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BeeneHHe 

· · I 1 2/ 
KaK coo6manocb paaee 1 

1 npH H3y~eHHH npoToa-npoToaaoro H 

npoToa-aefiTpoHHoro paccena:Hn Hcnonbaoeanacb raaoean cTpyfiaan MHmeHb1 

- . 
ycTaaoeneaaan aa BHyTpeHHeM ny~Ke ycKopHTenn. 

HacTonman pa6oTa nenneTcn nponomKeaneM pa3BHTHR MeToJlHKH cTpyfiHhiX 

MHmeaen H aanpaBneHa Ha yny~meane napaMeTpOB CTpyH •. 

OnhxT pa6oThi co cTpyfiaon raaoeori MHmeHbJO · noKa3hiBaeT1 ~To ee 

B03MO)I{HOCTH orpaHH~H'BaiOTCSI BBHJlY c.ixeayJOWHX 06CTOS!TenbCTB: 

a) . oTnocnTenbHO 6onbman mlipniia cTpyn ( 3-t4) eM npHBonliT K yeenH

~eHHIO OWH60K B onpeaeixeHHH yrnoB 9MHCCHH BTOpli'tllbiX ~aCTilil; 

6) H9JlOCT8TO~Hag nnoTHOCTb MHW9HH yeenH~HBaeT He06XOJlHM09 Bp9MSI· 

pa6oTbi aa ycKopnTene; 

e) B KaMepy ycKopHTenn enycKaeTcn 6onbmoe Konn~ecTBo raaa. 

Konn~ecTBO raaa, enycKaeMoro aa IlHKn B BaKyyMHyJO KaMepy ycKopH-

Tenn, paeno: 
G 

11 
Fvpf:...t = -dvyf:...t 
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r.cte F - ce'leHHe cTpyH, v - CKOpOCTb nOTOKa, p - nnoTHOCTb rasa, 

Y - KOnH'IeCTBO BeweCTBa Ha nyTH ny'IKa no AHaMeT~y CTpyH, d 

.ctHaMeTp CTpyH, fl t - BpeM.H cyweCTBOBaHH.H CTpyH. 

Hs ypaBHeHH.H BHAHO, 'ITO npH .ctaHHOM KOnH'IeCTBe BemecTBa Ha nyTH 

ny'IKa y paCXOA rasa BOSpacTaeT nponopUHOHanbHO CKOpOCTH noToKa H 

AHaMeTpy CTpyH. EcnH WHpHHa ny'IKa SHa'IHTenbHO MeHbWe WHpHHbl CTpyH, 

To 6onbWa.H 'taCTb rasa pacxo.ctyeTc.H 6ecnonesHo, He nona.cta.H B soHy ny'l:Ka.· 

KonH'tecTBo BnycxaeMoro rasa - o'teHb Ba:lKHhili napaMeTp, T.K. onpe-

.cten.HeT npoHSBOAHTenbHOCTb OTKa'tHBaromero KpHoreHHOro Hacoca, .ctnHTenb

HOCTb ero pa6oTbi 6es oTenneHH.H .ctn.H Y.ttaneHH.H oca.ctxa. qTo oco6eaHo' · 

Ba:lKHo, .ctonH rasa, He nonaBwero·B noBywxy Hacoca H pacceHBweroc.H no 

KaMepe ycxopHTen.H, pesxo BospacTaeT npH yBenH'IeHHH xonH'teCTBa Bnycxae

Moro.rasa. 3To Be.cteT K nop'te BaKyyMa, a cne.ctoBaTenbHO, K BosHHKHoBeHHro 

~oHa,Hs-sa BsaHMo.cteficTBH.H ny'tKa c MonexynaMH pacce.HHHoro rasa,'I{TO Me-

waeT HSMepeHH.HMo · Ha OCHOBaHHH BhiWeCKasaHHOro O'leBHAHO, 'i{TO yMeHbWe-

HHe WHpHHbl CTpyH H ee CKOpOCTH npHBe.!leT K COKpaweHHro KOnHqeCTBa Bnyc

KaeMoro rasa, "'To cymecTBeHHo yny'lWHT ycnoBH.H pa60Thi. C .ctpyroil: cTopo-

Hhlt . .ctn.H · ny'lweli xonnHMaUHH cTpyH aHeprHro Monexyn rasa Ha.cto nonHee 

nepeBOAHTb B KHHeTH'teCKyro, T.e. pasrOH.HTb nOTOK AD CBepxsByKOBbiX 

CKOpOCTeli. BbiXOA MO:lKeT 6hiTb Hail:.cteH B nepexo.cte OT CBepxsByKOBOil: CTpyH 

x/ rasa K nOTOKy 6onee Me.ctneHHO ABH*YWHXC.H KaneneK MeTaCTa6HnbHOli 

:lKHAKOCTH HnH TB~p.ctbiX 'laCTH'leK. MHweHH Taxoro THna 6hrnH npe.ctno:lKeHbi 
. /3/ 

K.n. ToncTOBhiM • Mbi npHBOAHM HeKoTopbie pesynbTaTbi HaWHX Hccne-

.ctoBaHHli no HSy'teHHro BOSt,•lO:lKHOCTeil: COS.ctaHH.H CTpyAHhiX MHWeHeil: HS 

x/ 
0'teBHAHO, 'ITO nocne HCTe'teHH.H HS conna :lKHAKOCTb 6y.cteT BCKH-

naTbt o6pasyH rasoByro H TBep.ctyro ~asbi. 
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CKOH.cteHCHpOB8HHOX::O .. re 

KOCTH HnH TBep.ctbiX 'Ia< 

HexoTop~Ie ciwco6hi 

1. )i{H)lKHA BOJlOpc 

(y TpOl!HoA TO'lKH, 'ITO! 

no)laeTc.H K co11ny c no 

ro aenocpellCTBeaHo ne 

C OllHOA CTOpOHbl, xna1 

POllS, MO:lKeT OKaSa'J'bCSi 

OTno:lKeHHil:·nblla TBeplll 

npHBelleT K BbJTeKaHHID 

pHTemi, C )lpyroil: CTOp 

oTBepcTHH xnarraHa _HnF 

y)laneHH.H BOilOPOil8f OTI 
•,, ' 

PDilHoro TpaKTa ( .TaKH 
.. ,,, 

2. HMeeTC.H Jlpyr• 

rasa: oxna)l{)laTb, KOHil• 

TaKoe KOnH'I9CTBO rase 

KaMepy ycxopHTen.H B , 

Horo BOilOPOil8t BITyCKa4 

aneKTpoMarHHTHOrO KnE 

B aTOM cny'tae KonH'l94 

MHWeHH; ·6y)leT MHHHMa 

Taxasr. cxeMa pa61 

HOrO perynHpOB8HHSI Te , 

•· 



IInOTHOCTb raaa, 

~P_Y CTpyH, d 

BemecTBa Ha IIYTH 

~KOpOCTH IIOTOKa H 

IIbme lliHpHHbl CTpyH, 

:onaaa.11 B aoHy ny~~:Ka; 

napaMeTp, T.K. onpe-

ro Hacoca, anHTenb

~. 'tJTo oco6e:1mo· 

pacceHBmeroca no 

KOnH"i9CTBa BIIyCKae-

lbHO, K B03HHKHOB9HHIO 

eSI_HHOI:'O raaa, "iTO Me

lHllHO, ."iTO yMeHbllie-

~HIO KOnH"i9CTBa BIIyc

)Tble C apyrotl cTopo-

raaa Haao ·nonHee 

CBepxaByKOBbiX 

CBepxaByKOBOtl CTpyH 

x/ 
eTacTa5HnbHoil 

Tarbi Hamux uccne-: 

7C. MHllieHeti. H3 

IKOCTb 6yaeT BCKH-

j 
.I 

·i 

I 

I 
I 

J 
·.r 

CKOHll9HCHpoBaHHOI:'O raaa B BHll9 IIOTO~a KaneneK MeTacTa5HnbHOtl. >KHll-

KOCTH HnH TB9pllblX "iaCTH"i9Ke 

HeKOTOpbie cnoco5bi. nony"ieHHSI CTpyiiHbiX CKOHgeHcupoBaiiiibiX MHllieiieii 

1. )!(HllKHti BOllOPOll, HaXOll.lllliHHC.II B o5'beMe npH TeMnepaType 14 °K 

( y TpOtiHOH TO"iKH, "iT05bi yMeHblliHTb llOniO napa IIpH HCT9"i9HHH B BaKyyM) 1 

noaaeTcSI K conny c noMombro xonoaHoroaanopHoro KnanaHa, ycTaHoBneHHo

ro HenocpeacTBeHHo nepea HHM. TaKaSI: cxeMa HeHalle>KHa H He5eaonacHa. 

C OllHOH CTOpOHbi, KnanaH,. pa5oTaromHfl npH TeMIIepaTypax >KHllKOI:'O BOllO-

i'. ' . 

poaa, MO>KeT oKaaaTbCSI HeBaKyyMHo...:nnoTHbiM ua-sa nonoMKH HnH ua-aa 

oTno>KeHHii nbaa TBepaoro Boaopoa_a B MecTe ynn~THeHHSI KnanaHa. 3To 

npHB9ll9T K Bb!T9K8HHIO 5onblliOI:'O KOnH"i9CT~a BOllOPOlla B KaMepy yCKO

pHTeng, C llPYI:'OH CTOpOHbi, B03MO>KHbl 'aaKynopKH nbllOM BblXOllHOI:'O 

OTBepCTHSI KnanaHa HnH conna ,B KOHU9.UHKna HCT9"i9HH.11 1 "iTO IIOTpe5yeT 

yaaneHH.II BOll_OpOllSf OTOrpeBa OTHOCHTenbHO MaCCHBHbiX aneMeHTOB BOllO

pOllHOI:'O TpaKTa ( TSKHX, KaK KnanaH). 

2. HMeeTC.II apyroii cnoco5'nony~eHH.II CTpyH CKOHll9HCHpOBaHHOI:'O 

raaa: oxna>KllaTb, KOHlleHCHpoBaTb,· u, ecnu Tpe5yeTcSI, aaMopa>KHBaTb 

TaKoe KonuqecTBO raaoo5paaRoro Bollopoaa, KoTopoe 5yaeT BnymeHo B 

KaMepy YCKOpHTenSI B T9"i9HH9 OllHOI:'O UHKna. llpH 9TOM IIOpUH.II raaoo5paa

HOI:'O BOllOPOlla, BIIYCKaeMOI:'O B MHlli9Hb1 5yaeT ll03HpOB8TbC.II C IIOMOllibiO 

· aneKTpoMarHHTHoro KnanaHa, pa5oTaromero npu KOMHaTHbiX TeMnepaTypax. 

' B" 9TOM cnyqae Komi"ieCTBO BOllOpoaa, HaKonneHHOe B BOllOPOllHOM TpaKTe 

MHlli9HH, 5yaeT MHHHManbHbiM. .. 
TaKaSI, cxeMa pa5o_Tbi TexHonoru~ecKH npocTa, HO Tp_e5yeT TmaTenb-

. ' . . 
Horo perynupoBaHHSI .TeMnepaTypbi oxna>Kl]eHHSI HMnynbcJio noaaBaeMoro K 

~ 
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·-------·· 

conny Boaopoaa. Conno aonmHo pa6oTaTb npn TeMnepaType, KoTopan 
. 0. _7 •· 

HeMHoro BbiWe TeMnepaTypbi aaMepaaHnn Boaopoaa 18,95 K. Ecnn Bee )l{e 
. I 

aaMepaaHne aoaopoaa nponaoaaeT, To conno n qacTb noaBo~nmea nHHHH 

MoryT 6b!Tb nporpeTbl B TeqeHHe HeCKOnbKHX CeKyHa, T.K. HX Macca Mana. 

3TOT CDOC06 6bin DpHHHT B HaWHX ODbiTax. 

Pnc. 1. CxeMa axcnepnMeHTanbHoft ycTaHoBKH. 1 - aaxyyMaan KaMepa, 
2 - o6'beM mnaxoro rennn, 3 - · noaywxa HH)I{Hero KpHoHacoca, 4· - BepxHnft 

KpnoHacoc, 5- KnanaH noaaqn raaoo6paaHoro aoaopoaa,.6- BoaopoaHhlft 
xannnnnp, 7 ~ Tennoo6MeHHHK, 8- nepeoxnaanTenb c HarpeBaTeneM, g·_ xon-

. nHMaTop, 10 - xnanaH BbiXoaa ncnapsuomerocn rennn, 11 - BaxyyMHbiti: 
ancfcpyanoHHbift Hacoc; T 1 .. T 4 - nnaTHHOBbie TepMoMeTpbi conpoTHBneann. 

6 
• 

' 
CxeMa axcn~pnMe 

poa noa aaaneHneM· 1 • 

noaaeTcn·a Tennoo6MeH 

na KpHoHacoca rennn, s 

HarpeBaTeneM (8). TI~j: 

GOOnOM. Hnli KOpOTKHM l 

Tene aoaopcia KoHaeHcn: 

TeMnepaTypbi. Mbi nt:c1 

B nepBoM pemn~> 

' B nepeoxnaanTene n 

THe, BbiDOnHHH ponh· XOl 

HMrrynbCHO BKniDqanH H 

aopoa BbineTan B aaxyy 

)KHUKOCTH H KycoqKoB n 
. ' . ' 

unxnaMn rroaaep)KHBancn 

)KHBaHnn. Boaopoaa rrpaK' 

qnTb BnnnHne raaoBoro 

B MOMeHT Bblll8BnHBaHHS 

aorronHnTenbHbiit nepeox. 

TiepeoxnaanTenn xopowo 

BaTenea. Ha pnc. 2 noK 

Ha KaTyWKY aneKTpoMarJ 

HHTenbHoro nepeoxnaanT 

peaynbTaTbi 6binH anaya• 

aononHnTenbHbiti: nepeox. 

<jlopMy cTpyn. ToqHocTb 

6bma He xyme _qeM 0,1 ' 
3 . ' 

60 eM /unxn npU: annTe. 

*HBaHHH B OCHOBHOM rrei 



paType, KOTOpaSI 
. ~ . . 

0 . 
13,95 K. EcnH Bc~/me 

b flOABOASI!IIea nHHHH 

l, T.K. Hx Macca Mana. 

IKYYMHaSI KaMepa, 
oaacoca, 4· ~ sepxHHa 
la,. 6. .- BOAOPOAHbia 
HarpeBaTeneM, g·_ Kon-
11 - BaKYYMHbiA 

pbi conpoTHBneHHH. 

• 

I i 

CxeMa aKcnepHMeHTanbHon MHll!eHH noKa3aHa Ha pHc. 1. CmaTbxa soao

poa noa aasneHIIeM 1 t- 20 aT c noMo!IIbiO aneKTpoMarHHTHoro Knanana (5). 

noaaeTcH B Tennoo6MellHHK (7), rae oxna~aeTcH noToKoM ncnapHIOmerocg 

II3 Kpiionacoca reniiH, aaTeM nocTynaeT B nepeoxnaaiiTenb ~ BCTpoeHllhlM 

narpeBaTeneM ( 8). ITepeoxnaaiiTenb ycTaHoBneH nenocpe)lcTBeHno nepea 

GonnoM IInii KOpOTKIIM KaniinnHpOM AIIaMeTpOM 0,3 -t 0:5 MM. B nepeoxnaaii

Tene BO)lOpOA KOH)leHCIIpyeTCSI IInii 38MOpamiiBaeTCSI B 38BHCIIMOCTII OT ero 

TeMnepaTyphi. Mbi IIccne)loBanii ABa pemiiMa pa6oThi. 

B nepBoM pemiiMe nocTynaiOmiii!: BoaopoJl cpaay BbiMepaan 

B nepeoxnaaiiTene II . KaniinnHpe, 6noKIIpyH ero BbiXOLlHOe OTBepc-

TIIe, BhmonHHH ponb xonoJlHoro aanopHoro KnanaHa. 3aTeM, B HymHbifl MoMeHT, 

IIMnynbcllo BKniO'Ianii HarpeBaTenb nepeoxnaaiiTemio H noJlnnaBIIBll!IIHCH so

JlOpoa Bbin9Tan B BaKyyMHyiO KaMepy ( 1) B BII!le 0'19Hb MenKIIX KaneneK 

miiJlKOCTII II KyCO'IKOB nbaa. BaKyyM B aKcnepiiMenTanbnoi!: KaMepe Me}KAY 

UIIKnaMII nO!l)lepmHBanCH 10 -
5 TO~o YxyAlll9HIISI BaKyyMa B MOM9HT BbiMOpa-

)I{IIB8HIISI. BOJlopoaa npaKTII'IeCKII He na6n10aanocb • . Jln H_ Toro, 'IT06hx HCKniO

'IIITb BniiHlliie raaosoro o6~eMa BoaopOJlHoro KaniinnHpa JlO nepeoxnaJliiTenH 

B MoMellT Bbi!laBniiBalliiH nnaBHmerocg Boaopoaa, Ha HeM 6bxn nocTasneH 

f. aononHIITenbllbitl: nepeoxna)liiTenb, IIcnonbsyeMbiH KaK OTCeKaiO!IIIIH Kniman. 

J 

ITepeoxnaJliiTenii xopomo "oTKpbiBaniicb" ·II "aaKphiBaniicb" c noMO!IIbiO narpe

BaTenei!:. Ha pHc. 2 noKaaaHa oqepeaHOCTb no)la'III aneKTpiiqecKIIX .IIMnynbcoB 

Ha KaTymKy aneKTpoMarlliiTHoro Knanana II narpeBaTenn ocnosnoro n aonon-

-HIITenbHoro nepeoxnaJlHTenea. CxeMa c JlBYMH nepeoxnaJlHTenHMH pa6oTana, Ho 

peaynhTaTbi 6bxnii BIIayanhHO TaKIIe me, KaK B npeabiJlymeM cnyqae, T.e. 

aononHIITenhllbin nepeoxnaJlHTenb He oKa3biBan cymecTBeaaoro BniiHlliiH aa 

<jlopMy cTpyii. To'IHOCTb noHBnelliiH cTpyii Bo · BpeMeHII ( · Ilo nopqe BaKyyMa) 

6bxna He xyme 'leM 0,1 ceK. Pacxo)l raaoo6paaaoro BoaopoJla. cocTaBnHn 

6Q CM
3 

fUIIKn npH JiniiT~nbHOCTII OTKpb!TIISI Knanaaa (5) B -~OMeHT 'HaMopa_; 

)I{HB8HIISI B OCHOBHOM nepeoxna)liiTene fl. t "' 200 MC9Ke CTpyH IIMena 

7 



0 1 2 3 ~ 

1 
2 
3 

..__ 4 

5 cek 
Puc. 2, CxeMa no)la'lii IIMnynhCOB na Knanaa ra3oo5pa3aoro BOilopolla 
H aarpeBaTenn rrepeoxnalll!TeneH, 1 - aarpeBaTenh llOIIOnHHTenhHOI'O nepeoxna~ 
nnTenSI, 2 - KnanaH no)la'ln ra3oo5pa3aoro BOilopoaa, 3 - narpenaTenh oc--
aonaoro nepeoxnallnTenSI,· 4 - naKyyM B KaMepe. · 

0 
yron paCXOilliMOCTH IIPIIMepao 60 , B HeKOTOpb!X cny'laSIX B KOHUe UCTe'le-

HJISI l!3 KannnnSipa IIOSIBnSincSI cTep~eaeK TBepaoro noaopoaa annnoH 

10 1- 20 MM, KOTophiH oTnaMbiBancSI B MoMenT aa-.:iana cneayromero ncTeqe-

HHSI, 

Bo BTopoM pe~nMe pa5oTbi TeMnepaTypa nepeoxnaanTenSI 

IIOilll9p~l!BanaCb C IIOMOII!h!O IIOCTOSIHHO BKn!O'l9HHOI'O aarpeBaTemt 

T8KOH1 IIp!I KOTOpOH Bb!MOpa~HBaHl!SI BOilOPOil8 ae nponcxoanno. ITpn 

~anneHIIII noaopona 12 aT ynanoch (oqenh aecTa5nnhno) nony'laTh cTep

~eHhKH TBepnoro Bo)lopona 0,5 MM H nnnnoH 50 1- 80 MM, ·rrpii eme 6onee 

BhlCOKOH TeMnepaType nepeoxnannTenSI cTpySI noSIBnSinach·npnMep?o qepe3 

60 1- 80 MCeK riocne OTKpb!THSI BOJlOpO,'lHOI'O Knanaaa H Bbii'nSI)lena, K8K 

nna~HbiH nap. ITo-BHill!MOMY, aTo 5binH KanenhK.H MeTacTa5nnhHOH ~HilKOCTH 

nnn TBepnhle qacTn'lKH, o5pa3onanmnecSI ·u3 · nnx. CTpySI 'ifcqe3ana 

B MOM9HT 3aKpb!THSI Knanana, PaCXOilHMOCTh CTpyH 5bina 1 KaK H panee, 

oKono 60° n npaKTH'l:eCKH ae 3anncena oT Toro, KaKoe ncnonh30Banoch 

conno: nrna anSI HH'heKunn ¢ 0,3 MM llnHHOH 10 MM min pacmnpSI!Oil!eecg 

conno c nnaMeTpoM meHKH 0,35 MM n llHaMeTpoM Ha BbiXone 1,5 MM. 

8 

( 

Bo3Mo~no, 'ITO npenMyiJ 

. BaB <jlOHOBbl9 ycnOBHSI M 

YCKOpHTeng, 

llnSI TOI'01 'lT05bi C 

cpa3y 3a connoM 6bin y 

H3I'OTaBnHBanCH H3 <fl:o~ 

'laCT~U TBepnoro BOilOPC 

KonnnMaTopoB~ B oKOH'l< 

C BHyTpe!IHHM )lHaM~TpO 

na Bhixone H3 KonnnMaT 

ra30BOH CTpyH KOnnHMai 

y)laeTCSI cpe3aTh 'laCTH~ 

KHM yMeHbll!eHHeM )lOnH 

ITo 

CTa6nnhHOCTh pa6c 

HOCTH IIOJl)lep~aHXISI TeM 

'ITO npouecc oxna~aen~s 

poll noaaeTcH HMnynhCF 

Oxna~aenne raGa 

ctieT xonolla napoB ncna 

aopoaa na necKonhKo r~ 

c aneMenToB KOHCTPYKUI 

IIpOH3BO)lllTCSI B nepeoxn 

yqacTKe 1-2 eM B aenoc 

nnn Kannnngpa,·8To·neo 

3aHHSI BOilOPDil8 r)le-nn5 



1 
2 
3 

~-4 

5 cek 

)pasaoro Bonopoaa 
lDnonanTenbHoro nepeoxna~ 
1, 3 - HarpeBaTenb oc-

yqa£X B KOHUe HCTeqe-

IO.Oopoaa annHoil 

era cneayroruero ncTeqe-

nepeoxnaanTenn 

:oro HarpeBaTenn 

He nponcxoanno. ITpn 

huo) rronyqaTb cTep-

0 MM. ·npu eru.e 6onee 

1nacb npnMepl.IO qepes 

, n Bhirnnaena, KaK 

~TaCTaonnbHOll mH.OKOCTH 

'PYSI 'Hcqes'ana 

~Tpyn Ohina; ·KaK n. panee, 
- . ' . 

'oe ncnonhsoBanocb 
~ . 

nnn pacrunpnrorueecn 

:a Bb!XO.Oe 1,5 MM, 

1 
.j 

'! 
! 
l 
1 

·I 

J 
+ I 

BosMomno 1 qTo npenMyruecTBo conna MOmHo ohmo Obi ycTAHOBHTb1 nccneao-

BaB cpOHOBbie ycnoBHSI MHIII8HH, ooycnoBnHBaeMbie nopqeif BaKyyMa B KaMepe 

ycKopnTenn. 

KonnnMaUHH CTpyn 

llmr Toro, qTOObl coopaTb CTpyro B cnaoo paCXO.OSIIUHllCSI nyqoK1 

cpasy sa conn oM ohm ycTaHoBneu KonnnMaTop ( 91 pnc,. 1). KonnnMaTop 

nsroTaBnHBancn ns cpToponnacTa, qToobi yMeHbiUHTb oceAaane aa HeM 

qacT~U TBepaoro BOAopoaa. ~ccneaoBanncb pasnnqH6Ie .onaMeTpbi n annHbi 

KOnnHMaTopoB, B OKOHqaTenbHbiX HaiiiHX Ofib!TaX Mbl npHIISinH KonnnMaTOpbl 

C BHyTpeHHHM AHaMeTpOM 5-t6 M_M H .OnHHOll 30of4Q MM, PaCXO.OHMOCTb CTpyH 
0 

aa Bhixoae ns KonnnMaTopa yMeHbiiiHnacb ao 5-tlO ( pnc, 6). B cnyqae 

rasoBoil cTpyn KonnnMaunro ocyruecTBHTb aeBosMomao. B nyqiiieM cnyqae 

yaaeTcSI cpesaTb qacTnqao nepncpepnqecKne cnon cTpyn, qTo cBnsaao c pes

KHM yMeHbiiieaneM aonn ncnon:bsyeMoro rasa, 

IToagepmaHne TeMnepaTypHoro pemnMa 

CTaonnbHOCTb paOOTbl MHIII8HH B oonbiiiOif CTeneHH SaBHCHT OT Toq

HOCTH noAaepmaHHSI TeMnepaTypaoro pemnMa, 3aaaqa ocnomaneTCSI TeM, 

qTo npouecc oxnamaeH~SI Boaopoaa aocnT aecTaunoaapHbiii xapaKTep: Boao

poa noaaeTcn nMnynbcHo, 

Oxnamaeane rasa B ocaoBHOM nponcxoanT B TennoooMeHHHKe (7) sa 

cqeT xonoaa napoB ncnapnroruerocn rennn. OKoHqaTenbHoe oxnam.oeane Bo

aopo.oa Ha necKonbKO rpaAycoB (a naoraa TonbKO caiTne TennonpnToKa 

C aneMeHTOB KOHCTpyKUHH 1 qTOObl npeaoTBpaTHTb HarpeB8HHe BO.OOpoaa) 

nponsBOAHTCSI B ~epeoxna.onTene (8) sa c~eT xonoaa ~n.oKoro rennn aa 

yqacTKe 1-2 eM B aenocpeacTBeaaoil onnsocTn oT BbiXO.OHoro cpesa conna 

nnn Kannnnnpa. · 3To Heooxo.onMo, qToobi yMeHbiiiHTb Bos~wmaocTb saMep

sannn Bo.oopo.oa r.oe-nn6o B TpyoKe npe.oBapnTen:bHoro TennoooMeHHHKa, 
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" TerrnoooMeHHUK BhiiiOnHeH B BULle LIBYX MeLIHh!X Tpy5oK 1 CII85IHHh!X 

Memay cooofi Ha anuHe 420 MM: renueBas:r Tpy6Ka 21 5x3 M, BoaopoLIHhiil: 

Karrunns:rp tS 1,6/0,8, Ha Tpy6Ke II Karriinns:rpe HaMoTaHhi ManormepuuoHHhie 

rrnaTUHOBhie TepMoMeTphi corrpoTHBneHIIsr ( T 1 "* T 
4

), aaniiTbie arroKCULIHoii 

cMonoil: ansr o6ecrreqeHusr xopomero TerrnoBoro KOHTaKTa co cTeHKaMu Tpy--

5oK B BaKyyMe, 

EonbmyiO ponb B pa5oTe Terrnoo5MeHHHKa urpaeT ero TerrnoeMKOCTb, 

HaM . ne '· yaaBanocb rroaaepmuBaTb Heo5xoanMhiH TeMrrepaTypHhifi pemuM Terr

noo6MeHHUKa, perynnpys:r KonuqecTBo oxnamaaromero renus:r, Boaopoa qacTo· 

aaMepaan B: Karrunmtpe, Toraa ohmo rrpeanomeno ocymecTBUTb uMrrynbcHyro 

IIOL18'IY XOnOLIHOI'O renusr B'TerrnoooMeHHHK C IIOMOII!biD aneKTpOM8I'liHTIIOI'O 

KnarraHa · (10), pa6oTaromero cnHxpoHHo c KnarraHoM rroaaqn Boaopoaa. B MOMeHT 

aaKphiTU.Il KnarraHa Terrnoo6MeHHHK Ha'lnHaeT aaMeTno rrporpeBaTbcs:r na-sa Terr

norrpliToKa H3BHe. ITocne rroaaqn oxnamaaromero·remf.ll oH BHOBb Ha'lnHaeT OCTbi-
' 

B8Tbo Ha pnc, 3 rroKaaaHa oqepenHoCTb KoMaua na Knarrauhr, · YBenntJnBan 

BenntJuHy aanep>KKH 1!!. t 3 .· Mo>KHo ua6nronaTb 1 KaK CTpys:r CTAHoBnTcs:r Bee 

6onee BunnMofi, a aaTeM ucqeaaeT ua-aa aaMepaauu.ll Bonopona. 

4t 

"l I \ 

1 

2 

I ' ____ ) '--~- 3 

0 i 2 3 it 5 6 7 1 2 3 ~ 5 cek ..... 

Puc. 3. CxeMa rronaqu nMrrynbcoB Ha KnarraHhi raaoo5paaHoro Bonopona 
H UCIIapsrroruei'.OCsi. re'.ims:r, 1- KmirraH .ucrrap.llroii!erocs:r renHs:r

1 
2 .:_ Knarrau 

raaoo5paaHoro Bonopoaa, 3 - BaKyyM B KaMepe, a - pe>KHM rronyqeHH.Il 
CTpyH B MOMeHT IIOL18'1H I"8300opa3HOI"O BOLIOPOLI8 1 6 ( IIyHKTHp) .;. rronyqe-
HHe cTpyu B pe>KHMe 'caMoaarrycKa', 
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i 
,;. 

.:,' 

,. 
'· 

,._ 
·tl 
~L· 
J·'\, ., 

M'•' 

B ueKoTopi,rx Hal 

rrycKa", 3TO.LIOCTHran 

Terrnoo6MeHuuKa Ohma 

Ha KpUBOH 2), 3aTeM 

oqeHb xopomo BHLIHMas 

CTpyu C 5onbii!OH TOqH 

B Terrnoo5MeHHUK, HuTe 

aena Gonee · rrnoTuo~, ' 

. rroaa'IH Bonopoaa (3a), 

, Bo: BpeMs:r nona 'If 

Ka pe3KO. B03p8CT~na I 

H85I, TO'IHOC-z:b. U3MepeH 

TepMoMeTphi H~;iLIO ohm 

Mnqec;:Kne a~<jlopMaun!l, 

poB, TpeooBanu nnnnBu 
'1 

unst aKcrrepn1-:19,YT.anbHO 

TepMOMeTpOB. 3811J!~h!BI 

BenutJuHa, no KO~ 

pOCTb ero BOCCT8HOBnE 

meHn u ycKopnTensr. 

H a puc. 4 rroKaa~ 

B 38BHCUMOCTU OT TeM 

·. mupeHusr rasa Terrnoco, 

cTynaTenbHo·nBumymefi 

m /),. i. = me 1!!. i c +' m1 

+ (m~0+ ~nrrd 'rulp. 
t'J •. , . .,._ 



Tpy50K 1 CII8SIHHb!X 

5x3 M 1 BOLIOPOLIHbifi 

H. ManormepunoHHbie 

sanHTb!9 9IIOKCHLIHOit 

lT8 CO CT9HK8MH Tpy-

ero TennoeMKOCTb, 

!paTypHbifi pe:nmM Ten

·ennS!~ Boaopoa qacTo · 

l9CTBHTb HMIIynbcHy!O 

) sneKTpoMarHHTHoro 

atiH Boaopoaa. B MoMeHT 

orpeBaTbesr Hs-aa Terr

El BHOBb Ha'IHHaeT oeTbi-

1 KnarraHbi, YBenn'lnBa~ 

SI ··eTliHOBIITCSI Bee 

BOLIOPOl\1:1, 

--·1 
_._: -2 

•· . -

S cek 

:paaHoro .: Boaopoaa·· 
rennsr, 2 .::. Knanan 
pe:lKHM· nonytieHnsr 

(nyHKTnp) .;.. nonytie-

.. .. 

4·.•·. 

B H9KOT0pb!X HaUIHX OITb!T8X Mbl rronyqann eTpy!O B p9:1KHM9 "CaM03a

rryeKa". 3To aocTnranocb eneayJOIUHM o5pasoM. B MoMenT, Koraa TeMrrepaTypa 

Terrnoo5M9HHHK8 5bma HH3Ka1 B HeM HaMopa:lKHBanesr BOLIO POll ( HMrrynbe "5 " 

ua KpHBoit 2). 3aTeM rrpn eneay10meM rrporpeBe Terrnoo5MeHHHKa rroSIBnSinaeb 

0'19Hb XOpOU!O BHLIHMaSI eTpysr (nMrrynbe"5"Ha KpHBOit 3), BpeMsr ITOSIBneHHSI 

CTpyn C 5onbUIOU TO'IHOeTb!O COBII8llano e BpeMeHeM Ha•Iana noaaqn rennSI 

B Terrnoo5MeHHHK, l1HTepeeHO OTM9THTb1 'ITO B 9TOM cnyqae CTpysr 05b!'IHO Bbirnsr

aena 6onee rrnoTHofi, qeM rrpn ee HerrocpeacTBell'uoM o5j:JasoBaunn B MoMenT 

rroaaqn Bonopoaa (3a). 

Bo BpeMSI rroaaqn Boaopoaa TeMnepaTypa xonoaaoro KOHUa Tennoo5Meuan~ 
0 0 

Ka peaKo BospaeTana e 5 ao 14 K, a saTeM CHOBa ITOHH:lKanaeb; A5conJOT-

aasr TO'IHOe":b H3MepeHHSI TeMrrepaTyp Terrnoo5MeHHHKa HeBennKa (:!:.2°) 
0 

T,K; 

TepMoMeTpb! HaliO. 5binO eaenaTb MHHH8T!OpHbiMH H ManOHHepUliOHHb!MH, Tep

MH'19C:KHe ae<jlopMaUHI.I• . B03Hl!KaJOIUne rrpn naroToBneunn n. pa5oTe ..TepMoMeT

poB, Tpe5oBann HHLIHBHllyanbHOfi Kann5pOBKll Ka:lKLIOro •TepMOMeTpa, KoHeTpyK.:. 

uni 9KenepHM9.HTanbHOU yeTaHOBKH He IT03BOnsrna STO caenaTb, . floKaSaHHSI 

TepMOMeTpOB. 3arrHebiBanneb 6bieTpOL19HCTBy!OIUHMH ITOT9HUHOMeTpaMH, . 

BaKyyM 

BenH'IHHa, LID KOTOpofi YXYLIUI89TCSI BaKyyM B MOMeHT HeTe'leHnsr, H eKo

poeTb ero BOeeTaHOBneHHSI. HM910T rrpHHUHITHanbHOe :3Ha'I9HHe anSI pa6oTbl MH-

UieHn n yeKopnTensr. 

Ha pne. 4 rroKaaaHo Terrnocoaep:lKaHne :lKHLIKoro n TBepaoro Boaopoaa 
. /56/ 

B saBncnMoeTn oT TeMrrepaTypbi conna ' • B cnyqae aana6aTntieeKoro pae-

UinpeHnsr rasa Tennocoaep:lKaane paexoaye~csr ·· aa KHHeTn'lecKyJO saeprn10 no-
. ' 

cTynaTenbHO LIBH:lKyiUefieH eTpyn !li c H Ha o6paaoBaHne napa 11'ncn, 
2 2 

m 11 i = me 11 i e + '. mn A i,.cn.· = . A ( c KC ., .. cne . . ),.. . . 
u ~· --- m Ke + .---.. mne .. + 

~· 2g ~ 2g • . 

+ (mnc:+ mud rgap. 
,· :: •J 
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m c = m KC + m nc ; mn mnc + mn11.; m = mKC+ mnc + mn11. 

3JJ.eCb m 1 m 1 m 1 m , m , m - KOnH'l8CTBO I"asa: OO!Uee, CTpyH, napa, 
c n KC nc n11. 

KOHJJ.eucaTa cTpyn, napa JJ.Hqxpysuoro; r nap: cip~rTag TennoTa ncnapemm; 

cKC cnc -.CKOpOCTH KOHJJ.8HCaTa n·napa CTpyu; A - TepMH'l8CKHH 8KBH-
• a.Jic 

BaneHT paooTbi. b., lJ T 

120 

100 

80 
60 

~0 

20 
0 

L 
/ 
v 

r 

~ --
4 6 8 to 12. 14 16 18 20· k 

Puc, 4, Tennoco11.epmaaue mHJJ.KOI"O H TBepnoPo Bonopona B saBucuMocTu 
OT TeMnepaTypb!, 

PaccMoTpnM, ua 'ITO pacxonyeTcg Tennoconepmaaue BbiTeKa!O!llei"o 

B BaKyyM )KHJJ.KOI"O BDJJ.Op0/1.8 B cneJJ.y!OlllHX npeJJ.enbllbiX cnyqagx: 1 - nap 

B cTpye oTcyTcTByeT ( mnc = 0 ) , ucnapenue mHJJ.KDI"O Bonopona uneT Ha · 

oopaSOBal!H8 JJ.HtPtPYaiiOI"O napa ( mn= mf:Uf; IT - KHH8TH'l8CKag 9H8pi"Hg KOHJJ.8H

C!IpOBaHHOH CDCTaBnsl!OIU8H CTpyn Mana, T,K. Mana ee CKOpOCTb ( c KC = 

= 10 4 20 MiceK). 

B pacqeTax Taon. 1 npuagTbi TeMnepaTypa mnJJ.Koi"o BonopoJJ.a nepen 

conrioM 14 °K, TeMnepaTypa cTp~u B MOMeHT BXOJJ.a B ropnoBHHy Kpuonacoca 
0 . ' . 

4,2 K. Dong JJ.nqxpysuoPo napa oT KonutieCTBa BnycKaeMoi"o BonopoJJ.a( 12%) 

onpe11.enena aKcnepnMeHTanbHO no yxynmeun10 BaKyyMa B MOMeHT uuKna. Dnn

TenbHOCTb CTpyu 150 MC8K 1 CKOpOCTb nOTOKa nepen connoM V = 0, JJ.Ha-

MeTp CTpyn 10 MM 1 /),. i o o = 730 JJ.m/p ( CM,pHC, 4) 1 r = 453 JJ.)K/ I" 
t4 -4.2 nap 

12 
.;_ 1 

KonuqecTBO BoJJ.opoJ 
B BaKyyM, m (I"lUHKJl 

2 KonuqecTBo JJ.n¢<jlysi 

m n11. ( I"lUHKn) 

3 KonuqecTBo napa c~ 

m nc (I"/UHKn) 

4 KonuqecTBO KoHJJ.eH 
m Kc (r/urJ 

5 Dong napa (m nc+ mn 

6 CKopocTb KOHJJ.eaca1 

c KC ( Ml ceK) 

7 CKopocTb napa cTp) 

8 PasnocTb TennoconE 

1Tf/),.i14°-4.2° 

9 KnneTuqecKag anepr 
c2 

cTpyu A...::.KC....mKc(nw 
2g 

c. 10 KuneTutiecKag anepr 
c2 

A .....:..n.c.._ m nc (nm) 
2g 

11 KonuqecTBO Tenna, 
ucnapeuue Bonopona 

(nm) 

12 ITnoTHoC~b cTpyu p 

l1s Taonl!Ubl BHJJ.HC 
I 

~ I TOnbKO Heoonbmag '!aCT 
I 

u oxnamnenue TBepJJ.oi"o 

sa C'leT ucnapenug qac· . ' 

BoJJ.opona·nepeJJ. connoM 



•a3a: o6mee 1 CTpyH, napa, 

rennoT!l rrcnapemm; 

- TepMiPI9CKHil 8KBH-

l 

•O.Ua B 3aBHCHMOCTH 

arre BhiTeKaJOmero 

~ cnyqaHx: 1 - nap 

o Bo.aopo.aa rr.aeT na 

cKaH aneprrrH Kon.aen

cKopocTb ( c KC = 

:oro Bo.aopo.aa nepe.a 

~oprioBrrny Kprronacoca 

MOI'O BO.UOpo,aa( 12%) 

~ MOMeHT UHKlla. nnH

Onl!OM v = 0, .arra-
. ' . ' 

453 .a>KI I' 
nap 

Ta6nuua 1 

KonrrqecTBo Bo.aopo.aa, BhmycKaeMoro 
B BaKyyM 1 m (riUHKll) 

2 KonuqecTBO .r.ur¢<j:Jy3Horo napa 

m n.a ( r I UHKll) 

3 KonrrqecTBO napa CTpyH 
. mnc (rlurrKn) 

4 KonuqecTBo KqnnencaTa cTpyrr 
m Kc t rluiiKn) 

5 JlonH napa (mnc+ mn,a)!m 

6 CKopocTh Kon.aencaTa CTpyH 

c KC (MIceK) 

7 CKopocTh napa CTpyH c nc (MiceK) 

8 Pa3HOCTh Tennoc o.a e p>KaHHil Bo,nopo.aa 

I II 

2 3 

-3 2,8.10 . 3 
(30 eM lurrKn) 

3,6.10 
-4 

0 7,4.10 
-5 

2,44.10 -3 
2,37.10 -3 

0,12 0,155 

186 20 

500 

TTl f'o..i 14o_ 4•2o 
0,206 ( 100%) 

9 KrrneTnqecKaH anepruH Kon.aencaTa 
c2 

cTpyH A..::....KC....mKc(.a>K) 
2g 

0,043 ( 21%) 

10 KuneTnqecKaH aneprHH napa cTpyu 
c2 

A __::_nc_ m n c ( .a >K ) 0 
2g 

11 KonuqecTBO Tenna, pacxo.ayeMoe na 

rrcnapenue Bo.aopo.aa (mnc+ mn.aJ r nap. 
(.a>K) 0,163 ( 79%) 

3 -6 12 DnoTHOCTb CTpyH p (rlcM ) 1,1,10 

-4 
4,65.10 "'0 

0,009 ( 4,4%) 

0,197 (95,6"tt.) 

.. -5 
10 

J13 Ta6nHUbl BH.UH0 1 qTo Ha KHHeTuqecKyJO 8H9pi'HIO CTpyH pacxo.ayeTQH 

TOllhKo ne6onhrnaH qacTb o6mero 3anaca Tennoco.aep>KaHHH. 3aTBep.aenanue 

II oxna>K.aenrre TBep.aoro Bo.aopo.aa .ao renrreBbiX TeMnepaTyp B ocnoBHOM n.aeT 

3a cqeT rrcnapemm qacTrr >KH.UKOcTrr: 12-fl5%. B' cnyqae TeMnepaTyphi >Krr.aKoro 
0 

no.aopo.aa nepe.a connoM 20 K aTa urr¢pa BbrpacTaeT .ao 21%. Ecnrr Ii3 conna 
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. 0 
BbillaBmmaTb TBepllbiH BOllOPOll npn 13,95 K, TO KOnH'IeCTBO napa yMeHbiiiHTCSI 

11.0 3%. YxylliiieHHe BaKyyMa onpenensreTcsr KOnH"!eCTBOM lllltPtPY3Ho-

ro napa (mITt!~ ll n09TOMy ero >KenaTenbHO yMeHbiiiaTb1 COOTBeTCTBeHHO yBenH-
. /4/ 

'II!Basr Konn'IeCTBo napa B cTpye (m nc ) • KaK yKa3&IBanocb panee n npoBe-

peno IIOBTOpH01 . CTpysr, IIOII8BIIIaSI B noByiiiKy Hacoca, 3aXBaTbiBaeTCSI npaKTII

"!eCKII nonHOCTbiD. KnHeTH'IeCKaSI 9Heprnsr CTpyn BHOBb nepeXOilHT B TennoByro 

B MOMeHT TOpMO>KeHHSI 0 llHO nOBYIIIKH KpHOHacoca H BOCilpHHHMaeTCSI >KllllKHM 

renneM. 

llHtPtPY3HaSI COCTaBnSIIDIIIaSI napa pacnpOCTpaHJieTCSI ITO BaKyyMHOH KaMepe 

n 3aTeM oTKa"!nBaeTcsr nacocaMn. CKopocTb oTKa"!Kn onpenensreTcsr n3 ypaB-

HeHHSI 
:£Qt 

p P e v 
0 

npnP >> · P 3necb P - na"!anbnoe llaBnenne, :£ Q - rrpon3BonnTenbHOCTb 
npen. o 

nacocoB·, V - o61>eM BaKyyMHoli KaMep&x, P ·- npene.iibHoe 3Ha'Ienne 
npe11.. 

BaKyyMa1 t - BpeMsr. . 

B HaiiieH SKCIIepnMeUTanbHOH ycTaUOBKe ITOCTOSIHUasr BpeMeHH OTKa"!Kll 

6&ma paB!ia 
:£Q 
-v-

900 

150 

1 
6CeK 

Tnnn'Inasr ocunnnorpaMMa H3Menennsr BaKyyMa B MoMeHT unKna noKa3aHa na 

pnc. 5. · B cny"!ae ra30BOH CTpyn BaKyyM BOCCTaHaBnHBaeTCSI 6&ICTpee, '!eM 

B cny'Iae cTpyn n3 cKonnencnpoBaHHoro ra3a. 3To o6'hsrcnsreTcsr reM, 'ITo 

na B&xxon~ ·n3 conna nnorna oce11.aroT TBepll&Ie "!acTn'IKn, B03~0HKa napa 

c KOTop&xx nponcxonnT oTHocnTenbHO Mennenno. 

M&x He na6nro11.ann KaKoro-nn6o H3Menennsr BaKyyMa, KOrlla na ropnoBn

Hy Kpnonacoca (6 50 MM) ycTaHoBnnn MafinapoB&xli unnnnnp B&xcoToli 80 MM, 

KaK 6&1 npn6nH3HB nOBYIIIKY BIInOTHyro K BblXOilHOMY Ce"!eHHID KonnHMaTopa. 

3-ro, MO>KHO' o6'hSICHHTb TeM, 'ITO ra31 KOTOpbiH rrpHBOilllT K YXYiliiieHHID Ba

KyyMa1 paccenBaeTcsr B .3a3ope Me>Kny connoM n KonnnMaTopoM. B CBSI3H 

14. 

l'. 
I 

j 

'/. '' 

2 
~.3 

,4·10· 

2·-10.3 

-3 
10 

5·10·~ 
. '· 

·w·4 
., 3·10·5 
.' . 0 

. Pnc. 5. l13Menenne sap 
llnHTenbHOCTb OTKpbiTHS 
30 cM3 /unKri). BaKyyM 
Kann6poBaHHoro aa Bo3 

c 9THM conno 6&mo no!\ 

nsrromerocsr c BaKyyMaoli 

AMnnnTyna nop'In BaKyy: 

no IIpOHCXOllHTb 6&ICTpeE 

! 

CTpysr CHHManacb 1 

B ceKyany (pnc. 6). Jlm 

6&ma ycTaaoB.neaa neoao 

Tnsr Knanaaa nonaqn· B~lll 

B&mo 3al\:ie"!eno, "!1 

CSI IIOCne noAa'IH BOilOPOJ 

. K 3aKp&ITHeM Knanana. C 

nan6 onee xonollH&di: •. Y cT 

CTpyH yMeHbiiiaeTCSI npH 

BTOpOH H TpeTbeft CTpyn, 



eCTBO napa yMeHhlliHTCSl 

:TBOM JlHcpcpyano-

COOTB9TCTB9HHO yBenii-

/4/ 
nocb panee H npoBe-

axBaTbiBaeTcn npaKTH-

nepexoJlHT B TennoByro 

lOC!IplliiiiM_aeTCSl )KI!JlKIIM 

r no BaKyyMHOti KaMepe 

·npenenneTCSl 1!3 ypaB-

Q. - llPOII3BOJlllTenhiiOCTh 

taSI BpeM9HH OTKa'IKII 

HT UIIKna noKaaaHa na 

3B9TCSl 6biCTpee, '19M 

bSICHSleTCSl teM, 'ITO 

'IKII1 B03~0HKa rrapa 

'Ma, KorJla Ha ropnoBH

nHHJlp BbiCOTOit 80 MM 1 

e'leHHID KonnHMaTopa. 

liT K YXYJlllieHHID Ba

IIMaTopoM. B CBSI3H 

2,4·10·.3 
TOp 

2. .iQ-3 

·3 
10 

5·10·4 

·iO·~ 
i 3·10·5 

I 0 1 e. 3 
PHc. 5. l13M9H9HHe BaKyyMa B MOM9HT npOXO)KJl9HHSl CTpyH (pH 

2 
= 3,5 BTM, 

JlnHTenhHOCTh OTKpbiTHSl Knanana paBHnnaCb 150 MCeK, paCXOJl BOJlOpOJla 

30 cM3 luHKn). BaKyyM H3Mepnncn c rroMOUihro JlBT'IHKa MM-13M-4, oT-
KanH6poBaHHoro Ha B03Jlyxe, ' 

c aTHM conno 6bxno noMeUieHo B KaMepy BepxHero KpHoHacoca ( 4)·, coeJlH

Hnromerocn c BaKyyMHoit KaMepoit qepea KaHan c xonnllMaTopoM (9), pHc. ·1. 

AMIInHTyJla nop'IH BaKyyMa OCTanaCb npe:>KHeif, BOCCTaHoBneHHe BaKyyMa CTa

no npOHCXOJlllTh 6biCTpee. 

l1HLlHKaUHSl CTpyH 'H ee rrapaMeTpbl 

CTpyn CHHManach KaMepoti 'KOHBac' CO CKOpOCT~ID c~eMKH 32 Ka)lpa 

B C9KYHJly (pHCo 8). nnn npHBSl3KH noSIBneHHSI CTpyH KO Bp9M9HH y CTp~H 

6bxna ycTaHOB.neHa HeoHoBan naMilO'IKa - OTMe.T'IHK BpeMenn aaKpbiTH~ H OTKpbi

THSl KnarraHa ll0Jl8'1H. BOJlOpO)la. 

Ebxno aaMe'leHo, 'ITo BHJlHMan cTpyn IIOSIBnneTcn 'lepea. nexoTopoe ape

en no.cne llO):ta'IH BOilOpOJlao l1C'I93HOB9HH9 CTpyH llpOHCXOJlHT OJlHOBpeMeHHO 
" • ' > 

. K 3aKpbiTH9M KnarraHa. CTpyn He BIIJlHa B TOT MOMenT.' KOr)la Terrnoo6MeHHHK 

HaH6onee xonoJlHbiti. YcTaHoaneHo, 'ITO BpeMSI cymecTBoBaHHSl HeBHJlHMoit 

cTpyH yMeHhmaeTcn npH yBenH'IeHHH pacxo)la BOilOPOJla. Ha cpoTorpa.fJHnx 

BTopoti H TpeTbeit CTpyH, BblllyUieHHbiX Bcne)l 3a nepBoti C HHTepBanoM 
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PHc. 6. CTpy.s~ ·BoJlopoJla B BaKyyMHoit KaMe;_ 

pe ( p . = 6 8TM1 JlnHTenbHOCTb. OTKpb!TH51 
· H2 . · · 
KnanaHa paBH51nacb 150 MCeK1 CKOpOCTb 

C'beMKH 32 K8Jlpa B CeK). naMnO"iK8 YK83bi

BaeT JlnHTenbHOCTb nOJl8"iH.aneKTpH"ieCKOrO 

H~nynbca g~g OTKpb!THH KnanaHa. BHJlHMa51 

niHpHHa 'cTpyli 8 MM. HanH"iHe cTpyH 'Ha noc

neJlHeM KaJlpe 06'b51CH51eTC51 MeXaHH"ieCKOH 

· SaJlep)KKOH 3aKpb!TH51 KnanaHa (25 MCeK) • 

16 

0,5..0, 7 ceK, Ha6moJlanac 

51BneHHe CB513aHO C npOUt 

TBepJlOH nneHKH Ha BHYTJ 

C51 3Ha"iHTen'bHa51 "i8CTb l 

ITpH JlnHTenbHOCTH · 

Jlanocb ycuneHHe. cTpyH.t 

<omi:TenbHOCT.s~x ( 150 Mce 

HHTb TeM 1 'iTO yMeHblliae 

. JleHHeM Tennoo6MeHHHKa, 

· '6onhworo KOnHqecTBa np, 

, To ecTb JlnH yMeHblliE:!HH$ 

paaHo JlenaTb ee 6onee ~ 

Bbi3BaHHbiX "<jloHOM' OT r 

nnH CpaBHeHHH B. Tl 

CTpyH H CTpyH H3 CKOHJlE 

BpeM.s~ 
noJla"iHt 

MeeK 

t faaoBaSI CTpyst 75-tlOO, 
I . 

I CTpyst H3 CKOH-

1 JleHCHpOBaHHoro 

~ rasa 150 

! 
j 

x/ 
ITpH pac"ieTax KOl 

paBHOtl 14°K H CKOpOCTb 



>poria B 'BaKyyMHOit KaMe
~nHTenbHOCTb O_TKpbiTHSl 
150 MCeK, CKOpOCTb 

· ceK). flaMnO'IKa y·Ka3bi
.nona'IH.aneKTpH'IeCKoro 
biTHst Knanaaa. BHaHMast 
r.· HaliH'IHe cTpyH 'aa noc
casteTcst MeXaHH'IeCKOit 
st' Knanaaa (25 MCeK). 

·' 

l 
f· 

I 

0,5..0, 7 ceK, aa6monanacb. npHMepao Ta JKe KapTHHa. ho.:.BHaHMOMy, aTo 

stBneHHe CBH3aHO C npoueCCOM 06pa30BaHHH KOHaeHCHpOBaHHOft HnH aaJKe 

TBepnoii nneHKH aa BHyTpeaaeft noBepxaocTH KanHnnstpa~ na 'ITO pacxonyeT

CSI 3Ha'IHTenbHast 'laCTb BOaopona, nocTynaromero B nepBbiii MOMeHTo 

llpH nnHTenbHOCTH OTKpbiTHst.Knanaaa nona'IH Bonopona 75 MeeK na6nro

nanocb ycHnenHe cTpyH oT nepBoro K TpeTbeMy HMnynbcy, a npH .6onbWHX 

anHTenbHOCTSIX (150 MCeK) aao6opoT, ocna6neaHe. nepBoe MOJKHO o6'bstc.- . 

HHTb TeM 1 'ITO_ yMeHbWaeTCH BbiMOpaJKHBaHHe BOaopona, Bbi3BaHHOe nepeoxnaJK

aeHHeM Tennoo6MeHHHKa, a BTopoe - neperpeBoM Tennoo6MeHHHKa H3-3a 

6onhworo KonH<IecTBa nponymeanoro Bonopona ( I~t = }50 x 3 .;. 450 MCeK). 

,To ecTb nnst yMeHbWeHHH nonH BpeMeHH, Korna cTpyst aeBHaHMa1 uenecoo6-

pasao nenaTb ee 6onee nnHTenbHOft (~ 200 MeeK), Hcxonst HS orpaHH'IeHHii, 

Bbi3BaHHbiX "'!jloHOM" OT nop'IH BaKyyMa • 

.0nst CpaBHeHHSI B Ta6n. 2 npHBOaSITCSI HeKOTOpb!e napaMeTpbl raSOBOft .· 

CTpyH H CTpyH HS CKOHaeHCHpOBaHHoro rasa. 

Ta6nHua 2 

BpeMst KonH'IecTBo llJHpHHa ·cTpyH KonH'IeCTBo 
nona'IHt BbmycKaeMoro Ha paCCTOSIHHH BemecTBa, 

MeeK H2 ,cM31uHKn 80MM.OT r/cM2 

conn. ycTp-Ba 

faSOBaSI CTpyst 75-tlOO. so .. wo 30 .. 40 ·10-7 

CTpyst HS CKOH-
nencHpoBaHHoro 

1,1.10':"6 x/ rasa 150 30 .. 50 s .. ts 

x/ 
llpH pac'leTax KonH'IeCTBa · .BemecTBa na nyTH ny'IKa T c 6hma npHHstTa 

paBHoit 14°K H cKopocTb cKonnencHpoBannoft cTpyH - 186 M/c~K ( cM.Ta6n. 1). . ' ' . 
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i. 

B hi B o ·a hi 

1~ Oxna)l{ll8H IIMITynbCliO nonaBaeMbiii: B TeiT.iiOo6MeHliiiK aonopon, .. MO)I{

HO,ITonyqaTb B BaKyyMe CTpyro Il3 CKOHll9liCIIpOB8liHOI'O raaa, B pHge cny

qaeB yJianoch ITonyqiiTb cTep)l{ellbKII TBepnoro Bonopona tS 0,5 MM II nnnaoii: 

50-t80 MM. 

2, · tPTopoiTnaCTOBbiii: KOn.JiiiM8TOp C BHyTpeHHIIM llii8MeTpo·M 5-6 MM 

II .n.rimioii: 30-+40 MM, ycTaaoBneHllbiii: ITocne ·coiTna, co6IIpaeT cKoaneacli-

.. poBaaayro cTpyro B ITyqoK c ManhiM yrnoM pacxoniiMoCTII. Bn.niiMaH nmpiiaa 

CTpyii 8-t13 MM liB paCCTOH}IHII 30 MM OT KOnniiMaTopa; qTQ IToqTII B 4 paaa' 

MeHbllle .lllllpiiHbl I'830BOii: CTpyii, 
. . . -6 3 

3. OpiieliTIIpoBoqaaSI ITnOTHOCTb cKoa.neaciipoBaHnoii: cTpyn"' 10 r/cM • 

KoniiqecTBO BITycKaeMoro·raaa ITpii aToM coKpaTnnocb B 2-3 paaa~ 

ABTOtJbi 6naronapSIT A.r.. 3enbllOBIIqa II B.A. HIIKIITIIHa aa ueHHbie 

aaMeqaHHH ITpii o6cy)l{ll9HHH pa6 oTbi, 

ABTOpbl 6naro.napSIT A.A • .[leMI!Ha, r.r. XopeBa, H • .n. PbinOBa 38 ITO

MOillb B II3roToBneHIIII aKciTepnMeHTanbHoit ycTaHOBKH 1 H.H. EanaannKoBa 

· n aKciT.nyaTaUIIOHHhifi ITepcoaan O)I{H)I{HTenefi 3a 6ecnepe6ofiaoe caa6)1{eune 

)I{HllKHM renneM. 
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>rO r838< B PHile cny
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