doigananu6 “Cab3aBoT ombopu -
TEJIMOMCCUKXOHA KyIIMa TU3MMHUHI HCCHUKJIMK-JHEPreTUK KypCaTKH4YJapu Ba
SHEPTUS PEKUMU eTapianda TaAKUKOT KUJTMHMAraH.

Juccepranus MaB3yCUHHMHI JMCCEPTANUA 0aKAPUIAETIaH OJMH TABJIUM
MYacCaCACHHUHI WJIMHMH-TAJIKUKOT HILJIApPU OMJIaH OOFIMKIMIM. J(uccepranus
TagKUKOTH Kapum MyXaHAUCIUK-UKTUCOAUET UHCTUTYTH WIMUM-TAIKUKOT
unuiapu OuiiaH OOFJIMKJIUTH KyWuJard jJouuxaiapja akc >TTupwiran: A-12-135
commn  “HoanpanaBuii  sHeprus MaHOanmapugaH  (oiimamanu®  cab3aBoT
OMOOPJIAPUHUHT HMCCUKJIUK-COBYKJIUK TabMHHOTH THU3UMUHM HWIUIA0 YUKHII Ba
TaakukoT K’ (2006-2008 iiii.) Ba A-13-031 connu “HoanbanaBuii Ba KaiiTa
TUKJIaHAJUTaH SHEprus MmaHOanapwmaaH QoiimanmaHu® TEeIMOTeXHUK KOMIUICKCIa
ca03aBOTJIapHU ETHINTUPUIN Ba cakiamga sHeprus Texamr (2009-2011 ifid.)
MaB3ynapaaru amanuii nonuxanap; OT-U/11-4-3 connm “Xycycwil 3HEprus
OamaHcIy Kyuyma MeBa-ca03aBOT cakjall KypuiMacuHUA unuiald yukapumr” (2011-
2012 i) Ba UT/-4-06 comnmm “KaiiTa THUKIAHyBYM JHEpPrusi MaHOanapujiaH
doiimanannd COBYTHII KaMEpaJapUHHUHT SHEPTHsl TEXKAMKOp ENMUK DJHEPrus
TabMHHOTH Ba BEHTWIANMSA TU3UMHUHM unuiad gukum (2012-2014 .
MaB3yJapaaru UHHOBAIIMOH JIoMHUXanap.

TaaKNKOTHHUHT MaKcaau HOaHbaHABUU DHEPrus MaHOanapuaaH
dolimanaHu acocuja MeBa-cab3aBOT OMOOPJIIAPUHMHI SHEPrus camapaaop
HCCUKJIUK-COBYKJIMK TABMUHOTH TU3UMHHH UILTA0 YUKHUIIIaH HOOpaT.

TaaKuKOTHUHT Basudaaapu:

MeBa-ca03aBOT OMOOpPIIApH MCCUKIUK-COBYKINK TAbBMHUHOTH TH3UMIIAPUHUHT
3aMOHABUM XOJIATUHU TaXJIUJI KWJIHII, YJIAPHUHT SHEPTeTHK Ba TEXHUK-UKTHUCOIUI
KYypcaTKAWIiapuHu 6axoJar,

MeBa-ca03aBOT OMOOPJIAPUHHMHT SHEPrus OalaHCUHU TAIKUKOT KHWJIWII Ba
UCCUKJIUK-COBYKJIMK  Ta@bMHHOTH  THU3UMH  SHEPreTUK  camMapaJopiUruHU
OIIMPUIIHUHT ACOCUN WYHAIUIUIAPUHN aHUKJIALLL,

MaxCyJOTJIapHA Macca WYKOTHIIWIa Ba MCCUKIUK-Macca aJIMalluHyBU
Kapa€HJIApUHUHT TE3JIUTUra TabCUP STYBUM MEBa-ca03aBOTIAPHUHT HCCHUKIIUK-
bu3uKaBUN XapaKTePUCTUKATIAPUHU SKCIIEPUMEHTAIT TaIKUKOT KHJIHIIL,

COBYTHIII KaMmepajlapujla UCCUKJIMK Ba Macca ajMallldHYyBH >Xapa&HIapuHU
MOJICJUTAIITUPUII Ba TAJAKUKOT  KWIHIN, MaXOypwil Ba TaOWWN  KOHBEKITUS
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MapOUTHAA HWCCHKJIMK OEpuIl Ba Macca alMallMHyBH Kod(hUIMeHTIIapuHn
XUCOOJIaIll YYYH ME30HJIU YXIIAIUIUK TeHTJIaMaJIapUHU OJTUII;

HOaHbaHABUM 3HEpPrusi MaHOaapuaaH QoiiagaHuil acocuga MeBa-cad3aBoT
OoMOOpJIapu  HUCCHUKJUK-COBYKJIMK  TabMHUHOTH  TU3UMUHUHT  TPUHIUIIHAAI
CXEMAaCHUHHM MIILIA0 YUKHIII Ba DHEPTETUK CaMapaIOPJIMTUHH TAAKUKOT KUJIUIII;

Tabuui HUKJIUM [IAPOUTIAPUHUA TaXJIWI KWIWII Ba COBYTHII KaMEpPacCUHUHT
MCCUKJIMK-HAMIIUK OallaHCUHU XUCOoOJIalll;

COBYTHUUI KaMepaJlapUHUHI BEHTWISIUS TAIUIAHIUK WCCUKIUTUHU HCCUKIINK
HACOCIM YTWIN3aUUs KWINII TH3UMH SHEPreTUK camapaJOpiIuruHy OLIMPULLIHUHT
WIMHI acOCTapyHU UIILIA0 YUKUIIL,

HOaHbAHABUN dSHEpPrus MaHOanapu Kyiulanwiaauran “Ca63aBoT omMOopu —
TeJIMOMCCUKXOHA” SHEPrHs TEeXaMKOp KyliMa THU3UMHU WIIa0 YHKUII Ba
SHEPTeTUK caMapaJopIUTHHU Oaxosanl.

TaaKMKOTHUHT 00BeKTH cudaTHaa HOAHbAHABUN HSHEPTHUS MaHOAIApUHU
KYJUTAaHWJIUIITUTA aCOCIIAaHTaH MEBa-cab3aBOT OMOOpIApUHUHT YHEPTUS TABMHUHOTH
TU3UMJIAPU KapajraH.

TagKNKOTHUHT TpeIMeTH — HCCHUKJIMK-Macca aJIMalllMHYBU >KapaéHiapw,
SHEPrusi caMapasiop UCCUKIUK-COBYKINK TAbMUHOTH TU3UMIIAPH.

TaakuKOTHUHT  ycyJuiapu. TaakukoT kapaéHuna  (HEHOMEHOJIOTHK
TEPMOJIMHAMHKA, UCCUKJIMK Ba Macca ajIMallliHyBU Ha3apusicu, PU3UK-MaTeMaTHK
MOJICJUIAIITUPHUII, UCCUKIUK-TEXHUKAaBUI XHCOO Ba Taxpuba, yiauyaMmiaukiap Ba
VXIIAUUIMK HAa3apUsACH YCYJUIapU KYJUIAHUJITaH.

TaagKNKOTHUHT HIIMHUIA SHTHJIMIY KyHuaarmiapaan nuoopar:

MeBa-ca03aBOT OMOOPJIAPUHUHT HCCUKIUK-COBYKJIUK TaMUHOTH THU3UMH]IA
HOAHbAHABUN dHEprus MaHOanapuaaH QGOWNATAHUIITHUHT WIMHI acOCJIaHTaH
MPUHIUNHAN CXEMaJIApU UIILIA0 YMKUIITaH;

MacT NOTEHUMAUIM BEHTWISAUMS YUKUHAM UCCHUKJIWTH, MeBa-cab3aBoT
MaxCyJOTJapUHUHT Hadac OJMII WCCUKJIWIA Ba COBYTHUII Ar€HTUHHUHT
KOHJICHCAITUSIJIAHUIIT MCCUKJIMTUHYM YTUIU3AIUS KWJIWI YCYyJura acoCJlaHTaH,
KYIIMM4Ya HWCCUK CYB OJIMHAJUraH MCCUKJIMK HACOCIU HWCCUKIUK-COBYKIUK
TabMUHOTH TU3UMH UILIA0 YUKWITaH,

Wik O0op omOopiapja oNTHMal HAMIMK PEKUMHUHHM Cakjiall Y4yH KyEml
DHEPTUSCH Ba COBYTHUII KaMEpPACHHHMHI NAaCT MOTEHUHAJUIA YUKUHIA HCCUKJIWUTU
KYJUTaHUJIQJIUTaH SHEPIrusl caMmapajgop XaBOHM HAMIIAHTUPUII THU3UMHU UILIA0
YUKWITaH;

COBYTHIIl IHKJIM OpKaJIW OWp BakKTAa HCUTUII Ba COBYTHUII amaira
omupuiIaauran sHeprus camapagop “Cab03aBoT oMOOpPH - TEIMOMCCHUKXOHA™
KyIIIMa TEPMOJUHAMUK TU3UMU UIILIA0 YHKUJITaH;

COBYTHIII KaMepacH Ba MaxcyJioTiap IrTadenuga HoOapKapop HCCHUKIHK-
HAMJIMK ~ PSKUMHUHH  YyKyp TaIKUKOT KWIWII WMKOHMHH  O€pajura,
MaxCyJIOTJIapHU TaOWUil COBYKJIMK OWJIaH COBYTHIIAA WCCHUKIMK Ba Macca
aJIMaIIMHYBHU >KapaCHIApUHUHT TAKOMIUIAIITUPUIITAH MaTEMaTUK MOJICTU UIILIa0
YUKWJITaH.



TagKNKOTHUHT aMaJInil HATHXKACH KyWuaaruiapjaH noopar:

MACT TMOTCHIMA/UIA BEHTWISIIUS YUKWHIA WCCUKIUTH, MaXCYJIOTIApHUHT
“Hadpac  ONMIII HCCUKJIUTH Ba COBYTHUII areHTUHHUHI KOHJICHCAIWsJIAHUIII
WCCUKJIUTUHU YTWIM3alUs KWIWIIra AacocjaHTaH Ba KYIIMMYa HCCUK CYB
OJIMHAJINTAaH MCCHUKJMK HACOCIIHU UCCUKIUK-COBYKJIMK TAbMUHOTU TU3UMU UIILIA0
YUKWITaH Ba aHbaHaBUW TU3uMiapra HucOatan 23,4% Oupnamud >Heprusi €Ku
88,7 kr m.&./ToHHa éxkunru Texanumura puimirad (Ne [AP 2010 0134 pakamu
V36ekucron PecryOikacu nateHTn OUIaH XMMOSUIAHTaH);

oMmOopiiapAa ONTUMaJl HAMJIUK PEXUMHUHU CaKJIall yuyyH KyEIl HEPrusicCu Ba
COBYTHIII KAMEPACUHHHT MACT MOTCHIIMAIIIN YHKUHIU UCCUKIUTH KYIJIAHUJIaUTaH
XaBOHU HAMJIAHTHUPHUII YCYJIU UIUTA0 YUKUITAaH Xamaa OMOOPIapHUHT TEXHOJIOTHK
IXTUEKU YUYH UIUIATUIAUTaH UCCUK CyBra OYJiraH TalaOWHU TYIUK TabMHUHIIAII
Ba 14068 ™’ Tabumii rasuu €ku 17,28 TOHHA MIAPTIM EKWJIFMHM TeEXKallra
spummrad (Ne TAP 2010 0226 paxamnm Y36ekucToH Pecry6nmkacy TaTeHTH
OmIaH XUMOSUTAHTaH);

MeBa-ca03aBOT MaxcCyjloTiaapy MWYKOTUIMIIMHU KaMaUTHpUIL HMKOHHMHH
Oepaiuran 4yyKypJalITUPWIraH omMOopiiapia MaxcCyJOTJIapHU TaOUUN COBYKJIHUK
OwiaH COBYTWIMIIMAA COAUp OyJIaauraH MCCUKJIUK-Macca aJMalluHyBU
xKapaCHJIapuHu XHcoOiall METOAMKAcH HIuIad YUMKWITaH Xamjla MaxOypuil Ba
OPKUH KOHBEKIMS MIapOMTHIA MeBa-cab3aBOT/Iap ITAOCIMHU COBYTHIMILINIA
UCCUKJIMK Oepuil Ba Macca aJMallMHYBU KOA((UIIMEHTIapUHU aHUKJIAIl yY4yH
ME30HJIM TeHTamMaiap Takiud STuiras;

HOaHbAHABUU JHEPrusi MaHOamapujaH camapaiu (HoWgamaHuIl WMKOHUHH
Oepamuran sHeprus camapazop “Cab3aBoT oMOOpH - TeTHOMCCHMKXOHA™ KyIIMa
tr3uMu unpiad yukuiarad (Ne 00683 UZ FAP 2009 0120 pakamiu V36ekucron
PecmyOnmkacu maTeHTH OJTUHTAH).

TaakuKOT HATHKAJAPUHUHT HWIIOHWIMJIMIM MaTeMaTUK (QuU3NKa Ba
WCCUKJIMK-Macca aJIMAIIMHYBUA HA3aAPUSICUHUHT MOC OYVIMMIIapu acocuja HWIuIad
YUKWITaH aJeKBaT MaTeMaTHK MOJeJlapra acocCjlaHraH 3aMOHaBUN TaJIKUKOT
METOJUIApUHU KYJUTAaHWIUIIKA OWIaH TabMHWHJIAHTaH. MeBa-cab3aBOT  COBYTHIII
KaMmepayiapujia OJMHraH TaXkpruba Ba XUCOO MabIyMOTIAPUHUHT KUECUM TaXJIUIU
Ba YJApHUHT ¥3ap0 MOCHUIM  TAAKUKOT HATWXKAJAPUHU HWIIOHYWIMJIMNTUHU
TacaUKJIaNIu.

TagKuKOT HATHXKAJTAPUHUHT WIMHH Ba aMaJIuil aXaMUSITH.

TanKUKOTIA OJIMHTaH HATW)XAJapUHUHT WIMHAM axaMUATH HOAaHbaHABUU
9Heprus ManOamapujaH Qoiinananud, MeBa-ca03aBOT OMOOpIAPU HCCUKIUK-
COBYKJIMK TabMHHOTH THU3UMHUHUHT OHHEPreTUK CaMapaJopJIMTUHU  OUIUPHII
ycyJUlapy Ba  WIMHH  acoCllapuHU  SpaTHI, COBYTHII  KaMmepajapuiaa
MaxCyJIOTJIapHU TaOWUl COBYKJIMK OWJIaH COBYTHINZA WCCHUKIMK Ba Macca
AIMAIIMHYBU JKapaSHIAPUHUHT MAaTeMAaTHK MOJE/UIAPUHU HILIA0 YUKUII XaMa
OPKUH Ba MOKOYpHil KOHBEKIIHSI IIAPOUTHIA UCCUKIUK Oepuin Kod(pPuImeHTHHN
XxucoOJaml yq4yH ME30HIIM TeHTJIaMallapHH TaKIu( dTUIMIIKIAH HOOpaT.

OnuHraH HATWKAJIAPHUHT aMaliud axaMHsITH KyEHI-MCCUKJIUK HAcOCIU
KypUJIMadd COBYTHUII KaMepaJlapUHUHT SHEprus cappu Ba HOaHbaHABUU SHEPrus
MaHOanapu Kyananunaguran “Ca03aBOT oMOOpH - TETMOMCCUKXOHA™ STHT'H KyIIMa
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TU3UMHUHT HEPreTUuK camapaJopJIMTMHA MYXAaHIUCIUK xucoOant
METOJUKaJapuHu MIIad YuKumaaH uoopar. TaaKUKOT HaTWXKalapud MeBa-
ca03aBOT OMOOpJAPUHUHI aHbaHaBUU TU3UMJIapUra HHUCOATaH MaxcyiaoT ucpodpu
KaM Ba KMYMK DJHeprus capdura sra OYiIraH, HOKOPU DHEPTHs camapaiop
UCCHUKJIMK-COBYKJIMK TABMMUHOTH TU3UMIIAPUHU UILIA0 YMKUIITa UMKOH Oepas.

TagKUKOT HATHKAJAPHMHI KOpUMl KUIMHUIIM. Vccukinuk Hacociau
UCCUKJIMK-COBYKJIMK TabMMHOTM TU3UMHUHHMHI  CXEMallapu, MeBa-cab3aBoOT
OMOOPJIADHUHT HHEPreTUK CcamMapaJopJIMTUHU OHIMPHUIL YCYJIJIapH, DHEPrus
camapanop “Cab03aBOT OMOOpPHU-TEIMOMCCUKXOHA KYIIMa THU3UMHU Ba IMHUPOJIHU3
KypHJIMaNapu Y36eKncToH Pecy6IMKAcH KHIUIOK Ba CYB Xy KAJTHTH BA3UPIIHIH
TU3UMUTAa KUPYBUM KOpPXOHAJap, >kymianaH, Kamkanapé BUIOSTHHHUHT «baxT»,
«loBpyr» Ba «Hwumon6o0ii AsmramypaToBuu» (epMep XyKaaukiapuaa KOpuu
sTiiaTaH Oynub, MeBa-cab3aBOT OMOOpIApUHUHT 3Heprus TabMuHoTHAA 23,4 %
(721,8 xkBt.coat/ToHHa) sHeprus capdu KaMaluiIy Ba OMOOPIAPHUHT TEXHOJIOTHK
SXTHEKU YUYH HIUIATUIAIMIAH UCCHK CyB TabMuHOTHAa 14068 m° Tabumii ras
(17,28 ToHHa mapTaM EKWIFU) TEXKAIUIIM XUCOOMTIa YMyMHH Yypraya HUILIMK
uKTHCOMMit camapa 104 MuH. cyMHM Tamku dTtraH (Y3Gekucton PecryGmukacy
KHIIUIOK Ba CYB XYKanuru BasupiauruHunr 2015 vun 27 anpengaru 02/15-350-con
MabJIyMOTHOMACH).

TagKuKOT HATHKAJAPUHUHT anpodauusicu. TangkukoT Hatuxanapu 30 Ta
WiMH-amauii KoHGepeHIsIapa anpoodausiad yTrad, uryjaap skymiacuiaas, 18
Ta XaJKapo KOH(pepeHIMs, CUMIIO3MYM, KOHIpPEecC Ba CEMHUHapiapjaa, XycycaH,
xankapo: «MuuoBanus» (byxopo, 2000; Tomxkent, 2001, 2008, 2009);
«DuzukanuHr ¢GyHgameHTan Ba amanuid macanamapu» (Tomkent, 2004-2010);
«Kaiita TuKIaHyBYM OHEprus MaHOamapu Ba TeIMOMATEPUANIITYHOCIUK
(Tomkent, 2005); «OHEpreTHKAaHUHT PUBOXKJIAHUII UCTUKOOJIApU Ba 3aMOHABUU
xonatw» (Tomkent, 2006); «MyKoOWI 3HepreTuka Ba SHEPrusi XaB(CUBIUTH
myammoitapu» (bumkek, 2008); «TexHuk Qanmap: myammosaap Ba UCTUKOOIIAp»
(Cankrt-IlerepOypr, 2011); «Texnuk dannap: Poccust Ba uer smiapaa» (Mocksa,
2011); «Kummoxk XyKaaurujaa SHEPrusi TEKAMKOPIUK Ba DHEPrUsi TAbMUHOTH
(MockBa, 2012); «DHeprus TexaMKOp TEXHOJOTHsIap Ba YyJaplaH camapayiu
dorinananum myammoiniapu» (Bonrorpan, 2013); International Scientific and
Practical Conference «Science and Society» (London, 2014).

TagKUKOT HATHKAJAPHMHI JYBJOH KWIMHMIIM. [[uccepranus mMaB3ycu
Oyiinua xxamu 66 Ta WIMUIN HIII, Iy )KyMJaaaH, 3 Ta MoHorpadus, yiapjaaH 2 Tacu
XOpWXKJIa 4Ol ATWiraH, 27 Ta WIMHUM Makojanap, yjiapiaaH 13 Tacu XOpuxKuii
KypHaJUTapJa HalIp KWJIMHTaH Xamza 3 Ta WIMHN UXTHPO YUyH MaTEHT OJIMHTaH.

JluccepTalMsIHMHT XaKMH Ba Ty3wiammM. Jluccepranus kupuil, Oemira
000, xynoca, Goligananuiran agabuérnap pyixatu, 197 caxudagan nbopar mMatH,
51 Ta pacm, 19 Ta xxaznBan Ba 16 Ta unmoBagas uoopar.
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JIACCEPTAIIUSIHUHT ACOCU MASMYHHA

Kupnm xucMuga auccepTanysi MaB3yCHHHHI J0J3apOjMUIM Ba 3apypaTH
acocJaHraH, TaAKUKOT MakcaJlu Ba Basudanapu, xamjaa oOBbEKT Ba MpeIMeTIapu
MIAKJIJIAHTHPWIITAH, peciyOnka ¢paH Ba TEXHOJOTUSIIAP TAPAKKUETUHUHT YCTYBOP
NYHAIUIUIAPATA MOCIIWTHA KypCAaTWITaH, TAJAKAKOTHUHI WIMHW SHTWIMITH Ba
amManuil HaTvKajmapu Oa€H KWJIMHIAaH, OJMHIaH HaTH)KAJIAPHUHT MILIOHWIMIIUTH
acOCJIaHTaH, YJApHUHI Hazapuil Ba aMalvil axamusaTiapu o4ud Oepuiira,
TAJAKUKOT HATWXKAIADUHUHI aMalauéIra >KOPUM KWW pPYHXaTH, HWIIHUHT
anpoOanuscl HaTWXalapu, OJBJIOH KWJIMHTAH HIUIap Ba JUCCEPTALUSHUHT
TY3WIUIIH OYiu4Ya MabIyMOTIap KEATHPUIITAH.

HucceprauustHuHT OupruHYn «MeBa-ca63aBOT OMOOPJIAPUMHMHI 3aMOHABHIA
HCCHKJHUK-COBYKJIUK TAbMHHOTH TH3MMJIAPH TaXJWam» O00ua COBYTHII
KaMmepasiapy Ba ca03aBoT oMOopiapu  HMCCHUKJIUK-COBYKIMK  TabMHUHOTHU
TU3UMJIAPUHUHT 3aMOHABHUIl XOJIATH TaxXJIMJI KWJIWHTAH, YJIApHUHT SHEPreTHUK Ba
TEXHUK-UKTHUCOAMM KYpcaTKu4iapyu Ba MeBa-ca03aBOT oMOopiapuaa 3SHEprus
TEKAMKOPJIMKHUHT 3aMOHABUH ycyiiapu 0axoJiaHra.

Cab3aBoT OMOOpIapu MCCUKJIUK-COBYKIMK TabMHUHOTH OYyinua Oakapuira
WIMHUI TaAKUKOTIAPHUHT TaXJIMJIM HATHKAJIApU IIYHH KYpcaTaauKH, )Kyaa Kymiad
WIMHNA UIIap acoCaH COBYTHJIAIUTaH OMHOJIAPHU MUKPOUKJIMMUHUHT UCCUKIIUK-
TEXHUKAaBUI XUCOOM Ba O3MK-OBKAaT MAaxCYJOTJIAPUHU CaKJIAIIHUHI UCCUKJIMK-
HAMJIMK PEKMMUHU TaJAKUKOT KUJIUIITa OaFuIllJIaHTaH.

yHn TabKkuiam Kepakk, Oa)kapwiraH WIMUN TaJKHKOTJIapAa MeBa-
cab3aBoTiap  CaKJaHAJWraH  COBYTHII  KaMmepajapuja  HMCCHKJIMK-Macca
alIMalIMHyBU Kapa€HIapyuHU YyKyp TAAKUKOT KWJIMII aCOCHIA HOAHbaHABUUI
sHepruss ManOanmapu (HOM) nman  Qoinanmannd ca63aBoT 0OMOOpJIapUHUHT
UCCUKJINK-COBYKJINK TabMHHOTH THU3UMHUHHUHI JHEPreTHK caMapaJopJIMTUHU
OIIMPHII MacaJlaJlapy eTapianya ypraHuaMaras.

baxapunran wiamui Taxymmun acocuga Ba HOMpan ¢oiigamanun® mMeBa-
cab3aBOT OMOOpJIApH HMCCHUKJIUK-COBYKIMK TAabMHHOTH TH3UMIIAPUAA SHEPrus
TeXall COXACHJArd TAAKUKOTJIAp KYJIAMUHUHI KEHTaWWIl TEeHACHLUMSUIAPUHU
XucoOra onub IuccepTalUsSHUHT MaKCaau Ba Bazu(aiapy MaKUIaHTUPHIIIH.

NkxknHun «CoByTH/IaAMraH MeBa-ca03aBoT oMOOpJapuaa CaKkJIaHAAUIaH
MeBa-ca03aBOT MaXCYJOTIAPHHUHI HCCHUKJIUK-QU3MKABUI TaBcupIapm»
0600u1a MaxCyOTIapHU COBYTHUII Kapa€HUAa HAMJIMK WYKOTUIIIU, OMOOPJIAPHUHT
SHeprus OanaHCUra Ba HCCUKIMK-Macca ajJMallMHYyBU >Kapa€Hjapura TabCUp
KWIYBYM UCCUKIUK-Qu3nkaBuil xapakrepuctukagapu (MUOX)Hu Tankuk KUIMII
HaTWKaJlapy KEJITHUPUIITAH.

MeBa-cab3aBor  oMOopiapuaa  coaup — OYmaguraH  MCCUKJIMK-Macca
QIMAIIMHYBH Xapa€HJIapH, MAaXCyJIOT Ba COBYTYBYM XaBO ypTacHUIaru HCCHKJIMK
aJIMallIMHYBH, KaMEpPaHUHI DSHEPIeTUK pEeXUMH, DSHeprus OajaHCH, CakJiall
XKapa€HUIa MaxCyJOTHUHI HaMJIMK HYKOTHINH, KaMmepajapla ONTHUMAJl Xapopar
PEKMMUHU YpHATWIWIINIA COBYKJIMK Ba HCCHUKIMK capdu acocaH cakJjail
o0bekTiapu (MeBa Ba cab3aBotiiap)HuHr UdXra 0ornuk Oynaau.
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Kyn xommapma o03uk-0BKar MaxcyJioTaapuHuHr M@PX, SbHH HCCUKIHK
CUFMIMH, UCCUKJIMK YTKa3yBYAHJIMK Ba Xapopar YTKazyBYaHIHNK KodDPuImeHTiapu
(c, A, a) TamkukoTiapia anaOuériaapAaH Typiud TaJAKUKOTUMJIAD TOMOHHUJAH
aHUKJIAHTaH >KaJIBaJI MabJIyMOTIapu cudatuia KadyJs KUInHaAIK.

Jlekun Oy MabiaymoTliap Xamullla XaM aMalIuETAa aHWK HaTwKajapra Moc
KenMainu, 6ab3u MaxcysiotaapHuHr UOX xakuaa MabiyMOTIIap MablyM SMac Ba
ypranunmarad. llly ca6abmnu, nuccepranusna omOopiiapAa HCCUKIMK-HAMIIUK
PEXMMH Ba MCCHUKJIMK-MAacca aJMAIIMHYBHU Kapa€HJIApUHU TAAKUKOT KWJIMIIJIAH
aBBaJl, CakJiaHaauraH MaxcyJoTiapHuHr UDXHu Taxxkpubana TaaKUK KWAIUII Ba
XaKKOHHMI HATWKajaap OJHII MaKcaau OeNTHIaHIu.

Kapromkanu xapopatr y3rapuiiy Ba TapKHOHWIard KypykK MOJJIa MUKIOPHUTa
OOFJIMK paBUIIIa UCCUKINK CUFUMH KaJIOPUMETPUK Ba MCCUKIMK YTKAa3yBYAHIIUK
kodhumueHTn 9Sca  IMUIMHAPUK 30HI MeTo[jiapu  EpaamMuaa Taxpubana
anukyanau. Taxxpuba HaTwxkanapu 1 Ba 2- pacmiiap/ia KEITUPUIITaH.
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2-pacm. Xapopat Ba KypPyK MOA/ia MUKIOPHUTra OOFJIHNK X012
KapTOLIKA HCCHK/IMK YTKA3YBYAHIUK KOI(PPUUMEHTHHHHT Y3rapuil rpaguru

OMOOpJIapHUHT SHEPrusi OaJlaHCH Ba JIHEPTETUK PEKUMUHHUHT TYJIAKOHIU
TAIKUKOT KWJIMII YYyH aJOXHUJa OJMHTaH 0ab3u Maxcylomiap (cab3u, onma Ba
auMoH)HuHr W®Xnapu  anuknanau. OnuHTaH HaTWwKajgap TaxJ MW IIyHU
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KYpCaTIuKH, KapTOIIKa MaxCyJOTUHUHT UCCUKJIUK YTKa3yBUaHIUK
KOO(POUIIMEHTH Ba MWCCUKJIWK CHFUMH KaMmMepa XaBOCHHHHI Xapopath Ba
MaxCyJIOTJIard KypyK MoJiJla MUKJopUra 0oFiuK Oynanu. MeBa-ca03aBOTIapHUHT
taxpubana onunran MdXnapu cabzaBoriap mTadeIuHU MaxOypuil Ba SpKUH
KOHBEKIMSl IIAPOMTHAA COBYTHILNJA HCCUKIMK Ba Macca aJIMAllMHYBUHU peal
MOJIeJUTApUHM TY3HILTa UMKOH Oepajiu.

Vunnun «HoanbaHaBMid 3Heprusi MaHOAJapH KYJ/UIAHWIAAUTAH MeBa-
ca03aBOT COBYTHII  KaMepajapuia  HCCHKJIHK-Macca  aJIMAIIMHYBH
JKapaéHIapuHu  MOJeJVIAIUTHPUIN Ba Xxucodaam» O6o0uaa COBYTHIII
KaMepacuia MaxcyJoTJIapHu MaxOypuil Ba TaOuMii KOHBEKLHMS LIapOUTH]IA
COBYTWIMILKAAQ COOUp OynaguraH MCCUKIMK Ba Macca  ajJMallMHYyBU
XKapaHIapuHU MOJIEUIAIITUPUII Ba TAaJKUKOT KWUJIUINra OaFullJIaHTaH Xamja
Kamkanapé BWIOSATH MKJIUM IIAPOUTHIA MaXCyJIOTIAPHUHI HAMIIMK HYKOTHILINTA
Ky€Il HypJIaHUIIYM HHTCHCUBIUTMHUHT TabCUPH Macajalapu KYpuoO YMKUITaH.

TaxxpubaBuii coByTHII Kamepacuia MaxOypuid Ba TaOWMUN KOHBEKIIHS
HIapOUTUAA KapTOLIKAaHM COBYTHIIZA KOHBEKTHUB HCCUKIWK aJIMAIIMHYBU
xapa€Hilapu Taxpuoaaa TaIKUKOT KUJIUHTaH.

Uccukmuk Gepuin ro3acu F=1,92 m?> 6yuaran TaxpubaBuii mTaOenHn aKkTHB
BEHTWISIMA KWIMII OpPKAJIM COBYTHIIJIAa OJIMHTAH TAaJAKUKOT HaTHXalapu
YXIIANUIMK Ha3apusCcH Ba YIIUaMIIMKIAP METOJM acOoCHAa YMYyMIIAIITUPWITaH Ba
KyHUJard ME30HJIM TeHIJIaMa XOCHJI KWJIMHTaH:

Nu = 0,027 Re”* , 6ynma 180 < Re <1800 . (1)

CoByTui Kamepacuaa XaBOHUHI 3PKMH KOHBEKLMS IIAPOUTUAA YTKA3WITaH
Taxpubasiap OpKajld MCCUKJIMK aJIMAIIMHYBUHHM M(ONAIOBUM KyHHJIArn ME30HJIU
TEHIJIaMa OJIMHIaH:

Nu =0,02(Gr-Pr)>*, 6ynna 3510°<(Gr,Pr),<35,410% (2)

Onub 6opwiIran TaIKUKOTIIAp TaXJIWIM UIYHH KYPCATAUKHU, SPKUH KOHBEKIUS
IApOUTHUA KapTOIIKA CUPTUAH XaBOra UCCUKJIMK OepuIl Kod(ppuimenTu acocan
MaxCyJIOT CHUPTH OWJaH Iy CHUPTHH IOBYBUM XaBO XapopaTu (apkura, xamja
MaxCyJIOTHHHT TEOMETPUK Yyiodamyiapura Ba YIOMHUHT FOBAKJIUTUATA OOFJIHMK
oynanu. Kapanaérran xojaTja KapTOIIKa CHUPTUIAH XaBOra HMCCHUKJIWK Oepuill
KOG (DUIIMEHTH DOPKUH KOHBEKIUS IIapOUTHIA a=2,2+ 7,92 Br/(M*K),
Ma)XOypHil KOHBEKLMs ImapoutHaa sca o=4,4 + 22,0 Br/(M*>'K)ra TeHr Gyauiuu
aAHUKJIAH]IH.

MeBa-cab3aBotnap mrabenuaa coaup OYIaguraH HCCUKJIMK aJMAallluHYBU
*apaHJIapyu HaMJIMK MAaCCAaCUHUHT KY4UIIK OuinaH Oupra Kevau.

Macca anmammHyBH KOY(POUIMEHTUHUM aHUKJIAIl Y4YyH TaXpuOaBuii
Kapromka mrabenuan xapopatu t,=0°C Tabuuii COByK XaBO OWJIaH COBYTHIIIA
TaJKUKOTIap YTKa3wiau. bepuiiaiuran XaBOHUHT MapaMeTpiapy aMaiuér/ia KeHT
KYJUTaHWJIaUTaH opaymKaa Y3raptupuiaan (te3nuk 0,1+2,5 m/c; XaBOHHHT HUCOUH
Hamyuru 8090 %). TagkukoT/iap IMIyHH KYpcaTIWKH, XaBOHMHI Xapopatu 0+15
°C  opamukna y3rapumuga [lpasarin Me30HHM y3rapmacliadH Kodaigu, SbHH,
Pr, =055 ra tenr Oymamu. TaxpubaBuil TaaKUKOTIAp HATWXKalapu 3-pacMmia

KCIITUPWUJITAH.
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lg Nu

n

0% /
0,7 /

25 26 27 18 28 30 3, 32 33 34 35 36 37 3E 0 39 40
lg Re

3-pacM. Nun=f(Re) 0ormukauk rpaguru

3-pacMia KeNTUPWITaH HATHWXKajdap Ba TaXXpUOa MabIyMOTJIAPUHU YXIIAIUIUK
Ha3apusiCh METOJY OuilaH yMyMIIAIITHPHUILI Ba HUIUIOB OEpHUI OpKadu KyWujaru
ME30HJIM TeHTJIaMaJlap OJIMH/IN:

Nun=0,0238 Re*%3, oynma Re=3,65-10%+9,12-10°. 3)

Taxpuba HaTHKamapu UIyHHU KypcaTaJuKu, XaBO OWjIaH COBYTHII *kapaéHHUaa
MaxcyJoT CHUPTHAAH Macca ajdMalldHyB KOd(DQPHUIIUMEHTH XaBO OKUMHUHHHT
TE3JIMTUTa KYIPOK OOFIUK OYianu. XaBOHUHT HUCOWM HAMIIMTH Y3rapmac XoJiaTaa
XaB0 OKUMHUHHUHT Te3nuru 0,1+2,0 M/c ra optud OGopuimaa Macca aJMalIuHyBU
koadummenTn 23,6 mapTara opTau.

Jluccepranusiga COBYTHII Kamepacuja MaxCyJOTJIApHH TaOWMUH COBYKJIHK
OwIaH COBYTWIMINMJA  HMCCHKJIMK-Macca  aJIMaIlllMHyBH  JKapaéHJIApUHUHT
MaTeMaTUK MOJIETU TaKJIU( ITUITaH.

Hccnkmmk-macca alMaliiHyBH Ba MCCUKJIWK YTKAa3yBYAHIUK OWJIaH OOFIUK
mupdepennman Terrnamanap Pynre-Kyrra merogm éEpmamupa coHau ycynnaa
eywirad. MaxCyJOTHM COBYTHII MacallaCHHM COHJIM €UUMH KyWuJaru
YEeKJIaHUIIUIap acocuja aMmajira OIIMPUIITaH: KPUOCKOMHUK XapopaTldaH IOKOpU
xapopariapaa MaxCyJOTIAPHUHT (omMma) UCCUKTUK-(PU3UKaBUI
xapakrepuctukaiapu (A, ¢p, P, a) Yy3rapmaiau; KaTIaMHU  aJoXHja
AIIEMEHTJIAPUHUHT TETU0 TYPUIIUIArM HWCCHKIUK YTKa3yBYAHJIMTH XHCOOTa
OJIMHMANM; MeBaIap (KUIUTH HAaBIM OJMa) SKBUBAJEHT AMAMETPJIM IIAPCUMOH
Moana cudaruga Kapaiaau; MaxCyJOTIApHUHT XaKUKAW CUPTH dMac, Oaiku
WCCUKJIMK Ba Macca aJIMallIMHyBUHUHT 3(()EKTUB CUPTH XUCOOTa OJIMHAH.

MeBa-cab3aBoTiiap  KaTjaMuJa MCCUKJIMK  aJIMallMHyBU  JKapaCHUHU
MaxCyJOTHH aJlOXHJa OJIMHTaH SJEMEHTHUHUHT HOOapKapop Xapopar pexXuMu
Owian Oupranukiaa ypraHuin 3apyp. MeBa-cab3aBoTiiap KaTjaMuaaH YTaéTraH
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XaBO XxapopaTH xam (a3oma Ba XxaMm BakT gaBomuza y3rapubd 6opamm. [y cababmm
MacaJIaHMHT €4YnMH y3apo OOFIHK OYJraH MKKUTA XapopaT MalJOHWHU ¥3 WUHra
oNaA, SbHU OWPUHYMCH MaxCyJOT OJJIEMEHTIapu Yy4YyH, HMKKHHYHCH dca
COBYTYBYH XaBOTa TETUIILIHAHP.

IOkopuna kaOyn KuiuHTraH uekjlaHuIuIapra MyBO(DHUK MeBa-cab3aBoTIIap
CUPTHHH XapopaTH Ba COBYTHII JAaBOMUIINIMHUA aHUKJAII Macajlacu IIapCUMOH
KUCMHUHT HMCCUKJIMK YTKa3yBUaHJIUK auddepeHian TeHrJaMacuHU e4uIlra

KEJNTUPUIIA]IN:
01 o%t(r,r) 2 ot(r,7)
=== = V"7 ; 4
P or { or’ r or “)
di=c,-ot, )
«- - (6)
c, p
(5) Ba (6) ubonanapau xucodra oJicak:
2
ot(r,7) . 0 t(rz’T)Jrg- ot(r,7) : 7
ot or r  or
OONUTaHFWY MIAPTIAPHA KyWHIaTH E3UTIT MyMKHWH:
=0, t(r,0) = 1°; (3
YUYMHYH TYp 4erapa mapriapu:
ali(r,e)-1,]= -2 ) ©
r
OyHma, 1 — comumTupMma dHTanbnus, JDK/Kr; a — MaxCyJOTHUHT Xapopar

YTKa3yBYaHIMK KOd(PPUIMEHTH, M?/C; Cp — MaxCYJOTHUHI M300apUK HCCHKIIHK
CHUFUMH, %/(KI"K); p — MaxCyJIOTHHHI 3UYINTH, KI/M>; ¢° — MaxCyJOTHHHI ypTada
OonutanFuy Xapopaty, t. =25 °C; t (r,T) — MaxCyJOTHHHT paauycH () Ba Baktra (T)
oormuk xapopatd, °C; T — BakKT, CeK; ' — COBUTHUII y4yH OEpUJIAQJUraH XaBo
xapoparu, °C; (° =0°C; o — MaxCyJOT CUPTHAAH XaBOTa HMCCHKIMK OOpPHIL
ko> dunmentu, Br/(M*K).

OnmaHu COBYTWIMIIKIA Kamepaja coaup OyiaauraH HCCUKIMK Ba Macca
AIIMAIIMHYBU >KapaéHJIapUHU MOJICJUTAIITUPUIIIA KyHHaaru YekjaHuuuiap Kaoys
KWJIMHTaH:

- COBYTHIII KaMmMepacu TYIUIaHTaH IMapamMerpiapra sra oOBeKT cudarmuma
Kapajiajiu;

- KaMepara KUpaJural yMyMH UCCUKJIMK y3rapmac;

-XucoOMii AT BakT WYWJa HMCCHKJIMK Ba Macca  aJMalldHYBU
KodhduimeHTnapyu, Xamjaa Kamepara KUPUTUIAIUTaH COBYTYBYM XaBOHHUHT
UCCUKJIMK (PU3MKaBUU MapamMeTpiiap y3rapMacaH KOJaiu.

KaOyn xunuHran dYekjgaHuNUIapra MyBOQHUK COBYTHUIN KaMEPaCHHUHT
WCCHUKJIMK Ba HaMJIMK OajaHcu Kyhupard auddepeHruan TeHriamMagap OujiaH
ndomananaau:

¢ poV, -(d”‘} 0,+0,+0,+0.+0,+0,.. (10)

dr
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R SR (i
T

OyHaa View — KaMepa XaXMH, M°; Oy — XaBOHHUHI 3WYIMIH, KI/M’; Cx —XaBOHUHI
uccukiauk curumu, JXK/(kr-°C); Qx— coByTHUIaAUTaH MaxCyJIOTJaH XaBora yTaJural
UCCUKIUK, BT, Q: — TamKu BEHTWISIUS XABOCH OWJIaH KHPAJUTraH HCCUKJIUK
okumH, BT; Qx— IeBopiap opkaau KupaauraH UCCUKIUK, BT; Qux —Maxcynoraan
HYPJIAHHIII OPKAJIM YMKAJIUTaH UCCUKIUK, BT; Qu— MaxcynoTiapHUHT Hadac OJIHII
uccukiuru, BT; Qs — OKCIUIyaTallMOH WCCUKJIWMK OKumiapu, Bt; W, —

K
MaxCYJIOTHUHT HAMJIMK HWYKOTHII MUKIOPH, KI/C; W, — I€BOpP OpPKajlu KUpaJuraH

HaMJUK, Kr/c; W,

Ham

— HaMJIaHTUPWJITaH BCHTWIALIHA XaBOCH Oomtan KHUpaauran

HaMJIMK, KI/C.
KamepaHHHI MCCHKJIMK-HAMIIMK OaJJaHCHHMHI XUCOOMH cxeMacHu 4-pacmia

KCJITUPUIITaH.
4

- _
LEL LTSS TG T A

) .: | ':llr'”':,lr'lLU BE?THHHLLH_HEI:‘[ : :-l T2 ;

e -'.-:'.'.'---_; T“: 1 e F, 1
1 S I I ?,—-""ﬂ_
L~ §
:: -
% .

/ o or ?
e };f_-*

| HHPHLEBEHTMHL[HHC&H{

\e

I—MaxcyJsoT; 2—KaMepaHUHT TalllKH 1€BOPH; 3—KUPHUII BEHTHIISIIUACH;
4—‘-II/IKI/IH_I BCHTUIIALIUACHU.
4-pacm. Kamepanu Ta0uuii COBYK/JIMK OMJIAH AKTUB BEHTWISIUSA KUJIMIIIA
HCCHUKJIUK-HAMJINK 0QJaHCUHHHT XMCOOMI cxeMacH

Uccukyuk yTkazyBYaHIMKHUHT quddepennnan tenraamacu (7), COBYTHII
KaMEpAaCUHUHI MCCUKJIWK Ba HaMJMK OanaHCUHU wudoaanoBuu auddepenuman
tenrnamanap (10) Ba (11) kamMepaHUHT TEXHOJOTHMK Ba KOHCTPYKTHUB
napameTpiapy y3apo OOFIMKIMKIMTMHYA Ba YJapHHU BaKT JaBOMUZA Y3rapUIWHU
aHUKJIAWaM  (COBYTHMII  KaMmepacuJa XaBOHMHT HAMIIMTM Ba  Xapoparw,
MaxCyJIOTHUHT ypTaya MHTErpall XapopaTh Ba HAMJIMK MYKOTUII MUKIOPH).

Connm Taxpubanap HaTKalapu S-6-pacmiapia KenTupwiradH. TaOuuid
COBYKJIMK OWJIaH COBYTHIN MIAPOWTH TAXJWIH IIYHU KYpCaTaauKHh, MaXCyJIOTHU
COBYTHIII JJABOMUUJIUTHTA COBYTYBYHM XAaBOHUHT XapOpaTH, HAMIIUTH Ba TE3JIUTU
KaTTa TabCHUP KWIATu. XApOpPaTHUHT KaMaWWIMd Ba XaBO OKMUMHHHUHT TE3JIMTH
OpTUIM OWJaH COBYTHIN JKapa€HW Te3Jamajad, JEKWUH OyHJIa MaxXCYJIOTHHUHT
HaMJIUK UYKOTUIIIKM OpTa OOIUIaiIN.
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a) 0)
a — MaxCyJIOT XapOPaTUHHHT Y3TrapuIliy;
0 — mtabesb NUUIary XaBO XapOPATUHUHT Y3TapUILIH.
5-pacM. AKTHB BeHTWISIIMS IAPOUTH/IA TaONUI COBYKJIMK OWJIaAH COBYTHJIMIIUAA
0JIMa IITa0eJHHA XapopaT Pe:KUMHU

Fo=025

Fo=0.50

24 Fo=0.98

Fo=295 443 591
Fo=197

0,0 0,5 10 15 20 25 30
Y. m

6-pacm. MaxcyJIOT CHPTH XapOPATHHMHI MITA0es1 6aJaHIJIUTH BA COBYTHII
AABOMMIJINTHUIa 0OFJIHK Y3rapuinu

Kyém panuanuscu HWHTEHCUBIWMTMHM XHcoOra onub omOop aeBopuia
UCCUKJIMK  aJIMalIMHyBU JKapaCHJIApUHU  TAJKUKOT KWIUII  HaTWXKallapu
KenTtupuirad. Mesa-ca03aBoT omOopiapuaa Ky€Em HypJIaHUIl UHTEHCUBIUTUHUHT
KaMEpaHUHT HCCUKJIUK OajaHCH Ba MaxCyJoTiap HAMJIMIMHU WYKOTHIIKIaA
TabCUPHU TATKUKOT KWJIMHTaH.

TaakukoTaap HaTWXKajgapu IIYHU KypcaTaauKh, Kamepa HMYKH XaBOCH Ba
TalKy aTpod-MyXHUT Xapopatiapu Gpapku Tabcupuia I€BOP OpKaIH (TOM KHCMH)
KUpaJurad mrabenra MyHaIran MakcMMall HCCUKIMK okuMmu (9 B1/M?) Ba Kyém
pagManyaCcy XOCHJ KWITaH KylIumda HUCCUKIUK (8,25 Br/M?) HIOHB-MIOIb
oinapuga Tyrpu kenamu. Ky€m paamanusicu Tydaiinm ro3ara KeiraH Ba JIEBOP
OpKaJIM YTaJUTaH UCCUKIUK OKUMUHUHT YIyIId Ky3rd MaBcymaa (okTsiopb) 60%
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HU Tawkwi Kuwiaad. lynpaidl kunmb, COBYTHIN KaMepalapuja HCCHKJIMK-Macca
aIMalIMHYBU Kapa€HJIapUHU TaAKUKOT KWIMIIAA OJMHTaH HaTWXKajaap MeBa-
ca03aBOT OMOOPJIAPUHUHT IHEPrUsi CaMapaZop HCCUKJIUK-COBYKJIHUK TabMHHOTHU
TU3UMJIAPUHU UIUTA0 YUKUII YUyH Hazapuil acoc 6ynub xucobiaHau.

Typruaun «HoawbanaBuii 3Hepruss MaHOanapuaaH ¢oigaganud mesa-
ca03aBOT OMOOPJAPHUHUHI MCCUKJIUK-COBYKJIMK TAbMHUHOTH TH3UMHHU
MILIA0 YMKHII Ba TAAKUKOT KWJIHID» 000Mma wunurad yukwiraa HDOMuoan
doitnananub cab3aBoT oMOOpPIAPU HCCUKIUK-COBYKIUK TabMUHOTH THU3UMUHUHT
TaJKUKOT HATHXKajapyu Ba COBYTHUII KaMEPACHHUHI UCCUKJIMK-HAMIIMK OallaHCUHU
UCCUKJINK-TEXHUKABUN XUCOOU KEITUPUIITAH.

Cab3aBoTr  OMOOpPJAPUHUHT  DHEPreTHK  CaMapaJOpJIUTMHA  OUIUPHII
MakcaauJa WCCUKIHUK HACOCIH HWCCHKIUK-COBYKIMK TabMHUHOTH THU3UMUHHHT
MPUHIUANKIAI CXEMAacH Ba COBYTHII MAITMHACUHUHT KOHJEHCATOpUTa KUUAUPUIITaH
aKKyMYJISITOp-0akaa KymiMM4a HCCHK CYyB OJIMII YYyH MAaxCyJOTJIapHH ‘‘Hadac
OJIIII MCCUKJIMUTA® Ba BEHTWISLUUS XABOCHHUHI TAalUIAHIUK HWCCUKIUTUHU
yTHIM3aUsl KWK ycysutapu uuuiad yukunrad. [y makcagna Kypuiaum Xaxmu
Viyp=180M> (XK-180) 6ynran TaxkpuOaBuii 4yKypaalITUPUIran cab3aBoT oM6opu
TaJKUKOT KWIMHAH (7-pacm).

Taxkmud stunran XK-180 coByTHIl KaMEepacCHHUHT HCCHKIUK-COBYKJIHK
TaAbMUHOTH THU3UMHU HCCUKIMK Hacocnu Kypuwima (MHK), nmuponus xypuimacu,
BEHTWISIMA Ba XAaBOHM HAMJIAHTHPUII THU3UMIIAPUIAH TAIIKWI TONraH. Yoy
TU3UM TaOUUN-UKIUM IIAPOUTHra Kapad HWKKU peXUMAa SbHU, COBYTHUII Ba
ucutui pexumiaapuaa unmanau. Copyrum pexxumuna MHKauar 6yrnatruum 11
KaMmepaJaH MCCUKIUK ONu0, WYKM XaBOHH cOByTaau. CYHrpa COBYTHUII areHTH
koMmripeccopaa 10 cukuimagum Ba yTa KU3uraHn OyfF makiuga 9 KoHJeHcaTopra
yragu. KoHaeHcaTopJia COBYTUII areéHTUHUHI KOHJICHCALMSUIAHUILIN HATH)KAcH1a
aXpalraH UCCHUKIMK 7 aKKyMyJsTOp-Oaknard COBYK CyBHU UcCHTanu. Mccukimk
HAaCOCHHUHT KOHICHCATOp KUCMHUJA OJIMHTaH KYIIMM4Ya UCCHK CYyB (opcyHKaiap
OpKaJIM Kamepara KHUPUTWIQJWIaH XABOHM HaMJIAHTUPHUII YYyH MypKalaJu.
MaxcynotnapHuHar ‘“Hadac  OJUII MCCHUKJIMIA® Ba BEHTWIALMS TalUIaHINK
XaBOCUHUHT MACT MOTEHIUAIA UCCUKJIUTUHU YTUIIM3A1Us KUIINO UCCUK CYB OJIMIL
HaTWKacuJa XaBOHM OyF OWJIaH HaMJIAHTUPHILI ycylura HucOaTaH OupiaMyu
DHEPTHs Ba CYB PECYPCIAPUHM TEXKAIl UMKOHUSITH SpaTUIadu.

CoByTHIII KAMEPACUHUHT TallKU FOKOPU KUCMHAA SICCU KyEN KOJUIEKTOpIIapu
13 ypuatwiran OYnuO, OMOOPHHHI TEXHOJOTHMK Ba MAaUWIIMK HSXTHEXKU YUyH
KYIIMM4Ya UCCUK CYB OJIMINTa MyJpKajiaHraH. COBYyTHII peXUMHIA KpaH 4 €nuK
xonataa Oymaau. Kamepanu TyHrM COBYK XaBO OWJIaH BEHTUJISIUSA KWJIMII
3apypaTu]a aKkTUB BEHTWISIUS THU3UMH HUINra Tymupwiaan. Kamepanu ucuTHil
pexumuga HWMHKna coByrtwimn areHtm Teckapu —MYHalMINIA — Xapakarra
kentupuianu, Oyana UHKaunar xamepana sxoinamran OyFinaTrudd KOHASHCATOP,
0aK-aKKyMyJsTOpAAard KOHACHCATOp dra OyfnaTruyd BasudacuHH Oaxkapau.
Hentnn  pexxumuga 4 KpaH OUYMK — XOJjaTra KENTUPWIAAM Ba  Ky€ll
KOJUIEKTOpJIapUJaH HCCUK CYB Oak-aKKyMmyJsiTopra Kenaad, HaTikaaa KyEul
SHEPTUSCUHUHT uiuiaTuiauim owiad MHKHUHT nacT noTeHImamw MaHOAaCHHUHT
XapoOpaTUHU OIIMpHIN TabMHUHJIAHaAW. COBYTHII KaMEpPaCMHHUHI HWCUTHII
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PEKUMHIA UCCUKJIMK HACOCH, KY€l KOJUIGKTOPH Ba MUPOJU3 KypHUIMacu OwiiaH
YUFYH WIUIATWIAIIA HATIKACHIA THU3UMHUHT DHEPreTUK camMapaJopJIuTHHU
OIIIUPUIITAa UMKOH SIpaTHJIaIH.

Onu6 Gopwirad TaAKUKOTIIAp HATUXKAJAPUHU TaX WM LIyHU KypcaTaJauKH,
0azaBuil kamepanuHr sHeprus uctebmonu 3079,8 kBr.coar/ToHHa, TakIUd
ITUATAH COBYTHUIN Kamepajga 3ca 2358 kBt.coar/tonHa ra teHr Oymaau.
Harwxana takiug stunran xkamepa OazaBuii kamepara HucOaran 23,4% &Exu
88,7 Kr.1.€./TOHHA YHEPTUAHU TEXKalllra UMKOH Oepajiu.

NHKnu uccHKIUMK — COBYKJIMK TabMUHOTH THU3UMHMHHU CaMapajopiuruHu
aHUKJIAIl y4YyH OMOOPHUHI WCCUKJIUK-TEXHUKABUM XUCOOM Oakapuiau.
OMOOpHU DPHEPreTUK AXJIUT THU3UM cudaTuga KaOyn KWIHII acocuia IIyHTa
yxmam OWHOJIAPHH HMCCUKIMK-TEXHHK JIOMUXanam OujaaH OOFJIMK OyiraH xap
KaHgal MacanaHu eyuml MyMKuH. Iy cababnu OMOOPHMHI HMCCHKJIMK Ba
HaMJIMK OaJlaHCH TEHIJIaMalapH acoCHaa UCCUKIMK-TEXHUKaBUN XUCcOOU amaira
ONIMPYIIIH.

TalKK ¥aB0 F3—=

1 — XaBOHU HAMJIAHTUPHUII OJIOKH; 2 — OKHO TYIIUII MOCJIaMacy; 3 — BEHTHIATODP; 4 — KpaH;
5 — ¢opcyHkanap; 6 — UCCHK CyB; 7 — 0aKk-akKKymyJnsTop; 8 — TabMUHOT cyBH; 9 — MHKHuHT
kouaencaropu; 10 — MHKuunr xommpeccopu; 11 — MHKuunr Oyrmarruum; 12 — poctiam
kpaHu; 13 — sccu Ky€m koymektopu; 14 — coBykK cyB 0Oaku; 15 — CyB caTXWHM pOCTJIAII
Kypuimacu; 16 — uukapum kananu; 17 — mmbep; 18 — coBytum kamepacu; 19 — [1B/] axpan; 20
— KaMmepaHUHT ToMH; 21 — XaBo KaTiiamuacu; 22 — kamepaHu XaBo kaHanu; 23 — JI9C; 24 —
MAPOJIN3 KypUIIMacH; 25 — MaxcyJoTaap mradenu.

7-pacM. TaxxkpubdaBuii 4yKypJIalITUPUJITaH MeBa-ca03aBOT OMOOPH MCCHUKIMK-COBYKJIMK
TABPMHUHOTH TU3BMMHHHUHT NPUHIUIHAJ CXeMACH

8-pacMIa TamIKM XaBO TMapameTpiapura OOFJIMK HCCHUKJIHK OKHUMHU

y3rapumm OUHAMUKACHHU XHCOOTa OJTraH XoJila WCCUKINK OallaHCUHU
TAAKUKOT KWJINII HATHXKAJapHU KEJITHUPUJIITAH.
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1 — ymymuil Kupajaural HCCUKIMK; 2 — JEBOpJIap OpPKaIM KUPAaTUTraH HCCUKIUK; 3 —
MaXCyJOTIApHUHT “‘Hadac ONUII UCCUKIUTK’; 4 — TallKd XaBO XAPOPATUHHUHT Y3rapuiiu; 5 —
TalIKU XaBO HUCOWH HAMJIMTUHUHT Y3rapuiin; 6 — yMyMuil Ky€ml pajiualusiCUHUHT Y3rapuIiy.

8-pacm. Kapumn maxpu mapouTnaa cCOByTHII KaMepacH/1a 0JIMAHH CaKJIall JaBpH/Ia
HCCHK/IMK OKUMHHMHT Y3rapui JHHAMHAKACH

Kumky onma HaBiapyuHU cakjiall JaBpuja MaxCyJOTJIapHU HAMIIMK
HYKOTUIIN XUCOO-Takpuba ycynu OujaH aHUKJIAHTaH Ba HaTwxkamap 9-pacmpaa
KEJITHPUJITaH.
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1—ep yctu om6opu; 2—uykypraamtupuinrad omoop XK — 180; 3-skciepruMeHT HaTHKallapHu.
9-pacm. OmOopJapaa MaxcyJaoT (0JIMa)HH HAMJIMK HYKOTHJIMII Ipaduru

Kumrun onmanu cakniam 6yiinya onub Oopriiran TaaKUKOTIAp HaTHXKaJdapH
Ba KuécinaHa€TraH OMOOpJAPHUHI HUCCHUKJIMK-HAMIIUK PEXUMIAPU TaXJIMIH
HIYHU KYpcaTaauKH, TaKJIU( STUITaH YyKypJallTUPWIraH oMOOpJa MaxcyJioT
HAMJIMTUHU WYKOJMUIIM cakjam jaBpuga (oktsaopb-mapt) 11%, ep yctu
ombopuna -16,2%, anbanaBuit om6opiapaa 3ca 20-30%Hu TalKWUI KAJIIH.
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OnMaHu MUHHMMaNl HUCOWN OWJIMK HAMJIMK MYKOTHIN Japakacu (KypHILHN)
aHBapb oiaa 1,5+2,0% uu Tamkun 3tau. Coytum kamepacuna MHK épnamuna
BEHTUWISIIUSI XABOCHHMHT TalIAHAWK MMAacT TMOTEHIHUAIIN HMCCUKIUTHUHU
UUUIATUII CaMapaJopiurd WIMUNA acoclaHau. Takiaud STUIraH HCCHUKJIIUK-
COBYKJIUK TabMHHOTHU THU3UMHU OWp BakKTJa KaMepaHU COBYTHUII Ba XaBOHU
HAMJIAHTUPULI, TEXHOJIOTHUK OJXTHEXK YYyH CYBHU KU3JUPHUIIL HMKOHHUITU
MaBXKyMJIUTH OWJIaH aHbaHABUN COBYTHUII KamepajapulaH MNpUHIUNUAI (apk
KWiaau, OyHIaH TallKapu Oak-akKKyMyJsiTOpa BEHTWISLUMS —TalllJaHIuK
XAaBOCUHUHT HUCCHUKJWIM Ba MaxCyJOTJapHUHT “Hadac OJUII HCCUKIUTU HU
YTUJIU3AIUS KU UMKOHUSATH SIPaTUITaH.

Kapmu maxpuHuHr TaOMUN-UKIUM MIapouTuaa 24 T CUFUMIIM OJIMaHU
coBytuil kamepacuaa MHKuunr Oyrnarruunra MCCUKIMK rokiama 25 kBt HEH
TAalIKWJI Kuiaau, my Ounman Oup BakTaa 31,9 kBT umccuknuk xoHaeHcaTopiaH
bak-akkymynstopgaru cyBuu 18°C  mam  60°C rawa xusgupum —y4yH
UIITATUIIAIH.

TagkukoTnap Ba XucoOiap HaTHXacu HIYHU KYpcaTaJMKW, BEHTUIIALIMS
TalIaHIUK XAaBOCUHUHT UCCUKJIUTHHU UCCUKJIMK HACOCIU YTUIW3ALMS KUJIHUII
cab03aBOT OMOOPHUHHMHI TE€XHOJOTMK Ba MaulIui 3XTUEXHU y4UyH 3apyp Oyiaran
UCCHUK CYBHM TYJWK KOIJAHUIINTAa UMKOH ApaTajH.

Konnencaropaa Q« =31,9 kBT Tanuwanavk MCUKIUKAAH CYBHU HMCHUTHILIA
doiinananuin HaTHHXKacKaa coaTura 4 Kr mapTiu EKWIFH TeKATUIIUTa SPUIIHIIATH.
Hatwxana Oup cytkaza 15,6 M> CyBHM MCUTUIN OpKamd 96 KI IAPTIIM EKUIIFU
texananu. [llynnmaii xuiamb, MaxcynoTiIapHH cakjanl JgaBpuja BEHTUIISIUSA
TallUTAaHJIMK XaBO MCCUKJIWUTHHHU YTHUIM3alUs KWIHII OpKAJId OaK-aKKyMyJIsaTopia
CYBHM MCHMTHUIN HaTwkacuia 17,28 ToHna maptiau ékuiaru éku 14068 m> Tabumii
ra3HU TeXalll MyMKHUH.

bemmnun « AkKua1aM4uu 3HepPrusi pecypcjiapu Ba HOAHbAHABUN JHEPrust
MaHOaJapu KYJJIAHWIAAUIAH “ca030BOT OMOOPH-TeJIMOUCCUKXOHA” IHEPrus
caMapajaop TU3UMMHHHU MUILIA0 yuKum 60o6uaa HOM Ba ukkuiamMuu SHEprus
pecypcnapunan donganaHuld vnuUiaiauran “cab3aBoT OMOOPU-TETUOUCCUKXOHA™
KYIIMa TU3UMH TakJiu(] STWIraH Ba YHUHT DHEPTETHK CaMapajopiurd TaxXJIU
KWJIMHTaH.

10-pacmza “ca63aBOT OMOOPHU-TETMOMCCUKXOHA IHEPTHS caMapajiop KyIima
TU3UMHUHT IPUHLUIHNA CXEMAaCU KEJIITUPUJITaH.

Kypumum xaxvu 180 M, 24 TOHHA KUIITY HAB OJIMAaHM CAKJIAIl CHFUMMIA 3Ta
Oyaran MeBa-ca63aBor omOopu Ba (Qoimanmu Mmaimonun 200 Mm?  Gyiran
reJIMOUCCUKXOHA TaJKUKOT KWIHH]IN. Cab63aBot oMmOopiapu Ba
TeJIMOMCCUKXOHATIAPHU OWpTalvK/ia WIUIATHIMIIN OWp BAaKTHUHT y3uaa Ky€Eml
SHEPIUsICH, BEHTWISILMS TalUIaHAUK HWCCUKJIUTM Ba COBYTHUII KamMepacuIaH
TalUTAHAIUTAaH HWCCUKIWKIAH  (OWmalaHWIl XamJa aHbaHABUU  DHEPTUsd
MaHOQJApUHUHT YUKApUO F0OOpHIIaTUTaH TYTYH Ta3JapyuHU yTHIA3AIUS KUJIHII
WMKOHUHU Oepajiu.

Cab3aBor oMOOpH Ba TeIMOUCCUKXOHAHU OUprajiukaa WIUIATUIUIIMHUHT
SHEPreTUK CaMapaJOpJMTMHUA aHUKJIAIl Y4yH TU3UMHUHT UCCHUKJIUK OallaHCH Ba
aCOCUH DHEPreTUK XapaKTepUCTUKAJIApU aHMKIAHAW. VCCUKXOHAaHWHI WCUTHIL
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TU3UMUHU HUCCUKJIMK KyBBaTHMHHM TYNPOK, JEBOpJIap Ba YCUMIIMKIApD CUPTHIA
comup OynmaaWraH WCCHUKJIMK-Macca aJMallMHyBUHMA XHCOOra ojraH XoJja
TY3WJITaH UCCUKJIMK OaJlaHCHU TEHIVIAMACUHU €YML OPKAJIM AaHUKJIAH IH.
HccukxoHa MCHUTHII THU3MMUHHUHT MCCHKJIMK KyBBAaTH KyHUIaru TeHIJIaMa
OpKaJI aHUKJIaHJU:
Qucm = Qm + sz + Qun(]J (12)
Oynma Q, — TalKu JEBOPIAp OPKAIM MYKOTHUJIAJAUIaH MCCHKIMK; O, —TYIPOK
(TpyHT) OpKanu HYKOTHJIaAMIaH HMCCHKIMK;, Q,, — UHOUIBTPalMs XaBOCHHU

KU3MpUIITa capdiaHagurad UCCUKIIHK.
MabnyMKu, UCCUKXOHagaH WYKOTWIAAUTaH UCCHUKJIUK JIEBOP
kod(ppunreHTura OOFIMK OYanu

F
K, =" 13
- (13)
oyuma F, — mapdpod OeBOpIApHHMHI  yMyMui  ro3acH, M% F, —

reIMOMCCUKXOHaHUHT MHBEHTAp ((oiimann) MaligoHu, M2,

i
iy

= O

1—meBa-ca03aBoT oMOOpH; 2—MaxcynoTiap wmTadenu; 3—MCCUKIMK HACOCHHHMHI LITabenu; 4—
UCCHUKJIMK HACOCH; S5—KOMIIpeccop; O—XJagareHT KyBYpH; /—KOHAEHCATOp; 8—0aK—MCCHKIINK
akkymymsitopu;  9-ko3oH KypunMmacu; 10—€pyrnuk  maddod kommama;  11-umccukiamk
anMamTupruy; 12-ucutum KypuiMacu;, 13—Ky€m HCCHUKXOHAcH; |4—MCCUKIMK >KaMJIOBUU
KaHal; 15—Mapka3gaH KouMa Hacoc; 1 6—MCUTHUII TU3UMUHUHT KyBYpiapH; 17-Ta3 BEHTHIATOPH.
10-pacm. “Cab3aBoT OMOOPH-TEJIHMOMCCHKXOHA” JHEPIUsl caMapaaop Kyumma
TU3MMHHUHT TPUHIMIIHAJ CXeMacH

Hccnkxona MCCHKIMK OalaHCHHUW XMUCOOJIAITHU COJAa yCYJIWHU KYJad Ba
XUMOSIJIAHTaH TYIPOK OPKaIu MCCUKIUK OKUMUHHM TabCUPUHU XUCOOTa OJMac/aH
VMCUTHUII TU3UMHHUHT UCCUKJIMK KyBBaTUHM KyHHAarnda aHUKIal MyMKHAH

Qucm = Qlﬂ + QX - QO = KFL! (tx - tmaw )KmKMH(l) - QO > (14)
eKH

23



Qucm = Qm.n - Qo’ (15)

OyHma @, — WCUTUII THU3MMHHUHT HCCUKJIWK KyBBaTH, O, - JAEBOP OpKalu
WYKOTWIAAUTaH MCCUKJIWK; (. — XaBO aJMAallMHYBU OpKaJIM WYKOTUJIAIWUTaH
UCCUKJIUK, (@, — HWCUTHUII MaBCyMHUJa HCCUKXOHA HWYWra KHUpaJWraH Kye€l

paavanuacu  OKUMH, K—JIeBOpPHUHI HMCCHKJIMK y3aTull  KO3(Q(ULHEHTH,
Kienr=F:K/Fu, Kier—1I€BOPHUHT KENTHPUITaH HMCCUKIWK y3aTHII Ko3(hduineHTu;
tx—MCCUKXOHAa WYUAArd XaBOHUHI xucoOuil xapopatd, tz=17,2°C; trau—HMCUTHIL
MaBCyMH (HOSIOpb-MapT)da TAalIKM XAaBOHHHI YypTada CYTKaJUK Xapopartw,
ti=4,6°C; Kunp—uHpuibTpanusa kodppuuuentu, 1,1+1,2 ra teur.

Hcutum naBpuja UCCUKXOHAra KUpajaural Ky€u paJualdsCUHUHT UCCUKIIUK
OKUMH:

QU = 5mym]{)7ml<anFT 2 (1 6)
Oynna, ¢, — HCHTHII [JaBpujia yMyMUl Ky€ll paJMalMsCUHUHT ypTada CyTKaluK
KMMaTH; «, —TyOpOK Ba YCUMJIMK OapriapUHUHI CUPTHHH HYp FOTHIL
ko3 duuuenty; K, —uccukxona madpdod maeBOpUHMHI KyEll pajualUSACUHU

VTKa3um KodPPUIUEHTH; F —HMCCUKXOHA TOJMHUHT [03aCH; 7 — MCHUTHII
MaBCYMHWHUHI JaBOMUWJIUTH.
Arap Q,, <0, , y X0JJa OYMK XaBOJa MCCUKXOHAHU aHbAHABUI HCUTHUII

TU3UMH OPKaJW KYIIMMYa UCUTHUII Tajnad KwinHMmaau. Arap Q,, > Q,, y Xoja

VCCUKXOHAHU KO30HXOHAJa OPTaHMK EKWIFUHM EKHII OpKAJIM KYIIMMYa WCUTHUII
Tajiad dTUIAAH.

busnunr xonga Tycuk ko3pduuuentu K, =1,76, madpdod neBoprapHUHT
MCCUKIMK y3aTuil koddduuuentu K=6,5 Br/(m?-°C); K, =062, a, =08.

i

Cab3aBor oMmOopyiapy Ba TeTMOMCCHUKXOHAJTIAPHU OWprajukia WUIUIATHIAILIN
HATWKacuJa TYHTH BakKTJapJa COBYTHII KaMEPACHHUHT TalUTAHIAWK BEHTHIISAIUS
VCCUKJIUTH, UCCUKJINK HACOCH XJIAJareHTUHUHT KOHJICHCAIIUSIIAHUII UCCUKJTUTUHA
YTIIM3AIUACH OpPKalii 0aK-aKKyMyJISITOpAa OJIMHTAaH HWCCHK CYyB Ba YWKAETraH
EHUII MaxCyJIOTIApUHUHT UCCUKJIUTUIAH WCUTHIIIIA doitmananun
TeIMOMCCUKXO0HAIa Tanal dTHIAAUraH XapopaT peKUMUHN TabMUHIAWIu. Y X0J/1a
WCCUKXOHA WHIIOOTH MCHUTHII TU3UMHHHHT UCCUKJWK KyBBaTH Kyhumaru udoma
OpKaJi aHWKJIaHA TN :

L U O O (17)

OyHIa, Q, — COBYTMII KAMEPACHMHMHI BEHTWJISILUS TAUUIAHAWK WCCUKINTHU; O, —

YUKYBYM Ta3JapHUHT UCCUKJIUTMHU yTWUIM3ALMSA KWIHII OPKAJIU OJMHTAH HCCHUK
CyB KyBBAaTH.

doiinamu maiimoan 200 M2 OyJIraH HCCHUKXOHAHWHI HWCHUTHIN TH3UMHIA
nummk (MaBcymuid) Ekwtru capdu (Tabumii ras):

B=1150_7/0"7 (18)
oynna 1,15 — KyBypiiapaa HCCUKIUK WYKOIUIIMHN XUCOOTa 0IyBUN KOA(DPUITUECHT;
T — Kapum maxpy ydyyH UCUTUII MAaBCYMHHUHI TaBOMUWIUTH, 132 cyTkara TeHT;
Q! — EKWIFMHUHT KyWW EHHUIIl HCCUKIUTUHUHT Xucoouil kuiimatu (Iypran

K
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KOHMHHMHI Tabumi rasu) 8626 Kkan/aM’ra TeHr; 1N—KO30H KypUIMACHHHHLT
doiinanu um ko3punuentu, N=0,8.

(18) dpopmynara acocaH MCHUTHII MAaBCYMHJIa Ke4yacu TaOWUU ra3HUHT cappu
15563,08 M> ra TeHr OViuau, AeMaK MCCHKXOHA HUKAPHCHIA MEBEPAATU XapOpaTHH
cak1ad Typum yuyH 117,9 M*/cyT Tabunii ra3 EKunuimm 3apyp.

DHepreTuk camMapaJopiauKHM XUCOOJIalll HaTHXKajJapy TaxJIWiId [IyHU
KypcaTaguku, Takiaud KWIMHTaH TH3UMJA WCCHUKXOHAHW HCHUTHILIJA WHIUIMK
Texkanaaurad sHeprus 5904,1 M° Tabuuil ra3uu éxu 7,26 TOHHA HapTIu EKUIFUHA
TAIIKWI KWIaad. [ eTHOMCCUKXOHAaHM HWCHUTHIN Y4YyH capduaHaaurad €EKwiru
cappuHu aHUKJIAII XucoOmapu 1-kanBanaa KeITHPUITaH.

Kapmu maxpu mapoutuga 24 TOHHA CUFUMIIM KMUIITH OJMaHU COBYTHII
KaMepacHMHU COBYTHII pPEXHMMHAA XJaJareHTHU KoHjaeHcauusianum 31,9 kBT
MCCUKIMIMHM yTHinsanusnam Hatwkacuga Gs= 0,18 xr/cek capd Guman 60 °C
XapopaTid UCCUK CYB OJUII MYyMKUH. VICCHUKIMK anmamTupruyjga 4YukKuo
KeTa€Trad TyTYH Ta3WHUHT UCCUKJIUTUIAH QoiiaiaHn0 KyuMua paBuiiaa cyB At
=30 °C, raua ku3aupuiaaau. Onu6 OopwiraH TaaKUKOTIAp HaTWIKajJapu LIyHU
KYpCaTIUKH, KHINTH IIapouTna (naexkadbpb-peBpanb) OYHMK XaBoJla HMCCHKXOHA
UCCUKJIUK toKJIamacuHUHT 30-35 % kyé€m sneprusicu, 37-40% u sca  TaluiaHIuK
WCCHUKJIMK SHEPrUsCHIaH (poTaIaHuII XUCOOUTa KOTIJIaHAIH.

1-xanBai.
Kapumum maxpu mapouruaa maiigonu 200 m? OyJIraH reJJUOMCCUKXOHAHU
HCUTHII YYYH éKMJIFU capdu

Oyuk 00-XaBo TyHru pexxumaa “Cab3aBot omM0Oo0pHu- T'ennounccuxk-
apouTHAA reJIMONCCUKXOHAHY reJIMOUCCUKXOHA” XOHAHH TYHTH
FEeTUONUCCUKXOHAHN HCUTHII YYYH Oupaiiral BapuaHTHAA |MII PEKUMHIIA
Otinap WCUTHII YYYH €xmru capou, reJNONCCUKXOHAHU SKUIIFU
Exmrn caphu M>/Oii. WCUTHUII YUYH EKWIFH | HKTUCOIH, Yo
( KyHIY3TH U1 cappu (MOPnan
pexuMuIa), M°/Oi. ¢olizananuim Ba

TallJIaHIUK UCCUKINKHU
YTHITA3AIAS KHAJTATIT)

M* /0.
XI 449,12 2099,55 811,15 61
XII 2512,87 3745,14 2578,8 31,1
I 2874,70 4085,61 2919,34 28,5
11 2027,57 3363,06 2274,55 32,3
111 344,96 224141 1075,14 52
Kamn 8209,22 15563,08 9658,99 37,9
MaBCyM
Oyitnua

ynnaii kunnbd, cab3aBOT OMOOPHU-TETUOUMCCUKXOHA KYyIIMa TEPMOJAMHAMUK
TU3UMUJA TAILJIAHAUK WUCCUKIUKHU YTUIM3ALMS KUJIWII OPKaJIu MCCUKXOHAHWHT
TYHT'M UCUTHUII BakTUa ypTada 25-38 % raya sHEprusiHU TexKall MyMKHUH.
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XyJaoca

W ccruKIIMK-COBYKJIMK TABMUHOTH TH3UMIIAPUHU YHEPTETUK caMmapaopiIuTruHu
sHaJla OLIMPHUIL, MeBa-cad3aBOT MaxCyJOTIApUHU Y30K MYyJJaT CakJaHUIIUAA
SHEPrusl pecypciapuHu Texall Ba Kam ucpodiap OuiaH WIIOHWIM CaKJIaHUIIIMHU
TabMUHJIAII YYYH MaBXyJl MeBa-ca03aBOT COBYTMII KaMepaJlapUHHHI HMCCUKJIHK-
COBYKJIMK TabMHUHOTH, XABOHM HAaMJIAHTUPHUII Ba BEHTWIALMS TU3UMIIAPUHU
TakoMuutamTupuin xamaa HOMpan doiigananu® sHeprus Ba pecype TEXKaMKOp
TEXHOJIOTUSIIAPHU OMOOPJIApHUHT dHEprusi OaJaHCUHU Ba MEBa-cab3aBOT COBYTHIII
KaMmepajapuaa coaup Oynaguran HCCUKIMK-Macca alIMaIlMHYB >Kapac¢HIapuHU
YYKyp TAAKUKOT KHJIUIITA aCOCTaHUO SIPATHUII JIO3UM.

MaxcynotnapHuHr Hadac OJHII Ba BEHTWJISIWSA YMKUHAM HCCUKIUKIAPUHU
yTUIU3auus  KuiauHaaurad, HOMmap kynnaHwiaguradH MCCUKIUK-COBYKJIMK
Ta@bMUHOTH THU3MMHM WNUIA0 4YWKWITaH OYynub, MeBa-cab3aBoT omOopiapuaa
ONTHMAaJT HCCUKINK-HAMIITUK PEKUMUHN TAbMUHJIAIT YUyH cap(iaHaurad SHEPTUsI
Ba CYB pECYpCIIapuHH TeXKalll UMKOHUHU Oepaiu.

“MeBa-cab3aBoT  OMOOPHU-TEIMOMCCUKXOHA”  KyIIMa  TEPMOJUHAMHK
TU3UMHUHT DHEPreTUK caMmapaJopiurd acocjiaHraH Oynu0, MeBa-ca03aBoT
MaxCyJIOTJIapUHU €TUIITHPHUII Ba CaKJIall yuyH OMO3HEPTeTUK KOMIUIEKC cudaruia
MeBa-ca03aBOT OMOOpJAPUHMHI DHEPTUs TEXKAMKOpP DHEPrusi TabMUHOTH
TU3UMIIAPUHU JIOMHXAall UMKOHUHH OepajH.

MeBa-cab3aBoT oMOOpiapu HMCCUKIMK-COBYKIMK TabMUHOTH THU3UMIIAPU
DHEPreTUK CaMapaJOpIUTUHA OIIUPUITHUHT MYXHM J0J13ap0 MyaMMoJapHuaaH
OupvHU  eyuwimra OaFUIUIAHTAH  JUCCEPTAIIUSHUHT  aCOCHUA  HaTWXalapu
KyHWuaaruiapaaH noopar:

1. Kaxon amanuérupa, mry skymiagaH Ouw3HuUHT PecnyOnukammuzga Xam
COBYKXOHa Ba ca03aBOT oMOOpJapuaa B3HEpPrus pecypciaapuHU TEXAITHUHT
3aMOHABHMI XOJATUHU TaxJIWJI KWJIUII aCOCHAA XO3UPrd BaKTAa SHEPTHs TeXkall
MyaMMOJIapu KyN XoJjulapa COBYTHJIAAUraH OMHOJAPHUHT SHEprusi OaJaHCHHU Ba
COBYTHIII KaMepajlapyu1a UCCUKIUK Ba Macca aJIMalllMHYBU >Kapa€HJIApUHU WIMUHN
aoCllaHTaH XO0JiJla YyKyp TaJAKUKOT KWJIMHMAcIaH €YMIMOKIa, OyHAaH TallKapu
MeBa-ca03aBoT OMOOpIIapuia SHEPreTHK >KapacHIapHU Y3rapUIIMHU MUKIOPHMA
aHUK TaxXJWil KWIHII YYyH MYXaHJIUCIUK XHCOOJapUHHU Oakapuiira HMKOH
Oepagurad 3apyp MablyMOTIap Ba WIMHN TaBCUsJIap MaBXKyJ 3Mac. XO3Upru
BakTrayua HDOMpan ¢oiigananum acocuga cab3aBoT oMOOpiapu HUCCUKJIIMK-
COBYKJIMK TabMUHOTH THU3UMHUHUHT SHEPreTHK CamMapaJOpJIUTUHU OIIWPHUII
MyaMMOJIApUHUHT €UUMHTa eTapiinya bTUO0p KapaTuiMaras.

2. MaxcynoTIapHUHT HaMJIMK HYKOTHMIIM Ba HCCUKJIHMK-Macca ajlMalluHyBH
*apaéHnapura Tabcup Kunaauran acocuii UdXnapu (4, ¢, a) Taxpudanga TaAKUKOT
KWIMHIY, MaXCYyJOTAaru KypyK Mojjia Mukaopura 0oriauk pasuiga MO XnapHuHr
y3rapuill JUHAMUKACH aHUKJIaHau. KapTolkaHu MCCUKIUK CUFUMHU Ba MCCUKIIUK
YTKa3yBUaHIUK KOA(PPUIMEHTIApUHU MaxCyJOTAAru KypyK MOJJa MUKJIOPH Ba
Xapoparra O0FJIHK Y3rapuiliuHu TaBCU(IOBYM SMIUPUK UOoaaTap OTUHIM.

3. Maxcynotnap mrabenrnH MaKOypuil KOHBEKIIMS IIapOUTHA COBYTHUIIIA
MCCUKIMK Oepuill Kod(duuuenTray anuknam yuyd Nu = 0,027 Re’?® — mezonnn
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TEHTJIaMa OJIMHTAH, SPKWH KOHBEKIWS MIapOUTHIA IMTA0e]T CHUPTH Ba XaBo

ypTracugaru HCCHUKJIWK ajJMallMHyBUHU uopanaiinuran Nu = 0,02:(GrPr)*>

ME30HJM TEHIIamMa Takiud KuiuHan. Taxpuba HaTHXKATAPUHUA YXIIAILIUK

HazapusICu METOJM OWJIaH YMYyMJIAIITUPUII Ba UILJIOB OSPHUIl OpKaJIM XaBO OMIIaH

COBYTHII Kapa€HHJIa MaxCyJOT CHUPTHJAH XaBora Macca ajJMalldHyBH

KO3 PUIIMEHTUHY aHUKJIAlll UMKOHUHY OepaJuraH MEe30HJIM TEHTJIaMa OJIMH]IN:
Nun=0,0238 Re ***, mpu Re=3,65-10*+9,12-10°

VrTkasunran —Taxpubanap HaTIKalap TAXJAWIM IIYHH  KyPCATIUKH,
MaxCyJIOTHH XaBO OWJIaH COBYTHIIA Macca aIMalllMHYBH KO3(P(QUIHUEHTH acocaH
XaBO OKMMHHUHT TE3JIUTUra OOFIUK OVIn0, XaBOHMHT HUCOWM HaMIIMTH y3rapMac
xoyatna Oepwnaauran xaBoHMHT Te3ynmru 0,1+2,0 mM/c raya opTummaa macca
anMamuHyBu Kodddurmentu 23,6 mapta opTaau.

4. CoByTHIll KaMEPAaCHHHHT KOHCTPYKTHB Ba TEXHOJIOTHK TapaMmeTpiapu
opacuaaru ¥y3apo OOFJIUKIMKHUA aHUKJIAll WMMKOHUHM OepajauraH, TaOuui
COBYKJIMK OWJaH MaxCyJOTJIApHU COBYTHII KaMepacuaa COBYTHINIA COJUP
OynamuraH MCCUKJMK-Macca aJMallMHyBU >Kapa¢HIapUHU MaTeMaTUK MOJIEIU
UIU1ad YUKWIAKA Ba Takiu@ stuinau. Tabuuii COByKJIMK OMIaH COBYTHII LIAPOUTH
TaXJIWIN IIyHU KYpPCATIUKH, )KapaéHHU JTaBOMHIIUTUTA XaBOHUHT XapOpaTH JHT
Kyl TabCHUp KHWJIAOUW. XaBO OKUMHUHUHT TE3JUTM OPTUIIM Ba HAMJIMTHHHUHT
KaMaiuiy OujlaH COBYTHIN Kapa€HW Te3JNallaiu, JEKUH MaxCyJIOTHUHT HaMIIMK
HyKoTuim (Macca MYKOTHIIN) OpTa OOIIIIakIH.

5. Kyém paguanusici MHTEHCUBIINTUA TabCUpUIa OMOOp JeBOpIapuaa COIUP
OynaauraH WCCUKJIMK aJIMAlllMHYBH >Kapa€HUHUHT MaTEMaTHUK MOJEIH HIIIa0
yukunan. Ky€m paauanusicu tTabcupuja KApaJural KylmiuM4a HUCCUKINK OKUMHU
MUKJIOPUHN MaXCYJOTHUHI HAMJIMK WYKOTHUIINIa TabCUPH TAaAKUK KUJIMH]IU.
Xucobiap HaTWXKalapu IMyHW KYpCaTAWKH, TAIIKA aTpod-MyXHT Ba Kamepa
WYHIard XaBo xapopamiapu dapku Tydaiiam kamepara Kupaaural HCCUKINKHUHAT
MaKCHUMaJl KUIIMaTH OMOOPHHMHI IOKOpM TOM KUCMHUTAa TYFpHU Kellaau, s’bHU 9
Br/M%; Kyém pagvanMsacH TabCUPHAA KaMmepara KHMPraH HMCCHUKIUK HIOHBb-HIOJb
oinmapuga MakcumyM Oymm0, 8,25 Br/m? Tenr Oymamu. Kyém pagmanmsicn
TabCUPHIA KaMepa JICBOPH OPKAIH YTaJUTaH HCCUKIMKHUHT YIYIIU Ky3TH AaBpaa
(okTs10pb) 60 % HU TAIIKKI IT/IH.

6. Maxcynotnap mradenu Ba Kamepa JE€BOPU Opacura 3KpaH KYJUTAaHWJIUAIIN
épllaMyla HYpJIAHMII OPKaJd MCCUKJIMK aJMAlIMHYBUHU KaMaWTUPHII YCYIH
taknud kumuHan. uku 1eBop cCUpTH Ba MaxCyJIoTIap Opacura KOpairkK Aapakacu
e = 0,2 pyxJaHraH JUCTAAaH TalpilaHTaH SKpPaHHU VPHATHIMINK HATHXKACHA

XOCHJI KWJIMHTaH KeJITHPUIraH KOpaluK jgapaxacu &, =0,18 Oymran “JleBop-

MaxcyjoT’ THU3UMHM MAaxCyJoTra WYHaJIraH HYpUd HCCUKIHK OKHUMUHHU
WHTEHCUBIIUTMHU KyM CYBOK KHWJIMHTaH cupTra HucOaran 2,8-3,0 kamaiTupuiiu
AHUKJIAH]IH.

7. BeHTWIsIIUS TalUIaHIMK WCCUKIUTH Ba MaxCyJOTJIAPHUHT “Hadac oiuII
UCCUKJINTH HU yTWIM3aUUsl KWIMII OpKaJd COBYTHII KaMmepacuja ONTHUMA
UCCUKJIMK-HAMIIUK PEKUMHUHH YPHATHUILI YYyH 3HEPre€TUK Ba CYyB PECYpCIapHHH
TeXall WMKOHWHU Oepamuran, HOMpan ¢oiinanann® ca63aBoT oMOOpIapUHUHT
UCCUKJIMK HACOCIM HMCCHUKJIUK-COBYKIMK TabMHUHOTH THU3UMH TaKIU( KHIAHIM.
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TaakukoTnap HaTwkacuia Oa3aBuUi KaMmepajga COJUIITHPMA JKCIUTyaTaIl[doOH
sHeprus curumu 3079,8 kBt-coar/ToHHa, Takiud sTHiaTaH Kamepaga 3ca 2358
kBT-coat/TonHa HU Tamkwi 3TAUM. Hatmwxkana Taknud sTunaraH kamepana Oa3aBuii
kamepara Hucoaran 23,4% €xu 88,7 Kr.11.&/T SHEPrUsiHU TEXKAIlTra SPULLIAIIIN.

8. Kypumum xaxxmu 180 m> 6yiran taxxpubaBuii uyKyplalliTHPHITaH MeBa-
cab3aBOT OMOOPUHUHT HCCUKJIMK-HAMIMK OallaHCU TallKM XaBO MapaMeTpiiapu
Ba KaMmepara KHpPaJWraH HMCCUKJIMK OKMMHU Y3rapuild JUHAMHUKacura OOFJIMK
paBuIIAa TAAKUKOT KUIMHAM. TakkociaHa€éTraH oOMOOpJIApHUHT HUCCHKJIIMK-
HAMJIUK PEKUMU Ba OaJlaHCH TaxJIWIU IIYHH KYPCATAWKH, TaKIU( KHUJIMHTaH
YyKypJaamTUpuiIran oM0opa MaxcyJIOTIapHUHT HamiuK ykotumu — 11%, ep
yctu ombopuna — 16,2%, anpanaBuii kamepaza sca 20-30% ra Tenr 6ynagu.

9. Onu6 Oopwiran TagKUKOTIAp Ba XucOOJap HaTIXalapu IIyHU
KYpCaTIWKU, BEHTWISLUS TAlUIAHAUK UCCUKJIUTUHU UCCHUKJIMK HACOCH OpKaju
yTUIW3AUs KAJIAII HAaTUXKACHIA OJMHTAH HCCHK CYyB ca03aBOT OMOOPWHUHT
TEXHOJIOTHK Ba MaWIUA JXTHEKU yUIyH Kepak OYyIanuran WCCUK CyB OWJaH
TYIUK TabMHUHIAII MMKOHHUHM Oepaju Ba MaxCyJOTJIapHU oMOOpja cakjall
JaBpyJia BEHTWISIUS TalUIAHAWK XaBO HMCCHUKJIUTHUHU OaK-aKKyMyJsITOp/ia CyBHU
Ku3aupuiga Qoinananuin HaTtuxacuga 17,28 tonna maptiu Ekwiru €xku 14068
M> TaOuuii ra3HYU TEXKAI MYMKHH.

10. Onm6 OopwiraH TagKUKOTIAp acocuja OUpUHYM MapTa ‘‘cab3aBoOT
OMOOPHU-TETMOUCCUKXOHA” KYIIMa TEPMOAMHAMUK THU3UM TakJIu(] KWIMHIA Ba
KOMIUJIEKCHM OWp BaKTHHUHT Y3WJa COBYTHII — HCUTHIIAA COBYTHII ITUKIUHU
KYJUIAHUJIUIIMHUHT SHEPTETUK CaMapaopJIUTri HIMHUI aCOCIIaH/IH.

11. TagkukoTiap HaTWwXajdapud IIYHH KYpCcaTAWKH, KHUIITH IIapouTAa
(mexabpb-heBpasib) OYMK 00-XaBOJia MCCUKXOHAHW WCHUTHIN FOKJIamMacUHUHT 30-
35% kucmu Kkyém suHepruscu, 37-40% roknamacu 3ca TalUIaHJIUK HCCUKJIUKHU
UIUIaTUII OpKaiu KoriaHaau. Ca03aBOT OMOOpHU-TeIMOMCCUKXOHA OupJiallraH
BApUAHTHUA COBYTHUII KaMepacUJaH BEHTWISIIUS TalUIaHIUK WCCUKIWTU Ba
COBYTWJIQJUTaH MaxCyJOTJapHUHT  “Hadac  OJUII HCCUKIUTH HU  TYJIUK
YTUIN3AIMS KWIKI aCOCHJa MCCUKXOHAHM KE€YacHu MCUTHIN BaKTUja yprada 25-
38% raya SHEpPrUsSHU TEKAIl UMKOHUSATH SIPATUIIIN.

[Mynpaii kuauO, WIAa KEITHPWITaH SHTU WIMHA XOJaTJIapHU Hazapuil
YMyMJIAIITUPUII Ba aMaJIMETra >kopuil Kuium acocuaa HOM kymnanunamuran
MeBa-ca03aBOT OMOOpJapH PHEPTUsl camapajop HCCUKIMK-COBYKIUK TabMHHOTHU
TU3UMIIADUHU  SIpaTHIN, MeEBa-ca03aBOT MAaxCyJOTJIApUHU  CaKJIaHUIIUAArud
TEXHOJIOTHK >KapaCHIApPHUHT SHEPrusi CUFUMHHU KHCKApTHUPHUII Ba MaxCyJaoTyiap
UCpOPUHN KaAMAUTHUPHUIIIHUHT WJIMHNA ACOCIApUHU UIUIA0 YUKUII KaOW Xaik
XYKaJIUTH aXaMUATUTa MOJIUK OYIraH WAPUK UIMUNA MyaMMO €UUJITaH.
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Tema pokTOpCcKOil aHccepTanMu 3aperucrpupoBana 3a Nel2.05.2015/B2015.1.T468 B
Boicmieii atrectanmonHoii komuccuu npu Kabunere MunuctpoB Pecny6anku Y30eKkucTaH.

JloKTOpCKast AuccepTanys BBITOIHEeHa B KapmMHCKOM MHXEHEPHO — SKOHOMHUYECKOM HHCTHTYTE.

ABTopedepar muccepTaliy Ha TpexX S3bIKax (Y30EKCKHM, PYCCKHH, aHTTIMHCKUAN) pa3MelleH Ha
BeO-cTpanunie Hayunoro cosera (www.tdtu.uz) u WHQOpMannoHHO-00pa30BaTEIEHOM TOpTale
«ZIYONET» (www.ziyonet.uz).

HayuHblii KOHCYJbTAHT: 3axunos Poman AOay/uiaeBuy
akanemMuk AH PY3, 1okTop TeXHUYECKHX HayK, Ipodeccop

O¢uunanbHble ONNOHEHTHI: Myxugaunos xanonuaaun HacupoBuu
JOKTOp TEXHUYECKUX HayK, podeccop

Age3oB Pab0anaxys PaxmonoBny
JOKTOP TEXHUYECKUX Hayk, mpodeccop

Hckangapos 3adap CamanaapoBuy
JIOKTOP TEXHUYECKUX HayK, Ipodeccop

Beaymas opranuzanusi: Crneuuajan3upoBaHHOe KOHCTPYKTOPCKO-
TexHoJorn4yeckoe 0ropo npu MHCTUTYTe HOHHO-
TJIA3MEHHBIX M JIA3ePHBIX TeXHOJOTHH AKAa/leMUH HAyK
Pecny0iuku Y3oekucran

3amuTa auccepranuu coctoutcs «20» ¢epans 2016 1. B 10 yacoB Ha 3acemaHuU Hay4HOIO
cogera 16.07.2013.T.02.01 npu TamkeHTCKOM TOCYAapCTBEHHOM TEXHHYECKOM YHHBEPCUTETE U
WnctutyTe sHepretuku u aBToMaTtukd. (Azapec: 100095, r.Tamkent, yi.YHuBepcurerckas, 2. Tem.:
(99871 246-46-00; daxc: (99871) 227-10-32; e-mail: tstu_info@tdtu.uz).

C ImOKTOpCKOHM amccepTaueil MOXXKHO O3HAaKOMHTHCS B MH(OpPMAIIMOHHO — pecypcHOM IIEHTpE
TamkeHTCKOro rocyJapCTBEHHOTO TEXHIYECKOT0 YHUBEpCUTeTa (peructparuoHasii Homep 09). (Aapec:
100095, r.TamkenT, yin. YHauBepcuteTckas, 2. Tem.: (99871) 246-03-41).

ABTtopedepar muccepranuu pazocial «18» sasaps 2016 rona.
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d.A. XomruMoB

[Ipencenarens HAydIHOTO CeMUHApa MIPH

HaquOM COBECTC 110 HpI/ICY)KIIeHI/IIO

y4€HOI1 cTeneHn JOKTOpa HayK, 1.T.H., podeccop



BBenenue (AHHOTALMS TOKTOPCKOM IMCCEPTALINHN)

AKTYaJIbHOCTh M BOCTPEOOBAHHOCTH TeMbI JUcCcepTalMu. B coBpeMeHHOM
MUpE  TOpoOJeMbl  SHEProcOEpEeKeHHUs  MpPU  HKCIOJNb30BAHUU  TOIUIMBHO-
SHEPreTUYECKUX PECypCcoB MPUOOpEar 0COO0YI aKTyallbHOCTh, YTO 00YCIOBJIEHA
COKpallleHHEM 3aIacoB TPaJAMLMOHHBIX TOIUIMBHO-3HEPIE€TUUECKUX PECYPCOB H
000CTpEeHHEM SKOJOTMYECKUX HArpy30K B OKpY’Kawllykoo cpeny. B HacTosiiee
BpemMss B wmupe 20% moTpeOisieMoil SHEpPruM NPOU3BOAUTCA 33  CHUET
HETPAJUIIMOHHBIX HMCTOYHMKOB dHepruu u a0 30% Bcero n00bIBa€MOro
OpPraHUYeCcKOT0 TOIUIMBA PACXOJYETCs] HA HYX /bl CUCTEM TEIUIOXJIaI0CHAOKEHHUS.
[TooToMy mpoBeneHHE KOMILIEKCA MEPONPHUSITHH 1O PEIICHUI0 MpodsieM
HEprocoOepeKeHUs U pa3BuTHE UCII0JIb30BaHUs HETPAJAUIIMOHHBIX
BO300HOBJISIEMBIX UCTOUYHUKOB SHEPTUH SIBJISIOTCS aKTyalbHBIMHU.

B ycioBusX pe3ko KOHTHHEHTAJIbHOro kiauMmara nodtd 49,6 % Bcero
sHepromnorpedsneHus, T.e. 24,5 T.H.3. B TOJ HNPUXOIUTCS HA JOIK CUCTEM
TeIJIoXJIalocHa0XkeHus. B celbckoM X034iCTBE B TOJl pacxojyercs cBbiiie 6,8 %
nepBuYHOM sHepruu. CHCTeMBbl TEIIOXJIaJ0CHA0KEHUS IUI0J00BOLIEXPAHUIIUII
TaK)K€ CYUTAIOTCS OJJHUMH U3 KPYIHBIX MOTpeOUTENIeH TOTUNIMBHO-YHEPTETUUECKUX
pPECypcoB B  CEJIbCKOXO3SIICTBEHHOM TIPOM3BOJACTBE. Bce TexHosornueckue
MPOLIECCHI B IJI0I000BOIIEXpaHMINIIAX (MIpeaBapuTenbHas 00paboTKa MpoayKTOB
nepes XpaHeHUueM, OXJIaKICHUE, BEeHTUIISLINS, YBIIaXKHEHHE BO3AyXa U IJIUTEIbHOE
XOJIOIUJILHOE XpaHEHUE) SABISIIOTCS OJHEPrOeMKHUMHU IpolleccaMu. AHamu3
DHEPreTUYECKOro  OajaHca XpaHWJIUII TOKa3bIBaeT, YTO OSHEPrOEMKOCTb
AKCIUTYaTUPYEMBIX IUIo00Bomexpanuauiy coctapiser 3000-3500 kBt.qac/ToHny,
IpU ATOM 3aTpaThl 3NEKTpodHepruu gocturator a0 70 %. B cBsa3u ¢ 3tum
CHUKEHHE SHEPrOEMKOCTHU XOJIOAUIBHBIX Kamep u pa3zpaboTka
3HEeprod(hHEeKTUBHONW CUCTEMBI TEIUIOXJIaJA0CHAOKEHUS II0JI00BOLIEXPAHIIIUI] C
UCIIOIb30BAaHUEM HETPAJUIIMOHHBIX HMCTOYHUKOB HHEPIUM SIBISIETCS aKTyaJIbHOU
HAYYHO-TEXHUYECKOM MpoOIeMOH.

Hcxonsa W3 3TOro, pelieHue MepevHclIEHHbIX 3aJad TpeOyeT NpOBEIECHHUS
CIICHIMAJIBHBIX ~ HAyYHBIX  HCCIEJOBAHMWM, HAMNpaBJCHHBIX Ha JajbHEWIee
NOBBIILIEHUE HHEPreTnyeckod H(P(EKTUBHOCTU CHUCTEM TEMIOXJIaJ0CHAOKEHUS
IUIOJIOOBOILIEXPAHUIIUI C  HCIOJb30BAHUEM  HETPAAUIIMOHHBIX HCTOYHUKOB
HEPTUH.

[Ipn sTOM mnpakTHueckas peaidu3alus yKa3aHHBIX CIIOCOOOB MOBBIMICHUS
HEPTrod(PPEeKTUBHOCTH CHUCTEM TEIUIOXJIAJ0CHAOKEHUS IIJI0I00BOIIEXPAHITHIIL
CTAJIKMBAETCI C  HEOOXOJMMOCTBIO  pelIeHUusT  pa3HOOOpas3HbIX  3ajad
HECTAI[MOHAPHOTO Tpollecca TEII0-U MacCcOOOMEHa B XOJIOAWIBHBIX KaMepax ¢
Y4ETOM BCEX NapaMETpPOB, KOTOPHIE CYLIECTBEHHO BIIUSIOT HAa COXPAHHOCTH
OpOAYKIIMM W 3aTpaThl  BHEPrUd  Ha  OOECMEUYEHUE  ONTUMAIBLHOIO
TEIUIOBJIIAJKHOCTHOIO  pekuMa  Kamepbl. [losTomMy  1mIMpOKOe  BHEIPEHHE
COBPEMEHHBIX XOJOJWJIBbHBIX KaMep M XPAaHWIHI, YMEHBUICHUE MOTEPh
MJI0JIOOBOIIHBIX TMPOJAYKTOB TMPU XpPaHEHUH UM CHUXKEHUE SHEPro€MKOCTH
TEXHOJIOTUYECKHUX MPOIECCOB B IUIOJOOBOUIEXPAHUIIUIIAX CBSA3aHO C PEIICHUEM
BOKHBIX HAYYHO-TEXHMUYECKUX 3a/lady IO TMOBBIIIEHUIO SHEProdPheKTUBHOCTH
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CUCTEM TEIUIOXJIAIOCHA0KEHHS C UCIIOJIb30BAHUEM HETPAAUIMOHHBIX HCTOYHUKOB
SHEPIUU.

Jlannast uccienoBaTeiabckas paboTa B OINPEACIEHHOM Mepe CIyXKUT IS
peanu3auuu 3ajaady, onpeaesneHHbx Yka3zom llpesunenrta PecnyOnuku Y30ekuctan
or 1 mapra 2013 roma NeVII-4512 «O wmepax mno JajnpHEWIIEMY pPa3BUTHIO
albTEPHATUBHBIX HCTOYHUKOB dHeprun» U IlocranoBnenuem IlpesmaeHra
Pecnybnmuku V36ekuctan ot 1 maprta 2013 roma Nellll-1929 «O coznmanum
Mex1yHapOJHOTO MHCTUTYTAa COJHEYHOU SHEPruu», B KOTOPOM OTMEUYAETCs, YTO
OJIHUMH U3 BaXXHEHIIMX 3a7a4 SIBISIOTCS pa3paboTkKa W BHEAPEHUE B IMPAKTUKY
COBPEMEHHBIX BBICOKOI(D(PEKTUBHBIX CMOCOOOB, TEXHOJOTUA U YCTaHOBOK
UCIIOJIb30BaHUS HETPAJUIIMOHHBIX BO30OHOBISIEMBIX HCTOUYHUKOB YHEPTHH.

CooTBercTBHE HMCC/ICIOBAHUS NMPUOPUTETHBIM HANPABJICHUAM Pa3BUTHSA
HAYKHM U TEeXHOJIOTHil pecnyOuauku. /uccepraius BbIIOJHEHA B COOTBETCTBUHU C
IIPUOPUTETHBIM HAIIPABICHUEM Pa3BUTHs HayKH U TexHosoruu [1111-4- «Pa3Butne
METOJIOB HCIIOJIb30BAHHUS BO300OHOBJISIEMBIX MCTOYHHUKOB JHEPrHH, CO3JAaHHE
TEXHOJIOTUA M YCTPOMCTB Ha OCHOBE HAHOTEXHOJOTUH, (POTOHUKH M JPYyrUX
IIEPEIOBBIX TEXHOJIOTUI.

O030p MeKAYHAPOJHBIX HAYYHBIX HCCJIEOBAHMI 10 TeMe AUCCePTALMU.
TeopeTndeckne M NMPAKTHUYECKHWE HCCIEAOBAHUS IO CO3JAHHUIO0 HOBBIX DHEPrO-U
pecypcocOeperaronux —TEXHOJOTUH  XpaHEHUs  IUJI0JIOOBOIIHBIX  MPOAYKTOB,
MaTEMaTUYECKUX MOJENIEeH TemIoMacCOOOMEHHBIX TIPOLECCOB U pa3pabOTKU
ONTUMAJIbHBIX TUTPOTEPMHUUYECKUX YCIOBUWA B IUIOJIOOBOIIHBIX XOJOAMIJIBHBIX
KaMepax BENUCh KPYMHBIMU (UpMaMy, KOMITAHMSIMH, HAyYHBIMU IIEHTpPaMH,
YHUBEPCUTETAMU U HAYyYHO-UCCIIEIOBATEILCKUMH HWHCTUTYTaMH 3apyOeHBIX
ctpan, TakuMu kak yHuBepcuteT Kentykku (CILIA), FranceAgriMer, Aereco SA
(®pannwust), Shanghai Kingram Refrigeration.CO (Kurait), ynusepcurer SImarara
(Anonust), Mexnaynaponnas akaaemus xonoaa (MAX, Poccus), Wucturyt
miogooBomtnpoekT HIT (HAH benapycs), Mitsubishi (Smonus), Gigroterm LLC
(Poccus), Agrofresh (Mcmanus), Eliwell Controls SRL (Mtanus), u ap.

B kauecTBe pe3yJbTaTOB HAyYHO-UCCIEA0BATEIbCKUX padOT, TPOBEICHHBIX B
NoclIeMHUE oAbl B  HAay4YHbIX LIEHTpaX, YyHUBEpPCUTETaX M  Hay4YHO-
UCCJIeIOBATENILCKUX WHCTUTYTAaX, MOKHO OTMETUTH CIEIYIOlINe: pa3paboTaHbl
COBPEMEHHBIE TEXHOJOTHHM XPAHEHHS IUIOJIOOBOIIHBIX MMPOAYKTOB Ha OCHOBE
COBEpUICHCTBOBAHUS CHUCTEM  OXJaXIACHUS u obopynoBanusa (“Wecan
Acrotexservis”, KOxnass Kopes); pazpaboTaHbl XOJOJWIbHBIE U TETUIOHACOCHBIC
CHUCTEMbl KOHJHUIIMOHUPOBAHUS BO3/yXa IUIOJOOBOIIHBIX XOJOJWJIBHBIX Kamep,
METOAbl ONTHUMHU3AIMU TEIUIOTEXHUYECKUX XAPAKTEPUCTUK  OrPaJarolInX
KOHCTPYKUUH U 3HEeprocOeperarome pexxuMbl XpaHWINIL, XOJIO0AUIbHbIE KaMephl
C CHUCTEeMaMH YBIIAXKHEHUsI U KOHTpouist BHyTpeHHel cpenbl (Tecco, OBEH, MAX,
Poccus); paspaboTtanbl 3HEprocOeperaromuye CHCTEMbl BEHTHIISAIIUN XPAHUIIHII
(East Ref oy, [ommammus); pa3paboTaHbl COBpEeMEHHBIE 3IHEprocoOeperaromnimue
TEXHOJIOTUH «IIOKOBAas 3aMOPO3Ka» M XpaHEHUE B PETyJIHPYEMOU ra3oBoOil cpene
(Shanghai  Kingram  Refrigeration.CO, Kwuraif); pa3paboTaHbl  HOBBIC
3HEpProd((HEKTUBHBIE XOJOAMUIBHBIE KaMmepbl [UIsl XPaHEHHs IUI0JOOBOLIHBIX
npoayktoB (Agrofresh, Wcnanus); pa3zpaboTaHbl CHUCTEMBI OXJAXKACHHUS C
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pPEKyNEPATOPHBIMU  BO3AYXOOXJIAJUTEISAIMA  XOJIOAWIbHBIX KaMep U METOAbI
XpaHeHus! TUIOJOOBOIIHBIX MPOAYKTOB B HeiTpanbHOW razoBoil cpeae (Eliwell
Controls SRL, Utanus).

Ha cerogusmHuii A€Hb  OCYIIECTBIISIIOTCS  HPUOPUTETHBIE  HAYYHO-
UCCJIEeIOBATENbCKUE paboThl MO pa3paboTke SHEpProd(pPEeKTUBHBIX CUCTEM
TEIUI0XJIaJ0CHA0XKEHNS IUI0A00BOLLEX PAHUITHIL] U ONTHMU3ALUU
TEIUIOBJIAKHOCTHBIX IPOLECCOB, OCHOBAaHHBIX HA COBEPIIEHCTBOBAHUHU CUCTEMBI
AKTUBHOTO  BEHTWJIMPOBAHMsS,  YBIQKHEHHUS  BEHTWIALMOHHOIO  BO3]yXa,
aKKyMYJIMPOBAaHUS €CTECTBEHHOIO X0JoJa U 3(PPEKTUBHOTO MCIOIb30BAHMUS
JIbTEPHATUBHBIX HICTOYHUKOB SHEPTHH.

CreneHb  M3yYEHHOCTH MNpo0jeMbl. AHaIUM3  HAayYHO-TEXHUYECKOU
JAUTEpaTyphl TOCIEIHUX JIeT, KacalolMiicss UCCleoBaHUM 10 pa3paboTke
CrocoO0B TOBBIMICHUS JHEProd((HEKTUBHOCTH CUCTEM TEIUIOXJIAA0CHAOKEHNUS
NOMEIICHU ISl XpaHEHUs IUIOJOOBOUIHBIX HPOAYKTOB, CBHJETEIBCTBYET O
JOCTH)KEHUH 3HAUYMTENIbHBIX TEOPETUUYECKUX M MPAKTUYECKUX PE3YJIbTAaTOB B ITOU
oOnacTy.

OnyOnuKoBaHO OOJBIIOE KOJMYECTBO HAYYHBIX padOT, MOCBAIIEHHBIX
npobiemam HEprocoepexeHus M TOBBIILIEHUS SHEProdhPeKTUBHOCTU
IUIOZ0OBOLIEXPAHMWIIMIL] C  HCIOJB30BAaHUEM HETPAAMLIMOHHBIX HCTOYHHKOB
sHepruv. Bo Bcex pa3BUTHIX CTpaHax Mupa pa3palOaThIBalOTCSI U BHEAPSIOTCA
3(p(EeKTUBHBIE CUCTEMBI TEIJIOXJIa10CHAOKEHUS, METO/Ibl XpPaHEHUs], ONITUMHU3ALUN
U YNOpaBICHUS TEIUIOBIAXKHOCTHBIX IPOIECCOB, a TaKXKe 3HeprocoOeperaromnme
TEXHOJIOTHH XpaHEHUS MUIIEBBIX IPOIYKTOB B OXJIAXK1AEMBIX
IUIOAOOBOIEXPAaHMWINILAX.  bosjblnye 3aciyru B peUleHHH JTHUX HpoldiieM
MpUHAAIEKAT YUYEHBIM pa3HbIX CTpaH, TakuMm Kak: Levy F.A., Tamm W., Turi A.,
Knabe G., Anmamu 3., Hectepenko A.B., [{suek I1.1., BonkoB M. A., Kanau B.3.,
Ywmwxos I'.b., Bonkunn WM.JI., TuxonoB b.C., XynaitoepaueB b.X., MarrsiMmoB
I'M., Yymak W.I'., Anok B.A wu ppyrux. HccnemoBanus mno pa3paboTke
TEIJIOHACOCHBIX CHUCTEM TEIUIOXJAJOCHAOKEHN NTpPOBENEHbl 3axuaoBbiM P.A.,
Ae3zoBeiM  P.P., Myxunnuuossim J[.H., Bapmusmsumu A.b. u gpyrumm
y30€KCKUMU yUEHBIMHU.

AHanu3 MOKa3bIBAET, YTO NOCTOSHHOE YBEIMYEHHE OOBEMOB IPOU3BOJICTBA
IUIOZ0OBOIIHBIX NPOAYKTOB M pacUIMpEHUE Kpyra npodieM e€ HaJIekKHOro
XpaHeHus TpedyeT pa3pabOTKH HOBBIX SHEPIO-U PECYPCOCOEPETaoIUX CIIOCO00B U
TEXHOJIOTHHM B COBPEMEHHBIX IJIOJOOBOIIEXpaHUInIax. OOIIEen3BECTHBI yCIIEXH,
JOCTUTHYThIE YYEHBIMM B OO0JAacTH HU3Y4YEHMs TEIUIOTEXHUUYECKUX YCIIOBHM
XpaHEHUsl IIJIOJIOOBOIIHBIX MPOAYKTOB, HO HWH)XXEHEPHOE OO0ECIeueHue STUX
YCIOBHM HaxXOIUTCS BCE €II€ Ha HEJOCTaTOYHOM YpoBHE. Bmecte ¢ TeMm, B
JUTEpaType  HENOCTAaTOYHO  OIIGHEHBI  OCOOCHHOCTH  TEIIoMaccooOMeHa
IUIOZOOBOIIHBIX MPOAYKTOB C BHYTpUIITaOEIbHBIM BO3AyxoM. HeoOxoaumbiM
CUMTAETCS]  UCCIENOBAHHE  SHEPreTHUYECKOr0 pexuma U dHeproodaaHca
IUIOJJOOBOLIEXPAHUIIUI] C YYETOM HM3MEHEHHsS BHEIIHUX (PAKTOPOB Hapy>KHOTO
BO3/lyXa, MAJIOM3YYEHHBIMH OCTAIOTCSI BOMIPOCHI TMOBBIIIEHUS SHEPreTHUYECKOM
3((PEKTUBHOCTH  CHUCTEM  TEIJIOXJAJOCHAOKEHUS  IUIOJOOBOUIEXPAHUIIUIL  C
UCIIOJIb30BAaHUEM HETPAJMLMOHHBIX HCTOYHUKOB 3HEpruu (cosHue, Ouomacca,
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TEIJIOHACOCHAsl yCTaHOBKa, W.T.IL.). HempocTtaTodyHO HCCienoBaH 3HEPreTUYECKHid
pPeKHUM H  TEIJIOOHEPTeTHYECKUE TOKa3aTed KOMOWHHPOBAHHOW CHUCTEMBI
«OBOUIEXPAaHWIMIIE—TEIUOTEIUIMIA»  C  HUCIOJIb30BAHUEM  TEIUIOHACOCHOM
YCTAaHOBKHM. B CBs3M ¢ BBIIIGOTMEUEHHBIM BO3HUKAET HEO0O0XOJIUMOCTh
JaTbHEUIIEer0 WCCIeOBaHUsI W pa3pabOTKM  HAyYHBIX U HHKEHEPHBIX OCHOB
MOBBIIICHUS JSHEPreTuyeckod H(POEKTUBHOCTU CHUCTEM TEIUIOXJIAJ0CHAOKEHUS
IJIOIOOBOLIEXPAHWINIL C  HMCHOJIb30BAHUEM  HETPAJULHUOHHBIX HCTOYHUKOB
SHEPIUHU.

CBsi3b JHCCEPTALMOHHOIO HCCJAEJ0BAHUSI € IUIAHAMH  Hay4YHO-
HCCJIeA0BATEeNbCKUX Pald0T BbICHIEr0 Y4eOHOr0 3aBeJeHHUsl, I'/le BBINOJHEHA
AUCCepTANMS, OTpaXE€HA B cCleayronmx mnpoekrtax: A-12-135 — «Pa3paboTtka u
UCCIIEJOBAHUE CUCTEM TETI0XJIaI0CHA0KEHUS OBOIIEXPaHMIIUIIL c
UCIIOJIb30BAHUEM HETPAJULHMOHHBIX HCTOYHHKOB 3Heprum» (2006-2008 rr.) u A-
13-031—«DueprocOepekeHue TpH BBHIPAIIMBAHUA W XPAaHEHWU OBOIIEH B
TeIMOTEXHUUYECKOM  KOMIUIEKCE C  HKCIOJb30BaHUEM  HETPAAUIMOHHBIX U
BO300HOBIIIEMBIX HMCTOYHUKOB dHeprum» (2009-2011 rr.); OT-UI/11-4-3—
«IIpon3BOACTBO MEPEABUKHON YCTAHOBKHM JUISI XPAHEHUS IUIOJOB U OBOLIEU C
cobcTBeHHBbIM HHeprodamancom» (2011-2012 rr.) u UT/H-4-06 — «Pa3paboTka
sHeprocoOeperaroniell 3aMKHYTOM CHUCTEMbI HIHEProCcHaOXKEeHHsI W BEHTHIALMU
XOJIOIUIBHBIX KaMep C MCIOJIb30BAHUEM BO300OHOBIISIEMBIX UCTOYHUKOB SHEPTHI
(2012-2014 rr.).

Leab uccaeaoBaHusi COCTOUT B pa3paboTke dHEProd(h(PEKTUBHBIX CHCTEM
TETJIOXJIaI0CHA0KEHUST  TUIOJIOOBOIIEXPAHUIIUII]  HAa OCHOBE HCIIOJIb30BAHUS
HETPAJUIMOHHBIX HICTOUHUKOB SHEPIUH.

3agaum uccaeI0BaAHUA:

aHaM3  COBPEMEHHOTO  COCTOSIHMSI ~ CHUCTEM  TeIUIOXJIAJ0CHA0XKEHUS
MJI0/I0O0OBOIIEXPAHIINIL,  COMOCTABIICHHE MX DSHEPreTUYECKUX U  TEXHHUKO-
SKOHOMMYECKHUX ITOKa3aTeleH;

UCCJIEIOBAHUE DHEPreTUYECKOro OalaHca M OMNpEIENIeHHE OCHOBHBIX
HaIpaBJICHUI MOBBIIIECHUS dHEProdh(PEKTUBHOCTU CUCTEM TEILIOXJIAJOCHAOKEHUS

IJIOA00BOHIICXPAHHIINILL,;
OKCIICPUMCHTAJIBHOC HCCJICA0OBAHUC TGHJIO(bI/ISI/I‘IeCKI/IX XApPaKTCPUCTHUK
IIJIOA00BOITHBIX IMPOAYKTOB, BIMAIOIINX Ha HNHTCHCHUBHOCTD

TEIJIOMAaCCOOOMEHHBIX MTPOIIECCOB U YCYIIKY MPOIYKTOB;

MOJICTUPOBAaHUE M HCCIICJAOBaHUE TEIJIOMAacCOOOMEHHBIX IIPOIIECCOB B
XOJIOMWIBLHON Kamepe, IOJYyUYCeHHE KPUTECPUAJIbHBIX YpPaBHCHHH TOAOOUS IS
pacuera ko3 @duIMEeHTa TEIUIOOTAaYM W MaccooOMeHa IIPH €CTECTBEHHOW U
BBIHYKJICHHON KOHBEKIINH,

pa3paboTKa MPUHIMITHAIBHON CXEMBI B HCCIIeIOBAaHUE YHEPT0d((HEKTUBHOCTH
CHUCTEM  TEIUIOXJIAJOCHAOKEHUS  TUIOJOOBOIICXPAHWIINIL C  MPUMEHEHHUEM
HETPATUIIMOHHBIX UCTOYHUKOB YHEPTUU;

aHAIM3  TMPUPOJHO—KJIMMATHYECKHMX YCIOBHH W  pacdyeT TEIo- U
BJIQYKHOCTHOTO OajlaHca XOJIOAMIBHONW KaMepHI;
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pa3paboTka HAy4YHBIX OCHOB MOBBIIICHHUS 3HEPrOd(P(GEKTUBHOCTH CHCTEM
YTWIM3AIMA  TEIJIOTHl  BEHTIJIAIIMOHHBIX  BBIODOCOB €  NPUMEHCHHEM
TEIUIOHACOCHOM YCTaHOBKU;

pa3palboTKa M OLIEHKA dHepreTudeckoil 3¢ (PEeKTUBHOCTH IHEpProcOeperaronie
COBMEUIEHHOW CHCTEMbI «OBOILIEXPAHUIUIIE — FEJIMOTEIUIUIAY C UCIOIb30BAHUEM
HETPAIUIIMOHHBIX HCTOYHUKOB YHEPTHUH.

O0bekTOM  HCC/IEI0OBAHMA  SBJISIOTCS  CHCTEMbl  DHEProCHAOXKEHUs
IUI0JIOOBOIIEXPAHUIIUI, OCHOBAaHHbIE Ha HCIIOJB30BAHUU HETPAJAUIIMOHHBIX
MCTOYHUKOB DHEPTUHU.

IIpeamer HCCJIeJOBAHMSA: MIPOLIECCHI TEIUIO-U MaccooOMeHa,
sHEProd(PPeKTUBHBIC CUCTEMBI TEILIOXJIAI0CHAOKCHHMS.

Mertoasl wucciaenoBanmii. B guccepraninoHHOil paboTe HMCHOJIB30BaHbBI
METO bl (PEHOMEHOJIOTMYECKON TePMOJUHAMUKH; TEOpUs TEIUIO- K MAacCOOOMEHa;
¢u3MKO-MaTeMaTUYECKOE  MOJICIMPOBAHKUE,  TEIJIOTEXHHUYECKHH  pacueT U
HKCIIEPUMEHT; METOJ TEOPUH MOJ00HS U pa3MEPHOCTEN.

Hayuynasi HoBU3HA HccJIeJ0BAHMSA 3aKIIIOUYAETCS B CIIECTYIOIIEM:

pa3pabOTaHbl TMPUHIIUITHAIBHBIC CXEMBI HCITOJIB30BAHUS HETPATUITMOHHBIX
MCTOYHHUKOB PHEPTUU B CUCTEMAX TEIUIOXJIAIOCHAOKEHHUS TIJI0J000BOIIEXPAH MU
HAa OCHOBE IIPOBEJCHHOIO aHallk3a HHeprodajaHca XpaHWIHUIL W HU3MEHEHUS
BHEIITHUX (paKTOPOB;

paspaboTaHa TEIJIOHACOCHAs cucTema TEII0XJ1a10CHA0KEHUS
IUIOJIOOBOIIEXPAHUIIUI € YTAJIU3AlMEe  HU3KOMOTCHIMAJIBHOTO  Terlia
BEHTUJISIIUOHHBIX BBIOPOCOB, TEIUIOTHI JBIXaHUS IUIOJJOOBOIIHBIX MPOJIYKTOB U
KOHJICHCAIIUH XJIAJI0areHTa ¢ TIOJyYCHHEM TOpsiuei BOJIbI;

BIIEpBbIE pa3paboTaHa 3HeprodPdeKTHUBHAS CUCTEMa JOYBIAXHEHUS BO3IyXa
C HCIOJB30BAaHHMEM OTXOJHOTO HHU3KOMOTEHIMAIBFHOTO Temjia XOJOIWIbHOU
KaMepbl M COJTHEYHOW DHEPTUU IS MOJJIEPKaHUS ONTHUMAIBHOTO BIAXKHOCTHOTO
peXrMa XpaHWIHIINA;

pa3zpaboTaHa sHeprodpdexTuBHas cucrema «OBOILEXPaHUITUIIE—
TeJIMOTEIUINIA» C XOJOAWIbHBIM LIHMKJIOM JUJIi OJHOBPEMEHHOI'O OTOIUICHUS H
OXJIQXK/ICHHSI KOMILUIEKCa;

pa3zpaboTaHa yCOBEpPIICHCTBOBaHHAs MaTeMaThyecKas MOJENb IPOIECCOB
TEIJI0 — U MaccoOOMeHa MpPH OXJAKJEHUU MPOAYKTOB €CTECTBEHHBIM XOJIOJOM,
MO3BOJISIIOIIASl  OCYIIECTBUTh  TIJIyOOKHME  HCCIEAOBAHHUS  HECTAIMOHAPHBIX
TETJIOBJIAKHOCTHBIX PEKUMOB B IITabeIe MPOTyKTOB U XOJOIUIBLHON KaMepe.

IIpakTHyeckue pe3yabTaThl HCCJIET0OBAHUSA 3aKIIOYAIOTCS B CIEIYIONIEM:

pa3paboTaHa TETJIOHACOCHAs cucTema TETI0XI1aI0CHA0KECHUS
IUTIOJIOOBOLIEXPAHUIUI € yTWIM3alUued  HU3KOMOTEHIIMAIBHOTO  Teria
BEHTUJISIIIUOHHBIX BBIOPOCOB, TEIJIOTHI JBIXAaHUS TUIOAOOBOIIHBIX MPOIYKTOB U
KOH/ICHCALlMU XJIaJI0areHTa C TMOJY4YeHHEeM Topsiueil BOJABI, KOTOpas MO3BOJIUT
YMEHBIIUThL Pacxo]] mepBUYHON 3Hepruu Ha 23,4 % wmum 88,7 kr.y.T/T.(3ammineH
nateHToM PecniyOnuku Y306ekuctan Ne IAP 2010 0134);

pa3paboTaH crnoco0 AOYBIaXHEHUS BO3AyXa C HCIOJIb30BAHUEM OTXOJHOIO
HU3KOIMOTCHIIMAJIBHOTO TeIjIa XOJIOAWIFHOW KaMepbl M COTHEYHOW SHEPTruu AJis
NOJAJICPKAHUST ONTUMAIBHOTO BIAXHOCTHOTO PEXKHMMa  XPAHWIWIA, KOTOPBIN
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MO3BOJIAET TMOJIHOCThIO oOOecrneunBaTh MNOTPEOHOCTH Tropsiyed BOABI IS
TEXHOJIOTHYECKUX HYKJ XPaHUIIMIIA U COKOHOMHMTH 14068 M mpupojaHoro rasa
(3amuuieH nareHtoMm PecriyOnuku Y36ekuctan Ne [AP 2010 0226);

pa3paboTaHa METOJMKA pacuera Mmpoliecca TEIIo-u MaccooOMeHa TMpu
OXJIAXKJIEHUU MPOJIYKTOB €CTECTBEHHBIM XOJOJOM B XPAHWIMINAX YIIIYOJIEHHOTO
THUIIA, TTO3BOJISIONIAS CYIIIECTBEHHO COKPATUTh MOTEPH MPOIYKTOB, U MPEITI0KECHBI
KpUTEpUAJIbHBIC YPaBHEHMS IS OIpeaeicHus Kod(pdUiMeHTa TemIooTaauyd
MaccooOMeHa TPHU OXJIaXKJACHUU IITa0eIs TJI000BOITHON MPOIYKIIMH B YCIOBHUAX
BBIHYKJICHHON U CBOOOHOM KOHBEKIINH;

pa3paboTaHa sHeprod3¢heKTUBHASL COBMEIIICHHAs cucrema
«OBOILEXPAHUIUILIE—TEIHOTEILIULIA, obecrieunBaronias paluHoHaIbHOE
UCIIOJb30BAaHUE HETPAJUIMOHHBIX HCTOYHHUKOB JHEPruv (MOJIYyYEeH MaTEHT
Pecriy6mmku V36ekuctan Ne 00683 UZ FAP 2009 0120).

JIOCTOBEPHOCTH Pe3yJIbTATOB HCCAeA0BaHMSA. J[OCTOBEpHOCTh HAyUYHBIX
TIOJIOKEHUH, BBIBOJIOB M PEKOMEH/IaINMii 0OOCHOBAaHA MMPUMEHEHUEM COBPEMEHHBIX
METOJIOB UCCJICIOBAHUM, OCHOBAHHBIX HA aJIEKBATHBIX MaTEeMaTHYECKUX MOJECIISIX C
MPUBJICYEHUEM COOTBETCTBYIOIIUX Pa3JejOB TEOPUM TEIIOMAcCOOOMEHa W
MaTeMaTH4eCKON ¢bu3uKwy, anpoOUPOBAHHBIX METOJ0B 00paboTku
AKCTIIEPUMEHTANIbHBIX JaHHBIX. J|OCTOBEPHOCTh pE3yJbTAaTOB MOATBEPXKIACHA Ha
OCHOBE CpPaBHUTEIHHOTO aHAJIM3a PACUETHBIX M OKCIECPUMEHTAJIbHBIX JaHHBIX,
MOJTYYEHHBIX B XOJOAMIBHBIX KaMepax IS XpaHSHHsI TUI0I00BOIIHBIX MTPOJTYKTOB.

Hayynasi u npakTudeckasi 3HAYMMOCTb Pe3yJbTATOB MCCJIEI0BAHUS.
HayyHass 3HauYMMOCTh NOJIYYEHHBIX PE3YJIbTATOB HCCIIECIOBAHUS 3aKIIOYAETCS B
TOM, 4YTO pa3paboTaHbl HAyYHbIE OCHOBBI W  CIIOCOOBI  TOBBIIICHUS
HEPTrod(PPEKTUBHOCTH CUCTEM TEIUIOXJIAA0CHAOKECHHUS TUI0I00BOIICXPAHMIINIL C
WCIIOJIb30BAaHUEM HETPAJUIMOHHBIX HCTOYHUKOB DSHEPrUM, MaTeMaTHYECKHE
MOJIENTA TIPOIIECCOB TEIJIO — U MAacCOOOMEHa B XOJIOAWJIBHBIX KaMepaxX, a TaKkKe
NPEIJIOKEHBl ~ KPUTEpUAIbHBIE ypaBHEHWUM JUIsi  pacdera KO3(P(GUIIMEHTOB
TEII000MEHa M MaccooOMEHa B YCIOBHUSX BBIHY)KJICHHOM U CBOOOJHOM
KOHBEKIIUH.

[IpakTHdeckasi 3HAYMMOCTh MTOTYUYECHHBIX PE3YJIbTATOB paOOThI 3aKII0UAETCS B
pa3paboTKe METOJMKHA HWHXKEHEPHBIX pPacueTOB HJHEPrOEMKOCTH XOJOJIUIBHBIX
KaMep C COJIHEUHO-TEIJIOHACOCHON YCTaHOBKOM, SHEPreTHYeCKol 3(PHEeKTUBHOCTH
COBMEIIICHHOM CHCTEMBbI «OBOIIECXPAaHUIUIIE-TEIMOTEIUINIAY» C HCIOIb30BAHUEM
HETPAJUIIMOHHBIX HMCTOYHHUKOB JHEPTHH. Pe3ylbTaThl BBIOJIHEHHBIX HAYYHBIX
UCCIIEJOBAHUIM MO3BOJIIOT pa3paboTtatb aBTOHOMHbBIE CUCTEMBI
TETJIOXJIaI0CHA0KEHUS TUIOJ00BOIIEXPAHUIIHII C TOBBIIIEHHON HEPreTHYECKOM
3¢ (HEKTUBHOCTHIO, UMEIOIINE MAaJIbIe PAacXOJbl PHEPTUU U TOTEPU MPOIYKTOB TIO
CPaBHEHMIO C TPAJUIIUOHHBIMUA CUCTEMAMH.

Buenpenue pe3yJbTaToB HMccaeq0BaHus. [IpuHUMNHAIBHBIE CXEMBI
UCIIOJb30BaHUSl ~ HETPAJUIIMOHHBIX  HMCTOYHUKOB  JHEPrUM B  CHUCTEMax
TEIJIOXJIaIOCHA0XKEHUSI TIOJ00BOIIEXPAHUIIUI, pa3paboTaHHAs TEIIOHACOCHAs
CUCTeMa  TeIUIOXJIaJIOCHA0KEHUSI  IJIOJAOOBOILIEXPAHWIMUI €  YTHJIH3ALUEH
HU3KOIMOTEHIIMAIBHOTO TEIJIa BEHTWISIIMOHHBIX BBIOPOCOB, TEIUJIOTHI JIbIXaHUS
TIJI0JIOOBOITHBIX TMPOIYKTOB M KOHJICHCAIIMW XJIaJ0areHTa, CIoCOObI MOBBIIICHHUS
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9HEProdPHEeKTUBHOCTH, sHEProdpheKTUBHAS COBMEILIEHHAS cucrema
«OBOLIEXPAaHWIMILE—TEIUOTEIVINIA» W MHPOJIHU3HbIE YCTAHOBKA BHEIPEHBI B
npeanpusaTuax MUHUCTEpPCTBA CEJbCKOTO M BOJHOTO Xo3siiictBa PecnyOnuku
V30ekuctan, B ToM uucie B (epmepckux xoszsaiictBax «baxt», «loBpyr» u
«Humon6oit AnnamyparoBuu» Kamkagapeunckoit obnactu. CpennHuil rogaoBoi
IKOHOMHYECKUH 3(DPEKT 3a CYET yMEHBIIEHHUS pacxoja MEePBUYHOM IHEPruu Ha
23,4 % (721,8 xBr.uac/tonna) u sxonomuu 14068 M npupomauoro raza (17,28
TOHHA YCJIOBHOTO TOIUIMBA) B CHUCTEMAaX SHEPrOCHAOKEHUS XPAHWIUI] COCTaBUII
104 mmH. cymoB (CrnpaBka MMHHCTEpPCTBA CEIBCKOTO M BOJHOIO XO3SMCTBa
Pecriy6nuku Y36ekuctan o BHeapenuu 3a Ne02/15-350 ot 27.04.2015 r.).

Anpofauusi pe3yJIbTATOB HCCIAeA0BaHMsA. Pe3ynbTaThl uCCIEAOBaHUS
anpoOupoBanbl Ha 30 HAYYHO-IPAKTUYECKUX KOH(PEPEHIUAX, B TOM uucie Ha 18
MEXIYHAPOAHBIX KOH(PEPEHLHUAX, CHUMIIO3MyMaxX, KOHIpPEccax W CEMHHapax, B
4aCTHOCTH, MeKAyHapoaHbIX: «HHOBaus» (byxapa, 2000; Tamxkent, 2001, 2008,
2009); «®@yHnaMeHTalIbHbIE UM NPUKIAaHbIE Bonpockl Gu3zuku» (Tamkent, 2004-
2010); «Bo30o0HOBIsIEMblE HMCTOUYHMKUA OJHEPTHUM U TEIMOMATEPUAIOBEICHUE
(Tawkent, 2005); «CoBpeMEHHOE COCTOSIHUE€ U TEpPCIEKTUBBI  Pa3BUTHUSA
sHepretukn» (Tamkent, 2006); «AnbTepHAaTHBHAs SHEPreTHKa M MPOOJIEMBI
sHeprobesonacHocTn» (bumkek, 2008); «TexHudyeckue HayKu: MPOOJIEMBl H
nepcriekTuBb» (CankT—IleTepOypr, 2011); «Texauueckue Hayku: B Poccun u 3a
pyoexxom» (MockBa, 2011); «DneproobecrnieueHue u dHeprocOepeKeHue B
cenbckoM  xo3siictBe» (MockBa, 2012); «DnHeprocOeperaroniue TEXHOJIOTHH.
[TpoGaemsr ux s>¢gdexkruBHOrO Hcnoias3oBanus» (Boarorpan, 2013); International
Scientific and Practical Conference «Science and Society» (London, 2014).

Ony0JMKOBAHHOCTH pPe3yJbTaTOB McciaeaoBanus. [lo teme nuccepranun
onmy0OJIMKOBaHO 66 Hay4HBIX pabOT, B TOM 4yHucie 3 MoHOrpaduu, 27 KypHaIbHbBIX
crared, W3 HUX 13 - B HMHOCTPAaHHBIX XXYpHAJIaX W IIOJIYYEHO 3 DaTEHTa Ha
nzooperenne PecyOnuku Y30ekucTaH.

Crpykrypa M 00bem auccepraumum. /lucceprauusi COCTOUT W3 BBEICHUS,
AT TJ1aB, 3aKJIIOYCHMS, CIIUCKA JINTEPATyphl, 16 mpuiiokeHud u comepkut 197
CTpaHUIl TeKCTa, BKiIto4YaeT 51 pucyHok u 19 tabnuir.

OCHOBHOE COJEPKAHUE TUCCEPTALIMU

Bo BBegeHmum 00OCHOBaHa aKTyaJbHOCTb M BOCTPEOOBAHHOCTh TEMBI
JccepTanu, copMyJIUPOBaHbl 1I€JIb U 33/1a4H, BBISBICHBI OOBEKT U MPEAMET
UCCIICIOBAHUsI, OIIPENEICHO COOTBETCTBUE HMCCIEIOBAHMUS  NPUOPUTETHBIM
HAMpaBJICHUSAM Pa3BUTHS HaykKdu © TexHojorud PecmyOnuku VY30ekucraH,
U3JI0)KEHbl HayyHas HOBU3HA U NPAKTUYECKUE PE3YyJIbTAaThl HCCIEIOBaHUS,
000CHOBaHa JIOCTOBEPHOCTh MOJYYEHHBIX PE3YJIbTAaTOB, PACKPBITHI TEOPETUUECKAS
U MpaKTHUYeCKas 3HAYMMOCTh IOJYYEHHBIX pE3YyJIbTaTOB, INPUBEJIEH IEpEeYEHb
BHEJIPEHHUM B INPAKTUKY PE3YJbTATOB MCCIENOBAHUS, MPEACTABICHBI PE3YJIbTATHI
anpobanuu padoThl, CBEJAEHUS IO ONYOJMKOBAHHBIM paboTaM M CTPYKType
JTUCCEPTALHH.
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B nmepBoii rimaBe «AHAJN3 COBPEMEHHBIX CHCTEM TeIJIOXJIaA0CHADKEHUS
IJI0100BOIEXPAHWIHI TTPOBEICH aHAIU3 COBPEMEHHOIO COCTOSIHUSI CHCTEM
TEIJIOXJIaIOCHA0KEHUSI  TIJIOJIOOBOIIEXPAHWINI C  XOJIOAWIBHON  Kamepoi,
COIOCTABJIEHBl MX JHEPre€TUYECKUE W TEXHUKO-DKOHOMHYECKUE MOKAa3aTed U
MEPCIEeKTUBHBIE CIOCOOBI JHEProcOEpEeKeHUss B IUIOJOOBOIIEXPAHUIIUIIAX C
MCTIOJIb30BAHUEM HETPATUIMOHHBIX UCTOUHUKOB SHEPTUU.

Pesynbrarsl aHajus3a BBINTOJTHEHHBIX HUCCIe0BaHUN o
TEIJIOXJIaIOCHA0KEHHUIO OBOIIEXPAHIIIMINA C XOJIOIUIbHONW KaMepo#, KaK B HaIlICH
Pecnybnuke, Tak u 3a pyOeKoM MOKa3bIBAIOT, YTO OOJBITMHCTBO HAYyYHBIX PabOT
MOCBAIIEHBI MCCICNOBAHUIO TEIUIOBIAKHOCTHBIX PEKUMOB XPAHEHUS MHILEBBIX
MPOJYKTOB W TEIUIOTEXHUYECKOMY pacyeTy MHKPOKIUMATA OXJIaXKIAEMbIX
MOMEIICHUNW. AHaJIM3 TPOBEICHHBIX HCCICAOBAHUM IOKa3ala, 4YTO OJHOW U3
MPUYUH BBICOKUX MOTEPh XPAaHUMBIX IJI0A00BOIIHBIX TPoaykToB (ITOII) ciyxut
HEJIOCTaTOYHAas W3y4YEHHOCTD MPOLIECCOB TEILIO-U MaccoooMeHa B
mwiogooBomexpanuaumax.  Cnegyer  OTMETHTh, 4YTO B BBINOJHEHHBIX
HCCIIEIOBAHUSIX HEJOCTATOYHO HM3YUYEHHBIMHU SBJISIOTCA BOIPOCHI TOBBIIICHUA
SHEeprodPGEeKTUBHOCTH CHUCTEM TEIUIOXJIAJOCHAOKEHHUS OBOIICXPAHWIUIL C
UCIIOJb30BaHUEM HETPAJAUIIMOHHBIX HCTOUYHMKOB »sHeprun (HWD) Ha ocHoOBe
IIyOOKOTO HMCCIIEIOBAaHUSI TEIIOMAacCCOOOMEHHBIX IIPOIIECCOB B XOJOAMJIBHBIX
KaMepax XpaHEeHUs IIJI0J0B U OBOILEH.

Ha ocHOBaHMM TIPOBEAEHHOTO HAYYHOr'O aHAJIM3a, C YYETOM TEHICHIMU K
pacUIMpEeHHUI0 YPOBHS  HCCJICAOBAaHUM B  0O0JacCTH  DHEProcOCPEeKCHUS C
HCIIOJIb30BAaHUEM HUD B cucTeMax TEIUIOXJIaJ0CHA0KEHN
TJI0/IOOBOIIEXPAHIIIHIL  CDOPMYIIUPOBAHBI 1I€JIb W 33J]aud  JUCCEPTAIMOHHON
paboTHI.

Bo Bropoii rmase «Temnopusnyeckne XapakKTepuCTUKH IL10400BOIIHBIX
NMPOAYKTOB MNPH XPAaHEHUH B OXJAXKIAEMbIX ILI0J00BOIIEXPAHUINIIAX
IPUBEIACHBI PE3YIbTaThl UCCIAEAOBaHUS Teruiodu3ndeckux xapakrepuctuk (TDX)
TJI0JIO0BOIIHBIX MPOJIYKTOB, KaK (PAKTOPHI, BIUSIONIME HA TEIJIOMAacCOOOMEHHbIE
MpOIIECChl W YCYIIKY MPOAYKTOB TMpU OXJaXACHUU. TermioMaccooOMEHHbIE
MPOIECChl B IUIOJOOBOIIEXPAHUIUINAX, TEIJIO0OOMEH MEXIY OXJIAKIAIIIUM
BO3JlyXOM M TPOAYKTOM, SHEPrETHUUYECKUU PEXKUM KaMepbl, YCYIIKa IPOAYKTOB
IpU XPAaHECHUH, a TaKXKe pacxol XOJoJa M TeIula IIPU YCTAHOBJICHUU
ONTUMAJILHOTO TEMIIEPaTypHOI'O0 peXMMa B Kamepax 3aBUCUT OoT TDX 0OBEKTOB
XpaHeHus (IJI00B U OBOILEH).

B OGonbmmucTBe cnydaeB TOX nuieBbIX MPOAYKTOB, T.€. TEIUIOEMKOCTb,
TEIJIONPOBOHOCTh, M TEMIIEPaTypOIPOBOIHOCTE (C, A, a) MPU HCCISTOBAHUIX
NPUHUMAIOTCS M3 CIPABOYHMKOB KakK TaONMYHBIC JaHHBIC, OIpEJICIICHHbBIC
pa3IMYHBIMU aBTOpaMH — HcciaenoBarensiMu. OJHAKO STH JaHHBIE HE Bcerja
XOPOILIO COTJIACYIOTCS, JJIi HEKOTOPBIX MPOAYKTOB OTCYTCTBYIOT JOCTOBEPHBIE
nanabeie 0 TOX. [TosTomy B paboTe, mpekae YeM HCCIIeI0OBATh TEIIOMACCOOOMEH
U TEIUIOBJIAXKHOCTHBIM PEXUM B XpaHWIUIAX, ObUIa TOCTaBlieHa IEIb —
JKCIIEPUMEHTAIBHO UCCIIEN0BATh, YTOYHUTh U KOHKPETU3UPOBaTh TP X XpaHUMBIX
MPOAYKTOB U TOJYUYHUTh JOCTOBEPHBIE PE3YIbTATHI.
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OKCIIEpUMEHTAIBHO OINpPEAEIEHbl JWHAMUKA HW3MEHEHHs TEIUIOEMKOCTH
KapToenss KaJOpUMETPUUYECKUM METOJIOM, a TEeIUIONPOBOAHOCTh - METOAOM
HUJIMHIPUYECKOTO 30HJA B 3aBUCHUMOCTH OT COJEpkKaHUA B NPOAYKIUU CYyXHX
BEILIECTB U U3MEHEHUS TEMIIEPATYpPhl. Pe3ybTaThl SKCIEPUMEHTOB MIPUBEICHBI HA
puc.l u 2.

C 610 A
3900 [—

3800 [—
3700 [— 1

3600 (— /
3500 — /
3400 |— //<3

3300 —

3200 |— 1-15% CB
2-25% CB
3100 |— 3-35% CB

N N N N N A
30 35 40 45 50 55 60 65 70 t°C

Puc.1. I'padux usmeHeHus yaeJbHOH TEMJI0EMKOCTH KapTodesi B 3aBUCUMOCTH OT

conep:kanus cyxux Bemiects (CB) u Temneparypsbl.
Br

A, (wK) A
09—
0,8
0.7

(=037
0.6
0.5
0.4
0.3
02
[

A S S O
05 10 15 20 25 30 35 40 45 50 55 60 65 70

~W

1,

Puc.2. I'padpuk usmMeHeHHs TENJIOMPOBOAHOCTH KapTo(desisi B 3aBUCHMOCTH OT
conep:kanus cyxux Bemects (CB) u Temneparypsbl.

Jlnst uccieoBaHus SHEPreTHUECKOro pekMMa M dHeprodanaHca XpaHWIIUII
Takxke onpeneseHbl TAX OTAENbHBIX IUIOJOOBOUIHBIX IPOAYKTOB (MOPKOBB,
s0JI0KU ¥ JIMMOHBI). AHAJIN3 TIOJIYYSHHBIX JAHHBIX MTOKA3bIBAET, YTO KOIPDUIIUCHT
TEIJIONPOBOJHOCTA M TEMIIEPATypONPOBOJHOCTH  KapTodens 3aBUCUT  OT
TEMIIEpaTypbl BO3[yXa KaMe€pbl U COAECPKAHUS B MPOJYKIMHA CyXUX BELIECTB.
[Tonyyennsle T@X mioa0B M OBOLIEH MO3BOJWIN MOJYYUTh PEATBHYIH) MOJIEIIb
TEIJI0 — W MaccooOMeHa B ImTa0ese OBOIIEH B MPOIECCE OXJIKICHUS TPHU
€CTECTBEHHOM U BBIHYKJICHHOW KOHBEKIIUU.

Tperpss raaBa «MoaeanpoBanue MW pacyeT TeIJIOMAaCCOOOMEHHbBIX
MPOLECCOB B ILUIOAO0OBOIUHBIX XOJOJAWIBHBIX KaMepax, HCHOJIb3YIIIHX
HETPAAUIMOHHbIE MCTOYHMKH JHEPruM» TOCBIIICHA MOACIUPOBAHUIO U
UCCJIEIOBAHUIO  TPOLIECCOB TEIJIO — M MaccooOMeHa  TPH OXJIAKIECHUU
XOJIONWJIBHBIX KaMep M NPOIYKTOB B YCIIOBUSIX E€CTECTBEHHOW U BBIHYXICHHOU
KOHBEKLIMM, PACCMOTPEHbI BOMNPOCHI BIUSHUS WHTEHCUBHOCTH COJIHEYHOIO
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U3JIyYEHUS Ha YCYUIKY MPOAYKTOB B KIIMMaTUYeCKuX ycnoBusix KamkagapbruHckon
oOnacTu.

OKCHepUMEHTAIBHO UCCIIEI0BaHbl MPOLECChl KOHBEKTUBHOI'O TEIJIO00MEHA,
IPOUCXOJISIINE B ONBITHOM XOJOJUIBHOW Kamepe MpU OXJIAKIECHUU KapTodens B
YCIIOBUAX BBIHYXKJICHHOM M €CTECTBEHHOM KoHBekuuu. Ilo pesynpraram
UCCJIEIOBAHUSI OXJIAXKJECHUS OTIBITHOTO IITA0EIs ¢ TEIUIOOTAAIOICH MOBEPXHOCTHIO
F=1,92 M’ npM akTMBHOM BEHTHJIMPOBAaHUM M HAa OCHOBAHHM METONA TEOPUH
nojo0usi U pa3MepHOCTE, 000OIIEHNEM OIBITHBIX JaHHBIX C MCHOJb30BaHUEM
METOJa HAaMMEHBIIMX KBaJpaTOB YCTAHOBJICHA CIEAYIOIIAas KpUTEpHalbHAas
3aBUCUMOCTB:

Nu = 0,027 Re”*® , ipu 180 < Re <1800. (1)

[TomryueHo KpuTepHAIbHOE YpaBHEHHUE, OIHUCHIBAIOIIEE TEIUIOOOMEH IMpH
cBOOOHOM JIBI)KEHUHU BO3/yXa B XOJIOAWIBHOM Kamepe:

Nu,, =0,02(Gr-Pr)™, npu 3510°<(Gr,Pr),< 35,410% (2)

AHanu3 TIPOBEJCHHBIX HCCIEJOBAaHUN TIOKa3bIBaeT, 4YTO KOd(DUIMEHT
TEIJIOOTJA4Yd C TMOBEPXHOCTU KapTodenss B YCIOBUAX CBOOOJHOW KOHBEKIIMH B
OCHOBHOM 3aBHCHUT OT TEMIIEPATYPHOTO HAOpa MEXIY MOBEPXHOCTHIO MPOAYKTA U
OMBIBAIOLIUM BO3yXOM, OT '€OMETPUUYECKHX Pa3MEpPOB MPOAYKTAa M MOPUCTOCTH
(CKBaXXHCTOCTH) TOBEPXHOCTH KapTodenbHOH Hacemu. B paccmaTpuBaemMoM
ciy4yae Kod()(PUIMEHT TEIIOOTAa4YMu C MOBEPXHOCTH KapTO(ENbHON HACHIU MIpU
cBOOOHOM KOHBEKIIMU U3MEHSETCS B Ipeesiax

a =2,2—17,92 Br/(m*K),
a TPU BBIHYXJECHHONW KOHBEKIIMU KOI(POUIIMEHT TEIUIOOTAAuYd OT MOBEPXHOCTH
MPOJIYKTOB

a=4,4 — 22,0 Br/(m*-K).

TemnooOMeHHbIE MPOLECCHI, TPOUCXOIAIINE B MTAOENAX IJI0I0B U OBOIIEH
CONIPOBOKJIAOTCS MPOIIECCaMM MEepeHoca Macchl Biard. g onpexaeneHus
3HaueHW KodpduimeHTa MaccooOMeHa JKCIEPUMEHTHI MPOBOJUIUCH TPHU
OXJIQXKJICHUH OTIBITHOTO ITadenst KapTodesss eCTECTBEHHBIM XOJIOAHBIM BO3TyXOM
¢ temneparypoi t;=0°C. ITapameTpsl mogaBaeMoro Bo3ayxa U3MEHSIIM B IIpeesiax
9acTO BCTPEUAIOIIUXCS B MPOU3BOJACTBEHHBIX ycnoBHsX (ckopocts 0,1+2,5 m/c;
OTHOCUTENbHASA BIAXHOCTh Bo3ayxa 8090 9%). Kpurepuit Pr, =055 , Kak

m

MOKa3ajau JKCIIEPUMEHTHI, B Tipejenax u3meHenus temmepatypbl 0+15 °C  Pry
SIBJISICTCSI IOCTOSIHHOM BEJIMUMHOM.

Pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIISIOBAHUN MPUBEEHBI Ha PHC. 3.

Ha ocHoBe puc.3. u 00paO0OTKH ONBITHBIX JAHHBIX METOJAOM TCOPHUH MOI00MS
MoJIy4eHa cleayrollas KpuTepruaibHas 3aBUCHUMOCTD:

Num=0,0238 Re®”, mpu Re=3,65-10%+9,12-10°. 3)

AHanmM3 DKCIEPUMEHTAIBHBIX JaHHBIX TIOKa3bIBae€T, 4YTO KOAPHUIIMECHT
MaccooOMEHa OT TMOBEPXHOCTH TMPOAYKTa TMPU OXJAKIACHUU BO3IAYXOM
CYIIECTBEHHO 3aBHCHUT OT CKOPOCTH MOTOKa BO3ayxa. B cllyyae mocTossHHOU
OTHOCHUTEIBHOM BIIAXXHOCTH IIPU POCTE CKOPOCTH noAaBaeMoro Bosayxa ot 0,1+2,0
M/c KO3 PUIIMEHT MaccooOMEHa yBEIMUMUBAETCS MPUMEPHO B 23,6 pas.
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lg Nu

25 26 27 28 2% 30 31 32 33 34 35 36 3T 38 39 40
lg Re

Puc. 3. 3aBucumocts Nu,=f(Re)

B nuccepranuonHoi paboTe IpeasiokeHa MareMaTHdecKas MoJeib
IPOLECCOB TEIJIOMAacCOOOMEHa B XOJIOAWJIBHOM Kamepe IMpH OXJIAXIACHUU
IPOAYKTOB €CTECTBEHHBIM XOJIOOM.

Huddepenunanbabie  ypaBHEHHs, CBS3aHHbIE C TEIUIONPOBOAHOCTHIO |
TEIUIOMAacCOOOMEHOM, OBLIM pEelIeHbl YHCICHHO, ¢ MpUMEHEeHueM Merona Pynre-
KyTTa. Uncnennsie pemieHus 3aJaqyd OXJIAXACHHUS MPOAYKTa MPOBOIWINCH MpPU
CIEIYIOIINX JTOMYIIEHHSIX:

— Tero(U3nYECKre XapakTepucTuku (A, cp, P, a) IPOIYKTOB (SI0JIOK) mpH
TEeMIIepaTypax BHIIIE KPUOCKOMUYECKUX TTOCTOSHHBI;

— MpeHeOpeKeHnEe KOHTAKTHON TEIUIONPOBOJAHOCTHIO OTAEIBHBIX 3JEMEHTOB
cIiosi;

— mnonabl  (S0JI0OKM 3WMHUX COPTOB) pPAcCMAaTPUBAIOTCA Kak IIapbl C
HKBUBAJICHTHBIM JTUAMETPOM;

— paccmaTpuBaeTcs He JCHCTBUTENbHAs TMOBEPXHOCTh TMPOIYKTOB, a
s pekTUBHASI MOBEPXHOCTh TEIUIO — M MACCOIEpeHoca.

TeruiooOMeH B ciioe MJIOJOB M OBOIIEH HEOOXOJMMO paccMaTpuBaTh B
COBOKYITHOCTH C TEMIIEPaTypHBIM pPEKUMOM OTACITBHBIX D3JEMEHTOB CBIPHS,
KOTOPBIN SIBJIACTCS HECTAIMOHAPHBIM. Temmeparypa Bo3IyXa, MPOXOISIIETo Yepe3
CJION TUIOJIOB M OBOIICH, M3MEHSETCS] KaKk B MPOCTPAHCTBE, TaK M BO BPEMCHH.
[TosTomy pemieHue 3amaun OyAeT BKIIOYATH JBAa B3aMMOCBSI3aHHBIX BBIPAKCHUS
TEMIEPATypHOTO TMOJsI, MEPBOE - JUIsl 3JIEMEHTOB MPOAYKTa, a BTOpOE - MAJis
OXJIAKJAIOIIET0 BO3/1yXa.

[Ipu paHee NUPHUHATHIX JOMYIICHHUSIX OMNpEIEICHUE MPOJAOIIKUTEIHHOCTU
OXJXICHUS W TEMIIepaTypbl TOBEPXHOCTH IUIOJAOB M oOBowIeH (s0M0K U
kapTodenst) cBoaurcs K pemieHu0  auddepeHINaNbHOTO  ypaBHEHUs
TEIUIONPOBOAHOCTH IIapa:

41



2

o {a%@d+zgﬂad] 4

ot or’ r or
di=c, -0t )
a-—* 6)
c, P
rae i— yaenbHas sHTanbmms, J[x/kr. C yaerom (5) u (6) momryqnm:
2
G‘t(r,r) . 0 t(rz,r)_i_g' at(r,r) : 7
ot or r or
IrpaHUYHbIC YCIOBUS TPETHETO POJa MOYKHO 3alUCaTh B CIEAYIOIIEM BUJIC:
=0, t(r,0) = ., (8)
ali(r.r)-r,]= 2 27) )
r

rae a — Kod3(QUIMEHT TEMIIEPATYPOIPOBOJHOCTH NPOAYKTa, M%/C; ¢, — M300apHas
TEIUIOEMKOCTh TIpoaykra, JIk/(kr'K); p — IIOTHOCTH MPOLyKTa, Kr/m>; t°

CpelHss HadallbHas TeMIleparypa Mpoaykra, :. =25 °C; t (r,t) — Temmeparypa

OpOAyKTa 3aBUCALIas OT BpeMeHH (t) U paguyca (r); T — Bpems, CeK; £, —

TeMIiepaTypa npuTouHoro Bo3ayxa =0 °C; o — KOd(DPHUIMEHT TETUIO0TAaYu OT
IIOBEPXHOCTH IPOAYKTa K Bo3aAyXy, Br/(M*K).

[Ipu ™MomenupoBaHWM TMPOIECCOB TEINIO — W MaccooOMeHa B Kamepe
OXJIQXKICHHUSI sIOJTOK U KapToQesi ObUTH MPUHSATHI CIICTYIONTUE TOMYIIICHHS:

- XOJOIWJIbHAS KaMepa pacCMaTPHUBAETCS KaK OOBEKT C COCPENOTOUYCHHBIMU
napameTpamMu;

- CyMMapHbI€ TEIUTONPHUTOKH B KaMepe TTOCTOSHHBI;

- Tero(U3nIecKrue mapaMeTpbl OXJIAKIAIOIIETO BO3IyXa B KaMepe, a TaKxKe
KO3 PUIIMEHTHI TEII0 — U MaccooOMEHa B TEYEHHE PACUETHOIO BpPEeMEHH AT
OCTArOTCS TOCTOSTHHBIMU.

[Ipy TpUHATBHIX AOMYIICHUSX H3MEHEHHSI TEMIEPATyphl U OTHOCUTEIbHOU
BJIQKHOCTH BO3JIyXa B XPAHWIWIINE TETUIOBON M BIIAXKHOCTHBIA OaJlaHC Kamepbl
OTHCHIBAIOTCS CeayomuMu qudpepeHnanTbHBIMU yPaBHCHUSMU:

dt
Ce 'pe .VKCLM ( d; j = Qosp +an +Qﬂx + Qe +Qo + Qakc’ (10)
ps : VKaM [%J = Wnp + Wozp + Wya’ (1 1)

rie Viaw —00bEM KaMephl, M>; Py IUIOTHOCTh BO3AyXa, KI/M>; Cs —TEIIOEMKOCTb
Bo3nyxa JIx/(kr-°C); Qup —TEMJIOMPUTOK OT OXJIAKJIAEMbIX MPOIAYKTOB K BO3IYXY,
BT; Qorp —Temonputoku uyepe3 orpaxkiaeHus, BT; Qs —TemioBol MOTOK
NOCTYHAIOMIUA C HAPYXHBIM BEHTWISILMOHHBIM BO31yxoM, BT; Qux —remora
OTBOAMMASA OT MPOJYKTa U3iIydyeHueMm, Bt; Q,—Temnora ApilxaHus OpoayKToB, BT;

Qsxc —OKCIUTyaTallMOHHbBIE TEILIONPUTOKH, BT, W, — moreps Biaaru IpomyKLUEH,
KI/C; W,, — BJarompuTOK 4Yepe3 OrpakAeHMs, KI/C; W, — BIArONPHTOK C

YBIAKHCHHBIM ITPUTOYHBIM BCHTUJIINWMOHHBIM BO31YXOM, Kr/c.
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PacueTtHas cxema TEIUIOBIaKHOCTHOTO OajaHca XpaHWJIUINA NMPUBEICHA Ha
puc. 4.

Q | BBITS)XKHASI BEHTUJIALWA |
tx ton

L
2
-

3
[

LS S, N N N, N, N N N N
| I N A N A N N

[ PHTONHAS BEHTIIGIOA | | ~
i

Q,
l-TipoyKT; 2—Hapy>KHOE Orpak/IeHUEe KaMepbl; 3—TPUTOUYHAS] BEHTUIISIUS;
4—BBITSKHAS] BEHTUJISIUSL.
Puc. 4. PacueTHasi cxeMa TeIJIOBJIAKHOCTHOTO 0ajiaHCca KaMepbl NPH AKTHBHOM
BEHTHUJIMPOBAHMH € HCII0Jb30BAHHEM eCTeCTBEHHOI0 X0JI0/1a.

CoBMecTHOE  YHUCJIEHHOE pelleHue AupepeHuanbHOr0  ypaBHEHUS
TeronpoBoAHocTH (7) U nuddepeHanbHbIX ypaBHEHUH, ONHUCHIBAIOIIMX
TEIJIOBOM M BJIAXHOCTHBIA OanmaHc kamepsl oxiaxnaenus (10) u (11) mo3Bossier

ONpEACIUTh B3aUMOCBSI3b MEXAY KOHCTPYKTUBHBIMH W TEXHOJOTHYECKUMHU
napaMeTpamMu M MX U3MEHEHHUSMH BO BpPEMEHH (TEMIEpaTypodl M BIAXKHOCTHIO
BO3/yXa B KaMepe, CpPEeIHEUHTETPAIbHON TEeMIIEpaTypol MPOIyKTa U BEIUYUHOU
YCYIIKH).

Pe3ynbpTaThl YNCIEHHOTO SKCIIEPUMEHTA MPEICTABIEHBI HAa pUC. 5 — 6.

a — U3MEHEHHUE TEMIIEPATyPbl IPOIYKTA;
0 — U3MEHEeHHNe TeMIIepaTypbl BHYTPUIITA0EIBHOTO BO3AyXa.
Puc. 5. TemneparypHblil pe;kuM B mTadesie 100K NPH OXJIAKIEHUN eCTeCTBEHHbBIM
X0JI0I0M B YCJIOBHUSIX AKTUBHOI BEeHTHJISIIIUM.

AHanu3 pe3yJbTaTOB YHUCIEHHOTO 3KCIEPUMEHTa U YCJIOBHH OXJIaXKICHHS
€CTECTBEHHBIM  XOJIOJJOM TIOKa3blBaeT, UTO HauOoibliee BIUSHUE Ha
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IIPOJOJKUTEIBHOCTD MPOLECCA OKA3bIBAIOT TEMIEPATYPa, BIAXKHOCTb U CKOPOCTH
JOBIWKEHUSA  OXxJaxzaaromero Bo3gyxa. C  DNOHMKEHHEM TeMIepaTrypbl H
MOBBIIEHUEM CKOPOCTH JIBHKEHHUS BO3AyXa IMPOLECC OXJIAKICHHS YCKOPSETCH,
OJIHAKO IIPH 3TOM MOKET YBEJIIMYUTHCS YCYILIKa IPOIYKTA.

12

Fo=0.25
10

= ; Fo=0.50

24 Fo=0.98

Fo=2.95, 4.43, 591
Fo=1.97

- T y T y T y T y T T T
0,0 05 10 15 2.0 25 3,0

Y. m

Puc. 6. U3sMeHeHHne TeMIepaTypbl NOBEPXHOCTH NMPOXYKTA B 3aBUCUMOCTH OT BbICOTHI
TadeJ s ¥ NPOJOKUTETbHOCTH OXJIAKICHUS.

[TpuBoasATCS pe3yiabTaThl HCCIENOBAaHUS IPOLECCOB TEMJIOOOMEHa B
OFPaXJCHUHM XPAHWIMIL C YYETOM HMHTEHCUBHOCTH COJIHEUYHOM paJlalyiy.
HccnenoBaHo BIMSHUE HWHTEHCUBHOCTH COJHEYHOI'O M3JIYyYEHHsS Ha YCYLIKY
IPOIYKTOB B IIJI0JIOOBOILEXPAHUITULIE.

Pe3ynpTaThl HCCIEAOBaHUI IOKA3bIBAIOT, YTO MAaKCHMAJIbHBIE TEILJIOBBIE
NOTOKH, MPOXOJSALIME Yepe3 OorpaxaeHue (KpoBiM) NOJ JEHCTBUEM pPa3HOCTH
TEMIIEPATYP OKpPYIKAIOWIEH Cpeasl M BHyTpUMKamMepHoro Bosayxa (9 Br/m?) u
BBI3BAHHBIE COJHEYHOM pamuanmeil (8,25 Br/mM?) mo HampasieHHIO K mTabenro,
COOTBETCTBYIOT IOKa3aTelsiM Ha HIOHb — HIOAb. Jl0oJis TemaoBOro moToka,
MPOXOJIAIIETO Yepe3 Orpak/IeHue, BBI3BAHHOIO JIEUCTBUEM COJIHEUHOUN pajraliu B
oceHHul nepuojs (okTsA0pb), cocraBisieT 60 %. CHMKEHUE CTENEHU YEPHOTHI C
NPUMEHEHUEM DKpaHa MEXIY OTpaXKICHUEM U MPOAYKIIMEH TMO3BOJIIET CHU3UTH
WHTEHCUBHOCTh JIYYUCTOTIO TEIUIONPUTOKA K Mpoaykrty B 2,8 — 3,0 pasa mo
CPaBHEHUIO C OIUTYKAaTYpEeHHOW ITOBEPXHOCTBIO OrPaXKIAEHUS, YTO JAET
BO3MOXHOCTbh YMEHBIINTH SJHEPTE€TUUECKHUE PACXO/Ibl HA OXJIAKJECHUE KaMEpHI.

Takum  00pa3oM, MOJy4YEHHbIE  pe3yJbTaThl MOpPU  HUCCIEAOBAHUHU
TEIJIOMACCOOOMEHHBIX  MPOLECCOB B  XOJOAWIBHBIX  KaMmepax, SBISIIOTCA
TEOPETUYECKOH OCHOBOM Ui  pa3paboTKu  SHEProdp(EeKTUBHBIX  CHCTEM
TEIJI0XJ1a10CHA0KEHUS TI10JO0BOLIEXPAHUITUII.
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B  d4erBeproii T1iaBe «Pa3paboTrka M HCCIeJOBAHHE  CHCTEM
TeMJI0XJIAJ0CHAOKEHU S IJI0100BOIEXPAHHMJIUII c HCI0JIb30BAHUEM
HETPAAUIUOHHBIX HCTOYHHUKOB JHEPrum» MIPUBECHBI pe3ybTaThl
HCCJICIOBAHUS pazpaboTaHHOU CHUCTEMBI TEINIOXJIAJOCHAOKEHUS
IJIOIOOBOUIEXPAHWINIL C HUCHOib30BaHueM HHWD m TemnoTexHW4YecKui pacyer
TEIJIOBJIAXXHOCTHOTO OajlaHca XOJOJAWJIBHOM KaMepbl € Y4Ye€TOM JHHAMHUKH
TETUIOTPUTOKOB.

C 1menpr0 TIOBBIIEHUS SHEpreTudeckorl 3¢ @dEKTUBHOCTH pa3paboTaHa
NPUHIUNHAIBHAS CXeMa CUCTEM TeIUIOXJIaJIOCHA0KEHHMS T1JI000BOIIECXPAaHUIIHUII] C
THY u crioco0b! yTHIIM3alUK TEIJIOTHl BEHTUIISIIMOHHBIX BRIOPOCOB M <JIBIXAHUS
IPOJYKTOB IS TIIOJYyYCHHS TOpsdeld BOJbI B aKKyMYJISITOpDHOM Oake, co
BCTPOCHHBIM KOHJIEHCATOPOM XOJIOAWILHOU MalIlIMHBI. HccnenoBano
HKCHEPUMEHTAIILHOE YTIYOJICHHOE IUIOJ0O0BOIIEXPAHUIIUIIE CO CTPOUTEIbHBIM
00beMoM V=180 M* (XK-180) (puc.7).

HapyxHblit

BO3/IYX

1 — Onmox yBIaXHEHMS BO3MyXa; 2 — TEpenuB; 3 — BEHTWIATOp; 4 — 3aaBUXKKa; 5 —
dopcyHKH; 6 — Topsidas Boja; 7 — 6ak akkymyJsaTop; 8 — moanutka; 9 — kouaencarop THY; 10 —
komnpeccop THY; 11 — ucnapurens THY; 12 — perynupyrommii BeHtuns THY; 13 — mutocknit
COJIHEYHBIN KOJUIEKTOp; 14 — pacxoaHoi 0ak XOJOAHOHM BOIBI, 15 — MOIUIABKOBBIA PEryisiTop
ypoBHs BoAbI; 16 — BBITsSKHOU KaHam; 17 — mmbep; 18 — xonmonunbHas kamepa; 19 — sxpan [1B/];
20 — kpoBiM Kamepsl; 21 — Bo3aylIHAas npocioiika; 22 —Bo3ayxoBox kamepsl; 23 — J19C; 24 —
NUPOJIU3HAs YCTaHOBKA; 25 — mtadenb IPOoayKTOB.

Puc. 7. IlppHIMNIHAJBHAS CXeMAa CHCTEM TEII0XJIAA0CHAOKeHU s
IKCNEPUMEHTAJBHOIO YIJ1y0JeHHOro mJjoaoosomexpanuauma c THY.

Cucrema TerioxmiagocHadxenust xonoamibHon kamepsl XK — 180 coctout
n3 THY, nuponu3HOM yCTaHOBKH, CHCTEM YBIIA)KHEHUS BO3yXa W BEHTUIALNH.
[TpennoxxenHast cucrema pabOTaeT Ha JIBYX peXUMax, T.€. B PEKUME OXJIAKICHUS
Y OTOIUIEHUS B 3aBUCUMOCTH OT HMPHUPOJHO—KIMMATHUYECKUX YCIOBUN MECTHOCTH.
B pexume oxnaxnenus ucnapurenb THY 11 orOupaer Temnory w3 Kamepsbl U
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OXJIAXKAE€T BHYTPEHHUH BO31yX KaMephl. 3aT€M XOJOAWIBHBIM areHT CKUMAETCSI B
kommpeccope 10 m meperpereiii map mnocrymaeT B KoHAeHcaTtop 9. Temnora
KOHJICHCAIlMM XOJIOJUJIBHOTO areHTa B KOHAEHCATOpE HarpeBaeT BOAYy B Oak —
akkymyJisatope 7. IlomydyeHHas mnonporperas BoJa B KOHACHCATOPHOM  Yy3IIE
TEIJIOBOr0 Hacoca (OPCYHKAMH pa3OphI3TMBACTCS AJI YBIAKHEHHS] PUTOYHOTO
Bo3ayxa. Ilocne KoHAEHCAUMM KUAKUM XOJOAWIBHBI areHT TMOCTYIAeT B
perynupytomuii BeHTUIb 12 u 3atem B ucnaputens THY 11. Mcnonb3oBanue
HU3KOMOTEHIUAILHON TETIOThl BEHTWISIIMOHHBIX BHIOPOCOB M TEIUIOTHI JbIXaHUS
MPOAYKTOB JIJIsl IOJOTPEBA BOABI NTO3BOJISIET CAKOHOMHTH IIEPBUYHYIO SHEPTHUIO 110
CPaBHEHMIO C IIAPOBBIM YBJIIA)KHEHUEM IIPUTOYHOrO BO3Ayxa. Ha kpslmre kamepsl
YCTaHOBJIEHBI IUIOCKHE COJIHEYHBIE KOJUIEKTOpPBI 13, KOTOpBIE IO3BOJSIOT
JIOTIOJTHUTEIBHO MOJYUYUTh TOPSUYIO BOAY JJII TEXHOJIOTMUYECKHUX U OBITOBBIX HYX]I
Xpanwiuma. B pexnme oxnaxaeHus 3aIBWKKa 4 HAXOOUTCA B 3aKPBITOM
noyioxkeHuu. Ilpu HEoOXOIMMOCTHM BEHTHJIMPOBAHUS KaMepbl €CTECTBEHHBIM
XO0JIONOM HOYHOTO BO3[yXa BKIIOYAETCA CHCTEMA AKTMBHOM BEHTWIILMU. B
peXUMe OTOIUIEHUs KaMepbl XOJIOAWIBHBIM areHT B THY nupkyinupyercs B
IIPOTMBOIOJIO)KHOM HAIlpaBJI€HUHU, Npu I3ToM wucnapurens THY B kamepe
BBINOJIHAECT (YHKUMHU KOHAEHCaTopa, a KOHAEHcAaTop B 0ake — aKKyMyJsiTope
ucrapurens. B aToM pexuMe 3a1BHKKa 4 UIMEET OTKPBITOE MOJIOKEHUE, U Topsyas
BOJIa OT COJIHEYHBIX KOJUIEKTOPOB IMOCTYMAaeT B 0aKk — aKKyMYJIATOP, TEM CaMbIM
NOJIEPKUBAs MOBBIIIEHUE TEMIIEPATYPHOTO YPOBHS HU3KONOTEHIIUATBHON CPEBI.
KomOuHMpOBaHHBIN c1IOCOO MCIIONIB30BAHMSI COTHEUHBIX KOJJIEKTOPOB, TEIJIOBOIO
HAacoCa M IMPOJIM3HOM YCTAHOBKM B PEXUME OTOIUICHHUS Kamepbl II03BOJISET
MOBBICUTH SHEPTETHUECKYIO 3P (HEKTUBHOCTH CUCTEMBI.

YCTaHOBIIEHO 4YTO, YyJelbHAsd DJKCIUIyaTallMOHHAs JHEPro€MKOCTb IIpU
XpaHeHuu s0JOK B3MMHHUX COPTOB cocTaBisieT B 0a3oBoit kamepe 3079,8
kBT'4ac/ToHH, a B TIpeMIOKEHHOW XONOAUIbHOM Kamepe — 2358 kBT-uac/TOHH.
[Ipu >TOM PKOHOMUSI IHEPTHUH 11O CPAaBHEHUIO ¢ 0a30BOM Kamepoil cocraBmia 23,4
%. Takum obpazom, sHepreTudeckuit 3pdext gocturaer 721,8 kB1-yac/ToHH uu
88,7 Kr. y. T/T.

Jns BbsiBiIeHUs 3(PQPEKTUBHOCTU CUCTEM TeruloxianocHadxenus ¢ THY
NPOU3BEACH TEIJIOTEXHUYECKUA pacyeT XpaHWInmia. TemnoTeXHUYECKUun
pacueTr OCHOBBIBAETCS Ha COCTABJIICHUU TEIUIOBOTO W BIAXXHOCTHOTO OanaHca
XpaHWINIIA, T.K. XPAHUJIUILE MOKHO PACCMOTPETh KaK €IMHOE YHEPTreTUYECKOE
1eJloe W pemarb BCE  3aJayd, CBA3aHHBIE C  TEIUIOTEXHUYECKUM
IIPOEKTUPOBAHUEM 3JaHUM TAKOT'O THIIA.

Ha puc. 8 mnpuBeneHsl pe3ylbTaThl HCCIEJOBaHUS TEIIOBOro OanaHca
ONBITHOT'O  YIAyOJEHHOr0 IUIOJOOBOILEXPAHUJIUINA C Y4YETOM JUHAMUKHU
U3MEHEHHS TEIUIONPUTOKOB B 3aBUCHMOCTH OT HapaMeTpPOB HAPYKHOTO
BO31yXa.
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MECALTEI
1 — cymMapHble TEMJIONPUTOKH; 2 — TEIUIONPUTOKHU YEPE3 OrpaxaeHUs; 3 — TEIJIONPUTOK
OT TIPOAYKTOB MpPU «JbIXaHUW»; 4 — HM3MEHEHHE TeMIlepaTypbl Hapy»HOro BO31yXa; 5 —
U3MEHEHUE OTHOCUTENIbHON BJIAXKHOCTH HApPY)KHOTO BO31yXa; 6 — HM3MEHEHHE CyMMapHOMU
COJIHEYHOU pajfaluy.
Puc. 8. lnunaMmuka u3MeHeHHs TeIVIONPUTOKOB B ePUO/J XpaHeHHs 100K B
X0JIOINJIbHOM KaMepe B KIIMMaTH4YecKuXx ycjaousx r. Kapmm.

PacueTHO—3KCIIEpUMEHTAIBHBIM  IyTEM  ONPEAENIEHbl IOTEPU  BJAru
OpOAYKUMEH B TIEpUOJ] XpaHEHUs SO0JOK 3HUMHUX COPTOB, PE3YJbTaThl
IpeJICTaBJICHBI HA puUC. 9.

1 T T T T T T I
1 Rl # | Il Il MeCcALB!

|+1+2 c:-—3|

l-nan3emMHoe xpanmnuile; 2—yriayonerHoe xpanunume XK — 180 ¢ THY; 3-
AKCIIEPUMEHTAJIbHBIE 3HAYEHHUS.
Puc.9. ConocraB/jieHue NoTepy BJaru Npoaykuuei (10/10K) B XpaHUJINIIAX.

Pe3ynbTaThl NMPOBEAEHHBIX HCCIEIOBAaHUM MPU XpaHEHUU SOJIOK 3UMHHUX
COPTOB M aHaJW3 TEIUIOBJIAXXHOCTHBIX PEXHUMOB CPAaBHUBAEMBIX XPAHUJIUIIL
MOKAa3bIBAIOT, YTO B MPEIJI0KEHHOM YTIyOJIEHHOM XPAaHUJIUILE MOTEPU BJaru
OpOAyKIIMEeW B mepuoj XpaHeHus (OKTSIOphr — Mapt) coctaBisitoT — 11%, B
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HaJ3eMHOM xpanwiuie — 16,2 %, a B tunoBom Xxpanunuime 20 — 30 %.
MuHuManpHasi OTHOCUTENbHAA MECSIYHAsl yCylIKa IpoayKTa (s0JI0K) COCTaBIIsIET
1,5 — 2,0 % B ssuBape. Takum oOpaszom, B npeinoxeHHoN kamepe notepu [1OI1
cHMkarTces B 1,8-2,72 pa3a no cpaBHEHHIO C TUIIOBOM KaMEPOM.

O6ocHoBaHa  3¢G(}EKTUBHOCTh  WCMOJIB30BAaHHUS  HHU3KOMOTEHIIMATBHOMN
COPOCHOM TeIIOThl BEHTUJISIIMOHHBIX BbIOpocoB ¢ THY. Ilpemyoxkennas cucrema
TEIJIOXJIaIOCHA0KEHUST  OTJIMYAETCS HAJIUYUEM BO3MOXKHOCTU  OXJIAXKICHUS
KamMepbl M OJHOBPEMEHHOIO HarpeBa BOJbl A TEXHOJOTHUYECKUX HYXI,
YBJIQXHEHHUS  IPUTOYHOrO  BO3[AyXda, a TakKe  yTUIM3AlMU  TEILIOTHI
BEHTWISILIMOHHBIX BBIOPOCOB W TEIJIOTHI «ABIXaHWUS» MPOAYKTOB B Oake —
aKKyMyJsiTope. B pexxume oxiaxkaeHHUs KaMepbl eMKOCTbIO 24 T f0JI0K 3UMHUX
COpPTOB B IPUPOJHO—KIMMATHYECKUX YCIOBHUAX I. Kapmm TeruioBas Harpyska Ha
ucrmapurens THY cocraBimser 25 kBt, omHoBpemenno 31,9 kBt Ttemna or
KOHJIEHCAaTOpa HCIIOJIb3yeTCsl g HarpeBa Boabl oT 18 nmo 60 °C B Oake —
aKKyMYJISITOpE.

IIo pesynpraram HCCIEAOBAaHUM U  pPACYETOB  YCTAHOBIEHO, 4TO
TEIJIOHACOCHAs YTUJIM3ALMS TEIJIOThl BEHTWISILIMOHHBIX BBHIOPOCOB IO3BOJISET
MOJIHOCThIO OOecreurBaTh MOTPEOHOCTH TOpsYe BOJLI It  OBITOBBIX U
TEXHOJIOTUYECKUX HYyXJ oBouexpanwmuiia. Ilpm 3ToM pacxom BoAsl Ha
YBIIAKHEHUE BO3/yxa yMeHbiuaercs B 1,3 — 1,5 paza. Mcnonb3zoBanue Qx =31,9
kBT cOpacesiBaemoro Temia ajsi MOJOTPEBa BOABI B KOHJAEHCATOPE IO3BOJISET
COKOHOMHTH 32 YacC 6 =4 k2 YCIOBHOIO TOIUIMBA. KOJIMYECTBO MOAOTPETON BOBI 32
CyTKM cOcTaBUT — 15,6 M?, a ’KOHOMHSA YCIOBHOrO TormBa - 96 kr. Takum
o0Opa3oMm, B MEPHOJ XpaHEHHUS 3a CYET OJHOBPEMEHHOTO HAarpeBa BOJbI B Oake —
AKKyMYJISITOpE C YTWIM3alUMeld TEeIUIOThl BEHTHIALIMOHHBIX BBIOPOCOB MOYKHO
COKOHOMHMTH 17,28 T ycnoBHOTrO TOmmBa, win 14068 M> npupoaHoro rasa.

B maroir rnaBe «Pa3pabdorka 3IHeproddgdexkTMBHON  CHCTEMBbI
«OBOLIEXPAHWJIMILE - TeJHOTEIUIMIA» € MCHOJb30BAHMEM HeTPaJIMLIMOHHBIX
HCTOYHHUKOB JHEPrud M BTOPHUYHBIX 3JHEPropecypcoB» IIPOBEIACH aHaIU3
HepreTudeckor 3G HEKTUBHOCTH  NPEIJIOKEHHOW COBMEUICHHOM  CHCTEMbI
«OBOLLEXPAaHWJIMIIE — TEJIHUOTEIUIMLA» C Hcnojib3oBaHneM HUMD u BTOpUYHBIX
sHepropecypcoB. Ha puc.10. npuBeaeHa nmpuHUMNMAIbHAS CXEMAa COBMELICHHOMN
3HEeprod(pHeKTUBHON CUCTEMBI «OBOIIEXPAHMUIIHILE — FEJINOTEILTULA.

HceneqoBano II0400BOLIEXPAHUIMIIE CO CTPOMTENBHBIM 00beMOoM 180 M,
BMECTUMOCTbIO 24 T Ui XpaHeHUs $0JOK 3UMHHX COPTOB M TeJHOTEIUIMLA
none3noi miomansio 200 M2, CoBMeCTHas OKCIUTyaTalds OBOIIEXPAHWIMIL M
TeJIMOTEIUINL] T03BOJIAET OJHOBPEMEHHO HCIIOJIb30BaTh COJIHEUHYIO 3HEPTHIO,
TEIJIOTY BEHTUISILMOHHBIX BBIOPOCOB M OTXOAHOIO TEIJIA XOJOAUIBHON KaMephl, a
TaK)K€ YTUIM3ALUIO YXOSUIUX ra30B OT TPAJIULIMOHHBIX UCTOUHUKOB SHEPTUU.

st OLICHKHU JHEpreTuyeckon  3dPexTuBHOCTU UCIIOJIb30BaHUs
OBOILEXPAHWINIIA COBMECTHO C TEJIMOTEIUIMIION COCTaBJIEH TEIJIOBOWM OanaHC U
ONPENEIICHbl OCHOBHBIE DHEPIETHUUYECKUE XAPAKTEPUCTUKU CHCTEMBI. TEIIoBYIO
MOIIHOCTh CHUCTEMBI OTOIUIEHUS TEIUIMLIBI CIEAYET ONPENEHATh B PE3YJIbTATE
pelieHus  ypaBHEHUM  TEIJIOBOro OajllaHca €  Y4eTOM  IPOUCXOJAIIETO
TEIIOMacCOOOMEHA Ha IOBEPXHOCTHU MOYBBI, OTPaXKICHUI U PACTCHU.
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[IpakTM4eCKH MOIIHOCTH CUCTEMBI OTOIUICHMS TEIUIMLBI ONPEACISIETCA 10
YPaBHEHHIO

Qom = Qoep + er + Qund) s (12)
rae @, — TEIUIONOTEPU YEepe3 Hapy>KHbIC OIPAKICHUS — CTEHBl M IOKPBITHSA
(ckathl); Q,,~TEIUIONOTEPU YEPE3 TPYHT, PACCYUTAHHBIE [0 M3BECTHOMY CIIOCOOY C
pa3eNeHHEM €ro IUIOMAAM Ha 30HbI (OPUEHTHPOBOYHO O, COCTaBIAIOT 0KOIIO 0,2
0,., ); 0,., — TEI103aTpaThl HA HAarpEBaHUE MHOUIBTPYIOMIErocsl BO31yXa.

I/ISBCCTHO, 4TO TCINIOBBLIC IMMOTCPU I'CJIMOTCILIMIBLI 3aBUCAT OT KOBCP(I)I/IL[I/ICHTB,
OTpaXKaACHUA, KOTOpBIﬁ BBIYUCIIAIN 110 COOTHOIIECHUIO
Kaap :Fozp /F;t o (13)

rae F,, —oOlasi CBETONpO3padHasl MOBEPXHOCTh OTpaXACHHs; F, —MHBEHTapHas

o2p
(moJsie3Hast) MJIOIIA/lb FeIUOTEIUIUIBI.

[IpumMeHuB yIPOIIEHHBIN CIOCOO pacyeTa TEIUIOBOro OajaHca TEeITUILBI,
npeHeOperas BIUSHUEM TEIUIOBBIX IMOTOKOB Ye€pe3 3allMIIEHHBIN TPYHT, MOKHO
ONPEICNIUTh TEIIOBYIO MOIIIHOCTh CUCTEMbI OTOTLICHHUS

O =00y +0, =0, =KF, (¢, =1, )K, K .y =0, (14)
WIIH

Qom = Qm.n _ana (15)

Tac Qom— TEIUIOBAsE MOINHOCTh CHUCTEMBI OTOIUICHUA, O — IIOTCPH TCILIA YCPC3

oep

orpaxkaenue, ¢, —TOTEPU TEIIA BCIEACTBUE BO31yX000MeHa, (, —TIPUTOK

COJIHEYHOM paJualuy BHYTPb TEIUIML] 32 OTONUTEIbHBIN nepuos, K—koadduunent
terionepenaun  orpaxacHus, Kuyy=FopK/Fu, Kip—mpuBenennsiii xoddduirent
TEIUIONEpEeaul OTpPaXKJIEHHUs;  tz—pacueTHas Temueparypa BO3JyXa BHYTpPHU
temwuubl, 17,2 °C; ty—cpegHecyTouHas TemmepaTypa HapyKHOrO BO3AyXa 3a
OTaIIMBAEMBIN epUO.L (HO0pB—MapT), 4,6°C; Kunp—k0o3¢d puninent
uHbuIbTpauu pasueni 1,1...1,2.

[IpuTOK COMHEYHON paavanyy BHYTPHU TEILIUL 3 OTONUTEIbHBIA IIEPHOL;

an :qnadKnponaan-’ (16)
rae, ¢,, — CPEAHECYTOYHOE 3HAYCHUE MAJAIOLIEH 3a OTONUTEIbHBIA IEPUOJ
CYMMapHO#l COJIHEYHOM paauanuu; o, — KOI(PPUUUEHT ITydenoraouieHus

n

MOBEPXHOCTH JIUCTHEB PACTEHUU W TOYBHI, K,  — KOI(PQPUIUEHT MPOIYyCKaHUs

npon
COJIHEYHOM paJHALMU CBETONPO3PAYHOIO OTPaXKACHUS TEIUIMLBL, F — IUIOIIAIb
10JIa TETUIMIIBL; 7 — MPOJOJIKUTEIIBHOCTh OTOIUTEIBHOIO MEPUOJIA.

Ecmu Q,,<0Q,,, TOrna npu sCHOM moroje He TpeOyeTcs MONMONHHMTENbHbIN

000rpeB TEIUIMIIBI C MPUMECHEHHUEM TPATUIIMOHHBIX CHUCTEM OToIuieHus. Ecmu
0,,>0, , Torma TpeOyercs JOIOIHMTENbHBIA 00OrpeB  TEIUIMLBLL  C

UCIIOJIb30BAaHUEM OPTaHUYECKOTO TOIUINBA B KOTEJIBHOM.
B namewm ciydae KodhGuUUEHT orpaxiaeHus K, =176, cpeaHee 3HaYECHHE

koadduienTa  Teronepegaud  CBETONpo3payHoro  orpaxiaenus  K=6,5
Br/(m*-°C); K, 6 =062, a,=08.

npon
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1-TUT0T00BOIIEXPAHUITUIIE; 2—I1ITa0eIb MPOIYKIMH; 3—HUCIIapUTENIh TEIJIOBOTO Hacoca; 4—
TEIUIOBOM Hacoc; S—koMmpeccop; 6—TpyOka XJiajoareHTa; 7—KOHJeHcaTop; 8—0aKk—aKKyMyJIsTOP
Tera; 9-korenpHas ycTaHoBKa; 10—cBeTompo3pauHoe mOkpbeiTHE; |1-TerumooOmMenHuk; 12—
OTOIIUTENIBHOE YCTPOWUCTBO; |3—CconHeuHas Temmua; 14-TemnoakKkyMyaupyromui KaHai, 15—
HEHTPOOEKHBIN Hacoc; 16—TpyOONpPOBOABI CUCTEM OTOIUICHHS; | 7-Ta30BOW BEHTHIISATOP.

Puc. 10. llpynunnuaJbHasi cxeMa COBMelleHHOH IHepro3(ppeKTUBHO cHCTeMbl
«OBOLIEXPAHWIHIIE—TEeJTHOTEIINLA».

IIpr COBMECTHOM HCIIOJIB30BAaHUM OBOILUEXPAHUIIUINA U TEIUOTCIUIMIBI B
HOYHOE BpeMsl TEIUIOTa BEHTWISIIMOHHBIX BBIOPOCOB XOJOJWJIBHON KaMmephl, a
TaK)Ke ropsyas BOJia, MOJy4YeHHas B 0aKk — aKKyMyJATOpE 3a CYET TEIUIOThI
KOHJCHCALlMM XJIaJ0areHTa TeIUIOBOIO Hacoca M 00orpeBa  yXOASIIUMU
OPOAYKTaMHU CTOpaHHsA TOIUIMBA, obOecreynBaeT TpeOyemblid TeMIepaTypHbIN

PCKUM B TCIHMOTCILIMIC. Torz[a MOIIIHOCTb OTONUTEJILHON CHUCTEMBEI JJIs
TEIUTMYHON YaCTU COOPYKEHUs orpeensiercs no Gopmynie:
Qom = Qm.n - Qee - Qze 2 (17)

rae O, —TeII0BOM NOTOK BEHTHIISIIIMOHHBIX BRIOPOCOB XOJIOAMIBHOM KaMephl,
0., —TeII0Bas MOIIHOCTb I'OPsiY€ BOABL, IOIYyUYECHHAs TP YTUIA3ALUU TEILIA

YXOISAUIUX Ia30B.
Ce30HHBIM pacxoja TOIUIMBAa (IPUPOJHOrO rasza) Ha OTOIUIEHUE TEIUIULIb
noJsie3Hoi mromaaso 200 M? onpenensm 1o GopMyle:

B=1150 /0"y , (18)
rae 1,15 — ko3@duuuenT, yuynThIBalOKMi MOTEpU TeIjia B TPyOONpoOBOAAX; T —
IIPOJIOJKUTEIBHOCTD OTONUTENBHOrO nepuoja miusa r. Kapmm paBHas 132 cyTok;
Q! — pabouas HuU3LIas TEIIOTa CropaHus Torwuea (mpuponaHoit ra3 llypranckoro

MeCTOpOKIeHus) paBHa 8626 Kkan/am®, N-kod>hPUUMEHT MOIE3HOIO AEHCTBUS
KoteipHOU 0,8.

B cootBerctBUM ¢ hopmynoit (18) pacxos raza B OTONMMUTENBHBIN IEPUOT TIPU
HOYHOM peXHMe cocTtaBun 15563,08 M°, cnemoBaTensHo, I IOAAEPKAHMS

HOPMAJILHOM TEMIIEPATyPbl BHYTPHU TEILIUIBI HYKHO 117,9 M3/cyTku.
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PesynbTaThl pacdeToB sHepreTmdeckoi 3()PEKTUBHOCTH TIOKA3ald, YTO B
MPEJIOKEHHOW CHUCTEME T0JIoBasi SKOHOMUSI IHEPTMM Ha OTOIUICHHE TEeIUIUIIbI
cocrapusger 5904,1 M mpupomHoro rasa wiam 7,26 TOHH YCJIOBHOTO TOILIMBA
(T.y.T.). PesynbpTarhl pacueTa pacxojOB TOIUIMBA HA OTOIUICHHE TEIUOTEILIUIIbI
npuBeAeHbI B Ta0. 1.

B pexume oxnaxkaeHus XOJOAUIBHON KaMepbl EMKOCTbIO 24 TOHHBI SI0JIOK
3UMHHUX COPTOB B ycJioBUAX T. Kapumm, npu yTunn3auuu TEIUIOThl KOHAEHCALUH
xynagoarenta 31,9 kBT Temnna, MOKHO MOTYy4YUTh ropsiuyio BoAy Temieparypou 60
°C n pacxoaoMm Ge= 0,18 xr/cex. B Termmoobmennuke 11 Boja JOMOIHUTEIBHO
narpesaerca Ha At =30 °C, wucnome3ys Temnory yxomsmux rasos. Ilpu sTom
pacxon razoB cocraBiuser (Gr=0,29 kr/cek. Pe3ynabTaThl IpPOBEIECHHBIX
UCCJIEIOBAHUM TOKA3bIBAIOT, YTO B 3UMHHUX YCJOBHUSX (IekaOpb—(eBpaib) mnpu
sacHoit moroae 30-35 % TennoBOW HArpy3KH TEIUIUIbI MOKPBIBAETCS COJHEYHOMN
sHeprueit, a 37-40 % - 3a c4eT UCMoJIb30BaHUs OTXOIHOI'O TEILA.

Taomuna 1.
Pacxoa TonJiMmBa Ha OTONJIEHHE IeJIHOTENIHIbI
¢ miomaabio 200 > B ycaosusx r. Kapmm
Mecsusl | Pacxon TorumBa Pacxon Pacxop TommmBa Ha | OKOHOMHS
Ha OTOILICHHE TOILIMBA Ha OTOILICHHE TOILJINBA B
TeJIMOTETUINLIBI OTOIUICHHE | FEJIMOTEIUIMIILI IPU | HOYHOM
MIpU SICHOU IFeJIMOTEIINIL]  COBMEIICHHOM pexuMe
norojie (mpu MIPU HOYHOM BAapUAHTE C reJINOTEI-
JTHEBHOM paboTe pexuMe, |oBomexpaHuiauiie (c| Juubl, %
TeTLIULIBI ), M3/mec. yTUIN3AIUEeH
M>/Mec. OTXOJHOTO TEIlJIa U
HCIIOJIb30BAHUE
BOP) m*/mec.
XI 449,12 2099,55 811,15 61
XII 2512,87 3745,14 2578,8 31,1
I 2874,70 4085,61 2919,34 28,5
IT 2027,57 3363,06 2274,55 32,3
II1 344,96 2241,41 1075,14 52
Bcero 3a 8209,22 15563,08 9658.,99 37,9
CE30H

Takum oOpa3oM, COBMEIIEHHBII BApUaHT OBOLUEXPAHUIIUIIE — FEIHOTEIIMIA
C YTWIM3alMeH OTXOAHOTO TeIja MO3BOJIMT COKOHOMHUTH PAacXo]l HHEPruud Ha
OTOIUICHUE TeJINOTEILIMLBI B HOYHOE BpeMs B cperHeM 10 25-38 %.
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3akiroueHue

Jlst JaabHEUIIEero MOBBIIECHUS 9HEProdHEKTUBHOCTHU CUCTEM
TEIJIOXJIaIOCHA0KEHUS, SKOHOMUHU YHEPrOpPECypCcoB MPU UIUTEIBHOM XPaHCHUU
[IOIl u oOecrieyeHuss HAJEKHOTO XpaHEHUS] C HAUMEHBIIUMU MOTEPSIMHU
HEO0OXO0IMMO COBEPILICHCTBOBAHUE CYIIIECTBYIOIIUX CUCTEM TEILJIOXJIAJOCHAOKEHUS
IJI0JIOOBOITHBIX XOJIOJIUIIBHBIX KaMmep, BEHTWISALMM W YBJIQKHEHHUS BO3JyXa B
XpaHWININAX, a TaK)Ke CO3JJaHUE DHEPro- U pecypcocOeperarommux TEXHOJIOTHH C
ucrnoiab3opanuem HUD, KOTOpbIe 0a3WpyIOTCSs Ha OCHOBE TIIyOOKOIo
WCCIIEJIOBAHUsI JHEprodayiaHca XpaHWIWIA W TIPOILIECCOB TEIIOMAacCOOOMEHa,
MPOUCXOIAIIUX B MACCE MPOJAYKIIMU U B IJIOJOOBOIIHBIX XOJIOAWIbHBIX KaMepax.

Pa3zpaboTana TEIUIOHACOCHAs cucrema TEIJI0XJIaI0CHA0KEHUS
IJIOJOOBOIIEXPAHUIIMILL € ucCHojb3oBaHueM HUWD, ¢ yruwimzamuend TemioThl
JBIXaHUSI MPOAYKTOB M BEHTHJISIIIUOHHBIX BHIOPOCOB, MO3BOJISIONIAS] COKOHOMHUTD
HSHEPreTUYECKUE U BOJIHBIE PECYPCHI JJIA MOAJIEPHKAHUS TEIJIO — U BIA)KHOCTHOTO
pekrMa B iogooBexpanmniax. O0ocHOBaHa 3HepreTuyeckas 3pPexKTUBHOCTD
COBMEIIICHHOM  TEPMOJAMHAMUYECKOM  CHUCTEMBl  «ILJIOJ0OBOIIEXPAHWIHIIIEC-
TeIMOTETUINIAY, 4TO MO3BOJISIET peanu3oBaTh MPOCKTUPOBAHUE
sHeprocOeperalwmmux CUCTEM DSHEProCHAOKEHUS IUJIOJAOOBOIIEXPAHUIHUI KakK
OMO’HEPreTUYECKOro KOMILUIeKca /TSl BhipammuBanus u xpanenus [1OI1.

OcCHOBHBIC PE3yJIbTATHl JAUCCEPTAIMOHHON PaOOThI, MOCBSIICHHON PEIICHUIO
OJTHOM W3 BaXXHBIX M aKTyaJbHBIX MPOOJIEM MOBBIIIEHUS dHEProdPHEeKTUBHOCTH
CUCTEM TEIUIOXJIaIOCHAOKEHUSI TI0I00BOIIEXPAHIIIHILL , COCTOSIT B CIEAYIOIIEM:

1. Ha ocHOBe TIpOBEAEHHOIO aHajau3a COBPEMEHHOIO COCTOSHUS
SKOHOMHH 3HEPrOpPECYpPCOB B IUIOJOOBOIIEXPAHWINIIAX U XOJOAWIbHUKAX, KaK B
Hamieil PecriyOnuke, Tak U 3a pyOeKoM, yCTaHOBJICHO, YTO B HACTOSAIIEE BpeMs
poOIeMbl dHEpProcOepekeHUsT B OOJIBIIMHCTBE CIIy4acB PEIIaroTCs 0e3 HaydHO-
000CHOBAaHHOTO WCCJIEIOBaHMs DJHEprodajaHca OXJIAXKIAEMBIX TOMEIICHUNA W
MPOIIECCOB TEIUIO-H MAacCOOOMEHa B XOJIOIUIBHBIX KaMepax, a TAK)KE OTCYTCTBYIOT
HEOOXOJIMMbIE MCXOJIHbIE U HAy4YHbIE PEKOMEHIAIMU, KOTOPHIE MO3BOJISUIH OBI C
JIOCTATOYHOU i1 WMHXXEHEPHBIX PaCUETOB TOYHOCTHIO JaTh KOJWYECTBEHHBIHN
MPOTHO3 Pa3BUTUSI DHEPreTUYECKUX TMPOIECCOB B IUIOAOOBOIIECXPaHUIUIIAX.
Bomnpocam MOBBIIIICHUS AHEPIreTUYCCKOU 3 peKTUBHOCTH CUCTEM
TeIJIOXJIaIOCHA0KEHUs OBOIIEXPAHIIINIL C UcTioab3oBanneM HUD no Hacrosiero
BPEMEHH HE YJIeJICHO JOJDKHOTO BHUMAHMSL.

2. DKCIepUMEHTaIbHO HcclenoBanbl  ocHOBHbie TDX (4, ¢, a)
kapropenss u IIOIl, koTopble BIMSIOT Ha CKOPOCTh MPOTEKAaHUs IpoLecca
OXJIQXKJIEHUSI, WHTCHCUBHOCTb TEIJIOMACCOOOMEHHBIX TMPOIECCOB U  YCYIIKY
NPOAYKIUH, a TAKXKE JUHAMUKY WX M3MEHEHHS B 3aBUCUMOCTH OT COJCP>KaHUS B
OpoaAyKIuu  cyxux  BemiecTB.  [lomydeHbl  SMIOUPUYECKUE  BBIPAKEHMS,
OTUCHIBAIOIINE HW3MEHEHUE TEIUIONMPOBOJHOCTH KapTodesss B 3aBUCUMOCTH OT
COJICp>KaHMS B MMPOAYKIIMU CYXUX BEIIECTB U U3MCHEHUS TEMIIEPATYPHI.

3. [Tonyuenbl  KpuTepualbHbIE  ypaBHEGHHS Uil OMNpeJecHUs
kod(punmenTa  TEIIOOTAAYM  MPU  OXJAKISHUHM  ONBITHOTO  ITabens
BBIHYKJIEHHBIM IIOTOKOM Bo3ayxa — Nu = 0,027 Re’”® u nna onpenenenus
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TEII000MEeHa MEXK]Iy OKPY>KalOIUM BO3JIyXOM M TEIJIOOT/IAIOIIEH MOBEPXHOCTHIO
mwTabens B YCIOBUAX CBOOOmHOM kKoHBekumu — Nu = 0,02:(GrPr)’’. Ilo
pe3yJibTaTaM 3KCIIEPUMEHTOB M OOpaOOTKH OMBITHBIX J@HHBIX METOJIOM TEOPHUH
noAoOusi mojydyeHa OO0OOIEHHAas KpUTepualdbHAs 3aBUCUMOCTH, IO3BOJISIIOIIAS
onpenenutb KodhUIMEHT MaccooOMEHa OT TOBEPXHOCTH NPOJAYKTa MpH
OXJIQXKIEHUH BO3YXOM:

Nun=0,0238 Re *%, mpu Re=3,65-10*:9,12-10°.

AHanmu3 OSKCHEPUMEHTAIBHBIX JIaHHBIX [OKa3bIBaeT, 4TO KOA(DPUIIMEHT
MaccooOMEHa OT TIOBEPXHOCTHM MPOAYKTAa TNPHU  OXJIAKIECHUU  BO3IyXOM
CYIIECTBEHHO 3aBHCHUT OT CKOPOCTH MOTOKa BO3ayxa. B cilyyae mOCTOSSHHOMU
OTHOCUTEIBHOM BIAXKHOCTHU MPU POCTE CKOPOCTH NoaaBaemMoro Bosayxa ot 0,1+2,0
M/c kKodhuIIEeHT MaccoOOMEHa YBEIIMUMBAETCS MPUMEPHO B 23,6 pas.

4. Pa3paGorana u mnpenokeHa MaTeMaTHyecKass MOJIENb IPOLIECCOB
TEIJIOMAacCcOOOMEHa B XOJOJAWJIBHOM Kamepe TMpU OXJAXKICHUU IPOIYKTOB
€CTECTBEHHBIM  XOJIOJIOM, [O3BOJISIIOIIAS ~ ONPEJEIUTh B3aUMOCBS3b  MEXKIY
KOHCTPYKTUBHBIMU W TEXHOJOTMYECKUMH IMapaMeTpaMu XOJOJWJIBHOU KaMephl.
AHalIU3 yCJIOBUU OXJIQXKJEHUSI E€CTECTBEHHBIM XOJIOAOM TIOKa3bIBaeT, dYTO
HauOOJbIIEE BIUSAHUE HA MPOAOHKUTEIBHOCTh MPOLECCa OKA3bIBAET TEMIIEPATYPa,
BJIQXHOCTb M CKOPOCTh JBWIKEHHUS OXJaxjawliero Bosayxa. C MOHMKeHHEM
TEeMIIepaTyphl U MOBBIIIEHUEM CKOPOCTH JIBHXKEHHS BO3/1yXa MPOLIECC OXJIAXKICHUS
YCKOPSIETCSI, OJJTHAKO TIPU 3TOM MOKET YBEIMUYUTHCS YCYIIKA TPOTYKTA.

5. Pa3paborana maremaruyeckass MOJENb MPOIECCOB TEIUIOOOMEHa B
OTPAXIEHUHU XPAHWIUIL C YYETOM WHTEHCUBHOCTH COJHEYHOM paJualui.
HccnenoBaHo BIMSIHUE TEILUIONPUTOKA 4Yepe3 OrpakJeHUE Ha HWHTEHCUBHOCTD
YCYIIKA MPOAYKTOB. Pe3ysbTarbl pacyeToB IMOKA3bIBAIOT, YTO MaKCHMAaJbHbIE
TEIUIOBbIE TOTOKH, MPOXOJSLIME Yepe3 OrpaxkJeHue (KpOBJIM) MOJ JACHCTBUEM
Pa3HOCTH TEMIEpaTyp OKpYKaroled cpeabl W BHYTpUKaMepHoro Bosayxa (9
B1/M?) ¥ BBI3BaHHBIE COJHEYHOM paauanmeil (8,25 B1/M?) 1m0 HampaBIeHUIO K
mTadento, COOTBETCTBYIOT IOKAa3aTelssM Ha HIOHb — HioJb. [long TemnoBoro
MOTOKA, MPOXOJSIIETO 4Yepe3 OrpakICHHUE, BBI3BAHHOTO JIEUCTBUEM COJIHEUHOU
paguanuy B OCEHHHMU mepuoji (OKTsA0ps), coctaBisieT 60 %. YCTaHOBIEHO, YTO
yCYIlIKa XPaHUMBIX MPOJYKTOB M3MEHAETCI C HW3MEHEHHEM MHTEHCUBHOCTH
TEIJIONPUTOKOB Yepe3 Orpak/IeHUE KaMepPbl, €0 MaKCUMaJIbHOE 3HAUYEHUE TOXOIUT
10 1,0 % (B Mrone) mpu CyMMapHOM Temtonpuroke 17,25 Br/m? ¢ yueToM BIusHMs
COJIHEYHOM paJIuallvy.

6. [IpennoxkeH cHoco0 CHUXKEHUS JYYUCTOTO TEIIOOOMEHA MEXIY
MOBEPXHOCTBIO OTPAXKICHUS U MPOIYKLIHEN C MPUMEHEHUEM SKpaHa MEXIy HUMH.
VYcTraHoBKa 3KpaHa U3 OIMHKOBAHHOTO JIUCTA CO CTENEHBIO YEPHOTHI € = 0,2 MeXKIy
BHYTPEHHHUM OTPaXJCHUEM M MPOJYKTOM IpU MPUBEACHHON CTENEHU UYEPHOTHI

CHCTEMBI «OIpaXKAeHUE — MPOAYKT» &2 =0,18 MO3BOJISET CHU3UTH MHTEHCUBHOCTD

JYYUCTOTO TEIUIONPUTOKA K MNpoAykTty B 2,8 — 3,0 pa3a Mo CpaBHEHHUIO C
OIITYKaTypPEHHOU MOBEPXHOCTBIO OTPAXKICHUS.
7. [IpennokeHa  TEIUIOHACOCHAs  CHCTEMa  TEIIOXJIAJOCHAOXKEHUS

OBOLIEXpPAaHWINI ¢ ucnoiap3oBanueM HUD, yrtunmszanuen TeIIOTHl ObIXaHUS
NPOAYKTOB W  BEHTWISAIMOHHBIX  BBIOPOCOB, TMO3BOJSIONMIEH  COKOHOMHUTH
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DHEPTEeTUYECKUE W BOJHBIC PECYPCHI I MOJACPKAHUS TEIUIO — M BIAKHOCTHOTO
peXrMa B XOJIOAWIBHONW KaMmepe. Y CTAaHOBJICHO, YTO YyJIeIbHAs IKCILTyaTallHOHHAS
SHEPro€MKOCTh cocTaBiisieT B 0a3zoBoi kamepe 3079,8 kBt-uac/ToHH, a B
npeayoxkeHHon kamepe 2358 kBt-uac/TonH. Ilpm 3TOM 3KOHOMHSI SHEPrUH IO
cpaBHEHMIO ¢ 0a30BoM Kamepou coctaBmwia 23,4 % wiu 88,7 Kr.y.T/T.

8. HccnenoBan TEMIOBIAKHOCTHBIN 0ajlaHC OMBITHOTO YIIyOJIEHHOTO
IUIOZOOBOLIEXPAHUIMINA CO CTPOMTENbHBIM oObeMoMm 180 M® ¢ yuerom
JTUHAMUKM H3MEHEHHUS TEIUIONPUTOKOB B 3aBUCMMOCTH OT IapamMeTpoB
HapyKHOTO BO3/yXa. AHAJIU30M TEIUIOBIAXKHOCTHBIX PEXKHUMOB CPaBHHUBAEMbBIX
XPaHUJIUI YCTAaHOBJEHO, YTO B TMPEIJ0KEHHOM YTIIyOJICHHOM XpaHHJIHIIE

NOTEepU BJIATM NOPOAYKIMEW B TMEpuoJ XpaHeHus cocrtaBiuaor — 11%, B
Ha/a3eMHOM XpaHunuiie — 16,2 %, a B TunoBoM xpanumnuiie 20 — 30 %.
9. [lo pe3synbpraTam MCCIENOBaHMNM M pPACYETOB YCTAaHOBJIEHO, 4YTO

TEIUIOHACOCHAsA YTWIM3alUs TEIUIOThl BEHTUJISIUMOHHBIX BBIOPOCOB IIO3BOJISIET
NOJIHOCTBIO 0OecrneurnBaTh IOTPEOHOCTH TOpsiue BOABI Uil  OBITOBBIX H
TEXHOJIOTUYECKUX HYXKJ OBOUIEXPAHUJIUII W B IMEPUOJEC XPAHEHUS 3a CYET
OJIHOBPEMEHHOTI'0 HarpeBa Bo/ibl B 0aKe — aKKyMYJIATOPE MOKHO COKOHOMUTH 17,28
T yCJIOBHOTO TormuBa win 14068 M> npupoaHoro rasa.

10. BnepBbie Ha OCHOBE NPOBENEHHBIX MCCIEAOBAaHUN MPEJI0KEHA
COBMEILICHHAs! TEPMOJMHAMHUYECKAs CHCTEMA «OBOLIEXPAHWIINILE—TEIUOTEIINIAY
M HayyHo oOOCHOBaHa »JHepreTuyeckas dAPPEKTUBHOCTb  MPUMEHEHHUS
XOJIOJWJIBHOTO LIMKJIA JUIsl OJHOBPEMEHHOT'O OTOIUIEHUS U OXJIAXKIECHUS KOMILIEKCA.

11. Pe3ynbTaThl POBEAECHHBIX UCCIEIOBAHUI MOKA3bIBAIOT, YTO B 3UMHUX
ycioBusix (nexabpb — deBpans) npu sicHoit morozae 30 — 35 % TerioBoi Harpy3Kku
TEIUIMLBl TIOKpBhIBAaETCA CONHEYHOW »sHeprueid, a 37 — 40 % - 3a cuer
UCIIOJIB30BaHUSI OTXOAHOro Teria. COBMEIIEHHBI BApPUAHT OBOLIEXPAHUIMILE —
reJMOTEIUINIA C YTUIU3ALUEH TEIUIOThI «JIbIXaHUsSD OXJIAXKJAeMbIX MPOAYKTOB U
BEHTWISILMOHHBIX BBIOPOCOB M3 XOJIOAWJIBHOM Kamepbl IO3BOJIUT COKOHOMUTH
pacxo]l SHEPrUM Ha OTOIUIEHUE TeIMOTEIUIUIIBI B HOUHOE BpeMs B CpeaHEM J0 25—
38 %.

Takum 00pa3oM, HA OCHOBE TEOPETHYECKOrOo OOOOIIEHUS] U MPAKTUUECKOMN
peanu3alyd U3JI0KEHHBIX B paboTe HOBBIX HAy4HBIX MOJOKEHUM, pellleHa
KpynHasi HaydHasg nmpobOjemMa pa3paboTKH  SHEprod(P@PEeKTUBHBIX  CUCTEM
TEII0XJIaI0CHA0KEHUS TI0A00BOIIeXpaHmInIl, ucnoip3yomux HUD, a Takxke
pa3paboTaHbl HayyHbl€ OCHOBBI COKpAIlEHHS HHEPrOEMKOCTH TEXHOJIOTMYECKUX
npoueccoB xpa"eHus IIOIl m cHMKeHHS MOTEpH NPOAYKTOB, KOTOPBIE HMEIOT
BaKHOE HAPOJHOXO03MCTBEHHOE 3HAUCHHUE.
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Introduction (Annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. Problems of energy
saving by using energy resources acquired special importance because of the
reduction in conventional energy resources and the aggravation of environmental
loads to the environment. Nowadays 20 % of energy is produced from the
alternative energy sources and 30% of fossil fuels is used in the heat-cold supply
systems. That’s why the implementation of a set of actions on solution of energy
saving problems and development of non-traditional renewable energy sources
application are vital.

In the conditions of sharply continental climate almost 49.6 % of total energy
consuming, i.e. 24.5 toe per year is the share of the heat-cold supply systems. The
agricultural sector’s use is 6.8 % of the primary energy. Systems of heat-cold
supply of fruit and vegetable storage facilities are one of the largest consumers of
energy resources in agricultural production. All processes in the fruit and vegetable
storage facilities: pretreatment products before storage, cooling, ventilation,
humidification and long-term cold storage are the energy-intensive processes. The
analysis of energy balance in the fruit vegetable storage facility shows that energy
intensity of premises used is 3000-3500 kWt.h/t, and the energy consumption is up
to 70%. In this regard the reducing of energy intensity of refrigerating chambers
and development of energy-efficient heat-cold supply system of fruit vegetable
storage facilities using nonconventional sources of energy is one of the urgent
problems.

On the basis of this the solution of these problems requires special research
aimed at further improving the energy efficiency of the systems of heat-cold
supply of fruit vegetable storage facilities and energy efficiency in thermal
technological processes using the nonconventional sources of energy.

In this case, the practical realization of these methods to improve energy
efficiency of heat and cold of fruit vegetable storage is faced with the necessity of
solving various problems of unsteady heat and mass transfer in cold rooms with all
the parameters that significantly affect the safety of products and energy
consumption for optimal heat and humidity of the camera mode.Demand for the
thesis is characterized by the fact that the widespread introduction of modern cold
stores and warehouses, reducing the loss of fruit and vegetable products during
storage and reduction of energy intensity of production processes in the fruit
storages, connected with solving important scientific and technical problems to
improve the energy efficiency of heat and cold using nonconventional sources of
energy on the basis of in-depth study of the energy balance of cold rooms and heat
and mass transfer processes occurring in fruit stacks.

This research work serves the implementation of the tasks specified by
Presidential Decree of March 1, 2013 DP-4512 "On measures for further
development of alternative energy sources" and the Resolution of the President of
March 1, 2013 RP-1929 “On establishment of the International institute of solar
energy” which underlines the most important tasks as the development and
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introduction of modern high-performance methods, technologies and installations
of alternative energy sources.

Relevant research priority areas of Science and Technology of the

Thesis was made in accordance with the priority areas of science and
technology: PAR-4: "Development of methods for the use of renewable energy
sources, the development of technologies and devices based on nanotechnology,
photonics and other advanced technologies."

International review of scientific researches on the theme of
dissertation.

Theoretical and practical research to develop new energy-saving
technologies and storage FVP mathematical models of heat and mass transfer
processes and the development of methods to maintain optimum conditions of
hygrothermal fruit cold rooms were carried out by large firms, companies, research
centers, universities and research institutes in foreign countries, such as, Kentucky
university (USA), FranceAgriMer, Aereco SA (France), Shanghai Kingram
Refrigeration.CO (China), Yamagata university (Japan), the International
Academy of Refrigeration (MAX, Russia), Institute Plodoovoschproekt NPC
(National Academy of Sciences of Belarus), Mitsubishi (Japan), Gigroterm LLC
(Russia), Agrofresh (Spain), Eliwell Controls SRL (Italy) and others.

As the results of scientific researches carried out recently in scientific
centres, universities and research and development institutes can be mentioned the
following: developed advanced storage technology of fruit and vegetable products
by improving the cooling systems of refrigeration chambers and equipment (FAO,
UN); refrigeration and heat pump designed air-conditioning system of fruit and
vegetable refrigeration chambers, thermal performance optimization techniques
walling of fruit vegetable storage and energy-saving modes of storage (MAX,
Russia); developed advanced energy-saving technologies "shock freezing" and
storage in the controlled gas environment (Shanghai Kingram Refrigeration.CO,
China); development of new energy-efficient refrigerators to store fruit products
(Agrofresh, Spain); designed cooling system with heat recovery air coolers and
cold stores storage methods FVP into neutral gas environment (Eliwell Controls
SRL, Italy).

Today the priority is carried out research work on the development of energy-
efficient heat and cold of fruit vegetable storage and optimization of processes of
heat and humidity based on the perfection of the system of active ventilation,
humidification of ventilation air, natural cold storage and efficient use of
alternative energy sources.

Degree of study of problem. The analysis of scientific and technical
literature of the last years concerning researches on development of ways of
increase of energy efficiency of systems of heat-cold supply of rooms for storage
of fruit and vegetable products testifies to achievement of considerable theoretical
and practical results in this area.

A large number of the scientific works devoted to problems of energy saving
and energy efficiency increase fruit-vegetable storage with wusing of
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nonconventional sources of energy is published. In all developed countries,
developed and implemented effective systems heat cold supply, storage methods,
optimization and control of processes of heat and humidity, as well as energy-
saving technology for storage of food in refrigerated storages are fruitful. Great
achievements in solving these problems belong to scientists from different
countries, such as: Volkov M.A., Jadan V.Z.,Chizhov G.B., Volkind I.L., Shadiev
S.S., Tikhonov B.S., Khudayberdiev B.H., Magtymov G.M.,Chumak 1.G., Yanyuk
V.A. etc. Researches on development of heat pump systems of heat-cold supply
are conducted by Zakhidov R.A., Avezov R.R., Mukhiddinov D.N., Vardiyashvili
A.B. and other Uzbek scientists.

However the constant increase in production of fruit and vegetable products
and expansion of a circle of problems of reliable storage demands it development
new power - and resource-saving ways and technologies in modern storages.
Success achieved by scientists in the field of studying of heat specifications of
storage of fruit and vegetable products is well-known, but engineering support of
these conditions is still at the insufficient level. At the same time that in literature
features of a heat-mass exchange of fruit and vegetable products with inside
stacking air are insufficiently estimated. Research of the power mode and an
energy balance of fruit vegetable storehouse taking into account change of external
factors of external air is considered necessary; low-studied are issues of increase of
power efficiency of heat-cold supply systems of fruit-vegetable storage facilities
with using nonconventional sources of energy. The investigation is not sufficient
by the energy regime and thermal power performance of combined systems
"Growers-solar greenhouses" using the heat pump unit. Due to the above-noted
there is a need for further research and development of scientific and engineering
bases of increase of power efficiency of heat-cold supply systems of fruit-
vegetable storage facilities with using nonconventional sources of energy.

Communication dissertation topic with the other plans of scientific
research institution of higher education and research institution, which made
the thesis, is reflected in the following projects carried out in the framework of the
state scientific and technical programs of the Republic of Uzbekistan: A-12-135-
"Development and research of heat and cold vegetable storage systems using
alternative energy sources" (2006-2008.); A-13-031- "Energy for growing and
storing vegetables in helio processing facility using alternative and renewable
sources of energy" (2009-2011); RT-ID / 11-4-3- "Production of a mobile unit for
the storage of fruits and vegetables with their own energy balance" (2011-2012)
and ITD-4-06-"Development of energy-efficient closed-loop system power supply
and ventilation refrigeration chambers the use of renewable energy sources "(2012-
2014).

The purpose of the study is to develop the energy efficient systems of heat-
cold supply of fruit vegetable storage facilities on the basis of using
nonconventional sources of energy.

To achieve this goal, the following research objectives have been set up:
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- Analysis of the current state of the systems of heat and cold of fruit
vegetable stores, a comparison of their energy and technical and economic
indicators;

- The study of the energy balance of fruit and vegetable stores identification
of key areas of energy saving systems of heat and cold;

- Experimental study of thermal characteristics of fruit and vegetable
products affecting the intensity of heat and mass transfer processes and shrinkage
products;

- Modeling and study of heat and mass transfer processes in the refrigerator,
getting similarity criteria equations for calculating the coefficient of heat transfer
and mass transfer at the natural and forced convection;

- Development of the concept and study of heat and cold of fruit vegetable
storage systems using nonconventional sources of energy;

- Analysis of the climatic conditions and the calculation of the heat and
moisture balance of the refrigerator compartment;

- Development of scientific bases of energy by heat recovery ventilation
emissions using heat pumps;

- Development and evaluation of the energy efficiency of energy-efficient
combined system "vegetable store - solar greenhouse" with the use of alternative
energy sources.

Object of research is the power supply system of fruit vegetable storage
with alternative energy sources.

Subject of research is development of theoretical bases of energy saving in
the fruit vegetable stores, the study of heat and mass transfer, heat and cold
systems with energy efficiency indicators.

Methods of research. The thesis used methods of phenomenological
thermodynamics; theory of heat and mass transfer; physical and mathematical
modeling; Thermal calculation and experiment; method of similarity theory and
dimensional. Temperature and humidity conditions experienced object with an
unconventional system of heat and cold were studied experimentally under natural
conditions.

Scientific novelty of the dissertational are following:

developed a mathematical model of heat - and mass transfer during cooling
products natural cold, heat and humidity allows us to study the unsteady mode in
the stack of products and refrigerating chamber;

developed the concepts of non-conventional energy sources in the heat and
cold of fruit vegetable storage systems based on the analysis of the energy balance
storage and changes in external factors;

developed a heat pump system heat and cold of fruit vegetable stores
simultaneously with the disposal of low-potential heat vent emissions, heat and
condensation breathing fruit and vegetable products coolant with hot water;

first developed system of post-humidification of air using the waste heat of
low-grade refrigerator compartment and solar energy to maintain optimal humidity
conditions storage;
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proposed an energy efficient system "solar greenhouse vegetable store," with
the cooling cycle for simultaneous heating and cooling complex, scientific novelty,
which is confirmed by patent number 00.683 of Uzbekistan UZ FAP 2009 0120
from 22.12.2009.

Practical results of research consist in the following:

- developed a heat pump system heat cold supply fruit vegetable stores with
utilization of low potential heat vent emissions, heat and breathing fruit and
vegetable products cold condensation agent to obtain hot water that will reduce
primary energy consumption by 23.4% or 88.7 kg.c.f/t ;

- developed a method of post-humidification of air using the waste heat of
low-grade refrigerator compartment and solar energy to maintain optimal humidity
conditions repository, which allows you to fully meet the needs of hot water for
technological needs of the vault and save 14068 m? of natural gas;

-the method of calculation of processes of heat and mass transfer during
cooling products natural cold storage in-depth type, can significantly reduce the
loss of fruit and vegetable products; as well as there have been proposed the
criterion equations for determining the coefficient of heat and mass transfer at
cooling the stockpile of fruit and vegetable products in the conditions of forced and
free convection;

-developed energy-efficient system "vegetable store - solar greenhouse" with
the cooling cycle for simultaneous heating and cooling of the complex, ensures the
rational use of alternative energy sources, scientific novelty, which is confirmed by
the patent number Ne 00683 Uzbekistan UZ FAP 2009 0120.

Reliability of results

The reliability of scientific statements, conclusions and recommendations
justified the use of modern methods of research, based on appropriate
mathematical models with the involvement of the relevant sections of the theory of
heat and mass exchange of mathematical physics, proven methods of experimental
data processing. The accuracy of the results was confirmed on the basis of a
comparative analysis of the calculated and experimental data obtained in cold
rooms for storage of fruit and vegetable products.

Theoretical and practical value of the research results

The theoretical significance of the results of the study is that the scientific
bases and ways to improve the energy efficiency of heat and cold of fruit vegetable
storage with nonconventional sources of energy, mathematical models of processes
of heat - and mass transfer in refrigeration during cooling products natural cold,
proposed criterion equation to calculate the convective heat transfer coefficient of
heat transfer conditions of forced and natural convection.

The practical significance of the results of the work is to develop methods of
engineering calculations of energy intensity of cold rooms with solar-heat pump
system, the energy efficiency of a combined system of "vegetable store - solar
greenhouse" using alternative energy sources. The results of the research allow the
development of autonomous systems of heat and cold of fruit vegetable storage
with high energy efficiency with low power consumption and loss of products as
compared to conventional systems.
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Realization of the results. Developed engineering methods of calculation of
heat engineering, scientific - technical advice on the development and design of
energy-efficient heat and cold of fruit vegetable storage system using
nonconventional sources of energy, pyrolysis plants for energy embedded in the
vegetable storehouse introduced in the farms "Baxt", “Dovrug” and "Nishonboy
Allamuratovich" during storage of fruit and vegetable products with an annual
economic effect of 104 million. sum (reference of the Ministry of Agriculture and
Water Resources about introduction for Ne02/15-350 of 27.04.2015 y.).

Approbation of the work Results of the study were tested at 30 scientific
conferences, including 18 international: "Innovation 2000" (Bukhari, 2000);
"Innovation 2001" (Tashkent, 2001); "Fundamental and Applied Problems of
Physics" (Tashkent, 2004-2010); "Renewable energy and helio-material"
(Tashkent, 2005); "Current status and prospects of development of power"
(Tashkent, 2006); "Alternative energy and energy security problem" (Bishkek,
2008); "Innovation 2008", "Innovation 2009" (Tashkent, 2008-2009);
"Engineering: Problems and Prospects" (St. Petersburg, 2011); "Engineering: in
Russia and abroad" (Moscow, 2011); "Energy supply and energy efficiency in
agriculture" (Moscow, 2012); "Energy-saving technologies. Problems using them
effectively "(Volgograd, 2013); 6th International Scientific and Practical
Conference «Science and Society» (London, 2014), 12 national conferences and
Republican fair of innovative ideas, technologies and projects (2010-2011).

Publication of the results On the topic of the dissertation published 66
scientific papers, including 3 monographs, 27 journal articles, 13 of them in
foreign journals and received patents for 2 inventions of Uzbekistan.

The structure and scope of the thesis. The thesis consists of introduction,
five heads, the conclusion, the list of references, 16 appendices and contains 197
pages of the text, includes 51 drawings and 19 tables.

BASIC CONTENTS OF THESIS

In the introduction the urgency and relevance of the dissertation topic were
stated, the goal and objectives were formulated, a subject of study was identified,
the appropriate research priority areas of Science and Technology of the Republic
of Uzbekistan were determined, the scientific novelty and practical results of the
study were outlined, the reliability of the results obtained were proved, theoretical
and practical importance of the results obtained were disclosed, a list of
implementing the findings of the study, the results of testing works, information on
published papers and the structure of the thesis were presented.

In the first chapter «Analysis of modern of heat-cold supply systems of
fruit vegetable storage facilities» of the thesis the analysis is carried out on the
current state of heat-cold supply systems of fruit and vegetable storage facilities
with cold box, a comparison of their energy and technical and economic indicators
and advanced methods of energy conservation in the fruit and vegetable storage
facilities using alternative energy sources.
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Results of the analysis of the research on heat and cold vegetable store with
a refrigeration chamber, in our Republic and abroad show that the majority of
scientific papers are devoted to the study of heat and humidity regimes of food
storage and thermal calculations of climate cooled rooms. Analysis of the studies
showed that one of the reasons for the high losses of stored fruit and vegetable
products (FVP) is insufficient knowledge of processes of heat and mass transfer in
the fruit vegetable storage facilities.

It should be noted that in the studies performed poorly studied are the issues

of improving the energy efficiency of heat and cold vegetable storage facilities
using nonconventional sources of energy (NSE) based on a thorough study of heat
and mass transfer processes in refrigeration storage of fruit and vegetables.
On the basis of scientific analysis, taking into account the tendency to expand the
level of research in the field of energy saving using NSE in the heat-cold supply
systems of fruit and vegetable storage facilities, the purpose and objectives of the
thesis were formulated.

In the second chapter «Thermo-physical characteristics of fruit and
vegetable products at storage in the refrigerated fruit and vegetable storage
facilities» the results of the study of thermo-physical characteristics (TPC) of fruit
and vegetable products, such as factors influencing the heat and mass transfer
processes and product shrinkage during cooling were presented.

Heat and mass transfer processes in the fruit storages, heat exchange
between the cooling air and the product energy camera mode, shrinkage products
during storage and consumption of heat and cold in determining the optimum
temperature in the chambers depends on the TPC storage objects (fruits and
vegetables).

In most cases, the TPC foodstuffs, i.e. specific heat, thermal conductivity,
thermal diffusivity and (c, A, a) for studies taken from handbooks as tabular data
defined by different authors - researchers.

However, these data do not always agree well, for some products there are
no reliable data on the TPC. Therefore, in the work before you explore the heat and
mass transfer and heat and humidity in the storage mode, set a goal - to investigate
experimentally, to clarify and specify the TPC of stored products and to obtain
reliable results.

There have been experimentally determined the dynamics of change of heat
capacity and thermal conductivity of potatoes depending on the content in the
production of dry matter and temperature changes. The results of the experiments
are shownin  Fig. 1 and 2.

To study the energy storage mode and energy balance as defined TPC
individual fruit vegetable products (carrots, apples and lemons). Analysis of the
data shows that the coefficient of thermal conductivity and thermal diffusivity of
the potato depends on the temperature of the air chamber and the contents of dry
matter in the product. Received TPC allowed fruits and vegetables to get the real
model of heat - and mass transfer in a pile of vegetables in the cooling process in
the natural and forced convection.
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Fig.1. Schedule changes of the specific heat of Fig.2. Graph of the thermal conductivity of
potato depending on the content of dry potato depending on the content of dry
matter (DM) and temperature. matter (DM) and temperature.

The third chapter is «Simulation and calculation of heat and mass transfer
processes in the fruit and vegetable coolers using alternative energy sources»
devoted to the modeling and study of processes of heat - and mass transfer during
cooling and refrigerating chambers of products in the natural and forced
convection, issues influence the intensity of solar radiation on the shrinkage of
products in the climatic conditions of Kashkadarya region.

The processes of convective heat transfer occurring in the experimental cooling
chamber were studied at potatoes cooling in conditions of forced and natural
convection. According to the survey experienced cooling stacks with the heat-
transfer surface F = 1.92 m? with active ventilation and on the basis of the method
of similarity theory and dimensional generalization of the experimental data using
the least squares method there was established the following dependence of the
criterion:

Nu =0.027 Re **® when. 180 < Re < 1800. (1)

Obtained criterion equation describing heat transfer in the free movement of
air in the refrigerator:

Nu, =0,02(Gr-Pr)**, at 35-10° <(Gr,Pr), <35,4-10* (2)

Analysis of the research shows that the coefficient of heat transfer from the
surface of the potato in the conditions of natural convection depends mainly on the
temperature difference between the surface of the product and the air flows from
the geometric dimensions of the product and the porosity surface of the potato
mound. In this case, the coefficient of heat transfer from the surface of the potato
mound in free convection varies o = 2.2 — 7.92 Wt / (m?>K), when forced
convection heat transfer coefficient on the surface of the product a = 4.4 — 22.0 Wt
/ (m? « K).

Heat exchange processes occurring in piles of fruits and vegetables
accompanied by a process of mass transfer of moisture.

To determine the values of the coefficient of mass transfer experiments were
carried out under cooling stacks of potatoes experienced natural cold air
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temperature t. = 0 °© C. Parameters varied in the feed air within a common
operating conditions (speed of 0.1 + 2.5 m / s, relative humidity of 80 + 90%).
Criterion Pr, = 0,55, as experiments have shown, within the temperature change 0 +
15 ° C is constant.

The results of experimental studies are presented in Figure 3.
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Fig. 3. Dependence Nun, = f (Re)

Based on Fig.3.and processing of the experimental data obtained by the method of
similarity theory following the criterion relationship:
Num = 0.0238 Re®3, at Re =3.65 < 10° +9.12 « 10°. (3)

Analysis of the experimental data shows that the coefficient of mass transfer from
the surface of the product under cooling air depends substantially on the flow rate
of air. In the case of constant relative humidity during the growth rate of the air
supplied 0.1 + 2.0 m / s the mass transfer coefficient is increased by about 23.6
times.

In this thesis, a mathematical model of heat and mass transfer processes in the
refrigerator when cooling products natural cold.
Differential equations associated with the thermal conductivity and heat and mass
transfer were solved numerically using the Runge-Kutta method. Numerical
solution of the problem of cooling the product was carried out under the following
assumptions:
- Thermal characteristics (A, cp, p, a) foods (apples) at temperatures above the
freezing point depression constant;
- Disregard the contact thermal conductivity of individual elements of the layer;
- Fruits (apples winter varieties) are treated as the equivalent diameter of the balls;
- Is not considered a valid surface of the product, and the effective surface of the
heat - and mass transfer.

Heat transfer in a layer of fruit and vegetables should be considered in
conjunction with temperature control of individual raw material components,
which is time-dependent. The temperature of the air passing through the layer of
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fruit and vegetables varies both in space and in time. Therefore, the solution of the
problem will include two interrelated expressions of the temperature field, the first
elements of the product, and the second cooling air.

Under the previous assumptions, the definition of the duration and temperature
of cooling surface of fruits and vegetables is reduced to the solution of the
differential equation of heat conduction of the ball:

0i o’tr,z) 2 at(r,7)
Gty 2 GRVLE . 4
r» or ﬂ{ or’ " r or ’ )
oi=c, ot (5)
PR — (6)
c, p
Taking into account (5) and (6) we obtain:
Gt(r,r) _ a[ézt(r,r)+ 2 ét(r,r)} (7)
or or® r or
Initial conditions can be written as follows:
t=0,t(r, 0) =t,, (8)
And the boundary conditions of the third kind:
a[t(R,r)—ta]z—ﬂ%, 9)
r

where i - specific enthalpy, J / kg. a - thermal diffusivity product, m? / s; C, -
isobaric heat capacity of the product, J / (kg - K); p - density of the product, kg/m?;

t; - average initial product temperature t, =25°C;t(r, 1) - Product temperature
depending on time (1) and the radius (r); T - time, s; ¢) - supply air temperature,
°C; t!="°C; a - coefficient of heat transfer from the surface of the product to the air,
Wt/ (m? - K).

In the simulation of heat - and mass transfer in the cooling chamber of

apples and potatoes were the following assumptions:

- Freezer treated as an object with lumped parameters;

- The total heat leakage in the cell constant;

- Thermal parameters of the cooling air in the chamber, as well as the
coefficients of heat - and mass transfer within the estimated time At
remain constant.

The assumptions made changes in temperature and relative humidity in the

storage of heat and moisture balance chamber described by the following
differential equations:

dt
Ca.pa.Vcham ’ . :Q_f'+Qpr +Qrc+Qa+Qb+Qn’ (10)
dr
dd
pa 'Vcham ( E]Ta)j:WPr +Wf +Wh’ (11)

where Venam -chamber volume, m>; p, - in-air density, kg/m?; cq-air heat capacity J /
(kg * °C); Qpr -cooled heat gain from products to air, Wt; Qr -heat leakage through
fences, Wt; Q. -heat flux coming from the outside ventilation air, Wt; Q. -heat
rejection from the product radiation, Wt; Qu-heat product respiration, Wt; Q, -
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performance heat leakage, Wt; W, - moisture loss products, kg / s; W, - the influx

of moisture through the fence kg / s; W, - the influx of moisture from humid air
inlet air, kg / s.

Design scheme of thermal-balance storage is shown in Fig. 4.
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Fig. 4. Design scheme of thermal-balance the camera when active ventilation using natural
cold.

Results of the numerical experiment are shown in Fig. 5 - 6. Results comparing the
calculated values with experimental data show that the mathematical model of the
cooling chamber apples natural cold, on a joint solution of internal and external
tasks satisfactorily describes the main processes at refrigeration processing
product. Analysis of natural cold cooling conditions shows that the greatest impact
on the duration of the process has a temperature, humidity and velocity of the
cooling air. With decreasing temperature and increasing the speed of the air
cooling process is accelerated, but it may increase the shrinkage of the product.

a - to change the temperature of the product;
b - change the air temperature inside the Doka stacking.
Fig. 5. Temperature in piles of apples under cooling natural cold in the active ventilation.
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Fig. 6.Changes in the surface temperature of the product, depending on the height of the
stack and the duration of cooling.

The results of investigation of heat transfer processes in the fence storage by
the intensity of solar radiation. There has been studied the influence of solar
radiation intensity on the products shrinkage in the fruit and vegetable storage
facility. Research results show that the maximum heat flux passing through the
fence (roof) due to the difference of ambient temperature and air-chamber (9
Wt/m?) and caused by solar radiation (8.25 Wt/m?) toward the stack correspond to
June - July. Win the heat flow through the fence caused by the action of solar
radiation in the fall (October) is 60%.

The fourth chapter «Development and research of heat-cold supply
systems of fruit and vegetable storage facilities using alternative energy
sources» of the thesis presents the results of studies designed system of heat-cold
of fruit and vegetable storage with NSE and thermal calculation of heat and
humidity balance of the refrigerating chamber, taking into account the dynamics of
heat leakage.

In order to improve the energy efficiency concept developed systems of fruit
vegetable storage of heat and cold with heat pump and heat recovery ventilation
methods emissions and "breathing heat" for the preparation of hot water storage
tank with built-in condenser cooling unit. Studied experimental depth of fruit
vegetable storage with construction volume V.= 180 m* (HC-180) (Fig. 7).

The system of heat and cold refrigerator compartment HC - 180 consists of a
heat pump systems, humidification and ventilation. The proposed system operates
in two modes, in cooling and heating depending on the climatic conditions of the
area. In cooling mode, the evaporator heat pump 11 removes the heat from the
chamber and cooled internal air chamber. Then, the refrigerant compressed in the
compressor 10 and the superheated steam enters the condenser 9. The heat of
condensation of the refrigerant in the condenser heats the water in the tank -
accumulator 7. The resulting heated water in the condenser unit of the heat pump is
sprayed jets for humidifying the supply air. Using low-potential heat vent
emissions and heat respiratory products for water heating can save primary energy
compared with the steam humidification of the supply air. Flat solar collectors 13
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are installed on the roof of the camera, which allow obtaining additional hot water
for technological and social needs of the storage facility. In cooling mode, the
valve 4 is in the closed position.

1 - humidification unit 2 - overflow 3 - fan, 4 - valve, 5 - injector 6 - hot water 7 - Water

Storage Tank, 8 — make up 9 - HPU capacitor; 10 - compressor heat pump, 11 - evaporator HPU

, 12 - HPU control valve 13 - flat solar collector, 14 - the flow of cold water tank, 15 - float water
level controller 16 - exhaust duct; 17 - Sliding, 18 - freezer, 19 - LDPE screen, 20 - the roof
chamber , 21 - air gap; 22-duct chamber; 23 - DPP, 24 - paralysis installation; 25 - stack of

products.
Fig. 7. Schematic diagram of heat-cold supply system of an experimental deep fruit and
vegetable storage facility with a heat pump

If necessary, the ventilation chamber natural cold night air is switched active
ventilation system. In the heating mode the refrigerant chambers are circulated in
the heat pump in the opposite direction, the heat pump evaporator chamber serves
as a condenser, and the condenser tank - accumulator evaporator. In this mode, the
valve 4 has an open position and hot water from solar collectors is supplied to the
tank - the accumulator, thereby increasing the temperature maintains low potential
level of protection. Combined method of solar panels and heat pumps in heating
mode the camera allows to increase the energy efficiency of the system.

It is established that the specific operational power consumption of apples
during storage of winter varieties in the base chamber 3079.8 kWt - h / ton, and in
2358 kWt - h / ton proposed the refrigerator compartment. In this case, the energy
savings compared to the base chamber was 23.4% or 88.7 kg.c.f/ t.

To identify the effectiveness of heat and cold with heat pumps manufactured
Thermal calculation repository. Thermal calculation 1s based on the preparation of
the heat and moisture balance of storage, as storage can be considered as a whole
and energy to solve all the problems related to heat engineering design of buildings
of this type.
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Fig. 8 results of the study of the heat balance of experienced depth of fruit
vegetable storage with the dynamics of the heat gains, depending on the parameters
of the outside air.
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1 - total heat leakage, 2 - heat leakage through the fence, 3 - heat gain from the products
with "breathing heat", 4 - change the outside temperature 5 - change in the relative humidity of
outside air; 6 - change in total solar radiation.

Fig. 8. Dynamics of change of heat leakage during storage of apples in the
refrigerator in the climatic conditions of Karshi.

Settlement and experimentally determined moisture loss products during

storage of winter varieties of apples, and the results are presented in Fig. 9.
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Fig. 9. Comparison of moisture loss products (apples) in storage.

Results of studies on storage of winter varieties of apples and analysis of
thermal-storage modes compared show that the proposed repository depth product
moisture loss during storage (October - March) constitute - 11%, aboveground
storage — 16.2%, and typically store 20 - 30%.
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Minimum monthly relative shrinkage of the product (apples) is 1.5 — 2.0%
in January. There has been substantiated the efficiency of use of low-grade waste
heat from air emissions with HPU. The proposed system is characterized by the
presence of heat cold supply cooling capabilities cameras and simultaneous heating
of water for technological needs, supply air humidification and heat recovery
ventilation and heat emission 'breathing heat' products in the tank - the battery.

In cooling mode, the camera capacity of 24 tons of winter varieties of apples
in the climatic conditions of the Karshi heat load on the evaporator heat pump is 25
kWt, 31.9 kWt at the same time the heat from the condenser is used to heat water
from 18 to 60 ° C in the tank - the battery. According to studies and calculations
that the heat pump heat recovery ventilation emissions allows fully meet the needs
of domestic hot water needs and technological vegetable store. The consumption of
water for humidification decreased 1.3 — 1.5 times. Using Q. = 31.9 kWt waste
heat to heat the water in the condenser can save an hour of conventional fuel.
Amount of heated water per day will be — 15.6 m®, and fuel savings of 96 kg. Thus,
during storage due to the simultaneous heating of water in the tank - the
accumulator with heat recovery ventilation emissions can save 17.28 tons of fuel,
or 14068 m® of natural gas.

The fifth chapter “Development of energy-efficient system 'vegetable
store - solar greenhouse' with the use of alternative energy sources and waste
energy» analyzes the energy efficiency of the proposed combined system
"vegetable store - solar greenhouses" using AES and secondary energy. Fig. 10
shows a schematic diagram of the combined energy-efficient system "vegetable
store - solar greenhouse".

There has been investigated fruit and vegetable store with construction
capacity of 180 m?® of 24 tons for storage of apples of winter varieties and a solar
greenhouse with usage area of 200 m?. Joint operation of solar greenhouses and
vegetable storage allows the use of solar energy, heat vent emissions and waste
heat cooling chamber, as well as recycling of exhaust gases from conventional
energy sources.

To evaluate the energy efficiency together with the solar greenhouse
vegetable store the heat balance has been made and the main energy characteristics
of the system have been determined. Thermal heating power greenhouses should
be determined by solving the heat balance equations taking into account what is
happening on the surface of the soil heat and mass transfer, fences and plants.

Almost greenhouse heating power is determined by the equation:

0, = Q_/' +Qgr + Qi (12)
where O, - the heat loss through the exterior fencing Q, - walls and coverings
(ramps), the heat loss through the soil. Q,,- Heat consumption for heating air
infiltration.

It is known that the heat loss coefficient of solar green-houses depends on

fencing, which was calculated by the ratio:
K, =F,/F (13)
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F, is the total surface of the translucent enclosures; F;-inventory (usable) space

solar greenhouse.

Applying a simplified method of calculation of the heat balance of the
greenhouse, neglecting the influence of heat flow through a protected ground, we
can determine the heat output of the heating system

0,=0,+0, -0y = KF(t, _tp)KfKinf = Qs » (14)

or
0, =05 = Ois» (15)
where O, - thermal capacity of the heating system Q, - the heat loss through the

fence, Q,- heat losses due to ventilation, Q.. - inflow of solar radiation inside the

inf
greenhouse during the heating period, K - coefficient of heat transfer fence, Kpr =
FiK / F; and Kp-powered heat transfer coefficient of the fence; t; -calculated air
temperature inside the greenhouse, t: — 17.2 °C; t, -average outdoor temperature for
the heated period (November-March), 4.6 °C; Kine— infiltration coefficient equal to
1.1...1.2. Inflow of solar radiation inside the greenhouses during the heating

season: Our =90 Kpuns @ FT (16)

trans " ab

where the ¢, average daily value-incident during the heating period the total solar
radiation; «, - coefficient ray absorbing leaf surfaces of plants and soil; K, -
transmittance of solar radiation translucent fencing greenhouses; F — surface of
greenhouse floor, - - the duration of the heating period. If 90,, <Q,;, while in
clear weather does not require additional heating greenhouses using conventional
heating systems. If 0,, = 0., then requires additional heating greenhouses using
fossil fuels in the boiler room. In this case, the coefficient fencing
average K, =1,76 heat transfer coefficient K translucent fencing K = 6.5 Wt/ (m? ¢

°C); K,, =062a, =083

1-vegetable store; 2-stack products, 3-evaporator of the heat pump, 4-heat pump, 5-
compressor, 6-tube refrigerant condenser, 7-condenser; 8-heat storage tank; 9-boiler system,
10- translucent coating; 11-exchanger; 12-heating equipment, 13-solar greenhouse, 14-channel
heat storage; 15-centrifugal pump,; 16-heating pipes, 17-gas fan.

Fig. 10. Schematic diagram of the combined energy-efficient system "vegetable store-solar
greenhouse'.
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When used together, solar greenhouses and vegetable store at night heat
ventilation exhaust cooling chamber, as well as hot water, resulting in the tank -
the battery due to the heat of condensation of refrigerant heat pump heating and
outgoing products of fuel combustion provides the required temperature in solar
greenhouse. Then the capacity of the heating system for greenhouse part of the
building is determined by the formula:

Qh = Qh.l _th _Qgh’ (17)
where O, -is the heat flux-vent emissions refrigerating chamber; Q,, -is heat

capacity of hot water, resulting in flue gas heat recovery.
Seasonal fuel (natural gas) for heating greenhouses usable area of 200 m? was
determined by the formula:
B=1150,7/0°n (18)
where 1.15 - coefficient taking into account the heat loss in the pipes; T - duration
of the heating period to Karshi, equal to 132 days; Q’ - is operating net calorific

value of the fuel (natural gas Shurtan field) is 8626 kcal/nm?®, n-efficiency boiler
0.8. In accordance with formula (18) the gas flow rate in the heating mode during
the night-was 15563.08 m® therefore to maintain a normal temperature inside the
greenhouse need 117.9 m*/day.

Results of calculation of fuel consumption for heating solar greenhouse are
shown in Table 1.

Table 1
Fuel for heating solar greenhouse with an area of 200 m”
in the conditions of Karshi
Dates Fuel for heating | Fuel for heating | Fuel for heating solar Fuel
solar greenhouse | solar greenhouse|  greenhouse at the economy in
in clear weather in Night mode, | combined version with | night mode
(at day job m>/month. vegetable storage helio green
greenhouses), (including utilization of | house of the
m*/month. waste heat and use SER)| capital,%
m>/month.
XI 449.12 2099.55 811.15 61
XII 2512.87 3745.14 2578.8 31.1
I 2874.70 4085.61 2919.34 28.5
11 2027.57 3363.06 2274.55 323
111 344.96 224141 1075.14 52
Total for 8209.22 15563.08 9658.99 37.9
season

In cooling mode, the refrigerating chamber capacity of 24 tons of winter
varieties of apples in terms of Karshi, and dispose of the heat of condensation of
refrigerant 31.9 kWt of heat, you can get hot water at 60 ° C and the flow rate Gy =
0.18 kg / s. In the heat exchanger 11 is further heated water at At =30 °C using heat
of exhaust gases. Research results show that in the winter (December-February) in
clear weather 30-35% of the heat load greenhouses covered by solar energy, and
37-40% due to the use of waste heat.
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Thus, when combined embodiment vegetable store - solar greenhouses with
waste heat utilization will save energy consumption for heating solar greenhouse at
night to an average of 25-38%.

Conclusion

For the further increase energy efficiency of hot and cold supply systems, to
savings of power resources at long-time storage of fruit vegetable products and
maintenance of reliable storage with the least losses perfection of existing hot and
cold supply systems of fruit vegetable refrigerating chambers is necessary, for
ventilation and humidifying of air in storehouses, as well as creation energy- and
resource-saving technologies with using NSE in which is based on the basis of in-
depth study of a power balance of storehouse and heat and mass transfer processes
occurring in mass production in the fruit and vegetable cold storage.

There has been developed a heat pump system of heat-cold supply of fruit and
vegetable storage with NSE with heat recovery ventilation respiratory products and
emissions, allowing to save energy and water resources for sustaining the heat -
and humidity conditions in the fruit and vegetable storage facilities. Sound energy
efficiency combined thermodynamic system "fruit vegetable store - gelio
greenhouse" that allows the design of energy-saving power supply systems of fruit
vegetable storage as bioenergy complex for the cultivation and storage of FVP.

The main results of the thesis devoted to solving one of the most important
and urgent problems of energy efficiency systems, heat-cold of fruit and vegetable
storage are as follows:

1. Based on the analysis of the current state of energy savings in storages and
refrigerators , as in our Republic and abroad, it was found that the current
problems of energy saving in most cases are resolved without an evidence-
based study of energy balance in cold rooms and the processes of heat and mass
transfer in cold storage and lacks the necessary initial and scientific advice,
which would allow a sufficient accuracy for engineering calculations to give a
quantitative forecast of energy processes in fruitful storages. On energy
efficiency systems of heat-cold supply vegetable stores using NSE has not yet
been adequately addressed.

2. Experimentally investigated the main TPC (A, c, a), which affect the flow rate
of the cooling process, the intensity of heat and mass transfer processes and
shrinkage of the products as well as their dynamics depending on the content of
dry matter production. The empirical expression describing the variation of the
thermal conductivity of potato depending on the content of dry matter
production and the change in temperature.

3. Criteria equations obtained to determine the coefficient of heat transfer during
cooling stacks experienced forced air flow — Nu = 0.027 Re 0.98, and to
determine the heat transfer between the ambient air and the heat transfer surface
of the stack under free convection — Nu = 0.02.(Gr.Pr) 0.5. According to the
results of experiments and processing of the experimental data obtained using
the theory of similarity criterion generalized dependence, which allows to
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determine the mass transfer coefficient from the surface of the product with air
cooling: Num=0.0238 Re %%, at Re=3.65-10>+9.12-10°.

Analysis of the experimental data shows that the coefficient of mass transfer
from the surface of the product under cooling air depends greatly on the rate of
airflow. In the case of constant relative humidity of air supplied to the growth
rate of 0.1 + 2.0 m/s, the mass transfer coefficient is increased by about 23.6
times.

4. Developed and proposed mathematical model of heat and mass transfer in the
cooling chamber with cooling products natural cold, allowing to determine the
relationship between the structural and technological parameters of the
refrigerating chamber. Analysis of natural cold cooling conditions shows that
the greatest impact on the duration of the process has a temperature, humidity
and velocity of the cooling air. With decreasing temperature and increasing the
speed of the air cooling process is accelerated, but it may increase the shrinkage
of the product.

5. A mathematical model of heat transfer processes in the fence storage by the
intensity of solar radiation. The influence of the heat leakage through the
guardrail on the rate of shrinkage of products. The calculation results show that
the maximum heat flux passing through the fence (the roof) under the action of
the temperature difference between the environment and the air -chamber 9
Wt/m2 and caused by solar radiation 8.25 Wt/m2 toward the stack correspond
to June - July. Win the heat flow through the fence caused by the action of solar
radiation in the fall (October) is 60%. Found that the shrinkage of the stored
product varies with the intensity of the heat leakage through the guardrail
camera has a maximum value comes to 1.0% (in July) when the total heat
leakage of 17.25 Wt/m2 with the influence of solar radiation.

6. We propose a method of reducing radiant heat transfer between the surface and
fencing products using the screen between the fence and products. Setting
screen of galvanized steel sheet with emissivity € = 0.2 between the internal
door and the product at a reduced degree of blackness of the "fence - the

product" &f.,=0,18 helps reduce the intensity of the radiant heat gain to the

product in the 2.8 — 3.0 times as compared to the plastered surface fencing .

7. Proposed heat pump system heat cold supply vegetable stores using NSE, heat
recovery ventilation and respiratory products emissions, which saves energy
and water resources in order to maintain the heat - and humidity conditions in
the refrigerator. Established that the specific operational energy consumption is
in the base chamber 3079.8 kW - h / ton, and in proposed chamber 2358 kWt -
h. At the same energy savings compared to the base camera was 23.4% or 88.7
kg.c.f/t

8. Investigated thermal-balance-depth experienced fruitful vegetable store with
construction of 180 m?® based on the dynamics of the heat leakage changes
depending on the parameters of the outside air. Analysis of thermal-storage
modes compared found that the proposed repository depth product moisture
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loss during storage is - 11%, aboveground storage — 16.2 %, and typically store
20 - 30%.

9. According to studies and calculations that the heat pump heat recovery
ventilation emissions allows fully meet the needs of domestic hot water and
technological needs of vegetable stores. Thus, during storage due to the
simultaneous heating of water in the tank - the accumulator with heat recovery
ventilation emissions can save 17.28 tons of fuel or 14068 m? of natural gas.

10.First, based on the research proposed combined thermodynamic system
"vegetable store-solar greenhouses" and scientifically proved energy efficiency
of the refrigeration cycle for simultaneous heating and cooling industry.

11.The results of the research show that in winter (December - February) in clear
weather of 30 - 35% of the heat load greenhouses cover the solar energy, and 37
- 40% through the use of waste heat. When combined variant vegetable store -
solar greenhouse with heat recovery "breathing" refrigerated foods and air
emission from the refrigerator compartment will save power consumption for
heating solar greenhouse at night to an average of 25-38%.

Thus, on the basis of theoretical generalization and implementation set out in
the work of new scientific positions solved a major problem of developing energy-
efficient heat and cold of fruit vegetable storage using NSE, as well as the
application of energy-efficient storage technology FVP with reduced product loss
and a decrease in energy consumption processes having important economic
importance.
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