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B nacTomuee opeMH na ycKOpHTen e ."Ja[Hiil<c mu,JX 'll!CTHU wHpOKitM ~lpOIITOM oe-

aeTCH .HccneaoomJHe D3aHMOtteiicTo.Hii c>Jie~!eHTapm.!X '!ilCT.HU. EonbwoH HIIT0 pe c 11pea-

cTaonneT .H3y'leH.He D3aHMOLteiicTDHH HyKnoHoB. B J<,~<JCCToe noJtopowwii M.Hwc nH 

HC!IOllb3yeTCH liH60 'IHCTb lii DOilOpOil ( B li<HilKOM IIJIII r;J3006pa ::l !IOM COC TO SIJiltll), ll1160 

nonii3THneH, KOK Hall6onee 6oraToe nonopoaoM coeJlHII 'J IIIIc. B •w c THO cTu, 11a CJt Hxpo-

ljla30TpOHO OVI5H1 npooeae11 pno pa6oT na DIIYTPC IIIIC" ll )' 'I K< ' npOTOIIOB c u c nonb::lO-

. .. I I I l< 
DllH.HCM TOIIKOH II0lllt 3 THTIOIIOBOII MHWOlllt OJifi'!CCTnO 130/l OpOi:W 1J \ IH IIIL'IIH COCTll ll-

-6 2 
nHeT 7·10 rlcM • Komt'!eCTno yrn c poaa n 6 pa:J 6oJibWO. ripouyKTh! n ::wn ~wae ii-

CTBKH nepB.H'IHOrO IIY'!Ka C yrnopOilOM C031la10 T 1[1011, KOTOp r.Jii ::l lllJ<JIJTOiiLIIO ::JnTpy.'l -

IIHCT fl3y'!en.He B38f!MOJleiiCTB.HH IlpOTOHOD C llpOTOIHlMH . i"'illlllfl TOJIIJlllll[l ~.111!11 0 11fl 

118T8liKHB8CT Ha MbiCllb 0 D03MO>KHOCT.H HCliOJJb3 013fJ IIHH r.130DOi i C TfJ )'H H3 'IH C TOI'O 

ooaopoaa ann upooeae uHn HccncaonaHI!ii rra nnyTponrr o~t IIY'"'c ycKofJIITOJ rH. I loH

po6Hble paC'!OTbl He o6XOili!Moii nnoTHOCTH ooaopoan n c Tpyc G r.!JJ !I cnomw• ·• I< .Ll. ToJJ-

121 
CTOBLIM • Ha ycKOfJI!T e nnx co cna6oii Ql OKycnpooKOJi UlfijJO r\l!ii Jc 1ncc 'I J:Crr n pll \ t O rr-

6 6 l o - G 10- ·l r /c,,
3 . II.·, TOB M O>Ke T J,JTb BLJnonHe H, ecnl! nnoTrroc Tb cTpyH yaeT -

yCKOpltTCTIC C l l<CCTKOii QJOKYCltpODKOii flliOTIIOC Tb TOK :O 110 ' IIIY T i>«l o II P~ J II)"II(C' B 

50 -100 pa3 BhiWO . Hni! Me llbWilH llOIIyCTII \ !.111 nJJOTIIOC Th · """''" II oKn3J·tB{t <'T C H 

10-7 
r l cM

3. TaKI>! M o6p~30M, od:"'H I!Ka c T :J flllO'I/1 C0:-1/l:ll,;t ·.r r ,., <<li i CJII C TfJ Y II B u uco

KOM oaKyyMe. CTpyH aonx<Ha 6b1Tb xopowo c<jlOfJMI!pouaun 11 H ~H'Th 'IOTKI!e rp tll liJ-

Ubi, TaK K8K 06bi'IHO Tpe6yeTC51 TO'IC'H!J,Ji·i II C TO'IHHK. 

B HaCTOHIUee opeMH ony6nnKOB8H pHil 3 KCn e pi! Me iiTi1 11 biii ·I X p a60T no <jlop ~m-
13 1 

pooKe ra3oBbiX cTpyu B saKyyMe. E.C. EoponHK H ap. c IIO!>I.OiliL Ju c onnn J1nuann 

3 



C03t:l8B8ll ll CBepX3BYKOB YIO C T pyiO y rneKHClJOT'O r a3a B BaKyyMe. CTpyR HMena paCXO

t:lH MOC Tb 40° . H a paC C T OSIHH H l30 MM OT CO!Ill8· ra3 IIOII8t:l8ll H8 KOHt:l8HC8TOp, OX

na>KaaeMbiil >KHt:lKHM a30T OM • .llaane Hne B KaMep e cox p a HSinOCb 

15 
TinoT IIOCTb r a3a B CTpye Ha Bbl X Ot:le H3 conn a 6bm a 1,24 · 10 

-5 
Ha ypOBHe 10 

3 
MoneKyn l cM 

TOp. 

!Ill!! 

- 8 3 
3· 10 r/ CM • 3TH BBT Opbl npoaenanH aHanor H'IHhi e Ollb! T bl c B OJlOPOt:lOM. C TpyR 

• / 4/ E 
KOHt:leHCHpOBGllilCu noBepXHOCTbiO, OXll8>l(J:18 eMO!! >Kllt:lKH M r enn eM • binS JlOCT!IrHy-

Ta T8K851 >Ke M0.'1eKynS1pH851 IIlJOT H OCTb. 

/5 / 
H . H. IO •uc HKOBa nayq ana HCTe '!eHH e B BSK Y Y M nap o a KHnStme ro aH<jJ¢y3HOHHo-

ro Macna • .lln nrief!n e n apoB Ha a xoae B c orrn o 4 Top. Ti oKa3aHo, 'ITO rrpoqJHnh CTpyn 

H apyrne ra30t:lHH8M H'IeCK He X8p8KTep!ICT HIOI Yt:lOBlleTBOpHT e llbHO COrnacyJOTC H C pac-

'!eT Hb!Mll Beni! 'II!H8MH , non y q eHH blMH C II OMO!Ub!O !1 3 B eCTHb!X MeTOt:lOB ra30BOH t:lHH8 M H-

KH . 

/6/ 
O 'ieHb JwT epecHaR pa6oT a BbiiiOnHeua E. EeKepoM H ap. OrrHCbtB a eTC SI ycTa-

nonKa , B KOT OpOii B OJl0p0JlH851 CTp y n <j>Op M HpyeT CSI C IIOM OIUb!O Tpex COOCHb lX COllen. 

Canna Me>I(t:lY co6olt paan.)neHbl J{SMepaMH c n p o MelKyT O'IHOli OTKS'IKOli. Tiocne aoaa

Tenh noe o6pe3allHe nepM.jlepn q e cKHX cnoea raao a oro noToKa n o aaonHno rrony'IHTb Ha 

BbiXoae n a nocneaHer o cann a xopowo Konnn M HpoaaH Hy io cae pxa ayKoayJO c TpyiO. f a 3o

o6pa3Hbll1 a oaopon rroa a oun ricn K nepBoMy canny flaaa nSI rro Temtoo6MeHHHKY, oxna

lKJlaeMoMy >KnnKn M nonoponoM. Ha•I a n bno e aa anenH e 0,1-0,9 aT. TinoTHOCTb r a3a 

. 11 14 3 
CTpyll B B8KY)'MH Oil K8Mepe 6bl JJ8 10 - 10 M Oll e Kyn / CM • TinOTHOCTb IIOTOK8 

16 19 2 
Mennnacb B rrpenen a x 10 - 10 Mon eKy n l c M · ceK. E hina H3Mepe Ha. T8KlKe CKo-

poCTb nOTOKa , KOTOpa SI OK83 811 8 Cb 700 MICeK. ~OpMy CTpyH X8p8KTepH3yJOT cne

JlYIOIUHe un.jlpbi : a naMeTp oTaepcTH SI nocnea n e ro corrna 0,8 M M. H a paCCTORHHH 44 MM 

OT nero C T pyH l!Mena nOllHYIO llll!pHHY 4 MM . 0TK8 '1K 8 B BKy yMHOli K8Mep bl Benacb 

AH<jJ<j>y3H OHHbiM H8COCOM C !Ip01!3BOAI!Te llb HOCTb!O 8000 llHTpOB B CeK, 'ITO II03BOlllllJO 

-5 
IIOt:lAeplKIIB8Tb [18KYYM B 3KCne p li MeHT 8llbHOM 06'beMe 10 TOp. 

K a K B Ht:ll!O 113 3TOT'O KPBTKOT'O 063opa , HII 0AH8 !13 OIIIIC8 HHblX yCT8HOBOK He 

MO>ICeT 6biTb npaMeHe Ha t:lllSl co3,111Hl!H BHy T peHHeii cTpyH - M Hllle HH anSI pa60Tbl Ha 

ycKOpHT e ne. B o n c e x naneCT Hbi X p a 6oTax nn o THO CTb ra3a B cTpye Ha 2 rropSla Ka 

MeHbwe Heo6xon n r>-wfl nenn'IHHbi . B MecTe c Te tv. u M eJOTCR yaa'IHbi e T e XHH'IeCKHe 

pewe HHSI, n03BOlJS!IOIUJ!e X OpOliiO KOllllHM11pOB8Tb CBeX3BYKOBOH IIOTOK H yna'311HB8Tb 

( KOHJle HCHpOB 8Tb) OTpa6 0 T 8 H Hbifl T'83 . 

4 

§ 2. P a 

CaenaeM HeKOTOpbie T 

ra3oaoro IIOTOKa. P acCM OTJ: 

C R 3 8KOH8M !1303 HTpOIIH'IeCt 

r a eTCR K pHTH'IeCKaR cKopo 

TinOTHOCTb p * H Jl8BlleHHe 

CTBYIOIU!I MH rra p a MeTp8 M ll 

poCTb!O( K COCTORHHIO raaa j 

EcnH rrpHHRTb ao BHH M SHHe 

a e 

TO Bb!IIHC8HHble <j>OpMyllbl I 

ce'!eHH e s* • Pacxoa r aae 

CIIe'IHB810IUHX B8KYYM B K8 ~ 

MO>KHO B bl'IHCllHTb KpHTH 'IE 

.llnSI oueHKH yrna pac: 

3H8Tb 'IHCllO M na c p e a 

e T 38BHCHMOCTb 

s* M 

'faKHM o6pa3 oM , e cnH 3ana 

n o <jlo pMyne (4) MO>Kno Hal 



yyMe. CTpyH HMena pacxo-

nan aa KOHneacaTop, ox
-5 

moc b Ha ypoaae 10 Top. 
15 3 

• }Q MOileKyn/cM HllH 

~hi c eonoponoM. CTpyH 
/ 4/ 

lnHeM • China nocTHrHy-

>B KHllHmero QH¢¢Y3HOHHQ-

138 HO, '!TO npo~Hnb CTpyH 

~enbno cornacyiOTCSJ c pac

~ MeTOQOB ra30BOH QHH8MH-

/ 6 / 
np. 0nHCblB8eTCH yCT8-

!OWblO Tpe x COOCHb!X Conen. 

:>il oTKB'lKOil. nocnenoaa-

a noaaonano nony'lHTb aa 

1e pX3ByKOBYIO CTpyiO. faao-

0 Ten.rtbo6MeHHHKY, oxna-

1,9 BT. nnoTHOCTb raaa 
3 

:M • nnoTHOCTb llOTOKa 

na H3Mepeaa. TBK)I{e cKo-

rpya xapaKTepuayiOT cne

MM. Ha paccTOSIHHH 44 MM 

{ YYMHOH KBMepbl aenaCb 

•OB a ceK, '!TO noaaonuno 
-5 

10 Top. 

OllHC8 HHb!X YCT8HOBOK He 

· MHWeHH QnSI pa60Tbl Ha 

a CTpye aa 2 nopSinKa 

YQB'lH bie TeXHH'leCKHe 

.oil llOTOK H yn8'31lHB8Tb 

§ 2. Pac'leT napaMeTpoa caepxaayKoaoro nOTOKa 

CnenaeM HeKOTOpbte TeopeTH'leCKHe oueHKH HHTepecyiOmax aac napctMeTpoa 

raaoaoro nOTOKa. PaccMOTpHM naMHHapHbiil nOToK Hneallbaoro raaa, non'lHHHIOWHil

CH 38KOH8M H303HTpOllH'leCKOrO Te'leHHH. nycTb B HeKOTOpOM ceqeHHH s* QOCTH-

raeTCSI KpRTH'leCKBH cKopocTb, paaHaSJ CKopoCTH aayKa ( qncno Maxa M = v* I a ) • 

nnoTHOCTb p * H naaneHH e p * D KpHTH'leCKOM Ce 'leHHH S * CBSI38Hbl C COOTDeT-

CTBYIOWHMH napaMeTp8MH p O H p O, OTHOCHWHMRCSI K o6naCTH C nyne eoft CKO-

pOCTblO(K COCTOSIHHIO raaa no conna): 

I 

p* = ( _2_ ) -y::I 
1+y 

Po 

y 

p*=(-2-)--y=!p 
1 + y 

y = c I c 
p T 

Ecna npHHSITb ao BHHMBHHe Bbtpa)l{enae nnSI cKopoCTH aayKa a noToKe 

a-J dp =lr gRT. 
dp • 

TO BbiiiHCBHHblB ~OpMynbi ll03BOnHIOT paCC'lHTBTb pacxon raaa 'le p e3 

ll) 

(2 ) 

Kpi!TH'l eCI<OC 

ceqeaHe s* • Pacxon raaa o6bi'lHO aanaeTCSI npoaaaonaTenbHOCTbiO nacocoa, oGe

cneqaeaiOmax aaKyyM e KaMepe aa6niOneHHSI. llnSI aanaHuoro pacxona 

<;:* = p * v* s* 
(3) 

MO)I{HO Bbl'lHCilHTb KpHTH'l eCKOe Ce'leHHe conna naaanSI. 

llnH OUeHKH yrna paCXOQHMOCTH CTpyH, Bb!TeKB!OWe ii B DBKyy M, He06X O!l HMO 

3H8Tb 'IHCilO M na cpeae conna. llnH n106oro c e 'le HHn noToKa s c yu tcc Tny-

eT 38BHCHMOCTb 

s 

s* 

1 y- 1 2 y + 1 
-[(--M +1)1(--)l 
M 2 2 

TaKHM o6paaoM, ecna a anano Bbtxonnoe c e 'lenae c onna s 

(1) 

, TO na e r o c pe3· · 

no tjlopMyne (4) MOl!<u o aai1TH 'lHCno M . Yron nonop oTa 2-Mepn or o n oT Ot<a . 

5 



BbiTeKaJOlll e ro B BaKyyM, onpeaen He T CH 'IHcnoM M • C ooT BeTCTB Y JOlliHe aHanHTH 'Ie -

CKH9 Bblp8)!(9llHH AOBOnbHO ·cnO)!( l{bl . 06bi'IHO B T 8KHX p 8 C'I9T 8X YA 0 6HO nonb30-

/7 ,8 / 
B8ThCH ra3 0AHH8MH'IeCKHMH Ta6nHuaMH • HecKonhKO xapaKTepHbiX UH!jlp anH H Ae-

anhHOro raaa c y ~ 1,4 npHBeaeHbl B Ta6n. 1. 

M PIp 0 Tl T 
0 

I Ot52 0,83 

2,0 o, r 2 o,55 

J ,O 0,027 o,35 

4,0 o 65·ro-2 o 2J , ' 

x) 
T a6naua 1 

pi p 
0 

s* I s 

0~63 I 00 
' 

0 23 
' 

0,59 

0,076 0,23 

o 27· r o-1 
' . 

o.,o9J 

vi v 00 
n pea 

0,40 130~4° 

o, 66 104° 

o,so 80° 

0 ._ 87 64° 

V - CKOpOC T b UOT OK8, V npeA - npeaenbH8SI CKOpOC Tb T 9'I9HHSI r a a a , K OTOpa SI A D

CTHraeTCSI B 6eCKOH 9'IHOCTH , Koraa • BCSI 3HeprH SI raaa nepewn a ff ero KH H 9 T H'I9CKYJO 

B HeprnJO. 

'frp e a 
)2 _Y ____ _ 

~ y - 1 
g RT . 

(5) 

06paTHM BHHM8 HH9 H8 nocneAHJOIO C T pOKY B T 86U H I19 . Conno, y KOT Opor o BbiXOAHOe 

Ce'ISHHe B 10 pa3 6onblll9 KpHTH'I9CKOr o, ll03BOnSieT nony'IHT b CBepX3ByKOBOH llOTOK 

C 'IHCnOM Maxa M ~ 4 , H TeM He M9Hee B T OT UOT OK B BBKyyMe ellle OT KUOHHTCSI H8 

yron 0 ~64°. T o eCTh anH nony'ICHHSI xopowo KonmtMHposaHHor o nOToKa Heo6xo-

AHMO 6paTh conna c oqenh ManbiM OT HowenHeM s* I s . EcnH npH BTOM nbiT a T h C SI 

co6n JOA8Tb ycnOBH9 naMHHapnoro Te'ISHHSI, TO Heo6XOAHMO HCI10Ub30B8T b conna C 

60nhWOH AUIIHOH, 'ITO llp liBOAHT K cymeCTBe H!IOMy 38Meane!IH !O norpBHH'IHOr O CU051 

x ) 
PacqeT · yrna pa-:::xoAHMOCT H 0 caena11 n o ¢opMynaM an SI asyxMepHoro 

noT oKa. PeaynhTBThi anSI oceCHMMeTpH'I!IOro Te'IeHRSI MoryT HecKOnhKO oTnH 'IBThCSI 

oT np11seneHH biX 3Ha'Ielmil 0 . Ho BTO ae MeHSieT Hamax BbiBonos. 

6 

38 C'I9T Tp9 HHR 0 CT 9HKH . no 

COC T8BUR9 T ( 10-33) % OT BbiJ 

pe'IIiR MOlKHO HCK8Tb H8 n y TH 

HbiX K8 M9p8MH C n p oMe lKyTO'If 

conno n aaanR co3naeT cae pxa 

!lHMOCTh . nocneAYIOlll ll 9 conna 

KOT opwn 'IB CTH'IH O o6ycnoaneH 

§ 3. K oHcTpy 

0nHCbiB86MbiH np 1160p 

ny JO CTpylo-MHW9llb B BBKYY ~ 

B nony'IeHHH cTpyH Bonopona 

llaBU9HH 9 B 3KCnep HM9HT8Ub. 

aaaneHHe noaaep)KHBaeTC51 B 1 

CSI B KaMe py yCKOpHT9U51 K8lK. 

250 MC9K H H8XOASI CKOpOCTI 

'ITO Cpe!lHSI SI npOH3BO!li!T9UbHC 

3 KCnepHM9HT 8 UbHOrO 06b9M8 

OTK8'IKY 3 KCn e pi!M9HT 8Ub HOH I 

coB ocymecTBHTh Tpynno. 3ar 

aencauHonnoro uacoca. H3aec 

neHC8UHOHHhlX H8COCOB p8BH8 

aasneHH51 B nacoce . T aK KBI 

ue, npeacT aBn51eTc51 B03MO)KH 

no K8M e p e , 'ITO ll03BOU51eT HI 

liJHMII . 

flpHHUHllH8nhH8SI CX9M8 

C T PYH B B8KyyMe H306pa )KeHE 

C)KBT bifl soaopon ( P = 

Hblil Knanau (4) nocTynaeT E 

( 8 ) H Obi T e K aeT B B KCIIepH ME 

!li!TCSI Tp e MSI COOC HbiMH conn 



OOTB9T CTBYIOlllHe 8H8 llHT H 'Ie 

paC'I9T8X YA06HO ll0llb3Q-

• xapaK T 9pHbiX UH!jlp AilS! RAe-

s v/ v eo 
npeA 

0,40 130,4° 

o,66 104° 

o,so 80° 

0 ._ 87 64° 

T9'19HHB I"'838 0 K OTOpa5! A Q

:epewna a - ero KHH9 T H 'I9CKYIO 

(5) 

-onno, y KOT oporo BbiXOAHOe 

lY'IHT b CBepX3ByKOBOM llOT OK 

BaKyyMe eme OTKilOHRTC\1 H8 

ipOB8HHOI"'O llOTOKa Heo6xo-

• EcnH npa aTOM nbiTaTbC\1 

MO HCI10llb30B8Tb COillla C 

lll9 HIIJO IIOI"'p8HII'IHOI"'O Cl!0\1 

lOpMy/laM All5I ABYXMepHOI"'O 

oryT H9CKOllbKO OTllH 'I8TbC5I 

UIIX Bb!BOAOB. 

n 6 
/9 ,10 / 

38 C'I9T Tpe HIHI 0 C T e HI{IL 0 A8HHbiM pa OT T OlllllliHa norpaHH<JI!OI"'O Cll05I 

COC T8Bll 5leT ( 10- 33) % OT Bb!XOAHOI"'O AH8M9Tpa conna , Pa3pewe H!o!e npOTHBO-

pe'! ll5l MOlKHO HCK8Tb H8 nyTH npHM9HeHH5! H eCKOnhKHX COOC HbiX C0119ll , pa3A9ll 9H-

/6/ 
HblX K8M9p8MH C npoMelKyTO'IHOH OTK8'1KOH , KBK 3 10 CAellaHO B p a6oT e . Ti e pB09 

conno nanan5l co3 AaeT caepxanyKoaofi noTOK, I!Me iOlllHfi eme 3H a 'IHTellh HY IO pacxo

AHMOC Tb, TiocneAyJOlllHe corma - KonnnMaTopbl cpeaaroT n epnQJe pH '!ecKnii cno i-i, 

KOT Opblii '18CTH'IHO o6yCllOBll9H Typ6yneHT HOCTb JO .II T p9HH 9M B norpElHH 'IH OM CJ!Oe , 

§ 3 . K oHCTpyKUHS! aKcne pH M9HTallbHOI"i ycTaHOBK H 

0nHCblB89MbiM npH60p BBll5leTC5l MOAellb!O ycTaHOBKH, <jlopMHpy!Ollle H ra30-

BYIO cTpyJO-MHW9Hh B naKyyMHOH KaMepe ycKopaTe n5l. Hawa 3aAa'!a aaKll JO'IaCTC5l 

B nony'le Hnn c Tpya BOAopoAa AHaMeTpOM I - 2 CM H nnoTHOCTb JO nopsmKa !0-
7
rlcM

3
. 

-5 - 6 
ilaane HHC B 3 KCn e pHMeHT8llbHOM 06'b9M9 AOll )!{HO 6biTb 10 - 10 TOp ( T 8 K09 >Ke 

A a oneHae noaAep)!{naaeTc51 B KaMepe yc~ZopHTenH). CTpyH r aaa AOll)!{JW nnpLlC KHBBTh

cH B KaMepy yCKOpHTellSI KB )!{Able 7 ceK. TipHHHM85! AllRT e llbHOCTb CTpyn paDHOH 

250 MC9K If H8XOA5l CKOpOCTb CTpyH n o <jlopMyn e (5) 0 nerKO MO)!{HO onpeA9lllfTb , 

'ITO cpeAHSISI npoH3BOARTe nbHOCT b BBKYYMHoro nacoca AilS! OTKB'IKH raaa cTpya H 3 

3 KCnepHM 9 HT 8 1lbHOI"'O 06'beM8 AOil>KH8 6bJTb 60llbWe 2• 10
6 

n/ceK, 0TC IOA8 B HA IIO, 'ITO 

OTK8'1KY 3 KCilepHM e HT8llbHOfi K8MepLl C IlOMOIUb lO AH!jlcjly3HOHHblX rrapOM8Cll5!HblX H8CQ

COB ocymecTBHTb TPYAHO. 3aAa'!a M0)!{9T 6b! Tb p eweHa c noMOlllhJO r e nneooro KOH-

/ 11 , 12 / 
AeHC8UHOHHOI"'O H8COC8 . l13BeCT H0 0 'ITO CKOpOCTb OTK8'1KH KpiiOI"' CII HblX KOH-

2 
AeHC8UHOHHblX H8COCOB p 8BH8 5- 10 n/ceK H8 CM IIOBepX IIOCTif li MallO 38BHCIIT OT 

Aaan e HH5I B nacoc e . TaK KBK Koa¢¢auaeHT aKKOMOABUHH MoneKyn 6nnaoK K eanHll.-

ue, rrpeACT8Bll5leTC5I B03MO>KHOCTb ynaBI1HB8Tb CTpyl0 0 H e A8B85! I"'a3y paCC e 5lTbC5I 

no KaMepe , 'ITO noanon5IeT HMeT b pa3Mepbi oxna>~<aaeMoil. nonepxnoc TR eme M 9 Hh-

WHMH. 

TipH HUHIIH81lbH85! CX9M8 ycTaHOBKif A il S! <jlOpMHpOB8HII5l H ynaBI1HB8HH5l BOAOpOAI!Oii 

C T pyR B BBKyyMe H306pa)!{e Ha H8 pnc. 1. 

C)!{aT blfi B OAOpOA ( P = 10 a T ) na 6y¢epHofi eMKOCTH (3 ) qepea aneKTpoMarnaT-

HhiH Kll8I18H ( 4 ) n OCT y n aeT B T ennoo6MeH.HH K - 3B99BH K ( 5 ) K COilllOBOMY annapaTy 

(8 ) If Bb!T9K89 T B 3KC119pHM9HT 81lbllbi il 06'beM (9 ), <l> opMHpOB 8HIIe CTpyH npOH3BQ

AHT C5! T p e M\1 COOCHbiMII COni18MH (p!!C . 2 ) C K8M9p8MII IlpOMe)!{yTO'I HOM OTK8'1KII 
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M0lKAY HHMH. CTpyH BOAOpOAa nocne npOXOlKA0HIHI 'IepeS pa6oqy10 o6naCTh 9KCne-

pHM 0 HTanhHOH KaMepbl nonanaeT B renHeasil! KOHJl0HCaUHOHHbiH HaCOC, KOTOpblH co

CTOHT HS cocyaa Al!5! lKHAKOrO renHH ( 12) H M0AHOH l!OBYWKH ( 13) • . floaywKa Bbll!On-

3 
HeHa B BHL\0 KaMepbl 0MKOCThiO 530 CM C ropnOBHHOH LlH8M0TpOM 30 MM. BayTpeH-

HSISI llOBepXHOCTh nOBYWKH llOKpbiTa pe6paMH (TonmHHOH 2 .. MM, BbiCOTOl\ 10 MM, W8-

roM 4 MM) H HM00T llOBepXHOCTh 770 CM 
2

• 3KcnepHM0HT 8l!hHbiH 06'beM ( 0MKOCTbiO 

200 n) H npOCTpaHCTBO M0lKAY BTOpblM H TpeThHM connaMH OTKa'IBBaiOTCSI C no

MOIIIhiO n H!jxpySHOHHbiX HaCOCOB BA-5-4(14) H BA-05-4(15). npocTpaHCTBO MelKAY 

nepBbiM u BTOpbiM conndMH oTKa'IHBaeTCR <j>opaaKyyMHbiM aacoco M PBH-20( 16). CKo-

pOCTh OTK8'IKH npOCTpaHCTB M0lKAY connaMH H0B0l!HK8, TaK KaK KaHal!bl An5! OTKa

'I0K Bblll0l!fl0Hbl Mal!biX AHaM0TpOB HS-Sa KOHCTpyKTHBflbiX TpyAHOCTeH • .!laBneHHe 

B 9 KCnepHM0 HTanhHOM 06'b0M0 H B K8MepaX !!pOM0)KyTO'IHblX OTKa'leK SaMepSinOCb 

B8KYYMM0TpH'I0CKHMH naMllaMH (21). 

§ 4. PesynhTaTbl sKcnepHM0HTa 

Ebwn usMepeHbl cneayiOwue nenH'IHHbi: 

1. P acxoa rasa qepes conno. 

2. PacnpeaeneHRe rasa M0)KL\Y KaMepaMH npoMC)KyTO'IHOii OTKa'!KH 11 sKcnepH-

MeHTilnhHLIM 06'b0MOM. 

3. npoCTp8HCTBCHH00 pacnpeaeneHH0 lll!OTIIOCTH rasa B CTpye Ha paCCTOSIHHH 

300 JAM OT n ocnenaero conna. 

4. H e KOTOpbie senH'IHHbi, xapaKTepB3YIOWHe pa6oTy KOHAeHcauuonHoro aacoca: 

K03!jl!j!HUH01IT SB XBaTa rasa, TennoBa5! HarpySKa Ha HaCOC, MaKCHManbHO BOSMOlKHOe 

KOl!H'I0CTBO KOHJlCHCHpyeMOrO BOAOpOAa, paCXOA )KHAKOrO renHSI. 

npHBOAHM MeTOLlbl H pesynhTaTbl llSM0p0HHii. 

1. Pacxon aonopoaa npn Ka lKAOM cpa6aTLIBaHHH KJianana onpeaenSincSI naneHHeM 

naaneHHSI a 6y!jlepHoil eMKOCTH. B HaUJHX onhiTax aanneHne nepea KnanaHOM 6bmo 

3 
10 a T. PaCXOA Sa UHKn (KnanaH OTKpblT 30 MCeK) COCTaanHn 180 CM BOAOpona 

npu HOpManhllbiX ycnoBHHX, ecn11 TeMne paTypa Tennoo6MeHHHJta-SMeeBHKa 300°K 

3 0 
II 300 CM , e cnH TeMnepaTypa SM00BHKa 78 K. 3MeeBHK BblllOnlleH HS Tpy6KH AKa-

3 3 
M0Tp0M 2 MM H HM00T 06'beM 10 CM • 'faCTh SM00BI!Ka (5 CM ) norpylKeHa B )l(HJl-

KHil asoT. Pac'I e TLI noKa3 hlBaiOT, 'ITO 6 e a y'IeTa oxna)!<AeHH5l rasa SMeeBHK sa-

8 

nonnHeTc5l no nanneHIHI, 6n 

OCTaBUJ00C5l npeMH (24 MCE 

r a3a , o6ycnonnenBoe OXJia>t 

(Ta6mma 1). Pac'ICTbl, a 1 

IOT, 'ITO ras ycnenaeT OXJil 

Kl!lll1a H 31lKpOe-r C5l. nocne < 

C5l 110 Mepc HCTC'I CIIII5l 1'8· 

dG 

rue V 
I 

DHK8. 

T 
I 

(V p+V p 
I I 2 

' II 
V , T 

2 2 

KpRTR'IeCKaD aeconon 

~~q,s•( 

T 
2 

H p - Te:vmepaTypa 11 

dQ~ ci> Adp, I'Ll0 ch' 

3aM 8 1l5!5l 110!JCMCHHI>I0 B yp; 

d • 

Kon H'I eCTDO raaa , ai,JTCKaK 

Y!3 ypaBH0flllll (8,9) HM001'v 

113 ycnOBIISI t ~ 0 , Q ~ Q I 

CIIMOCTH OT Bp0M0HH: 

npiiHHMaSI BO BHHMaHH0 , 'Ic 

B SM00 BHK0 



3 p860qyJO o6n8CTb 3 KCne-

~OHHbiH H8COC, KOTOpblli CQ

BYIUKH ( 13) • . JloByiUK8 BbiUOn

JlH8M6TpOM 30 MM. BHYTpeH-

2 . MM, BbiCOTOll 10 MM, lll8-

IT 8flbHblfi 06beM ( 6MKOCTbiO 

>UnBMH OTK8~HB8~CH C no-

15). npoCTp8HCTBO M6lK!lY 

M HacocoM PBH-20( 16). CKo-

T8K K8K K8H8nbl !ln51 OTK8-

:x Tpy!lHOCTell. .[laaneHHe 

IHbiX OTK8'leK 38MepMOCb 

38 B CTpye H8 paCCT051HHH 

KOHJl6HC8UHOHHOI'O H8COC8: 

:: , M8KCHM8nbHO B03 MOll<HDe 

> renHSI. 

8naHa onpenenMCSI n aneHHeM 

m e nepeJl Kn8naHOM 6bJno 

3Bfl51n 180 CM
3 

B0Jl0p0Jl8 

A6HHiiK8-3MeeBHK8 300°K 

K BbiUOnl!eH H3 Tpy6KH AHB-

3 
(5 CM ) norpylKeHa B ~mJl-

Jl6HH!I !'838 3 Me6BHK 38-

nonH51eTC51 no Jl8BneHIBI, 6n H3 Koro K uaaneHHIO ncpcu KJI811811C"' •wpc·:~ 6 MC•' " · B 

OCT8BUJe6C51 BpeM51 (24 MCeK) 'lepe3 Kfl8fi8H llOCTy ll nCT C LUe II C K OTOJlOO I<OJIH'!CCTI\0 

!'838, o6yCTIOB n eH HOe OXJ!a>K[I6HH 6 !'838 B 3MCCD HKC H HCTe'JCIIIIC\1 0!'0 YC'pt':l C'OIII!O 

( T a6mwa l ). P8C'lCTbl, a TaKX<e 11poncpKa no 6ann 11cy · nTCIW Jn uLe r o ra :~ n II OTW " ""'tl -

lOT, t{TO r a3 ycnenaCT OXJlDllHTbC5l B .::\MCei:HfK C no T CM II epDTYfJI >l U ~ ~OT.:l 11 p C"ii\Jl0 , 
1
1<' M 

KnBITBH 3 llKpOe TCH. nocne 3ll J<ph1 TH" H I<J!Ul18H8 Jl[IOJI€'1UiC B 3MCeDHK C ll:t'IHII.3CT C lllPh c' lTb-

C51 flO Mepe !ICTC ' !CII !I51 !'83i1 '16P83 COllJ I O 

dG = -(V p+V p 
I I 2 2 

dp 

p 
_!_( 

R 

VI 
-- + 

T 
1 

v 
__ 2 ) dp 

T 
B d p , (G) 

2 

rnc V 
I 

T 
I 

' H 
V , T 06beMbl H T eM II epaT y p h l T e llHOii H X OJlOA II Oii 'lllCTCii CIMCC -

2 2 

BHK8. 

KpH TH'lCCKHA necoaon p a cxon !'838 qepe3 COllJIO paneH 

H 

I 
2 --

\' = ¢ s* (--) y- t 
y + 1 

I 2y ~ 
\ 

( y+ l)RT
2 

p - TeMnepaTypa II A8BJl e iiH 6 1'838 n c pe!l C O!lii 8M . 

P= ¢ AP· 

dQ=ci>Adp, rne 
_, _Q 3 K C II ,h 
W- (' T eOp - K0 3 y•QJHUII e HT H CT C 'lCIIIHI. 

3aMe H5151 nepCM6HH iol e B y p81311 C IIIIH (6) p 11 8 Q , llOJiy Y8CM 

dG 
B 

--dQ 
¢A 

KomtYeCTDO r a3a , BbJ T eKaroiUee qepe3 conno 38 apeM51 d t 

lr'l3 ypaaH e HHA (8,8) HMeeM 

dG 

dQ 

Q 

Q d t. 

¢A d t -B-

, paBHO 

(7) 

(8) 

(8) 

H3 ycnOBH51 t a 0 Q a Q O , H8XOJliiM B 6 COBOlf p8CX0Jl !'838 'lepe3 COllflO B 3 8BH-

CHMOCTII OT BpeMeHH: 

Q = Q 
0 

exp (-~ t). 
B 

np11HHM8!I BO BHHM8HHe, 'lTD Q = A P 
T <:! Op 

, a :~onH'leC TBO ra3a, conep~<8!lleecn 

B 3M66BHKe 
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HMeeM 

rAe 

BHK8. 

G Tl 

3M 
H 

v 
lp V2p Tl '2 

<hM - B p ~ --- + --- = G 3M + G3M 
R T 

1 
R T

2 

¢Q 
Q ~ Q 

0 
exp (- Teop 

t ) • 
Tl T2 

G3M + G3M 

G T 2 

3M 
KOnH'leCTBO ra3a B Tennoli H XOflOAHOH 

nepeXOAH OT BeCOBbiX BenH'lHH K 06'beMHbiM, nonyqaeM 

(-v = V exp 
0 

t ) • 

( 10) 

'18CTIIX 3Me e-

(II) 

CpaBHHM T eopeTaqe CKHli pacxoA qepe3 conno a rra'lailhHbiH MOMeHT apeMeHH 

ITOCIIe 38Kpbt THSI KnanaHa C 3KCITepHMe HT8ilhHbiM, 

v =.::.._( __ 2_) /.-1/~ 
p y+1 (y+l)RT

2 

( 12) 

T 
2 

H p - T eMnepaTypa H nnoTHOCTb ra3a nepeA conn oM. 

3KCnepHMeHT8IIbHbiH paCXOA MO)KeT 6btTb H8HAeH H3 ypaBHeHHH ( 11) C yqeTOM 

tcpHBblX ITpOC TpaHCTBeHHOrO pacnpeAeneHHSI ITIIOTHOCTeli B CTpye (pH C. 3 H 4). no 

KpHBbiM MO)KHO OUeHHTb OTHOill e HHSI paCXOAOB ra3a qepe3 220 MCeK ITOCne OTKpbl

V 220 
THSI KJianaHa K paCXOA8M B H8"8IIbHbtl'1: MOMeHT BpeMeHH 3TH B e iiH'lHHbl 

onpeAen SIIOTC H 
v 30 

KaK OTHOilleHHe 06'beMOB ITOA COOTBeTCTBYIOIUHMH KpHBblMH. Pe3ynb-

T a T bt pacqeToB rrpeACTaaneHbi a T a6naue 1. 

2. Con11a 2 H 3 He AOII)KHbl CHIIbHO HCK8)K8Tb CTpyiO, C~OpMHpOB8HHYIO Con,.; 

noM I, T.e. paCCTOHHHSI Me)KAY COIIII8MH H HX AH8MeTpbl AOfl)KHbl 6btTb Bb16paHbl TaK, 

'lT06b! AOIISI ra3a, nonaA810IU8SI B KaMepbl llpOMe)KyTO'lHOH OTK8'lKH, 6htn8 He BeiiHKa. 

B Ta6nHue 1 npHaeaeHbl AaHHble pacnpeAeneHHSI ra3a no KaMepaM. PacrrpeAeneHHe 

r a3a no KaMepaM onpeAennnocb nocne AOBaTeiibHL>IM BbtKniOqeaaeM Hacocoa H H3Me

peHHeM ABBIIeHH 5I B 3 KCn e pHMeHTanbHOM 06'beMe KOMIIpeCCHOHHbiM M8HOMeTpOM. 

3 . .LJ.nn H3Mepei!HH qtOpMbl CTpyH H ee llflOTHOCTH Mbl He MOrnH BOCnOflb30B8Tb-

CH TpaAHUHOHHbiMH MeTOABMH H3Mepe HHH B CT8UHOHapHbiX IIOTOKaX ( Tpy6KH nlfTO H Ap.) 

10 

'I 
.J 

, I 

I 

B CHny HMIIYflbCHOrO pe)KHM8 

IUHH MeTOA. Ha IIYTH CTpyH 

neneCTKOB (KOHUbl neneCTKOB 

~HKCHpOBana OTKflOHeHHe nen! 

MOMeHT BpeMeHH OTHOCHTenbl 

npoCTble ~OpMynhi IT03BOflHIOT 

npH p8C'leTe npeAITOnaranOCb 

ABeT eMy BeCb CBOH HMnynbC 

necTKa df 38 BpeMH 

d n 

rAe 8 - umpHHa nenecTKa; 

npHHHM8eM , 'ITO ITIIOTHOCTb I 

nocne ITOACT8HOBKH H HHTerp 

m 

fleneCTOK HCITb!TbtBaeT CO CT• 

d (m v 

d t 

rAe q - pacrrpeAeneHHaSI CH, 

KOHUe nerreCTKa AIIHHOH 

B ypaaaeHHH (14) onyu 

CT8TH'leCKOrO A8BfleHHH B no 

MeHbllle AHH8MH'leCKOrO. 

BTopoe Heo6XOAHMOe p1 

conno ra3a, OTHeCeHHoro K 

MeCTe yCT8HOBKH rpe6eHKH. 



) ' ( 10) 

XOUOJlHOH '18CTSIX 3Mee-

19M 

(11) 

!lnbHhlii MOMeHT Bp9M9HH 

'g 
( 12) 

A. 

yp8BI!eHHSI ( 11 ) C yqeTOM 

CTpye (pac. 3 If 4). no 

220 MCeK nocne OTKphi

V 220 
3 TH aena'lKHbi 

v so 
JOllllfMH KpllBbiMH. Pe3ynb-

'• c!j>opMHpOB8HHyiO con,.; 

non>KHhi OhiTb aw6p8Hbi T8K, 

OTK8'lKa, Ohin8 aeaenaKa. 

K8Mep8M. P8cnpeneneaae 

O'l9HH9M H8COCOB If H3Me-

:HOHHblM M8HOMeTpOM. 

I He MOrna BOCU0Ub30B8Tb-

X UOTOK8X ( TpyOKH nlfTo If np.) 

tf 

.I 

, 
I 

a cany HMnyJibcaoro pe>KHM8 p860Thi yCT8HOBKH. noaToMy 6htn npaMeaea cnenyJO

maii MeTon. H8 nyTH CTpya yCT8H8B~B8n8Cb rpe6eaK8 a3 nerKax naac8HOBhiX 

neneCTKOB (KOHIIh i nenecTKOB cosn8n8nH c OCbiO CTpya). MraoaeHH8H !j>OTorpa!j>aH 

cjlHKCHpOB8n8 OTKnOH9HHe neneCTK8 OT UOUO>K9HHSI p8BHOB9CHSI B UIOOOii 38Jl8!1HhlH 

MOMenT Bp9M9HH OTHOCHT9UbHO MOMeHT8 OTKp hlTHSI 9U9KTpOM8rHHTHOrO KU8U8Ha. 

npoCThl9 cjlopMyUhl U03BQnHIOT Bhl'iHCnHTb UUOTHOCTb r838 D UOTOKe If ero CKOpOCTb. 

npa p8C'leTe npennon8r8nocb, 'ITO K8)f<Jl8H MoneKyn8, non8BW8SI aa nenecToK , nepe-

n8eT eMY aecb caoli HMnynbc. M8CC8 r83a d m nonan8IOW8H an aneMeHT ne-

neCTK8 d f 38 apeMSI , p8BH8 

dm~.Spvtdf, 

rne 8 - wapaH8 neneCTK8; p nnoTHOCTb r838; V - CKOpOCTb UOTOK8. 

npHHHM89M, 'iTO nnOTHOCTb CTpyH BJlOUb neneCTK8 lf3MeHSI9TCSI U lfHeiiHO 

nocne noncT8HOBKH a aHTerpapoa8HHSI nony'!8eM: 

m .. 

fleneCTOK lfCUblThlB89T CO CTOpOHhl H80er8I01Uero UOTOK8 cany 

d (m v) 

d t 

qP 
2 

( 13) 

( 14) 

rne q - p8<;:npeneneHH8SI can8 ( oTaeceHH8H K enaHaue nnaHhi) , neflcTayiOW8H H8 

KOHUe neneCTK8 JlUHHOH 

B yp8aaeaaa (14) onymea qnea, onpenenSIIOlllafi ycanae H8 neneCTOK a3-38 

CT8Tif'l9CKOrO n8BUeHHSI B UOTOKe, T8K K8K CT8Tll'l9CKOe naaneHHe 3HEt'llfT9UbHO 

MeHbwe naH8MH'leCKoro. 

BTopoe a eo6xonaMoe p8aeacTao nony'l8eM H3 68n 8HC8 BhiTeKBiomero qepe3 

conno r838, OTHeceaHoro K KpllTH'l9CKOMY C9'19Hifl0 COUU8 If Ce'leH!llO CTpya B 

MeCTe yCT8HOBKH rpeOeHKH. 

11 



v p 0 d p 
(1- k)dQ 2rr P d P pv ~ 2rr 

p 0 

rne k - I<OB Q>cjJHuH e HT, Y '! l!TblBa >Ow;rii non>O ra3a , nonana >Owero B KaMepbi npoMe-

myT OYHOii OTK a qKH. 

floc n e 111!Te rpnpOB8llH I1 riOllY'!BOM 

2 77 v p 
( 15 ) Q 

3(1-k ) P
0 

JJcnonb3 YI1 paBeHCTBB ( 14 H 15), ~!OlKHO Bbl '!HCn HTb CKOpOC Tb nOT OKD Hero 

n n oTliOCTb. C;rna, neiicTByJowaH liD nenecTOK 4 , onpene nHnacb no s e ilH '!Iff!e 

nporH 6 a nen e cTKa n on neAcTBHeM c T pyH. 

dKCn e pHMC!ITBribHO Ol!elieHH811 CKOpOCTb ITOTOK D npeBbiWBeT CBOe paC'!e THOe 

x) 
npenenbliOe 3 Ha '!eHHe n p H MepHO B 3 pa3a , '! T O COOT BeT C T BeHHO BO CT OITbKO lKe pa3 

npHBOll lfT K 3 B HH )Ke HH >O 11ilOT HOC TH r a::la B UeHTpe CTpyH . 

K og!jlqmuH e HT HC T e '!eHH51 nn11 nepsoro conna paseH o i< o no 0,3, o T I< y na B H.!\H o , 

'IT O AHBMeT p B!jlcjleKTif BHOI'O KpHT!f '!eCKOr O Ce '! e HHI1 B 2 pa3a MeHbWe r eoMe TpH'!e 

/9 , 10 / 
CKOrO. d T O HeCKOJlb l<O 60ilbWe , '!eM C006WDJ10Cb B pa60TBX 

P eaynbT B T bl pac •w T OB H H3Mep o n u l! nallbl B T a6nHue 1. 

T a 6 n u u a 

.D.asneHHe nep en Kna n aHOM 11 aTM • .D.nuT e ilb HOC Tb pa6oTbl KnanaHa 30 MC e K. Ce'!e 

-3 2 
HH e conn a - 2,8 · 10 e M • C xeMa c o nn o s o r o a1111ap a T a n a n a liB pl!C . 2 • .D.HaMeTp 

Tpe Tb e r o c o 11na B naHHOM Ol1 bi T e 5 MM 

Te M n e paTJpa raaa 11epen 

c o11n0M ( K) 

061>eM T e 11n ofi JBCTH 3 
3 M e eaHKa ( 300 K) ( CM. ) 

3KC11e p. 

BeilH'!HHbl 

2 

300 

10 

Pac 'le T

H bi e a e nH

'IHH bl 

3 

300 

3 Kcnep . 

BeriH'!HHbl 

4 

78 

"5 

Pac'!e nr. 

B e riH '! HH bl 

5 

78 

x ) 
0wH6Ka B H3M e peHHSIX CKOpOCTH nqTOK B , 11 0 -BHliHMOMy, 061>11CHReTCI1 TeM, 

'!TO 11plf 06pa 60TKe 3 KCn e pH MeHTDilbHhlX n a HHhlX 6 w n a 11pHHI1TB y11pOWe HHBI1 MOAe rib 

B38HM OileiiCTBHI1 110TOK8 C rr e l1eCTKB MH. 

12 

06oeM xonoaHoil '!BCTH 3MeeBH: 

(78°K) \CM
3

) 

BpeMH 3anonHeHHll 3MeeaHKa 

ra30M no nasneHH.SI 11 aTM ( !Iii• 

KonH'!eCTBO aonopoaa, HaKannH: 

Moe B 3MeeBHKe ( CM 3 ) 

KonH'!eCTBO aoaopoaa, BbiiTyCKa 

38 llHKn (cM3 ) 

,D.onll I'B3B, OTKB'IHBBeMBSI KBME 

npoMe*JTO~~Oil OTKB'IKH k ( %) 

OThoweHHe pacxona V 
220 

I V 
3
, 

( BpeMSI OTC'IHThiBBeTCI1 OT MO: 

OTKpb!THSI KnanaHa) 

KoBcjlq>HUHeHT pacxoaa ¢ = V BKcn 

dKCnepHMeHTB1IhHblil H TeopeTH' 

pac~Oilhi ra3a '!epe3 conno npH 

(eM leeK) 

dKCUepHMeHTB1IbHBSI H npenerrbE 

CKOpOCTH ITOTOKB (MICeK) 

nnoTHOCTD raaa s ueHTpe CTpy 

Bbi'IHCrieHHBSI ITO 3KCITepHMeHTBT. 

H npeaenbHbiM CKOpOCTSIM ITOTOI 

(rlcM
3

) 

KpHBhie Ha pHc. 3 H 4 na 

OT TpeTbero co11na. Ka)Knall To 

H3MepeHHbiX 110 HeCK01IbKHM !jlo~ 

4. llpensapHTerrbHOe oxna; 

1103BOriReT He TOribKO yaeriH'!HTI 

ycnoBHll pa6oTbi renneaoro KOH 

aa Hacoc. KonH'!eCTBo Tel1na, E 

6e3 11peaaapHTenbHoro oxna)Kne 

oxna)KneHHR no TeMnepaTypbi )!{ 

'ITO B pe3y1IbTaTe 6orrblliHX Ten 

HyTb rpaaHeHT TeMnepaTyp B H 



nonaJlB!O!llero B KaMepbt npoMe-

( 15) 

,J'IHCm!Tb CI<OpOCTb UOTOK£1 H ero 

, onpeJlOilHJiaCb no r;enwma e 

:a npeBbtwaeT caoe poc<te Tuoe 

)QTB8TCTDeHHO BO CT OilhKO >Ke pa3 

aaeH 01<0110 0,3 , OTKYJl8 DH!!HO, 

B 2 pa3a M8Hb We r eOMOTpHYe

/9 , 10 / 
pa6oT ax 

a6nHue 1. 

Ja6oT bi KilanaHa 30 MCeK. Ceqe -

paTa naHa Ha p Hc . 2. ilHaMeT p 

CY e T - 3 Kcnep. P ac'l eTH . 

~ B8illl - Beil!l'lHH bl BeilH YH Hbl 

HH bl 

3 4 5 

100 78 78 

' 5 

UO- BH)lHM OMy , 0 6hHCHSie T CSI T eM , 

n a n pHHSIT B y rr p01!18H H8 H MOJlOilh 

06'beM XOnO)lHOJ! 'I8CTH 3Me eBHK8 

(78°K) \CM
3

) 

BpeMSI 3anonaeaa>~ 3 MeeaaKa 

f'830M JlO Jl8BneHHSI 11 8TM (MeeK) 

KonaqecTao BOJlOpOAa, HaKannaaae

Moe B 3MeeBHKe ( CM 
3

) 

Kona'IeCTBO BOJlopoAa, BbifiYCKaeMoe 

38 llHKn (cM3 ) 

LlonSI f'838, QTK8'IHB8eM8SI K8MepaMH 

UpOMe~TO;HOJ! OTK8'IKH k ( %) 

OThOilleaae pacxoAa V 
220 

IV ~ 0 
( BpeMSI OTC'IHTbiB8eTCSI OT MOMeHT8 

OTKpbiTHSI Knanaaa) 

KoscjxpauaeHT pacxoJla ¢ = V I V 
3 KCII Teop 

3KcrrepaMeHT8nhHbiJ! H TeOpe TH'leCKHJ! 

2 

180 

32 

0,43 

0,236 

pacxoAbi ra3a qepe3 conno npa t =30 MCeK 

(cM
3

/ceK) 487 

3KC!IepHMeHT8nbH8SI H npe AeilbH8SI 

CKOpOCTH UOTOK8 (M/CeK) 

nnoTHOCTh ra3a B UeHTpe CTpya, 

Bbi'IacneaaaSI no sKcrrepaMe aTanhHbiM 

H !Ipe~enbHb!M CKOpOCTSIM nOTOKa 

(rlcM ) 

10000 

3 

6 

110 

166 

2060 

2920 

4 

5 

:!no 

22 

0,4 

0,342 

1390 

3260 

5 

18 

267 

353 

4050 

1490 

KpHBbl e Ha pHC. 3 H 4 A 8 !0T npO!j>Hilh CTpyH, H3Me p e HHbiH H8 p a CCTOSIHHH 300 MM 

oT Tpe Thero corrna. Kam )la SI TO'lKa Ha KpH a oli nony'Ie a a y cpe Aa e aae M OTKnoaeaal!, 

H3MepeHHb!X no HeCKOnbKHM !jJOTOrpa!jJHSIM. 

4. npe naapHTenhHOe oxnam)leHHe ra3a, IIOCTynaiOI!lero K COUilOBOMY annapa Ty, 

Il03BOnSieT Be TOilhKO yaenH'lHTh IInOTBOCTh f'83 8 B CTpye , HO Cy l!le CTBeHHO o 6ner'lHTh 

ycnoBHSI pa60Tbi renaeaoro KOHJle acauHoaaoro a a coca, y MeHhl!la SI T enn o a yiO a a rpy3KY 

H8 H8COC. KonH'Ie CTBO Tenna, BHOCHMOe CTpye l! B0Jl0p 0Jl8, COCTa BnSie T 4000 )lm/ r 

6 e 3 npe AaapaTe nhHoro oxnam)le HHSI H 1130 A mlr- B c n y q ae npe AaapaTenhaoro 

oxna m ,neHHSI .no TeMrrepaTypbi ma.nKoro a 3 0Ta . Pa c 'le T bt noKa 3 biB8 !0T ( T a6n Hua 2), 

'ITO B pe3ynhT8Te 60nh1!1HX TeiinOBbiX Ha rpy30K H8 CTeHK 8 X ilOJ?YillKH MOmeT B03HHK-

HYTh rpanHeHT TeMrre paTyp B He CKOnhKO )l e CSITKOB rp~nycoa, 'ITO npHB e )leT K p e3KOMY 
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yMel!bWCHHIO K03QJ<jJHUHCHT~ 3axaaTa r a3a. 3To o6cTOSITenbCTBO O'!CHb aalKHO, ecnH 

y'!eCTb, '!TO y npy roc Tb n apoa aonopona B o6naCTH renH C BbiX TeMne paTyp CHnbHO 

x ) 
38B IIC IIT OT T eMnepaT ypbl (Ta6nHUB 3). 

Ta6nM.!! a 2 

XapaKTepHCTHKa renH eaoro KOHnencauHOHHoro Hacoca H pe3ynbTBTbl e r o o6cneno-

13DHH5l: n HaMeTp KaM e pbl Hacoca - 120 MM, BHyTpeHimil o6'beM KBMepbl - 530 cM
3, 

. 2 
llOBCpXHOCTb KB MCpbl - 770 CM , nHaMCTp ropi!OBHH bl KBMCpbl - 30 MM, paCCTOSI-

IIHC OT Tp e Tbe ro conna no ropnOB HHbi Hacoc a - 150 MM 

I [ 3MCp51CM 85l Ee3 oxnaii<J:!C HHSI c OXI!BlKnCHHCM 

13CIIH'lHH8 3MCCBHK8 3MCCBHK8 

I. TeMnepaT~a ra3a nepe n 

connoM ( K) 300 78 

2. KonH'l CC T130 aonopoJ:!a, anycKaeMo~ 

a 3 KcnepMMCHTanbnwil o6'beM (eM IUHKn) 122 234 

3. Pacxo):! aonopon a nocne Tp e Tbero 

conna 13 MOM e HT 3aKpb!TH5l Knagana 

t =30 MCCK (J-k) V (CM /ceK ) 
3KCil 

330 1080 

4. Pa3noC Tb Te nnocoJ:~eplKaHHli aonopona 

(i -i ) (ni!<lr) 4000 1130 
300 4, 2 

5. CpenHSI~l Tenno13a5l Harpy3Ka Ha renHe-

BblM KOHnC HCBUHOHHblii HOCOC (nmnenh-

I!OCTb C TpyM 500 MCCK) (aT) 88 47,6 

6. T e nnonaSI narpy3Ka Ha HOCOC B MOMCHT 

30 KpL1THSI l<Tl 0 118H8 t = 30 MCCK (aT) 119 122 

7. Yne nbHBSI cpenHHSI T e nnoaaSI narpy3Ka 

na nacoc (aT/cM2 ) (nnomanb cTpyH 

3,!4 CM2 ) 28 15,2 

8. Y nenb HBH T ennoaaSI n arpy3Ka na na~oc 

13 MOM C HT 38KpUTIISI Kll81l8H8 (BTICM ) 38 39 

9. Cp e nHSISI pa31!0CTb T CMnepaTyp Ha MenHoli 

CTCI!KC TOIIWHHOM 2 MM (rpan) 6,0 3,3 

x) 
3HO'l!ITCI!bHOC yny'IWCHIIC BBKYYMB B 3 KCilCpiiMCH T BIIbHOM 06'bCMC MOlKl!O 

nony'lHTb, CCIIII pa60TBTb llpM llOI!IIlKCIIHOM naDIICIIHII Han llOBCpXHOCTblO )i{HnKorO 

renHSI B KOHneHCBUIIOHHOM HnCOCC. 

14 

10. MrHoBeHHaSI pn3HOCTb Te~ 

HB MCnHOM CTCHKC TOIIWH~ 

B MOMCHT 38Kpb!THSI Knant 

11. KonH'lCCT BO aonopona cTp 

na10wee B KOHneHCBUHOHHc 

12. KonH'!CCTBo aonopona, He: 

noaywKoil Hacoca (oT KOn 

pona nonaawero a noaywK 

3aBI!Cl!MOCTb naaneHH S 

T (°K) 

3,6 

4,2 

4,5 

7,2 

8,0 

9,0 

[I[ HTCpCCHO OTMCTHTb, 'IT< 

r e nHCBblil KOHn e HCBUHOHHblll Ha 

2 
CTBBIISIIIII 15-39 BTICM , 'ITO 

a pa60Te E.C. Eop013HKa 11 n 1 

HBCOCB MOii<CT 6b1Tb 06M!CHCHB 

llOCnenOBBTCI!bHblX CTOIIKH013CHf 

Hacoca. B pe3ynbTaTe nony'lae 

nHBaeMoro ra3a no noaepxHoc 

HOCTb pa60Tbl Hacoca . 

llnH onpeneneHHSI K03<jJ<jJHl 

13 no13yUJKY 6hina onymeHa Tpy6 



:TOI!TeJ1bCTBO O'leHb Bll>KHO, eCJ1 R 

r enHeBb!X Te MnepaTyp CRJ1bHO 

:a !of peaynhTBT bi e r o o6cneAo-

3 
>e HHRH 06'beM KBMep bl - 5 30 CM , 

bl K8Mep bl - 30 MM, paCCTOI!-

1 MM 

8 

8 

3 

3,0 

C OXJ1B)!{Jle HHeM 

3MeeBHKB 

78 

234 

1080 

1130 

47, 6 

122 

15,2 

38 

3,3 

iMe HT8 J1bHOM 06 'beMe MQ)I(!lQ 

HllA n on e pXHOCTb !O );(HAKOI"'O 

10. MrHOBeHHBII pa3HOCTb T e MnepaTy p 

HB MeAHOli CTeHKe TOniURHOfr 2 MM 

B MOMeHT 38Kpb!THII KJ1BUBHB (rpa A) 

11. KonH'Ie CTBO BOAOpOAB CTpyR, He nona

ABIOLUee B KOHAeHCBUHOHHbiii HBCOC 

12. KonK'I eCTBO BOAOPOAB, He aaxaaTLr aaeMo e 

J10BYUJKOH HBCOCB ( OT KOI!H'I eCTBa BOAD

pOAB nonaaUJero a noay UJKY) ( %) 

2 

8,2 

2,0 

~T~a~6~n~H_U~ll~~3~/ l 3 / 
3aaucnMOCTb u aan e HRII n apoa a oa opoua OT Te~mepaTyp Lr 

T (°K) p 
TO 

3,6 5 ,5 .,o-8 

4,2 3,5 · 10-
7 

4,5 1,8·10-
6 

7,2 2 · I0-2 

8,0 8 ,5 ·10-
2 

8,0 4,7·10-
1 

3 

8 ,4 

0 ,6 

VI HTep ecHo OTMe THTh, 'lTO a HaUJeM c nyqae yuenhll bre T eu n o aLre 1111rpyaKH na 

2 
r enReBblli KOHAe HCBUROHHb!H HBCOC ( OTH eCe l!Hble K Ce 'lel·ll1 10 CTpyH 3,1 4 CM ) C0-

2 2 3 
CTBBJ111J1H 15-38 BT I CM , 'ITO B 10 -4·10 pa3 60J1hUJe , '!eM 9T O IW61l!OJlllJ10Cb 

14 / 
B p a 60Te E.C. EopOBRKB H up. YAOBneTBOpHTe J1b liBl1 pa6oT a K0l!Uel!C8Ul!Oill!Ol'O 

aacoca MO)I<eT 6LrTb o6'bHCHeHa Te M, 'lTO M oneKynbi raaa 3axna T LIBaiOTCn B pHAc 

noc n e aoaa Te nbHbiX CTOJ1KHOBeHR li c BHyTpe HHeii nosep XHOC TbiO nosyUJKH rennenoro 

Hacoca. B p e3yJ1hTBTe nonyqaeTcn cpa BHRTenbHO pasnoM e p a oe pacnpeucneHHC ynas-

J1HBlle MOI"'O l"'B3 B ITO llOBepXHOCTH, 'ITO l1 03BOJ1 l1eT 3Hll 'lHT eJ1bl!O llOBLIC!lTb Jlll!!Te iib-

HOCTb p a 6oTbi aacoca. 

Dn11 o npeuene HRl1 K09~~HuneHTa a a xaaTa r a 3 a aacocoM R3 c onnoaoro annapaT a 

0 J10BYUJ KY 6b!J1B onyLUeHa Tpy 6Ka /lllB MeTpOM 18 MM. TaK KBK /lHllMeTp Tpy6m B 
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2 ptl3ll ~te i! LIUO nH1Ht e Tpa ropllOBHHbl I!ODYWKH, TO HeCKOHneHCHpOB8HHblll £'83 MOr CBD

DOLIIIO n pOII HKllTb n c>KC!!CpH MeHT llllbHbtii o6'beM. npH UHKilH'IHOCTH cpa6aTbiB8HHSI Kna

nana 1 II 8 COK /1[11\JWI!U e . B 3 K CnepnMeHT81lbUOM 06'beMe B MOMeHT OTKpb!THSI Kll8U8-

-5 -5 -3 
llll yDCJJ II'IHD£1n0Cb C 1·10 no 2·10 TOp. 3 TO YKll3blBlleT, 'ITO nHWb 10 % OT no-

Haowm·o D KOHllCHCLllllt OI!ll b iii nacoc ra3a Bt.t T e Kue T 113 n e ro. CnenoaaTenbno, yxyn-

IIJOHIIC IlaKyyMa D ycTaJJOnKe D npouec c e tjJopMnponatUI51 CTPYII MO)!(eT nponcxonHTb 

TOilbKO 3ll C'ICT n c> pH<hCp l!'I C'CKHX CnOeB llOTOKll , KOTOpbl C He TI011llll810T D KOHUeH-

ClllUI OHII I•ili ll llCOC . LlnsJ H3Y'IOIIH51 3 TOrO f1Bil011H51 Mbl 6panH CHrHlln C l!OHH38UHOH-

110ii Mll iiO ~lCTpH'ICCKOii n !lMilbl Hfl OCUHnnorpa!jJ. 3 TO nano B03MO)l(HOCTb 3lllll!Cb!B8Tb 

Jll!BJI OHH C n HOMOpHTeiiLtJ o ii KaMep e o npouecce ncTe'leHH 51 ra3a H3 connoaoro an-

u a paTa. XapaKTepB bte 3a DH C HMOCTn naancnHH oT apcMe nn npnaeneubi na pnc. 5. 

0 T C •IC T npeMCIIII Jl il 'IHI!ti0TC51 0T MOM 0 11Tll Cpll68T blB81lH51 KllllTillHa . nony'leHHbl0 KpH

Bhle 110Kll3 l o!Oll!OT, 'ITO 0,6 -2% 1'83 8 HC 110118ll8eT B KOHneHCBUIIOI!Hbtii HllCOC, 'ITO 

~tO)l< flO pllCC "aT pHD8Tb KBK x apaKTe pHCTHKY CTe neHH KOJinHMBUHH CTpyH. 

0'10 llb Bll >K HOii X8p8KTC p11C THK Oil HllCOCB 51Bil51eTC51 npenenhHO nonyCTIIMQe KOIIH-

YecTno KOnJlencnpyeMoro ra3a . Onbi T IlOKll3LIBaeT, 'ITO renneaa51 noaywKa coxpau51e T 

npn6nH3 11TCJJbllO I!OCT 051H ilbl ii K03cjxjJHUHeHT 38XB8T8 B T e 'leHHe 350-400 UHKIIOB . 3 a T eM 

naKyy~ I o 3 KCn e pHMe nTanLnoM o6'beMe 6hiCTpo nana n. KonH'l e CTBO aonopona, ynaonn
~ 

11n e~10e 3a 3 T oii npcM51, coc TnBnHno 90 n ra3a npH nopManhH LI X ycnoBH51X HnH 90 CMv 

llLJlll, TO CCTb MO)l(HO C 'IIITD TL, 'ITO T B0pllblll OOnO-pOll 3811HM 8 eT CBb!We 20% 06'beM8 

r c•n ucnoii nouy unor. 

II cnap51e~tOC TL ii< IIUKor·o rC/11151 o nacoce a p e 3ynbTa T e T ennonoToKa cocTaanna 

1,3 nl•lllca , p a cxon )l<UllKOro r e nn51 npH pa6oT e c unKnoM a 9 CeK - 4,7 n /qac . 

B LIDOllbl 

I. Tpn cooC H I ·IX conna, p a3nene HHbtX KllMe paMn npOM CX(yTo•tnoii OTKB'lKII, no-

0 !10il51!0T C<jJOp~ ll!pOBUTb ll FlBKyyMe £'830Byto aonopOrtlly!O CTpytO. npe naap11T01lbll 0 0 OX-

l la>Knenne oonopona n o T eMnepaTypbi )l<llnKoro a3oTa npnoonnT K yaenn'le HHto nnOT

HOC TH CTpyn L1 10 pa3 . 

2. C T py51 !!:1 pacc TO >ll!H}I 300 MM OT c onnoa o ro a nnapa Ta nMeeT c n enytowH e 

-7 3 
napaM e Tp bt: nonyUJupnHa Ha nonyBLIC OT e I CM , nnoTHOCTL B ueHTpe 10 r /cM 

( 13 c:ny•ta <' Tl· , tn e p fi T YPLI :JMeeOI!Ko'l 78
1
\() 
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3. YnaanHBBHHe cTpyn r 

KonneHcauHoHnoro nacoca . B 

H3 connoaoro annapaTa , ne nc 

cnepHMeHT SnbHOM 06'beMe. 

4. f enn eBbiH KOHlleHC8UH< 

-3 
B8T8, TOnbKO 10 % OT nonaB 

1. B.A. HHKHTHH, A.A. HoMo¢ 

aa. nT3 1\'9 6, 18 ( 1963). 

2. K.Ll. T oncTOB . npenpnHT 0 

3. E.C. EopoanK, ¢>. H . Eycon, 

973 ( 1963). 

4. E.C. EopoanK, ¢>.11. Eycon , 

285 (1965). 

5. H.l1. IOweHKOBa. C6opHHK • 

343 (1959). 

6 . E. w. Becker, R. Klingelhofer , P. L• 

< 7. n.r. nollUS!HCKHH. MexaHHKE 

J.r 8. A. ¢>eppH . A 3 ponHHaMHKa c 

CKOil llHT epaTypbl. MOCKB8, 

?"" 

9. ¢>.11. Eycon, E.l1 . CKn6eHK< 

10. f.H.AISpaMOBR'I. _ npi!KilllllHI 

11. E.f. na3epoa, E .C. EopOE 

C8Uli0HHblll H8COC. YKp8HH< 

12. E.C. EopOBHK, E.r. na30J: 

H B COC C 8BTOHOMHblM O>KH: 
-:: ,;.: • /1 fOrt'l.{.o,.' 

13. M.n.ManKOB, v!.E • .UaHnno: 

T 0XHH'l0CKIIM OCHOB8 M r ny1 



HeCKOHAeHCHpOBBHHbJJ! raa MOr CBD

•H UHKJIH'IHOCTH Cpa68Tb1B8HHH KJIB-

6'beMe B MOMenT OTKpbiTHH KJI8D8-

:a3bJB8eT, 'ITO JIHillb 10-3% OT no-

H3 nero. CneAosaTeJJbHO, YXYA

Bll lil!H CTpy u MO X<eT llpOHCXOAHTb 

)TOpbr e He Tl0f1{1A8IOT D KOHAeH-

11 6panH CHrH a n C HOHH38UHOH-

ABIIO B03 MOlKHOCTb 38JTHCbiB8Th 

:Te'!e na 11 raaa a a connosoro an

peMenu npaaeAenbJ Ha pac. 5. 

B811H51 J(Jl8TJ81!8, nony'!eHJible KpH-

KOHAeHC8UI!OI!Hbli1 H.:ICOC, 'ITO 

KOJIJIHMBUIJII CTpyn, 

1'CH llpeAellbHO AOIIyCTHMOO KOJIH

'ITO renueaan nosylliKa coxpaaneT 

' Te'leHHe 350-400 UHKJIOB. 3aTeM 

1. Konw-1eCTBO BOAOPOAa, ynasna

nopMaJJhHbiX yCJJOBH5JX HJIH 90 CM;! 

A aanaM aer cswllle 20% o6'beMa 

' llhTaTe TennonOTOKa COCTaBHJIB 

3. YnasnasaHae CTpya MOlKeT 6 biTb ocymecTsneno c noMOillh JO r enae s oro 

KOHAeacauaonaoro Hacoca. B aallJeM cny'!ae oT 0,6 AO 2 % raaa, BbrTeKa JOmero 

H3 connosoro annapaTa, He nonaAano s renaesyJO nosylliKY H pacceusanoc b B SK

cnepaMeHTallhHOM o6'beMe. 

4. feJJHeBbiH KOHAeHCaUHOHHbiH HaCOC o6naAaeT XOpOiliHM KOS!jx!JHUHe HTOM 38X

-3 
naTa, TOJlhKO 10 % OT nonaslllero B Hacoc raaa He ynasnasaeTCH noaylliKOii. 

fl H T e p a T y p a 

1. B.A. HHKHTHH, A.A. HoMolj>anos, B. ; , , CsapHAOB, n.H. CTpyHOB, M.r. Wa<jJpaHo

sa. nT3 N1 6, 18 ( 1963). 

2. K.n. ToncTOB. npenpHHT OIHU1 1698, lly6Ha 1964. 

3. E.C. EoposHK, cf>.H. Eycon, B.E. IO¢epos, E.H. CKa6eHKO. )I<Tcf>, 33, s.8, 
973 (1963). 

4. E.C. EoposaK, ¢>.11. Eycon, B.¢>. IO<jJepos, E.H. CKa6eHKO. )l<T<l> s 6m. 8, 
285 (1965}. 

5. H.l1. !OmeHKosa. C6opHuK •npo6neMbl sHepre THKH'. MocKsa, AH CCCP, 
343 (1959). 

6. E. W. Becker, R. Klingelhofer, P. Lohse. Zeitschrift fUr Naturforochung, band 17 a, heft 5, 432 ( 1962 ). 

< 7. n.r. floiiURHCKHH. MexaHHKa lKHAKOCTH n. raaa. ¢>H3MaTrH3, 1959. 

~ 8. A. cf>eppa. AspOAHHBMHKa csepxasyKosblX Te'leHafi. 11aA-BO TeXHHKO-Te opeTu'le
CKoii nuTepaTypbi . MocKsa, 1953. 

HKIIOM 6 9 CeK - 4, 7 n/qac. 9 E C E 10 T 36 ( ) . ¢>.11. ycon, E.l1. KH6eHKo, B. • ¢epoa. )K ¢>, T. , s. 12, 2154 1966 • 

H r1pOMe ~<y TO'IIIOii OTK8'1KH, no-

:y ro CTpy ro. npeAnapHTeJibHOe OX-

npHBOAHT K yseJJH'Ie HHJO nnOT-

annapara HMeer cneAyiOilllle 

)CTh B Ue HTpe 10-7 r/cM 3 

"'>'"' 10. r.H.A6paMOBH'I. npnKJJaAHaS! raaosaSI MeXBHHKa. fi1TTn, MoCKB8 , 1953. 

11. E.f. flaaepos, E.C. EoposaK, H.¢>. cf>eAoposa, H.M. ilaH. BoAopot:tHbEii KOHAen
cauaoHHbiii Hacoc. YKpaaHCKl!i!: <jJaaaqecKall lKypnan T. 2, N9 2, 18:d ( 1957). 

12. E.C. 6opOBHK, E.r. naaepos, 11.¢>. MaxaAnos. BonopOAHbiH KOHAeHCaUHOHHbiM 
HaCOC C aBTOHOMHbiM OlKHlKHTelleM. ATOMHaSJ 3 HeprHR T. 7, N! 2, 117 ( 1959}. 

-;::- I:. • /) ,J<r, 'l-"<...: 
13. M.n.ManKos, H .6. lla Hanos, A.r. 3enhnosa'l , A.B. cf>paAKos. Cnpaso'!HHK no <jJaaaKo

rexaaqecKHM ocnoaaM rny6oKoro oxna >J<AeHHSI. focs aeproaaAaT, MocKsa, 1963. 

PyKonHCh nocTynana s H3AarenhCKHii OTAen 
3 l!IOIISl 1967 r. 
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.1. .!!...,.L., .L 

P nf' . 1. C x e :-..w ycTaHOB i>.U !IJH t ~lop ~l nponaHRSJ n ynaMHBamui raaou011 nono-
p o .1 HOH C Tpyu 3 D.1KyyMe : } - 6a11110H BO.Il0p0l1,111Ji i i ; 2 - p C.!.IYKTOp j 

3 - 6yQ>ep11U ~ I C"MI(OCTbj 4 - ::OileKTpOMBIHHTll hlii Kll llHBIIj 5 - 3 MCelUtKj 

() - B81111ll /h ll ll!\01' 0 a30T8j 7 - :;'\r{p811 Jfpy 10WUfi 6 81-t O K i 8 - COn.'lOBO'f 

.1Ji il ap.t1Tf }) - UUK )' YMIILiii KO*YX 3KCnepHMeHT<lllbiiOrO 06bC M8j 

}Q - C :.! OT JJOJH)C' OKHOj JJ - 8:.JOTH hll1 3Kp8 H C BlHIHOfl IK U.IlKOrO i130T8 j 

12 - r cmresLtii 6a 'loK ; 13 - nosywKa ; 14 - llH<!$yanonubtii u.a coc BA-5-4; 
15 - .un$!JyanotiHLiii uacoc BA-05-4; 16 - saxyyMHhtfi uacoc PBH-20; 
17 - BBKYYMHbJfi llllCQC BH-2; 18 - 88KYYMHbi11 II[ICOC BH-1; 
l D - .llblOalJ ~KH!lKoro renus:~; 20 - p enyxTop : 21 - BBKYY~-tMeTpHqecxaSJ 
llllM118; 22 - 6.0l1JIOH r e mlCB blii . 
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Puc. 2 . Connosofi: an 
2. BTopoe c 

J' 

" ld'[J.J,-l 

/,; 

· 3 ·2 -f 0 

·8 
f.210 

PHc. 3. Pacnpe.neneHHe m 
K p83Hb1M MOM91 
OTKpbiTHSl s n e KTJ: 



naunSl raaouon non~ 
!II J.di j 2 - (lC.:lYKTOp ; 

KJ:turaH; 5 - O \WeunK; 

5a,_lOK ; 8 - con.'loooli 
bii OT"O Ofi"bCMB j 

}llHHOfl iKHllKOr O <l30TBj 

'N>Y3JI OIHi bl ii HBCOC BA-5- 4 j 
IMHblii H.:lCOC PB H- 20; 
uacoc B H-1 ; 
- BB KYYMMeTpHqeCKBQ 

Pu-c. 2 . Connosofi annapaT ycTanosKH. 1. nepaoe conno dKp -0,6 MM. 
2 . BTopoe conno d ""'3,00 MM. 3. T peTbe conno d - 3 ,5 MM. 

·8 
f.210 

3 

PHc . 3 . P acnpeaeneua e nnOTHOCTH s CTpye. PaanH ttHbie KPH Bbie OTHOCHT CH 

K pa3Hb1M MOM9HTBM Bp9M9HH H3MepeH H SJ OTHOC HTenbHO Bp9M9HH O 

OTKpbiT HH aneK T pOMBT"HHTuoro Knanaua. T eMnepaTypa 3MeeaHKa 300 K . 
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Puc. 4. Pacnpe.aeneuue nnOTHOCTH n cTpye. Paana"'Hbie KpHBbie OTnocnTCH 

K p83RbiM MOM9UT8M Bp9M9HH H3M9p9HHSI OTHOCHT91IbHO Bp9M9HH O 

OTKpbiTHSI aneKTpoMarHHTHOro Knanaua. TeMnepaTypa aMeeauKa 78 K. \I 
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p HC. 5. llaB119H1!9 B :9KCnepHM9HTQIIbHOM 06b9M9 KBK cf>YHKUHSI Bp9M9HH. 

Ha'-IBII O OTC'i9T8 COBn8,ll89T C M
0
0M9HTOM OTKpblTHSI KIIBnBHB. O 

1. T eMnepaTypa 3MeeeuKa 300 K. 2. TeMnepaTypa 3M99BHKB 78 K. 
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