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Kupum.

Exunru sHepreTuka MaHOanapujaH OKWIOHA Ba camapaiau (hoiijanaHuin
MyXMM MyaMMoJjapJaH Oupu XucoOyaHaau. DHEpreTuKk KyBBaTJIapHH Ba UIILIA0
YUKApUII ~ X@KMHHM  OpPTUIIM  HATWXKacuja  KYJUIAaHWIAETraH  HUCCHUKJIHK
aIMAllMHYBA  KYpPWIMAJIAPUHUHT MAacCCACHHHM  OFHMpJAlllMIIAra Ba  TaIllIKU
yinyamiapuHd Kartrtajnamuimura onau0 kenau. FOkopu camapagop Ba uxyam
UCCUKJIMK aJMalllMHYBH KYPWIMACHHM SIpaTHlll, EKUJIFUHHM, METa/yl Ba MEXHaT
XapaxaTJIapyuHU Ce3WIapIN 1apaxaaa KaMauTUP/IH.

Ymby MyamMMoapHu Xaji 3THINJA KaHaulapAa MCCUKIWK aJIMalllUHYBUHU
KaJATAIITUPUITHUHT camapalid ycyiiapuaan Qoinananum 3apyp. HMcecuknmmk
AIMallMHYBU KypwiMajiapu Oapya »HEpreTMk KYpWIMAaJIApHUHT aCOCUMCH Ba
METajll CUFUMHU IOKOpU Oyiran Mociamanap XucoOnaHaau. Yiaap HCCHUKIHUK
AHEpreTukacuia, KuMe, He)ThHU KalTa UIJIall Ba €HI'MJI CAHOATHUHT TEXHOJOTHUK
xKapa€Hilapuaa, METaUIyprusia, KypPWIHIIIA Ba XalK XYKaJIUTMHUHT OoIlKa
coxajapujJa XxaMm KeHr KyJutanuinaau. Macanan HeTh KUMECH MILTa0 YMKapUIInaa
UCCUKJMK aJIMAallMHYBH KypWJIMaJapyuHUHI Maccacu 0Oapya TEXHOJOTHK
MOCJIaMaJIapHUHT yMyMUi Maccacuiu 35-40% MHM TaIIKWII 3Tau.

Hccukiivk aaMammHyBy KypHUIMAJIApUHUHT UYUA SHT KEHT TapKaJlraHiapu
KoIlamMa KYBYPJIM HMCCHUKJIMK ajJMallMHYBU KypWiManapu XucoOsaHaau. Yoy
KypwiIMajJlapHu HWIUIad YuKapumga KYIn MHUKIOpJa JeTHpJiaHraH Ba paHIIIU
MeTasuiap capdiaaHaam.

Kanannapna UWCCHKIMK —alMallMHYBUHU  OSKaJaJUTAIITUPHUIL  YCYJUIapH
KYJUIaHTaH MCCUKJIMK Ba Macca aJMalllMHYBH KypUJIMaJapUHH SpaTHIL Ba UILIA0
YUKW TaXpUOaiapy MOCIaMalapHUHT TAIIKU YIyaMJIapyuHU Ba METal CUFUMUHU
15-2 wmapra xkamaiimmwura onau0 Kelaau, IIYHUHTACK, KaHauiapjaa Ty3
KaTJaMJIapuHA XOCHJI OYJIMII >KaJlajUIMIy Ce3Wapiid Japaxana kamasau. bynna
WIUIaTAIIAara Xapaxkartjap Ba MeXHaT cufumMu 2-3  Mapra  OpTaJu.

XaﬂaﬂHaH_ITI/IpI/IH_IHI/IHI‘ TaKJII/I(I) OTUJITAH YyCyJlIapu nInao qUuKapuiaa TCXHOJIOTIHK



COJlJIa, UCCUKJIMK aJMalIMHYBH KypWIMalapuHU HUFUINAA KyJaid Ba MIUIATHUILIA
WIIOHWIM OVIIMIIN Kepak.

Hccukiiuk  aJIMalllMHYBUHU  KaJaJUIAIITUPUIL  HUCCUKJIUK — aJIMAlllUHYBH
KypWIMaJapUHUHT  MacCaCMHM Ba  TalllKM  yiIYaMJIapuHU  KaMalTHpUII
MYaMMOCHHH €UUITHUHT camapaiy Uyau XxucoOiaaHaau.

Xo3upru BaKT/Aa KOHBEKTHB HCCUKJIUK aJIMaIllMHYBUHU
KaJATAIITUPUITHUHT TYpJIM YCyJIapu Takiu( 3TUATaH Ba TAaAKUKOT KWJIMHTAH.
bup dazanu mccUKIMK TamyBUMJap Y4yH TypOynu3aTopiapHU KyJulail, Faaup-
Oyaup ro3anap, KOBypFajall XUCOOMra 03aHM OLIMPHUII, CHMPAICUMOH KOBYpFa
épllaMHla OKMMHHU yIOpMa XapakaTra KeJITUpHIL, IIHEKIM Mocjamajap, KaHajra
KUpUIIa  YpHAaTWITaH  TUPAOOJAHTUpIrU4YiIap, CYIOKIMK  OKUMHUTa  ras
nyakyagapuHi apalaliTUPUIL, Ta3 OKUMUTa ca KaTTUK 3appadajap Ba TOMYMUIU
CYIOKJIMKJIAPHHU apajlaliTUPHUIL, UCCUKIUK aJIMAlMHYBU F03aCUHU alIaHTHpULI,
103aHU TeOpaTHUI, OKUMTa 3JIEKTPOCTATUK MaWI0H TabCUP ITTUPULI, YerapalaHraH
KaTJaMJlaH OKUMHH cYpUO OJIUII Ba XOKAa30.

V36ekucTonna MIIAG YMKAPHITHA MOJCPHM3AIMS KHIHII, TEXHHK Ba
TEXHOJIOTUK KalTa MKUXO3Jall, HIa0d YMKapHIl CaMapaJopiuruHu sHaJa
OLLIMPHII Macajajapura bTHOOpP XO3UPTH KyHAa aWHUKCa, KaXOH-MOJIUABUN
MKTUCOJIUN MHKUPO3MHMHI CalOMil oKMOaTiIapuiaH CakjaHMILI AaBpuUja a0a3apo
Macajara ainanu6 0opmokaa. Minad yuKapuIHu MOIepHU3ALMS KUITUII, TEXHUK
Ba TEXHOJOTHMK IKUXATHaH KalTa IKUXO3Jall ¥3-Y3uJaH MamJlaKaTUMHU3/a
MaxcyJIoTiIap UlIad YNKapuwInLIM skapaéHuaa Golgananniaaurad 6apya Typaaru
pecypciapHi OKWIOHA UIIIATHINIA acoc OyiIaau.

[Ipesunentumus HUciaom kapumoBHuHr 2011 iunga mamiiakaTUMU3HU
WKTUMOUM-UKTUCOIMN pUBOXKIAHTUPpHUIN sIKyHIapu Ba 2012 fiwnra MmykaiiaHral
SHI MyXMM YCTHBOp HyHaJMIIapra GarulUIaHraH Y36eKHCTOH PecryGimkacy
Bazupnap MaxkamMacMHUHT MaKIMCHAArd Mabpy3acHuja KaiJl 3THITaH MYXUM
ycTHBOp Bazudanapaan OupH HIIad YMKApPUIIHA MOACPHHU3AIMS KUIIHIL, TEXHUK

Ba TCXHOJIOTHK KaﬁTa JKUXO03JIall Ba YJIapHU KaddJdl sSHIrJialuigaH 1/160paT OKaHU



Ooenrunad Oepwnau. Mabpyszana 2011 dwnpa  xan®  asTuinagurad  O6apua
uHBecTULIMsIIapHUHT 36,4 Qou3gaH OPTUFU CAHOATHU MOJIEPHU3ALNS KUJIUII Ba
TEXHOOTHK SHTWIAIl JAacCTypJIApUHM amajira OLIMPHUINra WYHaNTUPUII Ky31a
TYyTWJIAETraHUu XamJa 3aMOHaBUM ac000-yCKyHanap XapuJ KWIHMII Xapa)kaTiapu
YMYMHUM KanuTal KyHwiMalap XaXMUHUHT Kamuga 46 (OM3MHM TalIkui
staétranu Kaiia stunau. lynunraek, MyOopak HeThHU KaiiTa UIlIall 3aBOAM Ba
“IyprantHedTh-ra3” yHutap kopxoHacuja 400 MUHT TOHHA CYIONTHUPHWITaH ras
Ba Ia3 KOHJIEHCATH MILIA0 YMKAapaJuraH KypwiIMallapHU YpHaTHII Ba OOIIKa IIy
KaOu MyXHUM JIOMMXaJapHU amaira OIIMPHUII XaM Ky3/1a TyTHIIIH.

butupyB wmanakaBuii HWIIMHM OaXapWIJaH acOCHUH MakcaJ HWCCHUKIUK
aNIMAIIMHYBUHU SKaJaJUTallIUIIUTra OJU0 KeTyBUM JIOKAl TYpOYJIM3aTOPJIapHUHT
SHTM KOHCTPYKLMSUIADUHU WINUIA0 YMKUII Ba YyJApHU TAJKUKOT KUJIMIIHUHT
Taxpuba KypuJIMacMHU sSpaThill, KyBypiapjaa Jiokaid TypOyauszaTopiap
KYJUIAHWITAH/Ia WCCHUKJIWK aJMallWHYBU JKapa€HMHM TaJKUKOT KWJIHAII Ba
HaTW)KaJlap OJIMIL, Xamja spaTWiIraH JIoOKajd TypOyJlu3aTOPIApHUHT SHTU
KOHCTPYKIUSUTAPUHA UKTUCOAMM acociail OMTHPYB MajakaBUil MIIMHUHT acOCUM

MakKcaaiu X,I/ICO6JIaHaIII/I.



1. Uccnkauk aJIMAIIMHYBH KYPWIMACH/IA HCCHKJIUK aJIMAIIMHHA I
JKapaéHUHU KAAANIAIUTHPUILL.

HccukukHU OUp HMCCUKIWK TallyBUMAAaH OOIIKA HMCCUKIMK TallyBYUTa
y3aTHII YYyH MYJDKaJUIAaHTaH MocJIamManapra — HCCUKIUK alIMAlIMHYB KypUJIMacu
ne6 aranagu. VCCHUKIMK alMallMHYyBM KypWIMallapd »HEpreTukana, Kumé
caHoaruJa, He(THUM KailTa HIUIAIl CAHOATHAA, €HTWJ CAaHOATAa, COBYTHII Ba
KPHUOT'€H TEXHUKAJa, UICUTHUII Ba UCCHUK CYyB TABMUHOTU TU3UMJIApHUAA, MapOMJIAII
TU3UMJIApUAA, TYpPAUM XWI HCCUKIWK IOPUTTUWIAPHUIA, aBUAlUs Ba KOCMHK
TEXHUKaJa KEHI KYJUIaHWIaad. OHEpPreTHK KyBBaTjap Ba HIUIA0 YHMKApHII
XQ)KMUHUHT OPTHUIIH KYJUTAHWIAETTaH UCCUKIMK AIIMAIIMHYBU KypUIMaJapUHUHT
MacCaCMHM Ba TallKU YIYaMUHM OPTHUIIMra oOJu0 Kelau. YIJIapHu uIua0
YUKapHILJIa KYII MUKJIOPAAry JerupiaHrad Ba paHrii MeTaiap capdiaHaiu.

bapua coxaapaa KYJUIAaHWIAETTaH HCCHUKJIK aJIMallvHyBU
KypWIMaJAQpUHUHT Jesipiu  Oapya KOHCTPYKUMSICHAA HUCCUKIUK KHU3IUPYBUU
WCCUKJIMK TAallyBUMJAH COBUTYBUM MCCUKIUK TallyBUUIa YJIapHH axXpaTtuod
TYpYBUYH OpaJIMK KATTUK JKUCM (ICBOp) OpKaIM y3aTwiaau. byHIa KU3IUPYBYH
UCCUKJIMK TallyBUd HMCCUKJIMKHHM OWTTa (o3ara Oepajau, KU3UETraH HCCUKIHK
TallyBYM 3Ca UCCUKIUKHU JI€BOPHUHT MKKMHYM TOMOHHUJAH KaOysn KWJIaau, SbHU
Oapua xoJulapfa MCCUKJIMK aJIMallMHYBH HCCUKJWK TallyBUMJap Ba HCCUKIHUK
aJIMalIMHyBU F03aCH Opacua aMalira OIlaIq.

KynrrHa uccukIvK aJMalllMHYBU KypWIMaJapuHU JIOWHXajlamjga Kyduaaru
Macajanap eudiaau. OeNruiaHraH yMYMHH HCCHUKIHUK OKHUMHJIA, TUIPABIHUK
HYKOTWIMIIIApJA, MCCUKIWK TallyBUYMJIAPHUHT Xapopariapu Ba Oocumiiapuia
MOCJaMaHMHI MUHUMAQJI TAalllKM Yyia4aMura Ba Maccacura sSpumu. Vccukimk
aIMallMHyBA  KypWIMAQIAPDUHHUHT  TallKd  yJI4amJIapy  Ba  MacCacuHU
KAMaWTUPUIIHUHT DHI OKWJIOHA YCYJM — KaHAJUIapAa UCCHUKIMK aJIMalllHHYBUHU
KaJaUTAIITHPULLIUD.

Xo3upru BakTAa KyNIMHA  pPEKYyNEpaTWB HCCUKIWMK  AJIMAIIMHYBU

KypHJIMaJIapUHHUHT acocui YIYIIMHU KOIlIaMad KYBYPJIM HCCHUKJIMK aJIMAllIMHYBH



KypwiIMajapy TallKuWil 3Taau. YOy Kypuimanapaa OuUp HCCUKIMK TallyBud
KyBYp M4YMJIaH, UKKHHYUCHU 3Ca KyBypiapapo OYuuiMkaa xapakatiaHaau. bynnai
KOHCTPYKIUSUITM Mocliamajap oKopu Oocumiiapja Ba HCCUKIMK TallyBUYHIIAp
opacuaaru 6ocumiiap gapku HOKOpU Oyiran Xosuiapa, MIYHUHTJEK XapOpaTHUHT
KEHI KyJamiiapuja I0KOpU TEXHOJIOTUK TaBCU(IapHA TaAbMUHIANIN.

KyBypnu HCCHUKJIUK aJMalluHYBH KypuiManapuaa HCCHUKJIIUK
IMAIIMHYBUHU KaJTAIITUPULTHUHT KYT YCYIJIapH MaBxkYy/I.

VYnapra KyiuaaruiapHu KUPUTHLL MyMKWH:

- TypOynu3aTopIapHU KyJjall;

- KyByp Ba KyBypiapapo OYUIUIMKAAa Typiud MIAKIJard BUHTCUMOH
YypHatManap (y3arManap, OypairaH JIeHTa Ba cumiiap) €paamuua OKUMHH Oypama
XapakaTra KeJITUPUI;

- OTPH YM3UKJIN KaHALIAPHU (CIUPATICUMOH, 3MEEBHUKIIN) KYJLIAII,

- HCCUKJIMK TalllyBYMHU KyBYpra TaHT'€HI[MaJ paBUIIA Y3aTHILL;

- Kypakuayu TupnoOisaHtupruwiap (KyBypHHHI KHPHUIIHIA Ba KYBYD
Y3YHJIMTH OYiinda qaBpuil )KOMIAIITUPHII);

- Ta3 OKMMHIa CYIOKJIMK TOMUYMJIApPUHHU €KU KATTUK 3appadyalapHu, CYIOKIUK
OKUMHUTa 3Ca Fa3CUMOH IMy(paKkyalapHU apaialiTUPHIL,;

- OKHMMTa AJIEKTPOCTATUK MANUJIOH TabCUP STTUPHIL;

- HCCUKJIMK aJIMAIIMHYBU I03aCUHU TEOPUTHIL;

- KaHaJIJIap/la aKyCTUK pe30HaHc1aH (hoMJanaHuIl;

- yerapajaHraH KaTjlaMJIaH OKUMHH CYpHUO OJIHILL;

- HCCUKJIMK aJIMAIIMHYBU F03aCHJIa YyKypdauiap XOCHI KUIUII Ba XO0Kas30.

bynnan tamkapu Kypama ycyiutapiaaH Qoiinananunaau. MacaiaH, OKUMHH
Oypama xapakaTra KeJITHUpHUII yCyiu OujaH TypOynu3aTOpiapHH Oupraiukia
KYJUlall, XyA4 1y YCyJid OuilaH ciupaaiMaciMOH KOBYpFaHU OMpraiukia Kysuiain
€kd TypOyIM3aTOpJapHU KOBYpFalu lo3ajap OwiaH Oupraiukiaa Kyjiam Ba

XOKa3o0.



Mysu TabKUJIAII KOU3KH, HCCUKJTUK aJIMaITuHYBUHHU
KAJAUTAIITUPUITHUAT 'y €KU Oy YCYJIWHM aManuéria Kyjaml Y4yH TaHJaliaa
HaakaTr FO3aHUHT caMapajopiIMTUHU, Oalku YCYJHUHT Oup €ku WKKU (azanu
HMCCUKJIMK TalllyBUWJAp YyYyH VYHUBEPCAUIMTHUHHU, Tauépianga TEXHOJOTHK
COCOHJIUTMHHU, HCCUKJIMK aJMalluHyBU KYpPWIMACUHM WUFUIIA OCOHJIUTHHHU,
MYCTaxXKaMJIMK TaJablapuHu, FO3aHUHT HUQIOCIAHUIINHU, HIUIATWINAIINA]A
KyJailIMTUHU XHcoOra onum 3apyp. YOy xojaTiap caMapaiop Io3ajlapHu
TaHJIall UMKOHUSITUHA KaMaTUPAJIH.

Hccuknuk anmMammHyBUHU KaJa/UTAIITUPUIN  YCYJUIAPUHUA  KYIIabd  Xap
KaHJall  WCCHUKJIUK  aJMallMHyBU  KypWIMAcCHUHU  SpaTUIl  HATHXKACHJa
Kydugaruiaapra OSpUIIWIagu: MeTaul CUFUMHU KaMasju, TallKyd Yidamiiapu
KHUpasiy, r3ajlapJiard xapopatiap nacasijiy, UIOHWIMINK OpTaau, MOCIaMaHUHT

nijial HaBOMHﬁHHFH opTanu.

1.1. MccuKIMK TallyBYMHU KyBYPra TaHTeHI[HAJ Y3aTHIII.
CylOKJIMKHU KyBypra TaHT€HIMal y3aTull, Oup €ku OMp HedTa TelHKIap
OpKaJIM amajira omupuwiaan. Yoy TeIUKIAPHUHT KYHAAJAHT KECUMHU JTyMajoK
€k TYrpu Oypuakiv OYnMIIM MYMKHH, OyHJa KyBypra y3aTHJIAa€TraH CYIOKJIHK
KYBYPHHUHI KYHJaJaHT KECUMU Ba Y3YHJIMIY OYinua Typiauda TapKaJIUuIId MyMKHUH.
Opatna ymOy ycyn €paamuga OKMMHH OypaMa XapakaTra KeJITUPHUII KyBYp
Oomyaa amanra omupuiag, OYHUHT HaTW)KacHAa TaHTE€HIMal KaHajlap OpKaiu

CYIOKJIMKHUHT TYJIMK KUCMU EKU OUp KUCMH y3aTHIMIITN MyMKUH [ 3, 4].

Tanreniuman rupaoOIaHTUPIUY — SHT COJJAA Ba KYI TapKajiraH mocjama

(1.1, a-pacm). TanreHnuan rupo0TaHTUPTHYA Y3aTyBUU KaHAJUIAPHUHT IIAKIIH,
TYFpu Oypyakiu, AYMaJOK €KUM OBAJICUMOH OVIMIIM MYMKHH. Y3aTyBuu
KaHAJUIAQPHUHT COHU OWMTTalaH TypTTarada y3rapuiid MyMKHH, yJIapHU COHUHU
sgHa/la OPTUILIM OWIaH TUPAOONAHTUPIUYJAH KEHUHHIU TE3MUMKHUHI a3uMyTall

HOTCHIJIUK OdpaKaCu KaMasJIu. YSaTYB‘II/I KaHaJHUHT KEHIJIUry b Ba 6aJIaHIUII/IFI/I



@, onub KEeTyBUYM KHYUK KYBYpPHUHT auameTpu O Ba y3yHiurd | TaHTreHIma

TUPA00TaHTHPTUYHUHT aCOCHH T€OMETPHK MapaMeTpiiapy Xucooanaau [5].

11 - pacm. T[uUprOOJAaHTUPTUYHUHT  TypJapud. a) TaHTEHIUAI
TUPA0OIAHTUPTUY; 6) TAHTCHIINAT-EPUKIIA THPI00JaHTUPTUY.

KyBypHUHT KUpHIII KUCMHUAA YPHATWITAH TaHTCHIMAJ TUPIOOJIaHTUPTUUHU
KyBypZla UCCUKIUK Oepuin koddduumentunun A. AOkapsH, A. Hay Ba p. West
(AKIL) map TOMOHMIAH TYJIWK TaJAKUKOT KHUJIMHTaH. PEHHONBICHUHI KHYHK
cornapu yayH (Rep»10%) Taxpuba Kyiinnars TeHrIaMa GHIaH YMyMIAIITHPAIALH
[1]:

Nu, / Nu, =(1+®)"® (1.1)
Taxpuba Hatwxkacu KyByp y3ywauru |/d=18,0 xkuiimMmaT y4yH OJIMHraH.
Re=(2...5)40° coxaga Ba @<2,4 Gyuramma, 1/0=25,0 kyByp yu4yH Taxpuba
HaTWXXaJlapu KyHuJaru TeHriama épaaMmuia yMyMalTHPUIaau:

Nu, / Nu, = (1+®)" (1.2)

Hccukiiuk TamyBYMHM OWTTa TEUIMK OpPKAJIM TAHTEHLIMAN Y3aTUIIHU
TAJKUKOT KWJIHMII YYYH KAPHUII KUCMUHUHT KOHCTPYKTHUB TapaMmeTpiapu Typiuya
KW oymHran Ba OyHaa y3yH KyBypaa (I/d=39) xaBoHM COBYTHIINIA HCCHKIHK
6epum ypraumiran [6]. Taxpubarap Re=3-10°...2:10* Ba F..=0,5...1, 6yaranma
YTKAa3WMIraH, TAKPHOA HATIDKANAPHHUHI KYPCATHIINYA F . HHHT KaMaiHim

OomIan HUCCUKJIUK AJIMAIIMHYBUHUHT KaAAJIJIATHU OIIaIH.



Tanrennman ruprobnantuprid  épmammma  Re=3-10°..10"  opamukia

YTKa3uiaraH TaKpUOATAPHUHT SHT AXIIM KuhmaTiapu F.=0,5 na onunran, yHu

KyHugard yxmanuiuK TeHr1iaMacu épaamMmua TaBcugaan MyMKUH:
Nu, =0417 Re]™’ (1.3)

['upnoOnanTupruyaa TUAPABIMK WYKOTUIMLUIAD TYpiau Xuil cababiapra
Kypa dapkiaHaau. YiaapJaH acoCHUWNapu: KUPUIIJATd WYKOTHIMIILIAP, TE3JIHK
npopuwimapuHu  Kailta  Kypull — YYYH ~— WYKOTWJIMILIAP,  WIIKAJTaHUINTra
MYKOTWIMIUIAP, KYHAAJTAHI KECUMHU KECKUH y3rapulld Ba XO0Ka3o. Typau Xui
TUpAOOIaHTHPrUYIapAa OOCHUM HYKOTHIUIIN YIyH SKCIICpUMEHTA OOFIUKIap [7,
8] na xentupuiaraH.

Tanrenuuan  rupIOOJAHTUPIUYIAPHUHT  TYpJIM XU  KOHCTPYKTHUB
napamMeTpiapuia HCCUKJIMK OEpHIIHM TaJKUKOT KWIMII OYyiinya aHUKJIaHTaH
HATWKAJAPHUHT TaxXJWIW IIYHH KYpCATAWKH, KypaKdyaJapHUHI KEHIJIUTUHU
OpPTHUIIM Ba JUAMETPHU KUYPAWUIIN UCCUKIUK OCpHUIl >KaaJUTMTUHUA KaMaluiura
00 KeJaau. R(—:‘<5,5-1O4 oynrannga N=8 nu rupnobnantuprudy N=4 nu
rUpAOOJAHTUPIUYTa HUCOATaH HCCHUKJIMK OCpUIIHUHT IOKOPH >KaJaUIMTUHU
TapMuHnaiian, Re>5,5- 10 OynraHja sca TecKapH.

Tanrenuman-puknu rupaodnantuprud (1, 6-pacMm) wum Oy HUIMHIpPIAH

ubopar  OynmmubO, yHUHT €H  103uga  EpUKIAP  XOCWJI  KWJIMHTaH.
['upaoOnaHTUPTUYHUHT Oypasidill Japa’kacUHU Y3rapTHpUII Ta3jiap COHMHHM Ba
OFUII OypuaruHu Y3rapTUpHIL OWjaH amaira OlHpUIaIn.

Tanrenuunan-€puxinu rupaodianTupruy €pramMmuaa Oypama xapakaT XOCHII
KWIMHTaHAa KyBYp [03aCHJIaH XaBO OKHMMHIa MaxaJUIMH HMCCHKIMK OepUIIMHU
D.BonukoB Ba B.TepexoBnap ypranumrad. OKUMHH THPAOOJAHTUPTrAYIaH
YUKHAIAA OypaiaraHiuk Oypuarn 74°. onMHraH Taxpuba HATIDKAIApH KyHHgard

TEHTJIaMa OuIaH yMyMJIAIITUPUITaH:
Nu, =0,0288Re%*Pr®*(L+tg7 *)* (1.4)
By epma: j * - kaHan ro3acH SKHHHAIA OKAM OypalraHiuK OypuardHHUHT

nacTiiaOKu KUUMAaTH.
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3. BomukoB Ba C. Cnotapb KucMaH Oypama XapakaT XOCHUJ KWJIMHYBYH
KyByp/la MaxaJJIuid HCCUKIUK OCpUIIHU YpraHUIIraH. XaBo OKMMHJA TaxpuoOa

HaTI/I)KaHapI/IHI/IHr KYﬁHﬂaqua YMYMJIaH_ITI/IpI/IHI MYMKI/IH:
Nu, = 0113xRe 3Pro*xx (L +1g% *)* (1.5)

(1.5) Terrmama x=20...110, X’R=0,125 coxana ypurmmaup [5].
Amumos P.3. Tomonnnan Re=2-10"+8-10" conmnuur karra KUiMaTiapuaa

HUKKHUTa CHUMMCTPHK JKOMJIaIral KaHall OpKaJIn XaBO TaHI'CHIOUAJ Y3aTUITYBYUYH

KyBYp OpKaJld HWCCHKJIMK Oepwinmu Yypranwirad. |.=13,3 &puk opkamm
y3aTUJIaIH, F. KuiiMaTy 5ca 0,765 ra Tenrnamaau. Ymoy IapouTia UCCUKIUK
Oepull KaJaJUTUTd KyHuJard Me30HJIM MeHrjiama Ouian €3uiaiu:
Nu, =0,044Re}® (1.6)
byngaii  rupaoOMaHTUPTrUWIAPHUHT  KAMYWIMTM — XOCWJ — KWJIMHIaH
OypaJIMIIUTAPHUHT XKAJAUTUTH KYBYp Y3YHJIMIM OYyiinuya Kamasiy, UIYHUHT y4yH
y3yH KyBypJiapJia OKUMHHU OypaMma xapakaTra KeJTUPHUILHHA aMajra OIUPUII Y9yH
yJIApHU KYII MapTa TaKpopJiall 3apyp.

Kypakuyanu ruppgoOnaHTupruwiap — Kypakyanud VYKUW WYHaNTUpYBUH
MocanMma OynuO, KaHAJIHUHT paauycu Oyiinua >xodnamrtupuianu. Kypaxdanap
TaIlIKA XajKara Ba Oy AuaMeTpiu MapKa3uil KUCMra MaxKamJIaHa/id, KaHal YKUTa
HucOaTan Oenrwinanran Oypyak octuga okounamrupunaau. Kypakdanu

TUPAOOJAHTUPTUYHUHT KypaKuacH TEKUC KU 3TPU YU3HUKIU OYIUIIN MyMKHH [5].

@ d, d= 2R

1.2 — pacm. Kypakdanum rUpAOOTaHTUPTAWIAP. d) AaKCHAI-KypaKdalu
TUPA0OIAHTUPTUY; 6) POPUIIAHTaH KypaKdald TUPA0OIaHTHPTUY.
A. Cynapes, B. Auronosck Ba JI. Ky3uenosnap y3ywnuru 1/d=100 6ynran

KyBypJa akKcHal-Kypakdaaud THUpIOOJaHTUprud Epaamuaa Oypama xapakarra
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KeNTHPYBYH XaBO OpPKAJIM JIOKAaJl HMCCHKJIMK aJIMallMHYBH YpraHwirad, OyHIa
KypakyaHuHTr Oypanuin Oypuaru y3rapmac (N=0) 6ynran. Kypakdanuur Oypanuii
Oypuaru | , 50 man 78 rpamycrada ysrapajaud, MapKa3uid >KHCMHHUHT YI4aMCH3
TuaMeTpu Ho, 0,65...0,83 uu Tamkun stagu. PeHHOIBIC COHMHUHT Y3rapuiil
coxacu 10°> mam 10’ raua Gynramma Taxxpuba HATIKATApH KyHHIArH MEHIJIaMa
EpaamMua yMyMIIamTHPHIAIH
Nu, =0,026K (1+1gj ,)°” Re>® exp(0,42d) (1.7)
by epna K = (Wm/ v_vx)o’8 - MaKCUMaJl YKUI TE3MKHU KYBYp Y3YHJIUTH Oyiinua
Y3rapuIIMHA aHUKJIOBUW TTapaMeTp.
Vayunuru 1/d=150 6yaran KyBypaa JJoKal HCCHKINK Oepurn A. XajaaToB Ba
B. JleTarvH TOMOHHMJAH TYIMK TaAKUKOT KWIMHTaH, OyHna tg =tgj .(R/r)"
Japaxcaii KOHyHTa OMHOAH JIOWHMXAJIaHTaH aKCHal-KypaKdald THPAOOIaHTHPHY
Epaamuaa XaBo Oypama XapakaTra KelTHpuiagd. bypuak | , 15° nan 60° raua
y3rapaqu Ba Japaxka kypcatkuuiapu -1 man +3 raua (Fo =O,47) y3rapaau xamja
KyHHUIaru TeHrJIaMa XOCHiI KUJIaHTaH
Nu, =0,0306Re}*»Pr e, e, (1.8)
Oy epna € = l+0,49(<D - 0,19)0’61
(1.9)
By epaa € - okuMHU OypaiyBUaHIMK OMUIIY.
B. Ilykun Ba A. KoBansHoros [10] cyBHHMHT OKMMHUIa Ba KUCMaH Oypama
XapakaTih OKUM BaKTHAAa MaXaJUIMid WCCUKIMK OCPHINHU TATKUKOT KWJIHIITAaH.

Re=(1...9)40" corana Taxpuba HaTwkanapu KylHarmda yMyMJIAIITHPUIALHA

(1/d=60)

aPr o
Nu, =0,024Re’® Pr°"‘>§—f¢ e, (1.10)
Pr, g

Kypakyanu rupgo0naHTUpruwin KyBypiapaa UCCUKIUK OCpUITHU TaJKUKOT

HaTIKaTapy | =75° Ba N=0 6ynranga K=f(Re) rpaduk maxnuma kenrupuran [2].
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n=0, j =150, 300, 450, 600, Ba 75° oynranna, Re=10"-9-10* coxana y3yH
KyBypJlap Y4yH UCCHKIUK OepuIIHUHT TaakukoT Hatwkaiapu (I/d=60) xyiunaru

ME30HJIU TeHrJlaMa OMIaH yMyMIIAIITHPUIIaAN

,.0,25

Nu, =0,021Re%® Pr&“ad;i% (1+ 0,147,‘0’82) (1.11)
w g

Tamku auaMerpaa OKUMHHUHT OYypaldIlH | =45° Ba n, -1; O; Ba 3 ra TeHr
OynraHaa, peHOJBICHUHT 1Ty COXacHIa y3yH KyBypiap/a UCCUKIUK OCpUIITHUHT

TAAKUKOT HaTHKaJIapHu KYﬁHHaFH ME30HJIM TEHIJIaMa OMJIaH YMyMJIAIITUPpHIIAan

,.0,25

Nu, =0,0286Re%® Pr?"“"?ig (1+0,044n) (1.12)

w@

Kypakyanu rupaoOJaHTUPTUWIN KyBypiiapAa HCCHUKIMK Oepuin OVitmua
tTaxxpuba Hatwkanapuan ymywnamtupwiramiapn K =f(Re) Ba K,=f(Rey)
OOFIMKJIMKIHN rpadUK MAKINAa KenTHpuWiIraH [4].

(1.11) Ba (1.12) dopmynanapaa Taxpuba HYKTATAPUHU OOFIUKIMKIAPIAH
oruiy 6% naH ommaiau.

n=0, j =15%+75° Ba Re=10"+9-10" 6¥:1ranna Taxpuba HaTHXaTapH KyHnaaru

dbopmyna OViinya yMmyMIamITUPUIaIA

0,25

03164(1 015 *®|re® (1.13)

VY3yH KyBypiap y4yH 1o3a ssKkuHuAa Oypayuin Oypuyaru 45° n, -1 nan 3 raga
y3rapranga Ba Re=10":9-10" coxama Taxpuba HaTIKAaTapHHH yMyMIATHPYBUH
TEHTJIaMa KyWHarnda

_ 0,2265

" Re%® (1' 0’02n)Re0’01n (114)

Kypakyanu rupaoOJaHTHPTUWIN KyBypAa THUAPABIMK KapUIMIUK Oyiinda
Takprba HaATWKATAPUHUHT yMyMIIalITUpwiran Hatwkaitapu X/e,=f(Re) Ba
x/g =f(Re) rpaduk maxamga KeNTHPUITaH.

Taxpuba Hatmwkanapuauar (1.13) Ba (1.14) Gornuknmukiapaan oruiu 8%

JIaH OILIMaUuIHN.
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OnuHTaH HATWKATAPHUHT TaXJIWIH IIYHA KYpcaTaauKu, a KO3PPUIUSHTIAP
oup xun Oymranga N>0 Oynran rupgobnantupruwiap N=0 Oynran
THpAOOMaHTUpTrUYIapra HUcOAaTaH KAYUK THAPABIMK  KapIIWIMKKa  Ora.
lynunrgek, | =75°, n=0 Ba =45°, n=3, Re=idem 6¥ran rupI06IaHTHPHYIA Y3yH
KYBYypJap Y4yH UCCHUKJIMK aJIMAIIMHYBUHUHT >KaJdaJUIUTH OUp XMUJL. Re=10"+9-10"
Oynranna TUAPABIMK KapIIWIMK KOd((UIMEHTH OUpUHYU TUPIOOJaHTUPIUYIa
UKKMHYMCUIAa KaparaHma karta OVymamu. |/d=60 Oynaranma 2,5-5% ra, 1/d=50
oynranga 8-12% ra, 1/d=30 6ynranga 10-15% ra xarra 6ymamau.

Kypakdanun rupaoOnaHTHPTUWIApUHT aCOCHH KAMUYWINTH —YWKHIIIATd

A3UMYyTaJ TC3JIMKHUHI HOTCHIJIMT'U XI/ICO6JIaHaIII/I.

1.2. llnexsu Oyparny épaaMmnaa MCUKINK aIMAIIUHY BUHI
JKaJaJIA I TH PULLL
[MIuexnu YpHatMmanap naedopMmalusiaHraH JIeHTajlapAaH TaképraHay,
JEHTAJIAp y3aK CTEp)KEeHra NaWBaH/UIaHAAW, LIYHUHIAEK KyHMa YCyJIH €EKHU
MEXaHUK MILIOB Oepuil opkaiu Tail€piaHanu. BunTcumoH ypHatma Taiépnain
y4yH 3apyp OynraH JieHTajap IUIACTHK MeTauiapian (oJatiaa  paHrJIu)
taii€pnananu. lluexmap Oup €xum kyn ymm OYnmumu mymkud. HInexnu

YpHaTMaTapHUHT KOHCTPYKTUB cxemanapu 1.3-pacmaa KenTUpUIraH.

L L T T N
# b
8) ]
$ st | -
4 = _
U T, Y Y P
)
< - ,..:?
sST=
) b T Y T T T T Y
¥ b4 3 b
. # .
| ’ i 0) o
Z : nd | S | =
‘ ‘ Z =t ¥ ¥

1.3 —pacm. lllnexnu YpHaTMaTapHUHT KOHCTPYKTUB CXEMaJapH.

s

@) IIHEK; 6) apuKYaIi TYFPU OypUYaKkiIH IIHEK; 8) TPANCHHICHMOH apUKYaIH HEK;
2) CUMHH €KU KyBYPHH ¥pald XOCHIJI KWJIMHTaH IIHEK; 0) SPUM JTyMAJIOK apHKJIaIn

ITHCK.
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A. XamaroB Ba !O.Ocumnenko |/d=15 xyBypaa Maxautviii HCCHKIHK
aIMallMHYBUHU ~YpraHwimrad, OyHIa XaBO OKHMMHHH Oypama Xxapakarra
KeITHPHILAA YHKMI Oypuarn 82° GYiraH yd MOFOHAIM THPIOOGIAHTHPrHYIaH
doiinamanmiran. Brymka do=0,5 ra rtemr. Re=(1...6)-10" coxama Taxpuba
HaTIDKaJapy KyHuaard TeHriiaMa OuiiaH yMyMIIal THPHIaIH

Nu, =0,6302%1+0,58exp(- 0,084x)|ReS* (1.15)

D. Hepxukit Ba A. CynmapeB y3ywnuru |1/d=180 6yran KyBypaa JIOKa
UCCUKJIMK alMallMHyBUHU VpraHumraH, OyHJa XaBOHH Oypaama Xxapakarra
KeJITUPUIIZA HWKKU Ba TYPT WYUIM TUPAOOIAHTUPTrUYjaH (QoiinanaHuiIraH.

Re,=8-10"...10" coxana ynap Kyiugarn TeHITIAMaHH OJIAIITAH;
Nu, =0,0306Re%*(1+1g7 , )" (1.16)
6y epaa m=0,8exp(-0,027 x).

[IHexnn ruprodJaHTHprud EpaaMuaa OKUMHI MaxaJmuil Oypama xapakarra
KeNTHPHUIIIa KyBYypAa HCCHKIMK OCpHIll, KOHCTPYKUMSJIApW Ba yJIAPHHUHT
reomeTpuk TaBcudapu [11] kentupuiras.

[IHexknM TUPAOONAHTUPTUWIN KyByplda Re coHuMH wuccukiumk Oepuinra
tabcupu NUu=Tf(Re) rpaduk makiuma KeITupuiraH.

[Inexnn rupgobnanTuprud EpaamMuaa OKUMHH Oypama — xapakatra
kentupuinga y3yH KyBypiaapaa (I/d=60) wccukink OCpUINHMHT TagKUKOT
HaTXanapu Re=10"6-10" coxa Y4yH KyHUJard ME30HJIM TEHIJIamMa OpKAJIN
udonananaau

aPr 0
Nu, =0,021Re?® Pr?"“"g—fi (1+ 0,092 ”3) (1.17)
Pr, g

6y epaaj =j /15.

Iluekan ruprobnanTuruaiap yays | =45° sa d' / d =1+0,5 6yranaa

aPr 025 4 o305
Nu, =0,0328Re}® Pr2* 9 e+ 0,03558519 U (1.18)
I:>rw ﬂ é ed (%] g

(1.17) Ba (1.18) dopmynanapra MyBoHK, Taxpuba HyKTaIapUHU

OormuKJIMKIaH oruiny 8% maH OMIMaiiIn.
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Ixexnu ypHaTManap €paaMuaa XOCHI KIJIMHTaH KaHAUIAPHUHT THIIPABIHK
KApIIMIIMTH JIAMHHAD peXuMaa yprauwirad [12]. VpHaTMamapHUHT TeOMeTpUK
TaBcU(IIApH KaaBal Mmakiuaa kearupwiran [4]. Kupkuwiran meknap KaJluHIATH
0,5 mm OYnran TyFpu Oypuakiv KOByprajaH uOoparT, Ypairan IIHEKIap KOBypra
poJiuHM Oaxkapaau, yiap auamerpu 2,9 Mm Oynran cumaan Taii€pianaau. bapua
mHekaap Oup uymum 6ynu0, oOKUMHUHT Oypanuil Oypuard Ba KaHall KYHIaJdaHTr
KeCUMUHUHT paauan Yymyamu 1 pgam 17 rada ¥y3rapagu, OSTpH YHM3HKIA
KaHAUIApHUHT HucOui  y3ywnmuru  1/d,=73...509. rtaxpubamap cyBma Ba
Re=2-10°...410"  coxama  yTKaswiraH Ba  WIOKANAHWII  KAPIUIMIHTH
KOO GUITMESHTHHHUHT YpTaua KUHMaTH OJMHTaH.

Kananma VypHatwiran 12 ta mHexnw ypHatManap €paaMuia OJMHTaH

TaKpruOa HATWKATAPUHNA YMyMJIAIITUPHIraH GopMysiacu Kyiuaarnya;
X = CRe 0’42?%9 y 03 (1.19)

By epna kupkma miHeksiap yayH ¢=5,55, ypamiu yuyH c¢=4,90.

Tankukor HaTwkanapu X=f(Re) rpaduk maknuna xentupwirad. Taxpuoa
HaTWKAJIApUHU YMYMJIAIITUPYBUU Oornukiaukaan orumn 10% nan ommaiiau.

HIyHUHT €K, IHEKJIN TUpAOOaHTUpruwiap épaamMuaa KyBypJard THIpaBiInuk
kapmwink ypranwiran [10]. Cunanran rupaoOJIaHTUPTHYIAPHUHT Oypauiil
oypuarn j =45°, 60°, 75°. muamerpnapuauar HucGatn d'/d, 1; 0,75 Ba 0,5 Hu
tamkua 3Taau. llHexknu rupaoO0aaHTUPruwid KyByp/Aa TUAPABIMK KAPUIMIMKHU
TankukoT K Re=6-10*:6-10" coxama Gaxapmiran. Taxpnu6a HaTIKalapUHA

YMYMJIAIITUPYBYHU TEHTJIaMa KyWHlaru KYypuHUILIA OYaau

_ 03164 —8,4
- Recf),zs- 0,03 (1+4’7>§'0 GJ ) (1-20)
6e epnaj =j /15.
j =45° Oynranga
) 2038208, 1 07628 (1.21)
e D2HOTC -
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Tankuxot HaTkadapu X="f(Re) rpaduk makiauma KeaTHPUITaH.

Taxpuba nykramapuauar (1.20) sa (1.21) Oornuknapaan oruimu 6% mgaH
OILIMAaMNIH.

[IIHeknu TUPAOOTAHTHPTUWIAPDHN KAMYMIWTH, 3aMOHABHHW JHEPIeTHK
WCCUKJIMK aJMalllMHYBH KypWIMaJIApUHU TaW€piaml ydyH KYI MUKIOPAA JIMCTIN
Matepuai 3apyp Oyaaau. d=30x2 MM Oyiran KyBypiap y4yH MeTaa capdu Ba
WUCCUKIIMK aJMaIlMHyB KypWiIMalapuHu Maccacu TaxmuHaH 15% ra opranm.
[lyauaraek, Re coHMHMHT Ycuim OwiaaH yJapHHHT CaMapagopiIurd Kamasiau.
Ndnocnanran OKMMIIAp YYYH INTHEKIW THPAOOJAHTUPTHWIAPHU KYIJUIA KYITuM4a

KUUMHYWIMKIAPHU KeJITUPUO YUKapaIn.

1.3. Bypaaran JienTa épaaMuaa MCUKIMK AJIMANIMHYBUHH KAJAJJIAIITHPU L

Jlentanu TUpHOOMAHTUPTUYIAD KYBYPHUHI OyTYH XaXXMu Oyinda MHUKPO
yropMasiap XOCui KuJiaau, Hagakat AeBop OJAM KaTjiaMuja, Oanku yjaap JaMUuHap
OKUM Yy4YyH XaM HCTUKOOUIMIUp. Arap JeHTa KyByp OWJIaH SIXIIM METaj
KOHTaKTra i3ra Oyiica, JeHTalu TUpAoOJaHTUprudiap €paaMuia OKUMHU yiopMma
XapakaTra KeJIMTUPHUII XUCOOUTa UCCUKIIMK alIMAIllMHYBUHM >KaJaIallTUPUILIaH
TalIKapu, MIKU KOBYPFAaHUHT KaM CaMapaJOpJUTHHH OJIUI MYMKHH. BUHTCHMOH
YpHatManap OypajiraH JeHTaJap MAKIWAa SCAIMIIM MYMKHUH. TeXHOJOTHK
Taitépnanviapras  kenu6 uukn® | £45° Gyiramma ypHaTMa OypairaH JIeHTA
makiuaa Ta€piaaHUId MYMKUH. BUHTCUMOH YpHaTMmamap erapiudya TUPKHII
OwiaH YpHaTWJIMIIK €KUM KyBYp OWIaH YypHaTMa KOHTAKTH YpPHUHM ManiBaH[Ia0
MaxKamjam MYMKUH. YOy XoJija HMCCUKIWK aJMalluHyBU KypHJIMAaCHHHHT
KyBYpPUHHM To3ajaml ocoHjamagu. JleHtanun rupaoOJaHTUPTUYHUHT MYXUM
reOMETPHK TaBCHGHU YHHHT KaZaMH XHCOOIaHaH, KagaM oyprarax terrta 180° ra
Oypairanja TUPAOOJAHTUPTUYHUHT VKUH Yiadamura TEHT OYyiraH KaTTallUK.

Bypasiran nenranusr kypuHuiu 1.4-pacMaa KeaTUPUITaH.
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1.4 — pacm. bypanran nenra.

Jlentanu typOyausatopiap B.M. Azapckuii Ba 6omkangapu [13], A. Kiauak
[14], H.B. 303yns Ba W.S. llkyparos [15], C.B. Xyun Ba A.E. Bepriec [15],
mrynunraek, M.X. HoparumoB Ba Oomikanmap [17] TOMOHMIAH KEHI TaJAKHUKOT
KWIMHTaH. YJapHU TaxapuOaHW YTKa3WIll I[IAPOUTIApHU >KaJIBajl IIAKIWIA
kenTupuiras [18].

B. Muraii Ba JI. I'ony6es 1/d=80 Ba S/d=4,7 O0ynranga OypanraH JieHTa
éplamMHia XaBo OKMMH THpA0OJaHTUPHITaHAa MaxXauIMid UCCUKINK aIMallnHyBU
ypraumiran. Re;=7,130°...440" coxaga onmMAran HaTKanap KyiHgard TeHIIaMa
épnamuna udoaananaau

Nu, / Nu, =1+1,7%gj V%>exp( 0,046><;<) (1.22)
Oy epza j ° - KyBypaaru OyparaH JEHTaHMHT Oypajiuin Oypyard.

B. Muraii y3yrnuru |/d=110 6yiran KyBypJa XaBOHHHI OKHUMHUIA MaXaJTnn
UCCUKJIMK  aJMalldHyBM  TaaKUKOT Kuwirad. ro/R>0,75 yuyn taxpuba
MaxJIyMOTJIapu KyHuJaru TeHriama Ouiad yMyMJalTHPUITaH

Nu, /Nu, =1+tgj , >exp(— 0,0355() (1.23)
ro/R<0,75 xonat y4yH yMyMJIalITHPUITaH TEHTIamMa

Nu, / Nu, =1+0,867(2+r,/R)tgj , exp(- 0,085x) (1.24)

(1.23) Ba (1.24) tenrnamanapga; X = x/ d

bypanran neHranu BUHTCUMOH KaHAJIAW KOHBEKTUB MCCUKJIMK aJIMAIlIUHYBHU
TE3JINTU Ba OKUMHUHT “ yIOpMaBUi~ apajallulIMHUHT WHFUHIMCHUIaH aHUKJIaHAIH.
B.K. Muraii Peiinonpac yxmanumrunan ¢oigaaanud OKMM Ba KyBYp J€BOpHU
opacHJard HMCCUKIWK aJlIMAlIMHYBUHU XUCOOJNAll Y4yH KyHujarud TeHTJIaMaH!

aHuKarad [19]

18



U
55+ 175 Opy 0023><Re°8><Pré’L+4p R0

e Pr+8g é H’Z‘Q

xH N
\/I_deq 1+214Re°1é1+4p26€ﬁ° a (Pree-1)

1]
NU = o ! (1.25)
1+ "% (5050 XPr°® + 0,00006 Pr°)

7,5H xReX

+

Tankuxot HaTkagapu Nu=Tf(Re;, §/d) rpaduk makmumga KeITUPHUITaH.

B. IlykuH OKUMHHUHI JaMHHAp Ba TYpOYJIEHT pEeXUMUIA HWCCHUKIUK
alMallMHyBU OYiinua TaxpuOanap Oaxapral, Taxpuba HaTWXKalapu KyhHuaa
KEeNTHPHUJITaH:

- Xy(T yropManu JaMuHap OKUM/A!

Nu =0,3xRe”®>Pr®“(D/d)*** (1.26)
(1.26) tenrnama Re*=150.. .840% s/d=25...11 coxana YPUHIIH.

- Ky(pT yropManu TypOyJIeHT OKUM/IA:

Xaso:

Nu = 0,079>Re®™ xPr (T, /T, P {D /d)** (1.27)

Tenrnama §/D, 1,8 nan 13 raua; Re*, Reff) aH 5,9>§1_O4 raJa coxaja ypuHJIH.

Cys, cyroK memann.

,.0,25

Nu = 0,079 Re®™spr04 &2 9 0" 2 0 (1.28)
édg egmg

C.B. Xyn Ba A.E. bepriecnapHuHr Taxpubanapu acocujia JEHTaIH
THPAOOTAHTUPTUYIAP YpHATWITAH KyBypJa HCCUKINK OCpUIIHM XUCOOTall YIyH
ME30HJIU OOFIMKJINK OJIMHTaH

Nu = 51721+ 5484520 Pro7[Red (1 / o )] [*° (1.29)

(1.29) tenrnama myamuudiapHH CyBIa Ba STHICHTIHKOAA YTKa3HITaH
Oapua TaxpuOamapuu ymymiarmrrapaad. (1.29) TeHrimama OViWdYa OJMHraH
Taxxpr0Oa HaTHKATAPUHUHT YpTadya KBaapaTuK oruiu +16,4%.

bypanran nenTta €pmamMuaa WCCHKJIMK OCpUIIHM TaXpUOABUK TaIKUKOT

natwkaizapu Kox [21] Ba B.K. Epmonun [22] unuiapuia KeaTHPUITaH.
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KoxHuHr taxkpubacuaa JIeHTaau TUPJOOJAHTUPIUY YpHATWITaH KyByphaa
XaBo Ku3aupwiaau. bynna §/d=2,5+11, umrun kucm y3ywnurd 20d, uirgu Kpcm
onnunaru KyByp — 50d. Taxpuba naruxanapu Nu=f(Rey, s/d) rpaduk makmuna
KEJITUPUIITaH.

B.K. EpMonuHHMHr Taxpubacuna yMyMUH  y3yHIUTU 39d Ba
TUPAOOIAHTUPTUYHUHT  y3yHiuru 19d Oynran KyBypa XaBOHHM COBYTHII
ypranwiran. Jlentanu ruppoOnantupruwiap §/d=3,16+9,5 ra sra. Taxpuda
nHatmwxkanapu Nu=f(Re, s/d) rpaduk makmuna keaTupuiIras.

M.X. Ub6parumos, E.B. Homodunos Ba B.M. Cy66otun [17] unuapuma
§/d=2,1+9,9 Ba Re=10":4-10" coxamapga cyB Ba CylOK MeTaJUIapHHU
TUPJOOJIAHTUPWIITAH  OKMUMJIAPHU  KU3JIMPHUIIAA HUCUKIUK OEpHIl TaJKUKOT
KwinHrad. [uppoOnantupruwim KyByp y3ywiurn 57d. CyB yuyH Taxpuba

HaTWKaJapUHU YMYMJIAIITUPUITaH GopMyJiacu

)% 565:40°d0

&Pr
Nu, =0,021Re}* Prp®g s G+
Re1 sg

(1.30)

Nu = 0,0234 Re* Pr°"‘3[1+ 121040/(Re1'2 11d)| (1.31)

(1.31) Tenrimama Re=18000+-90000 opanukia ypuHIIH.

Cumoyp [23] §d=1,79+13 yuyyH XaBOHM KHU3IUPHIIIA HUCCHKIMK OCpHIII
TaJKUKOT KuinHTraH. Taxpuba kucMuHuHT y3yHiaurd 28,5d. Taxpuba HaTrxanapu
Nu¢/Nug=Tf(Rer, §/d) rpaduk makaumga KeITHPUITaH.

B. Murait [19] Ba B. lUlykun [4] Oypanran JieHTanu KyBypja THAPABINK
KapIIWIMKHUA aHUKJIAII YY9yH JAMHHADP TEHrjama OJIMIITaH:

- KyPT yropMaau JaMHHAP OKUM [4]:

634 o , 256

i R047gdg Re

(1.32) renrmama ¥D=2,5...11; De=50...8-10° coxana ypurim.

(1.32)

- Xy(T yropMaau TypOyieHT okum [8]:
sid=18...2,5:1; =4,72Re*® (D/d)>"*;
(1.33)
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s/d=2,6...13: |;=0,705Re*> (D/d)*»+0,009(D/d)*®.

(1.34)

[13] umpma taxpubamap OES/DE8,24 opanukiga Oaxkapwirad. Yiap XaBo
yayi Nu= f(Re) Gormukiukhu onumrad. Vcukimk —Oepum  Oyiinda

YMYMJIAIITUPUITAH KyHuaaru KypuHuiia oynaau:

N -1

NO S 80/d- 1+1/Pro 0

Nu = RePril SPr+dlIn =+dIn(Re./x /2 /60w 1.35
’:‘ e gSId-1+1/Prg ( )% ( )

Kpeiit Ba Mapromauc [26] s/d = 2,58+7,3 6ynaranga taxpuba yTKa3HIITaH.
Yiap cyB Ba xaBo yayH X = f(R€) GOFIMKINKHH OJIHILTaH.

M.X. Ub6parumor, E.B. Homodunos Ba B.U. Cy0O6orunmap [17] dd =
2,1-9,9 Oynranga cyB Ba CYHOK MeETaIM OypajiraH OKUMJla THUJIPABIUK
KapIIWIMKHUA YpraHumrad. Myamwmdiaap [myHIal Xyjocara KETUIIIH, OKHM
Oypanranga daxkarruna §/d<3,3 Oynranma rHIpaBIUK KAPIIMIHK OPTaad, aMMO
ymly xyjgoca OOIIKa TaaKUKOTIAp HaTWXKalapu OWIaH MOC KelMaiau.
Re=10"+4-10" 6ymranma Taxpuba TaIKMKOTIAPUHUHI HATIDKAIAPH KyHHIArH

dbopmyna OuiiaH yMyMJIaIITHPUITaH
X =1+ 14,3531—194 (1.36)
esg
[ MOun Ba banmunapuunr [27] wunuapuga CcyB Ba  OTHUICHTIIUKOJUTH
Oypanran okumaa S/0=2,26+¥ Oynranna ruapaBIvK KapIIWIMK ypranwirad. Re =
2,5:10%:9,5:10" Gymramga Taxpuba HaTmKaTapH Kyiumard GopMmyrta 6Vitnda

YMyMJIalITUPpHIIAAN

021 &Re ¢
(s/d)" €200

(1.37)

X - X =

Cumoyp [11] nmuaa §/d=1,79+13 6ynranaa xaBoyu Oypajiral oKuMaa oJuo
OOpwiIraH TaAKUKOT HWIMW KEITUPWITaH. TaJKUKOT HaTHXKallapu X =f(Re, g/d)

I‘pa(l)I/IK Haxkianaga KCJITUPUJIraH.

21



JlenTanu I‘I/IpIIO6JIaHTI/IpI‘I/I‘I ypHaTHHFaH KyBypAda THAPABIHUK KapUINJIUKHHU

n

ao o 6 U
TaIKUKOT HATKaJIapH XQE— = fe'?e(;B— O OOFJIMKJIMK IIAKJIN/IA KaliTa UIUJIAHTaH.
9 e 20

§/d=13+2,65 yuyn TypOyleHT pexumaa Taxpuba HaTHKAIAPUHU

yMYMJIAIMTUPUO KyHugaru GopMyaHu oI MyMKHH

,.0,09 ,.0,65

= 07058 0, 4,000 0 (1.38)

X =
RO%gDﬂ éDg
[23] umpa Oypama nenra (S/d=2,65) Vpuartwiaran KyByp OpKaiu OKHO
YTaéTran XaBo OKMMHUHUHI THAPABIMK KAPIIMINIH TAAKHKOT KunHraH. Taxpuoa

HaTH)XaJIapH 5% raua AHUKJIMKIA KYﬁHHaFH TEeHIJIaMa OMJIaH YMyMJIaIITUPpUIIaanu

ngi =0,875Re **® Igl5 (1.39)

Ymby dopmynagan KypuHUO TYpUOAUKH, Re=10" Oynranga YpHaTMma
y3ymura X=0,5] raya kamaiiranaa ruipaBiuK Kapaummwink 25% ra kaMaiuimra
0110 KeJlaau.

[29] mimiga KOBYIIKOK CYIOKJIHMKIAP YUYyH “KyByp HUMIa KyByp~ TypHIArd
UCCUKJIMK aJIMAaIIMHYBU KYPWIMACUHUHI KOHCTPYKLMSCH KEATHUPUITaH, YHIA
JICHTAJIA TUPAOOTAHTUPTUY YpHATUATAH. VICCUKIIMK anMallluHyBU KypHUJIMAaCUHUHT
TallKd KYBYpPH KYHJAJlaHT KECUMU MaWJOHM Y3rapyBuaH KWiMO Tal€pliaHrad, y
MYXHUT XapakaT HyHanuum 0yiinad, Kuckapaau. BUHTCHMOH KOBYpFa TalllkKu KyBYp
KYHJAJIaHT KECUMHU KUCKapHUIl HYHaTUIIUIard Kajamra TeCKapu MpOMOpIHOHA

paBuiia optud 0opaau.

1.4. CnupajicMMOH NPY:KHHA épAaMu/Ia HCHKJINK aJIMAIIMHYBUHHA
JKAMAJIATI THPHIIL
CrmpajcMMOH CUMIIM TIPYXKHUHKAJIAp UCCUKJIMK aJIMAllIMHYB MOCJIaMajlapyia
KeHr KyJuaHuwiaaau. CHupajJCuMOH CHMIIM TypOyJlHu3aTopiap OKUMHHHT JICBOP
O KUCMHUHU TypOynu3zanusuiad KoimaclnaH, Oaiku Yku arpoduna OyTyH
OKMMHHU aljaHMa Xapakarra KeJITHUpaah. by KaOW HCCHKIHMK ajIMalliHyBUHHU

KaJaJTalITUPrUaiIap Kyiuaaru acocuil ap3aninankiapu OusaH TaBcudIaHaau:
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- HCCUKJIMK AJIMAIIMHYBU MalJIOHU OIIaJH,

- KyBYp 103aCH SIKMHUJArd OKUM XapakaTilaHaJu, HaTWKajaa TE3JIMK Ba
XapopaTHU MAaKCUMaJl IPaJueHTU Ky3aTUJIaau,

- KOBYIIKOK OCT Katjam Oy3uiiajiu;

- Oypanuml Ba OKHUM Oy3WJIMIIMHUHT OUprajvkaard camapajopiiuru
UCCUKJIMK aJMallMHyBU KB THAPABIMUK KapIIMIUK Opacuaard MyHoOca0aTHU
SIXIITMJIANIN,

- Tanéprania TeXHOJIOTUK TOMOHJIAMa COIAIIUK.

Crniupancumon cumvin nipyxunkanap H.B. 3o03yns Ba WM.H. lkypartos [30],
3. Haraoxkuii [31], B.M. AzapckoB [32], A Kiauak [33] Ba Oorkazap TOMOHHIaH
TaxpuOaBuil TAIKUKOT KUJIMHTaH.

1.5—paCM11a CIIUPAJICUMOH CUMIIA IIPYKHUHKA TaCBUPJIAHT'dH.

1.5-pacm. KyByp Huugaru cnupajCuiMOH NPYKNHKA.

Cumim  ypHaTManu KYBYPHHHT acOCHH MapameTpiapu KyWHaaruiap
XucoOMaHaau: KyByp auameTpu D, cum nuameTpu d, cumiim YpHATMaHUHT KaJdaMu
S, CIIUPATHUHT Oypayuii Oypyart j .

[34] umpa auamerpu 25,2 mm Ba y3ywiauru 1500 mm (I/d=59,5) 6ynran
KyBypJla UCCUKJIMK aIMAllTUHYyBU Ba OOCHM WYKOTWIHMINK YpraHwiraH. CHUMHHHT
auamerpu 2,0 nan 3,4 mm (d/D=0,079...0,135) raya, cniupanuuar kagamu 10 nax
66 MM rada y3rapanu. CriupaaHuUHT Oypanuin Oypuyaru 32° fan 76° raua Tamkna
sragu. Mmram cyroximuk cudaruaa Hindustan Petroleum Corp (XuHIucToH)
Momuaan Qoitnananmiran. Taxpubdanap Reg=30...700 coxana onub Gopuiras.

Taxpuba sHatmwxamapu Nu=f(Re), |;=f(Re) rpaduxmap makamaa
KEeJNTUPWITAH.TAXKpUOa  HATWIKAJTAPUHUHT  YMYMJIAIITHPHWITAH  HaTHXaJlapu

Kyluaru TeHriamMa oyinya udoiaHaau:
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..0,14
Nu, =165xgj Re! Prolssg%g (1.40)
(%]

CnupaicumMoH TpYyKUHKaJIU KyBypaa HyccenabT COHMHMHI OpTUIIM MOWM
yuyH 1,5...4,0 au Tamkui staau, 0y TypOylIeHT OKMMra KparaHjaH aH4a IOKOPHU.

[30] wmmpma TpaHchopmaTOp MOHMHM OKHMMAA CHUPAJICHMOH  CHUMIIH
Npy>XUHKaJIap TaxxpuOaBuil TagkukoT KuinHrad. Taakukor Re=1800+6300 coxana
o0 GopuIIraH.

[34] umina nuametpu 8,48 mm Ba y3ywnaurul,22 m (/d=144) 6ynran muc
KyByp/la MCCHUKJMK aJIMAallMHYBU Ba THUAPABIUK KAPIIWIMKHUA TaXpuOaBui
TaJKUKOT HaTWKajgapu kearupuirad. Kamu 0¥nu0, 16 ta npy>KuHaiu ypHaTMaiap
cuHa0 kypwirad. cuMHuHT auamerpu 0,71 mMm gan 2,03 MM raua, cripai KaJaMu
sca 2,82 nan 8,47 mm raua y3rapaau. Mmruu cyroxmuk cudatuaa SAE10 mapkanu
EHTWJI MOTOp Moiunad dongananuiaan. Taxpuba MOWHUHT ypTadya XapapoTu
101°C xan 106° (Pr»90) raua y3rapasu.

OnuHran HaTWXajlap IyHU KypcaTaauku, PelHONbIC COHMHUHT TaAKUKOT
KiTHHTaH coxacuma (Re=340°...840°) KkyByp y3yHIHr# GHpIMIHma ypamiap
COHMHMHI OPTHUIIM OWIaH HMCCUKIMK OepuIl Ba THIPABIUK KapIIUIUK aBBaj
OpTaJy CyHIpa KaMasiJiy.

Hccukiivk Oepuill >KaJlaJUIMTUHUHT SHT SXIIH Japa)kacu pPEeUHOJNIBIC COHH
1200 man kam Oynranma amanra omragd (TeKHC KyByp OWIaH COJHUINTHPHIITAHIA
2...3 Mapra 1okopu). PeliHombac COHMHHM OpPTHO OOpuUIKM OWIAH HCCUKIHK
aIMAallMHYBUHU SKaJaJUlalITUpUII Japakacu kamasgu Ba Re>6000 Oynranna
taxmMuHad 1,5 ra TeHr Oynran kKuiimMatra sra Oymamu. Jlemak, mTpy>KUHAIH
YpHatManap PeilHONbAC COHMHMHI KHYMK KHHMAaTiapuia 5SHI SXIIH caMmapa
oepaau.

A. Knauak [33] auamerpu 6,8 mm Ba y3yrinuru 240 mm (1/d=35) 6ynran muc
KyByp/la CYBHUHI OKMMHUJA MCCHUKIMK aJMAllMHYBUHU TaJKUKOT KHUJITaH.

Taxpubanap Re=1,720°%..240* coxana Oaxxapuiaran (TypOYJCHT PEXKHM),
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Pr=2,5...9,0. MHccuknuk anMalmMHyBM YyYyH yMYMJAIITUPYBYM TEHIJIaMa
KyWuJaru KYpUHUIIHA OJIaJIH !
Nu, =1,04Re}*(s/ D) **(d/D)** (1.41)

(1.41) Tenrnama D=0,57...286; d/D=0,1...0,22 coxana ypuHIIH.

[31] wmma CyBHMHT OKMMHAA CHHPAJICHMOH CHUMJIM TpPY)KUHKajIap
TaXpruOaBuil TaaKUKOT KuiauHrad. Tagkukor Re=4600-23000, 1/d=0,26+1,78;
h/d=0,0335+0,15 opanukiapaa oaud OOpuraH.

[35] nmaa quamerpu 25 mm Ba y3yriauru 1500 mwm (I/d=60) 6yaran kyBypaa
WUCCUKJIMK aJMallMHYyBH Ba THAPABIMK KapIIMIUK Oyiinda TaxpuOaBHid
TaaKuKoTIap onnud copmirad. Cumaunr quametpu 2 Ba 3 MM (d/D=0,08 Ba 0,12),
cnupan kKagamu 3ca 20 man 132 mMm rauva Yy3rapanud. CroupaiHuHTr Oypaiuid
oypuarn 30°...75° opanuruma. TypOyIeHT pexnMmua Taxpuba oquG GOpHIraH
O0ynu6, umun cyrokmuk cudpatuga S0% - M TIMLEpUPH SPUTMACU Ba CYBAAH
doitnamanmiran (Reg=340°...840°).

OnuHTra" HaTMOKAJaApHUHT TaXJIWIH IIYHU KYpcaTaaukd, TypOyJIeHT OKUMIa
UCCUKJIUMK  Oepuil  KOXPOUIMEHTHHM  OPTUIIM  TEKUC  KyByp  Ouian
comumtupunragaa 1,3-1,5 vu tamkun stanu, Oy JaMUHApP OKUM pEXHMMMUra
Kaparasja Kam.

[32] mmpa CaCl, HamMakOOHMHr OKHO YTHINHAA CHUPAJICHMOH CHMIIH
Npy>KUHKa TaxpuOaBuil TaaKUKOT KuwiuHrad. Tankukoriap Re=1100+4500,
|/d=1,63+1,78; h/d=0,0335+0,15 coxanapaa on1ub OOpHraH.

[36] mmima auamerpu 13,81 MM Ba y3ywiwmru 605 mm (I/d=43,8) 6yaran
KyBypJa HCCUKIWK aJIMAallMHYBH Ba THAPABIMK KAPIIWIMK TYJIUK TaIKAKOT
KunuHrad. CrnmpancuMoH TpyKUHKadapHuHT 11 Ta BapuaHTH TaAKKUKOT
KuiauHrad. CupaJCuMOH MPYKWHKalap CUMHUHT JHaMETPH Ba CIHpall KaJaMu
ounan ¢apxmanaau: d=0,5...3 mm, $=10...60 mm, d/D=0,033...0,207, Petinonbic
conn 440° nan 540" raua y3rapam.

Tankuxot HaTokagapu NU=f(Re) u | =f(Re) rpaduk makiuma KeaTHpUIraH.

25



[37] wmpa nmumamerpum 13,81 mm Ba Yymuamcu3 ysywimknaru |/D=43,8
KyBypJa HUCCHUKIMK aJMallMHYBUM Ba TUIAPABIUK KapIIWINK TYJIUK TaIKUKOT
kwinHrad. PeitHonbnc conn 6000 man 40000 rava y3rapaau. TagkUMKOT KUJIUHTaH
CIIMPAJICUMOH TNPYKUHKAaHWHI aCOCHUW  MapaMeTpiiapyd JKaJBald IIAKIUAA
kenTupuirau [37].

Hccuxnuk anMammHyBu Oyinda Taxkpuba HaTwkalapu Kyuuaaru gopmyna
Oyiinya yMyMialITHpUIaau

NU _) g5y o520 085+25(2h/d) (1.42)
Nu, d 28+126(2h/d)d

Tenrnama 0,0667<2h/d<0,435; 0,75<t/d<4,4: 6:10°<Re<4-10" opammkiapaa

(V)

YPUHIIN.

VICCUKIMK THAPABIUK camapaaopiuruiau xucoouil Hatmkanapu Nu=f(Re) u
x=f(Re) rpaduk maxinaa KeITHPUITaH.

CnupalicCMMOH NPYXKUHKAJIAPHUHT SHT SXIIW BapUaHTUHHW KYJUIaHTaHIa Ba
TUAPABIMK KAPIIUIUKIAp TEKUC KyBYp OWIaH COJUIITUPWITaHaa Oup XMWl
oynranna nccukiauk curuMuHu 40% ra omumura oaud Keyiaau.

[38] umga cnimpancuMoH MPYKMHKAIW KyBypJa UCCHKJIMK aJMaIlIMHYBH Ba
TUAPABIMK KapIIWIMK OViWYa TaaKUKOT HATWKalapu KeNTUpWIrad, OyHIa
Peitnonbnc conn 4000 gan 100000 raya y3rapaau, uirdu MyxuT cudatuia CyB Ba
rmmnepuHHUHr 50% nu sputmacuaan Qoiinananwirad. TaagKuKOT KWJIWHTaH
NPy XKHHAJAPHUHT aCOCUH MapaMeTpiiapy *aaBall Makiuaa kearupuirad [38].

Iynunraex, [38] wuimiga coupajicMMOH MPYKHHKA YPHATHITaH KyBypia
TpancopMarop MoWM OKHUO YTHIIMAA HCCUKIUK aIMalldHYBH KapaCHUHU
TaIKUKOT HaTwxkanapu €putwirad. PeitHonbac conn 30<Re<2000, 300<Re<675
opanukaa y3rapaau. KaHaJlHMHT reoMeTpuk TaBcudiIapu KyWumaru coxajia
y3rapaau: /d=2,62+-0,83; hy/d=0,085+0,14; ao=32:61°.

CnupalicMMOH TIpyKMHKa YpHaTWwiran KyBypaa NU COHUHM XucoOJail yuyyH

KYﬁHHaFH TCHIJIaMa TaKJI(I)I/I OTHIIT'aH

Nu =1,65tga (Rep, )" Pro (mym, ) (1.43)
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Crmpan KaJaMUHWHT KaMaluIId Ba YpHATMAHUHT OaJlaHUIUTHHHU OPTHUIIU
Oownan xxagaamtupuin camapagopiauru 150-400% Hu Talkua dTaau.

[39] wmma KOBYIIKOK HBIOTOH CYHOKIUKIAPUHUHT JIAMHHAP pPEXHMIa
CIHUPAJICUMOH CUMIJIM TIPYKHHKA TaJKUKOT KHJIMHTaH.

Xucobuit aManuéTaa Kysuiam y4yH KyHugard yMyMJIalITUPUITaH TEHTJIaMa
KYJUIAaHUJIAIU

Nu =0,23Re*” Pr®*(d/D)*’(9- s/D)>° (1.44)
bormukiaukaun  Kymwtanmiauimn  coxacu:  Re=80+1200; §/D=0,71+4,3;
d/D=0,714+0,171.

TaxpubaBuii Ba XucoOuii werTnmammm 12% naH omMaiimu. YpHaTMamH
KyBypJlapAa HMCCHKIMK Oepuill KO3(p(UIMEHTUHH TE€OMETPUK MapaMerpriapra
oornmuk xonga 2-4,5 mapra opranu. VCCUKIMK aJMalllMHYyBH 03aCU dCa TEKHUC
KyByp Ounan conumtupuiranaa 10-60% raua opranu. TaakuKOT HaTuxanapu
Nu =f(Re) rpaduK maKIHIa KeITHPUITaH.

['uopaBmuk Kapmiuk Kod(QPHUIMEHTH KUHUMATHHUA XHCOONAll Y4yH

KyHuJard yMyMIallTUPWITaH TEHTJIaMaian poiaanaHuianm

530 .0.1,4 é ..0,650
= S0 Ao g BY 1.45
Re’** &D g pg ng E ( )

Taxxpubauii Ba Hazapuil uernamum 14% nan ommaigu. BoFmuKIMKHU
Kymnanwam coxacu: §D=0,71+4,3; d/D=0,071+0,17.

Tankukot Hatmxanapu X=f(Re) rpaduk makmmaa kexrupuirad. Vccukimk
camapagopiuk HarTmxazapy Nu/ Nuo = f(Re) a XIX, = f(Re) rpadux makmmaa
KEJITUPHJITaH.

[40] wmpa cOupajICcMMOH  CHMJIM  TUPIOOJAHTUPIHYAa  HMCCUKIHK
aJIMAIIMHYBU TaXpUOABUH TaJAKUKOT KWJIHMHTaH. TakpuOamap CyBHUHT OKUMHA
Re=310°+310°> opamnkga OGaxapwirad. VCCHKINK —aIMAalIMHYyBH  Y4yH
YMYMJIAIITUPHWITAH TCHIIaMa KyHuaard KypuHUIaa udoaaaaHaiu.

Nu =0175Re®’ Pr3(d/ D) % (1.46)
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by Ttypamaru typOynuzaTpiapHu KYHAQJIAHT 4YyKypyalid TypOynuzaTopiap
OWwiaH CONUIITHpraHAa cChoupan KaJaMd KAYUK Oyiaranjna kKaM SpOKJIUIUp
IIYHUHTAEK MPY>KUHKAaHUHT KyBYp OWJIaH MCCHUKJIMK KOHTAKTH HMIIOHWIA 3Mac,
SbHU MPYXKWHA KyBYPHUHI MYKU F03acUTa €Tapiuya 3u4 MaxKaMjaHMauau, ymoy
KaMUUJIMKJIAp yJapHU HHCOAaTaH KWYMK Kajgamjapla KyJall camapaaopiiuruHu

KaMauTUPAIH.

1.5. KyBypHHMHI MYKH K03aCHHU KOBYPFaJall épaaMuaa HCUKINK
AJIMAIIMHYBHHH KaJaJ A THPUIL.

Typnu xun makigard CHUpajJCUMOH KOByprayiap OWp Ba HWKKU (dazaiu
UCCUKJMK  TallyBYWIM  HCCUKJIMK  ajJMallMHYBH  KypuiaMmajapujia  KeHT
KyutaHunaau. [lnacTUHaHUHT KEHIJIMTU KyBYp AMamMeTpura HucOataH OMp Heua
MapTa KUYMK KwWinO Tal€prnananu. YmlOy Typaard TUPAOOJaHTUPTrUYIaAp
KYJUITaHWITaH/Ia UCCUKJIMK aJIMAIIMHYBUHM >KaJaJUTAIITUPHUII HYKTau HazapujaH
X1 camapazop Oynu0, OKUMHU OYpWIHMIIM Ba OYy3WIUINU OUpraaukaa COIUP

oynaau. IlnactuHanu cnupajacuMoH rupaooaanTuprud 1.6-pacmaa KenTUpUIIraH.

F Y

_

Fy
L

1.6-pacm. CrivpanicuMOH rUp/100JIaHTUPTUY.

Texnukaga Oypamum Oypyaru KUYHMK OYiraH XojaT dHT KEHT TapKaJraH
xucobmanamu (j =20...30°). CrmpancuMoH KOBypramaHTaH KyBypia HCCHKIHK
aIIMAIIMHYBH Ba THAPABIMK Kapmwivk [19] wmipa TYIMK TaAKUKOT KUJIMHTAH.
KyByp nuametpu 20 mm, y3yraura 900 MM, KOBYpFalalitHUHT HUCOUH Kanamu S/d,
1,0 nan 10,0 (h/d=0,2) raua y3rapaau, h/d xuiimat 125 man 0,3 raua y3rapamu.
Taxpubanap Re=6-10°...5-10" coxana xaBoHHHT 0KuO YTHIINIA OTHO GOPUITaH.

Hccukiuk anMamuHyBd OYyiiMya Taxkpuba HaTWwkajmapu KyHuaaru

OOFIMKJIMK OMJIaH YMYMJIAIITUPHUIIA]IN
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2h

12+23
B < LU I (1.47)
0,03Re’™ o2 d

DR

®opmyina 0,25<2h/d<0,435; 0,75<s/d<7; 6:10°<Re<5-10" coxana ypurm.

Hccukiiuk anMaliMHyBH Ba TUIPABIMK KapIIMIWK OYyiKWYa TaaKUKOT
Hatmwxanapu Nu=f(Re) u x= f(Re) rpaduk maximaa kenTupuiras.

XHUCOoOIaNUIApHUHT KYpcaTUIllnya, TEKUC KyBYyp OujlaH Oup Xui OyiraHia
KApUIWIMKHU eHruira capguanrad KyBsat 40% ra opraau.

Typnu reoMeTpuK MIAKIAATH COIUPAIICUMOH KOBYPFJIAPHUHT Ha3apHUil TaxX il
YMYMHI KapIIWIHK KOAPGUITUCHTUHN aHUKJIall UMKOHUHYU Oepaau [38, 39]:

X = [0,3164Re'y,°'25+l VJcos2 b +x sin’b (1.48)

BypalMiiHuHT KHYuK Oypyakiapu YIyH (b=10...200), (1.48) tenrnmamanaru
MKKAHYA KYIIAIYBYH XKy1a Knauk (Sin°b»0). Bypamuiauar katta 6ypyakmapuia
(b=70...80°%, (1.48) TeHrnamazars GUPHHYHM KYUIMITYBYH KyHHAATH KYPHHHIIIA
oynau:

X = 0,115{(d /s)°lgs,/ h}2 /1g(D/h) (1.49)

CyBHUHT OKMO YTUIKJA OJIMTaH Ha3apuil Ba TaXpuOaBUN MabIyMOTIApHU
COJIMIITHPHIN HATHXKAJIApy TpauK IMAKIKIa KeITUPUIraH [4].

Yubypuak KOBypfrajiu KyBypia b=19°...26° oynranga TYFpu Oypyakiu
KOByprayiaml OwWiaH COJUINTHUPWITaHaa THApaBIMK uWykotwmmm 8...13% ra
opTaju.

[40] wmpa awamerpu 20 mm Ba y3ywaurn 800 MM OynraH WuKd
CIIUPAJICUMOH KOBYpPFaju KyBypJia TypOyJe€HT OKUM/a UCCUKIUK aIMallMHyBH Ba
TUAPABIUK KapIIMIuK OYyinya TaaKuKOTiAap oiaubd OopuiraH. PeliHonbiac coHu
2000 gan 50000 raua y3rapasu.

CnupajacuMOH KOBYPFAHUHT OaJlaHJIMTMHU  OpTUO Oopuimm  Ouiian
UCCUKJIMK aJMAalllMHYBH Ba TUIPABIMK KapIIWIUK OPTUO Oopaju, SHT SXIIU
Hatwka h/D=0,25 oynranmga omuuaau. YOy Xoj1a HUCCHKIMK alMAIlMHYBUHU

xanamtamumu 1,4...1,5 maprta omasu.
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Nuky cnupa’iCuMOH KOBYpFajallja MCCUKIUK THUIPABIMK CaMapagopiuk
XUCOOTApMHHMHT HAaTHKajdapu rpaduk maknuaa kenrupuirad [40].

[19, 41] ummnapaa cyB okumuaa 17 Ta KOBYpFajaHraH KyBypAa HCCUKIUK
AIMAIIMHYBUHUHT TaBcuduapu TaxpubaBuii udomananran [41]. T['mapaBmuk
KapIiank koddduimentn OVitmua onuuaran Hatwkamnap | /4=f(Re) rpadux
HIaKJIUAa KEITUPUIITaH.

Tyrpu KoBypranmu KyBypiap yuyH (Taxpuba wmabaymoriaapu 10%
aHMKJIAK/a) yMyMIIAIITUPHITAH TCHIJIaMa KyWHIard KYpUHHUIILIA

| /14=0,406(b/d,)Re % (1.50)
dopmyaa 5000<Re<75000 Ba 0,21<b/d,<0,49 coxana YpuHIH.

Chnupancumon  KoBypramap yuyH +12,3% anuknaukgaru  Qopmyna
YPUHIUIUD:

| 14=0,614Re *®(s/d,)** (1.51)

lynunrnex, [19, 41] unmapaa TYFpu Ba CIUPAJICHMOH KOBYPFalld KYBYD

YUYyH HCCHUKJIMK aJMallMHyBH TaJKUKOT KWJIMHTaH Ba yMyMJIAIITHPUIITAaH
TEHIJIaMa OJIMHTaH.

TyFrpu KOBypramu KyByp yuyH HCCUKIUK anMmamuHyBu +10% anukivkmarua
dbopmynanaH aHUKIaHATN

Nu =0,212Re”(b/d, )"* Pr’*(m/ m, )** (1.52)

(1.52) dopmyma 0,21<b/d,<0,44; 5:10'<Re<10’ coxana ypUHIHL.

CrimpalIcCHMOH KOBYpFa YUyH KyHUAaru TeHriamMa YpuHIIH:

Nu = 0,369Re*® Pr*(m/ m,)**(s/d,) ** (b/ d,)** (1.53)

(1.53) dopmyma 0,12<b/d,<0,52; 79,2<5/d,<92; 510'<Re<10°> coxana
YPUHIIN.

[42] niina Her0TOH CYOKJIMKIApU JAMHHAP OKMM/IA XapakaTJaHTaHIa HUKH
CHHUPAJICMMOH KOBYpFa KypuO uukuiaran. Tagkukoriaap §D=0,032+0,22 opanukia
onuHrad. Hccukiauk camapagopiauk xucodu Hatmxaapu (NU/Nug)/(X/Xo)=f(Re)

I‘pa(l)I/IK Haxkianaa KCJITUPUIIraH.
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WNuky KoBypraiu KyBypJa JIaMMHAp OKUM Oyiinya Taxkpuba HaTwxKajlapu
YorkuHcoH Ba Oomkamap [43], myHunraek Manep Ba bepriacnapuunr [44]
uiiapuaa épurwirad. VkanaHum Kapmwivra KodpGuimeHTy oyitnua (MKKUTa
conuintupuiaaéTran KyBypiap ydyH) Ba HycceiasT coHu OVitmua (OuTTa KyBYp

Y4yH) OJIMHTaH HaTIXKaJIAp Y3apo KOHUKAPIIUIHP.

1.6. HcCHKINK aIMAIIHHYBHHH KaJAJIAIITHPHIIHUHT TYPJIH yCyJJIApUHU
camMapaJopJUrHHH COJUIITHPHUIIL.

Ymby OymuMaa HCCHUKINK alMAallMHYyBH KypHJIMACHHHMHI KaHaJIapuaa
UCCHKIMK  aJIMAallMHYBUHM JKaJaJUIAIITHPHII ~ CaMapajopiIMTUHU  Oaxouiam
YCYJUIApUHU TaXJIMIM KeATUPWITaH. YIIOy Makcal ydyH 3HT caMapald HCCUKIUK
aJIMaIIMHYBUHU SKaJa/UIAIITUPTUYIAPHUHT KOHCTPYKIMACH Ba >KaJaUIalITUPHII
MexaHu3MIIapHu Oopacuia Kuckava afabuetiap mapxu KeITUPUIrad. SIHru niMuii-
TEXHUK  MabIyMOT  KEJNTHPHITaH: KaTop  JKaJaJUTalITHPTUUIAPHUHT
CaMapaZiOpIUTUHU  TH3UMIIAIraH  TaBcu(Iapu  KenTupwiraH.  VccHKImk
aJIMaIlMHYBH KypUIMacuaa HCCUKIMK aJIMAaIlMHYBHHU >KaJaJUIaIITHPUILAAH
doiinamanranna  camapamopaukanm  Gaxomam  yayr  h =(Nu/ Nuy)/(x /%)
kod(dunnentnan ¢oiifanaHuI TaBCUA STUIAAH, YHH HCCUKIUK aIMallMHYBU
KaJaJallrad Ba OAJMN HCCHUKINK alMAallMHyBH KypWJIMAacH YYyH KyHuparu

maxa xam ésum Mmymul h = E [ E; («0» UHIEKCHU TEKUC KyBYPJIH HCCHKIIHK

aJMaIINHYBM KypuiaManapu yuyH), éku E =Q/ NDt ko> duuumentnap Hucoatu
maknuaa xam udoaanam MyMKuH (Q—uccukiuk okuMu, N—HMCCUKIUK TallyBYXHA
Xauaan yayH capdaaHran KyBsart, Di—xapopatiap dhapku).

VICCUKIIMK THAPABIMK caMapaJopiIMKHUHT O0axocu TypOyneHt (1.7-pacm) Ba
namuHap (1.8-pacm) pexxumiap yuyH ajJoxXuaa KeJITHPHUIITaH.

TypOyneHT pexxumaa dHT AXIIA caMapaJopJIMK KHYHUK XaTKaId KyHIaJdaHT
Oyprukian KyBypaa ky3aTwiamu (1.7-pacmpa 2 4u3uk). PeilHOIBAC COHMHHUHT
Re=80-1000 coxacunma mMakcuMmal caMapaJopJiMK HHcOaTaH KarTa OajaH UK

Xankaiau kyamananr oyprukiaap hD£0,1 yuyn xam axamustiauaup (1.8-pacmaa 3
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YU3MK). YOy TypAard HMCCHUKIUK aJIMalIMHYBUHHU JKaJaJUTAIITHPTUY OOIIKa

TypAaru XaJaJulalITUpUrundjiapra Kaparania xxXyia Xxam KS?H praHI/IJIFaH.
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1.7-pacm. TypOynent pexnMaa HCCHUKJIUK aJIMalluHyBUHU
KT TUPT UUSIAPHUHT onTUMAall re€OMETPUK napameTpiapuaa

camapaJiopiIMKIAPUHU COJUINTUPUIL. 1—TEKUC KYyBYp, 2—CIHUPAJICUMOH CUMIIH
ypuatma [HO.I'.HasmeeB Ba Oomt], hDyx =0,171, t/Dy=4,3; 3—«kyHmananr
oyprmanap [HO.I'.Hasmee Ba Oomr], d/Dy=0,8, t/Dx=0,66; 4—cnupaicumon
oyprmanap [FO.I'.HasmeeB Ba Oomr.], d/Dy=0,72, t/Dx=0,72; S5—cnupancumon
cumin ypHatMa [Yrtrapeap Ba 6Gom.], h/Dx =0,079, j =76% 6-«ymyamanr
oyprmanap [B.B.Omumnuer], 2h/Dg=0,2+0,24, t/h=25; 7-nuadparmanap
[B.IL.LEnpunnoB Ba Oomr.], d/Dy=0,25, t/Dx=0,32; 8—«yumamanr OypT™anap
[FO.B.IletpoBckuit Ba Ooi.]; 9—cnupaicumon cumim ypaatma [H.B.303yns Ba
oor.], t/Dx=6,5; 10—«yuaananr 6yprmanap [C.I".3akupos Ba 6omi.], h/Dx=0,0625,
t/Dx=0,0706; 1ll—«yupamanr apukuanap [C.I'.3axupoB Ba Oomr.], h/Dy=0,0625,
t/Dx=0,0706; 12—cdepux Oyprmanap [W.A. Ilomos], h/D=0,21, h/H=0,186,
H/D=1,12; 13—cdepuk uykypuanap [HU.A. ITomos], WD=0,21, h/H=0,3, H/D=0,71;
14—cnupancumon cumin ypaatMma [C.D.baes].

dakartruHa OKMMHHUHT TypOYJICHT pexuMmuiga Re COHMHMHT XKyda KHYUK
opalufuja KUYUK chepuk OYpTUKIApHUHT cudaTd KyHAajdaHr OYpTukiIapra

HucOaran anya sxmu (11-pacm, 13 yu3mk).
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1.1

E(E,

1.1

LEX Y| 1 L1 1 L1 1111 ]

1 100 L0 LEr
1.8'paCM . HaMI/IHap pexumMaa HCCHKIINK AJIMAalIMHYBHUHHA
KaagaJuTalITUPrHYJIapHHAHD OIITHUMAJI IreoOMCTPUK mapamMcTpiiapuia

camMapaJopJIMKIIAPUHK CONMINTUPHUII: 1-TeKuC KaHal, 2—Xajakaiau oyprManap [I.A.
Hpetinep Ba Oomkamap]: t/h=50-100; h/Dy=0,01-0,02; 3—cnupamm Oyprmanap
[FO.H. Boromaio6oB Ba Oorr.; I1.A. Casenbes]: t/h=15; h/D=0,04; 4—kupkuimaran
oypruxiau [Xan Ba Oomr.]: t/h=10; h/Dyx =0,0625; | =45°; S—kupkuiran OYpTUKIN
[XanBa Oomr.]: t/h=10; h/Dx=0,0625; ] =45°; 6—cdepuk 6ypTuriap [A. bepkoyH
Ba Oomr., I1.JI. KupumioB Ba Oomr]: t/h=17; h/Dx=0,047, h/D=0,5; 7-chepux
oypruknap [I1.JI. Kupwmuiossa Gomr.; Tainmop Ba Oom.]: t/h=16; h/D=0,5; 8-
chepuxk OYVprukimap Ba uykypiap [A.K. Aumcun]: hWD=0,25, t/h=2,8; 9—xkununk
chepuk 6yprukaap [W.JI. lpanep Ba 6omr.]; 10—kuunk chepuk 6yprukiaap [M.J1.
Ipangep Ba Oomr.]; 1l-upuk chepuk Oypruxmap [WU.JI. lpaxep Ba 6omr.]; 12—
chepuk 6YVprukaap [I'.I1. Harora]: H/Dx=0,66; WD=0,13; f=13%, h/D«=0,025; 13-
chepuk 0Vprukiaap [M.A. benenskwii]: t/h =1,1; /D =0,1, h/Dg =0,225.

Yuiby NyHKTAA KEITUPWITaH, TYypJAd XWJI HCCUKIUK aJMalliHYBUHU
KaJTa/UTAIITHPTHYIAPHUHT  CaMapaJoOpJIMTMHUHT TaXJIMJIM IIYHH KypcaTaauKu
KaJaljalraH KaHaJUIApHA — CaHOATAa  KyJUlalll HUCCHKIWK  alMalluHYBH
KypHJIMaJIapUHU UCCUKIUK YHYMIOPJIUTHHHU KYIT MapTa OIIMIIAHU KadosaTiaiimn
€KUM TEKHC KYBYPJIM CEPHUSBUI BapUaHTIArd HCCUKJIMK ajIMAalliHyBH KypHIMaaapu
OWjaH  COJMMINTHPHITAHAA  JKAJAJUTAIITHPUITaH  HCCHKIMK  aJIMalldHyBH

KypuJIMaJdIapuHHUHI MCTAJIJI CHUTUMU KaMasaIu. I[eMaK, HCCUKJIUK aJIMAallIMHYBH
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KagauraldTUPUIITAH  KYpUJIIMaHHU OIIIII/Iﬁ KypHJIMa OomIan COJIMIITUPHUIITAHAA

OHCPTIUA TCHKAMKOPJIWUTH OLIAIH.

2. UccuKINK aJMaNIMHAII SKAPAEHUHE YKCTIEPUMEHTAJ TAAKUKOT KUJIHIIIL.
2.1. Jlokay TypOyJIM3aTop/Iap KOHCTPYKUMSACUHUHT TABCH(H.

“ IcCUKITHK SHEpreTHKAcH” kadenpacuaa (TomJITY) JoKa
TypOyJIN3aTOPIAPHUHT 3aMOHABUI KOHCTPYKIMSUIAPH UIILIA0 YMKHUIITaH.

JlogaTtna mokan TypOymHu3aTopiiap OKUMHUHT TYJIHK KHCMHHH 3Mac, Oalku
Kepakiu O KOWJIapHW, MacajaH WCCHKJINK aJIMallMHyBUHH JCBOp  OJIIU
30HAJIApUAard OKUMHHU  TypOynuzanusnaiian. YmOy xoilga camapaaop
TypOyJIn3aTopiapaan OMPUHUHT KOHCTPYKIMSICH Kyiuna kentupuirad (2.1-pacwm).

1

4 2 n
;p ;..
5

(0000000000002

+

2.1-pacm. Jlokan TypOynu3aTopiu TaxXpuda KyBYpHHHUHT CXEMAcCH.

1KxyByp AeBOpH, 2—CYB XapaKaTH WyHAIHIIN; 3—5JACTHK 3aHTJIaMaliIuTraH
CUM; 4—Typiu XuJl MAaKIAard mycToTelap, S—MaxKaMIOBUU CHM.

Taxxprba KyprJIMacCHHUHT aCOCHIA PIEeMEHTH 0YIU0, S)PKUH MAKIUTH WHTHYTa
DJIACTHK 3aHrIaMaiaural cuM 3 XucoOnanamu, (2.1-pacm), TypOyiusaTopiap
TypJId XWJI TeOMeTpUK makiaa 4 6ynub, monumep mycToTeJuiapiaH TalépiaHran
Ba OeNTMIIaHTaH OpajMKAa CUMHU OyKWITaH )oujaapu Maxkamianran. CAMHUHT 3
OWp y4MHHM OXMPH KyBYPHHHT KHUpHII KUCMHU 1 ra MaxkamioBuu cuM 5 épmammuia
MaxKamJIaHaJW, UKKUHYA OXUPTH KUCMHU 0¥ Konaupuiaau. CUMHUHT TUaMETpU
0,2...0,8 MM Hu Tamkui 3Taau. CyB OKUMU 2 MOJMMEPIU MYTOTEN AJIeMeHTH 4
HUHT HOTEKHC 03aJIapuHHM IOBHO yTaaW Ba CUMIIM Kepakiu Macodara 4y3aiu,
CYHrpa cuM 3 HHHT DSJACTHKIWK Ky4d CyB OKMMHHUHT 2 3ap0and Kydwra

TEHrJaIaan, KeMuH NoJuMepiin mycToTen 4 Te3aa AacTiiabKu XoJjaTura KauTaiau.



[Tonmumepnu mycToTeN SMEMEHTHHUHT XapakaT 4acTOTacu Kyhujaaruiaapra OOFIIuK:
CUM 3 HUHT 3JIACTUKJIUTHUTA, TIOJIMMEPJIM ITyCTOTEI 3JIEMEHTH 4 HUHT Maccacura Ba
Talmky Inakiapura Oornuk. KyBypnapaa VpHatunran TtypOynuzaTopiap CyB
OKMMHHH TypOyIu3arusiiaiy, afHuKca UCCHUKJIMK aIMAIMHYBUHU JIE€BOP OJIU
30HacuJa OKMMHH TypOynu3anusuiaiau, Oy sca KaTjiamJIapHU XOCHJI OViIMIIura
KapIIWIUK KypcaTaau, UCCUKIUK aJMallMHYBH >KaJajjianiajgu, WIIOHWIMINK Ba
acTiIa0Ku CYBHU KU3JAUPYBUMJIAPDHU TYXTOBCHU3 DKCIUTyaTallusl KUJIUIT MYIIaTH
opranau. TypOynu3aTOpIapHUHT KOHCTPYKIIUSICH COJ/JIa, Kyjail Ba KaM XapakatTiiu.

AmManjia cyB HacOCIapUHU 3aXypaja TYPUIIH apT dMac.

2.2. Taxxpuba KypwIMACHHHUHT TaBCUDHU.

KyBypnapga  nokan  tTypOynuzaropyiap  KYJUIaHWITaHJA  MCCUKIUK
aNIMAallMHYBU SKapa€HIapUHU TaJKUKOT KWIMII Y4YyH Taxpuba Kypuiamacu
apaTwirad. Taxxpuba KypruJIMacHHU TPUHIIUIINAI cXeMacH 2.2-pacMia Ba yMyMuUi
KypuHHIIU 2.3-pacMaa KeATHUPUIITaH.

Ymby pacmaa HWIMHIPUK KyBYpAa HCCUKIWK aJIMAllMHYBUHU YpraHUIl
YUyH TaXpuOa KypHUJIMacUHUHT CXeMacu TaCBUPJIAHTaH.

Kypunmacu taxxpuba KyBypu 13 (Jtokan TypOyau3aTop YpHATHITaH KyBYp)
Ba 14 (ommuii Tekuc KyByp) Japaan ubopar. KyBypiapaa OocuM HYKOJUIIMHA
aHUKJIAIl y4yH KMYMK MTynepiaap 6 ypHatwiran OYnuO, yiap 3ruiyBYaH ILJIAHT
épnamua manoMetpiap 8 ounan ynaHaau. CyB BeHTHS 15 opkaiu KUpUTHIIAIH,
yHUHT capdu 3ca 6eBocuta BeHTUN 16 €paamuaa porameTp 17 HUHT KYpcaTKUuu
Oyiinya poctiananu. KyBypra uCCUKINK Oepulll HUXpOMJIaH Tal€piaHraH Criupai
épnamuna amanra omwupuianud. VMCCUKIMK y3aTWIMIIMHM aHUKJAIl Ba POCTIall
y4yH DSJEKTp IOKJIaMacu pOCTJIOBYM TapHchpomarop 3 EpaamMuja amanira
OLLIMPWJIAJIM, TOK Ba KyWIaHUII KuiiMaTu OeBocHUTa amMIepMeTp S Ba BoiaTMeTp 4
épnamuna anukiiadagu. CyBHUHT KyBypra KUpPHUIIJArd Ba YUKUILIZAATH XapopaTu
ATAJIOH TepMomeTpiaap / Epaamuaa ymyaHaau. KyByp KU3IupHII FO3aCHHUHT

KUpUIIUIAard Ba YUKUIIKUIArH XapopaTiapu Jorometpiap 1 épnamuaa yadananu.
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2.2-pacm. KyByp/a UCCHKJIMK amMalllMHYBUHU TaIKUKOT KUJIUII YUYH SIpaTUITaH
TaXpruOa KypHUIMAaCHHUHT MPUHITUTIHAI CXEMACH.
1-norometp; 2—repMoxyhTHH anManuiad ynarud; 3—mabopaTopus
aBTopancopmatopu (JIATP); 4—BoabT™MeTp; S—amnepmerp; 6-ryiepiap; 7—
TepMoMeTpaap; 8—manomerpiap; 9—repmoxydriap; 10-acOecTiv HCCUKIUK
U30JIAIIMOH Matepuai; 11-MCCHKITMK aXpaTyBUYH JIEMEHT (JIEKTP KU3AUPTUY);
12—xyByp nesopu; 13—TypOynuzatopiiv MUIMHAPUK KYBYp; 14—TypOynuzaTop

VpHaTUIMaraH TeKUC MWIMHAPUK KyBYp; 15, 16—CyBHUHT KMpUIIIA Ba YHUKHUIIIH.

2.3-pacMm. Taxxpuba KypuIMacHHUHT YMYMUH KYPUHUIIIH.
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2.3. Uccukank aaMaliMHyBHU 0YiiM4a OJTMHIAH TAAKUKOT HATHKAJIAPH.
Hccukiivk anMamuHyBu O0yiinya TaAKUKOTIApHU Oa)KapHlll YUyH KyWuJaaru
MabJIyMOTJIap OepUiIraH:
-Takpr0a KyBypHHHUHT quametpu, 0=20 mmM;

-Taxpr0a KyBypUHUHT KECUMU

2 2
g, =Pdn_314X002) _oq)40+; ¢
4m 4

Oy epaa N—kyBypaap coHu, N=1, m-iymnap conu, m=1.

-CYBHHUHT ypTada Xapopapty, t;,= 50°C.

-t,= 50°C Gynramma cysrmHT mccubuuk (usuk xycycmstmapu: | =0,65
Br/(mx), n=0,556:40"° m?/c, Pr=3,54, r =988,1 kr/m>,

TanmkukoT Taxxkpuba KypwiMacuiaa YHTa Typlard TypOyiauzatopiap
Epmamuaa onmub O6opunrad. OJMHTaH TaXpruOa HATHKAJIAPU JKaaBal KYpUHUIIHIA

Ba Nu=f(Re) rpaduk makmuga KeITHPHITaH.
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Texuc KyByp

No Re Nu; Nu, Nus Nuy Nus
1]1013,03| 9,290%4 9,290%4 10,2124 9,29054 | 10,2124
2| 17728 | 9,571%4 9,571%4 10,3395 10,3395 | 9,571%4
3 12532,58 | 9,14692 9,83576 9,14692 9,14692 | 9,83577
4 13292,35| 947172 9,47172 10,0745 947172 | 10,0745
514052,12| 9,75117 9,75117 10,2892 9,75117 | 10,2892
6 | 4875,21| 11,3584 10,8932 10,8932 11,3584 | 11,3584
7 | 5761,61| 11,3412 11,3412 11,7596 11,3412 | 11,7596
8 | 6584,7 12,544 12,544 12,9162 12,544 12,9162
9| 7471,1 | 13,1629 13,1629 13,5029 13,1629 | 13,5029
10| 8420,81| 13,963 14,2729 14,2729 14,2729 | 13,9629
11905396 | 15,2135 14,9244 15,2135 14,9244 | 14,9244

Texkuc KyYBYpJAa HCCUKJ/IMK AJIMAINUHYBUHHA TAAKHKOT HATHKAJIAPHA

16

14

10

=.s]

o

[

Nu

2000

4000 6000 8000

Re

10000

38




Tabnemxka waxkauoazu mypoyau3zamop

Typoynuzarop kagamu 80 MM

Re Nu; Nu, Nus Nuy Nus

1013,03| 10,2124 10,2124 11,0755 | 10,2124 | 11,0755

1772,8 | 12,4463 11,7727 12,4463 | 12,4463 | 12,4463

2532,58 | 12,9291 13,4928 13,4928 | 14,0419 | 14,0419

3292,35| 14,8209 14,8209 152917 | 152917 | 15,7538

4052,12 | 16,7311 17,1351 17,1351 16,7311 | 17,1351

4875,21| 19,263 19,6082 19,263 19,6082 | 19,6082

5761,61| 22,1514 22,1514 22,1514 | 21,8518 | 22,1514

6584,7 | 24,3624 24,3624 24,8929 | 24,6285 | 24,8929

oloNo|uhw(NF|=

7471,1 | 26,9064 26,1843 27,3818 | 26,9064 | 27,6177

10| 8420,81 | 29,2366 29,4525 29,4525 | 29,2366 | 29,4525

=
=

9053,96 | 30,4878 31,9024 31,9024 | 31,3005 | 31,3005

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJIapH
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Tabnemxka waxkauoazu mypoyau3zamop
Typoynuzarop kagamu 100 mm

Re Nu; Nu, Nus Nuy Nus
1013,03| 16,687 16,687 16,0739 16,0739 16,687
1772,8 | 17,1286 17,1286 16,5971 17,1286 | 17,1286
2532,58 | 18,4701 17,5529 18,0156 18,4701 | 18,0156
3292,35| 20,7577 19,9819 20,3723 19,9819 | 20,7577
4052,12 | 23,6265 22,9648 23,2972 22,9648 | 23,2972
4875,21| 26,1783 25,8898 25,5993 26,1783 | 26,1783
5761,61| 27,976 26,9267 28,4915 27,976 29,0013
6584,7 | 31,5075 31,2781 31,5075 31,0476 | 31,5075
7471,1 | 35,2553 34,4353 34,8468 33,6032 | 34,8468
10| 8420,81 | 38,3928 38,0229 38,3928 37,8371 | 38,3928
9053,96 | 41,9886 41,6483 42,3272 42,3272 | 42,6642

ol o|~No|uhw(N k=

=
=

Jlokaa TypOmiauzaTop/ap KyJUVIAHUITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKUKOT HATHKAJIAPHU

Nu

0 T T T T Re
0 2000 4000 6000 5000 10000

40




Tabnemxka waxkauoazu mypoyau3zamop

TypOymuzatop kagamu 140 mm

No Re Nu; Nu, Nus Nuy Nus
1]1013,03| 17,282 17,8605 17,8605 16,687 16,687
2| 17728 | 17,1286 18,1563 17,6481 17,6481 | 17,1286
3253258 | 18,917 19,7892 19,3566 18,917 18,917
4 13292,35| 21,1384 21,8862 21,5145 21,1384 | 21,1384
514052,12 | 22,9648 23,9528 22,9648 23,2972 | 23,2972
6 |4875,21| 26,1783 25,5993 24,4153 26,1783 | 23,8095
7 |5761,61| 27,4545 27,716 26,3925 27,976 26,3925
8| 6584,7 | 30,5834 30,1149 29,1641 29,6418 | 29,6418
9| 7471,1 | 33,1825 33,1825 32,331 32,7584 | 31,9002
10| 8420,81| 36,1393 36,1393 34,9803 34,9803 | 33,3984
11]9053,96 | 39,5693 39,9204 38,8616 37,7851 | 35,9493

Jlokaa TypOmiauzaTop/ap KyJUVIAHUITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT
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Jenmanu mypoyauzamop

Typ6ymuzatop kaamu 60 MM

No Re Nu; Nu, Nus Nuy Nus
1|1013,03| 13,4004 14,107 14,107 14,107 14,107
2| 1772,8 | 15,4943 15,4943 16,0527 15,4943 | 14,9209
31253258 | 16,1114 16,6014 16,6014 17,0817 | 17,0817
4 13292,35| 18,779 18,779 19,1855 17,9483 18,779
514052,12 | 19,8177 19,8177 20,5434 20,5434 | 20,9002
6 |4875,21 | 22,8824 22,5682 22,8824 21,6089 | 22,5682
7 |5761,61| 25,0271 24,4682 25,0271 24,1858 | 24,4682
8 | 6584,7 | 27,2038 26,1915 26,7005 26,1915 | 26,7005
9| 7471,1 | 28,3187 28,3187 28,5501 28,5501 | 28,5501
10| 8420,81 | 30,9397 29,6675 30,9397 29,8817 | 31,3572
11905396 | 32,1016 32,3002 32,498 32,498 32,6951

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJIapH
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Ilapannenenuned mypuoacu mypoyauzamop

Typ6ynuzarop kagamu 80 MM

Re Nu; Nu, Nus Nuy Nus

1013,03| 15,441 14,7862 15,441 15,441 15,441

1772,8 | 16,0527 16,5971 17,1286 | 16,5971 | 16,5971

2532,58 | 17,5529 18,0156 17,5529 | 18,0156 | 18,0156

3292,35| 19,5864 19,9819 19,9819 | 20,3723 | 20,3723

4052,12 | 21,9481 22,6292 22,6292 | 22,9648 | 22,9648

4875,21 | 25,0117 25,0117 25,3066 | 25,5993 | 25,5993

5761,61| 27,4545 27,4545 27,716 27,976 27,976

6584,7 | 30,1149 30,3497 30,5834 | 30,5834 | 30,5834

oloNo|uhw(NF|=

7471,1 | 31,9002 32,331 32,331 32,7584 | 32,7584

10| 8420,81 | 36,5207 36,5207 36,7105 | 36,7105 | 36,8997

=
=

9053,96 | 38,1459 38,1459 38,9047 | 38,3256 | 38,5047

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJIapH
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Kecux nupamuoa mypuoacu mypoyauzamop

Typoynuzarop kagamu 80 MM

Re Nu; Nu, Nus Nuy Nus

1013,03 | 22,0209 23,8655 22,9592 | 22,0209 | 22,9592

1772,8 | 22,7466 23,5792 23,5792 | 22,7466 | 22,3211

2532,58 | 23,0347 23,0347 23,4169 | 23,4169 | 23,4169

3292,35| 25,3909 25,3909 24,718 24,0319 | 24,718

4052,12 | 24,5969 25,8524 25,2299 | 25,2299 | 24,5969

4875,21 | 25,3066 25,5993 27,3124 | 26,7492 | 26,1783

5/61,61 | 26,9267 27,976 29,0013 | 29,0013 | 27,976

6584,7 | 29,6418 30,1149 31,5075 | 31,5075 | 30,5834

oloNo|uhw(NF|=

7471,1 | 31,9002 32,7584 33,1825 | 33,1825 | 33,1825

10| 8420,81 | 36,5207 36,1393 34,9803 | 35,3691 | 35,7554

=
=

9053,96 | 38,8616 38,5047 37,0572 | 38,1459 | 38,8616

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJIapH
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Apanaw mypoawiu mypoyauzamop

TypOymuzatop kagamu 145 mm

Re Nu; Nu, Nus Nuy Nus

1013,03 | 11,8898 11,8898 12,6628 | 11,8898 | 12,6628

1772,8 | 13,7232 13,7232 14,331 14,331 13,7232

2532,58 | 16,6014 16,6014 16,6014 | 17,0817 | 17,0817
3292,35| 19,5864 19,9819 19,1855 | 19,9819 | 19,9819
4052,12 | 22,6292 22,6292 22,9648 | 23,2972 | 23,2972
4875,21 | 25,8898 25,8898 26,4648 | 26,4648 | 26,1783
5/761,61 | 29,2541 29,7555 29,7555 | 30,0042 | 30,0042
6584,7 | 32,4151 32,6395 32,6395 32,863 32,863
7471,1 | 36,0635 36,4635 36,6624 | 36,4635 | 36,6624
10| 8420,81 | 40,5681 40,7461 40,7461 | 40,9237 | 40,9237
9053,96 | 44,1607 44,325 44,325 44,6525 | 44,6525

oloNo|uhw(NF|=

=
=

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJIapH
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Konyc mypuoacu mypoyauzamop
Typoynuzarop kagamu 80 MM

Re Nu; Nu, Nus Nuy Nus

1013,03 | 7,20621 7,20621 8,29554 | 7,20621 | 8,29554

1772,8 | 8,76168 8,76168 9,57154 | 9,57154 | 9,57154

2532,58 | 10,4976 11,1356 10,49/6 | 10,49/6 | 11,1356

3292,35| 12,3142 12,8383 12,8383 | 12,3142 | 12,8383

4052,12 | 14,6174 14,1736 14,6174 | 14,1/36 | 14,6174

4875,21 | 16,7364 16,358 17,1102 16,358 16,7364

5/761,61 | 19,0406 18,3843 19,0406 | 19,0406 | 19,0406

6584,7 | 21,0284 20,7375 20,7375 | 20,4444 | 20,7375

oloNo|uhw(NF|=

7471,1 | 23,1757 22,9155 229155 | 23,1/57 | 23,1757

10|8420,81 | 24,4743 24,7121 24,9486 | 24,7121 | 24,9486

=
=

9053,96 | 26,228 26,228 26,4495 26,228 | 26,4495

Jlokaa TypOmiauzaTop/ap KyJUVIAHHWITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKHKOT HATHKAJTapH
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Oe¢an mypuoazu mypoyauzamop
Typoynuzarop kagamu 80 MM

Re Nu; Nu, Nus Nuy Nus
1013,03 | 11,8898 11,8898 12,6628 12,6628 | 13,4004
1772,8 | 13,0957 13,7232 13,0957 13,7232 | 13,7232
2532,58 | 15,1001 14,5773 15,1001 15,1001 | 15,1001
3292,35| 17,0921 17,0921 17,5236 17,5236 | 17,5236
4052,12 | 19,0751 19,8177 19,0751 19,8177 | 18,3142
4875,21 | 21,9315 21,9315 21,2834 21,2834 | 21,2834

5/761,61 | 23,0362 23,3267 23,3267 | 23,6151 | 23,6151

6584,7 | 25,1557 25,1557 25417 25,1557 25417

ol o|~No|uhw|N k=

7471,1 | 26,9064 27,3818 27,1447 | 27,3818 | 27,3818

10| 8420,81 | 28,8021 28,8021 29,0198 | 29,2366 | 29,0198

=
=

9053,96 | 30,4878 30,6921 30,4878 | 30,4878 | 30,6921

Jlokaa TypOmiauzaTop/ap KyJUVIAHUITAHAA HCCHKJIUK AJIMAIIMHYBUHUHT

TAAKUKOT HATHKAJIAPHU
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3. Mexnat myxoga3zacu Ba XaBQCH3JIMK TeXHHUKACH.

Hccuximk Ba Macca alMalllMHYBUM KypWIMaJdapuHU OKCIUTyaTausaa
Kunuiaa xaBgeu3nuk TexHukacu. llexpa umnaiiauran 6apuya xomumiap ymoy
HEXHUHT XaB(CHU3IMK XapakTepu OWIaH TAHUIUITUPWIMILK, W >KOMM Oyiinya
UHCTPYKIIUS Ba XaB()CU3IUK TEXHUKACUHH OWnIM Kepak. MHCTpykTk (kypcaTma)
pexa Oyinua xap 3 oijga Oup MaprTa YTKa3WJIUIIM KepaK Ba YHUHI HaTWXKalapu
KAl KNG OOpMIIMILN Kepak.

Ilexna TO3anMKHM, YTUIN HYymakiaapuga OEMaJOJTMKHU Ba XUMOSJIAI
BOCUTAJIAPUHU CO3 XOJaTAa cakjiaml JIo3uM. byHnaH Tamkapu OupuHYM €paam
KypcaTHIll y4yyH BOCUTaJap Ba JOpU-AapMoHjiap Oynumwu kepak. Mm sxolnna
3axapiii Mojjaiap OWlaH MIUIaraHja Wil >koMuaa ymoly maTephalljlapHU FOBUO
TalUIalll YYyH CyB KpaHW OVIMINM Kepak. 3axapiid MOJJajJapHHU y3aTWiIaJuraH
y3aTUII KyBYpPUHHUHT (hJaHEeIu OMpUKManapuia XUMosUIOBUM Fustodiaap Oynuim
3apyp, YyHKH (aHemyim OWpPUKMAIAPHUHT EMUPUIUIIN HATWXKAcHUa XHU3MaT
KypcaTyBuUMd XOJMMHHUHI TaHacura €Ku KUWUMHra ymoy 3axapiud MOJJajlapHUHT
TOMYMJIAPH TETHIIH MYMKHH.

Nnuta®  yukapuill  XOHAJapUHUHT KYpUHAJWraH >KOMUra XaB(CHU3IHUK
TEXHUKACH Ba XKUXO03/ap OwiaH uuuiam OYViinda WYpUKHOMA OCHUFIUK TYpPUIIU
3apyp.-

3apapnu MaTepuaiiap MaBxkyJ] OViraH nexiaapja WIIYd XoauM (akaTtruHa
Maxcyc KHHUMIIap Ba MaxCyc XMMOs BocuTanapu (KYJIKOI, Ky30MHaK, ra3ra Kapiiu
KUHWIIAUraH HUKOO, pe3rHa ITHUK Ba KAJIMII Ba X0Ka30) OWJIaH KUPHUIIH Kepak.

Mocnamanapaa Ba  y3aTuml  KyBypJiapuaa OocuM  Ba  XapopaTHU
OKCIUTyaTanusl Kwiuil Oyinua WypuKHOMa Ba MocjiaMa XamjJia Yy3aTHIll
KYBYPJIADUHUHT MAaCMIoOpTHAA KypcaTwiraH OOCUM Ba XapopaT KulMaTiapujaH
OO KeTUIIM KaTerOpuK TaKWKJIaHaad. Mociamaiap Ba y3aTUIl KyBypJapu
anbaTrTa TEepMETUK Ba €03 OYIuIIM Kepak. XapakaTjlaHyBUM MeEXaHU3MIap

atpoduaa anbarra TYycukjiIap OYnumM mapT. XapakaTjaHyBUYHM MeXaHU3MJIApHU
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MoOIalll Ba CaJIbHUKJIAPHU MocjamMara TUKHUII WIUIApUHU Hyiaaa Oaxapuin
TaKUKJIaHAIH.

ONeKTp MOPUTTUYWIAPHM pPE3WHA KYJIKOIUIap, pe3uHa O€K Khhumiap
éppaMmaa HIra Tymvpwiaad. Maxamumid €puTruwiap Ba Kyuma JiamIajiap
Kywianuiu 36 B naH 1okopu OYIIMraH 3JIeKTp TapMOFuUra yJaHau.

Acocuil >bTHOOpPHM KUMEBHMM MOJJANapHU CcakjIalmgard XaB(CHU3IUKKa
KapaTull JIO3UM. YOy MOJJalapHu CakJallHU TAIIKWI ATUII YYyH YHU KATTHK
Hasoparra OJIMILI 3apyp, yjap ajaHrajaHuIl Ba YYKyHIAH €HUII, OYUK EHUII, CYB
OwiaH peakuusra KupumuO KeTuil KoOwiusaTura osra. byHmal mongnapra
KyWHIarujapHd KHPUTHII MYMKMH. T[OPTJIOBYM; MOPTIOBYM apajamimManap
KoOunusTUTa 3ra OYNraH; y3-y3uaan €HyBUd Ba Y3-Y3UJIaH ajaHTaTaHyBYM, CHIHII
aJlaHrajJaHyB4M, 3aXapJIOBUM Ba 3apapiiOBYM MOJJIAJIAp, LIYHUHIACK CUKUITraH Ba
CYIOJITUPWIITaH rasjap Ba X0Kaso.

AMMUAKHU 3aXapJWIMrd Ba MopTiamra XaBQIWIUTH Y4YyH ylap CyB
aMMUAKIM COBYTHUII KypHJIMaJapyuHH XaB(CHU3IMK TEXHUKACHIA MYXHM POJ
YitHaiiniu. AMMuaKk 3axapiuinuru Oyinya xjopra siKiH, aMMO KYWIH SULIHAFIAITra
Ba JKOHCU3 KWIMO Kyhum xycycusitu OunaH ¢apkinanagu. Wmua® yukapuin
XOHAJIapuJa aMMHAKHUHT caHuTap MewEpiapuHunr dyerapacu 0,07 wmr/n npan
OLLIMACIUTH Kepak. AMMHAaKHU MOpTiamra xaBQCU3IUK KoHLeHTpauusicu 16 nan
28,8% raya Taikui dTaau.

Canoat kopxoHanapuaa OOCHMM OCTHJA HMIUIOBYM Mociamaiap, WAUILIap
KeHI KYJUlaHWIagu. YOy KypwiMalapHU OJKCIUTyaTalus KWIUIIIAa acocui
XxaB(CU3IIMK UIUIUIApAa ra3jiap Ba OyFlapHU aanabaTUK KeHraluilym HaTHXKacuaa
UIUIUIAPHU HINJANl YUKW XucoOsiaHanu. Du3uK mnoptiam pyd Oeprania
CUKWITAaH MYXUTHUHI DHHEPrUsCH KUYMK BaKT Opalufuaa Oy3wiraH WUl
OYnakyalapuHUHT KHHETUK HEPrusicura Ba 3apOaiu TYJIKUHTa ailjlaHaIu.

WanmapHUHT nopTialid MYua UCCUK MYXUTIIap OYiraH Waunuiap y4yH,

IIYHUHTACK AWM MMAaPpYAJIAPUHUHI KaTTa MaCCACU aHYarnHa y30K Macoq)ara ydyaau
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Ba OMHOJApPHHM, TEXHOJOTHUK >KMUXO3JapHH Ba CUFUMIIApHU Oy3nuiuura cabad
oynau.

Bocum ocTupa WOUIOBYM WMIMNUIAPHUHT TMOPTIAIIMHUHT Ba aBapusira
yUpaIIMHUHT acOCuil cababiapuHu caHa® YMKaMu3:

-AIUITHAHT KOHCTPYKIIUSACUPYXCAT 3TUITaH MakcUMall 00OCHM Ba Xapopartra
Gapaomr 6epa 0JIMacIIury;

-00CHMHU OeNTHIIaHTaH KUMMAaTaaH OPTHO KETHUIIIH;

-MEXaHUK MYCTaXKaMJIMKHU HUYKONMHINHN (METAUTHUHT MYKUA HYKCOHJIAPH Ba
KOPpO3UsTa yupallyd HATUKACHIA);

-0apKapop HIl PEKUMUHU aMalra ONIMPUIMATaHINTH, XU3MaT KypcaTyBUd
XOJMM MaJlaKaCHHU €TMACITUTH Ba TEXHUK KYPUKIAPHH YTKA3UIMACIIH.

bynpmaii Mmocnamanap Ba WAMIIIAPHU XaBPCHU3 KCIUTyaTalvs KUIUII yUyH
tanad XK 03-576-03 “bocum octuaa WuNUIOBYM MAMIUIAPHU  XaB(CcHU3
AKCIUTYaTAIMsI KWIHII Ba KYpHUII KOUJANapu~ Ja KeITHPUITaH.

Kommanapna ymOy wMocimamanap Ba UWAWNUIAPHU JIOMHXanaml, KypHII,
Tai€prnani, PEKOHCTPYKIMS KWJIHII, CO3Jall, TabMHpJAll, TEXHUK KYpUKIaH
YTKa3uIl Ba SKCIUTyaTals KWIWIITa Tajmadiiap XxaMm KeNTHPWITaH, yjaapJaH KeHT
TapKaJraHJIapH:

-xapoparu 115°C 6yaran cys Gocumu ki xapoparu Gocum 0,07 MIla
Oynranga KaifHaII XapopaTUAaH ONIYBYHM OOIIKa CYIOKITHKIAPHUHT OOCUMHU OCTH/A
UILTOBYW WAMIILIAD,

-0ocumu 0,07 MIla nan rokopu O6ynran Oyf €ku ra3jgapHUHT OOCUMHU OCTH/IA
UANIIIIap;

-6ocumu 0,07 MIla pan rokopu OYAraH CUKWIraH, CYIOATUPHWITaH Ba
DPUTWITAH Ta3JIapHH TAIIMII Ba CaKjall y9yH MYJDKa/UIaHTaH OaslIoHIap;

-xapopari 50°C raua Gymran Ba Gyrmapuuuar Gocumu 0,07 MIla nam
OLIAJINTAaH CHUKWITAaH Ba CYIONTHPWITaH Ta3lapHU Tallull Ba CakjIall Y4yH

OUCTCPHAJIAp Ba 60qI<aJ1ap;
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-0apokamepa (nuugaru OOCUMHHU Y3rapTupHuO TypHIIra UMKOH OepajuraH
repMETUK KaMepa).

Tabmupnam unmapuaa xaBQpcu3iank TeXHUKacH. Mnunuiap Ba Mocinamanap
WYHUIard TabMUPJIALI WIUTAPY TabMUpPJIAIl MIJIAPUHA amalira OIIMPYBYM IIaxcra
(dakaTtruHa nex €Kku cMeHa OOLUTMFY TOMOHMIaH €3Ma paBHIlia Oepuiiaiu.

PyxcatHoMana >KMXO3JIapHUM TabMUpJallira TaW€piaurd Ba TabMUpJIALI
UIUTApUHU aMajira OMIMPUII Yopa-Taa0upiiapu KYpUITaHIUTY KYpcaTHIIa Iu.

Tabmupnamuau OonulaligaH OJIAWH, TAbMUPJAIIHU amaira OHIMPUII Y4yH
aBoOrap maxc MIUad YMKApull HUIUIAPUHM XaKMH, MUKJIOPU Ba MIIHHU OJUO
Oopuil ImapoutTiaapu OWJiaH TaHUIIUO YUKAAHM, aCOCHM IBTHOOpP MOcIaMaliapHU
TapMHUpJIAIra Tauépaurura Kapatwiagud (To3amam Ba  IOBUII  MIUIAPHH
OaXapWTraHJIuTH, BJEKTP KYy4WJIaHUIIM Ba Y3aTUII CUMJIApU Y3WJITAHJIWTH Ba
X0Ka30).

Konkokyapau ypHaTHIl Ba yJapHU €4uO OJUII KyJda NyXTalIUK OujaH
amanra omupwiaan. KonkoknapHu Tai€piaml ydyH MaTepHaUIapHH HOTYFpU
TaHJall, YJIAPHUHT KAJIMHIUTHUHU HOTYFpU XucoOJam EKU YJIapHH HOTYFpU
YpHaTUII XanokaTra, mopTiaira, EHFMHIa Ba 0axTCU3 Xosatjapra ojlud KelaJu.
byr y3atum KyBypiapu Ba HCCHUK CYB Yy3aTUII KyBypjapu ydyH (uaHeuau
KOMKOKJIApHU KOHCTPYKUUSUIapUHM, YiadamiiapuHu Ba Marepuamuiapuau ['OCT
6973-59 ra myBouk 6axxapuui 1o3uM. Konkoxnapuu YpHATUIMII 5KOWK MOC IIIAKI
Oyiinya Maxcyc KypHaira Kaia stiianu. Konkokmapuu ypHatuil Ba yjaapHH 0JIu0
Talulall MIUIapuHu Oaxkapuin Oyiinuya Oapua umap ue3 OOUUTUFU €KUM YHHUHT
YypuHOOcapu pax0oapiuru Ba Ky3aTyBH OCTH]Ia amaJira OIIupHIain.

3axapiu, KalHOK Ba mopmiamra xaB(iu CYIOKJIMKIAp Ba Tazjiap OujaH
UIUIalIMraH peakiMoH KypujiMajaapHU TabMUpra Tauépiamra acocuii 3bTuOOpHU
Kapatum Jso3uM. OmOopxoHanmapia Ba Mocjama ro3ajapujard EpuKIapUHUHT
XaMMacu Ky3/J1aH KEUMPWIMILHK, 3apapid MYXUTJIAPHUHT  KOJJAMKJIApUTaH

TO3AJIAHUILIH Ba HEUTPAJUIAHUIIIM 3apyP.
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Uccukiuknan ¢oianianyBun MociaaMalapHU TabMUpJam OVilmda umuiap
yJlap TYXTaraHJaH CYHI €KH 30°C Xapoparraya CyHbUH COBYTWJITAHJIAH KEWUH
Oomnwnam 3apyp. Mociiama uuuia ouuK oJ10B (MaiBaH Iall, KaBliapiail Ba X0Ka30)
OWJiaH TabMHpJAll UIUIAPUHU aMalira OUIMPUII OO MyXaHAUC €KM KOPXOHAHUHT
E¢HFuH Myxo(da3zacuHUHT €3Ma pyXcaTu OWJIaH aMmalira OLIUPHUIIA]IH.

Mocnama wymaa TabMHUpJall WIUIApU TapOuja WUKKUA €KW YHAAH OPTHUK
umun OynraH >kamMoa TOMOHHMJAH amaira OIIMpuUiaiu, ylapaaH Oupu uimga
Ky3aTyBuu cudarujga MIITHUPOK 3Taad Ba MOcjama TallKapucuaa Typaad Xamja
Oapua wunuUIoBYMiIapra 3apyp Epaamuiapau  kypcataau. Kumésuit  3apapnu
MoJIajlap/ia MIIaraH MOCJIaMallapHUu MYMJla COFJIUTH €MOH OYJraH MIIYUIapHU
UILJIAIINA pyXcaT STUIMANIU.

TabmupraoBUM UIIUKIAP TabMUPJIALI WUIUIAPUHUA aMallllla OMIMpUIl OVitnda
Ba XaB(cU3IUK Yopa-Tagdupiapu Oyiinya HypuKHOMaHU OJIraH OYIuIUIapy MapT,
yllap Maxcyc KuUWMMIAp Ba OEK KUWUMIIApH, LIYHUHIACK XUMOS BOCUTAJIAPU
(ky30iiHaK, HUKOOIAp, PUIBTPIOBYM €KM XaBOHU aKTUB YTKa3yBYHM ra3HUKoOJap,
apKOHJIM CaKJIOBYM KamapJiap Ba X0Ka30) OMJIaH TAbMHUHJIAHUIIINA KEepaK.

banangnuru 3 M 1aH IOKOpH KOMIapJa UIUIarasia Ba o€K OCTUTa TaxXxTaHU
MaxKamJjam MYMKUH OVyiIMaraH >koijlapAa WIIYM apKOHJIM Cakjall KaMapuHU
TakuIIK mapt. Ac600-ycKyHaslap, MaxKaMJIOBYM MaTepuasuiap Ba OOIIKa Maiina
MaTtepuaiap oiaub opuiagu Ba OalaHJary SIuK Ba CyMKanap/a cakjiaHaIu.

Tabmupnam ummapruHu 6akapuil BaKTHIa OFUp JI€Tajulapu KyTapulla Ba
yiuuiad TypuIaa SXTUETKOPIUK YOpaTapuHU KYpUI Taiad dTHIIA]IH.

Nm xokimpa €xu KypWIMaHUHI y3WJa KEpakCu3 JeTajUlapHU CaKJIall
TaKUKJIaHAIH.

Tycuriapna TemMKIAp TEIIUI, yjaapra Takenax (IOKHHU KyTapaauraH EKku
OWp IKOWIAH WKKHHYMA OKOWra Ky4dupaJWraH MEXaHH3MJIap MOCIaMacH)
KypWwIMaJlapuHd MaxkamJlalll Ba TYCHUKJIApHU JleTajulap Ba Mocliamajiap OuiiaH

IOKJIAIll KYPWJIMILJAr TEXHUK XOUM KypcaTMacu Oyinua pyxcaT 3TUIaIu.
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MociamManapHUHT  HWYWAa TabMHpPJANl  WOUTAPUHA oMb  Oopwuiiaa
kywianumu 12 B raua Oynran oasektp EpuTruuwiapd Ba 3JEKTp ac000-
yCcKyHajapuaaH QoipanaHumra pyxcar 3THiaad, OyHAa pe3nHa KYJIKOIUIap Ba
pe3wHa TwiamuaiapiaH Qoigarmanunaau. Kyiimmarn xommapaa amektp ac6o006-
yCKyHajap OWIaH WIIJIalml TaKUKIaHaau. ac000-yCKyHa KOPIYCH KyWIAHHII
ocTHaa KoiamraH Oyica, Ty3aTuO Oynamaiauran €KW YCTH OYHMK IIHypJap
MaBXyJ OyJraHza; epra yJIoBYH CUM OyIMaranja Ba X0Kaso.

Tycuximapaa, y3aTum KyBypiaapuaa, Mydra Korutamacd, TOIMIUITHUKIIAP,
IIYHUHTJCK KOHCTPYKIHMSJIAP Ba TYCHKJIAp, MaxCyc TYCHKJIapra 3ra OyiaMmaraH Ba

YyTHI MYIDKaJUIaHMaraH »xoiiapaa TyxTad TypHIll TaKUKIaHaIH.
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4. UkTHCOAMI KHUCM.

Wxtuconuii xucoOHM Oaxkapuinaa JIOKald TypOynm3aTop KyJUIaHWITaH
KOIUTaMa KYBYpPJIM WCCHKJIMK ajJMalllMHyBH KypWJIMacH Ba CTaHAApT KoIllama
KyBYpPJIM HCCUKIWK aJIMAllMHYyBH KypWJIMACHHH aJOXHJa XHUCOOIApWHH amaira
OILITUPAMU3.

Xucobnam Kyiinaaru JacTiadKu MabliyMOTIIap Oepuiras:

1. KypunmMa Typu — Korutama KyBYpJId UCCHKIIMK aJIMAITUHYBH KYPHIMACH.

2. KypuiaMaHUHT YHYMIOPIIUTH.

A. KuzaupyBuu MyXuT O6yiinya:

a) TapKuOH — CyB;

6) 6orwranruy xapopatn  — 80°C;
B) OXUPTH XapopaTH - 20°C;
r) bocumMu —1arm.

b. CoButyBun Mmyxur Oyitnua:

a) TapKuOH — CyB;

6) 6orwranruy xapopatn  — 10°C;
B) OXUPTH XapopaTH —50°C;
r) bocumu —1arm.

3. Kymnmua mabiaymotnap:

a) COBUTYBYH MYXUTHUHT caphu — 4 kr/cek;

0) KyByp MaTpuaiv — JaTyH;

B) KU3UPYBYH MYXHUT KyBypJiap WYHIaH XapaKaTiaHau;

r) KU3UETraH MyXUT KyBypJiapapo OVIILIMK/IA XapakaTiaHau,;

1) KyBypHuHT nuku auamerpu — 0,016 wm;

¢) KyBypHHUHT Taiku auamerpu — 0,02 M.

) KYBYpP MaTepHAJIMHUHI HCCHKJIHMK YTKa3yBYaHIUK KoehPUCHEHTH —
112,3 B1/(MXC).

3) HUCCUKJIMK TAIIYBUWIIAPHUHT XdpaKaT CXCMACU-TCCKApU OKHMIJIH.



Bapuant

o Belgilinishi va . . Jlokan
Ne Nomlanishi o Hisoblash formulasi
o'lchov birligi Crangapt | TypOyau3a-
TOPJIH
Issig suvning o' rtacha 0 .
1 ) Dt;, °S Dt, =0,5(t, +t,) 50 50
harorati
Sovug suvning o'rtacha 0 . .
2 ) Dty, °S Dt, =0,5(t, +t,) 30 30
harorati
g |omumiy sk Q. Vt Q=G,x,(t,-t,) 667840 | 667840
migdori ’ T T2\ 2
4 |Issiq suvning sarfi Gy, kg/sek G =—— 2,778 2,778
G tl - tl
Issig suvning harakat o
5| Re, Qabul qilinadi 20000 20000
rejimi
Sovug suvning harakat o
6| . Re, Qabul qilinadi 15000 15000
rejimi
Quvur devorining ,
7 . tdly tdg td = tdlztdg 40,5 40,5
haroratlari
Ushbu haroatda Prandtl
8 ) Pry, Pr; Pr,=Pr, 4,3 43
sonlari
aPr, 0
Nu, = 0,021Re}® Pro®e—=L+
9 |Issiq suv uchun Nu soni Nu, Pro: o 108,5 257.8
Nu, =0,045Re"® Pro®
Sovug suv uchun Nu aPr (')'0’25
10| Nu, Nu, =0,19Re}® Pr3* g—szz 152,49 152,49
soni d2 @
Issiq suv uchunissiglik | | Nu, *1
| A g , vt a,=— 4394 10442
berish koeffitsiyenti Y'm2RS d,
Sovug suv uchun
o M _ Nu, I,
12 |issiglik berish a,, — 2 a, = d 4712 4712
<
Koeffitsi yenti m- = 2
Issiglik uzatish k= 1
ssiglik uzati
13 q_ o k, Vt/(m?XS) 1 d, 1 1618 2057
koeffisienti —t—+—
al I d aZ
. . Dt I:that I:]tkich
Haroratning o'rtacha o't
14 o _ Dt,,..% Dt 18,2 18,2
logarifmik gargi or [n —*at
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Issiglik amashinuv
1501 o _ F, M F= Q 27,6 17.8
yuzasining maydoni. kDt .,
Aniglangan yuza bo'yicha bir yo'lli standart IAQ sini tanlaymiz
Issiglik amashinuvi )
) F, m 34 22
yuzasi
Qoplama diametri D, mm 04 0,325
Quwvur diametri d, mm 0,02 0.02
Yo'llar soni z 1 1
16. |Quvur uzunligi L, M I.1. ilovadan olinadi. 3 3
uvurlarning umumi
Q ) J y n 181 100
soni
IAQ sidagi segmentli
Q_ X seg k= 10 14
to'siglar soni
IAQ sining massas m= 1130 735
Issiglik almashinuvi F-F'
17. q_ _ o D.,% D :Mg{oo% 19 19
yuzasining zahiras F F

Jlemak, MCCHUKIMK ajJIMallMHYBU KYypPWJIMaJIADUHUHI KYyBYpJlapuaa JIOKaJl
TypOynu3atopiap KYyJJaHWITaHAAa MCCUKIUK alMalllMHYBU KypWIMaJIApUHUHT
caMapaJIOpJIMTUHA OPTTaHJUTH KYpHII MYMKHH Ba XHCOOJAll HaTWKajlapuiaH
KyWUJIarwiapHU XyJI0Ca KWJIUII MyMKUH:

1. Hccukiuk MUKIOPUHH TabMUHJIANI YYyH 3apyp OVIraH HCCHUKJIIUK
aJIMaIIMHYBU F03aCH CTaHAAPT MCCUKJIWK ajJMalllMHYBHU FO3aCUHUKUAAH 12 M° Ta
KHYUK, Oy MCCUKIHUK aJIMAllMHYBH KyPWIMQJIAPUHUHT HXYaMJIAIIUIIUHA
TabMUHJIANUIH.

2. Hccukiauk anMamuHyBU KypWIMAacd KOIUIAMACUHUHT JUAMETPUHHU
KUYpaWHIIY Ba KYBYpJIapyu COHMHU KaMAaWUIIU KypUIMAaHUHT TallKW YIYaMJIapUHU
KUYPAUUIIMHU TAbMUHIIAN]IH.

3. Hccukimk amMamuHyBU KYpPUIMAaCHUHUHT MacCacHMHU KaMaWWIKA HMCCUKIUK
aJIMAlIMHYBUA KYPWJIMACHHU CHTWJUIAILIMININATA Ba YJAPHU SKCIUTyaTalus KAJIHII
*apa€Huga KaM KUHUHYMIUK TYFIUpaI, IYHUHTAEK YOy XoJaa KypuiaMaaapHu

unu1ad yukapuin 395 Kr KUMMaT METAJJTHU TEKa0 KOJUII MyMKHH.

56




.1 —ilova.

Qoplama quvurli issiglik almashinuvi qurilmalari va sovutgichlar ning

parametrlari

(FOCT 15118-79, I'OCT 15120-79 va I'OCT 15122-79)

£ Quvur uzunligi bo'yichaissiglik Quvurlararo
= E o almashinuv yuzasi, m bo' shliq Quvur _bitta
s gl = | £ g ogiminingeng| yo'lning
S |o.o| B | 52 tor ko'ndalang| ko'ndalang
5% |S5| 5 | 52| 10| 15|20 | 30| 40 | 60 | 90 | kesmyuzas, |kesm yuzas,
BE | FE| = S5 m?> m?
O ®© . @© (] S £
O |oo| > O s
159 20x2| 1 19 10| 20 | 25 | 35 - - - 0,005 0,004
25x2| 1 13 10| 15| 20 | 30 - - - 0,008 0,005
273 20x2| 1 61 40| 60 | 75 | 115 - - - 0,01 0,012
25x2| 1 37 30| 45| 60 | 90 - - - 0,011 0,013
20x2 1 100 - 95 | 125|220 | 250 | - - 0,01 0,02
305 2 90 - 85 | 11,0| 170 | 225 | - - 0,016 0,009
252 1 62 - 75 | 100| 145|195 | - - 0,029 0,021
2 56 - 65 | 90 | 130 | 175 | - - 0,015 0,01
20x2 1 181 - - 230 | 340 | 460 | 680 | - 0,025 0,036
400 2 166 - - 21,0 | 31,0 | 420 | 630 | - 0,03 0,017
252 1 111 - - 170 | 26,0 | 35,0 | 520 | - 0,031 0,038
2 100 - - 16,0 | 240 | 31,0 | 470 | - 0,025 0,017
1 389 - - 49 73 98 | 147 - 0,066 0,078
20x2 2 370 - - 47 70 93 | 139 - 0,048 0,037
4 334 - - 42 63 84 | 126 - 0,048 0,016
600 6 316 - - 40 60 79 | 119 - 0,048 0,009
1 257 - - 40 31 81 | 121 - 0,053 0,089
252 2 240 - - 38 57 75 | 113 - 0,045 0,042
4 206 - - 32 49 65 97 - 0,045 0,018
6 196 - - 31 46 61 91 91 0,045 0,011
1 717 - - 90 | 135 | 180 | 270 | 405 0,091 0,144
20x2 2 690 - - 87 | 130 | 173 | 260 | 390 0,07 0,069
4 638 - - 80 | 120 | 160 | 240 | 361 0,07 0,03
800 6 618 - - 78 | 116 | 155 | 233 | 349 0,07 0,02
1 465 - - 73 | 109 | 146 | 219 | 329 0,079 0,161
252 2 442 - - 69 | 104 | 139 | 208 | 312 0,07 0,077
4 404 - - 63 95 | 127 | 190 | 285 0,07 0,03
6 384 - - 60 90 | 121 | 181 | 271 0,07 0,022
1 1173 | - - 221 | 295 | 442 | 663 0,156 0,236
20X2 2 1138 - - 214 | 286 | 429 | 643 0,146 0,114
4 1072 - - 202 | 269 | 404 | 606 0,146 0,051
1000 6 1044 | - - 197 | 262 | 393 | 590 0,146 0,034
1 747 - - 176 | 235 | 352 | 528 0,143 0,259
252 2 718 - - 169 | 226 | 338 | 507 0,13 0,124
4 666 - - 157 | 209 | 314 | 471 0,13 0,055
6 642 - - 151 | 202 | 302 | 454 0,13 0,036
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butupys masiakaBuii umum 0yin4a xyJsaoca.

butupys ManakaBuii Tanabiap acocusa 6axkapwiau Ba KylHuaaru xymnocanap
KWIAH]IH.

butupyB manakaBuil MITMHU MaB3ycu OYiiMuya XO3UpPrud KyHra Kajaap ojauo
OOpWIraH M3JIaHMIILTIAP, aMalira OUITMPWITaH TaJKUKOT UIIJIapU Ba yJIapHU UIMUMA-
ACOCJIAHTaHJINTY Ba OJIMHTAH TAJIKUKOT HaTWXajdapu OUTUPYB MaJIKaBUN UIIMHUHT
OMpUHYM KuUCMHJA TYIUK Taxjauin Kuiuaau. [llynunrnek ymOy kucmpaa
TypOyJIU3aTOPIAPHUHT 3aMOHABUN KOHCTPYKIMSUIADUHUHT  TY3WJIUIIM, yjap
OpKaJIM MCCUKJIMK aJIMallMHYBH Ba THAPOAMHAMUKACH OVHMYA OJMHTAH SMITUPUK
OOFJIMKNIAP KEITUPUIIJIN.

butupys manakaBUil MINMHUHUHI MKKMHYM KMUCMHJA aCOCOAH SAPATUITaH
SHTM KOHCTPYKIUSJAru JIOKajd TypOyJIu3aTOPIAPHUHI KOHCTPYKIUS Ba HIIUIAI
MPUHIIUIH, JOKaJI TYpOYJIM3aTOpind HCCUKIMK aJMallMHYyBU KypuiMmacujaa ojiu0
OopwiraH TUAPOAUHAMUK TAJAKUKOT HATWXKajlapu, Taxpuba KypUIMacHUHU
TY3WIHMIIH, TPUHLMIMAI CXEMacH Ba HIUIAIl TapTUONApU TYIMK EPUTHIITaAH.
HIyHUHTIEK MCCUKJIMK alMallMHyBU OYiHua OJMHraH TaJKUKOT HATIKalapu
’aJBaJl KYpUHUIINAA Ba rpadUK MIaKINa KeJITUPHUITaH.

butupyB wmanakaBuii HIIMAAa MEXHAT XaBQCU3IUTH Ba XaBPCHUBIUK
TEXHUKACU oyiinua NYpPUKHOMA Ba UKTUCONN KUCMJa  JIOKal
TypOyJIU3aTOPIAPHUHT STHI'M KOHCTPYKIMSICU UKTUCOAUM acOCIaH/IH.

butupyB MasiakaBuil MIIMHUHT CYHITHAAa OWTHPYB HIIMHU Oakapuiiia
doitnananunrad anabuérinap pyixaTu Ba MHTEPHET CalTiIapyu KEeITHUPUIITAH.

butupys manakaBuii uiy 6yinya xynoca KUIUHIH.
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