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Cor~aeao npoeKTY /I/, o~a~ueaRe Ro~a no~~Horo oTpa~
Tena oeymeeTBnfleTe~ BO~Oi. TaRa~ JHeTeMa HMeeT eymeeTBeHHHi He~o

eTaTOR - HepaBHOMepHoeT:o ox~ajl{J];eHa.a (eM. pRe. I). KoHeTPYKillt~ Ko

J.KYxa ITO.llBIDKHOrO OTpa~Te.lJR (ITO) He IT03B0.1JR8T o6eene'1HT:O paBHOMep

HOe O~a~eHHe H3-3a H8B03MOXHOeT~ eHMMeTpHqHoro OKpyEeHHR KO~xa 

BO~HOH py6amxoi. B qaeTHOeTH, He rrpe~eTaB.lJReTe~ B03MO~H~ S~eK

THBHO O~~aT:O M8M6paay RO~yxa, paerrO~OX8HHYID BIT~OTHYID K 8RTHB

HOH SOHe. 8TO MOEBT rrpHBeeTH K SEaqHTe~HOMY ~HH8MHOMY paemRpeHHID 

aeoXJia:IK.n.aeMJ:IX o6~aeTefi ROJKyXa rro epaBHeHHID e oXJiajKJ(ae~ y-qaeT

ItaMH H rroe~e.nyromeMY rrepeRoey ROHC.TPYRTHBHbiX S~eMeHTOB. 

PaBHOMepHOe OXJiaiK.U8HRe KO)KJ"X8 ITO.llB.IDKHOrO OTpaJKaTe.lJR MO~HO 

ocymecTBHT:o rryTeM IJ.HPRY.JI.fJLlHH re~H~, o~j}{,UaR ras sa rrpe.rr.e~aMH no. 
IlHPRYJIJ1IUII.f.I re~.f.I MO~T 6I:IT:O o6eeueqeHa.sa C'leT B8HTHJI.EII,liiOHHOro 

SqxpeRTa Herrocpe~CTB8HHO OT pOTOpOB ITO. Bpama.H C 6o~:&IDOH CROpOeT:biO 

reJmi1 B orpam1'1eHHOM o6'beMe KOl!WX.a, ono sa c"tleT neHTpo6eJRHHX cH~ 

cos.rr.aeT Rs6aToqaoe .rr.aB~eHHe rasa aa rrepH~epHR Ko~a a paspeEeHHe 

B ero ueaTpa~HOH qacTI!I Bos~e oc11 poTopa. MsMepeamm B npoueece 

HCITHT8HHH MaKeTa ITO rreperra)J. CT8TJ~8CKHX ~aB~eHKJ1 B KO~e rrpH6~-

3HTe~HO paBeH 600 MM BO,JJ.RHoro c·ro~6a. EcJ.IM c.rr.eJiaT:o TaHreHIJ,t!Ia~

Hillt OTBO.rt re~H.f.I OT UHJ.IMH.ll.pH'18CRO~ CT8HRH Komyxa, rrepena.n .naB~eHd 
*) 

MO~O ITOBUCHT:& )J.O 900 MM H20 (c 1qeTOM paspe~HH.H B U8HTpe). 

Ue~ ,n.ammii pa6oTu - paccMoTpem~:e BOSMOiltHOCTH eos,n.amt.H 

re~HeBoro KOHTY.Pa c Ten~oo6MeHHHROM .nnE OXJia~)J.eH~ Komyxa no 
ITO rrpHHIJ;Hrry, H3~0XeHHOMY BEIDe. 

-*) \43Mere H IH~.$\ -6' eA. LA. "U-4. 1-lO- ~A 1-t.O'l.O ~~,11~1-Ut,S\ J.<.A Vl~ Cfl~ k:.cJ~.)<a_ 

no ~ j.u)MI..< 1-<0,1(&~-«.f>tJ( ~~oporO.)(_ r-o"'i'cf''- ono pc;A.~ £s·o ...Lt..L.4 H2.0 J 

tt petJfeM-t.~e e 1.5~ pa.....t-'-J.<...c..:4 !Ult-e..""t< - 50 ..U...Lt H'l. 0. 



2 -

I. KOMITOHOBRa re~eBorc KOHTypa C Terr~oo6.MeH
H~ROM. Bu60£ ROHCTpyR~~ TeiT~006MeHH~Ra. 

ITOCRO~RY rreperra~ .uaB~eHHH Ha rrpoRa~Ky re~HB B KOHType 

HeBeJiliiR , H806XO,miMO CTpeMMT:OCB H MaRCllMa.7IDHO B03MOiitHOMY CORpa

memuo ,IT,JmHH ROHTypa MB :yMeH:Dtll8Hl1B ITOTep:& .naB~eHHB Ha Tpemm. 

Y,l1.06Ht3e BCero crrpoeRTkipOBaT:& KOH'~YP TaK, RaR ITORa3aHO Ha pTI!C. 2. 

Terr~oo6MeHHHR rrpH TaKOR cxeMe pacrro~araeTcB BepTHRa~HO 3a rrpe

~e~aMM Te~e~H ITO C OTRaTHOR 3am~To~. KoHCTPYKUHID T8IT~006MeHH~Ka 

Ha~o BH6paT:o, ~CXO~ 113 He06XO~~OCTR C03~aHHB pa3BHTOH ITOBepx

HOCTH TeiT~OC~6Ma ITpH ~OCTaTO~HO BHCOROR CROpOCTH Te~eHHB reJiliiB 

no ero TpaRTy. TaRHM Tpe6oBaHHRM y~oB~eTBopBeT arrrrapaT c 37 Tpy6-
• 

RaMYI C BHYTpeHHIDJI ,II',MaMeTpOM 20 MM H MHHOM I ,5 M. ,1J,mma ITO,lJ,BO)J.R

mHX MarHCTpa~e~ COCTaBHT 6,5 M. 3CRH3 TaKOrO TeiT~006MeHHHRa rrpe~ 

CTaB~eH Ha pMC. 3. 

2. Hcxo.n.HHe AHHHHe Jf,JLf! pac~eTa 

'T'en 1\o~ etA MOU4-HOC,..C. 

-ie Jill I!!" 'l'f'l I B:ii, OTBO,lJ,RMf\Q reJIHeM OT ITO)ll3HJKHOrO OTpaJK.a-

TeJIR, CRJia)JHBaeTCB H3 CYMMH MOlllHOCTeH, 3aTpaqRBaeMbiX Ha rrpeo,lJ,OJie

HHe JI060BOro corrpoTHBJI8H~UI ~orra~}T8H OIIO H ,lll10, Ha TpeHHe 0 ra3 

60ROBhiX ITOBepXHOCTeH pOTOpOB ki ia pa,lJ,HanMOHHHR HarpeB JIOrracTeH 

OIIO 11 .n:rro. CorJiacHo rrpoeRTRpoBO:JHRM pac~eTaM 11 H3MepemiRM, rrpo

Be.n.eHHHM Ha MaKeTe ITO, 3Ha~eHMB 3TMX Be~HH, cooTBeTCTBeHHo, 

paBHH 52 RBT, 3 RBT H I2,5 RBT. TaKHM o6pa30M, ITOJIHaB OTBO~aB 

MOIDHOCT:& COCTaBMT 67,5 RBT. llOCROJI:&RY pac~eT ~o6oBoro COITPOTHB~e-
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HVI.R npoBO.If.I1JIC.R, vtcxo.M 113 IOO%-oti ROHU,eHTPai.I.I1I1 reJIVI.R B RoJKYxe, 

ROTopa.f.I Ha npaRTime MOJR.eT npVIHHMaTI srml1eHFI.f.I oT 95% .rr.o IOO%, 
N 

pea.JI:bHaSI IIOJIHafl MOillHOC~,If,eT paBI-:a IlpVIOJil13I1Te.JI:bHO 70 RBT • 
~Tr 

IIo.rr.orpeB reJivr.a B KOJKY~MMeM paBHWII 60°. Tor,rr.a noTpe6Hl:rli pacxo,rr. 

reJIM.fl 11epes I<OHTYP MOJKHO onpe.rr.eJIRTh no ypaBHemuo TeiiJIOBoro 6aJiaHca: 

G = __ X __ = ___ 7.;;..o· ... r;.,;.o_3_ = 0,224 I<r/cei<. 

r c, .. ATr 5,204·ro3·60 

BeJIV111HHa IIOBepXHOCTI1 TeiiJIOC'DaMa B T8IIJI006MeHHMI<e paBHa 

r.rr.e n - rwJIM11ecTBo Tpy6oK .JJ.Jifl npoToRa reJivr.a, n = 37, 

d,- HapyJR.Hl:rli .UHaMeTp Tpy6IC0., d, = 25 MM, 

L,
0

- )lJJ.I1Ha Tpy6I<lil, L.,0 = l ,5 M. 
• 

Kopnyc TeiiJIOOOMeHHVII\a Bb!OepE:M IJ,VlJIMH,If.PI1'1eCI<MM C BI-fYTpeHHHM 

.Ir.MaMeTpOM 0.,.0 = 0,2 M. 

CpabtM"nCCLL~ C ieot<A'!fe •t€feM~3 ~~ Vf.J~ ~,.,_ Af:.:= 

:::;. Q og a.:ru . 
I 

3.I. PacGeT MeCTHUX conpoTHBJieHuii. 

IToTepH .rr.aBJieHVIfl Ha npeo.rr.oJieHvte MeCTHHX conpoTvtBJieHvtfi MMeroT 

MeCTO npH IIOBOpOTaX IIOTOI<a, rrpM BHe3aiiHbiX I1 ITOCTeiieHHbiX pacruvrpe

HVISIX VI cyJR.eHVI.flX IIOTORa: 

.1 p Mt! = ~He' E. 

r,rr,e ~ "'" ~ - CJMMapHIDI I:08{fxllV1liJ16HT IIOTepi> Ha rrpeO,If,OJie-

Hl1e MeCTHbi:C COIIpOTVIBJ16HVIii. 
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IIpi1 BllcJpaHHOH I<OHCTPYIUI,MM I<C,HTypa (eM. pv.tc. 2) CyrvJMa MeCT

Hb~ COITpOTHB~eHMH B I13rMoaX Tpyo, cor~aCHO cnpaBOqHHM ~8HHHM / 2/, 

paBHa t:: I ,05. 

IIoTepa c:tropoCTHoro Harropa Ha BHesarrHoe CYJiteHHe VI pacrm1pe-

HI1e IIOTOI<a re.JlliR B •.reiiJIOOOMeHHMI<e MOiKHO paccqJ1T8T:O ITO cpopMJ"JI8M /
3/: 

r.ne 

a 

s ~ = 0 '1 . ( 1 - .b..) - 0 2 . ( 1 - h. ) 3. 
•Jt • TO J f' I f 1 

).. ..1 - ITOTepM Ha BXO,II.e B OXJI8Jl\D:ai01UI1H TpaKT, ~ -.x. ,-o 

>- ..1 - ITOTepM Ha Bbl:CO,Ite, ;:::> l)fllX. TO 

CYMMapHoe II]JOXOitHOe ceqeHv.te }1JI.R reJII1R B 
' . . 

OXJI8lf\1I,aiOUleM Tpai<Te TeiiJIOOOMeHHI1Ra, 

f - Ce"4eHI1e AO BKO~a~ITOCJie BbiXO~ rasa B 

oXJiaF~aromeM TpaKTe. 

IIpi1 ITO.ItCT8HOBI<e "4l1CJieHHbiX 3HaqeHI1H BeJII1"4I1Hbi { :z I1 f , COOT-

BeTCTBeHHO, paBHbi: 

'~x = I, I6 • ro-2 I\r
2 ; 

F = 3,I4·ro-2 
11.1

2• 

I1, COOTBeTCTBeHHO, 

Sclt'.To = 0,24; 

~ ~ T = 0,14. ~ ., .... 0 

iloTepi1 CI<OpOCTHOI'O Hanopa B .nll~Y30pe I1 I<OH~30pe TeiTJIO

OoMeHHHRa ITpi1 yrJiaX paCI<pbiTI1R 20° paBHbi /Z/: 

= 0,17 ; 

0,08. ~ -
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TaRHM o6pa30M, Cy.MMa ITOTepb ~B~eHHR Ha npeo~o~eHHe 

MeCTHHX COITpOTHB~eHHH TpaKTa paBHc 

~ l'o"C' z z I, 7. 

3.2. BR60p MaMeTpa Tpy6 ITO)f,B0)1.fllneR H OTBO.II.BUleii 

MarHcTpa~eii. 

TipHMeM BHYTpeHHffi1 ,IT,HaMeTp Tpy6 )J.JIR IT0.11,BO.JJ,a re~H.fi R Terr~o-

06MeHHHI<Y H I< RO'M:'fxy TIO paBHbllVf IIO MM. Tor;xa 

l 
~ TD 9 5·ro-3 2 
CTp = 4 = ' M • 

C:twpocTn re~HR B TaKofi Tpy6e ,If)J..R o6ecne-qeHHR Tpe6yeMoro 

pacxo.n.a paBHa 

= I57 M/CeR. 

J?.e r :: W:.;;D = I ,23~:·Io5 • 

KoStlxflHID:'IeHT ITOTepb Ha Tpemie B Tpy6e 

~ = ~4= !,69·10-2• 
R.e,. 

TIOTepH Ha TpeHVJ.e B Tpy6e ,Il',JiliiHOH (),5 M: 

.f. 
~ D = I,OO. 

AHa~OrH-qHRM o6pa30M pacc-qH'rRBaeM ITOTepH Ha TpeHHe B 

Terr~oo6MeHHHRe. 
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CI<OpOeT:D re.mUI B Tpy6Re TenJI006MeHm~ma 

G,. 
WTo :::: f .I - = 129 M/ eeR ; 

r T:E. 

ReTo =I,84·ro4; 

~ = 2 ?r·ro-2· 
5To ' ' 

l STo d = 2,03. 

CYMMa ilOTep:D Ha Tpea:Re B ROHTYpe: 

(s ft-- 3,00. 

Tor.n.a eROpoeT:O reJIR.f.l B oeHOBHOii MHrHeTpaJIR paBHa 

W = 1/ {A P·a ;.,!57 M/ceR. 
ra [(~cr}x ... $~~ 

, npVIHRMaeM OROH'tJaTeJibHO D = IIO MM. 

4. Pae"tJeT TeMnepaTyQ reJI~.f.l B KO!YXe ITO. 

KoaqxpHI.UfeHT T€ilJIOOTJJ.8'tJH OT reJIM R Tpy6Re T€ilJI006MeHHMK8 

.r ' ~~ l _ / _ .JlUr .1\r _ ~1,018 · R.erp · r = 
ex,.- d - c:( 

= o.ors·<r.B4·ro4)0•8.·o,I65 =--..;;;;...&_..;;.;;;;..;;....:~-.;;..;;....-..;;;..-~_t...-_....;;.&.;_ ~- = 3~ BT / c rp aJJ, • 
0,02 

YeJIOBHblH ra_n,paBJIH"tJeeRRii .IUil:lM€Tp . .'IIJLH BO,If.bl B SJieMeHTapHOH 

.f.l"tJe:i1Re oXJia2K,n.aromero TpaRTa TenJioo6MeHHRRa (eM. pRe. 3) 

c{ 4 F rtA~p -3 
t~<• = p = 5,o·ro M. 

'""'d' 
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Pacxo~ BO,IW ~epes Terr~oo6MeHHHE rrpHHHMaeM paBHHM 20 M3/~ac, 
K~H 5,6 Er/ceE. Tor~a CEOpOCTL BO~H B OXRa~aromeM TpaKTe COCTaBHT 

Wg = 

rro~Hoe rrpoxo.uaoe ce~eHHe .~: Bo~ B oxna~naromeM TpaKTe 

paBHO 

0TCIO,IJ.a ~S = 0,52 M/CeE. 

- Si"· (0 192)2 
- - t 

4 
37•S(:(0,025)~ 

4 

CEOpOCTL BO~ B OX~a~naroweM TpaETe MO~HO ITOBHCHTL C 

rroMoUJ;Oro rrorrepe~HHX rreperopo~oE, n]£1MeH.flervrux B cTaa.napTHbiX Ten~o

o6MeHHHRax (eM. pHC. 3) • B 3TOM c.ayqae CEOpOCTL BO.IW rrpH6~3K-

Te~:OHO COCTaBHT 

W~ = 2 M/ceE. 

PacC~HTHBaeM K03~Hli~eHT Tea~OOT~a~H OT BO~ K CTaR:DHOi 

Tpy6Ke: 
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TaRHM o6pa30M, R03qxpvitU16HT TEHIJIOIIepe.n;atU! OT reJm.H R BO.I(e 

paBeH 

1 
-1--~~=------.-- = 368 BT/M~pa,n • + ou -+ _ 
7,. T;T d. e 

Cpe.mum neperra.n TeMrrepaTyp Meii\IJY B:>,noii H reJIHeM B TerrJioo6MeH-

tmKe paBeH 

EcJII~ C'1HTaT:O cpe,mnoro TeMrrepaTypy I·0)1.li£ TB paBHOH 20°C, TO cpe,n

H.H.fl TeMrrepaTypa reJilii.H B T6ITJI006MeHHHI\6 Ol\8J.HeTC.fl paBHOM 

a H8'18Jl:OH8.fl H KOH6'1Ha.H TeMrrepaTypu reJIH.fl 6y;rryT paBHbi, COOTBeT

CTBeHHO, 

1';. fx = Tr + 6T.-
== 94°C -2 , 

T .. c.,x = ,==;_ oT,. 5: 34°c. -2 

llpHB6.I(6HHHH BHille pac'1eT He .HBJI.H6TC.fl OROH'18T6~HHM. 0H Bbi

ITOJIH6H ,nnE IIpHHUHITHanbHOrO 060CHCB8HH.H B03MO~HOCTR ITpHMeHeHH.H 

HOBOH CHCTeMhl OXJI~JJ,eHI1.H ITO. B '1f:CTHOCTH, 3,If,eC:O He Y'1TeHa T6IIJIO

OTJ(8'1a OT reJI1i1.H R B03,T1Y'X:Y 11epe3 C:TeHI<H 1\0iK.YXa ITO H MarHCTpa~

Hhle Tpy6H BCJie)J.CTBHe OTHOCI1T6Jl:OHO MaJIOrO BKJia)la OXJI8JK.If,eHH.H B03)!y

XOM B l10JIHbiH TeiiJIOC'.beM. C yl.leTOM 3TOrO .If,OIIOJIHHTeJIDHOro OTBO.Ir,a 

TenJia peaJIDHa.H cpe.mm.H TeMnepaTypa reJIM 6y.neT HeCROJIDRO HH~. 
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5. B H B 0 ,:0: H 

lipeMMYUleCTBa rrpe,1J,JIOJR.eHHOll CXElMH OXJia.iK,:O:eHH.fi 3aRJII0118IOTC.F.I B 

cJie.JJYIOmeM: 

a) o6ecnel1vrBaeTC.F.I paBHOMepHOt3 CHMMeTp¥.111HOe oXJiaJK.nemie 

KOJR.Yxa ITO, 6Jiaro,nap.F.I qeMY B03MO.X<.H1) JIBil.ffi ocecHMMeTpll11Hoe pa)J'.Ma.J!b-

HOe pacurn:peHMe ROJKyXa 6e3 rrorrepe11EII:JX ROpOOJieHHH H f'l!JI!!IIL!'I'B.!ild!EE 

~e~pMall~H pa3JIH11HHX yqacTROB KO~fXa; 

6) !1CI\JII011aeTC.F.I CHCTeMa IIO,IT,BO,:O:a BOJl:H Henocpe,IJ:CTBeHHO I\ 

rro,IJ:BJiDKHOMY oTpaJKaTeJiro, 11TO o6Jier-gaeT ycJioBHR BRCIIJJYaTail,IIM. 

He,IT,OCTaT.KOM HOBOfi CHCTerJIH .F.IJ.JI.F.IeTC.H He3Ha11¥ITeJILHOe ITOBHille

HBe TeMnepaTypbl reJIVI.fi Ha nepMcpepvm Ro.m.yxa ITO (rrpHCJII13HTeJILHO 

Ha 20°), 11To rrptn3e.neT R HeRoTopmw y:se~l1eHMro TeMnepaTyp Jionac

Teit orro 11 .nrro. 

Borrpoc 0 IIpHMeHeHMH paCCMOT!JeHHOrO BapHaHTa OXJI8jl\lJ,eHH.F.I 

II.eJiecoo6pa3HO paccMoTpeTL rrpvr co 3,ILaHHH nocJie,IJYromero o6pa3ua 

IIO,I(BH1RHOrO OTpa1RaTeJI.H ll.EP-2. 
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Puc. 1. 9cKUJ KOJK!JXQ noaGuJKH02.0 ompaJI(amtJnR (duo 
CO CmOfOHbl nep~aHeU ()nOpbl OflO). 

0003HQ'I~HUJ/; f- MeM~fJOII01 2- py6aUJKU OXIIO)I(iJeHUR, 

J - noa8oa 8odbl, 1.,- om8oa Boa6,, S- ne

peoHiut OnOfO 0fl0, o- MeCma tft!mQHOtKu 

OOm'IUK08 Ktl n Ll c y~. 
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D,.o = 192,., 

Puc. J. .9cKu.3 m~n/lotJ5Mef.luuKa (A- njJOdO/IbHbiU 

pa3fU'3, 5- nonepet~Huu pa3f~.3, 8 - ~/l~tv~eH

mapHa.ll Jlttei:u(a). 


