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A H H 0 T A U v:.JI 

PaccMoTpeHH npwmHH n npoue.ccl:l a.Bapn::Vmoro BCKHIIaHHJI reJIRR: 

B :KpKOCTaTe OTil:lTHOrO CBepxnpOBO,IJ,fimel'O CHHXpOTpOIIU (ycTaHOB:Ka 

Cilllli). IIpHBe,n:eHH pac"tJeT R :KOHCTPY:KU:H.fi npe,n;oxpai-rn:TeJI:&nux :KJianaHOB. 

IIpe.u;cTaBJieHH l:te:KOTOpble pe3yJI:oTaTu 'n:cnepnMeHTOD no anapnfu.IOMY 

BcMnamno reJIPI.fi npH nop-qe n30JI.RI.UIOHHoro BaRYYMa B03.n..YXOM n reJIHeM. 

Pa3pa6oTa.Ha TeXHOJIOrR'tlec:Ka.fi cxeMa ra3onoi1 npe.noxpamrTeJI:oHoti cncTe

Ml:l ycTa.HOBrut CID1H. Pacc'tiRTaHa Ma.Kcmm.n:&HM TeMIIepaTypa o6MOTrut 

. Mai'IDITOB crnrn. C,n:eJirum Bl:lBO)JJ:l H pe:KOMeH,IJ.a:r.um no BonpocaM aBapxA- . 

HOi 3~TH CIIHH. 

. . . ·~~ 
' ' 

.I 
I 



·1 

I. BBep,eiDie. 
/Jf?/ 

KpKocTaT ycTaHOBKH CID1H (cM.IlpnJIOiitGHlle I) rrpc,ncTaB.7I.fi8T co6o:H 

COCy,D; C u,IU\HM reJIHeM, 8MKOCTL KOTO])OrO (3,3 M3) cpamiRT8JlbHO 

HeBeJIHRa. O.n;Ha:KO RpHOCT8T OTJMqaiOT ,jOJI:blllaJI npOTIDit8HHOCT:D (54 M) 

K MaJIUH ~aMeTp (0,285 M) o6pa3yromei cocy.n; Tpy6u. CooTBeTCTBeimo 

"pacTmryT" n.n;oJII> cocy.n;a R yponeHI> 7lta.rutoro re.mur. Ma;ru npoxo~ 

.n;JIH RcnapnmmerocH re~ RaK B cocy~e Ha.n; yponHeM, TaR H Ha Baxo.n;e. 

0ti8Bl'I,Il;HO, liTO npH aBapH}\HOM HCTiapCIH.UI reJIR.H 6y.n;eT Tpy,u;HO HJIPI 

H8B03MOlltHO COXpamiTb ropH30HTaJI:bHhl~~ JpODCHh roJIIDI .11 OTBOCTH 

tiepe3 CTOJI:& Y3Iute npoxo.n;H HcnapHnmYJicn ra3. I< xapawrcpHcTHRe 

RpHOCTaTa CJie.nyeT ,D;06aBHTb OTHOCHTeJI:bHO 60JI:biiUie ITOB8pXHOCT:b re.mre

BOrO cocy.n;a ( ,_ B 4 pa3a 6oJI:owe, 'll(!M y TpaHcnopTHoro cocy'JI.a TaKo~i 

'It€ 8MKOCTH) R npOT.IDK8HHOCT:b CBapi-II£: IllBOB. l{OHCTPYI<I.Uill RpHOCTaTa 

B8CbMa CJIOXtH8 (ROMII8HCUTOphl, naTpyi~RM OTRal.!RH HOHOTipOBO,IJ;a H ,IU).), 

H OH ,noJDiteH 'tlacTo no.nnepraTI>CH pa3,jopRe. Ha.n;elKHOCT:b RpHocTaTa :31 ·:

llHT8Jil,HO HIDit8, 'ti8M y TpaHCITOpTHOrO cocy,na, TaR R8R y Hero TIOB!lillt> [ · 

HaH BepoHTHOCT:b DORBJI8HRR reJIH8BUX T8ll8H, ROTOpble MOryT HCITOpTHTL 

K30JlHUHOHHHH BaKYYM H npHBeCTH K aBapMHHOMY BCRHTiaHHID re~. 

B nacToR:me:H: pa6oTe paccMaTpHBa.IOTcfl npwnillli B03MOJKHHX a.BapHii 

RpHOCTaTa CIDfila, npOU8CCH H onacHCCTH npM npoTeRaHHH STHX aBapRH 

H Mepy no o6ecne~OHHD 6esonaCHOa ~KCITJIY8TUUHR RpUOCTaTa. TipH 3TOM 

npeo~e~TCH CJI8~mH8 U8JIK (nepe~MCJI8llli ITO CT8TI8HH B~OCTH): 

I. 06ecnetieHHe 6e3onacaocTR o6c.rryuBa.IOmero nepconaJia. 

2. IIpe.n;oTnpameHHe ccpbe3HUX IIOJIOMOR o6opy.n;onaimH. 

3. CoxpaneHHe ra3oo6pa3Horo ::'eJni.fi. 

,li.1IJt npoeRTHpOBaHIDI RpHOreHHo:-i npe.n;oxpaHRTOJlbHOH CliiCT8Ml:l 

CnHHa B HHKO npoBe.n;eHU cJie~mHe )a6oTH: 

I. Co3:nana yoTaHOBI\a .n.n.fr Hcc ne.n;onaHIILH anapRfuioro BcKKnailliR 

• renHH npH nopt{e H30~oHHoro BaKYYMS reJIHeM 11~ B03~0M. 
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2. llpoBe,nemt HCCJie,noBamm:, B pe·3yJI:oTaTe KOTopux onpe,neJieHii 

CKOpOCTH Blil<HDB.HIDI re.mm B OIIlnHOM I<J>PIOCTaTe eMROCT:OlO 6 JI D,ZUtOrO 
' 

re~, HSO~pOBaHHOrO MeTaJIJIHSHpOBaH~ JI8BCaHOM B O,nHOM, HJIH C 

DOMom:om asoTHoro si<paHa, B ~yroM cJiyqae. Tiepec~eTOM no cooTHome

HHD DOBepXHOCTeH KPHOCT8TOB onpe,neJieHU CI<OpoCTH BUKRDaHHH reJIHH 

DpH 6HCTpOA Dopqe H30~0HHOrO BaKYfMa re~eM (HaM6oJiee BepoHT

HaH B OD8CHaH aBapH~aH CHTYSUHH) B KpHOCTaTe CTIHHa. 

· 3. BH,neJieHH npe;na:sapHifmte CHTyamm (eM. pas,neJI 3) Jrt npe,ItJio

&eHH MepH DO KOHTpOJID reJIHeEHX Te~e~: H UpO~JiaKTH~eCI<OMY y;naJieHHD 

~OrO reJIRH HS RpHOCTaTa. 

4. PaCC't{J{TaHH !'HAPaBJIHlieciGie 0(1DpOTHBJiemta: B RpHOCTaTe, npe

,T.tOXpaHHTeJibHWC RJia.IIaHax H a:sapPii!HHx Tpy6onpOBO,nax. llOCKOJIDI<Y pe

aJI:DHlie npoueccH tame:FJ:WI H aarpeBa remm B CHCTeMe Bec:&Ma cJiozmt, 

pac~eTH BHnOHHeHH Ha OCBOBe ynpomemnrx MO,IteJieA H MOrYT paccMaTpH

BQT:&CH RaK OUeHO~HHe. B pesyJ!bTaTe ]>8C~eTOB BU6paHH npaxo~e Ce-

116HHJI Tpy6onpoBO,ttOB H KJIB.DaHOB (pas;~eJI lO). 

5. Paspa60TaH H HCDLITaH OIIYTHliit npe,noxpaHHTeJI})Hl:lft RJiaii8H C 

lly=50 MM (~s;neJI 9) • 

6. llpopa60TQHl:l .JtBQ BapHaHT8 np~~,noxpaHHT6JII,HOit CHCTeMH (pas

.tteJIH I 0 , I I , I 2 ) . 

TipoBe;neHHHe pa6oTH noRasaJIH, qro saa~TeJI:&HHe TPY.ttHOCTH no 

COXpaHeHHD KpHOCTaTa CflHHa H re~ BU3BaHH OTCYTCTBHeM 830~HOrO 

&KpaHa H ManHMH ce~eHHHMH Tpy6 aBapaiaoro c6poca. 

2. BosMolKHHe npHliHHH a.BapPiit, conpoBo?K:naro!I@XCH BUKHIIrumeM 

re.mm, ogeHRa HX BepOHTHOCTH H OD8CHOCTH 

BoSMOEHH CJie.1J.Y101ItKe npwm:HH a:BS.pd HJIH a.BapH:amoc CHTYa.I.Uii: 

I • llepexo;n Mai'HHTOB B HOpMaJI:&EOe COCTOSIHHe C B&.IJ;eJieHHeM .j8-

D8C6HHOI B BBX aaepr.HH B KpHOCTaTe. 

' I 
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2. Ilop-qa BaRYYMS B HOHODpOBo.n;e l303JlYXOM H.TIK reJIHeM. 

3. llop-qa HSOJJffi.UiOHHOro Ba:Kyy-Ma B03.nyxOM. 

4. IIop11a H30.1ISJ:UKOHHoro Ba.Ryym :(leJmeM. 

BepoJtTHOCT:& nplfCDIHH no n. I :nocT.9.T011HO Demma, ao cymecTBennoA: 

ODaCHOCTH B STOM C~ae HeT, TaR K8R sanaceHHaR SHeprHH MarHHTOB 

OTHOCHTe~:&HO Mana H npe.n;yCMOTpeHa 8BTOMaTKqeCKaR SBaKyanHH SHep

r.HH H8 BHemHDm HarpyaKy. 

BepOJtTHOCT:D DpK11HH no n.2 T~€ Be~, OC06eHHO B nepKO~ 

Han~o-qaax nycKOB ycTaHOBKH. O~axo noc~e nponepKK "Ha Ten~e" npo'q

HOCTH H DJIOTHOCTH HOHOnpono,na DO.fi.BJIE~HHe 60~:bliiKX Te'qe}i MBJIOBepOSITHO. 

MaJme BOS,eyuiHHe Te'tJR He DpHBe.rryT R c:ymeCTBeHHOMY K3MeHe:mm Ten~o

BOrO peJtHMa, DOSTOMJ KaR npJrCm:HY aBapmi KX He paCCMaTpHBaeM. reJIHe

BHe Te1DI OD8CHI:l, ecJIH BaRJ'YMHHe HaCOCH He CMOryT DOMepmiBaT:D ,llaB

Jiemte B HOHODpOBO~e XOTS! 6H Ha ypOBHe I0-4 MM·pT.CT. 

BepOJITHOCT:D DplllmHH no n. 3 BeJDma, HO Truate OD.naJ>TCJI B OCHOB

HOM MenRHe B03.n;ymHHe Te11H. llopqa Ba~ B STOM C~ae MOEeT pac

CMaTpHB8T:DCS! KaR ~ORanDHaR, B UeJIOM H30~0H~ BaRYYM COXpaHHTCJI, 

H padoTa CnHHa MOEeT 6HT:& npo~o~eHa. BoJiee KpynHHe Te11H yBe~aT 

TenJIOBYD Harpysxy na peq>pnepaTop. OnacHii no~oMKH, BH,3BaHHHe He6-

p~~HOCTbO.o6cJiyZHB~ero nepcoHana, HanpKMep, npH saTJirHBaHKH • • 

' ynJIOTHeHHA, npH pa6oTe Ha TOKOBBO~ax. 

llpJAHHa no n.4, Ha nam Bsr~, MOlleT 6uT:& HaH6o~ee pacnpocTpa

HeHHoA H HaBOOJiee ODaCHOA. IToJIBJieHl:e MaReH:&KHX OTBepcTHA npe~CTaB

JJ.R:eTCJI BDOJIHe BepOSITHilM, a cyrneCTBE:HHa.R: nop-qa Ba.RYYMB. He 3aBIICHT 

OT pasMepa OTBepCTRH H RBJJ.R:eTCJI B OTCYTCTBHe HaCOCOB ~ OTRa11KK 

re~ JIHm:D BODpOCOM BpeMeHH. lloaTmey B ,naHHO~ paOOTe HaH60~ee 

BHKMaHHe y.n;eJieHO npoueccaM npH DO~Ie HSOAHUHOHHOrO BaKYYMS reJIKeM 

H Me paN SalllHTH npH STOI aBapmt. -til 
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3. llpe.n;a:sap:aiiHHe CRTyayHH H pa3IIHTHe anapH~hrnx npoueccoB. 

3.!. llop~a H30AHyHOHHOrO BaRyYMH B RpHOCTaTe. 

HSOJUIUHOHHHR B8KYYM MO'llteT 6UTb :HcnoptieH re.mWM HJIH B03.IJ:YXOM. 

HaR6oJiee BepoSITHLte MeoTa noSIBJiemm Te'tle~ - aTo cBaplllie, nB.SlHHe H 

pas'beMHUe COe,nHHeHM. Te11H Taiate MOr~rrr B03HHKHyT:b B TOHKOCT8HHWC 

o6e'tlaitKax H CHJII><l>OHSX.· Heo6xo,IUIMa TtnaTeJI:oHa.a: npoBepKa B pa6o"tUIX 

YOJIOBHHX aaneEHOCTH OOe~eHHH KepaNni'tleORHX RSOJiflTOpOB 0 MeTannH

'tleORHMH naTpy6KaMH. 

llpH npoHHKHOBeHHH reJIHH 6oJiee :a.m MeHee 6ucTpo yxy~aeTca 

HSOnHnHOHHHA BaKYYM H yneJIHqHBaeTCSI •reDJIOUpRTOK K EK~OMJ re~ 

sa O't16T T8UJIOUpOBO~OCTH B KOHBeKQHH rasa B HSOJISIUHOHHOM npocTpaHOT-

Be. 

B OJIY'tlae npoHHKHOBeHHH Bos.n;yxa ,lCHOBHO~ TenJionp:aTOK noJIY'qaeToSI 

sa o'tleT ero Kou.,neaoamm H BHMepsaHHSI • .llaBJieHRe B H30~0HHOM npo

oTpaaoTBe ~aEe DPH SHa1UITeJIDHHX HaTe~aHRHX MOEeT cymecTBeHHO He 

BSMeHHTLCSI, B T8UJIOnpHTOK OOT8TO't1HHM! rasaMR He BOSpacTaeT. 

HonapnmmH!OSI HS KpHOCTaTa reJIHA Hanp~T B XOJIO~ o6paTHU~ 

DOTOK pe~pHEepaTopa H B TOKOBBO~. YCHJieHHOe HOUapeHHe renHH npRBe

~eT K. DOBHmeHBD ~eHRSI B reJIHeBOM oooy.n;e R OTKpNTHD npe~OXpaHH

TeJibHiiX MaDaHOB. B pesyJIDTaTe pesKo yneJllftlHTCSI pacxo.n; rasa, TeKy

mero B~OAL UOBepXHOOTH ~oro re~ K BHXO~aM, H nepenan .n;aBJieHKI 

Me~ BUXO,D;OM H HaH60Jiee y.n;aJieHHoa OT Hero TOtiKOH cocy.n;a. ITo~ 

.n;eAOTBHeM 0TOA paSHHQH .n;asneHH~ ypoEeHb reJIHSI OTKJIOHHTCSI OT ropH-

30HTBJibHOro ~ npH UeKOTOpOM RPHTidti€ CKOM TellJIOllpHTOite 7\,llH.IUGIA reJIHA 

HatiHeT saropaEHBaT:c tiaOTb ce'tleHHH Bbxo~ero noToKa ra3a. 3aTe~ 
Ha'tiHaTOSI yHOC D,IJ;KOCTH B T8U.7.mi o6pf.THUA UOTOK (OM. pas~eJI 7 H /JIT./) 

B HHTeHcHBHOe ee HonapeHHe. Heo6xo~~ooT:o npoT~aTL 'tlepes 4 
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Tpy6onpOBO~ 6o~moe·RO~eCTBO ra3a ~~OXeT DpRB8CTH K ~pe3MepHOMY 

DOBHmeHHD ~~eHHH B cocy~e. naa~eHHo H CKOpOCT:D ero HapacTaHHR 

C~eCTB8HHO He~HettHHM 06pa30M 3aBKCJ~ OT D~OWanR OTBepCTHH, ~epes 

KOTOpOe B HSO~OHHOe npooTpaHCTBO HaTeKaeT B03~ H~ re~a. 

Pesy~:DTaTH HCCJie~OBaHltfi 3TOA SaBHCHMOCTH 06CYlt,naiOTCJl B pas~eJia.X 

8 H IO. 

· MaKo~HOe ~aBJieHHe B RpHOCTare DpH aBapHMHOH CHTYaQHH 

npHH.R:TO paBHRM 0,? aTH, ~T06H RpHocTaT He cqHTancR cocy~oM, pa6o

TBDmHM DO~ ~aB~eHHeM. KaR DORasaHO B pa3~e~e IO, B03MOXHU CHTy~, 

Ror.na nponycRHa.a: cnoco6HocT:o 4-x R~anaHoB dJ = 50 MM (oM. pas~eJlll 
9,10 H 13) He~OCTaTO~HQ H ~O~HH 6u~:D OTRpHTH npe~OXpaHHTe~HHe 

KJianaHH HJIH sar~ymm o 6o~DliiiiMH npo1o,na.MH. 

PacoMoTpRM npouecoa, oBRsaHHHe c HaTeRaHReM Bos~a B HsoAa

nHOHHoe npooTpaHCTBO KpHOCTaTa. llpOI~ORHaH CD0006HOCT:D OTBepoTHH 

UpH BH3KOOTHOM Te~eHHH B03~a C Te~mepaTypo~ 20°C H OTHomeHKH 

MBJieHd: p2/p1 ~ O,I (o.339, .1I2) (RpHT~eoRoe oTHomeBBe JtQBJie

HHI p2/p1 = 0,525) 
. U ~ ,..., 2 0 · A , . "· c -f) 

r~e A~ ·nJiomanL OTBepoTRH, o~. 
·3a.MeTHM, 11TO B pesyJI:DTaTe DOJIH•)I ROH,neHOSIUIH BOS.II;YXa Ha no

BepxHOOTH reJmeBoro oooy~a B Ham eM :}.ny-qae p2 !:::. 0 H, oJie.noBaTeJI:DHO, 

p2/p1 !:: o <Pr ~ I aTM) • 

~OTHOCT:D BOS~a npH 20°C t) ~ !,2.!0-3 Rr.~-I. 
J(~ 

Maocomrlt.paoxo.n 

Ga -= Vr, Jj = 20 • r,:: • ro-3 A = o,o24 A KI'.c-r. 

TeUJIOTQ HCnapeHHH BOS~a npH TeMDepaTypax KHDeHKH . 

"lc = 49 RRSJI/Kr, remm - ~r = 4,88 KRaJI/Kr (Ta6JI.4-8I, JI3~ 
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KOJIH'IeCTBO TenJia, DpHTeKaiOlltee C ROH.D;CHCHPYJOIUHMCJI BOS.n;yxOM 

,x re.mm, 

Q 
0Tcm.na KOJIH1IecTBO HcnapmomerocJI reJIH.il 

-I , ttRa.n.c 

C-r = G~:~ . z 0,24 A Rr.c-I · 

~ 3aKQqKH renBJI Ha YCTaHOBKe KrY-!600/4,5 HMCCTCJI 3 KOMnpec

COpa npOH3BO~TeJIDH0CTDD !200 ~~a0-I~ 0,06 Kr.c-I K~~. 
Eo~ npeae6pe~D xcnapeHHeM reJIHJI Ha ycTanoBKH H Tpy6onpoBOAOB, 

ROTOpOe B 06~HOM peEKMe COCTaBJIJieT ~ !00 HM3/~ac, TO KOMnpeccopa 

6ym cnpaBJJJI'l'DCJI c saRa'tfKoit reJIH.a: I'pH HaTeKamm Bos.nyxa 11epes 

OTBepcTHe 

A= 3 .0,06 = 0,75 cM2 ( civ = 0,98 CM). 
0,24 q 

BpeMH RcnapeHHJI Bcero reJIHJI, H~~o~erocJI B KpHOcTaTe, 

(1700 JI - 203 KI' npR pa6o11ei TeMnepaType 4,5K) 

11 t = 203 = 846 , (}. 
0,24 A A 

2 llpK A= 0,75 OM , A t = II26 :::: I9 MHH. 

O~eHlGI DOR83H~T, 11TO HaT,~KaHHC BOS.nyxa ~epes OTBepCTHJI 

C DJIOntQAI>J>, MeHIXDel 0, 75 crl-, COS,IJ;a 3T KOHTpOJIHpyeMYJO a.BapHibiYJ) · 

CHTyauHD, a BOS,n;ymHHe MHKPOTe11H He ape,n;cTaBARIDT cepbe3HOR OD8CHOCTH. 

llop11a BaKYYMQ B HOHODpOBO,IJ;e B03~0M MO~eT DPHBCCTH K HHTeH

CHBHOMY KHneHKD B re~eBOM COCYAC. ITODQAaHHe rasoo6pasHOrO re~ 

B HOHOnpOBO,IJ; He CTOJID onaCHO, TaK RaR TCDJI006MeH C ORpyxammei 

cpe,n;ol MOEeT H.n;TH TOJIDKO 11epes BepT~HHe Tpy6a, coe~e 

HOHOfiPOB9,IJ; 0 BaKyyYHHMH HaCOCaMH. 
.#j 
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3. 2. IIepeXO,D; MarimTOB B HOpMaJbHOe COCTOJIHI1e. 

HeKOTOpaH onacHocT:& MoxeT B03IDIKHyTL TO~LKO npH OTCJTCTBKH 

aBaRyamm aanaceaaoii B Ma.I'HHT~ aHepre. Cy-MMapHM aaeprmi, aana

ceHHast B ,IUUIOJI:&HHX Ma.rHHTax, npH6JW:3HTe~LHO paBHa 240 RJ[E. Trutoe 

ROJIH't!eCTBO aHeprHH cnoco6ao HcnapHT:o TO~:&I\O 120 JI lltkf.nROro reJIWI. 

O~aKO He HCHO, BH30BeT JIH 6HcTpoe :icnapeHHe BOJIHY B XK,D;KOM reJIHH 

H BH6paCHBaHHe HeKOTOpOrO KOJIH1IeCT~~ ~OCTH B Ten~ 06paT~ 

DOTOR. Bo BCHKOM c.n:yqae , ,1(8HHaJt a:Ba}dHa.H CHTyarum: npe,l(C'l'aBJUieTCJI 

Meaee onacaoA, 'tleM yxy,II)IleHHe HaO.nmtiiOHHoro BaR~. 

3. 3. IIpe,1!ABapHii:HHe CHTyarum. 

CROpOCT:& DOpliH BaKYYMQ npH DOHBJieHRK reJIKeBon Te~ 3aBHCHT 

OT paaMepa B03I:IHKIIIero OTBepcTHJI, H apeMri .no anapHliHoro BcKHnaHHH 

renHH HHOr,na MOXeT 6HT:& ,D;OCTaTO'tiHHM ~ np~JiaKT~eCRO~ 3BaKY~ 

EK,D;Roro reJIHH Ha KpHocTaTa CIIHHa. Sro MeponpHJITHe noaBOJIHT xa6eEaT:& 

aBapH!HOI CHTYanHH C 60ADWMMK TellJIOBHMH HarpysRaMH (,n;o HeCROADKHX 

BT.CM-2). 

~ o6HapyxeHHH reJIHeBo~ Te~ Heo6xo,D;HMH ycTaHOBRa nocTOHHHO 

pa6oTammero reJIHeBoro Te't!eHcRaTeJIH (KJIH aHaJIHaaTopa cocTana ocTa

ToqHHX raaoB) H ~Bo~ ero cKrHaJia Ha nyJI:&T~ ynpanJieHHH CDHHa H KrY. 
JlleJiaTeJI])HO TaKEe H3MepHT:& CROpOCT:& na,ueHH.R: BaKyy-Ma, liTO D03BOJIHT 

npKHHMaT:& pememe no npoqmJiaKTMlieCRKM Mepa.M. ,1J,mi arutte,llJieHWI cRo

pocTH HaTeR8HHH reJIHH OOJie3HO nO~D'tlaT:& ·K H30~0HHOMY npocTpaHCT

By BHCOROBaK~ HQCOC ~ OTK81IRH re~H. 
' 

Y,n;aneHHe ~oro reJIHJI MOXeT dHTL npoBe.n;eHo ,l(BYMJI cnoco6aMH: 

I. llepe,naBJIHBaBHeM B TpaHcnop~HHe eMKOCTH. 3TOT nyT:& TpedyeT 

,ll;OUOnHHTeJI:&HHX K8DHT8JIOBJIOEeHH~ H HenpepHBHUX paCXO,D;OB XOJIO~HOI 

MOmHOCTH ,l(AR DO,D;,D;epzaHHH eMROCTeA E XOJIO,l(HOM COCTOHHHR. ./i 
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2. BunapHBaHHeM reJIIDI sa c'tleT yBCJrn'HU:llnerocn np¥1 nopqe BBKYYMB 

TenJionpHTORa. llepes npe.n.napHTeJI.bHO OTt(puTue npc.IJ;oxpnHHTeJI:Dime Ma

naHH c ct3 = 50 MM H TenJIH~ Tpy6onpcno~ o6paTHoro re~ ras nocTy

naeT B ROMDpeccopu. CROpOCT:b SaRa'tl~ orpaHKqHBaeTCH He06XO~OCTbD 

Harpena reJIHH .no KOMHaTHoii TeMIIepaTypu H, ecJIH HarpeB o6ecnelieH, 

npOHSBO,IU!TeJI:DHOCT:DlO ROMIIpeccopOB. Ilpa Ha.J.tKtnUi rasrOJI:D,nepOB CKOpoCT:D 

BWiapHBaHIDI MO!teT 6HT:& y:BeJIKtieHa BO MHOI'O pas • 

4. 06ecne-qe~me 6esonacHOCTH o6c:JI;ymrnaroryero nepcoHaJia. 

EesonacHOCT:D o6cJiyJtHBa.IOUtero nepcoHa.na o6ecne'tll1BaeTcH cJiepyn

utHMH MepaMH: 

I. Hcrru:TaHHeM ncei! KpHoreHHO~ <:HcTeMII Ha TIJIOTHOCT:D H npollHOCT:&. 

2. Y CTaHOBKOl! npH60pOB )I.JIJ{ KOH~~pOJIH HSOJIJI.UHOHHOI'O BaKYYMS H 

HaJIH~ Teqeft B RPHOCTaTe, a TaREe upe~oXpaHHTeJI.bHHX KJianaHOB H 

sarJIYUieR. 

3. Tip~JiaRTH'tieCKHM y~aneHHeM 7~0I'O reJIKa HS KpKOCTaTa. 

4. MecTa BH6poca xoJio,IUioro rasa. qepes npe,noxprumTeJI:&HHe 

sar.nyuum .nomttHH 6HT:D orp~eHH. 

5. Jl,.J1:si npe.nynpeJC.neHIDI nepcoHaJia o cymecTBeHHO:ti: nop-qe H30JIH

UHOHHoro BBRYYMS, a TSKEe 0 DOBUWeKIH ,nanneHHH B KPHOCT8Te ~ 0,7 8TH, 

DOJI6SHO YCTaHOBHT:D SBYROBytO CHrHaJIH:3ruuno. 

5. CoxpaHeHHe rasoo6pasHoro re.!Q.Y!.:_ 

~ anapHHHoro c6opa rasoo6pasHoro reJIKR: aeo6xo~ rasroJI:D

,nepu 60JI:DmOi! CyMMapHOit eMROCTH - I2J0 HM3 npH KOJIKqeCTBe ~OrO 
renHH B KPHOCTaTe ~ I700 JI. TioJiesHo 6uJio 6u YMeH~llHT:& aTH neJIH

'IHHH, HaDpHMep, C DOMO~:DlO BHTeCHHTeJieit ~oro reJIHH. B K8'I6CTBe 

BHTeCHJmll.lero MaTep:aa.na· 'MOryT. 6HT:& HCDOJI:D30BaHH: ·~11 Ta.M, 06JIBJ4aK>W 
• • BHCOKOI·TepMOCTOiKOCT:&lO H He KMe~ft nop; rpanyJIH HS DOJIHMepHHX 
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MaTepHaJIOB, 38IIIHTI:le B MeWO'IKH H3 TI<c.HOro MaTepHaJia; ITpHMeWielWle 

B He(prsmo:tt npowmJJieHHOCTH I<epa.MH'IeCFHe mapmw:; oope3I<H nJieKcRr.naca, 

SJmMHHH.R: H T. n. Do3MOttHo H3roTOBJiem:e cneu,l1aJihHI:DC .n.eTanelt. 

YMeHWJeHHe KOJmqecTBa re.nrui B l':pHocTaTc YMOHLmH·r MaTepHaJI:oHUe 

DO'l'epH npH ero aBSpHHHOM BHOpoce B ELTMOcq>cpy H OOJiertiHT onepamm 

DO TpaHCDOpTltpOBKe, Xpa.Hemm lt 011GUWHmO reJIH.fi. 

BH6op THna ra3rOJI:OAepoB. 

CymecTByeT ,n:Ba mQ:ta ra3roJID,nepoB: WII'IWH H EecTI<Hit. PaccMOTPHM 

HX npe~ecTBa H He,nocTaTKH. 

CTORMOCT:b MSII'KHX ra3rOJI:O,D;epOB HO MHOrO pa3 MeH:bllle, 'IeM 

aecTKHX. JtaBJie~me npR HanoJIHemm: MSiri<oro ra3roJI:o,nepa He B03pacTaeT, . 

'ITO D03BOJIHeT lt30eESTD COOTBeTCTByDI~ero DOBJ:lilleHHH ,IJ;aBJieHHH B RpHO

CTSTe. 

C .Iij)yrOit CTOpOHI:l, DORCR Te'IeH B MffrllliX ra3rOJI:O,D;epax 3aTpy,IJ;HeH. 

H3-38 HH3KOit XJia,n:OCTOIKOCTH 9TH ra3::'0Jl:O,D;epl:l HeOOXO,m!MO pacnOJiai'QT:b 

B OTaDJIHBaeMOM DOMemeHHH, r,ne MeCTO OOJ:l'IHO BeC:OMa orpaHH'IeHO, H 

B03MOJWO DOTpe6yeTC.f! HarpeBaT:O HanpaBJUieMI:lH B HKX npH aBapmi 

XOJio,nmdi remtii. B pe3yJI:oTaTe 6oJ.Il:.lllo:a: ra3onpo:mmaeMOCTH cTeHOR 

,ItH~pyoqHit CKB03:b HHX B03.nyx CH.JI:OHO 3arpsi3WieT reJmH:. 

nocTOHHCTBaMH EeCTRHX ra3rOJI:O,D;3pOB HD~TCH npOCTOTa HX 

3KCDJIY8TaiUIH H BHC.OltaH Ha,neJtHOCT:D. :{ He,IJ.OCTaTKaM OTHOCHTCJI: BHCOKaH 

CTOHMOCT:b ra3rOJI:D,D;epOB H 3HQ'IKTeJI:DH~e 38TpaTH Ha CTpOHTeJI:DCTBO 

~aMeHTOB H nepeB03Ry, HeOOXO,IJ;KMOCT:b .n;epttaT:D B ra3rOJID,nepe 

BaRYYM BO BpeMR pa60TH. ilOCJie,IJ;Hee TpeOOBaHHe o6ycJIOBJleHO CJie~mKMK 

DpH'IHHSMH. Bo-nepBUX, DOCTORHHOe HSOOJIHeHHe ra3rOJI:O,IJ;epOB reJIHeM 

noTpe6oBaJIO 6u DO'ITH y,naoeHHoro KO~K'IeCTBa re~ ,nJIJI nycxa ycTa

HOBRH. Bo-B'l'OpHX, BaxyyMHpOBaHHl:lit ra3rOJI:b,llep BMeiUaeT BO Bpet.m-41 



- I3 ·· 

a.Baprumoro c6poca B HecROJI:Ol\O pa3 6oJI.Orne reJIIDI, -qeM HanoJIHeHHIDt. 

llpH aTOM cJie.u.yeT HMeT:& B BHJJY, -q:To n npou;ecce c6poca reJIHJI ,n;aBJie

HHe B ra3rOJI:&,n;epe Bp.R',I( JIR MOJKHO 6y.n;nT DOBUIIIaT:O .D;O 0, 2-0, 3 8TH, TaR 

RaR B KPHOCTaTe MaKC~Ho .n;orr,YcTm~oe .n;aBJieHRe paBHO 0,7 aTH, a 

~aBJIHllecRoe conpoTHBJieHHe nepeTeHamno ra3a H3 KPHOCTaTa B raa

roJI:&,n;ep 3H8'tlllT8JIDHO. 

TSKKM o6pa30M, aBapHHHH~ c6op re~ Tpe6yeT 6oJI:&mHX KBnHTaJI:&

HUX H aKcn.nyaTB.UHOHHWC 3aTpaT, H Bonppc o ero ueJiecoo6pa3HOcTH 

.n;oJOiteH 6HT:& pemeH c yqeTOM PMa !f)aK~~opoB. B '1acTHOCTH, ecJIH npHHSI

TH Mepli DO YMeH:&meHHD ROnH'18CTBa re.mH B RpHOCTaTe M ITO npo~

TlN9CROMY y,n;aJiemno reJIHfi H3 RpHOCTa'~a, 3HaliRT8JI:bHO IIOHHJtaeTC.R: 

BepOSITHOCT:& Ha.H60Jiee onacHIDC aBapHIDrn:x CRTYB.URil. CJie.n;yeT Tarolte 

yqecT:&, 'ITO 60JIDmaH '1aCT:& H9llOJia.n;OR BUHBn.f!8TCH B rrepHO.U: OX~eHHH 

KpHOCT8Ta, Ror,n;a B HeM HeT HJIH MaHO EK~Oro reJIHH. KpOMe Toro, 

nepBHe reJIHeBiie 3aJIHBKH DORWltYT CTeHeli:& Ha,n;e:EHOCTH KpHoreHHWC 

CJICTeM Clllllia. 

6. llpe.n;OTBPameHHe llOJIOMOK 060~[,1J;OBaHRH. 

HaH6oJIDIIIe~ onacHOCTH npH pesRolt nop-qe H30~0HHOro BaRYYMS 

DO.n;BepraDTCSI reJIHeBJlii cocy,u; H HOHOllj)OBO,lJ;~ . paCC'!HTaHHbl8 Ha · 

_ ,D;aBJieHHe 0,7 8TH. 

CJie,n;oBaTeJIDHO, ec~Jm c noMOII{:&IO no.n6opa npe.n;oxprum

TeJI:&HHX RJiaDaHOB Yl(8CTCSI o6ecne"qHT:& PB.Bap. _f 0, 7 8TH, TO O,lU{O

BpeMeHHO 6y.n;eT o6ecne'1eHa coxpaHHoc•r:& cocy.n;a H HOHonpoBo.n;a. H 

Haa6opoT, npH He.n;ocTaTO"qHOM ce-qeHHH ~anaHOB -qpe3MepHoe noBumeHHe 

,tJ;8BJieHWl MO!teT npHB9CTH K DOTepe YC'l'O~-q:HBOCTH HOHOITpOBO,IJ;a HJIH K 

H:3rH6y CTeBOR cocy,n;a, pa3pHBy CBapmlX illBOB H · ,IJ;aJI:&HefuneMy- pa3BHTD 

aBapo. 4 
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7. · Pacnpe.n;eJieHHe ypoBHSI reJIIDI H ItpHocTaTe npH yxwemm 

H30AffqHOHHOrO BaRyYMa. 

Bru!:UHMK oco6eHHOCTIDvm KPHOCTaTa YCTaiiOBICH CffifH, C TO'IKH 3pe

HHJi KOHCTPYHPOBaHWI ra30BOA npe,u;oXplLllHTOJihHOt\ CRCTCMU, JIBJISDOTCSi 

6om,maJl npOTSDiteHHOCT:O ypODHSI reJill.f! 1[ MaJIM ,IJ,OITYCTUMM pa3llHUB 

ypOBHeR B pa3JIH'IHHX TO'IRax rrepHMeTpH RpHOCTaTa. 

KaR OTMeqaJioc:o B pa3,u;eJie 3.!, rroToK RcnapHIDmerocH re~, 

lt,IcyiUlii B,IJ;OJib ypOBHH, C03,IJ;aeT pa3mm;y ,IJ;aBJieimH, KOTopa;r, B CBOD 

o-qepe.u;:o; BH3HBaeT H3MeHeHHe np~~ ypoarur. ~ pacqeTa Ha SBM 

3Toro Dp~JISi npH HOp~:&HOH pa6oTe KpHOCTSTa B HHKO pa3pa60T8Ha 
/JII/. 

DporpaMMa. IIpe.u;JIOJteHO HCDOJI:030BST:O <·TY nporpa.MMY H )I.JJR a.H8JIK38 

aBapxAHHx CHTYSUHii. Pe3yJI:&TaTH paC'tlETQB ITOK83H-

BaDT, 't!TO ,IJ;OIJYCTHMBJl TeDJIOBM HarpysRa BeC:&Ma orpa.IUNeHa. Hanpoep, 

npx 4-x npe.noxprum:TeJI:&HI:lX KJiananax, Haxo~csr aa paccTosnnm: .npyr 

1 
OT .npyra ,., !5 M, H HCXO,IUiOM ypOBHe I'eJIKR: 260 MM ,UOfiYCTRMBJl HarpysKa 

paBHa ,.., 0, 015 BT/ c.,;.. STo 03Ha'tlaeT, liTO rrpR 6oJI:&II.Ioii Harpy3Ke H npx 

coxpaHemm ypoBIDI reJIKR: B6JIH3H KJiaiis.Ha, ypoaea:o Me1KJJS' KJiaiiaHa.MH 

YDBJteT IDI1te .u;onycTRMO.i BeJm'tlliHH ,._, ~ 20 MM H o6Haxa.Tc.R: MarHHTH, 

JJM60 npOH30i.u;eT BH6poc D.IOtOCTH B IU:ana.H. YBeJIH'tleime 'IHCJffi KJiaiia

lfoB B.u;BOe YBe.1IlNHBaeT .nonyCTRMYi> Hai'PY3KY npHMepHo B 3 pa3a. KaK 

DOK83aHO B pa3,IJ;eJle 8, aBapHfume TenJJ:OBiie Harpy3RH BO MHOrO pa3 

npeaocxo~T HasBaBHHe BHroe. CJ1e.u;oBa!eJ1bHO, sHa~nTeJI:oHoe H3MeHeBHe 
ypoBH.R: npOH30lD;eT B nepBOti CTa,IUm aEapHi!HOH DOpllli BaeyyMa. Tarotte 

He HCRJID'tleHa B03MOEHOCT:O o6pa30B~ BO~ B ~OM reJIKK, OC06eHHO 

DpH pe3KOM OTKpHTHH npe.u;oxpaHHTem,IruX KJiaDaHOB H 3arJIYIIIeK • 0,I(HaKO 

4nporpSMMa paccMaTpHBSeT TO~Ko cT~oHapHHe nponeccH. 
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a. HeKOTOpl:le pesyJI:oTaTit 3Kcnep:mvHmTaJI:OHOro onpe,neJieHH.f! 

CROpOCTli BCKHTia.HRfi re.Jll:UI npli ll0p1Ie H30;1lfll1JIOHHOrO BaKyYMa. 

Pac'tleT CROpOCTH Rcnapem.ta:. re.Jll:UI llpH anapHiiHOH nop-qe H30Jlffi.UWH

HOro BaRY.fMa B KpROCTSTe CilHHa 'tlpe3BW!aHHO CJlO~eH, TaR RaK B Te~e

HHe 3TOrO npon;ecca CRJI:OHO R3MOHRIOTC.fi JMIOrHe BaJKime napaMeTpll 

(~aBJieHRe H TeMTiepaTypa rasa B H30~10HHOM npocTpaHCTBe, CROpoCT:O 

HaTeRSHH.fi rasa B 3TO npOCTpaHCTBO, T9lmlepaTypa MHOrOCJIOiaOH H30~-

1Um H UOBepXHOCTH CTeHrot reJIReBOrO COI}y,Ua H ,lij>.) • .II).r;r y:B8JlH't19HHJi 

H~ezHocTH rasonoA npe.noxpaHHTeJI:OHO~ I}H~TeMH TaRO~ RpynHoA a 

YffiiRaJI:OHOi\ RpHoreHHOit YCTaHOBrot, Ra:K GIOOI, 6UJIO perueHO npoBeCTH 

aRcnepHMeHTaJI])HHe HCCJie,n:oBaHlUI npouec<~OB a:aap:m.taoro ncunrumst 

reJIHJt B He60JWUOM BepT.mtaJI:OHOM RPROCT·~Te. 

BHyTpeHHRH ~aMeTp KPHOCTaTa pa:a~H 200 MM, TO~Ha CT9HRH 

remteBoro cocy.n;a 2 MM. 06I:NHO B Rpaoc·raT 3aJIHBaJIM 6 J1 reJIWI. 

KpHocTaT npe,n:cTa:aJIHeT co6o~ Mo,n;eJID RpaocTaTa ycTaHOBKH CTIHH: no 

COOTHOWeHHD o6~eMOB EH,n:KOro renRH 170) JI/6 JI ~ 283, no COOTHOme

HHD noBepxHOCTH ~oro reJIKH, -qepes KOTOPYID H,UeT anapRHH1lH Tenno-

3; 2 npHTOK, 48,3 M 0,133 M = 363. To eCT:O, MaCWTa6 MO,Ue~~npKMepHO 

pa:aeH !:300. 

B HSOTOHmee BpeMn ~SOT:O 9KCnepKMeHTOB npone,n:eHa H no~eHH 

OCHOBH:ble Be~Hll, fi03BO~mHe npHHRT:O pellieHRH no ROHCTpyp;n;HH 

npe,n:oxpaHHTeJI:OHOft CHCT9Mll ycTaHOBKK CilMH. 

ITpH H30~ ODHTHOrO RpROCTaTa C ITOMom:oro a30THOrO 3KpaHa H 

pe3KO~ nop~e H30AfiUKOHHOrO Ba:KYYMS XOJIO~M reJIHeM y,neJI:OHOe Beco- . 

BOe RO~eCTBO Hcnapmomeroc.a: re.7lru1 paBHO 0,I35 Kr.c-I.M-2 -:-

B BapHaHTe C cynepH30~eA (a30THUH 8KpaH OTCYTCTBYCT) COOTBOTCT
-'* 

BYJ)ma.a: BOJIKlmHa COCTaBJJJIOT 1,84 IU'.C-I .M-2• EcJIH ,Il.OIIYCTHT:b, ~TO .. 
. TeMDepaTypa KHneHK.a: remwi B OITHTHOM RpHOCTaTe OCTaeTC.fi TIOCTOHHHO! 
* ITpiiTv1C 1IaHIW: Hsr.1epcnrn ciwpocT:o nn.uc1 J.LH y_rJon::J< rc-:JHt'J n npnHHTO, 

liTO ,ILaBJIGHHG B I<:pllOC'l'a'rC HC pac·reT, a 1'0I·.'il18IJ3T;/PU ~::l~,IJ,!~OCTH OCTaeTC.E: 
pam-roi1 4, 2 I\,· Tor.na fJ =125 Hr. ri·J. 

J <;Xt.r. . 
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H prumo! ,_ 4, 2K B Tel!eime BCero np01.\8C:Ca 1\HTiei-UUI, TO MOxtHO npH

HHTl> Be~H.Y Ten~oTu HcnapeHHH paBHOa 20,9 ~.Kr-1 /~3/. Tor~ 
y,neJil>HUe TeTIJIOnpHTOKH COCTa.Bfi'l' B nepBOl\1 DapHai-ITe 0, 28 BT. CM-2 H 

BO BTOPOM 3,9 BT.CM-2• 

· 9. llpe,yoxprum:TeJID~me K~ana~m. 

9.1. Tpe6oBaHIDI K RJianaHaM H ycJIOIIIDI HX pa6oTH B/KpROCTaTe 

Cillllia. 

YcTrutaBJmBaeMI:ie Ha reJIHenoM cocy.n;e Cillfila KJiaiiaH.bl .IlOJ.lJKHl:l 

OTBe~aTL CJie~mw.M Tpe60BaHKffM: 

I. repMeTHl!HOCTL B 3aRpHTOM COCTOJmKH. 

2. lloJIHono.I('.beMHocTl>. 

3. EucTpo.n;eiicTB.He (nop~a .necRTUJ: .rtOJiei1: ceKYHJUl). 

4. · MHHHMa.JIDHOe rn.zu>aBJnft!ecKoe conpOTHB~eHRe. 

5. HaJleJtHOCTl> ( o6SisaTeJIDHoe OTKPH~~Re npR sa,n;aHHOM ,lla.BJieHHH 

H OTCyTCTBHe JIOaHHX cpa6aTHBaHH!). 

6. B03MOxtHOCTl> TIOBTOpHoro 3aRpHTWI npH KpaTKOBpeMeHHOM cpa6a

Tl:lBamnt c npoxoJK,IJ;eHHeM xoJio,IUioro reJm.R:.. 3aKpaTHe ,noJDitHO 6HTL o6ec

neqeHo npH ,lla.BJiemm B cocy.ne 0, 2-0, 3 a~~H. 

7. llpOCTOTa KOHCTpyronm H TeXHOJIOrHR. 

8. ,IlByxnOSHUHOmiOCTl> (HaxO,nHTCSI JDI60 D 3aKp1lTOM, Jm60 no~OCT:bBl 

OTRpHTOM COCTOSIHHH) H OTCyTCTBHe cymeC'~BeHHUX BH6pa.mtit npH OTKpiiTOM 
i 

COCTO.a:HJm:. 

Y CJIOBRJI pa6oTa RJiana.HOB na ycTaHOj3Ke CID1H cJie,n;yJOliU{e: 

.1{orryCTHMOe .D:aBJieHHe B KpHOCTaTe Bt3Cl>Ma HeBeJIHKO H COCTa.BmteT 

0,7 8TH, B TO BpeMH KaK. pa6oqee ,I(aBJiemre paBHO 0,2-0,3 QTH. llpH 

6ucTpoA nop-qe nso.nm.:tHoHHoro Ba:KYYMa npoHcXO,IJ'.HT 6ypHoe BHIGUirume . . 

reJIBJt. Hanpoep, npH H30JI.FiltKH ~ocy,na 50-10 CJIOSIMH aJ.llOMRmtSHpOBaHH~I 
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Jia:BCaHOBOi! DJieHRH BpeMSI DOJIHOrO BllKlHiamtR: COCTaBJUieT BCerO ,_, 2,4 C. 

HenpaBH~HaH pa60Ta onepaTOpOB MOEeT BU3BaT:& KpaTKOBpeMeHHOe no-

' 
Bl:mi~HHe ,t(a:BJieHIDI B. RPHOCTaTe, 'tiTO He ,t(OJDKHO npRBO,t(HT:& It ,t(OJII'o

:apeMeHHOA noTepe pa6otiHX ycJio:aHa. 

PaccMOTpHM 60Jiee DO,Iij)06HO Tpe6o:9aiiiDI R RJiananaM, HCXO,IJJI H3 

PnHCSHHHX ycJioBH~ HX pa6oTu. 

repMeT}It{HOCT:& 3aTBOpa 06HtiHO 06t3CD8'lm3a.IOT TBep.IJ.T;lMH HJIH MR:I'

RHMPI fiPOlt1la.,I(RaME:. 06a :aapHaHTa 06Jia,tt<llOT H8,1(0CT8TKa.Ma. )lJm ynJIOT

HeHWI TBep,IUlX IIpORJia,IJ;OR He06XO,t(HMI:l 60Jil>lliHe YCHJllUI, KOTOpHe MOryT 

6UT1> o6ecnetieHH BCIIOMOraTeJI:&HHMH ynpaBJIRIOJ.IU1:11/Gi ycTpOliCTBa.MH /JJ.4/. 
8 E]r()['F;} 

0,IOiaKO Tarute ycTpOi1:CTB8 CJI01tHH, He BllOJIHe Ha,D;eXtHI:l, ~iillltaiOT 6HCTpo-

.D;e:£iCTBHe lt7IaiiaB8 • Msr:rtme, HanpHMep, ])83HHODI:le IIpOKJia,IUGt npH KpaTKo

BpeMeHHOM cpa6aTHBB.HIDI KJiaii8H8 1'BCp,7JCJ:1'J' H B ,t(aJI:&Hei1meM, IIOCJie 

3aRpiiTHJI K41180aHa, 11e ynJIOTH.RJOTCH, TaJt KaK npOTOI~ XOJIO,IUIOrO reJJIDi 

,nepx:HT HX B 3aMOpOJiteHHOM COCTOJIHIDI. IlpHXO,!UiTCH CTa.BHT:& IIOCJie,IJ;OBa-

Tem,Ho c RJiana.HoM BeHTH~ _, 11TO npo·rnnopr::CitiT npamrJrat1 rocropTexHa,n;sopa 

IlOJlliOIIO,n'.beMHOCT:& B RJianaHa.x ,t(OC~~lU'aeTCH pa3JIH'IHHMH COOC06aMB: 

/JJ.5/. lJaCTO HCIIOJI1>3YJDT KHHeTH"tJ:eCKYJO HHeprmo ra3a. 0,IUiaKO B HameM 

c.n:y-qae nepena,nu ,ttaBJiemtii H cRopocTH l 1a3a :a KJiarra.He cpa.BJmTenao 

HeBeJIHKH H He,t(OCT8TO'tiHii ,t(JIJI 3qxpeRTHBHOrO ,tte:tlCTBIDI Ha 30JIOTHHK C 

,t(HCROM. B KpHoreHHHX ycTpoiicTBax Hrot<ioJiee pacnpocTpaHeim RJiarrrum 

C IIO,ttatiei cpe,u;u IIO,t( 30JIOTHKK. B 3TOM c.n:y-qae Tpy,ttHO o6ecnetiHT:b 

rapaHTHpOBB.HHYD IIOJIHOIIO,t('beMHOCT:& C IIOMOIU:&IO IIOpliiH.fi HJIH CRJIJ4)c>Ha, 
.. 

ycTaHOBJieHHoro 3a 30JIOTHHKOM, r,u;e .u;rusJieHHe Mo~eT oKasaT:&CH 

He,ttOCTaTO'tiHHM. 

TaKKM o6pa3bM, H3BeCTHHe KJiaii~l He B IIOJIHOi1: Mepe OTB8'tlaiOT 

BCeM nepe~cJieHHHM Tpe60B8HRHM. HaMH pa3pa60TaHO H RCDHTaHO ,D;Ba 

BapHa.HTa KJiaiiaHOB C ~ = 50 MM, OIIHC:ai~ ROTOpWC npe,t(CTaBJieHH #}Dle. ' 

BTopol B8.I)KaHT, RaR 6oJiee Ha.rte~it, LpHMT ,t(JLfi YCTaHODRH Ha RpKo

CTaTe CIIHHa. 
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9. 2. KoHCTPYRI.J.l:ffi I\Jianm-roB. 

llpeAOXpaHHTe~nHUH KHanaH C y~ep~BaHll8M 30~0THHKa 

C TIOMOillbiD BaKyYMHO~ OTKa~KH. 

KOHCTpyronm K~ana.Ha TIOKa3a.Ha Ha ,PiC. I. B Itopnyce 5 ycTaHOB

~eHH ,n:ae KOHU8HTpW1HU8 pe3HHOBil8 npOKJJa,IU<M 4, npoc'rpaHCTBO M8'MJJY 

KOTOpUMK OTKa~aHO ~epes OTBepcTHe 7. B pe3yJibTaTe 30~0THKK npHEST 

K Ce}J.Jfy C CHJIO:ii, KOTOpaSI peryJmpyeTCSI B8JllfqHHOM BSKyyMa. ,It7m npe,n

BapHTeJibHOrO no~aTHH 30JIOTHKKa C~~ repMeT~HHH CHJI~H 2, TaKEe 

C09Al{HeHHIDi C <lx>PBa.KYYMHJ:lM HSCOCOM 'tleJe:a OTBepcTne IO. 

ITpe.n;oxprumTem,noe ycTpoitcTBO roTc DJIT It pa6oTe c~e.nyroiUKM 

06pa30M• ~epes OTBepCTHe IO CH~H 2 OTKa~BaiOT, H OH, CXHMaRCL, 

CBOHM ,mmiqeM np:miWMaeT UITOR C SOJIOTHID:OM 8 K C8,D;JIY. TipH aTOM 

CKOpOCTL OTRSliKH HaMHOrO npeBwnaeT CRC,pOCTL HaTeKa.HHSI rasa 11epes 

OTBepcTHe B KOpnyce, COe,nKHRIOiqee npocTpaHCTBa Ha,ll 30JIOTHHROM H 

no.n; CH~$HOM. 

KocuyBmHCb ynJIOTHHTeJibHHX npoKJIGUPK 4, soJIOTHKK npHcacHBaeTCSI 

K HKM 6Jiaro.n;apSI TOMY, 'tiTO npocTpaHCTBCt Me~ HHMH TaKEe OTKa~aDT 

-1iepe3 OTBepCTHe 7. liOCJie Sa.KpHTHSI 30~CtTHHKOM BXO,IJ;HOro OTBepCTIDI 

OTKS'tiRY UOJIOCTH no~ CHJI~HOM npeRpamEOOT. ras H3 BHYTPeHHei TIOJIOCTH 

KOpnyca 3 llOCT9TI8HHO nepeTeKaeT B TIOJl(ICTb CHJI$Ha. llpH aTOM CHJID

IfloH pasxtHMaeTCSI H BOSBPa.IllS8TCSI B HCXO)~Oe TIO~Oilt8HKe. MelKJJY ero 

.n:mmteM H WTOKOM SOJIOTHHKS o6pasyeTCSI ~:a30p, 06ecnetnrnaiOUUiit npK 

cpa6aTHBaHHH KJiana.Ha 6ecnpenaTcTBeHnoe nepeMemeHRe aoJIOTHHKa. 

Cpa6aTH:aa.eT RJianaH cJie.nyl01ltaM o6pasoM. ITpH npeBHIIIeHHH ycTaHOB

~eHHoro ~aBJieHHH P B KpHOCTSTe, SOJIOTlmKy ,Il;OCTaTO~HO H8WIOrO 

OTOpBaTLCfi OT npOKJiaJJ:OK 4, RaT\ o6pasyeTCII RO~Lr(9Bafi meJIL H B 

Me~pOKJI8,D;OYHOM npocTpaHCTB8 MrHOB8HHO HC~esaeT BaR~~. B ,IJ;aJibHe~

UieM, H3-3S TOrO, 1iTO HHRaKOrO npOTKB0)~8HCTB:IDI 30JIOTHHI\ He BCTpe

-qaeT, OH OT6paCHBa~TCSI .n;o conpHKOCHOBE!HIDI C a.MOpTH3STOPOM.9, OC~-
60Qa.fl upoxo.n; .n;M BHXO,D;a rasa HS 9MROC:TH. 
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~e ~yx npo~~OR 4 D03BO~~eT BeCTH HX OTOrpeB TeD~ 

ra30M ( 11epes oTBepcTHe 7) , 'tJTO o6ecn,3'lliBaeT 6ucTpoe B03BpameHHe 

~aHa B pa6o"tJee COCIDOHHHe. 

K He,IlOCTaTKaM KJiaDa.Ha M01ltHO. OTHt~CTH B03M02KHOCT:& CaMODpOH3BOJI:&

HOrO OTKpHTHJI DpH DOplle BaKYYMa B MeiitDpOKJIMO'tJHOM npocTpa.HCTBe • 

0TCI>;D;a Be.mum Tpe60BamtR: R r.epMeTH'tJHOCTH ynJIOTHeFUtfi npOKJI~OK. 

Pa6o~~ BapHaHT KJianaHa. 

BTopo~ BapHaHT KJiaDB.Ha (pRO. 2) npe,Il.IIOJiaraeTC.fi HCIIOJI:&30BaT:& 

B npe,n:aBapHibwx cHTYa.:r.utmt Ha ycTaHOBlte CIII1H, r.n;e 6yJJYT ycTa.HOBJieHH 

_4 Ta:KHX KJiaDaHa C a:/ = 50 MM (pHC. 5>. K1IanaH OTJIR'tiaeTCJI TeM, liTO· 

cpe;o;a no,n:aeTCJI Ha 30JIOTHHK 3, KOTOpblit y;n;epoBaeTCJI B 3aKpbiTOM 

COCTOJIHHH DO,Ila'lei! ,Ila.BJieiDIJI BO BayTpeHIDOIO llOJIOCT:& CHJI:&qloHa 2. 

8qxpeKTHBHasi DJIOIIta;D;:& CHJIJ4>0Ha 3H8tmTeJibHO 60JI:&We IIJIOlila.nH 30JIOTHliiRS. 

IloaTOMY KJiaDaH OTKpHBaeTCSI, KOr,na BmiHHKIIIee OT .n;e:t1:CTBHSI ,IJ;aBJieHWI 

B KpHOCTaTe YCHJme, o6yCJIOBJieHHOe 3TOH pasimiJ;eif llJIOU(Meii, npeBH

maeT ycHJIHe OT y.n;epDBruomero ;n;aBJiemu.:. K.nanaa SIBJI.R:eTcSI noJIHo

no,It'beMHHM, TaR KaK DOOJie DO,n'DeMa 30JICtTHHKa Ha;n; Oe,IJ;JIOM 4 l:tOli83aeT 

OHJia, DpiDitHM8.JOtnaSI 30JIOTHHK K ce}J.Jiy. 

KaR H B npe.n;H.IJYllteM Bapl:ta.HTe B KJ.:anane MMeiOTOJI .n;Be KOin.leHTp.Hli

HHe ynJIOTHRTe~HHe ,IlOpOXKH,06pa30BaHEHe Ha pe3HHOBOH ynJIOTHRTe~

HO:I DpOKJia;o;Ke 3y6naMH 30JIOTHHKa. B ITfOneoce 3KCITJIYaTauHK MOXeT 

npoH30:ITH opa6aTHBaHHe o,m~oro H3 4-x KJiarrauoB, HarrpRMep, B pesyJI:&

TaTe cnyqaftaoro o6pooa y;n;epEHBaromero ,n;aBJieHRa. IlpH ~TOM xoJio~ 

ras H3 reJIHeBoro cooy.na ycTpeMRTC.fi '!epes RJianau B o6paTHU:ti: noToK 

H pesHHOBoe ynJIOTHeHHe 3aMepsiWT.. B o6H'!HIDC KJiarra.uax rrocJie.nyiOnta.a: 

rro,na'tla ,na11te YJ39Jil{qeHHoro y,nep1!tHDaroutero ,n;anJWHID1 no npuDO.IUIT K 

ynJIOTHeHIDO K oTorpeBy KJianaaa. XoJIO.IUifiii reJm:ii rro.n; ,n:a.BJiemteM 
4 

0,2-0,3 aTH npoxo~T 11epe3 saTBep.n:eawYID npoRJiaJU(Y H He .naeT e:t1: 
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OTOrpeBaTnCH. ~ OTOrpeBa OIDICUB88MJrO K~anaHa ITO~aeTCR Terr~n 

re~A H3 ~HHH c~aToro re~ qepe3 ornepcTRe 5. llpHqeM ~~eHHe 

B 3TOM rrpoc~paHCTBe ~O~HO 6UTn paBHJ ~aB~8IDIID B re~eBOM cocy~e. 

Tor~a re.mnt rrepecTaeri nuTeKaTn B3 co~~y,n;a, a Terr~.l1: re;mit rrpoTeKaeT 

trepe3 uteJin M8llUJY 30JIOTHRKOM H DHemHe:~ ITpOIUia;:o\OH 11 HanpaBJIHeTCR 

B o6paTHHH ITOTOK. 3Ta IJpOKJI~a OT0~)8Ba8TCH 6UCTpO. BTOpaH npo

KJia.zo<a OTOrpeBaeTCSl BM8CT8 C Itepnycor.1 KJianaHa. J1.JI;:r YCKOpeHWI 3TOrO 

npon;ecca B ce,IVIe 4 HMeK1I'cR 7errJioo6MeHHHK H cnelU1aJibHoe OTBepcTRe 

B KOprryce ce,n;Jia, trepe3 KOTOpOe o6eCITO'l.HD88TCH ~OCTaToqJIIDi rrpOTOK 

TenJioro re.1.1IDI. 

0DHTHU! o6pa3eD; KJianaHa ycneWHO HCITHTaH Ha CTea,n;e C npO.n;yBKO~ 

mu;KHM 830TOM. 

9. 3. ITpe~oxprum:TeJIDHUe 3arJzyuurn: •. 

~ BapHaHTa H30~ KpHOCTaTa CITMHa C ITOMOmbro JlaBCaHOBO! 

DJieHKH aBapHitHI:df c6poc reJIHSI ~OJ.OiteH LpOHCXO,!UiT:b qepe3 4 Tpy6a: 

BHYTPemmM .n;HaMeTpOM 0,25 M • .&cco,D;ri Ir3 Tpy6 MOrYT 6IITb 3aKpa:Ta: 

npe,noxprumTeJIDHUMR KJianaHaMH, MeM6paJJB.Ml1 HJIH 3arJiyiiiKa.MH 4 (pHc.3). 

ilOCJie,ItHHH OTKpa:BaeTCSI ITpH pa3pUBe 60~TOB 3 B MeCTe npOTO~. 

PaccMoTpHM npeUMYmeCTBa 3arJIYWeK. 

KOHCTpy:KIUI.fl Y3Jia 3arJiyiiiKH cymeCTB8HHO rrpome, qeM KJianaHa HJIK 

MeM6paHH. IJou>anJmt{ecKoe conpoTHBJieime Y3Jia 3ar.nymKH MeHhme. 

KnanaH MOEeT 6HTb C~aiHO OTKPHT, HanpBMep, npK c6poce y,nepzRBaD

utero ,ItaBneitKa. MeM6pana MOEeT CJIOMaTbCSI B pe3yJILTaTe MHOrOKpaTHHX 

npor.H60B. 3arnymKa npe,ItOTaBAReTCSI 6oJiee Ha,IJ;8MHHM ycTpOHCTBOM. 
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IO. Pac'!eT npoxo.nnux ce't!CIIHtt 1: ncpcna,n;on ,n;aBJWHIDI B Tpal(Te 

a.Bapnl1:Horo c6poca reJrnJI. 

IO. I. kicxo.ww:e ,IJ;a.HHI:le H noJIOJtE:HH.fi. 

Hxtte npHne.u;eHH pac'tleTli ,u;JI.H um:6oJice TmteJroro c.n.yqaa: cmap:a.ttHol 

IIOp'llt H30.1I.flllHOHHOrO Ba.KYJ'MB. - Ml"HOlleHIIOC HaTIOJIHCHl1:C H30.1lfii..\HOHHOrO 

npocTpaHCTBa reJIHeM. ITpH aTOM paccMoTpeiru ,IJ.Ba napHaHTa Hso~ 

reJIHeBoro cocy.:na - cynepH30JI.fiUHe:i1: l'[ c noMOUlhiO a3oTuoro aKpa.Ha. 

B pas,u;eJie 7 DORasaHO, 'ITO OTBC•.U· napa, o6pa3yrouteroc.R: B RpHO

CTaTe B pesyJffiTaTe aBapH:tiHOil CHTYai(IDII, BCChMa 3BTPY.IlHCH. B pesyJU,

TaTe o6pasYJ)meroc.R: no ,I{JmHe RpHocTaTa nepena.u;a ,IJ;aBJieHHit (Mexmy 

RJiailaHOM H HB.H60Jiee y,:naJieHHOi! OT Hero TO'Il<OK ItpHOCTaTa) np~:& 

ypoBH.R: D.l(Koro re.mm HSMerureTcH, H ,:na11te npH YMepemu~x TenJionpHTo

Kax EH,IJ;ROCT:& ycTpeMJI.R:eTC.R: B KJiaTiaH. KpoMe TOro, H3 O~TOB B BepTR

KaJThHOM KpHOCTaTe (cM.pas,:n;eJI 8) H3HeCTHO, 'ITO IIPH 6ypHOM KHne:mm 

ypoBeH:& JtH,IUtoro reJIWI nOBHlllaeTc.R:. TaKHM o6pa30M, ra30Boe npocTpaH- ; 

CTBO B reJIReBOM cocy,u;e (25 MM Ha.:n; ~rpoBHeM) 6y.neT 3ano~eHo napo

JtH.nKOCTHOH CMCC:blO. IIOCKOJ!bKY onpe,IJ;(~JmT:b napoco.nepxaiDie CMCCK 

BeC:bMa CJIOJtHO, TO ,I{JI.H ,IJ;8Jl:bHei11DKX: pac'leTOB IlpHH.HTa CJie.n;yDI.qa.R: 

ynpomeHHaH MO,I{CJI:b HC~e't!eHRH. 

Bee npocTpa.HCTBO reJIHenoro coc:y,u;a 3anoJIHeHo 7!tH)J.KHM reJmeM. 

B Ha.H60Jiee y,n;a.JieHHOH OT KJia.IIaHa TO't£KC reHep:apyeTC.R: nap B KOJIHlieCTBe; 

06ycJIOBJICHHOM TeDJIOnpHTOKOM KO BCe~~ yqaCTKY M81lt,IJ;Y aTOA TO'IROA H 

:KJiaiiaHOM, H a TOT rasonuii nopmeH:b Bir.n;a.BmmaeT lltl!.IU~OcT:o. IIplftleM, 

'tiT06H ,D;a.BJieHHe B ra30BOM npOCTpaHC~~Be He TIOBUillaJIOC:O 60Jiee 0, 7 aTK, 

o6~eM BH,:naBJIHBaeMo~ ~ocTH .nonxen 6uT:r, paneH o6~eMY renepHpye

Moro npH aToM .:nanJie:mm napa. 11pou;e<:c .· C'IHTaeTcn: CTa.uHOHap:HHM, o6~eM 

rasoBoro nysspg SHa'tiHTeJI:bHO MeHbme o6~eMa ~ocTH. 



- 25 -

I 
I 

IlpH pacqeTe M6CTHWC rH.Iij)a:BJmli€ CKKX COIIp0Tl1BJI8Hli.!1 TeqeHHIO 

EH,ItKoro reJIRR: B cocy.n;e npHHl'IMaeM ycJIOBHe, 'liTO MarimTu pacnoJioJte.Hli 

COOCHO C reJIHeBHM COCY~OM. 

He yqHTUBaeM UOBHWeHRe ,II;aB~e~H np~ nona.n;aHRR ~OCTH Ha 

TeDXYe qaCTH aB8pHKHHx Tpy6onpOBO,II;OB H KJiaTiaHOB. 

I0.2. fnnpaBH.KqeCKHe conpOTHB~eHHa H npoxo~rrne ceqeHHH. 

a) BapHaHT H30.1I.f!IUm RpHOCTllTa C JIOMOU{LIO a30THOrO 3RpaHa. 

Y.n;eJI:bHOe B8COBOe ROJIHli8CTBO reJIHH, HcnapHeMOrO B ODUTHOM 

RpROCTaTe DpH pe3ROH nopqe H30JIHUROHHOrO BaKy,yMa XOJIO.n;EHM reJIHeM, 

panno 0,!35 Rr.c~I.M-2 (cM.pa3~eJI 8). BHYTpeHH.IDI noBepxaocT:h 

re~enoro cocy.n;a ycTaHOBKR CTIMH 

s = y, d t = 3,!4.0,285.54 = 48,3 rl-' 
r~e d - BHJ,TpeHHHil ,IUiaMeTp cocy.n;a, t - ~JIHHa cocy~ no ocenoi 

JJHHmt (eM. TipRJIOJteHHe i I) • 

Beconoe HcnapeHHe B CnMHe 

c; HOD. = 0,!35.48,3 = 6,52 Rr.C-I. 

TipHHBMB.eM, liTO aa reJIHeBoM cocy.n;e ycTaaoDJieH I npe~oxpaHHTeJI:b

mdi · RJiaiiaH, R ROTOPOMY JKH,IO<Hit re.1llti1 E:,I(eT ·DO .IU3YM BeTMM cocy~a 

(pHc.4) C TaRO~ Jte CROpOCT:bD, C RaKOit meJI 6u RCnapHBWHilCH ra3. 

Hs ypaBHeHH& Hepa3phtBHOCTH CROpOCT:b ~oro re~ B RpHOCTaTe 

... r Guen. 
U')f.e- /)·ZF ' 

Jr tJlj.Z 
rl(e fi - DJIOTHOCT:b ra3a, F=- ~~- - noJIHrur DJIOI.IlM:b ceqe:HHH 

reJJ.Renoro cocy~a. IlpH ~anJiemm: B Rp~ocTaTe 0,7 aTH paBHOBecaaa: 

TeMDepaTypa unemm: - 4,8K 11· fl ::::32 Rr.M-3 (no TS -,IUtarpaMMe). 'j 
.IJ 
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f "6,52 • 4 -I 
= 2 · ~ 1,6 M.C 

~ 32 • 2. 3' I4 • 0' 285 . ( 
-')~ d 

Kpi!Tepllll Pel!H0.1U>JlC8 . R e = -v ~ ' 
~ . ~ ~ 

r.ne i) :xe- j:·- KI!HeMaTII'!eCKSII BJISKOCT:b Jltll,lUlOrO reJII!Ji, t ~-
- KOa~KqHeHT ~H~eCKOfi BH3KOCTH. ITpHHRB cymecTBeHHO HepaBHO

BecHHit xapaKTep KHDeHWI re.n:itfr, CttHT~.eM, ttTO TeMDepaTypa OCHOBHOit 

ero MaCCH OCTaeTCH paBHOit pa6o~ei H COCTaBRReT ~ 4,5K. ITo Ta6JI. 

4-41 /!3/ SKCTpano~eA HBXO~M 
I; - 2 9 10-6 I! - 2 2 9 Jo-6 -I -r (. ~ - , • .C.M = , • Kr.M .C • 

_f'~ ~ 120 Rr.M-3 (no T S -.nxarpaMMe). 

R = 1,6 • 0,285 • 120 ~ I, 9 • 107 >> 2300 , 
e 2,9 • ro-6 

CXe~~BaTe~HO, peZHM Te~eHHH - Typ6y~eHTH&fi. 

lloTepH ~an~eHHH Ha TpeHHe 

' 
I 

I 

11 Prp. = A d J?-
2 
f ~ 

r;n;e e ::::. 30 M - UOJIOBHHa ;nJIE:HI:i RPHOCTaTa, R03~eHT TpeHIDI· A 
npx Re = I04-ro8 onpe~eJIJieTCSI no cpopMJ'~e HHKypa,n3e (c.243 131) 

1\ = 0,0032 + 0,22! • Re-0 •273 ~ 0,0055. 

Ll PTp. = o,0055 • 30 • 120 • I,
62 = 88,9 H.M-2 = a,a.ro-4TM 

0,285 2 . 

ilOTepJI ;D;aBJieHIDt Ha MeCTHHe COllpOTHDJieHIDI ( pHC. 4) 

11 P!'f· '· = z }/ /?= z V ~ . 
Koa~eHTH MecTaoro conpoTHB~eHH.fi npH BI-Ie3ruiHOM cy&emm 

ce~eHBH DOTOKa HSXO;n;HTCH no WOPMYJie (Ta6~.6 /S/) 

j 

l ,J 

:i 
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j<t /h) J 

npH BHesanuoM pacmnpeHHH .
2 

J= {f-Jt/ft). 
IIonepeqHHe ce-qeiDIJi JI071.teMeHTa ::::: 0, OI M2, KBa;wynoJIJI ~ 0, 04 r?, 

~noAR 0,02 M2• CliHTaH, liTO JIOEeMeHTU pacno~o~crrn no ncea ~He 
RpHOCTaTa, HSXO~ ~~ OTpesRa ~HN, npKXO~OHCH Ha I ~nO~b H 

. I RBa.Iij)ynOJib CYMMaPHOe J = I, 3. Ha n~~OBHHe ,nJlliHH Rp:aocTaTa uaxo

~TCH I2 nepHO~OB C 2-Mn ~UOJI:&HHMH K 2-MH KB~ynOJibHHMH MarHHTaMH 

B R~OM. CJie~oBaTeJI:&Ho, 

2._ } = I2 • 2 • I, 3 = 3I, 2 , 

I20 I 62 . -2 
" p 0 = 3I,2 • ' = 4792 H.M = 0,047 aTM • 
!.l M. • 2 

MecTHLte conpoTHBJieHHSI B CTOHRe :!1 KJianrure-sar.nyunte CKJia.m;maiOTCH 

X3 UOBOpOTS UOTORa npx BXO~e B CTOHK Ha 90° (~ ~ I,3, Ta6JI.6 /5/), 

BHesanuoro cyxeHHSI ( J = 0,3I) x BH•33arrnoro paciiiHpeHHSI <; = 0,69) 

UpH BHXO~e H3 CTOHRS B TenJ!UH Tpy60~)0BO~. 

ZJ = 2,3. 

IIpHHJm ~a.MeTpli npoxo.mmx ce-qemtH cToHKa H KJianana paBHilMH 

0, 25 M, UOJJy'DIM CROPOCT:& JtH.ItROrO remm 

- GttUT. ~ 6,25 . 4 2 = 4,I M.c.-I. 
~A -. p • r- 32 e 3 t I4 • 0 t 25 
,~ J r ,_""· 

2 
A p = 2,3 • I20 • 4,I - 2320 H.M-2 = 0,023 aTM , 
u M.c. 2 

IJ Pz = (j PTp.Kp.: ~ PM.c.Kp. + /j PM.C:. ~ 0,0009 + 0,047 + 0,023 = 

= 0,07I aTM. 

I ' ~ 
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Ten~ Tpy6onpOBO~ OT K~anaHa K raarO~bACpY. 

C fiOMOllU)lO npe,nBapHTeJI:DHWC pactieTOB BU6pmm d4 = 0,6 M H 

,nmma e = !00 M. ·. 

·npe~o~oJtHM, 'tJTO Bwco~ii H3 K1Iana.Ha reJIHit MI'HOBeHHo Harpe

BaeTcH ~0 0°0 H HBXO~TCH B Tpy6onpOBO~e npH aTMOCWepHOM ~aBJieHHH, 
' -3 

'or,lla _fr. r. = 0, I78 Kr. M • 

Beconoit pacxo~ 

G = Guen.J?Je = 6,52 • I~~ - 24,5 Kr.c-I. 
z. r: 

ITp:aMeM G ::::: 25 Kr.c-1. 

""r _ c 
Ur. r. - fJ • F 

J r:r. 

= 25 • 4 ;z- ~ 497 M.C-I <: 97! M.C-I 
O,I78 • 3,I4 • O,o 

CKOpOCTH 3ByKa npH 273K. 

Koa~eHT ~HaMH'tJeCKOft BSSKOOTH 

(Ta6~.4-36 /II/). 

I 92 Io-7 -I -I 2 = • Kr.M .C . 

Re = 497 • 0,6 • p,I78 = 2, 76 .Io5 >/" 2300 - Typ6yJieHTHW1: peu:M. 
I92 • ro- 7 

"'!" o,2.-7:1 
·· X = o,ooa2 + o,22r· c2,76.Io6 > :::::: o,oo7r. 

2 
A p = o,007I • roo • O,I78 • 497- = 260I4 H.M-2 = 0,26 aTM. 

Tp. 0,6 2 

MecTHHe conpoTKBJieHHH cKJianuBamrca Hs npKMepHo 5-TH nonopoTOB 

' Ha'90° B CBSPHHX KOJieHax (no Ta6JI.6 /5/ B KOJieHe Jr = 0,5-0,6) 

H BI:IXO)la B aTMocq)epy ( J = I,O). IIp~MeM ZJ = 4,0. 
2 . 

6 p = 4,0 ~ O,I78 • 49? = 87935 H.~ = 0,87 aTM1 M.C. · 2 

'tJTO HenpHeMJieMO. Heo6XO~O npHMeHHTb DJiaBHUe DOBOpOTH. 
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ITpn R/ d = 3 (R - p~yo noBopoTa, ~t - ~a.MeTp Tpy6u) J = 0, I2, 

Z-J. = I,6, 1~ PM.o. ~ 0,35 aTM. 

A p z = 0,26 + 0,35 = 0,6! aTM. 

BMecTe C CODpOTHB~eHHeM KpHOOTaTa H CTOHKa 

~ p = 0,07! + 0,6I = 0,68 aTM, 

I 
I 

To eoTb OfMMapHoe conpoTKBneHHe Bcero TpaRTa ne npeBumaeT ~onycTH

MoA Be~HH B 0,7 8TH. 

IlOBH.IOitMOMY t peaJibHOe CODpOTHBJieHHe CYI.U8CTBeHHO MeHbllle, DOOKO~b-. 

Ky ras He MOxteT MI'HOB8HHO HarpeTbCSl ,no 0°C, I~aK OTO 6bl~O npHHJITO 

,1t.7IR: pac'leTa. 0,IUiaKO DO npoBe,n;eHHhlM OIJ;OHKaM BH,IUIO, liTO KOo<Jxilm:meHT 

TeDHOOT,IJ;Q~ OT CTeHKH K rasy BeCbMa Be~K. Heo6xo~ 6o~ee ~eTan»

HHI pao~eT TeqeHHH raaa 0 HarpeBOM, liTO RBAIT8TCH oqeHb CHOEHOI 

· s~~ei!, .HJIH sKcnepHMeHTaJibHOe HaytieHHe oToro Bonpoca. 

6) BapRaHT C cyrrepH30RRgHeH Kp~ocTaTa (asOTHhlH ORpaH 

OTCY!CTBYeT) • 

Y.n;eJILHOe BeOOBOe ROJIH.11eCTBO reJIWI, HCDapHeMOrO B OIIHTHOM 

·RpHOCTaTe DpH pe3ROA DOp~e H30~0HHOrO BaKYYM8 XO~O~ re~eM, 

paBHO· I,84 xr.c-I.M-2 (cM.pas~e~ 8). Beconoe HcnapeHHe B CTIHHe 

~ Hen. = I,84 • 48,3 = 88,9 xr.c-1. 

~ ~SHbneAmllx pacqeTOB npHMeM L; Hen. = 90 xr.c-I. 

IlpH KOJIH:qeOTBe ~oro reJIWI B KpHOCTaTe ~ I700 ~ ero Bee 

paBeH G; ='I700. 0,!20 = 204 xr. BpeMH ero no~oro HcnapeHHH 

ll l = G If;. Hen. -:::' 2, 3 o • 
9 DOMOmbm npe,n;BapRTeHbHUX paotieTOB Bhl6paHhl KO~qecTBO Tpy6 

aBapHAHoro c6poca (4 mT.) R ~aMeTp KX npoxo.n;noro ceqeHKH (0,25 M .). 

Tpy6H CHadxteHH npe,n;oxpaHHTe~bHHMH sar~KaMH, KOTOphle DOAHOO~ 



- 3I -

OTKPHBaDT BHXO~ re~ B·aTMocwepy. ABapH~HHe Tpy6u paCDO~O~eHH 

Ha npHMepHo paBHOM paccTO.RIDUI ,IU>yr ::>T ;zu>yra (npHMeM I5 M). Tarotte 

C'tiHTaeM, 'tiTO D;rr;Kl'Iit reJniit H,D;eT IIO K.[:>l:IOCTaTy K 3arJiyllfKaM C TaKOH ~e 

CKOpOCT:&IO, C Ka.K0:£1: 6ll me~ raa, KCII8.PKBIIIRii:C.fi Ha IIOJIOBHHe paCCTOsm:wi 

MeW 38rJiylllK8MH: 

,.,.( _ Cuen. = 
V?Je.- fi. . SF 

9J • 4 2 = 5,5 M.c-I. 
32 • 8 • 3,I4 • 0,285 

·R~ - 5,5 • 0,285 • !20 - 6 5 to? ;:>/ 2300 (Typ6v~eHTHWi peXHM' 
~ - 2,9 • ro-6 - ' • ~· 

A = 0,0032 + 0,22! • (6,5 • IIJ7)-0 •273 = 0,0048. 

/j PTp. = 0 0048 
7 

'
5 

' 0,285 

) 

• I20 • 5,5·: = 229 H.M-2 ,_ 0,002 aTM. 
2 

· MecTHHe corrpoTn~eHKH I/8 -qacTi~ RpHocTaTa ( 6 ~noJieA H 

6 RBSJU)ynoJiel) Z f' :::: 6 · I, 3 
2 
= q; R, 

. fj PM. c. = 7,8 I 20 ; 5•5 = I4I57 H.M-
2 = O,I4 aTM. 

B pac'tleTe He yqTeHll KHepnwr o;ri,ROCTH, MeCTHHe conpoTHB~eHIDI 

CH.m:,(f>oHOB MeJt.nY nepHO~aMK ( 'tl8CT:& KpliOCTaTa C 2-Mff ~DOJI:&HllMH H 

2-MR: KBa.n;pynOJibHllMH MarHHTaMK), ~rmeBI:lX COe,IJ;HHeiDiii HOHODpOBO.n;a, 

naTpy6KOB OTKS'IKH R lVIHOroe ,Iij)yroe. Ho sa C'tleT CMetneiDI.R: OCR HOHO

npOBO~ BHH3 OT OCH KpKOCTaTa rHAPru~eCROe CODpOTHBJieHHe ~O~HO 

. C~eCTBeHHO y.MeH:&WRT:&C.fi. llOCKOJibRY G~eJiaT:& TO't!HHH pac't!eT Tpy~o, 

TO noJiesno H3MepHT:& conpoTHBJieHHe, nponycKa.fi ra3 -qepe3 co6pa.:HHilH 

RpHOCTaT) • 
• 

• Koa<I$n:oleHTLt z; B Tpy6e aBapHil:Horo c6poca (CTOHK) CKJia.nht-

BatoTCJI H3 DOBOpOTa DOTOKQ Ha 90° npa BXO.Ue B CTOHK ( J- = I, 3~ 

B~esaiiHoro CYJteHH.H ( f = 0,I2) H BLtXO~a. B aTMocwepy ( ~ = I,O). 
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TpeHHeM B cTokKe npeae6peraeM BBH~ ero Ma~ocTH. TipHMeM c sanacoM 

ZJ = 2,5. 

lh Gtur~. 
?t.t = fi• 'IF 

= 90 • 4 ~ I4 M. c -I 
32. 4·. 3,I4. 0,252 t 

ll p· = 2. 5 I20 • 
M.c. 2 

I4
2 = 29400 H.M-2 - 0,29 aTM. 

/ 

~ p = 0,002 + 0,I4 + 0,29 := 0,43 STM, 

'tJTO BTIO~e ~OnyCTKMO. 

II. 06cruet:me pesyJI:&TaToB pac·leTa H oRcnepHMeHTOB. 

flo.nyqeHH 3KCnepHM8HTaJI:bHbl8 ~aHdlle 0 npou;eccax anapHitHoro 

BCKHDamiSI reJIHst, B TOM 'tlHCJle y~eJibHJxe ItOJIJitiCCTBa KCOapH!Oll\erOC.R: 

B e.n;mnmy BpeMeHH re.mm DpH pa3JIR't!HOH H30.J:I.fii.J;IDI KpHOCTaTa • .l(OKS3aHO, 

'tiTO B03MOJtHO cymecTBeHHoe orpamrqeKiie anapHfuloro TenJionpHTOKa R 

KpHocTaTy c noMOUU)IO asoTHoro aRpa.Ha. Ha6JIIO,naJicst 3Ha't!HTeJIDHlli 

no,n'LeM yponHH reJIHSI npH tmnemm. no.~ITieHU KOmNeCTBeHime BeJIKti.HBH, 

Heo6xo;n;HMI:le ~ pac"tJeTa npe~oxprumT,3JI:&HoH: cncTelWi Clll1Ha. 

O.llHaKO ,1lJif{ 6oJiee TO'tiHHX pac'tJeT,)B JlaHimii aKcnepHMeHTaJII>HHH 

MaTSpHaH He~OCTSTO'tJeH. He B~epzaH :~ ycJIOBHH, npH KOTOp&X DpOHC-
- . 

xo.n;HT .npouecc RHneHWI aa Clll1He, no,~KOJII>Ky aa onHTHOM xpmocTaTe 

He 6uJio npe~oxprumTeJI:r,aoro RJianaaa. Heo6xo~m Bl:l6paTI> TO Jte, 'tJTO 

H Ha CllHHe, cooTaomeHHe o6~eMoB ~~oro n ra3oo6pasHoro reJIHH H 

HCCJI~~OBaTh XO,II; npon;eccOB ,II;O OTRPiiTJlfi (H30XOp¥Necrura) H DOCJie 

OTKPiiTH.R: KJiaDaHa • T.~e6yiOTc.a: R3MepelllUI TeMIIepaTyp 

B reJmeBOM COCy~e. oTO ll03BOJWT npaBHJI:bHO paCC't{HTaT:b Ten~OTY 

napoo6pasonaHRJt H, cJie~onaTeJI:oHo, T,:mJionue narpysRH H onpe~eJIHT:b 

y~e~nym DJIOTHOCTh ~OCTH. llOCJie~:~e~ OOMO~eT paso6paT:bC.R:, KaKYD 

PO~}, B DO,n'LeMe ypOBH.R: ~OCTH HrpruOT nysupM H KSKy.ID YM8HDmeiHe 
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y,n;e~HOrO OO~eMa ~OCTH, KOTOpOE~ CH~~HO 30BMCHT OT TeMnepaTypu • 

.Iij)yrHMH CJIOBaMR t HCOOXO)WMO onpe,nE:JillT~ CTCIICH~ IICpaDHOBeCHOCTH 

mmeHIDI re.mm: B pa3.7.1H'liWX ycJIOBHJD( • KpoMe Toro, TpedyroTc.R: .n;aiiHUe 

0 HarpeBe reJIWI B Ten~ Tpydax.· ~TO, B03MO~IO, ll03DOJIHT y.MeHLWHTL 

,nHaMeTp Tpyd, Be.u..ynurx: R aBapHHHOMy ra3rOJI~,n.epy. liOJIC3HU OUJIH 6u 

aKc~epHMeHTU c H30JI:apOBaHHHMH, aanpHMep, rrenorrJiacToM (c BHyTpenHeH 

CTOpOHU) MeTaJIJIHll8CKHMH TpydaMH. 0TMel!ae'l.'CJI OOJIDIIIOll pasdpoc 3KCne

pHMeHTaJILHUX ,T.taHHHX, liTO, llOBH,T.tHMOMy., CBH,T.teTeJILCTByeT 0 HeO,nHHB.KO

BOCTH H8~aJI~HilX ycJIOBHit. Heo~XO,ll;HM) onpe,neJIHT~ I'H.Iij)aBJm'qec:me 

conpOTHBJieHH.R: B RpHocTaTe CilHHa no.:~Jie ero· c6op1w, npo.n;yBa.R: -qepes 

· aero TenJIHii reJIHii. 

ITocJie no.nyqeHrui nepel!HCJieHHLIX ](8HHI:l.X HeOOXO,IUrMO OTI<OppeJ(TllpO

BaTL DpHBe,IJ;eHiru:e BWIIe pac~eTII. Tpec:iYJOTCJI HeROTOpue ,IJ;OI10~HHTeJI~HUe . . 
pac~eTu. B ~acTHOCTH, no~e3HU oueHJW cRopocTH pa3BHTRH npoueccoB 

B npe,D;aBapHI,lmit nepHO,D;, HanpHMep, OKOpOCTH H3MeHeiDUI ,D;aBJieHWI 

B B30JIJn.{.HOHHOM DpOCTpaHCTBe KpKOCTHTa Cill1Ha ( OT ......, I0-5 ,D;O I0-2MM 

pT.CT.) B 3aBHCBMOCTH OT ,nHaMeTpa OTBepCTIDI H po.n;a rasa. llo~e3HO 

paCCMOTpeT~, Ha OCHOBe pac~eTOB Te~mepaTypu OOMOTKH ~llO~~HHX -

MarHHTOB npH nepexo.n;e HX B HOpMaJI~I::Oe COCTO.mm:e ( CM.IlpH~OllteJme 2'), 

~HTYSIUm B reJIHeBoM· cocy,ne. HeH3Bec T:HO, HanpHMe p, He dylJYT JIH 

copBaHU npe.noxpBHHTe~~HHe sar~RH. 

I2. TexaoJior~ecRa.R: cxeMa RpxoreHHoiii rrpe,n;oxpaHHTeJI~Hoit 

CHCT8Mbl..:. 

TexHoJior~ecRaJI cxeMa (pRc.5) npe.n;ycMaTpHnaeT .n;na aapHanTa 
I 

H30~ RpHOCTaTa: cynepH30J!.R:UH.R: H 830TilliM ~Kprur. B nepBOM 

Bap.Ha:aTe re.mdl cdpacunaeTcJI B aTMoc·pepy qepes tieTupe rrpe.noxprum- · 

TeJILHUe Sar.7.fylJJKH l1y = 250 MM ( ll03. 3) npH ,IJ;aB~e:wm: B KPHOCT8T9.f! 

O, 7 aTH, nocJie Toro;. RaR nepecTa;m-~:mpaBJIJIT~cSI c anaKyai.Uiei:t reJIWI 

I \ 
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qeTupe npe,noxpaHHTeJI:OHWC KJianaHa Jy = 50 MM ( no3. 2) • Bo BTOpoM 

BapHaHTe OCTaBJISieTCSI TOJihKO O,nHa 'lpy6a anapMHHOrO c6poca l1y = 250 MM, 

Ha He.« ycTauaBmmamTcn::npe,noxpaHH'Ie~:ollllii KJiarraH-sarJIYU~Ka 

~ = 250 MM (nos.4), ~aJiee Tpy6a·~ 600 MM n rasroJih.n;opbl (rro3.5) • 

. HerrpepHBHOe CJie~eHHe 3a IJOSIB~eHHeM reRReBblX Te~efi Be,neTCSI 

C UOMOIItbD Te~eHCKaTe~ 9 H CHrH~3aTOpOB 8,IO. CaMOllRCeU II IJ03Bo

JISieT 3a~cHpOBaTb XO,D; ,naB~eHHSI B ~pHOCTaTe BO BpeMH aBapHH. 

B npe,naBapH~oA CHTYBUKH ZH.nK~i re~H B~aB~BaeTcH qepe3 

Tpydy JtKJO(OrO reJIHSI B !4HCTepHU, YC'l'aHOBJiellliHe pHJJ;OM C pecppuepa-
-H 

TOpoM KI'Y. ITpH 3TOM BblXO,D; XOJIO,JUIOro reJIRfi H3 KpHOCTaTa ,D;OJOJteH dblTb 

nepeKpliT. ECJIH B 3TO BpeMfl ,D;aBJiemte B KpROCTUTax npeBilCHT 0,5 aTH, 

OTKpHBaDTCSI KJiarraHil 2, H ~aCTb remtSI ~ep03 Tpydy OOpaTHOrO UOTOKa 

~ !26 MM :a.neT Ha 3aKaliKY KOMIIpeccopruvrn. 

Y.nepDBwomee ,naBJieHHe KJianaHOll 2 KOHTpoJIHpyeTcn: 3JieKTpOKOHTaRT- ,· 
I 

HYMH MaHOBaRYYMeTpaMK I3, ROTOpble c:m'HaJIH3HpyroT od OTRJIOHeHHK 

,D;aBJieHHSI OT HOpMii. IlHTaHHe y,nepDBc.IOntero ,naBJie.HIDI no,naeTCSI OT 

danJioHa I4 ~epe3 pe.nyKTop. ~TOdbl n~H ~ YTe~Kax y,nepEKBaDmee 

. ,mlBJiemre ae na,naJio CJIHIDROM ducTpo, K .mnnm: no.ncoe,znrHeHli da~KH I2 

eMKOCTbD 5 ~ Ka~. • I 

llpeKpameHHe noToKa xono,D;Eoro re~ ~epe3 3aMep3rnne pe3HHOBue 

npoKJia.nKH K~anaHa nocne ero KpaTKOBpeMe.HHoro cpa6aTuBamm ocymecT

nnaeTcH no.na~e~ Ten~oro cEaToro re~~ no cneun~Ho~ ~HHH. STOT 

ze reJIHI, npoTeRaH qepes TenJioOdMeromK, BcTpoeruwli B ce,IT,Jie MaiiaHa, 

OTorpeBaeT e::ro. 

Y,naJieHHe B03.IJYX8 H3 CHCTeMH Be;~eTCSI C IJOMOIIt:&IO ~PBal<YYMHOrO 

aacoca 6 ~epe3 a3oTaym JIOBymKY 7. 

~ IIpnMeqan:vre: Paspa6oTI\a rrpe.n;oxpaH:vrTeJihHOi·~ cncTer.m c ncrrOJib30BaHHeM 
4 I 

SJieMOHTOB ycTaHOBl\M IITY rrpone,ne1ra npn caMm.I ni\TliBHOM ytfacTHH 

H. H. AranoBa n B.A. Ee.n.yunnma. 

'• 
·j 
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I3. lliiBO.IO:l H npeJVIOEemm. 

. a) Buno.nu • 

I. Ha ocHoBe cymecTBYJOmero B IMKO ormTa 3Iten.nyaTal.J,mii reJIHenux 

KpHOCTSTOB H TprurcnopTHilX COCY.IJ.OB npHWITO )~OIIYJitOlill8, 'ITO BepOSITHOCT:b 

ITO.R:BneHHH Te~eA '!epes 6onEruHe OTB3pCTHH (nopn;u~a ,IJ.OCHTKOB MM2) B 

HSOJISD.UiOHHOe npocTpaHcTBd KpHOcTa·ra CID11I rrpeHe6pe7IUIMo MaJia npH co6-

JDO,nemm HeROTOpllX YCJIOBHi. B llaCTHOCTH, BC8 Xpym~He ,neTaJIH ( CTeR

JISIHHI:le Ba.IcyyMHile JiaMIIH H np.) ,nomum 6uT:& ycTpaHeHb[ HJm Ha.ne1ltHO 

s~eHH; B nepHo,n sanycRa, ,no nosmJieHHJI B KpHocTaTe 6onnmoro 

KOJIHlleCTBa ~oro renHJI, H806XO)U~O DeeTH TmaTBJILHHH KOHTpOnb 

HaTeRaHHI B BaKYYMHYD nonoCTb H T.,n. 

2. llpH HeorpaHKlleHHOM ,IJ.OCTynE~ B H30~0HHOe rrpocTpaHCTBO 

B03)Iy.XS HJIH re.n:wr y,neJI:&HHe TeiiJIOII}'HTOIW: K KpHOCTaTy B IIOCJI8.IUI8M 

cnyqae MeH:&We. Ho· B peaJILHUX aBap~HHux CHTY~ KOJIHqecTBO IIOCTY

nammero rasa orpaHHli8HO pasMepOM CTBepcTHJI. il03TOMY T8IIJIOIIPHTOKH 

R ~OMY renKro IIpH HaTeKaHHR B03~yxa qepes Manllle OTBepCTRff (CM.n.I) 

cpa:aHHTen:&HO HeBenKKK. llonHaH rropt~a BaRYYMS reJIHeM qepes JD06oe 

OTBepCTHe DpH qTCYTCTBlm cpe,nCTB OTKa'tffiH reJ.OOI ITpOk!CXO,rniT HeOTBpa

THMO, H CYMMSPID:lit TeDJIOIIpHTOR KO B~e.£1 DOBepXHOCTH KpHOCTaTa B8C:&Ma 

~~~K. TaKHM o6pasoM, BonpeKH pacrr.pocTpclHOHHOM TO'IKe 3pe~iWI o6 

.ODSCHOCTH BOS,nyruHO~ TeliH, C'IHTaeM, liTO HaHOOJiee T~8JiaH aBapHaHaH 

CHTYSUHJI B03HHKSeT npH IIOplle BaK~~a reJIHeM. 

· 3 •. SxcnepoeHTaJI:&HHM nyTeM .rtOJtasauo, tiTO BOSMOEHO cymecTBeH

Hoe orpaHM~eHHa BBapHMHoro TeiiJIOITpUTOKa K KpHOCTaTy C IIOMom:&ID 

asoTaoro.aKpaaa. 

4. Pact~eTa.MH YCTaHOBneHO, liTO a:aap.td1:H08 KHOeHHe reJIHSI B KpHo

CTaTe Dpll DOJIHOH noptie H30.7IJn.UiOHHOI'O BaKYJ'Ma COIIpC>BOllt,lJ;aeTCH BH6po-
' . 

COM &H,IJ.ROrO re~ B Ten~A o6paTHUi: DOTOK. 

' 
'' 

! ' 

. I 



- 3? 

5. Pa3pa60TaH H HCTIHTaH OTIHTH~R npe~oxpaHKTe~bHHH K~anan 

r4= 50 MM HOBOH KOHCTpym.um. 

6. Tipe~oxeno xcno~:&30BaHHe BMecTo MeM6pan npe~oxpaHRTe~:&BHX 

3ar~eK C pa3pHDHHMH 6o~TaMR. 

7. BnepBHe. B npaKTHKe C03~aHIHI npe~oxpaJurTe~:&lillX CHCTeM 

B~eneHH npe~aBapH~e (H~ nepexonHUe) CHTYauHH H npe~cMOTpeHH 
. 

MepH no 6HCTPOMY y~~eHHD ~oro renHH H3 KpHOCTaTa. 

· 8. rro~eHH aKcnepHMeHT~:&HHe ~aHHHe o npoueccax anapH~oro 

BCKPinamm re.mm, B TOM 'tiKC~e y~em,HHe KOJIHl.lecTBa HcnapmomerocJI 

B e~HKQY BpeMeHH re.mm npH pa3nH~HO~ H30~ KpHOCTaTa H ~ax 

HaTeRammero B H30nJIUliOHHOe npOCTpaHCTBO rasa. 

9. Heo6xo,ItHMo npo~oJ.DltHT:& pa6oTH no KpHorenHoJ.i rrpe~oxpamtTM:&"'!" 

HOI CHCTeMe, B TOM tm:C~e: 

a) MCilHTST:& OilHTJme npe~oxpaHB:Te~bHHe sarJIYUIKH d ':f = 250 MM. 

6) Paspa6oTaT:& ~epTeEH npe~oxpaHHTe~:&Horo ~anana-sarnymKH 

d 'J, = 250 MM. 

B) llponecTH ~ono~en:&nue pac~eTHHe H aKcnepHMei~anbHHe 

Hcc~e~6BaHHJI .ItM noJIY!IeHH.R: .I(aHHI:.lX o cTeneHR aepa.BHonecnocTH romemur 

re~ B pas~ yc~OBHJIX, 0 KHneHHH npH UOCTOJIHHOM ,I(aBHeHHH, 

BlrpeBe re~ B Tennsx Tpy6ax H ~· 
\ 

.·.'i ,, 

6) ITpe.n;.noJteHIDI. 

ITpose~eHHHe B HHKO paspa6oTKm H ncc~e~oBruntij no3BO~T c~enaT:& 

cne~mae peKOMe~auHH· 

ITpenaaapH"HHe cHTyagHH. 

Me~ MOMeHTOM noHBneHHJI re~enux Te~eH H OKOffqaTen:&noi nop~en 

H30~0HHOrO BaKYYMa HHOr.I(a KMeeTCJI BpeMH, ~OCTaTO~HOe ~ ~axe

HH.R: JUJJtKOrO reJIKJI H3 RpHOCT8T8, ~TO D03BOJI.fieT CHH3HT:b CTeneH:& 

I 
I 
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OIIBCHOCTH aBapHi\HOH CHTYaJ..tiDt. llo:>TOMY HC06XO,IT.HMO ycTaHOBHT:& 

cJie,eyiOutee .nonomm:TeJI:oHoe o6opy.n;onmme: 

I. reJIHeBHil Te'lieHCitaTeJI.:o HJll( .zt.pyroe ycTpO.ti:CTBO }J.JI.fi nocTommoro 

cJiextemm 3a noSIBJieHHeM reJIHeBwc ~'etteii B H30~0HHOM npocTpaHCTBe 

KpHOCTaTa ll COOTBeTCTBYJOlftYIO CHrHELJm3aumo Ha nyJI:&Te yCTaHOBOK Kf'Y 

H cmrn. 
2. XOJIO,llHLle lU{CTepHI:l, Tpy6onpODO}J.I:.l H UBTOMaTH3HpOBaHHUe 

BeHTHJIH .ztJia 6ucTpoR 3DaKYSUHR ~Koro reJIKH H3 KpHocTaTa. Ynpasne

HHe onepauRRMH .no~o ocymecTBJI.fiT:&cH c nyJI:oTa KrY. 

3. ITpe.noxpa~mTeJI:&Iru:e KJianaHI:l ( 4 mT. ) c{ ~ = 50 MM, oTperyJIHpo

namme Ha .ztaBJieHHe OTKpllTHH - 0, 5 8TH, CB.fi3aHHhiC Tpy6aMK C Tpy6o

npOBO,IJ;OM TenJioro o6paTHoro reJIHH. KoHCTPYKUHH KJianana .n;o~a o6ec-
' 

ne~aT.:O B03MO~HOCT:b HX ynJIOTHeHai ttepe3 HeCKOJI:OKO MHnyT OOCJie HX 

RpaTROBpeMeHHOrO OTRPHTBH H npoxo:~eHHR OOTOKa XOJIO,ItHOrO re~. 

4. BliCOROBaRYYMHJ:le H8COCH }J.JIH OTRalJKH reJIIDI H3 H30JISirn!OHHOrO 

npocTpaHCTBa RpHOCTaTa, HanpHMep, .IJ;Hqx})y3HOHHI:le · (:ateJiaTeJI:OHI:l ,lVIJi 

1.1tJIHHemm nepHo.n;a nop't!H naxyyua ) . 

BapHaHT npe,goxprum:TeJI:OHOM CJ:IC:TCMH rrpn H30.7I.fil..Ulli Rp¥IOCTaTa :, 

JlaBC8HOI·OH IIJICHKOH. 

I. YcTaHOBHT:O Ha panHOM paccrro.mnm: no .umme rtpuocTaTa 4 

,ItOOOJIHHTeJI:&HHX Tpy6u anapltiiHoro c6poca BHYTPCHHIIM ,IJ,HaMeTpOM 

. ,._, 250 MM. JI,nst YMeH:&meiDUI I'H,UJ)anJIHqecKoro conpoTH.BJiemur KpoMKH 

H8. UO,n;e H BHXO,IJ;e . H3 Tpy6H ,IJ;OJDKHI:l :juT:& CKpyrJieHU, ItOMIICHCBUHOHHliii 

CHJI$H JteJiaTeJibHO ycTaHOBHT.:O Ha B::utYYMHOM 1\0:atyxe Tpy6H c6poca. 

2. 0Ha6,ItHT:b BWCO.Itl:l H3 Tpy6 C6}QC8 npe,n;oxpaHHTeJI:&HHMH 3arJIYU,I

KaMH, OTperyJIHpOB8HHLtMH Ha .n;aBJieHHt~ OTKPilTHJI 0, 7 aTH (Pa3pa60TK8 

sar~ex ne.neTcH n HKKO). 
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' I 

3. Pa3pa6oTaTb H ycTaHOBHTb B RpHOCTaTe BUTCCHHTCJIH ~oro 

reJil!f! ]1.JIJI YMeHJXIIeHH.R: ero KOJIHttec'rBa ( n I , 5-2 pa3a) , tiTO no3BOJUIT 

3anyCKST:O CilliH npH MCH.blll8M 3anacn ra3006pa3HOrO rcJUHf, Yl.18HDIIIHT 

o6LeM raaroJI:o,nepoB ,nJlfi c6opa reJmR rrpu nnapnn H cm~:mT oro rroTcpro 

B OTCYTCTBHR ra3rOJIL,11;CpOD. KoncTpym.UUI DHTCCIIHT8JJH ,noJI?KliU OTBe'tlaTL 

Tpe6oBamuo YMOHJ.>illCHltR rJII,lij)UDJUPIOciwro coiipo'rHBJicmui rpmtTa ItpHo

cTaTa ,IUJn71teH.niO rcJI.l1JI npH anapnu. 3aJll!B:1'l'J, D 1(pnoc·r:1T llilliUIMUJILHoe 

ItOJIHliCCT80 rOJll!JI. 

DapHaHT npc,noxpnmnr..TT r,HoH c:vc·reMIJ rrprt JL'1.JIH'Hm ll:10'l'Horo 

::H<prura B 1\jH:OCTfl.'!'i;. 

I. YcTaHOBHTL n I<pnocTnTc ::wpan, oxJia:i\J~[WMuli iiCH~ICHM aaoTOM 

(78K) HJIH ra3oo6pa3HUM reJIHCM (.nc 30K), ciiJIT:b cyrrcpH30.n.smHIO c 

re~eBoro cocy,na. 

2. YcTaHOBH'l'b I Tpy6y a:aapHilnoro c6poca c BiiJrrponHaM .IUia:M~T

poM 250 MM. 

3. Cua6.mtTb BblXOJ1 n3 rpy6u c6pocn rrp~;.n;oxpamneJILHUM I<JianaHOM

-3arJiyntROH, OTpcrym-rponrumUM W.l ,naDJICIUW 01'1\pUTHJl 0, 7 a Tit. l{OHCT.PYH

UIDi ItJianaHa, OTJIH'tlaiOIUMCSI OT ITpHMCHCIIIIOii D pa3~8JIC 2, pa3pa6oTaHa 

. B ~0 (PICKJllO'tleHO C.nyt!aHHOe cpa6aTI1DRUUe). 

4. CB.ff38Tb KJianrur c anapniiHHMH ra3roJIL,r~cpm.m Tpy6onpono~ol\1 

,tUUlMeTp0M""'0,6 M (.zvmHa 50-IOO M). Tpy6onpoBO,IJ; CHa6,TI;H'l'h KOMIICHCa

TOpaMir. 

5. ITpHo6pecTn H cMOHTuponaT r, ra3:rOJIJ,Jt;r.pu c ocJE(01i rcoMeTpirtiec

Itoll CMI<OCThlO "'-' !200 M3 ( npll 01'CYT ~'l'DIUI BUTCCI!li'l'C~;ICit iiiU.IU<OrO reJIU.a). 

Tipc,ncToHT c,ncJiaTh nudop MelK,Izy ,n:DYJ~ nnpn:uiTm.m :rn:n'oJII.,nopon -

MSirRIDJIH H >JteCTimMH • 

" l ., 

i' 
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KOHCTPYKgRff RpHOCTaTa. 

I. IIponecTH MitoroRpaTHOe ( ,._ 20 pn3) ox.na'IK,J~einw oT I<OMHaTHo£1 

~0 830THOA TeMnepaTypU RepaMH't!eC~HX H30JWTOP?B (4-5 illTYR) 0 DOOTOHH

HOI npoBepRo:£1 me repMeTH'qHOCTH Fia reJIHcBOM TetJcHci<:aTeJie )1.J1H. npoBep

RH Ha,nel!HOOT.H HX OOe,IU{HCHHJI 0 Me'ra.71.1m'tJCCllliMH rraTpy6I(aJI,W:. 

2. kfCRJOO'tlitT:&, DO B03M071tHOCTli, RepaMIPICCRHC H30JIJITOpli B TORO

BBO,nax Ha yqaCTRax MC7!JIY BaRYYMHJlM npOCTpaHCTBOM H reJIHeM, B03.nyxOM • 

. M3MCPW1'L SJICRTplftleCRYJO npO'tJHOCT:& MC7KJJ.Y DJJIOCODUM H MHHyCODiiM 

TOltOBC.n;ytltHMH 3JleMeHTaMK B np.HOYTOTBHH reJTJI.fi. 

I1po.noJOKeune pa3 paOOTOK H HCoJie.nonmmti. 

EoJiee T~aTeJI:&HaH npopaOOTRa KOHCTPYKUJtH npc~OXpaHHTeJI:&HOfi 

CHCTeMH MOECT D03BOJIHT:& YMCHEWHTJ, ,IU{aMeTp aBapHftHOrO Tpy6onpOBO,It8 

K ra3rOJIL~epaM, OHH3HT:& HeOOXO~~ CMKOCTL 71teCTKKX ra3rOJI:&,ItepOB 

H T.~. ]l;rst STOit npopa60TKH HeOOXC'.nHMil CJIC,I(yiOutHe 9KCrrepHMeHTa.7IbHHe 

~aHHHe: 

I. TeMnepaTypu reJIHH B KpnocTaTe, KJiarrane, Tpy6onpono.ne H 

ra3rOJI:&~epe np.H anapHRliOM BH6poce reJIHH. M3MepeHHR nponecT.H Ha 

ycTa.HOBRe no H3yqeHPIIO .· anapHihtoro KHrreHH.H: reJJJ.UI. 

2. Koa~eHTU r~aBJIKqecxoro conpoTlmJieHRH B KPHOCTaTe 

CTIHHa H TpaKTe rrpe.n;oxpaHHTCJI:&HOft CHCTCMH. ~ IIO~eHHH 3THX ,ItaHHHX 

npoBeOTH rrpOJ.tYBRY B03~0M (HJIH reJIHeM) KpHOCTaTa CllMHa 0 BUBO,ItOM 

B08,1zyX8 B STMocwepy y npe,noxpamrT3JILHO:f! 3arJ1YUIRH, 

I4. 3aRJIJO'tleHHe. 

ABTopu BupaxtruoT 6Jiaro.n;apHOOT :& H. H. ArarroBy, B.A. BeJryunanty H 

D.K.IlHJIKlleHRo 3a noJie3HI:le oCScY'!t.neHHJt, IO.B.PoMaHoDy H A.r . .AlmiqeHKo 

38 DOMO~:& B paCSoTe. 

~Zf fi:jf- »~~·~--bw? 
r+·,~-
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I. ]J;mna re.mronoro BpnOO'l'tl'.Pa (rJ) 

2. JlH8\I!C'l'p remroooro ttpiiOO*.mm {r;u) 

3. TOJ'IIlKHB o'lomm l"'Jmc:aoro cocy,nn (r.rJ) 

4 •. :JJ.Harli1e'.Pp ~oro Rozyxa r:p!ICC?a'l!O. (W) 

5. To.mnmm eromm BB.RYYf.moro RO'f'!3xa (w.l) 

6. Mrr.repmu~ C'lemm Baf:YYlvmorG t«mym 

7. .Brroo'la rasoodpaalioro rc.mm B Rpu;OCTaTo (f&t) 

8 • Od!.OM 21H,ttRoro I'CJJ.W1 B RpOOCTaT 3 (JJJP) 

~. Od'.&eM rasooopasnoro rc.;1:Wl .a RpJocl'ai0 (,nril) 

IO. Pa<Soqee ltBBJICHl!C B R.PHOOTa're (.31£11) 

II. r"1aRcmB1I&BOO .ttaBJiemte B RPJOC'l';i'l'o (am:) 

I2. 11lfmMYlP Tpyds ~oro o6poe1 (w) 

13. KOJlB'Ciec'l'BO c.rpyd a.napmmoro cdpXla 

14. ~mmfl JJ.Hm!eTP fispfopoBOrO H30.11.fl'lopa (w) 

15. KOJJB'IteMBO RSO.nsrlOIJOB 

I6. I\o.mJqaouo CJI.OeB ImOJJ.SUm Meml.1lHBlt_P()BaBBOI'O JiaBCaHa 

B8 re.JJHeBOM BpliOC'l'BTO 

I7. Aatmmit Sl\pQH 

18. I~ padotmfi TOR B 1\far!Ur!'aX (A) 

19. 3auaceunas: B ~ auepiWI lttlbl) 

54 
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2 

405 

3 

CT.3 

25 

3..100 

!30 

=:= o.3 
o.7 

50 

4 

53 

34 

50 

HOT 

2030 

155 
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B nepHo~ aBaKYauHH aHeprHH HaH6o~ee HarpeT~MH no~ ~eiicTBHeM 

TpancnopTHOrO TOKa OKa3HBaDTCJI re yqaCTKH 06MOTKH, B KOTOpHX 

nepnoHa~~hHO aap9~~ach HOpManbHaa soHa. Ma yc~OBHR coxpaHeHHH 

CBOACTB BHTKOBO~ 3J18KTplPI8CKOH :~30JJ.f!UKH, B I~OTOpoii HCOOJih30BaH8 

Jl8.BCBHOBM DJieHKa, npKMeM ~onyc•rHMYJO MaK.CHMa.TlhHYJO TeMIIepaTypy 

npono,mmKa TMaKC pannoii ~ 4001{. 

)lJr.R: onenKH Heo6xo,IOtMoro ,IVIJI u6ecrre~em-ur ~aHHo~ BeJilftU{HH 

TMaKc HanpsmeHH.R: anaKyax.um aHep::'mt ~ (HalJ:MhHoe sna~eHHe npH 

3BaKY~ H8 O~eCKOe COnpOTH~teHHe R) DOCITOJih3yeMCH ypanHeHHeM 

r {T) = 
' 2.. 

1·+ t1.. • Eo · (." 
rJ- l!o·~o 

(I) 

(o.Ios /6/) 

YpanHeHHe BHBe~eHO H3 YCJIOHIDI a.IU~a6aTvPl8CKOrO Harpena SJIOMeH

Tapaoro 06'.beMa npOBO~HHKa TpaHCirOpTHI:lM TOKOM C Hal!a.JihHOit BeJIHlmHOA 
, 
L 

0 
• 3~eclJ vL - COOTHOWeim.e Cel!eHHti MaTpm.T,I:l H CBepxnpOBO,lUIHRa 

• 
B · npoBo.mmxe, (• - Ha't!MDHM nJlOTHOCTh TOKa B npono,zumxe, E0 -

aanaceHHaa: B 24 ,nHnoJIDHHX Mari:m'l'ax aHepi'lUI. wyma.nur 

. T~tl~ot.2.. 

· 'F (r) ~ j _c (r} d r, 
. o ,f.,(T) I 

I 

rAe c(T).- y~eJihHaH TeiiJIOeMKOCTI npOBO~Ka (06'.beMHan), 

J n. ( T) - ~,neJihHOe conpoTHBJieim e MaTPHUbl. 

ITpRMeM. HH,Ir,yKTHBHOCTlJ nerm NarHHTOB L = 0, 075 I'n, 
' 
/,. 

0 
= 2500 A, Tor~a E0 = 0, 234 N.}JJr.. 

ITpoBO~K rrpeAcTanAaeT co6oii WHHRy, CBHTYID Ha I2 nponoAOB 

,nHaMeTpOM 0,5 MM C ROa~eHTOM 38DOJUieHHa IIpOBO~a CBepxn~OBO~

ROM P8BHliM 0,43. Bea Y't!eTa Haxo.nmuerocsr B WRHRe npHnosr ,j = I,326, 
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ce11eime npoBo.mnn(a .S = 2,36.10-6 M2 , j~.,= I,06.I09 A.M-2, 

f I 2. 24 
tJ I(',. = 0 t 26 • I 0 • 

EcJIH rrpHHJIT:& ynpomemur, tiTo y,n;eJI:bUa.H: TenJioeMKOCT:& npono,rumKa 

PaBHa y.n;e.1l.:bHOi! TeiTJIOeMKOCTH MaPpMIUl, a y.n;eJI:r:,uoe conpoTHBJiemte 

cnepxnpoBo.n;HRKa P.s + d:l , T·) .n;M Me,n;Ho11: MaTpHI.Ul c 

JD 30oiJD 4,2K = I00 po pHc.6 npH TMaKc = 400K HBXO~ Be~ay 
P( T) = I' 56. ro17 A 2• M -~c. Tor;~a H3 ypaBHeHRR: (I) Haxo,znm 

. l. . 
'U -= . L + i-. E 0 • J:(1 = I + I I 326 • 

D ¢.. F(Tj• j,c I, 326 

. o,26 • ro24 
3 . rol'l e..- II?O B. 2,5 • IO .I,56 • 

boJiee TOtnllle peayJI:&TaTH ,It£·.eT pac'tleT no KpHBOH 2 (pHc. 6). 

B aTOM c.nyqae yqTeHa .n;eiJcTBHTeJJ::bHa.FI TenJiocMJWCT:b J(OMII03HTnoro 

npoBo;nmma (npaB.n;a, c r/- = I) -" F(T):::: 2.Io17 , llo=::: 9IO D. 

Pac11eT Ha SBM no paapa6oTaHHoil B HviKO nporpa.MMe, TaKxte ytmTH

.BaDIItel ,n;eitCTBHTeJI:bHYD TeUJIOeMKOCT:& ~OMIT03HTHOrO npOBO~a, ,n;aeT 

TMal<c = 270K rrpH U 0 = · I200B. 

lloJiyl!elUDle BeJIH11HHH U 0 npeBI:ll1ISIOT nJiaH.HpyeMoe Ha Cffi1He 

'tto = 50GB. 

O.nHaKo · B pactieTe BeJI:KtmHI:l ~,MaKe ue YLJTeuu Te!JJJOeMI(OCTH npHnosr, 

Mest, BHTKOBoil Hao.nmum H TenJioo6MeHa c reJllWM. 
' 

. ,Il.1ur paspa60TKH ycTpORCTBa ::~JieKTpHqOCKOH 3amHTU Ma.I'HHTOB 
. i 

nenecoo6paaHo nponecTH aRcnepHMEHTaJI:bHoe H3MepeHHe BeJ~a& TMaKc 

Ha .n;HllOJI:bHOM MariiHTe B pa6o'IH.X YCJIOBH.RX. IlpH OTOM CJie.n;yeT o6ecne

~Tb TY ae nocToHHHyn npeMeHH na~eHHH TORa, 11TO H n ycTSHOBKe CUHH. 
fipHlUIB JA fJ = 500B, llOJiytmM 

•. 

. /', :: ~ o = 500 = O, 2 OM, 
/<.. o L 

0 
2500 

, /..J : 0 I 0?5 : 0 t :375 Q • r -::. .- o,2 
R.o 
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600 r---r--.,..----r--....-----.. 

T K 
500 ~--f-----,rl----1---+--

4 00 J----1-___.,....-+---+--

3 001---f---1----l--#---t---

200 1---+--+-~:c---~----t 

PHc.6. ~uomsr P(T) )l.JJH. Me.ItH ( RpHBrur I) c 

I 
I 

jJ 30ol; 4, 2I{ = IQQ li I':OMII03HTHOrO llpOBO,IUIHKa 

( KPHBBJI 2) , 

o/T , 

e s + fl- cit 

1 f fl.. 

I JJ3, I ~·~ lf 2. 1<.. = 
• 

-too 



Jf,Jm ITOBWIIeiDISI :3qxpeKTHBHOCTl1 aBaKyatUU1 uHeprvm: ( 8CJUI :3TO 

noTpe6yeTcsr) Heo6xo.IniMo orpaHRtiH:EaT:o pacnpocTpaHeHHe HopMaJI:oHoi1 

06JiaCTH. Jf,Jm 3TOrO MOEHO ~ecrre~T:O KpHOCTaT~ecKyro CTa6H~38UHD 

npoBO~Ka Ha yqaCTKax Me~ Mam~MTaMH, HallaHB Ha npOBO~Ke 

Me.mme mHHKlt. 

ilOB~MOMY, ITOJie3H0'3KCrrepHNieHTaJI:OHO Onpe~eJUIT:O CTa6HJI:OHOCT:O 

06MOTKH MarHHTOB npH 3B8RY~ C pa3JIHqHHMH CKOpOCTHMH. He HCKnD

'IeHO, 'ITO B03HHRaiOm:Pie B rrpoBO,nmtB e. npH aBaKya.mrn: aaepreTWiectme 

DOTepH npH HSKOTOpHX YOJIOBHHX MOiyT npHBeCTH K rrepexo~ 06MOTKH 

B HOpMaJ!bHOe COCTOSIHHe. 


