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Beeaenae 

B pa3BBTHH <jla3HKH BbiCOKHX snepraa 6onbWYIO ponb urpaiOT nyabipbKOBbie 

KBMepbl. 8 HBCTOHl!lee Bp9Mll HBM9THfl8Cb T9Hil9HUBll K pe3KOMY YB9flH'I9HHIO pa6o

'Iero o6beMa sTBX ycTanoeoK. B CoeeTCTBOM Co10ae H e pllJ:le apyrax cTpan npoeK

TBPYIOTCll ny3blpbKOBbie KaMepbi c o6beMoM e .HecKonbKO aecSITKOB Ky6u'IeCKHX 

Ill 
MeTpOB lKBJlltOrO BOJlOpoaa • C pOCTOM pa3MepOB STHX yCTSHOBOK cymeCTB9HHO 

B03paCT89T CflOlKHOCTb BX KOHCTpyKUHB, TeXHOflOrBB B3rOTOBll9HHll, a T BKJKe CnOX<-

HOCTb pa60T no aanaalte B 06CnylKHBBHBIO. 

C apyroA CTOpOHhl, B BBilY ll0BblW9HHSl Tpe60B8HHA K CTBTHCTH'I9CKOMy o6e

Cll9'I9HHIO SKCUepHM9HT8flbHhlX peaynbTSTOB 3HB'IHT9flbHO B03pOCnB Tpe60B8HHSI K 

aaaeJKHOCTB H aonr.oee'IHOCTB a ToA sKcnepaMenTanbHoA TeXHHKH. Ka'IeCTBO a cpoKB 

3KCnepHM9HTa cyweCTB9HHO 38BBCSIT Tenepb OT T9XHH'I9CKOrO COBepweHCTBB ycTa-

HOBKH. 

llns ny3blpbKOBOH KBMepbl B9CbMa BBlKHYIO pOnb HrpaeT Bhl60p KOHCTpyKUHH 

CHCT9Mhl B3MeH9HHSl ll8Bfl9HHR. 

HMeeTcR necKonbKO Tanoe KOHCTpyKTHBHoro pewenHSI sToro yana. Haa6onee 

ynoTpe6HT9nbHhlM CpeaH HHX SIB1l!I9TCSI nopwaeeoA M9XBHH3M H3M9H9HHSI Jl8Bfl9HI!SI. 

OanaKo c TO'IKH apeHH!I aaaeJKHOCTH H aonroee'IHOCTH ·aToT eua Mexaau3Ma ocTas-

n!IeT JKenaTb MHoro nyqwero. 

Eyay'IH eeCbMa cnolKHhlM e KOHCTpyKTHBHOM OTHowenuu, on noaeepJKeH qac·

TbiM llOflOMKBM H Tpe6yeT 60flbWOro BHHMBHHSI npH o6cnylKHBBHHH. 

CymecTeeHHhl H apyrl!e aeaocTaTKH nopwneeoro MeXaHH3Ma, nanpaMep, oTcyT-

cTeae repMeTH'IHOCTH s yane uunanap-nopweHb, aarpSI3HeHHe JKHilKoro eoaopoaa 

B KBMepe UpO.IlYKTSMH H3HOC8 nopwneeoro ynnOTH9HHSI, 6onbW8SI MBCCa UOJlBHlKHbiX 

aeTaneA H B b!COKH9 Tpe60B8HHSI K K8'I9CTBY o6pa60TKH aeTaneA H yanoe. 
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npa 'BOilOPOilHbiX' TeMrrepaTypax 6onbllll!HCTBO !13 OTM9"!eHHbiX HenoeTBTKOB 

yey r y 6nHe Te H. 

8 noe nenaee Bp9MSI B eBSI3H e npoeKTHpOBBHHeM BOilOPOilHbiX ny3blpbKOBbiX 

KBMep 0 6b9 MOM B a e e K OnbKO Ky60MeTpOB lllllpOKO o6eylKABeTCH B03MOlKHOCTb npH-

MeHeHHH M e XaHH3M a H3MeHeHHH naBneHHH e TBK Ha3biBBeMblM 
_.i1/ 

'oMera-eBnb~OHOM • 

3 ToT s a pBaHT M e xaHH3Ma BMeeT pH.ll JlOeTOHHeTB no epaBHeHHIO e noplliHeBbiM. O.ll

HBKO ll OH He nHllle H eymeeTBe KHbiX, HB HBlll B3rn5!Jl, HeJlOeTaTKOB. 0eHOBHbiM !13 

HIIX SIBnHeTeH HeBbieOK B H BbiTeeHHTenbHBSI erroeo6HOCTb ( OTHOlli9Hl!e BbiTeeHHeMOrO 

06beM8 K Jle~OpMaUHII). 

8 60nbllleil 'iBeTI! 113Be eTHbiX rrpoeKTOB, r,lle l!errO.IIh30BBH "OMera-el!nb~OH", 

BBTOpbl eKnOHli!OTeSI K eOBM eeTHOM Y rrpl!MeHeH!IlO e ro e UOplliH9BbiM MeXBHH3MOM, 

KOTOpbi il B a ToM enyqae enylKHT npasonoM. TaKaS! exeMa pelllaeT aeKoTopbie Bo

n p oehi, aarrp11Mep, ynyqlllaeT repMeTH3aUHIO pa6o'!ero o6beMa KaMepbi, onaaKo, rrpB 

3 TOM KOHeTpyKUHSI MeXB HH3Ma yenOlKHSieTeSI !1, ene.llOBaTenbHO, eHBlKaeTeSI ee BB

nelKHOeTb. 

MeXBHH3M H3MeHeHHSI ilBBnaHIISI, B KOTOpOM B KB'ieeTBe Jle~pMllpyeMoro ane-
/ 2/ 

M9HT8 rrpHMeHeHa M e M6paHH85! KOp06KB (eM. plle. 1), ITO HBllleMY MBeHHIO, Bbl-

rOJlHO oTnaqa eTeSI OT M exaHB3Ma e rroplllaeM Bna"oMera- eBnb~oaoM ' . HMeaao rro-

3 TOMY pae 'ie T H a eene.lloBaaae xapaKTe pBeTHK Me M 6paaaoA Kopo6KH rrpeneTaanneT 

rrpa KTH'ieeKHH liHT epee. 8 aaeTOSillleH pa60Te paeeMOTpeHbi: 

1) pae'ieT ll Bbi6op x a paKTepHeTHK MeM6paaaoi! Kopo6KH; 

2) M e TOJll!K8 H p e3yrrhT8Tbl HeiTbiT8BHlf MO,llenH; 

3) KOHeTpy KTHBHBR eXe Ma MeXBH!13M8 H3MeHeHHSI JlBBneHHH B BOJlOpOilHOif ny-

3bipbKOBoif KaMepe aa 6a3e MeM6paaaoi!· Kopo6KH. 

1. Pae'ieT xapaKTepl!eTI!K M eM6paaaol! Kopo6KH 

npeneTB BnS!eT l!HTe p e e pae'ieT enenyiOlliHX XBpBKTepaeTHK MeM6paHHOH KOp06KH 

KBK y3na eHe T e Mbl H3M9H9HHSI ilBBneHI!SI llY3blpbKOBOH KBMepbi: 

1) rrpO'iHOe TH; 

2) OITTHMBnbHOif ro~pHpOBKH MeM6paH .1! 38BHCHMOeTH c.> ef( p), r,lle c.> O- rrpo-
2 0 

r116 MeM6paHbi B ueaTpe (eM), p - naBneaHe, (Kr l eM ) ; 

3 ) B biTeeHHT errb HOil CU OC06HOCTI!. 

4 

§ 1. npo'iHOeTb MeM6paHHOif KOp06KH 

8 M9XBHH3Me H3MepeHHSI JlaBneHHSI MeM6paHHaH KOp06KB Bblll( 

eBnoBoro aneMeHTa Mancil lKeeTKOeTH. KaK ylKe OTMe'ianoeb, nepBc 

B 3TOM enyqae Upl!06peTaroT BOrrpoebi rrpO'iHOCT!I H ,llOnrOBe'iHOCTH. 

Ha plle. 1 exeMaTH'iHO B3o6palKeHa MeM6paaaag KOpo6Ka B J. 

elKaToM B paelliBpeaaoM • HaMB Heene.lloBanaeb l!Meaao TaKaS! Kopo 

/3 / 
l13BeeTHO (eM., BBllpl!Mep, ) , 'iTO Haa6onee OrrBeBbiMH SIBns 

B KpBeBOM ro~pe . nng 3TOro a n e MeHTB MeM6paHBOH KOp06Kl! llpOBE 

ITpO'iHOeTb (eM. ITpl!nOlKeHHe 1 H pHe. 2 -5). :JanaeMeSI yenOBHHMH: 

a) B ayTpeBBee H BHemaee ilBBneal!e B3aHMHO eKOMITeHel!pOB BH 

6) )le~pMBUIIll He BbiXO)lSIT 113 o6naeTI! yrrpyrBX )le~OpMBUI!if. 

HBMH Hai!JleHO (eM. llpHITOlK9BHe 1), 'iTO eBSI3b M elKJly ITOITHOi 

D , JleifeTBYIOllleif eHrrOi! p 
11 panayeoM KpaeBoro ro~pa 

y 

ITPr 
3 

D e 0,5 ---
y EJ 

1 - MOM9HT HHepUIIH, 8 M OM eHT B TO'iKe 

MOMeHTy. 

MaKeHMBnhHhie H3ra6aJOmae a a n pHlKeHHH 

A p aBeH Pr , T.e. 

(7 
u 

B eBapBOM llJB< 

e B H38Hbl e TOnU!HBOH 0 eTe HKH KpaeBor o ro~pa , nonaoi! ne~opMa 

p 8 JlHyeoM Kp89BOro ro~pa 3 8 BHeHMOeTblO 

EoD 
y 

(7 
u 

IT r 2 

nng ilOrryeTHMOH B e rrll'il!Hbl )le~OpM8UIIII 

D ] c 
y 

IT r 2 [ u] 

Eo 
6 2 

nnH eTana X18H9T Monynb . lOHra E =2 · 10 Kr / e M • a npe n e n y eTa 

141 0 
e TH rrpll T =-196 C 

2 
17 -I = 7000 Kr f c M • 

2 
npl!H SIB ilOITy CK8eMOe H8ITpSilKeHHe ( U ] = 5000 Kr /eM ll BOCITOITb30BI 

u e il 1, B K OTopoil rrpoTa6ynapoBa Ha ~opMyna n nH [ DY ] - n orry cKa el\ 

ne~OpMBUH H B npenenax ITpl!eMn e M biX 3Ha'ie HHif r ll 0 , M OlKHO 

napaMeT pbi K p aeBoro ro~pa . 
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IOAOpOAIIbiX' TeMnepaTypaX 6onblliHIICTBO H3 OTM9'I9HIIb!X H9AOCTaTKOB 

Slo 

IeAHee BpeMSI B CBSI3H C npoeKTHpOBaiiHeM BOAOpOAIIbiX ny3blpbKOBbiX 

AOM B H9CKOnbKO Ky60M9Tp0B WHpOKO o6Cy)I(AaeTCSI B03MO)I(IIOCTb npH-

.,j1/ 
~8HH3Ma H3M911911HSI AaBneHHSI C TaK 1183b!Ba9Mb!M 'oMera-canbtPOHOM o 

IT MexaHH3Ma HMeeT pM AOCTOHIICTB no cpaBHeiiHIO c nopwaeBbiM. Oa-

e nallleH cymecTBe I!Hbrx, a a II Bill B3rnSIA, !leaocTaTKOB. OcaoBHbiM H3 

S1 !leBbiCOKaSI BbiTeCHHTenhH8SI CIIOC06IIOCTb ( OTIIOWeaae BbiTeCHS!eMOI"O 

!tPOpMaUHH) o 

.wefl 'I8CTH 1!3BeCTHbiX I!pOeKTOB, rae I!CI!O.IIh30B8H • OMera-CHRbtPOH', 

IHS!lOTCSI K COBMeCTHOMY I!pHMeHeHHIO ero C IIOpWIIeBblM MeXaHH3MOM, 

•TOM cnyqae cny)I(HT rrpHBOAOM. TaKaS! cxeMa pewaeT aeKOTOpbre Bo

aMep, ynyqlllaeT repMeTH38UHIO pa60'i9I"O 06beMa K8M9pbi, OAIIaKo, I!pH 

•YKUH.SI M9X8HII3M8 yCR0)1(H.SI9TCSI II, CneAOBBTenbiiO, CHH)I(BeTCSI ee Ha-

13M 113MeHeHHSI ABBneiiiiSI, B KOTOpOM B K8'!9CTBe A9tPoPMHpyeMOI"O 3Re-
. n1 
!119118 MeM6paiiH8SI KOp06Ka ( CM, pac. 1), IIO H8W9MY MHel!HIO, Bbl-

1 . 

l eTCSI OT MeX811H3M8 C IIOpWHeM HnB'OM9I"a- CHnhtPOIIOM'. l1MeHHO no-

1eT II IICCne AOBaHIIe XapaKTepHCTHK MeM6p8HHOll KOp06KII rrpeACT8BnS19T 

K HHTepec. B HBCTO.SIWeH pa60Te paCCMOTp9llbi: 

I 
r:eT ll Bbi 60p xapaKTepHCTIIK M9M6p811HOil KOp06Ka; 

OAHK8 H pe3ynbT8Tbl HCI!b!T8HIIl! MOAena; 

~TpyKTHBH8SI CX9M8 MeX8HH3M8 113M911eHHSI ABBneHIISI B BOAOPOA!IOil rry-

8Mepe 118 6a3e M9M6paHHOif KOp06KII, 

1o Pac'!eT xapaKTepacTI!K MeM6paHHOll Kopo6Ka 

8Bn.S19T HHTepec paC'IeT cneayiOI1II!X xap8KT9pHCTIIK MeM6paHHOH 

~TeMbi H3MeHeHHSI aaBneHHSI rry3b!pbKOBOl! KaMepbr: 

~HOCTH; 

KOp06KII 

IMBnbHOil ro¢pl!pOBKH MeM6paH II 38BHCHMOCTH c.> ~f( p), rae c.> O- I!po-
2 0 

bl B U9HTpe (eM), P - ]:18Bn9HIIe, (Kf/CM ) ; 

9CHHTellbHOil CIIOC06HOCTIIo 

4 

§ 1. npO'IHOCTb M8M6pa11110il KOp06KH 

B M9X8l!H3M9 113MepeHHSI aaBII9Hii!SI MeM6paHH8SI KOp06Ka BbiiiOIIIIS!eT tPYIIKUHIO 

canoBoro aneMeHTa Marroif )l(eCTKOCTIIo KaK y)l(e OTMe'!arrocb, nepBOCTeneHHYIO ponb 

B 3TOM cnyqae npao6peT8IOT BOIIpOCbl IlpO'IHOCTH H aoni"OB9'l!IOCTH, 

Ha p.I!Co 1 cxeMaTH'IHO 1!3o6pa)l(eaa MeM6paHIIBSI KOpo6Ka B aByX IIQnO)I(eiiR.SIX: 

C)I(BTOM a pacw11pe11110M • HaMH IICCrreaoBanacb HMellllo TaKaS! Kopo6Ka. 

/3/ 
l13BeCTIIO ( CM,, H8IIpHMep, ) , 'ITO aaa6orree OII8CHbiMH SIBR.SIIOTCSI llanp•1)1(9HHSI 

B KpaeBOM ro¢pe, nnSI 3TOI'O 3IIe~eHTa MeM6p811HOil KOp06KR llpOBeAeM p8C'leT 118 

I!pO'IHOCTb ( CMo llpHR0)1(911H9 1 H piiCo 2-5), 3aaaeMCSI yCIIOBIIS!MII: 

a) BayTp9HHee II BHewaee aaBneHHe B3811MHO CKOMIIeHCI!pOB811bi; 

6) aetl>opManaa ae Bhrxoa.SIT H3 o6nacTR ynpyrax aetl>opMaual!. 

HaMH Hal!aeiiO ( CM, llpiiRO)I(eHII9 1), 'ITO CBSI3b M9)1(Ay IIOIIHOi! A9tPOPM8UIIeH 

D , ael!CTByiOmel! CI!ROH p 11 paaaycoM KpaeBoro rot!>pa IIMeeT Blla 

D ~ 0,5 
IT P r

3 

EJ 

J - MOM9HT I!H9pUI!II, 

MOM9HTY. 

8 MOMeHT B TO'IKe A p 
r 

paBeH , T.eo M8KCHM8IIbHOMy 

MaKCIIManbllbie H3rll6aiOwae HanpH)I(eHHH C1 
11 

B CBapiiOM lliBe 'B' (piiCo 4) 

CBSI3811bl C TOIIWIIHOH 0 CTeHKII KpaeBOI'P I"OtPpa, IIOIIIIOH A e tPOPMBUHeH 0 H 

paa11yCOM Kp89BOI'O rotl>pa 38BHCIIMOCTbiO 

EoD 
y 

" u 
IT r 2 

nrrH AOI!yCTIIMOH BeiiH'IHHbl aetl>opM8UHH 

D ] = 
y 

IT r 2 [ u] 

Eo 
6 2 

nrrH CTana X18H9T MOAYIIb . IOHra E =2•10 Kf/cM , 

/4/ 0 
CTII npa T =-196 C 

"-r = 7000 KffcM
2 

• 

a rrpea e rr ycTaiiOCTHOH IlpO'IIIo-

2 
npHHSIB AOIIyCKaeMOe H8IIpSI)i(eHIIe ( C1] = 5000 Kf /e M II BOCIIOIIb30B8BlliHCb Ta6na-

uei< 1, B KOTopoll rrpoTa6yrraposaHa tl>opMyrra anSI [ DY 

a e tl>opMauai< a rrpeaerrax rrplleMrreMbrx 3Ha'leHail r 

n a paMeTpbi K p a eBoro ro¢pa. 
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r 

2 
TaK, npn 8 =0,8 MM, [u 1 =5000 KflcM , pannyc Kpaeeoro rrnj>pa nonlKeH 

6b1Tb paBeH 15 MM. npa 3TOM [ D y 1 6yneT 2,2 MM. 

§ 2. fotj>pnpOBK8 MeM 5paHHOH KOp05KH 

KaK netj>opMnpye Mbill 3neMeHT rotj>pnpoeaaaaSI MeM5paaa o6nanaeT nyqwe11 ynpy

rocThiO no cpaeaeHHIO c rnanKoll MeM6paaoll. P aaMepbi rotj>pnpoeKH MeM5paHbi, 'l!a-

npn Mep, TpaneuennanhHOH tj>opMhl 38UBIOTCSI 05bi 'IHO KBK tPYHKUHSI TOnWHHbl 8 H 

/ 5/ 
nonyeonHbi d ( CM. pnc. 6). 

.Um1 onpenenean 11 rnaBHbiX aanpSilKeanll u H eenH'IHHbi nporn5a rotj>pnpoeaa

HO!I MeM6p8Hbl "' OM 
H3BeCTHbl cnenyJOWHe 38BHCHMOCTH 

rne 

H 
P R U e P R 

2 

--82- s CUOM 
E S 

3 T' 

2 
p - paeaoMepao pacnpeneneaaaSI aarpy3Ka, KflcM ; 

R - paUHyC r otj>papOBBHHOH 'IBCTH MeM5paHbi, CMj 

8 - TOniUHH8 MeM5p8Hbl , CMj 
2 

E - Monynh !Oara , Kf l cM 

/5/ 

s H T K03tj>tj>nuneHTbJ, onpenenSieMbie cnenyiOIUHM o6paaoM: 

S 
3+v'6(q 2 -1) 2 -;-:-3 

e ( ---\ 
3 T·-------

rne q 2 = 

(q-1)(q+3) q-1 

d2 
1+6 --8 2 

(eM. pHC., 6). 

2(q+1)(q+3) 

Ma coo6palKeHall 3tj>tj>eKTaeaoro aarpylKeHH!I MeM5paHbi npaMeM aenH'IHHY no

nycKaeMoro Hanp!!lKeHH SI UnSI rotj>pHpOB8HHOI!: ee 'IBCTH TBKOH lKe, KBK H B KpaeBOM 

ro<jlpe. Cagaaa Teneph Bbipa >KeHHSI nng 8 H C<l 
OM 

r "' o 
M 

1-
[ u 1 R 

2 
T 

E 8 S 

, nony'IHM 38BHCHMOCTh 

KOTOp8S1 arpaeT BBlKHyiO pOnb npH paC'!eTe MeM6paHbi , TBK KBK IT03BOnSieT onpene

nHTh nonycTHMYIO aenn'!HHY ee nporn6a. 

6 

§ 3. Pac'!eT xapaKTepaCTHKH MeM6paHbi 

XapaKTepncTHKOli MeM5paHbi HB3bi eaeTCSI aaeaCHMOCTh eana 

w - npora5 MeM5paHbi B ueHTpe, a P - naeneane. Pac'!eT 3TC 
OM 

UnSI KOHKpeTHO Bbi6paHHOii MeM5p8Hbl UBH B TipHnOlKeHHH II ( CM 

HHe Ifi 

rne Q 

H 'TipaMep pacqeTa') n npoeonHTCSI no tj>opMyne: 

2 7q 
2 

p -

3 
E 8 ">o lA 

T R4 

0 

( I + 

2 

"'·oM 

0
2

8
2 l , 

(q+4)(q+l1)(2q+ 1 ) (3 q + 5) 
2 

1728 ( q + 1 ) 

a R 0 - nonabt J 

/ 6/ 
MaaeCTHO , '!TO MOUYnh ynpyroc TH MGTannoB 'E' npH CHHlKeHHK 

ennoTh no T =20°K npaKTH'IeCKH ae H3MeHSieTCSI. 

0TciOna cnenyeT, '!TO npaaeneaaag anech aaancn MOCTh cnpaa 

nacTn HH3KHX TeMTiepaTyp. Ecnn o5paTHThC!I K Ta6nnne 2 TipanolKf 

'ITO UnSI MeM6p8Hbi , p83Mepbl KOTOp Oll 38U8Hbl ( CM. 'TipHMep paC'IE 
2 

P = 0 ,334 KflcM Bbi3biBaeT nporn5 B ueHTpe cu 
0 

= 7 ,25 MM. 

MeM6paaa c nprnj>nneM rotj>pnpoBKH npyroro anna MOlKeT 6biTJ, 
/ 3 / 

peKOMeHUBUHSIM, H3nOlKeHHb!M B 

§ 4. B biTeCHHTenhaaSI cn oco6aocTh 

TipH KOHCTpyHpOBBHHH H paC'!eTe MeM6p8HHOH KOp06KH, HCITOm 

Me H3MeHeHHSI UBBneHHSI ITY3b!phKOBOI!: K8Mepb!, onpenenSIIOIUel!: Bell! 

nporu6 w·o M UeHTpa MeM6p8Hbi. TiporH6 MeM6paHbl, B CBOIO O'leJ 

eT BenH'IMHY BbiTeCHSieMOrO o6'beMa, T. e . Bb!TeCHHTenhHYIO Cnoco6.E 
/7/ ~ 

KaK naeecTao , Koatj>lj>nuaeHT pacwapeHHSI ( nnn, HHbiMH cnoaaMn, 

TeCHSieMoro 05'beMa KO BCeMy 05'beMy ) B BOUOpOUHbiX ny3b!pbKOBb!X 

npeBbiwaeT 2 %. CnenoaaTenhHO, OH aanaa npa pacqeTe MeM6paHHO 

TBeTCSI onpenenHTh He06XOUHMb!H npora6. 3TOT p8C'IeT BbiiTOnHeH B 

HaMH Haiineao, 'ITO nonHbill BbiTeCHSieMbJll o6'beM nnR rotj>pnpoaaaao~ 

KpaeabiM rotj>poM paaea 

2 
V-"R [cu

0 

7 

M 

z + 1 
+ 

2 (z+3) 
D Y ] , 



2 
8 =0,8 MM, (a) =5000 Kr/eM , pa)lHye tH 

Kpaeaoro r~pa JlOII*eH 

15 MM. npa 3TOM [ D y l 6yueT 2,2 MM. 

§ 2. rorppHp05K8 MeM6paHHOH KOpOOKH 

~rpopMHpyeMbiil ::weMeHT rorppnpo5aHHaSJ MeM6paHa o6na)laeT nyqweil yrrpy

)85HeHHIO e rnaJlKOil MeM6paHoil. Pa3Mepbi rorppapo5KH MeM6paHbr, Ha-

reueHuanhHOH rpopMbl 38Jl810TeSI 06bl 'IHO K8K rpyHKUHSI TOIIWHHbl 8 H 

/ 51 
(eM. p!te. 6). 

)eueneHHSI rnaBHbiX HBIIPSI*eHHH 0 H Bei!H'IHHbl npora6a rorppapOBBH-

bl cu H3BeeTHbl eneJlyiOWHe 38BHeHMOeTH 
OM 

H 
"'oM E 8 s 

T' 0 e 

2 
p R S P R 

82 

2 
.HoMepHO pacnpeJleneHHaH Harpy3Ka, KrleM ; 

,Hye rorppap058HHOH qaeTH MeM6p8Hbi, eM; 

:WHH8 MeM6paHbl 0 CM; 

2 
~ynh IOHra, KrleM 

/5/ 

oarprpHuHeHTbi, onpeJleiiSJeMbie eneJlyiOU\HM o6pa3oM: 

S 
3+y6(q 2 -1) 2 q-S 

e (---) T • 
3 

(q-1)(q+3} q-1 2(q+l)(q+3) 

d 2 

-6---sr (eM . pHC., 6). 

5pa*eHHH aqxpeKTH5HOrO Harpy*eHHSI MeMOp8Hbl llpHMeM 5eiiH'IHHY JlQ

IAIIPH*e HHH JlllH rorppHp058HHOH ee 'IBCTH TBKOH *e, KBK H B KpaeBDM 

5 Teneph 5 ur p alKeHHH unsr 8 H CU , IIOIIY'IHM 38BHCHMOCTh 
OM 

(a]R
2

T 

E 8 S r "' o 
M 

l c 

eT 58lKHYIO pOIIh npH paC'IeTe MeMopaHbi, TBK KAK II0350IIHeT onpe)le

lMYIO 5eiiH'IH HY ee nporH6a. 

6 

§ 3. Pae'IeT xapaKTepHeTHKH MeM6paHbi 

XapaKTepHeTHKOi! MeM6paHbi H83biBaeTeSJ 385HeHMoeTh 5Hua "' ef(p),r)le 
0 M 

"' - rrporH6 MeM6paHbi 5 ueHTpe, a p 
OM 

- Jl85IIeHHe. Pae'IeT a Toil xapaKTepHe THKH 

JlllSI KOHKpeTHO 5b!Op8HHOH MeM6p8Hbl Jl8H 5 npHIIO*eHHH II 

HHe III H •npHMep paeqeTa') H IIp050JlHTeSI IIO rpOpMyne: 

p -

2 2 

s 
E 8 "'o ___ M(1+ 

T R 4 

0 

2 

"'·oM 
Q 2 8 2 ) , 

(eM. TBK*e npHIIO*e-

(5) 

r)le Q 7q (q+4)(q+11)(2q+1)(3q + 5) H R o- IIOIIHblH p8JlHye MeMOpAHbl. 
2 

1728(q+1) 

16/ *E* J13aeeTHO , 'ITO MOJlYllh ynpyroeTH MeT8llll05 npH eHH*eHHH TeMnepaTypbl 

5IIIIOTh JlO T =20°K npaKTH'IeCKH He H3MeHSJeTCSI. 

0TeiO)l8 ene)lyeT, 'ITO npHBe)leHHBSI 3)leCb 385HeHMOeTb Cnpa5e)lllH58 H 5 o6-

ll8CTH HH3KBX TeMIIepaTyp. Eena o6paTHThCSI K Ta6naue 2 npano*eHHH n. TO 5HJlHO, 

'ITO JlllSI MeMOp8Hbl, p83Mepbl KOTOpOH 38Jl8Hbl (eM. •npHMep pae'IeTa •), Jl85lleHHe 

2 
P = 0,334 KrlcM 5bi3bi5aeT npora6 5 ueaTpe "'

0 
= 7 ,25 MM. 

MeM6paaa e np~HneM rorppHp05KH Jlpyroro 5HJla MO*eT Ob!Th paee'IHTBHa no 

/3/ 
peKOMeHJl8UHS!M, H3IIO*eHHbiM 5 

§ 4. BbrTeeHHTeiihHBSI enoco6HOCTh 

npH KOHeTpyHp058HHH H paC'IeTe MeM6paHHOH KOp06KH, HCIIOllh3yeMOH 5 CHCTe

Me H3MeHeHHH Jl85IIeHHSI ny3blphK050H KaMepbl, OnpeJleiiS!IOWeH 5eiiH'IHHOH S15IIHeTCH 

nporH6 "' 'oM UeHTpa MeMOp8Hbi. nporHO MeMOp8Hbl, 5 C5010 O'IepeJlh, onpeuenSJ-

eT 5eiiH'IHHY 5b!TeCHS!eMoro OObeMa, T.e. 5b!TeeHHTellhHYIO cnoco6HOCTh ycTpOHCT58 . 
11 1 • 

KaK H3BeCTHO , Koa$1JHuaeHT paewHpeHHSI (HnH, HHbiMH eno5aMH, OTHoweHHe 5 bl -

TecaSJeMoro o6beMa KO ace My o6beMy) 5 50JlOPOJlHbiX ny3biphK05hiX KaMepax He 

rrpe5biWaeT 2%. Cne Jl05aTeiihHO, OH 38Jl8H npH pac'IeTe MeM6paHHOH Kopo6KH. Oc

TaeTCSI onpeJleiiHTb HeOOXOJlBMblH nporHO. 3TOT paC'IeT 5 blliOIIHeH 5 npHIIO*eHBH Ill 

HaMH Hailueao, 'ITO nonHbiH 5biTeCHHeMbrll o6beM JliiSI rorppHpo5aHHOll MeM6paHhr c 

Kpae5biM rorppoM pa5eH 

2 

V c "R [ "' 0 
M 

z + 1 
-- + D l 

2(z+3) Y ' 
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rAe R paAaye ro~paposaaaoA qaOTH MeMopaahl, 

~oM- nporuo n eHTpa r~paposaaaol! qaeTa, 

D 
7 

- AecjlopManaB (xoA) Kpaesoro ro~pa, 

z - napaMeTp , y'lHT hlBBJOwaA aaMeaeaae ~opMbi ynpyrol! nosepxaOCTH B npa-. 

Aenax ro~paposaaaoil qaeTa MeMopaabi npa aaMeaeHHH nporaoa. 3aa'!eHHSI 
~OM /3/ 

A9llli:IOTeSI K8K ~yHKUHS! OTI:OW9HHSI - 8- (eM. paoOTy ). 

z onpe-

l13M9H9HH9M 06'b9M8 B KpaesOM I'O~pe npeae6peraeM (eM. flpH110lK9HB9 ID ). 

flpe AeT8BllSI9T HHTepee OTBOW9HH9 00b9M8, BhlT9CHSI9MOI'O 38 e'leT A9~0pM8IlHH 

M9MOp8HHOH 'l8CTH KOpOOKH VI H 00b9M8, BbiTecHSI9MOI'O npa ll9~0pM8UHH Kp89BOI'O 

(eM. pae . 7). ro~pa V 
2 

Y c Taaosnea o , 'ITO eena s enaqaaa paAayea Kpaesoro r~pa a paa Mep ro~papos

KH IIOAOOp8Hbl T8K, 'ITO H8llp SI:>K9 HHSI, B03BHK8JOIUH9 B HHX npa A9~0pM8UHH Kdf>OOKH, v 
paBHbl n o sena'!aHe , TO An SI paee MOTpeuaoro cny'!aSI eoOTaoweaae --

1
- = 1,63. Tav2 

KOe eOOTHOW9HH9 S!BllSie Te SI B8:>KHblM a p r y MeHTOM B n0llb3Y M9MOp8HHOH KOpOOKH no 

ep8BH9HIIIO C w OMera-cHllb~OBOM
6

• 

8 XOA9 paeqeTa M9MOp8HHOif KOpOOKH (eM. 'flpaMep pae'!eTa') nposepS!ll8Cb JlQ-

CTOBepHoe Tb nony'leHHbiX peayllbTSTOB 11800 ny TeM HX eonOCT8Bll9HHSI C A8BHbiMH no 

a e iib!T8 HHSIM MOA9 11H, 11800 (KaK :3TO eA9118HO llllS! pae'l9 T8 B911H'li!Hbl paAayea 

Kpa esoro ro~pa) nyTeM onpeneneBHSI ax Apyra~J e noeo6oM. Coananeaae peayllbTBToB 

B oooax eny '!aRX xopowee. 

n . MeTOUIIK8 H peaynbT8Tbl aenbiT8HHH MOA911H 

flpll H3I'QTOB119HHH MOA911H (eM. pae. la) H ee aenhiT8HHSIX eTSBHllHeb Cll9AYIO-

IUHe u ena: 

1. OnpeAenaTb npaauanaallbayiO B03MO:>KBOCTb npaMeaeaaS! MeM6paaaoil Kopo6-

KH B K8 '19 eTB9 AecjlopMHpyeMOI'O CHllOBOI'O 9119M9HT8 eaeT9Mbl paCWHp9HHSI ny3hlpbKQ-

BOH K8 ""-9Pbl· 

2. OnpeAellBTb aeKOTOpbl9 KOHeTpyKTHBHble ocooeHHOCTH H TpeoOB8HHSI K T exao-

llOI'HH aaroTosneaaB oollbwoA MeMopaaaoA Kopooxa. 

Hawe BHHM8HHe OblllO eocpenOTo'leHo aa: 

a) T9XH0110I'HH H3 I'OTOB119HHSI MOA911H KOpOOKH H3 Tpex OnOKOB (TpexeeKUHOH-

Hfi SI KOpOOK8); 

8 

6 ) Bbmonaeaaa esapuoro IUBa ua KpaesoM ro~pe; 

B) aenbiT8HHH MOA911H B yellOBHSIX, KOI'Il8 H8llpS!:>K9HHSI B Kpae 

MeMopaue onaaKa K npeAeny T eKy'leeTa MaTepaana (1X18H9T). 

l13I'OTOBlleHH8SI H8MH TpeXC9KUHOHH8SI KOpOOK8 ooeene'lH118 COK 

aenhiT8HHll, T8K K8K ll03B011Hll8 OAHOBpeMeHHO nposepHTb paoOTOC11' 

HblX esapHblX WBOB. 

B uen11x aKoHOMHII speMeRa Mhi acnollbaosana HMeiOwafie 11 r111J 

H3I'OTOB119HHSI M9MOp8H KOpOOKH. flpa :3TOM eeTeeTB9HHO, 'ITO I'O~pll 

He S!BllS!ll8Cb OllTHM8llbHOH AilS! AOeTH :>K9HIISI H81!00llee Bbii'OAHOI'O e< 

uy aanpS!:>KeHHHMH s MeMopaue 11 BhiTeeaSieMhiM e10 o 6b eMOM. 

§ 1. HaroTosneHae 

KaK y:>Ke rosopanoeb, np11 H3roTosneHHH Kopo6Ka 6ollbwoe sua 

Bbin011119HHIO esapHblX WBOB, paenOllO:>K9H HbiX no Hapy lKHOMY n e pHMe1 

0lKHA8110eb, 'ITO 9TH WBbl 6yuyT H8HOOllee enaOblM MeeTOM MeMopal 

HenbiTaHHS! noATBepAHllH o6oeaosaau oeTb aTax npennono:>Ke HH A. Coe1 

6pau npoaasoAHnoeb enoeo6oM aprouo-ny rosoif esapKa nyTeM onna1 

3blB89MblX 'yeos', OCT8BllS19Mbl X AilS! :3TOA U911H H8 OTWT8 MITOB8HHOI 

pae. 8). Haa6onee npo"!HbiM oKaaaneS! wos, aao6pa:>KeHHbiil Ha pae. 

Woa NY 3 (eM. p11e. la) aMen paaMep 'yea• 1-2 .MM, NY 2-

TOllbKO WOB NY 1 Oblll 1!3I'OTOB119H 6nH3KHM K TOMy, "'TO aaoop a:>KeH< 

§ 2. HenhlTBHIISI MOAena 

11J::nb!T8HHSI M9MOp8HHOH KOpOOKII H8 yeTanoeTayiO npO'lHOeTb f 

eneuaanbaOM eTeHAe (eM. pae. 9). 

CaeTeMa pa6oTaeT eneAYIOIUHM o6paaoM. 

1. B naesMaTa'!eCKHe KnanaHhi 10 a 11 noAaeTeS! Aasne aae, a 

p eHHHJ! 00b9M M9MOp8HHOH KOpOOKH 1. 3aTeM Aasneaae noAaeTCS! 

o6beM KolKyxa 2. 3To Aasneaae ooecne'!asaeT elKaTae KopooKH, oc 

HbiM B npouecee aenhiT8HHH. 

9 



ro~papoaaaaoa qaOTH MeMopaaw, 

neHTp8 r~pHpOB8HHOH qaeTH, 

~pMa!lHII (xon} Kpaeaoro ro~pa, 

)8MeTp, yqaTwaaJOmaA H3Meaeaae ~opMw ynpyroa noaepxHOCTH a npa-. 

aaHHOH qaeTH MeMOp8Hbl npH H3MeHeHHH npora6a. 3aaqeaHH z onpe-
I ~OM /3/ 
kjlyHK!JHSI OTI;omeHHSI - 8- (eM. pa60Ty }, 

eM o61>eMa a KpaeaOM ro~pe npeae6peraeM (eM. ITpanolKeaae ID }. 

nHeT aaTepee OTaomeaae o6beMa, awTeeaHeMoro 38 eqeT ne~opManHH 

3eTH Kopo6KH V 
1 

H o61>eMa, BbiTecHSieMoro npa ne~opManaa Kpaeaoro 

M. pHe, 7). 

Jeao , qTo eena aenaqHaa panayca Kpaeaoro r~pa a pa3Mep ro~papoa

TaK, qTO Ha!lpHlKeHHSI, B03HHK810WHe B HHX npH ne~opM8nHH KcjfJOOKH, 
v 

~qaae , TO nn11 paeeMOTpeaaoro enyqag eoOTaoweaae --1- = 1,63. Ta-v2 
eHHe S!Bn!leTeSI B8}!{Hb1M apryMeHTOM B !l0nb3Y MeM6p8HHOH KOpOOKH no 

'OMera-eHnb~OHOM'. 

paeqeTa MeM6pauaoii Kopo6KH (eM. 'ITpaMep paeqeTa •) npoaepHnaCb no

nonyqeaHbiX pe3yilbTaTOB na6o nyTeM HX eonocTaBJJeHHII e naHHbiMH no 

~onena, na6o (KaK sTo enenaao JlnH paeqeTa aenaqHHbi panayea 

pa} nyTeM onpeneneHHSI ax npyntM erroeo6oM. Coarraneaae pe3ynbT8TOB 

JaRX xopowee. 

II . MeTonaKa a pe3yilbT8Tbl aerrbiTaaail Monena 

3rQTOBJJeHHH MonenH (eM. pae. la} H ee HC!lb!T8HH!IX eT8BHnHeb enenyiO-

~nenHTb rrpHHUHllH8nbfiYIO B03MOlKHOCTb npHMeHeHHSI MeM6paHHOH KOp06-

ee ne~opMapyeMoro eanoaoro sneMeaTa eaeTeMbi paemapeHHSI ny3bipbKo-

enenHTb HeKOTOpble KOHeTpyKTHBHbie oco6eHHOCTH H Tpe60B8HHSI K TeXBQ

oaneHHSI 6oilbwoa MeMopaaaoa Kopo6Ka. 

BHHMaHHe 6bwo eocpellOToqeao aa: 

;aonorHH H3rOTOBneHHH MOnenH KOpOOKH H3 TpeX OnOKOB (TpexeeKUHOH-

,); 

8 

6} Bbmonaeaaa eaapaoro IILBB aa KpaeaoM ro~pe; 

B) He!lb!T8HHH Monena B yenOBHSIX, KOrna HanpS!lKeHHSI B Kp8eBOM ro<jlpe H B 

MeM6paae 6na3KH K npeneny TeKyqeeTa MaTepHana (1X18H9T). 

H3roToaneaaag HBMH TpexeeKUHOHHaSI Kopo6Ka o6eeneqana eoKpaweaHe epoKOB 

HC!lbiTaaaA, TBK KaK n03aonana onaoapeMeaao npoaepHTb pa60Tocnoeo6HOCTb pa3-

HbiX eaapHbiX UIBOB, 

B nen11x 3KOHOMHH apeMeHH Mbi acnoilb3oaana HMeJOwalicg rH/lpOwTaMn nn11 

H3roToaneaaSI MeM6paH Kopo6KH, ITpa aTOM eeTeCTaeaao, qTo ro¢papoaKa MeM6paa 

He SIBnHnaeb OllTHM8nbHOH nn11 noeTHlKeHHSI H8HOOnee BblrOJlHOro eOOTHOWeHHSI MelK

IlY H8llpS!lKeHHSIMH B MeM6paHe H BbiTeCHS!eMbiM eJO 06beMOM. 

1. H3rOToaneaae 

KaK ylKe roaopanoeb, npH a3roToaneHHH Kopo6KH 6oilbwoe BHHMaaae ynenHnocb 

Bbl!lOnHeHHIO eaapHbiX WBOB, paenonolKeHHblX lJO HapylKHOMY nepaMeTpy MeM6paH. 

O*ananocb, qTo 3TH WBbi 6ynyT aaa6onee cna6biM MeeToM MeM6paaaofi KOpo6KH. 

HcnbiTBHHH rronTaepnana o6ocaoaaaaoeTb sTax rrpenrronolKeaail. Coenaaeaae MeM-

6paa rrpoH3aonanoeb erroeo6oM aproao-Jlyroaoli eaapKH nyTeM onnaBJJeHHH TaK aa-

3biaaeMbiX 'yeoa', OCT8BnSieMblX nng 3TOli nena H8 OTWT8Mll0B8HHOH MeM6paae (eM. 

pae. 8}. Haa6onee npoqabiM OKa3aneg woa, a3o6palKeHHbili aa pae. 8a. 

Woa N9 3 (eM. pae. 1a} HMen pa3Mep 'yea" 1-2 .MM, N.> 2-0,5-1 MM a 

TOnbKO woa N.> 1 Obin H3roToanea 6nH3KHM K TOMy, qTo H3o6palKeao aa pae. 8a. 

§ 2. HcnwTaaas Monena 

~nbiT8HHB MeM6paHHOH KOpOOKH Ha yeTanoeTHyJO llpOqHOeTb rrpoaonanaeb Ha 

crreuaanbHOM eTeane (eM. pae. 9}. 

CaeTeMa pa6oTaeT enenyJOWHM o6pa30M, 

1. B naeaMaTaqeeKae Knanaabi 10 H 11 nonaeTeH naaneaae, 3anapaiOmee aay-r-

peHHHl!: OObeM MeM6paHHOH KOpOOKH 1. 3aTeM naaneaae rronaeTCSI ao aayTpeaaaa 

OO'beM KOlKyXa 2, 3TO naaneHHe o6eeneqaaaeT elK8TKe KOpOOKK, OeT8B8Sieb HeH3MeH

HblM B npoueece KCllbiT8HHH. 

9 
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2. Pecaaep 8 aanonsseTCSI c>KaThiM aoanyxoM, anocrrencTBHH neperrycKaeMhiM B 

KOp06Ky. 

3. BKrriO'laeTCB aneKTpossblil 6noK, ynpasnSIIOmall pa6oToll aneKTpoMarsaTSbiX 

Knanasoa 7a a 76 (sa pac. se noKaaas). 

Tenepb KOp06Ka saxonaTCB B C~TOM COCTOBHHH H onepTa sa KOBTaKTBbl9 

naT'IHKH 3a. Carsan oT 3THX naT'IHKOB qepea aneKTpOHHblil 6noK nocTynaeT sa 

arreKTpoMarsHTHbiH Knanas arrycKa 7 a. 

Cpa6aThiBBeT nseBMOKrranas 10, neperrycKaB B Kopo6Ky aa pecsaepa seo6xo

naMoe Kona'leCTBO aoanyxa. llposcxonsT 6biCTpoe pacmapesae Kopo6Ka, KOTopas, oc-

6onaa KOHTaKTHbie naT'IHKB 3a, naeT carsan sa aaKpbtTae anycKsoro Knanasa. llpo

non~SI pacmapS!TbCSI, KOp06Ka KacaeTC SI HHlKHSH MSM6pasoli KOHTaKTHOrO naT'!HKa 

36 a BKniO'!aeT c6pocsoli 3rr9KTpOMarHBTHbiH KnanaH 76 B llS9BMaTB'19CKBli Kna-

nas 11. Boanyx Bbi6pacbxBaeTcs B aTMocljlepy, a MeM6passas Kopo6Ka non .QellcTBB

eM B36biTO'lHOrO .QaaneSHSI B KO>Kyxe B can C06CTB9HHOil ynpyrOCTB B03BpamaeTCSI 

B ClKaToe COCTOSIHSe. llaT'IHK 36, 0CB060JlBBillBCb, .QaeT csrsan sa aanspasse Kna-

nasa }1 . llocne TOrO KaK M9M6paHHaSI KOp06Ka CHOBa KOCHeTC~ naT'!BKOB 3a, UBKn 

noaTopaTCSI, a .Qanh8ellmas pa6oTa acnhiTaTenh80ro cTesna ocymecTanseTcH aaTo-

MaTa'leCKH. 

C qeT'lHK 'IHCna UHKIIOB npOB3BOJlHT OTC'!eT ·ronhKO B TOM cnyqae, KOr.Qa nocTy

naeT Csrsan OT K08TaKTHOrO JlaT'!HKa 36. 

PeaynhTaThl acnhxTassll 

0cHOB80H uenbiO aTsx scnh1Ta8ail ·6hwo onpenenesse qscna cpa6aTbiBa8ail 

MeM6paH80H KOp06KH JlO ee paapymeHBB. 

8 HCllb!Ta8HSIX 8a ycTanOCTHYIO npO'lHOCTb MO.Qens Mbl BOCUOnb30BanHCb H3-

B9CT8blM CBOHCTBOM MeTannoB: npe.Qen y cTanoCTHOH npO'l80CTB npaKTH'l9CKH 89 aa-
· /8/ 

BHCHT OT CKOpOCTH H 'laCTOTbl neljlo pMaUHH ( CM. , HanpaMep; ) • 0CHOBbiBaSICb Ha 

3TOM, Mbl CYMMHpOBana 'lHCnO .QeljlopMaUHll nng scnpaB8biX lllBOB, H9B3BpaS1 8a KpaTKO

Bp9M988bte OCTa80BKH B HCllbtTa8HSIX. 

HaMs .QBalKJlbi nposaao.Qsncg peM08T maa N! 3. llepBblli pa3 qepe3 17 Tb!CSI'l 

UHKnOB, a BTOpOil - 'lepe3 5 Tb!CSI'l . llpH BTOpOM peM08Te lllBa N! 3 "yChl• .6htnH 

onrraarre 8ht nps c aapKe, TaK, KaK aTo noKaaaso 8a psc. Sa ,a , 8eCMOTpSI 8a nrro-

XOe Ka'leCTBO MeTanna B MeCTe CBapKH, HCITbiTaBWero TpH B03Jl9HCTBHH BbiCOKOH 

10 

TeMnepaTypoil H npso6peTwero rryabtpb'laTo-nopacTyiO cTpyKTypy, 

)!{an ewe 18 Tb!CS!'l UHKITOB neljlopMaUHH. 

MecTa nonoMKH Ka)Knhti! paa nonaeprarrscb TmaTerrbHOMY oct 

MY ycTaHOBHTb npH'lHHY norroMKH. HaMs ycTasoarreso, 'ITO npH'lH 

HblX norrOMOK lllBa N'J 3 BBITSI9TCSI HellOCTaTO'lHO BbiCOKOe Ka'!eCTBC 

soil caapKH s yxynwesae cTpyKTypht MeTanna B npouecce nocne 

0CTarrbHbl9 JlBa mBa - N! 2 a N! 1 - Bhtllep>Karrs 40 000 n · 

3aMeTHb!X UpH3HaKOB paapyweHHSI. 

flpa UHKnH'!eCKHX HCllb!TaHHBX 6binH npHHSITbi: Bb1T9CHSI9Mbll 

3 V - 4000 CM H cpensali xon Ka)I{JlOli H3 MeM6paH KOp06KH Cll e 6 
OM 

HeCKOnbKO M9Hblll9 Cll O M = 7,25 MM, nony'leHHOrO nrrg paC'l9THOll: 

TaKaS! BenH'lHHa npHHSITbiX 3saqesali v B CllOM 
o6ecneqaa• 

na B o6naCTB ynpyrBX .QeljlopMaUBH, 6nB3KHX K nnaCTH'l9CKHM. llo 

06b9M OT BaKyyMapoaassoro .QO no.QnyToro COCTOSIHBSI KOp06KH 

3TOM "' 65QQ CM 
3 

• 

KpoMe UHKnH'l9CKHX HCllbiTa8HH M9M6pa88aSI KOp06Ka (pH.( 

aepr8yTa TaKlKe HCITbiTa8HID 8a MaKCHManb80 BbiT9C8H9MbiH 06b91 

B roljlpax llOHBHnHCb 3aM9THbl9 OCTaTO'lBble nelj!OpMaUBH. 8-roT O{ 
3 

nena oKaaancs paBHbiM V m•u ~8500 CM nps xone B ue8Tpe Kop 

Cll' - 96 + 10 MM. 
0 - 3 !13 8HX - 25QQ CM npHXO.QHTCSI 8a 06b9M, BblT9CHSI9MblH p . 

-3 
po6KOH npa H3M9898HH naaneHHSI OT 10 MM pT.CT. no on8oil · l 

KOpo6KH paB98 Cll ~ =37 ±.. 5 MM. 0cTanh8aSI qaCTb BbiTeC8SI9MOI 

3 - 6QQQ CM o6eCU9'lHBa9TCSI nonaqeJ!: BO B8yTpe8810IO nonoCTb KC 

.QaBne8HSI p =0,35 KffcM
2

• llpH 3TOM Cll~- 59±.. 5 MM. 0T.Q9J 

X Oil on80H MeM6paSbl OKaaancg paB8blM Cll - 9,8+ 1,5 MM npH n e 
OM -

>Kes8oro no nollJlyToro cocTOSI8HSI. Onpe.Qene8se xo.Qa s BbiTec8eH: 

nocb npHMhlM aaMepoM. To'l80CTb onpe.Qene8HSI o6beMOB ±.50 c : 

HeKOTOpbie aaMe'la8HH 

A. 11cnbiTaBHSI Monena 6btnH npoaeneshl nps KOM8aTsoil TeMne 

/ 4/ /6/ /9/ . ( CM. ' H ) , 'ITO npO'lBOCTHbie CBOHCTBa MeTannoB ( B TOM 

1X18H9T) C~llleCTBe8BO 3aBHCSIT OT TeMnepaTypbl. TaK, C UOHHY 
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hasep 8 38llO.IlHS18TCSI C)I(8TbiM B03JlYXOM, BllOC.Il8JlCTBHH nepenyCK88MbiM B 

~10'188TCH 3 .Il8KTpOHHbli! 6noK, ynpaBnSIIOWHil pa60TOi! 3.Il8KTpOM8rHHTHbiX 

3 a 76 (aa pac. ae rroKaaaa). 

b KOp06Ka H8XOJlHTCH B C)I(BTOM COCTOHHHH H onepTa H8 KOHT8KTHbie 

, Caraan OT 3 THX Jl8T'IHKOB 'lepe3 3.IleKTpOHH~i! 6nOK IIOCTynaeT H8 

!JIHTHbiH KII8ll8H BnyCKa 7 a. 

TbiBBeT naeBMOKnanaa 10, nepenycKan B Kopo6Ky aa pecasepa aeo6xo

'leCTBO B03JlyXa. llpOHCXOJlHT 6biCTpoe pacwapeHHe KOp06KH, KOTOpaH, oc

!l.KTHbie JlBT'IHKH Sa, AaeT caraan aa aaKpbiTae snycKaoro Knanaaa. llpo

wapnTbcH, KOp06Ka K8CaeTCH HH)I(HSi! MeM6paHOi! KOHT8KTHOrO Jl8T'IHK8 

:oqaeT c6pocaoA a neKTpOMarHHTHhlH K.Il8II8H 76 H IIHeBM8TH'I6CKHi! K.Ila-

3JlyX Bbi6paCbiB8eTCSI B 8TMOCijJepy, 8 MeM6paHH8SI KOp06Ka llOJl JleHCTBH

l'IHOrO Jl8B.IleHHH B KO)I(yXe H CH.Il C06CTB6HHOH yrrpyrOCTH B03BpamaeTCH 

OCTOHHHe. naT'IHK 36, OCB060JlHBWHCb, ABeT CHrHan aa aanapaaae Kna-

JCIIe TOrO K8K MeM6paHH8H KOp06Ka CHOB8 KOCH6TC~ Jl8T'IHKOB 3a, UHKII 

, H Jl8nbH8HW8H pa6oTa HCIIbiT8TeiibHOrO CTeHJla OCyweCTBIISISTCH 8BTD-

HK 'IHCna llHK.IlOB llpOH3BOJlHT OTC'IeT ·rO.JlbKO B TOM cnyqae, KOrJla llOCTY

ij OT KOHTaKTHOrO Jl8T'IHK8 36. 

PeaynhTaTbi acnbiTaaai! 

BHOH Ueiib!O 3THX HCIIhlT8HHH .6bi.Il0 OIIpeAe.IleHHe 'IHCIIa cpa6aTbiB8HHH 

I KOp06KH AO ee paapyweHHSL 

biTBHHHX Ha ycTaiiOCTHYIO rrpO'IHOCTb MOAeiiH Mbl BOCUO.Ilb30B8IIHCb H3-

IOi!CTBOM M6T8IIIIOB: npeJleii yCT8DOCTHOH IIpO'IHOCTH rrpaKTH'IeCKH He 38-

, /8/ 
<OpOCTH H '18CTOTbl Aecpo pM8UHii ( CM, , HanpaMep; ) • 0CHOBbiB8HCb Ha 

:yMMHpOB81IH 'IHCIIO Ae<jJopM8UHH JliiH HCIIp8BHbiX WBOB, HeB3Hp8H Ha Kp8TKO-

OCT8HOBKH B HCIIbiT8HHHX. 

ABB)I{Jlbl IIpOH3BOAHnCH peMOHT WB8 JW 3. llepBbiH pa3 qepe3 17 T biCH'I 

ITOpOH - qepe3 5 Tb!CH'I. llpH BTOpOM peMOHTe WB8 JW 3 'yCbi" 6bJnH 

npH C BapKe, TaK, K8K 3TO IIOK838HO Ha pHC. 8a ,H , HeCMOTpH Ha liilO-

30 MeT anna B MeCTe CB 8 pKH, HCIIbiT8BIIIero TpH B03JleHCTBHH Bb!COKOH 

10 

T eMIIepaTypol\ H !IpH06peTIIIero ny3b!pb'18TO-IIOpHCTYIO C TpyKTypy, 3TOT IIIOB BbiJlep

lKaii ewe 18 Tb!CH'I llHKIIOB .Qe<jJOpM8UHH. 

MeCTa IIOIIOMKH K8lKJlbiH pa3 IIOJlBepraiiHCb TW8TenbHOMY OCMOTpy, II03BOnHBIIIe

MY ycTaHOBHTh rrpH'IHHY rronoMKH. HaMa ycTaaosneao, 'ITO rrpH'IHHoll rrpe}KJlespeMeH

HbiX IIO.IIOMOK IIIB8 JW 3 SIBIIHeTCH HeJlOCT8TO'IHO BbiCOKOe Ka'leCTBO ero rrepBOH8'181Ib

HOH CBapKH H yxyAWeHHe CTpyKTypb! MeTanna B rrpouecce IIOCIIeJlyiOWHX caapOK. 

0CT81IbHbie AB8 IIIBa - N9 2 a N9 1 - BbiAeplKana 40 000 Ae<jJopMauall 6e3 

3aMeTHbiX llpH3H8KOB paapyiiieHHH. 

llpH UHKDH'IeCKHX HC!Ib!T8HHHX 6bJnH llpHHHTbi: BbiTeCHSI8MbiH o6·ueM 
3 ' 

V - 4000 CM H CpeAHHA XOJl K8}KJlOi! H3 MeM6paH KOp06KH CU e 6,0+ 1,5 MM ('ITO 
OM -

HeCKOIIbKO MeHbwe CU O t.A :7,25 MM, IIO.Ily'leHHOrO nna paC'IeTHOH KOp06KH). 0AH8KO 

T8K8H B61IH'IHH8 !IpHHHTbiX 3H8'1eHHI! v H "'oM o6ecrreqasana pa6oTy Mone-

liB B o6naCTH yrrpyraX Jle<jJopM8UHA, 6IIH3KHX K IIII8CTH'IeCKHM. lloiiHbiH BbiTeCHHeMbiM 

06'beM OT BaKyyMHpOB8HHOro no IIOJlAYTOrO COCTOHHHH K0p06KH 6bJn paseH npa 

3TOM "' 6500 CM 
3

• 

KpoMe UHKDH'IeCKHX HCIIbiT8HHi! MeM6paHH8H KOp06Ka (pHC. Ia) 6bi.Il8 IIOA

BeprHyTa TBK)I(e HCIIbiT8HHID Ha M8KCHM8DbHO BbiTeCHSI8Mb!l! 06'beM, IIpH KOTOpOM 

B ro<jlpax IIOSIBHIIHCb 38M8THbie OCT8TO'!Hbie Ae<jJOpMBUHH. 3-roT 06'beM B Jl8HHOH MD-

3 
nenH OK8381ICH paBHhlM Vmax ~8500 CM IIpH XOAe B ueHTpe KOp06KH, 

cu' - 96 + 10 MM. 
0 -

\13 HHX - . 2500 CM
3 

IIpHXOJlHTCH Ha 06'beM, BbiT6CHH6MbiM paCIIIHpHIOwellCH KD

-3 
po6KOH npH H3MeH6HHH ABBIIeHHH OT 10 MM pT.CT. JlO OnHoll · aTa. llpa 3TOM XOA 

KOp06KH paBeH CU ~ =37 :t_ 5 MM. 0CT8.IlbH8H '18CTb BbiTeCHHeMOPO 06'beMa 

3 
- 6000 CM o6ecne'!HBaeTCH II0Jl8'!ei! BO BHyTpeHHIOIO IIO.IlOCTb KOp06KH H36biTO'IHOro 

Jl8BIIeHHH p =0,35 Kf/cM
2

• llpa 3TOM CU~ -59 :t_ 5 MM. 0TAeiihHO 38MepeHHbill 

xon OAHOll MeM6p8Hbl OK838IICH paBHbiM cu
0

M -9,8:t_l,5 MM IIpH Ae<jJopM8UHH OT pa3rpy

lKeHHOrO JlO IIOAJlyTOrO COCTOHHHH. 0rrpeAS.Il6HH6 XOJl8 H BbiTeCH6HHOrO 06'beMa IIpOBOAH-

3 
n ocb rrpaMbiM 3aMepoM. To'!HOCTh onpeAeneaaa o6'beMOB :t_50 eM· • 

HeKOTOpbie 3aMe'!aaaa 

A. HcrrbiTaHHH MOAena 6bma nposeAeHbi rrpa KOMHBTHoll TeMrrepaType. HaseCTHO, 

/ 4/ /6/ /9/ u 

( CM. ' H ) , 'ITO IIpO'IHOCTHbie CBOHCTB8 M6T8IIIIOB ( B TOM 'IHCIIe CT81IH 

IX18H9T) c~wecTseaao 3aBHCHT OT TeMrrepaTypbi. TaK, c noaa:lKeaaeM no 3Ha'!e-
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a.e:A T •20-30°K yCTanocTaas npoqaocTb aoapacTaeT a 2,5-4 pa3a no cpaaae

HHJO C ee 3Ba'leBHSIM.H np.e: KOMHSTHOA TeMnepaTYpe ( T =300°K ). TaK KSK np.e: 

STOM BenH'lHBa BanpHlK9HHA B MeTa/IJle npaKTH'leCKH OCT8eTCSI H8 npelKHeM ypOBBe, 

TO cymecTBeas:o yny'lmaeTCR COOTHOWeRHe Me.JKny npenenoM ycTanocT.e: H aanpS!lKe

HHRMH, Bbi3BaS:HbiMH pa6oqel! s:arpysltoA. 

E. J1CDbiT8HH8SI MOUellb MeM6paas:oi!: KOpOOKH HMena npoljlallb roljlpHpOBKH MeM6pas:, 

Cyiil9CTB9S:S:O OTJIH'l810WHACSI OT ODTHM81Ib.a:OI"O (s:anpHMep, TSKOI"O, K8K B p8C'I9TS:OM 

B8pHaBTe) • npa OCyiileCTBneS:HH ODTHM81!l,HOI"O BapH8HT8 rocjlpHpOBKH CliHJKaJDTCSI .118-

DpS!lK9liHSI B M9T8/IJle KOp06KH H yny'IW8eTCSI COOTHOilleRHe M9lKDY BenH'IHHOi!: S:8DpSI-

lKeHHJI .II BbiT9CBSieMbiM o6'beMOM. 

B. Ka'leCTBO nepBbiX CB8pS:biX WBOB s:a Kp89BOM roljlpe B HCDbiTSHHOi!: MOUenH 

6blll0 S:9UOCT8TO'I.IIO Bb!COKHM. He HC'IepnaHbl T8KlKe B03MOlKBOCTH yny'lmeHHSI KOS:

CTpyKUHH CBapBOI"O WB8. J1MeeTCSI0 cneUOB8T91IbHO, KOBCTpyKTHBBbli!: H T9XS:OnOrH

'!eCKHi!: pe3epa anSI CliHlKeRHR aanpS!lKeRHi!: a caapaoM mae Kpaeaoro roljlpa. 

KpaAs:e aaJKBbiM SIBnHeTCH TO o6cToBTenbCTBO, 'ITO . 38BHC.HMOCTb N • f ( u 
"'"" 

'IHCna neljlOpMSUHi!: 0T BellH'IHS:bl M8KCHM81IbS:biX nellcTBYIOWHX H8DpS!lKeRHlf B MeTan-

/8/ /10/ 
ne s:ocaT cTeneaaoli xapaKTep H • BoapacTaHHe N no cTeneHS:OMY 3aKo-

ay DpOHCXOUHT S:e3aBHCHMO 3a C'leT sljlljleKTa r OTMe'leHHOI"O B 3aMe'!aHHSIX 

A, E H B. 

TaKHM o6pa30M, cnenyeT OlKHUaTb noablmeRHR sqxpeKTHBBOCTH H pe3Koro 

yaena'!eS:HH nonroae'!HOCTH MeM6paaaon KOpo6Ka, T.e. yaena'leBHH 'IHCna N 

ID • B03MOlKHbli!: B8p.HaHT KOHCTpyKTHBHOi!: CXeMbl MeXaHH3Ma 

H3MeHeHHSI naan:HHSI C MeM6paHHOH KOp06KOH 

§ 1. KoacTpyKuHH 

HaMH 6hJna paccMOTpeaa KOS:CTpyKTHBS:aR cxeMa MexaHH3Ma a3MeaeaaH naane 

HHH B BOUOpOUS:OH ny3blpbKOBOJI KSMepe, H306palKeBHaSI H8 pHC. 10. 3TOT MeXaHH3M 

COCTOHT H3 Tpex rnaBBbiX '18CTeJI: a) "xonons:oll" '!aCTH - y3na MeXaHH3Ma, BBeUeH

HOI"O B pa60'IHH 06'beM KSMepbi, HeDOCpencTBeHHO KOHTSKTHpyiOWero C lKHUKHM BOUo

pOUOM a conepJKamero B xaqecTae neljlopMapyeMoro sneMeaTa MeM6paaayJO Kopo6xy. 

6) "Tennoi!:" '!aCTH - naeaMaTH'!ecKoro naaljlparMeaaoro npaaona, ynpaanHJOme

ro pacwapeHHeM - ClKaTHeM pa6o'!eH lKHUKOCTH. 

12 

a) Tennoa3on apyJOweli '!SCTH, HBJIHJOWelics B TO JKe apeM H pa 

·Tenno.n· a ·xononaoll• 30H c TeMnepaTYpoA, coOTaeTCTBeHHO, T = 

T~25 -27°K. 

nepe naqa ycanali paCWHpeHHSI - CJKaTHSI OT naaljlpai"Mbl 8 K M 

po6Ke 4 ocywe CTBnHeTCH '!epe3 BbiTecaaTenb ra3oo6pa3HbiM renae : 

W.IIM BHYTpeHHHH 06'beM MeXaHH3M8, 06pa3yeMbiH MeM6pa HHOH KOpOI 

H 'laCTbJO pacwapaTellbaolf KaM e p bi 11 non naaljlparMoli. C uenbJO c 

na ra3a, nonaaaeMoro B o6'beM aan naaljlparMoli 8, 3HB'IHTe llbHaH ~ 

TpeHHer~ 06'beMa MeXaHH3M8 BbiTeCHeHa JK.IIUKHM HeOHOM H CB060t: 

n e rKHM BbiTe CHHTeneM 14. BbiTe CHHTenb HrpaeT T8KlKe po/tb T~Dli< 

•xo!Ionaoli" .11 "Tennoli" 30HBMH MexaHH3Ma, a TBKJKe npenHTCTBye· 

HHIO XOnOUHOI"O HeOH8 H8 Tennbi9 CTeHKH UHnHHUpH'IeCKOlf Tpy6bl 

CTBHSI MeXSHH3Ma • 

.[lnH HOpManbHOlf pa60Tbl MeXaHH3Ma He Tpe 6yeTCSI DOnHOH reJ 

TeCHHTe nH a uanaanpe. Ero ynnoTaeaae non>I<HO o6ecne'!HTb OTCYT 

I"83a MelKUY HHlKHHM 06'be~OM, rne HSXOUHTCSI XOnOUHbiH HeOH (npa 

H aepXHHM o6'beMoM, rne aaxonaTCH Tennbili renali (npa T~300°K) 

nepenan TeMnepaTyp nonneplKHBaeTCH TaK JKe nyTeM orpaHa'leHHH Te 

3a C'leT Manoli TennonpOBOUHOCTH H UOCTaTO'IHOH JlllHHbl BbiTeCHHTe. 

'!eCKOil Tpy6bi. 

3aMeTHaSI '!aCTb orpaBH'IeHHSI KOHBeKTHBHOI"O TennonepeHOCa 0 

HOMY nonolKeHHIO UHnHHUpH'!eCKOfi Tpy6bi. H e ilTpanH3aUHSI OCTaJOmeJ 

na OCyWeCTBnHeTCSI C DOMOWbiO COOTBeTCTBYJOWHX Tennoo6MeBHHKO 

HH3M8 CTaHOBHTCSI DOHHTHOH npH paCCMOTpeHHH pHC. 10. 

§ 2. npaMe HeHHe HeOH8 

npaMeHeHHe HeOH8 B K8'19CTBe lKHUKOI"O "WTOKa" anH BbiTeCHe 

TBe pnoro BbiTeCHHTenH 06ecne'IHB8eT STOMY MeX8HH3MY BalKHOe UOC 

MOlKHOCTb 6e30DaCHOI"O BCKpblTHH BHyTpeHHero 06'beMa MeXaHH3Ma 

noMKH (aanpaMep, pa3pbiBa snacTH'lHOll naaljlparMbJ). 

nparOUHOCTb HeOHa anSI HCDOilb30B8HHSI ero C yKa3aBBOll Uenbi 

DY3blpbKOBOH KaMepe cnenyeT H3 TeimoljlH3H'IeCKHX CBOHCTB STOI"O T 

_ e /11/ 
TpOHHaSI TO'!Ka - 24,54 K ; 
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°K ycTanOCTaag npO'lHOCTb B03pacTaeT e 2,5-4 pa3a no cpaea&

HHHMH npH KOMHaTHOll TeMl!epaTYpe ( T =300°K ). Tax KaK npH 

Hanp.IVKeHHll B MeTanne npaKTH'leCKH OCTaeTCSI Ha IIpe}I(HeM ypOBHe, 

1 yny'lmaeTCSI coOTaoweHRe MeJKAY npellenoM ycTanocT.H H aanp.IVKe

.HbiMH pa6oqell aarpy3Xoli. 

g MOAe1lb MeM6pa1IHOli KOp06K.H HMena DpOQJH1lb ro<jJpHpOBK.II MeM6paa, 

r11.11'1810Dl.Hl!CSI OT ODT.IIM81lbHOrO (aanp.HMep, T8KOrO, KaK B paC'leTHOM 

ocymeCTB11eHHH ODTHMam,aoro eapaaa-ra ro<jJpapOBKH CIIH}I(BIDTCSI Ha

renne KOp06KH H ynyqmaeTCSI COOTHOWeHRe Me}l(lly Be11H'lHHOll HaDpSI-

E!SieMbiM oO'beMOM. 

reO nepebiX CBapHbiX WeOB Ha KpaeeOM ro<jlpe B HCDbiTaHHOli MOAeJJH 

l'lHO eb!COK.IIM. He HC'lepnaHbl TaK)!{e e03MO}I(HOCTH yny'lWeH.HSI KOH

oro wea. H MeeTcSI, cneAOBaTem.ao, KOHCTpyxTHeHblll H Tex.aonora

nnSI CHR}I(eHRSI aanpSI}I(eHRA e ceapaoM wee Kpaeeoro ro<jlpa. 

t}I(HbiM SIB11SieTcSI To o6cToSITen&cTeo, 'ITO . 3aB.HC.HMOCTb N- f (a 
ma 

lHli 0T BellH'!HHbl MaKCHMa1lbHbiX AeliCTeYIODlHX HaDpSI}I(eHRli B MeTan

/8/ /10/ 
aaoli xapaxTep a • B03pacTaHHe N no cTeneaHOMY 3axo-

ae3aaacaMo 3a C'leT 3qxpeKTa , OTMe'!eHHOrO B 3aMeqaHHSIX 

?a30M, C11eAyeT O}I(HilaTb DOebiiUeHRSI s<jJ<jleKTHBHOCTH .II pe3KOrO 

;roeeqaOCTH MeM6paaaoli KOpo6KH, T.e. yaena'leHl!SI 'll!Cna N 

303MO}I(Hblli Bap.HaHT KOHCTpyKTHBHOli CXeMbl MeXaHH3Ma 

H3MeBeHl!SI llaB~HHSI C MeM6paaaoll KOp06Kali 

§ 1. KoacTpyKUHSI 

a paccMOTpeaa KOBCTPYKTHeaag cxeMa MexaaaaMa H3Meaeaag naane

oli ny3b!pbKOBOll KaMepe, H306pa}l(eggag Ha pHC. 10. 3TOT MeXaHH3M 

x rnaeabiX qacTeli: a) 'xononaoli' qacTa - yana MexaaaaMa, eaenea-

o6'beM KaMepbi, aenocpencTeeaao KOHTaKTapyiOmero c }I(HilKHM eono

~amero e Ka'!ecTee ne<jJopMapyeMoro sneMeaTa MeM6paaayiO Kopo6Ky. 

>li' 'laCTH - DH€BMaTH'leCKOro AHa<jJparMeHHOro npHBOila, ynpaBJJHIOIUe

~ - C)!{aTHeM pa6oqeli )!{HilKOCTH. 
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e) T ennoa3onapyiOmeA 'laCTH, SIB1lSIIOIUe llcg B TO }l(e epeM SI pa3 r paHH'I I!TeneM 

"Tennoft" H 'xonollHoli' 30H c TeMnepaTYpoll, COOTBeTCTBeaao, T =300 ° K a 

T=25 -27°K. 

nepenaqa yCH11HH paCIUHpeHHSI - C}l(aTHSI OT llHaQJparMbl 8 I< M€ M6paHHOli KQ

p 0 6Ke 4 ocyme CTBJJSieTCSI qepe3 BbiTeCHHTenb ra3oo6pa3HbiM r ena eM , 3 anonamo-

IUHM BHyTpeHHHH 06'beM MeXaHH3Ma, o6pa3yeMblli MeM6p aHHOli KOp06KOH 4, Tpy6oli 5 

H '!aCTbiO paCIUHpHTe1lbHOH KBMepbl 11 DOll llHa<jJparMOli. C Ue11b!O COKp aiUeHHSI pacxo

lla ra3a, nonaeaeMoro e o6'beM Hall llHa<jJparMol! 8, 3Ha'!aTem.HaH qacTb sToro eay

Tpeaaero 06'beMa MeXaHH3Ma BbiT,eCHeHa }I(HilKHM H90HOM H CB060ilHOD11BBBIOIUHM . 

n erKHM BbiTeCHHTeneM 14. BbiTe CHHTe11b arpaeT TBK}I(e po.rib Tennoa3011SITopa Me)!{ny 

"xoliOilHOli' H 'Tennoli' 30HaMH Me XaHH3M8, a T8K)!{9 npenSITCTByeT pa36pbi3rHBa-

HHIO xononaoro aeoaa aa Tennbie CTeHKH UH11HHApH'IeCKOli Tpy6bl BO BpeMSI Aeli-

CTBHSI MeXaHH3Ma • 

.[lng HOpMa11bHOli pa60Tbl MeXaHH3Ma He Tpe6yeTCH D011HOli repMeTH3aUHH Bbl

T9CHHTe 11H e uanaHApe. Ero ynnoTaeaHe AOJJ)!(HO o6ecne'IHTb OTcyTcTeae KoneeKuHH 

ra3a Me)!{ny HH}I(HHM o6'bei'JioM, rAe aaxonaTc 11 xononHbili neon ( npa T = 26-27° K ),. 

H eepXHHM 06beMOM, rne HaXOAHTCH TeD11bili renal! ( npa T = 300°K). Heo6XOAl!Mbill 

nepenaA TeMnepaTyp DOAAep)!{HBaeTCSI TaK)!{e nyTeM orpaHH'I€HHH Tennoeoro DOTOKa 

3a C'leT Manoll TennonpOBOilHOCTll H llOCTaTO'IHOM ll11HHbl BbiT€ CHHTe11SI H UH11HHilpH

'19 CKOll Tpy6bl. 

3aM€THaH 'IaCTb OrpaHH'l€HHH KOHB€KTHBHOrO TeDJJOnepeHOCa 06SI3aHa eepTHKaJJb

HOMY nono)!{eHHIO uanaanpaqecKoll Tpy6bi. HeliTpana3aUHSI ocTaiOmerocH Tennononeo

lla ocymecTenHeTCSI c noMOIUbiO COOTBeTCTByiOIUHX Tennoo6MeHBHKOB. Pa6oTa Mexa

HH3Ma CTaHOBHTCH DOHHTHOli DpH paCCMOTpeHHH pHC. 10. 

§ 2. npaMeaeaae aeoaa 

npaMeHeaae aeoaa B Ka'l9CTBe )!{HilKOrO 'WTOKa' ll11H BbiTeCHeHHH raaa H3-DOil 

TBepllOrO BbiT€CHHT€11SI o6ecne'lHBaeT 3TOMY MeXaHH3MY Ba)!{HOe llOCTOHHCTBO: 803-

MO)!{HOCTb 6eaonacaoro ecKpbiTl!H eayTpeaaero o6'beMa MexaaaaMa e cnyqae no

noMKH ( HanpaMep, pa3pbiBa 311aCTH'IHOH llHa<jJparMbl). 

nparOilHOCTb H€0Ha ll11H HCD01lb30BaHHH ero C yKa3aHHOli U€11biD B BOilOpOilHOli 

DY3blpbKOBOli KaMepe cnenyeT H3 TennOQJH3H'IeCKHX CBOHCTB 3TOrO raaa: 
• e /11/ 

TpOHHaH TO'lKa - 24,54 K ; 
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0 /12 / 
TeMnepaTypa nnaBJJeHHH - 24,57 K ; 

TeMnepaTypa KHneHHH - 27,09 °K, 
/ 12 / 

llaBJJeHHe HachtWeHHhtX napoa 

T°K p aT 

25,6 0,59 

26,4 0,80 

27,1 1,0 

32,8 4,17 

H 3 ITpH a e AeHHbtX UH<j>p aHAHO, 'ITO pa6o'leH o6naCTH TaMITepaTyp aOAOpOAHOH 

ny3blp bKOaOM KaMapbt (25- 27°K) COOTBaTCTayeT *HAKOe COCT<!SIHH e HeOHa, 

0 3 
nnoTHOCTb )!{HAKOro HeOHa npH T=25 K HeabiCOKa, , .. !,204 r/cM • 'ITO TaK)!{e 

SlaiT il a TCli llOIJO)!{HTanhHhlM Ka 'leCTBOM a 6btCTpO AeMCTByiDWeM MaXaHH3Me, rAe pa3-

BHBaiDTCli 60ITbWHe HHapUH OHHbte yCHIIHli, 

HeAOCTaTKOM HaOHa SIBITSieTCli ero a biCOKali CTOHMOCTb, 

0 rrHCaHHali KOHCTpyKTHBHali CXa Ma Me XaHH3Ma C MeM6paHHOH KOp06KOM npen

CTaBITlie TC li pa60TOCIIOC06HOM, nepcneKTHBHOM H o6naaaiDWeM PliAOM npeHMYWeCTB 

n o Cp8BHe HH ID C H3 BaCTHhi MH, a OC06a HHOC'f'H B llpHMeHaHHII K aOAOpOAHhiM ni3h!pb-

KOBhi M Ka Me paM. 

3 a K n ID 'I e H 11 e 

1, P e3y/IbTa Tht HCllhtTaHHM MOAaiiH MeM6paHHOli KOp06KH IT03BOITSIIOT yTaepli<AaTb, 

'ITO rrpHMeHeHH e e e a Kaqe cTae pacrnHpHTerrbHOro ae<j>opMHpyeMoro aneMeHTa Mexa

HH3 Ma H3Me HeHHli naaneHHli a onopoaaofi ny3htp hKOaoll KaMepbt anonae B03MO)!{HO 

H uen e coo6pa3HO. Uene coo6pa3HOCTh TaKoro npHMeHeHHH O'!aBH AHa aaHny: 

a) llOIIHOI< r epMeTH3aUHH 06oeMa UY3htpbKOBOfi K8 Mapbl B y3ITe CHCTeMht H3Me-

HeHHli aaane HHli; 

6) OTCyTCTBHSI HCTHpaiDWHXCSI yrrnOTHeHHM, KaK 3TO HMaeT MeCTO B llOpWH6BbiX 

MeXaHH3 MaX , 'ITO HCKITID'!aeT 3arpli3HaHHe pa6o'!ero BaWeCTBa KaMepbl j 

a) a htCOKOH a<j><j>eKTHBHOCTH BhiTaCHeHHli 06oeMa 3a C'!e T yrrpyrofi ne<j>opMa-

UHI! MeM6paH KOp06KH (60-68% OT V 

a o r o ro<j>p a ( 32 - 40% oT V ) • 

14 

- nonHoro ;htTecHsteMoro o6oeMa) H. Kpae-

2, npeAn O)!{e HHhli< a a pH a HT Ma XaHH3Ma H3MaHeHH SI ·aaana HH SI 0 

AOCTOHHCTa, c p e AH KOTOp btX: 

a ) Marra st HHe pUHOHHOCTb llOAaH)!{HblX 'la C TaM ( MeM6pa HHa SI KO 

HeOH, Bb!TaCHHT anb, ra3 H AHa<j>p a r Ma ) . HaiTpH Mep, AII H 800-rrHTp OB 

IIy3btpbKOa OM Ka Mepbt Be C ITep e 'lHCITe HHbiX IT OAaH)!{HbtX q a CTaM ITO r 

He ITpaBhlCHT - 15 Kr , a TO apeM SI KaK Cy M MapHbiM ae C naH*YWHX 

WHeaoro MeXaHH3Ma CyWe CTayiDWHX KaMep T a KOr O 06o eMa p a aeH 

6) ITp OCTOTa KOHCTpyKUHH H C60pKH, HaBbtCOKHe Tpe6oBa HHSI K 

rOTOarr eHHSI AaTa n efi H, KaK CIIaACTa He ,- yaerrH 'IeHHe Cp OKa crry)!{6b 

a) CyWeCTaaHHOe yrry'!WaHHe p aBH OMepHOC TH paCWHpe HH SI ITO < 

acnenCTBHe Manoro xona MeM6paHHofi Kop o 6KH. 

8 3aKIIID'IaHHe 8 BT0 p bt Bbtpa)!{aiDT 6na r onapH OCTb n.H.Eenstea) 

3a y '!aCTHe a o 6cy)!{AaHHHX H JO.n. E yrnye ay 3a noMOWh a rrpoaeaea: 

MOAaiiH. 

npHIIO)!{aHHe I 

I . PacqeT Ha n po'!H OCTh Kpaeaoro ro<j>pa 

a) lle<j>OpMaUHli 

HafineM up orH6 DY n oa nel<cTa HeM CHITht P (eM. pHc . 2) . f 
p 

M ( x ) ~P x ; rrne'!O x= r ( l -Cos8 ) ,Torna M( x ) .cP r(l -Co! 

nporH6 OT CHIT hl p 

D = f 
M ( X) X 

E J 
d s = f P x 2 r x 

de= 
'Y 

p E J 

2 11 
D = f < 1 - 2 Cos e + Cos e ) d e ~ e I 

y p 0 

11 
~ Sine I 

0 

311 P r 
3 

['y 
p 2 E J 

15 

.p r3 

E J 
J( 1-Cos 

+ ( l_ Sin 0 Cos 8 + · 
2 



0 112 / 
rpa nnasneHHH - 24,57 K ; 

rpa KHIIeHHH - 27,09 °K, 

/ 12 / 
H8CbiiU6HHbi X II8p0B 

T°K p aT 

25,6 0,59 

26,4 0,80 

27,1 1,0 

32,8 4,17 

;eHHbiX UH(jlp BHUHO, 'ITO pa6o'!eH o6naCTH TeMnepaTyp BOUOpOUHOH 

lMepbl (25- 27°K) COOTBeTCTByeT )!{IIUKOe COCT"SIHHe H60Ha. 

0 3 
)!{HAKoro HeoHa npH T=25 K aeBbiC oKa, , .. 1,204 r/cM , 'ITO TaK)!{e 

:HT61IbHbiM Ka'leCTBOM B 6biCTp0 UeHCTByiOUI6M MeXaHH3Me, r'Ae pa3-

UHe HH6pUHOHHbl6 yCHIIHSI. 

OM H60Ha SIBIISieTCSI ero BbiCOKaH CTOHMOCTb. 

KOHCTpyKTHBHaSI CXeMa M6X8HH3Ma C MeM6paHHOH KOp06KOH npen

DTOCIIOC06HOH, nepcneKTHBHOH H o6nanaiOJUeH pS!llOM npeHMYIU6CTB 

H3BeCTHbiMH, B oco6eHHOCTH B npHMeHeHHH K soaopoAHbi M ny·abtpb-

3 a K n 10 q e H H e 

raTbl HCnbiTaHHH MOU61IH M6M6paHHOlf KOp06KH II03BOIISOOT YTBepli{UaTb, 

ee a KaqecTBe pacrnHpHTenbHoro ae(jlopMHpyeMoro sneMeHTa Mexa

SI naaneHHSI BOUOPOUHOH ny3blp bKOBOii KaMepbl BnOnHe B03MOlKHO 

), Uenecoo6paaHOCTb TaKoro npHMeHeHHSI oqeaHnHa BBHny: 

repMeTH3aUHH 06'beMa IIY3blpbKOBOii KaMepbl B yane CHCT6Mbl H3Me-

:BHSI HCTHpaiOUIHXCSI ynnOTH6HHM, KaK STO HMeeT MeCTO B nopmHeBbiX 

ro HCKniO'!aeT aarpH3HeHHe pa6oqero aemecTaa KaMepbt; 

a s(jl(jleKTHBHOCTH BbiTeCH6HHSI 06'beMa 3a C'leT ynpyroli ne(jlopMa-

po6KII (60-68% OT V 

-40% OT V ). 
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- IIOIIHOr'O ;biTeCHSieMOr'O 06'beMa) H. Kpae-

2 . npeAII0)!{6HHbiH B8pH8HT MeXaHH3M8 H3MeHeHHSI JIBBIIe HHSI o6nanaeT pS!UOM 

UOCTOHHCTB, cpeAH KOTOp biX: 

a) ManaS! HHepUHOHHOCTb IIOUBH)!{Hb!X 'laCTeH ( MeM6paHHaSI KOp06Ka, )!{HUKHH 

H60H, Bb!TeCHHTeiib, ra3 H UHa(jlparMa). HanpHMep, UIISI 8 00-IIH TpOBOH BOUOpOUHD

IIy3blpbKOBOH KaMepbl sec nepe'lHCII6HHbiX IIOUBH)!{HbiX qaCTeH no rpy6biM OUeHKaM 

He npeBbiCHT - 15 Kr' , B TO speMSI KaK CyMMapHblH sec UBH)!{YJUHXCSI neTane H IIOp-

lUHeBOr'O MeXaHH3Ma c ymeCTBY IOIUHX K aMep TaK Or'O o6t.eMa paBeH - 70 Kr; 

6) IIpOCTOTa KOHCTpyKUHH H C60pKH, HeBbiCOKHe Tpe6osaHHSI K TO'IHOCTH H3-

r'OTOBneHHSI UeTanef! H, KaK CII6UCTBHe,- yBeiiH'leHHe CpOKa CIIy)!{6bl MeXaHH3Ma; 

B) CyUieCTBeHHOe yny'lrneHHe paBHOMepHOCTH paC lUHpeHHSI IIO 06'beMy KaMepbl 

scnenCTBHe Manoro xona MeM6paHHOH Kopo6KH. 

B aaKIIIO'leHHe aBTOpbt B btpa lKaiOT 6nar onapHOCTb ll.H.EenSieay H VI . C . CaHT oay 

3a yqacTHe a o6cylKA e HHHX 11 IO.n. E ymyesy 3a noMomb B npoaenelliHI HCn biTaHHH 

MonenH. 

n p H n 0 lK e H II e I 

1. PacqeT Ha npO'IHOCTb Kpaesoro ro(jlpa 

a) lle(jJOpMaUHSI 

HaiilneM nporH6 D Y non aeiilcT BHeM CHnblP ( CM. pH c. 2). MoMeHT CHIIbi 
~ 

M(x) eP x ; nneqo x=r(1-Cos8 ) , Torna M(x) -cP r(1 -Cos 8 ) . 

nporH6 OT CIIIIbl p 

D B J 
M (X ) X 

E J 
d s c J P x 2 r x 

d 8 e 
y 
~ E 1 

2 1T 
D ~ J(l- 2Cos 8 + Cos 8) d 8 = 8 I 

y p 0 
"-Sin 8 I 

3 rr P r 
3 

rv 
p 2 E 1 

15 

1T 

0 

-P r ! 

E J 
J ( 1 - Cos 8 ) 

2 
d () 

1 8 1T 3 + (- Sin () Cos 8 + - ) I = - rr 
2 2 ° 2 



, -
3aecb E MOAY1Ib JOara, 

J - MOMeHT HHepUHH, 

S - ayra. 

Hall:aeM rrpora6 Dv 
Ml 

OT AeHCTBiiH MOMeHT8 M I (eM. pac. 3). 

D 
M X 

f-
1
-dS=f 

E J 

Pr p r s 
r (1-CosO)rdOe OJ" 

0 

D rr r s 
y = -y 

M 
I 

nonaaH aecjJOpMaUHH 

D 
y 

EJ 

• D + D "'0,5 
yp YM 

I 

rr P rs 

EJ 

E J M 
I 

Yron nosopOTa KacaTelihaoli B TO~Ke A. 
Yron IIOBOpOT8 OT CHnhi p 

6.8 =f MdS 
p ---

EJ 

Px dS 
f 

E J 

H8liAeM H3 Bblpa:!KeHHll: 

P P r 2 rr rr 
--Jr(t-CosO)r dO •--[81 -SinO! 

EJ E J o o 

6.(} 
p 

rr p r2 

EJ 

E J 

H o B aaweM cny~ae Koaen A 

MOMeaTa M
1 

B TO'IKe A. 

TorJ:ta 

38):(eii8H wapHHpHO, ~TO 3KBHB8IIeHTHO J:teliCTBHIO 

Yron nosopoTa OT M
1

: 

M 
1 

dS 
!!.OM e J 

I E J 
tr M 1 r 

6.(} 
p 

M 

6.8 =0. 
M 

l 

M 
= --

1
- frd0=--

1
-rr = 

EJ EJ 
rr P r 2 

--=---; M 
1 

"'P r. 
EJ EJ 

6. 8 

MoMeHT B ToqKe B: P 2r-M =2P r- P. r eP.r. 
l 

p 

Toraa MOMeHT B TO~Ke A pasea - P r , T.e. MaKcaMalibHOMY MOMeHTy. 

16 

~\ 

~ 

I 

! 
~ 
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6) HarrpslKeHHB 

MaKCHM8libHble H8IIpBlKeHHB B CBapHOM WBe 'B' (pHC. 4 H 5) : 

maz 
0 •y(o +o )

2
+o

2 

" p_r P 

rae o u - aara6aJOmHe aarrpBlKeaas OT J:tecjJOpMarraa; 

0 - H8IIpsvKeHI!ll, Bbl3blB8eMble BHyTpeHHIIM A8BneHI!eM (KaC pr 
CTSBIIliiODl8ll); 

0 - H8IIplllK9HIIH BAOlib OCR ( IIpOAOlib.HOli) Kpaesoro ro4lpa C 
p 

A8Bn9HIIll (rreprreHAHKYIIllpH8ll COCTSBIIliiODl8B), 

BcneJ:tCTBHe TOro, ~To BHyTpeaaee ):(asneaae npaKTaqecKa cKo~ 

H, cneJ:to 0 .. 0 "" 0 pr P 
A8Bn9HHeM C BH9WHeli CTOpOHbl KOp06KH 

rrpalKeHHll B mae Kpaesoro rocppa o6ycnosneHbl TOlibKO aara6oM, T.e 

u 
" 

M 

w 
z 

w 
z 

b 8
2 

6 

rAe b - WHpHH8 IIOIIOCKH. npHHHMSeM •a• p8BHbiM 1 CM; 

li TOIIDlHHa. 

p r P r li 
0 =---=---, 

li 2 2 J 
OTKYAB 6 

p = 
2 0 J z 

[ D I"' 
rr r 

2 
[o ] Eli D y 

; ; a =--2 
r li y Eli u rrr 

6 2 
Ilna CTana Xl8HBT E = 2·10 KflcM • 

141 
Ha cneJ:tyeT, qTO rrpeaen ycTanocTaoli rrpoqaocTH AIIH Toft 

u = 7000 KflcM
2 

- l 

a 
(B IlpeAIIOIIOlKeHIIH, qTO IIpH HII3KHX TeMnepaTypax COOTHOllieHI!e 

J 
eTCH B cane). npaMeM AOrrycKaeMoe aanpalKeaae [a l = 5000 KllcM' 

HalKe rrpOTa6ynaposaaa cpopMyna AIIB [D 
7 

17 



oayllh !Oara, 

OMeHT HHepUHH, 

-ra. 

upora6 

M x 
1 

Dy 
Ml 

oT aeliCTBHSI MOMeHTa M 
I 

Pr 

(eM. pac. 3). 

3 
17 r 

d s = f 
p r 3 

r(l-CosO)rdOe 0117 
0 

D e ----· 

E J EJ E J y M1 

MBUHS! 

y 
., D + D e 0,5 

y p y M 
1 

17 p r3 
D 

EJ 

a KaCaTellhaol!: B TO~Ke A. 
a OT canhi P 

f 
Px dS 

E J 

aal!:JJ.eM H3 ahipaJKeHHSI: 

P P r
2 

tr IT 
--Jr(t-CosO)r d8 e--[8! -SinO! 

EJ E J o o 

68 
p 

17 p r2 

EJ 

E J 

:ny~ae xoaeu A aanenaa wapaapao, ~To axaasaneaTHO neliCTaHIO 

TOqKe A. 

60 
p 

3. OT Ml: 

68 
M 

I 

0. 

M 
1 

dS M 
1 

M 
1 

--- = -- Jrd8=---rr = 
EJ EJ EJ 

17 M 
1 

r 17 P r
2 

-- = --- ; M 
1 

= P r. 
E J EJ 

/!, 8 

iKe B : P 2 r - M e 2 P r - P. r = P. r • 
1 

p 

' B TO~II:e A paaeH - p r , T.e. MBKCHMBilhHOMY MOMeHTy. 

16 

. ~ 
q 

I 

-I 

1 

~ 

II 

rne 

6) HanpSilKeHHSI 

MaKCHM8/lbHbie H8llpSilKeHHSl B CBBpHOM WBe 'B' (pHC. 4 H 5) : 

au 

(1 
pr 

(1 

p 

(1 
maz 

ey(u +u )
1

+u
2 

,. p _r P 

aara6aromae aanpSllKeaaSI OT ne<jJopManaa; 

aanpsvK.eaaSI, ahl3hlaaeMhle sayTpeHBHM aasneaaeM ( KacaTel!haaSI co

CTaBnRromag) ; 

aanpSilKeBHSI BJJ.Oilh oca ( upOJJ.OJibBol!:) xpaesoro rO<j>pa OT sayTpeaaero 

nasneaaSI (nepneanax~ngpaag cocTaanSIIOWaSI) , 

BcnencTaae TOro, ~To sayTpeaaee aasneaae npattTH~ecxa CKoMneacaposaao 

aasneaaeM c saewael!: cTopoahi xopo6xa a - a a = 0 a, cnenoaaTenbao, aa-
pr P 

npSIJKeaaSI B mae Kpaeaoro ro<!>pa o6ycnosneHbi TO/lbKO aara6oM, T.e. paaHbi a 11 , 

(1 , 
M 

w 
z 

w 
" 

b 8
2 

6 

rne b WHpHH8 liOnOCKH. llpHHHMSeM •a• paBHbiM 1 CM; 

B Tonmaaa. 

P r P r 8 
a =---=---, 

u B 2 2 J 
OTxyna 6 

p = 
2 a J,. 

[ D l = 
17 r 

2 
[a ] E8 D y 

; ; a = --2 
r 8 y E8 ,. 

trr 

6 2 
Llng CTana X18H9T E = 2·10 KflcM • 

/4/ 
Ha cnenyeT, ~To npenen ycTanocTaoll upoqaocTa nnSI Toll JKe cTana 

(1 = 7000 ttf/cM
2 

-I 

a_l 
(a npennonolKeBHH, qTo npH HH3KHX TeMnepaTypax COOTHOWeHHe ~ 0,42 OCTa-

eTCSI a cane). llpaMeM nonycKaeMoe aanpSIJKeaae [a] = 5000 xl)'cM 2 .P 

HaJKe upOTa6ynapoaaaa <!>opMyna nnSI [D 
7 

17 



Ta6naya Nl l 

3aaaCHMOCTb aorrycTaMoro rrpora6a [ D y) OT paaayca Kpaeaoro ro~pa r H 

TOnWHHbl ero CTeHKH 8 · 

~~ 0,5 0,6 0,7 0,8 0,9 I, O 

5 0,392 0 ,327 0 ,280 0 ,245 0,2!8 0 ,!96 
!0 !,586 !,3!0 !,!20 0 , 980 0,87! 0,784 
15 3,532 2,943 2,523 2,207 !,962 !,766 
20 6,280 5, 233 4,486 3,925 3,489 3,!40 
25 9,8!2 8, !77 7 ,010 6,!32 5,45! 4,906 
30 15,30 II, 775 !0,093 8,833 7, 850 7,065 
35 19 ,232 16,027 17,737 12, 020 ! 0,684 9,6! 6 

npHn0)!(6HHe II 

Pacqe T xapaKTepHC T HKH MeM6paH 

E • 2 
8 "'o "'o 

3aBHCHMOCTb p = f ( CtJ O ) HM66T BHA: p z M( 1 + M ) • Jlng 
M TRo Q 282 

B bi6paHHOM H8MH MeM6paHbl C IIOnHhiM p8AHYCOM R O =240 MM TOnWH HOli 8 =0,8 MM, 

paaaycoM Kpaeaoro ro~pa r = 15 MM H c TparreueHABnbHhiM rrpo~HneM ro~pHpOBKH 

d 4 
= -- = -- = 20 MM · b = d = 4 MM • C =0 45 f = 9 0 MM 

0, 2 0,2 ' ' ' ' 

S = b+2c = 1,1 f = 22,0 MM (eM. p!!C. 6). 

7q
2 

(q+4)(q+l1)(2q + 1)(3q+5) 
Q 

1728 ( q + 1 ) 
2 

2 
7. 12,3 (12,3+4 )( 12, 3+ 11)( 2. 12, 3 + 1 ) ( 3. 12, 3 + 5) = 842 

1728 ( 12, 3 + 1 ) 2 

18 

Q 
2 

= 842 

wo..., 
CM 

0,05 

0,!0 

O,I5 

0,20 

0,25 

0,30 

Ta6naya N9 2 

3aBHCHMOC'!'l, IIpOrH68 MeM6p8Hbl cu
0 

OT )l8Bn6BHH p • 
1.1 

p ~H p tDc.., p 
KT/cM2 CM xr/ctl- CM Kf/crl-

0,02! 0,35 0,!50 0 , 65 0 ,294 

0,042 0,00 0,!73 0 ,700 0,32I 

0,063 0,45 O,I87 0,725 0,334 

0,084 0,50 0,220 0 ,75 0,348 

O,I03 0,55 0,244 0,80 0,376 

0 ,I3I 0,60 0,299 0,85 0,405 

- ---- --~ -

npHn0)!( 6 HHeiii 

PacqeT BhiTecaHeMoro o6'beMa 

~ 
CM 

0 , ' 
I91 

I' I 

I, 
r. : 
r.: 
I,: 

I': 
I'! 

I •' I,• 
I,! 

l13 pHC. 7 Bl!AHO, qTO 06'beM M 0 )!(6T 6 hiTb Bblp8)!(6H KBK CYMMB 

npeAIIOnO)!(HB AnSI IIpOCTOTbl , qTo 06'beM , BbiT6CHSI6MbiH OAHOli M6M6: 

1% OT 06'beM8 K8M6pb1, 381IHWeM: 

V e V + V a 1% • 
. 1 2 

V 
1 

- Bbi T eCH H6Mbill o6'heM, 6e3 y q eTa anHHHHH Kpaeaoro ro~pa, pa1 

rae 

"' = "' 

R 

V = f 2"r"'dr, 
1 

1 • + 1 
--[2p -(z+1)p 2 l+tl. 
z -1 

19 



Ta6naua l\19 1 

.tOCTh aorrycTHMoro rrpora6a [ D y l OT paaayca Kpaeaoro ro<jlpa r a 

TOnlllHHbl ero CTeHKH 8 • 

0,5 0,6 0,? 0,8 0,9 r.o 

0,392 0 ,32? 0,280 0, 245 0 ,2I8 0,!96 

!,586 1,310 I,I20 0 , 980 0,8?! 0,?84 

3,532 2,943 2,523 2,20? 1,962 1,?66 

6,280 5,233 4,486 3,925 3,489 3,!40 

9,812 8,1?7 7 ,0! 0 6, !32 5,451 4 , 906 

5,30 II,775 10,093 8,833 7,850 7,065 
9,232 16,027 !7,73? 12,020 10,684 9,616 

iMOCTh 

UpanolKeHae II 

PacqeT xapaKTep acTHKH MeM6paH 

p =f(co
0

) 
M 

• 2 
E 8 "'a "'o 

HMeeT BHJ:l; p z M( 1 + M ) • JJ.mi 
TRo Q 282 

H8MH MeM6paHbl C IIOnHbiM paaHyCOM R O =240 MM TOnlllHHOli 8 =0,8 MM, 

paeaoro ro<jlpa r = 15 MM a c TparreueaaanhHhiM rrpo<jlaneM ro<jJpapoaKH 

4 
---o:-2 = 20 MM; b = d = 4 MM; C =0,45 e = 9,0 MM 

1,1 e = 22,0 MM (CM, pHC. 6). 

Q 
7q 

2 
( q + 4) ( q + 11) ( 2 q + 1) ( 3q + 5) 

2 1728 ( q + 1 ) 
2 

• 12,3 ( 12,3+4 )( 12, 3+ 11)(2. 12,3 +1) ( 3.12, 3 + 5) = 842 

1728 ( 12, 3 + 1 ) 2 

18 

Q 
2 

= 842 

Ta6naua l\192 

3aBHCHMOC'l'Jo IIpOrH68 MeM6p8Hbl ColO OT .AaaneHHli p • 
M 

<.Jojof' p ~ p tDcl¥ p~ 4?PH p 
CM Rf/cM2 c: Rf/cwf CM Kf/C CM Kf/CM2 

0,05 0 ,02! 0,35 0,!50 0, 65 0 294 0 ,95 0,470 
' !900 0 ,498 

O,IO 0,042 0,00 0 ,173 0 ,?00 0 ,32! !,05 0 ,531 

0,!5 0,063 0,45 0 ,!87 0,725 o 334 I,IO 0 ,566 
' !,!5 0 ,602 

0,20 0,084 0,50 0 ,220 0 ,?5 0 348 1 •20 () ' 639 
' I ,25 0 , 677 

0,25 0,!03 0,55 0,244 0,80 0,3?6 i:~ 0 ,71? 
0 ,?58 

0,30 0 ,!3! 0,60 0,299 0,85 0 ,405 1:45 
0 ,802 
0 ,847 

!,5() 0 , 8 ~3 
----- ---- ~~--- --~--~ - --

UpanolK e aae III 

P acqeT Bhi TeCHSieMoro o6'heMa 

J.13 pHC . 7 BH.AHO, qTQ 06'he M MOlKeT 6biTh BbipalKeH K8K CyMM8 VI H V 
2 

UpearronolKHB J:tnSI rrpocTOTbi , qTo o6'heM, BhiTeCHSieMbiii oaaol! MeM6paaoll, paaea 

1% OT o6'heMa KaMephl, aanaweM: 

V -V +Val%. 
- I 2 

V 
1 

- BhiTeCHSieMhili o6'beM, 6ea yqeTa BnHSIHH SI Kpaeaoro ro<jlpa, paaeH (eM. pac.7a): 

rae 

"' ="' 

R 

VE f 2~rrcodr, 
I 

1 • + 1 2 
-- [2 p -(z+1)p ]+ll. 
z- 1 
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r 
3n ecb paR a z onpenenSieTCSI K8K <jlyHKUHSI OTHOWeHHSI ~ 131 

{j Oocne HHTef'pHpOB8HHSI HMeeM: 

v 
I 

e rr R 
2 

cu 
:r: + 1 

0 2(:r:+3) 

06beM V 
2 , o6pa3y!OWHHCS! llpH napannellbHOM nepeMel!le!{HH ne<j!OpMHpOB8HHOll 

MeM6p8H bl, B TO'IHOCTH paeeH: 

V srrR
2 D 

2 y 

r-ue D v - ne<jlopMBilHSI r-o<)lpa. 

.llOKB)!{eM , 'ITO H3MeHeHHeM 06beMa B Kp8eBOM f'O<jlpe MO)!{HO npeHe6pe'lb, 

(eM. pHc. II). 

rmr(t}) f a Conat. 

On pen enHM o6beM paapeaaHHor-o KOllbna eaHHH'IHoli BbiCOTbi KaK <)lyHKilKIO 

ueHTpanbHor-o yr-na e npeanono*eHHH, 'ITO nocne a e <jlopMBUHH KOHTyp coxpaHSieT 

e 2 2 
-- V 1 .. r 'Sin9Cos0 V

2
-r (rr-0); 

cpopMy OICPY*HOCTH: r e 

2(rr-9) 

v -

HccneuyeM aTy <)lyHKUHIO Ha 

dV 

d 9 

e 2 

4 

Sin 9 Cos 9 

( rr- 9) 
2 

M8KCHMyM. 
2 2 

= __ e [ Cos 9 + 

2 ( rr- 9 )2 

+ -1- ) 
rr- 9 

Cos 9 Sin 9 

d rr- 11) 3 J ' 
ecnn 

dV 
--;e- =0, TO 

3TO paeeHCTBO BblllOnHSieTCSI, 
( rr - 9 ) Cos 2 0 + Cos 9 Sin 9 • 0 

rr 
DO-nepBbiX, llpH Coa 9 a 0 ' T.e. npH 9 I e - ' H, BOO.BTOpb!X, llpH ( 11 - 0) Cos 9 + 

2 
Sin 9 • 0 , T.e. npH rr- 9 •- tg 9 • Orc10aa 9 

2 
= rr • 

TaKHM o6pa3oM, yaenH'leHKe o6beMa Kpaeaor-o r-ocjlpa npoacxoaKT npH er-o ae

cpopMaUHH ao () "' T (a peallbHOM aanenaH nono6HaSI necjlopManHSI He HMeeT MeeT a). 

OnpeaenHM Tenepb HHTe HCHkiHOCTb H3MeHeHHSI o6'beMa H yr-on, ao KoTopor-o /'; V -

npHpameHHe o6'beMa - aoapacTaeT). 

~ = __c_ [ _ 2 Sin 9 Cos (J 

d()2 2 (rr -9 )2 
+ 

3 Coc 
2 

() -81n 
2 

0 
+ 

( rr- 9) 
3 

3Sin0 Cos() 
1 

4 ' 

2 
( rr- 0) 

rr d V 
npn () = -

2 
; --

2
- < 0 

dO , 'ITO llOUTBep)!{aaeT Hani!'!He MBKCifMyMa 
d 2 V o 

anSI 3TOH cpyHK-
UHif . B ut'IacneHaSI noKa3biBa!OT, 'ITO - = 0 npu 0 e 35 • 

d () 2 
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,UecjlopM81lHSI B 35° T8K)!{e He HME!eT MeCT8. Pe811bJI8SI a e<j!OpMai 

B p8C'leTHOM B8pH8HTe MeM6paHHOli KOp06Ka ocymeCTBnS!eTCSI Ha yr-o 
l'lV V2-VI 

TaK KaK -y ~ 100 --v-- = 3,54% OT nepeoHa'IallbJior-o o6'beMa KJ: 
I 

TO npapameHHeM 06'beM8 MO)!{JIO npeHe6pe'lb, llOCKOllbKy 06'beM C8MI 

r-o<jlpa COCT8BnS!eT 2-5% OT nonHOf'O " Bb!TeCHS!eMOf'O 06'beMa. 

Tor-aa nonJihtli BhiTeCHSieMbtli MeM6paHoli o6'beM paaeH: 

v.v +V •rrR
2

[cu 
1 a o~ 

:r + 1 
2(:r:+3) + Dy 1 . 

OpKMep pac'leTa MeM6paiiHOli Kopo6KH 

11CXOilHbie ll8HHble: 

1) 06'beM llY3blpbKOBOll K8Mepbl - 80 nHTpOBj 

2) aHaMeTp KOp06Kl! - D = 480 MM (pl!C. 1); 

3) paaHyC MeM6paH KOp06KH R = 210 MM; 

4) PBilKYC Kpaeaor-o r-ocppa r =1,5 CM (eM. Ta6nHny N> I); 

5) TOnlllHHa MeTanna {j =0,08 CM; 

~ MeTann - CTallb IXI8H9T; 
. 6 2 

7) MOilYllb ynpyr-ocTH - E =2·10 KrlcM ; 

8) llOnyCK8eMble HBilp SI)!{eHH SI - (u] "' 5000 

Heo6XOilHMO paCC'IHTBTh: 

a) BbiTeCHS!eMblH o6'beM V 

6) eenH'll!HY llOilYCTHMOf'O npor-a6a ( cu
0 

1, 
M 

KrlcM
2

• 

e) xapaKTepHCTHKY MeM6paHbi p s f(cu
0 

) H onpeaenHTh pa3ME 
~ 

MeM6paH. 

Cor-nacHo npHaeaeHHoli Ta6nHne N> I, D , y = 2,200 MM. BhtTeCI 

npHXO!IS!IllHHCSI H8 O!IHY MeM6paHy KOp06KH, nng npOCTOTbl C'lHT8eM J: 

BHHe 

r-ae 

nonaor-o o6'beMa, 
3 

Bb!TeCHS!eMOf'O BCell KOp06KOH V = 800 CM • 

BenH'lHHa npor-H6a (xona) onaoll MeM6paHbi a neHTpe 6yneT: 

"' • ( __;. _ D v ) 2( :r: + 3) = ( ~ _ O, 02 ) 2 ( 150 + 3 ) 
0 

M rr R z + 1 3. 14 . 21
2 

150 + 1 

z = 150 (eM. pa6oTy
131

) nony'leHo SKCTparronS!IlKeli. 

0onHblH llp0f'H6 cu -cu +0=0,725 + 0,22 = 0,945 eM. C npyr 
0 D 0~ Y 
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r 
b P·R" , a z 

onpe,aenSieTeSJ KBK QJYHKUH SI OTHOWeHHH 

•e rpapOBaHHSI HMeeM: 

v 
I 

e rr R 
2 

(<) 
% + 1 

0 2(%+3) 

~ 13 / 
0 

, o6paayiDIUHlieSI npH napanneUbHOM nepeMeuteHRa .ae¢opMapoeaHao.ll 

B TOqHOeTH paBeH: 

V • rrR
2

D 
2 y 

.ae¢opMauHR ro¢pa. 

<eM, qTo H3MeHeHHeM o6beMa e KpaeeoM ro¢pe MO* HO npeHe6peqb, 
1). 

r"' r ( 8) P • Conal. 

enaM o6beM paapeaaHaoro KOUbna e.aaaaqaoii BbieOTbi KBK QJYHKUHIO 

o yrna e npeanono*eaaa, qTo nocne .ae¢opMauHa KOHTyp eoxpaaHeT 
e 2 2 

VI .. r 'Sin 8Cos8 v2. r (IT -8); 
KHOeTa : r e 

2(1T-8) 

v -

Ty QJYHKUHIO aa 

dV 

d 8 

e 2 

4 

Sin 8 Cos 8 

(IT-8)
2 

MaKeaMyM, 
2 2 

= -e-[ Cos 8
2 

+ 

2 (IT- 8) 

+__!_) 
, - 8 

Cos 8 Sin 8 

diT-8) 3 J • 

0, TO ( IT - 8) Cos 2 8 + Cos 8 Sin 8 • 0 
3TO paeeaeTBO BbiUORHHeTeH, 

pa Coa 8 • 0 , T.e. npa 8 "' ~ , a, BO..BTOpbiX, npa (IT- 8) Cos 8 + 
I 2 

·.e. npa IT-8·-tg8. 0Te10.aa 8
2

=1T. 

•6paaoM, yeenHqeaae o6beMa Kpaeeoro ro¢pa npoaexo.aHT npa ero ne-

e ,. + ( B peaUbHOM H3JleUHH IIOA06Hag AeQJOpMSUHH He HMeeT MeeT a). 

nepb HHTeHeHk<HOeTb H3MeHeHHH 06beMa H yron, AO KOTOporo />, V -

)beMa - eoapaeTaeT). 

2 
~ e2 
82 =-2-[-

2 
d v 

2Sin8Cos(J 

(IT- 8) 
2 

+ 
2 2 

3 Coc 8 ~n 8 + 3 Sin 8 Cos 8 ] 
3 4 • 

liT-8) (IT-8) 

d'QT< 0 , qTO IIOATBepx<.aaeT liBRH'IJie MaKeJIMyMa 
d 2 V o ARH 3TOii QJYHK-

HI IIOKa3 biBalOT, qTO - = 0 llpH 8 = 35 • 
d 8 2 
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.lleQJopMBUJIH B 35° TBKlKe He HMeeT MeeTa. Pe8nbBall AeQJOpMaUHH, HBirpHMep, 

e paeqeTHOM eapaaa-re MeM6paHaoli Kopo6Ka ocymeeTenHeTel! aa yron 
/>,V V

2
-V

1 

(} =70-80. 

TaK KaK -V-"' 100 --v-- = 3,54% OT nepeoaaqaUbaoro o61>eMa Kpaeeoro ro¢pa, 

To npapameaaeM o6DeMa ~O*HO npeu:e6pe~. nocKOUbKy o6beM eaMoro Kpaeeoro 

ro¢pa eocTaenHeT 2-5% OT nonaoro • BbiTeeaHeMoro o6beMa. 

Torna nonHbili BbiTeeaHeMbili MeM6paao.ll o6beM paeea: 

% + 1 
V-V +V •ITR

2
[cu 

I l OM 2(Z+3) + Dv] . 

TipaMep pa~qeTa MeM6paaaoll Kopo6Ka 

J1 eXOJllible li8HU:bie: 

1) 06beM ny3blpbKOBOll KaMepbi - 80 UHTpoe; 

2) AH8MeTp KOp06KH - D = 480 MM ( pae. 1); 

3) paaaye MeM6paH KOp06KH R = 210 MM; 

4) paaaye Kpaeeoro ro¢pa r =1,5 eM (eM. Ta6nany N! 1); 

5) TOUIUHHB MeTanna 0 =0,08 eM; 

~) MeTann - eTanb 1X18H9T; 
. 6 2 

7) MOAyUb ynpyroeTa - E =2 •10 Kf / eM ; 

2 8) aonyeKaeMbie aarrpH*eHHII - [ cr 1 = 5000 Kf /eM • 

Heo6xonaMo paeeqJITaTb: 

a) BbiTSeHHSMbiH 06beM V 

6) eenaqaay aonyeTaMoro npora6a [ cu
0 

] , 
M 

e) xapaKTepaeTHKy MeM6paabr p ,. f (cu 
0 

) a onpeaenaTb pa3Mepbl ro¢papoeKa 
M 

MeM6paa. 

Cornaeao rrpaeeaeaaoli Ta6nHne N! 1, D, y= 2,200 MM. BbiTeeaHeMblli o6beM, 

llpHXOliHWBHeH Ha OliHY MeM6paay KOp06KH, liUH npoeTOTbl eqaTaeM paBHbiM nono-

3 euae nonaoro o6beMa, BbiTeeaHeMoro eceli Kopo6Koi! V = 800 eM • 

Benaquaa npora6a (xoaa) oaaoli MeM6paabl e neaTpe 6yae T: 

"' • ( ~ _ D y ) 2(% + 3) = ( ~ _ O, 02 ) 2 ( 150 + 3 ) 
0 

M rr R z + 1 3. 14 . 212 150 + 1 
0, 725 eM , 

rae % = 150 (eM. pa6oTy
131

) nonyqeu:o aKeTpanongnaeli. 

TI DnHblll Irp01"'H6 CU acu +0=0,725 + 0 ,22 = 0,945 eM. C llpyrol! eTOpOHbi, 
0 D OM y 
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r 
"' J-

n 

[ o] R 
2 

T 
0 

E 8 S 

.UnH onpeaeneHH H 3 Ha'leHHi1 T H S BBeaeM aononHHTenbHhie aaHHhie o ro!j>

pHpOBKe • .Qng XBpBKTepHCTHKH MeMopBHbl BBlKHyiO pOnb HrpaiOT TOn!llHHB ( KOTOpaS! 

/3/ 
ylKe a aaaHa) H rny6HHa ro<jlpHpOBKH d (eM. pa6oTy ). npaMeM d = 4 MM 

-2 
(eM. pHc. 6) . Toraa nPH q = 12,30; T =0,74·10 ; S =0,133 aonycTHMhiH npo-

rH6 

[ "' l= on 
5000 .242 . 0.74 ·10-2 

6 
2·10 . 0,08. 0,133 

1,00 CM, 

nony'!eHHb! H peaynbTaT XOpOlllO COBnaaaeT CO 3Ha'!eHH6M nonHOrO nporH6a "' = On 
=0,945 CM. Onpea enHM o6beMbi V 

1 
H V 

2 
H CpaBHHM HX. 

v 2 
=rrR w 

I 

2 
v 2 = rr R D 

z + 1 2 
= 3, 14. 21 . 0, 725 .. 

0 M 2(z+ 3) 

y = 3, 14 . 21 · 0, 22 = 304, 64 CM 
3 

3 
V + V = 799,98 CM 

150 + 1 
= 495, 34 CM 

3 

2 ( 150 + 3 ) 

0TKn OHe !IH6 OT aaaaHHOH 
I 2 

3 
BenH'IHHhl (800 CM ) 

- nonHbili Bh!T6CHSI6Mb!H OobeM. 

Mano. CneaoBaTenbHO, pac'IeTHbie 

¢opMyn hi Be pHhi. Vl 3 M6 H6 HHe BhlT6CHSI6MOrO o6beMa aa C'leT npora6a MeM6paHbi 

v 
I 

v 
2 

COCTaBn HeT - 62,0%, B TO BpeMSI KaK aa C'!eT ae<jJOpMBUI!H KpaeBOrO ro<jJpa 

- 38,0% oT nonHoro 1!3MeHeHHH o6beMa v aalKe B cny qa e , Koraa BenH'IRHa 

npor11 6a B ueHTpe MeM6pa Hht 
w 0 ~· B aBa paaa MeHbllle paa11y c a KpaeBor·o ro¢pa . 

npoBe pKa no aaBn eHH IO. VJ TaK, anSI BhlopaHHOH Ha MH M6 M6paHHOH KOpOOKII o6pa-

2 a oBaHI!e npor116a w 0 M = 7,25 MM Bbi3biBae TC SI a aBne HHe M p = 0,334 Kfl cM • Onp e-

aenH M OTciOaa Bena'!HHY paa11yca KpaeBoro ro¢pa Me M6paHHOli KOpOoKR. 

I. C11na , aeliCTBYIO!lla SI Ha eai!HRUY ani!Hbl nepHM eTpa KpaeBoro ro¢pa: 

p = _.i.E_ = 0, 334 . 42 
4 4 

= 3, 52 ; Kf/cM 

rae D - a HaMeTp MeM6paHhi , I!CKniO'IaSI KpaeBoi1 ro¢p . 

22 

" p r 3 
2. PanHyc onpenenReM no ¢opMyne D ~ 0,5 --____ v __ __E J 

0, 22 . 2. 10 e 0, 426 . 10 -~ 
= 1, 50~ 

0,5 . 3, 14 . 3, 52 

3 D E J 
r- v---- v 

0,5, p 

3TO 3Ha'I6HHe COBnanaeT C B6llH'IHHOH r = 15 MM, paCC'IHTaHHO' 

aanpRlK6HHSIM H no Bb!6paHHOA TOnlllHHe MaTepBana. (CM. Ta6na:U) 

n a T e p a T y p a 

1. a) BNL 10474 C-73 may 1966 "The Cryogenic Bubble ' 
Accelerator Research Facility". 

6) "Innovations in Bubble Chamber Devices". 
CllJA UOKnan aa KOMHCCI!H no aTOMHOA saepraa, HIOHb 1965 

B) "Proposal for the Construction of a 12 foot Hydrog 
Paapa6oTKa nnH qaKarcKoro yaaBepcHTeTa no KOHTpaKTY 

W-31-109-Eng-38. 

2. 3.B. Koay6cKHA, E.n. YcTeHKO, Vl.C. CauToB, IO.A. lllHWOB. • 
pac wHpeHHR n y a hipbKOBoA KaMephi' . ABTopcKoe CBHUeTenhCTI 

MapT 1964 r. 

3. A .E . AanpeeBa. Ynpy roe sneMeHThi npH6opoB, MawrH3. MocKI 

4. • MawaHOCTpoa:TenbHhie cTanH •• CnpaBO'IHBK KOHCTpyKTopa Maw I 

5. "Trans. of the ASME" v. 79, Nl. 1957. Haringx J.A. 
col"nlgeted diaphragms" and Dresseller R.F."'nvestigai 
properties diaphragms". 

6. f.B. Y lKHK. •nnaCTH'IHOCTb a npo'IKOCTb MeTannoB npa HH3KH:X 

l1~JJ. •. AH CCCP, {1957). 

7. "Technology and Uses of Liquid Hydrogen" 1964. 

8. B.H. <l>eonocbeB 'ConpoTHBJleaHe MaTepHanoB'. 'HayKa' Moc11 

9. IO.A. AneKcaHapoB a ap . •nyahip b KOBhie KaMe phi •, f ocaTOMJ 

10. C:'ll.noHoMapeB a np. 'Pac'!eTbi Ha npo'IHOCTb, T. ill , Maull 

11. P .E.CKOTT. TeXHHKa HH3KHX TeMnepaTyp. Han. HHOCTpaHHOH 

M ocKBa 1962. · 

12. M.n.ManKOB, H.E • .UaaanoB, A.f. 3enhaoBH'I, A.E. <l>panKOB. 
tPH3HKO-T6XHII'I6CKHM OCHOBaM rny60KOrO oxnalKU6HHS1

1

• foCSH 

MocKBa, 1963. 

13. CnpaBO'IHHK MaWHHOC TpOaTenR, T. m , MawrH3 !951 r. 

2S 

P y Konacb nocTynHna B Hana 
16 HIOHSI 1967 r. 



["' J"" 
0 n 

[a] R 2 T 
0 

iss 

1 onpeaeneHHSJ 3 Ha'lemu1 T 11 S BBeJleM aononHHTenhHbie aaHHbie o roQ>

JlnSJ xapaKTepHCTHKH MeM6paHbl Ba>KHyiO pOIIb Hr'paiOT TOIIW!!Ha (KOTOpaSJ 

13/ !aHa) l! rny6HHa rocj>pHpOBKH d ( CM. pa6oTy ) • npHMeM d = 4 MM 

-2 
• 6). T oraa I:IPH q = 12,30; T =0,74·10 ; S =0,133 aonycTHMbrll npo-

["' 1= on 
5000.24

2
.0 74 ·I0-2 

6 
2·10 • 0,08. 0,133 

1,00 CM , 

b!H pe3ynhTaT x opowo coBnaaaeT co 3Ha'leHHeM nonHoro npor116a 

~ . Onpeaen!fM o6beMbr v 
I 

2 z + 1 
= 3, 14. 2I ~ "' 

OM 2(z + 3) 

2 

If 

2 

v 
2 If CpaBH!!M l!X. 

. 0, 725 .. 
ISO + I 

2 ( ISO + 3 ) 

R D v = 3, I4 • 2I . 0, 22 = 304, 64 CM 
3 

= 495, 34 CM 
3 

"' = 0 n 

3 V + V = 799,98 CM 
I 2 

3 
- nOIIHbiH BbiTeCHSleMblli 06beM, 

re OT 38JlaHHOH Beiiif'llfHhl (800 CM ) Mano. CneaoBaTenbHO, pac'leTHbie 
3epabr. Vl3MeHeHHe BbiTe CHSJeMoro o6beMa 3a C'leT npor!f6a MeM6paHbi 

aBIISleT - 62,0%, B TO BpeMSJ KaK 3a C'leT )lecj>opMaUHl! KpaeBOr'O rocj>pa 

) % OT nOIIHOr'O lf3MeHeHl!Sl 06beMa v aa>Ke B cnyqae , Koraa BenH'llfHa 

UeHTpe MeM6paHbl 
CU 0 M B JlBa paaa MeHhrue paa!fyca KpaeBoro rocj>pa. 

. epKa ITO JlaBIIeH!fiO, Vl TaK , JliiSl Bbl6paHHOH HaM!! MeM6pa!IHOH KOp06KH o6pa-

2 por116a cu 0 M = 7,25 MM Bbl3b!Bae TC SJ JlaBneHHeM p = 0,334 KflcM • Onpe-

IOJla BenH'IHHY paa11yca KpaeBoro rocj>pa MeM6paHHOH KOp06Kl!, 
Hna, JleHCTBYIOWaSJ Ha e)ll!Hiflly Jliil!Hbl n epHMeTpa KpaeBOr'O rocj>pa: 

p "' _i_E._ = 0, 334 . 42 
4 4 ~ 3, 52, Kf /cM 

:tl!aMeTp MeM6paHbl , l!CKIIIO'laSI KpaeBOif rocj>p . 

22 

" p r! 
2. p aaHyC onpe.nenSieM ITO cj>opMyne D y a 0, 5 --

___ __.;.. _ __E J OTKyJla 

0,22 . 2. IO 
8 

0, 426 • 10 -• E J ! 

r • V v 1, 508 CM. 
0,5. 3,I4. 3,52 

3TO 3Ha'l9Hl!9 COBna.naeT C BeiiH'll!HOH r = 15 MM, paCC'll!TaHHOll no JlOnycKaeMbiM 

aanpSI>KeHHSIM H no Bb16paHHoll Tonmsae MaTepHana. ( CM. Ta6nauy N9 1). 

n. a T e p a T y p a 

1. a) BNL 10474 C-73 may 1966 "The Cryogenic Bubble Chamber an 
Accelerator Research Facility". 

6) "Innovations in Bubble Chamber Devices". 
CiliA JlOKIIaJl HB KOMHCCHH no BTOMHOll 3Hepr'HH, l!IOHh 1965 r". 

B) "Proposal for the Construction of a 12 foot Hydrogen Chamber". 
Paapa60TK8 JliiSJ ql!KBr'CKOr'O YHHBepCHTeTa no KOHTpaKTy 

W-31-109-Eng-38. 

2. 3.8. Koay6cKail:, E.n. YcTeHKo, V!.C. CaaToB, !O.A. WaruoB. 'YcTpolicTBo anSI 
paCWHpeHBSl ny3blpbKOBOil: KBMepb!'. ABTOpCKOe CBl!AeTeiibC TBO N9 164080, 
MapT I964 r. 

3. A.E. AHapeeBa. Ynpyroe 3neMeHTbr np116opoB, MarurHa. MocKBa, 1962 r • 

4 . 'MaWHHOCTpOBTeiibHbie CTBIIH '.CnpaBO'lHHK KOHCTpyKTOpa Mawraa 1962 r'. 

5. "Trans. of the ASME" v. 79, N1. 1957. Harlngx J.A. "Design of 
corrugeted diaphragms,. and Dresseller R.F."'nvestigations of the 
properties diaphragms". 

6 . f.B. Y >KHK. 'nnaCTH'lHOCTh H npO'IHOCTh MeTannoB rrpB HH3Kl!X TeMnepaTypax'. 
113J:I •. AH CCCP, ( 1957). 

7. "Technology and Uses of Liquid Hydrogen" 1964. 

8. B.H. <Z> eoaocheB 'ConpOTHBneHHe MaTepaanoB'. 'HayKa' MocKBa 1964 r. 

9. !O.A. Anexcaa.npoB a .np. •nyabiphKOBbie xaMepbi', focaTOMH3JlBT MocxBa,1963 • 

10. c::U.noaoMapeB l! Jlp . 'Pac'leTbl Ha npO'lHOCTh, T. lll • Mawr'H3 1959 r. 

11. P .E.CKOTT. TeXH!!KB Hl!3Kl!X TeMnepaTyp. Vl3A. HHOCTpBHHOH Ill!TepaTypbi, 
MocKBa 1962. · 

12. M.n.ManKoB, V!. E • .llaHanoB, A.f. 3enhllOBH'l, A .E. <Z>paaxoB. CnpaBO'IHHK no 
cj>H3HKO-TeXHH'leCKHM OCHOBBM rny60K0r'O oxna >K)leHHS1 1

• fOC3HepreH3JlBT, 
MocKBa, 1963. 

13. CnpaBO'lHHK MawaaocTpOHTenSI, T. Ill , MawrHa 1951 r. 
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Pyxonl!Ch nocTynHna B H3JlaTenbCKHH oTaen 
16 HIOHSl 1967 r. 
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"61' 9om~vkv TNMO~~#V/1 H41¥0p&T##Oll k-qpoil.t-Lt. -¥- Ono,PHOR 
, r709!/Wka:' 5- C'~1mvvlc 1./IJ"C'.?a gerpopMoq~<./. 5- 8t>Hmv.nu ~.;pvw
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