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Jlmi rrpOBCllCHlUI p p- H pd :3KCrrepHMeHTOB Ha BHyTpeHHCM ny~Ke, 

ycKopHTenR pa3pa6oTaHa ycTaHoBKa, rro3BonRromaR HMrrynhcHo nony~aTh 
/1-3/ 

B KaMepe ycKopnTenR cTpyro CKOHllCHCHpOB8HHOI'O BOllOPOll8 

CxeMa ycTaHoBKH C'mrc, 1) 
'- -

C:H<aTblft BOllOpOll ITOll ll8BnCHHeM 0,3 -t 1 aT C ITOMOmhro llBYX nocne

llOBaTenhHbiX aneKTpOM8I'HHTHblX: KnanaHOB ( 1,2) fi0ll8CTCR B Tennoo6MeHHHK 

( 3) t rae oxna:H<ll8CTCR H KOHllCHCHpyeTCR ITOTOKOM ncnapRIDWCI'OCR renHR, 

CKOHllCHCHpOB8HHhlfi BOllOPOll ~epe3 conno H CHCTeMy KOnnHM8TOpOB (4) 

fiOCTyrraeT BBaKyyMHYID KaMepy yCKOpHTenR neprreHllHKynRpHOfiy~KY 38pR

:lKCHHhlX ~aCTHU. CTpyR nepeceKaeT KaMepy ycKopnTeng B 3oae ny~Ka, rro

nallaeT B noBymKy HH:H<Hero Kpnoaacoca (6) H ynasnHBaeTcR, HH:H<HHft KpHo-

H8COC HMeeT llBC noByWKH, oxna:H<llaeMble :lKHllKHM renneM: OCHOBHYID - llnR 

ynaBnHB8HHR CTpyn C Kpyrnoft -ropnOBHHOft rrnomallhiD 19,6 CM2, H -llOIT~n
HH~enhHYID .., c ropnosnaoii 36,6 cM2 • llorronHHTenhHaR nosywKa cny:H<HT 

llnR yaenH~CHHR CKOpOCTH OTKa~KH llH~~y3HOI'O ra3aj · pacceRHH.oro no 

KaMepe B MOMeHT HCTe~eHHR BOllOPOll8e KpHOH8COCbl H yCTpOHCTBO·,- ~Op_MH

pyromee MHWCHht Bb!ITOnHeHbl ITOllBH:lKHO - MOryT BBOllH~hCR B Wnro3 ( 8) HnH 

· . BbiBOllHThCR H3 nero, llepeMemeHHCM· HaCOCOB MO:lKHO yrrpaBnRTh llHCTaH- . 
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. UHOHHO e IIY.llbTa yrrpaBneHHSI.C 9TOI'O· )Ke rrynbTa MO)KHO OTKpb!B8Tb H 

aaKpb!BaTb BaKyyMHbie .nm6ephx, a TaK)Ke oeymeeTBnHTb Bee Texnonorn

qeeKne orrepaunn no oxna)Kaennro R aanRBKe )KRaKHM renneM. Bwsoa ~op

MIIpyromero yeTpofreTBa e KpnonaeoeaMn a rnnroa neo6xoanM anH. oTorpeaa 

11 ey6nm.wuHn Taepaoro soaopoaa, naKorrnennoro B Kpnonaeoeax a Teqe

HHe 5-6 qaeoa paooThi B KaMepe yeKopnTemi ( 11). B yeTaHoBKe uenpe-

pb!BHO 1!3Mep.HroTeH: ypOBeHb )KliaKOI'O renHH e IIOMOlllbiD eBepxnpoBOaHIIIero 

YK838Te.1IH1 KOJlRqeeTBO Boaopoaa, BIIyeKaeMoe B KaMepy yeKOpi!Tensl B 

Kll~OM UHKne; R3MeHeHIIe BaKyyMa BO BpE'MH eymeeTBOB8Hli.H eTpyn; KOHT

ponRpyeTeH TeMnepaTypHhiH pe)KHM 1-ennoooMennnKa.' Bee oenoBHhie rrapa

MeTpbi aarrnehiBaroTeH na nenTy. DpeayeMoTpen BhiBoa enrnanoa na 3BM. 

Oxna)Knenne n Konneneaung aonopona 

TeiinOOOMeHHHK A.llH OXJl8)KAeHHH H KOHAeHeauiiii BOAOpona BblliO.llHeH 

na Mennoro ·KannnnHpa t1 2 x 1 ( 1 )n Tpy6Kn oxnmKnaromero · rem{H 

t;l 5 x .4 ( 2), enaSIHHhiX no ee. nmme 500 Ml\1. [13:-.Iepenw· T8:\!fT~paTyp a 

TerrnoooMeHHIIKe oeymeeTBnSieTeH e noMOII!biO TepMoMeTi)QB T · - T 
I 4 

( pne. 2) 1 H3I'OTOB.ll9HHbiX R3 nnaTHHOBOH IIpOBO.llOKH Ali8MeTpOM 50 MKM, 

H8BllTOH Ha TpyoKy H 38.1lllTOH anoKellaHOH eMO.llOH. 

Bonopon n oxna)Knaromnti renl!ti nonaroTCSI B _Terrnoo6MeunnK IIMrrynheuo 

(pile. 3) ;· B MOMenT· nona 'In renmr ( HMrrynbe 2) TeMnepaTypa xon.onnoro 

Konua Terrnoo6MennnKa nonn)KaeTeH, a B MoMenT nonaqn sonopoaa ( nM

rrynbe 3) B03pacTaeT. Oxna:iKnetme aoaopona rrpol!aaonnTeH aa cqeT Tenno

eMKoeTn MeTanna. Paenpeaenenne TeMnepaTyp no annne TennoooMennnKa 

IIOK838HO Hll pne. 2. 

Mo)KHO rrpeanono)Kl!Tb, qTo cpa3y noene nonaqn aonopona na BHyT

peaaeti rroaepxnoeTII xonoanorg Konua KannnnHpa nponexoanT o6pa3oBaHIIe 

KOHA9HeHpOB8HHOH rrneHKllo KaK IIOK83biB8eT KRHOe'b9MK8
1 

ReTeqeuwe ll3 
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MO;>KHO OTKpbiB8Tb II 

mHTb nee TexHonorii-

rM reniieM, BhrBoa 4Jop

reo6xoaiiM anH. oTorpena 

1 Kpiioaaeoeax B Te'!e

• B yeTaHOBKe Henpe-

tOlllbiD enepxrrpoBOilHmero 

aMepy yeKopnTemr B 

aeTBOB8HilH eTpyn; KOHT

a, • Bee oeaoBHhre rrapa

moa ciiraanoB ua 3BM. 

llll BOil0pOil8 BhlllOn!JeH 

IHliDmero 'remtH 

.repeHl!(• T8!\lnEdpaTyp B 

oMeTpoa · T T 
I 4 

I llll8MeTpOM 50 MKMi 

·errnoo6Mei!HIIK IIMITynbeHO 

lMrrepaTypa xonoaHoro 

)Jl8'Ill BOilOPOil8 (IIM-

BOilHTeH 38 eqeT Terrno- ' 

lnlllie Terrnoo6MeHHIIKa 

lll BOilOPOil8 H8 BHyT

)OHeXOilllT o6pa30B8HI!e 

eMKa, .IIcTeqeane na 

1 

I 
' 
! 

PIIC, 1, YcTaHOBKa· llnH nonyqeHIIH CTpyii-ll3 CKOHileHCllpOBSHHOPO, BOilOpOIJS, 
1,2 ·- KnarraHhi noaaqn noaopoaa; 3 - Tennoo6MeHHHK; 4 - corrno n cnc- -
TeMa Konnn~aT~pon; _5 - nonymKa nepxaero KpHoaacoca; 8 - HH:lKHIItl Kpiio
Hacoc; 7 - aKpaH, OXli8)KJlaeMbiti rrapaMH rennSI; 8 - lllnl03 MIIllleHn; 
9 - Ma.HoMeTp aneKTpnqecKnii;- 10 - KnanaJI BhiXO,Qa nc'rrapHiomerocSI reniiH; 
11 - KaMepa ycKopnTenH; 12 - BaKyyMHhiii mn6ep; 13 - mn6ep oTKa'IKH 

-cy6nHMHpfeMOI'O. BOilopoaa. 
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COlllla B STOT MOMeHT. npaKTH'IeCKH OTCyTCTByeT. ( pnc. 4) • TerinoeMKOCTb 

nneHKH conaMepnMa 'c TennoeMKOCTbJO an)lmeft. tJaCTH Te.nnoo6MeHHHKa. ·flo 

Mepe JlOCTYillleHHSI BOJl0pOil8 . TeMnepaTypa CTeHOK Tennoo6MeHHHK8 llOBbi~ 

ruaeTCSI0 BbiMOp8>KHBaHHe BOJlOpOJla Ha CTeHK8X. IlpOHCXOJlHT MeHe.e HHTeH...; 

. . 

.:· 

CHBHO, H H3 COil.118.1lepHOJlH'IeCKH HatiHH810T llOSIBliSITbCSI KanellbKH >KHJlKOCTH. 
. . . - I . 

3aTeM HaCTynaeT MOMeHT0 KOI'Jl8 KOHJleHCHpOB8HHaSI nneHKa JlOCTaTO'IHO nporpe-

BaeTCSI0 CTaHOBHTCSI Meuee BSI3KOti, llOJlB~>KHOti H BbiTeKae~ H3 COJllla B • 

BHJle .MenKHX nnn TBepllbiX tJaCTHtJeK. B aTo BpeMSI nnoTHOCTb cTpyn · MaK

CHMallbHa. K KOHUY HCTetieHHSI OHa CHH>KaeTCSI 0 TaK KaK TeMnepaTypa Tenno-
. ·~ . . 

o6MeHHHKa Boapocna, ycnoBHSI• JlliSI KOHJleHcarinn Bonopona .yxynwnn~c·b,·· a 
I ' ' • • ' ', ;. 

sonopon, cKoaneacnpoBaHHbiii 8 nepBbiti MOM~HT, yme BbiTeK. MeTOil o6pa-
. . . ! • ·. . •. . -~ . 

aoBaHHSI cHa'lana TBepnoti tPaabJ; a aaTeM ee :nnaBn.eHHSI ~M~eT nonomn'.:.: 

TellbH~I~ oco6eHHOCTH: yMeHbWaeTCSI. JlOliH HeCKOHJleHCHpOBaHHOI'O napa, 
( , ... . '. 

cnnmae.TcSI CKopoCTb ncTetieHHSI il:a · conna, 'ITO Be!leT · K yBenntieHHJO nnoT-

HOCTH CTpyn. 3To llpSIMO npOTHBOUOliO_)KHO CllytJ810 C ra·aoBOti CTp~elt, I'Jle .· 

CKOpOCTb ee CTpeMSITCSI yBeliH'IHTb, 'IT06hl yny'IWHTb HanpaBneHHOCTbo JlJig 

·nonytieHHSI KOHJleHCHpOB8HHOlt CTpyH BMeCTO conen MO>KHO HCil0.1Ib30BaTb 

KOpOTKHe KallHllliSipblo 

CTpySI CKOHJleHCHpOBaHHOI'O BOJlOpOJla nynbCHpyeT, T.e. ee llliOTHOCTb 

MeHSieTCSI B npouecce ncTetieHHSI. flynbcaung xopowo npocnemnBaeTCSI na 

KHHonneHKe~ ~HSITOfi CQ CKOpOCTb!O 4600 Kanpoa/ceK. flo nep~Mei.UeHll!O tPPOH

·. · ToB oTnenbHhiX nynbcaunii na cMe>KHbiX Kailpax KHHonneHKH :onpenengeTcSI 

CKOpOCTb CTpyn." 0Ha pa3.1IH'IHS It 38BHCHT OT TeMnepaTyphi Tennoo6MeH-
. . .·.. . .. ' . . . - ; ': . . . . . .: .. 

HHKa H JlaBneHHSI c>KaTOI'O BOilOPOJla. Ha6.1IJOJlaeMhie CKOpOCTH. oueHHB810TCSI 

B 40 .. 100 MICeK; flo pactJeTy STO COOTBeTCTByeT llliOTHOCTH BOJlOpOJla 

2 t- 5.10~6 r/cM3• Ha pnc. 4 noKaaano. naMelieane nnoTHOCTH cTpyn a 

npouecce ncTetJeHHSI,B,OTHOCHTenbHbiX ennanuax. OueHK~ nnoTHOCTH npona

~onn'n~ci; no. BeliH~Jif!le C!3eTOBOI'O noToKa, nonanaJOmero Ha tPOThllHOJl r:i:{m 

npoeunpoBaHHH KHIJOJilieHKH'Ha aKpaH., 
,. 
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.~.. , 

KoJtJtHM8UHH CTpyn H yxynrneHHe BaKyyMa B MOM9HT 
\ 

ncTeqeanH Bonopona 

CKoH.neHcnpoBaHHaH _cocTaBnmoruaSI CTpyn xonnnMnpyeTcsr c noMOIUb!O 

JlBYX UH.nHH.npnqeCKHX KOnJtHM8TOpOB P 3:5 X B MM, llnsr npe.noTBpazueHJISI 

OC9.[l8Hl!H .TBep.UblX qaCTliU BO.Uopo.na CT9HKll KOJtJlliM8TOpOB nporpeBa!OTCSI 

3neKTpoaa~;p~aB:+enHMJI, B pa5oqeM pe>KnMe no.nso.nnMag x HarpeaaTenRM 

.'.MOIUHOCTb COCT8BJJSI9T OKOJJO 0, J B~ Ha HarpeBaTeJtb, llillpllHa CTpyll H8 

· paccToHHJIH 30 MM oT BToporo konnnMaTopa paBHa 10 MM; Bo apeMsr cyruecT-

BOBBHHH CTpyn BaKyyM B KaMepe yxy.nrnaeTCH 1 JlOCT~I'aSI M8KCHMyMa npn-; 

MepHO K KOHUY llCTeqeHHS11 nocne.qero HaqnHaeT BOCCT8H8BJlHB8TbCH, Yxy.n-
·-
rneHne MernaeT pa5oTe ycxopnTenR, a B MoMeHT ncTeqeHnsr yxy.nrnaeT ~oHo-

Bbie ycnoBnH ~n:mqecKnx H3MepeHnti. B CBR3H c aTHM oqeHb. Ba>KHO naMe

fieane BaKyyMa B KaMepe yCKOpllT9JtSI llM9Tb MllHHM8JtbHb!M 1 a CKOpOCTb ero 

. BOCCT8HOBJl9ijllSI M8KCllM8JtbHO B.03MO>KHoii. npouecc BOCCT8HOBJ19HHSI BaKyyMa 

OnHCb!B89TCSI ypaBHeHHSIMH: 

p 

npn P » P npe.n 

p ' e 
0 

v 

IQ = const , 

(1) 

r.ne: p
0 

- HaqanhHoe .naBneane, V - o5'beM saxyyMHoii KaMepbr, • I Q 
· paaHHua ·o5'beMHbiX. cxopocTeli OTKaqxn n HaTeKaHHSI raaa, t - BpeMSI aoc-

cTaHoBneHHH BaKyyMaj 

ll· IQ.=Qz+ Q2 -·Q3 ~ Q4, ( 2) 

I'.[le Q l - npOll3BO.UHTeJtbHOCTb :'KpllOI'eHHblX H8COCOB1 Q 
2 

npOll3BO.[lll

T9JtbHOCTb .nn~~yanoHHbiX HacocoB, . Q 
3 

- HaTeKaHne raaa B peaynhTaTe 

B03I'OHKH TBep.UbiX qacTnqex· li. llCTeqeHHH. OCTaTKOB KOH.U.eHCaTa ll3 conna, 

Q 4 - raaoabrileneHne na· · naonHunn. 
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•. 
Mbi Hccne.llOBamr npouecc BOCCTBHOBnOHHH BaKyy~a B pst,lle CHCTeM 

!jlopMHpoBaHHH cTpyn ( pnc. 5). PesynhTBTbi nciKa3hiBaroT, 'ITO npn rasoao!i 

CTpye .(KpHBhie 1,2) · BBKyyM. Xy:lKe1 '19M . npH KOH.ll9HCHpOBBHHOtl:, 
' •· 

Y KOH.Il9RCHpOB8HHOtl: CTpyn . ( Kpl1Bhl9 3,1,5) noHH:lK9HHO TOMnepaTyphi npOHC:-

XO.IlliT1 B ,OCHOBHOM1, 38 C'IJ9T HCnapeHHH '18CTH KOH.ll9HC8T81 'IJTo.npHBO.llHT 

K 3H8'1JHTenbHOMy YXY.IllliOHHIO BBKyyMa, llOCTOHIIHBH BpeMeHH OTKB'IJKH. I . . - . . .. 
cnc.TeMhi VQ lg l , onpe.llenHeMaH , !CBK Taareac · yrna aaKnona. Kpnao!i 

·. lg p ( t) · t nocTeneHHO yBenH'IJHB8eTCst, CTpeMHCb K M8KCHManbHOMy 3Ha

'19HHIO (npH I'830BO!i CTpye1 (K,pHBBH 1 ), llo~Bll.llii!MOMy,- a_TO _·OO'hHC~HeTCH 
OKOH'I8HH9M HCTOKBHH.H B OO'h~M I'838 B CHny_ !jlaKTOpOB ' Q .. 1 Q 1 3 ' 4 

IQ ~ Q."" q• F = 1400 -+ 1600 nlceK, r.lle q = 25 + 26,4 n/ceK cM2 
I . 

nnowa.llH ropnoBHHhi noaymeK. 8ToT npouecc oc;o6eaao tJeTKo Bhipa:lKeH a 

CHCTeMe C O.llHHM KonnHMBTOpOM ( /l · ) • rasoBaH COCT8BnHIOUI8H CTpyH HO 

ycneaaeT Bhi.IlenHTbCH B sasope MO:lK.llY. connoM H KonnnMaT.op_oM. B nocne.ll-·. 

HOM npOHCXO.llliT TOpMO:lK9-HHe CTpyn, 'ITO MO:lK9T npHBO.IlHTb K o6pa30B8HHIO 

aa BhiXO.lle KonmiMaTopa an!jl!jlysaoro· rasoaoro o6natJKa, .llononanTenb~o 

yxy.llmaromero BaKyyM. BoccTaHc>Bneane BaKyyMa saMe.llnsteTCH aosroaKotl: 

BO.llOPO.ll8 C TB9p.llhiX '18CTii'19K, OC9BIJlliX Ha BHyTpOHHetl: noaepXHOCTH KOnnn

MBTOpa, MHJIHManbaoe yxy.llmeane aaKyy~a aa6nro.llaeTCH npn pa6oTe .cncTe

Mhi /[[ ( KpHBBH 6), Bhi'IJHCneHHH 1 OCHOBBHHhiO Ha H3M9HOHHH BBKyyMa, · noKa-

3h!B8IOT1 'ITO B BaKyyMHO!i KBMepe. HCnapHOTCH OKOno 1,5% BO.ll0PO.ll8 CTpyn, 

'ITO COCTBBnHOT 10% OT KOnli'IJ9CTB8 ncnapHIOUIOrOCH BO.IlOpO.ll8 B CHCTeMa~ 

1 , II , T.e. a aepxaeM Kpnoaacoce B sasope MO:lK.llY nepBh!M n BTOPhiM 

KOnnHMBTOpBMH ( J0 MM) npOHCXO.llHT Bhl.llOneHHO. OKOnO 90%· BCero · HCnapHIO

UieroCH .BO.llOpO.Il8~ 8TO yK83hiB89T Ha T0 1 'ITO BO.IlOpO.Il B CTpye Ha BXO.Ile 

BO BTopoti:·~KonnHMBTOp .llOn:lKeH Ob!Tb- B TBep.llOM. COCTOHHHH ll HMOTb TeMne

paTypy 8 :+ 12.°K. BpeMH, .a TetJeHne KoToporo nponcxoanT:.:JT~T aepaaao-:-: • 

BeCHhitl: npouecc, .llOn:lKHO OhiTb MeHbme, iJeM apeMg •nponeTa Kann~ ( TBep

.llOtl: 'IJBCTH'IKH) OT BhiXO.lla H3 conna BO BTOpo!i KonnHMBTOp, B HallieM cnytJae· 
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BaKyy~a B pHAe CHCTeM 

t3b!B810T1 qTo npn rasoBoti 

-KOHAeHCHpOB8HHOfi. 

>Keane T_eMnepaTyphi nponc

:>aneacaTa,_ 'ITo_npnBonnT 

rBH BpeMeHH OTK8'1KH 
:. - . . , ' . 

me ·yrna aaKnoaa. Kp~Boti 

<ICb ~ M8KCHManbHOMY 3Ha

mMoMyj · 9TO 06'bHCHHeTCH 

~TOpOB Q .3 •. 1 Q 
4 1 

q = 25.-+ 26,4 n/ceK cM2 

6eaao '19TKO Bhipamea B 

H COCTaBnHIOIU8H CTpyn ae 

[ KonnnMaT_opoM~ B nocnen-· 

npHBOAHTb K o6pasoBaHHIO 

:> o6na'IKa,- nononanTenbao 

38M9AnHeTCH B03I'OHKOfi 

~peaaeti noBepxaocTn Konn.n

~naeTcH npn pa6oTe cncTe-

nsMeaeann B~KyyMa, -noKa

Kono 1,5% Bonopona cTpyn, 

ocSI Bonopona B cncTeMax 

!9>KAY nepBb!M H B_TOpbiM 

. oKono 90%· Bcero- ncnapHIO

onopon B cTpye aa Bxone 
. ' 

' . 
COCTOHHHH .H lfMeTb TeMne

npoHCXOAHT; 9T~T aepaBHO,-:- • 

e~H :nponeTli Kann~ ( TBep

connnMaTop. B aameM cnyqae 
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Pnc. 5. MaKCHManbHoe yxynmeHne BaKyyMa B aKcnepnMeHTanbHOM o6'beMe 
H npouecc ero BOCCT8HOBneHHH UOCne OKOH'I8HHH CTpyn •. 1,2 - I'830B8H 
CTpysq ·3,4 - KOHAeHCHpOB8HH8H C.TpyH B CHCTeMe J; 5 - KOHAeHCHpOB8HH8H 
cTpyH B cHcTeMe II ; 6 - To >Ke B cncTeMe Ill • · 1 - npenenbHbie. 
Ha6monaeMbie OTKnoHeHHH BaKyyMa B pa3nH'IHb!X UHKnax. YcnoBHH 1 npH 
KOTOpbiX CAenaHbl H3MepeHHH,· UOK838Hb! B Ta6nuue. 
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BpeMH nponeTa paBHO 160 MKC9K npu CKOpOCTH UBHmeUHH KOHU9HC8T8 

"' 100 MiceK. Ycnoaun, npu KOTOphiX cnenaHhi HsMepeaus, noKasaHhi B 

Taonuue. 

Taonuua 

Kpnaan CncTeMa Conno .. PaccTosiune T 2 B uaqa,ne Pacxon nnnT.enb-
no noaymKH, n B Koaue 'cM3funKn2 uocTb no-

MM ncii'e'JelmH,, naqu, 

K
0 n2~ceK . 

. 0,31/1,8 47 40/41 65 100 

2 0,36/1,8 47 37/38 35-43 100 

3 1 0,3111,8 62 8/21. 65 100 

4 0,36/2,8 47 14/25 . 35-43 100 

5 11 0,3112,8 62 5/16 38 100 

6 lll 0,3/1,6 62 6/12 ... 20-33 100-330 

Kannnnnp 7113 
l0,3; l = BMM 

Bee- nsMepeans aaKyyMa cnenaHhi npn oTcyTCTBnn nytJKa sapsmeHUhiX 

'J8CTHU. llpn B38HMOU~t!:CTBHH ny'JK8 CO CTpyet!: 'J8CTb BOilOpona (oKono 

1%) ncnapnTCH sa C'JeT TennoBioiUeneHHt!: na-sa HOUH38UHOHHhiX noTepb B 
/2/ . . . . . 

·Mnmeau • nons ncnapsiOmerocs aonopona onpenenseTcs ns_ Bhlpame-

HHH 

_'Gucn 

G 

-5 i 
I 
0 

d • v • d ycK. 
(3) 
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:MepeJIHSI1 IIOK838Hhl B 

a'u:vie Pacxon nmrT.enb-
IUe · cM3 /un:Kri2 HOCTb IIO-
tlHSI,, na'm, 

D2~CeK. 

65 100 

35-43 100 

1,. 65 100 

'35.43 100 

3 38 100 

.. 20-33 100-330 

rCTBHH. IIY'IK8 3apmKeHHh!X 

ICTb Bonopona · ( oKono 
,' '-- '. - ' ' 

DHH38UHOH11h!X IIOTepb B 

>enenneTcsi H3 Bhrpa>Ke-

( 3) 

... 

rrpn: ycnoan:n:, ttTo JUiaMeTp cTpyn: 5onbwe, tteM wn:pn:aa nyttKa ycKopeHHhiX 

'18CTHU, rne G - Konn:ttecTBo n:crrapmowerocSI aonopona, ·c 
ncn. 

KOnlltteCTBO Bonopona CTpyn:, j - liHTel!CHBHOCTb IIY'IK8 IlpOTOJIOB 38 

HMrrynbc, d - UIIaMeTp CTpyH B CM 1 v - CKOpOCTb CTpyn: B CM/CeK, 

d - nHaMeTp ycKopn:Tenn B M, 
ycK. 

ABTOpbr Bbrpa>KaiOT 5na:ronapaocTb E.K. KypHTl!HKoBy, IO.B. KymrKoBy, 

M.A. Hea3opoBy II coTpynnn:KaM 38 co3naaHe Mn:wenn:, A.r.3enbnoan:tty II 

coTpynanKaM Kpn:oreanoro oTnena - 38 oKa3aHn:e noMomn: B npouecce n:cnbr-

T811IISI MHIJleHII. 

nn:TepaTypa 

1. B.n. EapTeHeB,· A.M. Banean:tt, IO.K. DHnHneHKo, B.B. CMenHHCKIIii. 
DpenpnHT 011Hll, P13-6058, ny5aa (1971), 

2. K.n. ToncToB. DpenpiiHT 011HI1, 1698, ny5Ha ( 1964). 

3. K.n. ToncToB. npenpHHT 011HI1, 1-4103, ny5aa ( 1968). 

PyKOIIIICb rrocTynn:na B H3naTenbCKIIH oTnen 
24 MapTa 1972 rona • 

13 


