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, I 

B nnepHou ¢HaHKe nnn HayqeHHR cBoucTB aneMeHTapHhlX qacTHU wnpoKo 

HCITOnh3yiOT >KHnKoBonoponHhi9 MHUI9HH/ 1/, KOTOphle "o5CTpemiB810T" qac

THU8MH1 neTRIUHMH OT 'ycKOpHTenn. 0nHHM H3 OCHOBHbiX rrapaMeTpOB aneMeH

TapHhiX qacTHU nBnneTc~ nonHoe nonepeqHoe ceqeHne BaanMoneucTBHu. OH,o 

orrpenenneTCR ITO p83HOCTH KOnHqeCTBa qaCTHU1 H8XOnRIUHXCR B rry~Ke no 

n nocne npoxomneHHR MHIIIeHH, T.e. cTerreHhiO nornomeHHn HX BonoponoM. 

ToqHocTb onpeneneHHR nonHoro nonepeqHoro ceqeHHn aaBHCHT OT ToqHocTH 

onpeneneHHR KonHqecTBa Bonopona Ha rryTH ~acTHU, nponeTaiOIUHX ~epea 

MHlli9Hb. 8 05'benHH9HHOM HHCTHTyTe nnepHhiX HCCnenoBaHHH B lly5He coana-· 

Ha ycTaHoBKa, rroaBonniOman rrponon>KHTenhHoe BpeMn rronnep>KHBaTb KonnqecT

BO BOJ10pona Ha n·yT.H qacTHU c BhiCOKOH To~HOCTbiO - 0,05%. 05IUHH sll:n 

ycTaHOBKH ITOK838H Ha pHC. 1, cxeMa - Ha pHCo 2. 

YcTaHOBKa BKniOqaeT B ce5g nBe MHIU9HH1 onHy pa6o~y10 ( 2) 1 38IIOn

H9HHYIO >KHnKHM BOnoponoM1 npyryiO - rrycTyi01 nnn ¢oHOBhiX H3MepeHHH 

(Ha pHC. 2 ¢oHOB8R MHIII9Hh He ITOK838Ha) • DorronHeHHe pa5o~eH MHIII9HH 

BonoponoM ocymecTBnneTcn caMoTeKoM na npoMe>KyTo~Horo cocyna.eM

KOCThiO 50 nHTpOB (3), pacrronO>KSHHO:o Han 'HeM. 50 nHTpOB >KHnKOI'O Bono

pona ~xBaTaeT Ha 50 qacoB HerrpepbiBHOH pa5oTbi ycTaHOBKH. MHIIIeHH 

H npoMe>KyTo~HhiH cocyn ycTaHoBneHhi Ha nepenBH>KHOH ¢epMe, txoaBonniO

meu nooqepenHo ycTaHaBnHBaTh MHIIISHH Bnonh ny~Ka qacTHu. 3anonHeHHe 

rrpoMe>KyTO~HOI'O cocyna H MHIIISHH >KHnKHM BOnoponoM OCyiUSCTBnRSTCR H3 

nepeHOCHhiX 100- H 50-nHTpOBhiX cocynoB llbiOapa ( 1) I 2/ c rroMOIUhiO cn¢o

Ha ( 4) • BeHTHnH1 KOHTpOnbHO-H3MepHTenhHbi9 rrpH50phi H BCITOMO!'aTenhHOe 

o5opynoBanne, ueo5xonHMbxe nnn rronroTOBKH ycTaHoBKH K pa5oTe H rronnep-
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Pnc, 1, 06WHli BHJ::( ~CT8HOBKH C BOJ::tOpOJ::(HOli MHWeHbiOo 
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Pnc. 2. CxeMa npeunanoHHoli ycTaHoBKH c lKHJ::tKOBonoponHoli MnweHbJO: 
1 - cocyn llbroapa; 2 - MnweHb; 3 - npoMeJKyToqHbili cocyn ; 4 - cnf}Joa; 
5 - aMeeBHK-HarpeBaTenb;. 6 - cTa6nnn:3aTop naBneHHSij 7 - raaoBbili cqeT
qnK; 8 - 6annoH c penyKTOpoM; · 9 - BaKyyMHbili .Hacoc; · 10 - orHennaMSI
nperpan.nTenh. KoHTr>onbHo-naMepnTenbHbiEi npn6opbi n BeHTnnn, nao6pa
JKeHHbie BHyTpH nyHKTHpHOli nHHHH 1p83MeWeHbl Ha nynbTe yn~aBneHHSI1 
OCT8nbHbie aneMeHTbl YCT8HOBKH - 38 nynbTOM, )KnpHOli nHHHeli flOK838H 
nyTb HCnapHBWef'OCSI BOJ::tOpOJ::ta OT YCT8HOBKH npH pa6oqeM COCTOSIHHH MH~ 
weHn. lllTpnx-nyHKTHpHoli nnaneli noKaaaHa Tpy6Ka cTa6nnnaaTbpa naB
neHHSI nnH KoMneacaunn naneHnSI YP?BHSI B npoMeJKyToqHoM cocyne. 
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PHc. 2. CxeMa npeuHaHoHHoii ycTaHOBKH c JKHilKOBonoponaott MHWeHbro: 
1 - cocyn llbroapa; 2 - MHWeHbj 3 - npoMeJKyTD'IHhiii cocyn; 4 --cHij>oa; 
5- aMeeBHK-aarpeBaTenb;.6- cTaoHnHaaTop naBneHHH; 7- raapBwii C'I~T
'IHKj 8 - OarlnoH c penyKTopoM; · 9 - BaKyyMHbiii .aacoc; · 10 - oraennaMH
nperpan.HTenb. KoHTponbHo-HaMepHTenbHbie npHoopbi H BeHT.HnH, Haoopa
JKeHHhie BHyTpH nyHKTHpHOfi nHHHH 1paaMeWeHbl Ha nynbTe yn~aBneHHH1 
OCTanbHb!e aneMeHTbl yCTaHOBKH - aa nynbTOMo )KHpHOfi nHHHefi llOKa3aH 
nyTb HcnapHBWerOCH BOJlOpOJla OT YCT8HOBKH npH paoO'IeM COCTOHHHH MH~ 
weHH. lllTpHx-nyHKTHpHoii nHHHeii noKaaaaa TpyoKa cTaoHnHaaTopa naB
neHHH nnH KDMneacanHH naneHHH YP?BHH B npoMeJKyTO'IHOM cocyne. 

5 



:>l<aHIHI pa6oqero pe:lKHMa, pa3MemeH&I na rrynhTe. CBH3h rrynhTa c MHllleHhJO 

li npoMe:lKyTO'lHbiM COCYJlOM ocymecTBJ'ISieTCSI C IIOMOIU?JO rH6KHX ClicpOHHbiX 

' I 
''l 

IIIJ1aHrOB1 II03BOJ1HIOIUHX pacrronaraTb IIYJ'IhT B YJl06HOM JlJ'ISI pa60Tbl MeCTe. ,[ 

OcROBH&IM sneMeHTOM ycTaHOBKH 51BJ15IeTc51 MIIllleHh ( piic. 3). 0Ha 

COCTOIIT II3 BHyTpeHRero UIIJ'IHHJlpii'leCKOrO cocyna ( 1) JlJ'IliHOH "' 500 MM 1 

BaKyyMHOro KO:lKyXa ( 2) II MHOrOCJ'IOHHOH II30J1HUIIII ( 3) Me:lKJlY HIIMII. fing 

yMeRbllleHH51 KOJ'IH'leCTBa M8TepH8J18 Ha nyTH '18CTHU B ,,Topue MHllleHH ycTa

HOBJ'Ieiibl OKHa II3 J18BC8HOBOH rrneHKII TOJ'IlUIIHOii: 125 MK (4,5). KpenneHHe 

OKOH K BHyTpeHHeMy COCYJlY li BaKyyMHOMY KO:lKYXY~, ocymeCTBJ1SieTC51 MeX8Hli

qeCKli c rroMOIUhJO npn:lKnMH&IX ¢nanueB ( 6). IToLinep:>KaHne li30J15IUHOHHoro 

BaKyyMa IIOpHJlK8 1•10"'"5 MM pT.CTo ocymeCTBJ1HeTCH C IIO.MOlUh!O 8KTl!BlipO

B81IHOrO yrng/7 I, rrpHKpennennoro K xononnoii: rroBepxnocTn MnllleHn. ITepBo

naqanhHaSI OTK8'1K8 ocymeCTBJ'ISieTCSI 'lepe3 BeHTHJ'Ih (8), paCIIOJ'IO:lKeHHblll H8 

KO:lKyxe. 3annBKa MHllleHn BonoponoM u B&rxon, ucrrapnBlllerocg Bonopona rrpo

HcxonHT qepe3 ropnoBHHy MnllleHH ( 9). 

0CHOBHb!M Tpe6oBaHUeM, IIpeJlb51BJ1HeMbiM K YCT8HOBKe 1 51BJ1HeTC51 CTa-

6HJ1bHOe rronnep:lK8HHe C Bb!COKOH TO'lHOCTbl01 OKOJ10 0,05%, KOJ1H'leCTB8 Bono-, 

pona HB IIyTH '18CTHU. 

KonH'leCTBO Bonopona onpeJlenHeTcSI no ypaBHeRnJO 

q=L·Y, ( 1) 

rne L - Jlmma MUllleRn; y - IIJ'IOTHOCTb BOnopona. 

0TcJOna BliJlH0 1 'ITO JlJ151 TO'lHOro OIIpeneneHU51 KOJ'IH'leCTBa BOJlOPOJl8 

He06XOJliiMO: 

1. To'lHO a HaTh, cpenHJOJO nnuny, BHyTpennero cocyna Mnlllenu. 

2. f1onJlep:>KliB8Tb IIOCTOHHHYIO IIJ'IOTHOCTb B pa6oqeii: '18CTli MlillleHU; 

" I KOTOp8H B OCHOBHOM 38BHCUT OT BeJ'IH'lliHb! Jl8BJ1eHHH Han KUIIHIUeH )KllJlKOCTh!Oo 

OT CTerreHU HeOJlHOpOJlHOCTH IIpH KUIIeHUll BOJlOpOJla li OT p51Jl8 Jlpyrux cpaK-

TOpOB. 
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P.ac. 3. CxeMa :lKHnKoBonopo.~:~aoli unmumpa'!ecKoli. Mniiiean: 

COCYJli 2 - BaKyyMHhili KO:lKYXi 3, - MHOT'OCliOliHaSI ll30liSIUHS! 

HOBbie, oKHa (aecymne); 6 - rrpa)!mMH&Ie· !jlnaHUhij 7 .:.. a.QCOJ 

Tlllrbj 9 - ropnOBHHa MHIIIeHHj 10 - J18BC8HOBOe OKH~ ( orp1 
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GBSI3b rrynhTa c MHllleHbiO 

lOMOlUb!O rn6KHX CH<jJOHHb!X 

06HOM JlllSl pa60Tbl MSCTe. 

;g: MnmeHh ( pnc. 3). Oaa 

ll8 ( J) lllllfHOll "' 500 MM 1 

llflf ( 3) MS)KilY HHMH. llnH 

'HU B. Topue Mlflli9Hll. ycTa-

125 MK (_4,5). Kperrneane 

y OCyiUeCTB/1Sl9TCSl M9X8HH

Illl9pmaH~e H3011SIUHOHHOPO 

TCSI. C ITOMOlUb!O aKTHBHpO

BepXHOCTH MHllleHH. UepBo

llb ( 8) 1 paCIT0/10)K9HHblll H8 

~pHBli!erocSI Bonopona rrpo-

yCTBHOBK9 1 SlB/1Sl9TCSl CT8-

:0 0,05%, KO/lll'l9CTBB BOilO-

H9HH!O 

(1) 

pona. 

~HHSI K011H'l9CTB8 B01l0p0/l8 

o cocyna MHllleHn. 

pa6oqeil: 'IBCTH Mlflli9HH1 

~Sl H81l KHITHlli9H )KllJlKOCTbl0 1 

l~ If OT pSlll8 /lpyrHX <jlaK- . r 

r . 

Le --___ ....;... ____________ ---

. Pnc. 3. CxeMa lKHAKDBonoponaol! unnnanprrqecKoll MnweHrr: 1 -. aaY.rpeaarrl! 
. CDCYAj 2 - BBKYYMHb!l! KDlKYXj 3 - MHOPOCilOfiHBSl ll30/lllUifll: 4,5 ;... IIBBCa
l!DBbie · oKHa (Hecymne); 6 - rrprrlKIIMHbie· fjJnaHUhij 7 7 ancop6eaT;" 8 - BeH
Tnju,; 9 - ropnOBifl!B MIIWel!llj 10 - /lBBCBHOBOe OKHO ( orpaHII'liiBBIOlllee) • . 
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YMenhll!Bniie BIIII~niiSI IIpOrii6a nam:ian~Bb!X OKOn 

• ~nyTpennero cocyna Mnll!enii npii onpen~nennii 

KOIIII"'BCTBa Boaopoaa. na nyTII "l8CTIIU •,, 

f1o onny cTopony oKon ·-BnyTpennero cocyaa Mnll!eHII naxoaiiTCSI Boaopon 

IIf11. aTMOC<jlepnOM AaBneniiii 1 III? npyry!O - H301IS!UHOHnbJii BaKyyM, flaBc.anoBoe 

oKno BocnpiinnMaeT neperran naBneniiii, paBHbiii onnoii aTMocc;~epe! non lleiicT

- BIIeM KOToporo rrnenKa rrporn6aeTcSI, f1porn6 ( pnc. 3) nocTIIraeT ·ana "'II-
~· 1 • . . • 

T91IhnOii · BBIIII"lliHbl OT 10 no 15 MM B 38BIICIIMOCTII OT TOIIll!llnbl rrnenKII; 

anaMeTpa OKOn MlllllBnH II A8BIIBHHSI BHyTpll nee, 8 P9_3YilhTaTe nporn6a KDIIII

"'BCTBO Boaopona na nyTn ::meMenTapHblX "l8CTHU 1 nponeTaJOIUHX "'9p93 MlllllBHb 
' - ~. ' 

B- U9HTpe 1 60[,Ihlll~ 1 , "'BM na rryTH "l8CTHU 1 , IIpOIIBT810lUIIX y KpaSI OKHa, llnSI 

yMenhi,UeniiSI OlllH6Kn, · cBSiaannoii c nporn6oM nnenKJ~; npn onpenenemm · nmiH.bi 

BnyTpenner~ ccicyaa, OKna cnenanbl ll3 AByx _nneHoK' - onnoii necymeii (4), • 

npyroii - orpanH"lllB8JOIUeii: ( 10). HecymaSI rmeHKa Ton{riuuoii: OKOIIO ·125 'MK' 

Bb!Aep)KHBaeT. rreperraa aaBnennii: B oany aTMoc<jlepy,' nMeeT cqJepii'IecKyro 

t !~Jor:n\~y; ii oTaenSieT Bonopon ciT BaiyyMa, OrpaHH"lnBaJOIUaSI nnenKa Tonmunoii 

15, MK OTAeiiSIBT )KllAKUH BOAOpOA OT .raaoo6pa3HOro, SIBIISIBTCSI llO"'TH lliiOCKOll, 

ir: BbiA_:-P)KHBaeT TOnhKO rrepenan naBnennii:, paBnbifi BbicoTe: cTon6a mnnKoro _ · 

Bonopona. llnSI Toro "'T06bi orpaHH"lnBaJOIUaSI nnenKa ne nporu6anach, B neil 

cnenano OTBepcTIIe n~u. II niiaMeTpoM 0,3.;.' 0,5· MM _nnSI ,BbipaBHI!BannSI 

naBnennSI MB)KAY nnenKaMH ll BnyTpenHHM. COCYAOM, llnaMeTp OTFepCTUSI Bb!61l-
• - 0 -· ' • • • ' 

}: 

J 

l ,, 

p~ncSI T~KHM o6pa3oM1 'IT06w rrorraBmaSI qepea nerd )KllAKPCTh ycrreBana j 
. I 

ucrrapiiThCSI-OT TennonpiiTOKa K OKHy, TaK KaK_ nnoTnocTh raaoo6paanoro 
: '• . '.. l ·,_ .. ' 

BOAOpona, naXOASllUBrOCSI B paBnOBBCllll, C )KllAKIIM 1 B 50 pa3 MBHhlllB1 • 'I eM 

IIIIOTnOCTh )KllJlKOrO BonopOA~ 1 . TO II OIUli6Kll OT paanofi Allllnbl MHIUBnll rrpu 
' ' . , 

T8KOH KOHCTpyKUUU OKOn yMenhlll8JOTCSI B 50 pa3, flaBCan o6nanaeT 6onhiUUM 

Ko:a!jl<jluuuenToM nuneii:noro -pac!llupenuSI, "'BM nep)KaBeJOuiaSI cTanh, ua KoTo-poii 

cnenan BnyTpenniili cocyn,· rro~ToMy oH rrpll oxna)Knenuu .HaTSiriiBaeTc.SI, -u , or-

._ paHli"'UB8101U8Sl )KliAKllll BOAOpon nne nKa CTanOBliTCSI IIIIOCKO ii, H eana "'UTB1Ih"'7 

Hblll nporii6 rrnenKll B03MO)KBH TOIIhKO B pesynhTaTe naBnenMSI CTOn6a )J(Jia~ 

KOrO BOAOpoaa, llnSI ,Toro 'IT06b! liCKIIIO"'UTh BIIUSIHIIe 3TOrO rrporii6a, B or-. 

paWI"'IIBaiOlUIIX rrnenKax cnenanbi OTBepcTIISI C · onnoii: CTOpOnbi MllllleRII 

·] 

•. 

., 

B Bepxneii: "l8CTll IIIIBHKll _,(II); C npyroii: , , ' 
B nw:>KHeii - ( I 

IIO)KBIUIH OTBepCTHSI BHM3Y- A8BII9Hll9 MB)KAY IIIIBHKaMI! 6yn 

cpennee naBneHHe B Mlllll9HII 1 Ha Belli!"'HHy, .paBHyJO llOIIOBIIHE 

)KllAKOCTH B MllulBHJI, f1p11 paCllOIIO:>KBHIIII OTBBpCT!ISI BBepxy 

nnenKaMl! 6yneT · Ha ·Ty X<e BBnll'lHHY MeHbllle; 'IBM cpenHee A1 
, , , 

nu, TaKIIM o6paaoM, rrp11 pacnono)Keniiil. oTBepc::;Tnii: Ha paaw 

Ifii"'IIB810lUII9 rrnenKil 6yAyT nporn6aTbCH B onny·11 .Ty , }(<9 C 

3 llOKaaano· nynK~l!pHb!MII IIIIHHSIMH) 1 COXpa_nHH llpH .3TOM flO 

'lBCTBO BOAOPOA!J. IIO BCeMy ceqeniiJO MHllleHH, 

3amirTa pa6oqeii aoHhl MnweHn oT rry3wpen 

B peayn~TaTe·TennonpMToKa K BnyTpenneMy cocyny 

cpeAbi Bonopon B MII!llenii KIITIHT, f1yaioipll raaoo6paaHoro BD. 

. JOTCH B )KHAKOCTII; C03A8B8SI .neonnopon'nyro -lliiOTHOCTb B ·p< 

menM (pa6o"laH aona cirrpenenSieTCSI nnaMeTpoM nyqKa qacT 

6e)KaTh. :aToro, BnyTpb MHmenM. BcTaBnena o6e'laiiKa, · Ko1 

pa6o"lyro aony OT rrorranannSI B nee. ny3bipeii:, OT rryabipeii 

. y KpaeB , naBcanOBbi:X OKOH 1 pa6o"lllll 06beM 3aiUHIUeH -UIIlii! 

6oii:nMKOM, npll:KneennhiM' K orpaHll'liiBaJOIUeil: nnenKe, 

f1onnep)K8HH9 llDCTOHHHOI'O naBIIBHIISI B !\!IIWBHH 

llnH rronnep)KaHl!SI llOCTO,HHnoii: ITIIOTnOCTII BOAOpona B 

AliMO 'n3A KllllSIIUeii: )KUA~OCT~IO, rronaep}({IIB8Th llOCTOSinHcie A< 

MO)KBT MBnSIThC~·llpll 113Menennll 6a~~MeT~II"'BCKO~O AaBn~n 
· naMeneniiii BbiCOTbi cTon6a )KIIAKoro Bonopona B _npoMe)KyTc 

Mepe ero ·pacxona (eM, pMc, 2). llaBnenMe B Mllll!ei 

naBneniieM nan ~IInKoCThJO B npoMe)KyTo"lnoM _ cocyne n · BbiC 



ICaHOBbiX OKOH 

onpenenemm 

:TifU 

l!fWeH!f HaxonlfTCSI Bonopon 

fHbifi BDKYYMo flaBCaHOBOe 

>ii'aTMocc>epe! non neilcT

rc~ 3) nocTMraeT · sHatJn-

:Tn OT TOnWHHbl nneHKH 1 

pesynbTaTe nporu6a· Kon~

>oneTaiOWifX 'Iepe3 MHW8Hb 

l!O~HX y KpaSI OKH.ao Dm1 

r,: npM onpenen.eHMH llnllllbi 

JK .;.. onnoil necymeil ( 4), ' 

TOn~HIIOfi OKOno -125 MK. 

·py,· HMeeT cqlepHtJeCKYIO 

saiOIUaH nnenKa i-onmnHoi1 

1 HBnSieTCSI HO'ITH nnOCKOfi. 

· BbiCOTe CTon6a :»<MnKOI'O 

a i1e nporn6anacb1 B Heil 

~,5· l'v!!'f nnH ,BblpDBHliBOHHSI 

QiiaMeTp OTFepCTIISI Bb!6U

ero )KHnK.OCTb ycrre nan a 

riOTHOCTb rasoo6pa3HOI'O 

•: B 50 pas MeHbWe,. qeM 

3HOH 'llnHHbl Ml!WeHH npn 
• \_ . '," 't I 

lancal! o6nanaeT 6onbWifM 

eiOuiaSI CT8nb 1 lf3 KOTOpOfi 

!HifH HaTSII'UBaeTC.SI1 • H or

~· nnocKofio H e3aa 'IIfTenh

e naBneHH.Il .CTon6a )!CHn

He :noro nporn6a, B or

' onnofi cTopoHbi MHIUei!H 

'• 

j 

I 
t 
./ . 

II! 

I 
.'f 

B nepxaefi qacTH ItneHKH /~II); c npyrofi B l!lf)l(!jei\ - ( I ) 0 npn pacno-

no:>KeHnH OTBepcTMH BHH3Y nannea!fe Me:>Kny nneuKaMII 6y neT 6onhwe, tJeM 

cpennee nanneHMe B MnweHM 1 Ha nen~'IMHy, .panuy0 nononnue BhlCOThl cTon6a 

)KifnKOCTH B MHWeHHo flpH pacnono:>KeH~If OTBepCTIISI BBepxy naBneHIJe. Me/I<ny 

rrnenKaMH 6yneT na ·Ty lKe nen~quuy MeHbwe, '!eM cpenHee nanneHne. B Mnwe

Hifo. TaKHM o6pa30M 1 rrpn pacnono:>KeHJHI. oTnep~nii1 ·11a · pa3noil BhiCOTe orpa-

. Hlf'IIfBa!OIUife nnei!Kll 6ynyT npor!f68TbCSI B onHY'If .Ty X\8 CTOpOHy ( Ha plfCo 

3 IIOK83ai!O IIYIIKTHpHhlMH nlfHH~Mll) 1 COXp~H.IlSI Hplf 8TOM HOCTOSIIII!Oe KOnii

'IeCTBO BOnoponf! !10 BCeMy Ce'!eH!f!O MlfW01Uio 

3amMTa pa6oqefi 3DHhl MUWeHn oT hy3wpen 

B pe3ynhTaTe·TerrnonpnToKa K BHyTpei!HeMy ;ocyny us bKpy~~JOmei\ 

cpenbi Bonopon B MHW0Hif KlffiHTo flys~Ipll I'83006pa3l!OI'O BO!IOpona HO!IHIIMa-

• IOTC.Il B :>KHJlKOCTll 0 C03!laBa.ll · HeOJlHOpOJliiYIO -HnOTIIDCTb B pa6oqeJ1 30118 MII

WeHH ( pa60tJ8.1l 30H8 i:>IIpeLten.s:reTC.Il nMaMeTpOM nyqKa q~CTllU) o t{To6b! H3-

6e)KaTb. 8TOI'0 1 BllyTpb MHWeHH BCTaBnena o6eqafiKa 1 · KOTOpa.s:r s·alliHIUaeT 

pa6otJyJO 30~Y OT IIOII8Jla~IH.Il B Hee. IIY3b!pefio '0T Hy3b!pefi 1 o6paSY!OlliHXCH 

. y KpaeB naBC8HOBbiX OKOH 1 pa6otJHll 06beM samnmeH UHniiHJlpHqecK!fM OT-

6ofiHHKOM, npnKneeHHhiM · K 'orpaH!ftJHBaiOmel1 nneHKeo 

flonnep:>KaHne HOCTOSIHHOI'O )laBneHUSI B MIIW8HII 

. . . 
DnH noLtnep:>Kaf!HH rrocTO.IlHHOfi nnoTHOCTif nonopona B MHweHH ~~66xo-

.ciHMo H3Jl KHITHIUefi :>KHnKOCTb!O nonnep:>KHBaTb HOCTOHHHOe nasneHHe 1 KOTOpoe· 
,. .,, . . . 

MO)KeT MeH.IlTbC.Il. ·IIpH H.SMeHeHHH 6apoMeTpH'IeCKOI'O naBn~Hl!H 1 a TaK:>Ke Hplf 

H3Mel!el!lfH BbiCOTbl C:TOn6a :>KHnKOI'O BOnopona B llpoMe)KyTOlJHOM cocyne DO 

Mepe ero pacxona ( CMo ·pHco 2) o .Dannei!He B Ml!weHH orrpenen.s:reTc.s:r 
~ 

nanneHHeM Han ~llnKOCTb!O B DpOMe:>KyTOlJHOM cocyne H' BblCOTOfi ee CTan6ao 

.. 
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rionnep)!{aHne noeToHHuoro naaneHim Han ioummeif *nnH:oeTbio B npo-
" ' . . '. . 

rviex{yTo~noM eoeyne ~eymeeTBmJeTcsi e 'noMoiu~IO eTa6nn~aaTopa/6/, KOTOpbiii 
. • i. . ' 

eoeToliT ira nayx KaMep, paaneneHHhiX MeM6paHoii. K HH)!{Heif KaMepe non

eoenuaeH 'aa.MKHYTbiM. TennonaonnpoBaHHbiM o6~eM · ~ aanaiOUlHM naBneaneM, 

qepe3 BepXHIOIO KaMepy npOXOJlHT HerrapHBillHHeH Bonopon OT · rrpoMe)!{yTO'IHO

ro coeyJi~. Ecnn 3al{aiOmee naanean~ B ~Ta61innaaTope Bblllle; qeM nasneane 

a· npoMe)!<yTo'IHOM eoeyne, .To MeM6paaa non neifeTBHeM ··3aAmomero naane

HHH npcirn6aeTCH H eo3naeT eorrpOTHBneHne·ra3y, rrpoxoJiHUleMy qepe3 'pa

_.6o.'lyiO KaMepy cTa6Iim~3-aTopa. B aToM eny'!ae ~aane!lne B !IpoMe)!{yTO'IHOM 

·coeyne aan KlliTHmeii )!{HnKoeThro Ha'lnHaeT B03paeTaTh no Tex nop, noKa 

~e epaBHHeTeH e 3aAaiOilliiM. TaKaH KOHeTpyKUHH cTa6unu3aTopa no3BOnHeT. 

._rronnep)!{I!BaTh noeToSIH~oe naBnemre Han KlliTHmeif · )!{HnK.oeThiO. B npoMe)!{yTo'I

HOM eoeyne e TO'IHOeTbiD :!:_0,5 MM. pT.eT. llaBneHIIe )!{e, B MIIIlleHII onpenenH

eTeH AaBneHireM. B npoMe)!{yTO'IHOM eoeyne II BbieOTOH eTon6a. )!{HnKoro Bono

. 'pon~. no9TOM_Y_ npn-' yMeHbmel!llll K01III'leeTBa )!{llnKoeTII B. rrpoMe)!{yTO'IHOM 

eoeyAe AaBneime B ~ullleHn 6yneT nanaTh •. llnH Toro 'IT06bi KoMneHcnpoBaTh 

. 'rraneaue ·ypoBHH B npoMe)!{yTO'IHOM eoeyne u TeM eaMhiM nonnep)!{IIB!iTh no-· . . . . 

eTOHHHOe aaBneane ·B MllllleHH, B ~poMe)!{yTO'!HbiM eoeyn BBeneHa Tpy6Ka, 

'3anaHHHbiii K·oaeir KOTopofr noxonnT no naa, a npyroil: noneoenn·HeH 

K o6oeMy eTa6u·n~3a:ropa e 3anaiOUlllM naBneaueM (~a pne. 2 Tpy6Ka noKa-

'3aHa lllTpnx~nyHKTIIpnoif nuaneii). CTa6nnn3aTop · u· Tpy6Ka 3anonHHIOTCSI 

ra3oo6pa3HbiM a'onopoAOM 119 naBneHnsr, KOTopoe aeo6xonnMo rronnep)!mBaTb 

B MUilleHH~ )KHJlKHH BOJ1Dpon ITpii 38IT~11HeHl!H ITpOMe)!{yTO'IHDrO eocyna KOHJleH

CH,pyeTeH .· B Tpy6Ke · eTa6IInn3aTopa. YpoBeHb )!{H~K~eTn B Tpy6Ke 6yaeT 

· paBeH · ypoBHIO ee B npoMe)!{yTO'IHOM : eoeyne/3/. TaK KaK · '!aeTb ra3a II3 
. ,·' . ' ' ' ' 

-~6oeMa . eTa6nnn3aTopa· cKoaneaenpoB~nacb B Tpy6Ke, 3ana,_IOme_e naBneHne 

.·a . eTa6unn3aTope ynano. · Opii rraJ:t'ea~n X<e ypoBHH )!{HnKocTn B npoMe)!{yTb'l~ 
HOM eoeyne :lKIInKoeT~ B Tp~6Ke IIenapsreTe~, n na~nean~ B cTa6nnn3aT~pe 

,YBeliH'IIIBaeTeg. 

BHy~peHHII_if nnaMeTp Tpy6Kn · Bbi6IIpaeTeH TdKirM o6paaoM, ~'IT06bi npu 

naneHIIII • ypoBHH )KIIJlKOcTn B npoMe)J{yTo'IHOM cocY:ne Ha. Benii'IIIHy -~ ·u 
'3ana10mee naBne~ue B cTa6nnn3aTo.pe Bo~pae~ano aa Be.nn'l~Hy ·~ P, paBHyiO 

rraneHIIIO CTOn6a :lKIInKOCTII ( Torna naBneHne B .MIIIlleHII 6yneT noeTOHHHbiM) ~ 
' • I ' 
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BHY:Tpe~ailif nnaMeTp .· Tpy6Ku eTa6unu3aTopa on pen em 

d =v "T\TOi;- • 
RT 

0 

rne: . Vo, o6oeM eoeyna eTa6nnn3aTopa e 3anaromnM l 

TeMnepaTypa ra3a B <?oeyne e aanaiOmiiM naBneaueM; R. 
. \ . 

sranasr aonopona, . g - .yeKopeaue ennbL TSI)!{eeTn. 

fa3, 3anaiOIIUiii naBneane B eTa6nnn3aTope, rronnepl! 

:eTosraaoii. TeMnepaType e noMOUlbiO Tennon3onsruun. Opu ey 
' 0 . TeMnepaTypbi B noMemeHnn :!:_5 C, TeMnepaTypa ra3a B c· 

. • 0 
. .n~6neTcsr B npenenax ':!:_0,2 C. 

,. CTa6nnn3aTop naBneHnSI n KOMneHcaunsr II3MeHeHnsr 

,B npoMe)!{yTO'IHOM eoeyne no3B01IHIOT ITOJlJlep)!{HBaTb Jlai 

C TO'IHOeTbiO :!:_{ MM pT;eT. 

OnpeneneHue RonnqeeTBa aonopona B MIIIlleHn Ha r 

qaeTIIU 

KonnqeeTBo Bonopona aa nyTu''!aeTHU onpenensreTesr r 

B MnllleHn naHHoii KOHCTpyi<:umr 'IBCTIIUbi npoXOJlSI1 

11 raaoo6pa3HbiH _sonopon, noaToMy ypaBHeHRe ( 1) nr 

G Le Ye + 2L y 
g· g 

., 

a e yqeTOM TO'IHOeTeii onpeneneHIISI liHHeHHbiX pa3MepoB ME 

• aonopona oao 6yneT: 

G= (Le :f~Le)(ye ±~Ye )+2(Lg -i~L )(yg ±.·~yg), 

rae: L£ (eM) - epenasrH nnnHa_ UII1IIIHnpnqeeKoii '!aeTII M 

HOH :lKHnKnM BOllOPOllOM; ~ L'e ( CM) - Belil!:'IHHa OTK110f 

nnnHhi unnRHnpn'IeeKoii_ '!aeTn MRilleHR; L g (eM) - eJ 

nporn6a naBeaHoBoro OKHa BHyTpeHiiero ecicyna MJIIlleHn 

niiaMeTpOM d (eM. piie. :3) j ~L (eM) _.:_ OTK1IOHeHHE 
_.g 
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', 

nueii: )I{IUlKOCTbiD B npo-

t6HnH38TOpa/8/ 1 KOTOpbiii: 

K HH)I{Heii: KaMepe noa-

3aAaJOIUHM A8BiJeHH9M 1, 
' . . . . . . . . 

OpOA OT llpOM9)1{YTO'JHO

pe BbiiUe1 · 'JeM aaBneHIIe 

meM 38A8JOIUero · aasne

IpoxoasrrueMy qepe3 pa

:eane B rrpoMe)l{yTO'JHoM 

raTb ao Tex nop1 noKa 

~~IInii~aTopa no3sonsreT 

AKDCTbJo' B npoMe)l{yTO'J

«e · s Mnrueaii onpeaensr

i _CTon6a .)I{IIAKOI'O BOAO

ICTII B npoMe)l{yTD'JHOM 

'JT06hl KOMneHC1IpOB8Tb 

vfbJM noaaep)I{IIBaTh · no

cocya sseaeaa Tpy6Ka1 

>yroii: noacoemiHeH 

[~ piiC, 2 Tpy6Ka noKa-

TpyoKa 3anonHSIJOTeSI 

'oXDAIIMo noaaep)I{HBaTh 

TO'JHOI'O cocyaa KOHA9H

(0C'fii B TpyoKe oyaeT 

8K K8K qaeTb I'838 II3 

e 1 38/H~:!Olll~e. aasneHIIe 

AKOCTII B npoMe)l{yTo'J~ 

19HHe B CT8oHnii38TOpe 

< 

.1. ·· o6pa3oM1 q~o6b, npii 

~.t:te Ha semr'!IIHy ·~ H 
.. Benll'JIIHY .t\ p, paBHy!O 

III oyaeT llOCTOSIHHb!M) • 

. ·• 

.r.t:te: 

'>_.:·, ',< 

BHY:TpeHHilii: .t:tllaMeTp TpyoKII cTa6nnll3EITopa onpeaensreTcsr no !f>opMyne:: 

d =v 4V'"Og-. 
RT 

0 

. V 0_ - oo'beM coeyaa eTa6Hnll3aTopa e 3aAaJOUlllM .t:tasneHileM; T -
0 

TeMnepaTypa ra3a B cocyae c.3aAaJOlllHM aasneHIIeM; R. - I'830B8SI nocTo-

SIHH8SI •BDAOPDA8 1 g - YCKOpeHHe eHnbi TSI)I{eCTH, 

fa3 1 . 3a.t:taJOI'!urii: aasnemre B eTa6nnn3aTope1 no.t:taep)I{IIBaeTcSI np:n no

CTDSIHHDii: TeMnepaType. C nOMOlllb!O TennOii3DnSIUIIII, Dp11 eyTD'JHOM KOne6aHIIH 
. 0 

. TeMnepaTyphi B noMerueHHII ±.5 C, TeMnepaTypa ra3a B eTaollnll3aTope Ko-

. n~oneTeSI B npeaenax ±.0,2°C. . 

CTaollnll38TOp ll8Bn9HIISI, ll KDMne~eaUIISI 113MeHeHllSI ypDBHSI .. BDADPDA8 

B npoMe)l{yTD'!HOM eoey.t:te n03BO~SIIOT no.t:t.t:tep)I{IIB8Th . .t:taBneHile B MIIW9Hll 

e TO'JHOeTb!O :!:.1 MM pT;eT, 

OnpeAeneHHe KOnH'J9CTB8 BOAOpOA8 B MHlli9HII Ha nyTH 

'J8CTHU 

Konll'JecTBD soaopoaa Ha ny'!'11' qaeTIIU onpeaensreTpSI no ypaBHeHHJO ( 1). 
. ' B MHW9Hll .t:l8HHOH KOH~Tpyinum qaeTllUbl npOXOA~T qepea )l{ll]:(Kllfi : 

ll raaooopa3HbLH BDAOPDA1 ll08TOMY ypaBHeHHe ( 1) npnMeT Bll.t:l .· 

( 2) G .. + 2L y 
g· g 

a e yqeTOM TO'JHOCTeii: onpe.t:tenean:sr nnaeii:HbiX pa3Mepos MHIUeHn n imoTHOCTH 

~BOAOpOA8 OH~ 6yAeT: 

(3) 

rae: L e (eM) - cpeAHSISI AnHHa UllnHHApH'JeeKoii: 'J8CTH MHWeHHI aanonHeH

Hoii: )l{llllKllM BDADPDAOMt ~ L e . (eM) - BenH'lllHa OTKnoHeHHSI ~T epe.t:tHe~ 

.t:tnHHbi uHnHHApHqeeKofi. qaeTH MHIUeHH; L 
6 

(eM) - epeaHSISI BenH'!HHa 

nporHoa 'naBCaHoBoro OKHa BHyTpeHHero eoeyaa Ml:!W9Hll B ,paooqefi 30He·_· 

All8MeTpOM d '( CM, plle, :3) t L'\L (eM) :_ OTKnOHeHHe OT epeAHefi ise.-
.g 
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( '·, 

nii'IHHbl nporn6a naBCaHOBbiX OKOHj y f . (r/cM3).. .:_ nnOTHOCTb' .)KHnK:oro 

Bonopona B MHIIIeHn; Yg (r/cM3) -·nnoTHOCTb rasq~6pasHoro Bonopona, 

paBHOB9CHOro C )KHnKHM BOnoponoM B MHIII9HH; L'iy e ,L'iy II (r/cM3) - a6;_ 

-conroTHbie oiiin6Kn B onpeneneHHH nnoTHOCTH )KHUKoro n ra3oo6pa3Horri Bono

pona, CBSI3aHHbi9 C Kone6aHH9M naBneHHSI Han KHIISilllefi )KHnKOCT~ID1 TO'!- . 

HOCTbiD H3MepeHHSI TeMIIepaTypbi H TO'IHOCTbiD OIIpeneneHHSI · riapaKOHU9H

TpaUHH Bonopona. 

: 
OnpeneneHIIe nniiHbl UIIniiHUPll'I9CKDii ''IBCTII Mlllli9HII L e' 

llnnHa UHnHHnpH'IeCKOfi '!aCTH MHlli9HH H3MepH9TCSI MHKpoMeTpOM C 

TO'IHOCTbro 0,01 MM npn ·TeMnepaType oKono .18°C. ITocne npoBeneHnsr psrna 

H3MepeHHfi M9)KllY TOpUaMH HO yrrn?THHTenbHbiM IIOBepXHOCTSIM BHyTp9HH9\0 

cocyna MHlli9HH onpenensreTCH MaKCHManbHaSI ( L MaKe.> II MHHHManbHaSI 

L MHH.) nnnHa MHIIIeHn B nByx nnaMeTpanbHo npoTHBoiiono)KHhiX .To'!Kax 

n 6epeTc~ nx cpenHee 3Ha'!eHne. 

Cpe.nHmi .llnnHa. MIImeHn Lr 
o· 

LMaKc. + L MIIH. 
---· 

2 '. 

0TKnOH9HHe OT CpenHefi .llniiHbl B pa6o'!efi '!aCTII MIIllleHII 

L MaKe.~ L Mna: 
1'1 Lr • c!__ 

D' 2. 

rne d - pa6oqnfi nnaMeTp MHllleHn ( onpenensreTcH pa3MepoM ny'!Ka) 70 MM; 

0 - nnaMeTp OKOH.BHyTp9HHero' cocyna MHIII9liii 1 100 MM, 

nnH onaoii H3 II3rOTOBneHHb!X MIIllleHeii 6bino H3MepeH:o ' L =500,04MM, 
MaKe. 

L MIIH: = 499,98 II onpeneneHo L e 0 = 500,01 MM. 1'1 Le = 0,002 CM. 
I 

llnHHa MHIII9HH IlpH TeMIIepaTrpe )KllllKOrO BOUOpona { 20,40K) OIIpene-

nsreTCSI no ypaBHeHnro: 

L =L e eo 

-5 [ ( 1'1 L 5 ) -10 . --. 10. 
Lo· 29D°K 

L'iL s 
-(--· IO ) ], 

L. . . 20 OK • 
0 

=28B II ( 1'1 L • 10 5 ) =-1 l - BenH'IHHbl OTHOCHTenbHbiX 
L. 20 · ' 

0 . ' ' • 

rne (~ .IQ 5
) 

L 0 29o 

ynnnHeHnfi IIpn HarpeBaHnn.Hep)KaBeromefi cTann OT 0°K .llO 290°K II oT 
.·· 0 0 . /4/ 

0 K no 20 K cooTBeTcTBeHHo • 

12 i 

,. 
l, 

';!· 

IToncTaBnsrsr '!HcneHHhie ·sHa'!eHnsr, nony'!aeM, ·'ITO· 

npn oxna)KneailH' oT KOMH.ElTHofi TeMn~paTyphi no. ~e~nepaTyp 
Koro Bonopona yMeHhiiiaeTcH Ha 1,49 ·MM n nMeeT Lr = :l 

Orrpeneneaue, cpeniiefi Bemr<JIIHhi nporn6a naBcaHoBo 

OKHa BHyTpeHHero cocyna MIIIII9HII 

flap.caHoBoe , OKHo B pesynbTaTe rrepenan~ naBneHnfi 

pii'!ecKyro ¢opMy (eM. pnc. 3). · Pannyc ctjlepbi naBcaHoBofi m 
eTcsr no.ypaBHeH~ro: 

. ·w n2 
R =-+---, 

2 BW :··: 

rne W - BenH'IIIHa rrporn6a naBCBHOBOfi IIneHKIIi 0 ·- UIIal.'v 

pe1m'ero cocyna • 

Benii'IHHa ·. IIporn6a ~aBcaHoBofi. IIneHKii W nsMepHeTc 
. .· ' . . 0 ' .' 

naBneansr I aTM.· n TeMnepaType IIneHKII, paBHoii.77 K (nnsr . ' . ' . 
}25 MK. H UIIaMeTpOM 100 MM nporii6 paBeH 10. MM) • 

Bennqnaa nporri6a B pa6oqeii qacTn MIIIIIeHn oiipenenHE 

HIIro: · . --d 2 . 

Wpa6.= R:...yR 2
.--· -, 

4 
rne · d - nnaMeTp pa66'!efi '!aCTH MHIIIeHn ( 70 .. MM); R 

naBCaHciBOfi nneHKH ( 130 MMj • 

llnsr naHHOfi MHIII9HII W pa6. = 5 MM. 

.Toraa cpenHsrsr BenH'IHHa nporn6a n~BcaHoBoro· oKf 

L 
.W pa6·· . 

=(W--.-.-). 
g . 2 

L . ,;, 0,75 
g ' 

CM., 

a MaKCIIManbHOe OTKnOH9HHe · OT CpenHefi B~nli'IIIHbl IIpOrll 

oKoH B·IIpenenax pa6o'!ero nnaMeTpa MnmeHn 6yneT: 

.W pa6. 
=+---, 

- 2 
CM.· L'iLg 1'1 L 

8 
= 0,25 

. 13 



'b. I'8~oo6pa3HOI'O. BOilOPOil8 1 

l~ye .~y ~;: (r/eM3) - a6:... 

{QI'O H I'83006pa3HOI'O BOilO

KlliiSIIUefi )KU)lKOeTbl01 TO"'-: . 

.orrpeneneHnSI riapaKoHueH-

1acTn MllllleHII L C 

IMepSieTeSI MliKpoMeTpOM e 

)C, noene rrpoaeneHnSI pSina 

·, IIOB9pXHOeTSIM BHyTpeHHer:o . 

( . L MaKe,) ll MHHUManbli8SI 

0 IlpOTHBOIIOnO)Klib!X TO"'K8X 

LMaKe, t- L MnH. 

2 

qefi · "18eTU Mlilll9Hll 

reSI paaMepoM rry•IKa) 70 MM; 

lit 100 MM, 

li3Mepeao · L =500,04MM 1 
, · MaKe. 

M; t:J. Le = o,oo2 eM. 

aonopona ( 20,4DK). orrpene-

105 

~ ~enH"'lllihl OTHOeHTenbHhlX 

0 0 
nn oT 0 K no 290 K n oT 

•, I 

l, 
•· . 

IToneT~BnSin."'neneHHbie aHaqeHnn, rrony"'aeM 0 'ITO annH~ MnweHn 

. rrpn oxna)KileHnn oT KOMHBTHofi TeMm3paTyphi no TeM~epaTyphi KnrreHHSI' 11mn- · 

KOI'O aonopona yMeHblllaeTeSI Ha 1,49 MM n. nMeeT L C 49,852 eM, 

Orrpeneneane' cpenaeti aenll'liiHhi npor116a naacaaoaoro 

·; 

OKHa BHyTpeHHei'O COCylla Ml!llleHI! ·.' ' 

flap.eaaoaoe OKHO B peaynbTaTe rreperraaa naaneanti rrpnHnMaeT ecbe-

ptrttecKyio ~opMy. (eM. p~c. 3). · Pa.a.nyc ccf:Jepbi ..JiaBcaaoaoll nneHKH o.rrpe.a.enSI- ," 

eTeSI IIO,ypaBH9H~IO: 

·w D 2 · ·R =--+---, 
2 8W 

Pae W - aenn"'HHa rrpoi'n6a na'ael:im)aoli rrneHKHj D - nnaMeTp oKHa S,HYT-

pennei'o eoeyna. 

Benn"'nHa rrporn6a ·naaeaHoBoli rrnenKn W naMepSieTeSI rrpn rrepei:rane 

naaneHHSI 1 aTM. n TeMrrepaiype rrneHKII; ·p~BHoli 77°K ( nnSI rrneHKn Tonumaoli . 

125 MK II llH8MeTpOM 100 MM IlpOI'H6 paBeH 10. MM), 

Hmo: 

Be.im'lnHa nponi6a B pa6oqeli "'aeTn Mnll!eHn orrpenenSieTeSI no ypaane-

' ![2 
Wpa6. = R-v'R 2

---, 

4 

., 

' ...... ~ ,, c 

Pile · d - nnaMeTp. pa6o"'eii. :aeTn MHll!eHn ( 70 .MM); R - pannye · eljJeiihi 

naaeancisoli rrneHKH ( 130 MM). 

llnSI ll8HHOH Mlill!eHH W pa6. = 5 MM, 

. T.oraa epenHSISI aenn"'nHa rrporn6a naseaHoaoro oKHa 6y_ne.;. pasHa 

L ;;, ( W - W paG- ) , L • = 0, 75 eM., 
g 2 g 

.. 
·' , ..... 

•': 

~··. 

'a M8KeHM8nbHOe. OTKnOHeHne OT epenHeH BenU~IHHbl IlpOI'H6a naBeaHOBbiX 

oKoH B· rrpenenax pa6o"'ero nnaMeTpa Mull!eHn 6yneT:' 

:' .... :. 
''• 

:,, ... 

~Lg 
W pa6. 

=.+ ---' 
- 2 

0,25 eM, 

,· 
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'' 
'' 

.'Onp~neneH~e -, rrnoTHOCTH )I(HnKoro H'ras'oo6pa3Horo Bonopona • 
' • • ' • , I 

ITno.~aocTb .)l(n:nKoro n: raaoo6paaaciro Bonopoaa 6
1
hma B3SITa no aaHHhiM 

i5;'6l (eM. pHC. 4,5,6). Ben~"'HHbi nnoTH~CTH )I(H):IKOro n: raaoo6pa3-

aoro napasoaopoaa npn: aasne~HH 780 MM 

HilXOllHTCSI BOllOpon B MHllleHH) paBHbl 

0;00 137 r/ cM3. 

pT.CTo (naBneHHe', IIPH KOTOpOM. 

Y f. = 0.07068 r/cM3·, :n: ·y 11 = 

3aBH91IMOCTb -H3M8H9HliH B9nJI'IHHbl rrnoTH~CTll )I(HnKoro 

H ra3oo6paaHoro Bonopona oT nsMeHeHHSI naBneHHSI, 

TeMrrepaTyphi n: rrapaKoHueaTpaUHH Bonopona · 

.. 3aBRCHMOCTb. H3M9H9HRH BenH"'HHbl rrnoTHOCTH )I(H):IKOI'O H raaoo6pa3liOrO 

BOllOpona OT H3MeHeHHSI nasneHRSI1 TeMrrepaTyphi 1 napaKOHU9HTp8UHH Bonopona 

(eM. Ta6nHUY 1) 6bmn: onpeaenenbi no aaHHhiM NBS /5,6/ (eM. pn:c. 4,5,6) •. · 
l' . .,· • ' . ' 

ITony'IeHHhie .da!fHbre SIBnSIIOTCSI ycpeaaeHHhiMH , nnH. nnanaaoHa TeMnepaTyp 

20-21°K. 

· HaMeHHeMbiil: 
napaMeTP. 

naeneaue 

TeMnepaTypa 

napaKoauea-· 
TpaunSI 

Ta6nnua .1 

HaMeHeHHe n~oTHOCTII 

)KHJlKOI'O 

4,92·10-6 rlcM
3 

MM pT.CTo 

11,6.10--4 r/cM
3 

rpan. 

3 
-6 rlcM 

2,65·10 %( p-H
2

) 

raaoo6paaaoro. 

' 3 
-6 r/cM 

1,43•10 MM pT.CT. 

3,7.10--4 r/cM
3 

rpaa. 

. 3 
-8~ 

8• 10 % (p-11 2 ) 

npnMe'laHHe 

nnSI napa
eonopona 

amt napa
eonopona 

npu naen·e
. HIIH 

760 MM pT.CT •. 

.r 

llasneHHe B . MHlll9HH nonnep:1KHBaeTCSI C TO'IHOCTbiO :!:_ 1 MM pT.CT.· 

· TeMnepaTypa sonopoaa Mo)l(eT 6biTh n:aMepeHa c TO"'HOCTbiO 0,01°, a ero 

napaKOHU9HTpaUHSI onpenenSieTCSI C TO"'HOCTbiO no 1%. 
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(./~'""' 

• G7SI~r"i~s 

;;,,_~., "'""' "''.s o( e'J"'"' 
_{rliit'tt 'Y #6 leo it .. P-.411) 

JiHn~P<IIP'fl/lj 
( <iv 1;, N,D•27~ 

~co.oco ·~ 
20. JIO •• 
ef.ooo .. 
2o,c:o"' 
20,268' 
20, $07' 
21. 000. 

liD ,, 
PHc. 4. 3aBHCHMOCTb aaeneHHli HBCbiUleHHbiX napoB HOpMan 
H napaeonopona oT TeMnepaTypbi. 

!":!~~~::---- .. 

t::ltll:t:!l:;:!lllllll~~.i.~ill-~~]~·:,·c_-~mtt~:~~: 
- . 'J 

: !~ 

ruEi: 

7qJ[il! 

~ ~t~lneJJue. 
'"'"'' ( ,.,,.,.-r.er] 

i .. .,,. 677. {6 
1. t.t~"'• ua co 
J ~116' 1•8.96 
~ D,IU&" 7CI, 33 

s 'I ,,.u '"'· IJ 
& ~·!24" IIV. 15 
7 (2JJ•* IJ7, Jl 

nnq,,.,oc-mb 
{r.HDA6j(ltfJ) {"/CMJ) 

0, tJJSvc• D,D11JSSS 
If #.J,J (I • 0. 07DI 1JS 
().(JJI{SJ• • .qO?#l11DD 
0. o.JS21SJ.. o,o711tJSI 
O.C.JSfttS•• o,o7#71tl 
(J.OJIIP!J1 •• o,D1#St1J 

, O.OJ'IIIIlu o,OIIIYJ' 

''' w~u-p ..... ,. ·--•l•tfi•· ·· · · -········~······ tt· •ttl·j~·u··•t··· tift t·r· .... , .• ·it:•;tl! 'ttj tti ••• ,, •• ••••• 

.,_ "ND 710 T~D --- -·· - - -- ... --

Puc. 5. 3aeHCIIMOCTh nnoTHOCTH OT aaeneHIIli )KHJ:IKIIX HopM 
H napaeoaopoaa, paBHoeecHbiX c napoM. 
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,;6paaaoro ,aonopona 

pona 6bma B3srTa no .naHHhiM 

ocTrr )KH,nKoro rr raaoo6paa

i.· (,naBnearre,· IIPH KOTOpOM·. 

=0,07068 r/cM3 rr ·y 
11 

= 

I!OTHOCT!l )Kll)lKOrO 

amig' naaneHnSI, 

nopona 

TH )KHnKoro n raaoo6paaaoro 

, rrapaKoaueHTpaunli .Bonopona_ 

~BS' /5,6/ (eM. pnc. 4,5,6). 

onsr .nnarraaoHa TeMuepaTyp 

r11 
np11M9'18HII9 

AnSI rrapa
Bonopona · 

nnsr rrapa
Bonopona 

Ilpll A8BII9-
Iillll 

. 760 MM pT,CT, 

~i'TO'IHOCTh!O + 1 MM pT,CT~· 
0 

1 C TO'IHOCTh!O 0,0 J 1 a 9I'O 

.no 1%. 

UC',.,OfiNC/k." 

• G'lfl"!r"tu 116J, .. t J, "'/ ,. 17 

f,~;,""~'h "''"" v'" o{ ~'!"'"' 
(,tiillll ly 1.8 i&. t~ p. 411} 

&.~ Ji...,,,.,.a'"v211 
'HI'fH11f:fHFl1 · · (.,._ T.rN,IJ'i71,1i'K) 

:J· 20.0110 •• 
2 IOJIO"' 
J el,oao•• 
~ eo,c:o• 
s eo. 288' 
G 20, $07' 
7 II. ooo • 

1Jc!I14Nve , 
{ CU77H] {NN pr.cf} 
O.IPI'' 671,fd 
i,oOO"' 16o.DI1 
t fl6" 80116 
O,;u&• 7o/.JJ 
tU!I!II' 1$9,91 
(. IJUJ" 81'1 IS 
UJJ¥' SJ1,J& 

IDD 

P11c, 4, 3aBIICIIMO~Tb A8BII9!illll H8Cbllll91iHblX Il8pOB !iOpM8/IbliOrO BOAOPOA8 
11 rrapaBonopona oT TeMrrepaTypbi, 

n.nomwct:mh 
(N<DA'/""JJ {?fcMJ} 

~:;;;:: :::::::: 
O,DJII8Ja qD~200D 
O,oJS21SJ.. o,o711DSI 
qcJStnsu o,o1~11111 
tJ,OJIIUJ1 •• D,ti'H$11J 
~DJYUSl" o,ofSIYJI 

P11c, 5, 3aBIICIIMOCTb rrnoTHocTII oT naBneHIISI *IIAKIIX HopMan&Horo Bonopona 
11 rrapaBonopona, paBHoBecHbiX c rrapoM. 
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""' 
,,. 

Ill> 

l/£mt:WHUK: 

-•on - ..u~ o1 I'J"'! AJ!WIItJI'" 
~hd ~ II 4~<>11/) p .11/•.JIZ r Jf, T~>l~, ~ 6 

Ina.,.. AflldtitiUuf 

1111 liU ~ 7U 

7R!l!!J/ 1Jtt1Atlll4 0Aqm"""-'m~ 
ft~mH1 r-~"~'J tr.-,/~~J t~e,.,IJ 

l 0.111 • 117.16 CtiHSIS" q11offllf 
2 /.111111• 710.DO 11,1111/JIIfJ' 4t1Df.JIII 
.l {./16 ' Hl.ll q tHID111 ' D,H/.111(1 
~ 0.111' 111.1.1 ti,IIIIDI/16' qllfJflm 
S (,IIOD• 141,11 tl,lltltll#l' tJ,IItl(.l.lll 
7 I,ZJJ' U1,.11 tl,tltiiiiiJII' ll,flllflfl6 

;oH~tyAIIfllflu ~UIIIIo~,.N,fi.UIS111 
UD ltll 1111 1111 IIIII II<>. Pf-~~:n. 

P11c. 6. 3aBI!CHMOCTb rrno~HOCTH oT ):laBneHHH raaoo5pa3HhiX HOpManbHoro 

BOJ:l0pOJ:l8 H napaBOJ:l0pOJ:l81 paBHOB9CHbiX C )!{ll):lKOCTbiO, 

Y'IHThlB8SI TO'IHOCTh II3MepeHHSI napaMeTpOB BOJlOpOJla B MHllieHII H sa

BHCHMOCTh rrnOTHOCTII ero OT II3MeHeHHSI 8TIIX rrapaMeTpOB (eM. Ta6nnuy 1), 

H8XOJlHM
1 

'ITO omn6Ka npn H3MepeHHH rrnOTHOCTH )KHJlKOrO BOJ10p0Jl8 COCT8B

nSI:eT ~y £ = 19,6.1Q-6r/cM3, a OlliH6Ka rrpH H3MepeHHH rrnOTHOCTH raaoo6pa3-

HOrO BOJ10p0Jl8 COCTaBmieT ~y = 4,2•10-6 r/cM3. flocne ynpomeHHSI ypaB-
g 

HeHne 3 npnMeT BHJl: 

G = Lr • y £ + 2 L g • y g ~ ( L f • ~ Ye +~Ln ·Y 0 +2L y + 2~ L y ). 
L L gg g g 

IToacTaBnSI:SI: 'IHCneHHbie sHa'IeHnSI:, nony'IaeM: 

2 
. G = 3,525 :!:.. 0,00171 r/cM • 

0THOCIITenhH8SI Olliii6Ka II3MepeHHSI K0/1H'IeCTB8 BerneCTBa H8 nyTII 'I8CTIIU 

COCT8BIIT 0,05%. 
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Komi'IecTBD ·BemecTBa · naBcaHOBhiX oKoH Ha rryTn 'JaCTI 

Ha nyTII qacTIIU HaXOJliiTCSI 4 naBcaHOBbiX oKHa Tonr 

II 2 orpaHII'IIIB8JOIIIIIe naBCaHOBbie nneHKII TO/IlliiiHOii: 15 MK 

miiHa naBcaHa 530 MK, yJlenhHbiii: Bee 1,38 r/cM3 171. 06m« 

naBCaHa. paBHO 0,07314 r; 'ITO.COCTaBnSieT OKOnO 2% OT KOnH• 

pOJla Ha rryTH 'I8CTHII. 

nuTepaTypa 

1. A. Citzon et a1., Physical Review, val-. 144, 11 

2. 10. T. Eop3yHOB, n.E. ronoBBHOB. "KpuoreHHoe, KHCJIOpoaH 

HOe MBlliHHOCTpOeHHe", 1969, llf.•1. 

3. n.n. EeBHJiorya, cP.K. naHre. nra M5, 1960, CTp. 144. 

4. Russell B. Scott. Cryogenics Engineering 1.959 p. 

5. H.M. Roder et aL Cryogenics, val. 3, No 1.. 1.963, p. 

6. Russell. B. Scott. Technology and Uses of Liguid I 

1.964, p. 381.. 

7. B.B. KoplliaK. "FeTeporeHHbie coetJHHeHHH". 11311. AH CCCP, 

PyKomicb nocTynHna B ll3QaTenhCKUfl oTnen 

2 momt 1970 rolla. 
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,, ~ 171,16 
,,0 . '710. tJO '".' ,..,, 
r1z • 'lfi.JJ 
NIO• . 141,11 
UJ' · fiT.JI 

C'TJ 

lit: 

r;aaoo6pa3HhiX aopManbHoro 

IAKOCTbiO, 

,p; :i3oa.opoa.a B MnllleHn n aa

I~paMeTpoB (eM. Ta6nnuy 1), 

·n lKH.UKOrO BOJl0pOP.8 COCT8B

tepeHIIII nnoTHOCTII raaoo6paa

c~3. flocne ynpowean51 ypaB-

·Y. n+ZL y +21'1L y), 
L gg g g. 

' 2 
10171 r/cM • 

a, B911J9CTBa H8 nyTH 'l8CTHU 

':r 

KonnqecTBo ·BewecTBa · naBcanoBbiX OKOH na nyTn qacTnu 

Ha nyTH 'l8CTIIU H8XOP.IITC51 4 naBCaHOBb!X OKHa TOnllJIIHOH 125 MK 

H 2 orpaHII'lliB8IOIIIII9 naBC8HOBbl9 nneHKII TOn11JIIHOH 15 MK, 06IIIa51 Ton

llJHHa naBcana 530 MK, ya.enhHhiH Bee 1,38 r/cM3 171. 06mee Konn'leCTBO 

naBCaHa. paBHO 0,07314 r, 'ITO COCT8Bn519T OKOnO 2% OT KOnli'I9CTBa BOP.O

poa,a Ha rryTH 'l8CTHU, 

nHTepaTypa 

1. A. Citzon et al., Physical Review, vol-. 1.44, 1.1.05 (1.966). 

2. 10. T. Eop3ylloB, n.E. TonoBalloB. "KpHoreHHoe, KHCnopOJJHOe H 8BToreH-

Hoe MBUIHHocTpoeHHe", 1969, N·l. 

3. n.n. EeBHnorya, l/J,K. naiire. llT3 M5, 1960, CTp. 144. 
4, Russell B. Scott, Cryogenics Engineering 1959 p. 333. 

5, H.M. Roder et aL Cryogenics, vol. 3, No 1, 1963, p. 16. 

6. Russell, B. Scott. Technology and Uses of Liguid Hydrogen. 

1964, p. 381, .. 
7. B.B. KopUiaK, "TeTeporeHHbie coenHHeHJUI", l13JJ, AH CCCP, MocKBa~ 1958, 

PyKonnch. nocTymma B n3naTenbcKnli oTnen 

2 monll 1970 rona, 
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